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ɸʅʆʊɸʎɯʗ 

 

 

ɹʽʣʷʻʚʘ ɺ. ɺ. ʅʘʫʢʦʚʽ ʦʩʥʦʚʠ ʦʮʽʥʢʠ ʰʢʽʜʣʠʚʠʭ ʬʘʢʪʦʨʽʚ ʪʘ ʟʘʭʠʩʪʫ 

ʧʨʘʮʽʚʥʠʢʽʚ ʥʘ ʦʙôʻʢʪʘʭ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ. ï ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ 

ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 05.26.01 çʆʭʦʨʦʥʘ ʧʨʘʮʽè (19 ï ɸʨʭʽʪʝʢʪʫʨʘ ʪʘ ʙʫʜʽʚʥʠʮʪʚʦ). ï 

ɼʝʨʞʘʚʥʠʡ ʚʠʱʠʡ ʥʘʚʯʘʣʴʥʠʡ ʟʘʢʣʘʜ çʇʨʠʜʥʽʧʨʦʚʩʴʢʘ ʜʝʨʞʘʚʥʘ ʘʢʘʜʝʤʽʷ 

ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʘʨʭʽʪʝʢʪʫʨʠè ʄʽʥʽʩʪʝʨʩʪʚʘ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ, ɼʥʽʧʨʦ, 

2022. 

ɼʠʩʝʨʪʘʮʽʶ ʧʨʠʩʚʷʯʝʥʦ ʨʦʟʨʦʙʮʽ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ ʦʮʽʥʶʚʘʥʥʷ ʨʽʚʥʷ 

ʥʝʙʝʟʧʝʢʠ ʚ ʨʦʙʦʯʠʭ ʟʦʥʘʭ ʥʘ ʪʝʨʠʪʦʨʽʾ ʦʙôʻʢʪʽʚ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʭʽʤʽʯʥʦʛʦ ʪʘ ʧʠʣʦʚʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ ʰʣʷʭʦʤ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʧʝʮʽʘʣʴʥʠʭ ʽʥʞʝʥʝʨʥʠʭ ʨʽʰʝʥʴ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʚ ʥʘʫʢʦʚʦʤʫ ʪʘ 

ʧʨʘʢʪʠʯʥʦʤʫ ʦʙˇʨʫʥʪʫʚʘʥʥʽ ʦʮʽʥʢʠ ʨʽʚʥʷ ʥʝʙʝʟʧʝʢʠ ʚ ʨʦʙʦʯʠʭ ʟʦʥʘʭ ʥʘ 

ʪʝʨʠʪʦʨʽʾ ʦʙôʻʢʪʽʚ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʪʘ ʚʠʟʥʘʯʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʩʦʙʽʚ ʟʘʭʠʩʪʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʨʦʮʝʩʽʚ ʟʘʙʨʫʜʥʝʥʥʷ ʨʦʙʦʯʠʭ ʟʦʥ ʪʘ ʩʧʝʮʽʘʣʴʥʠʭ ʽʥʞʝʥʝʨʥʠʭ ʨʽʰʝʥʴ. 

ʇʨʠ ʮʴʦʤʫ ʦʜʝʨʞʘʥʦ ʪʘʢʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ: 

ʚʧʝʨʰʝ: 

ï ʨʦʟʨʦʙʣʝʥʦ ʥʘʫʢʦʚʦ-ʤʝʪʦʜʠʯʥʠʡ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʬʦʨʤʫʚʘʥʥʷ ʰʢʽʜʣʠʚʠʭ ʬʘʢʪʦʨʽʚ ʫ ʨʦʙʦʯʠʭ ʟʦʥʘʭ ʪʘ ʦʮʽʥʶʚʘʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʘʭʦʜʽʚ ʟʘʭʠʩʪʫ ʥʘ ʙʘʟʽ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ CFD-

ʤʦʜʝʣʝʡ; 

ï ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʢʨʘʥʽʚ 

ʩʧʝʮʽʘʣʴʥʦʾ ʬʦʨʤʠ, ʷʢʽ ʨʦʟʪʘʰʦʚʫʶʪʴ ʙʽʣʷ ʰʪʘʙʝʣ ̫ʚʫʛʽʣʣʷ ʟ ʤʝʪʦʶ ʟʥʠʞʝʥʥʷ 

ʨʽʚʥʷ ʧʠʣʦʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʨʦʙʦʯʠʭ ʟʦʥ ʥʘ ʧʨʦʤʠʩʣʦʚʠʭ ʤʘʡʜʘʥʯʠʢʘʭ; ʜʣʷ 
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ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʮʠʭ ʝʢʨʘʥʽʚ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʠʣʫ ʚ ʨʦʙʦʯʠʭ ʟʦʥʘʭ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʬʦʨʤʫ ʰʪʘʙʝʣʷ ʚʫʛʽʣʣʷ, 

ʬʦʨʤʫ ʝʢʨʘʥʘ, ʤʝʪʝʦʫʤʦʚʠ; 

ï ʨʦʟʨʦʙʣʝʥʦ ʢʦʤʧʣʝʢʩʥʫ ʤʝʪʦʜʦʣʦʛʽʶ ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʟʚʦʣʦʞʝʥʥʷ ʧʦʚʝʨʭʥʽ ʰʪʘʙʝʣ ̫ʚʫʛʽʣʣʷ ʪʘ ʧʦʜʘʚʘʥʥʷ ʚʦʜʠ ʚ ʧʠʣʦʚʫ ʭʤʘʨʫ ʙʽʣʷ 

ʰʪʘʙʝʣ,̫ ʱʦ ʟʜʽʡʩʥʶʶʪʴʩʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚ ʧʨʘʮʽ ʥʘ 

ʧʨʦʤʠʩʣʦʚʠʭ ʤʘʡʜʘʥʯʠʢʘʭ; 

ï ʨʦʟʨʦʙʣʝʥʦ ʢʦʤʧʣʝʢʩʥʫ ʤʝʪʦʜʦʣʦʛʽʶ ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʷʥʦʾ ʟʘʚʽʩʠ, ʱʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʤʦʛ 

ʦʭʦʨʦʥʠ ʧʨʘʮʽ ʰʣʷʭʦʤ ʝʢʨʘʥʫʚʘʥʥʷ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʧʽʜ ʯʘʩ 

ʧʦʞʝʞʽ; ʤʝʪʦʜʦʣʦʛʽʷ ʜʦʟʚʦʣʷʻ ʧʨʦʛʥʦʟʫʚʘʪʠ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ 

ʙʽʣʷ ʜʞʝʨʝʣʘ ʧʦʞʝʞʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʠʥʘʤʽʢʠ ʚʠʧʘʨʶʚʘʥʥʷ ʢʨʘʧʝʣʴ ʚʦʜʠ, 

ʤʽʩʮʷ ʩʪʚʦʨʝʥʥʷ ʟʘʚʽʩʠ, ʤʝʪʝʦʫʤʦʚ, ʥʘʷʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ ʙʽʣʷ ʤʽʩʮʷ ʧʦʞʝʞʽ; 

ï ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʫʚʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʱʦʜʦ 

ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʫʤʦʟʘʭʠʩʥʠʭ ʝʢʨʘʥʽʚ, ʷʢʽ 

ʚʩʪʘʥʦʚʣʶʶʪʴ ʙʽʣʷ ʟʘʣʽʟʥʠʯʥʦʾ ʢʦʣʽʾ; ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʚʨʘʭʦʚʫʚʘʪʠ ʩʢʣʘʜʥʫ 

ʛʝʦʤʝʪʨʠʯʥʫ ʬʦʨʤʫ ʝʢʨʘʥʽʚ, ʾʭʥ ̒ʧʦʣʦʞʝʥʥʷ ʚʽʜʥʦʩʥʦ ʜʞʝʨʝʣʘ ʰʫʤʫ, ʨʝʣʴʻʬ 

ʤʽʩʮʝʚʦʩʪʽ; 

ï ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʘʨôʻʨʽʚ 

ʩʧʝʮʽʘʣʴʥʦʾ ʬʦʨʤʠ, ʷʢʽ ʨʦʟʪʘʰʦʚʫʶʪʴ ʙʽʣʷ ʘʚʪʦʤʘʛʽʩʪʨʘʣʝʡ ʟ ʤʝʪʦʶ ʟʥʠʞʝʥʥʷ 

ʨʽʚʥʷ ʭʽʤʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʨʦʙʦʯʠʭ ʟʦʥ; ʜʣʷ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʮʠʭ 

ʙʘʨôʻʨʽʚ ʩʪʚʦʨʝʥʦ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʦʟʨʦʙʣʝʥʠʭ 

ʯʠʩʝʣʴʥʠʭ ʤʦʜʝʣʝʡ ʪʘ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ ʢʦʥʮʝʥʪʨʘʮʽʶ ʟʘʙʨʫʜʥʶʶʯʠʭ 

ʨʝʯʦʚʠʥ ʫ ʨʦʙʦʯʠʭ ʟʦʥʘʭ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʬʦʨʤʠ ʙʘʨôʻʨʽʚ, ʨʝʣʴʻʬʫ, ʧʦʣʦʞʝʥʥʷ 

ʜʞʝʨʝʣʘ ʝʤʽʩʽʾ, ʭʽʤʽʯʥʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʜʦʤʽʰʦʢ, ʤʝʪʝʦʫʤʦʚ; 

ï ʨʦʟʨʦʙʣʝʥʦ ʙʘʛʘʪʦʬʘʢʪʦʨʥʫ ʯʠʩʝʣʴʥʫ ʤʦʜʝʣʴ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʨʠʟʠʢʫ 

ʭʽʤʽʯʥʦʛʦ ʘʙʦ ʪʝʨʤʽʯʥʦʛʦ ʫʨʘʞʝʥʥʷ ʚʦʜʦʣʘʟʽʚ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʨʝʤʦʥʪʥʠʭ 

ʨʦʙʽʪ ʥʘ ʧʦʰʢʦʜʞʝʥʠʭ ʧʽʜʚʦʜʥʠʭ ʪʨʫʙʦʧʨʦʚʦʜʘʭ; ʤʦʜʝʣʴ ʜʦʟʚʦʣʷʻ 

ʚʨʘʭʦʚʫʚʘʪʠ ʛʽʜʨʦʜʠʥʘʤʽʢʫ ʪʝʯʽʾ ʚʦʜʥʦʛʦ ʧʦʪʦʢʫ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʝʤʽʩʽʾ ʭʽʤʽʯʥʦ 

ʥʝʙʝʟʧʝʯʥʦʾ ʨʝʯʦʚʠʥʠ ʟ ʧʦʰʢʦʜʞʝʥʦʛʦ ʧʽʜʚʦʜʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʫ, 
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ʛʝʦʤʝʪʨʠʯʥʫ ʬʦʨʤʫ ʧʽʜʚʦʜʥʦʾ ʪʨʘʥʰʝʾ, ʜʝ ʨʦʟʪʘʰʦʚʘʥʦ ʪʨʫʙʦʧʨʦʚʽʜ, 

ʪʝʤʧʝʨʘʪʫʨʫ ʚʦʜʠ ʙʽʣʷ ʧʦʰʢʦʜʞʝʥʦʛʦ ʧʽʜʚʦʜʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʫ; 

ʜʽʩʪʘʣʦ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ: 

ï ʽʥʞʝʥʝʨʥʠʡ ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʧʨʦʮʝʩʫ çʟʘʭʦʧʣʝʥʥʷè ʢʨʘʧʣʝʶ ʚʦʜʠ 

ʯʘʩʪʦʢ ʧʠʣʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʨʘʭʫʚʘʪʠ ʜʠʥʘʤʽʢʫ çʧʨʠʻʜʥʘʥʥʷè ʯʘʩʪʦʢ ʧʠʣʫ ʜʦ 

ʢʨʘʧʣʽ  ʟʘʣʝʞʥʦ ʚʽʜ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʨʘʧʣʽ, ʢʦʥʮʝʥʪʨʘʮʽʾ ʯʘʩʪʦʢ ʧʠʣʫ ʪʘ 

ʢʨʘʧʝʣʴ, ʾʭ ʨʫʭʫ ʚ ʧʦʚʽʪʨʷʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʡ ʟʜʽʡʩʥʠʪʠ ʙʽʣʴʰ ʢʦʨʝʢʪʥʫ 

ʦʮʽʥʢʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʥʝʧʠʣʝʥʥʷ ʧʦʚʽʪʨʷ ʚ ʨʦʙʦʯʠʭ ʟʦʥʘʭ; 

ï ʤʝʪʦʜʦʣʦʛʽʯʥʽ ʟʘʩʘʜʠ ʪʝʭʥʦʣʦʛʽʾ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʧʠʣʦʚʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʨʦʙʦʯʠʭ ʟʦʥʘʭ ʟʘ ʨʘʭʫʥʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ ʙʦʨʪʽʚ ʪʘ 

ʝʢʨʘʥʽʚ ʩʢʣʘʜʥʦʾ ʬʦʨʤʠ ʥʘ ʚʘʛʦʥʘʭ, ʱʦ ʪʨʘʥʩʧʦʨʪʫʶʪʴ ʚʫʛʽʣʣʷ; ʨʦʟʨʦʙʣʝʥʦ 

ʤʝʪʦʜ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʟʘʩʦʙʽʚ ʟʤʝʥʰʝʥʥʷ 

ʚʠʥʦʩʫ ʧʠʣʫ ʟ ʚʘʛʦʥʽʚ; 

ï ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʟʘʙʨʫʜʥʝʥʥʷ ʚ 

ʨʦʙʦʯʠʭ ʟʦʥʘʭ ʧʨʦʤʠʩʣʦʚʠʭ ʤʘʡʜʘʥʯʠʢʽʚ ʧʨʠ ʽʥʚʝʨʩʽʾ ʪʘ ʰʪʠʣʽ, ʱʦ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʦʧʝʨʘʪʠʚʥʦ ʚʠʟʥʘʯʠʪʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʨʦʟʤʽʨʫ ʜʞʝʨʝʣʘ ʝʤʽʩʽʾ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ, ʧʨʦʬʽʣʶ ʰʚʠʜʢʦʩʪʽ 

ʚʽʪʨʫ, ʥʘʧʨʷʤʫ ʚʽʪʨʫ; 

ï ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʧʠʣʦʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ 

ʚʩʝʨʝʜʠʥʽ ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ, ʱʦ ʨʫʭʘʻʪʴʩʷ ʪʝʨʠʪʦʨʽʻ  ʁʪʝʧʣʦʚʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ 

(ʊɽʉ); ʤʦʜʝʣʴ ʜʦʟʚʦʣʷʻ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ, ʰʚʠʜʢʦ ʟʜʽʡʩʥʠʪʠ 

ʨʦʟʨʘʭʫʥʦʢ ʨʽʚʥʷ ʧʠʣʦʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʘʝʨʦʜʠʥʘʤʽʢʠ 

ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʥʘ ʨʦʙʦʯʠʭ ʤʽʩʮʷʭ ʫ ʘʚʪʦʪʨʘʥʩʧʦʨʪʽ; 

ï ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʩʤʦʢʪʫʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ (ʚʝʥʪʠʣʷʪʦʨʽʚ) ʜʣʷ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʟʘʙʨʫʜʥʝʥʥʷ 

ʧʦʚʽʪʨʷ ʙʽʣʷ ʘʚʪʦʪʨʘʩ; ʤʦʜʝʣʴ ʜʦʟʚʦʣʷʻ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ, ʰʚʠʜʢʦ 

ʚʨʘʭʦʚʫʚʘʪʠ ʨʽʟʥʝ ʧʦʣʦʞʝʥʥʷ ʚʩʤʦʢʪʫʚʘʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ, ʚʧʣʠʚ ʢʦʨʧʫʩʫ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ ʥʘ ʘʝʨʦʜʠʥʘʤʽʢʫ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʪʘ ʧʦʰʠʨʝʥʥʷ ʜʦʤʽʰʢʠ 

ʚ ʨʦʙʦʯʠʭ ʟʦʥʘʭ; 

ʫʜʦʩʢʦʥʘʣʝʥʦ: 
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ï ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʜʣʷ ʝʢʩʧʨʝʩ-ʦʮʽʥʶʚʘʥʥʷ ʨʠʟʠʢʫ ʚʠʥʠʢʥʝʥʥʷ 

ʧʦʞʝʞʽ ʚ ʩʭʦʚʠʱʘʭ ʚʥʘʩʣʽʜʦʢ ʩʘʤʦʥʘʛʨʽʚʘʥʥʷ ʧʘʣʠʚʘ, ʱʦ ʤʘʻ ʨʦʩʣʠʥʥʝ 

ʧʦʭʦʜʞʝʥʥʷ; ʤʦʜʝʣʴ ʜʦʟʚʦʣʷʻ ʰʚʠʜʢʦ ʨʦʟʨʘʭʫʚʘʪʠ ʨʦʟʚʠʪʦʢ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ ʚ 

ʥʘʩʠʧʫ ʧʘʣʠʚʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʬʦʨʤʠ ʥʘʩʠʧʫ, ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʘʣʠʚʘ; 

ï ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʪʝʧʣʦʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ ʚ ʨʦʙʦʯʠʭ 

ʧʨʠʤʽʱʝʥʥʷʭ ʧʨʠ ʧʨʠʧʣʠʚʽ ʚ ʥʠʭ ʥʘʛʨʽʪʦʛʦ ʧʦʚʽʪʨʷ ʪʘ ʨʦʟʨʘʭʫʥʢʫ ʥʘʛʨʽʚʘʥʥʷ 

ʢʦʥʩʪʨʫʢʮʽʡ ʩʧʦʨʫʜ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʟ ʧʦʪʦʢʦʤ ʥʘʛʨʽʪʦʛʦ ʧʦʚʽʪʨʷ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʚʨʘʭʫʚʘʪʠ ʬʦʨʤʫ ʩʧʦʨʫʜ, ʤʝʪʝʦʫʤʦʚʠ, ʬʦʨʤʫ ʨʦʙʦʯʦʛʦ ʧʨʠʤʽʱʝʥʥʷ, 

ʪʝʧʣʦʬʽʟʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʤʘʪʝʨʽʘʣʽʚ ʢʦʥʩʪʨʫʢʮʽʾ. 

ʈʦʟʨʦʙʣʝʥʠʡ ʢʦʤʧʣʝʢʩ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʤʝʪʦʜʽʚ ʪʘ ʘʣʛʦʨʠʪʤʽʚ ʻ 

ʧʽʜʩʪʘʚʦʶ ʜʣʷ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʪʝʭʥʽʯʥʠʭ ʟʘʭʦʜʽʚ, ʷʢʽ 

ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʟʥʠʞʝʥʥʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʰʢʽʜʣʠʚʠʭ ʬʘʢʪʦʨʽʚ ʥʘ 

ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʋʢʨʘʾʥʠ ʚ ʨʘʟʽ ʾʭ 

ʚʠʥʠʢʥʝʥʥʷ ʧʽʜ ʯʘʩ ʬʫʥʢʮʽʦʥʫʚʘʥʥ ̫ ʦʙôʻʢʪʽʚ ʘʙʦ ʚʠʷʚʣʝʥʥʷ ʥʘ ʩʪʘʜʽʾ 

ʧʨʦʻʢʪʥʦ-ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʨʦʙʽʪ, ʱʦ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ 

ʟʥʠʞʝʥʥʷ ʥʝʛʘʪʠʚʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʧʨʘʮʽʚʥʠʢʽʚ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʦʪʨʠʤʘʥʽ ʚ ʨʦʙʦʪʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʪʘ ʤʝʪʦʜʠ ʟ 

ʧʨʦʛʨʘʤʥʦ-ʨʝʘʣʽʟʦʚʘʥʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ, ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʛʨʘʥʠʯʥʦ 

ʜʦʧʫʩʪʠʤʽ ʟʥʘʯʝʥʥʷ ʯʠʥʥʠʢʽʚ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʚʠʥʠʢʥʝʥʥ ʁ ʧʨʦʬʝʩʽʡʥʠʭ 

ʟʘʭʚʦʨʶʚʘʥʴ ʪʘ ʪʨʘʚʤʫʚʘʥʥ ʁʧʨʘʮʽʚʥʠʢʽʚ  ̔ʚʜʦʩʢʦʥʘʣʠʪʠ ʟʘʩʦʙʠ ʪʘ ʤʝʪʦʜʠ 

ʟʘʭʠʩʪʫ ʧʨʘʮʽʚʥʠʢʽʚ, ʘ ʩʘʤʝ: 

- ʥʘ ʙʘʟʽ ʩʪʚʦʨʝʥʠʭ ʯʠʩʝʣʴʥʠʭ ʤʦʜʝʣʝʡ ʨʦʟʨʦʙʣʝʥʦ ʧʘʢʝʪʠ ʧʨʠʢʣʘʜʥʠʭ 

ʧʨʦʛʨʘʤ (ʢʦʜʠ), ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʤʝʪʦʜʦʤ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ 

ʚʠʟʥʘʯʘʪʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʦʙʣʘʩʪʝʡ ʭʽʤʽʯʥʦʛʦ, ʧʠʣʦʚʦʛʦ ʪʘ 

ʪʝʧʣʦʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʨʦʙʦʯʠʭ ʟʦʥʘʭ ʥʘ ʦʙôʻʢʪʘʭ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ. ɺʦʥʠ ʥʝ ʚʠʤʘʛʘʶʪʴ ʟʥʘʯʥʦʛʦ ʯʘʩʫ ʥʘ ʨʦʟʨʦʙʢʫ, ʫʩʪʘʥʦʚʢʫ, ʤʘʶʪʴ 

ʧʦʤʽʨʥʫ ʚʘʨʪʽʩʪʴ. ɼʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ 

ʭʽʤʽʯʥʦʛʦ ʪʘ ʧʠʣʦʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʨʦʙʦʯʠʭ ʟʦʥ ʥʝ ʧʦʪʨʽʙʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ 

ʩʧʝʮʽʘʣʴʥʝ ʦʙʣʘʜʥʘʥʥʷ; 
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- ʚʠʢʦʥʘʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʥʘ ʙʘʟʽ ʩʪʚʦʨʝʥʠʭ 

ʯʠʩʝʣʴʥʠʭ ʤʦʜʝʣʝʡ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʨʦʣʴ ʜʦʨʦʛʦʛʦ ʬʽʟʠʯʥʦʛʦ 

ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʨʠ ʨʦʟʚôʷʟʘʥʥʽ ʩʢʣʘʜʥʠʭ ʧʨʠʢʣʘʜʥʠʭ ʟʘʜʘʯ, ʱʦ ʧʦʚôʷʟʘʥʽ ʟ 

ʚʠʟʥʘʯʝʥʥʷʤ ʨʽʚʥʷ ʥʝʙʝʟʧʝʢʠ ʜʣʷ ʟʜʦʨʦʚôʷ ʧʨʘʮʽʚʥʠʢʽʚ ʧʨʠ ʜʽʾ ʧʨʦʤʠʩʣʦʚʠʭ 

ʜʞʝʨʝʣ ʭʽʤʽʯʥʦʛʦ, ʧʠʣʦʚʦʛʦ ʪʘ ʪʝʧʣʦʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ; 

- ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʽʥʞʝʥʝʨʥʠʡ ʤʝʪʦʜ ʙʦʨʦʪʴʙʠ ʟ ʧʠʣʦʤ ʧʽʜ ʯʘʩ 

ʧʝʨʝʚʝʟʝʥʥʷ ʚʫʛʽʣʣʷ ʘʙʦ ʡʦʛʦ ʟʙʝʨʽʛʘʥʥ ̫ ʚ ʰʪʘʙʝʣʷʭ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ 

ʟʤʝʥʰʠʪʠ ʨʽʚʝʥʴ ʟʘʙʨʫʜʥʝʥʥʷ ʨʦʙʦʯʠʭ ʟʦʥ; 

- ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʽʥʞʝʥʝʨʥʠʡ ʤʝʪʦʜ ʙʦʨʦʪʴʙʠ ʟ̔ ʟʘʙʨʫʜʥʝʥʥʷʤ ʧʦʚʽʪʨʷ 

ʨʦʙʦʯʠʭ ʟʦʥ ʙʽʣʷ ʘʚʪʦʪʨʘʩ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʟʤʝʥʰʠʪʠ ʨʽʚʝʥʴ ʭʽʤʽʯʥʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥʷ ʨʦʙʦʯʠʭ ʟʦʥ; 

- ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʜʠʥʘʤʽʯʥʘ ʯʠʩʝʣʴʥʘ ʤʦʜʝʣʴ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʦʜʷʥʦʾ ʟʘʚʽʩʠ ʜʦʟʚʦʣʷʻ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʚʠʟʥʘʯʠʪʠ 

ʟʥʠʞʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʫ ʚʠʧʘʜʢʫ ʧʦʞʝʞʽ, 

ʪʘ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʦʾ ʩʠʩʪʝʤʠ 

ʟʘʭʠʩʪʫ ʧʦʞʝʞʥʠʢʽʚ; 

- ʨʦʟʨʦʙʣʝʥʽ ʯʠʩʝʣʴʥʽ ʤʦʜʝʣʽ ʪʘ ʩʪʚʦʨʝʥʝ ʥʘ ʾʭ ʙʘʟʽ ʧʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʧʨʦʚʘʜʞʝʥʽ ʚ ɼʝʨʞʘʚʥʽʡ ʩʣʫʞʙʽ ʋʢʨʘʾʥʠ ʟ ʥʘʜʟʚʠʯʘʡʥʠʭ 

ʩʠʪʫʘʮʽʡ ʚ ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʽʡ ʦʙʣʘʩʪʽ (ɼʉʅʉ ʋʢʨʘʾʥʠ) ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʨʽʚʥʷ 

ʥʝʙʝʟʧʝʢʠ ʚ ʨʦʙʦʯʠʭ ʟʦʥʘʭ. 

ɿʜʽʡʩʥʝʥʦ ʘʥʘʣʽʟ ʰʢʽʜʣʠʚʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʠʷʚʣʝʥʽ ʥʘ ʦʙôʻʢʪʘʭ 

ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ. ɺʠʢʦʥʘʥʦ ʢʨʠʪʠʯʥʠʡ ʘʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ 

ʜʞʝʨʝʣ, ʧʨʠʩʚʷʯʝʥʠʭ ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʧʨʦʙʣʝʤʠ. ɺʠʷʚʣʝʥʦ, ʱʦ ʚ ʢʨʘʾʥʘʭ 

ɭʚʨʦʩʦʶʟʫ, ʉʐɸ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʨʽʚʥʷ ʥʝʙʝʟʧʝʢʠ ʚ ʨʦʙʦʯʠʭ ʟʦʥʘʭ ʥʘʡʙʽʣʴʰ 

ʘʢʪʠʚʥʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʯʠʩʝʣʴʥʽ ʤʦʜʝʣʽ (CFD-ʤʦʜʝʣʽ), ʱʦ ʜʦʟʚʦʣʷʶʪʴ 

ʦʪʨʠʤʘʪʠ ʜʝʪʘʣʴʥʽʰʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʨʦʟʧʦʜʽʣ ʬʘʢʪʦʨʽʚ ʥʝʙʝʟʧʝʢʠ, ʘ ʪʘʢʦʞ, 

ʱʦ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ, ʟʜʽʡʩʥʠʪʠ ʘʥʘʣʽʟ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʽʟʥʠʭ ʟʘʩʦʙʽʚ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘ ʚʠʨʦʙʥʠʮʪʚʽ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚ ʧʨʘʮʽ. 

ʎʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʞʝ ʥʘ ʝʪʘʧʽ ʝʩʢʽʟʥʦʛʦ ʧʨʦʢ̒ʪʫʚʘʥʥʷ ʩʠʩʪʝʤ ʟʘʭʠʩʪʫ 

ʚʠʟʥʘʯʠʪʠ, ʯʠ ʜʦʟʚʦʣʷʻ ʮ ̫ʩʠʩʪʝʤʘ ʟʘʙʝʟʧʝʯʠʪʠ ʥʦʨʤʘʣʴʥʽ ʫʤʦʚʠ ʧʨʘʮʽ, ʪʘ, ʫ 
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ʨʘʟʽ ʧʦʪʨʝʙʠ, ʚʥʝʩʪʠ ʟʤʽʥʠ ʚ ʧʨʦʢ̒ʪ ʥʘ ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ ʟ ʤʝʪʦʶ ʫʩʫʥʝʥʥʷ 

ʚʠʟʥʘʯʝʥʠʭ ʥʝʜʦʣʽʢʽʚ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʟʘʙʝʟʧʝʯʫʻ ʥʘʡʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʩʠʩʪʝʤ ʟʘʭʠʩʪʫ ʧʨʘʮʽʚʥʠʢʽʚ, ʟʤʝʥʰʝʥʥʷ 

ʯʘʩʪʢʠ ʬʽʟʠʯʥʦʛʦ (ʜʦʨʦʛʦʛʦ) ʝʢʩʧʝʨʠʤʝʥʪʫ, ʛʘʨʘʥʪʫʻ ʝʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʠʩʪʝʤʠ ʟʘʭʠʩʪʫ ʪʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʻ ʥʘ ʟʥʠʞʝʥʥʷ ʚʘʨʪʦʩʪʽ ʧʨʦʢ̒ʪʫ. 

ɺʦʜʥʦʯʘʩ ʚ ʋʢʨʘʾʥʽ ʽʩʥʫʻ ʜʝʬʽʮʠʪ ʪʘʢʠʭ ʤʦʜʝʣʝʡ,  ̔ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʟ 

ʦʮʽʥʶʚʘʥʥ ̫ʨʽʚʥʷ ʥʝʙʝʟʧʝʢʠ ʚ ʨʦʙʦʯʠʭ ʟʦʥʘʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʝʨʝʚʘʞʥʦ 

ʩʧʨʦʱʝʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʪʘ ʽʥʞʝʥʝʨʥʽ ʤʝʪʦʜʠʢʠ. ʊʘʢʽ ʤʦʜʝʣʽ ʧʨʘʢʪʠʯʥʦ 

ʥʝ ʜʦʟʚʦʣʷʶʪʴ ʚʠʢʦʥʘʪʠ ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ 

ʟʘʩʦʙʽʚ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚ ʧʨʘʮʽ ʥʘ 

ʚʠʨʦʙʥʠʮʪʚʘʭ. ʊʦʤʫ ʽʩʥʫʻ ʚʘʞʣʠʚʘ ʟʘʜʘʯʘ ʟ ʨʦʟʨʦʙʢʠ ʙʘʛʘʪʦʬʘʢʪʦʨʥʠʭ 

ʯʠʩʝʣʴʥʠʭ ʤʦʜʝʣʝʡ. 

ʅʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʽ ʩʪʚʦʨʝʥʥ ̫

ʙʘʛʘʪʦʬʘʢʪʦʨʥʠʭ ʯʠʩʝʣʴʥʠʭ ʤʦʜʝʣʝʡ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʟʜʽʡʩʥʠʪʠ ʦʧʝʨʘʪʠʚʥʠʡ 

ʨʦʟʨʘʭʫʥʦʢ ʟ ʚʠʟʥʘʯʝʥʥ ̫ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʨʦʟʧʦʜʽʣʫ ʬʘʢʪʦʨʽʚ ʥʝʙʝʟʧʝʢʠ ʚ 

ʨʦʙʦʯʠʭ ʟʦʥʘʭ ʙʽʣʷ ʘʚʪʦʪʨʘʩ (ʭʽʤʽʯʥʝ ʟʘʙʨʫʜʥʝʥʥʷ), ʟʘʣʽʟʥʠʯʥʠʭ ʤʘʛʽʩʪʨʘʣʝʡ 

(ʰʫʤʦʚʝ ʟʘʙʨʫʜʥʝʥʥʷ) ʪʘ ʚʠʟʥʘʯʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʭʠʩʥʠʭ 

ʙʘʨôʻʨʽʚ ʩʧʝʮʽʘʣʴʥʦʾ ʬʦʨʤʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ 

ʬʘʢʪʦʨʽʚ ʥʝʙʝʟʧʝʢʠ ʥʘ ʧʨʘʮʽʚʥʠʢʘ. ʋ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʧʦʢʘʟʘʥʦ, ʱʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʭʠʩʥʠʭ ʙʘʨôʻʨʽʚ ʩʧʝʮʽʘʣʴʥʦʾ ʬʦʨʤʠ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʚ 

ʜʠʩʝʨʪʘʮʽʾ, ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʨʽʚʝʥʴ ʭʽʤʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʙʽʣʷ ʘʚʪʦʪʨʘʩ. 

ʇʦʙʫʜʦʚʘʥʦ ʯʠʩʝʣʴʥʫ ʤʦʜʝʣʴ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʜʽʡʩʥʠʪʠ ʦʮʽʥʶʚʘʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʦʨʙʫʶʯʠʭ ʧʦʚʝʨʭʦʥʴ (çTX active surfaceè) ʥʘ 

ʟʘʭʠʩʥʦʤʫ ʝʢʨʘʥʽ ʪʘ ʥʘ ʩʪʽʥʢʘʭ ʙʫʜʽʚʝʣʴ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʨʽʚʥʷ ʭʽʤʽʯʥʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥʷ ʨʦʙʦʯʠʭ ʟʦʥ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʝʬʝʢʪʠʚʥʘ ʯʠʩʝʣʴʥʘ ʤʦʜʝʣʴ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʫʤʦʟʘʭʠʩʥʠʭ ʝʢʨʘʥʽʚ 

ʩʢʣʘʜʥʦʾ ʬʦʨʤʠ ʙʽʣʷ ʟʘʣʽʟʥʠʮʽ. ʋ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ 

ʢʦʤʧʣʝʢʩʫ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʪʘ ʬʽʟʠʯʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ. 

ʅʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʦʧʠʩ 

ʧʦʙʫʜʦʚʘʥʠʭ ʙʘʛʘʪʦʬʘʢʪʦʨʥʠʭ ʯʠʩʝʣʴʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʘʥʘʣʽʟʫ ʝʬʝʢʪʠʚʥʦʩʪʽ 



8 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʙʦʨʪʽʚ ʩʧʝʮʽʘʣʴʥʦʾ ʬʦʨʤʠ ʪʘ ʩʧʝʮʽʘʣʴʥʠʭ ʝʢʨʘʥʽʚ 

ʥʘ ʚʘʛʦʥʘʭ ʟ ʚʫʛʽʣʣʷʤ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʟʤʝʥʰʠʪʠ ʨʽʚʝʥʴ ʧʠʣʦʚʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥʷ ʨʦʙʦʯʠʭ ʟʦʥ ʙʽʣʷ ʪʨʘʥʩʧʦʨʪʥʦʾ ʤʘʛʽʩʪʨʘʣʽ. 

ʆʧʠʩʘʥʦ ʙʘʛʘʪʦʬʘʢʪʦʨʥʫ ʯʠʩʝʣʴʥʫ ʤʦʜʝʣʴ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʮʽʥʶʚʘʪʠ 

ʨʽʚʝʥʴ ʭʽʤʽʯʥʦʛʦ ʘʙʦ ʧʠʣʦʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʪ̔ʨʷ ʚ ʨʦʙʦʯʠʭ ʟʦʥʘʭ ʥʘ 

ʧʨʦʤʠʩʣʦʚʠʭ ʤʘʡʜʘʥʯʠʢʘʭ ʊɽʉ ʫ ʚʠʧʘʜʢʫ ʚʠʢʠʜʽʚ ʟʘ ʥʝʩʧʨʠʷʪʣʠʚʠʭ 

ʤʝʪʝʦʫʤʦʚ. ɼʘʣʽ ʚ ʨʦʟʜʽʣʽ ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʦʧʠʩ ʧʦʙʫʜʦʚʘʥʠʭ ʙʘʛʘʪʦʬʘʢʪʦʨʥʠʭ ʯʠʩʝʣʴʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ 

ʘʥʘʣʽʟʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʭʠʩʥʠʭ ʝʢʨʘʥʽʚ ʨʽʟʥʦʾ ʬʦʨʤʠ, ʱʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʨʽʚʥʷ ʧʠʣʦʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʨʦʙʦʯʠʭ ʟʦʥ ʥʘ 

ʤʘʡʜʘʥʯʠʢʘʭ, ʜʝ ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʰʪʘʙʝʣ ̔ ʚʫʛʽʣʣʷ. ʋ ʨʦʟʜʽʣʽ ʥʘʚʝʜʝʥʦ 

ʯʠʩʝʣʴʥʫ ʤʦʜʝʣʴ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʨʽʚʥʷ ʧʠʣʦʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʚʩʝʨʝʜʠʥʽ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ, ʱʦ ʨʫʭʘʻʪʴʩ ̫ʪʝʨʠʪʦʨʽʻ  ʁʊɽʉ. ɿʦʢʨʝʤʘ, ʥʘʚʦʜʠʪʴʩʷ ʥʦʚʘ 

ʯʠʩʝʣʴʥʘ ʤʦʜʝʣʴ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʚʦʣʦʞʝʥʥʷ ʰʪʘʙʝʣ ̫

ʚʫʛʽʣʣʷ ʟ ʤʝʪʦʶ ʟʤʝʥʰʝʥʥʷ ʚʠʥʦʩʫ ʧʠʣʫ ʚʽʜ ʧʦʚʝʨʭʽ ʰʪʘʙʝʣ.̫ ʊʘʢʦʞ ʫ ʮʴʦʤʫ 

ʨʦʟʜʽʣʽ ʥʘʚʝʜʝʥʦ ʨʦʟʨʦʙʣʝʥʫ ʯʠʩʝʣʴʥʫ ʤʦʜʝʣʴ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ 
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The dissertation is devoted to the development of a toolkit for assessing the 

level of danger in work zones on the territory of the fuel and energy complex 

facilities and determining the effectiveness of reducing the level of chemical and 

dust pollution of the air through the use of process modeling and special 

engineering solutions. 

Scientific novelty of the results obtained in the dissertation: 

The scientific novelty of the obtained results lies in the scientific and 

practical substantiation of the assessment of the level of danger in the working 

zones on the territory of the facilities of fuel and energy complexes and the 

determination of the effectiveness of the use of protective measures, taking into 

account the modeling of the processes of contamination of the working zones and 

special engineering solutions. 

At the same time, the following scientific results were obtained: 

First developed: 

ï a scientific and methodological toolkit for forecasting the formation of 

harmful factors in work zones and evaluating the effectiveness of the application of 

protective measures based on highly effective CFD models; 

ï the effectiveness of the use of screens of a special shape, located near the 

coal stack, in order to reduce the level of dust pollution of the working areas at 

industrial sites has been scientifically substantiated; to substantiate the parameters 
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of these screens, a method of calculating the concentration of dust in working areas 

has been developed, which takes into account the shape of the coal stack, the shape 

of the screen, and weather conditions; 

ï developed a comprehensive methodology for evaluating the effectiveness 

of wetting the surface of the coal pile and supplying water to the dust cloud near 

the pile, which are used to create normal working conditions at industrial sites; 

ï developed a comprehensive methodology for evaluating the effectiveness 

of the use of a water curtain, which is used to ensure labor protection requirements 

by shielding heat flows that occur during a fire; the methodology makes it possible 

to predict the decrease in air temperature near the source of the fire, taking into 

account the dynamics of the evaporation of water droplets, the location of the 

curtain, weather conditions, and the presence of buildings near the fire; 

ï a method was developed that allows conducting research on determining 

the effectiveness of the use of noise protection screens that are installed near the 

railway track; the method allows taking into account the complex geometric shape 

of the screens, their position relative to the noise source, the topography of the 

area; 

ï the effectiveness of the use of screens of a special form, located near 

highways in order to reduce the level of chemical pollution of work zones, has 

been scientifically substantiated; to substantiate the parameters of these screens, a 

toolkit was created, which is based on the use of developed numerical models and 

allows to determine the concentration of pollutants in the working zones, taking 

into account the shape of the screens, the relief, the position of the emission source, 

the chemical transformation of impurities, weather conditions; 

ï a multifactorial numerical model was developed to assess the risk of 

chemical or thermal damage to divers during repair work on damaged underwater 

pipelines. The model allows you to take into account the hydrodynamics of the 

water flow, the intensity of the emission of a chemically hazardous substance from 

the damaged underwater pipeline, the geometric shape of the underwater trench 

where the pipeline is located, and the temperature of the water near the damaged 

underwater pipeline; 

received further development: 
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ï an engineering method of calculating the process of "capture" of dust 

particles by a drop of water, which allows taking into account the dynamics of 

"attachment" of dust particles to the drop depending on the physical parameters of 

the drop, the concentration of dust particles and droplets, their movement in the air 

environment, which allows for a more correct assessment of efficiency dedusting 

the air in working areas; 

ï methodological principles of the technology for reducing the level of dust 

pollution in work zones due to the use of special boards and screens of a complex 

shape on wagons transporting coal; a method was developed for evaluating the 

effectiveness of using such means of reducing dust removal from wagons; 

ï a mathematical model for forecasting the intensity of pollution in work 

zones on industrial sites during inversion and calm, which makes it possible to 

quickly determine the concentration of pollutants taking into account the size of 

the source of emission of harmful substances, the wind speed profile, and the 

direction of the wind; 

ï a mathematical model for assessing dust pollution of the air in the middle 

of motor vehicles moving on the territory of the TPP; the model allows, unlike the 

existing ones, to quickly calculate the level of dust pollution of the air taking into 

account the aerodynamics of the air flow at workplaces in the car; 

ï a mathematical model for evaluating the efficiency of using suction 

devices (fans) to reduce the level of air pollution near highways; the model allows, 

in contrast to the existing models, to quickly take into account the different 

position of the suction surfaces, the influence of the car body on the aerodynamics 

of the air flow and the spread of impurities in the working zones; 

m̔proved: 

ï a mathematical model for rapid assessment of the risk of fire in storage 

due to self-heating of fuel of plant origin; the model allows you to quickly 

calculate the development of the thermal field in the fuel embankment, taking into 

account the shape of the embankment, the ambient temperature, and the 

thermophysical properties of the fuel; 

ï a method of calculating thermal air pollution in working premises when 

heated air flows into them and calculating the heating of building structures when 
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interacting with the flow of heated air, which allows taking into account the shape 

of buildings, weather conditions, the shape of the working room, thermophysical 

parameters of construction materials. 

The practical significance of the results: the developed complex of 

mathematical models, methods and algorithms for their solution is the basis for 

substantiating organizational and technical measures aimed at reducing the 

negative impact of harmful factors on the enterprises of the fuel and energy 

complex of Ukraine in case of their occurrence during the functioning of objects or 

their detection at the stage project-research works aimed at improving methods of 

reducing negative factors on employees. 

Using mathematical models and methods with software-implemented 

algorithms obtained in the work, it is possible to determine the maximum 

permissible values of factors related to the prevention of occupational diseases and 

injuries of workers and improvement of means and methods of worker protection. 

So: 

- on the basis of the created numerical models, packages of application 

programs (codes) were developed, which allow the method of computational 

experiments to determine the regularities of the formation of areas of chemical, 

dust and thermal pollution in the work zones at the facilities of the fuel and energy 

complex. They do not require significant time for development, installation, and 

are not expensive. For the practical use of methods of reducing the level of 

chemical and dust pollution of working areas, the use of special equipment is not 

required; 

- conducting computational experiments on the basis of created numerical 

models allows reducing the role of expensive physical experiments in solving 

complex applied problems related to determining the level of danger to the health 

of workers under the influence of industrial sources of chemical, dust and thermal 

pollution; 

- the proposed engineering method of dust control during the transportation 

of coal or when storing coal in stacks allows to effectively reduce the level of 
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contamination of working areas; 

- the proposed engineering method of combating air pollution of work 

zones near highways allows to effectively reduce the level of chemical pollution of 

work zones; 

- the proposed dynamic numerical model for evaluating the effectiveness of 

the water curtain allows in real time to determine the decrease in the intensity of 

heat flows that occur in the event of a fire and can be used to organize a 

scientifically based system for the protection of firefighters; 

- constructed numerical models and computer programs were implemented 

in the State Emergency Situations Service of Ukraine in the Dnipropetrovsk 

Region (act of implementation). 

In the first section of the dissertation, an analysis of harmful factors 

occurring at the facilities of the fuel and energy complex was carried out. Further, 

a critical analysis of literary sources on the problem under investigation was 

performed. It was found that numerical models (CFD models) are most actively 

used to assess the level of danger in work zones in the countries of the European 

Union and the United States, which allow obtaining more detailed information 

about the distribution of danger factors, and also, what is especially important, to 

perform an analysis of the effectiveness of various tools used in production to 

ensure normal working conditions. This makes it possible, already at the stage of 

the sketch design of protection systems, to determine whether this system allows to 

ensure normal working conditions, and if necessary, to make changes to the project 

at the initial stage in order to eliminate the identified shortcomings. This approach 

ensures the most rational use of resources when creating employee protection 

systems, reducing the share of physical (expensive) experimentation, guarantees 

the effective use of the protection system and directly affects the reduction of the 

project cost. At the same time, there is a shortage of such models in Ukraine, and 

simplified mathematical models and engineering methods are mainly used to solve 

the problems of assessing the level of danger in work zones. Such models 

practically do not allow to evaluate the effectiveness of the use of various means 
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used to ensure normal working conditions at factories. Therefore, there is an 

important task of developing multivariate numerical models. 

The second section of the dissertation presents the results of scientific 

research on the creation of multifactorial numerical models, which make it possible 

to carry out an operational calculation to determine the regularities of the 

distribution of hazard factors in work zones near highways (chemical pollution), 

railway lines (noise pollution) and to determine the effectiveness of the use of 

protective barriers of special forms used to reduce the impact of hazard factors on 

the worker. This section shows that the use of protective barriers of a special form 

proposed in the thesis allows reducing the level of chemical pollution near 

highways. A numerical model was built, which allows to evaluate the effectiveness 

of the use of sorbent surfaces ("TX active surface") on the protective screen and on 

the walls of buildings to reduce the level of chemical contamination of working 

areas. An effective numerical model is proposed, which allows determining the 

effectiveness of the use of noise protection screens of a complex shape near the 

railway. This section presents the results of a complex of computational and 

physical experiments. 

The third section of the dissertation provides the results of experimental 

research and a description of the constructed multifactorial numerical models for 

analyzing the effectiveness of using additional sides of a special shape and special 

screens on wagons with coal, which make it possible to reduce the level of dust 

pollution in the working areas near the transport highway. 

The fourth section of the dissertation presents a multifactorial numerical 

model that allows to estimate the level of chemical or dust pollution of the air in 

the working zones at the industrial sites of the TPP in case of emissions in adverse 

weather conditions. Further in the section, the results of experimental studies and a 

description of the built multifactorial numerical models for the analysis of the 

effectiveness of the use of protective screens of various shapes, which are used to 

reduce the level of dust pollution of the working areas at the sites where the coal 

stacks are located, are given. The chapter presents a numerical model for 
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estimating the level of dust pollution in the middle of motor vehicles moving on 

the territory of the TPP. In particular, a new numerical model is presented that 

allows determining the effectiveness of coal stack humidification in order to reduce 

dust removal from the top of the stack. Also, this section presents a developed 

numerical model that allows determining the efficiency of water supply to the dust 

cloud formed near the coal stack. 

The fifth section of the thesis describes the constructed multivariate 

numerical models for analyzing the risk of thermal and chemical damage to divers 

when working near damaged underwater pipelines. 

The sixth section provides a description of the built multifactorial numerical 

models for analyzing the risk of thermal injury to workers during a fire, and 

determining the effectiveness of using a water curtain to reduce the risk of thermal 

injury to workers near the fire source. 

Keywords: labour safety, workplace, chemical contamination, dust 

contamination, thermal contamination, workers thermal hitting, numerical 

methods, protection of workplaces from chemical and dust contamination, 

protective screens, water screen, dust suppression. 
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ʉʫʪʥʽʩʪʴ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʦʾ ʧʨʦʙʣʝʤʠ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚ ʨʦʙʦʪʽ, 

ʧʦʣʷʛʘʻ ʚ ʨʦʟʨʦʙʣʝʥʥʽ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ ʦʮʽʥʶʚʘʥʥʷ ʨʽʚʥʷ ʥʝʙʝʟʧʝʢʠ ʚ ʨʦʙʦʯʠʭ 

ʟʦʥʘʭ ʥʘ ʪʝʨʠʪʦʨʽʾ ʦʙôʻʢʪʽʚ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʪʘ ʚʠʟʥʘʯʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʭʽʤʽʯʥʦʛʦ ʽ ʧʠʣʦʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ 

ʰʣʷʭʦʤ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ ʽʥʞʝʥʝʨʥʠʭ 

ʨʽʰʝʥʴ. 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. ɿʛʽʜʥʦ ʟ ʂʦʥʮʝʧʮʽʻʶ ʨʝʬʦʨʤʫʚʘʥʥʷ ʩʠʩʪʝʤʠ 

ʫʧʨʘʚʣʽʥʥʷ ʦʭʦʨʦʥʦʶ ʧʨʘʮʽ ʚ ʋʢʨʘʾʥʽ, ʩʭʚʘʣʝʥʦʶ ʨʦʟʧʦʨʷʜʞʝʥʥʷʤ ʂʘʙʽʥʝʪʫ 

ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ ʚʽʜ 12 ʛʨʫʜʥʷ 2018 ʨ. ˉ 989-ʨ, ʘʢʪʫʘʣʴʥʦʶ ʧʨʦʙʣʝʤʦʶ ʚ 

ʛʘʣʫʟʽ ʦʭʦʨʦʥʠ ʧʨʘʮʽ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʝʭʘʥʽʟʤʫ ʬʦʨʤʫʚʘʥʥʷ ʪʘ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʜʽʻʚʦʾ ʩʠʩʪʝʤʠ ʟʘʧʦʙʽʛʘʥʥʷ ʚʠʨʦʙʥʠʯʠʤ ʨʠʟʠʢʘʤ, ʩʪʚʦʨʝʥʥʷ 

ʙʝʟʧʝʯʥʠʭ ʽ ʟʜʦʨʦʚʠʭ ʫʤʦʚ ʧʨʘʮʽ. ʋ ʮʴʦʤʫ ʜʦʢʫʤʝʥʪʽ ʪʘʢʦʞ ʥʘʛʦʣʦʰʫʻʪʴʩʷ ʥʘ 

ʚʘʞʣʠʚʦʩʪʽ ʦʮʽʥʶʚʘʥʥʷ ʨʠʟʠʢʽʚ, ʷʢʠʭ ʥʝ ʤʦʞʥʘ ʫʥʠʢʥʫʪʠ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ 

ʚʘʞʣʠʚʦʾ ʧʨʦʙʣʝʤʠ, ʦʩʦʙʣʠʚʦ ʥʘ ʝʪʘʧʽ ʨʦʟʨʦʙʣʝʥʥʷ ʩʠʩʪʝʤ ʟʘʭʠʩʪʫ 

ʧʨʘʮʽʚʥʠʢʽʚ ʚʽʜ ʚʧʣʠʚʫ ʰʢʽʜʣʠʚʠʭ ʬʘʢʪʦʨʽʚ, ʧʦʪʨʽʙʥʦ ʦʪʨʠʤʘʪʠ ʘʜʝʢʚʘʪʥʫ 

ʽʥʬʦʨʤʘʮʽʶ ʱʦʜʦ ʨʽʚʥʷ ʥʝʙʝʟʧʝʢʠ ʚ ʨʦʙʦʯʠʭ ʟʦʥʘʭ. 

ʇʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʠʡ ʢʦʤʧʣʝʢʩ ʋʢʨʘʾʥʠ ʥʘʣʝʞʠʪʴ ʜʦ ʩʪʨʘʪʝʛʽʯʥʠʭ ʪʘ 

ʧʦʪʝʥʮʽʡʥʦ ʥʝʙʝʟʧʝʯʥʠʭ ʦʙôʻʢʪʽʚ. ʇʽʜ ʯʘʩ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʨʽʟʥʠʭ ʦʙôʻʢʪʽʚ 

ʮʴʦʛʦ ʢʦʤʧʣʝʢʩʫ, ʫ ʭʦʜʽ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʧʘʣʠʚʘ, ʡʦʛʦ ʟʙʝʨʽʛʘʥʥʷ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʥʠʢʥʝʥʥʷ ʰʢʽʜʣʠʚʠʭ ʬʘʢʪʦʨʽʚ ʫ ʨʦʙʦʯʠʭ ʟʦʥʘʭ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ ʧʨʦʬʝʩʽʡʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ ʫ ʧʨʘʮʽʚʥʠʢʽʚ ʪʘ ʥʝ 

ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ ʟʘʢʦʥʦʜʘʚʩʪʚʘ ʟ ʦʭʦʨʦʥʠ ʧʨʘʮʽ. ʊʦʤʫ ʦʮʽʥʶʚʘʥʥʷ 

ʰʢʽʜʣʠʚʠʭ ʬʘʢʪʦʨʽʚ ʽ ʟʘʭʠʩʪ ʧʨʘʮʽʚʥʠʢʽʚ ʥʘ ʦʙôʻʢʪʘʭ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ ʻ ʚʘʞʣʠʚʦʶ ʥʘʫʢʦʚʦʶ ʧʨʦʙʣʝʤʦʶ. ɼʣʷ ʾʾ ʨʦʟʚôʷʟʘʥʥʷ ʥʝʦʙʭʽʜʥʦ 

ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʩʫʯʘʩʥʽ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʽ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʥʝʙʝʟʧʝʢʠ ʚ 

ʨʦʙʦʯʠʭ ʟʦʥʘʭ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʦʜʥʦʯʘʩʥʦ ʚʠʨʽʰʫʚʘʪʠ ʟʘʜʘʯʽ ʟ ʚʠʟʥʘʯʝʥʥʷ 
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ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʟʘʩʦʙʽʚ ʟʥʠʞʝʥʥʷ ʚʧʣʠʚʫ ʥʝʙʝʟʧʝʯʥʠʭ 

ʬʘʢʪʦʨʽʚ ʥʘ ʧʨʘʮʽʚʥʠʢʽʚ. 

ɿʚô̫ʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. 

ɼʠʩʝʨʪʘʮʽʡʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʫʚʘʣʦʩʷ ʟʛʽʜʥʦ ʽʟ ɿʘʢʦʥʦʤ ʋʢʨʘʾʥʠ çʇʨʦ 

ʟʘʪʚʝʨʜʞʝʥʥʷ ɿʘʛʘʣʴʥʦʜʝʨʞʘʚʥʦʾ ʩʦʮʽʘʣʴʥʦʾ ʧʨʦʛʨʘʤʠ ʧʦʣʽʧʰʝʥʥʷ ʩʪʘʥʫ 

ʙʝʟʧʝʢʠ, ʛʽʛʽʻʥʠ ʧʨʘʮʽ ʪʘ ʚʠʨʦʙʥʠʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʘ 2014-2018 ʨʦʢʠè ʚʽʜ 

04 ʢʚʽʪʥʷ 2013 ʨʦʢʫ ˉ 178-VII, ʨʦʟʧʦʨʷʜʞʝʥʥʷʤ ʂʘʙʽʥʝʪʫ ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ 

çʇʨʦ ʩʭʚʘʣʝʥʥʷ ʂʦʥʮʝʧʮʽʾ ʨʝʬʦʨʤʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʦʭʦʨʦʥʦʶ 

ʧʨʘʮʽ ʚ ʋʢʨʘʾʥʽ ʪʘ ʟʘʪʚʝʨʜʞʝʥʥʷ ʧʣʘʥʫ ʟʘʭʦʜʽʚ ʱʦʜʦ ʾʾ ʨʝʘʣʽʟʘʮʽʾè ʚʽʜ 

12 ʛʨʫʜʥʷ 2018 ʨ. ˉ 989-ʨ. 

ʄʝʪʘ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʜʠʩʝʨʪʘʮʽʾ ʻ ʨʦʟʨʦʙʣʝʥʥʷ 

ʪʝʦʨʝʪʠʯʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʨʦʟʧʦʜʽʣʫ 

ʰʢʽʜʣʠʚʠʭ ʬʘʢʪʦʨʽʚ ʫ ʨʦʙʦʯʠʭ ʟʦʥʘʭ ʥʘ ʦʙôʻʢʪʘʭ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ ʪʘ ʨʦʟʨʦʙʣʝʥʥʷ ʟʘʩʦʙʽʚ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʟʤʝʥʰʠʪʠ ʾʭ ʥʝʛʘʪʠʚʥʠʡ 

ʚʧʣʠʚ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʽʻʾ ʤʝʪʠ ʧʦʪʨʽʙʥʦ ʚʠʨʽʰʠʪʠ ʪʘʢʽ ʟʘʚʜʘʥʥʷ 

ʜʦʩʣʽʜʞʝʥʥʷ: 

- ʚʠʢʦʥʘʪʠ ʘʥʘʣʽʟ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʦʩʥʦʚʥʠʭ ʰʢʽʜʣʠʚʠʭ ʬʘʢʪʦʨʽʚ, ʷʢʽ 

ʥʘʷʚʥʽ ʧʨʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʽ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ (ʥʘ ʧʨʠʢʣʘʜʽ 

ʇʨʠʜʥʽʧʨʦʚʩʴʢʦʾ ʪʝʧʣʦʚʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ); 

- ʟʜ̔ʡʩʥʠʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʭʽʤʽʯʥʦʛʦ, ʧʠʣʦʚʦʛʦ, ʪʝʨʤʽʯʥʦʛʦ ʪʘ 

ʰʫʤʦʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʨʦʙʦʯʠʭ ʟʦʥ ʥʘ ʦʙôʻʢʪʘʭ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ ʽ ʨʦʟʨʦʙʠʪʠ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ, ʷʢʠʡ ʚʢʣʶʯʘʻ ʮʽʣʫ ʥʠʟʢʫ ʯʠʩʝʣʴʥʠʭ 

ʤʦʜʝʣʝʡ; 

- ʨʦʟʨʦʙʠʪʠ ʯʠʩʝʣʴʥʽ ʤʦʜʝʣʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ 

ʬʦʨʤʫʚʘʥʥʷ ʦʙʣʘʩʪʝʡ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʨʦʙʦʯʠʭ ʟʦʥʘʭ ʥʘ ʧʨʦʤʠʩʣʦʚʠʭ 

ʤʘʡʜʘʥʯʠʢʘʭ ʧʽʜʧʨʠʻʤʩʪʚ ʧʨʠ ʽʥʚʝʨʩʽʾ ʪʘ ʰʪʠʣʽ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʰʚʠʜʢʦ 

ʚʠʷʚʣʷʪʠ ʟʦʥʠ ʥʝʙʝʟʧʝʢʠ, ʷʢʽ ʬʦʨʤʫʶʪʴʩʷ ʟʘ ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʤʝʪʝʦʫʤʦʚ; 
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- ʨʦʟʨʦʙʠʪʠ ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʫ ʯʠʩʝʣʴʥʫ ʤʦʜʝʣʴ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ 

ʧʠʣʦʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ ʚʩʝʨʝʜʠʥʽ ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ, ʱʦ ʨʫʭʘʻʪʴʩʷ 

ʟʘʙʨʫʜʥʝʥʦʶ ʪʝʨʠʪʦʨʽʻʶ ʪʝʧʣʦʚʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ (ʊɽʉ); 

- ʨʦʟʨʦʙʠʪʠ ʜʠʥʘʤʽʯʥʽ ʯʠʩʝʣʴʥʽ ʤʦʜʝʣʽ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʟʥʝʧʠʣʝʥʥʷ ʧʦʚʽʪʨʷ ʚ ʨʦʙʦʯʠʭ ʟʦʥʘʭ ʙʽʣʷ ʰʪʘʙʝʣʷ ʚʫʛʽʣʣʷ ʰʣʷʭʦʤ ʧʦʜʘʚʘʥʥʷ 

ʚʦʜʠ ʚ ʧʠʣʦʚʫ ʭʤʘʨʫ ʘʙʦ ʰʣʷʭʦʤ ʟʚʦʣʦʞʝʥʥʷ ʧʦʚʝʨʭʥʽ ʰʪʘʙʝʣʽʚ ʚʫʛʽʣʣʷ, ʱʦ 

ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʦʙôʻʢʪʘʭ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ; 

- ʨʦʟʨʦʙʠʪʠ ʽʥʞʝʥʝʨʥʠʡ ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʧʨʦʮʝʩʫ çʟʘʭʦʧʣʝʥʥʷè 

ʢʨʘʧʣʝʶ ʚʦʜʠ ʯʘʩʪʦʢ ʧʠʣʫ ʧʨʠ ʧʦʰʠʨʝʥʥʽ ʢʨʘʧʝʣʴ ʚʦʜʠ ʚ ʧʠʣʦʚʽʡ ʭʤʘʨʽ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘʢʦʛʦ ʨʦʜʫ ʟʥʝʧʠʣʝʥʥʷ 

ʧʦʚʽʪʨʷ ʚ ʨʦʙʦʯʠʭ ʟʦʥʘʭ; 

- ʨʦʟʨʦʙʠʪʠ ʜʠʥʘʤʽʯʥʽ ʯʠʩʝʣʴʥʽ ʤʦʜʝʣʽ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʝʥʪʠʣʷʪʦʨʽʚ ʽʟ ʙʘʨôʻʨʘʤʠ ʪʘ ʝʢʨʘʥʘʤʠ ʜʣʷ 

ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ ʚ ʨʦʙʦʯʠʭ ʟʦʥʘʭ; 

- ʥʘ ʙʘʟʽ ʨʦʟʨʦʙʣʝʥʠʭ ʯʠʩʝʣʴʥʠʭ ʤʦʜʝʣʝʡ ʚʠʢʦʥʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʟ 

ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʘʨôʻʨʽʚ ʩʢʣʘʜʥʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ 

ʬʦʨʤʠ, ʘ ʪʘʢʦʞ ʙʘʨôʻʨʽʚ, ʱʦ ʤʘʶʪʴ çTX Activeè ʧʦʚʝʨʭʥʶ ʪʘ 

ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʧʦʨʫʯ ʽʟ ʘʚʪʦʤʦʙʽʣʴʥʠʤʠ ʜʦʨʦʛʘʤʠ, ʟ ʤʝʪʦʶ ʟʤʝʥʰʝʥʥʷ 

ʨʽʚʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ ʚ ʨʦʙʦʯʠʭ ʟʦʥʘʭ; 

- ʟʜʽʡʩʥʠʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘ ʚʘʛʦʥʘʭ, ʷʢʠʤʠ ʟʜʽʡʩʥʶʶʪʴ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚʫʛʽʣʣʷ, 

ʩʧʝʮʽʘʣʴʥʠʭ ʙʦʨʪʽʚ ʪʘ ʝʢʨʘʥʽʚ ʽʟ ʤʝʪʦʶ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʧʠʣʦʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ 

ʨʦʙʦʯʠʭ ʟʦʥ ʙʽʣʷ ʢʦʣʽʾ; ʩʪʚʦʨʠʪʠ ʯʠʩʝʣʴʥʽ ʤʦʜʝʣʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʮʠʭ ʟʘʩʦʙʽʚ ʟʘʭʠʩʪʫ ʰʣʷʭʦʤ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ; 

- ʚʠʢʦʥʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ 

ʝʢʨʘʥʽʚ ʩʧʝʮʽʘʣʴʥʦʾ ʬʦʨʤʠ ʥʘ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʧʠʣʦʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʨʦʙʦʯʠʭ 

ʟʦʥ ʙʽʣʷ ʰʪʘʙʝʣʷ ʚʫʛʽʣʣʷ ʪʘ ʨʦʟʨʦʙʠʪʠ ʙʘʛʘʪʦʬʘʢʪʦʨʥʫ ʯʠʩʝʣʴʥʫ ʤʦʜʝʣʴ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ ʝʢʨʘʥʽʚ ʜʣʷ ʢʦʥʢʨʝʪʥʠʭ ʫʤʦʚ 

ʝʢʩʧʣʫʘʪʘʮʽʾ; 
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- ʨʦʟʨʦʙʠʪʠ ʯʠʩʝʣʴʥʫ ʤʦʜʝʣʴ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʫʤʦʟʘʭʠʩʥʠʭ ʝʢʨʘʥʽʚ ʜʣʷ ʟʘʣʽʟʥʠʯʥʦʾ ʤʝʨʝʞʽ ʧʽʜʧʨʠʻʤʩʪʚ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʚʨʘʭʫʚʘʪʠ ʩʢʣʘʜʥʫ ʛʝʦʤʝʪʨʠʯʥʫ ʬʦʨʤʫ ʝʢʨʘʥʽʚ, ʨʝʣʴʻʬ ʤʽʩʮʝʚʦʩʪʽ; 

- ʨʦʟʨʦʙʠʪʠ ʜʠʥʘʤʽʯʥʫ ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʫ ʯʠʩʝʣʴʥʫ ʤʦʜʝʣʴ ʜʣʷ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʨʠʟʠʢʫ ʚʠʥʠʢʥʝʥʥʷ ʧʦʞʝʞʽ ʚ ʩʭʦʚʠʱʘʭ ʧʘʣʠʚʘ, ʱʦ 

ʤʘʻ ʨʦʩʣʠʥʥʝ ʧʦʭʦʜʞʝʥʥʷ, ʪʘ ʜʠʥʘʤʽʯʥʫ ʯʠʩʝʣʴʥʫ ʤʦʜʝʣʴ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʦʜʷʥʦʾ ʟʘʚʽʩʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʢʦʤʧʣʝʢʩʥʦ ʚʨʘʭʫʚʘʪʠ ʚʧʣʠʚ ʚʽʪʨʫ, 

ʜʠʬʫʟʽʾ, ʰʚʠʜʢʽʩʪʴ ʚʠʧʘʨʶʚʘʥʥʷ ʢʨʘʧʝʣʴ ʚʦʜʠ, ʥʘʷʚʥʽʩʪʴ ʙʫʜʽʚʝʣʴ ʫ ʟʦʥʽ 

ʧʦʞʝʞʽ ʥʘ ʦʙôʻʢʪʘʭ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ; 

- ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜ ʨʦʟʚôʷʟʘʥʥʷ ʜʚʦʭ ʧʦʚôʷʟʘʥʠʭ ʟʘʜʘʯ: ʚʠʟʥʘʯʝʥʥʷ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʬʦʨʤʫʚʘʥʥʷ ʟʦʥ ʪʝʧʣʦʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ ʚ ʨʦʙʦʯʠʭ 

ʧʨʠʤʽʱʝʥʥʷʭ ʧʨʠ ʧʨʠʧʣʠʚʽ ʚ ʥʠʭ ʟʦʚʥʽʰʥʴʦʛʦ ʥʘʛʨʽʪʦʛʦ ʧʦʚʽʪʨʷ ʚʽʜ ʤʽʩʮʷ 

ʧʦʞʝʞʽ ʪʘ ʨʦʟʨʘʭʫʥʢʫ ʥʘʛʨʽʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ ʩʧʦʨʫʜ ʧʨʠ ʾʭ ʚʟʘʻʤʦʜʽʾ ʟ 

ʧʦʪʦʢʦʤ ʥʘʛʨʽʪʦʛʦ ʧʦʚʽʪʨʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʨʦʛʥʦʟʫʚʘʪʠ ʯʘʩ ʨʫʡʥʫʚʘʥʥʷ 

ʢʦʥʩʪʨʫʢʮʽʾ; 

- ʨʦʟʨʦʙʠʪʠ ʙʘʛʘʪʦʬʘʢʪʦʨʥʫ ʯʠʩʝʣʴʥʫ ʤʦʜʝʣʴ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʨʠʟʠʢʫ 

ʪʝʨʤʽʯʥʦʛʦ ʘʙʦ ʭʽʤʽʯʥʦʛʦ ʫʨʘʞʝʥʥʷ ʚʦʜʦʣʘʟʽʚ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʘʚʘʨʽʡʥʦ-

ʨʝʤʦʥʪʥʠʭ ʨʦʙʽʪ ʥʘ ʧʦʰʢʦʜʞʝʥʠʭ ʧʽʜʚʦʜʥʠʭ ʪʨʫʙʦʧʨʦʚʦʜʘʭ; 

- ʟʜʽʡʩʥʠʪʠ ʚʝʨʠʬʽʢʘʮʽʶ ʨʦʟʨʦʙʣʝʥʠʭ ʯʠʩʝʣʴʥʠʭ ʤʦʜʝʣʝʡ; 

- ʩʪʚʦʨʠʪʠ ʢʦʤʧôʶʪʝʨʥʽ ʢʦʜʠ ʥʘ ʙʘʟʽ ʨʦʟʨʦʙʣʝʥʠʭ ʯʠʩʝʣʴʥʠʭ ʤʦʜʝʣʝʡ 

ʪʘ ʚʠʢʦʥʘʪʠ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ: ʧʨʦʮʝʩʠ ʬʦʨʤʫʚʘʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʨʦʙʦʯʠʭ 

ʟʦʥʘʭ ʧʨʠ ʨʦʙʦʪʽ ʦʙôʻʢʪʽʚ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ: ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʨʦʟʧʦʜʽʣʫ 

ʰʢʽʜʣʠʚʠʭ ʬʘʢʪʦʨʽʚ ʫ ʨʦʙʦʯʠʭ ʟʦʥʘʭ ʪʘ ʨʦʟʨʦʙʣʝʥʥʷ ʽʥʞʝʥʝʨʥʠʭ ʤʝʪʦʜʽʚ 

ʟʥʠʞʝʥʥʷ ʾʭ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʧʨʘʮʽʚʥʠʢʽʚ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ: ʩʠʩʪʝʤʥʠʡ ʘʥʘʣʽʟ ʪʘ ʫʟʘʛʘʣʴʥʝʥʥʷ ʚʽʜʦʤʠʭ 

ʥʘʫʢʦʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ (ʜʣʷ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʘʢʪʫʘʣʴʥʦʩʪʽ ʪʝʤʠ ʜʦʩʣʽʜʞʝʥʥʷ, 

ʧʦʩʪʘʥʦʚʢʠ ʤʝʪʠ ʽ ʟʘʚʜʘʥʴ ʜʦʩʣʽʜʞʝʥʥʷ; ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʧʝʨʝʜʫʤʦʚ, 

ʦʙʤʝʞʝʥʴ ʽ ʛʽʧʦʪʝʟ, ʧʨʠʡʥʷʪʠʭ ʧʨʠ ʨʦʟʨʦʙʣʝʥʥʽ ʤʝʪʦʜʫ); ʚʠʢʦʥʘʥʥʷ 
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ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ; ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ CFD-ʤʦʜʝʣʶʚʘʥʥʷ ʥʘ 

ʙʘʟʽ ʧʦʙʫʜʦʚʘʥʠʭ ʯʠʩʝʣʴʥʠʭ ʤʦʜʝʣʝʡ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʜʦʩʣʽʜʠʪʠ 

ʙʘʛʘʪʦʬʘʢʪʦʨʥʽ ʧʨʦʮʝʩʠ ʭʽʤʽʯʥʦʛʦ, ʧʠʣʦʚʦʛʦ ʪʘ ʪʝʧʣʦʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ 

ʨʦʙʦʯʠʭ ʟʦʥ. ʆʩʥʦʚʫ ʧʦʙʫʜʦʚʘʥʠʭ ʯʠʩʝʣʴʥʠʭ ʤʦʜʝʣʝʡ ʩʪʚʦʨʶʶʪʴ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ʤʝʭʘʥʽʢʠ ʩʫʮʽʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ 

ʪʝʧʣʦʤʘʩʦʧʝʨʝʥʦʩʫ. ɼʣʷ ʧʦʙʫʜʦʚʠ ʯʠʩʝʣʴʥʠʭ ʤʦʜʝʣʝʡ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ 

ʩʢʽʥʯʝʥʥʦ-ʨʽʟʥʠʮʝʚʽ ʤʝʪʦʜʠ ʽʥʪʝʛʨʫʚʘʥʥʷ ʤʦʜʝʣʶʶʯʠʭ ʨʽʚʥʷʥʴ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʚ ʦʙˇʨʫʥʪʫʚʘʥʥʽ 

ʦʮʽʥʢʠ ʨʽʚʥʷ ʥʝʙʝʟʧʝʢʠ ʚ ʨʦʙʦʯʠʭ ʟʦʥʘʭ ʥʘ ʪʝʨʠʪʦʨʽʾ ʦʙôʻʢʪʽʚ ʧʘʣʠʚʥʦ-

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʪʘ ʚʠʟʥʘʯʝʥʥʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʩʦʙʽʚ 

ʟʘʭʠʩʪʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʟʘʙʨʫʜʥʝʥʥʷ ʨʦʙʦʯʠʭ ʟʦʥ ʪʘ 

ʩʧʝʮʽʘʣʴʥʠʭ ʽʥʞʝʥʝʨʥʠʭ ʨʽʰʝʥʴ, ʘ ʩʘʤʝ: 

ʚʧʝʨʰʝ: 

ï ʨʦʟʨʦʙʣʝʥʦ ʥʘʫʢʦʚʦ-ʤʝʪʦʜʠʯʥʠʡ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʬʦʨʤʫʚʘʥʥʷ ʰʢʽʜʣʠʚʠʭ ʬʘʢʪʦʨʽʚ ʫ ʨʦʙʦʯʠʭ ʟʦʥʘʭ ʪʘ ʦʮʽʥʶʚʘʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʘʭʦʜʽʚ ʟʘʭʠʩʪʫ ʥʘ ʙʘʟʽ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ CFD-

ʤʦʜʝʣʝʡ; 

ï ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʢʨʘʥʽʚ 

ʩʧʝʮʽʘʣʴʥʦʾ ʬʦʨʤʠ, ʷʢʽ ʨʦʟʪʘʰʦʚʫʶʪʴ ʙʽʣʷ ʰʪʘʙʝʣʷ ʚʫʛʽʣʣʷ ʟ ʤʝʪʦʶ ʟʥʠʞʝʥʥʷ 

ʨʽʚʥʷ ʧʠʣʦʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʨʦʙʦʯʠʭ ʟʦʥ ʥʘ ʧʨʦʤʠʩʣʦʚʠʭ ʤʘʡʜʘʥʯʠʢʘʭ; ʜʣʷ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʮʠʭ ʝʢʨʘʥʽʚ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʠʣʫ ʚ ʨʦʙʦʯʠʭ ʟʦʥʘʭ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʬʦʨʤʫ ʰʪʘʙʝʣʷ ʚʫʛʽʣʣʷ, 

ʬʦʨʤʫ ʝʢʨʘʥʫ, ʤʝʪʝʦʫʤʦʚʠ; 

ï ʨʦʟʨʦʙʣʝʥʦ ʢʦʤʧʣʝʢʩʥʫ ʤʝʪʦʜʦʣʦʛʽʶ ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʟʚʦʣʦʞʝʥʥʷ ʧʦʚʝʨʭʥʽ ʰʪʘʙʝʣʷ ʚʫʛʽʣʣʷ ʪʘ ʧʦʜʘʚʘʥʥʷ ʚʦʜʠ ʚ ʧʠʣʦʚʫ ʭʤʘʨʫ ʙʽʣʷ 

ʰʪʘʙʝʣʷ, ʱʦ ʟʜʽʡʩʥʶʶʪʴʩʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚ ʧʨʘʮʽ ʥʘ 

ʧʨʦʤʠʩʣʦʚʠʭ ʤʘʡʜʘʥʯʠʢʘʭ; 

ï ʨʦʟʨʦʙʣʝʥʦ ʢʦʤʧʣʝʢʩʥʫ ʤʝʪʦʜʦʣʦʛʽʶ ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʷʥʦʾ ʟʘʚʽʩʠ, ʱʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʤʦʛ 

ʦʭʦʨʦʥʠ ʧʨʘʮʽ ʰʣʷʭʦʤ ʝʢʨʘʥʫʚʘʥʥʷ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʧʽʜ ʯʘʩ 
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ʧʦʞʝʞʽ; ʤʝʪʦʜʦʣʦʛʽʷ ʜʦʟʚʦʣʷʻ ʧʨʦʛʥʦʟʫʚʘʪʠ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ 

ʙʽʣʷ ʜʞʝʨʝʣʘ ʧʦʞʝʞʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʠʥʘʤʽʢʠ ʚʠʧʘʨʶʚʘʥʥʷ ʢʨʘʧʝʣʴ ʚʦʜʠ, 

ʤʽʩʮʷ ʩʪʚʦʨʝʥʥʷ ʟʘʚʽʩʠ, ʤʝʪʝʦʫʤʦʚ, ʥʘʷʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ ʙʽʣʷ ʤʽʩʮʷ ʧʦʞʝʞʽ; 

ï ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʫʚʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʱʦʜʦ 

ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʫʤʦʟʘʭʠʩʥʠʭ ʝʢʨʘʥʽʚ, ʷʢʽ 

ʚʩʪʘʥʦʚʣʶʶʪʴ ʙʽʣʷ ʟʘʣʽʟʥʠʯʥʦʾ ʢʦʣʽʾ; ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʚʨʘʭʦʚʫʚʘʪʠ ʩʢʣʘʜʥʫ 

ʛʝʦʤʝʪʨʠʯʥʫ ʬʦʨʤʫ ʝʢʨʘʥʽʚ, ʾʭʥʻ ʧʦʣʦʞʝʥʥʷ ʚʽʜʥʦʩʥʦ ʜʞʝʨʝʣʘ ʰʫʤʫ, ʨʝʣʴʻʬ 

ʤʽʩʮʝʚʦʩʪʽ; 

ï ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʘʨôʻʨʽʚ 

ʩʧʝʮʽʘʣʴʥʦʾ ʬʦʨʤʠ, ʷʢʽ ʨʦʟʪʘʰʦʚʫʶʪʴ ʙʽʣʷ ʘʚʪʦʤʘʛʽʩʪʨʘʣʝʡ ʟ ʤʝʪʦʶ ʟʥʠʞʝʥʥʷ 

ʨʽʚʥʷ ʭʽʤʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʨʦʙʦʯʠʭ ʟʦʥ; ʜʣʷ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʮʠʭ 

ʙʘʨôʻʨʽʚ ʩʪʚʦʨʝʥʦ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʦʟʨʦʙʣʝʥʠʭ 

ʯʠʩʝʣʴʥʠʭ ʤʦʜʝʣʝʡ ʪʘ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ ʢʦʥʮʝʥʪʨʘʮʽʶ ʟʘʙʨʫʜʥʶʶʯʠʭ 

ʨʝʯʦʚʠʥ ʫ ʨʦʙʦʯʠʭ ʟʦʥʘʭ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʬʦʨʤʠ ʙʘʨôʻʨʽʚ, ʨʝʣʴʻʬʫ, ʧʦʣʦʞʝʥʥʷ 

ʜʞʝʨʝʣʘ ʝʤʽʩʽʾ, ʭʽʤʽʯʥʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʜʦʤʽʰʦʢ, ʤʝʪʝʦʫʤʦʚ; 

ï ʨʦʟʨʦʙʣʝʥʦ ʙʘʛʘʪʦʬʘʢʪʦʨʥʫ ʯʠʩʝʣʴʥʫ ʤʦʜʝʣʴ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʨʠʟʠʢʫ 

ʭʽʤʽʯʥʦʛʦ ʘʙʦ ʪʝʨʤʽʯʥʦʛʦ ʫʨʘʞʝʥʥʷ ʚʦʜʦʣʘʟʽʚ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʨʝʤʦʥʪʥʠʭ 

ʨʦʙʽʪ ʥʘ ʧʦʰʢʦʜʞʝʥʠʭ ʧʽʜʚʦʜʥʠʭ ʪʨʫʙʦʧʨʦʚʦʜʘʭ; ʤʦʜʝʣʴ ʜʦʟʚʦʣʷʻ 

ʚʨʘʭʦʚʫʚʘʪʠ ʛʽʜʨʦʜʠʥʘʤʽʢʫ ʪʝʯʽʾ ʚʦʜʥʦʛʦ ʧʦʪʦʢʫ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʝʤʽʩʽʾ ʭʽʤʽʯʥʦ 

ʥʝʙʝʟʧʝʯʥʦʾ ʨʝʯʦʚʠʥʠ ʟ ʧʦʰʢʦʜʞʝʥʦʛʦ ʧʽʜʚʦʜʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʫ, 

ʛʝʦʤʝʪʨʠʯʥʫ ʬʦʨʤʫ ʧʽʜʚʦʜʥʦʾ ʪʨʘʥʰʝʾ, ʜʝ ʨʦʟʪʘʰʦʚʘʥʦ ʪʨʫʙʦʧʨʦʚʽʜ, 

ʪʝʤʧʝʨʘʪʫʨʫ ʚʦʜʠ ʙʽʣʷ ʧʦʰʢʦʜʞʝʥʦʛʦ ʧʽʜʚʦʜʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʫ; 

ʜʽʩʪʘʣʠ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ: 

ï ʽʥʞʝʥʝʨʥʠʡ ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʧʨʦʮʝʩʫ çʟʘʭʦʧʣʝʥʥʷè ʢʨʘʧʣʝʶ ʚʦʜʠ 

ʯʘʩʪʦʢ ʧʠʣʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʨʘʭʫʚʘʪʠ ʜʠʥʘʤʽʢʫ çʧʨʠʻʜʥʘʥʥʷè ʯʘʩʪʦʢ ʧʠʣʫ ʜʦ 

ʢʨʘʧʣʽ ʟʘʣʝʞʥʦ ʚʽʜ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʨʘʧʣʽ, ʢʦʥʮʝʥʪʨʘʮʽʾ ʯʘʩʪʦʢ ʧʠʣʫ ʪʘ 

ʢʨʘʧʝʣʴ, ʾʭ ʨʫʭʫ ʚ ʧʦʚʽʪʨʷʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʡ ʟʜʽʡʩʥʠʪʠ ʙʽʣʴʰ ʢʦʨʝʢʪʥʫ 

ʦʮʽʥʢʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʥʝʧʠʣʝʥʥʷ ʧʦʚʽʪʨʷ ʚ ʨʦʙʦʯʠʭ ʟʦʥʘʭ; 

ï ʤʝʪʦʜʦʣʦʛʽʯʥʽ ʟʘʩʘʜʠ ʪʝʭʥʦʣʦʛʽʾ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʧʠʣʦʚʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʨʦʙʦʯʠʭ ʟʦʥʘʭ ʟʘ ʨʘʭʫʥʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ ʙʦʨʪʽʚ ʪʘ 
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ʝʢʨʘʥʽʚ ʩʢʣʘʜʥʦʾ ʬʦʨʤʠ ʥʘ ʚʘʛʦʥʘʭ, ʱʦ ʪʨʘʥʩʧʦʨʪʫʶʪʴ ʚʫʛʽʣʣʷ; ʨʦʟʨʦʙʣʝʥʦ 

ʤʝʪʦʜ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʟʘʩʦʙʽʚ ʟʤʝʥʰʝʥʥʷ 

ʚʠʥʦʩʫ ʧʠʣʫ ʟ ʚʘʛʦʥʽʚ; 

ï ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʟʘʙʨʫʜʥʝʥʥʷ ʚ 

ʨʦʙʦʯʠʭ ʟʦʥʘʭ ʧʨʦʤʠʩʣʦʚʠʭ ʤʘʡʜʘʥʯʠʢʽʚ ʧʨʠ ʽʥʚʝʨʩʽʾ ʪʘ ʰʪʠʣʽ, ʱʦ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʦʧʝʨʘʪʠʚʥʦ ʚʠʟʥʘʯʠʪʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʨʦʟʤʽʨʫ ʜʞʝʨʝʣʘ ʝʤʽʩʽʾ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ, ʧʨʦʬʽʣʶ ʰʚʠʜʢʦʩʪʽ 

ʚʽʪʨʫ, ʥʘʧʨʷʤʫ ʚʽʪʨʫ; 

ï ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʧʠʣʦʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ 

ʚʩʝʨʝʜʠʥʽ ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ, ʱʦ ʨʫʭʘʻʪʴʩʷ ʪʝʨʠʪʦʨʽʻʶ ʊɽʉ; ʤʦʜʝʣʴ ʜʦʟʚʦʣʷʻ, 

ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ, ʰʚʠʜʢʦ ʟʜʽʡʩʥʠʪʠ ʨʦʟʨʘʭʫʥʦʢ ʨʽʚʥʷ ʧʠʣʦʚʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʘʝʨʦʜʠʥʘʤʽʢʠ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʥʘ 

ʨʦʙʦʯʠʭ ʤʽʩʮʷʭ ʫ ʘʚʪʦʪʨʘʥʩʧʦʨʪʽ; 

ï ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʩʤʦʢʪʫʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ (ʚʝʥʪʠʣʷʪʦʨʽʚ) ʜʣʷ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʟʘʙʨʫʜʥʝʥʥʷ 

ʧʦʚʽʪʨʷ ʙʽʣʷ ʘʚʪʦʪʨʘʩ; ʤʦʜʝʣʴ ʜʦʟʚʦʣʷʻ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ, ʰʚʠʜʢʦ 

ʚʨʘʭʦʚʫʚʘʪʠ ʨʽʟʥʝ ʧʦʣʦʞʝʥʥʷ ʚʩʤʦʢʪʫʚʘʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ, ʚʧʣʠʚ ʢʦʨʧʫʩʫ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ ʥʘ ʘʝʨʦʜʠʥʘʤʽʢʫ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʪʘ ʧʦʰʠʨʝʥʥʷ ʜʦʤʽʰʢʠ 

ʚ ʨʦʙʦʯʠʭ ʟʦʥʘʭ; 

ʫʜʦʩʢʦʥʘʣʝʥʦ: 

ï ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʜʣʷ ʝʢʩʧʨʝʩ-ʦʮʽʥʶʚʘʥʥʷ ʨʠʟʠʢʫ ʚʠʥʠʢʥʝʥʥʷ 

ʧʦʞʝʞʽ ʚ ʩʭʦʚʠʱʘʭ ʫʥʘʩʣʽʜʦʢ ʩʘʤʦʥʘʛʨʽʚʘʥʥʷ ʧʘʣʠʚʘ, ʱʦ ʤʘʻ ʨʦʩʣʠʥʥʝ 

ʧʦʭʦʜʞʝʥʥʷ; ʤʦʜʝʣʴ ʜʦʟʚʦʣʷʻ ʰʚʠʜʢʦ ʨʦʟʨʘʭʫʚʘʪʠ ʨʦʟʚʠʪʦʢ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ ʚ 

ʥʘʩʠʧʫ ʧʘʣʠʚʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʬʦʨʤʠ ʥʘʩʠʧʫ, ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʘʣʠʚʘ; 

ï ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʪʝʧʣʦʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ ʚ ʨʦʙʦʯʠʭ 

ʧʨʠʤʽʱʝʥʥʷʭ ʧʨʠ ʧʨʠʧʣʠʚʽ ʚ ʥʠʭ ʥʘʛʨʽʪʦʛʦ ʧʦʚʽʪʨʷ ʪʘ ʨʦʟʨʘʭʫʥʢʫ ʥʘʛʨʽʚʘʥʥʷ 

ʢʦʥʩʪʨʫʢʮʽʡ ʩʧʦʨʫʜ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʟ ʧʦʪʦʢʦʤ ʥʘʛʨʽʪʦʛʦ ʧʦʚʽʪʨʷ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʚʨʘʭʫʚʘʪʠ ʬʦʨʤʫ ʩʧʦʨʫʜ, ʤʝʪʝʦʫʤʦʚʠ, ʬʦʨʤʫ ʨʦʙʦʯʦʛʦ ʧʨʠʤʽʱʝʥʥʷ, 

ʪʝʧʣʦʬʽʟʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʤʘʪʝʨʽʘʣʽʚ ʢʦʥʩʪʨʫʢʮʽʾ. 
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ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʈʦʟʨʦʙʣʝʥʠʡ ʢʦʤʧʣʝʢʩ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʤʝʪʦʜʽʚ ʪʘ ʘʣʛʦʨʠʪʤʽʚ ʻ ʧʽʜʩʪʘʚʦʶ ʜʣʷ ʦʙˇʨʫʥʪʫʚʘʥʥʷ 

ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʪʝʭʥʽʯʥʠʭ ʟʘʭʦʜʽʚ, ʷʢʽ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʟʥʠʞʝʥʥʷ ʥʝʛʘʪʠʚʥʦʛʦ 

ʚʧʣʠʚʫ ʰʢʽʜʣʠʚʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ ʋʢʨʘʾʥʠ ʚ ʨʘʟʽ ʾʭ ʚʠʥʠʢʥʝʥʥʷ ʧʽʜ ʯʘʩ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʘʙʦ 

ʚʠʷʚʣʝʥʥʷ ʥʘ ʩʪʘʜʽʾ ʧʨʦʻʢʪʥʦ-ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʨʦʙʽʪ, ʱʦ ʩʧʨʷʤʦʚʘʥʽ ʥʘ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ ʟʥʠʞʝʥʥʷ ʥʝʛʘʪʠʚʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʧʨʘʮʽʚʥʠʢʽʚ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʦʪʨʠʤʘʥʽ ʚ ʨʦʙʦʪʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʪʘ ʤʝʪʦʜʠ ʟ 

ʧʨʦʛʨʘʤʥʦ-ʨʝʘʣʽʟʦʚʘʥʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ, ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʛʨʘʥʠʯʥʦ 

ʜʦʧʫʩʪʠʤʽ ʟʥʘʯʝʥʥʷ ʯʠʥʥʠʢʽʚ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʚʠʥʠʢʥʝʥʥʶ ʧʨʦʬʝʩʽʡʥʠʭ 

ʟʘʭʚʦʨʶʚʘʥʴ ʪʘ ʪʨʘʚʤʫʚʘʥʥʶ ʧʨʘʮʽʚʥʠʢʽʚ ʽ ʚʜʦʩʢʦʥʘʣʠʪʠ ʟʘʩʦʙʠ ʪʘ ʤʝʪʦʜʠ 

ʟʘʭʠʩʪʫ ʧʨʘʮʽʚʥʠʢʽʚ, ʘ ʩʘʤʝ: 

ï ʥʘ ʙʘʟʽ ʩʪʚʦʨʝʥʠʭ ʯʠʩʝʣʴʥʠʭ ʤʦʜʝʣʝʡ ʨʦʟʨʦʙʣʝʥʦ ʧʘʢʝʪʠ ʧʨʠʢʣʘʜʥʠʭ 

ʧʨʦʛʨʘʤ (ʢʦʜʠ), ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʤʝʪʦʜʦʤ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ 

ʚʠʟʥʘʯʘʪʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʦʙʣʘʩʪʝʡ ʭʽʤʽʯʥʦʛʦ, ʧʠʣʦʚʦʛʦ ʪʘ 

ʪʝʧʣʦʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʨʦʙʦʯʠʭ ʟʦʥʘʭ ʥʘ ʦʙôʻʢʪʘʭ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ. ɺʦʥʠ ʥʝ ʚʠʤʘʛʘʶʪʴ ʟʥʘʯʥʦʛʦ ʯʘʩʫ ʥʘ ʨʦʟʨʦʙʢʫ, ʫʩʪʘʥʦʚʢʫ, ʤʘʶʪʴ 

ʧʦʤʽʨʥʫ ʚʘʨʪʽʩʪʴ. ɼʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ 

ʭʽʤʽʯʥʦʛʦ ʪʘ ʧʠʣʦʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʨʦʙʦʯʠʭ ʟʦʥ ʥʝ ʧʦʪʨʽʙʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ 

ʩʧʝʮʽʘʣʴʥʝ ʦʙʣʘʜʥʘʥʥʷ; 

ï ʚʠʢʦʥʘʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʥʘ ʙʘʟʽ ʩʪʚʦʨʝʥʠʭ 

ʯʠʩʝʣʴʥʠʭ ʤʦʜʝʣʝʡ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʨʦʣʴ ʜʦʨʦʛʦʛʦ ʬʽʟʠʯʥʦʛʦ 

ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʨʠ ʨʦʟʚôʷʟʘʥʥʽ ʩʢʣʘʜʥʠʭ ʧʨʠʢʣʘʜʥʠʭ ʟʘʜʘʯ, ʱʦ ʧʦʚôʷʟʘʥʽ ʟ 

ʚʠʟʥʘʯʝʥʥʷʤ ʨʽʚʥʷ ʥʝʙʝʟʧʝʢʠ ʜʣʷ ʟʜʦʨʦʚôʷ ʧʨʘʮʽʚʥʠʢʽʚ ʧʨʠ ʜʽʾ ʧʨʦʤʠʩʣʦʚʠʭ 

ʜʞʝʨʝʣ ʭʽʤʽʯʥʦʛʦ, ʧʠʣʦʚʦʛʦ ʪʘ ʪʝʧʣʦʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ; 

ï ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʽʥʞʝʥʝʨʥʠʡ ʤʝʪʦʜ ʙʦʨʦʪʴʙʠ ʟ ʧʠʣʦʤ ʧʽʜ ʯʘʩ 

ʧʝʨʝʚʝʟʝʥʥʷ ʚʫʛʽʣʣʷ ʘʙʦ ʡʦʛʦ ʟʙʝʨʽʛʘʥʥʷ ʚ ʰʪʘʙʝʣʷʭ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ 

ʟʤʝʥʰʠʪʠ ʨʽʚʝʥʴ ʟʘʙʨʫʜʥʝʥʥʷ ʨʦʙʦʯʠʭ ʟʦʥ; 

ï ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʽʥʞʝʥʝʨʥʠʡ ʤʝʪʦʜ ʙʦʨʦʪʴʙʠ ʽʟ ʟʘʙʨʫʜʥʝʥʥʷʤ ʧʦʚʽʪʨʷ 

ʨʦʙʦʯʠʭ ʟʦʥ ʙʽʣʷ ʘʚʪʦʪʨʘʩ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʟʤʝʥʰʠʪʠ ʨʽʚʝʥʴ ʭʽʤʽʯʥʦʛʦ 
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ʟʘʙʨʫʜʥʝʥʥʷ ʨʦʙʦʯʠʭ ʟʦʥ; 

ï ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʜʠʥʘʤʽʯʥʘ ʯʠʩʝʣʴʥʘ ʤʦʜʝʣʴ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʦʜʷʥʦʾ ʟʘʚʽʩʠ ʜʦʟʚʦʣʷʻ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʚʠʟʥʘʯʠʪʠ 

ʟʥʠʞʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʫ ʚʠʧʘʜʢʫ ʧʦʞʝʞʽ 

ʪʘ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʦʾ ʩʠʩʪʝʤʠ 

ʟʘʭʠʩʪʫ ʧʦʞʝʞʥʠʢʽʚ; 

ï ʨʦʟʨʦʙʣʝʥʽ ʯʠʩʝʣʴʥʽ ʤʦʜʝʣʽ ʪʘ ʩʪʚʦʨʝʥʝ ʥʘ ʾʭ ʙʘʟʽ ʧʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʧʨʦʚʘʜʞʝʥʽ ʚ ɻʦʣʦʚʥʦʤʫ ʫʧʨʘʚʣʽʥʥʽ ɼʝʨʞʘʚʥʦʾ ʩʣʫʞʙʠ 

ʋʢʨʘʾʥʠ ʟ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ ʚ ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʽʡ ʦʙʣʘʩʪʽ (ɼʉʅʉ 

ʋʢʨʘʾʥʠ) ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʨʽʚʥʷ ʥʝʙʝʟʧʝʢʠ ʚ ʨʦʙʦʯʠʭ ʟʦʥʘʭ, ʘ ʪʘʢʦʞ ʚ 

ʦʩʚʽʪʥʴʦʤʫ ʧʨʦʮʝʩʽ ɼʝʨʞʘʚʥʦʛʦ ʚʠʱʦʛʦ ʥʘʚʯʘʣʴʥʦʛʦ ʟʘʢʣʘʜʫ 

çʇʨʠʜʥʽʧʨʦʚʩʴʢʘ ʜʝʨʞʘʚʥʘ ʘʢʘʜʝʤʽʷ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʘʨʭʽʪʝʢʪʫʨʠè. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ ʚ ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ, ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʫ 

ʩʧʽʚʘʚʪʦʨʩʪʚʽ, ʧʦʣʷʛʘʻ ʚ: 

ï ʘʥʘʣʽʟʽ ʩʪʘʥʫ ʧʨʦʙʣʝʤʠ [27, 38]; 

ï ʨʦʟʨʦʙʣʝʥʥʽ ʯʠʩʝʣʴʥʠʭ ʤʦʜʝʣʝʡ ʘʝʨʦʜʠʥʘʤʽʢʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʦʣʷ 

ʰʚʠʜʢʦʩʪʽ ʧʦʚʽʪʨʷ ʚ ʨʦʙʦʯʠʭ ʟʦʥʘʭ, ʱʦ ʤʘʶʪʴ ʩʢʣʘʜʥʫ ʛʝʦʤʝʪʨʠʯʥʫ ʬʦʨʤʫ; 

ʨʦʟʨʦʙʣʝʥʥʽ ʢʦʤʧôʶʪʝʨʥʠʭ ʢʦʜʽʚ; ʧʨʦʚʝʜʝʥʥʽ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ 

ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʣʷ ʰʚʠʜʢʦʩʪʽ ʚ ʨʦʙʦʯʠʭ ʟʦʥʘʭ [12, 24, 25, 27, 37, 133, 134]; 

ï ʘʥʘʣʽʟʽ ʩʪʘʥʫ ʧʨʦʙʣʝʤʠ; ʨʦʟʨʦʙʣʝʥʥʽ ʯʠʩʝʣʴʥʦʾ ʤʦʜʝʣʽ ʜʣʷ 

ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʘʝʨʦʜʠʥʘʤʽʢʠ ʥʘ ʙʘʟʽ ʥʝʷʚʥʦʾ ʩʭʝʤʠ ʨʦʟʱʝʧʣʝʥʥʷ; 

ʨʦʟʨʦʙʣʝʥʥʽ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʢʦʜʫ; ʧʨʦʚʝʜʝʥʥʽ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ 

ʝʢʩʧʝʨʠʤʝʥʪʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʣʷ ʰʚʠʜʢʦʩʪʽ ʚ ʨʦʙʦʯʠʭ ʟʦʥʘʭ [128]; 

ï ʧʨʦʛʨʘʤʫʚʘʥʥʽ ʨʦʟʨʦʙʣʝʥʠʭ ʯʠʩʝʣʴʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ 

ʟʘʜʘʯ ʘʝʨʦʜʠʥʘʤʽʢʠ; ʧʨʦʚʝʜʝʥʥʽ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ [124]; 

ï ʘʥʘʣʽʟʽ ʩʪʘʥʫ ʧʨʦʙʣʝʤʠ; ʨʦʟʨʦʙʣʝʥʥʽ ʯʠʩʝʣʴʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ 

ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʤʘʩʦʧʝʨʝʥʦʩʫ; ʨʦʟʨʦʙʣʝʥʥʽ ʢʦʤʧôʶʪʝʨʥʠʭ ʢʦʜʽʚ; 

ʧʨʦʚʝʜʝʥʥʽ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʪʘ ʬʽʟʠʯʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ; ʘʥʘʣʽʟʽ ʪʘ 

ʦʙʨʦʙʣʝʥʥʽ ʜʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ [10, 13, 17, 18, 29, 38ï41, 43, 47, 127, 129, 130ï

132]; 
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ï ʨʦʟʨʦʙʣʝʥʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʩʧʝʮʽʘʣʴʥʠʭ ʜʦʜʘʪʢʦʚʠʭ ʙʦʨʪʽʚ; ʧʨʦʚʝʜʝʥʥʽ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʧʦ ʤʦʜʝʣʶʚʘʥʥʶ ʧʠʣʦʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʨʦʙʦʯʠʭ ʟʦʥ; ʘʥʘʣʽʟʽ 

ʪʘ ʦʙʨʦʙʣʝʥʥʽ ʜʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ; ʨʦʟʨʦʙʣʝʥʥʽ ʯʠʩʝʣʴʥʠʭ 

ʤʦʜʝʣʝʡ ʤʘʩʦʧʝʨʝʥʦʩʫ ʧʨʠ ʝʤʽʩʽʾ ʧʠʣʫ; ʩʪʚʦʨʝʥʥʽ ʢʦʤʧôʶʪʝʨʥʠʭ ʢʦʜʽʚ; 

ʧʨʦʚʝʜʝʥʥʽ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ; ʦʙʨʦʙʣʝʥʥʽ ʜʘʥʠʭ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ [38, 122, 123, 125]; 

ï ʨʦʟʨʦʙʣʝʥʥʽ ʢʦʥʮʝʧʮʽʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʭʠʩʥʠʭ ʙʘʨôʻʨʽʚ, ʝʢʨʘʥʽʚ 

ʩʢʣʘʜʥʦʾ ʬʦʨʤʠ ʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʨʽʚʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʨʦʙʦʯʠʭ ʟʦʥ; ʧʨʦʚʝʜʝʥʥʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ; ʨʦʟʨʦʙʣʝʥʥʽ ʯʠʩʝʣʴʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʘʥʘʣʽʟʫ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʘʨôʻʨʽʚ, ʝʢʨʘʥʽʚ; ʦʙʨʦʙʣʝʥʥʽ ʨʝʟʫʣʴʪʘʪʽʚ 

ʜʦʩʣʽʜʞʝʥʴ [35, 38, 43, 47, 48]; 

ï ʨʦʟʨʦʙʣʝʥʥʽ ʯʠʩʝʣʴʥʦʾ ʤʦʜʝʣʽ ʜʣʷ ʘʥʘʣʽʟʫ ʰʫʤʦʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ 

ʨʦʙʦʯʠʭ ʟʦʥ; ʩʪʚʦʨʝʥʥʽ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʢʦʜʫ; ʧʨʦʚʝʜʝʥʥʽ ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʙʘʟʽ 

ʨʦʟʨʦʙʣʝʥʦʾ ʤʦʜʝʣʽ; ʘʥʘʣʽʟʽ ʪʘ ʦʙʨʦʙʣʝʥʥʽ ʜʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ [38, 48]; 

ï ʨʦʟʨʦʙʣʝʥʥʽ ʯʠʩʝʣʴʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ 

ʪʝʧʣʦʧʝʨʝʥʦʩʫ; ʤʦʜʝʣʶʚʘʥʥʽ ʨʦʙʦʪʠ ʚʦʜʷʥʦʾ ʟʘʚʽʩʠ; ʤʦʜʝʣʶʚʘʥʥʽ ʨʠʟʠʢʫ 

ʪʝʨʤʽʯʥʦʛʦ ʫʨʘʞʝʥʥʷ ʧʨʘʮʽʚʥʠʢʽʚ, ʨʠʟʠʢʫ ʟʘʡʤʘʥʥʷ ʚ ʩʭʦʚʠʱʘʭ; ʨʦʟʨʦʙʣʝʥʥʽ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʢʦʜʽʚ; ʧʨʦʚʝʜʝʥʥʽ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ; ʘʥʘʣʽʟʽ ʪʘ 

ʦʙʨʦʙʣʝʥʥʽ ʜʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ [19ï23, 26, 32ï36, 38, 41, 42]; 

ï ʘʥʘʣʽʟʽ ʩʪʘʥʫ ʧʨʦʙʣʝʤʠ; ʨʦʟʨʦʙʣʝʥʥʽ ʯʠʩʝʣʴʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ 

ʦʮʽʥʶʚʘʥʥʷ ʨʠʟʠʢʫ ʫʨʘʞʝʥʥʷ ʚʦʜʦʣʘʟʘ; ʨʦʟʨʦʙʣʝʥʥʽ ʢʦʤʧôʶʪʝʨʥʠʭ ʢʦʜʽʚ; 

ʧʨʦʚʝʜʝʥʥʽ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ; ʘʥʘʣʽʟʽ ʪʘ ʦʙʨʦʙʣʝʥʥʽ ʜʘʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ [30, 31, 35, 38, 43, 46]. 

ɸʧʨʦʙʘʮʽʷ ʤʘʪʝʨʽʘʣʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ 

ʜʦʧʦʚʽʜʘʣʠʩʴ ʽ ʦʜʝʨʞʘʣʠ ʧʦʟʠʪʠʚʥʽ ʦʮʽʥʢʠ ʥʘ ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ ʽ 

ʩʝʤʽʥʘʨʘʭ: VII ɺʩʝʫʢʨʘʾʥʩʴʢʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʟ 

ʤʽʞʥʘʨʦʜʥʦʶ ʫʯʘʩʪʶ çʅʘʜʟʚʠʯʘʡʥʽ ʩʠʪʫʘʮʽʾ: ʙʝʟʧʝʢʘ ʪʘ ʟʘʭʠʩʪè (ʤ. ʏʝʨʢʘʩʠ, 

2017 ʨ.); IV ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʂʦʤʧôʶʪʝʨʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʷ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤè (ʤ. ɼʥʽʧʨʦ, 2018 ʨ.); V 

ɺʩʝʫʢʨʘʾʥʩʴʢʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʇʨʦʙʣʝʤʠ ʮʠʚʽʣʴʥʦʛʦ 
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ʟʘʭʠʩʪʫ ʥʘʩʝʣʝʥʥʷ ʪʘ ʙʝʟʧʝʢʠ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ: ʩʫʯʘʩʥʽ ʨʝʘʣʽʾ ʋʢʨʘʾʥʠè 

(ʤ. ʂʠʾʚ, 2019 ʨ.); ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çEnergy-

Optimal Technologies, Logistic and Safety on Transportè (ʤ. ʃʴʚʽʚ, 2019 ʨ.); VI 

ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʂʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ 

ʦʧʪʠʤʽʟʘʮʽʷ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤè (ʤ. ɼʥʽʧʨʦ, 2020 ʨ.); VIII ʄʽʞʥʘʨʦʜʥʽʡ 

ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çɹʝʟʧʝʢʘ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʚ XXI ʩʪʦʣʽʪʪʽè 

(ʤ. ɼʥʽʧʨʦ, 2020 ʨ.); 2nd International Conference çMining Science and Practiceè 

(ʤ. ɼʥʽʧʨʦ, 2020 ʨ.); IX ɺʩʝʫʢʨʘʾʥʩʴʢʦʤʫ ʥʘʫʢʦʚʦʤʫ ʩʝʤʽʥʘʨʽ çʄʝʪʦʜʠ 

ʧʽʜʚʠʱʝʥʥʷ ʨʝʩʫʨʩʫ ʤʽʩʴʢʠʭ ʽʥʞʝʥʝʨʥʠʭ ʽʥʬʨʘʩʪʨʫʢʪʫʨè (ʤ. ʍʘʨʢʽʚ, 2020 ʨ.); 

ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʉʫʯʘʩʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʘ 

ʢʦʤʫʥʽʢʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʥʘ ʪʨʘʥʩʧʦʨʪʽ, ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʦʩʚʽʪʠè (ʤ. ɼʥʽʧʨʦ, 

2020 ʨ.); ʥʘʫʢʦʚʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çPriority Directions of Science and Technology 

Developmentè (ʤ. ʂʠʾʚ, 2020 ʨ.); 9 ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ 

ʢʦʥʬʝʨʝʥʮʽʾ çʇʝʨʩʧʝʢʪʠʚʠ ʚʟʘʻʤʦʜʽʾ ʟʘʣʽʟʥʠʮʴ ʪʘ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚè 

(ʤ. ɼʥʽʧʨʦ, 2020 ʨ.); XII ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çTransport 

Problems 2020è (ʇʦʣʴʱʘ, 2020 ʨ.); IV ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ 

ʢʦʥʬʝʨʝʥʮʽʾ çɽʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ ʷʢ ʦʩʥʦʚʘ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʩʫʩʧʽʣʴʩʪʚʘ. 

ɭʚʨʦʧʝʡʩʴʢʠʡ ʜʦʩʚʽʜ ʽ ʧʝʨʩʧʝʢʪʠʚʠè (ʤ. ʃʴʚʽʚ, 2021 ʨ.); ʄʽʞʥʘʨʦʜʥʽʡ 

ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çɯʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚ ʤʝʪʘʣʫʨʛʽʾ ʪʘ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽè (ʤ. ɼʥʽʧʨʦ, 2021 ʨ.); III ɺʩʝʫʢʨʘʾʥʩʴʢʽʡ ʢʦʥʬʝʨʝʥʮʽʾ 

çʊʝʦʨʝʪʠʢʦ-ʧʨʘʢʪʠʯʥʽ ʧʨʦʙʣʝʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʽ 

ʢʦʤʧôʶʪʝʨʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ ʦʩʚʽʪʽ ʪʘ ʥʘʫʮʽè (ʤ ʂʠʾʚ, 2021 ʨ.); III 

ʄʽʞʥʘʨʦʜʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çEssays of mining science and practiceè (ʤ. ɼʥʽʧʨʦ, 

2021 ʨ.); 25 ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çTransport means 2021è 

(Kaunas, Litva, 2021 ʨ.); X International scienific and practical conference 

çTrends and prospects development of science and practice in modern 

environmentè (Geneva, Switzerland, 2021 ʨ.); III International scientific and 

practical conference çModern challenges to science and practiceè (Varna, 

Bulgaria, 2022 ʨ.); IV International science conference çActual problems of 

practice and science and methods of its solutionè (Milan, Italy, 2022 ʨ.). 
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ʇʫʙʣʽʢʘʮʽʾ. ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ, ʨʝʟʫʣʴʪʘʪʠ ʪʘ ʚʠʩʥʦʚʢʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ 

ʨʦʙʦʪʠ ʚʽʜʦʙʨʘʞʝʥʦ ʚ 47 ʥʘʫʢʦʚʠʭ ʧʫʙʣʽʢʘʮʽʷʭ, ʘ ʩʘʤʝ: 47 ʧʫʙʣʽʢʘʮʽʷʭ, ʘ 

ʩʘʤʝ: 15 ʩʪʘʪʪʷʭ ʫ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ ʋʢʨʘʾʥʠ (ʟ ʥʠʭ 1 ï ʫ ʚʠʜʘʥʥʽ, 

ʚʢʣʶʯʝʥʦʤʫ ʜʦ ʤʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʤʝʪʨʠʯʥʦʾ ʙʘʟʠ Scopus), 4 ʩʪʘʪʪʷʭ ʫ 

ʟʘʨʫʙʽʞʥʠʭ ʥʘʫʢʦʚʠʭ ʧʝʨʽʦʜʠʯʥʠʭ ʚʠʜʘʥʥʷʭ, ʚʢʣʶʯʝʥʠʭ ʜʦ ʤʽʞʥʘʨʦʜʥʠʭ 

ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟ Scopus ʪʘ Web of Science; 2 ʤʦʥʦʛʨʘʬʽʷʭ; 20 ʪʝʟʘʭ 

ʜʦʧʦʚʽʜʝʡ; 6 ʧʨʘʮʷʭ, ʷʢʽ ʜʦʜʘʪʢʦʚʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ 

ʜʠʩʝʨʪʘʮʽʾ. 

ʉʪʨʫʢʪʫʨʘ ʪʘ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ 

ʚʩʪʫʧʫ, ʰʝʩʪʠ ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʽ 2 ʜʦʜʘʪʢʽʚ. 

ʇʦʚʥʠʡ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ï 397 ʩʪʦʨʽʥʦʢ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʦʙʩʷʛ 

ʦʩʥʦʚʥʦʛʦ ʪʝʢʩʪʫ ï 329 ʩʪʦʨʽʥʦʢ (13,7 ʘʚʪʦʨʩʴʢʠʭ ʘʨʢʫʰʽʚ). ɼʠʩʝʨʪʘʮʽʷ 

ʤʽʩʪʠʪʴ 34 ʪʘʙʣʠʮ,̔ 202 ʨʠʩʫʥʢʠ. ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʚʢʣʶʯʘʻ 197 

ʥʘʡʤʝʥʫʚʘʥʴ ʥʘ 23 ʩʪʦʨʽʥʢʘʭ. ɼʦʜʘʪʢʠ ʚʠʢʣʘʜʝʥʦ ʥʘ 10 ʩʪʦʨʽʥʢʘʭ. 
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ʈʆɿɼɯʃ 1 

ɸʅɸʃɯɿ ʉʊɸʅʋ ʇʈʆɹʃɽʄʀ 

 

 

ʋ ʨʦʟʜʽʣʽ ʚʠʢʦʥʘʥʦ ʢʨʠʪʠʯʥʠʡ ʦʛʣʷʜ ʥʘʫʢʦʚʠʭ ʜʞʝʨʝʣ, ʱʦ ʧʨʠʩʚʷʯʝʥʽ 

ʧʨʦʙʣʝʤʽ ʚʠʟʥʘʯʝʥʥʷ ʰʢʽʜʣʠʚʠʭ ʬʘʢʪʦʨʽʚ ʪʘ ʤʝʪʦʜʽʚ ʾʭ ʦʮʽʥʶʚʘʥʥʷ ʧʨʠ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʽ ʦʙôʻʢʪʽʚ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ. 

 

1.1 ʇʨʘʚʦʚʽ ʘʩʧʝʢʪʠ ʦʭʦʨʦʥʠ ʧʨʘʮʽ ʚ ʜʝʨʞʘʚʽ 

 

ʇʠʪʘʥʥʷʤ ʦʭʦʨʦʥʠ ʧʨʘʮʽ ʚ ʋʢʨʘʾʥʽ ʟʘʚʞʜʠ ʧʨʠʜʽʣʷʣʘʩʷ ʟʥʘʯʥʘ ʫʚʘʛʘ [1, 

6, 9, 51, 52, 56, 58, 64, 67, 68, 70, 72, 73, 75, 81, 91ï93, 96, 104, 105, 110, 137, 

184]. ɹʝʟʧʝʢʘ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ ʤʘʻ ʛʘʨʘʥʪʽʾ ʚ ʂʦʥʩʪʠʪʫʮʽʾ. ɼʣʷ 

ʨʝʘʣʽʟʘʮʽʾ ʮʴʦʛʦ ʢʦʥʩʪʠʪʫʮʽʡʥʦʛʦ ʧʨʘʚʘ ʚ ʋʢʨʘʾʥʽ ʨʦʟʨʦʙʣʝʥʘ ʪʘ ʚʧʨʦʚʘʜʞʝʥʘ 

ʚʝʣʠʢʘ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʘ ʙʘʟʘ, ʱʦ ʻ ʦʩʥʦʚʦʶ ʜʣʷ ʧʨʘʚʦʚʦʛʦ ʪʘ 

ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʭʦʨʦʥʠ ʧʨʘʮʽ. ʅʘʩʘʤʧʝʨʝʜ ʧʦʪʨʽʙʥʦ ʥʘʟʚʘʪʠ 

ɿʘʢʦʥ ʋʢʨʘʾʥʠ çʇʨʦ ʦʭʦʨʦʥʫ ʧʨʘʮʽè, ʂʦʜʝʢʩ ʟʘʢʦʥʽʚ ʋʢʨʘʾʥʠ ʧʨʦ ʧʨʘʮʶ. ʋ 

ʢʨʘʾʥʽ ʨʦʟʨʦʙʣʝʥʦ ʢʦʤʧʣʝʢʩ ʚʘʞʣʠʚʠʭ ʜʦʢʫʤʝʥʪʽʚ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʧʨʦʙʣʝʤʠ 

ʦʭʦʨʦʥʠ ʧʨʘʮʽ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ, ʟʦʢʨʝʤʘ ʧʽʜ ʯʘʩ ʬʫʥʢʮʽʦʥʫʚʘʥʥ ̫ʦʙôʻʢʪʽʚ 

ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ: 

1. ʈʦʟʧʦʨʷʜʞʝʥʥʷ ʂʄʋ ʚʽʜ 24.07.2013   ̄1071 çʇʨʦ ʩʭʚʘʣʝʥʥʷ 

ɽʥʝʨʛʝʪʠʯʥʦʾ ʩʪʨʘʪʝʛʽʾ ʋʢʨʘʾʥʠ ʥʘ ʧʝʨʽʦʜ ʜʦ 2030 ʨ.è. 

2. ɼʉʊʋ 18001:2015, ʱʦ ʨʝʛʣʘʤʝʥʪʫʻ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʽʥʥʷ ʛʽʛʽʻʥʦʶ ʪʘ 

ʙʝʟʧʝʢʦʶ ʧʨʘʮʽ. 

3. ɼɹʅ ɸ.3.2-2-2009 ʩʪʦʩʦʚʥʦ ʩʠʩʪʝʤʠ ʩʪʘʥʜʘʨʪʽʚ ʙʝʟʧʝʢʠ ʧʨʘʮʽ. 

4. ʈʦʟʧʦʨʷʜʞʝʥʥʷ ʂʘʙʽʥʝʪʫ ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ ʚʽʜ 12 ʛʨʫʜʥʷ 2018 ʨ. 

 ̄989-ʨ, ʜʝ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʂʦʥʮʝʧʮʽʷ, ʱʦ çʚʠʟʥʘʯʘʻ ʦʩʥʦʚʥʽ ʥʘʧʨʷʤʠ ʪʘ 

ʟʘʚʜʘʥʥʷ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʠ ʦʨʛʘʥʽʟʘʮʽʾ ʙʝʟʧʝʢʠ ʪʘ ʛʽʛʽʻʥʠ ʧʨʘʮʽ ʚ ʋʢʨʘʾʥʽ ʥʘ 

ʦʩʥʦʚʽ ʨʠʟʠʢʦʦʨʽʻʥʪʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʩʪʘʥʜʘʨʪʽʚ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʉʦʶʟʫè. 
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6. ʅɸʇɹ ɸ.01.001-2014 (ʽʟ ʟʤʽʥʘʤʠ) ʇʨʘʚʠʣʘ ʧʦʞʝʞʥʦʾ ʙʝʟʧʝʢʠ ʚ 

ʋʢʨʘʾʥʽ. 

7. ɼʉʊʋ 3273-95 ɹʝʟʧʝʯʥʽʩʪʴ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ. ɿʘʛʘʣʴʥʽ 

ʧʦʣʦʞʝʥʥʷ ʪʘ ʚʠʤʦʛʠ. 

8. ʅʇɸʆʇ 40.3-1.16-93 ʇʨʘʚʠʣʘ ʚʠʙʫʭʦʧʦʞʝʞʦʙʝʟʧʝʢʠ ʧʘʣʠʚʦʧʦʜʘʯ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ. 

ʅʘ ʧʨʘʢʪʠʮʽ ʜʣʷ ʧʦʣʦʞʝʥʴ, ʩʬʦʨʤʫʣʴʦʚʘʥʠʭ ʫ ʧʨʘʚʦʚʠʭ ʜʦʢʫʤʝʥʪʘʭ, 

ʪʘʢʦʞ ʧʦʪʨʽʙʥʦ ʤʘʪʠ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ, ʷʢʠʡ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʥʘ ʝʪʘʧʽ 

ʧʨʦ̒ʢʪʫʚʘʥʥʷ, ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʧʨʦʤʠʩʣʦʚʠʭ ʦʙôʻʢʪʽʚ, ʱʦ ʥʘʣʝʞʘʪʴ ʜʦ ʧʘʣʠʚʥʦ-

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ, ʟʘʟʜʘʣʝʛʽʜʴ ʚʠʟʥʘʯʘʪʠ ʰʢʽʜʣʠʚʽ ʬʘʢʪʦʨʠ, ʾʭʥʽʡ 

ʨʽʚʝʥʴ ʪʘ ʤʦʞʣʠʚʠʡ ʨʠʟʠʢ ʟʜʦʨʦʚôʶ ʥʘ ʨʽʟʥʠʭ ʨʦʙʦʯʠʭ ʤʽʩʮʷʭ.  ɺʘʞʣʠʚʝ 

ʟʥʘʯʝʥʥʷ ʤʘʻ ʩʪʚʦʨʝʥʥʷ ʪʝʦʨʝʪʠʯʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ ʟ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʟʘʩʦʙʽʚ, ʱʦ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʤʽʥʽʤʽʟʘʮʽʶ ʜʽʾ ʰʢʽʜʣʠʚʠʭ ʬʘʢʪʦʨʽʚ ʫ ʨʦʙʦʯʠʭ 

ʟʦʥʘʭ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʮʴʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ ʟôʷʚʣʷʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ 

çʧʝʨʝʜʙʘʯʘʪʠè ʨʠʟʠʢ ʫʨʘʞʝʥʥʷ ʧʨʘʮʽʚʥʠʢʽʚ, ʧʦʷʚʫ ʥʝʙʝʟʧʝʯʥʠʭ ʬʘʢʪʦʨʽʚ ʫ 

ʨʦʙʦʯʠʭ ʟʦʥʘʭ ʪʘ ʨʦʟʨʦʙʠʪʠ ʚʞʝ ʥʘ ʝʪʘʧʽ ʧʨʦʻʢʪʫʚʘʥʥʷ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʽ 

ʟʘʩʦʙʠ ʟʘʭʠʩʪʫ ʣʶʜʠʥʠ ʚʽʜ ʫʨʘʞʝʥʥʷ. ʊʘʢʦʞ ʥʝʦʙʭʽʜʥʦ ʥʘʛʦʣʦʩʠʪʠ, ʱʦ ʚ 

ʽʩʥʫʶʯʡ̔ ʥʦʨʤʘʪʠʚʥʽʡ ʙʘʟʽ ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʽ ʤʝʪʦʜʠ ʦʮʽʥʶʚʘʥʥʷ ʨʠʟʠʢʫ 

ʫʨʘʞʝʥʥʷ ʧʨʘʮʽʚʥʠʢʽʚ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʥʘ ʚʽʜʢʨʠʪʽʡ ʤʽʩʮʝʚʦʩʪʽ ï ʥʘ 

ʧʨʦʤʠʩʣʦʚʠʭ ʤʘʡʜʘʥʯʠʢʘʭ ʟʘ ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʤʝʪʝʦʫʤʦʚ. ʊʦʤʫ ʚʘʞʣʠʚʦʶ 

ʥʘʫʢʦʚʦʶ ʧʨʦʙʣʝʤʦʶ ʻ ʩʪʚʦʨʝʥʥʷ ʪʝʦʨʝʪʠʯʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʦ ʚʠʟʥʘʯʘʪʠ ʷʢʽʩʪʴ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ 

ʨʦʙʦʯʠʭ ʟʦʥʘʭ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʦʙôʻʢʪʽʚ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ. 

 

 

1.2 ɸʥʘʣʽʟ ʰʢʽʜʣʠʚʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʥʘʷʚʥʽ ʧʨʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʽ 

ʦʙôʻʢʪʽʚ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ 

 

ɺʽʜʦʤʦ, ʱʦ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʠʡ ʢʦʤʧʣʝʢʩ ï ʮʝ ʩʫʢʫʧʥʽʩʪʴ ʨʽʟʥʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ, ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ  ʜʣʷ 

http://text.normativ.ua/doc8512.php
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ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʨʘʾʥʠ ʧʘʣʠʚʦʤ ʪʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʻʶ. ɼʦ ʩʢʣʘʜʫ ʮʴʦʛʦ ʢʦʤʧʣʝʢʩʫ 

ʚʭʦʜʷʪʴ ʦʙôʻʢʪʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʜʦʙʫʪʦʢ, ʧʝʨʝʨʦʙʢʫ, ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ, 

ʟʙʝʨʽʛʘʥʥʷ ʨʽʟʥʠʭ ʨʝʩʫʨʩʽʚ: ʥʘʬʪʦʚʠʭ, ʚʫʛʽʣʴʥʠʭ, ʪʦʨʬʦʚʠʭ ʪʘ ʽʥʰʠʭ. 

ʋ ʭʦʜʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥ ̫ʦʙôʻʢʪʽʚ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʥʘ 

ʨʽʟʥʠʭ ʜʽʣʷʥʢʘʭ ʧʽʜʧʨʠʻʤʩʪʚʘ ʪʘ ʧʨʠ ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʘʭ 

ʚʠʥʠʢʘʶʪʴ ʰʢʽʜʣʠʚʽ ʬʘʢʪʦʨʠ. ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʽ ʰʢʽʜʣʠʚʽ ʬʘʢʪʦʨʠ, ʷʢʽ 

ʚʠʥʠʢʘʶʪʴ ʥʘ ʪʝʨʠʪʦʨʽʾ ʪʝʧʣʦʚʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ (ʊɽʉ), ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 1.1. 

 

 

 

ʈʠʩʫʥʦʢ 1.1 ï ʐʢʽʜʣʠʚʽ ʬʘʢʪʦʨʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʥʘ ʨʽʟʥʠʭ ʦʙôʻʢʪʘʭ 

ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ 

 

ʐʣʷʭʦʤ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ ʽʩʥʫʶʯʠʭ ʜʞʝʨʝʣ ʽʥʬʦʨʤʘʮʽʾ ʚʩʪʘʥʦʚʣʝʥʽ 

ʪʘʢ̔ ʰʢʽʜʣʠʚʽ ʬʘʢʪʦʨʠ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʧʘʣʠʚʥʦ-

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ (ʥʘ ʧʨʠʢʣʘʜʽ ʇʨʠʜʥʽʧʨʦʚʩʴʢʦʾ ʊɽʉ): 

1. ʇʠʣʦʚʝ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ ʨʦʙʦʯʠʭ ʟʦʥ ʥʘ ʪʝʨʠʪʦʨʽʾ ʧʽʜʧʨʠʻʤʩʪʚʘ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥ ̫ ʚʫʛʽʣʣʷ ʟʘʣʽʟʥʠʯʥʠʤ ʪʨʘʥʩʧʦʨʪʦʤ (ʥʝʛʘʪʠʚʥʠʡ 

ʚʧʣʠʚ ʥʘ ʧʨʘʮʽʚʥʠʢʽʚ: ʨʠʟʠʢ ʚʠʥʠʢʥʝʥʥʷ ʭʚʦʨʦʙ ʦʨʛʘʥʽʚ ʜʠʭʘʥʥʷ, ʭʨʦʥʽʯʥʠʭ 

ʭʚʦʨʦʙ ʥʦʩʦʛʣʦʪʢʠ, ʘʣʝʨʛʽʯʥʠʭ ʨʝʘʢʮʽʡ, ʟʘʧʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʨʦʟʜʨʘʪʫʚʘʥʥʷ 

ʩʣʠʟʦʚʦʾ ʦʙʦʣʦʥʢʠ ʦʯʝʡ, ʩʢʦʨʦʯʝʥʥʷ ʞʠʪʪʷ); 
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2. ʐʫʤʦʚʝ ʟʘʙʨʫʜʥʝʥʥʷ ʨʦʙʦʯʠʭ ʟʦʥ ʚʽʜ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʘʙʦ 

ʚʽʜ ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ ʥʘ ʪʝʨʠʪʦʨʽʾ ʦʙôʻʢʪʽʚ (ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʧʨʘʮʽʚʥʠʢʽʚ: 

ʨʠʟʠʢ ʚʠʥʠʢʥʝʥʥʷ ʭʚʦʨʦʙ ʦʨʛʘʥʽʚ ʩʣʫʭʫ, ʨʫʡʥʫʚʘʥʥʷ ʥʝʨʚʦʚʦʾ ʩʠʩʪʝʤʠ, 

ʛʦʣʦʚʥʽ ʙʦʣʽ, ʧʦʨʫʰʝʥʥʷ ʩʥʫ); 

3. ʍʽʤʽʯʥʝ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ ʨʦʙʦʯʠʭ ʟʦʥ ʫ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʠʜʫ 

ʧʨʦʜʫʢʪʽʚ ʛʦʨʽʥʥʷ ʚʽʜ ʤʘʥʝʚʨʦʚʠʭ ʪʝʧʣʦʚʦʟʽʚ, ʚʘʥʪʘʞʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ, ʱʦ 

ʧʨʘʮʶʶʪʴ ʥʘ ʦʙôʻʢʪʽ, ʦʨʛʘʥʽʟʦʚʘʥʽ ʚʠʢʠʜʠ ʟ ʪʨʫʙ (ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ 

ʧʨʘʮʽʚʥʠʢʽʚ: ʧʦʨʫʰʝʥʥʷ ʥʦʨʤʘʣʴʥʦʾ ʨʦʙʦʪʠ ʦʨʛʘʥʽʚ ʜʠʭʘʥʥʷ, ʟʘʧʘʣʴʥʽ 

ʧʨʦʮʝʩʠ ʥʦʩʦʛʣʦʪʢʠ ʪʘ ʦʯʝʡ, ʫʨʘʞʝʥʥʷ ʰʢʽʨʠ, ʙʽʣʴ ʫ ʛʦʨʣʽ, ʢʘʰʝʣʴ, ʭʨʠʧʦʪʘ, 

ʟʘʧʘʤʦʨʦʯʝʥʥʷ, ʟʥʠʞʝʥʥʷ ʽʤʫʥʽʪʝʪʫ); 

4. ʇʠʣʦʚʝ ʟʘʙʨʫʜʥʝʥʥʷ ʨʦʙʦʯʠʭ ʟʦʥ ʫ ʨʝʟʫʣʴʪʘʪʽ ʚʠʥʦʩʫ ʚʫʛʽʣʴʥʦʛʦ 

ʧʠʣʫ ʚʽʜ ʰʪʘʙʝʣʽʚ ʚʫʛʽʣʣʷ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ (ʥʝʛʘʪʠʚʥʠʡ 

ʚʧʣʠʚ ʥʘ ʧʨʘʮʽʚʥʠʢʽʚ: ʧʽʜʚʠʱʝʥʠʡ ʨʠʟʠʢ ʚʠʥʠʢʥʝʥʥʷ ʭʚʦʨʦʙ ʦʨʛʘʥʽʚ ʜʠʭʘʥʥʷ, 

ʭʨʦʥʽʯʥʠʭ ʭʚʦʨʦʙ ʥʦʩʦʛʣʦʪʢʠ, ʘʣʝʨʛʽʯʥʠʭ ʨʝʘʢʮʽʡ, ʟʘʧʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ 

ʧʦʜʨʘʟʥʝʥʥʷ ʩʣʠʟʦʚʦʾ ʦʙʦʣʦʥʢʠ ʦʯʝʡ); 

5. ʊʝʧʣʦʚʝ ʟʘʙʨʫʜʥʝʥʥʷ ʨʦʙʦʯʠʭ ʟʦʥ ʫ ʨʝʟʫʣʴʪʘʪʽ ʨʦʙʦʪʠ ʪʝʧʣʦʘʛʨʝʛʘʪʽʚ 

(ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʧʨʘʮʽʚʥʠʢʽʚ: ʨʠʟʠʢ ʚʠʥʠʢʥʝʥʥʷ ʭʚʦʨʦʙ ʦʨʛʘʥʽʚ ʜʠʭʘʥʥʷ 

ʪʘ ʩʝʨʮʝʚʦ-ʩʫʜʠʥʥʦʾ ʩʠʩʪʝʤʠ, ʧʦʜʨʘʟʥʝʥʥʷ ʩʣʠʟʦʚʦʾ ʦʙʦʣʦʥʢʠ ʦʯʝʡ, 

ʧʦʨʫʰʝʥʥʷ ʨʦʙʦʪʠ ʥʝʨʚʦʚʦʾ ʩʠʩʪʝʤʠ, ʧʦʰʢʦʜʞʝʥʥʷ ʰʢʽʨʠ, ʩʣʘʙʢʽʩʪʴ); 

6. ɽʣʝʢʪʨʦʤʘʛʥʽʪʥʝ ʟʘʙʨʫʜʥʝʥʥʷ ʨʦʙʦʯʠʭ ʟʦʥ ʫ ʨʝʟʫʣʴʪʘʪʽ ʨʦʙʦʪʠ 

ʝʣʝʢʪʨʦʘʛʨʝʛʘʪʽʚ (ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʧʨʘʮʽʚʥʠʢʽʚ: ʧʦʨʫʰʝʥʥʷ ʨʦʙʦʪʠ 

ʥʝʨʚʦʚʦʾ ʩʠʩʪʝʤʠ, ʧʦʛʽʨʰʝʥʥʷ ʧʘʤôʷʪʽ, ʜʝʧʨʝʩʽʷ, ʧʦʨʫʰʝʥʥʷ ʩʥʫ, 

ʟʘʧʘʤʦʨʦʯʝʥʥʷ, ʩʣʘʙʢʽʩʪʴ); 

7. ʍʽʤʽʯʥʝ ʪʘ ʪʝʧʣʦʚʝ ʟʘʙʨʫʜʥʝʥʥʷ ʨʦʙʦʯʠʭ ʟʦʥ ʫ ʨʘʟʽ ʝʢʩʪʨʝʤʘʣʴʥʠʭ 

ʩʠʪʫʘʮʽʡ ʥʘ ʦʙôʻʢʪʽ: ʧʦʞʝʞʽ, ʨʦʟʣʠʚ ʭʽʤʽʯʥʦ ʥʝʙʝʟʧʝʯʥʠʭ ʨʝʯʦʚʠʥ ʪʦʱʦ 

(ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʧʨʘʮʽʚʥʠʢʽʚ: ʨʠʟʠʢ ʪʷʞʢʦʛʦ ʫʨʘʞʝʥʥʷ ʧʨʘʮʽʚʥʠʢʽʚ, 

ʣʝʪʘʣʴʥʠʡ ʢʽʥʝʮʴ); 

8. ʍʽʤʽʯʥʝ ʪʘ ʧʠʣʦʚʝ ʟʘʙʨʫʜʥʝʥʥʷ ʨʦʙʦʯʠʭ ʟʦʥ ʥʘ ʧʨʦʤʠʩʣʦʚʦʤʫ 

ʤʘʡʜʘʥʯʠʢʫ ʊɽʉ ʫ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʠʜʽʚ ʟ ʧʨʦʤʠʩʣʦʚʠʭ ʪʨʫʙ, ʚʽʜ ʩʭʦʚʠʱ 

ʚʫʛʽʣʣʷ, ʱʦ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩ ̫ʟʘ ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʤʝʪʝʦʫʤʦʚ (ʽʥʚʝʨʩʽʷ, ʰʪʠʣʴ). 
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ɺʨʘʭʫʚʘʥʥʷ ʪʘʢʦʛʦ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ ʰʢʽʜʣʠʚʠʭ ʬʘʢʪʦʨʽʚ ʧʨʠ 

ʦʮʽʥʶʚʘʥʥʽ ʾʭ ʚʧʣʠʚʫ ʥʘ ʧʨʘʮʽʚʥʠʢʽʚ ʻ ʚʘʞʣʠʚʦʶ ʥʘʫʢʦʚʦʶ ʧʨʦʙʣʝʤʦʶ ʪʘ 

ʚʠʤʘʛʘʻ ʨʦʟʨʦʙʢʠ ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ, ʧʨʦʛʥʦʟʫ ʬʦʨʤʫʚʘʥʥʷ 

ʦʙʣʘʩʪʝʡ ʥʝʙʝʟʧʝʢʠ ʚ ʨʦʙʦʯʠʭ ʟʦʥʘʭ ʪʘ ʟʘʩʦʙʽʚ ʟʥʠʞʝʥʥʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ 

ʰʢʽʜʣʠʚʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʧʨʘʮʽʚʥʠʢʽʚ. 

 

 

1.3 ʄʝʪʦʜʠ ʦʮʽʥʶʚʘʥʥʷ ʰʢʽʜʣʠʚʠʭ ʬʘʢʪʦʨʽʚ ʫ ʨʦʙʦʯʠʭ ʟʦʥʘʭ ʙʽʣʷ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʘʛʽʩʪʨʘʣʝʡ 

 

ʊʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚʫʛʽʣʣʷ, ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ, ʛʘʟʫ ʪʦʱʦ ʜʦ ʦʙôʻʢʪʽʚ 

ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʥʘʡʯʘʩʪʽʰʝ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘʣʽʟʥʠʯʥʠʤ ʘʙʦ 

ʘʚʪʦʜʦʨʦʞʥʤ̔ ʪʨʘʥʩʧʦʨʪʦʤ. ʗʢ ʚʽʜʦʤʦ, ʙʽʣʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʘʛʽʩʪʨʘʣʝʡ 

(ʘʚʪʦʪʨʘʩʠ, ʟʘʣʽʟʥʠʯʥʘ ʢʦʣʽʷ ʪʦʱʦ) ʨʦʟʪʘʰʦʚʘʥʘ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʨʦʙʦʯʠʭ 

ʟʦʥ, ʜʝ ʧʨʘʮʶʶʪʴ ʩʧʽʚʨʦʙʽʪʥʠʢʠ ʷʢ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʣʫʞʙ, ʪʘʢ ʽ ʽʥʰʠʭ 

ʦʨʛʘʥʽʟʘʮʽʡ. ʎʽ ʨʦʙʦʯʽ ʟʦʥʠ ʧʦʪʨʘʧʣʷʶʪʴ ʧʽʜ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʤʘʛʽʩʪʨʘʣʝʡ, ʥʘʩʘʤʧʝʨʝʜ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʭʽʤʽʯʥʝ, ʧʠʣʦʚʝ ʪʘ ʰʫʤʦʚʝ 

ʟʘʙʨʫʜʥʝʥʥʷ [162, 191]. ʊʦʤʫ ʚʠʥʠʢʘʻ ʚʘʞʣʠʚʘ ʧʨʦʙʣʝʤʘ ʟʘʭʠʩʪʫ ʨʦʙʦʯʠʭ 

ʟʦʥ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʽ ʧʦʙʣʠʟʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʰʣʷʭʽʚ, ʚʽʜ ʟʘʙʨʫʜʥʝʥʥʷ. 

ʆʜʥʠʤ ʽʟ ʰʣʷʭʽʚ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʤʽʥʽʤʽʟʘʮʽʾ ʟʘʙʨʫʜʥʝʥʥʷ ʨʦʙʦʯʠʭ 

ʟʦʥ ʙʽʣʷ ʘʚʪʦʜʦʨʽʛ ʻ ʨʝʽʥʞʠʥ̔ʨʠʥʛ ʤʝʨʝʞ ̔ʤʘʛʽʩʪʨʘʣʝʡ [155, 165, 171]. ɯʥʰʠʤ 

ʧʽʜʭʦʜʦʤ ʻ ʫʩʪʘʥʦʚʢʘ ʥʘ ʚʠʭʣʦʧʥʽʡ ʩʠʩʪʝʤʽ ʩʧʝʮʽʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʶʪʴ çʟʘʭʦʧʣʝʥʥʷè, ʥʝʡʪʨʘʣʽʟʘʮʽʶ ʪʦʢʩʠʯʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʷʢʽ 

ʤʽʩʪʷʪʴʩʷ ʫ ʚʠʭʣʦʧʘʭ [141, 180]. 

ʅʘʛʦʣʦʩʠʤʦ, ʱʦ ʜʣʷ ʨʦʟʨʦʙʢʠ ʩʠʩʪʝʤ ʟʘʭʠʩʪʫ ʨʦʙʦʯʠʭ ʟʦʥ ʚʽʜ 

ʭʽʤʽʯʥʦʛʦ ʘʙʦ ʰʫʤʦʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʩʘʤʧʝʨʝʜ ʧʦʪʨʽʙʥʦ ʚʠʟʥʘʯʠʪʠ ʨʽʚʝʥʴ 

ʮʴʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ. ʆʜʥʠʤ ʟ ʤʝʪʦʜʽʚ ʨʦʟʚôʷʟʘʥʥʷ ʮʽʻʾ ʟʘʜʘʯʽ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧʽʜʭʦʜʫ [164, 195]. ʈʦʟʚôʷʟʘʥʥʷ ʮʽʻʾ ʟʘʜʘʯʽ ʻ ʚʘʞʣʠʚʠʤ, 

ʢʦʣʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʝʢʦʥʩʪʨʫʢʮʽʷ ʩʪʘʨʦʾ, ʙʫʜʽʚʥʠʮʪʚʦ ʥʦʚʦʾ ʤʘʛʽʩʪʨʘʣʽ ʥʘ 

ʪʝʨʠʪʦʨʽʾ ʧʽʜʧʨʠʻʤʩʪʚʘ ʘʙʦ ʧʣʘʥʫʻʪʴʩʷ ʟʤʽʥʘ ʚʝʣʠʯʠʥʠ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʪʦʢʽʚ. 
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ʊʦʙʪʦ ʚʠʥʠʢʘʻ ʩʠʪʫʘʮʽʷ, ʢʦʣʠ ʥʝʤʦʞʣʠʚʦ ʟʜʽʡʩʥʠʪʠ ʟʘʤʽʨ ʨʽʚʥʷ ʟʘʙʨʫʜʥʝʥʥʷ 

ʥʘ ʦʙôʻʢʪʽ. ʊʦʜʽ ʦʩʥʦʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʨʦʟʚôʷʟʘʥʥʷ ʮʽʻʾ ʟʘʜʘʯʽ ʻ 

ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ. ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʚ ʧʦʰʠʨʝʥʥ ̔ʟʘʙʨʫʜʥʶʶʯʠʭ 

ʨʝʯʦʚʠʥ ʦʩʥʦʚʥʫ ʨʦʣʴ ʚʽʜʽʛʨʘʻ ʘʝʨʦʜʠʥʘʤʽʢʘ ʧʦʚʽʪʨʷʥʠʭ ʧʦʪʦʢʽʚ, ʱʦ 

ʬʦʨʤʫʶʪʴʩʷ ʧʦʙʣʠʟʫ ʨʽʟʥʠʭ ʧʝʨʝʰʢʦʜ, ʙʫʜʽʚʝʣʴ ʪʦʱʦ [84]. ʇʨʦʛʥʦʟʫʚʘʥʥʷ 

ʭʽʤʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʨʦʙʦʯʠʭ ʟʦʥʘʭ ʙʽʣʷ ʘʚʪʦʤʘʛʽʩʪʨʘʣʝʡ ʩʪʦʩʫʻʪʴʩʷ 

ʟʘʛʘʣʦʤ ʟʘʜʘʯʽ ʤʘʩʦʧʝʨʝʥʦʩʫ. ʊʦʤʫ ʜʣʷ ʾʾ ʨʦʟʚôʷʟʘʥʥʷ, ʘ ʪʘʢʦʞ ʨʦʟʚôʷʟʘʥʥʷ 

ʟʘʜʘʯʽ ʦʮʽʥʶʚʘʥʥʷ ʰʫʤʦʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʙʽʣʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʘʛʽʩʪʨʘʣʝʡ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʝʤʧʽʨʠʯʥʽ ʤʦʜʝʣʽ, ʤʦʜʝʣʴ ɻʘʫʩʩʘ, ʘʥʘʣʽʪʠʯʥʠʡ ʨʦʟʚôʷʟʦʢ 

ʨʽʚʥʷʥʥʷ ʤʘʩʦʧʝʨʝʥʦʩʫ [15, 49, 50, 57, 66, 82, 88, 90, 97, 102, 103, 106, 107, 

113, 115ï118, 126, 162]. ɽʤʧʽʨʠʯʥʽ ʤʦʜʝʣʽ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʘʣʛʝʙʨʘʾʯʥʽ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʱʦ ʧʦʚôʷʟʫʶʪʴ, ʥʘʧʨʠʢʣʘʜ, ʢʦʥʮʝʥʪʨʘʮʽʶ ʟʘʙʨʫʜʥʶʚʘʯʘ ʥʘ 

ʧʝʚʥʽʡ ʚʽʜʩʪʘʥʽ ʚʽʜ ʤʘʛʽʩʪʨʘʣʽ ʟ ʜʝʷʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʱʦ, ʥʘ ʜʫʤʢʫ 

ʨʦʟʨʦʙʥʠʢʘ ʤʦʜʝʣʽ, ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʽʚʝʥʴ ʟʘʙʨʫʜʥʝʥʥʷ. ʇʦʙʫʜʦʚʘ 

ʝʤʧʽʨʠʯʥʠʭ ʤʦʜʝʣʝʡ ʙʘʟʫʻʪʴʩʷ ʥʘ ʦʙʨʦʙʮʽ ʜʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ (ʨʠʩ. 1.2). 

 

 

 

ʈʠʩʫʥʦʢ 1.2 ï ʃʦʢʘʮʽʷ ʪʦʯʦʢ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʟʘʙʨʫʜʥʶʚʘʯʘ ʙʽʣʷ ʪʨʘʥʩʧʦʨʪʥʦʾ ʤʘʛʽʩʪʨʘʣʽ [139] 
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ɽʤʧʽʨʠʯʥʽ ʤʦʜʝʣʽ ʜʫʞʝ ʟʨʫʯʥʽ ʜʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʪʦʤʫ ʱʦ 

ʜʦʟʚʦʣʷʶʪʴ ʰʚʠʜʢʦ ʦʪʨʠʤʘʪʠ ʥʝʦʙʭʽʜʥʽ ʜʘʥʽ, ʘʣʝ ʤʘʶʪʴ ʧʝʚʥʽ ʥʝʜʦʣʽʢʠ: 

1. ʄʦʜʝʣʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʧʘʜʢʽʚ, ʱʦ ʧʦʜʽʙʥʽ ʫʤʦʚʘʤ, ʟʘ 

ʷʢʠʭ ʧʨʦʚʦʜʠʚʩʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʚʠʤʽʨ ʥʘ ʽʩʥʫʶʯʦʤʫ ʦʙôʻʢʪʽ; 

2. ʇʝʚʥʽ ʧʘʨʘʤʝʪʨʠ ʤʦʜʝʣʽ ʥʝ ʤʘʶʪʴ ʬʽʟʠʯʥʦʛʦ ʧʦʷʩʥʝʥʥʷ, ʧʝʨʝʚʽʨʢʘ 

ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʫʞʝ ʩʢʣʘʜʥʘ; 

3. ʄʦʜʝʣʴ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʣʠʰʝ ʚ ʜʽʘʧʘʟʦʥʽ ʪʠʭ 

ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʽʩʥʫʚʘʣʠ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ (ʥʘʧʨʠʢʣʘʜ, ʜʣʷ 

ʧʝʚʥʠʭ ʟʥʘʯʝʥʴ ʰʚʠʜʢʦʩʪʽ ʧʦʚʽʪʨʷ); 

4. ʄʦʜʝʣʽ ʜʘʶʪʴ çʪʦʯʢʦʚʠʡè ʨʝʟʫʣʴʪʘʪ, ʪʦʙʪʦ ʟʥʘʯʝʥʥʷ ʥʝʚʽʜʦʤʦʾ 

ʚʝʣʠʯʠʥʠ ʜʣʷ ʧʝʚʥʦʾ ʪʦʯʢʠ ʙʽʣʷ ʤʘʛʽʩʪʨʘʣʽ, ʘʣʝ ʥʝ ʨʦʟʧʦʜʽʣ (ʧʦʣʝ) ʮʽʻʾ 

ʚʝʣʠʯʠʥʠ; 

5. ʄʦʜʝʣʽ ʥʝ ʜʦʟʚʦʣʷʶʪʴ ʚʨʘʭʫʚʘʪʠ ʩʧʝʮʠʬʽʯʥ ̔ʬʘʢʪʦʨʠ, ʥʘʧʨʠʢʣʘʜ 

ʨʝʣʴʻʬ ʤʽʩʮʝʚʦʩʪʽ. ɿʘ ʥʘʷʚʥʦʩʪʽ ʪʘʢʦʾ çʧʨʦʙʣʝʤʠè ʚ ʤʦʜʝʣʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʩʧʝʮʽʘʣʴʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʚʧʣʠʚʫ ʨʝʣʴʻʬʫ ʥʘ ʨʽʚʝʥʴ 

ʟʘʙʨʫʜʥʝʥʥʷ. ʊʦʙʪʦ ʚʧʣʠʚ ʨʝʣʴʻʬʫ ʚʨʘʭʦʚʫʻʪʴʩʷ ʦʧʦʩʝʨʝʜʢʦʚʘʥʦ. 

ɼʣʷ ʦʮʽʥʶʚʘʥʥʷ ʨʽʚʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʨʦʙʦʯʠʭ ʟʦʥ ʜʫʞʝ ʘʢʪʠʚʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʦʜʝʣʴ ɻʘʫʩʩʘ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʘʥʘʣʽʪʠʯʥʦʤʫ ʨʦʟʚôʷʟʢʫ 

ʨʽʚʥʷʥʥʷ ʤʘʩʦʧʝʨʝʥʦʩʫ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʷʜʫ ʝʤʧʽʨʠʯʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ [49, 

50, 57, 107, 115ï118, 157, 161, 167]. ʎ  ̫ʤʦʜʝʣʴ ʜʦʟʚʦʣʷʻ ʰʚʠʜʢʦ ʚʠʟʥʘʯʠʪʠ 

ʨʦʟʤʽʨ ʟʦʥ ʭʽʤʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʪʘ ʧʦʪʨʝʙʫʻ ʥʝʟʥʘʯʥʦʛʦ ʯʘʩʫ ʥʘ ʚʠʢʦʥʘʥʥʷ 

ʨʦʟʨʘʭʫʥʢʽʚ ʥʘ ʧʝʨʩʦʥʘʣʴʥʦʤʫ ʢʦʤʧôʶʪʝʨʽ. ʄʦʜʝʣʴ ɻʘʫʩʩʘ ʨʝʘʣʽʟʦʚʘʥʘ ʫ 

ʚʠʛʣʷʜʽ ʧʨʦʛʨʘʤʥʠʭ ʧʘʢʝʪʽʚ ʪʠʧʫ çAERMODè, çALOHAè ʪʘ ʽʥʰʽ [116, 148, 

159, 176, 190], ʱʦ ʘʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʢʨʘʾʥʘʭ ɭʚʨʦʩʦʶʟʫ, ʉʐɸ ʜʣʷ 

ʦʮʽʥʶʚʘʥʥʷ ʨʽʚʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʨʦʙʦʯʠʭ ʟʦʥ. ɸʣʝ ʤʦʜʝʣʴ ɻʘʫʩʩʘ ʤʘʻ ʩʫʪʪʻʚ ̔

ʦʙʤʝʞʝʥʥʷ: ʚʦʥʘ ʥʝ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʨʽʚʥʷ 

ʟʘʙʨʫʜʥʝʥʥʷ ʨʦʙʦʯʠʭ ʟʦʥ, ʷʢʱʦ ʧʦʪʨʽʙʥʦ ʚʨʘʭʫʚʘʪʠ ʚʧʣʠʚ ʨʽʟʥʠʭ ʧʝʨʝʰʢʦʜ 

(ʥʘʧʨʠʢʣʘʜ, ʟʘʭʠʩʥʠʭ ʙʘʨôʻʨʽʚ) ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʟʦʥ ʟʘʙʨʫʜʥʝʥʥʷ. ʊʘʢʦʞ ʮʶ 

ʤʦʜʝʣʴ ʥʝʤʦʞʣʠʚʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʨʽʚʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʨʦʙʦʯʠʭ 
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ʟʦʥ ʟʘ ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʤʝʪʝʦʫʤʦʚ, ʱʦ ʧʝʚʥʠʤ ʯʠʥʦʤ ʟʚʫʞʫʻ ʾʾ ʨʦʙʦʯʠʡ 

ʜʽʘʧʘʟʦʥ.  

ʅʘʡʙʽʣʴʰ ʧʦʪʫʞʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʪʝʦʨʝʪʠʯʥʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʟ 

ʦʮʽʥʶʚʘʥʥ ̫ ʨʽʚʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʨʦʙʦʯʠʭ ʟʦʥ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ CFD- 

ʤʦʜʝʣʶʚʘʥʥʷ [3, 4, 12ï15, 28, 37, 38, 83, 87, 95, 109, 115, 120, 122ï124, 126, 

128, 136, 145ï147, 154, 170, 172, 189, 192]. ɺʠʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦʤʽʰʢʠ, 

ʨʽʚʥʷ ʰʫʤʦʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʪʦʱʦ ʚ ʮʠʭ ʤʦʜʝʣʷʭ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘ ʙʘʟʽ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʤʝʭʘʥʽʢʠ ʩʫʮʽʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (ʨʽʚʥʷʥʥʷ ɽʡʣʝʨʘ, 

ʨʽʚʥʷʥʥʷ ʅʘʚôʻ-ʉʪʦʢʩʘ, ʨʽʚʥʷʥʥʷ ʜʣʷ ʧʦʪʝʥʮʽʘʣʫ ʰʚʠʜʢʦʩʪʽ, ʨʽʚʥʷʥʥʷ 

ʘʢʫʩʪʠʢʠ, ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʤʘʩʦʧʝʨʝʥʦʩʫ). ʅʘʧʨʠʢʣʘʜ, ʥʘ ʨʠʩ. 1.3 ʧʦʢʘʟʘʥʦ 

ʧʦʣʝ ʘʢʫʩʪʠʯʥʦʛʦ ʪʠʩʢʫ, ʱʦ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʤʝʪʦʜʦʤ CFD-ʤʦʜʝʣʶʚʘʥʥʷ 

[150]. 

 

 

 

ʈʠʩʫʥʦʢ 1.3 ï ʇʦʣʝ ʘʢʫʩʪʠʯʥʦʛʦ ʪʠʩʢʫ, ʦʪʨʠʤʘʥʝ ʤʝʪʦʜʦʤ CFD- 

ʤʦʜʝʣʶʚʘʥʥʷ [150] 

 

ʇʦʙʫʜʦʚʘ CFD-ʤʦʜʝʣʝʡ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ 

ʽʥʪʝʛʨʫʚʘʥʥʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʤʝʭʘʥʽʢʠ ʩʫʮʽʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ï 

ʨʽʚʥʷʥʥʷ ʛʽʜʨʦʘʝʨʦʜʠʥʘʤʽʢʠ, ʪʝʧʣʦʤʘʩʦʧʝʨʝʥʦʩʫ. ʉʣʽʜ ʥʘʛʦʣʦʩʠʪʠ, ʱʦ 
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ʽʩʪʦʨʠʯʥʦ ʟʘ ʢʦʨʜʦʥʦʤ ʯʘʩʪʽʰʝ ʜʣʷ ʧʦʙʫʜʦʚʠ CFD-ʤʦʜʝʣʝʡ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 

ʤʝʪʦʜ ʢʽʥʮʝʚʠʭ ʝʣʝʤʝʥʪʽʚ, ʘ ʚ ʋʢʨʘʾʥʽ ï ʤʝʪʦʜ ʢʽʥʮʝʚʠʭ ʨʽʟʥʠʮʴ. ʅʘ ʧʨʘʢʪʠʮʽ, 

ʷʢ ʧʨʘʚʠʣʦ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʛʦʪʦʚʽ, ʢʦʤʝʨʮʽʡʥʽ ʧʘʢʝʪʠ ʧʨʦʛʨʘʤ ʜʣʷ CFD- 

ʤʦʜʝʣʶʚʘʥʥʷ (ANSYS CFX, ANSYS Fluent, COMSOL ʪʘ ʽʥʰʽ, ʨʠʩ. 1.3 [111, 

112]. 

ʇʝʨʝʚʘʛʘʤʠ ʤʝʪʦʜʫ CFD-ʤʦʜʝʣʶʚʘʥʥʷ ʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʥʫʚʘʪʠ 

ʪʝʦʨʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʡʞʝ ʙʝʟ ʦʙʤʝʞʝʥʴ ʥʘ ʛʝʦʤʝʪʨʽʶ ʨʦʟʨʘʭʫʥʢʦʚʦʾ 

ʦʙʣʘʩʪʽ, ʚʨʘʭʦʚʫʚʘʪʠ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʬʦʨʤʫʚʘʥʥʷ ʟʦʥ ʟʘʙʨʫʜʥʝʥʥʷ, ʪʘ ʟʜʽʡʩʥʶʚʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʜʣʷ ʚʠʧʘʜʢʽʚ, ʱʦ 

ʜʫʞʝ ʚʘʞʢʦ ʘʙʦ ʥʝʤʦʞʣʠʚʦ ʜʦʩʣʽʜʠʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʰʣʷʭʦʤ. ɸʣʝ 

ʽʩʥʫʶʪʴ ʪʘʢʦʞ ʥʝʜʦʣʽʢʠ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʮʴʦʛʦ ʤʝʪʦʜʫ ʜʦʩʣʽʜʞʝʥʥʷ: 

1. ɺʠʩʦʢʘ ʚʘʨʪʽʩʪʴ ʢʦʤʝʨʮʽʡʥʠʭ ʧʘʢʝʪʽʚ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ CFD- 

ʤʦʜʝʣʶʚʘʥʥʷ; 

2. ɺʠʩʦʢʽ ʚʠʤʦʛʠ ʜʦ ʧʦʪʫʞʥʦʩʪ ̔ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧôʶʪʝʨʘ; 

3. ʅʝʦʙʭʽʜʥʽʩʪʴ ʤʘʪʠ ʣʽʮʝʥʟʽʶ ʥʘ ʚʠʢʦʥʘʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʦʤʝʨʮʽʡʥʦʛʦ ʧʘʢʝʪʘ ʧʨʦʛʨʘʤ; 

4. ɿʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʯʘʩʫ ʥʘ ʚʠʢʦʥʘʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ (ʪʨʠʚʘʣʽʩʪʴ 

ʨʦʟʚôʷʟʘʥʥʷ ʦʜʥʽʻʾ ʟʘʜʘʯʽ ʤʦʞʝ ʟʘʡʤʘʪʠ ʢʽʣʴʢʘ ʜʽʙ); 

5. ɼʝʷʢʽ çʧʨʦʙʣʝʤʠè, ʱʦ ʧʦʚôʷʟʘʥʽ ʟ ʚʽʟʫʘʣʽʟʘʮʽʻʶ ʨʝʟʫʣʴʪʘʪʽʚ 

ʤʦʜʝʣʶʚʘʥʥʷ [193]. 

ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʚ ʋʢʨʘʾʥʽ ʽʩʥʫʻ ʧʝʚʥʠʡ ʜʝʬʽʮʠʪ ʘʚʪʦʨʩʴʢʠʭ CFD- 

ʤʦʜʝʣʝʡ, ʟʦʢʨʝʤʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥ̫ ʭʽʤʽʯʥʦʛʦ ʪʘ ʰʫʤʦʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʙʽʣʷ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʘʛʽʩʪʨʘʣʝʡ. ʇʨʠʯʠʥʠ ʮʴʦʛʦ ʪʘʢʽ:  

1. ɸʚʪʦʨʩʴʢʘ (ʩʘʤʦʩʪʽʡʥʘ) ʨʦʟʨʦʙʢʘ CFD-ʤʦʜʝʣʽ ʧʦʪʨʝʙʫʻ ʧʝʚʥʦʾ 

ʢʚʘʣʽʬʽʢʘʮʽʾ ʜʦʩʣʽʜʥʠʢʘ, ʦʩʦʙʣʠʚʦ ʷʢʱʦ ʩʪʚʦʨʶʻʪʴʩʷ CFD-ʤʦʜʝʣʴ, ʱʦ ʤʘʻ 

ʰʠʨʦʢʠʡ ʨʦʙʦʯʠʡ ʜʽʘʧʘʟʦʥ; 

2. ɿʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʯʘʩʫ ʡʜʝ ʥʘ ʨʦʟʨʦʙʢʫ ʢʦʤʧôʶʪʝʨʥʦʾ ʧʨʦʛʨʘʤʠ, ʾʾ 

ʪʝʩʪʫʚʘʥʥʷ, ʥʘʣʘʛʦʜʞʝʥʥʷ (ʷʢʱʦ ʩʪʚʦʨʶʻʪʴʩʷ ʘʚʪʦʨʩʴʢʘ CFD-ʤʦʜʝʣʴ). 

ʊʘʢʦʞ ʘʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʧʦʢʘʟʘʚ, ʱʦ ʽʩʥʫʶʯʽ ʚ ʋʢʨʘʾʥʽ CFD- 

ʤʦʜʝʣʽ [96] ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ ʨʦʟʚôʷʟʘʥʥʷ ʚʫʟʴʢʦʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʟʘʜʘʯ. 
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ɼʘʣʽ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʟʘʭʠʩʪʫ ʨʦʙʦʯʠʭ ʟʦʥ, ʱʦ 

ʨʦʟʪʘʰʦʚʘʥʽ ʧʦʙʣʠʟʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʘʛʽʩʪʨʘʣʝʡ. ʅʘ ʧʽʜʩʪʘʚʽ ʥʘʫʢʦʚʠʭ 

ʧʫʙʣʽʢʘʮʽʡ [156, 158, 163, 166, 174, 179, 182, 196] ʚʠʷʚʣʝʥʦ ʪʘʢʽ ʩʧʦʩʦʙʠ 

ʟʘʭʠʩʪʫ ʚʽʜ ʟʘʙʨʫʜʥʝʥʥʷ ʨʦʙʦʯʠʭ ʟʦʥ ʙʽʣʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʘʛʽʩʪʨʘʣʝʡ: 

1. ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ ʟʘʩʦʙʽʚ ʧʨʠʛʥʽʯʝʥʥʷ ʧʠʣʫ ʥʘ 

ʤʘʛʽʩʪʨʘʣʽ; 

2. ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʦʩʣʠʥʥʦʩʪʽ; 

3. ɺʠʢʦʨʠʩʪʘʥʥʷ ʟʘʭʠʩʥʠʭ ʙʘʨôʻʨʽʚ (ʨʠʩ. 1.4); 

 

 

 

ʈʠʩʫʥʦʢ 1.4 ï ɺʝʨʪʠʢʘʣʴʥʠʡ ʟʘʭʠʩʥʠʡ ʙʘʨôʻʨ [174] 

 

4. ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʩʤʦʢʪʫʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʙʽʣʷ ʪʨʘʩʠ; 

5. ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʦʨʠʩʪʦʛʦ ʘʩʬʘʣʴʪʫ; 

6. ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʦʢʨʠʪʪʷ ʧʨʠ ʙʫʜʽʚʥʠʮʪʚʽ ʪʨʘʩʠ (ʜʣʷ 

ʚʠʨʦʙʥʠʮʪʚʘ ʪʘʢʦʛʦ ʧʦʢʨʠʪʪʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ TiO2), ʱʦ ʜʦʟʚʦʣʷʻ 

çʥʝʡʪʨʘʣʽʟʫʚʘʪʠè ʜʦʤʽʰʢʫ [119, 174] (ʨʠʩ. 1.5). 
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ʘ ï ʙʣʦʢʠ, ʱʦ ʤʽʩʪʷʪʴ TiO2 ʷʢ ʜʦʤʽʰʢʫ;  ʙ ï ʜʦʨʦʛʘ ʟ ʧʦʛʣʠʥʘʣʴʥʠʤ 

ʧʦʢʨʠʪʪʷʤ 

ʈʠʩʫʥʦʢ 1.5 ï ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʦʢʨʠʪʪʷ ʥʘ ʜʦʨʦʟʽ [174] 

 

ɺʠʙʽʨ ʢʦʥʢʨʝʪʥʦʛʦ ʟʘʩʦʙʫ ʟʘʭʠʩʪʫ ʨʦʙʦʯʠʭ ʟʦʥ ʚʽʜ ʟʘʙʨʫʜʥʝʥʥʷ 

ʧʦʪʨʝʙʫʻ ʥʘʫʢʦʚʦʛʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʡʦʛʦ ʝʬʝʢʪʠʚʥʦʩʪʽ ʥʘ ʩʪʘʜʽʾ ʨʦʟʨʦʙʢʠ 

ʧʨʦ̒ʢʪʫ. ʊʦʤʫ ʜʫʞʝ ʚʘʞʣʠʚʠʤ ʻ ʩʪʚʦʨʝʥʥʷ ʤʝʪʦʜʽʚ ʪʝʦʨʝʪʠʯʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʦʥʢʨʝʪʥʦʛʦ ʤʝʪʦʜʫ ʟʘʭʠʩʪʫ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʡʦʛʦ ʜʣʷ 

ʢʦʥʢʨʝʪʥʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʦʩʢʽʣʴʢʠ ʚʠʢʦʥʘʥʥʷ ʬʽʟʠʯʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ 

ʧʦʪʨʝʙʫʻ ʙʘʛʘʪʦ ʯʘʩʫ [195]. 
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1.4 ɿʘʭʠʩʪ ʚʽʜ ʧʠʣʦʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʨʦʙʦʯʠʭ ʟʦʥ ʙʽʣʷ ʟʘʣʽʟʥʠʮʴ 

 

ʊʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚʫʛʽʣʣʷ ʥʘ ʊɽʉ, ʟʦʢʨʝʤʘ ʥʘ ʇʨʠʜʥʽʧʨʦʚʩʴʢʫ ʊɽʉ, 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʥʘʧʽʚʚʘʛʦʥʘʭ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʥʦʩʫ ʚʫʛʽʣʴʥʦʛʦ ʧʠʣʫ ʟ ʥʠʭ 

ʪʘ ʽʥʪʝʥʩʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥ ̫ ʧʨʦʤʠʩʣʦʚʠʭ ʤʘʡʜʘʥʯʠʢʽʚ (ʨʠʩ. 1.6). ɺʧʣʠʚʫ 

ʮʴʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʟʘʟʘʥʘʶʪʴ ʷʢ ʧʨʘʮʽʚʥʠʢʠ ʊɽʉ, ʪʘʢ ʽ ʽʥʰʽ ʨʦʙʽʪʥʠʢʠ ï 

ʧʨʦʭʽʜʥʠʢʠ, ʟʯʽʧʣʶʚʘʯʽ ʚʘʛʦʥʽʚ, ʯʝʨʛʦʚʽ. 

 

 

 

ʈʠʩʫʥʦʢ 1.6 ï ɿʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ ʚ ʨʦʙʦʯʠʭ ʟʦʥʘʭ ʫ ʨʝʟʫʣʴʪʘʪʽ ʚʠʥʦʩʫ 

ʚʫʛʽʣʴʥʦʛʦ ʧʠʣʫ ʟ ʚʘʛʦʥʽʚ [55] 

 

ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʚʠʥʠʢʘʻ ʚʘʞʣʠʚʝ ʟʘʚʜʘʥʥʷ: ʟʤʝʥʰʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʚʠʥʦʩʫ ʚʫʛʽʣʴʥʦʛʦ ʧʠʣʫ ʟ ʚʘʛʦʥʽʚ ʟ ʤʝʪʦʶ ʤʽʥʽʤʽʟʘʮʽʾ ʨʽʚʥʷ ʟʘʙʨʫʜʥʝʥʥʷ 

ʨʦʙʦʯʠʭ ʟʦʥ. ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʟ̔ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʧʦʢʘʟʘʚ, ʱʦ ʟʘʨʘʟ 

ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʠʥʦʩʫ ʚʫʛʽʣʴʥʦʛʦ ʧʠʣʫ ʟ ʚʘʛʦʥʽʚ ʥʘʡʯʘʩʪʽʰʝ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʘʢʽ ʤʝʪʦʜʠ [14, 55, 74, 101, 121, 151, 152]: 

1. ʋɦ ʽʣʴʥʝʥʥʷ ʚʫʛʽʣʣʷ ʫ ʚʘʛʦʥʽ (ʨʠʩ. 1.7); 

2. ɺʠʢʦʨʠʩʪʘʥʥʷ ʙʨʝʟʝʥʪʫ ʥʘ ʚʘʛʦʥʽ ʷʢ çʢʨʠʰʢʠè ʥʘʜ ʚʘʥʪʘʞʝʤ; 

3. ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʘʣʝʚʠʭ ʢʨʠʰʦʢ ʥʘ ʚʘʛʦʥʽ; 

4. ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʝʬʣʝʢʪʦʨʽʚ ʥʘ ʢʦʨʧʫʩʽ ʚʘʛʦʥʘ; 

5. ɿʚʦʣʦʞʫʚʘʥʥʷ ʚʘʥʪʘʞʫ; 

6. ʇʦʢʨʠʪʪʷ ʚʫʛʽʣʣʷ ʩʧʝʮʽʘʣʴʥʠʤ ʨʦʟʯʠʥʦʤ. 
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ʈʠʩʫʥʦʢ 1.7 ïʋɦ ʽʣʴʥʝʥʝ ʚʫʛʽʣʣʷ ʫ ʚʘʛʦʥʘʭ [108] 

 

ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʧʦʢʘʟʫʻ, ʱʦ ʚʢʘʟʘʥʽ ʚʠʱʝ ʤʝʪʦʜʠ ʤʘʶʪɹ 

ʩʫʪʪʻʚ ̔ʥʝʜʦʣʽʢʠ [14]: 

1. ɼʣʷ ʧʝʚʥʠʭ ʤʝʪʦʜʽʚ ʥʝʦʙʭʽʜʥʦ ʚʠʛʦʪʦʚʣʝʥʥʷ, ʤʦʥʪʘʞ ʪʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʮʽʘʣʴʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ (ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʟʚʦʣʦʞʝʥʥʷ 

ʧʦʚʝʨʭʥʽ ʚʘʥʪʘʞʫ, ʜʣʷ ʫʱʽʣʴʥʝʥʥʷ ʚʫʛʽʣʣʷ ʫ ʚʘʛʦʥʽ, ʜʣʷ ʨʦʟʧʦʜʽʣʫ 

ʩʧʝʮʽʘʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʥʘ ʧʦʚʝʨʭʥ ̔ ʚʘʥʪʘʞʫ). ʎʝ ʧʽʜʚʠʱʫʻ ʚʘʨʪʽʩʪʴ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚʫʛʽʣʣʷ; 

2. ʋʩʪʘʥʦʚʢʘ ʜʝʬʣʝʢʪʦʨʽʚ ʥʘ ʚʘʛʦʥʽ ʘʙʦ ʚʠʢʦʨʠʩʪ 

3. ʘʥʥʷ ʜʦʜʘʪʢʦʚʦʾ ʢʨʠʰʢʠ ʧʦʪʨʝʙʫʻ ʚʠʚʝʜʝʥʥʷ ʚʘʛʦʥʘ ʟ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʘ ʜʝʷʢʠʡ ʧʝʨʽʦʜ ʪʘ ʧʦʚʝʨʥʝʥʥʷ ʚʘʛʦʥʘ ʥʘ ʟʘʚʦʜ ʜʣʷ ʚʠʢʦʥʘʥʥʷ 

ʧʝʚʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ, ʱʦ ʧʦʪʨʝʙʫʻ ʯʘʩʫ ʪʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʙʽʣʴʰʝʥʥʷ ʚʘʨʪʦʩʪʽ ʚʘʛʦʥʘ, ʘ ʟʥʘʯʠʪʴ ï ʚʘʨʪʦʩʪʽ ʧʝʨʝʚʝʟʝʥʥʷ ʚʘʥʪʘʞʫ; 

4. ʋ ʨʘʟʽ ʟʚʦʣʦʞʝʥʥʷ ʚʘʥʪʘʞʫ ʟ ʯʘʩʦʤ ʥʘʷʚʥʝ ʚʠʧʘʨʶʚʘʥʥʷ ʚʦʜʠ ʟ 

ʧʦʚʝʨʭʥʽ ʚʫʛʽʣʣʷ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʮʝʩʫ ʧʠʣʦʫʪʚʦʨʝʥʥʷ; 

5. ʋ ʨʘʟʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʟ ʯʘʩʦʤ ʚʥʘʩʣʽʜʦʢ 

ʚʽʙʨʘʮʽʾ ʚʘʛʦʥʘ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʨʫʡʥʫʚʘʥʥʷ ʧʣʽʚʢʠ ʪʘ ʟʤʝʥʰʝʥʥʷ ʩʠʣ ʘʜʛʝʟʽʾ 

ʤʽʞ ʯʘʩʪʢʘʤʠ ʚʘʥʪʘʞʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʮʝʩʫ 

ʧʠʣʦʫʪʚʦʨʝʥʥʷ; 

6. ɹʨʝʟʝʥʪ ʧʽʜ ʜʽʻʶ ʧʦʪʦʢʫ ʧʦʚʽʪʨʷ ʤʦʞʝ ʟʣʝʪʽʪʠ ʟ ʚʘʛʦʥʘ ʪʘ 

ʩʪʚʦʨʠʪʠ ʘʚʘʨʽʡʥʫ ʩʠʪʫʘʮʽʶ. 

ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʟʙʽʣʴʰʠʚʩʷ ʽʥʪʝʨʝʩ ʜʦ ʽʥʰʦʛʦ 

ʤʝʪʦʜʫ ʟʤʝʥʰʝʥʥʷ ʚʠʥʦʩʫ ʧʠʣʫ ʟ ʚʘʛʦʥʽʚ. ɺʽʥ ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʥʘ 
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ʚʘʛʦʥʘʭ ʜʦʜʘʪʢʦʚʠʭ ʙʦʨʪʽʚ [14], ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʥʝʜʦʨʦʛʦ ʡ ʝʬʝʢʪʠʚʥʦ 

ʟʤʝʥʰʠʪʠ ʧʠʣʦʫʪʚʦʨʝʥʥʷ ʫ ʚʘʛʦʥʽ ʧʨʠ ʧʝʨʝʚʝʟʝʥʥʽ ʚʫʛʽʣʣʷ. 

ɿʘʛʘʣʦʤ ʧʨʦʙʣʝʤʘ ʟʘʭʠʩʪʫ ʚʽʜ ʟʘʙʨʫʜʥʝʥʥʷ ʨʦʙʦʯʠʭ ʟʦʥ ʚʥʘʩʣʽʜʦʢ 

ʚʠʥʦʩʫ ʚʫʛʽʣʴʥʦʛʦ ʧʠʣʫ ʟ ʚʘʛʦʥʽʚ ʻ ʜʫʞʝ ʩʢʣʘʜʥʦʶ. ʇʦ ʧʝʨʰʝ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʚʠʥʦʩʫ ʧʠʣʫ, ʘ ʟʥʘʯʠʪʴ ʨʽʚʝʥʴ ʟʘʙʨʫʜʥʝʥʥʷ ʨʦʙʦʯʠʭ ʟʦʥ, ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʙʘʛʘʪʴʦʭ ʬʘʢʪʦʨʽʚ (ʰʚʠʜʢʽʩʪʴ ʧʦʪʷʛʘ, ʰʚʠʜʢʽʩʪʴ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ, ʬʦʨʤʘ 

ʚʘʥʪʘʞʫ ʪʦʱʦ). ʇʦ ʜʨʫʛʝ, ʚʠʢʦʥʘʥʥʷ ʥʘʪʫʨʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʜʣʷ ʧʦʰʫʢʫ 

ʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʦʛʦ ʯʘʩʫ ʥʘ ʧʦʩʪʘʥʦʚʢʫ ʝʢʩʧʝʨʠʤʝʥʪʫ, 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʚʝʣʠʢʦʾ ʚʘʨʪʦʩʪʽ, ʻ ʪʘʢʦʞ ʩʢʣʘʜʥʽʩʪʴ ʟ 

ʚʠʤʽʨʶʚʘʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʧʠʣʫ, ʱʦ ʚʠʥʦʩʠʪʴʩʷ ʟ ʚʘʛʦʥʘ, ʟʥʘʯʥʽ ʚʠʪʨʘʪʠ ʯʘʩʫ ʥʘ 

ʦʙʨʦʙʢʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ. ɸʣʝ ʦʩʥʦʚʥʘ ʧʨʦʙʣʝʤʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʥʝʤʦʞʣʠʚʦ ʚ ʥʘʪʫʨʥʠʭ 

ʫʤʦʚʘʭ ʜʦʩʠʪʴ ʪʦʯʥʦ ʚʠʟʥʘʯʠʪʠ ʢʽʣʴʢʽʩʪʴ ʧʠʣʫ, ʱʦ ʚʠʥʦʩʠʪʴʩʷ ʟ ʧʦʚʝʨʭʥʽ 

ʚʘʥʪʘʞʫ. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʤʘʩʰʪʘʙʦʤ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʦʙôʻʢʪʘ (ʚʘʛʦʥʘ ʘʙʦ 

ʜʝʢʽʣʴʢʦʭ ʚʘʛʦʥʽʚ). ʊʦʤʫ ʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʚʠʥʦʩʫ 

ʧʠʣʫ ʟ ʚʘʛʦʥʽʚ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ (ʨʠʩ. 1.8ï1.9). 

 

 

 

ʈʠʩʫʥʦʢ 1.8 ï ʃʘʙʦʨʘʪʦʨʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʥʦʩʫ ʚʫʛʽʣʴʥʦʛʦ ʧʠʣʫ ʟ 

ʚʘʛʦʥʽʚ [152] 
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ʈʠʩʫʥʦʢ 1.9 ï ɼʦʩʣʽʜʞʝʥʥʷ ʚʠʥʦʩʫ ʚʫʛʽʣʴʥʦʛʦ ʧʠʣʫ ʟ ʨʝʘʣʴʥʦʛʦ ʚʘʛʦʥʘ  

[138] 

 

ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʢʦʤʧʣʝʢʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟ ʚʠʟʥʘʯʝʥʥ ̫ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʤʝʪʦʜʫ ʟʘʭʠʩʪʫ ʚʽʜ ʧʠʣʦʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ 

ʨʦʙʦʯʠʭ ʟʦʥ ʜʫʞʝ ʚʘʞʣʠʚʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʝ ʪʽʣʴʢʠ ʤʝʪʦʜ ʬʽʟʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʘʣʝ ʡ ʤʝʪʦʜ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ [14]. ʎʝ ʜʦʟʚʦʣʷʻ 

ʚʠʟʥʘʯʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʝʪʦʜʫ ʟʘʭʠʩʪʫ ʜʣʷ ʙʽʣʴʰ ʰʠʨʦʢʦʛʦ ʜʽʘʧʘʟʦʥʫ 

ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʨʦʮʝʩ ʚʠʥʦʩʫ ʚʫʛʽʣʴʥʦʛʦ ʧʠʣʫ. ɸʣʝ ʜʣʷ ʮʴʦʛʦ 

ʧʦʪʨʽʙʥʦ ʤʘʪʠ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ 

ʚʨʘʭʦʚʫʚʘʪʠ ʪʽ ʩʫʪʪʻʚʽ ʬʘʢʪʦʨʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʠʣʦʫʪʚʦʨʝʥʥʷ. ɸʥʘʣʽʟ 

ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʧʦʢʘʟʘʚ ʽʩʥʫʚʘʥʥʷ ʦʙʤʝʞʝʥʦʾ ʢʽʣʴʢʦʩʪʽ ʪʘʢʠʭ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʤʦʜʝʣʝʡ  ʷʢ ʚ ʋʢʨʘʾʥʽ, ʪʘʢ ʽ ʫ ʩʚʽʪʽ [14]. 

 

 

1.5 ɿʘʭʠʩʪ ʨʦʙʦʯʠʭ ʟʦʥ ʚʽʜ ʧʠʣʦʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘ ʦʙôʻʢʪʘʭ 

ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ 

 

ʌʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʧʦʚôʷʟʘʥʦ ʟ ʜʫʞʝ 

ʽʥʪʝʥʩʠʚʥʠʤ ʧʠʣʦʚʠʤ ʟʘʙʨʫʜʥʝʥʥʷʤ ʧʦʚʽʪʨʷ ʨʽʟʥʠʭ ʨʦʙʦʯʠʭ ʟʦʥ. ʆʜʥʽʻʶ ʟ 

ʚʽʜʦʤʠʭ ʧʨʦʙʣʝʤ ʻ ʟʘʙʨʫʜʥʝʥʥʷ ʨʦʙʦʯʠʭ ʟʦʥ ʙʽʣʷ ʰʪʘʙʝʣʽʚ ʚʫʛʽʣʣʷ (ʨʠʩ.1.10) 
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ʇʨʠʢʣʘʜʦʤ ʪʘʢʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʻ ʧʠʣʦʚʝ ʟʘʙʨʫʜʥʝʥʥʷ ʧʨʦʤʠʩʣʦʚʦʛʦ 

ʤʘʡʜʘʥʯʠʢʘ ʚʽʜ ʩʭʦʚʠʱʘ ʚʫʛʽʣʣʷ ʥʘ ʪʝʨʠʪʦʨʽʾ ʇʨʠʜʥʽʧʨʦʚʩʴʢʦʾ ʊɽʉ. 

 

 

 

ʈʠʩʫʥʦʢ 1.10 ï ʐʪʘʙʝʣʴ ʚʫʛʽʣʣʷ 

(ʬʦʪʦ: https://himpartner1.kz/p56577441-reagent-ekobarer-dlya.html) 

 

ʐʪʘʙʝʣ ̔ ʚʫʛʽʣʣʷ, ʱʦ ʩʪʚʦʨʶʶʪʴʩʷ ʥʘ ʪʝʨʠʪʦʨʽʾ ʊɽʉ, ʤʘʶʪʴ ʚʝʣʠʢʽ 

ʨʦʟʤʽʨʠ. ʇʽʜ ʚʧʣʠʚʦʤ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʽʜʨʠʚʘʥʥʷ ʯʘʩʪʦʢ 

ʚʫʛʽʣʴʥʦʛʦ ʧʠʣʫ ʚʽʜ ʧʦʚʝʨʭʥʽ ʰʪʘʙʝʣ ̫ʪʘ ʡʦʛʦ ʧʦʰʠʨʝʥʥʷ ʥʘ ʜʦʩʠʪʴ ʟʥʘʯʥʫ 

ʚʽʜʩʪʘʥʴ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʠʣʦʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʙʘʛʘʪʴʦʭ ʨʦʙʦʯʠʭ ʟʦʥ ʥʘ 

ʪʝʨʠʪʦʨʽʾ ʊɽʉ. ʂʨʽʤ ʮʴʦʛʦ, ʧʠʣ ʧʦʪʨʘʧʣʷʻ ʚ ʩʘʣʦʥ ʪʝʭʥʽʢʠ (ʘʚʪʦ, 

ʥʘʚʘʥʪʘʞʫʚʘʯʽ ʪʦʱʦ), ʱʦ ʧʨʘʮʶʶʪʴ ʥʘ ʪʝʨʠʪʦʨʽʾ ʊɽʉ. ʋ ʟʚôʷʟʢʫ ʟ̔ ʮʠʤ 

ʚʠʥʠʢʘʻ ʜʫʞʝ ʚʘʞʣʠʚʘ ʟʘʜʘʯʘ ï ʟʥʠʞʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʠʥʦʩʫ ʧʠʣʫ ʚʽʜ 

ʧʦʚʝʨʭʥʽ ʰʪʘʙʝʣʷ ʟ ʤʝʪʦʶ ʟʤʝʥʰʝʥʥʷ ʨʽʚʥʷ ʧʠʣʦʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʨʦʙʦʯʠʭ 

ʟʦʥʘʭ. ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʠʥʦʩʫ ʚʫʛʽʣʴʥʦʛʦ ʧʠʣʫ ʚʽʜ ʰʪʘʙʝʣʽʚ 

ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʘʢʽ ʤʝʪʦʜʠ [75, 143]: 

1. ɺʠʢʦʨʠʩʪʘʥʥʷ ʟʘʭʠʩʥʠʭ ʝʢʨʘʥʽʚ ʙʽʣʷ ʰʪʘʙʝʣ;̫ 

2. ɿʚʦʣʦʞʝʥʥʷ ʧʦʚʝʨʭʥʽ ʰʪʘʙʝʣ;̫ 

3. ʇʦʢʨʠʪʪʷ ʧʦʚʝʨʭʥʽ ʰʪʘʙʝʣ ̫ʩʧʝʮʽʘʣʴʥʠʤ ʨʦʟʯʠʥʦʤ; 

4. ʇʦʜʘʚʘʥʥʷ ʚʦʜʠ ʚ ʧʠʣʦʚʫ ʭʤʘʨʫ. 
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ʆʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʟʘʨʘʟ ʚ ʋʢʨʘʾʥʽ ʥʝ ʽʩʥʫʻ ʤʝʪʦʜʠʢʠ 

ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʠʣʦʧʨʠʛʥʽʯʝʥʥʷ ʧʨʠ ʝʤʽʩʽʾ ʚʫʛʽʣʴʥʦʛʦ ʧʠʣʫ ʚʽʜ 

ʰʪʘʙʝʣʽʚ ʘʙʦ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʭʠʩʥʠʭ ʝʢʨʘʥʽʚ 

(ʙʘʨôʻʨʽʚ) ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʨʽʚʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ ʚ ʨʦʙʦʯʠʭ ʟʦʥʘʭ. 

ʈʦʟʚôʷʟʦʢ ʮʽʻʾ ʟʘʜʘʯʽ ʻ ʜʫʞʝ ʩʢʣʘʜʥʠʤ. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʠʥʦʩʫ ʚʫʛʽʣʴʥʦʛʦ ʧʠʣʫ ʚʽʜ ʧʦʚʝʨʭʥʽ ʰʪʘʙʝʣʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʙʘʛʘʪʴʦʭ ʬʘʢʪʦʨʽʚ, ʘ ʩʘʤʝ: 

1. ʌʦʨʤʠ ʰʪʘʙʝʣʶ; 

2. ɺʦʣʦʛʦʩʪʽ ʚʫʛʽʣʣʷ; 

3. ʐʚʠʜʢʦʩʪʽ ʪʘ ʥʘʧʨʷʤʫ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ; 

4. ʅʘʷʚʥʦʩʪʽ ʧʦʙʣʠʟʫ ʰʪʘʙʝʣʶ ʨʽʟʥʦʛʦ ʨʦʜʫ ʧʝʨʝʰʢʦʜ; 

5. ʄʘʨʢʠ ʚʫʛʽʣʣʷ ʪʦʱʦ. 

ʈʦʟʛʣʷʜʘʶʯʠ ʧʨʦʙʣʝʤʫ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ ʚ ʨʦʙʦʯʠʭ ʟʦʥʘʭ ʧʨʠ ʝʤʽʩʽʾ 

ʧʠʣʫ ʚʽʜ ʰʪʘʙʝʣʽʚ ʚʫʛʽʣʣʷ, ʩʣʽʜ ʚʠʦʢʨʝʤʠʪʠ ʜʚʽ ʜʫʞʝ ʚʘʞʣʠʚʽ ʟʘʜʘʯʽ: 

1. ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʨʦʟʤʽʨʽʚ ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʦʙʣʘʩʪʝʡ ʧʠʣʦʚʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥʷ ʙʽʣʷ ʰʪʘʙʝʣʽʚ; 

2. ʆʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʭʠʩʥʠʭ ʤʝʪʦʜʽʚ, ʱʦ ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʜʣʷ 

ʟʤʝʥʰʝʥʥʷ ʨʽʚʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ ʚ ʨʦʙʦʯʠʭ ʟʦʥʘʭ. 

ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʧʝʨʰʦʾ ʟʘʜʘʯʽ, ʪʦʙʪʦ ʜʣʷ ʘʥʘʣʽʟʫ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʘ 

ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʤʽʨʽʚ ʦʙʣʘʩʪʝʡ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʨʦʙʦʯʠʭ ʟʦʥʘʭ ʙʽʣʷ ʰʪʘʙʝʣʽʚ 

ʚʫʛʽʣʣʷ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʝʪʦʜ ʬʽʟʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʘʥʘʣʽʪʠʯʥʽ ʤʦʜʝʣʽ 

ʪʘ ʤʦʜʝʣʴ ɻʘʫʩʩʘ (ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʨʦʟʤʽʨʽʚ ʟʦʥ ʟʘʙʨʫʜʥʝʥʥʷ, ʘʣʝ ʙʝʟ 

ʫʨʘʭʫʚʘʥʥʷ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ ʰʪʘʙʝʣʷ), CFD-ʤʦʜʝʣʶʚʘʥʥʷ [107, 123, 185, 

186, 188]. 

ʉʣʽʜ ʥʘʛʦʣʦʩʠʪʠ, ʱʦ ʪʝʦʨʝʪʠʯʥʝ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʝʪʦʜʽʚ, ʱʦ 

ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʦʨʤʘʣʴʥʦʛʦ ʤʽʢʨʦʢʣʽʤʘʪʫ ʙʽʣʷ ʰʪʘʙʝʣʽʚ 

ʚʫʛʽʣʣʷ, ʤʦʞʣʠʚʝ ʣʠʰʝ ʟʘ ʜʦʧʦʤʦʛʦʶ CFD-ʤʦʜʝʣʶʚʘʥʥʷ. ʎʝ ʟʫʤʦʚʣʝʥʦ 

ʪʘʢʠʤʠ ʧʨʠʯʠʥʘʤʠ: 

1. ɸʥʘʣʽʪʠʯʥʽ ʤʦʜʝʣʽ (ʥʘʧʨʠʢʣʘʜ, ʧʘʢʝʪ SLAB ʨʦʟʨʦʙʢʠ ʉʐɸ), 

ʤʦʜʝʣʽ ɻʘʫʩʩʘ (ʥʘʧʨʠʢʣʘʜ, ʧʘʢʝʪ AERMOD ʨʦʟʨʦʙʢʠ ʉʐɸ) ʥʝ ʚʨʘʭʦʚʫʶʪʴ 
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ʥʝʨʽʚʥʦʤʽʨʥʝ ʧʦʣʝ ʰʚʠʜʢʦʩʪʽ ʧʦʚʽʪʨʷ, ʪʦʤʫ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʜʘʥʠʭ ʱʦʜʦ ʧʦʰʠʨʝʥʥʷ ʜʦʤʽʰʢʠ ʚ ʨʦʙʦʯʠʭ ʟʦʥʘʭ; 

2. ɸʥʘʣʽʪʠʯʥʽ ʤʦʜʝʣʽ, ʤʦʜʝʣʽ ɻʘʫʩʩʘ ʚʨʘʭʦʚʫʶʪʴ ʜʞʝʨʝʣʦ ʚʠʢʠʜʫ 

ʜʦʤʽʰʢʠ (ʧʠʣ, ʤʝʪʘʥ ʪʦʱʦ) ʣʠʰʝ ʷʢ çʪʦʯʢʫè, ʪʦʙʪʦ, ʥʘʧʨʠʢʣʘʜ, ʬʦʨʤʘ 

ʚʠʾʤʢʠ, ʰʪʘʙʝʣ ̫ʚʫʛʽʣʣʷ ʘʙʦ ʢʘʨôʻʨʫ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʜʦ ʫʚʘʛʠ ʥʝ ʙʝʨʝʪʴʩʷ. 

ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʧʽʜ ʯʘʩ ʤʦʜʝʣʶʚʘʥʥ ̫ʥʝ ʚʠʢʦʥʫʻʪʴʩʷ ʛʝʦʤʝʪʨʠʯʥʘ ʧʦʜʽʙʥʽʩʪʴ 

ʷʚʠʱ; 

3. ɻʘʫʩʩʦʚʽ ʤʦʜʝʣʽ ʪʘ ʘʥʘʣʽʪʠʯʥʽ ʤʦʜʝʣʽ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʨʝʞʠʤ 

ʚʠʢʠʜʫ ʧʠʣʫ (ʥʘʧʨʠʢʣʘʜ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʠʜʽʣʝʥʥʷ ʧʠʣʫ ʚʽʜ ʨʽʟʥʠʭ ʯʘʩʪʠʥ 

ʰʪʘʙʝʣʷ ʚʫʛʽʣʣʷ ʨʽʟʥʘ ʪʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʣʦʢʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʧʦʚʽʪʨʷ ʙʽʣʷ 

ʧʦʚʝʨʭʥʽ ʰʪʘʙʝʣ)̫. 

ɻʘʫʩʩʦʚʽ ʤʦʜʝʣʽ ʪʘ ʩʪʚʦʨʝʥʽ ʥʘ ʾʭ ʦʩʥʦʚʽ ʢʦʤʝʨʮʽʡʥʽ ʧʘʢʝʪʠ ʧʨʦʛʨʘʤ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʚʧʣʠʚʫ ʜʞʝʨʝʣ ʝʤʽʩʽʾ (ʰʪʘʙʝʣ ̔ʚʫʛʽʣʣʷ, 

ʚʽʜʚʘʣʠ ʪʦʱʦ) ʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ ʥʘ ʜʦʩʪʘʪʥʽʡ ʜʦʚʞʠʥʽ ʚʽʜ 

ʜʞʝʨʝʣʘ ʟʘʙʨʫʜʥʝʥʥʷ [186], ʘ ʥʝ ʚ ʨʦʙʦʯʠʭ ʟʦʥʘʭ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʽ ʙʽʣʷ 

ʜʞʝʨʝʣ ʟʘʙʨʫʜʥʝʥʥʷ. 

ʗʢ ʩʚʽʜʯʘʪʴ ʨʝʟʫʣʴʪʘʪʠ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ ʟʘʢʦʨʜʦʥʥʠʭ ʧʫʙʣʽʢʘʮʽʡ, 

ʟʘʨʘʟ ʫ ʩʚʽʪʽ ʦʩʦʙʣʠʚʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʩʪʚʦʨʝʥʥʶ CFD-ʤʦʜʝʣʝʡ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʨʦʙʦʯʠʭ ʟʦʥ ʪʘ ʾʭ ʟʘʭʠʩʪʫ ʙʽʣʷ ʰʪʘʙʝʣʽʚ 

ʚʫʛʽʣʣʷ. ɿʘ ʢʦʨʜʦʥʦʤ CFD-ʤʦʜʝʣʽ ʩʪʘʶʪʴ, ʧʦ ʩʫʪʽ, ʦʩʥʦʚʥʠʤ ʤʝʪʦʜʦʤ 

ʪʝʦʨʝʪʠʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʢʦʣʠ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʟʥʘʯʠʪʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ 

ʬʦʨʤʫʚʘʥʥʷ ʟʦʥ ʧʠʣʦʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ 

ʤʝʪʦʜʫ ʟʘʭʠʩʪʫ ʨʦʙʦʯʠʭ ʟʦʥ. ʅʘʧʨʠʢʣʘʜ, ʥʘ ʨʠʩ. 1.11 ʧʦʢʘʟʘʥʦ ʨʦʟʨʘʭʫʥʢʦʚʫ 

ʦʙʣʘʩʪʴ ʫ ʟʘʜʘʯʽ ʧʨʦ CFD-ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʭʠʩʪʫ ʨʦʙʦʯʠʭ ʟʦʥ ʚʽʜ ʧʠʣʦʚʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʙʽʣʷ ʰʪʘʙʝʣ ̫ʚʫʛʽʣʣʷ ʟʘʭʠʩʥʦʛʦ ʝʢʨʘʥʘ, ʘ ʥʘ 

ʨʠʩ. 1.12 ï ʟʦʥʫ ʟʘʙʨʫʜʥʝʥʥʷ ʙʽʣʷ ʰʪʘʙʝʣ,̫ ʱʦ ʙʫʣʘ ʦʪʨʠʤʘʥʘ ʤʝʪʦʜʦʤ CFD- 

ʤʦʜʝʣʶʚʘʥʥʷ. 
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ʈʠʩʫʥʦʢ 1.11 ï ʌʦʨʤʫʚʘʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ ʚ ʟʘʜʘʯʽ ʧʨʦ CFD- 

ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ ʙʽʣʷ ʰʪʘʙʝʣ ̫[189] 

 

 

 

ʈʠʩʫʥʦʢ 1.12 ï CFD ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ ʙʽʣʷ ʰʪʘʙʝʣ ̫

[147] 

 

ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʽʩʥʫʶʯ ̔ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʦʮʽʥʶʚʘʥʥ ̫

ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʨʦʙʦʯʠʭ ʟʦʥʘʭ ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ ʫʤʦʚʠ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʩʪʘʥʫ 

ʘʪʤʦʩʬʝʨʠ. ɸʣʝ ʜʣʷ ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʤʝʪʝʦʫʤʦʚ (ʰʪʠʣʴ, ʽʥʚʝʨʩʽʷ) ʧʨʘʢʪʠʯʥʦ 

ʚʽʜʩʫʪʥʽ ʤʝʪʦʜʠ ʦʮʽʥʶʚʘʥʥʷ ʨʽʚʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ ʚ ʨʦʙʦʯʠʭ ʟʦʥʘʭ. ʗʢ 

ʚʽʜʦʤʦ, ʟʘ ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʤʝʪʝʦʫʤʦʚ ʤʦʞʝ ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ ʜʫʞʝ ʟʥʘʯʥʝ 
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ʟʘʙʨʫʜʥʝʥʥʷ ʨʦʙʦʯʠʭ ʟʦʥ, ʱʦ ʧʦʪʨʝʙʫʻ ʨʦʟʨʦʙʢʠ ʜʦʜʘʪʢʦʚʠʭ ʤʝʪʦʜʽʚ 

ʦʮʽʥʶʚʘʥʥʷ ʨʽʚʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʚ ʨʘʤʢʘʭ ʮʴʦʛʦ ʢʣʘʩʫ ʟʘʜʘʯ ʟʘ 

ʢʦʨʜʦʥʦʤ ʦʩʥʦʚʥʠʤ ʤʝʪʦʜʦʤ ʨʦʟʚôʷʟʘʥʥʷ ʻ ʤʝʪʦʜ CFD-ʤʦʜʝʣʶʚʘʥʥʷ. ʅʘ 

ʟʘʢʽʥʯʝʥʥʷ ʟʘʫʚʘʞʠʤʦ, ʱʦ ʢʨʠʪʠʯʥʠʡ ʘʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʜʘʻ 

ʧʽʜʩʪʘʚʫ ʜʣʷ ʚʠʩʥʦʚʢʫ, ʱʦ ʚ ʋʢʨʘʾʥʽ ʽʩʥʫʻ ʦʙʤʝʞʝʥʘ ʢʽʣʴʢʽʩʪʴ CFD-ʤʦʜʝʣʝʡ, 

ʷʢʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʪʘʢʠʭ ʩʢʣʘʜʥʠʭ 

ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʠʭ ʟʘʜʘʯ, ʷʢ ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʥʝʙʝʟʧʝʢʠ ʚ ʨʦʙʦʯʠʭ ʟʦʥʘʭ 

ʦʙôʻʢʪʽʚ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ. 

 

 

1.6 ʄʝʪʦʜʠ ʦʮʽʥʶʚʘʥʥʷ ʨʽʚʥʷ ʧʦʞʝʞʥʦʛʦ ʨʠʟʠʢʫ 

 

ʈʽʚʝʥʴ ʧʦʞʝʞʥʦʛʦ ʨʠʟʠʢʫ ʻ ʜʫʞʝ ʚʝʣʠʢʠʤ ʫ ʙʘʛʘʪʴʦʭ ʢʨʘʾʥʘʭ ʩʚʽʪʫ. 

ʂ̔ ʣʴʢʩ̔ʪɹ ʧʦʞʝʞ ʫ ʩʚʽʪʽ ʤʘʻ ʪʝʥʜʝʥʮʽʶ ʜʦ ʟʨʦʩʪʘʥʥʷ. ʅʘ ʪʝʨʠʪʦʨʽʾ ʦʙôʻʢʪʽʚ 

ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʧʦʞʝʞʽ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʥʘ 

ʧʨʦʤʠʩʣʦʚʦʤʫ ʤʘʡʜʘʥʯʠʢʫ, ʧʨʠ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʽ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ, ʥʘ ɸɿʉ, 

ʚʩʝʨʝʜʠʥʽ ʧʨʦʤʠʩʣʦʚʠʭ ʧʨʠʤʽʱʝʥʴ ʪʦʱʦ. ʊʦʙʪʦ ʨʠʟʠʢ ʚʠʥʠʢʥʝʥʥʷ ʧʦʞʝʞ ʥʘ 

ʮʠʭ ʦʙôʻʢʪʘʭ ʜʫʞʝ ʚʝʣʠʢʠʡ. ʇʦʞʝʞʘ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʝʚʥʠʤʠ ʫʨʘʞʘʶʯʠʤʠ 

ʬʘʢʪʦʨʘʤʠ: ʧʦʷʚʘ ʥʝʙʝʟʧʝʯʥʠʭ ʧʨʦʜʫʢʪʽʚ ʛʦʨʽʥʥʷ, ʢʦʥʚʝʢʪʠʚʥʠʡ ʧʝʨʝʥʦʩ 

ʥʘʛʨʽʪʦʛʦ ʧʦʚʽʪʨʷ, ʪʝʧʣʦʚʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʎʽ ʬʘʢʪʦʨʠ ʚʠʢʣʠʢʘʶʪʴ 

ʦʪʨʫʻʥʥʷ, ʪʝʨʤʽʯʥʝ ʫʨʘʞʝʥʥʷ ʪʘ ʟʘʛʠʙʝʣʴ ʧʨʘʮʽʚʥʠʢʽʚ. ʋ ʩʚʽʪʽ ʧʦʙʫʜʦʚʘ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʨʦʟʚʠʪʢʫ ʧʦʞʝʞʽ, ʨʠʟʠʢʫ ʫʨʘʞʝʥʥʷ 

ʧʨʘʮʽʚʥʠʢʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʜʫ ʧʦʞʝʞʽ ʪʘ ʢʦʥʢʨʝʪʥʦʾ ʟʘʜʘʯʽ, ʘ ʩʘʤʝ: 

1. ʃʽʩʦʚʽ ʧʦʞʝʞʽ; 

2. ʇʦʞʝʞʽ ʚ ʤʝʪʨʦ, ʪʫʥʝʣʷʭ; 

3. ʇʦʞʝʞʽ ʥʘ ʥʘʬʪʦ- ʪʘ ʛʘʟʦʩʭʦʚʠʱʘʭ; 

4. ʇʦʞʝʞʽ ʚ ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʘʭ; 

5. ʇʦʞʝʞʽ ʫ ʚʝʣʠʢʠʭ ʙʫʜʽʚʣʷʭ, ʱʦ ʤʘʶʪʴ ʩʦʮʽʘʣʴʥʝ ʧʨʠʟʥʘʯʝʥʥʷ; 

6. ʇʦʞʝʞʽ ʥʘ ʪʨʘʥʩʧʦʨʪʽ; 
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7. ʇʦʞʝʞʽ ʫ ʚʠʨʦʙʢʘʭ; 

8. ʇʦʞʝʞʽ ʥʘ ʦʙôʻʢʪʘʭ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ. 

ʊʘʢʦʞ ʚʘʞʣʠʚʦ ʚʢʘʟʘʪʠ, ʱʦ ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʧʦʪʫʞʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʜʦʩʣʽʜʞʝʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʛʘʩʽʥʥʷ ʧʦʞʝʞʽ ʪʘ ʨʽʰʝʥʥʷ ʩʫʧʫʪʥʽʭ ʟʘʜʘʯ, 

ʥʘʧʨʠʢʣʘʜ: 

1. ɻʘʩʽʥʥʷ ʧʦʣʫʤôʷ ʧʽʥʦʶ; 

2. ɻʘʩʽʥʥʷ ʧʦʣʫʤôʷ ʩʧʝʮʽʘʣʴʥʠʤʠ ʟʘʩʦʙʘʤʠ; 

3. ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘʛʨʽʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ ʧʨʠ ʧʦʞʝʞʽ ʪʦʱʦ. 

ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʚ ʭʦʜʽ ʨʦʟʚôʷʟʘʥʥ ̫ ʟʘʜʘʯ ʮʴʦʛʦ ʢʣʘʩʫ ʚʠʥʠʢʘʻ 

ʧʦʪʨʝʙʘ ʨʦʟʚôʷʟʘʥʥʷ ʧʝʚʥʠʭ çʩʫʙʟʘʜʘʯè, ʥʘʧʨʠʢʣʘʜ: 

1. ʆʮʽʥʶʚʘʥʥʷ ʨʠʟʠʢʫ ʪʝʨʤʽʯʥʦʛʦ ʫʨʘʞʝʥʥʷ ʧʨʘʮʽʚʥʠʢʽʚ ʥʘ ʚʽʜʢʨʠʪʽʡ 

ʤʽʩʮʝʚʦʩʪʽ, ʙʽʣʷ ʤʽʩʮʷ ʧʦʞʝʞʽ; 

2. ʆʮʽʥʶʚʘʥʥʷ ʨʠʟʠʢʫ ʪʝʨʤʽʯʥʦʛʦ ʫʨʘʞʝʥʥʷ ʧʨʘʮʽʚʥʠʢʽʚ ʫ ʨʦʙʦʯʠʭ 

ʧʨʠʤʽʱʝʥʥʷʭ ʧʨʠ ʧʨʠʧʣʠʚʽ ʚ ʥʠʭ ʥʘʛʨʽʪʦʛʦ ʧʦʚʽʪʨʷ; 

3. ʆʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʷʥʦʾ ʟʘʚʽʩʠ ʪʦʱʦ. 

ɿʘʣʝʞʥʦ ʚʽʜ ʢʦʥʢʨʝʪʥʦʾ ʟʘʜʘʯʽ (ʥʘʧʨʠʢʣʘʜ, ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʚʠʪʢʫ 

ʧʦʞʝʞʽ ʘʙʦ ʛʘʩʽʥʥʷ ʧʦʞʝʞʽ ʚʦʜʦʶ ʯʠ ʩʧʝʮʽʘʣʴʥʠʤʠ ʟʘʩʦʙʘʤʠ) ʥʘ ʧʨʘʢʪʠʮʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʦʜʝʣʽ ʪʨʴʦʭ ʢʣʘʩʽʚ [1, 8, 53, 54, 59, 61, 63, 65, 72, 83, 86, 

137]: ʝʤʧʽʨʠʯʥʽ (ʘʙʦ ʩʪʘʪʠʩʪʠʯʥʽ) ʤʦʜʝʣʽ, ʘʥʘʣʽʪʠʯʥʽ ʤʦʜʝʣʽ ʪʘ CFD-ʤʦʜʝʣʽ. 

ɽʤʧʽʨʠʯʥʽ (ʘʙʦ ʩʪʘʪʠʩʪʠʯʥʽ) ʤʦʜʝʣʽ ʙʘʟʫʶʪʴʩʷ ʥʘ ʦʙʨʦʙʮʽ ʨʝʟʫʣʴʪʘʪʽʚ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʪʘ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʠʪʠ ʢʦʝʬʽʮʽʻʥʪʠ, ʧʘʨʘʤʝʪʨʠ, ʱʦ 

ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʰʚʠʜʢʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʘʙʦ ʜʣʷ ʟʘʤʠʢʘʥʥʷ ʤʦʜʝʣʶʶʯʠʭ 

ʨʽʚʥʷʥʴ (ʥʘʧʨʠʢʣʘʜ, ʝʤʧʽʨʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʟ ʚʠʟʥʘʯʝʥʥ ̫ ʰʚʠʜʢʦʩʪʽ 

ʚʠʧʘʨʶʚʘʥʥʷ ʚʦʜʠ). ʎʽ ʤʦʜʝʣʽ ʜʫʞʝ ʟʨʫʯʥʽ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʽʥʞʝʥʝʨʥʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ. ɸʣʝ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʞʣʠʚʝ ʪʽʣʴʢʠ ʜʣʷ ʫʤʦʚ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʫʤʦʚʘʤ, ʟʘ ʷʢʠʭ ʙʫʣʠ ʚʠʢʦʥʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʪʘ ʦʪʨʠʤʘʥʽ ʮʽ ʤʦʜʝʣʽ. 

ɸʥʘʣʽʪʠʯʥʽ ʤʦʜʝʣʽ, ʪʦʙʪʦ ʪʦʯʥʠʡ ʨʦʟʚôʷʟʦʢ ʤʦʜʝʣʶʶʯʦʛʦ ʨʽʚʥʷʥʥʷ, 

ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʰʚʠʜʢʦ ʨʦʟʨʘʭʫʚʘʪʠ ʥʠʟʢʫ ʧʨʦʮʝʩʽʚ, ʱʦ ʻ ʭʘʨʘʢʪʝʨʥʠʤʠ 

ʧʨʠ ʧʦʞʝʞʘʭ (ʥʘʧʨʠʢʣʘʜ, ʦʮʽʥʶʚʘʥʥʷ ʪʝʨʤʽʯʥʦʛʦ ʫʨʘʞʝʥʥʷ ʧʨʘʮʽʚʥʠʢʽʚ 



58 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʧʽʜ ʯʘʩ ʧʦʞʝʞʽ). ɸʣʝ ʚʽʜʦʤʦ, ʱʦ ʘʥʘʣʽʪʠʯʥʠʡ ʨʦʟʚôʷʟʦʢ 

ʟʘʜʘʯʽ ʤʦʞʣʠʚʦ ʦʪʨʠʤʘʪʠ ʧʨʠ ʨʷʜʽ ʩʧʨʦʱʝʥʴ ʫ ʤʘʪʝʤʘʪʠʯʥʽʡ ʧʦʩʪʘʥʦʚʮʽ 

ʟʘʜʘʯʽ. ʊʦʤʫ ʢʦʣʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ ʤʦʜʝʣʝʡ ʦʙʤʝʞʝʥʝ. ɰʭ ʤʦʞʣʠʚʦ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʝʢʩʧʨʝʩ-ʨʦʟʨʘʭʫʥʢʽʚ, ʢʦʣʠ ʰʚʠʜʢʦ ʥʝʦʙʭʽʜʥʦ 

ʨʦʟʚôʷʟʘʪʠ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʟʘʜʘʯ. 

ʋ ʧʨʦʮʝʩʽ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʟ ʦʭʦʨʦʥʠ ʧʨʘʮʽ ʧʨʠ ʧʦʞʝʞʘʭ ʦʩʦʙʣʠʚʦ 

ʚʘʞʣʠʚʫ ʨʦʣʴ ʚʽʜʽʛʨʘʻ CFD-ʤʦʜʝʣʶʚʘʥʥʷ. ʃʠʰʝ ʥʘ ʙʘʟʽ CFD-ʤʦʜʝʣʝʡ 

ʤʦʞʣʠʚʦ ʦʪʨʠʤʘʪʠ ʪʝʦʨʝʪʠʯʥʠʤ ʰʣʷʭʦʤ ʜʘʥʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤ 

ʩʫʯʘʩʥʦʩʪʽ. ʄʘʪʝʤʘʪʠʯʥʦʶ ʦʩʥʦʚʦʶ ʮʠʭ ʤʦʜʝʣʝʡ ʻ, ʷʢ ʧʨʘʚʠʣʦ, ʨʽʚʥʷʥʥʷ 

ʅʘʚôʻ-ʉʪʦʢʩʘ, ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʤʘʩʦʦʙʤʽʥʫ ʪʘ ʜʦʜʘʪʢʦʚʽ ʤʦʜʝʣʶʶʯʽ ʨʽʚʥʷʥʥʷ  

ʟʘʣʝʞʥʦ ʚʽʜ ʢʦʥʢʨʝʪʥʦʾ ʟʘʜʘʯʽ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʽʚʥʷʥʴ ʅʘʚôʻ-ʉʪʦʢʩʘ ʧʦʪʨʝʙʫʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʫʞʝ ʜʨʽʙʥʦʾ ʩʽʪʢʠ ʜʣʷ çʚʽʜʪʚʦʨʝʥʥʷè ʚ ʯʠʩʝʣʴʥʽʡ ʤʦʜʝʣʽ 

ʚôʷʟʢʦʩʪʽ. ʅʘʩʣʽʜʦʢ ʮʴʦʛʦ ï ʟʥʘʯʥʽ ʚʠʪʨʘʪʠ ʯʘʩʫ ʥʘ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʪʘ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʪʫʞʥʠʭ ʢʦʤʧôʶʪʝʨʽʚ. ʊʘʢʦʞ ʥʝʦʙʭʽʜʥʦ 

ʚʽʜʟʥʘʯʠʪʠ ʱʝ ʦʜʥʫ ʚʘʞʣʠʚʫ ʧʨʦʙʣʝʤʫ, ʱʦ ʚʠʥʠʢʘʻ ʚ ʭʦʜʽ ʧʨʘʢʪʠʯʥʦ ʾ

ʨʝʘʣʽʟʘʮʽʾ ʨʽʚʥʷʥʴ ʅʘʚôʻïʉʪʦʢʩʘ, ï ʮʝ ʧʨʦʙʣʝʤʘ ʤʦʜʝʣʶʚʘʥʥʷ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ. 

ʅʘ ʩʴʦʛʦʜʥʽ ʥʘ ʧʨʘʢʪʠʮʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʝʢʽʣʴʢʘ ʤʦʜʝʣʝʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ 

[3, 181], ʥʘʧʨʠʢʣʘʜ: ʘʣʛʝʙʨʘʾʯʥʽ ʤʦʜʝʣʽ, k e-  ʤʦʜʝʣʴ, LES-ʤʦʜʝʣʶʚʘʥʥʷ, 

DNS-ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʽʥ. ʅʘʷʚʥʽʩʪʴ ʪʘʢʦʾ ʢʽʣʴʢʦʩʪʽ ʤʦʜʝʣʝʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʟʘʨʘʟ ʥʝʤʘ ̒ʻʜʠʥʦʾ, ʫʥʽʚʝʨʩʘʣʴʥʦʾ ʤʦʜʝʣʽ. ɼʝʷʢʽ ʤʦʜʝʣʽ 

ʙ̔ ʣʴʰ çʝʬʝʢʪʠʚʥʽè ʜʣʷ ʦʧʠʩʫ ʧʨʠʩʪʽʥʥʠʭ ʪʝʯʽʡ, ʽʥʰʽ ï ʚ ʦʙʣʘʩʪʽ ʚʽʣʴʥʦʛʦ 

ʩʪʨʫʤʝʥʶ ʪʦʱʦ. ʂʨʽʤ ʮʴʦʛʦ, ʽʩʥʫʻ ʧʨʦʙʣʝʤʘ çʟʘʤʠʢʘʥʥʷè ʤʦʜʝʣʽ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʤʧʽʨʠʯʥʠʭ ʢʦʥʩʪʘʥʪ. ʅʘʧʨʠʢʣʘʜ, ʫ 

ʪʘʙʣ. 1.1 [3] ʥʘʚʝʜʝʥʦ ʜʘʥʽ ʱʦʜʦ ʢʦʥʩʪʘʥʪ ʚ k e-  ʤʦʜʝʣ.̔ 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʝʤʧʽʨʠʯʥʠʭ ʢʦʥʩʪʘʥʪ ʜʣʷ ʽʥʰʠʭ ʫʤʦʚ ʧʦʪʨʝʙʫʻ ʾʭ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ. 
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ʊʘʙʣʠʮʷ 1.1 ï ʆʨʽʻʥʪʦʚʥʽ ʟʥʘʯʝʥʥʷ ʝʤʧʽʨʠʯʥʠʭ ʢʦʥʩʪʘʥʪ k e-  ʤʦʜʝʣʽ 

[3] 

ʂʦʥʩʪʘʥʪʘ ɿʥʘʯʝʥʥʷ ɼʞʝʨʝʣʦ ʦʮʽʥʢʠ 

Prk  0,5 ʋʤʦʚʘ ʦʧʠʩʫ ʷʢ ʣʦʛʘʨʠʬʤʽʯʥʦʛʦ ʧʨʦʬʽʣʶ ʰʚʠʜʢʦʩʪʽ 

ʚ ʪʫʨʙʫʣʝʥʪʥʦʤʫ ʧʨʠʛʨʘʥʠʯʥʦʤʫ ʰʘʨʽ, ʪʘʢ ʽ 

ʰʚʠʜʢʦʩʪʽ ʨʦʩʪʫ ʟʦʥʠ ʟʤʽʰʫʚʘʥʥʷ ʚ ʘʚʪʦʤʦʜʝʣʴʥʽʡ 

ʟʘʜʘʯʽ ʧʨʦ ʟʩʫʚʥʝ ʧʝʨʝʤʽʰʫʚʘʥʥʷ 

Pre 
0,75 

cm 0,09 

1ce  1,30 

2ce  1,92 
ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʽʟ ʟʘʪʫʭʘʥʥ ̫ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ ʚ 

ʦʜʥʦʨʽʜʥʦʤʫ ʧʦʪʦʮʽ ʟʘ ʨʝʰʽʪʢʦʶ 

3ce  4/3 
ɽʚʦʣʶʮʽʷ ʦʜʥʦʨʽʜʥʦʾ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ ʧʨʠ ʰʚʠʜʢʦʤʫ 

ʦʜʥʦʨʽʜʥʦʤʫ ʩʪʠʩʢʫʚʘʥʥʽ 

0ce  
1,0º  

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʧʦ ʰʠʨʠʥʽ ʟʦʥʠ 

ʧʝʨʝʤʽʰʫʚʘʥʥ ̫ ʜʣʷ ʘʚʪʦʤʦʜʝʣʴʥʦʾ ʟʘʜʘʯʽ ʧʨʦ 

ʛʨʘʚʽʪʘʮʽʡʥʝ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʨʽʜʠʥ, ʱʦ ʥʝ 

ʩʪʠʩʢʘʶʪʴʩʷ  

ʋ ʪʘʙʣ. 1.2 ʥʘʚʝʜʝʥʦ ʜʘʥʽ ʟ ʨʦʙʦʪʠ [181] ʧʨʦ ʧʝʨʩʧʝʢʪʠʚʠ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʨʽʟʥʠʭ ʤʦʜʝʣʝʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ. 

 

ʊʘʙʣʠʮʷ 1.2 ï ʇʝʨʩʧʝʢʪʠʚʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʤʦʜʝʣʝʡ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ [181] 

ʄʦʜʝʣʴ 
ʅʝʦʙʭʽʜʥʝ ʯʠʩʣʦ 

ʚʫʟʣʽʚ ʩʽʪʢʠ 

ʅʝʦʙʭʽʜʥʝ ʯʠʩʣʦ 

ʢʨʦʢʽʚ ʧʦ ʯʘʩʫ 
ɻʦʪʦʚʥʽʩʪʴ 

3D Steady RANS 10
7
 10

3 
1985 

3D Unsteady RANS 10
7
 10

3,5
 1995 

DES 10
8
 10

4
 2000 

LES 10
11,5

 10
6,7

 2045 

DNS 10
16

 10
7,7

 2080 
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ɸʥʘʣʽʟ ʜʘʥʠʭ ʟ ʪʘʙʣ. 1.1 ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʫ ʥʘʡʙʣʠʞʯʽʡ ʧʝʨʩʧʝʢʪʠʚʽ 

ʥʝ ʤʦʞʝ ʙʫʪʠ çʱʦʜʝʥʥʦʛʦè ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʩʦʢʦʛʦ ʢʣʘʩʫ ʤʦʜʝʣʝʡ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ ʜʣʷ ʨʦʟʚô̫ ʟʢʫ ʧʨʠʢʣʘʜʥʠʭ ʟʘʜʘʯ. 

ʂʨʠʪʠʯʥʠʡ ʘʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʚʠʷʚʠʚ ʦʙʤʝʞʝʥʫ ʢʽʣʴʢʽʩʪʴ 

ʘʚʪʦʨʩʴʢʠʭ CFD-ʤʦʜʝʣʝʡ, ʱʦ ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʚ ʋʢʨʘʾʥʽ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ 

ʟʘʜʘʯ ʮʴʦʛʦ ʢʣʘʩʫ ʘʙʦ ʽʥʰʠʭ ʟʘʜʘʯ ʚ ʛʘʣʫʟʽ ʦʭʦʨʦʥʠ ʧʨʘʮʽ.  ɿʦʢʨʝʤʘ, ʮʝ 

ʩʪʦʩʫʻʪʴʩʷ ʧʨʦʙʣʝʤ ʦʮʽʥʶʚʘʥʥʷ ʨʠʟʠʢʫ ʪʝʨʤʽʯʥʦʛʦ ʘʙʦ ʭʽʤʽʯʥʦʛʦ ʫʨʘʞʝʥʥʷ 

ʚʦʜʦʣʘʟʽʚ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʧʽʜʚʦʜʥʠʭ ʨʦʙʽʪ. ɺ ʋʢʨʘʾʥʽ ʧʝʨʝʚʘʞʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʢʦʤʝʨʮʽʡʥʽ ʧʘʢʝʪʠ ʧʨʦʛʨʘʤ (ʥʘʧʨʠʢʣʘʜ, ANSYS Fluent, 

SOFIA ʪʘ ʽʥ.) ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʨʽʟʥʠʭ ʟʘʜʘʯ ʫ ʛʘʣʫʟʽ ʧʦʞʝʞʥʦʾ ʙʝʟʧʝʢʠ. 

 

 

1.7 ʇʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʴ ʜʦʩʣʽʜʞʝʥʥʷ 

 

ʅʘ ʧʽʜʩʪʘʚʽ ʚʠʢʦʥʘʥʦʛʦ ʘʥʘʣʽʟʫ ʥʘʫʢʦʚʠʭ ʧʫʙʣʽʢʘʮʽʡ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ 

ʟʘʚʜʘʥʥʷ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ: 

1. ɺʠʢʦʥʘʪʠ ʘʥʘʣʽʟ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʚʠʟʥʘʯʝʥʥ ̫ʰʢʽʜʣʠʚʠʭ ʬʘʢʪʦʨʽʚ ʥʘ 

ʦʙôʻʢʪʘʭ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ (ʥʘ ʧʨʠʢʣʘʜʽ ʇʨʠʜʥʽʧʨʦʚʩʴʢʦʾ 

ʊɽʉ); 

2. ɺʠʢʦʥʘʪʠ ʢʨʠʪʠʯʥʠʡ ʦʛʣʷʜ ʤʝʪʦʜʠʢ ʦʮʽʥʶʚʘʥʥʷ ʰʢʽʜʣʠʚʠʭ ʬʘʢʪʦʨʽʚ 

ʫ ʨʦʙʦʯʠʭ ʟʦʥʘʭ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʪʘ 

ʤʦʜʝʣʝʡ ʪʘ ʚʠʟʥʘʯʠʪʠ ʦʩʥʦʚʥʽ ʥʘʫʢʦʚʽ ʥʘʧʨʷʤʢʠ ʤʝʪʦʜʠʯʥʠʭ ʧʽʜʭʦʜʽʚ 

ʧʨʠʡʥʷʪʪʷ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ; 

3. ʈʦʟʨʦʙʠʪʠ ʙʘʛʘʪʦʬʘʢʪʦʨʥʽ ʯʠʩʝʣʴʥʽ ʤʦʜʝʣʽ, ʢʦʤʧôʶʪʝʨʥʽ ʧʨʦʛʨʘʤʠ 

(ʢʦʜʠ), ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʩʧʨʦʛʥʦʟʫʚʘʪʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪ ̔ʬʦʨʤʫʚʘʥʥʷ ʦʙʣʘʩʪʝʡ 

ʟʘʙʨʫʜʥʝʥʥʷ ʪʘ ʾʭ ʚʧʣʠʚ ʥʘ ʧʨʘʮʽʚʥʠʢʽʚ ʫ ʨʦʙʦʯʠʭ ʟʦʥʘʭ ʥʘ ʧʨʦʤʠʩʣʦʚʠʭ 

ʤʘʡʜʘʥʯʠʢʘʭ ʊɽʉ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʥʘʷʚʥʦʩʪʽ 

ʭʽʤʽʯʥʦʛʦ, ʪʝʧʣʦʚʦʛʦ, ʰʫʤʦʚʦʛʦ ʪʘ ʧʠʣʦʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ; 

4. ʅʘ ʦʩʥʦʚʽ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʛʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʨʦʟʨʦʙʠʪʠ 

ʢʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ, ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ ʟʥʠʞʝʥʥʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ 
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ʰʢʽʜʣʠʚʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʨʦʙʦʯʠʭ ʤʽʩʮʷʭ ʦʙôʻʢʪʽʚ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ; 

5. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʤʦʞʣʠʚʦʩʪʽ ʚʠʥʠʢʥʝʥʥʷ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʩʠʪʫʘʮʽʡ 

ʦʮʽʥʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʭʠʩʥʠʭ ʟʘʩʦʙʽʚ. 

 

 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 1 

 

ʅʘ ʦʩʥʦʚʽ ʢʨʠʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʚʩʪʘʥʦʚʣʝʥʦ: 

1. ɺ ʋʢʨʘʾʥʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʦʙʤʝʞʝʥʘ ʢʽʣʴʢʽʩʪʴ ʯʠʩʝʣʴʥʠʭ ʤʦʜʝʣʝʡ, 

ʱʦ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʩʫʯʘʩʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ ʛʘʣʫʟʽ 

ʦʭʦʨʦʥʠ ʧʨʘʮʽ ʟʘ ʢʦʨʜʦʥʦʤ. 

2. ɸʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʻ ʩʪʚʦʨʝʥʥʷ ʝʢʦʥʦʤʽʯʥʠʭ ʪʘ ʝʬʝʢʪʠʚʥʠʭ 

ʯʠʩʝʣʴʥʠʭ ʤʦʜʝʣʝʡ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʜʦʩʣʽʜʞʫʚʘʪʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ 

ʬʦʨʤʫʚʘʥʥʷ ʦʙʣʘʩʪʝʡ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʨʦʙʦʯʠʭ ʟʦʥʘʭ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ 

ʪʝʨʠʪʦʨʽʾ ʦʙôʻʢʪʽʚ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ: ʙʽʣʷ ʰʪʘʙʝʣʽʚ ʚʫʛʽʣʣʷ, 

ʟʘʣʽʟʥʠʯʥʦʾ ʢʦʣʽʾ, ʘʚʪʦʜʦʨʦʛʠ ʪʦʱʦ, ʘ ʪʘʢʦʞ ʫ ʚʠʧʘʜʢʫ ʚʠʢʠʜʽʚ, ʱʦ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʟʘ ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʤʝʪʝʦʫʤʦʚ. 

3. ɺ ʋʢʨʘʾʥʽ ʽʩʥʫʻ ʜʝʬʽʮʠʪ ʯʠʩʝʣʴʥʠʭ ʤʦʜʝʣʝʡ ʦʮʽʥʶʚʘʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʦʙʽʚ ʟʘʭʠʩʪʫ ʨʦʙʦʯʠʭ ʟʦʥ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʽ ʙʽʣʷ ʘʚʪʦʪʨʘʩ, ʚʽʜ 

ʭʽʤʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ; ʧʦʪʨʽʙʝʥ ʧʦʜʘʣʴʰʠʡ ʧʦʰʫʢ ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ 

ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʭʽʤʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʮʠʭ ʨʦʙʦʯʠʭ ʟʦʥ. 

4. ʅʘ ʩʴʦʛʦʜʥʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʝʬʽʮʠʪ ʯʠʩʝʣʴʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ 

ʦʮʽʥʶʚʘʥʥʷ ʪʝʨʤʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ ʚ ʨʦʙʦʯʠʭ ʧʨʠʤʽʱʝʥʥʷʭ ʪʘ 

ʨʠʟʠʢʫ ʪʝʧʣʦʚʦʛʦ ʫʨʘʞʝʥʥʷ ʧʨʘʮʽʚʥʠʢʽʚ ʚ ʨʘʟʽ ʧʨʠʧʣʠʚʫ ʚ ʧʨʠʤʽʱʝʥʥʷ 

ʥʘʛʨʽʪʦʛʦ ʧʦʚʽʪʨʷ. 

5. ʋ ʢʨʘʾʥʽ ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʽ ʙʘʛʘʪʦʚʠʤʽʨʥʽ ʯʠʩʝʣʴʥʽ ʤʦʜʝʣʽ ʜʣʷ 

ʦʮʽʥʶʚʘʥʥʷ ʨʽʚʥʷ ʰʫʤʦʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʨʦʙʦʯʠʭ ʟʦʥ ʙʽʣʷ ʟʘʣʽʟʥʠʯʥʠʭ 

ʤʘʛʽʩʪʨʘʣʝʡ, ʱʦ ʜʦʟʚʦʣʷʣʠ ʙ ʚʨʘʭʦʚʫʚʘʪʠ ʚʧʣʠʚ ʨʝʣʴʻʬʫ, ʝʢʨʘʥʽʚ ʥʘ 

ʬʦʨʤʫʚʘʥʥʷ ʟʦʥ ʰʫʤʦʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ. ʎʝ ʧʦʪʨʝʙʫʻ ʘʢʪʠʚʥʦʾ ʨʦʟʨʦʙʢʠ 
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ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʫʤʦʟʘʭʠʩʥʠʭ ʝʢʨʘʥʽʚ. 

6. ɺʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ ʻ ʨʦʟʨʦʙʢʘ ʙʘʛʘʪʦʬʘʢʪʦʨʥʠʭ ʯʠʩʝʣʴʥʠʭ 

ʤʦʜʝʣʝʡ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʨʠʟʠʢʫ ʪʝʨʤʽʯʥʦʛʦ ʫʨʘʞʝʥʥʷ ʧʨʘʮʽʚʥʠʢʽʚ ʫ ʚʠʧʘʜʢʫ 

ʧʦʞʝʞ. 

7. ʇʦʪʨʝʙʫʻ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʥʘʫʢʦʚʠʡ ʥʘʧʨʷʤ ʟʽ ʩʪʚʦʨʝʥʥ ̫

ʯʠʩʝʣʴʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʦʮʽʥʶʚʘʥʥʶ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ 

ʟʘʩʦʙʽʚ ʛʘʩʽʥʥʷ ʧʽʜ ʯʘʩ ʧʦʞʝʞ. 

8. ʋ ʥʘʫʢʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʽ ʤʝʪʦʜʠ ʦʮʽʥʶʚʘʥʥʷ ʨʠʟʠʢʫ 

ʪʝʨʤʽʯʥʦʛʦ ʘʙʦ ʭʽʤʽʯʥʦʛʦ ʫʨʘʞʝʥʥʷ ʚʦʜʦʣʘʟʽʚ ʧʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥ ̫ʧʽʜʚʦʜʥʠʭ 

ʨʦʙʽʪ. 
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ʈʆɿɼɯʃ 2 

ɼʆʉʃɯɼɾɽʅʅʗ ɽʌɽʂʊʀɺʅʆʉʊɯ ɺʀʂʆʈʀʉʊɸʅʅʗ ɹɸʈôɭʈɯɺ ɼʃʗ 

ɿʅʀɾɽʅʅʗ ɺʇʃʀɺʋ ʐʂɯɼʃʀɺʀʍ ʌɸʂʊʆʈɯɺ ʅɸ ʇʈɸʎɯɺʅʀʂɯɺ 

 

 

ʋ ʨʦʟʜʽʣʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʨʝʟʫʣʴʪʘʪʠ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽʟ ʚʠʟʥʘʯʝʥʥ ̫

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʙʘʨôʻʨʽʚ ʜʣʷ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʭʽʤʽʯʥʦʛʦ ʪʘ 

ʰʫʤʦʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʨʦʙʦʯʠʭ ʟʦʥʘʭ ʧʨʠ ʨʦʙʦʪʽ ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ ʥʘ 

ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ. 

ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʮʴʦʛʦ ʨʦʟʜʽʣʫ ʦʧʫʙʣʽʢʦʚʘʥʽ ʘʚʪʦʨʦʤ ʫ ʥʘʫʢʦʚʠʭ 

ʧʨʘʮʷʭ [12, 38, 39, 43, 45, 48, 127ï129, 131, 133]. 

 

2.1 ɺʠʢʦʨʠʩʪʘʥʥʷ ʙʘʨôʻʨʽʚ ʟ ʜʦʜʘʪʢʦʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʜʣʷ 

ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʭʽʤʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʨʦʙʦʯʠʭ ʟʦʥʘʭ 

 

ʊʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚʫʛʽʣʣʷ ʜʦ ʊɽʉ, ʢʦʪʝʣʝʥʴ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ (ʨʠʩ. 2.1). ɸʣʝ ʚʘʥʪʘʞʥʽ ʘʚʪʦʤʦʙʽʣʽ, ʱʦ ʧʨʘʮʶʶʪʴ 

ʥʘ ʜʠʟʝʣʴʥʦʤʫ ʧʘʣʠʚʽ, ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʽʥʪʝʥʩʠʚʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʭʽʤʽʯʥʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ ʙʽʣʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʨʠʜʦʨʫ. ɿʥʠʞʝʥʥʷ ʪʘʢʦʛʦ 

ʭʽʤʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʨʦʙʦʯʠʭ ʟʦʥʘʭ ʻ ʜʫʞʝ ʚʘʞʣʠʚʦʶ ʟʘʜʘʯʝʶ ʚ ʛʘʣʫʟʽ 

ʦʭʦʨʦʥʠ ʧʨʘʮʽ. 

 

 
 

ʈʠʩʫʥʦʢ 2.1 ï ɼʦʩʪʘʚʢʘ ʚʫʛʽʣʣʷ ʘʚʪʦʪʨʘʥʩʧʦʨʪʦʤ ʜʦ ʢʦʪʝʣʴʥʽ 

(ʟʦʙʨʘʞʝʥʥʷ: https://dnpruchei.ru/sklad-uglya-dlya-kotelnoy) 

https://dnpruchei.ru/sklad-uglya-dlya-kotelnoy
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ɽʬʝʢʪʠʚʥʠʤ ʟʘʩʦʙʦʤ ʟʘʭʠʩʪʫ ʨʦʙʦʯʠʭ ʟʦʥ ʚʽʜ ʭʽʤʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʘʨôʻʨʽʚ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʟʤʽʥʠʪʠ ʘʝʨʦʜʠʥʘʤʽʢʫ ʧʦʚʽʪʨʷʥʦʛʦ 

ʧʦʪʦʢʫ ʪʘ ʣʦʢʘʣʴʥʦ ʟʤʝʥʰʠʪʠ ʢʦʥʮʝʥʪʨʘʮʽʶ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʫ 

ʨʦʙʦʯʠʡ ʟʦʥʽ [127, 129, 140, 173, 174, 179, 182, 196]. 

ɿʘʨʘʟ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʞʝ ʥʝ ʪʽʣʴʢʠ ʚʝʨʪʠʢʘʣʴʥʽ ʙʘʨôʻʨʠ (ʨʠʩ. 2.2), 

ʪʘʢʦʞ ʽʩʥʫʶʪʴ ʙʘʨôʻʨʠ ʟ ʜʦʜʘʪʢʦʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ, ʥʘʧʨʠʢʣʘʜ ʧʣʘʩʪʠʥʦʶ, ʱʦ 

ʨʦʟʪʘʰʦʚʘʥʘ ʧʽʜ ʢʫʪʦʤ (ʨʠʩ. 2.3). 

 

 

ʈʠʩʫʥʦʢ 2.2 ï ɺʝʨʪʠʢʘʣʴʥʠʡ ʙʘʨôʻʨ [174] 

 

 

 

ʈʠʩʫʥʦʢ 2.3 ï ɹʘʨô̒ʨ ʟ ʜʦʜʘʪʢʦʚʠʤ ʝʣʝʤʝʥʪʦʤ ʫ ʚʠʛʣʷʜʽ ʧʣʘʩʪʠʥʠ, ʱʦ 

ʨʦʟʪʘʰʦʚʘʥʘ ʧʽʜ ʢʫʪʦʤ [174] 
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ʅʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʟʘʭʠʩʥʠʭ ʙʘʨôʻʨʽʚ ʚʧʣʠʚʘʻ ʜʫʞʝ ʙʘʛʘʪʦ 

ʬʘʢʪʦʨʽʚ, ʘ ʩʘʤʝ: ʨʦʟʤʽʨʠ ʟʘʭʠʩʥʦʛʦ ʙʘʨôʻʨʘ, ʡʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʚʽʜʥʦʩʥʦ 

ʜʞʝʨʝʣʘ ʟʘʙʨʫʜʥʝʥʥʷ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʝʤʽʩʽʾ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ, ʥʘʧʨʷʤ ʪʘ 

ʰʚʠʜʢʽʩʪʴ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʪʦʱʦ. ʊʦʙʪʦ ʚ ʨʘʟʽ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʟʘʭʠʩʥʠʭ ʙʘʨôʻʨʽʚ ʧʦʪʨʽʙʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʤʽʩʮʝʚʽ ʫʤʦʚʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʙʘʨôʻʨʽʚ 

(ʨʠʩ. 2.4) ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʦʛʦ ʯʘʩʫ ʥʘ ʧʦʩʪʘʥʦʚʢʫ, ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʪʘ 

ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ. ɺʠʢʦʥʘʥʥʷ ʥʘʪʫʨʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ (ʤʦʜʝʣʴ, ʱʦ 

ʟʨʦʙʣʝʥʘ ʚ ʤʘʩʰʪʘʙʽ 1:1) ʥʘ ʩʧʝʮʽʘʣʴʥʠʭ ʤʘʡʜʘʥʯʠʢʘʭ ʥʝ ʜʦʟʚʦʣʷʻ ʧʦʚʥʦ  ʁ

ʤʽʨʦ  ʁʚʽʜʥʦʚʠʪʠ ʚʩʽ ʤʽʩʮʝʚʽ ʫʤʦʚʠ, ʜʝ ʧʣʘʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʘʨôʻʨʘ. ʂʨʽʤ 

ʮʴʦʛʦ, ʧʨʦʚʝʜʝʥʥʷ ʥʘʪʫʨʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʤʘʻ ʚʠʩʦʢʫ ʚʘʨʪʽʩʪʴ. 

 

 

 

ʈʠʩʫʥʦʢ 2.4 ï ɹʘʨôʻʨ ʟ ʜʦʜʘʪʢʦʚʠʤ ʝʣʝʤʝʥʪʦʤ ʫ ʚʠʛʣʷʜʽ ʚʠʛʥʫʪʦʾ 

ʧʣʘʩʪʠʥʠ, ʬʽʟʠʯʥʘ ʤʦʜʝʣʴ [173] 

 

ʊʦʙʪʦ ʚ ʭʦʜʽ ʬʽʟʠʯʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʥʝ ʟʘʚʞʜʠ ʤʦʞʣʠʚʦ ʜʦʩʣʽʜʠʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʙʘʨôʻʨʘ ʜʣʷ ʚʩʽʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʎʝ ʻ ʩʫʪʪʻʚʠʤ 

ʦʙʤʝʞʝʥʥʷʤ ʫ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ. ʊʦʤʫ ʜʫʞʝ ʚʘʞʣʠʚʠʤ ʻ ʩʪʚʦʨʝʥʥʷ 

ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʝʬʝʢʪʠʚʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʘʭʠʩʥʽ ʙʘʨôʻʨʠ. 
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ʅʠʞʯʝ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʧʦʙʫʜʦʚʘ ʯʠʩʝʣʴʥʦʾ ʤʦʜʝʣʽ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʭʠʩʥʠʭ ʙʘʨôʻʨʽʚ ʜʣʷ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʭʽʤʽʯʥʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥʷ ʨʦʙʦʯʠʭ ʟʦʥ ʙʽʣʷ ʘʚʪʦʪʨʘʩ. 

ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʘʚʪʦʜʦʨʦʛʘ ʟ ʙʝʟʧʝʨʝʨʚʥʠʤ ʯʦʪʠʨʠʨʷʜʥʠʤ ʨʫʭʦʤ, 

ʰʠʨʠʥʘ ʦʜʥʽʻʾ ʩʤʫʛʠ ʨʫʭʫ ʩʪʘʥʦʚʠʪʴ 3,75 ʤ. ʅʘ ʦʜʥʦʤʫ ʫʟʙʽʯʯʽ 

ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʨʦʟʤʽʱʝʥʥʷ ʟʘʭʠʩʥʠʭ ʙʘʨôʻʨʽʚ, ʦʩʢʽʣʴʢʠ ʪʘʤ ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ 

ʨʦʙʦʯʽ ʟʦʥʠ (ʨʠʩ. 2.5). ʉʪʘʚʠʪʴʩʷ ʟʘʜʘʯʘ ʨʦʟʨʘʭʫʥʢʫ ʟʦʥʠ ʟʘʙʨʫʜʥʝʥʥʷ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʧʨʠ ʝʤʽʩʽʾ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʚʽʜ ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ  

( 2,NO NO) ʪʘ ʦʮʽʥʢʘ ʚʧʣʠʚʫ ʙʘʨ'ʻʨʽʚ ʨʽʟʥʦʾ ʚʠʩʦʪʠ ʡ ʬʦʨʤʠ ʥʘ ʟʤʝʥʰʝʥʥʷ 

ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʟʘ ʝʢʨʘʥʦʤ. 

 

 

 

ʈʠʩʫʥʦʢ 2.5 ï ʉʭʝʤʘ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ: 

1 ï ʘʚʪʦʪʨʘʥʩʧʦʨʪ, 2 ï ʜʞʝʨʝʣʦ ʝʤʽʩʽʾ (ʚʠʭʣʦʧʥʘ ʪʨʫʙʘ ʘʚʪʦʤʦʙʽʣʷ), 3 ï 

ʙʘʨôʻʨ; A, B, C, D ï ʤʝʞʽ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ. 

 

ʗʢ ʚʽʜʦʤʦ, ʧʽʜ ʜʽʻʶ ʩʦʥʷʯʥʦʛʦ ʩʚʽʪʣʘ hn ( 430ʥʤl¢° ) ʜʽʦʢʩʠʜ ʘʟʦʪʫ 

ʨʦʟʧʘʜʘʻʪʴʩʷ ʥʘ ʦʢʩʠʜ ʘʟʦʪʫ ʪʘ ʘʪʦʤʘʨʥʠʡ ʢʠʩʝʥʴ, ʷʢʠʡ ʧʝʨʝʪʚʦʨʶʻ ʢʠʩʝʥʴ 

2O  ʚ ʦʟʦʥ 3O . ʅʘʢʦʧʠʯʫʶʯʠʩʴ ʫ ʥʠʞʥʽʭ ʰʘʨʘʭ ʘʪʤʦʩʬʝʨʠ, ʮʽ ʨʝʯʦʚʠʥʠ 

ʰʢʽʜʣʠʚʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʦʨʛʘʥʽʟʤ ʣʶʜʠʥʠ. ʆʩʥʦʚʥʠʤʠ ʨʝʘʢʮʽʷʤʠ ʧʨʠ ʮʴʦʤʫ ʻ 

ʨʝʘʢʮʽʾ (2.1) ï (2.3) [135, 160, 169, 177]: 
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 2

J

NO h NO On+ ­ +, (2.1) 

 2 3O O O+ ­
,  (2.2) 

 

1

3 2 2

k

NO O NO O+ ­ + , (2.3) 

 

ʜʝ J  ï ʧʘʨʘʤʝʪʨ ʰʚʠʜʢʦʩʪʽ ʨʝʘʢʮʽʾ ʜʣʷ ʧʨʦʮʝʩʫ ʬʦʪʦʣʽʟʫ ʟʘʣʝʞʥʦ ʚʽʜ 

ʢʽʣʴʢʦʩʪʽ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ; 

1k  ï ʧʘʨʘʤʝʪʨ ʰʚʠʜʢʦʩʪʽ ʨʝʘʢʮʽʾ ʜʣʷ NO, 1/ʩ. 

ʋ ʮʽʡ ʨʦʙʦʪʽ ʦʙʤʝʞʠʤʦʩʷ ʨʦʟʛʣʷʜʦʤ ʮʠʭ ʧʨʦʮʝʩʽʚ ʙʽʣʷ ʘʚʪʦʤʘʛʽʩʪʨʘʣʽ. 

ɺʠʙʽʨ ʪʽʣʴʢʠ ʮʠʭ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʧʦʚ'ʷʟʘʥʠʡ ʟ ʪʠʤ, ʱʦ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʭʽʤʽʯʥʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʚʠʢʠʜʽʚ ʫ ʘʪʤʦʩʬʝʨʽ ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ 

ʰʚʠʜʢʦʩʪʽ ʾʭ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ 

ʰʣʷʭʦʤ. ʊʘʢʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʡʤʘʶʪʴ ʪʨʠʚʘʣʠʡ ʯʘʩ ʪʘ ʻ ʜʫʞʝ ʢʦʰʪʦʚʥʠʤʠ. 

ɼʣʷ ʜʘʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʚʽʜʦʤʽ ʰʚʠʜʢʦʩʪʽ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ. 

ʈʦʟʚ'ʷʟʦʢ ʟʘʜʘʯʽ ʧʨʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ 

ʚʠʢʠʜʘʤʠ ʚʽʜ ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ ʙʫʜʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʫ ʜʚʘ ʝʪʘʧʠ. 

ʆʩʢʽʣʴʢʠ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʧʝʨʝʥʝʩʝʥʥʷ ʨʝʯʦʚʠʥ 2 3, ,NO NO O  ʚ 

ʘʪʤʦʩʬʝʨʥʦʤʫ ʧʦʚʽʪʨʽ ʡ ʚʨʘʭʦʚʫʻʪʴʩʷ, ʱʦ ʥʘ ʟʤʽʥʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʮʠʭ ʨʝʯʦʚʠʥ 

ʚʧʣʠʚʘʶʪʴ ʰʚʠʜʢʽʩʪʴ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ, ʘʪʤʦʩʬʝʨʥʘ ʜʠʬʫʟʽʷ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʚʠʢʠʜʽʚ, ʪʦ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷ ʤʘʩʦʧʝʨʝʥʦʩʫ. ʎʝ 

ʨʽʚʥʷʥʥʷ ʧʦʢʘʟʫʻ ʟʤʽʥʫ ʢʦʥʮʝʥʪʨʘʮʽʾ 2 3, ,NO NO O  ʫ ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʦʙʣʘʩʪʽ ʟ 

ʧʣʠʥʦʤ ʯʘʩʫ. ʊʦʤʫ ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʨʦʟʚôʷʟʢʫ ʙʫʜʝ ʤʦʜʝʣʶʚʘʪʠʩʷ ʧʨʦʮʝʩ 

ʧʝʨʝʥʝʩʝʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʨʝʯʦʚʠʥ ʚ ʘʪʤʦʩʬʝʨʥʦʤʫ ʧʦʚʽʪʨʽ ʥʘ ʦʩʥʦʚ̔  ʨʽʚʥʷʥʴ 

ʤʘʩʦʧʝʨʝʥʦʩʫ (2.4)ï(2.6): 
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3 3 3 3 3
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,
O O O O O

x y

ʉ uC vC C C

t x y x x y y
m m

µ µ µ µ µå õ å õµ µ
+ + = +æ ö æ ö

µ µ µ µ µ µ µç ÷ ç ÷
  (2.6) 

 

ʜʝ ( )tyxʉNO ,, , ( )tyxʉNO ,,
2

, ( )tyxʉO ,,
3

 ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʙʨʫʜʥʶʶʯʠʭ 

ʨʝʯʦʚʠʥ 2 3, ,NO NO O , ʢʛ/ʤ
3
; 

NOiQ , 
2NO iQ  ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʠʢʠʜʫ 2,NO NO  ʚʽʜ i-ʛʦ ʜʞʝʨʝʣʘ ʝʤʽʩʽʾ 

(ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ), )ʤʢʛ/(ʩ3Ö ; 

,u v ï ʢʦʤʧʦʥʝʥʪʠ ʚʝʢʪʦʨʘ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ, ʤ/ʩ; 

( ),x ym m m=  ï ʢʦʝʬʽʮʽʻʥʪ ʪʫʨʙʫʣʝʥʪʥʦʾ ʜʠʬʫʟʽʾ, ʤ
2
/ʩ; 

0 0,i ix y  ï ʢʦʦʨʜʠʥʘʪʠ ʜʞʝʨʝʣ ʚʠʢʠʜʫ ʟʘʙʨʫʜʥʶʶʯʦʾ ʨʝʯʦʚʠʥʠ 

(ʘʚʪʦʜʦʨʦʛʠ), ʤ; 

( )0 0,i ix x y yd - -  ï ʜʝʣʴʪʘ-ʬʫʥʢʮʽʷ ɼʽʨʘʢʘ, ʷʢʘ ʤʦʜʝʣʶʻ ʥʘʷʚʥʽʩʪʴ 

ʚʠʢʠʜʫ ʟʘʙʨʫʜʥʶʚʘʯʘ. 

ɿʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʜʠʬʫʟʽʾ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʟʘ ʝʤʧʽʨʠʯʥʠʤʠ 

ʬʦʨʤʫʣʘʤʠ, ʥʘʧʨʠʢʣʘʜ: 0x k Um= Ö [49, 50]. ɿʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ 0k  ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʩʪʫʧʝʥʷ ʩʪʽʡʢʦʩʪʽ ʘʪʤʦʩʬʝʨʠ. ʇʨʠ ʨʦʟʨʘʭʫʥʢʘʭ, ʱʦ ʥʘʚʝʜʝʥʽ ʚ ʨʦʟʜʽʣʽ, 

ʧʨʠʡʤʘʻʪʴʩʷ 0 0.1k = , U  ï ʣʦʢʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ, ʤ/ʩ. 1

1

m

y

Y
k

Y
m

å õ
= æ ö
ç ÷

, 1 0.1k =  

ʤ
2
/ʩ  [49, 50], ʤY 11= , 1mº . 
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ɼʝʣʴʪʘ-ʬʫʥʢʮʽʷ ʜʦʨʽʚʥʶʻ ʥʫʣʶ ʚʩʶʜʠ, ʦʢʨʽʤ ʦʩʝʨʝʜʢʽʚ, ʜʝ ʨʦʟʪʘʰʦʚʘʥʝ 

i-ʪʝ ʜʞʝʨʝʣʦ ʟʘʙʨʫʜʥʝʥʥʷ. ɽʤʽʩʽʷ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʚʽʜ ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ 

ʤʦʜʝʣʶʻʪʴʩʷ ʪʦʯʢʦʚʠʤʠ ʜʞʝʨʝʣʘʤʠ ʟʘʜʘʥʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ NOiQ , 
2NO iQ , n ï 

ʢʽʣʴʢʽʩʪʴ ʜʞʝʨʝʣ ʟʘʙʨʫʜʥʝʥʥʷ. 

ʋ ʜʠʩʢʨʝʪʥʦʤʫ ʚʠʛʣʷʜʽ ʜʝʣʴʪʘ-ʬʫʥʢʮʽʷ ɼʽʨʘʢʘ çʨʦʟʤʘʟʫʻʪʴʩʷè ʧʦ ʧʣʦʱʽ 

(ʦʙʩʷʛʫ) ʨʽʟʥʠʮʝʚʦʛʦ ʦʩʝʨʝʜʢʫ ʟʽ ʟʙʝʨʝʞʝʥʥʷʤ ʩʫʤʘʨʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʟʘʙʨʫʜʥʝʥʥʷ [109]. 

ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʨʦʟʨʘʭʫʥʦʢ ʭʽʤʽʯʥʦʾ 

ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʨʝʯʦʚʠʥ ʚ ʘʪʤʦʩʬʝʨʥʦʤʫ ʧʦʚʽʪʨʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʘʢʠʭ 

ʟʘʣʝʞʥʦʩʪʝʡ [160]: 

 

 
3 21

NO
NO O NO

C
k C C J C

t

µ
=- Ö Ö + Ö

µ
, (2.7) 

 

2

3 21 ,
NO

NO O NO

C
k C C J C

t

µ
= Ö Ö - Ö

µ
 (2.8) 

 
3

3 21

O

NO O NO

C
k C C J C

t

µ
=- Ö Ö + Ö

µ
. (2.9) 

 

ɺʽʜʦʤʦ, ʱʦ ʚʠʢʠʜ 2NO  ʩʪʘʥʦʚʠʪʴ ʚʝʣʠʯʠʥʫ ʧʦʨʷʜʢʫ 5 % ʚʽʜ ʚʠʢʠʜʫ 

,xNO  ʘ ʽʥʰʘ ʯʘʩʪʠʥʘ ʚʠʢʠʜʫ, ʧʦʨʷʜʢʫ 95 %, ï ʮʝ ʚʠʢʠʜ NO. ʍʽʤʽʯʥʽ ʨʝʘʢʮʽʾ ʪʘ 

ʨʝʘʢʮʽʷ ʬʦʪʦʣʽʟʫ ʚʟʘʻʤʦʧʦʚ'ʷʟʘʥʽ ʚ ʘʪʤʦʩʬʝʨʽ. ʐʚʠʜʢʽʩʪʴ ʬʦʪʦʣʽʟʫ ʡ 

ʧʘʨʘʤʝʪʨʠ ʰʚʠʜʢʦʩʪʽ ʨʝʘʢʮʽʾ, ʱʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ, ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ.  

ɼʽʦʢʩʠʜ ʘʟʦʪʫ ʨʦʟʢʣʘʜʘʻʪʴʩʷ ʟ ʚʠʜʽʣʝʥʥʷʤ ʦʢʩʠʜʫ ʘʟʦʪʫ, ʘ ʦʩʪʘʥʥʽʡ 

ʦʢʠʩʥʁ ʻʪʴʩʷ ʦʟʦʥʦʤ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʦʩʣʽʜʦʚʥʠʭ ʨʝʘʢʮʽʡ ʦʜʥʘ ʤʦʣʝʢʫʣʘ ʦʢʩʠʜʫ 

ʘʟʦʪʫ ʩʧʨʠʷʻ ʟʥʠʱʝʥʥʶ ʚ ʩʝʨʝʜʥʴʦʤʫ 10 ʤʦʣʝʢʫʣ ʦʟʦʥʫ, ʘʜʞʝ 2NO ʙʽʣʴʰ 

ʪʦʢʩʠʯʥʠʡ ʥʽʞ NO. 
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ɼʣʷ ʯʠʩʝʣʴʥʦʛʦ ʨʦʟʚ'ʷʟʘʥʥʷ ʨʽʚʥʷʥʴ (2.7)ï(2.9) ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʟʘʣʝʞʥʦʩʪʝʡ (2.10)ï(2.11) ʨʦʟʨʦʙʣʝʥʘ ʧʨʦʛʨʘʤʘ, ʷʢʘ ʨʝʘʣʽʟʫʻ ʤʝʪʦʜ ɽʡʣʝʨʘ 

[100]. 

ʋ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʨʦʟʩʽʶʚʘʥʥʷ ʚʠʢʠʜʽʚ ʚʽʜ ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ ʜʣʷ 

ʚʠʧʘʜʢʫ, ʢʦʣʠ ʙʽʣʷ ʘʚʪʦʜʦʨʦʛʠ ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʟʘʭʠʩʥʽ ʙʘʨ'ʻʨʠ (ʝʢʨʘʥʠ). ʋ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚ ʦʙʣʘʩʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʜʝ ʬʦʨʤʫʚʘʪʠʩʷ ʥʝʨʽʚʥʦʤʽʨʥʝ ʧʦʣʝ 

ʰʚʠʜʢʦʩʪʽ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ. ʎʝ ʧʦʣʝ ʥʝʦʙʭʽʜʥʝ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ 

ʤʦʜʝʣʶʶʯʠʭ ʨʽʚʥʷʥʴ (2.4)ï(2.6). ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʚ ʪʘʢʠʭ 

ʫʤʦʚʘʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʦʜʝʣʴ ʧʦʪʝʥʮʽʡʥʦʾ ʪʝʯʽʾ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʤʦʜʝʣʶʶʯʠʤ ʨʽʚʥʷʥʥʷʤ ʻ ʨʽʚʥʷʥʥʷ ʃʘʧʣʘʩʘ ʜʣʷ ʧʦʪʝʥʮʽʘʣʫ ʰʚʠʜʢʦʩʪʽ [38, 

109]: 

 

 

2 2

2 2
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µ µ
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ʉʪʘʚʣʷʪʴʩʷ ʚʽʜʧʦʚʽʜʥʽ ʛʨʘʥʠʯʥʽ ʡ ʧʦʯʘʪʢʦʚʽ ʫʤʦʚʠ (ʨʠʩ. 2.5) [38, 109, 127, 

129]: 

ï ʥʘ ʤʝʞʽ ɸ ï ʧʦʪʽʢ ʚʭʦʜʠʪʴ ʫ ʨʦʟʨʘʭʫʥʢʦʚʫ ʦʙʣʘʩʪʴ, ʜʣʷ ʧʦʪʝʥʮʽʘʣʫ 

ʰʚʠʜʢʦʩʪʽ ʩʪʘʚʠʪʴʩʷ ʛʨʘʥʠʯʥʘ ʫʤʦʚʘ ʅʝʡʤʘʥʘ 
P

U
x

µ
=

µ
, ʜʝ U  ï ʚʽʜʦʤʝ ʟʥʘʯʝʥʥʷ 

ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʦʚʦʛʦ ʧʦʪʦʢʫ, ( )1

1 1

n
U U y y= Ö  ( 1U  ï ʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʥʘ 

ʜʝʷʢʽʡ ʬʽʢʩʦʚʘʥʽʡ ʚʠʩʦʪʽ, ʥʘʧʨʠʢʣʘʜ y1=1 ʤ, 1 0,15 0,69n º - , ʦʩʢʽʣʴʢʠ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʰʦʨʩʪʢʦʩʪʽ ʧʽʜʩʪʠʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʡ ʢʣʘʩʫ ʩʪʽʡʢʦʩʪʽ ʘʪʤʦʩʬʝʨʠ, ʫ ʨʦʙʦʪʽ 

ʧʨʠʡʤʘʣʦʩʷ ʟʥʘʯʝʥʥʷ 1 0,15n = ) [49, 50]; 

ï ʥʘ ʤʝʞʽ ɺ ï ʧʦʪʽʢ ʚʠʭʦʜʠʪʴ ʟ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ, ʜʣʷ ʧʦʪʝʥʮʽʘʣʫ 

ʰʚʠʜʢʦʩʪʽ ʩʪʘʚʠʪʴʩʷ ʛʨʘʥʠʯʥʘ ʫʤʦʚʘ ɼʽʨʽʭʣʝ 0P P const= + , ʜʝ 0P ï ʜʝʷʢʘ ʯʠʩʣʦʚʘ 

ʢʦʥʩʪʘʥʪʘ, ʱʦ ʜʦʨʽʚʥʶʻ 10000; 
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ï ʥʘ ʤʝʞʽ ʉ ï ʚʝʨʭʥʷ ʤʝʞʘ, ʪʚʝʨʜʘ ʥʝʧʨʦʥʠʢʥʘ ʩʪʽʥʢʘ, ʩʪʘʚʠʪʴʩʷ ʫʤʦʚʘ 

ʥʝʧʨʦʥʠʢʥʝʥʥʷ 0
P

y

µ
=

µ
; 

ï ʥʘ ʤʝʞʽ D ï ʥʠʞʥʷ ʤʝʞʘ, ʪʚʝʨʜʘ ʥʝʧʨʦʟʦʨʘ ʩʪʽʥʢʘ, ʩʪʘʚʠʪʴʩʷ ʫʤʦʚʘ 

ʥʝʧʨʦʥʠʢʥʝʥʥʷ 0
P

y

µ
=

µ
; 

ï ʥʘ ʚʩʽʭ ʪʚʝʨʜʠʭ ʩʪʽʥʢʘʭ ʤʘʻ ʚʠʢʦʥʫʚʘʪʠʩʷ ʫʤʦʚʘ ʥʝʧʨʦʥʠʢʥʝʥʥʷ. 

ʂʦʤʧʦʥʝʥʪʠ ʚʝʢʪʦʨʘ ʰʚʠʜʢʦʩʪʽ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʥʘ 

ʦʩʥʦʚʽ ʟʘʣʝʞʥʦʩʪʝʡ [76, 109]: 
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ɼʣʷ ʯʠʩʝʣʴʥʦʛʦ ʽʥʪʝʛʨʫʚʘʥʥʷ ʨʽʚʥʷʥʥʷ ʃʘʧʣʘʩʘ (2.10) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʷʚʥʘ ʨʽʟʥʠʮʝʚʘ ʩʭʝʤʘ. ʉʧʦʯʘʪʢʫ ʨʽʚʥʷʥʥʷ ʃʘʧʣʘʩʘ (2.10) ʟʚʦʜʠʪʴʩʷ ʜʦ 

ʨʽʚʥʷʥʥʷ ʝʚʦʣʶʮʽʡʥʦʛʦ ʚʠʛʣʜ̫ʫ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʚʩʪʘʥʦʚʣʝʥʥʷ ʨʦʟʚôʷʟʢʫ ʟʘ 

ʯʘʩʦʤ [99, 100]: 
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ʜʝ t  ï ʬʽʢʪʠʚʥʠʡ ʯʘʩ, ʧʨʠ t­¤ ʨʦʟʚôʷʟʦʢ ʨʽʚʥʷʥʥʷ (2.12) ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ 

ʨʦʟʚôʷʟʢʫ ʨʽʚʥʷʥʥʷ ʃʘʧʣʘʩʘ (2.10). 

ɸ ʩʘʤʝ ʩʪʘʮʽʦʥʘʨʥʝ ʨʽʚʥʷʥʥʷ (2.10) ʻ ʛʨʘʥʠʯʥʠʤ ʚʠʧʘʜʢʦʤ 

ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʨʽʚʥʷʥʥʷ (2.12), ʪʦʙʪʦ ʢʦʣʠ ʨʦʟʚôʷʟʦʢ ʨʽʚʥʷʥʥʷ (2.12) 

ʧʝʨʝʩʪʘʻ ʟʤʽʥʶʚʘʪʠʩʷ ʚ ʯʘʩʽ ʡ ʚʠʭʦʜʠʪʴ ʥʘ ʩʪʘʮʽʦʥʘʨʥʠʡ ʨʝʞʠʤ, ʪʦ ʮʝ ʽ ʻ 

ʨʦʟʚôʷʟʦʢ ʨʽʚʥʷʥʥʷ (2.10). ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʮʴʦʛʦ ʨʽʚʥʷʥʥʷ ʥʝʦʙʭʽʜʥʦ ʟʘʜʘʪʠ 

ʧʦʯʘʪʢʦʚʫ ʫʤʦʚʫ, ʪʦʙʪʦ ʧʦʣʝ ʧʦʪʝʥʮʽʘʣʫ ʧʨʠ 0t= . ʅʘʧʨʠʢʣʘʜ, ʤʦʞʥʘ 

ʧʨʠʡʥʷʪʠ 20P=  ʫ ʚʩʽʡ ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʦʙʣʘʩʪʽ ʧʨʠ 0t= . 
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ɼʣʷ ʯʠʩʝʣʴʥʦʛʦ ʽʥʪʝʛʨʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʨʽʟʥʠʮʝʚʘ ʘʧʨʦʢʩʠʤʘʮʽʷ 

ʧʦʭʽʜʥʠʭ. ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʘ ʧʨʷʤʦʢʫʪʥʘ ʩʽʪʢʘ ʚ 

ʜʚʦʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ, ʢʦʞʥʘ ʢʣʽʪʠʥʢʘ ʷʢʦʾ ʤʘʻ ʨʦʟʤʽʨʠ ,x yD D ʫʟʜʦʚʞ 

ʚʽʜʧʦʚʽʜʥʦʾ ʜʝʢʘʨʪʦʚʦʾ ʦʩʽ. ʂʦʦʨʜʠʥʘʪʠ ʚʫʟʣʽʚ ʩʽʪʢʠ ʦʙʯʠʩʣʶʶʪʴʩʷ ʷʢ 

( ) ( )
,

, ,
i j

x y i x j y= ÖD ÖD, ,i j ZÍ . ʏʘʩ ʨʽʚʥʦʤʽʨʥʦ ʜʠʩʢʨʝʪʠʟʫʻʪʴʩʷ t n t= ÖD.  

ɼʣʷ ʨʦʟʚ'ʷʟʘʥʥʷ ʨʽʚʥʷʥʥʷ (2.12) ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʪʘʢʘ ʨʽʟʥʠʮʝʚʘ ʩʭʝʤʘ 

[133]: 

 

1, 1, , 1 , 11

2 2

2 2
.

n n n n n n

i j ij i j i j ij i jn n

ij ij

P P P P P P
P P t t

x y

+ - + -+
- + - +

= +D +D
D D

 (2.13) 

 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʮʽʻʾ ʷʚʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦʣʝ ʧʦʪʝʥʮʽʘʣʫ 

ʰʚʠʜʢʦʩʪʽ ʚ ʫʩʽʭ ʚʥʫʪʨʽʰʥʽʭ ʦʩʝʨʝʜʢʘʭ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ. 

ɿʘ ʚʽʜʦʤʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʧʦʪʝʥʮʽʘʣʫ ʰʚʠʜʢʦʩʪʽ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ 

ʢʦʤʧʦʥʝʥʪʠ ʚʝʢʪʦʨʘ ʰʚʠʜʢʦʩʪʽ: 
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. (2.14) 

 

ɼʣʷ ʦʧʠʩʫ ʯʠʩʝʣʴʥʦʛʦ ʤʝʪʦʜʫ ʨʦʟʚ'ʷʟʘʥʥʷ ʨʽʚʥʷʥʴ ʧʝʨʝʥʦʩʫ (2.4) ï (2.6) 

ʟʘʧʠʰʝʤʦ ʾʭ ʫ ʚʠʛʣʷʜʽ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʨʽʚʥʷʥʥʷ ʢʦʥʚʝʢʪʠʚʥʦ-ʜʠʬʫʟʽʡʥʦʛʦ 

ʨʦʟʩʽʶʚʘʥʥʷ ʜʦʤʽʰʢʠ [77, 109]: 

 

()( )( )
1

n

x y S i i i

i

S uS vS S S
Q t x x y y

t x y x x y y
=

å õµ µ µ µ µ µ µå õ
+ + = m + m + d - d -æ ö æ ö

µ µ µ µ µ µ µç ÷ ç ÷
ä , (2.15) 

 

ʜʝ S ï ʢʦʥʮʝʥʪʨʘʮʽʷ [ ][ ][ ]2 3, ,NO NO O ; 

t ï ʯʘʩ; 

,u v ï ʢʦʤʧʦʥʝʥʪʠ ʚʝʢʪʦʨʘ ʰʚʠʜʢʦʩʪʽ; 
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( ),x ym= m m ï ʢʦʝʬʽʮʽʻʥʪʠ ʪʫʨʙʫʣʝʥʪʥʦʾ ʜʠʬʫʟʽʾ; 

S iQ  ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʝʤʽʩʽʾ [ ][ ][ ]2 3, ,NO NO O ; 

( )( )i ix x y yd - -  ï ʜʝʣʴʪʘ-ʬʫʥʢʮʽʷ ɼʽʨʘʢʘ; 

( ),i ix y  ï ʢʦʦʨʜʠʥʘʪʠ ʨʦʟʪʘʰʫʚʘʥʥʷ ʜʞʝʨʝʣʘ ʝʤʽʩʽʾ [ ][ ]2,NO NO . 

ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʨʽʚʥʷʥʥʷ (2.15) ʩʪʘʚʣʷʪʴʩʷ ʪʘʢʽ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ [109] 

(ʨʠʩ. 2.4): 

ï ʥʘ ʤʝʞʽ ɸ ï ʧʦʪʽʢ ʚʭʦʜʠʪʴ ʫ ʨʦʟʨʘʭʫʥʢʦʚʫ ʦʙʣʘʩʪʴ, ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʮʽʻʾ ʜʦʤʽʰʢʠ ʩʪʘʚʠʪʴʩʷ ʛʨʘʥʠʯʥʘ ʫʤʦʚʘ ʚʠʜʫ 
ʚʭ

S S=  ï ʬʦʥʦʚʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʚ 

ʤʦʤʝʥʪ ʯʘʩʫ 0t= , ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʜʘʥʠʭ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʨʠʡʤʘʻʪʴʩʷ 

ʨʽʚʥʠʤ ʥʫʣʶ; 

ï ʥʘ ʤʝʞʽ ɺ ï ʧʦʪʽʢ ʚʠʭʦʜʠʪʴ ʟ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ, ʫ ʢʽʥʮʽ 

ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ ʚ ʯʠʩʝʣʴʥʽʡ ʤʦʜʝʣʽ ʚʠʢʦʥʫʻʪʴʩʷ ʛʨʘʥʠʯʥʘ ʫʤʦʚʘ ʚʠʜʫ 

0
S

x

µ
=

µ
, ʟ ʬʽʟʠʯʥʦʛʦ ʧʦʛʣʷʜʫ ʮʷ ʫʤʦʚʘ ʦʟʥʘʯʘʻ, ʱʦ ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ ʧʨʦʮʝʩ 

ʜʠʬʫʟʽʾ ʥʘ ʤʝʞʽ ʚʠʭʦʜʫ ʧʦʪʦʢʫ; 

ï ʥʘ ʤʝʞʘʭ C, D ̔  ʥʘ ʚʩʽʭ ʪʚʝʨʜʠʭ ʩʪʽʥʢʘʭ ʥʘʩʠʧʫ, ʝʢʨʘʥʽʚ ʽ ʘʚʪʦʤʦʙʽʣʷ 

ʟʘʣʝʞʥʦ ʚʽʜ ʥʘʧʨʷʤʢʫ ʥʦʨʤʘʣʽ ʤʘʻ ʚʠʢʦʥʫʚʘʪʠʩʷ ʫʤʦʚʘ ʥʝʧʨʦʥʠʢʥʝʥʥʷ. 

ɼʣʷ ʯʠʩʝʣʴʥʦʛʦ ʽʥʪʝʛʨʫʚʘʥʥʷ ʨʽʚʥʷʥʥʷ (2.15) ʟʜʽʡʩʥʶʻʪʴʩʷ ʡʦʛʦ 

ʨʦʟʱʝʧʣʝʥʥʷ [109]: 

 

x

S uS S

t x x x

µ µ µ µå õ
+ = mæ ö

µ µ µ µç ÷
,     (2.16) 

 

y

S vS S

t y y y

å õµ µ µ µ
+ = mæ ö

µ µ µ µç ÷
,     (2.17) 
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µ
= d - -

µ
ä .   (2.18) 
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ɼʣʷ ʯʠʩʝʣʴʥʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ ʨʽʚʥʷʥʥʷ (2.16) ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʪʘʢʘ 

ʜʚʦʢʨʦʢʦʚʘ ʩʭʝʤʘ ʨʦʟʱʝʧʣʝʥʥʷ [109]: 

ï ʥʘ ʧʝʨʰʦʤʫ ʢʨʦʮʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʴ 
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ï ʥʘ ʜʨʫʛʦʤʫ ʢʨʦʮʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʴ 
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ɼʣʷ ʯʠʩʝʣʴʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʨʽʚʥʷʥʥʷ (2.17) ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʪʘʢʘ 

ʜʚʦʢʨʦʢʦʚʘ ʩʭʝʤʘ ʨʦʟʱʝʧʣʝʥʥʷ [109]: 

ï ʥʘ ʧʝʨʰʦʤʫ ʢʨʦʮʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʴ 
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ï ʥʘ ʜʨʫʛʦʤʫ ʢʨʦʮʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪ ɹ
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1 11
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v v v v
v v+ -+ -
= = . 

ɼʣʷ ʯʠʩʝʣʴʥʦʛʦ ʽʥʪʝʛʨʫʚʘʥʥʷ ʨʽʚʥʷʥʥʷ (2.18) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʪʦʜ 

ɽʡʣʝʨʘ [100]. ɺʽʥ ʪʘʢʦʞ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʯʠʩʝʣʴʥʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ ʨʽʚʥʷʥʴ 

(2.7)ï(2.9). 

ʅʘ ʙʘʟʽ ʨʦʟʨʦʙʣʝʥʦʾ ʯʠʩʝʣʴʥʦʾ ʤʦʜʝʣʽ ʩʪʚʦʨʝʥʦ ʢʦʜ Barrier-2 ʤʦʚʦ  ʁ

ʧʨʦʛʨʘʤʫʚʘʥʥʷ FORTRAN. ɼʦ ʩʢʣʘʜʫ ʢʦʜʫ ʚʭʦʜʷʪʴ: 

ï VAK0.DAT ï ʬʘʡʣ ʧʦʯʘʪʢʦʚʠʭ ʜʘʥʠʭ; 

ï VAK 1 ï ʧʽʜʧʨʦʛʨʘʤʘ ʪʠʧʫ SUBROUTINE ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʦʣʷ 

ʧʦʪʝʥʮʽʘʣʫ ʰʚʠʜʢʦʩʪʽ ʚ ʦʙʣʘʩʪʽ ʜʦʩʣʽʜʞʝʥʥʷ; 

ï VAK 2 ï ʧʽʜʧʨʦʛʨʘʤʘ ʪʠʧʫ SUBROUTINE ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʥʘʯʝʥʥʷ 

ʧʦʣʷ ʰʚʠʜʢʦʩʪʽ ʧʦʚʽʪʨʷ ʚ ʦʙʣʘʩʪʽ ʜʦʩʣʽʜʞʝʥʥʷ; 

ï VAK3 ï ʧʽʜʧʨʦʛʨʘʤʘ ʪʠʧʫ SUBROUTINE ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʛʨʘʥʠʯʥʠʭ 

ʫʤʦʚ ʧʨʠ ʨʦʟʚôʷʟʘʥʥʽ ʨʚ̔ʥʷʥʥʷ ʜʣʷ ʧʦʪʝʥʮʽʘʣʫ ʰʚʠʜʢʦʩʪʽ; 

ï VAK4 ï ʧʽʜʧʨʦʛʨʘʤʘ ʪʠʧʫ SUBROUTINE ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʛʨʘʥʠʯʥʠʭ 

ʫʤʦʚ ʧʨʠ ʨʦʟʚôʷʟʘʥʥʽ ʨʽʚʥʷʥʥʷ ʜʣʷ ʤʘʩʦʧʝʨʝʥʦʩʫ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ; 

ï VVAK5  ï ʧʽʜʧʨʦʛʨʘʤʘ ʪʠʧʫ SUBROUTINE ʜʣʷ ʜʨʫʢʫ ʨʦʟʨʘʭʦʚʘʥʦʛʦ 

ʧʦʣʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʚ ʦʙʣʘʩʪʽ ʜʦʩʣʽʜʞʝʥʥʷ;  

ï VAK ï ʧʽʜʧʨʦʛʨʘʤʘ ʪʠʧʫ SUBROUTINE ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʟʘ ʤʝʪʦʜʦʤ 

ɽʡʣʝʨʘ ʭʽʤʽʯʥʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʟʘʙʨʫʜʥʶʚʘʯʽʚ; 

 ï V2AK ï ʧʽʜʧʨʦʛʨʘʤʘ ʪʠʧʫ SUBROUTINE ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʟʘ ʤʝʪʦʜʦʤ 

ɽʡʣʝʨʘ ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʫʥʘʩʣʽʜʦʢ ʾʭʥʴʦʾ ʝʤʽʩʽʾ. 

ɸʣʛʦʨʠʪʤ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ: 
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1. ʋ ʬʘʡʣ ʧʦʯʘʪʢʦʚʠʭ ʜʘʥʠʭ ʚʚʦʜʠʪʴʩʷ ʽʥʬʦʨʤʘʮʽʷ ʱʦʜʦ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʘʚʪʦʤʦʙʽʣʽʚ ʥʘ ʪʨʘʩʽ, ʧʦʣʦʞʝʥʥʷ ʟʘʭʠʩʥʠʭ ʙʘʨôʻʨʽʚ, ʾʭ ʛʝʦʤʝʪʨʠʯʥʘ ʬʦʨʤʘ, 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʝʤʽʩʽʾ ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʪʘ ʽʥʰʽ ʜʘʥʽ. 

2. ɿʜʽʡʩʥʶʻʪʴʩʷ ʯʠʩʝʣʴʥʠʡ ʨʦʟʚôʷʟʦʢ ʨʽʚʥʷʥʥʷ ʜʣʷ ʧʦʪʝʥʮʽʘʣʫ 

ʰʚʠʜʢʦʩʪʽ. 

3. ɺʠʟʥʘʯʘʻʪʴʩʷ ʧʦʣʝ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ ʧʦʚʽʪʨʷ ʚ ʦʙʣʘʩʪʽ ʜʦʩʣʽʜʞʝʥʥʷ. 

4. ʈʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʤʽʥʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʚʥʘʩʣʽʜʦʢ ʾʭ ʝʤʽʩʽʾ. 

5. ʈʦʟʨʘʭʦʚʫʻʪʴʩʷ ʧʨʦʮʝʩ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʘ ʜʠʬʫʟʽʡʥʦʛʦ ʧʝʨʝʥʦʩʫ 

ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʚ ʦʙʣʘʩʪʽ ʜʦʩʣʽʜʞʝʥʥʷ. 

6. ʈʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʤʽʥʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʚʥʘʩʣʽʜʦʢ ʾʭ 

ʭʽʤʽʯʥʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ. 

7. ɿʜʽʡʩʥʶʻʪʴʩʷ ʜʨʫʢ ʧʦʣʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʫ ʨʦʟʨʘʭʫʥʢʦʚʽʡ 

ʦʙʣʘʩʪʽ ʜʣʷ ʤʦʤʝʥʪʫ ʯʘʩʫ t
n+1

. 

8. ʈʦʟʨʘʭʫʥʦʢ ʧʦʚʪʦʨʶʻʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʜʣʷ ʥʦʚʦʛʦ ʤʦʤʝʥʪʫ ʯʘʩʫ t
n+1

. 

ɺʠʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ: 

1. ʌʦʨʤʘ ʪʨʘʩʠ, ʧʦʣʦʞʝʥʥʷ ʘʚʪʦʤʦʙʽʣʽʚ ʥʘ ʪʨʘʩʽ. 

2. ʌʦʨʤʘ ʟʘʭʠʩʥʦʛʦ ʙʘʨôʻʨʘ. 

3. ʇʦʣʦʞʝʥʥʷ ʟʘʭʠʩʥʦʛʦ ʙʘʨôʻʨʘ. 

4. ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʝʤʽʩʽʾ ʟʘʙʨʫʜʥʶʚʘʯʽʚ. 

5. ʐʚʠʜʢʽʩʪʴ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ. 

ɺʠʦʢʨʝʤʠʤʦ ʪʘʢʽ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʟʨʦʙʣʝʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ: 

1. ʄʦʜʝʣʴ ʚʨʘʭʦʚʫʻ ʚʧʣʠʚ ʢʦʨʧʫʩʫ ʘʚʪʦ (ʘʙʦ ʜʝʢʽʣʴʢʦʭ ʘʚʪʦ) ʥʘ 

ʬʦʨʤʫʚʘʥʥʷ ʧʦʣʷ ʰʚʠʜʢʦʩʪʽ ʧʦʚʽʪʨʷ. 

2. ʄʦʜʝʣʴ ʚʨʘʭʦʚʫʻ ʚʧʣʠʚ ʟʘʭʠʩʥʦʛʦ ʙʘʨôʻʨʘ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʧʦʣʷ 

ʰʚʠʜʢʦʩʪʽ ʧʦʚʽʪʨʷ. 

3. ʄʦʜʝʣʴ ʚʨʘʭʦʚʫʻ ʨʽʟʥʦʤʘʥʽʪʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʘʚʪʦ ʥʘ ʜʦʨʦʟʽ ʚʽʜʥʦʩʥʦ 

ʟʘʭʠʩʥʦʛʦ ʙʘʨôʻʨʘ ʪʘ ʷʢ ʮʝ ʚʧʣʠʚʘʻ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʧʦʣʷ ʰʚʠʜʢʦʩʪʽ ʧʦʚʽʪʨʷ. 

4. ʄʦʜʝʣʴ ʚʨʘʭʦʚʫʻ ʭʽʤʽʯʥʫ ʪʨʘʥʩʬʦʨʤʘʮʽʶ ʜʦʤʽʰʦʢ ʫ ʧʦʚʽʪʨʽ ʨʦʙʦʯʦʾ 

ʟʦʥʠ. 
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5. ʄʦʜʝʣʴ ʚʨʘʭʦʚʫʻ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʘ ʤʽʩʮʝ ʚʠʢʠʜʫ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ. 

6. ʄʦʜʝʣʴ ʚʨʘʭʦʚʫʻ ʚʧʣʠʚ ʤʽʩʮʝʚʠʭ ʤʝʪʝʦʫʤʦʚ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʦʙʣʘʩʪʝʡ 

ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʨʦʙʦʯʠʭ ʟʦʥʘʭ. 

ɼʣʷ ʪʝʩʪʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʤʦʜʝʣʽ ʙʫʣʘ ʯʠʩʝʣʴʥʦ ʨʦʟʚôʷʟʘʥʘ ʟʘʜʘʯʘ, 

ʱʦ ʤʘʻ ʘʥʘʣʽʪʠʯʥʠʡ ʨʦʟʚôʷʟʦʢ. ʗʢ ʚʽʜʦʤʦ, ʟ ʬʦʨʤʘʣʴʥʦʛʦ ʧʦʛʣʷʜʫ, ʨʽʚʥʷʥʥʷ 

(2.12) ʝʢʚʽʚʘʣʝʥʪʥʦ ʥʝʩʪʘʮʽʦʥʘʨʥʦʤʫ ʨʽʚʥʷʥʥʶ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ. ʊʦʤʫ 

ʧʽʜʭʦʜʦʤ, ʱʦ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʪʝʩʪʫʚʘʥʥ ̫ʯʠʩʝʣʴʥʠʭ ʤʦʜʝʣʝʡ, ʻ 

ʧʦʨʽʚʥʷʥʥʷ ʘʥʘʣʽʪʠʯʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʜʣʷ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʟ 

ʯʠʩʝʣʴʥʠʤ ʨʦʟʚôʷʟʢʦʤ ʨʽʚʥʷʥʥʷ ʚʠʛʣʷʜʫ (2.12). ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʧʨʦʮʝʩ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʚ ʧʣʘʩʪʠʥʽ, ʧʦʯʘʪʢʦʚʘ ʪʝʤʧʝʨʘʪʫʨʘ ʷʢʦʾ ʜʦʨʽʚʥʶʻ T0, ʥʘ 

ʤʝʞʘʭ ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʩʪʽʡʥʘ ʪʘ ʜʦʨʽʚʥʶʻ 0. ʎʷ ʟʘʜʘʯʘ ʤʦʜʝʣʶʻʪʴʩʷ, ʷʢ ʙʫʣʦ 

ʚʢʘʟʘʥʦ, ʨʽʚʥʷʥʥʷʤ ʚʠʛʣʷʜʫ (2.12). ɸʥʘʣʽʪʠʯʥʠʡ ʨʦʟʚôʷʟʦʢ ʟʘʜʘʯʽ ʪʘʢʠʡ [89]: 

 

0 .
2 2

x y
T T erf erf

at at

å õ å õ
= Ö Öæ ö æ ö

ç ÷ ç ÷
 

 

ʇʦʯʘʪʢʦʚʽ ʜʘʥʽ ʟʘʜʘʯʽ: T0=2000ęʉ; ʨʦʟʤʽʨʠ ʧʣʘʩʪʠʥʠ 25 ʤ Ĭ 25 ʤ. 

ʂʦʦʨʜʠʥʘʪʠ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʪʦʯʢʠ: x = 1 ʤ, y = 1 ʤ, a = 1. 

ʋ ʪʘʙʣ. 2.1 ʧʦʢʘʟʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʙʘʟʽ 

ʘʥʘʣʽʪʠʯʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʪʘ ʯʠʩʝʣʴʥʦʾ ʤʦʜʝʣʽ. 

ʅʘ ʧʽʜʩʪʘʚʽ ʜʘʥʠʭ ʮʽʻʾ ʪʘʙʣʠʮʽ ʤʦʞʣʠʚʦ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ 

ʟʘʜʦʚʽʣʴʥʝ ʫʟʛʦʜʞʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

 

 

ʊʘʙʣʠʮʷ 2.1 ï ʊʝʤʧʝʨʘʪʫʨʘ ʚ ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʪʦʯʮʽ,
 ʦ
ʉ 

ʏʘʩ t, ʩ 
ʈʦʟʨʘʭʫʥʦʢ ʥʘ ʙʘʟʽ 

ʘʥʘʣʽʪʠʯʥʦʾ ʤʦʜʝʣʽ 

ʈʦʟʨʘʭʫʥʦʢ ʥʘ ʙʘʟʽ ʯʠʩʝʣʴʥʦʾ 

ʤʦʜʝʣʽ 

9,76 64,08  65,16
 
 

12,76 48,67
 
 49,13

 
 

17,30 35,91
 
 36,44
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ʅʠʞʯʝ ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʟ ʚʠʟʥʘʯʝʥʥ ̫

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʭʠʩʥʠʭ ʙʘʨôʻʨʽʚ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʽ ʙʽʣʷ 

ʘʚʪʦʜʦʨʦʛʠ. ʈʦʟʛʣʷʜʘʣʦʩʷ ʢʽʣʴʢʘ ʩʮʝʥʘʨʽʾʚ ʨʦʟʪʘʰʫʚʘʥʥʷ ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ ʽ 

ʙʘʨôʻʨʽʚ. ʈʦʟʨʘʭʫʥʢʠ ʚʠʢʦʥʫʚʘʣʠʩʷ ʜʣʷ ʪʘʢʠʭ ʜʘʥʠʭ: ʰʚʠʜʢʽʩʪʴ ʧʦʚʽʪʨʷʥʦʛʦ 

ʧʦʪʦʢʫ 5 ʤ/ʩ, ʩʝʨʝʜʥʷ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʝʤʽʩʽʾ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ( )4,8ʛ/ ʩ ʤ
xNOQ = Ö ʟ 

ʷʢʠʭ 2NO  ʩʪʘʥʦʚʠʪʴ ʚʝʣʠʯʠʥʫ ʧʦʨʷʜʢʫ 5 % ʚʽʜ ʚʠʢʠʜʫ xNO , ʘ NO ï 95 %, 

ʛʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ ʦʙʣʘʩʪʽ ï 25 ʤ ʧʦ ʦʩʽ ʆʭ ʽ 12,5 ʤ ʧʦ ʦʩʽ ʆʫ, ʷʢʘ 

ʩʧʨʷʤʦʚʘʥʘ ʚʝʨʪʠʢʘʣʴʥʦ ʚʛʦʨʫ. ʂʦʦʨʜʠʥʘʪʘʤʠ ʜʞʝʨʝʣʘ ʚʠʢʠʜʫ NO ʽ 2NO  ʻ 

ʢʦʦʨʜʠʥʘʪʠ ʤʽʩʮʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʦʪʚʦʨʫ ʚʠʭʣʦʧʥʦʾ ʪʨʫʙʠ ʘʚʪʦʤʦʙʽʣʷ. 

ʇʨʠʡʤʘʻʪʴʩʷ, ʱʦ ʮʝ ʪʦʯʢʦʚʝ ʜʞʝʨʝʣʦ ʚʠʢʠʜʫ, ʪʦʤʫ ʚ ʤʘʪʝʤʘʪʠʯʥʽʡ ʤʦʜʝʣʽ 

ʚʦʥʦ ʟʘʜʘʻʪʴʩʷ ʜʝʣʴʪʘ-ʬʫʥʢʮʽʻʶ ɼʽʨʘʢʘ ijd, ʘ ʚ ʯʠʩʝʣʴʥʽʡ ʤʦʜʝʣʽ ï 

ʧʦʣʦʞʝʥʥʷʤ ʨʽʟʥʠʮʝʚʦʾ ʢʦʤʽʨʢʠ, ʫ ʷʢʽʡ ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʜʞʝʨʝʣʦ ʚʠʢʠʜʫ, ʘ 

ʩʘʤʝ () ( ). .
/ʯʠʩʝʣ ʠʩʪ

Q Q t x y= D D, ʜʝ ()
.ʠʩʪ

Q t  ï ʨʝʘʣʴʥʠʡ ʚʠʢʠʜ NO ʽ 2NO  ʚʽʜ 

ʘʚʪʦʤʦʙʽʣʷ, ( )ʛ/ ʩ ʤÖ , x yD D ï ʧʣʦʱʘ ʨʽʟʥʠʮʝʚʦʾ ʢʦʤʽʨʢʠ. 

ɺʠʢʠʜ ʚʽʜ ʨʽʟʥʠʭ ʘʚʪʦ ʤʦʜʝʣʶʻʪʴʩʷ ʷʢ ʥʘʙʽʨ ʪʦʯʢʦʚʠʭ ʜʞʝʨʝʣ. ʆʩʢʽʣʴʢʠ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʚʦʤʽʨʥʘ ʤʦʜʝʣʴ, ʪʦ ʥʘʧʨʷʤ ʚʽʪʨʫ ʚʠʙʨʘʥʦ ʧʦʧʝʨʝʢ 

ʘʚʪʦʤʘʛʽʩʪʨʘʣʽ (ʚʟʜʦʚʞ ʦʩʽ ʆʭ). ʈʦʟʚôʷʟʫʻʪʴʩʷ ʤʦʜʝʣʴʥʘ ʟʘʜʘʯʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʜʽʾ ʝʢʨʘʥʘ ʷʢ ʙʘʨ'ʻʨʘ, ʘ ʷʢ ʘʚʪʦʪʨʘʥʩʧʦʨʪ ʨʦʟʛʣʷʜʘʣʠʩʷ ʘʚʪʦ ʟ ʨʦʟʤʽʨʘʤʠ: 

ʰʠʨʠʥʘ ï 1,7 ʤ, ʚʠʩʦʪʘ ï 1,6 ʤ. ʆʜʥʘʢ ʨʦʟʨʘʭʫʥʢʦʚʘ ʧʨʦʛʨʘʤʘ ʜʦʟʚʦʣʷʻ 

ʚʨʘʭʦʚʫʚʘʪʠ ʙʫʜʴ-ʷʢʽ ʨʦʟʤʽʨʠ ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ. ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʦʩʦʙʣʠʚʽʩʪʶ 

ʨʦʟʨʦʙʣʝʥʦʾ ʯʠʩʝʣʴʥʦʾ ʤʦʜʝʣʽ ʻ ʤʦʞʣʠʚʽʩʪʴ ʚʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ ʢʦʨʧʫʩʘ ʘʚʪʦ 

ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʦʙʣʘʩʪʝʡ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʨʦʙʦʯʠʭ ʟʦʥʘʭ ʙʽʣʷ ʜʦʨʦʛʠ. 

ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʯʠʩʝʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʥʫʚʘʣʠʩʷ ʨʦʟʨʘʭʫʥʢʠ ʧʨʠ 

ʜʽʶʯʦʤʫ ʜʞʝʨʝʣʽ ʝʤʽʩʽʾ (ʘʚʪʦʪʨʘʥʩʧʦʨʪʽ) ʥʘ ʧʝʨʰʽʡ ʽ ʯʝʪʚʝʨʪʽʡ ʩʤʫʛʘʭ 

ʘʚʪʦʜʦʨʦʛʠ ʙʝʟ ʥʘʷʚʥʦʩʪʽ ʝʢʨʘʥʘ (ʨʠʩ. 2.6), ʟ ʥʘʷʚʥʽʩʪʶ ʝʢʨʘʥʘ ʚʠʩʦʪʦʶ 

H=2,8 ʤ (ʨʠʩ. 2.7) ʡ ʚʠʩʦʪʦʶ H=5 ʤ (ʨʠʩ. 2.8). 
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ʈʠʩʫʥʦʢ 2.6 ï ʈʦʟʧʦʜʽʣ ʧʦʣʷ ʢʦʥʮʝʥʪʨʘʮʽʾ NO ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʙʘʨôʻʨʘ: 

1 ï ʜʞʝʨʝʣʘ ʝʤʽʩʽʾ (ʘʚʪʦʤʦʙʽʣʽ). 

 

 

 

ʈʠʩʫʥʦʢ 2.7 ï ʈʦʟʧʦʜʽʣ ʧʦʣʷ ʢʦʥʮʝʥʪʨʘʮʽʾ NO ʟʘ ʥʘʷʚʥʦʩʪʽ ʙʘʨôʻʨʘ 

ʚʠʩʦʪʦʶ H=2,8 ʤ: 

1 ï ʜʞʝʨʝʣʘ ʝʤʽʩʽʾ (ʘʚʪʦʤʦʙʽʣʽ), 2 ï ʙʘʨôʻʨ. 
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ʈʠʩʫʥʦʢ 2.8 ï ʈʦʟʧʦʜʽʣ ʧʦʣʷ ʢʦʥʮʝʥʪʨʘʮʽʾ NO ʟʘ ʥʘʷʚʥʦʩʪʽ ʙʘʨôʻʨʘ 

ʚʠʩʦʪʦʶ H=5 ʤ: 

1 ï ʜʞʝʨʝʣʘ ʝʤʽʩʽʾ (ʘʚʪʦʤʦʙʽʣʽ), 2 ï ʙʘʨôʻʨ. 

 

ʅʘ ʨʠʩʫʥʢʘʭ ʧʦʢʘʟʘʥʦ ʨʦʟʧʦʜʽʣ ʢʦʥʮʝʥʪʨʘʮʽʾ NO ʚ ʧʨʦʮʝʥʪʥʦʤʫ 

ʚʽʜʥʦʰʝʥʥʽ ʚʽʜ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ. ɼʦʙʨʝ ʚʠʜʥʦ, ʱʦ ʝʢʨʘʥ 

ʚʠʩʦʪʦʶ H=2,8 ʤ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ NO ʟʘ ʝʢʨʘʥʦʤ ʚʽʜ 

42 % ʜʦ 28 %, ʘ ʝʢʨʘʥ ʚʠʩʦʪʦʶ H=5 ʤ ʟʥʠʞʫʻ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦ 16 %. 

ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʯʠʩʝʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʥʫʚʘʣʦʩʷ ʧʦʨʽʚʥʷʥʥʷ ʨʽʚʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘ ʝʢʨʘʥʦʤ ʧʨʠ ʨʽʟʥʽʡ ʢʽʣʴʢʦʩʪʽ ʜʞʝʨʝʣ ʝʤʽʩʽʾ ʥʘ ʜʦʨʦʟʽ. 

ɿʦʢʨʝʤʘ, ʨʦʟʨʘʭʫʥʢʠ ʚʠʢʦʥʘʥʽ ʧʨʠ ʜʽʶʯʦʤʫ ʜʞʝʨʝʣʽ ʝʤʽʩʽʾ (ʘʚʪʦʪʨʘʥʩʧʦʨʪʽ) 

ʪʽʣʴʢʠ ʥʘ ʧʝʨʰʽʡ ʩʤʫʟʽ ʘʚʪʦʜʦʨʦʛʠ (ʨʠʩ. 2.9), ʥʘ ʧʝʨʰʡ̔ ʪʘ ʥʘ ʯʝʪʚʝʨʪʽʡ 

ʩʤʫʛʘʭ (ʨʠʩ. 2.8), ʥʘ ʧʝʨʰʡ̔, ʜʨʫʛʽʡ ʪʘ ʯʝʪʚʝʨʪʽʡ ʩʤʫʛʘʭ (ʨʠʩ. 2.10) ʟʘ 

ʥʘʷʚʥʦʩʪʽ ʝʢʨʘʥʘ ʚʠʩʦʪʦʶ H=5 ʤ ʫ ʢʦʞʥʦʤʫ ʚʘʨʽʘʥʪʽ ʨʦʟʨʘʭʫʥʢʫ. 

ɿ ʦʪʨʠʤʘʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʦʞʥʘ ʙʘʯʠʪʠ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʜʞʝʨʝʣ ʝʤʽʩʽʾ ʥʘ ʘʚʪʦʜʦʨʦʟʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʟʥʘʯʝʥʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʾ NO ʟʘ ʝʢʨʘʥʦʤ ʚʽʜ 10 % ʜʦ 18 % ʥʘʚʽʪʴ ʟʘ ʥʘʷʚʥʦʩʪʽ ʝʢʨʘʥʘ 

ʜʦʩʠʪʴ ʚʝʣʠʢʦʾ ʚʠʩʦʪʠ H=5 ʤ. 
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ʈʠʩʫʥʦʢ 2.9 ï ʇʦʣʝ ʢʦʥʮʝʥʪʨʘʮʽʾ NO ʟʘ ʥʘʷʚʥʦʩʪʽ ʙʘʨôʻʨʘ ʚʠʩʦʪʦʶ 

H=5 ʤ: 

1 ï ʦʜʥʝ ʜʞʝʨʝʣʦ ʝʤʽʩʽʾ, 2 ï ʙʘʨôʻʨ. 

 

 

 

ʈʠʩʫʥʦʢ 2.10 ï ʇʦʣʝ ʢʦʥʮʝʥʪʨʘʮʽʾ NO ʟʘ ʥʘʷʚʥʦʩʪʽ ʙʘʨôʻʨʘ ʚʠʩʦʪʦʶ 

H=5 ʤ: 

1 ï ʪʨʠ ʜʞʝʨʝʣʘ ʝʤʽʩʽʾ, 2 ï ʙʘʨôʻʨ. 

 

ʅʘ ʪʨʝʪʴʦʤʫ ʝʪʘʧʽ ʯʠʩʝʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʜʽʡʩʥʶʚʘʣʠʩʷ ʧʦʨʽʚʥʷʣʴʥʽ 

ʨʦʟʨʘʭʫʥʢʠ ʧʨʠ ʜʽʶʯʠʭ ʜʞʝʨʝʣʘʭ ʝʤʽʩʽʾ (ʘʚʪʦʪʨʘʥʩʧʦʨʪʽ) ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʾʭʥʴʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ (ʫ ʚʠʛʣʷʜʽ ʧʨʷʤʦʢʫʪʥʠʢʽʚ) ʽ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ 

ʛʝʦʤʝʪʨʽʾ, ʪʦʙʪʦ ʧʨʦʩʪʦ ʷʢ ʪʦʯʢʦʚʦʛʦ ʜʞʝʨʝʣʘ (ʨʠʩ. 2.11), ʟʛʽʜʥʦ ʟ 

ʧʫʙʣʽʢʘʮʽʷʤʠ ʽʥʰʠʭ ʘʚʪʦʨʽʚ [7]. 
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ʈʠʩʫʥʦʢ 2.11 ï ʇʦʣʝ ʢʦʥʮʝʥʪʨʘʮʽʾ NO ʟʘ ʥʘʷʚʥʦʩʪʽ ʝʢʨʘʥʘ ʚʠʩʦʪʦʶ 

H=5 ʤ: 

1 ï ʜʚʘ ʜʞʝʨʝʣʘ ʝʤʽʩʽʾ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʛʝʦʤʝʪʨʽʾ, 2 ï ʝʢʨʘʥ. 

 

ʇʦʨʽʚʥʷʥʥʷ ʨʦʟʧʦʜʽʣʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘ ʨʠʩ. 2.8 ʽ ʨʠʩ.2.11 ʧʦʢʘʟʫʻ, ʱʦ ʥʝ 

ʚʨʘʭʫʚʘʥʥʷ ʛʝʦʤʝʪʨʽʾ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʘʚʠʱʝʥʠʭ ʟʥʘʯʝʥʴ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʧʨʠʙʣʠʟʥʦ ʥʘ 5 %. 

ʇʨʦʪʝ, ʷʢ ʚʠʜʥʦ ʟ ʨʠʩ.2.10, ʫ ʟʦʥʽ ʤʽʞ ʘʚʪʦʤʦʙʽʣʝʤ, ʷʢʠʡ ʨʦʟʪʘʰʦʚʘʥʠʡ 

ʥʘ ʯʝʪʚʝʨʪʽʡ ʩʤʫʟʽ ʨʫʭʫ, ʽ ʝʢʨʘʥʦʤ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʎʝ ʧʦʚ'ʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʥʘʷʚʥʽʩʪʴ 

ʝʢʨʘʥʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʟʘʩʪʽʡʥʠʭ ʟʦʥ ʫ ʤʽʩʮʽ ʡʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʟ 

ʙʦʢʫ ʜʦʨʦʛʠ, ʜʝ ʰʚʠʜʢʽʩʪʴ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʥʝʚʝʣʠʢʘ. ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʮʠʭ 

ʦʙʣʘʩʪʷʭ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʣʦʢʘʣʴʥʦ ʚʠʩʦʢʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʭʽʤʽʯʥʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥʷ, ʱʦ ʚʠʤʘʛʘʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʜʣʷ 

ʤʽʥʽʤʽʟʘʮʽʾ ʨʽʚʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʮʠʭ ʟʘʩʪʽʡʥʠʭ ʟʦʥʘʭ (ʣʦʢʘʣʴʥʠʭ 

ʚʽʜʩʤʦʢʪʫʚʘʯʽʚ). 

ʅʘ ʥʘʩʪʫʧʥʦʤʫ ʝʪʘʧʽ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʥʫʚʘʣʠʩʷ ʨʦʟʨʘʭʫʥʢʠ ʨʽʚʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʙʨʫʜʥʶʚʘʯʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʤʽʥʠ ʛʝʦʤʝʪʨʽʾ ʙʘʨôʻʨʘ. ʗʢ 

ʚʽʜʦʤʦ, ʙʘʨôʻʨʠ ʚʠʢʦʥʫʶʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʚʝʨʪʠʢʘʣʴʥʠʤʠ, ʪʦʙʪʦ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʤʠ ʜʦ ʧʦʚʝʨʭʥʽ ʟʝʤʣʽ, ʘ ʡ ʽʥʰʠʭ ʬʦʨʤ, ʟʦʢʨʝʤʘ ʨʽʟʥʦʾ 

ʢʨʠʚʠʟʥʠ ʧʨʦʬʽʣʶ ʽ ʥʘʭʠʣʫ ʱʦʜʦ ʟʝʤʣʽ. ʇʨʦʧʦʥʫʻʪʴʩʷ ʟʤʽʥʘ ʬʦʨʤʠ ʙʘʨôʻʨʽʚ 
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ʟʘ ʨʘʭʫʥʦʢ ʜʦʜʘʪʢʦʚʦʾ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ ʜʦʚʞʠʥʦʶ 1,25 ʤ ʥʘ ʚʠʩʦʪʽ 

3,75 ʤ ʚʽʜ ʧʦʚʝʨʭʥʽ ʟʝʤʣʽ (ʨʠʩ. 2.12, 2.13). 

 

 

 

ʈʠʩʫʥʦʢ 2.12 ï ʇʦʣʷ ʢʦʥʮʝʥʪʨʘʮʽʾ NO ʟʘ ʥʘʷʚʥʦʩʪʽ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʙʘʨôʻʨʘ ʚʠʩʦʪʦʶ H=5 ʤ: 

1 ï ʦʜʥʝ ʜʞʝʨʝʣʦ ʝʤʽʩʽʾ ʥʘ ʪʨʝʪʽʡ ʩʤʫʟʽ ʨʫʭʫ, 2 ï ʝʢʨʘʥ. 

 

 

 

ʈʠʩʫʥʦʢ 2.13 ï ʇʦʣʷ ʢʦʥʮʝʥʪʨʘʮʽʾ NO ʟʘ ʥʘʷʚʥʦʩʪʽ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʙʘʨôʻʨʘ ʟ ʜʦʜʘʪʢʦʚʠʤ ʝʣʝʤʝʥʪʦʤ (ʚʠʩʦʪʘ ʙʘʨôʻʨʘ H=5 ʤ): 

1 ï ʜʞʝʨʝʣʦ ʝʤʽʩʽʾ, 2 ï ʙʘʨôʻʨ. 

 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʨʽʚʝʥʴ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘ ʙʘʨôʻʨʦʤ 

ʥʘ ʚʠʩʦʪʽ ʦʨʛʘʥʽʚ ʜʠʭʘʥʥʷ ʣʶʜʠʥʠ 1,7 ʤ ʟʥʠʞʫʻʪʴʩʷ ʚʽʜ 14 % ʜʦ 8 %. 
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ɼʘʣʽ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʜʦʜʘʪʢʦʚʽ, ʙʽʣʴʰ ʧʦʛʣʠʙʣʝʥʽ ʨʦʟʨʘʭʫʥʢʠ ʽʟ 

ʚʠʟʥʘʯʝʥʥ ̫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʘʨôʻʨʘ ʟ ʜʦʜʘʪʢʦʚʠʤ ʝʣʝʤʝʥʪʦʤ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʚʠʢʦʥʫʚʘʣʦʩʷ ʟʘ ʪʘʢʠʤʠ ʚʠʭʽʜʥʠʤʠ ʜʘʥʠʤʠ: ʨʦʟʤʽʨʠ 

ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ 25 ʤ ʭ 12 ʤ; ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʝʤʽʩʽʾ 1
xNOQ =  (ʫ 

ʙʝʟʨʦʟʤʽʨʥʦʤʫ ʚʠʛʣʷʜʽ), ʟ ʷʢʠʭ 2NO  ʩʪʘʥʦʚʠʪʴ 5 % ʚʽʜ ʚʠʢʠʜʫ ʭNO , ʘ NO  ï 

95 %; ʰʚʠʜʢʽʩʪʴ ʧʦʚʽʪʨʷ 5 ʤ/ʩ; ʰʠʨʠʥʘ ʦʙʣʘʩʪʽ 3 ʤ, ʚʠʩʦʪʘ ʙʘʨôʻʨʘ 5 ʤ. 

ɹʫʣʘ ʟʙʽʣʴʰʝʥʘ ʢʽʣʴʢʽʩʪʴ ʩʮʝʥʘʨʽʾʚ ʨʦʟʪʘʰʫʚʘʥʥʷ ʜʦʜʘʪʢʦʚʦʛʦ ʝʣʝʤʝʥʪʘ 

ʥʘ ʙʘʨôʻʨʽ. ɼʣʷ ʙʽʣʴʰʦʾ ʥʘʦʯʥʦʩʪʽ ʥʠʞʯʝ ʥʘʚʝʜʝʥʘ ʨʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʜʣʷ 

ʢʦʞʥʦʛʦ ʩʮʝʥʘʨʽʶ: 

1. ʉʮʝʥʘʨʽʡ 1. ɹʘʟʦʚʠʡ ʚʘʨʽʘʥʪ ï ʪʽʣʴʢʠ ʚʝʨʪʠʢʘʣʴʥʠʡ ʙʘʨôʻʨ, 

ʜʦʜʘʪʢʦʚʠʡ ʝʣʝʤʝʥʪ ʚʽʜʩʫʪʥʽʡ (ʨʠʩ. 2.14). 

2. ʉʮʝʥʘʨʽʡ 2. ɺʝʨʪʠʢʘʣʴʥʠʡ ʙʘʨôʻʨ, ʱʦ ʤʘʻ ʜʦʜʘʪʢʦʚʠʡ ʝʣʝʤʝʥʪ, ʷʢʠʡ 

ʨʦʟʪʘʰʦʚʘʥʠʡ ʥʘ ʧʽʜʚʽʪʨʷʥʦʤʫ ʙʦʮʽ ʙʘʨôʻʨʘ ʪʘ ʤʘʻ ʜʦʚʞʠʥʫ 1 ʤ (ʩʮʝʥʘʨʽʡ 2) 

ʘʙʦ ʜʦʚʞʠʥʫ 2 ʤ (ʩʮʝʥʘʨʽʡ 2ʘ). ɺʠʩʦʪʘ ʫʩʪʘʥʦʚʢʠ ʜʦʜʘʪʢʦʚʦʛʦ ʝʣʝʤʝʥʪʘ 3,5 ʤ 

(ʨʠʩ. 2.15). 

3. ʉʮʝʥʘʨʽʡ 3. ɺʝʨʪʠʢʘʣʴʥʠʡ ʙʘʨôʻʨ, ʱʦ ʤʘʻ ʜʚʘ ʜʦʜʘʪʢʦʚʠʭ ʝʣʝʤʝʥʪʠ: 

ʧʝʨʰʠʡ ʨʦʟʪʘʰʦʚʘʥʠʡ ʥʘ ʧʽʜʚʽʪʨʷʥʦʤʫ ʙʦʮʽ ʙʘʨôʻʨʘ ʪʘ ʤʘʻ ʜʦʚʞʠʥʫ 2 ʤ; 

ʚʠʩʦʪʘ ʫʩʪʘʥʦʚʢʠ ʮʴʦʛʦ ʜʦʜʘʪʢʦʚʦʛʦ ʝʣʝʤʝʥʪʘ 3,5 ʤ. ɼʨʫʛʠʡ ʜʦʜʘʪʢʦʚʠʡ 

ʝʣʝʤʝʥʪ ʨʦʟʪʘʰʦʚʘʥʠʡ ʥʘ ʥʘʚʽʪʨʷʥʦʤʫ ʙʦʮʽ ʙʘʨôʻʨʘ ʪʘ ʤʘʻ ʜʦʚʞʠʥʫ 1 ʤ 

(ʢʦʨʦʪʢʠʡ ʝʣʝʤʝʥʪ, ʩʮʝʥʘʨʽʡ 3) ʘʙʦ 2 ʤ (ʜʦʚʛʠʡ ʝʣʝʤʝʥʪ, ʩʮʝʥʘʨʽʡ 3ʘ); ʚʠʩʦʪʘ 

ʫʩʪʘʥʦʚʢʠ ʮʴʦʛʦ ʜʦʜʘʪʢʦʚʦʛʦ ʝʣʝʤʝʥʪʘ 5 ʤ (ʨʠʩ. 2.16). 

4. ʉʮʝʥʘʨʽʡ 4. ɺʝʨʪʠʢʘʣʴʥʠʡ ʙʘʨôʻʨ ʤʘʻ ʜʦʜʘʪʢʦʚʠʡ ʝʣʝʤʝʥʪ, 

ʨʦʟʪʘʰʦʚʘʥʠʡ ʥʘ ʧʽʜʚʽʪʨʷʥʦʤʫ ʙʦʮʽ ʙʘʨôʻʨʘ ʧʽʜ ʢʫʪʦʤ 45
0
 ʪʘ ʤʘʻ ʜʦʚʞʠʥʫ 2 ʤ. 

ɺʠʩʦʪʘ ʫʩʪʘʥʦʚʢʠ ʜʦʜʘʪʢʦʚʦʛʦ ʝʣʝʤʝʥʪʘ 5 ʤ (ʨʠʩ. 2.17). 
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ʈʠʩʫʥʦʢ 2.14 ï ʉʭʝʤʘ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ (ʩʮʝʥʘʨʽʡ 1, ʙʘʟʦʚʠʡ 

ʚʘʨʽʘʥʪ): 

1 ï ʢʦʨʧʫʩ ʘʚʪʦ; 2 ï ʤʽʩʮʝ ʝʤʽʩʽʾ ʟʘʙʨʫʜʥʶʚʘʯʘ; 3 ï ʙʘʨôʻʨ. 

 

 

 

ʈʠʩʫʥʦʢ 2.15 ï ʉʭʝʤʘ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ (ʩʮʝʥʘʨʽʡ 2): 

1 ï ʢʦʨʧʫʩ ʘʚʪʦ; 2 ï ʤʽʩʮʝ ʝʤʽʩʽʾ ʟʘʙʨʫʜʥʶʚʘʯʘ; 3 ï ʙʘʨôʻʨ; 4 ï 

ʜʦʜʘʪʢʦʚʠʡ ʝʣʝʤʝʥʪ. 
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ʈʠʩʫʥʦʢ 2.16 ï ʉʭʝʤʘ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ (ʩʮʝʥʘʨʽʡ 3): 

1 ï ʢʦʨʧʫʩ ʘʚʪʦ; 2 ï ʤʽʩʮʝ ʝʤʽʩʽʾ ʟʘʙʨʫʜʥʶʚʘʯʘ; 3 ï ʙʘʨôʻʨ; 

4, 5 ï ʜʦʜʘʪʢʦʚʽ ʝʣʝʤʝʥʪʠ. 

 

 

 

ʈʠʩʫʥʦʢ 2.17 ï ʉʭʝʤʘ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ (ʩʮʝʥʘʨʽʡ 4): 

1 ï ʢʦʨʧʫʩ ʘʚʪʦ; 2 ï ʤʽʩʮʝ ʝʤʽʩʽʾ ʟʘʙʨʫʜʥʶʚʘʯʘ; 3 ï ʙʘʨôʻʨ; 

4 ï ʜʦʜʘʪʢʦʚʠʡ ʝʣʝʤʝʥʪ. 

 

ʅʠʞʯʝ, ʥʘ ʨʠʩʫʥʢʘʭ, ʧʦʢʘʟʘʥʦ ʟʦʥʫ ʟʘʙʨʫʜʥʝʥʥʷ ʜʣʷ ʜʝʢʽʣʴʢʦʭ 

ʩʮʝʥʘʨʽʾʚ ʟʘʜʘʯʽ. 
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ʈʠʩʫʥʦʢ 2.18 ï ɿʦʥʘ ʟʘʙʨʫʜʥʝʥʥʷ 

(ʢʦʥʮʝʥʪʨʘʮʽʷ ʥʘʚʝʜʝʥʘ ʚ ʙʝʟʨʦʟʤʽʨʥʦʤʫ ʚʠʛʣʷʜʽ, ʩʮʝʥʘʨʽʡ 3, ʢʦʨʦʪʢʠʡ 

ʜʦʜʘʪʢʦʚʠʡ ʝʣʝʤʝʥʪ ʥʘ ʥʘʚʽʪʨʷʥʦʤʫ ʙʦʮʽ ʙʘʨôʻʨʘ): 

1 ï ʉ=0,08; 2 ï ʉ=0,19. 

 

 

 

ʈʠʩʫʥʦʢ 2.19 ï ɿʦʥʘ ʟʘʙʨʫʜʥʝʥʥʷ 

(ʢʦʥʮʝʥʪʨʘʮʽʷ ʥʘʚʝʜʝʥʘ ʚ ʙʝʟʨʦʟʤʽʨʥʦʤʫ ʚʠʛʣʷʜʽ, ʩʮʝʥʘʨʽʡ 3ʘ, ʜʦʚʛʠʡ 

ʜʦʜʘʪʢʦʚʠʡ ʝʣʝʤʝʥʪ ʥʘ ʥʘʚʽʪʨʷʥʦʤʫ ʙʦʮʽ ʙʘʨôʻʨʘ): 

1 ï ʉ=0,09; 2 ï ʉ=0,22. 
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ʈʠʩʫʥʦʢ 2.20 ï ɿʦʥʘ ʟʘʙʨʫʜʥʝʥʥʷ (ʩʮʝʥʘʨʽʡ 4), ʢʦʥʮʝʥʪʨʘʮʽʷ ʥʘʚʝʜʝʥʘ ʚ 

ʙʝʟʨʦʟʤʽʨʥʦʤʫ ʚʠʛʣʷʜʽ: 

1 ï ʉ=0,07; 2 ï ʉ=0,18. 

 

ɸʥʘʣʽʟ ʜʘʥʠʭ ʨʠʩʫʥʢʽʚ ʧʦʢʘʟʫʻ, ʱʦ ʜʦʜʘʪʢʦʚʽ ʝʣʝʤʝʥʪʠ ʥʘ ʙʘʨôʻʨʽ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʬʦʨʤʫ ʦʙʣʘʩʪʽ ʟʘʙʨʫʜʥʝʥʥʷ, ʘ ʟʥʘʯʠʪʴ ï ʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʟʘʙʨʫʜʥʝʥʥʷ ʨʦʙʦʯʦʾ ʟʦʥʠ. ɼʣʷ ʦʮʽʥʢʠ ʮʴʦʛʦ ʚʧʣʠʚʫ ʚ ʪʘʙʣ. 2.2 ʥʘʚʝʜʝʥʦ 

ʙʝʟʨʦʟʤʽʨʥʝ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ NO ʚ ʪʦʯʮʽ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʘ ʥʘ ʚʠʩʦʪʽ 

1,6 ʤ ʪʘ ʜʦʚʞʠʥʽ 3 ʤ ʚʽʜ ʙʘʨôʻʨʘ, ʥʘ ʧʽʜʚʽʪʨʷʥʦʤʫ ʙʦʮʽ. 

 

ʊʘʙʣʠʮʷ 2.2 ï ʂʦʥʮʝʥʪʨʘʮʽʾ NO ʚ ʨʦʙʦʯʽʡ ʟʦʥʽ 

ʉʮʝʥʘʨʽʡ ʉʮʝʥʘ-

ʨʽʡ 1, 

ʙʘʟʦʚʠʡ 

ʉʮʝʥʘ-

ʨʽʡ 2 

ʉʮʝʥʘ-

ʨʽʡ 2ʘ 

ʉʮʝʥʘ-

ʨʽʡ 3 

ʉʮʝʥʘ-

ʨʽʡ 3ʘ 

ʉʮʝʥʘ-

ʨʽʡ 4 

ʂʦʥʮʝʥʪʨʘʮʽʷ 

NO 

(ʙʝʟʨʦʟʤʽʨʥʘ) 

9.9Ŀ10
-3
 9.5Ŀ10

-3
 9.1Ŀ10

-3
 8.6Ŀ10

-3
 7.9Ŀ10

-3
 7.8Ŀ10

-3
 

 

ɸʥʘʣʽʟ ʜʘʥʠʭ ʟ̔ ʮʽʻʾ ʪʘʙʣʠʮʽ ʧʦʢʘʟʫʻ, ʱʦ ʥʘʡʙʽʣʴʰ ʧʨʠʡʥʷʪʥʠʤ 

ʚʘʨʽʘʥʪʦʤ ʻ ʩʮʝʥʘʨʽʡ 3ʘ ʪʘ ʩʮʝʥʘʨʽʡ 4. 

ʊʘʢʦʞ ʩʣʽʜ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʪʘʢʝ. ɺʽʜʦʤʦ, ʱʦ ʟʘ ʥʘʷʚʥʦʩʪʽ ʧʝʨʝʰʢʦʜ ʫ 

ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʦʙʣʘʩʪʽ ʬʦʨʤʫʶʪʴʩʷ ʟʦʥʠ, ʜʝ ʣʽʥʽʾ ʩʪʨʫʤʫ ʤʘʶʪʴ ʚʝʣʠʢʫ 

ʢʨʠʚʠʟʥʫ. ɿʘ ʪʘʢʠʭ ʫʤʦʚ ʜʝʷʢʽ ʯʠʩʝʣʴʥʽ ʤʦʜʝʣʽ ʚʪʨʘʯʘʶʪʴ ʩʚʦʶ ʩʪʽʡʢʽʩʪʴ, ʱʦ 

ʦʙʤʝʞʫʻ ʾʭ ʧʨʘʢʪʠʯʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʦʩʢʽʣʴʢʠ ʚ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʽʩʥʫʻ 
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ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʢʦʤʙʽʥʘʮʽʡ ʨʦʟʪʘʰʫʚʘʥʥʷ çʘʚʪʦʜʦʨʦʛʠ ʡ ʝʢʨʘʥʘè. ʆʪʨʠʤʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʧʦʙʫʜʦʚʘʥʘ ʯʠʩʝʣʴʥʘ ʤʦʜʝʣʴ ʤʘʻ ʚʝʣʠʢʠʡ 

ʟʘʧʘʩ ʩʪʽʡʢʦʩʪʽ ʡ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʘ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʟʦʥ ʟʘʙʨʫʜʥʝʥʥʷ ʚ 

ʦʙʣʘʩʪʷʭ ʟ ʨʽʟʥʦʶ ʛʝʦʤʝʪʨʽʻʶ ʙʘʨôʻʨʽʚ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʙʫʜʦʚʘʥʘ ʯʠʩʝʣʴʥʘ ʤʦʜʝʣʴ ʜʦʟʚʦʣʷʻ ʦʮʽʥʶʚʘʪʠ ʟʦʥʠ 

ʭʽʤʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ, ʱʦ ʬʦʨʤʫʶʪʴʩʷ ʙʽʣʷ ʟʘʭʠʩʥʠʭ ʙʘʨôʻʨʽʚ, ʪʘ ʚʠʜʽʣʠʪʠ 

ʧʽʜʟʦʥʠ, ʜʝ ʪʘʢʝ ʟʘʙʨʫʜʥʝʥʥʷ ʻ ʥʘʡʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʠʤ. ɺʠʷʚʣʝʥʥʷ ʪʘʢʠʭ 

ʧʽʜʟʦʥ ʜʦʟʚʦʣʷʻ ʨʝʢʦʤʝʥʜʫʚʘʪʠ ʟʘʭʦʜʠ ʟʘʭʠʩʪʫ ʱʦʜʦ ʤʽʥʽʤʽʟʘʮʽʾ ʨʽʚʥʷ 

ʟʘʙʨʫʜʥʝʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʥʠ ʚʠʩʦʪʠ ʝʢʨʘʥʘ. ɿ ʦʪʨʠʤʘʥʦʛʦ 

ʨʦʟʧʦʜʽʣʫ ʧʦʣʽʚ ʢʦʥʮʝʥʪʨʘʮʽʾ NO  ʚʠʜʥʦ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʚʠʩʦʪʠ ʝʢʨʘʥʽʚ 

ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʦʙʣʘʩʪʽ ʤʦʞʣʠʚʦʛʦ 

ʤʽʩʮʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʨʘʮʽʚʥʠʢʽʚ. 

ɼʘʣʽ ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʬʽʟʠʯʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʪʘ ʨʝʟʫʣʴʪʘʪʠ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟ ʜʦʩʣʽʜʞʝʥʥ ̫ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʙʘʨôʻʨʘ ʟ ʜʦʜʘʪʢʦʚʠʤ ʝʣʝʤʝʥʪʦʤ, ʱʦ ʤʘʻ ʫʭʠʣ çʧʦ ʧʦʪʦʢʫè (ʨʠʩ. 2.21). 

ʄʦʜʝʣʴ ʘʚʪʦʤʦʙʽʣʷ ʤʘʣʘ ʨʦʟʤʽʨʠ: ʜʦʚʞʠʥʘ L=21 ʩʤ, ʩʝʨʝʜʥʷ ʚʠʩʦʪʘ 10 ʩʤ, 

ʰʠʨʠʥʘ 8 ʩʤ. ɺʠʩʦʪʘ ʙʘʨôʻʨʘ 10 ʩʤ, ʜʦʚʞʠʥʘ ʜʦʜʘʪʢʦʚʦʛʦ ʝʣʝʤʝʥʪʘ 4 ʩʤ, ʢʫʪ 

ʫʭʠʣʫ 45
0
. ɼʦʚʞʠʥʘ ʚʽʜ ʜʞʝʨʝʣʘ ʝʤʽʩʽʾ ʜʦ ʙʘʨôʻʨʘ 12 ʩʤ. ʋ ʭʦʜʽ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʤʦʜʝʣʴ ʘʚʪʦʤʦʙʽʣʷ ʟʦʙʨʘʞʫʚʘʣʘʩʷ 

çʧʨʷʤʦʢʫʪʥʠʢʦʤè ʨʦʟʤʽʨʦʤ 8 ʩʤ ʭ10 ʩʤ. ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʜʞʝʨʝʣʘ ʝʤʽʩʽʾ 

ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʧʘʣʽʥʥʷ çʘʨʦʤʘʪʠʟʦʚʘʥʠʭ ʧʘʣʠʯʦʢè, ʱʦ ʩʪʚʦʨʶʶʪʴ ʜʠʤ, ʷʢʠʡ 

ʤʦʞʣʠʚʦ ʟʘʬʽʢʩʫʚʘʪʠ ʥʘ ʬʦʪʦʢʘʤʝʨʫ. ʎʽ ʧʘʣʠʯʢʠ ʨʦʟʪʘʰʦʚʫʚʘʣʠʩʷ ʚ ʥʠʞʥʽʡ 

ʯʘʩʪʠʥʽ ʤʦʜʝʣʽ ʘʚʪʦ ʥʘ ʚʠʩʦʪʽ 3 ʩʤ. ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʉʆ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʛʘʟʦʘʥʘʣʽʟʘʪʦʨ GD-3301. ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʧʦʪʦʢʫ ʧʦʚʽʪʨʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʧʦʚʽʪʨʦʜʫʚʢʘ. ʐʚʠʜʢʽʩʪʴ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʚʠʟʥʘʯʘʣʘʩʷ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʠʣʘʜʫ GM 8908. ɿʘʤʽʨ ʢʦʥʮʝʥʪʨʘʮʽʾ ʉʆ ʟʜʽʡʩʥʶʚʘʚʩʷ ʥʘ 

ʚʠʩʦʪʽ 14 ʩʤ. ʂʦʥʮʝʥʪʨʘʮʽʷ ʉʆ ʙʽʣʷ ʜʞʝʨʝʣʘ ʝʤʽʩʽʾ Co= 174 ï 187 ppm (ʫ 

ʨʦʟʨʘʭʫʥʢʫ ʧʨʠʡʤʘʣʦʩʷ 185 ppm). 

ʃʘʙʦʨʘʪʦʨʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʚʠʢʦʥʫʚʘʣʠʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʧʦʚʽʪʨʷ 

21 
0
ʉ. ʗʢ ʢʨʠʪʝʨʽʡ ʧʦʜʽʙʥʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩʷ ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ, ʘ ʧʨʠ 
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ʨʦʟʨʘʭʫʥʢʫ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʷʢ ʤʘʩʰʪʘʙ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʜʦʚʞʠʥʘ 

ʘʚʪʦʤʦʙʽʣʷ L, ʰʚʠʜʢʽʩʪʴ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ V =140 ʩʤ/ʩ ï 160 ʩʤ/ʩ, 

ʢʦʝʬʽʮʽʻʥʪ ʢʽʥʝʤʘʪʠʯʥʦʾ ʚôʷʟʢʦʩʪʽ n ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 21
0
ʉ 

( 6 215.06 10 ʤ /ʩn -= Ö ). ɿʥʘʯʝʥʥʷ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʨʦʟʨʘʭʦʚʫʚʘʣʦʩʷ ʪʘʢ: 

 

Re
V L

n

Ö
= . 

 

ʅʘ ʨʠʩ. 2.21 ʧʦʢʘʟʘʥʘ ʟʦʥʘ ʟʘʙʨʫʜʥʝʥʥʷ, ʦʪʨʠʤʘʥʘ ʚ ʭʦʜʽ ʝʢʩʧʝʨʠʤʝʥʪʫ. 

 

 

 

ʈʠʩʫʥʦʢ 2.21 ï ɿʦʥʘ ʟʘʙʨʫʜʥʝʥʥʷ: 

1 ï ʜʞʝʨʝʣʦ ʚʠʢʠʜʫ; 2 ï ʟʦʥʘ ʟʘʙʨʫʜʥʝʥʥʷ ʧʝʨʝʜ ʙʘʨôʻʨʦʤ; 3 ï ʟʦʥʘ 

ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʜ ʜʦʜʘʪʢʦʚʠʤ ʝʣʝʤʝʥʪʦʤ. 

 

ɸʥʘʣʽʟʫʶʯʠ ʨʠʩ. 2.21, ʤʦʞʥʘ ʚʠʷʚʠʪʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʟʦʥʠ 

ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʙʘʨôʻʨʘ, ʱʦ ʤʘʻ ʫʭʠʣ çʧʦ ʧʦʪʦʢʫè. ɸ 

ʩʘʤʝ: ʙʽʣʷ ʚʝʨʭʥʴʦʾ ʯʘʩʪʠʥʠ ʙʘʨôʻʨʘ ʬʦʨʤʫʻʪʴʩʷ ʦʙʣʘʩʪʴ ʟ ʜʦʩʠʪʴ ʚʠʩʦʢʦʶ 

ʢʦʥʮʝʥʪʨʘʮʽʶ ʜʦʤʽʰʢʠ, ʥʘ ʱʦ ʚʢʘʟʫʻ çʱʽʣʴʥʽʩʪʴè ʜʠʤʫ (ʦʙʣʘʩʪʴ 2, ʨʠʩ. 2.21). 

ʎʷ ʦʙʣʘʩʪʴ ʬʦʨʤʫʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʪʦʛʦ, ʱʦ ʚʝʨʪʠʢʘʣʴʥʘ ʯʘʩʪʠʥʘ ʙʘʨôʻʨʘ 

ʚʽʜʽʛʨʘʻ ʨʦʣʴ ʧʝʨʝʰʢʦʜʠ ʥʘ ʰʣʷʭʫ ʧʦʰʠʨʝʥʥʷ ʜʦʤʽʰʢʠ. ɼʦʜʘʪʢʦʚʠʡ ʝʣʝʤʝʥʪ, 

ʱʦ ʤʘʻ ʫʭʠʣ, ʟʚʝʨʭʫ ʩʪʚʦʨʶʻ çʪʨʘʤʧʣʽʥè ʜʣʷ ʜʦʜʘʪʢʦʚʦʛʦ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʨʫʭʫ ʜʦʤʽʰʢʠ. ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʥʘʜ ʮʠʤ ʝʣʝʤʝʥʪʦʤ ʬʦʨʤʫʻʪʴʩʷ ʜʦʜʘʪʢʦʚʘ 
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ʦʙʣʘʩʪʴ ʟʘʙʨʫʜʥʝʥʥʷ. ʈʫʭ ʟʘʙʨʫʜʥʝʥʦʛʦ ʧʦʚʽʪʨʷ ʚʛʦʨʫ ʩʧʨʠʷʻ ʟʤʝʥʰʝʥʥʶ 

ʨʽʚʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ ʟʘ ʙʘʨôʻʨʦʤ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʽ ʟʤʽʥʦʶ ʘʝʨʦʜʠʥʘʤʽʢʠ 

ʧʦʪʦʢʫ ʙʽʣʷ ʮʴʦʛʦ ʙʘʨôʻʨʘ ʟʤʝʥʰʫʻʪʴʩʷ ʨʽʚʝʥʴ ʟʘʙʨʫʜʥʝʥʥʷ ʨʦʙʦʯʠʭ ʟʦʥ ʟʘ 

ʙʘʨôʻʨʦʤ. 

ʅʠʞʯʝ, ʫ ʪʘʙʣ. 2.3 ʥʘʚʝʜʝʥʦ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʉʆ ʟʘ ʙʘʨôʻʨʦʤ, ʱʦ 

ʦʪʨʠʤʘʥʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʰʣʷʭʦʤ. ɿʘʫʚʘʞʠʤʦ, ʦɦ ʪʦʯʮʽ çX=0è 

ʚʽʜʧʦʚʽʜʘʻ ʟʘʤʽʨ ʥʘʜ ʙʘʨôʻʨʦʤ. ʋ ʪʘʙʣʠʮ ̔ʪʘʢʦʞ ʥʘʚʝʜʝʥʽ ʜʘʥʽ ʨʦʟʨʘʭʫʥʢʫ ʥʘ 

ʙʘʟʽ ʨʦʟʨʦʙʣʝʥʦʾ ʯʠʩʝʣʴʥʦʾ ʤʦʜʝʣʽ. 

 

ʊʘʙʣʠʮʷ 2.3 ï ʂʦʥʮʝʥʪʨʘʮʽʾ CO ʙʽʣʷ ʙʘʨôʻʨʘ, ppm 

ʍ, ʩʤ ɽʢʩʧʝʨʠʤʝʥʪ ʈʦʟʨʘʭʫʥʦʢ 

0 12 ï 15  11  

4  8 ï 11  6   

8  4 ï 6  3  

 

ɸʥʘʣʽʟʫʶʯʠ ʜʘʥʽ ʚ ʪʘʙʣʠʮ,̔ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʤʘʻʤʦ 

ʟʘʜʦʚʽʣʴʥʝ ʫʟʛʦʜʞʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʜʘʥʠʭ. 

ɼʘʣʽ ʥʘ ʙʘʟʽ ʯʠʩʝʣʴʥʦʾ ʤʦʜʝʣʽ ʙʫʣʘ ʨʦʟʚôʷʟʘʥʘ ʪʘʢʘ ʟʘʜʘʯʘ. 

ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʚʠʢʠʜ ʉʆ (Q=10 ʤʛ/ʩ) ʚʽʜ ʘʚʪʦʤʦʙʽʣ ̫ʥʘ ʘʚʪʦʪʨʘʩʽ, ʧʦʨʫʯ ʟ 

ʷʢʦʶ ʨʦʟʪʘʰʦʚʘʥʦ ʟʘʭʠʩʥʠʡ ʙʘʨôʻʨ, ʱʦ ʤʘʻ ɻ-ʧʦʜʽʙʥʫ ʬʦʨʤʫ. ʐʚʠʜʢʽʩʪʴ 

ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ 1.7 ʤ/ʩ, ʚʠʩʦʪʘ ʙʘʨôʻʨʘ 5 ʤ. 

ɼʦʩʣʽʜʞʫʻʪʴʩʷ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʤʝʥʰʝʥʥʷ ʨʽʚʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ ʙʽʣʷ 

ʘʚʪʦʪʨʘʩʠ ʟʘ ʪʘʢʠʭ ʩʮʝʥʘʨʽʾʚ: 

1. ɹʘʨôʻʨ ʤʘʻ ɻ-ʧʦʜʽʙʥʫ ʬʦʨʤʫ (ʩʮʝʥʘʨʽʡ 1, ʨʠʩ. 2.22, ʜʦʚʞʠʥʘ ʚʝʨʭʥʴʦʾ 

ʯʘʩʪʠʥʠ 2 ʤ). 

2. ɹʘʨôʻʨ ʤʘʻ ɻ-ʧʦʜʽʙʥʫ ʬʦʨʤʫ, ʘʣʝ ʜʦʜʘʪʢʦʚʦ ʥʘʜ ʘʚʪʦʪʨʘʩʦʶ ʻ ʝʢʨʘʥ 

(ʩʮʝʥʘʨʽʡ 2, ʨʠʩ. 2.23, ʜʦʚʞʠʥʘ ʝʢʨʘʥʘ 1.5 ʤ). 

3. ɹʘʨôʻʨ ʤʘʻ ɻ-ʧʦʜʽʙʥʫ ʬʦʨʤʫ, ʘʣʝ ʥʘ ʮʴʦʤʫ ʙʘʨôʻʨʽ ʻ ʜʦʜʘʪʢʦʚʠʡ 

ʝʣʝʤʝʥʪ, ʱʦ ʤʘʻ ʫʭʠʣ (ʩʮʝʥʘʨʽʡ 3, ʨʠʩ. 2.24, ʜʦʚʞʠʥʘ çʫʭʠʣʫè 1 ʤ). 
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ʈʠʩʫʥʦʢ 2.22 ï ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ, ʩʮʝʥʘʨʽʡ 1: 

1 ï ʤʽʩʮʝ ʚʠʢʠʜʫ ʟʘʙʨʫʜʥʶʚʘʯʘ; 2 ï ʢʦʨʧʫʩ ʘʚʪʦʤʦʙʽʣʷ; 3 ï ʙʘʨôʻʨ. 

 

 

 

ʈʠʩʫʥʦʢ 2.23 ï ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ, ʩʮʝʥʘʨʽʡ 2: 

1 ï ʤʽʩʮʝ ʚʠʢʠʜʫ ʟʘʙʨʫʜʥʶʚʘʯʘ; 2 ï ʢʦʨʧʫʩ ʘʚʪʦʤʦʙʽʣʷ; 3 ï ʙʘʨôʻʨ; 4 ï 

ʝʢʨʘʥ. 
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ʈʠʩʫʥʦʢ 2.24 ï ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ, ʩʮʝʥʘʨʽʡ 3: 

1 ï ʤʽʩʮʝ ʚʠʢʠʜʫ ʟʘʙʨʫʜʥʶʚʘʯʘ; 2 ï ʢʦʨʧʫʩ ʘʚʪʦʤʦʙʽʣʷ; 3 ï ʙʘʨôʻʨ; 4 ï 

ʝʢʨʘʥ. 

 

ɼʘʣʽ ʥʘ ʨʠʩʫʥʢʘʭ ʧʦʢʘʟʘʥʦ ʨʦʟʧʦʜʽʣ ʢʦʥʮʝʥʪʨʘʮʽʾ ʉʆ ʚ ʨʦʟʨʘʭʫʥʢʦʚʽʡ 

ʦʙʣʘʩʪʽ. ʅʘ ʮʠʭ ʨʠʩʫʥʢʘʭ ʢʦʞʥʝ ʯʠʩʣʦ ʧʦʢʘʟʫʻ ʢʦʥʮʝʥʪʨʘʮʽʶ ʫ ʚʽʜʩʦʪʢʘʭ ʚʽʜ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʾʾ ʟʥʘʯʝʥʥʷ Cmax ʫ ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʦʙʣʘʩʪʽ. ʄʘʢʩʠʤʘʣʴʥʝ 

ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ (ʥʘ ʨʠʩʫʥʢʘʭ ʡʦʤʫ ʚʽʜʧʦʚʽʜʘʻ ʯʠʩʣʦ ç99è) ʤʘʻʤʦ ʥʘ 

ʤʽʩʮʽ ʚʠʢʠʜʫ ʜʦʤʽʰʢʠ, ʧʽʜ ʘʚʪʦʤʦʙʽʣʝʤ. ɼʨʫʢ ʯʠʩʝʣ ʟʜʽʡʩʥʝʥʦ ʫ ʬʦʨʤʘʪʽ 

çIntegerè, ʪʦʙʪʦ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʜʨʽʙʥʦʾ ʯʘʩʪʠʥʠ ʯʠʩʣʘ. 
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ʈʠʩʫʥʦʢ 2.25 ï ʈʦʟʧʦʜʽʣ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦʤʽʰʢʠ, Cmax=10,15 ʤʛ/ʤ
3
, 

ʩʮʝʥʘʨʽʡ 1 

 

 

 

ʈʠʩʫʥʦʢ 2.26 ï ʈʦʟʧʦʜʽʣ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦʤʽʰʢʠ, Cmax =10,12 ʤʛ/ʤ
3
, 

ʩʮʝʥʘʨʽʡ 2 
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ʈʠʩʫʥʦʢ 2.27 ï ʈʦʟʧʦʜʽʣ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦʤʽʰʢʠ, Cmax=10,38 ʤʛ/ʤ
3
, 

ʩʮʝʥʘʨʽʡ 3 

 

ʅʘ ʨʠʩ. 2.28 ʧʦʢʘʟʘʥʦ ʨʦʟʧʦʜʽʣ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦʤʽʰʢʠ ʟʘ ʙʘʨôʻʨʦʤ ʥʘ 

ʨʽʚʥʽ 1.7 ʤ. 

 

 

ʈʠʩʫʥʦʢ 2.28 ï ʈʦʟʧʦʜʽʣ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦʤʽʰʢʠ ʟʘ ʙʘʨôʻʨʦʤ: 

1 ï ʩʮʝʥʘʨʽʡ 1; 2 ï ʩʮʝʥʘʨʽʡ 2; 3 ï ʩʮʝʥʘʨʽʡ 3. 

 

ʗʢ ʤʦʞʥʘ ʧʝʨʝʢʦʥʘʪʠʩʷ ʟ ʨʠʩ. 2.28, ʫ ʨʘʟʽ ʚʠʢʦʨʠʩʪʘʥʥ ̫ʩʮʝʥʘʨʽʶ 3 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʝ ʟʤʝʥʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦʤʽʰʢʠ ʟʘ 
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ʙʘʨôʻʨʦʤ. ʊʘʢ, ʫ ʨʦʙʦʯʠʡ ʟʦʥʽ ʥʘ ʚʽʜʩʪʘʥʽ 3 ʤ ʚʽʜ ʙʘʨôʻʨʘ ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʜʦʤʽʰʢʠ ʜʣʷ ʮʴʦʛʦ ʩʮʝʥʘʨʽʶ ʤʘʡʞʝ ʚ 3 ʨʘʟʠ ʥʠʞʯʘ, ʥʽʞ ʜʣʷ ʩʮʝʥʘʨʽʶ 1. 

ʅʘʛʦʣʦʩʠʤʦ, ʱʦ ʯʘʩ ʨʦʟʨʘʭʫʥʢʫ ʦʜʥʦʛʦ ʩʮʝʥʘʨʽʶ ʩʪʘʥʦʚʠʪʴ 7 ʩ. 

ɼʘʣʽ ʙʫʣʘ ʧʦʙʫʜʦʚʘʥʘ ʽʥʰʘ ʯʠʩʝʣʴʥʘ ʤʦʜʝʣʴ. ɼʣʷ ʯʠʩʝʣʴʥʦʛʦ 

ʽʥʪʝʛʨʫʚʘʥʥʷ ʨʽʚʥʷʥʥʷ ʤʘʩʦʧʝʨʝʥʦʩʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʡʦʛʦ ʨʦʟʱʝʧʣʝʥʥʷ ʥʘ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʤʫ ʨʽʚʥʽ (ʪʫʪ ʪʘ ʥʠʞʯʝ ʢʦʥʮʝʥʪʨʘʮʽʷ ʜʦʤʽʰʢʠ ʧʦʟʥʘʯʘʻʪʴʩʷ ʷʢ 

ʉ). 

ʈʦʟʱʝʧʣʝʥʥʷ ʤʘʻ ʚʠʛʣʷʜ [109]: 
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ɼʣʷ ʯʠʩʝʣʴʥʦʛʦ ʽʥʪʝʛʨʫʚʘʥʥʷ ʧʝʨʰʠʭ ʪʨʴʦʭ ʨʽʚʥʷʥʴ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʤʝʪʦʜ ʄʘʢʂʦʨʤʘʢʘ [99]. ɿʛʽʜʥʦ ʟ̔ ʮʠʤ ʤʝʪʦʜʦʤ, ʨʦʟʨʘʭʫʥʢʦʚʽ ʨʽʟʥʠʮʝʚʽ 

ʨʽʚʥʷʥʥʷ ʤʘʶʪʴ ʚʠʛʣʷʜ: 

- ʝʪʘʧ ï ʧʨʝʜʠʢʪʦʨ: 
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- ʝʪʘʧ ï ʢʦʨʝʢʪʦʨ: 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʟʥʘʯʝʥʥʷ ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦʤʽʰʢʠ ʟʘ ʨʘʭʫʥʦʢ ʜʽʾ 

ʚʽʪʨʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘ ʙʘʟʽ ʧʦʩʣʽʜʦʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʚʝʜʝʥʠʭ 

ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʟʘʣʝʞʥʦʩʪʝʡ. 

ɼʣʷ ʯʠʩʝʣʴʥʦʛʦ ʽʥʪʝʛʨʫʚʘʥʥʷ ʨʽʚʥʷʥʥʷ ʜʠʬʫʟʽʾ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʪʦʜ 

ʩʫʤʘʨʥʦʾ ʘʧʨʦʢʩʠʤʘʮʽʾ [100]. ʈʽʟʥʠʮʝʚʽ ʟʘʣʝʞʥʦʩʪʽ ʤʽʩʪʷʪʴ ʜʚʘ ʢʨʦʢʠ ʪʘ 

ʤʘʶʪʴ ʚʠʛʣʷʜ: 
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ʅʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ ʥʝʚʽʜʦʤʝ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦʤʽʰʢʠ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʙʽʞʫʯʦʛʦ ʨʘʭʫʥʢʫ, ʪʦʙʪʦ ʟʘ ʷʚʥʦʶ 

ʬʦʨʤʫʣʦʶ. 

ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʨʽʚʥʷʥʥʷ (2.21) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʪʦʜ ɽʡʣʝʨʘ [100] 

 

( ) ( )1 / / .n n

ij ij i i iʉ C t Q x x y y x y+= +D d - Öd - D Dä  
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ɿʜʽʡʩʥʝʥʦ ʢʦʜʫʚʘʥʥʷ ʧʦʙʫʜʦʚʘʥʦʾ ʯʠʩʝʣʴʥʦʾ ʤʦʜʝʣʽ ʪʘ ʨʦʟʨʦʙʣʝʥʦ ʢʦʜ 

Area-2A. 

ɼʣʷ ʯʠʩʝʣʴʥʦʛʦ ʽʥʪʝʛʨʫʚʘʥʥʷ ʨʽʚʥʷʥʥʷ ʃʘʧʣʘʩʘ ʜʣʷ ʧʦʪʝʥʮʽʘʣʫ 

ʰʚʠʜʢʦʩʪʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʡʦʛʦ ʟʘʧʠʩ ʫ ʚʠʛʣʷʜʽ ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʨʽʚʥʷʥʥʷ: 

 

 

2 2

2 2

P P P

t x y

µ µ µ
= +

µ µ µ,

 (2.22) 

 

ʜʝ t  ï ʬʽʢʪʠʚʥʠʡ ʯʘʩ. 

ʅʘ ʥʘʩʪʫʧʥʦʤʫ ʢʨʦʮʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʛʝʦʤʝʪʨʠʯʥʝ ʨʦʟʱʝʧʣʝʥʥʷ ʨʽʚʥʷʥʥʷ 

(2.22) ʪʘʢʠʤ ʯʠʥʦʤ [100]: 
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ɼʘʣʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʝʚʽʜʦʤʦʛʦ ʟʥʘʯʝʥʥʷ ʈ ʥʘ ʙʘʟʽ ʨʽʚʥʷʥʥʷ (2.23) 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʘʢʘ ʟʘʣʝʞʥʽʩʪʴ [99]: 
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ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʝʚʽʜʦʤʦʛʦ ʟʥʘʯʝʥʥʷ ʈ ʥʘ ʙʘʟʽ ʨʽʚʥʷʥʥʷ (2.24) 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʴ 
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ʈʦʟʨʘʭʫʥʦʢ ʟʘʢʽʥʯʫʻʪʴʩʷ, ʢʦʣʠ ʚʠʢʦʥʫʻʪʴʩʷ ʫʤʦʚʘ 

 

1

, , ,n n

i j i jP P e+- ¢  

 

ʜʝ Ů ï ʤʘʣʝ ʯʠʩʣʦ; 

n ï ʥʦʤʝʨ ʽʪʝʨʘʮʽʾ. 

ʇʽʩʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʦʣʷ ʧʦʪʝʥʮʽʘʣʫ ʰʚʠʜʢʦʩʪʽ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʢʦʤʧʦʥʝʥʪʠ ʚʝʢʪʦʨʘ ʰʚʠʜʢʦʩʪʽ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʥʘ ʙʘʟʽ ʪʘʢʠʭ 

ʟʘʣʝʞʥʦʩʪʝʡ: 
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ʅʘ ʙʘʟʽ ʮʽʻʾ ʯʠʩʝʣʴʥʦʾ ʤʦʜʝʣʽ ʩʪʚʦʨʝʥʦ ʢʦʜ SCREEN-2ɺ, ʤʦʚʘ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ï FORTRAN. 

ʅʘ ʙʘʟʽ ʩʪʚʦʨʝʥʦʾ ʯʠʩʝʣʴʥʦʾ ʤʦʜʝʣʽ ʟʜʽʡʩʥʝʥʦ ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʭʠʩʥʦʛʦ ʙʘʨôʻʨʘ, ʱʦ ʤʘʻ ʩʢʣʘʜʥʫ ʊ-ʧʦʜ̔ʙʥʫ ʬʦʨʤʫ. ɺʽʜʦʤʦ, 

ʱʦ ʪʘʢʽ ʙʘʨôʻʨʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ɭʚʨʦʩʦʶʟʽ (ʨʠʩ. 2.29). ʅʠʞʯʝ ʥʘʚʝʜʝʥʦ 

ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʚôʷʟʢʫ ʤʦʜʝʣʴʥʦʾ ʟʘʜʘʯʽ. ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʚʠʢʠʜ NO ʥʘ ʘʚʪʦʪʨʘʩʽ, 

ʧʦʨʫʯ ʟ ʷʢʦʶ ʨʦʟʪʘʰʦʚʘʥʦ ʟʘʭʠʩʥʠʡ ʙʘʨôʻʨ, ʱʦ ʤʘʻ ʩʢʣʘʜʥʫ ʊ-ʧʦʜʽʙʥʫ 

ʬʦʨʤʫ. ɼʦʩʣʽʜʞʫʻʪʴʩʷ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʤʝʥʰʝʥʥʷ ʨʽʚʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ 

ʙʽʣʷ ʘʚʪʦʪʨʘʩʠ ʚ ʨʘʟʽ ʚʠʢʦʨʠʩʪʘʥʥ ̫ ʦʜʥʦʛʦ (ʨʠʩ. 2.30) ʪʘ ʜʚʦʭ ʙʘʨôʻʨʽʚ 

(ʨʠʩ. 2.31). ʐʚʠʜʢʽʩʪʴ ʧʦʚʽʪʨʷ 1.7 ʤ/ʩ. ɺʠʩʦʪʘ ʙʘʨôʻʨʘ 5 ʤ, ʜʦʚʞʠʥʘ ʚʝʨʭʥʴʦʾ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʙʘʨôʻʨʘ 2 ʤ. 
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ʈʠʩʫʥʦʢ 2.29 ï ɹʘʨôʻʨ, ʱʦ ʤʘʻ ʊ-ʧʦʜʽʙʥʫ ʬʦʨʤʫ [6] 

 

 

 

ʈʠʩʫʥʦʢ 2.30 ï ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ, ʩʮʝʥʘʨʽʡ 1: 

1 ï ʤʽʩʮʝ ʚʠʢʠʜʫ ʟʘʙʨʫʜʥʶʚʘʯʘ; 2 ï ʙʘʨôʻʨ. 
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ʈʠʩʫʥʦʢ 2.31 ï ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ, ʩʮʝʥʘʨʽʡ 2: 

1 ï ʤʽʩʮʝ ʚʠʢʠʜʫ ʟʘʙʨʫʜʥʶʚʘʯʘ; 2 ï ʙʘʨôʻʨ. 

 

ʇʦʣʝ ʙʝʟʨʦʟʤʽʨʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ NO ʚ ʦʙʣʘʩʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩ. 2.32, 2.33. ʂʦʞʥʝ ʯʠʩʣʦ ʧʦʢʘʟʫʻ ʢʦʥʮʝʥʪʨʘʮʽʶ ʫ ʚʽʜʩʦʪʢʘʭ ʚʽʜ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʾʾ ʟʥʘʯʝʥʥʷ ʚ ʦʙʣʘʩʪʽ ʜʦʩʣʽʜʞʝʥʥʷ. ʎʝ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 

(ʮɹʦʤʫ ʟʥʘʯʝʥʥʶ ʚʽʜʧʦʚʽʜʘʻ ʯʠʩʣʦ 99) ʨʦʟʪʘʰʦʚʘʥʝ ʧʽʜ ʘʚʪʦʤʦʙʽʣʝʤ 

(ʚʠʭʣʦʧʥʘ ʪʨʫʙʘ). ʋʩʽ ʯʠʩʣʘ ʥʘʜʨʫʢʦʚʘʥʽ ʚ ʬʦʨʤʘʪʽ çIntegerè, ʪʦʙʪʦ ʙʝʟ 

ʫʨʘʭʫʚʘʥʥʷ ʜʨʽʙʥʦʾ ʯʘʩʪʠʥʠ ʯʠʩʣʘ. 

 

 

 

ʈʠʩʫʥʦʢ 2.32 ï ʈʦʟʧʦʜʽʣ ʙʝʟʨʦʟʤʽʨʥʦʛʦ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ, ʩʮʝʥʘʨʽʡ 1 
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ʈʠʩ. 2.33 ï ʈʦʟʧʦʜʽʣ ʙʝʟʨʦʟʤʽʨʥʦʛʦ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ, ʩʮʝʥʘʨʽʡ 2 

 

ʗʢ ʤʦʞʥʘ ʙʘʯʠʪʠ ʟ ʥʘʚʝʜʝʥʠʭ ʨʠʩʫʥʢʽʚ, ʫ ʨʘʟʽ ʚʠʢʦʨʠʩʪʘʥʥ ̫ ʜʚʦʭ 

ʙʘʨôʻʨʽʚ ʟʦʥʘ ʟʘʙʨʫʜʥʝʥʥʷ ʬʦʨʤʫʻʪʴʩʷ ʷʢ ʜʣʷ ʢʦʥʬʽʛʫʨʘʮʽʾ ʪʠʧʫ çʚʫʣʠʯʥʠʡ 

ʢʘʥʴʡʦʥè. ɹʽʣʷ ʙʘʨôʻʨʘ ʬʦʨʤʫʻʪʴʩʷ ʟʦʥʘ ʟ ʚʝʣʠʢʠʤ ʛʨʘʜʽʻʥʪʦʤ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʜʦʤʽʰʢʠ. ʂʦʥʮʝʥʪʨʘʮʽʷ ʟʘʙʨʫʜʥʶʶʯʦʾ ʨʝʯʦʚʠʥʠ ʟʤʝʥʰʫʻʪʴʩʷ ʟ ʚʠʩʦʪʦʶ. 

ʂʦʥʮʝʥʪʨʘʮʽʷ ʜʦʤʽʰʢʠ ʥʘʜ ʙʘʨôʻʨʦʤ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 5 % ʚʽʜ ʤʘʢʩʠʤʘʣʴʥʦʾ 

ʢʦʥʮʝʥʪʨʘʮʽʾ. 

ʅʘ ʨʠʩ. 2.34 ʧʦʢʘʟʘʥʦ ʨʦʟʧʦʜʽʣ ʙʝʟʨʦʟʤʽʨʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦʤʽʰʢʠ ʟʘ 

ʧʨʘʚʠʤ ʙʘʨôʻʨʦʤ ʥʘ ʨʽʚʥʽ 1.7 ʤ (ʧʦʣʦʞʝʥʥʷ ʦʨʛʘʥʽʚ ʜʠʭʘʥʥʷ ʣʶʜʠʥʠ). 

 

 

 

ʈʠʩʫʥʦʢ 2.34 ï ʈʦʟʧʦʜʽʣ ʙʝʟʨʦʟʤʽʨʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦʤʽʰʢʠ ʟʘ ʙʘʨôʻʨʦʤ: 

1 ï ʩʮʝʥʘʨʽʡ 1; 2 ï ʩʮʝʥʘʨʽʡ 2. 
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ʗʢ ʤʦʞʥʘ ʙʘʯʠʪʠ ʟ ʨʠʩ. 2.32, ʫ ʨʘʟʽ ʚʠʢʦʨʠʩʪʘʥʥ ̫ ʩʮʝʥʘʨʽʶ 2 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʝ ʟʤʝʥʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦʤʽʰʢʠ ʚ 

ʨʦʙʦʯʽʡ ʟʦʥʽ ʟʘ ʙʘʨôʻʨʦʤ, ʦʩʢʽʣʴʢʠ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʥʘʷʚʥʝ ʧʦʰʠʨʝʥʥʷ 

ʜʦʤʽʰʢʠ ʚʽʜ ʘʚʪʦʤʦʙʽʣ ̫ʟʘ ʩʭʝʤʦ  ʁçʢʘʥʴʡʦʥè, ʪʦʙʪʦ ʚ ʟʘʤʢʥʫʪʦʤʫ ʧʨʦʩʪʦʨʽ, 

ʢʦʣʠ ʣʠʰʝ ʤʘʣʘ ʯʘʩʪʠʥʘ ʟʘʙʨʫʜʥʶʚʘʯʘ ʟʘʣʠʰʘʻ çʢʘʥʴʡʦʥè. 

ʅʘ ʥʘʩʪʫʧʥʦʤʫ ʝʪʘʧʽ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʬʽʟʠʯʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ 

ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʪʘʢʠʭ ʟʘʜʘʯ: 

1. ɺʠʟʥʘʯʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʬʦʨʤʫʚʘʥʥʷ ʟʦʥʠ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ 

ʚ ʨʘʟʽ ʚʠʢʦʨʠʩʪʘʥʥ ̫ʙʘʨôʻʨʘ, ʱʦ ʤʘʻ ʊ-ʧʦʜʽʙʥʫ ʬʦʨʤʫ. 

2. ɺʝʨʠʬʽʢʘʮʽʷ ʨʦʟʨʦʙʣʝʥʦʾ ʯʠʩʝʣʴʥʦʾ ʤʦʜʝʣʽ, ʱʦ ʩʪʚʦʨʝʥʘ ʜʣʷ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʘʨôʻʨʘ, ʱʦ ʤʘʻ ʊ-ʧʦʜʽʙʥʫ ʬʦʨʤʫ. 

ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʬʽʟʠʯʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʩʭʝʤʘ, ʱʦ 

ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ.2.30, ʪʦʙʪʦ ʤʦʜʝʣʴ ʘʚʪʦʤʦʙʽʣʷ (ʚʘʥʪʘʞʥʦʛʦ) + ʦʜʠʥ ʙʘʨôʻʨ, 

ʱʦ ʤʘʻ ʊ-ʧʦʜʽʙʥʫ ʬʦʨʤʫ. 

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʜʞʝʨʝʣʘ ʝʤʽʩʽʾ ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʧʘʣʽʥʥʷ çʘʨʦʤʘʪʠʟʦʚʘʥʠʭ 

ʧʘʣʠʯʦʢè, ʱʦ ʩʪʚʦʨʶʶʪʴ ʜʠʤ, ʷʢʠʡ ʤʦʞʣʠʚʦ ʟʘʬʽʢʩʫʚʘʪʠ ʥʘ ʬʦʪʦʢʘʤʝʨʫ. ʎʽ 

ʧʘʣʠʯʢʠ ʨʦʟʪʘʰʦʚʫʚʘʣʠʩʷ ʚ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʤʦʜʝʣʽ ʘʚʪʦ. ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʉʆ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʛʘʟʦʘʥʘʣʽʟʘʪʦʨ GD-3301. ɼʣʷ ʩʪʚʦʨʝʥʥʷ 

ʧʦʪʦʢʫ ʧʦʚʽʪʨʷ ʟʘʩʪʦʩʦʚʫʚʘʣʘʩʷ ʧʦʚʽʪʨʦʜʫʚʢʘ. ʐʚʠʜʢʽʩʪʴ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ 

ʚʠʟʥʘʯʘʣʘʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʠʣʘʜʫ GM 8908. 

ɽʢʩʧʝʨʠʤʝʥʪ ʚʠʢʦʥʫʚʘʣʠ ʟʘ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʽʚ: ʜʦʚʞʠʥʘ ʤʦʜʝʣʽ ʘʚʪʦ 

L=46 ʩʤ, ʰʠʨʠʥʘ 8 ʩʤ, ʩʝʨʝʜʥʷ ʚʠʩʦʪʘ ʤʦʜʝʣʽ 11 ʩʤ;  ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ 0,9ï

1,2 ʤ/ʩ (ʫ ʨʦʟʨʘʭʫʥʢʫ ʧʨʠʡʤʘʣʦʩʷ 1 ʤ/ʩ); ʚʠʩʦʪʘ ʜʞʝʨʝʣʘ ʚʠʢʠʜʫ ʜʦʤʽʰʢʠ 

3 ʩʤ; ʜʦʚʞʠʥʘ ʚʽʜ ʤʦʜʝʣʽ ʘʚʪʦ ʜʦ ʙʘʨôʻʨʘ 15 ʩʤ; ʚʠʩʦʪʘ ʙʘʨôʻʨʘ 10 ʩʤ, 

ʜʦʚʞʠʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʧʣʘʩʪʠʥʠ ʥʘ ʙʘʨôʻʨʽ 10 ʩʤ; ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ 

21 
0
ʉ. ɿʘʤʽʨ ʢʦʥʮʝʥʪʨʘʮʽʾ ʉʆ  ʟʜʽʡʩʥʶʚʘʚʩʷ ʥʘ ʚʠʩʦʪʽ 12 ʩʤ. ʂʦʥʮʝʥʪʨʘʮʽʷ 

ʉʆ ʙʽʣʷ ʜʞʝʨʝʣʘ ʝʤʽʩʽʾ Co= 82- 90 ppm (ʫ ʨʦʟʨʘʭʫʥʢʫ ʧʨʠʡʤʘʣʦʩʷ 86 ppm). ʗʢ 

ʢʨʠʪʝʨʽʡ ʧʦʜʽʙʥʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩʷ ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ. ʇʨʠ ʨʦʟʨʘʭʫʥʢʫ 

ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʷʢ ʤʘʩʰʪʘʙ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʜʦʚʞʠʥʘ ʤʦʜʝʣʽ ʘʚʪʦ L , 

ʰʚʠʜʢʽʩʪʴ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ V=1 ʤ/ʩ, ʢʦʝʬʽʮʽʻʥʪ ʢʽʥʝʤʘʪʠʯʥʦʾ ʚôʷʟʢʦʩʪʽ n 
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ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 21 
0
ʉ ( 6 215.06 10 ʤ /ʩn -= Ö ). ɿʥʘʯʝʥʥʷ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ 

ʨʦʟʨʘʭʦʚʫʚʘʣʦʩʷ ʪʘʢʠʤ ʯʠʥʦʤ: 

 

Re
V L

n

Ö
= . 

 

ʅʘʷʚʥʽʩʪʴ ʛʦʩʪʨʠʭ ʢʨʦʤʦʢ  ʥʘ ʤʦʜʝʣʽ ʘʚʪʦ ʪʘ ʙʘʨôʻʨʽ ʙʫʣʦ ʧʨʠʯʠʥʦʶ 

ʬʦʨʤʫʚʘʥʥʷ ʚʽʜʨʠʚʫ ʚʠʭʦʨʽʚ ʪʘ ʧʦʷʚʠ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʨʝʞʠʤʫ ʪʝʯʽʾ. ʅʘ 

ʨʠʩ. 2.35 ʤʦʞʥʘ ʯʽʪʢʦ ʙʘʯʠʪʠ ʚʠʭʦʨʠ ʚ ʦʙʣʘʩʪʽ ʜʦʩʣʽʜʞʝʥʥʷ. 

 

 

 

ʈʠʩʫʥʦʢ 2.35 ï ɿʦʥʘ ʟʘʙʨʫʜʥʝʥʥʷ ʙʽʣʷ ʟʘʭʠʩʥʦʛʦ ʙʘʨôʻʨʘ, t= 12 ʩ: 

1 ï ʤʽʩʮʝ ʚʠʢʠʜʫ ʟʘʙʨʫʜʥʶʚʘʯʘ; 2 ï ʦʙʣʘʩʪʴ ʟʘʙʨʫʜʥʝʥʥʷ ʧʽʜ 

ʧʣʘʩʪʠʥʦʶ; 3 ï ʦʙʣʘʩʪʴ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʜ ʧʣʘʩʪʠʥʦʶ. 

 

ɸʥʘʣʽʟʫʶʯʠ ʨʠʩ. 2.35, ʤʦʞʥʘ ʚʠʷʚʠʪʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʟʦʥʠ 

ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ ʚ ʨʘʟʽ ʚʠʢʦʨʠʩʪʘʥʥ ̫ʙʘʨôʻʨʘ, ʱʦ ʤʘʻ ʊ-ʧʦʜʽʙʥʫ ʬʦʨʤʫ. 

ɿʦʢʨʝʤʘ, ʙʽʣʷ ʙʘʨôʻʨʘ ʧʽʜ ʛʦʨʠʟʦʥʪʘʣʴʥʦʶ ʧʣʘʩʪʠʥʦʶ ʬʦʨʤʫʻʪʴʩʷ ʦʙʣʘʩʪʴ ʟ 

ʜʦʩʠʪʴ ʚʠʩʦʢʦʶ ʢʦʥʮʝʥʪʨʘʮʽʶ ʜʦʤʽʰʢʠ, ʥʘ ʱʦ ʚʢʘʟʫʻ çʛʫʩʪʠʥʘè ʜʠʤʫ 

(ʦʙʣʘʩʪʴ 2, ʨʠʩ. 2.35). ʎʷ ʦʙʣʘʩʪʴ ʬʦʨʤʫʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʪʦʛʦ, ʱʦ ʚʝʨʪʠʢʘʣʴʥʘ 

ʯʘʩʪʠʥʘ ʙʘʨôʻʨʘ ʚʽʜʽʛʨʘʻ ʨʦʣʴ ʧʝʨʝʰʢʦʜʠ ʥʘ ʰʣʷʭʫ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ 

ʧʦʰʠʨʝʥʥʷ ʜʦʤʽʰʢʠ, ʘ ʜʦʜʘʪʢʦʚʘ ʧʣʘʩʪʠʥʘ ʟʚʝʨʭʫ ʩʪʚʦʨʶʻ ʧʝʨʝʰʢʦʜʫ ʜʣʷ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʫʭʫ ʜʦʤʽʰʢʠ ʚʜʦʚʞ ʙʘʨôʻʨʘ. ʊʦʤʫ ʧʦʪʽʢ ʟʘʙʨʫʜʥʝʥʦʛʦ 



105 

ʧʦʚʽʪʨʷ ʟʜʽʡʩʥʶʻ ʨʦʟʚʦʨʦʪ ʙʽʣʷ ʢʨʘʶ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʧʣʘʩʪʠʥʠ ʪʘ ʧʦʯʠʥʘʻ 

ʨʫʭʘʪʠʩʷ ʚʛʦʨʫ. ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʥʘʜ  ʧʣʘʩʪʠʥʦʶ ʬʦʨʤʫʻʪʴʩʷ ʜʦʜʘʪʢʦʚʘ 

ʦʙʣʘʩʪʴ ʟʘʙʨʫʜʥʝʥʥʷ (ʦʙʣʘʩʪʴ 3, ʨʠʩ. 2.35). ɻʫʩʪʠʥʘ ʜʠʤʫ ʚ ʮʽʡ ʦʙʣʘʩʪʽ 

ʤʝʥʰʘ, ʥʽʞ ʫ ʧʝʨʰʠʡ ʦʙʣʘʩʪʽ. ɺʘʞʣʠʚʦ ʧʦʙʘʯʠʪʠ ʨʫʭ ʟʘʙʨʫʜʥʝʥʦʛʦ ʧʦʚʽʪʨʷ 

ʫʛʦʨʫ, ʱʦ ʧʦʢʘʟʘʥʦ ʜʦʪʠʯʥʦʶ ʩʪʨʽʣʢʦʶ ʥʘ ʨʠʩ. 2.35. ʊʘʢʠʡ ʨʫʭ ʩʧʨʠʷʻ 

ʟʤʝʥʰʝʥʥʶ ʨʽʚʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ ʟʘ ʙʘʨôʻʨʦʤ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʽ ʟʤʽʥʦʶ 

ʘʝʨʦʜʠʥʘʤʽʢʠ ʧʦʪʦʢʫ ʙʽʣʷ ʮʴʦʛʦ ʙʘʨôʻʨʘ ʟʤʝʥʰʫʻʪʴʩʷ ʨʽʚʝʥʴ ʟʘʙʨʫʜʥʝʥʥʷ 

ʨʦʙʦʯʠʭ ʟʦʥ ʟʘ ʙʘʨôʻʨʦʤ.  

ʅʠʞʯʝ ʚ ʪʘʙʣ. 2.4 ʥʘʚʝʜʝʥʦ ʜʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʚʠʤʽʨʫ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʉʆ ʥʘ ʨʽʟʥʽʡ ʚʽʜʩʪʘʥʽ ʚʽʜ ʙʘʨôʻʨʘ (ʚʠʤʽʨ ʥʘ ʚʠʩʦʪʽ 12 ʩʤ, ʧʦʯʘʪʦʢ 

ʚʠʤʽʨʫ ʭ=0 ï ʣʽʚʠʡ ʢʨʘʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʧʣʘʩʪʠʥʠ). ʋ ʪʘʙʣʠʮʽ ʪʘʢʦʞ ʥʘʚʝʜʝʥʦ 

ʜʘʥʽ, ʱʦ ʦʪʨʠʤʘʥʽ ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʰʣʷʭʦʤ ʥʘ ʙʘʟʽ ʨʦʟʨʦʙʣʝʥʦʾ ʯʠʩʝʣʴʥʦʾ 

ʤʦʜʝʣʽ. 

 

ʊʘʙʣʠʮʷ 2.4 ï ɿʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʉʆ, ppm 

ʭ, ʩʤ ɽʢʩʧʝʨʠʤʝʥʪ ʈʦʟʨʘʭʫʥʦʢ 

0 7 ï 9  5.83  

4 4 ï 5  4.21  

8 2 ï 4  2.64  

12  1 ï 2  1.04  

 

ɸʥʘʣʽʟʫʶʯʠ ʜʘʥʽ ʚ ʪʘʙʣʠʮ,̔ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʤʘʻʤʦ 

ʟʘʜʦʚʽʣʴʥʝ ʫʟʛʦʜʞʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʜʘʥʠʭ. 

ɼʘʣʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʨʦʟʚôʷʟʦʢ ʽʥʰʦʛʦ ʢʣʘʩʫ ʟʘʜʘʯ. ɺʽʜʦʤʦ, ʱʦ ʜʦʩʠʪʴ 

ʯʘʩʪʦ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚʫʛʽʣʣʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʫʤʦʚʘʭ ʩʢʣʘʜʥʦʛʦ ʨʝʣʴʻʬʫ 

(ʥʘʩʠʧ ʪʦʱʦ, ʨʠʩ. 2.36). ʊʦʤʫ ʥʘ ʙʘʟʽ ʨʦʟʨʦʙʣʝʥʦʾ ʯʠʩʝʣʴʥʦʾ ʤʦʜʝʣʽ ʙʫʣʘ 

ʨʦʟʚôʷʟʘʥʘ ʟʘʜʘʯʘ, ʱʦ ʽʣʶʩʪʨʫʻ ʤʦʞʣʠʚʽʩʪʴ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʭʠʩʥʠʭ ʙʘʨ'ʻʨʽʚ ʚ ʫʤʦʚʘʭ ʩʢʣʘʜʥʦʛʦ ʨʝʣʴʻʬʫ. 
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ʈʠʩʫʥʦʢ 2.36 ï ʇʝʨʝʚʝʟʝʥʥʷ ʚʫʛʽʣʣʷ ʘʚʪʦʪʨʘʥʩʧʦʨʪʦʤ ʚ ʫʤʦʚʘʭ 

ʩʢʣʘʜʥʦʛʦ ʨʝʣʴʻʬʫ 

(ʬʦʪʦ: https://www.epravda.com.ua/news/2021/12/13/680620/) 

 

ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʚʠʢʠʜ NO ʥʘ ʘʚʪʦʪʨʘʩʽ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʘ ʫ ʚʠʾʤʮʽ 

(ʨʠʩ. 2.37). ɼʦʩʣʽʜʞʫʻʪʴʩʷ ʚʧʣʠʚ ʟʘʭʠʩʥʠʭ ʙʘʨôʻʨʽʚ ʥʘ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ 

ʟʘʙʨʫʜʥʝʥʥʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ. ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʨʦʟʨʘʭʫʥʢʽʚ ʰʚʠʜʢʽʩʪʴ 

ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʧʨʠʡʤʘʣʘʩʷ 1.7 ʤ/ʩ; ʢʦʝʬʽʮʽʻʥʪʠ ʪʫʨʙʫʣʝʥʪʥʦʾ ʜʠʬʫʟʽʾ 

1.7 ʤ
2
/ʩ. ʈʦʟʛʣʷʜʘʶʪʴʩʷ ʪʘʢʽ ʩʮʝʥʘʨʽʾ: 

1. ɺʠʢʠʜ ʥʘ ʘʚʪʦʪʨʘʩʽ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʙʘʨôʻʨʘ (ʩʮʝʥʘʨʽʡ 1, ʨʠʩ. 2.37). 

2. ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʘʭʠʩʥʠʡ ʙʘʨôʻʨ ʧʨʷʤʦʢʫʪʥʦʾ ʬʦʨʤʠ, 

ʨʦʟʪʘʰʦʚʘʥʠʡ ʥʘ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʠ ʚʠʾʤʢʠ; ʚʠʩʦʪʘ ʙʘʨôʻʨʘ 2.3 ʤ (ʩʮʝʥʘʨʽʡ 2, 

ʨʠʩ. 2.38). 

3. ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʘʭʠʩʥʠʡ ʙʘʨôʻʨ ʧʨʷʤʦʢʫʪʥʦʾ ʬʦʨʤʠ, 

ʨʦʟʪʘʰʦʚʘʥʠʡ ʫ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʚʠʾʤʢʠ (ʚʠʩʦʪʘ ʙʘʨôʻʨʘ 2 ʤ), ʙʽʣʷ ʘʚʪʦʪʨʘʩʠ, ʘ 

ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʠ ʚʠʾʤʢʠ ʻ ʙʘʨôʻʨ, ʱʦ ʤʘʻ ɻ-ʧʦʜʽʙʥʫ ʬʦʨʤʫ, ʚʠʩʦʪʘ ʙʘʨôʻʨʘ 

2.3 ʤ, ʜʦʚʞʠʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʙʘʨôʻʨʘ 1 ʤ (ʩʮʝʥʘʨʽʡ 3, ʨʠʩ. 2.39). 
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ʈʠʩʫʥʦʢ 2.37 ï ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ, ʩʮʝʥʘʨʽʡ 1: 

1 ï ʢʦʨʧʫʩ ʘʚʪʦʤʦʙʽʣʷ; 2 ï ʤʽʩʮʝ ʚʠʢʠʜʫ ʜʦʤʽʰʢʠ. 

 

 

 

ʈʠʩʫʥʦʢ 2.38 ï ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ, ʩʮʝʥʘʨʽʡ 2: 

1 ï ʢʦʨʧʫʩ ʘʚʪʦʤʦʙʽʣʷ; 2 ï ʤʽʩʮʝ ʚʠʢʠʜʫ ʜʦʤʽʰʢʠ; 3 ï ʙʘʨôʻʨ. 

 



108 

 

 

ʈʠʩʫʥʦʢ 2.39 ï ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ, ʩʮʝʥʘʨʽʡ 3: 

1 ï ʢʦʨʧʫʩ ʘʚʪʦʤʦʙʽʣʷ; 2 ï ʤʽʩʮʝ ʚʠʢʠʜʫ ʜʦʤʽʰʢʠ; 3,4 ï ʙʘʨôʻʨʠ. 

 

ɼʘʣʽ ʧʦʢʘʟʘʥʦ ʧʦʣʝ ʢʦʥʮʝʥʪʨʘʮʽʾ NO ʫ ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʦʙʣʘʩʪʽ. ʂʦʞʥʝ 

ʯʠʩʣʦ ʧʦʢʘʟʫʻ ʢʦʥʮʝʥʪʨʘʮʽʶ ʫ ʚʽʜʩʦʪʢʘʭ ʚʽʜ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʾʾ ʟʥʘʯʝʥʥʷ ʚ 

ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʦʙʣʘʩʪʽ. ʎʴʦʤʫ ʟʥʘʯʝʥʥʶ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʽʜʧʦʚʽʜʘʻ ʯʠʩʣʦ 99. 

ɼʨʫʢ ʯʠʩʝʣ ʟʜʽʡʩʥʝʥʦ ʚ ʬʦʨʤʘʪʽ çIntegerè, ʪʦʙʪʦ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʜʨʽʙʥʦʾ 

ʯʘʩʪʠʥʠ ʯʠʩʣʘ. 

 

 

 

ʈʠʩʫʥʦʢ 2.40 ï ʈʦʟʧʦʜʽʣ ʙʝʟʨʦʟʤʽʨʥʦʛʦ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ, ʩʮʝʥʘʨʽʡ 1 
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ʈʠʩʫʥʦʢ 2.41 ï ʈʦʟʧʦʜʽʣ ʙʝʟʨʦʟʤʽʨʥʦʛʦ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ, ʩʮʝʥʘʨʽʡ 2 

 

 

 

ʈʠʩʫʥʦʢ 2.42 ï ʈʦʟʧʦʜʽʣ ʙʝʟʨʦʟʤʽʨʥʦʛʦ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ, ʩʮʝʥʘʨʽʡ 3 

 

ʋ ʪʘʙʣ. 2.5 ʧʦʢʘʟʘʥʦ ʙʝʟʨʦʟʤʽʨʥʝ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦʤʽʰʢʠ ʚ 

ʪʦʯʮʽ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʘ ʥʘ ʚʠʩʦʪʽ 1.7 ʤ ʥʘ ʚʠʭʦʜʽ ʟ ʚʠʾʤʢʠ. 

ɿ ʪʘʙʣ. 2.5 ʤʦʞʥʘ ʙʘʯʠʪʠ, ʱʦ ʝʬʝʢʪʠʚʥʝ ʟʤʝʥʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʟʘʙʨʫʜʥʶʶʯʦʾ ʨʝʯʦʚʠʥʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʨʘʟʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʮʝʥʘʨʽʶ 3: 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʙʽʣʴʰ ʥʽʞ ʚʜʚʽʯʽ ʟʤʝʥʰʫʻʪʴʩʷ ʧʦʨʽʚʥʷʥʦ ʟʽ ʩʮʝʥʘʨʽʻʤ, ʢʦʣʠ 

ʟʘʭʠʩʥʽ ʙʘʨôʻʨʠ ʚʽʜʩʫʪʥʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʦʙʣʝʥʦʾ ʤʦʜʝʣʽ ʻ 

ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʠʪʠ ʨʘʮʽʦʥʘʣʴʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʟʘʭʠʩʥʠʭ ʙʘʨôʻʨʽʚ ʜʣʷ 

ʟʤʝʥʰʝʥʥʷ ʨʽʚʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 
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ʊʘʙʣʠʮʷ 2.5 ï ɹʝʟʨʦʟʤʽʨʥʝ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦʤʽʰʢʠ ʥʘ ʚʠʭʦʜʽ ʟ 

ʚʠʤʾʢʠ 

ʉʮʝʥʘʨʽʡ ɿʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʉʮʝʥʘʨʽʡ 1 1,01 

ʉʮʝʥʘʨʽʡ 2 0,54 

ʉʮʝʥʘʨʽʡ 3 0,37 

 

ɿʘʫʚʘʞʠʤʦ, ʱʦ ʯʘʩ ʨʦʟʨʘʭʫʥʢʫ ʦʜʥʦʛʦ ʩʮʝʥʘʨʽʶ ʩʪʘʥʦʚʠʪʴ 15 ʩ. 

ɼʘʣʽ ʙʫʣʘ ʨʦʟʚôʷʟʘʥʘ ʟʘʜʘʯʘ ʟ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʘʨôʻʨʽʚ, ʱʦ 

ʨʦʟʪʘʰʦʚʘʥʽ ʙʽʣʷ ʥʘʩʠʧʫ (ʨʠʩ. 2.43). 

ʋ ʨʦʟʛʣʷʥʫʪʽʡ ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʦʙʣʘʩʪʽ, ʷʢʘ ʤʘʻ ʩʢʣʘʜʥʠʡ ʨʝʣʴʻʬ, 

ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʜʚʽ ʘʚʪʦʜʦʨʦʛʠ ʟ ʜʽʶʯʠʤ ʘʚʪʦʪʨʘʥʩʧʦʨʪʦʤ, ʜʦʜʘʪʢʦʚʦ ʧʦ 

ʫʟʙʽʯʯʶ ʘʚʪʦʜʦʨʦʛʠ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʨʦʟʤʽʱʝʥʥʷ ʟʘʭʠʩʥʠʭ ʝʢʨʘʥʽʚ. ʉʪʘʚʠʪʴʩʷ 

ʟʘʜʘʯʘ ʨʦʟʨʘʭʫʥʢʫ ʟʦʥʠ ʟʘʙʨʫʜʥʝʥʥʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʧʨʠ ʝʤʽʩʽʾ 

ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʚʽʜ ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ (NO , 2NO ). 

 

 

 

ʈʠʩʫʥʦʢ 2.43 ï ʉʭʝʤʘ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ: 

1 ï ʥʘʩʠʧ, 2 ï ʝʢʨʘʥʠ, 3 ï ʘʚʪʦʤʦʙʽʣʴ, 4 ï ʜʞʝʨʝʣʦ ʝʤʽʩʽʾ (ʚʠʭʣʦʧʥʘ 

ʪʨʫʙʘ ʘʚʪʦʤʦʙʽʣʷ); A, B, C, D ï ʤʝʞʽ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ. 

 

ʈʦʟʨʦʙʣʝʥʠʡ ʤʝʪʦʜ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ 
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ʟʘʜʘʯʽ ʟ ʦʮʽʥʶʚʘʥʥʷ ʨʽʚʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʙʽʣʷ ʘʚʪʦʜʦʨʦʛʠ ʟʘ ʥʘʷʚʥʦʩʪʽ ʜʞʝʨʝʣʘ 

ʝʤʽʩʽʾ ï ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ, ʟ ʥʘʷʚʥʽʩʪʶ ʝʢʨʘʥʽʚ ʨʽʟʥʦʾ ʚʠʩʦʪʠ ʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʨʝʣɹ̒ ʬʫ ʤʽʩʮʝʚʦʩʪʽ. ɹʫʣʘ ʩʪʚʦʨʝʥʘ ʧʨʦʛʨʘʤʘ ʯʠʩʝʣʴʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ 

çBarrierè. 

ʈʦʟʛʣʷʜʘʣʦʩʷ ʯʦʪʠʨʠ ʩʮʝʥʘʨʽʾ ʨʦʟʪʘʰʫʚʘʥʥʷ ʜʚʦʭ ʘʚʪʦʜʦʨʽʛ, 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ ʪʘ ʝʢʨʘʥʽʚ. ʈʦʟʨʘʭʫʥʢʠ ʚʠʢʦʥʫʚʘʣʠʩʷ ʟʘ ʪʘʢʠʤʠ ʜʘʥʠʤʠ: 

ʰʚʠʜʢʽʩʪʴ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ 5 ʤ/ʩ, ʩʝʨʝʜʥʷ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʝʤʽʩʽʾ ʦʢʩʠʜʽʚ 

ʘʟʦʪʫ  ʭNOQ =4,8 ʛ/ʩ, ʟ ʷʢʠʭ 2NO  ʩʪʘʥʦʚʠʪʴ ʚʝʣʠʯʠʥʫ ʧʦʨʷʜʢʫ 5 % ʚʽʜ ʚʠʢʠʜʫ 

NOx, ʘ NO  ï 95 %, ʛʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ ʦʙʣʘʩʪʽ: 28 ʤ ʧʦ ʦʩʽ ʆʭ ʽ 14 ʤ ʧʦ ʦʩʽ 

ʆʫ, ʷʢʘ ʩʧʨʷʤʦʚʘʥʘ ʚʝʨʪʠʢʘʣʴʥʦ ʚʛʦʨʫ. ʂʦʦʨʜʠʥʘʪʘʤʠ ʜʞʝʨʝʣʘ ʚʠʢʠʜʫ NO ʽ 

NO2 ʻ ʢʦʦʨʜʠʥʘʪʠ ʤʽʩʮʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʦʪʚʦʨʫ ʚʠʭʣʦʧʥʦʾ ʪʨʫʙʠ ʘʚʪʦʤʦʙʽʣʷ. 

 

 

 

ʈʠʩʫʥʦʢ 2.44 ï ʈʦʟʧʦʜʽʣ ʧʦʣʷ ʢʦʥʮʝʥʪʨʘʮʽʾ NO ʟʘ ʥʘʷʚʥʦʩʪʽ ʥʘʩʠʧʫ ʙʝʟ 

ʝʢʨʘʥʘ 

 



112 

 

 

ʈʠʩʫʥʦʢ 2.45 ï ʈʦʟʧʦʜʽʣ ʧʦʣʷ ʢʦʥʮʝʥʪʨʘʮʽʾ NO ʟʘ ʥʘʷʚʥʦʩʪʽ ʥʘʩʠʧʫ ʟ 

ʝʢʨʘʥʘʤʠ ʚʠʩʦʪʦʶ H=2,5 ʤ 

 

ɸʥʘʣʽʟ ʧʦʣʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘ ʥʘʚʝʜʝʥʠʭ ʨʠʩʫʥʢʘʭ ʧʦʢʘʟʫʻ, ʱʦ ʯʠʩʝʣʴʥʘ 

ʤʦʜʝʣʴ ʜʦʟʚʦʣʷʻ ʚʨʘʭʫʚʘʪʠ ʛʝʦʤʝʪʨʽʶ ʨʝʣʴʻʬʫ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʝʢʨʘʥʽʚ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʦʙʣʘʩʪʽ ɺ, ʧʨʦʪʝ ʟʙʽʣʴʰʫʻʪʴʩʷ 

ʟʦʥʘ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦ ʚʠʩʦʪʽ. 

ɼʘʣʽ ʥʘ ʨʠʩ. 2.46 ʧʦʢʘʟʘʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʜʦʤʽʰʢʠ ʟʘ ʥʘʩʠʧʦʤ. 

 

 

 

ʈʠʩʫʥʦʢ 2.46 ï ɿʤʽʥʘ ʢʦʥʮʝʥʪʨʘʮʽʾ NO ʥʘ ʚʠʩʦʪʽ 1,7 ʤ ʫʟʜʦʚʞ ʦʩʽ ʆʭ ʚ 

ʦʙʣʘʩʪʽ ɺ (ʟʘ ʜʨʫʛʠʤ ʝʢʨʘʥʦʤ) 
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ɿʤʽʥʘ ʢʦʥʮʝʥʪʨʘʮʽʾ NO ʟʘ ʜʨʫʛʠʤ ʝʢʨʘʥʦʤ ʥʘ ʚʠʩʦʪʽ 1,7 ʤ ʚʽʜ ʧʦʚʝʨʭʥʽ 

ʟʝʤʣʽ ʚʟʜʦʚʞ ʦʩʽ ʆʭ (ʨʠʩ. 2.46) ʧʦʢʘʟʫʻ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʝʢʨʘʥʽʚ ʟʥʠʞʫʻ 

ʨʽʚʝʥʴ ʟʘʙʨʫʜʥʝʥʥʷ, ʘʣʝ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʝ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʦʞʝ 

ʙʫʪʠ ʜʦʩʷʛʥʫʪʦ ʪʽʣʴʢʠ ʥʘ ʚʽʜʩʪʘʥʽ ʙʽʣʴʰ ʥʽʞ 10 ʤ ʚʽʜ ʜʨʫʛʦʛʦ ʝʢʨʘʥʘ. 

 

 

2.2 ɼʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʝʥʪʠʣʷʪʦʨʘ ʜʣʷ 

ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʭʽʤʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʨʦʙʦʯʠʭ ʟʦʥ 

 

ʅʘ ʥʘʩʪʫʧʥʦʤʫ ʝʪʘʧʽ ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʜʣʷ 

ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʢʩʽʘʣʴʥʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ ʜʣʷ 

ʟʤʝʥʰʝʥʥʷ ʨʽʚʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʨʦʙʦʯʠʭ ʟʦʥ ʙʽʣʷ ʘʚʪʦʪʨʘʩʠ. ʊʘʢʠʡ ʟʘʩʽʙ 

ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʭʽʤʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʨʦʙʦʯʠʭ ʟʦʥ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʉʐɸ 

[182]. ɼʣʷ ʦʮʽʥʶʚʘʥʥʷ ʡʦʛʦ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʦʪʨʽʙʥʦ ʤʘʪʠ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ 

ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ, ʱʦʙ ʥʘ ʩʪʘʜʽʾ ʨʦʟʨʦʙʢʠ ʧʨʦʢ̒ʪʫ ʦʪʨʠʤʘʪʠ ʥʝʦʙʭʽʜʥʽ ʜʘʥʽ 

ʱʦʜʦ ʨʽʚʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ ʚ ʨʦʙʦʯʠʭ ʟʦʥʘʭ  ʟʘʣʝʞʥʦ ʚʽʜ ʰʚʠʜʢʦʩʪʽ 

ʧʦʚʽʪʨʷ, ʚʠʩʦʪʠ ʨʦʟʪʘʰʫʚʘʥʥʷ ʚʝʥʪʠʣʷʪʦʨʘ, ʚʠʩʦʪʠ ʟʘʭʠʩʥʠʭ ʙʘʨôʻʨʽʚ ʪʦʱʦ. 

ɿʘʫʚʘʞʠʤʦ, ʱʦ ʧʽʜ ʯʘʩ ʪʝʦʨʝʪʠʯʥʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ ʮʽʻʾ ʟʘʜʘʯʽ ʚʠʥʠʢʘʶʪʴ ʧʝʚʥʽ 

ʪʨʫʜʥʦʱʽ: 

1. ɺʝʥʪʠʣʷʪʦʨ ʟʘʚʞʜʠ ʢʨʽʧʠʪʴʩʷ ʜʦ ʙʘʨôʻʨʘ, ʘ ʙʘʨôʻʨ ʷʢ ʧʝʨʝʰʢʦʜʘ 

ʚʧʣʠʚʘʻ ʥʘ ʨʫʭ ʧʦʚʽʪʨʷʥʠʭ ʤʘʩ ʪʘ, ʚʥʘʩʣʽʜʦʢ ʮʴʦʛʦ, ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʟʦʥʠ 

ʟʘʙʨʫʜʥʝʥʥʷ. 

2. ʇʽʜ ʯʘʩ ʨʦʙʦʪʠ ʚʝʥʪʠʣʷʪʦʨʘ ʩʪʚʦʨʶʻʪʴʩʷ ʧʦʪʽʢ ʧʦʚʽʪʨʷ, ʱʦ ʜʦʜʘʪʢʦʚʦ 

ʚʧʣʠʚʘʻ ʥʘ ʨʫʭ ʧʦʚʽʪʨʷʥʠʭ ʤʘʩ. 

ʊʦʙʪʦ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʚʝʥʪʠʣʷʪʦʨʘ ʚ ʨʦʙʦʯʠʭ ʟʦʥʘʭ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʜʫʞʝ ʩʢʣʘʜʥʘ ʘʝʨʦʜʠʥʘʤʽʯʥʘ ʢʘʨʪʠʥʘ, ʥʘ ʙʘʟʽ ʷʢʦʾ ʬʦʨʤʫʻʪʴʩʷ ʟʦʥʘ 

ʟʘʙʨʫʜʥʝʥʥʷ. 

ɼʘʣʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʧʦʙʫʜʦʚʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʧʨʦʛʥʦʟʫʚʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʢʩʽʘʣʴʥʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ ʟ 
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ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʙʘʨôʻʨʘ  ʪʘ ʧʦʪʦʢʫ ʧʦʚʽʪʨʷ, ʱʦ ʩʪʚʦʨʶʻʪʴʩʷ 

ʚʝʥʪʠʣʷʪʦʨʦʤ ʪʘ ʧʦʪʦʢʦʤ ʚʽʪʨʫ. 

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʧʦʰʠʨʝʥʥʷ ʜʦʤʽʰʢʠ ʚ ʨʦʙʦʯʽʡ ʟʦʥʽ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷ ʤʘʩʦʧʝʨʝʥʦʩʫ ʪʘ ʨʽʚʥʷʥʥʷ ʃʘʧʣʘʩʘ ʜʣʷ ʧʦʪʝʥʮʽʘʣʫ 

ʰʚʠʜʢʦʩʪʽ [131]: 
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ʇʦʷʩʥʝʥʥʷ ʜʣʷ ʮʠʭ ʨʽʚʥʷʥʴ ʥʘʚʝʜʝʥʽ ʚ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʚʠʱʝ. ʈʦʟʛʣʷʥʝʤʦ 

ʧʦʩʪʘʥʦʚʢʫ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʜʣʷ ʤʦʜʝʣʶʶʯʠʭ ʨʽʚʥʷʥʴ (ʨʠʩ. 2.47). 

 

 

 

ʈʠʩʫʥʦʢ 2.47 ï ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ (ʩʮʝʥʘʨʽʡ 1): 

1 ï ʜʞʝʨʝʣʦ ʚʠʢʠʜʫ ʭʽʤʽʯʥʦ ʥʝʙʝʟʧʝʯʥʦʾ ʨʝʯʦʚʠʥʠ (ʘʚʪʦʤʦʙʽʣʴ); 2 ï ʙʘʨôʻʨ; 3 

ï ʘʢʩʽʘʣʴʥʠʡ ʚʝʥʪʠʣʷʪʦʨ. 
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ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ ʜʣʷ ʤʦʜʝʣʶʶʯʠʭ ʨʽʚʥʷʥʴ ʪʘʢʽ [109]: 

1. 0C= ; 
A

P
U

x

µ
=

µ
 ï  ʫʤʦʚʘ ʥʘ ʤʝʞʽ A, ʜʝ U  ï  ʚʽʜʦʤʘ ʰʚʠʜʢʽʩʪʴ 

ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ; ʪʘʤ, ʜʝ ʨʦʟʪʘʰʦʚʘʥʦ ʚʝʥʪʠʣʷʪʦʨ, ʟʘʜʘʻʪʴʩʷ ʰʚʠʜʢʽʩʪʴ 

ʧʦʚʽʪʨʷ ʧʨʠ ʚʩʤʦʢʪʫʚʘʥʥʽ. 

2. 0
B

C

x

µ
=

µ
; constP=  ï  ʤʝʞʘ B . 

3. 
,

0
C D

C

y

µ
=

µ
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,

0
C D

P

y

µ
=

µ
 ï  ʥʘ ʤʝʞʘʭ C, D. 

4. ʅʘ ʪʚʝʨʜʠʭ ʤʝʞʘʭ ʥʘʷʚʥʘ ʫʤʦʚʘ ʥʝʧʨʦʥʠʢʥʦʩʪʽ. 

ɼʣʷ ʤʦʤʝʥʪʫ ʯʘʩʫ 0t=  ʧʦʯʘʪʢʦʚʘ ʫʤʦʚʘ ʪʘʢʘ: 0 0tC= = . 

ɼʣʷ ʯʠʩʝʣʴʥʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ ʤʦʜʝʣʶʶʯʦʛʦ ʨʽʚʥʷʥʥʷ ʤʘʩʦʧʝʨʝʥʦʩʫ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʜʚʽ ʨʽʟʥʠʮʝʚʽ ʩʭʝʤʠ. ɼʣʷ ʧʦʙʫʜʦʚʠ ʧʝʨʰʦʾ ʨʽʟʥʠʮʝʚʦʾ 

ʩʭʝʤʠ ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʪʘʢʝ ʡʦʛʦ ʬʽʟʠʯʥʝ ʨʦʟʱʝʧʣʝʥʥʷ: 
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ʇʝʨʰʝ ʨʽʚʥʷʥʥʷ ʟ̔ ʮʽʻʾ ʩʠʩʪʝʤʠ ï ʮʝ ʨʽʚʥʷʥʥʷ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʧʝʨʝʥʦʩʫ, 

ʜʨʫʛʝ ʨʽʚʥʷʥʥʷ ï ʨʽʚʥʷʥʥʷ ʜʠʬʫʟʽʾ, ʪʨʝʪʻ ʨʽʚʥʷʥʥʷ ï ʨʽʚʥʷʥʥʷ, ʱʦ ʧʦʢʘʟʫʻ 

ʟʤʽʥʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦʤʽʰʢʠ ʚʥʘʩʣʽʜʦʢ ʜʽʾ ʜʞʝʨʝʣʘ ʝʤʽʩʽʾ.  

ʇʨʠ ʯʠʩʝʣʴʥʦʤʫ ʽʥʪʝʛʨʫʚʘʥʥʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʘʢʽ ʟʘʣʝʞʥʦʩʪʽ [109]: 
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ʉʭʝʤʘ ʨʦʟʱʝʧʣʝʥʥʷ ʜʣʷ ʨʽʚʥʷʥʥʷ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʧʝʨʝʥʦʩʫ ʟʘʧʠʩʫʻʪʴʩʷ 

ʪʘʢ : 

ï ʥʘ ʧʝʨʰʦʤʫ ʢʨʦʮʽ ʨʦʟʱʝʧʣʝʥʥʷ ʨʽʟʥʠʮʝʚʝ ʨʽʚʥʷʥʥʷ ʤʘʻ ʚʠʛʣʷʜ: 
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ï ʥʘ ʜʨʫʛʦʤʫ ʢʨʦʮʽ ʨʦʟʱʝʧʣʝʥʥʷ ʨʽʟʥʠʮʝʚʝ ʨʽʚʥʷʥʥʷ ʤʘʻ ʚʠʛʣʷʜ: 
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ʅʝʚʽʜʦʤʝ ʟʥʘʯʝʥʥʷ ʉ ʫ ʢʦʞʥʦʤʫ ʨʽʚʥʷʥʥʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 

çʨʘʭʫʥʢʫ, ʱʦ ʙʽʞʠʪʴè. 

ɼʣʷ ʯʠʩʝʣʴʥʦʛʦ ʽʥʪʝʛʨʫʚʘʥʥʷ ʨʽʚʥʷʥʥʷ ʜʠʬʫʟʽʾ ʚʠʢʦʨʠʩʪʦʚʫʪ̒ʴʩʷ 

ʜʚʦʝʪʘʧʥʘ ʨʽʟʥʠʮʝʚʘ ʩʭʝʤʘ ʨʦʟʱʝʧʣʝʥʥʷ, ʷʢʘ ʤʘʻ ʚʠʛʣʷʜ: 



117 

1 1 1 1 1

2 2 2 2 2
, , , 1, , , 1

2 2
,

n n n n n
n

i j i j i j i j i j i j

x y

C C C C C C

t x y
m m

+ + + + +

- -

è ø è ø
- - + - +é ù é ù

= +
é ù é ùD D D
é ù é ùê ú ê ú

 

1

1 1 1 1 12
, , 1, , , 1 ,

2 2
.

n
n n n n n

i j i j i j i j i j i j

x y

C C C C C C

t x y
m m

+
+ + + + +

+ +
è ø è ø- - -
= +é ù é ù

D D Dê ú ê ú
 

 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʜʨʫʛʦʾ ʨʽʟʥʠʮʝʚʦʾ ʩʭʝʤʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʪʘʢʘ ʘʧʨʦʢʩʠʤʘʮʽʷ 

ʜʨʫʛʠʭ ʧʦʭʽʜʥʠʭ [109]: 
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ɼʨʫʛʘ ʨʽʟʥʠʮʝʚʘ ʩʭʝʤʘ ʨʦʟʱʝʧʣʝʥʥʷ ʤʘʻ ʚʠʛʣʷʜ: 

- ʧʝʨʰʠʡ ʢʨʦʢ ʨʦʟʱʝʧʣʝʥʥʷ 
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- ʜʨʫʛʠʡ ʢʨʦʢ ʨʦʟʱʝʧʣʝʥʥʷ 
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ɼʣʷ ʯʠʩʝʣʴʥʦʛʦ ʽʥʪʝʛʨʫʚʘʥʥʷ ʦʩʪʘʥʥʴʦʛʦ ʨʽʚʥʷʥʥʷ ʟ̔ ʩʠʩʪʝʤʠ ʬʽʟʠʯʥʦʛʦ 

ʨʦʟʱʝʧʣʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʪʦʜ ɽʡʣʝʨʘ [100]. ʈʦʟʨʘʭʫʥʢʦʚʘ ʟʘʣʝʞʥʽʩʪʴ 

ʤʘʻ ʚʠʛʣʷʜ 

 

( )( )1

, , / / ,n n

i j i j i i iC C t Q x x y y x yd d+= +D - - D Dä  

 

ʜʝ ,x yD D ï ʨʽʟʥʠʮʝʚʽ ʢʨʦʢʠ. 

ɼʣʷ ʨʦʟʚ'ʷʟʘʥʥʷ ʨʽʚʥʷʥʥʷ ʃʘʧʣʘʩʘ ʜʣʷ ʧʦʪʝʥʮʽʘʣʫ ʰʚʠʜʢʦʩʪʽ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʤʝʪʦʜ ʚʩʪʘʥʦʚʣʝʥʥʷ ʨʦʟʚôʷʟʢʫ ʟʘ ʯʘʩʦʤ ʜʣʷ ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ 

ʨʽʚʥʷʥʥʷ ʚʠʛʣʷʜʫ (2.22) ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʷʚʥʦʾ ʨʽʟʥʠʮʝʚʦʾ ʩʭʝʤʠ [12, 99, 133]: 
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ɿʘ ʜʦʧʦʤʦʛʦʶ ʮʽʻʾ ʷʚʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦʣʝ ʧʦʪʝʥʮʽʘʣʫ 

ʰʚʠʜʢʦʩʪʽ ʚ ʫʩʽʭ ʚʥʫʪʨʽʰʥʽʭ ʦʩʝʨʝʜʢʘʭ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ. 

ɿʘ ʚʽʜʦʤʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʧʦʪʝʥʮʽʘʣʫ ʰʚʠʜʢʦʩʪʽ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ 

ʢʦʤʧʦʥʝʥʪʠ ʚʝʢʪʦʨʘ ʰʚʠʜʢʦʩʪʽ: 
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ʅʘ ʙʘʟʽ ʧʦʙʫʜʦʚʘʥʦʾ ʯʠʩʝʣʴʥʦʾ ʤʦʜʝʣʽ ʩʪʚʦʨʝʥʦ ʢʦʜ SCREEN-2A. 

ʈʦʟʨʦʙʣʝʥʘ ʯʠʩʝʣʴʥʘ ʤʦʜʝʣʴ ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʟ 

ʦʮʽʥʶʚʘʥʥ ̫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʢʩʽʘʣʴʥʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ ʜʣʷ 

ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʟʘʛʘʟʦʚʘʥʦʩʪʽ ʚ ʨʦʙʦʯʠʭ ʟʦʥʘʭ. ʈʦʟʛʣʷʜʘʣʠʩʷ ʪʘʢʽ ʩʮʝʥʘʨʽʾ: 

1. ɿʘʭʠʩʥʠʡ ʙʘʨôʻʨ + ʘʢʩʽʘʣʴʥʠʡ ʚʝʥʪʠʣʷʪʦʨ (ʩʮʝʥʘʨʽʡ 1, ʨʠʩ. 2.47). 

2. ɿʘʭʠʩʥʠʡ ʙʘʨôʻʨ + ʘʢʩʽʘʣʴʥʠʡ ʚʝʥʪʠʣʷʪʦʨ+ ʜʦʜʘʪʢʦʚʠʡ ʝʢʨʘʥ ʥʘ 

ʙʘʨôʻʨʽ (ʩʮʝʥʘʨʽʡ 2, ʨʠʩ. 2.48). 
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3. ɿʘʭʠʩʥʠʡ ʙʘʨôʻʨ + ʘʢʩʽʘʣʴʥʠʡ ʚʝʥʪʠʣʷʪʦʨ + ʜʦʜʘʪʢʦʚʠʡ ʙʘʨôʻʨ ʥʘ 

ʽʥʰʽʡ ʩʪʦʨʦʥʽ ʜʦʨʦʛʠ (ʩʮʝʥʘʨʽʡ 3, ʨʠʩ. 2.49). 

ʆʙʯʠʩʣʶʚʘʣʴʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ ʚʠʢʦʥʫʚʘʚʩʷ ʟʘ ʪʘʢʠʭ ʜʘʥʠʭ: ʰʚʠʜʢʽʩʪʴ 

U ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ 1.7 ʤ/ʩ ʪʘ 6 ʤ/ʩ; ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʝʤʽʩʽʾ ʉʆ ʚʽʜ ʘʚʪʦʤʦʙʽʣʽʚ 

0,02 ʛ/(ʩÖ ʤ); ʰʚʠʜʢʽʩʪʴ ʚʩʤʦʢʪʫʚʘʥʥʷ ʥʘ ʚʭʦʜʽ ʜʦ ʚʝʥʪʠʣʷʪʦʨʘ 12 ʤ/ʩ; ʨʦʟʤʽʨʠ 

ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ 12 ʤ ʥʘ 10 ʤ; ʨʦʟʤʽʨʠ ʘʚʪʦʤʦʙʽʣʷ: ʰʠʨʠʥʘ 1,7 ʤ, ʚʠʩʦʪʘ 

1,6 ʤ. 

 

 

 

ʈʠʩʫʥʦʢ 2.48 ï ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ (ʩʮʝʥʘʨʽʡ 2): 

1 ï ʜʞʝʨʝʣʦ ʚʠʢʠʜʫ ʭʽʤʽʯʥʦ ʥʝʙʝʟʧʝʯʥʦʾ ʨʝʯʦʚʠʥʠ (ʘʚʪʦʤʦʙʽʣʴ); 2 ï 

ʙʘʨôʻʨ; 3 ï ʘʢʩʽʘʣʴʥʠʡ ʚʝʥʪʠʣʷʪʦʨ; 4 ï ʜʦʜʘʪʢʦʚʠʡ ʝʢʨʘʥ 

 

 

 

ʈʠʩʫʥʦʢ 2.49 ï ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ (ʩʮʝʥʘʨʽʡ 3): 

1 ï ʜʞʝʨʝʣʦ ʚʠʢʠʜʫ ʭʽʤʽʯʥʦ ʥʝʙʝʟʧʝʯʥʦʾ ʨʝʯʦʚʠʥʠ (ʘʚʪʦʤʦʙʽʣʴ); 2, 4 ï 

ʙʘʨôʻʨʠ; 3 ï ʘʢʩʽʘʣʴʥʠʡ ʚʝʥʪʠʣʷʪʦʨ. 
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ʅʠʞʯʝ ʥʘ ʨʠʩʫʥʢʘʭ ʧʦʢʘʟʘʥʦ ʟʦʥʫ ʟʘʙʨʫʜʥʝʥʥʷ (ʧʦʣʝ ʢʦʥʮʝʥʪʨʘʮʽʾ ʉʆ, 

ʩʮʝʥʘʨʽʡ 1) ʜʣʷ ʰʚʠʜʢʦʩʪʽ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ 1.7 ʤ/ʩ (ʨʠʩ. 2.50) ʪʘ 6 ʤ/ʩ 

(ʨʠʩ. 2.51). ʅʘ ʮʠʭ ʨʠʩʫʥʢʘʭ (ʷʢ ʽ ʥʘ ʽʥʰʠʭ) ʢʦʞʥʝ ʯʠʩʣʦ ʧʦʢʘʟʫʻ ʫ ʚʽʜʩʦʪʢʘʭ 

ʢʦʥʮʝʥʪʨʘʮʽʶ ʚʽʜ ʤʘʢʩʠʤʘʣʴʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚ ʦʙʣʘʩʪʽ ʜʦʩʣʽʜʞʝʥʥʷ. 

 

 

 

ʈʠʩʫʥʦʢ 2.50 ï ɿʦʥʘ ʟʘʙʨʫʜʥʝʥʥʷ, ʰʚʠʜʢʽʩʪʴ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ 

U=1,7 ʤ/ʩ (ʩʮʝʥʘʨʽʡ 1, ʉCOmax = 7.6869 ʤʛ/ʤ
3
): 

1 ï ʜʞʝʨʝʣʦ ʚʠʢʠʜʫ ʭʽʤʽʯʥʦ ʥʝʙʝʟʧʝʯʥʦʾ ʨʝʯʦʚʠʥʠ (ʘʚʪʦʤʦʙʽʣʴ); 2 ï 

ʙʘʨôʻʨ; 3 ï ʘʢʩʽʘʣʴʥʠʡ ʚʝʥʪʠʣʷʪʦʨ. 

 

 

 

ʈʠʩʫʥʦʢ 2.51 ï ɿʦʥʘ ʟʘʙʨʫʜʥʝʥʥʷ, ʰʚʠʜʢʽʩʪʴ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ 

U=6 ʤ/ʩ (ʩʮʝʥʘʨʽʡ 1, ʉCOmax = 5.2694 ʤʛ/ʤ
3
): 

1 ï ʜʞʝʨʝʣʦ ʚʠʢʠʜʫ ʭʽʤʽʯʥʦ ʥʝʙʝʟʧʝʯʥʦʾ ʨʝʯʦʚʠʥʠ (ʘʚʪʦʤʦʙʽʣʴ); 2 ï 

ʙʘʨôʻʨ; 3 ï ʘʢʩʽʘʣʴʥʠʡ ʚʝʥʪʠʣʷʪʦʨ. 
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ʅʘʚʝʜʝʥ ̔ ʨʠʩʫʥʢʠ ʜʝʤʦʥʩʪʨʫʶʪʴ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʰʚʠʜʢʦʩʪʽ 

ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʚʝʥʪʠʣʷʪʦʨʘ ʟʤʝʥʰʫʻʪʴʩʷ. ʎʝ 

ʧʦʚôʷʟʘʥʦ ʟʽ ʟʥʝʩʝʥʥʷʤ ʜʦʤʽʰʢʠ ʚʽʜ ʟʦʥʠ çʚʩʤʦʢʪʫʚʘʥʥʷè. ʂʦʥʮʝʥʪʨʘʮʽʷ ʉʆ 

ʟʘ ʙʘʨôʻʨʦʤ ʧʨʠ ʰʚʠʜʢʦʩʪʽ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ 6 ʤ/ʩ ʧʨʠʙʣʠʟʥʦ ʥʘ 3ï5% 

ʙʽʣʴʰʘ, ʥʽʞ ʧʨʠ ʰʚʠʜʢʦʩʪʽ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ 1,7 ʤ/ʩ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʰʚʠʜʢʦʩʪʽ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʢʩʽʘʣʴʥʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ. ɹ̔ ʣʴʰ ʥʘʦʯʥʦ ʮʝ 

ʧʦʢʘʟʫʻ ʨʠʩ. 2.52, ʜʝ ʥʘʚʝʜʝʥʦ ʜʘʥʽ ʱʦʜʦ ʨʦʟʧʦʜʽʣʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʉʆ ʟʘ 

ʙʘʨôʻʨʦʤ ʥʘ ʚʠʩʦʪʽ 1,7 ʤ. 

 

 

 

ʈʠʩʫʥʦʢ 2.52 ï ʂʦʥʮʝʥʪʨʘʮʽʷ ʉʆ ʟʘ ʙʘʨôʻʨʦʤ ʜʣʷ ʨʽʟʥʦʾ ʰʚʠʜʢʦʩʪʽ 

ʧʦʪʦʢʫ 

 

ɼʘʣʽ ʥʘ ʨʠʩ. 2.53 ʧʦʢʘʟʘʥʘ ʟʦʥʘ ʭʽʤʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ (ʧʦʣʝ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʉʆ) ʜʣʷ ʩʮʝʥʘʨʽʶ 2, ʰʚʠʜʢʽʩʪʴ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ 6 ʤ/ʩ; ʥʘ 

ʨʠʩ. 2.54 ï ʜʣʷ ʩʮʝʥʘʨʽʶ 3, ʰʚʠʜʢʽʩʪʴ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ 6 ʤ/ʩ. 
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ʈʠʩʫʥʦʢ 2.53 ï ɿʦʥʘ ʟʘʙʨʫʜʥʝʥʥʷ, ʰʚʠʜʢʽʩʪʴ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ 

U=6 ʤ/ʩ (ʩʮʝʥʘʨʽʡ 2, ʉCOmax = 5,1068  ʤʛ/ʤ
3
): 

1 ï ʜʞʝʨʝʣʦ ʚʠʢʠʜʫ ʭʽʤʽʯʥʦ ʥʝʙʝʟʧʝʯʥʦʾ ʨʝʯʦʚʠʥʠ (ʘʚʪʦʤʦʙʽʣʴ); 2 ï 

ʘʢʩʽʘʣʴʥʠʡ ʚʝʥʪʠʣʷʪʦʨ; 3 ï ʜʦʜʘʪʢʦʚʠʡ ʝʣʝʤʝʥʪ. 

 

 

 

ʈʠʩʫʥʦʢ 2.54 ï ɿʦʥʘ ʟʘʙʨʫʜʥʝʥʥʷ, ʰʚʠʜʢʽʩʪʴ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ 

U=6 ʤ/ʩ (ʩʮʝʥʘʨʽʡ 3, ʉCOmax = 9.6927  ʤʛ/ʤ
3
): 

1 ï ʜʞʝʨʝʣʦ ʚʠʢʠʜʫ ʭʽʤʽʯʥʦ ʥʝʙʝʟʧʝʯʥʦʾ ʨʝʯʦʚʠʥʠ (ʘʚʪʦʤʦʙʽʣʴ);  

2 ï ʙʘʨôʻʨ; 3 ï ʘʢʩʽʘʣʴʥʠʡ ʚʝʥʪʠʣʷʪʦʨ. 

 

ʅʘ ʨʠʩ. 2.55 ʥʘʚʝʜʝʥʦ ʜʘʥʽ ʱʦʜʦ ʨʦʟʧʦʜʽʣʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʉʆ ʟʘ ʙʘʨôʻʨʦʤ 

ʥʘ ʚʠʩʦʪʽ 1.7 ʤ ʜʣʷ ʚʩʽʭ ʩʮʝʥʘʨʽʾʚ: 

 



123 

 

 

ʈʠʩʫʥʦʢ 2.55 ï ʂʦʥʮʝʥʪʨʘʮʽʷ ʉʆ ʟʘ ʙʘʨôʻʨʦʤ 

 

ɸʥʘʣʽʟ ʨʠʩ. 2.55 ʧʦʢʘʟʫʻ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʜʘʪʢʦʚʦʛʦ ʝʣʝʤʝʥʪʘ ʥʘ 

ʙʘʨôʻʨʽ (ʩʮʝʥʘʨʽʡ 2) ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʢʦʥʮʝʥʪʨʘʮʽʶ ʉʆ ʟʘ ʙʘʨôʻʨʦʤ ʤʘʡʞʝ 

ʚʜʚʽʯʽ ʧʦʨʽʚʥʷʥʦ ʟʽ ʩʮʝʥʘʨʽʻʤ 1. ʋ ʚʠʧʘʜʢʫ ʩʮʝʥʘʨʽʶ 3 ʢʦʥʮʝʥʪʨʘʮʽʷ ʉʆ 

ʟʥʠʞʫʻʪʴʩʷ ʤʘʡʞʝ ʥʘ 80 % ʧʦʨʽʚʥʷʥʦ ʟʽ ʩʮʝʥʘʨʽʻʤ 1. 

ʉʣʽʜ ʥʘʛʦʣʦʩʠʪʠ, ʱʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʚʠʟʥʘʯʝʥʥ ̫ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʝʥʪʠʣʷʪʦʨʘ ʜʣʷ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ ʙʽʣʷ 

ʘʚʪʦʪʨʘʩ ʟʘʨʘʟ ʧʨʠʚʝʨʪʘʻ ʟʥʘʯʥʫ ʫʚʘʛʫ ʜʦʩʣʽʜʥʠʢʽʚ. ʊʘʢ, ʫ ʨʦʙʦʪʽ [96] 

ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʢʦʤʧʣʝʢʩʫ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʫ ʮʽʡ ʛʘʣʫʟʽ. ʋ ʨʦʙʦʪʽ [128] ʨʦʟʛʣʷʥʫʪʘ ʯʠʩʝʣʴʥʘ ʤʦʜʝʣʴ 

ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʘʝʨʦʜʠʥʘʤʽʢʠ ʧʨʠ ʨʦʙʦʪʽ ʚʝʥʪʠʣʷʪʦʨʘ, ʱʦ ʤʘʻ ʜʚʘ 

ʚʩʤʦʢʪʫʚʘʣʴʥʠʭ ʚʽʢʥʘ. ʎʷ ʯʠʩʝʣʴʥʘ ʤʦʜʝʣʴ ʨʦʟʨʦʙʣʝʥʘ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ 

ʝʚʦʣʶʮʽʡʥʦʛʦ ʨʽʚʥʷʥʥʷ (2.22) ʥʘ ʙʘʟʽ ʪʘʢʦʾ ʨʽʟʥʠʮʝʚʦʾ ʩʭʝʤʠ ʨʦʟʱʝʧʣʝʥʥʷ 

[100]: 

- ʧʝʨʰʠʡ ʢʨʦʢ ʨʦʟʱʝʧʣʝʥʥʷ: 
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- ʜʨʫʛʠʡ ʢʨʦʢ ʨʦʟʱʝʧʣʝʥʥʷ: 
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ʅʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ ʨʦʟʱʝʧʣʝʥʥʷ ʧʦʪʝʥʮʽʘʣ ʰʚʠʜʢʦʩʪʽ ʟʥʘʭʦʜʷʪʴ ʟʘ 

ʷʚʥʦʶ ʬʦʨʤʫʣʦʶ [100]. 

ɿʜʽʡʩʥʝʥʦ ʧʦʙʫʜʦʚʫ ʢʦʤʧôʶʪʝʨʥʦʾ ʤʦʜʝʣʽ ʘʝʨʦʜʠʥʘʤʽʢʠ ʥʘ ʙʘʟʽ ʮʽʻʾ 

ʨʽʟʥʠʮʝʚʦʾ ʩʭʝʤʠ ʨʦʟʱʝʧʣʝʥʥʷ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʦʣʷ ʰʚʠʜʢʦʩʪʽ ʧʦʚʽʪʨʷʥʦʛʦ 

ʧʦʪʦʢʫ ʚ ʨʘʟʽ ʚʠʢʦʨʠʩʪʘʥʥ ̫ʚʝʥʪʠʣʷʪʦʨʘ, ʱʦ ʤʘʻ ʜʚʘ ʚʩʤʦʢʪʫʚʘʣʴʥʠʭ ʚʽʢʥʘ. 

ʎ̫  ʯʠʩʝʣʴʥʘ ʤʦʜʝʣʴ ʤʘʻ ʙʽʣʴʰʫ ʨʦʟʨʘʭʫʥʢʦʚʫ ʩʪʽʡʢʽʩʪʴ ʪʘ ʜʦʟʚʦʣʷʻ 

ʨʦʟʚôʷʟʫʚʘʪʠ ʟʘʜʘʯʫ ʟ ʚʠʟʥʘʯʝʥʥ ̫ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʝʥʪʠʣʷʪʦʨʘ ʟ 

ʧʦʜʚʽʡʥʠʤʠ ʚʩʤʦʢʪʫʚʘʣʴʥʠʤʠ ʚʽʢʥʘʤʠ ʜʣʷ ʫʤʦʚ, ʱʦ ʨʘʥʽʰʝ ʥʝ ʨʦʟʛʣʷʜʘʣʠʩʷ: 

1. ɺʨʘʭʦʚʫʻʪʴʩʷ ʚʧʣʠʚ ʢʦʨʧʫʩʫ ʘʚʪʦ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʧʦʣʷ ʰʚʠʜʢʦʩʪʽ 

ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʙʽʣʷ ʚʝʥʪʠʣʷʪʦʨʘ. 

2. ɺʨʘʭʦʚʫʻʪʴʩʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʥʘ ʚʩʤʦʢʪʫʚʘʣʴʥʦʤʫ ʧʨʠʩʪʨʦʾ 

ʜʦʜʘʪʢʦʚʦʛʦ ʝʢʨʘʥʘ ʊ-ʧʦʜʽʙʥʦʾ ʬʦʨʤʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʣʦʢʘʣʴʥʦʾ 

ʟʤʽʥʠ ʥʘʧʨʷʤʫ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʙʽʣʷ ʚʝʥʪʠʣʷʮʽʡʥʦʛʦ ʧʨʠʩʪʨʦʶ (ʧʦʪʨʽʙʥʦ 

ʥʘʛʦʣʦʩʠʪʠ, ʱʦ ʥʘʷʚʥʽʩʪʴ ʪʘʢʦʛʦ ʝʢʨʘʥʘ ʨʽʟʢʦ ʟʤʽʥʶʻ ʢʨʠʚʠʟʥʫ ʣʽʥʽʡ ʩʪʨʫʤʫ, 

ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʨʷʜ ʨʽʟʥʠʮʝʚʠʭ ʩʭʝʤ ʚʪʨʘʯʘʶʪʴ ʩʪʽʡʢʽʩʪʴ ʪʘ ʫʥʝʤʦʞʣʠʚʣʶʶʪʴ 

ʤʦʜʝʣʶʚʘʥʥʷ). 

3. ɺʨʘʭʦʚʫʻʪʴʩʷ ʥʝʨʽʚʥʦʤʽʨʥʠʡ ʧʨʦʬʽʣʴ ʰʚʠʜʢʦʩʪʽ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ 

ʥʘ ʚʭʦʜʽ ʚ ʨʦʟʨʘʭʫʥʢʦʚʫ ʦʙʣʘʩʪʴ (ʤʦʜʝʣʴ ʐʚʝʮʴ ïʖʜʽʥʘ) [50]. 
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ʜʝ 1u  ï ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ ʥʘ ʚʠʩʦʪʽ; 

1z , 0z  ï ʰʦʨʩʪʢʽʩʪʴ. 



125 

ʅʠʞʯʝ ʥʘ ʨʠʩʫʥʢʘʭ ʧʦʢʘʟʘʥʦ ʨʦʟʚôʷʟʦʢ ʟʘʜʘʯʽ ʟʘ ʥʘʷʚʥʦʩʪʽ ʮʠʭ 

ʚʽʜʤʽʥʥʦʩʪʝʡ. ʅʘ ʨʠʩ. 2.56 ʥʘʚʝʜʝʥʦ ʩʭʝʤʫ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ. 

 

 

 

ʈʠʩʫʥʦʢ 2.56 ï ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ: 

1 ï ʢʦʨʧʫʩ ʘʚʪʦ; 2 ï ʤʽʩʮʝ ʚʠʢʠʜʫ ʭʽʤʽʯʥʦ ʥʝʙʝʟʧʝʯʥʦʾ ʨʝʯʦʚʠʥʠ; 3 ï 

ʚʩʤʦʢʪʫʚʘʣʴʥʘ ʩʠʩʪʝʤʘ; 4 ï ʊ-ʧʦʜʽʙʥʠʡ ʝʢʨʘʥ. 

 

ʈʦʟʨʘʭʫʥʦʢ ʟʜʽʡʩʥʶʚʘʚʩʷ ʟʘ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʽʚ : 1 2u =  ʤ/ʩ, 1 1z =  ʤ, 

0z =0.2 ʩʤ, ʰʚʠʜʢʽʩʪʴ ʧʦʚʽʪʨʷ ʫ ʚʩʤʦʢʪʫʚʘʣʴʥʠʭ ʦʪʚʦʨʘʭ 5 ʤ/ʩ, ʚʠʩʦʪʘ 

ʢʦʞʥʦʛʦ ʦʪʚʦʨʫ 0.3 ʤ, ʚʠʩʦʪʘ ʊ-ʧʦʜʽʙʥʦʛʦ ʝʢʨʘʥʘ 0.6 ʤ, ʜʦʚʞʠʥʘ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʝʢʨʘʥʘ 0.6 ʤ; ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʝʤʽʩʽʾ ʉʆ 1 ʛ/ʩ. ʈʦʟʤʽʨʠ 

ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ 7.5 ʤ Ĭ 6 ʤ. 

ʅʘ ʨʠʩ. 2.57 ʧʦʢʘʟʘʥʦ ʧʦʣʝ ʢʦʥʮʝʥʪʨʘʮʽʾ ʉʆ ʚ ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʦʙʣʘʩʪʽ. 

ɿʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘʚʝʜʝʥʦ ʫ ʚʽʜʩʦʪʢʘʭ ʚʽʜ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ 

maxC =0.15 ʛ/ʤ
3
 (ʥʘ ʨʠʩ. 2.57 ʮʽʡ ʪʦʯʮʽ ʚʽʜʧʦʚʽʜʘʻ ʤʘʨʢʝʨ 99). ɼʨʫʢ ʯʠʩʝʣ 

ʟʜʽʡʩʥʝʥʦ ʫ ʬʦʨʤʘʪ ̔çINTEGERè, ʪʦʙʪʦ ʙʝʟ ʜʨʫʢʫ ʜʨʽʙʥʦʾ ʯʘʩʪʠʥʠ ʯʠʩʣʘ. 
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ʈʠʩʫʥʦʢ 2.57 ï ʇʦʣʝ ʢʦʥʮʝʥʪʨʘʮʽʾ ʉʆ ( maxC =0,15 ʛ/ʤ
3
): 

1 ï ʢʦʨʧʫʩ ʘʚʪʦ; 2 ï ʤʽʩʮʝ ʚʠʢʠʜʫ ʭʽʤʽʯʥʦ ʥʝʙʝʟʧʝʯʥʦʾ ʨʝʯʦʚʠʥʠ; 3 ï 

ʚʩʤʦʢʪʫʚʘʣʴʥʘ ʩʠʩʪʝʤʘ;  4 ï ʊ-ʧʦʜʽʙʥʠʡ ʝʢʨʘʥ. 

 

ʗʢ ʙʘʯʠʤʦ ʟ ʨʠʩ. 2.57, ʦʩʥʦʚʥʘ ʦʙʣʘʩʪʴ ʟʘʙʨʫʜʥʝʥʥʷ ʬʦʨʤʫʻʪʴʩʷ ʧʝʨʝʜ 

ʚʩʤʦʢʪʫʚʘʣʴʥʦʶ ʩʠʩʪʝʤʦʶ, ʘ ʥʘʷʚʥʽʩʪʴ ʝʢʨʘʥʘ ʥʘ ʮʽʡ ʩʠʩʪʝʤʽ ʥʝ ʜʘʻ 

ʤʦʞʣʠʚʦʩʪʽ ʟʘʙʨʫʜʥʶʚʘʯʫ ʽʥʪʝʥʩʠʚʥʦ ʨʫʭʘʪʠʩʷ ʚ ʨʦʙʦʯʫ ʟʦʥʫ. 

ɼʘʣʽ ʥʘ ʨʠʩ. 2.58 ʧʦʢʘʟʘʥʦ ʨʦʟʧʦʜʽʣ ʢʦʥʮʝʥʪʨʘʮʽʾ ʉʆ ʚ ʨʦʙʦʯʠʡ ʟʦʥʽ ʟʘ 

ʚʩʤʦʢʪʫʚʘʣʴʥʦʶ ʩʠʩʪʝʤʦʶ ʥʘ ʚʠʩʦʪʽ 1.7y= ʤ. ʊʦʯʮʽ 0x=  ʚʽʜʧʦʚʽʜʘʻ 

ʧʦʣʦʞʝʥʥʷ ʚʩʤʦʢʪʫʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ. ʅʘ ʮʴʦʤʫ ʨʠʩʫʥʢʫ ʟʥʘʯʝʥʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘʚʝʜʝʥʦ ʜʣʷ ʪʨʴʦʭ ʩʮʝʥʘʨʽʾʚ: 

1. ʅʝʤʘ ̒ ʚʩʤʦʢʪʫʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ, ʪʦʙʪʦ ʻ ʣʠʰʝ ʘʚʪʦ, ʱʦ ʚʠʢʠʜʘ̒  

ʚʽʜʦʤʫ ʢʽʣʴʢʽʩʪʴ ʜʦʤʽʰʢʠ ʚ ʧʦʚʽʪʨʷ. 

2. ʇʨʘʮʶʻ ʚʩʤʦʢʪʫʚʘʣʴʥʘ ʩʠʩʪʝʤʘ, ʘʣʝ ʥʝʤʘ ̒ʊ-ʧʦʜʽʙʥʦʛʦ ʝʢʨʘʥʘ. 

3. ʇʨʘʮʶʻ ʚʩʤʦʢʪʫʚʘʣʴʥʘ ʩʠʩʪʝʤʘ ʩʫʤʽʩʥʦ ʟ ʊ-ʧʦʜʽʙʥʠʤ ʝʢʨʘʥʦʤ. 

 



127 

 

 

ʈʠʩʫʥʦʢ 2.58 ï ʂʦʥʮʝʥʪʨʘʮʽʷ ʉʆ ʟʘ ʚʩʤʦʢʪʫʚʘʣɹʥʦʶ ʩʠʩʪʝʤʦʶ: 

1 ï ʙʝʟ ʚʩʤʦʢʪʫʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ; 2 ï ʧʨʘʮʶʻ ʚʩʤʦʢʪʫʚʘʣʴʥʘ ʩʠʩʪʝʤʘ, ʘʣʝ 

ʥʝʤʘʻ ʊ-ʧʦʜʽʙʥʦʛʦ ʝʢʨʘʥʘ; 3 ï ʧʨʘʮʶʻ ʚʩʤʦʢʪʫʚʘʣʴʥʘ ʩʠʩʪʝʤʘ ʩʫʤʽʩʥʦ ʟ ʊ-

ʧʦʜʽʙʥʠʤ ʝʢʨʘʥʦʤ. 

 

ʗʢ ʤʦʞʥʘ ʙʘʯʠʪʠ ʟ ʨʠʩ. 2.58, ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʩʤʦʢʪʫʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ 

ʩʫʤʽʩʥʦ ʊ-ʧʦʜʽʙʥʠʤ ʝʢʨʘʥʦʤ ʜʦʟʚʦʣʷʻ ʩʫʪʪʻʚʦ ʟʤʝʥʰʠʪʠ ʨʽʚʝʥʴ ʟʘʙʨʫʜʥʝʥʥʷ 

ʧʦʚʽʪʨʷ ʚ ʨʦʙʦʯʠʡ ʟʦʥʽ. ʊʘʢ, ʧʦʨʽʚʥʷʥʦ ʟ ʧʝʨʰʠʤ ʩʮʝʥʘʨʽʻʤ, ʪʦʙʪʦ ʟʘ ʧʦʚʥʦʾ 

ʚʽʜʩʫʪʥʦʩʪʽ ʩʠʩʪʝʤʠ ʟʘʭʠʩʪʫ, ʟʘ ʥʘʷʚʥʦʩʪʽ ʝʢʨʘʥʫ ʢʦʥʮʝʥʪʨʘʮʽʷ ʥʘ ʚʽʜʩʪʘʥʽ 

0.3 ʤ ʟʤʝʥʰʠʣʘʩʷ ʧʨʘʢʪʠʯʥʦ ʫ 8 ʨʘʟʽʚ, ʘ ʧʦʨʽʚʥʷʥʦ ʟ ʜʨʫʛʠʤ ʩʮʝʥʘʨʽʻʤ ï 

ʤʘʡʞʝ ʚ ʪʨʠ ʨʘʟʠ. ʊʘʢʦʞ ʤʦʞʥʘ ʚʽʜʩʣʽʜʢʫʚʘʪʠ ʪʘʢʫ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ: ʭʘʨʘʢʪʝʨ 

ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚ ʨʘʟʽ ʚʠʢʦʨʠʩʪʘʥʥ ̫ʝʢʨʘʥʘ ʩʪʘʻ ʙʽʣʴʰ çʧʦʚʽʣʴʥʠʤè ʪʘ 

çʧʣʘʚʥʠʤè. 

ʈʦʟʛʣʷʥʫʪʦ ʝʢʦʥʦʤʽʯʥʽ ʚʠʪʨʘʪʠ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʠʩʪʝʤʠ 

ʚʩʤʦʢʪʫʚʘʥʥʷ ʜʣʷ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ ʚ ʨʦʙʦʯʠʭ ʟʦʥʘʭ. 

ɺʘʨʪʽʩʪʴ ʚʝʥʪʠʣʷʪʦʨʘ ʪʠʧʫ CM 21.2L Dundar (ʚʠʪʨʘʪʘ 2500 ʤ
3
/ʛʦʜ) ʧʦʨʷʜʢʫ 

230 ʻʚʨʦ. ʋʩʪʘʥʦʚʢʘ ʚʝʥʪʠʣʷʪʦʨʘ ï 100 ʻʚʨʦ. ɿʘʛʘʣʴʥʘ ʚʘʨʪʽʩʪʴ ï ʙʣʠʟʴʢʦ 330 

ʻʚʨʦ. 
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2.3 ʊʝʩʪʫʚʘʥʥʷ ʯʠʩʝʣʴʥʠʭ ʤʦʜʝʣʝʡ 

 

ɼʘʣʽ ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʚʝʨʠʬʽʢʘʮʽʾ ʧʦʙʫʜʦʚʘʥʦʾ ʯʠʩʝʣʴʥʦʾ ʤʦʜʝʣʽ. 

ɼʣʷ ʮʴʦʛʦ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʣʘʙʦʨʘʪʦʨʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ. ɼʞʝʨʝʣʦʤ 

çʟʘʙʨʫʜʥʝʥʥʷè ʙʫʚ ʽʦʥʽʟʘʪʦʨ AirNASA KJF03. ʎʝʡ ʽʦʥʽʟʘʪʦʨ ʙʫʣʦ 

ʨʦʟʪʘʰʦʚʘʥʦ ʙʽʣʷ ʤʦʜʝʣʽ ʙʘʨôʻʨʘ. ʈʦʟʛʣʷʜʘʣʠʩʷ ʪʨʠ ʩʮʝʥʘʨʽʾ: 

1. ɹʘʨôʻʨ ʟ ʛʦʨʠʟʦʥʪʘʣʴʥʠʤ ʜʦʜʘʪʢʦʚʠʤ ʝʣʝʤʝʥʪʦʤ (ʩʮʝʥʘʨʽʡ 1, 

ʨʠʩ. 2.59). 

2. ɹʘʨôʻʨ ʟ ʜʦʜʘʪʢʦʚʠʤ ʝʣʝʤʝʥʪʦʤ, ʱʦ ʤʘʻ ʥʘʭʠʣ (ʩʮʝʥʘʨʽʡ 2, ʨʠʩ. 2.60). 

3. ɹʘʨôʻʨ ʟ ʛʦʨʠʟʦʥʪʘʣʴʥʠʤ ʜʦʜʘʪʢʦʚʠʤ ʝʣʝʤʝʥʪʦʤ ʪʘ ʟʘ ʥʘʷʚʥʦʩʪʽ 

ʤʦʜʝʣʽ ʘʚʪʦʤʦʙʽʣʷ (ʩʮʝʥʘʨʽʡ 3, ʨʠʩ. 2.61). 

ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʝʛʘʪʠʚʥʠʭ ʽʦʥʽʚ, ʱʦ çʚʠʢʠʜʘʣʠʩʷè 

ʽʦʥʽʟʘʪʦʨʦʤ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʧʨʠʣʘʜ AIR ION TESTER KT-401. ɼʣʷ 

ʩʪʚʦʨʝʥʥʷ ʧʦʪʦʢʫ ʧʦʚʽʪʨʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʧʦʚʽʪʨʦʜʫʚʢʘ. ʐʚʠʜʢʽʩʪʴ 

ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʚʠʟʥʘʯʘʣʘʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʠʣʘʜʫ GM 8908. 

ɽʢʩʧʝʨʠʤʝʥʪ ʚʠʢʦʥʫʚʘʚʩʷ ʟʘ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʽʚ: ʚʠʢʠʜ ʽʦʥʽʚ ï 

10
7
 ʯʘʩʪʦʢ/ʩ; ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ 0,17ï0,26 ʤ/ʩ; ʚʠʩʦʪʘ ʜʞʝʨʝʣʘ ʝʤʽʩʽʾ 1,2 ʩʤ; 

ʨʦʟʤʽʨʠ ʝʢʨʘʥʘ 16 ʩʤ Ĭ 0,3 ʩʤ Ĭ 7 ʩʤ; ʜʦʚʞʠʥʘ ʚʽʜ ʜʞʝʨʝʣʘ ʝʤʽʩʽʾ ʜʦ ʝʢʨʘʥʘ 

12 ʩʤ. ɼʦʚʞʠʥʘ ʜʦʜʘʪʢʦʚʦʛʦ ʝʣʝʤʝʥʪʘ 2 ʩʤ (ʜʦʜʘʪʢʦʚʠʡ ʛʦʨʠʟʦʥʪʘʣʴʥʠʡ 

ʝʣʝʤʝʥʪ) ʪʘ 3 ʩʤ (ʜʦʜʘʪʢʦʚʠʡ ʝʣʝʤʝʥʪ, ʱʦ ʤʘʻ ʥʘʭʠʣ). ɿʘʤʽʨ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʽʦʥʽʚ ʟʜʽʡʩʥʶʚʘʚʩʷ ʥʘ ʚʠʩʦʪʽ 10 ʩʤ. ʇʨʠ ʪʝʦʨʝʪʠʯʥʦʤʫ ʚʠʟʥʘʯʝʥʥʽ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʽʦʥʽʚ ʧʨʠʡʤʘʣʦʩʷ, ʱʦ ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ ʜʦʨʽʚʥʶʻ 0,21 ʤ/ʩ. 

ʄʦʜʝʣʴ ʘʚʪʦʤʦʙʽʣʷ ʤʘʣʘ ʜʦʚʞʠʥʫ L=0,21 ʤ, ʚʠʩʦʪʫ 0,1 ʤ. ʋ ʭʦʜʽ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʤʦʜʝʣʴ ʘʚʪʦʤʦʙʽʣʷ ʤʦʜʝʣʶʚʘʣʘʩʷ 

çʧʨʷʤʦʢʫʪʥʠʢʦʤè ʨʦʟʤʽʨʦʤ 0,21 ʤ Ĭ 0,1 ʤ. ʃʘʙʦʨʘʪʦʨʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ 

ʚʠʢʦʥʫʚʘʣʠʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʧʦʚʽʪʨʷ 21 
0
ʉ. ʗʢ ʢʨʠʪʝʨʽʡ ʧʦʜʽʙʥʦʩʪʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩʷ ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ, ʘ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʷʢ 

ʤʘʩʰʪʘʙ ʟʘʩʪʦʩʦʚʫʚʘʣʘʩʷ ʜʦʚʞʠʥʘ ʘʚʪʦʤʦʙʽʣʷ L, ʰʚʠʜʢʽʩʪʴ ʧʦʚʽʪʨʷʥʦʛʦ 

ʧʦʪʦʢʫ V=10ʩʤ/ʩ, ʢʦʝʬʽʮʽʻʥʪ ʢʽʥʝʤʘʪʠʯʥʦʾ ʚôʷʟʢʦʩʪʽ n ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 21
0
ʉ 

( 6 215.06 10 ʤ /ʩn -= Ö ). ɿʥʘʯʝʥʥʷ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʨʦʟʨʘʭʦʚʫʚʘʣʦʩʷ ʪʘʢ: 
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Re
V L

n

Ö
= . 

 

ʅʠʞʯʝ ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʚʠʢʦʥʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ. 

 

 

 

ʈʠʩʫʥʦʢ 2.59 ï ʈʦʟʪʘʰʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ (ʩʮʝʥʘʨʽʡ 1): 

1 ï ʜʞʝʨʝʣʦ ʝʤʽʩʽʾ; 2 ï ʙʘʨôʻʨ; 3 ï ʜʦʜʘʪʢʦʚʠʡ ʝʣʝʤʝʥʪ. 

 

 

 

ʈʠʩʫʥʦʢ 2.60 ï ʈʦʟʪʘʰʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ (ʩʮʝʥʘʨʽʡ 2): 

1 ï ʜʞʝʨʝʣʦ ʝʤʽʩʽʾ; 2 ï ʙʘʨôʻʨ; 3 ï ʜʦʜʘʪʢʦʚʠʡ ʝʣʝʤʝʥʪ. 
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ʈʠʩʫʥʦʢ 2.61 ï ʈʦʟʪʘʰʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ (ʩʮʝʥʘʨʽʡ 3): 

1 ï ʜʞʝʨʝʣʦ ʝʤʽʩʽʾ; 2 ï ʙʘʨôʻʨ; 3 ï ʜʦʜʘʪʢʦʚʠʡ ʝʣʝʤʝʥʪ. 

 

ʋ ʪʘʙʣ. 2.6 ʥʘʚʝʜʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʥʝʛʘʪʠʚʥʠʭ ʽʦʥʽʚ (ʟʘ ʙʘʨôʻʨʦʤ) ʧʦʨʽʚʥʷʥʦ ʟ ʪʝʦʨʝʪʠʯʥʠʤ ʨʦʟʨʘʭʫʥʢʦʤ ʜʣʷ 

ʩʮʝʥʘʨʽʶ 1.  

ʋ ʪʘʙʣ. 2.7 ʥʘʚʝʜʝʥʦ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʝʛʘʪʠʚʥʠʭ ʽʦʥʽʚ 

(ʝʢʩʧʝʨʠʤʝʥʪ + ʨʦʟʨʘʭʫʥʦʢ) ʟʘ ʙʘʨôʻʨʦʤ ʜʣʷ ʩʮʝʥʘʨʽʶ 2. 

 

 

ʊʘʙʣʠʮʷ 2.6 ï ʂʦʥʮʝʥʪʨʘʮʽʷ ʽʦʥʽʚ ʟʘ ʟʘʭʠʩʥʠʤ ʝʢʨʘʥʦʤ (ʩʮʝʥʘʨʽʡ 1) 

ʭ, ʩʤ ʂʦʥʮʝʥʪʨʘʮʽʷ, ʯʘʩʪʦʢ/ʩʤ
3
, 

ʝʢʩʧʝʨʠʤʝʥʪ/ʨʦʟʨʘʭʫʥʦʢ 

1 (0,47 ï 0,43)Ŀ10
7 
/(0,52)Ŀ10

7
 

2 (0,43 ï 0,40)Ŀ10
7 
/(0,47)Ŀ10

7
 

3 (0,41 ï 0,37)Ŀ10
7 
/(0,44)Ŀ10

7
 

4 (0,37 ï 0,32)Ŀ10
7 
/(0,38)Ŀ10

7
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ʊʘʙʣʠʮʷ 2.7 ï ʂʦʥʮʝʥʪʨʘʮʽʷ ʽʦʥʽʚ ʟʘ ʟʘʭʠʩʥʠʤ ʝʢʨʘʥʦʤ (ʩʮʝʥʘʨʽʡ 2) 

ʭ, ʩʤ ʂʦʥʮʝʥʪʨʘʮʽʷ, ʯʘʩʪʦʢ/ʩʤ
3
, 

ʝʢʩʧʝʨʠʤʝʥʪ/ʨʦʟʨʘʭʫʥʦʢ 

1 (0,38 ï 0,35)Ŀ10
7 
/(0,43)Ŀ10

7
 

2 (0,34 ï 0,31)Ŀ10
7 
/(0,37)Ŀ10

7
 

3 (0,31 ï 0,26)Ŀ10
7 
/(0,35)Ŀ10

7
 

4 (0,29 ï 0,23)Ŀ10
7 
/(0,32)Ŀ10

7
 

 

ɼʘʣʽ ʚ ʪʘʙʣ. 2.8 ʧʦʢʘʟʘʥʦ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʝʛʘʪʠʚʥʠʭ ʽʦʥʽʚ ʜʣʷ 

ʩʮʝʥʘʨʽʶ 3. 

 

ʊʘʙʣʠʮʷ 2.8 ï ʂʦʥʮʝʥʪʨʘʮʽʷ ʽʦʥʽʚ, ʯʘʩʪʦʢ/ʩʤ
3
 

ɺʽʜʩʪʘʥʴ x, ʩʤ ɽʢʩʧʝʨʠʤʝʥʪ ʈʦʟʨʘʭʫʥʦʢ 

1  (0,41 ï 0,38)Ŀ10
7
 0,45Ŀ10

7 
 

2  (0,36ï 0,32)Ŀ10
7
 0,42Ŀ10

7 
 

4  (0,28ï0,23)Ŀ10
7
 0,32Ŀ10

7 
 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʫ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʨʦʟʨʘʭʫʥʢʦʤ ʥʘ ʙʘʟʽ 

ʨʦʟʨʦʙʣʝʥʠʭ ʯʠʩʝʣʴʥʠʭ ʤʦʜʝʣʝʡ. 

 

 

2.4 ɺʠʢʦʨʠʩʪʘʥʥʷ ʟʘʭʠʩʥʠʭ ʙʘʨôʻʨʽʚ ʟ çTX Activeè ʧʦʚʝʨʭʥʝʶ ʜʣʷ 

ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʭʽʤʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʨʦʙʦʯʠʭ ʟʦʥʘʭ 

 

ʆʜʥʠʤ ʟ ʧʨʦʛʨʝʩʠʚʥʠʭ ʟʘʩʦʙʽʚ ʟʘʭʠʩʪʫ ʚʽʜ ʭʽʤʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ 

ʨʦʙʦʯʠʭ ʟʦʥ ʙʽʣʷ ʘʚʪʦʜʦʨʽʛ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʚʝʨʭʦʥʴ çphotocatalyticè (ʘʙʦ 

çTX Activeè ʧʦʚʝʨʭʦʥʴ), ʪʦʙʪʦ ʧʦʚʝʨʭʦʥʴ, ʱʦ ʧʦʛʣʠʥʘʶʪʴ NO ʧʽʜ ʜʽʻʶ 

ʩʦʥʷʯʥʦʛʦ ʩʚʽʪʣʘ [119, 153, 168, 173]. ʊʘʢʘ ʧʦʚʝʨʭʥʷ ʩʪʚʦʨʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʜʦʜʘʚʘʥʥʷ TiO2 ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʮʝʤʝʥʪʫ. 
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ɺʽʜʦʤʦ, ʱʦ ʧʽʜ ʜʽʻʶ ʩʦʥʷʯʥʦʛʦ ʩʚʽʪʣʘ ʥʘ ʧʦʚʝʨʭʥʽ çphotocatalyticè 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʪʘʢʽ ʨʝʘʢʮʽʾ (ʨʠʩ. 2.62) [173]: 

 

+*

+*

+=+

+=+

HNOOHNO

HNOOHNO

32

2
 

 

ʊʦʙʪʦ ʫʤʦʚʥʦ ʤʦʞʥʘ ʥʘʟʚʘʪʠ ʮʝʡ ʧʨʦʮʝʩ çʥʝʡʪʨʘʣʽʟʘʮʽʻʶè NO. 

 

 

 

ʈʠʩʫʥʦʢ 2.62 ï ʉʭʝʤʘ çʥʝʡʪʨʘʣʽʟʘʮʽʾè NO ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥ ̔çTX 

Activeè ʧʦʚʝʨʭʥ̔  [173] 

 

ʊʘʢʽ ʟʘʭʠʩʥʽ ʙʘʨôʻʨʠ ʚʞʝ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʥʘ ʧʨʘʢʪʠʮʽ (ʨʠʩ. 2.63). 

 

 

 

ʈʠʩʫʥʦʢ 2.63 ï çTX Activeè ʟʘʭʠʩʥʠʡ ʙʘʨôʻʨ ʚ ʊʦʨʦʥʪʦ [153] 
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ʋ ʭʦʜʽ ʧʨʦ̒ʢʪʫʚʘʥʥ ̫ çTX Activeè ʙʘʨôʻʨʽʚ (ʨʠʩ. 2.64) ʥʝʦʙʭʽʜʥʦ 

ʚʠʟʥʘʯʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʥʠʞʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʙʨʫʜʥʶʚʘʯʘ ʚ ʨʦʙʦʯʠʭ 

ʟʦʥʘʭ. ɸʣʝ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ çTX Activeè ʙʘʨôʻʨʘ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʙʘʛʘʪʴʦʭ ʬʘʢʪʦʨʽʚ: ʡʦʛʦ ʚʠʩʦʪʠ, ʨʦʟʪʘʰʫʚʘʥʥʷ ʚʽʜʥʦʩʥʦ ʪʨʘʩʠ, ʰʚʠʜʢʦʩʪʽ 

ʧʦʚʽʪʨʷ ʪʦʱʦ. ʂʨʽʤ ʮʴʦʛʦ, ʚʽʜʦʤʦ, ʱʦ ʜʝʷʢʽ ʙʘʨôʻʨʠ ʤʘʶʪʴ ʣʠʰʝ ʯʘʩʪʢʦʚʦ 

ʧʦʢʨʠʪʪʷ TiO2. ʊʦʙʪʦ ʥʘ ʧʨʘʢʪʠʮʽ ʤʠ ʤʘʻʤʦ ʜʫʞʝ ʨʽʟʥʦʤʘʥʽʪʥʽ ʢʦʥʩʪʨʫʢʮʽʾ 

ʙʘʨôʻʨʽʚ ʪʘ ʨʽʟʥʽ ʫʤʦʚʠ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ, ʜʣʷ ʧʨʘʢʪʠʢʠ ʻ ʜʫʞʝ 

ʚʘʞʣʠʚʠʤ ʩʪʚʦʨʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʘʜʝʢʚʘʪʥʦ 

ʚʠʟʥʘʯʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʮʠʭ ʙʘʨôʻʨʽʚ ʜʣʷ ʟʘʭʠʩʪʫ ʨʦʙʦʯʠʭ ʟʦʥ ʚʽʜ 

ʟʘʙʨʫʜʥʝʥʥʷ. 

 

 

 

ʈʠʩʫʥʦʢ 2.64 ï ɿʘʭʠʩʥʠʡ ʙʘʨôʻʨ ʟ TiO2 ʧʦʢʨʠʪʪʷʤ [174] 

 

ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʟ ʚʠʟʥʘʯʝʥʥ ̫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʙʘʨôʻʨʽʚ ʟ çphotocatalyticè ʧʦʚʝʨʭʥʝʶ ʙʫʣʘ ʧʦʙʫʜʦʚʘʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ, 

ʷʢʫ ʤʠ ʡ ʨʦʟʛʣʷʥʝʤʦ ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʧʦʰʠʨʝʥʥʷ ʟʘʙʨʫʜʥʶʚʘʯʘ ʚ 

ʧʦʚʽʪʨʽ ʨʦʙʦʯʠʭ ʟʦʥ ʪʘ ʧʦʛʣʠʥʘʥʥʷ ʡʦʛʦ ʧʦʚʝʨʭʥʝʶ ʙʫʜʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʪʘʢʽ ʨʽʚʥʷʥʥʷ. 

ʈʽʚʥʷʥʥʷ ʤʘʩʦʧʝʨʝʥʦʩʫ ʟʘʙʨʫʜʥʶʚʘʯʘ: 
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   (2.25) 

 

ʈʽʚʥʷʥʥʷ ʜʣʷ ʧʦʪʝʥʮʽʘʣʫ ʰʚʠʜʢʦʩʪʽ:

 

 

2 2 2

2 2 2
0,

P P P

x y z

µ µ µ
+ + =

µ µ µ
,    (2.26) 

 

; ; ,
P P P

u v w
x y z

µ µ µ
= = =
µ µ µ

    (2.27) 

 

ʜʝ P ï ʧʦʪʝʥʮʽʘʣ ʰʚʠʜʢʦʩʪʽ; 

ʉ ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʙʨʫʜʥʶʚʘʯʘ; 

)(tQi  ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʝʤʽʩʽʾ ʟʘʙʨʫʜʥʶʚʘʯʘ; 

u, v, w ï ʧʨʦ̒ʢʮʽʾ ʚʝʢʪʦʨʘ ʰʚʠʜʢʦʩʪʽ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʥʘ ʦʩʽ 

ʜʝʢʘʨʪʦʚʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ; 

t ï ʯʘʩ; 

sw ïh ʚʠʜʢʽʩʪʴ ʦʩʽʜʘʥʥʷ ʟʘʙʨʫʜʥʶʚʘʯʘ; 

s ï ʧʘʨʘʤʝʪʨ, ʱʦ ʚʨʘʭʦʚʫʻ ʚʠʤʠʚʘʥʥʷ ʟʘʙʨʫʜʥʶʚʘʯʘ; 

( )zyx mmmm ,,=  ï ʢʦʝʬʽʮʽʻʥʪʠ ʪʫʨʙʫʣʝʥʪʥʦʾ ʜʠʬʫʟʽʾ; 

iii zyx ,,  ï ʢʦʦʨʜʠʥʘʪʠ ʜʞʝʨʝʣʘ ʝʤʽʩʽʾ; 

)( ixx-d , )( iyy-d , )( izz-d  ï ʜʝʣʴʪʘ-ʬʫʥʢʮʽʷ ɼʽʨʘʢʘ. 

ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ ʜʣʷ ʤʦʜʝʣʶʶʯʠʭ ʨʽʚʥʷʥʴ: 

1. 0=
µ

µ

n

P
 ʥʘ ʥʝʧʨʦʥʠʢʥʠʭ ʤʝʞʘʭ. 
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2. 0=
µ

µ

n

P
 ʥʘ ʚʝʨʭʥʽʡ ʤʝʞʽ. 

3. nV
n

P
=

µ

µ
 ʥʘ ʤʝʞʽ, ʜʝ ʧʦʪʽʢ ʚʪʽʢʘʻ ʚ ʨʦʟʨʘʭʫʥʢʦʚʫ ʦʙʣʘʩʪʴ, (nV  

ʰʚʠʜʢʽʩʪʴ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ). 

4. P=const ʥʘ ʤʝʞʽ çʚʠʭʦʜʫè ʧʦʪʦʢʫ ʟ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ. 

5. ʅʘ ʤʝʞʽ ʚʭʦʜʫ ʧʦʪʦʢʫ: 0C= . 

6. ʅʘ ʤʝʞʽ ʚʠʭʦʜʫ ʧʦʪʦʢʫ: 
2

0.
ɻ

ʉ

n

µ
=

µ
 

7. ʅʘ ʧʦʚʝʨʭʥʽ 0=z , zz L=  ( zL  ï ʚʝʨʭʥʷ ʤʝʞʘ ʦʙʣʘʩʪʽ) 

 

0=
µ

µ

n

C
,
 

 

ʜʝ n ï ʦʜʠʥʠʯʥʠʡ ʚʝʢʪʦʨ ʟʦʚʥʽʰʥʴʦʾ ʥʦʨʤʘʣʽ ʜʦ ʧʦʚʝʨʭʥʽ. 

ɼʣʷ ʤʦʤʝʥʪʫ ʯʘʩʫ 0t=  ʧʦʯʘʪʢʦʚʘ ʫʤʦʚʘ ʟʘʧʠʩʫʻʪʴʩʷ ʪʘʢ: 0C= . 

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʧʦʛʣʠʥʘʥʥʷ çTX Activeè ʧʦʚʝʨʭʥʝʶ ʙʫʜʝʤʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘ ʮʽʡ ʧʦʚʝʨʭʥʽ ʪʘʢʫ ʛʨʘʥʠʯʥʫ ʫʤʦʚʫ (ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʽʾ NO): 

 

0.C=     (2.28) 

 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʟʘʙʨʫʜʥʶʚʘʯʘ, ʱʦ ʧʦʛʣʠʥʘʻ çTX Activeè 

ʧʦʚʝʨʭʥʷ ʟʘ ʯʘʩ dt, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʘʢʘ ʧʨʦʮʝʜʫʨʘ: ʥʘ ʢʦʞʥʦʤʫ ʥʦʚʦʤʫ 

ʯʘʩʦʚʦʤʫ ʢʨʦʮʽ ʨʦʟʨʘʭʫʥʦʢ ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʪʦʛʦ, ʱʦ ʚ ʢʦʤʽʨʮʽ, ʷʢʘ ʧʨʠʣʷʛʘʻ ʜʦ 

çTX Activeè ʧʦʚʝʨʭʥʽ, ʟʘʜʘʻʪʴʩʷ ʛʨʘʥʠʯʥʘ ʫʤʦʚʘ (2.28). ɼʘʣʽ, ʚʧʨʦʜʦʚʞ 

ʽʥʪʝʨʚʘʣʫ ʯʘʩʫ dt ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʧʦʪʽʢ ʤʘʩʠ ʟʘʙʨʫʜʥʶʚʘʯʘ ʜʦ çTX Activeè 

ʧʦʚʝʨʭʥʽ ʥʘ ʙʘʟʽ ʟʘʢʦʥʫ ʌʽʢʘ. ʊʦʙʪʦ, ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʧʦʪʽʢ ʤʘʩʠ ʟʘʙʨʫʜʥʶʚʘʯʘ 

ʚʽʜ ʟʦʥʠ ʟ ʚʠʩʦʢʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ (ʨʽʟʥʠʮʝʚʘ ʢʦʤʽʨʢʘ, ʱʦ ʧʨʠʣʷʛʘʻ ʜʦ 

photocatalytic ʧʦʚʝʨʭʽ) ʜʦ ʮʽʻʾ ʧʦʚʝʨʭʥʽ. ɿʘʢʦʥ ʌʽʢʘ ʜʣʷ ʮʴʦʛʦ ʧʨʦʮʝʩʫ 

ʟʘʧʠʩʫʻʪʴʩʷ ʪʘʢ: 
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,
C

J S dt
n

m
µ

=-
µ

 

 

ʜʝ J  ï ʧʦʪʽʢ ʤʘʩʠ ʟʘʙʨʫʜʥʶʚʘʯʘ, ʱʦ ʧʦʪʨʘʧʣʷʻ ʥʘ ʧʦʚʝʨʭʥʶ; 

m ï ʢʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ; 

S ï ʧʣʦʱʘ ʧʦʚʝʨʭʥʽ, ʢʨʽʟʴ ʷʢʫ ʧʨʦʭʦʜʠʪʴ ʜʠʬʫʟʽʡʥʠʡ ʧʦʪʽʢ. 

ɻʨʘʜʽʻʥʪ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʧʠʰʝʤʦ ʪʘʢ: 

 

,
,

i j surf

x

C CC

n s

-µ
=

µ
 

 

ʜʝ sx=0.5Āhx ; 

hx ï ʢʨʦʢ ʨʽʟʥʠʮʝʚʦʾ ʩʽʪʢʠ ʚ ʥʘʧʨʷʤʫ X; 

Csurf ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʙʨʫʜʥʶʚʘʯʘ ʥʘ çphotocatalyticè ʧʦʚʝʨʭʽ; 

Ci,j ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʙʨʫʜʥʶʚʘʯʘ ʚ ʨʽʟʥʠʮʝʚʽʡ ʢʦʤʽʨʮʽ, ʱʦ ʧʨʠʣʷʛʘʻ ʜʦ 

çphotocatalyticè ʧʦʚʝʨʭʽ. 

ɿʘʫʚʘʞʠʤʦ, ʱʦ ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʙʨʫʜʥʶʚʘʯʘ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʚ ʮʝʥʪʨʽ 

ʨʽʟʥʠʮʝʚʦʾ ʢʦʤʽʨʢʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʤʘʩʘ ʟʘʙʨʫʜʥʶʚʘʯʘ, ʱʦ çʚʠʪʽʢʘʻè ʟ 

ʨʽʟʥʠʮʝʚʦʾ ʢʦʤʽʨʢʠ ʟʘ ʯʘʩ dt ʥʘ çTX Activeè ʧʦʚʝʨʭʥʶ. ɼʘʣʽ ʧʝʨʝʨʘʭʦʚʫʻʪʴʩʷ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʙʨʫʜʥʶʚʘʯʘ ʚ ʨʽʟʥʠʮʝʚʽʡ ʢʦʤʽʨʮʽ, ʱʦ ʧʨʠʣʷʛʘʻ ʜʦ 

çphotocatalyticè ʧʦʚʝʨʭʽ. 

ʋ ʨʦʟʨʦʙʣʝʥʽʡ ʯʠʩʝʣʴʥʽʡ ʤʦʜʝʣʽ ʧʦʛʣʠʥʘʣʴʥʘ ʧʦʚʝʨʭʥʷ ʟʘʜʘʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʘʨʢʝʨʽʚ. 

ʈʦʟʛʣʷʥʝʤʦ ʧʦʙʫʜʦʚʫ ʯʠʩʝʣʴʥʦʾ ʤʦʜʝʣʽ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʟ 

ʚʠʟʥʘʯʝʥʥ ̫ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʘʨôʻʨʽʚ ʟ çTX Activeè ʧʦʚʝʨʭʥʝʶ. 

ʇʦ-ʧʝʨʰʝ, ʨʦʟʛʣʷʥʝʤʦ, ʷʢ ʨʦʟʚôʷʟʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷ ʤʘʩʦʧʝʨʝʥʦʩʫ. 

ɺʠʢʦʥʘʻʤʦ ʛʝʦʤʝʪʨʠʯʥʝ ʨʦʟʱʝʧʣʝʥʥʷ ʨʽʚʥʷʥʥʷ ʤʘʩʦʧʝʨʝʥʦʩʫ ʪʘʢʠʤ ʯʠʥʦʤ: 
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,   x

C uC C

t x x x
m

µ µ µ µå õ
+ = æ ö

µ µ µ µç ÷
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C vC C

t y y y
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( )
,

g

z

w w CC C

t z z z
m

µ -µ µ µå õ
+ = æ ö

µ µ µ µç ÷
 

 

 () ()( ) ()( ).i i i

C
C Q t x x t y y t

t
s d d

µ
+ = - -ä

µ
 (2.29) 

 

ʇʨʠ ʧʦʙʫʜʦʚʽ ʯʠʩʝʣʴʥʦʾ ʤʦʜʝʣʽ ʪʫʪ  ̔ ʜʘʣʽ ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ 

ʧʦʟʥʘʯʢʘgw w w= - . 

ɼʘʣʽ ʚʠʢʦʥʘʻʤʦ ʪʘʢʽ ʧʝʨʝʪʚʦʨʝʥʥʷ [109]: 

 

 
,

uC u C u C

x x x

+ -µ µ µ
= +

µ µ µ
 

 

,
vC v C v C

y y y

+ -µ µ µ
= +

µ µ µ
 

 
,

wC w C w C

z z z

+ -µ µ µ
= +

µ µ µ z

Cw

z

Cw

z

wC

µ

µ
+

µ

µ
=

µ

µ -+

, 

 

ʜʝ 

; ; ; ; ; .
2 2 2 2 2 2

u u u u v v v v w w w w
u u v v w w+ - + - + -+ - + - + -
= = = = = =  

 

ɿʜʽʡʩʥʽʤʦ ʘʧʨʦʢʩʠʤʘʮʽʶ ʧʦʭʽʜʥʠʭ ʟʘ ʬʦʨʤʫʣʘʤʠ [109]: 
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ɼʣʷ ʧʝʨʰʦʛʦ ʨʽʚʥʷʥʥʷ ʤʘʩʦʧʝʨʝʥʦʩʫ ʟ (2.29) ʢʽʥʮʝʚʦ-ʨʽʟʥʠʮʝʚʘ ʩʭʝʤʘ 

ʟʘʧʠʩʫʻʪʴʩʷ ʪʘʢ [109]: 

- ʢʨʦʢ 1, k=n+1/2: 

 

, , , ,
.

k n

i j k i j k k k n

x xx xx
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  (2.30) 

 

- ʢʨʦʢ 2: 

 

1

, , , , 1 1.

n k

i j k i j k n n n

x xx xx

C C
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    (2.31) 
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ʂʽʥʮʝʚʦ-ʨʽʟʥʠʮʝʚʘ ʩʭʝʤʘ ʜʣʷ ʜʨʫʛʦʛʦ ʨʽʚʥʷʥʥʷ ʤʘʩʦʧʝʨʝʥʦʩʫ 

ʟʘʧʠʩʫʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ: 

- ʢʨʦʢ 1, k=n+1/2: 
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    (2.32) 

 

- ʢʨʦʢ 2: 
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ʉʢ̔ʥʯʝʥʥʦ-ʨʽʟʥʠʮʝʚʫ ʩʭʝʤʫ ʜʣʷ ʪʨʝʪʴʦʛʦ ʨʽʚʥʷʥʥʷ ʤʘʩʦʧʝʨʝʥʦʩʫ 

ʟʘʧʠʰʝʤʦ ʪʘʢ: 

- ʢʨʦʢ 1, k=n+1/2: 
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    (2.33) 

 

- ʢʨʦʢ 2: 
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ɼʣʷ ʽʥʪʝʛʨʫʚʘʥʥʷ ʦʩʪʘʥʥʴʦʛʦ ʨʽʚʥʷʥʥʷ ʟ (2.29) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʪʦʜ 

ɽʡʣʝʨʘ [100]. ʈʦʟʨʘʭʫʥʢʦʚʘ ʟʘʣʝʞʥʽʩʪʴ ʤʘʻ ʚʠʛʣʷʜ 

 

()( )( )( )1 * * ( ) ( ) ( ) .n n

i i i iC C dt C dt Q t x x t y y t z z ts d d d+= - + - - -ä  

 



140 

ɼʣʷ ʯʠʩʝʣʴʥʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ ʨʽʚʥʷʥʥʷ ʃʘʧʣʘʩʘ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʣʷ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ ʚ ʦʙʣʘʩʪʽ, ʜʝ ʻ ʙʘʨôʻʨʠ ʟ 

ʧʦʛʣʠʥʘʣʴʥʠʤ ʧʦʢʨʠʪʪʷʤ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʚʥʘ ʨʽʟʥʠʮʝʚʘ ʩʭʝʤʘ. ɼʣʷ ʮʴʦʛʦ 

ʨʽʚʥʷʥʥʷ ʃʘʧʣʘʩʘ ʟʘʧʠʩʫʻʪʴʩʷ ʚ çʥʝʩʪʘʮʽʦʥʘʨʥʦʤʫè ʚʠʛʣʷʜʽ ʪʘʢ [100]: 

 

 

2 2 2

2 2 2
,

P P P P

t x y z

µ µ µ µ
= + +

µ µ µ µ (2.34) 

 

ʜʝ t ï ʬʽʢʪʠʚʥʠʡ ʯʘʩ. 

ʇʽʩʣʷ ʘʧʨʦʢʩʠʤʘʮʽʾ ʧʦʭʽʜʥʠʭ ʟʥʘʯʝʥʥʷ ʧʦʪʝʥʮʽʘʣʫ ʰʚʠʜʢʦʩʪʽ ʚ ʢʦʞʥʽʡ 

ʚʥʫʪʨʽʰʥʽʡ ʢʦʤʽʨʮʽ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ (ʤʦʜʝʣʴ 1) [99]: 
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ʇʨʦʮʝʩ ʨʦʟʚôʷʟʢʫ ʧʨʠʧʠʥʷʻʪʴʩʷ, ʢʦʣʠ 

 

 

1

, , , , ,n n

i j k i j kP P e+- ¢

 (2.36) 

 

ʜʝ n ï ʥʦʤʝʨ ʽʪʝʨʘʮʽʾ; 

Ů ï ʤʘʣʝ ʯʠʩʣʦ. 

ɿʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʧʦʚʽʪʨʷ (ʢʦʤʧʦʥʝʥʪ) ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘ ʩʪʦʨʦʥʘʭ 

ʢʦʞʥʦʾ ʢʦʤʽʨʢʠ: 
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ʅʘ ʙʘʟʽ ʚʠʟʥʘʯʝʥʦʛʦ ʧʦʣʷ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʧʨʦʮʝʩ 

ʧʦʰʠʨʝʥʥʷ ʟʘʙʨʫʜʥʶʚʘʯʘ ʚ ʨʦʙʦʯʽʡ ʟʦʥʽ. 

ɼʣʷ ʢʦʥʪʨʦʣʶ ʧʨʦʮʝʩʫ ʨʦʟʨʘʭʫʥʢʫ ʧʦʣʷ ʰʚʠʜʢʦʩʪʽ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ 

ʧʘʨʘʣʝʣʴʥʦ ʟ ʤʦʜʝʣʣʶ 1 ʧʦʙʫʜʦʚʘʥʘ ʜʨʫʛʘ ʤʦʜʝʣʴ. ʋ ʮʽʡ ʤʦʜʝʣʽ (ʤʦʜʝʣʴ 2) 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʪʘʢʝ ʨʦʟʱʝʧʣʝʥʥʷ çʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦè ʨʽʚʥʷʥʥʷ ʜʣʷ ʧʦʪʝʥʮʽʘʣʫ 

ʰʚʠʜʢʦʩʪʽ [100]: 
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ɼʘʣʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʚʥʘ ʨʽʟʥʠʮʝʚʘ ʩʭʝʤʘ ʜʣʷ ʢʦʞʥʦʛʦ 

ʦʜʥʦʚʠʤʽʨʥʦʛʦ ʨʽʚʥʷʥʥʷ [99]: 
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ʅʘ ʙʘʟʽ ʨʦʟʨʦʙʣʝʥʠʭ ʯʠʩʝʣʴʥʠʭ ʤʦʜʝʣʝʡ ʩʪʚʦʨʝʥʦ ʢʦʜ Barrier-TX, ʤʦʚʘ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ï FORTRAN. ɼʦ ʩʢʣʘʜʫ ʢʦʜʫ ʚʭʦʜʷʪʴ: 

ï TVK0.DAT ï ʬʘʡʣ ʧʦʯʘʪʢʦʚʠʭ ʜʘʥʠʭ; 

ï TVK1 ï ʧʽʜʧʨʦʛʨʘʤʘ ʪʠʧʫ SUBROUTINE ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 3D-ʧʦʣʷ 

ʧʦʪʝʥʮʽʘʣʫ ʰʚʠʜʢʦʩʪʽ ʚ ʦʙʣʘʩʪʽ ʜʦʩʣʽʜʞʝʥʥʷ; 

ï TVK2 ï ʧʽʜʧʨʦʛʨʘʤʘ ʪʠʧʫ SUBROUTINE ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʥʘʯʝʥʥʷ 

3D-ʧʦʣʷ ʰʚʠʜʢʦʩʪʽ ʧʦʚʽʪʨʷ ʚ ʦʙʣʘʩʪʽ ʜʦʩʣʽʜʞʝʥʥʷ; 

ï TVK3 ï ʧʽʜʧʨʦʛʨʘʤʘ ʪʠʧʫ SUBROUTINE ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʛʨʘʥʠʯʥʠʭ 

ʫʤʦʚ ʧʨʠ ʨʦʟʚôʷʟʘʥʥʽ ʨʽʚʥʷʥʥʷ ʜʣʷ ʧʦʪʝʥʮʽʘʣʫ ʰʚʠʜʢʦʩʪʽ; 

ï TVKA ï ʧʽʜʧʨʦʛʨʘʤʘ ʪʠʧʫ SUBROUTINE ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʨʽʚʥʷʥʥʷ 

ʤʘʩʦʧʝʨʝʥʦʩʫ; 

ï TVK4 ï ʧʽʜʧʨʦʛʨʘʤʘ ʪʠʧʫ SUBROUTINE ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʛʨʘʥʠʯʥʠʭ 

ʫʤʦʚ ʧʨʠ ʨʦʟʚôʷʟʘʥʥʽ ʨʽʚʥʷʥʥʷ ʜʣʷ ʤʘʩʦʧʝʨʝʥʦʩʫ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ; 

ï TVK5 ï ʧʽʜʧʨʦʛʨʘʤʘ ʪʠʧʫ SUBROUTINE ʜʣʷ ʜʨʫʢʫ ʨʦʟʨʘʭʦʚʘʥʦʛʦ 

ʧʦʣʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʚ ʦʙʣʘʩʪʽ ʜʦʩʣʽʜʞʝʥʥʷ.  

ï T3AK ï ʧʽʜʧʨʦʛʨʘʤʘ ʪʠʧʫ SUBROUTINE ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʟʘ ʤʝʪʦʜʦʤ 

ɽʡʣʝʨʘ ʭʽʤʽʯʥʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʟʘʙʨʫʜʥʶʚʘʯʽʚ; 

ï T2AK ï ʧʽʜʧʨʦʛʨʘʤʘ ʪʠʧʫ SUBROUTINE ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʟʘ ʤʝʪʦʜʦʤ 

ɽʡʣʝʨʘ ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʚʥʘʩʣʽʜʦʢ ʚʠʢʠʜʫ ʟ ʜʞʝʨʝʣʘ. 

ɸʣʛʦʨʠʪʤ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʪʘʢʠʡ: 

1. ʋ ʬʘʡʣ ʧʦʯʘʪʢʦʚʠʭ ʜʘʥʠʭ ʚʚʦʜʠʪʴʩʷ ʽʥʬʦʨʤʘʮʽʷ ʱʦʜʦ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʦʣʦʞʝʥʥʷ ʟʘʭʠʩʥʠʭ ʙʘʨôʻʨʽʚ, ʘʚʪʦʤʦʙʽʣʽʚ ʥʘ ʪʨʘʩʽ, ʾʭʥ ̫

ʛʝʦʤʝʪʨʠʯʥʘ ʬʦʨʤʘ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʝʤʽʩʽʾ ʟʘʙʨʫʜʥʶʚʘʯʽʚ, ʧʦʣʦʞʝʥʥʷ 

ʧʦʛʣʠʥʘʣʴʥʦʾ ʧʦʚʝʨʭʽ ʪʘ ʽʥ. 

2. ɿʜʽʡʩʥʶʻʪʴʩʷ ʯʠʩʝʣʴʥʠʡ ʨʦʟʚôʷʟʦʢ 3D-ʨʽʚʥʷʥʥʷ ʜʣʷ ʧʦʪʝʥʮʽʘʣʫ 

ʰʚʠʜʢʦʩʪʽ. 
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3. ɺʠʟʥʘʯʘʻʪʴʩʷ 3D-ʧʦʣʝ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ ʧʦʚʽʪʨʷ ʚ ʦʙʣʘʩʪʽ 

ʜʦʩʣʽʜʞʝʥʥʷ. 

4. ʈʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʤʽʥʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʚʥʘʩʣʽʜʦʢ 

ʾʭʥʴʦʾ ʝʤʽʩʽʾ. 

5. ʈʦʟʨʘʭʦʚʫʻʪʴʩʷ 3D-ʧʨʦʮʝʩ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʘ ʜʠʬʫʟʽʡʥʦʛʦ 

ʧʝʨʝʥʦʩʫ ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʚ ʦʙʣʘʩʪʽ ʜʦʩʣʽʜʞʝʥʥʷ. 

6. ʈʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʤʽʥʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʚʥʘʩʣʽʜʦʢ 

ʧʦʛʣʠʥʘʥʥʷ çTX Activeè ʧʦʚʝʨʭʥʝʶ. 

7. ɿʜʽʡʩʥʶʻʪʴʩʷ ʜʨʫʢ ʧʦʣʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʫ 

ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʦʙʣʘʩʪʽ ʜʣʷ ʤʦʤʝʥʪʫ ʯʘʩʫ t
n+1.

. 

8. ʈʦʟʨʘʭʫʥʦʢ ʧʦʚʪʦʨʶʻʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʜʣʷ ʥʦʚʦʛʦ ʤʦʤʝʥʪʫ ʯʘʩʫ t
n+1

. 

ɺʠʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ: 

1. ʌʦʨʤʘ ʙʘʨôʻʨʫ ʟ çTX Activeè ʧʦʚʝʨʭʥʝʶ. 

2. ʌʦʨʤʘ ʪʘ ʧʦʣʦʞʝʥʥʷ ʪʨʘʩʠ. 

3. ʇʦʣʦʞʝʥʥʷ ʘʚʪʦʤʦʙʽʣʽʚ ʥʘ ʪʨʘʩʽ. 

4. ʇʦʣʦʞʝʥʥʷ çTX Activeè ʧʦʚʝʨʭʥʽ ʥʘ ʙʘʨôʻʨʽ. 

5. ʇʦʣʦʞʝʥʥʷ ʟʘʭʠʩʥʦʛʦ ʙʘʨôʻʨʫ ʚʽʜʥʦʩʥʦ ʪʨʘʩʠ. 

6. ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʝʤʽʩʽʾ ʟʘʙʨʫʜʥʶʚʘʯʽʚ. 

7. ʐʚʠʜʢʽʩʪʴ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ. 

ɼʣʷ ʪʝʩʪʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʯʠʩʝʣʴʥʦʾ ʤʦʜʝʣʽ ʙʫʣʘ ʯʠʩʝʣʴʥʦ ʨʦʟʚôʷʟʘʥʘ 

ʟʘʜʘʯʘ, ʱʦ ʤʘʻ ʘʥʘʣʽʪʠʯʥʠʡ ʨʦʟʚôʷʟʦʢ. ʎʷ ʟʘʜʘʯʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʚʝʨʠʬʽʢʘʮʽʾ ʯʠʩʝʣʴʥʠʭ ʤʦʜʝʣʝʡ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʽʥʪʝʛʨʫʚʘʥʥʷ 

ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʨʽʚʥʷʥʥʷ ʚʠʛʣʷʜʫ (2.37). ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʧʨʦʮʝʩ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʚ ʪʨʠʚʠʤʽʨʥʽʡ ʧʣʘʩʪʠʥʽ, ʧʦʯʘʪʢʦʚʘ ʪʝʤʧʝʨʘʪʫʨʘ ʷʢʦʾ 

ʜʦʨʽʚʥʶʻ T0, ʥʘ ʫʩʽʭ ʤʝʞʘʭ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʩʪʽʡʥʘ ʪʘ ʜʦʨʽʚʥʶʻ 0. ɸʥʘʣʽʪʠʯʥʠʡ 

ʨʦʟʚôʷʟʦʢ ʟʘʜʘʯʽ ʪʘʢʠʡ [89]: 

 

0 (erf( ) erf( ) erf( )
2 2 2

x y z
T T

at at at
= Ö Ö Ö . 
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ɿʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʜʣʷ ʪʦʯʢʠ x = 1 ʤ, y = 1 ʤ, z=1 ʤ 

ʧʨʠ a = 1, T0=2300 
0
ʉ. ʈʦʟʤʽʨʠ ʧʣʘʩʪʠʥʠ 25 ʤ Ĭ 25ʤĬ 25ʤ. 

ʋ ʪʘʙʣ. 2.9 ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʙʘʟʽ 

ʘʥʘʣʽʪʠʯʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʪʘ ʧʦʙʫʜʦʚʘʥʦʾ ʯʠʩʝʣʴʥʦʾ ʤʦʜʝʣʽ. 

 

ʊʘʙʣʠʮʷ 2.9 ï ʊʝʩʪʫʚʘʥʥʷ ʤʦʜʝʣʽ 

ʏʘʩ, ʩ ɸʥʘʣʽʪʠʯʥʠʡ 

ʨʦʟʚôʷʟʦʢ 

ʏʠʩʝʣʴʥʠʡ 

ʨʦʟʚôʷʟʦʢ  

(ʤʦʜʝʣʴ 1) 

ʏʠʩʝʣʴʥʠʡ 

ʨʦʟʚôʷʟʦʢ  

(ʤʦʜʝʣʴ 2) 

9,76 13,11 
0
ʉ 13,16

0
ʉ 13,20 

12,76 8,71
0
ʉ 8,93

0
ʉ 8,95 

17,30 5,52
0
ʉ 5,82

0
ʉ 5,84 

 

ɼʘʥʽ ʟ ʪʘʙʣ. 2.9 ʩʚʽʜʯʘʪʴ ʧʨʦ ʘʜʝʢʚʘʪʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʦʾ ʯʠʩʝʣʴʥʦʾ 

ʤʦʜʝʣʽ. 

ʅʠʞʯʝ ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʟ ʚʠʟʥʘʯʝʥʥ ̫

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʭʠʩʥʦʛʦ ʙʘʨôʻʨʘ ʟ çTX Activeè ʧʦʚʝʨʭʥʝʶ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʚʠʢʦʥʫʚʘʣʦʩʷ ʟʘ ʪʘʢʠʭ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ: ʨʦʟʤʽʨʠ ʨʦʟʨʘʭʫʥʢʦʚʦʾ 

ʦʙʣʘʩʪʽ 25 ʤ Ĭ 25 ʤ Ĭ 12 ʤ; ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʝʤʽʩʽʾ  ʭNOQ =1 (ʫ ʙʝʟʨʦʟʤʽʨʥʦʤʫ 

ʚʠʛʣʷʜʽ), ʟ ʷʢʠʭ 2NO  ʩʪʘʥʦʚʠʪʴ 5 % ʚʽʜ ʚʠʢʠʜʫ ʭNO , ʘ NO  ï 95 %; ʰʚʠʜʢʽʩʪʴ 

ʧʦʚʽʪʨʷ 5.2 ʤ/ʩ. ʋ ʧʝʨʝʨʽʟʽ x=11 ʤ, y=11 ʤ ʨʦʟʪʘʰʦʚʘʥʠʡ ʘʚʪʦʤʦʙʽʣʴ, ʚʠʩʦʪʘ 

ʙʘʨôʻʨʘ 3 ʤ (ʨʠʩ. 2.65). 

 

 

ʈʠʩʫʥʦʢ 2.65 ï ʉʭʝʤʘ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ (ʧʝʨʝʨʽʟ z=0,7 ʤ): 

1 ï ʘʚʪʦʤʦʙʽʣʴ; 2 ï ʙʘʨôʻʨ ʟ çTX Activeè ʧʦʚʝʨʭʥʝʶ. 
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ʅʠʞʯʝ ʥʘʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʢʦʚʫ ʩʭʝʤʫ (ʧʝʨʝʨʽʟ y=12 ʤ) ʜʣʷ ʢʦʞʥʦʛʦ 

ʩʮʝʥʘʨʽʶ ʜʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʙʘʨôʻʨʘ, ʱʦ 

ʤʘʻ çTX Activeè ʧʦʚʝʨʭʥʶ: 

1. ʉʮʝʥʘʨʽʡ 1. ɺʝʨʪʠʢʘʣʴʥʠʡ ʙʘʨôʻʨ ʤʘʻ çTX Activeè ʧʦʚʝʨʭʥʶ ʪʽʣʴʢʠ 

ʥʘ ʥʘʚʽʪʨʷʥʦʤʫ ʙʦʮʽ (ʨʠʩ. 2.66). 

2. ʉʮʝʥʘʨʽʡ 2. ɺʝʨʪʠʢʘʣʴʥʠʡ ʙʘʨôʻʨ ʤʘʻ çTX Activeè ʧʦʚʝʨʭʥʶ ʥʘ 

ʥʘʚʽʪʨʷʥʦʤʫ ʪʘ ʥʘ ʧʽʜʚʽʪʨʷʥʦʤʫ ʙʦʮʽ (ʨʠʩ. 2.67). 

 

 

 

ʈʠʩʫʥʦʢ 2.66 ï ʉʭʝʤʘ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ (ʩʮʝʥʘʨʽʡ 1): 

1 ï ʢʦʨʧʫʩ ʘʚʪʦʤʦʙʽʣʷ; 2 ï ʤʽʩʮʝ ʝʤʽʩʽʾ ʟʘʙʨʫʜʥʶʚʘʯʘ; 3 ï ʙʘʨôʻʨ; 4 ï 

çTX Activeè ʧʦʚʝʨʭʥʷ. 

 

 

 

ʈʠʩʫʥʦʢ 2.67 ï ʉʭʝʤʘ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ (ʩʮʝʥʘʨʽʡ 2): 

1 ï ʢʦʨʧʫʩ ʘʚʪʦʤʦʙʽʣʷ; 2 ï ʤʽʩʮʝ ʝʤʽʩʽʾ ʟʘʙʨʫʜʥʶʚʘʯʘ; 3 ï ʙʘʨôʻʨ; 4 ï 

çTX Activeè ʧʦʚʝʨʭʥʷ; 5 ï çTX Activeè ʧʦʚʝʨʭʥʷ. 
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ʆʙʣʘʩʪʴ ʟʘʙʨʫʜʥʝʥʥʷ (ʨʦʟʧʦʜʽʣ ʢʦʥʮʝʥʪʨʘʮʽʾ NO, ʙʝʟʨʦʟʤʽʨʥʝ ʟʥʘʯʝʥʥʷ 

Ĭ10
2
) ʜʣʷ ʧʝʨʝʨʽʟʫ y=12 ʤ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 2.68, 2.69. 

 

 

 

ʈʠʩʫʥʦʢ 2.68 ï ɿʦʥʘ ʟʘʙʨʫʜʥʝʥʥʷ (ʩʮʝʥʘʨʽʡ 1): 

1 ï ʢʦʨʧʫʩ ʘʚʪʦʤʦʙʽʣʷ; 2 ï ʙʘʨôʻʨ; 3 ï ʉ=0,67; 4 ï ʉ=1,50. 

 

 

 

ʈʠʩʫʥʦʢ 2.69 ï ɿʦʥʘ ʟʘʙʨʫʜʥʝʥʥʷ (ʩʮʝʥʘʨʽʡ 2): 

1 ï ʢʦʨʧʫʩ ʘʚʪʦʤʦʙʽʣʷ; 2 ï ʙʘʨôʻʨ; 3 ï ʉ=0,67; 4 ï ʉ=1,50. 

 

ʗʢʱʦ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʢʦʥʮʝʥʪʨʘʮʽʡʥʽ ʧʦʣʷ, ʥʘʚʝʜʝʥʽ ʥʘ ʮʠʭ ʨʠʩʫʥʢʘʭ, 

ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʪʘʢʫ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ: ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ çTX Activeè ʧʦʚʝʨʭʥʽ 

(ʩʮʝʥʘʨʽʡ 2) ʢʦʥʮʝʥʪʨʘʮʽʷ ʙʽʣʷ ʮʽʻʾ ʧʦʚʝʨʭʥʽ ʜʦʨʽʚʥʶʻ ʥʫʣʶ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ çTX Activeè ʧʦʚʝʨʭʥʽ ʥʘ ʟʥʠʞʝʥʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦʤʽʰʢʠ ʚ ʨʦʙʦʯʠʡ ʟʦʥʽ ʟʘ ʙʘʨôʻʨʦʤ ʫ ʪʘʙʣ. 2.10 ʥʘʚʝʜʝʥʦ 
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ʙʝʟʨʦʟʤʽʨʥʝ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ NO ʫ ʮʽʡ ʨʦʙʦʯʠʡ ʟʦʥʽ ʥʘ ʚʠʩʦʪʽ 1.5 ʤ ʪʘ 

ʥʘ ʨʽʟʥʽʡ ʚʽʜʩʪʘʥʽ. 

 

ʊʘʙʣʠʮʷ 2.10 ï ɿʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ NO ʚ ʨʦʙʦʯʠʡ ʟʦʥʽ 

ɺʽʜʩʪʘʥʴ ʚʽʜ 

ʙʘʨôʻʨʘ, ʤ 

ɹʘʟʦʚʠʡ (ʙʘʨôʻʨ 

ʙʝʟ çTX Activeè 

ʧʦʚʝʨʭʥʽ) 

ʉʮʝʥʘʨʽʡ 1 

(çTX Activeè 

ʧʦʚʝʨʭʥʷ ʣʠʰʝ ʟ 

ʦʜʥʦʛʦ ʙʦʢʫ 

ʙʘʨôʻʨʘ) 

ʉʮʝʥʘʨʽʡ 2 

(çTX Activeè 

ʧʦʚʝʨʭʥʷ ʟ ʜʚʦʭ 

ʙʦʢʽʚ ʙʘʨôʻʨʘ) 

1,5 0,0153 0,0087 0,0012 

2,5 0,0146 0,0083 0,0018 

3,5 0,0140 0,0080 0,0022 

4,5 0,0135 0,0077 0,0024 

5,5 0,0126 0,0075 0,0025 

 

ʗʢ ʤʠ ʙʘʯʠʤʦ ʟ ʮʽʻʾ ʪʘʙʣʠʮʽ, ʚʠʢʦʨʠʩʪʘʥʥʷ çTX Activeè ʧʦʚʝʨʭʥʽ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʩʫʪʪʻʚʦ ʟʤʝʥʰʠʪʠ ʢʦʥʮʝʥʪʨʘʮʽʶ ʟʘʙʨʫʜʥʶʚʘʯʘ ʚ ʨʦʙʦʯʠʡ ʟʦʥʽ. 

ʊʘʢ, ʜʣʷ ʩʮʝʥʘʨʽʶ 2 ʥʘ ʚʽʜʩʪʘʥʽ 5.5 ʤ ʚʽʜ ʟʘʭʠʩʥʦʛʦ ʙʘʨôʻʨʘ ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʜʦʤʽʰʢʠ ʤʘʡʞʝ ʚ 5 ʨʘʟʽʚ ʥʠʞʯʘ, ʥʽʞ ʜʣʷ ʩʮʝʥʘʨʽʶ 1. 

ʅʘ ʨʠʩ. 2.70 ʫ ʛʨʘʬʽʯʥʦʤʫ ʚʠʛʣʷʜʽ ʧʦʢʘʟʘʥʦ ʟʤʽʥʫ ʢʦʥʮʝʥʪʨʘʮʽʾ 

(ʙʝʟʨʦʟʤʽʨʥʦʾ) ʚ ʨʦʙʦʯʠʡ ʟʦʥʽ ʟʘ ʙʘʨôʻʨʦʤ ʥʘ ʚʠʩʦʪʽ 1.5 ʤ ʜʣʷ ʩʮʝʥʘʨʽʶ 2. 

 

                                                                                  

 

 

ʈʠʩʫʥʦʢ 2.70 ï ɿʤʽʥʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦʤʽʰʢʠ ʚ ʨʦʙʦʯʠʡ ʟʦʥʽ ʟʘ ʙʘʨôʻʨʦʤ 

(ʩʮʝʥʘʨʽʡ 2) 

0,0000

0,0005

0,0010

0,0015

0,0020

0,0025

1,5 2,5 3,5 4,5 5,5
ʭ, ʤ

ʉ, ʛ/ʤ
3

0,0000

0,0005

0,0010

0,0015

0,0020

0,0025

1,5 2,5 3,5 4,5 5,5
ʭ, ʤ

ʉ, ʛ/ʤ
3
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ɿ ʨʠʩ. 2.70 ʤʦʞʥʘ ʙʘʯʠʪʠ, ʱʦ ʘʢʪʠʚʥʝ ʟʨʦʩʪʘʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦʤʽʰʢʠ 

ʟʘ ʙʘʨôʻʨʦʤ ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʧʦʟʥʘʯʢʠ ʧʦʨʷʜʢʫ ʭ=2,5 ʤ. ʊʦʙʪʦ çʟʘʭʠʩʥʠʡ 

ʚʧʣʠʚè ʙʘʨôʻʨʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʤʝʞʘʭ ʜʦ 2,5 ʤ. 

 

 

2.5 ɺʠʢʦʨʠʩʪʘʥʥʷ çTX Activeè ʧʦʚʝʨʭʥʽ ʥʘ ʙʫʜʽʚʣʷʭ ʜʣʷ ʟʥʠʞʝʥʥʷ 

ʨʽʚʥʷ ʭʽʤʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʨʦʙʦʯʠʭ ʟʦʥʘʭ 

 

ɯʜʝʷ ʚʠʢʦʨʠʩʪʘʥʥʷ çphotocatalyticè ʧʦʚʝʨʭʦʥʴ (çTX Activeè) ʜʣʷ 

ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʭʽʤʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʨʦʙʦʯʠʭ ʟʦʥʘʭ ʙʫʣʘ ʟʘʧʨʦʧʦʥʦʚʘʥʘ 

ʟʘ ʢʦʨʜʦʥʦʤ ʽ ʚʧʨʦʚʘʜʞʝʥʘ ʫ ʚʠʛʣʷʜʽ ʧʦʢʨʠʪʪʷ ʜʣʷ ʨʽʟʥʠʭ ʙʫʜʽʚʝʣʴ. 

ʅʘʧʨʠʢʣʘʜ, ʥʘ ʨʠʩ. 2.71 ʧʦʢʘʟʘʥʦ ʤʘʡʜʘʥʯʠʢ ʙʽʣʷ ʛʘʨʘʞʽʚ, ʜʝ  ̒ʚʠʢʠʜʠ ʨʽʟʥʠʭ 

ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ. ʅʘ ʮʴʦʤʫ ʤʘʡʜʘʥʯʠʢʫ ʧʦʙʫʜʦʚʘʥʦ ʙʫʜʽʚʣʶ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʘʢʠʭ ʧʦʚʝʨʭʦʥʴ. 

 

  

 

ʈʠʩʫʥʦʢ 2.71 ï ɹʫʜʽʚʣʷ ʛʘʨʘʞʘ ʟ çTX Activeè ʧʦʚʝʨʭʥʝʶ (ʧʨʘʚʦʨʫʯ) [168] 

 

ʇʨʦʻʢʪʫʶʯʠ ʙʫʜʽʚʣ ̔ ʟ ʪʘʢʠʤʠ ʧʦʚʝʨʭʥʷʤʠ, ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʥʠʞʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʙʨʫʜʥʶʚʘʯʘ ʚ ʨʦʙʦʯʠʭ ʟʦʥʘʭ. ɸʣʝ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ çTX Activeè ʧʦʚʝʨʭʦʥʴ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ 

ʬʘʢʪʦʨʽʚ: ʚʠʩʦʪʠ ʙʫʜʽʚʣʽ, ʨʦʟʪʘʰʫʚʘʥʥʷ ʙʫʜʽʚʝʣʴ ʚʽʜʥʦʩʥʦ ʜʞʝʨʝʣʘ 

ʟʘʙʨʫʜʥʝʥʥʷ, ʰʚʠʜʢʦʩʪʽ ʧʦʚʽʪʨʷ ʪʦʱʦ. ʋ ʟʚôʷʟʢʫ ʽʟ ʮʠʤ ʜʣʷ ʧʨʘʢʪʠʢʠ ʜʫʞʝ 
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ʚʘʞʣʠʚʠʤ ʻ ʩʪʚʦʨʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʘʜʝʢʚʘʪʥʦ 

ʚʠʟʥʘʯʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʮʠʭ ʧʦʚʝʨʭʦʥʴ ʜʣʷ ʟʘʭʠʩʪʫ ʨʦʙʦʯʠʭ ʟʦʥ ʚʽʜ 

ʟʘʙʨʫʜʥʝʥʥʷ. ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʮʽʻʾ ʟʘʜʘʯʽ ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʦ ʤʘʪʝʤʘʪʠʯʥʫ 

ʤʦʜʝʣʴ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʘʢʠʭ ʨʽʚʥʷʥ ɹʤʝʭʘʥʽʢʠ ʩʫʮʽʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ [77, 

109]: 

 

 

1

( ) (y )

ʭ ʫ

N

i i i

i

S uS vS S S

t x y x x y y

Q x x y
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å õ å õµ µ µ µ µ µ µ
+ + = + +æ ö æ ö

µ µ µ µ µ µ µç ÷ ç ÷
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(2.37) 
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.      (2.39) 

 

ʜʝ S ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʙʨʫʜʥʶʚʘʯʘ; 

u, v ï ʧʨʦ̒ʢʮʽʾ ʚʝʢʪʦʨʘ ʰʚʠʜʢʦʩʪʽ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʥʘ ʦʩʽ ʜʝʢʘʨʪʦʚʦʾ 

ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ; 

,x ym m ï ʢʦʝʬʽʮʽʻʥʪʠ ʪʫʨʙʫʣʝʥʪʥʦʾ ʜʠʬʫʟʽʾ; 

)(tQi  ï ̔ ʥʪʝʥʩʠʚʥʽʩʪʴ ʝʤʽʩʽʾ ʟ ʟʘʙʨʫʜʥʶʚʘʯʘ (t ï ʯʘʩ); 

,i ix y  ï ʢʦʦʨʜʠʥʘʪʠ ʜʞʝʨʝʣʘ ʝʤʽʩʽʾ; 

)( ixx-d , )( iyy-d  ï ʜʝʣʴʪʘ-ʬʫʥʢʮʽʷ ɼʽʨʘʢʘ; 

P ï ʧʦʪʝʥʮʽʘʣ ʰʚʠʜʢʦʩʪʽ. 

ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ ʜʣʷ ʤʦʜʝʣʶʶʯʠʭ ʨʽʚʥʷʥʴ [109]: 

1. 0=
µ

µ

n

P
 ï ʥʘ ʥʝʧʨʦʥʠʢʣʠʚʠʭ ʤʝʞʘʭ. 

2. 0=
µ

µ

n

P
 ï ʥʘ ʚʝʨʭʥʽʡ ʤʝʞʽ. 
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3. nV
n

P
=

µ

µ
 ï ʥʘ ʤʝʞʽ, ʜʝ ʧʦʪʽʢ ʚʭʦʜʠʪʴ ʜʦ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ, (nV  ï 

ʰʚʠʜʢʽʩʪʴ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ). 

4. P=const ï ʥʘ ʤʝʞʽ, ʜʝ ʧʦʪʽʢ çʚʠʭʦʜʠʪʴè ʽʟ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ. 

5. ʅʘ ʤʝʞʽ, ʜʝ ʧʦʪʽʢ ʚʭʦʜʠʪʴ ʫ ʨʦʟʨʘʭʫʥʢʦʚʫ ʦʙʣʘʩʪʴ: 0S= . 

6. ʅʘ ʤʝʞʽ, ʜʝ ʧʦʪʽʢ çʚʠʭʦʜʠʪʴè ʽʟ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ: 
2

0.
ɻ

S

n

µ
=

µ
 

7. ʅʘ ʤʝʞʽ 0y=  ʪʘ yy L=  ( yL  ï ʚʝʨʭʥʷ ʤʝʞʘ ʦʙʣʘʩʪʽ): 

 

0
S

n

µ
=

µ
, 

 

ʜʝ n ï ʦʜʠʥʠʯʥʠʡ ʚʝʢʪʦʨ ʟʦʚʥʽʰʥʴʦʾ ʥʦʨʤʘʣʽ ʜʦ ʧʦʚʝʨʭʥʽ. 

ɼʣʷ ʤʦʤʝʥʪʫ ʯʘʩʫ 0t=  ʧʦʯʘʪʢʦʚʘ ʫʤʦʚʘ ʟʘʧʠʩʫʻʪʴʩʷ ʪʘʢ: 0S= . 

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʧʦʛʣʠʥʘʥʥʷ çTX Activeè ʧʦʚʝʨʭʥʝʶ ʙʫʜʝʤʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘ ʮʽʡ ʧʦʚʝʨʭʥʽ ʪʘʢʫ ʛʨʘʥʠʯʥʫ ʫʤʦʚʫ (ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʽʾ NO): 

 

S=0. 

 

ʇʨʦʮʝʜʫʨʘ ʨʦʟʨʘʭʫʥʢʫ ʧʦʛʣʠʥʘʥʥʷ ʟʘʙʨʫʜʥʶʚʘʯʘ ʧʦʚʝʨʭʥʝʶ ʦʧʠʩʘʥʘ 

ʨʘʥʽʰʝ (ʧ. 2.4). 

ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʨʽʚʥʷʥʥʷ ʜʣʷ ʧʦʪʝʥʮʽʘʣʫ ʰʚʠʜʢʦʩʪʽ ʟʘʧʠʰʝʤʦ ʡʦʛʦ 

ʪʘʢʠʤ ʯʠʥʦʤ [100]: 

 

2 2

2 2

P P P

t x y

µ µ µ
= +

µ µ µ
,     (2.40) 

 

ʜʝ t ï ʬʽʢʪʠʚʥʠʡ ʯʘʩ. 

ɼʘʣʽ ʜʣʷ ʨʽʚʥʷʥʥʷ (2.40) ʟʜʽʡʩʥʠʤʦ ʛʝʦʤʝʪʨʠʯʥʝ ʨʦʟʱʝʧʣʝʥʥʷ [100]: 
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2

2

P P

t x

µ µ
=

µ µ
,     (2.41) 

2

2

P P

t y

µ µ
=

µ µ
.     (2.42) 

 

ʈʦʟʨʘʭʫʥʢʦʚʘ ʟʘʣʝʞʥʽʩʪʴ (ʷʚʥʘ ʨʽʟʥʠʮʝʚʘ ʩʭʝʤʘ) ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʥʝʚʽʜʦʤʦʛʦ ʟʥʘʯʝʥʥʷ ʈ ʥʘ ʙʘʟʽ ʨʽʚʥʷʥʥʷ (2.41) ʤʘ ̒ʚʠʛʣʷʜ [99]: 

 

1, , , 1,1

, , 2 2

n n n n

i j i j i j i jn n

i j i j

P P P P
P P t t

x x

+ -+
- - +

= + +
D D

.

 

 

ʈʦʟʨʘʭʫʥʢʦʚʘ ʟʘʣʝʞʥʽʩʪʴ (ʷʚʥʘ ʨʽʟʥʠʮʝʚʘ ʩʭʝʤʘ) ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʥʝʚʽʜʦʤʦʛʦ ʟʥʘʯʝʥʥʷ ʈ ʥʘ ʙʘʟʽ ʨʽʚʥʷʥʥʷ (2.42) ʤʘ ̒ʚʠʛʣʷʜ [99]: 

 

, 1 , , , 11

, , 2 2

n n n n

i j i j i j i jn n

i j i j

P P P P
P P t t

y y

+ -+
- - +

= + +
D D

. 

 

ʆʩʢʽʣʴʢʠ ʨʦʟʚôʷʟʫʻʪʴʩʷ ʝʚʦʣʶʮʽʡʥʝ ʨʽʚʥʷʥʥʷ, ʪʦ ʨʦʟʨʘʭʫʥʦʢ ʟʘ ʮʠʤʠ 

ʟʘʣʝʞʥʦʩʪʷʤʠ ʟʘʢʽʥʯʫʻʪʴʩʷ ʪʦʜʽ, ʢʦʣʠ ʚʠʢʦʥʫʻʪʴʩʷ ʫʤʦʚʘ 

 

1

, ,

n n

i j i jP P e+- ¢ , 

 

ʜʝ Ů ï ʤʘʣʝ ʯʠʩʣʦ; 

n ï ʥʦʤʝʨ ʽʪʝʨʘʮʽʾ. 

ʐʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ: 

 

1, ,i j i jP P
u

x

+ -
=

D
      

, 1 ,i j i jP P
v

y

+-
=

D
. 
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ɼʣʷ ʯʠʩʝʣʴʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʨʽʚʥʷʥʥʷ ʧʝʨʝʥʦʩʫ ʟʘʙʨʫʜʥʶʚʘʯʘ ʟʜʽʡʩʥʠʤʦ 

ʡʦʛʦ ʛʝʦʤʝʪʨʠʯʥʝ ʨʦʟʱʝʧʣʝʥʥʷ ʪʘ ʨʦʟʱʝʧʣʝʥʥʷ ʟʘ ʬʽʟʠʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ: 

 

0
S uS

t x

µ µ
+ =

µ µ  

     
0

S vS

t y

µ µ
+ =

µ µ     (2.43)  

1

( ) (y ).
N

ʭ ʫ i i i

i

S S S S
Q x x y

t x x y y t
m m d d

=

å õ å õµ µ µ µ µ µ
= + + = - -æ ö æ ö

µ µ µ µ µ µç ÷ ç ÷
ä  

 

ɼʣʷ ʯʠʩʝʣʴʥʦʛʦ ʽʥʪʝʛʨʫʚʘʥʥʷ ʧʝʨʰʦʛʦ ʨʽʚʥʷʥʥʷ ʟ (2.43) ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 

ʪʘʢʘ ʜʚʦʢʨʦʢʦʚʘ ʩʭʝʤʘ ʨʦʟʱʝʧʣʝʥʥʷ [109]: 

- ʥʘ ʧʝʨʰʦʤʫ ʢʨʦʮʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʴ: 

 

1 1

1 2 2
1, , , 1,2

, ,

n n

n
i j i j i j i jn

i j i j

u S u S
S S t

x

+ +
+ +

+
+ --

= -D
D

, 

 

- ʥʘ ʜʨʫʛʦʤʫ ʢʨʦʮʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʴ: 

 

1 11
1, 1, , ,1 2

, ,

n n
n

i j i j i j i jn

i j i j

u S u S
S S t

x

- + - +
+

+ ++
-

= -D
D

, 

 

ʜʝ 
2

u u
u+

+
= , 

2

u u
u-

-
= . 

ɼʣʷ ʯʠʩʝʣʴʥʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ ʧʝʨʰʦʛʦ ʪʘ ʜʨʫʛʦʛʦ ʨʽʚʥʷʥʥʷ ʟ̔ ʩʠʩʪʝʤʠ 

(2.43) ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʪʘʢʘ ʜʚʦʢʨʦʢʦʚʘ ʩʭʝʤʘ ʨʦʟʱʝʧʣʝʥʥʷ: 

- ʥʘ ʧʝʨʰʦʤʫ ʢʨʦʮʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʴ: 
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1 1

1 2 2
, 1 , , , 12

, ,

n n

n
i j i j i j i jn

i j i j

v S v S
S S t

y

+ +
+ +

+
+ --

= -D
D

, 

 

- ʥʘ ʜʨʫʛʦʤʫ ʢʨʦʮʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʴ: 

 

1 11
, 1 , 1 , ,1 2

, ,

n n
n

i j i j i j i jn

i j i j

v S v S
S S t

y

- + - +
+

+ ++
-

= -D
D

, 

 

ʜʝ 
2

v v
v+

+
= , 

2

v v
v-

-
= . 

ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʪʨʝʪʴʦʛʦ ʨʽʚʥʷʥʥʷ ʟ̔ ʩʠʩʪʝʤʠ (2.43) (ʨʽʚʥʷʥʥʷ ʧʝʨʝʥʦʩʫ 

ʟʘ ʨʘʭʫʥʦʢ ʜʠʬʫʟʽʾ) ʚʠʢʦʥʘʻʤʦ ʡʦʛʦ ʛʝʦʤʝʪʨʠʯʥʝ ʨʦʟʱʝʧʣʝʥʥʷ ʪʘʢʠʤ ʯʠʥʦʤ: 

 

ʭ

S S

t x x
m
å õµ µ µ

= æ ö
µ µ µç ÷,     (2.44) 

ʫ

S S

t y y
m
å õµ µ µ

= æ ö
µ µ µç ÷.      (2.45) 

 

ʈʦʟʨʘʭʫʥʢʦʚʘ ʟʘʣʝʞʥʽʩʪʴ (ʷʚʥʘ ʨʽʟʥʠʮʝʚʘ ʩʭʝʤʘ) ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʥʝʚʽʜʦʤʦʛʦ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟ ʨʽʚʥʷʥʥʷ (2.44) ʤʘʻ ʚʠʛʣʷʜ [100]: 

 

1, , , 1,1

, , 2 2

n n n n

i j i j i j i jn n

i j i j x x

C C C C
C C t t

x x

+ -+
- - +

= + m + m
D D

. 

 

ʈʦʟʨʘʭʫʥʢʦʚʘ ʟʘʣʝʞʥʽʩʪʴ (ʷʚʥʘ ʨʽʟʥʠʮʝʚʘ ʩʭʝʤʘ) ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʥʝʚʽʜʦʤʦʛʦ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟ ʜʨʫʛʦʛʦ ʨʽʚʥʷʥʥʷ ʽʟ ʩʠʩʪʝʤʠ (2.45) ʤʘʻ 

ʚʠʛʣʷʜ: 
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1, , , 1,1

, , 2 2

n n n n

i j i j i j i jn n

i j i j y y

C C C C
C C t t

y y

+ -+
- - +

= + m + m
D D

. 

 

ʊʦʙʪʦ ʥʝʚʽʜʦʤʝ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʷʚʥʦʶ 

ʬʦʨʤʫʣʦʶ. 

ɼʣʷ ʯʠʩʝʣʴʥʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ ʦʩʪʘʥʥʴʦʛʦ ʨʽʚʥʷʥʥʷ ʟ̔ ʩʠʩʪʝʤʠ (2.43) 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʪʦʜ ɽʡʣʝʨʘ [100]. 

ʅʘ ʙʘʟʽ ʨʦʟʨʦʙʣʝʥʦʾ ʯʠʩʝʣʴʥʦʾ ʤʦʜʝʣʽ ʩʪʚʦʨʝʥʦ ʢʦʜ WALL -TX, ʤʦʚʘ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ï FORTRAN. ɼʦ ʩʢʣʘʜʫ ʢʦʜʫ ʚʭʦʜʷʪʴ: 

ï Wa0.DAT ï ʬʘʡʣ ʧʦʯʘʪʢʦʚʠʭ ʜʘʥʠʭ; 

ï WaK1 ï ʧʽʜʧʨʦʛʨʘʤʘ ʪʠʧʫ SUBROUTINE ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 2D ʧʦʣʷ 

ʧʦʪʝʥʮʽʘʣʫ ʰʚʠʜʢʦʩʪʽ ʚ ʦʙʣʘʩʪʽ ʜʦʩʣʽʜʞʝʥʥʷ; 

ï WaK2 ï ʧʽʜʧʨʦʛʨʘʤʘ ʪʠʧʫ SUBROUTINE ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʥʘʯʝʥʥʷ 

2D ʧʦʣʷ ʰʚʠʜʢʦʩʪʽ ʧʦʚʽʪʨʷ ʚ ʦʙʣʘʩʪʽ ʜʦʩʣʽʜʞʝʥʥʷ; 

ï WaK3 ï ʧʽʜʧʨʦʛʨʘʤʘ ʪʠʧʫ SUBROUTINE ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʛʨʘʥʠʯʥʠʭ 

ʫʤʦʚ ʧʨʠ ʨʦʟʚôʷʟʘʥʥʽ ʨʽʚʥʷʥʥʷ ʜʣʷ ʧʦʪʝʥʮʽʘʣʫ ʰʚʠʜʢʦʩʪʽ; 

ï WaKA ï ʧʽʜʧʨʦʛʨʘʤʘ ʪʠʧʫ SUBROUTINE ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʨʽʚʥʷʥʥʷ 

ʤʘʩʦʧʝʨʝʥʦʩʫ ʟʘ ʨʘʭʫʥʦʢ ʢʦʥʚʝʢʮʽʾ; 

ï WaK2A ï ʧʽʜʧʨʦʛʨʘʤʘ ʪʠʧʫ SUBROUTINE ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʨʽʚʥʷʥʥʷ 

ʤʘʩʦʧʝʨʝʥʦʩʫ ʟʘ ʨʘʭʫʥʦʢ ʜʠʬʫʟʽʾ; 

ï WaK4 ï ʧʽʜʧʨʦʛʨʘʤʘ ʪʠʧʫ SUBROUTINE ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʛʨʘʥʠʯʥʠʭ 

ʫʤʦʚ ʧʨʠ ʨʦʟʚôʷʟʘʥʥʽ ʨʽʚʥʷʥʥʷ ʜʣʷ ʤʘʩʦʧʝʨʝʥʦʩʫ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ; 

ï WaK5 ï ʧʽʜʧʨʦʛʨʘʤʘ ʪʠʧʫ SUBROUTINE ʜʣʷ ʜʨʫʢʫ ʨʦʟʨʘʭʦʚʘʥʦʛʦ 

ʧʦʣʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʚ ʦʙʣʘʩʪʽ ʜʦʩʣʽʜʞʝʥʥʷ; 

ï WaT ï ʧʽʜʧʨʦʛʨʘʤʘ ʪʠʧʫ SUBROUTINE ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʟʘ ʤʝʪʦʜʦʤ 

ɽʡʣʝʨʘ ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʙʨʫʜʥʶʚʘʯʘ ʧʽʜ ʜʽʻʶ ʜʞʝʨʝʣʘ ʚʠʢʠʜʫ. 

ɸʣʛʦʨʠʪʤ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʪʘʢʠʡ: 

1. ʋ ʬʘʡʣ ʧʦʯʘʪʢʦʚʠʭ ʜʘʥʠʭ ʚʚʦʜʠʪʴʩʷ ʽʥʬʦʨʤʘʮʽʷ ʱʦʜʦ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʙʫʜʽʚʝʣʴ ʫ ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʦʙʣʘʩʪʽ, ʧʦʣʦʞʝʥʥʷ çTX Activeè ʧʦʚʝʨʭʦʥʴ ʥʘ 
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ʙʫʜʽʚʣʷʭ, ʛʝʦʤʝʪʨʠʯʥʘ ʬʦʨʤʘ ʙʫʜʽʚʝʣʴ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʝʤʽʩʽʾ ʟʘʙʨʫʜʥʶʚʘʯʽʚ 

ʪʦʱʦ. 

2. ɿʜʽʡʩʥʶʻʪʴʩʷ ʯʠʩʝʣʴʥʝ ʨʦʟʚôʷʟʘʥʥʷ 2D-ʨʽʚʥʷʥʥʷ ʜʣʷ ʧʦʪʝʥʮʽʘʣʫ 

ʰʚʠʜʢʦʩʪʽ. 

3. ɺʠʟʥʘʯʘʻʪʴʩʷ 2D-ʧʦʣʝ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ ʧʦʚʽʪʨʷ ʚ ʦʙʣʘʩʪʽ 

ʜʦʩʣʽʜʞʝʥʥʷ.  

4. ʈʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʤʽʥʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʚʥʘʩʣʽʜʦʢ ʾʭʥʴʦʾ 

ʝʤʽʩʽʾ. 

5. ʈʦʟʨʘʭʦʚʫʻʪʴʩʷ 2D-ʧʨʦʮʝʩ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʘ ʜʠʬʫʟʽʡʥʦʛʦ ʧʝʨʝʥʦʩʫ 

ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʫ ʦʙʣʘʩʪʽ ʜʦʩʣʽʜʞʝʥʥʷ. 

6. ʈʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʤʽʥʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʚʥʘʩʣʽʜʦʢ 

ʧʦʛʣʠʥʘʥʥʷ çTX Activeè ʧʦʚʝʨʭʥʝʶ ʥʘ ʙʫʜʽʚʣʷʭ. 

7. ɿʜʽʡʩʥʶʻʪʴʩʷ ʜʨʫʢ ʧʦʣʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʫ ʨʦʟʨʘʭʫʥʢʦʚʽʡ 

ʦʙʣʘʩʪʽ ʜʣʷ ʤʦʤʝʥʪʫ ʯʘʩʫ t
n+1.

. 

8. ʈʦʟʨʘʭʫʥʦʢ ʧʦʚʪʦʨʶʻʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʜʣʷ ʥʦʚʦʛʦ ʤʦʤʝʥʪʫ ʯʘʩʫ t
n+1

. 

ɺʠʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ: 

1. ɼʘʥʽ ʱʦʜʦ ʧʦʣʦʞʝʥʥʷ çTX Activeè ʧʦʚʝʨʭʥʽ ʥʘ ʙʫʜʽʚʣʷʭ. 

2. ʌʦʨʤʘ ʪʘ ʧʦʣʦʞʝʥʥʷ ʜʞʝʨʝʣʘ ʟʘʙʨʫʜʥʝʥʥʷ. 

3. ʌʦʨʤʘ ʪʘ ʧʦʣʦʞʝʥʥʷ ʙʫʜʽʚʝʣʴ. 

4. ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʝʤʽʩʽʾ ʟʘʙʨʫʜʥʶʚʘʯʽʚ. 

5. ʐʚʠʜʢʽʩʪʴ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ. 

ɼʣʷ ʪʝʩʪʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʯʠʩʝʣʴʥʦʾ ʤʦʜʝʣʽ ʙʫʣʘ ʯʠʩʝʣʴʥʦ ʨʦʟʚôʷʟʘʥʘ 

ʟʘʜʘʯʘ, ʱʦ ʤʘʻ ʘʥʘʣʽʪʠʯʥʠʡ ʨʦʟʚôʷʟʦʢ. ʎʷ ʟʘʜʘʯʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʚʝʨʠʬʽʢʘʮʽʾ ʯʠʩʝʣʴʥʠʭ ʤʦʜʝʣʝʡ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʽʥʪʝʛʨʫʚʘʥʥʽ 

ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʨʽʚʥʷʥʥʷ ʚʠʛʣʷʜʫ (2.22). ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʧʨʦʮʝʩ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʫ ʜʚʦʚʠʤʽʨʥʽʡ ʧʣʘʩʪʠʥʽ, ʧʦʯʘʪʢʦʚʘ ʪʝʤʧʝʨʘʪʫʨʘ ʷʢʦʾ 

ʜʦʨʽʚʥʶʻ 0, ʥʘ ʫʩʽʭ ʤʝʞʘʭ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʩʪʽʡʥʘ ʪʘ ʜʦʨʽʚʥʶʻ T0. ɸʥʘʣʽʪʠʯʥʠʡ 

ʨʦʟʚôʷʟʦʢ ʟʘʜʘʯʽ ʪʘʢʠʡ [89]: 
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0 (1 erf( ) erf( ))
2 2

x y
T T

at at
= Ö - Ö . 

 

ɿʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʜʣʷ ʪʦʯʢʠ x=1 ʤ, y=1 ʤ ʧʨʠ a=1, 

T0=3200
0
ʉ. ʈʦʟʤʽʨʠ ʧʣʘʩʪʠʥʠ 25 ʤ Ĭ 25 ʤʤ. 

ʋ ʪʘʙʣ. 2.11 ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʙʘʟʽ 

ʘʥʘʣʽʪʠʯʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʪʘ ʧʦʙʫʜʦʚʘʥʦʾ ʯʠʩʝʣʴʥʦʾ ʤʦʜʝʣʽ. 

ʗʢ ʤʦʞʥʘ ʙʘʯʠʪʠ ʟ ʪʘʙʣ. 2.11, ʤʘʻʤʦ ʟʘʜʦʚʽʣʴʥʝ ʫʟʛʦʜʞʝʥʥʷ 

ʘʥʘʣʽʪʠʯʥʦʛʦ ʪʘ ʯʠʩʝʣʴʥʦʛʦ ʨʦʟʚôʷʟʢʽʚ. 

 

ʊʘʙʣʠʮʷ 2.11 ï ʈʝʟʫʣʴʪʘʪʠ ʚʝʨʠʬʽʢʘʮʽʾ ʤʦʜʝʣʽ 

ʏʘʩ, ʩ ʈʦʟʨʘʭʫʥʦʢ ʥʘ ʙʘʟʽ 

ʘʥʘʣʽʪʠʯʥʦʛʦ ʨʦʟʚôʷʟʢʫ 

ʈʦʟʨʘʭʫʥʦʢ ʥʘ ʙʘʟʽ 

ʨʦʟʨʦʙʣʝʥʦʾ ʤʦʜʝʣʽ 

9,76 3097,46 3097,88 

12,76 3122,12 3122,62 

17,30 3142,40 3142,51 

 

ɼʘʣʽ ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʟ ʚʠʟʥʘʯʝʥʥ ̫ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ çTX Activeè ʧʦʚʝʨʭʥʝʡ ʥʘ ʙʫʜʽʚʣʷʭ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʨʽʚʥʷ 

ʭʽʤʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʨʦʙʦʯʠʭ ʟʦʥʘʭ. ʄʦʜʝʣʶʚʘʥʥʷ ʚʠʢʦʥʫʚʘʣʦʩʷ ʟʘ ʪʘʢʠʭ 

ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ: ʨʦʟʤʽʨʠ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ 25 ʤ ʭ 12 ʤ; ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʝʤʽʩʽʾ  ʭNOQ =0.3 ʛ/ʩ, ʟ ʷʢʦʾ 2NO  ʩʪʘʥʦʚʠʪʴ 5 % ʚʽʜ ʚʠʢʠʜʫ ʭNO , ʘ NO  ï 95 %; 

ʰʚʠʜʢʽʩʪʴ ʧʦʚʽʪʨʷ 6 ʤ/ʩ. ʋ ʧʝʨʝʨʽʟʽ x=11ʤ  ̒ʘʚʪʦʤʦʙʽʣʴ, ʚʠʩʦʪʘ ʙʫʜʽʚʣʽ 6ʤ 

(ʨʠʩ. 2.72). 

ʈʦʟʨʘʭʫʥʦʢ ʚʠʢʦʥʫʚʘʚʩʷ ʜʣʷ ʜʚʦʭ ʩʮʝʥʘʨʽʾʚ (ʨʠʩ. 2.72): 

1. çTX Activeè ʧʦʚʝʨʭʥʽ ʥʝʤʘʻ ʥʘ ʧʨʦʤʠʩʣʦʚʠʭ ʙʫʜʽʚʣʷʭ, ʩʮʝʥʘʨʽʡ 1. 

2. çTX Activeè ʧʦʚʝʨʭʥʷ ʨʦʟʤʽʱʝʥʘ ʥʘ ʧʨʦʤʠʩʣʦʚʠʭ ʙʫʜʽʚʣʷʭ (ʧʦʚʝʨʭʥʽ 

AB, CD, ʨʠʩ. 2.72), ʩʮʝʥʘʨʽʡ 2. 
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ʈʠʩʫʥʦʢ 2.72 ï ʈʦʟʨʘʭʫʥʢʦʚʘ ʦʙʣʘʩʪʴ: 

1 ï ʤʽʩʮʝ ʝʤʽʩʽʾ; 2, 3 ï ʙʫʜʠʥʢʠ; ɸɺ, CD ï çTX Activeè ʧʦʚʝʨʭʥʷ. 

 

 

 

ʈʠʩʫʥʦʢ 2.73 ï ʈʦʟʧʦʜʽʣ ʢʦʥʮʝʥʪʨʘʮʽʾ NO (çTX Activeè ʧʦʚʝʨʭʥʷ ʥʝ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ) 
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ʈʠʩʫʥʦʢ 2.74 ï ʈʦʟʧʦʜʽʣ ʢʦʥʮʝʥʪʨʘʮʽʾ NO (çTX Activeè ʧʦʚʝʨʭʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ) 

 

ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ ʚʧʣʠʚʫ çTX 

Activeè ʧʦʚʝʨʭʥʽ ʥʘ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ ʚ ʨʦʙʦʯʠʭ ʟʦʥʘʭ 

ʨʦʟʨʘʭʫʥʢʦʚʽ ʜʘʥʽ ʧʦʜʘʥʽ ʫ ʬʦʨʤʘʪʽ çINTENGERè. ʂʦʞʥʝ ʯʠʩʣʦ ʜʝʤʦʥʩʪʨʫʻ 

ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʫ ʚʽʜʩʦʪʢʘʭ ʚʽʜ ʤʘʢʩʠʤʘʣʴʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚ 

ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʦʙʣʘʩʪʽ. ʄʘʢʩʠʤʘʣʴʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ç99%è (Cmax=0.11ʛ/ʤ
3
) 

ʚʠʷʚʣʝʥʘ ʙʽʣʷ ʘʚʪʦʤʦʙʽʣʷ, ʜʝ ʻ ʚʠʢʠʜ ʟʘʙʨʫʜʥʶʚʘʯʘ. 

ɸʥʘʣʽʟ ʢʦʥʮʝʥʪʨʘʮʽʡʥʠʭ ʧʦʣʽʚ NO ʥʘ ʥʘʚʝʜʝʥʠʭ ʨʠʩʫʥʢʘʭ ʧʦʢʘʟʫʻ, ʱʦ 

ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ çTX Activeè ʧʦʚʝʨʭʥʽ ʢʦʥʮʝʥʪʨʘʮʽʷ ʥʘ ʧʦʚʝʨʭʥʽ ʜʨʫʛʦʾ ʙʫʜʽʚʣʽ 

ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 48 % ʜʦ 16 %. ɹʽʣʷ ʧʝʨʰʦʾ ʙʫʜʽʚʣʽ ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʤʽʥʶʻʪʴʩʷ 

ʚʽʜ 5 % ʜʦ 1 %. ɸʣʝ ʫ ʨʘʟʽ ʚʠʢʦʨʠʩʪʘʥʥ ̫çTX Activeè ʧʦʚʝʨʭʥʽ ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʥʘ ʧʦʚʝʨʭʥʽ ʜʨʫʛʦʾ ʙʫʜʽʚʣʽ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 14 % ʜʦ 5 %. ɹʽʣʷ ʧʝʨʰʦʾ ʙʫʜʽʚʣʽ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʜʦʨʽʚʥʶʻ 0. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʢʦʨʠʩʪʘʥʥʷ çTX Activeè ʧʦʚʝʨʭʥʽ  

ʫ ʙʫʜʽʚʣʷʭ ʜʦʟʚʦʣʝ ʩʫʪʪʻʚʦ ʟʤʝʥʰʠʪʠ ʨʽʚʝʥʴ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ ʚ ʨʦʙʦʯʠʭ 

ʟʦʥʘʭ. 

ɿʘʫʚʘʞʠʤʦ, ʱʦ ʯʘʩ ʨʦʟʨʘʭʫʥʢʫ ʩʪʘʥʦʚʠʪʴ 7 ʩ. 
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2.6 ʆʮʽʥʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʘʨôʻʨʽʚ ʜʣʷ ʟʥʠʞʝʥʥʷ 

ʰʫʤʦʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʨʦʙʦʯʠʭ ʟʦʥʘʭ 

 

ɼʦʩʪʘʚʢʘ ʚʫʛʽʣʣʷ ʥʘ ʚʝʣʠʢʽ ʊɽʉ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘʣʽʟʥʠʯʥʠʤ ʪʨʘʥʩʧʦʨʪʦʤ 

(ʨʠʩ. 2.75). ʐʫʤ ʚʽʜ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ 

ʧʨʘʮʽʚʥʠʢʽʚ ʧʽʜʧʨʠʻʤʩʪʚʘ. ʊʦʤʫ ʚʠʥʠʢʘʻ ʧʨʦʙʣʝʤʘ ʟ ʤʽʥʽʤʽʟʘʮʽʾ ʰʫʤʦʚʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʢʦʨʠʜʦʨʽ. 

 

 

ʈʠʩʫʥʦʢ 2.75 ï ʊʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚʫʛʽʣʣʷ ʟʘʣʽʟʥʠʯʥʠʤ ʪʨʘʥʩʧʦʨʪʦʤ 

(ʬʦʪʦ: https://voxukraine.org/wp-content/uploads/2015/10/17-1024x576-1-

1.jpg) 

ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʚ ʨʘʤʢʘʭ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʚʠʦʢʨʝʤʣʶʶʪʴ ʜʚʽ ʚʘʞʣʠʚʽ 

ʟʘʜʘʯʽ. ʇʝʨʰʘ ʟʘʜʘʯʘ ï ʮʝ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʽʚʥʷ ʰʫʤʦʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʙʽʣʷ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʨʠʜʦʨʫ, ʜʨʫʛʘ ï ʟʤʝʥʰʝʥʥʷ ʰʫʤʦʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʙʽʣʷ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʨʠʜʦʨʫ. 

ɯʩʥʫʶʯʽ ʚ ʋʢʨʘʾʥʽ ʧʨʦʛʥʦʟʥʽ ʤʦʜʝʣʽ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʨʽʚʥʷ ʰʫʤʫ 

ʙʘʟʫʶʪʴʩʷ ʥʘ ʝʤʧʽʨʠʯʥʠʭ ʬʦʨʤʫʣʘʭ, ʦʪʨʠʤʘʥʠʭ ʜʣʷ ʢʦʥʢʨʝʪʥʠʭ ʫʤʦʚ, ʽ ʮʽ 

ʤʦʜʝʣʽ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʜʝʷʢʠʭ ʚʘʞʣʠʚʠʭ ʬʘʢʪʦʨʽʚ [183]. ʅʘʧʨʠʢʣʘʜ, ʨʽʚʝʥʴ 

ʰʫʤʫ ʚʽʜ ʚʘʥʪʘʞʥʦʛʦ ʧʦʪʷʛʘ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ [85]: 

 

79,4 0,233Aʤʘʢʩ AʩʪʠʢL L V= +D + ,   (2.46) 

 

ʜʝ LAʩʪʠʢ ï ʜʦʜʘʥʦʢ, ʱʦ ʚʨʘʭʦʚʫʻ ʪʠʧ ʢʦʣʽʾ; 
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V ï ʩʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ ʧʦʪʷʛʘ [85]. 

ʈ̔ ʚʝʥʴ ʰʫʤʫ ʚʽʜ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʧʦʪʷʛʘ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʽʟ ʪʘʢʦʾ 

ʟʘʣʝʞʥʦʩʪʽ [85]: 

 

82,4 0,12 .Aʤʘʢʩ AʩʪʠʢL L V= +D +   (2.47) 

 

ʊʘʢʦʞ ʧʦʜʽʙʥʽ ʝʤʧʽʨʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʤʘʶʪʴ ʜʦʜʘʪʢʦʚʽ ʝʣʝʤʝʥʪʠ, ʱʦ 

ʚʨʘʭʦʚʫʶʪʴ ʚʧʣʠʚ, ʥʘʧʨʠʢʣʘʜ, ʨʝʣʴʻʬʫ ʤʽʩʮʝʚʦʩʪʽ ʥʘ ʨʽʚʝʥʴ ʰʫʤʦʚʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥʷ. ɸʣʝ ʧʦʪʨʽʙʥʦ ʥʘʛʦʣʦʩʠʪʠ, ʱʦ ʝʤʧʽʨʠʯʥʽ ʤʦʜʝʣʽ ʮʴʦʛʦ ʢʣʘʩʫ 

ʚʠʟʥʘʯʘʶʪʴ ʨʽʚʝʥʴ ʰʫʤʫ ʣʠʰʝ ʚ ʜʝʷʢʽʡ ʪʦʯʮʽ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʘ ʥʘ ʧʝʚʥʽʡ 

ʚʽʜʩʪʘʥʽ ʚʽʜ ʜʞʝʨʝʣʘ (ʥʘʧʨʠʢʣʘʜ, ʥʘ ʚʽʜʩʪʘʥʽ 25 ʤ). ʊʦʤʫ ʥʝʜʦʣʽʢʦʤ ʪʘʢʠʭ 

ʤʦʜʝʣʝʡ ʻ ʥʝʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʰʫʤʫ ʚ ʽʥʰʠʭ ʪʦʯʢʘʭ ʪʘ 

ʥʝʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʧʦʣʷ ʘʢʫʩʪʠʯʥʦʛʦ ʪʠʩʢʫ ʙʽʣʷ ʪʨʘʩʠ. ʂʨʽʤ ʮʴʦʛʦ, 

ʨʝʣʴʻʬ ʤʽʩʮʝʚʦʩʪʽ ʘʙʦ ʽʥʰʽ ʧʝʨʝʰʢʦʜʠ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʬʦʨʤʫʚʘʥʥʷ 

ʧʦʣʷ ʘʢʫʩʪʠʯʥʦʛʦ ʪʠʩʢʫ ʚʥʘʩʣʽʜʦʢ ʽʥʪʝʨʬʝʨʝʥʮʽʾ ʟʚʫʢʦʚʠʭ ʭʚʠʣʴ. 

ʆʪʞʝ, ʝʤʧʽʨʠʯʥʽ ʤʦʜʝʣʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʧʝʨʚʠʥʥʦʛʦ ʘʥʘʣʽʟʫ 

ʟʦʥ ʰʫʤʦʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʚʽʜ ʨʽʟʥʠʭ ʜʞʝʨʝʣ. 

ɺʘʞʣʠʚʠʤ ʻ ʪʝ, ʱʦ ʟʘʨʘʟ ʚ ʋʢʨʘʾʥʽ ʚʽʜʩʫʪʥʽ ʤʝʪʦʜʠ ʦʮʽʥʶʚʘʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʫʤʦʟʘʭʠʩʥʠʭ ʝʢʨʘʥʽʚ ʥʘ ʟʘʣʽʟʥʠʮʽ (ʨʠʩ. 2.76), 

ʪʦʙʪʦ ʚʽʜʩʫʪʥʻ ʥʘʫʢʦʚʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʧʘʨʘʤʝʪʨʽʚ ʝʢʨʘʥʽʚ ʜʣʷ 

ʢʦʥʢʨʝʪʥʠʭ ʜʽʣʷʥʦʢ ʟʘʣʽʟʥʠʮʽ. ʋ ʟʚôʷʟʢʫ ʽʟ ʮʠʤ ʩʪʚʦʨʝʥʥʷ ʤʝʪʦʜʽʚ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʟʤʽʥʠ ʰʫʤʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʨʦʙʦʯʽ ʟʦʥʠ ʚ ʨʘʟʽ ʚʠʢʦʨʠʩʪʘʥʥ ̫

ʝʢʨʘʥʽʚ ʤʘʻ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ. 
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ʈʠʩʫʥʦʢ 2.76 ï ɿʘʭʠʩʥʠʡ ʝʢʨʘʥ ʙʽʣʷ ʟʘʣʽʟʥʠʮʽ 

(ʬʦʪʦ: https://www.heringinternational.com/en/news/detail/n/hering-noise-

protection-walls-for-the-railway-bridge-roermonder-road-aachen/) 

 

ʋ ʮʽʡ ʨʦʙʦʪʽ ʯʠʩʝʣʴʥʘ ʤʦʜʝʣʴ ʨʦʟʨʦʙʣʝʥʘ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʪʘʢʠʭ ʟʘʜʘʯ: 

1. ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʰʫʤʦʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʨʦʙʦʯʠʭ ʟʦʥ ʙʽʣʷ ʟʘʣʽʟʥʠʯʥʦʾ 

ʢʦʣʽʾ. 

2. ʆʮʽʥʶʚʘʥʥʷ ʨʽʚʥʷ ʰʫʤʦʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʨʘʟʽ ʚʠʢʦʨʠʩʪʘʥʥ ̫

ʰʫʤʦʟʘʭʠʩʥʠʭ ʝʢʨʘʥʽʚ ʧʨʷʤʦʢʫʪʥʦʾ ʬʦʨʤʠ. 

3. ʆʮʽʥʶʚʘʥʥʷ ʨʽʚʥʷ ʰʫʤʦʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʨʘʟʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʰʫʤʦʟʘʭʠʩʥʠʭ ʝʢʨʘʥʽʚ ʩʢʣʘʜʥʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ. 

4. ʆʮʽʥʶʚʘʥʥʷ ʨʽʚʥʷ ʰʫʤʦʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʨʘʟʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʰʫʤʦʟʘʭʠʩʥʠʭ ʝʢʨʘʥʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʝʣʴʻʬʫ ʤʽʩʮʝʚʦʩʪʽ, ʜʝ ʧʨʦʭʦʜʠʪʴ 

ʟʘʣʽʟʥʠʮʷ. 

ʄʦʜʝʣʴ ʧʦʙʫʜʦʚʘʥʦ ʥʘ ʯʠʩʝʣʴʥʦʤʫ ʽʥʪʝʛʨʫʚʘʥʥʽ ʭʚʠʣʴʦʚʦʛʦ ʨʽʚʥʷʥʥʷ 

ʜʣʷ ʘʢʫʩʪʠʯʥʦʛʦ ʪʠʩʢʫ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʣʷ ʘʢʫʩʪʠʯʥʦʛʦ ʪʠʩʢʫ ʚ ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʦʙʣʘʩʪʽ 

ʙʫʜʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʘʢʝ ʨʽʚʥʷʥʥʷ ʘʢʫʩʪʠʢʠ: 
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ʜʝ ʈ ï ʪʠʩʢ; 

t ï ʯʘʩ; 

ʘ ï ʰʚʠʜʢʽʩʪʴ ʧʦʰʠʨʝʥʥʷ ʟʚʫʢʫ; 

x, y ï ʜʝʢʘʨʪʦʚʽ ʢʦʦʨʜʠʥʘʪʠ. 

ɿʘʫʚʘʞʠʤʦ, ʱʦ ʧʘʨʘʤʝʪʨ ʘ ʢʦʤʧʣʝʢʩʥʦ ʚʨʘʭʦʚʫʻ ʜʦʚʞʠʥʫ ʭʚʠʣʽ ʪʘ 

ʯʘʩʪʦʪʫ. 

ɼʣʷ ʨʽʚʥʷʥʥʷ ʘʢʫʩʪʠʢʠ ʩʪʘʚʣʷʪʴʩʷ ʪʘʢʽ ʢʨʘʡʦʚʽ ʫʤʦʚʠ: P=0 ï ʥʘ ʧʦʯʘʪʦʢ 

ʨʦʟʨʘʭʫʥʢʫ; P=0 ï ʥʘ ʧʨʘʚʽʡ ʪʘ ʣʽʚʽʡ ʤʝʞʘʭ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ; ÖP/Ön=0 ï 

ʥʘ ʪʚʝʨʜʠʭ ʤʝʞʘʭ ʪʘ ʚʝʨʭʥʽʡ ʤʝʞʽ (n ï ʦʜʠʥʠʯʥʘ ʟʦʚʥʽʰʥʷ ʥʦʨʤʘʣʴ ʜʦ ʤʝʞʽ). 

ʋ ʨʘʤʢʘʭ ʧʦʩʪʘʚʣʝʥʦʾ ʢʨʘʡʦʚʦʾ ʟʘʜʘʯʽ ʥʝʤʦʞʣʠʚʦ ʦʪʨʠʤʘʪʠ 

ʘʥʘʣʽʪʠʯʥʠʡ ʨʦʟʚôʷʟʦʢ ʨʽʚʥʷʥʥʷ ʘʢʫʩʪʠʢʠ (2.48). ʊʦʤʫ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʢʽʥʯʝʥʥʦ-ʨʽʟʥʠʮʝʚʘ ʜʚʦʰʘʨʦʚʘ ʨʽʟʥʠʮʝʚʘ ʩʭʝʤʘ [178]: 
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ʎʷ ʨʽʟʥʠʮʝʚʘ ʩʭʝʤʘ ʻ ʷʚʥʦʶ, ʜʣʷ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʪʨʽʙʥʦ ʥʘ ʧʦʯʘʪʢʫ 

ʨʦʟʨʘʭʫʥʢʫ ʟʘʜʘʪʠ ʘʢʫʩʪʠʯʥʠʡ ʪʠʩʢ ʜʣʷ ʜʚʦʭ ʤʦʤʝʥʪʽʚ ʯʘʩʫ: t
n-1

, t
n
. ʅʝʚʽʜʦʤʝ 

ʟʥʘʯʝʥʥʷ ʘʢʫʩʪʠʯʥʦʛʦ ʪʠʩʢʫ ʥʘ ʢʦʞʥʦʤʫ ʯʘʩʦʚʦʤʫ ʢʨʦʮʽ t
n+1

 ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʪʘʢʦʶ ʟʘʣʝʞʥʽʩʪʶ: 
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ʆʩʦʙʣʠʚʦ ʚʘʞʣʠʚʠʤ ʧʠʪʘʥʥʷʤ ʫ ʮʴʦʤʫ ʢʣʘʩʽ ʟʘʜʘʯ ʻ ʬʦʨʤʫʚʘʥʥʷ 

ʚʠʛʣʷʜʫ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ ʚ ʯʠʩʝʣʴʥʽʡ ʤʦʜʝʣʽ. ɼʣʷ ʮʴʦʛʦ ʙʫʜʝʤʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʪʦʜ çporosity techniqueè, ʪʦʙʪʦ ʬʦʨʤʫʚʘʥʥʷ ʚʠʛʣʷʜʫ 

ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʨʢʝʨʽʚ. ʅʘ ʨʠʩ. 2.76 ʧʦʢʘʟʘʥʦ, ʷʢ ʮʝ 

ʨʝʘʣʽʟʫʻʪʴʩʷ, ʘ ʩʘʤʝ: ʥʘ ʧʨʷʤʦʢʫʪʥʽʡ ʩʽʪʮʽ çʚʽʜʦʢʨʝʤʣʶʶʪʴʩʷè ʪʘ ʢʦʜʫʶʪʴʩʷ 

ʨʽʟʥʠʮʝʚʽ ʢʦʤʽʨʢʠ, ʱʦ çʚʽʜʧʦʚʽʜʘʶʪʴè ʟʘ ʪʚʝʨʜʽ ʩʪʽʥʢʠ ʘʙʦ ʽʥʰʽ ʤʝʞʽ 
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ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʥʘ ʧʨʘʢʪʠʮʽ ʜʫʞʝ ʰʚʠʜʢʦ 

ʬʦʨʤʫʚʘʪʠ ʚʠʛʣʷʜ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ: ʬʦʨʤʫ ʨʝʣʴʻʬʫ (ʥʘʩʠʧ, ʚʠʾʤʢʘ), 

ʧʦʣʦʞʝʥʥʷ ʪʘ ʛʝʦʤʝʪʨʠʯʥʫ ʬʦʨʤʫ ʰʫʤʦʟʘʭʠʩʥʠʭ ʙʘʨôʻʨʽʚ. ɿʘ ʜʦʧʦʤʦʛʦʶ 

ʤʝʪʦʜʫ ʤʘʨʢʫʚʘʥʥʷ ʟʤʝʥʰʫʻʪʴʩʷ ʯʘʩ ʥʘ ʧʽʜʛʦʪʦʚʢʫ ʜʘʥʠʭ ʜʣʷ ʚʠʢʦʥʘʥʥʷ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ. 

 

 

 

ʈʠʩʫʥʦʢ 2.77 ï ʉʭʝʤʘ ʤʘʨʢʫʚʘʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ: 

1 ï ʤʝʞʽ ʨʝʣʴʻʬʫ; 2 ï ʤʘʨʢʝʨʠ, ʱʦ çʚʽʜʧʦʚʽʜʘʶʪʴè ʟʘ ʧʦʣʦʞʝʥʥʷ 

ʜʞʝʨʝʣʘ ʰʫʤʦʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ. 

 

ɼʫʞʝ ʚʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʻ ʪʝ, ʱʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʨʢʝʨʽʚ ʫ 

ʨʦʟʨʦʙʣʝʥʽʡ ʯʠʩʝʣʴʥʽʡ ʤʦʜʝʣʽ ʬʦʨʤʫʻʪʴʩʷ ʧʦʣʦʞʝʥʥʷ ʜʞʝʨʝʣʘ ʰʫʤʫ, 

çʚʠʦʢʨʝʤʣʶʻʪʴʩʷè ʟʦʥʘ, ʜʝ ʨʦʟʪʘʰʦʚʘʥʠʡ ʣʦʢʦʤʦʪʠʚ, ʪʦʱʦ. ʋ ʮʽʡ ʟʦʥʽ ʫ 

ʚʠʛʣʷʜʽ ʥʘʙʦʨʫ ʪʦʯʦʢ ʟʘʜʘʻʪʴʩʷ ʘʢʫʩʪʠʯʥʠʡ ʪʠʩʢ P ʚʽʜ ʜʞʝʨʝʣʘ ʰʫʤʫ 

(ʥʘʧʨʠʢʣʘʜ, ʟʘ ʜʘʥʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʚʠʤʽʨʽʚ). ʊʦʙʪʦ ʧʽʜ ʯʘʩ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʥʘ ʙʘʟʽ ʨʦʟʨʦʙʣʝʥʦʾ ʯʠʩʝʣʴʥʦʾ ʤʦʜʝʣʽ ʜʣʷ 

çʚʽʜʪʚʦʨʝʥʥʷè ʜʞʝʨʝʣʘ ʰʫʤʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʥʫʪʨʽʰʥʷ ʛʨʘʥʠʯʥʘ ʫʤʦʚʘ ʫ 

ʚʠʛʣʷʜʽ ʫʤʦʚʠ ɼʽʨʽʭʣʝ. 

ʅʘ ʙʘʟʽ ʨʦʟʨʦʙʣʝʥʦʾ ʯʠʩʝʣʴʥʦʾ ʤʦʜʝʣʽ ʩʪʚʦʨʝʥʦ ʢʦʜ AK-2D, ʤʦʚʘ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ï FORTRAN. ɼʦ ʩʢʣʘʜʫ ʢʦʜʫ ʚʭʦʜʷʪʴ: 

ï AK0.DAT ï ʬʘʡʣ ʧʦʯʘʪʢʦʚʠʭ ʜʘʥʠʭ; 
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ï AK1 ï ʧʽʜʧʨʦʛʨʘʤʘ ʪʠʧʫ SUBROUTINE ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʦʣʷ 

ʘʢʫʩʪʠʯʥʦʛʦ ʪʠʩʢʫ ʜʣʷ ʨʽʟʥʠʭ ʤʦʤʝʥʪʽʚ ʯʘʩʫ; 

ï AK2 ï ʧʽʜʧʨʦʛʨʘʤʘ ʪʠʧʫ FUNCTION ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʥʘʯʝʥʥʷ 

ʘʢʫʩʪʠʯʥʦʛʦ ʪʠʩʢʫ ʚ ʪʦʯʮʽ ʨʦʟʪʘʰʫʚʘʥʥʷ ʨʝʮʠʧʽʻʥʪʘ; 

ï AK3 ï ʧʽʜʧʨʦʛʨʘʤʘ ʪʠʧʫ SUBROUTINE ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʛʨʘʥʠʯʥʠʭ 

ʫʤʦʚ; 

ï WAK2 ï ʧʽʜʧʨʦʛʨʘʤʘ ʪʠʧʫ SUBROUTINE ʜʣʷ ʜʨʫʢʫ ʨʦʟʨʘʭʦʚʘʥʦʛʦ 

ʧʦʣʷ ʘʢʫʩʪʠʯʥʦʛʦ ʪʠʩʢʫ ʚ ʦʙʣʘʩʪʽ ʜʦʩʣʽʜʞʝʥʥʷ. 

ɸʣʛʦʨʠʪʤ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʪʘʢʠʡ: 

1. ʋ ʬʘʡʣ ʧʦʯʘʪʢʦʚʠʭ ʜʘʥʠʭ ʚʚʦʜʠʪʴʩʷ ʽʥʬʦʨʤʘʮʽʷ ʱʦʜʦ ʬʦʨʤʠ 

ʨʝʣʴʻʬʫ, ʧʦʣʦʞʝʥʥʷ ʰʫʤʦʟʘʭʠʩʥʠʭ ʙʘʨôʻʨʽʚ ʪʦʱʦ. 

2. ɿʜʽʡʩʥʶʻʪʴʩʷ ʯʠʩʝʣʴʥʝ ʨʦʟʚôʷʟʘʥʥʷ ʨʽʚʥʷʥʥʷ ʘʢʫʩʪʠʢʠ ʪʘ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦʣʝ ʘʢʫʩʪʠʯʥʦʛʦ ʪʠʩʢʫ ʜʣʷ ʤʦʤʝʥʪʫ ʯʘʩʫ t
n+1

. 

3. ɺʠʟʥʘʯʘʻʪʴʩʷ ʟʥʘʯʝʥʥʷ ʘʢʫʩʪʠʯʥʦʛʦ ʪʠʩʢʫ ʚ ʪʦʯʮʽ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʨʝʮʠʧʽʻʥʪʘ. 

4. ɿʜʽʡʩʥʶʻʪʴʩʷ ʜʨʫʢ ʧʦʣʷ ʘʢʫʩʪʠʯʥʦʛʦ ʪʠʩʢʫ ʚ ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʦʙʣʘʩʪʽ 

ʜʣʷ ʤʦʤʝʥʪʫ ʯʘʩʫ t
n+1.

. 

5. ʈʦʟʨʘʭʫʥʦʢ ʧʦʚʪʦʨʶʻʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʣʷ ʘʢʫʩʪʠʯʥʦʛʦ ʪʠʩʢʫ 

ʜʣʷ ʥʦʚʦʛʦ ʤʦʤʝʥʪʫ ʯʘʩʫ. 

ɺʠʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ: 

1. ʌʦʨʤʘ ʨʝʣʴʻʬʫ. 

2. ʌʦʨʤʘ ʰʫʤʦʟʘʭʠʩʥʦʛʦ ʙʘʨôʻʨʘ. 

3. ʇʦʣʦʞʝʥʥʷ ʰʫʤʦʟʘʭʠʩʥʦʛʦ ʙʘʨôʻʨʘ. 

4. ɸʢʫʩʪʠʯʥʠʡ ʪʠʩʢ ʚʽʜ ʜʞʝʨʝʣʘ ʟʘʙʨʫʜʥʝʥʥʷ. 

5. ʇʦʣʦʞʝʥʥʷ ʨʝʮʠʧʽʻʥʪʘ. 

ɼʘʣʽ ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʚôʷʟʘʥʥʷ ʜʚʦʭ ʟʘʜʘʯ ʟ ʚʠʟʥʘʯʝʥʥ ̫

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʭʠʩʥʠʭ ʙʘʨôʻʨʽʚ: ʧʝʨʰʘ ʟʘʜʘʯʘ ï ʦʮʽʥʢʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʫʤʦʟʘʭʠʩʥʠʭ ʙʘʨôʻʨʽʚ ʜʣʷ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʰʫʤʫ 

ʚʽʜ ʧʦʪʷʛʘ, ʢʦʣʠ ʚʽʥ ʧʝʨʝʙʫʚʘʻ ʫ ʚʠʾʤʮʽ; ʜʨʫʛʠʡ ï ʦʮʽʥʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ 
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ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʫʤʦʟʘʭʠʩʥʠʭ ʙʘʨôʻʨʽʚ ʜʣʷ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʰʫʤʫ ʚʽʜ ʧʦʪʷʛʘ, 

ʢʦʣʠ ʚʽʥ ʧʝʨʝʙʫʚʘʻ ʥʘ ʥʘʩʠʧʫ. 

ʅʘ ʨʠʩ. 2.78 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʬʦʨʤʫʚʘʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ. ʋ ʟʦʥʽ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʣʦʢʦʤʦʪʠʚʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʨʢʝʨʽʚ ʟʘʜʘʻʪʴʩʷ ʟʥʘʯʝʥʥʷ 

ʘʢʫʩʪʠʯʥʦʛʦ ʪʠʩʢʫ P=100 (ʙʝʟʨʦʟʤʽʨʥʝ ʟʥʘʯʝʥʥʷ). 

 

 

 

ʈʠʩʫʥʦʢ 2.78 ï ʉʭʝʤʘ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ: 

1 ï ʚʥʫʪʨʽʰʥʷ ʤʝʞʘ ʜʣʷ ʜʞʝʨʝʣʘ ʰʫʤʫ; 2 ï ʰʫʤʦʟʘʭʠʩʥʠʡ ʙʘʨôʻʨ; 3 ï 

ʜʦʜʘʪʢʦʚʠʡ ʝʣʝʤʝʥʪ. 

 

ʇʽʜ ʯʘʩ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ (ʟʘʜʘʯʘ 1 ï ʧʦʪʷʛ ʧʝʨʝʙʫʚʘʻ ʫ 

ʚʠʾʤʮʽ) ʧʨʠʡʤʘʣʦʩʴ, ʱʦ ʰʚʠʜʢʽʩʪʴ ʟʚʫʢʫ ʜʦʨʽʚʥʶʚʘʣʘ 340 ʤ/ʩ. ʈʦʟʤʽʨʠ 

ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ 55 ʤ ʭ 22 ʤ, ʚʠʩʦʪʘ ʰʫʤʦʟʘʭʠʩʥʦʛʦ ʙʘʨôʻʨʘ 5 ʤ. 

ɼʦʜʘʪʢʦʚʠʡ ʝʣʝʤʝʥʪ ʥʘ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʙʘʨôʻʨʽ ʤʘʻ ʫʭʠʣ 45
0
 ʪʘ ʜʦʚʞʠʥʫ 2 ʤ. 

ɼʘʣʽ ʥʘ ʨʠʩʫʥʢʘʭ ʧʦʢʘʟʘʥʦ ʧʦʣʝ ʘʢʫʩʪʠʯʥʦʛʦ ʪʠʩʢʫ ʜʣʷ ʤʦʤʝʥʪʫ ʯʘʩʫ 

t=0.008 ʩ ʜʣʷ ʧʝʨʰʦʾ ʟʘʜʘʯʽ. ɿʦʥʘ ʘʢʫʩʪʠʯʥʦʛʦ ʪʠʩʢʫ ʧʦʢʘʟʘʥʘ ʜʣʷ ʪʨʴʦʭ 

ʚʘʨʽʘʥʪʽʚ: ʢʦʣʠ ʥʝʤʘʻ ʰʫʤʦʟʘʭʠʩʥʠʭ ʙʘʨôʻʨʽʚ (ʚʘʨʽʘʥʪ 1), ʫ ʨʘʟʽ ʚʠʢʦʨʠʩʪʘʥʥ ̫

ʚʝʨʪʠʢʘʣʴʥʠʭ ʰʫʤʦʟʘʭʠʩʥʠʭ ʙʘʨôʻʨʽʚ (ʚʘʨʽʘʥʪ 2) ʪʘ ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ 

ʚʝʨʪʠʢʘʣʴʥʽ ʰʫʤʦʟʘʭʠʩʥʽ ʙʘʨôʻʨʠ ʤʘʶʪʴ ʜʦʜʘʪʢʦʚʠʡ ʝʣʝʤʝʥʪ (ʚʘʨʽʘʥʪ 3). 

ɿʘʫʚʘʞʠʤʦ, ʱʦ ʪʘʤ, ʜʝ ʧʝʨʝʙʫʚʘʻ ʣʦʢʦʤʦʪʠʚ, ʨʽʚʝʥʴ ʰʫʤʫ ʜʦʨʽʚʥʶʻ 100 %. 
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ʈʠʩʫʥʦʢ 2.79 ï ʇʦʣʝ ʘʢʫʩʪʠʯʥʦʛʦ ʪʠʩʢʫ (ʚʘʨʽʘʥʪ 1: ʥʝʤʘʻ 

ʰʫʤʦʟʘʭʠʩʥʠʭ ʙʘʨôʻʨʽʚ): 

1 ï ʈ=10 %; 2 ï ʈ=90 %. 

 

 

ʈʠʩʫʥʦʢ 2.80 ï ʇʦʣʝ ʘʢʫʩʪʠʯʥʦʛʦ ʪʠʩʢʫ (ʚʘʨʽʘʥʪ 2: ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʚʝʨʪʠʢʘʣʴʥʠʡ ʰʫʤʦʟʘʭʠʩʥʠʡ ʙʘʨôʻʨ): 

1 ï ʈ=10 %; 2 ï ʈ=76 %. 
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ʈʠʩʫʥʦʢ 2.81 ï ʇʦʣʝ ʘʢʫʩʪʠʯʥʦʛʦ ʪʠʩʢʫ (ʚʘʨʽʘʥʪ 3: ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʚʝʨʪʠʢʘʣʴʥʠʡ ʰʫʤʦʟʘʭʠʩʥʠʡ ʙʘʨôʻʨ ʟ ʜʦʜʘʪʢʦʚʠʤ ʝʣʝʤʝʥʪʦʤ): 

1 ï ʪʦʯʢʘ ʚʠʟʥʘʯʝʥʥʷ ʘʢʫʩʪʠʯʥʦʛʦ ʪʠʩʢʫ; 2 ï ʈ=10 %; 3 ï ʈ=76 %. 

 

ʗʢ ʤʠ ʙʘʯʠʤʦ ʟ ʥʘʚʝʜʝʥʠʭ ʨʠʩʫʥʢʽʚ, ʽʥʪʝʨʬʝʨʝʥʮʽʷ ʟʚʫʢʦʚʠʭ ʭʚʠʣʴ 

ʩʪʚʦʨʶʻ ʩʢʣʘʜʥʫ ʢʘʨʪʠʥʫ ʨʦʟʧʦʜʽʣʫ ʘʢʫʩʪʠʯʥʦʛʦ ʪʠʩʢʫ ʚ ʦʙʣʘʩʪʽ 

ʜʦʩʣʽʜʞʝʥʥʷ. ʋ ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʦʙʣʘʩʪʽ ʤʦʞʣʠʚʦ ʚʠʦʢʨʝʤʠʪʠ ʜʚʽ ʧʽʜʟʦʥʠ. 

ʇʝʨʰʘ ï ʮʝ ʦʙʣʘʩʪʴ ʤʽʞ ʰʫʤʦʟʘʭʠʩʥʠʤʠ ʙʘʨôʻʨʘʤʠ. ʋ ʮʽʡ ʦʙʣʘʩʪʽ ʯʽʪʢʦ 

ʚʠʜʽʣʷʻʪʴʩʷ ʟʦʥʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʜʞʝʨʝʣʘ ʰʫʤʫ ʪʘ ʟʥʘʯʥʠʡ ʛʨʘʜʽʻʥʪ 

ʘʢʫʩʪʠʯʥʦʛʦ ʪʠʩʢʫ. ɼʨʫʛʘ ʟʦʥʘ ï ʮʝ ʦʙʣʘʩʪʴ ʟʘ ʤʝʞʘʤʠ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʰʫʤʦʟʘʭʠʩʥʠʭ ʙʘʨôʻʨʽʚ, ʱʦ ʟʤʽʥʶʻʪʴʩʷ ʜʣʷ ʢʦʞʥʦʛʦ ʚʘʨʽʘʥʪʘ ʟʘʜʘʯʽ. 

ʋ ʪʘʙʣ. 2.12 ʧʦʢʘʟʘʥʦ ʟʥʘʯʝʥʥʷ ʘʢʫʩʪʠʯʥʦʛʦ ʪʠʩʢʫ (ʫ ʚʽʜʩʦʪʢʘʭ) ʫ ʪʦʯʮʽ 

ʥʘ ʚʽʜʩʪʘʥʽ 4 ʤ ʚʽʜ ʰʫʤʦʟʘʭʠʩʥʦʛʦ ʙʘʨôʻʨʘ ʪʘ ʥʘ ʚʠʩʦʪʽ 5 ʤ. 

ʗʢ ʙʘʯʠʤʦ ʟ ʪʘʙʣ. 2.12, ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʫʤʦʟʘʭʠʩʥʠʭ ʙʘʨôʻʨʽʚ ʜʦʟʚʦʣʷʻ 

ʟʥʠʟʠʪʠ ʨʽʚʝʥʴ ʘʢʫʩʪʠʯʥʦʛʦ ʪʠʩʢʫ ʙʽʣʷ ʟʘʣʽʟʥʠʮʽ. ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʟʥʠʞʝʥʥʷ 

ʤʦʞʥʘ ʧʨʦʛʥʦʟʫʚʘʪʠ ʥʘ ʙʘʟʽ ʨʦʟʨʦʙʣʝʥʦʾ ʯʠʩʝʣʴʥʦʾ ʤʦʜʝʣʽ. 

ɼʘʣʽ ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʚôʷʟʘʥʥʷ ʜʨʫʛʦʾ ʟʘʜʘʯʽ (ʧʦʪʷʛ ʧʝʨʝʙʫʚʘʻ ʥʘ 

ʥʘʩʠʧʫ, ʨʠʩ. 2.82). 
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ʊʘʙʣʠʮʷ 2.12 ï ɿʥʘʯʝʥʥʷ ʘʢʫʩʪʠʯʥʦʛʦ ʪʠʩʢʫ ʫ ʚʽʜʩʦʪʢʘʭ ʚʽʜ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʚʝʣʠʯʠʥʠ ʚ ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʦʙʣʘʩʪʽ 

ɺʘʨʽʘʥʪ 1 2 3 

ɸʢʫʩʪʠʯʥʠʡ ʪʠʩʢ 7,8 3,9 2,7 

 

ʅʠʞʯʝ ʥʘ ʨʠʩʫʥʢʘʭ ʧʦʢʘʟʘʥʦ ʧʦʣʝ ʘʢʫʩʪʠʯʥʦʛʦ ʪʠʩʢʫ ʜʣʷ ʤʦʤʝʥʪʫ ʯʘʩʫ 

t=0,03 ʩ. ɿʦʥʘ ʘʢʫʩʪʠʯʥʦʛʦ ʪʠʩʢʫ ʧʦʢʘʟʘʥʘ ʜʣʷ ʪʨʴʦʭ ʚʘʨʽʘʥʪʽʚ: ʥʝʤʘʻ 

ʰʫʤʦʟʘʭʠʩʥʠʭ ʙʘʨôʻʨʽʚ (ʚʘʨʽʘʥʪ 1), ʫ ʨʘʟʽ ʚʠʢʦʨʠʩʪʘʥʥ̫ ʚʝʨʪʠʢʘʣʴʥʠʭ 

ʰʫʤʦʟʘʭʠʩʥʠʭ ʙʘʨôʻʨʽʚ ʚʠʩʦʪʦʶ h=3 ʤ (ʚʘʨʽʘʥʪ 2) ʪʘ ʫ ʨʘʟʽ ʚʠʢʦʨʠʩʪʘʥʥ ̫

ʚʝʨʪʠʢʘʣʴʥʠʭ ʰʫʤʦʟʘʭʠʩʥʠʭ ʙʘʨôʻʨʽʚ ʚʠʩʦʪʦʶ h=5 ʤ (ʚʘʨʽʘʥʪ 3). ʋ ʭʦʜʽ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʨʠʡʤʘʣʦʩʷ, ʱʦ ʰʚʠʜʢʽʩʪʴ ʟʚʫʢʫ 

ʜʦʨʽʚʥʶʚʘʣʘ 340 ʤ/ʩ. ʈʦʟʤʽʨʠ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ 55 ʤ ʭ 22 ʤ. 

 

 

 

ʈʠʩʫʥʦʢ 2.82 ï ʉʭʝʤʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʦʪʷʛʘ ʥʘ ʥʘʩʠʧʫ (ʬʦʪʦ: 

https://nunatsiaq.com/stories/article/65674baffinland_railway_may_be_dead_pond

_inlet_group_declares/) 
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ʈʠʩʫʥʦʢ 2.83 ï ʇʦʣʝ ʘʢʫʩʪʠʯʥʦʛʦ ʪʠʩʢʫ (ʚʘʨʽʘʥʪ 1: ʥʝʤʘʻ 

ʰʫʤʦʟʘʭʠʩʥʠʭ ʙʘʨôʻʨʽʚ): 

1 ï ʈ=90 %; 2 ï ʈ=49 %. 

 

 

 

ʈʠʩʫʥʦʢ 2.84 ï ʇʦʣʝ ʘʢʫʩʪʠʯʥʦʛʦ ʪʠʩʢʫ (ʚʘʨʽʘʥʪ 2: ʚʝʨʪʠʢʘʣʴʥʠʡ 

ʰʫʤʦʟʘʭʠʩʥʠʡ ʙʘʨôʻʨ, h=3 ʤ): 

1 ï ʈ=90 %; 2 ï ʈ=89 %. 
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ʈʠʩʫʥʦʢ 2.85 ï ʇʦʣʝ ʘʢʫʩʪʠʯʥʦʛʦ ʪʠʩʢʫ (ʚʘʨʽʘʥʪ 3: ʚʝʨʪʠʢʘʣʴʥʠʡ 

ʰʫʤʦʟʘʭʠʩʥʠʡ ʙʘʨôʻʨ, h=5ʤ): 

1 ï ʈ=91 %; 2 ï ʈ=76 %. 

 

ɿ ʥʘʚʝʜʝʥʠʭ ʨʠʩʫʥʢʽʚ ʤʦʞʥʘ ʙʘʯʠʪʠ, ʱʦ ʟʘ ʨʘʭʫʥʦʢ ʽʥʪʝʨʬʝʨʝʥʮʽʾ 

ʟʚʫʢʦʚʠʭ ʭʚʠʣʴ ʚʠʥʠʢʘʻ ʩʢʣʘʜʥʘ ʢʘʨʪʠʥʘ ʨʦʟʧʦʜʽʣʫ ʘʢʫʩʪʠʯʥʦʛʦ ʪʠʩʢʫ ʚ 

ʦʙʣʘʩʪʽ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʋ ʪʘʙʣ. 2.13 ʥʘʚʝʜʝʥʦ ʟʥʘʯʝʥʥʷ ʘʢʫʩʪʠʯʥʦʛʦ ʪʠʩʢʫ, ʫ ʚʽʜʩʦʪʢʘʭ, ʥʘ 

ʨʽʟʥʽʡ ʚʽʜʩʪʘʥʽ ʚʽʜ ʥʘʩʠʧʫ ʪʘ ʥʘ ʚʠʩʦʪʽ 2 ʤ. 

 

ʊʘʙʣʠʮʷ 2.13 ï ɿʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʥʦʨʤʦʚʘʥʦʛʦ ʘʢʫʩʪʠʯʥʦʛʦ ʪʠʩʢʫ ʫ 

ʚʽʜʩʦʪʢʘʭ ʚʽʜ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʚ ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʦʙʣʘʩʪʽ 

ʉʮʝʥʘʨʽʡ 
ɸʢʫʩʪʠʯʥʠʡ ʪʠʩʢ ʥʘ ʚʽʜʩʪʘʥʽ ʚʽʜ ʥʘʩʠʧʫ 

2 ʤ  4 ʤ  6 ʤ  

ʅʝʤʘ̒ ʙʘʨôʻʨʘ 2,81 7,73 8,78 

ɹʘʨôʻʨ 3 ʤ 2,27 4,92 4,75 

ɹʘʨôʻʨ 5 ʤ 1,61 2,18 1,46 

 

ʗʢ ʤʦʞʥʘ ʧʝʨʝʢʦʥʘʪʠʩʷ ʟ ʪʘʙʣ. 2.13, ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʫʤʦʟʘʭʠʩʥʠʭ 

ʙʘʨôʻʨʽʚ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʨʽʚʝʥʴ ʘʢʫʩʪʠʯʥʦʛʦ ʪʠʩʢʫ ʙʽʣʷ ʟʘʣʽʟʥʠʮʽ. 
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ɼʘʣʽ ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʚôʷʟʘʥʥʷ ʽʥʰʦʾ ʟʘʜʘʯʽ: ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʣʷ 

ʘʢʫʩʪʠʯʥʦʛʦ ʪʠʩʢʫ ʙʽʣʷ ʟʘʣʽʟʥʠʮʽ ʚ ʫʤʦʚʘʭ ʨʽʚʥʽʡ ʤʽʩʮʝʚʦʩʪʽ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥ ̫

ʧʨʷʤʦʢʫʪʥʠʭ ʰʫʤʦʟʘʭʠʩʥʠʭ ʝʢʨʘʥʽʚ. ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʜʽʣʷʥʢʘ ʟʘʣʽʟʥʠʮʽ, ʜʝ 

ʨʦʟʪʘʰʦʚʘʥʽ ʜʚʘ ʣʦʢʦʤʦʪʠʚʠ. ʉʭʝʤʘ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ ʧʦʢʘʟʘʥʘ ʥʘ 

ʨʠʩ. 2.85. 

 

 

 

ʈʠʩʫʥʦʢ 2.86 ï ʉʭʝʤʘ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ: 

1 ï ʚʥʫʪʨʽʰʥʷ ʤʝʞʘ ʜʣʷ ʜʞʝʨʝʣʘ ʰʫʤʫ; 2 ï ʰʫʤʦʟʘʭʠʩʥʠʡ ʙʘʨôʻʨ. 

 

ʅʘ ʨʠʩ. 2.87 ʧʦʢʘʟʘʥʦ, ʷʢ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʨʢʝʨʽʚ (ʤʝʪʦʜ çporosity 

techniqueè) ʬʦʨʤʫʻʪʴʩʷ ʚʠʛʣʷʜ ʮʽʻʾ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ. 

 

 

 

ʈʠʩʫʥʦʢ 2.87 ï ʉʭʝʤʘ ʤʘʨʢʫʚʘʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪ:̔ 

1 ï ʢʦʨʧʫʩ ʣʦʢʦʤʦʪʠʚʘ; 2 ï ʢʦʨʧʫʩ ʣʦʢʦʤʦʪʠʚʘ (ʜʞʝʨʝʣʘ ʰʫʤʦʚʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥʷ). 
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ʋ ʭʦʜʽ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʨʠʡʤʘʣʦʩʴ, ʱʦ ʰʚʠʜʢʽʩʪʴ 

ʟʚʫʢʫ ʜʦʨʽʚʥʶʻ 340 ʤ/ʩ, ʚʠʩʦʪʘ ʰʫʤʦʟʘʭʠʩʥʦʛʦ ʙʘʨôʻʨʘ ï 5 ʤ (ʧʝʨʰʠʡ 

ʚʘʨʽʘʥʪ) ʪʘ 2 ʤ (ʜʨʫʛʠʡ ʚʘʨʽʘʥʪ). 

ʅʠʞʯʝ ʥʘ ʨʠʩʫʥʢʘʭ ʧʦʢʘʟʘʥʦ ʧʦʣʝ ʘʢʫʩʪʠʯʥʦʛʦ ʪʠʩʢʫ ʜʣʷ ʤʦʤʝʥʪʫ ʯʘʩʫ 

t=0,005 ʩ. ɿʘʫʚʘʞʠʤʦ, ʱʦ ʪʘʤ, ʜʝ ʨʦʟʪʘʰʦʚʘʥʽ ʣʦʢʦʤʦʪʠʚʠ, ʨʽʚʝʥʴ ʰʫʤʫ 

ʜʦʨʽʚʥʶʻ 100 %. 

 

 

 

ʈʠʩʫʥʦʢ 2.88 ï ʇʦʣʝ ʘʢʫʩʪʠʯʥʦʛʦ ʪʠʩʢʫ (ʰʫʤʦʟʘʭʠʩʥʠʡ ʝʢʨʘʥ ʚʠʩʦʪʦʶ 5 ʤ): 

1 ï ʈ=10 %; 2 ï ʈ=90 %. 

 

 

 

ʈʠʩʫʥʦʢ 2.89 ï ʇʦʣʝ ʘʢʫʩʪʠʯʥʦʛʦ ʪʠʩʢʫ (ʰʫʤʦʟʘʭʠʩʥʠʡ ʝʢʨʘʥ ʚʠʩʦʪʦʶ 2 ʤ): 

1 ï ʈ=10 %; 2 ï ʈ=90 %. 



173 

ʗʢ ʤʦʞʥʘ ʙʘʯʠʪʠ ʟ ʥʘʚʝʜʝʥʠʭ ʨʠʩʫʥʢʽʚ, ʚʥʘʩʣʽʜʦʢ ʽʥʪʝʨʬʝʨʝʥʮʽʾ 

ʟʚʫʢʦʚʠʭ ʭʚʠʣʴ ʫ ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʦʙʣʘʩʪʽ ʬʦʨʤʫʻʪʴʩʷ ʩʢʣʘʜʥʘ ʢʘʨʪʠʥʘ 

ʨʦʟʧʦʜʽʣʫ ʘʢʫʩʪʠʯʥʦʛʦ ʪʠʩʢʫ. ʊʘʢʦʞ ʣʝʛʢʦ ʙʘʯʠʪʠ, ʷʢ ʧʦʟʠʮʽʷ ʰʫʤʦʟʘʭʠʩʥʠʭ 

ʝʢʨʘʥʽʚ ʚʧʣʠʚʘʻ ʥʘ ʜʝʬʦʨʤʘʮʽʶ ʧʦʣʷ ʘʢʫʩʪʠʯʥʦʛʦ ʪʠʩʢʫ. ɿʘ ʝʢʨʘʥʘʤʠ 

ʬʦʨʤʫʻʪʴʩʷ ʦʙʣʘʩʪʴ ʘʢʫʩʪʠʯʥʦʾ ʪʽʥʽ, ʧʨʠʯʦʤʫ ʚ ʨʘʟʽ ʚʠʢʦʨʠʩʪʘʥʥ ̫ʝʢʨʘʥʘ 

ʚʠʩʦʪʦʶ 2 ʤ ʮʷ ʟʦʥʘ ʟʥʘʯʥʦ ʤʝʥʰʘ, ʥʽʞ ʜʣʷ ʝʢʨʘʥʘ ʚʠʩʦʪʦʶ 5 ʤ. 

ɿʘʫʚʘʞʠʤʦ, ʱʦ ʯʘʩ ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʙʘʟʽ ʨʦʟʨʦʙʣʝʥʦʾ ʯʠʩʝʣʴʥʦʾ ʤʦʜʝʣʽ 

ʩʪʘʥʦʚʠʪʴ 3 ʩ. 

 

 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 2 

 

1. ʈʦʟʨʦʙʣʝʥʦ CFD-ʤʦʜʝʣʴ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʙʘʨôʻʨʽʚ, ʱʦ ʤʘʶʪʴ ʩʢʣʘʜʥʫ ʛʝʦʤʝʪʨʠʯʥʫ ʬʦʨʤʫ ʪʘ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ 

ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʭʽʤʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʨʦʙʦʯʠʭ ʟʦʥ ʙʽʣʷ ʘʚʪʦʤʘʛʽʩʪʨʘʣʝʡ. 

ʆʩʦʙʣʠʚʽʩʪʶ ʨʦʟʨʦʙʣʝʥʦʛʦ ʤʝʪʦʜʫ ʻ ʤʦʞʣʠʚʽʩʪʴ ʟʜʽʡʩʥʶʚʘʪʠ ʦʮʽʥʢʫ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʝʢʨʘʥʽʚ, ʱʦ ʤʘʶʪʴ ʩʢʣʘʜʥʫ ʛʝʦʤʝʪʨʠʯʥʫ ʬʦʨʤʫ. 

2. ʇʦʢʘʟʘʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʪʠʧʫ çʰʘʬʘè ʥʘ 

ʟʘʭʠʩʥʠʭ ʙʘʨôʻʨʘʭ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʨʽʚʝʥʴ ʭʽʤʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʨʦʙʦʯʠʭ 

ʟʦʥʘʭ. 

3. ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʝʥʪʠʣʷʪʦʨʽʚ ʜʣʷ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʭʽʤʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʨʦʙʦʯʠʭ ʟʦʥʘʭ ʪʘ 

ʚʩʪʘʥʦʚʣʝʥʦ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʱʦʜʦ ʨʦʟʧʦʜʽʣʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚ ʨʦʙʦʯʠʡ ʟʦʥʽ ʚ ʨʘʟʽ 

ʾʭ ʚʠʢʦʨʠʩʪʘʥʥ̫. 

4. ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʭʠʩʥʠʭ 

ʙʘʨôʻʨʽʚ ʟ çTX Activeè ʧʦʚʝʨʭʥʝʶ. ɺʩʪʘʥʦʚʣʝʥʦ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʱʦʜʦ 

ʨʦʟʧʦʜʽʣʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚ ʨʦʙʦʯʠʡ ʟʦʥʽ ʟʘ ʙʘʨôʻʨʘʤʠ, ʱʦ ʤʘʶʪʴ ʨʽʟʥʝ 

ʨʦʟʪʘʰʫʚʘʥʥʷ çTX Activeè ʧʦʚʝʨʭʥʽ. 
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5. ʅʘ ʙʘʟʽ ʨʦʟʨʦʙʣʝʥʦʾ ʯʠʩʝʣʴʥʦʾ ʤʦʜʝʣʽ ʚʠʷʚʣʝʥʦ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ 

ʨʦʟʧʦʜʽʣʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʭʽʤʽʯʥʦ ʥʝʙʝʟʧʝʯʥʦʾ ʨʝʯʦʚʠʥʠ ʚ ʨʦʙʦʯʠʭ ʟʦʥʘʭ ʫ ʨʘʟʽ 

ʚʠʢʦʨʠʩʪʘʥʥ ̫çTX Activeè ʧʦʚʝʨʭʥʽ ʥʘ ʙʫʜʠʥʢʘʭ. 

6. ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʰʫʤʦʟʘʭʠʩʥʠʭ ʙʘʨôʻʨʽʚ ʙʽʣʷ ʟʘʣʽʟʥʠʮʽ. ʆʩʥʦʚʦʶ ʤʝʪʦʜʫ ʻ ʯʠʩʝʣʴʥʝ 

ʽʥʪʝʛʨʫʚʘʥʥʷ ʨʽʚʥʷʥʥʷ ʘʢʫʩʪʠʢʠ ʜʣʷ ʘʢʫʩʪʠʯʥʦʛʦ ʪʠʩʢʫ (ʪʦʙʪʦ ʧʦʙʫʜʦʚʘʥʘ 

CFD-ʤʦʜʝʣʴ). ʆʩʦʙʣʠʚʽʩʪʶ ʨʦʟʨʦʙʣʝʥʦʛʦ ʤʝʪʦʜʫ ʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʥʘʥʥʷ 

ʜʦʩʣʽʜʞʝʥʴ ʚ ʦʙʣʘʩʪʷʭ ʟʽ ʩʢʣʘʜʥʠʤ ʨʝʣʴʻʬʦʤ ʪʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʛʝʦʤʝʪʨʠʯʥʦʾ 

ʬʦʨʤʠ ʰʫʤʦʟʘʭʠʩʥʠʭ ʙʘʨôʻʨʽʚ. ʄʝʪʦʜ ʪʘʢʦʞ ʜʦʟʚʦʣʷʻ ʜʦʩʣʽʜʞʫʚʘʪʠ 

ʬʦʨʤʫʚʘʥʥʷ ʧʦʣʽʚ ʘʢʫʩʪʠʯʥʦʛʦ ʪʠʩʢʫ ʙʽʣʷ ʟʘʣʽʟʥʠʮʽ ʚ ʨʘʟʽ ʧʨʷʤʫʚʘʥʥʷ ʜʚʦʭ 

ʧʦʪʷʛʽʚ. 

7. ɿʜʽʡʩʥʝʥʦ ʪʝʩʪʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʠʭ ʤʦʜʝʣʝʡ, ʱʦ ʧʽʜʪʚʝʨʜʠʣʦ ʾʭ 

ʘʜʝʢʚʘʪʥʽʩʪʴ. 

8. ʈʝʟʫʣʴʪʘʪʠ ʥʘʚʝʜʝʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʨʦʟʨʦʙʣʝʥʽ ʤʦʜʝʣʽ ʪʘ 

ʩʪʚʦʨʝʥʽ ʥʘ ʾʭ ʙʘʟʽ ʢʦʤʧôʁ ʪʝʨʥʽ ʧʨʦʛʨʘʤʠ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʟ 

ʚʠʟʥʘʯʝʥʥ ̫ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʭʠʩʥʠʭ ʙʘʨô̒ ʨʽʚ ʤʘʶʪʴ ʰʠʨʦʢʠʡ 

ʨʦʙʦʯʠʡ ʜʽʘʧʘʟʦʥ, ʱʦ ʻ ʚʘʞʣʠʚʠʤ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʧʨʘʢʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʟ 

ʤʝʪʦʶ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʢ̒ʪʥʠʭ ʨʽʰʝʥʴ. 
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ʈʆɿɼɯʃ 3 

ɿɸʍʀʉʊ ʈʆɹʆʏʀʍ ɿʆʅ ɺɯɼ ʇʀʃʆɺʆɻʆ ɿɸɹʈʋɼʅɽʅʅʗ ʇɯɼ ʏɸʉ 

ɺʀʅʆʉʋ ɺʋɻɯʃʔʅʆɻʆ ʇʀʃʋ ɿ ʅɸʇɯɺɺɸɻʆʅɯɺ 

 

 

ʗʢ ʚʽʜʦʤʦ, ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚʫʛʽʣʣʷ ʜʦ ʚʝʣʠʢʠʭ ʊɽʉ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʟʘʣʽʟʥʠʯʥʠʤ ʪʨʘʥʩʧʦʨʪʦʤ. ʇʽʜ ʯʘʩ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥ ̫ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʥʘʯʥʝ 

ʟʘʙʨʫʜʥʝʥʥʷ ʨʦʙʦʯʠʭ ʟʦʥ ʙʽʣʷ ʟʘʣʽʟʥʠʯʥʦʾ ʢʦʣʽʾ ʚʥʘʩʣʽʜʦʢ ʚʠʥʦʩʫ ʚʫʛʽʣʴʥʦʛʦ 

ʧʠʣʫ ʟ ʥʘʧʽʚʚʘʛʦʥʽʚ [55, 74, 151, 152]. ʋ ʨʦʟʜʽʣʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʨʦʟʨʦʙʢʘ 

ʤʝʪʦʜʽʚ ʟʤʝʥʰʝʥʥʷ ʨʽʚʥʷ ʧʠʣʦʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʨʦʙʦʯʠʭ ʟʦʥ ʧʽʜ ʯʘʩ ʚʠʥʦʩʫ 

ʚʫʛʽʣʴʥʦʛʦ ʧʠʣʫ ʟ ʥʘʧʽʚʚʘʛʦʥʽʚ. 

ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʮʴʦʛʦ ʨʦʟʜʽʣʫ ʦʧʫʙʣʽʢʦʚʘʥʽ ʘʚʪʦʨʦʤ ʫ ʧʨʘʮʷʭ [27, 

38, 122, 124, 125, 134]. 

 

 

3.1 ʆʧʠʩ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ 

 

ʇʽʜ ʯʘʩ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥ ̫ ʚʫʛʽʣʣʷ ʟʘʣʽʟʥʠʯʥʠʤ ʪʨʘʥʩʧʦʨʪʦʤ ʫ 

ʥʘʧʽʚʚʘʛʦʥʘʭ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʫʪʪʻʚʝ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ ʪʘ ʧʽʜʩʪʠʣʴʥʦʾ 

ʧʦʚʝʨʭʥʽ ʙʽʣʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʨʠʜʦʨʫ (ʨʠʩ. 3.1). 

ʇʠʣ, ʱʦ ʧʦʪʨʘʧʠʚ ʥʘ ʧʽʜʩʪʠʣʴʥʫ ʧʦʚʝʨʭʥʶ, ʟ ʨʫʭʦʤ ʚʽʪʨʫ ʟʥʦʚʫ 

ʚʠʥʦʩʠʪʴʩʷ ʚ ʧʦʚʽʪʨʷ ʽ ʪʘʢʠʤ ʯʠʥʦʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʚʪʦʨʥʝ ʧʠʣʦʚʝ 

ʟʘʙʨʫʜʥʝʥʥʷ ʨʦʙʦʯʠʭ ʟʦʥ. 

ʊʘʢʝ ʟʘʙʨʫʜʥʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ, ʢʦʣʠ ʚʘʥʪʘʞʥʠʡ ʧʦʪʷʛ ʟ ʚʫʛʽʣʣʷʤ ʯʝʢʘʻ 

ʥʘ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʥʘ ʪʝʨʠʪʦʨʽʾ ʧʽʜʧʨʠʻʤʩʪʚʘ ʘʙʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʜ ʯʘʩ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚʘʥʪʘʞʫ ʪʝʨʠʪʦʨʽʻʶ. ɿ ʥʘʫʢʦʚʦʛʦ ʧʦʛʣʷʜʫ ʚʘʛʦʥ ʟ ʚʫʛʽʣʣʷʤ ʻ 

ʜʞʝʨʝʣʦʤ ʧʠʣʦʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʨʦʙʦʯʠʭ ʟʦʥ, ʧʨʠʯʦʤʫ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʝʤʽʩʽʾ 

ʧʠʣʫ ʟʤʽʥʶʻʪʴʩʷ ʟ ʯʘʩʦʤ ʟʽ ʟʤʽʥʦʶ ʬʘʢʪʦʨʽʚ, ʱʦ ʥʘ ʮʝ ʚʧʣʠʚʘʶʪʴ. 
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ʈʠʩʫʥʦʢ 3.1 ï ʊʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚʫʛʽʣʣʷ ʚ ʥʘ ʧʽʚʚʘʛʦʥʘʭ: 

ʘ ï ʟʘʚʘʥʪʘʞʝʥʥʷ ʥʘʧʽʚʚʘʛʦʥʽʚ 

(https://cripo.com.ua/scandals/donbasskij-sled-kto-v-ukraine-pokupaet-

belorusskij-ugol-kotorogo-ne-sushhestvuet/); 

ʙ ï ʟʘʙʨʫʜʥʝʥʥʷ ʨʦʙʦʯʠʭ ʟʦʥ ʙʽʣʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʘʛʽʩʪʨʘʣʝʡ 

(https://biz.liga.net/all/tek/article/ugolnye-generaly-kto-nelegalno-vyvozit-

antratsit-iz-donbassa). 

 

ɺʘʞʣʠʚʦʶ ʟʘʜʘʯʝʶ ʻ ʨʦʟʨʦʙʢʘ ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʤʽʥʽʤʽʟʘʮʽʾ ʨʽʚʥʷ 

ʧʠʣʦʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʨʦʙʦʯʠʭ ʟʦʥ ʙʽʣʷ ʢʦʣʽʾ. ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʨʽʚʥʷ ʧʠʣʦʚʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥʷ ʨʦʙʦʯʠʭ ʟʦʥ ʫ ʨʦʙʦʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘ ʚʘʛʦʥʘʭ ʟ 

ʚʫʛʽʣʣʷʤ ʩʧʝʮʽʘʣʴʥʠʭ ʙʦʨʪʽʚ. ɼʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ 
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ʙʦʨʪʽʚ ʚʠʢʦʥʫʚʘʣʦʩʷ ʜʚʦʤʘ ʰʣʷʭʘʤʠ: ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʪʘ ʤʝʪʦʜʦʤ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. 

ʄʦʜʝʣʴ ʥʘʧʽʚʚʘʛʦʥʘ ʟ ʚʘʥʪʘʞʝʤ ʟʘʧʦʚʥʶʚʘʣʘʩʷ ʚʫʛʽʣʣʷʤ ʟ 

ʄʝʞʠʨʽʯʝʥʩʴʢʦʛʦ ɻɿʂ (ʚʦʣʦʛʽʩʪʴ 4,6 %). ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʫʩʪʘʥʦʚʢʘ 

ʨʦʟʪʘʰʦʚʫʚʘʣʘʩʷ ʥʘ ʩʪʦʣʽ, ʧʦʪʽʢ ʧʦʚʽʪʨʷ ʟʜʽʡʩʥʶʚʘʚʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʚʽʪʨʦʜʫʚʢʠ (ʨʠʩ. 3.2). 

 

 

 

ʈʠʩʫʥʦʢ 3.2 ï ʉʭʝʤʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ: 

1 ï ʧʦʚʽʪʨʦʜʫʚʢʘ; 2 ï ʤʦʜʝʣʴ ʥʘʧʽʚʚʘʛʦʥʘ ʟ ʚʘʥʪʘʞʝʤ; 3 ï ʟʦʥʘ 

ʟʘʙʨʫʜʥʝʥʥʷ. 

 

ʗʢ ʙʘʟʦʚʘ ʧʣʘʪʬʦʨʤʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʤʦʜʝʣʴ ʚʘʛʦʥʘ ʤʘʨʢʠ 12-1592. 

ʇʽʜ ʯʘʩ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʚʠʤʽʨʶʚʘʣʘʩʷ ʢʦʥʮʝʥʪʨʘʮʽʷ ʧʠʣʫ ʥʘ ʚʽʜʩʪʘʥʽ ʚʽʜ 

ʤʦʜʝʣʽ ʚʘʛʦʥʘ ʟ ʚʘʥʪʘʞʝʤ ʧʨʠ ʨʽʟʥʽʡ ʰʚʠʜʢʦʩʪʽ ʧʦʚʽʪʨʷ. ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ 

ʰʚʠʜʢʦʩʪʽ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʘʥʝʤʦʤʝʪʨ GM 8908. 

ʂʦʥʮʝʥʪʨʘʮʽʷ ʧʠʣʫ (PM2.5) ʚʠʤʽʨʶʚʘʣʘʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʤʽʨʶʚʘʯʘ WP6910 

ʥʘ ʚʠʩʦʪʽ 0.5h (h ï ʜʦʚʞʠʥʘ ʚʽʜ ʛʦʣʦʚʢʠ ʨʝʡʢʠ ʜʦ ʧʦʣʦʚʠʥʠ ʚʠʩʦʪʠ ʙʦʨʪʽʚ). 

ɿʘʤʽʨ ʧʨʦʚʦʜʠʚʩʷ ʥʘ ʚʽʜʩʪʘʥʽ R ʚʽʜ ʦʙôʻʢʪʘ (R ï ʜʦʚʞʠʥʘ ʚʘʛʦʥʘ). 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ ʚʠʢʦʥʘʥʽ ʧʨʠ ʚʽʜʥʦʩʥʽʡ ʚʦʣʦʛʦʩʪʽ 

ʧʦʚʽʪʨʷ ʚ ʣʘʙʦʨʘʪʦʨʽʾ 62 % ʪʘ ʪʝʤʧʝʨʘʪʫʨʽ ʧʦʚʽʪʨʷ 22ï24 Áʉ. 
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3.2 ɼʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʙʦʨʪʽʚ ʟ 

ʜʚʦʤʘ çʢʨʠʣʘʤʠè ʜʣʷ ʟʘʭʠʩʪʫ ʨʦʙʦʯʠʭ ʟʦʥ ʚʽʜ ʟʘʙʨʫʜʥʝʥʥʷ 

 

ʆʩʥʦʚʥʘ ʽʜʝʷ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʚʠʩʫʥʝʥʥʽ ʨʦʙʦʯʦʾ ʛʽʧʦʪʝʟʠ, ʱʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʙʦʨʪʽʚ ʥʘ ʚʘʛʦʥʽ ʟ ʚʫʛʽʣʣʷʤ ʟʤʽʥʶʻ ʘʝʨʦʜʠʥʘʤʽʢʫ 

ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʙʽʣʷ ʚʘʥʪʘʞʫ, ʟʤʝʥʰʫʻ ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ ʪʘ ʚʥʘʩʣʽʜʦʢ 

ʮʴʦʛʦ ʟʤʝʥʰʫʻʪʴʩʷ ʧʠʣʦʫʪʚʦʨʝʥʥʷ ʟ ʧʦʚʝʨʭʥʽ ʚʘʥʪʘʞʫ. ɼʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ 

ʮʽʻʾ ʨʦʙʦʯʦʾ ʛʽʧʦʪʝʟʠ ʙʫʣʘ ʚʠʢʦʥʘʥʘ ʩʝʨʽʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʢʦʣʠ ʥʘ ʚʘʛʦʥʽ 

ʚʩʪʘʥʦʚʣʶʚʘʣʠʩʷ ʙʦʨʪʠ ʦʩʦʙʣʠʚʦʾ ʬʦʨʤʠ. 

ʈʦʟʤʽʨʠ ʤʦʜʝʣʽ: 12 800 ʤʤ Ĭ 3 474 ʤʤ Ĭ 3 134 ʤʤ, ʪʦʙʪʦ ʤʦʜʝʣʴ ʚʘʛʦʥʘ 

ʚʠʢʦʥʘʥʘ ʚ ʤʘʩʰʪʘʙʽ 1:100 (ʨʠʩ. 3.3). 

 

 

 

ʈʠʩʫʥʦʢ 3.3 ï ʄʦʜʝʣʴ ʚʘʛʦʥʘ ʟ ʚʘʥʪʘʞʝʤ (ʚʫʛʽʣʣʷʤ) 

 

ʎʷ ʤʦʜʝʣʴ ʚʘʛʦʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʥʦʩʫ 

ʚʫʛʽʣʴʥʦʛʦ ʧʠʣʫ ʟ ʥʘʧʽʚʚʘʛʦʥʽʚ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʦʜʘʪʢʦʚʠʭ ʙʦʨʪʽʚ (ʨʠʩ. 3.4). 

ʉʪʘʚʠʣʘʩʷ ʟʘʜʘʯʘ ʚʠʟʥʘʯʠʪʠ, ʷʢ ʚʧʣʠʚʘʶʪʴ ʙʦʨʪʠ ʟ ʜʦʜʘʪʢʦʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ 

ʥʘ ʟʥʠʞʝʥʥʷ ʚʠʥʦʩʫ ʚʫʛʽʣʴʥʦʛʦ ʧʠʣʫ ʟ ʚʘʛʦʥʘ, ʘ ʟʥʘʯʠʪʴ, ʥʘ ʩʪʫʧʥ̔ʴ 

ʟʘʙʨʫʜʥʝʥʥʷ ʨʦʙʦʯʠʭ ʟʦʥ ʙʽʣʷ ʢʦʣʽʾ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʫʚʘʣʠʩʷ, ʢʦʣʠ ʙʦʨʪʠ ʥʘ ʚʘʛʦʥʽ 

ʤʘʣʠ ʜʚʘ ʜʦʜʘʪʢʦʚʠʭ ʝʣʝʤʝʥʪʠ: ʦʜʠʥ ï ʚʥʫʪʨʽʰʥʽʡ ʝʣʝʤʝʥʪ (ʟʘ ʪʠʧʦʤ 










































































































































































































































































































































































































































