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ɸʅʆʊɸʎɯʗ 

ʉʘʾʢ ʇ.ɹ. ʅʘʫʢʦʚʽ ʦʩʥʦʚʠ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʟ ʫʪʠʣʽʟʘʮʽʻʶ 

ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ. ï ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 05.15.02 ï çʇʽʜʟʝʤʥʘ ʨʦʟʨʦʙʢʘ ʨʦʜʦʚʠʱ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥè. ï 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʄʽʥʽʩʪʝʨʩʪʚʦ 

ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ, ɼʥʽʧʨʦ, 2025. 

ʇʨʝʜʩʪʘʚʣʝʥʘ ʜʠʩʝʨʪʘʮʽʷ ʻ ʟʘʚʝʨʰʝʥʦʶ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʶ ʨʦʙʦʪʦʶ, ʚ 

ʷʢʽʡ ʚʠʨʽʰʝʥʦ ʘʢʪʫʘʣʴʥʫ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʫ ʧʨʦʙʣʝʤʫ ʟ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ 

ʚʠʜʦʙʫʪʢʫ ʚʫʛʽʣʣʷ ʧʽʜʟʝʤʥʦʶ ʛʘʟʠʬʽʢʘʮʽʻʶ ʟ ʫʪʠʣʽʟʘʮʽʻʶ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʚ 

ʪʝʭʥʦʛʝʥʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʷʢʽ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʟʘʢʦʥʦʤʽʨʥʦʩʪʷʭ ʟʤʽʥʠ 

ʧʘʨʘʤʝʪʨʽʚ ʬʦʨʤʫʚʘʥʥʷ ʘʢʪʠʚʥʠʭ ʟʦʥ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʪʘ ʫʪʠʣʽʟʘʮʽʾ 

ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʽ ʜʘʶʪʴ ʟʤʦʛʫ ʩʬʦʨʤʫʚʘʪʠ ʻʜʠʥʫ ʽʥʪʝʛʨʦʚʘʥʫ ʩʠʩʪʝʤʫ 

ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ, ʷʢʘ ʤʦʞʝ ʩʪʘʪʠ 

ʢʘʪʘʣʽʟʘʪʦʨʦʤ ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʝʢʦʥʦʤʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ, ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ 

ʨʦʙʦʯʠʭ ʤʽʩʮʴ ʪʘ ʟʘʣʫʯʝʥʥʷ ʽʥʚʝʩʪʠʮʽʡ ʫ ʨʦʟʚʠʪʦʢ ʛʽʨʥʠʯʦʜʦʙʫʚʥʠʭ ʨʝʛʽʦʥʽʚ. 

ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʛʣʦʙʘʣʴʥʠʭ ʪʝʥʜʝʥʮʽʡ ʫ ʚʠʜʦʙʫʪʢʫ ʚʫʛʽʣʣʷ ʚʩʪʘʥʦʚʣʝʥʦ, 

ʱʦ ʚ ʥʘʡʙʣʠʞʯʝ ʜʝʩʷʪʠʣʽʪʪʷ ʚʦʥʦ ʟʘʣʠʰʘʪʠʤʝʪʴʩʷ ʢʣʶʯʦʚʠʤ ʝʣʝʤʝʥʪʦʤ 

ʩʚʽʪʦʚʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʙʘʣʘʥʩʫ, ʦʩʦʙʣʠʚʦ ʚ ʢʨʘʾʥʘʭ, ʱʦ ʨʦʟʚʠʚʘʶʪʴʩʷ, ʪʘ 

ʨʝʛʽʦʥʘʭ ʽʟ ʟʥʘʯʥʦʶ ʟʘʣʝʞʥʽʩʪʶ ʚʽʜ ʪʨʘʜʠʮʽʡʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ. ɼʣʷ ʋʢʨʘʾʥʠ, 

ʜʝ ʚʫʛʽʣʴʥʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ ʟʘʣʠʰʘʻʪʴʩʷ ʚʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʩʝʢʪʦʨʫ, ʦʩʦʙʣʠʚʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘʙʫʚʘʻ ʧʠʪʘʥʥʷ ʾʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʚ ʫʤʦʚʘʭ 

ʛʣʦʙʘʣʴʥʦʾ ʜʝʢʘʨʙʦʥʽʟʘʮʽʾ. ɺʦʻʥʥʽ ʜʽʾ ʪʘ ʧʦʚôʷʟʘʥʽ ʟ ʥʠʤʠ ʨʫʡʥʫʚʘʥʥʷ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʫʩʢʣʘʜʥʶʶʪʴ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʱʦ 

ʟʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʰʫʢʫ ʝʬʝʢʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚʫʛʽʣʴʥʦʾ ʛʘʣʫʟʽ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʪʨʠʤʫʶʯʠʤ ʬʘʢʪʦʨʦʤ ʪʨʘʜʠʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʚʠʜʦʙʫʪʢʫ ʚʫʛʽʣʣʷ ʪʘ ʡʦʛʦ ʧʝʨʝʨʦʙʢʠ ʚ ʥʘʡʙʣʠʞʯʽʡ ʧʝʨʩʧʝʢʪʠʚʽ ʻ ʾʭʥʽʡ ʟʥʘʯʥʠʡ 

ʝʢʦʣʦʛʽʯʥʠʡ ʚʧʣʠʚ, ʚʠʩʦʢʽ ʚʠʢʠʜʠ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʪʘ ʟʨʦʩʪʘʶʯʠʡ ʪʠʩʢ ʟ ʙʦʢʫ 

ʤʽʞʥʘʨʦʜʥʠʭ ʽʥʽʮʽʘʪʠʚ ʱʦʜʦ ʜʝʢʘʨʙʦʥʽʟʘʮʽʾ. ʊʦʤʫ ʚ ʫʤʦʚʘʭ ʪʘʢʠʭ ʦʙʤʝʞʝʥʴ 

ʚʘʞʣʠʚʠʤ ʥʘʧʨʷʤʦʤ ʨʦʟʚʠʪʢʫ ʚʫʛʽʣʴʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ 
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ʪʝʭʥʦʣʦʛʽʡ, ʟʦʢʨʝʤʘ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʧʽʜʚʠʱʠʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʫʛʽʣʣʷ, ʘ ʜʦʜʘʪʢʦʚʘ ʽʥʪʝʛʨʘʮʽʷ ʪʝʭʥʦʣʦʛʽʡ 

ʫʪʠʣʽʟʘʮʽʾ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʩʧʨʠʷʪʠʤʝ ʝʢʦʣʦʛʽʯʥʽʡ ʘʜʘʧʪʘʮʽʾ ʚʫʛʽʣʴʥʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʋʢʨʘʾʥʠ ʜʦ ʩʫʯʘʩʥʠʭ ʛʣʦʙʘʣʴʥʠʭ ʚʠʤʦʛ. 

ʋ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʢʦʤʧʣʝʢʩ ʚʟʘʻʤʦʟʚôʷʟʘʥʠʭ ʟʘʚʜʘʥʴ, ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʫ 

ʻʜʠʥʫ ʩʠʩʪʝʤʫ ʜʣʷ ʘʥʘʣʽʟʫ, ʜʦʩʣʽʜʞʝʥʥʷ, ʨʦʟʨʦʙʢʠ ʧʨʘʢʪʠʯʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ, 

ʤʝʪʦʜʠʢ ʽ ʩʧʦʩʦʙʽʚ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʟ ʫʪʠʣʽʟʘʮʽʻʶ ʚʫʛʣʝʢʠʩʣʦʛʦ 

ʛʘʟʫ ʥʘ ʦʩʥʦʚʽ ʚʩʪʘʥʦʚʣʝʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʘʢʪʠʚʥʠʭ ʟʦʥ 

ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʦʧʪʠʤʽʟʫʚʘʪʠ ʪʝʧʣʦʚʽ, ʛʘʟʦʜʠʥʘʤʽʯʥʽ 

ʪʘ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʧʨʦʮʝʩʠ ʚ ʛʽʨʩʴʢʦʤʫ ʤʘʩʠʚʽ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʝʬʝʢʪʠʚʥʫ 

ʫʪʠʣʽʟʘʮʽʶ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʚ ʪʝʭʥʦʛʝʥʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʡ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ 

ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ. 

ʆʙˇʨʫʥʪʦʚʘʥʦ ʤʝʪʦʜʠʢʫ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ 

ʚʫʛʽʣʣʷ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʘʚʪʦʨʩʴʢʽ ʟʘʧʘʪʝʥʪʦʚʘʥʽ ʣʘʙʦʨʘʪʦʨʥʽ ʫʩʪʘʥʦʚʢʠ, ʱʦ 

ʪʦʯʥʦ ʚʽʜʪʚʦʨʶʶʪʴ ʛʽʨʥʠʯʦ-ʛʝʦʣʦʛʽʯʥʽ ʫʤʦʚʠ ʟʘʣʷʛʘʥʥʷ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ. 

ɿʨʦʙʣʝʥʦ ʟʥʘʯʥʠʡ ʚʥʝʩʦʢ ʫ ʜʦʩʣʽʜʞʝʥʥʷ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ ʧʽʜ ʜʽʻʶ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ, ʱʦ ʦʭʦʧʣʶʻ ʘʥʘʣʽʟ 

ʚʟʘʻʤʦʟʚôʷʟʢʫ ʪʝʤʧʝʨʘʪʫʨʠ ʟ ʤʽʮʥʽʩʪʶ ʧʦʨʦʜʠ ʥʘ ʦʜʥʦʚʽʩʥʠʡ ʩʪʠʢ ʪʘ ʾʾ 

ʤʽʥʝʨʘʣʦʛʽʯʥʠʤ ʩʢʣʘʜʦʤ, ʘ ʪʘʢʦʞ ʦʩʥʦʚʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʢʨʠʩʪʘʣʽʯʥʠʭ 

ʩʪʨʫʢʪʫʨ.  

ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʚʧʣʠʚʫ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʧʦʣʷ ʥʘ ʛʽʨʩʴʢʠʡ ʤʘʩʠʚ ʽ ʧʘʨʘʤʝʪʨʽʚ ʬʦʨʤʫʚʘʥʥʷ ʚʠʛʘʟʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ 

ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ, ʷʢʽ ʤʽʩʪʷʪʴ ʢʦʤʧʣʝʢʩʥʽ ʪʝʤʧʝʨʘʪʫʨʥʽ ʚʠʤʽʨʠ, ʘʥʘʣʽʟ 

ʧʘʨʘʤʝʪʨʽʚ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʪʘ ʧʘʨʘʤʝʪʨʠ ʧʦʜʘʯʽ ʜʫʪʪʴʦʚʠʭ ʩʫʤʽʰʝʡ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ 

ʤʦʜʝʣʴ ʪʝʧʣʦʦʙʤʽʥʫ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ, ʷʢʘ ʦʧʠʩʫʻ ʟʤʽʥʫ ʪʝʤʧʝʨʘʪʫʨʠ ʚ 

ʩʝʨʝʜʦʚʠʱʽ çʚʫʛʽʣʣʷ ï ʛʝʥʝʨʘʪʦʨʥʠʡ ʛʘʟè ʥʘ ʤʝʞʽ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ. ʄʦʜʝʣʴ 

ʚʢʘʟʫʻ ʥʘ ʣʽʥʽʡʥʫ ʟʤʽʥʫ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʧʝʚʥʽʡ ʜʽʣʷʥʮʽ ʛʘʟʠʬʽʢʘʮʽʾ ʟ ʦʜʥʠʤ 

ʢʫʪʦʤ ʥʘʭʠʣʫ ʜʦ ʤʝʞʽ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ, ʘ ʪʘʢʦʞ ʽʥʰʠʡ ʢʫʪ ʥʘʭʠʣʫ ʧʽʩʣʷ ʮʽʻʾ 

ʤʝʞʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʫʤʦʚʘʤ ʉʪʝʬʘʥʘ. ʂʨʽʤ ʪʦʛʦ, ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʧʘʨʘʙʦʣʽʯʥʫ 

ʟʘʣʝʞʥʽʩʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ʤʝʞʽ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʚʽʜ ʪʨʠʚʘʣʦʩʪʽ ʛʘʟʠʬʽʢʘʮʽʾ, ʱʦ 
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ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʘʣʝʞʥʽʩʪʴ ʰʚʠʜʢʦʩʪʽ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ, 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʫʛʽʣʣʷ. 

ʊʘʢʦʞ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ ʚ 

ʟʨʘʟʢʫ ʛʽʨʩʴʢʦʾ ʧʦʨʦʜʠ ʧʽʜ ʯʘʩ ʥʘʛʨʽʚʘʥʥʷ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʢʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ 

ʜʦ ʘʥʘʣʽʟʫ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʚ ʫʤʦʚʘʭ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ. ʄʦʜʝʣʴ ʚʨʘʭʦʚʫʻ 

ʚʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʚʽʜ ʧʣʦʱʠʥʠ ʢʦʥʪʘʢʪʫ ʤʽʞ ʚʦʛʥʝʚʠʤ ʚʠʙʦʻʤ ʽ 

ʧʦʢʨʽʚʣʝʶ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ. 

ʈʦʟʨʦʙʣʝʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʙʫʣʦ ʧʨʦʪʝʩʪʦʚʘʥʦ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ 

ʫʤʦʚʘʭ, ʱʦ ʧʽʜʪʚʝʨʜʠʣʦ ʾʭʥʶ ʪʦʯʥʽʩʪʴ ʽ ʜʘʣʦ ʟʤʦʛʫ ʫʪʦʯʥʠʪʠ ʥʠʟʢʫ ʧʘʨʘʤʝʪʨʽʚ. 

ʎʝ ʩʪʚʦʨʠʣʦ ʧʽʜˇʨʫʥʪʷ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʝʣʝʡ ʫ ʨʝʘʣʴʥʠʭ 

ʫʤʦʚʘʭ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ, ʘ ʪʘʢʦʞ ʜʣʷ ʨʦʟʨʦʙʢʠ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ 

ʦʧʪʠʤʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. 

ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʣʘʙʦʨʘʪʦʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʝʨʝʭʽʜ 

ʤʽʞ ʦʢʠʩʣʶʚʘʣʴʥʦʶ ʪʘ ʚʽʜʥʦʚʣʶʚʘʣʴʥʦʶ ʟʦʥʘʤʠ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʻ ʢʨʠʪʠʯʥʦ 

ʚʘʞʣʠʚʦʶ ʬʘʟʦʶ ʛʘʟʠʬʽʢʘʮʽʾ, ʦʩʢʽʣʴʢʠ ʪʫʪ ʚʽʜʙʫʚʘʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʠʡ 

ʪʝʧʣʦʦʙʤʽʥ, ʱʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʻ ʥʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ 

ʛʘʟʠʬʽʢʘʮʽʾ. ɺ ʦʢʠʩʣʶʚʘʣʴʥʽʡ ʜʽʣʷʥʮʽ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʤʘʢʩʠʤʘʣʴʥʠʡ ʪʝʧʣʦʚʠʡ ʚʧʣʠʚ, ʷʢʠʡ ʩʪʠʤʫʣʶʻ ʭʽʤʽʯʥʽ ʨʝʘʢʮʽʾ ʛʘʟʠʬʽʢʘʮʽʾ, ʘʣʝ 

ʚʦʜʥʦʯʘʩ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʦʛʦ ʪʝʨʤʽʯʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ ʧʦʨʽʜ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦʾ ʧʦʢʨʽʚʣʽ. ʊʦʤʫ ʨʦʟʫʤʽʥʥʷ ʮʠʭ ʧʨʦʮʝʩʽʚ ʻ ʚʘʞʣʠʚʠʤ ʜʣʷ 

ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʽʚ ʢʦʥʪʨʦʣʶ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʫʤʦʚ ʛʘʟʠʬʽʢʘʮʽʾ, ʘ ʪʘʢʦʞ ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʧʽʜʟʝʤʥʠʭ ʛʘʟʦʛʝʥʝʨʘʪʦʨʽʚ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʦʚʞʠʥʘ ʦʢʠʩʣʶʚʘʣʴʥʦʾ ʟʦʥʠ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ 

ʧʽʜ ʯʘʩ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ ʧʦʪʫʞʥʽʩʪʶ ʚʽʜ 0,6 ʜʦ 1,2 ʤ ʩʷʛʘʻ ʩʚʦʛʦ 

ʢʨʠʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʟʘ ʚʝʣʠʯʠʥ 10,12 ï 10,45 ʤ. ɿʘ ʪʘʢʠʭ ʫʤʦʚ ʧʨʦʮʝʩ 

ʛʘʟʠʬʽʢʘʮʽʾ ʧʨʦʭʦʜʠʪʴ ʝʬʝʢʪʠʚʥʦ 

ɺʩʪʘʥʦʚʣʝʥʦ ʨʝʞʠʤʠ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʧʽʜ ʯʘʩ 

ʧʦʜʘʯʽ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ ʥʘ ʦʩʥʦʚʽ ʾʭʥʴʦʛʦ ʪʠʩʢʫ ʧʦʜʘʯʽ ʪʘ ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʧʣʦʱʽ ʚʠʛʘʟʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʟʘʣʝʞʥʦ 

ʚʽʜ ʪʨʠʚʘʣʦʩʪʽ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ ʪʘ ʰʚʠʜʢʦʩʪʽ ʧʨʦʩʫʚʘʥʥʷ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ ʚ 

ʦʢʠʩʥʶʚʘʣʴʥʽʡ ʽ ʚʽʜʥʦʚʣʶʚʘʣʴʥʽʡ ʟʦʥʘʭ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. ɺʨʘʭʫʚʘʥʥʷ ʮʠʭ 
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ʬʘʢʪʦʨʽʚ ʜʘʻ ʟʤʦʛʫ ʦʧʪʠʤʽʟʫʚʘʪʠ ʫʤʦʚʠ ʧʦʜʘʯʽ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ, ʱʦ, ʚ ʩʚʦʶ 

ʯʝʨʛʫ, ʟʥʠʞʫʻ ʝʥʝʨʛʝʪʠʯʥʽ ʚʠʪʨʘʪʠ ʪʘ ʧʽʜʚʠʱʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ 

ʛʘʟʠʬʽʢʘʮʽʾ. 

ɼʦʩʣʽʜʞʝʥʦ ʟʤʽʥʫ ʤʽʮʥʦʩʪʽ ʧʦʨʽʜ ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ ʥʘ ʩʪʠʩʢ ʜʣʷ ʛʽʨʥʠʯʦ-

ʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ɼʇ çʃʴʚʽʚʚʫʛʽʣʣʷè ʽ ʇʨɸʊ çɼʊɽʂ ʇʘʚʣʦʛʨʘʜʚʫʛʽʣʣʷè ʧʽʜ 

ʚʧʣʠʚʦʤ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘ ʟʦʥʘʤʠ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ, ʱʦ 

ʦʧʠʩʫʶʪʴʩʷ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʤʠ ʟʘʣʝʞʥʦʩʪʷʤʠ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʠ 600 Üʉ ʤʽʮʥʽʩʪʴ ʧʦʨʽʜ ʧʽʜʚʠʱʫʻʪʴʩʷ ʤʘʡʞʝ ʚ 2,4 ʨʘʟʘ. ʋ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʘʭ ʧʦʨʽʜ ʥʘʡʧʦʰʠʨʝʥʽʰʠʤʠ ʦʢʩʠʜʘʤʠ ʻ SiO3 (ʢʚʘʨʮ ï 80%), 

ʢʘʦʣʽʥʽʪ (9%) ʽ ʤʫʩʢʦʚʽʪ (7%). ʇʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʥʘʜ 560 Üʉ ʟʙʽʣʴʰʫʻ 

ʚʤʽʩʪ ʢʚʘʨʮʫ ʽ ʟʤʝʥʰʫʻ ʚʤʽʩʪ ʢʘʦʣʽʥʫ, ʱʦ ʟʤʽʥʶʻ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʨʽʜ ʟʘ 

ʨʘʭʫʥʦʢ ʟʥʠʞʝʥʥʷ ʱʽʣʴʥʦʩʪʽ ʜʠʩʣʦʢʘʮʽʡ ʫ ʢʚʘʨʮʽ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʾʭ ʚ ʢʘʦʣʽʥʽʪʽ. 

ɺʠʟʥʘʯʝʥʦ ʷʢʽʩʥʽ ʪʘ ʢʽʣʴʢʽʩʥʽ ʧʘʨʘʤʝʪʨʠ ʫʪʠʣʽʟʘʮʽʾ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʫ 

ʩʢʣʘʜʽ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ, ʟ ʧʦʢʘʟʥʠʢʘʤʠ ʫʪʠʣʽʟʘʮʽʾ ʚʽʜ 68,83 (8,9 ʤʣʥ ʤį) ʜʦ 

85,87% (23,71 ʤʣʥ ʤį). ɺʩʪʘʥʦʚʣʝʥʦ ʣʦʛʘʨʠʬʤʽʯʥʫ ʟʘʣʝʞʥʽʩʪʴ ʟʤʽʥʠ ʦʙôʻʤʫ 

ʧʦʨʦʞʥʠʥ ʨʦʟʰʘʨʫʚʘʥʥʷ ʥʘʜʚʫʛʽʣʴʥʦʾ ʪʦʚʱʽ ʚʽʜ ʧʦʪʫʞʥʦʩʪʽ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ. 

ɽʬʝʢʪʠʚʥʠʡ ʯʘʩ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷʥʦ-ʚʫʛʣʝʢʠʩʣʦʪʥʦʛʦ ʜʫʪʪʷ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʣʽʥʽʡʥʦʶ ʟʘʣʝʞʥʽʩʪʶ ʚʽʜ ʧʦʪʫʞʥʦʩʪʽ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʚ ʛʝʥʝʨʘʪʦʨʥʦʤʫ ʛʘʟʽ, ʜʝ ʢʨʠʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʩʢʣʘʜʘʻ 25%. ʎʝ 

ʜʘʻ ʟʤʦʛʫ ʧʨʦʛʥʦʟʫʚʘʪʠ ʪʨʠʚʘʣʽʩʪʴ ʨʦʙʦʪʠ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʟ ʫʪʠʣʽʟʘʮʽʻʶ 

ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʟʘ ʤʘʢʩʠʤʘʣʴʥʦʾ ʪʝʧʣʦʪʚʦʨʥʦʾ ʟʜʘʪʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ 

6,3 ï 6,6 ʄɼʞ/ʤį. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʢʦʤʙʽʥʦʚʘʥʘ ʧʦʜʘʯʘ ʜʫʪʪʷ ʚ ʧʽʜʟʝʤʥʠʡ ʛʘʟʦʛʝʥʝʨʘʪʦʨ 

ʟʘʙʝʟʧʝʯʫʻ ʧʦʜʚʽʡʥʝ ʥʘʜʭʦʜʞʝʥʥʷ ʦʢʠʩʣʶʚʘʯʘ (O ) ʜʦ ʧʣʦʱʠʥʠ ʚʦʛʥʝʚʦʛʦ 

ʚʠʙʦʶ, ʱʦ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʽʥʪʝʥʩʠʬʽʢʫʻ ʧʨʦʮʝʩ ʛʘʟʠʬʽʢʘʮʽʾ ʟʘʚʜʷʢʠ ʨʦʟʰʠʨʝʥʥʶ 

ʨʝʘʢʮʽʡʥʠʭ ʟʦʥ. ɿʤʽʥʘ ʩʧʦʩʦʙʫ ʧʦʜʘʯʽ ʜʫʪʪʷ ʜʘʻ ʟʤʦʛʫ ʧʽʜʚʠʱʠʪʠ ʩʝʨʝʜʥʶ 

ʢʦʥʮʝʥʪʨʘʮʽʶ ʛʦʨʶʯʠʭ ʛʘʟʽʚ (CO, CH , H ) ʥʘ 8,64%, ʘ ʪʝʧʣʦʪʘ ʟʛʦʨʷʥʥʷ ʟʨʦʩʪʘʻ 

ʚ ʩʝʨʝʜʥʴʦʤʫ ʥʘ 2,02 ʄɼʞ/ʤį. ʎʝ ʜʘʻ ʟʤʦʛʫ ʝʬʝʢʪʠʚʥʦ ʘʜʘʧʪʫʚʘʪʠ ʤʝʪʦʜʠ 

ʧʦʜʘʯʽ ʜʫʪʪʷ ʚ ʨʝʘʢʮʽʡʥʽ ʟʦʥʠ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʽ ʦʧʝʨʘʪʠʚʥʦ 

ʢʦʨʠʛʫʚʘʪʠ ʨʝʞʠʤʠ ʡʦʛʦ ʨʦʙʦʪʠ ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ. 

ʆʪʨʠʤʘʥʦ ʟʘʣʝʞʥʦʩʪʽ ʫʪʠʣʽʟʘʮʽʾ CO  ʟʘʣʝʞʥʦ ʚʽʜ ʨʦʟʤʽʨʽʚ ʟʦʥ ʫʪʠʣʽʟʘʮʽʾ, 
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ʧʘʨʘʤʝʪʨʽʚ ʪʠʩʢʫ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʦʪʫʞʥʽʩʪʶ ʚʫʛʽʣʴʥʦʛʦ 

ʧʣʘʩʪʘ. ɺ ʤʝʞʘʭ ʦʜʥʦʛʦ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ, ʱʦ ʧʨʘʮʶʻ ʥʘ ʧʣʘʩʪʘʭ 

ʧʦʪʫʞʥʽʩʪʶ ʚʽʜ 0,6 ʜʦ 1,2 ʤ, ʤʦʞʣʠʚʦ ʫʪʠʣʽʟʫʚʘʪʠ ʚʽʜ 26 ʜʦ 29% CO . 

ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʚʝʙ-ʽʥʩʪʨʫʤʝʥʪ ñUCG-1ò, 

ʷʢʠʡ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʝʜʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ 

ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʟ ʫʪʠʣʽʟʘʮʽʻʶ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ. ʎʝʡ ʽʥʩʪʨʫʤʝʥʪ ʻ 

ʜʦʩʪʫʧʥʠʤ ʽ ʟʨʫʯʥʠʤ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ, ʱʦ ʨʦʙʠʪʴ ʡʦʛʦ ʢʦʨʠʩʥʠʤ ʜʣʷ ʰʠʨʦʢʦʛʦ 

ʢʦʣʘ ʬʘʭʽʚʮʽʚ. 

ʈʦʟʨʦʙʣʝʥʦ çʈʝʢʦʤʝʥʜʘʮʽʾ ʟ ʦʧʪʠʤʽʟʘʮʽʾ ʨʝʞʠʤʽʚ ʧʦʜʘʯʽ ʜʫʪʪʴʦʚʠʭ 

ʩʫʤʽʰʝʡ ʧʨʠ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷè (ʊʆɺ çɿɸʍɯɼ ʊʈɽʁɼ ʈɽʉʋʈʉè), çʄʝʪʦʜʠʢʘ 

ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʬʦʨʤʫʚʘʥʥʷ ʧʦʨʦʞʥʠʥ ʚʠʛʘʟʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ 

ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘè (ʇʨɸʊ çɼʊɽʂ ʇʘʚʣʦʛʨʘʜʚʫʛʽʣʣʷè), çʄʝʪʦʜʠʢʘ 

ʧʨʦʛʥʦʟʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʣʝʮʝʚʤʽʩʥʦʾ ʩʠʨʦʚʠʥʠ ʟ 

ʫʪʠʣʽʟʘʮʽʻʶ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫè (ʊʆɺ çɻʆʌɽʈ ʋʂʈɸɰʅɸè). 

ʈʦʟʨʦʙʣʝʥʦ ʪʝʭʥʦʣʦʛʽʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʪʘ ʫʪʠʣʽʟʘʮʽʾ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ: 

çʉʧʦʩʽʙ ʫʪʠʣʽʟʘʮʽʾ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶè (UA ˉ156354), çʉʧʦʩʽʙ ʫʧʨʘʚʣʽʥʥʷ 

ʩʪʘʥʦʤ ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ ʧʨʠ ʧʽʜʟʝʤʥʽʡ ʛʘʟʠʬʽʢʘʮʽʾ ʪʚʝʨʜʦʛʦ ʧʘʣʠʚʘè (UA 

ˉ156406), çʉʧʦʩʽʙ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʪʚʝʨʜʦʛʦ ʧʘʣʠʚʘè (UA ˉ127929), 

çʉʧʦʩʽʙ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʪʚʝʨʜʦʛʦ ʧʘʣʠʚʘè (UA ˉ152841), çʉʧʦʩʽʙ 

ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʪʚʝʨʜʦʛʦ ʧʘʣʠʚʘè (UA ˉ149211). 

ɽʢʦʥʦʤʽʯʥʘ ʦʮʽʥʢʘ ʜʦʮʽʣʴʥʦʩʪ̔ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʪʘ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ ʜʘʻ ʟʤʦʛʫ ʦʪʨʠʤʘʪʠ ʟʨʦʩʪʘʥʥʷ ʜʦʭʦʜʫ ʚʽʜ ʨʝʘʣʽʟʘʮʽʾ 

ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ ʥʘ 24,8%. ʊʘʢʦʞ ʢʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ ʜʦ ʫʪʠʣʽʟʘʮʽʾ ʉʆ2 ʧʽʜ 

ʯʘʩ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ ʚʽʜ ʟʥʘʯʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ ʚ 

0,64 ʤ ʚʢʘʟʫʻ ʥʘ ʜʦʜʘʪʢʦʚʠʡ ʜʦʭʽʜ ʚʽʜ ʫʪʠʣʽʟʘʮʽʾ ʉʆ2 ʟʘ ʢʦʞʥʫ ʪʦʥʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʽʜʟʝʤʥʘ ʛʘʟʠʬʽʢʘʮʽʷ, ʚʫʛʽʣʣʷ, ʫʪʠʣʽʟʘʮʽʷ, ʚʫʛʣʝʢʠʩʣʠʡ ʛʘʟ, 

ʛʝʥʝʨʘʪʦʨʥʠʡ ʛʘʟ, ʚʦʛʥʝʚʠʡ ʚʠʙʽʡ, ʧʽʜʟʝʤʥʠʡ ʛʘʟʦʛʝʥʝʨʘʪʦʨ, ʛʽʨʩʴʢʠʡ ʤʘʩʠʚ, 

ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ, ʢʝʨʫʚʘʥʥʷ, ʦʧʪʠʤʽʟʘʮʽʷ, ʝʢʦʥʦʤʽʯʥʘ ʦʮʽʥʢʘ. 



 7 

ʅɸʋʂʆɺɯ ʇʈɸʎɯ, ɺ ʗʂʀʍ ʆʇʋɹʃɯʂʆɺɸʅɯ ʆʉʅʆɺʅɯ 

ʅɸʋʂʆɺɯ ʈɽɿʋʃʔʊɸʊʀ ɼʀʉɽʈʊɸʎɯɰ 
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ABSTRACT  
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of Technology, Ministry of Education and Science of Ukraine, Dnipro, 2025. 

The presented dissertation is a completed scientific-research work in which the 

urgent scientific-technical problem of optimizing the processes of coal mining by 

underground gasification with carbon dioxide utilization in the technogenic 

environment is solved, based on the patterns of change in the parameters of formation 

of the underground gasifier active zones and carbon dioxide utilization, and make it 

possible to form a single integrated control system for the underground coal 

gasification process, which can become a catalyst for the restoration of economic 

activity, creation of new jobs and attraction of investments in the development of 

mining regions. 

Based on the analysis of global coal mining trends, it has been determined that 

in the coming decade coal will remain a key element of the global energy balance, 

especially in developing countries and regions with a significant dependence on 

traditional energy sources. For Ukraine, where the coal industry remains an important 

component of the energy sector, the issue of its transformation in the context of 

global decarbonization is of particular importance. Military actions and related 

infrastructure destruction complicate the implementation of renewable energy 

sources, which necessitates the search for effective technological solutions to 

improve environmental safety and productivity of the coal industry. 

It has been found that the deterrent to traditional coal mining and processing 

technologies in the near future is their significant environmental impact, high carbon 

dioxide emissions, and growing pressure from international decarbonization initiatives. 

Therefore, in the face of such restrictions, an important direction for the development 

of the coal industry is the introduction of new technologies, including underground 

coal gasification, which will increase the efficiency of coal use, and the additional 
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integration of carbon dioxide utilization technologies will facilitate the environmental 

adaptation of the Ukrainian coal industry to modern global requirements. 

The research deals with a set of interrelated tasks structured into a single 

system for analysis, study, and development of practical recommendations, methods, 

and techniques for underground coal gasification with carbon dioxide utilization 

based on the identified patterns of change in the parameters of active underground 

gasifier zones, which allows optimizing thermal, gas-dynamic, physical-chemical 

processes in the rock mass, providing efficient utilization of carbon dioxide in the 

technogenic environment and energy efficiency of the coal gasification process.  

The methodology for modeling the technology of underground coal 

gasification, which uses the author's patented laboratory facilities that accurately 

reproduce the mining-geological conditions of occurrence of coal seams, has been 

substantiated. A significant contribution has been made to the study of physical-

mechanical properties of a rock mass under the influence of a high-temperature field, 

including the analysis of the relationship between temperature and the uniaxial 

compressive strength of the rock and its mineralogical composition, as well as with 

main parameters of crystal structures. 

Methods for studying the parameters of the temperature field influence on the 

rock mass and the formation parameters of the underground gasifier outgassing 

space, including complex temperature measurements, analysis of heat transfer 

parameters and parameters of the blast mixture supply, have been developed. 

As a result of the conducted research, a mathematical model of the gasification 

process heat exchange has been developed, which describes the temperature change in 

the ñcoal ï producer gasò medium at the phase transition boundary. The model 

indicates a linear temperature change at a certain gasification area with one inclination 

angle to the phase transition boundary, as well as another inclination angle after this 

boundary, which corresponds to the Stefan condition. In addition, the revealed 

parabolic dependence of the phase transition boundary displacement on gasification 

duration indicates that the rate of this process depends on the temperature regime, the 

intensity of chemical reactions, and the physical-chemical properties of coal. 
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A mathematical model of temperature distribution in a rock sample during 

heating has also been developed, which provides a comprehensive approach to heat 

transfer analysis in underground gasification conditions. The model takes into 

account the influence of the temperature field from the contact plane between the 

combustion face and the coal seam roof. 

The developed mathematical models were tested in laboratory conditions, 

which confirmed their accuracy and made it possible to specify a number of 

parameters. This created the basis for further application of models in real conditions 

of underground coal gasification, as well as for the development of recommendations 

for optimizing technological processes. 

Based on the conducted laboratory studies, it has been found that the transition 

between the oxidative and reduction zones of the gasifier is a critical phase of 

gasification, since there is an intensive heat exchange, which directly affects the 

energy efficiency of the gasification process. The oxidative zone of the combustion 

face experiences the maximum thermal impact, which stimulates chemical 

gasification reactions, but at the same time can lead to unpredictable thermal 

destruction of the immediate roof rocks. Therefore, understanding these processes is 

important for developing methods to control and optimize gasification conditions, as 

well as to increase the stability of underground gasifier. 

It has been determined that the length of the oxidative zone of an underground 

gasifier during gasification of coal seams with a thickness from 0.6 to 1.2 m reaches 

its critical value ranging from 10.12 to 10.45 m. Under such conditions, the 

gasification process is efficient. 

The control modes of the coal gasification process during the supply of the 

blast mixture have been determined based on their supply pressure and geometric 

parameters of the outgassed space area of the underground gasifier, depending on the 

duration of the gasification process and the rate of the combustion face advance in the 

oxidative and reduction zones of the gasifier. Taking these factors into account makes 

it possible to optimize the conditions for supplying the blast mixture, which, in turn, 

reduces energy costs and increases the gasification process efficiency. 
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The change in the rock mass compressive strength for the mining-geological 

conditions of SE Lvivvuhillya and PJSC DTEK Pavlohradvuhillya under the 

influence of temperature in the zones of chemical reactions of the combustion face, 

described by exponential dependences, has been studied. It has been found that at a 

temperature of 600ÁC, the rock strength increases by almost 2.4 times. In the studied 

rock samples, the most common oxides are SiO3 (quartz ï 80%), kaolinite (9%) and 

muscovite (7%). Temperature rise above 560ÁC increases the quartz content and 

decreases the kaolin content, which changes the mechanical properties of rocks by 

reducing the dislocation density in quartz and increasing it in kaolinite. 

Qualitative and quantitative parameters of carbon dioxide utilization in the blast 

mixture composition have been determined, with utilization rates ranging from 68.83 

(8.9 million mį) to 85.87% (23.71 million mį). The logarithmic dependence of the 

change in the volume of the coal-overlaying formation stratification cavities on the 

coal seam thickness has been revealed. The effective time of air-carbon dioxide blast 

supply is determined by a linear dependence on the coal seam thickness and carbon 

dioxide concentration in the producer gas, where the critical value is 25%. This makes 

it possible to predict the duration of the gasifier operation with carbon dioxide 

utilization at a maximum calorific value of the producer gas of 6.3-6.6 MJ/mį. 

It has been found that the combined supply of blast to the underground gasifier 

provides a double supply of oxidizing agent (O ) to the combustion face plane, 

which, in turn, intensifies the gasification process due to the expansion of reaction 

zones. The change in the blast supply method can increase the average concentration 

of combustible gases (CO, CH , H ) by 8.64%, and the combustion heat increases by 

an average of 2.02 MJ/mį. This makes it possible to effectively adapt the blast supply 

methods to the reaction zones of an underground gasifier and promptly adjust its 

operating modes to maximize the result. 

The dependences of CO  utilization on the size of utilization zones, pressure 

and temperature parameters, determined by the coal seam thickness, have been 

obtained. A single underground gasifier operating on seams with a thickness of 0.6 to 

1.2 m can utilize 26 to 29% of CO . 
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Based on the results obtained, a web-based tool UCG-1 has been created, 

which is designed to determine the parameters of the efficiency of operating the 

underground coal gasification technology with carbon dioxide utilization. This tool is 

affordable and easy to use, making it useful for a wide range of specialists. 

The ñRecommendations for optimizing the blast mixture supply modes during 

coal gasificationò, ñMethodology for determining the parameters for the formation of 

outgassing space cavities of an underground gasifierò, ñMethodology for predicting 

the gasification process efficiency of carbon-containing raw materials with carbon 

dioxide utilizationò have been developed. 

Technologies for coal gasification and carbon dioxide utilization have been 

developed: ñMethod of Carbon Dioxide Utilizationò (UA No.156354), ñMethod of 

Rock Mass State Management During Underground Solid Fuel Gasificationò (UA 

No.156406), ñMethod for Underground Solid Fuel Gasificationò (UA No.127929), 

ñMethod for Underground Solid Fuel Gasificationò (UA No.152841), ñMethod for 

Underground Solid Fuel Gasificationò (UA No.149211).  

The economic assessment of the feasibility of applying the developed 

technology and technological solutions makes it possible to obtain a 24.8% increase 

in revenue from the sale of producer gas. In addition, a comprehensive approach to 

CO2 utilization during coal seam gasification from a coal seam thickness of 0.64 m 

indicates additional revenue from CO2 utilization for each ton. 

Keywords: underground gasification, coal, utilization, carbon dioxide, producer 

gas, combustion face, underground gasifier, rock mass, mathematical model, 

management, optimization, economic assessment. 
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ɺʉʊʋʇ 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. ɺʫʛʽʣʣʷ ʟʘʣʠʰʘʻʪʴʩʷ ʽ ʚ ʥʘʡʙʣʠʞʯʽʡ ʧʝʨʩʧʝʢʪʠʚʽ 

ʧʨʦʜʦʚʞʫʚʘʪʠʤʝ ʙʫʪʠ ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʽ ʩʪʘʙʽʣʴʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ. ʉʴʦʛʦʜʥʽ 

ʚʫʛʽʣʴʥʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ ʋʢʨʘʾʥʠ ʩʪʠʢʘʻʪʴʩʷ ʟ ʩʝʨʡʦʟʥʠʤʠ ʚʠʢʣʠʢʘʤʠ, 

ʟʫʤʦʚʣʝʥʠʤʠ ʚʪʨʘʪʦʶ ʧʨʦʜʫʢʪʠʚʥʠʭ ʚʫʛʽʣʴʥʠʭ ʧʣʦʱ ʯʝʨʝʟ ʚʦʻʥʥʽ ʜʽʾ, 

ʧʦʛʽʨʰʝʥʥʷʤ ʛʽʨʥʠʯʦ-ʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʟʘʣʷʛʘʥʥʷ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ ʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʘʩʪʘʨʽʣʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʆʜʥʽʻʶ ʟ ʢʣʶʯʦʚʠʭ ʧʨʦʙʣʝʤ, 

ʧʦʚôʷʟʘʥʠʭ ʽʟ ʚʠʜʦʙʫʪʢʦʤ ʚʫʛʽʣʣʷ, ʻ ʟʥʘʯʥʠʡ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ 

ʩʝʨʝʜʦʚʠʱʝ. ʊʝʭʥʦʣʦʛʽʾ ʤʝʭʘʥʽʟʦʚʘʥʦʛʦ ʚʠʜʦʙʫʪʢʫ ʚʫʛʽʣʣʷ ʩʧʨʠʯʠʥʷʶʪʴ 

ʩʝʨʡʦʟʥʽ ʝʢʦʣʦʛʽʯʥʽ ʧʨʦʙʣʝʤʠ, ʚʢʣʶʯʥʦ ʟ ʜʝʛʨʘʜʘʮʽʻʶ ʟʝʤʝʣʴ, ʟʘʙʨʫʜʥʝʥʥʷʤ 

ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʽ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ, ʫʪʚʦʨʝʥʥʷʤ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʚʽʜʭʦʜʽʚ 

ʪʦʱʦ. ɺʠʜʦʙʫʪʦʢ ʽ ʧʦʜʘʣʴʰʘ ʧʝʨʝʨʦʙʢʘ ʚʫʛʽʣʣʷ ʧʦʚôʷʟʘʥʘ ʟʽ ʟʥʘʯʥʠʤʠ ʚʠʢʠʜʘʤʠ 

ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ, ʟʦʢʨʝʤʘ, ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ (CO2). ɿ ʦʛʣʷʜʫ ʥʘ ʘʢʪʫʘʣʴʥʽ 

ʛʣʦʙʘʣʴʥʽ ʚʠʢʣʠʢʠ, ʧʦʚôʷʟʘʥʽ ʥʝ ʪʽʣʴʢʠ ʟ ʢʣʽʤʘʪʠʯʥʠʤʠ ʟʤʽʥʘʤʠ ʪʘ ʥʝʦʙʭʽʜʥʽʩʪʶ 

ʩʢʦʨʦʯʝʥʥʷ ʚʠʢʠʜʽʚ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ, ʘ ʡ ʥʝʦʙʭʽʜʥʽʩʪʶ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ 

ʦʩʚʦʻʥʥʷ ʚʫʛʽʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʟʘʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʥʝʨʛʦʥʝʟʘʣʝʞʥʦʩʪʽ ʢʨʘʾʥʠ, 

ʚʘʞʣʠʚʠʤ ʻ ʨʦʟʚʠʪʦʢ ʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ ʞʠʪʪʻʚʠʡ ʮʠʢʣ ʛʽʨʥʠʯʦʜʦʙʫʚʥʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ çʯʠʩʪʠʭ ʚʫʛʽʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʡè (clean coal technology). 

ʅʘ ʪʝʨʠʪʦʨʽʾ ʚʫʛʽʣʴʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʙʘʟʦʶ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʽʡ ʤʦʞʝ ʩʪʘʪʠ 

ʧʽʜʟʝʤʥʘ ʛʘʟʠʬʽʢʘʮʽʷ ʚʫʛʽʣʣʷ ʟ ʧʦʧʫʪʥʦʶ ʫʪʠʣʽʟʘʮʽʻʶ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʚ 

ʪʝʭʥʦʛʝʥʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʱʦ ʻ ʚʘʞʣʠʚʠʤ ʢʨʦʢʦʤ ʫ ʨʦʟʚʠʪʢʫ ʩʪʘʣʠʭ ʪʘ 

ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʛʽʨʥʠʯʦʜʦʙʫʚʥʽʡ ʛʘʣʫʟʽ. ʎʝʡ ʧʽʜʭʽʜ ʤʘʻ 

ʧʦʪʝʥʮʽʘʣ ʥʝ ʪʽʣʴʢʠ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʜʦʙʫʪʢʫ ʚʫʛʽʣʣʷ, ʘ ʡ ʩʫʪʪʻʚʦ 

ʟʤʝʥʰʠʪʠ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʛʽʨʥʠʯʦʜʦʙʫʚʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʥʘ ʥʘʚʢʦʣʠʰʥʻ 

ʩʝʨʝʜʦʚʠʱʝ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʟ ʧʦʧʫʪʥʦʶ 

ʫʪʠʣʽʟʘʮʽʻʶ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʩʧʨʠʷʪʠʤʝ ʜʦʩʷʛʥʝʥʥʶ ʤʽʞʥʘʨʦʜʥʠʭ 

ʢʣʽʤʘʪʠʯʥʠʭ ʮʽʣʝʡ, ʱʦ ʧʝʨʝʜʙʘʯʘʶʪʴ ʩʢʦʨʦʯʝʥʥʷ ʚʠʢʠʜʽʚ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ ʜʣʷ 

ʩʪʨʠʤʫʚʘʥʥʷ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʽʥʥʷ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʽʡ ʩʪʘʥʝ 

ʚʘʞʣʠʚʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ, ʱʦ ʩʧʨʠʷʪʠʤʝ ʧʝʨʝʭʦʜʫ ʜʦ ʙʽʣʴʰ ʩʪʽʡʢʦʾ ʪʘ ʝʢʦʣʦʛʽʯʥʦ 

ʯʠʩʪʦʾ ʝʥʝʨʛʝʪʠʢʠ ʥʘ ʙʘʟʽ ʚʫʛʽʣʴʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ˇʨʫʥʪʫʶʯʠʩʴ ʥʘ ʧʨʠʥʮʠʧʘʭ 
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ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʽ ʤʽʥʽʤʽʟʘʮʽʾ ʚʧʣʠʚʫ ʥʘ 

ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. 

ʊʦʤʫ ʘʢʪʫʘʣʴʥʦʶ ʥʘʫʢʦʚʦʶ ʧʨʦʙʣʝʤʦʶ ʻ ʦʧʪʠʤʽʟʘʮʽʷ ʧʨʦʮʝʩʽʚ ʚʠʜʦʙʫʪʢʫ 

ʚʫʛʽʣʣʷ ʧʽʜʟʝʤʥʦʶ ʛʘʟʠʬʽʢʘʮʽʻʶ ʟ ʧʦʧʫʪʥʦʶ ʫʪʠʣʽʟʘʮʽʻʶ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʚ 

ʪʝʭʥʦʛʝʥʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʷʢʽ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʟʘʢʦʥʦʤʽʨʥʦʩʪʷʭ ʟʤʽʥʠ 

ʧʘʨʘʤʝʪʨʽʚ ʬʦʨʤʫʚʘʥʥʷ ʘʢʪʠʚʥʠʭ ʟʦʥ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʪʘ ʫʪʠʣʽʟʘʮʽʾ 

ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʽ ʜʘʶʪʴ ʟʤʦʛʫ ʩʬʦʨʤʫʚʘʪʠ ʻʜʠʥʫ ʽʥʪʝʛʨʦʚʘʥʫ ʩʠʩʪʝʤʫ 

ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ, ʱʦ ʤʦʞʝ ʩʪʘʪʠ 

ʢʘʪʘʣʽʟʘʪʦʨʦʤ ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʝʢʦʥʦʤʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ, ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ 

ʨʦʙʦʯʠʭ ʤʽʩʮʴ ʪʘ ʟʘʣʫʯʝʥʥʷ ʽʥʚʝʩʪʠʮʽʡ ʫ ʨʦʟʚʠʪʦʢ ʛʽʨʥʠʯʦʜʦʙʫʚʥʠʭ ʨʝʛʽʦʥʽʚ. 

ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʚʠʢʦʥʘʥʘ ʥʘ ʢʘʬʝʜʨʽ ʛʽʨʥʠʯʦʾ ʽʥʞʝʥʝʨʽʾ ʪʘ ʦʩʚʽʪʠ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʧʣʘʥʫ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʜʝʨʞʙʶʜʞʝʪʥʠʭ ʨʦʙʽʪ ʄʽʥʽʩʪʝʨʩʪʚʘ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ 

ʋʢʨʘʾʥʠ ʟʘ ʧʝʨʽʦʜ 2016 ï 2025 ʨʨ.: ɻʇ-487 çʅʘʫʢʦʚʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʪʘ ʨʦʟʨʦʙʢʘ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʤʘʣʦʚʽʜʭʦʜʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚʠʜʦʙʫʚʘʥʥʷ ʚʫʛʣʝʚʦʜʥʝʚʦʾ ʪʘ 

ʤʽʥʝʨʘʣʴʥʦʾ ʩʠʨʦʚʠʥʠè, ˉ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0116U008041 (ʢʝʨʽʚʥʠʢ); ɻʇ-489 

çʅʘʫʢʦʚʽ ʦʩʥʦʚʠ ʬʦʨʤʫʚʘʥʥʷ ʻʜʠʥʦʾ ʩʠʩʪʝʤʠ ʟʙʝʨʝʞʝʥʥʷ ʪʘ ʛʝʥʝʨʘʮʽʾ ʝʥʝʨʛʽʾ 

ʦʙôʻʢʪʽʚ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʋʢʨʘʾʥʠè, ˉ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 

0117U001127 (ʦʩʥʦʚʥʠʡ ʚʠʢʦʥʘʚʝʮʴ); ɻʇ-500 çʉʠʥʪʝʟ, ʦʧʪʠʤʽʟʘʮʽʷ ʪʘ 

ʧʘʨʘʤʝʪʨʠʟʘʮʽʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʦʩʚʦʻʥʥʷ ʨʝʩʫʨʩʽʚ ʛʘʟʦʚʫʛʽʣʴʥʠʭ 

ʨʦʜʦʚʠʱè, ˉ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0119U000248 (ʢʝʨʽʚʥʠʢ); ɻʇ-503 çɻʝʦʪʝʭʥʦʣʦʛʽʯʥʽ 

ʦʩʥʦʚʠ ʬʦʨʤʫʚʘʥʥʷ ʝʥʝʨʛʦʭʽʤʽʯʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʚʫʛʣʝʜʦʙʫʚʥʠʭ ʨʝʛʽʦʥʽʚè, 

 ̄ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0120U102084 (ʚʽʜʧʦʚʽʜʘʣʴʥʠʡ ʚʠʢʦʥʘʚʝʮʴ); ɻʇ-511 çʅʘʫʢʦʚʦ-

ʧʨʘʢʪʠʯʥʽ ʟʘʩʘʜʠ ʩʪʨʫʢʪʫʨʥʠʭ ʪʨʘʥʩʬʦʨʤʘʮʽʡ ʚʫʛʣʝʜʦʙʫʚʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʥʘ 

ʦʩʥʦʚʽ ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷè, 

 ̄ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0122U001301 (ʢʝʨʽʚʥʠʢ); ɻʇ-512 çʂʦʛʘʟʠʬʽʢʘʮʽʷ 

ʚʫʛʣʝʮʝʚʤʽʩʥʦʾ ʩʠʨʦʚʠʥʠ ʧʨʠ ʚʠʛʘʟʦʚʫʚʘʥʥʽ ʥʘʜʪʦʥʢʠʭ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ ʟ 

ʦʨʽʻʥʪʘʮʽʻʶ ʥʘ ʦʪʨʠʤʘʥʥʷ ʚʦʜʥʶè, ˉ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0123U100985 

(ʚʽʜʧʦʚʽʜʘʣʴʥʠʡ ʚʠʢʦʥʘʚʝʮʴ); ɻʇ-515 çʆʙˇʨʫʥʪʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ 
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ʝʢʦʣʦʛʦʙʝʟʧʝʯʥʦʛʦ ʦʩʚʦʻʥʥʷ ʤʽʥʝʨʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʚ ʫʤʦʚʘʭ ʚʽʜʙʫʜʦʚʠ ʢʨʘʾʥʠ ʫ 

ʚʦʻʥʥʠʡ ʽ ʧʽʩʣʷʚʦʻʥʥʠʡ ʧʝʨʽʦʜʠ, ˉ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0123U101759 (ʦʩʥʦʚʥʠʡ 

ʚʠʢʦʥʘʚʝʮʴ), ɻʇ-516 çʅʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽ ʟʘʩʘʜʠ ʪʝʭʥʦʣʦʛʽʾ ʛʘʟʠʬʽʢʘʮʽʾ 

ʥʠʟʴʢʦʩʦʨʪʥʦʛʦ ʚʫʛʽʣʣʷè, ˉ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0123U101757 (ʚʽʜʧʦʚʽʜʘʣʴʥʠʡ 

ʚʠʢʦʥʘʚʝʮʴ). ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʙʦʪʠ ʫʢʣʘʜʝʥʦ ʃʽʮʝʥʟʽʡʥʠʡ ʜʦʛʦʚʽʨ ˉ 12 ʇʃ ʚʽʜ 

25.11.2024 ʨ. ʟʘ ʧʘʪʝʥʪʦʤ ʥʘ ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ UA ˉ156354 çʉʧʦʩʽʙ ʫʪʠʣʽʟʘʮʽʾ 

ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶè. 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʚʽʜʧʦʚʽʜʘʻ ʉʪʨʘʪʝʛʽʾ ʨʦʟʚʠʪʢʫ ʧʘʣʠʚʥʦ-

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʋʢʨʘʾʥʠ ʜʦ 2030 ʨʦʢʫ (ɺʫʛʽʣʴʥʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ) ʪʘ 

ʇʘʨʠʟʴʢʽʡ ʢʣʽʤʘʪʠʯʥʽʡ ʫʛʦʜʽ ʚ ʤʝʞʘʭ ʈʘʤʢʦʚʦʾ ʢʦʥʚʝʥʮʽʾ ʆʆʅ ʧʨʦ ʟʤʽʥʫ 

ʢʣʽʤʘʪʫ (UNFCCC). 

ʄʝʪʘ ʨʦʙʦʪʠ ï ʨʦʟʨʦʙʢʘ ʥʘʫʢʦʚʠʭ ʦʩʥʦʚ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʧʽʜʟʝʤʥʦʾ 

ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʰʣʷʭʦʤ ʬʦʨʤʫʚʘʥʥʷ ʘʢʪʠʚʥʠʭ ʟʦʥ ʧʽʜʟʝʤʥʦʛʦ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʚ ʛʽʨʩʴʢʦʤʫ ʤʘʩʠʚʽ ʫ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʟ ʫʪʠʣʽʟʘʮʽʻʶ ʚʫʛʣʝʢʠʩʣʦʛʦ 

ʛʘʟʫ ʚ ʪʝʭʥʦʛʝʥʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

ʇʦʩʪʘʚʣʝʥʫ ʤʝʪʫ ʨʝʘʣʽʟʦʚʘʥʦ ʨʦʟʚôʷʟʘʥʥʷʤ ʪʘʢʠʭ ʦʩʥʦʚʥʠʭ ʥʘʫʢʦʚʠʭ 

ʟʘʚʜʘʥʴ ʜʦʩʣʽʜʞʝʥʥʷ: 

1. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʪʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ ʚʫʛʣʝʜʦʙʫʚʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ 

ʋʢʨʘʾʥʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʚʽʪʦʚʦʛʦ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʛʦ ʜʦʩʚʽʜʫ ʚʧʨʦʚʘʜʞʝʥʥʷ 

çʯʠʩʪʠʭ ʚʫʛʽʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʡè ʪʘ ʾʭ ʘʜʘʧʪʘʮʽʾ ʥʘ ʧʨʠʥʮʠʧʘʭ ʢʣʽʤʘʪʠʯʥʦʾ 

ʥʝʡʪʨʘʣʴʥʦʩʪʽ. 

2. ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʣʘʙʦʨʘʪʦʨʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʟʨʘʟʢʽʚ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ 

ʧʽʜ ʚʧʣʠʚʦʤ ʟʤʽʥʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʚ ʜʠʥʘʤʽʯʥʦʤʫ ʨʝʞʠʤʽ. 

3. ʉʬʦʨʤʦʚʘʥʦ ʤʝʪʦʜʦʣʦʛʽʯʥʽ ʦʩʥʦʚʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʧʽʜʟʝʤʥʦʾ 

ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʟ ʫʪʠʣʽʟʘʮʽʻʶ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʚ ʪʝʭʥʦʛʝʥʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

4. ʈʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʪʝʧʣʦʦʙʤʽʥʫ ʩʝʨʝʜʦʚʠʱʘ ʚ ʩʠʩʪʝʤʽ 

çʚʫʛʽʣʣʷ ï ʛʝʥʝʨʘʪʦʨʥʠʡ ʛʘʟè ʧʨʠ ʧʽʜʟʝʤʥʽʡ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʤʝʞ ʬʘʟʦʚʠʭ ʧʝʨʝʭʦʜʽʚ. 

5. ɺʩʪʘʥʦʚʣʝʥʦ ʟʘʣʝʞʥʦʩʪʽ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʧʘʨʘʤʝʪʨʽʚ ʬʦʨʤʫʚʘʥʥʷ 

ʘʢʪʠʚʥʠʭ ʟʦʥ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ 
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ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ. 

6. ʆʙˇʨʫʥʪʦʚʘʥʦ ʧʘʨʘʤʝʪʨʠ ʪʝʭʥʦʣʦʛʽʾ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʟ 

ʫʪʠʣʽʟʘʮʽʻʶ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʚ ʦʢʠʩʣʶʚʘʣʴʥʽʡ ʟʦʥʽ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʩʧʦʩʦʙʦʤ 

ʘʢʪʠʚʘʮʽʾ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ ʪʘ ʢʦʤʙʽʥʫʚʘʥʥʷʤ ʩʢʣʘʜʫ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ. 

7. ʈʦʟʨʦʙʣʝʥʦ ʪʝʭʥʦʣʦʛʽʶ ʚʝʜʝʥʥʷ ʧʨʦʮʝʩʫ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʟ 

ʫʪʠʣʽʟʘʮʽʻʶ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʚ ʪʝʭʥʦʛʝʥʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

8. ɺʩʪʘʥʦʚʣʝʥʦ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʪʝʭʥʦʣʦʛʽʾ ʧʽʜʟʝʤʥʦʾ 

ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʟ ʫʪʠʣʽʟʘʮʽʻʶ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ. 

ɯʜʝʷ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚʠʷʚʣʝʥʠʭ ʥʦʚʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ 

ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʘʢʪʠʚʥʠʭ ʟʦʥ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ 

ʪʝʧʣʦʚʠʭ, ʛʘʟʦʜʠʥʘʤʽʯʥʠʭ ʪʘ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʛʽʨʩʴʢʦʤʫ ʤʘʩʠʚʽ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʝʬʝʢʪʠʚʥʫ ʫʪʠʣʽʟʘʮʽʶ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʚ ʪʝʭʥʦʛʝʥʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 

ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʡ ʬʦʨʤʫʻ ʟʘʩʘʜʠ ʥʦʚʦʾ ʥʘʫʢʦʚʦ-ʦʙˇʨʫʥʪʦʚʘʥʦʾ 

ʢʦʥʮʝʧʮʽʾ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʪʝʨʤʦʭʽʤʽʯʥʽ ʧʨʦʮʝʩʠ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ 

ʚʫʛʽʣʣʷ ʫ ʛʽʨʩʴʢʦʤʫ ʤʘʩʠʚʽ ʷʢ ʢʦʤʧʣʝʢʩ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ, ʪʝʧʣʦʚʠʭ ʽ 

ʤʘʩʦʦʙʤʽʥʥʠʭ ʷʚʠʱ ʚ ʘʢʪʠʚʥʠʭ ʟʦʥʘʭ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ, ʚʢʣʶʯʥʦ ʟ 

ʫʪʠʣʽʟʘʮʽʻʶ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʚ ʪʝʭʥʦʛʝʥʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʘʢʪʠʚʥʠʭ ʟʦʥ 

ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʪʘ ʧʘʨʘʤʝʪʨʽʚ ʫʪʠʣʽʟʘʮʽʾ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʝʬʝʢʪʠʚʥʝ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʚʜʘʥʴ ʫ ʨʦʙʦʪʽ ʙʫʣʦ 

ʚʠʢʦʨʠʩʪʘʥʦ ʢʦʤʧʣʝʢʩʥʠʡ ʤʝʪʦʜ ʜʦʩʣʽʜʞʝʥʴ: ʘʥʘʣʽʟ ʪʘ ʫʟʘʛʘʣʴʥʝʥʥʷ ʩʚʽʪʦʚʦʛʦ ʡ 

ʚʽʪʯʠʟʥʷʥʦʛʦ ʜʦʩʚʽʜʫ ʫ ʛʘʣʫʟʽ ʚʠʜʦʙʫʪʢʫ ʟʘʧʘʩʽʚ ʚʫʛʽʣʣʷ, ʜʦʩʣʽʜʞʝʥʴ ʫ ʛʘʣʫʟʽ 

ʪʝʨʤʦʭʽʤʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʫʛʽʣʣʷ ʪʘ ʫʪʠʣʽʟʘʮʽʾ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ; 

ʘʥʘʣʽʪʠʯʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ ʧʨʠ ʽʥʪʝʛʨʫʚʘʥʥʽ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʫʤʦʚ ʉʪʝʬʘʥʘ ʥʘ ʤʝʞʽ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ 

ʩʝʨʝʜʦʚʠʱʘ çʚʫʛʽʣʣʷ ï ʛʝʥʝʨʘʪʦʨʥʠʡ ʛʘʟè; ʣʘʙʦʨʘʪʦʨʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ 

ʦʭʦʧʣʶʶʪʴ ʜʦʙʽʨ, ʧʽʜʛʦʪʦʚʢʫ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʚʽʜʽʙʨʘʥʠʭ ʟʨʘʟʢʽʚ ʛʽʨʩʴʢʦʛʦ 

ʤʘʩʠʚʫ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʚ 
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ʥʠʭ ʽ ʚʠʟʥʘʯʝʥʥʷ ʤʽʮʥʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʚʠʧʨʦʙʫʚʘʣʴʥʦʤʫ ʧʨʝʩʽ ʪʠʧʫ 

KL 200/CE-Tecnotest; ʨʝʥʪʛʝʥʽʚʩʴʢʠʡ ʜʠʬʨʘʢʮʽʡʥʠʡ ʤʝʪʦʜ ʘʥʘʣʽʟʫ (XRD) ʜʣʷ 

ʦʮʽʥʢʠ ʢʨʠʩʪʘʣʽʯʥʦʩʪʽ ʪʘ ʩʪʨʫʢʪʫʨʠ ʟʨʘʟʢʽʚ ʛʽʨʩʴʢʦʾ ʧʦʨʦʜʠ; ʣʘʙʦʨʘʪʦʨʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʪʘ ʧʦʜʘʣʴʰʦʾ ʫʪʠʣʽʟʘʮʽʾ 

ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ; ʘʥʘʣʽʪʠʯʥʽ ʪʘ ʣʘʙʦʨʘʪʦʨʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʬʦʨʤʫʚʘʥʥʷ ʚʠʛʘʟʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʽ ʤʝʭʘʥʽʟʤʽʚ 

ʟʨʫʰʝʥʥʷ ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʥʘ ʘʚʪʦʨʩʴʢʠʭ 

ʟʘʧʘʪʝʥʪʦʚʘʥʠʭ ʫʩʪʘʥʦʚʢʘʭ UA ˉ112375, UA ˉ148572, UA ˉ156789. 

ʅʘʫʢʦʚʽ ʧʦʣʦʞʝʥʥʷ, ʱʦ ʚʠʥʦʩʷʪʴʩʷ ʥʘ ʟʘʭʠʩʪ: 

1. ɼʦʚʞʠʥʘ ʦʢʠʩʣʶʚʘʣʴʥʦʾ ʟʦʥʠ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ (lʦʢ.ʟ.) 

ʟʤʽʥʶʻʪʴʩʷ ʟʘ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʶ ʟʘʣʝʞʥʽʩʪʶ ʚʽʜ ʪʨʠʚʘʣʦʩʪʽ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ 

(t) ʪʘ ʧʦʪʫʞʥʦʩʪʽ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ (m) ʽ ʩʷʛʘʻ ʩʚʦʛʦ ʢʨʠʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘ 

ʧʨʦʤʽʞʢʫ 10,12 ï 10,45 ʤ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʠʭʽʜ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ ʟʘ ʤʝʞʫ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. ʎʝ ʜʘʻ ʟʤʦʛʫ ʩʧʨʦʛʥʦʟʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠ 

ʧʦʩʫʚʘʥʥʷ ʬʨʦʥʪʫ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʾ ʪʘ ʝʬʝʢʪʠʚʥʦʾ 

ʨʦʙʦʪʠ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʚʠʛʘʟʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. 

2. ʊʠʩʢ ʧʦʜʘʯʽ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ (P) ʧʨʠ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ 

ʧʦʪʫʞʥʽʩʪʶ ʚʽʜ 0,6 ʜʦ 1,2 ʤ ʦʧʠʩʫʻʪʴʩʷ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʶ ʟʘʣʝʞʥʽʩʪʶ ʚʽʜ 

ʪʨʠʚʘʣʦʩʪʽ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ (t), ʷʢʠʡ ʚʩʪʘʥʦʚʣʶʻ ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ 

ʚʠʛʘʟʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʧʦʩʫʚʘʥʥʷ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ ʚ 

ʦʢʠʩʣʶʚʘʣʴʥʽʡ ʪʘ ʚʽʜʥʦʚʣʶʚʘʣʴʥʽʡ ʟʦʥʘʭ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ, ʱʦ ʜʘʻ 

ʟʤʦʛʫ ʚʠʟʥʘʯʠʪʠ ʨʝʞʠʤʠ ʧʦʜʘʯʽ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʚʠʪʨʘʪ ʥʘ ʾʾ ʧʦʜʘʯʫ. 

3. ʂʦʥʮʝʥʪʨʘʮʽʷ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ ʚ ʛʝʥʝʨʘʪʦʨʥʦʤʫ ʛʘʟʽ ( )2

2CO
h  ʟʤʽʥʶʻʪʴʩʷ 

ʣʽʥʽʡʥʦ ʟʘ ʛʨʘʥʠʯʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʧʦʜʘʯʽ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʚ ʩʢʣʘʜʽ ʥʝ ʙʽʣʴʰʝ 

22,3%, ʱʦ ʻ ʢʨʠʪʝʨʽʻʤ ʬʦʨʤʫʚʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʫʪʠʣʽʟʘʮʽʾ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ 

( )2COk , ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʡʦʛʦ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ ʫ ʩʢʣʘʜʽ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ 
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( )1

2CO
h . ʎʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʧʨʦʛʥʦʟʫʚʘʪʠ ʪʝʧʣʦʪʚʦʨʥʫ ʟʜʘʪʥʽʩʪʴ ʦʪʨʠʤʘʥʦʛʦ ʛʘʟʫ 

(LHV) ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʝʜʝʥʥʷ ʧʨʦʮʝʩʫ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʟ 

ʫʪʠʣʽʟʘʮʽʻʶ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ. 

4. ɽʬʝʢʪʠʚʥʠʡ ʯʘʩ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷʥʦ-ʚʫʛʣʝʢʠʩʣʦʪʥʦʛʦ ʜʫʪʪʷ (t) ʜʦ 

ʧʣʦʱʠʥʠ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʣʽʥʽʡʥʦʶ ʟʘʣʝʞʥʽʩʪʶ ʚʽʜ 

ʧʦʪʫʞʥʦʩʪʽ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ (m) ʪʘ ʧʦʢʘʟʥʠʢʽʚ ʚʠʭʦʜʫ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ 

( )2

2CO
h  ʫ ʢʽʣʴʢʦʩʪʽ 25% ʷʢ ʛʨʘʥʠʯʥʝ ʟʥʘʯʝʥʥʷ, ʱʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʛʥʦʟʫʻ 

ʪʨʠʚʘʣʽʩʪʴ ʨʦʙʦʪʠ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ, ʥʘʧʨʘʚʣʝʥʦʛʦ ʥʘ ʫʪʠʣʽʟʘʮʽʶ 

ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ (68,83 ï 85,87%), ʟ ʤʘʢʩʠʤʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ ʪʝʧʣʦʪʚʦʨʥʦʾ 

ʟʜʘʪʥʦʩʪʽ ʦʪʨʠʤʘʥʦʛʦ ʛʘʟʫ ʥʘ ʨʽʚʥʽ 6,3 ï 6,6 ʄɼʞ/ʤ3. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ: 

1. ɺʧʝʨʰʝ: 

ï ʨʦʟʨʦʙʣʝʥʦ ʪʘ ʧʨʦʪʝʩʪʦʚʘʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʪʝʧʣʦʦʙʤʽʥʫ 

ʩʝʨʝʜʦʚʠʱʘ ʚ ʩʠʩʪʝʤʽ çʚʫʛʽʣʣʷ ï ʛʝʥʝʨʘʪʦʨʥʠʡ ʛʘʟè ʧʨʠ ʧʽʜʟʝʤʥʽʡ ʛʘʟʠʬʽʢʘʮʽʾ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʫʤʦʚ ʉʪʝʬʘʥʘ ʥʘ ʤʝʞʽ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ; 

ï ʨʦʟʨʦʙʣʝʥʦ ʪʘ ʧʨʦʪʝʩʪʦʚʘʥʦ ʥʘ ʘʚʪʦʨʩʴʢʽʡ ʣʘʙʦʨʘʪʦʨʥʽʡ ʫʩʪʘʥʦʚʮʽ 

ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʚ ʛʽʨʩʴʢʦʤʫ ʤʘʩʠʚʽ 

ʥʘʚʢʦʣʦ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʟʘʣʝʞʥʦ ʚʽʜ ʪʨʠʚʘʣʦʩʪʽ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ 

ʚʫʛʽʣʣʷ; 

ï ʚʩʪʘʥʦʚʣʝʥʦ ʟʘʣʝʞʥʦʩʪʽ ʟʤʽʥʠ ʢʨʠʪʠʯʥʠʭ ʜʦʚʞʠʥ ʦʢʠʩʣʶʚʘʣʴʥʦʾ ʟʦʥʠ 

ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʚʽʜ ʪʨʠʚʘʣʦʩʪʽ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ ʪʘ ʧʦʪʫʞʥʦʩʪʽ 

ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʧʣʦʪʚʦʨʥʦʾ ʟʜʘʪʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ; 

ï ʚʩʪʘʥʦʚʣʝʥʦ ʟʘʣʝʞʥʦʩʪʽ ʟʤʽʥʠ ʪʠʩʢʫ ʧʦʜʘʯʽ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ ʜʦ 

ʦʢʠʩʣʶʚʘʣʴʥʦʾ ʟʦʥʠ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʘʨʘʤʝʪʨʽʚ ʬʦʨʤʫʚʘʥʥʷ 

ʚʠʛʘʟʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ ʚʽʜ ʪʨʠʚʘʣʦʩʪʽ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ ʪʘ ʧʦʪʫʞʥʦʩʪʽ 

ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ; 

ï ʚʩʪʘʥʦʚʣʝʥʦ ʟʘʣʝʞʥʦʩʪʽ ʟʤʽʥʠ ʤʽʮʥʦʩʪʽ ʟʨʘʟʢʽʚ ʛʽʨʩʴʢʦʾ ʧʦʨʦʜʠ ʟʘʣʝʞʥʦ 

ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ ʟʘ ʡʦʛʦ ʟʦʥʘʤʠ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʜʣʷ ʛʽʨʥʠʯʦ-

ʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ɼʇ çʃʴʚʽʚʚʫʛʽʣʣʷè ʪʘ ʇʨɸʊ çɼʊɽʂ ʇʘʚʣʦʛʨʘʜʚʫʛʽʣʣʷè; 
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ï ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʝʬʽʮʽʻʥʪ ʫʪʠʣʽʟʘʮʽʾ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ( )2COk  ʧʨʠ 

ʧʽʜʟʝʤʥʽʡ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ, ʱʦ ʦʮʽʥʶʻʪʴʩʷ ʡʦʛʦ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ ʫ ʩʢʣʘʜʽ 

ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ ʪʘ ʛʝʥʝʨʘʪʦʨʥʦʤʫ ʛʘʟʽ; 

ï ʚʩʪʘʥʦʚʣʝʥʦ ʟʘʣʝʞʥʦʩʪʽ ʪʨʠʚʘʣʦʩʪʽ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʧʨʠ 

ʧʦʜʘʯʽ ʧʦʚʽʪʨʷʥʦ-ʚʫʛʣʝʢʠʩʣʦʪʥʦʛʦ ʜʫʪʪʷ (ʉʆ2 ï 22,3%) ʚʽʜ ʧʦʪʫʞʥʦʩʪʽ 

ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ ʪʘ ʢʨʠʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʉʆ2 ʫ ʛʝʥʝʨʘʪʦʨʥʦʤʫ ʛʘʟʽ; 

ï ʚʩʪʘʥʦʚʣʝʥʦ ʟʘʣʝʞʥʦʩʪʽ ʟʤʽʥʠ ʪʝʧʣʦʪʚʦʨʥʦʾ ʟʜʘʪʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʥʦʛʦ 

ʛʘʟʫ ʚʽʜ ʩʧʦʩʦʙʽʚ ʧʦʜʘʯʽ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ ʜʦ ʧʣʦʱʠʥʠ ʧʽʜʟʝʤʥʦʛʦ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. 

2. ʆʪʨʠʤʘʣʘ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʢʦʥʮʝʧʮʽʷ ʫʪʠʣʽʟʘʮʽʾ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ 

ʫ ʩʢʣʘʜʽ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ ʪʘ ʪʝʭʥʦʛʝʥʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʧʽʜʟʝʤʥʦʛʦ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʥʘ ʙʘʟʽ ʪʝʭʥʦʣʦʛʽʾ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʠʥʮʠʧʽʚ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʚʫʛʣʝʜʦʙʫʚʥʠʭ ʨʝʛʽʦʥʽʚ. 

ʆʙˇʨʫʥʪʦʚʘʥʽʩʪʴ ʽ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʥʘʫʢʦʚʠʭ ʧʦʣʦʞʝʥʴ, ʚʠʩʥʦʚʢʽʚ ʪʘ 

ʨʝʢʦʤʝʥʜʘʮʽʡ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʧʨʦʙʦʚʘʥʠʭ ʤʝʪʦʜʽʚ 

ʪʝʦʨʝʪʠʯʥʠʭ ʽ ʣʘʙʦʨʘʪʦʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʦʩʥʦʚʥʠʭ ʧʦʣʦʞʝʥʴ 

ʪʝʦʨʽʾ ʪʝʧʣʦʦʙʤʽʥʫ, ʧʨʠʥʮʠʧʽʚ ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ, ʜʦʩʪʘʪʥʽʤ ʦʙʩʷʛʦʤ 

ʚʠʢʦʥʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʽ ʚʠʩʦʢʦʶ ʜʦʩʪʦʚʽʨʥʽʩʪʶ ʨʝʟʫʣʴʪʘʪʽʚ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ (ʟʙʽʞʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʩʪʘʥʦʚʠʪʴ 78 ï

 92 %). ɺʽʜʧʦʚʽʜʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʘʙʝʟʧʝʯʫʚʘʣʘʩʷ 

ʢʽʥʮʝʚʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʧʨʠ ʚʽʜʪʚʦʨʝʥʥʽ ʧʨʦʮʝʩʽʚ 

ʛʘʟʠʬʽʢʘʮʽʾ ʥʘ ʩʧʝʮʽʘʣʴʥʦʤʫ ʩʝʨʪʠʬʽʢʦʚʘʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ. 

ʅʘʫʢʦʚʝ ʟʥʘʯʝʥʥʷ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʚʩʪʘʥʦʚʣʝʥʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ 

ʧʨʦʪʽʢʘʥʥʷ ʪʝʨʤʦʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʪʘ ʾʭʥʴʦʛʦ ʚʟʘʻʤʦʟʚôʷʟʢʫ 

ʟ ʧʘʨʘʤʝʪʨʘʤʠ ʫʪʠʣʽʟʘʮʽʾ ʉʆ2 ʫ ʩʢʣʘʜʽ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ ʪʘ ʪʝʭʥʦʛʝʥʥʦʤʫ 

ʧʨʦʩʪʦʨʽ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ, ʱʦ ʚ ʩʫʢʫʧʥʦʩʪʽ ʬʦʨʤʫʻ ʥʘʫʢʦʚʽ ʦʩʥʦʚʠ 

ʝʬʝʢʪʠʚʥʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʟ 

ʫʪʠʣʽʟʘʮʽʻʶ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ. 
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ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ: 

1. ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʟ ʚʠʟʥʘʯʝʥʥʷ ʜʦʚʞʠʥʠ ʧʝʨʝʤʽʱʝʥʥʷ ʤʝʞʽ ʬʘʟʦʚʦʛʦ 

ʧʝʨʝʭʦʜʫ ʩʝʨʝʜʦʚʠʱʘ çʚʫʛʽʣʣʷ ï ʛʝʥʝʨʘʪʦʨʥʠʡ ʛʘʟè, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʟʤʽʥʫ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ ʟʘ ʜʦʚʞʠʥʦʶ ʟʦʥʠ ʛʘʟʠʬʽʢʘʮʽʾ ʚʽʜ ʪʨʠʚʘʣʦʩʪʽ ʮʴʦʛʦ 

ʧʨʦʮʝʩʫ. 

2. ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʟ 

ʫʪʠʣʽʟʘʮʽʻʶ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʫ ʩʢʣʘʜʽ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ. 

3. ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʜʦʩʣʽʜʞʝʥʥʷ ʟʤʽʥʠ ʤʽʮʥʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ ʥʘʚʢʦʣʦ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘ 

ʟʦʥʘʤʠ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʫ ʚʦʛʥʝʚʦʤʫ ʚʠʙʦʾ. 

4. ʈʦʟʨʦʙʣʝʥʦ ʨʝʢʦʤʝʥʜʘʮʽʾ ʟ ʦʧʪʠʤʽʟʘʮʽʾ ʨʝʞʠʤʽʚ ʧʦʜʘʯʽ ʜʫʪʪʴʦʚʠʭ 

ʩʫʤʽʰʝʡ ʧʨʠ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ. 

5. ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʧʨʦʛʥʦʟʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ 

ʚʫʛʣʝʮʝʚʤʽʩʥʦʾ ʩʠʨʦʚʠʥʠ ʟ ʫʪʠʣʽʟʘʮʽʻʶ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ. 

6. ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʬʦʨʤʫʚʘʥʥʷ ʧʦʨʦʞʥʠʥ 

ʚʠʛʘʟʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. 

7. ʆʙˇʨʫʥʪʦʚʘʥʦ ʧʘʨʘʤʝʪʨʠ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ 

ʚʫʛʽʣʣʷ ʟ ʫʪʠʣʽʟʘʮʽʻʶ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʫ ʩʢʣʘʜʽ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ. 

8. ʆʙˇʨʫʥʪʦʚʘʥʦ ʧʘʨʘʤʝʪʨʠ ʪʝʭʥʦʣʦʛʽʾ ʫʪʠʣʽʟʘʮʽʾ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʚ 

ʪʝʭʥʦʛʝʥʥʦʤʫ ʧʨʦʩʪʦʨʽ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. 

9. ʈʦʟʨʦʙʣʝʥʦ ʪʝʭʥʦʣʦʛʽʶ ʫʪʠʣʽʟʘʮʽʾ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʧʨʠ ʧʽʜʟʝʤʥʽʡ 

ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ, ʷʢʘ ʟʘʭʠʱʝʥʘ ʧʘʪʝʥʪʘʤʠ ʋʢʨʘʾʥʠ. 

10. ʈʦʟʨʦʙʣʝʥʦ ʦʥʣʘʡʥ-ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʟ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʧʽʜʟʝʤʥʦʾ 

ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʟ ʫʪʠʣʽʟʘʮʽʻʶ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ. 

ʈʝʘʣʽʟʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʦʪʠ. ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ 

ʫʧʨʦʜʦʚʞ 2016 ï 2025 ʨʨ. ʙʫʣʠ ʚʧʨʦʚʘʜʞʝʥʽ ʫ ʥʘʚʯʘʣʴʥʽ ʧʨʦʛʨʘʤʠ ʧʽʜʛʦʪʦʚʢʠ 

ʙʘʢʘʣʘʚʨʽʚ ʪʘ ʤʘʛʽʩʪʨʽʚ ʟ ʜʠʩʮʠʧʣʽʥ: çʄʝʭʘʥʽʢʘ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜè, çɻʽʨʥʠʯʘ 

ʽʥʞʝʥʝʨʽʷè, çʄʦʜʝʣʶʚʘʥʥʷ ʛʝʦʤʝʭʘʥʽʯʥʠʭ ʩʠʩʪʝʤ ʫ ʟʘʜʘʯʘʭ ʧʽʜʟʝʤʥʦʛʦ 

ʚʠʜʦʙʫʪʢʫ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥè ʫ ʅʊʋ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè. ʈʦʟʨʦʙʣʝʥʦ 

ʤʝʪʦʜʠʢʠ ʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʟ ʝʬʝʢʪʠʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʘʤʠ ʛʘʟʠʬʽʢʘʮʽʾ 
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ʚʫʛʽʣʣʷ ʪʘ ʫʪʠʣʽʟʘʮʽʾ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ: çʈʝʢʦʤʝʥʜʘʮʽʾ ʟ ʦʧʪʠʤʽʟʘʮʽʾ ʨʝʞʠʤʽʚ 

ʧʦʜʘʯʽ ʜʫʪʪʴʦʚʠʭ ʩʫʤʽʰʝʡ ʧʨʠ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷè (ʊʆɺ çɿɸʍɯɼ ʊʈɽʁɼ 

ʈɽʉʋʈʉè), çʄʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʬʦʨʤʫʚʘʥʥʷ ʧʦʨʦʞʥʠʥ 

ʚʠʛʘʟʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘè (ʇʨɸʊ çɼʊɽʂ 

ʇʘʚʣʦʛʨʘʜʚʫʛʽʣʣʷè), çʄʝʪʦʜʠʢʘ ʧʨʦʛʥʦʟʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ 

ʚʫʛʣʝʮʝʚʤʽʩʥʦʾ ʩʠʨʦʚʠʥʠ ʟ ʫʪʠʣʽʟʘʮʽʻʶ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫè (ʊʆɺ çɻʆʌɽʈ 

ʋʂʈɸɰʅɸè). ʆʯʽʢʫʚʘʥʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ ʧʨʠ ʚʧʨʦʚʘʜʞʝʥʥʽ ʪʝʭʥʦʣʦʛʽʾ 

ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʟ ʫʪʠʣʽʟʘʮʽʻʶ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ (ʽʥʥʦʚʘʮʽʡʥʠʡ 

ʚʘʨʽʘʥʪ) ʜʘʻ ʟʤʦʛʫ ʦʪʨʠʤʘʪʠ ʜʦʭʽʜ ʚʽʜ ʨʝʘʣʽʟʘʮʽʾ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ ʚʽʜ 76,15 ʜʦ 

152,30 ʤʣʥ ʛʨʥ. ʇʨʠ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ ʧʦʪʫʞʥʽʩʪʶ ʚʽʜ 0,64 ʤ ʛʽʨʥʠʯʝ 

ʧʽʜʧʨʠʻʤʩʪʚʦ ʧʦʯʠʥʘʻ ʦʪʨʠʤʫʚʘʪʠ ʜʦʭʽʜ ʟʘ ʫʪʠʣʽʟʘʮʽʶ ʉʆ2, ʽ ʚʞʝ ʧʨʠ ʧʦʪʫʞʥʦʩʪʽ 

ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ ʚʽʜ 0,8 ʜʦ 1,2 ʤ ʚʽʥ ʩʪʘʥʦʚʠʪʴ 97,05 ï 294,0 ʪʠʩ. ʛʨʥ ʟ ʦʜʥʦʛʦ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ ʧʦʣʷʛʘʻ ʫ ʬʦʨʤʫʣʶʚʘʥʥʽ ʧʨʦʙʣʝʤʠ, ʤʝʪʠ, 

ʽʜʝʾ, ʟʘʚʜʘʥʴ ʜʦʩʣʽʜʞʝʥʴ, ʥʘʫʢʦʚʠʭ ʧʦʣʦʞʝʥʴ, ʚʠʩʥʦʚʢʽʚ ʪʘ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ 

ʾʭ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ; ʦʩʦʙʠʩʪʦ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʪʝʥʜʝʥʮʽʡ ʚʠʜʦʙʫʪʢʫ 

ʚʫʛʽʣʣʷ ʪʘ ʡʦʛʦ ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ; ʫʟʘʛʘʣʴʥʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ 

ʜʦʩʚʽʜ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʚʫʛʽʣʴʥʠʭ ʰʘʭʪ ʥʘ ʙʘʟʽ ʪʝʭʥʦʣʦʛʽʡ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ 

ʚʫʛʽʣʣʷ; ʦʮʽʥʝʥʦ ʘʩʧʝʢʪʠ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʚʫʛʣʝʜʦʙʫʚʥʠʭ ʨʝʛʽʦʥʽʚ ʥʘ ʦʩʥʦʚʽ 

ʜʦʩʷʛʥʝʥʥʷ ʧʨʠʥʮʠʧʽʚ ʢʣʽʤʘʪʠʯʥʦʾ ʥʝʡʪʨʘʣʴʥʦʩʪʽ; ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʟ ʫʪʠʣʽʟʘʮʽʻʶ ʚʫʛʣʝʢʠʩʣʦʛʦ 

ʛʘʟʫ ʫ ʩʢʣʘʜʽ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ; ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʜʦʩʣʽʜʞʝʥʥʷ ʟʤʽʥʠ 

ʤʽʮʥʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ ʥʘʚʢʦʣʦ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ 

ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘ ʟʦʥʘʤʠ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʫ ʚʦʛʥʝʚʦʤʫ ʚʠʙʦʾ; 

ʦʪʨʠʤʘʥʦ ʟʘʣʝʞʥʦʩʪʽ ʟʤʽʥʠ ʷʢʽʩʥʦʛʦ ʩʢʣʘʜʫ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ ʚʽʜ ʩʧʦʩʦʙʽʚ ʪʘ 

ʪʠʧʽʚ ʧʦʜʘʯʽ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ; ʦʙˇʨʫʥʪʦʚʘʥʦ ʧʘʨʘʤʝʪʨʠ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ 

ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʟ ʧʦʧʫʪʥʦʶ ʫʪʠʣʽʟʘʮʽʻʶ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ. ɸʚʪʦʨ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʙʨʘʚ ʫʯʘʩʪʴ ʫ ʧʨʦʚʝʜʝʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, 

ʘʧʨʦʙʘʮʽʾ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʽ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʦʪʠ. ʊʝʢʩʪ ʜʠʩʝʨʪʘʮʽʾ ʚʠʢʣʘʜʝʥʦ 

ʘʚʪʦʨʦʤ ʦʩʦʙʠʩʪʦ. 
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ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʦʪʠ. ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ 

ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʜʦʧʦʚʽʜʘʣʠʩʷ ʪʘ ʚʠʩʚʽʪʣʝʥʽ ʥʘ ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ: çʋʢʨʘʾʥʩʴʢʘ ʰʢʦʣʘ ʛʽʨʥʠʯʦʾ ʽʥʞʝʥʝʨʽʾè (ɹʝʨʜʷʥʩʴʢ, 

2018 ï 2021; ʉʭʽʜʥʠʮʷ, 2023 ï 2025); ɺʩʝʫʢʨʘʾʥʩʴʢʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ 

ʢʦʥʬʝʨʝʥʮʽʷ ʩʪʫʜʝʥʪʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʽ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ çʅʘʫʢʦʚʘ ʚʝʩʥʘè (ɼʥʽʧʨʦ, 

2021 ï 2024); çInformation society: Technological, economic and technical aspects of 

formationè (ʊʝʨʥʦʧʽʣʴ, ʋʢʨʘʾʥʘ ï ʆʧʦʣʝ, ʇʦʣʴʱʘ, 2024); çDistance education as the 

main problem of young peopleè (ʄʘʜʨʠʜ, ɯʩʧʘʥʽʷ, 2023); çMultidisciplinary academic 

research, innovation and resultsè (ʇʨʘʛʘ, ʏʝʭʽʷ, 2022); çʋʢʨʘʾʥʩʴʢʠʡ ʛʽʨʥʠʯʠʡ 

ʬʦʨʫʤè (ɼʥʽʧʨʦ, 2020); çPhysical & chemical geotechnologiesè (ɼʥʽʧʨʦ, 2019); 

çInnovative development of mining industryè (ʂʨʠʚʠʡ ʈʽʛ, 2017); çɻʘʟʦʛʽʜʨʘʪʥʽ 

ʪʝʭʥʦʣʦʛʽʾ ʫ ʛʽʨʥʠʮʪʚʽ, ʥʘʬʪʦʛʘʟʦʚʽʡ ʩʧʨʘʚʽ, ʛʝʦʪʝʭʥʽʮʽ ʪʘ ʝʥʝʨʛʝʪʠʮʽè 

(ɼʥʽʧʨʦ, 2016). 

ʇʫʙʣʽʢʘʮʽʾ. ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʦʧʫʙʣʽʢʦʚʘʥʽ ʚ 64 ʥʘʫʢʦʚʠʭ 

ʧʨʘʮʷʭ, ʫ ʪʦʤʫ ʯʠʩʣʽ: 19 ʩʪʘʪʝʡ ʫ ʞʫʨʥʘʣʘʭ, ʱʦ ʽʥʜʝʢʩʫʶʪʴʩʷ ʥʘʫʢʦʤʝʪʨʠʯʥʠʤʠ 

ʙʘʟʘʤʠ ʜʘʥʠʭ Scopus ʽ Web of Science Core Collection, ʟ ʷʢʠʭ 5 ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ 

ʢʚʘʨʪʠʣʽʚ Q1, Q2; 7 ʩʪʘʪʝʡ ʫ ʤʘʪʝʨʽʘʣʘʭ ʤʽʞʥʘʨʦʜʥʠʭ ʢʦʥʬʝʨʝʥʮʽʡ, ʱʦ 

ʽʥʜʝʢʩʫʶʪʴʩʷ ʥʘʫʢʦʤʝʪʨʠʯʥʠʤʠ ʙʘʟʘʤʠ ʜʘʥʠʭ Scopus ʽ WoS; 9 ʩʪʘʪʝʡ ʫ 

ʧʝʨʽʦʜʠʯʥʠʭ ʚʠʜʘʥʥʷʭ, ʚʢʣʶʯʝʥʠʭ ʜʦ ʧʝʨʝʣʽʢʫ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʴ 

ʋʢʨʘʾʥʠ; 3 ʤʦʥʦʛʨʘʬʽʾ, ʚʠʜʘʥʽ ʚʽʪʯʠʟʥʷʥʠʤʠ ʚʠʜʘʚʥʠʮʪʚʘʤʠ; ʯʘʩʪʠʥʘ ʨʦʟʜʽʣʫ 

ʤʦʥʦʛʨʘʬʽʾ, ʚʠʜʘʥʘ ʤʽʞʥʘʨʦʜʥʠʤ ʚʠʜʘʚʥʠʮʪʚʦʤ; 10 ʧʘʪʝʥʪʽʚ ʋʢʨʘʾʥʠ ʥʘ 

ʚʠʥʘʭʦʜʠ ʪʘ ʢʦʨʠʩʥʽ ʤʦʜʝʣʽ; 15 ʪʝʟ ʜʦʧʦʚʽʜʝʡ ʫ ʤʘʪʝʨʽʘʣʘʭ ʚʩʝʫʢʨʘʾʥʩʴʢʠʭ ʽ 

ʤʽʞʥʘʨʦʜʥʠʭ ʢʦʥʬʝʨʝʥʮʽʡ. 

ʉʪʨʫʢʪʫʨʘ ʡ ʦʙʩʷʛ ʨʦʙʦʪʠ. ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʚʩʪʫʧʫ, 

6 ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʟ 286 ʥʘʡʤʝʥʫʚʘʥʴ, 4 

ʜʦʜʘʪʢʠ ʥʘ 30 ʩʪʦʨʽʥʢʘʭ. ɿʘʛʘʣʴʥʠʡ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ ï 342 ʩʪʦʨʽʥʢʠ, ʫ ʪʦʤʫ 

ʯʠʩʣʽ 94 ʨʠʩʫʥʢʘ ʪʘ 16 ʪʘʙʣʠʮʴ. 
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ʈʆɿɼɯʃ 1 

ɸʅɸʃɯɿ ʉʋʏɸʉʅʆɻʆ ʉʊɸʅʋ ʇʈʆɹʃɽʄʀ ɼʆʉʃɯɼɾɽʅʅʗ 

1.1 ʆʛʣʷʜ ʛʣʦʙʘʣʴʥʠʭ ʪʨʝʥʜʽʚ ʫ ʚʠʜʦʙʫʪʢʫ ʚʫʛʽʣʣʷ 

ʅʘ ʩʴʦʛʦʜʥʽ ʫ ʩʚʽʪʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʥʘ ʪʝʥʜʝʥʮʽʡ ʫ ʛʘʣʫʟʽ ʚʫʛʽʣʴʥʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʟʥʠʞʝʥʥʷ ʨʦʣʽ ʮʴʦʛʦ ʪʨʘʜʠʮʽʡʥʦʛʦ ʜʞʝʨʝʣʘ 

ʝʥʝʨʛʽʾ ʥʘ ʪʣʽ ʛʣʦʙʘʣʴʥʠʭ ʽʥʽʮʽʘʪʠʚ ʟ ʜʝʢʘʨʙʦʥʽʟʘʮʽʾ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ. ɿ 

ʦʜʥʦʛʦ ʙʦʢʫ, ʙʘʛʘʪʦ ʨʦʟʚʠʥʝʥʠʭ ʢʨʘʾʥ ʘʢʪʠʚʥʦ ʧʨʘʮʶʶʪʴ ʥʘʜ ʩʢʦʨʦʯʝʥʥʷʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʫʛʽʣʣʷ ʯʝʨʝʟ ʡʦʛʦ ʚʠʩʦʢʠʡ ʚʫʛʣʝʮʝʚʠʡ ʚʧʣʠʚ ʽ ʟʘʤʽʱʝʥʥʷʤ ʡʦʛʦ 

ʘʣʴʪʝʨʥʘʪʠʚʥʠʤʠ, ʯʠʩʪʽʰʠʤʠ ʜʞʝʨʝʣʘʤʠ ʝʥʝʨʛʽʾ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʫ ʥʠʟʮʽ ʢʨʘʾʥ, 

ʱʦ ʨʦʟʚʠʚʘʶʪʴʩʷ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʚʫʛʽʣʣʷ ʯʝʨʝʟ 

ʝʢʦʥʦʤʽʯʥʽ ʪʘ ʝʥʝʨʛʝʪʠʯʥʽ ʧʦʪʨʝʙʠ. 

ʅʘ ʩʚʽʪʦʚʽʡ ʘʨʝʥʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʪʨʠʚʘʣʘ ʪʝʥʜʝʥʮʽʷ ʟʙʽʣʴʰʝʥʥʷ ʦʙʩʷʛʽʚ 

ʚʠʜʦʙʫʪʢʫ ʪʘ ʩʧʦʞʠʚʘʥʥʷ ʚʫʛʽʣʣʷ ʚ ʪʘʢʠʭ ʚʝʣʠʢʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʢʨʘʾʥʘʭ, ʷʢ 

ʂʠʪʘʡ ʪʘ ɯʥʜʽʷ, ʷʢʽ ʚʽʜʽʛʨʘʶʪʴ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʟʘʜʦʚʦʣʝʥʥʽ ʟʨʦʩʪʘʶʯʠʭ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʪʨʝʙ ʮʠʭ ʢʨʘʾʥ. ɿ ʦʛʣʷʜʫ ʥʘ ʰʚʠʜʢʝ ʥʘʨʦʱʫʚʘʥʥʷ ʧʨʦʤʠʩʣʦʚʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʫʨʙʘʥʽʟʘʮʽʶ, ʚʫʛʽʣʣʷ ʟʘʣʠʰʘʻʪʴʩʷ ʚʘʞʣʠʚʠʤ ʜʞʝʨʝʣʦʤ ʝʥʝʨʛʽʾ, 

ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʩʪʘʙʽʣʴʥʽʩʪʴ ʽ ʜʦʩʪʫʧʥʽʩʪʴ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ ʚ ʮʠʭ ʨʝʛʽʦʥʘʭ. 

ɿʛʽʜʥʦ ʟ ʧʨʦʛʥʦʟʘʤʠ ʄʽʞʥʘʨʦʜʥʦʛʦ ɽʥʝʨʛʝʪʠʯʥʦʛʦ ɸʛʝʥʪʩʪʚʘ (IEA), ʜʦ 

2040 ʨʦʢʫ ʂʠʪʘʡ, ɯʥʜʽʷ ʪʘ ɸʚʩʪʨʘʣʽʷ ʨʘʟʦʤ ʟʘʡʤʘʪʠʤʫʪʴ 64% ʩʚʽʪʦʚʦʛʦ 

ʚʠʜʦʙʫʪʢʫ ʚʫʛʽʣʣʷ. ʎʝ ʚʽʜʦʙʨʘʞʘʻ ʥʝ ʪʽʣʴʢʠ ʟʙʽʣʴʰʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʚ ʂʠʪʘʾ ʪʘ 

ɯʥʜʽʾ, ʘ ʡ ʟʥʘʯʥʠʡ ʚʥʝʩʦʢ ɸʚʩʪʨʘʣʽʾ ʷʢ ʦʜʥʦʛʦ ʟ ʧʨʦʚʽʜʥʠʭ ʝʢʩʧʦʨʪʝʨʽʚ ʚʫʛʽʣʣʷ ʥʘ 

ʩʚʽʪʦʚʦʤʫ ʨʠʥʢʫ. 

ʂʠʪʘʡ ʪʘ ɯʥʜʽʷ ʨʦʟʛʣʷʜʘʶʪʴ ʚʫʛʽʣʣʷ ʷʢ ʩʪʨʘʪʝʛʽʯʥʠʡ ʨʝʩʫʨʩ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʥʝʟʘʣʝʞʥʦʩʪʽ ʪʘ ʩʪʘʙʽʣʴʥʦʩʪʽ, ʘʜʞʝ ʮʽ ʢʨʘʾʥʠ 

ʙʦʨʶʪʴʩʷ ʟ ʚʝʣʠʯʝʟʥʠʤʠ ʚʠʢʣʠʢʘʤʠ ʫ ʩʬʝʨʽ ʝʥʝʨʛʝʪʠʢʠ ʯʝʨʝʟ ʚʠʩʦʢʽ ʪʝʤʧʠ 

ʝʢʦʥʦʤʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʪʘ ʟʨʦʩʪʘʥʥʷ ʥʘʩʝʣʝʥʥʷ. ɺʦʜʥʦʯʘʩ ɸʚʩʪʨʘʣʽʷ ʷʢ ʪʨʝʪʽʡ 

ʢʣʶʯʦʚʠʡ ʛʨʘʚʝʮʴ ʘʢʪʠʚʥʦ ʨʦʟʚʠʚʘʻ ʩʚʦʾ ʚʫʛʽʣʴʥʽ ʰʘʭʪʠ ʟ ʤʝʪʦʶ ʟʙʽʣʴʰʝʥʥʷ 

ʝʢʩʧʦʨʪʫ, ʦʩʦʙʣʠʚʦ ʜʦ ʢʨʘʾʥ ɸʟʽʾ. ʆʜʥʘʢ ʟʙʽʣʴʰʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʫʛʽʣʣʷ 

ʩʫʧʝʨʝʯʠʪʴ ʛʣʦʙʘʣʴʥʠʤ ʟʫʩʠʣʣʷʤ ʟ ʜʝʢʘʨʙʦʥʽʟʘʮʽʾ ʪʘ ʟʤʝʥʰʝʥʥʷ ʚʠʢʠʜʽʚ 



 35 

ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ, ʱʦ ʚʠʢʣʠʢʘʻ ʟʘʥʝʧʦʢʦʻʥʥʷ ʥʘ ʤʽʞʥʘʨʦʜʥʦʤʫ ʨʽʚʥʽ. ʎʝ 

ʧʦʨʦʜʞʫʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʦʣʽʪʠʢʠ, ʩʧʨʷʤʦʚʘʥʦ ʾ ʥʘ ʨʦʟʰʠʨʝʥʥʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʪʘ ʧʦʰʫʢ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʨʽʰʝʥʴ 

ʜʣʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʝʢʪʦʨʫ. 

ʋ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ ʤʽʞʥʘʨʦʜʥʘ ʩʧʽʣʴʥʦʪʘ ʪʘ ʫʨʷʜʠ ʟʘʟʥʘʯʝʥʠʭ ʢʨʘʾʥ 

ʩʪʠʢʘʶʪʴʩʷ ʟ ʜʠʣʝʤʦʶ ʤʽʞ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʝʥʝʨʛʝʪʠʯʥʦʾ ʙʝʟʧʝʢʠ ʪʘ ʚʠʢʦʥʘʥʥʷʤ 

ʢʣʽʤʘʪʠʯʥʠʭ ʟʦʙʦʚôʷʟʘʥʴ. ʊʦʤʫ ʜʝʜʘʣʽ ʙʽʣʴʰʝ ʘʢʮʝʥʪʫʻʪʴʩʷ ʥʘ ʽʥʚʝʩʪʠʮʽʷʭ ʚ 

ʯʠʩʪʽ ʪʝʭʥʦʣʦʛʽʾ, ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʟʤʝʥʰʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʫʛʽʣʴʥʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʱʦ ʤʦʞʝ ʩʧʨʠʷʪʠ ʜʦʩʷʛʥʝʥʥʶ ʙʘʣʘʥʩʫ ʤʽʞ ʝʢʦʣʦʛʽʯʥʠʤʠ ʮʽʣʷʤʠ 

ʪʘ ʝʢʦʥʦʤʽʯʥʠʤʠ ʧʦʪʨʝʙʘʤʠ. ɺʦʜʥʦʯʘʩ ʙʘʛʘʪʦ ʫʚʘʛʠ ʧʨʠʜʽʣʷʻʪʴʩʷ çʯʠʩʪʠʤ 

ʚʫʛʽʣʴʥʠʤ ʪʝʭʥʦʣʦʛʽʷʤè.  

ɿʛʽʜʥʦ ʟ ʜʘʥʠʤʠ [1], ʩʚʽʪʦʚʝ ʩʧʦʞʠʚʘʥʥʷ ʚʫʛʽʣʣʷ ʚ ʧʝʨʽʦʜ ʟ 2000 ʧʦ 2026 

ʨʦʢʠ ʧʦʢʘʟʫʻ ʪʝʥʜʝʥʮʽʶ ʜʦ ʟʨʦʩʪʘʥʥʷ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʢʽʣʴʢʦʤʘ ʢʣʶʯʦʚʠʤʠ 

ʬʘʢʪʦʨʘʤʠ: ʝʢʦʥʦʤʽʯʥʠʡ ʨʦʟʚʠʪʦʢ ʫ ʢʨʘʾʥʘʭ, ʱʦ ʨʦʟʚʠʚʘʶʪʴʩʷ, ʟʙʽʣʴʰʝʥʥʷ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʪʨʝʙ ʪʘ ʦʙʤʝʞʝʥʥʷ ʽʥʚʝʩʪʠʮʽʡ ʚ ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ 

(ʨʠʩ. 1.1). 
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ʂʠʪʘʡɯʥʜʽʂ̫ʨʘʾʥʠ ʇʽʚʜʝʥʦ-ʉʭʽʜʥʦʾ ɸʟʽʾ

ʉʐɸ ʂʨʘʾʥʠ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʉʦʶʟʫʈʝʰʪʘ ʢʨʘʾʥ ʩʚʽʪʫ 

ʈʠʩʫʥʦʢ 1.1 ï ʊʝʥʜʝʥʮʽʷ ʩʚʽʪʦʚʦʛʦ ʩʧʦʞʠʚʘʥʥʷ ʚʫʛʽʣʣʷ 

 

ʂʠʪʘʡ, ʙʫʜʫʯʠ ʥʘʡʙʽʣʴʰʠʤ ʚʠʨʦʙʥʠʢʦʤ ʪʘ ʩʧʦʞʠʚʘʯʝʤ ʚʫʛʽʣʣʷ ʫ ʩʚʽʪʽ, 

ʟʙʝʨʽʛʘʻ ʩʚʦʶ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʚʫʛʽʣʣʷ ʷʢ ʦʩʥʦʚʥʦʛʦ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ, ʧʦʧʨʠ 

ʟʙʽʣʴʰʝʥʥʷ ʽʥʚʝʩʪʠʮʽʡ ʫ ʚʽʜʥʦʚʣʶʚʘʥʫ ʝʥʝʨʛʝʪʠʢʫ. ɺʫʛʽʣʣʷ ʟʘʡʤʘʻ ʜʦʤʽʥʫʶʯʫ 
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ʧʦʟʠʮʽʶ ʫ ʩʪʨʫʢʪʫʨʽ ʚʠʨʦʙʥʠʮʪʚʘ ʧʝʨʚʠʥʥʦʾ ʝʥʝʨʛʽʾ ʚ ʂʠʪʘʾ, ʩʢʣʘʜʘʶʯʠ ʧʦʥʘʜ 

67,2% ʟʘʛʘʣʴʥʦʛʦ ʦʙʩʷʛʫ ʝʥʝʨʛʽʾ, ʪʦʜʽ ʷʢ ʯʘʩʪʢʘ ʥʘʬʪʠ ʪʘ ʛʘʟʫ ʩʪʘʥʦʚʠʪʴ ʣʠʰʝ 6,8 

ʽ 6,0% ʚʽʜʧʦʚʽʜʥʦ [2]. ʋ ʧʝʨʰʦʤʫ ʧʽʚʨʽʯʯʽ 2022 ʨʦʢʫ ʦʙʩʷʛ ʚʠʜʦʙʫʪʢʫ ʚʫʛʽʣʣʷ 

ʩʷʛʥʫʚ 2,19 ɻʪ. ʉʝʨʝʜʥʷ ʧʦʪʫʞʥʽʩʪʴ ʚʠʜʦʙʫʪʢʫ ʚʫʛʽʣʣʷ ʚ ʂʠʪʘʾ ʩʪʘʥʦʚʠʪʴ 

1,045 ʤʣʥ ʪ/ʨʽʢ ʥʘ ʰʘʭʪʫ. ʉʝʨʝʜʥʷ ʧʦʪʫʞʥʽʩʪʴ ʚʠʜʦʙʫʪʢʫ ʚʫʛʽʣʣʷ ʥʘ ʧʽʜʟʝʤʥʠʭ 

ʰʘʭʪʘʭ, ʷʢʽ ʩʪʘʥʦʚʣʷʪʴ 75% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʰʘʭʪ, ʩʪʘʥʦʚʠʪʴ 0,93 ʤʣʥ 

ʪ/ʨʽʢ. ʉʝʨʝʜʥʷ ʧʦʪʫʞʥʽʩʪʴ ʚʫʛʽʣʴʥʠʭ ʨʦʟʨʽʟʽʚ ï 5,73 ʤʣʥ ʪ [3], [4]. 

ʋ 2023 ʨʦʮʽ ʚʽʜʙʫʣʘʩʷ ʩʪʨʫʢʪʫʨʥʘ ʪʨʘʥʩʬʦʨʤʘʮʽʷ ʨʠʥʢʫ ʚʫʛʽʣʣʷ, ʜʝ 

ʝʧʽʮʝʥʪʨ ʤʽʞʥʘʨʦʜʥʠʭ ʪʦʚʘʨʦʧʦʪʦʢʽʚ ʚʫʛʽʣʣʷ ʧʦʩʪʫʧʦʚʦ ʧʝʨʝʤʽʩʪʠʚʩʷ ʟ 

ɸʪʣʘʥʪʠʯʥʦʛʦ ʨʝʛʽʦʥʫ ʜʦ ɸʟʽʡʩʴʢʦ-ʊʠʭʦʦʢʝʘʥʩʴʢʦʛʦ ʝʢʦʥʦʤʽʯʥʦʛʦ ʨʝʛʽʦʥʫ. ɿʘ 

ʧʽʜʩʫʤʢʘʤʠ 2022 ʨʦʢʫ ʥʘ ʮʝʡ ʨʝʛʽʦʥ ʧʨʠʧʘʣʦ ʤʘʡʞʝ 80% ʚʩʽʻʾ ʤʽʞʥʘʨʦʜʥʦʾ 

ʚʫʛʽʣʴʥʦʾ ʪʦʨʛʽʚʣʽ. ʂʠʪʘʡ ʟʘʣʠʰʘʻʪʴʩʷ ʣʽʜʝʨʦʤ ʩʝʨʝʜ ʢʨʘʾʥ-ʽʤʧʦʨʪʝʨʽʚ ʚʫʛʽʣʣʷ, 

ʟʘʢʫʧʦʚʫʶʯʠ 36,9% ʚʽʜ ʫʩʴʦʛʦ ʚʠʜʦʙʫʪʦʛʦ ʚ ʩʚʽʪʽ ʚʫʛʽʣʣʷ ʧʨʦʪʷʛʦʤ ʟʚʽʪʥʦʛʦ 

ʨʦʢʫ. ɿʨʦʩʪʘʥʥʷ ʧʦʧʠʪʫ ʚ ʂʠʪʘʾ ʪʘ ʟʤʽʱʝʥʥʷ ʘʢʮʝʥʪʽʚ ʫ ʩʚʽʪʦʚʽʡ ʚʫʛʽʣʴʥʽʡ 

ʪʦʨʛʽʚʣʽ ʧʽʜʢʨʝʩʣʶʶʪʴ ʟʨʦʩʪʘʶʯʫ ʨʦʣʴ ɸʟʽʡʩʴʢʦ-ʊʠʭʦʦʢʝʘʥʩʴʢʦʛʦ ʨʝʛʽʦʥʫ ʷʢ 

ʦʩʥʦʚʥʦʛʦ ʩʧʦʞʠʚʘʯʘ ʚʫʛʽʣʴʥʦʾ ʧʨʦʜʫʢʮʽʾ ʥʘ ʛʣʦʙʘʣʴʥʦʤʫ ʨʽʚʥʽ [5]. 

ʂʠʪʘʡ ʪʘ ɯʥʜʽʷ, ʷʢʽ ʻ ʥʘʡʙʽʣʴʰ ʥʘʩʝʣʝʥʠʤʠ ʫ ʩʚʽʪʽ, ʩʪʠʢʘʶʪʴʩʷ ʟ ʚʠʢʣʠʢʦʤ 

ʟʙʽʣʴʰʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʥʘ ʜʫʰʫ ʥʘʩʝʣʝʥʥʷ, ʚʦʜʥʦʯʘʩ ʧʨʘʛʥʫʪʴ 

ʜʦʩʷʛʥʫʪʠ ʟʤʝʥʰʝʥʥʷ ʚʠʢʠʜʽʚ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʫ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. 

ʆʯʽʢʫʻʪʴʩʷ, ʱʦ ʜʦ 2030 ʨʦʢʫ ʮʽ ʘʟʽʘʪʩʴʢʽ ʢʨʘʾʥʠ ʟʥʘʯʥʦ ʨʦʟʰʠʨʷʪʴ ʩʚʦʶ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʽʾ ʜʣʷ ʚʽʜʧʦʚʽʜʽ ʥʘ ʟʨʦʩʪʘʶʯʽ ʧʦʪʨʝʙʠ. 

ʆʜʥʘʢ ʦʙʠʜʚʽ ʜʝʨʞʘʚʠ ʚʞʝ ʩʪʠʢʘʶʪʴʩʷ ʟʽ ʟʥʘʯʥʠʤʠ ʚʠʢʣʠʢʘʤʠ, ʧʦʚôʷʟʘʥʠʤʠ ʟ 

ʚʠʢʦʥʘʥʥʷʤ ʮʠʭ ʘʤʙʽʪʥʠʭ ʧʣʘʥʽʚ, ʚʢʣʶʯʥʦ ʟʽ ʩʢʣʘʜʥʠʤʠ ʝʢʦʥʦʤʽʯʥʠʤʠ ʪʘ 

ʧʦʣʽʪʠʯʥʠʤʠ ʦʙʩʪʘʚʠʥʘʤʠ. ʇʨʦʛʥʦʟʫʻʪʴʩʷ, ʱʦ ʜʦ 2100 ʨʦʢʫ ʦʙʩʷʛ ʩʧʦʞʠʪʦʾ 

ʝʥʝʨʛʽʾ ʚ ʂʠʪʘʾ ʤʦʞʝ ʚʘʨʽʶʚʘʪʠʩʷ ʚʽʜ 102 ʜʦ 132 ɽɼʞ, ʪʦʜʽ ʷʢ ʚ ɯʥʜʽʾ ʮʝʡ 

ʧʦʢʘʟʥʠʢ ʤʦʞʝ ʩʷʛʥʫʪʠ ʚʽʜ 76 ʜʦ 151 ɽɼʞ [6]. ʆʜʥʘʢ, ʷʢ ʧʦʢʘʟʫʶʪʴ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʟʨʦʩʪʘʥʥʷ ʩʧʦʞʠʪʦʾ ʝʥʝʨʛʽʾ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʧʨʷʤʽʡ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʚʠʢʠʜʽʚ ʉʆ2, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʝʨʝʛʣʷʜʫ ʘʤʙʽʪʥʠʭ ʧʣʘʥʽʚ ʟ ʥʘʨʦʱʫʚʘʥʥʷ 

ʚʠʨʦʙʥʠʯʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʷʢ ʚʫʛʽʣʴʥʠʭ, ʪʘʢ ʽ ʛʘʟʦʚʠʭ ʪʘ ʥʘʬʪʦʛʘʟʦʚʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ [7], [8]. 
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ɿʘ ʦʩʪʘʥʥʽ ʜʝʩʷʪʴ ʨʦʢʽʚ ʧʦʪʫʞʥʽʩʪʴ ʚʫʛʽʣʴʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʚ ɯʥʜʽʾ 

ʧʦʜʚʦʾʣʘʩʷ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʥʘʯʥʫ ʟʘʣʝʞʥʽʩʪʴ ʢʨʘʾʥʠ ʚʽʜ ʮʴʦʛʦ ʚʠʜʫ ʧʘʣʠʚʘ. 

ʆʩʥʦʚʥʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʱʦ ʩʧʨʠʷʶʪʴ ʨʦʟʰʠʨʝʥʥʶ ʚʫʛʽʣʴʥʦʾ ʛʝʥʝʨʘʮʽʾ, ʻ 

ʥʝʝʬʝʢʪʠʚʥʘ ʧʽʜʪʨʠʤʢʘ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʤʦʪʠʚʘʮʽʷ ʚʝʣʠʢʠʭ 

ʧʨʦʤʠʩʣʦʚʠʭ ʛʽʛʘʥʪʽʚ ʜʦ ʽʥʚʝʩʪʠʮʽʡ ʫ ʚʫʛʽʣʣʷ ʟʘʨʘʜʠ ʜʦʚʛʦʩʪʨʦʢʦʚʠʭ ʧʨʠʙʫʪʢʽʚ. 

ʇʦʧʨʠ ʧʦʣʽʪʠʢʫ ʜʝʢʘʨʙʦʥʽʟʘʮʽʾ, ʽʩʥʫʶʪʴ ʯʠʩʣʝʥʥʽ ʚʠʢʣʠʢʠ, ʷʢʽ ʫʧʦʚʽʣʴʥʶʶʪʴ 

ʟʤʝʥʰʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʫʛʽʣʣʷ. ʉʝʨʝʜ ʥʠʭ ï ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʩʪʘʙʽʣʴʥʦʛʦ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ, ʟʘʡʥʷʪʽʩʪʴ ʫ ʚʫʛʽʣʴʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʚʧʣʠʚ 

ʤʽʩʮʝʚʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʽʥʪʝʨʝʩʽʚ. ʃʦʢʘʣʴʥʽ ʨʝʛʫʣʷʮʽʾ ʱʦʜʦ ʦʙʤʝʞʝʥʥʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʫʛʽʣʣʷ ʯʘʩʪʦ ʥʝʝʬʝʢʪʠʚʥʽ ʯʝʨʝʟ ʟʥʘʯʥʠʡ ʧʦʣʽʪʠʯʥʠʡ ʚʧʣʠʚ 

ʧʨʠʭʠʣʴʥʠʢʽʚ ʚʫʛʽʣʴʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ʂʨʽʤ ʪʦʛʦ, ʚʫʛʽʣʴʥʽ ʰʘʭʪʠ ʩʪʘʥʦʚʣʷʪʴ 

ʟʥʘʯʥʫ ʯʘʩʪʠʥʫ ʜʦʭʦʜʽʚ ʜʣʷ ʮʝʥʪʨʘʣʴʥʦʛʦ ʪʘ ʨʝʛʽʦʥʘʣʴʥʠʭ ʫʨʷʜʽʚ, ʘ ʪʘʢʦʞ ʜʣʷ 

ʜʝʨʞʘʚʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʪʘʢʠʭ ʷʢ ʽʥʜʽʡʩʴʢʽ ʟʘʣʽʟʥʠʮʽ, ʱʦ ʻ ʥʘʡʙʽʣʴʰʠʤ 

ʨʦʙʦʪʦʜʘʚʮʝʤ ʫ ʢʨʘʾʥʽ. 

ʉʧʘʣʶʚʘʥʥʷ ʚʫʛʽʣʣʷ ʚ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷʭ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʝʣʠʢʠʭ ʚʠʢʠʜʽʚ 

CO2, ʱʦ ʤʘʻ ʟʥʘʯʥʽ ʥʘʩʣʽʜʢʠ ʜʣʷ ʟʜʦʨʦʚô̫  ʥʘʩʝʣʝʥʥʷ. ʋ 2015 ʨʦʮʽ ʯʝʨʝʟ 

ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ, ʩʧʨʠʯʠʥʝʥʝ ʩʧʘʣʶʚʘʥʥʷʤ ʚʫʛʽʣʣʷ, ʚ ɯʥʜʽʾ ʟʘʬʽʢʩʦʚʘʥʦ 

ʤʘʡʞʝ 170,0 ʪʠʩʷʯ ʩʤʝʨʪʝʡ [9]. ʊʦʞ ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʚʩʪʘʥʦʚʣʝʥʽ ʚʝʣʠʢʽ ʮʽʣʽ 

ʱʦʜʦ ʨʦʟʚʠʪʢʫ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʩʪʨʠʤʫʚʘʥʥʷ ʨʽʚʥʽʚ ʟʘʙʨʫʜʥʝʥʥʷ, ʚʧʣʠʚ 

ʚʫʛʽʣʴʥʦʾ ʽʥʜʫʩʪʨʽʾ ʪʘ ʾʾ ʚʢʦʨʽʥʝʥʽʩʪʴ ʫ ʧʦʣʽʪʠʯʥʽʡ ʝʢʦʥʦʤʽʮʽ ɯʥʜʽʾ ʫʩʢʣʘʜʥʶʶʪʴ 

ʧʨʦʮʝʩ ʚʽʜʤʦʚʠ ʚʽʜ ʚʫʛʽʣʣʷ ʪʘ ʧʦʚʥʠʡ ʧʝʨʝʭʽʜ ʜʦ ʯʠʩʪʽʰʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ. 

ɸʚʩʪʨʘʣʽʷ ʪʘ ɯʥʜʦʥʝʟʽʷ ʻ ʥʘʡʙʽʣʴʰʠʤʠ ʝʢʩʧʦʨʪʝʨʘʤʠ ʚʫʛʽʣʣʷ, ʱʦ 

ʩʪʘʥʦʚʠʪʴ 29,2 ʽ 27,7% ʩʚʽʪʦʚʦʛʦ ʝʢʩʧʦʨʪʫ ʚʽʜʧʦʚʽʜʥʦ. ɼʝʩʷʪʴ ʢʨʘʾʥ, ʷʢ̔ ʚʝʜʫʪʴ 

ʘʢʪʠʚʥʫ ʝʢʩʧʦʨʪʥʫ ʜʽʷʣʴʥʽʩʪʴ, ʚʢʣʶʯʥʦ ʟ ʪʘʢʠʤʠ ʢʨʘʾʥʘʤʠ, ʷʢ ʂʦʣʫʤʙʽ,̫ 

ʇʽʚʜʝʥʥʘ ɸʬʨʠʢʘ, ʉʐɸ, ʅʽʜʝʨʣʘʥʜʠ, ʂʘʥʘʜʘ, ʄʦʥʛʦʣʽ ̫ ʽ ʂʘʟʘʭʩʪʘʥ, 

ʧʦʩʪʘʯʘʶʪʴ 95% ʩʚʽʪʦʚʦʛʦ ʝʢʩʧʦʨʪʫ ʚʫʛʽʣʣʷ [10]. 

ɺ ɸʚʩʪʨʘʣʽʾ ʚʫʛʽʣʣʷ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ ʯʚʝʨʪʽ ʚʘʨʪʦʩʪʽ ʨʝʩʫʨʩʥʦʛʦ 

ʝʢʩʧʦʨʪʫ ʟʘ ʦʩʪʘʥʥʻ ʜʝʩʷʪʠʣʽʪʪʷ. ʋ 2018 ʨʦʮʽ ʚʘʨʪʽʩʪʴ ʝʢʩʧʦʨʪʫ ʚʫʛʽʣʣʷ ʩʢʣʘʣʘ 

67 ʤʣʨʜ ʜʦʣ., ʱʦ ʝʢʚʽʚʘʣʝʥʪʥʦ ʧʨʠʙʣʠʟʥʦ 3,5% ʚʽʜ ʥʦʤʽʥʘʣʴʥʦʛʦ ɺɺʇ ʢʨʘʾʥʠ. 

ɸʚʩʪʨʘʣʽʡʩʴʢʝ ʚʫʛʽʣʣʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʪʘʢ 
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ʽ ʜʣʷ ʧʨʦʤʠʩʣʦʚʠʭ ʮʽʣʝʡ, ʟʦʢʨʝʤʘ ʚʠʨʦʙʥʠʮʪʚʘ ʩʪʘʣʽ. ɿ 1990 ʨʦʢʫ ʟʘʛʘʣʴʥʠʡ 

ʦʙʩʷʛ ʚʠʨʦʙʥʠʮʪʚʘ ʚʫʛʽʣʣʷ ʚ ʢʨʘʾʥʽ ʟʨʽʩ ʙʽʣʴʰ ʥʽʞ ʫ 2 ʨʘʟʠ ʽ ʩʷʛʥʫʚ 510,0 ʤʣʥ ʪ, 

ʟ ʷʢʠʭ ʙʣʠʟʴʢʦ 75% ʙʫʣʦ ʝʢʩʧʦʨʪʦʚʘʥʦ. ɿ 2015 ʨʦʢʫ ʩʝʨʝʜʥʷ ʱʦʨʽʯʥʘ ʯʘʩʪʢʘ 

ʚʫʛʽʣʣʷ ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʦʙʩʷʛʫ ʝʢʩʧʦʨʪʫ ʨʝʩʫʨʩʽʚ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ ʯʚʝʨʪʽ, ʘ 

ʡʦʛʦ ʜʦʣʷ ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʦʙʩʷʛʫ ʝʢʩʧʦʨʪʫ 14%, ʘ ʚʞʝ ʫ 2019 ï 2020 ʬʽʥʘʥʩʦʚʦʤʫ 

ʨʦʮʽ ʟʘʛʘʣʴʥʘ ʚʘʨʪʽʩʪʴ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʝʢʩʧʦʨʪʫ ɸʚʩʪʨʘʣʽʾ ʩʢʣʘʣʘ ʜʣʷ 

ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʚʫʛʽʣʣʷ 34,2 ʤʣʨʜ ʜʦʣ. ʽ ʪʝʧʣʦʚʦʛʦ ʚʫʛʽʣʣʷ 20,4 ʤʣʨʜ ʜʦʣ. [11]. 

ʆʜʥʘʢ ʧʦʧʠʪ ʥʘ ʚʫʛʽʣʣʷ ʥʘ ʩʚʽʪʦʚʦʤʫ ʨʠʥʢʫ ʧʦʩʪʽʡʥʦ ʟʤʽʥʶʻʪʴʩʷ ʯʝʨʝʟ 

ʧʨʠʩʢʦʨʝʥʥʷ ʧʝʨʝʭʦʜʫ ʜʦ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʪʘ ʟʤʽʥ ʫ ʪʝʭʥʦʣʦʛʽʷʭ 

ʚʠʨʦʙʥʠʮʪʚʘ ʩʪʘʣʽ, ʱʦ ʩʪʚʦʨʶʻ ʧʝʚʥʫ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʜʣʷ ʜʦʚʛʦʩʪʨʦʢʦʚʦʾ 

ʧʝʨʩʧʝʢʪʠʚʠ ʘʚʩʪʨʘʣʽʡʩʴʢʦʛʦ ʚʫʛʽʣʴʥʦʛʦ ʝʢʩʧʦʨʪʫ. ɿʘ ʦʩʪʘʥʥʽ ʢʽʣʴʢʘ ʨʦʢʽʚ 

ʟʨʦʩʣʘ ʛʣʦʙʘʣʴʥʘ ʢʦʥʢʫʨʝʥʮʽʷ ʥʘ ʨʠʥʢʫ ʚʫʛʽʣʣʷ, ʩʧʨʠʯʠʥʝʥʘ ʟʥʠʞʝʥʥʷʤ ʮʽʥ ʥʘ 

ʛʘʟ ʽ ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʜʝʰʝʚʰʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʽʾ. ʎʝ ʟʤʫʩʠʣʦ 

ɸʚʩʪʨʘʣʽʶ ʘʜʘʧʪʫʚʘʪʠ ʩʚʦʾ ʩʪʨʘʪʝʛʽʾ ʝʢʩʧʦʨʪʫ, ʟʦʢʨʝʤʘ ʰʣʷʭʦʤ ʨʦʟʰʠʨʝʥʥʷ 

ʨʠʥʢʽʚ ʟʙʫʪʫ ʜʦ ɯʥʜʽʾ ʪʘ ʽʥʰʠʭ ʢʨʘʾʥ ɸʟʽʾ, ʷʢʽ ʧʦʢʘʟʫʶʪʴ ʟʨʦʩʪʘʥʥʷ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʧʦʧʠʪʫ [12], [13]. ʇʨʦʪʝ ʚ ʫʤʦʚʘʭ ʩʚʽʪʦʚʦʛʦ ʤʝʡʥʩʪʨʽʤʫ 

ʜʝʢʘʨʙʦʥʽʟʘʮʽʾ ʫʨʷʜ ɸʚʩʪʨʘʣʽʾ ʚʩʪʘʥʦʚʠʚ ʘʤʙʽʪʥʽ ʢʣʽʤʘʪʠʯʥʽ ʮʽʣʽ, ʟʘʢʦʥʦʜʘʚʯʦ 

ʟʘʢʨʽʧʠʚʰʠ ʟʦʙʦʚôʷʟʘʥʥʷ ʩʢʦʨʦʪʠʪʠ ʚʠʢʠʜʠ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʥʘ 43% ʚʽʜ ʨʽʚʥʷ 

2005 ʨʦʢʫ ʜʦ 2030 ʨʦʢʫ ʪʘ ʜʦʩʷʛʪʠ ʩʪʘʥʫ ʥʫʣʴʦʚʠʭ ʯʠʩʪʠʭ ʚʠʢʠʜʽʚ ʜʦ 2050 ʨʦʢʫ 

[14]. ʎʽ ʮʽʣʽ ʻ ʯʘʩʪʠʥʦʶ ʛʣʦʙʘʣʴʥʠʭ ʟʫʩʠʣʴ ʱʦʜʦ ʙʦʨʦʪʴʙʠ ʟ ʢʣʽʤʘʪʠʯʥʠʤʠ 

ʟʤʽʥʘʤʠ ʪʘ ʧʨʘʛʥʝʥʥʷʤ ʜʦ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ. ɿʘʢʨʽʧʣʝʥʽ ʚ ʟʘʢʦʥʽ, ʚʦʥʠ ʥʝ ʣʠʰʝ 

ʩʪʘʚʣʷʪʴ ʧʝʨʝʜ ɸʚʩʪʨʘʣʽʻʶ ʚʠʢʣʠʢʠ ʫ ʟʤʝʥʰʝʥʥʽ ʚʠʢʠʜʽʚ, ʘ ʡ ʥʘʢʣʘʜʘʶʪʴ ʟʥʘʯʥʽ 

ʦʙʤʝʞʝʥʥʷ ʥʘ ʪʨʘʜʠʮʽʡʥʽ ʝʢʦʥʦʤʽʯʥʽ ʤʦʜʝʣʽ, ʦʩʦʙʣʠʚʦ ʥʘ ʝʢʩʧʦʨʪ ʚʫʛʽʣʣʷ ʪʘ 

ʽʥʰʠʭ ʚʠʢʦʧʥʠʭ ʨʝʩʫʨʩʽʚ. ʊʘʢʦʞ ʟʘʟʥʘʯʘʻʪʴʩʷ, ʱʦ ʛʣʦʙʘʣʴʥʽ ʟʫʩʠʣʣʷ ʟ 

ʜʝʢʘʨʙʦʥʽʟʘʮʽʾ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ ʤʦʞʫʪʴ ʩʪʚʦʨʠʪʠ ʨʠʟʠʢʠ ʜʣʷ ʛʨʦʤʘʜ, 

ʝʢʦʥʦʤʽʢʘ ʷʢʠʭ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʜʦʙʫʚʥʠʭ ʛʘʣʫʟʝʡ [15]. 

ʋ ʨʦʙʦʪʽ [16] ʟʘʟʥʘʯʘʻʪʴʩʷ, ʱʦ ʟʘʢʨʠʪʪʷ ʰʘʭʪ ʽʥʪʝʨʧʨʝʪʫʻʪʴʩʷ ʷʢ ʩʢʣʘʜʥʠʡ 

ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʠʡ ʚʠʢʣʠʢ, ʱʦ ʚʠʤʘʛʘʻ ʨʝʪʝʣʴʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʽʥʪʝʛʨʘʮʽʾ 

ʨʽʟʥʠʭ ʥʘʫʢʦʚʠʭ ʧʽʜʭʦʜʽʚ. ʅʘʛʦʣʦʰʫʻʪʴʩʷ ʥʘ ʚʘʞʣʠʚʦʩʪʽ çʩʧʨʘʚʝʜʣʠʚʦʛʦ 

ʧʝʨʝʭʦʜʫè, ʷʢʠʡ ʧʦʚʠʥʝʥ ʚʨʘʭʦʚʫʚʘʪʠ ʥʝ ʪʽʣʴʢʠ ʝʢʦʣʦʛʽʯʥʽ, ʘʣʝ ʡ ʩʦʮʽʘʣʴʥʽ 
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ʘʩʧʝʢʪʠ, ʟʦʢʨʝʤʘ ʚʧʣʠʚ ʥʘ ʟʘʡʥʷʪʽʩʪʴ ʪʘ ʝʢʦʥʦʤʽʢʫ ʨʝʛʽʦʥʫ. ʇʣʘʥʫʻʪʴʩʷ, ʱʦ 

ʫʧʨʦʜʦʚʞ ʥʘʩʪʫʧʥʦʛʦ ʜʝʩʷʪʠʣʽʪʪʷ ʙʫʜʝ ʟʘʢʨʠʪʦ 400 ʰʘʭʪ ʧʦ ʚʩʴʦʤʫ ʩʚʽʪʫ.  

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʘʢʫ ʧʦʣʽʪʠʢʫ ʟʘʟʥʘʯʝʥʠʭ ʘʟʽʘʪʩʴʢʠʭ ʢʨʘʾʥ, ʢʨʘʾʥʠ, ʱʦ 

ʥʘʣʝʞʘʪʴ ʜʦ ʆʨʛʘʥʽʟʘʮʽʾ ʝʢʦʥʦʤʽʯʥʦʛʦ ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʘ ʪʘ ʨʦʟʚʠʪʢʫ (ʆɽʉʈ), 

ʜʝʤʦʥʩʪʨʫʶʪʴ ʟʥʘʯʥʝ ʩʢʦʨʦʯʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʫʛʽʣʣʷ, ʦʩʦʙʣʠʚʦ ʚ ʩʝʢʪʦʨʘʭ 

ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʯʝʨʝʟ ʩʫʚʦʨʽʰʽ ʚʠʤʦʛʠ ʱʦʜʦ ʟʥʠʞʝʥʥʷ ʚʠʢʠʜʽʚ 

ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ ʽ ʧʝʨʝʭʦʜʫ ʜʦ ʙʽʣʴʰ ʩʪʽʡʢʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ. ɭʚʨʦʧʝʡʩʴʢʠʡ 

ʉʦʶʟ ʘʢʪʠʚʥʦ ʧʨʦʩʫʚʘʻ ʽʥʽʮʽʘʪʠʚʠ ʜʣʷ ʩʢʦʨʦʯʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʫʛʽʣʴʥʦʾ 

ʝʥʝʨʛʽʾ ʯʝʨʝʟ ʨʝʘʣʽʟʘʮʽʶ çɿʝʣʝʥʦʛʦ ʢʫʨʩʫè, ʷʢʠʡ ʧʝʨʝʜʙʘʯʘʻ ʟʥʘʯʥʽ ʽʥʚʝʩʪʠʮʽʾ ʚ 

ʨʦʟʚʠʪʦʢ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ. ʋ 

ʨʘʤʢʘʭ ʜʦʚʛʦʩʪʨʦʢʦʚʦʾ ʩʪʨʘʪʝʛʽʾ ɭʉ ʜʦ 2050 ʨʦʢʫ ʱʦʜʦ ʢʣʽʤʘʪʠʯʥʠʭ ʜʽʡ ʧʣʘʥʫʻ 

ʟʜʽʡʩʥʠʪʠ ʧʝʨʝʭʽʜ ʜʦ ʝʢʦʥʦʤʽʢʠ ʙʝʟ ʚʠʢʠʜʽʚ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ. ʎʝ ʚʽʜʧʦʚʽʜʘʻ 

ʜʽʷʣʴʥʦʩʪʽ ɭʉ ʫ ʨʘʤʢʘʭ ʛʣʦʙʘʣʴʥʠʭ ʢʣʽʤʘʪʠʯʥʠʭ ʽʥʽʮʽʘʪʠʚ ʽ ʻ ʯʘʩʪʠʥʦʶ 

ʟʦʙʦʚôʷʟʘʥʴ, ʚʠʟʥʘʯʝʥʠʭ ʇʘʨʠʟʴʢʦʶ ʫʛʦʜʦʶ [17]. 

ɭʚʨʦʧʝʡʩʴʢʽ ʢʨʘʾʥʠ ʽʥʪʝʥʩʠʚʥʦ ʧʨʘʮʶʶʪʴ ʥʘʜ ʚʽʜʤʦʚʦʶ ʚʽʜ ʚʫʛʽʣʴʥʦʾ 

ʝʥʝʨʛʽʾ, ʱʦ ʩʪʘʣʦ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʠʤ ʧʽʩʣʷ ʫʭʚʘʣʝʥʥʷ ʇʘʨʠʟʴʢʦʾ ʫʛʦʜʠ. 

ʆʜʥʘʢ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʟʥʘʯʥʽ ʢʣʽʤʘʪʠʯʥʽ ʟʦʙʦʚôʷʟʘʥʥʷ, ʜʝʩʷʪʴ ʢʨʘʾʥ, ʷʢʽ ʨʘʟʦʤ 

ʚʠʨʦʙʣʷʶʪʴ 84% ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ ʚʽʜ ʝʥʝʨʛʝʪʠʢʠ ʫ ɭʚʨʦʧʽ ï ʌʨʘʥʮʽʷ, ʏʝʭʽʷ, 

ʅʽʤʝʯʯʠʥʘ, ɻʨʝʮʽʷ, ɯʪʘʣʽʷ, ʋʛʦʨʱʠʥʘ, ʅʽʜʝʨʣʘʥʜʠ, ʇʦʣʴʱʘ, ɯʩʧʘʥʽʷ ʪʘ 

ɺʝʣʠʢʦʙʨʠʪʘʥʽʷ, ï ʧʨʦʜʦʚʞʫʚʘʣʠ ʥʘʜʘʚʘʪʠ ʩʫʙʩʠʜʽʾ ʚʫʛʽʣʴʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʫ 

2016 ʨʦʮʽ. ʎʝ ʤʘʣʦ ʙʶʜʞʝʪʥʫ ʧʽʜʪʨʠʤʢʫ ʪʘ ʧʦʜʘʪʢʦʚʽ ʧʽʣʴʛʠ [18].  

ʅʠʥʽ ʚʠʱʝʟʘʟʥʘʯʝʥʽ ʢʨʘʾʥʠ ʘʢʪʠʚʥʦ ʟʥʠʞʫʶʪʴ ʩʫʙʩʠʜʽʾ ʚʫʛʽʣʴʥʽʡ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʟ ʦʛʣʷʜʫ ʥʘ ʩʪʨʘʪʝʛʽʯʥʽ ʟʦʙʦʚôʷʟʘʥʥʷ ʱʦʜʦ ʟʤʝʥʰʝʥʥʷ ʚʠʢʠʜʽʚ 

ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ ʽ ʟʘʣʫʯʝʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ. ɿʛʽʜʥʦ ʟ ʜʘʥʠʤʠ, 

10 ʢʨʘʾʥ ɭʚʨʦʧʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʫʙʩʠʜʽʾ ʚʫʛʽʣʴʥʽʡ ʛʘʣʫʟʽ, ʱʦ ʩʫʤʘʨʥʦ ʩʪʘʥʦʚʣʷʪʴ 

ʧʨʠʙʣʠʟʥʦ 6,3 ʤʣʨʜ ʻʚʨʦ ʱʦʨʽʯʥʦ. ʅʘʧʨʠʢʣʘʜ, ʅʽʤʝʯʯʠʥʘ ʚʠʜʽʣʷʻ ʧʦʥʘʜ 2 ʤʣʨʜ 

ʻʚʨʦ ʥʘ ʧʽʜʪʨʠʤʢʫ ʚʫʛʽʣʴʥʦʾ ʛʽʨʥʠʯʦʜʦʙʫʚʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʱʦ ʩʪʘʥʦʚʠʪʴ 

ʣʝʚʦʚʫ ʯʘʩʪʢʫ ʟʘʛʘʣʴʥʦʾ ʩʫʤʠ ʩʫʙʩʠʜʽʡ ʰʘʭʪ. ʉʢʦʨʦʯʝʥʥʷ ʚʫʛʽʣʴʥʠʭ 

ʧʦʪʫʞʥʦʩʪʝʡ ʚ ɯʩʧʘʥʽʾ ʧʝʨʝʜʙʘʯʘʻ ʚʪʨʘʪʫ ʙʣʠʟʴʢʦ 2,5 ʪʠʩʷʯ ʨʦʙʦʯʠʭ ʤʽʩʮʴ, ʱʦ ʻ 

ʟʥʘʯʥʠʤ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʠʤ ʚʠʢʣʠʢʦʤ ʜʣʷ ʚʫʛʽʣʴʥʠʭ ʨʝʛʽʦʥʽʚ. ɺʩʴʦʛʦ ʫ 
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ɭʚʨʦʧʽ ʟ 2005 ʧʦ 2016 ʨʦʢʠ ʢʽʣʴʢʽʩʪʴ ʧʨʷʤʠʭ ʨʦʙʦʯʠʭ ʤʽʩʮʴ ʫ ʚʫʛʽʣʴʥʽʡ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʟʤʝʥʰʠʣʘʩʷ ʟ 222,4 ʜʦ 177,1 ʪʠʩʷʯ. ʉʝʨʝʜ ʣʽʜʝʨʽʚ ʟ 

ʧʨʘʮʝʚʣʘʰʪʫʚʘʥʥʷ ʻ ʇʦʣʴʱʘ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʙʣʠʟʴʢʦ 100,0 ʪʠʩʷʯ ʨʦʙʦʯʠʭ ʤʽʩʮʴ. 

ʎʝ ʚʢʘʟʫʻ ʥʘ ʚʠʩʦʢʫ ʟʘʣʝʞʥʽʩʪʴ ʜʝʷʢʠʭ ʨʝʛʽʦʥʽʚ ʚʽʜ ʚʫʛʽʣʴʥʦʾ ʛʘʣʫʟʽ, ʱʦ 

ʫʩʢʣʘʜʥʶʻ ʧʨʦʮʝʩ ʾʾ ʨʝʩʪʨʫʢʪʫʨʠʟʘʮʽʾ [19]. ɿʘʛʘʣʦʤ ʫ ɭʚʨʦʧʝʡʩʴʢʦʤʫ 

ʚʫʛʽʣʴʥʦʤʫ ʩʝʢʪʦʨʽ ʧʨʘʮʶʻ ʤʘʡʞʝ 500,0 ʪʠʩʷʯ ʧʨʘʮʽʚʥʠʢʽʚ ʷʢ ʫ ʧʨʷʤʠʭ, ʪʘʢ ʽ ʚ 

ʩʫʤʽʞʥʠʭ ʛʘʣʫʟʷʭ. ʇʨʦʛʥʦʟʫʻʪʴʩʷ, ʱʦ ʜʦ 2030 ʨʦʢʫ ʤʦʞʝ ʙʫʪʠ ʚʪʨʘʯʝʥʦ ʙʣʠʟʴʢʦ 

160,0 ʪʠʩʷʯ ʧʨʷʤʠʭ ʨʦʙʦʯʠʭ ʤʽʩʮʴ. 

ɭʚʨʦʧʝʡʩʴʢʽ ʢʨʘʾʥʠ ʧʦʩʪʽʡʥʦ ʧʨʘʮʶʶʪʴ ʥʘʜ ʽʤʧʣʝʤʝʥʪʘʮʽʻʶ ʥʦʚʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʫʛʽʣʣʷ, ʪʘʢʠʭ ʷʢ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʪʢʠ 

ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʯʠʩʪʽʰʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʚʠʨʦʙʥʠʮʪʚʘ. ʎʝ ʦʭʦʧʣʶʻ ʽʥʚʝʩʪʠʮʽʾ ʚ ʩʦʥʷʯʥʫ ʪʘ ʚʽʪʨʦʚʫ ʝʥʝʨʛʽʶ, ʱʦ ʜʘʻ ʟʤʦʛʫ 

ʢʨʘʾʥʘʤ ʧʦʩʪʫʧʦʚʦ ʚʽʜʤʦʚʣʷʪʠʩʷ ʚʽʜ ʚʫʛʽʣʴʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʟʤʝʥʰʫʚʘʪʠ ʚʠʢʠʜʠ 

CO2. ʇʨʠ ʮʴʦʤʫ ʩʮʝʥʘʨʽʾ ʨʦʟʚʠʪʢʫ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʨʠʥʢʫ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʜʣʷ 

ʫʪʨʠʤʘʥʥʷ ʛʣʦʙʘʣʴʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʥʠʞʯʝ 2 ʘʙʦ 1,5 ÜC ʥʝʦʙʭʽʜʥʦ ʩʢʦʨʦʪʠʪʠ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʪʝʨʤʽʥʠ ʥʘʷʚʥʠʭ ʚʫʛʽʣʴʥʠʭ ʩʪʘʥʮʽʡ ʜʦ ʧʨʠʙʣʠʟʥʦ 35 ʽ 20 ʨʦʢʽʚ 

ʚʽʜʧʦʚʽʜʥʦ. ʗʢʱʦ ʧʨʦʜʦʚʞʫʚʘʪʠ ʙʫʜʽʚʥʠʮʪʚʦ ʥʦʚʠʭ ʦʙô̒ ʢʪʽʚ, ʷʢʽ ʟʘʨʘʟ 

ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʩʪʘʜʽʾ ʧʣʘʥʫʚʘʥʥʷ ʘʙʦ ʙʫʜʽʚʥʠʮʪʚʘ, ʮʽ ʪʝʨʤʽʥʠ ʟʤʝʥʰʫʶʪʴʩʷ ʱʝ 

ʥʘ 5 ï 10 ʨʦʢʽʚ. ʇʦʧʨʠ ʮʝ ʙʘʛʘʪʦ ʢʨʘʾʥ ʘʢʪʠʚʥʦ ʧʣʘʥʫʶʪʴ, ʫʟʛʦʜʞʫʶʪʴ ʽ ʙʫʜʫʶʪʴ 

ʥʦʚʽ ʚʫʛʽʣʴʥʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ, ʱʦ ʥʝʩʫʤʽʩʥʝ ʟ ʜʦʚʛʦʩʪʨʦʢʦʚʠʤʠ ʢʣʽʤʘʪʠʯʥʠʤʠ 

ʮʽʣʷʤʠ ʇʘʨʠʟʴʢʦʾ ʫʛʦʜʠ. ɯʩʥʫʶʯʽ ʪʘ ʟʘʧʣʘʥʦʚʘʥʽ ʚʫʛʽʣʴʥʽ ʧʦʪʫʞʥʦʩʪʽ ʤʦʞʫʪʴ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʜʦʜʘʪʢʦʚʠʭ ʚʠʢʠʜʽʚ ʫ 3,6 ɻʪ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ, ʝʢʚʽʚʘʣʝʥʪʥʦ CO2 

ʜʦ 2030 ʨʦʢʫ, ʱʦ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʻ ʮʽʣʴʦʚʽ ʧʦʢʘʟʥʠʢʠ ʥʘʮʽʦʥʘʣʴʥʠʭ ʨʽʚʥʽʚ 

2,1 ɻʪ [20]. 

ʋ ʢʨʘʾʥʘʭ ɭʚʨʦʧʠ ʦʩʦʙʣʠʚʫ ʫʚʘʛʫ ʧʨʠʜʽʣʷʶʪʴ ʨʽʟʥʠʤ ʧʽʜʭʦʜʘʤ ʱʦʜʦ 

ʚʽʜʤʦʚʠ ʚʽʜ ʚʫʛʽʣʴʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ. ɸʢʪʠʚʥʠʡ ʧʝʨʽʦʜ ʪʘʢʦʾ ʪʝʥʜʝʥʮʽʾ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʅʽʤʝʯʯʠʥʽ, ɯʩʧʘʥʽʾ, ʇʦʣʴʱʽ ʪʘ ɺʝʣʠʢʽʡ ɹʨʠʪʘʥʽʾ ʚ ʧʝʨʽʦʜ  

1990 ï 2017 ʨʦʢʽʚ [21]. 

 



 41 

ʋ 1990 ʨʦʮʽ ʚ ʅʽʤʝʯʯʠʥʽ ʙʫʣʦ ʚʠʨʦʙʣʝʥʦ 311 ʊɺʪĿʛʦʜ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʘ 

ʚʫʛʽʣʴʥʠʭ ʩʪʘʥʮʽʷʭ, ʘ ʜʦ 2015 ʨʦʢʫ ʮʝʡ ʧʦʢʘʟʥʠʢ ʟʤʝʥʰʠʚʩʷ ʜʦ 272 ʊɺʪĿʛʦʜ.  

ʎʝ ʩʪʘʣʦ ʨʝʟʫʣʴʪʘʪʦʤ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʪʢʠ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʟ 22 ʜʦ 

193 ʊɺʪĿʛʦʜ ʟʘ ʮʝʡ ʞʝ ʧʝʨʽʦʜ. ʊʠʤ ʥʝ ʤʝʥʰ, ʚʽʜʤʦʚʘ ʚʽʜ ʚʫʛʽʣʣʷ ʧʨʦʩʫʚʘʣʘʩʴ 

ʧʦʚʽʣʴʥʦ ʯʝʨʝʟ ʩʠʣʴʥʫ ʟʘʮʽʢʘʚʣʝʥʽʩʪʴ ʜʝʨʞʘʚʠ ʫ ʧʽʜʪʨʠʤʮʽ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʚʫʛʽʣʴʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. ɺ ɯʩʧʘʥʽʾ ʚʫʛʽʣʣʷ ʪʘʢʦʞ ʟʘʣʠʰʘʣʦʩʷ ʚʘʞʣʠʚʠʤ 

ʜʞʝʨʝʣʦʤ ʝʥʝʨʛʽʾ. ʋ 1990 ʨʦʮʽ ʚʫʛʽʣʣʷ ʩʪʘʥʦʚʠʣʦ 22% ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ 

ʩʧʦʞʠʚʘʥʥʷ ʧʝʨʚʠʥʥʦʾ ʝʥʝʨʛʽʾ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʟʨʦʩʪʘʥʥʷ ʯʘʩʪʢʠ ʚʽʜʥʦʚʣʶʚʘʥʠʭ 

ʜʞʝʨʝʣ, ʟʘʛʘʣʴʥʝ ʩʧʦʞʠʚʘʥʥʷ ʚʫʛʽʣʣʷ ʫ 2015 ʨʦʮʽ ʟʤʝʥʰʠʣʦʩʷ ʥʘ 14% ï ʟ 59,7 

ʜʦ 51,4 ʊɺʪĿʛʦʜ. ʋ ʇʦʣʴʱʽ ʚ 1990 ʨʦʮ ̔ ʚʫʛʽʣʴʥʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ ʙʫʣʘ 

ʥʘʮʽʦʥʘʣʽʟʦʚʘʥʘ, ʽ ʢʨʘʾʥʘ ʤʘʣʘ 116% ʚʫʛʽʣʴʥʦʾ ʩʘʤʦʜʦʩʪʘʪʥʦʩʪʽ. ɺʫʛʽʣʣʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩʷ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ 78% ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ʋʧʨʦʜʦʚʞ 

ʘʥʘʣʽʟʦʚʘʥʦʛʦ ʧʝʨʽʦʜʫ ʚʫʛʽʣʣʷ ʟʘʣʠʰʘʣʦʩʷ ʦʩʥʦʚʥʠʤ ʜʞʝʨʝʣʦʤ ʝʥʝʨʛʽʾ, ʟʽ 

ʩʪʘʙʽʣʴʥʠʤ ʧʦʢʘʟʥʠʢʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘ ʨʽʚʥʽ ʙʣʠʟʴʢʦ 124 ʤʣʥ ʪ ʥʘ ʨʽʢ. 

ʋ ɺʝʣʠʢʽʡ ɹʨʠʪʘʥʽʾ ʯʘʩʪʢʘ ʩʧʦʞʠʚʘʥʥʷ ʚʫʛʽʣʣʷ ʚ 1990 ʨʦʮʽ ʩʪʘʥʦʚʠʣʘ 29% ʚʽʜ 

ʟʘʛʘʣʴʥʦʛʦ ʩʧʦʞʠʚʘʥʥʷ ʧʝʨʚʠʥʥʦʾ ʝʥʝʨʛʽʾ, ʘʣʝ ʜʦ 2015 ʨʦʢʫ ʢʨʘʾʥʘ ʟʥʘʯʥʦ 

ʩʢʦʨʦʪʠʣʘ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʚʜʷʢʠ ʟʙʽʣʴʰʝʥʥʶ ʯʘʩʪʢʠ ʛʘʟʫ ʪʘ 

ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ. ʋ ʢʨʘʾʥʽ ʜʦʩʠʪʴ ʰʚʠʜʢʦ ʙʫʣʦ ʩʢʦʨʦʯʝʥʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʫʛʽʣʣʷ, ʦʩʦʙʣʠʚʦ ʧʽʩʣʷ ʚʚʝʜʝʥʥʷ ʧʦʜʘʪʢʫ ʥʘ ʚʫʛʣʝʮʴ ʫ 2013 ʨʦʮʽ, 

ʱʦ ʟʨʦʙʠʣʦ ʛʘʟ ʙʽʣʴʰ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʠʤ. 

ʋ ʨʦʙʦʪʽ [22] ʟʘʟʥʘʯʝʥʦ, ʱʦ ʦʩʥʦʚʥʘ ʧʨʦʙʣʝʤʘ ʧʽʜ ʯʘʩ ʚʠʜʦʙʫʪʢʫ ʟʘʧʘʩʽʚ 

ʚʫʛʽʣʣʷ, ʟʦʩʝʨʝʜʞʝʥʘ ʥʘ ʧʨʦʙʣʝʤʽ ʚʠʢʠʜʽʚ ʤʝʪʘʥʫ ʟ ʚʫʛʽʣʴʥʠʭ ʰʘʭʪ ʪʘ ʾʭʥʴʦʾ 

ʚʟʘʻʤʦʜʽʾ ʟ ʢʣʽʤʘʪʠʯʥʦʶ ʧʦʣʽʪʠʢʦʶ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʉʦʶʟʫ. ʆʩʥʦʚʥʠʡ ʘʢʮʝʥʪ 

ʨʦʙʠʪʴʩʷ ʥʘ ʟʘʩʪʦʩʫʚʘʥʥʽ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʝʭʥʦʣʦʛʽʡ ʟʙʦʨʫ ʤʝʪʘʥʫ ʚ ʨʘʤʢʘʭ 

ʩʧʨʦʙ ɭʉ ʙʦʨʦʪʠʩʷ ʟʽ ʟʤʽʥʦʶ ʢʣʽʤʘʪʫ. ɿʛʽʜʥʦ ʟ ʜʘʥʠʤʠ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ 

ʟʥʠʞʝʥʥʷ ʦʙʩʷʛʽʚ ʚʠʜʦʙʫʪʢʫ ʚʫʛʽʣʣʷ, ʟ 2014 ʨʦʢʫ ʩʪʘʙʽʣʴʥʠʡ ʨʽʚʝʥʴ ʟʘʭʦʧʣʝʥʥʷ 

ʤʝʪʘʥʫ ʧʝʨʝʚʠʱʫʻ 300 ʤʣʥ ʤį ʥʘ ʨʽʢ. ɸ ʚʨʘʭʦʚʫʶʯʠ ʛʣʦʙʘʣʴʥʝ ʧʦʪʝʧʣʽʥʥʷ, 

ʤʝʪʘʥ ʤʘʻ ʚʠʱʠʡ ʡʦʛʦ ʧʦʪʝʥʮʽʘʣ ʧʦʨʽʚʥʷʥʦ ʟ ʜʽʦʢʩʠʜʦʤ ʚʫʛʣʝʮʶ ʚ 

ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʽʡ ʧʝʨʩʧʝʢʪʠʚʽ, ʱʦ ʨʦʙʠʪʴ ʡʦʛʦ ʟʘʭʦʧʣʝʥʥʷ ʚʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ 

ʰʠʨʰʦʾ ʩʪʨʘʪʝʛʽʾ ɭʉ ʱʦʜʦ ʙʦʨʦʪʴʙʠ ʟʽ ʟʤʽʥʦʶ ʢʣʽʤʘʪʫ. ʈʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ 
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ʤʦʜʝʨʥʽʟʘʮʽʾ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʽʥʥʦʚʘʮʽʡ ʚʢʣʶʯʝʥʽ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʭʦʧʣʝʥʥʷ ʤʝʪʘʥʫ ʪʘ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ʋ ʏʝʭʽʾ ʚʫʛʽʣʴʥʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ ʟʘʣʠʰʘʣʘʩʷ ʟʥʘʯʥʠʤ ʜʞʝʨʝʣʦʤ ʝʥʝʨʛʽʾ, 

ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʛʣʦʙʘʣʴʥʽ ʽʥʽʮʽʘʪʠʚʠ ʟ ʜʝʢʘʨʙʦʥʽʟʘʮʽʾ. ɿʦʢʨʝʤʘ, ʩʪʘʥʦʤ ʥʘ 2016 

ʨʽʢ, ʚʫʛʽʣʣʷ ʟʘʙʝʟʧʝʯʫʚʘʣʦ ʙʣʠʟʴʢʦ 39% ʨʽʯʥʦʛʦ ʚʥʫʪʨʽʰʥʴʦʛʦ ʚʘʣʦʚʦʛʦ 

ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʚ ʢʨʘʾʥʽ, ʛʝʥʝʨʫʶʯʠ 47% ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ 60% 

ʪʝʧʣʘ ʚ ʮʝʥʪʨʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ ʦʧʘʣʝʥʥʷ [23]. ʆʜʥʘʢ ʧʽʩʣʷ ʥʘʙʫʪʪʷ ʩʪʘʪʫʩʫ 

ʧʦʩʪʽʡʥʦʛʦ ʯʣʝʥʘ ɭʉ ʚʦʥʘ ʟʘʢʣʠʢʘʣʘ ʚʩʽ ʢʨʘʾʥʠ ʧʨʠʧʠʥʠʪʠ ʩʫʙʩʠʜʫʚʘʥʥʷ 

ʚʠʢʦʧʥʦʛʦ ʧʘʣʠʚʘ ʜʦ 2025 ʨʦʢʫ. ɭʚʨʦʧʝʡʩʴʢʘ ʢʦʤʽʩʽʷ ʥʝʦʜʥʦʨʘʟʦʚʦ ʟʘʢʣʠʢʘʣʘ 

ʜʝʨʞʘʚʠ-ʯʣʝʥʠ ɭʉ ʧʨʠʧʠʥʠʪʠ ʚʩʽ ʩʫʙʩʠʜʽʾ ʥʘ ʜʽʷʣʴʥʽʩʪʴ, ʱʦ ʟʘʚʜʘʻ ʰʢʦʜʠ 

ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʫ, ʜʦ 2020 ʨʦʢʫ, ʟʦʢʨʝʤʘ ʧʦʚôʷʟʘʥʫ ʟ ʚʠʢʦʧʥʠʤ 

ʧʘʣʠʚʦʤ [24]. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʟʥʘʯʥʽ ʝʢʦʣʦʛʽʯʥʽ ʦʙʤʝʞʝʥʥʷ, ʧʦʚô̫ ʟʘʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʚʠʢʦʧʥʦʛʦ ʚʫʛʽʣʣʷ, ʚʦʥʦ ʟʘʣʠʰʘʻʪʴʩʷ ʢʣʶʯʦʚʠʤ ʜʞʝʨʝʣʦʤ ʝʥʝʨʛʽʾ ʜʣʷ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʩʪʘʥʦʚʣʷʯʠ ʙʣʠʟʴʢʦ 41% ʚʠʨʦʙʥʠʮʪʚʘ ʝʥʝʨʛʽʾ ʫ ʩʚʽʪʽ [25]. 

ɺʦʜʥʦʯʘʩ, ʷʢ ʟʘʟʥʘʯʝʥʦ ʫ [26], ʚ ʫʤʦʚʘʭ ʪʨʠʚʘʣʦʾ ʝʥʝʨʛʝʪʠʯʥʦʾ ʢʨʠʟʠ, 

ʩʧʨʠʯʠʥʝʥʦʾ ʚʽʡʥʦʶ ʚ ʋʢʨʘʾʥʽ, ɭʚʨʦʧʝʡʩʴʢʠʡ ʉʦʶʟ ʽ ɺʝʣʠʢʘ ɹʨʠʪʘʥʽʷ ʟʤʫʰʝʥʽ 

ʙʫʣʠ ʚʜʘʪʠʩʷ ʜʦ ʪʠʤʯʘʩʦʚʠʭ ʟʘʭʦʜʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʥʘʜʽʡʥʦʩʪʽ. 

ʂʨʠʪʠʯʥʝ ʟʥʠʞʝʥʥʷ ʜʦʩʪʫʧʥʦʩʪʽ ʘʪʦʤʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʦʙʤʝʞʝʥʥʷ ʥʘ ʨʠʥʢʘʭ 

ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʩʧʦʥʫʢʘʣʠ ʜʦ ʚʽʜʥʦʚʣʝʥʥʷ ʪʘ ʧʨʦʜʦʚʞʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʚʫʛʽʣʴʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ, ʷʢʽ ʨʘʥʽʰʝ ʧʣʘʥʫʚʘʣʦʩʷ ʟʘʢʨʠʪʠ. 

ʆʩʦʙʣʠʚʦ ʟʥʘʯʥʠʤʠ ʻ ʢʨʦʢʠ, ʟʨʦʙʣʝʥʽ ʅʽʤʝʯʯʠʥʦʶ ʪʘ ʅʽʜʝʨʣʘʥʜʘʤʠ. 

ʅʽʤʝʯʯʠʥʘ ʜʦʜʘʪʢʦʚʦ ʟʘʜʽʷʣʘ ʤʘʡʞʝ 10 ɻɺʪ ʜʦʜʘʪʢʦʚʠʭ ʚʫʛʽʣʴʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ 

ʥʘ ʟʠʤʦʚʠʡ ʧʝʨʽʦʜ 2022 ï 2023 ʨʦʢʽʚ, ʱʦ ʜʝʤʦʥʩʪʨʫʻ ʟʥʘʯʥʝ ʟʙʽʣʴʰʝʥʥʷ 

ʚʫʛʽʣʴʥʦʾ ʛʝʥʝʨʘʮʽʾ ʚ ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʽʡ ʧʝʨʩʧʝʢʪʠʚʽ. ʊʘʢʽ ʜʽʾ ʩʪʘʶʪʴ ʚʽʜʧʦʚʽʜʜʶ 

ʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʥʘʜʽʡʥʦʤʫ ʪʘ ʩʪʘʙʽʣʴʥʦʤʫ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʽ ʚ ʭʦʣʦʜʥʽ ʤʽʩʷʮʽ 

ʨʦʢʫ. ʋ ʅʽʜʝʨʣʘʥʜʘʭ, ʩʢʘʩʫʚʘʥʥʷ 35% ʦʙʤʝʞʝʥʥʷ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ ʚʫʛʽʣʴʥʠʭ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʜʦʜʘʣʦ ʱʝ 3,8 ɻɺʪ ʧʦʪʫʞʥʦʩʪʽ, ʩʧʨʠʷʶʯʠ ʟʙʽʣʴʰʝʥʥʶ ʟʘʛʘʣʴʥʦʾ 

ʥʘʷʚʥʦʩʪʽ ʝʥʝʨʛʽʾ ʚ ʩʠʩʪʝʤʽ. ʊʘʢʠʤ ʯʠʥʦʤ ʫ ɭʚʨʦʧʝʡʩʴʢʦʤʫ ʉʦʶʟʽ ʪʘ ɺʝʣʠʢʽʡ 

ɹʨʠʪʘʥʽʾ ʝʥʝʨʛʝʪʠʯʥʘ ʧʦʪʫʞʥʽʩʪʴ ʟʙʽʣʴʰʠʣʘʩʷ ʥʘ 15%, ʩʷʛʘʶʯʠ 146 ɻɺʪ. 
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ɿʙʽʣʴʰʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʥʘ 19 ɻɺʪ ʧʽʜʪʚʝʨʜʞʫʻ ʬʘʢʪ ʰʚʠʜʢʦʛʦ ʥʘʨʦʱʫʚʘʥʥʷ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʟ ʚʫʛʽʣʴʥʦʾ ʩʠʨʦʚʠʥʠ. 

ʇʨʠ ʮʴʦʤʫ ʟʥʦʚʫ ʚʠʥʠʢʘʻ ʩʫʧʝʨʝʯʥʽʩʪʴ ʫ ʢʦʥʪʝʢʩʪʽ ʚʠʢʦʥʘʥʥʷ ʛʣʦʙʘʣʴʥʠʭ 

ʟʦʙʦʚô̫ ʟʘʥʴ ʱʦʜʦ ʩʢʦʨʦʯʝʥʥʷ ʚʠʢʠʜʽʚ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ ʪʘ ʜʝʢʘʨʙʦʥʽʟʘʮʽʾ. ɺʦʥʠ 

ʚʽʜʦʙʨʘʞʘʶʪʴ ʛʦʩʪʨʫ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʥʘʭʦʜʠʪʠ ʙʘʣʘʥʩ ʤʽʞ ʝʥʝʨʛʝʪʠʯʥʦʶ 

ʙʝʟʧʝʢʦʶ ʪʘ ʝʢʦʣʦʛʽʯʥʦʶ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʶ. ɸʣʝ ʷʢʱʦ ʨʦʟʛʣʷʜʘʪʠ ʩʚʽʪʦʚʠʡ 

ʜʦʩʚʽʜ ʨʦʙʦʪʠ ʚʫʛʽʣʴʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ, ʦʙʣʘʜʥʘʥʠʭ ʪʝʭʥʦʣʦʛʽʷʤʠ ʟʘʭʦʧʣʝʥʥʷ, 

ʫʪʠʣʽʟʘʮʽʾ ʪʘ ʟʙʝʨʽʛʘʥʥʷ ʚʫʛʣʝʮʶ, ʮʝ ʤʦʞʝ ʙʫʪʠ ʚʽʜʤʽʥʥʠʤ ʚʠʭʦʜʦʤ ʟ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʢʨʠʟʠ ʧʨʠ ʜʦʪʨʠʤʘʥʥʽ ʝʢʦʣʦʛʽʯʥʠʭ ʟʦʙʦʚô̫ ʟʘʥʴ. 

ʈʦʣʴ ʚʫʛʽʣʣʷ ʷʢ ʦʩʥʦʚʥʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʥʦʩʽʷ ʤʦʞʝ ˇʨʫʥʪʫʚʘʪʠʩʷ ʥʘ 

ʪʨʴʦʭ ʩʮʝʥʘʨʽʷʭ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʤʘʡʙʫʪʥʴʦʛʦ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʥʘʷʚʥʽ ʪʝʭʥʦʣʦʛʽʾ 

ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʨʽʰʝʥʥʷ ʱʦʜʦ ʚʠʜʦʙʫʪʢʫ ʪʘ ʧʝʨʝʨʦʙʢʠ ʚʫʛʽʣʣʷ ʪʘ ʥʝ ʚʨʘʭʦʚʫʶʪʴ 

ʧʦʪʝʥʮʽʡʥʠʡ ʚʧʣʠʚ ʤʘʡʙʫʪʥʽʭ ʽʥʥʦʚʘʮʽʡ ʯʠ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʦʟʨʦʙʦʢ, ʘ ʩʘʤʝ [27]: 

ï ñAcceleratedò ʬʦʢʫʩʫʻʪʴʩʷ ʥʘ ʰʚʠʜʢʦʤʫ ʩʢʦʨʦʯʝʥʥʽ ʚʠʢʠʜʽʚ ʚʫʛʣʝʮʶ, 

ʘʢʮʝʥʪʫʶʯʠʩʴ ʥʘ ʽʥʪʝʥʩʠʚʥʦʤʫ ʚʧʨʦʚʘʜʞʝʥʥʽ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʪʘ 

ʽʥʰʠʭ ʯʠʩʪʠʭ ʪʝʭʥʦʣʦʛʽʡ. ʎʷ ʩʪʨʘʪʝʛʽʷ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʟʥʘʯʥʽ ʪʘ ʰʚʠʜʢʽ ʟʤʽʥʠ ʫ 

ʩʧʦʩʦʙʽ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ, ʱʦʙ ʤʘʢʩʠʤʘʣʴʥʦ ʟʥʠʟʠʪʠ 

ʝʢʦʣʦʛʽʯʥʠʡ ʚʧʣʠʚ ʽ ʜʦʩʷʛʪʠ ʨʘʜʠʢʘʣʴʥʦʛʦ ʟʤʝʥʰʝʥʥʷ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ ʫ 

ʥʘʡʢʦʨʦʪʰʽ ʪʝʨʤʽʥʠ;  

ï ñNet Zeroò ʤʘʻ ʟʘ ʤʝʪʫ ʜʦʩʷʛʪʠ ʤʘʡʞʝ ʧʦʚʥʦʛʦ ʧʨʠʧʠʥʝʥʥʷ ʚʠʢʠʜʽʚ 

ʚʫʛʣʝʮʶ ʜʦ 2050 ʨʦʢʫ. ʋ ʮʝʥʪʨʽ ʫʚʘʛʠ ʟʥʘʭʦʜʠʪʴʩʷ ʟʤʽʥʘ ʧʨʽʦʨʠʪʝʪʽʚ 

ʩʫʩʧʽʣʴʩʪʚʘ, ʚʢʣʶʯʥʦ ʟ ʰʠʨʦʢʠʤ ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʥʠʟʴʢʦʚʫʛʣʝʮʝʚʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

ʎʝʡ ʧʽʜʭʽʜ ʧʝʨʝʜʙʘʯʘʻ ʢʦʤʧʣʝʢʩʥʝ ʧʝʨʝʦʩʤʠʩʣʝʥʥʷ ʞʠʪʪʻʚʠʭ ʽ ʚʠʨʦʙʥʠʯʠʭ 

ʧʨʦʮʝʩʽʚ ʟ ʤʝʪʦʶ ʩʪʚʦʨʝʥʥʷ ʩʪʽʡʢʦʾ ʪʘ ʚʽʜʧʦʚʽʜʘʣʴʥʦʾ ʜʦ ʢʣʽʤʘʪʫ ʩʠʩʪʝʤʠ; 

ï ñNew Momentuò ʚʽʜʦʙʨʘʞʘʻ ʧʦʪʦʯʥʫ ʪʨʘʻʢʪʦʨʽʶ, ʥʘ ʷʢʽʡ ʢʨʘʾʥʠ 

ʧʦʩʪʫʧʦʚʦ ʟʙʽʣʴʰʫʶʪʴ ʩʚʦʾ ʟʦʙʦʚôʷʟʘʥʥʷ ʱʦʜʦ ʜʝʢʘʨʙʦʥʽʟʘʮʽʾ. ʇʨʦʛʥʦʟʫʻʪʴʩʷ, 

ʱʦ ʧʽʢʦʚʽ ʚʠʢʠʜʠ ʚʽʜʙʫʜʫʪʴʩʷ ʫ 2020-ʭ ʨʦʢʘʭ, ʘ ʜʦ 2050 ʨʦʢʫ ʚʠʢʠʜʠ 

ʩʢʦʨʦʪʷʪʴʩʷ ʧʨʠʙʣʠʟʥʦ ʥʘ 30% ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʨʽʚʥʝʤ 2019 ʨʦʢʫ. ʎʝʡ ʩʮʝʥʘʨʽʡ 

ʧʝʨʝʜʙʘʯʘʻ ʧʦʩʪʫʧʦʚʠʡ ʧʝʨʝʭʽʜ ʜʦ ʙʽʣʴʰ ʩʪʽʡʢʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʪʘ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ, ʱʦ ʟʤʝʥʰʫʶʪʴ ʚʠʢʠʜʠ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ. 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʘʢʪʠʚʥʝ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʘʪʝʛʽʡ ʟʽ ʟʤʝʥʰʝʥʥʷ 

ʨʦʣʽ ʚʫʛʽʣʣʷ ʷʢ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʥʦʩʽʷ, ʨʝʘʣʴʥʽʩʪʴ ʪʘʢʘ, ʱʦ ʥʘ ʥʘʡʙʣʠʞʯʽ ʜʝʩʷʪʴ 

ʨʦʢʽʚ ʚʫʛʽʣʣʷ ʟʘʣʠʰʘʪʠʤʝʪʴʩʷ ʚʘʞʣʠʚʦʶ ʯʘʩʪʠʥʦʶ ʩʚʽʪʦʚʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʙʘʣʘʥʩʫ. ʎʝ ʦʩʦʙʣʠʚʦ ʩʪʦʩʫʻʪʴʩʷ ʢʨʘʾʥ ʟ ʨʦʟʚʠʥʝʥʦʶ ʧʨʦʤʠʩʣʦʚʽʩʪʶ ʪʘ ʪʠʭ, ʱʦ 

ʨʦʟʚʠʚʘʶʪʴʩʷ, ʜʝ ʚʫʛʽʣʣʷ ʧʨʦʜʦʚʞʫʻ ʙʫʪʠ ʢʣʶʯʦʚʠʤ ʜʞʝʨʝʣʦʤ ʝʥʝʨʛʽʾ ʯʝʨʝʟ 

ʡʦʛʦ ʜʦʩʪʫʧʥʽʩʪʴ ʪʘ ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʫ ʚʘʨʪʽʩʪʴ ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ 

ʝʥʝʨʛʦʨʝʩʫʨʩʘʤʠ. 

ɺʠʙʽʨ ʥʘ ʢʦʨʠʩʪʴ ʚʫʛʽʣʣʷ ʯʘʩʪʦ ʦʙʫʤʦʚʣʝʥʠʡ ʝʢʦʥʦʤʽʯʥʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʘ 

ʪʘʢʦʞ ʚʽʜʩʫʪʥʽʩʪʶ ʥʝʦʙʭʽʜʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʜʣʷ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʦʛʦ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ. ʂʨʽʤ ʪʦʛʦ, ʧʝʨʝʭʽʜ ʥʘ 

ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʜʞʝʨʝʣʘ ʚʠʤʘʛʘʻ ʟʥʘʯʥʠʭ ʽʥʚʝʩʪʠʮʽʡ ʽ ʯʘʩʫ ʜʣʷ ʨʦʟʨʦʙʢʠ ʪʘ 

ʘʜʘʧʪʘʮʽʾ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʱʦ ʟʙʽʣʴʰʫʻ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʚʫʛʽʣʣʷ ʚ 

ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʽʡ ʧʝʨʩʧʝʢʪʠʚʽ. ʗʢʱʦ ʞ ʘʥʘʣʽʟʫʚʘʪʠ ʩʠʪʫʘʮʽʶ ʟ 

ʘʣʴʪʝʨʥʘʪʠʚʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʝʥʝʨʛʽʾ ʪʘ ʤʦʞʣʠʚʦʩʪʷʤʠ ʾʾ ʘʢʫʤʫʣʷʮʽʾ ʚ ʋʢʨʘʾʥʽ, 

ʪʦ ʥʘ ʪʨʘʚʝʥʴ 2024 ʨʦʢʫ ʩʪʘʥʦʚʠʱʝ ʫ ʩʬʝʨʽ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʻ 

ʩʢʣʘʜʥʠʤ [28]. ɿʥʘʯʥʘ ʯʘʩʪʠʥʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ ʟʘʟʥʘʣʘ ʚʧʣʠʚʫ 

ʚʽʡʩʴʢʦʚʠʭ ʜʽʡ, ʟʦʢʨʝʤʘ 13% ʧʦʪʫʞʥʦʩʪʝʡ ʩʦʥʷʯʥʦʾ ʛʝʥʝʨʘʮʽʾ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ 

ʪʝʨʠʪʦʨʽʷʭ, ʷʢʽ ʪʠʤʯʘʩʦʚʦ ʧʝʨʝʙʫʚʘʶʪʴ ʧʽʜ ʢʦʥʪʨʦʣʝʤ ʦʢʫʧʘʮʽʡʥʠʭ ʩʠʣ, ʱʝ 8% 

ʧʦʪʫʞʥʦʩʪʝʡ ʙʫʣʦ ʧʦʰʢʦʜʞʝʥʦ ʘʙʦ ʧʦʚʥʽʩʪʶ ʟʥʠʱʝʥʦ.  

ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʟʨʦʩʪʘʶʯʘ ʫʚʘʛʘ ʜʦ ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ ʽ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʟʤʝʥʰʝʥʥʷ ʚʠʢʠʜʽʚ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ ʩʧʦʥʫʢʘʻ ʫʨʷʜʠ ʽ ʙʽʟʥʝʩ ʨʦʟʨʦʙʣʷʪʠ ʽ 

ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʩʪʨʘʪʝʛʽʾ ʟʽ ʩʢʦʨʦʯʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʫʛʽʣʣʷ. ʎʝ ʦʟʥʘʯʘʻ 

ʨʦʟʚʠʪʦʢ ʪʝʭʥʦʣʦʛʽʡ ʟʘʭʦʧʣʝʥʥʷ ʽ ʟʙʝʨʽʛʘʥʥʷ ʚʫʛʣʝʮʶ, ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʫʛʽʣʴʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʽ ʟʙʽʣʴʰʝʥʥʷ ʽʥʚʝʩʪʠʮʽʡ ʫ ʚʽʜʥʦʚʣʶʚʘʥʽ 

ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ, ʪʘʢʽ ʷʢ ʩʦʥʷʯʥʘ ʽ ʚʽʪʨʦʚʘ ʝʥʝʨʛʽʾ. 
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1.2 ɸʥʘʣʽʟ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ  

ʚʫʛʽʣʴʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʋʢʨʘʾʥʠ 

ʅʘ ʩʴʦʛʦʜʥʽ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʠʡ ʢʦʤʧʣʝʢʩ ʋʢʨʘʾʥʠ ʟʽʪʢʥʫʚʩʷ ʟ 

ʙʝʟʧʨʝʮʝʜʝʥʪʥʦʶ ʢʨʠʟʦʶ, ʧʦʚôʷʟʘʥʦʶ ʟ ʚʽʡʥʦʶ ʚ ʋʢʨʘʾʥʽ. ʎʝʡ ʩʝʢʪʦʨ 

ʩʪʠʢʘʻʪʴʩʷ ʥʝ ʣʠʰʝ ʟ ʬʽʟʠʯʥʦʶ ʨʫʡʥʘʮʽʻʶ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʘ ʡ ʟ ʚʝʣʠʯʝʟʥʠʤʠ 

ʚʠʢʣʠʢʘʤʠ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʥʘʜʽʡʥʦʩʪʽ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ ʥʘʩʝʣʝʥʥʷ ʪʘ 

ʧʨʦʤʠʩʣʦʚʠʭ ʦʙôʻʢʪʽʚ. ɿʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʛʦ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ ʻ ʢʨʠʪʠʯʥʦ 

ʚʘʞʣʠʚʠʤ, ʘʜʞʝ ʚʦʥʦ ʚʧʣʠʚʘʻ ʥʘ ʚʩʽ ʘʩʧʝʢʪʠ ʝʢʦʥʦʤʽʯʥʦʛʦ ʪʘ ʩʦʮʽʘʣʴʥʦʛʦ ʞʠʪʪʷ 

ʢʨʘʾʥʠ. ʉʢʣʘʜʦʚʠʤʠ ʯʘʩʪʠʥʠ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʻ 

ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʢʘ, ʚʫʛʽʣʴʥʘ, ʥʘʬʪʦʚʘ, ʥʘʬʪʦʧʝʨʝʨʦʙʥʘ ʪʘ ʛʘʟʦʚʘ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, 

ʷʢʽ ʻ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʠʤʠ ʪʘ ʚʟʘʻʤʦʟʘʣʝʞʥʠʤʠ. ʆʩʥʦʚʦʶ ʞ ʟʘʣʠʰʘʻʪʴʩʷ ʚʫʛʽʣʴʥʘ 

ʧʨʦʤʠʩʣʦʚʽʩʪʴ. 

ɺʫʛʽʣʣʷ ʻ ʦʩʥʦʚʥʠʤ ʩʪʨʘʪʝʛʽʯʥʠʤ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʠʤ ʨʝʩʫʨʩʦʤ, ʷʢʠʡ 

ʟʜʘʪʥʠʡ ʟʘʙʝʟʧʝʯʠʪʠ ʨʦʟʚʠʪʦʢ ʧʨʦʚʽʜʥʠʭ ʛʘʣʫʟʝʡ ʝʢʦʥʦʤʽʢʠ, ʟʦʢʨʝʤʘ 

ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ ʤʝʪʘʣʫʨʛʽʾ ʥʘ ʥʘʡʙʣʠʞʯʽ 300 ï 400 ʨʦʢʽʚ [29], 

[30]. ɭ ʚʽʜʥʦʩʥʦ ʜʝʰʝʚʠʤ ʫ ʚʠʜʦʙʫʪʢʫ ʪʘ ʧʝʨʝʨʦʙʮʽ ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ ʚʠʜʘʤʠ 

ʧʘʣʠʚʘ, ʪʘʢʠʤʠ ʷʢ ʥʘʬʪʘ ʯʠ ʛʘʟ. ʎʝ ʨʦʙʠʪʴ ʡʦʛʦ ʧʨʠʚʘʙʣʠʚʠʤ ʚʘʨʽʘʥʪʦʤ, ʱʦ ʜʘʻ 

ʟʤʦʛʫ ʟʘʙʝʟʧʝʯʠʪʠ ʝʥʝʨʛʝʪʠʯʥʽ ʧʦʪʨʝʙʠ. ʆʜʥʘʢ ʨʦʟʚʠʪʦʢ ʚʫʛʽʣʴʥʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʯʘʩʪʦ ʩʪʠʢʘʻʪʴʩʷ ʟ ʚʠʢʣʠʢʘʤʠ, ʦʩʦʙʣʠʚʦ ʚʥʘʩʣʽʜʦʢ 

ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ, ʚʠʢʣʠʢʘʥʦʾ ʩʧʦʯʘʪʢʫ ʚʦʻʥʥʠʤʠ ʜʽʷʤʠ, ʘ ʧʦʪʽʤ ʽ ʚʽʡʥʦʶ ʚ 

ʋʢʨʘʾʥʽ. ɺ ʧʝʨʽʦʜ 2014 ï 2015 ʨʦʢʽʚ ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʟʥʘʯʥʝ ʟʥʠʞʝʥʥʷ ʦʙʩʷʛʽʚ 

ʚʫʛʣʝʚʠʜʦʙʫʚʘʥʥʷ. ɿʦʢʨʝʤʘ, ʫ 2014 ʨʦʮʽ ʚʠʜʦʙʫʪʦʢ ʚʫʛʽʣʣʷ ʟʘʟʥʘʚ ʧʘʜʽʥʥʷ 

ʙʽʣʴʰ ʥʽʞ ʥʘ 22% ʧʦʨʽʚʥʷʥʦ ʟ ʧʦʧʝʨʝʜʥʽʤ ʨʦʢʦʤ, ʟʥʠʟʠʚʰʠʩʴ ʟ 83,7 ʜʦ 65 ʤʣʥ ʪ. 

ɺʠʜʦʙʫʪʦʢ ʚʫʛʽʣʣʷ ʘʥʪʨʘʮʠʪʦʚʦʾ ʛʨʫʧʠ ʚ ʪʦʤʫ ʞ ʨʦʮʽ ʚʧʘʚ ʥʘ ʪʨʝʪʠʥʫ, 

ʩʢʦʨʦʪʠʚʰʠʩʴ ʟ 30,3 ʜʦ 20,6 ʤʣʥ ʪ [31]. ʊʝʥʜʝʥʮʽʶ ʩʧʘʜʫ ʚʫʛʽʣʣʷ ʙʫʣʦ 

ʟʘʬʽʢʩʦʚʘʥʦ ʡ ʫ 2015 ʨʦʮʽ, ʢʦʣʠ ʧʦʢʘʟʥʠʢʠ ʚʠʜʦʙʫʪʢʫ ʚʫʛʽʣʣʷ ʜʦʩʷʛʣʠ 39,7 ʤʣʥ ʪ 

[32]. ʋ 2021 ʨʦʮʽ ʦʙʩʷʛʠ ʚʠʜʦʙʫʪʢʫ ʚʫʛʽʣʣʷ ʩʷʛʥʫʣʠ ʟʥʘʯʝʥʴ 29,4 ʤʣʥ ʪ [33]. 

ʇʽʩʣʷ ʧʦʯʘʪʢʫ ʧʦʚʥʦʤʘʩʰʪʘʙʥʦʛʦ ʚʪʦʨʛʥʝʥʥʷ ʩʪʘʥʦʤ ʥʘ ʧʦʯʘʪʦʢ ʯʝʨʚʥʷ 

2023 ʨʦʢʫ ʙʣʠʟʴʢʦ 25% ʜʝʨʞʘʚʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʽ ʙʽʣʴʰʽʩʪʴ ʧʨʠʚʘʪʥʠʭ ʰʘʭʪ 
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ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʦʢʫʧʦʚʘʥʽʡ ʪʝʨʠʪʦʨʽʾ. ɿʘʛʘʣʴʥʠʡ ʚʠʜʦʙʫʪʦʢ ʚʫʛʽʣʣʷ, ʧʦʨʽʚʥʷʥʦ ʟ 

ʧʦʢʘʟʥʠʢʘʤʠ 2021 ʨʦʢʫ, ʟʥʠʟʠʚʩʷ ʧʨʠʙʣʠʟʥʦ ʥʘ 35% [34]. 

ʅʝʦʙʭʽʜʥʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʩʪʘʥʦʤ ʥʘ 2014 ʨʽʢ ʚʫʛʽʣʴʥʽ ʊɽʉ ʩʢʣʘʣʠ ʙʽʣʴʰʝ 

ʧʦʣʦʚʠʥʠ ʛʝʥʝʨʫʶʯʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʆʙô̒ ʜʥʘʥʦʾ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʋʢʨʘʾʥʠ ʪʘ 

ʚʠʨʦʙʣʷʣʠ ʧʦʥʘʜ 40% ʫʩʽʻʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʢʨʘʾʥʠ. ʅʠʥʽ ʚ ʢʨʘʾʥʽ ʜʽʻ 14 ʚʝʣʠʢʠʭ 

ʊɽʉ, ʫ ʪʦʤʫ ʯʠʩʣʽ 7 ʧʨʠʟʥʘʯʝʥʽ ʩʧʘʣʶʚʘʥʥʷ ʚʠʩʦʢʦʣʝʪʢʠʭ ʤʘʨʦʢ ʚʫʛʽʣʣʷ ʛʘʟʦʚʦʾ 

ʛʨʫʧʠ, ʘ ʽʥʰʽ 7 ï ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʠʟʴʢʦʨʝʘʢʪʠʚʥʦʛʦ ʘʥʪʨʘʮʠʪʫ ʽ ʧʽʩʥʦʛʦ 

ʚʫʛʽʣʣʷ [35]. 

ʅʠʥʽ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʧʦʩʪʽʡʥʦ ʟʨʦʩʪʘʶʯʫ ʫʚʘʛʫ ʜʦ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ 

ʝʥʝʨʛʽʾ, ʚʫʛʽʣʣʷ ʟʘʣʠʰʘʻʪʴʩʷ ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ. ʊʦʤʫ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʫʛʽʣʣʷ ʚ ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʩʝʢʪʦʨʽ ʋʢʨʘʾʥʠ ʚʽʜʽʛʨʘʻ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ 

ʩʪʘʙʽʣʴʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʦʩʢʽʣʴʢʠ ʱʝ ʥʝ ʥʘʩʪʽʣʴʢʠ ʨʦʟʚʠʥʝʥʽ ʪʘ 

ʜʦʩʪʫʧʥʽ ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ. 

ɿʘʧʘʩʠ ʢʘʤôʷʥʦʛʦ ʚʫʛʽʣʣʷ ʚ ʋʢʨʘʾʥʽ ʟʦʩʝʨʝʜʞʝʥʽ ʚ ɼʦʥʝʮʴʢʦʤʫ ʪʘ 

ʃʴʚʽʚʩʴʢʦ-ɺʦʣʠʥʩʴʢʦʤʫ ʙʘʩʝʡʥʘʭ. ʅʘʡʙʽʣʴʰʘ ʯʘʩʪʢʘ ʙʘʣʘʥʩʦʚʠʭ ʟʘʧʘʩʽʚ 

ʢʘʤôʷʥʦʛʦ ʚʫʛʽʣʣʷ ʚ ʋʢʨʘʾʥʽ, ʷʢʘ ʩʪʘʥʦʚʠʪʴ 97,30% ʘʙʦ 40072,83 ʤʣʥ ʪ, ʧʨʠʧʘʜʘʻ 

ʥʘ ɼʦʥʝʮʴʢʠʡ ʚʫʛʽʣʴʥʠʡ ʙʘʩʝʡʥ. ʎʝʡ ʙʘʩʝʡʥ ʨʦʟʤʽʱʝʥʠʡ ʥʘ ʪʝʨʠʪʦʨʽʾ 

ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʦʾ, ɼʦʥʝʮʴʢʦʾ, ʃʫʛʘʥʩʴʢʦʾ ʪʘ ʍʘʨʢʽʚʩʴʢʦʾ ʦʙʣʘʩʪʝʡ. ʆʩʥʦʚʥʫ 

ʯʘʩʪʢʫ ʙʘʣʘʥʩʦʚʠʭ ʟʘʧʘʩʽʚ ɼʦʥʝʮʴʢʦʛʦ ʙʘʩʝʡʥʫ ʩʪʘʥʦʚʠʪʴ ʚʫʛʽʣʣʷ ʤʘʨʦʢ 

ɼ (32,43%), ɻ (18,18%), ɼɻ (15,02%) ʪʘ ɸ (15,23%). ʅʘ ʪʝʨʠʪʦʨʽʾ ʃʴʚʽʚʩʴʢʦ-

ɺʦʣʠʥʩʴʢʦʛʦ ʙʘʩʝʡʥʫ ʟʦʩʝʨʝʜʞʝʥʦ 1112,53 ʤʣʥ ʪ ʚʫʛʽʣʣʷ, ʱʦ ʩʢʣʘʜʘʻ 2,7% ʚʽʜ 

ʟʘʛʘʣʴʥʦʛʦ ʦʙʩʷʛʫ ʙʘʣʘʥʩʦʚʠʭ ʟʘʧʘʩʽʚ ʋʢʨʘʾʥʠ. ʉʪʘʥʦʤ ʥʘ 1 ʩʽʯʥʷ 2021 ʨʦʢʫ ʫ 

ʃʴʚʽʚʩʴʢʦ-ɺʦʣʠʥʩʴʢʦʤʫ ʙʘʩʝʡʥʽ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʪʘ ʧʽʜʛʦʪʦʚʣʝʥʦ ʜʦ ʦʩʚʦʻʥʥʷ 

803,0 ʤʣʥ ʪ ʙʘʣʘʥʩʦʚʠʭ ʟʘʧʘʩʽʚ ʚʫʛʽʣʣʷ. ɺʠʜʠ ʚʫʛʽʣʣʷ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ 

ʙʘʣʘʥʩʦʚʠʭ ʟʘʧʘʩʽʚ ʙʘʩʝʡʥʫ, ʤʽʩʪʷʪʴ ʤʘʨʢʠ ɼɻ (22,28%), ɻ (39,38%), ɾ 

(23,78%), ʂ (14,56%). ɼʽʘʛʨʘʤʫ ʨʦʟʧʦʜʽʣʫ ʙʘʣʘʥʩʦʚʠʭ ʟʘʧʘʩʽʚ ʚʫʛʽʣʣʷ ʟʘ 

ʤʘʨʦʯʥʠʤ ʩʢʣʘʜʦʤ ʫ ɼʦʥʝʮʴʢʦʤʫ ʪʘ ʃʴʚʽʚʩʴʢʦ-ɺʦʣʠʥʩʴʢʦʤʫ ʙʘʩʝʡʥʘʭ ʥʘʚʝʜʝʥʦ 

ʥʘ ʨʠʩ. 1.2 [36], [37]. 
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ʘ 

12,99 ʤʣʨʜ ʪ

7,28 ʤʣʨʜ ʪ

6,02 ʤʣʨʜ ʪ

6,10 ʤʣʨʜ ʪ

ɼ ɻ ɼɻ ɸ  

ʙ 

2,48 ʤʣʨʜ ʪ

4,38 ʤʣʨʜ ʪ

2,64 ʤʣʨʜ ʪ

1,62 ʤʣʨʜ ʪ

ɼɻɻ ɾ ʂ  

 

ʈʠʩʫʥʦʢ 1.2 ï ɼʽʘʛʨʘʤʘ ʨʦʟʧʦʜʽʣʫ ʙʘʣʘʥʩʦʚʠʭ ʟʘʧʘʩʽʚ ʚʫʛʽʣʣʷ  

ʟʘ ʤʘʨʦʯʥʠʤ ʩʢʣʘʜʦʤ ʫ ɼʦʥʝʮʴʢʦʤʫ (ʘ) ʪʘ ʃʴʚʽʚʩʴʢʦ-ɺʦʣʠʥʩʴʢʦʤʫ (ʙ) ʙʘʩʝʡʥʘʭ 

 

ʋ ʨʦʙʦʪʽ [38] ʨʦʟʛʣʷʥʫʪʦ ʪʨʠ ʩʮʝʥʘʨʽʾ ʨʦʟʚʠʪʢʫ ʚʫʛʽʣʴʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ 

ʋʢʨʘʾʥʠ: ʦʧʪʠʤʽʩʪʠʯʥʠʡ, ʙʘʟʦʚʠʡ ʽ ʧʝʩʠʤʽʩʪʠʯʥʠʡ. ʆʧʪʠʤʽʩʪʠʯʥʠʡ ʩʮʝʥʘʨʽʡ 

ʧʝʨʝʜʙʘʯʘʻ ʟʥʘʯʥʽ ʽʥʚʝʩʪʠʮʽʾ ʫ ʚʽʜʨʦʜʞʝʥʥʷ ʪʘ ʨʦʟʚʠʪʦʢ ʚʫʛʽʣʴʥʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʚʢʣʶʯʥʦ ʟ ʤʦʜʝʨʥʽʟʘʮʽʻʶ ʜʝʨʞʘʚʥʠʭ ʰʘʭʪ ʽ ʙʫʜʽʚʥʠʮʪʚʦʤ 

ʥʦʚʠʭ, ʱʦ ʤʦʞʝ ʟʙʽʣʴʰʠʪʠ ʦʙʩʷʛʠ ʚʠʜʦʙʫʪʢʫ ʜʦ 61,2 ʤʣʥ ʪ ʜʦ 2035 ʨʦʢʫ. 

ɹʘʟʦʚʠʡ ʩʮʝʥʘʨʽʡ, ʟ ʽʥʰʦʛʦ ʙʦʢʫ, ʦʯʽʢʫʻ ʙʽʣʴʰ ʦʙʤʝʞʝʥʽ ʽʥʚʝʩʪʠʮʽʾ, ʷʢʽ 

ʧʨʠʟʚʝʜʫʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʦʙʩʷʛʫ ʚʠʜʦʙʫʪʢʫ ʜʦ 46,3 ʤʣʥ ʪ ʜʦ 2030 

ʨʦʢʫ. ʇʝʩʠʤʽʩʪʠʯʥʠʡ ʩʮʝʥʘʨʽʡ, ʚʨʘʭʦʚʫʶʯʠ ʧʦʪʦʯʥʽ ʪʝʥʜʝʥʮʽʾ ʪʘ ʚʠʢʣʠʢʠ, 

ʧʨʦʛʥʦʟʫʻ ʧʦʜʘʣʴʰʝ ʩʢʦʨʦʯʝʥʥʷ ʚʠʜʦʙʫʪʢʫ. 

ɿʛʽʜʥʦ ʟ ʜʘʥʠʤʠ ʨʦʙʦʪʠ [39], ʜʦ ʧʦʯʘʪʢʫ ʚʽʡʥʠ, ʱʦ ʨʦʟʧʦʯʘʣʘʩʷ 24 ʣʶʪʦʛʦ 

2022 ʨʦʢʫ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʩʪʘʪʫʩ ʯʠʩʪʦʛʦ ʽʤʧʦʨʪʝʨʘ ʚ ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʩʝʢʪʦʨʽ 

ʋʢʨʘʾʥʠ, ʢʨʘʾʥʘ ʝʢʩʧʦʨʪʫʚʘʣʘ ʙʣʠʟʴʢʦ 7,0 ʤʣʥ ʪ ʚʫʛʽʣʣʷ ʱʦʨʽʯʥʦ. ɺʫʛʽʣʴʥʘ 

ʛʝʥʝʨʘʮʽʷ ʟʘʙʝʟʧʝʯʫʚʘʣʘ ʚʽʜ 25 ʜʦ 30% ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʦʧʠʪʫ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ. 

ʆʜʥʘʢ, ʧʽʩʣʷ ʦʢʫʧʘʮʽʾ ʯʘʩʪʠʥ ɼʦʥʝʮʴʢʦʾ ʪʘ ʃʫʛʘʥʩʴʢʦʾ ʦʙʣʘʩʪʝʡ ʫ 2015 ʨʦʮʽ, 

ʩʠʪʫʘʮʽʷ ʩʫʪʪʻʚʦ ʟʤʽʥʠʣʘʩʷ: ʝʢʩʧʦʨʪ ʚʫʛʽʣʣʷ ʩʢʦʨʦʪʠʚʩʷ ʜʦ ʤʽʥʽʤʘʣʴʥʠʭ 

ʟʥʘʯʝʥʴ, ʪʦʜʽ ʷʢ ʽʤʧʦʨʪ ʟʥʘʯʥʦ ʟʨʽʩ, ʩʷʛʘʶʯʠ 20,0 ʤʣʥ ʪ ʥʘ ʨʽʢ ʟ 2017 ʨʦʢʫ. ʎʝ 

ʧʨʠʟʚʝʣʦ ʜʦ ʪʦʛʦ, ʱʦ ʯʠʩʪʠʡ ʽʤʧʦʨʪ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʚʫʛʽʣʣʷ ʟʨʽʩ ʽʟ ʩʝʨʝʜʥʽʭ 

6,7 ʤʣʥ ʪ ʫ ʧʝʨʽʦʜ 2010 ï 2014 ʨʦʢʽʚ ʜʦ ʧʦʥʘʜ 18,0 ʤʣʥ ʪ ʫ 2015 ï 2021 ʨʦʢʘʭ. ʎʽ 

ʟʤʽʥʠ ʚ ʝʥʝʨʛʝʪʠʯʥʽʡ ʧʦʣʽʪʠʮʽ ʪʘ ʩʪʨʫʢʪʫʨʽ ʽʤʧʦʨʪʫ/ʝʢʩʧʦʨʪʫ ʚʫʛʽʣʣʷ ʚ ʋʢʨʘʾʥʽ 
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ʚʽʜʦʙʨʘʞʘʶʪʴ ʛʣʠʙʦʢʽ ʚʠʢʣʠʢʠ, ʟ ʷʢʠʤʠ ʢʨʘʾʥʘ ʩʪʠʢʘʻʪʴʩʷ ʥʘ ʰʣʷʭʫ ʜʦ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʥʝʟʘʣʝʞʥʦʩʪʽ ʽ ʩʪʘʙʽʣʴʥʦʩʪʽ.  

ɸʥʘʣʽʟ ʥʘʚʝʜʝʥʠʭ ʜʘʥʠʭ ʧʽʜʪʚʝʨʜʞʫʻ, ʱʦ ʚʫʛʽʣʣʷ ʟʘʣʠʰʘʻʪʴʩʷ ʢʨʠʪʠʯʥʦ 

ʚʘʞʣʠʚʦʶ ʩʠʨʦʚʠʥʦʶ, ʷʢʘ ʟʘʡʤʘʻ ʟʥʘʯʥʫ ʯʘʩʪʢʫ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʝʥʝʨʛʽʾ. ʆʜʥʘʢ, 

ʷʢʱʦ ʟʦʩʝʨʝʜʠʪʠʩʷ ʚʠʢʣʶʯʥʦ ʥʘ ʨʦʟʚʠʪʢʫ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʤʦʞʝ 

ʚʠʥʠʢʥʫʪʠ ʧʨʦʙʣʝʤʘ ʥʝʜʦʩʪʘʪʥʦʩʪʽ ʝʥʝʨʛʽʾ ʯʝʨʝʟ ʜʠʩʢʨʝʪʥʽʩʪʴ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʧʦʪʦʢʽʚ. ʎʝʡ ʘʩʧʝʢʪ ʦʭʦʧʣʶʻ ʧʝʨʽʦʜʠʯʥʽʩʪʴ ʥʘʜʭʦʜʞʝʥʥʷ ʝʥʝʨʛʽʾ ʪʘ ʟʤʽʥʥʽʩʪʴ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ, ʱʦ ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʥʝʨʽʚʥʦʤʽʨʥʦʶ ʜʦʩʪʫʧʥʽʩʪʶ 

ʝʥʝʨʛʽʾ, ʷʢʘ ʥʘʜʭʦʜʠʪʴ ʚʽʜ ʩʦʥʷʯʥʦʛʦ ʧʨʦʤʽʥʥʷ ʪʘ ʚʽʪʨʫ [40], [41]. ʊʘʢʘ 

ʥʝʧʦʩʪʽʡʥʽʩʪʴ ʤʦʞʝ ʫʩʢʣʘʜʥʠʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʷʢ 

ʩʪʘʙʽʣʴʥʦʛʦ ʪʘ ʥʘʜʽʡʥʦʛʦ ʜʞʝʨʝʣʘ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ [42] ï [44] ʟʥʘʯʥʘ ʯʘʩʪʠʥʘ ʨʦʟʚʽʜʘʥʠʭ ʟʘʧʘʩʽʚ ʚʫʛʽʣʣʷ 

ʟʦʩʝʨʝʜʞʝʥʘ ʚ ʧʣʘʩʪʘʭ ʟ ʧʦʪʫʞʥʽʩʪʶ ʤʝʥʰʝ 1,2 ʤ (65,9%). ʋ ʧʣʘʩʪʘʭ 

ʧʦʪʫʞʥʽʩʪʶ 0,55 ï 0,7 ʤ ʟʦʩʝʨʝʜʞʝʥʦ ʤʘʡʞʝ 31% ʙʘʣʘʥʩʦʚʠʭ ʟʘʧʘʩʽʚ ʚʫʛʽʣʣʷ, 

ʷʢʽ ʟʘ ʩʚʦʻʶ ʷʢʽʩʪʶ ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʦʥʜʠʮʽʷʤ, ʘʣʝ ʤʘʶʪʴ ʥʝʜʦʩʪʘʪʥʶ ʜʣʷ ʾʭ 

ʚʠʡʤʘʥʥʷ ʧʦʪʫʞʥʽʩʪʴ, ï ʤʝʥʰʝ 0,55 ʤ (ʨʠʩ. 1.3). ʎʝ ʩʪʚʦʨʶʻ ʪʝʭʥʽʯʥʽ ʪʘ 

ʝʢʦʥʦʤʽʯʥʽ ʚʠʢʣʠʢʠ ʜʣʷ ʛʽʨʥʠʯʦʜʦʙʫʚʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʘʜʞʝ ʚʠʜʦʙʫʪʦʢ ʟ 

ʪʘʢʠʭ ʪʦʥʢʠʭ ʧʣʘʩʪʽʚ ʚʠʤʘʛʘʻ ʙʽʣʴʰ ʩʢʣʘʜʥʠʭ  ̔ʚʘʨʪʽʩʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ. 

 

30,9%

24,2%
10,8%

34,1%

0,55 - 0,7 ʤ0,7 - 0,9 ʤ0,9 - 1,2 ʤ>  1,2ʤ 

ʈʠʩʫʥʦʢ 1.3 ï ɼʽʘʛʨʘʤʘ ʨʦʟʧʦʜʽʣʫ ʟʘʧʘʩʽʚ ʚʫʛʽʣʣʷ  

ʟʘ ʧʦʪʫʞʥʽʩʪʶ ʧʣʘʩʪʽʚ 
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ʇʨʘʢʪʠʢʘ ʤʝʭʘʥʽʟʦʚʘʥʦʛʦ ʚʠʜʦʙʫʪʢʫ ʚʫʛʽʣʣʷ ʟ ʧʣʘʩʪʽʚ ʥʝʚʝʣʠʢʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʚʠʷʚʣʷʻ ʪʝʥʜʝʥʮʽʶ ʤʽʞ ʟʨʦʩʪʘʥʥʷʤ ʦʙʩʷʛʽʚ ʚʠʜʦʙʫʪʦʛʦ ʚʫʛʽʣʣʷ ʪʘ 

ʧʦʛʽʨʰʝʥʥʷʤ ʧʦʢʘʟʥʠʢʽʚ ʩʝʨʝʜʥʴʦʾ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʟʦʣʴʥʦʩʪʽ. ʎʝʡ ʬʘʢʪʦʨ 

ʚʽʜʽʛʨʘʻ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʚʠʟʥʘʯʝʥʥʽ ʷʢʦʩʪʽ ʚʠʜʦʙʫʪʦʛʦ ʚʫʛʽʣʣʷ ʽ ʚʧʣʠʚʘʻ ʥʘ 

ʝʢʦʥʦʤʽʯʥʽʩʪʴ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʨʦʮʝʩʘʭ [45]. 

ʋʧʨʦʜʦʚʞ ʦʩʪʘʥʥʽʭ ʜʝʩʷʪʠ ʨʦʢʽʚ ʟʥʘʯʥʠʡ ʚʥʝʩʦʢ ʫ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʫʛʽʣʴʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʚ ʋʢʨʘʾʥʽ, ʟʦʢʨʝʤʘ ʫ ʩʬʝʨʘʭ ʦʧʪʠʤʽʟʘʮʽʾ 

ʧʨʦʮʝʩʽʚ ʚʠʜʦʙʫʪʢʫ ʚʫʛʽʣʣʷ, ʚʝʜʝʥʥʷ ʦʯʠʩʥʠʭ ʪʘ ʧʽʜʛʦʪʦʚʯʠʭ ʨʦʙʽʪ, ʟʨʦʙʠʣʘ 

ʧʣʝʷʜʘ ʥʘʫʢʦʚʮʽʚ: ɹʦʥʜʘʨʝʥʢʦ ɺ.ɯ., ɹʫʣʘʪ ɸ.ʌ., ɻʘʡʢʦ ɻ.ɯ., ɻʘʧʻʻʚ ʉ.ʄ., 

ɼʠʯʢʦʚʩʴʢʠʡ ʈ.ʆ., ɿʘʛʨʠʮʝʥʢʦ ɸ.ʄ., ɿʙʝʨʦʚʩʴʢʠʡ ɺ.ɺ., ʂʦʚʘʣʝʚʩʴʢʘ ɯ.ɸ., 

ʂʘʣʫʛʽʥʘ ʅ.ʆ., ʂʨʫʢʦʚʩʴʢʠʡ ʆ.ʇ., ʉʘʜʦʚʝʥʢʦ ɯ.ʆ., ʉʘʭʥʦ ɯ.ɻ., ʉʜʚʠʞʢʦʚʘ ʆ.ʆ., 

ʉʦʣʦʜʷʥʢʽʥ ʆ.ɺ., ʉʠʤʘʥʦʚʠʯ ɻ.ɸ., ʉʥʽʛʫʨ ɺ.ɻ., ʐʘʰʝʥʢʦ ʆ.ʄ. ʪʘ ʙʘʛʘʪʦ ʽʥʰʠʭ. 

ɰʭʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʨʦʟʨʦʙʢʠ ʩʧʨʠʷʣʠ ʧʽʜʚʠʱʝʥʥʶ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʛʽʨʥʠʯʦʜʦʙʫʚʥʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʽʥʥʦʚʘʮʽʡʥʽ ʧʽʜʭʦʜʠ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʨʝʩʫʨʩʽʚ ʽ ʟʥʠʞʝʥʥʷ ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ.  

ʊʘʢ, ʫ ʨʦʙʦʪʽ [46] ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ 

ʰʘʨʫʚʘʪʦʛʦ ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ, ʱʦ ʚʤʽʱʫʻ ʛʽʨʥʠʯʫ ʚʠʨʦʙʢʫ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʥʦʚʠʡ ʚʠʜ ʢʨʽʧʣʝʥʥʷ ʥʘ ʙʘʟʽ ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʢʦʛʦ ʜʘʩʪʴ 

ʟʤʦʛʫ ʟʙʽʣʴʰʠʪʠ ʪʝʤʧʠ ʧʨʦʚʝʜʝʥʥʷ ʚʠʨʦʙʦʢ, ʟʤʝʥʰʠʪʠ ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ ʨʦʙʽʪ ʪʘ 

ʧʽʜʚʠʱʠʪʠ ʙʝʟʧʝʢʫ ʧʨʘʮʽ ʛʽʨʥʠʢʽʚ.  

ʇʨʘʢʪʠʯʥʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʨʽʰʝʥʴ ʧʽʜ ʯʘʩ 

ʧʨʦʭʦʜʞʝʥʥʷ ʚʠʩʦʢʦʘʤʧʣʽʪʫʜʥʦʛʦ ʜʠʟôʶʥʢʪʠʚʫ ɹʦʛʜʘʥʽʚʩʴʢʦʛʦ ʩʢʠʜʫ ʜʘʣʦ 

ʟʤʦʛʫ ʜʦʜʘʪʢʦʚʦ ʨʦʟʢʨʠʪʠ 40,0 ʤʣʥ ʪ ʟʘʧʘʩʽʚ ʚʫʛʽʣʣʷ, ʱʦ, ʚʽʜʧʦʚʽʜʥʦ, ʟʙʽʣʴʰʠʣʦ 

ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ ʰʘʭʪʠ çʉʘʤʘʨʩʴʢʘè ʥʘ 15 ʨʦʢʽʚ [47], [48]. 

ʋ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ [49] ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʧʦʻʜʥʘʥʥʷ ʜʚʦʭ ʧʝʨʝʜʦʚʠʭ 

ʪʝʭʥʦʣʦʛʽʡ: ʢʦʤʧʣʝʢʩʥʦ-ʤʝʭʘʥʽʟʦʚʘʥʦʛʦ ʚʠʡʤʘʥʥʷ ʽ ʩʚʝʨʜʣʦʚʠʥʥʦʾ ʧʽʜʟʝʤʥʦʾ 

ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʦʥʢʠʭ ʽ ʥʘʜʪʦʥʢʠʭ ʧʣʘʩʪʽʚ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʦ ʧʦʻʜʥʘʥʥʷ ʮʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʘʻ ʟʤʦʛʫ ʥʝ ʪʽʣʴʢʠ 

ʤʘʢʩʠʤʽʟʫʚʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʜʦʙʫʪʢʫ ʚʫʛʽʣʴʥʠʭ ʨʝʩʫʨʩʽʚ, ʘ ʡ ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʻ 

ʝʢʦʥʦʤʽʯʥʫ ʚʠʛʦʜʫ ʚʽʜ ʪʘʢʠʭ ʦʧʝʨʘʮʽʡ. 
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ɺʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʩʝʣʝʢʪʠʚʥʦʛʦ ʚʽʜʧʨʘʮʶʚʘʥʥʷ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ 

ʨʦʟʜʽʣʴʥʝ ʚʠʡʤʘʥʥʷ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ ʽ ʧʨʠʨʽʟʫʚʘʥʠʭ ʙʦʢʦʚʠʭ ʧʦʨʽʜ ʟʘʤʽʩʪʴ 

ʾʭʥʴʦʛʦ ʚʘʣʦʚʦʛʦ (ʩʫʤʽʩʥʦʛʦ) ʚʠʡʤʘʥʥʷ, ʜʘʻ ʟʤʦʛʫ ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ ʚʫʛʽʣʣʷ, ʷʢʝ 

ʚʠʜʦʙʫʚʘʻʪʴʩʷ, ʫʞʝ ʚ ʧʨʦʮʝʩʽ ʡʦʛʦ ʚʠʜʦʙʫʪʢʫ ʪʘ ʟʘʣʠʰʠʪʠ ʧʦʨʦʞʥʽ ʧʦʨʦʜʠ ʚ 

ʰʘʭʪʽ, ʘ ʥʝ ʪʨʘʥʩʧʦʨʪʫʚʘʪʠ ʡ ʩʢʣʘʜʫʚʘʪʠ ʾʭ ʥʘ ʧʦʚʝʨʭʥʽ [50]. ʇʨʦʚʝʜʝʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʧʦʨʽʚʥʷʥʦ ʟ ʪʨʘʜʠʮʽʡʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʧʨʠ ʧʝʨʝʭʦʜʽ 

ʥʘ ʩʝʣʝʢʪʠʚʥʫ, ʤʦʞʣʠʚʦ ʟʥʘʯʥʦ ʟʙʽʣʴʰʠʪʠ ʝʥʝʨʛʝʪʠʯʥʫ ʮʽʥʥʽʩʪʴ ʚʠʜʦʙʫʪʦʛʦ 

ʚʫʛʽʣʣʷ ʚ 2,1 ʨʘʟʘ [51]. 

ɿʛʽʜʥʦ ʟ ʜʦʩʣʽʜʞʝʥʥʷʤʠ, ʚʠʢʣʘʜʝʥʠʤʠ ʚ ʨʦʙʦʪʘʭ [51], [53], ʢʣʶʯʝʤ ʜʦ 

ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʜʦʙʫʪʢʫ ʚʫʛʽʣʣʷ ʻ ʚʩʪʘʥʦʚʣʝʥʥʷ ʦʩʥʦʚʥʠʭ ʧʨʠʥʮʠʧʽʚ ʢʝʨʫʚʘʥʥʷ 

ʛʽʨʩʴʢʠʤ ʪʠʩʢʦʤ ʽ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʥʘ ʢʨʽʧʣʝʥʥʷ ʤʝʭʘʥʽʟʦʚʘʥʠʭ ʢʦʤʧʣʝʢʩʽʚ. ʎʝ 

ʥʝ ʪʽʣʴʢʠ ʩʧʨʠʷʻ ʜʦʪʨʠʤʘʥʥʶ ʚʠʩʦʢʠʭ ʪʝʭʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʘ ʝʢʦʥʦʤʽʯʥʠʭ 

ʩʪʘʥʜʘʨʪʽʚ, ʘ ʡ ʜʘʻ ʟʤʦʛʫ ʦʧʪʠʤʽʟʫʚʘʪʠ ʚʠʨʦʙʥʠʯʠʡ ʧʨʦʮʝʩ. ʊʘʢʽ ʟʘʭʦʜʠ ʟʥʘʯʥʦ 

ʟʤʝʥʰʫʶʪʴ ʟʥʦʰʝʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʧʽʜʚʠʱʫʶʪʴ ʙʝʟʧʝʢʫ ʧʨʘʮʽ, ʱʦ, ʚ ʩʚʦʶ 

ʯʝʨʛʫ, ʟʘʙʝʟʧʝʯʫʻ ʩʪʘʙʽʣʴʥʽʩʪʴ ʽ ʨʝʥʪʘʙʝʣʴʥʽʩʪʴ ʚʫʛʽʣʴʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 

ɽʬʝʢʪʠʚʥʝ ʢʝʨʫʚʘʥʥʷ ʮʠʤʠ ʘʩʧʝʢʪʘʤʠ ʻ ʚʠʨʽʰʘʣʴʥʠʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʪʨʠʚʘʣʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʰʘʭʪ. 

ʆʜʥʠʤ ʟ ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ ʫ ʛʘʣʫʟʽ ʚʠʜʦʙʫʪʢʫ ʚʫʛʽʣʣʷ ʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʧʫʪʥʽʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʪʦʢʽʚ, ʱʦ ʟôʷʚʣʷʶʪʴʩʷ ʚ ʧʨʦʮʝʩʽ 

ʚʫʛʣʝʚʠʜʦʙʫʪʢʫ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʪʨʝʙ ʩʘʤʦʛʦ ʰʘʭʪʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ. ʅʘ ʦʩʦʙʣʠʚʫ ʫʚʘʛʫ ʟʘʩʣʫʛʦʚʫʻ ʧʦʪʝʥʮʽʘʣ ʫʪʠʣʽʟʘʮʽʾ ʤʝʪʘʥʫ. ʉʫʤʘʨʥʦ 

ʥʘ ʰʘʭʪʘʭ ʢʦʤʧʘʥʽʾ ʇʨɸʊ çɼʊɽʂ ʇʘʚʣʦʛʨʘʜʚʫʛʽʣʣʷè ʡʦʛʦ ʦʙʩʷʛ ʤʦʞʝ ʩʷʛʘʪʠ 

7,1 ʇɼʞ, ʘ ʧʦʪʝʥʮʽʘʣ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ, ʚʠʜʦʙʫʪʦʾ ʟ ʚʦʜʦʚʽʜʣʠʚʥʠʭ ʫʩʪʘʥʦʚʦʢ 

ʰʘʭʪ, ï 1,12 ʊɼʞ ʥʘ ʨʽʢ. ʎʷ ʝʥʝʨʛʽʷ ʝʢʚʽʚʘʣʝʥʪʥʘ ʚʠʨʦʙʥʠʮʪʚʫ 311,9 ʤʣʥ 

ʄɺʪĿʛʦʜ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʘ ʨʽʢ [54]. 

ɯʥʰʠʤ ʟʥʘʯʫʱʠʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʨʽʰʝʥʥʷʤ, ʱʦ ʧʦʩʠʣʶʻ ʨʦʣʴ ʚʫʛʽʣʴʥʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʚ ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʩʝʢʪʦʨʽ, ʻ ʫʪʠʣʽʟʘʮʽʷ ʤʝʪʘʥʫ [55], [56]. 

ɽʬʝʢʪʠʚʥʘ ʜʝʛʘʟʘʮʽʷ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʚʠʣʫʯʘʪʠ ʤʝʪʘʥʦ-ʧʦʚʽʪʨʷʥʫ ʩʫʤʽʰ ʽʟ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʤʝʪʘʥʫ ʚʽʜ 25 ʜʦ 45%, ʚʽʜʢʨʠʚʘʻ ʰʠʨʦʢʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʾʾ 

ʚʠʢʦʨʠʩʪʘʥʥʷ. ʆʩʦʙʣʠʚʦ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʽʻʾ ʩʫʤʽʰʽ ʚ 
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ʢʦʛʝʥʝʨʘʮʽʡʥʠʭ ʫʩʪʘʥʦʚʢʘʭ, ʜʝ ʤʝʪʘʥ ʤʦʞʝ ʙʫʪʠ ʩʧʘʣʝʥʠʡ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ 

ʝʣʝʢʪʨʠʢʠ ʽ ʪʝʧʣʘ. ʎʝ ʥʝ ʪʽʣʴʢʠ ʟʘʙʝʟʧʝʯʫʻ ʝʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʫʛʽʣʴʥʠʭ 

ʨʝʩʫʨʩʽʚ, ʘ ʡ ʩʧʨʠʷʻ ʟʥʠʞʝʥʥʶ ʚʠʢʠʜʽʚ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ, ʧʝʨʝʪʚʦʨʶʶʯʠ 

ʰʢʽʜʣʠʚʽ ʚʠʢʠʜʠ ʥʘ ʢʦʨʠʩʥʫ ʝʥʝʨʛʽʶ. ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ 

ʩʬʝʨʽ ʨʦʟʨʦʙʢʠ ʚʫʛʽʣʴʥʠʭ ʟʘʧʘʩʽʚ ʧʽʜʢʨʝʩʣʶʻ ʚʠʩʦʢʫ ʾʭʥʶ ʟʘʪʨʝʙʫʚʘʥʽʩʪʴ ʽ 

ʘʢʪʫʘʣʴʥʽʩʪʴ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʛʣʦʙʘʣʴʥʽ ʪʝʥʜʝʥʮʽʾ ʜʦ ʩʢʦʨʦʯʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʠʢʦʧʥʦʛʦ ʧʘʣʠʚʘ. ʈʘʮʽʦʥʘʣʴʥʝ ʧʣʘʥʫʚʘʥʥʷ ʜʝʛʘʟʘʮʽʡʥʠʭ ʨʦʙʽʪ ʜʘʻ ʟʤʦʛʫ 

ʜʦʜʘʪʢʦʚʦ ʦʪʨʠʤʘʪʠ ʙʣʠʟʴʢʦ 2,5 ʤʣʥ ʤ3 ʤʝʪʘʥʫ [57]. 

ɹʽʣʴʰʽʩʪʴ ʰʘʭʪ ʋʢʨʘʾʥʠ ʟʘʢʨʠʚʘʶʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ çʤʦʢʨʦʛʦè 

ʩʧʦʩʦʙʫ. ʋ ʟʚô̫ ʟʢʫ ʟ ʮʠʤ ʧʽʜʚʠʱʫʻʪʴʩʷ ʜʝʙʽʪ ʤʝʪʘʥʫ ʚ ʛʘʟʦʚʽʜʚʽʜʥʽ 

ʪʨʫʙʦʧʨʦʚʦʜʠ, ʷʢʽ ʦʙʣʘʜʥʫʶʪʴʩʷ ʫ ʚʠʨʦʙʢʘʭ, ʱʦ ʤʘʶʪʴ ʚʠʭʽʜ ʥʘ ʟʝʤʥʫ 

ʧʦʚʝʨʭʥʶ. ɺʽʜʩʫʪʥʽʩʪʴ ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʟʚô̫ ʟʢʫ ʟ ʛʘʟʦʚʽʜʚʽʜʥʠʤʠ 

ʪʨʫʙʦʧʨʦʚʦʜʘʤʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʢʝʨʦʚʘʥʦʾ ʤʽʛʨʘʮʽʾ ʤʝʪʘʥʫ ʥʘ ʧʦʚʝʨʭʥʶ, ʱʦ 

ʩʧʨʠʯʠʥʷʻ ʚʠʢʠʜʠ ʧʘʨʥʠʢʦʚʦʛʦ ʛʘʟʫ ʚ ʘʪʤʦʩʬʝʨʫ, ʩʢʫʧʯʝʥʥʷ ʡʦʛʦ ʚ ʧʽʜʚʘʣʘʭ 

ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʽʚ, ʩʪʚʦʨʶʶʯʠ ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʫ ʢʦʥʮʝʥʪʨʘʮʽʶ [58]. 

ʋ ʩʚʽʪʦʚʽʡ ʧʨʘʢʪʠʮʽ ʚʽʜʦʤʘ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʧʨʦʻʢʪʽʚ ʽʟ ʚʠʜʦʙʫʪʢʫ ʤʝʪʘʥʫ 

ʟʘʢʨʠʪʠʭ ʰʘʭʪ, ʷʢʽ ʜʦʚʦʜʷʪʴ, ʱʦ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʽʯʥʦ ʤʦʞʣʠʚʝ ʡ 

ʝʢʦʥʦʤʽʯʥʦ ʜʦʮʽʣʴʥʝ. ʅʘʧʨʠʢʣʘʜ, ʫ ʅʽʤʝʯʯʠʥʽ ʨʝʘʣʽʟʦʚʘʥʦ 35 ʧʨʦʻʢʪʽʚ ʟ 

ʚʠʜʦʙʫʪʢʫ ʤʝʪʘʥʫ ʟʘʢʨʠʪʠʭ ʰʘʭʪ. ʅʘʣʽʯʫʚʘʣʦʩʷ 94 ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ 

ʝʣʝʢʪʨʠʯʥʦʾ ʪʘ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ. ʋ ʨʘʤʢʘʭ ʮʠʭ ʧʨʦʻʢʪʽʚ ʚʠʨʦʙʣʷʻʪʴʩʷ ʧʦʥʘʜ 

500 ʄɺʪĿʛʦʜ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ 75 ʄɺʪĿʛʦʜ ʪʝʧʣʘ ʥʘ ʨʽʢ. ʋ ʌʨʘʥʮʽʾ ʨʝʘʣʽʟʦʚʘʥʦ 

5 ʧʨʦʻʢʪʽʚ ʟ ʚʠʜʦʙʫʪʢʫ ʤʝʪʘʥʫ ʽʟ ʟʘʢʨʠʪʠʭ ʰʘʭʪ. ɽʣʝʢʪʨʦʝʥʝʨʛʽʷ ʚʠʨʦʙʣʷʻʪʴʩʷ 

ʥʘ 5 ʝʣʝʢʪʨʦʩʪʘʥʮʽʷʭ ʟʽ ʚʩʪʘʥʦʚʣʝʥʦʶ ʧʦʪʫʞʥʽʩʪʶ 9 ʄɺʪ. ʈʽʯʥʠʡ ʚʠʜʦʙʫʪʦʢ 

ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 26 ʤʣʥ ʤ3 ʤʝʪʘʥʫ. ʋ ɺʝʣʠʢʽʡ ɹʨʠʪʘʥʽʾ ʟʜʽʡʩʥʶʚʘʣʦʩʷ 13 

ʧʨʦʻʢʪʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʘʭʪʥʦʛʦ ʛʘʟʫ: 12 ʧʨʦʻʢʪʽʚ ʟ ʚʠʨʦʙʥʠʮʪʚʘ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚʩʪʘʥʦʚʣʝʥʦʶ ʧʦʪʫʞʥʽʩʪʶ 78 ʄɺʪ ʽ ʦʜʠʥ ʧʨʦʻʢʪ ʽʟ ʟʘʢʘʯʫʚʘʥʥʷ 

ʚ ʪʨʫʙʦʧʨʦʚʦʜʠ. ɿ ʚʠʚʝʜʝʥʠʭ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ʰʘʭʪ ʫʪʠʣʽʟʫʻʪʴʩʷ ʙʣʠʟʴʢʦ 58% 

ʚʠʢʠʜʽʚ ʤʝʪʘʥʫ [59]. ɿ ʦʛʣʷʜʫ ʥʘ ʟʥʘʯʥʽ ʦʙʩʷʛʠ ʤʝʪʘʥʫ ʚ ʟʘʢʨʠʪʠʭ ʰʘʭʪʘʭ, ʡʦʛʦ 

ʟʥʘʯʥʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʚ ʰʘʭʪʥʽʡ ʘʪʤʦʩʬʝʨʽ, ʧʦʪʝʥʮʽʡʥʫ ʥʝʙʝʟʧʝʢʫ ʚ ʨʘʟʽ 

ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʚʠʜʽʣʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʶ, ʚʠʣʫʯʝʥʥʷ ʡ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʘʥʫ ʟ 
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ʪʝʭʥʦʛʝʥʥʦʛʦ ʧʨʦʩʪʦʨʫ ʚʫʛʽʣʴʥʠʭ ʰʘʭʪ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʦʤ, ʱʦ ʟʜʘʪʝʥ 

ʟʤʝʥʰʠʪʠ ʬʽʥʘʥʩʦʚʝ, ʝʢʦʣʦʛʽʯʥʝ ʪʘ ʩʦʮʽʘʣʴʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʽʜ ʯʘʩ ʣʽʢʚʽʜʘʮʽʾ 

ʛʽʨʥʠʯʠʭ ʧʽʜʧʨʠʻʤʩʪʚ. ɼʣʷ ʚʠʣʫʯʝʥʥʷ ʛʘʟʫ ʟ ʪʝʭʥʦʛʝʥʥʦ ʧʽʜʨʦʙʣʝʥʠʭ ʤʘʩʠʚʽʚ ʽ 

ʧʽʜʟʝʤʥʦʛʦ ʧʨʦʩʪʦʨʫ ʟʘʢʨʠʪʠʭ ʰʘʭʪ ʫ ʩʚʽʪʦʚʽʡ ʪʘ ʚʽʪʯʠʟʥʷʥʽʡ ʧʨʘʢʪʠʮʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʝʛʘʟʘʮʽʡʥʽ ʪʨʫʙʦʧʨʦʚʦʜʠ, ʱʦ ʟʘʢʣʘʜʘʶʪʴʩʷ ʧʨʠ ʣʽʢʚʽʜʘʮʽʾ 

ʛʽʨʥʠʯʠʭ ʚʠʨʦʙʦʢ, ʷʢʽ ʤʘʶʪʴ ʚʠʭʽʜ ʥʘ ʟʝʤʥʫ ʧʦʚʝʨʭʥʶ ʘʙʦ ʜʝʛʘʟʘʮʽʡʥʽ 

ʩʚʝʨʜʣʦʚʠʥʠ, ʧʨʦʙʫʨʝʥʽ ʚ ʟʦʥʠ ʩʢʫʧʯʝʥʥʷ ʤʝʪʘʥʫ.  

ʅʝʦʙʭʽʜʥʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚʠʜʦʙʫʪʦʢ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʘʭʪʥʦʛʦ ʤʝʪʘʥʫ ʻ 

ʝʢʦʥʦʤʽʯʥʦ ʜʦʮʽʣʴʥʠʤ ʟʘ ʥʘʷʚʥʦʩʪʽ ʪʘʢʠʭ ʯʠʥʥʠʢʽʚ: ʢʽʣʴʢʽʩʪʴ ʽ ʷʢʽʩʪʴ ʛʘʟʫ; 

ʥʘʷʚʥʽʩʪʴ ʯʽʪʢʦʛʦ ʫʷʚʣʝʥʥʷ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʽ ʤʽʩʮʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʟʦʥ ʩʢʫʧʯʝʥʥʷ 

ʤʝʪʘʥʫ; ʤʦʞʣʠʚʽʩʪʴ ʢʝʨʫʚʘʥʥʷ ʚʦʜʦʧʨʠʧʣʠʚʦʤ; ʥʘʜʽʡʥʘ ʽʟʦʣʷʮʽʷ ʚʠʨʦʙʦʢ, ʷʢʽ 

ʤʘʶʪʴ ʚʠʭʽʜ ʥʘ ʟʝʤʥʫ ʧʦʚʝʨʭʥʶ; ʥʘʷʚʥʽʩʪʴ ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʟʚô̫ ʟʢʫ ʤʽʞ 

ʛʽʨʥʠʯʠʤʠ ʚʠʨʦʙʢʘʤʠ ʪʘ ʛʘʟʦʚʽʜʚʽʜʥʠʤʠ ʪʨʫʙʦʧʨʦʚʦʜʘʤʠ ʘʙʦ ʩʚʝʨʜʣʦʚʠʥʘʤʠ; 

ʥʘʷʚʥʽʩʪʴ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʘʟʫ. 

ɸʣʝ ʷʢ ʧʦʢʘʟʫʻ ʜʦʩʚʽʜ, ʝʢʦʥʦʤʽʯʥʦ ʥʘʡʝʬʝʢʪʠʚʥʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʰʘʭʪʥʠʡ ʤʝʪʘʥ ʷʢ ʧʘʣʠʚʦ ʨʘʟʦʤ ʟ ʽʥʰʠʤʠ ʜʞʝʨʝʣʘʤʠ ʚʫʛʣʝʮʝʚʦʾ ʝʥʝʨʛʽʾ (ʚʫʛʽʣʣʷ, 

ʧʨʠʨʦʜʥʠʡ ʛʘʟ, ʙʽʦʛʘʟ) [60]. ʊʦʤʫ ʫʪʠʣʽʟʘʮʽʷ ʙʽʜʥʠʭ ʤʝʪʘʥʦʚʠʭ ʩʫʤʽʰʝʡ ʥʘ 

ʰʘʭʪʘʭ ɿʘʭʽʜʥʦʛʦ ɼʦʥʙʘʩʫ, ʱʦ ʧʨʠʧʠʥʷʶʪʴ ʘʙʦ ʚʞʝ ʧʨʠʧʠʥʠʣʠ ʩʚʦʶ ʜʽʷʣʴʥʽʩʪʴ, 

ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʦʤ ʫ ʟʤʽʮʥʝʥʥʽ ʝʥʝʨʛʦʥʝʟʘʣʝʞʥʦʩʪʽ ʢʨʘʾʥʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʚʝʜʝʥʽ ʚʠʱʝ ʜʦʩʣʽʜʞʝʥʥʷ, ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʦʧʪʠʤʽʟʘʮʽʶ ʪʘ 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʜʦʙʫʪʢʫ ʚʫʛʽʣʴʥʠʭ ʨʝʩʫʨʩʽʚ, ʥʘʜʘʶʪʴ ʤʦʞʣʠʚʦʩʪʽ 

ʜʣʷ ʟʥʠʞʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʽʤʧʦʨʪʫ ʝʥʝʨʛʽʾ ʟʘ ʨʘʭʫʥʦʢ ʨʦʟʚʠʪʢʫ ʚʥʫʪʨʽʰʥʽʭ 

ʚʠʨʦʙʥʠʯʠʭ ʧʦʪʫʞʥʦʩʪʝʡ. ʆʜʥʘʢ ʫ ʢʦʥʪʝʢʩʪʽ ʝʢʦʣʦʛʽʯʥʠʭ ʚʠʢʣʠʢʽʚ ʽ ʧʨʘʛʥʝʥʥʷ 

ʜʦ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʚʘʞʣʠʚʦ ʨʦʟʨʦʙʣʷʪʠ ʪʝʭʥʦʣʦʛʽʾ, ʱʦ ʤʽʥʽʤʽʟʫʶʪʴ 

ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, ʦʩʢʽʣʴʢʠ ʨʦʟʚʠʪʦʢ ʚʫʛʽʣʴʥʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʚ ʋʢʨʘʾʥʽ ʤʘʻ ʚʽʜʙʫʚʘʪʠʩʷ ʟʛʽʜʥʦ ʟ ʦʩʥʦʚʥʠʤʠ ʜʠʨʝʢʪʠʚʘʤʠ ʪʘ 

ʩʪʨʘʪʝʛʽʷʤʠ ʢʨʘʾʥʠ ʱʦʜʦ ʝʢʦʣʦʛʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʙʫʜʴ-ʷʢʝ 

ʥʘʨʦʱʫʚʘʥʥʷ ʚʠʨʦʙʥʠʯʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʤʘʻ ʚʨʘʭʦʚʫʚʘʪʠ ʥʘʮʽʦʥʘʣʴʥʽ ʪʘ 

ʤʽʞʥʘʨʦʜʥʽ ʟʦʙʦʚô̫ ʟʘʥʥʷ ʋʢʨʘʾʥʠ ʫ ʩʬʝʨʽ ʢʣʽʤʘʪʫ, ʟʦʢʨʝʤʘ ʂʽʦʪʩʴʢʠʡ ʧʨʦʪʦʢʦʣ 

ʽ ʇʘʨʠʟʴʢʫ ʢʣʽʤʘʪʠʯʥʫ ʫʛʦʜʫ. 
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ɺʘʞʣʠʚʦ ʧʽʜʢʨʝʩʣʠʪʠ, ʱʦ ʚʠʜʦʙʫʪʦʢ ʚʫʛʽʣʣʷ ʩʪʘʥʦʚʠʪʴ ʣʠʰʝ ʦʜʥʫ 

ʯʘʩʪʠʥʫ ʰʠʨʰʦʛʦ ʧʨʦʮʝʩʫ, ʷʢʠʡ ʧʝʨʝʜʙʘʯʘʻ ʧʦʜʘʣʴʰʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʫʛʽʣʣʷ. 

ʊʦʤʫ ʥʝʦʙʭʽʜʥʦ ʥʝ ʪʽʣʴʢʠ ʦʧʪʠʤʽʟʫʚʘʪʠ ʧʨʦʮʝʩʠ ʚʠʜʦʙʫʪʢʫ, ʘ ʡ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ 

ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʝʢʦʣʦʛʽʯʥʫ ʙʝʟʧʝʢʫ ʡʦʛʦ ʧʦʜʘʣʴʰʦʾ ʧʝʨʝʨʦʙʢʠ. ɿʚʽʜʩʠ 

ʚʠʧʣʠʚʘʻ, ʱʦ ʨʦʟʨʦʙʢʘ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʟʘʤʢʥʝʥʦʛʦ ʮʠʢʣʫ 

ʚʠʜʦʙʫʪʢʫ ʪʘ ʧʝʨʝʨʦʙʢʠ ʚʫʛʽʣʣʷ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤʠ. ʎʝ ʜʘʩʪʴ ʟʤʦʛʫ 

ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʫʛʽʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʥʘ ʚʩʽʭ ʝʪʘʧʘʭ - ʚʽʜ 

ʚʠʜʦʙʫʪʢʫ ʜʦ ʢʽʥʮʝʚʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʆʩʥʦʚʦʶ ʪʘʢʠʭ ʫʜʦʩʢʦʥʘʣʝʥʴ ʤʦʞʝ 

ʩʪʘʪʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ, ʚʽʜʦʤʠʭ ʷʢ çʯʠʩʪʽ ʚʫʛʽʣʴʥʽ ʪʝʭʥʦʣʦʛʽʾè (clean 

coal technology) [61] ï [64], ʟʦʢʨʝʤʘ, ʪʝʭʥʦʣʦʛʽʾ ʛʘʟʠʬʽʢʘʮʽʾ, ʛʽʜʨʦʛʝʥʽʟʘʮʽʾ, 

ʝʢʩʪʨʘʢʮʽʾ, ʩʧʘʣʶʚʘʥʥʷ ʪʦʱʦ. ʎʝ ʧʝʨʝʜʙʘʯʘʻ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʥʘʷʚʥʠʭ ʤʝʪʦʜʽʚ ʽ 

ʨʦʟʰʠʨʝʥʥʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʧʽʜʭʦʜʽʚ ʫ ʛʘʣʫʟʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʫʛʽʣʴʥʠʭ ʨʝʩʫʨʩʽʚ. 

1.3 ʊʨʘʥʩʬʦʨʤʘʮʽʷ ʚʫʛʽʣʴʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʋʢʨʘʾʥʠ  

ʥʘ ʙʘʟʽ ʪʝʭʥʦʣʦʛʽʾ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ 

ɼʣʷ ʋʢʨʘʾʥʠ ʧʦʰʫʢ ʩʪʘʙʽʣʴʥʦʛʦ ʪʘ ʥʘʜʽʡʥʦʛʦ ʜʞʝʨʝʣʘ ʦʪʨʠʤʘʥʥʷ 

ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʻ ʦʜʥʠʤ ʽʟ ʧʝʨʰʦʯʝʨʛʦʚʠʭ ʟʘʚʜʘʥʴ, ʨʦʟʚôʷʟʘʥʥʷ ʷʢʠʭ ʪʘʢʦʞ 

ʚʠʟʥʘʯʘʻ ʾʾ ʧʦʣʽʪʠʯʥʠʡ ʪʘ ʝʢʦʥʦʤʽʯʥʠʡ ʨʦʟʚʠʪʦʢ. ʉʴʦʛʦʜʥʽ ʩʢʣʘʜʥʘ ʩʠʪʫʘʮʽʷ, ʱʦ 

ʚʠʥʠʢʣʘ ʥʘʚʢʦʣʦ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʝʢʪʦʨʫ ʋʢʨʘʾʥʠ, ʟʦʢʨʝʤʘ 

ʛʽʨʥʠʯʦʜʦʙʫʚʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʩʧʦʥʫʢʘʻ ʜʦ ʧʦʰʫʢʫ ʢʘʨʜʠʥʘʣʴʥʦ ʥʦʚʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʦʪʨʠʤʘʥʥʷ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ. ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʮʝʡ ʘʢʮʝʥʪ ʥʝ 

ʟʘʚʞʜʠ ʥʘʜʘʻʪʴʩʷ ʥʘ ʢʦʨʠʩʪʴ ʪʨʘʜʠʮʽʡʥʦʾ ʝʥʝʨʛʝʪʠʢʠ. ɹʘʛʘʪʦʨʽʯʥʽ ʪʝʥʜʝʥʮʽʾ 

ʨʦʟʚʠʪʢʫ ʥʘʰʦʾ ʝʢʦʥʦʤʽʢʠ, ʢʦʣʠ ʟʥʘʯʥʘ ʯʘʩʪʢʘ ʝʥʝʨʛʝʪʠʯʥʠʭ ʜʞʝʨʝʣ 

ʝʢʩʧʦʨʪʫʚʘʣʘʩʷ ʟ-ʟʘ ʢʦʨʜʦʥʫ, ʚʠʷʚʠʣʘʩʷ ʘʙʩʦʣʶʪʥʦ ʭʠʙʥʦʶ. ɺʽʜʧʦʚʽʜʥʦ, ʥʘʨʘʟʽ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʝʨʝʦʨʽʻʥʪʘʮʽʷ ʥʘ ʽʥʰʽ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʽ ʪʝʭʥʦʣʦʛʽʾ ʦʪʨʠʤʘʥʥʷ 

ʝʥʝʨʛʽʾ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʩʪʚʦʨʝʥʽ ʚ ʜʦʩʪʘʪʥʽʡ ʢʽʣʴʢʦʩʪʽ ʥʝʟʘʣʝʞʥʦ ʚʽʜ 

ʝʢʩʧʦʨʪʥʦʾ ʧʨʦʜʫʢʮʽʾ. ʇʨʠ ʮʴʦʤʫ, ʚʩʝ ʯʘʩʪʽʰʝ ʧʨʦʧʦʥʫʻʪʴʩʷ ʧʨʦʚʦʜʠʪʠ 

ʧʦʻʜʥʘʥʥʷ ʜʝʢʽʣʴʢʦʭ ʪʝʭʥʦʣʦʛʽʡ ʚʠʜʦʙʫʪʢʫ ʚ ʤʝʞʘʭ ʦʜʥʦʛʦ ʛʽʨʥʠʯʦʜʦʙʫʚʥʦʛʦ 

ʧʽʜʧʨʠʻʤʩʪʚʘ. ʊʘʢʽ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʤʘʢʩʠʤʘʣʴʥʝ ʚʠʣʫʯʝʥʥʷ 
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ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ ʽʟ ʥʘʜʨ, ʧʨʠʯʦʤʫ, ʚʠʢʦʥʫʻʪʴʩʷ ʮʝ ʥʘ ʝʢʦʥʦʤʽʯʥʦ ʜʦʮʽʣʴʥʦʤʫ 

ʨʽʚʥʽ ʪʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʝʢʦʣʦʛʽʯʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʚʽʜʥʦʚʣʝʥʥʷ ʧʦʩʪ ʛʽʨʥʠʯʠʭ 

ʪʝʨʠʪʦʨʽʡ. 

ʉʧʝʮʠʬʽʢʘ ʛʽʨʥʠʯʦ-ʛʝʦʣʦʛʽʯʥʠʭ, ʛʽʨʥʠʯʦʪʝʭʥʽʯʥʠʭ ʪʘ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʭ 

ʫʤʦʚ ʟʘʣʷʛʘʥʥʷ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ ʚʠʤʘʛʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʮʠʭ ʨʝʩʫʨʩʽʚ. ʆʜʥʽʻʶ ʟ 

ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʻ ʧʽʜʟʝʤʥʘ ʛʘʟʠʬʽʢʘʮʽʷ ʚʫʛʽʣʣʷ (ʇɻɺ). ɺ ʋʢʨʘʾʥʽ 

ʧʦʥʘʜ 40,1 ʤʣʨʜ ʪ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ ʻ ʧʨʠʜʘʪʥʠʤʠ ʜʣʷ ʚʽʜʧʨʘʮʶʚʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʻʶ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ. ɿʘ ʨʽʟʥʠʤʠ ʝʢʩʧʝʨʪʥʠʤʠ ʦʮʽʥʢʘʤʠ 

ʪʝʭʥʦʣʦʛʽʻʶ ʇɻɺ ʤʦʞʥʘ ʚʽʜʧʨʘʮʶʚʘʪʠ ʧʨʠʙʣʠʟʥʦ 20 ʤʣʨʜ ʪ ʙʘʣʘʥʩʦʚʠʭ ʟʘʧʘʩʽʚ 

ʢʘʤôʷʥʦʛʦ ʚʫʛʽʣʣʷ, 3,8 ʤʣʨʜ ʪ ʟʘʙʘʣʘʥʩʦʚʠʭ ʟʘʧʘʩʽʚ ʢʘʤôʷʥʦʛʦ ʚʫʛʽʣʣʷ, ʘ ʪʘʢʦʞ 

1,1 ʤʣʨʜ ʪ ʙʘʣʘʥʩʦʚʠʭ ʪʘ 0,2 ʤʣʨʜ ʪ ʟʘʙʘʣʘʥʩʦʚʠʭ ʟʘʧʘʩʽʚ ʙʫʨʦʛʦ ʚʫʛʽʣʣʷ [65], 

[66]. ʇʨʠ ʮʴʦʤʫ ʚʧʨʦʚʘʜʞʝʥʥʷ ʮʽʻʾ ʪʝʭʥʦʣʦʛʽʾ ʩʧʨʠʷʻ ʥʝ ʪʽʣʴʢʠ ʝʬʝʢʪʠʚʥʽʰʦʤʫ 

ʚʠʢʦʨʠʩʪʘʥʥʶ ʚʫʛʽʣʴʥʠʭ ʨʝʩʫʨʩʽʚ, ʘ ʡ ʟʥʠʞʫʻ ʝʢʦʣʦʛʽʯʥʠʡ ʚʧʣʠʚ ʪʨʘʜʠʮʽʡʥʦʛʦ 

ʚʠʜʦʙʫʪʢʫ.  

ɯʥʚʝʩʪʠʮʽʡʥʽ ʧʨʦʢ̒ʪʠ ʟ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʫ ʜʚʦʭ 

ʦʩʥʦʚʥʠʭ ʚʘʨʽʘʥʪʘʭ, ʘʧʨʦʙʦʚʘʥʠʭ ʫ ʧʨʦʤʠʩʣʦʚʽʡ ʧʨʘʢʪʠʮʽ. ɼʦ ʧʝʨʰʦʛʦ 

ʚʽʜʥʦʩʷʪʴʩʷ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʧʨʦʜʫʢʪʦʤ ʷʢʠʭ ʻ ʛʘʟ ʟ ʪʝʧʣʦʪʦʶ ʩʧʘʣʶʚʘʥʥʷ ʧʦʥʘʜ 

5,0 ʄɼʞ/ʤ3, ʜʦ ʜʨʫʛʦʛʦ ï ʬʦʨʤʘʪ ʧʦʙʫʜʦʚʠ ʝʥʝʨʛʦʭʽʤʽʯʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʥʘ ʙʘʟʽ 

ʛʽʨʥʠʯʦʜʦʙʫʚʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ [67]. ʂʨʽʤ ʮʴʦʛʦ, ʚʘʞʣʠʚʠʤ ʩʢʣʘʜʦʚʠʤ ʝʪʘʧʦʤ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʛʝʦʪʝʭʥʦʣʦʛʽʾ ʛʘʟʠʬʽʢʘʮʽʾ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʠʥʝʨʛʝʪʠʯʥʦʛʦ ʧʽʜʭʦʜʫ. 

ɼʘʥʠʡ ʧʽʜʭʽʜ ʙʘʟʫʻʪʴʩʷ ʥʘ ʩʠʥʪʝʟʽ ʪʝʭʥʦʣʦʛʽʡ ʚʠʜʦʙʫʪʢʫ ʚʫʛʽʣʣʷ ʪʘ ʧʝʨʝʨʦʙʢʠ 

ʡʦʛʦ ʥʘ ʤʽʩʮʽ ʟʘʣʷʛʘʥʥʷ. ʊʘʢ, ʫ 2018 ʨʦʮʽ ʙʫʚ ʧʽʜʧʠʩʘʥʠʡ ʄʝʤʦʨʘʥʜʫʤ ʱʦʜʦ 

ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʻʢʪʫ çʉʪʚʦʨʝʥʥʷ ʚ ʋʢʨʘʾʥʽ ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ 

ʚʠʨʦʙʥʠʮʪʚʘ ʩʠʥʪʝʪʠʯʥʦʛʦ ʤʦʪʦʨʥʦʛʦ ʧʘʣʠʚʘè. ʇʽʜʧʠʩʘʥʪʘʤʠ ʚʠʩʪʫʧʘʣʠ 

ʃʴʚʽʚʩʴʢʘ ʦʙʣʘʩʥʘ ʜʝʨʞʘʚʥʘ ʘʜʤʽʥʽʩʪʨʘʮʽʷ, ʃʴʚʽʚʩʴʢʘ ʦʙʣʘʩʥʘ ʨʘʜʘ, 

ʇʇ çɽʥʝʨʛʽʷ ʧʨʠʨʦʜʠ ï ʚʦʜʝʥʴè ʪʘ ʢʦʤʧʘʥʽʷ ñGulf Petroleum Limitedò (ʂʘʪʘʨ). 

ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ ʨʦʟʚʠʪʦʢ ʯʦʪʠʨʴʦʭ ʦʩʥʦʚʥʠʭ ʤʦʜʫʣʽʚ ï ʚʫʛʣʝʚʠʜʦʙʫʚʥʦʛʦ, 

ʛʘʟʠʬʽʢʘʮʽʡʥʦʛʦ, ʩʠʥʪʝʟʫ ʢʽʥʮʝʚʦʾ ʧʨʦʜʫʢʮʽʾ ʪʘ ʣʦʛʽʩʪʠʯʥʦʛʦ. ʇʣʘʥʫʻʪʴʩʷ, ʱʦ 

ʩʠʨʦʚʠʥʥʘ ʙʘʟʘ ʙʘʟʫʚʘʪʠʤʝʪʴʩʷ ʥʘ ʊʷʛʣʽʚʩʴʢʦʤʫ  ̔ʃʶʙʝʣʴʩʴʢʦʤʫ ʨʦʜʦʚʠʱʘʭ ʪʘ 
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ʥʘ ʜʽʶʯʠʭ ʰʘʭʪʘʭ ɼʇ çʃʴʚʽʚʚʫʛʽʣʣʷè ʟ ʨʦʟʚʠʪʢʦʤ ʥʘ ʧʽʚʥʽʯ ʚʟʜʦʚʞ 

ʯʝʨʚʦʥʦʛʨʘʜʩʴʢʠʭ ʧʣʘʩʪʽʚ [68]. 

ʇʽʜʟʝʤʥʘ ʛʘʟʠʬʽʢʘʮʽʷ ʚʫʛʽʣʣʷ ʤʦʞʝ ʩʪʘʪʠ ʘʣʴʪʝʨʥʘʪʠʚʦʶ ʪʨʘʜʠʮʽʡʥʽʡ 

ʪʝʭʥʦʣʦʛʽʾ ʚʠʜʦʙʫʪʢʫ ʚʫʛʽʣʣʷ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʙʽʣʴʰ ʧʦʚʥʝ ʚʽʜʥʦʚʣʝʥʥʷ ʝʥʝʨʛʽʾ 

ʰʣʷʭʦʤ ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʚʝʨʜʦʛʦ ʧʘʣʠʚʘ ʫ ʛʘʟʦʧʦʜʽʙʥʽ ʪʘ ʨʽʜʢʽ ʚʫʛʣʝʚʦʜʥʽ. ʊʦʤʫ 

ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʬʦʨʤʫʚʘʥʥʷ ʛʝʦʨʝʘʢʪʦʨʥʠʭ ʩʠʩʪʝʤ ʫ 

ʧʽʜʟʝʤʥʦʤʫ ʧʨʦʩʪʦʨʽ ʚʫʛʽʣʴʥʠʭ ʰʘʭʪ, ʟʘʣʝʞʥʦ ʚʽʜ ʧʦʪʝʥʮʽʘʣʫ ʧʽʜʧʨʠʻʤʩʪʚ ʪʘ 

ʪʝʨʠʪʦʨʽʘʣʴʥʦʛʦ ʨʦʟʤʽʱʝʥʥʷ, ʜʘʶʪʴ ʟʤʦʛʫ ʦʙˇʨʫʥʪʫʚʘʪʠ ʨʘʮʽʦʥʘʣʴʥʽ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽ ʧʘʨʘʤʝʪʨʠ ʪʨʘʜʠʮʽʡʥʠʭ ʪʘ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʚʫʛʽʣʴʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʫ ʩʪʘʣʦʤʫ ʪʘ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʦʤʫ ʩʠʩʪʝʤʥʦʤʫ ʢʦʥʪʝʢʩʪʽ. ʎʝ 

ʧʝʨʝʜʙʘʯʘʻ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʥʘʷʚʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʧʝʨʝʬʦʨʤʘʪʫʚʘʥʥʷ ʧʽʜʭʦʜʽʚ ʜʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʫʛʽʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʟ ʤʽʥʽʤʘʣʴʥʠʤʠ ʚʧʣʠʚʘʤʠ ʥʘ ʥʘʚʢʦʣʠʰʥʻ 

ʩʝʨʝʜʦʚʠʱʝ. 

ʇʝʨʰʽ ʚ ʩʚʽʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʧʣʘʩʪʽʚ ʢʘʤôʷʥʦʛʦ 

ʚʫʛʽʣʣʷ ʙʫʣʠ ʨʦʟʧʦʯʘʪʽ ʚ 1933 ʨʦʮʽ ʚ ʋʢʨʘʾʥʽ ʥʘ ʃʠʩʠʯʘʥʩʴʢʽʡ ʩʪʘʥʮʽʾ 

çʇʽʜʟʝʤʛʘʟè. ɺʩʴʦʛʦ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʜʽʷʣʠ ʪʨʠ ʦʩʥʦʚʥʽ ʩʪʘʥʮʽʾ ʧʽʜʟʝʤʥʦʾ 

ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ: ʃʠʩʠʯʘʥʩʴʢʘ, ɻʦʨʣʽʚʩʴʢʘ ʪʘ ʉʠʥʝʣʴʥʠʢʽʚʩʴʢʘ. ɽʢʩʧʣʫʘʪʘʮʽʷ 

ʮʠʭ ʩʪʘʥʮʽʡ ʜʘʣʘ ʟʤʦʛʫ ʦʪʨʠʤʘʪʠ ʚʘʞʣʠʚʠʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʠʡ ʜʦʩʚʽʜ, 

ʜʝʤʦʥʩʪʨʫʶʯʠ ʥʝ ʪʽʣʴʢʠ ʥʘʜʽʡʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʾ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ, 

ʘʣʝʡ ʡ ʧʽʜʢʨʝʩʣʠʣʠ ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʭʦʜʫ ʚʽʜ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʦʙʽʪ ʜʦ 

ʩʪʚʦʨʝʥʥʷ ʧʦʚʥʦʮʽʥʥʠʭ ʧʨʦʤʠʩʣʦʚʠʭ ʩʪʘʥʮʽʡ ʟ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ. 

ʅʘ ʩʴʦʛʦʜʥʽ ʪʝʭʥʦʣʦʛʽʷ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʤʦʞʝ ʩʪʘʪʠ ʬʫʥʜʘʤʝʥʪʦʤ 

ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʥʠʟʴʢʦʚʫʛʣʝʮʝʚʠʭ ʧʨʦʛʨʘʤ ʚʠʜʦʙʫʪʢʫ ʪʘ ʧʝʨʝʨʦʙʢʠ ʟʘʧʘʩʽʚ 

ʚʫʛʽʣʣʷ ʥʘ ʤʽʩʮʽ ʡʦʛʦ ʟʘʣʷʛʘʥʥʷ. ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʧʽʜʟʝʤʥʘ ʛʘʟʠʬʽʢʘʮʽʷ ʚʫʛʽʣʣʷ 

ʨʦʟʚʠʚʘʻʪʴʩʷ ʜʫʞʝ ʰʚʠʜʢʦ ʽ ʜʝʤʦʥʩʪʨʫʻ ʚʝʣʠʢʠʡ ʧʦʪʝʥʮʽʘʣ. ɿʘ ʦʩʪʘʥʥʽ 10 ʨʦʢʽʚ 

ʧʨʦʚʝʜʝʥʘ ʥʠʟʢʘ ʣʘʙʦʨʘʪʦʨʥʠʭ ʪʘ ʧʦʣʴʦʚʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʟ ʜʦʩʣʽʜʞʝʥʥʷ 

ʤʝʭʘʥʽʟʤʽʚ ʛʘʟʠʬʽʢʘʮʽʾ, ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʙʦʯʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʚʠʟʥʘʯʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʪʘ ʩʧʦʩʦʙʽʚ ʢʝʨʫʚʘʥʥʷ ʥʠʤʠ.  

ɺʠʟʥʘʯʝʥʥʷ ʘʢʪʫʘʣʴʥʦʩʪʽ ʪʘ ʽʥʥʦʚʘʮʽʡʥʦʩʪʽ ʥʘʧʨʷʤʽʚ ʥʘʫʢʦʚʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʟ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʻ ʩʢʣʘʜʥʠʤ ʧʨʦʮʝʩʦʤ, ʷʢʠʡ ʧʦʪʨʝʙʫʻ 
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ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʙʘʛʘʪʴʦʭ ʬʘʢʪʦʨʽʚ. ɼʣʷ ʟʙʦʨʫ ʜʘʥʠʭ ʽ ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʤʽʞʥʘʨʦʜʥʘ ʨʝʬʝʨʘʪʠʚʥʘ ʙʘʟʘ ʜʘʥʠʭ Scopus, ʷʢʘ ʤʽʩʪʠʪʴ 

ʧʦʥʘʜ 90 ʤʣʥ ʨʝʬʝʨʘʪʠʚʥʠʭ ʟʘʧʠʩʽʚ ʥʘʫʢʦʚʠʭ ʧʫʙʣʽʢʘʮʽʡ ʽʟ ʨʽʟʥʠʭ ʛʘʣʫʟʝʡ 

ʟʥʘʥʴ. ɺʠʙʽʨ ʩʘʤʝ ʮʽʻʾ ʙʘʟʠ ʜʘʥʠʭ ʟʫʤʦʚʣʝʥʠʡ ʾʾ ʦʙʰʠʨʥʠʤ ʦʭʦʧʣʝʥʥʷʤ 

ʧʫʙʣʽʢʘʮʽʡ ʽ ʜʦʩʪʫʧʦʤ ʜʦ ʧʦʚʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʩʪʘʪʪʽ, ʦʧʫʙʣʽʢʦʚʘʥʽ ʫ 

ʧʨʦʚʽʜʥʠʭ ʥʘʫʢʦʚʠʭ ʞʫʨʥʘʣʘʭ, ʤʦʥʦʛʨʘʬʽʷʭ ʽ ʤʘʪʝʨʽʘʣʘʭ ʤʽʞʥʘʨʦʜʥʠʭ 

ʢʦʥʬʝʨʝʥʮʽʡ. ɼʣʷ ʘʥʘʣʽʟʫ ʙʫʣʠ ʦʙʨʘʥʽ ʢʣʶʯʦʚʽ ʩʣʦʚʦʩʧʦʣʫʯʝʥʥʷ: ñunderground 

coal gasificationò, ñcoal miningò ʪʘ ñundergroundò. ʄʝʪʦʶ ʧʦʰʫʢʫ ʙʫʣʦ 

ʚʠʷʚʣʝʥʥʷ ʜʠʥʘʤʽʢʠ ʧʫʙʣʽʢʘʮʽʡʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʟʘ ʮʠʤʠ ʪʝʤʘʤʠ ʫ ʧʝʨʽʦʜ 2000 ï 

2024 ʨʦʢʽʚ. 

ʆʩʥʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʤʝʪʦʜʠʢʠ ʙʫʣʦ ʟʘʙʝʟʧʝʯʠʪʠ ʪʦʯʥʽʩʪʴ ʽ ʨʝʣʝʚʘʥʪʥʽʩʪʴ 

ʟʽʙʨʘʥʠʭ ʜʘʥʠʭ. ɼʣʷ ʮʴʦʛʦ ʫ Scopus ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʚʽʜʧʦʚʽʜʥʽ ʬʽʣʴʪʨʠ. 

ʇʦʰʫʢ ʧʨʦʚʦʜʠʚʩʷ ʚʠʢʣʶʯʥʦ ʚ ʧʦʣʷʭ Abstract, Title, Keywords, ʱʦ ʜʘʣʦ ʟʤʦʛʫ 

ʟʦʩʝʨʝʜʠʪʠʩʴ ʥʘ ʧʫʙʣʽʢʘʮʽʷʭ, ʫ ʷʢʠʭ ʢʣʶʯʦʚʽ ʩʣʦʚʘ ʤʘʶʪʴ ʦʩʥʦʚʥʝ ʟʥʘʯʝʥʥʷ. 

ɺʽʜʢʨʠʪʽ ʦʧʮʽʾ ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʦʰʫʢʫ ʜʘʣʠ ʤʦʞʣʠʚʽʩʪʴ ʚʽʜʬʽʣʴʪʨʫʚʘʪʠ ʨʦʙʦʪʠ, 

ʜʝ ʢʣʶʯʦʚʽ ʩʣʦʚʦʩʧʦʣʫʯʝʥʥʷ ʟʛʘʜʫʶʪʴʩʷ ʣʠʰʝ ʧʦʙʽʞʥʦ ʘʙʦ ʥʝ ʤʘʶʪʴ ʧʨʷʤʦʛʦ 

ʚʽʜʥʦʰʝʥʥʷ ʜʦ ʦʩʥʦʚʥʦʾ ʪʝʤʠ ʜʦʩʣʽʜʞʝʥʥʷ.  

ɿʽʙʨʘʥʽ ʜʘʥʽ ʙʫʣʠ ʩʪʨʫʢʪʫʨʦʚʘʥʽ ʟʘ ʨʦʢʘʤʠ ʜʣʷ ʢʦʞʥʦʛʦ ʢʣʶʯʦʚʦʛʦ 

ʩʣʦʚʦʩʧʦʣʫʯʝʥʥʷ. ʇʽʩʣʷ ʮʴʦʛʦ ʜʘʥʽ ʙʫʣʠ ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʜʣʷ ʚʠʷʚʣʝʥʥʷ 

ʟʘʛʘʣʴʥʠʭ ʪʨʝʥʜʽʚ, ʱʦ ʜʘʣʦ ʟʤʦʛʫ ʧʦʙʫʜʫʚʘʪʠ ʛʨʘʬʽʢʠ, ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴ 

ʜʠʥʘʤʽʢʫ ʢʽʣʴʢʦʩʪʽ ʧʫʙʣʽʢʘʮʽʡ ʟʘ ʢʦʞʥʠʤ ʟ ʦʙʨʘʥʠʭ ʥʘʧʨʷʤʽʚ (ʨʠʩ. 1.4). ʋ 

ʧʨʦʮʝʩʽ ʘʥʘʣʽʟʫ ʚʠʢʦʥʫʚʘʣʦʩʷ ʩʪʘʪʠʩʪʠʯʥʝ ʦʧʨʘʮʶʚʘʥʥʷ ʜʘʥʠʭ ʪʘ ʾʭ ʚʽʟʫʘʣʽʟʘʮʽʷ 

ʜʣʷ ʥʘʦʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ, ʱʦ ʜʘʣʦ ʟʤʦʛʫ ʦʪʨʠʤʘʪʠ ʯʽʪʢʝ 

ʫʷʚʣʝʥʥʷ ʱʦʜʦ ʟʤʽʥ ʫ ʥʘʫʢʦʚʽʡ ʘʢʪʠʚʥʦʩʪʽ ʟʘ ʢʦʞʥʦʶ ʟ ʪʝʤ ʫʧʨʦʜʦʚʞ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʧʝʨʽʦʜʫ. ʄʝʪʦʜʠʢʘ ʘʥʘʣʽʟʫ ʚʨʘʭʦʚʫʚʘʣʘ ʧʝʚʥʽ ʦʙʤʝʞʝʥʥʷ. 

ʆʜʥʠʤ ʽʟ ʛʦʣʦʚʥʠʭ ʙʫʣʦ ʪʝ, ʱʦ ʜʘʥʽ ʟʙʠʨʘʣʠʩʷ ʚʠʢʣʶʯʥʦ ʟ ʙʘʟʠ ʜʘʥʠʭ Scopus. 

ʆʢʨʽʤ ʮʴʦʛʦ ʦʙʤʝʞʝʥʥʷʤ ʪʘʢʦʞ ʙʫʣʘ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʧʫʩʢʫ ʧʫʙʣʽʢʘʮʽʡ ʯʝʨʝʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʫʟʴʢʠʭ ʢʣʶʯʦʚʠʭ ʩʣʽʚ, ʷʢʽ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʩʠʥʦʥʽʤʠ ʯʠ 

ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʬʦʨʤʫʣʶʚʘʥʥʷ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʮʽ ʦʙʤʝʞʝʥʥʷ, ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ 
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ʟʘʙʝʟʧʝʯʠʚ ʥʘʜʽʡʥʽ ʨʝʟʫʣʴʪʘʪʠ ʪʘ ʜʘʚ ʟʤʦʛʫ ʦʪʨʠʤʘʪʠ ʦʙôʻʢʪʠʚʥʫ ʢʘʨʪʠʥʫ 

ʥʘʫʢʦʚʦʾ ʘʢʪʠʚʥʦʩʪʽ ʟʘ ʦʙʨʘʥʠʤʠ ʪʝʤʘʤʠ.  
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ʈʠʩʫʥʦʢ 1.4 ï ʈʦʟʧʦʜʽʣ ʢʽʣʴʢʦʩʪʽ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʘ ʥʘʧʨʷʤʦʤ 

ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʪʘ ʧʽʜʟʝʤʥʦʛʦ ʚʠʜʦʙʫʪʢʫ ʚʫʛʽʣʣʷ  

ʟʘ ʙʘʟʦʶ ʜʘʥʠʭ Scopus 

 

ɸʥʘʣʽʟ ʥʘʚʝʜʝʥʠʭ ʜʘʥʠʭ ʚʢʘʟʫʻ ʥʘ ʟʨʦʩʪʘʶʯʫ ʪʝʥʜʝʥʮʽʶ ʽʥʪʝʨʝʩʫ ʜʦ 

ʜʦʩʣʽʜʞʝʥʴ ʫ ʩʬʝʨʘʭ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʪʘ ʧʽʜʟʝʤʥʦʛʦ ʚʠʜʦʙʫʪʢʫ 

ʚʫʛʽʣʣʷ. ʎʷ ʟʘʮʽʢʘʚʣʝʥʽʩʪʴ ʦʙʫʤʦʚʣʝʥʘ ʧʦʪʨʝʙʦʶ ʫ ʚʜʦʩʢʦʥʘʣʝʥʥʽ ʪʝʭʥʦʣʦʛʽʡ, 

ʱʦ ʩʧʨʠʷʶʪʴ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʶ ʚʫʛʽʣʴʥʠʭ ʨʝʩʫʨʩʽʚ, ʥʘʚʽʪʴ ʫ 

ʢʦʥʪʝʢʩʪʽ ʛʣʦʙʘʣʴʥʦʛʦ ʨʫʭʫ ʜʦ ʜʝʢʘʨʙʦʥʽʟʘʮʽʾ. ʊʦʤʫ ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʟʨʦʩʪʘʶʯʠʡ 

ʩʚʽʪʦʚʠʡ ʽʥʪʝʨʝʩ ʜʦ ʟʤʝʥʰʝʥʥʷ ʚʫʛʣʝʮʝʚʦʛʦ ʩʣʽʜʫ ʪʘ ʧʝʨʝʭʦʜʫ ʜʦ 

ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʽʥʚʝʩʪʠʮʽʾ ʚ ʪʝʭʥʦʣʦʛʽʾ, ʱʦ ʧʽʜʚʠʱʫʶʪʴ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʨʘʜʠʮʽʡʥʠʭ ʜʞʝʨʝʣ, ʟʘʣʠʰʘʶʪʴʩʷ ʚʘʞʣʠʚʠʤʠ. 

ʇʽʜʟʝʤʥʘ ʛʘʟʠʬʽʢʘʮʽʷ ʚʫʛʽʣʣʷ ï ʮʝ ʩʢʣʘʜʥʠʡ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʡ ʧʨʦʮʝʩ, ʱʦ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʩʝʨʽʾ ʙʝʟʧʝʨʝʨʚʥʠʭ ʬʘʟ. ʇʨʦʮʝʩ ʛʘʟʠʬʽʢʘʮʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ ʤʝʞʽ 

ʩʝʨʝʜʦʚʠʱʘ çʚʫʛʽʣʴʥʠʡ ʧʣʘʩʪ ï ʛʝʥʝʨʘʪʦʨʥʠʡ ʛʘʟè. ɺ ʦʩʥʦʚʽ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ 

ʟʘʢʣʘʜʝʥʦ ʘʙʦ ʥʝʧʦʚʥʝ ʛʦʨʽʥʥʷ ʧʘʣʠʚʘ (ʧʨʠ ʥʝʩʪʘʯʽ ʢʠʩʥʶ), ʘʙʦ ʧʦʚʥʝ ʛʦʨʽʥʥʷ 

ʧʘʣʠʚʘ ʟ ʧʦʜʘʣʴʰʠʤ ʨʝʘʛʫʚʘʥʥʷʤ ʚʫʛʣʝʮʶ ʟ ʚʫʛʣʝʢʠʩʣʠʤ ʛʘʟʦʤ ʪʘ ʚʦʜʷʥʦʶ 

ʧʘʨʦʶ ʟ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ ʛʦʨʶʯʠʭ ʛʝʥʝʨʘʪʦʨʥʠʭ ʛʘʟʽʚ (ʉʆ, ʅ2, ʉʅ4). ʉʫʪʥʽʩʪʴ 

ʪʝʭʥʦʣʦʛʽʾ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1.5. ɿ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ 
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ʜʦ ʧʝʨʝʪʠʥʫ ʟ ʚʫʛʽʣʴʥʠʤ ʧʣʘʩʪʦʤ ʙʫʨʷʪʴʩʷ ʜʚʽ ʩʚʝʨʜʣʦʚʠʥʠ: ʜʫʪʪʴʦʚʘ ʪʘ 

ʛʘʟʦʚʽʜʚʽʜʥʘ. ɻʦʨʠʟʦʥʪʘʣʴʥʘ ʯʘʩʪʠʥʘ ʩʚʝʨʜʣʦʚʠʥ ʧʨʦʙʫʨʶʻʪʴʩʷ ʧʦ ʚʫʛʽʣʴʥʦʤʫ 

ʧʣʘʩʪʫ. ʇʽʩʣʷ ʯʦʛʦ ʤʽʞ ʩʚʝʨʜʣʦʚʠʥʘʤʠ ʬʦʨʤʫʶʪʴ ʨʝʘʢʮʽʡʥʠʡ ʢʘʥʘʣ ʦʜʥʠʤ ʽʟ 

ʚʽʜʦʤʠʭ ʤʝʪʦʜʽʚ ʥʘʧʨʘʚʣʝʥʦʛʦ ʙʫʨʽʥʥʷ, ʛʽʜʨʦ- ʘʙʦ ʧʥʝʚʤʦʨʦʟʨʠʚʫ. ɺ ʦʜʥʫ ʽʟ 

ʩʚʝʨʜʣʦʚʠʥ ʧʦʜʘʻʪʴʩʷ ʜʫʪʪʴʦʚʘ ʩʫʤʽʰ, ʷʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʦʚʽʪʨʷʤ, ʟʙʘʛʘʯʝʥʠʤ 

ʢʠʩʥʝʤ ʘʙʦ ʧʘʨʦʧʦʚʽʪʨʷʥʦʶ ʩʫʤʽʰʰʶ. ɸ ʯʝʨʝʟ ʽʥʰʫ ʩʚʝʨʜʣʦʚʠʥʫ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʚʽʜʚʝʜʝʥʥʷ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ. ʇʨʦʮʝʩ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʧʨʦʪʽʢʘʻ ʤʽʞ 

ʟʘʟʥʘʯʝʥʠʤʠ ʩʚʝʨʜʣʦʚʠʥʘʤʠ ʟ ʬʦʨʤʫʚʘʥʥʷʤ ʨʝʘʢʮʽʡʥʠʭ ʟʦʥ ʧʽʜʟʝʤʥʦʛʦ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʟʤʽʥʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʧʦʣʷ. 
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ʈʠʩʫʥʦʢ 1.5 ï ʄʝʭʘʥʽʟʤ ʚʝʜʝʥʥʷ ʧʨʦʮʝʩʫ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ 

(m ï ʧʦʪʫʞʥʽʩʪʴ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ, ʤ; l ï ʜʦʚʞʠʥʘ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ, ʤ;  

L ï ʜʦʚʞʠʥʘ ʩʪʦʚʧʘ ʛʘʟʠʬʽʢʘʮʽʾ, ʤ) 

 

ʇʝʨʝʜ ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʪʝʭʥʦʣʦʛʽʾ ʇɻɺ ʥʝʦʙʭʽʜʥʦ, ʥʘʩʘʤʧʝʨʝʜ, ʜʦʩʣʽʜʠʪʠ 

ʛʽʨʥʠʯʦ-ʛʝʦʣʦʛʽʯʥʫ ʙʫʜʦʚʫ ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ, ʱʦ ʚʤʽʱʫʻ ʚʫʛʽʣʴʥʠʡ ʧʣʘʩʪ, 

ʩʧʨʦʛʥʦʟʫʚʘʪʠ ʰʚʠʜʢʦʩʪʽ ʟʨʦʩʪʘʥʥʷ ʧʦʨʦʞʥʠʥʠ ʫ ʛʽʨʩʴʢʦʤʫ ʤʘʩʠʚʫ, ʦʮʽʥʠʪʠ 

ʪʝʭʥʽʯʥʽ ʤʦʞʣʠʚʦʩʪʽ ʪʘ ʚʧʣʠʚ ʧʨʦʮʝʩʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, ʚʩʪʘʥʦʚʠʪʠ 

ʝʢʦʥʦʤʽʯʥʫ ʜʦʮʽʣʴʥʽʩʪʴ ʪʘ ʘʩʧʝʢʪʠ ʙʝʟʧʝʢʠ ʜʣʷ ʫʩʧʽʰʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ 

ʟʥʠʞʝʥʥʷ ʩʢʣʘʜʥʦʩʪʽ ʪʝʭʥʦʣʦʛʽʾ. ʇʨʠ ʮʴʦʤʫ ʛʽʨʥʠʯʦ-ʛʝʦʣʦʛʽʯʥʽ ʫʤʦʚʠ ʟʘʣʷʛʘʥʥʷ 

ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ, ʷʢʨʘʟ ʽ ʚʠʟʥʘʯʘʶʪʴ ʪʝʭʥʦʣʦʛʽʯʥʽ ʪʘ ʪʝʭʥʽʯʥʽ ʨʽʰʝʥʥʷ ʟ 

ʚʝʜʝʥʥʷ ʧʨʦʮʝʩʽʚ ʛʘʟʠʬʽʢʘʮʽʾ. ʅʝʦʙʭʽʜʥʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʪʝʭʥʦʣʦʛʽʷ ʧʽʜʟʝʤʥʦʾ 
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ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʠʟʴʢʠʤ ʟʥʘʯʝʥʥʷ ʂʂɼ, ʱʦ ʟʫʤʦʚʣʶʻʪʴʩʷ 

ʥʝʚʝʣʠʢʦʶ ʪʝʧʣʦʪʚʦʨʥʦʶ ʟʜʘʪʥʽʩʪʶ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ.  

ɺʘʛʦʤʠʡ ʚʥʝʩʦʢ ʽʟ ʧʨʦʚʘʜʞʝʥʥʷ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʪʝʨʤʦʭʽʤʽʯʥʦʾ 

ʜʝʩʪʨʫʢʮʽʾ ʪʚʝʨʜʦʛʦ ʧʘʣʠʚʘ ʟʨʦʙʠʣʠ ʷʢ ʚʽʪʯʠʟʥʷʥʽ ʥʘʫʢʦʚʮʽ: ɹʦʥʜʘʨʝʥʢʦ ɺ.ɯ., 

ɹʨʠʢ ɼ.ɺ., ɻʘʡʢʦ ɻ.ɯ., ɼʠʯʢʦʚʩʴʢʠʡ ʈ.ʆ., ʂʦʣʦʢʦʣʦʚ ʆ.ɺ., ɯʥʢʽʥ ʆ.ɺ., ʉʘʜʦʚʝʥʢʦ 

ɯ.ʆ., ʉʪʝʬʘʥʠʢ ʖ. ɺ, ʊʘʙʘʯʝʥʢʦ ʄ.ʄ., ʌʘʣʴʰʪʠʥʩʴʢʠʡ ɺ.ʉ., ʍʨʘʤʦʚ ɺ.ʄ., ʪʘʢ ʽ 

ʟʘʢʦʨʜʦʥʥʽ: Perkins G, StaŒczyk K., Kapusta K., Liang J., Liu S., Xin L., Chen, Y. 

Kaļur J., Yang L. ʪʘ ʙʘʛʘʪʦ ʽʥʰʠʭ. 

ʅʠʤʠ ʙʫʣʦ ʚʠʚʯʝʥʦ ʪʝʨʤʦʜʠʥʘʤʽʯʥʽ ʪʘ ʪʝʧʣʦʬʽʟʠʯʥʽ ʷʚʠʱʘ ʧʨʠ ʪʝʨʤʽʯʥʽʡ 

ʜʝʩʪʨʫʢʮʽʾ ʪʚʝʨʜʦʛʦ ʧʘʣʠʚʘ, ʚʩʪʘʥʦʚʣʝʥʦ ʢʨʠʪʝʨʽʾ ʧʨʠʜʘʪʥʦʩʪʽ ʚʫʛʽʣʴʥʠʭ 

ʧʣʘʩʪʽʚ, ʦʙˇʨʫʥʪʦʚʘʥʦ ʧʘʨʘʤʝʪʨʠ ʛʝʦʤʝʭʘʥʽʯʥʠʭ ʤʦʜʝʣʝʡ, ʨʦʟʨʦʙʣʝʥʦ ʥʦʚʽ ʪʘ 

ʚʜʦʩʢʦʥʘʣʝʥʦ ʥʘʷʚʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʩʭʝʤʠ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ.  

ʅʘ ʩʴʦʛʦʜʥʽ ʯʠʩʣʝʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʦʙʣʘʩʪʽ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ 

ʟʦʩʝʨʝʜʞʝʥʽ ʥʘ ʧʽʜʚʠʱʝʥʥʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʝʜʝʥʥʷ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ, ʟʦʢʨʝʤʘ 

ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡ ʚʦʜʥʶ ʚ ʛʝʥʝʨʘʪʦʨʥʦʤʫ ʛʘʟʽ [69] ʪʘ 

ʟʤʝʥʰʝʥʥʶ ʚʠʢʠʜʽʚ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ [70]. ɺʦʥʠ ʦʭʦʧʣʶʶʪʴ ʪʝʦʨʝʪʠʯʥʠʡ 

ʘʥʘʣʽʟ ʧʨʦʮʝʩʽʚ ʛʘʟʦʫʪʚʦʨʝʥʥʷ, ʨʦʟʨʦʙʢʫ ʥʦʚʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʪʘ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʤʦʜʝʣʝʡ, ʱʦ ʦʧʠʩʫʶʪʴ ʧʨʦʮʝʩ ʛʘʟʠʬʽʢʘʮʽʾ, ʜʘʶʪʴ ʟʤʦʛʫ 

ʦʙˇʨʫʥʪʫʚʘʪʠ ʪʘ ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠʢʠ, ʷʢʽ ʩʧʨʠʷʶʪʴ ʝʬʝʢʪʠʚʥʽʰʦʤʫ ʧʝʨʝʭʦʜʫ ʜʦ 

ʧʨʦʚʝʜʝʥʥʷ ʣʘʙʦʨʘʪʦʨʥʠʭ ʪʘ ʧʨʦʤʠʩʣʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ [71], [72]. ʊʘʢʦʞ ʥʘʜʘʶʪʴ 

ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ ʱʦʜʦ ʤʦʞʣʠʚʦʩʪʽ ʨʦʟʚʠʪʢʫ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʫ 

ʥʘʧʨʷʤʽ ʩʪʚʦʨʝʥʥʷ ʙʽʣʴʰ ʯʠʩʪʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʘʡʙʫʪʥʴʦʛʦ. 

ɼʦʤʽʥʫʶʯʫ ʨʦʣʴ ʫ ʧʨʦʚʝʜʝʥʥʽ ʟʘʟʥʘʯʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʽʜʽʛʨʘʻ ʂʠʪʘʡ, 

ʦʩʢʽʣʴʢʠ ʧʝʨʩʧʝʢʪʠʚʘ ʬʦʨʤʫʚʘʥʥʷ ʚʫʛʣʝʮʝʚʦ-ʥʝʡʪʨʘʣʴʥʦʛʦ ʩʚʽʪʫ ʩʧʦʥʫʢʘʻ ʡʦʛʦ 

ʽʥʚʝʩʪʫʚʘʪʠ ʟʥʘʯʥʽ ʢʦʰʪʠ ʚ ʯʠʩʪʽ ʚʫʛʽʣʴʥʽ ʪʝʭʥʦʣʦʛʽʾ. ʊʘʢ ʫ ʨʦʙʦʪʽ [730] ʦʮʽʥʝʥʦ 

ʧʦʪʝʥʮʽʘʣ ʟʘʧʘʩʽʚ ʚʫʛʽʣʣʷ ʂʠʪʘʶ ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʾʭ ʚʠʜʦʙʫʪʢʫ ʪʝʭʥʦʣʦʛʽʻʶ 

ʛʘʟʠʬʽʢʘʮʽʾ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʟʘʤʽʥʥʠʢʘ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ. ʇʨʠ ʮʴʦʤʫ ʜʦʩʠʪʴ ʯʘʩʪʦ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʟʘʜʽʷʪʠ ʜʦ ʨʦʟʨʦʙʢʠ ʟʘʧʘʩʠ ʚʫʛʽʣʣʷ, ʷʢʽ ʻ 

ʟʘʙʘʣʘʥʩʦʚʠʤʠ ʘʙʦ ʙʫʣʠ ʧʦʢʠʥʫʪʠʤʠ. ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʧʨʦʙʫʚʘʥʴ [74] 

ʧʦʢʘʟʫʻ, ʱʦ ʽʟ ʟʘʣʠʰʝʥʠʭ ʟʘʧʘʩʽʚ ʚʫʛʽʣʣʷ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʛʘʟʦʧʦʜʽʙʥʠʡ 
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ʧʨʦʜʫʢʪ ʟ ʪʝʧʣʦʪʦʶ ʟʛʦʨʥ̫ʥʷ 5,02 ï 5,86 ʄɼʞ/ʤ3, ʷʢʠʡ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʤʽʩʪʠʪʴ 

5 ï 10% H2, 14 ï 16% CO ʽ 5 ï 8% CH4. ʊʝʧʣʦʪʘ ʟʛʦʨʥ̫ʥʷ ʦʪʨʠʤʘʥʦʛʦ ʛʘʟʫ ʻ 

ʚʘʞʣʠʚʠʤ ʧʦʢʘʟʥʠʢʦʤ ʟ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʝʜʝʥʥʷ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ. 

ʄʘʩʰʪʘʙʥʽʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ɦʝ 

ʚ 1930-ʭ ʨʦʢʘʭ. ʋ ʮʝʡ ʧʝʨʽʦʜ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʧʝʨʰʽ ʝʥʝʨʛʝʪʠʯʥʽ ʪʘ ʪʝʭʥʽʢʦ-

ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʧʨʦʮʝʩʫ, ʱʦ ʜʝʤʦʥʩʪʨʫʶʪʴ ʨʝʟʫʣʴʪʘʪʠʚʥʽʩʪʴ ʛʘʟʠʬʽʢʘʮʽʾ 

ʚʫʛʽʣʣʷ. ʋ ʪʘʙʣ. 1.1 ʥʘʚʝʜʝʥʦ ʜʘʥʽ ʱʦʜʦ ʟʤʽʥʠ ʪʝʧʣʦʪʠ ʟʛʦʨʥ̫ʥʷ ʛʝʥʝʨʘʪʦʨʥʦʛʦ 

ʛʘʟʫ ʟʘ ʦʩʥʦʚʥʠʤʠ ʧʨʦʻʢʪʘʤʠ ʟ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʟʘʣʝʞʥʦ ʚʽʜ ʪʠʧʫ 

ʜʫʪʪʷ. 

ʊʘʙʣʠʮʷ 1.1 ï ɼʘʥʽ ʱʦʜʦ ʪʝʧʣʦʪʠ ʟʛʦʨʷʥʥʷ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ 

 ʟʘ ʧʨʦʻʢʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ 

ʆʙôʻʢʪ 

ʛʘʟʠʬʽʢʘʮʽʾ 
ʂʨʘʾʥʘ ʈʦʢʠ 

ʊʝʧʣʦʪʚʦʨʥʘ ʟʜʘʪʥʽʩʪʴ 

ʛʘʟʫ, ʄɼʞ/ʤ3 
ʊʠʧ ʜʫʪʪʷ 

ʃʠʩʠʯʘʥʩʴʢʘ ʋʢʨʘʾʥʘ 1934-1936 3 ï 4 ʇʦʚʽʪʨʷʥʝ 

ʃʠʩʠʯʘʥʩʴʢʘ ʋʢʨʘʾʥʘ 1943-1963 3,2 ʇʦʚʽʪʨʷʥʝ 

ɻʦʨʣʽʚʢʘ ʋʢʨʘʾʥʘ 1935-1941 3,9 ï 10,3 ʇʦʚʽʪʨʷʥʝ/ʅ2ʆ 

ʇʽʜʤʦʩʢʦʚʥʘ ʉʉʉʈ 1940-1962 3,4 ï 6,0 ʇʦʚʽʪʨʷʥʝ 

ʖʞʥʦ-ɸʙʽʥʩʴʢʘ ʉʉʉʈ 1655-1989 4,1 ï 12,1 ʇʦʚʽʪʨʷʥʝ 

ʐʘʪʩʴʢʘ ʉʉʉʈ 1959 3,2 ʇʦʚʽʪʨʷʥʝ 

ɸʥʛʨʝʥʩʴʢʘ ʋʟʙʝʢʠʩʪʘʥ 1961 3,4 ï 3,9 ʇʦʚʽʪʨʷʥʝ 

Hanna 1 ʉʐɸ 1973-1974 3,4 ʇʦʚʽʪʨʷʥʝ 

Hanna 2 ʉʐɸ 1975-1976 4,2 ï 5,3 ʇʦʚʽʪʨʷʥʝ 

Hoe Creek 1 ʉʐɸ 1976 3,6 ʇʦʚʽʪʨʷʥʝ 

Rocky Mountain 1A ʉʐɸ 1987-1988 9,5 ʆ2/ʅ2ʆ 

Rocky Mountain 1B ʉʐɸ 1987-1988 8,8 ʆ2/ʅ2ʆ 

Chinchilla 1 ɸʚʩʪʨʘʣʽʷ 2000 4,0 ï 5,0 ʇʦʚʽʪʨʷʥʝ 

Xiyang ʂʠʪʘʡ 2001 11,9 ʇʦʚʽʪʨʷʥʝ/ ʅ2ʆ 

Majuba ʇʽʚʜʝʥʥʘ ɸʬʨʠʢʘ 2007 6,2 ʇʦʚʽʪʨʷʥʝ 

SwanHills ʂʘʥʘʜʘ 2011 16,0  ʆ2/ʅ2ʆ 

Wieczorek ʇʦʣʴʱʘ 2014 3,4 ʇʦʚʽʪʨʷʥʝ/ʆ2/ʉʆ2 
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ɸʥʘʣʽʟ ʥʘʚʝʜʝʥʠʭ ʜʘʥʠʭ ʪʘʙʣ.1.1 ʚʢʘʟʫʻ, ʱʦ ʧʽʜ ʯʘʩ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ 

ʰʣʷʭʦʤ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷʥʦʛʦ ʜʫʪʪʷ ʪʝʧʣʦʪʘ ʟʛʦʨʥ̫ʥʷ ʚ ʩʝʨʝʜʥʴʦʤʫ ʩʪʘʥʦʚʠʪʴ 

4,3 ʄɼʞ/ʤ3, ʘ ʧʜ̔ ʯʘʩ ʧʦʜʘʯʽ ʜʫʪʪʷ ʟʙʘʛʘʯʝʥʦʛʦ ʢʠʩʥʝʤ ʽ ʧʘʨʦ ʁï 9,6 ʄɼʞ/ʤ3. 

ɺʦʜʥʦʯʘʩ ʫ ʨʦʙʦʪʽ [75] ʟʘʟʥʘʯʝʥʦ, ʱʦ ʨʝʚʝʨʩʫʚʘʥʥʷ ʜʫʪʪʴʦʚʠʤʠ ʧʦʪʦʢʘʤʠ 

ʟʘʙʝʟʧʝʯʫʻ ʨʽʚʥʦʤʽʨʥʽʩʪʴ ʧʦʩʫʚʘʥʥʷ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ  ̔ ʧʽʜʚʠʱʫ̒  ʪʝʧʣʦʪʫ 

ʟʛʦʨʷʥʥʷ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ ʜʦ 4,62 ï 5,79 ʄɼʞ/ʤ3 ʟʘ ʧʦʚʽʪʨʷʥʦʛʦ ʜʫʪʪ.̫ ʊʘʢʝ 

ʧʽʜʚʠʱʝʥʥʷ ʧʦʚôʷʟʫʶʪʴ ʟ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʛʝʪʝʨʦʛʝʥʥʠʭ ʧʨʦʮʝʩʽʚ ʧʨʠ ʥʘʛʥʽʪʘʥʥʽ ʫ 

ʧʽʜʟʝʤʥʠʡ ʛʘʟʦʛʝʥʝʨʘʪʦʨ ʜʫʪʪʷ ʚ ʤʝʞʘʭ 0,2 ï 0,3 ʄʇʘ. ʆʩʢʽʣʴʢʠ ʥʘʜʣʠʰʢʦʚʠʡ 

ʪʠʩʢ ʫ ʧʽʜʟʝʤʥʦʤʫ ʛʘʟʦʛʝʥʝʨʘʪʦʨʽ ʪʘ ʥʘʷʚʥʽʩʪʴ ʚʦʣʦʛʦʩʪʽ ʫ ʚʫʛʽʣʣʽ ʩʪʚʦʨʶʶʪʴ 

ʩʧʨʠʷʪʣʠʚʽ ʫʤʦʚʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʛʘʟʫ ʤʝʪʘʥʫ [76]. ʇʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʚ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʽ ʩʧʨʠʷʻ ʧʨʦʪʽʢʘʥʥʶ ʨʝʘʢʮʽʡ ʧʨʷʤʦʛʦ ʛʽʜʨʫʚʘʥʥʷ ʚʫʛʣʝʮʶ 

(C + 2H2 = ʉʅ4 + 75,3 ʢɼʞ/ʤʦʣʴ) ʽ ʚʽʜʥʦʚʣʝʥʥʶ ʦʢʩʠʜʫ ʚʫʛʣʝʮʶ 

(ʉʆ + 3ʅ2 = ʉʅ4 + ʅ2ʆ+ 205 ʢɼʞ/ʤʦʣʴ). ʇʨʠ ʮʴʦʤʫ ʚʤʽʩʪ ʤʝʪʘʥʫ ʉʅ4 ʽ ʅ2ʆ 

ʧʽʜʚʠʱʫʻʪʴʩʷ, ʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʉʆ  ̔ ʅ2 ʟʥʠʞʘʻʪʴʩʷ [77]. ʊʘʢʠʤ ʯʠʥʦʤ 

ʨʽʟʥʦʤʘʥʽʪʪʷ ʚʠʭʽʜʥʦʛʦ ʧʨʦʜʫʢʪʫ ʧʽʜ ʯʘʩ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʣʝʮʝʚʤʽʩʥʦʾ ʩʠʨʦʚʠʥʠ 

ʜʘʻ ʟʤʦʛʫ ʦʪʨʠʤʘʪʠ ʨʽʟʥʠʡ ʩʢʣʘʜ ʧʨʦʜʫʢʪʫ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ [78]: 

ï ʛʝʥʝʨʘʪʦʨʥʠʡ ʛʘʟ ï ʪʝʧʣʦʪʘ ʟʛʦʨʷʥʥʷ ï 3,8 ï 4,6 ʄɼʞ/ʤ3; 

ï ʩʠʥʪʝʟ-ʛʘʟ ʜʣʷ ʭʽʤʽʯʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ï 10,9 ï 12,6 ʄɼʞ/ʤ3; 

ï ʚʽʜʥʦʚʥʠʡ ʛʘʟ (ʜʣʷ ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʪʘ ʤʘʰʠʥʦʙʫʜʽʚʥʠʭ ʚʠʨʦʙʥʠʮʪʚ) ï 

12,6 ï 16,8 ʄɼʞ/ʤ3; 

ï ʤʽʩʴʢʠʡ ʛʘʟ (ʦʧʘʣʶʚʘʣʴʥʠʡ) ï 16,8 ï 21,0 ʄɼʞ/ʤ3; 

ï ʩʠʥʪʝʪʠʯʥʠʡ ʧʨʠʨʦʜʥʠʡ ʛʘʟ (ʙʘʛʘʪʠʡ ʛʘʟ) ʜʣʷ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʥʘ ʜʘʣʝʢʽ 

ʚʽʜʩʪʘʥʽ ï 25,0 ï 38,0 ʄɼʞ/ʤ3. 

ʗʢʱʦ ʞ ʨʦʟʛʣʷʜʘʪʠ ʧʨʦʮʝʩʠ ʧʦʚʝʨʭʥʝʚʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ, ʪʦ ʟʘ 

ʢʠʩʥʝʚʦ ʾ ʘʙʦ ʧʘʨʦʢʠʩʥʝʚʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʧʽʜ ʪʠʩʢʦʤ ʜʦ 3,0 ʄʇʘ ʫʪʚʦʨʶʻʪʴʩʷ 

ʛʝʥʝʨʘʪʦʨʥʠʡ ʛʘʟ ʽʟ ʩʝʨʝʜʥʴʦʶ ʪʝʧʣʦʪʦʶ ʟʛʦʨʷʥʥʷ ʚʽʜ 10,0 ʜʦ 16,0 ʄɼʞ/ʤį. 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʛʘʟʫ ʟ ʚʠʩʦʢʦʶ ʪʝʧʣʦʪʦʶ ʟʛʦʨʥ̫ʥʷ, ʱʦ ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 20,0 ʜʦ 

40,0 ʄɼʞ/ʤį ʪʘ ʤʦʞʝ ʩʣʫʛʫʚʘʪʠ ʟʘʤʽʥʥʠʢʦʤ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʢʠʩʥʝʚʘ ʘʙʦ ʧʘʨʦʢʠʩʥʝʚʘ ʛʘʟʠʬʽʢʘʮʽʷ ʧʽʜ ʚʠʩʦʢʠʤ ʪʠʩʢʦʤ ʜʦ 10 ʄʇʘ [79]. 



 62 

ɿ ʜʦʩʚʽʜʫ ʨʦʙʦʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʽ ʣʘʙʦʨʘʪʦʨʥʠʭ ʛʘʟʦʛʝʥʝʨʘʪʦʨʽʚ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʦʣʴʥʽʩʪʴ ʚʫʛʽʣʣʷ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʧʨʦʮʝʩ ʛʘʟʠʬʽʢʘʮʽʾ. 

ʆʧʣʘʚʣʝʥʘ ʢʽʨʢʘ ʟʦʣʠ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʥʘ ʧʣʦʱʠʥʽ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ, 

ʧʝʨʝʰʢʦʜʞʘʻ ʢʦʥʪʘʢʪʫ ʛʘʟʦʧʦʜʽʙʥʠʭ ʨʝʘʛʝʥʪʽʚ ʟ ʚʫʛʣʝʮʝʤ ʪʚʝʨʜʦʛʦ ʧʘʣʠʚʘ 

[800]. ɺʦʜʥʦʯʘʩ ʧʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥ ̫ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ 

ʩʘʧʨʦʧʝʣʽʪʦʚʦʛʦ ʚʫʛʽʣʣʷ ʟ ʃʴʚʽʚʩʴʢʦ-ɺʦʣʠʥʩʴʢʦʛʦ ʚʫʛʽʣʴʥʦʛʦ ʙʘʩʝʡʥʫ ʘʚʪʦʨʦʤ 

ʨʦʙʦʪʠ [81] ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʠʩʦʢʦʟʦʣʴʥʝ ʩʘʧʨʦʧʝʣʽʪʦʚʝ ʚʫʛʽʣʣʷ ʧʨʠʜʘʪʥʝ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʩʠʨʦʚʠʥʘ ʚ ʪʝʨʤʦʭʽʤʽʯʥʽʡ ʧʝʨʝʨʦʙʮʽ ʚ ʧʽʜʟʝʤʥʠʭ  ̔ʥʘʟʝʤʥʠʭ 

ʫʤʦʚʘʭ. ʎʝ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʢʽʣʴʢʽʩʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʦʪʨʠʤʘʥʦʾ ʪʝʧʣʦʪʠ 

ʟʛʦʨʥ̫ʥʷ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ ʚʽʜ ʪʠʧʫ ʧʦʜʘʯʽ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ, ʘ ʩʘʤʝ: ʥʘ 

ʚʦʜʷʥʦʤʫ ʨʝʘʛʝʥʪʽ ʩʪʘʥʦʚʠʪʴ 10,4 ʄɼʞ/ʤ3, ʥʘ ʚʦʜʥʦ-ʧʦʚʽʪʨʷʥʦʤʫ ʜʫʪʪʽ ï 

4,94 ʄɼʞ/ʤ3  ̔ ʥʘ ʧʦʚʽʪʨʷʥʦʤʫ ʜʫʪʪʽ ï 3,73 ʄɼʞ/ʤ3. ʊʝʤʧʝʨʘʪʫʨʘ ʩʪʘʥʦʚʠʣʘ 

950 ï 1100 ÜC, ʪʠʩʢ ï 0,2 ï 0,25 ʄʇʘ. ʆʜʥʘʢ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʥʝ ʟʘʚʞʜʠ 

ʚʧʣʠʚʘʻ ʥʘ ʝʥʝʨʛʝʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ. 

ʋ 1990-ʭ ʨʦʢʘʭ ɭʚʨʦʧʝʡʩʴʢʠʡ ʉʦʶʟ ʧʨʦʚʽʚ ʧʨʦʻʢʪ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ 

ʚʫʛʽʣʣʷ, ʫ ʷʢʦʤʫ ʙʨʘʣʠ ʫʯʘʩʪʴ ɯʩʧʘʥʽʷ, ɺʝʣʠʢʦʙʨʠʪʘʥʽʷ  ̔ ɹʝʣʴʛʽʷ. ʄʽʩʮʝʤ 

ʧʨʦʚʝʜʝʥʥʷ ʦʙʨʘʣʠ ɽʣʴ ʊʨʝʤʝʜʘʣʴ ʫ ʧʨʦʚʽʥʮʽʾ ʊʝʨʫʝʣʴ (ɯʩʧʘʥʽʷ). ʇʽʜ ʯʘʩ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʧʨʦʚʦʜʠʣʠʩʷ ʙʝʟʧʝʨʝʨʚʥʽ ʚʠʤʽʨʶʚʘʥʥʷ ʪʠʩʢʫ, ʷʢʠʡ 

ʧʽʜʪʨʠʤʫʚʘʚʩʷ ʙʣʠʟʴʢʦ ʛʽʜʨʦʩʪʘʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘ ʛʣʠʙʠʥʽ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ 

5,3 ʄʇʘ. ʇʝʨʰʠʡ ʝʢʩʧʝʨʠʤʝʥʪ ʪʨʠʚʘʚ 9 ʜʥʽʚ ʽ ʩʢʣʘʜ ʛʘʟʦʚʦʾ ʩʫʤʽʰʽ ʩʪʘʥʦʚʠʚ: 

24,9% H2, 8,7% CO, 14,3% CH4, 43,4% CO2 ʽ 8,3% H2S ʟ ʪʝʧʣʦʪʦʶ ʟʛʦʨʷʥʥʷ 

10,97 ʄɼʞ/ʤį. ʇʽʜ ʯʘʩ ʜʨʫʛʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʱʦ ʪʨʠʚʘʚ 3 ʜʥʽ, ʙʫʣʦ ʦʪʨʠʤʘʥʦ 

ʛʝʥʝʨʘʪʦʨʥʠʡ ʛʘʟ ʟ ʧʦʜʽʙʥʠʤʠ ʷʢʽʩʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʇʽʜ ʯʘʩ ʪʨʝʪʴʦʛʦ 

ʪʝʩʪʫ ʚʠʥʠʢʣʠ ʪʝʭʥʽʯʥʽ ʧʨʦʙʣʝʤʠ, ʪʘʢʽ ʷʢ ʥʝʩʧʨʘʚʥʽʩʪʴ ʩʠʩʪʝʤʠ ʟʘʧʘʣʶʚʘʥʥʷ ʪʘ 

ʚʽʜʤʦʚʘ ʩʠʩʪʝʤʠ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ, ʱʦ ʧʨʠʟʚʝʣʦ ʜʦ ʥʘʢʦʧʠʯʝʥʥʷ 

ʤʝʪʘʥʫ ʽ ʥʘʩʪʫʧʥʦʛʦ ʚʠʙʫʭʫ. ʏʝʨʝʟ ʧʦʰʢʦʜʞʝʥʥʷ ʜʫʪʪʴʦʚʦ ʾʩʚʝʨʜʣʦʚʠʥʠ ʙʫʣʦ 

ʧʨʠʡʥʷʪʦ ʨʽʰʝʥʥʷ ʧʨʦ ʟʘʚʝʨʰʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʥʷ. ʅʘ ʚʠʩʦʢʦʤʫ ʪʠʩʢʫ ʛʘʟʫ, ʷʢʠʡ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʚ ʻʚʨʦʧʝʡʩʴʢʠʭ ʚʠʧʨʦʙʫʚʘʥʥʷʭ, ʩʧʦʩʪʝʨʽʛʘʣʘʩʷ ʚʠʱʘ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʤʝʪʘʥʫ ʚ ʧʨʦʜʫʢʪʦʚʦʤʫ ʛʘʟʽ. ʎʝ ʤʦʞʥʘ ʧʦʨʽʚʥʷʪʠ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʇɻɺ ʚʠʧʨʦʙʫʚʘʥʴ ʫ ʉʐɸ ʟʘ ʪʠʩʢʫ 0,4 ʄʇʘ, ʜʝ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʢʠʩʝʥʴ. 
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ɻʘʟ, ʦʪʨʠʤʘʥʠʡ ʟʘ 0,4 ʄʇʘ, ʤʽʩʪʠʚ 38,1% H2, 20,8% CO, 4,7% CH4, 34,9% CO2 ʽ 

1,5% H2S. ɽʬʝʢʪ ʪʠʩʢʫ ʻ ʧʨʷʤʠʤ ʥʘʩʣʽʜʢʦʤ ʨʝʘʢʮʽʾ ʤʝʪʘʥʘʮʽʾ, ʘʜʞʝ ʦʙôʻʤ 

ʟʤʝʥʰʫʻʪʴʩʷ ʧʽʜ ʯʘʩ ʮʽʻʾ ʨʝʘʢʮʽʾ, ʽ ʟʛʽʜʥʦ ʟ ʧʨʠʥʮʠʧʦʤ ʃʝ ʐʘʪʝʣʴʻ, ʟʙʽʣʴʰʝʥʥʷ 

ʪʠʩʢʫ ʟʨʫʰʫʻ ʨʽʚʥʦʚʘʛʫ ʚʧʨʘʚʦ, ʟʙʽʣʴʰʫʶʯʠ ʚʠʭʽʜ ʤʝʪʘʥʫ [82], [83]. 

ʎ̔ ʨʝʟʫʣʴʪʘʪʠ ʪʘʢʦʞ ʧʽʜʪʚʝʨʜʞʝʥʦ ʚ ʜʦʩʣʽʜʞʝʥʥʽ [84]. ʇʽʜ ʯʘʩ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʙʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʨʦʩʪʘʥʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʝʪʘʥʫ (CH4)  ̔ ʝʪʘʥʫ (C2H6) ʚ ʛʝʥʝʨʘʪʦʨʥʦʤʫ ʛʘʟʽ. ʊʘʢʦʞ ʙʫʣʦ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʢʽʥʮʝʚʠʡ ʩʢʣʘʜ ʛʘʟʫ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 

ʫ çʚʽʣʴʥʦʤʫ ʧʨʦʩʪʦʨʽè ʨʝʘʢʪʦʨʘ, ʜʝ ʚʽʜʙʫʚʘʶʪʴʩʷ ʭʽʤʽʯʥʽ ʨʝʘʢʮʽʾ. ʎʽ ʚʽʜʦʤʦʩʪʽ 

ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʽ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ, ʱʦʙ 

ʟʘʙʝʟʧʝʯʠʪʠ ʝʬʝʢʪʠʚʥʝ ʚʠʨʦʙʥʠʮʪʚʦ ʛʘʟʫ ʟ ʙʘʞʘʥʠʤ ʩʢʣʘʜʦʤ (ʨʠʩ. 1.6). 

ɿʙʽʣʴʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʩʧʨʠʷʻ ʧʨʦʪʽʢʘʥʥʶ ʝʥʜʦʪʝʨʤʽʯʥʠʭ ʨʝʘʢʮʽʡ 

ʛʘʟʠʬʽʢʘʮʽʾ, ʱʦ ʚʝʜʝ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡ ʚʦʜʥʶ ʽ ʤʦʥʦʦʢʩʠʜʫ ʚʫʛʣʝʮʶ 

ʚ ʧʨʦʜʫʢʪʦʚʦʤʫ ʛʘʟʽ. ɺʦʜʥʦʯʘʩ ʚʠʩʦʢʽ ʟʥʘʯʝʥʥʷ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

(ER) ʟʘʟʚʠʯʘʡ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʨʽʚʥʽʚ H2 ʽ CO ʚ ʛʘʟʽ ʯʝʨʝʟ ʟʨʦʩʪʘʥʥʷ 

ʚʤʽʩʪʫ ʘʟʦʪʫ, ʦʩʢʽʣʴʢʠ ʧʦʚʽʪʨʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʦʢʠʩʣʁ ʚʘʯ. ʂʨʽʤ ʪʦʛʦ, 

ʟʚʦʣʦʞʝʥʥʷ ʧʘʣʠʚʘ ʟʥʘʯʥʦ ʚʧʣʠʚʘʻ ʥʘ ʚʤʽʩʪ ʚʦʜʥʶ ʫ ʩʠʥʪʝʟ-ʛʘʟʽ, ʟʽ ʟʨʦʩʪʘʥʥʷʤ 

ʢʽʣʴʢʦʩʪʽ ʚʦʣʦʛʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʜʚʠʱʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ H2, ʱʦ ʻ ʚʘʞʣʠʚʠʤ 

ʘʩʧʝʢʪʦʤ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ [85]. 
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ʊʠʩʢ, ʢʇʘ  

ʈʠʩʫʥʦʢ 1.6 ï ɿʘʣʝʞʥʦʩʪʽ ʟʤʽʥʠ ʪʝʧʣʦʪʠ ʟʛʦʨʥ̫ʥʷ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ 

ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ (ʘ) ʪʘ ʪʠʩʢʫ (ʙ) (ʘʥʘʣʽʟ ʜʦʩʣʽʜʞʝʥʴ [84]) 
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ʗʢ ʙʫʣʦ ʚʞʝ ʟʘʟʥʘʯʝʥʦ, ʟʙʽʣʴʰʝʥʥʷ ʪʠʩʢʫ ʛʘʟʠʬʽʢʘʮʽʾ ʩʧʨʠʷʻ ʬʦʨʤʫʚʘʥʥʶ 

ʤʝʪʘʥʫ (CH4), ʘʣʝ ʧʨʠʛʥʽʯʫʻ ʫʪʚʦʨʝʥʥʷ ʚʦʜʥʶ (H2)  ̔ʤʦʥʦʦʢʩʠʜʫ ʚʫʛʣʝʮʶ (CO) 

ʫ ʩʠʥʪʝʟ-ʛʘʟʽ ʟʘ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨ. ɿʦʢʨʝʤʘ, ʤʘʢʩʠʤʘʣʴʥʘ ʥʠʞʯʘ ʪʝʧʣʦʪʘ 

ʟʛʦʨʷʥʥʷ (LHV) ʩʠʥʪʝʟ-ʛʘʟʫ ʟʨʦʩʪʘʻ ʜʦ ʙʽʣʴʰʠʭ ʪʠʩʢʽʚ ʟ ̔ ʟʙʽʣʴʰʝʥʥʷʤ 

ʪʝʤʧʝʨʘʪʫʨ ʛʘʟʠʬʽʢʘʮʽʾ, ʜʝ ʚʽʜʧʦʚʽʜʥʝ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ LHV ʩʪʘʥʦʚʠʪʴ 

7,87 ʄɼʞ/ʤį ʟʘ ʪʠʩʢʫ 5,6 ʄʇʘ ʪʘ ʪʝʤʧʝʨʘʪʫʨʽ ʛʘʟʠʬʽʢʘʮʽʾ 800 ÜC. ʇʽʜʚʠʱʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʛʘʟʠʬʽʢʘʮʽʾ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ H2  ̔ CO ʪʘ 

ʟʤʝʥʰʝʥʥʷ ʚʤʽʩʪʫ CH4 ʫ ʩʠʥʪʝʟ-ʛʘʟʽ. ɺʧʣʠʚ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʠʩʥʶ ʜʦ ʧʘʨʠ 

ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ ʚʦʣʦʛʠ ʚ ʘʛʝʥʪʽ ʛʘʟʠʬʽʢʘʮʽʾ ʟʥʘʯʥʦ ʧʽʜʩʠʣʶʻ 

ʚʤʽʩʪ H2  ̔CH4 ʫ ʩʠʥʪʝʟ-ʛʘʟʽ, ʘ ʪʘʢʦʞ ʡʦʛʦ LHV [86]. 

ʊʘʢʦʞ ʥʝʦʙʭʽʜʥʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʨʠ ʥʘʤʘʛʥʽʯʫʚʘʥʥʽ ʧʘʨʦʧʦʚʽʪʨʷʥʦʾ 

ʩʫʤʽʰʽ ʧʽʜ ʯʘʩ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʤʘʨʢʠ ɻ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʥʘ 15 ï 20%. ɿʘʚʜʷʢʠ ʙʽʣʴʰ ʧʦʚʥʦʤʫ 

ʧʨʦʪʽʢʘʥʥʶ ʪʝʨʤʦʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʚʽʜʥʦʚʣʝʥʥʷ CO2  ̔ʢʦʥʚʝʨʩʽʾ ʚʦʜʷʥʦʾ ʧʘʨʠ, 

ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʽʜ ʚʧʣʠʚʦʤ ʥʘʤʘʛʥʽʯʝʥʦʾ ʩʫʤʽʰʽ, ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷ 

ʚʤʽʩʪʫ ʛʦʨʶʯʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʪʘʢʠʭ ʷʢ ʚʦʜʝʥʴ  ̔ ʤʦʥʦʦʢʩʠʜ ʚʫʛʣʝʮʶ, ʫ 

ʧʨʦʜʫʢʪʦʚʦʤʫ ʛʘʟʽ [87]. 

ʋ ʨʦʙʦʪʽ [88] ʟʘʟʥʘʯʝʥʦ, ʱʦ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʮʝʩʫ ʘʢʪʠʚʽʟʘʮʽʾ ʇɻɺ ʜʦ 

ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ ʤʦʞʥʘ ʜʦʜʘʚʘʪʠ ʢʘʪʘʣʽʟʘʪʦʨʠ, ʥʘʩʘʤʧʝʨʝʜ Fe, ʽ ʧʨʦʚʦʜʠʪʠ 

ʚʘʨʽʘʮʽʶ ʪʠʩʢʦʤ, ʟʘ ʨʘʭʫʥʦʢ ʯʦʛʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ ʉʅ4 ʜʦ 14% ʫ 

ʚʠʭʽʜʥʽʡ ʩʫʤʽʰʽ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʽʚ ʛʘʟʠʬʽʢʘʮʽʾ ʤʦʞʝ ʪʘʢʦʞ ʩʫʪʪʻʚʦ 

ʧʽʜʚʠʱʫʚʘʪʠʩʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥ ̔ʚʽʜʧʦʚʽʜʥʠʭ ʢʘʪʘʣʽʟʘʪʦʨʽʚ, ʱʦ ʜʘʶʪʴ ʟʤʦʛʫ 

ʟʥʠʞʫʚʘʪʠ ʪʝʤʧʝʨʘʪʫʨʫ, ʟʙʝʨʽʛʘʶʯʠ ʚʠʩʦʢʫ ʰʚʠʜʢʽʩʪʴ ʧʨʦʮʝʩʫ, ʽ ʨʝʛʫʣʶʚʘʪʠ 

ʩʢʣʘʜ ʧʨʦʜʫʢʪʽʚ. ʅʘʡʧʦʰʠʨʝʥʽʰʠʤʠ ʢʘʪʘʣʽʟʘʪʦʨʘʤʠ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ 

ʻ ʩʧʦʣʫʢʠ ʣʫʞʥʠʭ, ʣʫʞʥʦʟʝʤʝʣʴʥʠʭ ʽ ʜʝʷʢʠʭ ʧʝʨʝʭʽʜʥʠʭ ʤʝʪʘʣʽʚ: ʨʫʪʝʥʽʡ (Ru), 

ʢʦʙʘʣʴʪ (Co), ʟʘʣʽʟʦ (Fe), ʥʽʢʝʣʴ (Ni) [89], ʘ ʪʘʢʦʞ ʢʘʨʙʦʥʘʪʠ ʢʘʣʽʶ: K2CO3, 

Na2CO3, CaCO3 [90]. ɺʠʱʝʟʛʘʜʘʥʽ ʩʧʦʣʫʢʠ ʻ ʜʦʩʠʪʴ ʦʙʤʝʞʝʥʠʤʠ ʜʦ ʦʪʨʠʤʘʥʥʷ 

ʥʘ ʧʨʦʤʠʩʣʦʚʦʤʫ ʨʽʚʥʽ ʪʘ ʜʦʩʪʘʪʥʴʦ ʜʦʨʦʛʠʤʠ ʧʨʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʥʽ ʷʢ 

ʧʨʦʤʽʞʥʦʛʦ ʧʨʦʜʫʢʪʫ ʧʽʜ ʯʘʩ ʬʦʨʤʫʚʘʥʥ ̫ʛʘʟʦʧʦʜʽʙʥʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʧʘʣʠʚʘ 

ʚ ʧʨʦʮʝʩʽ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ. ʆʜʥʘʢ ʚʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʜʦ ʮʽʻʾ ʛʨʫʧʠ ʪʘʢʦʞ 
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ʚʽʜʥʦʩʷʪʴʩʷ ʦʢʩʠʜʠ ʟʘʣʽʟʘ. ʊʘʢʦʞ ʟʘʛʘʣʴʥʦʚʽʜʦʤʦ, ʱʦ ʚʠʭʦʜʷʯʠ ʽʟ ʥʘʷʚʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʚʠʜʦʙʫʚʘʥʥʷ, ʩʘʤʝ ʟʘʣʽʟʦ ʻ ʥʘʡʜʦʩʪʫʧʥʽʰʠʤ ʚʠʢʦʧʥʠʤ ʤʝʪʘʣʦʤ ʚ 

ʋʢʨʘʾʥʽ.  

ʇʽʜʪʚʝʨʜʞʝʥʥʷʤ ʮʴʦʛʦ ʧʨʠʧʫʱʝʥʥʷ ʩʪʘʣʦ ʦʪʨʠʤʘʥʥʷ ʧʨʘʢʪʠʯʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʘʢʪʠʚʽʟʘʮʽʶ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ ʟ 

ʦʨʽʻʥʪʘʮʽʻʶ ʧʽʜʚʠʱʝʥʥʷ ʢʘʣʦʨʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʽʥʮʝʚʦʛʦ ʛʘʟʦʚʦʛʦ ʧʨʦʜʫʢʪʫ 

[91]. ɸʚʪʦʨʠ ʨʦʙʦʪʠ ʟʘ ʢʘʪʘʣʽʟʘʪʦʨ ʧʨʦʧʦʥʫʶʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʨʽʟʥʽ 

ʤʝʪʘʣʫʨʛʽʡʥʽ ʰʣʘʢʠ. ɺʽʜʦʤʦ, ʱʦ ʮʽ ʧʦʙʽʯʥʽ ʧʨʦʜʫʢʪʠ ʚʠʨʦʙʥʠʮʪʚʘ ʤʝʪʘʣʽʚ 

ʤʽʩʪʷʪʴ ʟʥʘʯʥʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʟʘʣʽʟʘ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʙʫʣʦ 

ʜʦʚʝʜʝʥʦ, ʱʦ ʚʚʝʜʝʥʥʷ ʰʣʘʢʫ ʬʝʨʦʥʽʢʝʣʶ ʫ ʢʽʣʴʢʦʩʪʽ 6% ʩʧʨʠʷʻ ʟʙʽʣʴʰʝʥʥʶ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʛʦʨʶʯʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʛʝʥʝʨʘʪʦʨʥʦʤʫ ʛʘʟʽ ʥʘ 15%. ʇʨʠ ʮʴʦʤʫ 

ʥʘʡʧʦʚʥʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʫʛʣʝʮʴ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʟʙʽʣʴʰʠʪʠ ʂʂɼ 

ʛʘʟʠʬʽʢʘʮʽʾ ʤʘʡʞʝ ʥʘ 23%. ʂʨʽʤ ʮʴʦʛʦ, ʤʝʪʦʜ ʪʘʢʦʾ ʘʢʪʠʚʽʟʘʮʽʾ ʤʦʞʥʘ ʚʘʨʽʶʚʘʪʠ 

ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ ʦʢʨʝʤʠʭ ʛʦʨʶʯʠʭ ʛʘʟʽʚ (ʤʦʥʦʦʢʩʠʜʫ ʚʫʛʣʝʮʶ, ʚʦʜʥʶ, ʤʝʪʘʥʫ ʪʘ 

ʽʥʰʠʭ ʥʘʩʠʯʝʥʠʭ ʚʫʛʣʝʚʦʜʥʽʚ), ʱʦ ʜʘʻ ʟʤʦʛʫ ʧʽʜʚʠʱʠʪʠ ʪʝʧʣʦʪʫ ʟʛʦʨʷʥʥʷ 

ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ. ʂʦʥʮʝʥʪʨʘʮʽʷ ʤʝʪʘʥʫ ʚ ʛʝʥʝʨʘʪʦʨʥʦʤʫ ʛʘʟʽ ʝʢʩʧʦʥʝʥʮʽʡʥʦ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʦʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ ʫ ʜʽʘʧʘʟʦʥʽ 900 ï 1200 ÜC, ʪʠʩʢʫ ʚ ʩʠʩʪʝʤʽ ʪʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʘʪʘʣʽʟʘʪʦʨʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʩʧʨʠʷʪʠ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʤʫ 

ʧʨʦʪʽʢʘʥʥʶ ʨʝʘʢʮʽʡ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʫʛʽʣʣʷ [43]. ɸʣʝ ʥʘʷʚʥʽʩʪʴ ʚʦʜʦʧʨʠʧʣʠʚʽʚ ʫ 

ʧʽʜʟʝʤʥʦʤʫ ʛʘʟʦʛʝʥʝʨʘʪʦʨʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʨʝʘʢʮʽʡʥʽʡ 

ʟʦʥʽ, ʱʦ ʫʧʦʚʽʣʴʥʶʻ ʰʚʠʜʢʽʩʪʴ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ, ʦʩʦʙʣʠʚʦ ʝʥʜʦʪʝʨʤʽʯʥʠʭ. ʎʝ 

ʟʘʛʘʣʦʤ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʪʝʧʣʦʪʠ ʟʛʦʨʷʥʥʷ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ, ʘ ʟʘ 

ʟʥʘʯʥʦʛʦ ʥʘʜʭʦʜʞʝʥʥʷ ʚʦʜʠ ʚʦʛʥʝʚʠʡ ʚʠʙʽʡ ʤʦʞʝ ʟʛʘʩʥʫʪʠ. ʆʜʥʘʢ ʘʚʪʦʨʦʤ 

ʨʦʙʦʪʠ [92] ʥʘ ʦʩʥʦʚʽ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʤʽʥ ʬʽʣʴʪʨʘʮʽʡʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʧʽʱʘʥʠʭ 

ʨʽʟʥʦʩʪʝʡ ʫ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 1,15 ʜʦ 3,2 ʤ/ʜʦʙʫ ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 400 ï 600 Üʉ 

ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʨʘʮʽʦʥʘʣʴʥʽ ʩʭʝʤʠ ʢʝʨʫʚʘʥʥʷ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʤ ʨʝʞʠʤʦʤ ʧʽʜ 

ʯʘʩ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ. 

ʋ ʨʘʤʢʘʭ ʝʢʦʣʦʛʽʯʥʦʩʪʽ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʨʝʘʣʽʟʦʚʘʥʦ 

ʪʝʭʥʦʣʦʛʽ ʁ ʫʪʠʣʽʟʘʮʽʾ ʚʽʜʭʦʜʽʚ. ʎ  ̫ ʪʝʭʥʦʣʦʛʽʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʪʠʤ, ʱʦ 

ʧʦʜʨʽʙʥʝʥʽ ʚʽʜʭʦʜʠ ʪʨʘʥʩʧʦʨʪʫʶʪʴ ʚʝʨʪʠʢʘʣʴʥʦ  ʁʩʚʝʨʜʣʦʚʠʥʦ  ʁʜʦ ʧʽʜʟʝʤʥʦʛʦ 
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ʧʨʦʩʪʦʨʫ ʰʘʭʪʠ ʟ ʥʘʩʪʫʧʥʦʶ ʢʨʽʦʛʝʥʥʦʶ ʧʽʜʛʦʪʦʚʢʦʶ ʨʽʜʢʠʤ ʘʟʦʪʦʤ ʜʦ 

ʢʨʠʩʪʘʣʽʟʘʮʽʡʥʦʛʦ ʩʪʘʥʫ ʪʘ ʧʦʜʘʣʴʰʠʤ ʧʦʜʨʽʙʥʝʥʥʷʤ ʜʦ ʧʠʣʢʦʧʦʜʽʙʥʦʛʦ ʩʪʘʥʫ, 

ʚ ʷʢʦʤʫ ʟʜʽʡʩʥʶʶʪʴ ʧʦʜʘʯʫ ʚ ʜʫʪʪʴʦʚʫ ʩʫʤʽʰ ʜʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. ʇʠʣʦʚʠʜʥʽ 

ʚʽʜʭʦʜʠ  ̔ ʢʠʩʝʥʴ ʻ ʢʘʪʘʣʽʟʘʪʦʨʘʤʠ ʦʢʠʩʣʶʚʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ  ̔ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʨʝʞʠʤ ʧʝʨʝʭʽʜʥʦʾ ʟʦʥʠ ʚ ʤʝʞʘʭ 2160 ï 2790 ÜC [93], [94]. 

ʈʽʟʥʽ ʚʠʜʠ ʚʫʛʽʣʣʷ, ʙʽʦʤʘʩʠ, ʚʽʜʭʦʜʽʚ ʪʘ ʽʥʰʦʾ ʩʠʨʦʚʠʥʠ ʤʦʞʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʫ ʧʨʦʮʝʩʘʭ ʛʘʟʠʬʽʢʘʮʽʾ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʘʜʘʧʪʘʮʽʾ 

ʪʝʭʥʦʣʦʛʽʾ ʜʦ ʢʦʥʢʨʝʪʥʠʭ ʫʤʦʚ ʪʘ ʨʝʩʫʨʩʽʚ, ʜʦʩʪʫʧʥʠʭ ʫ ʧʝʚʥʦʤʫ ʨʝʛʽʦʥʽ. ʎʷ 

ʛʥʫʯʢʽʩʪʴ ʜʘ̒  ʟʤʦʛʫ ʦʧʪʠʤʽʟʫʚʘʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʽʩʮʝʚʠʭ ʨʝʩʫʨʩʽʚ ʪʘ ʟʥʠʞʫʻ 

ʚʘʨʪʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ ʝʥʝʨʛʽʾ. ʂʦʤʙʽʥʫʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʛʘʟʠʬʽʢʘʮʽʾ ʟ ʨʽʟʥʠʤʠ 

ʪʠʧʘʤʠ ʩʠʨʦʚʠʥʠ ʩʧʨʠʷʻ ʟʤʝʥʰʝʥʥʶ ʚʠʢʠʜʽʚ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ, 

ʧʦʨʽʚʥʷʥʦ ʟ ʪʨʘʜʠʮʽʡʥʠʤ ʩʧʘʣʶʚʘʥʥʷʤ ʚʫʛʽʣʣʷ. ɻʘʟʠʬʽʢʘʮʽʷ ʻ ʙʽʣʴʰ ʝʢʦʣʦʛʽʯʥʦ 

ʯʠʩʪʠʤ ʧʨʦʮʝʩʦʤ, ʦʩʢʽʣʴʢʠ ʧʝʨʝʪʚʦʨʶʻ ʦʨʛʘʥʽʯʥʽ ʤʘʪʝʨʽʘʣʠ ʥʘ ʩʠʥʪʝʟ-ʛʘʟ, ʷʢʠʡ 

ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʪʝʧʣʘ ʘʙʦ ʷʢ 

ʭʽʤʽʯʥʘ ʩʠʨʦʚʠʥʘ, ʤʽʥʽʤʽʟʫʶʯʠ ʚʠʢʠʜʠ CO2 ʪʘ ʽʥʰʠʭ ʰʢʽʜʣʠʚʠʭ ʛʘʟʽʚ [95]. 

ʊʘʢʦʞ ʦʜʥʠʤ ʽʟ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʫʜʦʩʢʦʥʘʣʝʥʴ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ ʻ 

ʛʝʨʤʝʪʠʟʘʮʽʷ ʚʠʨʦʙʣʝʥʦʛʦ ʧʨʦʩʪʦʨʫ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ [96]. ʇʽʜ ʯʘʩ 

ʦʨʛʘʥʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ ʧʣʘʩʪʽʚ ʚʫʛʽʣʣʷ ʽʟ ʟʘʢʣʘʜʢʦʶ 

ʚʠʨʦʙʣʝʥʦʛʦ ʧʨʦʩʪʦʨʫ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʦʩʪʽʡʥʠʡ ʢʦʥʪʘʢʪ ʜʫʪʪʴʦʚʠʭ ʧʦʪʦʢʽʚ ʟ 

ʨʝʘʢʮʽʡʥʦʶ ʧʦʚʝʨʭʥʝʶ ʧʣʘʩʪʘ ʽ ʥʝʦʙʭʽʜʥʽ ʪʝʧʣʦʚʽ ʫʤʦʚʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʽʥʪʝʥʩʠʬʽʢʘʮʽʶ ʧʨʦʮʝʩʫ ʚ ʨʝʘʢʮʽʡʥʠʭ ʟʦʥʘʭ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. ʇʨʠ ʮʴʦʤʫ ʥʘ 

ʚʽʜʩʪʘʥʽ 0,5 ʤ ʚʽʜ ʧʣʘʩʪʘ ʧʦʨʦʜʠ ʧʦʢʨʽʚʣʽ ʧʽʜʜʘʶʪʴʩʷ ʽʥʪʝʥʩʠʚʥʦʤʫ ʧʨʦʛʨʽʚʘʥʥʶ 

ʛʘʟʦʧʦʜʽʙʥʠʤʠ ʧʨʦʜʫʢʪʘʤʠ ʧʽʜʟʝʤʥʦʾ ʩʚʝʨʜʣʦʚʠʥʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʟʘ 

ʨʘʭʫʥʦʢ ʾʭ ʤʽʛʨʘʮʽʾ ʧʦ ʪʨʽʱʠʥʘʭ ʪʘ ʨʦʟʰʘʨʫʚʘʥʥʷʭ ʫ ʥʘʜʚʫʛʽʴʥʦʤʫ ʤʘʩʠʚʽ. 

ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʧʨʦʛʨʽʚʘʥʥʷ ʧʦʯʠʥʘʻ ʧʘʜʘʪʠ ʟʘ ʧʦʪʫʞʥʽʩʪʶ ʧʦʨʽʜ (ʛʣʠʥʠʩʪʦʛʦ 

ʩʣʘʥʮʶ) ʥʘʜ ʚʫʛʽʣʴʥʠʤ ʧʣʘʩʪʦʤ, ʱʦ ʚʠʛʘʟʦʚʫʻʪʴʩʷ, ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ 

ʨʦʟʤʽʨʽʚ ʧʦʨʫʰʝʥʦʛʦ ʤʘʩʠʚʫ. ʄʘʢʩʠʤʫʤ ʪʝʤʧʝʨʘʪʫʨ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʨʽʚʥʽ 

1000 ï 1100 Üʉ, ʟʘ ʪʘʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʥʽʤʘʥʥʷ ʧʽʜʦʰʚʠ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ 1,15 ï 1,45, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʷʚʥʠʭ ʭʽʤʽʯʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʛʽʨʩʴʢʠʭ ʧʦʨʦʜʘʭ (SiO2, Al2O3, ʉ). ʎʝ ʜʘʻ ʟʤʦʛʫ ʩʧʨʦʛʥʦʟʫʚʘʪʠ 
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ʢʦʝʬʽʮʽʻʥʪ ʟʘʧʦʚʥʝʥʥʷ ʚʠʛʘʟʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ ʟʘ ʨʘʭʫʥʦʢ ʜʝʬʦʨʤʘʮʽʾ ʧʦʨʽʜ 

ʧʽʜʦʰʚʠ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. 

ʋ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ [97] ʘʚʪʦʨ ʦʙˇʨʫʥʪʫʚʘʚ ʪʝʭʥʦʣʦʛʽʯʥʽ ʩʭʝʤʠ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʦʜʫʣʷ ʧʽʜʟʝʤʥʦʛʦ ʩʧʘʣʶʚʘʥʥʷ ʚʫʛʽʣʣʷ ʪʘ ʇɻɺ, ʷʢʽ ʙʘʟʫʶʪʴʩʷ ʥʘ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʨʦʤʽʞʥʦʛʦ ʨʫʭʦʤʦʛʦ ʪʝʧʣʦʥʦʩʽʷ ï ʥʘʛʨʽʪʠʭ ʧʽʜʟʝʤʥʠʭ ʚʦʜ. ɸʚʪʦʨ 

ʟʘʟʥʘʯʠʚ, ʱʦ ʚʽʜʙʽʨ çʧʽʜʟʝʤʥʠʭ ʚʦʜ ï ʪʝʧʣʦʥʦʩʽʷè ʥʝʦʙʭʽʜʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʚ 

ʧʦʯʘʪʢʦʚʠʡ ʧʝʨʽʦʜ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʽʜʟʝʤʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʚʝʨʪʠʢʘʣʴʥʠʤʠ 

ʩʚʝʨʜʣʦʚʠʥʘʤʠ ʟ ʥʘʜʚʫʛʽʣʴʥʦʛʦ ʪʘ ʧʽʜʚʫʛʽʣʴʥʦʛʦ ʤʘʩʠʚʽʚ ʜʦʢʠ ʥʝ ʫʪʚʦʨʠʪʴʩʷ ʫ 

ʚʫʛʽʣʴʥʦʤʫ ʧʣʘʩʪʽ ʚʠʛʦʨʽʣʠʡ ʧʨʦʩʪʽʨ. ɿ ʚʠʛʦʨʥ̫ʥʷʤ ʚʝʨʪʠʢʘʣʴʥʠʡ ʚʦʜʦʚʽʜʙʽʨ 

ʟʤʽʥʶʻʪʴʩʷ ʥʘ ʢʦʤʙʽʥʦʚʘʥʠʡ, ʜʝ ʚ ʨʦʣʽ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʢʘʥʘʣʫ ʚʠʩʪʫʧʘʻ 

ʚʠʛʦʨʽʣʠʡ ʧʨʦʩʪʽʨ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ, ʱʦ ʤʘʻ ʢʦʥʬʽʛʫʨʘʮʽʶ ʩʫʙʛʦʨʠʟʦʥʪʘʣʴʥʦʾ 

ʚʦʜʦʚʽʜʙʽʨʥʦʾ ʛʘʣʝʨʝʾ, ʚʠʪʷʛʥʫʪʦʾ ʫʟʜʦʚʞ ʥʘʧʨʷʤʢʫ ʧʦʜʘʯʽ ʜʫʪʪʷ. ʆʩʥʦʚʥʦʶ 

ʦʩʦʙʣʠʚʽʩʪʶ ʤʦʜʫʣʷ ʻ ʟʦʩʝʨʝʜʞʝʥʥʷ ʚ ʦʜʥʦʤʫ ʤʽʩʮʽ ʩʠʩʪʝʤ ʚʽʜʙʦʨʫ ʪʝʧʣʦʪʠ ʪʘ ʾʾ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ. 

ɸʚʪʦʨʠ ʨʦʙʦʪʠ [80] ʜʣʷ ʚʽʜʙʦʨʫ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʟ ʥʘʜʚʫʛʽʣʴʥʦʾ ʪʦʚʱʽ 

ʥʘʚʢʦʣʦ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʧʨʦʧʦʥʫʶʪʴ ʚʚʦʜʠʪʠ ʙʘʛʘʪʦʢʦʥʪʫʨʥʫ ʩʭʝʤʫ 

ʨʝʢʫʧʝʨʘʪʦʨʽʚ çʪʨʫʙʘ ʚ ʪʨʫʙʽè ʟ ʪʝʧʣʦʻʤʥʠʤ ʨʽʜʢʠʤ ʥʦʩʽʻʤ. ʎʝ ʟʘʙʝʟʧʝʯʫʻ 

ʤʦʞʣʠʚʽʩʪʴ ʟʥʷʪʪʷ ʟʘʣʠʰʢʦʚʦʛʦ ʪʝʧʣʘ ʟ ʧʦʨʦʜʥʦʛʦ ʤʘʩʠʚʫ ʧʽʜ ʯʘʩ 

ʚʠʛʘʟʦʚʫʚʘʥʥʷ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ, ʘ ʪʘʢʦʞ ʧʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ 

ʪʘ ʦʪʨʠʤʘʥʥʷ ʪʝʧʣʦʚʦʾ ʪʘ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʧʨʦʮʝʩʫ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʪʘ ʝʢʦʥʦʤʽʯʥʦʾ ʜʦʮʽʣʴʥʦʩʪʽ ʚʠʛʘʟʦʚʫʚʘʥʥʷ 

ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ ʥʝʢʦʥʜʠʮʽʡʥʦʾ ʧʦʪʫʞʥʦʩʪʽ. ʈʦʟʨʘʭʫʥʢʦʚʘ ʪʝʧʣʦʚʘ ʧʦʪʫʞʥʽʩʪʴ 

ʢʦʥʪʫʨʥʦʾ ʨʝʢʫʧʝʨʘʮʽʾ ʪʝʧʣʘ ʧʦʨʽʜ, ʱʦ ʚʤʽʱʫʶʪʴ ʧʽʜʟʝʤʥʠʡ ʛʘʟʦʛʝʥʝʨʘʪʦʨ, 

ʩʪʘʥʦʚʠʪʠʤʝ 4,6 ï 8,5 ɻʢʘʣ/ʛʦʜ ʟ ʂʂɼ 53 ï 62%. ʊʝʨʤʽʥ ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ 

ʨʝʢʫʧʝʨʘʪʦʨʘ ï ʚʽʜ 2,2 ʜʦ 4,6 ʨʦʢʽʚ [98]. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʝʜʝʥʥʷ ʧʨʦʮʝʩʫ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʙʫʣʦ 

ʜʦʚʝʜʝʥʦ ʧʽʜ ʯʘʩ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʢ̒ʪʫ ʫ ʇʽʚʜʝʥʥʽʡ ɸʬʨʠʮʽ (Majuba). ʎʝʡ 

ʝʢʩʧʝʨʠʤʝʥʪ ʩʪʘʚ ʧʨʠʢʣʘʜʦʤ ʪʦʛʦ, ʷʢ ʤʦʞʥʘ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʚʫʛʽʣʴʥʽ ʨʝʩʫʨʩʠ ʟ ʤʽʥʽʤʘʣʴʥʠʤ ʚʧʣʠʚʦʤ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. ʋ ʨʘʤʢʘʭ 

ʮʴʦʛʦ ʧʨʦʢ̒ʪʫ, ʢʦʦʨʜʠʥʦʚʘʥʦʛʦ ʢʦʤʧʘʥʽʻʶ Eskom, ʙʫʣʦ ʨʝʘʣʽʟʦʚʘʥʦ ʥʠʟʢʫ 
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ʝʪʘʧʽʚ, ʧʦʯʠʥʘʶʯʠ ʟ ʚʠʙʦʨʫ ʤʽʩʮʷ ʪʘ ʟʘʢʽʥʯʫʶʯʠ ʧʽʣʦʪʥʦʶ ʫʩʪʘʥʦʚʢʦʶ. 

ʉʧʦʯʘʪʢʫ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʪʝʥʮʽʘʣʫ ʪʝʭʥʦʣʦʛʽʾ, ʟʦʢʨʝʤʘ ʯʝʨʝʟ 

ʚʠʙʽʨ ʚʽʜʧʦʚʽʜʥʦʾ ʜʽʣʷʥʢʠ ʰʘʭʪʥʦʛʦ ʧʦʣʷ ʟ ʥʘʩʪʫʧʥʦʶ ʥʠʟʢʦʶ ʧʝʨʝʜʧʨʦʢ̒ʪʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʫ 2002 ï 2003 ʨʦʢʘʭ [99]. ʆʩʥʦʚʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ ʚʠʙʦʨʫ ʙʫʣʠ 

ʥʘʷʚʥʽʩʪʴ ʧʨʘʚ ʥʘ ʢʦʨʠʩʪʫʚʘʥʥʷ ʤʽʥʝʨʘʣʘʤʠ, ʙʣʠʟʴʢʽʩʪʴ ʜʦ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʜʣʷ 

ʤʦʞʣʠʚʦʩʪʽ ʩʧʽʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʘʟʫ, ʱʦ ʚʠʨʦʙʣʷʻʪʴʩʷ, ʘ ʪʘʢʦʞ ʛʝʦʣʦʛʽʯʥʘ 

ʧʨʠʜʘʪʥʽʩʪʴ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ. 

ʑʦʜʦ ʧʨʠʜʘʪʥʦʩʪʽ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ ʜʦ ʛʘʟʠʬʽʢʘʮʽʾ, ʪʦ ʥʘʡʙʽʣʴʰ 

ʩʧʨʠʷʪʣʠʚʠʤʠ ʟ ʧʦʛʣʷʜʫ ʣʽʪʦʣʦʛʽʾ ʧʦʨʽʜ ʧʦʢʨʽʚʣʽ, ʻ ʜʽʣʷʥʢʠ, ʜʝ [100]: 

ï ʚ ʧʦʢʨʽʚʣʽ ʪʘ ʧʽʜʦʰʚʽ ʟʘʣʷʛʘʶʪʴ ʧʦʨʦʜʠ ʟ ʤʝʥʰʦʶ ʛʘʟʦʧʨʦʥʠʢʥʽʩʪʶ, ʥʽʞ 

ʚʫʛʽʣʴʥʠʡ ʧʣʘʩʪ; 

ï ʧʦʪʫʞʥʽʩʪʴ ʧʦʨʽʜ ʧʦʢʨʽʚʣʽ ʙʽʣʴʰʘ ʟʘ ʚʠʩʦʪʫ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ 

ʦʙʚʘʣʝʥʥʷ, ʘ ʧʦʪʫʞʥʽʩʪʴ ʧʦʨʽʜ ʧʽʜʦʰʚʠ ʙʽʣʴʰʘ ʟʘ ʪʦʚʱʠʥʫ, ʚ ʤʝʞʘʭ ʷʢʦʾ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʫʡʥʫʚʘʥʥʷ ʧʦʨʽʜ ʚʥʘʩʣʽʜʦʢ ʧʝʨʝʛʨʽʚʫ ʘʙʦ ʟʜʠʤʘʥʥʷ; 

ï ʧʦʪʫʞʥʽʩʪʴ ʥʠʟʴʢʦʧʨʦʥʠʢʥʠʭ ʧʦʨʽʜ ʧʽʜʦʰʚʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʧʣʦʚʦʾ 

ʛʣʠʙʠʥʠ ʜʦ 1 ʤ ʧʦʚʠʥʥʘ ʙʫʪʠ ʥʝ ʤʝʥʰʝ 1,5 ï 2,0 ʤ. 

ɿ 2007 ʧʦ 2011 ʨʦʢʠ ʙʫʣʦ ʫʩʧʽʰʥʦ ʟʜʽʡʩʥʝʥʦ ʧʽʣʦʪʥʫ ʝʢʩʧʣʫʘʪʘʮʽʶ 

ʫʩʪʘʥʦʚʢʠ, ʷʢʘ ʜʘʣʘ ʤʦʞʣʠʚʽʩʪʴ ʚʠʨʦʙʣʷʪʠ ʩʠʥʪʝʟ-ʛʘʟ ʟ ʜʦʩʪʘʪʥʴʦʶ 

ʢʘʣʦʨʽʡʥʽʩʪʶ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʽʥʥʦʚʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ UCG ʚʽʜ ʢʦʤʧʘʥʽʾ Ergo Exergy Technologies ʜʘʣʦ ʟʤʦʛʫ 

ʚʜʦʩʢʦʥʘʣʠʪʠ ʧʨʦʮʝʩ ʛʘʟʠʬʽʢʘʮʽʾ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʫ ʷʢʽʩʪʴ ʛʘʟʫ. ʇʽʩʣʷ 

ʟʘʚʝʨʰʝʥʥʷ ʧʽʣʦʪʥʦʾ ʬʘʟʠ ʧʦʯʘʣʘʩʷ ʬʘʟʘ ʜʝʤʦʥʩʪʨʘʮʽʡʥʦʾ ʫʩʪʘʥʦʚʢʠ, ʤʝʪʦʶ 

ʷʢʦʾ ʙʫʣʦ ʜʦʚʝʩʪʠ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʘʟʫ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʘ ʢʦʤʝʨʮʽʡʥʽʡ ʦʩʥʦʚʽ ʰʣʷʭʦʤ ʞʠʚʣʝʥʥʷ ʛʘʟʦʚʦʾ ʪʫʨʙʽʥʠ 

ʧʦʪʫʞʥʽʩʪʶ 100 ï 140 ʄɺʪ [101]. 

ɺʘʞʣʠʚʠʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʪʝʭʥʦʣʦʛʽʾ ʧʽʜʟʝʤʥʦʾ 

ʛʘʟʠʬʽʢʘʮʽʻ ʻ ʤʦʞʣʠʚʽʩʪʴ ʚʽʜʧʨʘʮʶʚʘʪʠ ʟʘʧʘʩʠ ʚʫʛʽʣʣʷ, ʱʦ ʟʥʘʭʦʜʷʪʴ ʫ ʤʝʞʘʭ 

ʟʘʢʨʠʪʠʭ ʚʫʛʽʣʴʥʠʭ ʰʘʭʪ. ʊʘʢ ʫ 2005 ʨʦʮʽ ʥʘ ʰʘʭʪʽ ʏʞʫʥ-ʃʷʥ-ʐʘʥʴ (ʂʠʪʘʡ) 

ʙʫʣʦ ʟʘʧʫʱʝʥʦ ʩʝʨʽʶ ʧʽʚʧʨʦʤʠʩʣʦʚʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʧʨʦʮʝʩʫ ʇɻɺ, ʤʝʪʦʶ ʷʢʠʭ 

ʙʫʣʦ ʦʧʪʠʤʽʟʫʚʘʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʫʛʽʣʴʥʠʭ ʨʝʩʫʨʩʽʚ, ʱʦ ʟʘʣʠʰʠʣʠʩʷ ʧʽʩʣʷ 
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ʟʘʢʨʠʪʪʷ ʰʘʭʪ [102]. ʇʨʦʻʢʪ ʤʽʩʪʠʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʪʫʯʥʦ ʩʪʚʦʨʝʥʠʭ ʢʘʥʘʣʽʚ ʽ 

ʢʝʨʦʚʘʥʠʭ ʨʫʭʦʤʠʭ ʪʦʯʦʢ ʧʽʜʚʝʜʝʥʥʷ ʜʫʪʪʷ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʩʠʥʪʝʟ-ʛʘʟʫ. 

ɺʠʧʨʦʙʫʚʘʥʥʷ ʪʘʢʦʞ ʧʦʢʘʟʘʣʠ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʠʩʥʶ ʟʙʘʛʘʯʝʥʦʛʦ ʧʦʚʽʪʨʷ ʪʘ 

ʟʤʽʥʠ ʪʠʩʢʫ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʦʞʫʪʴ ʟʥʘʯʥʦ ʧʦʢʨʘʱʠʪʠ ʢʝʨʫʚʘʥʥʷ 

ʧʦʪʦʢʦʤ ʛʘʟʫ ʪʘ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ. ʇʽʜ ʯʘʩ 

ʚʠʧʨʦʙʫʚʘʥʴ, ʷʢʽ ʪʨʠʚʘʣʠ ʫʧʨʦʜʦʚʞ ʪʨʴʦʭ ʤʽʩʷʮʽʚ, ʙʫʣʦ ʚʠʨʦʙʣʝʥʦ ʯʠʩʪʠʡ 

ʩʠʥʪʝʟ-ʛʘʟ ʟ ʦʙôʻʤʦʤ ʚʽʜ 2200 ʜʦ 3600 ʤį/ʛʦʜ ʽ ʪʝʧʣʦʚʦʶ ʧʦʪʫʞʥʽʩʪʶ ʚʽʜ 1200 ʜʦ 

1600 ʢʢʘʣ/ʤį, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʟʚʠʯʘʡʥʝ ʧʦʚʽʪʨʷ ʜʫʪʪʷ. ʉʢʣʘʜ ʛʘʟʫ ʥʘ ʚʠʭʦʜʽ 

ʩʢʣʘʚ ʚʽʜ 10 ʜʦ 30% H2, ʚʽʜ 15 ʜʦ 25% CO ʪʘ ʚʽʜ 5 ʜʦ 8% CH4. ʇʨʠ ʮʴʦʤʫ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʮʠʢʣʽʯʥʘ ʧʦʜʘʯʘ ʜʫʪʪʷ ʧʽʜ ʪʠʩʢʦʤ ʧʦʢʨʘʱʫʻ ʷʢʽʩʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ (ʨʠʩ. 1.7). 
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ʈʠʩʫʥʦʢ 1.7 ï ɿʘʣʝʞʥʦʩʪʽ ʚʠʭʦʜʫ ʅ2 + ʉʆ ʪʘ ʉʆ2 ʚʽʜ ʪʠʩʢʫ 

 

ɸʥʘʣʽʟ ʥʘʚʝʜʝʥʠʭ ʜʘʥʠʭ ʥʘ ʨʠʩ. 1.7 ʚʢʘʟʫʻ ʥʘ ʩʫʪʪʻʚʠʡ ʚʧʣʠʚ ʪʠʩʢʫ ʥʘ 

ʚʠʭʽʜ ʛʦʨʶʯʠʭ ʛʘʟʽʚ ʅ2 + ʉʆ ʪʘ ʙʘʣʘʩʪʥʦʛʦ ʉʆ2, ʱʦ ʟʫʤʦʚʣʝʥʦ ʙʽʣʴʰ ʢʨʘʱʠʤ 

ʢʦʥʪʘʢʪʦʤ ʤʽʞ ʚʫʛʽʣʣʷʤ ʪʘ ʜʫʪʪʴʦʚʦʶ ʩʫʤʽʰʰʶ, ʧʦʢʨʘʱʫʶʯʠ ʨʝʘʢʮʽʡʥʫ 

ʟʜʘʪʥʽʩʪʴ ʩʝʨʝʜʦʚʠʱʘ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʟʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ ʉʆ2 ʟʘ ʚʠʱʦʛʦ ʪʠʩʢʫ 

ʤʦʞʝ ʙʫʪʠ ʧʦʚôʷʟʘʥʦ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʚʫʛʣʝʮʝʚʦʾ 

ʦʢʩʠʜʘʮʽʾ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʘʨʘʣʝʣʴʥʦ ʟ ʦʩʥʦʚʥʠʤʠ ʨʝʘʢʮʽʷʤʠ ʛʘʟʠʬʽʢʘʮʽʾ. ʊʘʢʽ 

ʨʝʘʢʮʽʾ ʥʝ ʪʽʣʴʢʠ ʟʫʤʦʚʣʶʶʪʴ ʫʪʚʦʨʝʥʥʷ ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ ʉʆ2, ʘʣʝ ʡ 

ʟʙʽʣʴʰʫʶʪʴ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʘ, ʷʢʝ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʝ ʜʣʷ ʧʽʜʪʨʠʤʘʥʥʷ 
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ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ, ʱʦ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʜʣʷ ʡʦʛʦ ʩʪʘʙʽʣʴʥʦʩʪʽ ʚ ʫʤʦʚʘʭ 

ʟʙʽʣʴʰʝʥʥʷ ʪʠʩʢʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʱʦʜʦ ʝʬʝʢʪʠʚʥʦʛʦ ʚʝʜʝʥʥʷ ʧʨʦʮʝʩʫ 

ʛʘʟʠʬʽʢʘʮʽʾ ʧʽʜʢʨʝʩʣʶʻ ʚʘʞʣʠʚʽʩʪʴ ʪʝʭʥʽʯʥʠʭ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʜʦʩʢʦʥʘʣʝʥʴ ʫ 

ʧʨʦʮʝʩʽ. ʈʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ ʪʠʩʢʫ  ̔ʪʝʤʧʝʨʘʪʫʨʥʽ ʨʝʞʠʤʠ ʚʽʜʽʛʨʘʶʪʴ 

ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʧʽʜʚʠʱʝʥʥʽ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʮʴʦʛʦ ʧʨʦʮʝʩʫ, ʱʦ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʻ ʥʘ ʚʠʭʽʜ ʛʦʨʶʯʠʭ ʛʘʟʽʚ, ʪʘʢʠʭ ʷʢ ʤʝʪʘʥ (CH4), ʦʢʩʠʜ 

ʚʫʛʣʝʮʶ (CO) ʪʘ ʚʦʜʝʥʴ (H2), ʘ ʪʘʢʦʞ ʙʘʣʘʩʪʥʠʭ ʛʘʟʽʚ, ʚʢʣʶʯʥʦ ʟ ʚʫʛʣʝʢʠʩʣʠʤ 

ʛʘʟʦʤ (CO2), ʘʟʦʪʦʤ (N2) ʪʘ ʩʽʨʢʦʚʦʜʥʝʤ (H2S). ʊʦʤʫ ʥʝʦʙʭʽʜʥʠʤ ʻ ʥʝ ʪʽʣʴʢʠ 

ʦʧʪʠʤʽʟʫʚʘʪʠ ʧʨʦʮʝʩ ʛʘʟʠʬʽʢʘʮʽʾ ʥʘ ʦʪʨʠʤʘʥʥʷ ʷʢʽʩʥʦʛʦ ʛʦʨʶʯʦʛʦ ʛʘʟʫ, ʘ ʡ 

ʚʨʘʭʦʚʫʚʘʪʠ ʬʘʢʪ ʧʨʠʩʫʪʥʦʩʪʽ ʙʘʣʘʩʪʥʠʭ ʛʘʟʽʚ. ɿʦʢʨʝʤʘ ʥʝʦʙʭʽʜʥʦ ʟʚʝʨʪʘʪʠ 

ʫʚʘʛʫ ʥʘ ʜʦʪʨʠʤʘʥʥʷ ʤʽʞʥʘʨʦʜʥʠʭ ʥʦʨʤ ʽ ʩʪʘʥʜʘʨʪʽʚ ʟʽ ʟʥʠʞʝʥʥʷ ʚʠʢʠʜʽʚ 

ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʟʘʛʘʣʴʥʦʩʚʽʪʦʚʽʡ ʢʦʥʮʝʧʮʽʾ ʝʢʦʣʦʛʽʯʥʦʾ 

ʙʝʟʧʝʢʠ ʪʘ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ, ʱʦʙ ʪʝʭʥʦʣʦʛʽʷ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʷ ʚʽʜʧʦʚʽʜʘʣʘ 

ʧʨʠʥʮʠʧʘʤ ñclean coal technologyò. ʎʝ ʟʫʤʦʚʣʶʻ ʧʨʦʚʝʜʝʥʥʷ ʧʦʜʘʣʴʰʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʟ ʤʝʪʦʶ ʦʧʪʠʤʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʤʝʪʦʜʽʚ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ 

ʛʘʟʠʬʽʢʘʮʽʾ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʧʨʦʮʝʩʫ. ɺʠʨʽʰʝʥʥʷ ʮʠʭ 

ʧʠʪʘʥʴ ʧʦʪʨʝʙʫʻ ʚʩʝʙʽʯʥʦʛʦ ʚʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʪʝʭʥʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʚʝʜʝʥʥʷ 

ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʷ ʪʘ ʫʪʠʣʽʟʘʮʽʾ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ. 

1.4 ʉʪʘʣʠʡ ʨʦʟʚʠʪʦʢ ʚʫʛʣʝʜʦʙʫʚʥʠʭ ʨʝʛʽʦʥʽʚ  

ʥʘ ʟʘʩʘʜʘʭ ʢʣʽʤʘʪʠʯʥʦʾ ʥʝʡʪʨʘʣʴʥʦʩʪʽ 

ʇʨʦʙʣʝʤʘ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʽʥʥʷ ʚʚʘʞʘʻʪʴʩʷ ʦʜʥʽʻʶ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ 

ʜʣʷ ʩʫʯʘʩʥʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ [103] ʙʽʣʴʰʽʩʪʴ ʩʚʽʪʦʚʠʭ ʢʨʘʾʥ (74 ʽʟ 

190 ʩʪʦʨʽʥ) ï ʧʽʜʧʠʩʘʥʪʽʚ ʇʘʨʠʟʴʢʦʾ ʫʛʦʜʠ, ʚʩʪʘʥʦʚʠʣʠ ʩʚʦʾ ʢʣʽʤʘʪʠʯʥʽ ʮʽʣʽ ʪʘ 

ʟʦʙʦʚôʷʟʘʥʥʷ ʱʦʜʦ ʩʢʦʨʦʯʝʥʥ ̫ʝʤʽʩʽʾ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ ʥʘ ʤʽʞʥʘʨʦʜʥʦʤʫ ʨʽʚʥʽ. 

ʇʦʨʷʜ ʟ ʮʠʤ, ʧʦʥʘʜ 30 ʜʝʨʞʘʚ ʧʫʙʣʽʯʥʦ ʟʘʷʚʠʣʠ ʧʨʦ ʜʦʩʷʛʥʝʥʥʷ ʚʫʛʣʝʮʝʚʦʾ 

ʥʝʡʪʨʘʣʴʥʦʩʪʽ, ʪʦʙʪʦ ʙʘʣʘʥʩʫʚʘʥʥʷ ʚʠʢʠʜʽʚ ʽ ʧʦʛʣʠʥʘʥʥʷ. ʋʢʨʘʾʥʘ ʚʟʷʣʘ ʥʘ ʩʝʙʝ 

ʟʦʙʦʚôʷʟʘʥʥʷ ʱʦʜʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʢʫʨʩʫ ʢʣʽʤʘʪʠʯʥʦʾ ʥʝʡʪʨʘʣʴʥʦʩʪʽ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʬʝʨʠ, ʟʦʢʨʝʤʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʘʭʦʜʽʚ ʟ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ, 
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ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ, ʟʤʝʥʰʝʥʥʷ ʚʠʢʠʜʽʚ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ, 

ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʻʢʪʽʚ ʫ ʩʝʢʪʦʨʽ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʝʪʠʢʠ, ʘ ʪʘʢʦʞ ʧʦʩʪʫʧʦʚʦʾ 

ʚʽʜʤʦʚʠ ʚʽʜ ʚʠʢʦʧʥʠʭ ʚʠʜʽʚ ʧʘʣʠʚʘ, ʱʦ ʦʩʦʙʣʠʚʦ ʩʪʦʩʫʻʪʴʩʷ ʚʠʜʦʙʫʪʢʫ ʪʘ 

ʩʧʦʞʠʚʘʥʥʷ ʚʫʛʽʣʣʷ [104]. ɹʣʠʟʴʢʦ 80% ʚʠʢʠʜʽʚ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ ʧʦʚôʷʟʘʥʦ ʟ 

ʚʠʜʦʙʫʪʢʦʤ, ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷʤ ʽ ʩʧʦʞʠʚʘʥʥʷʤ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ, ʟʦʢʨʝʤʘ 

ʚʠʢʦʧʥʦʛʦ ʧʘʣʠʚʘ. ʋ ʩʪʨʫʢʪʫʨʽ ʩʚʽʪʦʚʠʭ ʚʠʢʠʜʽʚ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ ʯʘʩʪʢʘ 

ʧʨʦʤʠʩʣʦʚʦʛʦ ʩʝʢʪʦʨʫ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 6%; ʚ ʋʢʨʘʾʥʽ ʮʝʡ ʧʦʢʘʟʥʠʢ ʩʷʛʘʻ 18% 

[105]. 

ʅʘʡʙʽʣʴʰ ʟʥʘʯʥʠʤʠ ʧʨʠʨʦʜʥʠʤʠ ʧʘʨʥʠʢʦʚʠʤʠ ʛʘʟʘʤʠ, ʱʦ ʤʽʩʪʷʪʴʩʷ ʚ 

ʘʪʤʦʩʬʝʨʽ ɿʝʤʣʽ, ʻ ʚʦʜʷʥʘ ʧʘʨʘ (H O), ʚʫʛʣʝʢʠʩʣʠʡ ʛʘʟ (CO ), ʤʝʪʘʥ (CH ), ʦʢʩʠʜ 

ʘʟʦʪʫ (N O), ʘ ʪʘʢʦʞ ʦʟʦʥ ʫ ʪʨʦʧʦʩʬʝʨʽ (O ) [106], [107]. ɺʦʜʷʥʘ ʧʘʨʘ ʻ 

ʥʘʡʧʦʰʠʨʝʥʽʰʠʤ ʧʘʨʥʠʢʦʚʠʤ ʛʘʟʦʤ, ʷʢʠʡ ʚʽʜʽʛʨʘʻ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʧʨʠʨʦʜʥʦʤʫ 

ʧʘʨʥʠʢʦʚʦʤʫ ʝʬʝʢʪʽ, ʫʪʨʠʤʫʶʯʠ ʪʝʧʣʦ ʚ ʘʪʤʦʩʬʝʨʽ. ɺʫʛʣʝʢʠʩʣʠʡ ʛʘʟ ʻ 

ʦʩʥʦʚʥʠʤ ʜʦʚʛʦʞʠʚʫʯʠʤ ʧʘʨʥʠʢʦʚʠʤ ʛʘʟʦʤ, ʢʦʥʮʝʥʪʨʘʮʽʷ ʷʢʦʛʦ ʧʦʩʪʽʡʥʦ 

ʟʨʦʩʪʘʻ ʚʥʘʩʣʽʜʦʢ ʘʥʪʨʦʧʦʛʝʥʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ, ʟʦʢʨʝʤʘ ʩʧʘʣʶʚʘʥʥʷ 

ʚʠʢʦʧʥʦʛʦ ʧʘʣʠʚʘ, ʚʠʨʫʙʢʠ ʣʽʩʽʚ ʪʦʱʦ. ʄʝʪʘʥ ʤʘʻ ʟʥʘʯʥʦ ʚʠʱʠʡ ʧʦʪʝʥʮʽʘʣ 

ʧʘʨʥʠʢʦʚʦʛʦ ʝʬʝʢʪʫ ʧʦʨʽʚʥʷʥʦ ʟ CO , ʭʦʯʘ ʡʦʛʦ ʢʦʥʮʝʥʪʨʘʮʽʷ ʚ ʘʪʤʦʩʬʝʨʽ 

ʟʥʘʯʥʦ ʥʠʞʯʘ. ʆʩʥʦʚʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʤʝʪʘʥʫ ʻ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʘ ʜʽʷʣʴʥʽʩʪʴ 

(ʦʩʦʙʣʠʚʦ ʪʚʘʨʠʥʥʠʮʪʚʦ), ʚʠʜʦʙʫʪʦʢ ʽ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʛʘʟʫ ʪʘ ʥʘʬʪʠ, ʘ ʪʘʢʦʞ 

ʨʦʟʢʣʘʜʘʥʥʷ ʦʨʛʘʥʽʯʥʠʭ ʚʽʜʭʦʜʽʚ. ʆʢʩʠʜ ʘʟʦʪʫ ʻ ʧʦʪʫʞʥʠʤ ʧʘʨʥʠʢʦʚʠʤ ʛʘʟʦʤ, 

ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʧʨʦʮʝʩʽʚ, ʟʦʢʨʝʤʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʟʦʪʥʠʭ ʜʦʙʨʠʚ, ʘ ʪʘʢʦʞ ʧʽʜ ʯʘʩ ʟʛʦʨʷʥʥʷ ʚʠʢʦʧʥʦʛʦ ʧʘʣʠʚʘ. ʆʟʦʥ 

ʫ ʪʨʦʧʦʩʬʝʨʽ, ʭʦʯʘ ʽ ʥʝ ʻ ʜʦʚʛʦʞʠʚʫʯʠʤ ʛʘʟʦʤ, ʨʦʙʠʪʴ ʟʥʘʯʥʠʡ ʚʥʝʩʦʢ ʫ 

ʧʘʨʥʠʢʦʚʠʡ ʝʬʝʢʪ, ʘʜʞʝ ʚʽʥ ʝʬʝʢʪʠʚʥʦ ʧʦʛʣʠʥʘʻ ʽʥʬʨʘʯʝʨʚʦʥʝ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʁʦʛʦ ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʤʽʥʶʻʪʴʩʷ ʧʽʜ ʚʧʣʠʚʦʤ ʷʢ ʧʨʠʨʦʜʥʠʭ, ʪʘʢ 

ʽ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʧʨʦʮʝʩʽʚ, ʟʦʢʨʝʤʘ ʚʠʢʠʜʽʚ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʽ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ɺʤʽʩʪ ʛʘʟʽʚ, ʱʦ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʬʦʨʤʫʚʘʥʥʽ ʧʨʠʨʦʜʥʦʛʦ 

ʧʘʨʥʠʢʦʚʦʛʦ ʝʬʝʢʪʫ, ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1.8.  
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ʈʠʩʫʥʦʢ 1.8 ï ɺʤʽʩʪ ʛʘʟʽʚ ʫ ʧʨʠʨʦʜʥʦʤʫ ʧʘʨʥʠʢʦʚʦʤʫ ʝʬʝʢʪʽ 

 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ [108] ʛʣʦʙʘʣʴʥʽ ʚʠʢʠʜʠ CO2 ʩʪʘʙʽʣʴʥʦ 

ʟʨʦʩʪʘʣʠ ʟ 1990 ʨʦʢʫ, ʟʙʽʣʴʰʠʚʰʠʩʴ ʤʘʡʞʝ ʥʘ 60% ï ʟ 23,2 ɻʪ ʫ 1990 ʨʦʮʽ ʜʦ 

36,8 ɻʪ ʫ 2022 ʨʦʮʽ (ʨʠʩ. 1.9). 

 

ʂʠʪʘʡʉʐɸ ɯʥʜʽʷ ç---èʗʧʦʥʽ ɯ̫ʨʘʥ ʅʽʤʝʯʠʥʘ
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ʇʽʚʜʝʥʥʷ ʂʦʨʝʷ

ɯʥʜʦʥʝʟʽʷɯʥʰʽ ʢʨʘʾʥʠ

 

ʈʠʩʫʥʦʢ 1.9 ï ʉʚʽʪʦʚʘ ʪʝʥʜʝʥʮʽʷ ʟʤʽʥʠ  ʚʠʢʠʜʽʚ ʉʆ2 

 

ɸʥʘʣʽʟ ʥʘʚʝʜʝʥʠʭ ʜʘʥʠʭ ʥʘ ʨʠʩ. 1.9 ʚʢʘʟʫʻ ʥʘ ʪʠʤʯʘʩʦʚʝ ʟʥʠʞʝʥʥʷ ʉʆ2 ʫ 

2020 ʨʦʮʽ, ʱʦ ʩʧʨʠʯʠʥʝʥʝ ʛʣʦʙʘʣʴʥʠʤ ʫʧʦʚʽʣʴʥʝʥʥʷʤ ʝʢʦʥʦʤʽʢʠ ʯʝʨʝʟ 

ʧʘʥʜʝʤʽʶ Covid-1. ɺʽʜʙʫʣʦʩʷ ʟʤʝʥʰʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʪʘ ʟʥʠʞʝʥʥʷ 

ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ [109], [110]. ʅʘʡʙʽʣʴʰʠʤ ʜʞʝʨʝʣʦʤ CO2 ʻ ʂʠʪʘʡ, 

ʷʢʠʡ ʫ 2022 ʨʦʮʽ ʚʠʢʠʥʫʚ 10,7 ɻʪ, ʟʘ ʥʠʤ ʉʐɸ ʟ ʧʦʢʘʟʥʠʢʦʤ ʪʨʦʭʠ ʤʝʥʰʝ 

5,07 ɻʪ. 

ʅʘ ʚʫʛʣʝʢʠʩʣʠʡ ʛʘʟ ʧʨʠʧʘʜʘʻ ʙʣʠʟʴʢʦ 74% ʫʩʽʭ ʩʚʽʪʦʚʠʭ ʚʠʢʠʜʽʚ 

ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ. ʅʘʡʙʽʣʴʰʘ ʯʘʩʪʢʘ ʚʠʢʠʜʽʚ ʉʆ2 ʩʪʘʥʦʚʠʪʴ ʚ ʝʥʝʨʛʝʪʠʯʥʦʤʫ, 

ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʪʘ ʧʨʦʤʠʩʣʦʚʦʤʫ ʩʝʢʪʦʨʘʭ. ɽʥʝʨʛʝʪʠʯʥʠʡ ʩʝʢʪʦʨ ʻ ʦʜʥʠʤ ʟ 
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ʥʘʡʙʽʣʴʰʠʭ ʜʞʝʨʝʣ ʚʠʢʠʜʽʚ CO , ʦʩʢʽʣʴʢʠ ʚʝʣʠʢʘ ʯʘʩʪʠʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʫ ʩʚʽʪʽ 

ʚʠʨʦʙʣʷʻʪʴʩʷ ʟ ʚʠʢʦʧʥʦʛʦ ʧʘʣʠʚʘ, ʪʘʢʦʛʦ ʷʢ ʚʫʛʽʣʣʷ, ʥʘʬʪʘ ʽ ʧʨʠʨʦʜʥʠʡ ʛʘʟ. 

ɺʠʢʠʜʠ CO2 ʚʽʜ ʩʧʘʣʶʚʘʥʥʷ ʧʘʣʠʚʘ ʥʘʬʪʠ ʩʪʘʥʦʚʣʷʪʴ 42,5%, ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ï 

28,6%, ʚʫʛʽʣʣʷ ï 26,5%.  

ʆʩʦʙʣʠʚʦ ʰʢʽʜʣʠʚʽ ʚʫʛʽʣʴʥʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ, ʷʢʽ ʚʠʜʽʣʷʶʪʴ ʟʥʘʯʥʫ 

ʢʽʣʴʢʽʩʪʴ CO  ʪʘ ʽʥʰʠʭ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ. ɿʨʦʩʪʘʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʽ ʟʙʽʣʴʰʝʥʥʷ ʦʙʩʷʛʽʚ ʧʝʨʝʚʝʟʝʥʴ ʫ ʚʩʴʦʤʫ ʩʚʽʪʽ 

ʧʽʜʩʠʣʶʶʪʴ ʮʝʡ ʝʬʝʢʪ. ʇʨʦʤʠʩʣʦʚʠʡ ʩʝʢʪʦʨ ʦʭʦʧʣʶʻ ʨʽʟʥʽ ʛʘʣʫʟʽ, ʪʘʢʽ ʷʢ 

ʚʠʨʦʙʥʠʮʪʚʦ ʩʪʘʣʽ, ʮʝʤʝʥʪʫ, ʭʽʤʽʯʥʠʭ ʨʝʯʦʚʠʥ ʪʘ ʽʥʰʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʎʽ ʧʨʦʮʝʩʠ 

ʚʠʤʘʛʘʶʪʴ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʝʥʝʨʛʽʾ, ʷʢʫ ʟʘʟʚʠʯʘʡ ʦʪʨʠʤʫʶʪʴ ʟ ʚʠʢʦʧʥʦʛʦ 

ʧʘʣʠʚʘ. ʋ 2020 ʨʦʮʽ ʢʦʥʮʝʥʪʨʘʮʽʷ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ ʚ ʘʪʤʦʩʬʝʨʽ ʩʷʛʥʫʣʘ 

ʨʝʢʦʨʜʥʦʛʦ ʨʽʚʥʷ. ɹʣʠʟʴʢʦ 67% ʫʩʽʭ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ ʙʫʣʦ ʚʠʢʠʥʫʪʦ ʚʥʘʩʣʽʜʦʢ 

ʜʽʷʣʴʥʦʩʪʽ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʝʢʪʦʨʫ ʪʘ ʩʧʘʣʶʚʘʥʥʷ ʚʠʢʦʧʥʦʛʦ ʧʘʣʠʚʘ [111]. 

ɼʝʪʘʣʴʥʽ ʜʘʥʽ ʱʦʜʦ ʚʠʢʠʜʽʚ ʉʆ2 ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1.10.  
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- ɽʥʝʨʛʝʪʠʯʥʠʡ ʩʝʢʪʦʨ

- ɯʥʰʽ ʧʨʦʤʠʩʣʦʚʽ ʧʨʦʮʝʩʠ ʩʧʘʣʶʚʘʥʥʷ

- ʊʨʘʥʩʧʦʨʪ

- ɹʫʜʽʚʥʠʮʪʚʦ

- ɯʥʰʽ ʩʝʢʪʦʨʠ

 

ʈʠʩʫʥʦʢ 1.10 ï ɼʘʥʽ ʱʦʜʦ ʚʠʢʠʜʽʚ ʉʆ2 ʟ 2020 ʧʦ 2021 ʨʦʢʠ [112] 

 

ɸʥʘʣʽʟ ʥʘʚʝʜʝʥʠʭ ʜʘʥʠʭ ʚʢʘʟʫʻ ʥʘ ʧʦʩʪʽʡʥʝ ʧʽʜʚʠʱʝʥʥʷ ʚʠʢʠʜʽʚ ʉʆ2, ʱʦ, 

ʧʦʷʩʥʶʻʪʴʩʷ ʩʪʨʽʤʢʠʤ ʨʦʟʚʠʪʢʦʤ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʛʦ ʧʨʦʛʨʝʩʫ.  

ʋ 2022 ʨʦʮʽ ʜʠʥʘʤʽʢʘ ʚʠʢʠʜʽʚ CO  ʚ ʋʢʨʘʾʥʽ ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʘʩʷ 

ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʶ ʯʝʨʝʟ ʚʦʻʥʥʽ ʜʽʾ, ʱʦ ʧʨʠʟʚʝʣʠ ʜʦ ʨʫʡʥʫʚʘʥʥʷ ʧʨʦʤʠʩʣʦʚʠʭ 

ʦʙôʻʢʪʽʚ ʪʘ ʝʥʝʨʛʝʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ɿʘʛʘʣʴʥʠʡ ʨʽʚʝʥʴ ʚʠʢʠʜʽʚ ʩʢʦʨʦʪʠʚʩʷ 
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ʜʦ 180 ʤʣʥ ʪ. ʇʦʧʨʠ ʮʝ, ʚ ʜʝʷʢʠʭ ʢʨʠʪʠʯʥʠʭ ʨʝʛʽʦʥʘʭ ʙʫʣʦ ʟʙʽʣʴʰʝʥʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʢʦʧʥʦʛʦ ʧʘʣʠʚʘ ʜʣʷ ʟʘʜʦʚʦʣʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʪʨʝʙ, ʱʦ 

ʯʘʩʪʢʦʚʦ ʢʦʤʧʝʥʩʫʚʘʣʦ ʮʝ ʟʥʠʞʝʥʥʷ. ɺʦʜʥʦʯʘʩ ʫ ʙʝʟʧʝʯʥʠʭ ʨʝʛʽʦʥʘʭ 

ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʟʨʦʩʪʘʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʱʦ 

ʩʧʨʠʷʣʦ ʟʤʝʥʰʝʥʥʶ ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. ʉʪʘʥʦʤ ʥʘ 2022 ʨʽʢ 

ʋʢʨʘʾʥʘ ʟʘʡʥʷʣʘ 5 ʤʽʩʮʝ ʚ ɭʚʨʦʧʽ ʟʘ ʚʠʢʠʜʘʤʠ ʉʆ2 ʟ ʢʽʣʴʢʽʩʪʶ 41,67 ʄʪ. ʅʘ 

ʧʝʨʰʦʤʫ ʤʽʩʮʽ ʅʽʤʝʯʯʠʥʘ ï 216,52 ʄʪ. ɿʘʛʘʣʦʤ ʫ ɭʚʨʦʧʽ ʚʠʢʠʜʠ ʉʆ2 

ʩʪʘʥʦʚʣʷʪʴ 950, 62 Mʪ. 

ʗʢʱʦ ʨʦʟʛʣʷʜʘʪʠ ʚʠʢʠʜʠ CO  ʫ ʧʝʨʝʨʘʭʫʥʢʫ ʥʘ ʧʣʦʱʫ, ʪʦ ʫ 2022 ʨʦʮʽ 

ʧʦʢʘʟʥʠʢ ʜʣʷ ʋʢʨʘʾʥʠ ʩʢʣʘʚ 298,99 ʪ/ʢʤĮ (ʨʠʩ. 1.11). ʎʝ ʚʠʱʝ ʟʘ ʩʚʽʪʦʚʠʡ 

ʩʝʨʝʜʥʽʡ ʧʦʢʘʟʥʠʢ, ʷʢʠʡ ʩʪʘʥʦʚʠʪʴ 239,00 ʪ/ʢʤĮ, ʘʣʝ ʟʥʘʯʥʦ ʥʠʞʯʝ ʟʘ ʩʝʨʝʜʥʽʡ ʫ 

ɭʚʨʦʧʽ ï 432,27 ʪ/ʢʤĮ [113].  
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ʈʠʩʫʥʦʢ 1.11 ï ɼʘʥʽ ʱʦʜʦ ʚʠʢʠʜʽʚ ʉʆ2 ʟʘ ʧʣʦʱʝʶ ʪʘ ʨʦʢʘʤʠ 

 

ɸʥʘʣʽʟ ʥʘʚʝʜʝʥʠʭ ʜʘʥʠʭ ʥʘ ʨʠʩ. 1.11 ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʥʘʯʥʠʡ ʧʨʦʛʨʝʩ 

ʋʢʨʘʾʥʠ ʫ ʩʢʦʨʦʯʝʥʥʽ ʚʠʢʠʜʽʚ ʧʦʨʽʚʥʷʥʦ ʟ ʙʽʣʴʰʽʩʪʶ ʻʚʨʦʧʝʡʩʴʢʠʭ ʢʨʘʾʥ, ʽ 

ʜʝʤʦʥʩʪʨʫʻ ʚʝʣʠʢʠʡ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʟʥʠʞʝʥʥʷ ʚʠʢʠʜʽʚ ʉʆ2. 

ɺʠʨʽʰʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ, ʧʦʚôʷʟʘʥʠʭ ʟ ʦʙʤʝʞʝʥʥʷʤ ʚʠʢʠʜʽʚ CO   ̔

ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʽʥʥʷ ʜʦ 1,5 ÜC ʫ 2050 ī 2100 ʨʦʢʘʭ, ʩʪʘʣʦ ʧʨʦʙʣʝʤʘʪʠʯʥʠʤ ʽ 

ʩʢʣʘʜʥʠʤ ʜʦ ʨʝʘʣʽʟʘʮʽʾ. ʋ 2023 ʨʦʮ ̔ʧʨʠʨʽʩʪ ʛʣʦʙʘʣʴʥʦʾ ʩʝʨʝʜʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʦʚʝʨʭʥʽ ʚʞʝ ʥʘʙʣʠʟʠʚʩʷ ʜʦ 1,2 ÜC, ʮʝ ʚʠʱʝ ʟʘ ʜʦʽʥʜʫʩʪʨʽʘʣʴʥʠʡ ʨʽʚʝʥʴ, ʱʦ 

ʩʧʨʠʯʠʥʷʻ ʭʚʠʣʽ ʧʦʪʦʢʽʚ ʪʝʧʣʦʪʠ, ʙʫʨʝʚʽʾ, ʧʦʚʝʥʽ, ʣʽʩʦʚʽ ʧʦʞʝʞʽ ʪʘ ʽʥʰʽ 
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ʝʢʩʪʨʝʤʘʣʴʥʽ ʧʦʛʦʜʥʽ ʷʚʠʱʘ. ɺ ʋʢʨʘʾʥʽ ʟʘ ʜʘʥʠʤʠ ʄʽʥʽʩʪʝʨʩʪʚʘ ʟʘʭʠʩʪʫ 

ʜʦʚʢʽʣʣʷ ʪʘ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʋʢʨʘʾʥʠ ʩʝʨʝʜʥʷ ʨʽʯʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʟ ʧʦʯʘʪʢʫ 

XX ʩʪʦʣʽʪʪʷ ʟʨʦʩʣʘ ʙʽʣʴʰ ʥʽʞ ʥʘ 2 ÜC, ʟʦʢʨʝʤʘ ʥʘ 1,2 ÜC ʟʘ ʦʩʪʘʥʥʽ 30 ʨʦʢʽʚ 

[114]. 

ʅʘ ʩʴʦʛʦʜʥʽ ʦʩʥʦʚʥʽ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ ʨʽʟʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʫʪʠʣʽʟʘʮʽʾ 

CO2, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʦʙʦʪʠ [115], ʧʦʣʷʛʘʶʪʴ ʫ ʪʘʢʦʤʫ (ʪʘʙʣ. 1.2). 

 

ʊʘʙʣʠʮʷ 1.2 ï ʇʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ ʤʝʪʦʜʽʚ ʫʪʠʣʽʟʘʮʽʾ ʉʆ2 

ʄʝʪʦʜ ʫʪʠʣʽʟʘʮʽʾ ʇʝʨʝʚʘʛʠ ʅʝʜʦʣʽʢʠ 

ɽʣʝʢʪʨʦʭʽʤʽʯʥʠʡ 

ï ʚʽʜʩʫʪʥʽʩʪʴ ʜʦʜʘʪʢʦʚʦʛʦ 

ʥʘʛʨʽʚʘʥʥʷ; 

ï ʣʝʛʢʦ ʤʘʩʰʪʘʙʫʻʪʴʩʷ; 

ï ʧʝʨʝʨʦʙʣʝʥʠʡ ʝʣʝʢʪʨʦʣʽʪ 

ʟʤʝʥʰʫʻ ʟʘʛʘʣʴʥʝ ʩʧʦʞʠʚʘʥʥʷ 

ʝʣʝʢʪʨʦʣʽʪʫ; 

ï ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʧʦʥʦʚʣʶʚʘʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ; 

ï ʚʠʩʦʢʘ ʩʝʣʝʢʪʠʚʥʽʩʪʴ; 

ï ʜʦʚʛʦʩʪʨʦʢʦʚʘ ʩʪʘʙʽʣʴʥʘ 

ʨʦʙʦʪʘ; 

ï ʚʠʩʦʢʘ ʝʬʝʢʪʠʚʥʽʩʪʴ. 

ï ʥʠʟʴʢʠʡ ʪʝʨʤʽʥ ʩʣʫʞʙʠ 

ʢʘʪʘʣʽʟʘʪʦʨʘ; 

ï ʝʢʦʥʦʤʽʯʥʦ ʥʝʜʦʮʽʣʴʥʦ; 

ï ʧʦʪʨʽʙʥʦ ʙʽʣʴʰʝ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. 

ʊʝʧʣʦʚʠʡ 

ï ʥʝʦʙʭʽʜʥʘ ʚʠʩʦʢʘ 

ʪʝʤʧʝʨʘʪʫʨʘ; 

ï ʥʠʟʴʢʘ ʩʪʘʙʽʣʴʥʽʩʪʴ 

ʢʘʪʘʣʽʟʘʪʦʨʘ. 

ʌʦʪʦʢʘʪʘʣʽʪʠʯʥʠʡ 

ï ʥʝ ʧʦʪʨʝʙʫʻ ʜʦʜʘʪʢʦʚʦʾ 

ʝʥʝʨʛʽʾ; 

ï ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʡ; 

ï ʝʢʦʥʦʤʽʯʥʦ ʜʦʮʽʣʴʥʽ. 

ï ʥʠʟʴʢʘ ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʧʦ 

ʧʨʦʜʫʢʪʫ; 

ï ʤʝʥʰʘ ʚʨʦʞʘʡʥʽʩʪʴ. 

ɹʽʦʭʽʤʽʯʥʠʡ 

ï ʪʦʣʝʨʘʥʪʥʽʩʪʴ ʜʦ ʪʦʢʩʠʯʥʠʭ 

ʨʝʯʦʚʠʥ; 

ï ʚʠʱʘ ʩʝʣʝʢʪʠʚʥʽʩʪʴ; 

ï ʚʠʤʘʛʘʶʪʴ ʥʠʟʴʢʦʛʦ ʪʠʩʢʫ ʪʘ 

ʪʝʤʧʝʨʘʪʫʨʠ. 

ï ʜʦʚʛʦʪʨʠʚʘʣʠʡ ʧʨʦʮʝʩ; 

ï ʚʠʤʘʛʘʻ ʚʠʩʦʢʠʭ ʚʠʪʨʘʪ; 

ï ʜʘʻ ʤʝʥʰʠʡ ʚʠʭʽʜ 

ʧʨʦʜʫʢʮʽʾ; 

ï ʧʦʪʨʽʙʝʥ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʡ 

ʙʽʦʨʝʘʢʪʦʨ. 

ʍʽʤʽʢʦ-ʬʝʨʤʝʥʪʥʠʡ 

ï ʚʠʨʦʙʥʠʮʪʚʦ ʩʠʧʫʯʠʭ 

ʭʽʤʽʯʥʠʭ ʨʝʯʦʚʠʥ. 

ï ʚʠʤʘʛʘʶʪʴ ʚʠʩʦʢʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ 

ʘʢʪʠʚʥʽʩʪʴ ʬʝʨʤʝʥʪʽʚ. 

 

ʅʝʦʙʭʽʜʥʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʪʨʘʜʠʮʽʡʥʦ CO  ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʚʽʜʭʦʜʠ, ʷʢʽ 

ʧʦʪʨʝʙʫʶʪʴ ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʫʪʠʣʽʟʘʮʽʾ, ʦʜʥʘʢ ʥʦʚʽ ʧʽʜʭʦʜʠ ʧʨʦʧʦʥʫʶʪʴ ʡʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʢʦʨʠʩʥʠʭ ʨʝʯʦʚʠʥ [116]. 
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ʆʩʥʦʚʥʽ ʪʝʭʥʽʯʥʽ ʨʽʰʝʥʥʷ ʟ ʩʝʢʚʝʩʪʨʘʮʽʾ ʪʘ ʫʪʠʣʽʟʘʮʽʾ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ 

ʦʭʦʧʣʶʶʪʴ ʪʨʠ ʢʣʶʯʦʚʽ ʥʘʧʨʷʤʠ: ʪʝʭʥʦʣʦʛʽʾ ʫʣʦʚʣʶʚʘʥʥʷ, ʤʝʪʦʜʠ 

ʜʦʚʛʦʪʨʠʚʘʣʦʛʦ ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʧʨʦʤʠʩʣʦʚʦʾ ʫʪʠʣʽʟʘʮʽʾ CO . 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʤʝʪʦʜʠʢʠ, ʱʦ ʟʘʟʥʘʯʝʥʘ ʫ ʧ.1.3 ʙʫʣʦ ʪʘʢʦʞ ʧʨʦʚʝʜʝʥʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʥʘʤʽʢʠ ʧʫʙʣʽʢʘʮʽʡʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʟʘ ʥʘʧʨʷʤʦʤ ʫʪʠʣʽʟʘʮʽʾ 

ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʫ ʧʝʨʽʦʜ 2000 ï 2024 ʨʦʢʽʚ. ɼʝʪʘʣʴʥʽ ʜʘʥʽ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 

1.12. ɼʣʷ ʘʥʘʣʽʟʫ ʙʫʣʦ ʦʙʨʘʥʦ ʢʣʶʯʦʚʝ ʩʣʦʚʦʩʧʦʣʫʯʝʥʥʷ ñCO2 utilizationò. 
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ʈʠʩʫʥʦʢ 1.12 ï ʈʦʟʧʦʜʽʣ ʢʽʣʴʢʦʩʪʽ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʘ ʥʘʧʨʷʤʦʤ 

ʫʪʠʣʽʟʘʮʽʾ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʟʘ ʙʘʟʦʶ ʜʘʥʠʭ Scopus 

 

ɸʥʘʣʽʟ ʜʘʥʠʭ ʨʠʩ.1.12 ʚʢʘʟʫʻ ʥʘ ʨʽʟʢʝ ʟʨʦʩʪʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʫʙʣʽʢʘʮʽʡ ʟʘ 

ʪʝʤʦʶ ñCO2 utilizationò ʟ 2015 ʨʦʢʫ ʜʦ 2024 ʨʦʢʫ, ʱʦ ʩʧʨʠʯʠʥʝʥʝ ʟʥʘʯʥʠʤ 

ʧʦʩʠʣʝʥʥʷʤ ʽʥʪʝʨʝʩʫ ʜʦ ʮʽʻʾ ʪʝʤʠ, ʱʦ, ʡʤʦʚʽʨʥʦ, ʧʦʚôʷʟʘʥʦ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʫʚʘʛʠ 

ʜʦ ʧʠʪʘʥʴ ʩʢʦʨʦʯʝʥʥʷ ʚʠʢʠʜʽʚ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ. 

ʊʝʭʥʦʣʦʛʽʾ ʫʣʦʚʣʶʚʘʥʥʷ CO  ʤʽʩʪʷʪʴ ʧʝʨʝʜʦʚʽ ʤʝʪʦʜʠ ʚʠʜʽʣʝʥʥʷ 

ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʟ ʧʨʦʤʠʩʣʦʚʠʭ ʚʠʢʠʜʽʚ ʽ ʘʪʤʦʩʬʝʨʠ. ɼʦ ʥʠʭ ʥʘʣʝʞʘʪʴ 

ʚʽʜʜʽʣʝʥʥʷ CO  ʧʽʩʣʷ ʩʧʘʣʶʚʘʥʥʷ ʧʘʣʠʚʘ, ʚʠʜʘʣʝʥʥʷ CO  ʧʝʨʝʜ ʩʧʘʣʶʚʘʥʥʷʤ 

ʰʣʷʭʦʤ ʛʘʟʠʬʽʢʘʮʽʾ ʪʘ ʩʧʘʣʶʚʘʥʥʷ ʫ ʯʠʩʪʦʤʫ ʢʠʩʥʽ ʜʣʷ ʩʧʨʦʱʝʥʦʛʦ ʚʽʜʜʽʣʝʥʥʷ 

CO [117], [118]. 

ʄʝʪʦʜʠ ʟʙʝʨʽʛʘʥʥʷ CO  ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʡʦʛʦ ʜʦʚʛʦʪʨʠʚʘʣʫ ʽʟʦʣʷʮʽʶ ʚʽʜ 

ʘʪʤʦʩʬʝʨʠ. ʉʝʨʝʜ ʥʠʭ ï ʛʝʦʣʦʛʽʯʥʝ ʟʙʝʨʽʛʘʥʥʷ ʫ ʚʠʩʥʘʞʝʥʠʭ ʥʘʬʪʦʚʠʭ ʽ ʛʘʟʦʚʠʭ 
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ʨʦʜʦʚʠʱʘʭ, ʽʥôʻʢʮʽʷ ʫ ʩʦʣʷʥʽ ʚʦʜʦʥʦʩʥʽ ʛʦʨʠʟʦʥʪʠ ʪʘ ʤʽʥʝʨʘʣʴʥʘ ʢʘʨʙʦʥʽʟʘʮʽʷ, 

ʷʢʘ ʧʝʨʝʜʙʘʯʘʻ ʭʽʤʽʯʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ CO  ʫ ʩʪʘʙʽʣʴʥʽ ʢʘʨʙʦʥʘʪʥʽ ʤʽʥʝʨʘʣʠ [119], 

[120]. 

ʊʝʭʥʦʣʦʛʽʾ ʫʪʠʣʽʟʘʮʽʾ CO  ʧʝʨʝʜʙʘʯʘʶʪʴ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʩʠʨʦʚʠʥʠ 

ʜʣʷ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. CO  ʤʦʞʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʩʠʥʪʝʪʠʯʥʠʭ 

ʧʘʣʠʚ, ʧʦʣʽʤʝʨʽʚ, ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʫ ʙʽʦʪʝʭʥʦʣʦʛʽʷʭ, ʟʦʢʨʝʤʘ ʜʣʷ 

ʚʠʨʦʱʫʚʘʥʥʷ ʤʽʢʨʦʚʦʜʦʨʦʩʪʝʡ, ʱʦ ʻ ʜʞʝʨʝʣʦʤ ʙʽʦʧʘʣʠʚʘ [121, [122]. 

ʉʴʦʛʦʜʥʽ ʻʜʠʥʦʶ ʢʦʤʝʨʮʽʡʥʦ ʞʠʪʪʻʟʜʘʪʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʫʣʦʚʣʶʚʘʥʥʷ ʪʘ 

ʟʙʝʨʽʛʘʥʥʷ ʚʫʛʣʝʮʶ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʦʜʥʦʯʘʩʥʦ ʟʤʝʥʰʫʚʘʪʠ ʚʠʢʠʜʠ CO  ʚ 

ʘʪʤʦʩʬʝʨʫ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʡʦʛʦ ʜʣʷ ʝʢʦʥʦʤʽʯʥʦ ʚʠʛʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʻ ʡʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʚʽʜʜʘʯʽ ʥʘʬʪʦʚʠʭ ʨʦʜʦʚʠʱ [123]. ʎʷ 

ʪʝʭʥʦʣʦʛʽʷ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʥʘʬʪʦʚʽʜʜʘʯʽ ʥʘ 10 ï 20% ʚʽʜ ʧʦʯʘʪʢʦʚʦʛʦ ʨʽʚʥʷ 

ʚʠʜʦʙʫʪʢʫ. ɿʘʢʘʯʘʥʠʡ CO  ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʥʘʜʢʨʠʪʠʯʥʦʤʫ ʩʪʘʥʽ, ʷʢʱʦ ʛʣʠʙʠʥʘ 

ʧʣʘʩʪʘ ʧʝʨʝʚʠʱʫʻ 609,6 ʤ, ʱʦ ʨʦʙʠʪʴ ʡʦʛʦ ʝʬʝʢʪʠʚʥʠʤ ʨʦʟʯʠʥʥʠʢʦʤ ʜʣʷ ʥʘʬʪʠ. 

ʋ ʮʴʦʤʫ ʩʪʘʥʽ CO  ʜʦʙʨʝ ʟʤʽʰʫʻʪʴʩʷ ʟ ʥʘʬʪʦʶ, ʩʧʨʠʯʠʥʷʶʯʠ ʾʾ ʥʘʙʫʭʘʥʥʷ, 

ʟʥʠʞʝʥʥʷ ʚôʷʟʢʦʩʪʽ ʪʘ ʧʦʢʨʘʱʝʥʥʷ ʤʦʙʽʣʴʥʦʩʪʽ, ʱʦ ʩʧʨʠʷʻ ʚʠʪʽʩʥʝʥʥʶ 

ʜʦʜʘʪʢʦʚʠʭ ʦʙʩʷʛʽʚ ʚʫʛʣʝʚʦʜʥʽʚ ʽʟ ʧʦʨʠʩʪʦʾ ʧʦʨʦʜʠ. ʂʨʽʤ ʪʦʛʦ, CO  ʟʥʠʞʫʻ 

ʧʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ ʤʽʞ ʥʘʬʪʦʶ ʪʘ ʧʦʨʦʜʦʶ-ʢʦʣʝʢʪʦʨʦʤ, ʱʦ ʜʦʜʘʪʢʦʚʦ 

ʧʦʢʨʘʱʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ. ʋ ʚʠʧʘʜʢʫ ʧʦʢʣʘʜʽʚ ʟ ʥʠʟʴʢʠʤ ʪʠʩʢʦʤ ʘʙʦ 

ʚʘʞʢʠʤʠ ʥʘʬʪʘʤʠ, CO  ʤʦʞʝ ʥʝ ʧʦʚʥʽʩʪʶ ʟʤʽʰʫʚʘʪʠʩʷ ʟ ʥʘʬʪʦʶ, ʧʨʦʪʝ ʚʩʝ 

ʦʜʥʦ ʩʧʨʠʷʻ ʾʾ ʨʦʟʨʽʜʞʝʥʥʶ ʪʘ ʧʦʢʨʘʱʝʥʥʶ ʧʨʦʮʝʩʽʚ ʚʠʜʦʙʫʪʢʫ. 

ɯʥʰʠʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʨʽʰʝʥʥʷʤ ʟ ʫʪʠʣʽʟʘʮʽʾ ʉʆ2 ʻ ʡʦʛʦ ʢʘʨʙʦʥʽʟʘʮʽʷ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʢʘʨʙʦʥʘʪʽʚ, ʪʘʢʠʭ ʷʢ CaCO3 ʽ MgCO3 [124]. ʎ  ̫

ʪʝʭʥʦʣʦʛʽʷ ʜʘʻ ʟʤʦʛʫ ʱʦʨʽʯʥʦ ʩʢʦʨʦʯʫʚʘʪʠ ʚʠʢʠʜʠ ʉʆ2 ʚ ʤʝʞʘʭ 3,0 ɻʪ ʱʦʨʽʯʥʦ.  

ʇʨʦʮʝʩʠ ʫʪʠʣʽʟʘʮʽʾ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʟʥʘʡʰʣʠ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ 

ʤʝʪʘʣʫʨʛʽʡʥʽʡ ʛʘʣʫʟʽ, ʩʧʨʠʷʶʯʠ ʟʤʝʥʰʝʥʥʶ ʚʠʢʠʜʽʚ CO  ʪʘ ʧʽʜʚʠʱʝʥʥʶ 

ʝʢʦʣʦʛʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ. ɿʦʢʨʝʤʘ, ʪʝʭʥʦʣʦʛʽʾ ʫʣʦʚʣʶʚʘʥʥʷ ʪʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ CO  ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ ʚʠʧʣʘʚʮʽ ʩʪʘʣʽ, ʘʣʶʤʽʥʽʶ ʪʘ ʽʥʰʠʭ ʤʝʪʘʣʽʚ, 

ʜʝ CO  ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʷʢ ʚʽʜʥʦʚʥʠʢ ʘʙʦ ʨʝʘʛʝʥʪ ʫ ʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʘʭ 

[125]. ʅʘ ʧʦʯʘʪʢʦʚʠʭ ʝʪʘʧʘʭ ʚʠʨʦʙʥʠʮʪʚʘ ʩʪʘʣʽ ʟʘʣʽʟʥʘ ʨʫʜʘ ʧʨʦʭʦʜʠʪʴ 
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ʬʣʦʪʘʮʽʡʥʝ ʟʙʘʛʘʯʝʥʥʷ, ʧʽʜ ʯʘʩ ʷʢʦʛʦ ʢʦʨʠʩʥʽ ʯʘʩʪʢʠ ʦʩʽʜʘʶʪʴ, ʘ ʥʝʧʦʪʨʽʙʥʽ 

(ʥʘʧʨʠʢʣʘʜ, ʢʨʝʤʥʝʟʝʤ) ʩʧʣʠʚʘʶʪʴ. ʎʝʡ ʧʨʦʮʝʩ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʚʠʩʦʢʦʛʦ ʨʽʚʥ ̫

pH, ʱʦ ʫʩʢʣʘʜʥʶʻ ʥʘʩʪʫʧʥʫ ʩʪʘʜʽʶ ʬʽʣʴʪʨʘʮʽʾ. CO  ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʷʢ 

ʩʣʘʙʢʘ ʢʠʩʣʦʪʘ ʜʣʷ ʟʥʠʞʝʥʥʷ pH, ʱʦ ʧʦʢʨʘʱʫʻ ʰʚʠʜʢʽʩʪʴ ʬʽʣʴʪʨʘʮʽʾ ʜʦ 23%. 

ɺʠʨʦʙʥʠʮʪʚʦ ʘʣʶʤʽʥʽʶ ʪʘʢʦʞ ʻ ʝʥʝʨʛʦʻʤʥʠʤ ʧʨʦʮʝʩʦʤ, ʷʢʠʡ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʫʪʚʦʨʝʥʥʷʤ ʟʥʘʯʥʠʭ ʦʙʩʷʛʽʚ ʚʽʜʭʦʜʽʚ, ʟʦʢʨʝʤʘ ʯʝʨʚʦʥʦʛʦ ʰʣʘʤʫ. ʋʪʠʣʽʟʘʮʽʷ 

CO  ʫ ʮʽʡ ʛʘʣʫʟʽ ʟʦʩʝʨʝʜʞʝʥʘ ʧʝʨʝʚʘʞʥʦ ʥʘ ʥʝʡʪʨʘʣʽʟʘʮʽʾ ʪʘ ʧʦʜʘʣʴʰʦʤʫ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʯʝʨʚʦʥʦʛʦ ʰʣʘʤʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʡʦʛʦ ʥʝʙʝʟʧʝʯʥʽʩʪʴ ʜʣʷ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɸʣʶʤʽʥʽʡ ʚʠʨʦʙʣʷʻʪʴʩʷ ʰʣʷʭʦʤ ʧʝʨʝʨʦʙʢʠ 

ʙʦʢʩʠʪʽʚ ʫ ʛʣʠʥʦʟʝʤ (Al2O3). ʇʽʜ ʯʘʩ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʢʦʥʮʝʥʪʨʦʚʘʥʠʡ ʨʦʟʯʠʥ ʛʽʜʨʦʢʩʠʜʫ ʥʘʪʨʽʶ (NaOH), ʱʦ ʜʘʻ ʟʤʦʛʫ ʝʢʩʪʨʘʛʫʚʘʪʠ 

ʘʣʶʤʽʥʽʡ. ʆʩʥʦʚʥʠʤ ʧʦʙʽʯʥʠʤ ʧʨʦʜʫʢʪʦʤ ʻ ʯʝʨʚʦʥʠʡ ʰʣʘʤ ï ʟʘʣʠʰʦʢ, ʱʦ 

ʤʽʩʪʠʪʴ ʦʢʩʠʜʠ ʟʘʣʽʟʘ, ʪʠʪʘʥʫ, ʢʘʣʴʮʽʶ ʪʘ ʟʘʣʠʰʢʦʚʠʡ ʣʫʛ (pH > 13). ɺʠʩʦʢʘ 

ʣʫʞʥʽʩʪʴ ʯʝʨʚʦʥʦʛʦ ʰʣʘʤʫ ʨʦʙʠʪʴ ʡʦʛʦ ʥʝʙʝʟʧʝʯʥʠʤ ʜʣʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʫʩʢʣʘʜʥʶʻ ʫʪʠʣʽʟʘʮʽʶ. ʆʜʠʥ ʽʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʡʦʛʦ 

ʦʙʨʦʙʢʠ  ̒ ʚʠʢʦʨʠʩʪʘʥʥʷ CO  ʜʣʷ ʟʥʠʞʝʥʥʷ pH. ɺʫʛʣʝʢʠʩʣʠʡ ʛʘʟ ʚʩʪʫʧʘʻ ʚ 

ʨʝʘʢʮʽʶ ʟ ʣʫʞʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʫʪʚʦʨʶʶʯʠ ʢʘʨʙʦʥʘʪʠ: 

Ca(OH)2+CO2ŸCaCO3+H2O. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʘʥʘʣʽʟʫ ʥʠʟʢʠ ʜʦʩʣʽʜʞʝʥʴ, ʟʘʟʥʘʯʘʻʪʴʩʷ, ʱʦ ʟʘ ʜʦʧʦʤʦʛʦʶ 

CO  ʤʦʞʥʘ ʟʥʠʟʠʪʠ pH ʯʝʨʚʦʥʦʛʦ ʰʣʘʤʫ ʜʦ 7, ʭʦʯʘ ʫ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʦʚʪʦʨʥʝ ʧʽʜʚʠʱʝʥʥʷ pH ʜʦ 9 ʯʝʨʝʟ ʚʠʣʫʛʦʚʫʚʘʥʥʷ ʟʘʣʠʰʢʦʚʠʭ 

ʣʫʞʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. ʎʝ ʤʦʞʥʘ ʢʦʤʧʝʥʩʫʚʘʪʠ ʙʘʛʘʪʦʨʘʟʦʚʠʤ ʚʧʣʠʚʦʤ CO  

ʯʝʨʝʟ ʨʽʟʥʽ ʯʘʩʦʚʽ ʧʨʦʤʽʞʢʠ. 

ʂʦʣʝʢʪʠʚʦʤ ʥʘʫʢʦʚʮʽʚ ʟ ʊʝʨʥʦʧʽʣʴʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʧʝʜʘʛʦʛʽʯʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ɺʦʣʦʜʠʤʠʨʘ ɻʥʘʪʶʢʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʩʧʦʩʽʙ ʚʽʜʙʦʨʫ 

ʜʠʤʦʚʠʭ ʛʘʟʽʚ ʟ ʝʥʝʨʛʝʪʠʯʥʠʭ ʫʩʪʘʥʦʚʦʢ ʪʘ ʥʘʛʥʽʪʘʥʥʷ ʾʭ ʫ ʢʫʣʴʪʠʚʘʪʦʨ, ʜʝ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʛʣʠʥʘʥʥʷ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ ʤʽʢʨʦʚʦʜʦʨʦʩʪ̫ ʤʠ, ʚ ʷʢʦʤʫ 

ʧʽʜʪʨʠʤʫʶʪʴ ʨʘʮʽʦʥʘʣʴʥʠʡ ʛʘʟʦʚʦ-ʤʽʥʝʨʘʣʴʥʠʡ ʩʢʣʘʜ ʧʦʞʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ 

ʚʽʜʧʦʚʽʜʥʠʭ ʽʥʩʦʣʷʮʽʡʥʦ-ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʨʝʞʠʤʘʭ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ 

ʩʠʩʪʝʤʘʤʠ ʪʝʧʣʦʤʘʩʦʦʙʤʽʥʫ ʜʘʪʯʠʢʘʤʠ ʪʘ ʢʦʥʪʨʦʣʴʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʠʤ 
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ʤʦʜʫʣʝʤ. ʎʝ ʨʽʰʝʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʙʝʟʧʝʨʝʨʚʥʝ ʚʠʨʦʙʥʠʮʪʚʦ ʙʽʦʤʘʩʠ 

ʤʽʢʨʦʚʦʜʦʨʦʩʪʝʡ, ʝʬʝʢʪʠʚʥʦ ʚʠʣʫʯʘʶʯʠ ʜʽʦʢʩʠʜ ʚʫʛʣʝʮʶ ʟ ʘʪʤʦʩʬʝʨʠ ʪʘ ʽʟ 

ʩʠʩʪʝʤ, ʱʦ ʩʧʘʣʶʶʪʴ ʤʝʪʘʥ. ʂʨʽʤ ʪʦʛʦ, ʪʝʭʥʦʣʦʛʽʷ ʜʘʻ ʟʤʦʛʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʫ ʪʝʧʣʦʚʫ ʝʥʝʨʛʽʶ, ʦʪʨʠʤʘʥʫ ʚʽʜ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ 

ʚʠʭʣʦʧʥʠʭ ʛʘʟʽʚ [126]. ʊʘʢʠʡ ʧʽʜʭʽʜ ʥʝ ʣʠʰʝ ʩʧʨʠʷʻ ʚʠʨʦʙʥʠʮʪʚʫ ʣʽʧʽʜʽʚ ʜʣʷ 

ʙʽʦʧʘʣʠʚʘ, ʘ ʡ ʤʦʞʝ ʽʥʪʝʛʨʫʚʘʪʠʩʷ ʚ ʘʚʪʦʥʦʤʥʽ ʛʦʩʧʦʜʘʨʩʴʢʽ ʩʠʩʪʝʤʠ, 

ʧʽʜʚʠʱʫʶʯʠ ʾʭʥʶ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʝʢʦʣʦʛʽʯʥʫ ʩʪʽʡʢʽʩʪʴ  

ɺʽʜʦʤʠʤʠ ʻ ʢʘʨʙʦʥʘʪʥʽ ʩʧʦʩʦʙʠ ʚʠʨʦʙʥʠʮʪʚʘ ʩʢʣʘʜʥʠʭ ʤʽʥʝʨʘʣʴʥʠʭ 

ʜʦʙʨʠʚ ʟʘ ʥʦʚʠʤ ʧʨʠʟʥʘʯʝʥʥʷʤ ï ʜʣʷ ʫʪʠʣʽʟʘʮʽʾ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ. ʈʝʘʢʮʽʷ 

ʧʦʛʣʠʥʘʥʥʷ ʜʚʦʦʢʩʠʜʫ ʚʫʛʣʝʮʶ ʦʧʠʩʫʻʪʴʩʷ ʬʦʨʤʫʣʦʶ Ca(NO3)2 + 2NH3 + ʉʆ2 + 

ʅ2ʆ = ʉʘʉʆ3Ź + 2NH4NO3. ʅʘ ʚʭʦʜʽ ʚ ʫʩʪʘʥʦʚʢʫ ʚʫʛʣʝʢʠʩʣʠʡ ʛʘʟ ʉʆ2 ʤʘʚ 

ʢʦʥʮʝʥʪʨʘʮʽʶ 29%, ʥʘ ʚʠʭʦʜʽ ï 2%, ʪʝʤʧʝʨʘʪʫʨʘ ʨʦʟʯʠʥʫ ï 17 ÜC [127]. 

ɼʦ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʩʧʦʩʦʙʽʚ ʫʪʠʣʽʟʘʮʽʾ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ ʚʽʜʥʦʩʠʪʴʩʷ 

ʪʝʭʥʦʣʦʛʽʷ ʡʦʛʦ ʫʣʦʚʣʶʚʘʥʥʷ ʟ ʜʠʤʥʠʭ ʛʘʟʽʚ ʟ ʧʦʜʘʣʴʰʦʶ ʢʘʪʘʣʽʪʠʯʥʦʶ 

ʢʦʥʚʝʨʩʽʻʶ ʜʣʷ ʩʠʥʪʝʟʫ ʤʝʪʘʥʦʣʫ [128]. ʆʜʥʘʢ ʜʦ ʦʩʥʦʚʥʠʭ ʥʝʜʦʣʽʢʽʚ ʜʘʥʦʛʦ 

ʩʧʦʩʦʙʫ ʻ ʩʢʣʘʜʥʽʩʪʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʠʭ ʫʤʦʚ ʧʨʦʪʽʢʘʥʥʷ ʧʨʦʮʝʩʫ 

ʢʘʪʘʣʽʪʠʯʥʦʾ ʢʦʥʚʝʨʩʽʾ, ʟʦʢʨʝʤʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʠʩʢʫ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ. ɯʥʰʠʤ 

ʚʽʜʦʤʠʤ ʩʧʦʩʦʙʦʤ ʻ ʪʝʭʥʦʣʦʛʽʷ ʫʪʠʣʽʟʘʮʽʾ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ ʰʣʷʭʦʤ ʡʦʛʦ 

ʧʦʛʣʠʥʘʥʥʷ ʚʽʜʭʦʜʘʤʠ, ʷʢʽ ʫʪʚʦʨʶʶʪʴʩʷ ʧʽʜ ʯʘʩ ʩʧʘʣʶʚʘʥʥʷ ʪʚʝʨʜʠʭ ʧʘʣʠʚ, ʧʨʠ 

ʷʢʦʤʫ ʚʫʛʣʝʢʠʩʣʠʡ ʛʘʟ ʚʩʪʫʧʘʻ ʚ ʭʽʤʽʯʥʫ ʨʝʘʢʮʽʶ ʽʟ ʟʦʣʦʰʣʘʢʦʚʠʤʠ ʚʽʜʭʦʜʘʤʠ 

[129]. ʆʜʥʘʢ ʟʘʙʝʟʧʝʯʝʥʥʷ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʟʫʤʦʚʣʝʥʝ ʟʥʘʯʥʠʤʠ ʝʥʝʨʛʦʟʘʪʨʘʪʠ ʥʘ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʙʣʦʢʫ ʫʪʠʣʽʟʘʮʽʾ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ. ʎʝ ʥʘʩʘʤʧʝʨʝʜ ʧʦʚôʷʟʘʥʦ ʟ 

ʚʠʢʦʥʘʥʥʷʤ ʜʦʜʘʪʢʦʚʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ, ʪʘʢʠʭ ʷʢ ʦʩʫʰʝʥʥʷ ʽ 

ʧʦʜʨʽʙʥʝʥʥʷ ʚʠʭʽʜʥʦʾ ʩʠʨʦʚʠʥʠ ʜʣʷ ʩʧʘʣʶʚʘʥʥʷ. 

ʈʦʟʛʣʷʜʘʶʯʠ ʪʝʭʥʦʣʦʛʽʾ ʟʙʝʨʽʛʘʥʥʷ ʚʫʛʣʝʮʶ ʫ ʚʝʣʠʢʠʭ ʦʙôʻʤʘʭ ʻ ʚʽʜʦʤʘ 

ʪʝʭʥʦʣʦʛʽʷ, ʱʦ ʧʦʣʷʛʘʻ ʚ ʧʦʧʝʨʝʜʥʴʦʤʫ ʚʽʜʜʽʣʝʥʥʽ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ ʚʽʜ 

ʮʽʣʴʦʚʠʭ ʪʘ ʧʦʙʽʯʥʠʭ ʧʨʦʜʫʢʪʽʚ ʦʪʨʠʤʘʥʠʭ ʧʨʠ ʪʝʨʤʦʢʘʪʘʣʽʪʠʯʥʽʡ ʧʝʨʝʨʦʙʮʽ 

ʪʚʝʨʜʦʛʦ ʧʘʣʠʚʘ. ɺʫʛʣʝʢʠʩʣʠʡ ʛʘʟ ʧʝʨʝʚʦʜʷʪʴ ʫ ʨʽʜʢʠʡ ʩʪʘʥ ʽ ʚ ʧʦʜʘʣʴʰʦʤʫ 

ʧʦʜʘʶʪʴ ʥʘ ʜʥʦ ʧʨʠʨʦʜʥʦʛʦ ʚʦʜʦʡʤʠʱʘ ʥʘ ʛʣʠʙʠʥʫ 1 ï 3 ʤ, ʜʝ ʚʤʽʩʪ ʩʽʨʢʦʚʦʜʥʶ 

ʩʪʘʥʦʚʠʪʴ ʥʝ ʤʝʥʰ 1,5 ʤʛ/ʣ [130]. ʆʩʥʦʚʥʠʤʠ ʥʝʜʦʣʽʢʘʤʠ ʮʴʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 
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ʨʽʰʝʥʥʷ ʻ ʟʥʘʯʥʽ ʚʠʪʨʘʪʠ ʥʘ ʧʝʨʝʚʝʟʝʥʥʷ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ, ʱʦ ʟʫʤʦʚʣʝʥʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʫʭʦʧʫʪʥʦʛʦ ʪʘ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʟʘ ʫʤʦʚʠ ʚʽʜʜʘʣʝʥʦʩʪʽ 

ʢʦʥʮʝʥʪʨʦʚʘʥʠʭ ʜʞʝʨʝʣ ʡʦʛʦ ʫʪʚʦʨʝʥʥʷ, ʦʙʤʝʞʝʥʽʩʪʴ ʫ ʣʦʢʘʮʽʷʭ ʜʣʷ ʡʦʛʦ 

ʫʪʠʣʽʟʘʮʽʾ, ʟʘ ʷʢʠʭ ʫʥʝʤʦʞʣʠʚʣʶʻʪʴʩʷ ʥʝʙʝʟʧʝʢʘ ʨʦʟʢʣʘʜʘʥʥʷ ʛʽʜʨʘʪʽʚ ʜʽʦʢʩʠʜʫ 

ʚʫʛʣʝʮʶ ʟ ʧʦʜʘʣʴʰʠʤ ʡʦʛʦ ʨʦʟʯʠʥʝʥʥʷʤ ʫ ʤʦʨʩʴʢʽʡ ʚʦʜʽ, ʱʦ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ 

ʥʘ ʤʦʨʩʴʢʫ ʬʣʦʨʫ ʪʘ ʬʘʫʥʫ. 

ɸʥʘʣʽʟ ʚʠʱʝʥʘʚʝʜʝʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʦʚʦʜʞʝʥʥʷ ʟ ʜʽʦʢʩʠʜʦʤ ʚʫʛʣʝʮʶ 

ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʻ ʥʠʟʢʘ ʦʩʥʦʚʥʠʭ ʥʝʜʦʣʽʢʽʚ, ʧʦʚ'ʷʟʘʥʠʭ ʽʟ ʥʝʤʦʞʣʠʚʽʩʪʶ 

ʫʪʠʣʽʟʘʮʽʾ ʟʥʘʯʥʠʭ ʦʙôʻʤʽʚ ʮʴʦʛʦ ʛʘʟʫ, ʘ ʪʘʢʦʞ ʽʟ ʚʠʩʦʢʠʤʠ ʚʠʪʨʘʪʘʤʠ ʥʘ ʡʦʛʦ 

ʟʘʭʦʧʣʝʥʥʷ ʪʘ ʟʙʝʨʽʛʘʥʥʷ. ʆʜʥʠʤ ʽʟ ʥʘʡʩʫʪʪʻʚʽʰʠʭ ʦʙʤʝʞʝʥʴ ʻ ʥʝʜʦʩʪʘʪʥʷ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʥʘʷʚʥʠʭ ʤʝʪʦʜʽʚ ʫ ʚʝʣʠʢʠʭ ʤʘʩʰʪʘʙʘʭ, ʱʦ ʧʝʨʝʰʢʦʜʞʘʻ ʾʭ 

ʰʠʨʦʢʦʤʫ ʟʘʩʪʦʩʫʚʘʥʥʶ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ʂʨʽʤ ʪʦʛʦ, ʪʝʭʥʦʣʦʛʽʾ ʟʙʝʨʽʛʘʥʥʷ CO  

ʚʠʤʘʛʘʶʪʴ ʟʥʘʯʥʠʭ ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʽ ʧʦʪʝʥʮʽʡʥʦ ʤʦʞʫʪʴ ʩʧʨʠʯʠʥʠʪʠ 

ʝʢʦʣʦʛʽʯʥʽ ʨʠʟʠʢʠ, ʪʘʢʽ ʷʢ ʚʠʪʦʢʠ ʛʘʟʫ. 

ɽʢʦʥʦʤʽʯʥʠʡ ʘʥʘʣʽʟ ʧʦʢʘʟʫʻ, ʱʦ ʫʣʦʚʣʶʚʘʥʥʷ ʦʜʥʽʻʾ ʪʦʥʠ CO2 ʟ ʚʽʜʭʽʜʥʠʭ 

ʛʘʟʽʚ ʤʦʞʝ ʢʦʰʪʫʚʘʪʠ ʚʽʜ 70 ʜʦ 100 ʜʦʣ. ʅʘʪʦʤʽʩʪʴ ʫʣʦʚʣʶʚʘʥʥʷ CO2 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ ʘʪʤʦʩʬʝʨʠ ʦʙʭʦʜʠʪʠʩʷ ʟʥʘʯʥʦ ʜʦʨʦʞʯʝ ï ʚʽʜ 300 ʜʦ 1500 ʜʦʣ. ʟʘ 

ʪʦʥʥʫ [131].  

ʅʘ ʩʴʦʛʦʜʥʽ ʜʝʜʘʣʽ ʙʽʣʴʰʝ ʫʚʘʛʠ ʧʨʠʜʽʣʷʻʪʴʩʷ ʨʦʟʚʠʪʢʫ ʚʫʛʣʝʜʦʙʫʚʥʠʭ 

ʨʝʛʽʦʥʽʚ, ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ ʥʘ ʝʬʝʢʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ, ʝʢʦʣʦʛʽʯʥʠʭ, ʩʦʮʽʘʣʴʥʠʭ 

ʪʘ ʝʢʦʥʦʤʽʯʥʠʭ ʨʽʰʝʥʥʷʭ ʽʟ ʜʦʪʨʠʤʘʥʥʷʤ ʧʨʠʥʮʠʧʽʚ ʢʣʽʤʘʪʠʯʥʦʾ ʥʝʡʪʨʘʣʴʥʦʩʪʽ. 

ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʣʷʪʠ ʪʘ ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʥʠʟʢʫ ʟʘʭʦʜʽʚ ʽ ʩʪʨʘʪʝʛʽʡ, ʷʢʽ 

ʧʦʣʷʛʘʶʪʴ ʫ: 

ï ʧʝʨʝʭʦʜʽ ʥʘ ʚʽʜʥʦʚʣʶʚʘʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ ʰʣʷʭʦʤ ʨʦʟʚʠʪʢʫ 

ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʪʘʢʠʭ ʷʢ ʩʦʥʷʯʥʘ, ʚʽʪʨʦʚʘ ʪʘ ʛʽʜʨʦʝʥʝʨʛʝʪʠʢʘ; 

ï ʚʧʨʦʚʘʜʞʝʥʥʽ ʧʨʦʛʨʘʤ ʽ ʪʝʭʥʦʣʦʛʽʡ ʟ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ, ʱʦ 

ʟʤʝʥʰʫʶʪʴ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʪʘ ʚʠʢʠʜʽʚ ʚʫʛʣʝʮʶ; 

ï ʚʽʜʥʦʚʣʝʥʥʽ ʧʨʠʨʦʜʥʠʭ ʝʢʦʩʠʩʪʝʤ  ̔ʨʝʢʫʣʴʪʠʚʘʮʽ ʾʪʝʨʠʪʦʨʽʡ, ʷʢʽ ʙʫʣʠ 

ʧʽʜ ʩʬʝʨʦʶ ʚʧʣʠʚʫ ʚʫʛʣʝʜʦʙʫʚʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ; 



 81 

ï ʩʦʮʽʘʣʴʥʦʤʫ ʨʦʟʚʠʪʢʫ ʪʘ ʧʝʨʝʢʚʘʣʽʬʽʢʘʮʽʾ ʨʦʙʽʪʥʠʢʽʚ ʟʘ ʨʘʭʫʥʦʢ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʟʘʡʥʷʪʦʩʪʽ ʜʣʷ ʤʽʩʮʝʚʦʛʦ ʥʘʩʝʣʝʥʥʷ, 

ʱʦ ʚʪʨʘʪʠʣʦ ʨʦʙʦʪʫ ʚʥʘʩʣʽʜʦʢ ʟʘʢʨʠʪʪʷ ʚʫʛʣʝʜʦʙʫʚʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʘʙʦ 

ʟʛʦʨʪʘʥʥʷ ʛʽʨʥʠʯʠʭ ʨʦʙʽʪ; 

ï ʬʽʥʘʥʩʫʚʘʥʥʽ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʽʥʥʦʚʘʮʽʡ ʫ ʩʬʝʨʽ ʯʠʩʪʦʾ ʝʥʝʨʛʝʪʠʢʠ ʪʘ 

ʟʝʣʝʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

ʊʘʢʦʞ ʚʘʞʣʠʚʦʶ ʦʩʥʦʚʦʶ ʜʦʩʷʛʥʝʥʥʷ ʢʣʽʤʘʪʠʯʥʦʾ ʥʝʡʪʨʘʣʴʥʦʩʪʽ 

ʚʫʛʣʝʜʦʙʫʚʥʠʭ ʨʝʛʽʦʥʘʭ ʻ ʧʘʨʪʥʝʨʩʪʚʦ ʤʽʞ ʫʨʷʜʦʤ, ʛʨʦʤʘʜʩʴʢʽʩʪʶ ʪʘ 

ʧʨʠʚʘʪʥʠʤ ʩʝʢʪʦʨʦʤ ʜʣʷ ʩʧʽʣʴʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʮʠʭ ʩʪʨʘʪʝʛʽʡ. ɸʜʞʝ ʣʠʰʝ ʯʝʨʝʟ 

ʩʧʽʣʴʥʽ ʟʫʩʠʣʣʷ ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʟʥʘʯʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʫ ʟʤʝʥʰʝʥʥʽ ʚʧʣʠʚʫ 

ʚʫʛʽʣʴʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʥʘ ʢʣʽʤʘʪ ʪʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʂʦʥʮʝʧʮʽʾ ɼʝʨʞʘʚʥʦʾ ʮʽʣʴʦʚʦʾ ʧʨʦʛʨʘʤʠ ʩʧʨʘʚʝʜʣʠʚʦʾ 

ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʚʫʛʽʣʴʥʠʭ ʨʝʛʽʦʥʽʚ ʋʢʨʘʾʥʠ ʥʘ ʧʝʨʽʦʜ ʜʦ 2030 ʨʦʢʫ [132] 

ʥʘʛʘʣʴʥʦʛʦ ʚʠʨʽʰʝʥʥʷ ʧʦʪʨʝʙʫʶʪʴ ʧʨʦʙʣʝʤʠ, ʱʦ ʧʦʣʷʛʘʶʪʴ ʫ: ʥʠʟʴʢʦʤʫ ʨʽʚʥ ̔

ʽʥʚʝʩʪʠʮʽʡʥʦʾ ʧʨʠʚʘʙʣʠʚʦʩʪʽ, ʩʧʨʠʯʠʥʝʥʦʶ ʟʙʠʪʢʦʚʽʩʪʶ ʜʝʨʞʘʚʥʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ ʚʫʛʽʣʴʥʦʾ ʛʘʣʫʟʽ; ʤʦʥʦʢʫʣʴʪʫʨʥʦʤʫ ʭʘʨʘʢʪʝʨ ̔ʤʽʩʮʝʚʦʾ ʝʢʦʥʦʤʽʢʠ ʫ 

ʚʫʛʽʣʴʥʠʭ ʨʝʛʽʦʥʘʭ; ʥʝʝʬʝʢʪʠʚʥʽʡ ʜʝʨʞʘʚʥʽʡ ʩʦʮʽʘʣʴʥʽʡ ʧʦʣʽʪʠʮ ̔ʫ ʚʫʛʽʣʴʥʠʭ 

ʨʝʛʽʦʥʘʭ; ʥʠʟʴʢʦʤʫ ʨʽʚʥ ̔ʨʦʟʚʠʪʢʫ ʩʦʮʽʘʣʴʥʦʾ ʪʘ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʚ 

ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʘʭ ʚʫʛʽʣʴʥʠʭ ʨʝʛʽʦʥʽʚ; ʧʦʛʽʨʰʝʥʥ ʁ ʝʢʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾ 

ʚʥʘʩʣʽʜʦʢ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʘ/ʘʙʦ ʟʘʢʨʠʪʪʷ ʚʫʛʽʣʴʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ; ʩʦʮʽʘʣʴʥʽʡ 

ʥʘʧʨʫʞʝʥʦʩʪʽ ʩʝʨʝʜ ʥʘʩʝʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ, ʥʘ ʷʢʠʭ ʨʦʟʤʽʱʫʶʪʴʩʷ ʚʫʛʽʣʴʥʽ 

ʧʽʜʧʨʠʻʤʩʪʚʘ, ʱʦ ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʩʪʘʜʽʾ ʣʽʢʚʽʜʘʮʽʾ, ʢʦʥʩʝʨʚʘʮʽʾ ʘʙʦ 

ʧʝʨʝʦʨʽʻʥʪʘʮʽʾ ʥʘ ʽʥʰʽ ʚʠʜʠ ʝʢʦʥʦʤʽʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ. ʉʴʦʛʦʜʥʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ 

ʥʠʟʢʘ ʧʝʨʰʠʭ ʧʽʣʦʪʥʠʭ ʧʨʦʻʢʪʽʚ ʟʽ ʩʪʚʦʨʝʥʥʷ ʪʫʨʠʩʪʠʯʥʠʭ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʮʝʥʪʨʽʚ ʥʘ ʙʘʟʽ ʚʫʛʽʣʴʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ: ʰʘʭʪʘ çɺʝʣʠʢʦʤʦʩʪʽʚʩʴʢʘè 

(ʤ. ʏʝʨʚʦʥʦʛʨʘʜ, ʃʴʚʽʚʩʴʢʘ ʦʙʣ.), ʰʘʭʪʘ ç5/6è (ʤ. ʄʠʨʥʦʛʨʘʜ, ʜʦ 2016 ʨʦʢʫ ï 

ɼʠʤʠʪʨʦʚ, ɼʦʥʝʮʴʢʘ ʦʙʣ.) [133]. ʊʘʢʠʡ ʧʽʜʭʽʜ ʻ ʮʽʣʢʦʤ ʩʧʨʘʚʝʜʣʠʚʠʤ ʧʨʠ 

ʚʠʯʝʨʧʘʥʥʽ ʟʘʧʘʩʽʚ ʚʫʛʽʣʣʷ. ʆʜʥʘʢ, ʟʘ ʫʤʦʚʠ ʱʝ ʥʘʷʚʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ, ʥʝʦʙʭʽʜʥʦ 

ʥʘʩʘʤʧʝʨʝʜ ʨʦʟʛʣʷʜʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʨʽʰʝʥʴ ʟ ʚʠʜʦʙʫʪʢʫ ʚʫʛʽʣʣʷ. 
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ʉʴʦʛʦʜʥʽ ʦʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʘʩʧʝʢʪʽʚ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʛʽʨʥʠʯʦʜʦʙʫʚʥʠʭ 

ʨʝʛʽʦʥʽʚ ʻ ʝʢʦʣʦʛʽʯʥʘ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ, ʷʢʘ ʧʝʨʝʜʙʘʯʘʻ ʟʥʠʞʝʥʥʷ ʥʝʛʘʪʠʚʥʦʛʦ 

ʚʧʣʠʚʫ ʧʨʦʤʠʩʣʦʚʦʾ ʜʽʷʣʴʥʦʩʪʽ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. ʋ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ 

ʦʜʥʠʤ ʽʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʚʠʢʣʠʢʽʚ ʻ ʧʦʩʪʫʧʦʚʠʡ ʚʽʜʭʽʜ ʚʽʜ ʪʨʘʜʠʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʚʫʛʣʝʚʠʜʦʙʫʪʢʫ ʪʘ ʧʝʨʝʭʽʜ ʜʦ ʥʠʟʴʢʦʚʫʛʣʝʮʝʚʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

ʇʨʠʥʮʠʧʠ ʢʣʽʤʘʪʠʯʥʦʾ ʥʝʡʪʨʘʣʴʥʦʩʪʽ ʧʝʨʝʜʙʘʯʘʶʪʴ ʩʫʪʪʻʚʝ ʩʢʦʨʦʯʝʥʥʷ ʚʠʢʠʜʽʚ 

ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ ʰʣʷʭʦʤ ʤʦʜʝʨʥʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʚʠʜʦʙʫʪʢʫ, ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʪʘ 

ʧʝʨʝʨʦʙʢʠ ʚʫʛʽʣʣʷ, ʘ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʨʽʰʝʥʴ, ʪʘʢʠʭ ʷʢ 

ʫʣʦʚʣʶʚʘʥʥʷ ʪʘ ʫʪʠʣʽʟʘʮʽʷ. ʆʩʥʦʚʦʶ ʟʘʟʥʘʯʝʥʠʭ ʚʠʱʝ ʧʨʦʮʝʩʽʚ ʤʦʞʝ ʩʪʘʪʠ 

ʽʥʪʝʛʨʘʮʽʷ ʪʝʭʥʦʣʦʛʽʡ ʫʣʦʚʣʶʚʘʥʥʷ ʪʘ ʫʪʠʣʽʟʘʮʽʾ ʉʆ2 ʫ ʧʨʦʮʝʩ ʧʽʜʟʝʤʥʦʾ 

ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ. ʎʝ ʜʘʩʪʴ ʟʤʦʛʫ ʥʝ ʣʠʰʝ ʟʤʝʥʰʠʪʠ ʟʘʛʘʣʴʥʠʡ ʨʽʚʝʥʴ ʚʠʢʠʜʽʚ 

ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ, ʘ ʡ ʧʽʜʚʠʱʠʪʠ ʝʢʦʣʦʛʽʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʾ, ʩʧʨʠʷʶʯʠ ʾʾ 

ʩʪʽʡʢʦʤʫ ʚʧʨʦʚʘʜʞʝʥʥʶ ʚ ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʝʢʪʦʨ. 

ʇʨʦʮʝʩ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʥʘʯʥʠʤʠ 

ʚʠʢʠʜʘʤʠ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ, ʷʢʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʬʘʢʪʦʨʽʚ, ʟʦʢʨʝʤʘ ʚʽʜ 

ʪʠʧʫ ʚʫʛʽʣʣʷ, ʧʘʨʘʤʝʪʨʽʚ ʛʘʟʠʬʽʢʘʮʽʾ, ʚʠʢʦʨʠʩʪʘʥʦʛʦ ʛʘʟʠʬʽʢʘʪʦʨʘ ʪʘ ʛʣʠʙʠʥʠ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʣʘʩʪʘ. ɺʠʩʦʢʘ ʪʝʤʧʝʨʘʪʫʨʘ ʪʘ ʢʦʥʪʨʦʣʴʦʚʘʥʽ ʫʤʦʚʠ ʨʝʘʢʮʽʾ 

ʩʧʨʠʷʶʪʴ ʫʪʚʦʨʝʥʥʶ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʉʆ2, ʱʦ ʚʠʤʘʛʘʻ ʨʦʟʨʦʙʢʠ ʝʬʝʢʪʠʚʥʠʭ 

ʩʪʨʘʪʝʛʽʡ ʜʣʷ ʡʦʛʦ ʫʣʦʚʣʶʚʘʥʥʷ ʪʘ ʧʦʜʘʣʴʰʦʾ ʫʪʠʣʽʟʘʮʽʾ. 

ʅʘ ʨʠʩ. 1.13 ʥʘʚʝʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʽ ʜʘʥʽ ʱʦʜʦ ʨʽʚʥʷ ʚʠʢʠʜʽʚ ʉʆ2 ʧʨʠ 

ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʤʠʩʣʦʚʠʭ ʽ ʧʽʣʦʪʥʠʭ ʜʦʩʣʽʜʞʝʥʴ [134]. 
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ɸʥʘʣʽʟ ʥʘʚʝʜʝʥʠʭ ʜʘʥʠʭ ʥʘ ʨʠʩ. 1.13 ʜʝʤʦʥʩʪʨʫʻ ʚʘʨʽʘʪʠʚʥʽʩʪʴ ʩʢʣʘʜʫ 

ʛʘʟʽʚ, ʦʪʨʠʤʘʥʠʭ ʫ ʧʨʦʮʝʩʽ ʉʇɻɺ, ʽ ʧʽʜʢʨʝʩʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʦʧʪʠʤʽʟʘʮʽʾ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. 

ʋ ʨʦʙʦʪʽ [135] ʘʚʪʦʨʘʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ CO  ʷʢ 

ʧʦʪʝʥʮʽʡʥʝ ʜʞʝʨʝʣʦ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ ʜʣʷ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ. ʊʘʢʠʡ 

ʧʽʜʭʽʜ ʥʝ ʣʠʰʝ ʩʧʨʠʷʻ ʟʤʝʥʰʝʥʥʶ ʚʠʢʠʜʽʚ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ, ʘʣʝ ʡ ʟʘʙʝʟʧʝʯʫʻ 

ʧʦʚʪʦʨʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ CO , ʱʦ ʤʦʞʝ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʠʪʠ 

ʟʘʛʘʣʴʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʾ. ɿʘʩʪʦʩʫʚʘʥʥʷ CO  ʜʦʟʚʦʣʷʻ ʟʤʽʥʠʪʠ 

ʪʝʨʤʦʭʽʤʽʯʥʽ ʫʤʦʚʠ ʨʝʘʢʮʽʾ ʪʘ ʩʧʨʠʷʻ ʫʪʚʦʨʝʥʥʶ ʩʠʥʪʝʟ-ʛʘʟʫ ʟ ʦʧʪʠʤʽʟʦʚʘʥʠʤ 

ʩʢʣʘʜʦʤ, ʱʦ ʤʘʻ ʧʽʜʚʠʱʝʥʠʡ ʚʤʽʩʪ CO  ̔H . ʎʝ ʤʦʞʝ ʙʫʪʠ ʦʩʦʙʣʠʚʦ ʢʦʨʠʩʥʠʤ 

ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʩʠʥʪʝʪʠʯʥʠʭ ʧʘʣʠʚ, ʭʽʤʽʯʥʠʭ ʩʧʦʣʫʢ ʘʙʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ 

ʽʥʰʠʭ ʧʨʦʤʠʩʣʦʚʠʭ ʧʨʦʮʝʩʘʭ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ 

ʚʫʛʽʣʣʷ ʟ ʫʪʠʣʽʟʘʮʽʻʶ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʤʦʞʫʪʴ ʩʧʨʠʷʪʠ ʨʦʟʨʦʙʮʽ ʽʥʥʦʚʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ, ʷʢʽ ʟʘʙʝʟʧʝʯʘʪʴ ʥʝ ʣʠʰʝ ʝʬʝʢʪʠʚʥʝ ʫʣʦʚʣʶʚʘʥʥʷ ʪʘ 

ʧʦʚʪʦʨʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ CO , ʘʣʝ ʡ ʦʧʪʠʤʽʟʘʮʽʶ ʚʩʴʦʛʦ ʚʠʨʦʙʥʠʯʦʛʦ ʮʠʢʣʫ. 

ɯʥʪʝʛʨʘʮʽʷ ʪʘʢʠʭ ʧʽʜʭʦʜʽʚ ʩʧʨʠʷʻ ʩʪʚʦʨʝʥʥʶ ʟʘʤʢʥʫʪʠʭ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ, ʫ 

ʨʘʤʢʘʭ ʷʢʠʭ ʚʫʛʣʝʢʠʩʣʠʡ ʛʘʟ ʥʝ ʙʫʜʝ ʚʽʜʭʦʜʦʤ, ʘ ʧʝʨʝʪʚʦʨʠʪʴʩʷ ʥʘ ʮʽʥʥʠʡ 

ʨʝʩʫʨʩ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʨʦʜʫʢʪʽʚ. ʊʘʢʦʞ ʚʠʢʦʨʠʩʪʘʥʥʷ CO  ʫ 

ʧʨʦʮʝʩʘʭ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʤʦʞʝ ʩʪʘʪʠ ʚʘʞʣʠʚʠʤ ʝʣʝʤʝʥʪʦʤ 

ʩʫʯʘʩʥʠʭ ʝʢʦʣʦʛʽʯʥʦ ʦʨʽʻʥʪʦʚʘʥʠʭ ʚʠʨʦʙʥʠʯʠʭ ʩʠʩʪʝʤ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ 

ʟʤʝʥʰʝʥʥʷ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʪʘ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ. 

1.5 ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥ,̫ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʪʘ ʩʠʩʪʝʤʘʪʠʟʘʮʽʷ  

ʟʘʚʜʘʥʴ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʟ ʫʪʠʣʽʟʘʮʽʻʶ  

ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ 

ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʧʦʩʪʘʥʦʚʢʠ ʤʝʪʠ ʜʦʩʣʽʜʞʝʥʥ ̫ʜʦʟʚʦʣʠʣʦ ʚʠʟʥʘʯʠʪʠ ʨʽʚʝʥʴ 

ʚʠʚʯʝʥʦʩʪʽ ʥʘʫʢʦʚʦʾ ʧʨʦʙʣʝʤʠ ʪʘ ʩʬʦʨʤʫʣʶʚʘʪʠ ʢʣʶʯʦʚʽ ʟʘʚʜʘʥʥʷ 

ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ. ɺʦʥʠ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʨʦʟʨʦʙʢʫ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʝʬʝʢʪʠʚʥʠʭ 
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ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʟ 

ʫʪʠʣʽʟʘʮʽʻʶ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ. ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʧʽʜʭʦʜʠ ʩʧʨʠʷʪʠʤʫʪʴ 

ʧʽʜʚʠʱʝʥʥʶ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ, ʟʥʠʞʝʥʥʶ ʚʠʪʨʘʪ 

ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʪʘ ʤʽʥʽʤʽʟʘʮʽʾ ʝʢʦʣʦʛʽʯʥʦʛʦ ʚʧʣʠʚʫ ʟʘ ʨʘʭʫʥʦʢ ʧʦʚʪʦʨʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ CO  ʫ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʮʠʢʣʽ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʮʠʭ ʨʽʰʝʥʴ 

ʟʘʙʝʟʧʝʯʠʪʴ ʥʝ ʪʽʣʴʢʠ ʟʤʝʥʰʝʥʥʷ ʚʠʢʠʜʽʚ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ, ʘ ʡ ʩʪʚʦʨʝʥʥʷ 

ʟʘʤʢʥʝʥʠʭ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʫʯʘʩʥʠʤ ʚʠʤʦʛʘʤ ʩʪʘʣʦʛʦ 

ʨʦʟʚʠʪʢʫ ʪʘ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʨʦʟʚôʷʟʘʥʥʷ ʩʬʦʨʤʦʚʘʥʦʾ ʥʘʫʢʦʚʦʾ ʧʨʦʙʣʝʤʠ ʧʝʨʝʜʙʘʯʘʻ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʧʨʦʪʽʢʘʥʥʷ ʪʝʨʤʦʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʪʘ 

ʾʭʥʴʦʛʦ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʟ ʧʘʨʘʤʝʪʨʘʤʠ ʫʪʠʣʽʟʘʮʽʾ ʉʆ2 ʫ ʩʢʣʘʜʽ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ ʡ 

ʪʝʭʥʦʛʝʥʥʦʤʫ ʧʨʦʩʪʦʨʽ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ, ʱʦ ʨʘʟʦʤ ʬʦʨʤʫʻ ʥʘʫʢʦʚʽ 

ʦʩʥʦʚʠ ʝʬʝʢʪʠʚʥʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʟ 

ʫʪʠʣʽʟʘʮʽʻʶ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ. 

ʇʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʟʘ ʢʣʘʩʠʯʥʦʶ ʤʝʪʦʜʦʣʦʛʽʯʥʦʶ 

ʩʭʝʤʦʶ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʦʩʣʽʜʦʚʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʘʣʛʦʨʠʪʤʽʯʥʠʭ ʝʪʘʧʽʚ, 

ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʢʦʤʧʣʝʢʩʥʝ ʚʠʚʯʝʥʥʷ ʧʨʦʮʝʩʫ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʪʘ 

ʡʦʛʦ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʟ ʫʪʠʣʽʟʘʮʽʻʶ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʚ ʪʝʭʥʦʛʝʥʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 

ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. ɿʦʢʨʝʤʘ, ʧʨʦʚʝʜʝʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʦʭʦʧʣʶʚʘʣʦ ʪʘʢʽ ʢʣʶʯʦʚʽ ʝʪʘʧʠ: 

1.  ɸʥʘʣʽʟ ʛʣʦʙʘʣʴʥʠʭ ʪʨʝʥʜʽʚ ʫ ʚʠʜʦʙʫʪʢʫ ʚʫʛʽʣʣʷ ʥʘ ʦʩʥʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʩʚʽʪʦʚʠʭ ʪʝʥʜʝʥʮʽʡ ʫ ʨʦʟʚʠʪʢʫ ʚʫʛʽʣʴʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʟʦʢʨʝʤʘ ʩʢʦʨʦʯʝʥʥʷ 

ʪʨʘʜʠʮʽʡʥʦʛʦ ʚʠʜʦʙʫʪʢʫ ʽ ʧʝʨʝʭʽʜ ʜʦ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʭ ʪʝʭʥʦʣʦʛʽʡ 

2. ɼʦʩʣʽʜʞʝʥʥʷ ʢʣʶʯʦʚʠʭ ʯʠʥʥʠʢʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚʫʛʽʣʴʥʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʋʢʨʘʾʥʠ ʥʘ ʦʩʥʦʚʽ ʦʮʽʥʢʠ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʛʘʣʫʟʽ, ʦʩʥʦʚʥʠʭ 

ʪʝʭʥʽʯʥʠʭ, ʪʝʭʥʦʣʦʛʽʯʥʠʭ, ʝʢʦʥʦʤʽʯʥʠʭ ʪʘ ʝʢʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʨʦʙʦʪʠ 

ʚʫʛʽʣʴʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʘ ʪʘʢʦʞ ʘʥʘʣʽʟ ʚʧʣʠʚʫ ʜʝʨʞʘʚʥʦʾ ʧʦʣʽʪʠʢʠ, ʩʚʽʪʦʚʠʭ 

ʨʠʥʢʦʚʠʭ ʪʝʥʜʝʥʮʽʡ ʪʘ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʪʨʘʪʝʛʽʾ ʢʨʘʾʥʠ ʥʘ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ 

ʚʫʛʣʝʜʦʙʫʚʥʦʾ ʛʘʣʫʟʽ. 
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3. ɺʠʟʥʘʯʝʥʥʷ ʤʦʞʣʠʚʠʭ ʘʩʧʝʢʪʽʚ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʚʫʛʽʣʴʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ 

ʋʢʨʘʾʥʠ ʟ ʦʙˇʨʫʥʪʫʚʘʥʥʷʤ ʥʘʧʨʷʤʽʚ ʧʝʨʝʭʦʜʫ ʜʦ ʙʽʣʴʰ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʠʭ ʪʘ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʟʦʢʨʝʤʘ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ, ʱʦ ʜʘʻ 

ʟʤʦʛʫ ʤʽʥʽʤʽʟʫʚʘʪʠ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʪʘ ʟʘʙʝʟʧʝʯʫʻ 

ʩʪʘʣʽʩʪʴ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʢʨʘʾʥʠ ʟʘ ʨʘʭʫʥʦʢ ʦʪʨʠʤʘʥʥʷ ʚʣʘʩʥʦʛʦ 

ʝʥʝʨʛʦʥʦʩʽʷ, ʷʢ ʘʣʴʪʝʨʥʘʪʠʚʠ ʧʨʠʨʦʜʥʦʤʫ ʛʘʟʫ. 

4. ʌʦʨʤʫʚʘʥʥʷ ʥʘʫʢʦʚʠʭ ʦʩʥʦʚ ʱʦʜʦ ʫʪʠʣʽʟʘʮʽʾ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʚ 

ʪʝʭʥʦʛʝʥʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ 

ʥʘʫʢʦʚʠʭ ʽ ʪʝʭʥʽʯʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʻʢʪʽʚ ʟ ʫʪʠʣʽʟʘʮʽʾ ʪʘ ʟʙʝʨʽʛʘʥʥʷ 

ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ. 

5. ʈʦʟʨʦʙʢʘ ʤʝʪʦʜʠʢʠ ʣʘʙʦʨʘʪʦʨʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʟʨʘʟʢʽʚ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ 

ʧʽʜ ʚʧʣʠʚʦʤ ʟʤʽʥʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʫ ʜʠʥʘʤʽʯʥʦʤʫ ʨʝʞʠʤʽ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʬʦʨʤʫʚʘʥʥʷ ʧʣʦʱʠʥʠ ʚʠʛʘʟʦʚʫʚʘʥʥʷ ʘʢʪʠʚʥʠʭ ʟʦʥ 

ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ, ʱʦ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʩʪʘʙʽʣʴʥʦʩʪʽ ʧʨʦʪʽʢʘʥʥʷ ʪʝʨʤʦʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʛʽʨʩʴʢʦʤʫ ʤʘʩʠʚʽ ʪʘ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʠʟʠʢʽʚ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʜʝʬʦʨʤʘʮʽʡ. 

6. ʌʦʨʤʫʚʘʥʥʷ ʤʝʪʦʜʦʣʦʛʽʯʥʠʭ ʦʩʥʦʚ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʧʽʜʟʝʤʥʦʾ 

ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʟ ʫʪʠʣʽʟʘʮʽʻʶ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʚ ʪʝʭʥʦʛʝʥʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 

ʧʽʜ ʯʘʩ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ 

ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʪʘ ʨʦʟʨʦʙʢʘ ʧʽʜʭʦʜʽʚ ʜʦ ʤʽʥʽʤʽʟʘʮʽʾ ʝʢʦʣʦʛʽʯʥʦʛʦ ʚʧʣʠʚʫ ʟʘ 

ʨʘʭʫʥʦʢ ʧʦʚʪʦʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ CO . 

7. ʈʦʟʨʦʙʢʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʪʝʧʣʦʦʙʤʽʥʫ ʩʝʨʝʜʦʚʠʱʘ ʚ ʩʠʩʪʝʤʽ 

çʚʫʛʽʣʣʷ ï ʛʝʥʝʨʘʪʦʨʥʠʡ ʛʘʟè ʧʨʠ ʧʽʜʟʝʤʥʽʡ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʚʨʘʭʦʚʫʻ ʤʝʞʽ 

ʬʘʟʦʚʠʭ ʧʝʨʝʭʦʜʽʚ. ʎʷ ʤʦʜʝʣʴ ʜʘʻ ʟʤʦʛʫ ʙʽʣʴʰ ʪʦʯʥʦ ʧʨʦʛʥʦʟʫʚʘʪʠ ʪʝʧʣʦʚʽ 

ʧʨʦʮʝʩʠ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʽʜ ʯʘʩ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ, ʪʘ ʚʠʟʥʘʯʠʪʠ ʦʧʪʠʤʘʣʴʥʽ 

ʪʝʤʧʝʨʘʪʫʨʥʽ ʨʝʞʠʤʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʛʘʟʠʬʽʢʘʮʽʾ. 

8. ɺʩʪʘʥʦʚʣʝʥʥʷ ʟʘʣʝʞʥʦʩʪʝʡ ʬʦʨʤʫʚʘʥʥʷ ʘʢʪʠʚʥʠʭ ʟʦʥ ʧʽʜʟʝʤʥʦʛʦ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʜʦʩʣʽʜʞʝʥʥʷʭ ʚʧʣʠʚʫ ʪʨʠʚʘʣʦʩʪʽ ʧʨʦʮʝʩʫ 

ʛʘʟʠʬʽʢʘʮʽʾ ʧʨʠ ʟʤʽʥʥʽʡ ʧʦʪʫʞʥʦʩʪʽ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ ʪʘ ʧʘʨʘʤʝʪʨʘʭ ʨʫʭʫ 
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ʬʨʦʥʪʫ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʾ ʪʘ ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ 

ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. 

9. ɺʩʪʘʥʦʚʣʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʦʜʘʯʽ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ ʧʨʠ ʛʘʟʠʬʽʢʘʮʽʾ 

ʚʫʛʽʣʣʷ ʥʘ ʦʩʥʦʚʽ ʚʠʟʥʘʯʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʛʘʟʦʚʘʥʦʛʦ 

ʧʨʦʩʪʦʨʫ, ʷʢʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʰʚʠʜʢʽʩʪʴ ʧʦʩʫʚʘʥʥʷ ʚʦʛʥʝʚʦʛʦ 

ʚʠʙʦʶ ʚ ʦʢʠʩʣʶʚʘʣʴʥʽʡ ʪʘ ʚʽʜʥʦʚʣʶʚʘʣʴʥʽʡ ʟʦʥʘʭ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ, 

ʱʦ ʜʘʻ ʟʤʦʛʫ ʦʧʪʠʤʽʟʫʚʘʪʠ ʨʝʞʠʤʠ ʧʦʜʘʯʽ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ, ʟʘʙʝʟʧʝʯʫʶʯʠ 

ʝʬʝʢʪʠʚʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʠʪʨʘʪ ʽ ʧʦʢʨʘʱʝʥʥʷ ʟʘʛʘʣʴʥʦʾ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ. 

10. ʆʧʪʠʤʽʟʘʮʽʷ ʧʨʦʮʝʩʫ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʥʘ ʦʩʥʦʚʽ 

ʚʠʟʥʘʯʝʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ ʚ ʛʝʥʝʨʘʪʦʨʥʦʤʫ ʛʘʟʽ, ʱʦ ʻ 

ʢʨʠʪʝʨʽʻʤ ʬʦʨʤʫʚʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʫʪʠʣʽʟʘʮʽʾ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʟʘʜʣʷ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʝʧʣʦʪʚʦʨʥʦʾ ʟʜʘʪʥʦʩʪʽ ʦʪʨʠʤʘʥʦʛʦ ʛʘʟʫ. 

12. ɺʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʯʘʩʦʚʠʭ ʧʨʦʤʽʞʢʽʚ ʢʦʤʙʽʥʘʮʽʾ ʨʝʞʠʤʽʚ ʧʦʜʘʯʽ 

ʧʦʚʽʪʨʷʥʦʛʦ ʪʘ ʧʦʚʽʪʨʷʥʦ-ʚʫʛʣʝʢʠʩʣʦʪʥʦʛʦ ʜʫʪʪʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʛʨʘʥʠʯʥʠʭ 

ʟʥʘʯʝʥʴ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʚ ʛʝʥʝʨʘʪʦʨʥʦʤʫ ʛʘʟʽ, ʱʦ ʻ ʚʘʞʣʠʚʠʤ ʜʣʷ ʦʮʽʥʢʠ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ ʡ ʫʪʠʣʽʟʘʮʽʾ CO  ʪʘ ʜʘʻ ʟʤʦʛʫ ʥʝ ʣʠʰʝ 

ʦʧʪʠʤʽʟʫʚʘʪʠ ʝʥʝʨʛʝʪʠʯʥʽ ʚʠʪʨʘʪʠ ʥʘ ʧʦʜʘʯʫ ʜʫʪʪʷ, ʘ ʡ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʽ 

ʧʦʢʘʟʥʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʟ ʤʽʥʽʤʘʣʴʥʠʤ ʝʢʦʣʦʛʽʯʥʠʤ 

ʚʧʣʠʚʦʤ. 

13. ɯʥʪʝʥʩʠʬʽʢʘʮʽʷ ʧʨʦʮʝʩʫ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʰʣʷʭʦʤ 

ʨʦʟʰʠʨʝʥʥʷ ʨʝʘʢʮʽʡʥʠʭ ʟʦʥ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ ʧʨʠ ʧʦʜʚʽʡʥʦʤʫ ʥʘʜʭʦʜʞʝʥʥʽ 

ʦʢʠʩʣʶʚʘʯʘ (O ) ʫ ʧʽʜʟʝʤʥʠʡ ʛʘʟʦʛʝʥʝʨʘʪʦʨ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ 

ʨʝʞʠʤʘʤʠ ʨʦʙʦʪʠ ʧʽʜʟʝʤʥʠʭ ʛʘʟʦʛʝʥʝʨʘʪʦʨʽʚ. 

14. ʈʦʟʨʦʙʢʘ ʪʝʭʥʦʣʦʛʽʾ ʫʪʠʣʽʟʘʮʽʾ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ, ʱʦ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ 

ʝʬʝʢʪʠʚʥʦʤʫ ʡʦʛʦ ʘʢʫʤʫʣʶʚʘʥʥʽ ʪʘ ʨʦʟʧʦʜʽʣʽ ʚ ʪʝʭʥʦʛʝʥʥʦʤʫ ʧʨʦʩʪʦʨʽ 

ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʨʝʞʠʤʽʚ ʽ ʧʘʨʘʤʝʪʨʽʚ 

ʪʠʩʢʫ. 

15. ʆʮʽʥʢʘ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʟ 

ʫʪʠʣʽʟʘʮʽʻʶ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʥʘ ʦʩʥʦʚʽ ʨʽʟʥʠʭ ʩʮʝʥʘʨʽʾʚ ʚʧʨʦʚʘʜʞʝʥʥʷ 
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ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʽʜʚʠʱʝʥʥʷ ʪʝʧʣʦʪʚʦʨʥʦʾ 

ʟʜʘʪʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ ʪʘ ʫʪʠʣʽʟʘʮʽʾ ʉʆ2, ʱʦ ʜʘʻ ʟʤʦʛʫ ʩʪʚʦʨʠʪʠ 

ʟʘʤʢʥʝʥʠʡ ʮʠʢʣ ʦʪʨʠʤʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʫ ʧʽʜʟʝʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

16. ʈʦʟʨʦʙʢʘ ʨʝʢʦʤʝʥʜʘʮʽʡ, ʤʝʪʦʜʠʢ, ʦʥʣʘʡʥ-ʧʣʘʪʬʦʨʤ ʽ ʩʧʦʩʦʙʽʚ 

ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʟ ʫʪʠʣʽʟʘʮʽʻʶ ʚʫʛʣʝʢʠʩʣʦʛʦ 

ʛʘʟʫ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʢʦʨʠʩʥʠʤ ʜʣʷ ʰʠʨʦʢʦʛʦ ʢʦʣʘ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ʥʘʫʢʦʚʦ-

ʜʦʩʣʽʜʥʠʭ ʽʥʩʪʠʪʫʪʽʚ ʽ ʧʨʦʻʢʪʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡ, ʽʥʞʝʥʝʨʥʦ-ʪʝʭʥʽʯʥʠʭ ʧʨʘʮʽʚʥʠʢʽʚ 

ʛʽʨʥʠʯʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʘ ʪʘʢʦʞ ʜʣʷ ʚʠʢʣʘʜʘʯʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʽ ʩʪʫʜʝʥʪʽʚ ʛʽʨʥʠʯʠʭ 

ʩʧʝʮʽʘʣʴʥʦʩʪʝʡ ʟʘʢʣʘʜʽʚ ʚʠʱʦʾ ʦʩʚʽʪʠ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʟʥʘʯʝʥʦʾ ʚʠʱʝ ʽʥʬʦʨʤʘʮʽʾ ʧʦʙʫʜʦʚʘʥʦ ʩʪʨʫʢʪʫʨʥʦ-

ʣʦʛʽʯʥʫ ʩʭʝʤʫ ʜʦʩʣʽʜʞʝʥʴ (ʨʠʩ. 1.14). ʉʪʨʫʢʪʫʨʥʦ-ʣʦʛʽʯʥʘ ʩʭʝʤʘ ʜʦʩʣʽʜʞʝʥʥʷ 

ʚʽʜʦʙʨʘʞʘʻ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʝʪʘʧʽʚ ʨʦʟʨʦʙʢʠ ʥʘʫʢʦʚʠʭ ʦʩʥʦʚ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ 

ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʟ ʫʪʠʣʽʟʘʮʽʻʶ ʚʫʣʢʘʥʽʯʥʦʛʦ ʛʘʟʫ. ɼʦʩʣʽʜʞʝʥʥʷ 

ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʘʥʘʣʽʟʫ ʪʝʥʜʝʥʮʽʡ ʨʦʟʚʠʪʢʫ ʛʘʣʫʟʽ ʪʘ ʩʚʽʪʦʚʦʛʦ ʜʦʩʚʽʜʫ ʜʣʷ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʨʦʙʣʝʤʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʇ̔ ʩʣʷ ʯʦʛʦ ʧʨʦʚʦʜʠʪʴʩʷ ʨʦʟʨʦʙʢʘ 

ʘʚʪʦʨʩʴʢʠʭ ʤʝʪʦʜʠʢ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʪʘ 

ʬʦʨʤʫʻʪʴʩʷ ʤʝʪʦʜʦʣʦʛʽʯʥʘ ʦʩʥʦʚʘ ʜʣʷ ʧʦʜʘʣʴʰʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ. ɼʘʣʽ 

ʨʦʟʨʦʙʣʷʻʪʴʩʷ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʧʨʦʮʝʩʽʚ ʪʝʧʣʦʦʙʤʽʥʫ ʧʨʠ ʧʽʜʟʝʤʥʽʡ 

ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʪʘ ʧʨʦʚʦʜʠʪʴʩʷ ʾʾ ʘʜʘʧʪʘʮʽʷ ʜʦ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʘʨʘʤʝʪʨʠ ʘʢʪʠʚʥʠʭ ʟʦʥ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ, ʦʧʪʠʤʽʟʫʻʪʴʩʷ 

ʪʝʭʥʦʣʦʛʽʷ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ ʪʘ ʚʧʨʦʚʘʜʞʫʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ 

ʨʽʰʝʥʥʷ. ɿʘʚʝʨʰʘʣʴʥʠʤ ʝʪʘʧʦʤ ʻ ʦʮʽʥʢʘ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ɺʩʷ ʩʭʝʤʘ 

ʧʦʙʫʜʦʚʘʥʘ ʣʦʛʽʯʥʦ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʪʝʦʨʝʪʠʯʥʠʤʠ 

ʜʦʩʣʽʜʞʝʥʥʷʤʠ, ʤʦʜʝʣʶʚʘʥʥʷʤ ʽ ʧʨʘʢʪʠʯʥʦʶ ʨʝʘʣʽʟʘʮʽʻʶ, ʟ ʘʢʮʝʥʪʦʤ ʥʘ 

ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʟ ʫʪʠʣʽʟʘʮʽʻʶ 

ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʢʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ ʜʦ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ 

ʜʘʚ ʟʤʦʛʫ ʥʝ ʪʽʣʴʢʠ ʩʬʦʨʤʫʚʘʪʠ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʽ ʚʠʩʥʦʚʢʠ ʱʦʜʦ 

ʤʦʞʣʠʚʦʩʪʝʡ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʇɻɺ ʟ ʫʪʠʣʽʟʘʮʽʻʶ CO , ʘ ʡ ʨʦʟʨʦʙʠʪʠ 

ʝʬʝʢʪʠʚʥʫ ʪʝʭʥʦʣʦʛʽʶ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʨʽʰʝʥʥʷ, ʷʢʽ ʩʧʨʠʷʪʠʤʫʪʴ ʧʽʜʚʠʱʝʥʥʶ 
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ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ ʟ ʤʽʥʽʤʽʟʘʮʽʻʶ ʚʠʢʠʜʽʚ ʧʘʨʥʠʢʦʚʠʭ 

ʛʘʟʽʚ ʽ ʩʪʚʦʨʝʥʥʶ ʟʘʤʢʥʝʥʠʭ ʮʠʢʣʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʫʛʣʝʮʶ ʚ ʧʘʣʠʚʥʦ-

ʝʥʝʨʛʝʪʠʯʥʽʡ ʩʬʝʨʽ. 

 

ɿʤʽʥʘ ʤʽʮʥʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ

ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ () ʧʽʜ ʚʧʣʠʚʦʤʩʪ.ů
) ʪʝʤʧʝʨʘʪʫʨʠ (ʟʘ ʘʢʪʠʚʥʠʤʠ ʟʦʥʘʤʠT

 ʧʽʜʟʝʤʥʦʛʦʛʘʟʦʛʝʥʝʨʘʪʦʨʘ( , ) l lʦʢ ʽʜ. .ʟ. ʟ.ʚ

ʈʦʟʨʦʙʢʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʪʝʧʣʦʦʙʤʽʥʫ 
ʧʨʠ ʧʽʜʟʝʤʥʽʡ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ

ʄʘʪʤʦʜʝʣʴ ʪʝʧʣʦʦʙʤʽʥʫ

ʩʠʩʪʝʤʠ
çʚʫʛʽʣʣʷ-ʛʝʥʝʨʘʪʦʨʥʠʡ ʛʘʟè

ʄʘʪʤʦʜʝʣʴ ʧʨʦʛʨʽʚʫ
ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ

ɼʦʩʣʽʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʧʽʜʟʝʤʥʦʾ
ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʟ ʚʠʜʽʣʝʥʥʷʤ
ʚʧʣʠʚʦʚʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʧʨʦʮʝʩ 

ʇʘʨʘʤʝʪʨʠ ʬʦʨʤʫʚʘʥʥʷ ʘʢʪʠʚʥʠʭ
ʟʦʥ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ (, )lʦʢ.ʟ.lʚ̔ ʜ.ʟ.

ʇʘʨʘʤʝʪʨʠ ʬʦʨʤʫʚʘʥʥʷ ʚʠʛʘʟʦʚʘʥʦʛʦ

ʧʨʦʩʪʦʨʫ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ (S)

ʇʦʩʪʘʥʦʚʢʘ ʥʘʫʢʦʚʦʾ ʧʨʦʙʣʝʤʠ ʱʦʜʦ 
ʨʦʟʨʦʙʢʠ ʟʘʧʘʩʽʚ ʚʫʛʽʣʣʷ ʪʝʭʥʦʣʦʛʽʻʶ
ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ

ʂʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ
ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ

ʋʪʠʣʽʟʘʮʽʷ ʙʘʣʘʩʪʥʦʛʦ
ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ

ɼʦʩʣʽʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʫʪʠʣʽʟʘʮʽʾ
ʚʫʛʣʝʢʩʠʣʦʛʦ ʛʘʟʧʨʠ ʧʽʜʟʝʤʥʽʡ

 ʛʘʟʠʬʽʢʘʮʽʾʚʫʛʽʣʣʷ ʟ ʚʠʜʽʣʝʥʥʷʤ
ʚʧʣʠʚʦʚʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʧʨʦʮʝʩ

ʂʦʥʮʝʥʪʨʘʮʽʷ   ʫ ʜʫʪʪʴʦʚʽʡʉʆ2
ʩʫʤʽʰʽ ( )ʪʘ ʛʝʥʝʨʘʪʦʨʥʦʤʫ2

ʉʆɖ
 ʛʘʟʽ ()1

ʉʆ  ɖ
2

2

ʆʙʩʷʛ ʫʪʠʣʽʟʘʮʽʾ  ʫ ʪʝʭʥʦʛʝʥʥʦʤʫʉʆ2
ʩʝʨʝʜʦʚʠʱʽ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ

ɺʝʨʠʬʽʢʘʮʽʷ ʪʘ ʘʜʘʧʪʘʮʽʷ

ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ

ɼʦʩʣʽʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ
ʧʨʦʛʨʽʚʫ ʧʨʦʙ ʛʽʨʩʴʢʦʾ ʧʦʨʦʜʠ

ʇʘʨʘʤʝʪʨʠ ʫʪʠʣʽʟʘʮʽʾ ʉʆ ʫʪʝʭʥʦʛʝʥʥʦʤʫ2  
 ʩʝʨʝʜʦʚʠʱʽʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ

(V T P, , )

1. ʂʨʠʪʠʯʥʘ ʜʦʚʞʠʥʘ ʦʢʠʩʣʶʚʘʣʴʥʦʾ ʟʦʥʠ
    ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ (lʦʢ.ʟ.)
2. ʊʠʩʢ ʧʦʜʘʯʽ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ ()ʈ
3. ʂʦʝʬʽʮʽʻʥʪ ʫʪʠʣʽʟʘʮʽʾ ʉʆ (2 kCO  )
4. ʊʨʠʚʘʣʽʩʪʴ ʛʘʟʠʬʽʢʘʮʽʾ ʧʨʠ ʧʦʜʘʯʽ
    ʧʦʚʽʪʨʷʥʦ-ʚʫʛʣʝʢʠʩʣʦʪʥʦʛʦ ʜʫʪʪʷ (t)
5. ʊʝʧʣʦʪʘ ʟʛʦʨʘʥʥʷ ʛʝʥʝʨʘʪʦʨʥʦʛʦ
     ʛʘʟʫ ()LHV

2

ʊɽʍʅʆʃʆɻɯʗ ʇɯɼɿɽʄʅʆɰ ɻɸɿʀʌɯʂɸʎɯɰ ɺʋɻɯʃʃʗ ɿ ʋʊʀʃɯɿɸʎɯɭʖ ʉʆ2

ɽʢʦʥʦʤʽʯʥʘ
ʦʮʽʥʢʘ

UCG-1

ʃ
ʘʙ
ʦ
ʨ
ʘʪ
ʦ
ʨ
ʥ̔

 ʜ
ʦ
ʩʣ̔
ʜʞ
ʝʥ
ʥ̫

ɸ
ʥ
ʘʣ̔
ʪʠ
ʯʥ̔

 ʜ
ʦ
ʩʣ̔
ʜʞ
ʝʥ
ʥ̫

 

ʈʠʩʫʥʦʢ 1.14 ï ʉʪʨʫʢʪʫʨʥʦ-ʣʦʛʽʯʥʘ ʩʭʝʤʘ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ 
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1.6 ɺʠʩʥʦʚʢʠ ʟʘ ʨʦʟʜʽʣʦʤ 

ʅʘ ʙʘʟʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʩʚʽʪʦʚʠʭ ʪʨʝʥʜʽʚ ʟ ʚʠʜʦʙʫʪʢʫ ʚʫʛʽʣʣʷ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚ ʥʘʡʙʣʠʞʯʝ ʜʝʩʷʪʠʣʽʪʪʷ ʚʦʥʦ ʟʘʣʠʰʘʪʠʤʝʪʴʩʷ ʚʘʞʣʠʚʦʶ 

ʯʘʩʪʠʥʦʶ ʩʚʽʪʦʚʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʙʘʣʘʥʩʫ, ʦʩʦʙʣʠʚʦ ʚ ʢʨʘʾʥʘʭ, ʱʦ 

ʨʦʟʚʠʚʘʶʪʴʩʷ, ʪʘ ʨʝʛʽʦʥʘʭ ʟ ʚʠʩʦʢʦʶ ʟʘʣʝʞʥʽʩʪʶ ʚʽʜ ʪʨʘʜʠʮʽʡʥʠʭ ʜʞʝʨʝʣ 

ʝʥʝʨʛʽʾ. ʆʩʥʦʚʥʠʤʠ ʬʘʢʪʦʨʘʤʠ ʮʴʦʛʦ ʻ ʝʢʦʥʦʤʽʯʥʘ ʜʦʩʪʫʧʥʽʩʪʴ, ʥʝʜʦʩʪʘʪʥʽʡ 

ʨʦʟʚʠʪʦʢ ʘʣʴʪʝʨʥʘʪʠʚʥʦʾ ʝʥʝʨʛʝʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ ʟʥʘʯʥʽ ʽʥʚʝʩʪʠʮʽʡʥʽ 

ʚʠʪʨʘʪʠ ʥʘ ʧʝʨʝʭʽʜ ʜʦ ʯʠʩʪʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʝʨʰ ʟʘ ʚʩʝ, ʪʝʥʜʝʥʮʽʷ ʧʦʩʪʫʧʦʚʦʛʦ ʩʢʦʨʦʯʝʥʥʷ ʨʦʣʽ 

ʚʫʛʽʣʣʷ, ʷʢ ʝʥʝʨʛʦʥʦʩʽʷ, ʧʦʚôʷʟʘʥʘ ʟ ʬʦʨʤʫʚʘʥʥʷʤ ʛʣʦʙʘʣʴʥʠʭ ʽʥʽʮʽʘʪʠʚ ʟ 

ʜʝʢʘʨʙʦʥʽʟʘʮʽʾ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʩʪʠʤʫʣʶʻ ʨʦʟʚʠʪʦʢ ʪʝʭʥʦʣʦʛʽʡ ʫʣʦʚʣʶʚʘʥʥʷ ʪʘ 

ʟʙʝʨʽʛʘʥʥʷ ʚʫʛʣʝʮʶ, ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʫʛʽʣʴʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʪʘ 

ʨʦʟʰʠʨʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʦʪʨʠʤʘʥʥʷ ʝʥʝʨʛʽʾ ʟ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ. ʆʜʥʘʢ ʚ 

ʋʢʨʘʾʥʽ ʮʝʡ ʧʨʦʮʝʩ ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʚʦʻʥʥʠʤʠ ʜʽʷʤʠ, ʷʢʽ ʚʧʣʠʥʫʣʠ ʥʘ ʝʥʝʨʛʝʪʠʯʥʫ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ, ʟʦʢʨʝʤʘ ʥʘ ʨʦʟʚʠʪʦʢ ʪʝʭʥʦʣʦʛʽʡ ʩʦʥʷʯʥʦʾ ʪʘ ʚʽʪʨʷʥʦʾ ʛʝʥʝʨʘʮʽʾ. 
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ʈʆɿɼɯʃ 2 

ʆɹˆʈʋʅʊʋɺɸʅʅʗ ʄɽʊʆɼɯɺ ɼʆʉʃɯɼɾɽʅʅʗ ʊɽʍʅʆʃʆɻɯɰ 

ʇɯɼɿɽʄʅʆɰ ɻɸɿʀʌɯʂɸʎɯɰ ɺʋɻɯʃʃʗ ɿ ʇʆʇʋʊʅʆʖ  

ʋʊʀʃɯɿɸʎɯɭʖ ɺʋɻʃɽʂʀʉʃʆɻʆ ɻɸɿʋ 

2.1 ɿʘʛʘʣʴʥʽ ʚʽʜʦʤʦʩʪʽ 

ʈʦʟʚôʷʟʘʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʫ ʨʘʤʢʘʭ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʚʜʘʥʴ ʧʦʪʨʝʙʫʻ 

ʧʨʦʚʝʜʝʥʥʷ ʥʘʫʢʦʚʠʭ ʽ ʪʝʭʥʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʷʢʽ ʦʭʦʧʣʶʶʪʴ ʷʢ ʧʨʦʮʝʩ 

ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ, ʪʘʢ ʽ ʫʪʠʣʽʟʘʮʽʾ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ. ʆʩʥʦʚʦʶ 

ʧʨʦʚʝʜʝʥʥʷ ʮʠʭ ʜʦʩʣʽʜʞʝʥʴ ʻ ʢʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ, ʱʦ ʤʽʩʪʠʪʴ ʘʥʘʣʽʪʠʯʥʽ 

ʨʦʟʨʘʭʫʥʢʠ, ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʣʘʙʦʨʘʪʦʨʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ. 

ɸʥʘʣʽʪʠʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʜʘʶʪʴ ʟʤʦʛʫ ʚʠʟʥʘʯʠʪʠ ʢʣʶʯʦʚʽ ʧʘʨʘʤʝʪʨʠ ʧʨʦʮʝʩʫ 

ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʪʘ ʫʪʠʣʽʟʘʮʽʾ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ, ʪʘʢʽ ʷʢ ʪʝʧʣʦʪʫ 

ʟʛʦʨʷʥʥʷ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ, ʙʘʣʘʥʩ ʤʽʞ ʛʦʨʶʯʠʤʠ ʪʘ ʙʘʣʘʩʪʥʠʤʠ ʛʘʟʘʤʠ, 

ʧʦʢʘʟʥʠʢʠ ʫʪʠʣʽʟʘʮʽʾ ʉʆ2 ʪʘ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ. 

ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʻ ʦʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʘʥʘʣʽʟʫ 

ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ [1], [2]. ɺʦʥʦ ʜʘʻ ʟʤʦʛʫ 

ʩʪʚʦʨʠʪʠ ʜʝʪʘʣʴʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ, ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ 

ʧʨʦʮʝʩʠ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʷʢ ʫ ʚʦʛʥʝʚʦʤʫ ʚʠʙʦʾ, ʪʘʢ ʽ ʥʘʚʢʦʣʦ ʧʽʜʟʝʤʥʦʛʦ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. ʎʝ ʦʭʦʧʣʶʻ, ʥʘʧʨʠʢʣʘʜ, ʤʦʜʝʣʶʚʘʥʥʷ ʢʽʥʝʪʠʢʠ ʛʦʨʽʥʥʷ, ʤʘʩʦ- ʽ 

ʪʝʧʣʦʦʙʤʽʥʫ, ʧʦʚʝʜʽʥʢʠ ʛʘʟʦʚʠʭ ʧʦʪʦʢʽʚ ʪʦʱʦ. ɿʘʚʜʷʢʠ ʨʦʟʨʦʙʣʝʥʥʶ 

ʘʜʝʢʚʘʪʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʟô̫ ʚʣʷʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʟʥʘʯʥʦʛʦ 

ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʽ ʚʠʪʨʘʪ ʥʘ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ. 

ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘʢʦʞ ʜʘʻ ʟʤʦʛʫ ʧʨʦʚʦʜʠʪʠ ʯʠʩʣʝʥʥʽ ʚʽʨʪʫʘʣʴʥʽ 

ʝʢʩʧʝʨʠʤʝʥʪʠ ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʨʦʚʝʜʝʥʥʷ ʜʦʨʦʛʠʭ ʬʽʟʠʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ, ʱʦ 

ʧʽʜʚʠʱʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʜʦʩʣʽʜʥʠʭ ʨʦʙʽʪ [3]. 

ʃʘʙʦʨʘʪʦʨʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʙʝʟʧʝʯʫʶʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ ʧʝʨʝʚʽʨʢʫ 

ʪʝʦʨʝʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʜʘʶʪʴ ʟʤʦʛʫ ʦʮʽʥʠʪʠ ʚʧʣʠʚ ʨʽʟʥʠʭ ʬʘʢʪʦʨʽʚ 

(ʪʝʤʧʝʨʘʪʫʨʠ, ʪʠʩʢʫ, ʩʢʣʘʜʫ ʜʫʪʪʴʦʚʠʭ ʩʫʤʽʰʝʡ) ʥʘ ʧʨʦʮʝʩ ʛʘʟʠʬʽʢʘʮʽʾ ʪʘ 

ʫʣʦʚʣʶʚʘʥʥʷ ʉʆ2. ʉʝʨʝʜ ʣʘʙʦʨʘʪʦʨʥʠʭ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʚʘʞʣʠʚʫ ʛʨʫʧʫ 
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ʟʘʡʤʘʻ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʥʘ ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʤʘʪʝʨʽʘʣʘʭ, ʷʢʽ 

ʤʘʢʩʠʤʘʣʴʥʦ ʥʘʙʣʠʞʝʥʽ ʜʦ ʧʨʠʨʦʜʥʠʭ ʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚ. ʋ ʥʘʰʠʭ 

ʜʦʩʣʽʜʞʝʥʥʷʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʝʘʣʴʥʽ ʟʨʘʟʢʠ ʚʫʛʽʣʣʷ ʽ ʛʽʨʩʴʢʦʾ ʧʦʨʦʜʠ, ʱʦ 

ʜʘʻ ʟʤʦʛʫ ʪʦʯʥʦ ʟʤʦʜʝʣʶʚʘʪʠ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʪʘ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʧʨʦʮʝʩʠ, ʷʢʽ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʽʜ ʯʘʩ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ. ɼʦʩʣʽʜʞʝʥʥʷ ʥʘ 

ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʘʭ ʜʘʶʪʴ ʟʤʦʛʫ ʜʦʩʣʽʜʠʪʠ ʨʝʘʣʴʥʫ ʢʽʥʝʪʠʢʫ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʩʢʣʘʜʫ ʪʘ ʬʽʟʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʥʢʨʝʪʥʠʭ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ, 

ʦʮʽʥʠʪʠ ʚʧʣʠʚ ʛʝʦʤʝʭʘʥʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʫ ʛʽʨʩʴʢʦʤʫ ʤʘʩʠʚʽ, ʪʘ 

ʚʠʟʥʘʯʠʪʠ ʡʦʛʦ ʤʽʮʥʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʽʜ ʚʧʣʠʚʦʤ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘʣʝʞʥʦ ʚʽʜ 

ʟʦʥ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʫ ʚʦʛʥʝʚʦʤʫ ʚʠʙʦʾ, ʜʦʩʣʽʜʠʪʠ ʤʝʭʘʥʽʟʤʠ ʚʟʘʻʤʦʜʽʾ 

ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʟ ʪʝʭʥʦʛʝʥʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʪʘ 

ʦʮʽʥʠʪʠ ʧʦʪʝʥʮʽʘʣ ʡʦʛʦ ʫʪʠʣʽʟʘʮʽʾ ʚ ʧʨʦʮʝʩʽ ʛʘʟʠʬʽʢʘʮʽʾ, ʧʨʦʚʝʩʪʠ ʪʝʩʪʫʚʘʥʥʷ ʽ 

ʘʥʘʣʽʟ. ʎʝ ʚʩʝ ʜʘʻ ʟʤʦʛʫ ʘʜʘʧʪʫʚʘʪʠ ʪʝʭʥʦʣʦʛʽʶ ʧʽʜ ʢʦʥʢʨʝʪʥʽ ʛʽʨʥʠʯʦ-

ʛʝʦʣʦʛʽʯʥʽ ʫʤʦʚʠ ʟʘʣʷʛʘʥʥʷ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ [4], [5]. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʝʘʣʴʥʠʭ ʟʨʘʟʢʽʚ ʚʫʛʽʣʣʷ ʽ ʧʦʨʦʜʠ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ 

ʪʦʯʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʽ ʩʧʨʠʷʻ ʢʦʨʝʢʪʥʽʡ ʧʦʙʫʜʦʚʽ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʧʽʜʚʠʱʠʪʠ ʚʽʨʦʛʽʜʥʽʩʪʴ ʧʨʦʛʥʦʟʽʚ ʪʘ 

ʨʦʟʨʦʙʠʪʠ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʨʽʰʝʥʥʷ ʜʣʷ ʧʨʦʤʠʩʣʦʚʦʛʦ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʟ ʦʜʥʦʯʘʩʥʦʶ ʫʪʠʣʽʟʘʮʽʻʶ 

ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ. 

ʅʝʦʙʭʽʜʥʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʦʤ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ 

ʚʠʱʝʟʘʟʥʘʯʝʥʠʭ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʨʦʚʝʜʝʥʥʷ ʧʨʦʤʠʩʣʦʚʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʫ 

ʨʝʘʣʴʥʠʭ ʛʽʨʥʠʯʦ-ʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚʘʭ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʘʻ ʟʤʦʛʫ ʧʽʜʪʚʝʨʜʠʪʠ 

ʪʝʦʨʝʪʠʯʥʽ ʪʘ ʣʘʙʦʨʘʪʦʨʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʟʘʙʝʟʧʝʯʠʪʠ ʚʩʝʙʽʯʥʫ ʦʮʽʥʢʫ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʟ 

ʦʜʥʦʯʘʩʥʦʶ ʫʪʠʣʽʟʘʮʽʻʶ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʪʘ ʦʮʽʥʠʪʠ ʟʙʽʞʥʽʩʪʴ ʤʽʞ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʡ ʤʘʪʝʤʘʪʠʯʥʠʤʠ ʤʦʜʝʣʷʤʠ, ʱʦ ʜʘʩʪʴ ʟʤʦʛʫ 

ʜʦ ʦʩʪʘʥʥʽʭ ʟʘʧʨʦʚʘʜʠʪʠ ʚʽʜʧʦʚʽʜʥʽ ʢʦʨʝʢʪʠʚʠ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʾʭʥʴʦʾ ʪʦʯʥʦʩʪʽ. 

ʊʘʢʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʟʘʟʚʠʯʘʡ ʻ ʦʩʥʦʚʦʶ ʜʣʷ ʤʘʩʰʪʘʙʥʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʪʝʭʥʦʣʦʛʽʾ ʧʽʜ ʯʘʩ ʨʦʟʨʦʙʢʠ ʨʦʜʦʚʠʱ. 
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2.2 ʄʝʪʦʜʠʢʘ ʣʘʙʦʨʘʪʦʨʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʟ ʜʦʩʣʽʜʞʝʥʥʷ  

ʧʨʦʮʝʩʽʚ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʩʝʨʽʾ 

ʨʦʟʨʦʙʣʝʥʠʭ ʪʘ ʟʘʧʘʪʝʥʪʦʚʘʥʠʭ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʩʪʘʥʦʚʦʢ (ɯ ʧʦʢʦʣʽʥʥʷ, 2010 ʨ., 

ɯɯ ʧʦʢʦʣʽʥʥʷ, 2018 ʨ.), ʫʟʘʛʘʣʴʥʝʥʫ ʧʨʠʥʮʠʧʦʚʫ ʩʭʝʤʫ ʷʢʠʭ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2.1 

[6], [7]. ʉʢʣʘʜʦʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʢʦʞʥʦʾ ʫʩʪʘʥʦʚʢʠ ʻ: ʩʪʝʥʜ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ɯ, 

ʛʽʣʢʠ ʧʦʜʘʯʽ ʜʫʪʪʴʦʚʠʭ ɯɯ ʪʘ ʚʽʜʚʝʜʝʥʥʷ ʛʘʟʦʚʽʜʚʽʜʥʠʭ ɯɯɯ ʩʫʤʽʰʝʡ, ʩʠʩʪʝʤʠ 

ʢʝʨʫʚʘʥʥʷ ʜʫʪʪʴʦʚʠʤʠ ʧʦʪʦʢʘʤʠ ɯV.  
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ʈʠʩʫʥʦʢ 2.1 ï ʊʝʭʥʦʣʦʛʽʯʥʘ ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʟ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ  

ʛʘʟʠʬʽʢʘʮʽʾ: 1 ï ʩʪʝʥʜ; 2 ï ʦʩʥʦʚʥʠʡ ʢʦʤʧʨʝʩʦʨ; 3 ï ʜʦʧʦʤʽʞʥʠʡ ʢʦʤʧʨʝʩʦʨ;  

4, 10 ï ʚʠʪʨʘʪʦʤʽʨʠ; 5 ï ʧʘʨʦʛʝʥʝʨʘʪʦʨ; 6, 7 ï ʙʘʣʦʥʠ ʟ ʢʠʩʥʝʤ ʪʘ ʚʫʛʣʝʢʠʩʣʠʤ 

ʛʘʟʦʤ ʚʽʜʧʦʚʽʜʥʦ; 8 ï ʜʫʪʪʴʦʚʘ ʤʘʛʽʩʪʨʘʣʴ; 9 ï ʙʘʢ-ʦʭʦʣʦʜʞʫʚʘʯ; 11 ï ʛʘʟʦʚʽʜʚʽʜʥʘ 

ʤʘʛʽʩʪʨʘʣʴ; 12 ï ʪʦʯʢʘ ʚʽʜʙʦʨʫ ʛʘʟʽʚ; 13 ï ʜʠʤʦʩʦʩ; 14 ï ʢʝʨʦʚʘʥʠʡ ʪʨʫʙʦʧʨʦʚʽʜ; 

15 ï ʜʫʪʪʴʦʚʘ ʩʚʝʨʜʣʦʚʠʥʘ; 16 ï ʛʘʟʦʚʽʜʚʽʜʥʘ ʩʚʝʨʜʣʦʚʠʥʘ; 17 ï ʪʝʨʤʦʧʘʨʠ;  

18 ï ʟʘʩʫʚʢʠ 

 

ʉʪʝʥʜ ʜʣʷ ʛʘʟʠʬʽʢʘʮʽʾ 1 ʻ ʮʝʥʪʨʘʣʴʥʠʤ ʝʣʝʤʝʥʪʦʤ ʣʘʙʦʨʘʪʦʨʥʦʾ 

ʫʩʪʘʥʦʚʢʠ, ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʚʽʜʪʚʦʨʝʥʥʷ ʛʽʨʥʠʯʦ-ʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚ, 

ʭʘʨʘʢʪʝʨʥʠʭ ʜʣʷ ʟʘʣʷʛʘʥʥʷ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ. ʂʦʥʩʪʨʫʢʮʽʶ ʫʩʪʘʥʦʚʢʠ 

ʨʦʟʨʦʙʣʝʥʦ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ 

ʛʘʟʠʬʽʢʘʮʽʾ ʰʣʷʭʦʤ ʢʦʥʪʨʦʣʶ ʧʦʜʘʯʽ ʜʫʪʪʴʦʚʠʭ ʩʫʤʽʰʝʡ ʽ ʚʽʜʚʝʜʝʥʥʷ 

ʛʝʥʝʨʘʪʦʨʥʠʭ ʛʘʟʽʚ. ʎʝ ʜʘʻ ʟʤʦʛʫ ʜʦʩʣʽʜʞʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʫ 

ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ. 
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ʉʪʝʥʜ ʫʩʪʘʥʦʚʢʠ I-ʛʦ ʧʦʢʦʣʽʥʥʷ ʤʘʻ ʨʦʟʤʽʨʠ 2,2Ĭ2,0Ĭ2,5 ʤ, ʱʦ ʜʘʻ ʟʤʦʛʫ 

ʽʤʽʪʫʚʘʪʠ ʨʦʟʤʽʨʠ ʟʤʦʜʝʣʴʦʚʘʥʦʛʦ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ ʟʘ ʧʘʜʽʥʥʷʤ ʅʤ = 2,0 ʤ, ʘ ʟʘ 

ʧʨʦʩʪʷʛʘʥʥʷʤ Sʤ = 2,2 ʤ. ʋ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʯʝʨʝʟ ʚʝʣʠʢʽ 

ʛʘʙʘʨʠʪʥʽ ʨʦʟʤʽʨʠ ʧʨʦʮʝʩ ʤʦʜʝʣʶʚʘʥʥʷ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ ʽ ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ ʻ 

ʪʨʫʜʦʤʽʩʪʢʠʤ ʽ ʚʘʨʪʽʩʥʠʤ. ʊʦʤʫ ʧʨʠ ʨʦʟʨʦʙʮʽ ʫʩʪʘʥʦʚʢʠ ɯɯ-ʛʦ ʧʦʢʦʣʽʥʥʷ ʙʫʣʦ 

ʧʨʠʡʥʷʪʦ ʨʽʰʝʥʥʷ ʧʨʦ ʟʤʝʥʰʝʥʥʷ ʛʘʙʘʨʠʪʽʚ ʩʪʝʥʜʘ ʜʦ ʨʦʟʤʽʨʽʚ 1,2Ĭ1,0Ĭ0,8 ʤ. 

ʋ ʪʘʢʠʭ ʫʤʦʚʘʭ ʨʦʟʤʽʨʠ ʟʤʦʜʝʣʴʦʚʘʥʦʛʦ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ ʟʘ ʧʘʜʽʥʥʷʤ 

ʅʤ = 1,0 ʤ, ʟʘ ʧʨʦʩʪʷʛʘʥʥʷʤ Sʤ = 1,2 ʤ. ʊʘʢʦʞ ʩʪʝʥʜ ʫʩʪʘʥʦʚʢʠ II-ʛʦ ʧʦʢʦʣʽʥʥʷ 

ʚʠʢʦʥʘʥʦ ʩʝʢʮʽʡʥʠʤ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʟʤʦʜʝʣʶʚʘʪʠ ʧʽʜʟʝʤʥʠʡ ʛʘʟʦʛʝʥʝʨʘʪʦʨ ʜʚʦʤʘ 

ʩʧʦʩʦʙʘʤʠ ʨʦʟʨʦʙʢʠ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ: ʩʚʝʨʜʣʦʚʠʥʘ ï ʛʘʟʦʛʝʥʝʨʘʪʦʨ, ʩʪʦʚʧʦʚʘ 

ʩʠʩʪʝʤʘ ʨʦʟʨʦʙʢʠ. 

ɼʫʪʪʴʦʚʘ ʛʽʣʢʘ ɯɯ ʫ ʜʚʦʭ ʫʩʪʘʥʦʚʢʘʭ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʩʥʦʚʥʦʛʦ 2 ʽ 

ʜʦʧʦʤʽʞʥʦʛʦ 3 ʢʦʤʧʨʝʩʦʨʽʚ, ʚʠʪʨʘʪʦʤʽʨʘ 4. ɼʣʷ ʽʤʽʪʘʮʽʾ ʨʽʟʥʠʭ ʨʝʞʠʤʽʚ 

ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ ʜʦ ʢʦʤʧʣʝʢʪʘʮʽʾ ʮʽʻʾ ʛʽʣʢʠ ʚʢʣʶʯʝʥʦ ʧʘʨʦʛʝʥʝʨʘʪʦʨ 5, ʙʘʣʦʥʠ ʟ 

ʢʠʩʥʝʤ 6 ʽ ʚʫʛʣʝʢʠʩʣʠʤ ʛʘʟʦʤ 7. ʋʩʽ ʧʨʠʣʘʜʠ ʟôʻʜʥʫʶʪʴʩʷ ʜʫʪʪʴʦʚʦʶ 

ʤʘʛʽʩʪʨʘʣʣʶ 8. ʊʘʢʦʞ ʜʦ ʜʫʪʪʴʦʚʦʾ ʛʽʣʢʠ ʚʽʜʥʦʩʷʪʴ ʢʝʨʦʚʘʥʠʡ ʪʨʫʙʦʧʨʦʚʽʜ 14, 

ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦʾ ʧʦʜʘʯʽ ʜʫʪʪʷ ʚ ʨʝʘʢʮʽʡʥʫ ʟʦʥʫ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. ɽʢʩʧʣʫʘʪʘʮʽʷ ʢʝʨʦʚʘʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʣʷʭʦʤ 

ʡʦʛʦ ʧʦʜʘʯʽ ʯʝʨʝʟ ʜʫʪʪʴʦʚʠʡ ʪʨʫʙʦʧʨʦʚʽʜ 15 ʯʝʨʝʟ ʨʽʟʴʙʦʚʠʡ ʦʪʚʽʨ ʫ ʩʪʽʥʮʽ 

ʩʪʝʥʜʘ ʟʤʦʜʝʣʴʦʚʘʥʠʤ ʢʘʥʘʣʦʤ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ ʚ ʤʦʜʝʣʽ 

ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ. 

ɼʦ ʩʢʣʘʜʫ ʛʘʟʦʚʽʜʚʽʜʥʦʾ ʛʽʣʢʠ ɯɯɯ ʚʽʜʥʦʩʷʪʴ ʙʘʢ-ʦʭʦʣʦʜʞʫʚʘʯ 9, ʚʠʪʨʘʪʦʤʽʨ 

10, ʪʦʯʢʘ ʚʽʜʙʦʨʫ ʛʘʟʽʚ ʜʣʷ ʘʥʘʣʽʟʫ 12, ʜʠʤʦʩʦʩ 13. ʋʩʽ ʧʨʠʣʘʜʠ ʩʧʦʣʫʯʝʥʽ 

ʛʘʟʦʚʽʜʚʽʜʥʦʶ ʤʘʛʽʩʪʨʘʣʣʶ 11. ɼʦ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʧʦʪʦʢʘʤʠ ɯV ʚʽʜʥʦʩʷʪʴ 

ʟʘʩʫʚʢʠ 18, ʱʦ ʜʘʶʪʴ ʟʤʦʛʫ ʩʧʨʷʤʦʚʫʚʘʪʠ ʜʫʪʪʴʦʚʽ ʪʘ ʛʘʟʦʚʽʜʚʽʜʥʽ ʧʦʪʦʢʠ ʫ 

ʥʝʦʙʭʽʜʥʦʤʫ ʥʘʧʨʷʤʢʫ. ɺʽʜʤʽʥʥʽʩʪʴ ʚ ʦʙʣʘʜʥʘʥʥʽ ʧʦ ʢʦʞʥʽʡ ʫʩʪʘʥʦʚʮʽ ʧʦʣʷʛʘʻ ʚ 

ʡʦʛʦ ʩʧʝʮʠʬʽʢʘʮʽʾ. 

ʌʦʨʤʫʚʘʥʥʷ ʧʦʨʦʜʦʚʫʛʽʣʴʥʦʛʦ ʤʘʩʠʚʫ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ ʙʫʣʦ 

ʨʝʘʣʽʟʦʚʘʥʦ ʫ ʜʚʘ ʯʽʪʢʦ ʚʠʟʥʘʯʝʥʠʭ ʝʪʘʧʠ. ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ, ʥʘ ʜʨʫʛʦʤʫ ï ʥʘʜʚʫʛʽʣʴʥʦʾ ʪʦʚʱʽ. ɼʣʷ 
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ʤʦʜʝʣʶʚʘʥʥʷ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʫʩʢʠ ʚʫʛʽʣʣʷ ʨʦʟʤʽʨʘʤʠ 

200Ĭ150Ĭ100 ʤʤ, ʷʢʽ ʟʘ ʷʢʽʩʥʠʤ ʩʢʣʘʜʦʤ ʚʽʜʧʦʚʽʜʘʣʠ ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʜʽʣʷʥʮʽ ʪʘ 

ʧʘʨʘʤʝʪʨʘʤ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ. ʇʨʠ ʮʴʦʤʫ ʢʫʩʢʠ ʚʫʛʽʣʣʷ ʧʦʧʝʨʝʜʥʴʦ ʦʙʨʦʙʣʷʣʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʫʪʦʚʦʾ ʰʣʽʬʫʚʘʣʴʥʦʾ ʤʘʰʠʥʢʠ, ʜʣʷ ʢʨʘʱʦʛʦ ʢʦʥʪʘʢʪʫ ʤʽʞ ʩʦʙʦʶ. 

ʇʨʠ ʬʦʨʤʫʚʘʥʥʽ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ d ʥʴʦʤʫ ʟʘʣʠʰʘʚʩʷ ʢʘʥʘʣ ʜʣʷ ʽʤʽʪʘʮʽʾ 

ʥʘʛʥʽʪʘʣʴʥʦʾ ʪʘ ʛʘʟʦʚʽʜʚʽʜʥʦʾ ʩʚʝʨʜʣʦʚʠʥ ʜʽʘʤʝʪʨʦʤ d = 0,08 ʤ ̔ ʨʝʘʢʮʽʡʥʦʛʦ 

ʢʘʥʘʣʫ. ʈʝʘʢʮʽʡʥʠʡ ʢʘʥʘʣ ʟʘʧʦʚʥʶʚʘʚʩʷ ʢʫʩʢʘʤʠ ʚʫʛʽʣʣʷ ʬʨʘʢʮʽʻʶ 0,025 ï 

0,068 ʤʤ ʟ ʧʦʜʘʣʴʰʠʤ ʪʨʘʤʙʫʚʘʥʥʷʤ, ʽʤʽʪʫʶʯʠ ʛʽʜʨʦʨʦʟʨʠʚ ʧʣʘʩʪʘ ʤʽʞ 

ʜʫʪʪʴʦʚʦʶ ʪʘ ʛʘʟʦʚʽʜʚʽʜʥʦʶ ʩʚʝʨʜʣʦʚʠʥʘʤʠ.  

ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʩʪʝʥʜʦʚʦʾ ʫʩʪʘʥʦʚʢʠ ɯ-ʛʦ ʧʦʢʦʣʽʥʥʷ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2.2. 

 

 

ʈʠʩʫʥʦʢ 2.2 ï ʌʦʪʦʬʽʢʩʘʮʽʷ ʦʙʣʘʜʥʘʥʥʷ ʣʘʙʦʨʘʪʦʨʥʦʾ ʫʩʪʘʥʦʚʢʠ ɯ-ʛʦ ʧʦʢʦʣʽʥʥʷ: 

1 ï ʩʪʝʥʜ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ; 2, 3 ï ʢʦʤʧʨʝʩʦʨʠ ʜʣʷ ʧʦʜʘʯʽ 

ʧʦʚʽʪʨʷʥʦʛʦ ʜʫʪʪʷ ʪʘ ʧʨʦʧʘʣʶʚʘʥʥʷ ʨʝʘʢʮʽʡʥʦʛʦ ʢʘʥʘʣʫ ʚʽʜʧʦʚʽʜʥʦ;  

4 ï ʧʘʨʦʛʝʥʝʨʘʪʦʨ; 5 ï ʨʦʟʰʠʨʶʚʘʣʴʥʠʡ ʙʘʢ; 6 ï ʩʠʩʪʝʤʘ ʨʦʟʧʦʜʽʣʫ ʜʫʪʪʴʦʚʠʭ 

ʩʫʤʽʰʝʡ ʢʝʨʦʚʘʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʫ 

 

ʃʘʙʦʨʘʪʦʨʥʫ ʫʩʪʘʥʦʚʢʫ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʛʘʟʠʬʽʢʘʮʽʾ ɯɯ 

ʧʦʢʦʣʽʥʥʷ ʨʦʟʨʦʙʣʝʥʦ ʫ 2018 ʨʦʮʽ ʚ ʨʘʤʢʘʭ ʜʽʷʣʴʥʦʩʪʽ ʣʘʙʦʨʘʪʦʨʽʾ ʪʝʭʥʦʣʦʛʽʡ 

ʪʝʨʤʦʭʽʤʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʎʝʥʪʨʫ ʢʦʣʝʢʪʠʚʥʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ ʥʘʫʢʦʚʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ çɯʥʥʦʚʘʮʽʡʥʘ ʛʝʦʝʥʝʨʛʝʪʠʢʘè ʟʘ ʧʽʜʪʨʠʤʢʠ ʄʽʥʽʩʪʝʨʩʪʚʘ ʦʩʚʽʪʠ ʽ 
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ʥʘʫʢʠ ʋʢʨʘʾʥʠ (ʢʝʨʽʚʥʠʢ ʣʘʙʦʨʘʪʦʨʽʾ ï ʇ.ɹ. ʉʘʾʢ). ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʫʩʪʘʥʦʚʢʠ 

ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2.3. 

 

 

ʈʠʩʫʥʦʢ 2.3 ï ʌʦʪʦʬʽʢʩʘʮʽʷ ʦʙʣʘʜʥʘʥʥʷ ʣʘʙʦʨʘʪʦʨʥʦʾ ʫʩʪʘʥʦʚʢʠ ɯɯ-ʛʦ ʧʦʢʦʣʽʥʥʷ:  

1 ï ʩʪʝʥʜ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ; 2 ï ʢʦʤʧʨʝʩʦʨʠ ʜʣʷ ʧʦʜʘʯʽ 

ʧʦʚʽʪʨʷʥʦʛʦ ʜʫʪʪʷ; 3 ï ʧʘʨʦʛʝʥʝʨʘʪʦʨ; 4 ï ʙʘʢ-ʦʭʦʣʦʜʞʫʚʘʯ; 5 ï ʨʦʟʧʘʣʶʚʘʣʴʥʠʡ 

ʦʪʚʽʨ; 6 ï ʙʘʢ ʚʽʜʙʦʨʫ ʢʦʥʜʝʥʩʘʪʫ; 7 ï ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʜʫʪʪʴʦʚʠʤʠ ʩʫʤʽʰʘʤʠ 

 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʚʪʦʪʝʨʤʽʯʥʦʩʪʽ ʩʠʩʪʝʤʠ ʟʤʦʜʝʣʴʦʚʘʥʦʛʦ ʧʽʜʟʝʤʥʦʛʦ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ, ʱʦ ʻ ʢʣʶʯʦʚʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʩʪʘʙʽʣʴʥʦʛʦ ʪʘ ʝʬʝʢʪʠʚʥʦʛʦ 

ʚʝʜʝʥʥʷ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ, ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʪʝʧʣʦʽʟʦʣʷʮʽʶ ʩʪʝʥʜʽʚ. ʎʝ ʜʘʣʦ 

ʟʤʦʛʫ ʤʽʥʽʤʽʟʫʚʘʪʠ ʪʝʧʣʦʚʽ ʚʪʨʘʪʠ ʽ ʧʽʜʪʨʠʤʫʚʘʪʠ ʦʧʪʠʤʘʣʴʥʠʡ ʪʝʤʧʝʨʘʪʫʨʥʠʡ 

ʨʝʞʠʤ ʫʩʝʨʝʜʠʥʽ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʙʝʟ ʧʽʜʚʝʜʝʥʥʷ ʪʝʧʣʘ ʟʟʦʚʥʽ, ʟʘ ʨʘʭʫʥʦʢ 

ʝʢʟʦʪʝʨʤʽʯʥʠʭ ʨʝʘʢʮʽʡ. ʊʝʧʣʦʽʟʦʣʷʮʽʡʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʩʣʫʛʫʚʘʣʘ ʚʦʛʥʝʪʨʠʚʢʘ 

ʮʝʛʣʘ, ʷʢʫ ʚʠʢʣʘʜʘʣʠ ʚ ʦʜʠʥ ʨʷʜ ʧʦ ʢʦʥʪʫʨʫ ʩʪʝʥʜʽʚ ʥʘ ʚʠʩʦʪʫ ʰʘʨʽʚ ʣʽʪʦʣʦʛʽʯʥʦʾ 

ʨʽʟʥʠʮʽ ʽ ʥʘ ʾʭʥʽʡ ʦʩʥʦʚʽ. ʃʽʪʦʣʦʛʽʯʥʫ ʨʽʟʥʠʮʶ ʟʤʦʜʝʣʴʦʚʘʥʦʛʦ ʤʘʩʠʚʫ ʬʦʨʤʫʚʘʣʠ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʘʪʫʨʥʠʭ ʫʤʦʚ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʜʽʣʷʥʦʢ ʰʘʭʪʥʠʭ ʧʦʣʽʚ. 

ʇʨʦʮʝʩ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʠʟʢʦʶ 

ʧʘʨʘʤʝʪʨʽʚ, ʪʘʢʠʭ ʷʢ ʜʦʚʞʠʥʘ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ ʪʘ ʩʪʦʚʧʘ ʛʘʟʠʬʽʢʘʮʽʾ, 
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ʧʦʪʫʞʥʽʩʪʴ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ, ʰʚʠʜʢʽʩʪʴ ʧʦʩʫʚʘʥʥʷ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ, ʢʽʣʴʢʽʩʥʽ 

ʪʘ ʷʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ ʧʦʜʘʯʽ ʜʫʪʪʴʦʚʠʭ ʩʫʤʽʰʝʡ ʪʘ ʚʠʭʦʜʫ ʛʝʥʝʨʘʪʦʨʥʠʭ ʛʘʟʽʚ, 

ʪʠʩʢ ʧʦʜʘʯʽ ʜʫʪʪʷ ʪʦʱʦ. ʊʦʤʫ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʧʽʜʟʝʤʥʦʾ 

ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʥʘ ʩʪʝʥʜʦʚʽʡ ʫʩʪʘʥʦʚʮʽ, ʥʝʦʙʭʽʜʥʦ ʚʩʪʘʥʦʚʠʪʠ ʦʩʥʦʚʥʽ 

ʢʨʠʪʝʨʽʾ ʧʦʜʽʙʥʦʩʪʽ ʪʘ ʜʦʪʨʠʤʫʚʘʪʠʩʷ ʾʭ ʧʨʠ ʚʘʨʽʘʮʽʾ ʟʘʟʥʘʯʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, 

ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʘʜʝʢʚʘʪʥʝ ʚʽʜʪʚʦʨʝʥʥʷ ʨʝʘʣʴʥʠʭ ʫʤʦʚ. 

ʊʝʦʨʽʷ ʧʦʜʽʙʥʦʩʪʽ, ʱʦ ʚʠʟʥʘʯʘʻ ʟʚôʷʟʢʠ ʤʽʞ ʧʦʜʽʙʥʠʤʠ ʷʚʠʱʘʤʠ ʥʘ ʦʩʥʦʚʽ 

ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʚʽʜʧʦʚʽʜʥʠʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʨʽʚʥʷʥʴ, ʨʝʟʫʣʴʪʘʪʽʚ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʥʘʪʫʨʥʠʭ ʫʤʦʚ, ʻ ʦʩʥʦʚʦʶ ʬʽʟʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. 

ɼʣʷ ʚʽʜʪʚʦʨʝʥʥʷ ʥʘʪʫʨʥʠʭ ʫʤʦʚ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʥʘ 

ʩʪʝʥʜʦʚʽʡ ʫʩʪʘʥʦʚʮʽ, ʚʘʞʣʠʚʦ ʚʩʪʘʥʦʚʠʪʠ ʨʘʮʽʦʥʘʣʴʥʽ ʤʘʩʰʪʘʙʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʪʘ 

ʟʘʙʝʟʧʝʯʠʪʠ ʜʦʪʨʠʤʘʥʥʷ ʫʤʦʚ ʧʦʜʽʙʥʦʩʪʽ. ɺʦʥʠ ʻ ʦʙʦʚôʷʟʢʦʚʠʤʠ ʜʣʷ ʪʦʛʦ, ʱʦʙ 

ʤʦʜʝʣʴ ʘʜʝʢʚʘʪʥʦ ʚʽʜʦʙʨʘʞʘʣʘ ʬʽʟʠʯʥʽ ʧʨʦʮʝʩʠ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʨʝʘʣʴʥʠʭ 

ʫʤʦʚʘʭ ʛʘʟʠʬʽʢʘʮʽʾ. ʄʘʩʰʪʘʙʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʜʘʶʪʴ ʟʤʦʛʫ ʧʨʦʧʦʨʮʽʡʥʦ ʟʤʝʥʰʠʪʠ 

ʘʙʦ ʟʙʽʣʴʰʠʪʠ ʨʦʟʤʽʨʠ ʝʣʝʤʝʥʪʽʚ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʩʠʩʪʝʤʠ, ʪʘʢʠʭ ʷʢ ʜʦʚʞʠʥʘ 

ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ ʪʘ ʩʪʦʚʧʘ ʛʘʟʠʬʽʢʘʮʽʾ, ʧʦʪʫʞʥʽʩʪʴ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ, ʧʦʨʽʜ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦʾ ʪʘ ʦʩʥʦʚʥʦʾ ʧʦʢʨʽʚʣʽ. ʊʦʤʫ ʧʝʨʰʦʯʝʨʛʦʚʠʤ ʻ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʛʝʦʤʝʪʨʠʯʥʦʾ ʧʦʜʽʙʥʦʩʪʽ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ [8]: 

...
ʽ

ʥ ʥ ʥ
Lʽ

ʤ ʤ ʤ

L L L
ʉ

L L L

¡ ¡¡
= = =
¡ ¡¡

,         (2.1) 

ʜʝ ʤL¡, ... ʽʤ ʤL   L¡¡  ï ʣʽʥʽʡʥʽ ʨʦʟʤʽʨʠ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ, ʤ; ʥL¡, 
ʽ

ʥ ʥL  ... L¡¡  ï 

ʣʽʥʽʡʥʽ ʨʦʟʤʽʨʠ ʦʙôʻʢʪʘ ʚ ʥʘʪʫʨʥʠʭ ʫʤʦʚʘʭ, ʤ. 

ɻʘʟʠʬʽʢʘʮʽʷ ʚʫʛʽʣʣʷ ʻ ʩʢʣʘʜʥʠʤ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤ ʧʨʦʮʝʩʦʤ, ʱʦ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʥʝʨʽʚʥʦʤʽʨʥʠʤ ʧʦʩʫʚʘʥʥʷʤ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ ʚ ʟʦʥʘʭ 

ʦʢʠʩʣʝʥʥʷ ʽ ʚʽʜʥʦʚʣʝʥʥʷ. ʐʚʠʜʢʽʩʪʴ ʧʦʩʫʚʘʥʥʷ ʚʦʛʥʝʚʦʛʦ ʟʘʙʦʶ ʚʠʟʥʘʯʘʻ, 

ʥʘʩʢʽʣʴʢʠ ʰʚʠʜʢʦ ʟʦʥʘ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʧʝʨʝʤʽʱʘʻʪʴʩʷ ʷʢ ʧʦ ʜʦʚʞʠʥʽ 

ʚʦʛʥʝʚʦʛʦ ʟʘʙʦʶ, ʪʘʢ ʽ ʧʦ ʜʦʚʞʠʥʽ ʩʪʦʚʧʘ ʛʘʟʠʬʽʢʘʮʽʾ. ʋ ʥʘʪʫʨʥʠʭ ʫʤʦʚʘʭ 

ʜʦʚʞʠʥʘ ʚʦʛʥʝʚʦʛʦ ʟʘʙʦʶ ʩʪʘʥʦʚʠʪʴ 30 ʤ, ʷʢʫ ʧʨʠʡʥʷʪʦ ʷʢ ʦʧʪʠʤʘʣʴʥʫ ʥʘ 

ʦʩʥʦʚʽ ʨʦʟʨʘʭʫʥʢʽʚ ʤʘʪʝʨʽʘʣʴʥʦ-ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ. 
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ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʬʦʨʤʫʣʠ (2.1) ʽ ʨʦʟʤʽʨʽʚ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ 1,8 ʤ (ʫʩʪʘʥʦʚʢʘ I-ʛʦ 

ʧʦʢʦʣʽʥʥʷ) ʽ 0,8 ʤ (ʫʩʪʘʥʦʚʢʘ II-ʛʦ ʧʦʢʦʣʽʥʥʷ) ʛʝʦʤʝʪʨʠʯʥʠʡ ʤʘʩʰʪʘʙ 

ʧʦʜʽʙʥʦʩʪʽ ʩʪʘʥʦʚʠʪʴ ɯ
Lʉ =16,67 ʽ 

ɯɯ
Lʉ =37,5. ʊʦʜʽ ʢʦʝʬʽʮʽʻʥʪ ʜʦʩʣʽʜʞʫʚʘʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ 0,016 é 0,036 ï 

0,032 é 0,072 ʤ, ʱʦ ʟʘ ʪʝʭʥʽʯʥʠʤʠ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ 

ʥʝʧʨʠʡʥʷʪʥʦ. ʆʩʢʽʣʴʢʠ ʟʘ ʤʘʣʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ, ʬʦʨʤʫʚʘʥʥʷ 

ʟʦʥ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʫʟʜʦʚʞ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ ʻ ʥʝʜʦʩʪʘʪʥʽʤ ʯʝʨʝʟ 

ʥʝʝʬʝʢʪʠʚʥʠʡ ʨʦʟʧʦʜʽʣ ʪʝʧʣʘ ʪʘ ʨʝʘʛʝʥʪʽʚ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ, ʚʽʜʩʫʪʥʷ 

ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʤʦʜʝʣʶʚʘʪʠ ʧʨʦʮʝʩʠ ʧʦʜʘʯʽ ʜʫʪʪʷ ʢʝʨʦʚʘʥʠʤʠ ʪʨʫʙʦʧʨʦʚʦʜʘʤʠ. 

ʇʽʜ ʯʘʩ ʤʦʜʝʣʶʚʘʥʥʷ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ ʧʦʪʫʞʥʽʩʪʶ 0,2 ʤ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʥʘʪʫʨʥʠʤ ʫʤʦʚʘʤ 1,2 ʤ, ʤʘʩʰʪʘʙʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʦʜʽʙʥʦʩʪʽ ʩʪʘʥʦʚʠʪʴ Lʉ=6. 

ɸʥʘʣʽʟ ʮʽʻʾ ʩʠʪʫʘʮʽʾ ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʝʣʽʥʽʡʥʝ ʤʘʩʰʪʘʙʫʚʘʥʥʷ. ɿʘ 

ʪʘʢʠʭ ʫʤʦʚ ʥʝʦʙʭʽʜʥʦ ʦʙʨʘʪʠ ʚʠʟʥʘʯʘʣʴʥʽ ʢʨʠʪʝʨʽʾ ʧʦʜʽʙʥʦʩʪʽ ʟʘʣʝʞʥʦ ʚʽʜ 

ʧʨʦʮʝʩʽʚ, ʷʢʽ ʻ ʜʦʤʽʥʫʶʯʠʤʠ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ ʟʘʣʝʞʠʪʴ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʚʦʛʥʝʚʦʛʦ 

ʚʠʙʦʶ, ʥʘ ʧʘʨʘʤʝʪʨʠ ʷʢʦʾ ʚʧʣʠʚʘʻ ʢʽʣʴʢʽʩʪʴ ʪʘ ʪʠʩʢ ʧʦʜʘʯʽ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ. ɿʘ 

ʪʘʢʠʭ ʫʤʦʚ ʧʘʨʘʤʝʪʨʠ ʪʠʩʢʫ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʟʥʘʯʘʣʴʥʠʤʠ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʥʘʤ 

ʟʘʩʪʦʩʫʚʘʪʠ ʯʠʩʣʦ ɽʡʣʝʨʘ, ʷʢʝ ʭʘʨʘʢʪʝʨʠʟʫʻ ʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʧʘʜʽʥʥʷʤ ʪʠʩʢʫ ʽ 

ʢʽʥʝʪʠʯʥʦʶ ʝʥʝʨʛʽʻʶ ʥʘ ʦʜʠʥʠʮʶ ʦʙôʻʤʫ ʧʦʪʦʢʫ [9]: 

2

p
Eu

vr

D
= , 

ʜʝ æp ï ʧʝʨʝʧʘʜ ʪʠʩʢʫ, ʄʇʘ; ɟ - ʛʫʩʪʠʥʘ ʨʝʯʦʚʠʥʠ, ʢʛ/ʤ3, v ï ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ, 

ʤ/ʩ. 

ɿʘ ʫʤʦʚʠ ʚʠʟʥʘʯʝʥʥʷ ʧʦʜʽʙʥʦʩʪʽ ʯʠʩʣʦʤ ɽʡʣʝʨʘ ʚʦʥʦ ʟʘʣʠʰʘʻʪʴʩʷ 

ʥʝʟʤʽʥʥʠʤ ʤʽʞ ʤʦʜʝʣʣʶ ʪʘ ʥʘʪʫʨʥʠʤ ʧʨʦʮʝʩʦʤ: 

2 2
.ʤ ʥ

ʤ ʤ ʥ ʥ

p p

v vr r
=          (2.2) 

ɺʽʜʧʦʚʽʜʥʦ ʧʨʠ Lʉ=6 ʥ L ʤp ʉ p= . ʊʘʢʠʤ ʯʠʥʦʤ ʪʠʩʢ ʧʦʜʘʯʽ ʜʫʪʪʷ ʚ 

ʥʘʪʫʨʥʠʭ ʫʤʦʚʘʭ ʤʘʻ ʙʫʪʠ ʚ 6 ʨʘʟʽʚ ʙʽʣʴʰʠʤ, ʥʽʞ ʧʽʜ ʯʘʩ ʣʘʙʦʨʘʪʦʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 
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ʇʽʜ ʯʘʩ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ, ʱʦ ʚ ʥʘʪʫʨʥʠʭ ʫʤʦʚʘʭ, ʱʦ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ, 

ʩʢʣʘʜʦʚʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ ʻ ʧʦʚʽʪʨʷ, ʢʠʩʝʥʴ, ʚʫʛʣʝʢʠʩʣʠʡ ʛʘʟ ʽ 

ʧʘʨʘ. ʊʦʤʫ ʧʘʨʘʤʝʪʨ ɟʤ = ɟʥ, ʘ ʬʦʨʤʫʣʘ (2.2) ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ: 

2 2
.ʤ ʥ

ʤ ʥ

p p

v v
=  

ɺʨʘʭʦʚʫʶʯʠ ʢʨʠʪʝʨʽʡ ʛʦʤʦʭʨʦʥʥʦʩʪʽ ʰʚʠʜʢʽʩʪʴ ʤʘʩʰʪʘʙʫʻʪʴʩʷ ʜʦ ʯʘʩʫ 

[10], ʪʦʙʪʦ ʤ ʥ
ʤ ʥ

ʤ ʥ

L L
v v

t t
= = =, ʜʝ Lʤ, Lʥ ï ʰʣʷʭ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʤʘʪʝʨʽʘʣʴʥʘ ʪʦʯʢʘ 

ʚ ʤʦʜʝʣʽ ʪʘ ʥʘʪʫʨʽ ʟʘ ʯʘʩ tʤ ʽ tʥ. ɿʚʽʜʩʠ ʤ ʥ

ʤ ʥ

ʤ ʥ

p p

L L

t t

=
å õ å õ
æ ö æ ö
ç ÷ ç ÷

. ʇʘʨʘʤʝʪʨʠ ʯʘʩʫ 

ʜʦʨʽʚʥʶʶʪʴ .ʥ ʤ Lt t ʉ=  ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʜʦʩʣʽʜʞʝʥʴ ʯʘʩ ʛʘʟʠʬʽʢʘʮʽʾ 

ʟʤʦʜʝʣʴʦʚʘʥʠʭ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ ʧʦʪʫʞʥʽʩʪʶ ʚʽʜ 0,1 ʜʦ 0,2 ʤ ʟʤʽʥʶʚʘʚʩʷ ʚʽʜ 

9,2 ʜʦ 12 ʛʦʜ, ʱʦ ʥʘʪʫʨʥʠʤ ʜʦʩʣʽʜʞʝʥʥʷʤ ʚʽʜʧʦʚʽʜʘʻ 55,2 ï 72,0 ʛʦʜ. ʊʠʩʢ ʫ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ ʟʤʽʥʶʚʘʚʩʷ ʚʽʜ 0,13 ʜʦ 0,22 ʄʇʘ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʥʘʪʫʨʥʠʤ 

ʫ 0,4 ï 0,67 ʄʇʘ. ʇʘʨʘʤʝʪʨʠ ʩʠʣʠ ʪʷʞʽʥʥʷ g ʽ ʚôʷʟʢʦʩʪʽ ɛ ʜʣʷ ʮʽʣʝʡ 

ʨʦʟʚôʷʟʫʚʘʥʦʾ ʟʘʜʘʯʽ ʥʝ ʤʘʶʪʴ ʩʫʪʪʻʚʦʛʦ ʟʥʘʯʝʥʥʷ, ʪʦʤʫ ʢʨʠʪʝʨʽʾ ʌʨʫʜʘ 
2

gl
F

v
=  ʽ 

ʈʝʡʥʦʣʴʜʩʘ 
vl

Rʝ
r

m
=  ʥʝ ʚʠʪʨʠʤʫʶʪʴʩʷ. 

ʇʽʜ ʯʘʩ ʤʦʜʝʣʶʚʘʥʥʷ ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ, ʚʠʭʦʜʷʯʠ ʟ ʤʘʩʰʪʘʙʥʠʭ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʽ ʦʩʦʙʣʠʚʦʩʪʝʡ ʬʦʨʤʫʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ, ʫ ʧʨʦʮʝʩ 

ʤʦʜʝʣʶʚʘʥʥʷ ʚʥʝʩʝʥʦ ʩʧʨʦʱʝʥʥʷ ʫ ʚʠʛʣʷʜʽ ʧʦʻʜʥʘʥʥʷ ʧʦʨʦʜʥʠʭ ʧʣʘʩʪʽʚ ʟʽ 

ʩʭʦʞʠʤʠ ʤʝʪʘʤʦʨʬʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʊʘʢʝ ʩʧʨʦʱʝʥʥʷ ʧʨʠʩʢʦʨʶʻ ʧʨʦʮʝʩ 

ʬʦʨʤʫʚʘʥʥʷ ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ, ʱʦ ʚʤʽʱʫʻ ʚʫʛʽʣʴʥʠʡ ʧʣʘʩʪ. ɼʣʷ ʫʤʦʚ ʤʦʜʝʣʽ 

ʧʦʪʫʞʥʽʩʪʴ ʪʘʢʠʭ ʰʘʨʽʚ ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʘ 0,2 ʤ. ɹʝʟʧʦʩʝʨʝʜʥʷ ʧʦʢʨʽʚʣʷ 

ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʘʣʝʚʨʦʣʽʪʦʤ ʽʟ ʰʘʭʪʥʦʾ ʧʦʨʦʜʠ ʟ ʛʝʨʤʝʪʠʟʘʮʽʻʶ 

ʪʨʽʱʠʥ ʰʘʤʦʪʥʠʤ ʨʦʟʯʠʥʦʤ. 

ʇʨʦʮʝʩ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʷʢ ʫ ʤʦʜʝʣʴʥʠʭ, ʪʘʢ ʽ ʚ ʥʘʪʫʨʥʠʭ ʫʤʦʚʘʭ, 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʦʜʥʘʢʦʚʦʾ ʪʝʤʧʝʨʘʪʫʨʠ. ʇʽʜ ʯʘʩ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʽ 
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ʛʨʘʜʽʻʥʪʠ ʚ ʤʦʜʝʣʽ ʪʘ ʥʘʪʫʨʥʦʤʫ ʦʙ'ʻʢʪʽ ʧʦʜʽʙʥʽ, ʘ ʢʨʠʪʝʨʽʾ ʧʦʜʽʙʥʦʩʪʽ, ʱʦ 

ʚʨʘʭʦʚʫʶʪʴ ʪʝʧʣʦʚʽ ʷʚʠʱʘ, ʦʜʥʘʢʦʚʽ, ʪʦʤʫ ʊʉ=1 [11]. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʧʦʢʘʟʥʠʢʽʚ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʣʽʚ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʫ ʤʦʜʝʣʽ ʪʘ ʥʘʪʫʨʽ, ʤʦʞʥʘ 

ʦʧʠʩʘʪʠ ʚʠʨʘʟʦʤ: 

1
ʦʢ ʚ
ʥ ʥ

ʊʦʢ ʽ
ʤ ʤ

T T
ʉ

T T
= = =, 

ʜʝ ʦʢʥT , ʦʢ
ʤT  ï ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʠʩʣʶʚʘʣʴʥʦʾ ʟʦʥʠ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ 

ʚʽʜʧʦʚʽʜʥʦ ʥʘʪʫʨʠ  ̔ʤʦʜʝʣʽ, Üʉ; ʚʥT , ʚ
ʤT  ï ʪʝʤʧʝʨʘʪʫʨʘ ʚʽʜʥʦʚʣʶʚʘʣʴʥʦʾ ʟʦʥʠ 

ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʚʽʜʧʦʚʽʜʥʦ ʥʘʪʫʨʠ  ̔ʤʦʜʝʣʽ, Üʉ. 

ʄʦʥʽʪʦʨʠʥʛ ʧʨʦʮʝʩʫ ʨʦʟʧʘʣʶʚʘʥʥʷ ʚʫʛʽʣʣʷ ʧʨʦʚʦʜʠʚʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʽʨʦʤʝʪʨʘ ʟ ʪʝʨʤʦʧʘʨʦʶ ʂ-ʪʠʧʫ 30:1 (-50é+1350 Üʉ) FLUS IR-823. ɼʠʥʘʤʽʢʘ 

ʧʘʨʘʤʝʪʨʽʚ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʢʦʥʪʨʦʣʶʚʘʣʘʩʷ ʟʘ ʦʢʨʝʤʠʤʠ 

ʪʦʯʢʘʤʠ ʟʤʦʜʝʣʴʦʚʘʥʦʾ ʦʙʣʘʩʪʽ, ʫ ʤʽʩʮʷʭ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʪʘʮʽʦʥʘʨʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʜʘʪʯʠʢʽʚ ʪʠʧʫ ʊɽʇ-109 17 (ʜʠʚ. ʨʠʩ. 2.1). ɿʘʣʝʞʥʦ ʚʽʜ ʟʘʚʜʘʥʴ 

ʜʦʩʣʽʜʞʝʥʥʷ ʜʘʪʯʠʢʠ ʚʩʪʘʥʦʚʣʶʚʘʣʠʩʷ ʥʘ ʧʣʦʱʠʥʽ ʢʦʥʪʘʢʪʫ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ ʽ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦʾ ʧʦʢʨʽʚʣʽ, ʽ ʚ ʩʘʤʽʡ ʧʦʢʨʽʚʣʽ ʟ ʨʽʟʥʦʶ ʩʽʪʢʦʶ. 

ʈʦʟʰʠʨʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ʟʤʽʥʠ ʨʝʞʠʤʽʚ ʧʦʜʘʯʽ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ ʪʘ ʾʭ 

ʨʝʛʫʣʶʚʘʥʥʷ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʤʦʞʣʠʚʝ ʟʘʚʜʷʢʠ ʟʘʩʪʦʩʫʚʘʥʥʶ ʚʠʪʨʘʪʦʤʽʨʽʚ 

ɯʈɺɯʉ-ʂ300, çʋʥʽʚʝʨʩʘʣ-01è. ɺʦʥʠ ʚʽʜʦʙʨʘʞʘʶʪʴ ʪʦʯʥʫ ʚʠʪʨʘʪʫ ʩʫʤʽʰʽ, ʱʦ 

ʥʘʜʭʦʜʠʪʴ ʫ ʟʤʦʜʝʣʴʦʚʘʥʠʡ ʛʘʟʦʛʝʥʝʨʘʪʦʨ. ʊʘʢʦʞ ʜʦʜʘʪʢʦʚʦ ʧʨʦʭʦʜʠʪʴ 

ʚʽʟʫʘʣʽʟʘʮʽʷ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʪʠʩʢʫ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ. 

ɿʘʧʘʣʶʚʘʥʥʷ ʚʫʛʽʣʣʷ ʧʨʦʚʦʜʠʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʘʟʦʚʦʾ ʛʦʨʽʣʢʠ ʯʝʨʝʟ 

ʨʦʟʧʘʣʶʚʘʣʴʥʠʡ ʦʪʚʽʨ, ʜʝ ʟʥʘʭʦʜʠʣʦʩʷ ʟʘʟʜʘʣʝʛʽʜʴ ʟʘʢʣʘʜʝʥʝ ʧʦʜʨʽʙʥʝʥʝ 

ʚʫʛʽʣʣʷ ʚ ʨʝʘʢʮʽʡʥʦʤʫ ʢʘʥʘʣʽ. ʇʽʩʣʷ ʧʽʜʧʘʣʫ ʟʤʦʜʝʣʴʦʚʘʥʠʤ ʢʘʥʘʣʦʤ ʜʫʪʪʴʦʚʦʾ 

ʩʚʝʨʜʣʦʚʠʥʠ ʧʦʜʘʶʪʴ ʧʦʚʽʪʨʷʥʫ ʩʫʤʽʰ (ʆ2 ï 21%) ʽ ʟʘʧʫʩʢʘʶʪʴ ʜʠʤʦʩʦʩ ʜʣʷ 

ʧʨʠʩʢʦʨʝʥʥʷ ʧʨʦʮʝʩʫ ʧʨʦʧʘʣʶʚʘʥʥʷ ʨʝʘʢʮʽʡʥʦʛʦ ʢʘʥʘʣʫ ʽ ʚʠʭʦʜʫ 

ʟʤʦʜʝʣʴʦʚʘʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʚ ʨʝʞʠʤ ʛʘʟʠʬʽʢʘʮʽʾ. ʊʠʩʢ ʧʦʜʘʯʽ ʜʫʪʪʷ 

ʟʘʜʘʻʪʴʩʷ ʚ ʤʝʞʘʭ 0,08 ï 0,11 ʄʇʘ. 
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ʇʨʦʚʝʜʝʥʥʷ ʩʝʨʽʾ ʣʘʙʦʨʘʪʦʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʚʦʜʠʣʦʩʷ ʚ ʯʦʪʠʨʴʦʭ 

ʨʝʞʠʤʘʭ ʧʦʜʘʯʽ ʜʫʪʪʷ: I ʨʝʞʠʤ ï ʧʦʜʘʯʘ ʧʦʚʽʪʨʷʥʦʛʦ ʜʫʪʪʷ; II ʨʝʞʠʤ ï ʧʦʜʘʯʘ 

ʧʦʚʽʪʨʷʥʦ-ʚʫʛʣʝʢʠʩʣʦʪʥʦʾ ʩʫʤʽʰʽ; III ʨʝʞʠʤ ï ʧʦʜʘʯʘ ʧʦʚʽʪʨʷʥʦʛʦ ʜʫʪʪʷ 

(ʝʢʩʧʣʫʘʪʘʮʽʡʥʘ ʩʚʝʨʜʣʦʚʠʥʘ); IV ʨʝʞʠʤ ï ʢʦʤʙʽʥʦʚʘʥʠʡ ʨʝʞʠʤ ʧʦʜʘʯʽ 

ʧʦʚʽʪʨʷʥʦʛʦ ʜʫʪʪʷ (ʜʫʪʪʴʦʚʘ ʩʚʝʨʜʣʦʚʠʥʘ + ʢʝʨʦʚʘʥʠʡ ʪʨʫʙʦʧʨʦʚʽʜ). ɿʘʟʥʘʯʝʥʽ 

ʯʦʪʠʨʠ ʨʝʞʠʤʠ ʜʝʤʦʥʩʪʨʫʶʪʴ ʙʘʛʘʪʦʘʩʧʝʢʪʥʽʩʪʴ ʽ ʛʥʫʯʢʽʩʪʴ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ 

ʧʨʦʮʝʩʫ, ʘ ʨʦʟʰʠʨʝʥʠʡ ʘʥʘʣʽʟ ʨʝʞʠʤʽʚ ʜʦʩʣʽʜʞʝʥʴ ʜʘʻ ʟʤʦʛʫ ʦʪʨʠʤʘʪʠ ʧʦʚʥʽʰʝ 

ʨʦʟʫʤʽʥʥʷ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ ʪʘ ʤʦʞʣʠʚʦʩʪʝʡ ʡʦʛʦ ʦʧʪʠʤʽʟʘʮʽʾ. 

ʂʦʥʮʝʥʪʨʘʮʽʾ ʛʘʟʽʚ ʫ ʚʠʭʽʜʥʽʡ ʩʫʤʽʰʽ ʟʤʦʜʝʣʴʦʚʘʥʦʛʦ ʧʽʜʟʝʤʥʦʛʦ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʚʠʟʥʘʯʘʣʠʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʘʟʦʘʥʘʣʽʟʘʪʦʨʘ Casboard-3200L ʪʘ 

ʛʘʟʦʚʦʛʦ ʭʨʦʤʘʪʦʛʨʘʬʘ ñNeoCHROMò. ʊʝʧʣʦʪʚʦʨʥʘ ʟʜʘʪʥʽʩʪʴ ʛʝʥʝʨʘʪʦʨʥʦʛʦ 

ʛʘʟʫ ʨʦʟʨʘʭʦʚʫʚʘʣʘʩʴ ʟʘ çʧʨʘʚʠʣʦʤ ʘʜʠʪʠʚʥʦʩʪʽè, ʚʨʘʭʦʚʫʶʯʠ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʢʦʞʥʦʛʦ ʛʦʨʶʯʦʛʦ ʛʘʟʫ ʪʘ ʪʝʧʣʦʪʫ ʡʦʛʦ ʟʛʦʨʥ̫ʥʷ [12]: 

2 412,622 10,788 35,814
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ʜʝ CO, ʅ2, ʉʅ4 ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʛʘʟʽʚ, %. 

ʊʝʤʧʝʨʘʪʫʨʘ ʛʘʟʫ ʥʘ ʚʠʭʦʜʽ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ 

ʩʪʘʥʦʚʠʪʴ 435 ï 550 ÜC. ʊʦʤʫ ʜʦʜʘʪʢʦʚʦ ʙʫʣʦ ʚʚʝʜʝʥʦ ʫ ʛʘʟʦʚʽʜʚʽʜʥʫ ʩʠʩʪʝʤʫ ʙʘʢ-

ʦʭʦʣʦʜʞʫʚʘʯ 9 (ʜʠʚ. ʨʠʩ. 2.1), ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʚʘʚ ʦʭʦʣʦʜʞʝʥʥʷ ʛʝʥʝʨʘʪʦʨʥʦʛʦ 

ʛʘʟʫ ʪʘ ʥʘʜʘʚ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʚʽʜʙʦʨʫ ʧʨʦʙ ʟ ʢʦʥʜʝʥʩʘʪʫ, ʱʦ ʫʪʚʦʨʠʚʩʷ ʚ 

ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ. ʂʦʥʩʪʨʫʢʮʽʷ ʙʘʢʘ-

ʦʭʦʣʦʜʞʫʚʘʯʘ ʧʝʨʝʜʙʘʯʘʣʘ ʤʦʥʪʘʞ ʫ ʥʴʦʤʫ ʩʠʩʪʝʤʠ ʪʨʫʙʦʧʨʦʚʦʜʽʚ, ʚʦʜʥʦʯʘʩ 

ʟʘʙʝʟʧʝʯʫʶʯʠ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ʛʘʟʦʚʽʜʚʽʜʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʫ. 

2.3 ʌʦʨʤʫʚʘʥʥʷ ʤʝʪʦʜʦʣʦʛʽʾ ʜʦʩʣʽʜʞʝʥʥʷ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ ʧʽʜ ʜʽʻʶ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʧʦʣʷ 

ʇʽʜʟʝʤʥʘ ʛʘʟʠʬʽʢʘʮʽʷ ʚʫʛʽʣʣʷ ï ʮʝ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʡ ʧʨʦʮʝʩ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʤʽʥʦʶ ʛʨʘʜʽʻʥʪʽʚ ʪʝʤʧʝʨʘʪʫʨʠ ʫ ʛʽʨʩʴʢʦʤʫ ʤʘʩʠʚʽ ʥʘʚʢʦʣʦ 

ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. ɺʽʜʦʤʦ, ʱʦ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʙʽʣʴʰʦʩʪʽ 
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ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ, ʚʢʣʶʯʥʦ ʟʽ ʩʣʘʙʦʤʝʪʘʤʦʨʬʽʟʦʚʘʥʠʤʠ ʧʦʨʦʜʘʤʠ ɿʘʭʽʜʥʦʛʦ 

ɼʦʥʙʘʩʫ ʪʘ ʃʴʚʽʚʩʴʢʦ-ɺʦʣʠʥʩʴʢʦʛʦ ʙʘʩʝʡʥʫ, ʟʥʘʯʥʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʥʠʭ 

ʫʤʦʚ. ɿʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʛʽʨʩʴʢʠʭ ʤʘʩʠʚʘʭ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʤʽʥ ʫ 

ʩʪʨʫʢʪʫʨʽ ʧʦʨʽʜ, ʚʧʣʠʚʘʶʯʠ ʥʘ ʾʭ ʤʽʮʥʽʩʪʴ, ʝʣʘʩʪʠʯʥʽʩʪʴ ʪʘ ʽʥʰʽ ʤʝʭʘʥʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʊʘʢʽ ʪʝʤʧʝʨʘʪʫʨʥʽ ʚʘʨʽʘʮʽʾ ʚʠʢʣʠʢʘʶʪʴ ʥʝʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ 

ʮʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʫ ʤʘʩʠʚʽ, ʱʦ ʤʦʞʝ ʩʪʘʪʠ ʧʨʠʯʠʥʦʶ ʣʦʢʘʣʴʥʠʭ ʨʫʡʥʫʚʘʥʴ, 

ʦʙʚʘʣʽʚ ʯʠ ʽʥʰʠʭ ʛʝʦʤʝʭʘʥʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʟʤʽʥʠ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ ʙʫʣʦ 

ʟʜʽʡʩʥʝʥʦ ʰʣʷʭʦʤ ʥʘʛʨʽʚʘʥʥʷ ʧʨʦʙ ʛʽʨʩʴʢʦʾ ʧʦʨʦʜʠ, ʚʽʜʽʙʨʘʥʠʭ ʟ ʙʝʟʧʦʩʝʨʝʜʥʴʦʾ 

ʧʦʢʨʽʚʣʽ ʧʣʘʩʪʘ n7
ʥ (ʰʘʭʪʘ çʄʝʞʠʨʽʯʘʥʩʴʢʘè ɼʇ çʃʴʚʽʚʚʫʛʽʣʣʷè) ʪʘ ʩ9 (ʰʘʭʪʘ 

ʽʤ. ɻʝʨʦʾʚ ʂʦʩʤʦʩʫ ʇʨɸʊ çɼʊɽʂ ʇʘʚʣʦʛʨʘʜʚʫʛʽʣʣʷè). ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʘʚ ʟʤʦʛʫ 

ʚʠʚʯʘʪʠ ʚʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʧʦʨʦʜʫ ʚ ʫʤʦʚʘʭ, ʤʘʢʩʠʤʘʣʴʥʦ ʥʘʙʣʠʞʝʥʠʭ ʜʦ 

ʧʨʠʨʦʜʥʠʭ, ʱʦ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʜʣʷ ʦʮʽʥʢʠ ʨʝʘʣʴʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʚʧʣʠʚʫ ʥʘ 

ʩʪʨʫʢʪʫʨʥʫ ʮʽʣʽʩʥʽʩʪʴ ʪʘ ʤʝʭʘʥʽʯʥʫ ʧʦʚʝʜʽʥʢʫ ʧʦʨʽʜ ʫ ʧʨʦʮʝʩʽ ʧʽʜʟʝʤʥʦʾ 

ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʚʽʜʽʙʨʘʥʠʭ ʧʨʦʙ ʛʽʨʩʴʢʦʾ ʧʦʨʦʜʠ ʥʘʚʝʜʝʥʦ 

ʥʘ ʨʠʩ. 2.4. 

 

ʘ 

 

ʙ 

 

ʈʠʩʫʥʦʢ 2.4 ï ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʚʽʜʽʙʨʘʥʠʭ ʧʨʦʙ ʛʽʨʥʠʯʦʾ ʧʦʨʦʜʠ:  

ʘ ï ɼʇ çʃʴʚʽʚʚʫʛʽʣʣʷè (ʰʘʭʪʘ çʄʝʞʠʨʽʯʘʥʩʴʢʘè), ʙ ï ʇʨɸʊ çɼʊɽʂ 

ʇʘʚʣʦʛʨʘʜʚʫʛʽʣʣʷè (ʰʘʭʪʘ ʽʤ. ɻʝʨʦʾʚ ʂʦʩʤʦʩʫ) 

 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʽʮʥʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʽʜʽʙʨʘʥʽ ʫʣʘʤʢʠ ʛʽʨʩʴʢʦʾ ʧʦʨʦʜʠ 

ʦʙʨʦʙʣʷʣʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʘʤʝʥʝʨʽʟʥʦʛʦ ʚʝʨʩʪʘʪʘ TCM350 ʬʽʨʤʠ SOLGA 
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DIAMANT (ɯʩʧʘʥʽʷ). ɿʘʩʪʦʩʫʚʘʥʥʷ ʮʴʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʜʘʣʦ ʟʤʦʛʫ ʩʬʦʨʤʫʚʘʪʠ 

ʦʜʥʦʨʽʜʥʽ ʢʫʙʠ ʛʽʨʩʴʢʦʾ ʧʦʨʦʜʠ ʟʽ ʩʪʘʥʜʘʨʪʥʠʤʠ ʨʦʟʤʽʨʘʤʠ 5Ĭ5Ĭ5 ʩʤ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤ ʯʠʥʥʠʭ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ ʜʣʷ ʧʦʜʘʣʴʰʠʭ 

ʤʝʭʘʥʽʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ. ɺʩʴʦʛʦ ʙʫʣʦ ʧʽʜʛʦʪʦʚʣʝʥʦ 30 ʟʨʘʟʢʽʚ ʛʽʨʩʴʢʦʾ ʧʦʨʦʜʠ. 

ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʧʽʜʛʦʪʦʚʣʝʥʠʭ ʟʨʘʟʢʽʚ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2.5. 

 

   

ʈʠʩʫʥʦʢ 2.5 ï ʌʦʪʦʬʽʢʩʘʮʽʷ ʧʽʜʛʦʪʦʚʣʝʥʠʭ ʧʨʦʙ ʛʽʨʩʴʢʦʾ ʧʦʨʦʜʠ 

 

ʇʝʨʝʜ ʧʨʦʚʝʜʝʥʥʷʤ ʚʠʧʨʦʙʫʚʘʥʴ ʢʦʞʝʥ ʟʨʘʟʦʢ ʙʫʚ ʧʨʦʥʫʤʝʨʦʚʘʥʠʡ. ɼʣʷ 

ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʘʨʢʝʨʠ, ʷʢʽ ʻ ʩʪʽʡʢʠʤʠ ʧʨʠ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ɿʨʘʟʢʠ ʙʫʣʦ ʧʦʜʽʣʝʥʦ ʥʘ ʧôʷʪʴ ʛʨʫʧ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʜʘʥʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ 

ʨʝʞʠʤʽʚ: 22 ÜC, 200 ÜC, 400 ÜC, 600 ÜC ʪʘ 800 ÜC. ʂʦʞʥʘ ʛʨʫʧʘ ʩʢʣʘʜʘʣʘʩʴ ʟ ʪʨʴʦʭ 

ʟʨʘʟʢʽʚ, ʱʦ ʜʘʣʦ ʟʤʦʛʫ ʧʨʦʚʦʜʠʪʠ ʩʪʘʪʠʩʪʠʯʥʽ ʧʦʨʽʚʥʷʣʴʥʽ ʘʥʘʣʽʟʠ. 

ɼʣʷ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʢʦʞʥʫ ʛʨʫʧʫ ʟʨʘʟʢʽʚ ʙʫʣʦ ʨʦʟʤʽʱʝʥʦ ʚ ʝʣʝʢʪʨʠʯʥʫ 

ʤʫʬʝʣʴʥʫ ʧʽʯ, ʜʝ ʚʦʥʠ ʧʨʦʛʨʽʚʘʣʠʩʷ ʜʦ ʚʽʜʧʦʚʽʜʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ. ʇʽʩʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ, ʧʽʯ ʚʠʤʠʢʘʣʠ, ʜʘʶʯʠ ʟʤʦʛʫ 

ʟʨʘʟʢʘʤ ʦʭʦʣʦʜʞʫʚʘʪʠʩʷ ʧʨʠʨʦʜʥʠʤ ʰʣʷʭʦʤ ʚ ʤʝʞʘʭ ʧʝʯʽ, ʱʦ ʤʽʥʽʤʽʟʫʻ ʚʧʣʠʚ 

ʧʝʨʝʧʘʜʫ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʩʪʘʥ ʟʨʘʟʢʽʚ. ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʧʨʦʮʝʜʫʨʠ ʦʭʦʣʦʜʞʝʥʥʷ, 

ʟʨʘʟʢʠ ʚʠʪʷʛʘʣʠ ʟ ʧʝʯʽ ʽ ʨʦʟʤʽʱʫʚʘʣʠ ʚ ʛʝʨʤʝʪʠʯʥʽ ʧʘʢʝʪʠ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ. ʊʘʢʠʡ 

ʧʽʜʭʽʜ ʟʘʧʦʙʽʛʘʻ ʚʧʣʠʚʫ ʚʦʣʦʛʠ ʪʘ ʽʥʰʠʭ ʘʪʤʦʩʬʝʨʥʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʤʦʞʫʪʴ 

ʚʧʣʠʥʫʪʠ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ. 

ʇʝʨʝʜ ʪʝʨʤʽʯʥʦʶ ʦʙʨʦʙʢʦʶ ʟʨʘʟʢʠ ʪʘʢʦʞ ʙʫʣʠ ʟʚʘʞʝʥ ̔ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʾʭʥʴʦʾ ʦʙôʻʤʥʦʾ ʤʘʩʠ, ʱʦ ʻ ʚʘʞʣʠʚʠʤ ʧʦʢʘʟʥʠʢʦʤ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ ʾʭʥʽʭ 

ʬʽʟʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ ʚʧʣʠʚʫ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʩʪʨʫʢʪʫʨʥʽ ʟʤʽʥʠ. 
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ʂʦʥʪʨʦʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚ 22 ÜC ʚʽʜʧʦʚʽʜʘʣʘ ʩʪʘʥʜʘʨʪʥʠʤ ʣʘʙʦʨʘʪʦʨʥʠʤ ʫʤʦʚʘʤ, 

ʽ ʙʫʣʘ ʙʘʟʦʚʦʶ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʟʤʽʥ ʫ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʷʭ ʧʦʨʽʜ 

ʧʽʩʣʷ ʥʘʛʨʽʚʘʥʥʷ ʜʦ ʚʠʱʠʭ ʪʝʤʧʝʨʘʪʫʨ. 

ʇʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʟʤʽʥʠ ʤʽʮʥʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ 

ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʥʘ ʚʠʧʨʦʙʫʚʘʣʴʥʦʤʫ ʧʨʝʩʽ ʪʠʧʫ KL 200/CE-Tecnotest (ɯʪʘʣʽʷ) ʫ 

ʣʘʙʦʨʘʪʦʨʽʾ ʢʘʬʝʜʨʠ ʙʫʜʽʚʥʠʮʪʚʘ, ʛʝʦʪʝʭʥʽʢʠ ʽ ʛʝʦʤʝʭʘʥʽʢʠ ʅʘʮʽʦʥʘʣʴʥʦʛʦ 

ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè (ʩʚʽʜʦʮʪʚʦ ʧʨʦ ʧʦʚʽʨʢʫ 

ʟʘʩʦʙʫ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ˉ10-0/8982/1 ʚʽʜ 19.09.2021 ʨʦʢʫ ʚʠʜʘʥʝ 

ɼʇ çɼʈɼʅʊʎʉʄʉè). ʎ  ̫ʫʩʪʘʥʦʚʢʘ ʻ ʤʝʭʘʥʽʯʥʠʤ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʠʤ ʧʨʠʩʪʨʦʻʤ 

ʟ ʛʽʜʨʘʚʣʽʯʥʠʤ ʧʨʠʚʦʜʦʤ ʽ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʤʽʮʥʽʩʥʠʭ 

ʽ ʜʝʬʦʨʤʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʽʟʥʠʭ ʪʠʧʽʚ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʪʘ ʰʪʫʯʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʫ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʧʨʠʚʦʜʫ 

ʟʘʙʝʟʧʝʯʫʻ ʪʦʯʥʫ ʽ ʢʦʥʪʨʦʣʴʦʚʘʥʫ ʧʝʨʝʜʘʯʫ ʩʠʣʠ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʟʜʽʡʩʥʶʚʘʪʠ 

ʨʽʟʥʦʤʘʥʽʪʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʪʘ ʧʦʚʪʦʨʶʚʘʥʽʩʪʶ. ɿʘʛʘʣʴʥʠʡ 

ʚʠʛʣʷʜ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʚ ʨʝʞʠʤʽ ʜʦʩʣʽʜʞʝʥʴ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2.6. 

 

 

ʈʠʩʫʥʦʢ 2.6 ï ʌʦʪʦʬʽʢʩʘʮʽʷ ʧʨʝʩʫ ʪʠʧʫ KL 200/CE-Tecnotest  

ʚ ʨʝʞʠʤʽ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʟʤʽʥʠ ʤʽʮʥʦʩʪʽ ʛʽʨʩʴʢʦʾ ʧʦʨʦʜʠ ʚʽʜʙʫʚʘʣʦʩʷ ʫ ʯʦʪʠʨʠ 

ʧʦʩʣʽʜʦʚʥʽ ʝʪʘʧʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʣʦ ʨʽʟʥʠʤ ʪʝʤʧʝʨʘʪʫʨʥʠʤ ʫʤʦʚʘʤ ʚʝʜʝʥʥʷ ʧʨʦʮʝʩʫ 
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ʛʘʟʠʬʽʢʘʮʽʾ. ʅʘ ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʧʨʦʙʠ ʧʦʨʽʜ ʙʫʣʠ ʧʽʜʜʘʥʽ ʘʥʘʣʽʟʫ 

ʙʝʟ ʙʫʜʴ-ʷʢʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʧʣʠʚʫ, ʾʭ ʪʝʤʧʝʨʘʪʫʨʘ ʙʫʣʘ 22 ÜC. ʎʝ ʜʘʣʦ ʟʤʦʛʫ 

ʟʘʬʽʢʩʫʚʘʪʠ ʧʦʯʘʪʢʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʽʘʣʫ ʚ ʥʝʟʤʽʥʥʦʤʫ ʩʪʘʥʽ. ʇʽʩʣʷ 

ʮʴʦʛʦ, ʜʦʩʣʽʜʞʝʥʥʷ ʬʦʢʫʩʫʚʘʣʠʩʴ ʥʘ ʚʠʚʯʝʥʥʽ ʤʽʮʥʦʩʪʽ ʪʘ ʽʥʰʠʭ ʤʝʭʘʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʨʽʜ, ʷʢʽ ʙʫʣʠ ʧʽʜʜʘʥʽ ʪʝʨʤʽʯʥʽʡ ʦʙʨʦʙʮʽ. ɿʨʘʟʢʠ ʥʘʛʨʽʚʘʣʠʩʷ 

ʧʦʩʪʫʧʦʚʦ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 800 ÜC, ʱʦ ʩʧʨʠʯʠʥʠʣʦ ʟʥʘʯʥʽ ʟʤʽʥʠ ʚ ʾʭ ʩʪʨʫʢʪʫʨʽ ʪʘ 

ʟʦʚʥʽʰʥʴʦʤʫ ʚʠʛʣʷʜʽ. ʆʩʦʙʣʠʚʦ ʧʦʤʽʪʥʦʶ ʙʫʣʘ ʟʤʽʥʘ ʢʦʣʴʦʨʫ ʟ ʪʝʤʥʦ-ʩʽʨʦʛʦ ʥʘ 

ʯʝʨʚʦʥʦ-ʢʦʨʠʯʥʝʚʠʡ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʨʦʮʝʩ ʩʧʽʢʘʥʥʷ ʧʦʨʽʜ, ʱʦ ʻ ʽʥʜʠʢʘʪʦʨʦʤ 

ʩʪʨʫʢʪʫʨʥʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʧʨʦʙʠ ʛʽʨʩʴʢʦʾ ʧʦʨʦʜʠ. ʊʘʢʦʞ ʧʽʜ ʯʘʩ 

ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʟʘʬʽʢʩʦʚʘʥʦ, ʱʦ ʚ ʯʦʪʠʨʴʦʭ ʽʟ ʰʝʩʪʠ ʟʨʘʟʢʽʚ 

ʛʽʨʩʴʢʦʾ ʧʦʨʦʜʠ ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʫʪʚʦʨʝʥʥʷ ʪʨʽʱʠʥ ʫʟʜʦʚʞ ʾʭʥʽʭ ʧʨʠʨʦʜʥʠʭ 

ʰʘʨʫʚʘʥʴ. ʎʝ ʷʚʠʱʝ, ʱʦ ʩʚʽʜʯʠʪʴ ʥʝʩʪʽʡʢʽʩʪʴ ʧʦʨʽʜ ʧʽʜ ʚʧʣʠʚʦʤ ʪʝʩʪʦʚʠʭ ʫʤʦʚ. 

ʇʽʩʣʷ ʢʦʞʥʦʛʦ ʝʪʘʧʫ ʜʦʩʣʽʜʞʝʥʴ ʟʨʘʟʢʠ ʩʦʨʪʫʚʘʣʠʩʷ ʫ ʟʽʧ-ʧʘʢʝʪʠ ʜʣʷ 

ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ. 

ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʤʽʮʥʽʩʪʴ, ʤʽʥʝʨʘʣʦʛʽʯʥʠʡ ʩʢʣʘʜ ʟʨʘʟʢʽʚ 

ʛʽʨʩʴʢʦʾ ʧʦʨʦʜʠ ʙʫʣʦ ʜʝʪʘʣʴʥʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ. ʎʝʡ ʘʥʘʣʽʟ ʚʠʢʦʥʫʚʘʚʩʷ ʥʘ ʚʠʩʦʢʦʪʦʯʥʦʤʫ 

ʨʝʥʪʛʝʥʽʚʩʴʢʦʤʫ ʜʠʬʨʘʢʪʦʤʝʪʨʽ ɼʈʆʅ-3, ʱʦ ʜʘʻ ʟʤʦʛʫ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ 

ʢʨʠʩʪʘʣʽʯʥʽ ʬʘʟʠ ʚ ʩʢʣʘʜʽ ʧʦʨʦʜʠ ʪʘ ʚʠʷʚʠʪʠ ʙʫʜʴ-ʷʢʽ ʟʤʽʥʠ, ʩʧʨʠʯʠʥʝʥʽ 

ʪʝʨʤʽʯʥʦʶ ʦʙʨʦʙʢʦʶ. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʧʨʠʣʘʜʫ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2.7. 

 

 

ʈʠʩʫʥʦʢ 2.7 ï ʌʦʪʦʬʽʢʩʘʮʽʷ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʜʠʬʨʘʢʪʦʤʝʪʨʘ ɼʈʆʅ-3 
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ɺʽʜʽʙʨʘʥʽ ʟʨʘʟʢʠ ʛʽʨʩʴʢʦʾ ʧʦʨʦʜʠ ʙʫʣʠ ʧʽʜʜʘʥʽ ʨʝʪʝʣʴʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʶ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ ʚ ʤʦʥʦʭʨʦʤʘʪʠʟʦʚʘʥʦʤʫ Co-K-Ŭ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʽ ʟ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ ɚ = 1,7902 ¡. ʎʝʡ ʤʝʪʦʜ ʜʘʻ ʟʤʦʛʫ 

ʜʦʩʣʽʜʞʫʚʘʪʠ ʢʨʠʩʪʘʣʽʯʥʫ ʩʪʨʫʢʪʫʨʫ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʘʪʦʤʥʦʤʫ ʨʽʚʥʽ, 

ʟʘʙʝʟʧʝʯʫʶʯʠ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ ʧʦʨʽʜ. 

ʄʦʥʦʭʨʦʤʘʪʠʟʦʚʘʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʩʧʨʠʷʻ ʤʽʥʽʤʽʟʘʮʽʾ ʬʦʥʦʚʦʛʦ ʰʫʤʫ ʪʘ 

ʧʽʜʚʠʱʝʥʥʶ ʯʽʪʢʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʜʠʬʨʘʢʮʽʡʥʠʭ ʢʘʨʪʠʥ, ʱʦ ʻ ʢʨʠʪʠʯʥʦ 

ʚʘʞʣʠʚʠʤ ʜʣʷ ʪʦʯʥʦʛʦ ʘʥʘʣʽʟʫ ʤʽʥʝʨʘʣʦʛʽʯʥʠʭ ʩʢʣʘʜʦʚʠʭ ʧʦʨʦʜʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

Co-K-Ŭ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘʢʦʞ ʜʦʧʦʤʘʛʘʻ ʫ ʚʠʷʚʣʝʥʥʽ ʩʣʘʙʢʠʭ ʪʘ ʥʘʜʪʦ ʪʦʥʢʠʭ 

ʧʽʢʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʥʝ ʧʦʤʽʯʝʥʽ ʧʨʠ ʩʪʘʥʜʘʨʪʥʠʭ ʫʤʦʚʘʭ ʩʢʘʥʫʚʘʥʥʷ, ʪʠʤ 

ʩʘʤʠʤ ʧʽʜʚʠʱʫʶʯʠ ʜʝʪʘʣʽʟʘʮʽʶ ʪʘ ʥʘʜʽʡʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ɯʜʝʥʪʠʬʽʢʘʮʽ ʁ ʤʽʥʝʨʘʣʴʥʠʭ ʟôʻʜʥʘʥʴ ʫ ʟʨʘʟʢʘʭ ʛʽʨʩʴʢʦʾ ʧʦʨʦʜʠ ʙʫʣʦ 

ʟʜʽʡʩʥʝʥʦ ʚʨʫʯʥʫ, ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʤʽʞʧʣʦʱʠʥʥʠʭ ʚʽʜʩʪʘʥʝʡ (d, ¡) ʪʘ 

ʚʽʜʥʦʩʥʠʭ ʽʥʪʝʥʩʠʚʥʦʩʪʝʡ (Iotn ï I/I0 ) ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʢʨʠʚʦʾ ʟ ʜʘʥʠʤʠ 

ʝʣʝʢʪʨʦʥʥʦʾ ʢʘʨʪʦʪʝʢʠ PCPDFWIN. ʎʷ ʙʘʟʘ ʜʘʥʠʭ ʤʽʩʪʠʪʴ ʧʦʚʥʫ ʢʦʣʝʢʮʽʶ 

ʜʠʬʨʘʢʮʽʡʥʠʭ ʢʘʨʪ, ʷʢʘ ʜʘʻ ʟʤʦʛʫ ʪʦʯʥʦ ʚʠʟʥʘʯʠʪʠ ʧʨʠʩʫʪʥʽ ʤʽʥʝʨʘʣʠ ʟʘ ʾʭʥʽʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʤʠ ʧʽʢʘʤʠ. ʈʝʥʪʛʝʥʦʬʘʟʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʚ 

ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʢʫʪʽʚ ʚʽʜ 10 ʜʦ 90Ü ʟ ʢʨʦʢʦʤ ʚ 0,1Ü, ʱʦ ʟʘʙʝʟʧʝʯʠʣʦ ʚʠʩʦʢʫ 

ʨʦʟʜʽʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʩʧʝʢʪʨʽʚ. ʂʦʞʝʥ ʢʨʦʢ ʩʢʘʥʫʚʘʥʥʷ ʩʫʧʨʦʚʦʜʞʫʚʘʚʩʷ 

ʚʠʪʨʠʤʢʦʶ ʧʦ 5 ʩ, ʱʦ ʜʘʣʦ ʟʤʦʛʫ ʤʘʢʩʠʤʽʟʫʚʘʪʠ ʪʦʯʥʽʩʪʴ ʟʘʤʽʨʽʚ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ 

ʚʠʩʦʢʫ ʷʢʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ. 

ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʞʥʦʾ ʟ ʧʨʦʙ, ʙʫʣʠ 

ʧʨʦʚʝʜʝʥʽ ʨʦʟʨʘʭʫʥʢʠ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʨʠʩʪʘʣʽʯʥʠʭ ʩʪʨʫʢʪʫʨ, ʚʢʣʶʯʥʦ ʟ 

ʚʠʟʥʘʯʝʥʥʷʤ ʨʦʟʤʽʨʽʚ ʝʣʝʤʝʥʪʘʨʥʠʭ ʢʦʤʽʨʦʢ ˇʨʘʪʢʠ ʢʚʘʨʮʫ ʪʘ ʢʘʦʣʽʥʽʪʫ. ʎʽ ʜʘʥʽ 

ʥʘʜʘʣʠ ʚʘʞʣʠʚʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʚʥʫʪʨʽʰʥʶ ʩʪʨʫʢʪʫʨʫ ʤʽʥʝʨʘʣʫ, ʱʦ 

ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʥʘ ʡʦʛʦ ʬʽʟʠʯʥʠʭ ʪʘ ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʷʭ. ʂʨʽʤ ʪʦʛʦ, ʙʫʣʦ 

ʦʮʽʥʝʥʦ ʱʽʣʴʥʽʩʪʴ ʜʠʩʣʦʢʘʮʽʡ ʚ ʢʨʠʩʪʘʣʽʯʥʠʭ ˇʨʘʪʢʘʭ ʢʚʘʨʮʫ ʪʘ ʢʘʦʣʽʥʽʪʫ, ʷʢʘ ʻ 

ʚʘʞʣʠʚʠʤ ʧʦʢʘʟʥʠʢʦʤ ʾʭʥʴʦʾ ʜʝʬʝʢʪʥʦʩʪʽ ʪʘ ʤʝʭʘʥʽʯʥʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ. ɿʦʢʨʝʤʘ, 

ʚʠʤʽʨʶʚʘʥʥʷ ʟʦʩʝʨʝʜʞʫʚʘʣʠʩʴ ʥʘ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ ʧʣʦʱʠʥʘʭ 101 ʽ 211 ʜʣʷ 

ʢʚʘʨʮʫ (D101 ʽ D211) ʪʘ ʧʣʦʱʠʥʘʭ 001 ʽ 112 ʜʣʷ ʢʘʦʣʽʥʽʪʫ (D001 ʽ D112). 
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ʈʦʟʤʽʨʠ ʢʨʠʩʪʘʣʽʪʽʚ ʢʚʘʨʮʫ ʪʘ ʢʘʦʣʽʥʽʪʫ ʧʦ ʚʽʜʧʦʚʽʜʥʠʭ 

ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ ʧʣʦʱʠʥʘʭ (101 ʽ 211 ʜʣʷ ʢʚʘʨʮʫ ʪʘ 001 ʽ 112 ʜʣʷ ʢʘʦʣʽʥʽʪʫ) 

ʙʫʣʠ ʪʦʯʥʦ ʚʠʟʥʘʯʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʦʨʤʫʣʠ ʉʝʣʷʢʦʚʘ-ʐʝʨʨʝʨʘ 

[13], [14]: 

Cos

K
L

B

l

D q
=           (2.3) 

ʜʝ ɚ ï ʜʦʚʞʠʥʘ ʭʚʠʣʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ; K ï ʢʦʥʩʪʘʥʪʘ ʐʝʨʨʝʨʘ (ʧʨʠʡʤʘʻʪʴʩʷ ʚʽʜ 

0,9 ʜʦ 1, ʟʘʣʝʞʥʦ ʚʽʜ ʬʦʨʤʠ ʢʨʠʩʪʘʣʽʚ); 

2 2
o eB B BD = - , 

ʜʝ Bo i Bʝ ï ʚʽʜʧʦʚʽʜʥʦ ʰʠʨʠʥʘ ʣʽʥʽʾ ʟʨʘʟʢʘ ʪʘ ʝʪʘʣʦʥʘ; ɗ ï ʜʠʬʨʘʢʮʽʡʥʠʡ ʢʫʪ, 

ʛʨʘʜ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʬʦʨʤʫʣʠ ʉʝʣʷʢʦʚʘ-ʐʝʨʨʝʨʘ ʜʘʻ ʟʤʦʛʫ ʦʮʽʥʠʪʠ ʩʝʨʝʜʥʽʡ 

ʨʦʟʤʽʨ ʢʨʠʩʪʘʣʽʯʥʠʭ ʜʦʤʝʥʽʚ ʚ ʤʝʞʘʭ ʦʙʨʘʥʦʾ ʧʣʦʱʠʥʠ ʢʨʠʩʪʘʣʫ, ʚʠʭʦʜʷʯʠ ʟ 

ʨʦʟʤʽʨʫ ʨʦʟʩʽʷʥʦʛʦ ʜʠʬʨʘʢʮʽʡʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. ʈʦʟʨʘʭʫʥʦʢ ʤʽʩʪʠʪʴ ʢʦʨʝʣʷʮʽʶ 

ʤʽʞ ʰʠʨʠʥʦʶ ʜʠʬʨʘʢʮʽʡʥʠʭ ʧʽʢʽʚ ʥʘ ʧʽʚʚʠʩʦʪʽ ʪʘ ʚʝʣʠʯʠʥʦʶ ʭʚʠʣʴ ʜʠʬʨʘʢʮʽʾ, ʘ 

ʪʘʢʦʞ ʚʨʘʭʦʚʫʻ ʢʦʥʩʪʘʥʪʫ ʬʦʨʤʠ, ʷʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʧʫ ʢʨʠʩʪʘʣʽʯʥʦʾ 

ʩʪʨʫʢʪʫʨʠ. ʆʪʨʠʤʘʥʽ ʚʝʣʠʯʠʥʠ, ʧʦʟʥʘʯʝʥʽ ʷʢ L101  ̔L211 ʜʣʷ ʢʚʘʨʮʫ, ʪʘ L001  ̔

L112 ʜʣʷ ʢʘʦʣʽʥʽʪʫ, ʥʘʜʘʶʪʴ ʚʘʞʣʠʚʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʪʨʫʢʪʫʨʥʫ ʮʽʣʽʩʥʽʩʪʴ ʪʘ 

ʨʦʟʤʽʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʠʭ ʤʽʥʝʨʘʣʽʚ. 

ɿʘʛʘʣʴʥʽ ʨʦʟʤʽʨʠ ʢʨʠʩʪʘʣʽʪʽʚ L  ̔ ʩʪʫʧʽʥʴ ʤʽʢʨʦʥʘʧʨʫʞʝʥʴ ʄ ʢʚʘʨʮʫ ʪʘ 

ʙʽʦʪʠʪʫ ʨʦʟʨʘʭʦʚʫʚʘʣʠʩʴ ʟʘ ʜʚʦʤʘ ʣʽʥʽʷʤʠ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʽʜʙʠʪʢʘʤ 

ʨʝʥʪʛʝʥʽʚʩʴʢʠʭ ʧʨʦʤʝʥʽʚ ʚʽʣ ʛʦʣʦʚʥʠʭ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ ʧʣʦʱʠʥ ʮʠʭ 

ʤʽʥʝʨʘʣʽʚ (ʚʽʜʧʦʚʽʜʥʦ 101 ʽ 211 ʜʣʷ ʢʚʘʨʮʫ ʽ 001 ʽ 112 ʜʣʷ ʢʘʦʣʽʥʽʪʫ) ʟʘ 

ʨʽʰʝʥʥʷʤ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ: 

0.94

Cos HKL
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ʆʩʢʽʣʴʢʠ ʤʦʥʦʬʨʘʢʮʽʾ ʢʚʘʨʮʫ ʪʘ ʢʘʦʣʽʥʽʪʫ ʻ ʥʘʡʙʽʣʴʰ ʩʢʣʘʜʦʚʠʤʠ ʜʣʷ 

ʧʨʦʙ ʛʽʨʩʴʢʦʾ ʧʦʨʦʜʠ, ʪʦʤʫ ʧʦʧʘʨʥʝ ʧʦʩʣʽʜʦʚʥʝ ʧʦʨʽʚʥʷʥʥʷ ʪʘ ʘʥʘʣʽʟ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʬʦʨʤʠ ʨʝʥʪʛʝʥʽʚʩʴʢʠʭ ʜʠʬʨʘʢʪʦʛʨʘʤ ʢʚʘʨʮʫ ʪʘ ʢʘʦʣʽʥʽʪʫ ʟʘ 

ʚʽʜʧʦʚʽʜʥʠʤʠ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʤʠ ʧʣʦʱʠʥʘʤʠ ʜʘʣʠ ʟʤʦʛʫ ʦʮʽʥʠʪʠ ʟʘʛʘʣʴʥʽ ʪʘ 

ʚʽʜʤʽʥʥʽ ʨʠʩʠ ʫ ʚʽʜʽʙʨʘʥʠʭ ʧʨʦʙʘʭ ʜʦ ʪʘ ʧʽʩʣʷ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ. 

2.4 ʈʦʟʨʦʙʢʘ ʤʝʪʦʜʠʢʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʛʨʽʚʫ ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ 

ʧʨʠ ʧʽʜʟʝʤʥʽʡ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʛʨʽʚʫ ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ 

ʫʤʦʚʘʭ ʚʽʜʽʛʨʘʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʚʠʚʯʝʥʥʽ ʚʧʣʠʚʫ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ 

ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʥʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ. ɿʘ 

ʜʦʧʦʤʦʛʦʶ ʮʠʭ ʜʦʩʣʽʜʞʝʥʴ ʤʦʞʥʘ ʜʝʪʘʣʴʥʦ ʘʥʘʣʽʟʫʚʘʪʠ ʟʤʽʥʠ, ʱʦ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʧʦʨʦʜʽ ʧʽʜ ʯʘʩ ʪʘ ʧʽʩʣʷ ʜʽʾ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ, 

ʱʦ ʚʣʘʩʪʠʚʦ ʧʨʦʮʝʩʘʤ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʽʜ ʯʘʩ ʣʘʙʦʨʘʪʦʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʽʜʽʛʨʘʶʪʴ 

ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʧʨʦʮʝʩʽ ʢʘʣʽʙʨʫʚʘʥʥʷ ʪʘ ʚʘʣʽʜʘʮʽʾ ʨʦʟʨʦʙʣʝʥʠʭ ʯʠʩʝʣʴʥʠʭ 

ʤʦʜʝʣʝʡ. ʋ ʧʨʦʮʝʩʽ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ, ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘ ʟʦʥʘ, ʱʦ 

ʚʠʥʠʢʘʻ ʫ ʚʦʛʥʝʚʦʤʫ ʚʠʙʦʾ, ʧʦʰʠʨʶʻʪʴʩʷ ʚ ʨʘʜʽʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ ʚ ʧʦʨʦʜʠ 

ʧʦʢʨʽʚʣʽ ʪʘ ʧʽʜʦʰʚʠ. ʎʝ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʪʝʧʣʘ ʻ ʢʨʠʪʠʯʥʠʤ ʬʘʢʪʦʨʦʤ, ʷʢʠʡ 

ʚʧʣʠʚʘʻ ʥʘ ʩʪʨʫʢʪʫʨʥʫ ʩʪʽʡʢʽʩʪʴ ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ ʧʦʨʽʜ ʽ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ. ʊʝʤʧʝʨʘʪʫʨʘ ʚ ʮʠʭ ʟʦʥʘʭ ʤʦʞʝ ʩʷʛʘʪʠ ʢʽʣʴʢʦʭ ʩʦʪʝʥʴ 

ʛʨʘʜʫʩʽʚ. ʋ ʧ. 2.3 ʦʧʠʩʘʥʦ ʤʝʪʦʜʦʣʦʛʽʶ ʜʦʩʣʽʜʞʝʥʴ ʟ ʚʠʟʥʘʯʝʥʥʷ ʟʤʽʥʠ 

ʤʽʮʥʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ, ʪʦʤʫ ʨʦʟʨʦʙʢʘ 

ʯʠʩʝʣʴʥʦʾ ʤʦʜʝʣʽ ʪʘ ʾʾ ʧʝʨʝʚʽʨʢʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʣʘʙʦʨʘʪʦʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʻ 

ʚʘʞʣʠʚʦʶ. ʎʝ ʜʘʻ ʟʤʦʛʫ ʩʧʨʦʛʥʦʟʫʚʘʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘʚʢʦʣʦ ʧʽʜʟʝʤʥʦʛʦ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʪʘ ʚʩʪʘʥʦʚʠʪʠ ʧʘʨʘʤʝʪʨʠ ʟʤʽʥʠ ʤʽʮʥʦʩʪʽ ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ. ɼʣʷ 

ʮʴʦʛʦ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʩʧʝʮʽʘʣʴʥʠʡ ʣʘʙʦʨʘʪʦʨʥʠʡ ʩʪʝʥʜ, ʱʦ ʜʘʻ ʟʤʦʛʫ 

ʽʤʽʪʫʚʘʪʠ ʚʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʠ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ ʥʘ ʛʽʨʩʴʢʠʡ ʤʘʩʠʚ [15]. 

ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʣʘʙʦʨʘʪʦʨʥʦʾ ʫʩʪʘʥʦʚʢʠ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2.8. 

ʈʦʟʨʦʙʣʝʥʘ ʣʘʙʦʨʘʪʦʨʥʘ ʫʩʪʘʥʦʚʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʽʣʴʢʦʭ ʢʣʶʯʦʚʠʭ 
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ʢʦʤʧʦʥʝʥʪʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʾʾ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʪʘ ʪʦʯʥʽʩʪʴ ʫ ʟʘʜʘʥʥʽ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʨʝʞʠʤʽʚ. ʆʩʥʦʚʥʠʤ ʝʣʝʤʝʥʪʦʤ ʻ ʧʣʠʪʘ ʥʘʛʨʽʚʫ 1, ʷʢʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʽʚʥʦʤʽʨʥʦʛʦ ʥʘʛʨʽʚʫ ʟʨʘʟʢʽʚ ʛʽʨʩʴʢʦʾ 

ʧʦʨʦʜʠ ʜʦ ʟʘʜʘʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ. ʇʣʠʪʘ ʥʘʛʨʽʚʫ ʦʩʥʘʱʝʥʘ 

ʪʝʧʣʦʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ 2, ʷʢʽ ʜʘʶʪʴ ʟʤʦʛʫ ʰʚʠʜʢʦ ʪʘ ʪʦʯʥʦ ʜʦʩʷʛʘʪʠ ʥʝʦʙʭʽʜʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʨʝʞʠʤʽʚ. 
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ʈʠʩʫʥʦʢ 2.8 ï ʃʘʙʦʨʘʪʦʨʥʘ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʛʨʽʚʫ 

ʧʨʦʙ ʛʽʨʩʴʢʦʾ ʧʦʨʦʜʠ: ʘ ï ʧʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ; ʙ ï ʬʦʪʦʬʽʢʩʘʮʽʷ ʫʩʪʘʥʦʚʢʠ:  

1 ï ʧʣʠʪʘ ʥʘʛʨʽʚʫ; 2 ï ʥʘʛʨʽʚʘʣʴʥʠʡ ʝʣʝʤʝʥʪ; 3 ï ʙʣʦʢ ʢʝʨʫʚʘʥʥʷ;  

4 ï ʪʝʨʤʦʨʝʛʫʣʷʪʦʨ; 5 ï ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʜʠʩʧʣʝʡ; 6 ï ʪʦʯʢʘ ʨʦʟʤʽʱʝʥʥʷ  

ʟʨʘʟʢʽʚ ʧʦʨʦʜʠ 

 

ɼʨʫʛʠʤ ʚʘʞʣʠʚʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʻ ʙʣʦʢ ʢʝʨʫʚʘʥʥʷ 3, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʪʝʨʤʦʨʝʛʫʣʷʪʦʨʘ 4 ʪʘ ʜʠʩʧʣʝ ̫ʚʽʟʫʘʣʽʟʘʮʽʾ ʪʝʤʧʝʨʘʪʫʨʠ 5. ʊʝʨʤʦʨʝʛʫʣʷʪʦʨ 4 

ʟʘʙʝʟʧʝʯʫʻ ʘʚʪʦʤʘʪʠʯʥʝ ʢʦʥʪʨʦʣʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʫ ʧʣʠʪʠ, ʱʦ ʜʘʻ 

ʟʤʦʛʫ ʧʽʜʪʨʠʤʫʚʘʪʠ ʩʪʘʙʽʣʴʥʽ ʪʝʤʧʝʨʘʪʫʨʥʽ ʫʤʦʚʠ ʚʧʨʦʜʦʚʞ ʫʩʴʦʛʦ 

ʝʢʩʧʝʨʠʤʝʥʪʫ. ɺʽʥ ʦʩʥʘʱʝʥʠʡ ʯʫʪʣʠʚʠʤʠ ʜʘʪʯʠʢʘʤʠ, ʷʢʽ ʚʽʜʩʣʽʜʢʦʚʫʶʪʴ 

ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʪʘ ʘʚʪʦʤʘʪʠʯʥʦ ʢʦʨʠʛʫʶʪʴ ʧʦʪʫʞʥʽʩʪʴ ʥʘʛʨʽʚʘʥʥʷ 

ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʧʝʨʝʛʨʽʚʫ ʘʙʦ ʥʝʜʦʩʪʘʪʥʴʦʛʦ ʥʘʛʨʽʚʫ ʟʨʘʟʢʽʚ. 

ɼʠʩʧʣʝʡ ʚʽʟʫʘʣʽʟʘʮʽʾ ʪʝʤʧʝʨʘʪʫʨʠ 5 ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʶ ʽʥʬʦʨʤʘʪʠʚʥʦʛʦ 

ʽʥʪʝʨʬʝʡʩʫ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʢʦʨʠʩʪʫʚʘʯʘʤ ʣʝʛʢʦ ʩʧʦʩʪʝʨʽʛʘʪʠ ʟʘ ʧʦʪʦʯʥʠʤʠ 

ʪʝʤʧʝʨʘʪʫʨʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʧʣʠʪʠ ʥʘʛʨʽʚʫ. ʎʝʡ ʝʣʝʤʝʥʪ ʻ ʚʘʞʣʠʚʠʤ ʜʣʷ 
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ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʦʯʥʦʩʪʽ ʜʦʩʣʽʜʞʝʥʴ, ʦʩʢʽʣʴʢʠ ʜʘʻ ʟʤʦʛʫ ʚʯʘʩʥʦ ʨʝʘʛʫʚʘʪʠ ʥʘ 

ʙʫʜʴ-ʷʢʽ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʟʘʜʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ɿʨʘʟʢʠ ʧʦʨʦʜʠ ʨʦʟʤʽʱʫʶʪʴʩʷ 

ʩʪʨʦʛʦ ʚ ʮʝʥʪʨʘʣʴʥʽʡ ʪʦʯʮʽ ʧʣʘʪʠ ʥʘʛʨʽʚʫ, ʧʦʟʥʘʯʝʥʽʡ ʷʢ ʪʦʯʢʘ 6, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʤʘʢʩʠʤʘʣʴʥʦ ʨʽʚʥʦʤʽʨʥʠʡ ʥʘʛʨʽʚ ʧʦ ʚʩʽʡ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ. ʎʝ ʜʘʻ ʟʤʦʛʫ 

ʫʥʠʢʥʫʪʠ ʣʦʢʘʣʴʥʦʛʦ ʧʝʨʝʛʨʽʚʫ ʘʙʦ ʥʝʜʦʛʨʽʚʫ, ʱʦ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʦʯʥʦʩʪʽ ʪʘ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ. ʇʽʜ ʯʘʩ 

ʧʨʦʮʝʩʫ ʥʘʛʨʽʚʘʥʥʷ ʪʘ ʚʠʧʨʦʙʫʚʘʥʴ ʪʝʤʧʝʨʘʪʫʨʘ ʟʨʘʟʢʽʚ ʬʽʢʩʫʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʚʠʩʦʢʦʪʦʯʥʦʛʦ ʧʽʨʦʤʝʪʨʘ, ʷʢʠʡ ʜʘʻ ʟʤʦʛʫ ʟʜʽʡʩʥʶʚʘʪʠ ʙʝʟʢʦʥʪʘʢʪʥʽ 

ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʚʽʜʩʪʘʥʽ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚ ʧʨʦʮʝʩʽ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʘʣʽ ʧʽʜʜʘʶʪʴʩʷ ʘʥʘʣʽʟʫ ʪʘ ʧʦʨʽʚʥʷʥʥʶ ʟ ʜʘʥʠʤʠ, 

ʦʪʨʠʤʘʥʠʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ʎʝʡ ʝʪʘʧ ʩʧʽʚʩʪʘʚʣʝʥʥʷ 

ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʡ ʜʣʷ ʚʘʣʽʜʘʮʽʾ ʪʘ ʢʘʣʽʙʨʫʚʘʥʥʷ ʯʠʩʝʣʴʥʠʭ ʤʦʜʝʣʝʡ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʽʤʽʪʘʮʽʾ ʚʧʣʠʚʫ ʨʽʟʥʠʭ ʫʤʦʚ ʥʘ ʤʽʮʥʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ. 

2.5 ʈʦʟʨʦʙʢʘ ʤʝʪʦʜʠʢʠ ʜʦʩʣʽʜʞʝʥʥʷ ʟʤʽʥʠ ʧʣʦʱʽ ʚʠʛʘʟʦʚʘʥʦʛʦ 

ʧʨʦʩʪʦʨʫ ʧʨʠ ʧʽʜʟʝʤʥʽʡ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ 

ɺʝʣʠʯʠʥʘ ʚʠʛʘʟʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʰʚʠʜʢʽʩʪʶ ʧʦʩʫʚʘʥʥʷ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ, ʷʢʘ ʻ ʟʤʽʥʥʦʶ ʟʘʣʝʞʥʦ 

ʚʽʜ ʟʦʥʠ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ. ʋ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ 

ʚʫʛʽʣʣʷ ʚʠʟʥʘʯʘʣʠʩʷ ʧʘʨʘʤʝʪʨʠ ʧʝʨʝʤʽʱʝʥʥʷ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ ʚʽʜ ʪʨʠʚʘʣʦʩʪʽ 

ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ ʪʘ ʧʘʨʘʤʝʪʨʠ ʦʧʫʩʢʘʥʴ ʧʦʨʽʜ ʧʦʢʨʽʚʣʽ. ʇʘʨʘʤʝʪʨʠ ʦʧʫʩʢʘʥʴ 

ʚʩʪʘʥʦʚʣʶʚʘʣʠʩʴ ʥʘ ʦʩʥʦʚʽ ʟʥʘʯʝʥʴ ʧʝʨʝʤʽʱʝʥʥʷ ʟʘʢʣʘʜʝʥʠʭ ʨʝʧʝʨʥʠʭ ʜʘʪʯʠʢʽʚ, 

ʱʦ ʚʩʪʘʥʦʚʣʶʚʘʣʠʩʷ ʫ ʟʤʦʜʝʣʴʦʚʘʥʽʡ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʧʦʢʨʽʚʣʽ ʧʽʜʟʝʤʥʦʛʦ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. ʎʽ ʜʘʪʯʠʢʠ ʜʘʚʘʣʠ ʟʤʦʛʫ ʪʦʯʥʦ ʚʽʜʩʪʝʞʫʚʘʪʠ ʦʧʫʩʢʘʥʥʷ ʧʦʨʽʜ, 

ʘʥʘʣʽʟʫʶʯʠ ʥʘʢʦʧʠʯʝʥʽ ʜʘʥʽ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. 

ʇʽʩʣʷ ʟʙʦʨʫ ʜʘʥʠʭ ʧʨʦ ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʦʧʫʩʢʘʥʴ ʧʦʨʽʜ ʧʦʢʨʽʚʣʽ, 

ʟʽʙʨʘʥʠʭ ʫʧʨʦʜʦʚʞ ʚʠʟʥʘʯʝʥʦʛʦ ʯʘʩʦʚʦʛʦ ʧʝʨʽʦʜʫ, ʧʨʦʚʦʜʠʣʘʩʴ ʜʝʪʘʣʴʥʘ 

ʛʨʘʬʽʯʥʘ ʚʽʟʫʘʣʽʟʘʮʽʷ, ʱʦ ʜʝʤʦʥʩʪʨʫʚʘʣʘ ʜʠʥʘʤʽʢʫ ʟʤʽʥʠ ʬʨʦʥʪʫ ʧʦʩʫʚʘʥʥʷ 

ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ. ʎʝ ʜʘʣʦ ʟʤʦʛʫ ʪʦʯʥʦ ʚʽʜʩʪʝʞʫʚʘʪʠ ʟʦʥʠ, ʜʝ ʚʽʜʙʫʚʘʻʪʴʩʷ 
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ʦʙʚʘʣʝʥʥʷ ʧʦʨʽʜ, ʪʘ ʦʮʽʥʶʚʘʪʠ ʩʪʨʫʢʪʫʨʥʽ ʟʤʽʥʠ ʧʦʨʽʜ ʧʦʢʨʽʚʣʽ ʚ ʨʝʘʣʴʥʦʤʫ 

ʯʘʩʽ. ɿʘʛʘʣʦʤ, ʚ ʭʦʜʽ ʢʦʤʧʣʝʢʩʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ 

ʚʫʛʽʣʣʷ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ 216 ʜʝʪʘʣʽʟʦʚʘʥʠʭ ʚʽʟʫʘʣʽʟʘʮʽʡʥʠʭ ʢʘʨʪʠʥ. ʎʽ 

ʚʽʟʫʘʣʽʟʘʮʽʾ ʤʽʩʪʠʣʠ ʜʚʦʚʠʤʽʨʥʽ ʤʦʜʝʣʽ ʨʫʭʫ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ, ʷʢʽ ʽʣʶʩʪʨʫʚʘʣʠ 

ʜʠʥʘʤʽʢʫ ʧʦʩʫʚʘʥʥʷ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ ʪʘ ʟʦʥʠ ʦʙʚʘʣʝʥʥʷ. ʅʘ ʨʠʩ. 2.9 ʥʘʚʝʜʝʥʦ 

ʧʨʠʢʣʘʜ ʧʦʙʫʜʦʚʠ ʩʭʝʤʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʧʦʩʫʚʘʥʥʷ ʬʨʦʥʪʫ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ 

ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʚʠʛʘʟʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ. 

 

ɺʫʛʽʣʴʥʠʡ ʧʣʘʩʪ

ʊʨʘʩʘ ʨʦʟʪʘʰʫʚʘʥʥʷ
ʛʘʟʦʚʽʜʚʽʜʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ

ʊʨʘʩʘ ʨʦʟʪʘʰʫʚʘʥʥʷ
ʜʫʪʪʴʦʚʦʾ ʩʚʝʨʜʣʦʚʠʥʠ
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ʈʠʩʫʥʦʢ 2.9 ï ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʧʦʩʫʚʘʥʥʷ ʬʨʦʥʪʫ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ 

ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʚʠʛʘʟʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ 

 

ʇʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʠʩʪʝʤʘʪʠʯʥʦ ʬʽʢʩʫʚʘʣʠʩʴ ʜʘʥʽ 

ʧʨʦ ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʛʦʨʶʯʠʭ ʛʘʟʽʚ ʫ ʩʢʣʘʜʽ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ, ʘ ʪʘʢʦʞ ʧʨʦ 

ʪʠʩʢ ʧʦʜʘʯʽ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ. ɸʥʘʣʽʟ ʮʠʭ ʜʘʥʠʭ ʚʠʷʚʠʚ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʚʝʣʠʯʠʥʠ ʚʠʛʘʟʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ ʟʥʘʯʥʦ ʟʨʦʩʣʘ ʧʦʪʨʝʙʘ ʚ ʢʦʨʠʛʫʚʘʥʥʽ 

ʧʘʨʘʤʝʪʨʽʚ ʧʦʜʘʯʽ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʦʧʪʠʤʘʣʴʥʝ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʧʨʦʮʝʩʫ ʧʽʜʟʝʤʥʦʾ 

ʛʘʟʠʬʽʢʘʮʽʾ. ʎʽ ʢʦʨʠʛʫʚʘʥʥʷ ʙʫʣʠ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʧʽʜʪʨʠʤʘʥʥʷ ʩʪʘʣʦʩʪʽ ʭʽʤʽʯʥʠʭ 

ʨʝʘʢʮʽʡ ʫ ʚʦʛʥʝʚʦʤʫ ʚʠʙʦʾ. 

ʇʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʧʦʜʘʯʽ ʜʫʪʪʷ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʷʢ ʢʨʠʪʠʯʥʫ ʢʦʥʪʨʦʣʴʥʫ 

ʪʦʯʢʫ ʜʣʷ ʬʽʢʩʘʮʽʾ ʟʤʽʥ ʚʝʣʠʯʠʥʠ ʚʠʛʘʟʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ ʧʽʜʟʝʤʥʦʛʦ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. ʎʝ ʜʘʣʦ ʟʤʦʛʫ ʪʦʯʥʦ ʚʠʤʽʨʶʚʘʪʠ ʜʠʥʘʤʽʢʫ ʨʦʟʰʠʨʝʥʥʷ 

ʧʨʦʩʪʦʨʫ, ʱʦ ʻ ʚʘʞʣʠʚʠʤ ʜʣʷ ʘʜʘʧʪʘʮʽʾ ʪʝʭʥʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ 
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ʛʘʟʠʬʽʢʘʮʽʾ. ʅʘʜʘʣʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʪʨʘʧʝʮʽʡ ʜʘʣʦ ʤʦʞʣʠʚʽʩʪʴ ʜʝʪʘʣʴʥʦ 

ʜʦʩʣʽʜʠʪʠ ʧʘʨʘʤʝʪʨʠ ʬʦʨʤʫʚʘʥʥʷ ʚʠʛʘʟʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ. ʎʝʡ ʤʝʪʦʜ, 

ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʛʝʦʤʝʪʨʠʯʥʽʡ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʜʘʥʠʭ, ʜʘʻ ʟʤʦʛʫ ʘʥʘʣʽʟʫʚʘʪʠ ʪʘ 

ʚʽʟʫʘʣʽʟʫʚʘʪʠ ʟʤʽʥʠ ʦʙʩʷʛʫ ʚʠʛʘʟʦʚʘʥʦʾ ʧʣʦʱʽ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ. ʇʨʠ ʮʴʦʤʫ 

ʜʦʩʣʽʜʞʫʚʘʣʠʩʷ ʧʘʨʘʤʝʪʨʠ ʷʢ ʚʠʛʘʟʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ, ʪʘʢ ʽ ʧʨʦʩʪʦʨʫ ʧʽʜʟʝʤʥʦʛʦ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ, ʜʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʙʚʘʣʝʥʥʷ ʧʦʨʽʜ. ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʧʨʦʮʝʩʽ 

ʘʥʘʣʽʟʫ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʪʨʠ ʦʩʥʦʚʥʽ ʟʦʥʠ 

ʚʠʛʘʟʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ, ʢʦʞʥʘ ʟ ʷʢʠʭ ʤʘʻ ʩʚʦʶ ʩʧʝʮʠʬʽʢʫ ʪʘ ʚʘʞʣʠʚʽʩʪʴ ʜʣʷ 

ʟʘʛʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ. ʇʝʨʰʘ ʟʦʥʘ ï ʟʦʥʘ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ ʚS , ʱʦ ʬʦʨʤʫʻʪʴʩʷ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʙʽʣʷ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ ʽ ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ ʚ ʩʪʦʨʦʥʫ 

ʚʠʛʘʟʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ. ɿʦʥʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʧʦʩʫʚʘʥʥʷ ʚʠʙʦʶ ʪʘ ʢʨʦʢʫ 

ʦʙʚʘʣʝʥʥʷ ʧʦʨʽʜ. ɺʦʥʘ ʻ ʥʘʡʙʽʣʴʰ ʘʢʪʠʚʥʦʶ ʪʘ ʢʨʠʪʠʯʥʦʶ ʜʣʷ ʢʦʥʪʨʦʣʶ 

ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ, ʦʩʢʽʣʴʢʠ ʩʘʤʝ ʪʫʪ ʧʨʦʭʦʜʷʪʴ ʦʩʥʦʚʥ ̔ ʭʽʤʽʯʥʽ ʨʝʘʢʮʽʾ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʫʛʽʣʣʷ ʥʘ ʛʘʟ. ɼʨʫʛʘ ʟʦʥʘ ï ʟʦʥʘ ʦʙʚʘʣʝʥʥʷ ʧʦʨʽʜ ʦʙS , ʷʢʘ 

ʦʭʦʧʣʶʻ ʦʙʣʘʩʪʽ, ʜʝ ʧʦʨʦʜʠ ʩʪʘʶʪʴ ʥʝʩʪʘʙʽʣʴʥʠʤʠ ʽ ʤʦʞʫʪʴ ʦʙʚʘʣʶʚʘʪʠʩʷ, 

ʧʦʪʝʥʮʽʡʥʦ ʟʤʽʥʶʶʯʠ ʛʝʦʤʝʪʨʽʶ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. ʅʘʨʝʰʪʽ, ʟʘʛʘʣʴʥʘ ʚʝʣʠʯʠʥʘ 

ʚʠʛʘʟʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ ɆS ʦʭʦʧʣʶʻ ʚʝʩʴ ʦʙôʻʤ ʜʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʮʝʩ 

ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ. 

ɼʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʧʦʜʘʯʽ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ ʚʘʞʣʠʚʠʤʠ ʻ ʟʥʘʥʥʷ 

ʧʨʦ ʚʝʣʠʯʠʥʫ ʟʦʥʠ Sʚ., ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

,ʚ ʦʙS S S= -ä  ʤ2. 

ɻʨʘʥʠʮʷʤʠ ʟʤʽʥʠ ɆS ʻ ʧʦʣʦʞʝʥʥʷ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ, ʡʦʛʦ ʜʦʚʞʠʥʘ ʪʘ 

ʧʦʣʦʞʝʥʥʷ ʨʝʘʢʮʽʡʥʦʛʦ ʢʘʥʘʣʫ. ʈʦʟʛʣʷʜʘʶʯʠ ʜʘʥʽ ʧʘʨʘʤʝʪʨʠ ʚ ʩʠʩʪʝʤʽ 

ʢʦʦʨʜʠʥʘʪ, ʤʘʻʤʦ ʪʘʢʽ ʜʘʥʽ: ʭ ï ʤʽʩʮʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʨʝʧʝʨʥʠʭ ʜʘʪʯʠʢʽʚ ʟʘ 

ʜʦʚʞʠʥʦʶ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ (30 ʤ, ʢʨʦʢ 5 ʤ); ʫ ï ʧʦʣʦʞʝʥʥʷ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ ʟʘ 

ʩʪʦʚʧʦʤ ʛʘʟʠʬʽʢʘʮʽʾ, ʱʦ ʟʤʽʥʶʻʪʴʩʷ ʟ ʯʘʩʦʤ ʪʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʦʥʠ ʭʽʤʽʯʥʠʭ 

ʨʝʘʢʮʽʡ ʟʘ ʜʦʚʞʠʥʦʶ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ; ʫ0 ï ʧʦʣʦʞʝʥʥʷ ʨʝʘʢʮʽʡʥʦʛʦ ʢʘʥʘʣʫ. 

ʇʨʠʢʣʘʜ ʦʪʨʠʤʘʥʠʭ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʧʨʠ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ 

ʧʦʪʫʞʥʽʩʪʶ 1,0 ʤ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 2.1 (ʪʨʠʚʘʣʽʩʪʴ ʛʘʟʠʬʽʢʘʮʽʾ 12 ʛʦʜ). 
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ʇʽʩʣʷ ʩʬʦʨʤʦʚʘʥʦʛʦ ʧʦʣʷ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʧʨʦʚʦʜʠʤʦ ʦʙʯʠʩʣʝʥʥʷ ʢʦʞʥʦʾ 

ʦʢʨʝʤʦʾ ʪʨʘʧʝʮʽʾ, ʱʦ ʬʦʨʤʫʻ ʧʣʦʱʠʥʫ ʚʠʛʘʟʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ 

ʜʘʥʠʭ ʪʘʙʣ. 2.1 ʚʠʟʥʘʯʘʻʤʦ ʧʣʦʱʫ ʟʘ ʢʦʦʨʜʠʥʘʪʘʤʠ. 

ʊʘʙʣʠʮʷ 2.1 ï ɺʠʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʫ ɆS 

ʭ (ʭ0) (ʭ1) (ʭ2) (ʭ3) (ʭ4) (ʭ5) (ʭ6) 

ʫ (ʫ0) (ʫ1) (ʫ2) (ʫ3) (ʫ4) (ʫ5) (ʫ6) 

ʫ0 (ʫ0
0) (ʫ0

1) (ʫ0
2) (ʫ0

3) (ʫ0
4) (ʫ0

5) (ʫ0
6) 

 

ʇʣʦʱʘ ʤʽʞ ʢʦʦʨʜʠʥʘʪʘʤʠ (ʭ0; ʫ
0) ʪʘ (ʭ1; ʫ

1): 

0 1
1 0

0 1

( )( )

2
x x

ʫ ʫ x x
S -

+ -
= , ʤ2. 

ʇʣʦʱʘ ʤʽʞ ʢʦʦʨʜʠʥʘʪʘʤʠ (ʭ1; ʫ
1) ʪʘ (ʭ2; ʫ

2): 

1 2
2 1

1 2

( )( )

2
x x

ʫ ʫ x x
S -

+ -
= , ʤ2. 

ʇʣʦʱʘ ʤʽʞ ʢʦʦʨʜʠʥʘʪʘʤʠ (ʭ2; ʫ
2) ʪʘ (ʭ3; ʫ

3): 

2 3
3 2

2 3

( )( )

2
x x

ʫ ʫ x x
S -

+ -
= , ʤ2. 

éééééééé.. 

ʇʣʦʱʘ ʤʽʞ ʢʦʦʨʜʠʥʘʪʘʤʠ (ʭ5; ʫ
5) ʪʘ (ʭ6; ʫ

6): 

5 6
6 5

5 6

( )( )

2
x x

ʫ ʫ x x
S -

+ -
= , ʤ2; 

0 1 1 2 2 3 5 6
...x x x x x x x xS S S S S- - - -= + + + +ä , ʤ2. 

ɿʘ ʘʥʘʣʦʛʽʯʥʦʶ ʧʦʩʣʽʜʦʚʥʽʩʪʶ ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʘʨʘʤʝʪʨʠ ʟʦʥʠ .ʦʙS  

ʑʦʜʦ ʚʠʟʥʘʯʝʥʥʷ ʦʙôʻʤʽʚ ʧʦʨʦʞʥʠʥ V1  ̔ V2 ʚʠʛʘʟʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ ʟʽ 

ʩʪʦʨʦʥʠ ʜʫʪʪʴʦʚʦʾ ʪʘ ʛʘʟʦʚʽʜʚʽʜʥʦʾ ʩʚʝʨʜʣʦʚʠʥ ʾʭʥ ̫ ʧʣʦʱʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʤʝʪʦʜʠʢʦʶ ʟʘʧʨʦʧʦʥʦʚʘʶ ʚʠʱʝ, ʘ ʬʦʨʤʫʣʘ ʜʣʷ ʦʙôʻʤʫ ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ: 

1 2 1 . . 2 . .cʪʛ cʪʛV V S L S L= = Ö = Ö, ʤ3, 
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ʜʝ S1, S2 ï ʧʣʦʱʘ ʚʠʛʘʟʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ ʟʽ ʩʪʦʨʦʥʠ ʜʫʪʪʴʦʚʦʾ ʪʘ ʛʘʟʦʚʽʜʚʽʜʥʦʾ 

ʩʚʝʨʜʣʦʚʠʥ ʚʽʜʧʦʚʽʜʥʦ, ʤ2, Lʩʪ.ʛ. ï ʜʦʚʞʠʥʘ ʩʪʦʚʧʘ ʛʘʟʠʬʽʢʘʮʽʾ, ʤ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʬʦʨʤʫʚʘʥʥʷ ʧʦʨʦʞʥʠʥ ʚʠʛʘʟʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ 

ʥʘʚʢʦʣʦ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʬʽʟʠʯʥʫ ʪʘ ʤʘʪʝʤʘʪʠʯʥʫ 

ʤʦʜʝʣʴ ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ. ɻʝʦʤʝʭʘʥʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʨʦʟʰʘʨʫʚʘʥʴ ʧʦʨʦʜʥʦʛʦ 

ʤʘʩʠʚʫ ʥʘ ʜʽʣʷʥʮʽ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʜʦʩʣʽʜʞʫʚʘʣʠʩʴ ʰʣʷʭʦʤ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʨʦʟʨʘʭʫʥʢʫ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʧʦʨʽʜ, 

ʘʣʛʦʨʠʪʤ ʷʢʦʛʦ ʟʘʢʣʘʜʝʥʦ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ñGeoDenamics Liteò. ʋ 

ʭʦʜʽ ʘʥʘʣʽʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʟʥʘʯʘʶʪʴʩʷ ʛʝʦʤʝʪʨʠʯʥʽ ʪʘ ʬʽʟʠʯʥʽ ʧʘʨʘʤʝʪʨʠ 

ʝʧʶʨ ʥʘʚʘʥʪʘʞʝʥʴ, ʦʧʫʩʢʘʥʥʷ ʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʽ ʧʝʨʝʤʽʱʝʥʥʷ ʧʦʨʦʜʥʠʭ ʰʘʨʽʚ 

ʟʨʫʰʝʥʦʛʦ ʤʘʩʠʚʫ, ʱʦ ʥʘʚʦʜʷʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʪʘʙʣʠʮʴ, ʛʨʘʬʽʢʽʚ  ̔ ʝʧʶʨ. ʇʨʠ 

ʟʘʜʘʥʥʽ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ ʟʘʜʘʚʘʣʠʩʷ ʜʘʥʽ, ʱʦ 

ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ ʧʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥ ̫ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

2.6 ʄʝʪʦʜʠʢʘ ʜʦʩʣʽʜʞʝʥʥʷ ʫʪʠʣʽʟʘʮʽʾ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ 

ʄʝʪʦʜʠʢʘ ʜʦʩʣʽʜʞʝʥʥʷ ʫʪʠʣʽʟʘʮʽʾ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʚʽʜʽʛʨʘʻ ʚʠʨʽʰʘʣʴʥʫ 

ʨʦʣʴ ʫ ʨʦʟʨʦʙʮʽ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʽ ʽʥʥʦʚʘʮʽʡʥʠʭ ʛʝʦʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʛʘʟʠʬʽʢʘʮʽʾ 

ʚʫʛʽʣʣʷ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʤʽʥʽʤʽʟʘʮʽʶ ʚʠʢʠʜʽʚ ʉʆ2 ʚ ʘʪʤʦʩʬʝʨʫ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʫʪʠʣʽʟʘʮʽʾ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʙʫʣʦ ʧʦʜʽʣʝʥʦ ʥʘ 

ʜʚʘ ʦʩʥʦʚʥʠʭ ʝʪʘʧʠ: ʣʘʙʦʨʘʪʦʨʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʘʥʘʣʽʪʠʯʥʽ. ʅʘ ʝʪʘʧʽ 

ʧʨʦʚʝʜʝʥʥʷ ʣʘʙʦʨʘʪʦʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʮʝʩ ʫʪʠʣʽʟʘʮʽʾ ʉʆ2 ʤʽʩʪʠʚ ʡʦʛʦ ʧʦʜʘʯʫ 

ʫ ʩʢʣʘʜʽ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʩʧʝʮʽʘʣʴʥʦ ʨʦʟʨʦʙʣʝʥʽʡ 

ʫʩʪʘʥʦʚʮʽ (ʜʠʚ. ʧ. 2.2). ʎʝʡ ʝʪʘʧ ʜʦʩʣʽʜʞʝʥʥʷ ʦʭʦʧʣʶʚʘʚ ʜʚʘ ʦʩʥʦʚʥʽ ʨʝʞʠʤʠ 

ʧʦʜʘʯʽ ʜʫʪʪʷ: ʧʦʚʽʪʨʷʥʠʡ ʪʘ ʧʦʚʽʪʨʷʥʦ-ʚʫʛʣʝʢʠʩʣʦʪʥʠʡ. ɼʣʷ ʢʦʞʥʦʛʦ ʟ ʮʠʭ 

ʨʝʞʠʤʽʚ ʙʫʣʦ ʨʝʪʝʣʴʥʦ ʚʠʟʥʘʯʝʥʦ ʷʢʽʩʥʽ ʪʘ ʢʽʣʴʢʽʩʥʽ ʧʘʨʘʤʝʪʨʠ ʦʪʨʠʤʘʥʦʛʦ 

ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ, ʱʦ ʜʘʣʦ ʟʤʦʛʫ ʦʮʽʥʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʪʨʠʤʘʥʥʷ 

ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ ʪʘ ʡʦʛʦ ʩʢʣʘʜ ʟʘʣʝʞʥʦ ʚʽʜ ʪʠʧʫ ʧʦʜʘʯʽ ʜʫʪʪʷ. 

ʇʨʠ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷʥʦʛʦ ʜʫʪʪʷ, ʜʦʩʣʽʜʞʝʥʥʷ ʟʦʩʝʨʝʜʞʫʚʘʣʦʩʴ ʥʘ ʟʤʽʥʽ 

ʢʦʥʮʝʥʪʨʘʮʽʡ ʦʩʥʦʚʥʠʭ ʛʦʨʶʯʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ (ʉʅ4, ʉʆ, ʅ2). 

ʎʝ ʜʘʣʦ ʤʦʞʣʠʚʽʩʪʴ ʟʨʦʟʫʤʽʪʠ ʚʧʣʠʚ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷʥʦʛʦ ʜʫʪʪʷ ʥʘ ʧʨʦʮʝʩ 
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ʛʘʟʠʬʽʢʘʮʽʾ ʪʘ ʚʩʪʘʥʦʚʠʪʠ ʪʝʧʣʦʪʫ ʟʛʦʨʥ̫ʥʷ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ. ʈʝʞʠʤ ʧʦʜʘʯʽ 

ʧʦʚʽʪʨʷʥʦ-ʚʫʛʣʝʢʠʩʣʦʪʥʦʛʦ ʜʫʪʪʷ ʦʭʦʧʣʶʚʘʚ ʘʥʘʣʽʟ ʟʙʘʛʘʯʝʥʥʷ ʜʫʪʪʷ 

ʚʫʛʣʝʢʠʩʣʠʤ ʛʘʟʦʤ, ʱʦ ʚʽʜʽʛʨʘʻ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʟʙʽʣʴʰʝʥʥʽ ʚʠʭʦʜʫ ʛʦʨʶʯʠʭ 

ʛʘʟʽʚ ʪʘ ʟʥʠʞʝʥʥʽ ʚʤʽʩʪʫ ʙʘʣʘʩʪʥʠʭ ʛʘʟʽʚ, ʟʦʢʨʝʤʘ ʉʆ2. 

ɼʦʩʣʽʜʞʝʥʥʷ ʫʪʠʣʽʟʘʮʽʾ ʉʆ2 ʥʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʟʦʩʝʨʝʜʞʝʥʦ ʥʘ ʚʠʟʥʘʯʝʥʥʽ 

ʦʙôʻʤʽʚ ʛʘʟʫ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʝʬʝʢʪʠʚʥʦ ʟʘʢʘʯʘʥʽ ʚ ʪʝʭʥʦʛʝʥʥʦ ʩʬʦʨʤʦʚʘʥʝ 

ʩʝʨʝʜʦʚʠʱʝ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. ʆʩʦʙʣʠʚʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʘʥʘʣʽʟʫ 

ʯʦʪʠʨʴʦʭ ʢʣʶʯʦʚʠʭ ʟʦʥ, ʷʢʽ ʨʽʟʥʷʪʴʩʷ ʟʘ ʛʝʦʣʦʛʽʯʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʪʘ 

ʪʝʤʧʝʨʘʪʫʨʥʠʤʠ ʫʤʦʚʘʤʠ: 1) ʟʦʥʘ ʚʠʛʘʟʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ ʚ ʙʝʟʧʦʩʝʨʝʜʥʽʡ 

ʙʣʠʟʴʢʦʩʪʽ ʜʦ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʩʚʝʨʜʣʦʚʠʥ; 2) ʟʦʥʘ ʙʝʟʣʘʜʥʦʛʦ ʦʙʚʘʣʝʥʥʷ ʧʦʨʽʜ 

ʧʦʢʨʽʚʣʽ; 3) ʟʦʥʘ ʧʨʦʛʠʥʫ ʥʘʰʘʨʫʚʘʥʴ ʪʦʚʱʽ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ, ʷʢʘ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷʤ ʪʨʽʱʠʥ, ʨʦʟʣʦʤʽʚ ʪʘ ʫʱʽʣʴʥʝʥʴ; 4) ʟʦʥʘ 

ʨʦʟʰʘʨʫʚʘʥʥʷ ʧʦʨʽʜ. 

ʋ ʢʦʞʥʽʡ ʟ ʮʠʭ ʟʦʥ ʪʝʤʧʝʨʘʪʫʨʥʽ ʫʤʦʚʠ ʟʥʘʯʥʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ, ʱʦ ʚʠʤʘʛʘʻ 

ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʫʪʠʣʽʟʘʮʽʾ ʉʆ2. ɼʣʷ ʮʽʻʾ 

ʤʝʪʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷ ʩʪʘʥʫ ʨʝʘʣʴʥʦʛʦ ʛʘʟʫ ʟʘ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʤ, ʷʢʝ 

ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʽʚ ʚ ʫʤʦʚʘʭ ʚʠʩʦʢʠʭ ʪʠʩʢʽʚ ʪʘ ʥʠʟʴʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ, ʭʘʨʘʢʪʝʨʥʠʭ ʜʣʷ ʧʽʜʟʝʤʥʠʭ ʛʘʟʦʛʝʥʝʨʘʪʦʨʽʚ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʮʴʦʛʦ 

ʨʽʚʥʷʥʥʷ ʜʘʻ ʟʤʦʛʫ ʪʦʯʥʦ ʧʨʦʛʥʦʟʫʚʘʪʠ ʧʦʚʝʜʽʥʢʫ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʧʨʠ ʡʦʛʦ 

ʽʥôʻʢʮʽʾ ʚ ʨʽʟʥʽ ʟʦʥʠ, ʚʨʘʭʦʚʫʶʯʠ ʢʦʤʧʣʝʢʩʥʠʡ ʚʧʣʠʚ ʪʠʩʢʫ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ 

ʚʣʘʩʪʠʚʦʩʪʽ ʛʘʟʫ. 

2.7 ɺʠʩʥʦʚʢʠ ʟʘ ʨʦʟʜʽʣʦʤ 

ʆʙˇʨʫʥʪʦʚʘʥʦ ʤʝʪʦʜʠʢʫ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ 

ʚʫʛʽʣʣʷ ʥʘ ʘʚʪʦʨʩʴʢʠʭ ʟʘʧʘʪʝʥʪʦʚʘʥʠʭ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʩʪʘʥʦʚʢʘʭ. ɼʘʥʽ 

ʫʩʪʘʥʦʚʢʠ ʜʘʶʪʴ ʟʤʦʛʫ ʜʝʪʘʣʴʥʦ ʚʽʜʪʚʦʨʶʚʘʪʠ ʨʝʘʣʴʥʽ ʛʽʨʥʠʯʦ-ʛʝʦʣʦʛʽʯʥʽ 

ʫʤʦʚʠ ʟʘʣʷʛʘʥʥʷ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ, ʱʦ ʻ ʢʣʶʯʦʚʠʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʦʯʥʦʩʪʽ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʚʠʚʯʝʥʥʷ ʧʨʦʮʝʩʽʚ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ. ɺʦʥʠ ʦʩʥʘʱʝʥʽ 

ʩʫʯʘʩʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʢʝʨʫʚʘʥʥʷ, ʷʢʽ ʜʘʶʪʴ ʟʤʦʛʫ ʦʧʪʠʤʽʟʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠ 

ʧʦʜʘʯʽ ʜʫʪʪʴʦʚʠʭ ʩʫʤʽʰʝʡ, ʟʦʢʨʝʤʘ ʪʠʩʢ ʪʘ ʩʢʣʘʜ. 
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ʉʬʦʨʤʦʚʘʥʦ ʤʝʪʦʜʦʣʦʛʽʯʥʽ ʦʩʥʦʚʠ ʟ ʜʦʩʣʽʜʞʝʥʥʷ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ ʧʽʜ ʜʽʻʶ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ, ʱʦ 

ʦʭʦʧʣʶʶʪʴ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʜʦʩʣʽʜʞʝʥʥʷʤ ʚʧʣʠʚʫ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʟʤʽʥʫ 

ʤʽʮʥʦʩʪʽ ʧʦʨʦʜʠ ʥʘ ʦʜʥʦʚʽʩʥʠʡ ʩʪʠʢ ʪʘ ʥʘ ʾʾ ʤʽʥʝʨʘʣʦʛʽʯʥʠʡ ʩʢʣʘʜ ʽ ʦʩʥʦʚʥʽ 

ʧʘʨʘʤʝʪʨʠ ʢʨʠʩʪʘʣʽʯʥʠʭ ʩʪʨʫʢʪʫʨ.  

ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʪʝʧʣʦʚʦʛʦ ʚʧʣʠʚʫ ʥʘ 

ʛʽʨʩʴʢʠʡ ʤʘʩʠʚ ʫ ʧʨʦʮʝʩʽ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ, ʷʢʘ ʤʽʩʪʠʪʴ ʢʦʤʧʣʝʢʩʥʽ 

ʪʝʤʧʝʨʘʪʫʨʥʽ ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ ʘʥʘʣʽʟ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʚ ʟʨʘʟʢʘʭ ʛʽʨʩʴʢʦʾ ʧʦʨʦʜʠ, 

ʱʦ ʥʘʛʨʽʚʘʶʪʴʩʷ ʥʘ ʘʚʪʦʨʩʴʢʽʡ ʪʘ ʟʘʧʘʪʝʥʪʦʚʘʥʽʡ ʣʘʙʦʨʘʪʦʨʥʽʡ ʫʩʪʘʥʦʚʮʽ. ʎʷ 

ʤʝʪʦʜʠʢʘ ʜʘʻ ʟʤʦʛʫ ʥʝ ʪʽʣʴʢʠ ʪʦʯʥʦ ʬʽʢʩʫʚʘʪʠ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʨʽʟʥʠʭ 

ʯʘʩʪʠʥʘʭ ʤʘʩʠʚʫ, ʘʣʝ ʡ ʚʨʘʭʦʚʫʻ ʛʝʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʪʘ ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʛʽʨʩʴʢʦʾ ʧʦʨʦʜʠ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ, ʧʨʦʚʝʜʝʥʠʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ, ʩʪʘʥʦʚʣʷʪʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʫ ʦʩʥʦʚʫ ʜʣʷ ʧʦʙʫʜʦʚʠ ʪʘ 

ʘʜʘʧʪʘʮʽʾ ʯʠʩʝʣʴʥʠʭ ʤʦʜʝʣʝʡ, ʷʢʽ ʽʤʽʪʫʶʪʴ ʧʨʦʮʝʩ ʧʨʦʛʨʽʚʫ ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ ʧʽʜ 

ʯʘʩ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ. 

ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʬʦʨʤʫʚʘʥʥʷ 

ʚʠʛʘʟʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʧʦʜʘʯʽ 

ʜʫʪʪʴʦʚʠʭ ʩʫʤʽʰʝʡ. ʎʷ ʤʝʪʦʜʠʢʘ ʤʽʩʪʠʪʴ ʢʦʤʧʣʝʢʩʥʠʡ ʘʥʘʣʽʟ ʰʚʠʜʢʦʩʪʝʡ 

ʧʦʩʫʚʘʥʥʷ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ ʟʘ ʟʦʥʘʤʠ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʪʘ ʧʘʨʘʤʝʪʨʽʚ 

ʦʙʚʘʣʝʥʥʷ ʧʦʨʽʜ ʧʦʢʨʽʚʣʽ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʪʦʯʥʦ ʚʠʟʥʘʯʠʪʠ ʦʧʪʠʤʘʣʴʥʽ ʫʤʦʚʠ ʜʣʷ 

ʨʦʟʧʦʜʽʣʫ ʜʫʪʪʴʦʚʠʭ ʩʫʤʽʰʝʡ ʫ ʚʦʛʥʝʚʦʤʫ ʚʠʙʦʾ. 

ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʜʣʷ ʘʥʘʣʽʟʫ ʧʨʦʮʝʩʽʚ ʫʪʠʣʽʟʘʮʽʾ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ, 

ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʡʦʛʦ ʫ ʩʢʣʘʜʽ ʜʫʪʪʴʦʚʠʭ ʩʫʤʽʰʝʡ ʽ ʜʣʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʟʘʢʘʯʫʚʘʥʥʷ ʮʴʦʛʦ ʛʘʟʫ ʚ ʪʝʭʥʦʛʝʥʥʝ ʩʝʨʝʜʦʚʠʱʝ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. 

ʄʝʪʦʜʠʢʘ ʧʝʨʝʜʙʘʯʘʻ ʦʮʽʥʢʫ ʤʦʞʣʠʚʦʩʪʝʡ ʫʪʠʣʽʟʘʮʽʾ ʉʆ2, ʱʦ ʚʠʨʦʙʣʷʻʪʴʩʷ ʧʽʜ 

ʯʘʩ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ, ʘ ʪʘʢʦʞ ʡʦʛʦ ʧʦʜʘʣʴʰʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ 

ʨʝʘʛʝʥʪʫ ʚ ʜʫʪʪʴʦʚʽʡ ʩʫʤʽʰʽ. ʆʩʥʦʚʥʦʶ ʤʝʪʦʶ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʽʻʾ ʤʝʪʦʜʠʢʠ ʻ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ, ʟʘ ʷʢʠʭ ʚʫʛʣʝʢʠʩʣʠʡ ʛʘʟ ʤʦʞʝ ʙʫʪʠ ʤʘʢʩʠʤʘʣʴʥʦ 

ʝʬʝʢʪʠʚʥʦ ʫʪʠʣʽʟʦʚʘʥʠʡ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʘʪʤʦʩʬʝʨʠ ʪʘ ʧʽʜʚʠʱʝʥʥʷ 

ʟʘʛʘʣʴʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ. 



 132 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʜʦ ʨʦʟʜʽʣʫ 2 

1. Liu, H., Liu, S., Chen, F., Zhao, J., Qi, K., & Yao, H. (2019). Mathematical 

modeling of the underground coal gasification process in one gasification cycle. 

Energy and Fuels, 33(2), 979-989. https://doi.org/10.1021/acs.energyfuels.8b03940 

2. Lozynskyi, V., Saik, P., Petlovanyi, M., Sai, K., & Malanchuk, Y. (2018). 

Analytical research of the stress-deformed state in the rock massif around faulting. 

International Journal of Engineering Research in Africa, (35), 77-88. 

https://doi.org/10.4028/www.scientific.net/jera.35.77 

3. Petlovanyi, M., Lozynskyi, V., Saik, P., & Sai, K. (2019). Predicting the 

producing well stability in the place of its curving at the underground coal seams 

gasification. E3S Web of Conferences, (123), 01019. 

https://doi.org/10.1051/e3sconf/201912301019 

4. ʉʘʾʢ, ʇ.ɹ. (2024). ɺʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʤʘʪʝʤʘʪʠʯʥʠʤʠ ʤʦʜʝʣʷʤ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʧʨʦʮʝʩʽʚ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ 

ʚʫʛʽʣʣʷ. ʋ ʄʘʪʝʨʽʘʣʘʭ ʍIV ʤʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ 

ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ çʅʘʫʢʦʚʘ ʚʝʩʥʘè (c. 245-247). ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ. 

ʈʝʞʠʤ ʜʦʩʪʫʧʫ: https://ir.nmu.org.ua/bitstream/handle/123456789/166925/Scientific_ 

Spring_2024-245-247.pdf?sequence=1 

5. ʉʘʾʢ, ʇ.ɹ. (2021). ʄʝʪʦʜʠʢʘ ʘʜʘʧʪʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʣʘʙʦʨʘʪʦʨʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʧʨʠ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʱʦʜʦ ʥʘʪʫʨʥʠʭ ʫʤʦʚ. ɿʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ 

ʧʨʘʮʴ ʅɻʋ, (65), 50-59. https://doi.org/10.33271/crpnmu/65.050 

6. ʉʘʾʢ, ʇ.ɹ., ɼʠʯʢʦʚʩʴʢʠʡ, ʈ.ʆ., ʃʦʟʠʥʩʴʢʠʡ, ɺ.ɻ., & ʌʘʣʴʰʪʠʥʩʴʢʠʡ, 

ɺ.ʉ. (2021). ʉʪʝʥʜ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʛʘʟʠʬʽʢʘʮʽʾ ʪʚʝʨʜʦʛʦ ʧʘʣʠʚʘ. 

ʇʘʪʝʥʪ ʥʘ ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ UA ˉ148572, ʆʧʫʙʣ. 25.08.2021. ɹʶʣ. ˉ34 ʈʝʞʠʤ 

ʜʦʩʪʫʧʫ: https://sis.nipo.gov.ua/uk/search/detail/1612463/  

7. ʌʘʣʴʰʪʠʥʩʴʢʠʡ, ɺ.ʉ., ɼʠʯʢʦʚʩʴʢʠʡ, ʈ.ʆ., ʈʫʩʴʢʠʭ ɺ.ɺ., ʉʘʾʢ, ʇ.ɹ., & 

ʃʦʟʠʥʩʴʢʠʡ, ɺ.ɻ. (2016). ʉʪʝʥʜ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʛʘʟʠʬʽʢʘʮʽʾ ʧʣʘʩʪʽʚ 

ʪʚʝʨʜʦʛʦ ʧʘʣʠʚʘ. ʇʘʪʝʥʪ ʥʘ ʚʠʥʘʭʽʜ UA ˉ112375, ʆʧʫʙʣ. 25.08.2016. ɹʶʣ. 

ˉ16. ʈʝʞʠʤ ʜʦʩʪʫʧʫ https://sis.nipo.gov.ua/uk/search/detail/726852/  

https://doi.org/10.1021/acs.energyfuels.8b03940
https://doi.org/10.4028/www.scientific.net/jera.35.77
https://doi.org/10.1051/e3sconf/201912301019
https://ir.nmu.org.ua/bitstream/handle/123456789/166925/Scientific_%0bSpring_2024-245-247.pdf?sequence=1
https://ir.nmu.org.ua/bitstream/handle/123456789/166925/Scientific_%0bSpring_2024-245-247.pdf?sequence=1
https://doi.org/10.33271/crpnmu/65.050
https://sis.nipo.gov.ua/uk/search/detail/1612463/
https://sis.nipo.gov.ua/uk/search/detail/726852/


 133 

8. ɹʽʣʝʮʴʢʠʡ, ɺ.ʉ. (2021). ʄʦʜʝʣʶʚʘʥʥʷ ʫ ʥʘʬʪʦʛʘʟʦʚʽʡ ʽʥʞʝʥʝʨʽʾ. ʃʴʚʽʚ: 

ɺʠʜ-ʚʦ çʅʦʚʠʡ ʉʚʽʪ-2000è ï ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ: ʅʊʋ çʍʇɯè, 306 ʩ. 

9. ʂʦʨʦʙʢʦ, ɯ.ɺ., & ʂʘʧʽʪʘʥʯʫʢ, ɼ.ʖ. (2019). ɺʨʘʭʫʚʘʥʥʷ ʫʤʦʚ ʪʘ 

ʚʽʜʤʽʥʥʦʩʪʝʡ ʧʨʠ ʢʘʣʽʙʨʫʚʘʥʥʽ ʽ ʟʘʩʪʦʩʫʚʘʥʥʽ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ 

ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ. ɺʽʩʥʠʢ ʂʇɯ. ʉʝʨʽʷ: ʇʨʠʣʘʜʦʙʫʜʫʚʘʥʥʷ, 58(2), 57-62. 

10. Bazaluk, O., Lozynskyi, V., Falshtynskyi, V., Saik, P., Dychkovskyi, R., & 

Cabana, E. (2021). Experimental studies of the effect of design and technological 

solutions on the intensification of an underground coal gasification process. Energies, 

14(14), 4369. https://doi.org/10.3390/en14144369 

11. Saik, P., Lozynskyi, V., Chemeriachko, Y., & Cabana, E. (2020). Basics of 

the approach formation to substantiate the temperature field distribution during 

experimental research on the coal gasification processes. E3S Web of Conferences, 

(201), 01037. https://doi.org/10.1051/e3sconf/202020101037 

12. Proto, A. R., Longo, L., Gambella, F., Zimbalatti, G., Macr³, G., Gallucci, F., 

Caruso, L., Salerno, M., & Colantoni, A. (2016). Energetic characteristics of syngas 

obtained from gasification of hazelnut prunings. Procedia ï Social and Behavioral 

Sciences, 223, 835-840. https://doi.org/10.1016/j.sbspro.2016.05.288 

13. ɺʝʩʝʣʦʚʩʴʢʘ, ʅ.ʈ., ʇʦʩʚʷʪʝʥʢʦ, ɽ.ʂ., ʉʦʣʦʥʘ, ʆ.ɺ., & ɹʫʜʷʢ, ʈ.ɺ. 

(2018). ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ. 

ɺʽʥʥʠʮʷ, 150 ʩ. 

14. ɼʘʥʠʣʴʯʝʥʢʦ, ʉ.ʄ., ʂʫʟʥʝʮʦʚ, ɺ.ʄ., & ʇʨʦʮʝʥʢʦ, ɯ.ʖ. (2019). 

ʈʝʥʪʛʝʥʦʜʠʬʨʘʢʮʽʡʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʢʨʠʩʪʘʣʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʉʫʤʠ, 

ʋʢʨʘʾʥʘ: ʉɼʋ, 147 ʩ. 

15. ʉʘʾʢ, ʇ.ɹ., ʃʦʟʠʥʩʴʢʠʡ, ɺ.ɻ., ɸʥʽʩʽʤʦʚ, ʆ.ʆ., ʏʝʨʥʷʻʚ, ʆ.ɺ., & 

ʈʠʩʙʝʢʦʚ, ʂ.ɹ. (2024). ʉʧʦʩʽʙ ʜʦʩʣʽʜʞʝʥʥʷ ʟʨʘʟʢʽʚ ʛʽʨʥʠʯʦʾ ʧʦʨʦʜʠ ʥʘ ʩʪʠʩʢ ʧʨʠ 

ʥʘʛʨʽʚʘʥʥʽ. ʇʘʪʝʥʪ ʥʘ ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ UA ˉ156789, ʆʧʫʙʣ. 07.08.2024. 

ɹʶʣ. ˉ32. ʈʝʞʠʤ ʜʦʩʪʫʧʫ: https://sis.nipo.gov.ua/uk/search/detail/1813627/ 

https://doi.org/10.3390/en14144369
https://doi.org/10.1051/e3sconf/202020101037
https://doi.org/10.1016/j.sbspro.2016.05.288
https://sis.nipo.gov.ua/uk/search/detail/1813627/


 134 

ʈʆɿɼɯʃ 3 

ʄɸʊɽʄɸʊʀʏʅɸ ʄʆɼɽʃʔ ʊɽʇʃʆʆɹʄɯʅʋ ʇʈʀ ʇɯɼɿɽʄʅɯʁ 

ɻɸɿʀʌɯʂɸʎɯɰ ɺʋɻɯʃʃʗ: ʈʆɿʈʆɹʂɸ ʊɸ ɸɼɸʇʊɸʎɯʗ 

3.1 ʊʝʦʨʝʪʠʯʥʽ ʦʩʥʦʚʠ ʱʦʜʦ ʧʦʙʫʜʦʚʠ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ 

ʪʝʧʣʦʦʙʤʽʥʫ ʧʨʠ ʧʽʜʟʝʤʥʽʡ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ 

ʇʨʦʮʝʩ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ (ʇɻɺ) ʻ ʩʢʣʘʜʥʦʶ ʩʠʩʪʝʤʦʶ ʬʽʟʠʢʦ-

ʭʽʤʽʯʥʠʭ ʷʚʠʱ, ʷʢʽ ʤʽʩʪʷʪʴ ʪʝʧʣʦʦʙʤʽʥ, ʤʘʩʦʦʙʤʽʥ, ʭʽʤʽʯʥʽ ʨʝʘʢʮʽʾ ʪʘ ʟʤʽʥʫ 

ʬʘʟʦʚʦʛʦ ʩʪʘʥʫ ʨʝʯʦʚʠʥʠ (ʚʫʛʽʣʣʷ) [1], [2]. ʄʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʦʙʤʽʥʫ ʫ ʧʨʦʮʝʩʽ 

ʇɻɺ ʻ ʢʣʶʯʦʚʠʤ ʝʪʘʧʦʤ ʜʣʷ ʨʦʟʫʤʽʥʥʷ, ʘʥʘʣʽʟʫ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʮʴʦʛʦ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. ʊʝʧʣʦʦʙʤʽʥ ʫ ʟʦʥʽ ʛʘʟʠʬʽʢʘʮʽʾ ʚʠʟʥʘʯʘʻ ʪʝʤʧʝʨʘʪʫʨʫ 

ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʪʘ ʾʭ ʰʚʠʜʢʽʩʪʴ, ʩʢʣʘʜ ʦʪʨʠʤʘʥʦʛʦ ʛʝʥʝʨʘʪʦʨʥʦʛʦ, ʘ ʪʘʢʦʞ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʛʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ (ʝʥʝʨʛʝʪʠʯʥʠʡ ʪʘ ʭʽʤʽʯʥʠʡ ʂʂɼ). ʊʦʤʫ 

ʚʨʘʭʫʚʘʥʥʷ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʫʛʽʣʣʷ, ʧʦʨʦʜʠ ʪʘ ʫʪʚʦʨʝʥʠʭ 

ʛʝʥʝʨʘʪʦʨʥʠʭ ʛʘʟʽʚ ʥʝʦʙʭʽʜʥʝ ʜʣʷ ʘʜʝʢʚʘʪʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ 

ʛʘʟʠʬʽʢʘʮʽʾ. ʎʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʟʥʘʯʘʶʪʴ ʢʣʶʯʦʚʽ ʘʩʧʝʢʪʠ ʧʨʦʮʝʩʫ ʧʝʨʝʜʘʯʽ 

ʪʝʧʣʘ ʪʘ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʨʽʟʥʠʤʠ ʬʘʟʘʤʠ, ʘ ʩʘʤʝ ʪʚʝʨʜʦʶ (ʚʫʛʽʣʴʥʠʡ ʧʣʘʩʪ, 

ʛʽʨʩʴʢʠʡ ʤʘʩʠʚ) ʽ ʛʘʟʦʧʦʜʽʙʥʦʶ (ʛʝʥʝʨʘʪʦʨʥʠʡ ʛʘʟ). 

ʇʨʦʮʝʩ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʨʝʘʛʫʚʘʥʥʷ ʧʨʠ ʧʽʜʟʝʤʥʽʡ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʣʝʮʝʚʤʽʩʥʦʾ 

ʩʠʨʦʚʠʥʠ (ʚʫʛʽʣʣʷ) ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʜʚʦʤʘ ʧʨʦʩʪʠʤʠ 

ʽʜʝʘʣʽʟʦʚʘʥʠʤʠ ʤʦʜʝʣʷʤʠ ï ʢʚʘʟʽʛʦʤʦʛʝʥʥʦʶ ʤʦʜʝʣʣʶ ʪʘ ʤʦʜʝʣʣʶ ʟ 

ʬʨʦʥʪʘʣʴʥʠʤ ʧʝʨʝʤʽʱʝʥʥʷʤ ʟʦʥʠ ʨʝʘʢʮʽʾ. ʂʚʘʟʽʛʦʤʦʛʝʥʥʘ ʤʦʜʝʣʴ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʫʷʚʣʝʥʥʽ ʪʦʛʦ, ʱʦ ʟʦʚʥʽʰʥʽʡ ʛʘʟ ʧʦʪʨʘʧʣʷʻ ʚʩʝʨʝʜʠʥʫ ʯʘʩʪʠʥʢʠ ʨʝʯʦʚʠʥʠ ʽ 

ʚʟʘʻʤʦʜʽʻ ʟ ʥʝʶ [3]. ʇʨʠ ʮʴʦʤʫ ʰʚʠʜʢʽʩʪʴ ʨʝʘʢʮʽʾ ʦʜʥʘʢʦʚʘ ʥʘ ʨʽʟʥʠʭ ʜʽʣʷʥʢʘʭ 

ʯʘʩʪʠʥʢʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʩʷ ʨʝʯʦʚʠʥʘ ʧʦʩʪʫʧʦʚʦ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʧʨʦʜʫʢʪʠ 

ʨʝʘʢʮʽʾ. ʑʦʜʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ, ʪʦ ʭʽʤʽʯʥʘ ʨʝʘʢʮʽʷ ʟʥʘʯʥʦ ʯʫʪʣʠʚʘ ʜʦ 

ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ, ʥʽʞ ʜʦ ʽʥʰʠʭ ʬʽʟʠʯʥʠʭ ʬʘʢʪʦʨʽʚ [4], [5]. ʆʪʞʝ, ʧʨʦʚʦʜʷʯʠ 

ʧʨʦʮʝʩ ʟʘ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʤʦʞʥʘ ʰʚʠʜʢʦ ʚʩʪʘʥʦʚʠʪʠ, ʱʦ ʣʽʤʽʪʫʻ ʡʦʛʦ 

ʰʚʠʜʢʽʩʪʴ: ʭʽʤʽʯʥʘ ʨʝʘʢʮʽʷ ʘʙʦ ʦʧʽʨ ʧʣʦʱʠʥʠ ʨʝʘʢʮʽʡʥʦʛʦ ʢʘʥʘʣʫ ʧʽʜʟʝʤʥʦʛʦ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʘʙʦ ʛʘʟʫ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʫ ʚʽʜʥʦʚʣʶʚʘʣʴʥʽʡ ʡʦʛʦ ʟʦʥʽ. ʅʝʦʙʭʽʜʥʦ 
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ʟʘʟʥʘʯʠʪʠ, ʱʦ ʨʽʟʥʽ ʨʝʘʢʮʽʾ ʻ ʩʧʨʠʷʪʣʠʚʠʤʠ ʚ ʨʽʟʥʠʭ ʜʽʘʧʘʟʦʥʘʭ ʪʝʤʧʝʨʘʪʫʨ. 

ɸʚʪʦʨʘʤʠ ʨʦʙʦʪʠ [6] ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʧʨʦʚʝʜʝʥʽ Greg Perkins, ʷʢʽ 

ʚʽʜʦʙʨʘʞʫʶʪʴ ʢʦʥʩʪʘʥʪʠ ʨʽʚʥʦʚʘʛʠ ʜʣʷ ʜʝʷʢʠʭ ʚʘʞʣʠʚʠʭ ʨʝʘʢʮʽʡ ʫ ʚʦʛʥʝʚʦʤʫ 

ʚʠʙʦʾ ʷʢ ʬʫʥʢʮʽʶ ʪʝʤʧʝʨʘʪʫʨʠ. ʂʦʥʩʪʘʥʪʠ ʨʽʚʥʦʚʘʛʠ ʜʣʷ ʚʩʽʭ ʨʝʘʢʮʽʡ 

ʜʦʨʽʚʥʶʶʪʴ ʦʜʠʥʠʮʽ ʧʨʠʙʣʠʟʥʦ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 1000 K. ʊʦʤʫ ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʘʻ 

ʢʣʶʯʦʚʠʤ ʬʘʢʪʦʨʦʤ ʫ ʚʠʟʥʘʯʝʥʥʽ ʟʩʫʚʫ ʭʽʤʽʯʥʦʾ ʨʽʚʥʦʚʘʛʠ ʚ ʙʽʢ ʧʨʦʜʫʢʪʽʚ ʘʙʦ 

ʨʝʘʛʝʥʪʽʚ, ʟʘʣʝʞʥʦ ʚʽʜ ʪʦʛʦ, ʯʠ ʻ ʨʝʘʢʮʽʷ ʝʥʜʦʪʝʨʤʽʯʥʦʶ ʘʙʦ ʝʢʟʦʪʝʨʤʽʯʥʦʶ. 

ʅʘʧʨʠʢʣʘʜ, ʟʘ ʪʝʤʧʝʨʘʪʫʨ, ʚʠʱʠʭ ʟʘ 1000 K, ʩʧʨʠʷʪʣʠʚʠʤ ʻ ʫʪʚʦʨʝʥʥʷ H2 ʽ CO, 

ʦʩʢʽʣʴʢʠ ʨʝʘʢʮʽʷ ʉʆ + ʅ2ʆ ź ʉʆ2 + ʅ2 ʪʘ ʨʝʘʢʮʽʷ ʉʅ4 + ʅ2ʆ ź ʉʆ + 3ʅ2 ʻ 

ʝʥʜʦʪʝʨʤʽʯʥʠʤʠ. ʌʫʥʢʮʽʶ ʟʤʽʥʠ ʢʦʥʩʪʘʥʪʠ ʨʽʚʥʦʚʘʛʠ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ ʛʘʟʠʬʽʢʘʮʽʾ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.1. 
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ʈʠʩʫʥʦʢ 3.1 ï ɿʤʽʥʘ ʢʦʥʩʪʘʥʪʠ ʨʽʚʥʦʚʘʛʠ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ kʨ  

ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʛʘʟʠʬʽʢʘʮʽʾ t (Greg Perkins, 2005) 

 

ɸʥʘʣʽʟʫʶʯʠ ʨʝʟʫʣʴʪʘʪʠ ʣʘʙʦʨʘʪʦʨʥʠʭ ʪʘ ʘʥʘʣʽʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʮʝʩʫ 

ʛʘʟʠʬʽʢʘʮʽʾ ʱʦʜʦ ʰʚʠʜʢʦʩʪʽ ʧʨʦʮʝʩʫ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʪʨʠ 

ʭʘʨʘʢʪʝʨʥʽ ʜʽʣʷʥʢʠ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʢʽʣʴʢʽʩʥʠʤʠ ʪʘ ʷʢʽʩʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ 

ʚʠʭʦʜʫ ʛʘʟʽʚ [7] ï [9]. ʆʜʥʘ ʟ ʪʘʢʠʭ ʜʽʣʷʥʦʢ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʠʣʴʥʦʶ 

ʟʘʣʝʞʥʽʩʪʶ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ, ʱʦ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʾ. ʆʯʝʚʠʜʥʦ, 

ʱʦ ʚ ʮʴʦʤʫ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʧʨʦʮʝʩ ʦʙʤʝʞʫʻʪʴʩʷ ʭʽʤʽʯʥʦʶ ʨʝʘʢʮʽʻʶ, ʽ 

ʤʦʞʝ ʙʫʪʠ ʚʽʜʥʝʩʝʥʠʡ ʜʦ ʢʽʥʝʪʠʯʥʦʾ ʦʙʣʘʩʪʽ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʥʘ ʮʴʦʤʫ ʝʪʘʧʽ 
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ʰʚʠʜʢʽʩʪʴ ʧʨʦʮʝʩʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʝ ʦʙʤʝʞʝʥʥʷʤʠ ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ, ʪʘʢʠʭ ʷʢ 

ʤʘʩʦʧʝʨʝʥʦʩ ʯʠ ʪʝʧʣʦʧʝʨʝʥʦʩ, ʘ ʩʘʤʝ ʰʚʠʜʢʽʩʪʶ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ, ʱʦ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʩʠʩʪʝʤʽ. ʋ ʢʽʥʝʪʠʯʥʽʡ ʦʙʣʘʩʪʽ ʟʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʤʦʞʝ ʤʘʪʠ 

ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʰʚʠʜʢʽʩʪʴ ʨʝʘʢʮʽʾ. ɿʘʟʚʠʯʘʡ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ 

ʰʚʠʜʢʽʩʪʴ ʨʝʘʢʮʽʾ ʪʘʢʦʞ ʟʨʦʩʪʘʻ, ʦʩʢʽʣʴʢʠ ʪʝʧʣʦʚʘ ʝʥʝʨʛʽʷ ʤʦʣʝʢʫʣ ʟʙʽʣʴʰʫʻ 

ʾʭʥʶ ʢʽʥʝʪʠʯʥʫ ʝʥʝʨʛʽʶ ʪʘ ʡʤʦʚʽʨʥʽʩʪʴ ʟʽʪʢʥʝʥʥʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ 

ʰʚʠʜʢʦʩʪʽ ʨʝʘʢʮʽʾ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʘʨʽʶʶʯʠ ʪʝʤʧʝʨʘʪʫʨʫ, ʤʦʞʥʘ ʢʦʥʪʨʦʣʶʚʘʪʠ 

ʰʚʠʜʢʽʩʪʴ ʧʨʦʮʝʩʫ ʚ ʮʽʡ ʦʙʣʘʩʪʽ. ʂʨʽʤ ʪʦʛʦ, ʚ ʢʽʥʝʪʠʯʥʽʡ ʦʙʣʘʩʪʽ ʚʘʞʣʠʚʦ 

ʟʙʝʨʽʛʘʪʠ ʩʪʘʙʽʣʴʥʽʩʪʴ ʽ ʢʦʥʪʨʦʣʶʚʘʪʠ ʫʤʦʚʠ ʨʝʘʢʮʽʾ, ʱʦʙ ʫʥʠʢʥʫʪʠ 

ʥʝʩʧʦʜʽʚʘʥʠʭ ʥʘʩʣʽʜʢʽʚ. ʎʝ ʤʦʞʝ ʤʽʩʪʠʪʠ ʚ ʩʦʙʽ ʜʦʪʨʠʤʘʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʪʝʤʧʝʨʘʪʫʨʠ, ʨʝʛʫʣʶʚʘʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʝʘʛʝʥʪʽʚ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʢʘʪʘʣʽʟʘʪʦʨʽʚ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʝʘʢʮʽʾ. 

ʇʝʨʝʭʽʜʥʘ ʜʽʣʷʥʢʘ ʤʽʞ ʢʽʥʝʪʠʯʥʦʶ ʽ ʜʠʬʫʟʽʡʥʦʶ ʟʦʥʘʤʠ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʧʦʨʽʚʥʷʥʥʠʤ ʦʧʦʨʦʤ ʟ ʙʦʢʫ ʚʩʽʭ ʩʪʘʜʽʡ (ʣʽʤʽʪʫʶʯʦʾ ʩʪʘʜʽʾ ʥʝʤʘʻ). ʊʦʤʫ 

ʩʢʣʘʜʦʚʠʤ ʝʪʘʧʦʤ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʟʘ ʮʽʻʶ ʨʦʙʦʪʦʶ ʻ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʟʦʥʠ ʫ ʚʽʜʥʦʚʣʶʚʘʣʴʥʽʡ ʟʦʥʽ ʨʝʘʢʮʽʡʥʦʛʦ ʢʘʥʘʣʫ 

ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. ʎʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ, ʥʘ ʦʩʥʦʚʽ ʧʨʦʛʥʦʟʦʚʘʥʦʛʦ 

ʘʥʘʣʽʟʫ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ, ʚʠʟʥʘʯʠʪʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʛʦʨʶʯʠʤʠ ʪʘ 

ʙʘʣʘʩʪʥʠʤʠ ʛʘʟʘʤʠ. 

ɼʠʬʫʟʽʡʥʘ ʟʦʥʘ ʻ ʦʙʣʘʩʪʶ, ʜʝ ʰʚʠʜʢʽʩʪʴ ʧʨʦʮʝʩʫ ʦʙʤʝʞʫʻʪʴʩʷ ʷʚʠʱʘʤʠ 

ʤʘʩʦʧʝʨʝʥʦʩʫ, ʘ ʥʝ ʢʽʥʝʪʠʢʦʶ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ. ʋ ʮʽʡ ʟʦʥʽ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʨʝʘʢʮʽʾ 

ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʜʘʪʥʦʩʪʽ ʨʝʘʛʝʥʪʽʚ (ʥʘʧʨʠʢʣʘʜ, ʛʘʟʽʚ ʘʙʦ ʨʽʜʠʥ) 

ʧʨʦʥʠʢʘʪʠ ʯʝʨʝʟ ʰʘʨʠ ʤʘʪʝʨʽʘʣʫ ʜʦ ʟʦʥʠ ʨʝʘʢʮʽʾ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʪʨʘʥʩʧʦʨʪ 

ʤʦʣʝʢʫʣ ʨʝʘʛʝʥʪʽʚ ʽ ʧʨʦʜʫʢʪʽʚ ʨʝʘʢʮʽʾ ʯʝʨʝʟ ʧʦʨʠʩʪʝ ʩʝʨʝʜʦʚʠʱʝ ʯʠ ʤʽʞʬʘʟʥʽ 

ʤʝʞʽ ʚʠʟʥʘʯʘʻ ʟʘʛʘʣʴʥʫ ʰʚʠʜʢʽʩʪʴ ʧʨʦʮʝʩʫ. 

ʊʝʧʣʦ ʧʨʠ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʫ ʧʽʜʟʝʤʥʠʭ ʫʤʦʚʘʭ ʧʝʨʝʜʘʻʪʴʩʷ ʯʝʨʝʟ 

ʜʝʢʽʣʴʢʘ ʤʝʭʘʥʽʟʤʽʚ, ʚʢʣʶʯʥʦ ʟ ʢʦʥʜʫʢʮʽʶ ʪʘ ʢʦʥʚʝʢʮʽʶ. ʉʧʨʦʱʝʥʫ ʤʦʜʝʣʴ 

ʜʘʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.2.  
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ʇʦʨʦʜʠ ʧʽʜʦʰʚʠ

ʇʦʨʦʜʠ ʧʦʢʨʽʚʣʽ

ɺʫʛʽʣʴʥʠʡ ʧʣʘʩʪɺʠʛʘʟʦʚʘʥʠʡ
ʧʨʦʩʪʽʨ

ʈʝʘʢʮʽʡʥʠʡ ʢʘʥʘʣ

-ʢʦʥʜʫʢʮʽʷ-ʢʦʥʚʝʢʮʽʷ

 

ʈʠʩʫʥʦʢ 3.2 ï ʄʦʜʝʣʴ ʢʦʥʚʝʢʮʽʡʥʦʛʦ ʪʘ ʢʦʥʜʫʢʮʽʡʥʠʭ ʪʝʧʣʦʦʙʤʽʥʽʚ 

ʧʨʠ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ 

 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʦʩʥʦʚʫ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʢʦʥʜʫʢʮʽʡʥʦʛʦ 

ʪʝʧʣʦʦʙʤʽʥʫ ʩʢʣʘʜʘʻ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ [10], [11]: 

2T
T

t

µ
= Ð

µ
a , (3.1) 

ʜʝ T ï ʪʝʤʧʝʨʘʪʫʨʘ, K; t ï ʯʘʩ, ʩ; 
ʤc

l
a
r
=  ï ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʽʜʥʽʩʪʴ, ʤ2/ʩ;  

ɚ ï ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ɺʪ/ʤĿK; ɟ ï ʛʫʩʪʠʥʘ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʢʛ/ʤ3; ʩʤ ï ʪʝʧʣʦʻʤʥʽʩʪʴ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ɼʞ/ʢʛĿK; 2Ð  ï ʦʧʝʨʘʪʦʨ ʃʘʧʣʘʩʘ. 

ʇʨʠ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ ʚ ʨʝʘʢʮʽʡʥʦʤʫ ʢʘʥʘʣʽ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 

ʧʝʨʝʥʝʩʝʥʥʷ ʪʝʧʣʘ ʚʛʣʠʙ ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ, ʘ ʩʘʤʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʮʴʦʛʦ ʧʨʦʮʝʩʫ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ, ʷʢʘ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ ʾʭʥʴʦʛʦ 

ʤʽʥʝʨʘʣʦʛʽʯʥʦʛʦ ʩʢʣʘʜʫ, ʱʽʣʴʥʦʩʪʽ, ʧʦʨʠʩʪʦʩʪʽ ʪʘ ʚʦʣʦʛʦʩʪʽ. ʇʨʠ ʪʦʤʫ 

ʥʝʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʫ ʨʝʘʢʮʽʡʥʦʤʫ ʢʘʥʘʣʽ ʚʧʣʠʚʘʻ ʷʢ ʥʘ 

ʰʚʠʜʢʽʩʪʴ ʧʨʦʛʨʽʚʫ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ, ʪʘʢ ʽ ʥʘ ʭʽʤʽʯʥʽ ʨʝʘʢʮʽʾ [12] ï [15]. 

ɿʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨ ʫ 690 ï 800 Üʉ ʚ ʦʢʠʩʣʶʚʘʣʴʥʽʡ ʟʦʥʽ ʧʽʜʟʝʤʥʦʛʦ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʩʧʨʠʷʶʪʴ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ, ʪʘʢʠʭ ʷʢ ʛʦʨʽʥʥʷ ʪʘ 

ʛʘʟʠʬʽʢʘʮʽʷ, ʪʦʜʽ ʷʢ ʟʦʥʠ ʟ ʥʠʞʯʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʟʘʣʠʰʘʶʪʴʩʷ 

ʤʘʣʦʝʬʝʢʪʠʚʥʠʤʠ ʘʙʦ ʥʘʚʽʪʴ ʧʘʩʠʚʥʠʤʠ [16]. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʨʽʚʥʦʤʽʨʥʦʾ 

ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ, ʟʘʣʠʰʘʶʯʠ ʯʘʩʪʠʥʫ ʚʫʛʽʣʣʷ ʥʝ ʧʨʦʛʨʽʪʠʤ ʽ ʥʝ 

ʚʠʢʦʨʠʩʪʘʥʠʤ ʫ ʨʝʘʢʮʽʷʭ. ʊʦʤʫ ʢʣʘʩʠʯʥʝ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ 

ʨʦʟʰʠʨʶʻʪʴʩʷ ʜʦʜʘʪʢʦʚʠʤʠ ʯʣʝʥʘʤʠ, ʘ ʩʘʤʝ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷʤ ʘʙʦ 

ʪʝʧʣʦʧʦʛʣʠʥʘʥʥʷʤ ʚʽʜ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʫ ʚʦʛʥʝʚʦʤʫ ʚʠʙʦʾ. 
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ɺ ʦʢʠʩʣʶʚʘʣʴʥʽʡ ʟʦʥʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʛʦʨʽʥʥʷ ʚʫʛʣʝʮʶ ʽ ʢʠʩʥʶ, ʷʢʠʡ 

ʥʘʜʭʦʜʠʪʴ ʫ ʩʢʣʘʜʽ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ ʟʘ ʧʝʨʚʠʥʥʠʤʠ ʨʝʘʢʮʽʷʤʠ (q ï ʪʝʧʣʦʚʘ 

ʝʥʝʨʛʽʷ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʘʙʦ ʧʦʛʣʠʥʘʻʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʨʝʘʢʮʽʡ) [17] ï [19]: 

ʉ + ʆ2 = ʉʆ2 ï q;      (3.2) 

2ʉ + ʆ2 = 2ʉʆ + q;      (3.3) 

ʉ + ʅ2ʆ = ʉʆ + ʅ2 + q;       (3.4) 

ʉ + 2ʅ2ʆ = ʉʆ2 + 2ʅ2 ï q.     (3.5) 

ɻʘʟʦʧʦʜʽʙʥʽ ʧʨʦʜʫʢʪʠ, ʱʦ ʫʪʚʦʨʠʣʠʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʝʨʚʠʥʥʠʭ ʨʝʘʢʮʽʡ, 

ʚʩʪʫʧʘʶʪʴ ʫ ʨʝʘʢʮʽʾ ʟ ʚʫʛʣʝʮʝʤ ʧʘʣʠʚʘ ʽ ʨʝʘʛʝʥʪʘʤʠ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ (ʢʠʩʥʝʤ, 

ʚʫʛʣʝʢʠʩʣʠʤ ʛʘʟʦʤ, ʚʦʜʷʥʦʶ ʧʘʨʦʶ): 

ʉ + ʉʆ2 = 2ʉʆ2 Ñ q;      (3.6) 

ʉ + 2ʅ2 = ʉʅ4 Ñ q;      (3.7) 

2ʉʆ + ʆ2 = 2ʉʆ2 + q;      (3.8) 

2ʅ2 + ʆ2 = 2ʅ2ʆ + q;       (3.9) 

ʉʅ4 +2ʆ2 = ʉʆ2 + 2ʅ2ʆ + q;     (3.10) 

ʉʆ + ʅ2ʆ = ʉʆ2 + ʅ2 Ñ q;     (3.11) 

2ʉʆ + 2ʅ2 = ʉʅ4 + ʉʆ2 Ñ q;      (3.12) 

ʉʆ + 3ʅ2 = ʉʅ4 + ʅ2ʆ + q.      (3.13) 

ʈʝʘʢʮʽʾ (3.2) ʽ (3.3) ï ʦʩʥʦʚʥʽ ʜʞʝʨʝʣʘ ʪʝʧʣʦʪʠ, ʷʢʘ ʚʠʪʨʘʯʘʻʪʴʩʷ ʧʨʠ 

ʚʟʘʻʤʦʜʽʾ ʚʫʛʣʝʮʶ ʟ ʚʦʜʷʥʦʶ ʧʘʨʦʶ (3.4) ʽ (3.5). ʊʘʢʠʤ ʯʠʥʦʤ, ʫʟʘʛʘʣʴʥʝʥʝ 

ʨʽʚʥʷʥʥʷ ʢʦʥʜʫʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ (3.1) ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ: 

2 .
ʤ

T q
T

t c
a

r

µ
= Ð °

µ
      (3.14) 

ʂʦʥʚʝʢʮʽʡʥʠʡ ʤʝʭʘʥʽʟʤ ʪʝʧʣʦʦʙʤʽʥʫ ʚ ʧʽʜʟʝʤʥʦʤʫ ʛʘʟʦʛʝʥʝʨʘʪʦʨʽ ʻ 

ʩʢʣʘʜʥʠʤ ʯʝʨʝʟ ʚʟʘʻʤʦʜʽʶ ʛʘʨʷʯʠʭ ʛʘʟʽʚ, ʷʢʽ ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʟʦʥʽ ʛʘʟʠʬʽʢʘʮʽʾ ʪʘ 

ʩʧʨʷʤʦʚʫʶʪʴʩʷ ʜʦ ʜʽʣʷʥʦʢ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ, ʜʝ ʚʦʥʠ ʧʨʦʛʨʽʚʘʶʪʴ ʚʫʛʽʣʣʷ ʡ 
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ʘʢʪʠʚʫʶʪʴ ʧʦʜʘʣʴʰʽ ʨʝʘʢʮʽʾ ʧʽʨʦʣʽʟʫ ʪʘ ʛʘʟʠʬʽʢʘʮʽʾ [20], [21]. ʋʪʚʦʨʝʥʠʡ 

ʛʝʥʝʨʘʪʦʨʥʠʡ ʛʘʟ, ʜʦ ʩʢʣʘʜʫ ʷʢʦʛʦ ʚʭʦʜʷʪʴ ʪʘʢʽ ʢʦʤʧʦʥʝʥʪʠ, ʷʢ CO, H2, CH4, 

CO2 ʪʦʱʦ, ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʶ ʪʝʧʣʦʥʦʩʽʷ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʧʝʨʝʥʝʩʝʥʥʷ ʪʝʧʣʘ ʟʘ 

ʨʘʭʫʥʦʢ ʨʫʭʫ ʧʦʪʦʢʽʚ ʛʘʟʫ. ʇʨʠ ʮʴʦʤʫ ʪʝʧʣʦ ʧʝʨʝʜʘʻʪʴʩʷ ʥʝ ʣʠʰʝ ʤʽʞ ʛʘʟʦʤ ʽ 

ʧʦʚʝʨʭʥʝʶ ʪʚʝʨʜʦʛʦ ʧʣʘʩʪʘ, ʘ ʡ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʘʤʦʛʦ ʛʘʟʫ, ʚʨʘʭʦʚʫʶʯʠ 

ʚʽʜʤʽʥʥʦʩʪʽ ʫ ʪʝʧʣʦʻʤʥʦʩʪʽ ʪʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʢʦʞʥʦʛʦ ʟ ʢʦʤʧʦʥʝʥʪʽʚ (CO, H2, 

CH4 ʪʦʱʦ). ɺʦʜʥʦʯʘʩ ʧʦʪʦʢʠ ʛʘʟʽʚ ʯʘʩʪʦ ʤʘʶʪʴ ʟʤʽʥʥʫ ʰʚʠʜʢʽʩʪʴ ʪʘ ʥʘʧʨʷʤʦʢ, 

ʦʩʢʽʣʴʢʠ ʾʭ ʨʫʭ ʟʘʣʝʞʠʪʴ ʚʽʜ ʣʦʢʘʣʴʥʠʭ ʟʤʽʥ ʪʠʩʢʫ ʽ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʟʦʥʽ 

ʛʘʟʠʬʽʢʘʮʽʾ. ʊʦʤʫ ʧʨʦʮʝʩ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʝʨʝʥʝʩʝʥʥʷʤ 

ʢʦʤʧʦʥʝʥʪʽʚ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ ʯʝʨʝʟ ʢʦʥʚʝʢʮʽʶ, ʜʠʬʫʟʽʶ ʽ ʭʽʤʽʯʥʽ ʨʝʘʢʮʽʾ ʪʘ 

ʦʧʠʩʫʻʪʴʩʷ ʪʘʢʠʤ ʨʽʚʥʷʥʥʷʤ: 

2 ,
T

v T D T q
t

µ
+ Ð = Ð °

µ
         (3.15) 

ʜʝ v ï ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ ʛʘʟʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʤ/ʩ; TÐ  ï ʛʨʘʜʽʻʥʪ ʪʝʤʧʝʨʘʪʫʨʠ, 

ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʾʾ ʟʤʽʥʫ ʫ ʧʨʦʩʪʦʨʽ, K. 

ʇʨʠ ʮʴʦʤʫ ʧʦʢʘʟʥʠʢʠ ʚʠʜʽʣʝʥʦʾ ʯʠ ʧʦʛʣʠʥʫʪʦʾ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʚʽʜ 

ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ q ʦʙʫʤʦʚʣʶʶʪʴʩʷ ʟʘʢʦʥʦʤ ɸʨʨʝʥʽʫʩʘ [21] ï [23]. ʉʣʽʜ 

ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʮʝʡ ʟʘʢʦʥ ʚʠʟʥʘʯʘʻ ʟʘʣʝʞʥʽʩʪʴ ʰʚʠʜʢʦʩʪʽ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ, ʷʢʘ ʚʠʜʽʣʷʻʪʴʩʷ ʘʙʦ 

ʧʦʛʣʠʥʘʻʪʴʩʷ, ʧʨʷʤʦ ʧʦʚôʷʟʘʥʘ ʟ ʮʽʻʶ ʰʚʠʜʢʽʩʪʶ. ʂʽʣʴʢʽʩʪʴ ʪʝʧʣʘ q, ʱʦ 

ʚʠʜʽʣʷʻʪʴʩʷ ʘʙʦ ʧʦʛʣʠʥʘʻʪʴʩʷ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʨʝʘʛʝʥʪʽʚ, ʷʢʽ ʚʩʪʫʧʠʣʠ ʚ 

ʨʝʘʢʮʽʶ, ʽ ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ: 

,q Hh=D             (3.16) 

ʜʝ æʅ ï ʝʥʪʘʣʴʧʽʷ ʨʝʘʢʮʽʾ, ʷʢʘ ʚʢʘʟʫʻ ʥʘ ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʭʽʤʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, ɼʞ; 

ɖ ï ʢʽʣʴʢʽʩʪʴ ʨʝʯʦʚʠʥʠ, ʱʦ ʙʝʨʝ ʫʯʘʩʪʴ ʫ ʨʝʘʢʮʽʾ, ʤʦʣʴ. 

ɺʦʜʥʦʯʘʩ ʰʚʠʜʢʽʩʪʴ ʨʝʘʢʮʽʾ ʚʠʟʥʘʯʘʻ, ʩʢʽʣʴʢʠ ʤʦʣʝʢʫʣ ʨʝʘʛʝʥʪʽʚ 

ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ: 

,i
d

kC
dt

h
=             (3.17) 
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ʜʝ k ï ʢʦʥʩʪʘʥʪʘ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʟʘʢʦʥʦʤ ɸʨʨʝʥʽʫʩʘ 

Ea
RTk Ae
-

=  (ɸ ï 

ʧʝʨʝʜʝʢʩʧʦʥʝʥʮʽʘʣʥɹʠʡ ʤʥʦʞʥʠʢ; ʝ ï ʦʩʥʦʚʘ ʥʘʪʫʨʘʣʴʥʠʭ ʣʦʛʘʨʠʬʤʽʚ (2,72);  

Ea ï ʝʥʝʨʛʽʷ ʘʢʪʠʚʘʮʽʾ, ɼʞ/ʤʦʣʴ; R ï ʫʥʽʚʝʨʩʘʣʴʥʘ ʛʘʟʦʚʘ ʩʪʘʣʘ, 8,31 ɼʞ/(ʤʦʣʴĿK); 

ʊ ï ʘʙʩʦʣʶʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ, K); ʉ̔ ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʝʘʛʝʥʪʫ ʫ ʩʢʣʘʜʽ 

ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ. 

ʇʽʩʣʷ ʚʽʜʧʦʚʽʜʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʪʝʧʣʦʚʫ ʝʥʝʨʛʽʶ, ʷʢʘ ʚʠʜʽʣʷʻʪʴʩʷ ʘʙʦ 

ʧʦʛʣʠʥʘʻʪʴʩʷ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ qt, ʤʦʞʥʘ ʚʠʨʘʟʠʪʠ ʯʝʨʝʟ: 

.t

d
q H

dt

h
=D       (3.18) 

ʅʘʜʘʣʽ ʧʽʜʩʪʘʚʣʷʶʯʠ ʟʘʣʝʞʥʽʩʪʴ (3.17) ʫ (3.18), ʘ ʚ (3.17) ʨʽʚʥʷʥʥʷ ʟʘ 

ʟʘʢʦʥʦʤ ɸʨʨʝʥʽʫʩʘ ʦʪʨʠʤʫʻʤʦ ʪʘʢʝ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ: 

.

Ea

RT
t ʽq HAe ʉ

-

=D      (3.19) 

ɿ ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ ʟʘʣʝʞʥʦʩʪʝʡ ʤʠ ʙʘʯʠʤʦ, ʱʦ ʝʥʪʘʣʴʧʽʷ ʨʝʘʢʮʽʾ, ʷʢʘ ʚʢʘʟʫʻ 

ʥʘ ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʭʽʤʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʚʠʟʥʘʯʘʻ ʢʽʣʴʢʽʩʪʴ ʝʥʝʨʛʽʾ, ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ 

ʘʙʦ ʧʦʛʣʠʥʘʻʪʴʩʷ ʧʽʜ ʯʘʩ ʧʨʦʪʽʢʘʥʥʷ ʨʝʘʢʮʽʾ. ʋ ʟʦʥʘʭ ʟ ʥʠʞʯʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ 

ʰʚʠʜʢʽʩʪʴ ʮʠʭ ʨʝʘʢʮʽʡ ʟʥʘʯʥʦ ʟʥʠʞʫʻʪʴʩʷ, ʘ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʮʠʭ ʨʝʘʢʮʽʡ ʚʧʣʠʚʘʻ 

ʥʘ ʩʢʣʘʜ ʦʪʨʠʤʘʥʦʛʦ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ, ʟʥʠʞʫʶʯʠ ʡʦʛʦ ʷʢʽʩʪʴ [24]. ʇʽʜʚʠʱʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʟʦʥʽ ʚʽʜʥʦʚʣʝʥʥʷ ʧʽʜ ʯʘʩ ʛʘʟʠʬʽʢʘʮʽʾ ʩʧʨʠʷʻ ʟʙʽʣʴʰʝʥʥʶ ʚʠʭʦʜʫ 

ʉʆ ʽ ʅ2 ʫʥʘʩʣʽʜʦʢ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʨʝʘʢʮʽʡ C + CO2 ʽ C + H2O. ɺʦʜʥʦʯʘʩ ʩʣʽʜ 

ʚʨʘʭʦʚʫʚʘʪʠ ʰʚʠʜʢʽʩʪʴ ʚʽʜʥʦʚʣʝʥʥʷ, ʷʢʘ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʩʫʪʪʻʚʦ ʟʨʦʩʪʘʻ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʾʾ ʟʥʘʯʝʥʴ. ʅʝʦʙʭʽʜʥʦ ʚʽʜʤʽʪʠʪʠ, 

ʱʦ ʚ ʦʢʠʩʣʶʚʘʣʴʥʽʡ ʟʦʥʽ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʧʨʦʭʦʜʷʪʴ ʝʢʟʦʪʝʨʤʽʯʥʽ 

ʨʝʘʢʮʽʡ (æʅ < 0), ʫ ʚʽʜʥʦʚʣʶʚʘʣʴʥʽʡ ï ʝʥʜʦʪʝʨʤʽʯʥʽ (æʅ > 0). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʢʦʥ ɸʨʨʝʥʽʫʩʘ, ʢʦʥʜʫʢʮʽʡʥʠʡ ʪʘ ʢʦʥʚʝʢʮʽʡʥʠʡ 

ʪʝʧʣʦʦʙʤʽʥʠ ʬʦʨʤʫʶʪʴ ʟʘʤʢʥʝʥʫ ʩʠʩʪʝʤʫ, ʱʦ ʦʧʠʩʫʻ ʧʨʦʮʝʩʠ ʛʘʟʠʬʽʢʘʮʽʾ 

ʚʫʛʽʣʣʷ ʟ ʣʦʢʘʣʴʥʠʤ ʧʨʦʛʨʽʚʦʤ ʷʢ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ, ʪʘʢ ʽ ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʦʛʦ ʧʽʜʭʦʜʫ ʻ ʧʝʨʝʜʫʤʦʚʦʶ ʽʥʪʝʛʨʘʮʽʾ ʤʝʭʘʥʽʟʤʽʚ ʪʝʧʣʦʦʙʤʽʥʫ 

ʜʣʷ ʧʦʙʫʜʦʚʠ ʯʠʩʝʣʴʥʠʭ ʤʦʜʝʣʝʡ ʟʦʢʨʝʤʘ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʪʝʭʥʦʣʦʛʽʾ 
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çʩʚʝʨʜʣʦʚʠʥʘ ï ʛʘʟʦʛʝʥʝʨʘʪʦʨè. ʆʜʥʘʢ ʽʥʪʝʛʨʘʮʽʷ ʟʘʟʥʘʯʝʥʠʭ ʨʽʚʥʷʥʴ 

ʢʦʥʜʫʢʮʽʡʥʦʛʦ ʪʘ ʢʦʥʚʝʢʮʽʡʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʽʚ ʜʦ ʧʦʙʫʜʦʚʠ ʯʠʩʝʣʴʥʠʭ ʤʦʜʝʣʝʡ 

ʥʝ ʨʦʟʢʨʠʚʘʻ ʤʝʭʘʥʽʟʤʫ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʥʘʚʢʦʣʦ ʧʽʜʟʝʤʥʦʛʦ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʪʘ ʰʚʠʜʢʦʩʪʽ ʟʤʽʥʠ ʬʘʟʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʨʠ ʚʝʜʝʥʥʽ ʧʨʦʮʝʩʫ 

ʰʣʷʭʦʤ ʙʫʨʽʥʥʷ ʜʚʦʭ ʚʝʨʪʠʢʘʣʴʥʦ-ʥʘʧʨʘʚʣʝʥʠʭ ʩʚʝʨʜʣʦʚʠʥ ʟʘ ʧʣʦʱʠʥʦʶ 

ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ. 

3.2 ʈʦʟʨʦʙʢʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʪʝʧʣʦʦʙʤʽʥʫ 

ʧʨʦʮʝʩʫ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ 

ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʪʝʧʣʦʦʙʤʽʥʫ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʤʽʥʦʶ ʘʛʨʝʛʘʪʥʦʛʦ 

ʩʪʘʥʫ ʩʝʨʝʜʦʚʠʱʘ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʚ ʨʝʟʫʣʴʪʘʪʽ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ. 

ʊʦʤʫ ʦʩʦʙʣʠʚʽʩʪʶ ʮʴʦʛʦ ʟʘʚʜʘʥʥʷ ʻ ʟʤʽʥʥʠʡ ʨʦʟʤʽʨ ʦʙʣʘʩʪʽ, ʚ ʷʢʽʡ 

ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʥʝ ʧʦʣʝ. ɿʘʟʥʘʯʠʤʦ, ʱʦ ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʩʝʨʝʜʦʚʠʱʘ ʧʨʠ ʧʝʨʝʭʦʜʽ ʯʝʨʝʟ ʤʝʞʫ ʬʘʟʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ (ʫ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ 

ʮʝ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ) ʟʤʽʥʶʶʪʴʩʷ ʩʪʨʠʙʢʦʧʦʜʽʙʥʦ. 

ʆʩʥʦʚʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʬʘʟʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʧʽʜ ʯʘʩ ʛʘʟʠʬʽʢʘʮʽʾ 

ʚʫʛʽʣʣʷ, ʷʢ ʙʫʣʦ ʟʘʟʥʘʯʝʥʦ, ʻ ʪʝʤʧʝʨʘʪʫʨʘ, ʟʘ ʷʢʦʾ ʬʘʟʠ ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʩʪʘʥʽ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʨʽʚʥʦʚʘʛʠ (ʪʦʯʢʘ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ). ɼʣʷ ʬʘʟʦʚʠʭ ʧʝʨʝʭʦʜʽʚ 

ʧʝʨʰʦʛʦ ʨʦʜʫ ʭʘʨʘʢʪʝʨʥʦ, ʱʦ ʚ ʪʦʯʮʽ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʚʠʜʽʣʝʥʥʷ ʘʙʦ ʧʦʛʣʠʥʘʥʥʷ ʪʝʧʣʘ ʽ ʟʤʽʥʘ ʦʙôʻʤʫ. ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʨʫʭʦʤʫ 

ʤʝʞʫ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʚʫʛʽʣʣʷ ï ʛʘʟ S(t) ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.3. 

 

ʇʦʨʦʜʠ
ʧʦʢʨʽʚʣʽ

ʇʦʨʦʜʠ ʧʽʜʦʰʚʠ

ɺʫʛʽʣʴʥʠʡ
ʧʣʘʩʪ

0 ʭ
S t( )

t ʄʝʞʘ ʬʘʟʦʚʦʛʦ
 ʧʝʨʝʭʦʜʫ

ʈʝʘʢʮʽʡʥʠʡ ʢʘʥʘʣ (ʛʝʥʝʨʘʪʦʨʥʠʡ ʛʘʟ)

ɼʫʪʪʴʦʚʘ
ʩʚʝʨʜʣʦʚʠʥʘ

ɻʘʟʦʚʽʜʚʽʜʥʘ
ʩʚʝʨʜʣʦʚʠʥʘ

 

ʈʠʩʫʥʦʢ 3.3 ï ʉʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʤʝʞʽ S(t) ʧʦʜʽʣʫ ʬʘʟ (ʚʫʛʽʣʣʷ ï

 ʛʝʥʝʨʘʪʦʨʥʠʡ ʛʘʟ) 
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ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʥʘʚʝʜʝʥʦʾ ʩʭʝʤʠ ʥʘ ʨʠʩ. 3.3 ʧʨʠʧʫʩʢʘʻʤʦ, ʱʦ ʚʫʛʽʣʣʷ 

ʟʘʡʤʘʻ ʥʘʧʽʚʧʨʦʩʪʽʨ x > 0. ʇʨʠ t < 0 ʪʝʤʧʝʨʘʪʫʨʘ ʚʫʛʽʣʣʷ ʦʜʥʘʢʦʚʘ ʽ ʜʦʨʽʚʥʶʻ  

T0 < Tʛ, ʜʝ Tʛ ï ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ. 

ʇʨʠ t = 0 ʧʨʠ x = 0 ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʧʦʩʪʽʡʥʘ ʪʝʤʧʝʨʘʪʫʨʘ Tʨ Ó Tʛ. ʋ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʧʨʠ t > 0 ʪʘ x å 0 ʚʠʥʠʢʘʻ ʚʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ ʚʝʣʠʯʠʥʘ ʷʢʦʛʦ S(t) ʟ 

ʯʘʩʦʤ ʟʙʽʣʴʰʫʻʪʴʩʷ (ʜʠʚ. ʨʠʩ. 3.3). ʄʝʞʘ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ x = S(t) ʫ ʙʫʜʴ-ʷʢʠʡ 

ʤʦʤʝʥʪ ʯʘʩʫ ʚʽʜʦʢʨʝʤʣʶʻ ʚʫʛʽʣʣʷ ʚʽʜ ʧʨʦʜʫʢʪʽʚ ʟʛʦʨʘʥʥʷ, ʨʫʭʘʶʯʠʩʴ ʽʟ ʜʝʷʢʦʶ 

ʰʚʠʜʢʽʩʪʶ ɜ = dS/dt ʫ ʥʘʧʨʷʤʢʫ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ. ɿ ʫʤʦʚʠ ʟʘʜʘʯʽ S(0) = 0. 

ʇʨʠʧʫʩʢʘʶʯʠ, ʱʦ ʚʣʘʩʪʠʚʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ ʧʨʠ ʬʘʟʦʚʦʤʫ ʧʝʨʝʭʦʜʽ 

ʟʤʽʥʶʶʪʴʩʷ ʩʪʨʠʙʢʦʤ, ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʜʣʷ ʜʚʦʭ ʬʘʟ ʧʨʠʡʤʘʶʪʴ 

ʚʠʛʣʷʜ [25]: 

( ) ( )2
1 1

1 2

, ,
,

T x t T x t
a

t x

µ µ
=

µ µ
 t > 0, 0 < x < S(t);     (3.20) 

( ) ( )2
2 2

2 2

, ,
,

T x t T x t
a

t x

µ µ
=

µ µ
 t > 0, 0 < x < Ð,     (3.21) 

ʜʝ T1(x, t), T2(x, t) ï ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʫ ʽ ʚʫʛʽʣʣʷ ʚʽʜʧʦʚʽʜʥʦ; ia
c

l

g
=  ï ʢʦʝʬʽʮʽʻʥʪ 

ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʽʜʥʦʩʪʽ; ɔi ï ʱʽʣʴʥʽʩʪʴ ʩʝʨʝʜʦʚʠʱʘ; ɚi ï ʢʦʝʬʽʮʽʻʥʪ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, ci ï ʧʠʪʦʤʘ ʪʝʧʣʦʻʤʥʽʩʪʴ; i ï 1 ï ʚʝʣʠʯʠʥʠ, ʱʦ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ 

ʛʘʟʫ, ʘ i ï 2 ï ʜʦ ʚʫʛʽʣʣʷ. 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʚ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʽʩʥʫʻ ʣʠʰʝ ʚʫʛʽʣʣʷ, ʧʦʯʘʪʢʦʚʘ 

ʫʤʦʚʘ ʟʘʧʠʰʝʪʴʩʷ ʫ ʚʠʛʣʷʜʽ: 

2 0( , 0) .T x T=      (3.22) 

ʂʨʘʡʦʚʽ ʫʤʦʚʠ ʟʘʜʘʯʽ ʩʬʦʨʤʫʣʶʻʤʦ ʪʘʢʠʤ ʯʠʥʦʤ: 

1(0,  ) ;ʨT t T=      (3.23) 

2 0( , ) .T t T¤ =      (3.24) 
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ʅʘ ʤʝʞʽ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʚʠʢʦʥʫʶʪʴʩʷ ʫʤʦʚʠ ʉʪʝʬʘʥʘ: 

 

1 20 0
( ,  ) ( ,  ) ;ʛx S x S

T x t T x t T
= - = +
= =          (3.25) 

2 1
2 1

0 0

( , ) ( , )
,

x S x S

T x  t T x  t dS
Q

x x dt
l l g

= + = -

µ µ
- = Ö

µ µ
         (3.26) 

ʜʝ Q ï ʧʠʪʦʤʘ ʪʝʧʣʦʪʘ ʟʛʦʨʷʥʥʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʜʘʯʘ ʟʥʘʭʦʜʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ 

T2(x, t), ʪʝʤʧʝʨʘʪʫʨʠ ʛʘʟʫ T1(x, t) ʚʽʜ ʜʦʚʞʠʥʠ S(t) ʧʝʨʝʤʽʱʝʥʥʷ ʤʝʞʽ ʬʘʟʦʚʦʛʦ 

ʧʝʨʝʭʦʜʫ ʧʦʣʷʛʘʻ ʚ ʽʥʪʝʛʨʫʚʘʥʥʽ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ 

(3.20) ʽ (3.21) ʟ ʧʦʯʘʪʢʦʚʦʶ ʫʤʦʚʦʶ (3.22), ʟ ʢʨʘʡʦʚʠʤʠ ʫʤʦʚʘʤʠ (3.23) ʽ (3.24) 

ʪʘ ʫʤʦʚʘʤʠ ʉʪʝʬʘʥʘ ʥʘ ʤʝʞʽ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ (3.25) ʽ (3.26). 

ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʯʠʩʝʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ɹʦʣʴʮʤʘʥʘ 
x

t
J=  ʨʽʚʥʷʥʥʷ (3.20)  ̔ (3.21) ʧʨʠʚʦʜʠʤʦ ʜʦ ʟʚʠʯʘʡʥʠʭ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʜʣʷ ʬʫʥʢʮʽʾ T1( )ᵻ, T2( )ᵻ: 

2

2

( , ) 1
0

2

i i
i

d T x t dT
a

dd
J
JJ

+ =, i = 1, 2.       (3.27) 

ʅʘʜʘʣʽ ʟʨʦʙʠʤʦ ʟʘʤʽʥʫ i
i

dT

d
q

J
= , i = 1, 2, ʪʦʜʽ ʨʽʚʥʷʥʥʷ (3.27) ʧʨʠʡʤʘʶʪʴ 

ʚʠʛʣʷʜ: 

1 1

2

i

i i

d

d a

q
J

q J
=- , i = 1, 2.    (3.28) 

ʈʦʟʚôʷʟʫʚʘʥʥʷ ʟʚʠʯʘʡʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ (3.28) ʤʘʻ ʚʠʛʣʷʜ: 

2

( ) exp ,
4

i i

i

B
a

J
q J

å õ
= -æ ö

ç ÷
     (3.29) 

ʜʝ Bi ï ʥʝʚʽʜʦʤʘ ʩʪʘʣʘ. 

ɯʥʪʝʛʨʫʶʯʠ (3.29), ʟʥʘʭʦʜʠʤʦ ʟʘʛʘʣʴʥʽ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʨʽʚʥʷʥʥʷ (3.27): 
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2

0

( ) exp ,
4 2

i i i i i

i i

T A B  d A B erf
a a

J V J
J V

å õå õ
= + - = +æ öñ æ ö æ ö

ç ÷ ç ÷

      (3.30) 

ʜʝ ɸi ï ʥʝʚʽʜʦʤʘ ʩʪʘʣʘ; 
2

0

2
( ) exp( )

z

erf z  dV V
p

= -ñ  ï ʬʫʥʢʮʽʷ ʧʦʤʠʣʦʢ. 

ɿʦʢʨʝʤʘ ʬʫʥʢʮʽʷ ʧʦʤʠʣʦʢ ʟʘʜʦʚʦʣʴʥʷʻ ʫʤʦʚʘʤ: 

erf(0) = 0, erf(Ð) =1.         (3.31) 

ʇʦʚʝʨʪʘʶʯʠʩʴ ʜʦ ʟʤʽʥʥʠʭ x, t ʨʽʰʝʥʥʷ ʨʽʚʥʷʥʴ (3.20) ʽ (3.21) ʟʘʧʠʰʫʪʴʩʷ ʫ 

ʚʠʛʣʷʜʽ: 

1 1 1

1

( , ) ;
2

x
T x t A B erf

t

å õ
= + Öæ ö

aç ÷

   (3.32) 

2 2 2

2

( , ) ,
2

x
T x t A B erf

t

å õ
= + Öæ ö

aç ÷

   (3.33) 

ʜʝ 1 1.aa=  

ɿ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ (3.23) ʽ (3.24), ʟ ʫʨʘʭʫʚʘʥʥʷʤ (3.31), ʦʪʨʠʤʫʻʤʦ: 

A1 = Tp;      (3.34) 

ɸ1 + ɺ2= T0.      (3.35) 

ɿ ʫʤʦʚʠ (3.25) ʥʘ ʤʝʞʽ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʤʘʻʤʦ: 

1 1

1

( )
;

2
ʛ

S t
A B erf T

ta

å õ
+ Ö =æ ö

ç ÷

    (3.36) 

2 2

2

( )
.

2
ʛ

S t
A B erf T

ta

å õ
+ Ö =æ ö

ç ÷

    (3.37) 

ʂʦʞʥʘ ʟ ʮʠʭ ʫʤʦʚ (3.36) ʽ (3.37) ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʥʘʥʘ ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ t > 0 

ʣʠʰʝ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʘʨʛʫʤʝʥʪ ʬʫʥʢʮʽʾ erf(x) ʚ ʮʠʭ ʨʽʚʥʷʥʥʷʭ ʥʝ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʯʘʩʫ. ɸʣʝ ʮʝ ʤʦʞʣʠʚʦ, ʷʢʱʦ ( )S t tb= Ö, ʜʝ ɓ ï ʥʝʚʽʜʦʤʘ ʩʪʘʣʘ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟ ʪʦʯʥʽʩʪʶ ʜʦ ʜʝʷʢʦʾ ʢʦʥʩʪʘʥʪʠ ɓ ʚʠʟʥʘʯʝʥʦ ʟʘʢʦʥ ʨʫʭʫ S(t) 

ʤʝʞʽ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ: 

( ) .S t tb= Ö      (3.38) 
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ɿʚʽʜʩʠ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦ ʬʦʨʤʫʣʽ 
( )

( ) .
dS t

v t
dt

=   

ʇʽʜʩʪʘʚʣʷʶʯʠ (3.38) ʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (3.36) ʽ (3.37) ʦʪʨʠʤʫʻʤʦ: 

1 1

1

;
2

ʛA B erf T
b

a

å õ
+ Ö =æ ö

ç ÷
     (3.39) 

2 2

2

.
2

ʛA B erf T
b

a

å õ
+ Ö =æ ö

ç ÷
     (3.40) 

ʊʝʧʝʨ ʽʟ ʨʽʚʥʦʩʪʝʡ (3.34), (3.35) ʽ (3.39), (3.40) ʟʥʘʭʦʜʠʤʦ ʯʦʪʠʨʠ 

ʢʦʥʩʪʘʥʪʠ ɸ̔, ɺ̔, ̔  = 1, 2: 

1 ;pA T=             (3.41) 

1

1

;

2

ʛ ʨT T
B

erf
b

a

-
=

å õ
æ ö
ç ÷

         (3.42) 

0

2
2

2

2
;

1
2

ʛT erf T

A

erf

b

a

b

a

å õ
-æ ö

ç ÷=
å õ

-æ ö
ç ÷

            (3.43) 

0
2

2

.

1
2

ʛT T
B

erf
b

a

-
=

å õ
-æ ö

ç ÷

           (3.44) 

ʑʦʙ ʚʠʟʥʘʯʠʪʠ ʢʦʥʩʪʘʥʪʫ ɓ ʪʨʝʙʘ ʩʢʦʨʠʩʪʘʪʠʩʷ ʫʤʦʚʦʶ ʥʘ ʤʝʞʽ ʬʘʟʦʚʦʛʦ 

ʧʝʨʝʭʦʜʫ (3.26) ʪʘ ʚʨʘʭʦʚʫʶʯʠ ʚʽʜʦʤʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

()
( )22

exp ,
derf z

z
dz

= -
p

     (3.45) 

ʦʪʨʠʤʫʻʤʦ ʪʨʘʥʩʮʝʥʜʝʥʪʥʝ ʨʽʚʥʷʥʥʷ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ɓ:  

()

( ) ( )
2 2

1 2 0

1 2

2

1 2
1 2

exp exp
2 2

0.
2

1
2 2

ʛ p ʛT T T T

Q
F

erf erf

è ø è øå õ å õ
é ù é ù- - - -æ ö æ ö
é ù é ùç ÷ ç ÷ê ú ê ú= - - =

å õ å õå õ
Ö - Öæ ö æ öæ ö
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ʆʪʞʝ, ʪʝʤʧʝʨʘʪʫʨʠ T1(x, t), T2(x, t) ʛʘʟʫ ʽ ʚʫʛʽʣʣʷ ʚʽʜʧʦʚʽʜʥʦ ʙʫʜʫʪʴ 

ʦʙʯʠʩʣʶʚʘʪʠʩʴ ʟʘ ʬʦʨʤʫʣʘʤʠ: 

( )1

1

1

, ;
2

2

ʛ ʨ

p

T T x
T x  t T erf

t
erf

- å õ
= + Öæ ö

å õ ç ÷
æ ö
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ab

a

     (3.47) 

0 < x < S(t); 
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   (3.48) 

x > S(t), 

ʜʝ ɸ̔, ɺ̔,  ̔= 1, 2 ʦʙʯʠʩʣʶʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ (3.41) ï (3.44); ɓ ʟʥʘʭʦʜʠʪʴʩʷ ʟ 

ʨʦʟʚôʷʟʫʚʘʥʥʷ ʪʨʘʥʩʮʝʥʜʝʥʪʥʦʛʦ ʨʽʚʥʷʥʥʷ (3.46). 

ʂʦʨʝʥʽ ɓ ʪʨʘʥʩʮʝʥʜʝʥʪʥʦʛʦ ʨʽʚʥʷʥʥʷ (3.46) ʟʥʘʭʦʜʷʪʴʩʷ ʤʝʪʦʜʦʤ 

ʅʴʶʪʦʥʘ-ʈʘʬʩʦʥʘ, ʷʢʠʡ ʤʘʻ ʢʚʘʜʨʘʪʠʯʥʫ ʟʙʽʞʥʽʩʪʴ. ʇʦʩʣʽʜʦʚʥʽ ʥʘʙʣʠʞʝʥʥʷ ʟʘ 

ʤʝʪʦʜʦʤ ʅʴʶʪʦʥʘ-ʈʘʬʩʦʥʘ ʦʙʯʠʩʣʶʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

( )
( )1 ,n

n n
n

F

dF

d

+= -
b

b b
b

b

          (3.49) 

ʜʝ F(ɓ) ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ (3.46). 

ʈʦʟʛʣʷʥʝʤʦ ʧʨʠʢʣʘʜ ʧʨʦʚʝʜʝʥʥʷ ʯʠʩʝʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘ ʟʘʜʘʥʠʭ 

ʟʥʘʯʝʥʴ, ʷʢʽ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 3.1. 
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ʊʘʙʣʠʮʷ 3.1 ï ɺʠʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ 

ʇʘʨʘʤʝʪʨʠ ɻʘʟ ɺʫʛʽʣʣʷ 

ʊʝʤʧʝʨʘʪʫʨʘ  
T1, Üʉ T2, Üʉ 

1400 800 

ʇʦʯʘʪʢʦʚʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʫʛʽʣʣʷ 
T0, Üʉ 

38 

ʑʽʣʴʥʽʩʪʴ ʩʝʨʝʜʦʚʠʱʘ 
ɔ1, ʢʛ/ʤ

3 ɔ2, ʢʛ/ʤ
3 

0,66 1340 

ʂʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ 
ɚ1, ɼʞ/(ʤĀʩĀʛʨʘʜ) ɚ2, ɼʞ/(ʤĀʩĀʛʨʘʜ) 

0,035 0,1 

ʇʠʪʦʤʘ ʪʝʧʣʦʻʤʥʽʩʪʴ 
c1, ɼʞ/ʢʛĿʂ c2, ɼʞ/ʢʛĿʂ 

2260 1100,00 

ʇʠʪʦʤʘ ʪʝʧʣʦʪʘ ʟʛʦʨʷʥʥʷ 
Q, ʢɼʞ/ʢʛ 

27000 

ʊʨʠʚʘʣʽʩʪʴ ʛʘʟʠʬʽʢʘʮʽʾ 
t, ʛʦʜ 

0 ï 100 

 

ɿ ʨʦʟʚôʷʟʘʥʥʷ ʪʨʘʥʩʮʝʥʜʝʥʪʥʦʛʦ ʨʽʚʥʷʥʥʷ (3.49) ʧʨʠ ʚʠʙʨʘʥʠʭ ʯʠʩʣʦʚʠʭ 

ʧʘʨʘʤʝʪʨʘʭ ʙʫʣʦ ʟʥʘʡʜʝʥʦ, ʱʦ ɓ = 1,04 10-4. ʅʘ ʨʠʩ. 3.4 ʥʘʚʝʜʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʟʤʽʥʠ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʚ ʩʝʨʝʜʦʚʠʱʽ çʚʫʛʽʣʣʷ ï ʛʝʥʝʨʘʪʦʨʥʠʡ ʛʘʟè. ʊʨʠʚʘʣʽʩʪʴ 

ʚʝʜʝʥʥʷ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ t = 0 ï 100 ʛʦʜ. ʇʨʠ ʮʴʦʤʫ ʤʝʞʘ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ 

S(100) = 0,0624. 
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ʈʠʩʫʥʦʢ 3.4 ï ɿʘʣʝʞʥʽʩʪʴ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʩʝʨʝʜʦʚʠʱʘ çʚʫʛʽʣʣʷ ï

 ʛʝʥʝʨʘʪʦʨʥʠʡ ʛʘʟè ʚʽʜ ʜʦʚʞʠʥʠ ʟʦʥʠ ʛʘʟʠʬʽʢʘʮʽʾ 

 

ɸʥʘʣʽʟ ʟʘʣʝʞʥʦʩʪʽ, ʥʘʚʝʜʝʥʦʾ ʥʘ ʨʠʩ. 3.4, ʚʢʘʟʫʻ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʥʝ ʧʦʣʝ ʚ 

ʩʝʨʝʜʦʚʠʱʽ çʚʫʛʽʣʣʷ ï ʛʘʟè ʟʤʽʥʶʻʪʴʩʷ ʣʽʥʽʡʥʦ ʟ ʦʜʥʠʤ ʢʫʪʦʤ ʥʘʭʠʣʫ ʜʦ ʤʝʞʽ 

ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʽ ʟ ʽʥʰʠʤ ʢʫʪʦʤ ʥʘʭʠʣʫ ʧʽʩʣʷ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʫʤʦʚʘʤ 
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ʉʪʝʬʘʥʘ (3.25) ʽ (3.26). ʇʨʠ ʮʴʦʤʫ ʤʝʞʘ ʬʘʟ ʩʝʨʝʜʦʚʠʱʘ çʚʫʛʽʣʣʷ ï ʛʘʟè 

ʦʧʠʩʫʻʪʴʩʷ ʚʽʪʢʦʶ ʧʘʨʘʙʦʣʠ ʚʽʜ ʪʨʠʚʘʣʦʩʪʽ ʛʘʟʠʬʽʢʘʮʽʾ (ʨʠʩ. 3.5). 
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ʊʨʠʚʘʣʽʩʪʴ ʛʘʟʠʬʽʢʘʮʽʾ, ʛʦʜ 
ʈʠʩʫʥʦʢ 3.5 ï ɿʘʣʝʞʥʽʩʪʴ ʟʤʽʥʠ ʤʝʞʽ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ  

ʚʽʜ ʪʨʠʚʘʣʦʩʪʽ ʛʘʟʠʬʽʢʘʮʽʾ 

 

ʇʘʨʘʙʦʣʽʯʥʠʡ ʭʘʨʘʢʪʝʨ ʮʽʻʾ ʟʘʣʝʞʥʦʩʪʽ ʧʽʜʢʨʝʩʣʶʻ ʚʘʞʣʠʚʽʩʪʴ ʪʘʢʠʭ 

ʟʤʽʥʥʠʭ, ʷʢ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʨʝʞʠʤ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʽ ʬʽʟʠʢʦ-

ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʫʛʽʣʣʷ. ʅʘʷʚʥʽʩʪʴ ʚʠʩʦʢʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʫ ʚʦʛʥʝʚʦʤʫ ʚʠʙʦʾ 

ʪʘ ʚʠʩʦʢʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʩʧʨʠʷʻ ʙʽʣʴʰ ʰʚʠʜʢʦʤʫ ʧʝʨʝʤʽʱʝʥʥʶ 

ʤʝʞʽ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʨʠʩʢʦʨʝʥʥʷ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ 

ʚʫʛʽʣʣʷ. ɿʦʢʨʝʤʘ, ʚʠʩʦʢʽ ʪʝʤʧʝʨʘʪʫʨʠ ʫ ʚʦʛʥʝʚʦʤʫ ʚʠʙʦʾ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʝʬʝʢʪʠʚʥʠʡ ʪʝʧʣʦʧʝʨʝʥʦʩ, ʱʦ ʜʘ̒ ʟʤʦʛʫ ʰʚʠʜʰʝ ʜʦʩʷʛʘʪʠ ʫʤʦʚ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ 

ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ. ʎʝ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʧʽʜʚʠʱʫʻ ʰʚʠʜʢʽʩʪʴ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ, 

ʪʘʢʠʭ ʷʢ ʦʢʠʩʣʝʥʥʷ ʽ ʚʽʜʥʦʚʣʝʥʥʷ, ʷʢʽ ʻ ʢʣʶʯʦʚʠʤʠ ʚ ʧʨʦʮʝʩʽ ʫʪʚʦʨʝʥʥʷ ʩʠʥʪʝʟ-

ʛʘʟʫ. ɺʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ ʻ ʪʘʢʦʞ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʫʛʽʣʣʷ, ʚʢʣʶʯʥʦ 

ʟ ʡʦʛʦ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ, ʪʝʧʣʦʻʤʥʽʩʪʶ ʽ ʩʢʣʘʜʦʤ. ʎʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʠʟʥʘʯʘʶʪʴ, 

ʥʘʩʢʽʣʴʢʠ ʝʬʝʢʪʠʚʥʦ ʚʫʛʽʣʣʷ ʤʦʞʝ ʧʦʛʣʠʥʘʪʠ ʽ ʧʨʦʚʦʜʠʪʠ ʪʝʧʣʦ, ʘ ʪʘʢʦʞ ʷʢ 

ʰʚʠʜʢʦ ʤʦʞʫʪʴ ʧʨʦʭʦʜʠʪʠ ʭʽʤʽʯʥʽ ʨʝʘʢʮʽʾ. 
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3.3 ɸʜʘʧʪʘʮʽʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʪʝʧʣʦʦʙʤʽʥʫ  

ʧʨʦʮʝʩʫ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ 

ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʥʘ ʦʩʥʦʚʽ ʨʦʟʚôʷʟʘʥʥʷ 

ʪʨʘʥʩʮʝʥʜʝʥʪʥʦʛʦ ʨʽʚʥʷʥʥʷ (3.49) ʟʘʣʝʞʥʦ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ 

ʩʬʦʨʤʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ Tʛ, Tʨ, ʢʦʝʬʽʮʽʻʥʪʘ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ɚ, ʧʠʪʦʤʦʾ ʪʝʧʣʦʻʤʥʦʩʪʽ ʘ ʪʘ ʦʙôʻʤʥʦʾ ʚʘʛʠ ʚʫʛʽʣʣʷ ɔ ʽ ʡʦʛʦ 

ʧʠʪʦʤʦʾ ʪʝʧʣʦʪʠ ʟʛʦʨʷʥʥʷ ʚʠʟʥʘʯʝʥʦ ʢʦʝʬʽʮʽʻʥʪ ɓ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ 

ʧʨʦʧʦʨʮʽʡʥʽʩʪʴ ʤʽʞ ʜʦʚʞʠʥʦʶ ʧʝʨʝʤʽʱʝʥʥʷ ʤʝʞʽ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ çʚʫʛʽʣʣʷ ï 

ʛʘʟè ʚʽʜ ʯʘʩʫ t ʛʘʟʠʬʽʢʘʮʽʾ. ɺʠʟʥʘʯʝʥʥʷ ʮʴʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʜʘ̒  ʟʤʦʛʫ ʚʩʪʘʥʦʚʠʪʠ 

ʰʚʠʜʢʽʩʪʴ ʟʤʽʥʠ ʘʛʨʝʛʘʪʥʦʛʦ ʩʪʘʥʫ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʩʠʩʪʝʤʠ ʟʘ ʜʦʚʞʠʥʦʶ 

ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʙʘʣʘʥʩʦʚʘʥʽʩʪʶ ʤʽʞ ʦʢʠʩʣʶʚʘʣʴʥʦʶ ʪʘ 

ʚʽʜʥʦʚʣʶʚʘʣʴʥʦʶ ʟʦʥʘʤʠ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ.  

ɿʘ ʦʩʥʦʚʫ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʧʦ ʧʠʪʦʤʽʡ ʚʘʟʽ ʚʫʛʽʣʣʷ ɔ ʪʘ ʧʠʪʦʤʽʡ ʪʝʧʣʦʪʽ 

ʟʛʦʨʷʥʥʷ Q ʧʨʠʡʥʷʪʦ ʛʽʨʥʠʯʦ-ʛʝʦʣʦʛʽʯʥʽ ʫʤʦʚʠ ʟʘʣʷʛʘʥʥʷ ʚʫʛʽʣʣʷ ʧʣʘʩʪʘ ʩ6 ʤʘʨʢʠ 

ɻ ʜʽʣʷʥʢʠ çʉʦʣʝʥʽʚʩʴʢʘè ɼʦʥʝʮʴʢʦʛʦ ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʛʦ ʙʘʩʝʡʥʫ (ʜʽʣʷʥʢʘ 2ɸ). 

ɺʫʛʽʣʣʷ ʧʣʘʩʪʘ ʻ ʤʘʣʦʟʦʣʴʥʠʤ ʪʘ ʤʘʣʦʩʽʨʯʘʥʠʤ. ʊʝʧʣʦʪʘ ʟʛʦʨʷʥʥʷ ʛʦʨʶʯʦʛʦ 

ʧʘʣʠʚʘ ʟʤʽʥʶʻʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 32,7 ʜʦ 35,4 ʄɼʞ/ʢʛ ʽʟ ʩʝʨʝʜʥʽʤ ʟʥʘʯʝʥʥʷʤ 

32,2 ʄɼʞ/ʢʛ. ʅʘʡʥʠʞʯʘ ʪʝʧʣʦʪʘ ʟʛʦʨʷʥʥʷ ʩʪʘʥʦʚʠʪʴ 30,1 ʄɼʞ/ʢʛ. 

ɹʝʟʧʦʩʝʨʝʜʥʷ ʧʦʢʨʽʚʣʷ ʧʣʘʩʪʘ ʧʝʨʝʚʘʞʥʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʛʣʠʥʠʩʪʠʤʠ 

ʩʣʘʥʮʷʤʠ: ʱʽʣʴʥʠʤʠ, ʩʝʨʝʜʥʴʦʾ ʤʽʮʥʦʩʪʽ, ʟ ʜʦʤʽʰʢʘʤʠ ʧʽʱʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ɻʣʠʥʠʩʪʠʡ ʩʣʘʥʝʮʴ ʫ ʜʝʷʢʠʭ ʛʨʘʥʠʮʷʭ ʟʘʤʽʥʝʥʠʡ ʰʘʨʫʚʘʪʠʤ ʧʽʱʘʥʠʩʪʠʤ 

ʩʣʘʥʮʝʤ ʩʝʨʝʜʥʴʦʾ ʘʙʦ ʤʘʣʦʾ ʪʚʝʨʜʦʩʪʽ. ʗʢʽʩʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʚʫʛʽʣʣʷ ʧʣʘʩʪʘ 

ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 3.2. 

 

ʊʘʙʣʠʮʷ 3.2 ï ʇʦʪʫʞʥʽʩʪʴ, ʛʣʠʙʠʥʘ ʟʘʣʷʛʘʥʥʷ ʪʘ ʟʘʧʘʩʠ ʧʦ ʧʣʘʩʪʫ 

ʚ ʤʝʞʘʭ ʜʽʣʷʥʢʠ 2ɸ 

ʅʦʤʝʨ 

ʜʽʣʷʥʢʠ 

ɻʣʠʙʠʥʘ 

ʟʘʣʷʛʘʥʥʷ, ʤ 
ʇʦʪʫʞʥʽʩʪʴ, ʤ 

ʆʙôʻʤʥʘ ʤʘʩʘ, 

ʪ/ʤ3 

ɿʘʧʘʩʠ 

ʚʫʛʽʣʣʷ, ʪʠʩ. ʪ 

2ɸ 
70 ï 239 

172 

0,4 ï 0,55 

0,5 
1,25 305,25 
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ʆʩʥʦʚʥʘ ʧʦʢʨʽʚʣʷ ʧʣʘʩʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʝʨʝʚʘʞʥʦ ʧʽʱʘʥʠʩʪʠʤ ʩʣʘʥʮʝʤ, 

ʛʦʨʠʟʦʥʪʘʣʴʥʦ-ʰʘʨʫʚʘʪʠʤ, ʤʦʥʦʣʽʪʥʠʤ, ʩʝʨʝʜʥʴʦʾ ʩʪʽʡʢʦʩʪʽ. ɹʝʟʧʦʩʝʨʝʜʥʴʦʶ ʪʘ 

ʦʩʥʦʚʥʦʶ ʧʽʜʦʰʚʦʶ ʧʣʘʩʪʘ ʻ ʧʝʨʝʚʘʞʥʦ ʛʣʠʥʠʩʪʽ ʪʘ ʧʽʱʘʥʠʩʪʽ ʩʣʘʥʮʽ, 

ʛʦʨʠʟʦʥʪʘʣʴʥʦ-ʰʘʨʫʚʘʪʽ, ʱʽʣʴʥʽ, ʩʝʨʝʜʥʴʦʾ ʩʪʽʡʢʦʩʪʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʨʦʜʠ, ʱʦ 

ʚʤʽʱʫʶʪʴ ʧʣʘʩʪ, ʤʦʞʥʘ ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʷʢ ʩʣʘʙʢʦ- ʪʘ ʩʝʨʝʜʥʴʦʩʪʽʡʢʽ, ʟʘ 

ʚʠʥʷʪʢʦʤ ʟʦʥ ʧʽʜʚʠʱʝʥʦʾ ʪʨʽʱʠʥʫʚʘʪʦʩʪʽ ʧʦʙʣʠʟʫ ʪʝʢʪʦʥʽʯʥʠʭ ʧʦʨʫʰʝʥʴ. 

ʃʘʙʦʨʘʪʦʨʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʚʩʪʘʥʦʚʣʝʥʦ ʧʘʨʘʤʝʪʨʠ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʫ ʧʣʦʱʠʥʽ ʢʦʥʪʘʢʪʫ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ ʷʢ ʥʘʜ ʚʦʛʥʝʚʠʤ 

ʚʠʙʦʻʤ, ʪʘʢ ʽ ʫ ʚʠʛʘʟʦʚʘʥʦʤʫ ʧʨʦʩʪʦʨʽ [26]. ʉʭʝʤʫ ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʠʭ 

ʜʘʪʯʠʢʽʚ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.6. 

 

ʇʦʨʦʜʠ ʧʦʢʨʽʚʣʽ

ɺʫʛʽʣʴʥʠʡ ʧʣʘʩʪ

ʇʦʨʦʜʠ ʧʽʜʦʰʚʠ

0
1, ʤ

0 2 ,
ʤ

0
2 
,
ʤ

0
2 
,
ʤ

0
2 
,
ʤ

0 2 ,
ʤ

0 1 ,
ʤ
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A
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A
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B
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0 05,0 05,

2

1 3  

ʈʠʩʫʥʦʢ 3.6 ï ʉʭʝʤʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʜʘʪʯʠʢʽʚ 

 

ʋ ʧʨʦʮʝʩʽ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʬʦʨʤʫʚʘʥʥʷ ʘʢʪʠʚʥʠʭ ʟʦʥ ʪʘ ʪʝʧʣʦʚʘ 

ʽʥʪʝʥʩʠʬʽʢʘʮʽʷ ʧʨʦʮʝʩʫ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʦʜʘʯʝʶ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ ʥʘ çʜʟʝʨʢʘʣʦè 

ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ. ɼʣʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʫʤʦʚ ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʧʦʚʽʪʨʷʥʫ 

ʜʫʪʪʴʦʚʫ ʩʫʤʽʰ. ɺʤʽʩʪ ʢʠʩʥʶ ʩʢʣʘʜʘʚ 21%. ʉʝʨʝʜʥʽʡ ʪʠʩʢ ʧʦʜʘʯʽ ʩʫʤʽʰʽ ʩʢʣʘʚ 

0,24 ʄʇʘ. ʎʝ ʜʘʣʦ ʟʤʦʛʫ ʩʬʦʨʤʫʚʘʪʠ ʟʦʥʠ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʟʘ ʜʦʚʞʠʥʦʶ 

ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʟʤʽʥʦʶ ʪʝʤʧʝʨʘʪʫʨ ʫ ʧʣʦʱʠʥʽ ʢʦʥʪʘʢʪʫ 

ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ ʟ ʙʝʟʧʦʩʝʨʝʜʥʴʦʶ ʧʦʢʨʽʚʣʝʶ (ʨʠʩ. 3.7). 
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ɼʦʚʞʠʥʘ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ,  ʤl,  

ʈʠʩʫʥʦʢ 3.7 ï ʇʘʨʘʤʝʪʨʠ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨ ʫ ʧʣʦʱʠʥʽ ʢʦʥʪʘʢʪʫ 

ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ ʪʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦʾ ʧʦʢʨʽʚʣʽ ʧʨʠ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷʥʦʾ ʜʫʪʪʴʦʚʦʾ 

ʩʫʤʽʰʽ: 1 ï 6 ï ʨʷʜʠ ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʝʨʤʦʧʘʨ ʟʘ ʜʦʚʞʠʥʦʶ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ; 

0 ʤ ï 0,8 ʤ ï ʚʽʜʧʦʚʽʜʥʦ ʪʦʯʢʠ ʧʦʣʦʞʝʥʥʷ ʜʫʪʪʴʦʚʦʾ ʪʘ ʛʘʟʦʚʽʜʚʽʜʥʦʾ ʩʚʝʨʜʣʦʚʠʥ 

 

ʄʘʢʩʠʤʫʤ ʪʝʤʧʝʨʘʪʫʨ ʩʧʦʩʪʝʨʽʛʘʚʩʷ ʥʘ ʚʽʜʩʪʘʥʽ 0,25 ʤ ʚʽʜ ʜʫʪʪʴʦʚʦʾ 

ʩʚʝʨʜʣʦʚʠʥʠ ʽ ʨʦʟʧʦʚʩʶʜʞʫʚʘʚʩʷ ʥʘ 0,1 ʤ ʟ ʦʙʦʭ ʙʦʢʽʚ. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʬʦʨʤʫʚʘʥʥʷ ʧʝʨʝʭʽʜʥʦʾ ʟʦʥʠ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʚʽʜ 

ʝʢʟʦʪʝʨʤʽʯʥʠʭ ʜʦ ʝʥʜʦʪʝʨʤʽʯʥʠʭ. ɺʦʜʥʦʯʘʩ ʧʨʠ ʨʫʩʽ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ ʫ 

ʥʘʧʨʷʤʢʫ ʩʪʦʚʧʘ ʛʘʟʠʬʽʢʘʮʽʾ ʬʫʥʢʮʽʷ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ 

t(lʩʪ) ʥʘʙʣʠʞʝʥʘ ʜʦ ʣʽʥʽʡʥʦʾ (ʨʠʩ. 3.8).  
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ʈʠʩʫʥʦʢ 3.8 ï ɿʘʣʝʞʥʦʩʪʽ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʧʦʚʝʨʭʥʽ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ 

 ʟʘ ʜʦʚʞʠʥʦʶ ʩʪʦʚʧʘ ʛʘʟʠʬʽʢʘʮʽʾ: ɸ ï ɽ ï ʨʷʜʠ ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʝʨʤʦʧʘʨ  

ʟʘ ʜʦʚʞʠʥʦʶ ʩʪʦʚʧʘ ʛʘʟʠʬʽʢʘʮʽʾ 
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ɿʘ ʥʘʚʝʜʝʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʣʘʙʦʨʘʪʦʨʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʦʪʨʠʤʘʥʽ 

ʚʽʜʧʦʚʽʜʥʽ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ ʜʣʷ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘ ʜʦʚʞʠʥʦʶ ʩʪʦʚʧʘ 

ʛʘʟʠʬʽʢʘʮʽʾ ʪʘ ʟʦʥʦʶ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ: 

ï ʦʢʠʩʣʶʚʘʣʴʥʘ ʟʦʥʘ 

t = 787 + 573 lʩʪ., ÜC; 

ï ʧʝʨʝʭʽʜʥʘ ʟʦʥʘ 

t = 950 + 547 lʩʪ., ÜC; 

ï ʚʽʜʥʦʚʣʶʚʘʣʴʥʘ ʟʦʥʘ 

t = 727 + 567 lʩʪ., ÜC. 

ɸʥʘʣʽʟ ʨʽʚʥʷʥʴ ʨʝʛʨʝʩʽʾ ʚʢʘʟʫʻ ʥʘ ʥʘʡʙʽʣʴʰʠʡ ʧʨʠʨʽʩʪ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘ 

ʦʜʠʥʠʮʶ ʜʦʚʞʠʥʠ ʩʪʦʚʧʘ ʛʘʟʠʬʽʢʘʮʽʾ, ʱʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʦʢʠʩʣʶʚʘʣʴʥʽʡ ʟʦʥʽ, 

ʷʢʠʡ ʚʢʘʟʫʻ ʥʘ ʽʥʪʝʥʩʠʚʥʠʡ ʭʘʨʘʢʪʝʨ ʨʝʘʢʮʽʡ ʦʢʠʩʣʝʥʥʷ. ʆʪʞʝ, ʦʪʨʠʤʘʥʘ ʥʠʟʢʘ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʫ ʢʦʞʥʽʡ ʟʦʥʽ ʜʘʻ ʟʤʦʛʫ ʧʨʦʛʥʦʟʫʚʘʪʠ ʪʝʤʧʝʨʘʪʫʨʫ 

ʛʘʟʠʬʽʢʘʮʽʾ ʫ ʚʦʛʥʝʚʦʤʫ ʚʠʙʦʾ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʧʨʦʚʝʜʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ 

ʢʦʥʪʨʦʣʶ ʧʦʜʘʯʽ ʜʫʪʪʷ ʪʘ ʡʦʛʦ ʪʠʩʢʫ ʜʣʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʧʨʦʪʽʢʘʥʥʷ ʭʽʤʽʯʥʠʭ 

ʨʝʘʢʮʽʡ ʫ ʚʦʛʥʝʚʦʤʫ ʚʠʙʦʾ. 

ɿ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʨʠʩ. 3.8 ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʟʘ ʜʦʚʞʠʥʦʶ ʩʪʦʚʧʘ 

ʛʘʟʠʬʽʢʘʮʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʽʚʥʦʤʽʨʥʝ ʬʦʨʤʫʚʘʥʥʷ ʪʝʨʤʽʯʥʦʾ ʟʦʥʠ ʧʽʜʟʝʤʥʦʛʦ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. ʇʦʜʘʣʴʰʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʧʘʨʘʤʝʪʨʠ ʟʤʽʥʠ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠ ʨʫʩʽ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ 

ʧʦʣʦʞʝʥʥʽ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ ʧʽʜ ʜʨʫʛʠʤ (ʊ2
ɸ ï ʊ2

E), ʪʨʝʪʽʤ (ʊ3
ɸ ï ʊ3

E) ʪʘ 

ʯʝʪʚʝʨʪʠʤ (ʊ4
ɸ ï ʊ4

E) ʨʷʜʘʤʠ ʚʩʪʘʥʦʚʣʝʥʠʭ ʪʝʨʤʦʧʘʨ. ɼʣʷ ʘʥʘʣʽʟʫ ʜʘʥʠʭ 

ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʧʦʢʘʟʥʠʢʠ, ʦʪʨʠʤʘʥʽ ʚʽʜ ʜʚʦʭ 

ʩʫʩʽʜʥʽʭ ʪʝʨʤʦʧʘʨ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʫ ʢʣʶʯʦʚʠʭ ʪʦʯʢʘʭ ʟʤʦʜʝʣʴʦʚʘʥʦʛʦ ʧʽʜʟʝʤʥʦʛʦ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʟʘʙʝʟʧʝʯʠʚ ʤʦʞʣʠʚʽʩʪʴ ʪʦʯʥʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ 

ʧʦʨʽʚʥʷʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʫ ʨʽʟʥʠʭ ʟʦʥʘʭ ʩʪʦʚʧʘ ʛʘʟʠʬʽʢʘʮʽʾ ʟ ʯʘʩʦʤ. 

ʅʘ ʦʩʥʦʚʽ ʮʠʭ ʜʘʥʠʭ ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʦ ʟʘʣʝʞʥʦʩʪʽ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚʟʜʦʚʞ 

ʜʦʚʞʠʥʠ ʩʪʦʚʧʘ ʛʘʟʠʬʽʢʘʮʽʾ (ʨʠʩ. 3.9), ʱʦ ʜʘʣʦ ʟʤʦʛʫ ʥʝ ʣʠʰʝ ʚʽʜʩʪʝʞʠʪʠ 

ʥʘʧʨʷʤʦʢ ʧʝʨʝʤʽʱʝʥʥʷ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ, ʘʣʝ ʡ ʧʽʜʪʚʝʨʜʠʪʠ ʡʦʛʦ ʚʽʜʧʦʚʽʜʥʽʩʪʴ 
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ʟʘʜʘʥʠʤ ʧʘʨʘʤʝʪʨʘʤ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ (ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʨʝʞʠʤ ʟʦʥ 

ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ, ʰʚʠʜʢʽʩʪʴ ʧʦʩʫʚʘʥʥʷ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ).  
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ʈʠʩʫʥʦʢ 3.9 ï ʎʠʢʣʽʯʥʽʩʪʴ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨ ʫ ʚʫʛʽʣʴʥʦʤʫ ʧʣʘʩʪʽ ʧʨʠ ʧʦʜʘʯʽ 

ʧʦʚʽʪʨʷʥʦʾ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ ʟʘ ʜʦʚʞʠʥʦʶ ʩʪʦʚʧʘ ʛʘʟʠʬʽʢʘʮʽʾ:  

ʊ2
ɸ ï ʊ4

E ï ʥʦʤʝʨʠ ʪʝʨʤʦʧʘʨʠ 

ɿʛʽʜʥʦ ʟ ʧʨʦʚʝʜʝʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤ ʯʝʨʝʟ 30 ʭʚ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ 

ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʧʝʨʰʦʤʫ ʨʷʜʽ ʪʝʨʤʦʧʘʨ (ʊ1
A ï ʊ1

E) ʧʽʜʚʠʱʠʣʘʩʴ ʜʦ 110 ï 150 Üʉ. 

ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʨʫʭ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ ʫ ʥʘʧʨʷʤʢʫ ʜʨʫʛʦʛʦ ʨʷʜʫ ʪʝʨʤʦʧʘʨ ʊ2
A ï ʊ2

E. 

ʄʘʢʩʠʤʫʤ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʜʨʫʛʦʤʫ ʨʷʜʽ ʪʝʤʧʝʨʘʪʫʨ ʩʧʦʩʪʝʨʽʛʘʚʩʷ ʥʘ 2,4 ʛʦʜʠʥʫ 

ʛʘʟʠʬʽʢʘʮʽʾ ʽ ʩʪʘʥʦʚʠʚ 695 ï 902 Üʉ. ɿʚʽʜʩʠ ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʰʚʠʜʢʽʩʪʴ 

ʨʫʭʫ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ ʩʪʘʥʦʚʠʣʘ 0,083 ʤ/ʛʦʜ. ɸʥʘʣʦʛʽʯʥʘ ʩʠʪʫʘʮʽʷ ʱʦʜʦ ʟʤʽʥʠ 

ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ ʩʧʦʩʪʝʨʽʛʘʣʘʩʴ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʤʘʢʩʠʤʫ 

ʪʝʤʧʝʨʘʪʫʨ ʟʘ ʪʨʝʪʽʤ (ʊ3
A ï ʊ3

E) ʪʘ ʯʝʪʚʝʨʪʠʤ ʨʷʜʦʤ ʪʝʨʤʦʧʘʨ (ʊ4
A ï ʊ4

E).  

ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʝʬʝʢʪʠʚʥʘ ʟʤʽʥʘ 

ʘʢʪʠʚʥʠʭ ʟʦʥ (ʦʢʠʩʣʶʚʘʣʴʥʦʾ ʪʘ ʚʽʜʥʦʚʣʶʚʘʣʴʥʦʾ) ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʫ ʧʣʦʱʠʥʽ 

ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ ʨʽʚʥʽ ʪʝʨʤʦʧʘʨ ʊ2
ɺ ï ʊ2

ʉ, ʊ3
ɺ ï ʊ3

ʉ, ʊ4
ɺ ï ʊ4

ʉ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʱʦʜʦ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʫ ʚʫʛʽʣʴʥʦʤʫ ʧʣʘʩʪʽ 

ʩʣʫʛʫʚʘʣʠ ʚʠʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʪʨʘʥʩʮʝʥʜʝʥʪʥʦʛʦ ʨʽʚʥʷʥʥʷ (3.38), ʷʢʝ 

ʜʘʻ ʟʤʦʛʫ ʚʠʟʥʘʯʠʪʠ ʢʦʝʬʽʮʽʻʥʪ ɓ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʧʨʦʧʦʨʮʽʡʥʽʩʪʴ ʬʘʟʦʚʦʛʦ 

ʧʝʨʝʭʦʜʫ ʩʠʩʪʝʤʠ çʚʫʛʽʣʣʷ ï ʛʘʟè ʚʽʜ ʯʘʩʫ ʛʘʟʠʬʽʢʘʮʽʾ. ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʙʫʣʠ ʧʨʠʡʥʷʪʽ ʚʠʭʽʜʥʽ ʜʘʥʽ, ʱʦ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 3.3.  
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ʊʨʠʚʘʣʽʩʪʴ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ ʩʪʘʥʦʚʠʚ ʚʽʜ 50 ʜʦ 200 ʩ ʟ ʢʨʦʢʦʤ ʫ 50 ʩ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʟʘʜʘʚʘʣʘʩʴ ʷʢ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ, ʪʦʙʪʦ (ʊ2
A + 

ʊ3
A + ʊ4

A)/3, (ʊ2
ɺ + ʊ3

ɺ + ʊ4
ɺ)/3, é , (ʊ2

ɽ + ʊ3
ɽ + ʊ4

ɽ)/3. ʍʽʤʽʯʥʽ ʨʝʘʢʮʽʾ ʚ ʟʦʥʽ 

ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʥʘʯʥʠʤ ʚʠʜʽʣʝʥʥʷʤ ʪʝʧʣʘ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ 

ʻ ʝʢʟʦʪʝʨʤʽʯʥʠʤʠ. ɻʘʟ ʤʝʪʘʥ, ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ ʟ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ ʧʦʩʪʫʧʘʻ ʚ 

ʨʝʘʢʮʽʡʥʠʭ ʢʘʥʘʣ ʚ ʟʛʦʨʷʻ. ʇʨʠʩʫʪʥʽʡ ʢʠʩʝʥʴ ʚ ʜʫʪʪʴʦʚʽʡ ʩʫʤʽʰ ʪʘʢʦʞ ʚʩʪʫʧʘʻ ʚ 

ʨʝʘʢʮʽʶ ʟ ʢʠʩʥʝʤ. ʆʪʨʠʤʘʥʠʡ ʯʘʜʥʠʡ ʛʘʟ ʪʘʢʦʞ ʯʘʩʪʢʦʚʦ ʟʛʦʨʘʻ. ɺ ʨʝʟʫʣʴʪʘʪʽ 

ʝʢʟʦʪʝʨʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʫ ʚ ʩʝʨʝʜʦʚʠʱʽ ʧʽʜʟʝʤʥʦʛʦ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʜʦʩʷʛʘʻ 1100 Üʉ [27], [28]. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʘʥʽ ʟ ʪʘʙʣ. 3.3 ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʦʙʯʠʩʣʶʚʘʣʴʥʠʡ 

ʝʢʩʧʝʨʠʤʝʥʪ. ʎʝ ʜʘʣʦ ʟʤʦʛʫ ʦʪʨʠʤʘʪʠ ʜʘʥʽ ʱʦʜʦ ʟʤʽʥʠ ʢʦʝʬʽʮʽʻʥʪʫ 

ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ ɓ ʚʽʜ ʯʘʩʫ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ (ʨʠʩ. 3.10). 
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ʈʠʩʫʥʦʢ 3.10 ï ɿʘʣʝʞʥʽʩʪʴ ʟʤʽʥʠ ʢʦʝʬʽʮʽʻʥʪʫ ɓ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ 

ʧʨʦʧʦʨʮʽʡʥʽʩʪʴ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʩʠʩʪʝʤʠ çʚʫʛʽʣʣʷ ï ʛʘʟè ʚʽʜ ʯʘʩʫ ʛʘʟʠʬʽʢʘʮʽʾ 

 

ɸʥʘʣʽʟ ʜʘʥʠʭ ʨʠʩ. 3.10 ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʬʫʥʢʮʽʷ ʢʦʝʬʽʮʽʻʥʪʫ ɓ, ʷʢʘ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʧʨʦʧʦʨʮʽʡʥʽʩʪʴ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʩʠʩʪʝʤʠ çʚʫʛʽʣʣʷ ï ʛʘʟè ɓ(t) 

ʥʘʙʣʠʞʝʥʘ ʜʦ ʣʽʥʽʡʥʦʾ. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʩʠʩʪʝʤʘ ʧʦʩʪʫʧʦʚʦ ʜʦʩʷʛʘʻ ʩʪʘʥʫ 

ʙʽʣʴʰ ʘʢʪʠʚʥʦʛʦ ʧʝʨʝʭʦʜʫ ʟ ʪʚʝʨʜʦʛʦ ʩʪʘʥʫ (ʚʫʛʽʣʣʷ) ʚ ʛʘʟʦʧʦʜʽʙʥʠʡ (ʛʘʟ). 

ɺʨʘʭʫʚʘʥʥʷ ʮʽʻʾ ʟʘʣʝʞʥʦʩʪʽ ʜʘʻ ʟʤʦʛʫ ʩʧʨʦʛʥʦʟʫʚʘʪʠ ʧʦʢʘʟʥʠʢʠ ʪʝʧʣʦʚʦʾ 

ʝʥʝʨʛʽʾ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʨʽʚʥʦʤʽʨʥʽʩʪʴ ʾʾ ʚʠʪʨʘʪʠ ʪʘ ʤʘʢʩʠʤʘʣʴʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ çʚʫʛʽʣʣʷ ï ʛʘʟè ʫʧʨʦʜʦʚʞ ʚʩʴʦʛʦ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ. 
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3.4 ʈʦʟʨʦʙʢʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʨʦʛʨʽʚʫ ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ 

ʧʨʠ ʧʽʜʟʝʤʥʽʡ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʚ ʛʽʨʩʴʢʦʤʫ 

ʤʘʩʠʚʽ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʜʣʷ ʨʦʟʫʤʽʥʥʷ ʪʝʧʣʦʚʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʮʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʟʤʽʥʠ ʾʭ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʽʜ ʜʽʻʶ ʚʠʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ. ʎʽ ʟʥʘʥʥʷ ʻ ʚʘʛʦʤʠʤʠ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʧʨʦʮʝʩʽʚ ʧʽʜʟʝʤʥʦʾ 

ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ, ʜʝ ʛʽʨʩʴʢʠʡ ʤʘʩʠʚ ʧʽʜʜʘʻʪʴʩʷ ʚʧʣʠʚʫ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. 

ɿʘ ʪʘʢʠʭ ʫʤʦʚ ʛʽʨʩʴʢʠʡ ʤʘʩʠʚ ʤʦʞʝ ʟʘʟʥʘʚʘʪʠ ʟʥʘʯʥʠʭ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʟʤʽʥ, ʷʢʽ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʡʦʛʦ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʘ ʩʘʤʝ ï ʤʽʮʥʽʩʪʴ. 

ʅʝʦʙʭʽʜʥʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʧʨʠ ʧʽʜʟʝʤʥʽʡ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʥʘʷʚʥʽʩʪʴ 

ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ (350 ï 1100 Üʉ) ʟʘ ʟʦʥʘʤʠ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʫ ʚʦʛʥʝʚʦʤʫ 

ʚʠʙʦʾ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʝʨʤʽʯʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʧʦʨʽʜ ʧʽʜʦʰʚʠ ʪʘ ʧʦʢʨʽʚʣʽ 

ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʛʽʨʩʴʢʦʛʦ 

ʤʘʩʠʚʫ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʡʦʛʦ ʦʙôʻʤʫ ʪʘ ʟʤʝʥʰʝʥʥʷʤ ʘʙʦ ʧʽʜʚʠʱʝʥʥʷʤ ʧʦʢʘʟʥʠʢʽʚ 

ʤʽʮʥʦʩʪʽ ʛʽʨʩʴʢʦʾ ʧʦʨʦʜʠ [29]. ʊʘʢ, ʫ ʨʦʙʦʪʽ [30] ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʫ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʧʦʢʨʽʚʣʽ 

ʟʤʦʜʝʣʴʦʚʘʥʦʛʦ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ ʚ ʧʽʜʟʝʤʥʦʤʫ ʛʘʟʦʛʝʥʝʨʘʪʦʨʽ. ɺʩʪʘʥʦʚʣʝʥʦ 

ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘ ʜʦʚʞʠʥʦʶ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ, 

ʧʦʢʘʟʥʠʢʠ ʷʢʦʾ ʥʘ ʨʽʚʥʽ ʨʝʘʢʮʽʡʥʦʛʦ ʢʘʥʘʣʫ ʚ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʧʽʜʦʰʚʽ 

ʢʦʣʠʚʘʶʪʴʩʷ ʚʽʜ 422 ÜC ʟ ʙʦʢʫ ʜʫʪʪʴʦʚʦʾ ʩʚʝʨʜʣʦʚʠʥʠ ʜʦ 365 ÜC ʚ ʙʽʢ 

ʛʘʟʦʚʽʜʚʽʜʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ. 

ʅʘ ʩʴʦʛʦʜʥʽ ʤʝʪʦʜʠʢʠ ʜʦʩʣʽʜʞʝʥʥʷ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʚ 

ʛʽʨʩʴʢʦʤʫ ʤʘʩʠʚʽ ʦʭʦʧʣʶʶʪʴ ʨʽʟʥʦʤʘʥʽʪʥʽ ʧʽʜʭʦʜʠ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʽ ʪʝʦʨʝʪʠʯʥʠʭ ʟʘʩʘʜʘʭ. ʊʘʢ, ʪʝʨʤʦʛʨʘʬʽʯʥʠʡ ʘʥʘʣʽʟ ʜʘʻ 

ʟʤʦʛʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʽʥʬʨʘʯʝʨʚʦʥʽ ʢʘʤʝʨʠ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʨʦʟʧʦʜʽʣʫ ʥʘ ʧʦʚʝʨʭʥʽ ʧʦʨʦʜʠ [31], [32], ʚʠʷʚʣʷʶʯʠ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʪʘ ʚʥʫʪʨʽʰʥʽ ʜʝʬʝʢʪʠ. ʊʝʨʤʦʧʘʨʠ ʪʘ ʨʝʟʠʩʪʠʚʥʽ ʪʝʨʤʦʤʝʪʨʠ 

ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʫ ʛʽʨʩʴʢʠʡ ʤʘʩʠʚ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʧʝʚʥʠʭ 

ʪʦʯʢʘʭ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʪʦʯʥʽ ʚʠʤʽʨʶʚʘʥʥʷ [33], [34]. ʊʝʧʣʦʚʽ ʜʽʝʣʝʢʪʨʠʯʥʽ 
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ʩʢʘʥʫʚʘʥʥʷ ʚʠʤʽʨʶʶʪʴ ʜʽʝʣʝʢʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʨʦʜʠ, ʷʢʽ ʟʤʽʥʶʶʪʴʩʷ ʧʽʜ 

ʚʧʣʠʚʦʤ ʪʝʤʧʝʨʘʪʫʨʠ, ʜʦʧʦʤʘʛʘʶʯʠ ʦʮʽʥʶʚʘʪʠ ʚʥʫʪʨʽʰʥʽʡ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʩʪʘʥ 

ʤʘʪʝʨʽʘʣʫ [35]. 

ʂʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʩʪʦʩʦʚʫʻ ʯʠʩʝʣʴʥʽ ʤʝʪʦʜʠ ʜʣʷ ʩʠʤʫʣʷʮʽʾ 

ʪʝʧʣʦʧʝʨʝʜʘʯʽ [36] ï [38], ʘ ʝʢʩʧʝʨʠʤʝʥʪʠ ʚ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʫʤʦʚʘʭ ʧʨʦʚʦʜʷʪʴʩʷ 

ʟ ʥʘʛʨʽʚʘʥʥʷʤ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷʤ ʧʦʨʦʜʠ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʚʠʚʯʘʪʠ ʚʧʣʠʚ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʮʠʢʣʽʚ ʥʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ʎʽ ʤʝʪʦʜʠʢʠ ʥʘʜʘʶʪʴ 

ʛʣʠʙʦʢʝ ʨʦʟʫʤʽʥʥʷ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ ʛʽʨʩʴʢʦʤʫ ʤʘʩʠʚʽ ʧʽʜ ʚʧʣʠʚʦʤ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʟʤʽʥ.  

ʇʨʦʮʝʩ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʟʘʤʢʥʫʪʦʤʫ ʧʽʜʟʝʤʥʦʤʫ 

ʧʨʦʩʪʦʨʽ. ɿʘ ʪʘʢʠʭ ʫʤʦʚ ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʜʘʪʯʠʢʽʚ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʥʘʚʢʦʣʦ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ ʻ ʥʝʤʦʞʣʠʚʠʤ, ʘ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʟ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʚʠʤʘʛʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʭ 

ʟʥʽʤʢʽʚ ʘʙʦ ʽʥʰʠʭ ʤʝʪʦʜʽʚ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ, ʱʦ ʻ ʚʘʨʪʽʩʥʠʤ ʪʘ 

ʪʝʭʥʽʯʥʦ ʩʢʣʘʜʥʠʤ. ʂʨʽʤ ʪʦʛʦ, ʽʩʥʫʶʪʴ ʦʙʤʝʞʝʥʥʷ ʱʦʜʦ ʪʦʯʥʦʩʪʽ ʪʘ ʨʦʟʜʽʣʴʥʦʾ 

ʟʜʘʪʥʦʩʪʽ ʪʘʢʠʭ ʟʥʽʤʢʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʥʝ ʟʘʚʞʜʠ ʜʦʩʪʘʪʥʴʦ ʜʝʪʘʣʴʥʦ ʚʽʜʦʙʨʘʞʘʪʠ 

ʪʝʤʧʝʨʘʪʫʨʥʽ ʟʤʽʥʠ ʥʘ ʤʘʣʠʭ ʧʣʦʱʘʭ. ʇʨʦʚʝʜʝʥʥʷ ʣʘʙʦʨʘʪʦʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟ 

ʚʽʜʪʚʦʨʝʥʥʷʤ ʛʽʨʥʠʯʦ-ʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʟʘʣʷʛʘʥʥʷ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ ʪʘ ʚʝʜʝʥʥʷ 

ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ ʻ ʪʨʫʜʦʤʽʩʪʢʠʤ ʪʘ ʚʘʨʪʽʩʥʠʤ ʧʨʦʮʝʩʦʤ. ʊʦʤʫ ʜʦʩʣʽʜʞʝʥʥʷ 

ʚʧʣʠʚʫ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʛʽʨʩʴʢʠʡ ʤʘʩʠʚ ʯʘʩʪʦ ʧʨʦʚʦʜʷʪʴ ʥʘ ʚʽʜʽʙʨʘʥʠʭ ʢʝʨʥʘʭ 

ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ ʯʠ ʧʽʜʛʦʪʦʚʣʝʥʠʭ ʧʨʦʙʘʭ ʛʽʨʩʴʢʦʾ ʧʦʨʦʜʠ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʪʦʯʥʦ 

ʚʠʤʽʨʶʚʘʪʠ ʟʤʽʥʠ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʫ ʧʽʜ ʚʧʣʠʚʦʤ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ 

ʨʝʞʠʤʽʚ ʫ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ.  

ɸʚʪʦʨʘʤʠ ʨʦʙʦʪʠ [39] ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʧʘʨʘʤʝʪʨʠ ʟʤʽʥʠ ʤʽʮʥʦʩʪʽ 

ʧʽʩʢʦʚʠʢʘ ʟʘʣʝʞʥʦ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ. ɺʽʜʽʙʨʘʥʽ ʢʝʨʥʠ ʧʽʩʢʦʚʠʢʘ 

ʥʘʛʨʽʚʘʣʠʩʷ ʚ ʧʝʯʽ ʟʘ ʪʝʤʧʝʨʘʪʫʨ 200 ÜC, 400 ÜC, 600 ÜC ʪʘ 800 ÜC. ʇʽʩʣʷ ʯʦʛʦ 

ʧʽʜʜʘʚʘʣʠʩʷ ʜʦʩʣʽʜʞʝʥʥʶ ʥʘ ʦʜʥʦʚʽʩʥʠʡ ʩʪʠʩʢ. ɼʦʩʣʽʜʞʝʥʥʷ ʱʦʜʦ ʟʤʽʥʠ 

ʤʽʮʥʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ ʚʽʜ ʜʽʻʶ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʽ 

ʚ ʨʦʙʦʪʽ [40]. ɺʧʣʠʚ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʤʽʮʥʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʚ ʨʦʙʦʪʽ [41]. ʋ ʚʠʱʝʟʘʟʥʘʯʝʥʠʭ 
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ʜʦʩʣʽʜʞʝʥʥʷʭ ʤʘʪʝʨʽʘʣʠ ʦʙʨʦʙʣʷʣʠʩʷ ʫ ʤʫʬʝʣʴʥʽʡ ʧʝʯʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʢʦʞʝʥ ʽʟ 

ʥʘʚʝʜʝʥʠʭ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʥʝ ʧʝʨʝʜʙʘʯʘʚ ʧʦʩʪʫʧʦʚʦʛʦ ʘʥʘʣʽʟʫ ʟʤʽʥʠ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʚʽʜ ʧʣʦʱʠʥʠ ʢʦʥʪʘʢʪʫ, ʪʦʙʪʦ ʚʽʜ ʧʣʦʱʠʥʠ ʢʦʥʪʘʢʪʫ 

ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ ʟ ʙʝʟʧʦʩʝʨʝʜʥʴʦʶ ʧʦʢʨʽʚʣʝʶ. ʇʨʦʚʝʜʝʥʥʷ ʪʘʢʦʛʦ ʬʦʨʤʘʪʫ 

ʜʦʩʣʽʜʞʝʥʴ ʤʦʞʥʘ ʫʟʘʛʘʣʴʥʠʪʠ ʰʣʷʭʦʤ ʨʦʟʨʦʙʢʠ ʯʠʩʝʣʴʥʠʭ ʤʦʜʝʣʝʡ, ʱʦ ʟ 

ʚʠʩʦʢʠʤ ʩʪʫʧʝʥʝʤ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʤʽʪʫʶʪʴ ʨʝʘʣʴʥʽ ʫʤʦʚʠ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʧʦʣʷ ʚ ʛʽʨʩʴʢʦʤʫ ʤʘʩʠʚʽ ʧʽʜ ʯʘʩ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ. 

ɸʚʪʦʨ ʨʦʙʦʪʠ, ʨʦʟʨʦʙʣʷʶʯʠ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ ʫ 

ʧʨʦʮʝʩʽ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ, ʧʝʨʝʜʙʘʯʠʚ ʨʦʟʚôʷʟʘʥʥʷ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ 

ʪʝʧʣʦʧʝʨʝʜʘʯʽ, ʱʦ ʚʨʘʭʦʚʫʶʪʴ ʷʢ ʢʦʥʜʫʢʮʽʶ, ʪʘʢ ʽ ʢʦʥʚʝʢʮʽʶ. ɼʣʷ ʮʴʦʛʦ ʙʫʣʦ 

ʟʘʩʪʦʩʦʚʘʥʦ ʧʘʢʝʪ ʧʨʠʢʣʘʜʥʠʭ ʧʨʦʛʨʘʤ MATLAB, ʷʢʠʡ ʜʘʻ ʟʤʦʛʫ ʚʠʢʦʥʫʚʘʪʠ 

ʯʠʩʝʣʴʥʠʡ ʘʥʘʣʽʟ ʩʢʣʘʜʥʠʭ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʮʴʦʛʦ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʙʝʟʧʝʯʠʣʦ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʽʚ, 

ʦʧʪʠʤʽʟʘʮʽʶ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʧʦʙʫʜʦʚʠ ʛʨʘʬʽʯʥʠʭ 

ʟʘʣʝʞʥʦʩʪʝʡ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʘʚ ʟʤʦʛʫ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ 

ʜʠʥʘʤʽʢʫ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʚ ʛʽʨʩʴʢʦʤʫ ʤʘʩʠʚʽ. ʎʶ ʤʦʜʝʣʴ ʨʦʟʨʦʙʣʝʥʦ ʜʣʷ 

ʚʽʜʽʙʨʘʥʠʭ ʟʨʘʟʢʽʚ ʛʽʨʩʴʢʦʾ ʧʦʨʦʜʠ, ʱʦ ʥʘʜʘʣʽ ʜʘʩʪʴ ʟʤʦʛʫ ʟʽʩʪʘʚʠʪʠ ʨʝʟʫʣʴʪʘʪʠ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ 

ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ, ʧʨʠʡʥʷʪʦʾ ʟʘ ʦʩʥʦʚʫ ʜʦʩʣʽʜʞʝʥʥʷ, ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.11. 

ʆʧʪʠʤʽʟʘʮʽʷ ʪʘ ʘʜʝʢʚʘʪʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ, ʥʘʩʘʤʧʝʨʝʜ, ʚʧʣʠʚʘʻ ʥʘ 

ʪʦʯʥʽʩʪʴ ʧʨʦʛʥʦʟʥʠʭ ʤʦʜʝʣʝʡ [42]. 

 

1

2h

h

T1

T0

T2

 

ʈʠʩʫʥʦʢ 3.11 ï ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ  

ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʟʨʘʟʢʘʭ ʛʽʨʩʴʢʦʾ ʧʦʨʦʜʠ: 1 ï ʟʨʘʟʦʢ ʛʽʨʩʴʢʦʾ ʧʦʨʦʜʠ;  

2 ï ʧʣʦʱʠʥʘ ʥʘʛʨʽʚʫ 
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ʈʦʟʨʦʙʢʘ ʯʠʩʝʣʴʥʦʾ ʤʦʜʝʣʽ ʧʝʨʝʜʙʘʯʘʣʘ ʚʨʘʭʫʚʘʥʥʷ ʧʨʠʡʥʷʪʠʭ 

ʧʨʠʧʫʱʝʥʴ, ʟʘ ʷʢʠʭ ʤʘʪʝʤʘʪʠʯʥʘ ʟʘʜʘʯʘ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ 

ʊ(x, y, t) ʧʦʣʷʛʘʣʘ ʚ ʽʥʪʝʛʨʫʚʘʥʥʽ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, 

ʱʦ ʦʧʠʩʫʻ ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨ ʫ ʧʨʦʩʪʦʨʦʚʠʭ ʢʦʦʨʜʠʥʘʪʘʭ x, y ʪʘ ʚ ʯʘʩʽ t 

{ }( ,  ,  )  (0, ), (0, ),  (0, )x y t y l x l tX= Í Í Í ¤ ʫ [43]: 

2 2

2 2
;

T T T
ʩ

 t x  ʫ
g l

å õµ µ µ
Ö Ö = Ö +æ ö
µ µ µç ÷

    (3.50) 

ï ʟ ʧʦʯʘʪʢʦʚʦʶ ʫʤʦʚʦʶ: 

0( , ,  0) ;T x ʫ T=          (3.51) 

ï  ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ: 

1( ,  ,  0) ;T x ʫ T=          (3.52) 

( ,  ,  )
  0;

y l

T x ʫ t

y
=

µ
=

µ
        (3.53) 

2

0

( , , )
( (0, , ) );

x

T x  y  t
T  y  t T

x
l a

=

µ
= Ö -

µ
   (3.54) 

( )
2

, ,
( ( , , ) ),

x l

T x  ʫ  t
T l  ʫ  t T

x
l a

=

µ
= Ö -

µ
    (3.55) 

ʜʝ ʊ(x, y, t) ï ʪʝʤʧʝʨʘʪʫʨʘ ʪʽʣʘ; (x, y) ï ʜʝʢʘʨʪʦʚʽ ʢʦʦʨʜʠʥʘʪʠ; t ï ʯʘʩ; ɔ ï 

ʱʽʣʴʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ; ʩ ï ʧʠʪʦʤʘ ʪʝʧʣʦʻʤʥʽʩʪʴ; ɚ ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ; 

Ŭ ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ; l ï ʜʦʚʞʠʥʘ ʩʪʦʨʦʥʠ ʪʽʣʘ; T0 ï ʧʦʯʘʪʢʦʚʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʪʽʣʘ; T1 ï ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʛʨʽʚʫ ʪʽʣʘ; T2 ï ʪʝʤʧʝʨʘʪʫʨʘ ʩʝʨʝʜʦʚʠʱʘ; 

T1 > T2 > T0. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʠʡʥʷʪʠʭ ʫʤʦʚ ʯʠʩʝʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʤʽʨʠ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ ʟʘ ʰʠʨʠʥʦʶ b ʪʘ ʚʠʩʦʪʦʶ h ʩʪʘʥʦʚʠʣʠ: b = h = l = 0,05 ʤ. 

ʇʦʯʘʪʢʦʚʘ ʪʝʤʧʝʨʘʪʫʨʘ ʪʽʣʘ ʊ0 ï 20 Üʉ. ʄʦʞʣʠʚʘ ʤʘʢʩʠʤʘʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʥʘʛʨʽʚʫ ʟʤʽʥʶʚʘʣʘʩʴ ʚʽʜ 500 ʜʦ 1200 Üʉ. ʄʘʢʩʠʤʘʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʩʝʨʝʜʦʚʠʱʘ  

ʊ2 ï 44 Üʉ. ɿʘ ʤʘʪʝʨʽʘʣ ʛʽʨʩʴʢʦʾ ʧʦʨʦʜʠ ʧʨʠʡʥʷʪʦ ʘʨʛʽʣʽʪ ʟ ʪʘʢʠʤʠ ʬʽʟʠʢʦ-

ʤʝʭʘʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ (ʪʘʙʣ. 3.4). 
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ʊʘʙʣʠʮʷ 3.4 ï ʌʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʙôʻʢʪʘ ʜʦʩʣʽʜʞʝʥʥʷ 

ʇʘʨʘʤʝʪʨʠ ʆʜʠʥʠʮʽ ʚʠʤʽʨʫ ʇʦʢʘʟʥʠʢ 

ʑʽʣʴʥʽʩʪʴ, ɔ ʢʛ/ʤ3 2460,00 

ʇʠʪʦʤʘ ʪʝʧʣʦʻʤʥʽʩʪʴ, ʩ ɼʞ/(ʢʛ ʛʨʘʜ) 846,00 

ʂʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ɚ ɺʪ/(ʤ ʛʨʘʜ) 1,85 

ʂʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ, Ŭ ɺʪ/(ʤ2 ʛʨʘʜ) 163,00 

 

ɺ ʥʘʩʣʽʜʦʢ ʧʨʠʚʝʜʝʥʥʷ ʜʦ ʙʝʟʨʦʟʤʽʨʥʦʛʦ ʚʠʛʣʷʜʫ ʢʨʘʡʦʚʦʾ ʟʘʜʘʯʽ (3.50) ï

(3.55) ʟʘʣʝʞʥʦ ʚʽʜ ʢʨʠʪʝʨʽʶ ʧʦʜʽʙʥʦʩʪʽ ɹʽʦ [44] ʪʘ ʯʠʩʣʘ ʧʦʜʽʙʥʦʩʪʽ ʌʫʨôʻ [45] 

ʦʪʨʠʤʫʻʤʦ: 

2 2

2 2
;

o F X  Y

q q qµ µ µ
= +

µ µ µ
           (3.56) 

ï ʟ ʧʦʯʘʪʢʦʚʦʶ ʫʤʦʚʦʶ: 

( , , 0) 0;X  Y  q =          (3.57) 

ï ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ: 

( , , )
( , 0, ) 1 0;

y l

X  Y  t
X   t

Y

q
q

=

µ
= =

µ
       (3.58) 

2

0

( , , )
( (0, , ) );

x

X  Y  t
Bi  Y  t

X

q
q q

=

µ
= Ö -

µ
     (3.59) 

2

( , , )
( ( , , )),

x l

X  Y  t
Bi l  Y  t

X

q
q q

=

µ
= Ö -

µ
        (3.60) 

ʜʝ 0

1 0

( , , )T X  Y  t T

T T
q

-
=

-
 ï ʚʽʜʥʦʩʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʪʽʣʘ; 2

0F at l-= Öï ʢʨʠʪʝʨʽʡ ʌʫʨôʻ; 

x
X

l
= ; 

y
Y

l
= ; a

c

l

g
=  ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʽʜʥʦʩʪʽ; 

l
Bi
a

l

Ö
=  ï ʢʨʠʪʝʨʽʡ 

ɹʽʦ; 2 0
2

1 0

T T

T T
q

-
=
-

; ( , , ) ( ).X  Y  t C Dq Í  

ʅʘʜʘʣʽ ʟʘʩʪʦʩʦʚʫʻʤʦ ʜʦ ʢʨʘʡʦʚʦʾ ʟʘʜʘʯʽ (3.56) ï (3.60) ʽʥʪʝʛʨʘʣʴʥʝ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ [46]: 
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1

0

( , , ) ( , , ) ( , ) ,n y nX   t X  Y  t K Y  dYq m q mñ=          (3.61) 

ʜʝ ( ) ( ), 2sinY n nK Y Y=m m , ɛn ï ʧʦʟʠʪʠʚʥʽ ʢʦʨʝʥʽ ʪʨʘʥʩʮʝʥʜʝʥʪʥʦʛʦ ʨʽʚʥʷʥʥʷ:  

1,n ntgm mÖ =       (3.62) 

ʪʦʜʽ ʬʦʨʤʫʣʘ ʦʙʝʨʥʝʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʘʙʫʚʘʻ ʪʘʢʦʛʦ ʚʠʜʫ: 

( )
1

( , , ) , ( , , )Y n n
m

X  Y  t K Y   X   tq m q m
¤

=
ä= Ö .     (3.63) 

ʂʨʘʡʦʚʘ ʟʘʜʘʯʘ ʜʣʷ ( , , )nX   tq m  ʥʘʙʫʜʝ ʚʠʛʣʷʜʫ: 

2
2

2
2 ;n n

o F  X

q q
m q m

µ µ
= - Ö + Ö

µ µ
       (3.64) 

( , , 0) 0;nX   q m =            (3.65) 

2

0

( , , )
( (0, , ) );n

n

x

X   t
Bi   t

X

q m
q m q

=

µ
= Ö -

µ
          (3.66) 

2

( , , )
( ( , , )).n

n

x l

X t
Bi l   t

X

q m
q q m

=

µ
= Ö -

µ
         (3.67) 

ʅʘʜʘʣʽ ʟʘʩʪʦʩʦʚʫʻʤʦ ʜʦ ʢʨʘʡʦʚʦʾ ʟʘʜʘʯʽ (3.56) ï (3.61) ʽʥʪʝʛʨʘʣʴʥʝ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ: 

1

0

( , ) ( , , ) ( , ) ,m n n X m,  t X   t K X  dXq l m q m lñ=    (3.68) 

ʜʝ 

]
1

2 2 2 2 1 2

cos sin( )
( , ) 2 ,

( ) (1 ( ) )

m m m
X m

m m

  X Bi X  
K X  

Bi Bi Bi Bi

l l l
l

l l -

+ Ö
= Ö

è + Ö + Ö + +ê

        (3.69) 

ʜʝ ɚm ʻ ʧʦʟʠʪʠʚʥʠʤʠ ʢʦʨʝʥʷʤʠ ʪʨʘʥʩʮʝʥʜʝʥʪʥʦʛʦ ʨʽʚʥʷʥʥʷ 

2 2

2
,m

m

m

Bi
tg

Bi

l
l

l

Ö Ö
=

-
          (3.70) 

ʘ ʬʦʨʤʫʣʘ ʦʙʝʨʥʝʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʘʻ ʚʠʛʣʷʜ: 

1

( , , ) ( , ) ( , , ).n X m n m
m

X   t K X    tq m l q m l
¤

=

= Öä       (3.71) 
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ʊʦʜʽ ʦʪʨʠʤʘʻʤʦ ʟʚʠʯʘʡʥʝ ʜʠʬʝʨʝʥʮʽʡʥʝ ʨʽʚʥʷʥʥʷ ʜʣʷ ( , , )n m  tq m l : 

2 2
2( ) 2 ( (0, ) (1, ));n m n X m X m

o

Bi K  K  
F

q
m l q m q l l

µ
=- + + + +

µ
  (3.72) 

( , ) 0.m n,  tq l m =           (3.73) 

ʈʦʟʚôʷʟʘʚʰʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ (3.72) ʟ ʧʦʯʘʪʢʦʚʦʶ ʫʤʦʚʦʶ (3.73), 

ʦʪʨʠʤʫʻʤʦ: 

2 2( ) ( )

0

( , ) ,n m

t

t

m n n,m,  t  e d
m l Vq l m V+ Ö -

= W Öñ            (3.74) 

ʜʝ 22 ( (0, ) (1, )).n,m n X m X mBi K  K  m q l lW = Ö + Ö Ö +  

ʊʘʢʠʤ ʯʠʥʦʤ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʬʦʨʤʫʣʠ ʦʙʝʨʥʝʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ (3.63) ʽ 

(3.71), ʦʪʨʠʤʫʻʤʦ ʰʫʢʘʥʝ ʪʝʤʧʝʨʘʪʫʨʥʝ ʧʦʣʝ ɗ(X, Y, t): 

2 2( ) ( )

1 1 0

( , , ) ( , ) ( , ) .n m
t

t
Y n X m n,m

m m
X  Y  t K Y  K X   e d

m l Vq m l V
¤ ¤ + Ö -

= =
ä ä ñ

è ø= Ö W Ö
é ùê ú

 

ɿʥʘʭʦʜʠʤʦ ɚm, ɛm ʽʟ (3.62) ʽ (3.70) ʤʝʪʦʜʦʤ ʅʴʶʪʦʥʘ-ʈʘʬʩʦʥʘ, ʷʢʠʡ ʤʘʻ 

ʢʚʘʜʨʘʪʠʯʥʫ ʟʙʽʞʥʽʩʪʴ. ʇʦʩʣʽʜʦʚʥʽ ʥʘʙʣʠʞʝʥʥʷ ʟʘ ʤʝʪʦʜʦʤ ʅʴʶʪʦʥʘ-ʈʘʬʩʦʥʘ 

ʦʙʯʠʩʣʶʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

1

( )
,

( )
n

n n
ʪ

F

dF

d

b
b b

b

b

+= -  

ʜʝ ɓ ï ʧʦʟʠʪʠʚʥ ̔ʢʦʨʝʥ ̔ʪʨʘʥʩʮʝʥʜʝʥʪʥʦʛʦ ʨʽʚʥʷʥʥʷ F(ɓ) = 0. 

ʅʘ ʨʠʩ. 3.12 ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ 
( ) 0

1 0

, ,T X  Y  t T

T T
q

-
=

-
 ʚʽʜ ʪʨʠʚʘʣʦʩʪʽ ʥʘʛʨʽʚʫ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ ʛʽʨʩʴʢʦʾ ʧʦʨʦʜʠ, ʥʘ ʧʨʠʢʣʘʜʽ ʘʣʝʚʨʦʣʽʪʫ.  

ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʦʛʦ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʚʝʜʝʥʦ ʫ ʚʽʜʥʦʩʥʠʭ 

ʦʜʠʥʠʮʷʭ (ʨʠʩ. 3.12). ʊʘʢʠʡ ʧʽʜʭʽʜ ʦʙʨʘʥʦ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ 

ʪʝʥʜʝʥʮʽʡ ʪʘ ʟʤʽʥ ʫ ʜʘʥʠʭ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʢʨʘʱʝ ʧʦʨʽʚʥʶʚʘʪʠ ʨʝʟʫʣʴʪʘʪʠ ʤʽʞ 

ʨʽʟʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʘʙʦ ʯʘʩʦʚʠʤʠ ʧʝʨʽʦʜʘʤʠ ʥʘʛʨʽʚʫ. ɺʠʢʦʨʠʩʪʘʥʥʷ 
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ʚʽʜʥʦʩʥʠʭ ʦʜʠʥʠʮʴ ʜʦʧʦʤʘʛʘʻ ʫʥʠʢʥʫʪʠ ʚʧʣʠʚʫ ʘʙʩʦʣʶʪʥʠʭ ʚʝʣʠʯʠʥ ʽ 

ʟʦʩʝʨʝʜʠʪʠ ʫʚʘʛʫ ʥʘ ʚʽʜʩʦʪʢʦʚʠʭ ʟʤʽʥʘʭ ʽ ʚʽʜʥʦʩʥʠʭ ʧʦʢʘʟʥʠʢʘʭ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʘʙʦ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ.  

ʘ 

 

ʙ 

 

ʚ 

 

ʈʠʩʫʥʦʢ 3.12 ï ɺʽʟʫʘʣʽʟʘʮʽʷ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʫ ʚʽʜʥʦʩʥʠʭ 

ʦʜʠʥʠʮʷʭ ʚʽʜ ʪʨʠʚʘʣʦʩʪʽ ʥʘʛʨʽʚʫ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʟʨʘʟʢʘ: ʘ ï F0 = 0,004 (10 ʩ); 

ʙ ï F0 = 0,04 (100 ʩ); ʚ ï F0 = 0,4 (1000 ʩ) 
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ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʥʷ ʣʘʙʦʨʘʪʦʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʱʦʜʦ ʟʤʽʥʠ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʫ ʚʽʜʽʙʨʘʥʠʭ ʪʘ ʧʽʜʛʦʪʦʚʣʝʥʠʭ ʧʨʦʙʘʭ ʛʽʨʩʴʢʦʾ ʧʦʨʦʜʠ, 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʯʘʩʦʚʦʛʦ ʧʨʦʤʽʞʢʫ, ʟʘʜʘʥʦʛʦ ʧʨʠ ʯʠʩʝʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ, 

ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.13. 
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ʈʠʩʫʥʦʢ 3.13 ï ɿʘʣʝʞʥʦʩʪʽ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʫ ʚʽʜʽʙʨʘʥʠʭ ʧʨʦʙʘʭ 

ʛʽʨʩʴʢʦʾ ʧʦʨʦʜʠ: ʘ ï ʪʨʠʚʘʣʽʩʪʴ ʥʘʛʨʽʚʫ 100 ʩ, ʙ ï 1000 ʩ 

ʇʦʨʽʚʥʷʥʥʷ ʨʦʟʧʦʜʽʣʫ ʛʨʘʜʽʻʥʪʽʚ ʪʝʤʧʝʨʘʪʫʨʠ ʜʘʻ ʟʤʦʛʫ ʚʠʟʥʘʯʠʪʠ, ʷʢʠʤ 

ʯʠʥʦʤ ʟʤʽʥʶʻʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʥʝ ʧʦʣʝ ʟ ʯʘʩʦʤ ʽ ʷʢʽ ʜʽʣʷʥʢʠ ʟʨʘʟʢʘ ʥʘʡʙʽʣʴʰʝ 

ʨʝʘʛʫʶʪʴ ʥʘ ʟʤʽʥʫ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ. ɺʦʜʥʦʯʘʩ ʧʦʩʪʫʧʦʚʝ ʧʽʜʚʠʱʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʛʽʨʩʴʢʦʾ ʧʦʨʦʜʠ (ʚʽʩʴ ʭ) ʜʝʪʘʣʴʥʦ ʤʦʜʝʣʶʻ ʧʨʦʮʝʩ ʟʤʽʥʠ 

ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʤʝʞʽ ʩʝʨʝʜʦʚʠʱʘ ʤʽʞ ʙʝʟʧʦʩʝʨʝʜʥʴʦʶ ʧʦʢʨʽʚʣʝʶ ʪʘ ʟʦʥʦʶ 

ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ, ʘ ʨʦʟʨʦʙʣʝʥʘ ʯʠʩʝʣʴʥʘ ʤʦʜʝʣʴ ʻ ʦʩʥʦʚʦʶ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ 

ʘʥʘʣʽʟʫ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʚ ʛʽʨʩʴʢʦʤʫ ʤʘʩʠʚʽ ʧʽʜ ʯʘʩ ʛʘʟʠʬʽʢʘʮʽʾ 

ʚʫʛʽʣʣʷ. ɿʙʽʞʥʽʩʪʴ ʤʽʞ ʣʘʙʦʨʘʪʦʨʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤ ʪʘ ʯʠʩʝʣʴʥʠʤ 

ʤʦʜʝʣʶʚʘʥʥʷʤ ʱʦʜʦ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʥʘʚʢʦʣʦ ʧʽʜʟʝʤʥʦʛʦ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʩʪʘʥʦʚʠʪʴ 83 ï 92 %. 



 165 

3.5 ɺʠʩʥʦʚʢʠ ʟʘ ʨʦʟʜʽʣʦʤ 

ʇʨʦʮʝʩ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʻ ʩʢʣʘʜʥʠʤ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤ 

ʷʚʠʱʝʤ, ʷʢʠʡ ʤʽʩʪʠʪʴ ʚ ʩʦʙʽ ʪʝʧʣʦʦʙʤʽʥ, ʤʘʩʦʦʙʤʽʥ, ʭʽʤʽʯʥʽ ʨʝʘʢʮʽʾ ʪʘ ʟʤʽʥʫ 

ʬʘʟʦʚʦʛʦ ʩʪʘʥʫ ʚʫʛʽʣʣʷ ʪʘ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ. ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʪʝʧʣʦʦʙʤʽʥʫ 

ʧʨʠ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʟʘʩʥʦʚʘʥʝ ʥʘ ʢʦʥʜʫʢʮʽʡʥʠʭ ʪʘ ʢʦʥʚʝʢʮʽʡʥʠʭ ʤʝʭʘʥʽʟʤʘʭ, 

ʽ ʻ ʢʣʶʯʦʚʠʤ ʜʣʷ ʘʥʘʣʽʟʫ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ, ʰʚʠʜʢʦʩʪʽ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʽ 

ʧʨʦʛʥʦʟʫ ʩʢʣʘʜʫ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ 

ʪʝʧʣʦʦʙʤʽʥʫ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʟʤʽʥʫ ʩʪʘʥʫ 

ʩʝʨʝʜʦʚʠʱʘ çʚʫʛʽʣʣʷ ï ʛʘʟè ʽ ʦʧʠʩʫʻʪʴʩʷ: 

ï ʟʘʣʝʞʥʽʩʪʶ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʩʝʨʝʜʦʚʠʱʽ çʚʫʛʽʣʣʷ ï ʛʘʟè ʥʘ ʤʝʞʽ 

ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʟʘ ʜʦʚʞʠʥʦʶ ʩʪʦʚʧʘ ʛʘʟʠʬʽʢʘʮʽʾ, ʱʦ ʟʤʽʥʶʻʪʴʩʷ ʣʽʥʽʡʥʦ ʟ 

ʦʜʥʠʤ ʢʫʪʦʤ ʥʘʭʠʣʫ ʜʦ ʤʝʞʽ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ (ɓ = 1,04 10-4; S(100) = 0,0624) ʽ 

ʟ ʽʥʰʠʤ ʢʫʪʦʤ ʥʘʭʠʣʫ ʧʽʩʣʷ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʫʤʦʚʘʤ ʉʪʝʬʘʥʘ; 

ï ʟʘʣʝʞʥʽʩʪʶ ʟʤʽʥʠ ʤʝʞʽ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʚʽʜ ʪʨʠʚʘʣʦʩʪʽ ʛʘʟʠʬʽʢʘʮʽʾ, ʷʢʘ 

ʤʘʪʝʤʘʪʠʯʥʦ ʦʧʠʩʫʻʪʴʩʷ ʧʘʨʘʙʦʣʽʯʥʦʶ ʢʨʠʚʦʶ. ʇʘʨʘʙʦʣʽʯʥʠʡ ʭʘʨʘʢʪʝʨ ʮʽʻʾ 

ʟʘʣʝʞʥʦʩʪʽ ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ʤʝʞʽ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʥʝ ʻ 

ʣʽʥʽʡʥʦʶ ʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʯʠʥʥʠʢʽʚ, ʚʢʣʶʯʥʦ ʟ ʪʝʤʧʝʨʘʪʫʨʥʠʤ ʨʝʞʠʤʦʤ, 

ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʚʫʛʽʣʣʷ. 

ʈʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʟʨʘʟʢʫ ʛʽʨʩʴʢʦʾ 

ʧʦʨʦʜʠ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʢʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ ʜʦ ʘʥʘʣʽʟʫ ʧʨʦʮʝʩʽʚ 

ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʚ ʫʤʦʚʘʭ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ. ʄʦʜʝʣʴ ʚʨʘʭʦʚʫʻ ʚʧʣʠʚ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ, ʱʦ ʬʦʨʤʫʻʪʴʩʷ ʚʽʜ ʧʣʦʱʠʥʠ ʢʦʥʪʘʢʪʫ, ʘ ʩʘʤʝ ʚʦʛʥʝʚʦʛʦ 

ʚʠʙʦʶ ʟ ʧʦʢʨʽʚʣʝʶ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ. 

ʈʦʟʨʦʙʣʝʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʪʝʧʣʦʦʙʤʽʥʫ, ʱʦ ʦʧʠʩʫʶʪʴ ʧʨʦʮʝʩ 

ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ, ʧʨʦʪʝʩʪʦʚʘʥʦ ʰʣʷʭʦʤ ʧʨʦʚʝʜʝʥʥʷ ʢʦʤʧʣʝʢʩʥʠʭ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ʎʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʝ ʣʠʰʝ ʧʽʜʪʚʝʨʜʠʣʠ ʘʜʝʢʚʘʪʥʽʩʪʴ ʽ 

ʪʦʯʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʽʚ, ʘ ʡ ʜʘʣʠ ʟʤʦʛʫ ʫʪʦʯʥʠʪʠ ʥʠʟʢʫ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʝʡ ʽ 

ʨʦʟʨʦʙʠʪʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ. 
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ʈʆɿɼɯʃ 4 

ʆʇʊʀʄɯɿɸʎɯʗ ʇɸʈɸʄɽʊʈɯɺ ʊɽʍʅʆʃʆɻɯɰ ʉɺɽʈɼʃʆɺʀʅʅʆɰ 

ʇɯɼɿɽʄʅʆɰ ɻɸɿʀʌɯʂɸʎɯɰ ɺʋɻɯʃʃʗ 

4.1 ʄʝʪʦʜʠʯʥʽ ʘʩʧʝʢʪʠ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʫ  

ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ 

ʆʧʪʠʤʽʟʘʮʽʷ ʧʘʨʘʤʝʪʨʽʚ ʪʝʭʥʦʣʦʛʽʾ ʩʚʝʨʜʣʦʚʠʥʥʦʾ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ 

ʚʫʛʽʣʣʷ (ʉʇɻɺ) ʻ ʢʣʶʯʦʚʠʤ ʟʘʚʜʘʥʥʷʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ 

ʟʘ ʨʘʭʫʥʦʢ ʩʪʚʦʨʝʥʥʷ ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʨʝʘʢʮʽʡʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʫ ʚʫʛʽʣʴʥʦʤʫ 

ʧʣʘʩʪʽ, ʷʢʝ ʜʘʻ ʟʤʦʛʫ ʧʝʨʝʪʚʦʨʶʚʘʪʠ ʚʫʛʽʣʣʷ ʥʘ ʛʝʥʝʨʘʪʦʨʥʠʡ ʛʘʟ ʰʣʷʭʦʤ ʡʦʛʦ 

ʢʝʨʦʚʘʥʦʛʦ ʦʢʠʩʣʝʥʥʷ ʪʘ ʛʘʟʠʬʽʢʘʮʽʾ. ʅʝʦʙʭʽʜʥʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʚʘʨʽʶʚʘʥʥʷ 

ʪʠʩʢʦʤ ʚ ʟʦʥʽ ʦʢʠʩʣʝʥʥʷ (ʝʢʟʦʪʝʨʤʽʯʥʽ ʧʨʦʮʝʩʠ) ʨʝʘʢʮʽʡʥʦʛʦ ʢʘʥʘʣʫ ʽ ʚʽʜʚʝʜʝʥʥʷ 

ʛʝʥʝʨʘʪʦʨʥʠʭ ʛʘʟʽʚ ʽʟ ʟʦʥʠ ʚʽʜʥʦʚʣʝʥʥʷ (ʝʥʜʦʪʝʨʤʽʯʥʽ ʧʨʦʮʝʩʠ) ʽʟ ʟʘʙʝʟʧʝʯʝʥʥʷʤ 

ʨʽʚʥʦʚʘʛʠ ʬʽʟʠʯʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʪʘ ʢʽʥʝʪʠʢʠ ʨʝʘʢʮʽʡ, ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʨʽʟʥʠʤʠ 

ʩʧʦʩʦʙʘʤʠ ʧʦʜʘʯʽ ʜʫʪʪʷ [1] ï [3]. ɿʘ ʦʩʪʘʥʥʽ ʨʦʢʠ ʦʩʥʦʚʥʽ ʪʝʭʥʽʯʥʽ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʽ 

ʨʽʰʝʥʥʷ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʠ ʪʝʨʤʦʭʽʤʽʯʥʠʭ ʩʧʦʩʦʙʘʭ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʫʛʽʣʣʷ 

ʥʘʧʨʘʚʣʝʥʽ ʥʘ ʝʬʝʢʪʠʚʥʝ ʦʩʚʦʻʥʥʷ ʪʝʧʣʦʚʠʭ ʨʝʩʫʨʩʽʚ ʧʽʜʟʝʤʥʠʭ ʛʘʟʦʛʝʥʝʨʘʪʦʨʽʚ 

[4], [5], ʧʽʜʚʠʱʝʥʥʶ ʚʤʽʩʪʫ ʛʦʨʶʯʠʭ ʛʘʟʽʚ (ʉʅ4, ʅ2, ʉʆ), ʟʤʝʥʰʝʥʥʶ ʫʪʚʦʨʝʥʥʷ 

ʙʘʣʘʩʪʥʠʭ (ʉʆ2, N2, O2) [6] ï [8]. ʎʽ ʟʘʭʦʜʠ ʪʘʢʦʞ ʦʭʦʧʣʶʶʪʴ ʨʝʛʫʣʶʚʘʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ, ʱʦʙ ʫʥʠʢʥʫʪʠ ʥʘʜʤʽʨʥʦʛʦ ʪʝʨʤʽʯʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ, ʷʢʝ 

ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʥʘʯʥʠʭ ʟʤʽʥ ʛʝʦʤʝʭʘʥʽʯʥʦʾ ʩʠʪʫʘʮʽʾ ʥʘʚʢʦʣʦ ʧʽʜʟʝʤʥʠʭ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʽʚ [9], [10]. ʊʘʢʽ ʽʥʥʦʚʘʮʽʾ ʩʧʨʠʷʶʪʴ ʟʨʦʩʪʘʥʥʶ ʰʚʠʜʢʦʩʪʽ 

ʧʦʩʫʚʘʥʥʷ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ, ʤʝʭʘʥʽʟʤ ʷʢʦʛʦ, ʷʢ ʟʘʟʥʘʯʝʥʦ ʚ ʜʦʩʣʽʜʞʝʥʥʽ [11], 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʢʦʤʧʣʝʢʩʥʠʤ ʚʧʣʠʚʦʤ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ, ʪʝʨʤʦʤʝʭʘʥʽʯʥʦʛʦ ʪʘ 

ʤʝʭʘʥʽʯʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ. 

ɺʩʽ ʪʨʠ ʤʝʭʘʥʽʟʤʠ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ, ʘ ʩʘʤʝ: ʪʝʧʣʦ, ʱʦ 

ʚʠʜʽʣʷʻʪʴʩʷ ʧʽʜ ʯʘʩ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ, ʧʽʜʚʠʱʫʻ ʪʝʤʧʝʨʘʪʫʨʫ, ʩʧʨʠʷʶʯʠ 

ʪʝʨʤʦʤʝʭʘʥʽʯʥʦʤʫ ʨʫʡʥʫʚʘʥʥʶ; ʤʝʭʘʥʽʯʥʝ ʨʫʡʥʫʚʘʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʜʦʜʘʪʢʦʚʠʡ 

ʜʦʩʪʫʧ ʜʫʪʪʴʦʚʠʭ ʩʫʤʽʰʝʡ ʜʦ ʜʽʣʷʥʦʢ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ, ʧʽʜʚʠʱʫʶʯʠ ʢʽʣʴʢʽʩʪʴ 

ʚʫʛʣʝʮʶ, ʱʦ ʚʩʪʫʧʘʻ ʫ ʭʽʤʽʯʥʽ ʨʝʘʢʮʽʾ; ʪʨʽʱʠʥʠ, ʫʪʚʦʨʝʥʽ ʪʝʨʤʦʤʝʭʘʥʽʯʥʠʤ 
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ʨʫʡʥʫʚʘʥʥʷʤ, ʟʙʽʣʴʰʫʶʪʴ ʧʨʦʥʠʢʥʽʩʪʴ ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ, ʱʦ ʧʦʢʨʘʱʫʻ ʜʠʬʫʟʽʶ 

ʛʘʟʽʚ ʽ ʨʝʘʢʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ. ɿʘʛʘʣʴʥʫ ʩʪʨʫʢʪʫʨʫ ʤʦʜʝʣʽ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ 

ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.1 [12]. ɸʥʘʣʦʛʽʯʥʽ ʤʦʜʝʣʽ ʚ ʨʽʟʥʠʭ ʽʥʪʝʨʧʨʝʪʘʮʽʷʭ ʤʦʞʥʘ 

ʟʥʘʡʪʠ ʚ ʯʠʩʣʝʥʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ, ʱʦ ʜʝʪʘʣʴʥʦ ʘʥʘʣʽʟʫʶʪʴ ʧʨʦʮʝʩʠ 

ʪʝʨʤʦʭʽʤʽʯʥʦʾ ʜʝʩʪʨʫʢʮʽʾ ʚʫʛʽʣʣʷ ʪʘ ʾʭʥʶ ʦʧʪʠʤʽʟʘʮʽʶ [13] ï [15]. 
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ʈʠʩʫʥʦʢ 4.1 ï ʄʦʜʝʣʴ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ (ʟʘ Perkins) 

 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ, ʧʝʨʰ ʟʘ ʚʩʝ, ʢʦʥʪʨʦʣʶʻʪʴʩʷ ʷʢ 

ʢʽʥʝʪʠʯʥʠʤʠ, ʪʘʢ ʽ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʤʠ ʬʘʢʪʦʨʘʤʠ. ʊʝʨʤʦʜʠʥʘʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, 

ʟʘ ʚʠʟʥʘʯʝʥʥʷʤ, ʻ ʪʦʯʢʦʚʠʤʠ ʬʫʥʢʮʽʷʤʠ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ, ʷʢʽ ʚʢʘʟʫʶʪʴ ʫʤʦʚʠ 

ʨʽʚʥʦʚʘʛʠ ʩʠʩʪʝʤʠ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʰʣʷʭʫ ʨʝʘʢʮʽʾ, ʷʢʠʡ 

ʙʫʣʦ ʧʨʦʡʜʝʥʦ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʨʽʚʥʦʚʘʛʠ, ʘʙʦ ʯʘʩʫ, ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʮʴʦʛʦ. ɿ 

ʽʥʰʦʛʦ ʙʦʢʫ, ʢʽʥʝʪʠʢʘ ʨʝʘʢʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʚʠʟʥʘʯʘʻ ʢʦʥʢʨʝʪʥʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ 

ʰʣʷʭʽʚ ʨʝʘʢʮʽʾ, ʘ ʪʘʢʦʞ ʰʚʠʜʢʦʩʪʽ, ʟ ʷʢʠʤʠ ʚʽʜʙʫʚʘʶʪʴʩʷ ʭʽʤʽʯʥʽ ʟʤʽʥʠ. 

ʆʩʥʦʚʥʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʰʚʠʜʢʽʩʪʴ ʨʝʘʢʮʽʾ, ʻ ʬʽʟʠʯʥʠʡ ʩʪʘʥ 

ʨʝʘʛʝʥʪʽʚ, ʾʭ ʢʦʥʮʝʥʪʨʘʮʽʾ, ʪʝʤʧʝʨʘʪʫʨʘ, ʟʘ ʷʢʦʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʝʘʢʮʽʷ, ʘ ʪʘʢʦʞ 

ʥʘʷʚʥʽʩʪʴ ʯʠ ʚʽʜʩʫʪʥʽʩʪʴ ʢʘʪʘʣʽʟʘʪʦʨʽʚ ʫ ʧʨʦʮʝʩʽ ʪʘ ʪʠʩʢ ʧʦʜʘʯʽ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ. 

ʊʘʢ, ʫ ʨʦʙʦʪʽ [16] ʟʘʟʥʘʯʝʥʦ, ʱʦ ʨʝʘʢʮʽʷ ʤʝʪʘʥʫ ʟ ʧʘʨʘʤʠ ʚʦʜʠ, ʱʦ ʧʨʦʪʽʢʘʻ ʧʨʠ 

ʢʘʪʘʣʽʟʘʪʦʨʽ Ni/Al2O3 ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 800 ï 900 ÜC ʘʙʦ ʙʝʟ ʥʴʦʛʦ ï 1400 ï 1600 ÜC, 

ʫʪʚʦʨʶʻ ʩʠʥʪʝʟ-ʛʘʟ. ʎʝʡ ʛʘʟ ʻ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʯʘʜʥʦʛʦ ʛʘʟʫ ʽ ʚʦʜʥʶ CO: ʅ2 ʫ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 1:1 ʜʦ 1:3. ʋ ʨʦʙʦʪʽ [17] ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ 
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ʪʠʧʽʚ ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʰʣʘʢʽʚ ʷʢ ʢʘʪʘʣʽʟʘʪʦʨʽʚ ʩʧʨʠʷʶʪʴ ʧʽʜʚʠʱʝʥʥʶ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʛʦʨʶʯʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʛʝʥʝʨʘʪʦʨʥʦʤʫ ʛʘʟʽ. ɿʦʢʨʝʤʘ, ʙʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʮʝ 

ʜʦʜʘʚʘʥʥʷ ʟʙʽʣʴʰʫʻ ʚʤʽʩʪ ʛʦʨʶʯʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʥʘ 15%, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʠʩʦʢʫ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʰʣʘʢʫ ʬʝʨʦʥʽʢʝʣʶ ʷʢ ʢʘʪʘʣʽʟʘʪʦʨʘ ʚ ʧʨʦʮʝʩʘʭ ʛʘʟʠʬʽʢʘʮʽʾ. 

ʇʨʠ ʢʝʨʫʚʘʥʥʽ ʧʨʦʮʝʩʘʤʠ ʧʦʜʘʯʽ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ ʟʘ ʫʤʦʚ ʮʠʢʣʽʯʥʦʾ 

ʟʤʽʥʠ ʪʠʩʢʫ ʜʘʥʘ ʩʫʤʽʰ ʧʝʨʝʜʘʻ ʪʝʧʣʦ ʚʫʛʽʣʴʥʦʤʫ ʧʣʘʩʪʫ ʧʝʨʝʚʘʞʥʦ 

ʢʦʥʚʝʢʮʽʡʥʠʤ ʩʧʦʩʦʙʦʤ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʜʫʪʪʷ ʤʦʞʝ 

ʧʦʧʝʨʝʜʥʴʦ ʥʘʛʨʽʪʠ ʚʫʛʽʣʴʥʠʡ ʧʣʘʩʪ ʥʘ ʧʝʚʥʽʡ ʚʽʜʩʪʘʥʽ ʧʝʨʝʜ ʟʦʥʦʶ ʛʘʟʠʬʽʢʘʮʽʾ, 

ʱʦ ʩʧʨʠʷʻ ʛʦʨʽʥʥʶ ʪʘ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ; ʟ ʽʥʰʦʛʦ ʙʦʢʫ, ʮʝ ʤʦʞʝ 

ʟʙʽʣʴʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʧʽʨʦʣʽʪʠʯʥʠʭ ʧʨʦʜʫʢʪʽʚ ʽ ʟʘʧʦʙʽʛʪʠ ʾʭ ʟʛʦʨʷʥʥʶ. ɼʣʷ 

ʧʦʨʽʚʥʷʥʥʷ ʚʧʣʠʚʫ ʧʦʩʪʽʡʥʦʛʦ ʪʘ ʟʤʽʥʥʦʛʦ ʪʠʩʢʫ ʥʘ ʧʨʦʮʝʩ ʧʽʜʟʝʤʥʦʾ 

ʛʘʟʠʬʽʢʘʮʽʾ ʘʚʪʦʨʦʤ ʨʦʙʦʪʠ [18] ʚʩʪʘʥʦʚʣʝʥʦ ʚʽʜʧʦʚʽʜʥʽ ʜʘʥʽ ʯʝʨʝʟ ʨʝʟʫʣʴʪʘʪʠ 

ʛʘʟʠʬʽʢʘʮʽʾ ʘʥʪʨʘʮʠʪʫ ʟʘ ʫʤʦʚ ʟʤʽʥʠ ʪʠʩʢʫ. ɿʘ ʫʤʦʚ ʮʠʢʣʽʯʥʦʾ ʟʤʽʥʠ ʪʠʩʢʫ 

ʚʪʨʘʪʠ ʪʝʧʣʘ ʟʤʝʥʰʫʶʪʴʩʷ ʥʘ 60%, ʪʝʧʣʦʚʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʛʘʟʠʬʽʢʘʮʽʾ ʻ ʧʨʠʙʣʠʟʥʦ ʚ 1,4 ʨʘʟʠ ʪʘ ʚ 2 ʨʘʟʠ ʚʠʱʠʤʠ, ʚʽʜʧʦʚʽʜʥʦ, ʧʦʨʽʚʥʷʥʦ ʟʽ 

ʩʪʘʥʦʤ ʧʦʩʪʽʡʥʦʛʦ ʪʠʩʢʫ, ʘ ʪʝʧʣʦʪʚʦʨʥʘ ʟʜʘʪʥʽʩʪʴ ʧʨʦʜʫʢʪʦʚʦʛʦ ʛʘʟʫ ʟʨʦʩʪʘʻ ʥʘ 

100%. ʊʘʢʠʤ ʯʠʥʦʤ, ʦʯʝʚʠʜʥʦ, ʱʦ ʟʘ ʫʤʦʚ ʟʤʽʥʥʦʛʦ ʪʠʩʢʫ ʧʨʦʮʝʩ ʛʘʟʠʬʽʢʘʮʽʾ 

ʟʥʘʯʥʦ ʧʦʢʨʘʱʫʻʪʴʩʷ. 

ʅʝʦʙʭʽʜʥʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʧʦʯʘʪʢʦʚʠʤ ʝʪʘʧʦʤ ʫ ʙʽʣʴʰʦʩʪʽ ʧʨʦʮʝʩʽʚ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʫʛʽʣʣʷ ʻ ʧʨʦʮʝʩ ʧʽʨʦʣʽʟʫ ʚʫʛʽʣʣʷ, ʧʽʩʣʷ ʷʢʦʛʦ ʧʨʦʭʦʜʷʪʴ ʨʝʘʢʮʽʾ ʫ 

ʛʘʟʦʚʽʡ ʬʘʟʽ ʪʘ ʨʝʘʢʮʽʾ ʛʘʟʠʬʽʢʘʮʽʾ [19], [20]. ʆʜʥʘʢ, ʷʢ ʧʦʢʘʟʫʶʪʴ ʨʝʟʫʣʴʪʘʪʠ 

ʚʠʤʽʨʶʚʘʥʴ ʢʦʥʮʝʥʪʨʘʮʽʡ ʯʘʜʥʦʛʦ ʛʘʟʫ, ʚʦʜʥʶ, ʤʝʪʘʥʫ ʽ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʚ 

ʦʪʨʠʤʘʥʦʤʫ ʛʝʥʝʨʘʪʦʨʥʦʤʫ ʛʘʟʽ, ʭʘʨʘʢʪʝʨ ʰʚʠʜʢʦʩʪʽ ʫʪʚʦʨʝʥʥʷ ʟʘʟʥʘʯʝʥʠʭ 

ʧʨʦʜʫʢʪʽʚ ʻ ʩʭʦʞʠʤ. ʋ ʚʩʽʭ ʚʠʧʘʜʢʘʭ ʩʧʦʯʘʪʢʫ ʚʠʩʦʢʘ ʰʚʠʜʢʽʩʪʴ ʨʝʘʢʮʽʾ 

ʧʦʩʪʫʧʦʚʦ ʟʥʠʞʫʻʪʴʩʷ, ʧʨʠʯʦʤʫ ʟʥʘʯʥʝ ʧʘʜʽʥʥʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʘ ʧʝʨʰʽʡ ʬʘʟʽ, 

ʪʦʜʽ ʷʢ ʧʽʟʥʽʰʝ ʚʦʥʦ ʩʪʘʻ ʟʥʘʯʥʦ ʧʦʚʽʣʴʥʽʰʠʤ. ʅʘʡʚʠʱʽ ʰʚʠʜʢʦʩʪʽ 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʜʣʷ ʨʝʘʢʮʽʾ ʫʪʚʦʨʝʥʥʷ ʚʦʜʥʶ 142 ʩʤ3/ʛ ʭʚ. ʊʝʤʧʝʨʘʪʫʨʥʠʡ 

ʨʝʞʠʤ ʛʘʟʠʬʽʢʘʮʽʾ ʩʪʘʥʦʚʠʪʴ 900 Üʉ, ʘ ʪʠʩʢ ï 4 ʄʇʘ [21]. ɼʫʞʝ ʚʠʩʦʢʽ 

ʰʚʠʜʢʦʩʪʽ ʚʠʜʽʣʝʥʥʷ ʦʢʨʝʤʠʭ ʧʨʦʜʫʢʪʽʚ ʥʘ ʧʦʯʘʪʢʦʚʽʡ ʩʪʘʜʽʾ ʧʨʦʮʝʩʫ 

ʦʙʫʤʦʚʣʝʥʽ ʨʝʘʢʮʽʷʤʠ ʧʽʨʦʣʽʟʫ. ʆʜʥʘʢ, ʟ ʧʝʨʝʭʦʜʦʤ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ 
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ʚ ʨʝʞʠʤ ʛʘʟʠʬʽʢʘʮʽʾ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʝ ʚʠʛʘʟʦʚʫʚʘʥʥʷ ʟ ʙʦʢʫ 

ʜʫʪʪʴʦʚʦʾ ʩʚʝʨʜʣʦʚʠʥʠ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʘʢʪʠʚʘʮʽʶ ʦʩʥʦʚʥʠʭ ʨʝʘʢʮʽʡ 

ʛʘʟʠʬʽʢʘʮʽʾ, ʪʘʢʠʭ ʷʢ ʛʘʟʠʬʽʢʘʮʽʷ ʧʘʨʦʶ ʪʘ ʦʢʠʩʣʝʥʥʷ. ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʩʪʘʙʽʣʴʥʠʡ 

ʚʠʭʽʜ ʩʠʥʪʝʟ-ʛʘʟʫ ʪʘ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ. ʊʘʢʦʞ ʧʨʠ 

ʨʦʟʛʣʷʜʽ ʨʫʭʫ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ ʚʟʜʦʚʞ ʜʦʚʞʠʥʠ ʩʪʦʚʧʘ ʛʘʟʠʬʽʢʘʮʽʾ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ ʢʨʠʚʦʣʽʥʽʡʥʦʾ ʬʦʨʤʠ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ. ʊʘʢʘ ʬʦʨʤʘ 

ʚʠʥʠʢʘʻ ʚʥʘʩʣʽʜʦʢ ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʚʽʜ ʭʽʤʽʯʥʠʭ 

ʨʝʘʢʮʽʡ. ʂʨʠʚʦʣʽʥʽʡʥʽʩʪʴ ʬʨʦʥʪʫ ʥʝ ʻ ʩʪʘʣʦʶ ʽ ʟʤʽʥʶʻʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʯʘʩʫ. ʅʘ 

ʧʦʯʘʪʢʦʚʠʭ ʝʪʘʧʘʭ, ʢʦʣʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʦʟʧʘʣʶʚʘʥʥʷ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ, ʬʨʦʥʪ 

ʛʦʨʽʥʥʷ ʻ ʨʽʚʥʦʤʽʨʥʠʤ, ʦʩʢʽʣʴʢʠ ʪʝʧʣʦ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʧʦ ʚʩʽʡ 

ʜʦʩʪʫʧʥʽʡ ʧʣʦʱʠʥʽ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ. ʆʜʥʘʢ, ʽʟ ʧʨʦʛʨʝʩʫʚʘʥʥʷʤ ʧʨʦʮʝʩʫ 

ʛʘʟʠʬʽʢʘʮʽʾ, ʬʨʦʥʪ ʧʦʯʠʥʘʻ ʜʝʬʦʨʤʫʚʘʪʠʩʷ, ʥʘʙʫʚʘʶʯʠ ʢʨʠʚʦʣʽʥʽʡʥʦʾ ʬʦʨʤʠ. 

ʎʝ ʟʫʤʦʚʣʝʥʦ ʥʘʷʚʥʽʩʪʶ ʟʦʥ ʟ ʨʽʟʥʦʶ ʱʽʣʴʥʽʩʪʶ, ʚʦʣʦʛʽʩʪʶ ʽ ʚʤʽʩʪʦʤ 

ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʤʽʰʦʢ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʰʚʠʜʢʽʩʪʴ ʧʦʰʠʨʝʥʥʷ ʨʝʘʢʮʽʡ ʛʦʨʽʥʥʷ ʽ 

ʛʘʟʠʬʽʢʘʮʽʾ. ɺʠʩʦʢʽ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʟʦʥʽ ʨʝʘʢʮʽʾ ʩʧʨʠʯʠʥʷʶʪʴ ʥʝʨʽʚʥʦʤʽʨʥʝ 

ʧʨʦʛʨʽʚʘʥʥʷ ʧʦʨʽʜ ʧʦʢʨʽʚʣʽ ʪʘ ʧʽʜʦʰʚʠ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ, ʱʦ ʧʨʠʩʢʦʨʶʶʪʴ 

ʧʨʦʮʝʩ ʥʘʛʨʽʚʘʥʥʷ ʮʝʥʪʨʘʣʴʥʠʭ ʯʘʩʪʠʥ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʽ 

ʫʧʦʚʽʣʴʥʶʶʪʴ ʡʦʛʦ ʥʘ ʛʨʘʥʠʮʽ ʟ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʩʚʝʨʜʣʦʚʠʥʘʤʠ.  

ɸʚʪʦʨʘʤʠ ʨʦʙʦʪʠ [22] ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʛʘʟʠʬʽʢʘʮʽʾ ʙʫʨʦʛʦ ʚʫʛʽʣʣʷ 

ʦʧʪʠʤʘʣʴʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʠʩʥʶ ʪʘ ʧʦʚʽʪʨʷ ʩʪʘʥʦʚʠʣʦ 4:2 ʟʘ ʦʙôʻʤʦʤ. ɿʘ 

ʪʘʢʠʭ ʫʤʦʚ ʩʝʨʝʜʥʽʡ ʚʤʽʩʪ H2 ʫ ʧʨʦʜʫʢʪʽ ʛʘʟʠʬʽʢʘʮʽʾ ʩʪʘʥʦʚʠʚ 23,1%, CO ï 6,3%, 

ʘ ʪʝʧʣʦʪʚʦʨʥʘ ʟʜʘʪʥʽʩʪʴ ʦʪʨʠʤʘʥʦʛʦ ʛʘʟʫ ʩʢʣʘʜʘʣʘ 4,18 ʄɼʞ/ʤį. ʇʨʠ ʮʴʦʤʫ 

ʦʧʪʠʤʘʣʴʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʠʩʥʶ ʽ ʧʦʚʽʪʨʷ ʜʣʷ ʛʘʟʠʬʽʢʘʮʽʾ ʪʚʝʨʜʦʛʦ ʚʫʛʽʣʣʷ 

ʩʪʘʥʦʚʠʣʦ 2:3. ʉʝʨʝʜʥʽʡ ʚʤʽʩʪ H2 ʫ ʧʨʦʜʫʢʪʽ ʛʘʟʠʬʽʢʘʮʽʾ ʩʪʘʥʦʚʠʚ 18,7%, CO ï 

17,3%, ʘ ʪʝʧʣʦʪʚʦʨʥʘ ʟʜʘʪʥʽʩʪʴ ï 5,74 ʄɼʞ/ʤį. ɯ ʷʢ ʟʘʟʥʘʯʝʥʦ, ï ʦʧʪʠʤʘʣʴʥʝ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʠʩʥʶ ʪʘ ʧʦʚʽʪʨʷ ʧʽʜ ʯʘʩ ʛʘʟʠʬʽʢʘʮʽʾ ʪʽʩʥʦ ʧʦʚôʷʟʘʥʝ ʟ 

ʛʝʦʤʝʪʨʽʻʶ ʨʝʘʢʪʦʨʘ. ɺʦʜʥʦʯʘʩ ʟʤʽʥʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʠʩʥʶ ʜʦ ʧʘʨʠ ʻ 

ʚʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ, ʷʢʠʡ ʟʥʘʯʥʦ ʚʧʣʠʚʘʻ ʥʘ ʩʢʣʘʜ ʩʠʥʪʝʟ-ʛʘʟʫ, ʟʦʢʨʝʤʘ ʥʘ 

ʤʦʣʴʥʽ ʯʘʩʪʢʠ H2 ʽ CH4, ʪʦʜʽ ʷʢ ʚʧʣʠʚ ʥʘ CO2 ̔  CO ʤʝʥʰ ʚʠʨʘʞʝʥʠʡ. ɿʘ ʚʠʩʦʢʦʛʦ 

ʪʠʩʢʫ ʧʽʜʚʠʱʝʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʠʩʥʶ ʜʦ ʧʘʨʠ ʩʧʨʠʷʻ ʟʙʽʣʴʰʝʥʥʶ 
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ʫʪʚʦʨʝʥʥʷ H2, ʦʩʢʽʣʴʢʠ ʦʩʥʦʚʥʠʤ ʜʞʝʨʝʣʦʤ ʚʦʜʥʶ ʻ ʨʝʘʢʮʽʷ ʨʦʟʢʣʘʜʘʥʥʷ 

ʚʦʜʷʥʦʾ ʧʘʨʠ. ɿʥʠʞʝʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʠʩʥʶ ʜʦ ʚʦʜʠ, ʥʘʚʧʘʢʠ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʛʘʟʠʬʽʢʘʮʽʾ, ʱʦ ʩʪʚʦʨʶʻ ʩʧʨʠʷʪʣʠʚʽ ʫʤʦʚʠ ʜʣʷ 

ʫʪʚʦʨʝʥʥʷ CH4, ʘ ʨʝʛʫʣʶʚʘʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʠʩʥʶ ʜʦ ʚʦʜʠ ʜʘʻ ʟʤʦʛʫ 

ʢʦʥʪʨʦʣʶʚʘʪʠ ʩʢʣʘʜ ʩʠʥʪʝʟ-ʛʘʟʫ, ʘʜʘʧʪʫʶʯʠ ʡʦʛʦ ʜʦ ʧʦʪʨʝʙ ʢʦʥʢʨʝʪʥʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ɺʨʘʭʦʚʫʶʯʠ ʚʠʱʝʟʘʟʥʘʯʝʥʽ ʨʽʰʝʥʥʷ ʱʦʜʦ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʫ 

ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ, ʧʦʩʪʘʚʣʝʥʦ ʟʘʚʜʘʥʥʷ, ï ʧʨʦʚʝʩʪʠ ʢʦʤʧʣʝʢʩʥʝ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʬʦʨʤʫʚʘʥʥʷ ʚʠʛʘʟʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. 

ʆʩʦʙʣʠʚʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʚʨʘʭʫʚʘʥʥʶ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ 

ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ, ʷʢʠʡ ʚʽʜʽʛʨʘʻ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʩʪʘʙʽʣʴʥʦʩʪʽ 

ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ, ʘ ʪʘʢʦʞ ʫ ʟʘʧʦʙʽʛʘʥʥʽ ʥʝʛʘʪʠʚʥʠʤ ʛʝʦʤʝʭʘʥʽʯʥʠʤ 

ʥʘʩʣʽʜʢʘʤ. ɼʦʩʣʽʜʞʝʥʥʷ ʪʘʢʦʞ ʩʧʨʷʤʦʚʘʥʝ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʷʢʽʩʥʠʭ ʽ ʢʽʣʴʢʽʩʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʦʪʨʠʤʘʥʥʷ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ, ʱʦ ʦʭʦʧʣʶʻ ʘʥʘʣʽʟ ʚʧʣʠʚʫ ʨʦʙʦʯʠʭ 

ʧʘʨʘʤʝʪʨʽʚ, ʪʘʢʠʭ ʷʢ ʪʝʤʧʝʨʘʪʫʨʘ, ʪʠʩʢ ʧʦʜʘʯʽ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ, 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ ʛʦʨʶʯʠʭ ʢʦʤʧʦʥʝʥʪʽʚ (H2, CO, CH4) ʽ 

ʟʤʝʥʰʝʥʥʷ ʫʪʚʦʨʝʥʥʷ ʙʘʣʘʩʪʥʠʭ ʛʘʟʽʚ (CO2, N2). 

4.2 ɼʦʩʣʽʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʬʦʨʤʫʚʘʥʥʷ ʘʢʪʠʚʥʠʭ  

ʟʦʥ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ 

ɿʥʘʥʥʷ ʧʨʦ ʜʠʥʘʤʽʢʫ ʟʤʽʥʠ ʬʦʨʤʫʚʘʥʥʷ ʘʢʪʠʚʥʠʭ ʟʦʥ ʧʽʜʟʝʤʥʦʛʦ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʠʤʠ ʚ ʨʘʢʫʨʩʽ ʨʦʟʚôʷʟʘʥʥʷ ʥʠʟʢʠ 

ʢʣʶʯʦʚʠʭ ʧʠʪʘʥʴ, ʧʦʚôʷʟʘʥʠʭ ʟ ʢʝʨʫʚʘʥʥʷʤ ʪʘ ʦʧʪʠʤʽʟʘʮʽʻʶ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ 

ʚʫʛʽʣʣʷ. ʅʝʦʙʭʽʜʥʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʥʘ ʟʘʟʥʘʯʝʥʫ ʜʠʥʘʤʽʢʫ, ʥʘʩʘʤʧʝʨʝʜ, ʚʧʣʠʚʘʻ 

ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʨʝʞʠʤ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. ʅʘ ʩʴʦʛʦʜʥʽ ʻ ʥʠʟʢʘ 

ʧʨʦʚʝʜʝʥʠʭ ʣʘʙʦʨʘʪʦʨʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʷʢʽ ʧʨʠʩʚʷʯʝʥʦ 

ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʚʢʦʣʦ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ [23] ï [25]. ʆʜʥʘʢ ʫ 

ʥʠʭ ʥʝ ʧʨʦʩʪʝʞʫʻʪʴʩʷ ʯʽʪʢʘ ʪʝʥʜʝʥʮʽʷ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʧʽʜʟʝʤʥʦʤʫ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʽ ʟʘ ʟʦʥʘʤʠ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ, ʘ ʪʘʢʦʞ ʷʢ ʪʘʢʽ ʟʤʽʥʠ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʩʘʤʝ ʟʤʽʱʝʥʥʷ ʮʠʭ ʟʦʥ ʫ ʧʨʦʩʪʦʨʽ ʪʘ ʯʘʩʽ. ʊʦʤʫ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘ 
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ʟʦʥʘʤʠ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʬʨʦʥʪʫ ʧʦʩʫʚʘʥʥʷ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ ʻ 

ʘʢʪʫʘʣʴʥʠʤʠ ʟʘʚʜʘʥʥʷʤ.  

ɼʦʩʣʽʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ 

ʚʠʢʦʥʫʚʘʣʦʩʴ ʫ ʚʠʟʥʘʯʝʥʠʭ ʪʦʯʢʘʭ ʟʤʦʜʝʣʴʦʚʘʥʦʾ ʦʙʣʘʩʪʽ, ʜʝ ʙʫʣʠ ʚʩʪʘʥʦʚʣʝʥʽ 

ʩʪʘʮʽʦʥʘʨʥʽ ʪʝʤʧʝʨʘʪʫʨʥʽ ʜʘʪʯʠʢʠ ʪʠʧʫ ʊɽʇ-109. ɿʘ ʢʦʞʥʠʤ ʦʢʨʝʤʠʤ ʚʠʜʦʤ 

ʜʦʩʣʽʜʞʝʥʥʷ ʜʘʪʯʠʢʠ ʊɽʇ-109 ʟʘʢʣʘʜʘʣʠʩʴ ʫ ʧʣʦʱʠʥʽ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ, 

ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʪʘ ʦʩʥʦʚʥʽʡ ʧʦʢʨʽʚʣʽ ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʦʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʚ ʟʦʥʽ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ ʪʘ ʚ ʟʦʥʽ ʚʟʘʻʤʦʜʽʾ ʚʦʛʥʝʚʦʛʦ 

ʚʠʙʦʶ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʟ ʛʽʨʩʴʢʠʤ ʤʘʩʠʚʦʤ. ʊʘʢʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʜʘʪʯʠʢʽʚ ʜʘʣʦ 

ʟʤʦʛʫ ʦʪʨʠʤʘʪʠ ʜʝʪʘʣʴʥʽ ʜʘʥʽ ʧʨʦ ʪʝʧʣʦʚʠʡ ʚʧʣʠʚ ʥʘ ʧʦʨʦʜʠ ʨʽʟʥʦʛʦ ʩʢʣʘʜʫ ʟʘ 

ʩʚʦʾʤʠ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʈʦʟʤʽʱʝʥʥʷ ʜʘʪʯʠʢʽʚ ʫ ʮʠʭ ʪʦʯʢʘʭ 

ʪʘʢʦʞ ʩʧʨʠʷʣʦ ʩʪʚʦʨʝʥʥʶ ʪʨʠʚʠʤʽʨʥʦʾ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʤʦʜʝʣʽ, ʷʢʘ ʚʽʜʦʙʨʘʞʘʻ 

ʜʠʥʘʤʽʢʫ ʥʘʛʨʽʚʘʥʥʷ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʫ ʧʨʦʮʝʩʽ ʛʘʟʠʬʽʢʘʮʽʾ 

ʚʫʛʽʣʣʷ. 

ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ 

ʨʦʟʧʘʣʶʚʘʥʥʷ ʟʤʦʜʝʣʴʦʚʘʥʦʛʦ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʨʦʟʞʘʨʝʥʠʭ ʢʫʩʢʽʚ ʚʫʛʽʣʣʷ ʬʨʘʢʮʽʻʶ 20 ï 40 ʤʤ. ɼʦʜʘʪʢʦʚʘ ʘʢʪʠʚʽʟʘʮʽʷ ʧʨʦʮʝʩʫ 

ʟʘʙʝʟʧʝʯʫʚʘʣʘʩʷ ʧʦʜʘʯʝʶ ʜʫʪʪʷ ʟʙʘʛʘʯʝʥʦʛʦ ʢʠʩʥʝʤ ʆ2 = 28 ï 40% ʽʟ ʩʝʨʝʜʥʴʦʶ 

ʚʠʪʨʘʪʦʶ Q = 2,9 ʤ3/ʭʚ. ʅʘʧʨʘʚʣʝʥʽʩʪʴ ʧʨʦʧʘʣʶʚʘʥʥʷ ʨʝʘʢʮʽʡʥʦʛʦ ʢʘʥʘʣʫ ʤʽʞ 

ʜʫʪʪʴʦʚʦʶ ʽ ʛʘʟʦʚʽʜʚʽʜʥʦʶ ʩʚʝʨʜʣʦʚʠʥʦʶ ʟʙʽʛʘʣʘʩʷ ʟ ʥʘʧʨʷʤʢʦʤ ʧʦʜʘʯʽ ʜʫʪʪʷ. 

ʊʝʤʧʝʨʘʪʫʨʥʠʡ ʨʝʞʠʤ ʨʝʘʢʮʽʡʥʦʛʦ ʢʘʥʘʣʫ ʧʝʨʝʙʫʚʘʚ ʫ ʜʽʘʧʘʟʦʥʽ 584 ï 705 Üʉ, 

ʧʦʜʘʯʘ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ ʧʨʦʭʦʜʠʣʘ ʟʘ ʩʝʨʝʜʥʴʦʛʦ ʪʠʩʢʫ 0,3 ʄʇʘ. ɿʘ ʪʘʢʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʰʚʠʜʢʽʩʪʴ ʧʨʦʧʘʣʶʚʘʥʥʷ ʨʝʘʢʮʽʡʥʦʛʦ ʢʘʥʘʣʫ ʟʤʽʥʶʚʘʣʘʩʷ ʚʽʜ 0,07 ʜʦ 

0,096 ʤ/ʛʦʜ. ʇʦʯʘʪʢʦʚʘ ʩʪʘʜʽʷ ʧʨʦʧʘʣʶʚʘʥʥʷ ʨʝʘʢʮʽʡʥʦʛʦ ʢʘʥʘʣʫ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ 

ʟʜʽʡʩʥʶʚʘʣʘʩʷ ʫ ʥʘʛʥʽʪʘʶʯʦʤʫ ʨʝʞʠʤʽ ʧʦʜʘʯʽ ʜʫʪʪʷ, ʧʝʨʝʭʽʜ ʥʘ ʢʦʤʙʽʥʦʚʘʥʠʡ 

ʨʝʞʠʤ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʜʠʤʦʪʷʛʫ ʜʘʚ ʟʤʦʛʫ ʟʥʠʟʠʪʠ ʪʠʩʢ ʧʦʜʘʯʽ ʜʫʪʪʴʦʚʦʾ 

ʩʫʤʽʰʽ ʤʘʡʞʝ ʥʘ 45% ʪʘ ʧʽʜʚʠʱʠʪʠ ʰʚʠʜʢʽʩʪʴ ʧʨʦʧʘʣʶʚʘʥʥʷ ʥʘ 27%. 

ʌʦʨʤʫʚʘʥʥʷ ʘʢʪʠʚʥʠʭ ʟʦʥ ʽ ʪʝʧʣʦʚʘ ʽʥʪʝʥʩʠʬʽʢʘʮʽʷ ʨʝʘʢʮʽʡʥʦʛʦ ʢʘʥʘʣʫ 

ʤʦʜʝʣʽ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʟʘʙʝʟʧʝʯʫʚʘʣʘʩʷ ʨʝʚʝʨʩʦʤ ʧʦʜʘʯʽ ʜʫʪʪʷ ʟ ʜʫʪʪʴʦʚʦʾ ʽ 

ʛʘʟʦʚʽʜʚʽʜʥʦʾ ʩʚʝʨʜʣʦʚʠʥ. ɺʦʛʥʝʚʠʡ ʚʠʙʽʡ ʟʥʘʭʦʜʠʚʩʷ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ 
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ʜʽʘʧʘʟʦʥʽ 695 ï 1004 Üʉ. ʉʝʨʝʜʥʽʡ ʪʠʩʢ ʧʦʜʘʯʽ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ ʩʪʘʥʦʚʠʚ 

0,24 ʄʇʘ. ʎʝ ʜʘʣʦ ʟʤʦʛʫ ʩʬʦʨʤʫʚʘʪʠ ʦʢʠʩʣʶʚʘʣʴʥʫ, ʧʝʨʝʭʽʜʥʫ ʽ ʚʽʜʥʦʚʣʶʚʘʣʴʥʫ 

ʟʦʥʠ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ [26]. 

ʉʫʤʽʩʥʠʡ ʨʦʟʧʘʣ ʧʣʘʩʪʘ ʽ ʬʦʨʤʫʚʘʥʥʷ ʨʝʘʢʮʽʡʥʦʛʦ ʢʘʥʘʣʫ ʜʘʚ ʟʤʦʛʫ ʯʝʨʝʟ 

3 ʛʦʜ ʚʠʚʝʩʪʠ ʛʘʟʦʛʝʥʝʨʘʪʦʨ ʫ ʨʝʞʠʤ ʩʪʘʙʽʣʴʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ. ʏʝʨʝʟ 3 ʛʦʜ 40 ʭʚ 

ʝʢʩʧʝʨʠʤʝʥʪʫ ʥʘ ʚʽʜʩʪʘʥʽ 0,2 ʤ ʚʽʜ ʪʦʯʢʠ ʧʦʜʘʯʽ ʜʫʪʪʷ ʚ ʦʢʠʩʣʶʚʘʣʴʥʽʡ ʟʦʥʽ 

ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ ʙʫʣʦ ʟʘʬʽʢʩʦʚʘʥʦ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʜʽʘʧʘʟʦʥʽ 590 ï 685 Üʉ. ʅʘ 

ʚʽʜʩʪʘʥʽ 0,76 ʤ ʚʽʜ ʪʦʯʢʠ ʧʦʜʘʯʽ ʜʫʪʪʷ ʟʘ ʜʦʚʞʠʥʦʶ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ 

ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʘʥʦʚʠʣʘ 884 ï 1007 Üʉ. ɺʤʽʩʪ ʢʠʩʥʶ ʥʝ ʧʝʨʝʚʠʱʫʚʘʚ 1,5%, ʘ ʚʤʽʩʪ 

ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʩʪʘʥʦʚʠʚ 12,6%. 

ʇʨʦʛʨʽʚ ʧʦʨʽʜ ʧʦʢʨʽʚʣʽ ʯʝʨʝʟ 5 ʛʦʜ 35 ʭʚ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʚʽʜʧʦʚʽʜʥʦ 

ʩʧʦʩʪʝʨʝʞʝʥʴ, ʥʘʜ ʚʦʛʥʝʚʠʤ ʚʠʙʦʻʤ ʥʘ ʚʽʜʩʪʘʥʽ 0,1 ʤ ʚʽʜ ʪʦʯʢʠ ʧʦʜʘʯʽ ʜʫʪʪʷ 

ʩʢʣʘʚ 412 ï 470 Üʉ, ʥʘ ʚʽʜʩʪʘʥʽ 0,62 ʤ ï 566 ï 734 Üʉ, 0,87 ʤ ï 664 ï 750 Üʉ, 

1,18 ʤ ï 450 ï 529 Üʉ. ɺʠʭʽʜ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ ʩʢʣʘʚ 2,1 ï 2,4 ʤ3/ʭʚ ʟ ʥʠʞʯʦʶ 

ʪʝʧʣʦʪʦʶ ʟʛʦʨʷʥʥʷ 2,5 ï 7,2 ʄɼʞ/ʤ3. 

ʋ ʧʨʦʮʝʩʽ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ ʩʧʦʩʪʝʨʽʛʘʣʠʩʷ ʟʥʘʯʥʽ ʟʤʽʥʠ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʽ ʪʝʭʥʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʣʠ ʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʪʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. ʆʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʬʘʢʪʦʨʽʚ ʙʫʣʘ 

ʧʦʩʪʫʧʦʚʘ ʟʤʽʥʘ ʛʝʦʤʝʪʨʽʾ ʚʠʛʘʟʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ, ʧʣʦʱʘ ʷʢʦʛʦ ʟʙʽʣʴʰʫʚʘʣʘʩʷ 

ʚʽʜ ʧʦʯʘʪʢʦʚʠʭ 0,12 ʤ ʜʦ 3,86 ʤĮ. ɺʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʙʫʣʦ ʧʦʛʽʨʰʝʥʥʷ 

ʛʝʨʤʝʪʠʯʥʦʩʪʽ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ, ʱʦ ʩʧʨʠʯʠʥʠʣʦ ʚʠʪʦʢʠ ʧʨʦʜʫʢʪʽʚ ʛʘʟʠʬʽʢʘʮʽʾ ʚ 

ʧʨʠʣʝʛʣʽ ʟʦʥʠ. ɿʥʠʞʝʥʥʷ ʛʝʨʤʝʪʠʯʥʦʩʪʽ ʧʨʠʟʚʦʜʠʣʦ ʜʦ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ 

ʚʠʭʦʜʫ ʛʘʟʫ ʪʘ ʟʥʠʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʘ ʪʘʢʦʞ ʜʦ 

ʧʽʜʚʠʱʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʨʠʟʠʢʽʚ. ʆʜʥʦʯʘʩʥʦ ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʟʨʦʩʪʘʥʥʷ ʜʦʚʞʠʥʠ 

ʦʢʠʩʣʶʚʘʣʴʥʦʾ ʟʦʥʠ ʪʘ ʨʝʘʢʮʽʡʥʦʛʦ ʢʘʥʘʣʫ, ʱʦ ʧʦʚôʷʟʘʥʦ ʟ ʘʢʪʠʚʥʠʤ 

ʧʦʰʠʨʝʥʥʷʤ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʫ ʛʣʠʙʠʥʫ ʧʣʘʩʪʘ. ʎʝ ʩʧʨʠʯʠʥʷʣʦ ʧʽʜʚʠʱʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʘʢʪʠʚʥʠʭ ʟʦʥ, ʷʢʽ ʧʨʠʩʢʦʨʶʚʘʣʠ ʧʨʦʮʝʩ 

ʛʘʟʠʬʽʢʘʮʽʾ, ʘʣʝ ʚʦʜʥʦʯʘʩ ʟʙʽʣʴʰʫʚʘʣʠ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ. 

ʑʝ ʦʜʥʠʤ ʚʘʞʣʠʚʠʤ ʧʨʦʮʝʩʦʤ ʙʫʣʦ ʬʦʨʤʫʚʘʥʥʷ ʚʝʨʪʠʢʘʣʴʥʠʭ ʽ 

ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʪʨʽʱʠʥ ʫ ʧʦʨʦʜʘʭ ʧʦʢʨʽʚʣʽ ʧʣʘʩʪʘ. ɿʨʦʩʪʘʥʥʷ ʪʨʽʱʠʥʫʚʘʪʦʩʪʽ 
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ʩʪʘʣʦ ʥʘʩʣʽʜʢʦʤ ʪʝʨʤʽʯʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʧʦʨʽʜ, ʾʭ ʧʝʨʝʤʽʱʝʥʥʷ, ʱʦ ʚʠʢʣʠʢʘʥʦ 

ʟʤʽʱʝʥʥʷʤ ʧʦʨʦʜʥʠʭ ʰʘʨʽʚ ʥʘʜ ʚʫʛʽʣʴʥʠʤ ʧʣʘʩʪʦʤ.  

ʂʨʽʤ ʪʦʛʦ, ʰʚʠʜʢʽʩʪʴ ʧʦʩʫʚʘʥʥʷ ʘʢʪʠʚʥʠʭ ʟʦʥ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʟʥʘʯʥʦ 

ʟʨʦʩʪʘʣʘ ʚʥʘʩʣʽʜʦʢ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʪʝʨʤʽʯʥʠʤʠ, ʤʝʭʘʥʽʯʥʠʤʠ ʪʘ ʭʽʤʽʯʥʠʤʠ 

ʧʨʦʮʝʩʘʤʠ. ʎʝ ʧʨʠʟʚʦʜʠʣʦ ʜʦ ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ ʧʨʦʛʦʨʷʥʥʷ ʧʣʘʩʪʘ, ʱʦ 

ʧʦʪʨʝʙʫʚʘʣʦ ʦʧʝʨʘʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʜʣʷ ʫʥʠʢʥʝʥʥʷ ʜʝʩʪʘʙʽʣʽʟʘʮʽʾ ʚʩʴʦʛʦ 

ʧʨʦʮʝʩʫ. 

ʋʩʽ ʮʽ ʟʤʽʥʠ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʽ ʪʝʭʥʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʙʫʣʠ ʪʽʩʥʦ ʧʦʚôʷʟʘʥʽ ʟ 

ʧʝʨʝʤʽʱʝʥʥʷʤ ʧʦʨʦʜʥʠʭ ʰʘʨʽʚ ʧʦʢʨʽʚʣʽ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ. ɼʝʬʦʨʤʘʮʽʾ ʧʦʨʽʜ, 

ʩʧʨʠʯʠʥʝʥʽ ʟʤʝʥʰʝʥʥʷʤ ʦʙôʻʤʫ ʚʫʛʽʣʣʷ ʚʥʘʩʣʽʜʦʢ ʡʦʛʦ ʛʘʟʠʬʽʢʘʮʽʾ, ʩʪʚʦʨʶʚʘʣʠ 

ʜʦʜʘʪʢʦʚʽ ʪʨʫʜʥʦʱʽ ʚ ʧʽʜʪʨʠʤʘʥʥʽ ʩʪʘʙʽʣʴʥʦʩʪʽ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ. 

ʏʝʨʝʟ 10 ʛʦʜ ʚʽʜ ʧʦʯʘʪʢʫ ʜʦʩʣʽʜʞʝʥʴ ʩʧʦʩʪʝʨʽʛʘʣʘʩʷ ʢʨʠʪʠʯʥʘ 

ʜʝʩʪʘʙʽʣʽʟʘʮʽʷ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ, ʱʦ ʩʫʪʪʻʚʦ ʚʧʣʠʥʫʣʦ ʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʟʤʦʜʝʣʴʦʚʘʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. ʆʩʥʦʚʥʠʤ ʥʘʩʣʽʜʢʦʤ 

ʮʽʻʾ ʜʝʩʪʘʙʽʣʽʟʘʮʽʾ ʩʪʘʣʦ ʟʥʘʯʥʝ ʧʦʨʫʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʚʟʜʦʚʞ 

ʜʦʚʞʠʥʠ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ. ʊʝʤʧʝʨʘʪʫʨʘ ʚ ʨʽʟʥʠʭ ʟʦʥʘʭ ʛʘʟʠʬʽʢʘʮʽʾ ʩʪʘʣʘ 

ʥʝʨʽʚʥʦʤʽʨʥʦʶ, ʱʦ ʧʨʠʟʚʝʣʦ ʜʦ ʟʤʽʱʝʥʥʷ ʬʨʦʥʪʫ ʛʘʟʠʬʽʢʘʮʽʾ ʪʘ ʫʪʚʦʨʝʥʥʷ 

ʣʦʢʘʣʴʥʠʭ ʟʦʥ ʧʝʨʝʛʨʽʚʫ ʽ ʥʝʜʦʛʨʽʚʫ. ɺ ʦʢʠʩʣʶʚʘʣʴʥʽʡ ʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨʘ 

ʟʥʠʟʠʣʘʩʷ ʥʘ 122 Üʉ ʽ ʩʪʘʥʦʚʠʣʘ 476 Üʉ. 

ʎʽ ʟʤʽʥʠ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʥʫʣʠ ʥʘ ʧʨʦʮʝʩʠ ʭʽʤʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʫʛʽʣʣʷ, 

ʱʦ ʩʚʦʻʶ ʯʝʨʛʦʶ ʧʦʟʥʘʯʠʣʦʩʷ ʥʘ ʢʣʶʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʘʭ. ɺʠʭʽʜ 

ʰʪʫʯʥʦʛʦ ʛʘʟʫ ʥʘ ʚʠʭʦʜʽ ʟ ʛʘʟʦʚʽʜʚʽʜʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ ʩʫʪʪʻʚʦ ʟʥʠʟʠʚʩʷ, ʘ ʡʦʛʦ 

ʷʢʽʩʪʴ ʧʦʛʽʨʰʠʣʘʩʷ. ɿʦʢʨʝʤʘ, ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʟʤʝʥʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʮʽʥʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ (ʤʝʪʘʥʫ, ʚʦʜʥʶ ʪʘ ʦʢʩʠʜʫ ʚʫʛʣʝʮʶ ï ʫʩʝʨʝʜʥʝʥʝ ʟʥʘʯʝʥʥʷ 15,76%) 

ʽ ʟʥʘʯʥʝ ʟʙʽʣʴʰʝʥʥʷ ʙʘʣʘʩʪʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʪʘʢʠʭ ʷʢ ʘʟʦʪ, ʜʽʦʢʩʠʜ ʚʫʛʣʝʮʶ ʫ 

ʩʢʣʘʜʽ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʛʦ ʧʨʦʜʫʢʪʫ (ʪʘʙʣ. 4.1). ɼʦʜʘʪʢʦʚʦ, ʟʨʦʩʪʘʥʥʷ ʯʘʩʪʢʠ 

ʙʘʣʘʩʪʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ʛʘʟʦʚʦʤʫ ʧʨʦʜʫʢʪʽ ʧʨʠʟʚʝʣʦ ʜʦ ʫʩʢʣʘʜʥʝʥʥʷ ʧʦʜʘʣʴʰʦʾ 

ʧʝʨʝʨʦʙʢʠ ʪʘ ʟʥʠʞʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʮʽʥʥʦʩʪʽ ʦʪʨʠʤʘʥʦʛʦ ʛʘʟʫ. 
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ʊʘʙʣʠʮʷ 4.1 ï ʉʢʣʘʜ ʧʘʣʠʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ 

ɻʦʜʠʥʘ, 

ʛʦʜ:ʭʚ 

ʉʢʣʘʜ ʧʘʣʠʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ ʚ 

ʭʦʜʽ ʝʢʩʧʝʨʠʤʝʥʪʫ, % 

ʊʝʧʣʦʪʘ ʟʛʦʨʷʥʥʷ 

ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ, 

ʄɼʞ/ʤ3 ʉʅ4 ʉʆ ʅ2 

ʈʝʞʠʤ ʧʨʦʧʘʣʶʚʘʥʥʷ ʽ ʬʦʨʤʫʚʘʥʥʷ ʨʝʘʢʮʽʡʥʦʛʦ ʢʘʥʘʣʫ 

10:00 0,00 0,00 0,00 0,00 

10:30 0,12 0,16 0,30 0,22 

11:00 0,70 0,91 0,88 0,46 

11:30 0,60 2,03 0,94 0,58 

12:00 0,42 2,16 1,85 0,79 

ʈʝʞʠʤ ʬʦʨʤʫʚʘʥʥʷ ʘʢʪʠʚʥʠʭ ʟʦʥ ʨʝʘʢʮʽʡʥʦʛʦ ʢʘʥʘʣʫ 

12:30 0,67 2,94 2,60 1,52 

13:00 0,74 4,48 4,02 2,00 

13:30 0,77 4,92 4,51 2,11 

14:00 0,82 5,60 5,77 2,30 

ʈʝʞʠʤ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ 

14:30 0,97 6,15 6,21 2,45 

15:00 0,95 6,82 7,06 2,52 

15:30 1,23 10,46 9,89 3,38 

16:00 3,81 12,58 11,43 4,57 

16:30 4,73 14,80 13,11 5,01 

17:00 5,28 14,09 16,36 5,92 

17:30 6,53 14,45 18,29 6,34 

18:00 6,91 14,40 19,68 7,28 

18:30 6,12 14,02 18,40 6,02 

19:00 5,26 11,04 15,00 4,73 

19:30 4,91 10,53 14,28 4,05 

ɼʝʩʪʘʙʽʣʽʟʘʮʽʷ ʧʨʦʮʝʩʫ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ 

20:00 3,49 16,02 9,68 4,08 

20:30 3,53 15,66 10,32 4,10 

20:45 2,23 8,46 7,89 338 

 

ɺʘʞʣʠʚʫ ʡ ʨʽʟʥʦʤʘʥʽʪʥʫ ʛʨʫʧʫ ʧʨʦʮʝʩʽʚ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ 

ʩʪʘʥʦʚʣʷʪʴ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʧʨʦʮʝʩʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʟʤʽʥʫ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ, 

ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʫʛʽʣʣʷ, ʘ ʪʘʢʦʞ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. ʎʽ ʧʨʦʮʝʩʠ ʤʘʶʪʴ ʢʣʶʯʦʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ, 

ʦʩʢʽʣʴʢʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʢʽʥʮʝʚʠʡ ʚʠʭʽʜ ʛʘʟʦʚʦʛʦ ʧʨʦʜʫʢʪʫ ʪʘ ʡʦʛʦ 

ʷʢʽʩʪʴ. ɺʽʜ ʚʟʘʻʤʦʜʽʾ (ʟʙʘʣʘʥʩʦʚʘʥʦʩʪʽ) ʩʠʩʪʝʤʠ çʧʽʜʟʝʤʥʠʡ ʛʘʟʦʛʝʥʝʨʘʪʦʨ ï 
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ʚʫʛʽʣʴʥʠʡ ʧʣʘʩʪè, ʰʚʠʜʢʦʩʪʝʡ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʽ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʧʨʠ 

ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ ʟʘʣʝʞʘʪʴ ʢʝʨʦʚʘʥʽʩʪʴ, ʙʝʟʧʝʢʘ ʽ ʪʝʭʥʦʣʦʛʽʯʥʽʩʪʴ 

ʚʠʨʦʙʥʠʮʪʚʘ ʰʪʫʯʥʦʛʦ ʛʘʟʫ. ʅʝʦʙʭʽʜʥʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʛʨʘʜʽʻʥʪ ʪʝʤʧʝʨʘʪʫʨʠ ʚ 

ʨʝʞʠʤʽ ʬʦʨʤʫʚʘʥʥʷ ʘʢʪʠʚʥʠʭ ʟʦʥ ʨʝʘʢʮʽʡʥʦʛʦ ʢʘʥʘʣʫ ʧʽʜʟʝʤʥʦʛʦ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʟʤʽʥʶʻʪʴʩʷ ʥʝʨʽʚʥʦʤʽʨʥʦ ʪʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʽʣʴʢʦʭ ʢʣʶʯʦʚʠʭ 

ʬʘʢʪʦʨʽʚ, ʪʘʢʠʭ ʷʢ ʧʦʪʫʞʥʽʩʪʴ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʦʜʘʯʽ 

ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ, ʪʠʧ ʚʫʛʽʣʣʷ ʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. ʋ 

ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʛʨʘʜʽʻʥʪ ʪʝʤʧʝʨʘʪʫʨʠ ʚ 

ʨʝʞʠʤʽ ʬʦʨʤʫʚʘʥʥʷ ʘʢʪʠʚʥʠʭ ʟʦʥ ʨʝʘʢʮʽʡʥʦʛʦ ʢʘʥʘʣʫ ʧʽʜʟʝʤʥʦʛʦ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʟʘ ʡʦʛʦ ʜʦʚʞʠʥʦʶ ʟʤʽʥʶʻʪʴʩʷ: ʚ ʦʢʠʩʣʁ ʚʘʣʴʥʽʡ ʟʦʥʽ ʩʪʘʥʦʚʠʪʴ 

600 ï 1050 ÜC (0 ï 10 ʤ), ʫ ʚʽʜʥʦʚʣʶʚʘʣʴʥʽʡ ï 1050 ï 412 ÜC (10 ï 30 ʤ). 

ɿʦʥʘ 0 ï 9 ʤ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʠʤ ʦʢʠʩʣʝʥʥʷʤ ʚʫʛʣʝʮʶ (ʉ ï 82%) 

ʫ ʧʨʠʩʫʪʥʦʩʪʽ ʢʠʩʥʶ (ʆ2 ï 21%): ʉ + ʆ2 Ÿ ʉʆ2 + q (ʚʠʜʽʣʝʥʥʷ ʪʝʧʣʘ 

å394 ʢɼʞ/ʤʦʣʴ). ʎʷ ʨʝʘʢʮʽʷ ʝʢʟʦʪʝʨʤʽʯʥʘ ʽ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʚʠʜʽʣʝʥʥʷʤ ʟʥʘʯʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʘ, ʷʢʝ ʟʘʙʝʟʧʝʯʫʻ ʧʦʜʘʣʴʰʝ ʧʨʦʪʽʢʘʥʥʷ ʧʨʦʮʝʩʽʚ ʫ ʛʘʟʦʛʝʥʝʨʘʪʦʨʽ. 

ɻʨʘʜʽʻʥʪ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʮʽʡ ʟʦʥʽ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 25 ï 50 ÜC ʥʘ ʤʝʪʨ, ʱʦ 

ʧʦʷʩʥʶʻʪʴʩʷ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʪʝʧʣʦʚʠʜʽʣʷʶʯʠʭ ʨʝʘʢʮʽʡ ʥʘ ʥʝʚʝʣʠʢʽʡ ʜʦʚʞʠʥʽ.  

ɿʦʥʘ 9 ï 30 ʤ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʝʥʜʦʪʝʨʤʽʯʥʠʤʠ ʨʝʘʢʮʽʷʤʠ ʚʽʜʥʦʚʣʝʥʥʷ ʟʘ 

ʷʢʠʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʛʣʠʥʘʥʥʷ ʪʝʧʣʦʪʠ [27]: 

C + H2O Ÿ CO + H2 ī q (ʧʦʛʣʠʥʘʥʥʷ ʪʝʧʣʘ å131 ʢɼʞ/ʤʦʣʴ); 

C + CO2 Ÿ 2CO ī q (ʧʦʛʣʠʥʘʥʥʷ ʪʝʧʣʘ å172 ʢɼʞ/ʤʦʣʴ). 

ʊʝʤʧʝʨʘʪʫʨʥʠʡ ʛʨʘʜʽʻʥʪ ʫ ʮʽʡ ʟʦʥʽ ʤʝʥʰ ʽʥʪʝʥʩʠʚʥʠʡ ʽ ʩʪʘʥʦʚʠʪʴ 15 ï 

20 ÜC ʥʘ ʤʝʪʨ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʧʦʩʪʫʧʦʚʠʤ ʟʤʝʥʰʝʥʥʷʤ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʨʝʘʢʮʽʡ 

ʯʝʨʝʟ ʥʝʩʪʘʯʫ ʨʝʘʛʝʥʪʽʚ ʜʫʪʪʷ. 

ʇʝʨʝʭʽʜ ʤʽʞ ʦʢʠʩʣʶʚʘʣʴʥʦʶ ʪʘ ʚʽʜʥʦʚʣʶʚʘʣʴʥʦʶ ʟʦʥʘʤʠ ʻ ʢʨʠʪʠʯʥʠʤ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ. ʋ ʮʴʦʤʫ ʽʥʪʝʨʚʘʣʽ, ʟʘʟʚʠʯʘʡ 

ʥʘ ʜʦʚʞʠʥʽ 9 ï 11 ʤ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʠʡ ʪʝʧʣʦʚʠʡ 

ʚʧʣʠʚ ʥʘ ʛʽʨʩʴʢʠʡ ʤʘʩʠʚ, ʱʦ ʤʦʞʝ ʩʧʨʠʯʠʥʠʪʠ ʾʭ ʪʝʨʤʽʯʥʝ ʨʫʡʥʫʚʘʥʥʷ ʪʘ 

ʫʪʚʦʨʝʥʥʷ ʪʨʽʱʠʥ. ʋʟʘʛʘʣʴʥʝʥʫ ʢʘʨʪʠʥʫ ʱʦʜʦ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʫ 

ʚʦʛʥʝʚʦʤʫ ʚʠʙʦʾ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.2.  
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ʈʠʩʫʥʦʢ 4.2 ï ʇʘʨʘʤʝʪʨʠ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨ ʫ ʚʦʛʥʝʚʦʤʫ ʚʠʙʦʾ 

ʟʘ ʟʦʥʘʤʠ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ: 1 ï ʜʫʪʪʴʦʚʘ ʩʚʝʨʜʣʦʚʠʥʘ; 2 ï ʛʘʟʦʚʽʜʚʽʜʥʘ 

ʩʚʝʨʜʣʦʚʠʥʘ 

 

ɸʥʘʣʽʟ ʜʘʥʠʭ ʥʘ ʨʠʩ. 4.3 ʚʢʘʟʫʻ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʯʽʪʢʦʾ ʟʦʥʘʣʴʥʦʩʪʽ ʫ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʨʝʞʠʤʘʭ. ʄʘʢʩʠʤʫʤ ʪʝʤʧʝʨʘʪʫʨʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʽ ʩʪʦʨʦʥʠ 

ʜʫʪʪʴʦʚʦʾ ʩʚʝʨʜʣʦʚʠʥʠ. ʎʝ ʟʫʤʦʚʣʶʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ, ʷʢʽ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʽʜʚʝʜʝʥʥʷ ʜʫʪʪʷ ʜʦ 

ʨʝʘʢʮʽʡʥʦʾ ʧʦʚʝʨʭʥʽ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ. ɺ ʦʢʠʩʣʶʚʘʣʴʥʽʡ ʟʦʥʽ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ, 

ʷʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʟʽ ʩʪʦʨʦʥʠ ʜʫʪʪʴʦʚʦʾ ʩʚʝʨʜʣʦʚʠʥʠ ʧʨʦʭʦʜʠʪʴ ʚʠʧʝʨʝʜʞʝʥʥʷ 

ʣʽʥʽʾ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ. ɼʝʩʪʘʙʽʣʽʟʘʮʽʷ, ʷʢ ʧʦʢʘʟʫʶʪʴ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ 

ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ, ʥʘʩʪʘʻ ʧʨʠ ʚʠʧʝʨʝʜʞʝʥʥʽ ʦʢʠʩʣʶʚʘʣʴʥʦʾ ʟʦʥʠ ʚʽʜʥʦʩʥʦ 

ʚʽʜʥʦʚʣʶʚʘʣʴʥʦʾ ʙʽʣʴʰʝ ʥʽʞ ʥʘ 50%. ʂʦʣʠ ʚʠʧʝʨʝʜʞʝʥʥʷ ʦʢʠʩʣʶʚʘʣʴʥʦʾ ʟʦʥʠ 

ʩʪʘʻ ʥʘʜʤʽʨʥʠʤ, ʟʥʘʯʥʘ ʯʘʩʪʠʥʘ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ 

ʝʢʟʦʪʝʨʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʫ ʟʦʥʽ ʦʢʠʩʣʝʥʥʷ, ʧʝʨʝʜʘʻʪʴʩʷ ʜʦ ʚʽʜʥʦʚʣʶʚʘʣʴʥʦʾ ʟʦʥʠ. 

ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʙʘʣʘʥʩʫ, ʟʦʢʨʝʤʘ: ʫ ʚʽʜʥʦʚʣʶʚʘʣʴʥʽʡ 

ʟʦʥʽ ʧʽʜʚʠʱʫʻʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʱʦ ʤʦʞʝ ʩʧʨʠʷʪʠ ʥʝʨʽʚʥʦʤʽʨʥʦʤʫ ʨʦʟʧʦʜʽʣʫ 

ʪʝʧʣʘ ʽ ʧʝʨʝʛʨʽʚʫ ʦʢʨʝʤʠʭ ʜʽʣʷʥʦʢ; ʚ ʦʢʠʩʣʶʚʘʣʴʥʽʡ ʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨʘ 

ʟʥʠʞʫʻʪʴʩʷ, ʱʦ ʫʧʦʚʽʣʴʥʶʻ ʭʽʤʽʯʥʽ ʨʝʘʢʮʽʾ ʽ ʟʤʝʥʰʫʻ ʚʠʭʽʜ ʛʦʨʶʯʠʭ ʛʘʟʽʚ. 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʨʝʚʝʨʩʫ ʩʧʨʠʷʻ ʚʠʨʽʚʥʶʚʘʥʥʶ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ, ʘʢʪʠʚʽʟʘʮʽʾ 

ʧʨʦʮʝʩʽʚ ʛʘʟʠʬʽʢʘʮʽʾ ʪʘ ʩʪʚʦʨʝʥʥʶ ʫʤʦʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʘʪʝʨʽʘʣʴʥʦ-

ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ ʛʘʟʠʬʽʢʘʮʽʾ. ʎʽ ʨʝʟʫʣʴʪʘʪʠ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʚ ʨʘʥʽʰʝ 

ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ [28]. ʇʨʠ ʮʴʦʤʫ ʧʘʨʘʤʝʪʨʠ ʜʦʚʞʠʥ ʟʦʥ ʭʽʤʽʯʥʠʭ 
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ʨʝʘʢʮʽʡ ʟʘ ʜʦʚʞʠʥʦʶ ʩʪʦʚʧʘ ʛʘʟʠʬʽʢʘʮʽʾ ʥʝ ʨʦʟʛʣʷʜʘʣʠʩʷ ʽ ʧʦʪʨʝʙʫʶʪʴ 

ʫʪʦʯʥʝʥʥʷ. ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ 

ʧʦʙʫʜʦʚʘʥʦ ʟʘʛʘʣʴʥʫ ʩʭʝʤʫ, ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʟʤʽʥʫ ʧʘʨʘʤʝʪʨʽʚ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ 

(ʨʠʩ. 4.3). 
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ʈʠʩʫʥʦʢ 4.3 ï ɻʨʘʬʽʢ ʧʝʨʝʤʽʱʝʥʥʷ ʘʢʪʠʚʥʠʭ ʟʦʥ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ ʟʘ ʜʦʚʞʠʥʦʶ 

ʩʪʦʚʧʘ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʟʘʣʝʞʥʦ ʚʽʜ ʪʨʠʚʘʣʦʩʪʽ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ: 

1 ï 1 ʜʦʙʘ; 2 ï 2 ʜʦʙʠ; 3 ï 3 ʜʦʙʠ; 4 ï ʧʦʣʦʞʝʥʥʷ ʜʫʪʪʴʦʚʦʾ ʩʚʝʨʜʣʦʚʠʥʠ; 

5 ï ʧʦʣʦʞʝʥʥʷ ʛʘʟʦʚʽʜʚʽʜʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ; 6 ï ʥʘʧʨʷʤʦʢ ʨʫʭʫ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ; 

7 ï ʥʘʧʨʷʤʦʢ ʨʫʭʫ ʛʘʟʦʚʽʜʚʽʜʥʦʾ ʩʫʤʽʰʽ; 8 ï ʥʘʧʨʷʤʦʢ ʨʫʭʫ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ 

 

ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʱʦʜʦ ʧʘʨʘʤʝʪʨʽʚ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ 

ʦʢʠʩʣʶʚʘʣʴʥʦʾ ʟʦʥʠ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.4 ï 4.7. 

ʇʦʪʫʞʥʽʩʪʴ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ ʩʪʘʥʦʚʠʣʘ 0,6 ï 1,2 ʤ. 

ʈʝʟʫʣʴʪʘʪʠ ʣʘʙʦʨʘʪʦʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ (ʨʠʩ. 4.4) ʧʦʢʘʟʫʶʪʴ ʜʠʥʘʤʽʢʫ ʟʤʽʥ 

ʧʘʨʘʤʝʪʨʽʚ ʨʝʞʠʤʫ ʛʘʟʠʬʽʢʘʮʽʾ ʫʧʨʦʜʦʚʞ ʪʨʴʦʭ ʜʽʙ. ʉʝʨʝʜʥʻ ʚʠʧʝʨʝʜʞʝʥʥʷ 

ʦʢʠʩʣʶʚʘʣʴʥʦʾ ʟʦʥʠ ʚʽʜʥʦʩʥʦ ʚʽʜʥʦʚʣʶʚʘʣʴʥʦʾ ʥʘ ʢʽʥʝʮʴ ʧʝʨʰʦʾ ʜʦʙʠ ʛʘʟʠʬʽʢʘʮʽʾ 

ʩʷʛʘʣʦ 1,34 ʤ. ɹʽʣʷ ʫʩʪʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʩʚʝʨʜʣʦʚʠʥ (ʜʫʪʪʴʦʚʦʾ ʪʘ ʛʘʟʦʚʽʜʚʽʜʥʦʾ) 

ʮʝʡ ʧʦʢʘʟʥʠʢ ʩʷʛʘʻ 1,45 ʤ. ɼʦʚʞʠʥʘ ʦʢʠʩʣʶʚʘʣʴʥʦʾ ʟʦʥʠ lʦʢ.ʟ ʟʤʽʥʶʚʘʣʘʩʷ ʚʽʜ 9,0 
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ʜʦ 11,8 ʤ. ʉʪʘʙʽʣʴʥʽ ʧʦʢʘʟʥʠʢʠ ʚʠʭʦʜʫ ʛʦʨʶʯʠʭ ʛʝʥʝʨʘʪʦʨʥʠʭ ʛʘʟʽʚ ʙʫʣʠ ʥʘ ʨʽʚʥʽ 

34,72 ï 34,82%. ɼʦ ʟʘʚʝʨʰʝʥʥʷ ʜʨʫʛʦʾ ʜʦʙʠ ʛʘʟʠʬʽʢʘʮʽʾ ʚʝʣʠʯʠʥʘ ʚʠʧʝʨʝʜʞʝʥʥʷ 

ʦʢʠʩʣʶʚʘʣʴʥʦʾ ʟʦʥʠ ʟʙʽʣʴʰʫʻʪʴʩʷ ʜʦ 5,9 ʤ, ʘ ʾʾ ʜʦʚʞʠʥʘ ʩʪʘʥʦʚʠʣʘ 10,8 ʤ. ʈʽʚʝʥʴ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʛʘʟʽʚ ʧʦʯʘʚ ʨʽʟʢʦ ʟʥʠʞʫʚʘʪʠʩʷ ʽ ʩʪʘʥʦʚʠʚ 29,35%. ʅʝʦʙʭʽʜʥʦ 

ʟʘʟʥʘʯʠʪʠ, ʱʦ ʢʦʥʮʝʥʪʨʘʮʽʷ ʛʘʟʽʚ ʧʦʯʘʣʘ ʟʥʠʞʫʚʘʪʠʩʷ ʚʞʝ ʟ 42 ʛʦʜ ʛʘʟʠʬʽʢʘʮʽʾ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʨʘʭʦʚʫʶʯʠ ʧʘʨʘʤʝʪʨʠ ʚʠʭʦʜʫ ʛʦʨʶʯʠʭ ʛʘʟʽʚ ʪʘ ʪʨʠʚʘʣʽʩʪʴ 

ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ ʧʦʪʫʞʥʽʩʪʶ 0,6 ʤ ʚʠʟʥʘʯʝʥʦ, ʱʦ 

ʦʧʪʠʤʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʜʦʚʞʠʥʠ ʦʢʠʩʣʶʚʘʣʴʥʦʾ ʟʦʥʠ ʩʪʘʥʦʚʣʷʪʴ 9,0 ï 10,35 ʤ. 
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ʈʠʩʫʥʦʢ 4.4 ï ɼʘʥʽ ʱʦʜʦ ʢʦʥʮʝʥʪʨʘʮʽʾ ʛʦʨʶʯʠʭ ʛʘʟʽʚ ɖʛ.ʛ. ʪʘ ʜʦʚʞʠʥʠ 

ʦʢʠʩʣʶʚʘʣʴʥʦʾ ʟʦʥʠ lʦʢ.ʟ. ʚʽʜ ʯʘʩʫ ʛʘʟʠʬʽʢʘʮʽʾ t ʟʘ ʧʦʪʫʞʥʦʩʪʽ  

ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ 0,6 ʤ 

 

ɸʥʘʣʦʛʽʯʥʘ ʢʘʨʪʠʥʘ ʟʙʽʣʴʰʝʥʥʷ ʜʦʚʞʠʥʠ ʦʢʠʩʣʶʚʘʣʴʥʦʾ ʟʦʥʠ ʧʽʜʟʝʤʥʦʛʦ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʽʜ ʯʘʩ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ 

ʧʦʪʫʞʥʽʩʪʶ 0,8 ʤ (ʨʠʩ. 4.5). ʆʜʥʘʢ ʩʫʪʪʻʚʘ ʚʽʜʤʽʥʥʽʩʪʴ ʧʦʣʷʛʘʻ ʚ ʯʘʩʦʚʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʧʨʦʮʝʩʫ, ʟʦʢʨʝʤʘ ʚ ʤʦʤʝʥʪʽ ʧʝʨʝʭʦʜʫ ʧʽʜʟʝʤʥʦʛʦ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʜʦ ʨʝʞʠʤʫ ʟʥʠʞʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʛʦʨʶʯʠʭ ʛʘʟʽʚ. ʅʘ ʧʦʯʘʪʢʦʚʠʭ 

ʝʪʘʧʘʭ ʛʘʟʠʬʽʢʘʮʽʾ ʟʙʽʣʴʰʝʥʥʷ ʜʦʚʞʠʥʠ ʦʢʠʩʣʶʚʘʣʴʥʦʾ ʟʦʥʠ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʦʩʪʫʧʦʚʦ, ʱʦ ʩʧʨʠʷʻ ʩʪʘʙʽʣʴʥʦʤʫ ʫʪʚʦʨʝʥʥʶ ʛʦʨʶʯʠʭ ʛʘʟʽʚ ʽʟ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ 
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ʢʦʥʮʝʥʪʨʘʮʽʾ (38,54 ï 39,1%). ʋ ʧʦʨʽʚʥʷʥʥʽ ʟ ʙʽʣʴʰ ʧʦʪʫʞʥʽʰʠʤʠ ʚʫʛʽʣʴʥʠʤʠ 

ʧʣʘʩʪʘʤʠ > 0,8 ʤ ʰʚʠʜʢʽʩʪʴ ʧʨʦʛʨʽʚʫ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʟʦʥ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʚʠʱʘ, 

ʱʦ ʧʨʠʩʢʦʨʶʻ ʧʝʨʝʭʽʜ ʧʨʦʮʝʩʫ ʜʦ ʩʪʘʜʽʾ ʽʥʪʝʥʩʠʚʥʦʛʦ ʚʠʜʽʣʝʥʥʷ ʛʦʨʶʯʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ. ʆʧʪʠʤʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʜʦʚʞʠʥʠ ʦʢʠʩʣʶʚʘʣʴʥʦʾ ʟʦʥʠ ʩʪʘʥʦʚʣʷʪʴ 

9,0 ï 10,45 ʤ. 
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ɖʛ.ʛ. = 8,66e
0,022t

RĮ = 0,98

 

ʈʠʩʫʥʦʢ 4.5 ï ɼʘʥʽ ʱʦʜʦ ʢʦʥʮʝʥʪʨʘʮʽʾ ʛʦʨʶʯʠʭ ʛʘʟʽʚ ɖʛ.ʛ. ʽ ʜʦʚʞʠʥʠ 

ʦʢʠʩʣʶʚʘʣʴʥʦʾ ʟʦʥʠ lʦʢ.ʟ. ʚʽʜ ʯʘʩʫ ʛʘʟʠʬʽʢʘʮʽʾ t ʟʘ ʧʦʪʫʞʥʦʩʪʽ  

ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ 0,8 ʤ 

 

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ (ʨʠʩ. 4.6) ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ 

ʧʨʠ ʚʝʜʝʥʥʽ ʨʝʞʠʤʫ ʛʘʟʠʬʽʢʘʮʽʾ ʚʧʨʦʜʦʚʞ ʦʜʥʽʻʾ ʜʦʙʠ ʩʝʨʝʜʥʻ ʚʠʧʝʨʝʜʞʝʥʥʷ 

ʦʢʠʩʣʶʚʘʣʴʥʦʾ ʟʦʥʠ ʚʽʜʥʦʩʥʦ ʚʽʜʥʦʚʣʶʚʘʣʴʥʦʾ ʩʪʘʥʦʚʠʪʴ 0,5 ʤ, ʘ ʙʽʣʷ ʫʩʪʷ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʩʚʝʨʜʣʦʚʠʥ (ʜʫʪʪʴʦʚʦʾ, ʛʘʟʦʚʽʜʚʽʜʥʦʾ) ï 0,6 ʤ. ʇʨʠ ʮʴʦʤʫ 

ʜʦʚʞʠʥʘ ʦʢʠʩʣʶʚʘʣʴʥʦʾ ʟʦʥʠ lʦʢ.ʟ. = 9,0 ï 9,4 ʤ ʩʫʪʪʻʚʦ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʚʠʭʽʜ 

ʛʦʨʶʯʠʭ ʛʝʥʝʨʘʪʦʨʥʠʭ ʛʘʟʽʚ. ʅʘ ʟʘʢʽʥʯʝʥʥʷ ʜʨʫʛʦʾ ʜʦʙʠ ʚʝʜʝʥʥʷ ʧʨʦʮʝʩʫ 

ʛʘʟʠʬʽʢʘʮʽʾ ʚʝʣʠʯʥʘ ʚʠʧʝʨʝʜʞʝʥʥʷ ʟʙʽʣʴʰʫʻʪʴʩʷ ʜʦ 2,1 ʤ, ʘ ʜʦʚʞʠʥʘ 

ʦʢʠʩʣʶʚʘʣʴʥʦʾ ʟʦʥʠ ʩʢʣʘʣʘ 10,2 ʤ. ɿʘ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʦʥʮʝʥʪʨʘʮʽʷ ʛʦʨʶʯʠʭ 

ʛʘʟʽʚ ʙʫʣʘ ʥʘ ʚʧʨʦʜʦʚʞ ʜʨʫʛʦʾ ʜʦʙʠ ʥʘ ʨʽʚʥʽ 38,02% ʟ ʪʝʧʣʦʪʦʶ ʟʛʦʨʷʥʥʷ 

6,94 ʄɼʞ/ʤ3. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʧʽʜʚʠʱʝʥʥʷʤ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ 

ʟʘ ʨʘʭʫʥʦʢ ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʨʦʛʨʽʚʫ ʧʦʨʦʜʦ-ʚʫʛʽʣʴʥʦʛʦ ʤʘʩʠʚʫ. ɿ ʧʦʯʘʪʢʦʤ 
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ʪʨʝʪʴʦʾ ʜʦʙʠ (4 ʛʦʜ) ʚʠʧʝʨʝʜʞʝʥʥʷ ʩʪʘʥʦʚʠʣʦ 2,4 ʤ, ʘ ʜʦʚʞʠʥʘ ʦʢʠʩʣʶʚʘʣʴʥʦʾ 

ʟʦʥʠ ï 10,4 ʤ. ɺʠʭʽʜ ʛʘʟʽʚ ʧʦʯʘʚ ʨʽʟʢʦ ʟʤʝʥʰʫʚʘʪʠʩʷ ʽ ʩʢʣʘʚ 36,78%. ʎʷ ʩʠʪʫʘʮʽʷ 

ʦʙʫʤʦʚʣʝʥʘ ʧʦʨʫʰʝʥʥʷʤ ʙʘʣʘʥʩʫ ʤʽʞ ʟʦʥʘʤʠ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ. ɿʘ ʪʘʢʠʭ ʫʤʦʚ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʝ ʧʦʚʥʝ ʟʛʦʨʷʥʥʷ ʢʠʩʥʶ ʚ ʩʢʣʘʜʽ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ ʪʘ ʧʽʜʚʠʱʝʥʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʙʘʣʘʩʪʥʠʭ ʛʘʟʽʚ. 
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ʈʠʩʫʥʦʢ 4.6 ï ɼʘʥʽ ʱʦʜʦ ʢʦʥʮʝʥʪʨʘʮʽʾ ʛʦʨʶʯʠʭ ʛʘʟʽʚ ɖʛ.ʛ. ʽ ʜʦʚʞʠʥʠ 

ʦʢʠʩʣʶʚʘʣʴʥʦʾ ʟʦʥʠ lʦʢ.ʟ. ʚʽʜ ʯʘʩʫ ʛʘʟʠʬʽʢʘʮʽʾ t ʟʘ ʧʦʪʫʞʥʦʩʪʽ 

 ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ 1,0 ʤ 

 

ʅʘ ʢʽʥʝʮʴ ʪʨʝʪʴʦʾ ʜʦʙʠ ʩʝʨʝʜʥʷ ʚʝʣʠʯʠʥʘ ʚʠʧʝʨʝʜʞʝʥʥʷ ʩʪʘʥʦʚʠʣʘ 2,4 ʤ, ʘ 

ʜʦʚʞʠʥʘ ʦʢʠʩʣʶʚʘʣʴʥʦʾ ʟʦʥʠ ï 10,8 ʤ. ɺʠʭʽʜ ʛʘʟʽʚ ʧʦʯʘʚ ʨʽʟʢʦ ʟʤʝʥʰʫʚʘʪʠʩʷ ʽ 

ʩʢʣʘʚ 32,24%. ʎʷ ʩʠʪʫʘʮʽʷ ʟʫʤʦʚʣʝʥʘ ʧʦʨʫʰʝʥʥʷʤ ʙʘʣʘʥʩʫ ʤʽʞ ʟʦʥʘʤʠ ʭʽʤʽʯʥʠʭ 

ʨʝʘʢʮʽʡ. ɿʘ ʪʘʢʠʭ ʫʤʦʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʝ ʧʦʚʥʝ ʟʛʦʨʷʥʥʷ ʢʠʩʥʶ ʚ ʩʢʣʘʜʽ ʜʫʪʪʴʦʚʦʾ 

ʩʫʤʽʰʽ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʙʘʣʘʩʪʥʠʭ ʛʘʟʽʚ. 

ʇʨʠ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ ʧʦʪʫʞʥʽʩʪʶ 1,2 ʤ (ʨʠʩ. 4.7) ʥʘ 

ʧʦʯʘʪʢʦʚʠʭ ʝʪʘʧʘʭ (ʜʦ 24 ʛʦʜ) ʢʦʥʮʝʥʪʨʘʮʽʷ ʛʦʨʶʯʠʭ ʛʘʟʽʚ ʪʨʠʤʘʻʪʴʩʷ ʥʘ 

ʩʪʘʙʽʣʴʥʦʤʫ ʨʽʚʥʽ 37,7 ï 38,5%. ʋ ʧʝʨʽʦʜ 24 ï 60 ʛʦʜ ʢʦʥʮʝʥʪʨʘʮʽʷ ʩʷʛʘʻ ʩʚʦʛʦ 

ʧʽʢʫ ï 38,54%. ʎʝ ʢʦʨʝʣʶʻ ʟ ʽʥʪʝʥʩʠʚʥʦʶ ʛʘʟʠʬʽʢʘʮʽʻʶ ʪʘ ʟʙʘʣʘʥʩʦʚʘʥʦʶ 

ʨʦʙʦʪʦʶ ʭʽʤʽʯʥʠʭ ʟʦʥ. ʇʽʩʣʷ 60 ʛʦʜ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʥʠʞʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦ 

36,25% (ʥʘ 72 ʛʦʜ), ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʦʨʫʰʝʥʥʷ ʙʘʣʘʥʩʫ ʤʽʞ ʟʦʥʘʤʠ ʦʢʠʩʣʝʥʥʷ ʪʘ 
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ʚʽʜʥʦʚʣʝʥʥʷ. ʅʘ ʧʦʯʘʪʢʫ (0 ï 24 ʛʦʜ) ʜʦʚʞʠʥʘ ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʤʝʞʘʭ 9,0 ï 9,4 ʤ. 

ʋ ʧʝʨʽʦʜ ʽʥʪʝʥʩʠʚʥʦʛʦ ʛʘʟʦʫʪʚʦʨʝʥʥʷ (24 ï 60 ʛʦʜ) ʜʦʚʞʠʥʘ ʧʦʩʪʫʧʦʚʦ ʟʨʦʩʪʘʻ 

ʜʦ 10,12 ʤ. ʅʘ 72 ʛʦʜ ʟʥʘʯʝʥʥʷ ʜʦʚʞʠʥʠ ʩʷʛʘʻ 10,4 ʤ. ʇʽʩʣʷ 60 ʛʦʜ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʠʩʙʘʣʘʥʩ: ʧʦʜʘʣʴʰʝ ʟʨʦʩʪʘʥʥʷ lʦʢ.ʟ. ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʟʥʠʞʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʛʦʨʶʯʠʭ ʛʘʟʽʚ. ʎʝ ʤʦʞʝ ʙʫʪʠ ʥʘʩʣʽʜʢʦʤ ʧʦʨʫʰʝʥʥʷ 

ʨʽʚʥʦʚʘʛʠ ʤʽʞ ʟʦʥʘʤʠ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ, ʟʨʦʩʪʘʥʥʷ ʯʘʩʪʢʠ ʙʘʣʘʩʪʥʠʭ ʛʘʟʽʚ ʘʙʦ 

ʥʝʧʦʚʥʦʛʦ ʟʛʦʨʷʥʥʷ ʢʠʩʥʶ. 
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ʈʠʩʫʥʦʢ 4.7 ï ɼʘʥʽ ʱʦʜʦ ʢʦʥʮʝʥʪʨʘʮʽʾ ʛʦʨʶʯʠʭ ʛʘʟʽʚ ɖʛ.ʛ. ʪʘ ʜʦʚʞʠʥʠ 

ʦʢʠʩʣʶʚʘʣʴʥʦʾ ʟʦʥʠ lʦʢ.ʟ. ʚʽʜ ʯʘʩʫ ʛʘʟʠʬʽʢʘʮʽʾ t ʟʘ ʧʦʪʫʞʥʦʩʪʽ  

ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ 1,2 ʤ 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ ʤʦʞʥʘ ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʬʦʨʤʫʚʘʥʥʷ ʦʢʠʩʣʶʚʘʣʴʥʦʾ ʟʦʥʠ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ, ʘ 

ʩʘʤʝ ʾʾ ʜʦʚʞʠʥʦʶ ʦʢʠʩʣʶʚʘʣʴʥʦʾ ʟʦʥʠ lʦʢ.ʟ. ʪʘ ʚʝʣʠʯʠʥʦʶ ʚʠʧʝʨʝʜʞʝʥʥʷ 

ʦʢʠʩʣʶʚʘʣʴʥʦʾ ʟʦʥʠ ʚʽʜʥʦʩʥʦ ʚʽʜʥʦʚʣʶʚʘʣʴʥʦʾ (ʜʠʚ. ʨʠʩ. 4.3). ɺʽʜʧʦʚʽʜʥʦ ʜʦ 

ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʟʘʣʝʞʥʦʩʪʽ ʟʤʽʥʠ ʜʦʚʞʠʥʠ 

ʦʢʠʩʣʶʚʘʣʴʥʦʾ ʟʦʥʠ lʦʢ.ʟ. ʚʽʜ ʝʬʝʢʪʠʚʥʦʛʦ ʯʘʩʫ ʛʘʟʠʬʽʢʘʮʽʾ t ʟʘ ʧʦʪʫʞʥʽʩʪʶ 

ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ, ʷʢʽ ʤʘʶʪʴ ʩʪʘʙʽʣʴʥʫ ʪʝʥʜʝʥʮʽʶ ʜʦ ʟʨʦʩʪʘʥʥʷ ʟʘ 

ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʶ ʟʘʣʝʞʥʽʩʪʶ (ʨʠʩ. 4.8). 
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ʈʠʩʫʥʦʢ 4.8 ï ɿʘʣʝʞʥʦʩʪʽ ʟʤʽʥʠ ʜʦʚʞʠʥʦʶ ʦʢʠʩʣʶʚʘʣʴʥʦʾ ʟʦʥʠ lʦʢ.ʟ. 

 ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʚʽʜ ʝʬʝʢʪʠʚʥʦʛʦ ʯʘʩʫ ʛʘʟʠʬʽʢʘʮʽʾ t  

ʟʘ ʧʦʪʫʞʥʽʩʪʶ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ 

 

ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʜʦʚʞʠʥʠ ʦʢʠʩʣʶʚʘʣʴʥʦʾ ʟʦʥʠ ʧʽʜʟʝʤʥʦʛʦ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʠʷʚʣʝʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʫ 

ʚʠʛʣʷʜʽ ʛʨʘʬʽʢʽʚ ʥʘ ʨʠʩ. 4.8, ʘʣʝ ʜʣʷ ʟʨʫʯʥʦʩʪʽ ʪʘ ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ ʨʦʟʨʘʭʫʥʢʽʚ 

ʧʦʙʫʜʦʚʘʥʦ ʥʠʟʢʫ ʨʽʚʥʷʥʴ ʨʝʛʨʝʩʽʾ ʟ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʫ lʦʢ.ʟ.. ʆʪʨʠʤʘʥʦ ʪʘʢʽ 

ʟʘʣʝʞʥʦʩʪʽ: 

ï ʧʨʠ m ï 0,6 ʤ . . exp(0,003 ),8,98ʦʢʟl t=  ʤ; 

ï ʧʨʠ m ï 0,8 ʤ . . exp(08 ,003 ),,9ʦʢʟl t=  ʤ; 

ï ʧʨʠ m ï 1,0 ʤ . . exp(0,003 ),8,96ʦʢʟl t=  ʤ; 

ï ʧʨʠ m ï 1,2 ʤ . . exp(0,002 ),8,88ʦʢʟl t=  ʤ. 

ɺ ʧʦʜʘʣʴʰʦʤʫ ʜʣʷ ʫʟʘʛʘʣʴʥʝʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʚʠʱʝ ʟʘʣʝʞʥʦʩʪʝʡ ʦʪʨʠʤʘʣʠ 

ʬʫʥʢʮʽʶ, ʷʢʘ ʚʨʘʭʦʚʫʻ ʟʘʣʝʞʥʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ ʜʦʚʞʠʥʠ ʦʢʠʩʣʶʚʘʣʴʥʦʾ ʟʦʥʠ ʚʽʜ 

ʧʦʪʫʞʥʦʩʪʽ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ (m). ʋʟʘʛʘʣʴʥʝʥʘ ʟʘʣʝʞʥʽʩʪʴ ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ: 

. . exp( ( ) ),( , ) ( )ʦʢʟl m t a m b m tÖ=  ʤ,       (4.1) 

ʜʝ ʘ, b ï ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʽ ʢʦʝʬʽʮʽʻʥʪʠ, ʷʢʽ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʣʽʥʽʡʥʠʤʠ 

ʟʘʣʝʞʥʦʩʪʷʤʠ ʘ(m) = ca  m + da ʪʘ b(m) = cb  m + db. ʇʽʩʣʷ ʯʦʛʦ ʫʟʘʛʘʣʴʥʝʥʘ 

ʬʫʥʢʮʽʷ (4.1) ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ: 
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. .  ( , )  exp(   ( ),) )a a b bʦʢ ʟ c m dl c m dm t t= Ö+Ö+ ÖÖ  ʤ. 

ɸʧʨʦʢʩʠʤʘʮʽʷ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʩʘ, dʘ, ʩb, db ʜʘʣʘ 

ʟʤʦʛʫ ʦʪʨʠʤʘʪʠ ʫʟʘʛʘʣʴʥʝʥʫ ʟʘʣʝʞʥʽʩʪʴ ʟʤʽʥʠ ʜʦʚʞʠʥʠ ʦʢʠʩʣʶʚʘʣʴʥʦʾ ʟʦʥʠ lʦʢ.ʟ. 

ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʚʽʜ ʝʬʝʢʪʠʚʥʦʛʦ ʯʘʩʫ ʛʘʟʠʬʽʢʘʮʽʾ t ʪʘ ʧʦʪʫʞʥʦʩʪʽ 

ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ (m): 

. .( , ) ( )9,04 0,12 exp((0,005 0,002 ) )ʦʢʟl m m tm t - - Ö= Ö , ʤ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʟʤʽʥʠ ʜʦʚʞʠʥʠ ʦʢʠʩʣʶʚʘʣʴʥʦʾ ʟʦʥʠ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ 

lʦʢ.ʟ., ʷʢʘ ʤʘʻ ʩʪʘʙʽʣʴʥʫ ʪʝʥʜʝʥʮʽʶ ʜʦ ʟʨʦʩʪʘʥʥʷ ʟʘ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʤʠ 

ʟʘʣʝʞʥʦʩʪʷʤʠ ʽ ʜʦʩʷʛʘʻ ʩʚʦʛʦ ʢʨʠʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʫ 10,12 ï 10,45 ʤ, ʱʦ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʠʭʽʜ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ ʟʘ ʤʝʞʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʽʜ ʯʘʩʫ 

ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ t ʪʘ ʡʦʛʦ ʧʦʪʫʞʥʦʩʪʽ m. ʆʪʨʠʤʘʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ 

ʜʘʶʪʴ ʟʤʦʛʫ ʩʧʨʦʛʥʦʟʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʧʦʩʫʚʘʥʥʷ ʬʨʦʥʪʫ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʾ ʡ ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʧʨʠ 

ʢʝʨʫʚʘʥʥʽ ʧʘʨʘʤʝʪʨʘʤʠ ʦʙʚʘʣʝʥʥʷ ʧʦʨʽʜ ʧʦʢʨʽʚʣʽ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ.  

4.3 ʂʝʨʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʘʤʠ ʪʝʭʥʦʣʦʛʽʾ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ  

ʚʫʛʽʣʣʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʬʨʦʥʪʫ ʧʦʩʫʚʘʥʥʷ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ 

ʂʣʶʯʦʚʠʤ ʘʩʧʝʢʪʦʤ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʻ 

ʧʨʦʮʝʩʠ ʢʦʥʪʨʦʣʴʦʚʘʥʦʾ ʧʦʜʘʯʽ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ ʜʦ ʧʣʦʱʠʥʠ ʧʽʜʟʝʤʥʦʛʦ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʩʫʪʪʻʚʦ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʯʥʦʩʪʽ ʜʦʟʫʚʘʥʥʷ ʪʘ ʨʦʟʧʦʜʽʣʫ ʢʦʤʧʦʥʝʥʪʽʚ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ, 

ʪʘʢʠʭ ʷʢ ʢʠʩʝʥʴ (O2), ʚʫʛʣʝʢʠʩʣʠʡ ʛʘʟ (CO2) ʽ ʧʘʨʘ. ʎʽ ʨʝʘʛʝʥʪʠ ʚʽʜʽʛʨʘʶʪʴ 

ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʧʨʦʮʝʩʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʛʘʟʠʬʽʢʘʮʽʾ. ɰʭ ʢʦʥʮʝʥʪʨʘʮʽʷ ʪʘ ʪʠʩʢ 

ʧʦʜʘʯʽ ʤʘʶʪʴ ʙʫʪʠ ʨʝʛʫʣʴʦʚʘʥʽ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʩʪʘʙʽʣʴʥʦʩʪʽ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ [29]. 

ʋ ʜʦʩʣʽʜʞʝʥʥʽ, ʦʧʠʩʘʥʦʤʫ ʚ ʨʦʙʦʪʽ [30], ʨʦʟʛʣʷʥʫʪʦ ʚʧʣʠʚ ʪʠʩʢʫ ʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʥʪʝʟ-ʛʘʟʫ, ʟʦʢʨʝʤʘ ʥʘ ʢʦʥʮʝʥʪʨʘʮʽʶ ʡʦʛʦ ʢʦʤʧʦʥʝʥʪʽʚ, ʥʠʞʯʫ 

ʪʝʧʣʦʪʫ ʟʛʦʨʷʥʥʷ ʛʘʟʫ ʪʘ ʟʘʛʘʣʴʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ. ɽʢʩʧʝʨʠʤʝʥʪʠ 

ʧʨʦʚʦʜʠʣʠʩʷ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 700 ÜC ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ ʧʘʨʠ ʪʘ 
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ʧʦʚʽʪʨʷ ʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 1:1. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʪʠʩʢʫ ʧʦʜʘʯʽ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ ʚʽʜ 0,1 ʜʦ 3,5 ʄʇʘ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʪʝʥʜʝʥʮʽʷ ʜʦ ʟʥʠʞʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʛʦʨʶʯʠʭ ʛʘʟʽʚ. ʋ ʨʦʙʦʪʽ [31] ʟʘʟʥʘʯʝʥʦ, ʱʦ 

ʧʨʠ ʧʽʜʟʝʤʥʽʡ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʨʝʞʠʤ ʟʤʽʥʶʻʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ 

ʚʽʜ 900 ʜʦ 1200 ÜC ʧʽʜ ʚʧʣʠʚʦʤ ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʧʫʣʴʩʫʶʯʦʛʦ ʧʘʨʦʧʦʚʽʪʨʷʥʦʛʦ 

ʜʫʪʪʷ. ʊʠʩʢ ʫ ʮʴʦʤʫ ʧʨʦʮʝʩʽ ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 0,1 ʜʦ 0,5 ʄʇʘ.  

ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʘʶʪʴ ʟʨʦʟʫʤʽʪʠ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʪʠʩʢʦʤ ʽ 

ʪʝʤʧʝʨʘʪʫʨʦʶ ʫ ʧʨʦʮʝʩʽ ʛʘʟʠʬʽʢʘʮʽʾ, ʦʜʥʘʢ ʚʦʥʠ ʥʝ ʦʭʦʧʣʶʶʪʴ ʚʘʞʣʠʚʽ ʘʩʧʝʢʪʠ, 

ʪʘʢʽ ʷʢ ʧʘʨʘʤʝʪʨʠ ʬʦʨʤʫʚʘʥʥʷ ʚʠʛʘʟʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ, ʱʦ ʟʤʽʥʶʶʪʴʩʷ ʟʘʣʝʞʥʦ 

ʚʽʜ ʜʦʚʞʠʥʠ ʦʢʠʩʣʶʚʘʣʴʥʦʾ ʪʘ ʚʽʜʥʦʚʣʶʚʘʣʴʥʦʾ ʟʦʥ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʱʦʜʦ ʧʘʨʘʤʝʪʨʽʚ ʬʦʨʤʫʚʘʥʥʷ 

ʚʠʛʘʟʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ ʟ ʧʦʜʘʣʴʰʦʶ ʦʮʽʥʢʦʶ ʧʘʨʘʤʝʪʨʽʚ ʧʦʜʘʯʽ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ 

ʪʘ ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʛʦʨʶʯʠʭ ʛʘʟʽʚ. ɿʘʟʥʘʯʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʢʣʘʜʘʣʠʩʷ ʟ ʘʥʘʣʽʟʫ 

ʟʤʽʥʠ ʧʦʣʦʞʝʥʥʷ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ ʟʘ ʜʘʥʠʤʠ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʜʘʪʯʠʢʽʚ, ʬʽʢʩʘʮʽʾ 

ʦʧʫʩʢʘʥʴ ʧʦʢʨʽʚʣʽ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʚ ʯʘʩʽ, ʚʠʤʽʨʶʚʘʥʥʷ ʟʤʽʥʠ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʛʦʨʶʯʠʭ ʽ ʙʘʣʘʩʪʥʠʭ ʛʘʟʽʚ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ, ʟʘ 

ʢʦʞʥʦʶ ʩʝʨʽʻʶ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʥʝ ʪʽʣʴʢʠ ʧʨʦʚʝʜʝʥʦ ʛʨʘʬʽʯʥʫ ʚʽʟʫʘʣʽʟʘʮʽʶ ʟʤʽʥʠ 

ʬʨʦʥʪʫ ʧʦʩʫʚʘʥʥʷ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ, ʘ ʡ ʜʝʪʘʣʴʥʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʧʘʨʘʤʝʪʨʠ 

ʬʦʨʤʫʚʘʥʥʷ ʚʠʛʘʟʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ ʚ ʯʘʩʽ. ʎʝ ʩʪʦʩʫʚʘʣʦʩʴ ʚʠʚʯʝʥʥʷ ʜʠʥʘʤʽʢʠ 

ʟʤʽʥ ʪʝʤʧʝʨʘʪʫʨʠ, ʪʠʩʢʫ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʛʘʟʽʚ ʥʘ ʨʽʟʥʠʭ ʝʪʘʧʘʭ ʛʘʟʠʬʽʢʘʮʽʾ. 

ɿʘʛʘʣʦʤ ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʦ 24 ʚʽʟʫʘʣʽʟʘʮʽʡʥʠʭ ʢʘʨʪʠʥʠ, ʱʦ ʜʘʶʪʴ ʟʤʦʛʫ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʪʨʘʧʝʮʽʡ ʪʦʯʥʦ ʚʠʟʥʘʯʘʪʠ ʧʣʦʱʫ ʚʠʛʘʟʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ ʚʽʜ 

ʯʘʩʫ ʦʙʚʘʣʝʥʥʷ ʧʦʨʽʜ ʧʦʢʨʽʚʣʽ. ɸʥʘʣʽʟʫʶʯʠ ʩʝʢʮʽʡʥʽ ʧʝʨʝʨʽʟʠ ʚʠʛʘʟʦʚʘʥʦʛʦ 

ʧʨʦʩʪʦʨʫ ʚʠʟʥʘʯʘʶʪʴʩʷ ʪʠʤ ʩʘʤʠʤ ʪʦʯʥʽ ʡʦʛʦ ʧʘʨʘʤʝʪʨʠ. ɿʘʛʘʣʴʥʫ ʢʘʨʪʠʥʫ 

ʚʽʟʫʘʣʽʟʘʮʽʡ, ʥʘ ʧʨʠʢʣʘʜʽ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ, ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.9 ï 4.12 

ʪʘ ʫ ɼʦʜʘʪʢʫ ɸ 

ɸʥʘʣʽʟ ʥʘʚʝʜʝʥʠʭ ʜʘʥʠʭ ʥʘ ʨʠʩ. 4.9 ʚʢʘʟʫʻ, ʱʦ ʥʘ 6 ʛʦʜ ʛʘʟʠʬʽʢʘʮʽʾ ʧʣʦʱʘ 

ʚʠʛʘʟʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ ʩʪʘʥʦʚʠʪʴ 12,6 ʤ2 ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʣʦʱʽ ʨʝʘʢʮʽʡʥʦʛʦ 

ʢʘʥʘʣʫ 18,6 ʤ2. ʐʚʠʜʢʽʩʪʴ ʧʦʩʫʚʘʥʥʷ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ ï 0,07 ʤ/ʛʦʜ. ɺʦʛʥʝʚʠʡ 

ʚʠʙʽʡ ʧʨʷʤʦʣʽʥʽʡʥʦʾ ʬʦʨʤʠ lʦʢ.ʟ. ï 9,0 ʤ. ʊʠʩʢ ʧʦʜʘʯʽ ʜʫʪʪʷ ï 0,4 ʄʇʘ. ɿʘʛʘʣʴʥʘ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʛʦʨʶʯʠʭ ʛʘʟʽʚ ï 37,92%. 
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ʈʠʩʫʥʦʢ 4.10 ï ʉʭʝʤʘ ʧʦʩʫʚʘʥʥʷ ʬʨʦʥʪʫ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ: ʧʦʪʫʞʥʽʩʪʴ 

ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ m = 1,2 ʤ, ʪʠʩʢ ʧʦʜʘʯʽ ʜʫʪʪʷ P = 0,46 ʄʇʘ:  

ʘ ï ʯʘʩ ʛʘʟʠʬʽʢʘʮʽʾ t = 10,5 ʛʦʜ; ʙ ï ʯʘʩ ʛʘʟʠʬʽʢʘʮʽʾ t = 16,4 ʛʦʜ 
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ʇʽʜ ʯʘʩ ʧʦʜʘʣʴʰʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʨʠʰʚʠʜʰʝʥʥʷ ʧʦʩʫʚʘʥʥʷ ʬʨʦʥʪʫ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ ʚ ʦʢʠʩʣʶʚʘʣʴʥʽʡ ʟʦʥʽ 

(ʜʠʚ. ʨʠʩ. 4.10, ʘ). ʅʘ 10,5 ʛʦʜ ʛʘʟʠʬʽʢʘʮʽʾ ʙʫʣʦ ʟʘʬʽʢʩʦʚʘʥʦ ʟʤʝʥʰʝʥʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʛʦʨʶʯʠʭ ʛʘʟʽʚ ʜʦ 37,2%. ʊʦʤʫ ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʨʽʰʝʥʥʷ ʧʽʜʚʠʱʠʪʠ 

ʪʠʩʢ ʧʦʜʘʯʽ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ. ɿʘ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ ʪʠʩʢʫ ʫ 0,45 ʄʇʘ ʥʘ 12 ʛʦʜ 

ʛʘʟʠʬʽʢʘʮʽʾ ʢʦʥʮʝʥʪʨʘʮʽʷ ʛʦʨʶʯʠʭ ʛʘʟʽʚ ʩʢʣʘʣʘ 38,45%, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʫ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʛʘʟʘʤʠ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ ʪʘ ʪʚʝʨʜʦʶ 

ʧʦʚʝʨʭʥʝʶ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ. ɸ ʩʘʤʝ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʪʠʩʢʫ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʽʥʪʝʥʩʠʬʽʢʘʮʽʷ ʢʦʥʪʘʢʪʫ ʤʽʞ ʮʠʤʠ ʬʘʟʘʤʠ, ʱʦ ʩʧʨʠʷʶʪʴ ʘʢʪʠʚʽʟʘʮʽʾ ʭʽʤʽʯʥʠʭ 

ʨʝʘʢʮʽʡ. ʇʣʦʱʘ ʚʠʛʘʟʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ ʩʢʘʣʘ 32,45 ʤ2. ʇʨʠ ʛʘʟʠʬʽʢʘʮʽʾ 

ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ ʧʦʪʫʞʥʽʩʪʶ 1,0 ʤ ʧʽʜʚʠʱʫʚʘʪʠ ʪʠʩʢ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ 

ʨʦʟʧʦʯʘʣʠ ʥʘ 9,0 ʛʦʜ, ʧʨʠ 0,8 ʤ ï 6,8 ʛʦʜ, ʧʨʠ 0,6 ʤ ï 5,8 ʛʦʜ. ʇʣʦʱʘ 

ʚʠʛʘʟʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ ʚʽʜʧʦʚʽʜʥʦ ʩʢʣʘʜʘʣʘ 31,2 ʤ2, 32,1 ʤ2 ʪʘ 34,2 ʤ2. 

ʅʝʦʙʭʽʜʥʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʽʜ ʯʘʩ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ, ʷʢʠʡ ʪʨʠʚʘʚ 16,4 ʛʦʜ 

(ʜʠʚ. ʨʠʩ. 4.10, ʙ), ʧʣʦʱʘ ʚʠʛʘʟʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ ʟʥʘʯʥʦ ʟʙʽʣʴʰʠʣʘʩʷ, ʩʷʛʥʫʚʰʠ 

ʧʨʠʨʦʩʪʫ ʥʘ 7,5 ʤĮ. ʎʽʢʘʚʦ, ʱʦ ʮʝ ʟʨʦʩʪʘʥʥʷ ʚʽʜʙʫʣʦʩʷ ʟʘ ʩʪʘʙʽʣʴʥʦʛʦ ʨʽʚʥʷ 

ʪʠʩʢʫ ʧʦʜʘʯʽ ʜʫʪʪʷ (0,45 ʄʇʘ), ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ 

ʛʘʟʠʬʽʢʘʮʽʾ ʟʘ ʟʘʜʘʥʠʭ ʫʤʦʚ. ʉʪʘʙʽʣʴʥʽʩʪʴ ʪʠʩʢʫ ʻ ʢʣʶʯʦʚʠʤ ʬʘʢʪʦʨʦʤ, ʷʢʠʡ ʜʘʻ 

ʟʤʦʛʫ ʟʙʝʨʝʛʪʠ ʢʦʥʪʨʦʣʴ ʥʘʜ ʧʨʦʮʝʩʦʤ ʛʘʟʠʬʽʢʘʮʽʾ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʙʽʣʴʰ 

ʨʽʚʥʦʤʽʨʥʝ ʧʦʩʫʚʘʥʥʷ ʬʨʦʥʪʫ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ. 

ʅʘ 19,8 ʛʦʜ ʛʘʟʠʬʽʢʘʮʽʾ ʢʦʥʮʝʥʪʨʘʮʽʷ ʛʦʨʶʯʠʭ ʛʘʟʽʚ ʧʦʯʘʣʘ ʟʥʠʞʫʚʘʪʠʩʷ ʽ 

ʩʢʘʣʘ 37,5%. ʊʦʤʫ ʧʦʯʘʣʠ ʧʽʜʚʠʱʫʚʘʪʠ ʪʠʩʢ ʧʦʜʘʯʽ ʜʫʪʪʷ ʜʦ 0,57 ʄʇʘ. ʇʣʦʱʘ 

ʚʠʛʘʟʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ ʩʢʘʣʘ 53,0 ʤ2 (ʜʠʚ. ʨʠʩ. 4.11, ʘ). ʇʨʠ ʛʘʟʠʬʽʢʘʮʽʾ ʧʣʘʩʪʘ 

ʧʦʪʫʞʥʽʩʪʶ 1,0 ʤ ʧʽʜʚʠʱʫʚʘʪʠ ʪʠʩʢ ʧʦʜʘʯʽ ʜʫʪʪʷ ʨʦʟʧʦʯʘʣʠ ʥʘ 16,9 ʛʦʜ, ʧʨʠ 

0,8 ʤ ï 14,2 ʛʦʜ, 0,6 ʤ ï 11,2 ʛʦʜ. ʇʣʦʱʘ ʚʠʛʘʟʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ ʚʽʜʧʦʚʽʜʥʦ ï 

52,5 ʤ2, 53,4 ʤ2 ʪʘ 51,5 ʤ2. ʋʩʝʨʝʜʥʝʥʽ ʟʥʘʯʝʥʥʷ ʪʠʩʢʫ ʧʦʜʘʯʽ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ 

ʙʫʣʠ ʥʘ ʨʽʚʥʽ 0,57 ʄʇʘ. ɿ ʧʦʜʘʣʴʰʠʤ ʨʦʩʪʦʤ ʚʠʛʘʟʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ ʜʦ 60,4 ʤ2 

ʥʘ 23,7 ʛʦʜ (ʜʠʚ. ʨʠʩ. 4.11, ʙ). ʊʠʩʢ ʧʦʜʘʯʽ ʜʫʪʪʷ ʩʢʣʘʚ 0,67 ʄʇʘ. ɺʦʜʥʦʯʘʩ ʙʫʣʦ 

ʟʘʬʽʢʩʦʚʘʥʦ ʦʧʫʩʢʘʥʥʷ ʧʦʨʽʜ ʧʦʢʨʽʚʣʽ ʟʽ ʩʪʦʨʦʥʠ ʜʫʪʪʴʦʚʦʾ ʩʚʝʨʜʣʦʚʠʥʠ.  
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ʈʠʩʫʥʦʢ 4.11 ï ʉʭʝʤʘ ʧʦʩʫʚʘʥʥʷ ʬʨʦʥʪʫ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ:  

ʧʦʪʫʞʥʽʩʪʴ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ m = 1,2 ʤ, ʪʠʩʢ ʧʦʜʘʯʽ ʜʫʪʪʷ P = 0,64 ʄʇʘ:  

ʘ ï ʯʘʩ ʛʘʟʠʬʽʢʘʮʽʾ t = 19,8 ʛʦʜ; ʙ ï ʯʘʩ ʛʘʟʠʬʽʢʘʮʽʾ t = 23,7 ʛʦʜ 

 

ʊʠʩʢ ʫ 0,67 ʄʇʘ ʧʦʜʘʚʘʣʠ ʫʧʨʦʜʦʚʞ 5,5 ʛʦʜ. ʉʝʨʝʜʥʷ ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʛʦʨʶʯʠʭ ʛʘʟʽʚ ʩʢʣʘʣʘ 39%. ɼʦʩʣʽʜʞʝʥʥʷ ʟ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʢʣʘʜʦʚʠʭ 

ʧʨʦʜʫʢʪʽʚ ʛʦʨʽʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʚ ʛʝʥʝʨʘʪʦʨʥʦʤʫ ʛʘʟʽ ʩʢʣʘʜʦʚʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʻ 

ʉʆ2. ʂʦʥʮʝʥʪʨʘʮʽʷ ʉʆ ʻ ʟʘʣʠʰʢʦʤ ʧʝʨʚʠʥʥʦʾ ʨʝʘʢʮʽʾ ʉʆ, ʷʢʘ ʫʪʚʦʨʶʻʪʴʩʷ ʚ 

ʦʢʠʩʣʶʚʘʣʴʥʽʡ ʟʦʥʽ. ɿʘ ʚʪʦʨʠʥʥʦʾ ʨʝʘʢʮʽʾ ʉʆ ʫʪʚʦʨʶʚʘʪʠʤʝʪʴʩʷ ʫ 

ʚʽʜʥʦʚʣʶʚʘʣʴʥʽʡ ʟʦʥʽ ʟʘ ʫʯʘʩʪʶ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ ʪʘ ʚʫʛʣʝʮʶ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 

ʩʪʽʥʦʢ ʢʘʥʘʣʫ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ 800 ï 1200 ÜC. ɹʝʟʧʝʨʝʯʥʠʤ ʻ ʪʝ, ʱʦ ʢʽʣʴʢʽʩʪʴ ʉʆ 

ʟʨʦʩʪʘʻ ʧʦ ʜʦʚʞʠʥʽ ʢʘʥʘʣʫ [27]. ʇʽʩʣʷ ʯʦʛʦ ʙʫʣʦ ʟʘʬʽʢʩʦʚʘʥʦ ʦʧʫʩʢʘʥʥʷ ʚ ʨʽʟʥʠʭ 

ʪʦʯʢʘʭ ʧʦʢʨʽʚʣʽ ʧʣʘʩʪʘ, ʱʦ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 4.12. 
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ʈʠʩʫʥʦʢ 4.12 ï ʉʭʝʤʘ ʧʦʩʫʚʘʥʥʷ ʬʨʦʥʪʫ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ: ʧʦʪʫʞʥʽʩʪʴ 

ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ m = 1,2 ʤ; ʪʠʩʢ ʧʦʜʘʯʽ ʜʫʪʪʷ P = 0,44 ʄʇʘ; 

 ʯʘʩ ʛʘʟʠʬʽʢʘʮʽʾ t = 29,2 ʛʦʜ 

 

ɸʥʘʣʽʟ ʥʘʚʝʜʝʥʠʭ ʜʘʥʠʭ ʥʘ ʨʠʩ. 4.12 ʚʢʘʟʫʻ ʥʘ ʟʤʝʥʰʝʥʥʷ ʧʣʦʱʽ 

ʚʠʛʘʟʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ, ʱʦ ʧʦʚôʷʟʘʥʦ ʟ ʦʙʚʘʣʝʥʥʷʤ ʧʦʨʽʜ ʧʦʢʨʽʚʣʽ ʟ ʧʝʚʥʠʤ 

ʢʨʦʢʦʤ ʟʘ ʜʦʚʞʠʥʦʶ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ. ʆʙʚʘʣʝʥʥʷ ʧʦʨʽʜ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʥʝʨʽʚʥʦʤʽʨʥʦ. ʋ ʚʽʜʥʦʚʣʶʚʘʣʴʥʽʡ ʟʦʥʽ ʢʨʦʢ ʦʙʚʘʣʝʥʥʷ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 1,23 ʜʦ 

1,37 ʤ. ɺ ʦʢʠʩʣʶʚʘʣʴʥʽʡ ʟʦʥʽ ʢʨʦʢ ʦʙʚʘʣʝʥʥʷ ʩʪʘʥʦʚʠʪʴ ʚʽʜ 1,4 ʜʦ 2,75 ʤ. 

ʅʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʢʨʦʢʽʚ ʦʙʚʘʣʝʥʥʷ, ʥʘʩʘʤʧʝʨʝʜ, ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʚʧʣʠʚʫ 

ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʛʽʨʩʴʢʠʡ ʤʘʩʠʚ. ʋ ʧʨʦʮʝʩʽ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ ʽʟ 

ʧʦʪʫʞʥʽʩʪʶ ʚʽʜ 0,6 ʜʦ 1,0 ʤ, ʧʘʨʘʤʝʪʨʠ ʢʨʦʢʫ ʦʙʚʘʣʝʥʥʷ ʧʦʨʽʜ ʚʠʷʚʣʷʶʪʴʩʷ 

ʧʦʜʽʙʥʠʤʠ. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʘ ʤʘʻ ʚʠʨʽʰʘʣʴʥʠʡ ʚʧʣʠʚ ʥʘ 

ʤʝʭʘʥʽʟʤʠ ʦʙʚʘʣʝʥʥʷ ʧʦʨʽʜ. ɺʩʪʘʥʦʚʣʝʥʘ ʚʝʣʠʯʠʥʘ ʢʨʦʢʫ ʚʽʜʧʦʚʽʜʘʻ 

ʧʘʨʘʤʝʪʨʘʤ, ʷʢʽ ʙʫʣʠ ʨʘʥʽʰʝ ʚʠʟʥʘʯʝʥʽ ʚ ʜʦʩʣʽʜʞʝʥʥʷʭ [32], [33]. 

ʇʽʩʣʷ ʦʙʚʘʣʝʥʥʷ ʧʦʨʽʜ ʧʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʨʽʰʝʥʥʷ ʧʨʦ 

ʟʤʝʥʰʝʥʥʷ ʪʠʩʢʫ ʧʦʜʘʯʽ ʜʫʪʪʷ, ʷʢʝ ʩʷʛʣʦ ʟʥʘʯʝʥʴ ʫ 0,4 ʄʇʘ. ɿʘ ʧʦʜʘʣʴʰʦʾ 

ʛʘʟʠʬʽʢʘʮʽʾ ʯʝʨʝʟ 11,2 ʛʦʜ ʙʫʣʦ ʟʘʨʝʻʩʪʨʦʚʘʥʦ ʟʤʝʥʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʛʘʟʽʚ ʜʦ 

36,8%, ʘ ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʪʠʩʢʫ ʜʦ 0,47 ʄʇʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʛʘʟʽʚ ʧʦʯʘʣʘ 

ʧʽʜʚʠʱʫʚʘʪʠʩʷ. ʊʘʢʘ ʞ ʩʠʪʫʘʮʽʷ ʟʘʨʝʻʩʪʨʦʚʘʥʘ ʟʘ ʛʘʟʠʬʽʢʘʮʽʾ ʧʣʘʩʪʽʚ 

ʧʦʪʫʞʥʽʩʪʶ ʚʽʜ 0,6 ʜʦ 1,0 ʤ. ɿʘ ʢʦʞʥʠʤ ʝʪʘʧʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʟʘʨʝʻʩʪʨʦʚʘʥʦ 

ʯʦʪʠʨʠ ʢʨʦʢʠ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʧʦʜʘʯʽ ʜʫʪʪʷ ʚʽʜ ʟʤʽʥʠ ʨʦʟʤʽʨʽʚ ʚʠʛʘʟʦʚʘʥʦʛʦ 

ʧʨʦʩʪʦʨʫ ʚʽʜ ʪʨʠʚʘʣʦʩʪʽ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ.  
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ʅʘ ʨʠʩ. 4.13 ʥʘʚʝʜʝʥʦ ʜʘʥʽ ʱʦʜʦ ʟʤʽʥʠ ʧʣʦʱʽ ʚʠʛʘʟʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ S ʚʽʜ 

ʪʨʠʚʘʣʦʩʪʽ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ t ʪʘ ʧʦʪʫʞʥʦʩʪʽ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ m. 
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ʈʠʩʫʥʦʢ 4.13 ï ɼʘʥʽ ʱʦʜʦ ʟʤʽʥʠ ʧʣʦʱʽ ʚʠʛʘʟʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ ʚʽʜ 

ʪʨʠʚʘʣʦʩʪʽ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ ʪʘ ʧʦʪʫʞʥʦʩʪʽ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ 

ɸʥʘʣʽʟ ʥʘʚʝʜʝʥʠʭ ʜʘʥʠʭ ʥʘ ʨʠʩ. 4.13 ʩʚʽʜʯʠʪʴ ʧʨʦ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʝ ʟʨʦʩʪʘʥʥʷ 

ʧʣʦʱʽ ʚʠʛʘʟʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ ʚʽʜ ʪʨʠʚʘʣʦʩʪʽ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ. ɺʨʘʭʫʚʘʥʥʷ 

ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʫ ʚʠʛʣʷʜʽ ʟʘʣʝʞʥʦʩʪʝʡ ʤʘʶʪʴ ʚʘʞʣʠʚʝ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ, ʱʦ 

ʜʘ̒  ʟʤʦʛʫ ʧʨʦʛʥʦʟʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʨʦʟʰʠʨʝʥʥʷ ʚʠʛʘʟʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ ʥʘ ʦʩʥʦʚʽ 

ʪʨʠʚʘʣʦʩʪʽ ʛʘʟʠʬʽʢʘʮʽʾ ʪʘ ʚ ʧʦʜʘʣʴʰʦʤʫ ʫʧʨʘʚʣʷʪʠ ʧʨʦʮʝʩʦʤ. ɼʘʥʽ ʱʦʜʦ ʟʤʽʥʠ 

ʪʠʩʢʫ ʧʦʜʘʯʽ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ P ʚʽʜ ʧʣʦʱʽ ʚʠʛʘʟʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ S ʪʘ ʧʦʪʫʞʥʦʩʪʽ 

ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ m ʟʘ ʜʦʩʣʽʜʞʫʚʘʥʠʤʠ ʪʦʯʢʘʤʠ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.14. 
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ʈʠʩʫʥʦʢ 4.14 ï ɼʘʥʽ ʱʦʜʦ ʟʤʽʥʠ ʪʠʩʢʫ ʧʦʜʘʯʽ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ ʚʽʜ 

ʧʣʦʱʽ ʚʠʛʘʟʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ ʪʘ ʧʦʪʫʞʥʦʩʪʽ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ ʟʘ 

ʜʦʩʣʽʜʞʫʚʘʥʠʤʠ ʪʦʯʢʘʤʠ 
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ɿʘ ʢʦʞʥʠʤ ʝʪʘʧʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʟʘʨʝʻʩʪʨʦʚʘʥʦ ʧʽʜʚʠʱʝʥʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʡ ʪʘʢʠʭ ʛʘʟʽʚ ʷʢ CO, CH4 ʪʘ H2. ʆʢʨʽʤ ʪʦʛʦ, ʟʙʽʣʴʰʝʥʥʷ ʪʠʩʢʫ 

ʧʨʦʜʦʚʞʫʻ ʯʘʩ ʧʝʨʝʙʫʚʘʥʥʷ ʛʘʟʽʚ ʫ ʨʝʘʢʮʽʡʥʽʡ ʟʦʥʽ, ʜʘʶʯʠ ʾʤ ʙʽʣʴʰʝ ʯʘʩʫ ʜʣʷ 

ʧʨʦʪʽʢʘʥʥʷ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʪʘ ʜʦʩʷʛʥʝʥʥʷ ʨʽʚʥʦʚʘʞʥʦʛʦ ʩʪʘʥʫ ʩʠʩʪʝʤʠ 

ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. ʇʨʠ ʮʴʦʤʫ ʟʘ ʧʦʜʘʣʴʰʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ 

ʟʘʬʽʢʩʦʚʘʥʦ, ʱʦ ʜʦʜʘʪʢʦʚʝ ʡʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʥʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʜʘʣʴʰʦʛʦ 

ʫʪʚʦʨʝʥʥʷ ʛʦʨʶʯʠʭ ʛʝʥʝʨʘʪʦʨʥʠʭ ʛʘʟʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʰʚʠʜʢʽʩʪʴ ʨʝʘʢʮʽʾ 

ʧʝʨʝʩʪʘʻ ʟʙʽʣʴʰʫʚʘʪʠʩʷ ʽ ʚʧʣʠʚ ʪʠʩʢʫ ʩʪʘʻ ʤʝʥʰ ʟʥʘʯʫʱʠʤ. ʅʘ ʨʠʩ. 4.15 

ʥʘʚʝʜʝʥʦ ʫʩʝʨʝʜʥʝʥʽ ʟʘʣʝʞʥʦʩʪʽ ʟʤʽʥʠ ʧʣʦʱʽ ʚʠʛʘʟʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ S ʚʽʜ 

ʪʨʠʚʘʣʦʩʪʽ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ t ʪʘ ʧʦʪʫʞʥʦʩʪʽ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ m.  
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ʈʠʩʫʥʦʢ 4.15 ï ɿʘʣʝʞʥʦʩʪʽ ʟʤʽʥʠ ʧʣʦʱʽ ʚʠʛʘʟʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ  

ʚʽʜ ʪʨʠʚʘʣʦʩʪʽ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ ʪʘ ʧʦʪʫʞʥʦʩʪʽ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ 

 

ɸʥʘʣʽʟ ʥʘʚʝʜʝʥʠʭ ʛʨʘʬʽʢʽʚ ʥʘ ʨʠʩ. 4.15 ʜʘʻ ʟʤʦʛʫ ʚʠʟʥʘʯʠʪʠ ʧʘʨʘʤʝʪʨʠ 

ʚʠʛʘʟʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ ʚ ʜʽʘʧʘʟʦʥʽ ʧʦʪʫʞʥʦʩʪʝʡ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ ʚʽʜ 0,6 ʜʦ 

1,2 ʤ. ɿʥʘʶʯʠ ʧʣʦʱʫ ʚʠʛʘʟʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ ʚʩʪʘʥʦʚʣʶʻʤʦ ʧʘʨʘʤʝʪʨʠ ʧʦʜʘʯʽ 

ʪʠʩʢʫ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ (ʜʠʚ. ʨʠʩ. 4.16). 

ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʪʠʩʢʫ ʧʦʜʘʯʽ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ P ʚ ʧʽʜʟʝʤʥʠʡ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʠʷʚʣʝʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʫ 

ʚʠʛʣʷʜʽ ʛʨʘʬʽʢʽʚ ʥʘ ʨʠʩ. 4.15 ʽ 4.16, ʘʣʝ ʜʣʷ ʟʨʫʯʥʦʩʪʽ ʪʘ ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ 

ʨʦʟʨʘʭʫʥʢʽʚ ʧʦʙʫʜʦʚʘʥʦ ʥʠʟʢʫ ʨʽʚʥʷʥʴ ʨʝʛʨʝʩʽʾ ʟ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʫ P. 
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ʆʪʨʠʤʘʥʦ ʪʘʢʽ ʟʘʣʝʞʥʦʩʪʽ: 

ï ʧʨʠ m ï 0,6 ʤ exp(0,00, 129 4 ),P S=  ʄʇʘ; 

ï ʧʨʠ m ï 0,8 ʤ exp(0,00, 132 2 ),P S=  ʄʇʘ; 

ï ʧʨʠ m ï 1,0 ʤ exp(0,00, 133 1 ),P S=  ʄʇʘ; 

ï ʧʨʠ m ï 1,2 ʤ exp(0,00, 131 2 ),P S=  ʄʇʘ. 
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ʈʠʩʫʥʦʢ 4.16 ï ɿʘʣʝʞʥʦʩʪʽ ʟʤʽʥʠ ʪʠʩʢʫ ʧʦʜʘʯʽ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ ʚʽʜ 

ʧʣʦʱʽ ʚʠʛʘʟʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ ʪʘ ʧʦʪʫʞʥʦʩʪʽ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ  

 

ɸʥʘʣʽʟ ʟʘʟʥʘʯʝʥʠʭ ʚʠʱʝ ʟʘʣʝʞʥʦʩʪʝʡ ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʧʘʨʘʤʝʪʨʠ ʪʠʩʢʫ 

ʚʽʜ ʧʣʦʱʽ ʚʠʛʘʟʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ ʟʤʽʥʶʶʪʴʩʷ ʟʘ ʦʜʥʘʢʦʚʦʶ ʬʫʥʢʮʽʻʶ, 

ʚʠʷʚʣʷʶʯʠ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʡ ʟʚôʷʟʦʢ. ɺʽʜʤʽʥʥʽʩʪʴ ʧʦʣʷʛʘʻ ʫ ʟʤʽʥʥʠʭ 

ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʭ ʢʦʝʬʽʮʽʻʥʪʘʭ, ʱʦ ʟʫʤʦʚʣʝʥʦ, ʧʝʨʰ ʟʘ ʚʩʝ, ʟʤʽʥʦʶ ʬʽʟʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʭʽʤʽʯʥʠʤʠ ʨʝʘʢʮʽʷʤʠ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʽʜ ʯʘʩ 

ʛʘʟʠʬʽʢʘʮʽʾ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʽʚʥʦʤʽʨʥʽʩʪʴ ʬʦʨʤʫʚʘʥʥʷ ʦʢʠʩʣʶʚʘʣʴʥʦʾ ʪʘ 

ʚʽʜʥʦʚʥʦʾ ʟʦʥ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. ɿʘ ʪʘʢʠʭ ʫʤʦʚ ʢʦʝʬʽʮʽʻʥʪ ʚʘʨʽʘʮʽʾ 6,0 ï 

8,59% ʚʽʜ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʦʨʽʚʥʷʥʦ ʥʠʟʴʢʫ ʨʦʟʢʠʜʘʥʽʩʪʴ 

ʟʥʘʯʝʥʴ ʫ ʮʠʭ ʜʘʥʠʭ. ʊʦʤʫ ʫʟʘʛʘʣʴʥʝʥʘ ʬʫʥʢʮʽʷ ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ: 

exp(0,00, 131 2 ),P S=  ʄʇʘ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʪʠʩʢ ʧʦʜʘʯʽ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ P ʧʽʜ ʯʘʩ 

ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ ʧʦʪʫʞʥʽʩʪʶ ʚʽʜ 0,6 ʜʦ 1,2 ʤ ʦʧʠʩʫʻʪʴʩʷ 

ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʶ ʟʘʣʝʞʥʽʩʪʶ ʚʽʜ ʧʣʦʱʽ ʟʘʛʘʟʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ S, ʧʘʨʘʤʝʪʨʠ 
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ʬʦʨʤʫʚʘʥʥʷ ʷʢʦʾ ʟʫʤʦʚʣʝʥʽ ʪʨʠʚʘʣʽʩʪʶ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ t ʪʘ ʰʚʠʜʢʦʩʪʷʤʠ 

ʧʦʩʫʚʘʥʥʷ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ ʚ ʦʢʠʩʣʁ ʚʘʣʴʥʽʡ ʽ ʚʽʜʥʦʚʣʶʚʘʣʴʥʽʡ ʟʦʥʘʭ 

ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. ɺʨʘʭʫʚʘʥʥʷ ʮʽʻʾ ʟʘʣʝʞʥʦʩʪʽ ʜʘʻ ʟʤʦʛʫ ʚʠʟʥʘʯʠʪʠ 

ʝʬʝʢʪʠʚʥʽ ʨʝʞʠʤʠ ʧʦʜʘʯʽ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʠʪʨʘʪ 

ʥʘ ʾʾ ʧʦʜʘʯʫ. 

ʅʝʦʙʭʽʜʥʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʥʘʷʚʥʽʩʪʴ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʫ ʧʦʨʦʜʘʭ 

ʧʦʢʨʽʚʣʽ ʪʘ ʧʽʜʦʰʚʠ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʩʪʨʫʢʪʫʨʫ 

ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ. ɺʠʩʦʢʽ ʪʝʤʧʝʨʘʪʫʨʠ ʤʦʞʫʪʴ ʽʥʽʮʽʶʚʘʪʠ ʪʝʨʤʽʯʥʫ ʜʝʬʦʨʤʘʮʽʶ ʪʘ 

ʟʤʽʥʫ ʤʽʥʝʨʘʣʦʛʽʯʥʦʛʦ ʩʢʣʘʜʫ ʧʦʨʽʜ, ʩʧʨʠʯʠʥʷʶʯʠ ʾʭ ʨʦʟʰʠʨʝʥʥʷ, 

ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ ʪʘ ʽʥʰʽ ʩʪʨʫʢʪʫʨʥʽ ʟʤʽʥʠ, ʷʢʽ ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʥʘ ʤʝʭʘʥʽʯʥʫ 

ʩʪʽʡʢʽʩʪʴ ʤʘʩʠʚʫ. ɺʽʜʧʦʚʽʜʥʦ, ʧʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʶʪʴ ʙʫʪʠ ʩʧʨʷʤʦʚʘʥʽ ʥʘ 

ʚʠʷʚʣʝʥʥʷ ʪʘ ʘʥʘʣʽʟ ʷʚʠʱ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʪʨʫʢʪʫʨʫ ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ ʧʽʜ ʯʘʩ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʽʜʟʝʤʥʠʭ ʛʘʟʦʛʝʥʝʨʘʪʦʨʽʚ. 

4.4 ɼʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʥʠʭ ʟʤʽʥ ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ ʟʘ 

ʟʦʥʘʤʠ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ 

ɼʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʥʠʭ ʟʤʽʥ ʫ ʛʽʨʩʴʢʦʤʫ ʤʘʩʠʚʽ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ 

ʟʦʥʘʭ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ, ʻ ʢʣʶʯʦʚʠʤ ʘʩʧʝʢʪʦʤ ʜʣʷ ʨʦʟʫʤʽʥʥʷ 

ʚʧʣʠʚʫ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʥʘ ʩʪʘʥ ʛʽʨʥʠʯʠʭ 

ʧʦʨʽʜ. ʊʘʢ, ʫ ʨʦʙʦʪʽ [34] ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʧʘʨʘʤʝʪʨʠ ʟʤʽʥʠ 

ʤʽʮʥʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʽʨʩʴʢʦʾ ʧʦʨʦʜʠ, ʥʘ ʧʨʠʢʣʘʜʽ ʧʽʩʢʦʚʠʢʫ. ʈʝʟʫʣʴʪʘʪʘʤʠ 

ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʤʽʮʥʽʩʪʴ ʧʽʩʢʦʚʠʢʫ 

ʟʥʠʞʫʻʪʴʩʷ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʦʛʽʨʰʝʥʥʷ ʡʦʛʦ ʟʜʘʪʥʦʩʪʽ ʧʨʦʪʠʜʽʷʪʠ 

ʥʘʧʨʫʞʝʥʥʷʤ: 25 ÜC ï 95,6ʄʇʘ; 200 ÜC ï 80,9 ʄʇʘ; 400 ÜC ï 74,8ʄʇʘ; 600 ÜC ï 

66,2 ʄʇʘ; 800 ÜC ï 49,5 ʄʇʘ. ʊʘʢʠʡ ʭʘʨʘʢʪʝʨ ʪʝʥʜʝʥʮʽʾ ʜʝʤʦʥʩʪʨʫʻ 

ʧʨʦʛʨʝʩʫʶʯʫ ʜʝʛʨʘʜʘʮʽʶ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʽʩʢʦʚʠʢʫ ʟʘ ʧʽʜʚʠʱʝʥʦʛʦ 

ʪʝʧʣʦʚʦʛʦ ʚʧʣʠʚʫ, ʱʦ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʜʣʷ ʦʮʽʥʢʠ ʩʪʘʙʽʣʴʥʦʩʪʽ ʛʽʨʩʴʢʠʭ 

ʤʘʩʠʚʽʚ ʫ ʟʦʥʘʭ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. ʇʨʠ ʮʴʦʤʫ 

ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʧʽʩʢʦʚʠʢʫ ʚ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ 25 ï 200 Üʉ ʪʘ 400 ï 800 Üʉ 

ʤʘʻ ʪʝʥʜʝʥʮʽʶ ʜʦ ʨʽʟʢʦʛʦ ʟʤʝʥʰʝʥʥʷ ʚʽʜ 37,4 Ÿ 29,8 ɻʇʘ ʪʘ 32,2 Ÿ 12,7 ɻʇʘ. ʋ 
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ʨʝʞʠʤʽ ʪʝʤʧʝʨʘʪʫʨ 200 ï 400 Üʉ ʟʥʘʭʦʜʠʪʴʩʷ ʚʽʜ 29,8 ʜʦ 32,2 ɻʇʘ. ʊʘʢʘ ʩʠʪʫʘʮʽʷ 

ʦʙʫʤʦʚʣʝʥʘ, ʧʝʨʰ ʟʘ ʚʩʝ, ʱʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʦ 200 ÜC ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʪʨʘʪʘ 

ʬʽʟʠʯʥʦ ʟʚôʷʟʘʥʦʾ ʚʦʜʠ, ʷʢʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʤʽʢʨʦʪʨʽʱʠʥ ʽ ʟʤʝʥʰʝʥʥʷ 

ʱʽʣʴʥʦʩʪʽ ʧʦʨʦʜʠ, ʘ ʚ ʜʽʘʧʘʟʦʥʽ 400 ï 800 ÜC ʨʦʟʧʦʯʠʥʘʶʪʴʩʷ ʧʨʦʮʝʩʠ 

ʪʝʨʤʽʯʥʦʛʦ ʨʦʟʢʣʘʜʫ ʤʽʥʝʨʘʣʽʚ, ʪʘʢʠʭ ʷʢ ʢʚʘʨʮ ʽ ʧʦʣʴʦʚʽ ʰʧʘʪʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʤʘʢʨʦʪʨʽʱʠʥ ʽ ʩʫʪʪʻʚʦʛʦ ʦʩʣʘʙʣʝʥʥʷ ʩʪʨʫʢʪʫʨʠ. ɸʥʘʣʦʛʽʯʥʘ 

ʪʝʥʜʝʥʮʽʷ ʽ ʟʘʟʥʘʯʝʥʘ ʚ ʨʦʙʦʪʘʭ [35], [36], ʨʝʟʫʣʴʪʘʪʠ ʷʢʠʭ ʚʢʘʟʫʶʪʴ ʥʘ 

ʟʥʠʞʝʥʥʷ ʤʽʮʥʦʩʪʽ ʧʽʩʢʦʚʠʢʘ ʥʘ ʨʦʟʨʠʚ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʦʙʨʦʙʢʠ. 

ʄʽʮʥʽʩʪʴ ʥʘ ʨʦʟʨʠʚ ʟʥʠʞʫʚʘʣʘʩʷ ʚʽʜʥʦʩʥʦ ʧʦʚʽʣʴʥʦ ʜʣʷ ʟʨʘʟʢʽʚ, ʦʙʨʦʙʣʝʥʠʭ ʧʨʠ 

ʧʽʜʚʠʱʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜ 20 ʜʦ 500 ÜC, ï ʟ 8,20 ʄʇʘ ʧʨʠ 20 ÜC ʜʦ 6,62 ʄʇʘ 

ʧʨʠ 500 ÜC. ʇʽʜ ʯʘʩ ʦʙʨʦʙʢʠ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ, ʱʦ ʧʝʨʝʚʠʱʫʻ 500 ÜC, ʤʽʮʥʽʩʪʴ 

ʟʨʘʟʢʽʚ ʥʘ ʨʦʟʨʠʚ ʨʽʟʢʦ ʟʥʠʟʠʣʘʩʷ, ʧʨʠʙʣʠʟʥʦ ʥʘ 22,96% ʚʽʜ ʩʝʨʝʜʥʴʦʛʦ 

ʟʥʘʯʝʥʥʷ 500 ÜC ʧʨʠ 600 ÜC.  

ɸʚʪʦʨʘʤʠ ʨʦʙʦʪʠ [37] ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʽʢʦʚʘ ʤʽʮʥʽʩʪʴ ʽ ʤʦʜʫʣʴ 

ʧʨʫʞʥʦʩʪʽ ʤʘʨʤʫʨʫ ʢʦʣʠʚʘʶʪʴʩʷ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜ ʥʦʨʤʘʣʴʥʦʾ ʜʦ 400 ÜC ʽ 

ʧʦʩʪʫʧʦʚʦ ʟʤʝʥʰʫʶʪʴʩʷ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʥʘʜ 400 ÜC. ɿ ʧʽʜʚʠʱʝʥʥʷʤ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʽʢʦʚʘ ʤʽʮʥʽʩʪʴ ʽ ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʚʘʧʥʷʢʫ ʜʝʤʦʥʩʪʨʫʶʪʴ 

ʪʝʥʜʝʥʮʽʶ ʜʦ ʟʥʠʞʝʥʥʷ ʚʽʜ ʥʦʨʤʘʣʴʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ 200 ÜC. ʋ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 

200 ʜʦ 600 ÜC ʨʽʟʢʦ ʟʤʝʥʰʫʶʪʴʩʷ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʥʘʜ 600 ÜC. ʇʽʢʦʚʘ ʤʽʮʥʽʩʪʴ 

ʧʽʩʢʦʚʠʢʫ ʜʝʤʦʥʩʪʨʫʻ ʪʝʥʜʝʥʮʽʶ ʜʦ ʟʥʠʞʝʥʥʷ ʟʘ ʥʝʟʥʘʯʥʦʾ ʟʤʽʥʠ ʤʦʜʫʣʷ 

ʧʨʫʞʥʦʩʪʽ ʟʘ ʥʦʨʤʘʣʴʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ 200 ÜC ʽ ʚʽʜ 200 ʜʦ 600 ÜC ʟʨʦʩʪʘʻ ʟʘ 

ʥʝʟʥʘʯʥʦʾ ʟʤʽʥʠ ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ. ʇʽʢʦʚʘ ʤʽʮʥʽʩʪʴ ʪʘ ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʰʚʠʜʢʦ 

ʟʤʝʥʰʫʶʪʴʩʷ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʥʘʜ 600 ÜC. ʇʽʢʦʚʘ ʜʝʬʦʨʤʘʮʽʷ ʚʘʧʥʷʢʫ ʤʘʣʦ 

ʟʤʽʥʶʻʪʴʩʷ ʟʘ ʥʦʨʤʘʣʴʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ 600 ÜC, ʦʜʥʘʢ ʰʚʠʜʢʦ ʟʨʦʩʪʘʻ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʥʘʜ 600 ÜC, ʘ ʜʣʷ ʤʘʨʤʫʨʫ ʽ ʧʽʩʢʦʚʠʢʫ ʚʦʥʘ ʟʤʝʥʰʫʻʪʴʩʷ ʧʨʠ 

ʧʽʜʚʠʱʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜ ʥʦʨʤʘʣʴʥʦʾ ʜʦ 200 ÜC, ʰʚʠʜʢʦ ʟʨʦʩʪʘʻ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʥʘʜ 200 ÜC. ʎʝ ʷʚʠʱʝ ʦʙʫʤʦʚʣʝʥʦ ʢʽʣʴʢʦʤʘ ʬʘʢʪʦʨʘʤʠ: ʧʦ-ʧʝʨʰʝ, 

ʪʝʨʤʽʯʥʝ ʨʦʟʰʠʨʝʥʥʷ ʤʽʥʝʨʘʣʽʚ ʚʝʜʝ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʥʘʧʨʫʞʝʥʴ, ʱʦ 

ʤʦʞʝ ʥʝʦʜʥʦʨʽʜʥʦ ʚʧʣʠʚʘʪʠ ʥʘ ʩʪʨʫʢʪʫʨʫ ʛʽʨʩʴʢʦʾ ʧʦʨʦʜʠ; ʧʦ-ʜʨʫʛʝ, ʟʘ ʚʠʩʦʢʠʭ 
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ʪʝʤʧʝʨʘʪʫʨ ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʝʛʨʘʜʘʮʽʷ ʟʚôʷʟʢʽʚ ʤʽʞ ʤʽʥʝʨʘʣʴʥʠʤʠ ʟʝʨʥʘʤʠ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʤʽʢʨʦ- ʪʘ ʤʘʢʨʦʪʨʽʱʠʥ, ʟʥʠʞʫʶʯʠ ʮʽʣʽʩʥʽʩʪʴ. 

ʇʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʥʷ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʘʨʙʦʥʘʪʥʠʭ ʧʦʨʽʜ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ 150 ÜC ʤʽʮʥʽʩʪʴ ʧʦʨʽʜ ʟʨʦʩʪʘʻ 

ʯʝʨʝʟ ʜʝʛʽʜʨʘʪʘʮʽʶ, ʘʣʝ ʟʘ ʧʦʜʘʣʴʰʦʛʦ ʥʘʛʨʽʚʘʥʥʷ ʜʦ 300 ÜC ʽ ʚʠʱʝ ʤʽʮʥʽʩʪʴ 

ʟʥʠʞʫʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʪʝʨʤʽʯʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʪʘ ʫʪʚʦʨʝʥʥʷ ʤʽʢʨʦʪʨʽʱʠʥ [38]. ʋ 

ʨʦʙʦʪʽ [39] ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʚʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʟʤʽʥʠ ʦʩʥʦʚʥʠʭ ʛʝʦʤʝʭʘʥʽʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʚʠʙʨʘʥʠʭ ʧʦʨʽʜ, ʧʽʜʜʘʥʠʭ ʩʪʠʩʢʫ ʫ ʚʠʧʨʦʙʫʚʘʣʴʥʽʡ ʤʘʰʠʥʽ. ɼʦ ʮʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʥʘʣʝʞʘʪʴ ʤʽʮʥʽʩʪʴ ʥʘ ʩʪʠʩʢ ʽ ʤʦʜʫʣʴ ʖʥʛʘ. ɿʤʽʥʠ ʟʥʘʯʝʥʴ ʤʽʮʥʦʩʪʽ ʥʘ 

ʩʪʠʩʢ ʽ ʧʨʫʞʥʦʩʪʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ ʧʦʚʥʠʭ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɿʘʟʥʘʯʝʥʦ, ʱʦ ʟʤʽʥʠ ʤʽʮʥʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʾʭʥʴʦʛʦ ʤʽʥʝʨʘʣʴʥʦʛʦ ʩʢʣʘʜʫ, ʧʦʨʠʩʪʦʩʪʽ, ʱʽʣʴʥʦʩʪʽ 

ʪʦʱʦ. ʋ ʢʨʠʩʪʘʣʽʯʥʠʭ ʽ ʦʩʘʜʦʚʠʭ ʧʦʨʦʜʘʭ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ 400 ÜC 

ʟʘʟʚʠʯʘʡ ʩʧʨʠʯʠʥʷʻ ʪʠʤʯʘʩʦʚʝ ʟʤʽʮʥʝʥʥʷ ʧʦʨʦʜʠ. ʆʜʥʘʢ ʟʘ ʚʠʱʠʭ ʪʝʤʧʝʨʘʪʫʨ 

ʤʽʮʥʽʩʪʴ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʨʽʟʢʦ ʟʥʠʞʫʻʪʴʩʷ. ɼʣʷ ʢʘʨʙʦʥʘʪʥʠʭ ʦʩʘʜʦʚʠʭ ʧʦʨʽʜ 

ʟʤʝʥʰʝʥʥʷ ʤʽʮʥʦʩʪʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚʞʝ ʥʘ ʧʦʯʘʪʢʫ ʧʨʦʮʝʩʫ ʥʘʛʨʽʚʘʥʥʷ. 

ʅʘʡʚʘʞʣʠʚʽʰʽ ʧʨʦʮʝʩʠ, ʱʦ ʟʤʽʥʶʶʪʴ ʤʽʮʥʽʩʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ, 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ 400 ï 600 ÜC. ʋ ʮʴʦʤʫ ʽʥʪʝʨʚʘʣʽ ʯʝʨʝʟ 

ʪʝʧʣʦʚʝ ʨʦʟʰʠʨʝʥʥʷ, ʨʦʟʢʣʘʜʘʥʥʷ ʤʽʥʝʨʘʣʽʚ, ʜʝʛʽʜʨʘʪʘʮʽʶ, ʜʝʛʽʜʨʦʢʩʠʣʶʚʘʥʥʷ ʪʘ 

ʧʽʜʚʠʱʝʥʥʷ ʪʝʧʣʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʚʽʜʙʫʚʘʶʪʴʩʷ ʟʤʽʥʠ ʚʥʫʪʨʽʰʥʴʦʾ ʩʪʨʫʢʪʫʨʠ 

ʧʦʨʽʜ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʟʥʘʯʝʥʴ ʛʝʦʤʝʭʘʥʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʪʘʢʠʭ ʷʢ 

ʤʽʮʥʽʩʪʴ ʥʘ ʦʜʥʦʚʽʩʥʠʡ ʩʪʠʩʢ ʽ ʤʦʜʫʣʴ ʖʥʛʘ. 

ʅʝʦʙʭʽʜʥʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʤʽʮʥʽʩʪʴ ʛʽʨʩʴʢʦʾ ʧʦʨʦʜʠ ʟʤʝʥʰʫʻʪʴʩʷ ʟ 

ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ, ʱʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʚ ʨʦʙʦʪʽ [40]. ʋ ʚʠʧʘʜʢʫ ʟ ʛʨʘʥʽʪʦʤ 

ʟʥʠʞʝʥʥʷ ʤʽʮʥʦʩʪʽ ʥʘ 80% ʧʦʤʽʪʥʦ ʧʨʦʩʪʝʞʫʻʪʴʩʷ ʟʘ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʚʽʜ 20 ʜʦ 1000 Üʉ. ɼʦ ʪʝʤʧʝʨʘʪʫʨʠ 400 Üʉ ʤʽʮʥʽʩʪʴ ʥʘ ʩʪʠʩʢ ʧʘʜʘʻ ʧʣʘʚʥʦ. ɺ 

ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʨʘʧʪʦʚʘ ʚʪʨʘʪʘ ʤʽʮʥʦʩʪʽ ʚʽʜ 400 ʜʦ 600 Üʉ. 

ʁʤʦʚʽʨʥʦ, ʮʝ ʧʦʚôʷʟʘʥʦ ʟ ʬʘʟʦʶ ʧʝʨʝʭʦʜʫ ʢʚʘʨʮʫ ʧʨʠ 573 ÜC. 

ʇʨʠ ʮʴʦʤʫ ʚ ʜʦʩʣʽʜʞʝʥʥʷʭ ʟʨʘʟʢʽʚ ʧʽʩʢʦʚʠʢʘ ʥʘʛʨʽʪʠʭ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 

1100 Üʉ ʟʘʟʥʘʯʝʥʦ, ʱʦ ʤʽʮʥʽʩʪʴ ʟʨʘʟʢʽʚ ʧʨʠ 400 Üʉ ʟʙʽʣʴʰʫʻʪʴʩʷ ʤʘʡʞʝ ʥʘ 100%, ʘ 
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ʧʦʪʽʤ ʟʤʝʥʰʫʻʪʴʩʷ ʚʽʜ 121 ʜʦ 26 ʄʇʘ [41]. 

ʇʦʜʘʣʴʰʝ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʟʤʽʥʶʻ 

ʪʝʥʜʝʥʮʽʶ ʜʦ ʟʨʦʩʪʘʥʥʷ. ɼʣʷ ʤʘʢʩʠʤʘʣʴʥʦ ʦʪʨʠʤʘʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 1100 ÜC 

ʤʽʮʥʽʩʪʴ ʟʨʘʟʢʽʚ ʥʘ ʦʜʥʦʚʽʩʥʠʡ ʩʪʠʩʢ ʩʪʘʥʦʚʠʪʴ ʣʠʰʝ 40% ʚʽʜ ʟʥʘʯʝʥʥʷ, 

ʦʪʨʠʤʘʥʦʛʦ ʜʣʷ ʟʨʘʟʢʘ, ʚʠʧʨʦʙʫʚʘʥʦʛʦ ʟʘ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʽ.  

ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʥʘʛʨʽʚʘʥʥʷ ʘʨʛʽʣʽʪʫ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 400ÁC ʤʽʮʥʽʩʪʴ ʥʘ 

ʩʪʠʩʢ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟ 90 ʜʦ 252 ʄʇʘ [42]. ɸʚʪʦʨʠ ʧʦʷʩʥʶʶʪʴ ʮʝ ʷʚʠʱʝ 

ʚʠʧʘʨʦʚʫʚʘʥʥʷʤ ʚʦʜʠ ʪʘ ʚʠʜʽʣʝʥʥʷʤ ʛʘʟʽʚ, ʷʢʽ ʤʽʩʪʷʪʴʩʷ ʫ ʚʥʫʪʨʽʰʥʽʡ ʩʪʨʫʢʪʫʨʽ 

ʘʨʛʽʣʽʪʫ. ʎʽ ʧʨʦʮʝʩʠ ʟʤʝʥʰʫʶʪʴ ʢʦʚʟʘʥʥʷ ʤʽʞ ʯʘʩʪʠʥʢʘʤʠ, ʱʦ ʩʧʨʠʷʻ 

ʧʽʜʚʠʱʝʥʥʶ ʤʽʮʥʦʩʪʽ ʛʽʨʩʴʢʦʾ ʧʦʨʦʜʠ. ʇʦʜʽʙʥʽ ʨʝʟʫʣʴʪʘʪʠ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʚ 

ʜʦʩʣʽʜʞʝʥʥʷʭ [43]. ʆʜʥʘʢ ʟʘ ʪʝʤʧʝʨʘʪʫʨ, ʚʠʱʠʭ ʟʘ 400 ÜC, ʤʽʮʥʽʩʪʴ ʘʨʛʽʣʽʪʫ 

ʟʥʠʞʫʻʪʴʩʷ, ʜʝʤʦʥʩʪʨʫʶʯʠ ʪʝʥʜʝʥʮʽʶ ʜʦ ʚʽʜôʻʤʥʦʾ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʾ ʟʘʣʝʞʥʦʩʪʽ, 

ʩʷʛʘʶʯʠ ʟʥʘʯʝʥʥʷ 70 ʄʇʘ. ʋ ʨʦʙʦʪʽ [44] ʧʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʥʷ ʛʣʠʥʠʩʪʠʭ ʪʘ 

ʧʽʱʘʥʠʭ ʩʣʘʥʮʽʚ, ʥʘʛʨʽʪʠʭ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 1000 ÜC, ʟʘʬʽʢʩʦʚʘʥʦ ʟʙʽʣʴʰʝʥʥʷ ʾʭ 

ʤʽʮʥʦʩʪʽ. ʎʝ ʷʚʠʱʝ ʘʚʪʦʨʠ ʧʦʚôʷʟʫʶʪʴ ʽʟ ʚʪʨʘʪʦʶ ʤʘʩʠ, ʟʦʢʨʝʤʘ ʯʝʨʝʟ 

ʜʝʛʽʜʨʘʪʘʮʽʶ ʪʘ ʜʝʢʘʨʙʦʢʩʠʣʶʚʘʥʥʷ. 

ʋ ʚʠʧʘʜʢʫ ʟ ʚʘʧʥʷʢʦʤ, ʥʘʛʨʽʪʠʤ ʜʦ 800 ÜC, ʟʥʘʯʥʽ ʚʪʨʘʪʠ ʤʽʮʥʦʩʪʽ 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʚʞʝ ʟʘ ʪʝʤʧʝʨʘʪʫʨ ʙʣʠʟʴʢʦ 100 ÜC, ʜʝ ʤʽʮʥʽʩʪʴ ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ 

26%. ʇʦʜʘʣʴʰʠʡ ʥʘʛʨʽʚ ʚʘʧʥʷʢʫ ʜʦ 700 ÜC ʥʝ ʩʧʨʠʯʠʥʠʚ ʟʥʘʯʥʠʭ ʟʤʽʥ ʫ ʡʦʛʦ 

ʤʽʮʥʦʩʪʽ [45].  

ʋ ʜʦʩʣʽʜʞʝʥʥʷʭ [46] ʪʘʢʦʞ ʟʘʟʥʘʯʝʥʦ, ʱʦ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʚʧʣʠʚʘʻ ʥʘ ʤʽʮʥʽʩʪʴ ʪʘ ʧʨʦʥʠʢʥʽʩʪʴ ʧʽʩʢʦʚʠʢʫ. ʈʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ 200 ÜC ʤʽʮʥʽʩʪʴ ʧʽʩʢʦʚʠʢʫ ʟʨʦʩʪʘʻ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ 

ʜʝʛʽʜʨʘʪʘʮʽʻʶ ʛʣʠʥʠʩʪʠʭ ʤʽʥʝʨʘʣʽʚ ʪʘ ʫʱʽʣʴʥʝʥʥʷʤ ʧʦʨʦʜʠ. ʆʜʥʘʢ ʟʘ 

ʧʦʜʘʣʴʰʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ 400 ÜC ʽ ʚʠʱʝ ʤʽʮʥʽʩʪʴ ʟʥʠʞʫʻʪʴʩʷ ʯʝʨʝʟ 

ʫʪʚʦʨʝʥʥʷ ʤʽʢʨʦʪʨʽʱʠʥ ʪʘ ʜʝʛʨʘʜʘʮʽʶ ʩʪʨʫʢʪʫʨʠ.  

ʋ ʨʦʙʦʪʽ [47] ʜʦʩʣʽʜʞʝʥʥʽ ʟʨʘʟʢʠ ʧʽʩʢʦʚʠʢʽʚ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ 

ʟʙʽʣʴʰʝʥʥʷ ʟʘʣʠʰʢʦʚʠʭ ʜʝʬʦʨʤʘʮʽʡ ʧʦʨʽʚʥʷʥʦ ʟ ʧʦʢʘʟʥʠʢʘʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʚ 

ʩʫʭʦ-ʧʦʚʽʪʨʷʥʦʤʫ ʩʪʘʥʽ, ʟʘ ʪʝʤʧʝʨʘʪʫʨ ʙʣʠʟʴʢʦ 700 ï 800 ÜC. ɺʠʱʝ ʮʴʦʛʦ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʚʝʣʠʯʠʥʘ ʟʘʣʠʰʢʦʚʠʭ ʜʝʬʦʨʤʘʮʽʡ ʤʘʣʘ ʪʝʥʜʝʥʮʽʶ ʜʦ 
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ʧʦʜʘʣʴʰʦʛʦ ʟʨʦʩʪʘʥʥʷ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 1200 ÜC. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʩʢʣʘʜʥʠʡ ʭʘʨʘʢʪʝʨ ʟʤʽʥ ʫ ʩʪʨʫʢʪʫʨʽ ʧʽʩʢʦʚʠʢʽʚ ʧʽʜ ʚʧʣʠʚʦʤ ʚʠʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ, ʱʦ ʟʫʤʦʚʣʝʥʦ ʤʽʥʝʨʘʣʦʛʽʯʥʠʤʠ ʽ ʪʝʢʩʪʫʨʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ 

ʧʦʨʦʜʠ, ʘ ʪʘʢʦʞ ʧʨʦʮʝʩʘʤʠ ʪʝʨʤʽʯʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ, ʜʝʛʽʜʨʘʪʘʮʽʾ ʪʘ 

ʨʝʦʨʛʘʥʽʟʘʮʽʾ ʚʥʫʪʨʽʰʥʴʦʾ ʩʪʨʫʢʪʫʨʠ. 

ɸʥʘʣʽʟ ʚʠʱʝ ʧʨʦʚʝʜʝʥʠʭ ʥʘʫʢʦʚʠʭ ʨʦʙʽʪ ʚʢʘʟʫʻ, ʱʦ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ ʻ ʥʝʧʨʦʛʥʦʟʦʚʘʥʠʤʠ, ʽ ʜʣʷ ʢʦʥʢʨʝʪʥʠʭ ʛʽʨʥʠʯʦ-ʛʝʦʣʦʛʽʯʥʠʭ 

ʫʤʦʚ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʦʜʠʪʠ ʥʠʟʢʫ ʜʦʩʣʽʜʞʝʥʴ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʽʜʝʥʪʠʬʽʢʘʮʽʶ 

ʩʧʝʮʠʬʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʨʽʜ, ʾʭʥʽʭ ʩʪʨʫʢʪʫʨʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ, ʘ ʪʘʢʦʞ 

ʨʝʘʢʮʽʶ ʥʘ ʨʽʟʥʽ ʚʠʜʠ ʥʘʚʘʥʪʘʞʝʥʴ ʪʘ ʚʧʣʠʚʠ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɼʣʷ 

ʨʦʟʫʤʽʥʥʷ ʟʘʛʘʣʴʥʦʾ ʢʘʨʪʠʥʠ ʟʤʽʥʠ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ ʧʽʜ 

ʯʘʩ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟʽ ʟʤʽʥʠ 

ʤʽʮʥʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ ʧʽʜ ʜʽʻʶ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘʣʝʞʥʦ ʚʽʜ 

ʟʦʥʠ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʟ ʧʦʜʘʣʴʰʦʶ ʦʮʽʥʢʦʶ ʷʢʽʩʥʠʭ ʟʤʽʥ ʽ ʬʘʟʦʚʠʭ 

ʧʝʨʝʪʚʦʨʝʥʴ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʧ. 2.3, ʜʝ ʘʥʘʣʽʟʫʶʪʴʩʷ ʧʘʨʘʤʝʪʨʠ ʨʦʟʧʦʜʽʣʫ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʥʘ ʢʦʥʪʘʢʪʥʽʡ ʧʣʦʱʠʥʽ ʤʽʞ ʚʫʛʽʣʴʥʠʤ ʧʣʘʩʪʦʤ ʽ ʧʦʨʦʜʘʤʠ 

ʧʦʢʨʽʚʣʽ ʪʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʚ ʛʽʨʩʴʢʦʤʫ ʤʘʩʠʚʽ, ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ. ɺʦʥʠ 

ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʚʠʚʯʝʥʥʷ ʟʤʽʥʠ ʤʽʮʥʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ ʧʽʜ 

ʚʧʣʠʚʦʤ ʪʝʤʧʝʨʘʪʫʨʠ, ʱʦ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʦ ʧʽʜ ʯʘʩ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ. 

ɺʦʜʥʦʯʘʩ ʚʨʘʭʦʚʫʚʘʣʠʩʷ ʜʘʥʽ ʥʘʫʢʦʚʠʭ ʨʦʙʽʪ, ʷʢʽ ʜʦʩʣʽʜʞʫʶʪʴ ʨʦʟʧʦʜʽʣ 

ʪʝʤʧʝʨʘʪʫʨ ʫ ʛʽʨʩʴʢʦʤʫ ʤʘʩʠʚʽ ʚ ʫʤʦʚʘʭ ʛʘʟʠʬʽʢʘʮʽʾ [23] ï [25], [48]. 

ɼʦʩʣʽʜʞʝʥʥʷ ʙʘʟʫʶʪʴʩʷ ʥʘ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʤʽʞ ʪʝʦʨʝʪʠʯʥʠʤʠ ʪʘ ʧʨʘʢʪʠʯʥʠʤʠ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʣʽʚ ʫ ʛʽʨʩʴʢʦʤʫ ʤʘʩʠʚʽ ʟ ʧʦʜʘʣʴʰʠʤ 

ʚʠʟʥʘʯʝʥʥʷʤ ʟʤʽʥʠ ʤʽʮʥʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ ʧʽʜ ʜʽʻʶ 

ʪʝʤʧʝʨʘʪʫʨʠ. ʊʝʤʧʝʨʘʪʫʨʥʠʡ ʜʽʘʧʘʟʦʥ ʜʦʩʣʽʜʞʝʥʥʷ ï 22 ï 600 Üʉ.  

ʅʘ ʩʴʦʛʦʜʥʽ ʥʘʡʧʨʦʩʪʽʰʠʤ ʽ ʦʜʥʠʤ ʽʟ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ 

ʤʽʮʥʦʩʪʽ ʛʽʨʩʴʢʦʾ ʧʦʨʦʜʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʰʣʷʭʦʤ ʦʜʥʦʚʽʩʥʦʛʦ ʩʪʠʩʢʫ. ʎʝʡ ʤʝʪʦʜ 

ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʘʚʜʷʢʠ ʧʨʦʩʪʦʪʽ ʡʦʛʦ ʨʝʘʣʽʟʘʮʽʾ, ʜʦʩʪʫʧʥʦʩʪʽ 
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ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʤʦʞʣʠʚʦʩʪʽ ʦʪʨʠʤʘʥʥʷ ʙʘʟʦʚʠʭ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʤʘʪʝʨʽʘʣʫ. ʇʽʜ ʯʘʩ ʦʜʥʦʚʽʩʥʦʛʦ ʩʪʠʩʢʫ ʟʨʘʟʦʢ ʛʽʨʩʴʢʦʾ ʧʦʨʦʜʠ ʧʽʜʜʘʻʪʴʩʷ 

ʥʘʚʘʥʪʘʞʝʥʥʶ ʚʟʜʦʚʞ ʦʜʥʽʻʾ ʦʩʽ ʜʦ ʤʦʤʝʥʪʫ ʨʫʡʥʫʚʘʥʥʷ, ʱʦ ʜʘʻ ʟʤʦʛʫ 

ʚʠʟʥʘʯʠʪʠ ʡʦʛʦ ʤʝʞʫ ʤʽʮʥʦʩʪʽ, ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʭʘʨʘʢʪʝʨ ʜʝʬʦʨʤʘʮʽʡ ʽ 

ʨʫʡʥʫʚʘʥʥʷ. 

ʄʝʪʦʜ ʦʜʥʦʚʽʩʥʦʛʦ ʩʪʠʩʢʫ ʤʘʻ ʥʠʟʢʫ ʚʘʞʣʠʚʠʭ ʧʝʨʝʚʘʛ. ʇʦ-ʧʝʨʰʝ, ʚʽʥ ʜʘʻ 

ʟʤʦʛʫ ʰʚʠʜʢʦ ʪʘ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʦʮʽʥʠʪʠ ʦʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʽʮʥʦʩʪʽ 

ʧʦʨʽʜ. ʇʦ-ʜʨʫʛʝ, ʜʦʩʣʽʜʞʝʥʥʷ ʟʘ ʮʠʤ ʤʝʪʦʜʦʤ ʤʦʞʫʪʴ ʧʨʦʚʦʜʠʪʠʩʷ ʷʢ ʫ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʪʘʥʜʘʨʪʥʠʭ ʟʨʘʟʢʽʚ, ʪʘʢ ʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʚ ʧʦʣʴʦʚʠʭ ʫʤʦʚʘʭ, ʱʦ ʨʦʙʠʪʴ ʡʦʛʦ ʫʥʽʚʝʨʩʘʣʴʥʠʤ. ʂʨʽʤ ʪʦʛʦ, ʨʝʟʫʣʴʪʘʪʠ 

ʚʠʧʨʦʙʫʚʘʥʴ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʷʢ ʙʘʟʦʚʽ ʜʘʥʽ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʧʦʚʝʜʽʥʢʠ ʧʦʨʽʜ ʫ ʧʨʠʨʦʜʥʠʭ ʘʙʦ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʫʤʦʚʘʭ. ʆʜʥʘʢ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ, 

ʱʦ ʤʝʪʦʜ ʦʜʥʦʚʽʩʥʦʛʦ ʩʪʠʩʢʫ ʤʘʻ ʡ ʧʝʚʥʽ ʦʙʤʝʞʝʥʥʷ. ɺʽʥ ʥʝ ʚʽʜʦʙʨʘʞʘʻ 

ʩʢʣʘʜʥʦʛʦ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʛʽʨʩʴʢʠʭ ʤʘʩʠʚʽʚ, ʷʢʽ ʚ ʧʨʠʨʦʜʥʠʭ 

ʫʤʦʚʘʭ ʟʘʟʥʘʶʪʴ ʚʧʣʠʚʫ ʙʘʛʘʪʦʚʽʩʥʠʭ ʥʘʧʨʫʞʝʥʴ. ʂʨʽʤ ʪʦʛʦ, ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ 

ʪʨʽʱʠʥʫʚʘʪʠʭ ʘʙʦ ʰʘʨʫʚʘʪʠʭ ʧʦʨʽʜ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʤʝʥʰ 

ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʠʤʠ ʯʝʨʝʟ ʘʥʽʟʦʪʨʦʧʥʽʩʪʴ ʾʭʥʽʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ɹʘʟʦʶ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ ʩʣʫʛʫʚʘʣʠ ʚʽʜʽʙʨʘʥʽ ʧʨʦʙʠ ʛʽʨʩʴʢʦʾ ʧʦʨʦʜʠ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦʾ ʧʦʢʨʽʚʣʽ ʰʘʭʪʠ çʄʝʞʠʨʽʯʘʥʩʴʢʘè ɼʇ çʃʴʚʽʚʚʫʛʽʣʣʷè ʪʘ ʰʘʭʪʠ 

ʽʤ. ɻʝʨʦʾʚ ʂʦʩʤʦʩʫ ʇʨɸʊ çɼʊɽʂ ʇʘʚʣʦʛʨʘʜʚʫʛʽʣʣʷè, ʦʩʢʽʣʴʢʠ ʚ ʦʩʥʦʚʥʦʤʫ ʮʷ 

ʧʦʢʨʽʚʣʷ ʥʘ ʙʽʣʴʰʦʩʪʽ ʰʘʭʪ ʜʘʥʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʧʽʜʨʦʟʜʽʣʽʚ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʘʣʝʚʨʦʣʽʪʘʤʠ (80%). ʈʝʰʪʘ ʚʽʜʧʦʚʽʜʥʦ ʘʨʛʽʣʽʪʠ (10%) ʪʘ ʧʽʩʢʦʚʠʢʠ (10%).  

ɿʛʽʜʥʦ ʟ ʜʘʥʠʤʠ ʛʽʨʥʠʯʦ-ʛʝʦʣʦʛʽʯʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 201 ʙʦʨʪʦʚʦʛʦ ʰʪʨʝʢʫ 

ʰʘʭʪʠ çʄʝʞʠʨʽʯʘʥʩʴʢʘè ʧʣʘʩʪʘ n7 ʘʣʝʚʨʦʣʽʪ ʻ ʪʝʤʥʦ-ʩʽʨʦʛʦ ʢʦʣʴʦʨʫ, ʩʣʶʜʠʩʪʠʡ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦ, ʰʘʨʫʚʘʪʠʡ, ʱʽʣʴʥʠʡ. ʏʘʩʪʢʦʚʦ ʧʝʨʝʰʘʨʦʚʫʻʪʴʩʷ ʟ ʧʽʩʢʦʚʠʢʦʤ. 

ʇʦ ʥʘʰʘʨʫʚʘʥʥʶ ʤʘʻ ʟʘʣʠʰʢʠ ʦʙʚʫʛʣʝʥʦʾ ʬʣʦʨʠ ʪʘ ʚʢʣʶʯʝʥʥʷ ʧʽʨʠʪʫ. 

ʇʦʪʫʞʥʽʩʪʴ ʰʘʨʫ ʘʣʝʚʨʦʣʽʪʫ ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 3,5 ʜʦ 7,75 ʤ. 

ɹʝʟʧʦʩʝʨʝʜʥʷ ʧʦʢʨʽʚʣʷ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʘʣʝʚʨʦʣʽʪʦʤ, ʚʚʘʞʘʻʪʴʩʷ ʩʝʨʝʜʥʴʦʩʪʽʡʢʦ ʁ

ʢʘʪʝʛʦʨʽʾ ɹ4. ʆʩʥʦʚʥʘ ʧʦʢʨʽʚʣʷ ʟʜʝʙʽʣʴʰʦʛʦ ʪʘʢʦʞ ʧʨʝʜʩʪʘʚʣʝʥʘ ʘʣʝʚʨʦʣʽʪʦʤ ʽ 

ʚʚʘʞʘʻʪʴʩʷ ʩʝʨʝʜʥʴʦ-ʦʙʚʘʣʶʚʘʣʴʥʦʶ ɸ2. ɺʦʜʥʦʯʘʩ ʥʝʦʙʭʽʜʥʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚ 
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ʛʽʨʥʠʯʦ-ʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚʘʭ ʰʘʭʪʠ çʄʝʞʠʨʽʯʘʥʩʴʢʘè ʙʝʟʧʦʩʝʨʝʜʥʷ ʧʽʜʦʰʚʘ 

ʧʣʘʩʪʘ n7 ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 64% ʘʣʝʚʨʦʣʽʪʦʤ ʪʘ 36% ʘʨʛʽʣʽʪʦʤ. 

ɿʛʽʜʥʦ ʟ ʜʘʥʠʤʠ ʛʽʨʥʠʯʦ-ʛʝʦʣʦʛʽʯʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʰʘʭʪʠ ʽʤ. ɻʝʨʦʾʚ 

ʂʦʩʤʦʩʫ ʚ ʦʩʥʦʚʥʽʡ ʧʦʢʨʽʚʣʽ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ ʩ9 ʟʘʣʷʛʘʶʪʴ ʧʝʨʝʚʘʞʥʦ 

ʘʣʝʚʨʦʣʽʪʠ (50%), ʘʨʛʽʣʽʪʠ (35%), ʨʽʜʰʝ ï ʧʽʩʢʦʚʠʢʠ (10%) ʪʘ ʘʨʛʽʣʽʪʠ ʚʫʛʣʠʩʪʽ 

(5%). ɺʫʛʽʣʣʷ ʧʣʘʩʪʘ ʥʘʧʽʚʤʘʪʦʚʝ, ʪʦʥʢʦʩʤʫʛʦʚʝ, ʤʽʮʥʝ, ʪʨʽʱʠʥʫʚʘʪʝ, 

ʬʶʟʝʥʽʟʦʚʘʥʝ ʧʦ ʥʘʰʘʨʫʚʘʥʥʶ. ʂʦʝʬʽʮʽʻʥʪ ʤʽʮʥʦʩʪʽ f = 3,0 ï 3,5. 

ʋʩʢʣʘʜʥʶʶʯʠʤʠ ʬʘʢʪʦʨʘʤʠ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ ʻ ʟʦʥʠ 

ʥʝʧʨʫʞʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʥʘʚʢʦʣʦ ʢʦʥʪʫʨʽʚ ʧʽʜʛʦʪʦʚʯʠʭ ʚʠʨʦʙʦʢ, ʱʦ 

ʩʬʦʨʤʫʚʘʣʠʩʷ ʟʘ ʯʘʩ ʧʽʩʣʷ ʾʭ ʧʨʦʚʝʜʝʥʥʷ, ʚ ʤʝʞʘʭ ʷʢʠʭ ʤʦʞʣʠʚʽ ʨʘʧʪʦʚʽ 

ʦʙʚʘʣʝʥʥʷ ʧʦʨʽʜ ʧʦʢʨʽʚʣʽ (ʰʠʨʠʥʘ ʟʦʥ ʟ ʜʦʩʚʽʜʫ ʨʦʙʽʪ ʩʷʛʘʻ 6 ï 8 ʤ), ʜʝ ʧʦʨʦʜʠ 

ʜʦʩʠʪʴ ʥʝʩʪʽʡʢʽ, ʟʽ ʟʥʘʯʥʦ ʟʥʠʞʝʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʤʽʮʥʦʩʪʽ ʽ ʥʝʩʫʯʦʾ 

ʟʜʘʪʥʦʩʪʽ; ʥʠʟʴʢʽ ʤʽʮʥʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʨʽʜ ʙʝʟʧʦʩʝʨʝʜʥʴʦʾ ʧʽʜʦʰʚʠ 

ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʘʨʛʽʣʽʪʘʤʠ ʪʘ ʘʣʝʚʨʦʣʽʪʘʤʠ, ʩʭʠʣʴʥʠʭ ʜʦ 

ʽʥʪʝʥʩʠʚʥʦʛʦ ʟʜʠʤʘʥʥʷ ʪʘ ʨʦʟʤʦʢʘʥʥʷ ʫ ʚʦʜʽ ʟ ʧʦʚʥʦʶ ʚʪʨʘʪʦʶ ʥʝʩʫʯʦʾ 

ʟʜʘʪʥʦʩʪʽ. ʄʝʪʦʜʠʢʫ ʜʦʩʣʽʜʞʝʥʥʷ ʤʽʮʥʦʩʪʽ ʚʽʜʽʙʨʘʥʠʭ ʧʨʦʙ ʛʽʨʩʴʢʦʾ ʧʦʨʦʜʠ 

ʟʘʣʝʞʥʦ ʚʽʜ ʚʧʣʠʚʫ ʪʝʤʧʝʨʘʪʫʨʠ ʜʝʪʘʣʴʥʦ ʨʦʟʢʨʠʪʦ ʚ ʧ. 2.3. 

ʇʨʦʚʝʜʝʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʚʩʪʘʥʦʚʣʝʥʦ ʟʤʽʥʠ ʦʙôʻʤʥʦʾ ʚʘʛʠ ʧʦʨʽʜ ʜʦ ʪʘ 

ʧʽʩʣʷ ʥʘʛʨʽʚʫ (ʜʠʚ. ɼʦʜʘʪʦʢ ɸ). ɸʥʘʣʽʟ ʟʘʟʥʘʯʝʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʚʢʘʟʫʻ, ʱʦ 

ʩʝʨʝʜʥʷ ʤʘʩʘ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ ʜʦ ʥʘʛʨʽʚʫ ʩʪʘʥʦʚʠʣʘ 319,3 ï 332,1 ʛ 

(ɔ = 2554,4 ï 2656,8 ʢʛ/ʤ3). ʇʨʠ ʥʘʛʨʽʚʽ ʟʨʘʟʢʽʚ ʫ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʨʝʞʠʤʽ 200 Üʉ, 

ʤʘʩʘ ʟʨʘʟʢʽʚ ʟʤʝʥʰʠʣʘʩʷ ʜʦ 317,5 ï 329,8 ʛ (ɔ = 2540,8 ï 2638,4 ʢʛ/ʤ3). ʇʨʠ 

ʥʘʛʨʽʚʽ 400 Üʉ ʤʘʩʘ ʟʨʘʟʢʽʚ ʟʥʠʟʠʣʘʩʷ ʥʘ 0,04 ï 0,9% ʚʽʜ ʧʦʧʝʨʝʜʥʴʦʾ 

(ɔ = 2329,6 ï 2542,4 ʢʛ/ʤ3). ʇʨʠ 600 Üʉ ʤʘʩʘ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ ʜʦ ʥʘʛʨʽʚʫ 

ʩʪʘʥʦʚʠʣʘ 322,0 ï 335,1 ʛ (ɔ = 2576,1 ï 2680,0 ʢʛ/ʤ3), ʧʽʩʣʷ ʤʘʩʘ ʟʤʝʥʰʠʣʘʩʷ ʥʘ 

30,6 ï 53,2 ʛ. ʋ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʨʝʞʠʤʽ 800 Üʉ ʨʽʟʥʠʮʷ ʤʘʩ ʩʢʣʘʣʘ 34,6 ï 64,6 ʛ. 

ʗʚʠʱʘ ʟʤʝʥʰʝʥʥʷ ʤʘʩʠ ʧʦʚôʷʟʘʥʦ ʟ ʜʝʛʽʜʨʘʪʘʮʽʻʶ ʪʘ ʜʝʢʘʨʙʦʢʩʠʣʶʚʘʥʥʷʤ ʧʽʜ 

ʜʽʻʶ ʪʝʤʧʝʨʘʪʫʨ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʯʝʨʝʟ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʚʦʜʠ ʪʘ ʚʠʜʽʣʝʥʥʷ 

ʚʫʛʣʝʮʶ ʟ ʤʽʥʝʨʘʣʴʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʟʨʘʟʢʘʭ ʧʦʨʦʜʠ, ʱʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʪʘʢʦʞ ʫ 

ʜʦʩʣʽʜʞʝʥʥʷʭ [44], [45]. ɿʤʽʥʘ ʤʘʩʠ ʧʦʨʦʜʠ ʟʘ ʪʘʢʠʭ ʫʤʦʚ ʻ ʽʥʜʠʢʘʪʦʨʦʤ 
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ʩʪʨʫʢʪʫʨʥʠʭ ʟʤʽʥ ʫ ʤʘʪʝʨʽʘʣʽ, ʱʦ ʤʦʞʝ ʚʧʣʠʚʘʪʠ ʥʘ ʡʦʛʦ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʪʘ ʩʪʽʡʢʽʩʪʴ. ʊʦʤʫ ʧʦʜʘʣʴʰʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʤʽʮʥʽʩʪʴ ʧʦʨʽʜ 

ʥʘ ʦʜʥʦʚʽʩʥʠʡ ʩʪʠʩʢ ʟʘʣʝʞʥʦ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ. ʈʝʟʫʣʴʪʘʪʠ 

ʜʦʩʣʽʜʞʝʥʴ ʤʽʮʥʦʩʪʽ ʟʨʘʟʢʽʚ ʛʽʨʩʴʢʦʾ ʧʦʨʦʜʠ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.17 ʽ 4.18. 

 

10,52 11,36

15,78

26,24

10,17
11,35

14,49

25,33

9,87

11,65

14,65

25,22

10,14

11,45

14,97

25,59

0

5

10

15

20

25

30

22 200 400 600

2
2-

1

2
2-

2

2
2-

3

2
2-

1

2
2-

2

2
2-

3

2
2-

1

2
00

-2

2
00

-3

2
00

-1

4
00

-2

4
00

-3

4
00

-1

6
00

-2

6
00

-3

6
00

-1

ʊʝʤʧʝʨʘʪʫʨʘ, t, ÁC

ů
ʩ
ʪ.
 ʄ
ʇ
ʘ

ʄ
ʮ̔
ʥ̔
ʩ
ʪɹ

 ʥ
ʘ 
ʦ
ʜ
ʥ
ʦ
ʚ̔
ʩ
ʥ
ʠ
ʡ
 ʩ
ʪ
ʠ
ʩ
ʢ
,

ůʩʪ.(t t) exp( = 8,97 0,002)

R2=0,94

 

ʈʠʩʫʥʦʢ 4.17 ï ɿʘʣʝʞʥʽʩʪʴ ʟʤʽʥʠ ʤʽʮʥʦʩʪʽ ʟʨʘʟʢʽʚ ʛʽʨʩʴʢʦʾ ʧʦʨʦʜʠ ʰʘʭʪʠ 

ʽʤ. ɻʝʨʦʾʚ ʂʦʩʤʦʩʫ ʇʨɸʊ çɼʊɽʂ ʇʘʚʣʦʛʨʘʜʚʫʛʽʣʣʷè ʥʘ ʦʜʥʦʚʽʩʥʠʡ ʩʪʠʩʢ 

ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 
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ůʩʪ.(t t) exp( = 8,26 0,001)

R2=0,88

 

ʈʠʩʫʥʦʢ 4.18 ï ɿʘʣʝʞʥʽʩʪʴ ʟʤʽʥʠ ʤʽʮʥʦʩʪʽ ʟʨʘʟʢʽʚ ʛʽʨʩʴʢʦʾ ʧʦʨʦʜʠ ʰʘʭʪʠ 

çʄʝʞʠʨʽʯʘʥʩʴʢʘè ɼʇ çʃʴʚʽʚʚʫʛʽʣʣʷè ʥʘ ʦʜʥʦʚʽʩʥʠʡ ʩʪʠʩʢ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 

 

ɸʥʘʣʽʟ ʥʘʚʝʜʝʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘ ʨʠʩ. 4.17 ʽ 4.18 ʚʢʘʟʫʻ ʥʘ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʝ 

ʟʨʦʩʪʘʥʥʷ ʤʽʮʥʦʩʪʽ ʧʦʨʽʜ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ. ʇʽʜ ʚʧʣʠʚʦʤ ʪʝʤʧʝʨʘʪʫʨʠ 
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ʫ 600 Üʉ ʤʽʮʥʽʩʪʴ ʥʘ ʦʜʥʦʚʽʩʥʠʡ ʩʪʠʩʢ ʟʨʦʩʪʘʻ ʚ ʩʝʨʝʜʥʴʦʤʫ ʫ 2,41 ï 2,52 ʨʘʟʘ 

ʧʦʨʽʚʥʷʥʦ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ 22 Üʉ. ɿʘ ʧʦʜʘʣʴʰʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʨʝʞʠʤʫ ʜʦ 800 Üʉ ʤʽʮʥʽʩʪʴ ʧʦʨʦʜʥʠʭ ʟʨʘʟʢʽʚ ʨʽʟʢʦ ʧʦʯʘʣʘ ʟʤʝʥʰʫʚʘʪʠʩʷ ʽ ʙʫʣʘ 

ʟʘʬʽʢʩʦʚʘʥʘ ʥʘ ʨʽʚʥʽ 10,52 ï 11,22 ʄʇʘ ʟ ʨʽʟʥʠʮʝʶ ʚʽʜ ʧʦʯʘʪʢʦʚʦʛʦ ʚ 1,05 ï 

1,38 ʄʇʘ. ʅʝʦʙʭʽʜʥʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʫ ʯʦʪʠʨʴʦʭ ʽʟ 

ʰʝʩʪʠ ʧʦʨʦʜʥʠʭ ʟʨʘʟʢʽʚ ʙʫʣʦ ʟʘʬʽʢʩʦʚʘʥʦ ʫʪʚʦʨʝʥʥʷ ʪʨʽʱʠʥ ʫʟʜʦʚʞ ʥʘʰʘʨʫʚʘʥʴ 

ʧʦʨʽʜ. ʎʝ ʷʚʠʱʝ ʩʪʘʣʦ ʧʝʨʝʰʢʦʜʦʶ ʜʣʷ ʪʦʯʥʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʛʽʨʩʴʢʦʾ ʧʦʨʦʜʠ ʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʫʤʦʚʘʭ. ɺʽʟʫʘʣʽʟʘʮʽʶ ʢʘʨʪʠʥʠ 

ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.19.  

 

 

ʈʠʩʫʥʦʢ 4.19 ï ɺʽʟʫʘʣʽʟʘʮʽʷ ʟʦʥ ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ  

ʫ ʧʨʦʙʘʭ ʛʽʨʩʴʢʦʾ ʧʦʨʦʜʠ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 800 Üʉ 

 

ʊʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʚʥʫʪʨʽʰʥʽʭ ʥʘʧʨʫʞʝʥʴ ʫ 

ʧʦʨʦʜʘʭ ʧʽʜ ʚʧʣʠʚʦʤ ʜʝʛʽʜʨʘʪʘʮʽʾ ʤʽʥʝʨʘʣʽʚ ʪʘ ʧʦʨʫʰʝʥʥʷʤ ʤʽʞʢʨʠʩʪʘʣʽʯʥʠʭ 

ʟʚôʷʟʢʽʚ. ʎʝ ʪʘʢʦʞ ʩʚʽʜʯʠʪʴ ʧʨʦ ʨʽʟʥʫ ʯʫʪʣʠʚʽʩʪʴ ʤʽʥʝʨʘʣʴʥʦʛʦ ʩʢʣʘʜʫ ʧʦʨʽʜ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʧʣʠʚʫ, ʘ ʪʘʢʦʞ ʥʘʷʚʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʨʦʛʽʚ, ʧʽʩʣʷ ʷʢʠʭ 

ʤʽʮʥʽʩʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʛʽʨʩʴʢʦʾ ʧʦʨʦʜʠ ʧʦʯʠʥʘʶʪʴ ʟʥʠʞʫʚʘʪʠʩʷ. ʊʦʤʫ ʜʦʜʘʪʢʦʚʦ 

ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʽ ʜʦʩʣʽʜʞʝʥʥʷ. ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʜʣʷ ʧʨʦʙ ʛʽʨʩʴʢʦʾ ʧʦʨʦʜʠ, ʱʦ ʧʽʜʜʘʚʘʣʘʩʷ ʚʧʣʠʚʫ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜ 22 ʜʦ 600 Üʉ. ʎʝʡ ʜʽʘʧʘʟʦʥ ʚʽʜʧʦʚʽʜʘʚ ʜʦʩʣʽʜʞʝʥʥʷʤ ʨʦʟʧʦʜʽʣʫ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʧʦʨʦʜʘʭ ʧʦʢʨʽʚʣʽ, ʦʪʨʠʤʘʥʠʭ ʫ ʨʦʟʜʽʣʽ 3. ɿʘ ʚʩʽʤʘ ʧʨʦʙʘʤʠ 
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ʨʦʟʨʘʭʦʚʫʚʘʣʠʩʷ ʨʦʟʤʽʨʠ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ ʥʘʡʙʽʣʴʰ ʧʨʠʩʫʪʥʽʭ ʤʽʥʝʨʘʣʽʚ ʽ 

ʱʽʣʴʥʽʩʪʴ ʜʠʩʣʦʢʘʮʽʡ ʧʦ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ ʧʣʦʱʠʥʘʭ. ʇʨʠʢʣʘʜ ʦʪʨʠʤʘʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʨʝʥʪʛʝʥʽʚʩʴʢʠʭ ʜʠʬʨʘʢʪʦʛʨʘʤ ʧʨʦʙ ʛʽʨʩʴʢʦʾ ʧʦʨʦʜʠ ʟʘʣʝʞʥʦ ʚʽʜ 

ʚʧʣʠʚʫ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.20 ʽ 4.21. 
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ʈʠʩʫʥʦʢ 4.20 ï ʈʝʥʪʛʝʥʽʚʩʴʢʽ ʜʠʬʨʘʢʪʦʛʨʘʤʠ ʧʨʦʙ ʛʽʨʩʴʢʦʾ ʧʦʨʦʜʠ:  

ʘ ï 22 Üʉ; ʙ ï 200 Üʉ 
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ʈʠʩʫʥʦʢ 4.21 ï ʈʝʥʪʛʝʥʽʚʩʴʢʽ ʜʠʬʨʘʢʪʦʛʨʘʤʠ ʧʨʦʙ ʛʽʨʩʴʢʦʾ ʧʦʨʦʜʠ:  

ʘ ï 400 Üʉ; ʙ ï 600 Üʉ 

 

ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʢʘʟʫʶʪʴ, ʱʦ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 22 Üʉ 

ʥʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤ ʦʢʩʠʜʦʤ ʚ ʘʨʛʽʣʽʪʽ ʻ SiO3 (ʢʚʘʨʮ ï 80%). ʅʘʩʪʫʧʥʠʤ ʻ 

ʢʘʦʣʽʥʽʪ (9%) ʽ ʤʫʩʢʦʚʽʪ (7%). ʅʘʜʘʣʽ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʘʞ ʜʦ ʟʥʘʯʝʥʴ 

550 Áʉ ʚʤʽʩʪ ʢʚʘʨʮʫ ʟʘʢʦʥʦʤʽʨʥʦ ʪʘ ʧʦʩʣʽʜʦʚʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʘ ʚʤʽʩʪ ʢʘʦʣʽʥʫ 

ʟʤʝʥʰʫʻʪʴʩʷ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʨʦʟʤʽʨʫ ʦʢʨʝʤʠʭ ʟʝʨʝʥ ʢʚʘʨʮʫ ʽ ʢʘʦʣʽʥʽʪʫ ʮʝʡ ʬʘʢʪ 
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ʥʝʤʦʞʣʠʚʦ ʧʦʷʩʥʠʪʠ ʝʬʝʢʪʦʤ ʥʘʷʚʥʦʩʪʽ ʟʨʦʩʪʢʽʚ ʮʠʭ ʤʽʥʝʨʘʣʽʚ. ɺ ʩʚʦʶ ʯʝʨʛʫ ʮʝ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʘʷʚʥʫ ʟʥʘʯʥʫ ʚʘʨʽʘʪʠʚʥʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ ʾʭʥʴʦʾ ʪʦʥʢʦʾ ʢʨʠʩʪʘʣʽʯʥʦʾ 

ʩʪʨʫʢʪʫʨʠ, ʷʢʘ ʚʧʣʠʚʘʻ ʥʘ ʾʭʥʽ ʤʽʮʥʽʩʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ʇʽʩʣʷ ʯʦʛʦ ʟʘ ʜʘʥʠʤʠ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘ ʚʩʽʤʘ ʧʨʦʙʘʤʠ ʙʫʣʠ ʨʦʟʨʘʭʦʚʘʥʽ ʨʦʟʤʽʨʠ 

ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ ʢʚʘʨʮʫ ʽ ʱʽʣʴʥʽʩʪʴ ʜʠʩʣʦʢʘʮʽʡ ʧʦ 

ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ ʧʣʦʱʠʥʘʭ 110 ʽ 220 (D110 ʽ D220), ʘ ʪʘʢʦʞ ʱʽʣʴʥʽʩʪʴ 

ʜʠʩʣʦʢʘʮʽʡ ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ ʢʘʦʣʽʥʽʪʫ ʧʦ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ ʧʣʦʱʠʥʘʭ 001 ʽ 

121 (D001 ̔  D121). 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʤʽʨʫ ʧʘʨʘʤʝʪʨʘ çʘè ʽ çʩè ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ 

ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ ʢʚʘʨʮʫ ʟʘ ʚʩʽʤʘ ʚʽʜʽʙʨʘʥʠʤʠ ʧʨʦʙʘʤʠ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.22.  
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ʊʝʤʧʝʨʘʪʫʨʘ, ÁʉT,  

ʈʠʩʫʥʦʢ 4.22 ï ʈʦʟʤʽʨ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ ʟʘ ʧʘʨʘʤʝʪʨʦʤ çʘè ʽ çʩè 

ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ ʢʚʘʨʮʫ ʜʦ ʪʘ ʧʽʩʣʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʧʣʠʚʫ 

 

ʅʘ ʨʠʩ. 4.22 ʷʚʥʦ ʚʠʜʥʦ ʤʘʡʞʝ ʚʽʜʩʫʪʥʽʡ ʨʽʩʪ ʧʘʨʘʤʝʪʨʘ çʘè ʝʣʝʤʝʥʪʘʨʥʦʾ 

ʢʦʤʽʨʢʠ ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ ʢʚʘʨʮʫ. ɸʣʝ ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʨʦʟʤʽʨʽʚ ʮʴʦʛʦ ʧʘʨʘʤʝʪʨʘ 

ʟʘ ʧʨʦʙʘʤʠ ʚʢʘʟʫʻ, ʱʦ ʫ ʚʩʽʭ ʚʠʧʘʜʢʘʭ ʡʦʛʦ ʨʦʟʤʽʨ ʜʝʱʦ ʟʤʝʥʰʫʻʪʴʩʷ ʟ 

ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʟ 4,9 ʜʦ 4,89. ɸʥʘʣʦʛʽʯʥʘ ʢʘʨʪʠʥʘ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʽ 

ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʨʦʟʤʽʨʽʚ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ ʟʘ ʧʘʨʘʤʝʪʨʦʤ çʩè ʢʨʠʩʪʘʣʽʯʥʦʾ 

ˇʨʘʪʢʠ ʢʚʘʨʮʫ ʟ 5,42 ʜʦ 5,37. ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʤʽʨʽʚ ʝʣʝʤʝʥʪʘʨʥʦʾ 

ʢʦʤʽʨʢʠ (ʧʘʨʘʤʝʪʨʽʚ çʘè ̔ çʩè) ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ ʢʚʘʨʮʫ ʟ ʢʦʞʥʦʾ ʧʨʦʙʠ 
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ʛʽʨʩʴʢʦʾ ʧʦʨʦʜʠ ʜʦ ʽ ʧʽʩʣʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʧʣʠʚʫ ʜʘʣʠ ʟʤʦʛʫ ʚʩʪʘʥʦʚʠʪʠ ʷʚʠʱʝ 

ʾʭ ʟʤʝʥʰʝʥʥʷ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʤʽʨʫ ʢʨʠʩʪʘʣʽʪʽʚ ʢʚʘʨʮʫ ʧʦ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ 

ʧʣʦʱʠʥʘʭ 110 ʽ 220, ʢʘʦʣʽʥʽʪʫ ʧʦ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ ʧʣʦʱʠʥʘʭ 001 ʽ 121 ʽ 

ʟʘʛʘʣʴʥʠʡ ʨʦʟʤʽʨ ʢʨʠʩʪʘʣʽʪʽʚ ʜʦ ʪʘ ʧʽʩʣʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʧʣʠʚʫ ʚ ʧʨʦʙʘʭ 

ʛʽʨʩʴʢʦʾ ʧʦʨʦʜʠ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.23. 

 

785

1203 1220

1589

770

1089

1145

1235

885

1282

1587

1796

986

886

832

685

1356

1231

871

638

1132

928

779

600

800

1000

1200

1400

1600

1800

ʢʚʘʨʮ (ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʘ ʧʣʦʱʠʥʘ 110)
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ʢʚʘʨʮ (ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʘ ʧʣʦʱʠʥʘ 220)

ʢʘʣʽʦʥʽʪ (ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʘ ʧʣʦʱʠʥʘ 001)

ʢʘʣʽʦʥʽʪ (ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʘ ʧʣʦʱʠʥʘ 121)

ʢʚʘʨʮ (ʟʘʛʘʣʴʥʠʡ ʨʦʟʤʽʨ)ʢʘʣʽʦʥʽʪ (ʟʘʛʘʣʴʥʠʡ ʨʦʟʤʽʨ)
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ʊʝʤʧʝʨʘʪʫʨʘ, ÁʉT, 

 

ʈʠʩʫʥʦʢ 4.23 ï ʈʦʟʤʽʨ ʢʨʠʩʪʘʣʽʪʽʚ ʢʚʘʨʮʫ ʧʦ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ ʧʣʦʱʠʥʘʭ 110 ʽ 

220, ʢʘʦʣʽʥʽʪʫ ʧʦ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ ʧʣʦʱʠʥʘʭ 001 ʽ 121 ʽ ʟʘʛʘʣʴʥʠʡ ʨʦʟʤʽʨ 

ʢʨʠʩʪʘʣʽʪʽʚ ʜʦ ʪʘ ʧʽʩʣʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʧʣʠʚʫ 

 

ʇʦ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ ʧʣʦʱʠʥʘʭ 110 ʽ 220 ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ 

ʨʦʟʤʽʨʽʚ ʢʨʠʩʪʘʣʽʪʽʚ ʤʽʞ ʢʚʘʨʮʘʤʠ ʜʦ ʪʘ ʧʽʩʣʷ ʚʧʣʠʚʫ ʪʝʤʧʝʨʘʪʫʨʠ (785 Ÿ 1589 ¡; 

770 Ÿ 1235 ¡). ɿʘ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʤʠ ʧʣʦʱʠʥʘʤʠ 001 ʽ 121 ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 
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ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʽʚ ʢʨʠʩʪʘʣʽʪʽʚ ʤʽʞ ʢʘʦʣʽʥʽʪʘʤʠ ʜʦ ʪʘ ʧʽʩʣʷ ʚʧʣʠʚʫ ʪʝʤʧʝʨʘʪʫʨʠ 

(986 Ÿ 685 ¡; 1356 Ÿ 638 ¡). ʆʪʞʝ, ʜʦ ʽ ʧʽʩʣʷ ʚʧʣʠʚʫ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘʛʘʣʴʥʘ 

ʘʥʽʟʦʪʨʦʧʽʷ ʙʫʜʦʚʠ ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ ʢʚʘʨʮʫ ʩʫʪʪʻʚʦ ʟʤʝʥʰʫʻʪʴʩʷ. ɸʥʘʣʽʟ 

ʥʘʚʝʜʝʥʠʭ ʜʘʥʠʭ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘʦʯʥʦ ʧʦʢʘʟʫʻ ʧʦʩʣʽʜʦʚʥʝ ʽ 

ʟʘʢʦʥʦʤʽʨʥʝ ʟʙʽʣʴʰʝʥʥʷ ʢʨʠʩʪʘʣʽʪʽʚ ʢʚʘʨʮʫ (885 Ÿ 1796 ¡) ʪʘ ʟʤʝʥʰʝʥʥʷ 

ʢʨʠʩʪʘʣʽʪʽʚ ʢʘʦʣʽʥʽʪʫ (1132 Ÿ 576 ¡). ʊʘʢʦʞ ʫ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʴ ʬʽʢʩʫʻʪʴʩʷ 

ʟʤʝʥʰʝʥʥʷ ʥʘʷʚʥʠʭ ʤʽʢʨʦʥʘʧʨʫʞʝʥʴ ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ ʢʚʘʨʮʫ ʪʘ ʟʙʽʣʴʰʝʥʥʷ 

ʤʽʢʨʦʥʘʧʨʫʞʝʥʴ ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ ʢʘʦʣʽʥʽʪʫ (ʜʠʚ. ʨʠʩ. 4.24). 
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ʊʝʤʧʝʨʘʪʫʨʘ, ÁʉT, 
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ʢʚʘʨʮ 

ʢʘʣʽʦʥʽʪ

 

ʈʠʩʫʥʦʢ 4.24 ï ɼʘʥʽ ʱʦʜʦ ʩʪʫʧʝʥʶ ʤʽʢʨʦʥʘʧʨʫʞʝʥʴ  

ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ ʢʚʘʨʮʫ ʪʘ ʢʘʦʣʽʥʽʪʫ 

 

ɿʤʝʥʰʝʥʥʷ ʤʽʢʨʦʥʘʧʨʫʞʝʥʴ ʫ ʢʨʠʩʪʘʣʽʯʥʽʡ ˇʨʘʪʮʽ ʢʚʘʨʮʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʧʽʜʚʠʱʝʥʥʷ ʡʦʛʦ ʤʽʮʥʦʩʪʽ ʪʘ ʩʪʽʡʢʦʩʪʽ ʜʦ ʤʝʭʘʥʽʯʥʠʭ ʚʧʣʠʚʽʚ. ɺʦʜʥʦʯʘʩ 

ʟʙʽʣʴʰʝʥʥʷ ʤʽʢʨʦʥʘʧʨʫʞʝʥʴ ʫ ʢʘʦʣʽʥʽʪʽ ʨʦʙʠʪʴ ʮʝʡ ʤʽʥʝʨʘʣ ʙʽʣʴʰ 

ʩʧʨʠʡʥʷʪʣʠʚʠʤ ʜʦ ʤʝʭʘʥʽʯʥʠʭ ʧʦʰʢʦʜʞʝʥʴ, ʟʦʢʨʝʤʘ ʜʦ ʫʪʚʦʨʝʥʥʷ ʪʨʽʱʠʥ ʫ 

ʥʴʦʤʫ. ɸʥʘʣʦʛʽʯʥʘ ʢʘʨʪʠʥʘ ʱʦʜʦ ʟʤʝʥʰʝʥʥʷ ʱʽʣʴʥʦʩʪʽ ʜʠʩʣʦʢʘʮʽʡ ʫ 

ʢʨʠʩʪʘʣʽʯʥʽʡ ˇʨʘʪʮʽ ʢʚʘʨʮʫ ʧʦ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ ʧʣʦʱʠʥʘʭ 110 ʽ 220 ʪʘ 

ʟʙʽʣʴʰʝʥʥʷ ʱʽʣʴʥʦʩʪʽ ʜʠʩʣʦʢʘʮʽʡ ʫ ʢʨʠʩʪʘʣʽʯʥʽʡ ˇʨʘʪʮʽ ʢʘʦʣʽʥʽʪʫ ʧʦ 

ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ ʧʣʦʱʠʥʘʭ 001 ʽ 121 (ʨʠʩ. 4.25). 
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ʢʚʘʨʮ (ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʘ ʧʣʦʱʠʥʘ 110)

ʢʚʘʨʮ (ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʘ ʧʣʦʱʠʥʘ 220)

ʢʘʣʽʦʥʽʪ (ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʘ ʧʣʦʱʠʥʘ 001)

ʢʘʣʽʦʥʽʪ (ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʘ ʧʣʦʱʠʥʘ 121)

 

ʈʠʩʫʥʦʢ 4.25 ï ʑʽʣʴʥʽʩʪʴ ʜʠʩʣʦʢʘʮʽʡ ʫ ʢʨʠʩʪʘʣʽʯʥʽʡ ˇʨʘʪʮʽ ʢʚʘʨʮʫ ʽ ʢʘʦʣʽʥʽʪʫ 

ʚʽʜʧʦʚʽʜʥʦ ʧʦ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ ʧʣʦʱʠʥʘʭ 110 ʽ 220 ʪʘ 001 ʽ 121 

 

ɸʥʘʣʽʟ ʥʘʚʝʜʝʥʠʭ ʜʘʥʠʭ ʥʘ ʨʠʩ. 4.25 ʚʢʘʟʫʻ, ʱʦ ʧʦ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʦʤʫ 

ʥʘʧʨʷʤʢʫ 110 ʤʘʢʩʠʤʘʣʴʥʠʡ ʛʨʘʜʽʻʥʪ ʱʽʣʴʥʦʩʪʽ ʜʠʩʣʦʢʘʮʽʡ ʫ ʢʨʠʩʪʘʣʽʯʥʽʡ ˇʨʘʪʮʽ 

ʢʚʘʨʮʫ ʜʦʨʽʚʥʶʻ 11,18Ŀ1010 ʩʤ-2 ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 22 Üʉ, ʘ ʚʞʝ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ ʫ 

600 Üʉ ʩʪʘʥʦʚʠʪʴ 3,42Ŀ1010 ʩʤ-2. ɸʥʘʣʦʛʽʯʥʘ ʩʠʪʫʘʮʽʷ ʱʦʜʦ ʟʤʝʥʰʝʥʥʷ ʱʽʣʴʥʦʩʪʽ 

ʜʠʩʣʦʢʘʮʽʡ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʽ ʧʦ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʦʤʫ ʥʘʧʨʷʤʢʫ 220 (14,26Ŀ1010 Ÿ 

5,99Ŀ1010 ʩʤ-2). ɺʦʜʥʦʯʘʩ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 22 Üʉ ʧʦ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʦʤʫ ʥʘʧʨʷʤʢʫ 

001 ʱʽʣʴʥʽʩʪʴ ʜʠʩʣʦʢʘʮʽʡ ʢʘʦʣʽʥʽʪʫ ʩʪʘʥʦʚʠʪʴ 7,64Ŀ1010 ʩʤ-2. ɿʘ ʧʦʜʘʣʴʰʦʛʦ 

ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʱʽʣʴʥʽʩʪʴ ʜʠʩʣʦʢʘʮʽʡ ʢʘʦʣʽʥʽʪʫ ʟʨʦʩʪʘʻ ʽ ʩʪʘʥʦʚʠʪʴ 

16,01Ŀ1010 ʩʤ-2. ʊʘʢʘ ʞ ʩʘʤʘ ʢʘʨʪʠʥʘ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʦ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʦʤʫ 

ʥʘʧʨʷʤʢʫ 121 (9,44Ŀ1010Ÿ 46,04Ŀ1010 ʩʤ-2. ʆʪʞʝ, ʟʤʝʥʰʝʥʥʷ ʱʽʣʴʥʦʩʪʽ 

ʜʠʩʣʦʢʘʮʽʡ ʫ ʢʚʘʨʮʽ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʜʠʩʣʦʢʘʮʽʡ ʫ ʢʘʦʣʽʥʽʪʽ ʩʧʨʠʷʻ ʨʽʟʥʠʤ 

ʩʪʨʫʢʪʫʨʥʠʤ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤ ʟʤʽʥʘʤ ʫ ʮʠʭ ʤʽʥʝʨʘʣʘʭ. ɼʣʷ ʢʚʘʨʮʫ ʟʥʠʞʝʥʥʷ 

ʱʽʣʴʥʦʩʪʽ ʜʠʩʣʦʢʘʮʽʡ ʧʦʢʨʘʱʫʻ ʡʦʛʦ ʤʝʭʘʥʽʯʥʫ ʤʽʮʥʽʩʪʴ. ʊʦʤʫ ʚʧʣʠʚ 

ʪʝʤʧʝʨʘʪʫʨʠ ʟʥʠʞʫʻ ʡʤʦʚʽʨʥʽʩʪʴ ʚʥʫʪʨʽʰʥʽʭ ʥʘʧʨʫʞʝʥʴ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ 

ʚʠʥʠʢʥʝʥʥʷ ʪʨʽʱʠʥ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʟʙʽʣʴʰʝʥʥʷ ʱʽʣʴʥʦʩʪʽ ʜʠʩʣʦʢʘʮʽʡ ʫ ʢʘʦʣʽʥʽʪʫ 

ʤʦʞʝ ʟʤʝʥʰʠʪʠ ʡʦʛʦ ʩʪʨʫʢʪʫʨʥʫ ʮʽʣʽʩʥʽʩʪʴ, ʘʣʝ ʦʜʥʦʯʘʩʥʦ ʧʽʜʚʠʱʫʻ 

ʧʣʘʩʪʠʯʥʽʩʪʴ. ɺʨʘʭʦʚʫʶʯʠ ʮʽ ʘʩʧʝʢʪʠ, ʤʦʞʥʘ ʟʨʦʟʫʤʽʪʠ ʷʢ ʟʤʽʥʠ ʚ ʜʠʩʣʦʢʘʮʽʷʭ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʤʽʥʝʨʘʣʽʚ, ʱʦ ʩʢʣʘʜʘʶʪʴ ʛʽʨʩʴʢʠʡ ʤʘʩʠʚ, ʪʘ ʷʢ ʤʦʞʫʪʴ 

ʟʤʽʥʶʚʘʪʠʩʷ ʡʦʛʦ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʘʢʠʭ ʟʤʽʥ. ʈʽʟʥʽ 
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ʨʽʚʥʽ ʜʠʩʣʦʢʘʮʽʡ ʚ ʤʽʥʝʨʘʣʘʭ ʤʦʞʫʪʴ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʪʠ ʥʘ ʟʘʛʘʣʴʥʫ ʩʪʨʫʢʪʫʨʥʫ 

ʩʪʽʡʢʽʩʪʴ ʤʘʩʠʚʫ, ʡʦʛʦ ʟʜʘʪʥʽʩʪʴ ʚʠʪʨʠʤʫʚʘʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʽʜ ʚʧʣʠʚʦʤ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʱʦʜʦ ʟʤʽʥʠ 

ʤʽʮʥʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʷʢ ʦʩʥʦʚʘ ʜʣʷ 

ʧʦʙʫʜʦʚʠ ʜʝʪʘʣʴʥʦʾ ʬʽʟʠʯʥʦʾ ʤʦʜʝʣʽ ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ, ʟʛʽʜʥʦ ʟ ʧ. 5.4 ʮʽʻʾ ʨʦʙʦʪʠ. 

4.5 ɺʠʩʥʦʚʢʠ ʟʘ ʨʦʟʜʽʣʦʤ 4 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʽʥʝʪʠʯʥʠʤʠ ʽ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʜʝ ʢʽʥʝʪʠʢʘ ʚʧʣʠʚʘʻ ʥʘ ʰʚʠʜʢʽʩʪʴ ʭʽʤʽʯʥʠʭ 

ʨʝʘʢʮʽʡ ʫ ʧʽʜʟʝʤʥʦʤʫ ʛʘʟʦʛʝʥʝʨʘʪʦʨʽ, ʚʢʣʶʯʥʦ ʟʽ ʰʚʠʜʢʽʩʪʶ ʨʝʘʢʮʽʾ ʤʽʞ 

ʜʫʪʪʴʦʚʠʤʠ ʩʫʤʽʰʘʤʠ ʽ ʚʫʛʣʝʮʝʤ ʜʣʷ ʫʪʚʦʨʝʥʥʷ ʚʠʩʦʢʦʢʘʣʦʨʽʡʥʦʛʦ 

ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ. ɺʦʜʥʦʯʘʩ ʪʝʨʤʦʜʠʥʘʤʽʯʥʽ ʬʘʢʪʦʨʠ ʚʠʟʥʘʯʘʶʪʴ ʩʪʘʥ 

ʨʽʚʥʦʚʘʛʠ ʩʠʩʪʝʤʠ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ, ʚʢʣʶʯʥʦ ʟ ʫʤʦʚʘʤʠ, ʟʘ ʷʢʠʭ 

ʨʽʚʥʦʚʘʛʘ ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ ʜʦʩʪʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ, ʪʠʩʢʫ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʛʝʥʝʨʘʪʦʨʥʦʤʫ ʛʘʟʽ. ɺʩʝ ʚʠʱʝʟʘʟʥʘʯʝʥʝ ʚʠʟʥʘʯʘʻ ʝʥʝʨʛʝʪʠʯʥʫ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ, ʱʦ ʜʘ̒  ʟʤʦʛʫ ʦʧʪʠʤʽʟʫʚʘʪʠ ʫʤʦʚʠ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤ ʧʽʜʚʠʱʝʥʥʷʤ ʚʠʭʦʜʫ 

ʛʦʨʶʯʠʭ ʛʘʟʽʚ. 

ʇʝʨʝʭʽʜ ʤʽʞ ʦʢʠʩʣʶʚʘʣʴʥʦʶ ʽ ʚʽʜʥʦʚʣʶʚʘʣʴʥʦʶ ʟʦʥʘʤʠ ʧʽʜʟʝʤʥʦʛʦ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʻ ʢʨʠʪʠʯʥʦʶ ʬʘʟʦʶ ʫ ʧʨʦʮʝʩʽ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ, ʦʩʢʽʣʴʢʠ 

ʩʘʤʝ ʪʫʪ ʚʽʜʙʫʚʘʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʠʡ ʪʝʧʣʦʦʙʤʽʥ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʩʪʨʫʢʪʫʨʫ 

ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ. ɿʘʟʚʠʯʘʡ ʫ ʚʽʜʨʽʟʢʫ 9 ï 11 ʤ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʤʘʢʩʠʤʘʣʴʥʠʡ ʪʝʧʣʦʚʠʡ ʚʧʣʠʚ, ʱʦ ʥʝ ʣʠʰʝ ʩʧʨʠʷʻ ʭʽʤʽʯʥʠʤ ʨʝʘʢʮʽʷʤ 

ʛʘʟʠʬʽʢʘʮʽʾ, ʘʣʝ ʡ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʪʝʨʤʽʯʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ ʧʦʨʽʜ. ʈʦʟʫʤʽʥʥʷ 

ʮʠʭ ʧʨʦʮʝʩʽʚ ʚʘʞʣʠʚʝ ʜʣʷ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʽʚ ʢʦʥʪʨʦʣʶ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʫʤʦʚ 

ʛʘʟʠʬʽʢʘʮʽʾ, ʘ ʪʘʢʦʞ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʨʦʙʦʪʠ ʧʽʜʟʝʤʥʠʭ ʛʘʟʦʛʝʥʝʨʘʪʦʨʽʚ. 

ɼʦʚʞʠʥʘ ʦʢʠʩʣʶʚʘʣʴʥʦʾ ʟʦʥʠ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ lʦʢ.ʟ., ʷʢʘ ʤʘʻ 

ʩʪʘʙʽʣʴʥʫ ʪʝʥʜʝʥʮʽʶ ʜʦ ʟʨʦʩʪʘʥʥʷ ʟʘ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʤʠ ʟʘʣʝʞʥʦʩʪʷʤʠ, ʩʷʛʘʻ 

ʩʚʦʛʦ ʢʨʠʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʫ 10,12 - 10,45 ʤ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʠʭʽʜ ʧʨʦʮʝʩʫ 

ʛʘʟʠʬʽʢʘʮʽʾ ʟʘ ʤʝʞʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʽʜ ʯʘʩʫ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ t ʪʘ 
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ʡʦʛʦ ʧʦʪʫʞʥʦʩʪʽ m. ʎʝ ʜʘʻ ʟʤʦʛʫ ʩʧʨʦʛʥʦʟʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʧʦʩʫʚʘʥʥʷ ʬʨʦʥʪʫ 

ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʾ ʡ ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ ʧʽʜʟʝʤʥʦʛʦ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʧʨʠ ʢʝʨʫʚʘʥʥʽ ʧʘʨʘʤʝʪʨʘʤʠ ʦʙʚʘʣʝʥʥʷ ʧʦʨʽʜ ʧʦʢʨʽʚʣʽ ʚʫʛʽʣʴʥʦʛʦ 

ʧʣʘʩʪʘ. 

ʊʠʩʢ ʧʦʜʘʯʽ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ P ʧʨʠ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ 

ʧʦʪʫʞʥʽʩʪʶ ʚʽʜ 0,6 ʜʦ 1,2 ʤ ʦʧʠʩʫʻʪʴʩʷ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʶ ʟʘʣʝʞʥʽʩʪʶ ʚʽʜ ʧʣʦʱʽ 

ʚʠʛʘʟʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ S, ʧʘʨʘʤʝʪʨʠ ʬʦʨʤʫʚʘʥʥʷ ʷʢʦʾ ʦʙʫʤʦʚʣʝʥʽ ʪʨʠʚʘʣʽʩʪʶ 

ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ t ʪʘ ʰʚʠʜʢʦʩʪʷʤʠ ʧʦʩʫʚʘʥʥʷ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ ʚ 

ʦʢʠʩʣʶʚʘʣʴʥʽʡ ʪʘ ʚʽʜʥʦʚʥʽʡ ʟʦʥʘʭ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. ʎʝ ʜʘʻ ʟʤʦʛʫ 

ʚʠʟʥʘʯʠʪʠ ʝʬʝʢʪʠʚʥʽ ʨʝʞʠʤʠ ʧʦʜʘʯʽ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʠʪʨʘʪ ʥʘ ʾʾ ʧʦʜʘʯʫ. 

ʄʽʮʥʽʩʪʴ ʧʦʨʽʜ ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ ʧʽʜ ʚʧʣʠʚʦʤ ʪʝʤʧʝʨʘʪʫʨʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʟʦʥʘʤ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʟʘ ʜʦʚʞʠʥʦʶ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ ʦʧʠʩʫʻʪʴʩʷ 

ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʶ ʟʘʣʝʞʥʽʩʪʶ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʽʮʥʽʩʪʴ ʧʦʨʽʜ ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ ʟʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ 

600 Üʉ ʧʽʜʚʠʱʫʻʪʴʩʷ ʧʦʨʽʚʥʷʥʦ ʟ ʧʨʠʨʦʜʥʽʤʠ ʫʤʦʚʘʤʠ ʤʘʡʞʝ ʚ 2,41 ï 2,52 ʨʘʟʘ ʽ 

ʩʪʘʥʦʚʠʪʴ 22,06 ï 25,59 ʄʇʘ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤ ʦʢʩʠʜʦʤ ʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʟʨʘʟʢʘʭ ʛʽʨʩʴʢʦʾ ʧʦʨʦʜʠ ʻ SiO3 (ʢʚʘʨʮ ï 80%), ʢʘʦʣʽʥʽʪ (9%) ʽ ʤʫʩʢʦʚʽʪ (7%). 

ʅʘʜʘʣʽ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʚʤʽʩʪ ʢʚʘʨʮʫ ʟʘʢʦʥʦʤʽʨʥʦ ʽ ʧʦʩʣʽʜʦʚʥʦ 

ʟʙʽʣʴʰʫʻʪʴʩʷ, ʘ ʚʤʽʩʪ ʢʘʦʣʽʥʫ ʟʤʝʥʰʫʻʪʴʩʷ.  

ɺʠʟʥʘʯʝʥʦ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʱʦʜʦ ʟʤʝʥʰʝʥʥʷ ʱʽʣʴʥʦʩʪʽ ʜʠʩʣʦʢʘʮʽʡ ʫ ʢʚʘʨʮʽ 

ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʜʠʩʣʦʢʘʮʽʡ ʫ ʢʘʦʣʽʥʽʪʽ, ʱʦ ʟʫʤʦʚʣʶʶʪʴ ʩʪʨʫʢʪʫʨʥʽ ʪʘ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʟʤʽʥʠ ʧʦʨʽʜ ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʥʠʞʝʥʥʷ 

ʱʽʣʴʥʦʩʪʽ ʜʠʩʣʦʢʘʮʽʡ ʢʚʘʨʮʫ ʧʦʢʨʘʱʫʻ ʡʦʛʦ ʤʝʭʘʥʽʯʥʫ ʤʽʮʥʽʩʪʴ. ʊʦʤʫ ʚʧʣʠʚ 

ʪʝʤʧʝʨʘʪʫʨʠ ʟʥʠʞʫʻ ʡʤʦʚʽʨʥʽʩʪʴ ʚʥʫʪʨʽʰʥʽʭ ʥʘʧʨʫʞʝʥʴ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ 

ʚʠʥʠʢʥʝʥʥʷ ʪʨʽʱʠʥ. 
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ʈʆɿɼɯʃ 5 

ʆɹˆʈʋʅʊʋɺɸʅʅʗ ʇɸʈɸʄɽʊʈɯɺ ʊɽʍʅʆʃʆɻɯɰ ʋʊʀʃɯɿɸʎɯɰ 

ɺʋɻʃɽʂʀʉʃʆɻʆ ɻɸɿʋ ɺ ʊɽʍʅʆɻɽʅʅʆʄʋ ʉɽʈɽɼʆɺʀʑɯ 

ʇɯɼɿɽʄʅʆɻʆ ɻɸɿʆɻɽʅɽʈɸʊʆʈɸ 

5.1 ɿʘʛʘʣʴʥʽ ʧʦʣʦʞʝʥʥʷ 

ɺʫʛʣʝʢʠʩʣʠʡ ʛʘʟ ʻ ʦʩʥʦʚʥʠʤ ʧʘʨʥʠʢʦʚʠʤ ʛʘʟʦʤ  ̔ʪʦʤʫ ʡʦʛʦ ʫʪʠʣʽʟʘʮʽʷ ʻ 

ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʦʶ ʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ [1] ï [3]. ʁʦʛʦ ʥʘʜʤʽʨʥʘ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʚ ʘʪʤʦʩʬʝʨʽ, ʩʧʨʠʯʠʥʝʥʘ ʘʥʪʨʦʧʦʛʝʥʥʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʪʘʢʠʤʠ ʷʢ 

ʩʧʘʣʶʚʘʥʥʷ ʚʠʢʦʧʥʦʛʦ ʧʘʣʠʚʘ, ʧʨʦʤʠʩʣʦʚʽ ʧʨʦʮʝʩʠ ʪʘ ʚʠʨʫʙʢʘ ʣʽʩʽʚ, ʻ ʦʩʥʦʚʥʦʶ 

ʧʨʠʯʠʥʦʶ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʽʥʥʷ [4], [5]. ʊʦʤʫ ʧʠʪʘʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʫʪʠʣʽʟʘʮʽʾ 

ʪʘ ʩʢʦʨʦʯʝʥʥʷ ʚʠʢʠʜʽʚ CO  ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʘʢʪʫʘʣʴʥʠʤ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʽʣʝʡ 

ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʪʘ ʟʙʝʨʝʞʝʥʥʷ ʝʢʦʩʠʩʪʝʤ. ʋ ʧʨʦʮʝʩʽ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ 

ʚʫʛʽʣʣʷ (ʇɻɺ) ʫʪʚʦʨʶʶʪʴʩʷ ʟʥʘʯʥʽ ʦʙʩʷʛʠ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ, ʷʢʠʡ ʤʽʩʪʠʪʴ CO  

ʨʘʟʦʤ ʽʟ ʚʦʜʥʝʤ (H ), ʤʝʪʘʥʦʤ (CH ) ʪʘ ʦʢʩʠʜʦʤ ʚʫʛʣʝʮʶ (CO). ɻʝʥʝʨʘʪʦʨʥʠʡ ʛʘʟ 

ʻ ʮʽʥʥʠʤ ʝʥʝʨʛʝʪʠʯʥʠʤ ʨʝʩʫʨʩʦʤ, ʷʢʠʡ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʫ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʝʥʝʨʛʝʪʠʢʠ [6], [7]. ʆʜʥʘʢ ʚʠʩʦʢʠʡ ʚʤʽʩʪ CO  ʫ ʡʦʛʦ ʩʢʣʘʜʽ 

ʟʥʠʞʫʻ ʪʝʧʣʦʪʚʦʨʥʫ ʟʜʘʪʥʽʩʪʴ ʛʘʟʫ, ʱʦ ʩʪʚʦʨʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʡʦʛʦ ʚʠʣʫʯʝʥʥʷ ʘʙʦ 

ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʝʬʝʢʪʠʚʥʝ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʘʤʠ ʇɻɺ 

ʦʪʨʠʤʘʥʥʷ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ, ʚʢʣʶʯʥʦ ʟ ʚʠʣʫʯʝʥʥʷʤ ʪʘ ʫʪʠʣʽʟʘʮʽʻʶ CO , ʤʦʞʝ 

ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʝʢʦʣʦʛʽʯʥʫ ʪʘ ʝʢʦʥʦʤʽʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʾ. ʎʝ ʩʧʨʠʷʻ 

ʟʙʝʨʝʞʝʥʥʶ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ ʤʽʥʽʤʽʟʘʮʽʾ ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ 

ʩʝʨʝʜʦʚʠʱʝ, ʱʦ ʻ ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ ʩʫʯʘʩʥʦʾ ʝʥʝʨʛʝʪʠʢʠ. ʊʦʤʫ ʨʦʟʚʠʪʦʢ ʪʘ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʇɻɺ ʟ ʧʦʧʫʪʥʦʶ ʫʪʠʣʽʟʘʮʽʻʶ CO  ʤʘʻ ʚʩʽ ʰʘʥʩʠ 

ʟʘʡʥʷʪʠ ʧʨʦʚʽʜʥʝ ʤʽʩʮʝ ʚ ʩʫʯʘʩʥʽʡ ʝʥʝʨʛʝʪʠʯʥʽʡ ʛʘʣʫʟʽ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʘʻ ʟʤʦʛʫ ʥʝ 

ʪʽʣʴʢʠ ʨʦʟʚôʷʟʫʚʘʪʠ ʘʢʪʫʘʣʴʥʽ ʝʢʦʣʦʛʽʯʥʽ ʧʨʦʙʣʝʤʠ, ʧʦʚôʷʟʘʥʽ ʟʽ ʩʢʦʨʦʯʝʥʥʷʤ 

ʚʠʢʠʜʽʚ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ, ʘ ʡ ʩʧʨʠʷʻ ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʨʦʜʥʠʭ 

ʨʝʩʫʨʩʽʚ ʽ ʧʽʜʚʠʱʝʥʥʶ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʜʦʙʫʪʢʫ ʪʘ ʧʝʨʝʨʦʙʢʠ 

ʚʫʛʽʣʣʷ. 

ʇʝʨʝʚʘʛʠ ʪʝʭʥʦʣʦʛʽʾ ʟ ʧʦʧʫʪʥʦʶ ʫʪʠʣʽʟʘʮʽʻʶ ʉʆ2 ʤʦʞʥʘ ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ 
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ʥʠʟʢʦʶ ʝʥʝʨʛʝʪʠʯʥʠʭ, ʝʢʦʣʦʛʽʯʥʠʭ ʪʘ ʝʢʦʥʦʤʽʯʥʠʭ ʬʘʢʪʦʨʽʚ. ɼʦ ʧʝʨʰʦʛʦ 

ʥʝʦʙʭʽʜʥʦ ʚʽʜʥʝʩʪʠ ʟʙʽʣʴʰʝʥʥʷ ʪʝʧʣʦʪʠ ʟʛʦʨʷʥʥʷ. ɺʠʜʘʣʝʥʥʷ ʽʥʝʨʪʥʦʛʦ CO  ʟ 

ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ ʜʘʻ ʟʤʦʛʫ ʟʤʝʥʰʠʪʠ ʡʦʛʦ ʦʙôʻʤʥʫ ʯʘʩʪʢʫ ʪʘ ʧʽʜʚʠʱʠʪʠ 

ʢʦʥʮʝʥʪʨʘʮʽʶ ʛʦʨʶʯʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʪʘʢʠʭ ʷʢ ʚʦʜʝʥʴ (H ), ʤʝʪʘʥ (CH ) ʪʘ ʦʢʩʠʜ 

ʚʫʛʣʝʮʶ (CO). ʎʝ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʜʚʠʱʫʻ ʪʝʧʣʦʪʫ ʟʛʦʨʷʥʥʷ ʛʘʟʫ, ʨʦʙʣʷʯʠ ʡʦʛʦ 

ʝʬʝʢʪʠʚʥʽʰʠʤ ʧʘʣʠʚʦʤ ʜʣʷ ʧʨʦʤʠʩʣʦʚʠʭ ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʭ ʫʩʪʘʥʦʚʦʢ. ɼʦ 

ʝʢʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ ʚʽʜʥʦʩʠʪʴʩʷ ʟʥʠʞʝʥʥʷ ʚʠʢʠʜʽʚ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ ʪʘ 

ʧʽʜʚʠʱʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ. ɺʠʢʦʨʠʩʪʘʥʥʷ CO  ʫ ʧʨʦʤʠʩʣʦʚʠʭ ʧʨʦʮʝʩʘʭ 

[8] ʘʙʦ ʡʦʛʦ ʛʝʦʣʦʛʽʯʥʝ ʟʙʝʨʽʛʘʥʥʷ [9], [10] ʤʽʥʽʤʽʟʫʶʪʴ ʝʢʦʣʦʛʽʯʥʠʡ ʩʣʽʜ 

ʪʝʭʥʦʣʦʛʽʾ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. ɸ ʟʘ ʪʘʢʠʭ ʫʤʦʚ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʜʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʩʧʨʠʷʻ ʚʠʢʦʥʘʥʥʶ ʤʽʞʥʘʨʦʜʥʠʭ ʝʢʦʣʦʛʽʯʥʠʭ 

ʟʦʙʦʚôʷʟʘʥʴ, ʪʘʢʠʭ ʷʢ ʇʘʨʠʟʴʢʘ ʫʛʦʜʘ [11]. ɼʦ ʝʢʦʥʦʤʽʯʥʠʭ ʬʘʢʪʦʨʽʚ ʚʽʜʥʦʩʠʪʴʩʷ 

ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʩʧʣʘʪʫ ʧʦʜʘʪʢʽʚ ʥʘ ʚʠʢʠʜʠ ʚʫʛʣʝʮʶ, ʱʦ ʟʤʝʥʰʫʻ ʬʽʥʘʥʩʦʚʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʦ. ʋʪʠʣʽʟʦʚʘʥʠʡ CO  ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʫ 

ʭʽʤʽʯʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʤʝʪʘʥʦʣʫ, ʜʦʙʨʠʚ, ʧʦʣʽʤʝʨʽʚ ʪʘ ʽʥʰʠʭ 

ʧʨʦʜʫʢʪʽʚ, ʱʦ ʻ ʜʞʝʨʝʣʦʤ ʜʦʜʘʪʢʦʚʠʭ ʜʦʭʦʜʽʚ. ɯʥʪʝʛʨʘʮʽʷ ʫʪʠʣʽʟʘʮʽʾ CO  ʚ 

ʪʝʭʥʦʣʦʛʽʶ ʇɻɺ ʧʽʜʚʠʱʫʻ ʟʘʛʘʣʴʥʫ ʨʝʥʪʘʙʝʣʴʥʽʩʪʴ ʟʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ 

ʧʦʙʽʯʥʠʭ ʧʨʦʜʫʢʪʽʚ ʧʨʦʮʝʩʫ. 

ʆʪʞʝ, ʟ ʘʥʘʣʽʟʫ ʚʠʱʝʥʘʚʝʜʝʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ 

ʫʪʠʣʽʟʘʮʽʷ CO  ʻ ʘʢʪʫʘʣʴʥʠʤ ʥʘʫʢʦʚʠʤ ʟʘʚʜʘʥʥʷʤ, ʷʢʝ ʤʘʻ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ 

ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʛʣʦʙʘʣʴʥʠʭ ʝʢʦʣʦʛʽʯʥʠʭ, ʝʥʝʨʛʝʪʠʯʥʠʭ ʪʘ ʝʢʦʥʦʤʽʯʥʠʭ ʚʠʢʣʠʢʽʚ. 

ɰʾ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʘ ʙʘʟʽ ʪʝʭʥʦʣʦʛʽʾ ʇɻɺ ʥʝ ʣʠʰʝ ʩʧʨʠʷʻ ʟʤʝʥʰʝʥʥʶ ʚʧʣʠʚʫ ʥʘ 

ʢʣʽʤʘʪ ʰʣʷʭʦʤ ʩʢʦʨʦʯʝʥʥʷ ʚʠʢʠʜʽʚ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ, ʘ ʡ ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ 

ʧʝʨʩʧʝʢʪʠʚʠ ʜʣʷ ʨʦʟʚʠʪʢʫ ʩʫʯʘʩʥʦʾ ʚʫʛʽʣʴʥʦʾ ʛʘʣʫʟʽ ʋʢʨʘʾʥʠ ʨʘʟʦʤ ʽʟ 

ʨʘʮʽʦʥʘʣʴʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʫʛʽʣʣʷ, ʷʢ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʨʦʚʠʥʠ. 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʜʘʻ ʟʤʦʛʫ ʝʬʝʢʪʠʚʥʦ 

ʧʨʦʚʦʜʠʪʠ ʫʪʠʣʽʟʘʮʽʶ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ ʫ ʜʚʦʭ ʥʘʧʨʷʤʘʭ. ʇʝʨʰʠʡ 

ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ ʫʪʠʣʽʟʘʮʽʶ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ ʫ ʩʢʣʘʜʽ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ [12]. 

ɯʥʰʠʡ ʥʘʧʨʷʤ ʫʪʠʣʽʟʘʮʽʾ ʚʫʛʣʝʮʶ ʧʝʨʝʜʙʘʯʘʻ ʡʦʛʦ ʟʘʭʦʨʦʥʝʥʥʷ ʰʣʷʭʦʤ 

ʟʘʢʘʯʫʚʘʥʥʷ ʚ ʧʦʨʦʞʥʠʥʠ ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ ʥʘʚʢʦʣʦ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ 
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[13]. ɼʘʥʠʡ ʩʧʦʩʽʙ ʜʦʩʠʪʴ ʜʦʙʨʝ ʟʘʨʝʢʦʤʝʥʜʫʚʘʚ ʧʨʠ ʟʘʢʘʯʫʚʘʥʥʽ ʉʆ2 ʫ 

ʚʠʩʥʘʞʝʥʽ ʥʘʬʪʦʛʘʟʦʚʽ ʧʦʢʣʘʜʠ [14], [15]. ɿʘ ʧʝʨʰʠʤ ʩʧʦʩʦʙʦʤ ʘʚʪʦʨʦʤ ʨʦʙʦʪʠ 

ʧʨʦʚʝʜʝʥʦ ʥʠʟʢʫ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʦʙˇʨʫʥʪʦʚʫʶʪʴ ʧʘʨʘʤʝʪʨʠ ʫʪʠʣʽʟʘʮʽʾ ʜʽʦʢʩʠʜʫ 

ʚʫʛʣʝʮʶ ʟʘʣʝʞʥʦ ʚʽʜ ʦʪʨʠʤʘʥʦʛʦ ʷʢʽʩʥʦʛʦ ʩʢʣʘʜʫ ʛʦʨʶʯʠʭ ʛʝʥʝʨʘʪʦʨʥʠʭ ʛʘʟʽʚ ʽʟ 

ʧʦʜʘʣʴʰʠʤ ʟʘʟʥʘʯʝʥʥʷʤ ʢʽʣʴʢʽʩʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʡʦʛʦ ʫʪʠʣʽʟʘʮʽʾ. ɼʣʷ ʜʨʫʛʦʛʦ 

ʩʧʦʩʦʙʫ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʱʦʜʦ ʚʠʟʥʘʯʝʥʥʷ ʨʘʮʽʦʥʘʣʴʥʠʭ ʤʽʩʮʴ 

ʟʘʢʘʯʫʚʘʥʥʷ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ ʚ ʛʽʨʩʴʢʠʡ ʤʘʩʠʚ ʥʘʚʢʦʣʦ ʧʽʜʟʝʤʥʦʛʦ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. 

5.2 ʍʽʤʽʟʤ, ʤʝʭʘʥʽʟʤ ʪʘ ʝʪʘʧʠ ʚʟʘʻʤʦʜʽʾ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ  

ʫ ʧʨʦʮʝʩʽ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ 

ʋʪʠʣʽʟʘʮʽʷ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ (CO ) ʧʽʜ ʯʘʩ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʤʘʻ ʩʚʦʾ 

ʭʘʨʘʢʪʝʨʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤʠ ʫʤʦʚʘʤʠ ʧʨʦʮʝʩʫ, 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʚʫʛʽʣʣʷ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ɻʣʠʙʦʢʝ ʨʦʟʫʤʽʥʥʷ ʮʠʭ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʻ ʢʣʶʯʦʚʠʤ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ. 

ʇʨʠ ʧʦʜʘʯʽ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ (ʉʆ2) ʚ ʦʢʠʩʣʶʚʘʣʴʥʫ ʟʦʥʫ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ 

ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʧʨʦʭʦʜʠʪʴ ʨʝʘʢʮʽʷ ʡʦʛʦ ʚʟʘʻʤʦʜʽʾ ʟ ʚʫʛʣʝʮʝʤ (ʉ), ʱʦ 

ʦʧʠʩʫʻʪʴʩʷ ʭʽʤʽʯʥʠʤ ʨʽʚʥʷʥʥʷʤ [16]: 

ʉʆ2 + ʉ = 2ʉʆ ï 175,6 ʄɼʞ/(ʢʤʦʣʴĿÜʉ).   (5.1) 

ʎʷ ʨʝʘʢʮʽʷ ʻ ʝʥʜʦʪʝʨʤʽʯʥʦʶ, ʪʦʙʪʦ ʜʣʷ ʾʾ ʧʨʦʪʽʢʘʥʥʷ ʥʝʦʙʭʽʜʥʝ 

ʧʦʩʪʘʯʘʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ. ʊʝʧʣʦ ʜʣʷ ʨʝʘʢʮʽʾ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʝʢʟʦʪʝʨʤʽʯʥʠʭ ʦʢʠʩʣʶʚʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ ʚʦʛʥʝʚʦʤʫ ʚʠʙʦʾ 

ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. ʋ ʮʽʡ ʨʝʘʢʮʽʾ CO  ʚʠʢʦʥʫʻ ʨʦʣʴ ʦʢʠʩʣʶʚʘʯʘ, 

ʚʟʘʻʤʦʜʽʶʯʠ ʟ ʚʫʛʣʝʮʝʤ ʜʣʷ ʫʪʚʦʨʝʥʥʷ ʦʢʩʠʜʫ ʚʫʛʣʝʮʶ (CO). 

ʐʚʠʜʢʽʩʪʴ ʨʝʘʢʮʽʾ ʪʘ ʾʾ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʟʘʛʘʣʴʥʦʛʦ ʪʠʩʢʫ ʫ ʚʦʛʥʝʚʦʤʫ ʚʠʙʦʾ. ʇʨʠ ʟʥʠʞʝʥʥʽ ʪʠʩʢʫ ʨʽʚʥʦʚʘʛʘ ʧʨʦʮʝʩʫ 

ʟʤʽʱʫʻʪʴʩʷ ʚ ʙʽʢ ʫʪʚʦʨʝʥʥʷ ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ ʧʨʦʜʫʢʪʽʚ ʨʝʘʢʮʽʾ, ʪʦʙʪʦ ʚʧʨʘʚʦ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʟʘʢʦʥʫ ʜʽʶʯʠʭ ʤʘʩ. ɹʽʣʴʰ ʚʠʩʦʢʠʡ ʪʠʩʢ, ʥʘʚʧʘʢʠ, ʤʦʞʝ ʩʧʦʚʽʣʴʥʶʚʘʪʠ 

ʨʝʘʢʮʽʶ, ʦʩʢʽʣʴʢʠ ʟʥʠʞʫʻ ʯʘʩʪʦʪʫ ʟʽʪʢʥʝʥʴ ʤʽʞ ʤʦʣʝʢʫʣʘʤʠ CO  ʽ ʘʢʪʠʚʥʦʶ 

ʧʦʚʝʨʭʥʝʶ ʚʫʛʣʝʮʶ. ʊʘʢʠʤ ʯʠʥʦʤ, ʢʝʨʫʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʦʶ ʽ ʪʠʩʢʦʤ ʫ 
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ʚʦʛʥʝʚʦʤʫ ʚʠʙʦʾ ʻ ʢʣʶʯʦʚʠʤʠ ʬʘʢʪʦʨʘʤʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ 

ʧʨʦʪʽʢʘʥʥʷ ʨʝʘʢʮʽʾ.  

ʊʘʢʦʞ, ʚʨʘʭʦʚʫʶʯʠ, ʱʦ ʧʽʜ ʯʘʩ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʦʜʥʦʯʘʩʥʦ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʷʢ ʧʘʨʘʣʝʣʴʥʽ, ʪʘʢ ʽ ʧʦʩʣʽʜʦʚʥʽ ʭʽʤʽʯʥʽ ʨʝʘʢʮʽʾ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ 

ʫʪʚʦʨʝʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʪʘʢʠʭ ʷʢ ʚʦʜʝʥʴ, ʤʝʪʘʥ ʪʘ ʩʽʨʢʦʚʦʜʝʥʴ, 

ʤʦʞʣʠʚʠʤʠ ʻ ʡ ʽʥʰʽ ʨʝʘʢʮʽʾ ʟʘ ʫʯʘʩʪʶ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ [17], ʟʦʢʨʝʤʘ: 

ʉʆ2 + 4ʅ2 Ÿ ʉʅ4 + 2ʅ2ʆ + 165 ʢɼʞ/ʤʦʣʴ.    (5.2) 

ʈʝʘʢʮʽʷ ʻ ʝʢʟʦʪʝʨʤʽʯʥʦʶ ʽ ʟʘʟʚʠʯʘʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ 200 ʜʦ 

550Üʉ ʫ ʧʨʠʩʫʪʥʦʩʪʽ ʢʘʪʘʣʽʟʘʪʦʨʘ, ʷʢʠʤ ʤʦʞʫʪʴ ʚʠʩʪʫʧʘʪʠ ʢʦʤʧʦʥʝʥʪʠ, ʱʦ 

ʤʽʩʪʷʪʴʩʷ ʚ ʧʦʨʦʜʽ (ʟʘʣʽʟʦ, ʥʽʢʝʣʴ, ʘʣʶʤʽʥʽʡ ʪʦʱʦ). ʗʢ ʢʘʪʘʣʽʟʘʪʦʨʠ ʚ ʧʨʦʮʝʩʽ 

ʚʟʘʻʤʦʜʽʾ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ ʤʦʞʫʪʴ ʚʠʩʪʫʧʘʪʠ ʧʨʠʨʦʜʥʽ ʢʦʤʧʦʥʝʥʪʠ, ʱʦ 

ʤʽʩʪʷʪʴʩʷ ʚ ʧʦʨʦʜʽ. ɼʦ ʪʘʢʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʥʘʣʝʞʘʪʴ ʦʢʩʠʜʠ ʟʘʣʽʟʘ (Fe O , Fe O ), 

ʥʽʢʝʣʶ (NiO), ʘʣʶʤʽʥʽʶ (Al O ), ʘ ʪʘʢʦʞ ʽʥʰʽ ʧʝʨʝʭʽʜʥʽ ʤʝʪʘʣʠ ʘʙʦ ʾʭʥʽ 

ʩʧʦʣʫʢʠ, ʷʢʽ ʜʝʤʦʥʩʪʨʫʶʪʴ ʚʠʩʦʢʫ ʢʘʪʘʣʽʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʫ ʪʝʨʤʦʭʽʤʽʯʥʠʭ 

ʨʝʘʢʮʽʷʭ. ʎʽ ʧʨʠʨʦʜʥʽ ʢʘʪʘʣʽʟʘʪʦʨʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʥʠʞʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʙʘʨôʻʨʫ ʨʝʘʢʮʽʾ, ʩʧʨʠʷʶʪʴ ʧʽʜʚʠʱʝʥʥʶ ʾʾ ʰʚʠʜʢʦʩʪʽ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʱʦ 

ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʯʠʩʣʝʥʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ, ʟʦʢʨʝʤʘ ʚ ʨʦʙʦʪʘʭ [18] ï [20]. 

ʂʨʽʤ ʪʦʛʦ, ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʥʘʩʪʫʧʥʘ ʨʝʘʢʮʽʷ: 

ʉʆ2 + ʅ2 Ÿ ʉʆ + ʅ2ʆ ï 41 ʢɼʞ/ʤʦʣʴ,    (5.3) 

ʷʢʘ ʻ ʝʢʟʦʪʝʨʤʽʯʥʦʶ ʽ ʩʧʨʠʷʻ ʫʪʚʦʨʝʥʥʶ ʦʢʩʠʜʫ ʚʫʛʣʝʮʶ (CO) ʪʘ ʚʦʜʷʥʦʾ ʧʘʨʠ 

(H O). ʂʨʽʤ ʤʝʪʘʥʫ ʽ ʚʦʜʠ ʚ ʧʨʦʜʫʢʪʘʭ ʨʝʘʢʮʽʡ ʛʘʟʠʬʽʢʘʮʽʾ ʤʦʞʥʘ ʟʥʘʡʪʠ ʚʠʱʽ 

ʥʘʩʠʯʝʥʽ ʚʫʛʣʝʚʦʜʥʽ. ʅʘʡʩʪʘʙʽʣʴʥʽʰʠʤ ʽʟ ʥʠʭ ʻ ʝʪʘʥ (C2H6), ʫʪʚʦʨʝʥʥʷ ʷʢʦʛʦ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʪʘʢʦʶ ʨʝʘʢʮʽʻʶ [21]:  

2ʉʆ2 + 7ʅ2 Ÿ ʉ2ʅ6 + 4ʅ2ʆ + 264 ʢɼʞ/ʤʦʣʴ.   (5.4) 

ʋʪʚʦʨʝʥʥʷ ʝʪʘʥʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʦʢʩʠʜʫ ʚʫʛʣʝʮʶ (CO) ʽ 

ʚʦʜʥʶ (H ) ʚ ʨʝʘʢʮʽʡʥʽʡ ʟʦʥʽ. ʆʧʪʠʤʘʣʴʥʠʡ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʜʽʘʧʘʟʦʥ ʜʣʷ 

ʫʪʚʦʨʝʥʥʷ ʝʪʘʥʫ ʩʪʘʥʦʚʠʪʴ 300 ï 450 ÜC. ʋʪʚʦʨʝʥʥʷ ʝʪʘʥʫ ʻ ʧʦʯʘʪʢʦʚʦʶ ʩʪʘʜʽʻʶ 

ʬʦʨʤʫʚʘʥʥʷ ʜʦʚʰʠʭ ʚʫʛʣʝʮʝʚʠʭ ʣʘʥʮʶʛʽʚ ʫ ʧʨʦʮʝʩʘʭ ʩʠʥʪʝʟʫ ʚʫʛʣʝʚʦʜʥʽʚ. 

ʅʘʧʨʠʢʣʘʜ, ʟʨʦʩʪʘʥʥʷ ʚʫʛʣʝʮʝʚʠʭ ʣʘʥʮʶʛʽʚ ʤʦʞʝ ʧʨʦʜʦʚʞʫʚʘʪʠʩʷ ʟ ʫʪʚʦʨʝʥʥʷʤ 
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ʧʨʦʧʘʥʫ (C3H8) ʘʙʦ ʙʫʪʘʥʫ (C4H10), ʱʦ ʻ ʚʘʞʣʠʚʠʤ, ʦʩʢʽʣʴʢʠ ʚʠʱʽ ʥʘʩʠʯʝʥʽ 

ʚʫʛʣʝʚʦʜʥʽ, ʪʘʢʽ ʷʢ ʝʪʘʥ, ʧʨʦʧʘʥ ʽ ʙʫʪʘʥ, ʤʘʶʪʴ ʚʠʩʦʢʫ ʪʝʧʣʦʪʫ ʟʛʦʨʷʥʥʷ ʽ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʷʢ ʧʘʣʠʚʦ ʘʙʦ ʩʠʨʦʚʠʥʘ ʜʣʷ ʭʽʤʽʯʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 

ʋ ʧʨʠʩʫʪʥʦʩʪʽ ʚʦʜʷʥʦʾ ʧʘʨʠ ʨʝʘʢʮʽʷ ʤʽʞ ʜʽʦʢʩʠʜʦʤ ʚʫʛʣʝʮʶ (CO ) ʪʘ 

ʤʝʪʘʥʦʤ (CH ) ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʽʚʥʷʥʥʷʤ: 

ʉʆ2 + 2ʉʅ4 + ʅ2ʆ = 5ʅ2 + 3ʉʆ ï Q ʢɼʞ/ʤʦʣʴ.   (5.5) 

ʎʷ ʨʝʘʢʮʽʷ ʻ ʚʘʞʣʠʚʠʤ ʝʪʘʧʦʤ ʫ ʧʨʦʮʝʩʽ ʩʠʥʪʝʟʫ ʛʘʟʫ, ʷʢʠʡ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʭʽʤʽʯʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʝʥʝʨʛʝʪʠʮʽ. ɺʦʥʘ ʧʦʻʜʥʫʻ 

ʝʣʝʤʝʥʪʠ ʩʫʭʦʛʦ ʨʝʬʦʨʤʫʚʘʥʥʷ ʤʝʪʘʥʫ (CO2+CH4Ÿ2CO+2H2) ʪʘ ʧʘʨʦʚʦʛʦ 

ʨʝʬʦʨʤʫʚʘʥʥʷ ʤʝʪʘʥʫ (CH4+H2OŸCO+3H2), ʟʘʙʝʟʧʝʯʫʶʯʠ ʨʘʮʽʦʥʘʣʴʥʝ ʪʘ 

ʤʘʢʩʠʤʘʣʴʥʦ ʝʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʭʽʜʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. 

ɹʝʟ ʥʘʷʚʥʦʩʪʽ ʚʦʜʠ ʙʫʜʫʪʴ ʫʪʚʦʨʶʚʘʪʠʩʷ ʪʽ ʞ ʩʘʤʽ ʧʨʦʜʫʢʪʠ ʟʘ ʥʘʷʚʥʦʩʪʽ 

ʤʽʥʝʨʘʣʴʥʠʭ ʢʘʪʘʣʽʟʘʪʦʨʽʚ, ʙʝʟ ʷʢʠʭ ʨʝʘʢʮʽʷ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ [22]:  

ʉʆ2 + ʉʅ4 = 2ʅ2 + 2ʉʆ ï Q ʢɼʞ/ʤʦʣʴ.       (5.6) 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʫ ʩʢʣʘʜʽ ʚʫʛʽʣʣʷ ʯʘʩʪʦ ʧʨʠʩʫʪʥʷ ʩʽʨʢʘ, ʧʽʜ ʯʘʩ ʡʦʛʦ 

ʥʘʛʨʽʚʘʥʥʷ ʫʪʚʦʨʶʻʪʴʩʷ ʩʽʨʢʦʚʦʜʝʥʴ (H S), ʷʢʠʡ ʤʦʞʝ ʚʟʘʻʤʦʜʽʷʪʠ ʟ ʜʽʦʢʩʠʜʦʤ 

ʚʫʛʣʝʮʶ (CO ). ʎʷ ʚʟʘʻʤʦʜʽʷ ʦʧʠʩʫʻʪʴʩʷ ʨʝʘʢʮʽʻʶ: 

ʉʆ2 + 2ʅ2S = 2ʅ2O + CS2.    (5.7) 

ʎʷ ʨʝʘʢʮʽʷ ʤʦʞʝ ʚʠʤʘʛʘʪʠ ʧʝʚʥʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ, ʪʠʩʢʦʚʠʭ ʪʘ 

ʢʘʪʘʣʽʪʠʯʥʠʭ ʫʤʦʚ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʧʨʦʪʽʢʘʥʥʷ. ʍʘʨʘʢʪʝʨ ʨʝʘʢʮʽʾ ʤʽʞ ʉO  ʪʘ H S 

(ʝʥʜʦʪʝʨʤʽʯʥʠʡ ʘʙʦ ʝʢʟʦʪʝʨʤʽʯʥʠʡ) ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʻʜʥʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ, ʪʠʩʢʫ 

ʪʘ ʥʘʷʚʥʦʩʪʽ ʢʘʪʘʣʽʟʘʪʦʨʽʚ. ʆʧʪʠʤʘʣʴʥʽ ʫʤʦʚʠ ʜʣʷ ʨʝʘʢʮʽʾ ʧʦʪʨʽʙʥʦ ʧʽʜʙʠʨʘʪʠ 

ʟʘʣʝʞʥʦ ʚʽʜ ʙʘʞʘʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʝʬʝʢʪʫ, ʚʠʭʦʜʫ ʧʨʦʜʫʢʪʽʚ ʪʘ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ. 

ɻʘʟʠʬʽʢʘʮʽʷ ʻ ʩʢʣʘʜʥʠʤ ʪʝʨʤʦʭʽʤʽʯʥʠʤ ʧʨʦʮʝʩʦʤ, ʷʢʠʡ ʧʦʻʜʥʫʻ ʛʦʤʦʛʝʥʥʽ 

ʪʘ ʛʝʪʝʨʦʛʝʥʥʽ ʨʝʘʢʮʽʾ. ʎʽ ʨʝʘʢʮʽʾ ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ ʪʘ ʧʝʨʝʜʙʘʯʘʶʪʴ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʫʛʣʝʮʶ, ʚʦʜʥʶ ʪʘ ʽʥʰʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʚʠʭʽʜʥʦʛʦ ʧʘʣʠʚʘ ʥʘ ʛʝʥʝʨʘʪʦʨʥʠʡ ʛʘʟ. ʍʽʤʽʯʥʽ ʨʝʘʢʮʽʾ ʤʦʞʫʪʴ 

ʧʨʦʪʽʢʘʪʠ ʷʢ ʧʦʩʣʽʜʦʚʥʦ, ʪʘʢ ʽ ʧʘʨʘʣʝʣʴʥʦ. ʄʝʭʘʥʽʟʤ ʮʠʭ ʧʨʦʮʝʩʽʚ ʩʢʣʘʜʥʠʡ ʽ 
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ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʬʘʢʪʦʨʽʚ, ʪʘʢʠʭ ʷʢ ʪʝʤʧʝʨʘʪʫʨʘ, ʪʠʩʢ, ʪʠʧ ʽ ʩʢʣʘʜ 

ʚʠʭʽʜʥʦʛʦ ʧʘʣʠʚʘ, ʛʘʟʦʚʝ ʩʝʨʝʜʦʚʠʱʝ, ʰʚʠʜʢʽʩʪʴ ʧʦʜʘʯʽ ʨʝʘʛʝʥʪʽʚ ʽ ʥʘʷʚʥʽʩʪʴ 

ʢʘʪʘʣʽʟʘʪʦʨʽʚ. ʂʦʞʝʥ ʽʟ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʧʣʠʚʘʻ ʥʘ ʰʚʠʜʢʽʩʪʴ ʽ ʥʘʧʨʷʤʦʢ 

ʨʝʘʢʮʽʡ, ʘ ʪʘʢʦʞ ʥʘ ʩʢʣʘʜ ʦʪʨʠʤʘʥʦʛʦ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ [23] ï [25]. 

ʐʚʠʜʢʽʩʪʴ ʧʨʦʪʽʢʘʥʥʷ ʛʝʪʝʨʦʛʝʥʥʠʭ ʨʝʘʢʮʽʡ ʤʽʞ ʛʘʟʘʤʠ ʽ ʚʫʛʣʝʮʝʤ 

ʪʚʝʨʜʦʛʦ ʧʘʣʠʚʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʽʣʴʢʦʭ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʠʭ ʯʠʥʥʠʢʽʚ. ɺʦʥʘ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʢʽʥʝʪʠʢʦʶ ʩʘʤʦʾ ʭʽʤʽʯʥʦʾ ʚʟʘʻʤʦʜʽʾ, ʪʘʢ ʽ ʰʚʠʜʢʽʩʪʶ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʨʝʘʛʫʶʯʠʭ ʛʘʟʽʚ ʜʦ ʧʦʚʝʨʭʥʽ ʚʫʛʣʝʮʶ. ʎʝ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʣʝʢʫʣʷʨʥʦʾ ʘʙʦ ʪʫʨʙʫʣʝʥʪʥʦʾ ʜʠʬʫʟʽʾ, ʷʢʽ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ. ʐʚʠʜʢʽʩʪʴ ʭʽʤʽʯʥʦʾ ʚʟʘʻʤʦʜʽʾ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ. ɺʠʩʦʢʽ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠʩʢʦʨʶʶʪʴ ʨʦʟʨʠʚ ʭʽʤʽʯʥʠʭ 

ʟʚôʷʟʢʽʚ ʫ ʤʦʣʝʢʫʣʘʭ ʛʘʟʽʚ ʽ ʚʫʛʣʝʮʶ, ʱʦ ʩʧʨʠʷʻ ʟʙʽʣʴʰʝʥʥʶ ʰʚʠʜʢʦʩʪʽ ʨʝʘʢʮʽʾ. 

ɿʘ ʪʝʤʧʝʨʘʪʫʨ 700 ï 800 Üʉ ʧʨʦʮʝʩ ʛʘʟʠʬʽʢʘʮʽʾ ʛʘʣʴʤʫʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʭʽʤʽʯʥʦʶ 

ʨʝʘʢʮʽʻʶ, ʘ ʟʘ ʪʝʤʧʝʨʘʪʫʨ ʚʠʱʝ 900 Üʉ ï ʧʝʨʝʚʘʞʥʦ ʜʠʬʫʟʽʻʶ. ɺ ʨʝʘʣʴʥʠʭ 

ʫʤʦʚʘʭ ʩʫʤʘʨʥʠʡ ʧʨʦʮʝʩ ʛʘʟʠʬʽʢʘʮʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʧʨʦʤʽʞʥʽʡ ʦʙʣʘʩʪʽ, ʜʝ 

ʦʜʥʦʯʘʩʥʦ ʚʧʣʠʚʘʶʪʴ ʷʢ ʭʽʤʽʯʥʘ ʢʽʥʝʪʠʢʘ, ʪʘʢ ʽ ʰʚʠʜʢʽʩʪʴ ʤʘʩʦʦʙʤʽʥʫ. ʎʝ 

ʦʟʥʘʯʘʻ, ʱʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʛʘʟʠʬʽʢʘʮʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʦʤʧʣʝʢʩʦʤ ʬʘʢʪʦʨʽʚ, 

ʟʦʢʨʝʤʘ ʪʝʤʧʝʨʘʪʫʨʦʶ, ʪʠʩʢʦʤ, ʩʢʣʘʜʦʤ ʛʘʟʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʨʦʟʤʽʨʦʤ ʯʘʩʪʦʢ 

ʧʘʣʠʚʘ, ʪʫʨʙʫʣʝʥʪʥʽʩʪʶ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ ʪʘ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʚʠʭʽʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ʄʝʭʘʥʽʟʤ ʽ ʭʽʤʽʟʤ ʚʟʘʻʤʦʜʽʾ ʚʫʛʣʝʮʶ ʧʘʣʠʚʘ ʟ ʢʠʩʥʝʤ (O2) ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ 

ʯʝʨʝʟ ʢʽʣʴʢʘ ʝʪʘʧʽʚ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ, ʷʢʽ ʬʦʨʤʫʶʪʴ ʦʩʥʦʚʫ ʧʨʦʮʝʩʫ ʦʢʠʩʣʝʥʥʷ, 

ʱʦ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 5.1. 

ʉʭʝʤʘ ʜʝʤʦʥʩʪʨʫʻ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʝʪʘʧʽʚ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʽʜ ʯʘʩ 

ʛʝʪʝʨʦʛʝʥʥʦʾ ʚʟʘʻʤʦʜʽʾ ʚʫʛʣʝʮʶ ʪʚʝʨʜʦʛʦ ʧʘʣʠʚʘ ʟ ʢʠʩʥʝʤ ʫ ʧʨʦʮʝʩʽ ʛʘʟʠʬʽʢʘʮʽʾ. 

ʋʤʦʚʥʦ ʮʽ ʧʨʦʮʝʩʠ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʬʽʟʠʯʥʽ ʪʘ ʭʽʤʽʯʥʽ ʝʪʘʧʠ, ʱʦ ʚ 

ʩʫʢʫʧʥʦʩʪʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʜʝʩʪʨʫʢʮʽʶ ʚʫʛʽʣʣʷ ʟ ʫʪʚʦʨʝʥʥʷʤ ʚʠʭʽʜʥʦʛʦ ʧʨʦʜʫʢʪʫ 

ʨʝʘʢʮʽʡ (ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ). 

ɸʥʘʣʽʟ ʥʘʚʝʜʝʥʠʭ ʜʘʥʠʭ ʥʘ ʨʠʩ. 5.1 ʧʦʢʘʟʫʻ, ʱʦ ʧʽʜ ʯʘʩ ʜʠʬʫʟʽʾ ʦʢʠʩʣʶʚʘʯʘ 

ʜʦ ʨʝʘʢʮʽʡʥʦʾ ʧʦʚʝʨʭʥʽ ʧʘʣʠʚʘ ʤʦʣʝʢʫʣʠ ʢʠʩʥʶ ʧʝʨʝʤʽʱʫʶʪʴʩʷ ʟ ʛʘʟʦʚʦʛʦ ʦʙôʻʤʫ 

ʜʦ ʧʦʚʝʨʭʥʽ ʚʫʛʣʝʮʶ. ʎʝʡ ʧʨʦʮʝʩ ʟʘʣʝʞʠʪʴ ʚʽʜ ʫʤʦʚ ʜʠʬʫʟʽʾ (ʤʦʣʝʢʫʣʷʨʥʦʾ ʘʙʦ 
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ʪʫʨʙʫʣʝʥʪʥʦʾ) ʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʠʩʥʶ, ʘ ʰʚʠʜʢʽʩʪʴ ʮʴʦʛʦ ʝʪʘʧʫ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ ʽ ʨʦʟʤʽʨʘʤʠ ʯʘʩʪʠʥʦʢ ʧʘʣʠʚʘ. ɿʘ ʬʽʟʠʯʥʦʾ 

ʘʜʩʦʨʙʮʽʾ ʢʠʩʥʶ ʥʘ ʧʦʚʝʨʭʥʽ ʧʘʣʠʚʘ ʡʦʛʦ ʤʦʣʝʢʫʣʠ ʪʠʤʯʘʩʦʚʦ ʟʘʢʨʽʧʣʶʶʪʴʩʷ ʥʘ 

ʧʦʚʝʨʭʥʽ ʚʫʛʣʝʮʶ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʮʴʦʛʦ ʝʪʘʧʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʣʦʱʽ ʘʢʪʠʚʥʦʾ 

ʧʦʚʝʨʭʥʽ ʪʘ ʩʪʨʫʢʪʫʨʠ ʧʘʣʠʚʘ. ʍʽʤʽʯʥʝ ʫʪʚʦʨʝʥʥʷ ʧʨʦʤʽʞʥʦʛʦ ʢʦʤʧʣʝʢʩʫ 

çʚʫʛʣʝʮʴ ï ʢʠʩʝʥʴè ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʭʽʤʽʯʥʫ ʚʟʘʻʤʦʜʽʶ ʘʜʩʦʨʙʦʚʘʥʠʭ ʤʦʣʝʢʫʣ 

ʢʠʩʥʶ ʟ ʘʪʦʤʘʤʠ ʚʫʛʣʝʮʶ, ʫʪʚʦʨʶʶʯʠ ʧʨʦʤʽʞʥʠʡ ʢʦʤʧʣʝʢʩ, ʷʢʠʡ ʚ ʧʦʜʘʣʴʰʦʤʫ 

ʧʽʜ ʜʽʻʶ ʪʝʧʣʘ ʨʦʟʢʣʘʜʘʻʪʴʩʷ, ʫʪʚʦʨʶʶʯʠ ʦʩʥʦʚʥʽ ʧʨʦʜʫʢʪʠ ʨʝʘʢʮʽʾ, ʥʘʧʨʠʢʣʘʜ, 

CO + C Ÿ 2CO. ʇʽʜ ʯʘʩ ʜʝʩʦʨʙʮʽʾ ʧʨʦʜʫʢʪʽʚ ʨʝʘʢʮʽʾ ʟ ʧʦʚʝʨʭʥʽ ʧʘʣʠʚʘ, ʪʘʢʽ 

ʧʨʦʜʫʢʪʠ, ʷʢ ʦʢʩʠʜ ʚʫʛʣʝʮʶ (CO) ʘʙʦ ʜʽʦʢʩʠʜ ʚʫʛʣʝʮʶ (CO2), ʟʚʽʣʴʥʷʶʪʴʩʷ ʟ 

ʧʦʚʝʨʭʥʽ ʽ ʧʝʨʝʭʦʜʷʪʴ ʫ ʛʘʟʦʚʫ ʬʘʟʫ. ʎʝʡ ʧʨʦʮʝʩ ʻ ʬʽʟʠʯʥʠʤ ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʪʝʧʣʦʚʠʤʠ ʪʘ ʢʽʥʝʪʠʯʥʠʤʠ ʫʤʦʚʘʤʠ. ʇʽʜ ʯʘʩ ʜʠʬʫʟʽʾ ʧʨʦʜʫʢʪʽʚ ʨʝʘʢʮʽʾ ʜʦ 

ʦʩʥʦʚʥʦʛʦ ʛʘʟʦʚʦʛʦ ʦʙôʻʤʫ ʫʪʚʦʨʝʥʽ ʧʨʦʜʫʢʪʠ ʪʨʘʥʩʧʦʨʪʫʶʪʴʩʷ ʚʽʜ ʧʦʚʝʨʭʥʽ 

ʚʫʛʣʝʮʶ ʜʦ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ. ʐʚʠʜʢʽʩʪʴ ʮʴʦʛʦ ʝʪʘʧʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʠʥʘʤʽʢʠ 

ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ ʪʘ ʫʤʦʚ ʢʦʥʚʝʢʮʽʾ. 

 

ɼʠʬʫʟʽʷ ʦʢʠʩʥʠʢʘ
 ʟ ʛʘʟʦʚʦʛʦ ʦʙʻʤʫô
ʜʦ ʨʝʘʢʮʽʡʥʦʾ
ʧʦʚʝʨʭʥʽ ʧʘʣʠʚʘ

ʌʽʟʠʯʥʘ ʘʜʩʦʨʙʮʽʷ 
ʦʢʠʩʥʠʢʘ ʥʘ ʧʦʚʝʨʭʥʽ 

ʧʘʣʠʚʘ

ʍʽʤʽʯʥʝ ʫʪʚʦʨʝʥʥʷ
ʧʨʦʤʽʞʥʦʛʦ ʢʦʤʧʣʝʢʩʫ
ʚʫʛʣʝʮʴ-ʦʢʠʩʥʠʢ

ʈʦʟʢʣʘʜʘʥʥʷ ʢʦʤʧʣʝʢʩʫ
ʧʽʜ ʚʧʣʠʚʦʤ ʚʠʩʦʢʦʾ 
ʪʝʤʧʝʨʘʪʫʨʠ 

ɼʝʩʦʨʙʮʽʷ ʧʨʦʜʫʢʪʽʚ
ʨʝʘʢʮʽʾ ʟ ʧʦʚʝʨʭʥʽ ʧʘʣʠʚʘ
(ʬʽʟʠʯʥʠʡ ʧʨʦʮʝʩ)

ɼʠʬʫʟʽʷ ʧʨʦʜʫʢʪʽʚ
ʨʝʘʢʮʽʾ

ʜʦ ʛʘʟʦʚʦʛʦ ʦʙʻʤʫô

ʉʆ ʆ

ʉ
ʆ

ʆ

ʉʆ ʆ

ʉ

ʉ

ʉ

ʉ

ʉ

ʉ

CO +C=2CO2

ʉ

ʉ

ʉ
ʆ

ʉ
ʆ

ʉ
ʆ

ʉ
ʆ

ʉ
ʆ

ʉ
ʆ

ʉʆ

ʉʆ

ʉ
ʆ

ʉʆ
ʉʆ

ʉ
ʆ
ʆ

ʉ
ʆ
ʆ

ʉ
ʆ
ʆ

ʉ
ʆ
ʆ

t

ʉ
ʆ
ʆ

ʉ
ʆ
ʆ

ʉ
ʆ
ʆ

ʉ
ʆ
ʆ

 

ʈʠʩʫʥʦʢ 5.1 ï ʄʝʭʘʥʽʟʤ ʽ ʭʽʤʽʟʤ ʚʟʘʻʤʦʜʽʾ ʚʫʛʣʝʮʶ ʧʘʣʠʚʘ ʟ ʢʠʩʥʝʤ 
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ʅʝʦʙʭʽʜʥʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʢʽʣʴʢʽʩʪʴ ʚʫʛʣʝʮʶ, ʱʦ ʨʝʘʛʫʻ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ, 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʛʘʟʦʧʦʜʽʙʥʦʛʦ ʨʝʘʛʝʥʪʫ ʙʽʣʷ ʪʚʝʨʜʦʾ 

ʧʦʚʝʨʭʥʽ. ʇʽʜ ʯʘʩ ʚʟʘʻʤʦʜʽʾ, ʥʘʧʨʠʢʣʘʜ, ʚʫʛʣʝʮʶ ʧʘʣʠʚʘ ʟ ʦʢʠʩʣʶʚʘʯʝʤ ʙʽʣʷ 

ʪʚʝʨʜʦʾ ʧʦʚʝʨʭʥʽ ʡʦʛʦ ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʥʠʞʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʚʠʪʨʘʯʘʥʥʷ ʥʘ 

ʨʝʘʢʮʽʶ. ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʚʠʥʠʢʘʻ ʨʽʟʥʠʮʷ ʢʦʥʮʝʥʪʨʘʮʽʡ ʦʢʠʩʣʶʚʘʯʘ ʚ ʛʘʟʦʚʦʤʫ 

ʧʨʦʩʪʦʨʽ ʡ ʫʪʚʦʨʶʻʪʴʩʷ ʜʠʬʫʟʽʡʥʠʡ ʧʦʪʽʢ ʦʢʠʩʣʶʚʘʯʘ ʜʦ ʧʦʚʝʨʭʥʽ ʚʫʛʽʣʣʷ. ʋ 

ʨʘʟʽ ʩʪʘʣʦʛʦ ʧʨʦʮʝʩʫ ʮʝʡ ʜʠʬʫʟʽʡʥʠʡ ʧʦʪʽʢ çʧʦʚʝʨʪʘʻè ʚʠʪʨʘʪʠ ʦʢʠʩʣʶʚʘʯʘ ʥʘ 

ʨʝʘʢʮʽʶ ʟ ʚʫʛʣʝʮʝʤ. 

ɿʘ ʥʠʟʴʢʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʦʮʝʩʫ, ʢʦʣʠ ʰʚʠʜʢʽʩʪʴ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ ʤʽʞ 

ʚʫʛʣʝʮʝʤ ʧʘʣʠʚʘ ʽ ʛʘʟʦʧʦʜʽʙʥʠʤ ʨʝʘʛʝʥʪʦʤ ʥʝʟʥʘʯʥʘ, ʩʫʤʘʨʥʘ ʰʚʠʜʢʽʩʪʴ 

ʧʨʦʮʝʩʫ ʮʽʣʢʦʤ ʚʠʟʥʘʯʘʻʪʴʩʷ ʰʚʠʜʢʽʩʪʶ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ. ʋ ʟʚôʷʟʢʫ ʟ ʤʘʣʦʶ 

ʩʫʤʘʨʥʦʶ ʰʚʠʜʢʽʩʪʶ ʧʨʦʮʝʩʫ ʧʽʜʚʝʜʝʥʥʷ ʛʘʟʦʧʦʜʽʙʥʦʛʦ ʨʝʘʛʝʥʪʫ ʜʦ ʧʦʚʝʨʭʥʽ, 

ʱʦ ʨʝʘʛʫʻ, ʟ ʛʘʟʦʚʦʛʦ ʧʨʦʩʪʦʨʫ ʙʫʜʝ ʟʘʙʝʟʧʝʯʝʥʦ ʥʘʚʽʪʴ ʟʘ ʤʘʣʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ 

ʛʘʟʦʧʦʜʽʙʥʦʛʦ ʨʝʘʛʝʥʪʫ. ʁʦʛʦ ʧʽʜʚʝʜʝʥʥʷ ʟʜʽʡʩʥʶʚʘʪʠʤʝʪʴʩʷ ʚ ʜʦʩʪʘʪʥʽʡ 

ʢʽʣʴʢʦʩʪʽ ʥʝ ʪʽʣʴʢʠ ʜʦ ʟʦʚʥʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ, ʘ ʡ ʥʘʚʽʪʴ ʫ ʤʘʢʨʦ- ʽ ʤʽʢʨʦʧʦʨʠ 

ʧʘʣʠʚʘ. ʋ ʪʘʢʦʤʫ ʨʘʟʽ ʧʨʦʮʝʩ ʚʟʘʻʤʦʜʽʾ ʚʫʛʣʝʮʶ ʧʘʣʠʚʘ ʟ ʛʘʟʦʧʦʜʽʙʥʠʤ 

ʨʝʘʛʝʥʪʦʤ ʚʽʜʙʫʚʘʪʠʤʝʪʴʩʷ ʚ ʫʩʴʦʤʫ ʦʙôʻʤʽ ʚʫʛʽʣʴʥʦʾ ʯʘʩʪʠʥʢʠ, ʘ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʨʝʘʛʝʥʪʫ ʚ ʛʘʟʦʚʦʤʫ ʦʙôʻʤʽ, ʥʘ ʧʦʚʝʨʭʥʽ ʚʫʛʽʣʴʥʦʾ ʯʘʩʪʠʥʢʠ ʽ ʚ ʾʾ ʮʝʥʪʨʽ ʙʫʜʫʪʴ 

ʧʨʘʢʪʠʯʥʦ ʨʽʚʥʠʤʠ ʤʽʞ ʩʦʙʦʶ: 

ʉʦ = ʉʧ = ʉʮ,       (5.8) 

ʜʝ ʉʦ ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʝʘʛʝʥʪʫ ʚ ʛʘʟʦʚʦʤʫ ʦʙôʻʤʽ; ʉʧ ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʝʘʛʝʥʪʫ ʥʘ 

ʧʦʚʝʨʭʥʽ ʚʫʛʽʣʣʷ; ʉʮ ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʝʘʛʝʥʪʫ ʚ ʮʝʥʪʨʽ ʨʝʘʢʮʽʡʥʦʾ 

ʯʘʩʪʠʥʢʠ/ʧʣʘʩʪʘ ʚʫʛʽʣʣʷ. 

ɿʘ ʥʘʷʚʥʦʩʪʽ ʫʤʦʚ, ʢʦʣʠ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʚ ʫʩʴʦʤʫ ʦʙôʻʤʽ ʯʘʩʪʠʥʢʠ 

ʧʘʣʠʚʘ ʧʨʘʢʪʠʯʥʦ ʦʜʥʘʢʦʚʘ, ʪʦ ʮʝʡ ʧʨʦʮʝʩ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʨʝʘʛʫʚʘʥʥʷ (ʛʦʨʽʥʥʷ ʽ 

ʛʘʟʠʬʽʢʘʮʽʷ ʪʚʝʨʜʦʛʦ ʧʘʣʠʚʘ) ʧʨʦʪʽʢʘʻ ʚ ʩʫʪʦ ʢʽʥʝʪʠʯʥʽʡ ʦʙʣʘʩʪʽ. 

ʇʨʘʢʪʠʯʥʦ ʧʨʦʪʽʢʘʥʥʷ ʧʨʦʮʝʩʫ ʚ ʩʫʪʦ ʢʽʥʝʪʠʯʥʽʡ ʦʙʣʘʩʪʽ ʤʦʞʥʘ ʜʦʩʷʛʪʠ 

ʟʘ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʽ ʚʝʣʠʢʠʭ ʰʚʠʜʢʦʩʪʝʡ ʜʫʪʪʷ. ʇʨʠ ʧʽʜʚʠʱʝʥʥʽ 

ʪʝʤʧʝʨʘʪʫʨʠ, ʘ ʪʘʢʦʞ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʨʦʟʤʽʨʫ ʚʫʛʽʣʣʷ ʚʠʱʝ ʧʝʚʥʦʛʦ ʩʫʤʘʨʥʘ 

ʰʚʠʜʢʽʩʪʴ ʧʨʦʮʝʩʫ ʧʦʯʠʥʘʻ ʩʧʦʚʽʣʴʥʶʚʘʪʠʩʷ ʧʽʜʚʝʜʝʥʥʷʤ ʛʘʟʦʧʦʜʽʙʥʦʛʦ 
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ʨʝʘʛʝʥʪʫ ʚʛʣʠʙ ʧʘʣʠʚʥʦʾ ʯʘʩʪʠʥʢʠ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʢʦʥʮʝʥʪʨʘʮʽʷ ʛʘʟʦʧʦʜʽʙʥʦʛʦ 

ʨʝʘʛʝʥʪʫ ʚ ʮʝʥʪʨʽ ʯʘʩʪʠʥʢʠ ʚʽʜʨʽʟʥʷʪʠʤʝʪʴʩʷ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘ ʧʦʚʝʨʭʥʽ 

ʧʘʣʠʚʥʦʾ ʯʘʩʪʠʥʢʠ ʽ ʚ ʛʘʟʦʚʦʤʫ ʧʨʦʩʪʦʨʽ, ʪʦʙʪʦ ʢʽʥʝʪʠʯʥʠʡ ʨʝʞʠʤ ʜʦʪʨʠʤʫʻʪʴʩʷ 

ʣʠʰʝ ʥʘ ʟʦʚʥʽʰʥʽʡ ʧʦʚʝʨʭʥʽ: 

ʉʦ = ʉʧ Í ʉʮ.     (5.9) 

ʋ ʢʽʥʝʪʠʯʥʽʡ ʦʙʣʘʩʪʽ ʢʦʥʮʝʥʪʨʘʮʽʷ ʛʘʟʫ ʙʽʣʷ ʧʦʚʝʨʭʥʽ ʚʫʛʣʝʮʶ ʧʨʘʛʥʝ ʜʦ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʚ ʛʘʟʦʚʦʤʫ ʧʦʪʦʮʽ, ʘʣʝ ʥʝ ʜʦʨʽʚʥʶʻ ʾʡ, ʽʥʘʢʰʝ ʟʘ ʉʦ = ʉʧ ʰʚʠʜʢʽʩʪʴ 

ʧʽʜʚʝʜʝʥʥʷ ʛʘʟʦʧʦʜʽʙʥʦʛʦ ʨʝʘʛʝʥʪʫ ʜʦʨʽʚʥʶʚʘʣʘ ʙ ʥʫʣʶ, ʽ ʪʦʜʽ ʧʽʜʚʝʜʝʥʥʷ ʡʦʛʦ 

ʜʦ ʧʦʚʝʨʭʥʽ ʚʫʛʣʝʮʶ ʧʨʠʧʠʥʠʣʦʩʷ ʙ. ɿʘ ʥʘʷʚʥʦʩʪʽ ʪʘʢʠʭ ʫʤʦʚ ʮʝ ʧʨʦʮʝʩ 

ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʨʝʘʛʫʚʘʥʥʷ, ʷʢʠʡ ʧʨʦʪʽʢʘʻ ʚ ʟʦʚʥʽʰʥʽʡ ʢʽʥʝʪʠʯʥʽʡ ʦʙʣʘʩʪʽ. 

ʇʨʦʮʝʩ, ʱʦ ʧʨʦʪʽʢʘʻ ʚ ʢʽʥʝʪʠʯʥʽʡ ʦʙʣʘʩʪʽ, ʤʦʞʝ ʙʫʪʠ ʽʥʪʝʥʩʠʬʽʢʦʚʘʥʠʡ 

ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ. ʐʚʠʜʢʽʩʪʴ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ ʟ ʧʽʜʚʠʱʝʥʥʷʤ 

ʪʝʤʧʝʨʘʪʫʨʠ ʟʨʦʩʪʘʻ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʢʦʥʫ ɸʨʨʝʥʽʫʩʘ [26]: 

exp
ɽ
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-å õ
= æ ö

ç ÷
,     (5.10) 

ʜʝ k ï ʢʦʥʩʪʘʥʪʘ ʰʚʠʜʢʦʩʪʽ ʨʝʘʢʮʽʾ; A ï ʧʝʨʝʜʝʢʩʧʦʥʝʥʮʽʡʥʠʡ ʤʥʦʞʥʠʢ, ʷʢʠʡ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʤʘʢʩʠʤʘʣʴʥʫ ʰʚʠʜʢʽʩʪʴ ʨʝʘʢʮʽʾ, ʢʦʣʠ ʚʩʽ ʤʦʣʝʢʫʣʠ ʤʘʶʪʴ 

ʥʝʦʙʭʽʜʥʫ ʝʥʝʨʛʽʶ ʜʣʷ ʚʩʪʫʧʫ ʚ ʭʽʤʽʯʥʫ ʚʟʘʻʤʦʜʽʶ; ɽ ï ʝʥʝʨʛʽʷ ʘʢʪʠʚʘʮʽʾ 

ʤʦʣʝʢʫʣ, ʢɼʞ; R ï ʫʥʽʚʝʨʩʘʣʴʥʘ ʛʘʟʦʚʘ ʩʪʘʣʘ (8,31434 ʢɼʞ/KĀʤʦʣʴ); ʊ ï 

ʘʙʩʦʣʶʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʂ. 

ɿ ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʰʚʠʜʢʽʩʪʴ ʭʽʤʽʯʥʦʛʦ ʛʝʪʝʨʦʛʝʥʥʦʛʦ 

ʨʝʘʛʫʚʘʥʥʷ ʟʨʦʩʪʘʻ (ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʢʦʥʫ ɸʨʨʝʥʽʫʩʘ), ʪʦʜʽ ʷʢ ʰʚʠʜʢʽʩʪʴ ʜʠʬʫʟʽʾ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʦʚʽʣʴʥʽʰʝ. ʅʘ ʧʦʚʝʨʭʥʽ ʚʫʛʽʣʴʥʦʾ ʯʘʩʪʠʥʢʠ ʩʪʚʦʨʶʶʪʴʩʷ ʪʘʢʽ 

ʫʤʦʚʠ, ʱʦ ʥʘʡʙʽʣʴʰ ʧʦʚʽʣʴʥʦʶ ʩʪʘʜʽʻʶ ʩʫʤʘʨʥʦʛʦ ʧʨʦʮʝʩʫ ʩʪʘʻ ʜʠʬʫʟʽʷ 

ʨʝʘʛʝʥʪʫ ʜʦ ʚʫʛʽʣʴʥʦʾ ʧʦʚʝʨʭʥʽ. ʋ ʟʚôʷʟʢʫ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʰʚʠʜʢʦʩʪʽ ʭʽʤʽʯʥʦʾ 

ʨʝʘʢʮʽʾ ʢʦʥʮʝʥʪʨʘʮʽʷ ʛʘʟʦʧʦʜʽʙʥʦʛʦ ʨʝʘʛʝʥʪʫ ʥʘ ʧʦʚʝʨʭʥʽ ʧʦʯʠʥʘʻ ʟʥʘʯʥʦ 

ʟʤʝʥʰʫʚʘʪʠʩʷ, ʘ ʟʘ ʥʝʦʙʤʝʞʝʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʥʘʙʣʠʞʘʪʠʤʝʪʴʩʷ ʜʦ ʥʫʣʷ (ʘʣʝ ʥʝ 

ʜʦʨʽʚʥʶʚʘʪʠʤʝ ʥʫʣʶ, ʙʦ ʭʽʤʽʯʥʘ ʨʝʘʢʮʽʷ ʧʨʠʧʠʥʠʣʘʩʷ ʙ). ɿʘ ʥʘʷʚʥʦʩʪʽ ʪʘʢʠʭ 

ʫʤʦʚ ʩʫʤʘʨʥʘ ʰʚʠʜʢʽʩʪʴ ʧʨʦʮʝʩʫ ʨʝʘʛʫʚʘʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʰʚʠʜʢʽʩʪʶ ʜʠʬʫʟʽʾ 

ʛʘʟʦʧʦʜʽʙʥʦʛʦ ʨʝʘʛʝʥʪʫ ʟ ʛʘʟʦʚʦʛʦ ʧʨʦʩʪʦʨʫ ʜʦ ʢʦʥʪʫʨʥʦʾ ʧʦʚʝʨʭʥʽ ʚʫʛʽʣʣʷ. ʎʷ 
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ʦʙʣʘʩʪʴ ʨʝʘʛʫʚʘʥʥʷ ʥʘʟʠʚʘʻʪʴʩʷ ʜʠʬʫʟʽʡʥʦʶ. 

ʇʨʦʮʝʩ, ʱʦ ʧʨʦʪʽʢʘʻ ʚ ʜʠʬʫʟʽʡʥʽʡ ʜʽʣʷʥʮʽ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ, ʤʦʞʝ ʙʫʪʠ 

ʽʥʪʝʥʩʠʬʽʢʦʚʘʥʠʡ ʟʙʽʣʴʰʝʥʥʷʤ ʣʽʥʽʡʥʦʾ ʰʚʠʜʢʦʩʪʽ ʜʫʪʪʷ, ʷʢʘ ʚʠʟʥʘʯʘʻ, ʥʘʩʢʽʣʴʢʠ 

ʰʚʠʜʢʦ ʛʘʟʦʚʘ ʬʘʟʘ ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʜʦ ʧʣʦʱʠʥʠ ʚʠʙʦʶ. ʎʝʡ ʧʘʨʘʤʝʪʨ ʤʘʻ 

ʢʨʠʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʤʘʩʦʦʙʤʽʥʫ, ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʪʘ 

ʜʣʷ ʢʦʥʪʨʦʣʶ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ [27], [28]. 

ʇʨʦʮʝʩ ʜʠʬʫʟʽʾ ʦʢʠʩʣʶʚʘʯʘ ʜʦ ʚʫʛʣʝʮʝʚʦʾ ʧʦʚʝʨʭʥʽ ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʷʚʠʱʝʤ 

ʜʦʛʦʨʘʥʥʷ ʦʢʠʩʫ ʚʫʛʣʝʮʶ, ʱʦ ʫʪʚʦʨʠʚʩʷ. ɼʦʛʦʨʘʥʥʷ ʉʆ ʯʠʥʠʪʴ ʩʧʦʚʽʣʴʥʶʚʘʥʫ 

ʜʽʶ ʥʘ ʧʨʦʥʠʢʥʝʥʥʷ ʦʢʠʩʣʶʚʘʯʘ ʜʦ ʚʫʛʽʣʴʥʦʾ ʧʦʚʝʨʭʥʽ. ɸʥʘʣʦʛʽʯʥʝ ʷʚʠʱʝ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʽʜ ʯʘʩ ʨʝʘʛʫʚʘʥʥʷ ʚʦʜʷʥʦʾ ʧʘʨʠ ʟ ʚʫʛʣʝʮʝʤ ʚ ʦʢʠʩʣʶʚʘʣʴʥʽʡ ʟʦʥʽ 

ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ ʟʘʚʜʷʢʠ ʜʦʛʦʨʘʥʥʶ ʚʦʜʥʶ, ʱʦ ʫʪʚʦʨʠʚʩʷ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʤʝʭʘʥʽʟʤ ʽ ʢʽʥʝʪʠʢʘ ʨʝʘʢʮʽʾ ʅ2ʆ + ʉ ʪʘʢ ʩʘʤʦ, ʷʢ ʽ 

ʨʝʘʢʮʽʾ ʆ2 + ʉ ʽ ʉʆ2 + ʉ, ʻ ʥʝʜʦʩʪʘʪʥʴʦ ʚʠʚʯʝʥʽ [29], [30] ʽ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʤʘʪʝʨʽʘʣʫ, ʱʦ ʧʽʜʜʘʻʪʴʩʷ ʛʘʟʠʬʽʢʘʮʽʾ [31] ï [33]. ʎʝ ʫʩʢʣʘʜʥʶʻ ʤʦʞʣʠʚʽʩʪʴ 

ʦʮʽʥʢʠ ʩʪʫʧʝʥʶ ʦʧʪʠʤʽʟʘʮʽʾ ʮʠʭ ʨʝʘʢʮʽʡ. ʊʦʤʫ ʚʘʞʣʠʚʠʤ ʻ ʧʨʦʚʝʜʝʥʥʷ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʜʘʶʪʴ ʟʤʦʛʫ ʦʮʽʥʠʪʠ ʩʪʫʧʽʥʴ ʚʧʣʠʚʫ ʙʘʣʘʩʪʥʦʛʦ 

ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ (ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ) ʥʘ ʷʢʽʩʥʽ ʪʘ ʢʽʣʴʢʽʩʥʽ ʧʘʨʘʤʝʪʨʠ ʚʠʭʦʜʫ 

ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ. 

5.3 ɿʘʢʦʥʦʤʽʨʥʦʩʪʽ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʫʪʠʣʽʟʘʮʽʾ  

ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʧʨʠ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ 

ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʘʣʠ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʠʪʠ ʷʢʽʩʥʽ ʪʘ 

ʢʽʣʴʢʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʭʦʜʫ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ ʧʨʠ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ. ʎʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʦʭʦʧʣʶʚʘʣʠ ʘʥʘʣʽʟ ʩʢʣʘʜʫ ʛʘʟʦʚʦʛʦ ʧʨʦʜʫʢʪʫ, ʟʘʣʝʞʥʽʩʪʴ ʚʠʭʦʜʫ 

ʛʘʟʫ ʚʽʜ ʢʣʶʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʪʘʢʠʭ ʷʢ ʪʝʤʧʝʨʘʪʫʨʘ, ʪʠʩʢ, ʩʢʣʘʜ 

ʜʫʪʪʷ. ʋʩʝʨʝʜʥʝʥʽ ʧʦʢʘʟʥʠʢʠ ʱʦʜʦ ʢʦʥʮʝʥʪʨʘʮʽʾ ʛʦʨʶʯʠʭ ʪʘ ʙʘʣʘʩʪʥʠʭ ʛʘʟʽʚ 

ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 5.1.  

ɿʛʽʜʥʦ ʟ ʜʘʥʠʤʠ ʪʘʙʣ. 5.1 ʩʝʨʝʜʥʽʡ ʚʠʭʽʜ ʛʦʨʶʯʠʭ ʛʝʥʝʨʘʪʦʨʥʠʭ ʛʘʟʽʚ 

ʩʪʘʥʦʚʠʪʴ 38,49% ʧʨʠ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷʥʦʛʦ ʜʫʪʪʷ ʪʘ 53,71% ï ʧʨʠ ʧʦʜʘʯʽ ʜʫʪʪʷ 

ʟʙʘʛʘʯʝʥʦʛʦ ʢʠʩʥʝʤ. ʊʝʧʣʦʪʚʦʨʥʘ ʟʜʘʪʥʽʩʪʴ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ, ʱʦ 

ʨʦʟʨʘʭʦʚʫʚʘʣʘʩʴ ʟʘ çʧʨʘʚʠʣʦʤ ʘʜʘʧʪʠʚʥʦʩʪʽè, ʩʪʘʥʦʚʠʪʴ ʚʽʜʧʦʚʽʜʥʦ 5,91 ʪʘ 
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8,35 ʄɼʞ/ʤ3. ɺʠʭʽʜ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ ʩʪʘʥʦʚʠʪʴ 3,34 ï 4,46 ʤ3/ʢʛ ʚʫʛʽʣʣʷ. 

ɺʨʘʭʦʚʫʶʯʠ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʙʘʣʘʩʪʥʦʛʦ ʛʘʟʫ ʉʆ2 ʫ 18,85% ʪʘ 11,14% 

ʩʝʨʝʜʥʽʡ ʚʠʭʽʜ ʡʦʛʦ ʩʪʘʥʦʚʠʪʴ 0,37 ï 0,84 ʤ3/ʢʛ ʚʫʛʽʣʣʷ. ɿʘ ʫʤʦʚʠ ʛʘʟʠʬʽʢʘʮʽʾ 

ʚʫʛʽʣʣʷ, ʱʦ ʟʦʩʝʨʝʜʞʝʥʦ ʫ ʩʪʦʚʧʽ ʛʘʟʠʬʽʢʘʮʽʾ ʜʦʚʞʠʥʦʶ ʫ 600 ʤ (ʜʦʚʞʠʥʘ 

ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ ï 30 ʤ, ʧʦʪʫʞʥʽʩʪʴ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ ï 0,8 ʤ, ʛʫʩʪʠʥʘ ʚʫʛʽʣʣʷ ï 

1,24 ʪ/ʤ3) ʚʠʭʽʜ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʩʪʘʥʦʚʠʪʴ 6,61 ï 11,25 ʪʠʩ. ʤ3.  

 

ʊʘʙʣʠʮʷ 5.1 ï ʋʩʝʨʝʜʥʝʥʽ ʷʢʽʩʥʽ ʧʘʨʘʤʝʪʨʠ ʚʠʭʦʜʫ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ 

ʊʠʧ ʜʫʪʪʷ 

ʂʦʥʮʝʥʪʨʘʮʽʷ ʛʘʟʽʚ, % ʊʝʧʣʦʪʘ ʟʛʦʨʘʥʥʷ 

ʛʝʥʝʨʘʪʦʨʥʦʛʦ 

ʛʘʟʫ, ʄɼʞ/ʤ3 

ʛʦʨʶʯʽ ʙʘʣʘʩʪʥʽ 

ʉʅ4 ʉʆ ʅ2 N2 ʉʆ2 

ʇʦʚʽʪʨʷʥʝ 6,12 14,42 17,95 42,66 18,85 5,91 

ɼʫʪʪʷ ʟʙʘʛʘʯʝʥʝ 

ʢʠʩʥʝʤ (35 %) 
8,25 23,64 22,82 34,15 11,14 8,35 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʜʘʣʴʰʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʦʮʽʥʝʥʦ ʤʦʞʣʠʚʽʩʪʴ ʫʪʠʣʽʟʘʮʽʾ 

ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʫ ʟʤʦʜʝʣʴʦʚʘʥʽʡ ʦʙʣʘʩʪʽ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. 

ɺʫʛʣʝʢʠʩʣʠʡ ʛʘʟ, ʱʦ ʟʥʘʭʦʜʠʚʩʷ ʫ ʙʘʣʦʥʘʭ, ʧʦʜʘʚʘʣʠ ʧʦ ʜʫʪʪʴʦʚʽʡ ʩʚʝʨʜʣʦʚʠʥʽ. 

ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʱʦʜʦ ʢʦʥʮʝʥʪʨʘʮʽʡ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 5.2. 
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ʈʠʩʫʥʦʢ 5.2 ï ɼʘʥʽ ʱʦʜʦ ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʛʘʟʽʚ ʫ ʛʝʥʝʨʘʪʦʨʥʦʤʫ ʛʘʟʽ 

ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʉʆ2 ʫ ʜʫʪʪʴʦʚʽʡ ʩʫʤʽʰʽ 

 

ɸʥʘʣʽʟ ʜʘʥʠʭ ʨʠʩ. 5.2 ʚʢʘʟʫʻ, ʱʦ ʧʨʦʩʪʝʞʫʻʪʴʩʷ ʪʝʥʜʝʥʮʽʷ ʟʤʝʥʰʝʥʥʷ 
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ʢʦʥʮʝʥʪʨʘʮʽʾ ʛʦʨʶʯʠʭ ʛʘʟʽʚ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʙʘʣʘʩʪʥʠʭ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʫ ʜʫʪʪʴʦʚʽʡ ʩʫʤʽʰʽ. ʇʦʪʨʽʙʥʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ 

ʢʦʥʮʝʥʪʨʘʮʽʷ CO ʻ ʟʘʣʠʰʢʦʤ ʧʝʨʚʠʥʥʦʾ ʨʝʘʢʮʽʾ, ʷʢʘ ʫʪʚʦʨʶʻʪʴʩʷ ʚ 

ʦʢʠʩʣʶʚʘʣʴʥʽʡ ʟʦʥʽ. ʇʨʠ ʮʴʦʤʫ ʚ ʦʢʠʩʣʶʚʘʣʴʥʽʡ ʟʦʥʽ ʚʫʛʣʝʮʴ ʨʝʘʛʫʻ ʟ ʢʠʩʥʝʤ, 

ʫʪʚʦʨʶʶʯʠ ʚʫʛʣʝʢʠʩʣʠʡ ʛʘʟ (CO2) ʽ ʤʦʥʦʦʢʩʠʜ ʚʫʛʣʝʮʶ (CO). 

ʇʨʠ ʚʪʦʨʠʥʥʽʡ ʨʝʘʢʮʽʾ CO ʫʪʚʦʨʶʚʘʪʠʤʝʪʴʩʷ ʫ ʚʽʜʥʦʚʣʶʚʘʣʴʥʽʡ ʟʦʥʽ 

ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ, ʜʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʟʘʻʤʦʜʽʷ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ (CO2) ʟ ʚʫʛʣʝʮʝʤ 

(C) ʟʘ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. ʎʷ ʨʝʘʢʮʽʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʪʽʥʦʢ 

ʢʘʥʘʣʫ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 800 ʜʦ 1050 ÁC: 

CO2 +CŸ2CO. 

ɿʨʦʩʪʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʩʧʨʠʷʻ ʧʨʦʭʦʜʞʝʥʥʶ ʮʽʻʾ ʨʝʘʢʮʽʾ, ʟʙʽʣʴʰʫʶʯʠ 

ʢʦʥʮʝʥʪʨʘʮʽʶ CO ʫ ʛʘʟʦʚʽʡ ʩʫʤʽʰʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʢʽʣʴʢʽʩʪʴ CO ʟʨʦʩʪʘʻ ʧʦ ʜʦʚʞʠʥʽ 

ʢʘʥʘʣʫ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʥʘ ʚʠʭʦʜʽ ʟ ʚʽʜʥʦʚʥʦʾ ʟʦʥʠ 

ʢʦʥʮʝʥʪʨʘʮʽʷ CO ʟʥʘʯʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʚʪʦʨʠʥʥʦʾ ʨʝʘʢʮʽʾ. ʊʘʢʦʞ ʚʘʨʪʦ 

ʟʘʟʥʘʯʠʪʠ, ʱʦ ʥʘ ʢʽʣʴʢʽʩʪʴ ʫʪʚʦʨʝʥʦʛʦ CO ʚʧʣʠʚʘʶʪʴ ʪʘʢʽ ʬʘʢʪʦʨʠ, ʷʢ ʩʢʣʘʜ 

ʚʠʭʽʜʥʦʛʦ ʧʘʣʠʚʘ, ʰʚʠʜʢʽʩʪʴ ʧʦʜʘʯʽ ʦʢʠʩʣʶʚʘʯʘ, ʘ ʪʘʢʦʞ ʪʝʨʤʦʜʠʥʘʤʽʯʥʽ ʫʤʦʚʠ ʚ 

ʨʽʟʥʠʭ ʟʦʥʘʭ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. ʊʦʤʫ ʢʝʨʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʦʮʝʩʫ ʻ 

ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʭʦʜʫ ʩʠʥʪʝʟ-ʛʘʟʫ ʟ ʚʠʩʦʢʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 

CO. ʅʘ ʨʠʩ. 5.3 ʥʘʚʝʜʝʥʦ ʜʘʥʽ ʱʦʜʦ ʟʤʽʥʠ ʪʝʧʣʦʪʚʦʨʥʦʾ ʟʜʘʪʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʥʦʛʦ 

ʛʘʟʫ ʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʉʆ2 ʚ ʥʴʦʤʫ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʉʆ2 ʚ ʜʫʪʪʴʦʚʽʡ ʩʫʤʽʰʽ. 

 

6,00

18,85
21,15

22,65 23,38
24,46

25,9828,06

0

5

10

15

20

25

30

4,00

4,50

5,00

5,50

6,00

6,50

7,00

7,50

6,34

5,40

4,47

6,506,476,60

0 5 10 15 20 25 30

2

2
ɖ ɖCO   CO   = 0,28 +19,321

2

R =0,98
2

ʊ
ʝʧ
ʣ
ʦʪ
ʘ 
ʟʛ
ʦʨ
ʘʥ
ʥ̫

 ʛ
ʝʥ
ʝʨ
ʘʪ
ʦ
ʨʥ
ʦ
ʛʦ

 
ʛʘ
ʟʫ

, 
ʄ
ɼ
ʞ

/ʤ
L
H

V
, 

3

ʂʦʥʮʝʥʪʨʘʮʽʷ ʉʆ ʫ ʜʫʪʪʴʦʚʽʡ ʩʫʤʽʰʽ, %2  CO ,ɖ

ʂ
ʦ
ʥ
ʮ
ʝʥ
ʪʨ
ʘʮ̫̔

 ʉ
ʆ

 ʫ
 

2

ʛʝ
ʥ
ʝʨ
ʘʪ
ʦ
ʨ
ʥ
ʦʤ
ʫ
 ʛ
ʘʟ̔

,
%

ɖ
 

C
O

1

2

2

2

 

ʈʠʩʫʥʦʢ 5.3 ï ɿʤʽʥʘ ʪʝʧʣʦʪʚʦʨʥʦʾ ʟʜʘʪʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ ʪʘ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʉʆ2 ʚ ʥʴʦʤʫ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʉʆ2 ʚ ʜʫʪʪʴʦʚʽʡ ʩʫʤʽʰʽ 
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ɸʥʘʣʽʟ ʥʘʚʝʜʝʥʠʭ ʜʘʥʠʭ ʥʘ ʨʠʩ. 5.3 ʧʦʢʘʟʫʻ, ʱʦ ʧʨʦʩʪʝʞʫʻʪʴʩʷ ʪʝʥʜʝʥʮʽʷ 

ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʉʆ2, ʷʢʘ ʦʧʠʩʫʻʪʴʩʷ ʣʽʥʽʡʥʦʶ ʟʘʣʝʞʥʽʩʪʶ ʚʠʜʫ: 

2 1

2 2
0,28 19,32,

CO CO
h h= +  %, 

ʜʝ 2
2CO

h ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʉʆ2 ʚ ʜʫʪʪʴʦʚʽʡ ʩʫʤʽʰʽ, %; 
1

2CO
h ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʉʆ2 ʚ 

ʛʝʥʝʨʘʪʦʨʥʦʤʫ ʛʘʟʽ, %. 

ɺʦʜʥʦʯʘʩ, ʚ ʤʝʞʘʭ ʢʦʥʮʝʥʪʨʘʮʽʾ ʉʆ2 ʚʽʜ 0 ʜʦ 22,3%, ʩʝʨʝʜʥʷ ʪʝʧʣʦʪʘ 

ʟʛʦʨʷʥʥʷ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ ʩʪʘʥʦʚʠʪʴ 6,32 ʄɼʞ/ʤį. ʆʜʥʘʢ, ʢʦʣʠ ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʉʆ2 ʚ ʜʫʪʪʴʦʚʽʡ ʩʫʤʽʰʽ ʧʝʨʝʚʠʱʫʻ 22,3%, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʨʽʟʢʝ ʟʥʠʞʝʥʥʷ 

ʪʝʧʣʦʪʠ ʟʛʦʨʷʥʥʷ. ɿʦʢʨʝʤʘ, ʟʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʉʆ2 ʫ 25% ʪʝʧʣʦʪʘ ʟʛʦʨʷʥʥʷ 

ʩʢʦʨʦʯʫʻʪʴʩʷ ʜʦ 5,4 ʄɼʞ/ʤį, ʘ ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ 30% ï ʟʥʠʞʫʻʪʴʩʷ ʜʦ 

4,47 ʄɼʞ/ʤį. ʎʝ ʚʢʘʟʫʻ ʥʘ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʚʤʽʩʪʫ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʥʘ 

ʝʥʝʨʛʝʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʘʟʫ. ɺʦʜʥʦʯʘʩ, ʚʤʽʩʪ ʉʆ2 ʫ ʩʢʣʘʜʽ ʛʝʥʝʨʘʪʦʨʥʦʛʦ 

ʛʘʟʫ ʟʘ ʫʤʦʚʠ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷʥʦʛʦ ʜʫʪʪʷ (ʜʝ ʢʦʥʮʝʥʪʨʘʮʽʷ ʉʆ ʩʪʘʥʦʚʠʪʴ 0%) ʥʘ 

7,13 ʪʘ 9,21% ʙʽʣʴʰʠʡ, ʱʦ ʧʽʜʢʨʝʩʣʶʻ ʟʤʽʥʫ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʛʘʟʫ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʫʤʦʚ ʡʦʛʦ ʬʦʨʤʫʚʘʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʘʥʘʣʽʟ ʜʘʥʠʭ ʟ ʨʠʩ. 5.3 ʩʚʽʜʯʠʪʴ, ʱʦ 

ʧʨʠ ʧʦʜʘʯʽ ʉʆ2 ʫ ʩʢʣʘʜʽ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ ʫ ʢʽʣʴʢʦʩʪʽ 18,85%, ʟʘʣʠʰʦʢ 

ʥʝʫʪʠʣʽʟʦʚʘʥʦʛʦ ʛʘʟʫ ʩʪʘʥʦʚʠʪʴ 5,25%. ɿ ʦʛʣʷʜʫ ʥʘ ʮʽ ʜʘʥʽ ʟʜʦʙʫʚʘʯʝʤ ʙʫʣʦ 

ʦʮʽʥʝʥʦ ʢʽʣʴʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ ʫʪʠʣʽʟʦʚʘʥʦʛʦ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ ʥʘ ʧʨʠʢʣʘʜʽ 

ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʴʥʦʛʦ ʩʪʦʚʧʘ ʟ ʨʦʟʤʽʨʘʤʠ ʫ 600 ʤ (ʜʦʚʞʠʥʘ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ ï 

30 ʤ, ʧʦʪʫʞʥʽʩʪʴ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ ï 0,8 ʤ, ʛʫʩʪʠʥʘ ʚʫʛʽʣʣʷ ï 1,24 ʪ/ʤ3). ʗʢ ʙʫʣʦ 

ʚʠʟʥʘʯʝʥʦ ʫ ʜʦʩʣʽʜʞʝʥʥʷʭ ʱʦʜʦ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʤʘʪʝʨʽʘʣʴʥʦ-

ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ ʛʘʟʠʬʽʢʘʮʽʾ [34] ï [36] ʚʠʪʨʘʪʠ ʜʫʪʪʴʦʚʦʾ ʧʦʚʽʪʨʷʥʦ-

ʚʫʛʣʝʢʠʩʣʦʪʥʦʾ ʩʫʤʽʰʽ, ʥʝʦʙʭʽʜʥʦʾ ʜʣʷ ʛʘʟʠʬʽʢʘʮʽʾ ʦʜʥʦʛʦ ʢʛ ʚʫʛʽʣʣʷ, ʩʪʘʥʦʚʣʷʪʴ 

6,89 ï 7,39 ʤ3, ʟʛʽʜʥʦ ʟ ʯʠʤ ʢʽʣʴʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ ʩʫʤʽʰʽ ʩʪʘʥʦʚʣʷʪʴ: 1,44 ʤ3/ʢʛ 

ʚʫʛʽʣʣʷ (ʆ2), 1,54 ʤ3/ʢʛ ʚʫʛʽʣʣʷ (ʉʆ2), 3,86 ʤ
3/ʢʛ ʚʫʛʽʣʣʷ (N2) ï 1,55 ʤ3/ʢʛ ʚʫʛʽʣʣʷ 

(ʆ2), 1,65 ʤ3/ʢʛ ʚʫʛʽʣʣʷ (Cʆ2), 4,19 ʤ3/ʢʛ ʚʫʛʽʣʣʷ (N2). ʆʪʞʝ, ʧʨʠ ʛʘʟʠʬʽʢʘʮʽʾ 

ʟʘʧʘʩʽʚ ʚʫʛʽʣʣʷ ʫ 17,86 ʤʣʥ ʢʛ ʥʝʦʙʭʽʜʥʦ ʧʦʜʘʪʠ 123,12 ï 132,06 ʪʠʩ. ʤ3 ʜʫʪʪʷ, ʜʝ 

ʯʘʩʪʢʘ ʉʆ2 ʩʪʘʥʦʚʠʪʴ 27,1 ï 29,45 ʤʣʥ ʤ3.  
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ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ ʧʦʢʘʟʥʠʢʠ ʢʦʝʬʽʮʽʻʥʪʘ 

ʫʪʠʣʽʟʘʮʽʾ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʪʘʢʦʶ ʬʦʨʤʫʣʦʶ: 

1

2
22

2

1 ,
CO

CO

CO

k
h

h
= -  

ʜʝ 1
2CO

h ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʉʆ2 ʚ ʜʫʪʪʴʦʚʽʡ ʩʫʤʽʰʽ, %; 
2

2CO
h ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʉʆ2 ʚ 

ʛʝʥʝʨʘʪʦʨʥʦʤʫ ʛʘʟʽ, %. ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʬʦʨʤʫʣʠ ʚʢʘʟʫʻ, ʱʦ ʫʤʦʚʦʶ ʝʬʝʢʪʠʚʥʦʾ 

ʫʪʠʣʽʟʘʮʽʾ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʻ ʥʘʙʣʠʞʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʫʪʠʣʽʟʘʮʽʾ ʜʦ 0. ʆʪʞʝ, 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʢʦʝʬʽʮʽʻʥʪ ʫʪʠʣʽʟʘʮʽʾ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ 
2COk  ʧʨʠ ʧʽʜʟʝʤʥʽʡ 

ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʦʮʽʥʶʻʪʴʩʷ ʡʦʛʦ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ ʫ ʩʢʣʘʜʽ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ 

1

2CO
h  ʪʘ ʛʝʥʝʨʘʪʦʨʥʦʤʫ ʛʘʟʽ 2

2CO
h , ʦʩʪʘʥʥʷ, ʷʢʘ ʟʤʽʥʶʻʪʴʩʷ ʣʽʥʽʡʥʦ ʟʘ ʛʨʘʥʠʯʥʠʭ 

ʢʦʥʮʝʥʪʨʘʮʽʡ ʧʦʜʘʯʽ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʫ ʩʢʣʘʜʽ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ ʥʝ ʙʽʣʴʰʝ 

22,3%. ʋʨʘʭʫʚʘʥʥʷ ʮʽʻʾ ʟʘʣʝʞʥʦʩʪʽ ʜʘʻ ʟʤʦʛʫ ʩʧʨʦʛʥʦʟʫʚʘʪʠ ʪʝʧʣʦʪʚʦʨʥʫ 

ʟʜʘʪʥʽʩʪʴ ʦʪʨʠʤʘʥʦʛʦ ʛʘʟʫ LHV ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʝʜʝʥʥʷ ʧʨʦʮʝʩʫ ʧʽʜʟʝʤʥʦʾ 

ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʟ ʥʘʩʪʫʧʥʦʶ ʫʪʠʣʽʟʘʮʽʻʶ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ ʟ ʫʪʠʣʽʟʘʮʽʻʶ ʚʫʛʣʝʢʠʩʣʦʛʦ 

ʛʘʟʫ ʟʘʨʝʻʩʪʨʦʚʘʥʦ ʨʽʟʢʝ ʧʽʜʚʠʱʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʘʥʦʛʦ ʛʘʟʫ ʚ ʛʝʥʝʨʘʪʦʨʥʦʤʫ 

ʛʘʟʽ. ʊʦʤʫ ʧʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʯʘʩʫ 

ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ t ʟ ʧʦʧʫʪʥʦʶ ʫʪʠʣʽʟʘʮʽʻʶ. 

ʇʦʜʘʣʴʰʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʚʠʟʥʘʯʝʥʦ ʝʬʝʢʪʠʚʥʠʡ ʯʘʩ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷʥʦ-

ʚʫʛʣʝʢʠʩʣʦʪʥʦʛʦ ʜʫʪʪʷ t. ʌʽʢʩʘʮʽʷ ʧʘʨʘʤʝʪʨʽʚ ʚʠʭʦʜʫ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ 

ʚʽʜʙʫʚʘʣʘʩʴ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʯʘʩʦʚʦʛʦ ʧʨʦʤʽʞʢʫ, ʱʦ ʟʘʢʣʘʜʝʥʠʡ ʫ ʚʠʟʥʘʯʝʥʥʽ 

ʜʦʚʞʠʥʠ ʬʦʨʤʫʚʘʥʥʷ ʦʢʠʩʣʶʚʘʣʴʥʦʾ ʟʦʥʠ lʦʢ.ʟ. (ʜʠʚ. ʧ. 4.2). ɿʘʣʝʞʥʦʩʪʽ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʝʬʝʢʪʠʚʥʠʡ ʯʘʩ ʚʠʭʦʜʫ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʫ ʩʢʣʘʜʽ 

ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ, ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 5.4. 

ɸʥʘʣʽʟ ʥʘʚʝʜʝʥʠʭ ʜʘʥʠʭ ʥʘ ʨʠʩ. 5.4 ʚʢʘʟʫʻ ʥʘ ʯʘʩʦʚʠʡ ʧʨʦʤʽʞʦʢ ʧʦʜʘʯʽ 

ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʫ ʩʢʣʘʜʽ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ ʧʨʠ ʟʥʘʯʝʥʥʷʭ 22,3%, ʱʦ ʨʘʥʽʰʝ 

ʚʠʟʥʘʯʝʥʽ ʷʢ ʝʬʝʢʪʠʚʥʽ. ʋʟʘʛʘʣʴʥʝʥʫ ʟʘʣʝʞʥʽʩʪʴ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 5.5. 
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ʈʠʩʫʥʦʢ 5.4 ï ɿʘʣʝʞʥʦʩʪʽ ʟʤʽʥʠ ʚʠʭʦʜʫ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʚʽʜ 

ʪʨʠʚʘʣʦʩʪʽ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ 
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t,
 

ʇʦʪʫʞʥʽʩʪʴ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ, ʛʦʜm, 

t = m 29,5 - 1,8
R2 = 0,996

 

ʈʠʩʫʥʦʢ 5.5 ï ɿʘʣʝʞʥʽʩʪʴ ʟʤʽʥʠ ʝʬʝʢʪʠʚʥʦʛʦ ʯʘʩʫ ʛʘʟʠʬʽʢʘʮʽʾ ʧʨʠ ʧʦʜʘʯʽ 

ʧʦʚʽʪʨʷʥʦ-ʚʫʛʣʝʢʠʩʣʦʪʥʦʛʦ ʜʫʪʪʷ ʚʽʜ ʧʦʪʫʞʥʦʩʪʽ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ 

 

ʇʨʠ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ ʧʦʪʫʞʥʽʩʪʶ 0,6 ʤ ʯʘʩ ʧʦʜʘʯʽ 

ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʫ ʩʢʣʘʜʽ ʜʫʪʪʷ ʩʪʘʥʦʚʠʪʴ 16 ʛʦʜ, 0,8 ʤ ï 22 ʛʦʜ, 1,0 ʤ ï 27 ʛʦʜ, 

1,2 ï 34 ʛʦʜ. ʆʩʢʽʣʴʢʠ ʰʚʠʜʢʽʩʪʴ ʧʦʩʫʚʘʥʥʷ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 

0,07 ʜʦ 0,12 ʤ/ʛʦʜ, ʪʦ ʟʘ ʜʘʥʠʡ ʯʘʩ ʚʠʛʘʟʦʚʘʥʦ ʚʽʜʧʦʚʽʜʥʦ 42,85 ʪ, 65,47 ʪ, 80,35 ʪ 

ʪʘ 106,24 ʪ ʚʫʛʽʣʣʷ. ɺʠʪʨʘʪʠ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʫ ʩʢʣʘʜʽ ʜʫʪʪʷ ʩʪʘʥʦʚʠʣʠ 

65,84 ʪʠʩ. ʤ3, 100,82 ʪʠʩ. ʤ3, 123,74 ʪʠʩ. ʤ3 ʽ 163,61 ʪʠʩ. ʤ3. ʋʟʘʛʘʣʴʥʝʥʽ ʜʘʥʽ ʱʦʜʦ 

ʫʪʠʣʽʟʘʮʽʾ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ ʧʨʠ ʨʦʙʦʪʽ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʥʘʚʝʜʝʥʦ ʚ 

ʪʘʙʣ. 5.2. 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʚʩʪʘʥʦʚʣʝʥʠʡ ʝʬʝʢʪʠʚʥʠʡ ʯʘʩ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷʥʦ-

ʚʫʛʣʝʢʠʩʣʦʪʥʦʛʦ ʜʫʪʪʷ t ʜʦ ʧʣʦʱʠʥʠ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʣʽʥʽʡʥʦʶ ʟʘʣʝʞʥʽʩʪʶ ʚʽʜ ʧʦʪʫʞʥʦʩʪʽ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ m ʪʘ 

ʧʦʢʘʟʥʠʢʽʚ ʚʠʭʦʜʫ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʫ ʩʢʣʘʜʽ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ 2

2CO
h  ʫ 

ʢʽʣʴʢʦʩʪʽ 25% ʷʢ ʢʨʠʪʠʯʥʝ ʟʥʘʯʝʥʥʷ. ʎʝ ʜʘʻ ʟʤʦʛʫ ʩʧʨʦʛʥʦʟʫʚʘʪʠ ʪʨʠʚʘʣʽʩʪʴ 

ʨʦʙʦʪʠ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ, ʥʘʧʨʘʚʣʝʥʦʛʦ ʥʘ ʫʪʠʣʽʟʘʮʽʶ ʚʫʛʣʝʢʠʩʣʦʛʦ 

ʛʘʟʫ (68,83 ï 85,87%) ʟ ʤʘʢʩʠʤʘʣʴʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʪʝʧʣʦʪʠ ʟʛʦʨʷʥʥʷ 

ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ ʥʘ ʨʽʚʥʽ 6,3 ï 6,6 ʄɼʞ/ʤ3.  

ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʱʦʜʦ ʫʪʠʣʽʟʘʮʽʾ ʙʘʣʘʩʪʥʦʛʦ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ 

ʉʆ2 ʫ ʩʢʣʘʜʽ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ ʚʢʘʟʘʣʠ ʥʘ ʥʝʦʙʭʽʜʥʝ ʨʦʟʰʠʨʝʥʥʷ ʪʘ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʩʚʝʨʜʣʦʚʠʥʥʦʾ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʟʘʜʣʷ 

ʤʦʞʣʠʚʦʩʪʽ ʧʦʚʥʦʬʘʢʪʦʨʥʦʾ ʡʦʛʦ ʫʪʠʣʽʟʘʮʽʾ, ʟʦʢʨʝʤʘ ʰʣʷʭʦʤ ʡʦʛʦ ʟʘʢʘʯʫʚʘʥʥʷ ʫ 

ʪʝʭʥʦʛʝʥʥʦ ʩʬʦʨʤʦʚʘʥʝ ʩʝʨʝʜʦʚʠʱʝ ʥʘʚʢʦʣʦ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. 

5.4 ɺʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʟʦʥ ʥʘʚʢʦʣʦ ʧʽʜʟʝʤʥʦʛʦ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʜʣʷ ʫʪʠʣʽʟʘʮʽʾ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ 

ʇʨʦʚʝʜʝʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘʣʠʰʦʢ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ, 

ʷʢʠʡ ʥʝ ʧʽʜʣʷʛʘʻ ʫʪʠʣʽʟʘʮʽʾ ʚ ʤʝʞʘʭ ʨʦʙʦʪʠ ʦʜʥʦʛʦ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ 

ʟʘʣʠʰʘʻʪʴʩʷ ʥʘ ʨʽʚʥʽ 12,88 ï 19,83 ʤʣʥ ʤ3. ʊʘʢʠʤ ʯʠʥʦʤ, ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʟʥʘʯʝʥʦ ʦʧʪʠʤʘʣʴʥʽ ʟʦʥʠ ʥʘʚʢʦʣʦ ʧʽʜʟʝʤʥʦʛʦ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʜʣʷ ʫʪʠʣʽʟʘʮʽʾ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ. ɿʘʛʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ ʟʤʽʱʝʥʥʷ 

ʧʦʨʦʜʥʠʭ ʰʘʨʽʚ ʧʨʠ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʪʘʢʠʤ ʯʠʥʦʤ 

(ʨʠʩ. 5.6). 

ɸʥʘʣʽʟ ʨʠʩ. 5.6 ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʧʨʠ ʧʦʩʫʚʘʥʥʽ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʧʫʩʢʘʥʥʷ ʧʦʨʽʜ ʧʦʢʨʽʚʣʽ ʟ ʬʦʨʤʫʚʘʥʥʷʤ ʧʦʨʦʞʥʠʥ V1 ʽ V2 ʟʽ 

ʩʪʦʨʦʥʠ ʜʫʪʪʴʦʚʦʾ ʪʘ ʛʘʟʦʚʽʜʚʽʜʥʦʾ ʩʚʝʨʜʣʦʚʠʥ ʚʽʜʧʦʚʽʜʥʦ, ʘ ʪʘʢʦʞ ʧʦʨʦʞʥʠʥ 

ʨʦʟʰʘʨʫʚʘʥʥʷ Vʨ.
1  ̔Vʨ.

2 ʫ ʧʦʢʨʽʚʣʽ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ. ʊʦʤʫ ʜʘʥʽ ʤʽʩʮʷ ʤʦʞʫʪʴ 

ʙʫʪʠ ʧʦʪʝʥʮʽʡʥʠʤʠ ʤʽʩʮʷʤʠ ʫʪʠʣʽʟʘʮʽʾ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ. ʅʝʦʙʭʽʜʥʦ ʟʘʟʥʘʯʠʪʠ, 

ʱʦ ʤʝʭʘʥʽʟʤ ʬʦʨʤʫʚʘʥʥʷ ʧʦʨʦʞʥʠʥʠ ʚʠʛʘʟʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ ʫʷʚʣʷʻʪʴʩʷ ʷʢ 

ʧʨʦʮʝʩ ʫʪʚʦʨʝʥʥʷ ʚʠʨʦʙʣʝʥʦʛʦ ʧʨʦʩʪʦʨʫ, ʚ ʷʢʦʤʫ ʟʽ ʩʪʦʨʽʥ ʜʫʪʪʴʦʚʦʾ ʪʘ 
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ʛʘʟʦʚʽʜʚʽʜʥʦʾ ʩʚʝʨʜʣʦʚʠʥ ʚʟʜʦʚʞ ʩʪʦʚʧʘ ʛʘʟʠʬʽʢʘʮʽʾ ʟʘʚʠʩʘʶʪʴ ʛʽʨʩʴʢʽ ʧʦʨʦʜʠ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦʾ ʧʦʢʨʽʚʣʽ ï ʚʽʜ ʧʣʦʱʠʥʠ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ ʟʽ ʩʚʝʨʜʣʦʚʠʥʦʶ ʜʦ 

ʟʦʥʠ ʧʦʚʥʦʛʦ ʦʧʫʩʢʘʥʥʷ ʧʦʢʨʽʚʣʽ. ʊʦʤʫ ʜʦʜʘʪʢʦʚʦ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʩʝʨʽʶ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʦʧʫʩʢʘʥʴ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦʾ ʧʦʢʨʽʚʣʽ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. ʇʘʨʘʤʝʪʨʠ ʜʘʥʠʭ ʦʧʫʩʢʘʥʴ 

ʜʦʩʣʽʜʞʫʚʘʣʠʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʝʧʝʨʥʠʭ ʜʘʪʯʠʢʽʚ, ʷʢʽ ʟʘʢʣʘʜʘʣʠʩʷ ʥʘ ʨʽʚʥʽ 

ʟʤʦʜʝʣʴʦʚʘʥʦʾ ʧʦʢʨʽʚʣʽ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ.  

 

V1 V2

Vʨ2
Vʨ1

1
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3

 

ʈʠʩʫʥʦʢ 5.6 ï ʍʘʨʘʢʪʝʨ ʟʤʽʱʝʥʥʷ ʧʦʨʦʜʥʠʭ ʰʘʨʽʚ ʧʨʠ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ:  

1 ï ʧʦʨʦʜʠ ʧʽʜʦʰʚʠ; 2 ï ʚʫʛʽʣʴʥʠʡ ʧʣʘʩʪ; 3 ï ʧʦʨʦʜʠ ʧʦʢʨʽʚʣʽ; V1, V2 ï 

ʧʦʨʦʞʥʠʥʠ ʚʠʛʘʟʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ; Vʨ.
1, Vʨ.

2 ï ʧʦʨʦʞʥʠʥʠ ʟʦʥ ʨʦʟʰʘʨʫʚʘʥʥʷ 

 

ʌʦʨʤʫʚʘʥʥʷ ʣʽʪʦʣʦʛʽʯʥʦʾ ʨʽʟʥʠʮʽ ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ ʧʽʜʟʝʤʥʦʛʦ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʨʘʪʠʛʨʘʬʽʯʥʦʛʦ ʧʝʨʝʨʽʟʫ 

ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ n7
ʥ ʰʘʭʪʠ çʏʝʨʚʦʥʦʛʨʘʜʩʴʢʘè. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʧʨʦʮʝʩʫ 

ʤʦʥʪʘʞʫ ʨʝʧʝʨʥʠʭ ʜʘʪʯʠʢʽʚ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 5.7. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʦʪʨʠʤʘʥʦ ʟʘʣʝʞʥʦʩʪʽ ʟʤʽʥʠ 

ʧʘʨʘʤʝʪʨʽʚ ʦʧʫʩʢʘʥʥʷ ʧʦʨʽʜ ʙʝʟʧʦʩʝʨʝʜʥʴʦʾ ʧʦʢʨʽʚʣʽ ʟʘ ʜʦʚʞʠʥʦʶ ʚʦʛʥʝʚʦʛʦ 

ʚʠʙʦʶ, ʱʦ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 5.8. ʆʩʢʽʣʴʢʠ ʦʧʫʩʢʘʥʥʷ ʚʠʛʘʟʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ ʟʘ 

ʜʦʚʞʠʥʦʶ ʩʪʦʚʧʘ ʛʘʟʠʬʽʢʘʮʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʠʤʝʪʨʠʯʥʦ, ʪʦʤʫ ʧʨʦʚʝʜʝʥʥʷ 

ʜʦʩʣʽʜʞʝʥʴ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʚʠʟʥʘʯʝʥʥʷ ʧʦʨʦʞʥʠʥʠ ʚʠʛʘʟʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ ʟʽ 

ʩʪʦʨʦʥʠ ʜʫʪʪʴʦʚʦʾ ʩʚʝʨʜʣʦʚʠʥʠ. 
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ʈʠʩʫʥʦʢ 5.7 ï ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʧʨʦʮʝʩʫ ʤʦʥʪʘʞʫ ʨʝʧʝʨʥʠʭ ʜʘʪʯʠʢʽʚ:  

ʘ ï ʚʽʟʫʘʣʽʟʘʮʽʷ ʤʦʥʪʘʞʫ ʨʝʧʝʨʥʠʭ ʜʘʪʯʠʢʽʚ; ʙ ï ʧʦʟʠʮʽʶʚʘʥʥʷ ʨʝʧʝʨʥʠʭ 

ʜʘʪʯʠʢʽʚ ʫ ʛʽʨʩʴʢʦʤʫ ʤʘʩʠʚʽ 
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ʈʠʩʫʥʦʢ 5.8 ï ɿʘʣʝʞʥʦʩʪʽ ʟʤʽʥʠ ʦʧʫʩʢʘʥʴ ʧʦʨʽʜ ʙʝʟʧʦʩʝʨʝʜʥʴʦʾ  

ʧʦʢʨʽʚʣʽ ʟʘ ʜʦʚʞʠʥʦʶ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ 

 

ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʦʧʫʩʢʘʥʴ ʧʦʨʽʜ ʙʝʟʧʦʩʝʨʝʜʥʴʦʾ ʧʦʢʨʽʚʣʽ ʟʘ 

ʜʦʚʞʠʥʦʶ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ ʟʘʣʝʞʥʦ ʚʽʜ ʧʦʪʫʞʥʦʩʪʽ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʠʷʚʣʝʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʫ ʚʠʛʣʷʜʽ ʛʨʘʬʽʢʽʚ ʥʘ 

ʨʠʩ. 5.8, ʘʣʝ ʜʣʷ ʟʨʫʯʥʦʩʪʽ ʽ ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ ʨʦʟʨʘʭʫʥʢʽʚ ʧʦʙʫʜʦʚʘʥʦ ʥʠʟʢʫ 

ʨʽʚʥʷʥʴ ʨʝʛʨʝʩʽʾ ʟ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʦʧʫʩʢʘʥʴ ʧʦʢʨʽʚʣʽ ʫ ʚʽʜ ʧʦʪʫʞʥʦʩʪʽ 

ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ: 
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ï ʧʨʠ m = 1,2 ʤ  
20,13 0,67 0,024y L L= - + , ʤʤ; 

ï ʧʨʠ m = 1,0 ʤ  
20,1 0,53 0,016y L L= - + , ʤʤ; 

ï ʧʨʠ m = 0,8 ʤ  
20,07 0,39 0,005y L L= - + , ʤʤ; 

ï ʧʨʠ m = 0,6 ʤ  
20,04 0,27 0,005y L L= - + , ʤʤ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʢʦʝʬʽʮʽʻʥʪʠ ʣʽʥʽʡʥʦʾ ʨʝʛʨʝʩʽʾ ʥʘʚʝʜʝʥʦ 

ʫʟʘʛʘʣʴʥʝʥʫ ʬʦʨʤʫʣʫ, ʱʦ ʜʘ̒  ʟʤʦʛʫ ʨʦʟʨʘʭʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʦʧʫʩʢʘʥʴ ʫ ʚʽʜ 

ʚʭʽʜʥʠʭ ʟʥʘʯʝʥʴ L ʪʘ m ʚ ʤʝʞʘʭ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʜʽʘʧʘʟʦʥʫ: 

2(0,16 0,05) (0,14 0,67 ) (0,03 0,02),y m L m L m= - + - + - ʤʤ. 

ɺʨʘʭʫʚʘʥʥʷ ʜʘʥʦʾ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʜʘʻ ʟʤʦʛʫ ʚ ʧʦʜʘʣʴʰʦʤʫ ʛʨʘʬʽʯʥʦ 

ʧʦʙʫʜʫʚʘʪʠ ʟʤʽʥʫ ʧʘʨʘʤʝʪʨʽʚ ʦʧʫʩʢʘʥʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦʾ ʧʦʢʨʽʚʣʽ ʚʽʜ ʧʦʪʫʞʥʦʩʪʽ 

ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ ʟʘ ʜʦʚʞʠʥʦʶ ʩʪʦʚʧʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʣʦʱʽ ʧʦʨʦʞʥʠʥʠ 

ʚʠʨʦʙʣʝʥʦʛʦ ʧʨʦʩʪʦʨʫ S1 ʽ S2 ʟʽ ʩʪʦʨʦʥʠ ʜʫʪʪʴʦʚʦʾ ʪʘ ʛʘʟʦʚʽʜʚʽʜʥʦʾ ʩʚʝʨʜʣʦʚʠʥ 

ʚʽʜʧʦʚʽʜʥʦ ʟʘ ʤʝʪʦʜʦʤ ʪʨʘʧʝʮʽʡ. ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘʚʝʜʝʥʦ 

ʥʘ ʨʠʩ. 5.9. 
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ʈʠʩʫʥʦʢ 5.9 ï ɿʘʣʝʞʥʦʩʪʽ ʟʤʽʥʠ ʧʣʦʱʽ ʧʦʨʦʞʥʠʥʠ ʚʠʨʦʙʣʝʥʦʛʦ ʧʨʦʩʪʦʨʫ 

ʟʽ ʩʪʦʨʦʥʠ ʜʫʪʪʴʦʚʦʾ ʩʚʝʨʜʣʦʚʠʥʠ ʚʽʜ ʧʦʪʫʞʥʦʩʪʽ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ 

 

ɸʥʘʣʽʟ ʜʘʥʠʭ ʨʠʩ. 5.9 ʧʦʢʘʟʫʻ, ʱʦ ʟʘʣʝʞʥʽʩʪʴ ʟʤʽʥʠ ʧʣʦʱʽ ʧʦʨʦʞʥʠʥʠ 

ʚʠʨʦʙʣʝʥʦʛʦ ʧʨʦʩʪʦʨʫ ʟʽ ʩʪʦʨʦʥʠ ʜʫʪʪʴʦʚʦʾ ʩʚʝʨʜʣʦʚʠʥʠ ʚʽʜ ʧʦʪʫʞʥʦʩʪʽ 

ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ ʦʧʠʩʫʻʪʴʩʷ ʣʽʥʽʡʥʦʶ ʟʘʣʝʞʥʽʩʪʶ:  

1 2 0,35 0,22S S m= = + , ʤ2,    (5.11) 
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ʜʝ m ï ʧʦʪʫʞʥʽʩʪʴ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ, ʤ. 

ʇʨʠ ʨʦʟʢʨʠʪʪʽ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚ ʟʦʥʽ 

ʚʠʛʘʟʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ ʧʽʜ ʜʽʻʶ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʜʠʤʘʥʥʷ 

ʧʽʜʦʰʚʠ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ, ʱʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʚ ʥʠʟʮʽ ʜʦʩʣʽʜʞʝʥʴ [37] ï

[40]. ʂʦʝʬʽʮʽʻʥʪ ʟʜʠʤʘʥʥʷ ʧʽʜʦʰʚʠ ʩʪʘʥʦʚʠʪʴ 1,15 ï 1,71 ʟʘʣʝʞʥʦ ʚʽʜ ʥʘʷʚʥʦʩʪʽ 

ʫ ʩʢʣʘʜʽ ʧʦʨʦʜʥʠʭ ʰʘʨʽʚ ʙʝʟʧʦʩʝʨʝʜʥʴʦʾ ʧʽʜʦʰʚʠ ʧʣʘʩʪʘ ʛʣʠʥʠʩʪʠʭ ʩʣʘʥʮʽʚ, ʱʦ 

ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʤʽʩʪʷʪʴ ʪʘʢʽ ʭʽʤʽʯʥʽ ʢʦʤʧʦʥʝʥʪʠ, ʷʢ SiO2, Al2O3/SiO2 ʽ ʉ. 

ʊʝʤʧʝʨʘʪʫʨʥʠʡ ʜʽʘʧʘʟʦʥ ʧʨʦʛʨʽʚʫ ʧʦʨʽʜ ʟʥʘʭʦʜʠʚʩʷ ʚ ʤʝʞʘʭ 1100 ï 1200 Üʉ. ɿ 

ʦʛʣʷʜʫ ʥʘ ʪʝ, ʱʦ ʦʙʣʘʩʪʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ, ʟʥʘʭʦʜʷʪʴʩʷ ʧʦʟʘ 

ʤʝʞʝʶ ʮʴʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʜʽʘʧʘʟʦʥʫ (ʜʠʚ. ʧ. 4.2, ʨʠʩ. 4.2), ʢʦʝʬʽʮʽʻʥʪ 

ʟʜʠʤʘʥʥʷ ʷʢ ʧʦʢʘʟʥʠʢ ʟʘʧʦʚʥʝʥʥʷ ʚʠʛʘʟʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ ʥʝ ʚʨʘʭʦʚʘʥʦ. ɸʣʝ 

ʚʨʘʭʦʚʘʥʦ ʧʘʨʘʤʝʪʨʠ ʧʦʪʫʞʥʦʩʪʽ ʰʘʨʫ ʟʦʣʴʥʦʛʦ ʟʘʣʠʰʢʫ ʫ ʚʽʜʧʨʘʮʴʦʚʘʥʦʤʫ 

ʧʨʦʩʪʦʨʽ, ʷʢʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʤʘʪʝʨʠʥʩʴʢʦʾ ʟʦʣʴʥʦʩʪʽ ʪʘ ʧʦʪʫʞʥʦʩʪʽ 

ʧʣʘʩʪʘ. ɼʣʷ ʛʽʨʥʠʯʦ-ʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʟʘʣʷʛʘʥʥʷ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ ʚ ʫʤʦʚʘʭ 

ʃʴʚʽʚʩʴʢʦ-ɺʦʣʠʥʩʴʢʦʛʦ ʚʫʛʽʣʴʥʦʛʦ ʙʘʩʝʡʥʫ ʫʩʝʨʝʜʥʝʥʽ ʧʦʢʘʟʥʠʢʠ ʟʦʣʴʥʦʩʪʽ 

ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʨʽʚʥʽ 18% [39]. ɼʣʷ ʫʤʦʚ ʇʨɸʊ çɼʊɽʂ ʇʘʚʣʦʛʨʘʜʚʫʛʽʣʣʷè, 

ʥʘʧʨʠʢʣʘʜ ʰʘʭʪʠ çʉʘʤʘʨʩʴʢʘè, ʜʘʥʽ ʟʥʘʯʝʥʥʷ ʟʤʽʥʶʶʪʴʩʷ ʚʽʜ 6,2 ʜʦ 9,0%, 

ʽʤ. ɻʝʨʦʾʚ ʂʦʩʤʦʩʫ ï ʚʽʜ 6,0 ʜʦ 18,8% [41]. ɺʨʘʭʦʚʫʶʯʠ ʚʠʱʝʟʘʟʥʘʯʝʥʫ 

ʽʥʬʦʨʤʘʮʽʶ ʥʝʦʙʭʽʜʥʦ ʚʥʦʩʠʪʠ ʜʦʧʦʚʥʝʥʥʷ ʫ ʚʠʟʥʘʯʝʥʥʷ ʟʤʽʥʠ ʧʣʦʱʽ 

ʧʦʨʦʞʥʠʥʠ ʚʠʨʦʙʣʝʥʦʛʦ ʧʨʦʩʪʦʨʫ ʟʽ ʩʪʦʨʦʥʠ ʜʫʪʪʴʦʚʦʾ ʩʚʝʨʜʣʦʚʠʥʠ ʚʽʜ 

ʧʦʪʫʞʥʦʩʪʽ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ. ʊʦʤʫ ʟʘʣʝʞʥʽʩʪʴ (5.11) ʥʘʙʫʚʘʻ ʥʘʩʪʫʧʥʦʛʦ 

ʚʠʛʣʷʜʫ: 

1 2 0,81...0,94(0,35 0,22),S S m= = +  ʤ2 

ʜʝ 0,81é0,94 ï ʢʦʝʬʽʮʽʻʥʪ ʟʤʝʥʰʝʥʥʷ ʧʣʦʱʽ ʚʠʛʘʟʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ S1 ʽ S2. 

ʊʦʤʫ ʚ ʧʦʜʘʣʴʰʦʤʫ ʦʪʨʠʤʘʥʦ ʟʘʣʝʞʥʦʩʪʽ ʟʤʽʥʠ ʦʙôʻʤʽʚ ʩʬʦʨʤʦʚʘʥʠʭ ʧʦʨʦʞʥʠʥ 

ʟʘ ʜʦʚʞʠʥʦʶ ʩʪʦʚʧʘ ʛʘʟʠʬʽʢʘʮʽʾ ʚʽʜ ʧʦʪʫʞʥʦʩʪʽ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ, ʱʦ ʥʘʚʝʜʝʥʦ 

ʥʘ ʨʠʩ. 5.10. 

ɸʥʘʣʽʟ ʜʘʥʠʭ ʨʠʩ. 5.10 ʜʘʻ ʟʤʦʛʫ ʚʠʟʥʘʯʠʪʠ ʧʦʪʝʥʮʽʡʥʦ ʤʦʞʣʠʚʽ 

ʧʘʨʘʤʝʪʨʠ ʫʪʠʣʽʟʘʮʽʾ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʫ ʧʣʦʱʠʥʽ ʧʽʜʟʝʤʥʦʛʦ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. ɺʨʘʭʦʚʫʶʯʠ ʧʘʨʘʤʝʪʨʠ ʦʙôʻʤʽʚ ʩʬʦʨʤʦʚʘʥʠʭ ʧʦʨʦʞʥʠʥ ʟʘ 
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ʜʦʚʞʠʥʦʶ ʩʪʦʚʧʘ ʛʘʟʠʬʽʢʘʮʽʾ ʚʽʜ ʧʦʪʫʞʥʦʩʪʽ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʚ ʥʠʭ ʤʦʞʥʘ ʜʦʜʘʪʢʦʚʦ ʫʪʠʣʽʟʫʚʘʪʠ ʚʽʜ 0,49 ʜʦ 0,73 ʪʠʩ. ʤ3 ʛʘʟʫ ʉʆ2. ʊʦʜʽ 

ʫʟʘʛʘʣʴʥʝʥʘ ʬʦʨʤʫʣʘ ʟ ʚʠʟʥʘʯʝʥʥʷ ʦʙôʻʤʽʚ ʩʬʦʨʤʦʚʘʥʠʭ ʧʦʨʦʞʥʠʥ ʟʘ 

ʜʦʚʞʠʥʦʶ ʩʪʦʚʧʘ ʛʘʟʠʬʽʢʘʮʽʾ ʚʽʜ ʧʦʪʫʞʥʦʩʪʽ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ ʽ ʾʭ 

ʤʘʪʝʨʠʥʩʴʢʦʾ ʟʦʣʴʥʦʩʪʽ ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ: 

1 2 418,8 4,2 2,6 260,9,d dV V m A m A+ = - - +  ʤ3, 

ʜʝ Ad ï ʤʘʪʝʨʠʥʩʴʢʘ ʟʦʣʴʥʽʩʪʴ, %; m ï ʧʦʪʫʞʥʽʩʪʴ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ, ʤ. 
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ʈʠʩʫʥʦʢ 5.10 ï ɿʤʽʥʠ ʦʙôʻʤʽʚ ʩʬʦʨʤʦʚʘʥʠʭ ʧʦʨʦʞʥʠʥ ʟʘ ʜʦʚʞʠʥʦʶ 

ʩʪʦʚʧʘ ʛʘʟʠʬʽʢʘʮʽʾ ʚʽʜ ʧʦʪʫʞʥʦʩʪʽ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ 

 

ʇʦʜʘʣʴʰʠʤ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʚʠʟʥʘʯʝʥʦ ʧʘʨʘʤʝʪʨʠ ʧʦʨʦʞʥʠʥʠ 

ʨʦʟʰʘʨʫʚʘʥʥʷ ʫ ʧʦʨʦʜʘʭ ʧʦʢʨʽʚʣʽ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʾʭ ʦʮʽʥʢʠ ʱʦʜʦ ʤʦʞʣʠʚʠʭ 

ʦʙôʻʤʽʚ ʫʪʠʣʽʟʘʮʽʾ ʉʆ2. 

ʅʘ ʧʨʠʢʣʘʜʽ ʛʘʟʠʬʽʢʘʮʽʾ ʧʣʘʩʪʘ n7
ʥ ʰʘʭʪʠ çʏʝʨʚʦʥʦʛʨʘʜʩʴʢʘè 

ɼʇ çʃʴʚʽʚʚʫʛʽʣʣʷè ʪʘ ʧʣʘʩʪʘ ʩ9 ʰʘʭʪʠ ʽʤ. ɻʝʨʦʾʚ ʂʦʩʤʦʩʫ ʇʨɸʊ çɼʊɽʂ 

ʇʘʚʣʦʛʨʘʜʚʫʛʽʣʣʷè ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʪʘ ʦʙˇʨʫʥʪʦʚʘʥʦ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʧʽʜʭʦʜʫ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʚʠʟʥʘʯʝʥʥʷ ʨʘʮʽʦʥʘʣʴʥʠʭ ʤʽʩʮʴ ʜʣʷ 

ʟʘʢʘʯʫʚʘʥʥʷ CO2 ʫ ʛʽʨʩʴʢʠʡ ʤʘʩʠʚ ʥʘʚʢʦʣʦ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. ʉʣʽʜ 

ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʨʦʪʽʢʘʥʥʷ ʛʝʦʤʝʭʘʥʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʧʦʨʦʜʥʦʤʫ ʤʘʩʠʚʽ, ʜʝ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʛʘʟʠʬʽʢʘʮʽʷ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ, ʧʦʪʨʝʙʫʻ ʚʩʝʙʽʯʥʦʛʦ ʘʥʘʣʽʟʫ, ʷʢʽʩʥʦʾ 
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ʪʘ ʢʦʤʧʣʝʢʩʥʦʾ ʦʮʽʥʢʠ. ʎʝ ʜʘʻ ʟʤʦʛʫ ʪʦʯʥʽʰʝ ʧʨʦʛʥʦʟʫʚʘʪʠ ʧʦʚʝʜʽʥʢʫ ʧʦʨʽʜ, 

ʟʘʙʝʟʧʝʯʫʶʯʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ. ʅʘ ʩʴʦʛʦʜʥʽ ʽʩʥʫʶʯʽ 

ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʧʦʨʽʜ ʥʝ ʚʨʘʭʦʚʫʶʪʴ 

ʦʩʦʙʣʠʚʦʩʪʽ ʙʫʜʦʚʠ ʧʦʨʦʜʥʦʛʦ ʤʘʩʠʚʫ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʘʩʧʝʢʪʠ ʚʝʜʝʥʥʷ ʨʦʙʽʪ 

ʧʽʜ ʯʘʩ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ. ɹʽʣʴʰʽʩʪʴ ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ ʧʨʠʪʘʤʘʥʥʘ 

ʪʝʭʥʦʣʦʛʽʷʤ ʤʝʭʘʥʽʯʥʦʾ ʨʫʡʥʘʮʽʾ ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ ʽ ʨʦʟʚôʷʟʫʻ ʦʢʨʝʤʽ ʧʨʠʢʣʘʜʥʽ 

ʟʘʜʘʯʽ ʟ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʢʦʥʚʝʨʛʝʥʮʽʾ ʙʦʢʦʚʠʭ ʧʦʨʽʜ, ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʤʝʭʘʥʽʟʦʚʘʥʝ ʢʨʽʧʣʝʥʥʷ, ʢʨʦʢʫ ʧʦʩʘʜʢʠ ʧʦʢʨʽʚʣʽ ʪʦʱʦ. ʊʦʤʫ ʬʦʨʤʫʚʘʥʥʷ 

ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʧʽʜʭʦʜʫ ʱʦʜʦ ʫʪʠʣʽʟʘʮʽʾ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ ʧʨʠ ʩʚʝʨʜʣʦʚʠʥʥʽʡ 

ʧʽʜʟʝʤʥʽʡ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʰʘʭʪ çʏʝʨʚʦʥʦʛʨʘʜʩʴʢʘè ʪʘ ʽʤ. ɻʝʨʦʾʚ ʂʦʩʤʦʩʫ 

ʧʝʨʝʜʙʘʯʘʣʦ ʨʦʟʚôʷʟʘʥʥʷ ʪʘʢʠʭ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʠʭ ʟʘʚʜʘʥʴ: ʜʦʩʣʽʜʞʝʥʥʷ ʛʽʨʥʠʯʦ-

ʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʟʘʣʷʛʘʥʥʷ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ n7
ʥ ʰʘʭʪʠ çʏʝʨʚʦʥʦʛʨʘʜʩʴʢʘè ʽ ʩ9 

ʰʘʭʪʠ ʽʤ. ɻʝʨʦʾʚ ʂʦʩʤʦʩʫ (ʧʨʦʚʝʜʝʥʦ ʚʠʙʽʨ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʩʬʦʨʤʦʚʘʥʦ 

ʚʠʭʽʜʥʽ ʜʘʥʽ); ʜʦʩʣʽʜʞʝʥʥʷ ʛʝʦʤʝʭʘʥʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʛʽʨʩʴʢʦʤʫ ʤʘʩʠʚʽ ʥʘʚʢʦʣʦ 

ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ; ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʬʦʨʤʫʚʘʥʥʷ ʧʦʨʦʞʥʠʥ 

ʨʦʟʰʘʨʫʚʘʥʥʷ ʫ ʧʦʢʨʽʚʣʽ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʜʣʷ ʟʘʭʦʨʦʥʝʥʥʷ ʜʽʦʢʩʠʜʫ 

ʚʫʛʣʝʮʶ. 

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʰʘʭʪʠ çʏʝʨʚʦʥʦʛʨʘʜʩʴʢʘè ʩʣʫʛʫʻ ʛʽʨʩʴʢʠʡ ʤʘʩʠʚ, 

ʱʦ ʚʤʽʱʫʻ ʚʫʛʽʣʴʥʽ ʧʣʘʩʪʠ n9, n8
ʚ, n8, n7

ʚ, n7 ʪʘ n7
ʥ ʧʦʣʦʛʦʛʦ, ʙʣʠʟʴʢʦʛʦ ʜʦ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʟ ʥʝʟʥʘʯʥʠʤ ʥʘʭʠʣʦʤ ʥʘ ʟʘʭʽʜ ʟʘʣʷʛʘʥʥʷ. ʂʫʪʠ ʧʘʜʽʥʥʷ ʥʝ 

ʧʝʨʝʚʠʱʫʶʪʴ 2 ï 3Ü. ɼʣʷ ʧʨʠʢʣʘʜʫ ʘʚʪʦʨʘʤʠ ʨʦʙʦʪʠ ʥʘʚʝʜʝʥʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ 

ʟʘʣʷʛʘʥʥʷ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ ʫ ʤʝʞʘʭ ʰʘʭʪʥʦʛʦ ʧʦʣʷ ʰʘʭʪʠ çʏʝʨʚʦʥʦʛʨʘʜʩʴʢʘè. 

ʐʘʭʪʘ çʏʝʨʚʦʥʦʛʨʘʜʩʴʢʘè ʻ ʦʜʥʠʤ ʟʽ ʩʪʨʫʢʪʫʨʥʠʭ ʧʽʜʨʦʟʜʽʣʽʚ 

ɼʇ çʃʴʚʽʚʚʫʛʽʣʣʷè. ʋ ʛʝʦʣʦʛʽʯʥʦʤʫ ʚʽʜʥʦʰʝʥʥʽ ʰʘʭʪʥʝ ʧʦʣʝ ʨʦʟʪʘʰʦʚʘʥʝ ʚ 

ʧʽʚʥʽʯʥʽʡ ʯʘʩʪʠʥʽ ʄʝʞʠʨʽʯʘʥʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ ʃʴʚʽʚʩʴʢʦ-ɺʦʣʠʥʩʴʢʦʛʦ 

ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʛʦ ʙʘʩʝʡʥʫ [42].  

ʍʘʨʘʢʪʝʨʥʠʤ ʜʣʷ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ ʻ ʥʝʚʠʪʨʠʤʘʥʽʩʪʴ ʩʪʨʫʢʪʫʨʠ ʽ 

ʧʦʪʫʞʥʦʩʪʽ ʜʦ ʥʝʨʦʙʦʯʦʾ, ʟʙʽʣʴʰʝʥʥʷ ʟʦʣʴʥʦʩʪʽ ʜʦ ʥʝʢʦʥʜʠʮʽʡʥʦʾ. ʇʣʘʩʪ ʧ7
ʥ 

çʉʦʢʘʣʴʩʴʢʠʡè ʻ ʥʘʡʥʠʞʯʠʤ ʧʣʘʩʪʦʤ ʫ ʙʘʩʝʡʥʽ, ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʥʝʚʠʪʨʠʤʘʥʽʩʪʶ ʧʦ ʧʣʦʱʽ ʽ ʥʘ ʧʦʣʽ ʰʘʭʪʠ çʏʝʨʚʦʥʦʛʨʘʜʩʴʢʘè ʻ ʧʦʚʥʽʩʪʶ 
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ʨʦʟʤʠʪʠʡ. ʅʘ ʰʘʭʪʽ çʃʽʩʦʚʘè ʮʝʡ ʧʣʘʩʪ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʦʪʫʞʥʽʩʪʶ ʚʽʜ 1,3 ʜʦ 

1,63 ʤ, ʘ ʥʘ ʰʘʭʪʽ çɺʝʣʠʢʦʤʦʩʪʽʚʩʴʢʘè ʡʦʛʦ ʧʦʪʫʞʥʽʩʪʴ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 1,25 ʜʦ 

1,45 ʤ. ɹʘʣʘʥʩʦʚʽ ʟʘʧʘʩʠ ʧʣʘʩʪʘ ʧ7
ʥ, ʟʜʝʙʽʣʴʰʦʛʦ, ʚʽʜʧʨʘʮʴʦʚʘʥʽ. ɿʘʣʠʰʠʣʘʩʷ 

ʥʝʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʟʘʧʘʩʽʚ ʥʘ ʦʢʨʝʤʠʭ ʜʽʣʷʥʢʘʭ ʧʽʚʜʝʥʥʦʛʦ ʽ ʧʽʚʥʽʯʥʦʛʦ ʢʨʠʣʘ, ʽ 

ʙʽʣʷ ʚʠʨʦʙʦʢ ʛʦʣʦʚʥʠʭ ʥʘʧʨʷʤʢʽʚ. ʇʦʢʨʽʚʣʷ ï ʘʨʛʽʣʽʪ, ʧʽʜʦʰʚʘ ï ʘʣʝʚʨʦʣʽʪ. 

ɻʣʠʙʠʥʘ ʟʘʣʷʛʘʥʥʷ ʧʣʘʩʪʘ ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 423 ʤ ʫ ʩʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʰʘʭʪʥʦʛʦ 

ʧʦʣʷ ʽ ʜʦ 482 ʤ ï ʫ ʟʘʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʰʘʭʪʥʦʛʦ ʧʦʣʷ. 

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʰʘʭʪʠ ʽʤ. ɻʝʨʦʾʚ ʂʦʩʤʦʩʫ ʩʣʫʛʫʻ ʛʽʨʩʴʢʠʡ ʤʘʩʠʚ, 

ʱʦ ʚʤʽʱʫʻ ʚʫʛʽʣʴʥʠʡ ʧʣʘʩʪ ʩ9 ʧʦʪʫʞʥʽʩʪʶ 0,94 ʤ. ɹʝʟʧʦʩʝʨʝʜʥʷ ʧʦʢʨʽʚʣʷ ʧʣʘʩʪʘ 

ʩʢʣʘʜʝʥʘ ʢʚʘʨʮʦʚʠʤ ʧʽʩʢʦʚʠʢʦʤ, ʥʘ ʛʣʠʥʠʩʪʦʤʫ ʪʘ ʚʘʧʥʷʥʦ-ʛʣʠʥʠʩʪʦʤʫ 

ʮʝʤʝʥʪʽ, ʦʙʚʦʜʥʝʥʠʤ, ʧʦʪʫʞʥʽʩʪʶ 0,10 ï 1,0 ʤ, ʘʨʛʽʣʽʪʦʤ ʥʝʩʪʽʡʢʠʤ (ʢʦʝʬʽʮʽʻʥʪ 

ʤʽʮʥʦʩʪʽ f = 1,0 ï 1,5), ʧʦʪʫʞʥʽʩʪʶ 1,0 ï 10,0 ʤ ʪʘ ʘʣʝʚʨʦʣʽʪʦʤ ʥʝʩʪʽʡʢʠʤ 

(ʢʦʝʬʽʮʽʻʥʪ ʤʽʮʥʦʩʪʽ f = 2,0 ï 2,5), ʧʦʪʫʞʥʽʩʪʶ 1,0 ï 2,5 ʤ. ʇʽʩʢʦʚʠʢ ʤʘʻ 

ʩʣʘʙʢʠʡ ʟʚôʷʟʦʢ ʽʟ ʧʽʜʩʪʠʣʘʶʯʠʤʠ ʧʦʨʦʜʘʤʠ. ʅʘ ʜʽʣʷʥʢʘʭ, ʜʝ ʚʽʜʩʪʘʥʴ ʚʽʜ 

ʧʦʢʨʽʚʣʽ ʧʣʘʩʪʘ ʜʦ ʧʽʩʢʦʚʠʢʘ ʤʝʥʰʝ 1,0 ʤ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʙʚʘʣ ʧʽʜʩʪʠʣʘʶʯʠʭ 

ʧʦʨʽʜ ʥʘ ʧʦʚʥʫ ʧʦʪʫʞʥʽʩʪʴ. ɹʝʟʧʦʩʝʨʝʜʥʷ ʧʽʜʦʰʚʘ ʧʣʘʩʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʘʨʛʽʣʽʪʦʤ ʢʦʤʢʫʚʘʪʦʾ ʪʝʢʩʪʫʨʠ, ʜʫʞʝ ʥʝʩʪʽʡʢʠʤ (ʢʦʝʬʽʮʽʻʥʪ ʤʽʮʥʦʩʪʽ f = 0,8 ï 

1,0), ʩʭʠʣʴʥʠʤ ʜʦ ʽʥʪʝʥʩʠʚʥʦʛʦ ʟʜʠʤʘʥʥʷ ʽ ʨʦʟʤʦʢʘʥʥʷ ʫ ʚʦʜʽ ʟʘ 2 ï 4 ʛʦʜ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ 

ʛʽʨʥʠʯʦ-ʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʟʘʣʷʛʘʥʥʷ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ ʙʫʣʦ ʚʽʜʪʚʦʨʝʥʦ 

ʫʩʝʨʝʜʥʝʥʫ ʩʪʨʘʪʠʛʨʘʬʽʯʥʫ ʢʦʣʦʥʢʫ, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻ ʫʤʦʚʠ ʟʘʣʷʛʘʥʥʷ ʧʣʘʩʪʽʚ 

ʫ ʤʝʞʘʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʜʽʣʷʥʦʢ ʰʘʭʪʥʠʭ ʧʦʣʽʚ. ɼʘʥʠʡ ʧʽʜʭʽʜ ʻ ʜʦʮʽʣʴʥʠʤ 

ʦʩʢʽʣʴʢʠ ʢʦʞʥʦʤʫ ʩʪʨʫʢʪʫʨʥʦʤʫ ʧʽʜʨʦʟʜʽʣʽ ʜʘʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʚ ʤʝʞʘʭ 

ʰʘʭʪʥʠʭ ʧʦʣʽʚ ʻ ʩʚʦʻ ʷʢ ʩʧʽʣʴʥʽ, ʪʘʢ ʽ ʚʽʜʤʽʥʥʽ ʨʠʩʠ ʱʦʜʦ ʟʘʣʷʛʘʥʥʷ ʚʫʛʽʣʴʥʠʭ 

ʧʣʘʩʪʽʚ. 

ʇʦʩʪʘʚʣʝʥʝ ʟʘʚʜʘʥʥʷ ʟ ʜʦʩʣʽʜʞʝʥʥʷ ʛʝʦʤʝʭʘʥʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʛʽʨʩʴʢʦʤʫ 

ʤʘʩʠʚʽ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʧʦʨʦʞʥʠʥ ʨʦʟʰʘʨʫʚʘʥʥʷ ʚ ʧʦʢʨʽʚʣʽ ʧʽʜʟʝʤʥʦʛʦ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʨʦʟʚôʷʟʫʚʘʣʠ ʰʣʷʭʦʤ ʩʪʚʦʨʝʥʥʷ ʬʽʟʠʯʥʦʾ ʪʘ ʤʘʪʝʤʘʪʠʯʥʦʾ 

ʤʦʜʝʣʽ, ʱʦ ʚʨʘʭʦʚʫʻ ʚʠʥʠʢʥʝʥʥʷ ʪʝʭʥʦʛʝʥʥʦʾ ʪʨʽʱʠʥʫʚʘʪʦʩʪʽ ʧʦʨʦʜʥʦʛʦ ʤʘʩʠʚʫ 

ʧʽʜ ʜʽʻʶ ʪʠʩʢʫ ʪʘ ʚʧʣʠʚʫ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʛʽʨʥʠʯʦ-
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ʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʟʘʣʷʛʘʥʥʷ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ, ʷʢʠʡ ʛʘʟʠʬʽʢʫʻʪʴʩʷ, ʽ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʛʝʦʤʝʭʘʥʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʦʟʰʘʨʫʚʘʥʴ ʧʦʨʦʜʥʦʛʦ ʤʘʩʠʚʫ ʥʘ ʜʽʣʷʥʮʽ 

ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʥʘʧʨʫʞʝʥʦ-

ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʧʦʨʽʜ, ʘʣʛʦʨʠʪʤ ʷʢʦʛʦ ʟʘʢʣʘʜʝʥʦ ʚ ʧʨʦʛʨʘʤʥʦʤʫ 

ʟʘʙʝʟʧʝʯʝʥʥʽ ñGeoDenamics Liteò. ʇʽʜ ʯʘʩ ʘʥʘʣʽʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʟʥʘʯʘʶʪʴ 

ʛʝʦʤʝʪʨʠʯʥʽ ʪʘ ʬʽʟʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʝʧʶʨ ʥʘʚʘʥʪʘʞʝʥʴ, ʦʧʫʩʢʘʥʥʷ ʪʘ 

ʛʦʨʠʟʦʥʪʘʣʴʥʽ ʧʝʨʝʤʽʱʝʥʥʷ ʧʦʨʦʜʥʠʭ ʰʘʨʽʚ ʟʨʫʰʝʥʦʛʦ ʤʘʩʠʚʫ ʫ ʚʠʛʣʷʜʽ 

ʪʘʙʣʠʮʴ, ʛʨʘʬʽʢʽʚ ʪʘ ʝʧʶʨ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʢʦʨʝʣʶʶʪʴʩʷ ʟ ʜʘʥʠʤʠ, ʷʢʽ 

ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ ʧʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ɸʥʘʣʽʪʠʯʥʘ ʤʦʜʝʣʴ ʜʦʩʣʽʜʞʝʥʴ ʧʘʨʘʤʝʪʨʽʚ ʝʧʶʨ ʥʘʚʘʥʪʘʞʝʥʴ ʫ ʰʘʨʫʚʘʪʦ-

ʧʦʨʦʜʥʦʤʫ ʤʘʩʠʚʽ ʧʽʜ ʯʘʩ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ ʦʙʫʤʦʚʣʶʻ ʜʚʽ 

ʨʦʟʨʘʭʫʥʢʦʚʽ ʩʭʝʤʠ. ʐʘʨʫʚʘʪʠʡ ʧʦʨʦʜʥʠʡ ʤʘʩʠʚ ʟ ʥʝʞʦʨʩʪʢʠʤ ʟʘʱʝʤʣʝʥʥʷʤ 

ʤʦʜʝʣʶʻ ʧʦʚʝʜʽʥʢʫ ʦʩʥʦʚʥʦʾ ʧʦʢʨʽʚʣʽ ʚʝʨʭʥʴʦʾ ʪʦʚʱʽ, ʜʨʫʛʘ ʩʭʝʤʘ ʽʤʽʪʫʻ ʥʝ 

ʞʦʨʩʪʢʦ ʟʘʪʠʩʥʝʥʫ ʢʦʥʩʦʣʴ, ʱʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦʾ ʧʦʢʨʽʚʣʽ 

[43], [44]. 

ʆʩʥʦʚʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʘʥʘʣʽʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʻ 

ʛʽʨʥʠʯʦ-ʛʝʦʣʦʛʽʯʥʽ ʜʘʥʽ ʩʪʨʘʪʠʛʨʘʬʽʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʩʚʝʨʜʣʦʚʠʥ ʽ ʪʝʭʥʦʣʦʛʽʯʥʽ 

ʧʘʨʘʤʝʪʨʠ ʚʝʜʝʥʥʷ ʧʨʦʮʝʩʫ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ. ʇʦʨʦʜʦ-ʚʫʛʽʣʴʥʫ 

ʪʦʚʱʫ ʥʘʚʢʦʣʦ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʧʦʜʽʣʷʶʪʴ ʥʘ ʧʦʨʦʜʥʽ ʰʘʨʠ ʟʛʽʜʥʦ ʟ 

ʣʽʪʦʣʦʛʽʯʥʦʶ ʨʽʟʥʠʮʝʶ ʟ ʥʫʤʝʨʘʮʽʻʶ ʰʘʨʽʚ ʚʽʜ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ, ʷʢʠʡ 

ʛʘʟʠʬʽʢʫʻʪʴʩʷ, ʜʦ ʜʝʥʥʦʾ ʧʦʚʝʨʭʥʽ. ɺʠʢʦʥʘʥʥʷ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ 

ʨʦʟʰʘʨʫʚʘʥʥʷ ʧʦʨʦʜʦ-ʚʫʛʽʣʴʥʦʾ ʪʦʚʱʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʜʚʘ ʝʪʘʧʠ. ʅʘ ʧʝʨʰʦʤʫ 

ʝʪʘʧʽ ʜʦʩʣʽʜʞʝʥʴ ʚʠʟʥʘʯʘʶʪʴʩʷ ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʝʧʶʨ ʥʘʚʘʥʪʘʞʝʥʴ (a, d0, 

f1, f2, lʧʨ, lp) ʜʣʷ ʭʘʨʘʢʪʝʨʥʠʭ ʧʦʨʦʜʥʠʭ ʰʘʨʽʚ ʚʽʜ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ, ʱʦ 

ʛʘʟʠʬʽʢʫʻʪʴʩʷ, ʜʦ ʧʦʚʝʨʭʥʽ. ɻʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʻ ʚʝʣʠʯʠʥʠ 

ʚʽʣʴʥʠʭ ʦʧʫʩʢʘʥʴ ʧʦʨʦʜʥʦʛʦ ʰʘʨʫ, ʟʘ ʷʢʠʭ ʥʘʜ ʚʠʛʘʟʦʚʘʥʠʤ ʧʨʦʩʪʦʨʦʤ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚʽʜʩʫʪʥʽʩʪʴ ʨʝʘʢʮʽʾ, ʘ ʥʘ ʦʧʦʨʥʫ ʟʦʥʫ ʪʠʩʢʫ 

ʧʝʨʝʜʘʻʪʴʩʷ ʤʘʩʘ ʚʽʜ ʧʽʜʨʦʙʣʝʥʦʛʦ ʧʦʨʦʜʥʦʛʦ ʤʘʩʠʚʫ. ɿʛʽʜʥʦ ʟ ʨʦʟʨʘʭʫʥʢʦʤ 

ʚʠʟʥʘʯʘʶʪʴ ʛʨʘʥʠʯʥʠʡ ʧʨʦʣʽʪ ʧʦʨʦʜʥʠʭ ʰʘʨʽʚ, ʧʨʠ ʮʴʦʤʫ ʤʘʢʩʠʤʘʣʴʥʽ 
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ʦʧʫʩʢʘʥʥʷ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘʜʘʥʠʤ, ʘ ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʚʩʪʘʥʦʚʣʝʥʠʤ ʧʘʨʘʤʝʪʨʘʤ. 

ʇʨʠ ʧʽʜʟʝʤʥʽʡ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʧʦʨʦʜʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦʾ ʧʦʢʨʽʚʣʽ ʥʘʜ 

ʚʦʛʥʝʚʠʤ ʚʠʙʦʻʤ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʟʥʘʭʦʜʷʪʴʩʷ ʧʽʜ ʚʧʣʠʚʦʤ ʚʠʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ. ɺʝʣʠʯʠʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ ʟʤʽʥʶʻʪʴʩʷ ʧʦ 

ʜʦʚʞʠʥʽ ʨʝʘʢʮʽʡʥʦʛʦ ʢʘʥʘʣʫ. ʄʘʢʩʠʤʫʤ ʪʝʤʧʝʨʘʪʫʨ ʫ 1100 ï 1300 Üʉ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʘ ʤʝʞʽ ʧʝʨʝʭʦʜʫ ʦʢʠʩʣʶʚʘʣʴʥʦʾ ʟʦʥʠ ʫ ʚʽʜʥʦʚʣʶʚʘʣʴʥʫ. ʊʦʤʫ 

ʧʦʨʦʜʠ ʥʘʜ ʚʦʛʥʝʚʠʤ ʚʠʙʦʻʤ ʧʽʜʜʘʶʪʴʩʷ ʨʽʟʥʠʤ ʪʝʨʤʦʥʘʚʘʥʪʘʞʝʥʥʷʤ. ʊʘʢʘ 

ʩʘʤʘ ʩʠʪʫʘʮʽʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫ ʚʠʛʘʟʦʚʘʥʦʤʫ ʧʨʦʩʪʦʨʽ [45], [46]. 

ʋ ʥʠʟʮʽ ʨʦʙʽʪ, ʧʨʠʩʚʷʯʝʥʠʭ ʧʨʫʞʥʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʧʽʜ ʯʘʩ 

ʚʧʣʠʚʫ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʥʘ ʣʘʙʦʨʘʪʦʨʥʠʭ ʽ ʩʪʝʥʜʦʚʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ 

ʚʩʪʘʥʦʚʣʝʥʦ ʟʤʽʥʫ ʛʫʩʪʠʥʠ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʧʽʜ ʚʧʣʠʚʦʤ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʧʨʦʛʨʽʚʫ [47] ï [49]. ʋ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ ʟʙʽʣʴʰʝʥʥʷ ʦʙôʻʤʫ 

ʧʦʨʽʜ ʥʘ 5 ï 28% ʚʽʜ ʧʦʯʘʪʢʦʚʦʛʦ. ɺʥʘʩʣʽʜʦʢ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʧʽʜ 

ʯʘʩ ʚʧʣʠʚʫ ʥʘ ʧʦʨʦʜʠ ʧʦʢʨʽʚʣʽ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ɽ ʧʦʨʽʜ 

ʙʫʜʝ ʟʤʽʥʶʚʘʪʠʩʷ ʟʘ ʣʽʥʽʡʥʠʤ ʟʘʢʦʥʦʤ. ʋ ʧʦʜʘʣʴʰʠʭ ʨʦʟʨʘʭʫʥʢʘʭ ʥʘʧʨʫʞʝʥʦ-

ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʥʠʞʥʴʦʾ ʧʦʨʦʜʥʦʾ ʧʘʯʢʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦʾ ʧʦʢʨʽʚʣʽ ʩʣʽʜ 

ʚʨʘʭʦʚʫʚʘʪʠ ʟʤʽʥʠ ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ ʧʽʜ ʜʽʻʶ ʪʝʤʧʝʨʘʪʫʨ. ʂʦʝʬʽʮʽʻʥʪ 

ʧʨʫʞʥʦʩʪʽ ʟʤʽʥʶʚʘʪʠʤʝʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʧʣʠʚʫ 

kt = 1,05 ï 1,28. 

ʇʽʜ ʯʘʩ ʚʠʟʥʘʯʝʥʥʷ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʝʧʶʨ ʥʘʚʘʥʪʘʞʝʥʴ ʨʦʟʨʘʭʫʥʦʢ 

ʚʝʜʝʪʴʩʷ ʚʽʜ ʧʦʚʝʨʭʥʽ ʜʦ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ, ʱʦ ʛʘʟʠʬʽʢʫʻʪʴʩʷ. ʇʨʠ ʮʴʦʤʫ 

ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʦʙʫʤʦʚʣʶʶʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʦʧʫʩʢʘʥʴ 

ʧʦʨʦʜʥʠʭ ʰʘʨʽʚ. ɼʣʷ ʩʧʨʦʱʝʥʥʷ ʟʘʚʜʘʥʥʷ ʫ ʧʽʜʨʦʙʣʝʥʦʤʫ ʛʽʨʩʴʢʦʤʫ ʤʘʩʠʚʽ 

ʚʠʜʽʣʷʶʪʴʩʷ ʧʦʨʦʜʥʽ ʰʘʨʠ, ʚ ʦʩʥʦʚʽ ʷʢʠʭ ʟʘʢʣʘʜʝʥʦ ʙʽʣʴʰ ʪʚʝʨʜʽ çʞʦʨʩʪʢʽè 

ʰʘʨʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʘʨʘʤʝʪʨʠ ʟʩʫʚʫ. ɼʘʣʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʘʨʘʤʝʪʨʠ 

ʨʦʟʧʦʜʽʣʫ ʨʝʘʢʮʽʡ ʽ ʥʦʨʤʘʣʴʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʫ ʧʘʯʮʽ ʧʦʨʦʜʥʠʭ ʰʘʨʽʚ ʽ 

ʦʙʯʠʩʣʶʶʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʠ ɺ1, ɺ2, ɺ3, ʷʢʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʝʧʶʨ 

ʥʘʚʘʥʪʘʞʝʥʴ. ʉʪʘʥ ʧʦʨʽʜ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʛʦʣʦʚʥʠʤʠ ʥʘʧʨʫʞʝʥʥʷʤʠ G1G2 ʽ ʟʘ 

ʢʨʠʪʝʨʽʻʤ ʦʧʦʨʫ ʧʦʨʽʜ ʥʘ ʦʜʥʦʚʽʩʥʠʡ ʩʪʠʩʢ SPR. ʋʤʦʚʠ ʨʫʡʥʫʚʘʥʥʷ ʧʦʨʦʜʠ 
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ʧʦʢʨʽʚʣʽ ʚʽʜ ʟʛʠʥʘʣʴʥʦʛʦ ʤʦʤʝʥʪʫ ʚ ʧʦʨʦʜʥʦʤʫ ʰʘʨʽ ʚʠʥʠʢʘʶʪʴ ʥʘʧʨʫʞʝʥʥʷ ʥʘ 

ʚʽʜʨʠʚ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʥʘʰʘʨʫʚʘʥʥʶ. ɿʛʽʜʥʦ ʟ ʧʨʠʡʥʷʪʦʶ ʬʽʟʠʯʥʦʶ ʤʦʜʝʣʣʶ 

ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʦʶ ʩʭʝʤʦʶ, ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʘʧʨʫʞʝʥʥʷ ʚ ʨʽʟʥʠʭ ʧʝʨʝʨʽʟʘʭ 

ʧʦʨʦʜʥʦʛʦ ʰʘʨʫ, ʧʦʧʝʨʝʯʥʽ ʩʠʣʠ Qx ʪʘ ʟʛʠʥʘʣʴʥʠʡ ʤʦʤʝʥʪ ʄʭ. ɿʘ ʜʝʬʦʨʤʘʮʽʷʤʠ 

ʧʦʨʽʜ ʯʝʨʝʟ ʛʦʨʠʟʦʥʪʘʣʴʥʽ ʧʝʨʝʤʽʱʝʥʥʷ Nʭ ʚʠʟʥʘʯʘʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ ʚʝʨʪʠʢʘʣʴʥʠʭ 

ʪʨʽʱʠʥ ʽ ʦʧʫʩʢʘʥʥʷ ʧʦʨʦʜʥʠʭ ʰʘʨʽʚ yʭ ʧʽʜʨʦʙʣʝʥʦʛʦ ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ [43], [50]. 

ʋ ʧʨʦʛʨʘʤʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʧʝʨʝʜʙʘʯʝʥʦ ʙʣʦʢ, ʱʦ ʟʜʽʡʩʥʶʻ ʧʝʨʝʚʽʨʢʫ 

ʧʦʨʦʜʥʠʭ ʰʘʨʽʚ ʥʘ ʨʦʟʰʘʨʫʚʘʥʥʷ. ɼʦʪʠʯʥʽ ʪʘ ʚʽʜʨʠʚʥʽ ʥʘʧʨʫʞʝʥʥʷ ʫ ʧʦʨʦʜʥʠʭ 

ʰʘʨʘʭ, ʩʧʨʠʯʠʥʝʥʽ ʧʦʧʝʨʝʯʥʠʤʠ ʩʠʣʘʤʠ Q, ʟʛʠʥʘʣʴʥʠʤ ʤʦʤʝʥʪʦʤ ʽ ʚʣʘʩʥʦʶ 

ʚʘʛʦʶ ʧʦʨʽʜ, ʻ ʢʨʠʪʝʨʽʷʤʠ ʧʝʨʝʚʽʨʢʠ. ʈʦʟʰʘʨʫʚʘʥʥʷ ʧʦʨʦʜʥʦʛʦ ʰʘʨʫ 

ʚʽʜʙʫʚʘʪʠʤʝʪʴʩʷ ʟʘ ʫʤʦʚ: ʷʢʱʦ ʤʽʮʥʽʩʪʴ ʧʦʨʽʜ ʥʘ ʚʽʜʨʠʚ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ 

ʥʘʰʘʨʫʚʘʥʥʶ Gʚʽʜ > Rʚʽʜ, ʘʙʦ ʤʽʮʥʽʩʪʴ ʧʦʨʽʜ ʥʘ ʩʢʦʣʶʚʘʥʥʷ ʧʘʨʘʣʝʣʴʥʘ 

ʥʘʰʘʨʫʚʘʥʥʶ tʟʛ > Rcʢ. ʈʦʟʨʘʭʫʥʢʦʤ ʫ ʟʘʜʘʥʠʭ ʧʝʨʝʨʽʟʘʭ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʤʽʩʮʷ 

ʨʦʟʰʘʨʫʚʘʥʥʷ ʧʦʨʽʜ, ʧʦʪʫʞʥʽʩʪʴ ʧʘʯʢʠ, ʱʦ ʚʽʜʰʘʨʦʚʫʻʪʴʩʷ, ʽ ʢʽʣʴʢʽʩʪʴ 

ʧʦʨʦʜʥʠʭ ʰʘʨʽʚ ʧʽʩʣʷ ʨʦʟʰʘʨʫʚʘʥʥʷ [51].  

ʋʤʦʚʘʤʠ ʚʠʥʠʢʥʝʥʥʷ ʨʦʟʰʘʨʫʚʘʥʴ ʫ ʧʦʨʦʜʦ-ʚʫʛʽʣʴʥʦʤʫ ʤʘʩʠʚʽ ʧʨʠ 

ʚʠʛʘʟʦʚʫʚʘʥʥ̔  ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ ʻ ʥʘʷʚʥʽʩʪʴ ʜʦʪʠʯʥʠʭ ʽ ʚʽʜʨʠʚʥʠʭ ʥʘʧʨʫʞʝʥʴ, 

ʚʠʢʣʠʢʘʥʠʭ ʧʦʧʝʨʝʯʥʠʤʠ ʩʠʣʘʤʠ Q, ʟʛʠʥʘʣʴʥʠʤ ʤʦʤʝʥʪʦʤ ʽ ʚʣʘʩʥʦʶ ʚʘʛʦʶ 

ʧʦʨʽʜ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʚʠʨʘʟʘʤʠ: 
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ʜʝ l ï ʜʦʚʞʠʥʘ ʥʘʧʽʚʧʨʦʣʴʦʪʫ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ, ʤ; tgl ï ʢʫʪ 

ʨʫʡʥʫʚʘʥʥʷ ʧʦʨʽʜ; L ï ʜʦʚʞʠʥʘ ʧʦʚʥʦʛʦ ʥʘʧʽʚʧʨʦʣʴʦʪʫ, ʤ;kB1  ï ʢʦʝʬʽʮʽʻʥʪ, ʱʦ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʝʧʶʨʠ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʪ. 

ʈʦʟʰʘʨʫʚʘʥʥʷ ʧʦʨʦʜʥʦʾ ʪʦʚʱʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʘ ʫʤʦʚ, ʢʦʣʠ ʤʽʮʥʽʩʪʴ 

ʧʦʨʽʜ ʥʘ ʚʽʜʨʠʚ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʥʘʰʘʨʫʚʘʥʥʶ ʽ ʚʽʜʧʦʚʽʜʘʻ ʚʠʨʘʟʘʤ Gʚʽʜ > Rʚʽʜ, 

ʤʽʮʥʽʩʪʴ ʧʦʨʽʜ ʥʘ ʩʢʦʣʶʚʘʥʥʷ ʧʘʨʘʣʝʣʴʥʘ ʥʘʰʘʨʫʚʘʥʥʶ tʟʛ > Rcʢ. ʆʜʥʦʯʘʩʥʦ ʟ 

ʚʠʟʥʘʯʝʥʥʷʤ ʤʽʩʮʴ ʨʦʟʰʘʨʫʚʘʥʥʷ ʧʦʨʽʜ ʫ ʧʽʜʨʦʙʣʝʥʦʤʫ ʤʘʩʠʚʽ, ʫ ʧʦʨʦʜʥʦʤʫ 

ʰʘʨʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦʪʫʞʥʽʩʪʴ ʧʘʯʢʠ, ʱʦ ʚʽʜʰʘʨʦʚʫʻʪʴʩʷ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ 
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ʤʝʪʦʜʠʢʠ, ʟʘʟʥʘʯʝʥʦʾ ʚ ʨʦʙʦʪʘʭ [43], [52], ʨʦʟʨʘʭʫʥʢʦʤ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ 

ʢʽʣʴʢʽʩʪʴ ʧʦʨʦʜʥʠʭ ʰʘʨʽʚ ʧʽʩʣʷ ʨʦʟʰʘʨʫʚʘʥʥʷ ʽ ʧʨʦʚʦʜʷʪʴʩʷ ʨʦʟʨʘʭʫʥʢʠ ʚ 

ʟʘʜʘʥʠʭ ʧʝʨʝʨʽʟʘʭ ʽʟ ʚʠʟʥʘʯʝʥʥʷ ʦʙôʻʤʫ ʧʦʨʦʞʥʠʥ ʨʦʟʰʘʨʫʚʘʥʥʷ. 

ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʦʙʣʘʩʪʝʡ ʽ ʧʘʨʘʤʝʪʨʽʚ ʬʦʨʤʫʚʘʥʥʷ ʧʦʨʦʞʥʠʥ 

ʨʦʟʰʘʨʫʚʘʥʥʷ ʫ ʥʘʜʚʫʛʽʣʴʥʽʡ ʪʦʚʱʽ ʧʽʜ ʯʘʩ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ, ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʽʚ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʧʦʨʦʜʦ-ʚʫʛʽʣʴʥʦʛʦ ʤʘʩʠʚʫ, 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʫʩʝʨʝʜʥʝʥʽ ʜʘʥʽ ʩʪʨʘʪʠʛʨʘʬʽʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʚ ʫʤʦʚʘʭ 

ɼʇ çʃʴʚʽʚʚʫʛʽʣʣʷè. ʇʦʨʦʜʦ-ʚʫʛʽʣʴʥʠʡ ʤʘʩʠʚ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʰʘʨʠ ʟʘ 

ʣʽʪʦʣʦʛʽʯʥʦʶ ʨʽʟʥʠʮʝʶ ʪʘ ʧʦʪʫʞʥʽʩʪʶ. ɿʘ ʚʽʜʩʫʪʥʦʩʪʽ ʧʦʨʽʜ-ʤʦʩʪʽʚ ʚʝʣʠʢʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʧʦʜʽʣ ʥʘ ʧʦʨʦʜʥʽ ʰʘʨʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʽʜ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ (ʱʦ 

ʛʘʟʠʬʽʢʫʻʪʴʩʷ) ʜʦ ʜʝʥʥʦʾ ʧʦʚʝʨʭʥʽ, ʟʘ ʥʘʷʚʥʦʩʪʽ ʚ ʪʦʚʱʽ ʧʦʨʽʜ-ʤʦʩʪʽʚ ï ʚʽʜ 

ʧʣʘʩʪʘ ʜʦ ʞʦʨʩʪʢʦʛʦ ʰʘʨʫ.  

ʇʽʜʛʦʪʦʚʣʝʥʽ ʚʠʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʘʥʘʣʽʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 5.3 ʽ 5.4. 

 

ʊʘʙʣʠʮʷ 5.3 ï ɼʘʥʽ ʜʣʷ ʘʥʘʣʽʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʬʦʨʤʫʚʘʥʥʷ ʦʙʣʘʩʪʝʡ ʪʘ 

ʧʘʨʘʤʝʪʨʽʚ ʨʦʟʰʘʨʫʚʘʥʥʷ ʧʦʨʽʜ ʧʽʜ ʯʘʩ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ n7
ʥ  

ʰʘʭʪʠ çʏʝʨʚʦʥʦʛʨʘʜʩʴʢʘè ɼʇ çʃʴʚʽʚʚʫʛʽʣʣʷè 

 ̄ ʅ, ʤ h, ʤ h ,h ʤ 
ʊʠʧ 

ʧʦʨʽʜ 
ɼʘʥʽ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ 

1 410 406 4 2 

g = 1,29 ʪ/ʤ3; m = 1,2 ʤ; V = 1,68 ʤ/ʜʦʙʫ; 

Ŭ = 0,09; LL = 15,28 ʤ; ʊ = 60 ï 180 ï 240 ʜʽʙ; 

ɻʨʘʥʠʯʥʽ ʦʧʫʩʢʘʥʥʷ ʧʦʢʨʽʚʣʽ Y0 = 0,42 ï 0,86 ʤʤ; 

d2 = 1257; K2 = 1,6Ŀ106 ʪ/ʤ2; d3 = 746; 

K3 = 1,49Ŀ106 ʪ/ʤ2;  

ɺʦʣʦʛʽʩʪʴ ʧʦʨʽʜ W = 24%; Ð= 0,7;  

ʂʽʣʴʢʽʩʪʴ ʞʦʨʩʪʢʠʭ ʰʘʨʽʚ ï 3; ˉ ï 3; 5; 8 

2 406 398 8 1 

3 398 391 7 3 

4 391 386 5 2 

5 386 376 10 1 

6 376 346 30 3 

7 346 291 55 2 

8 291 244 47 1 

9 244 163 83 3 

10 163 88 75 2 

11 88 0 88 3 
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ʊʘʙʣʠʮʷ 5.4 ï ɼʘʥʽ ʜʣʷ ʘʥʘʣʽʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʬʦʨʤʫʚʘʥʥʷ ʦʙʣʘʩʪʝʡ ʪʘ 

ʧʘʨʘʤʝʪʨʽʚ ʨʦʟʰʘʨʫʚʘʥʥʷ ʧʦʨʽʜ ʧʽʜ ʯʘʩ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ ʩ9  

ʰʘʭʪʠ ʽʤ. ɻʝʨʦʾʚ ʂʦʩʤʦʩʫ ʇʨɸʊ çɼʊɽʂ ʇʘʚʣʦʛʨʘʜʚʫʛʽʣʣʷè 

 ̄ ʅ, ʤ h, ʤ hʩʣ, ʤ 
ʊʠʧ 

ʧʦʨʽʜ 
ɼʘʥʽ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ 

1 110 106 4 2 
g = 2,2 ʪ/ʤ3; m = 0,94 ʤ; V = 0,5; 1,5; 2 ʤ/ʜʦʙʫ; 

Ŭ = 0,29; LL = 15,2 ʤ; ʊ = 60 ï180 ï 240 ʜʽʙ; 

ʛʨʘʥʠʯʥʽ ʦʧʫʩʢʘʥʥʷ ʧʦʢʨʽʚʣʽ Y0 = 0,62 ʤʤ;  

d2 = 9,7; K2 = 16,2 ʄʇʘ; d3 = 11,4; K3 = 131,5 

ʄʇʘ; ʚʦʣʦʛʽʩʪʴ ʧʦʨʽʜ W = 21,6%; Ð= 0,74 

ʂʽʣʴʢʽʩʪʴ ʞʦʨʩʪʢʠʭ ʰʘʨʽʚ ï 3; ˉ ï 3; 5; 7 

2 106 99 7 3 

3 99 92 14 2 

4 92 78 11 3 

5 78 67 19 2 

6 67 48 21 1 

7 48 ï 48 2 

 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʜʘʥʠʭ ʪʘʙʣ. 5.3 ʽ 5.4  ̄ï ʧʦʨʷʜʢʦʚʠʡ ʥʦʤʝʨ ʧʦʨʦʜʥʦʛʦ 

ʰʘʨʫ, ʱʦ ʬʦʨʤʫʻ ʧʦʨʦʜʥʫ ʪʦʚʱʫ ʟʥʠʟʫ ʜʦ ʜʝʥʥʦʾ ʧʦʚʝʨʭʥʽ ʥʘʜ ʧʽʜʟʝʤʥʠʤ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʦʤ; H ʽ h ï ʚʽʜʩʪʘʥʽ ʚʽʜ ʧʦʚʝʨʭʥʽ ʜʦ ʧʽʜʦʰʚʠ ʪʘ ʧʦʢʨʽʚʣʽ, ʤ; h  hï 

ʧʦʪʫʞʥʽʩʪʴ ʰʘʨʫ, ʤ; ɔ ï ʩʝʨʝʜʥʷ ʛʫʩʪʠʥʘ ʧʦʨʦʜʥʠʭ ʰʘʨʽʚ, ʪ/ʤ3; m ï ʧʦʪʫʞʥʽʩʪʴ 

ʧʣʘʩʪʘ, ʱʦ ʛʘʟʠʬʽʢʫʻʪʴʩʷ, ʤ; V ï ʰʚʠʜʢʽʩʪʴ ʧʦʩʫʚʘʥʥʷ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ, ʤ/ʜʦʙʫ; 

Ŭ ï ʢʫʪ ʧʘʜʽʥʥʷ ʧʣʘʩʪʘ ʚ ʨʘʜʽʘʥʘʭ; LL ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʧʝʨʝʨʽʟʫ ʜʦ ʤʝʞʽ ʚʦʛʥʝʚʦʛʦ 

ʚʠʙʦʶ, ʤ; T ï ʯʘʩ, ʱʦ ʤʠʥʫʚ ʚʽʜ ʤʦʤʝʥʪʫ ʚʝʜʝʥʥʷ ʨʦʙʽʪ ʽʟ ʛʘʟʠʬʽʢʘʮʽʾ ʧʣʘʩʪʘ, ʜʽʙ; 

Y0 ï ʛʨʘʥʠʯʥʽ ʦʧʫʩʢʘʥʥʷ ʧʦʢʨʽʚʣʽ, ʤʤ; d2, K2, d3, K3 ï ʤʦʜʫʣʴ ʜʝʬʦʨʤʘʮʽʡ ʜʣʷ 

ʢʦʞʥʦʾ ʣʽʪʦʣʦʛʽʯʥʦʾ ʨʽʟʥʠʮʽ, ʪ/ʤ2; W ï ʚʦʣʦʛʽʩʪʴ ʧʦʨʽʜ, %; Ð ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ; 

 ̄ï ʢʽʣʴʢʽʩʪʴ çʞʦʨʩʪʢʠʭè ʧʦʨʦʜʥʠʭ ʰʘʨʽʚ, ʱʦ ʟʫʤʦʚʣʶʶʪʴ ʧʨʦʮʝʩ ʟʤʽʱʝʥʥʷ ʫ 

ʧʦʨʦʜʥʦʤʫ ʤʘʩʠʚʽ, ʰʪ. 

ʉʭʝʤʫ ʧʽʜʛʦʪʦʚʢʠ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ, ʧʨʠʡʥʷʪʫ ʟʘ ʦʩʥʦʚʫ ʜʦʩʣʽʜʞʝʥʥʷ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʨʘʪʠʛʨʘʬʽʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʧʦʨʦʜʥʦʾ ʪʦʚʱʽ ʰʘʭʪʠ 

çʏʝʨʚʦʥʦʛʨʘʜʩʴʢʘè, ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 5.11. ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʚ 

ʩʝʨʝʜʦʚʠʱʽ ñGeoDenamics Liteò ʚʩʪʘʥʦʚʣʝʥʦ ʛʝʦʤʝʪʨʠʯʥʽ ʪʘ ʬʽʟʠʯʥʽ ʧʘʨʘʤʝʪʨʠ 

ʝʧʶʨ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʰʘʨʠ ʧʦʨʽʜ ʧʦʢʨʽʚʣʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʛʽʨʥʠʯʦ-ʛʝʦʣʦʛʽʯʥʠʭ 

ʫʤʦʚ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ n7
ʥ ʰʘʭʪʠ 

çʏʝʨʚʦʥʦʛʨʘʜʩʴʢʘè. ʈʦʟʧʦʜʽʣ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʰʘʨʠ ʧʦʨʽʜ ʥʘʜ ʛʘʟʦʛʝʥʝʨʘʪʦʨʦʤ 

ʧʽʜ ʯʘʩ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ n7
ʥ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 5.12. 
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ʈʠʩʫʥʦʢ 5.11 ï ʉʭʝʤʘ ʧʽʜʛʦʪʦʚʢʠ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʪʠʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʬʦʨʤʫʚʘʥʥʷ ʦʙʣʘʩʪʝʡ ʽ ʧʘʨʘʤʝʪʨʽʚ ʧʦʨʦʞʥʠʥ ʨʦʟʰʘʨʫʚʘʥʥʷ  

ʫ ʧʦʨʦʜʥʦʤʫ ʤʘʩʠʚʽ ʧʽʜ ʯʘʩ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ n7
ʥ ʟʘ 

ʩʪʨʘʪʠʛʨʘʬʽʯʥʠʤ ʧʝʨʝʨʽʟʦʤ 

 

9,6 ʤl=2,2 ʤ

ɺʠʛʘʟʦʚʘʥʠʡ

ʧʨʦʩʪʽʨ

ɺʫʛʽʣʴʥʠʡ

ʧʣʘʩʪ

24
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 -
 2

9
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ɯ ɯ

19,1 ʄʇʘ

25,4 ʄʇʘ

32,7 ʄʇʘ

40,4 ʄʇʘ
0,36 ʄʇʘ

1,2 ʄʇʘ

8,3 ʄʇʘ

5 4,  ʤ

9,6 ʤ

12,4 ʤ

ɯ-ɯ
ʇʦʨʦʞʥʠʥʘ
ʨʦʟʰʘʨʫʚʘʥʥʷ

 

ʈʠʩʫʥʦʢ 5.12 ï ʈʦʟʧʦʜʽʣ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʰʘʨʠ ʧʦʨʽʜ ʥʘʜ ʛʘʟʦʛʝʥʝʨʘʪʦʨʦʤ 

ʧʽʜ ʯʘʩ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ n7
ʥ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʜʽʣʷʥʢʠ 

ʰʘʭʪʠ çʏʝʨʚʦʥʦʛʨʘʜʩʴʢʘè 
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ɸʥʘʣʽʟʫʶʯʠ ʛʝʦʤʝʪʨʠʯʥʽ ʪʘ ʬʽʟʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʰʘʨʠ ʧʦʨʽʜ, 

ʩʣʽʜ ʚʽʜʟʥʘʯʠʪʠ ʬʘʢʪ ʨʦʟʰʠʨʝʥʥʷ ʟʦʥ ʘʥʦʤʘʣʴʥʦʛʦ ʪʠʩʢʫ ʚ ʛʽʨʩʴʢʦʤʫ ʤʘʩʠʚʽ, ʱʦ 

ʚʤʽʱʫʻ ʧʣʘʩʪ n7
ʥ. ʍʘʨʘʢʪʝʨ ʟʤʽʥʠ ʟʘʟʥʘʯʝʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʽʜ ʧʣʘʩʪʘ 

ʜʦ ʜʝʥʥʦʾ ʧʦʚʝʨʭʥʽ ʧʦ ʥʦʨʤʘʣʽ ʷʢ ʫ ʙʽʢ ʤʘʩʠʚʫ, ʪʘʢ ʽ ʚ ʙʽʢ ʚʠʨʦʙʣʝʥʦʛʦ ʧʨʦʩʪʦʨʫ ʚ 

ʤʽʨʫ ʧʨʦʩʫʚʘʥʥʷ ʦʯʠʩʥʦʛʦ ʚʠʙʦʶ. ʇʨʠ ʚʠʛʘʟʦʚʫʚʘʥʥʽ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ n7
ʥ 

ʧʦʪʫʞʥʽʩʪʶ 1,2 ʤ ʽʟ ʩʝʨʝʜʥʴʦʶ ʰʚʠʜʢʽʩʪʶ ʧʦʩʫʚʘʥʥʷ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ 

1,68 ʤ/ʜʦʙʫ, ʦʧʦʨʥʘ ʟʦʥʘ ʪʠʩʢʫ ʥʘ ʨʽʚʥʽ ʧʽʜʦʰʚʠ ʧʣʘʩʪʘ n7 ʬʦʨʤʫʻʪʴʩʷ ʥʘ ʚʽʜʩʪʘʥʽ 

l = 3,1 ʤ ʚʽʜ ʚʠʙʦʶ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʜʦ ʤʝʞʽ ʬʦʨʤʫʚʘʥʥʷ ʧʦʨʦʞʥʠʥʠ 

ʨʦʟʰʘʨʫʚʘʥʥʷ ʥʘʜ ʚʠʛʘʟʦʚʘʥʠʤ ʧʨʦʩʪʦʨʦʤ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʚ ʧʦʨʦʜʦ-

ʚʫʛʽʣʴʥʽʡ ʪʦʚʱʽ (ʜʠʚ. ʨʠʩ. 5.12). 

ɸʥʘʣʽʟʫʶʯʠ ʜʘʥʽ ʨʠʩ. 5.12 ʥʝʦʙʭʽʜʥʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʦʨʦʞʥʠʥʠ 

ʨʦʟʰʘʨʫʚʘʥʥʷ ʥʘʜ ʚʠʛʘʟʦʚʘʥʠʤ ʧʨʦʩʪʦʨʦʤ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʚ ʤʽʨʫ ʧʦʩʫʚʘʥʥʷ 

ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ ʬʦʨʤʫʶʪʴʩʷ ʥʘ ʚʽʜʩʪʘʥʽ 4,56 ʤ ʚʽʜ ʧʣʘʩʪʘ n7
ʥ ʧʦ ʥʦʨʤʘʣʽ ʜʦ 

ʧʦʚʝʨʭʥʽ, 8,1 ʤ ï ʥʘ ʨʽʚʥʽ ʧʣʘʩʪʘ n7, 1048 ʤ ï ʥʘ ʨʽʚʥʽ ʧʣʘʩʪʘ n7
ʚ. 

ʊʘʢʦʞ ʘʥʘʣʽʪʠʯʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ, ʘʥʘʣʦʛʽʯʥʠʤ ʯʠʥʦʤ, ʚʩʪʘʥʦʚʣʝʥʦ 

ʧʘʨʘʤʝʪʨʠ ʨʦʟʧʦʜʽʣʫ ʥʘʚʘʥʪʘʞʝʥʴ ʪʘ ʧʦʨʦʞʥʠʥ ʨʦʟʰʘʨʫʚʘʥʥʷ ʚ ʧʦʨʦʜʥʦʤʫ 

ʤʘʩʠʚʽ ʧʨʠ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ ʩ9 ʰʘʭʪʠ ʽʤ. ɻʝʨʦʾʚ ʂʦʩʤʦʩʫ, ʱʦ 

ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 5.13. 

ɸʥʘʣʽʟʫʶʯʠ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ (ʜʠʚ. ʨʠʩ. 5.13) ʛʝʦʤʝʭʘʥʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʫ ʧʦʨʦʜʥʠʭ ʰʘʨʘʭ ʙʝʟʧʦʩʝʨʝʜʥʴʦʾ ʧʦʢʨʽʚʣʽ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ, ʩʣʽʜ 

ʢʦʥʩʪʘʪʫʚʘʪʠ, ʱʦ ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʰʚʠʜʢʦʩʪʽ ʧʦʩʫʚʘʥʥʷ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ ʦʧʦʨʥʘ 

ʟʦʥʘ ʧʽʜ ʯʘʩ ʚʠʛʠʥʫ ʧʦʨʦʜʥʠʭ ʰʘʨʽʚ ʙʝʟʧʦʩʝʨʝʜʥʴʦʾ ʧʦʢʨʽʚʣʽ ʟʤʝʥʰʫʻʪʴʩʷ ʚ 

ʜʽʘʧʘʟʦʥʽ 9,8 ï 7,3 ʤ, ʤʘʢʩʠʤʘʣʴʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʨʦʩʪʘʶʪʴ ʫ ʜʽʘʧʘʟʦʥʽ 13,5 ï 

29,4 ʄʇʘ, ʟʘ ʜʦʚʞʠʥʠ ʨʝʘʢʮʽʡʥʦʛʦ ʢʘʥʘʣʫ 30 ʤ ʛʦʨʠʟʦʥʪʘʣʴʥʽ ʧʝʨʝʤʽʱʝʥʥʷ 

ʰʘʨʽʚ ʧʦʨʽʜ ʧʦʢʨʽʚʣʽ ʟʤʽʱʫʶʪʴʩʷ ʜʦ ʚʠʙʦʶ. ɿʘ ʪʘʢʠʭ ʫʤʦʚ ʜʝʬʦʨʤʘʮʽʾ ʚ ʧʦʨʦʜʘʭ 

ʧʦʢʨʽʚʣʽ ʟʘ ʜʦʚʞʠʥʠ ʢʘʥʘʣʫ 30 ʤ ʩʪʘʥʦʚʠʪʠʤʫʪʴ 3,1 ï 6,9 ʤʤ/ʤ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʪʝʭʥʦʛʝʥʥʦʾ ʪʨʽʱʠʥʫʚʘʪʦʩʪʽ ʧʦʨʦʜʥʠʭ ʰʘʨʽʚ ʥʘʜ ʨʝʘʢʮʽʡʥʠʤ 

ʢʘʥʘʣʦʤ. 
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ʈʠʩʫʥʦʢ 5.13 ï ʈʦʟʧʦʜʽʣ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʧʦʨʦʜʥʦʤʫ ʤʘʩʠʚʽ ʥʘʜ ʛʘʟʦʛʝʥʝʨʘʪʦʨʦʤ 

ʧʽʜ ʯʘʩ ʛʘʟʠʬʽʢʘʮʽʾ ʪʦʥʢʦʛʦ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ ʩ9 ʰʘʭʪʠ ʽʤ. ɻʝʨʦʾʚ ʂʦʩʤʦʩʫ:  

1 ï ʚʫʛʽʣʴʥʠʡ ʧʣʘʩʪ; 2 ï ʚʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ; 3 ï ʨʝʘʢʮʽʡʥʠʡ ʢʘʥʘʣ;  

4 ï ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʛʦʨʠʟʦʥʪʘʣʴʥʽ ʩʚʝʨʜʣʦʚʠʥʠ; 5 ï ʧʣʦʱʘ ʧʦʨʦʞʥʠʥ ʥʘʜ 

ʚʠʛʘʟʦʚʘʥʠʤ ʧʨʦʩʪʦʨʦʤ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ 

 

ʇʝʨʚʠʥʥʠʡ ʚʧʣʠʚ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʪʨʽʱʠʥʫʚʘʪʦʩʪʽ ʚ ʧʦʨʦʜʘʭ ʙʝʟʧʦʩʝʨʝʜʥʴʦʾ 

ʧʦʢʨʽʚʣʽ ʩʧʨʠʯʠʥʷʻʪʴʩʷ ʛʽʨʩʴʢʠʤ ʪʠʩʢʦʤ. ʇʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʥʘ 

ʛʝʦʤʝʭʘʥʽʯʥʽ ʧʨʦʮʝʩʠ ʚ ʧʦʨʦʜʥʦʤʫ ʤʘʩʠʚʽ ʥʘʢʣʘʜʘʻʪʴʩʷ ʚʪʦʨʠʥʥʠʡ ʬʘʢʪʦʨ ï 

ʪʝʨʤʦʥʘʧʨʫʞʝʥʥʷ. ɿʘ ʧʦʪʫʞʥʦʩʪʽ ʅ = 3,4 ʤ ʰʘʨ ʙʝʟʧʦʩʝʨʝʜʥʴʦʾ ʧʦʢʨʽʚʣʽ ʜʽʣʠʪʴʩʷ 

ʥʘ ʜʚʽ ʧʘʯʢʠ: ʥʠʞʥʷ ï ʧʦʪʫʞʥʽʩʪʶ hʥ = 1,3 ʤ ʽ ʚʝʨʭʥʷ ï ʧʦʪʫʞʥʽʩʪʶ hʚ = 2,1 ʤ. 

ʋ ʪʘʢʠʭ ʫʤʦʚʘʭ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʣʘʚʥʝ ʦʧʫʩʢʘʥʥʷ ʰʘʨʽʚ ʙʝʟʧʦʩʝʨʝʜʥʴʦʾ ʧʦʢʨʽʚʣʽ 

ʥʘ ʧʦʨʦʜʠ ʧʽʜʦʰʚʠ, ʷʢʽ ʟʜʠʤʘʶʪʴʩʷ, ʟ ʚʠʥʠʢʥʝʥʥʷʤ ʪʝʭʥʦʛʝʥʥʦʾ ʪʨʽʱʠʥʫʚʘʪʦʩʪʽ ʟ 

ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʚ ʜʽʘʧʘʟʦʥʽ 3 ï 12 ʪʨ. ʥʘ 1 ʧ.ʤ. 
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ɺʧʣʠʚ ʪʝʨʤʦʥʘʧʨʫʞʝʥʴ ʥʝʟʥʘʯʥʠʡ, ʘʙʦ ʚʽʜʩʫʪʥʽʡ ʫ ʧʦʨʦʜʥʠʭ ʰʘʨʘʭ 

ʦʩʥʦʚʥʦʾ ʧʦʢʨʽʚʣʽ. ɺʨʘʭʦʚʫʶʯʠ ʮʝʡ ʬʘʢʪʦʨ, ʨʦʟʨʘʭʫʥʦʢ ʥʘʧʨʫʞʝʥʦ-

ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʧʦʨʽʜ ʧʦʢʨʽʚʣʽ ʧʨʦʚʦʜʠʚʩʷ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʢʦʝʬʽʮʽʻʥʪʘ. ɿʘ ʧʦʪʫʞʥʦʩʪʽ ʦʩʥʦʚʥʦʾ ʧʦʢʨʽʚʣʽ 5,5 ʤ, ʤʦʜʫʣʴ ʜʝʬʦʨʤʘʮʽʾ ʧʦʨʽʜ 

ʧʦʢʨʽʚʣʽ ʚ ʤʘʩʠʚʽ ʙʫʜʝ ɽ0 = 1,71Ŀ104 ʄʇʘ, ʥʘʜ ʚʠʛʘʟʦʚʘʥʠʤ ʧʨʦʩʪʦʨʦʤ ʧʽʜʟʝʤʥʦʛʦ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ɽh = 0,68Ŀ104 ʄʇʘ. 

ʂʨʠʪʠʯʥʽ ʫʤʦʚʠ ʚ ʧʦʨʦʜʥʠʭ ʰʘʨʘʭ ʦʩʥʦʚʥʦʾ ʧʦʢʨʽʚʣʽ ʚʠʥʠʢʘʶʪʴ ʫ ʚʠʧʘʜʢʫ, 

ʢʦʣʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ ʙʦʢʫ ʚʝʨʭʥʽʭ ʰʘʨʽʚ ʧʦʨʽʜ ʨʦʟʧʦʚʩʶʜʞʫʶʪʴʩʷ ʜʦ ʪʦʯʢʠ 

ʧʝʨʝʛʠʥʫ ʰʘʨʫ ʧʦʢʨʽʚʣʽ. ɿʘ ʜʦʚʞʠʥʠ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ 30 ʤ, 

ʦʧʫʩʢʘʥʥʷ ʧʦʨʦʜʥʠʭ ʰʘʨʽʚ ʥʘʜ ʚʠʙʦʻʤ ʩʷʛʘʻ 126 ʤʤ, ʘ ʟʘ ʚʽʜʩʪʘʥʽ 5 ʤ ʚʽʜ ʚʠʙʦʶ ï 

191 ʤʤ. ʅʘ ʤʽʮʥʽʩʪʴ ʧʦʨʽʜ ʦʩʥʦʚʥʦʾ ʧʦʢʨʽʚʣʽ ʚʧʣʠʚʘʻ ʥʘʷʚʥʽʩʪʴ ʟʨʦʩʪʘʥʥʷ 

ʥʘʧʨʫʞʝʥʴ ʫ ʭʘʨʘʢʪʝʨʥʠʭ ʧʝʨʝʨʽʟʘʭ ʰʘʨʽʚ ʧʽʜ ʜʽʻʶ ʟʛʠʥʫ. ʅʘʷʚʥʽʩʪʴ ʮʠʭ ʬʘʢʪʦʨʽʚ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʫ ʜʽʘʧʘʟʦʥʽ 5,3 ï 9,8 ʤʤ/ʤ ʫ 

ʧʦʨʦʜʘʭ ʦʩʥʦʚʥʦʾ ʧʦʢʨʽʚʣʽ. 

ɿʘ ʦʧʦʨʫ ʟʘ ʥʘʰʘʨʫʚʘʥʥʷʤ ʧʦʨʽʜ ʧʦʢʨʽʚʣʽ ʥʘ ʩʢʦʣʶʚʘʥʥʷ Rʩʢ = 2,38 ʄʇʘ, ʽ 

ʥʘ ʚʽʜʨʠʚ 0,051 ʄʇʘ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʨʫʡʥʫʚʘʥʥʷ ʧʦʨʽʜ ʦʩʥʦʚʥʦʾ ʧʦʢʨʽʚʣʽ. ɺ 

ʧʝʨʝʨʽʟʽ ʦʩʥʦʚʥʦʾ ʧʦʢʨʽʚʣʽ 20,8 ʤ ʫ ʚʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʤʦʞʝ 

ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ ʦʙʚʘʣʝʥʥʷ ʧʦʨʽʜ ʰʘʨʽʚ ʥʠʞʥʴʦʾ ʧʘʯʢʠ ʦʩʥʦʚʥʦʾ ʧʦʢʨʽʚʣʽ. ɿʘ 

ʪʘʢʠʭ ʫʤʦʚ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʣʘʚʥʝ ʦʧʫʩʢʘʥʥʷ ʧʦʨʦʜʥʠʭ ʰʘʨʽʚ ʦʩʥʦʚʥʦʾ 

ʧʦʢʨʽʚʣʽ ʟ ʚʠʥʠʢʥʝʥʥʷʤ ʨʦʟʰʘʨʫʚʘʥʴ ʽ ʪʨʽʱʠʥ ʟ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʚ ʜʽʘʧʘʟʦʥʽ 5 ï 10 

ʪʨ. ʥʘ 1 ʧ.ʤ. ʈʦʟʰʘʨʫʚʘʥʥʷ ʧʦʨʦʜʥʦʾ ʪʦʚʱʽ ʦʩʥʦʚʥʦʾ ʧʦʢʨʽʚʣʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʘ 

ʜʚʘ ʰʘʨʠ ʧʦʪʫʞʥʽʩʪʶ 2,1 ʽ 3,4 ʤ. 

ʋ ʪʘʙʣ. 5.5 ʥʘʚʝʜʝʥʦ ʫʩʝʨʝʜʥʝʥʽ ʜʘʥʽ ʱʦʜʦ ʟʤʽʥʠ ʦʙôʻʤʽʚ ʧʦʨʦʞʥʠʥ 

ʨʦʟʰʘʨʫʚʘʥʥʷ ʧʦʨʦʜʥʦʾ ʪʦʚʱʽ ʧʨʠ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ n7
ʥ ʰʘʭʪʠ 

çʏʝʨʚʦʥʦʛʨʘʜʩʴʢʘè ʪʘ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ ʩ9 ʰʘʭʪʠ ʽʤ. ɻʝʨʦʾʚ ʂʦʩʤʦʩʫ. 
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ʊʘʙʣʠʮʷ 5.5 ï ʇʘʨʘʤʝʪʨʠ ʧʦʨʦʞʥʠʥ ʨʦʟʰʘʨʫʚʘʥʥʷ ʧʽʜ ʯʘʩ ʛʘʟʠʬʽʢʘʮʽʾ 

ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ n7
ʥ ʰʘʭʪʠ çʏʝʨʚʦʥʦʛʨʘʜʩʴʢʘè ʪʘ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ ʩ9  

ʰʘʭʪʠ ʽʤ. ɻʝʨʦʾʚ ʂʦʩʤʦʩʫ 

ɼʦʚʞʠʥʘ 

ʚʦʛʥʝʚʦʛʦ 

ʚʠʙʦʶ, ʤ 

ʐʘʭʪʘ çʏʝʨʚʦʥʦʛʨʘʜʩʴʢʘè, ʧʣʘʩʪ n7
ʥ ʐʘʭʪʘ ʽʤ. ɻʝʨʦʾʚ ʂʦʩʤʦʩʫ, ʧʣʘʩʪ ʩ9 

hmax, ʤʤ Vp max, ʤ
3 hmax, ʤʤ Vp max, ʤ

3 

30 

ʇʘʨʘʤʝʪʨʠ ʧʦʨʦʞʥʠʥʠ 

ʨʦʟʰʘʨʫʚʘʥʥʷ ʥʘ ʨʽʚʥʽ ʧʣʘʩʪʘ n7
ʥ 

ʇʘʨʘʤʝʪʨʠ ʧʦʨʦʞʥʠʥʠ 

ʨʦʟʰʘʨʫʚʘʥʥʷ ʥʘ ʨʽʚʥʽ ʧʣʘʩʪʘ ʩ10 

352 463 315 319 

ʇʘʨʘʤʝʪʨʠ ʧʦʨʦʞʥʠʥʠ 

ʨʦʟʰʘʨʫʚʘʥʥʷ ʥʘ ʨʽʚʥʽ ʧʣʘʩʪʘ n7 

ʇʘʨʘʤʝʪʨʠ ʧʦʨʦʞʥʠʥʠ 

ʨʦʟʰʘʨʫʚʘʥʥʷ ʥʘ ʨʽʚʥʽ ʧʣʘʩʪʘ ʩ12 

311 380 244 254 

ʇʘʨʘʤʝʪʨʠ ʧʦʨʦʞʥʠʥʠ 

ʨʦʟʰʘʨʫʚʘʥʥʷ ʥʘ ʨʽʚʥʽ ʧʣʘʩʪʘ n7
ʚ 

ʇʘʨʘʤʝʪʨʠ ʧʦʨʦʞʥʠʥʠ 

ʨʦʟʰʘʨʫʚʘʥʥʷ ʥʘ ʨʽʚʥʽ ʧʣʘʩʪʘ ʩ12
1 

216 229 180 183 

 

ʇʦʨʦʞʥʠʥʘ ʨʦʟʰʘʨʫʚʘʥʥʷ ʥʘʡʙʽʣʴʰʦʾ ʚʠʩʦʪʠ ʬʦʨʤʫʻʪʴʩʷ ʥʘ ʨʽʚʥʽ ʧʣʘʩʪʘ 

n7
ʥ ʤʽʞ ʧʦʨʦʜʥʠʤ çʞʦʨʩʪʢʠʤè ʰʘʨʦʤ 3 ʽ ʰʘʨʦʤ 2 ï ʦʩʥʦʚʥʦʶ ʧʦʢʨʽʚʣʝʶ 

ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ n7
ʥ, ʱʦ ʨʦʟʨʦʙʣʷʻʪʴʩʷ (ʜʠʚ. ʨʠʩ. 5.12). ʊʘʢʦʞ ʥʝʦʙʭʽʜʥʦ 

ʢʦʥʩʪʘʪʫʚʘʪʠ, ʱʦ ʦʧʦʨʥʘ ʟʦʥʘ ʥʘ ʨʽʚʥʽ ʧʣʘʩʪʘ ʩ12 ʧʨʠ ʚʠʛʘʟʦʚʫʚʘʥʥʽ ʧʣʘʩʪʘ ʩ9 

ʨʦʟʪʘʰʦʚʘʥʘ ʫ ʟʨʫʰʝʥʽʡ ʪʦʚʱʽ ʥʘ ʚʽʜʩʪʘʥʽ 8,2 ʤ ʚʽʜ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ ʥʘʜ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʦʤ ʽ ʻ ʤʝʞʝʶ ʬʦʨʤʫʚʘʥʥʷ ʧʦʨʦʞʥʠʥʠ ʥʘ ʨʽʚʥʽ 5 ʞʦʨʩʪʢʦʛʦ ʰʘʨʫ 

(ʜʠʚ. ʨʠʩ. 5.13). ʊʘʢʦʞ ʧʦʨʦʞʥʠʥʘ ʬʦʨʤʫʻʪʴʩʷ ʥʘ ʨʽʚʥʽ 2 ʞʦʨʩʪʢʦʛʦ ʰʘʨʫ ʤʽʞ 

ʰʘʨʦʤ ʦʩʥʦʚʥʦʾ ʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦʾ ʧʦʢʨʽʚʣʷʤʠ, ʥʘ ʚʽʜʩʪʘʥʽ 1,6 ʤ ʚʽʜ ʚʦʛʥʝʚʦʛʦ 

ʚʠʙʦʶ. ʇʦʜʘʣʴʰʠʤ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʚʩʪʘʥʦʚʣʝʥʦ ʩʫʤʘʨʥʽ ʧʘʨʘʤʝʪʨʠ ʧʦʨʦʞʥʠʥ 

ʨʦʟʰʘʨʫʚʘʥʥʷ ʟʘ ʧʦʪʫʞʥʦʩʪʽ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ ʚʽʜ 0,6 ʜʦ 1,2 ʤ (ʨʠʩ. 5.14). 

ɿʛʽʜʥʦ ʟ ʜʘʥʠʤʠ ʨʠʩ. 5.14 ʩʫʤʘʨʥʠʡ ʦʙôʻʤ ʧʦʨʦʞʥʠʥ ʨʦʟʰʘʨʫʚʘʥʥʷ 

ʥʘʜʚʫʛʽʣʴʥʦʾ ʪʦʚʱʽ ʚʽʜ ʧʦʪʫʞʥʦʩʪʽ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ ʦʧʠʩʫʻʪʴʩʷ ʣʦʛʘʨʠʬʤʽʯʥʦʶ 

ʟʘʣʝʞʥʽʩʪʶ. ʇʨʠ ʮʴʦʤʫ, ʷʢ ʚʩʪʘʥʦʚʣʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷʤʠ, ʟʘ ʧʦʪʫʞʥʦʩʪʽ 

ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ 0,6 ʤ ʧʦʨʦʞʥʠʥʘ ʨʦʟʰʘʨʫʚʘʥʥʷ ʥʘ ʨʽʚʥʽ 8 (ʪʘʙʣ. 5.3) ʪʘ 7 

(ʪʘʙʣ. 5.4) ʥʝ ʬʦʨʤʫʻʪʴʩʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʚʝʜʝʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤ ʚʩʪʘʥʦʚʣʝʥʦ 

ʦʙôʻʤʠ ʧʦʨʦʞʥʠʥ ʨʦʟʰʘʨʫʚʘʥʥʷ ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ ʥʘʚʢʦʣʦ ʧʽʜʟʝʤʥʦʛʦ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. 
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ʇʦʪʫʞʥʽʩʪʴ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ, ʛʦʜm,  

ʈʠʩʫʥʦʢ 5.14 ï ɿʘʣʝʞʥʽʩʪʴ ʟʤʽʥʠ ʩʫʤʘʨʥʦʛʦ ʦʙôʻʤʫ ʧʦʨʦʞʥʠʥ  

ʨʦʟʰʘʨʫʚʘʥʥʷ ʥʘʜʚʫʛʽʣʴʥʦʾ ʪʦʚʱʽ ʚʽʜ ʧʦʪʫʞʥʦʩʪʽ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ 

 

ʅʘ ʧʨʠʢʣʘʜʽ ʛʘʟʠʬʽʢʘʮʽʾ ʧʣʘʩʪʽʚ ʚʽʜ 0,6 ʜʦ 1,2 ʤ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʦʙôʻʤ 

ʧʦʨʦʞʥʠʥ ʨʦʟʰʘʨʫʚʘʥʥʷ (Vʨ) ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 127 ʜʦ 1072 ʤ3. ʊʦʤʫ, ʚʨʘʭʦʚʫʶʯʠ 

ʧʘʨʘʤʝʪʨʠ ʦʙôʻʤʽʚ ʩʬʦʨʤʦʚʘʥʠʭ ʧʦʨʦʞʥʠʥ ʟʘ ʜʦʚʞʠʥʦʶ ʩʪʦʚʧʘ ʛʘʟʠʬʽʢʘʮʽʾ ʚʽʜ 

418 ʪʘ 627 ʤ3 (kʟ ï 0,81), ʜʦʜʘʪʢʦʚʦ ʤʦʞʥʘ ʫʪʠʣʽʟʫʚʘʪʠ ʚʽʜ 0,55 ʜʦ 1,7 ʪʠʩ. ʤ
3 

ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ, ʧʨʠ kʟ ï 0,94 ï 0,61 ï 1,8 ʪʠʩ. ʤ3. ɼʘʥʽ ʟʥʘʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ 

ʩʪʘʥʦʚʣʷʪʴ 4,2 ï 8,6% ʪʘ 4,7 ï 9,1% ʚʽʜ ʥʝʫʪʠʣʽʟʦʚʘʥʦʛʦ ʛʘʟʫ. ʆʪʞʝ, ʰʣʷʭʦʤ 

ʧʦʜʘʯʽ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʫ ʩʢʣʘʜʽ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ ʪʘ ʡʦʛʦ ʟʘʢʘʯʫʚʘʥʥʷʤ ʫ 

ʪʝʭʥʦʛʝʥʥʦ ʩʬʦʨʤʦʚʘʥʽ ʧʦʨʦʞʥʠʥʠ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʫʪʠʣʽʟʘʮʽʾ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʩʪʘʥʦʚʠʪʴ 73,03 ï 94,97 %. 

5.5 ɺʠʩʥʦʚʢʠ ʟʘ ʨʦʟʜʽʣʦʤ 

ʆʮʽʥʝʥʦ ʤʝʭʘʥʽʟʤ ʪʘ ʭʽʤʽʟʤ ʚʟʘʻʤʦʜʽʾ ʚʫʛʣʝʮʶ ʧʘʣʠʚʘ ʟ ʢʠʩʥʝʤ, ʷʢʠʡ 

ʜʝʤʦʥʩʪʨʫʻ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʝʪʘʧʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʽʜ ʯʘʩ ʾʭ ʛʝʪʝʨʦʛʝʥʥʦʾ 

ʚʟʘʻʤʦʜʽʾ ʫ ʧʨʦʮʝʩʽ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ. ʋʤʦʚʥʦ ʮʽ ʧʨʦʮʝʩʠ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ 

ʬʽʟʠʯʥʽ ʪʘ ʭʽʤʽʯʥʽ ʝʪʘʧʠ, ʱʦ ʚ ʩʫʢʫʧʥʦʩʪʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʜʝʩʪʨʫʢʮʽʶ ʚʫʛʽʣʣʷ ʟ 

ʫʪʚʦʨʝʥʥʷʤ ʚʠʭʽʜʥʦʛʦ ʧʨʦʜʫʢʪʫ ʨʝʘʢʮʽʡ (ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ). 

ɺʠʟʥʘʯʝʥʦ ʢʦʝʬʽʮʽʻʥʪ ʫʪʠʣʽʟʘʮʽʾ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ 
2COk  ʧʽʜ ʯʘʩ ʧʽʜʟʝʤʥʽʡ 

ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ, ʷʢʠʡ ʦʮʽʥʶʻʪʴʩʷ ʡʦʛʦ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ ʫ ʩʢʣʘʜʽ ʜʫʪʪʴʦʚʦʾ 

ʩʫʤʽʰʽ 1

2CO
h  ʪʘ ʛʝʥʝʨʘʪʦʨʥʦʤʫ ʛʘʟʽ 2

2CO
h , ʦʩʪʘʥʥʷ ʷʢʘ ʟʤʽʥʶʻʪʴʩʷ ʣʽʥʽʡʥʦ ʟʘ 
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ʛʨʘʥʠʯʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʧʦʜʘʯʽ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʫ ʩʢʣʘʜʽ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ ʥʝ 

ʙʽʣʴʰʝ 22,3%. ʋʨʘʭʫʚʘʥʥʷ ʮʽʻʾ ʟʘʣʝʞʥʦʩʪʽ ʜʘʻ ʟʤʦʛʫ ʩʧʨʦʛʥʦʟʫʚʘʪʠ 

ʪʝʧʣʦʪʚʦʨʥʫ ʟʜʘʪʥʽʩʪʴ ʦʪʨʠʤʘʥʦʛʦ ʛʘʟʫ LHV ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʝʜʝʥʥʷ ʧʨʦʮʝʩʫ 

ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʟ ʥʘʩʪʫʧʥʦʶ ʫʪʠʣʽʟʘʮʽʻʶ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ. 

ɺʠʟʥʘʯʝʥʦ ʷʢʽʩʥʽ ʪʘ ʢʽʣʴʢʽʩʥʽ ʧʘʨʘʤʝʪʨʠ ʫʪʠʣʽʟʘʮʽʾ ʚʫʛʣʝʢʠʩʣʦʛʦ 

ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ ʫ ʩʢʣʘʜʽ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ, ʜʝ ʧʦʢʘʟʥʠʢ ʫʪʠʣʽʟʘʮʽʾ ʩʪʘʥʦʚʠʪʴ 

ʚʽʜ 68,83% (8,9 ʤʣʥ ʤ3) ʜʦ 85,87% (23,21 ʤʣʥ ʤ3). ɺʩʪʘʥʦʚʣʝʥʦ ʣʦʛʘʨʠʬʤʽʯʥʫ 

ʟʘʣʝʞʥʽʩʪʴ ʟʤʽʥʠ ʦʙôʻʤʫ ʧʦʨʦʞʥʠʥ ʨʦʟʰʘʨʫʚʘʥʥʷ ʥʘʜʚʫʛʽʣʴʥʦʾ ʪʦʚʱʽ ʚʽʜ 

ʧʦʪʫʞʥʦʩʪʽ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ, ʱʦ ʛʘʟʠʬʽʢʫʻʪʴʩʷ. 

ɺʩʪʘʥʦʚʣʝʥʦ ʝʬʝʢʪʠʚʥʠʡ ʯʘʩ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷʥʦ-ʚʫʛʣʝʢʠʩʣʦʪʥʦʛʦ ʜʫʪʪʷ t ʜʦ 

ʧʣʦʱʠʥʠ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʣʽʥʽʡʥʦʶ ʟʘʣʝʞʥʽʩʪʶ 

ʚʽʜ ʧʦʪʫʞʥʦʩʪʽ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ m ʪʘ ʧʦʢʘʟʥʠʢʽʚ ʚʠʭʦʜʫ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʫ 

ʩʢʣʘʜʽ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ 2

2CO
h  ʫ ʢʽʣʴʢʦʩʪʽ 25% ʷʢ ʢʨʠʪʠʯʥʝ ʟʥʘʯʝʥʥʷ. ʎʝ ʜʘʻ 

ʟʤʦʛʫ ʩʧʨʦʛʥʦʟʫʚʘʪʠ ʪʨʠʚʘʣʽʩʪʴ ʨʦʙʦʪʠ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ, 

ʥʘʧʨʘʚʣʝʥʦʛʦ ʥʘ ʫʪʠʣʽʟʘʮʽʶ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ (68,83 ï 85,87%) ʟ ʤʘʢʩʠʤʘʣʴʥʠʤ 

ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʪʝʧʣʦʪʠ ʟʛʦʨʷʥʥʷ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ ʥʘ ʨʽʚʥʽ 6,3 ï 6,6 ʄɼʞ/ʤ3. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʦʮʽʥʝʥʦ ʛʝʦʤʝʭʘʥʽʯʥʫ ʩʠʪʫʘʮʽʶ 

ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ ʥʘʚʢʦʣʦ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʟʽ ʚʩʪʘʥʦʚʣʝʥʥʷʤ 

ʚʽʜʧʦʚʽʜʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʽ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʡʦʛʦ ʰʘʨʠ. 

ɺʠʟʥʘʯʝʥʦ ʧʘʨʘʤʝʪʨʠ ʧʦʨʦʞʥʠʥ ʪʝʭʥʦʛʝʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʫ ʧʣʦʱʠʥʽ ʪʘ ʥʘʚʢʦʣʦ 

ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ, ʷʢʽ ʜʦʜʘʪʢʦʚʦ ʤʦʞʥʘ ʟʘʧʦʚʥʠʪʠ ʚʫʛʣʝʢʠʩʣʠʤ ʛʘʟʦʤ, 

ʱʦ ʜʘ̒  ʟʤʦʛʫ ʧʽʜʚʠʱʠʪʠ ʧʦʢʘʟʥʠʢʠ ʡʦʛʦ ʫʪʠʣʽʟʘʮʽʾ ʥʘ 4,2 ï 9,1% 
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ʈʆɿɼɯʃ 6 

ʊɽʍʅʆʃʆɻɯʗ ʇɯɼɿɽʄʅʆɰ ɻɸɿʀʌɯʂɸʎɯɰ ɺʋɻɯʃʃʗ ɿ 

ʇʆʇʋʊʅʆʖ ʋʊʀʃɯɿɸʎɯɭʖ ɺʋɻʃɽʂʀʉʃʆɻʆ ɻɸɿʋ  

6.1 ʉʧʦʩʽʙ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ 

ʢʝʨʦʚʘʥʦʶ ʪʦʯʢʦʶ ʧʦʜʘʯʽ ʜʫʪʪʷ 

ʋ ʧʦʧʝʨʝʜʥʽʭ ʨʦʟʜʽʣʘʭ ʦʙˇʨʫʥʪʦʚʘʥʦ ʧʘʨʘʤʝʪʨʠ ʦʧʪʠʤʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʾ 

ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ (ʇɻɺ), ʜʦʪʨʠʤʘʥʥʷ ʷʢʠʭ ʜʘʻ ʟʤʦʛʫ ʦʪʨʠʤʫʚʘʪʠ 

ʚʠʩʦʢʦʢʘʣʦʨʽʡʥʠʡ ʛʝʥʝʨʘʪʦʨʥʠʡ ʛʘʟ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʚʠʩʦʢʠʡ ʩʪʫʧʽʥʴ 

ʟʙʘʣʘʥʩʦʚʘʥʦʩʪʽ ʧʨʦʮʝʩʫ ʟʘ ʨʘʭʫʥʦʢ ʬʦʨʤʫʚʘʥʥʷ ʘʢʪʠʚʥʠʭ ʟʦʥ ʚʦʛʥʝʚʦʛʦ 

ʚʠʙʦʶ, ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʜʫʪʪʷ ʧʨʠ ʨʦʟʰʠʨʝʥʥʽ ʦʙʣʘʩʪʽ ʚʠʛʘʟʦʚʘʥʦʛʦ 

ʧʨʦʩʪʦʨʫ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. ɺʽʜʦʤʦ, ʱʦ ʰʚʠʜʢʽʩʪʴ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ 

ʟʫʤʦʚʣʝʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʽʜʚʝʜʝʥʥʷ ʜʦ ʚʫʛʽʣʴʥʦʛʦ ʤʘʩʠʚʫ ʜʫʪʪʴʦʚʠʭ ʩʫʤʽʰʝʡ ʪʘ ʫʤʦʚ 

ʚʽʜʚʝʜʝʥʥʷ ʧʨʦʜʫʢʪʽʚ ʛʘʟʠʬʽʢʘʮʽʾ [1] ï [3]. 

ʇʽʜ ʚʧʣʠʚʦʤ ʚʠʩʦʢʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʷʢʘ ʟʘʟʚʠʯʘʡ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʧʨʠ 

ʛʘʟʠʬʽʢʘʮʽʾ ʚʽʜ 600 ʜʦ 1050 ÜC, ʰʚʠʜʢʽʩʪʴ ʛʦʨʽʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ, ʛʦʣʦʚʥʠʤ 

ʯʠʥʦʤ, ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʜʠʬʫʟʽʾ ʢʠʩʥʶ ʜʦ ʨʝʘʢʮʽʡʥʦʾ ʧʦʚʝʨʭʥʽ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ. 

ʗʢʱʦ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʧʦʚʽʪʨʷ ʥʘ ʧʦʚʝʨʭʥʽ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ ʟʙʽʣʴʰʠʪʠ ʜʦ 

ʩʦʪʝʥʴ ʤʝʪʨʽʚ ʥʘ ʩʝʢʫʥʜʫ, ʪʦ ʧʨʦʮʝʩ ʛʘʟʠʬʽʢʘʮʽʾ ʚʽʜʙʫʚʘʪʠʤʝʪʴʩʷ ʟ ʙʽʣʴʰʦʶ 

ʽʥʪʝʥʩʠʚʥʽʩʪʶ. ʉʢʣʘʜ ʛʘʟʫ ʇɻɺ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʝʣʝʤʝʥʪʥʠʤ ʩʢʣʘʜʦʤ 

ʪʚʝʨʜʦʛʦ ʧʘʣʠʚʘ ʽ ʚʠʜʦʤ ʜʫʪʪʷ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʚ ʧʽʜʟʝʤʥʠʡ ʛʘʟʦʛʝʥʝʨʘʪʦʨ, ʘ ʡ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʤʽʞ ʜʦʚʞʠʥʘʤʠ ʦʢʠʩʣʶʚʘʣʴʥʦʾ ʪʘ ʚʽʜʥʦʚʥʦʾ ʟʦʥ ʽ ʩʝʨʝʜʥʴʦʶ 

ʪʝʤʧʝʨʘʪʫʨʦʶ ʛʘʟʦʚʦʾ ʬʘʟʠ ʚ ʤʝʞʘʭ ʢʦʞʥʦʾ ʟ ʮʠʭ ʟʦʥ. 

ʋ ʨʦʙʦʪʽ [4] ʟʘʟʥʘʯʝʥʦ, ʱʦ ʧʨʠ ʣʘʤʽʥʘʨʥʦʤʫ ʨʫʩʽ ʛʘʟʽʚ ʽ ʰʚʠʜʢʦʩʪʽ ʜʫʪʪʷ 

ʚʽʜ 6307,2 ʜʦ 1261,44 ʪʠʩ. ʤį/ʛʦʜ ʟʛʦʨʷʥʥʷ ʉʆ ʽ ʉʆ2 ʚʽʜʙʫʚʘʻʪʴʩʷ, ʛʦʣʦʚʥʠʤ 

ʯʠʥʦʤ, ʧʦʙʣʠʟʫ ʧʦʚʝʨʭʥʽ ʚʫʛʽʣʣʷ ʽ ʚ ʦʙôʻʤʥʦʤʫ ʧʨʦʩʪʦʨʽ ʧʽʜʟʝʤʥʦʛʦ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. ɿʘ ʪʘʢʠʭ ʫʤʦʚ ʥʘʡʚʘʞʣʠʚʽʰʦʶ ʚʪʦʨʠʥʥʦʶ ʨʝʘʢʮʽʻʶ ʛʘʟʠʬʽʢʘʮʽʾ 

ʻ ʛʝʪʝʨʦʛʝʥʥʘ ʨʝʘʢʮʽʷ ʚʽʜʥʦʚʣʝʥʥʷ ʉʆ2 ʚ ʉʆ (ʉ + ʉʆ2 = 2ʉʆ Ñ q). ʋ ʧʨʦʮʝʩʽ 

ʛʘʟʠʬʽʢʘʮʽʾ ʪʚʝʨʜʦʛʦ ʧʘʣʠʚʘ ʮʷ ʨʝʘʢʮʽʷ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʚʠʟʥʘʯʘʻ ʷʢʽʩʪʴ 
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ʦʪʨʠʤʘʥʦʛʦ ʛʘʟʫ, ʷʢʘ ʧʨʦʪʽʢʘʻ ʟʘ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ (ʚʠʱʝ 800 ÜC). ʎʷ 

ʝʥʜʦʪʝʨʤʽʯʥʘ ʨʝʘʢʮʽʷ ʧʨʦʪʽʢʘʻ ʫ ʚʽʜʥʦʚʥʽʡ ʟʦʥʽ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. 

ʋ ʢʣʘʩʠʯʥʦʤʫ ʨʦʟʫʤʽʥʥʽ ʧʨʘʢʪʠʯʥʘ ʨʝʘʣʽʟʘʮʽʷ ʪʝʭʥʦʣʦʛʽʾ ʧʽʜʟʝʤʥʦʾ 

ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʧʝʨʝʜʙʘʯʘʻ ʧʽʜʚʝʜʝʥʥʷ ʜʫʪʪʴʦʚʠʭ ʩʫʤʽʰʝʡ ʟʘ ʜʚʦʤʘ 

ʪʝʭʥʦʣʦʛʽʷʤʠ. ʇʝʨʰʘ ʪʝʭʥʦʣʦʛʽʷ ʧʝʨʝʜʙʘʯʘʻ ʧʦʜʘʯʫ ʜʫʪʪʷ ʧʦ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽʡ 

ʩʚʝʨʜʣʦʚʠʥʽ, ʜʨʫʛʘ ï ʧʦʜʘʯʫ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ ʧʦ ʢʝʨʦʚʘʥʦʤʫ ʪʨʫʙʦʧʨʦʚʦʜʫ ʟ 

ʢʝʨʦʚʘʥʦʶ ʪʦʯʢʦʶ ʜʫʪʪʷ. ɿʘʛʘʣʴʥʫ ʩʭʝʤʫ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 6.1. 
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ʈʠʩʫʥʦʢ 6.1 ï ʊʝʭʥʦʣʦʛʽʯʥʘ ʩʭʝʤʘ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ: 1 ï ʜʝʥʥʘ 

ʧʦʚʝʨʭʥʷ; 2 ï ʚʫʛʽʣʴʥʠʡ ʧʣʘʩʪ; 3 ï ʚʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ; 4 ï ʨʝʘʢʮʽʡʥʠʡ ʢʘʥʘʣ;  

5 ï ʚʦʛʥʝʚʠʡ ʚʠʙʽʡ; 6 ï ʜʫʪʪʴʦʚʘ ʩʚʝʨʜʣʦʚʠʥʥʘ; 7 ï ʛʘʟʦʚʽʜʚʽʜʥʘ ʩʚʝʨʜʣʦʚʠʥʥʘ; 

8 ï ʛʥʫʯʢʠʡ ʢʝʨʦʚʘʥʠʡ ʪʨʫʙʦʧʨʦʚʽʜ; 9 ï ʢʦʤʧʨʝʩʦʨ ʜʣʷ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷʥʦʛʦ 

ʜʫʪʪʷ; 10 ï ʢʠʩʥʝʚʠʡ ʛʝʥʝʨʘʪʦʨ; 11 ï ʧʘʨʦʛʝʥʝʨʘʪʦʨ; 12 ï ʟʤʽʰʫʚʘʯ-ʜʦʟʘʪʦʨ 

ʢʦʤʧʦʥʝʥʪʽʚ ʜʫʪʪʷ; 13 ï ʧʨʠʩʪʨʽʡ ʜʣʷ ʧʦʩʫʚʘʥʥʷ ʛʥʫʯʢʦʛʦ ʢʝʨʦʚʘʥʦʛʦ 

ʪʨʫʙʦʧʨʦʚʦʜʫ; 14 ï ʢʦʤʧʣʝʢʩ ʟ ʦʯʠʩʪʢʠ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ; 15 ï ʧʦʚʽʪʨʷʥʠʡ 

ʪʨʫʙʦʧʨʦʚʽʜ; 16 ï ʢʠʩʥʝʚʠʡ ʪʨʫʙʦʧʨʦʚʽʜ; 17 ï ʧʘʨʦʚʠʡ ʪʨʫʙʦʧʨʦʚʽʜ;  

18 ï ʪʨʫʙʦʧʨʦʚʽʜ ʚʽʜʚʝʜʝʥʥʷ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ; 19 ï ʫʩʪʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʩʚʝʨʜʣʦʚʠʥ; 20 ï ʥʘʧʨʷʤʦʢ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷʥʦʛʦ ʜʫʪʪʷ; 21 ï ʥʘʧʨʷʤʦʢ ʚʽʜʚʝʜʝʥʥʷ 

ʧʨʦʜʫʢʪʽʚ ʛʘʟʠʬʽʢʘʮʽʾ 

 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʭʝʤʠ ʨʠʩ. 6.1 ʨʝʘʢʮʽʡʥʠʡ ʢʘʥʘʣ 4 ʬʦʨʤʫʻʪʴʩʷ 

ʽʟ ʜʝʥʥʦʾ ʧʦʚʝʨʭʥʽ 1 ʰʣʷʭʦʤ ʛʽʜʨʦʨʦʟʨʠʚʫ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ 2. ʇʘʨʘʤʝʪʨʠ 

ʜʦʚʞʠʥʠ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ, ʚʠʭʦʜʷʯʠ ʟ ʧʦʢʘʟʥʠʢʽʚ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʪʘ ʪʝʧʣʦʚʦʛʦ 
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ʙʘʣʘʥʩʽʚ ʛʘʟʠʬʽʢʘʮʽʾ, ʨʦʟʤʽʨʽʚ ʟʦʥʠ ʝʢʟʦʪʝʨʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʪʘ ʛʝʦʤʝʭʘʥʽʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ, ʱʦ ʚʤʽʱʫʻ ʛʘʟʦʛʝʥʝʨʘʪʦʨ [5], [6]. 

ʄʦʥʪʘʞ ʛʥʫʯʢʦʛʦ ʢʝʨʦʚʘʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʫ 8 ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʷʭʦʤ ʾʾ 

ʡʦʛʦ ʧʦʜʘʯʽ ʧʦ ʩʚʝʨʜʣʦʚʠʥʘʭ 6, 7 ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʠʩʪʨʦʾʚ 13. ʈʦʟʧʘʣʶʚʘʥʥʷ 

ʧʣʘʩʪʘ ʧʨʦʚʦʜʷʪʴ ʯʝʨʝʟ ʩʚʝʨʜʣʦʚʠʥʠ 6, 7. ʇʽʩʣʷ ʯʦʛʦ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʜʦʜʘʪʢʦʚʦʾ ʘʢʪʠʚʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʟʘʧʘʣʶʚʘʥʥʷ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ ʧʦ ʛʥʫʯʢʦʤʫ 

ʪʨʫʙʦʧʨʦʚʦʜʫ 8, ʱʦ ʟʘʢʣʘʜʝʥʠʡ ʫ ʜʫʪʪʴʦʚʽʡ ʩʚʝʨʜʣʦʚʠʥʽ 6, ʚ ʤʽʩʮʝ 

ʨʦʟʧʘʣʶʚʘʥʥʷ ʧʦʜʘʶʪʴ ʢʠʩʝʥʴ. 

ʉʠʩʪʝʤʘ ʨʦʟʨʦʙʢʠ ʧʽʜʟʝʤʥʠʭ ʛʘʟʦʛʝʥʝʨʘʪʦʨʽʚ ʧʝʨʝʜʙʘʯʘʻ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʛʥʫʯʢʠʭ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʟ ʚʥʫʪʨʽʰʥʽʤ ʜʽʘʤʝʪʨʦʤ 28 ʩʤ ʽ ʟʦʚʥʽʰʥʽʤ 33,5 ʩʤ ʫ 

ʙʫʭʪʘʭ. ɼʣʷ ʩʪʘʙʽʣʴʥʦʾ ʧʦʜʘʯʽ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ ʜʦ ʜʞʝʨʝʣʘ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʟʤʽʰʫʚʘʯ-ʜʦʟʘʪʦʨ ʢʦʤʧʦʥʝʥʪʽʚ ʜʫʪʪʷ 12. ɺʽʥ ʟʘʙʝʟʧʝʯʫʻ 

ʙʝʟʧʝʨʝʨʚʥʫ ʧʦʜʘʯʫ ʜʫʪʪʷ ʛʦʣʦʚʥʠʤʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʩʚʝʨʜʣʦʚʠʥʘʤʠ 6, 7 ʽ 

ʛʥʫʯʢʠʤʠ ʢʝʨʦʚʘʥʠʤʠ ʪʨʫʙʦʧʨʦʚʦʜʘʤʠ 8 ʫ ʤʽʨʫ ʧʦʩʫʚʘʥʥʷ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʦʾ ʢʦʤʧʣʝʢʩʥʦʾ ʩʠʩʪʝʤʠ ʧʦʜʘʯʽ ʜʫʪʪʷ 

ʟʘʙʝʟʧʝʯʫʻ ʧʦʜʘʯʫ ʽ ʢʝʨʦʚʘʥʽʩʪʴ ʘʢʪʠʚʥʠʤʠ ʨʝʘʛʝʥʪʘʤʠ ʜʫʪʪʷ (ʆ2, ʆ2+ʉʆ2, 

ʧʝʨʝʛʨʽʪʘ ʧʘʨʘ) ʥʘ ʚʦʛʥʝʚʠʡ ʚʠʙʽʡ ʨʝʘʢʮʽʡʥʦʛʦ ʢʘʥʘʣʫ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. 

ʇʽʩʣʷ ʨʦʟʧʘʣʶʚʘʥʥʷ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ ʚʽʜ ʻʤʥʦʩʪʽ ʟ ʢʠʩʥʝʤ 10 ʜʦ 

ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ ʦʢʠʩʣʶʚʘʣʴʥʦʾ ʟʦʥʠ ʨʝʘʢʮʽʡʥʦʛʦ ʢʘʥʘʣʫ ʧʦ ʛʥʫʯʢʦʤʫ 

ʪʨʫʙʦʧʨʦʚʦʜʫ ʩʚʝʨʜʣʦʚʠʥʠ 6 ʧʦʜʘʻʪʴʩʷ ʢʠʩʝʥʴ. ʌʦʨʤʫʚʘʥʥʷ ʽ ʧʦʜʘʣʴʰʘ 

ʝʢʩʧʣʫʘʪʘʮʽʷ ʦʢʠʩʣʶʚʘʣʴʥʦʾ ʟʦʥʠ ʨʝʘʢʮʽʡʥʦʛʦ ʢʘʥʘʣʫ ʧʦʚôʷʟʘʥʘ ʟ ʧʨʦʪʽʢʘʥʥʷʤ 

ʝʢʟʦʪʝʨʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʝʨʤʦʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ. ɼʘʥʽ ʨʝʘʢʮʽʾ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʩʪʘʙʽʣʴʥʫ ʢʽʥʝʪʠʢʫ ʝʥʜʦʪʝʨʤʽʯʥʠʭ ʨʝʘʢʮʽʾ ʫ ʚʽʜʥʦʚʥʽʡ ʟʦʥʽ ʨʝʘʢʮʽʡʥʦʛʦ ʢʘʥʘʣʫ. 

ɼʦʚʞʠʥʘ ʦʢʠʩʣʶʚʘʣʴʥʦʾ ʟʦʥʠ ʧʦʚʠʥʥʘ ʙʫʪʠ ʚ ʤʝʞʘʭ 0 ï 10,45 ʤ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ʂʝʨʦʚʘʥʽ ʛʥʫʯʢʽ ʪʨʫʙʦʧʨʦʚʦʜʠ ʟ ʧʝʨʬʦʨʦʚʘʥʠʤʠ ʥʘʩʘʜʢʘʤʠ ʧʦʩʫʚʘʶʪʴʩʷ 

ʟʘ ʚʦʛʥʝʥʥʠʤ ʚʠʙʦʻʤ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʘʨʘʙʘʥʽʚ 13. ɻʝʥʝʨʘʪʦʨʥʽ 

ʛʘʟʠ 21 ʟ ʨʝʘʢʮʽʡʥʦʛʦ ʢʘʥʘʣʫ ʧʦ ʛʘʟʦʚʽʜʚʽʜʥʽʡ ʩʚʝʨʜʣʦʚʠʥʽ 7 ʥʘʧʨʘʚʣʷʶʪʴʩʷ ʥʘ 

ʜʝʥʥʫ ʧʦʚʝʨʭʥʶ 1 ʽ ʜʘʣʽ ʧʦ ʪʨʫʙʦʧʨʦʚʦʜʫ 13 ʧʦʩʪʫʧʘʶʪʴ ʫ ʧʦʚʝʨʭʥʝʚʠʡ 

ʢʦʤʧʣʝʢʩ ʦʯʠʩʪʢʠ ʽ ʧʝʨʝʨʦʙʢʠ ʧʨʦʜʫʢʪʽʚ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ 14. 
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ʋ ʧʨʦʮʝʩʽ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʚ ʫʤʦʚʘʭ ʰʘʭʪ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʧʝʨʘʮʽʾ, ʷʢʽ ʤʘʶʪʴ ʧʝʚʥʽ ʩʧʽʣʴʥʽ ʨʠʩʠ ʟ ʚʠʱʝʟʘʟʥʘʯʝʥʦʶ 

ʪʝʭʥʦʣʦʛʽʻʶ. ʆʩʥʦʚʥʘ ʚʽʜʤʽʥʥʽʩʪʴ ʧʦʣʷʛʘʻ ʫ ʩʧʦʩʦʙʘʭ ʧʽʜʛʦʪʦʚʢʠ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ, 

ʧʨʦʮʝʩʘʭ ʨʦʟʧʘʣʶʚʘʥʥʷ ʪʘ ʤʝʪʦʜʘʭ ʚʽʜʚʝʜʝʥʥʷ ʛʝʥʝʨʘʪʦʨʥʠʭ ʛʘʟʽʚ [7], [8]. 

ʈʦʟʛʣʷʥʝʤʦ ʜʘʥʫ ʪʝʭʥʦʣʦʛʽʶ ʥʘ ʧʨʠʢʣʘʜʽ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ ʚ ʫʤʦʚʘʭ 

ʰʘʭʪʠ çʉʪʝʧʦʚʘè ɼʇ çʃʴʚʽʚʚʫʛʽʣʣʷè (ʨʠʩ. 6.2). ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʦʻʢʪʥʠʭ ʨʽʰʝʥʴ 

ʪʝʭʥʦʣʦʛʽʷ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʫ ʚʠʡʤʘʣʴʥʦʤʫ ʩʪʦʚʧʽ ʰʘʭʪʠ çʉʪʝʧʦʚʘè 

ʧʨʦʭʦʜʠʪʠʤʝ ʪʘʢʠʤ ʯʠʥʦʤ. ɿʘ ʜʦʚʞʠʥʦʶ ʚʠʾʤʢʦʚʦʛʦ ʩʪʦʚʧʘ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʟ 

ʙʦʢʫ 566 ʢʦʥʚʝʻʨʥʦʛʦ ʰʪʨʝʢʫ ʧʨʦʚʦʜʷʪʴʩʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʩʚʝʨʜʣʦʚʠʥʠ ʥʘ ʚʩʶ 

ʜʦʚʞʠʥʫ ʩʪʦʚʧʘ.  

ʇʽʜʛʦʪʦʚʢʫ ʰʘʭʪʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʧʨʦʚʦʜʷʪʴ ʟ 566 ʢʦʥʚʝʻʨʥʦʛʦ ʰʪʨʝʢʫ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʫʪʪʴʦʚʦʾ 2 ʪʘ ʛʘʟʦʚʽʜʚʽʜʥʦʾ 3 ʩʚʝʨʜʣʦʚʠʥ ʧʦ ʚʫʛʽʣʴʥʦʤʫ ʧʣʘʩʪʫ 1. 

ɿ ʙʦʢʫ 566 ʢʦʥʚʝʻʨʥʦʛʦ ʰʪʨʝʢʫ 4 ʚʠʾʤʢʦʚʠʡ ʩʪʦʚʧ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʦʢʦʥʪʫʨʶʻʪʴʩʷ 

ʤʦʥʪʘʞʥʦʶ ʙʝʨʤʦʶ 5 ʽ ʚʽʜʜʽʣʷʻʪʴʩʷ ʚʽʜ ʰʪʨʝʢʫ ʞʘʨʦʩʪʽʡʢʦʶ ʧʝʨʝʤʠʯʢʦʶ 6, 

ʟʙʦʢʫ 567 ʚʝʥʪʠʣʷʮʽʡʥʦʛʦ ʰʪʨʝʢʫ 7 ʩʧʦʨʫʜʞʫʻʪʴʩʷ ʪʘʢʦʞ ʤʦʥʪʘʞʥʘ ʙʝʨʤʘ 5 ʚ 

ʷʢʽʡ ʬʦʨʤʫʻʪʴʩʷ ʨʝʘʢʮʽʡʥʠʡ ʢʘʥʘʣ 6. ʋ ʤʦʥʪʘʞʥʽʡ ʙʝʨʤʽ 5 ʟʽ ʩʪʦʨʦʥʠ 566 

ʢʦʥʚʝʻʨʥʦʛʦ ʰʪʨʝʢʫ 4 ʤʦʥʪʫʶʪʴʩʷ ʝʣʝʤʝʥʪʠ ʢʝʨʦʚʘʥʦʾ ʧʦʜʘʯʽ ʜʫʪʪʷ. ɺ ʜʫʪʪʴʦʚʫ 

2 ʪʘ ʛʘʟʦʚʽʜʚʽʜʥʫ 3 ʩʚʝʨʜʣʦʚʠʥʠ ʤʦʥʪʫʶʪʴ ʛʥʫʯʢʠʡ ʢʝʨʦʚʘʥʠʡ ʪʨʫʙʦʧʨʦʚʽʜ 8. 

ʇʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʤʦʥʪʘʞʥʠʭ ʨʦʙʽʪ ʙʝʨʤʘ 5 567 ʚʝʥʪʠʣʷʮʽʡʥʦʛʦ ʰʪʨʝʢʫ 7 

ʚʽʜʜʽʣʷʻʪʴʩʷ ʚʽʜ ʰʪʨʝʢʫ ʞʘʨʦʩʪʽʡʢʦʶ ʧʝʨʝʤʠʯʢʦʶ 9. ɼʣʷ ʚʝʥʪʠʣʷʮʽʾ ʧʽʜʟʝʤʥʠʭ 

ʚʠʨʦʙʦʢ ʚ ʢʽʥʮʽ ʚʠʡʤʘʣʴʥʦʛʦ ʩʪʦʚʧʘ ʧʨʦʚʦʜʷʪʴ ʚʝʥʪʠʣʷʮʽʡʥʠʡ ʭʽʜʥʠʢ 10. 

ʆʪʨʠʤʘʥʠʡ ʛʝʥʝʨʘʪʦʨʥʠʡ ʛʘʟ ʧʦʜʘʶʪʴ ʥʘ ʟʝʤʥʫ ʧʦʚʝʨʭʥʶ ʯʝʨʝʟ ʚʝʨʪʠʢʘʣʴʥʫ 

ʛʘʟʦʚʽʜʚʽʜʥʫ ʩʚʝʨʜʣʦʚʠʥʫ 11 (ʟôʻʜʥʘʥʥʷ ʟ ʧʦʚʝʨʭʥʝʚʠʤ ʢʦʤʧʣʝʢʩʦʤ ʦʯʠʩʪʢʠ ʽ 

ʧʝʨʝʨʦʙʢʠ ʧʨʦʜʫʢʪʽʚ ʛʘʟʠʬʽʢʘʮʽʾ).  

ɼʣʷ ʩʪʘʙʽʣʴʥʦʾ ʧʦʜʘʯʽ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ ʜʦ ʜʞʝʨʝʣʘ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ 12 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʟʤʽʰʫʚʘʯ-ʜʦʟʘʪʦʨ ʢʦʤʧʦʥʝʥʪʽʚ ʜʫʪʪʷ 13, ʥʘ ʷʢʠʡ ʧʦʩʪʫʧʘʶʪʴ 

ʪʘʢʽ ʩʫʤʽʰʽ ʷʢ ʧʘʨʘ, ʢʠʩʝʥʴ ʪʘ ʧʦʚʽʪʨʷ ʧʦ ʪʨʫʙʦʧʨʦʚʦʜʘʭ 14 ʚʽʜʧʦʚʽʜʥʦ ʚʽʜ 

ʧʘʨʦʛʝʥʝʨʘʪʦʨʘ 15, ʢʠʩʥʝʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ 16 ʪʘ ʧʦʚʽʪʨʷʥʦʛʦ ʢʦʤʧʨʝʩʦʨʘ 17. 

ɿʤʽʰʫʚʘʯ-ʜʦʟʘʪʦʨ 13 ʟʘʙʝʟʧʝʯʫʻ ʙʝʟʧʝʨʝʨʚʥʫ ʧʦʜʘʯʫ ʜʫʪʪʷ ʛʦʣʦʚʥʠʤʠ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʩʚʝʨʜʣʦʚʠʥʘʤʠ ʽ ʛʥʫʯʢʠʤʠ ʢʝʨʦʚʘʥʠʤʠ ʪʨʫʙʦʧʨʦʚʦʜʘʤʠ ʚ 

ʤʽʨʫ ʧʦʩʫʚʘʥʥʷ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. 
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ʈʠʩʫʥʦʢ 6.2 ï ɺʠʢʦʧʽʶʚʘʥʥʷ ʟ ʧʣʘʥʫ ʛʽʨʥʠʯʠʭ ʚʠʨʦʙʦʢ ʟ ʥʘʚʝʜʝʥʥʷʤ 

ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʭʝʤʠ ʰʘʭʪʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ: 1 ï ʚʫʛʽʣʴʥʠʡ ʧʣʘʩʪ; 2 ï ʜʫʪʪʴʦʚʘ 

ʩʚʝʨʜʣʦʚʠʥʥʘ; 3 ï ʛʘʟʦʚʽʜʚʽʜʥʘ ʩʚʝʨʜʣʦʚʠʥʥʘ; 4 ï 566 ʢʦʥʚʝʻʨʥʠʡ ʰʪʨʝʢ; 

5 ï ʤʦʥʪʘʞʥʘ ʙʝʨʤʘ; 6, 9 ï ʞʘʨʦʩʪʽʡʢʘ ʧʝʨʝʤʠʯʢʘ; 7 ï 567 ʚʝʥʪʠʣʷʮʽʡʥʠʡ ʰʪʨʝʢ; 

8 ï ʛʥʫʯʢʠʡ ʢʝʨʦʚʘʥʠʡ ʪʨʫʙʦʧʨʦʚʽʜ; 10 ï ʚʝʥʪʠʣʷʮʽʡʥʠʡ ʭʽʜʥʠʢ; 

11 ï ʚʝʨʪʠʢʘʣʴʥʘ ʛʘʟʦʚʽʜʚʽʜʥʘ ʩʚʝʨʜʣʦʚʠʥʥʘ (ʟôʻʜʥʘʥʥʷ ʟ ʧʦʚʝʨʭʥʝʚʠʤ 

ʢʦʤʧʣʝʢʩʦʤ ʦʯʠʩʪʢʠ ʽ ʧʝʨʝʨʦʙʢʠ ʧʨʦʜʫʢʪʽʚ ʛʘʟʠʬʽʢʘʮʽʾ); 12 ï ʚʦʛʥʝʚʠʡ ʚʠʙʽʡ;  

13 ï ʟʤʽʰʫʚʘʯ-ʜʦʟʘʪʦʨ ʢʦʤʧʦʥʝʥʪʽʚ ʜʫʪʪʷ; 14 ï ʪʨʫʙʦʧʨʦʚʽʜ ʜʣʷ ʧʦʜʘʯʽ 

ʜʫʪʪʴʦʚʠʭ ʩʫʤʽʰʝʡ; 15 ï ʧʘʨʦʛʝʥʝʨʘʪʦʨ; 16 ï ʢʠʩʥʝʚʠʡ ʛʝʥʝʨʘʪʦʨ;  

17 ï ʧʦʚʽʪʨʷʥʠʡ ʢʦʤʧʨʝʩʦʨ; 18 ï ʨʝʘʢʮʽʡʥʠʡ ʢʘʥʘʣ; 19 ï ʥʘʧʨʷʤʦʢ ʧʦʜʘʯʽ 

ʧʦʚʽʪʨʷʥʦʛʦ ʜʫʪʪʷ; 20 ï ʥʘʧʨʷʤʦʢ ʚʽʜʚʝʜʝʥʥʷ ʧʨʦʜʫʢʪʽʚ ʛʘʟʠʬʽʢʘʮʽʾ;  

21 ï ʧʨʠʩʪʨʽʡ ʜʣʷ ʧʦʩʫʚʘʥʥʷ ʛʥʫʯʢʠʭ ʢʝʨʦʚʘʥʠʭ ʪʨʫʙʦʧʨʦʚʦʜʽʚ 
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ʈʦʟʧʘʣʶʚʘʥʥʷ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘ ʩʧʦʣʫʯʝʥʽ ʜʫʪʪʴʦʚʦʾ 

ʩʚʝʨʜʣʦʚʠʥʠ 2 ʪʘ ʨʝʘʢʮʽʡʥʦʛʦ ʢʘʥʘʣʫ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ 18 ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʥʫʯʢʦʛʦ 

ʢʝʨʦʚʘʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʫ 8. ʇʨʠ ʛʘʟʠʬʽʢʘʮʽʾ ʟʘʜʘʻʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʜʽʘʧʘʟʦʥ, 

ʚ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʜʣʷ ʤʘʨʢʠ ʚʫʛʽʣʣʷ ɻ 520 ï 650 Üʉ, ʷʢʠʡ ʢʦʥʪʨʦʣʶʶʪʴ ʫ 

ʧʨʦʮʝʩʽ ʨʦʟʧʘʣʶʚʘʥʥʷ, ʰʣʷʭʦʤ ʙʘʣʘʥʩʫʚʘʥʥʷ ʪʠʩʢʫ ʪʘ ʩʢʣʘʜʦʤ ʜʫʪʪʷ ʟʘ 

ʜʦʚʞʠʥʦʶ ʩʪʦʚʧʘ ʛʘʟʠʬʽʢʘʮʽʾ. ɻʥʫʯʢʠʡ ʤʝʪʘʣʝʚʠʡ ʪʨʫʙʦʧʨʦʚʽʜ 8 ʧʦ ʜʫʪʪʴʦʚʽʡ 

ʩʚʝʨʜʣʦʚʠʥʽ 2 ʧʦʩʫʚʘʻʪʴʩʷ ʟʘ ʚʦʛʥʝʚʠʤ ʚʠʙʦʻʤ 12 ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʠʩʪʨʦʾʚ 21. 

ɼʣʷ ʨʽʚʥʦʤʽʨʥʦʩʪʽ ʧʦʩʫʚʘʥʥʷ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ ʟʜʽʡʩʥʶʻʪʴʩʷ ʨʝʚʝʨʩ ʡʦʛʦ 

ʘʢʪʠʚʥʠʭ ʟʦʥ. ʇʨʠ ʨʝʚʝʨʩʽ ʛʥʫʯʢʠʡ ʤʝʪʘʣʝʚʠʡ ʪʨʫʙʦʧʨʦʚʽʜ 8 ʧʦʩʫʚʘʻʪʴʩʷ ʧʦ 

ʩʚʝʨʜʣʦʚʠʥʽ 3. 

ʇʨʠ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ ʧʦ ʢʝʨʦʚʘʥʦʤʫ ʪʨʫʙʦʧʨʦʚʦʜʫ 8, ʱʦ 

ʨʦʟʪʘʰʦʚʘʥʠʡ ʫ ʜʫʪʪʴʦʚʽʡ ʩʚʝʨʜʣʦʚʠʥʽ 2 ʜʫʪʪʴʦʚʘ ʩʫʤʽʰ ʧʦʩʪʫʧʘʻ ʥʘ çʜʟʝʨʢʘʣʦè 

ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ 12. ʆʪʨʠʤʘʥʠʡ ʪʘʢʠʤ ʯʠʥʦʤ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʨʝʞʠʤ ʜʘʻ ʟʤʦʛʫ 

ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʘʙʽʣʴʥʽʩʪʴ ʪʘ ʘʢʪʠʚʥʽʩʪʴ ʢʽʥʝʪʠʢʠ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʾ ʧʨʠ ʛʘʟʠʬʽʢʘʮʽʾ 

ʚʫʛʽʣʣʷ. ʊʝʤʧʝʨʘʪʫʨʘ ʚʠʭʽʜʥʦʛʦ ʛʘʟʫ ʟʘ ʜʘʥʠʤʠ ʨʦʟʨʘʭʫʥʢʫ ʤʘʪʝʨʽʘʣʴʥʦ-

ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ ʚ ʛʘʟʦʚʽʜʚʽʜʥʽʡ ʩʚʝʨʜʣʦʚʠʥʽ ʧʨʠ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʤʘʨʢʠ ɻ ʫ 

ʜʽʘʧʘʟʦʥʽ ʊ = 820 ï 870 Üʉ, ʘ ʧʽʜ ʯʘʩ ʚʠʭʦʜʫ ʟ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʊ = 708 ï 756 Üʉ [9]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʝʜʝʥʥʷ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ ʧʨʠ ʧʦʜʘʯʽ ʜʫʪʪʷ ʷʢ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʩʚʝʨʜʣʦʚʠʥʘʤʠ, ʪʘʢ ʽ ʢʝʨʦʚʘʥʠʤʠ ʛʥʫʯʢʠʤʠ ʪʨʫʙʦʧʨʦʚʦʜʘʤʠ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʟʘ 

ʨʘʭʫʥʦʢ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ ʧʨʦʚʦʜʠʣʠʩʴ ʫ ʜʚʘ ʧʦʩʣʽʜʦʚʥʽ ʝʪʘʧʠ ʟ ʧʝʚʥʦʶ 

ʮʠʢʣʽʯʥʽʩʪʶ. ɺʩʴʦʛʦ ʙʫʣʦ ʜʝʩʷʪʴ ʮʠʢʣʽʚ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ. ʇʝʨʰʠʡ ʝʪʘʧ 

ʜʦʩʣʽʜʞʝʥʴ (ʮʠʢʣʠ ï 1, 3, 5, 7, 9) ʤʽʩʪʠʚ ʧʦʜʘʯʫ ʧʦʚʽʪʨʷʥʦʛʦ ʜʫʪʪʷ ʧʦ 

ʟʤʦʜʝʣʴʦʚʘʥʽʡ ʜʫʪʪʴʦʚʽʡ ʩʚʝʨʜʣʦʚʠʥʽ ʚ ʟʦʥʫ ʨʝʘʢʮʽʡʥʦʛʦ ʢʘʥʘʣʫ. ʅʘ 

ʥʘʩʪʫʧʥʦʤʫ ʝʪʘʧʽ (ʮʠʢʣʠ ï 2, 4, 6, 8, 10) ʫ ʚʞʝ ʩʬʦʨʤʦʚʘʥʠʡ ʚʦʛʥʝʚʠʡ ʚʠʙʽʡ 

ʜʦʜʘʪʢʦʚʦ ʧʦʜʘʚʘʣʠ ʜʫʪʪʴʦʚʫ ʩʫʤʽʰ ʯʝʨʝʟ ʢʝʨʦʚʘʥʠʡ ʪʨʫʙʦʧʨʦʚʽʜ 

(ʢʦʤʙʽʥʦʚʘʥʠʡ ʨʝʞʠʤ). ʇʽʜ ʯʘʩ ʢʦʞʥʦʛʦ ʝʪʘʧʫ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʤʽʨʷʣʠ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʛʦʨʶʯʠʭ ʛʘʟʽʚ (ʉʆ, ʅ2, ʉʅ4) ʫ ʚʠʭʽʜʥʽʡ ʩʫʤʽʰʽ. ʊʠʩʢ ʧʦʜʘʯʽ 

ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ ʧʦ ʩʚʝʨʜʣʦʚʠʥʽ ʩʢʣʘʜʘʚ 0,12 ï 0,15 ʄʇʘ, ʘ ʧʦ ʢʝʨʦʚʘʥʦʤʫ 

ʪʨʫʙʦʧʨʦʚʦʜʫ 0,18 ï 0,21 ʄʇʘ.  
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ɻʘʟʘʤʠ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ, ʻ H2, CO, CH4 ʪʘ 

CO2. ɺʽʜʧʦʚʽʜʥʦ ʜʦ [10] ʦʩʥʦʚʥʠʤʠ ʭʽʤʽʯʥʠʤʠ ʨʝʘʢʮʽʷʤʠ, ʱʦ ʟʫʤʦʚʣʶʶʪʴ ʾʭ 

ʫʪʚʦʨʝʥʥʷ, ʻ: 

ʉ + ʆ2 Ÿ ʉʆ2  æʅÁ298 = ï 393 ʢɼʞ/ʤʦʣʴ; 

ʉ + ʉʆ2 Ÿ 2ʉʆ  æʅÁ298 = +172 ʢɼʞ/ʤʦʣʴ; 

ʉ + ʅ2ʆ Ÿ ʅ2 + ʉʆ æʅÁ298 = + 131 ʢɼʞ/ʤʦʣʴ; 

ʉ + 2ʅ2 Ÿ ʉʅ4  æʅÁ298 = ï 75 ʢɼʞ/ʤʦʣʴ. 

ʊʘʢʝ ʧʨʦʪʽʢʘʥʥʷ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʢʠʩʝʥʴ, ʷʢʠʡ ʻ ʫ ʩʢʣʘʜʽ 

ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ ʷʢ ʦʢʠʩʣʶʚʘʯ, ʧʦʚʥʽʩʪʶ ʟʘʜʽʷʥʠʡ ʫ ʨʝʘʢʮʽʷʭ. ɺʠʭʦʜʷʯʠ ʟ 

ʮʴʦʛʦ, ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʧʨʠʩʫʪʥʽʩʪʴ ʢʠʩʥʶ ʫ ʚʠʭʽʜʥʽʡ ʩʫʤʽʰʽ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʩʚʽʜʯʠʪʴ ʧʨʦ ʜʝʩʪʘʙʽʣʽʟʘʮʽʶ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ. ʈʝʟʫʣʴʪʘʪʠ 

ʤʦʥʽʪʦʨʠʥʛʫ ʦʩʥʦʚʥʦʛʦ ʩʢʣʘʜʫ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ ʪʘ ʪʝʧʣʦʪʠ ʟʛʦʨʘʥʥʷ 

ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 6.3. 
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ʧʦʜʘʯʘ ʜʫʪʪʷ ʧʦ
 ʩʚʝʨʜʣʦʚʠʥʽ

ʢʦʤʙʽʥʦʚʘʥʠʡ ʩʧʦʩʽʙ
ʧʦʜʘʯʽ ʜʫʪʪʷ  

ʈʠʩʫʥʦʢ 6.3 ï ɼʘʥʽ ʱʦʜʦ ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʛʦʨʶʯʠʭ ʛʝʥʝʨʘʪʦʨʥʠʭ ʛʘʟʽʚ 

ʚʧʨʦʜʦʚʞ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʚʽʜ ʩʧʦʩʦʙʫ ʧʦʜʘʯʽ ʜʫʪʪʴʦʚʠʭ ʩʫʤʽʰʝʡ 

 

ʇʝʨʰʠʡ ʮʠʢʣ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʛʘʚ ʫ ʚʩʪʘʥʦʚʣʝʥʥʽ 

ʢʦʥʮʝʥʪʨʘʮʽʡ ʛʦʨʶʯʠʭ ʛʘʟʽʚ ʧʽʜ ʯʘʩ ʧʦʜʘʚʘʥʥʷ ʧʦʚʽʪʨʷʥʦʛʦ ʜʫʪʪʷ ʧʦ ʜʫʪʪʴʦʚʽʡ 

ʩʚʝʨʜʣʦʚʠʥʽ. ʊʠʩʢ ʧʦʜʘʯʽ ʜʫʪʪʷ ʩʪʘʥʦʚʠʚ 0,32 ʄʇʘ. ʅʝʦʙʭʽʜʥʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ 

ʧʦʜʘʯʫ ʮʴʦʛʦ ʜʫʪʪʷ ʧʦʯʘʣʠ ʧʨʦʚʦʜʠʪʠ ʥʘ 2 ʛʦʜʠʥʫ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ, 

ʦʩʢʽʣʴʢʠ ʪʘʢʠʡ ʧʝʨʽʦʜ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷʥʦʛʦ ʜʫʪʪʷ ʙʫʚ ʜʦʩʪʘʪʥʽʤ ʜʣʷ ʥʘʨʦʱʝʥʥʷ 
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ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʟ ʬʦʨʤʫʚʘʥʥʷʤ ʨʝʘʢʮʽʡʥʠʭ ʟʦʥ ʫ ʚʦʛʥʝʚʦʤʫ ʚʠʙʦʾ ʪʘ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʝʘʢʮʽʡ ʛʘʟʦʫʪʚʦʨʝʥʥʷ. ʉʝʨʝʜʥʷ ʢʦʥʮʝʥʪʨʘʮʽʷ ʛʦʨʶʯʠʭ ʛʘʟʽʚ ʧʨʠ 

ʧʨʦʚʝʜʝʥʥʽ ʧʝʨʰʦʛʦ ʮʠʢʣʫ ʜʦʩʣʽʜʞʝʥʴ ʩʪʘʥʦʚʠʣʘ 26,30%: ʉʆ ï 14,63%, ʉʅ4 ï 

6,40%, ʅ2 ï 5,27%. ʅʠʟʴʢʽ ʧʦʢʘʟʥʠʢʠ ʚʦʜʥʶ ʩʚʽʜʯʘʪʴ ʧʨʦ ʚʽʜʩʫʪʥʽʩʪʴ ʚʦʣʦʛʠ ʫ 

ʚʫʛʽʣʣʽ, ʧʦʨʦʜʘʭ ʧʦʢʨʽʚʣʽ ʪʘ ʧʽʜʦʰʚʠ, ʘʣʝ ʯʘʩʪʠʥʘ ʚʦʣʦʛʠ, ʚʩʝ-ʪʘʢʠ, ʥʘʜʭʦʜʠʣʘ ʫ 

ʟʤʦʜʝʣʴʦʚʘʥʠʡ ʛʘʟʦʛʝʥʝʨʘʪʦʨ, ʷʢʘ ʧʦʪʨʘʧʣʷʣʘ ʟ ʧʦʚʽʪʨʷʥʠʤ ʜʫʪʪʷʤ ʚ 

ʦʢʠʩʣʶʚʘʣʴʥʫ ʟʦʥʫ. ɺʤʽʩʪ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ ʟʥʠʞʫʻʪʴʩʷ ï ʚʽʥ ʚʽʜʥʦʚʣʶʻʪʴʩʷ ʫ 

ʤʦʥʦʦʢʩʠʜ ʚʫʛʣʝʮʶ (ʉʆ2 + ʉ = 2ʉʆ), ʚʤʽʩʪ ʷʢʦʛʦ ʩʠʩʪʝʤʘʪʠʯʥʦ ʟʨʦʩʪʘʻ [11]. 

ʊʘʢʝ ʟʙʽʣʴʰʝʥʥʷ ʦʙʫʤʦʚʣʝʥʝ ʪʘʢʦʞ ʨʝʘʢʮʽʻʶ ʚʟʘʻʤʦʜʽʾ ʯʘʩʪʠʥʠ ʚʦʣʦʛʠ ʟ 

ʨʦʟʞʘʨʝʥʠʤ ʚʫʛʣʝʮʝʤ, ʱʦ ʦʜʥʦʯʘʩʥʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʽʜʧʦʚʽʜʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ 

ʚʤʽʩʪʫ ʚʦʜʥʶ (ʅ2ʆ + ʉ = ʅ2 + ʉʆ). 

ɺʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ, ʧʨʠ ʟʤʽʥʽ ʩʧʦʩʦʙʫ 

ʧʦʜʘʯʽ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ, ʧʨʦʚʦʜʠʣʘʩʴ ʰʣʷʭʦʤ ʨʽʟʥʠʭ ʨʝʞʠʤʽʚ ʾʾ ʧʦʜʘʯʽ ʯʝʨʝʟ 

ʛʦʜʠʥʫ ʪʨʠʚʘʣʦʩʪʽ ʝʢʩʧʝʨʠʤʝʥʪʫ. ʂʦʥʮʝʥʪʨʘʮʽʷ ʛʘʟʽʚ ʚʠʤʽʨʶʚʘʣʘʩʴ ʢʦʞʥʽ 30 ʭʚ. 

ɿ ʧʦʯʘʪʢʦʤ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʟʘ ʜʨʫʛʠʤ ʝʪʘʧʦʤ (ʜʨʫʛʠʡ ʮʠʢʣ) ʩʢʣʘʜ 

ʧʨʦʜʫʢʪʫ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ ʚʽʜʨʘʟʫ ʟʤʽʥʠʚʩʷ. ʇʨʦʩʪʝʞʫʻʪʴʩʷ ʪʝʥʜʝʥʮʽʷ ʜʦ 

ʧʽʜʚʠʱʝʥʥʷ ʩʝʨʝʜʥʴʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʛʦʨʶʯʠʭ ʛʘʟʽʚ H2, CO, CH4 ʥʘ 8,64% ʜʦ 

ʟʥʘʯʝʥʴ 34,93%. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʘʢʪʠʚʥʦʶ ʜʽʻʶ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ ʥʘ ʧʣʦʱʠʥʫ 

ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ, ʟʦʢʨʝʤʘ ʥʘ ʥʝʧʨʦʨʝʘʛʦʚʘʥʫ ʯʘʩʪʠʥʫ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ ʟʽ 

ʩʪʦʨʦʥʠ ʡʦʛʦ ʧʦʢʨʽʚʣʽ, ʦʩʢʽʣʴʢʠ ʩʚʝʨʜʣʦʚʠʥʘ ʙʫʣʘ ʟʘʢʣʘʜʝʥʘ 0,2m (m ï ʧʦʪʫʞʥʽʩʪʴ 

ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ, ʤ) ʚʽʜ ʧʽʜʦʰʚʠ ʧʣʘʩʪʘ, ʱʦ ʟʫʤʦʚʣʶʻ ʥʝʨʽʚʥʦʤʽʨʥʠʡ ʚʧʣʠʚ 

ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ ʥʘ ʦʢʠʩʣʶʚʘʣʴʥʫ ʟʦʥʫ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʚʽʜ ʡʦʛʦ 

ʧʽʜʦʰʚʠ ʜʦ ʧʦʢʨʽʚʣʽ. ɼʘʥʽ ʪʝʨʤʦʧʘʨ ʚʢʘʟʘʣʠ ʥʘ ʟʤʽʥʫ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ 

ʚʟʜʦʚʞ ʦʩʽ ʨʝʘʢʮʽʡʥʦʛʦ ʢʘʥʘʣʫ ʛʘʟʠʬʽʢʘʮʽʾ ʟʘ ʧʣʦʱʠʥʦʶ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ ʚʽʜ 

350 ï 1050 Üʉ. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʬʦʨʤʫʚʘʥʥʷ ʨʽʟʥʦʪʝʤʧʝʨʘʪʫʨʥʠʭ ʟʦʥ ʭʽʤʽʯʥʠʭ 

ʨʝʘʢʮʽʡ ʫ ʚʦʛʥʝʚʦʤʫ ʚʠʙʦʾ, ʟʦʢʨʝʤʘ ʦʢʠʩʣʶʚʘʣʴʥʦʾ, ʚʽʜʥʦʚʥʦʾ ʪʘ ʩʫʭʦʾ ʜʠʩʪʠʣʷʮʽʾ, 

ʱʦ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʥʠʟʢʦʶ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ɿʽ ʩʪʦʨʦʥʠ ʜʫʪʪʴʦʚʦʾ 

ʩʚʝʨʜʣʦʚʠʥʠ ʬʦʨʤʫʻʪʴʩʷ ʦʢʠʩʣʶʚʘʣʴʥʘ ʟʦʥʘ, ʫ ʷʢʽʡ ʚʫʛʣʝʮʴ ʚʩʪʫʧʘʻ ʚ ʨʝʘʢʮʽʶ ʟ 

ʢʠʩʥʝʤ. ɺʦʥʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʨʦʪʽʢʘʥʥʷʤ ʝʢʟʦʪʝʨʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʟ 

ʪʝʤʧʝʨʘʪʫʨʦʶ 790 ï 1050 Üʉ. ʂʦʣʠ ʢʦʥʮʝʥʪʨʘʮʽʷ ʆ2 ʚ ʦʢʠʩʣʶʚʘʣʴʥʽʡ ʟʦʥʽ 
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ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʥʫʣʷ, ʨʝʘʢʮʽʾ ʛʦʨʽʥʥʷ ʧʨʠʧʠʥʷʶʪʴʩʷ, ʱʦ ʽ ʻ ʛʨʘʥʠʮʝʶ ʮʽʻʾ ʟʦʥʠ. 

ʋ ʜʘʥʽʡ ʟʦʥʽ ʚʠʜʽʣʷʻʪʴʩʷ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʉʆ2. ʇʽʜʚʠʱʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ 

ʪʝʤʧʝʨʘʪʫʨʠ ʟʽ ʩʪʦʨʦʥʠ ʜʫʪʪʴʦʚʦʾ ʩʚʝʨʜʣʦʚʠʥʠ ʚ ʦʢʠʩʣʶʚʘʣʴʥʽʡ ʟʦʥʽ ʪʘʢʦʞ 

ʩʧʨʠʷʻ ʟʙʽʣʴʰʝʥʥʶ ʢʦʥʮʝʥʪʨʘʮʽʡ ʉʆ ʚ ʟʦʥʽ ʚʽʜʥʦʚʣʝʥʥʷ, ʱʦ ʻ ʥʘʩʪʫʧʥʦʶ. 

ʈʝʘʢʮʽʾ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ ʫ ʚʽʜʥʦʚʥʽʡ ʟʦʥʽ, ʻ ʝʥʜʦʪʝʨʤʽʯʥʠʤʠ, ʪʝʤʧʝʨʘʪʫʨʘ 

ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ ʪʘ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ ʧʦʩʪʫʧʦʚʦ ʟʥʠʞʫʻʪʴʩʷ. ɰɰ ʪʝʤʧʝʨʘʪʫʨʥʠʡ 

ʨʝʞʠʤ ʩʪʘʥʦʚʠʪʴ 580 ï 890 Üʉ. ɺʽʜʥʦʚʥʘ ʟʦʥʘ ʧʦʩʪʫʧʦʚʦ ʧʝʨʝʭʦʜʠʪʴ ʫ ʟʦʥʫ 

ʩʫʭʦʾ ʜʠʩʪʠʣʷʮʽʾ, ʫ ʷʢʽʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ ʛʘʟʫ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʽʨʦʣʽʟʫ 

ʚʫʛʽʣʣʷ ʽ ʧʨʦʪʽʢʘʻ ʨʝʘʢʮʽʷ ʤʝʪʘʥʫʚʘʥʥʷ. ʊʝʤʧʝʨʘʪʫʨʘ ʩʪʘʥʦʚʠʪʴ 580 ï 350 Üʉ. 

ʊʫʪ ʥʝʦʙʭʽʜʥʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʨʝʘʢʮʽʾ ʧʽʨʦʣʽʟʫ ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ ʚʩʽʭ ʪʨʴʦʭ ʟʦʥʘʭ, 

ʦʩʢʽʣʴʢʠ ʚʫʛʽʣʴʥʠʡ ʧʣʘʩʪ ʧʦʩʪʫʧʦʚʦ ʧʨʦʛʨʽʚʘʻʪʴʩʷ ʟʘ ʧʦʪʫʞʥʽʩʪʶ ʧʣʘʩʪʘ ʪʘ 

ʜʦʚʞʠʥʦʶ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ ʽ ʚʠʾʤʢʦʚʦʛʦ ʩʪʦʚʧʘ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʧʦʜʘʯʽ ʜʫʪʪʷ 

ʯʝʨʝʟ ʢʝʨʦʚʘʥʠʡ ʪʨʫʙʦʧʨʦʚʽʜ ʩʧʨʠʷʻ ʘʢʪʠʚʥʦʤʫ ʢʦʥʪʘʢʪʫ ʜʫʪʪʴʦʚʦʛʦ ʧʦʪʦʢʫ ʟ 

ʚʦʛʥʝʚʠʤ ʚʠʙʦʻʤ, ʟʦʢʨʝʤʘ ʚ ʦʢʠʩʣʶʚʘʣʴʥʽʡ ʟʦʥʽ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. ʋ ʪʘʢʠʭ ʫʤʦʚʘʭ 

ʜʫʪʪʴʦʚʘ ʩʫʤʽʰ ʚʟʘʻʤʦʜʽʻ ʟ ʚʫʛʣʝʮʝʤ, ʷʢʠʡ ʙʫʚ ʥʘʛʨʽʪʠʡ ʧʽʜ ʯʘʩ ʧʝʨʰʦʛʦ ʮʠʢʣʫ 

ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ ʟʫʤʦʚʣʝʥʘ 

ʥʘʩʘʤʧʝʨʝʜ ʨʦʟʰʠʨʝʥʥʷʤ ʟʦʥʠ ʛʘʟʠʬʽʢʘʮʽʾ, ʬʦʨʤʫʚʘʥʥʷʤ ʩʪʘʙʽʣʴʥʦʛʦ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʪʘ ʟʙʽʣʴʰʝʥʥʷʤ ʦʙôʻʤʫ ʚʚʝʜʝʥʦʛʦ ʦʢʠʩʣʶʚʘʯʘ. 

ʂʨʽʤ ʮʴʦʛʦ, ʚ ʢʘʥʘʣ ʛʘʟʠʬʽʢʘʮʽʾ ʟ ʤʘʩʠʚʫ ʚʫʛʽʣʣʷ ʥʘʜʭʦʜʠʪʴ ʤʝʪʘʥ ʽ ʧʘʨʠ 

ʚʦʜʠ. ʋ ʚʽʜʥʦʚʥʽʡ ʟʦʥʽ ʟ ʧʦʚʝʨʭʥʝʶ ʚʫʛʽʣʣʷ ʨʝʘʛʫʻ ʚʞʝ ʥʝ ʢʠʩʝʥʴ ʜʫʪʪʷ, ʘ 

ʧʨʦʜʫʢʪʠ ʛʘʟʠʬʽʢʘʮʽʾ, ʱʦ ʫʪʚʦʨʠʣʠʩʷ ʚ ʦʢʠʩʣʶʚʘʣʴʥʽʡ ʟʦʥʽ. ʅʘ ʮʽʡ ʜʽʣʷʥʮʽ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʝʥʜʦʪʝʨʤʽʯʥʽ ʨʝʘʢʮʽʾ, ʧʦʚôʷʟʘʥʽ ʟ ʚʽʜʥʦʚʣʝʥʥʷʤ ʉʆ2 ʚ ʉʆ. ʇʨʦʮʝʩ 

ʚʽʜʥʦʚʣʝʥʥʷ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ ʟʘʣʝʞʠʪʴ ʥʝ ʣʠʰʝ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ, ʘʣʝ ʡ ʚʽʜ 

ʯʘʩʫ ʢʦʥʪʘʢʪʫ ʉʆ2 ʟ ʨʝʘʢʮʽʡʥʦʾ ʧʦʚʝʨʭʥʝʶ ʚʫʛʽʣʣʷ. ɿʛʽʜʥʦ ʟ ʜʦʩʣʽʜʞʝʥʥʷʤʠ [4] 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 850 ï 900 ÜC ʨʽʚʥʦʚʘʛʘ ʨʝʘʢʮʽʾ ʉʆ2 + ʉ = 2ʉʆ 

ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʟʘ 35 ï 65 ʭʚ ʢʦʥʪʘʢʪʫ, ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 1000 ÜC ʥʘ ʨʽʚʥʦʚʘʛʫ 

ʥʝʦʙʭʽʜʥʦ 2 ï 3 ʭʚ. 

ʇʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʨʫʛʦʛʦ ʮʠʢʣʫ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘ ʢʦʤʙʽʥʦʚʘʥʠʤ ʨʝʞʠʤʦʤ 

ʧʦʜʘʯʽ ʜʫʪʪʷ ʟʤʦʜʝʣʴʦʚʘʥʠʡ ʛʘʟʦʛʝʥʝʨʘʪʦʨ ʙʫʣʦ ʧʝʨʝʚʝʜʝʥʦ ʥʘ ʧʦʜʘʯʫ ʜʫʪʪʷ ʧʦ 

ʜʫʪʪʴʦʚʽʡ ʩʚʝʨʜʣʦʚʠʥʽ (3 ʮʠʢʣ). ʂʦʥʮʝʥʪʨʘʮʽʷ ʛʦʨʶʯʠʭ ʛʘʟʽʚ ʧʽʜʚʠʱʠʣʘʩʴ ʥʘ 
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2,86% ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʝʨʰʠʤ ʮʠʢʣʦʤ. ʊʘʢʘ ʩʠʪʫʘʮʽʷ ʧʦʷʩʥʶʻʪʴʩʷ ʨʦʟʚʠʪʢʦʤ 

ʧʦʚʝʨʭʥʽ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ, ʥʘ ʷʢʽʡ ʚʽʜʙʫʚʘʶʪʴʩʷ ʭʽʤʽʯʥʽ ʨʝʘʢʮʽʾ ʟʘ ʨʘʭʫʥʦʢ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʜʽʾ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʜʫʪʪʷ ʥʘ ʨʝʘʢʮʽʡʥʫ ʧʦʚʝʨʭʥʶ ʧʣʘʩʪʘ, ʟʦʢʨʝʤʘ 

ʥʘ ʧʣʘʩʪʦʚʽ ʧʦʨʠ ʪʘ ʪʨʽʱʠʥʠ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ 3 ʪʘ 5 ʮʠʢʣʫ ʜʦʩʣʽʜʞʝʥʴ ʪʠʩʢ ʧʦʜʘʯʽ ʜʫʪʪʷ ʟʘʣʠʰʘʚʩʷ ʥʘ 

ʨʽʚʥʽ 0,32 ʄʇʘ. ʇʨʠ 6 ʮʠʢʣʽ ʜʦʩʣʽʜʞʝʥʴ ʩʝʨʝʜʥʷ ʢʦʥʮʝʥʪʨʘʮʽʷ ʛʦʨʶʯʠʭ ʛʘʟʽʚ 

ʟʥʠʟʠʣʘʩʴ ʧʦʨʽʚʥʷʥʦ ʟ 2 ʮʠʢʣʦʤ ʚʽʜʧʦʚʽʜʥʦ ʥʘ 0,59% ʊʦʤʫ ʥʘ 10 ʛʦʜʠʥʫ ʪʘ 30 ʭʚ 

ʪʨʠʚʘʣʦʩʪʽ ʜʦʩʣʽʜʞʝʥʴ ʪʠʩʢ ʧʦʜʘʯʽ ʜʫʪʪʷ ʧʦʩʪʫʧʦʚʦ ʧʽʜʚʠʱʠʣʠ ʜʦ ʟʥʘʯʝʥʥʷ ʫ 

0,4 ʄʇʘ, ʟʘ ʷʢʦʛʦ ʢʦʥʮʝʥʪʨʘʮʽʷ ʛʦʨʶʯʠʭ ʛʘʟʽʚ ʧʝʨʝʚʠʱʠʣʘ 1 ʮʠʢʣ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʉʠʪʫʘʮʽʷ ʟʤʝʥʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡ ʛʘʟʽʚ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʧʦʚôʷʟʘʥʘ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʚʠʛʘʟʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ, ʱʦ ʟʫʤʦʚʣʶʻ ʨʦʟʩʽʶʚʘʥʥʷ ʜʫʪʪʴʦʚʦʾ 

ʩʫʤʽʰʽ ʫ ʚʦʛʥʝʚʦʤʫ ʚʠʙʦʾ. 

ɺʘʨʽʘʮʽʷ ʪʝʧʣʦʪʚʦʨʥʦʾ ʟʜʘʪʥʦʩʪʽ ʧʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ 

ʜʝʤʦʥʩʪʨʫʻ ʪʘʢʫ ʞ ʩʘʤʫ ʪʝʥʜʝʥʮʽʶ, ʱʦ ʡ ʟʤʽʥʘ ʢʦʥʮʝʥʪʨʘʮʽʾ H2, CO ʽ CH4. ʂʨʽʤ 

ʪʦʛʦ, ʮʝ ʜʝʤʦʥʩʪʨʫʻ ʧʦʩʪʫʧʦʚʽʩʪʴ ʟʙʽʣʴʰʝʥʥʷ ʪʝʧʣʦʪʠ ʟʛʦʨʷʥʥʷ ʟʘ ʢʦʞʥʠʤ 

ʩʧʦʩʦʙʦʤ ʧʦʜʘʯʽ ʜʫʪʪʷ. ʊʝʧʣʦʪʚʦʨʥʘ ʟʜʘʪʥʽʩʪʴ ʛʘʟʦʧʦʜʽʙʥʦʛʦ ʧʨʦʜʫʢʪʫ ʧʨʠ 

ʧʦʜʘʯʽ ʜʫʪʪʷ ʧʦ ʜʫʪʪʴʦʚʽʡ ʩʚʝʨʜʣʦʚʠʥʽ ʟʤʽʥʶʚʘʣʘʩʴ ʚʽʜ 4,7 ʜʦ 5,23 ʄɼʞ/ʤ3. ʇʨʠ 

ʢʦʤʙʽʥʦʚʘʥʽʡ ʧʦʜʘʯʽ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ ʪʝʧʣʦʪʚʦʨʥʘ ʟʜʘʪʥʽʩʪʴ ʛʘʟʫ ʚ ʩʝʨʝʜʥʴʦʤʫ 

ʧʽʜʚʠʱʫʻʪʴʩʷ ʥʘ 26% ʽ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 6,34 ʜʦ 6,59 ʄɼʞ/ʤ3. ʄʘʢʩʠʤʘʣʴʥʠʡ 

ʩʢʘʯʦʢ ʟʤʽʥʠ ʪʝʧʣʦʪʠ ʟʛʦʨʷʥʥʷ ʧʨʦʩʪʝʞʫʻʪʴʩʷ ʤʽʞ 1 ʪʘ 2 ʮʠʢʣʦʤ ʜʦʩʣʽʜʞʝʥʥʷ 

ʟʘʚʜʷʢʠ ʫʪʚʦʨʝʥʥʶ ʩʪʘʙʽʣʴʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʷʢ ʫ ʚʫʛʽʣʴʥʦʤʫ ʧʣʘʩʪʽ, 

ʪʘʢ ʽ ʚ ʧʦʨʦʜʘʭ ʧʦʢʨʽʚʣʽ ʪʘ ʧʽʜʦʰʚʽ.  

ʇʦʜʘʯʘ ʜʫʪʪʷ ʢʝʨʦʚʘʥʠʤʠ ʪʨʫʙʦʧʨʦʚʦʜʘʤʠ ʟʘʙʝʟʧʝʯʫʻ ʬʦʨʤʫʚʘʥʥʷ 

ʥʝʟʘʣʝʞʥʦʛʦ ʜʞʝʨʝʣʘ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʧʣʠʚʫ, ʱʦ ʦʙʫʤʦʚʣʶʻ 

ʢʝʨʦʚʘʥʽʩʪʴ ʧʨʦʮʝʩʦʤ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʟ ʨʽʟʥʠʤ ʩʢʣʘʜʦʤ ʷʢ ʚ 

ʘʚʪʦʪʝʨʤʽʯʥʦʤʫ, ʪʘʢ ʽ ʧʝʨʽʦʜʠʯʥʦʤʫ ʘʣʦʪʝʨʤʽʯʥʦʤʫ ʨʝʞʠʤʘʭ. ʂʦʤʙʽʥʦʚʘʥʘ 

ʧʦʜʘʯʘ ʜʫʪʪʷ ʫ ʧʽʜʟʝʤʥʠʡ ʛʘʟʦʛʝʥʝʨʘʪʦʨ ʟʫʤʦʚʣʶʻ ʧʦʜʚʽʡʥʝ ʥʘʜʭʦʜʞʝʥʥʷ 

ʦʢʠʩʣʶʚʘʯʘ ʆ2 ʚ ʟʦʥʫ ʛʘʟʠʬʽʢʘʮʽʾ, ʱʦ ʽʥʪʝʥʩʠʬʽʢʫʻ ʧʨʦʮʝʩ ʛʘʟʠʬʽʢʘʮʽʾ ʟʘ 

ʨʘʭʫʥʦʢ ʨʦʟʰʠʨʝʥʥʷ ʨʝʘʢʮʽʡʥʠʭ ʟʦʥ lʦʢ.  ̔lʚʽʜ. ʷʢ ʟʘ ʜʦʚʞʠʥʦʶ ʩʪʦʚʧʘ ʛʘʟʠʬʽʢʘʮʽʾ 

L, ʪʘʢ ʽ ʟʘ ʧʦʪʫʞʥʽʩʪʶ ʧʣʘʩʪʘ m. ʇʨʠ ʟʤʽʥʽ ʩʧʦʩʦʙʫ ʧʦʜʘʯʽ ʜʫʪʪʷ ʩʝʨʝʜʥʷ 
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ʢʦʥʮʝʥʪʨʘʮʽʷ ʛʦʨʶʯʠʭ ʛʘʟʽʚ (ʉʆ, Cʅ4 ʪʘ ʅ2) ʧʽʜʚʠʱʫʻʪʴʩʷ ʥʘ 2,0%, ʘ ʪʝʧʣʦʪʘ 

ʟʛʦʨʷʥʥʷ ʫ ʩʝʨʝʜʥʴʦʤʫ ʥʘ 2,02 ʄɼʞ/ʤ3. ʎʝ ʜʘ̒  ʟʤʦʛʫ ʘʜʘʧʪʫʚʘʪʠ ʩʧʦʩʦʙʠ 

ʧʦʜʘʯʽ ʩʫʤʽʰʝʡ ʫ ʨʝʘʢʮʽʡʥʽ ʟʦʥʠ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʡ ʦʧʝʨʘʪʠʚʥʦ ʧʨʠʡʤʘʪʠ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʨʽʰʝʥʥʷ ʱʦʜʦ ʟʤʽʥʠ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. 

6.2 ʉʧʦʩʽʙ ʫʪʠʣʽʟʘʮʽʾ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ  

ʧʨʠ ʧʽʜʟʝʤʥʽʡ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ 

ʇʨʦʚʝʜʝʥʠʤʠ ʨʘʥʽʰʝ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʧʽʜʟʝʤʥʽʡ 

ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʬʦʨʤʫʶʪʴʩʷ ʪʝʭʥʦʛʝʥʥʽ ʧʦʨʦʞʥʠʥʠ, ʧʘʨʘʤʝʪʨʠ ʷʢʠʭ 

ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʧʨʷʤʽʡ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʛʽʨʩʴʢʦʛʦ 

ʤʘʩʠʚʫ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʝʜʝʥʥʷ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ, ʚʢʣʶʯʥʦ ʟ 

ʨʝʞʠʤʘʤʠ ʧʦʜʘʯʽ ʜʫʪʪʴʦʚʠʭ ʩʫʤʽʰʝʡ, ʢʦʥʪʨʦʣʝʤ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʪʠʩʢʫ ʫ 

ʧʽʜʟʝʤʥʠʭ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘʭ.  

ʆʩʥʦʚʦʶ ʨʦʟʨʦʙʢʠ ʪʝʭʥʦʣʦʛʽʾ ʫʪʠʣʽʟʘʮʽʾ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʚ ʪʝʭʥʦʛʝʥʥʦ 

ʩʬʦʨʤʦʚʘʥʽ ʧʦʨʦʞʥʠʥʠ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʻ ʜʦʩʚʽʜ ʟʘʢʘʯʫʚʘʥʥʷ ʮʴʦʛʦ 

ʛʘʟʫ ʫ ʚʠʩʥʘʞʝʥʽ ʥʘʬʪʦʛʘʟʦʚʽ ʩʭʦʚʠʱʘ [[12] ï [15] ʪʘ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠ 

ʨʦʟʨʦʙʮʽ ʛʘʟʦʛʽʜʨʘʪʥʠʭ ʧʦʢʣʘʜʽʚ [16], [17]. ʈʦʟʨʦʙʢʘ ʩʧʦʩʦʙʫ ʫʪʠʣʽʟʘʮʽʾ 

ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʚ ʨʘʤʢʘʭ ʚʠʢʦʥʘʥʥʷ ʮʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʝʨʝʜʙʘʯʘʻ 

ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʩʧʦʩʦʙʫ ʫʪʠʣʽʟʘʮʽʾ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ, ʚ 

ʷʢʦʤʫ, ʰʣʷʭʦʤ ʚʚʝʜʝʥʥʷ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʽ ʧʘʨʘʤʝʪʨʽʚ 

ʜʦʩʷʛʘʻʪʴʩʷ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʝʜʝʥʥʷ ʧʨʦʮʝʩʫ ʡʦʛʦ ʫʪʠʣʽʟʘʮʽʾ ʚ ʧʨʦʮʝʩʽ ʽʥʰʦʛʦ 

ʭʘʨʘʢʪʝʨʫ ʚʟʘʻʤʦʜʽʾ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ ʟʽ ʰʪʫʯʥʦ ʩʬʦʨʤʦʚʘʥʠʤ ʧʽʜʟʝʤʥʠʤ 

ʩʝʨʝʜʦʚʠʱʝʤ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ, ʪʘ ʟʘ ʨʘʭʫʥʦʢ ʮʴʦʛʦ ʟʥʠʞʫʶʪʴʩʷ ʟʘʪʨʘʪʠ ʡ 

ʧʽʜʚʠʱʫʻʪʴʩʷ ʝʨʛʦʥʦʤʽʯʥʽʩʪʴ ʧʨʦʮʝʩʫ ʫʪʠʣʽʟʘʮʽʾ ʟʽ ʟʙʝʨʝʞʝʥʥʷʤ ʩʪʘʥʫ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʨʠ ʦʪʨʠʤʘʥʥʽ ʝʥʝʨʛʝʪʠʯʥʠʭ ʛʘʟʽʚ. 

ʆʩʥʦʚʦʶ ʨʦʟʨʦʙʢʠ ʪʝʭʥʦʣʦʛʽʾ ʫʪʠʣʽʟʘʮʽʾ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʫ ʪʝʭʥʦʛʝʥʥʦ 

ʩʬʦʨʤʦʚʘʥʽ ʧʦʨʦʞʥʠʥʠ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʻ ʜʦʩʚʽʜ ʟʘʢʘʯʫʚʘʥʥʷ ʜʘʥʦʛʦ 

ʛʘʟʫ ʫ ʚʠʩʥʘʞʝʥʽ ʥʘʬʪʦʛʘʟʦʚʽ ʩʭʦʚʠʱʘ [12] ï [15] ʪʘ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠ 

ʨʦʟʨʦʙʮʽ ʛʘʟʦʛʽʜʨʘʪʥʠʭ ʧʦʢʣʘʜʽʚ [16], [17]. ʈʦʟʨʦʙʢʘ ʩʧʦʩʦʙʫ ʫʪʠʣʽʟʘʮʽʾ 

ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʚ ʨʘʤʢʘʭ ʚʠʢʦʥʘʥʥʷ ʮʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʝʨʝʜʙʘʯʘʻ 
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ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʩʧʦʩʦʙʫ ʫʪʠʣʽʟʘʮʽʾ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ, ʚ ʷʢʦʤʫ, 

ʰʣʷʭʦʤ ʚʚʝʜʝʥʥʷ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʪʘ ʧʘʨʘʤʝʪʨʽʚ ʜʦʩʷʛʘʻʪʴʩʷ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʝʜʝʥʥʷ ʧʨʦʮʝʩʫ ʡʦʛʦ ʫʪʠʣʽʟʘʮʽʾ ʚ ʧʨʦʮʝʩʽ ʽʥʰʦʛʦ ʭʘʨʘʢʪʝʨʫ 

ʚʟʘʻʤʦʜʽʾ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ ʟʽ ʰʪʫʯʥʦ ʩʬʦʨʤʦʚʘʥʠʤ ʧʽʜʟʝʤʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ 

ʈʝʘʣʽʟʘʮʽʷ ʪʝʭʥʦʣʦʛʽʾ ʫʪʠʣʽʟʘʮʽʾ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʧʝʨʝʜʙʘʯʘʻ ʡʦʛʦ ʟʘʭʦʨʦʥʝʥʥʷ 

ʷʢ ʫ ʚʠʛʘʟʦʚʘʥʦʤʫ ʧʨʦʩʪʦʨʽ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ, ʪʘʢ ʽ ʚ ʧʦʨʫʰʝʥʦʤʫ 

ʛʽʨʩʴʢʦʤʫ ʤʘʩʠʚʽ [18], [19]. ʅʘ ʨʠʩ. 6.4 ʽ 6.5 ʥʘʚʝʜʝʥʦ ʧʨʠʥʮʠʧʦʚʽ ʩʭʝʤʠ ʩʧʦʩʦʙʽʚ 

ʫʪʠʣʽʟʘʮʽʾ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ. 
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ʈʠʩʫʥʦʢ 6.4 ï ʉʧʦʩʽʙ ʫʪʠʣʽʟʘʮʽʾ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʫ ʛʽʨʩʴʢʦʤʫ ʤʘʩʠʚʽ:  

1 ï ʜʝʥʥʘ ʧʦʚʝʨʭʥʷ; 2 ï ʙʝʟʧʦʩʝʨʝʜʥʷ ʧʦʢʨʽʚʣʷ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ; 3 ï ʚʫʛʽʣʴʥʠʡ 

ʧʣʘʩʪ; 4 ï ʧʽʜʦʰʚʘ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ; 5 ï ʜʫʪʪʴʦʚʘ ʩʚʝʨʜʣʦʚʠʥʘ;  

6 ï ʛʘʟʦʚʽʜʚʽʜʥʘ ʩʚʝʨʜʣʦʚʠʥʘ; 7 ï ʚʦʛʥʝʚʠʡ ʚʠʙʽʡ; 8 ï ʚʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ;  

9 ï ʢʦʤʧʣʝʢʩ ʟ ʦʭʦʣʦʜʞʝʥʥʷ ʪʘ ʦʯʠʩʪʢʠ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ; 10, 12 ï 

ʪʨʫʙʦʧʨʦʚʽʜ ʚʽʜʚʝʜʝʥʥʷ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ; 11 ï ʨʝʟʝʨʚʫʘʨ ʜʣʷ ʜʝʧʦʥʫʚʘʥʥʷ 

ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ; 13 ï ʫʪʠʣʽʟʘʮʽʡʥʘ ʩʚʝʨʜʣʦʚʠʥʘ 

 

ʈʦʟʢʨʠʪʪʷ ʪʘ ʧʽʜʛʦʪʦʚʢʫ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʟʜʽʡʩʥʶʶʪʴ ʟ ʜʝʥʥʦʾ 

ʧʦʚʝʨʭʥʽ 1 ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʩʚʝʨʜʣʦʚʠʥ ʜʫʪʪʴʦʚʦʾ 5 ʪʘ 

ʛʘʟʦʚʽʜʚʽʜʥʦʾ 6 ʧʨʦʙʫʨʝʥʠʭ ʧʦ ʚʫʛʽʣʴʥʦʤʫ ʧʣʘʩʪʫ 3. ʇʽʩʣʷ ʯʦʛʦ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʟʘʧʘʣʶʚʘʥʥʷ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ 3 ʪʘ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚʝʜʝʥʥʷ ʧʨʦʮʝʩʫ ʡʦʛʦ 

ʪʝʨʤʦʭʽʤʽʯʥʦʾ ʧʝʨʝʨʦʙʢʠ ʰʣʷʭʦʤ ʧʦʜʘʯʽ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ ʧʦ ʩʚʝʨʜʣʦʚʠʥʽ 5 ʪʘ 



 274 

ʚʽʜʚʝʜʝʥʥʷ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ ʧʦ ʩʚʝʨʜʣʦʚʠʥʽ 6. ʆʪʨʠʤʘʥʠʡ ʛʝʥʝʨʘʪʦʨʥʠʡ ʛʘʟ ʟ 

ʛʘʟʦʚʽʜʚʽʜʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ 6 ʧʦʩʪʫʧʘʻ ʥʘ ʢʦʤʧʣʝʢʩ ʟ ʦʭʦʣʦʜʞʝʥʥʷ ʪʘ ʦʯʠʩʪʢʠ 

ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ 9, ʜʝ ʚʽʜʜʽʣʷʶʪʴ ʛʦʨʶʯʽ ʛʘʟʠ (ʉʅ4, ʉʆ, ʅ2) ʚʽʜ ʩʫʧʫʪʥʽʭ 

ʙʘʣʘʩʪʥʠʭ ʛʘʟʽʚ (N2, CO2, NxOx) ʪʘ ʩʤʦʣʠʩʪʠʭ ʨʝʯʦʚʠʥ, ʦʜʥʠʤ ʽʟ ʚʽʜʦʤʠʭ 

ʩʧʦʩʦʙʽʚ, ʥʘʧʨʠʢʣʘʜ, ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʝʤʙʨʘʥʥʠʭ ʫʩʪʘʥʦʚʦʢ. ʇʽʩʣʷ ʚʽʜʜʽʣʝʥʥʷ 

ʙʘʣʘʩʪʥʠʡ ʛʘʟ ʉʆ2 ʥʘʧʨʘʚʣʷʻʪʴʩʷ ʧʦ ʪʨʫʙʦʧʨʦʚʦʜʫ 10 ʽ ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʫ 

ʨʝʟʝʨʚʫʘʨʽ ʜʣʷ ʜʝʧʦʥʫʚʘʥʥʷ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ 11, ʷʢʠʡ ʚ ʧʦʜʘʣʴʰʦʤʫ 

ʫʪʠʣʽʟʫʶʪʴ ʫ ʧʽʜʟʝʤʥʦʤʫ ʧʨʦʩʪʦʨʽ ʰʣʷʭʦʤ ʡʦʛʦ ʧʦʜʘʯʽ ʧʦ ʪʨʫʙʦʧʨʦʚʦʜʫ 12 ʪʘ 

ʫʪʠʣʽʟʘʮʽʡʥʠʤ ʩʚʝʨʜʣʦʚʠʥʘʤ 13.  
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ʈʠʩʫʥʦʢ 6.5 ï ʉʧʦʩʽʙ ʫʪʠʣʽʟʘʮʽʾ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʫ ʚʠʛʘʟʦʚʘʥʦʤʫ ʧʨʦʩʪʦʨʽ 

ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ: 1 ï ʜʝʥʥʘ ʧʦʚʝʨʭʥʷ; 2 ï ʜʫʪʪʴʦʚʘ ʩʚʝʨʜʣʦʚʠʥʘ;  

3 ï ʛʘʟʦʚʽʜʚʽʜʥʘ ʩʚʝʨʜʣʦʚʠʥʘ; 4 ï ʚʫʛʽʣʴʥʠʡ ʧʣʘʩʪ; 5 ï ʨʝʘʢʮʽʡʥʠʡ ʢʘʥʘʣ;  

6 ï ʚʦʛʥʝʚʠʡ ʚʠʙʽʡ; 7 ï ʚʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ; 8, 9 ï ʢʝʨʦʚʘʥʠʡ ʪʨʫʙʦʧʨʦʚʽʜ;  

10, 11 ï ʚʽʜʧʦʚʽʜʥʦ ʧʦʨʦʜʠ ʧʦʢʨʽʚʣʽ ʪʘ ʧʽʜʦʰʚʠ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ;  

12 ï ʟʦʣʴʥʠʡ ʟʘʣʠʰʦʢ 

 

ʋ ʧʨʦʮʝʩʽ ʛʘʟʠʬʽʢʘʮʽʾ ʥʘʚʢʦʣʦ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ 7 ʟʘ ʜʦʚʞʠʥʦʶ ʩʪʦʚʧʘ 

ʛʘʟʠʬʽʢʘʮʽʾ ʚʠʥʠʢʘʶʪʴ ʟʦʥʠ ʨʦʟʪʷʛʫʶʯʠʭ ʪʘ ʩʪʠʩʢʘʶʯʠʭ ʥʘʧʨʫʞʝʥʴ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʟʤʽʥʫ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ. ʇʽʜ 

ʯʘʩ ʧʦʩʫʚʘʥʥʷ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ 7 ʙʝʟʧʦʩʝʨʝʜʥʷ ʧʦʢʨʽʚʣʷ 2 ʧʣʘʩʪʘ ʦʙʚʘʣʶʻʪʴʩʷ ʟ 

ʧʝʚʥʠʤ ʮʠʢʣʽʯʥʠʤ ʢʨʦʢʦʤ ʫ ʚʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ 8. ʇʨʦʮʝʩ ʫʪʠʣʽʟʘʮʽʾ ʉʆ2 

ʧʨʦʭʦʜʠʪʴ ʰʣʷʭʦʤ ʡʦʛʦ ʟʘʢʘʯʫʚʘʥʥʷ ʧʦ ʫʪʠʣʽʟʘʮʽʡʥʠʭ ʩʚʝʨʜʣʦʚʠʥʘʭ 13, ʷʢʽ 

ʧʨʦʙʫʨʶʶʪʴ ʽʟ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʜʦ ʟʦʥʠ ʧʨʦʛʠʥʫ ʥʘʰʘʨʫʚʘʥʴ ʪʦʚʱʽ ʛʽʨʩʴʢʠʭ 
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ʧʦʨʽʜ ʫ ʙʽʢ ʚʠʨʦʙʣʝʥʦʛʦ ʧʨʦʩʪʦʨʫ, ʚ ʷʢʠʭ ʫʪʚʦʨʶʶʪʴʩʷ ʨʦʟʰʘʨʫʚʘʥʥʷ, ʪʨʽʱʠʥʠ 

ʪʘ ʨʦʟʣʦʤʠ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʩʧʦʩʦʙʫ ʜʘʩʪʴ ʟʤʦʛʫ ʟʘʙʝʟʧʝʯʠʪʠ 

ʝʬʝʢʪʠʚʥʫ ʫʪʠʣʽʟʘʮʽʶ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ ʟʘ ʨʘʭʫʥʦʢ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ 

ʤʽʩʮʷ ʟʘʢʣʘʜʝʥʥʷ ʫʪʠʣʽʟʘʮʽʡʥʠʭ ʩʚʝʨʜʣʦʚʠʥ ʧʦ ʚʩʽʡ ʜʦʚʞʠʥʽ ʩʪʦʚʧʘ ʛʘʟʠʬʽʢʘʮʽʾ. 

ʈʦʟʢʨʠʪʪʷ ʪʘ ʧʽʜʛʦʪʦʚʢʘ ʪʦʥʢʠʭ ʽ ʥʘʜʪʦʥʢʠʭ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ ʜʦ ʧʨʦʮʝʩʫ 

ʛʘʟʠʬʽʢʘʮʽʾ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟ ʜʝʥʥʦʾ ʧʦʚʝʨʭʥʽ 1 ʜʫʪʪʴʦʚʦʶ 2 ʽ ʛʘʟʦʚʽʜʚʽʜʥʦʶ 3 

ʩʚʝʨʜʣʦʚʠʥʘʤʠ, ʧʨʦʙʫʨʝʥʠʤʠ ʧʦ ʚʫʛʽʣʴʥʦʤʫ ʧʣʘʩʪʫ 4, ʷʢʽ ʟôʻʜʥʫʶʪʴ ʨʝʘʢʮʽʡʥʠʤ 

ʢʘʥʘʣʦʤ 5. ɼʦʚʞʠʥʘ ʩʪʦʚʧʘ ʛʘʟʠʬʽʢʘʮʽʾ, ʷʢ ʚʽʜʦʤʦ, ʙʝʨʝʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʣʘʜʥʘʥʥʷ, ʨʝʟʫʣʴʪʘʪʽʚ ʦʙˇʨʫʥʪʫʚʘʥʥʷ 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ çʧʽʜʟʝʤʥʠʡ ʛʘʟʦʛʝʥʝʨʘʪʦʨè ʽ ʥʘʧʨʫʞʝʥʦ-

ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʧʦʨʦʜʥʦʾ ʪʦʚʱʽ ʧʽʜ ʯʘʩ ʚʝʜʝʥʥʷ ʧʨʦʮʝʩʫ ʚʠʛʘʟʦʚʫʚʘʥʥʷ 

ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ. 

ɺʽʜʩʪʘʥʴ ʤʽʞ ʜʫʪʪʴʦʚʦʶ 2 ʽ ʛʘʟʦʚʽʜʚʽʜʥʦʶ 3 ʩʚʝʨʜʣʦʚʠʥʘʤʠ ʚʠʟʥʘʯʘʻʪʴʩʷ, 

ʚʠʭʦʜʷʯʠ ʟ ʧʦʢʘʟʥʠʢʽʚ ʤʘʪʝʨʽʘʣʴʥʦ-ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ ʪʘ 

ʟʤʽʥʠ ʛʝʦʤʝʭʘʥʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʦʨʦʜʥʦʾ ʪʦʚʱʽ, ʱʦ ʚʤʽʱʫʻ ʛʘʟʦʛʝʥʝʨʘʪʦʨ. ʋ 

ʤʽʨʫ ʨʦʟʚʠʪʢʫ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʩʫʚʘʥʥʷ 

ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ 6 ʽ ʨʽʩʪ ʚʠʛʘʟʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ 7 ʧʦ ʧʣʘʩʪʫ 4, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʦʜʘʯʝʶ ʜʫʪʪʷ ʷʢ ʩʚʝʨʜʣʦʚʠʥʦʶ 2, ʪʘʢ ʽ ʢʝʨʦʚʘʥʠʤ 

ʪʨʫʙʦʧʨʦʚʦʜʦʤ 8 ʥʘ ʚʦʛʥʝʚʠʡ ʚʠʙʽʡ 6 ʽ ʪʝʨʤʦʭʽʤʽʯʥʠʤ ʨʦʟʢʣʘʜʘʥʥʷʤ ʚʫʛʽʣʣʷ ʟ 

ʧʦʜʘʯʝʶ ʰʪʫʯʥʦʛʦ ʛʘʟʫ ʥʘ ʜʝʥʥʫ ʧʦʚʝʨʭʥʶ 1. ʇʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʚʝʜʝʥʥʷ 

ʧʨʦʮʝʩʫ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʜʦ ʧʣʦʱʠʥʠ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ 6 ʧʦʜʘʻʪʴʩʷ 

ʚʫʛʣʝʢʠʩʣʠʡ ʛʘʟ ʢʝʨʦʚʘʥʠʤʠ ʪʨʫʙʦʧʨʦʚʦʜʘʤʠ 8 ʽ 9. ʊʘʢʘ ʡʦʛʦ ʧʦʜʘʯʘ ʟʫʤʦʚʣʶʻ 

ʡʦʛʦ ʨʽʚʥʦʤʽʨʥʝ ʥʘʜʭʦʜʞʝʥʥʷ ʜʦ ʪʝʭʥʦʛʝʥʥʦ ʩʬʦʨʤʦʚʘʥʦʛʦ ʧʽʜʟʝʤʥʦʛʦ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʟʽ ʩʢʦʨʦʯʝʥʥʷʤ ʚʠʪʨʘʪ ʥʘ ʪʨʠʚʘʣʽʩʪʴ ʟʘʢʘʯʫʚʘʥʥʷ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʦʟʨʦʙʣʝʥʠʭ ʩʧʦʩʦʙʽʚ ʽ ʚʩʪʘʥʦʚʣʝʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʬʦʨʤʫʚʘʥʥʷ ʧʦʨʦʞʥʠʥ ʚʠʛʘʟʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ ʟʽ ʩʪʦʨʦʥʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʩʚʝʨʜʣʦʚʠʥ ʪʘ ʧʦʨʦʞʥʠʥ ʨʦʟʰʘʨʫʚʘʥʥʷ ʧʨʦʚʝʜʝʥʽ ʧʦʜʘʣʴʰʽ ʨʦʟʨʘʭʫʥʢʠ ʱʦʜʦ 

ʤʦʞʣʠʚʠʭ ʦʙôʻʤʽʚ ʫʪʠʣʽʟʘʮʽʾ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʫ ʪʝʭʥʦʛʝʥʥʦ ʩʬʦʨʤʦʚʘʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. ʇʨʠ ʟʘʢʘʯʫʚʘʥʥʽ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʫ 

ʚʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ, ʡʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ 
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ʧʨʠʧʘʜʘʻ ʥʘ ʜʚʽ ʦʩʥʦʚʥʽ ʟʦʥʠ. ʇʝʨʰʘ ï ʟʦʥʘ ʙʝʟʣʘʜʥʦʛʦ ʦʙʚʘʣʝʥʥʷ ʧʦʨʽʜ 

ʧʦʢʨʽʚʣʽ, ʜʨʫʛʘ ï ʟʦʥʘ ʧʨʦʛʠʥʫ ʥʘʰʘʨʫʚʘʥʴ ʪʦʚʱʽ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʫ ʙʽʢ 

ʚʠʨʦʙʣʝʥʦʛʦ ʧʨʦʩʪʦʨʫ ʟ ʫʪʚʦʨʝʥʥʷʤ ʨʦʟʰʘʨʫʚʘʥʴ, ʪʨʽʱʠʥ, ʨʦʟʣʦʤʽʚ ʪʘ 

ʫʱʽʣʴʥʝʥʴ. ɺʨʘʭʦʚʫʶʯʠ ʜʦʩʚʽʜ ʨʦʙʦʪʠ ʦʯʠʩʥʠʭ ʚʠʙʦʾʚ ʟʦʥʘ ʦʙʚʘʣʝʥʥʷ ʧʦʨʽʜ 

ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ ʥʘ 3 ï 6 ʧʦʪʫʞʥʦʩʪʝʡ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ, ʱʦ ʨʦʟʨʦʙʣʷʻʪʴʩʷ. 

ɺʠʩʦʪʘ ʞ ʜʨʫʛʦʾ ʟʦʥʠ ʢʦʣʠʚʘʻʪʴʩʷ ʟʘʟʚʠʯʘʡ ʫ ʤʝʞʘʭ 30 ï 50 ʤ ʜʣʷ 

ʚʦʜʦʧʨʦʚʽʜʥʠʭ ʽ 90 ï 120 ʤ ʜʣʷ ʛʘʟʦʧʨʦʚʽʜʥʠʭ ʪʨʽʱʠʥ. ʋ ʨʦʙʦʪʽ [20] ʟʘʟʥʘʯʝʥʦ, 

ʱʦ ʚʠʩʦʪʫ ʟʦʥʠ ʙʝʟʣʘʜʥʦʛʦ ʦʙʚʘʣʝʥʥʷ ʧʦʨʽʜ ʥʝʦʙʭʽʜʥʦ ʧʦʚôʷʟʫʚʘʪʠ ʟ 

ʧʦʪʫʞʥʽʩʪʶ ʰʘʨʫ ʟʦʣʴʥʦʛʦ ʟʘʣʠʰʢʫ mʟ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʾʾ ʯʘʩʪʢʦʚʦʛʦ 

ʟʤʝʥʰʝʥʥʷ. ɼʣʷ ʥʘʰʠʭ ʫʤʦʚ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ ʧʦʪʫʞʥʽʩʪʶ ʚʽʜ 0,6 

ʜʦ 1,2 ʤ ʚʝʣʠʯʠʥʘ ʮʽʻʾ ʟʦʥʠ ʧʨʠʡʥʷʪʘ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 3,36 ʜʦ 6,77 ʤ. ʇʘʨʘʤʝʪʨʠ 

ʜʨʫʛʦʾ ʟʦʥʠ, ʚʨʘʭʦʚʫʶʯʠ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʱʦʜʦ ʬʦʨʤʫʚʘʥʥʷ ʧʦʨʦʞʥʠʥʠ 

ʨʦʟʰʘʨʫʚʘʥʥʷ ʜʣʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʦʙôʻʢʪʽʚ ɼʇ çʃʴʚʽʚʚʫʛʽʣʣʷè, ʾʾ ʚʝʣʠʯʠʥʘ 

ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ ʚʽʜ 15,8 ʜʦ 31,9 ʤ, ʘ ʜʣʷ ʇʨɸʊ çɼʊɽʂ ʇʘʚʣʦʛʨʘʜʚʫʛʽʣʣʷè ï 

21,3 ï 42,4 ʤ. ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ, ʚʫʛʣʝʢʠʩʣʠʡ ʛʘʟ ʙʫʜʝ ʨʦʟʧʦʚʩʶʜʞʫʚʘʪʠʩʷ ʫ 

ʟʘʟʥʘʯʝʥʠʭ ʟʦʥʘʭ ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʯʦʪʠʨʠ ʦʩʥʦʚʥʽ ʟʦʥʠ ʜʣʷ ʘʢʫʤʫʣʶʚʘʥʥʷ 

ʉʆ2. ɼʦ ʧʝʨʰʦʾ ʟʦʥʠ ʥʘʣʝʞʘʪʴ ʧʦʨʦʞʥʠʥʠ ʟ ʙʦʢʫ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʩʚʝʨʜʣʦʚʠʥ, 

ʜʝ ʚʫʛʣʝʢʠʩʣʠʡ ʛʘʟ ʙʫʜʝ ʥʘʢʦʧʠʯʫʚʘʪʠʩʷ ʫ ʚʽʣʴʥʦʤʫ ʩʪʘʥʽ. ɼʦ ʜʨʫʛʦʾ ʟʦʥʠ 

ʚʽʜʥʦʩʠʪʴʩʷ ʯʘʩʪʠʥʘ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʥʘʡʙʽʣʴʰʠʤ ʧʦʪʝʥʮʽʘʣʦʤ ʜʣʷ ʥʘʢʦʧʠʯʝʥʥʷ ʉʆ2 ʫ ʟʦʥʽ ʚʠʨʦʙʣʝʥʦʛʦ ʧʨʦʩʪʦʨʫ. 

ʊʨʝʪʷ ʽ ʯʝʪʚʝʨʪʘ ʟʦʥʠ ʚʽʜʧʦʚʽʜʥʦ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʯʘʩʪʠʥʠ ʟʦʥʠ ʦʙʚʘʣʝʥʥʷ ʧʦʨʽʜ, 

ʜʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʛʠʥ ʥʘʰʘʨʫʚʘʥʴ ʪʦʚʱʽ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʫ ʙʽʢ ʚʠʨʦʙʣʝʥʦʛʦ 

ʧʨʦʩʪʦʨʫ ʟ ʫʪʚʦʨʝʥʥʷʤ ʛʘʟʦʧʨʦʚʽʜʥʠʭ ʪʨʽʱʠʥ, ʨʦʟʣʦʤʽʚ ʪʘ ʨʦʟʰʘʨʫʚʘʥʴ. ʊʦʤʫ 

ʧʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʧʨʘʚʣʝʥʥʽ ʥʘ ʤʦʞʣʠʚʽʩʪʴ ʘʢʫʤʫʣʷʮʽʾ ʉʆ2 ʫ ʮʠʭ ʟʦʥʘʭ.  

ʋ ʨʦʙʦʪʽ [21] ʚʚʘʞʘʻʪʴʩʷ ʛʦʣʦʚʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʢʦʣʝʢʪʦʨʘ ʫ 

ʛʨ̔ʩʴʢʦʤʫ ʤʘʩʠʚʽ ï ʢʽʣʴʢʽʩʪʴ ʡʦʛʦ ʥʝʟʘʢʨʠʪʠʭ ʧʦʨ. ʅʘʧʨʠʢʣʘʜ, ʫ ʚʠʧʘʜʢʫ 

ʚʠʜʦʙʫʪʢʫ ʩʣʘʥʮʝʚʦʛʦ ʛʘʟʫ ʟ ʤʘʪʝʨʠʥʩʴʢʠʭ ʧʦʨʽʜ, ʚʽʥ ʟʘʣʷʛʘʻ ʚ ʧʦʨʦʜʘʭ ʟ ʤʘʣʦʶ 

ʧʦʨʠʩʪʽʩʪʶ. ʋ ʥʦʨʤʘʣʴʥʦʤʫ ʢʦʣʝʢʪʦʨʽ ʧʦʨʠʩʪʽʩʪʴ ʩʪʘʥʦʚʠʪʴ ʱʦʥʘʡʤʝʥʰʝ 25% 

(ʧʨʠ ʚʠʜʦʙʫʪʢʫ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ), ʘ ʧʽʜ ʯʘʩ ʚʠʜʦʙʫʪʢʫ ʩʣʘʥʮʝʚʦʛʦ ʛʘʟʫ ï 3 ï 4%. 

ʆʩʢʽʣʴʢʠ ʛʽʨʩʴʢʠʡ ʤʘʩʠʚ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʧʦʨʦʜʘʤʠ ʨʽʟʥʦʛʦ ʩʪʫʧʝʥʷ 
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ʤʝʪʘʤʦʨʬʽʟʤʫ, ʪʦ ʧʦʨʠʩʪʽʩʪʴ ʧʦʨʽʜ, ʱʦ ʧʦʪʨʘʧʣʷʶʪʴ ʫ ʚʠʱʝʚʢʘʟʘʥʽ ʟʦʥʠ, ʙʫʣʘ 

ʟʛʨʫʧʦʚʘʥʘ ʟʘ ʛʨʫʧʘʤʠ: ʧʽʩʢʦʚʠʢʠ, ʘʣʝʚʨʦʣʽʪʠ, ʘʨʛʽʣʽʪʠ, ʚʫʛʽʣʣʷ. ʈʝʟʫʣʴʪʘʪʠ 

ʱʦʜʦ ʧʦʨʠʩʪʦʩʪʽ ʥʘʚʝʜʝʥʽ ʚ ʥʠʟʮʽ ʥʘʫʢʦʚʠʭ ʨʦʙʽʪ [22] ï [25]. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ 

ʫʱʽʣʴʥʝʥʠʭ ʧʽʩʢʦʚʠʢʽʚ ʽ ʛʣʠʥʠʩʪʠʭ ʩʣʘʥʮʽʚ ʧʦʨʠʩʪʽʩʪʴ ʩʪʘʥʦʚʠʪʴ ʤʝʥʰʝ 10%, 

ʩʝʨʝʜʥʷ ʧʦʨʠʩʪʽʩʪʴ ʧʽʩʢʦʚʠʢʽʚ ɿʘʭʽʜʥʦʛʦ ɼʦʥʙʘʩʫ ï 16,6%, ʘ ʘʣʝʚʨʦʣʽʪʽʚ ï 

11,62%. 

ʊʨʽʱʠʥʫʚʘʪʽʩʪʴ ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ ʜʘʻ ʟʤʦʛʫ ʡʦʤʫ ʜʦʜʘʪʢʦʚʦ ʘʢʫʤʫʣʶʚʘʪʠ 

ʉʆ2. ʆʜʥʘʢ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʥʘʧʨʷʤʢʫ ʧʨʦʷʚʽʚ ʪʨʽʱʠʥ, ʫ ʧʽʜʟʝʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, 

ʘ ʱʝ ʡ ʟʘ ʫʤʦʚʠ ʟʥʘʯʥʦʾ ʚʽʜʜʘʣʝʥʦʩʪʽ ʚʽʜ ʚʠʨʦʙʣʝʥʦʛʦ ʧʨʦʩʪʦʨʫ ʻ ʥʘʜʟʚʠʯʘʡʥʦ 

ʩʢʣʘʜʥʠʤ ʟʘʚʜʘʥʥʷʤ. ɿʜʝʙʽʣʴʰʦʛʦ ʚʩʽ ʨʝʟʫʣʴʪʘʪʠ ʙʘʟʫʶʪʴʩʷ ʥʘ ʛʝʦʬʽʟʠʯʥʠʭ, 

ʚʽʟʫʘʣʴʥʠʭ ʪʘ ʣʘʙʦʨʘʪʦʨʥʠʭ ʤʝʪʦʜʘʭ, ʘʙʦ ʯʠʩʝʣʴʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ. ɼʘʥʽ 

ʤʝʪʦʜʠ ʜʦʩʠʪʴ ʜʦʙʨʝ ʟʘʨʝʢʦʤʝʥʜʫʚʘʣʠ ʧʨʠ ʪʨʘʜʠʮʽʡʥʽʡ ʪʝʭʥʦʣʦʛʽʾ ʚʠʜʦʙʫʪʢʫ 

ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ. ʇʨʦʪʝ ʧʨʠ ʧʽʜʟʝʤʥʽʡ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ, ʚʽʜʩʫʪʥʽʡ ʷʢ ʪʘʢʠʡ 

ʜʦʩʪʫʧ ʜʦ ʛʽʨʥʠʯʠʭ ʚʠʨʦʙʦʢ. ʊʦʤʫ ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʨʽʰʝʥʥʷ, ʱʦ ʜʣʷ ʢʦʤʧʝʥʩʘʮʽʾ 

ʧʘʨʘʤʝʪʨʽʚ ʪʨʽʱʠʥʫʚʘʪʦʩʪʽ, ʷʢ ʜʦʜʘʪʢʦʚʦʛʦ ʦʙ'ʻʢʪʘ ʫʪʠʣʽʟʘʮʽʾ ʉʆ2, ʚʨʘʭʦʚʫʻʤʦ 

ʦʙôʻʤ ʛʽʨʥʠʯʠʭ ʨʦʙʽʪ ʟʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʤʠ ʣʽʥʽʷʤʠ ʚʽʜ ʧʽʜʦʰʚʠ ʧʽʜʟʝʤʥʦʛʦ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʜʦ ʟʘʢʽʥʯʝʥʥʷ ʟʦʥʠ ʧʣʘʚʥʦʛʦ ʧʨʦʛʠʥʫ ʥʘʰʘʨʫʚʘʥʴ ʪʦʚʱʽ 

ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʟ ʫʪʚʦʨʝʥʥʷʤ ʨʦʟʰʘʨʫʚʘʥʴ ʪʘ ʪʨʽʱʠʥ, ʘ ʥʝ ʟʘ ʢʫʪʘʤʠ ʧʦʚʥʠʭ 

ʟʨʫʰʝʥʴ ʟʘ ʧʘʜʽʥʥʷʤ, ʧʽʜʥʷʪʪʷʤ ʪʘ ʧʨʦʩʪʷʛʘʥʥʷʤ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ. 

ɿʘʛʘʣʦʤ ʦʙôʻʤ ʧʦʨʽʜ, ʷʢʠʡ ʤʘʪʠʤʝ ʢʦʣʝʢʪʦʨʩʴʢʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʟʘ ʬʦʨʤʫʣʦʶ: 

1 2

( ( ))
( ),

100

ɯ ɯɯ
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r

Ll k h k h h
V V V V

+ -
= - - + ʤ3, 

ʜʝ kɯ, kɯɯ ï ʫʩʝʨʝʜʥʝʥʘ ʧʦʨʠʩʪʽʩʪʴ ʛʽʨʩʴʢʦʾ ʧʦʨʦʜʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʦʥ, %;  

L ï ʜʦʚʞʠʥʘ ʩʪʦʚʧʘ ʛʘʟʠʬʽʢʘʮʽʾ, ʤ; l ï ʜʦʚʞʠʥʘ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ, ʤ; hɯ ï ʟʦʥʘ 

ʙʝʟʣʘʜʥʦʛʦ ʦʙʚʘʣʝʥʥʷ ʧʦʨʽʜ, ʤ; hɯɯ ï ʟʦʥʘ ʧʣʘʚʥʦʛʦ ʧʨʦʛʠʥʫ ʥʘʰʘʨʫʚʘʥʴ ʪʦʚʱʽ 

ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʟ ʫʪʚʦʨʝʥʥʷʤ ʨʦʟʰʘʨʫʚʘʥʴ ʪʘ ʪʨʽʱʠʥ, ʤ; Vr ï ʦʙôʻʤ ʧʦʨʦʞʥʠʥ 

ʨʦʟʰʘʨʫʚʘʥʥʷ, ʤ3; V1 + V2 ï ʦʙôʻʤʠ ʩʬʦʨʤʦʚʘʥʠʭ ʧʦʨʦʞʥʠʥ ʟʘ ʜʦʚʞʠʥʦʶ ʩʪʦʚʧʘ 

ʟʽ ʩʪʦʨʦʥʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʩʚʝʨʜʣʦʚʠʥʠ 

ʆʩʢʽʣʴʢʠ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʨʝʞʠʤ ʫ ʟʘʟʥʘʯʝʥʠʭ ʜʚʦʭ ʟʦʥʘʭ ʻ ʨʽʟʥʠʤ ʪʦʤʫ 

ʜʦʜʘʪʢʦʚʦʛʦ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʦʢʨʝʤʦʾ ʫʪʠʣʽʟʘʮʽʾ 
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ʉʆ2 ʫ ʟʘʟʥʘʯʝʥʠʭ ʟʦʥʘʭ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʧʦʩʦʙʽʚ (ʨʠʩ. 6.4 ʽ 6.5). ʅʘ ʧʝʨʰʦʤʫ 

ʝʪʘʧʽ ʚʠʟʥʘʯʠʣʠ ʦʙôʻʤ ʧʦʨʽʜ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʟʦʥʽ ʙʝʟʣʘʜʥʦʛʦ ʦʙʚʘʣʝʥʥʷ. ɼʘʥʽ 

ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 6.1. ɼʨʫʛʠʡ ʝʪʘʧ ʧʝʨʝʜʙʘʯʘʚ ʚʠʟʥʘʯʝʥʥʷ ʧʦʨʽʜ ʫ ʟʦʥʽ ʧʣʘʚʥʦʛʦ 

ʧʨʦʛʠʥʫ ʥʘʰʘʨʫʚʘʥʴ ʪʦʚʱʽ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʟ ʫʪʚʦʨʝʥʥʷʤ ʨʦʟʰʘʨʫʚʘʥʴ ʪʘ ʪʨʽʱʠʥ 

(ʪʘʙʣ. 6.2).  

 

ʊʘʙʣʠʮʷ 6.1 ï ʆʙôʻʤ ʟʦʥ ʜʣʷ ʫʪʠʣʽʟʘʮʽʾ ʉʆ2 ʚ ʟʦʥʽ ʦʙʚʘʣʝʥʥʷ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ 

ʇʦʪʫʞʥʽʩʪʴ ʚʫʛʽʣʴʥʦʛʦ 

ʧʣʘʩʪʘ, m, ʤ 

ʆʙôʻʤ ʧʦʨʦʞʥʠʥ, V1 + V2, ʤ
3 ʆʙôʻʤ ʧʦʨʽʜ ʟ ʢʦʣʝʢʪʦʨʩʴʢʠʤ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ, VI, ʤ
3 

Ad ï 19% Ad ï 6% 
Ad ï 19% Ad ï 6% 

0,6 418,0 485,0 5681,11 6592,97 

0,8 486,0 564,0 7646,14 8873,30 

1,0 536,0 620,0 9629,18 11176,62 

1,2 628,0 729,0 11570,21 13426,95 

 

ʊʘʙʣʠʮʷ 6.2 ï ʆʙôʻʤ ʟʦʥ ʜʣʷ ʫʪʠʣʽʟʘʮʽʾ ʉʆ2 ʚʽʜ ʧʦʪʫʞʥʦʩʪʽ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ 

ʫ ʟʦʥʽ ʧʣʘʚʥʦʛʦ ʧʨʦʛʠʥʫ ʪʦʚʱʽ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʟ ʫʪʚʦʨʝʥʥʷʤ ʨʦʟʰʘʨʫʚʘʥʴ ʪʘ 

ʪʨʽʱʠʥ 

ʇʦʪʫʞʥʽʩʪʴ 

ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ, 

m, ʤ 

ʆʙôʻʤ 

ʧʦʨʦʞʥʠʥ, Vʨ, 

ʤ3 

ʆʙôʻʤ ʧʦʨʽʜ ʟ ʢʦʣʝʢʪʦʨʩʴʢʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, VII, ʤ
3 

ɼʇ çʃʴʚʽʚʚʫʛʽʣʣʷè 
ʇʨɸʊ çɼʊɽʂ 

çʇʘʚʣʦʛʨʘʜʚʫʛʽʣʣʷè 

0,6 113 31236 44642 

0,8 512 39808 54899 

1,0 822 49578 68442 

1,2 1075 62253 81925 

 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʙ'ʻʤʫ ʉʆ2, ʱʦ ʟʘʧʦʚʥʶʻ ʪʝʭʥʦʛʝʥʥʦ ʩʬʦʨʤʦʚʘʥʫ 

ʧʦʨʦʞʥʠʥʫ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ, ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʨʽʚʥʷʥʥʷ ʽʜʝʘʣʴʥʦʛʦ 

ʽ ʨʝʘʣʴʥʦʛʦ ʛʘʟʽʚ, ʪʘ ʦʩʥʦʚʥʽ ʤʦʜʠʬʽʢʘʮʽʾ ʦʩʪʘʥʥʴʦʛʦ. ʈʽʚʥʷʥʥʷ ʽʜʝʘʣʴʥʦʛʦ ʛʘʟʫ 

(ʨʽʚʥʷʥʥʷ ʄʝʥʜʝʣʻʻʚʘ ï ʂʣʘʧʝʡʨʦʥʘ) ʤʘʻ ʚʠʛʣʷʜ: 

,mPV RT=  

ʜʝ Vm ï ʤʦʣʷʨʥʠʡ ʦʙôʻʤ, ʤ3/ʤʦʣʴ; T ï ʪʝʤʧʝʨʘʪʫʨʘ, ʂ; P ï ʪʠʩʢ, ʇʘ. 
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ʈʽʚʥʷʥʥʷ ʨʝʘʣʴʥʦʛʦ ʩʪʘʥʫ ʛʘʟʫ ʟʘ ʨʽʚʥʷʥʥʷʤ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʘ (1873 ʨ.) 

ʦʧʠʩʫʻʪʴʩʷ: 

( )2
,m

m

a
P V b RT

V

å õ
+ - =æ ö

ç ÷
 

ʜʝ ʘ ï (0,3658 ʇʘĿʤ6Ŀʤʦʣʴī2), b ï (42,9 10ī6 ʤ3Ŀʤʦʣʴī1) ï ʢʦʥʩʪʘʥʪʠ ɺʘʥ-ʜʝʨ-

ɺʘʘʣʴʩʘ; R (8314,4 ɼʞ/ʤʦʣʴĿK) ï ʫʥʽʚʝʨʩʘʣʴʥʘ ʛʘʟʦʚʘ ʩʪʘʣʘ; V ï ʤʦʣʷʨʥʠʡ 

ʦʙôʻʤ, ʤ3; T ï ʪʝʤʧʝʨʘʪʫʨʘ, ʂ; P ï ʪʠʩʢ, ʇʘ. 

ʂʦʥʩʪʘʥʪʘ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʘ a ʚʨʘʭʦʚʫʻ ʩʠʣʠ ʪʷʞʽʥʥʷ ʤʽʞ ʤʦʣʝʢʫʣʘʤʠ 

(ʪʠʩʢ ʥʘ ʩʪʽʥʢʫ ʟʤʝʥʰʫʻʪʴʩʷ, ʦʩʢʽʣʴʢʠ ʻ ʩʠʣʠ, ʱʦ ʚʪʷʛʫʶʪʴ ʤʦʣʝʢʫʣʠ ʟ ʛʨʘʥʠʮʽ 

ʰʘʨʫ ʚʩʝʨʝʜʠʥʫ), ʧʦʧʨʘʚʢʘ b ï ʩʫʤʘʨʥʠʡ ʦʙôʻʤ ʤʦʣʝʢʫʣ ʛʘʟʫ. ʋ ʨʦʙʦʪʽ [26] 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʦʜʠʬʽʢʦʚʘʥʝ ʨʽʚʥʷʥʥʷ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʘ, ʱʦ 

ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ: 

( )
2(2 1 4

,m
Z Zc c

m

a
P V b RT

V
+ +

å õ
æ ö+ - =
æ ö
ç ÷

 

ʜʝ Zc ï ʢʦʝʬʽʮʽʻʥʪ ʢʨʠʪʠʯʥʦʛʦ ʩʪʠʩʥʝʥʥʷ, ʟʥʘʯʝʥʥʷ ʷʢʦʛʦ ʚ 0,375 ʫ ʧʨʠʨʦʜʽ ʥʝ 

ʽʩʥʫʻ. 

ʇʨʦʚʝʜʝʥʠʡ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʚʠʱʝʟʘʟʥʘʯʝʥʠʭ ʨʽʚʥʷʥʴ ʚʢʘʟʫʻ ʥʘ 

ʚʽʜʭʠʣʝʥʥʷ ʚ ʣʽʚʽʡ ʾʭʥʽʡ ʯʘʩʪʠʥʽ. ʈʽʚʥʷʥʥʷ ʽʜʝʘʣʴʥʦʛʦ ʛʘʟʫ ʚʚʘʞʘʻʪʴʩʷ 

ʜʦʮʽʣʴʥʠʤ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʟʘ ʩʪʘʥʜʘʨʪʥʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʫʤʦʚ ʽ ʪʠʩʢʽʚ, ʜʝ 

ʚʟʘʻʤʦʜʽʷ ʤʽʞ ʤʦʣʝʢʫʣʘʤʠ ʛʘʟʫ ʻ ʤʽʥʽʤʘʣʴʥʦʶ ʘʙʦ ʤʦʞʝ ʙʫʪʠ ʟʥʝʭʪʫʚʘʥʘ. ʎʝ 

ʨʽʚʥʷʥʥʷ ʻ ʧʨʦʩʪʠʤ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʽ ʜʘʻ ʜʦʩʠʪʴ ʪʦʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʣʷ ʙʘʛʘʪʴʦʭ 

ʧʨʘʢʪʠʯʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ, ʦʩʦʙʣʠʚʦ ʫ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʛʘʟʠ ʟʥʘʭʦʜʷʪʴʩʷ ʟʘ 

ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʽ ʥʠʟʴʢʠʭ ʪʠʩʢʽʚ. ʈʽʚʥʷʥʥʷ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʘ ʚʨʘʭʦʚʫʻ 

ʥʝʽʜʝʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʛʘʟʽʚ, ʪʘʢʽ ʷʢ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʤʦʣʝʢʫʣʘʤʠ ʪʘ ʦʙôʻʤ, ʷʢʠʡ 

ʟʘʡʤʘʶʪʴ ʤʦʣʝʢʫʣʠ ʛʘʟʫ. ʎʝ ʨʽʚʥʷʥʥʷ ʢʨʘʱʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʫ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ 

ʛʘʟʠ ʟʥʘʭʦʜʷʪʴʩʷ ʟʘ ʚʠʩʦʢʠʭ ʪʠʩʢʽʚ ʽ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʜʝ ʚʧʣʠʚʠ, ʷʢʽ 

ʽʛʥʦʨʫʶʪʴʩʷ ʚ ʨʽʚʥʷʥʥʽ ʽʜʝʘʣʴʥʦʛʦ ʛʘʟʫ, ʩʪʘʶʪʴ ʟʥʘʯʫʱʠʤʠ. ɯʥʰʠʤ ʚʘʨʽʘʥʪʦʤ 

ʨʽʚʥʷʥʥʷ ʨʝʘʣʴʥʦʛʦ ʛʘʟʫ ʻ ʤʦʜʠʬʽʢʦʚʘʥʝ ʨʽʚʥʷʥʥʷ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʘ, 

ʟʘʧʨʦʧʦʥʦʚʘʥʝ ʈʦʙʽʥʩʦʥʦʤ ʽ ʇʝʥʛʦʤ (1974 ʨ.) [27]: 
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20,37464 1,54226 0,26992m w w= + - ; Tc ï ʢʨʠʪʠʯʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʜʣʷ ʉʆ2 (31 ÜC); 

ʈʩ ï ʢʨʠʪʠʯʥʠʡ ʪʠʩʢ ʜʣʷ ʉʆ2 (7,38 ʄʇʘ); ɤ ï ʘʮʝʥʪʨʠʯʥʠʡ ʬʘʢʪʦʨ ʇʽʪʮʝʨʘ ʜʣʷ 

CO  (0,225); 
mV  ï ʤʦʣʷʨʥʠʡ ʦʙôʻʤ, ʤ3/ʤʦʣʴ. 

ʇʨʦʮʝʩ ʫʪʠʣʽʟʘʮʽʾ ʉʆ2 ʟʘʣʝʞʥʦ ʚʽʜ ʡʦʛʦ ʯʘʩʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʟʤʽʥʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʪʠʩʢʽʚ ʽ ʪʝʤʧʝʨʘʪʫʨ, ʱʦ ʤʦʞʫʪʴ ʥʝ ʚʽʜʧʦʚʽʜʘʪʠ ʫʤʦʚʘʤ ʽʜʝʘʣʴʥʦʛʦ 

ʛʘʟʫ (ʨʽʚʥʷʥʥʷ ʄʝʥʜʝʣʻʻʚʘ ï ʂʣʘʧʝʡʨʦʥʘ). ɸʥʘʣʽʟ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʨʽʚʥʷʥʴ 

ʧʦʢʘʟʘʚ, ʱʦ ʚʦʥʠ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʢʣʘʩʠʯʥʦʤʫ ʨʽʚʥʷʥʥʽ ʩʪʘʥʫ ʨʝʘʣʴʥʦʛʦ ʛʘʟʫ 

ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʘ, ʱʦ ʡ ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʟʘ ʦʩʥʦʚʫ ʜʣʷ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ʏʠʩʝʣʴʥʽ ʨʦʟʨʘʭʫʥʢʠ ʧʨʦʚʦʜʠʣʠʩʷ ʚ Python ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ fsolve ʚʽʜ 

SciPy ʟ ʧʦʜʘʣʴʰʠʤ ʽʥʪʝʛʨʫʚʘʥʥʷʤ ʫ Matlab. 

ʊʝʤʧʝʨʘʪʫʨʘ ʩʝʨʝʜʦʚʠʱʘ T ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʽ ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ 

ʥʘʚʢʦʣʦ ʥʴʦʛʦ ʻ ʟʤʽʥʥʦʶ. ʇʨʠʨʦʜʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ ʚ ʧʦʯʘʪʢʦʚʽʡ 

ʩʪʘʜʽʾ ʧʨʦʮʝʩʫ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚ ʩʝʨʝʜʥʴʦʤʫ ʩʪʘʥʦʚʠʪʴ 30 Üʉ. ʋ 

ʜʦʩʣʽʜʞʝʥʥʷʭ [28] ʟʘʟʥʘʯʝʥʦ, ʱʦ ʧʨʠ ʫʪʠʣʽʟʘʮʽʾ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʧʽʜ ʯʘʩ 

ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʥʘ ʧʦʣʦʛʠʭ ʧʣʘʩʪʘʭ ʪʝʧʣʦʥʦʩʽʡ ʥʘʛʨʽʚʘʻʪʴʩʷ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʠ ʙʣʠʟʴʢʦ 250 Üʉ ʪʘ ʨʫʭʘʻʪʴʩʷ ʪʨʫʙʥʠʤ ʩʪʘʚʦʤ ʜʦ ʛʽʜʨʦʧʘʨʦʚʠʭ 

ʪʫʨʙʽʥ ʜʣʷ ʚʠʨʦʙʣʝʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ɯʥʰʠʤʠ ʧʨʦʚʝʜʝʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ 

[29] ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʽʜʟʝʤʥʠʭ ʛʘʟʦʛʝʥʝʨʘʪʦʨʽʚ ʩʪʘʥʦʚʠʪʴ 

1,2 ï 1,94 ʨʦʢʫ. ʊʝʧʣʦʚʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ ʪʝʧʣʦʛʝʥʝʨʘʪʦʨʽʚ ʩʪʘʥʦʚʠʪʴ 100 ï 

125 Üʉ. ʎʝ ʩʚʽʜʯʠʪʴ, ʱʦ ʧʨʠʨʦʜʥʽʡ ʪʝʧʣʦʚʠʡ ʛʨʘʜʽʻʥʪ ʚʽʜʥʦʚʣʶʚʘʪʠʤʝʪʴʩʷ 

ʧʦʩʪʫʧʦʚʦ. ʋ ʨʦʙʦʪʽ [30] ʟʘʟʥʘʯʝʥʦ, ʱʦ ʧʽʜ ʯʘʩ ʩʧʘʣʶʚʘʥʥʷ ʪʝʧʣʦʚʠʡ ʛʨʘʜʽʻʥʪ ʟ 

ʯʘʩʦʤ ʟʤʝʥʰʫʻʪʴʩʷ ʽ ʚʞʝ ʥʘ 300 ʜʦʙʫ ʚʠʭʦʜʠʪʴ ʥʘ ʨʽʚʝʥʴ ʧʨʠʨʦʜʥʴʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʫ 20 Üʉ. 

ʇʨʦʮʝʩ ʫʪʠʣʽʟʘʮʽʾ ʉʆ2 ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʪʨʴʦʤʘ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʩʭʝʤʘʤʠ. 

ʇʝʨʰʘ ʧʝʨʝʜʙʘʯʘʻ ʟʘʢʘʯʫʚʘʥʥʷ ʉʆ2 ʩʧʽʣʴʥʦ ʟ ʚʝʜʝʥʥʷʤ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ ʚ 
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ʟʦʥʫ ʧʣʘʚʥʦʛʦ ʧʨʦʛʠʥʫ ʥʘʰʘʨʫʚʘʥʴ ʪʦʚʱʽ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ, ʜʨʫʛʘ ï ʧʦʜʘʯʫ ʉʆ2 ʫ 

ʩʢʣʘʜʽ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ, ʪʨʝʪʷ ï ʟʘʢʘʯʫʚʘʥʥʷ ʚ ʟʦʥʫ ʙʝʟʣʘʜʥʦʛʦ ʦʙʚʘʣʝʥʥʷ. ɼʣʷ 

ʧʨʦʚʝʜʝʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʟʘ ʙʘʟʦʚʽ ʧʘʨʘʤʝʪʨʠ ʙʫʣʦ ʦʙʨʘʥʦ 

ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʛʨʘʜʽʻʥʪ, ʱʦ ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 32 ʜʦ 125 Üʉ, ʫ ʟʚôʷʟʢʫ ʟ ʪʠʤ, ʱʦ 

ʧʨʦʮʝʩ ʫʪʠʣʽʟʘʮʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʛʽʨʩʴʢʦʤʫ ʤʘʩʠʚʽ, ʷʢʠʡ ʻ ʟʥʘʯʥʠʤ ʜʞʝʨʝʣʦʤ 

ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ. 

ʊʠʩʢ P, ʫ ʷʢʦʤʫ ʤʦʣʝʢʫʣʠ ʉʆ2 ʚʧʣʠʚʘʶʪʴ ʥʘ ʪʝʭʥʦʛʝʥʥʝ ʩʝʨʝʜʦʚʠʱʝ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʤʘʻ ʙʫʪʠ ʙʽʣʴʰʠʤ ʟʘ ʛʽʜʨʦʩʪʘʪʠʯʥʠʡ. ɿ ʽʥʰʦʛʦ 

ʙʦʢʫ, ʪʠʩʢ ʤʘʻ ʟʘʣʠʰʘʪʠʩʷ ʥʠʞʯʠʤ ʟʘ ʛʨʘʥʠʮʶ ʤʽʮʥʦʩʪʽ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ, ʱʦʙ ʥʝ 

ʩʧʨʠʯʠʥʠʪʠ ʾʭʥʶ ʜʝʬʦʨʤʘʮʽʶ ʘʙʦ ʨʫʡʥʫʚʘʥʥʷ. ɼʣʷ ʥʘʰʠʭ ʫʤʦʚ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʫʩʝʨʝʜʥʝʥʠʭ ʜʘʥʠʭ 7,82 ï 9,24 ʄʇʘ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʤʽʮʥʽʩʪʴ ʧʦʨʽʜ ʥʘ ʩʪʠʩʢ ʫ ʟʘʜʘʥʦʤʫ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʨʝʞʠʤʽ ʚʽʜ 32 ʜʦ 125 Üʉ ʜʣʷ 

ɼʇ çʃʴʚʽʚʚʫʛʽʣʣʷè (ʰʘʭʪʘ çʄʝʞʠʨʽʯʘʥʩʴʢʘè) ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 9,14 ʜʦ 10,61 ʄʇʘ, 

ʇʨɸʊ çɼʊɽʂ ʇʘʚʣʦʛʨʘʜʚʫʛʽʣʣʷè (ʰʘʭʪʘ ʽʤ. ɻʝʨʦʾʚ ʂʦʩʤʦʩʫ) ï 10,17 ï 

14,79 ʄʇʘ. ɿʘ ʫʤʦʚʠ ʧʦʜʘʯʽ ʉʆ2, ʢʦʣʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʪʘʙʽʣʽʟʘʮʽʷ ʧʦʣʷ 

ʥʘʧʨʫʞʝʥʴ ʜʦ ʧʦʯʘʪʢʦʚʦʛʦ ʥʝʧʦʨʫʰʝʥʦʛʦ ʩʪʘʥʫ ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ ɔʅ ʧʘʨʘʤʝʪʨ P 

ʩʪʘʥʦʚʠʪʴ ʚʽʜʧʦʚʽʜʥʦ 9,14 < P1 <  10,61 ʄʇʘ ʪʘ 10,17 < P2 <  14,79 ʄʇʘ. 

ʈʦʟʛʣʷʜʘʶʯʠ ʫʤʦʚʠ ʧʦʜʘʯʽ ʉʆ2, ʢʦʣʠ ʩʬʦʨʤʦʚʘʥʘ ʟʦʥʘ ʨʦʟʚʘʥʪʘʞʝʥʥʷ < ɔʅ, 

ʧʘʨʘʤʝʪʨʠ ʪʠʩʢʫ ʩʪʘʥʦʚʣʷʪʴ < ɔʅ < P1 <  10,61 ʄʇʘ ʪʘ < ɔʅ < P2 <  14,79 ʄʇʘ. 

ʆʩʢʽʣʴʢʠ ʥʘʧʨʫʞʝʥʥʷ ʧʦʯʘʪʢʦʚʦʛʦ ʥʝʧʦʨʫʰʝʥʦʛʦ ʩʪʘʥʫ ʻ ʟʘʚʞʜʠ ʙʽʣʴʰʽ ʥʽʞ 

ʥʘʧʨʫʞʝʥʥʷ ʟʦʥʠ ʨʦʟʚʘʥʪʘʞʝʥʥʷ, ʪʦʤʫ ʜʦʮʽʣʴʥʦ ʧʨʠʡʤʘʪʠ P ʚ ʤʝʞʘʭ 

ʟʘʟʥʘʯʝʥʦʛʦ ʚʠʱʝ ʜʽʘʧʘʟʦʥʫ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʻ ʦʩʥʦʚʦʶ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʧʦʜʘʣʴʰʦʛʦ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ: P1 ï <  10,61 ʄʇʘ; P2 ï <  14,79 ʄʇʘ; T ï 32 ï 

125 ÜC; V1 ï 5681,11 ï 11570,21 ʤ3 (ʧʨʠ Ad ï 19%); V2 ï 6592,97 ï 13426,95 ʤ3 

(ʧʨʠ Ad ï 6%). ɸʥʘʣʽʟ ʜʘʥʠʭ ʚʢʘʟʫʻ, ʱʦ ʉʆ2 ʟʘ ʪʘʢʠʭ ʫʤʦʚ ʧʝʨʝʙʫʚʘʻ ʫ 

ʩʫʧʝʨʢʨʠʪʠʯʥʦʤʫ ʩʪʘʥʽ, ʫʤʦʚʦʶ ʥʘʩʪʘʥʥʷ ʷʢʦʛʦ ʻ ʪʝʤʧʝʨʘʪʫʨʘ ʚʠʱʝ 31 ÜC ʪʘ 

ʪʠʩʢ ʚʠʱʝ 7,38 ʄʇʘ. ʎʝ ʦʙʫʤʦʚʣʶʻ ʚʠʩʦʢʫ ʱʽʣʴʥʽʩʪʴ ʽ ʥʠʟʴʢʫ ʚôʷʟʢʽʩʪʴ, ʱʦ ʻ 

ʦʧʪʠʤʘʣʴʥʠʤ ʜʣʷ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʪʘ ʟʙʝʨʽʛʘʥʥʷ. ʎʶ ʩʠʪʫʘʮʽʶ ʚʽʜʦʙʨʘʞʝʥʦ ʥʘ 

ʬʘʟʦʚʽʡ ʜʽʘʛʨʘʤʽ [31], ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʘʛʨʝʛʘʪʥʠʡ ʩʪʘʥ ʉʆ2 (ʨʠʩ. 6.6). 
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ʈʠʩʫʥʦʢ 6.6 ï ʌʘʟʦʚʘ ʜʽʘʛʨʘʤʘ, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻ ʘʛʨʝʛʘʪʥʠʡ ʩʪʘʥ ʉʆ2 

 

ɸʥʘʣʽʟ ʥʘʚʝʜʝʥʦʾ ʜʽʘʛʨʘʤʠ ʚʢʘʟʫʻ, ʱʦ ʧʨʠ ʟʘʢʘʯʫʚʘʥʥʽ ʉʆ2 ʚʽʥ ʙʫʜʝ 

ʟʥʘʭʦʜʠʪʠʩʴ ʫ ʤʘʩʠʚʽ ʚ ʛʘʟʦʧʦʜʽʙʥʦʤʫ ʩʪʘʥʽ (T > 31 ï 125 ÜC; 

7,38 ʄʇʘ < P2 < 10,5 ʄʇʘ, 7,38 ʄʇʘ < P2 < 14,5 ʄʇʘ).  

ʆʪʞʝ, ʚʨʘʭʦʚʫʶʯʠ ʫʩʽ ʚʠʱʝʟʘʟʥʘʯʝʥʽ ʧʘʨʘʤʝʪʨʠ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʢʽʣʴʢʽʩʪʴ 

ʤʦʣʝʡ n ʉʆ2 ʟʘʣʝʞʥʦ ʚʽʜ ʡʦʛʦ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟ ʧʦʜʘʣʴʰʠʤ 

ʚʩʪʘʥʦʚʣʝʥʥʷʤ ʤʘʩʠ m, ʱʦ ʟʘʡʤʘʻ ʉʆ ʫ ʪʝʭʥʦʛʝʥʥʦʤʫ ʧʨʦʩʪʦʨʽ ʧʽʜʟʝʤʥʦʛʦ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʟʘ ʬʦʨʤʫʣʦʶ 
m

V
m ʄ

V
= , ʜʝ M ï ʤʦʣʷʨʥʘ ʤʘʩʘ CO , 44,01 ʛ/ʤʦʣʴ; 

Vm ï ʤʦʣʷʨʥʠʡ ʦʙôʻʤ. ʄʦʣʷʨʥʠʡ ʦʙôʻʤ ʟʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʚʽʜ 32 ʜʦ 

125 Üʉ ʪʘ ʪʠʩʢʫ 10,5 ʄʇʘ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 0,242 10-3 ʜʦ 0,315 10-3 ʤį/ʤʦʣʴ, ʟʘ 

ʪʠʩʢʫ 14,5 ʄʇʘ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 0,171 10-3 ʜʦ 0,228 10-3 ʤį/ʤʦʣʴ. ʊʘʢʦʞ 

ʜʦʜʘʪʢʦʚʦ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʯʠʩʝʣʴʥʽ ʨʦʟʨʘʭʫʥʢʠ ʟʘ ʟʥʘʯʝʥʴ ʪʠʩʢʽʚ ʫ 7,9 ʪʘ 

9,2 ʄʇʘ, ʷʢʽ ʻ ʙʽʣʴʰʠʤʠ ʟʘ ʧʦʣʷ ʥʘʧʨʫʞʝʥʴ ʥʝʧʦʨʫʰʝʥʦʛʦ ʩʪʘʥʫ ʛʽʨʩʴʢʦʛʦ 

ʤʘʩʠʚʫ (> 7,82 ʄʇʘ). ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʱʦʜʦ ʟʤʽʥʠ ʤʘʩʠ ʫʪʠʣʽʟʦʚʘʥʦʛʦ 

ʉʆ2 ʥʘʚʝʜʝʥʦ ʚ ɼʦʜʘʪʢʫ ɹ, ʘ ʟʘʣʝʞʥʦʩʪʽ ʟʤʽʥʠ ʢʽʣʴʢʦʩʪʽ ʫʪʠʣʽʟʦʚʘʥʦʛʦ ʉʆ2 ʟʘ 

ʩʪʘʥʜʘʨʪʥʠʭ ʫʤʦʚ ï ʥʘ ʨʠʩ. 6.7 ï 6.9.  

ɸʥʘʣʽʟ ʥʘʚʝʜʝʥʠʭ ʜʘʥʠʭ ʜʘʻ ʟʤʦʛʫ ʧʨʦʩʪʝʞʠʪʠ ʯʽʪʢʫ ʣʽʥʽʡʥʫ ʟʘʣʝʞʥʽʩʪʴ 

ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʫʪʠʣʽʟʦʚʘʥʦʛʦ ʛʘʟʫ ʉʆ2 ʟʘ ʫʤʦʚʠ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʽ 

ʪʝʤʧʝʨʘʪʫʨʠ ʷʢ ʫ ʟʦʥʽ ʙʝʟʣʘʜʥʦʛʦ ʦʙʚʘʣʝʥʥʷ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ, ʪʘʢ ʽ ʚ ʟʦʥʽ ʧʨʦʛʠʥʫ 

ʥʘʰʘʨʫʚʘʥʴ ʪʦʚʱʽ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʫ ʙʽʢ ʚʠʨʦʙʣʝʥʦʛʦ ʧʨʦʩʪʦʨʫ ʟ ʫʪʚʦʨʝʥʥʷʤ 

ʨʦʟʰʘʨʫʚʘʥʴ ʪʘ ʪʨʽʱʠʥ. 
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ʫʪʚʦʨʝʥʥʷʤ ʨʦʟʰʘʨʫʚʘʥʴ ʪʘ ʪʨʽʱʠʥ ʚʽʜ ʪʠʩʢʫ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ:  

ʘ ï m = 0,6 ʤ; ʙ ï m = 0,8 ʤ; ʚ ï m = 1,0 ʤ; ʛ ï m = 1,2 ʤ (ɼʇ çʃʴʚʽʚʚʫʛʽʣʣʷè) 
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ʈʠʩʫʥʦʢ 6.9 ï ɿʘʣʝʞʥʦʩʪʽ ʟʤʽʥʠ ʢʽʣʴʢʦʩʪʽ ʫʪʠʣʽʟʦʚʘʥʦʛʦ ʉʆ2 ʫ ʟʦʥʽ ʧʨʦʛʠʥʫ 

ʥʘʰʘʨʫʚʘʥʴ ʪʦʚʱʽ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʫ ʙʽʢ ʚʠʨʦʙʣʝʥʦʛʦ ʧʨʦʩʪʦʨʫ ʟ ʫʪʚʦʨʝʥʥʷʤ 

ʨʦʟʰʘʨʫʚʘʥʴ ʪʘ ʪʨʽʱʠʥ ʚʽʜ ʪʠʩʢʫ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ: ʘ ï m = 0,6 ʤ; ʙ ï m = 0,8 ʤ; 

ʚ ï m = 1,0 ʤ; ʛ ï m = 1,2 ʤ (ʇʨɸʊ çɼʊɽʂ çʇʘʚʣʦʛʨʘʜʚʫʛʽʣʣʷè) 

 

ʇʨʠ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ ʧʦʪʫʞʥʽʩʪʶ 0,6 ʤ ʟʘ ʫʤʦʚ PI ï 

14,5 ʄʇʘ, ʊI ï 125 Üʉ ʪʘ PI ï 14,5 ʄʇʘ, ʊI ï 32 Üʉ ʩʪʘʥʦʚʠʪʴ 3,79 ʤʣʥ ʤ3, ʧʨʠ 

0,8 ʤ ï 5,87 ʤʣʥ ʤ3, 1,0 ʤ ï 7,34 ʤʣʥ ʤ3, 1,2 ʤ ï 8,78 ʤʣʥ ʤ3. ɺʨʘʭʦʚʫʶʯʠ 

ʧʦʧʝʨʝʜʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʱʦʜʦ ʟʘʣʠʰʝʥʦʾ ʢʽʣʴʢʦʩʪʽ ʉʆ2 ʧʽʩʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ 

ʩʢʣʘʜʽ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ ʚʽʜ 12,88 ʜʦ 19,83 ʤʣʥ ʤ3 ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ 

ʚ ʤʝʞʘʭ ʦʜʥʦʛʦ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ, ʱʦ ʧʨʘʮʶʚʘʣʠ ʥʘ ʧʣʘʩʪʘʭ 

ʧʦʪʫʞʥʽʩʪʶ 0,6 ï 1,2 ʤ, ʤʦʞʣʠʚʦ ʜʦʜʘʪʢʦʚʦ ʫʪʠʣʽʟʫʚʘʪʠ 26 ï 29% ʛʘʟʫ. 
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6.3 ʂʦʥʮʝʧʮʽʷ ʨʦʟʚʠʪʢʫ ʛʽʨʥʠʯʦʜʦʙʫʚʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ 

ʥʘ ʙʘʟʽ ʪʝʭʥʦʣʦʛʽʾ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ 

ʇʝʨʩʧʝʢʪʠʚʥʠʡ ʨʦʟʚʠʪʦʢ ʚʫʛʽʣʴʥʠʭ ʰʘʭʪ ʻ ʢʣʶʯʦʚʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ 

ʩʪʘʙʽʣʽʟʘʮʽʾ ʝʢʦʥʦʤʽʢʠ ʚ ʛʽʨʥʠʯʦʜʦʙʫʚʥʠʭ ʨʝʛʽʦʥʘʭ, ʷʢʽ ʟʽʪʢʥʫʣʠʩʷ ʟʽ ʩʪʘʪʫʩʦʤ 

çʜʝʧʨʝʩʠʚʥʠʭè ʯʝʨʝʟ ʚʠʩʦʢʫ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʻʜʠʥʦʛʦ ʚʠʜʫ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ 

ʟʥʠʞʝʥʥʷ ʧʦʧʠʪʫ ʥʘ ʚʫʛʽʣʣʷ. ʎʝʡ ʧʨʦʮʝʩ ʚʘʞʣʠʚʠʡ ʪʘʢʦʞ ʜʣʷ ʧʽʜʪʨʠʤʢʠ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʥʝʟʘʣʝʞʥʦʩʪʽ ʢʨʘʾʥʠ ʚ ʫʤʦʚʘʭ ʛʣʦʙʘʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʮʽʥ ʥʘ 

ʝʥʝʨʛʦʨʝʩʫʨʩʠ ʪʘ ʧʦʣʽʪʠʯʥʦʾ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʠʭ ʮʽʣʝʡ 

ʥʝʦʙʭʽʜʥʦ ʚʞʠʚʘʪʠ ʢʦʤʧʣʝʢʩʥʽ ʟʘʭʦʜʠ, ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʽʥʥʦʚʘʮʽʡʥʝ ʦʥʦʚʣʝʥʥʷ 

ʛʘʣʫʟʽ ʪʘ ʟʘʣʫʯʝʥʥʷ ʽʥʚʝʩʪʠʮʽʡ [32]. ʆʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʥʘʧʨʷʤʽʚ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʥʦʚʣʝʥʥʷ ʻ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʪʝʭʥʦʣʦʛʽʷ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ 

ʚʫʛʽʣʣʷ ʟ ʧʦʧʫʪʥʦʶ ʫʪʠʣʽʟʘʮʽʻʶ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ, ʷʢʘ ʜʘ̒  ʟʤʦʛʫ 

ʧʝʨʝʪʚʦʨʶʚʘʪʠ ʚʫʛʽʣʣʷ ʥʘ ʛʝʥʝʨʘʪʦʨʥʠʡ ʛʘʟ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʰʘʭʪʽ, ʤʽʥʽʤʽʟʫʶʯʠ 

ʝʢʦʣʦʛʽʯʥʠʡ ʚʧʣʠʚ ʟʘ ʨʘʭʫʥʦʢ ʫʪʠʣʽʟʘʮʽʾ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ [33]. ʎʝʡ ʤʝʪʦʜ ʥʝ 

ʪʽʣʴʢʠ ʟʤʝʥʰʫʻ ʢʽʣʴʢʽʩʪʴ ʚʠʢʠʜʽʚ ʚ ʘʪʤʦʩʬʝʨʫ, ʘ ʡ ʦʧʪʠʤʽʟʫʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʫʛʽʣʴʥʠʭ ʨʝʩʫʨʩʽʚ, ʧʽʜʚʠʱʫʶʯʠ ʝʥʝʨʛʝʪʠʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ 

ʚʫʛʽʣʣʷ. ʅʘ ʩʴʦʛʦʜʥʽ ʪʝʭʥʦʣʦʛʽʷ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʤʦʞʝ ʩʪʘʪʠ ʦʩʥʦʚʦʶ 

ʜʦʚʛʦʪʨʠʚʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʛʽʨʥʠʯʦʜʦʙʫʚʥʠʭ ʨʝʛʽʦʥʽʚ, ʱʦ ʧʨʘʛʥʫʪʴ ʜʦ ʽʥʪʝʛʨʘʮʽʾ 

ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʟʽ ʟʙʝʨʝʞʝʥʥʷʤ ʝʢʦʣʦʛʽʯʥʦʾ ʨʽʚʥʦʚʘʛʠ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷʤ 

ʩʦʮʽʘʣʴʥʦʾ ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ. 

ʗʢ ʧʦʢʘʟʫʻ ʧʨʘʢʪʠʢʘ, ʧʽʜʟʝʤʥʘ ʛʘʟʠʬʽʢʘʮʽʷ ʚʫʛʽʣʣʷ ʤʦʞʝ ʩʪʠʤʫʣʶʚʘʪʠ 

ʨʦʟʚʠʪʦʢ ʩʫʤʽʞʥʠʭ ʛʘʣʫʟʝʡ ʥʘʨʦʜʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ, ʪʘʢʠʭ ʷʢ ʚʠʨʦʙʥʠʮʪʚʦ 

ʯʠʩʪʦʾ ʝʥʝʨʛʽʾ ʽ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʚʫʛʣʝʮʶ, ʱʦ ʜʦʜʘʪʢʦʚʦ ʨʦʟʰʠʨʶʻ 

ʝʢʦʥʦʤʽʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʨʝʛʽʦʥʫ. ɯʥʚʝʩʪʠʮʽʾ ʚ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ 

ʨʝʘʣʽʟʘʮʽʷ ʮʠʭ ʧʨʦʻʢʪʽʚ ʟʘʙʝʟʧʝʯʫʶʪʴ ʜʦʚʛʦʩʪʨʦʢʦʚʫ ʚʠʛʦʜʫ, ʟʤʝʥʰʫʶʯʠ 

ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʪʨʘʜʠʮʽʡʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʪʘ ʩʧʨʠʷʶʯʠ ʟʙʝʨʝʞʝʥʥʶ ʧʨʠʨʦʜʥʠʭ 

ʨʝʩʫʨʩʽʚ ʜʣʷ ʤʘʡʙʫʪʥʽʭ ʧʦʢʦʣʽʥʴ.  

ʅʘʢʦʧʠʯʝʥʠʡ ʩʚʽʪʦʚʠʡ ʪʘ ʚʽʪʯʠʟʥʷʥʠʡ ʜʦʩʚʽʜ ʟ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʾ 

ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʪʚʝʨʜʠʭ ʚʠʜʽʚ ʧʘʣʠʚʘ ʧʦʢʘʟʫʻ, ʱʦ ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʪʝʭʥʦʣʦʛʽʡ ʛʘʟʠʬʽʢʘʮʽʾ ʚ ʫʤʦʚʘʭ ʢʘʤôʷʥʦʚʫʛʽʣʴʥʠʭ ʙʘʩʝʡʥʽʚ ʋʢʨʘʾʥʠ, ʥʘ ʩʪʘʥʮʽʾ 



 286 

ʉʇɻɺ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʚʦʻʾ ʝʬʝʢʪʠʚʥʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʚ ʨʦʙʦʪʽ ʧʦʚʠʥʥʦ ʙʫʪʠ 

ʟʘʜʽʷʥʦ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʫ ʢʽʣʴʢʽʩʪʴ ʛʘʟʦʛʝʥʝʨʘʪʦʨʽʚ [34]. ʊʦʤʫ ʧʦʚʝʨʭʥʝʚʠʡ 

ʢʦʤʧʣʝʢʩ ʟ ʦʯʠʱʝʥʥʷ ʽ ʧʝʨʝʨʦʙʢʠ ʧʨʦʜʫʢʪʽʚ ʛʘʟʠʬʽʢʘʮʽʾ ʙʫʜʫʻʪʴʩʷ ʟʽ ʟʜʘʪʥʽʩʪʶ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 3 ï 5 ʧʽʜʟʝʤʥʠʭ ʛʘʟʦʛʝʥʝʨʘʪʦʨʽʚ. ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʾ ʛʘʟʠʬʽʢʘʮʽʾ ʥʝ ʪʽʣʴʢʠ ʷʢ ʜʞʝʨʝʣʘ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʘʣʠʚʥʠʤʠ ʛʘʟʘʤʠ, ʘ ʡ ʜʞʝʨʝʣʘ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ [35] ï [37]. 

ʇʦʪʝʥʮʽʘʣ ʜʘʥʦʛʦ ʚʠʜʫ ʝʥʝʨʛʽʾ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ ʜʣʷ ʚʣʘʩʥʦʛʦ 

ʪʝʧʣʦʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʥʮʽʾ ʟ ʛʘʟʠʬʽʢʘʮʽʾ, ʪʘʢ ʽ ʜʣʷ ʧʦʪʨʝʙ ʞʠʪʣʦʚʦ-ʢʦʤʫʥʘʣʴʥʦʛʦ 

ʛʦʩʧʦʜʘʨʩʪʚʘ. ʅʘ ʥʘʚʝʜʝʥʽʡ ʩʭʝʤʽ (ʨʠʩ. 6.10) ʧʨʝʜʩʪʘʚʣʝʥʦ ʟʘʧʨʦʧʦʥʦʚʘʥʝ 

ʪʝʭʥʦʣʦʛʽʯʥʝ ʚʠʢʦʥʘʥʥʷ ʩʪʘʥʮʽʾ ʟ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ.  

ʎʷ ʩʭʝʤʘ ʧʝʨʝʜʙʘʯʘʻ ʢʦʤʧʣʝʢʩʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʪʨʠʤʘʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʪʘ 

ʭʽʤʽʯʥʠʭ ʧʨʦʜʫʢʪʽʚ ʧʨʠ ʛʘʟʠʬʽʢʘʮʽʾ ʟʘʧʘʩʽʚ ʚʫʛʽʣʣʷ ʥʘ ʤʽʩʮʽ ʾʭ ʟʘʣʷʛʘʥʥʷ ʟ ʧʦʚʥʦ 

ʬʘʢʪʦʨʥʦʶ ʫʪʠʣʽʟʘʮʽʻʶ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ [38]. ʂʦʤʧʣʝʢʪʥʽʩʪʴ ʩʠʩʪʝʤʥʦʛʦ 

ʚʠʢʦʥʘʥʥʷ ʩʪʘʥʮʽʾ ʩʧʨʠʷʻ ʟʘʣʫʯʝʥʥʶ ʫ ʾʾ ʨʦʙʦʪʫ ʧʦʧʫʪʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ 

ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ. ɿʘʣʠʰʢʦʚʝ ʪʝʧʣʦ ʛʘʟʽʚ ʉʇɻɺ ʤʘʻ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʫ 

ʪʝʤʧʝʨʘʪʫʨʫ, ʷʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʤʝʞʘʭ 300 ï 600 Üʉ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʬʽʟʠʯʥʦʛʦ 

ʪʝʧʣʘ ʛʘʟʫ ʤʦʞʣʠʚʦ ʟʘ ʜʝʢʽʣʴʢʦʤʘ ʚʘʨʽʘʥʪʘʤʠ. ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤ ʻ ʩʠʩʪʝʤʘ 

ʫʪʠʣʽʟʘʮʽʡʥʠʭ ʢʦʪʣʽʚ-ʨʝʢʫʧʝʨʘʪʦʨʽʚ. ʈʝʟʫʣʴʪʘʪʦʤ ʧʨʦʮʝʩʫ ʫʪʠʣʽʟʘʮʽʾ ʪʝʧʣʘ ʧʨʠ 

ʮʽʡ ʩʠʩʪʝʤʽ ʻ ʚʦʜʷʥʘ ʧʘʨʘ. ɼʘʥʘ ʧʘʨʘ ʥʘʛʨʽʚʘʻ ʭʦʣʦʜʥʫ ʚʦʜʫ ʟʘʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦ-ʧʦʙʫʪʦʚʠʭ ʪʘ ʧʨʦʤʠʩʣʦʚʠʭ ʧʨʠʤʽʱʝʥʴ ʩʪʘʥʮʽʾ ʟ ʛʘʟʠʬʽʢʘʮʽʾ 

ʚʫʛʽʣʣʷ ʛʘʨʷʯʦʶ ʚʦʜʦʶ. ʆʪʨʠʤʘʥʥʷ ʚʦʜʷʥʦʾ ʧʘʨʠ ʧʝʨʝʜʙʘʯʘʻ ʚʚʝʜʝʥʥʷ ʚ 

ʪʝʭʥʦʣʦʛʽʯʥʫ ʩʭʝʤʫ ʛʘʟʠʬʽʢʘʮʽʾ ʨʝʢʫʧʝʨʘʪʦʨʘ ʪʝʧʣʘ 11, ʷʢʠʡ ʤʦʥʪʫʻʪʴʩʷ ʥʘ 

ʪʨʫʙʦʧʨʦʚʦʜʽ ʛʘʟʦʚʽʜʚʽʜʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ 6 ʥʘ ʧʨʦʤʠʩʣʦʚʽʡ ʧʣʦʱʘʜʮʽ ʩʪʘʥʮʽʾ. 

ʗʢ ʙʫʣʦ ʟʘʟʥʘʯʝʥʦ ʨʘʥʽʰʝ, ʦʩʥʦʚʥʠʤ ʝʥʝʨʛʝʪʠʯʥʠʤ ʧʨʦʜʫʢʪʦʤ ʻ 

ʛʝʥʝʨʘʪʦʨʥʠʡ ʛʘʟ. ʇʽʩʣʷ ʧʨʦʭʦʜʞʝʥʥʷ ʥʠʤ ʨʝʢʫʧʝʨʘʪʦʨʘ ʪʝʧʣʘ 11 ʛʘʟ 

ʥʘʧʨʘʚʣʷʻʪʴʩʷ ʥʘ ʢʦʤʧʣʝʢʩ ʟ ʦʯʠʩʪʢʠ ʪʘ ʧʝʨʝʨʦʙʢʠ 12. ɺʽʥ ʧʨʦʭʦʜʠʪʴ ʧʦʚʥʠʡ 

ʮʠʢʣ ʦʯʠʩʪʢʠ ʚʽʜ ʟʦʣʴʥʠʭ ʟʘʣʠʰʢʽʚ ʽ ʩʤʦʣ ʟ ʨʦʟʧʦʜʽʣʦʤ ʥʘ ʛʦʨʶʯʽ ʛʘʟʠ ï ʉʆ, H2, 

CH4. ɼʣʷ ʨʦʟʜʽʣʝʥʥʷ ʛʘʟʽʚ ʩʚʝʨʜʣʦʚʠʥʥʦʾ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʴʥʠʭ 

ʧʣʘʩʪʽʚ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʤʝʤʙʨʘʥʥʽ ʧʨʦʤʠʩʣʦʚʽ ʫʩʪʘʥʦʚʢʠ, ʷʢʽ 

ʧʨʦʧʫʩʢʘʶʪʴ ʢʨʽʟʴ ʩʝʙʝ ʚʝʣʠʢʽ ʦʙôʻʤʠ ʧʨʦʤʠʩʣʦʚʠʭ ʛʘʟʽʚ.  
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ʈʠʩʫʥʦʢ 6.10 ï ʊʝʭʥʦʣʦʛʽʯʥʘ ʩʭʝʤʘ ʦʪʨʠʤʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʪʘ ʭʽʤʽʯʥʠʭ 

ʧʨʦʜʫʢʪʽʚ ʥʘ ʙʘʟʽ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ: 1 ï ʚʫʛʽʣʴʥʠʡ ʧʣʘʩʪ;  

2 ï ʙʝʟʧʦʩʝʨʝʜʥʷ ʧʽʜʦʰʚʘ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ; 3 ï ʚʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ;  

4 ï ʚʦʛʥʝʚʠʡ ʚʠʙʽʡ; 5 ï ʜʫʪʪʴʦʚʘ ʩʚʝʨʜʣʦʚʠʥʘ; 6 ï ʛʘʟʦʚʽʜʚʽʜʥʘ ʩʚʝʨʜʣʦʚʠʥʘ;  

7 ï ʥʘʧʨʷʤ ʨʫʭʫ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ; 8 ï ʥʘʧʨʷʤ ʨʫʭʫ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ;  

9 ï ʢʦʤʧʣʝʢʩ ʟ ʧʦʜʘʯʽ ʪʘ ʧʨʠʛʦʪʫʚʘʥʥʷ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ; 10 ï ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦ-

ʧʦʙʫʪʦʚʝ ʧʨʠʤʽʱʝʥʥʷ; 11 ï ʨʝʢʫʧʝʨʘʪʦʨ ʪʝʧʣʘ; 12 ï ʢʦʤʧʣʝʢʩ ʟ ʦʯʠʩʪʢʠ ʪʘ 

ʧʝʨʝʨʦʙʢʠ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ; 13 ï ʢʦʤʧʣʝʢʩ ʟ ʛʽʜʨʘʪʦʫʪʚʦʨʝʥʥʷ;  

14 ï ʟʘʚʘʥʪʘʞʫʚʘʣʴʥʠʡ ʙʦʢʩ; 15 ï ʨʝʬʨʠʞʝʨʘʪʦʨ; 16 ï ʩʚʝʨʜʣʦʚʠʥʠ ʜʣʷ 

ʟʘʢʘʯʫʚʘʥʥʷ ʉʆ2 

 

ʇʨʦʮʝʩ ʨʦʟʜʽʣʝʥʥʷ ʩʫʤʽʰʝʡ ʤʝʤʙʨʘʥʥʠʤ ʤʝʪʦʜʦʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʧʦʪʦʮʽ 

ʨʝʯʦʚʠʥʠ, ʱʦ ʨʫʭʘʻʪʴʩʷ ʚʟʜʦʚʞ ʨʦʟʜʽʣʝʥʦʾ ʤʝʤʙʨʘʥʠ. ɺʠʭʽʜʥʘ ʛʘʟʦʚʘ ʩʫʤʽʰ 

ʚʪʨʘʯʘʻ ʚʽʜʦʢʨʝʤʣʝʥʽ ʯʘʩʪʠʥʢʠ ʉʆ2, H2S ʽ N2, ʱʦ ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ ʧʦʨʠʩʪʫ 

ʨʦʟʜʽʣʴʥʫ ʤʝʤʙʨʘʥʫ. ʇʨʠ ʮʴʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʛʘʟʽʚ 
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ʉʆ, ʅ2, ʉʅ4 ʪʘ ʆ2, ʱʦ ʟʘʣʠʰʘʶʪʴʩʷ ʚ ʧʦʪʦʮʽ. ʉʪʫʧʽʥʴ ʨʦʟʜʽʣʝʥʥʷ ʽ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʤʝʤʙʨʘʥʥʦʾ ʫʩʪʘʥʦʚʢʠ ʟʘʣʝʞʘʪʴ ʚʽʜ ʤʘʪʝʨʽʘʣʫ ʪʘ ʩʪʨʫʢʪʫʨʠ 

ʤʝʤʙʨʘʥʠ, ʘ ʪʘʢʦʞ ʚʽʜ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʪʝʭʥʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʠʩʪʨʦʾʚ ʽ 

ʘʧʘʨʘʪʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʢʦʞʥʦʤʫ ʢʦʥʢʨʝʪʥʦʤʫ ʚʠʧʘʜʢʫ. ʅʝʦʙʭʽʜʥʦ 

ʟʘʟʥʘʯʠʪʠ, ʱʦ ʝʬʝʢʪʠʚʥʘ ʨʦʙʦʪʘ ʤʝʤʙʨʘʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʽ ʤʦʜʫʣʽʚ ʥʝʤʦʞʣʠʚʘ 

ʙʝʟ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʛʘʟʦʚʦʾ ʩʫʤʽʰʽ ʧʝʨʝʜ ʧʦʜʘʯʝʶ ʾʾ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ 

ʤʝʤʙʨʘʥʥʫ ʫʩʪʘʥʦʚʢʫ ʦʯʠʱʝʥʥʷ. 

ʇʽʩʣʷ ʧʨʦʮʝʩʫ ʦʯʠʱʝʥʥʷ ʛʘʟ ʤʝʪʘʥ ʫ ʜʦʩʪʘʪʥʽʡ ʢʽʣʴʢʦʩʪʽ ʥʘʧʨʘʚʣʷʻʪʴʩʷ ʥʘ 

ʢʦʛʝʥʝʨʘʮʽʡʥʫ ʩʠʩʪʝʤʫ. ɼʘʥʘ ʩʠʩʪʝʤʘ ʟʘʙʝʟʧʝʯʫʻ ʢʦʤʙʽʥʦʚʘʥʝ ʚʠʨʦʙʥʠʮʪʚʦ 

ʪʝʧʣʦʚʦʾ ʡ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ. ʂʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ, ʥʘʜʽʡʥʽʩʪʴ, ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʪʘ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ ʢʦʛʝʥʝʨʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʩʧʨʠʷʶʪʴ ʾʭ ʰʠʨʦʢʦʤʫ ʟʘʩʪʦʩʫʚʘʥʥʶ 

ʚʽʜ ʥʝʚʝʣʠʢʠʭ ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʽʚ ʜʦ ʧʨʦʤʠʩʣʦʚʠʭ ʦʙôʻʢʪʽʚ. ʇʝʨʝʪʚʦʨʝʥʥʷ 

ʪʝʧʣʦʛʝʥʝʨʫʶʯʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʚ ʢʦʛʝʥʝʨʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʜʘʻ ʟʤʦʛʫ ʧʨʘʢʪʠʯʥʦ 

ʧʦʚʥʽʩʪʶ ʟʘʙʝʟʧʝʯʠʪʠ ʧʨʠʣʝʛʣʠʡ ʜʦ ʩʪʘʥʮʽʾ ʞʠʪʣʦʚʠʡ ʤʘʩʠʚ ʪʘ ʩʘʤʫ ʩʪʘʥʮʽʶ 

ʚʣʘʩʥʦʶ ʝʣʝʢʪʨʦʝʥʝʨʛʽʻʶ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʢʦʛʝʥʝʨʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʟʘ ʯʦʪʠʨʤʘ 

ʦʩʥʦʚʥʠʤʠ ʯʠʥʥʠʢʘʤʠ, ʷʢʽ ʻ ʩʢʣʘʜʦʚʦʶ ʯʘʩʪʠʥʦʶ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʘʫʜʠʪʫ: 

ʝʥʝʨʛʝʪʠʯʥʠʡ (ʝʣʝʢʪʨʠʯʥʠʡ ʪʘ ʪʝʧʣʦʚʠʡ ʂʂɼ, ʂʂɼ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʣʠʚʘ); 

ʝʢʦʥʦʤʽʯʥʠʡ (ʩʦʙʽʚʘʨʪʽʩʪʴ ʪʝʧʣʦʚʦʾ ʪʘ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʪʝʨʤʽʥ ʦʢʫʧʥʦʩʪʽ); 

ʪʝʭʥʦʣʦʛʽʯʥʠʡ (ʥʘʜʽʡʥʽʩʪʴ, ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ); ʝʢʦʣʦʛʽʯʥʠʡ (ʨʽʚʝʥʴ ʰʫʤʫ ʪʘ 

ʚʽʙʨʘʮʽʾ, ʥʦʨʤʠ ʧʦ ʚʠʢʠʜʘʭ ʰʢʽʜʣʠʚʠʭ ʛʘʟʽʚ). ʉʧʘʣʶʚʘʥʥʷ ʧʘʣʠʚʘ ʉʅ4 ʚ 

ʢʦʛʝʥʝʨʘʮʽʡʥʦʤʫ ʮʠʢʣʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʫʪʪʻʚʦʛʦ ʟʤʝʥʰʝʥʥʷ ʚʠʢʠʜʽʚ 

ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ ʫ ʪʨʘʜʠʮʽʡʥʠʭ ʝʥʝʨʛʦʪʝʭʥʦʣʦʛʽʷʭ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʪʘʢʦʛʦ 

ʧʨʠʥʮʠʧʫ ʢʦʛʝʥʝʨʘʮʽʾ ʝʥʝʨʛʽʾ ʧʨʠ ʉʇɻɺ ʟʘʙʝʟʧʝʯʫʻ ʝʢʦʥʦʤʽʶ ʧʘʣʠʚʘ ʜʦ 35%, ʘ 

ʂʂɼ ʧʨʦʮʝʩʫ ʩʪʘʥʦʚʠʪʴ 44 ï 52%. 

ʂʦʛʝʥʝʨʘʮʽʡʥʘ ʢʦʤʙʽʥʦʚʘʥʘ ʪʝʭʥʦʣʦʛʽʷ ʛʝʥʝʨʘʮʽʾ ʝʥʝʨʛʽʾ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʷʢ 

ʫ ʧʨʦʮʝʩʽ ʛʘʟʠʬʽʢʘʮʽʾ ʧʣʘʩʪʽʚ ʪʚʝʨʜʦʛʦ ʧʘʣʠʚʘ, ʪʘʢ ʽ ʧʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʧʨʦʮʝʩʫ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʪʝʧʣʦ, ʥʘʢʦʧʠʯʝʥʝ ʚ ʧʦʨʦʜʥʽʡ ʪʦʚʱʽ, ʱʦ ʚʤʽʱʫʻ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨ. ʊʝʨʤʽʥ ʦʢʫʧʥʦʩʪʽ ʢʘʧʽʪʘʣʦʚʢʣʘʜʝʥʴ ʧʦʙʫʜʦʚʠ ʢʦʛʝʥʝʨʘʮʽʡʥʦʾ 

ʫʩʪʘʥʦʚʢʠ ʥʘ ʙʘʟʽ ʛʘʟʦʪʫʨʙʽʥʥʠʭ ʜʚʠʛʫʥʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʮʽʥʠ ʥʘ 
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ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ 1,4 ï 2,5 ʨʦʢʫ [39]. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʢʦʛʝʥʝʨʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʽʟ ʟʘʩʦʙʽʚ ʚʠʨʽʰʝʥʥʷ ʨʝʛʽʦʥʘʣʴʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʧʨʦʙʣʝʤ ʧʝʨʝʨʦʩʪʘʶʪʴ ʚ ʝʣʝʤʝʥʪ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʫ ʚʫʛʽʣʴʥʽʡ ʛʘʣʫʟʽ.  

ʏʘʩʪʢʘ ʛʘʟʫ, ʷʢʘ ʥʝ ʙʝʨʝ ʫʯʘʩʪʽ ʚ ʧʨʦʮʝʩʘʭ ʨʦʙʦʪʠ ʢʦʛʝʥʝʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ, 

ʩʧʨʷʤʦʚʫʻʪʴʩʷ ʥʘ ʢʦʤʧʣʝʢʩ ʛʽʜʨʘʪʦʫʪʚʦʨʝʥʥʷ, ʚ ʷʢʦʤʫ ʧʽʜ ʜʽʻʶ ʟʘʜʘʥʠʭ 

ʪʝʨʤʦʙʘʨʠʯʥʠʭ ʫʤʦʚ (P = 6 ï 8 ʄʇʘ, T = 274 ï 276 ʂ) ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʮʝʩ 

ʬʦʨʤʫʚʘʥʥʷ ʛʽʜʨʘʪʥʠʭ ʙʣʦʢʽʚ. ɿʛʽʜʥʦ ʨʦʟʨʦʙʣʝʥʦʾ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʭʝʤʠ 

(ʜʠʚ. ʨʠʩ. 6.10), ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʛʘʟʦʛʽʜʨʘʪʥʠʭ ʙʣʦʢʽʚ ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʟʜʽʡʩʥʶʚʘʪʠ ʘʚʪʦʤʦʙʽʣʴʥʠʤʠ ʨʝʬʨʠʞʝʨʘʪʦʨʘʤʠ ʜʦ ʛʘʟʦʩʭʦʚʠʱ ʘʙʦ 

ʛʘʟʦʨʦʟʧʦʜʽʣʴʯʠʭ ʧʫʥʢʪʽʚ [40].  

ʆʪʨʠʤʘʥʽ ʭʽʤʽʯʥʽ ʧʨʦʜʫʢʪʠ ʧʨʠ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʤʦʞʫʪʴ ʚʽʜʧʫʩʢʘʪʠʩʷ 

ʭʽʤʽʯʥʠʤ ʪʘ ʥʘʬʪʦʭʽʤʽʯʥʠʤ ʧʽʜʧʨʠʻʤʩʪʚʘʤ ʷʢ ʩʠʨʦʚʠʥʘ (ʢʘʤôʷʥʦʚʫʛʽʣʴʥʘ ʩʤʦʣʘ, 

ʙʝʥʟʦʣ, ʘʤʽʘʯʥʘ ʚʦʜʘ, ʬʝʥʦʣʠ, ʦʣʝʬʽʥʠ, ʘʮʝʪʠʣʝʥ, ʧʽʨʠʜʠʥʦʚʽ ʦʩʥʦʚʠ) ʘʙʦ 

ʧʝʨʝʨʦʙʣʷʪʠʩʷ ʥʘ ʤʽʩʮʽ ʚ ʪʝʭʥʽʯʥʽ ʛʽʧʦʩʫʣʴʬʽʪʠ, ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʽ ʨʝʯʦʚʠʥʠ, 

ʙʘʨʚʥʠʢʠ, ʩʘʞʽ, ʧʦʣʽʤʝʨʠ ʪʦʱʦ. 

6.4 ɯʥʪʝʛʨʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ  

ʚ ʦʥʣʘʡʥ-ʧʣʘʪʬʦʨʤʫ ʯʠʩʝʣʴʥʠʭ ʦʙʯʠʩʣʝʥʴ 

ʉʴʦʛʦʜʥʽ ʫ ʩʫʯʘʩʥʽʡ ʥʘʫʢʦʚʽʡ ʪʘ ʽʥʞʝʥʝʨʥʽʡ ʧʨʘʢʪʠʮʽ ʨʦʟʨʘʭʫʥʢʠ 

ʧʘʨʘʤʝʪʨʽʚ ʇɻɺ ʯʘʩʪʦ ʟʜʽʡʩʥʶʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʧʨʦʛʨʘʤʥʠʭ 

ʢʦʤʧʣʝʢʩʽʚ ʘʙʦ ʝʤʧʽʨʠʯʥʠʭ ʤʦʜʝʣʝʡ. ʇʨʦʪʝ ʚʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʤʘʣʦʜʦʩʪʫʧʥʠʤʠ 

ʯʝʨʝʟ ʩʢʣʘʜʥʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ ʘʙʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʦʜʘʪʢʦʚʦʛʦ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. ʋ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ ʨʦʟʨʦʙʢʘ ʚʝʙ-ʽʥʩʪʨʫʤʝʥʪʫ ʜʣʷ 

ʘʥʘʣʽʟʫ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʚ ʨʘʤʢʘʭ ʚʠʢʦʥʘʥʥʷ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʥʦʩʠʪʴ 

ʧʨʘʢʪʠʯʥʠʡ ʭʘʨʘʢʪʝʨ. ʈʦʟʨʦʙʢʘ ʪʘʢʦʛʦ ʚʝʙ-ʽʥʩʪʨʫʤʝʥʪʫ ʻ ʜʦʮʽʣʴʥʦʶ ʪʘ ʧʨʦʩʪʦʶ 

ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ, ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʟʘʙʝʟʧʝʯʫʻ: 

ï ʜʦʩʪʫʧʥʽʩʪʴ ʪʘ ʟʨʫʯʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʚʜʷʢʠ ʦʥʣʘʡʥ-ʜʦʩʪʫʧʫ ʙʝʟ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʧʨʦʛʨʘʤ; 

ï ʽʥʪʝʨʘʢʪʠʚʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ ʤʠʪʪʻʚʝ ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ, ʱʦ 

ʧʽʜʚʠʱʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʘʥʘʣʽʟʫ; 
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ï ʛʥʫʯʢʽʩʪʴ ʫ ʟʤʽʥʽ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʘʜʘʧʪʘʮʽʶ ʜʦ ʧʘʨʘʤʝʪʨʽʚ ʚʝʜʝʥʥʷ 

ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ; 

ï ʨʽʟʥʠʭ ʛʽʨʥʠʯʦ-ʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʛʘʟʠʬʽʢʘʮʽʾ; 

ï ʤʦʞʣʠʚʽʩʪʴ ʰʚʠʜʢʦʛʦ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʫ ʟʘ ʨʘʭʫʥʦʢ 

ʦʪʨʠʤʘʥʥʷ ʥʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ɺʝʙ-ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʻ 

ʚʘʞʣʠʚʠʤ ʢʨʦʢʦʤ ʫ ʥʘʧʨʷʤʢʫ ʮʠʬʨʦʚʽʟʘʮʽʾ ʦʪʨʠʤʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ʊʦʤʫ ʜʣʷ 

ʪʘʢʦʾ ʮʠʬʨʦʚʽʟʘʮʽʾ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʩʝʨʝʜʦʚʠʱʝ ñUCG-1ò. ʁʦʛʦ ʨʦʟʨʦʙʢʘ ʜʘ̒  

ʤʦʞʣʠʚʽʩʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʪʦʯʥʠʡ, ʜʦʩʪʫʧʥʠʡ ʪʘ ʘʜʘʧʪʠʚʥʠʡ ʤʝʭʘʥʽʟʤ ʘʥʘʣʽʟʫ 

ʢʣʶʯʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʟ ʧʦʧʫʪʥʦʶ ʫʪʠʣʽʟʘʮʽʻʶ 

ʉʆ2, ʱʦ ʩʧʨʠʷʻ ʧʦʜʘʣʴʰʦʤʫ ʨʦʟʚʠʪʢʫ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʶ ʪʝʭʥʦʣʦʛʽʾ ʧʽʜʟʝʤʥʦʾ 

ʛʘʟʠʬʽʢʘʮʽʾ ʚ ʧʨʦʤʠʩʣʦʚʫ ʧʨʘʢʪʠʢʫ.  

ʂʦʤʧʦʥʝʥʪʠ ʚʝʙ-ʜʦʜʘʪʢʫ ʚʟʘʻʤʦʜʽʶʪʴ ʤʽʞ ʩʦʙʦʶ ʯʝʨʝʟ ʩʠʩʪʝʤʫ 

ʚʥʫʪʨʽʰʥʴʦʾ ʥʘʚʽʛʘʮʽʾ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʰʚʠʜʢʠʡ ʧʝʨʝʭʽʜ ʤʽʞ ʩʪʦʨʽʥʢʘʤʠ ʪʘ 

ʟʨʫʯʥʠʡ ʜʦʩʪʫʧ ʜʦ ʦʩʥʦʚʥʠʭ ʬʫʥʢʮʽʡ. ʅʘ ʨʠʩ. 6.11 ʥʘʚʝʜʝʥʦ ʛʦʣʦʚʥʫ ʩʪʦʨʽʥʢʫ 

ʜʘʥʦʛʦ ʚʝʙ-ʽʥʩʪʨʫʤʝʥʪʫ, ʱʦ ʤʽʩʪʠʪʴ ʟʘʛʘʣʴʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʧʨʦʮʝʩ 

ʛʘʟʠʬʽʢʘʮʽʾ ʪʘ ʚʽʜʦʙʨʘʞʝʥʦ ʚʢʣʘʜʢʫ çʈʦʟʨʘʭʫʥʦʢè ʪʘ çʂʦʥʪʘʢʪʠè.  

 

 

ʈʠʩʫʥʦʢ 6.11 ï ɻʦʣʦʚʥʘ ʩʪʦʨʽʥʢʘ ʚʝʙ-ʽʥʩʪʨʫʤʝʥʪʫ 
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ʈʦʟʨʘʭʫʥʢʦʚʠʡ ʤʦʜʫʣʴ ʚʝʙ-ʽʥʩʪʨʫʤʝʥʪʫ ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʤʦʜʝʣʷʭ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʣʶʯʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ 

ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ. ɺ ʦʩʥʦʚʽ ʘʣʛʦʨʠʪʤʽʚ ʣʝʞʘʪʴ ʚʩʪʘʥʦʚʣʝʥʽ ʫ ʨʦʙʦʪʽ 

ʝʤʧʽʨʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʪʘ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ. ɺʢʣʘʜʢʫ çʈʦʟʨʘʭʫʥʦʢè ʥʘʚʝʜʝʥʦ ʥʘ 

ʨʠʩ. 6.12. 

 

 

ʈʠʩʫʥʦʢ 6.12 ï ɺʢʣʘʜʢʘ çʈʦʟʨʘʭʫʥʦʢè 

 

ɻʦʣʦʚʥʽ ʝʪʘʧʠ ʨʝʘʣʽʟʘʮʽʾ ʨʦʟʨʘʭʫʥʢʽʚ ʤʽʩʪʷʪʴ ʟʘʜʘʥʥʷ ʚʠʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʚʽʜ ʢʦʨʠʩʪʫʚʘʯʘ, ʚʢʣʶʯʥʦ ʟ ʧʦʪʫʞʥʽʩʪ ʁʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ, ʯʘʩʦʤ ʛʘʟʠʬʽʢʘʮʽʾ, 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʫ ʚʠʭʽʜʥʽʡ ʩʫʤʽʰʽ, ʚʠʪʨʘʪʘʤʠ ʜʫʪʪʷ ʥʘ 1 ʢʛ 

ʚʫʛʽʣʣʷ. ɸʨʭʽʪʝʢʪʫʨʘ ʚʝʙ-ʽʥʩʪʨʫʤʝʥʪʫ ʨʦʟʨʦʙʣʝʥʘ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ 

ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʨʫʢʪʫʨʦʚʘʥʽʩʪʴ, ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ ʪʘ ʧʨʦʩʪʦʪʫ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʜʘʥʦʛʦ ʚʝʙ-ʽʥʩʪʨʫʤʝʥʪʫ ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ HTML5, CSS3 ʪʘ 

Bootstrap 5. HTML5 ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʦʩʥʦʚʘ ʜʣʷ ʩʪʨʫʢʪʫʨʫʚʘʥʥʷ ʢʦʥʪʝʥʪʫ 

ʚʝʙ-ʜʦʜʘʪʢʫ. ʁʦʛʦ ʩʝʤʘʥʪʠʯʥʽ ʝʣʝʤʝʥʪʠ ʩʧʨʠʷʶʪʴ ʧʦʢʨʘʱʝʥʥʶ ʜʦʩʪʫʧʥʦʩʪʽ, 

ʣʦʛʽʯʥʦʤʫ ʛʨʫʧʫʚʘʥʥʶ ʜʘʥʠʭ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʜʣʷ ʧʦʰʫʢʦʚʠʭ ʩʠʩʪʝʤ. CSS3 ï 

ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʩʪʠʣʽʟʘʮʽʶ ʚʝʙ-ʽʥʪʝʨʬʝʡʩʫ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʧʨʠʚʘʙʣʠʚʠʡ ʪʘ 

ʽʥʪʫʾʪʠʚʥʦ ʟʨʦʟʫʤʽʣʠʡ ʚʠʛʣʷʜ ʚʝʙ-ʜʦʜʘʪʢʫ. Bootstrap 5 ï ʦʙʨʘʥʠʡ ʜʣʷ ʰʚʠʜʢʦʾ 

ʨʦʟʨʦʙʢʠ ʘʜʘʧʪʠʚʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ. ʎʝʡ ʬʨʝʡʤʚʦʨʢ ʥʘʜʘʻ ʛʥʫʯʢʫ ʩʽʪʢʦʚʫ 

ʩʠʩʪʝʤʫ (Grid), ʱʦ ʜʘ̒  ʟʤʦʛʫ ʝʬʝʢʪʠʚʥʦ ʩʪʨʫʢʪʫʨʫʚʘʪʠ ʢʦʥʪʝʥʪ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʨʝʢʪʥʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʨʦʟʨʘʭʫʥʢʽʚ ʫ ʚʝʙ-ʽʥʩʪʨʫʤʝʥʪʽ 

ʨʝʘʣʽʟʦʚʘʥʦ ʩʠʩʪʝʤʫ ʚʘʣʽʜʘʮʽʾ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ. ɺʘʣʽʜʘʮʽʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʷʢ ʥʘ 
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ʨʽʚʥʽ ʢʣʽʻʥʪʩʴʢʦʾ ʩʪʦʨʦʥʠ ʟʘ ʜʦʧʦʤʦʛʦʶ JavaScript, ʪʘʢ ʽ ʯʝʨʝʟ ʣʦʛʽʯʥʽ ʧʝʨʝʚʽʨʢʠ 

ʚ ʘʣʛʦʨʠʪʤʘʭ ʦʙʯʠʩʣʝʥʥʷ. ʇʨʠ ʚʚʝʜʝʥʽ ʜʘʥʠʭ ʧʨʦʚʦʜʠʪʴʩʷ ʧʝʨʝʚʽʨʢʘ 

ʦʙʦʚôʷʟʢʦʚʠʭ ʧʦʣʽʚ ï ʢʦʨʠʩʪʫʚʘʯ ʥʝ ʤʦʞʝ ʟʘʣʠʰʠʪʠ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʽ 

ʧʘʨʘʤʝʪʨʠ ʧʦʨʦʞʥʽʤʠ. ɼʽʘʧʘʟʦʥʠ ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ ʧʝʨʝʚʽʨʷʶʪʴʩʷ ʥʘ 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʚʩʪʘʥʦʚʣʝʥʠʤ ʤʝʞʘʤ, ʱʦ ʦʪʨʠʤʘʥʽ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʣʘʙʦʨʘʪʦʨʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ, ʥʘʧʨʠʢʣʘʜ, ʧʦʪʫʞʥʽʩʪʴ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 0,6 ʜʦ 

1,2 ʤ. ʇʨʠ ʚʚʝʜʝʥʥʽ ʜʘʥʠʭ ʯʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ ʥʝ ʤʦʞʫʪʴ ʤʽʩʪʠʪʠ ʣʽʪʝʨʠ ʘʙʦ 

ʩʧʝʮʽʘʣʴʥʽ ʩʠʤʚʦʣʠ. ʗʢʱʦ ʢʦʨʠʩʪʫʚʘʯ ʚʚʦʜʠʪʴ ʥʝ ʢʦʨʝʢʪʥʝ ʟʥʘʯʝʥʥʷ, ʪʦ ʚʽʥ 

ʦʪʨʠʤʫʻ ʚʽʜʧʦʚʽʜʥʽ ʚʽʟʫʘʣʴʥʫ ʧʽʜʢʘʟʢʫ ʯʠ ʧʦʧʝʨʝʜʞʝʥʥʷ. ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ 

ʨʦʟʨʘʭʫʥʢʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʾʭ ʜʠʥʘʤʽʯʥʘ ʧʝʨʝʚʽʨʢʘ, ʪʦʙʪʦ ʚʚʝʜʝʥʽ ʟʥʘʯʝʥʥʷ 

ʧʝʨʝʚʽʨʷʶʪʴʩʷ ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ ʦʥʦʚʣʝʥʥʷ ʩʪʦʨʽʥʢʠ. ɺʽʟʫʘʣʽʟʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ 

ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʫ ʟʨʫʯʥʦʤʫ ʬʦʨʤʘʪʽ (ʨʠʩ. 6.13). 

 

 

ʈʠʩʫʥʦʢ 6.13 ï ɺʽʟʫʘʣʽʟʘʮʽʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʫ ʩʝʨʝʜʦʚʠʱʽ ñUCG-1ò 

 

ʆʩʪʘʥʥʷ ʚʢʣʘʜʢʘ ʩʝʨʝʜʦʚʠʱʘ ñUCG-1ò ʤʽʩʪʠʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʢʦʥʪʘʢʪʥʽ 

ʜʘʥʽ ʜʣʷ ʰʚʠʜʢʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ (ʨʠʩ. 6.14). 
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ʈʠʩʫʥʦʢ 6.14 ï ɺʢʣʘʜʢʘ çʂʦʥʪʘʢʪʠè ʩʝʨʝʜʦʚʠʱʘ ñUCG-1ò 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʥʘʫʢʦʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʙʫʣʦ ʩʪʚʦʨʝʥʦ 

ʰʚʠʜʢʠʡ, ʘʜʘʧʪʠʚʥʠʡ ʪʘ ʜʦʩʪʫʧʥʠʡ ʚʝʙ-ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ 

ʫ ʛʘʣʫʟʽ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ, ʤʦʞʝ ʙʫʪʠ ʢʦʨʠʩʥʠʤ ʜʣʷ ʰʠʨʦʢʦʛʦ ʢʦʣʘ 

ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʽʥʩʪʠʪʫʪʽʚ ʽ ʧʨʦʻʢʪʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡ, 

ʽʥʞʝʥʝʨʥʦ-ʪʝʭʥʽʯʥʠʭ ʧʨʘʮʽʚʥʠʢʽʚ ʛʽʨʥʠʯʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʘ ʪʘʢʦʞ ʜʣʷ 

ʚʠʢʣʘʜʘʯʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʩʪʫʜʝʥʪʽʚ ʛʽʨʥʠʯʠʭ ʩʧʝʮʽʘʣʴʥʦʩʪʝʡ ʟʘʢʣʘʜʽʚ ʚʠʱʦʾ 

ʦʩʚʽʪʠ. 

6.5 ɽʢʦʥʦʤʽʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʪʘ  

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ 

ɼʦʩʣʽʜʞʝʥʥʷ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ 

ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʢʣʠʢʽʚ ʟʨʦʩʪʘʶʯʦʾ ʨʠʥʢʦʚʦʾ 

ʝʢʦʥʦʤʽʢʠ ʪʘ ʩʪʨʽʤʢʦʛʦ ʨʦʟʚʠʪʢʫ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʧʦʢʘʟʫʻ, ʱʦ ʜʘʥʘ 

ʪʝʭʥʦʣʦʛʽʷ ʤʦʞʝ ʩʪʘʪʠ ʢʣʶʯʦʚʠʤ ʬʘʢʪʦʨʦʤ ʫ ʧʽʜʚʠʱʝʥʥʽ ʝʥʝʨʛʝʪʠʯʥʦʾ ʙʝʟʧʝʢʠ 

ʪʘ ʟʥʠʞʝʥʥʽ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʨʘʜʠʮʽʡʥʠʭ ʜʞʝʨʝʣ ʧʘʣʠʚʘ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʮʽʻʾ 

ʪʝʭʥʦʣʦʛʽʾ ʜʘʻ ʟʤʦʛʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʘʧʘʩʠ ʚʫʛʽʣʣʷ, ʷʢʽ ʨʘʥʽʰʝ ʚʚʘʞʘʣʠʩʷ 

ʥʝʜʦʩʪʫʧʥʠʤʠ ʘʙʦ ʥʝʝʢʦʥʦʤʽʯʥʠʤʠ ʜʣʷ ʪʨʘʜʠʮʽʡʥʦʛʦ ʚʠʜʦʙʫʪʢʫ, ʪʠʤ ʩʘʤʠʤ 

ʟʙʽʣʴʰʫʶʯʠ ʚʥʫʪʨʽʰʥʽ ʝʥʝʨʛʝʪʠʯʥʽ ʨʝʩʫʨʩʠ ʢʨʘʾʥʠ. ɺ ʫʤʦʚʘʭ ʩʴʦʛʦʜʝʥʥʷ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʥʘ ʙʘʟʽ ʚʫʛʽʣʴʥʠʭ ʰʘʭʪ ʻ 

ʽʥʥʦʚʘʮʽʡʥʠʤ ʧʨʦʻʢʪʦʤ. ʊʦʤʫ ʜʣʷ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘʢʠʭ ʽʥʥʦʚʘʮʽʡʥʠʭ 

ʧʨʦʻʢʪʽʚ ʧʦʪʨʽʙʥʦ ʜʦʪʨʠʤʫʚʘʪʠʩʷ ʦʩʥʦʚʥʠʭ ʧʨʠʥʮʠʧʽʚ, ʚʨʘʭʦʚʫʶʯʠ ʾʭ 

ʦʩʦʙʣʠʚʦʩʪʽ [41]: 
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ï ʧʨʦʻʢʪ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʫʧʨʦʜʦʚʞ ʚʩʴʦʛʦ ʡʦʛʦ ʞʠʪʪʷ (ʚʽʜ ʽʜʝʾ ʜʦ 

ʟʘʚʝʨʰʝʥʥʷ ʧʨʦʻʢʪʫ, ï ʜʦ ʪʦʛʦ, ʢʦʣʠ ʧʦʯʥʝ ʧʨʠʥʦʩʠʪʠ ʧʨʠʙʫʪʦʢ); 

ï ʦʮʽʥʢʘ ʤʘʻ ʧʨʦʚʦʜʠʪʠʩʷ ʚ ʢʽʣʴʢʘ ʝʪʘʧʽʚ, ʪʦʙʪʦ ʥʘ ʨʽʟʥʠʭ ʝʪʘʧʘʭ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʻʢʪʫ; 

ï ʙʝʨʫʯʠ ʜʦ ʫʚʘʛʠ ʫʯʘʩʪʴ ʫʩʽʭ ʟʘʮʽʢʘʚʣʝʥʠʭ ʩʪʦʨʽʥ ʧʨʦʻʢʪʫ, ʽʥʪʝʨʝʩʠ ʷʢʠʭ 

ʥʝ ʟʘʚʞʜʠ ʟʙʽʛʘʶʪʴʩʷ; 

ï ʚʨʘʭʫʚʘʥʥʷ ʚʩʽʭ ʚʧʣʠʚʽʚ ʧʨʦʻʢʪʫ: ʟʦʚʥʽʰʥʽʡ, ʚʥʫʪʨʽʰʥʽ ʝʬʝʢʪʠ; 

ï ʧʦʨʽʚʥʷʥʥʷ çʟ ʧʨʦʻʢʪʦʤè ʽ çʙʝʟ ʧʨʦʻʢʪʫè (ʧʨʠʥʮʠʧ çʟ ï ʙʝʟè). 

ʋ ʨʦʙʦʪʘʭ [42], [43] ʟʘʟʥʘʯʝʥʦ, ʱʦ ʦʩʥʦʚʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ ʦʮʽʥʢʠ 

ʽʥʚʝʩʪʠʮʽʡʥʦ-ʽʥʥʦʚʘʮʽʡʥʠʭ ʧʨʦʻʢʪʽʚ ʻ ʨʝʥʪʘʙʝʣʴʥʽʩʪʴ ʽʥʚʝʩʪʠʮʽʡ ɺʉR ʘʙʦ PI, 

ʯʠʩʪʘ ʪʝʧʝʨʽʰʥʷ ʚʘʨʪʽʩʪʴ (NPV), ʚʥʫʪʨʽʰʥʷ ʥʦʨʤʘ ʜʦʭʽʜʥʦʩʪʽ (IRR), ʪʝʨʤʽʥ 

ʦʢʫʧʥʦʩʪʽ (ʈɺ), ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʨʽʯʥʠʡ ʜʦʭʽʜ (ʘʥʫʾʪʝʪ-ECF). ɿʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʠʭ 

ʢʨʠʪʝʨʽʾʚ ʦʮʽʥʢʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʧʨʦʻʢʪʽʚ ʻ ʮʽʣʢʦʤ ʩʧʨʘʚʝʜʣʠʚʠʤ ʚ 

ʫʤʦʚʘʭ ʚʠʟʥʘʯʝʥʦʩʪʽ. ʂʦʣʠ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʧʨʘʚʣʝʥʽ ʥʘ ʨʦʟʨʦʙʢʫ ʪʘ ʚʠʟʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʥʦʚʦʾ ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʢʨʠʪʝʨʽʾʚ ʚʘʞʣʠʚʠʤ ʻ 

ʨʦʟʫʤʽʥʥʷ, ʷʢ ʮʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʥʦʚʦʚʚʝʜʝʥʥʷ ʚʧʣʠʥʫʪʴ ʥʘ ʜʦʚʛʦʩʪʨʦʢʦʚʫ 

ʬʽʥʘʥʩʦʚʫ ʩʪʘʙʽʣʴʥʽʩʪʴ ʪʘ ʨʝʥʪʘʙʝʣʴʥʽʩʪʴ ʧʨʦʻʢʪʫ. ʆʮʽʥʶʶʯʠ ʧʦʪʝʥʮʽʘʣ 

ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʯʝʨʝʟ ʮʽ ʧʘʨʘʤʝʪʨʠ, ʤʦʞʥʘ ʦʙˇʨʫʥʪʦʚʘʥʦ ʧʽʜʭʦʜʠʪʠ ʜʦ 

ʨʽʰʝʥʥʷ ʧʨʦ ʜʦʜʘʪʢʦʚʽ ʽʥʚʝʩʪʠʮʽʾ, ʨʦʟʰʠʨʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ʘʙʦ ʤʦʜʠʬʽʢʘʮʽʶ 

ʧʨʦʻʢʪʫ ʟʛʽʜʥʦ ʟ ʦʪʨʠʤʘʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ. 

ʇʨʠ ʘʥʘʣʽʟʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚʠʜʦʙʫʪʢʫ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ 

ʜʦʩʠʪʴ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʪʦʜʠʢʫ UNIDO, ʷʢʘ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʦʮʽʥʢʠ 

ʚʠʩʦʢʦʙʶʜʞʝʪʥʠʭ ʧʨʦʻʢʪʽʚ [44]. ʎʝ ʤʝʪʦʜʠʢʘ, ʨʦʟʨʦʙʣʝʥʘ ʆʨʛʘʥʽʟʘʮʽʻʶ 

ʆʙ'ʻʜʥʘʥʠʭ ʅʘʮʽʡ ʜʣʷ ʇʨʦʤʠʩʣʦʚʦʛʦ ʈʦʟʚʠʪʢʫ, ʷʢʘ ʤʘʻ ʥʘ ʤʝʪʽ ʟʘʙʝʟʧʝʯʠʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʽʥʚʝʩʪʠʮʽʡʥʠʭ ʨʽʰʝʥʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʽʟʫ 

ʝʢʦʥʦʤʽʯʥʠʭ, ʝʢʦʣʦʛʽʯʥʠʭ ʪʘ ʩʦʮʽʘʣʴʥʠʭ ʘʩʧʝʢʪʽʚ ʧʨʦʻʢʪʫ. ɿʘʚʜʷʢʠ ʮʽʡ 

ʤʝʪʦʜʠʮʽ, ʽʥʚʝʩʪʦʨʠ ʪʘ ʢʝʨʽʚʥʠʮʪʚʦ ʢʦʤʧʘʥʽʡ ʤʦʞʫʪʴ ʦʪʨʠʤʘʪʠ ʛʣʠʙʦʢʝ 

ʨʦʟʫʤʽʥʥʷ ʚʩʽʭ ʘʩʧʝʢʪʽʚ ʥʦʚʦʾ ʪʝʭʥʦʣʦʛʽʾ ʘʙʦ ʧʨʠʡʥʷʪʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʟʨʦʙʠʪʠ ʦʙˇʨʫʥʪʦʚʘʥʽ ʪʘ ʟʚʘʞʝʥʽ ʽʥʚʝʩʪʠʮʽʡʥʽ 

ʨʽʰʝʥʥʷ.  
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ɼʣʷ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʟʨʦʙʣʝʥʦʾ ʪʝʭʥʦʣʦʛʽʾ 

ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʟ ʫʪʠʣʽʟʘʮʽʻʶ ʉʆ2 ʫ ʪʝʭʥʦʛʝʥʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʧʽʜʟʝʤʥʦʛʦ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʩʪʨʫʢʪʫʨʥʦ-ʣʦʛʽʯʥʫ ʩʭʝʤʫ ʝʢʦʥʦʤʽʯʥʦʾ ʤʦʜʝʣʽ, 

ʷʢʘ ʚʽʜʦʙʨʘʞʘʻ ʥʘ ʷʢʦʤʫ ʝʪʘʧʽ ʨʝʘʣʽʟʫʻʪʴʩʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ 

ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ (ʜʠʚ. ʨʠʩ. 6.15).  

ʉʭʝʤʘ, ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 6.15, ʤʽʩʪʠʪʴ ʫʟʘʛʘʣʴʥʝʥʽ ʤʦʜʫʣʽ ʪʘ ʟʚôʷʟʢʠ ʤʽʞ 

ʥʠʤʠ, ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʚʭʽʜʥʽ ʢʘʧʽʪʘʣʦʚʢʣʘʜʝʥʥʷ, ʦʧʝʨʘʮʽʡʥʽ ʚʠʪʨʘʪʠ ʪʘ 

ʜʦʭʦʜʠ ʚʽʜ ʧʨʦʜʘʞʫ ʧʨʦʜʫʢʮʽʾ ʽʟ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʝʢʦʣʦʛʽʯʥʦʾ ʢʦʤʧʦʥʝʥʪʠ 

ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʩʧʨʠʷʻ ʛʣʠʙʦʢʦʤʫ ʨʦʟʫʤʽʥʥʶ ʚʟʘʻʤʦʜʽʾ ʤʽʞ 

ʬʽʥʘʥʩʦʚʠʤʠ, ʪʝʭʥʽʯʥʠʤʠ ʪʘ ʝʢʦʣʦʛʽʯʥʠʤʠ ʬʘʢʪʦʨʘʤʠ ʧʨʦʻʢʪʫ, ʟʘʙʝʟʧʝʯʫʶʯʠ 

ʦʙˇʨʫʥʪʦʚʘʥʝ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʥʘ ʦʩʥʦʚʽ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʽʟʫ. 

 

ɺʠʭʽʜʥʽ ʜʘʥʽ

ʇʦʪʫʞʥʽʩʪʴ ʩʪʘʥʮʽʾ ɻʽʨʥʠʯʦ-ʛʝʦʣʦʛʽʯʥʘ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ
ʨʦʜʦʚʠʱʘɺʠʤʦʛʠ ʜʦ ʪʦʚʘʨʥʦʾ

ʧʨʦʜʫʢʮʽʾ ʩʪʘʥʮʽʾ 

ʂʘʧʽʪʘʣʴʥʽ
ʽʥʚʝʩʪʠʮʽʾ

ɹʫʜʽʚʥʠʮʪʚʦ ʩʪʘʥʮʽʾ

ʆʧʝʨʘʮʽʡʥʽ
ʚʠʪʨʘʪʠ

ʇʽʜʛʦʪʦʚʢʘ ʧʽʜʟʝʤʥʠʭ
ʛʘʟʦʛʝʥʝʨʘʪʦʨʽʚ
ʆʙʩʣʫʛʦʚʫʚʘʥʥʷ
ʩʪʘʥʮʽʾ ʪʘ ʨʝʤʦʥʪ
ʦʙʣʘʜʘʥʥʷ
ɺʠʪʨʘʪʠ ʥʘ ʝʥʝʨʛʦʥʦʩʽʾ
ʆʧʣʘʪʘ ʧʨʘʮʽ

ʋʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʦʤ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ
(ʪʠʧ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ ʪʘ ʧʘʨʘʤʝʪʨʠ ʾʾ ʧʦʜʘʯʽ,
ʦʯʠʱʝʥʥʷ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ, ʚʽʜʜʽʣʝʥʥʷ ʭʽʤʽʯʥʦʾ
ʩʠʨʦʚʠʥʠ)
ʋʪʠʣʽʟʘʮʽʷ ʚʠʢʠʜʽʚ ʉʆ (ʫ ʜʫʪʪʴʦʚʽʡ ʩʫʤʽʰʽ,2 

ʫ ʪʝʭʥʦʛʝʥʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ)
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ʇʝʨʽʦʜ ʦʢʫʧʥʦʩʪʽ 
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ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ ʢʘʧʽʪʘʣʴʥʠʭ ʚʠʪʨʘʪ ʥʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ 

ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʦʭʦʧʣʶʻ ʥʝ ʪʽʣʴʢʠ ʚʠʪʨʘʪʠ ʥʘ ʙʫʜʽʚʥʠʮʪʚʦ ʩʘʤʦʾ 

ʩʪʘʥʮʽʾ, ʘʣʝ ʡ ʤʽʩʪʠʪʴ ʩʧʝʢʪʨ ʚʠʪʨʘʪ ʥʘ ʧʨʠʜʙʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ, ʽʥʞʝʥʝʨʥʽ 

ʨʦʙʦʪʠ (ʧʨʦʻʢʪʫʚʘʥʥʷ ʩʪʘʥʮʽʾ, ʨʦʟʨʦʙʢʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʭʝʤ ʽ ʩʠʩʪʝʤ ʙʝʟʧʝʢʠ, 

ʷʢʽ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤʠ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʽ ʙʝʟʧʝʯʥʦʛʦ ʚʝʜʝʥʥʷ ʨʦʙʽʪ), 

ʤʦʥʪʘʞʥʽ ʨʦʙʦʪʠ (ʥʘʣʘʛʦʜʞʝʥʥʷ ʪʘ ʤʦʥʪʘʞ ʦʙʣʘʜʥʘʥʥʷ, ʟʚʝʜʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ), 

ʥʘʚʯʘʥʥʷ ʧʝʨʩʦʥʘʣʫ, ʦʪʨʠʤʘʥʥʷ ʣʽʮʝʥʟʽʡ ʪʘ ʜʦʟʚʦʣʽʚ ʪʦʱʦ. ʎʽ ʢʘʧʽʪʘʣʴʥʽ 

ʚʠʪʨʘʪʠ ʚʠʟʥʘʯʘʶʪʴ ʧʝʨʚʽʩʥʫ ʽʥʚʝʩʪʠʮʽʶ ʫ ʧʨʦʻʢʪ ʽ ʻ ʢʣʶʯʦʚʠʤʠ. ʅʘʩʪʫʧʥʠʤʠ ʻ 

ʚʠʪʨʘʪʠ, ʧʦʚôʷʟʘʥʽ ʥʘ ʱʦʜʝʥʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʩʪʘʥʮʽʾ, ʚʠʪʨʘʪʠ ʥʘ ʝʥʝʨʛʽʶ, 

ʧʝʨʩʦʥʘʣ, ʘ ʪʘʢʦʞ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʤʽʥʠ ʢʦʤʧʦʥʝʥʪʽʚ ʘʙʦ ʨʝʤʦʥʪʫ ʦʙʣʘʜʥʘʥʥʷ. 

ɼʦʣʴʦʚʫ ʯʘʩʪʢʫ ʪʘʢʦʞ ʟʘʡʤʘʶʪʴ ʚʠʪʨʘʪʠ ʥʘ ʧʽʜʛʦʪʦʚʢʫ ʧʽʜʟʝʤʥʠʭ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʽʚ ʜʦ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʜʝ ʦʩʥʦʚʥʦʶ ʩʪʘʪʪʝʶ ʚʠʪʨʘʪ ʻ ʙʫʨʽʥʥʷ. 

ʇʨʠʙʫʪʢʦʚʫ ʞ ʯʘʩʪʠʥʫ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʧʨʷʤʫ ʽ ʥʝʧʨʷʤʫ. ɼʦ ʧʝʨʰʦʾ 

ʚʽʜʥʦʩʷʪʴ ʧʨʠʙʫʪʦʢ ʚʽʜ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʜʫʢʪʽʚ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ (ʛʝʥʝʨʘʪʦʨʥʠʡ 

ʛʘʟ, ʪʝʧʣʦʚʘ ʝʥʝʨʛʽʷ, ʭʽʤʽʯʥʘ ʩʠʨʦʚʠʥʘ ʪʦʱʦ), ʜʦ ʜʨʫʛʦʾ ï ʝʢʦʥʦʤʽʯʥʽ ʚʠʛʦʜʠ ʚʽʜ 

ʧʦʣʽʧʰʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ, ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʢʨʝʜʠʪʽʚ ʽ 

ʩʫʙʩʠʜʽʡ ʟʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʽ çʟʝʣʝʥʠʭè ʪʝʭʥʦʣʦʛʽʡ. ʇʨʠ 

ʮʴʦʤʫ ʮʽ ʜʚʽ ʯʘʩʪʠʥʠ ʻ ʤʽʥʣʠʚʠʤʠ, ʦʩʢʽʣʴʢʠ ʤʦʞʫʪʴ ʚʠʥʠʢʥʫʪʠ ʨʠʟʠʢʠ, 

ʧʦʚô̫ ʟʘʥʽ ʟ ʪʝʭʥʽʯʥʠʤʠ ʟʙʦʷʤʠ, ʢʦʣʠʚʘʥʥʷʤ ʮʽʥ ʥʘ ʚʫʛʽʣʣʷ ʪʘ ʛʘʟ, ʘ ʪʘʢʦʞ ʟʤʽʥʠ 

ʚ ʟʘʢʦʥʦʜʘʚʩʪʚʽ. 

ɸʥʘʣʽʟʫʶʯʠ ʚʠʱʝʟʘʟʥʘʯʝʥʝ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʧʨʦʻʢʪʫ ʟ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʰʣʷʭʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʯʠʩʪʦʾ 

ʪʝʧʝʨʽʰʥʴʦʾ ʚʘʨʪʦʩʪʽ (NPV), ʚʥʫʪʨʽʰʥʴʦʾ ʥʦʨʤʠ ʧʨʠʙʫʪʢʦʚʦʩʪʽ (IRR), ʪʝʨʤʽʥʦʤ 

ʦʢʫʧʥʦʩʪʽ (ʈʈ), ʘ ʪʘʢʦʞ ʨʝʥʪʘʙʝʣʴʥʽʩʪʶ ʽʥʚʝʩʪʠʮʽʡ (PI) ʯʝʨʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʬʦʨʤʫʣ, ʥʘʚʝʜʝʥʠʭ ʫ ʨʦʙʦʪʘʭ [43] ï [46]. 

ʎʝʡ ʧʽʜʭʽʜ ʮʽʣʢʦʤ ʚʠʧʨʘʚʜʘʥʠʡ, ʢʦʣʠ ʻ ʚʠʭʽʜʥʽ ʜʘʥʽ ʱʦʜʦ ʩʫʤ ʢʘʧʽʪʘʣʴʥʠʭ 

ʪʘ ʦʧʝʨʘʮʽʡʥʠʭ ʚʠʪʨʘʪ. ʆʩʢʽʣʴʢʠ ʜʦʩʚʽʜʫ ʙʫʜʽʚʥʠʮʪʚʘ ʩʪʘʥʮʽʡ ʟ ʧʽʜʟʝʤʥʦʾ 

ʛʘʟʠʬʽʢʘʮʽʾ ʟʘ ʯʘʩʽʚ ʥʝʟʘʣʝʞʥʦʩʪʽ ʋʢʨʘʾʥʠ ʥʝʤʘʻ, ʪʦʤʫ ʚʽʜʩʫʪʥʽ ʙʫʜʴ-ʷʢʽ ʜʘʥʽ 

ʱʦʜʦ ʢʦʰʪʦʨʠʩʥʦʾ ʚʘʨʪʦʩʪʽ ʪʘʢʠʭ ʧʨʦʻʢʪʽʚ. ʋ ʮʴʦʤʫ ʥʘʧʨʷʤʽ ʤʦʞʣʠʚʦ ʣʠʰʝ 

ʧʨʦʚʦʜʠʪʠ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʽʟ ʢʨʘʾʥʘʤʠ, ʜʝ ʪʘʢʽ ʧʨʦʻʢʪʠ ʙʫʣʦ ʨʝʘʣʽʟʦʚʘʥʦ. 
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ɸʣʝ ʟʜʝʙʽʣʴʰʦʛʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʜʘʥʠʭ ʨʦʙʦʪʠ ʩʪʘʥʮʽʡ, 

ʱʦ ʙʫʣʠ ʟʙʫʜʦʚʘʥʽ ʚ 1940 ï 1980 ʨʦʢʘʭ [47]. 

ʋ ʨʘʤʢʘʭ ʨʝʘʣʽʟʘʮʽʾ ʮʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʦʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʧʨʷʤʦʚʘʥʽ ʥʘ 

ʦʧʪʠʤʽʟʘʮʽʶ ʧʨʦʮʝʩʫ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʟ ʧʦʧʫʪʥʦʶ ʫʪʠʣʽʟʘʮʽʻʶ 

ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ. ʊʦʤʫ ʚ ʦʩʥʦʚʫ ʚʠʟʥʘʯʝʥʥʷ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʽʜ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʚʩʪʘʥʦʚʣʝʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʦʢʣʘʜʝʥʦ ʘʥʘʣʽʟ 

çʙʘʟʦʚʦʛʦè ʪʘ çʽʥʥʦʚʘʮʽʡʥʦʛʦè ʚʘʨʽʘʥʪʽʚ. ɼʣʷ ʧʨʠʢʣʘʜʫ ʨʦʟʛʣʷʥʫʪʦ ʨʦʙʦʪʫ 

ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʚ ʫʤʦʚʘʭ ʟʤʽʥʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ ʚʽʜ 

0,6 ʜʦ 1,2 ʤ. ɼʦʚʞʠʥʘ ʩʪʦʚʧʘ ʛʘʟʠʬʽʢʘʮʽʾ ʩʪʘʥʦʚʠʪʴ 600 ʤ, ʘ ʜʦʚʞʠʥʘ ʚʦʛʥʝʚʦʛʦ 

ʚʠʙʦʶ ï 30 ʤ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʘʻ ʟʤʦʛʫ ʝʬʝʢʪʠʚʥʦ ʧʨʦʚʝʩʪʠ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ 

ʤʽʞ ʧʨʠʙʫʪʢʦʚʦʶ ʯʘʩʪʠʥʦʶ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʻʢʪʫ ʪʘ ʘʩʧʝʢʪʘʤʠ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ 

ʝʢʦʥʦʤʽʾ ʚʠʪʨʘʪ. ɼʦ ʧʨʠʙʫʪʢʦʚʦʾ ʚʽʜʥʦʩʷʪʴ ʧʽʜʚʠʱʝʥʥʷ ʪʝʧʣʦʪʠ ʟʛʦʨʷʥʥʷ 

ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ, ʜʦ ʝʢʦʥʦʤʽʾ ʚʠʪʨʘʪ ï ʟʤʝʥʰʝʥʥʷ ʩʫʤʠ ʧʣʘʪʝʞʽʚ ʟʘ 

ʥʘʜʣʠʰʢʦʚʽ ʚʠʢʠʜʠ ʉʆ2 ʚ ʘʪʤʦʩʬʝʨʫ. ɿʘʛʘʣʦʤ ʝʢʦʥʦʤʽʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʦʞʥʘ 

ʚʠʨʘʟʠʪʠ ʬʦʨʤʫʣʘʤʠ: 

1E ɼ ɽʢ= +  ʘʙʦ 2E ɼ ɽʢ= + , ʪʠʩ ʛʨʥ, 

ʜʝ ɼ1 ï ʜʦʭʽʜ ʚʽʜ ʨʝʘʣʽʟʘʮʽʾ ʦʪʨʠʤʘʥʦʛʦ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ ʥʘ ʦʩʥʦʚʽ ʦʮʽʥʢʠ 

ʪʝʧʣʦʪʠ ʟʛʦʨʘʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʪʘ ʡʦʛʦ ʚʘʨʪʦʩʪʽ, ʪʠʩ ʛʨʥ; ɽʢ ï ʝʢʦʥʦʤʽʷ ʟʘ 

ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʩʫʤʠ ʧʣʘʪʝʞʽʚ ʟʘ ʥʘʜʣʠʰʢʦʚʽ ʚʠʢʠʜʠ ʉʆ2 ʚ ʘʪʤʦʩʬʝʨʫ, ʪʠʩ. 

ʛʨʥ; ɼ2 ï ʜʦʭʽʜ ʚʽʜ ʨʝʘʣʽʟʘʮʽʾ ʦʪʨʠʤʘʥʦʛʦ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ ʥʘ ʦʩʥʦʚʽ ʦʮʽʥʢʠ 

ʢʽʣʴʢʦʩʪʽ ʝʥʝʨʛʽʾ, ʚʠʨʦʙʣʝʥʦʾ ʧʨʠʩʪʨʦʻʤ ʟ ʧʦʪʫʞʥʽʩʪʶ 1 ʢɺʪ ʫʧʨʦʜʦʚʞ ʦʜʥʽʻʾ 

ʛʦʜʠʥʠ, ʚʠʨʘʞʝʥʦʾ ʚ ʢʽʣʦʚʘʪ-ʛʦʜʠʥʘʭ (ʢɺʪ ʛʦʜ), ʪʠʩ. ʛʨʥ. 

. .
1 . . . .

. .

ʛ ʛ
ʛ ʛ ʧʨʛ

ʧʨʛ

Q
ɼ V ɺ

Q
= , ʪʠʩ ʛʨʥ ʘʙʦ . . . .

2
3,6

ʛʛ ʛʛV Q
ɼ ɺ= , ʪʠʩ ʛʨʥ, 

ʜʝ Vʛ.ʛ. ï ʦʙôʻʤ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ, ʪʠʩ. ʤ3; Qʛ.ʛ. ï ʪʝʧʣʦʪʘ ʟʛʦʨʥ̫ʥʷ 

ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ, ʄɼʞ/ʤ3; Qʧʨ.ʛ. ï ʪʝʧʣʦʪʘ ʟʛʦʨʥ̫ʥʷ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ; 

ʄɼʞ/ʤ3; ɺʧʨ.ʛ. ï ʚʘʨʪʽʩʪʴ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ, ʥʘʧʨʠʢʣʘʜ, ʚʽʟʴʤʝʤʦ ʜʣʷ ʥʝʧʦʙʫʪʦʚʠʭ 

ʩʧʦʞʠʚʘʯʽʚ, ʟʘ ʜʘʥʠʤʠ ʢʦʤʧʘʥʽʾ ʊʆɺ ɻʂ çʅʘʬʪʦʛʘʟ ʋʢʨʘʾʥʠè, ʩʪʘʥʦʤ ʥʘ 

01.01.2025 ʨʦʢʫ (19,5 ʛʨʥ); ɺ ï ʚʘʨʪʽʩʪʴ 1 ʄɺʪ ʛʦʜ, ʟʘ ʜʘʥʠʤʠ ɸʊ çɼʊɽʂ 
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ɼʥʽʧʨʦʚʩʴʢʽ ʝʣʝʢʪʨʦʤʝʨʝʞʽè ʜʣʷ ʥʝʧʦʙʫʪʦʚʠʭ ʩʧʦʞʠʚʘʯʽʚ, ʩʪʘʥʦʤ ʥʘ 01.01.2025 

ʨʦʢʫ (1 ʢʣʘʩ ʥʘʧʨʫʛʠ ï 252,89 ʛʨʥ). 

2 2
,CO COɽʢ M ɺ=  

ʜʝ 
2COM  ï ʤʘʩʘ ʫʪʠʣʽʟʦʚʘʥʦʛʦ ʉʆ2, ʪʠʩ. ʤ3; 

2COɺ  ï ʚʘʨʪʽʩʪʴ 1 ʪ ʉʆ2 ʩʪʘʥʦʚʠʪʴ 

30,00 ʛʨʥ (ʟʘʢʦʥʦʧʨʦʢ̒ʪ ˉ5600 ʚʽʜ 30 ʣʠʩʪʦʧʘʜʘ 2021 ʨ.). 

ʊʘʢʦʞ ʧʨʠ ʦʮʽʥʶʚʘʥʥʽ ʦʙôʻʤʽʚ ʝʢʦʥʦʤʽʾ ʚʽʜ ʫʪʠʣʽʟʘʮʽʾ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ 

ʟʘ ʽʥʥʦʚʘʮʽʡʥʠʤ ʚʘʨʽʘʥʪʦʤ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʬʘʢʪ ʟʘʣʠʰʢʽʚ ʉʆ2, ʟʘ 

ʚʠʢʠʜʠ ʷʢʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʦ ʙʫʜʝ ʧʣʘʪʠʪʠ. 

ʋ ʪʘʙʣ. 6.3 ʥʘʚʝʜʝʥʦ ʚʠʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʝʢʦʥʦʤʽʯʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʨʽʰʝʥʴ. 

 

ʊʘʙʣʠʮʷ 6.3 ï ɺʠʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ˉ 

ʟ/ʧ 
ʇʘʨʘʤʝʪʨʠ ɹʘʟʦʚʠʡ ʚʘʨʽʘʥʪ ɯʥʥʦʚʘʮʽʡʥʠʡ ʚʘʨʽʘʥʪ 

1 
ɼʦʚʞʠʥʘ ʩʪʦʚʧʘ 

ʛʘʟʠʬʽʢʘʮʽʾ, L, ʤ 
600,0 600,0 

2 
ɼʦʚʞʠʥʘ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ, 

l, ʤ 
30,0 30,0 

3 
ʇʦʪʫʞʥʽʩʪʴ ʚʫʛʽʣʴʥʦʛʦ 

ʧʣʘʩʪʘ, m, ʤ 
0,6 0,8 1,0 1,2 0,6 0,8 1,0 1,2 

4 
ʆʙôʻʤ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ, 

Vʛ.ʛ., ʤʣʥ ʤ
3 

17,76 23,68 29,60 35,526 20,11 26,81 33,51 40,22 

5 

ʊʝʧʣʦʪʘ ʟʛʦʨʥ̫ʥʷ 

ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ, Qʛ.ʛ., 

ʄɼʞ/ʤ3 

5,96 5,96 5,96 5,96 6,54 6,54 6,54 6,54 

6 

ʄʘʩʘ 

ʫʪʠʣʽʟʦʚʘ

ʥʦʛʦ ʉʆ2, 

2COM , 

ʪʠʩ. ʪ 

ʫ ʜʫʪʪʽ ï ï ï ï 17,59 25,88 34,72 45,86 

ʫ ʪʝʭʥʦʛʝʥʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ 
ï ï ï ï 7,49 11,60 14,52 17,34 

 

ʅʘ ʨʠʩ. 6.16 ï 6.18 ʥʘʚʝʜʝʥʦ ʜʘʥʽ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʧʘʨʘʤʝʪʨʠ ʨʦʙʦʪʠ 

ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʟʘ ʨʽʟʥʠʤʠ ʩʮʝʥʘʨʽʷʤʠ ʚʝʜʝʥʥʷ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ. 

ɼʘʥʽ ʨʠʩ. 6.16 ʚʽʜʦʙʨʘʞʘʶʪʴ ʫʤʦʚʠ, ʢʦʣʠ ʛʘʟʦʛʝʥʝʨʘʪʦʨ ʧʨʘʮʶʻ ʥʘ ʛʝʥʝʨʘʮʽʶ 
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ʛʘʟʫ ʧʨʠ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷʥʦʛʦ ʜʫʪʪʷ ʟʘ ʙʘʟʦʚʠʤ ʚʘʨʽʘʥʪʦʤ ʪʘ ʟʘ ʽʥʥʦʚʘʮʽʡʥʠʤ 

ʚʘʨʽʘʥʪʦʤ ʧʨʠ ʟʘʢʘʯʫʚʘʥʥʽ ʉʆ2 ʫ ʪʝʭʥʦʛʝʥʥʠʡ ʧʨʦʩʪʽʨ ʧʽʜʟʝʤʥʦʛʦ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. ɼʘʥʽ ʨʠʩ. 6.17 ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʨʦʙʦʪʫ ʧʽʜʟʝʤʥʦʛʦ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʧʨʠ ʛʝʥʝʨʘʮʽʾ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ ʟʘ ʙʘʟʦʚʠʤ ʚʘʨʽʘʥʪʦʤ ʧʨʠ 

ʧʦʜʘʯʽ ʧʦʚʽʪʨʷʥʦʛʦ ʜʫʪʪʷ ʪʘ ʟʘ ʽʥʥʦʚʘʮʽʡʥʠʤ ʚʘʨʽʘʥʪʦʤ ʟʘ ʫʤʦʚʠ ʫʪʠʣʽʟʘʮʽʾ ʉʆ2 

ʫ ʩʢʣʘʜʽ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ. ʅʘ ʨʠʩ. 6.18 ʥʘʚʝʜʝʥʦ ʫʟʘʛʘʣʴʥʝʥʽ ʜʘʥʽ ʱʦʜʦ 

ʧʘʨʘʤʝʪʨʽʚ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘ ʙʘʟʦʚʠʤ ʪʘ ʽʥʥʦʚʘʮʽʡʥʠʤ ʚʘʨʽʘʥʪʦʤ. 
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2

ɹʘʟʦʚʠʡ ʚʘʨʽʘʥʪɯʥʥʦʚʘʮʽʡʥʠʡ ʚʘʨʽʘʥʪ

 

ʈʠʩʫʥʦʢ 6.16 ï ɼʘʥʽ ʱʦʜʦ ʜʦʭʽʜʥʦʾ ʪʘ ʚʠʪʨʘʪʥʦʾ ʯʘʩʪʠʥ: ʙʘʟʦʚʠʡ ʚʘʨʽʘʥʪ ï 

ʧʦʚʽʪʨʷʥʝ ʜʫʪʪʷ; ʽʥʥʦʚʘʮʽʡʥʠʡ ʚʘʨʽʘʥʪ ï ʧʦʚʽʪʨʷʥʝ ʜʫʪʪʷ, ʫʪʠʣʽʟʘʮʽʷ ʉʆ2 

ʫ ʪʝʭʥʦʛʝʥʥʦʤʫ ʧʨʦʩʪʦʨʽ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ 
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ʈʠʩʫʥʦʢ 6.17 ï ɼʘʥʽ ʱʦʜʦ ʜʦʭʽʜʥʦʾ ʪʘ ʚʠʪʨʘʪʥʦʾ ʯʘʩʪʠʥ: ʙʘʟʦʚʠʡ ʚʘʨʽʘʥʪ ï 

ʧʦʚʽʪʨʷʥʝ ʜʫʪʪʷ; ʽʥʥʦʚʘʮʽʡʥʠʡ ʚʘʨʽʘʥʪ ï ʧʦʚʽʪʨʷʥʦ-ʚʫʛʣʝʢʠʩʣʦʪʥʝ ʜʫʪʪʷ, 

ʫʪʠʣʽʟʘʮʽʷ ʉʆ2 ʫ ʜʫʪʪʴʦʚʽʡ ʩʫʤʽʰʽ 



 300 

-582,21

-775,95

-970,35
-1164,36

-14,37

+97,05
+147,75

+294

61,04

81,39

101,73

122,08

76,15

101,53

126,91

152,30

-1200

-1000

-800

-600

-400

-200

0

ɺ
ʠ
ʪʨ
ʘʪ
ʠ
 ʥ
ʘ 
ʫ
ʪʠ
ʣ̔
ʟʘ
ʮ̔ʁ

 ʉ
ʆ

, 
ʪʠ
ʩ 
ʛʨ
ʥ

2

0,6 ʤ0,8 ʤ1,0 ʤ1,2 ʤ0,6 ʤ0,8 ʤ1,0 ʤ1,2 ʤ
ʇʦʪʫʞʥʽʩʪʴ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ, ʤ

0

20

40

60

80

100

120

140

ɼ
ʦʭ̔
ʜ
 ʥ
ʘ 
ʚ̔
ʜ
 ʨ
ʝʘ
ʣ̔
ʟʘ
ʮ̔ʾ

 ʛ
ʝʥ
ʝʨ
ʘʪ
ʦʨ
ʥ
ʦ
ʛʦ

 ʛ
ʘʟ
ʫ,

 ʤ
ʣ
ʥ
 ʛ
ʨ
ʥ

160

 

ʈʠʩʫʥʦʢ 6.18 ï ɼʘʥʽ ʱʦʜʦ ʜʦʭʽʜʥʦʾ ʪʘ ʚʠʪʨʘʪʥʦʾ ʯʘʩʪʠʥ: ʙʘʟʦʚʠʡ ʚʘʨʽʘʥʪ ï 

ʧʦʚʽʪʨʷʥʝ ʜʫʪʪʷ; ʽʥʥʦʚʘʮʽʡʥʠʡ ʚʘʨʽʘʥʪ ï ʧʦʚʽʪʨʷʥʦ-ʚʫʛʣʝʢʠʩʣʦʪʥʝ ʜʫʪʪʷ, 

ʫʪʠʣʽʟʘʮʽʷ ʉʆ2 ʫ ʜʫʪʪʴʦʚʽʡ ʩʫʤʽʰʽ + ʫ ʪʝʭʥʦʛʝʥʥʦʤʫ ʧʨʦʩʪʦʨʽ ʧʽʜʟʝʤʥʦʛʦ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ 

 

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ (ʜʠʚ. ʨʠʩ. 6.16 ʽ 6.17) ʚʢʘʟʫʻ, ʱʦ ʜʦʭʽʜ ʚʽʜ 

ʨʝʘʣʽʟʘʮʽʾ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ ʟʘ ʙʘʟʦʚʦʛʦ ʚʘʨʽʘʥʪʘ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 61,04 ʜʦ 122,08 

ʤʣʥ ʛʨʥ, ʟʘ ʽʥʥʦʚʘʮʽʡʥʦʛʦ ï ʚʽʜ 76,15 ʜʦ 152,30 ʤʣʥ ʛʨʥ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʧʦʪʫʞʥʦʩʪʽ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ ʚʽʜ 0,6 ʜʦ 1,2 ʤ, ʘʙʦ ʟʨʦʩʪʘʻ ʥʘ 24,8%. ʇʦʨʽʚʥʶʶʯʠ 

ʫʤʦʚʠ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʟʘ ʙʘʟʦʚʠʤ ʚʘʨʽʘʥʪʦʤ (ʧʦʚʽʪʨʷʥʝ ʜʫʪʪʷ, ʫʪʠʣʽʟʘʮʽʷ ʉʆ2 

ʚʽʜʩʫʪʥʷ) ʟ ʽʥʥʦʚʘʮʽʡʥʠʤ (ʧʦʚʽʪʨʷʥʝ ʜʫʪʪʷ, ʫʪʠʣʽʟʘʮʽʷ ʉʆ2), ʚʠʪʨʘʪʠ ʥʘ 

ʫʪʠʣʽʟʘʮʽʶ ʉʆ2 ʟʘ ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʚʘʨʽʘʥʪʘ ʤʝʥʰʽ ʚʽʜ ʙʘʟʦʚʦʛʦ ʥʘ 224,64 ï 

520,34 ʪʠʩ. ʛʨʥ, ʘ ʧʨʠ ʫʪʠʣʽʟʘʮʽʾ ʉʆ2 ʫ ʜʫʪʪʴʦʚʽʡ ʩʫʤʽʰʽ (ʜʠʚ. ʨʠʩ. 6.18) ʤʝʥʰʽ ʥʘ 

343,2 ï 938,04 ʪʠʩ. ʛʨʥ. ɺʦʜʥʦʯʘʩ ʢʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ ʜʦ ʫʪʠʣʽʟʘʮʽʾ ʉʆ2 ʧʽʜ ʯʘʩ 

ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ ʚʽʜ ʟʥʘʯʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ ʚ 0,64 

ʤ ʚʢʘʟʫʻ ʥʘ ʜʦʜʘʪʢʦʚʠʡ ʜʦʭʽʜ ʚʽʜ ʫʪʠʣʽʟʘʮʽʾ ʉʆ2. ʅʘʧʨʠʢʣʘʜ, ʧʽʜ ʯʘʩ ʛʘʟʠʬʽʢʘʮʽʾ 

ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ ʧʦʪʫʞʥʽʩʪʶ ʚʽʜ 0,8 ʜʦ 1,2 ʤ ʟ ʧʦʧʫʪʥʦʶ ʫʪʠʣʽʟʘʮʽʻʶ ʉʆ2 

ʛʽʨʥʠʯʝ ʧʽʜʧʨʠʻʤʩʪʚʦ ʜʦʜʘʪʢʦʚʦ ʟʤʦʞʝ ʦʪʨʠʤʘʪʠ ʚʽʜ 97,05 ʜʦ 294,0 ʪʠʩ. ʛʨʥ. 
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6.6 ɺʠʩʥʦʚʢʠ ʟʘ ʨʦʟʜʽʣʦʤ  

ʈʦʟʨʦʙʢʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʘ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʧʘʩʽʚ ʚʫʛʽʣʣʷ ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʻ ʦʜʥʠʤ ʽʟ 

ʢʣʶʯʦʚʠʭ ʥʘʧʨʷʤʽʚ ʬʦʨʤʫʚʘʥʥʷ ʥʘʮʽʦʥʘʣʴʥʦʾ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʪʨʘʪʝʛʽʾ. ʎʝʡ ʧʽʜʭʽʜ 

ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʛʽʨʥʠʯʦʜʦʙʫʚʥʠʭ ʨʝʛʽʦʥʽʚ, 

ʟʘʙʝʟʧʝʯʫʶʯʠ ʾʭʥʶ ʩʪʽʡʢʽʩʪʴ ʪʘ ʝʢʦʥʦʤʽʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʢʦʤʙʽʥʦʚʘʥʘ ʧʦʜʘʯʘ ʜʫʪʪʷ ʫ ʧʽʜʟʝʤʥʠʡ ʛʘʟʦʛʝʥʝʨʘʪʦʨ 

ʟʘʙʝʟʧʝʯʫʻ ʧʦʜʚʽʡʥʝ ʥʘʜʭʦʜʞʝʥʥʷ ʦʢʠʩʣʶʚʘʯʘ O  ʚ ʟʦʥʫ ʛʘʟʠʬʽʢʘʮʽʾ, ʱʦ ʩʧʨʠʷʻ 

ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʧʨʦʮʝʩʫ ʟʘ ʨʘʭʫʥʦʢ ʨʦʟʰʠʨʝʥʥʷ ʨʝʘʢʮʽʡʥʠʭ ʟʦʥ ʚʦʛʥʝʚʦʛʦ 

ʚʠʙʦʶ.  

ɿʤʽʥʘ ʩʧʦʩʦʙʫ ʧʦʜʘʯʽ ʜʫʪʪʷ ʜʘʻ ʟʤʦʛʫ ʧʽʜʚʠʱʠʪʠ ʩʝʨʝʜʥʶ ʢʦʥʮʝʥʪʨʘʮʽʶ 

ʛʦʨʶʯʠʭ ʛʘʟʽʚ (CO, CH4, H2) ʥʘ 8,64%, ʘ ʪʝʧʣʦʪʘ ʟʛʦʨʷʥʥʷ ʟʨʦʩʪʘʻ ʚ ʩʝʨʝʜʥʴʦʤʫ 

ʥʘ 2,02 ʄɼʞ/ʤį. ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʤʦʞʥʘ ʝʬʝʢʪʠʚʥʦ ʘʜʘʧʪʫʚʘʪʠ ʤʝʪʦʜʠ ʧʦʜʘʯʽ 

ʜʫʪʪʴʦʚʠʭ  ʩʫʤʽʰʝʡ ʫ ʨʝʘʢʮʽʡʥʽ ʟʦʥʠ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʪʘ ʦʧʝʨʘʪʠʚʥʦ 

ʢʦʨʠʛʫʚʘʪʠ ʨʝʞʠʤʠ ʡʦʛʦ ʨʦʙʦʪʠ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʜʚʘ ʩʧʦʩʦʙʠ ʫʪʠʣʽʟʘʮʽʾ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʧʨʠ 

ʚʧʨʦʚʘʜʞʝʥʥʽ ʪʝʭʥʦʣʦʛʽʾ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ. ʋ ʮʴʦʤʫ ʧʨʦʮʝʩʽ 

ʚʠʜʽʣʝʥʦ ʦʩʥʦʚʥʽ ʟʦʥʠ ʘʢʫʤʫʣʶʚʘʥʥʷ CO , ʱʦ ʚʽʜʽʛʨʘʶʪʴ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʡʦʛʦ 

ʥʘʢʦʧʠʯʝʥʥʽ ʪʘ ʨʦʟʧʦʜʽʣʽ ʚ ʧʽʜʟʝʤʥʦʤʫ ʧʨʦʩʪʦʨʽ: ʧʦʨʦʞʥʠʥʠ ʚ ʨʘʡʦʥʽ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʩʚʝʨʜʣʦʚʠʥ, ʜʝ CO  ʙʫʜʝ ʥʘʢʦʧʠʯʫʚʘʪʠʩʷ ʫ ʚʽʣʴʥʦʤʫ ʩʪʘʥʽ, 

ʫʪʚʦʨʶʶʯʠ ʦʩʥʦʚʥʠʡ ʨʝʟʝʨʚʫʘʨ ʜʣʷ ʫʪʠʣʽʟʘʮʽʾ ʛʘʟʫ; ʯʘʩʪʠʥʘ ʧʽʜʟʝʤʥʦʛʦ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ, ʷʢʘ ʤʘʻ ʥʘʡʚʠʱʠʡ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʥʘʢʦʧʠʯʝʥʥʷ CO  ʫ 

ʚʠʨʦʙʣʝʥʦʤʫ ʧʨʦʩʪʦʨʽ, ʩʧʨʠʷʶʯʠ ʝʬʝʢʪʠʚʥʦʤʫ ʧʦʛʣʠʥʘʥʥʶ ʪʘ ʫʪʨʠʤʘʥʥʶ ʛʘʟʫ; 

ʟʦʥʠ ʦʙʚʘʣʝʥʥʷ ʧʦʨʽʜ ʜʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʛʠʥ ʥʘʰʘʨʫʚʘʥʴ ʪʦʚʱʽ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ 

ʫ ʙʽʢ ʚʠʨʦʙʣʝʥʦʛʦ ʧʨʦʩʪʦʨʫ ʟ ʫʪʚʦʨʝʥʥʷʤ ʛʘʟʦʧʨʦʚʽʜʥʠʭ ʪʨʽʱʠʥ, ʨʦʟʣʦʤʽʚ ʪʘ 

ʨʦʟʰʘʨʫʚʘʥʴ. 

ʆʪʨʠʤʘʥʦ ʟʘʣʝʞʥʦʩʪʽ ʟʤʽʥʠ ʢʽʣʴʢʦʩʪʽ CO , ʱʦ ʫʪʠʣʽʟʫʻʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ 

ʨʦʟʤʽʨʽʚ ʟʦʥ ʫʪʠʣʽʟʘʮʽʾ, ʧʘʨʘʤʝʪʨʽʚ ʪʠʩʢʫ, ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜ ʧʦʪʫʞʥʦʩʪʽ 

ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ. ʇʨʠ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ ʧʦʪʫʞʥʽʩʪʶ ʫ 0,6 ʤ ʟʘ 

ʫʤʦʚ PI ï 14,5 ʄʇʘ, ʊI ï 125 Áʉ ʪʘ  PI ï 14,5 ʄʇʘ, ʊI ï 32 Áʉ ʟʘʛʘʣʴʥʠʡ 
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ʤʘʢʩʠʤʘʣʴʥʠʡ ʦʙôʻʤ ʛʘʟʫ, ʱʦ ʟʘʢʘʯʫʻʪʴʩʷ ʩʪʘʥʦʚʠʪʴ 3,79 ʤʣʥ ʤ3, ʧʨʠ 0,8 ʤ ï 

5,87 ʤʣʥ ʤ3, 1,0 ï 7,34 ʤʣʥ ʤ3, 1,2 ï 8,78 ʤʣʥ ʤ3. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʫ ʤʝʞʘʭ 

ʦʜʥʦʛʦ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ, ʱʦ ʧʨʘʮʶʻ ʥʘ ʧʣʘʩʪʘʭ ʧʦʪʫʞʥʽʩʪʶ 0,6 ï 1,2 

ʤʦʞʣʠʚʦ ʜʦʜʘʪʢʦʚʦ ʫʪʠʣʽʟʫʚʘʪʠ ʚʽʜ 26 ʜʦ 29 % ʛʘʟʫ ʉʆ2. 

ʉʪʚʦʨʝʥʥʷ ʽʥʪʝʛʨʦʚʘʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʛʘʟʠʬʽʢʘʮʽʾ, ʢʦʛʝʥʝʨʘʮʽʾ ʪʘ 

ʛʽʜʨʘʪʦʫʪʚʦʨʝʥʥʷ ʥʘ ʙʘʟʽ ʚʫʛʽʣʴʥʠʭ ʰʘʭʪ ʜʘʻ ʟʤʦʛʫ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʤʽʩʮʽ 

ʟʘʣʷʛʘʥʥʷ ʚʫʛʽʣʣʷ ʟʜʽʡʩʥʶʚʘʪʠ ʡʦʛʦ ʧʝʨʝʨʦʙʢʫ ʟ ʦʪʨʠʤʘʥʥʷʤ ʝʣʝʢʪʨʠʯʥʦʾ ʪʘ 

ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ, ʘ ʪʘʢʦʞ ʮʽʥʥʠʭ ʭʽʤʽʯʥʠʭ ʩʧʦʣʫʢ. ɻʥʫʯʢʽʩʪʴ ʪʘʢʦʾ ʪʝʭʥʦʣʦʛʽʾ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʘʜʘʧʪʫʚʘʪʠ ʚʠʨʦʙʥʠʯʠʡ ʧʨʦʮʝʩ ʜʦ ʢʦʥôʶʥʢʪʫʨʠ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʪʘ 

ʭʽʤʽʯʥʦʛʦ ʨʠʥʢʽʚ, ʱʦ ʩʧʨʠʷʻ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʶ ʨʝʩʫʨʩʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ ʪʘ ʧʽʜʚʠʱʝʥʥʶ ʨʝʥʪʘʙʝʣʴʥʦʩʪʽ ʚʫʛʣʝʚʠʜʦʙʫʚʥʦʾ ʛʘʣʫʟʽ. 

ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʥʘʫʢʦʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʽʥʥʦʚʘʮʽʡʥʠʡ, 

ʰʚʠʜʢʠʡ ʪʘ ʘʜʘʧʪʠʚʥʠʡ ʚʝʙ-ʽʥʩʪʨʫʤʝʥʪ ñUCG-1ò, ʷʢʠʡ ʟʥʘʯʥʦ ʩʧʨʦʱʫʻ 

ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʫ ʛʘʣʫʟʽ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ. ɼʘʥʠʡ 

ʽʥʩʪʨʫʤʝʥʪ ʻ ʜʦʩʪʫʧʥʠʤ ʽ ʟʨʫʯʥʠʤ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ, ʱʦ ʨʦʙʠʪʴ ʡʦʛʦ ʢʦʨʠʩʥʠʤ 

ʜʣʷ ʰʠʨʦʢʦʛʦ ʢʦʣʘ ʬʘʭʽʚʮʽʚ. 

ɽʢʦʥʦʤʽʯʥʘ ʦʮʽʥʢʘ ʜʦʮʽʣʴʥʦʩʪ̔ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʪʘ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ ʚʩʪʘʥʦʚʣʝʥʘ ʥʘ ʦʩʥʦʚʽ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ çʙʘʟʦʚʦʛʦè 

(ʧʦʚʽʪʨʷʥʝ ʜʫʪʪʷ) ʪʘ çʽʥʥʦʚʘʮʽʡʥʦʛʦè (ʧʦʚʽʪʨʷʥʦ-ʚʫʛʣʝʢʠʩʥʝʚʝ) ʚʘʨʽʘʥʪʽʚ 

ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ. ɼʦʭʽʜ ʚʽʜ ʨʝʘʣʽʟʘʮʽʾ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ ʧʨʠ 

ʙʘʟʦʚʦʤʫ ʚʘʨʽʘʥʪʽ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 61,04 ʜʦ 122,08 ʤʣʥ, ʧʨʠ ʽʥʥʦʚʘʮʽʡʥʦʤʫ ʚʽʜ 

76,15 ʜʦ 152,30 ʤʣʥ ʛʨʥ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʪʫʞʥʦʩʪʽ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ ʚʽʜ 0,6 ʜʦ 

1,2 ʤ, ʘʙʦ ʟʨʦʩʪʘʻ ʥʘ 24,8%. 
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ɿɸɻɸʃʔʅɯ ɺʀʉʅʆɺʂʀ 

ɼʠʩʝʨʪʘʮʽʷ ʻ ʟʘʚʝʨʰʝʥʦʶ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʶ ʨʦʙʦʪʦʶ, ʚ ʷʢʽʡ ʚʠʨʽʰʝʥʦ 

ʘʢʪʫʘʣʴʥʫ ʥʘʫʢʦʚʫ ʧʨʦʙʣʝʤʫ ʟ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʚʠʜʦʙʫʪʢʫ ʚʫʛʽʣʣʷ 

ʧʽʜʟʝʤʥʦʶ ʛʘʟʠʬʽʢʘʮʽʻʶ ʟ ʫʪʠʣʽʟʘʮʽʻʶ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʚ ʪʝʭʥʦʛʝʥʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ, ʷʢʽ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʚʠʷʚʣʝʥʠʭ ʥʦʚʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʷʭ ʟʤʽʥʠ 

ʧʘʨʘʤʝʪʨʽʚ ʬʦʨʤʫʚʘʥʥʷ ʘʢʪʠʚʥʠʭ ʟʦʥ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʪʘ ʫʪʠʣʽʟʘʮʽʾ 

ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʽ ʜʘʶʪʴ ʟʤʦʛʫ ʩʬʦʨʤʫʚʘʪʠ ʻʜʠʥʫ ʽʥʪʝʛʨʦʚʘʥʫ ʩʠʩʪʝʤʫ 

ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ, ʷʢʘ ʤʦʞʝ ʩʪʘʪʠ 

ʢʘʪʘʣʽʟʘʪʦʨʦʤ ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʝʢʦʥʦʤʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ, ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ 

ʨʦʙʦʯʠʭ ʤʽʩʮʴ ʪʘ ʟʘʣʫʯʝʥʥʷ ʽʥʚʝʩʪʠʮʽʡ ʫ ʨʦʟʚʠʪʦʢ ʛʽʨʥʠʯʦʜʦʙʫʚʥʠʭ ʨʝʛʽʦʥʽʚ. 

ʆʩʥʦʚʥʽ ʥʘʫʢʦʚʽ ʪʘ ʧʨʘʢʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʣʷʛʘʶʪʴ ʫ ʪʘʢʦʤʫ: 

1. ʅʘ ʦʩʥʦʚʽ ʩʚʽʪʦʚʦʛʦ ʘʥʘʣʽʟʫ ʛʣʦʙʘʣʴʥʠʭ ʪʝʥʜʝʥʮʽʡ ʱʦʜʦ ʚʠʜʦʙʫʪʢʫ 

ʚʫʛʽʣʣʷ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʚ ʥʘʡʙʣʠʞʯʝ ʜʝʩʷʪʠʣʽʪʪʷ ʚʫʛʽʣʣʷ ʟʘʣʠʰʘʪʠʤʝʪʴʩʷ 

ʢʣʶʯʦʚʠʤ ʝʣʝʤʝʥʪʦʤ ʩʚʽʪʦʚʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʙʘʣʘʥʩʫ. ɼʣʷ ʋʢʨʘʾʥʠ, ʜʝ 

ʚʫʛʽʣʴʥʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ ʻ ʚʘʞʣʠʚʦʶ ʯʘʩʪʠʥʦʶ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʝʢʪʦʨʫ, 

ʦʩʦʙʣʠʚʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘʙʫʚʘʻ ʪʨʘʥʩʬʦʨʤʘʮʽʷ ʛʘʣʫʟʽ ʚ ʫʤʦʚʘʭ ʛʣʦʙʘʣʴʥʦʾ 

ʜʝʢʘʨʙʦʥʽʟʘʮʽʾ. ɺʦʻʥʥʽ ʜʽʾ ʪʘ ʨʫʡʥʫʚʘʥʥʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʩʪʘʚʣʷʪʴ ʧʝʨʝʜ 

ʋʢʨʘʾʥʦʶ ʟʘʚʜʘʥʥʷ ʧʦʰʫʢʫ ʝʬʝʢʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚʫʛʽʣʴʥʦʾ ʛʘʣʫʟʽ. 

2. ɺʠʟʥʘʯʝʥʦ, ʱʦ ʦʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʥʘʧʨʷʤʽʚ ʨʦʟʚʠʪʢʫ ʚʫʛʽʣʴʥʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʟʦʢʨʝʤʘ ʧʽʜʟʝʤʥʦʾ 

ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ. ʎʷ ʪʝʭʥʦʣʦʛʽʷ ʜʘʻ ʟʤʦʛʫ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʫʛʽʣʣʷ, ʟʤʝʥʰʫʶʯʠ ʧʦʪʨʝʙʫ ʚ ʪʨʘʜʠʮʽʡʥʦʤʫ ʡʦʛʦ ʚʠʜʦʙʫʪʢʫ ʪʘ 

ʟʥʠʞʫʶʯʠ ʝʢʦʣʦʛʽʯʥʠʡ ʚʧʣʠʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. 

3. ɺʠʟʥʘʯʝʥʦ, ʱʦ ʧʨʠ ʨʦʟʚʠʪʢʫ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʦʩʚʦʻʥʥʷ ʚʫʛʽʣʣʷ ʷʢ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʨʦʚʠʥʠ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʽʥʪʝʛʨʘʮʽʾ ʪʝʭʥʦʣʦʛʽʡ ʫʪʠʣʽʟʘʮʽʾ 

ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʫ ʚʫʛʽʣʴʥʫ ʧʨʦʤʠʩʣʦʚʽʩʪʴ, ʱʦ ʻ ʚʘʞʣʠʚʠʤ ʝʪʘʧʦʤ ʜʣʷ ʾʾ 

ʝʢʦʣʦʛʽʯʥʦʾ ʘʜʘʧʪʘʮʽʾ ʜʦ ʩʫʯʘʩʥʠʭ ʤʽʞʥʘʨʦʜʥʠʭ ʚʠʤʦʛ ʱʦʜʦ ʟʥʠʞʝʥʥʷ ʚʠʢʠʜʽʚ 

ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ. ʊʝʭʥʦʣʦʛʽʾ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ, ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʫʪʠʣʽʟʘʮʽʻʶ 

CO , ʜʘʶʪʴ ʟʤʦʛʫ ʥʝ ʪʽʣʴʢʠ ʟʤʝʥʰʠʪʠ ʚʠʢʠʜʠ ʚ ʘʪʤʦʩʬʝʨʫ, ʘ ʡ ʧʝʨʝʪʚʦʨʠʪʠ 
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ʚʫʛʣʝʮʴ ʥʘ ʢʦʨʠʩʥʽ ʝʥʝʨʛʦʥʦʩʽʾ, ʱʦ ʤʦʞʫʪʴ ʩʣʫʛʫʚʘʪʠ ʘʣʴʪʝʨʥʘʪʠʚʦʶ 

ʧʨʠʨʦʜʥʦʤʫ ʛʘʟʫ. 

4. ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʠ ʣʘʙʦʨʘʪʦʨʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʟʨʘʟʢʽʚ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ 

ʧʽʜ ʚʧʣʠʚʦʤ ʟʤʽʥʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʫ ʜʠʥʘʤʽʯʥʦʤʫ ʨʝʞʠʤʽ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʬʦʨʤʫʚʘʥʥʷ ʧʣʦʱʠʥʠ ʚʠʛʘʟʦʚʫʚʘʥʥʷ ʘʢʪʠʚʥʠʭ ʟʦʥ 

ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʪʘ ʩʬʦʨʤʦʚʘʥʦ ʤʝʪʦʜʦʣʦʛʽʯʥʽ ʦʩʥʦʚʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʨʦʮʝʩʫ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʟ ʫʪʠʣʽʟʘʮʽʻʶ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʚ 

ʪʝʭʥʦʛʝʥʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʧʽʜ ʯʘʩ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʪʘ ʨʦʟʨʦʙʢʠ ʧʽʜʭʦʜʽʚ ʜʦ 

ʤʽʥʽʤʽʟʘʮʽʾ ʝʢʦʣʦʛʽʯʥʦʛʦ ʚʧʣʠʚʫ ʟʘ ʨʘʭʫʥʦʢ ʧʦʚʪʦʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ CO . 

5. ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʪʝʧʣʦʦʙʤʽʥʫ ʩʝʨʝʜʦʚʠʱʘ ʚ 

ʩʠʩʪʝʤʽ çʚʫʛʽʣʣʷ ï ʛʝʥʝʨʘʪʦʨʥʠʡ ʛʘʟè ʧʨʠ ʧʽʜʟʝʤʥʽʡ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ 

ʚʨʘʭʦʚʫʻ ʤʝʞʽ ʬʘʟʦʚʠʭ ʧʝʨʝʭʦʜʽʚ ʟʘ ʫʤʦʚʦʶ ʉʪʝʬʘʥʘ. ʎʷ ʤʦʜʝʣʴ ʜʘʻ ʟʤʦʛʫ 

ʙʽʣʴʰ ʪʦʯʥʦ ʧʨʦʛʥʦʟʫʚʘʪʠ ʪʝʧʣʦʚʽ ʧʨʦʮʝʩʠ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʽʜ ʯʘʩ 

ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ, ʪʘ ʚʠʟʥʘʯʠʪʠ ʦʧʪʠʤʘʣʴʥʽ ʪʝʤʧʝʨʘʪʫʨʥʽ ʨʝʞʠʤʠ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʛʘʟʠʬʽʢʘʮʽʾ. 

6. ɺʧʝʨʰʝ ʚʩʪʘʥʦʚʣʝʥʦ ʟʘʣʝʞʥʦʩʪʽ ʟʤʽʥʠ ʜʦʚʞʠʥʠ ʦʢʠʩʣʶʚʘʣʴʥʦʾ ʟʦʥʠ 

ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ (lʦʢ.ʟ.) ʚʽʜ ʪʨʠʚʘʣʦʩʪʽ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ (t) ʽ 

ʧʦʪʫʞʥʦʩʪʽ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ (m). ʎʷ ʜʦʚʞʠʥʘ ʩʷʛʘʻ ʩʚʦʛʦ ʢʨʠʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ 

ʥʘ ʧʨʦʤʽʞʢʫ 10,12 ï 10,45 ʤ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʠʭʽʜ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ ʟʘ ʤʝʞʫ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. ʆʪʨʠʤʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʜʘʶʪʴ ʟʤʦʛʫ 

ʩʧʨʦʛʥʦʟʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʧʦʩʫʚʘʥʥʷ ʬʨʦʥʪʫ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʩʪʘʙʽʣʴʥʦʾ ʪʘ ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʧʽʜ ʯʘʩ ʬʦʨʤʫʚʘʥʥʷ 

ʚʠʛʘʟʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. 

7. ɺʧʝʨʰʝ ʚʩʪʘʥʦʚʣʝʥʦ ʟʘʣʝʞʥʦʩʪʽ ʟʤʽʥʠ ʪʠʩʢʫ ʧʦʜʘʯʽ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ 

(P) ʧʨʠ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ ʧʦʪʫʞʥʽʩʪʶ ʚʽʜ 0,6 ʜʦ 1,2 ʤ ʚʽʜ ʪʨʠʚʘʣʦʩʪʽ 

ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ (t), ʷʢʠʡ ʚʩʪʘʥʦʚʣʶʻ ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʚʠʛʘʟʦʚʘʥʦʛʦ 

ʧʨʦʩʪʦʨʫ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʧʦʩʫʚʘʥʥʷ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ ʚ ʦʢʠʩʣʶʚʘʣʴʥʽʡ ʪʘ 

ʚʽʜʥʦʚʣʶʚʘʣʴʥʽʡ ʟʦʥʘʭ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. ɺʨʘʭʫʚʘʥʥʷ ʜʘʥʠʭ 
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ʟʘʣʝʞʥʦʩʪʝʡ ʜʘʻ ʟʤʦʛʫ ʚʠʟʥʘʯʠʪʠ ʨʝʞʠʤʠ ʧʦʜʘʯʽ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ ʜʣʷ 

ʦʧʪʠʤʽʟʘʮʽʾ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʠʪʨʘʪ ʥʘ ʾʾ ʧʦʜʘʯʫ. 

8. ɺʧʝʨʰʝ ʦʪʨʠʤʘʥʦ ʢʦʝʬʽʮʽʻʥʪ ʫʪʠʣʽʟʘʮʽʾ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ( )2COk  ʧʨʠ 

ʧʽʜʟʝʤʥʽʡ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ, ʱʦ ʚʨʘʭʦʚʫʻ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ ʚ 

ʛʝʥʝʨʘʪʦʨʥʦʤʫ ʛʘʟʽ ( )2

2CO
h  ʪʘ ʡʦʛʦ ʢʦʥʮʝʥʪʨʘʮʽʾ ʫ ʩʢʣʘʜʽ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ 

( )1

2CO
h  ʟʘ ʛʨʘʥʠʯʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʧʦʜʘʯʽ ʫ ʩʢʣʘʜʽ ʥʝ ʙʽʣʴʰʝ 22,3%. 

9. ɺʧʝʨʰʝ ʚʩʪʘʥʦʚʣʝʥʠʡ ʝʬʝʢʪʠʚʥʠʡ ʯʘʩ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷʥʦ-

ʚʫʛʣʝʢʠʩʣʦʪʥʦʛʦ ʜʫʪʪʷ (t) ʜʦ ʧʣʦʱʠʥʠ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʣʽʥʽʡʥʦʶ ʟʘʣʝʞʥʽʩʪʶ ʚʽʜ ʧʦʪʫʞʥʦʩʪʽ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ (m) ʪʘ 

ʧʦʢʘʟʥʠʢʽʚ ʚʠʭʦʜʫ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ( )2

2CO
h  ʫ ʢʽʣʴʢʦʩʪʽ 25% ʷʢ ʛʨʘʥʠʯʥʝ 

ʟʥʘʯʝʥʥʷ. ʎʝ ʜʘʻ ʟʤʦʛʫ ʩʧʨʦʛʥʦʟʫʚʘʪʠ ʪʨʠʚʘʣʽʩʪʴ ʨʦʙʦʪʠ ʧʽʜʟʝʤʥʦʛʦ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ, ʥʘʧʨʘʚʣʝʥʦʛʦ ʥʘ ʫʪʠʣʽʟʘʮʽʶ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ (68,83 ï 85,87%), 

ʟ ʤʘʢʩʠʤʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ ʪʝʧʣʦʪʚʦʨʥʦʾ ʟʜʘʪʥʦʩʪʽ ʦʪʨʠʤʘʥʦʛʦ ʛʘʟʫ ʥʘ ʨʽʚʥʽ 

6,3 ï 6,6 ʄɼʞ/ʤ3. 

10. ɺʠʟʥʘʯʝʥʦ, ʱʦ ʢʦʤʙʽʥʦʚʘʥʘ ʧʦʜʘʯʘ ʜʫʪʪʷ ʟʫʤʦʚʣʶʻ ʧʦʜʚʽʡʥʝ 

ʥʘʜʭʦʜʞʝʥʥʷ ʦʢʠʩʣʶʚʘʯʘ (ʆ2) ʫ ʧʽʜʟʝʤʥʠʡ ʛʘʟʦʛʝʥʝʨʘʪʦʨ, ʱʦ ʽʥʪʝʥʩʠʬʽʢʫʻ 

ʧʨʦʮʝʩ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʟʘ ʨʘʭʫʥʦʢ ʨʦʟʰʠʨʝʥʥʷ ʨʝʘʢʮʽʡʥʠʭ ʟʦʥ ʚʦʛʥʝʚʦʛʦ 

ʚʠʙʦʶ ʟʘ ʜʦʚʞʠʥʦʶ ʩʪʦʚʧʘ ʛʘʟʠʬʽʢʘʮʽʾ (L) ʚʽʜ ʧʦʪʫʞʥʦʩʪʽ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ 

(m). ʇʨʠ ʟʤʽʥʽ ʩʧʦʩʦʙʫ ʧʦʜʘʯʽ ʜʫʪʪʷ ʪʝʧʣʦʪʚʦʨʥʘ ʟʜʘʪʥʽʩʪʴ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ ʚ 

ʩʝʨʝʜʥʴʦʤʫ ʧʽʜʚʠʱʫʻʪʴʩʷ ʥʘ 2,02 ʄɼʞ/ʤ3. ʎʝ ʜʘʻ ʟʤʦʛʫ ʘʜʘʧʪʫʚʘʪʠ ʩʧʦʩʦʙʠ 

ʧʦʜʘʯʽ ʩʫʤʽʰʝʡ ʫ ʨʝʘʢʮʽʡʥʽ ʟʦʥʠ, ʦʧʝʨʘʪʠʚʥʦ ʫʭʚʘʣʶʚʘʪʠ ʪʝʭʥʦʣʦʛʽʯʥʽ ʨʽʰʝʥʥʷ 

ʱʦʜʦ ʟʤʽʥʠ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. 

11. ʅʘʙʫʣʘ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʢʦʥʮʝʧʮʽʷ ʫʪʠʣʽʟʘʮʽʾ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʚ 

ʩʢʣʘʜʽ ʜʫʪʪʴʦʚʦʾ ʩʫʤʽʰʽ ʪʘ ʪʝʭʥʦʛʝʥʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ 

ʥʘ ʙʘʟʽ ʪʝʭʥʦʣʦʛʽʾ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʠʥʮʠʧʽʚ 

ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʚʫʛʣʝʜʦʙʫʚʥʠʭ ʨʝʛʽʦʥʽʚ. 

12. ʈʦʟʨʦʙʣʝʥʦ ʪʝʭʥʦʣʦʛʽʾ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʪʘ ʫʪʠʣʽʟʘʮʽʾ ʚʫʛʣʝʢʠʩʣʦʛʦ 

ʛʘʟʫ: çʉʧʦʩʽʙ ʫʪʠʣʽʟʘʮʽʾ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶè (UA ˉ156354), çʉʧʦʩʽʙ ʫʧʨʘʚʣʽʥʥʷ 
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ʩʪʘʥʦʤ ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ ʧʨʠ ʧʽʜʟʝʤʥʽʡ ʛʘʟʠʬʽʢʘʮʽʾ ʪʚʝʨʜʦʛʦ ʧʘʣʠʚʘè 

(UA ˉ156406), çʉʧʦʩʽʙ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʪʚʝʨʜʦʛʦ ʧʘʣʠʚʘè (UA ˉ127929), 

çʉʧʦʩʽʙ ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʪʚʝʨʜʦʛʦ ʧʘʣʠʚʘè (UA ˉ152841), çʉʧʦʩʽʙ 

ʧʽʜʟʝʤʥʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʪʚʝʨʜʦʛʦ ʧʘʣʠʚʘè (UA ˉ149211). 

13. ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʠ ʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʟ ʝʬʝʢʪʠʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ 

ʧʨʦʮʝʩʘʤʠ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷ ʪʘ ʫʪʠʣʽʟʘʮʽʾ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ: çʈʝʢʦʤʝʥʜʘʮʽʾ ʟ 

ʦʧʪʠʤʽʟʘʮʽʾ ʨʝʞʠʤʽʚ ʧʦʜʘʯʽ ʜʫʪʪʴʦʚʠʭ ʩʫʤʽʰʝʡ ʧʨʠ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʣʷè 

(ʊʆɺ çɿɸʍɯɼ ʊʈɽʁɼ ʈɽʉʋʈʉè), çʄʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʬʦʨʤʫʚʘʥʥʷ ʧʦʨʦʞʥʠʥ ʚʠʛʘʟʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘè 

(ʇʨɸʊ çɼʊɽʂ ʇʘʚʣʦʛʨʘʜʚʫʛʽʣʣʷè), çʄʝʪʦʜʠʢʘ ʧʨʦʛʥʦʟʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ 

ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʣʝʮʝʚʤʽʩʥʦʾ ʩʠʨʦʚʠʥʠ ʟ ʫʪʠʣʽʟʘʮʽʻʶ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫè 

(ʊʆɺ çɻʆʌɽʈ ʋʂʈɸɰʅɸè). 

14. ɽʢʦʥʦʤʽʯʥʘ ʦʮʽʥʢʘ ʜʦʮʽʣʴʥʦʩʪ̔ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʪʘ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ ʜʘʻ ʟʤʦʛʫ ʦʪʨʠʤʘʪʠ ʟʨʦʩʪʘʥʥʷ ʜʦʭʦʜʫ ʚʽʜ ʨʝʘʣʽʟʘʮʽʾ 

ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ ʥʘ 24,8% (61,04 ï 122,08 ʤʣʥ ʛʨʥ Ÿ 76,15 ï 152,30 ʤʣʥ ʛʨʥ). 

ʂʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ ʜʦ ʫʪʠʣʽʟʘʮʽʾ ʉʆ  ʧʽʜ ʯʘʩ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ 

ʧʦʪʫʞʥʽʩʪʶ ʚʽʜ 0,64 ʤ ʜʝʤʦʥʩʪʨʫʻ ʜʦʜʘʪʢʦʚʠʡ ʜʦʭʽʜ ʚʽʜ ʫʪʠʣʽʟʘʮʽʾ ʉʆ  ʟʘ ʢʦʞʥʫ 

ʪʦʥʥʫ ʚʫʛʽʣʣʷ. ɺʩʪʘʥʦʚʣʝʥʦ, ʥʘʧʨʠʢʣʘʜ, ʱʦ ʧʽʜ ʯʘʩ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʽʣʴʥʠʭ 

ʧʣʘʩʪʽʚ ʧʦʪʫʞʥʽʩʪʶ ʚʽʜ 0,8 ʜʦ 1,2 ʤ ʟ ʫʪʠʣʽʟʘʮʽʻʶ ʉʆ2 ʛʽʨʥʠʯʝ ʧʽʜʧʨʠʻʤʩʪʚʦ 

ʜʦʜʘʪʢʦʚʦ ʟʤʦʞʝ ʦʪʨʠʤʘʪʠ ʚʽʜ 97,05 ʜʦ 294,0 ʪʠʩ. ʛʨʥ. 
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ɼʆɼɸʊʆʂ ɸ 

ʈʝʟʫʣʴʪʘʪʠ ʬʦʨʤʫʚʘʥʥʷ ʚʠʛʘʟʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ ʧʽʜʟʝʤʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ 

 

ˉ ʧ/ʧ ʊʨʠʚʘʣʽʩʪʴ ʛʘʟʠʬʽʢʘʮʽʾ, ʛʦʜ ʇʣʦʱʘ ʚʠʛʘʟʦʚʘʥʦʛʦ 

ʧʨʦʩʪʦʨʫ, ʤ2 

ʊʠʩʢ ʧʦʜʘʯʽ ʜʫʪʪʷ, 

ʄʇʘ 

ʇʦʪʫʞʥʽʩʪʴ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ m = 1,2 ʤ 

1 11,2 32,45 0,45 

2 10,3 36,25 0,47 

3 10,4 34,2 0,47 

4 19,8 53 0,57 

5 19,9 50,2 0,56 

6 19,4 49,4 0,58 

7 23,4 60,4 0,67 

8 23,8 58,2 0,65 

9 23,2 62,0 0,67 

ʇʦʪʫʞʥʽʩʪʴ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ m = 1,0 ʤ 

1 9,0 31,2 0,47 

2 8,9 33,4 0,48 

3 8,9 31,4 0,45 

4 16,9 52,5 0,58 

5 17,0 50,0 0,55 

6 16,5 51,5 0,57 

7 19,2 62,4 0,65 

8 20,2 61,0 0,66 

9 19,9 57,8 0,65 

ʇʦʪʫʞʥʽʩʪʴ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ m = 0,8 ʤ 

1 6,8 32,1 0,47 

2 7,2 30,2 0,48 

3 7,0 31,2 0,45 

4 14,2 52,5 0,57 

5 13,9 52 0,56 

6 15,1 54,2 0,6 

7 16,6 61,5 0,65 

8 16,7 57,8 0,67 

9 16,2 60 0,69 

ʇʦʪʫʞʥʽʩʪʴ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ m = 0,6 ʤ 

1 5,8 34,2 0,45 

2 5,3 32,5 0,46 

3 5,2 31,6 0,47 

4 11,2 51,5 0,55 

5 10,8 49,8 0,59 

6 11,2 50,8 0,55 

7 12,8 61,2 0,68 

8 13,1 58,6 0,69 

9 13,5 62,3 0,67 
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ʈʠʩʫʥʦʢ 1 ï ɺʽʟʫʘʣʽʟʘʮʽʷ ʬʨʦʥʪʫ ʧʦʩʫʚʘʥʥʷ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʚʠʛʘʟʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ: ʧʦʪʫʞʥʽʩʪʴ 

ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ m = 0,6 ʤ, ʪʠʩʢ ʧʦʜʘʯʽ ʜʫʪʪʷ P = 0,41 ʄʇʘ: ʘ ï ʪʨʠʚʘʣʽʩʪʴ ʛʘʟʠʬʽʢʘʮʽʾ t = 5,4 ʛʦʜ; 

ʙ ï ʪʨʠʚʘʣʽʩʪʴ ʛʘʟʠʬʽʢʘʮʽʾ t = 26,7 ʛʦʜ  
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1
2
 

2
,0

9
 ʤ

ɺʫʛʽʣʴʥʠʡ ʧʣʘʩʪ

ʊʨʘʩʘ ʨʦʟʪʘʰʫʚʘʥʥʷ
ʛʘʟʦʚʽʜʚʽʜʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ

ʊʨʘʩʘ ʨʦʟʪʘʰʫʚʘʥʥʷ
ʜʫʪʪʴʦʚʦʾ ʩʚʝʨʜʣʦʚʠʥʠ

0
,2

 ʤ

ʈʝʘʢʮʽʡʥʠʡ ʢʘʥʘʣ ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
(  ʛʦʜ) 5,4

30 ʤ

ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
(  ʛʦʜ) 11,1

1
,3

7
 ʤ

2
,9

1
 ʤ

ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
(  ʛʦʜ) 1 ,13

1
,8

7
ʤ

ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
(  ʛʦʜ) 1 ,85

2
,
ʤ

1
2

ʇʦʣʦʞʝʥʥʷ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ 

ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
(  ʛʦʜ) 24,2

ʇʦʣʦʞʝʥʥʷ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ 

2
,
ʤ

6
4
 

ɿʦʥʘ 
ʦʙʨʫʰʝʥʥʷ

ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ

ɿʦʥʘ 
ʦʙʨʫʰʝʥʥʷ

ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ

ɿʦʥʘ 
ʦʙʨʫʰʝʥʥʷ

ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ

2
,0

9
 ʤ

ɺʫʛʽʣʴʥʠʡ ʧʣʘʩʪ

ʊʨʘʩʘ ʨʦʟʪʘʰʫʚʘʥʥʷ
ʛʘʟʦʚʽʜʚʽʜʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ

ʊʨʘʩʘ ʨʦʟʪʘʰʫʚʘʥʥʷ
ʜʫʪʪʴʦʚʦʾ ʩʚʝʨʜʣʦʚʠʥʠ

0
,2

 ʤ

ʈʝʘʢʮʽʡʥʠʡ ʢʘʥʘʣ ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
(  ʛʦʜ) 5,4

30 ʤ

ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
(  ʛʦʜ) 11,1

1
,3

7
 ʤ

3
,2

4
 ʤ

ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
(  ʛʦʜ) 1 ,13

1
,8

7
ʤ

ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
(  ʛʦʜ) 1 ,85

2
,
ʤ

1
2

 ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
(  ʛʦʜ) 24,2

2
,
ʤ

6
4
 

ɿʦʥʘ 
ʦʙʨʫʰʝʥʥʷ

ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ
ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ

(  ʛʦʜ) 26,7

ʇʦʣʦʞʝʥʥʷ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ 

2
,
ʤ

9
6
 

 

ʈʠʩʫʥʦʢ 2 ï ɺʽʟʫʘʣʽʟʘʮʽʷ ʬʨʦʥʪʫ ʧʦʩʫʚʘʥʥʷ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʚʠʛʘʟʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ: ʧʦʪʫʞʥʽʩʪʴ 

ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ m = 0,6 ʤ, ʪʠʩʢ ʧʦʜʘʯʽ ʜʫʪʪʷ P = 0,51 ʄʇʘ: ʘ ï ʪʨʠʚʘʣʽʩʪʴ ʛʘʟʠʬʽʢʘʮʽʾ t = 11,1 ʛʦʜ; 

ʙ ï ʪʨʠʚʘʣʽʩʪʴ ʛʘʟʠʬʽʢʘʮʽʾ t = 18,5 ʛʦʜ 
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ʘ 

2
,0

9
 ʤ

ɺʫʛʽʣʴʥʠʡ ʧʣʘʩʪ

ʊʨʘʩʘ ʨʦʟʪʘʰʫʚʘʥʥʷ
ʛʘʟʦʚʽʜʚʽʜʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ

ʊʨʘʩʘ ʨʦʟʪʘʰʫʚʘʥʥʷ
ʜʫʪʪʴʦʚʦʾ ʩʚʝʨʜʣʦʚʠʥʠ

0
,2

 ʤ

ʈʝʘʢʮʽʡʥʠʡ ʢʘʥʘʣ ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
(  ʛʦʜ) 5,4

30 ʤ

ʇʦʣʦʞʝʥʥʷ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ 

2
,0

9
 ʤ

ɺʫʛʽʣʴʥʠʡ ʧʣʘʩʪ

ʊʨʘʩʘ ʨʦʟʪʘʰʫʚʘʥʥʷ
ʛʘʟʦʚʽʜʚʽʜʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ

ʊʨʘʩʘ ʨʦʟʪʘʰʫʚʘʥʥʷ
ʜʫʪʪʴʦʚʦʾ ʩʚʝʨʜʣʦʚʠʥʠ

0
,2

 ʤ

ʈʝʘʢʮʽʡʥʠʡ ʢʘʥʘʣ ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
(  ʛʦʜ) 5,4

30 ʤ

ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
(  ʛʦʜ) 11,1

ʇʦʣʦʞʝʥʥʷ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ 

1
,3

7
 ʤ

0
,

 ʤ
6
4

1
,

 ʤ
3
3

2
,0

9
 ʤ

ɺʫʛʽʣʴʥʠʡ ʧʣʘʩʪ

ʊʨʘʩʘ ʨʦʟʪʘʰʫʚʘʥʥʷ
ʛʘʟʦʚʽʜʚʽʜʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ

ʊʨʘʩʘ ʨʦʟʪʘʰʫʚʘʥʥʷ
ʜʫʪʪʴʦʚʦʾ ʩʚʝʨʜʣʦʚʠʥʠ

0
,2

 ʤ

ʈʝʘʢʮʽʡʥʠʡ ʢʘʥʘʣ ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
(  ʛʦʜ) 5,4

30 ʤ

ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
(  ʛʦʜ) 11,1

1
,3

7
 ʤ

1
,

 ʤ
5
7

ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
(  ʛʦʜ) 11,1

ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
(  ʛʦʜ) 1 ,13

ʇʦʣʦʞʝʥʥʷ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ 

1
,8

7
ʤ 

 

ʙ 
2

,0
9

 ʤ

ɺʫʛʽʣʴʥʠʡ ʧʣʘʩʪ

ʊʨʘʩʘ ʨʦʟʪʘʰʫʚʘʥʥʷ
ʛʘʟʦʚʽʜʚʽʜʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ

ʊʨʘʩʘ ʨʦʟʪʘʰʫʚʘʥʥʷ
ʜʫʪʪʴʦʚʦʾ ʩʚʝʨʜʣʦʚʠʥʠ

0
,2

 ʤ

ʈʝʘʢʮʽʡʥʠʡ ʢʘʥʘʣ ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
(  ʛʦʜ) 5,4

30 ʤ

ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
(  ʛʦʜ) 11,1

1
,3

7
 ʤ

2
,2

2
 ʤ

ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
(  ʛʦʜ) 1 ,13

1
,8

7
ʤ

ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
(  ʛʦʜ) 1 ,85

2
,
ʤ

1
2
 

2
,0

9
 ʤ

ɺʫʛʽʣʴʥʠʡ ʧʣʘʩʪ

ʊʨʘʩʘ ʨʦʟʪʘʰʫʚʘʥʥʷ
ʛʘʟʦʚʽʜʚʽʜʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ

ʊʨʘʩʘ ʨʦʟʪʘʰʫʚʘʥʥʷ
ʜʫʪʪʴʦʚʦʾ ʩʚʝʨʜʣʦʚʠʥʠ

0
,2

 ʤ

ʈʝʘʢʮʽʡʥʠʡ ʢʘʥʘʣ ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
(  ʛʦʜ) 5,4

30 ʤ

ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
(  ʛʦʜ) 11,1

1
,3

7
 ʤ

2
,9

1
 ʤ

ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
(  ʛʦʜ) 1 ,13

1
,8

7
ʤ

ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
(  ʛʦʜ) 1 ,85

2
,
ʤ

1
2

ʇʦʣʦʞʝʥʥʷ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ 

ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
(  ʛʦʜ) 24,2

ʇʦʣʦʞʝʥʥʷ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ 

2
,
ʤ

6
4
 

ɿʦʥʘ 
ʦʙʨʫʰʝʥʥʷ

ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ

ɿʦʥʘ 
ʦʙʨʫʰʝʥʥʷ

ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ

ɿʦʥʘ 
ʦʙʨʫʰʝʥʥʷ

ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ

2
,0

9
 ʤ

ɺʫʛʽʣʴʥʠʡ ʧʣʘʩʪ

ʊʨʘʩʘ ʨʦʟʪʘʰʫʚʘʥʥʷ
ʛʘʟʦʚʽʜʚʽʜʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ

ʊʨʘʩʘ ʨʦʟʪʘʰʫʚʘʥʥʷ
ʜʫʪʪʴʦʚʦʾ ʩʚʝʨʜʣʦʚʠʥʠ

0
,2

 ʤ

ʈʝʘʢʮʽʡʥʠʡ ʢʘʥʘʣ ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
(  ʛʦʜ) 5,4

30 ʤ

ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
(  ʛʦʜ) 11,1

1
,3

7
 ʤ

3
,2

4
 ʤ

ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
(  ʛʦʜ) 1 ,13

1
,8

7
ʤ

ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
(  ʛʦʜ) 1 ,85

2
,
ʤ

1
2

 ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
(  ʛʦʜ) 24,2

2
,
ʤ

6
4
 

ɿʦʥʘ 
ʦʙʨʫʰʝʥʥʷ

ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ
ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ

(  ʛʦʜ) 26,7

ʇʦʣʦʞʝʥʥʷ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ 

2
,
ʤ

9
6
 

 

ʈʠʩʫʥʦʢ 3 ï ɺʽʟʫʘʣʽʟʘʮʽʷ ʬʨʦʥʪʫ ʧʦʩʫʚʘʥʥʷ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʚʠʛʘʟʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ: ʧʦʪʫʞʥʽʩʪʴ 

ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ m = 0,6 ʤ, ʪʠʩʢ ʧʦʜʘʯʽ ʜʫʪʪʷ P = 0,63 ʄʇʘ: ʘ ï ʪʨʠʚʘʣʽʩʪʴ ʛʘʟʠʬʽʢʘʮʽʾ t = 13,1 ʛʦʜ; 

ʙ ï ʪʨʠʚʘʣʽʩʪʴ ʛʘʟʠʬʽʢʘʮʽʾ t = 24,2 ʛʦʜ 
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ʘ 

1
,

2
 ʤ

3

ɺʫʛʽʣʴʥʠʡ ʧʣʘʩʪ

ʊʨʘʩʘ ʨʦʟʪʘʰʫʚʘʥʥʷ
ʛʘʟʦʚʽʜʚʽʜʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ

ʊʨʘʩʘ ʨʦʟʪʘʰʫʚʘʥʥʷ
ʜʫʪʪʴʦʚʦʾ ʩʚʝʨʜʣʦʚʠʥʠ

0
,2

 ʤ

ʈʝʘʢʮʽʡʥʠʡ ʢʘʥʘʣ ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
(  ʛʦʜ) 7,0

30 ʤ

ʇʦʣʦʞʝʥʥʷ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ 

0
,

 ʤ
7

1
,

2
 ʤ

3

ɺʫʛʽʣʴʥʠʡ ʧʣʘʩʪ

ʊʨʘʩʘ ʨʦʟʪʘʰʫʚʘʥʥʷ
ʛʘʟʦʚʽʜʚʽʜʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ

ʊʨʘʩʘ ʨʦʟʪʘʰʫʚʘʥʥʷ
ʜʫʪʪʴʦʚʦʾ ʩʚʝʨʜʣʦʚʠʥʠ

0
,2

 ʤ

ʈʝʘʢʮʽʡʥʠʡ ʢʘʥʘʣ ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
(  ʛʦʜ) 7,0

30 ʤ

1
1,

 ʤ

ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
(  ʛʦʜ) 10,1

1
,8

 ʤ
9

ʇʦʣʦʞʝʥʥʷ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ 

1
,

2
 ʤ

3

ɺʫʛʽʣʴʥʠʡ ʧʣʘʩʪ

ʊʨʘʩʘ ʨʦʟʪʘʰʫʚʘʥʥʷ
ʛʘʟʦʚʽʜʚʽʜʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ

ʊʨʘʩʘ ʨʦʟʪʘʰʫʚʘʥʥʷ
ʜʫʪʪʴʦʚʦʾ ʩʚʝʨʜʣʦʚʠʥʠ

0
,2

 ʤ

ʈʝʘʢʮʽʡʥʠʡ ʢʘʥʘʣ ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
(  ʛʦʜ) 7,0

30 ʤ

1
,

 ʤ
7

ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
(  ʛʦʜ) 10,1

1
,8

 ʤ
9

3
,3

 ʤ ʇʦʣʦʞʝʥʥʷ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ 

ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
( 5 ʛʦʜ) 16,

 

ʙ 

1
,

2
 ʤ

3

ɺʫʛʽʣʴʥʠʡ ʧʣʘʩʪ

ʊʨʘʩʘ ʨʦʟʪʘʰʫʚʘʥʥʷ
ʛʘʟʦʚʽʜʚʽʜʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ

ʊʨʘʩʘ ʨʦʟʪʘʰʫʚʘʥʥʷ
ʜʫʪʪʴʦʚʦʾ ʩʚʝʨʜʣʦʚʠʥʠ

0
,2

 ʤ

ʈʝʘʢʮʽʡʥʠʡ ʢʘʥʘʣ ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
(  ʛʦʜ) 7,0

30 ʤ

2
,3

5
 ʤ

ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
(  ʛʦʜ) 10,1

1
,8

 ʤ
9

3
,3

 ʤ

ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
( 5 ʛʦʜ) 16,

ʇʦʣʦʞʝʥʥʷ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ 

ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
( 5 ʛʦʜ) 23,

ɿʦʥʘ 
ʦʙʨʫʰʝʥʥʷ

ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ

1
,

2
 ʤ

3

ɺʫʛʽʣʴʥʠʡ ʧʣʘʩʪ

ʊʨʘʩʘ ʨʦʟʪʘʰʫʚʘʥʥʷ
ʛʘʟʦʚʽʜʚʽʜʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ

ʊʨʘʩʘ ʨʦʟʪʘʰʫʚʘʥʥʷ
ʜʫʪʪʴʦʚʦʾ ʩʚʝʨʜʣʦʚʠʥʠ

0
,2

 ʤ

ʈʝʘʢʮʽʡʥʠʡ ʢʘʥʘʣ ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
(  ʛʦʜ) 7,0

30 ʤ

2
,7

 ʤ

ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
(  ʛʦʜ) 10,1

1
,8

 ʤ
9

5
,3

 ʤ

ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
( 5 ʛʦʜ) 16,

ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
( 5 ʛʦʜ) 23,

ɿʦʥʘ 
ʦʙʨʫʰʝʥʥʷ

ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ

ʇʦʣʦʞʝʥʥʷ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ 

ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
( 6 ʛʦʜ) 26,

1
,

2
 ʤ

3

ɺʫʛʽʣʴʥʠʡ ʧʣʘʩʪ

ʊʨʘʩʘ ʨʦʟʪʘʰʫʚʘʥʥʷ
ʛʘʟʦʚʽʜʚʽʜʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ

ʊʨʘʩʘ ʨʦʟʪʘʰʫʚʘʥʥʷ
ʜʫʪʪʴʦʚʦʾ ʩʚʝʨʜʣʦʚʠʥʠ

0
,2

 ʤ

ʈʝʘʢʮʽʡʥʠʡ ʢʘʥʘʣ ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
(  ʛʦʜ) 7,0

30 ʤ

3
,3

 ʤ

ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
(  ʛʦʜ) 10,1

1
,8

 ʤ
9

6
,6

 ʤ

ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
( 5 ʛʦʜ) 16, ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ

( 5 ʛʦʜ) 23,

ɿʦʥʘ 
ʦʙʨʫʰʝʥʥʷ

ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ

ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
( 6 ʛʦʜ) 26,

ʇʦʣʦʞʝʥʥʷ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ 

ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
(  ʛʦʜ) 33,0

 

ʈʠʩʫʥʦʢ 4 ï ɺʽʟʫʘʣʽʟʘʮʽʷ ʬʨʦʥʪʫ ʧʦʩʫʚʘʥʥʷ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʚʠʛʘʟʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ: ʧʦʪʫʞʥʽʩʪʴ 

ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ m = 0,8 ʤ, ʪʠʩʢ ʧʦʜʘʯʽ ʜʫʪʪʷ P = 0,41 ʄʇʘ: ʘ ï ʪʨʠʚʘʣʽʩʪʴ ʛʘʟʠʬʽʢʘʮʽʾ t = 7,0 ʛʦʜ; 

ʙ ï ʪʨʠʚʘʣʽʩʪʴ ʛʘʟʠʬʽʢʘʮʽʾ t = 33,0 ʛʦʜ
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ʘ 

1
,

2
 ʤ

3

ɺʫʛʽʣʴʥʠʡ ʧʣʘʩʪ

ʊʨʘʩʘ ʨʦʟʪʘʰʫʚʘʥʥʷ
ʛʘʟʦʚʽʜʚʽʜʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ

ʊʨʘʩʘ ʨʦʟʪʘʰʫʚʘʥʥʷ
ʜʫʪʪʴʦʚʦʾ ʩʚʝʨʜʣʦʚʠʥʠ

0
,2

 ʤ

ʈʝʘʢʮʽʡʥʠʡ ʢʘʥʘʣ ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
(  ʛʦʜ) 7,0

30 ʤ

ʇʦʣʦʞʝʥʥʷ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ 

0
,

 ʤ
7

1
,

2
 ʤ

3

ɺʫʛʽʣʴʥʠʡ ʧʣʘʩʪ

ʊʨʘʩʘ ʨʦʟʪʘʰʫʚʘʥʥʷ
ʛʘʟʦʚʽʜʚʽʜʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ

ʊʨʘʩʘ ʨʦʟʪʘʰʫʚʘʥʥʷ
ʜʫʪʪʴʦʚʦʾ ʩʚʝʨʜʣʦʚʠʥʠ

0
,2

 ʤ

ʈʝʘʢʮʽʡʥʠʡ ʢʘʥʘʣ ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
(  ʛʦʜ) 7,0

30 ʤ

1
1,

 ʤ

ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
(  ʛʦʜ) 10,1

1
,8

 ʤ
9

ʇʦʣʦʞʝʥʥʷ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ 

1
,

2
 ʤ

3

ɺʫʛʽʣʴʥʠʡ ʧʣʘʩʪ

ʊʨʘʩʘ ʨʦʟʪʘʰʫʚʘʥʥʷ
ʛʘʟʦʚʽʜʚʽʜʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ

ʊʨʘʩʘ ʨʦʟʪʘʰʫʚʘʥʥʷ
ʜʫʪʪʴʦʚʦʾ ʩʚʝʨʜʣʦʚʠʥʠ

0
,2

 ʤ

ʈʝʘʢʮʽʡʥʠʡ ʢʘʥʘʣ ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
(  ʛʦʜ) 7,0

30 ʤ

1
,

 ʤ
7

ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
(  ʛʦʜ) 10,1

1
,8

 ʤ
9

3
,3

 ʤ ʇʦʣʦʞʝʥʥʷ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ 

ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
( 5 ʛʦʜ) 16,

 

ʙ 
1

,
2
 ʤ

3

ɺʫʛʽʣʴʥʠʡ ʧʣʘʩʪ

ʊʨʘʩʘ ʨʦʟʪʘʰʫʚʘʥʥʷ
ʛʘʟʦʚʽʜʚʽʜʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ

ʊʨʘʩʘ ʨʦʟʪʘʰʫʚʘʥʥʷ
ʜʫʪʪʴʦʚʦʾ ʩʚʝʨʜʣʦʚʠʥʠ

0
,2

 ʤ

ʈʝʘʢʮʽʡʥʠʡ ʢʘʥʘʣ ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
(  ʛʦʜ) 7,0

30 ʤ

2
,3

5
 ʤ

ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
(  ʛʦʜ) 10,1

1
,8

 ʤ
9

3
,3

 ʤ

ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
( 5 ʛʦʜ) 16,

ʇʦʣʦʞʝʥʥʷ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ 

ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
( 5 ʛʦʜ) 23,

ɿʦʥʘ 
ʦʙʨʫʰʝʥʥʷ

ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ

1
,

2
 ʤ

3

ɺʫʛʽʣʴʥʠʡ ʧʣʘʩʪ

ʊʨʘʩʘ ʨʦʟʪʘʰʫʚʘʥʥʷ
ʛʘʟʦʚʽʜʚʽʜʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ

ʊʨʘʩʘ ʨʦʟʪʘʰʫʚʘʥʥʷ
ʜʫʪʪʴʦʚʦʾ ʩʚʝʨʜʣʦʚʠʥʠ

0
,2

 ʤ

ʈʝʘʢʮʽʡʥʠʡ ʢʘʥʘʣ ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
(  ʛʦʜ) 7,0

30 ʤ

2
,7

 ʤ

ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
(  ʛʦʜ) 10,1

1
,8

 ʤ
9

5
,3

 ʤ

ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
( 5 ʛʦʜ) 16,

ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
( 5 ʛʦʜ) 23,

ɿʦʥʘ 
ʦʙʨʫʰʝʥʥʷ

ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ

ʇʦʣʦʞʝʥʥʷ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ 

ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
( 6 ʛʦʜ) 26,

1
,

2
 ʤ

3

ɺʫʛʽʣʴʥʠʡ ʧʣʘʩʪ

ʊʨʘʩʘ ʨʦʟʪʘʰʫʚʘʥʥʷ
ʛʘʟʦʚʽʜʚʽʜʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ

ʊʨʘʩʘ ʨʦʟʪʘʰʫʚʘʥʥʷ
ʜʫʪʪʴʦʚʦʾ ʩʚʝʨʜʣʦʚʠʥʠ

0
,2

 ʤ

ʈʝʘʢʮʽʡʥʠʡ ʢʘʥʘʣ ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
(  ʛʦʜ) 7,0

30 ʤ
3
,3

 ʤ

ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
(  ʛʦʜ) 10,1

1
,8

 ʤ
9

6
,6

 ʤ

ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
( 5 ʛʦʜ) 16, ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ

( 5 ʛʦʜ) 23,

ɿʦʥʘ 
ʦʙʨʫʰʝʥʥʷ

ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ

ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
( 6 ʛʦʜ) 26,

ʇʦʣʦʞʝʥʥʷ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ 

 

ʈʠʩʫʥʦʢ 5 ï ɺʽʟʫʘʣʽʟʘʮʽʷ ʬʨʦʥʪʫ ʧʦʩʫʚʘʥʥʷ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʚʠʛʘʟʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ: ʧʦʪʫʞʥʽʩʪʴ 

ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ m = 0,8 ʤ, ʪʠʩʢ ʧʦʜʘʯʽ ʜʫʪʪʷ P = 0,53 ʄʇʘ: ʘ ï ʪʨʠʚʘʣʽʩʪʴ ʛʘʟʠʬʽʢʘʮʽʾ t = 10,1 ʛʦʜ;  

ʙ ï ʪʨʠʚʘʣʽʩʪʴ ʛʘʟʠʬʽʢʘʮʽʾ t = 26,6 ʛʦʜ 
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ʘ 

1
,

2
 ʤ

3

ɺʫʛʽʣʴʥʠʡ ʧʣʘʩʪ

ʊʨʘʩʘ ʨʦʟʪʘʰʫʚʘʥʥʷ
ʛʘʟʦʚʽʜʚʽʜʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ

ʊʨʘʩʘ ʨʦʟʪʘʰʫʚʘʥʥʷ
ʜʫʪʪʴʦʚʦʾ ʩʚʝʨʜʣʦʚʠʥʠ

0
,2

 ʤ

ʈʝʘʢʮʽʡʥʠʡ ʢʘʥʘʣ ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
(  ʛʦʜ) 7,0

30 ʤ

ʇʦʣʦʞʝʥʥʷ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ 

0
,

 ʤ
7

1
,

2
 ʤ

3

ɺʫʛʽʣʴʥʠʡ ʧʣʘʩʪ

ʊʨʘʩʘ ʨʦʟʪʘʰʫʚʘʥʥʷ
ʛʘʟʦʚʽʜʚʽʜʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ

ʊʨʘʩʘ ʨʦʟʪʘʰʫʚʘʥʥʷ
ʜʫʪʪʴʦʚʦʾ ʩʚʝʨʜʣʦʚʠʥʠ

0
,2

 ʤ

ʈʝʘʢʮʽʡʥʠʡ ʢʘʥʘʣ ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
(  ʛʦʜ) 7,0

30 ʤ

1
1,

 ʤ

ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
(  ʛʦʜ) 10,1

1
,8

 ʤ
9

ʇʦʣʦʞʝʥʥʷ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ 

1
,

2
 ʤ

3

ɺʫʛʽʣʴʥʠʡ ʧʣʘʩʪ

ʊʨʘʩʘ ʨʦʟʪʘʰʫʚʘʥʥʷ
ʛʘʟʦʚʽʜʚʽʜʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ

ʊʨʘʩʘ ʨʦʟʪʘʰʫʚʘʥʥʷ
ʜʫʪʪʴʦʚʦʾ ʩʚʝʨʜʣʦʚʠʥʠ

0
,2

 ʤ

ʈʝʘʢʮʽʡʥʠʡ ʢʘʥʘʣ ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
(  ʛʦʜ) 7,0

30 ʤ

1
,

 ʤ
7

ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
(  ʛʦʜ) 10,1

1
,8

 ʤ
9

3
,3

 ʤ ʇʦʣʦʞʝʥʥʷ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ 

ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
( 5 ʛʦʜ) 16,

 

ʙ 

1
,

2
 ʤ

3

ɺʫʛʽʣʴʥʠʡ ʧʣʘʩʪ

ʊʨʘʩʘ ʨʦʟʪʘʰʫʚʘʥʥʷ
ʛʘʟʦʚʽʜʚʽʜʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ

ʊʨʘʩʘ ʨʦʟʪʘʰʫʚʘʥʥʷ
ʜʫʪʪʴʦʚʦʾ ʩʚʝʨʜʣʦʚʠʥʠ

0
,2

 ʤ

ʈʝʘʢʮʽʡʥʠʡ ʢʘʥʘʣ ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
(  ʛʦʜ) 7,0

30 ʤ

2
,3

5
 ʤ

ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
(  ʛʦʜ) 10,1

1
,8

 ʤ
9

3
,3

 ʤ

ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
( 5 ʛʦʜ) 16,

ʇʦʣʦʞʝʥʥʷ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ 

ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
( 5 ʛʦʜ) 23,

ɿʦʥʘ 
ʦʙʨʫʰʝʥʥʷ

ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ

1
,

2
 ʤ

3

ɺʫʛʽʣʴʥʠʡ ʧʣʘʩʪ

ʊʨʘʩʘ ʨʦʟʪʘʰʫʚʘʥʥʷ
ʛʘʟʦʚʽʜʚʽʜʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ

ʊʨʘʩʘ ʨʦʟʪʘʰʫʚʘʥʥʷ
ʜʫʪʪʴʦʚʦʾ ʩʚʝʨʜʣʦʚʠʥʠ

0
,2

 ʤ

ʈʝʘʢʮʽʡʥʠʡ ʢʘʥʘʣ ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
(  ʛʦʜ) 7,0

30 ʤ
2
,7

 ʤ

ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
(  ʛʦʜ) 10,1

1
,8

 ʤ
9

5
,3

 ʤ

ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
( 5 ʛʦʜ) 16,

ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
( 5 ʛʦʜ) 23,

ɿʦʥʘ 
ʦʙʨʫʰʝʥʥʷ

ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ

ʇʦʣʦʞʝʥʥʷ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ 

ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
( 6 ʛʦʜ) 26,

1
,

2
 ʤ

3

ɺʫʛʽʣʴʥʠʡ ʧʣʘʩʪ

ʊʨʘʩʘ ʨʦʟʪʘʰʫʚʘʥʥʷ
ʛʘʟʦʚʽʜʚʽʜʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ

ʊʨʘʩʘ ʨʦʟʪʘʰʫʚʘʥʥʷ
ʜʫʪʪʴʦʚʦʾ ʩʚʝʨʜʣʦʚʠʥʠ

0
,2

 ʤ

ʈʝʘʢʮʽʡʥʠʡ ʢʘʥʘʣ ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
(  ʛʦʜ) 7,0

30 ʤ

3
,3

 ʤ

ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
(  ʛʦʜ) 10,1

1
,8

 ʤ
9

6
,6

 ʤ

ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
( 5 ʛʦʜ) 16, ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ

( 5 ʛʦʜ) 23,

ɿʦʥʘ 
ʦʙʨʫʰʝʥʥʷ

ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ

ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
( 6 ʛʦʜ) 26,

ʇʦʣʦʞʝʥʥʷ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ 

ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
(  ʛʦʜ) 33,0

 

ʈʠʩʫʥʦʢ 6 ï ɺʽʟʫʘʣʽʟʘʮʽʷ ʬʨʦʥʪʫ ʧʦʩʫʚʘʥʥʷ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʚʠʛʘʟʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ: ʧʦʪʫʞʥʽʩʪʴ 

ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ m = 0,8 ʤ, ʪʠʩʢ ʧʦʜʘʯʽ ʜʫʪʪʷ P = 0,62 ʄʇʘ: ʘ ï ʪʨʠʚʘʣʽʩʪʴ ʛʘʟʠʬʽʢʘʮʽʾ t = 16,5 ʛʦʜ; ʙ ï ʪʨʠʚʘʣʽʩʪʴ 

ʛʘʟʠʬʽʢʘʮʽʾ t = 23,5 ʛʦʜ
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ʜʫʪʪʴʦʚʦʾ ʩʚʝʨʜʣʦʚʠʥʠ

0
,2

 ʤ

ʈʝʘʢʮʽʡʥʠʡ ʢʘʥʘʣ ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
(  ʛʦʜ) 89,

30 ʤ

ʇʦʣʦʞʝʥʥʷ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ 

0
,

1
 ʤ

7

1
,

 ʤ
6

9

ɺʫʛʽʣʴʥʠʡ ʧʣʘʩʪ

ʊʨʘʩʘ ʨʦʟʪʘʰʫʚʘʥʥʷ
ʛʘʟʦʚʽʜʚʽʜʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ

ʊʨʘʩʘ ʨʦʟʪʘʰʫʚʘʥʥʷ
ʜʫʪʪʴʦʚʦʾ ʩʚʝʨʜʣʦʚʠʥʠ

0
,2

 ʤ

ʈʝʘʢʮʽʡʥʠʡ ʢʘʥʘʣ ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
(  ʛʦʜ) 89,

30 ʤ

1
,

 ʤ
3
4

ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
(  ʛʦʜ) 1 ,68

3
0,
 ʤ

ʇʦʣʦʞʝʥʥʷ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ 

1
,

 ʤ
6

9

ɺʫʛʽʣʴʥʠʡ ʧʣʘʩʪ

ʊʨʘʩʘ ʨʦʟʪʘʰʫʚʘʥʥʷ
ʛʘʟʦʚʽʜʚʽʜʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ

ʊʨʘʩʘ ʨʦʟʪʘʰʫʚʘʥʥʷ
ʜʫʪʪʴʦʚʦʾ ʩʚʝʨʜʣʦʚʠʥʠ

0
,2

 ʤ
ʈʝʘʢʮʽʡʥʠʡ ʢʘʥʘʣ ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ

(  ʛʦʜ) 89,
30 ʤ

1
,5

8
 ʤ

ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
(  ʛʦʜ) 1 ,68

3
0,
 ʤ

ʇʦʣʦʞʝʥʥʷ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ 

3
7,
 ʤ

ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
( 7 ʛʦʜ) 1 ,9

 

ʙ 

1
,

 ʤ
6
9
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ʊʨʘʩʘ ʨʦʟʪʘʰʫʚʘʥʥʷ
ʛʘʟʦʚʽʜʚʽʜʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ

ʊʨʘʩʘ ʨʦʟʪʘʰʫʚʘʥʥʷ
ʜʫʪʪʴʦʚʦʾ ʩʚʝʨʜʣʦʚʠʥʠ

0
,2

 ʤ

ʈʝʘʢʮʽʡʥʠʡ ʢʘʥʘʣ ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
(  ʛʦʜ) 89,

30 ʤ

2
,2

8
 ʤ

ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
(  ʛʦʜ) 1 ,6 8

3
0,
 ʤ

ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
( 7 ʛʦʜ) 1 ,9

ʇʦʣʦʞʝʥʥʷ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ 

5
4,
 ʤ

ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
( 6 ʛʦʜ) 28,

ɿʦʥʘ 
ʦʙʨʫʰʝʥʥʷ

ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ

1
,

 ʤ
6

9
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ʊʨʘʩʘ ʨʦʟʪʘʰʫʚʘʥʥʷ
ʛʘʟʦʚʽʜʚʽʜʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ

ʊʨʘʩʘ ʨʦʟʪʘʰʫʚʘʥʥʷ
ʜʫʪʪʴʦʚʦʾ ʩʚʝʨʜʣʦʚʠʥʠ

0
,2

 ʤ

ʈʝʘʢʮʽʡʥʠʡ ʢʘʥʘʣ ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
(  ʛʦʜ) 89,

30 ʤ

2
,9

2
 ʤ

ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
(  ʛʦʜ) 1 ,6 8

3
0,
 ʤ

ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
( 7 ʛʦʜ) 1 ,9

6
,9

 ʤ

ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
( 6 ʛʦʜ) 28,

ɿʦʥʘ 
ʦʙʨʫʰʝʥʥʷ

ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ

ʇʦʣʦʞʝʥʥʷ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ 

ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
( 5 ʛʦʜ) 36,

1
,

 ʤ
6

9

ɺʫʛʽʣʴʥʠʡ ʧʣʘʩʪ

ʊʨʘʩʘ ʨʦʟʪʘʰʫʚʘʥʥʷ
ʛʘʟʦʚʽʜʚʽʜʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ

ʊʨʘʩʘ ʨʦʟʪʘʰʫʚʘʥʥʷ
ʜʫʪʪʴʦʚʦʾ ʩʚʝʨʜʣʦʚʠʥʠ

0
,2

 ʤ

ʈʝʘʢʮʽʡʥʠʡ ʢʘʥʘʣ ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
(  ʛʦʜ) 89,

30 ʤ

2
,9

2
 ʤ

ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
(  ʛʦʜ) 1 ,6 8

3
0,
 ʤ

ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
( 7 ʛʦʜ) 1 ,9

6
,9

 ʤ

ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
( 6 ʛʦʜ) 28,

ɿʦʥʘ 
ʦʙʨʫʰʝʥʥʷ

ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ

ʇʦʣʦʞʝʥʥʷ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ 

ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
( 5 ʛʦʜ) 36,

ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
( 4 ʛʦʜ) 39,

 

ʈʠʩʫʥʦʢ 7 ï ɺʽʟʫʘʣʽʟʘʮʽʷ ʬʨʦʥʪʫ ʧʦʩʫʚʘʥʥʷ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʚʠʛʘʟʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ: ʧʦʪʫʞʥʽʩʪʴ 

ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ m = 1,0 ʤ, ʪʠʩʢ ʧʦʜʘʯʽ ʜʫʪʪʷ P = 0,42 ʄʇʘ: ʘ ï ʪʨʠʚʘʣʽʩʪʴ ʛʘʟʠʬʽʢʘʮʽʾ t = 8,9 ʛʦʜ; 

ʙ ï ʪʨʠʚʘʣʽʩʪʴ ʛʘʟʠʬʽʢʘʮʽʾ t = 39,4 ʛʦʜ
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1
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(  ʛʦʜ) 1 ,68

3
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ɺʫʛʽʣʴʥʠʡ ʧʣʘʩʪ

ʊʨʘʩʘ ʨʦʟʪʘʰʫʚʘʥʥʷ
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(  ʛʦʜ) 89,
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1
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8
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ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
(  ʛʦʜ) 1 ,68

3
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ʇʦʣʦʞʝʥʥʷ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ 

3
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( 7 ʛʦʜ) 1 ,9
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(  ʛʦʜ) 1 ,6 8
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( 6 ʛʦʜ) 28,
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 ʤ

ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
( 7 ʛʦʜ) 1 ,9

6
,9

 ʤ

ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
( 6 ʛʦʜ) 28,

ɿʦʥʘ 
ʦʙʨʫʰʝʥʥʷ

ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ

ʇʦʣʦʞʝʥʥʷ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ 

ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
( 5 ʛʦʜ) 36,

ɺʠʛʘʟʦʚʘʥʠʡ ʧʨʦʩʪʽʨ
( 4 ʛʦʜ) 39,

 

ʈʠʩʫʥʦʢ 8 ï ɺʽʟʫʘʣʽʟʘʮʽʷ ʬʨʦʥʪʫ ʧʦʩʫʚʘʥʥʷ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʚʠʛʘʟʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ: ʧʦʪʫʞʥʽʩʪʴ 

ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ m = 1,0 ʤ, ʪʠʩʢ ʧʦʜʘʯʽ ʜʫʪʪʷ P = 0,52 ʄʇʘ: ʘ ï ʪʨʠʚʘʣʽʩʪʴ ʛʘʟʠʬʽʢʘʮʽʾ t = 8,9 ʛʦʜ; 

ʙ ï ʪʨʠʚʘʣʽʩʪʴ ʛʘʟʠʬʽʢʘʮʽʾ t = 36,5 ʛʦʜ
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ʘ 

 

ʙ 

 

ʈʠʩʫʥʦʢ 9 ï ɺʽʟʫʘʣʽʟʘʮʽʷ ʬʨʦʥʪʫ ʧʦʩʫʚʘʥʥʷ ʚʦʛʥʝʚʦʛʦ ʚʠʙʦʶ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʚʠʛʘʟʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ: ʧʦʪʫʞʥʽʩʪʴ 

ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ m = 1,0 ʤ, ʪʠʩʢ ʧʦʜʘʯʽ ʜʫʪʪʷ P = 0,6 ʄʇʘ: ʘ ï ʪʨʠʚʘʣʽʩʪʴ ʛʘʟʠʬʽʢʘʮʽʾ t = 8,9 ʛʦʜ; 

ʙ ï ʪʨʠʚʘʣʽʩʪʴ ʛʘʟʠʬʽʢʘʮʽʾ t = 28,6 ʛʦʜ 


