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ɸʅʆʊɸʎɯʗ 

 

 

ʂʫʨʦʧʷʪʥʠʢ ʆ. ɸ. ɿʘʙʝʟʧʝʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʩʪʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʦʨʩʴʢʠʭ 

ʩʫʜʝʥ. ï ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʬʽʣʦʩʦʬʽʾ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 271 ï ʈʽʯʢʦʚʠʡ ʪʘ ʤʦʨʩʴʢʠʡ ʪʨʘʥʩʧʦʨʪ (ʛʘʣʫʟʴ ʟʥʘʥʴ 27 ï 

ʊʨʘʥʩʧʦʨʪ). ï ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʆʜʝʩʴʢʘ ʤʦʨʩʴʢʘ ʘʢʘʜʝʤʽʷè 

ʄʽʥʽʩʪʝʨʩʪʚʘ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ, ʆʜʝʩʘ, 2020. 

 

ɼʠʩʝʨʪʘʮʽʡʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʩʧʨʷʤʦʚʘʥʝ ʥʘ ʨʦʟʚôʷʟʘʥʥʷ ʥʘʫʢʦʚʦ-

ʧʨʠʢʣʘʜʥʦʛʦ ʟʘʚʜʘʥʥʷ ï ʚʠʟʥʘʯʘʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʩʠʩʪʝʤ 

ʢʝʨʫʚʘʥʥʷ ʚʠʧʫʩʢʥʠʤʠ ʛʘʟʘʤʠ (ʟ ʪʦʯʢʫ ʟʦʨʫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʟʥʠʞʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʪʘ ʩʪʘʙʽʣʽʟʘʮʽʾ ʜʦʩʷʛʥʫʪʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘ 

ʨʽʚʥʽ, ʚʽʜʧʦʚʽʜʥʦʤʫ ʚʠʤʦʛʘʤ, ʱʦ ʚʠʩʫʚʘʶʪʴʩʷ ʤʽʞʥʘʨʦʜʥʠʤʠ 

ʢʚʘʣʽʬʽʢʘʮʽʡʥʠʤʠ ʪʦʚʘʨʠʩʪʚʘʤʠ) ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ ʤʽʥʽʤʘʣʴʥʦʤʫ ʟʥʠʞʝʥʥʽ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʪʘ ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʜʚʠʛʫʥʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ 

ʩʫʜʝʥ ʨʽʯʢʦʚʦʛʦ ʪʘ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ. 

ɻʦʣʦʚʥʦʶ ʤʦʪʠʚʘʮʽʻʶ ʜʦʩʣʽʜʞʝʥʴ ʻ ʩʴʦʛʦʜʝʥʥʘ ʥʘʷʚʥʽʩʪʴ ʟʘʧʠʪʽʚ 

ʧʨʘʢʪʠʢʠ: 

ʨʦʟʚôʷʟʘʥʥʷ ʟʘʚʜʘʥʥʷ ʤʽʥʽʤʽʟʘʮʽʾ ʝʤʽʩʽʾ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʟ ʚʠʧʫʩʢʥʠʤʠ 

ʛʘʟʘʤʠ ʜʠʟʝʣʽʚ ʩʫʜʝʥ ʨʽʯʢʦʚʦʛʦ ʪʘ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ; 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʦʨʩʴʢʦʛʦ ʩʫʜʥʘ. 

ɻʦʣʦʚʥʝ ʟʘʚʜʘʥʥʷ ʥʘʫʢʦʚʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʛʘʻ ʫ ʨʦʟʨʦʙʮʽ ʪʘ 

ʚʠʟʥʘʯʝʥʥʽ ʨʝʞʠʤʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʚʠʧʫʩʢʥʠʤʠ ʛʘʟʘʤʠ, ʱʦ 

ʛʘʨʘʥʪʫʶʪʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʤʦʨʩʴʢʠʭ ʩʫʜʝʥ ʚʽʜʧʦʚʽʜʥʦ 

ʜʦ ʚʠʤʦʛ ʤʽʞʥʘʨʦʜʥʠʭ ʩʪʘʥʜʘʨʪʽʚ. 

ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʛʦʣʦʚʥʦʛʦ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʨʽʰʝʥʽ ʥʘʩʪʫʧʥʽ 

ʜʦʧʦʤʽʞʥʽ ʟʘʚʜʘʥʥʷ: 
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1) ʚʠʟʥʘʯʝʥʥʷ ʜʽʘʧʘʟʦʥʫ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʨʝʮʠʨʢʫʣʷʮʽʾ ʛʘʟʽʚ, ʚ ʷʢʦʤʫ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʠʞʝʥʥʷ ʝʤʽʩʽʾ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ 

ʤʽʥʽʤʘʣʴʥʦʤʫ ʧʽʜʚʠʱʝʥʥʽ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ; 

2) ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ 

ʨʝʮʠʨʢʫʣʷʮʽʾ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ; 

3) ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ (ʟ ʪʦʯʢʠ ʟʦʨʫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʩʪʽ 

ʤʦʨʩʴʢʠʭ ʩʫʜʝʥ) ʨʝʞʠʤʽʚ ʧʝʨʝʧʫʩʢʫ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ; 

4) ʘʥʘʣʽʟ ʟʤʽʥʠ ʩʪʘʪʠʯʥʠʭ ʪʘ ʜʠʥʘʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʨʦʙʦʪʠ  ʜʠʟʝʣʽʚ 

ʩʫʜʝʥ ʨʽʯʢʦʚʦʛʦ ʪʘ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʧʽʜ ʯʘʩ ʧʝʨʝʧʫʩʢʫ ʛʘʟʽʚ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʚôʷʟʘʥʥʷ ʛʦʣʦʚʥʦʛʦ ʪʘ ʜʦʧʦʤʽʞʥʠʭ ʟʘʚʜʘʥʴ ʦʪʨʠʤʘʥʦ 

ʥʘʫʢʦʚʝ ʧʦʣʦʞʝʥʥʷ: ʝʢʦʣʦʛʽʯʥʽʩʪʴ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʦʨʩʴʢʠʭ ʩʫʜʝʥ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʢʦʤʧʣʝʢʩʥʠʤ ʢʝʨʫʚʘʥʥʷʤ ʚʠʧʫʩʢʥʠʤʠ ʛʘʟʘʤʠ ʜʚʠʛʫʥʽʚ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤ ʾʭ ʨʝʮʠʨʢʫʣʷʮʽʾ ʪʘ 

ʧʝʨʝʧʫʩʢʫ, ʧʨʠ ʮʴʦʤʫ ʦʧʪʠʤʘʣʴʥʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʨʝʞʠʤʠ ʮʠʭ ʩʠʩʪʝʤ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʰʚʠʜʢʽʩʥʠʤʠ ʘʙʦ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʠʤʠ ʨʝʞʠʤʘʤʠ ʨʦʙʦʪʠ 

ʜʠʟʝʣʽʚ. 

ʅʘʫʢʦʚʝ ʧʦʣʦʞʝʥʥʷ ʦʙˇʨʫʥʪʦʚʘʥʝ ʥʘʫʢʦʚʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ: 

ʚʧʝʨʰʝ ʚʩʪʘʥʦʚʣʝʥʦ: 

¶ ʦʧʪʠʤʘʣʴʥʠʡ (ʟ ʪʦʯʢʠ ʟʦʨʫ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʠʞʝʥʥʷ ʝʤʽʩʽʾ ʦʢʩʠʜʽʚ 

ʘʟʦʪʫ, ʧʨʠ ʤʽʥʽʤʘʣʴʥʦʤʫ ʟʤʝʥʰʝʥʥʽ ʝʬʝʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʽ ʤʽʥʽʤʘʣʴʥʦʤʫ 

ʧʽʜʚʠʱʝʥʥʽ ʧʠʪʦʤʦʾ ʝʬʝʢʪʠʚʥʦʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ) ʜʽʘʧʘʟʦʥ ʨʝʮʠʨʢʫʣʷʮʽʾ 

ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ, ʷʢʽʤ ʻ 12,5é15,5 % ʪʘ ʚ ʷʢʦʤʫ ʧʽʜʪʨʠʤʫʻʪʴʩʷ 

ʩʪʝʭʽʦʤʝʪʨʠʯʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʥʘʜʽʡʥʝ ʩʘʤʦʟʘʡʤʘʥʥʷ 

ʧʘʣʠʚʘ; 

¶ ʢʨʠʪʝʨʽʡ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ ʨʝʮʠʨʢʫʣʷʮʽʾ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ (ʟʘ 

ʷʢʠʡ ʜʦʮʽʣʴʥʦ ʧʨʠʡʤʘʪʠ ʧʣʦʱʫ ʧʽʜ ʟʘʣʝʞʥʽʩʪʶ NOX=f(dEGR) ʱʦ ʜʦʟʚʦʣʷʻ 

ʚʠʢʦʥʫʚʘʪʠ ʢʽʣʴʢʽʩʥʝ ʪʘ ʷʢʽʩʥʝ ʧʦʨʽʚʥʷʥʥʷ ʨʝʞʠʤʽʚ ʾʾ ʝʢʩʧʣʫʘʪʘʮʽʾ; 

¶ ʦʧʪʠʤʘʣʴʥʠʡ (ʟ ʪʦʯʢʠ ʟʦʨʫ ʙʣʠʞʯʦʛʦ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʠʞʝʥʥʷ 

ʝʤʽʩʽʾ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʟ ʦʜʥʦʯʘʩʥʠʤ ʤʽʥʽʤʘʣʴʥʠʤ ʟʙʽʣʴʰʝʥʥʷʤ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ) 
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ʨʝʞʠʤ ʧʝʨʝʧʫʩʢʫ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ, ʷʢʠʤ ʻ 4é6 % ʪʘ ʚ ʷʢʦʤʫ ʧʦʧʝʨʝʜʞʘʻʪʴʩʷ 

ʚʠʥʠʢʥʝʥʥʷ ʪʝʧʣʦʚʦʾ ʧʝʨʝʥʘʧʨʫʞʝʥʦʩʪʽ ʪʘ ʧʦʤʧʘʞʥʠʭ ʷʚʠʱ; 

¶ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ ʧʝʨʝʧʫʩʢʫ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ 

ʦʙʤʝʞʫʻʪʴʩʷ ʯʘʩʪʢʦʚʠʤʠ (ʫ ʜʽʘʧʘʟʦʥʽ ʤʝʥʰ ʥʽʞ 55 % ʚʽʜ ʥʦʤʽʥʘʣʴʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ) ʨʝʞʠʤʘʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʧʽʜʚʠʱʝʥʠʤʠ (ʫ ʜʽʘʧʘʟʦʥʽ ʙʽʣʴʰ ʥʽʞ 

9 %) ʨʝʞʠʤʘʤʠ ʧʝʨʝʧʫʩʢʫ. 

ʋʜʦʩʢʦʥʘʣʝʥʦ ʤʝʪʦʜʠʢʫ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʫ 

ʚʠʧʫʩʢʥʠʭ ʛʘʟʘʭ, ʱʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʽʩʥʫʶʯʠʭ ʤʦʞʣʠʚʽʩʪʶ ʦʮʽʥʢʠ ʾʭ 

ʚʽʜʥʦʩʥʦʛʦ ʟʥʘʯʝʥʥʷ (ʱʦʜʦ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʯʘʩʫ ʨʦʙʦʪʫ ʜʠʟʝʣʷ) ʟʘ ʦʩʪʘʪʦʯʥʦʶ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʢʠʩʥʶ ʫ ʚʠʧʫʩʢʥʠʭ ʛʘʟʘʭ.  

ʆʪʨʠʤʘʣʘ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʤʝʪʦʜʠʢʘ ʨʦʟʧʦʜʽʣʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʤʽʞ ʧʘʨʘʣʝʣʴʥʦ ʧʨʘʮʶʶʯʠʤʠ ʜʠʟʝʣʷʤʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʾʭ ʝʢʦʣʦʛʽʯʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ (ʚʤʽʩʪʦʤ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʫ ʚʠʧʫʩʢʥʠʭ ʛʘʟʘʭ). 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʫ ʥʘʩʪʫʧʥʦʤʫ: 

¶ ʜʣʷ ʦʩʥʦʚʥʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʜʽʘʧʘʟʦʥʽʚ ʨʦʙʦʪʠ ʛʦʣʦʚʥʠʭ ʪʘ 

ʜʦʧʦʤʽʞʥʠʭ ʜʚʠʛʫʥʽʚ ʩʫʜʝʥ ʨʽʯʢʦʚʦʛʦ ʪʘ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʚʩʪʘʥʦʚʣʝʥʦ 

ʨʝʞʠʤ ʨʦʙʦʪʠ ʩʠʩʪʝʤ ʨʝʮʠʨʢʫʣʷʮʽʾ/ʧʝʨʝʧʫʩʢʫ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ, ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʷʢʦʛʦ ʧʽʜʚʠʱʫʻ ʝʢʦʣʦʛʽʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʫʜʥʘ ʟ ʦʜʥʦʯʘʩʥʠʤ ʤʽʥʽʤʘʣʴʥʠʤ (ʥʝ 

ʙʽʣʴʰ ʷʢ 2,5é3,0 %-ʠʤ) ʚʽʜʭʠʣʝʥʥʷʤ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʧʦʧʝʨʝʜʞʝʥʥʷʤ ʪʝʧʣʦʚʦʾ 

ʥʘʧʨʫʞʝʥʦʩʪʽ; 

¶ ʪʝʭʥʦʣʦʛʽʶ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʚʠʧʫʩʢʥʠʤʠ ʛʘʟʘʤʠ ʜʦʮʽʣʴʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʽʜ ʯʘʩ ʩʪʘʣʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʩʫʜʥʦʚʦʛʦ ʧʨʦʧʫʣʴʩʠʚʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ, ʘ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʨʝʞʠʤʽʚ ʾʾ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ï ʧʽʜ ʯʘʩ ʧʨʦʝʢʪʫʚʘʥʥʷ ʥʘ ʥʘʣʘʛʦʜʞʝʥʥʷ ʩʠʩʪʝʤ 

ʨʝʮʠʨʢʫʣʷʮʽʾ/ʧʝʨʝʧʫʩʢʫ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʫʜʥʘ ʨʽʯʢʦʚʦʛʦ ʪʘ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ, 

ʝʢʦʣʦʛʽʯʥʽʩʪʴ, ʝʤʽʩʽʷ ʦʢʩʠʜʽʚ ʘʟʦʪʫ, ʨʝʮʠʨʢʫʣʷʮʽʷ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ, ʧʝʨʝʧʫʩʢ 

ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ, ʢʝʨʫʚʘʥʥʷ ʚʠʧʫʩʢʥʠʤʠ ʛʘʟʘʤʠ. 
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ʉʧʠʩʦʢ ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʧʨʘʮʴ ʟʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʾ 

ʉʪʘʪʪʽ ʫ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ ʋʢʨʘʾʥʠ (ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʧʝʨʝʣʽʢʫ 

ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʴ ʋʢʨʘʾʥʠ, ʷʢʽ ʨʝʢʦʤʝʥʜʦʚʘʥʽ ʄʆʅ ʋʢʨʘʾʥʠ ʜʣʷ 

ʧʫʙʣʽʢʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʡʥʠʭ ʨʦʙʽʪ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʠʭ ʩʪʫʧʝʥʽʚ 

ʜʦʢʪʦʨʘ ʽ ʢʘʥʜʠʜʘʪʘ ʥʘʫʢ): 

1. ʂʫʨʦʧʷʪʥʠʢ ɸ. ɸ. ʉʥʠʞʝʥʠʝ ʵʤʠʩʩʠʠ ʦʢʩʠʜʦʚ ʘʟʦʪʘ ʩʫʜʦʚʭr ʜʠʟʝʣʝʡ 

ʤʝʪʦʜʦʤ ʧʝʨʝʧʫʩʢʘ ʚʳʧʫʩʢʥʳʭ ʛʘʟʦʚ / ɸ. ɸ. ʂʫʨʦʧʷʪʥʠʢ // ɺʽʩʥʠʢ ʆʜʝʩʴʢ. 

ʥʘʮ. ʤʦʨ. ʫʥ-ʪʫ. ï 2018. ï ɺʠʧ. 4(57). ï ʉ. 98-108. 

2. Kuropyatnyk ʆ. A. The use of bypass exhaust gases to ensure the 

environmental performance of marine diesel engines / ʆ. A. Kuropyatnyk // 

ʉʫʜʥʦʚʽ ʝʥʝʨʛʝʪʠʯʥʽ ʫʩʪʘʥʦʚʢʠ : ʥʘʫʢ.-ʪʝʭʥ. ʟʙ. ï 2018. ï ɺʠʧ. 38. ï ʉ. 217-

227. 

3. ʂʫʨʦʧʷʪʥʠʢ ɸ. ɸ. ʋʧʨʘʚʣʝʥʠʝ ʚʳʧʫʩʢʥʳʤʠ ʛʘʟʘʤʠ ʩʫʜʦʚʳʭ ʜʠʟʝʣʝʡ 

ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ / ɸ. ɸ. ʂʫʨʦʧʷʪʥʠʢ, ʉ. ɺ. ʉʘʛʠʥ 

// ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʩʫʜʦʚʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ : ʥʘʫʯ.-ʪʝʭʥ. ʩʙʦʨʥʠʢ. ï 2018. 

ï ɺʳʧ. 24. ï ʉ. 72-80. 

4. ʉʘʛʠʥ ʉ. ɺ. ʆʧʪʠʤʠʟʘʮʠʷ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʧʝʨʝʧʫʩʢʘ 

ʚʳʧʫʩʢʥʳʭ ʛʘʟʦʚ ʩʫʜʦʚʳʭ ʩʨʝʜʥʝʦʙʦʨʦʪʥʳʭ ʜʠʟʝʣʝʡ / ʉ. ɺ. ʉʘʛʠʥ, 

ɸ. ɸ. ʂʫʨʦʧʷʪʥʠʢ // ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʩʫʜʦʚʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ : ʥʘʫʯ. -

ʪʝʭʥ. ʩʙ. ï 2019. ï ɺʳʧ. 25. ï ʆʜʝʩʩʘ : ʅʋ çʆʄɸè. ï ʉ. 79-89. DOI: 

10.31653/1819-3293-2019-1-25-79-89. 

5. ʂʫʨʦʧʷʪʥʠʢ ɸ. ɸ. ʂʦʤʧʣʝʢʩʥʘʷ ʦʮʝʥʢʘ ʨʝʞʠʤʦʚ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʩʠʩʪʝʤʳ ʨʝʮʠʨʢʫʣʷʮʠʠ ʚʳʧʫʩʢʥʳʭ ʛʘʟʦʚ ʩʫʜʦʚʳʭ ʜʠʟʝʣʝʡ // ɺʽʩʥʠʢ 

ʆʜʝʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʤʦʨʩʴʢʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ : ɿʙ. ʥʘʫʢ. ʧʨʘʮʴ. ï 2020. ï 

 ̄1(61). ï ʉ. 106-120. DOI : 10.47049/2226-1893-2020-1-106-120. 

6. ʂʫʨʦʧʷʪʥʠʢ ɸ. ɸ. ʂʦʤʧʣʝʢʩʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʚʳʧʫʩʢʥʳʤʠ ʛʘʟʘʤʠ 

ʩʫʜʦʚʳʭ ʜʠʟʝʣʝʡ ʢʘʢ ʩʧʦʩʦʙ ʦʙʝʩʧʝʯʝʥʠʷ ʠʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʨʘʙʦʪʳ / ɸ. ɸ. ʂʫʨʦʧʷʪʥʠʢ // ɺʽʩʥʠʢ ʆʜʝʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʤʦʨʩʴʢʦʛʦ 

ʫʥʚ̔ʝʨʩʠʪʝʪʫ : ɿʙ. ʥʘʫʢ. ʧʨʘʮʴ, 2020. ï  ̄2(62). ï ʉ. 142-159. DOI : 

10.47049/2226-1893-2020-2-142-159. 
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ʉʪʘʪʪʽ ʚ ʽʥʦʟʝʤʥʠʭ ʚʠʜʘʥʥʷʭ, ʷʢʽ ʚʭʦʜʷʪʴ ʜʦ ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟ 

ʜʘʥʠʭ Scopus ʪʘ Web of Science: 

7. Sagin S. V. The Use of Exhaust Gas Recirculation for Ensuring the 

Environmental Performance of Marine Diesel Engines / S. V. Sagin, 

ʆ. ɸ. Kuropyatnyk // OUR SEA : International Journal of Maritime Science & 

Technology. ï 2018. ï Vol. 65. ï  ̄2. ï ʈ. 78-86. doi.org/10.17818/NM/2018/2.3. 

8. Kuropyatnyk O. A. Exhaust Gas Recirculation as a Major Technique 

Designed to Reduce NOʭ Emissions from Marine Diesel Engines / 

O. A. Kuropyatnyk, S. V. Sagin // OUR SEA : International Journal of Maritime 

Science & Technology. ï 2019. ï Vol. 66. ï Iss. 1. ï ʈ. 1-9. 

https://doi.org/10.17818/NM/2019/1.1. 

 

ʉʪʘʪʪʽ ʚ ʽʥʰʠʭ ʽʥʦʟʝʤʥʠʭ ʚʠʜʘʥʥʷʭ: 

9. Sagin S. V. Application of the system of recirculation of exhaust gases for 

the reduction of the concentration of nitric oxides in the exhaust gases of the ship 

diesels / S. V. Sagin, A. A. Kuropyatnik // American Scientific Journal. ï 2017. ï 

 ̄15. ï Iss. 2. ï P. 67-71.  

10. ɿʘʙʣʦʮʢʠʡ ʖ. ɺ. ʇʦʚʳʰʝʥʠʝ ʪʦʧʣʠʚʥʦʡ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʪʳ ʩʫʜʦʚʳʭ ʜʠʟʝʣʝʡ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʧʨʠʩʘʜʦʢ ʢ ʪʦʧʣʠʚʫ / ʖ. ɺ. ɿʘʙʣʦʮʢʠʡ, ɸ. ɸ. ʂʫʨʦʧʷʪʥʠʢ // Austria-science. ï 

2017. ï ˉ 2.ï ʉ. 83-88. 

11. Kuropyatnyk O. A. Reduction of NOx emission in the exhaust gases of 

low-speed marine diesel engines / O. A. Kuropyatnyk // Austrian Journal of 

Technical and Natural Sciences, Vienna-2018. ï  ̄7-8 (July-August). ï ʈ. 37-42. 

doi.org/10.29013/AJT-18-7.8-37-42. 

12. ʂʫʨʦʧʷʪʥʠʢ ɸ. ɸ. ʉʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʢʩʠʜʦʚ ʘʟʦʪʘ ʚ 

ʚʳʧʫʩʢʥʳʭ ʛʘʟʘʭ ʩʫʜʦʚʳʭ ʜʠʟʝʣʝʡ / ɸ. ɸ. ʂʫʨʦʧʷʪʥʠʢ // Universum: 

ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ. ï 2018. ï ɺʳʧ. 3(48). ï ʉ. 63-66. 

https://hrcak.srce.hr/nase-more
https://hrcak.srce.hr/nase-more
https://hrcak.srce.hr/index.php?show=toc&id_broj=16155
https://doi.org/10.17818/NM/2018/2.3
https://hrcak.srce.hr/nase-more
https://hrcak.srce.hr/nase-more
../Литература%20Куропятник/Vol. 66.%20–%20Iss. 1
https://doi.org/10.17818/NM/2019/1.1
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13. Kuropyatnyk O. A. Ensuring environmental performance indicators of 

marine diesel engines / O. A. Kuropyatnyk // Materials of the International 

Conference ñScientific research of the SCO countries: synergy and integrationò. 

Part 1. August 31, 2019. Beijing, PRC. ï P. 146-153. DOI. 10.34660/INF. 

2019.15.36259 

14. Kuropyatnyk O. A. Selection of optimal operating modes of exhaust gas 

recirculation system for marine low-speed diesel engines / O. A. Kuropyatnyk // 

Materials of the International Conference ñProcess Management and Scientific 

Developmentsò (Birmingham, United Kingdom, January 16, 2020. Part 4). ï 

ʈ. 203-211. DOI. 10.34660/INF.2020.4.52992. 

15. Kuropyatnyk O. A. Reducing the emission of nitrogen  oxides from 

marine diesel engines / O. A. Kuropyatnyk  // Materials of the International 

Conference ñScientific research of the SCO countries: synergy and integration 

January 25, 2020. Part 2. Beijing, PRC. ï P. 154-160. DOI. 10.34660/INF. 

2020.24.53689. 

16. ʂʫʨʦʧʷʪʥʠʢ ɸ. ɸ. ʆʙʝʩʧʝʯʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʙʦʪʳ 

ʩʫʜʦʚʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʠʩʪʝʤʳ 

ʨʝʮʠʨʢʫʣʷʮʠʠ ʚʳʧʫʩʢʥʳʭ ʛʘʟʦʚ ʜʠʟʝʣʷ // Universum: ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ : 

ʵʣʝʢʪʨʦʥ. ʥʘʫʯʥ. ʞʫʨʥ. ï 2020. ï ˉ 4(73). URL: 

http://7universum.com/ru/tech/archive/item/9290 (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 25.10.2020). 

 

ʉʪʘʪʪʽ ʫ ʟʙʽʨʢʘʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʡ 

17. ʂʫʨʦʧʷʪʥʠʢ ɸ. ɸ. ʆʙʝʩʧʝʯʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʙʦʪʳ 

ʩʫʜʦʚʳʭ ʜʠʟʝʣʝʡ / ɸ. ɸ. ʂʫʨʦʧʷʪʥʠʢ // ʄʘʪʝʨ. ʥʘʫʢ.-ʪʝʭʥ. ʢʦʥʬʝʨʝʥʮʽʾ 

çʈʽʯʢʦʚʠʡ ʪʘ ʤʦʨʩʴʢʠʡ ʬʣʦʪ : ʝʢʩʧʣʫʘʪʘʮʽʷ ʽ ʨʝʤʦʥʪè, 23.03.2017 ï 

24.03.2017. ʏʘʩʪʠʥʘ 1. ï ʆʜʝʩʘ : ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʆʜʝʩʴʢʘ ʤʦʨʩʴʢʘ 

ʘʢʘʜʝʤʽʷè. ï 2017. ï ʉ. 120-123.  

18. ʂʫʨʦʧʷʪʥʠʢ ɸ. ɸ. ʉʥʠʞʝʥʠʝ ʵʤʠʩʩʠʠ ʦʢʩʠʜʦʚ ʘʟʦʪʘ ʩʫʜʦʚʳʭ ʜʠʟʝʣʝʡ 

/ ɸ. ɸ. ʂʫʨʦʧʷʪʥʠʢ // ʉʫʜʥʦʚʘ ʝʥʝʨʛʝʪʠʢʘ: ʩʪʘʥ ʪʘ ʧʨʦʙʣʝʤʠ : ʄʘʪʝʨʽʘʣʠ VIIɯ 



8 

ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ. ï ʄʠʢʦʣʘʾʚ : ʅʘʮʽʦʥʘʣʴʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ ʢʦʨʘʙʣʝʙʫʜʫʚʘʥʥʷ ʽʤ. ʘʜʤ. ʄʘʢʘʨʦʚʘ. ï 2017. ï ʉ. 63-69. 

19. ʂʫʨʦʧʷʪʥʠʢ ɸ. ɸ. ʆʙʝʩʧʝʯʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʪʳ 

ʩʫʜʦʚʳʭ ʜʠʟʝʣʝʡ / ɸ. ɸ. ʂʫʨʦʧʷʪʥʠʢ // ʉʫʯʘʩʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʘ ʽʥʥʦʚʘʮʽʡʥʽ 

ʪʝʭʥʦʣʦʛʽʾ ʥʘ ʪʨʘʥʩʧʦʨʪʽ : ʄʘʪʝʨʽʘʣʠ ʍ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ 

ʢʦʥʬʝʨʝʥʮʽʾ MINTT-2018, 29-31 ʪʨʘʚʥʷ 2018 ʨ. ï ʍʝʨʩʦʥ : ʍʝʨʩʦʥʩʴʢʘ 

ʜʝʨʞʘʚʥʘ ʤʦʨʩʴʢʘ ʘʢʘʜʝʤʽʷ. ï 2018. ï ʉ. 325-328.  

20. ʂʫʨʦʧʷʪʥʠʢ ɸ. ɸ. ʆʙʝʩʧʝʯʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʢʦʥʚʝʥʮʠʠ ʄɸʈʇʆʃ73/78 

ʧʦ ʦʛʨʘʥʠʯʝʥʠʶ ʚʳʙʨʦʩʦʚ NOX ʧʫʪʝʤ ʧʝʨʝʧʫʩʢʘ ʚʳʧʫʩʢʥʳʭ ʛʘʟʦʚ / 

ɸ. ɸ. ʂʫʨʦʧʷʪʥʠʢ // ʉʫʯʘʩʥʽ ʝʥʝʨʛʝʪʠʯʥʽ ʫʩʪʘʥʦʚʢʠ ʥʘ ʪʨʘʥʩʧʦʨʪʽ ʽ ʪʝʭʥʦʣʦʛʽʾ 

ʪʘ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʾʭ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ : ʤʘʪʝʨʽʘʣʠ 10-ʾ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-

ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ, 12-13 ʚʝʨʝʩʥʷ 2019 ʨ. ï ʍʝʨʩʦʥ : ʍʝʨʩʦʥʩʴʢʘ 

ʜʝʨʞʘʚʥʘ ʤʦʨʩʴʢʘ ʘʢʘʜʝʤʽʷ. ï 2019. ï ʉ. 109-111. 

21. ʂʫʨʦʧʷʪʥʠʢ ɸ. ɸ. ʆʙʝʩʧʝʯʝʥʠʝ ʫʨʦʚʥʷ ʵʤʠʩʩʠʠ ʦʢʩʠʜʦʚ ʘʟʦʪʘ 

ʩʫʜʦʚʳʭ ʯʝʪʳʨʝʭʪʘʢʥʳʭ ʜʠʟʝʣʝʡ / ɸ. ɸ. ʂʫʨʦʧʷʪʥʠʢ  // ʈʽʯʢʦʚʠʡ ʪʘ ʤʦʨʩʴʢʠʡ 

ʬʣʦʪ: ʝʢʩʧʣʫʘʪʘʮʽʷ ʽ ʨʝʤʦʥʪ : ʄʘʪʝʨʽʘʣʠ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ 

ʢʦʥʬʝʨʝʥʮʽʾ. ï ʆʜʝʩʘ : ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʆʜʝʩʴʢʘ ʤʦʨʩʴʢʘ 

ʘʢʘʜʝʤʽʷè, 2019. ï ʉ. 181-186. 

22. ʂʫʨʦʧʷʪʥʽʢ ʆ. ɸ. ɼʦʩʣʽʜʞʝʥʥʷ ʨʝʞʠʤʽʚ ʧʝʨʝʧʫʩʢʫ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ 

ʩʫʜʥʦʚʠʭ ʜʠʟʝʣʽʚ / ʆ. ɸ. ʂʫʨʦʧʷʪʥʽʢ // ʉʫʜʥʦʚʘ ʝʥʝʨʛʝʪʠʢʘ: ʩʪʘʥ ʪʘ ʧʨʦʙʣʝʤʠ 

: ʄʘʪʝʨʽʘʣʠ ʍ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ. ï ʄʠʢʦʣʘʾʚ : 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʢʦʨʘʙʣʝʙʫʜʫʚʘʥʥʷ ʽʤ. ʘʜʤ. ʄʘʢʘʨʦʚʘ. ï 2019. ï ʉ. 

73-79. 

23. ʂʫʨʦʧʷʪʥʠʢ ɸ. ɸ. ʆʙʝʩʧʝʯʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʙʦʪʳ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʤʦʨʩʢʠʭ ʩʫʜʦʚ / ɸ. ɸ. ʂʫʨʦʧʷʪʥʠʢ // ʈʽʯʢʦʚʠʡ ʪʘ 

ʤʦʨʩʴʢʠʡ ʬʣʦʪ: ʝʢʩʧʣʫʘʪʘʮʽʷ ʽ ʨʝʤʦʥʪ : ʄʘʪʝʨʽʘʣʠ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ. ï ʆʜʝʩʘ : ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʆʜʝʩʴʢʘ ʤʦʨʩʴʢʘ 

ʘʢʘʜʝʤʽʷè, 2020. ï ʉ. 108-112. 
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24. ʂʫʨʦʧʷʪʥʠʢ ɸ. ɸ. ɼʠʘʛʥʦʩʪʠʨʦʚʘʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʨʘʙʦʪʳ ʩʫʜʦʚʳʭ ʜʠʟʝʣʝʡ / ɸ. ɸ. ʂʫʨʦʧʷʪʥʠʢ // ʄʘʪʝʨʽʘʣʠ II  ʄʽʞʥʘʨʦʜʥʦʾ 

ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʤʦʨʩʴʢʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʢʘʬʝʜʨʠ ʉɽʋ ʽ ʊɽ ʆʜʝʩʴʢʦʛʦ 

ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʤʦʨʩʴʢʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ (MPP&O-2020 ï Marine Power Plants 

and Operation), ʢʚʽʪʝʥʴ 2020. ï ʆʜʝʩʘ : ʆʜʝʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʤʦʨʩʴʢʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ. ï ʉ. 220-227. 

25. ʂʫʨʦʧʷʪʥʠʢ ɸ. ɸ. ʉʥʠʞʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʩʛʦʨʘʥʠʷ 

ʨʘʙʦʯʝʛʦ ʮʠʢʣʘ ʩʫʜʦʚʳʭ ʜʠʟʝʣʝʡ ʩ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʠʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ / ɸ. ɸ. ʂʫʨʦʧʷʪʥʠʢ // ʉʫʯʘʩʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʘ ʽʥʥʦʚʘʮʽʡʥʽ 

ʪʝʭʥʦʣʦʛʽʾ ʥʘ ʪʨʘʥʩʧʦʨʪʽ : ʄʘʪʝʨʽʘʣʠ ʍɯɯ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ 

ʢʦʥʬʝʨʝʥʮʽʾ MINTT-2020, 27-29 ʪʨʘʚʥʷ 2020 ʨ. ï ʍʝʨʩʦʥ : ʍʝʨʩʦʥʩʴʢʘ 

ʜʝʨʞʘʚʥʘ ʤʦʨʩʴʢʘ ʘʢʘʜʝʤʽʷ. ï 2020. ï ʉ. 250-254. 

. 

 

ɿ ʥʘʫʢʦʚʠʭ ʨʦʙʽʪ, ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ, ʘʚʪʦʨʫ ʥʘʣʝʞʘʪʴ 

ʦʩʦʙʠʩʪʦ:  

[3] ï ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, 

ʦʙʨʦʙʢʘ ʪʘ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʫ; [4] ï ʧʨʦʚʝʜʝʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʦʙʨʦʙʢʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ; [7] ï 

ʥʘʣʘʛʦʜʞʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʛʨʘʤʠ 

ʚʠʧʨʦʙʫʚʘʥʴ, ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʦʙʨʦʙʢʘ ʾʭ 

ʨʝʟʫʣʴʪʘʪʽʚ; [8] ï ʨʦʟʨʦʙʢʘ ʪʝʭʥʦʣʦʛʽʾ ʝʢʩʧʝʨʠʤʝʥʪʽ, ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ 

ʪʘ ʦʙʨʦʙʢʘ ʡʦʛʦ ʨʝʟʫʣʴʪʘʪʽʚ; [9] ï ʤʦʜʝʨʥʽʟʘʮʽʷ ʩʫʜʥʦʚʦʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ 

ʚʠʧʫʩʢʥʠʤʠ ʛʘʟʘʤʠ, ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʦʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ; [10] ï 

ʨʦʟʨʦʙʢʘ ʘʣʛʦʨʠʪʤʫ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʤʦʜʝʨʥʽʟʘʮʽʷ 

ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʝʢʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʨʦʙʦʪʠ ʩʫʜʥʘ. 
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ANNOTATION 

 

 

Kuropyatnyk O. A. Providing of the sea vessels ecological exploitation  ï 

Qualifying scientific work as manuscript. 

Dissertation for the scientific level of Doctor of Philosophy for specialties 271 

ï River and sea transport (Part of knowledge 27 ï Transport). ï National 

University "Odessa State Academy" of the Ministry of Education and Science of 

Ukraine, Odesa, 2020. 

 

The dissertation research is dedicated to the solution of a scientific and 

applied problem ï definition of exhaust gases control systems optimum modes 

(from the point of view of maintenance of the maximum decrease of nitrogen 

oxides concentration and stabilization of the reached value at the level 

corresponding to the requirements requested by the international qualification 

societies) at simultaneos minimal decrease of energy and economic parameters of 

internal combustion engines of river and sea transport vessels. 

The main motivation for research is the current availability of requests for 

practice: 

solving the problem of minimizing the emission of nitrogen oxides from the 

exhaust gases of diesels of river and sea transport vessels; 

the need to ensure the environmental efficiency of the seagoing vessel. 

The main task of the research is to develop and determine the modes of 

operation of exhaust gases control systems that ensure the environmental 

parameters of ships in accordance to international standards. 

To solve the main task of the study, the following auxiliary tasks are solved: 

1) determination of the gas recirculation system operation range, which 

provides the maximum reduction of nitrogen oxides emission while minimizing the 

increase of fuel consumption; 
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2) determination of the criterion for evaluating the efficiency of the exhaust 

gas recirculation system; 

3) determination of optimal (from the point of view of ensuring the ecological 

compatibility of seagoing vessels) modes of exhaust gas bypass; 

4) analysis of changes in static and dynamic parameters of diesel engines of 

river and sea transport vessels during gas bypass. 

As a result of solving the main and auxiliary tasks, a scientific position is 

obtained: the ecological compatibility of marine vessels is ensured by integrated 

control of exhaust gases of internal combustion engines through  using the  

recirculation and bypass systems, herewith the optimal operating modes of these 

systems are determined by fast-moving or by load conditions modes of diesels 

operation. 

The scientific position is substantiated by scientific results: 

first installed: 

optimal (from the point of view of the maximum reduction of emission of 

nitrogen oxides, at the minimum decrease of effective power and the minimum 

increase of the  specific effective fuel consumption) the range of recirculation of 

exhaust gases which is 12,5é15,5 % and in which the stoichiometric ratio is 

maintained, that provides straight hypergolicity of the fuel; 

criterion for evaluating the efficiency of the exhaust gas recirculation system 

(for which it is advisable to take the area as a function NOX=f(dEGR) allowing a 

quantitative and qualitative comparison of the modes of its operation; 

optimal (in terms of closer to the maximum reduction of nitrogen oxides 

emissions with a simultaneous minimum increase in fuel consumption) mode of 

bypass of exhaust gases, which is 4é6 % and which prevents the occurrence of 

thermal overvoltage and surges; 

the possibility of using the exhaust bypass system is limited by partial (in the 

range of less than 55 % of rated power) load modes and increased (in the range of 

more than 9 %) bypass modes. 
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The method of determining the concentration of nitrogen oxides in the 

exhaust gases has been improved, which differs from the existing ones by the 

possibility of estimating their relative value (in terms of power and operating time 

of the diesel engine) by the final oxygen concentration in the exhaust gases. 

The method of load distribution between parallel-running diesels taking into 

account their ecological indicators (content of nitrogen oxides in exhaust gases) 

was further developed. 

The practical significance of the results is as follows: 

for the main operating ranges of the main and auxiliary engines of river and 

sea transport vessels the mode of operation of recirculation/exhaust gas 

transmission systems is established, the use of which increases the ecological 

efficiency of the vessel with simultaneous minimum (not more than 2.5é3.0 %) 

power deviation and prevention of thermal stress; 

the technology of complex control of exhaust gases should be used during 

steady-state operation of the ship's propulsion system, and recommendations for 

determining the optimal modes of its operation ï during the design for the 

installation of recirculation/bypass systems. 

Key words: river and sea transport vessels, ecological compatibility, emission 

of nitrogen oxides, exhaust gas recirculation, exhaust gas bypass, exhaust gas 

management. 
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ʪʝʭʥ. ʩʙ. ï 2019. ï ɺʳʧ. 25. ï ʆʜʝʩʩʘ : ʅʋ çʆʄɸè. ï ʉ. 79-89. DOI: 

10.31653/1819-3293-2019-1-25-79-89. 

5. ʂʫʨʦʧʷʪʥʠʢ ɸ. ɸ. ʂʦʤʧʣʝʢʩʥʘʷ ʦʮʝʥʢʘ ʨʝʞʠʤʦʚ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʩʠʩʪʝʤʳ ʨʝʮʠʨʢʫʣʷʮʠʠ ʚʳʧʫʩʢʥʳʭ ʛʘʟʦʚ ʩʫʜʦʚʳʭ ʜʠʟʝʣʝʡ // ɺʽʩʥʠʢ 

ʆʜʝʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʤʦʨʩʴʢʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ : ɿʙ. ʥʘʫʢ. ʧʨʘʮʴ. ï 2020. ï 

 ̄1(61). ï ʉ. 106-120. DOI : 10.47049/2226-1893-2020-1-106-120. 

6. ʂʫʨʦʧʷʪʥʠʢ ɸ. ɸ. ʂʦʤʧʣʝʢʩʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʚʳʧʫʩʢʥʳʤʠ ʛʘʟʘʤʠ 

ʩʫʜʦʚʳʭ ʜʠʟʝʣʝʡ ʢʘʢ ʩʧʦʩʦʙ ʦʙʝʩʧʝʯʝʥʠʷ ʠʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʨʘʙʦʪʳ / ɸ. ɸ. ʂʫʨʦʧʷʪʥʠʢ // ɺʽʩʥʠʢ ʆʜʝʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʤʦʨʩʴʢʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ : ɿʙ. ʥʘʫʢ. ʧʨʘʮʴ, 2020. ï  ̄2(62). ï ʉ. 142-159. DOI : 

10.47049/2226-1893-2020-2-142-159. 

 

Articles in foreign publications included in the international scientometric 

databases Scopus and Web of Science: 

7. Sagin S. V. The Use of Exhaust Gas Recirculation for Ensuring the 

Environmental Performance of Marine Diesel Engines / S. V. Sagin, 

ʆ. ɸ. Kuropyatnyk // OUR SEA : International Journal of Maritime Science & 

Technology. ï 2018. ï Vol. 65. ï  ̄2. ï ʈ. 78-86. doi.org/10.17818/NM/2018/2.3. 

https://hrcak.srce.hr/nase-more
https://hrcak.srce.hr/nase-more
https://hrcak.srce.hr/index.php?show=toc&id_broj=16155
https://doi.org/10.17818/NM/2018/2.3
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8. Kuropyatnyk O. A. Exhaust Gas Recirculation as a Major Technique 

Designed to Reduce NOʭ Emissions from Marine Diesel Engines / 

O. A. Kuropyatnyk, S. V. Sagin // OUR SEA : International Journal of Maritime 

Science & Technology. ï 2019. ï Vol. 66. ï Iss. 1. ï ʈ. 1-9. 

https://doi.org/10.17818/NM/2019/1.1. 

 

Articles in other foreign publications: 

9. Sagin S. V. Application of the system of recirculation of exhaust gases for 

the reduction of the concentration of nitric oxides in the exhaust gases of the ship 

diesels / S. V. Sagin, A. A. Kuropyatnik // American Scientific Journal. ï 2017. ï 

 ̄15. ï Iss. 2. ï P. 67-71.  

10. ɿʘʙʣʦʮʢʠʡ ʖ. ɺ. ʇʦʚʳʰʝʥʠʝ ʪʦʧʣʠʚʥʦʡ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʪʳ ʩʫʜʦʚʳʭ ʜʠʟʝʣʝʡ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʧʨʠʩʘʜʦʢ ʢ ʪʦʧʣʠʚʫ / ʖ. ɺ. ɿʘʙʣʦʮʢʠʡ, ɸ. ɸ. ʂʫʨʦʧʷʪʥʠʢ // Austria-science. ï 

2017. ï ˉ 2.ï ʉ. 83-88. 

11. Kuropyatnyk O. A. Reduction of NOx emission in the exhaust gases of 

low-speed marine diesel engines / O. A. Kuropyatnyk // Austrian Journal of 

Technical and Natural Sciences, Vienna-2018. ï  ̄7-8 (July-August). ï ʈ. 37-42. 

doi.org/10.29013/AJT-18-7.8-37-42. 

12. ʂʫʨʦʧʷʪʥʠʢ ɸ. ɸ. ʉʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʢʩʠʜʦʚ ʘʟʦʪʘ ʚ 

ʚʳʧʫʩʢʥʳʭ ʛʘʟʘʭ ʩʫʜʦʚʳʭ ʜʠʟʝʣʝʡ / ɸ. ɸ. ʂʫʨʦʧʷʪʥʠʢ // Universum: 

ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ. ï 2018. ï ɺʳʧ. 3(48). ï ʉ. 63-66. 

13. Kuropyatnyk O. A. Ensuring environmental performance indicators of 

marine diesel engines / O. A. Kuropyatnyk // Materials of the International 

Conference ñScientific research of the SCO countries: synergy and integrationò. 

Part 1. August 31, 2019. Beijing, PRC. ï P. 146-153. DOI. 10.34660/INF. 

2019.15.36259 

14. Kuropyatnyk O. A. Selection of optimal operating modes of exhaust gas 

recirculation system for marine low-speed diesel engines / O. A. Kuropyatnyk // 

https://hrcak.srce.hr/nase-more
https://hrcak.srce.hr/nase-more
../Литература%20Куропятник/Vol. 66.%20–%20Iss. 1
https://doi.org/10.17818/NM/2019/1.1
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Materials of the International Conference ñProcess Management and Scientific 

Developmentsò (Birmingham, United Kingdom, January 16, 2020. Part 4). ï 

ʈ. 203-211. DOI. 10.34660/INF.2020.4.52992. 

15. Kuropyatnyk O. A. Reducing the emission of nitrogen  oxides from 

marine diesel engines / O. A. Kuropyatnyk  // Materials of the International 

Conference ñScientific research of the SCO countries: synergy and integration 

January 25, 2020. Part 2. Beijing, PRC. ï P. 154-160. DOI. 10.34660/INF. 

2020.24.53689. 

16. ʂʫʨʦʧʷʪʥʠʢ ɸ. ɸ. ʆʙʝʩʧʝʯʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʙʦʪʳ 

ʩʫʜʦʚʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʠʩʪʝʤʳ 

ʨʝʮʠʨʢʫʣʷʮʠʠ ʚʳʧʫʩʢʥʳʭ ʛʘʟʦʚ ʜʠʟʝʣʷ // Universum: ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ : 

ʵʣʝʢʪʨʦʥ. ʥʘʫʯʥ. ʞʫʨʥ. ï 2020. ï ˉ 4(73). URL: 

http://7universum.com/ru/tech/archive/item/9290 (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 25.10.2020). 

 

Articles in collections of materials of scientific conferences 

17. ʂʫʨʦʧʷʪʥʠʢ ɸ. ɸ. ʆʙʝʩʧʝʯʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʙʦʪʳ 

ʩʫʜʦʚʳʭ ʜʠʟʝʣʝʡ / ɸ. ɸ. ʂʫʨʦʧʷʪʥʠʢ // ʄʘʪʝʨ. ʥʘʫʢ.-ʪʝʭʥ. ʢʦʥʬʝʨʝʥʮʽʾ 

çʈʽʯʢʦʚʠʡ ʪʘ ʤʦʨʩʴʢʠʡ ʬʣʦʪ : ʝʢʩʧʣʫʘʪʘʮʽʷ ʽ ʨʝʤʦʥʪè, 23.03.2017 ï 

24.03.2017. ʏʘʩʪʠʥʘ 1. ï ʆʜʝʩʘ : ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʆʜʝʩʴʢʘ ʤʦʨʩʴʢʘ 

ʘʢʘʜʝʤʽʷè. ï 2017. ï ʉ. 120-123.  

18. ʂʫʨʦʧʷʪʥʠʢ ɸ. ɸ. ʉʥʠʞʝʥʠʝ ʵʤʠʩʩʠʠ ʦʢʩʠʜʦʚ ʘʟʦʪʘ ʩʫʜʦʚʳʭ ʜʠʟʝʣʝʡ 

/ ɸ. ɸ. ʂʫʨʦʧʷʪʥʠʢ // ʉʫʜʥʦʚʘ ʝʥʝʨʛʝʪʠʢʘ: ʩʪʘʥ ʪʘ ʧʨʦʙʣʝʤʠ : ʄʘʪʝʨʽʘʣʠ VIIɯ 

ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ. ï ʄʠʢʦʣʘʾʚ : ʅʘʮʽʦʥʘʣʴʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ ʢʦʨʘʙʣʝʙʫʜʫʚʘʥʥʷ ʽʤ. ʘʜʤ. ʄʘʢʘʨʦʚʘ. ï 2017. ï ʉ. 63-69. 

19. ʂʫʨʦʧʷʪʥʠʢ ɸ. ɸ. ʆʙʝʩʧʝʯʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʪʳ 

ʩʫʜʦʚʳʭ ʜʠʟʝʣʝʡ // ʉʫʯʘʩʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʘ ʽʥʥʦʚʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʥʘ 

ʪʨʘʥʩʧʦʨʪʽ : ʄʘʪʝʨʽʘʣʠ ʍ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ 

MINTT-2018, 29-31 ʪʨʘʚʥʷ 2018 ʨ. ï ʍʝʨʩʦʥ : ʍʝʨʩʦʥʩʴʢʘ ʜʝʨʞʘʚʥʘ ʤʦʨʩʴʢʘ 

ʘʢʘʜʝʤʽʷ. ï 2018. ï ʉ. 325-328.  
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20. ʂʫʨʦʧʷʪʥʠʢ ɸ. ɸ. ʆʙʝʩʧʝʯʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʢʦʥʚʝʥʮʠʠ ʄɸʈʇʆʃ73/78 

ʧʦ ʦʛʨʘʥʠʯʝʥʠʶ ʚʳʙʨʦʩʦʚ NOX ʧʫʪʝʤ ʧʝʨʝʧʫʩʢʘ ʚʳʧʫʩʢʥʳʭ ʛʘʟʦʚ / 

ɸ. ɸ. ʂʫʨʦʧʷʪʥʠʢ // ʉʫʯʘʩʥʽ ʝʥʝʨʛʝʪʠʯʥʽ ʫʩʪʘʥʦʚʢʠ ʥʘ ʪʨʘʥʩʧʦʨʪʽ ʽ ʪʝʭʥʦʣʦʛʽʾ 

ʪʘ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʾʭ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ : ʤʘʪʝʨʽʘʣʠ 10-ʾ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-

ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ, 12-13 ʚʝʨʝʩʥʷ 2019 ʨ. ï ʍʝʨʩʦʥ : ʍʝʨʩʦʥʩʴʢʘ 

ʜʝʨʞʘʚʥʘ ʤʦʨʩʴʢʘ ʘʢʘʜʝʤʽʷ. ï 2019. ï ʉ. 109-111. 

21. ʂʫʨʦʧʷʪʥʠʢ ɸ. ɸ. ʆʙʝʩʧʝʯʝʥʠʝ ʫʨʦʚʥʷ ʵʤʠʩʩʠʠ ʦʢʩʠʜʦʚ ʘʟʦʪʘ 

ʩʫʜʦʚʳʭ ʯʝʪʳʨʝʭʪʘʢʥʳʭ ʜʠʟʝʣʝʡ / ɸ. ɸ. ʂʫʨʦʧʷʪʥʠʢ  // ʈʽʯʢʦʚʠʡ ʪʘ ʤʦʨʩʴʢʠʡ 

ʬʣʦʪ: ʝʢʩʧʣʫʘʪʘʮʽʷ ʽ ʨʝʤʦʥʪ : ʄʘʪʝʨʽʘʣʠ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ 

ʢʦʥʬʝʨʝʥʮʽʾ. ï ʆʜʝʩʘ : ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʆʜʝʩʴʢʘ ʤʦʨʩʴʢʘ 

ʘʢʘʜʝʤʽʷè, 2019. ï ʉ. 181-186. 

22. ʂʫʨʦʧʷʪʥʽʢ ʆ. ɸ. ɼʦʩʣʽʜʞʝʥʥʷ ʨʝʞʠʤʽʚ ʧʝʨʝʧʫʩʢʫ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ 

ʩʫʜʥʦʚʠʭ ʜʠʟʝʣʽʚ / ʆ. ɸ. ʂʫʨʦʧʷʪʥʽʢ // ʉʫʜʥʦʚʘ ʝʥʝʨʛʝʪʠʢʘ: ʩʪʘʥ ʪʘ ʧʨʦʙʣʝʤʠ 

: ʄʘʪʝʨʽʘʣʠ ʍ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ. ï ʄʠʢʦʣʘʾʚ : 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʢʦʨʘʙʣʝʙʫʜʫʚʘʥʥʷ ʽʤ. ʘʜʤ. ʄʘʢʘʨʦʚʘ. ï 2019. ï ʉ. 

73-79. 

23. ʂʫʨʦʧʷʪʥʠʢ ɸ. ɸ. ʆʙʝʩʧʝʯʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʙʦʪʳ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʤʦʨʩʢʠʭ ʩʫʜʦʚ / ɸ. ɸ. ʂʫʨʦʧʷʪʥʠʢ // ʈʽʯʢʦʚʠʡ ʪʘ 

ʤʦʨʩʴʢʠʡ ʬʣʦʪ: ʝʢʩʧʣʫʘʪʘʮʽʷ ʽ ʨʝʤʦʥʪ : ʄʘʪʝʨʽʘʣʠ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ. ï ʆʜʝʩʘ : ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʆʜʝʩʴʢʘ ʤʦʨʩʴʢʘ 

ʘʢʘʜʝʤʽʷè, 2020. ï ʉ. 108-112. 

24. ʂʫʨʦʧʷʪʥʠʢ ɸ. ɸ. ɼʠʘʛʥʦʩʪʠʨʦʚʘʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʨʘʙʦʪʳ ʩʫʜʦʚʳʭ ʜʠʟʝʣʝʡ / ɸ. ɸ. ʂʫʨʦʧʷʪʥʠʢ // ʄʘʪʝʨʽʘʣʠ II  ʄʽʞʥʘʨʦʜʥʦʾ 

ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʤʦʨʩʴʢʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʢʘʬʝʜʨʠ ʉɽʋ ʽ ʊɽ ʆʜʝʩʴʢʦʛʦ 

ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʤʦʨʩʴʢʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ (MPP&O-2020 ï Marine Power Plants 

and Operation), ʢʚʽʪʝʥʴ 2020. ï ʆʜʝʩʘ : ʆʜʝʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʤʦʨʩʴʢʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ. ï ʉ. 220-227. 

25. ʂʫʨʦʧʷʪʥʠʢ ɸ. ɸ. ʉʥʠʞʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʩʛʦʨʘʥʠʷ 

ʨʘʙʦʯʝʛʦ ʮʠʢʣʘ ʩʫʜʦʚʳʭ ʜʠʟʝʣʝʡ ʩ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʠʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 
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ʧʦʢʘʟʘʪʝʣʝʡ / ɸ. ɸ. ʂʫʨʦʧʷʪʥʠʢ // ʉʫʯʘʩʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʘ ʽʥʥʦʚʘʮʽʡʥʽ 

ʪʝʭʥʦʣʦʛʽʾ ʥʘ ʪʨʘʥʩʧʦʨʪʽ : ʄʘʪʝʨʽʘʣʠ ʍɯɯ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ 

ʢʦʥʬʝʨʝʥʮʽʾ MINTT-2020, 27-29 ʪʨʘʚʥʷ 2020 ʨ. ï ʍʝʨʩʦʥ : ʍʝʨʩʦʥʩʴʢʘ 

ʜʝʨʞʘʚʥʘ ʤʦʨʩʴʢʘ ʘʢʘʜʝʤʽʷ. ï 2020. ï ʉ. 250-254. 

 

Of the scientific works published in co-authorship, the author personally 

owns: 

[3] - providing the technology of experimental research, processing and 

analysis of experimental results; [4] - conducting experimental research and 

processing the results; [7] - setting up experimental equipment, improving the test 
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ʇɽʈɽʃɯʂ ʇʈʀʁʅʗʊʀʍ ʉʂʆʈʆʏɽʅʔ 

 

 

ɺɻ ï ʚʠʧʫʩʢʥʽ ʛʘʟʠ 

ɺʇɽ ï ʚʦʜʦʧʘʣʠʚʥʘ ʝʤʫʣʴʩʽ ̫

ɻɼ ï ʛʦʣʦʚʥʠʡ ʜʚʠʛʫʥ 

ɻʊʅ ï ʛʘʟʦʪʫʨʙʦʥʘʛʥʝʪʘʯ 

ɼɺɿ ï ʜʚʠʛʫʥ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ 

ɼɼ ï ʜʦʧʦʤʽʞʥʠʡ ʜʚʠʛʫʥ 

ʂʂɼ ï ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ 

ʄɸʈʇʆʃ ï ʄʽʞʥʘʨʦʜʥʘ ʢʦʥʚʝʥʮʽ ̫ʧʦ ʟʘʧʦʙʽʛʘʥʥʶ ʟʘʙʨʫʜʥʝʥʥʶ ʟ ʩʫʜʝʥ 

ʄʆɼ ï ʤʘʣʦʦʙʝʨʪʦʚʠʡ ʜʠʟʝʣ ɹ

ʉɽʋ ï ʩʫʜʥʦʚʘ ʝʥʝʨʛʝʪʠʯʥʘ ʫʩʪʘʥʦʚʢʘ 

ʉʆɼ ï ʩʝʨʝʜʥʴʦʦʙʝʨʪʦʚʠʡ ʜʠʟʝʣ ɹ

CASS ï Combustion Air Saturation System 

CEMS ï Continuous Emission Monitoring System 

CWI ï Continuous Water Injection 

DWI ï Direct Water Injection 

EGR ï Exhaust Gas Recirculation 

ɽʉɸ ï Emission Control Areas 

EPA ï Environmental Protection Agency  

EWG ï Exhaust Gas Wastegate 

HAM ï Humid Air Motor 

HLP-EGR ï High and Low pressure Exhaust Gas Recirculation 

HP-EGR ï High pressure Exhaust Gas Recirculation 

IMO ï The International Maritime Organization 

ʄɽʈʉ ï The Marine Environment Protection Committee 

LP-EGR ï Low pressure Exhaust Gas Recirculation 

SCR ï Selective catalytic reduction 
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ɺʛ ï ʛʦʜʠʥʥʘ ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ, ʢʛ/ʛʦʜ 

G0 ï ʪʝʦʨʝʪʠʯʥʦ ʥʝʦʙʭʽʜʥʘ ʢʽʣʴʢʽʩʪʴ ʧʦʚʽʪʨʷ, ʜʣʷ ʟʛʦʨʷʥʥʷ 1 ʢʛ ʧʘʣʠʚʘ, 

ʢʛ/ʢʛ 

KE ï ʢʦʝʬʽʮʽʻʥʪ ʽʤʧʫʣʴʥʦʩʪʽ ʛʘʟʦʚʦʾ ʪʫʨʙʽʥʠ 

cpc ï ʩʝʨʝʜʥʷ ʧʠʪʦʤʘ ʽʟʦʙʘʨʥʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʩʫʤʽʰʽ ʧʦʚʽʪʨʷ ʽ ʟʘʣʠʰʢʦʚʠʭ 

ʛʘʟʽʚ ʚ ʢʽʥʮʽ ʧʨʦʮʝʩʫ ʩʪʠʩʥʝʥʥʷ (ʫ ʪʦʯʮʽ c ʽʥʜʠʢʘʪʦʨʥʦʾ ʜʽʘʛʨʘʤʠ), 

ʢɼʞ/(ʢʛÖʂ) 

cpz ï ʩʝʨʝʜʥʷ ʧʠʪʦʤʘ ʽʟʦʙʘʨʥʘ ʪʝʧʣʦʻʤʥʦʩʪʽ ʧʨʦʜʫʢʪʽʚ ʟʛʦʨʷʥʥʷ, 

ʢɼʞ/(ʢʛÖʂ) 

GEGR ï ʚʠʪʨʘʪʘ ʛʘʟʽʚ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʥʘ ʨʝʮʠʨʢʫʣʷʮʽʶ, ʢʛ/ʩ 

Gs ï ʚʠʪʨʘʪʘ ʧʦʚʽʪʨʷ ʽ ʛʘʟʽʚ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʫ ʧʨʦʜʫʚʥʠʡ ʨʝʩʠʚʝʨ, ʢʛ/ʩ; 

GS ï ʚʠʪʨʘʪʘ ʧʦʚʽʪʨʷ ʥʘ ʜʚʠʛʫʥ (ʯʝʨʝʟ ʧʦʚʽʪʨʷʥʠʡ ʢʦʤʧʨʝʩʦʨ), ʢʛ/ʩ 

GT ï ʚʠʪʨʘʪʘ ʛʘʟʽʚ ʯʝʨʝʟ ʛʘʟʦʚʫ ʪʫʨʙʽʥʫ, ʢʛ/ʩ 

 ̔ ï ʯʠʩʣʦ ʮʠʣʽʥʜʨʽʚ, ʦʜ 

HK ï ʘʜʽʘʙʘʪʥʘ ʨʦʙʦʪʘ ʩʪʠʩʥʝʥʥʷ ʚ ʢʦʤʧʨʝʩʦʨʽ, ʢɼʞ/ʢʛ 

HT ï ʘʜʽʘʙʘʪʥʘ ʨʦʙʦʪʘ ʨʦʟʰʠʨʝʥʥʷ ʚ ʛʘʟʦʚʦʾ ʪʫʨʙʽʥʽ, ʢɼʞ/ʢʛ 

L0 ï ʤʘʩʦʚʝ ʩʪʝʭʽʦʤʝʪʨʠʯʥʝ ʢʽʣʴʢʽʩʪʴ ʧʦʚʽʪʨʷ, ʢʤʦʣʴ/ʢʛ 

mT ï ʢʦʝʬʽʮʽʻʥʪ ʟʙʽʣʴʰʝʥʥʷ ʤʘʩʠ ʟʘʨʷʜʫ 

n1 ï ʧʦʢʘʟʥʠʢ ʧʦʣʽʪʨʦʧʠ ʩʪʠʩʥʝʥʥʷ ʚ ʮʠʣʽʥʜʨʽ 

ʧ ï ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ, ʦʙ/ʭʚ 

NK ï ʧʦʪʫʞʥʽʩʪʴ ʧʦʚʽʪʨʷʥʦʛʦ ʢʦʤʧʨʝʩʦʨʘ, ʢɺʪ 

NT ï ʧʦʪʫʞʥʽʩʪʴ ʛʘʟʦʚʦʾ ʪʫʨʙʽʥʠ, ʢɺʪ 

pi ï ʩʝʨʝʜʥʽʡ ʽʥʜʠʢʘʪʦʨʥʠʡ ʪʠʩʢ, ʄʇʘ 

pz ï ʤʘʢʩʠʤʘʣʴʥʠʡ ʪʠʩʢ ʛʘʟʽʚ ʚ ʢʽʥʮʽ ʟʛʦʨʷʥʥʷ, ʄʇʘ  

Qʥ ï ʥʠʞʯʘ ʪʝʧʣʦʪʚʦʨʥʘ ʟʜʘʪʥʽʩʪʴ ʧʘʣʠʚʘ, ʢɼʞ/(ʢʛÖʂ) 

Rc ï ʫʥʽʚʝʨʩʘʣʴʥʘ ʛʘʟʦʚʘ ʧʦʩʪʽʡʥʘ, ʢɼʞ/(ʢʛÖʂ) 

T0 ï ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʂ 
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Ta ï ʪʝʤʧʝʨʘʪʫʨʘ ʩʫʤʽʰʽ ʧʦʚʽʪʨʷ ʽ ʟʘʣʠʰʢʦʚʠʭ ʛʘʟʽʚ ʥʘ ʧʦʯʘʪʢʫ ʧʨʦʮʝʩʫ 

ʩʪʠʩʥʝʥʥʷ (ʫ ʪʦʯʮʽ a ʽʥʜʠʢʘʪʦʨʥʦʾ ʜʽʘʛʨʘʤʠ), ʂ; 

Tc ï ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʢʽʥʮʽ ʧʨʦʮʝʩʫ ʩʪʠʩʥʝʥʥʷ (ʫ ʪʦʯʮʽ c ʽʥʜʠʢʘʪʦʨʥʦʾ 

ʜʽʘʛʨʘʤʠ), ʂ 

TEGR ï ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʽʚ, ʱʦ ʧʨʷʤʫʶʪʴ ʥʘ ʨʝʮʠʨʢʫʣʷʮʽʶ, ʂ 

Tr ï ʪʝʤʧʝʨʘʪʫʨʘ ʟʘʣʠʰʢʦʚʠʭ ʛʘʟʽʚ, ʂ 

Ts ï ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʧʨʦʜʫʚʥʦʤʫ ʨʝʩʠʚʝʨʽ, ʂ 

Tz ï ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʢʽʥʮʽ ʧʨʦʮʝʩʫ ʟʛʦʨʷʥʥʷ, ʂ 

Va ï ʦʙôʻʤ ʮʠʣʽʥʜʨʫ ʥʘ ʧʦʯʘʪʢʫ ʩʪʠʩʥʝʥʥʷ, ʤ
3
 

Vc ï ʦʙôʻʤ ʮʠʣʽʥʜʨʫ ʥʘʧʨʠʢʽʥʮʽ ʩʪʠʩʥʝʥʥʷ, ʤ
3
 

z ï ʢʦʝʬʽʮʽʻʥʪ ʪʘʢʪʥʦʩʪʽ 

a ï ʢʦʝʬʽʮʽʻʥʪ ʥʘʜʣʠʰʢʫ ʧʦʚʽʪʨʷ 

aS ï ʩʫʤʘʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʥʘʜʣʠʰʢʫ ʧʦʚʽʪʨʷ 

aEGR ï ʢʦʝʬʽʮʽʻʥʪ ʥʘʜʣʠʰʢʫ ʧʦʚʽʪʨʷ ʧʽʜ ʯʘʩ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʠʩʪʝʤʠ 

ʨʝʮʠʨʢʫʣʷʮʽʾ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ 

gr ï ʢʦʝʬʽʮʽʻʥʪ ʟʘʣʠʰʢʦʚʠʭ ʛʘʟʽʚ  

dEGR ï ʩʪʫʧʽʥʴ ʨʝʮʠʨʢʫʣʷʮʽʾ  

e ï ʩʪʫʧʽʥʴ ʩʪʠʩʥʝʥʥʷ 

hK ï ʘʜʽʘʙʘʪʥʠʡ ʂʂɼ ʧʦʚʽʪʨʷʥʦʛʦ ʢʦʤʧʨʝʩʦʨʘ 

hT ï ʘʜʽʘʙʘʪʥʠʡ ʂʂɼ ʛʘʟʦʚʦʾ ʪʫʨʙʽʥʠ 

hm ï ʤʝʭʘʥʽʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ 

l ï ʩʪʫʧʽʥʴ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʧʽʜ ʯʘʩ ʟʛʦʨʷʥʥʷ 

xz ï ʢʦʝʬʽʮʽʻʥʪ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʧʣʘ ʚ ʪ. z ʽʥʜʠʢʘʪʦʨʥʦʾ ʜʽʘʛʨʘʤʠ 

r ï ʛʫʩʪʠʥʘ, ʢʛ/ʤ
3
 

j ï ʢʫʪ ʧʦʚʦʨʦʪʫ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ, ʇ̄ʂɺ 

jʘ ï ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʜʫʚʢʠ 
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ɺʉʊʋʇ 

 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. ʈʽʯʢʦʚʠʡ ʪʘ ʤʦʨʩʴʢʠʡ ʪʨʘʥʩʧʦʨʪ ʻ ʩʫʪʪʻʚʦʶ 

ʩʢʣʘʜʦʚʦʶ ʝʢʦʥʦʤʽʢʠ ʙʫʜʴ ʷʢʦʾ ʢʨʘʾʥʠ, ʪʝʨʠʪʦʨʽʷ ʷʢʦʾ ʟôʻʜʥʫʻʪʴʩʷ ʟ ʽʥʰʠʤʠ 

ʚʦʜʥʠʤʠ ʰʣʷʭʘʤʠ. ʂʦʨʠʩʥʘ ʪʨʘʥʩʧʦʨʪʥʘ ʨʦʙʦʪʘ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʽʜ ʯʘʩ 

ʧʝʨʝʚʝʟʝʥʥʷ ʚʘʥʪʘʞʫ ʘʙʦ ʧʘʩʘʞʠʨʽʚ, ʧʦʚôʷʟʘʥʘ ʟ ʥʝʤʠʥʫʯʠʤ ʫʪʚʦʨʝʥʥʷʤ 

ʰʢʽʜʣʠʚʠʭ ʚʠʢʠʜʽʚ ʟ ʚʠʧʫʩʢʥʠʤʠ ʛʘʟʘʤʠ (ɺɻ) ʪʝʧʣʦʚʠʭ ʜʚʠʛʫʥʽʚ (ʥʘ ʩʘʤ 

ʧʝʨʝʜ ï ʜʠʟʝʣʽʚ, ʷʢ ʩʘʤʠʭ ʨʦʟʧʦʚʩʶʜʞʝʥʠʭ ʛʝʥʝʨʘʪʦʨʽʚ ʤʝʭʘʥʽʯʥʦʾ ʝʥʝʨʛʽʾ, ʱʦ 

ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʥʘ ʨʽʯʢʦʚʠʭ ʪʘ ʤʦʨʩʴʢʠʭ ʩʫʜʥʘʭ). ɺʘʞʣʠʚʽʩʪʴ ʨʦʟʚôʷʟʘʥʥʷ 

ʟʘʚʜʘʥʴ ʱʦʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʩʫʜʝʥ ʨʽʯʢʦʚʦʛʦ ʪʘ 

ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʚʠʛʫʥʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ 

(ɼɺɿ) ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʤʦʛʘʤʠ ɼʦʜʘʪʢʘ VI MARPOL, ʷʢʠʤ (ʫ ʪʦʤʫ ʯʠʩʣʽ) 

ʦʙʤʝʞʫʶʪʴʩʷ ʨʽʚʝʥʴ ʝʤʽʩʽʾ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʫ ɺɻ. ʆʜʥʠʤ ʽʟ ʩʧʦʩʦʙʽʚ 

ʧʽʜʪʨʠʤʘʥʥʷ ʝʤʽʩʽʾ NOX ʚ ʤʝʞʘʭ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʮʠʤ ʚʠʤʦʛʘʤ, ʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ɺɻ, ʷʢʝ (ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ) ʚʠʢʦʥʫʻʪʴʩʷ 

ʰʣʷʭʦʤ ʾʭ ʨʝʮʠʨʢʫʣʷʮʽʾ, ʘʙʦ ʧʝʨʝʧʫʩʢʫ. ɹʫʜʴ ʷʢʝ ʧʦʣʽʧʰʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʩʪʽ 

ʨʦʙʦʪʠ ʩʫʜʝʥ ʨʽʯʢʦʚʦʛʦ ʪʘ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʧʦʚôʷʟʘʥʝ ʟ ʦʜʥʦʯʘʩʥʠʤ 

ʧʦʛʽʨʰʝʥʥʷʤ ʝʥʝʨʛʝʪʠʯʥʠʭ (ʥʘ ʩʘʤ ʧʝʨʝʜ ʝʬʝʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ) ʪʘ 

ʝʢʦʥʦʤʽʯʥʠʭ (ʧʠʪʦʤʦʾ ʘʙʦ ʛʦʜʠʥʥʦʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ) ʧʦʢʘʟʥʠʢʽʚ ɼɺɿ. 

ʇʽʜʚʠʱʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʩʪʽ ʤʦʨʩʴʢʠʭ ʩʫʜʝʥ ʚʠʟʥʘʯʘʥʥʷʤ ʦʧʪʠʤʘʣʴʥʠʭ (ʟ ʪʦʯʢʫ 

ʟʦʨʫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʠʞʝʥʥʷ ʝʤʽʩʽʾ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʪʘ ʩʪʘʙʽʣʽʟʘʮʽʾ 

ʜʦʩʷʛʥʫʪʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘ ʨʽʚʥʽ, ʚʽʜʧʦʚʽʜʥʦʤʫ ʚʠʤʦʛʘʤ, ʱʦ ʚʠʩʫʚʘʶʪʴʩʷ 

ʤʽʞʥʘʨʦʜʥʠʤʠ ʢʚʘʣʽʬʽʢʘʮʽʡʥʠʤʠ ʪʦʚʘʨʠʩʪʚʘʤʠ) ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʩʠʩʪʝʤ 

ʢʝʨʫʚʘʥʥʷ ɺɻ ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ ʤʽʥʽʤʘʣʴʥʦʤʫ ʟʥʠʞʝʥʥʽ ʝʥʝʨʛʝʪʠʯʥʠʭ ʪʘ 

ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ɼɺɿ ʨʽʯʢʦʚʦʛʦ ʪʘ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʻ 

ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ. 

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

ʚʠʢʦʥʫʚʘʣʘʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʣʦʞʝʥʴ ʊʨʘʥʩʧʦʨʪʥʦʾ ʩʪʨʘʪʝʛʽʾ ʋʢʨʘʾʥʠ ʥʘ 
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ʧʝʨʽʦʜ ʜʦ 2020 ʨʦʢʫ (ʨʦʟʧ. ʂʄʋ 20.10.10 ʨ. ˉ 2174); ʧʦʣʦʞʝʥʴ ʊʨʘʥʩʧʦʨʪʥʦʾ 

ʩʪʨʘʪʝʛʽʾ ʋʢʨʘʾʥʠ ʥʘ ʧʝʨʽʦʜ ʜʦ 2030 ʨʦʢʫ (ʨʦʟʧ. ʂʄʋ 30.03.18 ʨ. ˉ 430-ʨ); ʘ 

ʪʘʢʦʞ ʫ ʨʘʤʢʘʭ ʥʘʩʪʫʧʥʠʭ ʜʝʨʞʙʶʜʞʝʪʥʠʭ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʨʦʙʽʪ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʆʜʝʩʴʢʘ ʤʦʨʩʴʢʘ ʘʢʘʜʝʤʽʷè: çʈʦʟʚʠʪʦʢ ʩʠʩʪʝʤ ʽ 

ʤʝʪʦʜʽʚ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʽʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʫʜʥʦʚʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʫʩʪʘʥʦʚʦʢ ʥʘ ʧʽʜʩʪʘʚʽ ʩʫʯʘʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡè 

 ̄ɼʈ 0110U005910 (2017ï2019 ʨʨ.), çʇʨʦʛʥʦʟʫʚʘʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ 

ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʩʫʜʥʦʚʦʾ ʧʨʦʧʫʣʴʩʠʚʥʦʾ ʫʩʪʘʥʦʚʢʠ ʥʘ ʦʩʥʦʚʽ ʢʦʥʪʨʦʣʶ ʾʾ 

ʚʽʙʨʘʮʽʡʥʦ-ʢʦʣʠʚʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢè ˉ ɼʈ 0119U001654 (2018ï2021 ʨʨ.), 

ʫ ʷʢʠʭ ʘʚʪʦʨ ʜʠʩʝʨʪʘʮʽʾ ʙʨʘʚ ʫʯʘʩʪʴ ʫ ʚʠʢʦʥʘʥʥ ̔ʦʢʨʝʤʠʭ ʨʦʟʜʽʣʽʚ.  

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʽʜʚʠʱʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʫʜʝʥ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ. 

ʆʩʥʦʚʥʦʶ ʥʘʫʢʦʚʦʶ ʛʽʧʦʪʝʟʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʪʝʟʘ ʧʨʦ ʪʝ, ʱʦ 

ʧʽʜʚʠʱʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʦʨʩʴʢʠʭ ʩʫʜʝʥ ʜʦʩʷʛʘʻʪʴʩʷ ʰʣʷʭʦʤ 

ʢʝʨʫʚʘʥʥʷ ʚʠʧʫʩʢʥʠʤʠ ʛʘʟʘʤʠ ʜʚʠʛʫʥʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ (ɼɺɿ). 

ɻʦʣʦʚʥʝ ʟʘʚʜʘʥʥʷ ʥʘʫʢʦʚʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʛʘʻ ʫ ʨʦʟʨʦʙʮʽ ʪʘ 

ʚʠʟʥʘʯʝʥʥʽ ʨʝʞʠʤʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʚʠʧʫʩʢʥʠʤʠ ʛʘʟʘʤʠ, ʱʦ 

ʛʘʨʘʥʪʫʶʪʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʤʦʨʩʴʢʠʭ ʩʫʜʝʥ ʚʽʜʧʦʚʽʜʥʦ 

ʜʦ ʚʠʤʦʛ ʤʽʞʥʘʨʦʜʥʠʭ ʩʪʘʥʜʘʨʪʽʚ. 

ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʛʦʣʦʚʥʦʛʦ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʨʽʰʝʥʽ ʥʘʩʪʫʧʥʽ 

ʜʦʧʦʤʽʞʥʽ ʟʘʚʜʘʥʥ :̫ 

1) ʚʠʟʥʘʯʝʥʥʷ ʜʽʘʧʘʟʦʥʫ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʨʝʮʠʨʢʫʣʷʮʽʾ ʛʘʟʽʚ, ʚ ʷʢʦʤʫ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʠʞʝʥʥʷ ʝʤʽʩʽʾ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ 

ʤʽʥʽʤʘʣʴʥʦʤʫ ʧʽʜʚʠʱʝʥʥʽ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ; 

2) ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ 

ʨʝʮʠʨʢʫʣʷʮʽʾ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ; 

3) ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ (ʟ ʪʦʯʢʠ ʟʦʨʫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʩʪʽ 

ʤʦʨʩʴʢʠʭ ʩʫʜʝʥ) ʨʝʞʠʤʽʚ ʧʝʨʝʧʫʩʢʫ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ; 
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4) ʘʥʘʣʽʟ ʟʤʽʥʠ ʩʪʘʪʠʯʥʠʭ ʪʘ ʜʠʥʘʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʨʦʙʦʪʠ  ʜʠʟʝʣʽʚ 

ʩʫʜʝʥ ʨʽʯʢʦʚʦʛʦ ʪʘ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʧʽʜ ʯʘʩ ʧʝʨʝʧʫʩʢʫ ʛʘʟʽʚ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʧʨʦʮʝʩ ʧʽʜʚʠʱʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʩʫʜʝʥ 

ʨʽʯʢʦʚʦʛʦ ʪʘ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʧʨʦʮʝʩ ʢʝʨʫʚʘʥʥʷ ʚʠʧʫʩʢʥʠʤʠ ʛʘʟʘʤʠ ʩʫʜʥʦʚʠʭ 

ʜʠʟʝʣʽʚ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ: 

¶ ʜʝʜʫʢʮʽʾ (ʧʽʜ ʯʘʩ ʟʜʽʡʩʥʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʦʰʫʢʫ); 

¶ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ (ʧʽʜ ʯʘʩ ʚʠʟʥʘʯʝʥʥʷ ʤʝʪʠ ʪʘ ʟʘʚʜʘʥʴ ʜʦʩʣʽʜʞʝʥʥʷ, ʘ 

ʪʘʢʦʞ ʧʽʜ ʯʘʩ ʨʦʟʨʦʙʢʠ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʢʘʨʪʠ ʜʦʩʣʽʜʞʝʥʥʷ); 

¶ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʪʘ ʬʽʟʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ (ʧʽʜ ʯʘʩ ʨʦʟʨʦʙʢʠ ʤʦʜʝʣʽ 

ʦʙôʻʢʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʚʠʟʥʘʯʝʥʥʽ ʚʧʣʠʚʫ ʟʦʚʥʽʰʥʽʭ ʪʘ ʚʥʫʪʨʽʰʥʽʭ ʬʘʢʪʦʨʽʚ 

ʥʘ ʧʨʦʮʝʩ ʫʪʚʦʨʝʥʥʷ ʦʢʩʠʜʽʚ ʘʟʦʪʫ); 

¶ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʜʘʥʠʭ (ʧʽʜ ʯʘʩ ʦʙʨʦʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ).  

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʟʥʠʞʝʥʥʷ ʝʤʽʩʽʾ ʦʢʩʠʜʽʚ 

ʘʟʦʪʫ ʜʠʟʝʣʽʚ ʩʫʜʝʥ ʨʽʯʢʦʚʦʛʦ ʪʘ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʥʘ 35é45 % 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʢʦʤʧʣʝʢʩʥʠʤ ʢʝʨʫʚʘʥʥʷʤ ʚʠʧʫʩʢʥʠʤʠ ʛʘʟʘʤʠ, ʱʦ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʷʭʦʤ ʾʭ ʩʫʤʽʩʥʦʾ ʨʝʮʠʨʢʫʣʷʮʽʾ ʪʘ ʧʝʨʝʧʫʩʢʫ. ʇʨʠ ʮʴʦʤʫ 

ʦʧʪʠʤʘʣʴʥʝ ʨʦʟʧʦʜʽʣʝʥʥʷ (ʱʦʜʦ ʟʘʣʴʥʦʛʦ ʦʙʩʷʛʫ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ) ʤʽʞ 

ʨʝʮʠʨʢʫʣʷʮʽʻʶ ʪʘ ʧʝʨʝʧʫʩʢʦʤ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ 12é15 % ʪʘ 5é6 % 

ʚʽʜʧʦʚʽʜʥʦ.  

ʋ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʝʨʰʝ ʚʩʪʘʥʦʚʣʝʥʦ: 

ʦʧʪʠʤʘʣʴʥʠʡ (ʟ ʪʦʯʢʠ ʟʦʨʫ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʠʞʝʥʥʷ ʝʤʽʩʽʾ ʦʢʩʠʜʽʚ 

ʘʟʦʪʫ, ʧʨʠ ʤʽʥʽʤʘʣʴʥʦʤʫ ʟʤʝʥʰʝʥʥʽ ʝʬʝʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʽ ʤʽʥʽʤʘʣʴʥʦʤʫ 

ʧʽʜʚʠʱʝʥʥʽ ʧʠʪʦʤʦʾ ʝʬʝʢʪʠʚʥʦʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ) ʜʽʘʧʘʟʦʥ ʨʝʮʠʨʢʫʣʷʮʽʾ 

ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ, ʷʢʽʤ ʻ 12,5é15,5 % ʪʘ ʚ ʷʢʦʤʫ ʧʽʜʪʨʠʤʫʻʪʴʩʷ 

ʩʪʝʭʽʦʤʝʪʨʠʯʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʥʘʜʽʡʥʝ ʩʘʤʦʟʘʡʤʘʥʥʷ 

ʧʘʣʠʚʘ; 
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ʢʨʠʪʝʨʽʡ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ ʨʝʮʠʨʢʫʣʷʮʽʾ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ (ʟʘ 

ʷʢʠʡ ʜʦʮʽʣʴʥʦ ʧʨʠʡʤʘʪʠ ʧʣʦʱʫ ʧʽʜ ʟʘʣʝʞʥʽʩʪʶ ( ),NO EWGX d=f  ʱʦ ʜʦʟʚʦʣʷʻ 

ʚʠʢʦʥʫʚʘʪʠ ʢʽʣʴʢʽʩʥʝ ʪʘ ʷʢʽʩʥʝ ʧʦʨʽʚʥʷʥʥʷ ʨʝʞʠʤʽʚ ʾʾ ʝʢʩʧʣʫʘʪʘʮʽʾ; 

ʦʧʪʠʤʘʣʴʥʠʡ (ʟ ʪʦʯʢʠ ʟʦʨʫ ʙʣʠʞʯʦʛʦ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʠʞʝʥʥʷ ʝʤʽʩʽʾ 

ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʟ ʦʜʥʦʯʘʩʥʠʤ ʤʽʥʽʤʘʣʴʥʠʤ ʟʙʽʣʴʰʝʥʥʷʤ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ) 

ʨʝʞʠʤ ʧʝʨʝʧʫʩʢʫ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ, ʷʢʠʤ ʻ 4é6 % ʪʘ ʚ ʷʢʦʤʫ ʧʦʧʝʨʝʜʞʘʻʪʴʩʷ 

ʚʠʥʠʢʥʝʥʥʷ ʪʝʧʣʦʚʦʾ ʧʝʨʝʥʘʧʨʫʞʝʥʦʩʪʽ ʪʘ ʧʦʤʧʘʞʥʠʭ ʷʚʠʱ; 

ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ ʧʝʨʝʧʫʩʢʫ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ 

ʦʙʤʝʞʫʻʪʴʩʷ ʯʘʩʪʢʦʚʠʤʠ (ʫ ʜʽʘʧʘʟʦʥʽ ʤʝʥʰ ʥʽʞ 55 % ʚʽʜ ʥʦʤʽʥʘʣʴʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ) ʨʝʞʠʤʘʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʧʽʜʚʠʱʝʥʠʤʠ (ʫ ʜʽʘʧʘʟʦʥʽ ʙʽʣʴʰ ʥʽʞ 

9 %) ʨʝʞʠʤʘʤʠ ʧʝʨʝʧʫʩʢʫ. 

ʋʜʦʩʢʦʥʘʣʝʥʦ ʤʝʪʦʜʠʢʫ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʫ 

ʚʠʧʫʩʢʥʠʭ ʛʘʟʘʭ, ʱʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʽʩʥʫʶʯʠʭ ʤʦʞʣʠʚʽʩʪʶ ʦʮʽʥʢʠ ʾʭ 

ʚʽʜʥʦʩʥʦʛʦ ʟʥʘʯʝʥʥʷ (ʱʦʜʦ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʯʘʩʫ ʨʦʙʦʪʫ ʜʠʟʝʣʷ) ʟʘ ʦʩʪʘʪʦʯʥʦʶ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʢʠʩʥʶ ʫ ʚʠʧʫʩʢʥʠʭ ʛʘʟʘʭ.  

ʆʪʨʠʤʘʣʘ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʤʝʪʦʜʠʢʘ ʨʦʟʧʦʜʽʣʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʤʽʞ ʧʘʨʘʣʝʣʴʥʦ ʧʨʘʮʶʶʯʠʤʠ ʜʠʟʝʣʷʤʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʾʭ ʝʢʦʣʦʛʽʯʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ (ʚʤʽʩʪʦʤ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʫ ʚʠʧʫʩʢʥʠʭ ʛʘʟʘʭ). 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʫ ʥʘʩʪʫʧʥʦʤʫ: 

ʜʣʷ ʦʩʥʦʚʥʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʜʽʘʧʘʟʦʥʽʚ ʨʦʙʦʪʠ ʛʦʣʦʚʥʠʭ ʪʘ 

ʜʦʧʦʤʽʞʥʠʭ ʜʚʠʛʫʥʽʚ ʩʫʜʝʥ ʨʽʯʢʦʚʦʛʦ ʪʘ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʚʩʪʘʥʦʚʣʝʥʦ 

ʨʝʞʠʤ ʨʦʙʦʪʠ ʩʠʩʪʝʤ ʨʝʮʠʨʢʫʣʷʮʽʾ/ʧʝʨʝʧʫʩʢʫ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ, ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʷʢʦʛʦ ʧʽʜʚʠʱʫʻ ʝʢʦʣʦʛʽʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʫʜʥʘ ʟ ʦʜʥʦʯʘʩʥʠʤ ʤʽʥʽʤʘʣʴʥʠʤ (ʥʝ 

ʙʽʣʴʰ ʷʢ 2,5é3,0 %-ʠʤ) ʚʽʜʭʠʣʝʥʥʷʤ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʧʦʧʝʨʝʜʞʝʥʥʷʤ ʪʝʧʣʦʚʦʾ 

ʥʘʧʨʫʞʝʥʦʩʪʽ; 

ʪʝʭʥʦʣʦʛʽʶ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ɺɻ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʽʜ 

ʯʘʩ ʩʪʘʣʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʩʫʜʥʦʚʦʛʦ ʧʨʦʧʫʣʴʩʠʚʥʦʛʦ ʢʦʤʧʣʝʢʩʫ, ʘ 

ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʨʝʞʠʤʽʚ ʾʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ï ʧʽʜ ʯʘʩ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʥʘ ʥʘʣʘʛʦʜʞʝʥʥʷ ʩʠʩʪʝʤ ʨʝʮʠʨʢʫʣʷʮʽʾ/ʧʝʨʝʧʫʩʢʫ ɺɻ. 
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ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʨʦʚʘʜʞʝʥʽ: 

ʪʝʭʥʦʣʦʛʽʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʪʫʧʝʥʶ ʨʝʮʠʨʢʫʣʷʮʽʾ ʧʽʜ ʯʘʩ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʠʩʪʝʤʠ ʨʝʮʠʨʢʫʣʷʮʽʾ ʥʠʟʴʢʦʛʦ ʪʠʩʢʫ ï ʥʘ ʩʫʜʥʦʚʦʤʫ ʜʠʟʝʣʽ 

7UEC60LS ʬʽʨʤʠ Mitsubishi Heavy Industries Ltd, ʱʦ ʟʘʙʝʟʧʝʯʠʣʦ ʙʽʣʴʰ ʥʽʞ 

20 %-ʝ ʟʥʠʞʝʥʥʷ ʝʤʽʩʽʾ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʟ ʚʠʧʫʩʢʥʠʤʠ ʛʘʟʘʤʠ ʪʘ ʩʧʨʠʷʣʦ 

ʟʙʽʣʴʰʝʥʥʶ ʝʢʦʣʦʛʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʦʨʩʴʢʦʛʦ ʩʫʜʥʘ; ʘ ʪʘʢʦʞ ʥʘ 

ʩʫʜʥʦʚʦʤʫ ʜʠʟʝʣʽ 16V32 ʬʽʨʤʠ Wartsila-Sulzer, ʧʨʠ ʮʴʦʤʫ ʙʫʣʦ ʜʦʩʷʛʥʫʪʝ 

ʟʥʠʞʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʫ ʚʠʧʫʩʢʥʠʭ ʛʘʟʘʭ ʥʘ 7,7é33,6 % 

(ʟʘʣʝʞʥʦ ʚʽʜ ʩʪʫʧʝʥʶ ʨʝʮʠʨʢʫʣʷʮʽʾ ʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʜʠʟʝʣʴ); 

ʪʝʭʥʦʣʦʛʽʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʪʫʧʝʥʶ ʨʝʮʠʨʢʫʣʷʮʽʾ ʧʽʜ ʯʘʩ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʠʩʪʝʤʠ ʨʝʮʠʨʢʫʣʷʮʽʾ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ ï ʥʘ ʩʫʜʥʦʚʦʤʫ ʜʠʟʝʣʽ 

7S60ʄC ʬʽʨʤʠ Kawasaki MAN-B&W, ʱʦ ʚ ʜʽʘʧʘʟʦʥʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ 25...100 % ʽ ʩʪʫʧʝʥ ̫ʨʝʮʠʨʢʫʣʷʮʽʾ 0...21 % ʩʧʨʠʷʣʦ ʟʥʠʞʝʥʥ ʁ

ʚʠʢʠʜʽʚ NOX ʥʘ 15...36 %; 

ʤʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪ̔ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ ʨʝʮʠʨʢʫʣʷʮʽʾ 

ʜʣʷ ʨʽʟʥʠʭ ʨʝʞʠʤʽʚ ʾʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ï ʥʘ ʩʫʜʥʦʚʦʤʫ ʜʠʟʝʣʽ 7S60ʄC ʬʽʨʤʠ 

Kawasaki MAN-B&W, ʱʦ ʩʧʨʠʷʣʦ ʩʢʦʨʦʯʝʥʥʶ ʯʘʩʫ ʥʘʣʘʛʦʜʞʝʥʥʷ ʩʠʩʪʝʤʠ 

ʨʝʮʠʨʢʫʣʷʮʽʾ ʟ ʙʦʢʫ ʦʧʝʨʘʪʦʨʘ;  

ʪʝʭʥʦʣʦʛʽʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʫ ʧʝʨʝʧʫʩʢʫ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ 

ʩʫʜʥʦʚʠʭ ʜʠʟʝʣʽʚ ï ʥʘ ʤʦʨʩʴʢʦʤʫ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʩʫʜʥʽ çSelindaè, ʧʨʠ ʮʴʦʤʫ 

ʙʫʣʦ ʟʘʙʝʟʧʝʯʝʥʦ ʧʦʣʽʧʰʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʫʜʥʦʚʦʛʦ ʜʠʟʝʣʶ 5L23/30H-Tier II, ʱʦ ʚʠʟʥʘʯʠʣʦʩʴ ʫ 

ʟʥʠʞʝʥʥʽ ʥʘ 8é12 % ʚʠʢʠʜʽʚ NOX ʟ ʦʜʥʦʯʘʩʥʠʤ ʟʤʝʥʰʝʥʥʷʤ ʥʘ 5é7 % 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ; ʘ ʪʘʢʦʞ ʥʘ ʩʫʜʥʦʚʠʭ ʜʠʟʝʣʷʭ KTA19 ʬʽʨʤʠ 

Cummins, ʱʦ ʚʠʢʦʥʫʶʪʴ ʬʫʥʢʮʽʾ ʜʦʧʦʤʽʞʥʠʭ ʜʚʠʛʫʥʽʚ ʥʘ ʩʫʜʥʘʭ ʊʆɺ 

ʄɸʈɯʅ ʂʈʖ ʄɽʅɽɼɾʄɽʅʊ, ʱʦ ʩʧʨʠʷʣʦ 8é10 %-ʤʫ ʟʥʠʞʝʥʥʽ ʝʤʽʩʽʾ 

ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʪʘ ʧʽʜʚʠʱʝʥʥʶ ʩʪʽʡʢʦʩʪʽ ʦʢʨʝʤʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʜʠʟʝʣʽʚ; 

ʪʝʭʥʦʣʦʛʽʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʫ ʧʽʜ ʯʘʩ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ ʚʠʧʫʩʢʥʠʤʠ ʛʘʟʘʤʠ (ʱʦ ʧʦʻʜʥʘʻ ʾʭ ʨʝʮʠʨʢʫʣʷʮʽʶ ʪʘ ʧʝʨʝʧʫʩʢ) ï ʥʘ 
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ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʤʫ ʤʦʨʩʴʢʦʤʫ ʩʫʜʥ ̔ ʚʦʜʦʪʦʥʥʘʞʥʽʩʪʶ 59580 ʪʦʥʥ, ʱʦ 

ʟʘʙʝʟʧʝʯʠʣʦ ʤʘʡʞʝ 40 %-ʝ ʟʥʠʞʝʥʥʷ ʝʤʽʩʽʾ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʪʘ ʩʧʨʠʷʣʦ 

ʧʽʜʚʠʱʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʩʪʽ ʤʦʨʩʴʢʦʛʦ ʩʫʜʥʘ, ʷʢʝ ʪʨʠʚʘʣʠʡ ʯʘʩ ʝʢʩʧʣʫʘʪʫʻʪʴʩʷ 

ʚ ʦʩʦʙʣʠʚʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʨʘʡʦʥʘʭ ʉʚʽʪʦʚʦʛʦ ʦʢʝʘʥʫ; 

ʪʝʦʨʝʪʠʯʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʧʝʨʝʚʘʛ ʤʝʪʦʜʫ ʢʝʨʫʚʘʥʥʷ ʚʠʧʫʩʢʥʠʤʠ ʛʘʟʘʤʠ 

ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʩʪʽ ʩʫʜʝʥ ʨʽʯʢʦʚʦʛʦ ʪʘ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ, 

ʘ ʪʘʢʦʞ ʪʝʭʥʦʣʦʛʽʶ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʨʦʙʦʪ ï ʫ ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʆʜʝʩʴʢʘ ʤʦʨʩʴʢʘ ʘʢʘʜʝʤʽʷè ʧʽʜ ʯʘʩ ʚʠʚʯʝʥʥʷ 

ʜʠʩʮʠʧʣʽʥ çʉʫʜʥʦʚʽ ʜʚʠʛʫʥʽ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷè, çʇʨʦʮʝʩʠ ʚ ʩʫʜʥʦʚʠʭ 

ʜʠʟʝʣʴʥʠʭ, ʧʘʨʦʚʠʭ ʪʘ ʛʘʟʦʪʫʨʙʽʥʥʠʭ ʫʩʪʘʥʦʚʢʘè. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ ʧʦʣʷʛʘʻ ʚ ʥʘʩʪʫʧʥʦʤʫ: ʧʨʦʚʝʜʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʦʰʫʢʫ ʪʘ ʘʥʘʣʽʟʫ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ; ʨʦʟʨʦʙʢʘ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʮʠʣʽʥʜʨʽ 

ʜʠʟʝʣʷ ʧʽʜ ʯʘʩ ʟʛʦʨʷʥʥ ̫ ʨʽʜʢʦʛʦ ʧʘʣʠʚʘ; ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʟ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʪʫʧʝʥʶ ʧʽʜ ʯʘʩ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʾ ʨʝʮʠʨʢʫʣʷʮʽʾ/ʧʝʨʝʧʫʩʢʫ ʛʘʟʽʚ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʨʦʟʧʦʜʽʣʝʥʥʷ ʧʦʪʦʢʫ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ ʤʽʞ ʩʠʩʪʝʤʘʤʠ ʨʝʮʠʨʢʫʣʷʮʽʾ ʪʘ 

ʧʝʨʝʧʫʩʢʫ ʧʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʨʝʞʠʤʽʚ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ ʚʠʧʫʩʢʥʠʤʠ ʛʘʟʘʤʠ; ʦʙʨʦʙʢʘ ʪʘ ʘʥʘʣʽʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ; 

ʨʦʟʨʦʙʢʘ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʥʘʣʘʛʦʜʞʝʥʥʷ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʽʯʥʦʾ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʚʠʧʫʩʢʥʠʤʠ ʛʘʟʘʤʠ ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʝʢʦʣʦʛʽʯʥʦʩʪʽ ʩʫʜʝʥ ʨʽʯʢʦʚʦʛʦ ʪʘ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ.  

ʈʦʙʦʪʠ [4, 7, 15, 16, 21, 26, 31, 35, 45, 50, 126, 175, 181, 187, 202, 213, 218, 

219, 226] ʚʠʢʦʥʘʥʽ ʘʚʪʦʨʦʤ ʩʘʤʦʩʪʽʡʥʦ. ʋ ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ, ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʫ 

ʩʧʽʚʘʚʪʦʨʩʪʚʽ, ʟʜʦʙʫʚʘʯʝʚʽ ʥʘʣʝʞʘʪʴ ʪʘʢʽ ʨʝʟʫʣʴʪʘʪʠ: [36] ï ʥʘʣʘʛʦʜʞʝʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʛʨʘʤʠ ʚʠʧʨʦʙʫʚʘʥʴ, 

ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʦʙʨʦʙʢʘ ʾʭ ʨʝʟʫʣʴʪʘʪʽʚ; [69] ï 

ʨʦʟʨʦʙʢʘ ʪʝʭʥʦʣʦʛʽʾ ʝʢʩʧʝʨʠʤʝʥʪʽ, ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʪʘ ʦʙʨʦʙʢʘ ʡʦʛʦ 

ʨʝʟʫʣʴʪʘʪʽʚ; [174] ï ʤʦʜʝʨʥʽʟʘʮʽʷ ʩʫʜʥʦʚʦʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʚʠʧʫʩʢʥʠʤʠ 
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ʛʘʟʘʤʠ, ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʦʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ; [190] ï ʧʨʦʚʝʜʝʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʦʙʨʦʙʢʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ; [198] ï 

ʨʦʟʨʦʙʢʘ ʘʣʛʦʨʠʪʤʫ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʤʦʜʝʨʥʽʟʘʮʽʷ 

ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʝʢʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʨʦʙʦʪʠ ʩʫʜʥʘ; [211] ï 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʦʙʨʦʙʢʘ 

ʪʘ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʫ. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʦʪʠ. ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʴ ʟʘ ʪʝʤʦʶ 

ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʜʦʧʦʚʽʜʘʣʠʩʴ, ʦʙʛʦʚʦʨʶʚʘʣʠʩʴ ʪʘ ʙʫʣʠ ʩʭʚʘʣʝʥʽ ʥʘ ʨʷʜʽ 

ʤʽʞʥʘʨʦʜʥʠʭ ʪʘ ɺʩʝʫʢʨʘʾʥʩʴʢʠʭ ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ, ʟʦʢʨʝʤʘ:  

ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ çʈʽʯʢʦʚʠʡ ʪʘ ʤʦʨʩʴʢʠʡ 

ʬʣʦʪ : ʝʢʩʧʣʫʘʪʘʮʽʷ ʽ ʨʝʤʦʥʪè, 23.03.2017 ï 24.03.2017, ʆʜʝʩʘ, ʅʘʮʽʦʥʘʣʴʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ çʆʜʝʩʴʢʘ ʤʦʨʩʴʢʘ ʘʢʘʜʝʤʽʷè; 

VIIɯ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ çʉʫʜʥʦʚʘ ʝʥʝʨʛʝʪʠʢʘ: 

ʩʪʘʥ ʪʘ ʧʨʦʙʣʝʤʠè, ʄʠʢʦʣʘʾʚ, ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʢʦʨʘʙʣʝʙʫʜʫʚʘʥʥʷ ʽʤ. 

ʘʜʤ. ʄʘʢʘʨʦʚʘ, 2017; 

ʍ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʉʫʯʘʩʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʘ 

ʽʥʥʦʚʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʥʘ ʪʨʘʥʩʧʦʨʪʽ ï MINTT-2018, 29-31 ʪʨʘʚʥʷ 2018 ʨ., 

ʍʝʨʩʦʥ : ʍʝʨʩʦʥʩʴʢʘ ʜʝʨʞʘʚʥʘ ʤʦʨʩʴʢʘ ʘʢʘʜʝʤʽʷ, 2018; 

ʍ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ çʉʫʜʥʦʚʘ ʝʥʝʨʛʝʪʠʢʘ: ʩʪʘʥ 

ʪʘ ʧʨʦʙʣʝʤʠè, ʄʠʢʦʣʘʾʚ, ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʢʦʨʘʙʣʝʙʫʜʫʚʘʥʥʷ ʽʤ. ʘʜʤ. 

ʄʘʢʘʨʦʚʘ, 2019; 

ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ çʈʽʯʢʦʚʠʡ ʪʘ ʤʦʨʩʴʢʠʡ ʬʣʦʪ: 

ʝʢʩʧʣʫʘʪʘʮʽʷ ʽ ʨʝʤʦʥʪè, ʆʜʝʩʘ, ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʆʜʝʩʴʢʘ ʤʦʨʩʴʢʘ 

ʘʢʘʜʝʤʽʷè, 2019; 

International Conference ñScientific research of the SCO countries: synergy 

and integrationò, August 31, 2019, Beijing; 

10-ʾ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ çʉʫʯʘʩʥʽ ʝʥʝʨʛʝʪʠʯʥʽ 

ʫʩʪʘʥʦʚʢʠ ʥʘ ʪʨʘʥʩʧʦʨʪʽ ʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʾʭ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷè, 

12-13 ʚʝʨʝʩʥʷ 2019 ʨ., ʍʝʨʩʦʥ, ʍʝʨʩʦʥʩʴʢʘ ʜʝʨʞʘʚʥʘ ʤʦʨʩʴʢʘ ʘʢʘʜʝʤʽʷ, 2019; 
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ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ çʈʽʯʢʦʚʠʡ ʪʘ ʤʦʨʩʴʢʠʡ ʬʣʦʪ: 

ʝʢʩʧʣʫʘʪʘʮʽʷ ʽ ʨʝʤʦʥʪè, ʆʜʝʩʘ, ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʆʜʝʩʴʢʘ ʤʦʨʩʴʢʘ 

ʘʢʘʜʝʤʽʷè, 2020; 

International Conference ñProcess Management and Scientific Developmentsò, 

16 January, 2020, Birmingham, United Kingdom; 

II  ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʤʦʨʩʴʢʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʢʘʬʝʜʨʠ ʉɽʋ ʽ 

ʊɽ ʆʜʝʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʤʦʨʩʴʢʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ (MPP&O-2020 ï Marine 

Power Plants and Operation), ʢʚʽʪʝʥʴ 2020, ʆʜʝʩʘ : ʆʜʝʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʤʦʨʩʴʢʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, 2020; 

International Conference çScientific research of the SCO countries: synergy 

and integrationè, January 25, 2020, Beijing; 

11-ʽʡ ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʉʫʯʘʩʥʽ ʝʥʝʨʛʝʪʠʯʥʽ 

ʫʩʪʘʥʦʚʢʠ ʥʘ ʪʨʘʥʩʧʦʨʪʽ ʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʾʭ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷè, 

08-10 ʚʝʨʝʩʥʷ 2020 ʨ., ʍʝʨʩʦʥ, ʍʝʨʩʦʥʩʴʢʘ ʜʝʨʞʘʚʥʘ ʤʦʨʩʴʢʘ ʘʢʘʜʝʤʽʷ, 2020.  

ʇʫʙʣʽʢʘʮʽʾ. ɿʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʾ ʦʧʫʙʣʽʢʦʚʘʥʦ 25 ʥʘʫʢʦʚʽ ʧʨʘʮʽ, ʟ ʷʢʠʭ 6 ï 

ʫ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ ʋʢʨʘʾʥʠ (ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʧʝʨʝʣʽʢʫ ʥʘʫʢʦʚʠʭ 

ʬʘʭʦʚʠʭ ʚʠʜʘʥʴ ʋʢʨʘʾʥʠ, ʷʢʽ ʨʝʢʦʤʝʥʜʦʚʘʥʽ ʄʆʅ ʋʢʨʘʾʥʠ ʜʣʷ ʧʫʙʣʽʢʘʮʽʾ 

ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʡʥʠʭ ʨʦʙʽʪ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʠʭ ʩʪʫʧʝʥʽʚ ʜʦʢʪʦʨʘ ʽ 

ʢʘʥʜʠʜʘʪʘ ʥʘʫʢ); 2 ï ʚ ʽʥʦʟʝʤʥʠʭ ʚʠʜʘʥʥʷʭ, ʷʢʽ ʚʭʦʜʷʪʴ ʜʦ ʤʽʞʥʘʨʦʜʥʠʭ 

ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟ ʜʘʥʠʭ Scopus ʪʘ Web of Science; 8 ï ʚ ʽʥʰʠʭ ʽʥʦʟʝʤʥʠʭ 

ʚʠʜʘʥʥʷʭ (5 ï ʫ ʥʘʫʢʦʚʠʭ ʞʫʨʥʘʣʘʭ ʪʘ 3 ï ʫ ʟʙʽʨʢʘʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘʫʢʦʚʠʭ 

ʢʦʥʬʝʨʝʥʮʽʡ); 9 ï ʫ ʟʙʽʨʢʘʭ ʟʘ ʤʘʪʝʨʽʘʣʘʤʠ ʤʽʞʥʘʨʦʜʥʠʭ ʢʦʥʬʝʨʝʥʮʽʡ. 

ʉʪʨʫʢʪʫʨʘ ʪʘ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʝʨʝʣʽʢʫ 

ʫʤʦʚʥʠʭ ʩʢʦʨʦʯʝʥʴ, ʚʩʪʫʧʫ, ʧôʷʪʠ ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, ʧʝʨʝʣʽʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ 

ʜʞʝʨʝʣ ʪʘ ʜʦʜʘʪʢʽʚ. ɿʘʛʘʣʴʥʠʡ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʩʪʘʥʦʚʠʪʴ 228 

ʩʪʦʨʽʥʦʢ, ʟʦʢʨʝʤʘ: ʦʩʥʦʚʥʠʡ ʪʝʢʩʪ 175 ʩʪʦʨʽʥʦʢ ʟ ʘʥʦʪʘʮʽʻʶ ʥʘ 16 ʩʪʦʨʽʥʢʘʭ, 

ʧʝʨʝʣʽʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʽʟ 226 ʥʘʡʤʝʥʫʚʘʥʴ ʥʘ 32 ʩʪʦʨʽʥʢʘʭ, ʜʦʜʘʪʢʠ ï 

21 ʩʪʦʨʽʥʢʘ, 46 ʨʠʩʫʥʢʽʚ, 31 ʪʘʙʣʠʮ.̫ 
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ʈʆɿɼɯʃ 1. ɸʅɸʃɯɿ ʃɯʊɽʈɸʊʋʈʅʀʍ ɼɾɽʈɽʃ ɿ ʇʈʆɹʃɽʄʀ 

ɿɸɹɽɿʇɽʏɽʅʅʗ ɽʂʆʃʆɻɯʏʅʆʉʊɯ ʈɯʏʂʆɺʀʍ ʊɸ ʄʆʈʉʔʂʀʍ ʉʋɼɽʅ 

 

 

ʈʽʯʢʦʚʠʡ ʪʘ ʤʦʨʩʴʢʠʡ ʪʨʘʥʩʧʦʨʪ ʻ ʩʢʣʘʜʦʚʦʶ ʯʘʩʪʠʥʦʶ ʝʢʦʥʦʤʽʢʠ ʚʩʽʭ 

ʨʦʟʚʠʥʝʥʠʭ ʢʨʘʾʥ, ʱʦ ʤʘʶʪʴ ʚʠʭʽʜ ʜʦ ʘʢʚʘʪʦʨʽʾ ʉʚʽʪʦʚʦʛʦ ʦʢʝʘʥʫ. ɿʛʽʜʥʦ ʟ 

çʄʦʨʩʴʢʠʤ ʟʚʽʪʦʤ ʆʨʛʘʥʽʟʘʮʽʾ ʆʙô̒ ʜʥʘʥʠʭ ʅʘʮʽʡ ʟʘ 2019 ʨʽʢè ("United 

Nations 2018 Maritime Report"), ʦʙʩʷʛ ʤʦʨʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʴ ʫ 2018 ʨʦʮʽ ʜʦʩʷʛ 

112 ʤʣʨʜ. ʪʦʥʥ, ʧʨʠ ʮʴʦʤʫ ʧʽʩʣʷ ʩʚʽʪʦʚʦʾ ʢʨʠʟʠ 2008-2010 ʨʨ. ʧʽʜʪʚʝʨʜʞʝʥʦ 

ʩʪʘʙʽʣʴʥʝ ʟʨʦʩʪʘʥʥʷ ʩʚʽʪʦʚʦʾ ʤʦʨʩʴʢʦʾ ʪʦʨʛʽʚʣʽ (ʨʠʩ. 1.1) [1]. ɸʥʘʣʦʛʽʯʥʽ 

ʪʝʥʜʝʥʮʽʾ ʙʫʣʠ ʟʘʬʽʢʩʦʚʘʥʽ ʫ 2019 ʨ. [2] ʡ ʦʯʽʢʫʶʪʴʩʷ ʫ 2020 ʨ. [3]. 

 

 

ʈʠʩ. 1.1. ɼʠʥʘʤʽʢʘ ʟʤʽʥʠ ʦʙʩʷʛʫ ʩʚʽʪʦʚʦʾ ʤʦʨʩʴʢʦʾ ʪʦʨʛʽʚʣʽ ʚ  

ʧʝʨʽʦʜ 2010-2018 ʨʨ. 

 

ɸʢʪʠʚʥʠʡ ʨʦʟʚʠʪʦʢ ʩʫʜʥʦʧʣʘʚʩʪʚʘ ʩʧʨʠʷʻ ʟʨʦʩʪʘʥʥʶ ʩʫʜʥʦʙʫʜʫʚʘʥʥʷ ʽ 

ʜʚʠʛʫʥʦʙʫʜʫʚʘʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʛʦʣʦʚʥʠʤ ʛʝʥʝʨʘʪʦʨʦʤ ʝʥʝʨʛʽʾ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʨʫʭ ʽ ʬʫʥʢʮʽʚʁʘʥʥʷ ʩʫʜʝʥ ʨʽʯʢʦʚʦʛʦ ʽ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ (ʥʝʟʘʣʝʞʥʦ ʚʽʜ 

ʾʭ ʧʨʠʟʥʘʯʝʥʥʷ, ʜʝʜʚʝʡʪʫ ʽ ʨʘʡʦʥʫ ʧʣʘʚʘʥʥʷ), ʘ ʪʘʢʦʞ ʞʠʪʪʻʜʽʷʣʴʥʽʩʪʴ 

ʝʢʽʧʘʞʫ ʪʘ ʚʽʜʧʦʯʠʥʦʢ ʧʘʩʘʞʠʨʽʚ ʻ ʜʚʠʛʫʥʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ (ɼɺɿ). 



34 

1.1. ʆʩʥʦʚʥʽ ʝʢʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʩʫʜʝʥ ʨʽʯʢʦʚʦʛʦ ʪʘ  

ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ  

 

 

ɽʢʩʧʣʫʘʪʘʮʽʷ ʩʫʜʝʥ ʤʦʨʩʴʢʦʛʦ ʪʘ ʨʽʯʢʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʧʦʚô̫ ʟʘʥʘ ʷʢ ʽʟ 

ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʾʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʪʘʢ ʽ ʟ ʧʽʜʪʨʠʤʘʥʥʷʤ ʥʝʦʙʭʽʜʥʦʛʦ 

ʨʽʚʥʷ ʾʭ ʝʢʦʣʦʛʽʯʥʦʩʪʽ (ʝʢʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ). ʊʝʧʣʦʚʽ ʜʚʠʛʫʥʽ ʩʫʜʝʥ 

ʨʽʯʢʦʚʦʛʦ ʪʘ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʥʝ ʪʽʣʴʢʠ ʛʝʥʝʨʫʶʪʴ ʢʦʨʠʩʥʫ ʝʥʝʨʛʽʶ (ʷʢʘ 

ʧʝʨʝʜʘʻʪʴʩʷ ʥʘ ʛʨʝʙʥʠʡ ʛʚʠʥʪ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʨʫʭ ʩʫʜʥʘ, ʘʙʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʜʣʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʨʠʚʦʜʫ ʜʦʧʦʤʽʞʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʽ ʧʨʠʩʪʨʦʾʚ), ʘʣʝ ʽ ʻ 

ʜʞʝʨʝʣʘʤʠ ʨʽʟʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʤʦʨʩʴʢʦʛʦ ʽ ʧʦʚʽʪʨʷʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ [4]. ɼʦ 

ʦʩʥʦʚʥʠʭ ʧʨʦʜʫʢʪʽʚ, ʷʢ ̔ ʟʛʫʙʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʢʦʣʦʛʽʶ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʫʜʴ-ʷʢʠʭ ʪʝʧʣʦʚʠʭ ʜʚʠʛʫʥʽʚ, ʚʽʜʥʦʩʷʪʴʩʷ ʥʘʬʪʦʚʽ ʟʘʣʠʰʢʠ 

(ʟʘʙʨʫʜʥʝʥʝ ʧʘʣʠʚʦ ʽ ʤʘʩʪʠʣʦ, ʜʠʩʧʝʨʩʥʠʡ ʩʪʘʥ ʷʢʠʭ ʥʝ ʜʦʟʚʦʣʷʻ ʧʘʣʠʚʥʽʡ 

ʘʧʘʨʘʪʫʨ̔ ʟʜʽʡʩʥʠʪʠ ʾʭ ʫʧʦʨʩʢʫʚʘʥʥʷ ʚ ʢʘʤʝʨʫ ʟʛʦʨʷʥʥʷ ʜʠʟʝʣʷ ʘʙʦ ʪʦʧʢʫ 

ʢʦʪʣʘ) ʽ ʚʠʧʫʩʢʥʽ ʛʘʟʠ (ɺɻ), ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʠʢʠʜʘʶʪʴʩʷ ʚ ʘʪʤʦʩʬʝʨʫ [5]. 

ʅʘʬʪʦʚʽ ʟʘʣʠʰʢʠ (ʚʽʜʭʦʜʠ ʩʝʧʘʨʘʮʽʾ ʽ ʬʽʣʴʪʨʘʮʽʾ ʧʘʣʠʚʘ ʽ ʤʘʩʪʠʣʘ, ʘ ʪʘʢʦʞ 

ʥʝʧʦʜʽʣʴʥʽ ʝʤʫʣʴʩʽʾ ʚʦʜʠ ʽ ʧʘʣʠʚʘ) ʟʙʠʨʘʶʪʴʩʷ ʚ ʩʧʝʮʽʘʣʴʥʠʭ 

ʥʘʢʦʧʠʯʫʚʘʣʴʥʠʭ ʻʤʥʦʩʪʷʭ ʽ ʟʛʦʜʦʤ ʟʜʘʶʪʴʩʷ ʥʘ ʙʝʨʝʛʦʚʽ ʩʪʘʥʮʽʾ ʨʝʮʠʢʣʽʥʛʫ 

ʘʙʦ ʫʪʠʣʽʟʘʮʽʾ [6]. ɺɻ, ʥʘ ʞʘʣʴ, ʚʠʢʠʜʘʶʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʘʪʤʦʩʬʝʨʫ, 

ʣʠʰʝ ʚ ʧʦʦʜʠʥʦʢʠʭ ʚʠʧʘʜʢʘʭ ʧʽʜʜʘʶʯʠʩʴ ʜʦʜʘʪʢʦʚʦʤʫ ʦʯʠʱʝʥʥʶ [7]. 

ɿʘ ʩʚʦʻʶ ʧʨʠʨʦʜʦʶ ɺɻ ʜʠʟʝʣʽʚ ʻ ʜʫʞʝ ʩʢʣʘʜʥʦ  ʁʩʫʤʽʰʰ  ʁʧʘʨʽʚ, ʛʘʟʽʚ, 

ʢʨʘʧʝʣʴ ʨʽʜʠʥ ʽ ʯʘʩʪʠʥʦʢ ʽ ʤʽʩʪʷʪʴ ʙʣʠʟʴʢʦ 270 ʨʝʯʦʚʠʥ, ʯʘʩʪʠʥʘ ʟ ʷʢʠʭ ʻ 

ʪʦʢʩʠʯʥʠʤʠ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚʫʛʣʝʚʦʜʥʝʚʠʭ ʧʘʣʠʚ ʥʘʬʪʦʚʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʽ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʷʢ ʦʢʠʩʣʶʚʘʯʘ ɺɻ ʩʫʜʥʦʚʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʫʩʪʘʥʦʚʦʢ 

(ʉɽʋ) ʩʢʣʘʜʘʶʪʴʩʷ ʥʘ 99...99,9 % ʟ ʥʝʪʦʢʩʠʯʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ï ʧʨʦʜʫʢʪʽʚ 

ʥʝʧʦʚʥʦʛʦ ʟʛʦʨʷʥʥʷ (ʜʽʦʢʩʠʜ ʚʫʛʣʝʮʶ ʉʆ2 ʽ ʚʦʜʷʥʘ ʧʘʨʘ H2O), ʘ ʪʘʢʦʞ 

ʧʦʚʽʪʨʷ ʟʽ ʟʥʠʞʝʥʠʤ ʚʤʽʩʪʦʤ ʢʠʩʥʶ ʆ2 ʽ ʘʟʦʪʫ N2; ʨʝʰʪʫ 0,1...1,0 % ʦʙʩʷʛʫ 

ʩʢʣʘʜʘʶʪʴ ʜʦʤʽʰʢʠ, ʷʢʽ ʻ ʰʢʽʜʣʠʚʠʤʠ ʜʣʷ ʜʦʚʢʽʣʣʷ ʪʘ ʣʶʜʠʥʠ [8]. 
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ʇʽʜ ʯʘʩ ʦʢʠʩʣʝʥʥʷ ʢʠʩʥʝʤ ʧʦʚʽʪʨʷ ʛʦʨʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ʧʘʣʠʚʘ (ʚʫʛʣʝʮʶ ʉ, 

ʚʦʜʥʶ ʅ ʪʘ ʩʽʨʢʠ S), ʘ ʪʘʢʦʞ ʘʟʦʪʫ N ʪʘ ʧʦʜʘʣʴʰʦʛʦ ʟʛʦʨʷʥʥʷ ʧʘʣʠʚʦ-

ʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ ʥʘʩʪʫʧʥʠʭ ʪʦʢʩʠʯʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ: 

ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ CO, ʦʢʩʠʜʽʚ ʚʫʛʣʝʚʦʜʥʶ, ʚʫʛʣʝʚʦʜʥʽʚ CnHm (ʚ ʪʦʤʫ ʯʠʩʣʽ 

ʧʦʣʽʮʠʢʣʽʯʥʠʭ ʽ ʘʨʦʤʘʪʠʯʥʠʭ), ʩʘʞʽ ʉ, ʦʢʩʠʜʽʚ ʘʟʦʪʫ NOX, ʦʢʩʠʜʽʚ ʩʽʨʢʠ SOX, ʘ 

ʪʘʢʦʞ ʩʧʦʣʫʢ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʧʘʣʠʚʽ (ʨʠʩ. 1.2). 

 

 

ʈʠʩ. 1.2. ʄʝʭʘʥʽʟʤ ʫʪʚʦʨʝʥʥʷ ʪʦʢʩʠʯʥʠʭ ʩʢʣʘʜʦʚʠʭ ɺɻ ʧʽʜ ʯʘʩ ʦʢʠʩʣʝʥʥʷ ʪʘ 

ʟʛʦʨʷʥʥʷ ʧʘʣʠʚʘ 

 

ʋʩʽ ʪʦʢʩʠʯʥʽ ʢʦʤʧʦʥʝʥʪʠ, ʷʢʽ ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʩʫʜʥʦʚʠʭ ʜʠʟʝʣʷʭ, ʤʦʞʥʘ 

ʨʦʟʧʦʜʽʣʠʪʠ ʥʘ ʜʚʽ ʛʨʫʧʠ. ɼʦ ʧʝʨʰʦʾ ʛʨʫʧʠ ʥʘʣʝʞʘʪʴ ʧʨʦʜʫʢʪʠ ʥʝʧʦʚʥʦʛʦ 

ʟʛʦʨʷʥʥʷ ʧʘʣʠʚʘ (ʨʝʯʦʚʠʥʠ, ʱʦ ʤʽʩʪʷʪʴ ʚʫʛʣʝʮʴ) ï ʮʝ ʤʦʥʦʦʢʩʠʜ ʚʫʛʣʝʮʶ CO, 

ʚʫʛʣʝʚʦʜʥʽ CnHm, ʘʣʴʜʝʛʽʜʠ R-CH-O, ʩʘʞʘ (ʪʚʝʨʜʠʡ ʚʫʛʣʝʮʴ) ʉ. ʊʦʢʩʠʯʥʽ 

ʢʦʤʧʦʥʝʥʪʠ ʜʨʫʛʦʾ ʛʨʫʧʠ ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʦʚʥʦʛʦ ʦʢʠʩʣʝʥʥʷ 

ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʧʘʣʠʚʘ ʽ ʧʦʚʽʪʨʷ ï ʮʝ ʦʢʩʠʜʠ ʘʟʦʪʫ 

NOX ʽ ʩʽʨʢʠ SOX [9-13]. 

ʆʢʩʠʜʠ ʘʟʦʪʫ NOʍ ʻ ʦʜʥʠʤʠ ʟ ʥʘʡʙʽʣʴʰ ʪʦʢʩʠʯʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ɺɻ [14]. 

ɿʘ ʥʦʨʤʘʣʴʥʠʭ ʘʪʤʦʩʬʝʨʥʠʭ ʫʤʦʚ ʘʟʦʪ ʷʚʣʷʻ ʩʦʙʦ  ʁ ʽʥʝʨʪʥʠʡ ʛʘʟ. ʇʨʠ 

ʚʠʩʦʢʦʤʫ ʪʠʩʢʫ ʽ ʦʩʦʙʣʠʚʦ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʘʟʦʪ ʘʢʪʠʚʥʦ ʚʩʪʫʧʘʻ ʚ 

ʨʝʘʢʮʽʶ ʟ ʢʠʩʥʝʤ, ʧʝʨʝʪʚʦʨʶʶʯʠʩʴ ʥʘ ʦʢʩʠʜʠ ʘʟʦʪʫ [15, 16]. 

ʋʪʚʦʨʝʥʥʷ ʰʢʽʜʣʠʚʠʭ ʜʦʤʽʰʦʢ ʫ ɺɻ ʩʫʜʥʦʚʠʭ ʜʠʟʝʣʽʚ ʨʽʯʢʦʚʦʛʦ ʪʘ 

ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʤʘʻ ʜʝʷʢʽ ʦʩʦʙʣʠʚʦʩʪʽ. ʄʘʣʦʦʙʝʨʪʦʚʽ ʜʠʟʝʣʽ (ʄʆɼ) 

ʧʨʘʮʶʶʪʴ ʟ ʩʫʤʘʨʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʥʘʜʣʠʰʢʫ ʧʦʚʽʪʨʷ ʘjÖa=aS  (ʜʝ a ï 

ʢʦʝʬʽʮʽʻʥʪ ʥʘʜʣʠʰʢʫ ʧʦʚʽʪʨʷ, jʘ ï ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʜʫʚʢʠ) ʙʽʣʴʰʝ ʪʨʴʦʭ. 
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ɹʽʣʴʰʝ ʧʦʣʦʚʠʥʠ ʧʦʚʽʪʨʷ ʩʧʦʞʠʚʘʻʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʟʛʦʨʷʥʥʷ, ʘ ʽʥʰʘ ʯʘʩʪʠʥʘ 

ʡʜʝ ʥʘ ʧʨʦʜʫʚʢʫ ʮʠʣʽʥʜʨʽʚ. ʊʦʤʫ ɺɻ ʄʆɼ ʤʽʩʪʷʪʴ ʧʽʜʚʠʱʝʥʠʡ ʚʽʜʩʦʪʦʢ (ʜʦ 

13...16 %) ʘʢʪʠʚʥʦʛʦ ʆ2. ɸʟʦʪ N, ʷʢʠʡ ʚ ʘʪʤʦʩʬʝʨʽ ʟʘʡʤʘʻ 80 % ʽ ʩʢʣʘʜʘʻ ʧʨʠ 

ʚʠʩʦʢʠʭ Ŭ ʦʩʥʦʚʥʫ ʯʘʩʪʠʥʫ ɺɻ, ʚʩʪʫʧʘʻ ʚ ʨʝʘʢʮʽʶ ʟ ʢʠʩʥʝʤ ʧʽʜ ʯʘʩ ʨʦʙʦʯʦʛʦ 

ʧʨʦʮʝʩʫ, ʫʪʚʦʨʶʶʯʠ ʪʦʢʩʠʯʥʽ ʦʢʩʠʜʠ ʘʟʦʪʫ, ʷʢʽ ʻ ʥʘʡʰʢʽʜʣʠʚʽʰʠʤʠ 

ʩʢʣʘʜʦʚʠʤʠ ɺɻ: ʮʝ NO, NO2, N2ʆ. ʂʽʣʴʢʽʩʪʴ ʢʦʞʥʦʛʦ ʟ ʦʢʠʩʣʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʣʦʢʘʣʴʥʠʤʠ ʫʤʦʚʘʤʠ: ʚʝʣʠʯʠʥʦʶ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʢʠʩʥʶ [17]. 

ʋ ʩʝʨʝʜʥʴʦʦʙʝʨʪʦʚʠʭ ʜʠʟʝʣʷʭ (ʉʆɼ) ʮʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʤʝʥʰ ʽʥʪʝʥʩʠʚʥʦ 

ʯʝʨʝʟ ʰʚʠʜʢʠʡ ʧʝʨʝʙʽʛ ʧʨʦʮʝʩʫ ʟʛʦʨʷʥʥʷ (ʟʘ ʨʘʭʫʥʦʢ ʧʽʜʚʠʱʝʥʦʾ ʯʘʩʪʦʪʠ 

ʦʙʝʨʪʘʥʥʷ ʚʘʣʘ) ʪʘ ʤʝʥʰʠʭ (ʟʘ ʨʘʭʫʥʦʢ ʙʽʣʴʰʦʛʦ ʯʘʩʫ ʧʨʦʜʫʚʘʥʥʷ ʪʘ 

ʚʠʧʫʩʢʫ) ʢʦʝʬʽʮʽʻʥʪʫ ʧʨʦʜʫʚʢʠ jʘ ʪʘ ʩʫʤʘʨʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ ʥʘʜʣʠʰʢʫ 

ʧʦʚʽʪʨʷ .Sa  ʉʢʣʘʜ ɺɻ ʜʣʷ ʄʆɼ ʪʘ ʉʆɼ ʥʘʜʘʥʦ ʫ ʪʘʙʣʠʮʽ 1.1 [20]. 

 

ʊʘʙʣʠʮʷ 1.1  

ʐʢʽʜʣʠʚʽ ʚʢʣʶʯʝʥʥʷ ʫ ʚʠʧʫʩʢʥʠʭ ʛʘʟʘʭ ʩʫʜʥʦʚʠʭ ʜʚʠʛʫʥʽʚ 

ʅʘʡʤʝʥʫʚʘʥʥʷ ʚʢʣʶʯʝʥʴ 
ʂʽʣʴʢʽʩʪʴ ʚʢʣʶʯʝʥʴ, ʢʛ/ʪ ʧʘʣʠʚʘ 

ʄʆɼ ʉʆɼ 

ʆʢʩʠʜʠ ʘʟʦʪʫ 84é86 59é61 

ʆʢʩʠʜʠ ʩʽʨʢʠ 18é21 12é14 

ʆʢʠʩʝʣ ʚʫʛʣʝʮʶ 9é10 8é9 

ɺʫʛʣʝʚʦʜʥʽ  2,5é3,0 2,7é3,5 

ɺʫʛʣʝʢʠʩʣʦʪʘ  3150é3200 3250é3300 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʈʝʛʽʩʪʨʫ ʃʣʦʡʜʫ ʧʦʢʘʟʘʣʠ, ʱʦ ʫ ɺɻ ʄʆɼ ʚʤʽʩʪ NOʍ 

ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʝ, ʥʽʞ ʫ ʉʆɼ. ʊʘʢ, ʚʠʢʠʜʠ NOʍ ʧʨʠ ʥʘʚʘʥʪʘʞʝʥʥʽ ʜʚʠʛʫʥʽʚ 

80 % ʚʽʜ ʤʘʢʩʠʤʘʣʴʥʦ ʪʨʠʚʘʣʦʾ ʧʦʪʫʞʥʦʩʪʽ ʫ ʄʆɼ ʩʢʣʘʜʘʶʪʴ 

1300...1800 ʨʨm ʧʨʠ ʚʤʽʩʪʽ ʆ2 15 %, ʚ ʝʢʦʥʦʤʽʯʥʽʡ ʤʦʜʠʬʽʢʘʮʽʾ ʉʆɼ ʥʝ 

ʙʽʣʴʰʝ 1000 ʨʨm ʧʨʠ ʪʦʤʫ ʞ ʚʤʽʩʪʽ ʆ2, ʚ ʝʢʦʣʦʛʽʯʥʽʡ ʤʦʜʠʬʽʢʘʮʽʾ ʉʆɼ ʚʦʥʠ 

ʩʢʣʘʜʘʶʪʴ 500...700 ʨʨm. ʊʦʤʫ ʤʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ ʉʆɼ ʟʥʘʭʦʜʷʪʴʩʷ ʙʣʠʞʯʝ 

ʜʦ ʥʦʨʤʘʪʠʚʥʠʭ ʚʠʤʦʛ, ʥʽʞ ʄʆɼ [21]. ʇʨʦʪʝ ʟʘ ʽʥʰʠʤʠ ʰʢʽʜʣʠʚʠʤʠ 

ʩʢʣʘʜʦʚʠʤʠ ɺɻ ʫ ʉʆɼ ʽ ʄʆɼ ʤʘʣʦ ʚʽʜʤʽʥʥʦʩʪʝʡ (ʜʠʚ. ʪʘʙʣʠʮʶ. 1.1). 
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ʅʘ ʜʘʥʠʡ ʯʘʩ ʽʩʥʫʶʪʴ ʩʫʚʦʨʽ ʥʦʨʤʠ ʟʘ ʦʢʨʝʤʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʱʦ 

ʤʽʩʪʷʪʴʩʷ ʫ ɺɻ ɼɺɿ ʪʘʢʽ, ʷʢ: ʦʢʩʠʜ ʚʫʛʣʝʮʶ ʉʆ, ʚʫʛʣʝʚʦʜʥʽ ʉnʅm, ʦʢʩʠʜʠ 

ʩʽʨʢʠ SOʍ ʽ ʦʢʩʠʜʠ ʘʟʦʪʫ NOʍ [22, 23]. IMO ʚʚʝʜʝʥʽ ʥʝ ʪʽʣʴʢʠ ʥʦʨʤʠ ʥʘ ʚʤʽʩʪ 

ʫ ʚʠʧʫʩʢʥʠʭ ʛʘʟʘʭ SOʍ ʽ NOʍ, ʘʣʝ ʡ ʚʠʟʥʘʯʝʥʽ ʩʧʝʮʽʘʣʴʥʽ ʤʦʨʩʴʢʽ ʘʢʚʘʪʦʨʽʾ 

(ʟʦʥʠ ʢʦʥʪʨʦʣʶ SOʍ ʽ NOʍ), ʜʝ ʚʠʤʦʛʠ ʜʦ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ ʱʝ ʙʽʣʴʰ 

ʨʝʛʣʘʤʝʥʪʦʚʘʥʽ [24]. 

 

 

1.2. ɺʠʤʦʛʠ ʄʽʞʥʘʨʦʜʥʠʭ ʪʘ ʥʘʮʽʦʥʘʣʴʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡ ʱʦʜʦ  

ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʽʚʥʷ ʰʢʽʜʣʠʚʠʭ ʜʦʤʽʰʦʢ ʫ ʚʠʧʫʩʢʥʠʭ ʛʘʟʘʭ ʩʫʜʝʥ  

ʨʽʯʢʦʚʦʛʦ ʪʘ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ 

 

 

ʇʨʦʚʝʜʝʥʽ ʂʦʤʽʩʽʻʶ ʽʟ ʟʘʭʠʩʪʫ ʤʦʨʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʄɽʈʉ (The Marine 

Environment Protection Committee), ʱʦ ʚʭʦʜʠʪʴ ʫ ʄʽʞʥʘʨʦʜʥʫ ʤʦʨʩʴʢʫ 

ʦʨʛʘʥʽʟʘʮʽ ʁ (The International Maritime Organization ï IMO), ʚʠʧʨʦʙʫʚʘʥʥʷ 

ʨʽʟʥʠʭ ʪʠʧʽʚ ʩʫʜʝʥ ʧʦʢʘʟʘʣʠ, ʱʦ ʚ ʩʝʨʝʜʥʴʦʤʫ ʚʝʣʠʯʠʥʠ ʚʠʢʠʜʽʚ ʩʫʜʥʦʚʠʭ 

ʜʠʟʝʣʽʚ ʫ ʢʛ ʥʘ 1 ʪʦʥʥʫ ʧʘʣʠʚʘ ʩʢʣʘʜʘʶʪʴ: NOʍ ï 59; ʉʆ ï 8; ʉʅ ï 2,7; ʉʆ2 ï 

3250 ʽ SO2 ï 2,4. ʏʘʩʪʢʘ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʨʘʥʩʧʦʨʪʥʠʤʠ 

ʩʫʜʥʘʤʠ ʩʢʣʘʜʘʻ 5...10 % ʽ ʧʦʩʪʫʧʦʚʦ ʟʙʽʣʴʰʫʻʪʴʩʷ. ʈʽʯʥʠʡ ʚʠʢʠʜ ʩʫʜʥʦʚʦʛʦ 

ʜʠʟʝʣʷ ʧʦʪʫʞʥʽʩʪʶ ʙʽʣʷ 20 ʪʠʩ. ʢɺʪ ʨʽʚʥʠʡ: ʟʘ NOʍ ï 1500 ʪʦʥʥ; SOʍ ï 600 

ʪʦʥʥ; ʉʆ ï 100 ʪʦʥʥ ʽ ʟʘ ʪʚʝʨʜʠʤʠ ʯʘʩʪʢʘʤʠ ï 50 ʪʦʥʥ [25, 26]. 

ɽʢʦʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʠʟʝʣʴʥʠʭ ʜʚʠʛʫʥʽʚ ʚʠʟʥʘʯʘʶʪʴʩʷ ʛʦʣʦʚʥʠʤ 

ʯʠʥʦʤ ʚʤʽʩʪʦʤ ʫ ʧʨʦʜʫʢʪʘʭ ʟʛʦʨʷʥʥʷ ʦʢʩʠʜʽʚ ʘʟʦʪʫ NOʍ, ʷʢʽ ʟʘ ʽʥʜʝʢʩʦʤ 

ʪʦʢʩʠʯʥʦʩʪʽ ʟʥʘʯʥʦ ʧʝʨʝʚʝʨʰʫʶʪʴ ʽʥʰʽ ʰʢʽʜʣʠʚʽ ʢʦʤʧʦʥʝʥʪʠ ɺɻ. ɿʛʽʜʥʦ ʟ 

ɼʦʜʘʪʢʦʤ VI ʄʽʞʥʘʨʦʜʥʦʾ ʂʦʥʚʝʥʮʽʾ ʱʦʜʦ ʟʘʧʦʙʽʛʘʥʥʷ ʟʘʙʨʫʜʥʝʥʥʶ ʽʟ ʩʫʜʝʥ 

(MARPOL) çʆʙʤʝʞʝʥʥʷ ʥʘ ʚʠʢʠʜʠ NOʍè, ʟ ʩʽʯʥʷ 2016 ʨʦʢʫ ʚʩʽ ʥʦʚʽ ʩʫʜʥʘ 

ʧʦʚʠʥʥʽ ʙʫʜʫʪʴ ʚʽʜʧʦʚʽʜʘʪʠ ʩʪʘʥʜʘʨʪʘʤ ʨʽʚʥʷ Tier-III, ʷʢʽ ʧʝʨʝʜʙʘʯʘʶʪʴ 
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ʟʥʠʞʝʥʥʷ ʚʠʢʠʜʽʚ ʥʘ 80 % (ʨʠʩ. 1.3) ʧʦʨʽʚʥʷʥʦ ʟ̔ ʩʪʘʥʜʘʨʪʘʤʠ ʨʽʚʥʷ I, ʜʣʷ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʚ ʟʦʥʘʭ, ʧʦʟʥʘʯʝʥʠʭ ʷʢ ʟʦʥʠ ʢʦʥʪʨʦʣʶ ʚʠʢʠʜʽʚ NOʍ [27, 28].  

ʋ ʟʚô̫ ʟʢʫ ʟ ʮʠʤ ʮʽʣʘ ʥʠʟʢʘ ʤʽʞʥʘʨʦʜʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡ (ʟʦʢʨʝʤʘ IMO) 

ʚʚʦʜʠʪʴ ʩʫʚʦʨʽ ʚʠʤʦʛʠ, ʚʠʢʦʥʘʥʥʷ ʷʢʠʭ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʝʢʦʣʦʛʽʯʥʽ 

ʧʘʨʘʤʝʪʨʠ ʨʦʙʦʪʠ ʩʫʜʥʦʚʠʭ ʜʠʟʝʣʽʚ [29]. 

 

 
ʈʠʩ. 1.3. ɺʠʤʦʛʠ IMO ʜʦ ʢʽʣʴʢʦʩʪʽ NOʍ ʫ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʛʘʟʘʭ ʩʫʜʥʦʚʠʭ 

ʜʠʟʝʣʽʚ 

 

ʋʢʨʘʾʥʘ ʻ ʧʦʚʥʦʧʨʘʚʥʠʤ ʯʣʝʥʦʤ IMO ʽ ʨʘʪʠʬʽʢʫʚʘʣʘ ʚʩʽ ʾʾ ʦʩʥʦʚʥʽ 

ʢʦʥʚʝʥʮʽʾ. ʋ ʟʚô̫ ʟʢʫ ʟ ʮʠʤ ʝʢʩʧʣʫʘʪʘʮʽʷ ʩʫʜʝʥ ʨʽʯʢʦʚʦʛʦ ʪʘ ʤʦʨʩʴʢʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʝʟʦʣʶʮʽʡ, ʨʦʟʨʦʙʣʝʥʠʭ ʂʦʤʽʪʝʪʦʤ ʽʟ 

ʟʘʭʠʩʪʫ ʤʦʨʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʄʽʞʥʘʨʦʜʥʦʾ ʤʦʨʩʴʢʦʾ ʦʨʛʘʥʽʟʘʮʽʾ (Marine 

Environment Committee for the Protection of the of the International Maritime 

Organization ï MEPC IMO): çɿʘʧʦʙʽʛʘʥʥʷ ʟʘʙʨʫʜʥʝʥʥʶ ʧʦʚʽʪʨʷ ʟ ʩʫʜʝʥ ʽ 

ʢʦʥʪʨʦʣʴ ʷʢʦʩʪʽ ʧʘʣʠʚʘè ("Prevention of Air  Pollution from Ships and Quality 

Control of Fuel") ʽ çʇʝʨʝʛʣʷʥʫʪʠʡ ɼʦʜʘʪʦʢ VI ʜʦ ʂʦʥʚʝʥʮʽʾ ʄɸʈʇʆʃè ʪʘ 

ʟʛʽʜʥʦ ʽʟ ɿʘʢʦʥʦʤ ʋʢʨʘʾʥʠ çʇʨʦ ʦʭʦʨʦʥʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘè [30]. 

ʆʩʥʦʚʥʠʤ ʜʦʢʫʤʝʥʪʦʤ, ʷʢʠʡ ʨʝʛʣʘʤʝʥʪʫʻ ʰʢʽʜʣʠʚʽ ʚʠʢʠʜʠ ʚ ʘʪʤʦʩʬʝʨʫ 

ʚʽʜ ʤʦʨʩʴʢʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʫʜʝʥ, ʻ ɼʦʜʘʪʦʢ VI ʜʦ ʄʽʞʥʘʨʦʜʥʦʾ ʢʦʥʚʝʥʮʽʾ ʧʦ 

ʟʘʧʦʙʽʛʘʥʥʶ ʟʘʙʨʫʜʥʝʥʥʶ ʟ ʩʫʜʝʥ (ʄɸʈʇʆʃ). ʎʠʤ ʜʦʢʫʤʝʥʪʦʤ ʚʠʢʠʜʠ 
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ʦʢʩʠʜʽʚ ʩʽʨʢʠ SOX ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʫʥʦʨʤʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʤʽʩʪʫ ʩʽʨʢʠ ʚ 

ʧʘʣʠʚʽ, ʘ ʚʠʢʠʜʠ ʦʢʩʠʜʽʚ ʘʟʦʪʫ NOX ï ʚʠʭʦʜʷʯʠ ʟ ʪʠʧʫ ʩʫʜʥʦʚʦʛʦ ʜʠʟʝʣʷ [31]. 

ɼʦʜʘʪʦʢ VI ʄɸʈʇʆʃ (ʇʨʘʚʠʣʘ ʟʘʧʦʙʽʛʘʥʥʷ ʟʘʙʨʫʜʥʝʥʥ ʁ ʧʦʚʽʪʨʷʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʟ ʩʫʜʝʥ) ʚʩʪʘʥʦʚʣʶʻ ʨʽʚʥʝʚʠʡ ʧʽʜʭʽʜ ʜʦ ʩʢʦʨʦʯʝʥʥʷ ʮʠʭ ʚʠʢʠʜʽʚ: 

¶ ʨʽʚʝʥʴ Tier I ʷʚʣʷʻ ʩʦʙʦʶ ʤʝʞʫ ʚʤʽʩʪʫ ʦʢʩʠʜʽʚ ʘʟʦʪʫ NOX ʚ ʚʠʢʠʜʘʭ 

ʜʠʟʝʣʽʚ ʩʫʜʝʥ, ʧʦʙʫʜʦʚʘʥʠʭ ʧʽʩʣʷ 1 ʩʽʯʥʷ 2000 ʨʦʢʫ, ʘʣʝ ʜʦ 2011 ʨʦʢʫ; 

¶ ʨʽʚʝʥʴ Tier II ï ʩʪʘʥʜʘʨʪ ʟʘ ʚʤʽʩʪʦʤ NOX ʜʣʷ ʜʚʠʛʫʥʽʚ, ʚʩʪʘʥʦʚʣʝʥʠʭ ʥʘ 

ʩʫʜʥʘʭ, ʧʦʙʫʜʦʚʘʥʠʭ 1 ʩʽʯʥʷ 2011 ʨʦʢʫ, ʘʙʦ ʧʽʩʣʷ ʮʽʻʾ ʜʘʪʠ; 

¶ ʨʽʚʝʥʴ Tier III ï ʩʪʘʥʜʘʨʪ ʟʘ ʚʤʽʩʪʦʤ NOX ʫ ʚʠʢʠʜʘʭ ʜʚʠʛʫʥʽʚ, 

ʚʩʪʘʥʦʚʣʝʥʠʭ ʥʘ ʩʫʜʥʘʭ, ʧʦʙʫʜʦʚʘʥʠʭ 1 ʩʽʯʥʷ 2016 ʨʦʢʫ ʘʙʦ ʧʽʩʣʷ ʮʽʻʾ ʜʘʪʠ. 

ʅʘ ʜʘʥʠʡ ʯʘʩ ʥʘ ʩʫʯʘʩʥʠʭ ʨʽʯʢʦʚʠʭ ʪʘ ʤʦʨʩʴʢʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʫʜʥʘʭ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʠʟʝʣʽ, ʚʽʜʧʦʚʽʜʥʽ ʨʽʚʥʷʤ Tier II ʽ Tier III. ʇʨʠ ʮʴʦʤʫ 

ʚʠʢʠʜʠ NOX ʜʚʠʛʫʥʽʚ ʨʽʚʥʷ Tier II ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʥʦʤʽʥʘʣʴʥʦʾ ʯʘʩʪʦʪʽ 

ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ ʜʠʟʝʣʷ n ʚ ʦʙ/ʭʚ, ʧʦʚʠʥʥʽ ʩʢʣʘʜʘʪʠ: 

Å 14,4 ʛ/(ʢɺʪẗʛʦʜ) ï ʧʨʠ n<130 ʦʙ/ʭʚ; 

Å 44n
ï0,23

 ʛ/(ʢɺʪẗʛʦʜ) ï ʧʨʠ 130<n<2000 ʦʙ/ʭʚ; 

Å 7,7 ʛ/(ʢɺʪẗʛʦʜ) ï ʧʨʠ n²2000 ʦʙ/ʭʚ. 

ɼʚʠʛʫʥʠ ʨʽʚʥʷ Tier III ʧʦʚʠʥʥʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʥʘʩʪʫʧʥʽ ʚʠʤʦʛʠ ʱʦʜʦ 

ʚʤʽʩʪʫ NOX ʫ ʚʠʧʫʩʢʥʠʭ ʛʘʟʘʭ: 

Å 3,4 ʛ/(ʢɺʪẗʛʦʜ) ï ʧʨʠ n<130 ʦʙ/ʭʚ; 

Å 9n
ï0,2

 ʛ/(ʢɺʪẗʛʦʜ) ï ʧʨʠ 130<n<2000 ʦʙ/ʭʚ; 

Å 2,0 ʛ/(ʢɺʪẗʛʦʜ) ï ʧʨʠ n²2000 ʦʙ/ʭʚ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚʠʢʦʥʘʥʥʷ ʚʠʤʦʛ ʨʽʚʥʷ Tier II ʤʦʞʣʠʚʝ ʟʘ ʨʘʭʫʥʦʢ 

ʟʤʽʥʠ ʢʦʥʩʪʨʫʢʮʽʾ ʜʚʠʛʫʥʘ. ɺʦʜʥʦʯʘʩ ʜʦʩʷʛʥʝʥʥʷ ʥʦʨʤ ʨʽʚʥʷ Tier III 

ʥʝʤʦʞʣʠʚʝ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʡ: ʢʘʪʘʣʽʪʠʯʥʦʛʦ 

ʚʽʜʥʦʚʣʝʥʥʷ [32]; ʨʝʮʠʨʢʫʣʷʮʽʷ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ (Exhaust Gas Recirculation ï 

EGR) [33]; ʧʝʨʝʧʫʩʢ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ (Exhaust Gas Wastegate ï EWG) [34]; 

ʧʝʨʝʭʽʜ ʥʘ ʟʨʽʜʞʝʥʠʡ ʧʨʠʨʦʜʥʠʡ ʛʘʟ [35]. 
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1.3. ʄʝʭʘʥʽʟʤ ʫʪʚʦʨʝʥʥʷ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʚ ʜʠʟʝʣʷʭ ʤʦʨʩʴʢʠʭ ʩʫʜʝʥ 

 

 

ʆʢʩʠʜʠ ʘʟʦʪʫ ʟʘʡʤʘʶʪʴ ʧʝʨʰʝ ʤʽʩʮʝ ʩʝʨʝʜ ʰʢʽʜʣʠʚʠʭ ʚʠʢʠʜʽʚ ʧʨʘʢʪʠʯʥʦ 

ʥʘ ʚʩʽʭ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ ʜʠʟʝʣʽʚ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʾʭ ʪʠʧʫ, ʢʣʘʩʫ, ʨʦʟʤʽʨʽʚ ʽ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ. ʏʘʩʪʢʘ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʚ ʩʫʤʘʨʥʠʭ ʚʠʢʠʜʘʭ 

ʩʪʘʥʦʚʠʪʴ 30...80 % ʟʘ ʤʘʩʦ  ʁ ʽ 60...95 % ʟʘ ʝʢʚʽʚʘʣʝʥʪʥʦ  ʁ ʪʦʢʩʠʯʥʩ̔ʪʁ. 

ʆʢʩʠʜʫ ʘʟʦʪʫ ʨʫʡʥʫʶʪʴ ʦʟʦʥʦʚʠʡ ʰʘʨ, ʷʢʠʡ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʚʠʩʦʪʽ 25 ʢʤ ʪʘ 

ʧʦʛʣʠʥʘʻ 99 % ʩʦʥʷʯʥʠʭ ʪʘ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʠʭ ʧʨʦʤʝʥʽʚ [36]. 

ʊʝʨʤʽʥ çʦʢʩʠʜ ʘʟʦʪʫè ʻ ʟʙʽʨʥʦʶ ʥʘʟʚʦʶ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʙʽʥʘʨʥʝ 

ʟô̒ ʜʥʘʥʥʷ ʘʟʦʪʫ ʟ ʢʠʩʥʝʤ. ɿ ʪʦʯʢʠ ʟʦʨʫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʩʪʽ ʧʽʜ ʯʘʩ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʉɽʋ ʨʦʟʛʣʷʜʘʶʪʴ ʜʚʘ ʟô̒ ʜʥʘʥʥʷ ï NO ʽ NO2 [37]. ʆʢʩʠʜʠ ʘʟʦʪʫ ʻ 

ʻʜʠʥʠʤʠ ʟʘʙʨʫʜʥʶʶʯʠʤʠ ʨʝʯʦʚʠʥʘʤʠ, ʷʢʽ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʫʩʫʥʝʥʽ ʰʣʷʭʦʤ 

ʟʤʽʥʠ ʩʦʨʪʫ ʧʘʣʠʚʘ (ʷʢ ʮʝ ʤʦʞʣʠʚʦ ʜʣʷ ʟʥʠʞʝʥʥʷ ʚʠʢʠʜʽʚ SOʍ), ʦʩʢʽʣʴʢʠ 

ʥʘʡʯʘʩʪʽʰʝ ʚʦʥʠ ʫʪʚʦʨʶʶʪʴʩʷ ʧʨʠ ʟô̒ ʜʥʘʥʥʽ ʘʟʦʪʫ (ʦʙʦʚô̫ ʟʢʦʚʦ ʟʥʘʭʦʜʠʪʴʩʷ 

ʚ ʩʢʣʘʜʽ ʨʽʜʢʦʛʦ ʧʘʣʠʚʘ) ʟ ʢʠʩʥʝʤ (ʦʙʦʚô̫ ʟʢʦʚʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʩʢʣʘʜʽ ʧʦʚʽʪʨʷ ʚ 

ʮʠʣʽʥʜʨʽ ʜʠʟʝʣʷ). ʉʝʨʝʜ ʢʦʤʧʣʝʢʩʫ ʦʢʩʠʜʽʚ NOʍ ʩʘʤʝ NO ʻ ʪʠʤʠ ʨʝʯʦʚʠʥʘʤʠ, 

ʷʢʽ ʧʝʨʝʚʘʞʘʶʪʴ ʚʩʝʨʝʜʠʥʽ ʮʠʣʽʥʜʨʘ ʜʠʟʝʣʷ (º90...95 %), ʫ ʪʦʡ ʯʘʩ, ʷʢ ʚʝʣʠʢʘ 

ʢʽʣʴʢʽʩʪʴ NO2 ʫʪʚʦʨʶʻʪʴʩʷ ʪʽʣʴʢʠ ʧʨʠ ʢʦʥʪʘʢʪʽ ʟ ʥʠʟʴʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ, 

ʪʦʙʪʦ ʧʨʠ ʧʦʧʘʜʘʥʥʽ ɺɻ ʚ ʘʪʤʦʩʬʝʨʫ. ʋʪʚʦʨʝʥʥʷ NO2 ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ 

ʟô̒ ʜʥʘʥʥʽ NO ʟ ʦʟʦʥʦʤ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʧʦʚʽʪʨʽ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʦʜʥʦʦʢʠʩ 

ʘʟʦʪʫ NO ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʜʚʦʦʢʠʩ NO2 ʽ ʢʠʩʝʥʴ O2: 

 

.ʆNOONʆ 223 +­+   

 

ʇʽʩʣʷ ʯʦʛʦ NO2 ʟô̒ ʜʥʘʶʪʴʩʷ ʟ ʚʦʜʷʥʠʤʠ ʧʘʨʘʤʠ ʅ2ʆ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʫʪʚʦʨʝʥʥʷ ʘʟʦʪʥʦʾ ʢʠʩʣʦʪʠ ʅNO2 ʽ ʜʘʣʽ ʘʟʦʪʥʦʾ ʢʠʩʣʦʪʠ ʅNO3: 

 

.HNOʆHNOHNOOʅNʆ 322222 ­+­­+   
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ʉʘʤʝ ʘʟʦʪʥʘ ʢʠʩʣʦʪʘ, ʷʢʘ ʟʛʦʜʦʤ ʢʦʥʜʝʥʩʫʻʪʴʩʷ ʚ ʧʦʚʽʪʨʽ ʽ ʧʦʚʝʨʪʘʻʪʴʩʷ 

ʥʘ ʧʦʚʝʨʭʥʶ ʉʚʽʪʦʚʦʛʦ ʦʢʝʘʥʫ ʘʙʦ ʦʩʪʨʽʚʥʫ ʽ ʤʘʪʝʨʠʢʦʚʫ ʯʘʩʪʠʥʫ ɿʝʤʣʽ ʫ 

ʚʠʛʣʷʜʽ ʢʠʩʣʦʪʥʠʭ ʜʦʱʽʚ, ʻ ʪʠʤ ʟô̒ ʜʥʘʥʥʷʤ, ʷʢʝ ʟʘʚʜʘʻ ʝʢʦʣʦʛʽʯʥʦʾ ʰʢʦʜʠ 

ʜʦʚʢʽʣʣʶ ʽ ʥʘ ʙʦʨʦʪʴʙʫ ʟ ʷʢʠʤ ʩʧʨʷʤʦʚʘʥʽ ʚʩʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʽ ʪʝʭʥʦʣʦʛʽʯʥʽ 

ʨʽʰʝʥʥʷ ʱʦʜʦ ʟʥʠʞʝʥʥʷ ʚʤʽʩʪʫ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʫ ɺɻ (ʨʠʩ. 1.4) [38]. 

 

 

ʈʠʩ. 1.4. ɸʟʦʪʥʦ-ʢʠʩʣʦʪʥʠʡ ʚʧʣʠʚ ʥʘ ʜʦʚʢʽʣʣʷ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʝʧʣʦʚʠʭ 

ʜʚʠʛʫʥʽʚ 

 

ɿʘ ʩʚʦʾʤ ʧʦʭʦʜʞʝʥʥʷʤ ʨʦʟʨʽʟʥʷʶʪʴ ʪʨʠ ʤʝʭʘʥʽʟʤʠ ʫʪʚʦʨʝʥʥʷ Nʆʍ: 

1) ʪʝʧʣʦʚʠʡ ʤʝʭʘʥʽʟʤ, ʘʙʦ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʡ ʤʝʭʘʥʽʟʤ ɿʝʣʴʜʦʚʠʯʘ 

(ʪʝʧʣʦʚʽ NOʍ); 

2) ʰʚʠʜʢʠʡ ʤʝʭʘʥʽʟʤ, ʟʚʘʥʠʡ ʪʘʢʦʞ çʭʽʤʽʯʥʠʤè (ʰʚʠʜʢʽ NOʍ); 

3) ʧʘʣʠʚʥʠʡ ʤʝʭʘʥʽʟʤ, ʧʦʚô̫ ʟʘʥʠʡ ʟ ʫʪʚʦʨʝʥʥʷʤ NOʍ ʟ ʘʟʦʪʦʚʤʽʩʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʧʘʣʠʚʘ (ʧʘʣʠʚʥʽ NOʍ). 

ɼʞʝʨʝʣʘʤʠ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʻ ʤʦʣʝʢʫʣʷʨʥʠʡ ʘʟʦʪ ʧʦʚʽʪʨʷ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʷʢʦʩʪʽ ʦʢʠʩʣʶʚʘʯʘ ʧʨʠ ʟʛʦʨʷʥʥʽ ʧʘʣʠʚʘ, ʽ ʘʟʦʪʦʚʤʽʩʥʽ 

ʢʦʤʧʦʥʝʥʪʠ ʦʨʛʘʥʽʯʥʦʾ ʤʘʩʠ ʩʘʤʦʛʦ ʧʘʣʠʚʘ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʴʦʛʦ, ʦʢʩʠʜʠ 

ʘʟʦʪʫ ʧʝʨʝʜʽʣʷʪʁʴʩʷ ʥʘ ʧʦʚʽʪʨʷʥʽ ʽ ʧʘʣʠʚʥʽ. ɿ ʘʟʦʪʫ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʧʦʚʽʪʨʽ, 
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ʫʪʚʦʨʶʶʪʴʩʷ ʪʝʨʤʽʯʥʽ NOʍ (ʤʝʭʘʥʽʟʤ ʗ. ɺ. ɿʝʣʴʜʦʚʠʯʘ) ʽ ʰʚʠʜʢʽ NOʍ 

(ʤʝʭʘʥʽʟʤ ʌʝʥʽʤʦʨʘ). ɯʟ ʧʦʚô̫ ʟʘʥʦʛʦ ʟ ʦʨʛʘʥʽʯʥʦʶ ʤʘʩʦʶ ʘʟʦʪʫ ʧʘʣʠʚʘ 

ʫʪʚʦʨʶʶʪʴʩʷ ʧʘʣʠʚʥʽ NOʍ (ʨʠʩ. 1.5).  

 

 

ʈʠʩ. 1.5. ʂʣʘʩʠʬʽʢʘʮʽʷ ʦʢʩʠʜʽʚ ʘʟʦʪʫ 

 

ʋʪʚʦʨʝʥʥʷ ʪʝʨʤʽʯʥʠʭ NOʍ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʤʘʢʩʠʤʘʣʴʥʦ ʾʪʝʤʧʝʨʘʪʫʨʠ, 

ʪʦʙʪʦ ʚ ʪʽʡ ʟʦʥʽ ʧʘʣʠʚʥʦʛʦ ʬʘʢʝʣʘ, ʜʝ ʚʞʝ ʟʛʦʨʽʣʘ ʦʩʥʦʚʥʘ ʤʘʩʘ ʧʘʣʠʚʘ [39]. 

ʐʚʠʜʢʽ NOʍ ʫʪʚʦʨʶʶʪʴʩʷ ʫ ʬʨʦʥʪʽ ʧʦʣʫʤô̫  ʽ ʟʘʣʝʞʘʪʴ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʚʽʜ 

ʩʪʝʭʽʦʤʝʪʨʠʯʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚ ʤʽʩʮʽ ʾʭ ʫʪʚʦʨʝʥʥʷ [40]. ʇʘʣʠʚʥʽ NOʍ ʥʝ 

ʫʪʚʦʨʶʶʪʴʩʷ ʧʨʠ ʩʧʘʣʶʚʘʥʥʽ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ (ʦʩʢʽʣʴʢʠ ʚʽʥ, ʟʘ ʨʽʜʢʽʩʥʠʤ 

ʚʠʥʷʪʢʦʤ, ʥʝ ʤʽʩʪʠʪʴ ʧʦʚô̫ ʟʘʥʦʛʦ ʘʟʦʪʫ) [41]. ʅʦʤʦʛʨʘʤʘ ʨʦʟʧʦʜʽʣʫ ʪʠʧʽʚ 

NOʍ ʜʣʷ ʨʽʟʥʠʭ ʚʠʜʽʚ ʧʘʣʠʚʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʚʠʛʣʷʜʽ ʨʠʩ. 1.6. 

 

   

ʛʘʟʦʧʦʜʽʙʥʝ ʨʽʜʢʝ (ʣʝʛʢʝ) ʨʽʜʢʝ (ʚʘʞʢʝ) 

ʈʠʩ. 1.6. ʅʦʤʦʛʨʘʤʘ ʨʦʟʧʦʜʽʣʫ ʪʠʧʽʚ NOʍ ʜʣʷ ʨʽʟʥʠʭ ʚʠʜʽʚ ʧʘʣʠʚʘ: 

1 ï ʪʝʧʣʦʚʽ; 2 ï ʧʘʣʠʚʥʽ; 3 ï ʰʚʠʜʢʽ 

 

ʊʝʧʣʦʚʽ ʦʢʩʠʜʠ ʘʟʦʪʫ, ʱʦ ʩʪʘʥʦʚʣʷʪʴ ʙʽʣʴʰʫ ʯʘʩʪʠʥʫ ʚʽʜ ʫʩʽʭ ʚʠʜʽʚ NOʍ, 

ʫʪʚʦʨʶʶʪʴʩʷ ʧʨʠ ʚʠʩʦʢʽʡ ʪʝʤʧʝʨʘʪʫʨʽ (ʊ>1500 ʂ) ʽ ʟʘ ʫʤʦʚʠ ʚʠʩʦʢʦʾ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʠʩʥʶ ʧʨʠ ʦʢʠʩʣʝʥʥʽ ʘʪʤʦʩʬʝʨʥʦʛʦ ʘʟʦʪʫ ʚ ʧʨʦʮʝʩʽ ʛʦʨʽʥʥʷ. 
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ʊʝʧʣʦʚʽ ʦʢʩʠʜʠ ʫʪʚʦʨʶʶʪʴʩʷ ʧʨʠ ʩʧʘʣʶʚʘʥʥʽ ʛʘʟʦʧʦʜʽʙʥʦʛʦ ʧʘʣʠʚʘ 

(ʧʨʠʨʦʜʥʠʡ ʛʘʟ ʽ ʟʨʽʜʞʝʥʠʡ ʥʘʬʪʦʚʠʡ ʛʘʟ) ʽ ʧʘʣʠʚʘ, ʚ ʷʢʦʤʫ ʥʝ ʤʽʩʪʷʪʴʩʷ 

ʨʝʯʦʚʠʥʠ, ʱʦ ʤʘʶʪʴ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʘʟʦʪ [42]. 

ɺʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʡ ʤʝʭʘʥʽʟʤ ʦʢʠʩʣʝʥʥʷ ʘʟʦʪʫ ʚ ʟʦʥʽ ʛʦʨʽʥʥʷ ʙʫʚ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʗ. ɹ. ɿʝʣʴʜʦʚʠʯʝʤ ʱʝ ʚ ʩʝʨʝʜʠʥʽ 1940-ʭ ʨʦʢʽʚ ʽ ʚʚʘʞʘʻʪʴʩʷ 

ʦʩʥʦʚʥʠʤ ʤʝʭʘʥʽʟʤʦʤ ʫʪʚʦʨʝʥʥʷ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʧʽʜ ʯʘʩ ʛʦʨʽʥʥ.̫ ʎʝʡ ʤʝʭʘʥʽʟʤ 

ʚʢʣʶʯʘʻ ʥʘʩʪʫʧʥʽ ʝʣʝʤʝʥʪʘʨʥʽ ʩʪʘʜʽʾ: 

 

N,NOON2 +ª+  (1.1) 

ONOON 2 +ª+
 

(1.2) 

 

ʜʦ ʷʢʠʭ ʜʦʜʘʻʪʴʩʷ ʨʝʘʢʮʽʷ, ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʂ. ʌʝʥʽʤʦʨʦʤ ʽ ɻ. ɼʞʦʥʩʦʤ 

 

.ʅNOOʅN +ª+  (1.3) 

 

ʉʫʢʫʧʥʽʩʪʴ ʨʝʘʢʮʽʡ (1.1-1.3) ʥʘʟʠʚʘʻʪʴʩʷ ʨʦʟʰʠʨʝʥʠʤ ʤʝʭʘʥʽʟʤʦʤ 

ɿʝʣʴʜʦʚʠʯʘ. ʈʝʘʢʮʽʷ (1.1) ʤʘʻ ʚʝʣʠʢʫ ʝʥʝʨʛʽʶ ʘʢʪʠʚʘʮʽʾ ʽ ʤʦʞʝ ʧʨʦʭʦʜʠʪʠ ʟ 

ʧʦʤʽʪʥʦʶ ʰʚʠʜʢʽʩʪʶ ʣʠʰʝ ʟʘ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. ʊʦʤʫ ʮʝʡ ʤʝʭʘʥʽʟʤ 

ʚʽʜʽʛʨʘʻ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʚʠʧʘʜʢʫ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʫ ʟʦʥʽ ʛʦʨʽʥʥʷ, 

ʥʘʧʨʠʢʣʘʜ, ʧʽʜ ʯʘʩ ʛʦʨʽʥʥʷ ʧʘʣʠʚʥʦ-ʧʦʚʽʪʨʷʥʠʭ ʩʫʤʽʰʝʡ ʟʽ ʩʪʝʭʽʦʤʝʪʨʠʯʥʠʤ 

ʘʙʦ ʙʣʠʟʴʢʠʤ ʜʦ ʥʴʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ, ʘ ʪʘʢʦʞ ʧʽʜ ʯʘʩ ʜʠʬʫʟʽʡʥʦʛʦ ʛʦʨʽʥʥʷ. 

ɺʚʘʞʘʻʪʴʩʷ, ʱʦ ʧʽʜʚʠʱʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʟʦʥʽ ʛʦʨʽʥʥʷ ʧʦʥʘʜ 

1850 ʂ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʧʨʠʧʫʩʪʠʤʦ ʚʠʩʦʢʠʭ ʚʠʢʠʜʽʚ NOʍ [43]. 

ʐʚʠʜʢʽ ʦʢʩʠʜʠ ʘʟʦʪʫ ʫʪʚʦʨʶʶʪʴʩʷ ʧʨʠ ʟô̒ ʜʥʘʥʥʽ ʥʘʷʚʥʦʛʦ ʚ ʧʦʚʽʪʨʽ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʘʟʦʪʫ ʟ ʬʨʘʛʤʝʥʪʘʤʠ ʚʫʛʣʝʚʦʜʥʶ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʧʨʠ 

ʨʦʟʢʣʘʜʘʥʥʽ ʧʘʣʠʚʘ ʥʘ ʧʝʨʰʠʭ ʩʪʘʜʽʷʭ ʟʛʦʨʷʥʥʷ. ʇʨʷʤʽ ʚʠʤʽʨʶʚʘʥʥʷ, 

ʧʨʦʚʝʜʝʥʽ ʂ. ʌʝʥʽʤʦʨʦʤ ʚ 1971 ʨʦʮʽ, ʧʦʢʘʟʘʣʠ, ʱʦ NO ʫʪʚʦʨʶʻʪʴʩʷ ʚʞʝ ʥʘ 

ʧʦʯʘʪʢʫ ʟʦʥʠ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ. ʎʝʡ ʤʝʭʘʥʽʟʤ ʙʫʚ ʥʘʟʚʘʥʠʡ çʰʚʠʜʢʠʤè 

(prompt NO) ʘʙʦ ʤʝʭʘʥʽʟʤʦʤ ʂ. ʌʝʥʽʤʦʨʘ [44]. 
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ʋʪʚʦʨʝʥʥʷ NOʍ ʟʘ ʰʚʠʜʢʠʤ ʤʝʭʘʥʽʟʤʦʤ ʧʦʚô̫ ʟʘʥʦ ʟ ʨʝʘʢʮʽʻʶ ʨʘʜʠʢʘʣʘ 

CH, ʷʢʠʡ ʧʨʠʩʫʪʥʽʡ ʪʽʣʴʢʠ ʚ ʧʦʯʘʪʢʦʚʽʡ ʟʦʥʽ ʨʦʟʢʣʘʜʘʥʥʷ ʚʫʛʣʝʚʦʜʥʝʚʠʭ 

ʧʘʣʠʚ, ʟ ʤʦʣʝʢʫʣʷʨʥʠʤ ʘʟʦʪʦʤ: 

 

.ʅNCNNʉH 2 +ª+  (1.4) 

 

ʆʩʢʽʣʴʢʠ ʚ ʰʚʠʜʢʦʤʫ ʤʝʭʘʥʽʟʤʽ ʨʝʘʢʮʽʷ (1.4) ʪʨʠʚʘʻ ʟ ʥʝʚʝʣʠʢʦʶ 

ʝʥʝʨʛʽʻʶ ʘʢʪʠʚʘʮʽʾ, ʚʦʥʘ ʤʦʞʣʠʚʘ ʟʘ ʚʽʜʥʦʩʥʦ ʥʝʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʧʦʨʷʜʢʫ 

1000 ʂ, ʘ ʚ ʙʘʛʘʪʠʭ ʩʫʤʽʰʘʭ (ʟ ʥʘʜʣʠʰʢʦʤ ʧʘʣʠʚʘ) ʫʪʚʦʨʝʥʥ ʁNO ʩʧʨʠʷʻ 

ʧʽʜʚʠʱʝʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʘʜʠʢʘʣʽʚ CH [45, 46]. 

ʇʘʣʠʚʥʽ ʦʢʩʠʜʠ ʘʟʦʪʫ ʫʪʚʦʨʶʶʪʴʩʷ ʧʨʠ ʦʢʠʩʣʝʥʥʽ ʘʟʦʪʦʚʤʽʩʥʠʭ 

ʨʝʯʦʚʠʥ, ʥʘʷʚʥʠʭ ʫ ʧʘʣʠʚʽ ʚ ʟʦʥʽ ʬʘʢʝʣʘ. ʂʦʥʮʝʥʪʨʘʮʽʷ ʧʘʣʠʚʥʠʭ ʦʢʩʠʜʽʚ 

ʤʦʞʝ ʜʦʩʷʛʘʪʠ ʟʥʘʯʥʠʭ ʨʦʟʤʽʨʽʚ, ʷʢʱʦ ʚʤʽʩʪ ʫ ʧʘʣʠʚʽ ʘʟʦʪʦʚʤʽʩʥʠʭ ʨʝʯʦʚʠʥ 

ʧʝʨʝʚʠʱʫʻ 0,1 % ʚʽʜ ʚʘʛʠ [47].  

ʏʘʩʪʢʘ ʰʚʠʜʢʠʭ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʙʽʣʴʰ-ʤʝʥʰ ʧʦʩʪʽʡʥʘ, ʫ ʪʦʡ ʯʘʩ, ʷʢ ʯʘʩʪʢʘ 

ʧʘʣʠʚʥʠʭ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʽʜ ʯʘʩ ʛʦʨʽʥʥ ̫ʚʠʜʽʚ ʧʘʣʠʚʘ ʟ ʙʽʣʴʰ 

ʚʠʩʦʢʦ  ʁʤʦʣʝʢʫʣʷʨʥʦʶ ʚʘʛʦʶ. ʇʨʠ ʮʴʦʤʫ ʯʘʩʪʢʘ ʪʝʧʣʦʚʠʭ ʦʢʩʠʜʽʚ ʘʟʦʪʫ 

ʟʥʠʞʫʻʪʴʩʷ [48-49]. 

 

 

1.4. ɸʥʘʣʽʟ ʦʩʥʦʚʥʠʭ ʰʣʷʭʽʚ ʧʦʣʽʧʰʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ  

ʨʦʙʦʪʠ ʜʠʟʝʣʽʚ ʩʫʜʝʥ ʨʽʯʢʦʚʦʛʦ ʪʘ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ 

 

 

ʇʽʜ ʯʘʩ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʫʛʣʝʚʦʜʥʝʚʠʭ ʧʘʣʠʚ ʥʘʬʪʦʚʦʛʦ ʧʦʭʦʜʞʝʥʥʷ, ʷʢʽ 

ʩʧʘʣʶʶʪʴ ʫ ʮʠʣʽʥʜʨʽ ʜʠʟʝʣʷ ʟ ʥʘʜʣʠʰʢʦʤ ʢʠʩʥʶ, ʧʨʠʙʣʠʟʥʦ 80...95 % 

ʟʘʛʘʣʴʥʦʾ ʤʘʩʠ ʪʦʢʩʠʯʥʠʭ ʜʦʤʽʰʦʢ ɺɻ ʧʨʠʧʘʜʘʻ ʥʘ ʧô̫ ʪʴ ʦʩʥʦʚʥʠʭ ʪʦʢʩʠʯʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ: ʉʆ, NʆX, SʆX, ʘʣʴʜʝʛʽʜʽʚ ʽ ʥʝʟʛʦʨʽʣʠʭ ʚʫʛʣʝʚʦʜʥʽʚ [50]. 
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ɼʦ ʯʠʩʣʘ ʤʝʪʦʜʽʚ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʥʝʡʪʨʘʣʽʟʘʮʽʶ ʰʢʽʜʣʠʚʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʫ ɺɻ ʩʫʜʥʦʚʠʭ ʜʠʟʝʣʽʚ, ʥʘʣʝʞʘʪʴ ʪʘʢʽ ʦʨʛʘʥʽʟʘʮʽʡʥʽ ʟʘʭʦʜʠ: 

¶ ʦʙʤʝʞʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʤʘʥʝʚʨʽʚ ɻɼ ʧʨʠ ʚʽʜʭʦʜʘʭ ʽ ʧʽʜʭʦʜʘʭ ʩʫʜʝʥ 

ʨʽʯʢʦʚʦʛʦ ʪʘ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʜʦ ʧʦʨʪʽʚ [51]; 

¶ ʟʚʝʜʝʥʥʷ ʜʦ ʤʽʥʽʤʫʤʫ ʨʦʙʦʪʠ ʜʦʧʦʤʽʞʥʠʭ ʜʚʠʛʫʥʽʚ ʥʘ ʩʪʦʷʥʢʘʭ [52]; 

¶ ʧʝʨʝʚʝʜʝʥʥʷ ʩʫʜʝʥ ʥʘ ʤʘʣʦʩʽʨʯʠʩʪʝ ʧʘʣʠʚʦ [53]; 

¶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʚʠʜʽʚ ʧʘʣʠʚʘ (ʜʦʜʘʚʘʥʥʷ ʚʦʜʥʶ ʚ ʢʘʤʝʨʫ 

ʟʛʦʨʷʥʥʷ ʧʨʠ ʟʜʽʡʩʥʝʥʥʽ ʨʦʙʦʯʦʛʦ ʮʠʢʣʫ; ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʠʨʪʫ, ʤʝʪʘʥʦʣʫ, 

ʩʪʠʩʥʝʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ, ʟʨʽʜʞʝʥʦʛʦ ʥʘʬʪʦʚʦʛʦ ʛʘʟʫ) [54-56]. 

ʂʦʥʩʪʨʫʢʪʠʚʥʽ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʟʘʭʦʜʠ ʱʦʜʦ ʧʦʣʽʧʰʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʩʫʜʥʦʚʠʭ ʜʠʟʝʣʽʚ ʧʦʣʷʛʘʶʪʴ ʫ ʥʘʩʪʫʧʥʠʭ ʟʘʭʦʜʘʭ: 

¶ ʟ ʤʝʪʦʶ ʟʥʠʞʝʥʥʷ NOX ï ʟʥʠʞʝʥʥʷ ʟʘʛʘʣʴʥʠʭ ʽ ʣʦʢʘʣʴʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʫ 

ʢʘʤʝʨʽ ʟʛʦʨʷʥʥʷ, ʟʥʠʞʝʥʥʷ ʣʦʢʘʣʴʥʦʛʦ ʽ ʤʽʩʮʝʚʦʛʦ ʚʤʽʩʪʫ ʢʠʩʥʶ, ʟʥʠʞʝʥʥʷ 

ʚʤʽʩʪʫ ʘʟʦʪʫ ʚ ʧʘʣʠʚʽ, ʧʽʜʚʠʱʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʟʛʦʨʷʥʥʷ [57-60]; 

¶ ʟ ʤʝʪʦʶ ʟʥʠʞʝʥʥʷ ʉʆ ï ʦʧʪʠʤʽʟʘʮʽʷ ʟʘʢʦʥʫ ʚʠʜʽʣʝʥʥʷ ʪʝʧʣʦʪʠ ʧʽʜ ʯʘʩ 

ʟʛʦʨʷʥʥʷ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʥʪʠʜʠʤʥʠʭ ʧʨʠʩʘʜʦʢ, ʚʠʢʣʶʯʝʥʥʷ ʤʽʩʮʝʚʠʭ 

ʧʝʨʝʟʙʘʛʘʯʝʥʠʭ ʟʦʥ [61-64]; 

¶ ʟ ʤʝʪʦʶ ʟʥʠʞʝʥʥʷ ʘʣʴʜʝʛʽʜʽʚ ï ʪʫʨʙʫʣʽʟʘʮʽʷ ʟʘʨʷʜʫ, ʨʫʡʥʫʚʘʥʥʷ ʟʦʥ 

ʛʘʩʽʥʥʷ [65-67]. 

ʇʽʜ ʧʦʥʷʪʪʷʤ çʧʦʣʽʧʰʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʨʦʙʦʪʠ ʜʠʟʝʣʷè ʭʦʯʘ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʟʥʠʞʝʥʥʷ ʚʩʴʦʛʦ ʪʨʘʜʠʮʽʡʥʦʛʦ ʥʘʙʦʨʫ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ, ʱʦ 

ʫʪʚʦʨʶʶʪʴʩʷ ʧʽʜ ʯʘʩ ʩʧʘʣʶʚʘʥʥʷ ʨʽʜʢʠʭ ʧʘʣʠʚ ï ʦʢʩʠʜʽʚ ʘʟʦʪʫ NOʍ, ʦʢʩʠʜʽʚ 

ʚʫʛʣʝʮʶ ʉʆ, ʦʢʩʠʜʽʚ ʩʽʨʢʠ SOʍ, ʪʚʝʨʜʠʭ ʯʘʩʪʦʢ, ʚʫʛʣʝʚʦʜʥʠʭ CnHm, ʦʩʦʙʣʠʚʘ 

ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʦʢʩʠʜʘʤ ʘʟʦʪʫ NOʍ, ʷʢʽ ʤʘʶʪʴ ʦʜʥʦʩʧʨʷʤʦʚʘʥʫ ʜʽʶ ʟ 

ʦʢʩʠʜʘʤʠ ʩʽʨʢʠ Sʆʍ ʽ ʩʪʘʥʦʚʣʷʪʴ ʜʦ 80é90 % ʪʦʢʩʠʯʥʦʩʪʽ ʚʽʜ ʟʘʛʘʣʴʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ɺɻ [68]. 

ʅʝʡʪʨʘʣʽʟʘʮʽʷ ʰʢʽʜʣʠʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ɺɻ ɼɺɿ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʜʚʽ 

ʛʨʫʧʠ ʤʝʪʦʜʽʚ: 
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1-ʰʘ ʛʨʫʧʘ ï ʤʝʪʦʜʠ ʚʥʫʪʨʽʰʥʴʦʾ ʥʝʡʪʨʘʣʽʟʘʮʽʾ (ʧʝʨʚʽʩʥʽ ʤʝʪʦʜʠ), ʷʢʽ 

ʭʘʨʘʢʪʝʨʠʟʫʪʁʴʩʷ: ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʤʘʣʦʪʦʢʩʠʯʥʠʭ ʨʦʙʦʯʠʭ ʧʨʦʮʝʩʽʚ, ʧʦʜʘʯʝʶ 

ʚʦʜʠ ʚ ʮʠʣʽʥʜʨ, ʨʝʮʠʨʢʫʣʷʮʽʻʶ ɺɻ, ʨʝʛʫʣʶʚʘʥʥʷʤ ʧʦʜʘʯʽ ʧʘʣʠʚʘ; 

2-ʛʘ ʛʨʫʧʘ ï ʤʝʪʦʜʠ ʟʦʚʥʽʰʥʴʦʾ ʥʝʡʪʨʘʣʽʟʘʮʽʾ (ʚʪʦʨʠʥʥʽ ʤʝʪʦʜʠ), ʘ ʩʘʤʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ: ʬʽʣʴʪʨʽʚ, ʨʽʜʠʥʥʠʭ ʪʘ ʢʘʪʘʣʽʪʠʯʥʠʭ ʥʝʡʪʨʘʣʽʟʘʪʦʨʽʚ [69, 70]. 

ʇʨʠ ʧʨʦʢ̒ʪʫʚʘʥʥʽ ʉɽʋ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʚʚʘʞʘʶʪʴʩʷ ʤʝʪʦʜʠ, ʚ 

ʦʩʥʦʚʽ ʷʢʠʭ ʣʝʞʠʪʴ ʥʝʡʪʨʘʣʽʟʘʮʽʷ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʚ ʨʽʜʠʥʥʠʭ, ʪʝʨʤʽʯʥʠʭ ʽ 

ʢʘʪʘʣʽʪʠʯʥʠʭ ʥʝʡʪʨʘʣʽʟʘʪʦʨʘʭ [71-72]. ɼʦʩʣʽʜʞʝʥʥʷʤ ʨʽʟʥʠʭ ʘʩʧʝʢʪʽʚ ʮʽʻʾ 

ʧʨʦʙʣʝʤʠ ʟʘʡʤʘʣʘʩʷ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʦʨʛʘʥʽʟʘʮʽʡ, ʷʢ ʚʽʪʯʠʟʥʷʥʠʭ, ʪʘʢ ʽ 

ʟʘʢʦʨʜʦʥʥʠʭ, ʚʢʣʶʯʘʶʯʠ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʽ ʽʥʩʪʠʪʫʪʠ ʡ ʣʘʙʦʨʘʪʦʨʽʾ 

ʜʠʟʝʣʝʙʫʜʽʚʥʠʭ ʬʽʨʤ [73].  

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚ ʮʝʡ ʯʘʩ ʥʝ ʽʩʥʫʻ ʢʦʤʧʣʝʢʩʥʦʾ ʦʮʽʥʢʠ (ʘʙʦ ʢʨʠʪʝʨʽʶ) 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʝʪʦʜʽʚ (ʟʘʩʦʙʽʚ) ʧʦʣʽʧʰʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʩʫʜʥʦʚʠʭ 

ʜʠʟʝʣʽʚ. ʅʘʷʚʥʽ ʤʝʪʦʜʠʢʠ ʜʦʟʚʦʣʷʶʪʴ ʟʨʦʙʠʪʠ ʪʽʣʴʢʠ ʚʽʜʥʦʩʥʽ ʦʮʽʥʢʠ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʦʙʽʚ ʟʥʠʞʝʥʥʷ ʚʠʢʠʜʽʚ, ʪʦʤʫ ʧʦʜʘʣʴʰʠʤ ʟʘʚʜʘʥʥʷʤ ʥʘʫʢʦʚʦ-

ʜʦʩʣʽʜʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡ ʽ ʥʘʛʣʷʜʦʚʠʭ ʦʨʛʘʥʽʚ ʻ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʠ ʢʦʤʧʣʝʢʩʥʦʾ 

ʦʮʽʥʢʠ ʧʨʦʧʦʥʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʽ ʟʘʩʦʙʽʚ ʧʦʣʽʧʰʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʩʪʽ ʨʦʙʦʪʠ 

ʩʫʜʝʥ ʨʽʯʢʦʚʦʛʦ ʪʘ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ. 

 

 

1.5. ɸʥʘʣʽʟ ʦʩʥʦʚʥʠʭ ʩʧʦʩʦʙʽʚ ʟʥʠʞʝʥʥʷ ʝʤʽʩʽʾ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʫ ʚʠʧʫʩʢʥʠʭ 

ʛʘʟʘʭ ʜʠʟʝʣʽʚ ʩʫʜʝʥ ʨʽʯʢʦʚʦʛʦ ʪʘ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ 

1.5.1. ɿʘʛʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʩʥʦʚʥʠʭ ʩʧʦʩʦʙʽʚ ʟʥʠʞʝʥʥʷ ʝʤʽʩʽʾ  

ʦʢʩʠʜʽʚ ʘʟʦʪʫ 

 

 

ʆʩʥʦʚʥʠʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʟʘʚʜʘʥʥʷʤ ʤʝʪʦʜʽʚ, ʱʦ ʩʧʨʷʤʦʚʘʥʽ ʥʘ 

ʟʤʝʥʰʝʥʥʷ ʝʤʽʩʽʾ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʫ ɺɻ, ʻ ʟʤʝʥʰʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 

ʚ ʮʠʣʽʥʜʨʽ ʜʠʟʝʣʷ ʧʽʜ ʯʘʩ ʟʛʦʨʷʥʥʷ ʧʘʣʠʚʘ. 
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ʅʘʡʙʽʣʴʰʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʩʝʨʝʜ ʧʝʨʚʠʥʥʠʭ ʤʝʪʦʜʽʚ ʟʥʠʞʝʥʥʷ ʝʤʽʩʽʾ 

NOX ʦʪʨʠʤʘʣʠ ʥʘʩʪʫʧʥʽ: 

1) ʟʚʦʣʦʞʝʥʥʷ ʧʦʚʽʪʨʷ ʥʘʜʜʫʚʫ; 

2) ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʦʜʦʧʘʣʠʚʥʠʭ ʝʤʫʣʴʩʽʡ (ɺʇɽ); 

3) ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʷʤʦʛʦ ʚʧʦʨʩʢʫʚʘʥʥʷ ʚʦʜʠ ʚ ʮʠʣʽʥʜʨ ʜʠʟʝʣʷ; 

4) ʤʦʜʝʨʥʽʟʘʮʽʷ ʢʦʥʩʪʨʫʢʮʽʾ ʧʘʣʠʚʥʦʾ ʘʧʘʨʘʪʫʨʠ; 

5) ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ EGR [36, 69]. 

ʇʝʨʰʠʡ ʚʘʨʽʘʥʪ ʧʝʨʝʜʙʘʯʘʻ ʜʦʜʘʪʢʦʚʝ ʚʧʦʨʩʢʫʚʘʥʥʷ ʚ ʦʙôʻʤ ʧʦʚʽʪʨʷ, ʱʦ 

ʥʘʜʭʦʜʠʪʴ ʚ ʮʠʣʽʥʜʨ ʜʠʟʝʣʷ, ʧʨʽʩʥʦʾ ʚʦʜʠ. ɺʧʦʨʩʢʫʚʘʥʥʷ ʧʨʦʚʦʜʠʪʴʩʷ 

ʩʧʝʮʽʘʣʴʥʦʶ ʬʦʨʩʫʥʢʦʶ, ʚʩʪʘʥʦʚʣʝʥʦ ʁ ʘʙʦ ʟʘ ʦʭʦʣʦʜʞʫʚʘʯʝʤ ʧʦʚʽʪʨʷ 

ʥʘʜʜʫʚʫ, ʘʙʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʨʝʩʠʚʝʨʽ ʧʨʦʜʫʚʦʯʥʦʛʦ ʧʦʚʽʪʨʷ. ʅʘʜʭʦʜʞʝʥʥʷ ʚ 

ʮʠʣʽʥʜʨ ʟʚʦʣʦʞʝʥʦʛʦ ʧʦʚʽʪʨʷ ʚʠʤʘʛʘʻ ʜʦʜʘʪʢʦʚʠʭ ʚʠʪʨʘʪ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʥʘ 

ʡʦʛʦ ʚʠʧʘʨʦʚʫʚʘʥʥʷ, ʱʦ ʩʧʨʠʷʻ ʟʥʠʞʝʥʥʶ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʮʠʣʽʥʜʨʽ ʜʠʟʝʣʷ ʚ 

ʧʨʦʮʝʩʽ ʟʛʦʨʷʥʥʷ ʧʘʣʠʚʘ [47]. 

ɼʨʫʛʠʡ ʚʘʨʽʘʥʪ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʩʪʚʦʨʝʥʥʷʤ ʚʠʩʦʢʦ-ʦʜʥʦʨʜ̔ʥʦʾ ʩʫʤʽʰʽ 

ʚʦʜʠ ʽ ʧʘʣʠʚʘ ʽ ʧʦʜʘʯʝʶ ʫʪʚʦʨʝʥʦʾ ʝʤʫʣʴʩʽʾ ʜʦ ʮʠʣʽʥʜʨʘ ʜʠʟʝʣʷ. ʇʨʠ ʮʴʦʤʫ 

ʪʘʢʦʞ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʧʨʦʮʝʩʽ ʟʛʦʨʷʥʥʷ ʧʘʣʠʚʘ, ʘ 

ʮʝʥʪʨʘʣʴʥʘ ʯʘʩʪʠʥʘ ʧʘʣʠʚʥʦʛʦ ʬʘʢʝʣʘ ʜʦʜʘʪʢʦʚʦ ʟʙʘʛʘʯʫʻʪʴʩʷ ʢʠʩʥʝʤ, ʱʦ 

ʫʪʚʦʨʶʻʪʴʩʷ ʧʽʜ ʯʘʩ ʚʠʧʘʨʦʚʫʚʘʥʥ ̫ʚʦʜʠ. ʆʜʥʘʢ, ʟ ʦʛʣʷʜʫ ʥʘ ʪʝ, ʱʦ ʢʽʣʴʢʽʩʪʴ 

ʧʘʣʠʚʘ, ʷʢʝ ʧʦʜʘʻʪʴʩʷ ʚ ʮʠʣʽʥʜʨ, ʧʦʚʠʥʥʘ ʟʘʣʠʰʘʪʠʩʷ ʧʦʩʪʽʡʥʦ ,ʁ ʜʦʜʘʪʢʦʚʘ 

ʧʦʜʘʯʘ ʚʦʜʠ (ʦʧʪʠʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʷʢʦʾ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ 15...20 %) 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʚʧʦʨʩʢʫʚʘʥʥʷ ʧʦʨʮʽʾ ɺʇɽ ʧʦʨʽʚʥʷʥʦ ʟ 

ʚʧʦʨʩʢʫʚʘʥʥʷʤ çʯʠʩʪʦʛʦè ʧʘʣʠʚʘ. ʎʝ ʟʫʤʦʚʣʶʻ ʟʙʽʣʴʰʝʥʥʷ ʢʫʪʘ 

ʚʠʧʝʨʝʜʞʝʥʥʷ ʧʦʜʘʯʽ ʧʘʣʠʚʘ, ʱʦ ʤʦʞʝ ʩʧʨʠʯʠʥʠʪʠ ʚʧʦʨʩʢʫʚʘʥʥʷ ɺʇɽ ʚ 

ʧʦʚʽʪʨʷʥʝ ʩʝʨʝʜʦʚʠʱʝ, ʪʝʤʧʝʨʘʪʫʨʘ ʷʢʦʛʦ ʱʝ ʥʝ ʟʘʙʝʟʧʝʯʫʻ ʥʘʜʽʡʥʝ 

ʩʘʤʦʟʘʡʤʘʥʥʷ [74]. 

ʊʨʝʪʽʡ ʚʘʨʽʘʥʪ ʧʝʨʝʜʙʘʯʘʻ ʧʨʷʤʝ ʚʧʦʨʩʢʫʚʘʥʥʷ ʚʦʜʠ ʚ ʮʠʣʽʥʜʨ ʜʠʟʝʣʷ ʽ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʘʙʦ ʟʘʛʘʣʴʥʠʤ (ʢʦʣʠ ʧʘʣʠʚʦ ʽ ʚʦʜʘ ʧʦʜʘʶʪʴʩʷ ʯʝʨʝʟ ʟʘʛʘʣʴʥʫ 

ʬʦʨʩʫʥʢʫ), ʘʙʦ ʨʦʟʜʽʣʴʥʠʤ ʚʧʦʨʩʢʫʚʘʥʥʷʤ (ʢʦʣʠ ʚʦʜʘ ʽ ʧʘʣʠʚʦ ʚʧʦʨʩʢʫʻʪʴʩʷ 
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ʚ ʮʠʣʽʥʜʨ ʯʝʨʝʟ ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʬʦʨʩʫʥʢʠ). ʆʜʥʘʢ, ʜʘʥʠʡ ʚʘʨʽʘʥʪ ʪʘʢʦʞ ʩʧʨʠʷʻ 

ʥʝʩʪʽʡʢʦʤʫ ʟʛʦʨʷʥʥ ʁʧʘʣʠʚʘ [58]. ʂʫʪ ʚʠʧʝʨʝʜʞʝʥʥʷ ʧʦʜʘʯʽ ʧʘʣʠʚʘ ʟʥʠʞʫʻ 

ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʢʽʥʮʽ ʩʪʠʩʥʝʥʥʷ. ɿʥʘʭʦʜʞʝʥʥʷ ʚ ʮʠʣʽʥʜʨʽ ʜʠʟʝʣʷ ʧʽʜʚʠʱʝʥʦʾ 

ʧʦʨʮʽʾ ʨʦʟʧʦʨʦʰʝʥʦʾ ʚʦʜʠ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚ 

ʮʠʣʽʥʜʨʽ ʜʠʟʝʣʷ ʜʦ ʢʨʠʪʠʯʥʦʛʦ ʨʽʚʥʷ ʽ ʥʝʤʦʞʣʠʚʦʩʪʽ ʧʦʜʘʣʴʰʦʛʦ 

ʩʘʤʦʟʘʡʤʘʥʥʷ ʧʘʣʠʚʘ.  

ʏʝʪʚʝʨʪʠʡ ʚʘʨʽʘʥʪ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʨʽʚʥʷ ʝʤʽʩʽʾ NOX 

ʧʝʨʚʠʥʥʠʤʠ ʤʝʪʦʜʘʤʠ ʧʦʚô̫ ʟʘʥʠʡ ʟ̔ ʚʜʦʩʢʦʥʘʣʝʥʥʷʤ ʢʦʥʩʪʨʫʢʮʽʾ ʧʘʣʠʚʥʦʾ 

ʘʧʘʨʘʪʫʨʠ (ʟʤʽʥʦʶ ʬʦʨʤʠ ʨʦʟʧʠʣʶʚʘʯʘ ʬʦʨʩʫʥʢʠ, ʟʙʽʣʴʰʝʥʥʷʤ ʪʠʩʢʫ 

ʚʧʦʨʩʢʫʚʘʥʥʷ ʧʘʣʠʚʘ ʽ ʪ.ʜ.) ʽ ʧʦʚô̫ ʟʘʥʠʡ ʟ ʤʦʜʝʨʥʽʟʘʮʽʻʶ ʚʩʽʻʾ ʧʘʣʠʚʥʦʾ 

ʩʠʩʪʝʤʠ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ [75, 76]. 

ʇô̫ ʪʠʡ ʚʘʨʽʘʥʪ ï ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ EGR ʘʢʪʠʚʥʦ ʨʦʟʨʦʙʣʷʻʪʴʩʷ ʚ 

ʜʘʥʠʡ ʯʘʩ ʽ ʤʘʻ ʧʦʟʠʪʠʚʥʠʡ ʜʦʩʚʽʜ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘ ʤʦʨʩʴʢʠʭ ʩʫʜʥʘʭ [77]. 

ʉʝʨʝʜ ʚʪʦʨʠʥʥʠʭ ʤʝʪʦʜʽʚ ʟʥʠʞʝʥʥʷ ʝʤʽʩʽʾ NOX ʥʘʡʙʽʣʴʰʦʛʦ ʧʦʰʠʨʝʥʥʷ 

ʥʘʙʫʣʦ ʚʠʙʦʨʯʝ (ʩʝʣʝʢʪʠʚʥʝ) ʢʘʪʘʣʽʪʠʯʥʝ ʚʽʜʥʦʚʣʝʥʥʷ ï Selective catalytic 

reduction (SCR) [78, 79]. 

 

 

1.5.2. ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʦ-ʧʘʣʠʚʥʠʭ ʝʤʫʣʴʩʽʡ ʪʘ ʪʝʭʥʦʣʦʛʽʡ  

ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʚʧʦʨʩʢʫʚʘʥʥʷ ʚʦʜʠ ʚ ʮʠʣʽʥʜʨ ʜʠʟʝʣʷ 

 

 

ʇʽʜ ʯʘʩ ʚʠʢʦʨʠʩʪʘʥʥʷ ɺʇɽ (Fuel-Water Emulsion ï FWE), ʘ ʪʘʢʦʞ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʚʧʦʨʩʢʫʚʘʥʥʷ ʚʦʜʠ (Direct Water Injection ï DWI) ʚ ʮʠʣʽʥʜʨ ̔

ʜʠʟʝʣʷ ʟʘ ʨʘʭʫʥʦʢ çʤʽʢʨʦʚʠʙʫʭʽʚè ʚʦʜʷʥʦʾ ʧʘʨʠ (ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʧʽʜ ʚʧʣʠʚʦʤ 

ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ) ʟʜʽʡʩʥʶʻʪʴʩʷ ʜʦʜʘʪʢʦʚʝ ʟʚʦʣʦʞʝʥʥʷ 

ʧʦʚʽʪʨʷʥʦ-ʧʘʣʠʚʥʦʾ ʩʫʤʽʰʽ. ɹʝʟʧʦʩʝʨʝʜʥʻ ʚʧʦʨʩʢʫʚʘʥʥʷ ʚʦʜʠ ʚ ʮʠʣʽʥʜʨ ʤʦʞʝ 

ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʷʢ ʯʝʨʝʟ ʦʢʨʝʤʠʡ ʨʦʟʧʠʣʶʚʘʯ, ʪʘʢ ʽ ʯʝʨʝʟ ʟʘʛʘʣʴʥʫ ʚʦʜʦ-

ʧʘʣʠʚʥʫ ʬʦʨʩʫʥʢʫ. ɿʘʣʝʞʥʦ ʚʽʜ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚʧʦʨʩʢʫʚʘʥʥʷ ʚʦʜʠ ʽ ʧʘʣʠʚʘ 

ʪʘʢʝ ʚʧʦʨʩʢʫʚʘʥʥʷ ʧʦʜʽʣʷʶʪʴ ʥʘ ʜʚʦʬʘʟʥʝ ʽ ʙʘʛʘʪʦʬʘʟʥʝ (ʨʠʩ. 1.7) [36]. 
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a) ʙ) 

ʈʠʩ. 1.7. ɼʚʦʬʘʟʥʝ (a) ʽ ʙʘʛʘʪʦʬʘʟʥʝ (ʙ) ʚʧʦʨʩʢʫʚʘʥʥʷ: 

1 ï ʧʘʣʠʚʥʠʡ ʥʘʩʦʩ, ʱʦ ʧʽʜʢʘʯʫʻ; 2 ï ʧʘʣʠʚʥʠʡ ʥʘʩʦʩ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ; 

3 ï ʢʦʥʪʨʦʣʝʨ ʧʦʜʘʯʽ ʧʘʣʠʚʘ; 4 ï ʢʦʥʪʨʦʣʝʨ ʧʦʜʘʯʽ ʚʦʜʠ; 5 ï ʮʠʩʪʝʨʥʘ ʧʨʽʩʥʦʾ 

ʚʦʜʠ; 6 ï ʥʘʩʦʩ, ʱʦ ʧʽʜʢʘʯʫʻ ʧʨʽʩʥʫ ʚʦʜʫ; 7 ï ʥʘʩʦʩ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ ʧʨʽʩʥʦʾ 

ʚʦʜʠ 

 

ʇʽʜ ʯʘʩ ʜʚʦʬʘʟʥʦʛʦ ʚʧʦʨʩʢʫʚʘʥʥʷ (ʨʠʩ. 1.7, ʘ) ʬʦʨʩʫʥʢʘ ʟʘʙʝʟʧʝʯʫʻ 

ʚʧʦʨʩʢʫʚʘʥʥʷ ʧʘʣʠʚʘ ʽ ʚʦʜʠ ʯʝʨʝʟ ʦʢʨʝʤʽ ʛʨʫʧʠ ʩʦʧʝʣ. ʅʘʩʦʩ 1, ʷʢʠʡ ʧʽʜʢʘʯʫʻ 

ʧʘʣʠʚʦ, ʧʦʜʘʻ ʧʘʣʠʚʦ ʜʦ ʧʘʣʠʚʥʦʛʦ ʥʘʩʦʩʫ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ 2, ʚʽʜ ʷʢʦʛʦ ʧʘʣʠʚʦ 

ʥʘʛʥʽʪʘʻʪʴʩʷ ʜʦ ʨʦʟʧʠʣʶʚʘʯʘ ʬʦʨʩʫʥʢʠ. ʋ ʨʘʟʽ ʜʦʜʘʪʢʦʚʦʛʦ ʚʧʦʨʩʢʫʚʘʥʥʷ ʚ 

ʮʠʣʽʥʜʨ ʜʠʟʝʣʷ ʧʨʽʩʥʦʾ ʚʦʜʠ ʥʘʩʦʩ 6 ʟʘʙʠʨʘʻ ʚʦʜʫ ʟ ʮʠʩʪʝʨʥʠ 5 ʽ ʧʦʜʘʻ ʾʾ ʜʦ 

ʥʘʩʦʩʘ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ 7. ʂʽʣʴʢʽʩʪʴ ʧʨʽʩʥʦʾ ʚʦʜʠ, ʷʢʘ ʧʦʜʘʻʪʴʩʷ ʚ ʮʠʣʽʥʜʨ, ʘ 

ʪʘʢʦʞ ʩʠʥʭʨʦʥʽʟʘʮʽʷ ʚʧʦʨʩʢʫʚʘʥʥʷ ʚʦʜʠ ʽ ʧʘʣʠʚʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʦʥʪʨʦʣʝʨʘ 4. ɿ ʦʛʣʷʜʫ ʥʘ ʪʝ, ʱʦ ʝʢʩʧʣʫʘʪʘʮʽʷ ʜʠʟʝʣʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ 

ʥʘ ʨʝʞʠʤʘʭ ʜʚʦʬʘʟʥʦʛʦ ʚʧʦʨʩʢʫʚʘʥʥʷ (ʢʦʣʠ ʜʦ ʮʠʣʽʥʜʨʘ ʧʦʜʘʻʪʴʩʷ ʧʘʣʠʚʦ ʽ 

ʚʦʜʘ), ʘʣʝ ʽ ʥʘ ʨʝʞʠʤʘʭ, ʢʦʣʠ ʜʠʟʝʣʴ ʧʨʘʮʶʻ ʪʽʣʴʢʠ ʥʘ ʧʘʣʠʚʽ, ʢʽʣʴʢʽʩʪʴ 

ʧʘʣʠʚʥʠʭ ʩʦʧʝʣ ʤʘʻ ʟʘʣʠʰʘʪʠʩʷ ʥʝʟʤʽʥʥʦʶ ʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʥʝʦʙʭʽʜʥʫ 

ʮʠʢʣʦʚʫ ʧʦʜʘʯʫ ʧʘʣʠʚʘ ʧʨʠ ʙʫʜʴ-ʷʢʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʜʠʟʝʣʷ. ʎʝ ʩʧʦʥʫʢʘʻ 

ʢʦʤʧʣʝʢʪʫʚʘʪʠ ʨʦʟʧʠʣʶʚʘʯ ʬʦʨʩʫʥʢʠ ʜʦʜʘʪʢʦʚʦʶ ʢʽʣʴʢʽʩʪʶ ʩʦʧʝʣ, ʷʢʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʧʦʨʩʢʫʚʘʥʥʷ ʚ ʮʠʣʽʥʜʨ ʧʨʽʩʥʦʾ ʚʦʜʠ ï ʮʝ ʫʩʢʣʘʜʥʶʻ 

ʢʦʥʩʪʨʫʢʮʽʶ ʧʘʣʠʚʥʦʾ ʘʧʘʨʘʪʫʨʠ. 
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ʇʽʜ ʯʘʩ ʙʘʛʘʪʦʬʘʟʥʦʛʦ ʚʧʦʨʩʢʫʚʘʥʥʷ (ʨʠʩ. 1.7, ʙ) ʧʘʣʠʚʦ ʽ ʧʨʽʩʥʘ ʚʦʜʘ 

ʚʧʦʨʩʢʫʶʪʴʩʷ ʚ ʮʠʣʽʥʜʨ ʯʝʨʝʟ ʟʘʛʘʣʴʥʽ ʩʦʧʣʘ. ʎʝ ʩʧʨʦʱʫʻ ʢʦʥʩʪʨʫʢʮʽʶ 

ʨʦʟʧʠʣʶʚʘʯʘ (ʪʦʤʫ ʱʦ ʥʝ ʧʦʪʨʽʙʥʽ ʩʦʧʣʘ ʜʣʷ ʨʽʟʥʦʛʦ ʚʠʜʫ ʨʽʜʠʥʠ, ʷʢʘ 

ʚʧʦʨʩʢʫʻʪʴʩʷ ï ʧʘʣʠʚʘ ʽ ʚʦʜʠ), ʘʣʝ ʟʙʽʣʴʰʫʻ ʪʨʠʚʘʣʽʩʪʴ ʮʠʢʣʦʚʦʾ ʧʦʜʘʯʽ (ʫ 

ʟʚô̫ ʟʢʫ ʟ ʪʠʤ, ʱʦ ʯʝʨʝʟ ʧʦʩʪʽʡʥʠʡ ʧʝʨʝʪʠʥ ʨʦʟʧʠʣʶʚʘʯʘ ʥʝʦʙʭʽʜʥʦ ʧʦʜʘʚʘʪʠ 

ʙʽʣʴʰʠʡ ʦʙô̒ ʤ ʨʽʜʠʥʠ). ʇʨʠ ʮʴʦʤʫ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʙʽʣʴʰʫʚʘʪʠ ʢʫʪ 

ʚʠʧʝʨʝʜʞʝʥʥʷ ʚʧʦʨʩʢʫʚʘʥʥʷ ʧʘʣʠʚʘ, ʱʦ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʚʽʜʧʦʚʽʜʘʻ ʤʝʥʰʦʤʫ 

ʟʥʘʯʝʥʥʶ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʮʠʣʽʥʜʨʽ ʚ ʤʦʤʝʥʪ ʚʧʦʨʩʢʫʚʘʥʥʷ, ʪʦʤʫ ʤʦʞʝ 

ʩʧʨʠʷʪʠ ʥʝʩʪʽʡʢʦʤʫ ʩʘʤʦʟʘʡʤʘʥʥʶ ʧʘʣʠʚʘ. ʇʨʠ ʙʘʛʘʪʦʬʘʟʥʦʤʫ ʚʧʦʨʩʢʫʚʘʥʥʽ 

ʚ ʮʠʣʽʥʜʨ ʥʘʚʧʝʨʝʤʽʥʢʠ ʥʘʜʭʦʜʷʪʴ ʧʘʣʠʚʦ, ʚʦʜʘ ʽ ʾʭʥ ̫ʩʫʤʽʰ, ʘ ʾʭ ʯʝʨʛʦʚʽʩʪʴ 

ʨʝʛʫʣʶʻʪʴʩʷ ʢʦʥʪʨʦʣʝʨʘʤʠ ʚʧʦʨʩʢʫʚʘʥʥʷ ʧʘʣʠʚʘ 3 ʽ ʚʦʜʠ 4 (ʨʠʩ. 1.7, ʙ). ɼʦ 

ʥʝʜʦʣʽʢʽʚ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʪʘʢʦʞ ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʽ ʪʝ, ʱʦ ʧʘʣʠʚʦ ʽ ʚʦʜʘ ʥʘʜʭʦʜʷʪʴ 

ʜʦ ʨʦʟʧʠʣʶʚʘʯʘ ʬʦʨʩʫʥʢʠ ʟ ʨʽʟʥʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʡʦʛʦ 

ʪʝʧʣʦʚʫ ʥʘʧʨʫʞʝʥʽʩʪʴ [69]. 

ɿʘ ʨʽʟʥʠʤʠ ʦʮʽʥʢʘʤʠ ʜʘʥʠʡ ʩʧʦʩʽʙ ʟʘʙʝʟʧʝʯʫʻ 20...40 % ʩʢʦʨʦʯʝʥʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʾ NOʍ ʚ ʚʠʧʫʩʢʥʠʭ ʛʘʟʘʭ. ʆʜʥʘʢ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʜʘʥʠʡ ʩʧʦʩʽʙ 

ʙʽʣʴʰʦ  ʁ ʤʽʨʦ  ʁ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʥʠʞʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʝʟʛʦʨʽʣʠʭ 

ʚʫʛʣʝʚʦʜʥʽʚ ʽ ʤʦʥʦʦʢʩʠʜʫ ʚʫʛʣʝʮʶ [80-81]. ʊʘʢʦʞ ʚʠʟʥʘʯʠʤʦ, ʱʦ ʪʝʭʥʦʣʦʛʽʷ 

DWI ʚʠʤʘʛʘʻ ʤʦʜʝʨʥʽʟʘʮʽʾ ʜʚʠʛʫʥʘ, ʪʦʤʫ ʝʢʦʥʦʤʽʯʥʦ ʝʬʝʢʪʠʚʥʘ ʜʣʷ ʥʦʚʠʭ 

ʢʦʥʩʪʨʫʢʮʽʾ ʜʚʠʛʫʥʽʚ. 

 

 

1.5.3. ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʜʦʜʘʪʢʦʚʦʛʦ ʟʚʦʣʦʞʝʥʥʷ ʥʘʜʜʫʚʥʝʛʦ  

ʧʦʚʽʪʨʷ 

 

 

ɸʥʘʣʦʛʽʯʥʠʡ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʡ ʚʧʣʠʚ ʥʘ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʘʣʠʚʥʦ-ʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ ʪʘ ʧʦʜʘʣʴʰʝ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʟʦʥʽ ʛʦʨʽʥʥʷ 

ʥʘʜʘʻ ʟʚʦʣʦʞʝʥʥʷ ʥʘʜʜʫʚʥʦʛʦ ʧʦʚʽʪʨʷ, ʘʙʦ ʙʝʟʧʝʨʝʨʚʥʝ ʚʧʦʨʩʢʫʚʘʥʥʷ ʚʦʜʠ ʜʦ 
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ʧʦʚʽʪʨʷ CWI (Continuous Water Injection). ʋ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʚ ʧʦʪʽʢ ʧʦʚʽʪʨʷ, 

ʷʢʠʡ ʧʽʩʣʷ ʢʦʤʧʨʝʩʦʨʘ ʧʦʜʘʻʪʴʩʷ ʚ ʧʨʦʜʫʚʥʠʡ ʨʝʩʠʚʝʨ ʽ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ 

ʟʛʦʨʷʥʥʷ ʧʘʣʠʚʘ, ʚʧʦʨʩʢʫʻʪʴʩʷ ʧʨʽʩʥʘ ʚʦʜʘ [82]. ʇʨʠ ʮʴʦʤʫ ʬʦʨʩʫʥʢʠ, ʷʢʽ 

ʨʦʟʧʠʣʶʶʪʴ ʧʨʽʩʥʫ ʚʦʜʫ, ʤʦʞʫʪʴ ʨʦʟʤʽʱʫʚʘʪʠʩʷ ʷʢ ʚʽʜʨʘʟʫ ʟʘ ʢʦʤʧʨʝʩʦʨʦʤ 

(ʨʠʩ. 1.8, ʘ), ʪʘʢ ʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʧʨʦʜʫʚʥʦʤʫ ʨʝʩʠʚʝʨʽ (ʨʠʩ. 1.8, ʙ).  

 

 

 

a) ʙ) 

ʈʠʩ. 1.8. ʊʝʭʥʦʣʦʛʽʯʥʽ ʩʭʝʤʠ ʟʥʠʞʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ NOX ʫ ʚʠʧʫʩʢʥʠʭ ʛʘʟʘʭ 

ʰʣʷʭʦʤ ʟʚʦʣʦʞʝʥʥʷ ʧʦʚʽʪʨʷ ʥʘʜʜʫʚʫ: 

1 ï ʮʠʣʽʥʜʨ ʜʠʟʝʣʷ; 2 ï ʚʠʧʫʩʢʥʠʡ ʢʦʣʝʢʪʦʨ; 3 ï ʪʫʨʙʦʢʦʤʧʨʝʩʦʨ; 

4 ï ʦʭʦʣʦʜʞʫʚʘʯ ʧʦʚʽʪʨʷ ʥʘʜʜʫʚʫ; 5 ï ʚʽʜʜʽʣʶʚʘʯ ʚʦʣʦʛʠ; 6 ï ʧʨʦʜʫʚʥʠʡ 

ʨʝʩʠʚʝʨ; 7 ï ʬʦʨʩʫʥʢʘ ʚʧʦʨʩʢʫʚʘʥʥʷ ʚʦʜʠ; 8 ï ʥʘʩʦʩ ʧʦʜʘʯʽ ʧʨʽʩʥʦʾ ʚʦʜʠ;  

9 ï ʮʠʩʪʝʨʥʘ ʧʨʽʩʥʦʾ ʚʦʜʠ 

 

ʇʝʨʰʠʡ ʚʘʨʽʘʥʪ ʦʪʨʠʤʘʚ ʥʘʟʚʫ Combustion Air Saturation System (CASS), 

ʜʨʫʛʠʡ ï Humid Air Motor (HAM) [36, 69], ʦʙʠʜʚʘ ʚʘʨʽʘʥʪʠ ʜʦʟʚʦʣʷʶʪʴ 

ʧʽʜʚʠʱʠʪʠ ʚʦʣʦʛʽʩʪʴ ʧʦʚʽʪʨʷ ʜʦ 99 % ʫ ʧʦʜʘʣʴʰʦʤʫ ʧʽʜʚʠʱʝʥʠʡ ʚʤʽʩʪ ʧʘʨʽʚ ʫ 

ʥʘʜʜʫʚʦʯʥʦʤʫ ʧʦʚʽʪʨʽ ʟʨʽʟʘʻ ʧʽʢʠ ʪʝʤʧʝʨʘʪʫʨ ʚ ʢʘʤʝʨʽ ʟʛʦʨʷʥʥʷ. ʋ ʧʝʨʰʦʤʫ 

ʚʠʧʘʜʢʫ (ʨʠʩ. 1.8, ʘ) ʥʘʩʦʩ ʧʦʜʘʯʽ ʧʨʽʩʥʦʾ ʚʦʜʠ 8 ʟʘʙʠʨʘʻ ʚʦʜʫ ʟ ʮʠʩʪʝʨʥʠ 9 ʽ 
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ʧʦʜʘʻ ʾʾ ʜʦ ʬʦʨʩʫʥʢʠ 7, ʷʢʘ ʚʩʪʘʥʦʚʣʝʥʘ ʚ ʧʦʚʽʪʨʷʥʽʡ ʤʘʛʽʩʪʨʘʣʽ ʟʘ 

ʪʫʨʙʦʢʦʤʧʨʝʩʦʨʦʤ 3. ʇʦʚʽʪʨʷ ʦʭʦʣʦʜʞʫʻʪʴʩʷ ʚ ʭʦʣʦʜʠʣʴʥʠʢʫ 4 ʽ, ʧʨʦʡʰʦʚʰʠ 

ʜʦʜʘʪʢʦʚʦ ʚʩʪʘʥʦʚʣʝʥʠʡ ʚʽʜʜʽʣʶʚʘʯ ʚʦʣʦʛʠ 5 (ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʢʦʥʜʝʥʩʘʮʽʶ 

ʚʝʣʠʢʠʭ ʢʨʘʧʝʣʴ ʚʦʜʠ), ʥʘʜʭʦʜʠʪʴ ʫ ʧʨʦʜʫʚʥʠʡ ʨʝʩʠʚʝʨ 6. ʇʽʜ ʯʘʩ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ HAM (ʨʠʩ. 1.8, ʙ) ʬʦʨʩʫʥʢʘ 7 ʚʧʦʨʩʢʫʻ ʧʨʽʩʥʫ ʚʦʜʫ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʧʨʦʜʫʚʥʠʡ ʨʝʩʠʚʝʨ 6. ʗʢʱʦ ʚ ʨʝʩʠʚʝʨʽ 6 ʫʪʚʦʨʶʻʪʴʩʷ 

ʢʦʥʜʝʥʩʘʪ, ʚʽʥ ʥʘʜʭʦʜʠʪʴ ʫ ʮʠʩʪʝʨʥʫ 9, ʟʚʽʜʢʠ ʟʘʙʠʨʘʻʪʴʩʷ ʥʘʩʦʩʦʤ 8 ʽ 

ʧʦʜʘʻʪʴʩʷ ʜʦ ʬʦʨʩʫʥʢʠ 7. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʠʭ ʤʝʪʦʜʽʚ ʜʦʟʚʦʣʷʻ ʜʦ 30...40 % ʟʥʠʟʠʪʠ 

ʢʦʥʮʝʥʪʨʘʮʽʶ NOʍ ʫ ɺɻ ʩʫʜʥʦʚʠʭ ʜʠʟʝʣʽʚ. ʆʜʥʘʢ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʜʘʥʽ 

ʤʝʪʦʜʠ ʤʦʞʫʪʴ ʩʧʨʠʷʪʠ ʥʝʩʪʽʡʢʦʤʫ ʩʘʤʦʟʘʧʘʣʶʚʘʥʥʶ ʧʘʣʠʚʘ [83]. ʋ ʟʚô̫ ʟʢʫ 

ʟ ʪʠʤ, ʱʦ ʧʘʣʠʚʦ ʚʧʦʨʩʢʫʻʪʴʩʷ ʚ ʮʠʣʽʥʜʨ ʜʠʟʝʣʷ ʟ ʜʝʷʢʠʤ ʢʫʪʦʤ 

ʚʠʧʝʨʝʜʞʝʥʥʷ (ʫ ʤʦʤʝʥʪ, ʢʦʣʠ ʧʦʨʰʝʥʴ ʱʝ ʥʝ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʚʝʨʭʥʽʡ ʤʝʨʪʚʽʡ 

ʪʦʯʮʽ), ʚ ʨʝʘʣʴʥʦʤʫ ʮʠʢʣʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʢʽʥʮʽ 

ʧʨʦʮʝʩʫ ʩʪʠʩʥʝʥʥʷ ʚʽʜ ʧʦʜʽʙʥʦʛʦ ʟʥʘʯʝʥʥʷ ʜʣʷ ʽʜʝʘʣʴʥʦʛʦ (ʪʝʦʨʝʪʠʯʥʦʛʦ) 

ʮʠʢʣʫ. ɿʥʘʭʦʜʞʝʥʥʷ ʚ ʮʠʣʽʥʜʨʽ ʜʠʟʝʣʷ ʧʽʜʚʠʱʝʥʦʾ ʧʦʨʮʽʾ ʨʦʟʧʦʨʦʰʝʥʦʾ ʚʦʜʠ 

(ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʚʠʢʣʘʜʝʥʠʭ ʩʧʦʩʦʙʘʭ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʘʣʠʚʥʦ-

ʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ ʽ ʟʙʽʣʴʰʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ʧʦʚʽʪʨʷ ʥʘʜʜʫʚʫ) ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ 

ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʮʠʣʽʥʜʨʽ ʜʠʟʝʣʷ ʜʦ ʢʨʠʪʠʯʥʦʛʦ ʨʽʚʥʷ ʽ ʥʝʤʦʞʣʠʚʦʩʪʽ 

ʧʦʜʘʣʴʰʦʛʦ ʩʘʤʦʟʘʧʘʣʶʚʘʥʥʷ ʧʘʣʠʚʘ. ɺʧʦʨʩʢʫʚʘʥʥʷ ʚʦʜʷʥʦʾ ʧʘʨʠ ʘʙʦ ʧʦʜʘʯʘ 

ʜʦʜʘʪʢʦʚʦʛʦ ʟʚʦʣʦʞʝʥʦʛʦ ʧʦʚʽʪʨʷ ʜʦ ʟʦʥʠ ʨʝʘʢʮʽʾ ʧʦʚô̫ ʟʘʥʽ ʟ ʫʩʢʣʘʜʥʝʥʥʷʤ 

ʢʦʥʩʪʨʫʢʮʽʾ ʷʢ ʩʘʤʦʛʦ ʜʠʟʝʣʷ, ʘ ʪʘʢʦʞ ʩʠʩʪʝʤ ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ ʽ ʚʠʧʫʩʢʥʠʭ 

ʛʘʟʽʚ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʡʦʛʦ ʨʦʙʦʪʫ. 

CWI ʚʠʷʚʣʷʻʪʴʩʷ ʥʘʡʙʽʣʴʰ ʝʢʦʥʦʤʽʯʥʦ ʝʬʝʢʪʠʚʥʦʶ ʩʠʩʪʝʤʦʶ ʜʣʷ 

ʥʠʟʴʢʠʭ ʨʽʚʥʽʚ (20...40 %) ʩʢʦʨʦʯʝʥʥʷ NOX, ʘʣʝ ʤʘʣʠʡ ʜʦʩʚʽʜ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʮʴʦʛʦ ʤʝʪʦʜʫ ʚʠʤʘʛʘʻ ʡʦʛʦ ʧʦʜʘʣʴʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. 
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1.5.4. ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʨʝʮʠʨʢʫʣʷʮʽʾ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ  

 

 

ʅʘ ʜʘʥʠʡ ʯʘʩ ʷʢ ʨʦʟʯʠʥʥʠʢ ʧʦʚʽʪʨʷʥʦ-ʧʘʣʠʚʥʦʾ ʩʫʤʽʰʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʧʨʦʜʫʢʪʠ ʟʛʦʨʷʥʥʷ, ʱʦ ʟʘʙʠʨʘʶʪʴʩʷ ʟ ʧʦʪʦʢʫ ɺɻ. ɼʘʥʠʡ ʤʝʪʦʜ ʷʚʣʷʻ ʩʦʙʦʶ 

ʩʠʩʪʝʤʫ ʨʝʮʠʨʢʫʣʷʮʽʾ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ ï Exhaust Gas Recirculation EGR. 

ʇʝʨʚʽʩʥʠʡ ʨʦʟʚʠʪʦʢ ʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʤʝʪʦʜ EGR ʦʪʨʠʤʘʚ ʥʘ ʘʚʪʦʤʦʙʽʣʴʥʦʤʫ 

ʪʨʘʥʩʧʦʨʪʽ ʪʘ ʟʘʩʪʦʩʦʚʫʚʘʚʩʷ ʜʣʷ ʙʝʥʟʠʥʦʚʠʭ ʜʚʠʛʫʥʽʚ ʥʝʚʝʣʠʢʦʾ ʧʦʪʫʞʥʦʩʪʽ, 

ʘ ʪʘʢʦʞ ʜʠʟʝʣʴʥʠʭ ʘʚʽʘʮʽʡʥʠʭ ʜʚʠʛʫʥʽʚ [84-86]. ʅʘʨʘʟʽ ʯʘʩ ʚʽʥ ʧʦʯʘʚ ʘʢʪʠʚʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʥʘ ʨʽʯʢʦʚʠʭ ʪʘ ʤʦʨʩʴʢʠʭ ʩʫʜʥʘʭ. ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʩʠʩʪʝʤʘ 

EGR ʨʝʘʣʽʟʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʦʚʥʽʰʥʴʦʛʦ ʛʘʟʦʭʦʜʫ, ʱʦ ʟô̒ ʜʥʫʻ ʚʠʧʫʩʢʥʠʡ 

ʢʦʣʝʢʪʦʨ ʽ ʧʨʦʜʫʚʥʠʡ ʨʝʩʠʚʝʨ. ɺɻ, ʧʨʦʭʦʜʷʯʠ ʧʦ ʩʠʩʪʝʤʽ ʨʝʮʠʨʢʫʣʷʮʽʾ, 

ʦʭʦʣʦʜʞʫʶʪʴʩʷ [87]. ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʣʠʰʝ ʤʽʥʽʤʘʣʴʥʝ ʟʙʽʣʴʰʝʥʥʷ ʧʠʪʦʤʦʛʦ 

ʦʙʩʷʛʫ ʩʫʤʽʰʽ ʩʚʽʞʦʛʦ ʧʦʚʽʪʨʷ, ʱʦ ʥʘʛʥʽʪʘʻʪʴʩʷ ʧʦʚʽʪʨʷʥʠʤ ʢʦʤʧʨʝʩʦʨʦʤ, ʽ 

ʧʨʦʜʫʢʪʽʚ ʟʛʦʨʷʥʥʷ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʧʦ ʩʠʩʪʝʤʽ ʨʝʮʠʨʢʫʣʷʮʽʾ. ɽʬʝʢʪ ʚʽʜ 

ʧʽʜʤʽʰʫʚʘʥʥʷ ʜʦ ʩʚʽʞʦʛʦ ʧʦʚʽʪʨʷʥʦʛʦ ʟʘʨʷʜʫ ɺɻ (ʧʨʦʜʫʢʪʽʚ ʟʛʦʨʷʥʥʷ ʟ 

ʥʠʟʴʢʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ) ʧʨʠ ʮʴʦʤʫ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʨʦʟʙʘʚʣʝʥʥʷ ʩʚʽʞʦʾ 

ʩʫʤʽʰʽ ʽʥʝʨʪʥʠʤ ʛʘʟʦʤ, ʷʢʠʡ ʚ ʦʩʥʦʚʥʦʤʫ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ 

CO2 ʽ ʧʘʨʽʚ ʚʦʜʠ H2O. ʎʽ ʧʨʦʜʫʢʪʠ ʤʘʶʪʴ ʚʠʩʦʢʫ ʪʝʧʣʦʻʤʥʽʩʪʴ ʪʘ ʝʬʝʢʪʠʚʥʦ 

ʚʽʜʙʠʨʘʶʪʴ ʪʝʧʣʦ ʽʟ ʟʦʥʠ ʨʝʘʢʮʽʾ ʛʦʨʽʥʥʷ, ʟʥʠʞʫʶʯʠ ʾʾ ʪʝʤʧʝʨʘʪʫʨʫ. ʗʢ 

ʥʘʩʣʽʜʦʢ ʫ ɺɻ ʟʤʝʥʰʫʻʪʴʩʷ ʢʦʥʮʝʥʪʨʘʮʽʷ ʦʢʩʠʜʽʚ ʘʟʦʪʫ NOʍ, ʪʝʨʤʽʯʥʠʡ 

ʤʝʭʘʥʽʟʤ ʫʪʚʦʨʝʥʥʷ ʷʢʠʭ ʻ ʧʨʝʚʘʣʶʶʯʠʤ ʚ ʫʤʦʚʘʭ ʟʛʦʨʷʥʥʷ ʧʘʣʠʚʘ ʚ 

ʮʠʣʽʥʜʨʽ ɼɺɿ. 

ɽʥʝʨʛʝʪʠʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʜʠʟʝʣʷ, ʦʙʣʘʜʥʘʥʦʛʦ ʩʠʩʪʝʤʦʶ EGR, 

ʟʥʠʞʫʻʪʴʩʷ ʤʝʥʰʦ  ʁʤʽʨʦ ,ʁ ʥʽʞ ʧʨʠ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ ʘʙʦ ʚʦʜʷʥʦʾ ʧʘʨʠ ʟʟʦʚʥʽ, 

ʦʩʢʽʣʴʢʽ ʝʥʝʨʛʽʷ ʧʨʦʜʫʢʪʽʚ ʟʛʦʨʷʥʥʷ ʯʘʩʪʢʦʚʦ ʧʦʚʝʨʪʘʻʪʴʩʷ ʚ ʩʠʩʪʝʤʫ. 

ʂʦʥʩʪʨʫʢʮʽʷ ʩʘʤʦʾ ʫʩʪʘʥʦʚʢʠ (ʧʦʨʽʚʥʷʥʦ ʟ̔ ʩʠʩʪʝʤʘʤʠ ʧʦʜʘʯʽ ʚʦʜʠ ʽ 

ʟʚʦʣʦʞʝʥʥʷ ʧʦʚʽʪʨʷ) ʩʧʨʦʱʫʻʪʴʩʷ, ʦʩʢʽʣʴʢʠ ʥʝ ʧʦʪʨʽʙʥʦ ʩʪʚʦʨʶʚʘʪʠ ʦʢʨʝʤʽ 

ʚʫʟʣʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʦʜʘʯʫ ʟʦʚʥʽʰʥʽʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʘ ʪʘʢʦʞ 
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ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʜʦʜʘʪʢʦʚʽ ʢʦʥʪʨʦʣʝʨʠ, ʱʦ ʧʽʜʪʨʠʤʫʶʪʴ ʥʝʦʙʭʽʜʥʝ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʚʦʜʦʶ ʪʘ ʧʘʣʠʚʦʤ ʧʽʜ ʯʘʩ ʚʧʦʨʩʢʫʚʘʥʥʷ. 

ɺ ʦʩʪʘʥʥʻ ʜʝʩʷʪʠʣʽʪʪʷ ʩʠʩʪʝʤʠ ʨʝʮʠʨʢʫʣʷʮʽʷ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʛʘʟʽʚ ʫʩʝ 

ʰʠʨʰʝ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʷʢ ʚ ʩʪʘʮʽʦʥʘʨʥʽʡ [88], ʪʘʢ ʽ ʚ ʩʫʜʥʦʚʽʡ ʝʥʝʨʛʝʪʠʮʽ [89] 

ʜʣʷ ʟʥʠʞʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʦʢʩʠʜʽʚ ʘʟʦʪʫ NOʍ ʫ ʚʠʧʫʩʢʥʠʭ ʛʘʟʘʭ ʜʠʟʝʣʽʚ. 

ʈʦʟʨʦʙʢʘ ʜʘʥʠʭ ʩʠʩʪʝʤ ʪʘ ʾʭ ʫʩʪʘʥʦʚʢʘ ʚʠʢʦʥʫʶʪʴʩʷ ʜʣʷ ʥʦʚʦʩʧʨʦʻʢʪʦʚʘʥʠʭ 

ʩʫʜʝʥ. ʐʠʨʦʢʦʛʦ ʜʦʩʚʽʜʫ ʪʝʭʥʽʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʮʠʭ ʩʠʩʪʝʤ ʥʘ ʜʘʥʠʡ ʯʘʩ ʥʝ 

ʽʩʥʫʻ, ʘ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʦʩʥʦʚʥʦʤʫ ʙʘʟʫʶʪʴʩʷ ʥʘ 

ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʽ ʤʦʜʝʣʶʚʘʥʥʽ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʧʨʠ ʮʴʦʤʫ 

ʚʽʜʙʫʚʘʶʪʴʩʷ [90].  

ɼʦ ʩʧʦʩʦʙʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʥʠʞʝʥʥʷ ʝʤʽʩʽʾ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʰʣʷʭʦʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ɺɻ, ʪʘʢʦʞ ʚʽʜʥʦʩʠʪʴʩʷ ʾʭ ʧʝʨʝʧʫʩʢ, ʘʙʦ ʩʢʠʜʘʥʥʷ 

(ʩʠʩʪʝʤʘ Exhaust Wastegate EWG). ʎʷ ʪʝʭʥʦʣʦʛʽʷ ʟʘʩʥʦʚʘʥʘ ʥʘ ʟʤʝʥʰʝʥʥʽ 

ʢʽʣʴʢʦʩʪʽ ʛʘʟʽʚ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʜʦ ʛʘʟʦʪʫʨʙʦʥʘʛʥʝʪʘʯʘ (ɻʊʅ). ʇʨʠ ʮʴʦʤʫ 

ʟʥʠʞʫʶʪʴʩʷ ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ɻʊʅ, ʪʠʩʢ ʽ ʢʽʣʴʢʽʩʪʴ ʧʦʚʽʪʨʷ, ʱʦ ʥʘʛʥʽʪʘʻʪʴʩʷ 

ʚ ʮʠʣʽʥʜʨ ʧʦʚʽʪʨʷ. ʇʝʨʝʧʫʩʢ ʛʘʟʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʦʛʦ 

ʢʣʘʧʘʥʘ, ʱʦ ʜʦʟʚʦʣʷʻ ʩʧʨʷʤʫʚʘʪʠ ʯʘʩʪʠʥʫ ʛʘʟʽʚ ʥʝ ʜʦ ɻʊʅ, ʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ 

ʛʘʟʦʚʠʧʫʩʢʥʫ ʪʨʫʙʫ. ʉʴʦʛʦʜʥʽ ʩʠʩʪʝʤʠ EWG ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʥʘ ʩʫʜʥʦʚʠʭ 

ʩʝʨʝʜʥʴʦʦʙʝʨʪʦʚʠʭ ʛʦʣʦʚʥʠʭ ʽ ʜʦʧʦʤʽʞʥʠʭ ʜʠʟʝʣʷʭ.  

 

 

1.5.5. ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʩʘʜʦʢ ʪʘ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʚʠʜʽʚ ʧʘʣʠʚʘ 

 

 

ɿʥʠʞʝʥʥʶ ʝʤʽʩʽʾ NOX ʪʘʢʦʞ ʩʧʨʠʷʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʩʘʜʦʢ ʜʦ ʧʘʣʠʚʘ, 

ʧʨʦʪʝ ʜʘʥʠʡ ʤʝʪʦʜ ʙʽʣʴʰʦʶ ʤʽʨʦʶ ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ ʽʥʪʝʥʩʠʬʽʢʘʮʽʶ ʧʨʦʮʝʩʫ 

ʟʛʦʨʷʥʥʷ ʧʘʣʠʚʘ [91, 92]. ɯʩʥʫʶʪʴ ʪʘʢʦʞ ʚʘʨʽʘʥʪʠ ʟʥʠʞʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʫ ʚʠʧʫʩʢʥʠʭ ʛʘʟʘʭ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ 
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ʚʠʜʽʚ ʧʘʣʠʚʘ. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʤʦʤʝʥʪ ʚʦʥʠ ʥʘʙʫʣʠ ʧʦʰʠʨʝʥʥʷ ʜʣʷ ɼɺɿ 

ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʘ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ [93]. ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʜʠʟʝʣʽʚ 

ʨʽʯʢʦʚʦʛʦ ʽ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ, ʪʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʦʛʦ ʚʘʨʽʘʥʪʫ ʜʦʮʽʣʴʥʝ 

ʪʽʣɹʢʠ ʥʘ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʩʫʜʥʘʭ [94, 95]. ɼʦ ʥʠʭ ʚʽʜʥʦʩʷʪʴʩʷ ʛʘʟʦʚʦʟʠ ʽ 

ʥʘʬʪʦʚʽ ʪʘʥʢʝʨʠ, ʷʢʽ ʚ ʷʢʦʩʪʽ ʧʘʣʠʚʘ ʜʣʷ ʜʠʟʝʣʽʚ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʚʘʥʪʘʞ, ʱʦ ʧʝʨʝʚʦʟʠʪʴʩʷ (ʛʘʟʦʚʦʟʠ) ʘʙʦ ʚʠʧʘʨʦʚʫʶʪʴʩʷ ʟ ʧʦʚʝʨʭʥʽ ʚʘʥʪʘʞʫ 

ʣʝʛʢʽ ʚʫʛʣʝʚʦʜʥʝʚʽ ʬʨʘʢʮʽʾ (ʪʘʥʢʝʨʠ). 

 

 

1.5.6. ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʩʝʣʝʢʪʠʚʥʦʛʦ ʢʘʪʘʣʽʪʠʯʥʦʛʦ ʦʯʠʱʝʥʥʷ 

 

 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʤʝʪʦʜʫ Selective Catalytic Reduction ï SCR, ʷʢʠʡ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʯʠʱʝʥʥʷ ɺɻ ʚʽʜ NOʍ, ʤʦʞʝ ʜʦʩʷʛʘʪʠ 90...95 %. ʇʽʜ 

ʯʘʩ ʚʠʢʦʨʠʩʪʘʥʥ ̫ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʚ ʧʦʪʽʢ ɺɻ ʽʥʞʝʢʪʫʻʪʴʩʷ ʨʝʘʛʝʥʪ, ʟʘʟʚʠʯʘʡ 

ʘʤʽʘʢ ʘʙʦ ʩʝʯʦʚʠʥʘ, ʽ ʩʫʤʽʰ ʥʘʜʭʦʜʠʪʴ ʥʘ ʢʘʪʘʣʽʟʘʪʦʨ [96].  

ʂʘʪʘʣʽʟʘʪʦʨ ʟʘʙʝʟʧʝʯʫʻ ʧʝʨʝʙʽʛ ʥʘʩʪʫʧʥʠʭ ʨʝʘʢʮʽʡ, ʫ ʷʢʠʭ ʦʢʩʠʜ ʘʟʦʪʫ 

ʧʦʥʦʚʣʶʻʪʴʩʷ ʜʦ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʘʟʦʪʫ: 

¶ ʫ ʚʠʧʘʜʢʫ ʜʦʜʘʚʘʥʥʷ ʫ ɺɻ ʘʤʽʘʢʫ NH3 

 

ʆ,12H7N8NH6Nʆ

ʆ6H4NO4NH4Nʆ

2232

2223

+­+

+­++
 

 

 

¶ ʫ ʚʠʧʘʜʢʫ ʜʦʜʘʚʘʥʥʷ ʫ ɺɻ ʩʝʯʦʚʠʥʠ (NH2)2CO 

 

( )

( ) .4COʆ12H7NOO4HCONH26Nʆ

2COʆ6H4NOO4HCONH24Nʆ

22222222

2222222

++­+++

++­+++
 

 

 

ʗʢ ʢʘʪʘʣʽʟʘʪʦʨʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʦʢʩʠʜ ʪʠʪʘʥʫ ʟ ʜʦʙʘʚʢʘʤʠ ʚʘʥʘʜʽʶ, 

ʤʦʣʽʙʜʝʥʫ ʘʙʦ ʚʦʣʴʬʨʘʤʫ; ʮʝʦʣʽʪʠ; ʦʢʩʠʜʠ ʟʘʣʽʟʘ ʟ ʪʦʥʢʦʶ ʧʣʽʚʢʦʶ ʟ ʬʦʩʬʘʪʽʚ 

ʟʘʣʽʟʘ ʘʙʦ ʘʢʪʠʚʦʚʘʥʠʡ ʚʫʛʣʝʮʴ ʫ ʚʠʛʣʷʜʽ ʘʛʣʦʤʝʨʦʚʘʥʠʭ ʛʨʘʥʫʣ [97]. 

ʇʨʠʥʮʠʧ ʜʽʾ ʩʠʩʪʝʤʠ SCR ʟʨʦʟʫʤʽʣʠʡ ʟ ʨʠʩ. 1.9 [69]. 
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ʈʠʩ. 1.9. ʉʭʝʤʘ ʜʽʾ ʩʠʩʪʝʤʠ SCR ʜʣʷ ʦʯʠʱʝʥʥʷ ɺɻ ʚʽʜ ʜʦʤʽʰʦʢ NOʍ 

 

ʋ ʜʘʥʠʡ ʯʘʩ ʩʠʩʪʝʤʠ SCR ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ 

ʘʚʪʦʤʦʙʽʣʴʥʦʤʫ ʪʨʘʥʩʧʦʨʪʽ [98]. ɿʘʩʪʦʩʫʚʘʥʥʷ ʩʠʩʪʝʤʠ SCR ʜʣʷ ʦʯʠʱʝʥʥʷ 

ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ ʩʫʜʥʦʚʠʭ ʜʠʟʝʣʽʚ ʥʦʩʠʪʴ ʦʜʠʥʠʯʥʠʡ ʭʘʨʘʢʪʝʨ ʽ ʦʙʤʝʞʫʻʪʴʩʷ 

ʚʠʩʦʢʦʶ ʚʘʨʪʽʩʪʶ ʨʝʘʢʪʦʨʘ [99, 100]. ʂʨʽʤ ʪʦʛʦ, ʚʝʣʠʢʽ ʤʘʩʦʚʽ ʧʦʢʘʟʥʠʢʠ 

ʨʝʘʢʪʦʨʘ ʽ ʥʝʦʙʭʽʜʥʽʩʪʴ ʡʦʛʦ ʫʩʪʘʥʦʚʢʠ ʥʘʜ ʜʠʟʝʣʝʤ ʟʤʽʥʶʶʪʴ 

ʤʝʪʘʮʝʥʪʨʠʯʥʫ ʚʠʩʦʪʫ ʩʫʜʥʘ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʢʨʠʪʠʯʥʠʤ ʚ ʫʤʦʚʘʭ ʭʚʠʣʶʚʘʥʥʷ 

ʤʦʨʷ. 

 

 

1.6. ɺʠʩʥʦʚʢʠ ʟʘ ʨʦʟʜʽʣʦʤ 1 

 

 

ʗʢ ʨʝʟʫʣʴʪʘʪ ʜʦʩʣʽʜʞʝʥʴ, ʧʦʚô̫ ʟʘʥʠʭ ʟ ʦʛʣʷʜʦʤ ʪʘ ʘʥʘʣʽʟʦʤ ʣʽʪʝʨʘʪʫʨʥʠʭ 

ʜʞʝʨʝʣ, ʫ ʷʢʠʭ ʚʠʚʯʘʻʪʴʩʷ ʪʘ ʚʠʩʚʽʪʣʶʻʪʴʩʷ ʧʨʦʙʣʝʤʘ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʝʢʦʣʦʛʽʯʥʦʩʪʽ ʤʦʨʩʴʢʠʭ ʩʫʜʝʥ, ʚʠʟʥʘʯʠʤʦ ʥʘʩʪʫʧʥʝ.  

1. ɻʝʥʝʨʘʪʦʨʦʤ ʤʝʭʘʥʽʯʥʦʾ ʝʥʝʨʛʽʾ ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʫʭʫ ʤʦʨʩʴʢʠʭ ʩʫʜʝʥ, ʘʙʦ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʩʫʜʥʦʚʠʭ 
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ʩʧʦʞʠʚʘʯʽʚ ʻ ʜʠʟʝʣʽ, ʟʜʽʡʩʥʝʥʥʷ ʟʘʤʢʥʝʥʦʛʦ ʨʦʙʦʯʦʛʦ ʮʠʢʣʫ ʷʢʠʭ ʥʝʤʦʞʣʠʚʝ 

ʙʝʟ ʚʠʜʘʣʝʥʥʷ ʫ ʜʦʚʢʽʣʣʷ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ, ʜʦ ʩʢʣʘʜʫ ʷʢʠʭ ʚʭʦʜʠʪʴ ʯʠʩʣʝʥʥʽ 

ʰʢʽʜʣʠʚʽ ʨʝʯʦʚʠʥʠ. ʇʝʨʰʝ ʤʽʩʮʝ (ʟ ʪʦʯʢʠ ʟʦʨʫ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ 

ʜʦʚʢʽʣʣʷ) ʩʝʨʝʜ ʰʢʽʜʣʠʚʠʭ ʛʘʟʦʚʠʭ ʚʠʢʠʜʽʚ ʟ ʨʽʯʢʦʚʠʭ ʪʘ ʤʦʨʩʴʢʠʭ ʩʫʜʝʥ 

ʧʨʘʢʪʠʯʥʦ ʥʘ ʚʩʽʭ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ ʜʠʟʝʣʽʚ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʾʭ ʪʠʧʫ, ʢʣʘʩʫ, 

ʨʦʟʤʽʨʽʚ ʽ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ, ʟʘʡʤʘʶʪʴ ʦʢʩʠʜʠ ʘʟʦʪʫ. 

2. ʉʝʨʝʜ ʤʝʭʘʥʽʟʤʽʚ ʫʪʚʦʨʝʥʥʷ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʥʘʡʙʽʣʴʰ ʧʨʦʙʣʝʤʥʠʤ 

ʟʘʣʠʰʘʻʪʴʩʷ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʡ, ʥʽʚʝʣʶʚʘʥʥʷ ʡʦʛʦ ʚʧʣʠʚʫ ʥʘ ʝʤʽʩʽʶ NOʍ 

ʧʦʚôʷʟʘʥʦ ʟ ʥʝʦʙʭʽʜʥʽʩʪʶ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʽʢʽʚ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ 

ʧʽʜ ʯʘʩ ʟʛʦʨʷʥʥʷ ʨʽʜʢʦʛʦ ʧʘʣʠʚʘ. 

3. ɿʜʽʡʩʥʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʦʰʫʢʫ ʟʘ ʥʘʧʨʷʤʦʤ ʜʦʩʣʽʜʞʝʥʥʷ, 

ʟʘʩʪʦʩʦʚʫʶʯʠ ʬʽʣʦʩʦʬʩʴʢʠʡ ʧʽʜʭʽʜ ʩʭʦʜʞʝʥʥʷ ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʜʦ ʦʢʨʝʤʦʛʦ 

ʯʝʨʝʟ ʯʘʩʪʢʦʚʝ ʜʦʟʚʦʣʠʣʦ ʚʩʪʘʥʦʚʠʪʠ, ʱʦ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʩʠʩʪʝʤ, ʷʢʽ 

ʩʧʨʠʷʶʪʴ ʟʥʠʞʝʥʥʶ ʝʤʽʩʽʾ ʦʢʩʠʜʽʚ ʘʟʦʪʫ, ʥʝ ʜʦʟʚʦʣʷʻ ʩʢʣʘʩʪʠ ʪʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʻʜʠʥʠʡ ʟʘʛʘʣʴʥʠʡ ʘʣʛʦʨʠʪʤ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ 

ʨʝʞʠʤʽʚ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʊʦʤʫ ʢʦʞʥʘ ʟ ʮʠʭ ʩʠʩʪʝʤ ʧʦʚʠʥʥʘ ʚʠʚʯʘʪʠʩʷ 

ʩʠʩʪʝʤʥʦ, ʟ ʨʦʟʨʦʙʢʦʶ ʨʝʢʦʤʝʥʜʘʮʽʡ, ʷʢ ̔ ʚʨʘʭʦʚʫʶʪʴ ʾʾ ʚʣʘʩʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʦʩʦʙʣʠʚʦʩʪʽ. 

4. ɼʦ ʦʜʥʽʻʾ ʟʽ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʝʢʦʣʦʛʽʯʥʽʩʪʴ ʨʦʙʦʪʠ ʤʦʨʩʴʢʠʭ ʩʫʜʝʥ, ʥʘʣʝʞʠʪʴ ʢʝʨʫʚʘʥʥʷ ʚʠʧʫʩʢʥʠʤʠ 

ʛʘʟʘʤʠ, ʷʢʝ ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʷʭʦʤ ʾʭ ʨʝʮʠʨʢʫʣʷʮʽʾ ʘʙʦ ʧʝʨʝʧʫʩʢʫ. ʈʝʘʣʽʟʘʮʽʷ 

ʮʴʦʛʦ ʤʝʪʦʜʫ ʚʧʨʦʚʘʜʞʫʻʪʴʩʷ ʥʘ ʦʢʨʝʤʠʭ ʤʦʨʩʴʢʠʭ ʩʫʜʥʘʭ, ʘʣʝ ʚʽʜʩʫʪʥʽʩʪʴ 

ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʡʦʛʦ ʦʧʪʠʤʘʣʴʥʠʭ ʨʝʞʠʤʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ 

ʥʝʜʦʩʢʦʥʘʣʽʩʪʴ ʢʨʠʪʝʨʽʾʚ ʦʮʽʥʢʠ ʡʦʛʦ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʦʪʨʝʙʫʻ ʧʨʦʚʝʜʝʥʥʷ 

ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʨʦʟʨʦʙʢʫ ʘʣʛʦʨʠʪʤʽʚ ʪʘ ʩʧʦʩʦʙʽʚ ʧʽʜʚʠʱʝʥʥʷ 

ʝʢʦʣʦʛʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʦʨʩʴʢʠʭ ʩʫʜʝʥ ʰʣʷʭʦʤ ʢʝʨʫʚʘʥʥʷ ʚʠʧʫʩʢʥʠʤʠ 

ʛʘʟʘʤʠ ʪʝʧʣʦʚʠʭ ʜʚʠʛʫʥʽʚ.  
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ʈʆɿɼɯʃ 2. ʄɽʊʆɼʆʃʆɻɯʗ ʅɸʋʂʆɺʆɻʆ ɼʆʉʃɯɼɾɽʅʅʗ ʇʈʆʎɽʉɯɺ 

ɿɸɹɽɿʇɽʏɽʅʅʗ ɽʂʆʃʆɻɯʏʅʆʉʊɯ ʈɯʏʂʆɺʀʍ ʊɸ ʄʆʈʉʔʂʀʍ ʉʋɼɽʅ 

2.1. ɺʠʙ̔ʨ ʪʝʤʠ ʥʘʫʢʦʚʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

 

 

ʅʘʫʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʱʦ ʚʠʢʦʥʫʶʪʴʩʷ ʚ ʅʘʮʽʦʥʘʣʴʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ 

çʆʜʝʩʴʢʘ ʤʦʨʩʴʢʘ ʘʢʘʜʝʤʽʷè, ʷʢ ʬʫʥʜʘʤʝʥʪ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʾʭ ʜʦʮʽʣʴʥʽʩʪʴ, 

ʮʽʣʽʩʥʽʩʪʴ, ʩʪʽʡʢʽʩʪʴ ʪʘ ʽʻʨʘʨʭʽʯʥʫ ʧʽʜʧʦʨʷʜʢʦʚʘʥʽʩʪʴ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʤʝʪʦʜʦʣʦʛʽʶ ʪʘ ʪʝʭʥʦʣʦʛʽʶ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʚʜʦʩʢʦʥʘʣʝʥʘ ʚʽʜʦʤʠʤ 

ʫʢʨʘʾʥʩʴʢʠʤ ʚʯʝʥʠʤ ï ʧʨʦʬʝʩʦʨʦʤ ɺ. ɸ. ɻʦʣʽʢʦʚʠʤ, ʷʢʠʡ ʧʦʰʠʨʠʚ ʽʜʝʁ 

ʨʦʟʨʦʙʢʠ ʩʪʨʫʢʪʫʨʥʦʾ ʩʭʝʤʠ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢʘ 

¶ ʙʘʟʫʻʪʴʩʷ ʥʘ ʟʘʧʠʪʽ ʧʨʘʢʪʠʢʠ, ʩʧʨʷʤʦʚʘʥʦʤʫ ʥʘ ʨʦʟʚô̫ ʟʘʥʥʷ ʥʘʫʢʦʚʦ-

ʧʨʠʢʣʘʜʥʦʾ ʧʨʦʙʣʝʤʠ, ʱʦ ʧʦʚô̫ ʟʘʥʘ ʟ ʚʜʦʩʢʦʥʘʣʝʥʥʷʤ ʝʢʩʧʣʫʘʪʘʮʽʾ ʨʽʯʢʦʚʦʛʦ 

ʪʘ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ;  

¶ ʚʠʟʥʘʯʘʻ ʤʝʪʫ ʪʘ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ; 

¶ ʬʦʨʤʫʣʶʻ ʛʦʣʦʚʥʝ ʟʘʚʜʘʥʥʷ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʜʦʧʦʤʽʞʥʽ 

ʟʘʚʜʘʥʥʷ, ʷʢʽ ʜʦʧʦʤʘʛʘʶʪʴ ʡʦʛʦ ʨʦʟʚô̫ ʟʘʥʥʶ; 

¶ ʚʠʷʚʣʷʻ ʥʘʫʢʦʚʝ ʟʥʘʯʝʥʥʷ ʪʘ ʧʨʘʢʪʠʯʥʫ ʮʽʥʥʽʩʪʴ ʟʘʢʽʥʯʝʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʧʦʜʘʣʴʰʠʤ ʬʦʨʤʫʣʶʚʘʥʥʷʤ ʥʘʫʢʦʚʦʛʦ ʧʦʣʦʞʝʥʥʷ [101].  

ʇʨʠ ʮʴʦʤʫ ʛʦʣʦʚʥʠʤ ʤʝʪʦʜʦʣʦʛʽʯʥʠʤ ʧʨʠʥʮʠʧʦʤ ʧʨʦʚʝʜʝʥʥʷ ʥʘʫʢʦʚʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʩʪʨʘʪʝʛʽʷ, ʱʦ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʟʘʧʦʙʽʛʘʥʥʷ ʦʜʥʦʙʽʯʥʦʩʪʽ ʧʽʜ ʯʘʩ 

ʚʠʚʯʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʙô̒ ʢʪʘ ʪʘ ʧʝʨʝʜʙʘʯʘʻ ʦʙʦʚô̫ ʟʢʦʚʝ ʚʨʘʭʫʚʘʥʥʷ ʚʩʽʭ 

ʡʦʛʦ ʩʫʪʪʻʚʠʭ ʟʚô̫ ʟʢʽʚ [102].  

ʆʜʥʠʤ ʽʟ ʤʝʪʦʜʽʚ, ʱʦ ʩʧʨʠʷʶʪʴ ʨʦʟʚôʷʟʘʥʥʷ ʧʨʠʢʣʘʜʥʠʭ ʥʘʫʢʦʚʦ-

ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʟʘʚʜʘʥʴ, ʻ ʤʝʪʦʜ ʝʢʩʧʝʨʪʥʠʭ ʦʮʽʥʦʢ. ʆʩʥʦʚʥʝ ʧʨʠʟʥʘʯʝʥʥʷ 

ʤʝʪʦʜʽʚ ʝʢʩʧʝʨʪʥʠʭ ʦʮʽʥʦʢ ï ʮʝ ʚʠʟʥʘʯʝʥʥʷ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʪʦʯʦʢ ʟʦʨʫ 

ʝʢʩʧʝʨʪʽʚ ʽ ʬʦʨʤʫʚʘʥʥʷ ʥʘ ʾʭʥʽʡ ʦʩʥʦʚʽ ʻʜʠʥʦʛʦ ʨʽʰʝʥʥʷ. ʄʝʪʦʜʠ ʝʢʩʧʝʨʪʥʠʭ 

ʦʮʽʥʦʢ ï ʮʝ ʦʨʛʘʥʽʟʘʮʽʡʥʽ, ʣʦʛʽʯʥʽ ʽ ʤʘʪʝʤʘʪʠʢʦ-ʩʪʘʪʠʩʪʠʯʥʽ ʧʨʦʮʝʜʫʨʠ, ʷʢʽ 
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ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʦʪʨʠʤʘʥʥʷ ʚʽʜ ʬʘʭʽʚʮʽʚ ʽʥʬʦʨʤʘʮʽʾ, ʾʾ ʘʥʘʣʽʟ ʪʘ ʫʟʘʛʘʣʴʥʝʥʥʷ 

ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ ʽ ʧʨʠʡʥʷʪʪʷ ʝʬʝʢʪʠʚʥʠʭ ʨʽʰʝʥʴ. 

ʅʠʟʴʢʠʡ ʩʪʫʧʽʥʴ ʤʦʞʣʠʚʦʾ ʬʦʨʤʘʣʽʟʘʮʽʾ ʜʝʷʢʠʭ ʦʙô̒ ʢʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ, 

ʥʝʜʦʩʪʘʪʥʽ ʟʥʘʥʥʷ ʟʘʢʦʥʽʚ ʾʭ ʨʦʟʚʠʪʢʫ ʽ ʪʦʱʦ ʚʠʟʥʘʯʘʶʪʴ ʤʝʪʦʜʦʣʦʛʽʯʥʽ 

ʦʩʥʦʚʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʢʩʧʝʨʪʥʠʭ ʦʮʽʥʦʢ ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʦʙˇʨʫʥʪʦʚʘʥʦʩʪʽ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʟ ʫʧʨʘʚʣʽʥʥʷ ʥʠʤʠ. ʇʨʦʮʝʩ ʝʢʩʧʝʨʪʠʟʠ 

ʚʢʣʶʯʘʻ ʧʨʝʜô̫ ʚʣʝʥʥʷ ʝʢʩʧʝʨʪʘʤ ʧʨʦʛʥʦʟʥʠʭ ʛʽʧʦʪʝʟ, ʾʭ ʧʝʨʩʦʥʘʣʴʥʫ ʦʮʽʥʢʫ 

ʢʦʞʥʠʤ ʟ ʝʢʩʧʝʨʪʽʚ ʽ ʚʠʟʥʘʯʝʥʥʷ ʤʽʨʠ ʧʨʘʚʜʦʧʦʜʽʙʥʦʩʪʽ ʛʽʧʦʪʝʟʠ ʥʘ ʦʩʥʦʚʽ 

ʫʟʘʛʘʣʴʥʝʥʥʷ ʦʮʽʥʦʢ [103]. 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʤʝʪʦʜʽʚ ʝʢʩʧʝʨʪʥʠʭ ʦʮʽʥʦʢ ʧʨʦʚʦʜʠʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʜʚʦʭ 

ʢʣʘʩʠʬʽʢʘʮʽʡʥʠʭ ʦʟʥʘʢ: ʤʝʪʦʜʠ ʦʧʠʪʫʚʘʥʥʷ ʝʢʩʧʝʨʪʽʚ ʽ ʤʝʪʦʜʠ ʦʮʽʥʶʚʘʥʥʷ 

ʨʝʟʫʣʴʪʘʪʽʚ (ʨʠʩ. 2.1). 

 

 

ʈʠʩ. 2.1. ʂʣʘʩʠʬʽʢʘʮʽʷ ʤʝʪʦʜʽʚ ʝʢʩʧʝʨʪʥʠʭ ʦʮʽʥʦʢ 

 

ɿ ʦʛʣʷʜʫ ʥʘ ʥʘʚʝʜʝʥʽ ʧʽʜʭʦʜʠ ʜʦ ʨʦʟʚôʷʟʘʥʥʷ ʥʘʫʢʦʚʠʭ ʪʘ ʥʘʫʢʦʚʦ-

ʧʨʠʢʣʘʜʥʠʭ ʟʘʚʜʘʥʴ, ʚʠʙʽʨ ʥʘʧʨʷʤʢʫ ʥʘʫʢʦʚʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʚ ʟʘʩʥʦʚʘʥʠʡ 

ʥʘ ʧʨʦʚʝʜʝʥʽʡ ʝʢʩʧʝʨʪʥʽʡ ʦʮʽʥʮʽ ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʽʚ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʥʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʩʪʽ ʨʦʙʦʪʠ ʩʫʜʝʥ ʨʽʯʢʦʚʦʛʦ ʪʘ ʤʦʨʩʴʢʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫ ʰʣʷʭʦʤ ʤʽʥʽʤʽʟʘʮʽʾ ʝʤʽʩʽʾ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʫ ʚʠʧʫʩʢʥʠʭ ʛʘʟʘʭ 

ʜʚʠʛʫʥʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ ʟʘ ʥʘʩʪʫʧʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ:  

1) ʘʢʪʫʘʣʴʥʽʩʪʴ; 
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2) ʥʘʫʢʦʚʘ ʥʦʚʠʟʥʘ; 

3) ʝʢʦʥʦʤʽʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ; 

4) ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʫʤʦʚʘʭ ʤʦʨʩʴʢʦʛʦ ʩʫʜʥʘ; 

5) ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʦʩʥʦʚʥʠʤ ʥʘʧʨʷʤʢʘʤ ʥʘʫʢʦʚʦʾ ʩʧʝʮʽʘʣʴʥʦʩʪʽ ʽ ʥʘʫʢʦʚʦʾ 

ʰʢʦʣʠ [104-106].  

ʁʦʛʦ ʨʝʟʫʣʴʪʘʪʠ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 2.1, ʧʨʠ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʦʟʠʪʠʚʥʦʾ 

ʦʮʽʥʢʠ ʚʽʜʧʦʚʽʜʘʻ ʧʦʟʥʘʯʢʘ ç+è, ʚʠʧʘʜʢʫ ʥʝʛʘʪʠʚʥʦʾ ʧʦʟʥʘʯʢʘ çïè. 

 

ʊʘʙʣʠʮʷ 2.1 

ʇʦʨʽʚʥʷʥʥʷ ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʽʚ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ɺʘʨʽʘʥʪ ʨʦʟʚôʷʟʘʥʥʷ  

ʂʨʠʪʝʨʽʾ 
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ʢ
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ʩ
ʫ
ʤʘ
 
ʙ
ʘ
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1. ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤʠ ʧʦʜʘʯʽ ʧʘʣʠʚʘ  ï ï + + ï 2 

2. ɺʧʨʦʚʘʜʞʝʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʚʠʜʽʚ 

ʨʽʜʢʠʭ ʘʙʦ ʛʘʟʦʧʦʜʽʙʥʠʭ ʧʘʣʠʚ 
+ + ï ï + 3 

3. ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʧʝʨʝʙʽʛʫ ʨʦʙʦʯʦʛʦ 

ʮʠʢʣʫ 
+ ï + + ï 3 

4. ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʦʜʘʪʢʦʚʦʛʦ ʦʯʠʱʝʥʥʷ 

ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ 
+ + ï + + 4 

5. ʂʦʤʧʣʝʢʩʥʝ ʢʝʨʫʚʘʥʥʷ ʚʠʧʫʩʢʥʠʤʠ 

ʛʘʟʘʤʠ 
+ + + + + 5 
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ɺʠʢʦʥʘʥʘ ʝʢʩʧʝʨʪʥʘ ʦʮʽʥʢʘ ʤʝʪʦʜʫ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤʠ ʧʦʜʘʯʽ 

ʧʘʣʠʚʘ ʩʚʽʜʯʠʪʴ, ʱʦ ʥʘ ʩʴʦʛʦʜʥʽ ʢʦʥʩʪʨʫʢʪʠʚʥʝ ʚʠʢʦʥʘʥʥʷ ʧʘʣʠʚʥʦʾ 

ʘʧʘʨʘʪʫʨʠ ʜʦʩʷʛʣʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʽʚʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʚʜʦʩʢʦʥʘʣʝʥʦʩʪʽ.  

ʄʝʪʦʜ ʚʧʨʦʚʘʜʞʝʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʚʠʜʽʚ ʨʽʜʢʠʭ ʘʙʦ ʛʘʟʦʧʦʜʽʙʥʠʭ 

ʚʠʜʽʚ ʧʘʣʠʚʘ, ʥʘ ʞʘʣʴ, ʦʙʤʝʞʫʻ ʝʢʦʥʦʤʽʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʡʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ 

(ʯʝʨʝʟ ʧʦʢʠ ʱʝ ʚʠʩʦʢʫ ʮʽʥʫ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʚʠʜʽʚ ʧʘʣʠʚʘ), ʘ ʡʦʛʦ ʧʦʰʠʨʝʥʥʷ 

ʥʘ ʤʦʨʩʴʢʠʭ ʩʫʜʥʘʭ ʦʙʤʝʞʫʻʪʴʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʪʘ ʧʨʠʟʥʘʯʝʥʥʷʤ ʩʫʜʝʥ, ʘ 

ʪʘʢʦʞ ʚʠʤʘʛʘʻ ʜʦʜʘʪʢʦʚʦʛʦ ʧʝʨʝʦʙʣʘʜʥʘʥʥʷ ʩʠʩʪʝʤ ʧʦʜʘʯʽ ʧʘʣʠʚʘ  

ʆʮʽʥʢʘ ʟʥʘʯʫʱʦʩʪʽ ʚʘʨʽʘʥʪʫ, ʷʢʠʡ ʧʦʚô̫ ʟʘʥʠʡ ʟ ʫʜʦʩʢʦʥʘʣʝʥʥʷʤ ʧʝʨʝʙʽʛʫ 

ʨʦʙʦʯʦʛʦ ʮʠʢʣʫ, ʚʠʩʚʽʪʣʠʣʘ ʡʦʛʦ ʧʦʟʠʪʠʚʥʽ ʨʠʩʠ: ʘʢʪʫʘʣʴʥʽʩʪʴ, ʝʢʦʥʦʤʽʯʥʫ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʫʤʦʚʘʭ ʤʦʨʩʴʢʦʛʦ ʩʫʜʥʘ. ʅʘ 

ʞʘʣʴ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʮʴʦʛʦ ʤʝʪʦʜʫ ʥʝ ʩʧʨʠʷʻ ʦʪʨʠʤʘʥʥʶ ʥʘʫʢʦʚʦʾ ʥʦʚʠʟʥʠ 

(ʯʝʨʝʟ ʚʠʯʝʨʧʘʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ ʫ ʮʴʦʤʫ ʥʘʫʢʦʚʦʤʫ ʥʘʧʨʷʤʢʫ), ʘ ʪʘʢʦʞ ʥʝ 

ʚʽʜʧʦʚʽʜʘʻ ʦʩʥʦʚʥʠʤ ʥʘʧʨʷʤʢʘʤ ʥʘʫʢʦʚʦʾ ʩʧʝʮʽʘʣʴʥʦʩʪʽ ʽ ʥʘʫʢʦʚʦʾ ʰʢʦʣʠ. 

ɽʢʩʧʝʨʪʥʽ ʦʮʽʥʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʜʘʪʢʦʚʦʛʦ ʦʯʠʱʝʥʥʷ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ 

ʚʠʩʚʽʪʣʠʣʠ ʥʘʩʪʫʧʥʝ. ɸʢʪʫʘʣʴʥʽʩʪʴ ʮʴʦʛʦ ʤʝʪʦʜʫ ʟʫʤʦʚʣʶʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʶ 

ʦʯʠʱʝʥʥʷ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ ʚʽʜ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ ʰʢʽʜʣʠʚʠʭ ʚʠʢʠʜʽʚ; ʥʘʫʢʦʚʘ 

ʥʦʚʠʟʥʘ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʶ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʟʘʻʤʦʟʚôʷʟʢʽʚ ʤʽʞ 

ʪʝʧʣʦʚʠʤʠ ʛʘʟʦʚʠʤʠ ʧʦʪʦʢʘʤʠ ʪʘ ʤʽʞʤʦʣʝʢʫʣʷʨʥʦʶ ʧʦʙʫʜʦʚʦʶ ʨʝʯʦʚʠʥ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʾʭʥʻ ʦʯʠʱʝʥʥʷ. ɸʣʝ ʧʦʨʫʯ ʽʟ ʧʦʟʠʪʠʚʥʠʤʠ ʨʠʩʘʤʠ ʮʝʡ ʤʝʪʦʜ ʥʝ 

ʟʘʙʝʟʧʝʯʫʻ ʝʢʦʥʦʤʽʯʥʦ ʾ ʝʬʝʢʪʠʚʥʦʩʪ̔ ʫ ʟʚôʷʟʢʫ ʟ ʚʠʩʦʢʦʶ ʩʦʙʽʚʘʨʪʽʩʪʶ 

ʨʝʯʦʚʠʥ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʚʠʢʦʥʫʻʪʴʩʷ ʦʯʠʱʝʥʥʷ ɺɻ; ʧʽʜ ʯʘʩ ʡʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʨʦʩʪʘʻ ʛʘʟʦʜʠʥʘʤʽʯʥʠʡ ʦʧʽʨ ʫ ʚʠʧʫʩʢʥʦʤʫ ʪʨʘʢʪʽ ʜʠʟʝʣʷ; 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʦʯʠʱʫʚʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʧʦʚôʷʟʘʥʦ ʟ ʥʝʦʙʭʽʜʥʽʩʪʶ 

ʧʨʦʚʝʜʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʤʦʥʪʘʞʥʠʭ ʨʦʙʽʪ.  

ɿʘ ʨʝʟʫʣʴʪʘʪʦʤ ʝʢʩʧʝʨʪʥʠʭ ʦʮʽʥʦʢ ʷʢ ʤʝʪʦʜ, ʱʦ ʙʽʣʴʰ ʟʘ ʚʩʽʭ ʩʧʨʠʷʻ 

ʧʦʣʽʧʰʝʥʥʶ ʝʢʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʟʘʩʦʙʽʚ ʪʨʘʥʩʧʦʨʪʫ ʚ ʫʤʦʚʘʭ 

ʝʢʩʧʣʫʘʪʘʮʽʾ, ʩʣʽʜ ʚʠʟʥʘʯʠʪʠ ʤʝʪʦʜ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ɺɻ, ʷʢʠʡ 

ʟʘʙʝʟʧʝʯʫʻ ʚʠʢʦʥʘʥʥʷ ʚʩʽʭ ʢʨʠʪʝʨʽʾʚ, ʟʘ ʷʢʠʤʠ ʚʠʢʦʥʫʚʘʣʦʩʴ ʦʮʽʥʶʚʘʥʥʷ. ʋ 
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ʟʚôʷʟʢʫ ʟ ʮʠʤ ʩʘʤʝ ʥʘ ʡʦʛʦ ʚʠʚʯʝʥʥʷ, ʨʦʟʚʠʪʦʢ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʧʨʷʤʦʚʘʥʝ 

ʥʘʫʢʦʚʝ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʪʝʤʘ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ. 

ʗʢ ʦʙô̒ ʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʟʥʘʯʝʥʦ ʧʨʦʮʝʩ ʧʽʜʚʠʱʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ 

ʙʝʟʧʝʢʠ ʩʫʜʝʥ ʨʽʯʢʦʚʦʛʦ ʪʘ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ. 

ʗʢ ʧʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠʡʥʷʪʦ ʧʨʦʮʝʩ ʢʝʨʫʚʘʥʥʷ ʚʠʧʫʩʢʥʠʤʠ 

ʛʘʟʘʤʠ ʩʫʜʥʦʚʠʭ ʜʠʟʝʣʽʚ 

ʈʦʟʚô̫ ʟʘʥʥʷ ʟʘʚʜʘʥʴ, ʚʠʟʥʘʯʝʥʠʭ ʫ ʜʠʩʝʨʪʘʮʽʡʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ, ʻ 

ʧʨʦʜʦʚʞʝʥʥʷʤ ʨʦʟʨʦʙʦʢ ʥʘʫʢʦʚʦʾ ʰʢʦʣʠ ʜ-ʨʘ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ. ɻʦʣʽʢʦʚʘ ɺ. ɸ. 

ʪʘ ʡʦʛʦ ʫʯʥʽʚ ʪʘ ʧʦʩʣʽʜʦʚʥʠʢʽʚ ʢ-ʪʘ ʪʝʭʥ. ʥʘʫʢ ɻʦʣʫʙʻʚʘ ʄ. ɺ., ʢ-ʪʘ ʪʝʭʥ. ʥʘʫʢ 

ʉʦʣʦʜʦʚʥʽʢʦʚʘ ɺ. ɻ., ʮʽ ʨʦʟʨʦʙʢʠ ʙʘʟʫʶʪʴʩʷ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʘ 

ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ, ʱʦ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʤʦʨʩʴʢʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʫʜʝʥ ʧʽʜ ʯʘʩ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚ ʨʽʟʥʠʭ 

ʨʘʡʦʥʘʭ ʉʚʽʪʦʚʦʛʦ ʦʢʝʘʥʫ ʟʘ ʫʤʦʚʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʣʠʚʘ ʨʽʟʥʦʛʦ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʘ ʬʨʘʢʮʽʡʥʦʛʦ ʩʢʣʘʜʫ [107-109]. 

 

 

2.2. ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʤʝʪʠ ʽ ʟʘʚʜʘʥʴ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

 

 

ʅʘʫʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʨʝʟʫʣʴʪʘʪʠ ʷʢʠʭ ʥʘʚʝʜʝʥʽ ʟ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ, 

ʙʘʟʫʶʪʴʩʷ ʥʘ ʟʘʧʠʪʽ ʧʨʘʢʪʠʢʠ, ʷʢʠʤ ʻ ʨʦʟʚô̫ ʟʘʥʥʷ ʟʘʚʜʘʥʥʷ ʤʽʥʽʤʽʟʘʮʽʾ ʝʤʽʩʽʾ 

ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʟ ʚʠʧʫʩʢʥʠʤʠ ʛʘʟʘʤʠ ʜʠʟʝʣʽʚ ʩʫʜʝʥ ʨʽʯʢʦʚʦʛʦ ʪʘ ʤʦʨʩʴʢʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫ ʟ ʦʜʥʦʯʘʩʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʾʭ ʝʬʝʢʪʠʚʥʠʭ ʪʘ ʝʢʦʥʦʤʽʯʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʪʘ ʟʘʧʦʙʽʛʘʥʥʷʤ ʪʝʧʣʦʚʦʾ ʥʘʧʨʫʞʝʥʦʩʪʽ ʧʽʜ ʯʘʩ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʘ 

ʪʘʢʦʞ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʦʨʩʴʢʦʛʦ ʩʫʜʥʘ. 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʽʜʚʠʱʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʫʜʝʥ 

ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ. 
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ʆʩʥʦʚʥʦʶ ʥʘʫʢʦʚʦʶ ʛʽʧʦʪʝʟʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʪʝʟʘ ʧʨʦ ʪʝ, ʱʦ 

ʧʽʜʚʠʱʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʦʨʩʴʢʠʭ ʩʫʜʝʥ ʜʦʩʷʛʘʻʪʴʩʷ ʰʣʷʭʦʤ 

ʢʝʨʫʚʘʥʥʷ ʚʠʧʫʩʢʥʠʤʠ ʛʘʟʘʤʠ ʜʚʠʛʫʥʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ. 

ɻʦʣʦʚʥʝ ʟʘʚʜʘʥʥʷ ʥʘʫʢʦʚʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʛʘʻ ʫ ʨʦʟʨʦʙʮʽ ʪʘ 

ʚʠʟʥʘʯʝʥʥʽ ʨʝʞʠʤʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʚʠʧʫʩʢʥʠʤʠ ʛʘʟʘʤʠ, ʱʦ 

ʛʘʨʘʥʪʫʶʪʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʤʦʨʩʴʢʠʭ ʩʫʜʝʥ ʚʽʜʧʦʚʽʜʥʦ 

ʜʦ ʚʠʤʦʛ ʤʽʞʥʘʨʦʜʥʠʭ ʩʪʘʥʜʘʨʪʽʚ. 

ʅʘ ʜʘʥʠʡ ʯʘʩ ʥʝ ʽʩʥʫʻ ʦʜʥʦʛʦ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʦʛʦ ʩʧʦʩʦʙʫ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʝʢʦʣʦʛʽʯʥʦʩʪʽ ʤʦʨʩʴʢʠʭ ʩʫʜʝʥ. ʂʨʽʤ ʪʦʛʦ, ʩʘʤʝ ʧʦʥʷʪʪʷ çʝʢʦʣʦʛʽʯʥʽʩʪʴè ʤʘʻ 

ʧʽʜ ʩʦʙʦʶ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʧʦʢʘʟʥʠʢʽʚ, ʷʢʽ ʩʪʦʩʫʶʪʴʩʷ ʧʦʧʝʨʝʜʞʝʥʥʷ 

ʟʘʙʨʫʜʥʝʥʴ ʚʦʜʥʦʛʦ ʡ ʧʦʚʽʪʨʷʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʨʽʜʢʠʤʠ, ʪʚʝʨʜʠʤʠ ʽ 

ʛʘʟʦʧʦʜʽʙʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ. ʆʜʥʠʤ ʽʟ ʩʧʦʩʦʙʽʚ, ʱʦ ʩʧʨʠʷʶʪʴ ʟʘʙʝʟʧʝʯʝʥʥʶ 

ʚʠʤʦʛ ɼʦʜʘʪʢʘ VI ʄʽʞʥʘʨʦʜʥʦʾ ʢʦʥʚʝʥʮʽʾ MARPOL ʱʦʜʦ ʟʘʧʦʙʽʛʘʥʥʷ 

ʟʘʙʨʫʜʥʝʥʥ ̫ ʜʦʚʢʽʣʣʷ ʦʢʩʠʜʘʤʠ ʘʟʦʪʫ, ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ 

ʚʠʧʫʩʢʥʠʤʠ ʛʘʟʘʤʠ (ʨʝʮʠʨʢʫʣʷʮʽʾ ʽ ʧʝʨʝʧʫʩʢʫ). ʇʨʠ ʮʴʦʤʫ ʥʝ ʽʩʥʫʻ 

ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ, ʨʝʘʣʽʟʘʮʽʷ ʷʢʦʛʦ: 

¶ ʟʘʙʝʟʧʝʯʫʚʘʣʘ ʙ ʝʢʩʧʣʫʘʪʘʮʽʶ ʮʠʭ ʩʠʩʪʝʤ ʥʘ ʦʧʪʠʤʘʣʴʥʠʭ ʨʝʞʠʤʘʭ 

ʨʦʙʦʪʠ (ʟ ʪʦʯʢʠ ʟʦʨʫ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʠʞʝʥʥʷ ʝʤʽʩʽʾ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʧʨʠ 

ʤʽʥʽʤʘʣʴʥʦʤʫ ʟʙʽʣʴʰʝʥʥʽ ʝʢʦʥʦʤʽʯʥʦʩʪʽ ʜʠʟʝʣʷ); 

¶ ʜʦʟʚʦʣʷʣʘ ʙ ʚʠʢʦʥʫʚʘʪʠ ʢʝʨʫʚʘʥʥʷ ʨʦʙʦʪʦʶ ʮʠʭ ʩʠʩʪʝʤ ʫ ʰʠʨʦʢʦʤʫ 

ʜʽʘʧʘʟʦʥʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʜʠʟʝʣʷ ʽ ʰʚʠʜʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʤʦʨʩʴʢʦʛʦ ʩʫʜʥʘ; 

¶ ʜʦʧʫʩʢʘʣʘ ʙ ʝʢʩʧʣʫʘʪʘʮʽʶ ʮʠʭ ʩʠʩʪʝʤ ʫ ʨʽʟʥʠʭ ʘʢʚʘʪʦʨʽʷʭ ʉʚʽʪʦʚʦʛʦ 

ʦʢʝʘʥʫ, ʚʢʣʶʯʘʶʯʠ ʦʩʦʙʣʠʚʽ ʝʢʦʣʦʛʽʯʥʽ ʨʘʡʦʥʠ; 

¶ ʛʘʨʘʥʪʫʚʘʣʘ ʙ ʙʝʟʘʚʘʨʽʡʥʫ ʝʢʩʧʣʫʘʪʘʮʽʶ ʤʦʨʩʴʢʦʛʦ ʩʫʜʥʘ ʚ ʮʽʣʦʤʫ ʽ 

ɼɺɿ ʟʦʢʨʝʤʘ. 

ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʛʦʣʦʚʥʦʛʦ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʚôʷʟʘʥʽ ʥʘʩʪʫʧʥʽ 

ʜʦʧʦʤʽʞʥʽ ʟʘʚʜʘʥʥʷ: 
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1) ʚʠʟʥʘʯʝʥʥʷ ʜʽʘʧʘʟʦʥʫ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʨʝʮʠʨʢʫʣʷʮʽʾ ʛʘʟʽʚ, ʫ ʷʢʦʤʫ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʠʞʝʥʥʷ ʝʤʽʩʽʾ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ 

ʤʽʥʽʤʘʣʴʥʦʤʫ ʧʽʜʚʠʱʝʥʥʽ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ; 

2) ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ 

ʨʝʮʠʨʢʫʣʷʮʽʾ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ; 

3) ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ (ʟ ʪʦʯʢʠ ʟʦʨʫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʩʪʽ 

ʤʦʨʩʴʢʠʭ ʩʫʜʝʥ ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ ʤʽʥʽʤʘʣʴʥʦʤʫ ʧʽʜʚʠʱʝʥʥʽ ʪʝʧʣʦʚʦʾ 

ʥʘʧʨʫʞʝʥʦʩʪʽ ʜʠʟʝʣʷ) ʨʝʞʠʤʽʚ ʧʝʨʝʧʫʩʢʫ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ; 

4) ʘʥʘʣʽʟ ʟʤʽʥʠ ʩʪʘʪʠʯʥʠʭ ʪʘ ʜʠʥʘʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʨʦʙʦʪʠ ʜʠʟʝʣʽʚ 

ʩʫʜʝʥ ʨʽʯʢʦʚʦʛʦ ʪʘ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʧʽʜ ʯʘʩ ʧʝʨʝʧʫʩʢʫ ʛʘʟʽʚ. 

ʇʝʨʝh ʜʦʧʦʤʽʞʥʝ ʟʘʚʜʘʥʥʷ ʧʝʨʝʜʙʘʯʘʻ ʜʦʩʣʽʜʞʝʥʥʷ ʨʝʞʠʤʽʚ 

ʨʝʮʠʨʢʫʣʷʮʽʾ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ ʽ ʚʠʟʥʘʯʝʥʥ ̫ʾʭ ʚʧʣʠʚʫ ʥʘ ʟʤʽʥʫ ʝʢʦʣʦʛʽʯʥʠʭ, 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʪʘ ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ɼɺɿ. ʇʨʠ ʮʴʦʤʫ ʥʝʦʙʭʽʜʥʝ 

ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʜʣʷ ʩʠʩʪʝʤ ʨʝʮʠʨʢʫʣʷʮʽʾ ʥʠʟʴʢʦʛʦ ʽ ʚʠʩʦʢʦʛʦ 

ʪʠʩʢʫ. 

ʈʦʟʚôʷʟʘʥʥʷ ʜʨʫʛʦʛʦ ʜʦʧʦʤʽʞʥʦʛʦ ʟʘʚʜʘʥʥʷ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ 

ʢʨʠʪʝʨʽʡ, ʷʢʠʡ ʥʘʡʙʽʣʴʰ ʧʦʚʥʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʩʪʫʧʽʥʴ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʦʛʦ ʯʠ 

ʽʥʰʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ ʨʝʞʠʤʫ ʩʠʩʪʝʤʠ ʨʝʮʠʨʢʫʣʷʮʽʾ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ. 

ʇʨʠ ʨʦʟʚôʷʟʘʥʥʽ ʪʨʝʪʴʦʛʦ ʜʦʧʦʤʽʞʥʦʛʦ ʟʘʚʜʘʥʥʷ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ 

ʚʠʟʥʘʯʝʥʥʷ ʥʘʡʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʨʝʞʠʤʫ ʧʝʨʝʧʫʩʢʫ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ, ʧʨʠ 

ʮʴʦʤʫ ʧʦʚʠʥʥʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠʩʷ ʚʽʜʩʫʪʥʽʩʪʴ ʧʦʤʧʘʞʥʠʭ ʷʚʠʱ ɻʊʅ ʽ 

ʟʘʧʦʙʽʛʘʥʥʷ ʚʠʥʠʢʥʝʥʥ ̫ʪʝʧʣʦʚʠʭ ʧʝʨʝʚʘʥʪʘʞʝʥʴ ʮʠʣʽʥʜʨʦʚʦʾ ʛʨʫʧʠ ʜʠʟʝʣʷ. 

ʏʝʪʚʝʨʪʝ ʜʦʧʦʤʽʞʥʝ ʟʘʚʜʘʥʥʷ ʧʦʚô̫ ʟʘʥʝ ʟ ʚʠʟʥʘʯʝʥʥʷʤ ʚʧʣʠʚʫ ʩʠʩʪʝʤʠ 

ʧʝʨʝʧʫʩʢʫ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ ʥʘ ʝʤʽʩʽʶ ʦʢʩʠʜʽʚ ʘʟʦʪʫ, ʘ ʪʘʢʦʞ ʥʘ ʝʢʦʥʦʤʽʯʥʽʩʪʴ 

ʽ ʪʝʧʣʦʚʫ ʥʘʧʨʫʞʝʥʽʩʪʴ ʜʠʟʝʣʷ. 

ʇʨʠ ʨʦʟʚôʷʟʘʥʥʽ ʢʦʞʥʦʛʦ ʜʦʧʦʤʽʞʥʦʛʦ ʟʘʚʜʘʥʥʷ ʦʪʨʠʤʘʥʽ ʚʽʜʧʦʚʽʜʥʽ 

ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ. ʈʦʟʚôʷʟʘʥʥʷ ʛʦʣʦʚʥʦʛʦ ʟʘʚʜʘʥʥʷ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʘʥʦ ʩʠʥʪʝʟʦʤ ʥʘʫʢʦʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʧʦʤʽʞʥʠʭ ʟʘʚʜʘʥʴ 

ʰʣʷʭʦʤ ʾʭ ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ. 
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2.3. ʉʠʩʪʝʤʥʠʡ ʧʽʜʭʽʜ ʜʦ ʨʦʟʨʦʙʢʠ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʢʘʨʪʠ ʥʘʫʢʦʚʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ 

 

 

ʉʫʯʘʩʥʠʡ ʝʪʘʧ ʨʦʟʚʠʪʢʫ ʪʝʦʨʽʾ ʪʘ ʧʨʘʢʪʠʢʠ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʽʜʚʠʱʝʥʠʤ ʨʽʚʥʝʤ ʩʠʩʪʝʤʥʦʩʪʽ. ʅʘʫʢʦʚʮʽ, ʽʥʞʝʥʝʨʠ, 

ʬʘʭʽʚʮʽ ʪʘ ʧʨʝʜʩʪʘʚʥʠʢʠ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʧʨʦʬʝʩʽʡ ʦʧʝʨʫʶʪʴ ʧʦʥʷʪʪʷʤ 

ʩʠʩʪʝʤʥʠʡ/ʢʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʽʜ ʯʘʩ ʨʦʟʚô̫ ʟʘʥʥʷ 

ʥʘʫʢʦʚʠʭ ʧʨʦʙʣʝʤ ʪʘ ʚʠʨʽʰʝʥʥʷ ʥʘʫʢʦʚʠʭ ʧʠʪʘʥʴ. ʂʦʨʠʩʥʽʩʪʴ ʪʘ ʚʘʞʣʠʚʽʩʪʴ 

ʩʠʩʪʝʤʥʦʛʦ/ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʽʜʭʦʜʫ ʚʠʡʰʣʘ ʟʘ ʨʘʤʢʠ ʩʧʝʮʽʘʣʴʥʠʭ ʥʘʫʢʦʚʠʭ 

ʽʩʪʠʥ ʪʘ ʥʘʙʫʣʘ ʨʘʥʛʫ ʟʚʠʯʘʡʥʠʭ ʪʘ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʠʭ. ʊʘʢʘ ʩʠʪʫʘʮʽʷ ʩʪʘʣʘ 

ʚʽʜʦʙʨʘʞʝʥʥʷʤ ʦʙô̒ ʢʪʠʚʥʠʭ ʧʨʦʮʝʩʽʚ ʨʦʟʚʠʪʢʫ ʫʷʚʣʝʥʴ ʧʨʦ ʤʘʪʝʨʽʘʣʴʥʠʡ 

ʩʚʽʪ, ʩʬʦʨʤʫʚʘʣʘʩʷ ʧʽʜ ʚʧʣʠʚʦʤ ʦʙô̒ ʢʪʠʚʥʠʭ ʯʠʥʥʠʢʽʚ [110]. 

ʇʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʽʜ ʧʦʥʷʪʪʷʤ çʩʠʩʪʝʤʘè 

ʨʦʟʫʤʽʶʪʴ ʫʧʦʨʷʜʢʦʚʘʥʫ ʩʫʢʫʧʥʽʩʪʴ ʤʘʪʝʨʽʘʣʴʥʠʭ ʦʙô̒ ʢʪʽʚ (ʝʣʝʤʝʥʪʽʚ), 

ʦʙô̒ ʜʥʘʥʠʭ ʙʫʜʴ-ʷʢʠʤʠ ʟʚô̫ ʟʢʘʤʠ (ʤʝʭʘʥʽʯʥʠʤʠ, ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ), 

ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʝʚʥʦʾ ʤʝʪʠ, ʷʢʽ ʜʦʩʷʛʘʶʪʴ ʾʾ ʥʘʡʢʨʘʱʠʤ (ʫ ʨʘʟʽ 

ʤʦʞʣʠʚʦʩʪʽ) ʯʠʥʦʤ. ʇʨʠ ʮʴʦʤʫ ʚʠʜʽʣʷʻʪʴʩʷ ʪʨʠ ʦʩʥʦʚʥ ̔ʢʦʤʧʦʥʝʥʪʠ ʩʠʩʪʝʤʠ, 

ʘ ʩʘʤʝ ï ʝʣʝʤʝʥʪʠ, ʟʚô̫ ʟʢʠ ʪʘ ʦʧʝʨʘʮʽʾ [111]. 

ʉʠʩʪʝʤʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʪʝʤʽ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ï 

çɿʘʙʝʟʧʝʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʩʪʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʦʨʩʴʢʠʭ ʩʫʜʝʥè, ʤʦʞʣʠʚʦ 

ʚʽʜʦʙʨʘʟʠʪʠ ʫ ʚʠʛʣʷʜʽ ʨʠʩ. 2.2. 

ʇʨʠ ʮʴʦʤʫ ʢʦʤʧʦʥʝʥʪʠ ʮʽʻʾ ʩʠʩʪʝʤʠ çʤʦʨʩʴʢʝ ʩʫʜʥʦè ʽ çʜʚʠʛʫʥ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷè ʤʘʶʪʴ ʜʚʦʩʪʦʨʦʥʥʽ ʟʚô̫ ʟʢʠ. ʊʝʭʥʽʯʥʠʡ ʩʪʘʥ 

ʤʦʨʩʴʢʦʛʦ ʩʫʜʥʘ, ʨʝʞʠʤʠ ʪʘ ʨʘʡʦʥʠ ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʪʚʦʨʶʶʪʴ ʟʦʚʥʽʰʥʽ 

ʦʙʫʨʝʥʥʷ ʥʘ ʨʦʙʦʪʫ ʜʚʠʛʫʥʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ. ʄʝʭʘʥʽʯʥʘ ʝʥʝʨʛʽʷ, ʱʦ 

ʛʝʥʝʨʫʻʪʴʩʷ ʜʚʠʛʫʥʦʤ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ, ʟʘʙʝʟʧʝʯʫʻ ʨʫʭ ʽ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʦʨʩʴʢʦʛʦ ʩʫʜʥʘ. 
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ʈʠʩ. 2.2. ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʩʪʽ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʤʦʨʩʴʢʠʭ ʩʫʜʝʥ 

 

ʆʜʥʠʤ ʟ̔ ʚʠʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ (ʷʢ ʜʣʷ ʜʚʠʛʫʥʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ, 

ʪʘʢ ʽ ʜʣʷ ʤʦʨʩʴʢʦʛʦ ʩʫʜʥʘ) ʻ ʝʢʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ (ʧʽʜ ʷʢʠʤʠ ʤʦʞʝ 

ʨʦʟʛʣʷʜʘʪʠʩʷ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʚʝʣʠʯʠʥ, ʘʣʝ ʚ ʮʽʣʷʭ ʽ ʟʘʚʜʘʥʥʷʭ 

ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ï ʝʤʽʩʽʷ ʦʢʩʠʜʽʚ ʘʟʦʪʫ). ɺʧʣʠʚ ʥʘ ʝʢʦʣʦʛʽʯʥʽ 

ʧʦʢʘʟʥʠʢʠ ʟ ʙʦʢʫ ʜʚʠʛʫʥʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ ʚʠʷʚʣʷʻʪʴʩʷ ʰʣʷʭʦʤ 

ʢʝʨʫʚʘʥʥʷ ʚʠʧʫʩʢʥʠʤʠ ʛʘʟʘʤʠ. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʟʘʛʘʣʴʥʦʾ ʤʝʪʦʜʦʣʦʛʽʾ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʩʠʩʪʝʤʥʦʛʦ 

ʧʽʜʭʦʜʫ ʜʦ ʧʨʦʙʣʝʤʠ ʙʝʟʧʝʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʦʨʩʴʢʦʛʦ ʩʫʜʥʘ, ʧʨʦʮʝʩ 

ʢʝʨʫʚʘʥʥʷ ʚʠʧʫʩʢʥʠʤʠ ʛʘʟʘʤʠ ʤʦʞʥʘ ʫʷʚʠʪʠ ʷʢ ʩʢʣʘʜʥʫ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʫ 

ʩʠʩʪʝʤʫ. ʎʷ ʩʠʩʪʝʤʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʜʠʥʘʤʽʯʥʦ ʤʽʥʣʠʚʠʤʠ 

ʢʦʥʪʨʦʣʴʦʚʘʥʠʤʠ ʽ ʨʝʛʫʣʴʦʚʘʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʽ (ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʢʦʥʩʪʨʫʢʮʽʡʥʦʛʦ ʚʠʢʦʥʘʥʥʷ) ʤʦʞʝ ʩʢʣʘʜʘʪʠʩʷ ʟ ʜʦʜʘʪʢʦʚʠʭ ʧʽʜʩʠʩʪʝʤ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʮʠʭ ʧʽʜʩʠʩʪʝʤʘʭ, ʽ ʚʠʙʽʨ 

ʦʧʪʠʤʘʣʴʥʠʭ ʨʝʞʠʤʽʚ ʢʝʨʫʚʘʥʥʷ ʮʠʤʠ ʧʽʜʩʠʩʪʝʤʘʤʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʨʦʟʚôʷʟʘʥʥʷ ʟʘʚʜʘʥʥʷ ʱʦʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʩʪʽ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʤʦʨʩʴʢʦʛʦ ʩʫʜʥʘ ʟ ʦʜʥʦʯʘʩʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʡʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʾ ʪʘ 

ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʠʥʮʠʧʽʚ, ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʽ ʟʘʢʦʥʽʚ 

ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ ʟʘʤʢʥʫʪʠʡ ʮʠʢʣ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʝ ʙʫʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʫ ʚʠʛʣʷʜʽ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʢʘʨʪʠ, ʥʘʚʝʜʝʥʦʾ ʥʘ ʨʠʩ. 2.3. 
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2.4. ʇʨʠʥʮʠʧʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

 

 

ɿʘʛʘʣʴʥʘ ʦʨʛʘʥʽʟʘʮʽʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ 

ʧʦʙʫʜʦʚʫ ʤʦʜʝʣʽ ʦʙ'ʻʢʪʘ, ʧʣʘʥʫʚʘʥʥʷ ʽ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ, 

ʚʠʢʣʶʯʝʥʥʷ ʘʙʦ ʦʙʣʽʢ ʚʠʧʘʜʢʦʚʠʭ ʜʽʾ ʜʦʚʢʽʣʣʷ, ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʟ ʦʮʽʥʢʦʶ ʧʦʤʠʣʦʢ ʽ ʾʭ ʩʫʢʫʧʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ, 

ʧʝʨʝʚʽʨʢʫ ʧʨʠʡʥʷʪʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʾʭ ʽʥʪʝʨʧʨʝʪʘʮʽʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʷ 

ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʚ ʫʧʦʨʷʜʢʦʚʘʥʦʤʫ ʪʘ ʚʽʟʫʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ [112]. 

ʇʦʙʫʜʦʚʘ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʦ ʚʠʟʥʘʯʝʥʥʶ 

ʝʢʦʣʦʛʽʯʥʦʩʪʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʦʨʩʴʢʦʛʦ ʩʫʜʥʘ ʚʠʢʦʥʫʚʘʣʠʩʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʜʠʥʘʤʽʮʽ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʪʦʢʽʚ ʚ ʮʠʣʽʥʜʨʽ ʜʠʟʝʣʷ, ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʝʥʥʷ 

ʚʠʪʨʘʪʠ ʧʦʚʽʪʨʷ ʪʘ ɺɻ ʚ ʩʢʨʽʟʴ ɻʊʅ ʪʘ ʣʽʥʽʶ ʨʝʮʠʨʢʫʣʷʮʽʾ ʘʙʦ ʧʝʨʝʧʫʩʢʫ. 

ɽʢʩʧʝʨʠʤʝʥʪʠ ʧʦ ʚʠʟʥʘʯʝʥʥʶ ʝʢʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʤʦʨʩʴʢʦʛʦ ʩʫʜʥʘ 

ʚʠʢʦʥʫʚʘʣʠʩʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʫʜʥʦʚʦʛʦ ʧʨʦʧʫʣʴʩʠʚʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ. ʇʨʠ ʮʴʦʤʫ ʜʦʩʣʽʜʞʝʥʥʷ ʟʜʽʡʩʥʶʚʘʣʠʩʷ ʥʘ ʩʫʜʥʘʭ ʨʽʟʥʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ (ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʤʫ ʤʦʨʩʴʢʦʤʫ ʩʫʜʥʽ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʚʠʜʦʙʫʪʢʫ ʚʫʛʣʝʚʦʜʥʦʾ ʩʠʨʦʚʠʥʠ; ʥʘʚʘʣʶʚʘʣʴʥʦʤʫ 

ʩʫʜʥʽ; ʤʦʨʩʴʢʦʤʫ ʩʫʜʥʽ, ʧʨʠʟʥʘʯʝʥʦʤʫ ʜʣʷ ʧʝʨʝʚʝʟʝʥʥʷ ʩʢʨʘʧʣʝʥʦʛʦ ʛʘʟʫ; 

ʫʥʽʚʝʨʩʘʣʴʥʦʤʫ ʩʫʜʥʽ; ʩʫʜʥʽ, ʧʨʠʟʥʘʯʝʥʦʤʫ ʜʣʷ ʧʝʨʝʚʝʟʝʥʥʷ ʥʘʜʚʘʞʢʠʭ 

ʚʘʥʪʘʞʽʚ) ʥʘ ɼɺɿ, ʱʦ ʚʠʢʦʥʫʶʪʴ ʬʫʥʢʮʽʾ ʛʦʣʦʚʥʦʛʦ ʪʘ ʜʦʧʦʤʽʞʥʠʭ ʜʚʠʛʫʥʽʚ 

(ʨʝʡʩʦʚʽ ʟʘʚʜʘʥʥʷ, ʟʛʽʜʥʦ ʜʦ ʷʢʠʭ ʚʠʢʦʥʫʚʘʣʠʩʴ ʚʠʧʨʦʙʫʚʘʥʥʷ, ʪʘ ʘʢʪʠ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʚʝʜʝʥʽ ʫ ʜʦʜʘʪʢʘʭ 

ɸ ʪʘ ɹ). 

ʇʽʜ ʯʘʩ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʘʨʽʘʥʪʫ ʢʝʨʫʚʘʥʥʷ ɺɻ ʟ ʤʝʪʦʶ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʩʪʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʦʨʩʴʢʦʛʦ ʩʫʜʥʘ ʮʠʢʣʠ ʚʽʜʧʦʚʽʜʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʥʫʚʘʣʠʩʷ ʥʘ ʘʣʛʦʨʠʪʤʦʤ, ʥʘʚʝʜʝʥʠʤ ʥʘ ʨʠʩ. 2.4. 
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ʈʠʩ. 2.4. ɹʣʦʢ-ʩʭʝʤʘ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʽʜ ʯʘʩ 

ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʘʨʽʘʥʪʫ ʢʝʨʫʚʘʥʥʷ ʚʠʧʫʩʢʥʠʤʠ ʛʘʟʘʤʠ 

 

ʇʽʜ ʯʘʩ ʚʠʧʨʦʙʫʚʘʥʴ, ʱʦ ʚʠʢʦʥʫʚʘʣʠʩʴ ʥʘ ʩʫʜʥʦʚʠʭ ɼɺɿ, ʦʙʣʘʜʥʘʥʠʭ 

ʩʠʩʪʝʤʦʶ ʨʝʮʠʨʢʫʣʷʮʽʾ/ʧʝʨʝʧʫʩʢʫ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ, ʟʜʽʡʩʥʶʚʘʣʦʩʷ 

ʚʠʟʥʘʯʝʥʥʷ:  

¶ ʝʢʦʣʦʛʽʯʥʠʭ (ʢʦʥʮʝʥʪʨʘʮʽʾ ʦʢʩʠʜʽʚ ʘʟʦʪʫ NOX ʚ ʚʠʧʫʩʢʥʠʭ ʛʘʟʘʭ);  

¶ ̔ ʥʜʠʢʘʪʦʨʥʠʭ ʪʘ ʝʬʝʢʪʠʚʥʠʭ (ʽʥʜʠʢʘʪʦʨʥʦʛʦ ʪʠʩʢʫ pi; ʽʥʜʠʢʘʪʦʨʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ Ni; ʝʬʝʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ Ne; ʧʠʪʦʤʦʾ ʝʬʝʢʪʠʚʥʦʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ 

be) ʧʦʢʘʟʥʠʢʽʚ ʨʦʙʦʪʠ ʜʠʟʝʣʷ;  
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¶ ʧʦʢʘʟʥʠʢʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʪʝʧʣʦʚʫ ʥʘʧʨʫʞʝʥʽʩʪʴ (ʪʝʤʧʝʨʘʪʫʨʫ 

ʦʭʦʣʦʜʞʫʚʘʣʴʥʦʾ ʚʦʜʠ tʦʚ; ʪʝʤʧʝʨʘʪʫʨʫ ʟʤʘʱʫʚʘʣʴʥʦʛʦ ʤʘʩʪʠʣʘ tʟʤ; 

ʪʝʤʧʝʨʘʪʫʨʫ ɺɻ tʚʛ) ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʨʝʮʠʨʢʫʣʷʮʽʾ/ 

ʧʝʨʝʧʫʩʢʫ ɺɻ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʽʻʾ ʤʝʪʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʤʦʙʽʣʴʥʽ ʪʘ ʚʙʫʜʦʚʘʥʽ ʚ 

ʩʠʩʪʝʤʫ ʢʦʥʪʨʦʣʶ ʪʘ ʨʝʻʩʪʨʘʮʽʾ ʦʩʥʦʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʨʦʙʦʪʠ ɼɺɿ ʧʨʠʣʘʜʠ ʪʘ 

ʩʠʩʪʝʤʠ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ: 

¶ ʛʘʟʦʘʥʘʣʽʟʘʪʦʨʠ, ʱʦ ʜʦʟʚʦʣʷʣʠ ʚʠʟʥʘʯʠʪʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʠʩʥʶ, ʘʟʦʪʫ ʪʘ 

ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʚ ɺɻ; 

¶ ʩʠʩʪʝʤʠ ʜʽʘʛʥʦʩʪʠʢʠ Doctor ʪʘ ProPower, ʱʦ ʟʘʙʝʟʧʝʯʫʚʘʣʠ ʚʠʟʥʘʯʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ, ʪʠʩʢʫ ʪʘ ʧʦʪʫʞʥʦʩʪʽ ʟ ʦʜʥʦʯʘʩʥʦʶ ʚʽʟʫʘʣʽʟʘʮʽʻʶ ʮʠʭ 

ʧʦʢʘʟʥʠʢʽʚ; 

¶ ʚʠʪʨʘʪʦʤʽʨʠ ʧʦʚʽʪʨʷ ʪʘ ɺɻ, ʘ ʪʘʢʦʞ ʧʘʣʠʚʘ, ʤʘʩʪʠʣʘ ʪʘ 

ʦʭʦʣʦʜʞʫʚʘʣʴʥʦʾ ʚʦʜʠ. 

ʇʦʭʠʙʢʘ ʧʽʜ ʯʘʩ ʚʠʟʥʘʯʝʥʥʷ ʚʩʽʭ ʚʠʱʝʚʢʘʟʘʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʥʝ 

ʧʝʨʝʚʠʱʫʚʘʣʘ °2,5 %. 

ɺʠʧʨʦʙʫʚʘʥʥʷ ʚʠʢʦʥʫʚʘʣʠʩʴ ʣʠʰʝ ʥʘ ʩʪʘʣʠʭ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ ʩʫʜʥʦʚʦʛʦ 

ʧʨʦʧʫʣʴʩʠʚʥʦʛʦ ʢʦʤʧʣʝʢʩʫ: ʟʘ ʫʤʦʚʦʶ ʚʽʜʩʫʪʥʽʩʪʴ ʟʦʚʥʽʰʥʽʭ ʟʙʫʨʝʥʴ 

(ʧʽʜʚʠʱʝʥʦʛʦ ʦʧʦʨʫ ʢʦʨʧʫʩʫ ʩʫʜʥʘ ʯʝʨʝʟ ʧʦʚʽʪʨʷ ʘʙʦ ʭʠʪʘʚʠʮʶ, 

ʟʙʽʣʴʰʝʥʥʷ/ʟʤʝʥʰʝʥʥʷ ʢʨʝʥʫ ʘʙʦ ʜʠʬʝʨʝʥʪʫ ʩʫʜʥʘ, ʩʧʽʚʤʽʨʥʦʛʦ ʟʘʥʫʨʝʥʥʷ 

ʧʽʜʚʦʜʥʦʾ ʯʘʩʪʠʥʠ ʩʫʜʥʘ) ï ʫ ʨʘʟʽ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʛʦʣʦʚʥʦʤʫ 

ʜʚʠʛʫʥʽ; ʟʘ ʫʤʦʚʦʶ ʧʦʩʪʽʡʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ ʙʦʢʫ ʩʧʦʞʠʚʘʯʽʚ ʝʥʝʨʛʽʾ ï ʫ 

ʨʘʟʽ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʜʦʧʦʤʽʞʥʦʤʫ ʜʚʠʛʫʥʽ. 
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2.5. ɺʠʩʥʦʚʢʠ ʟʘ ʨʦʟʜʽʣʦʤ 2 

 

 

1. ʋ ʨʝʟʫʣʴʪʘʪʽ ʚʠʙʦʨʫ ʪʝʤʠ ʜʦʩʣʽʜʞʝʥʥʷ, ʟʘʩʪʦʩʦʚʫʶʯʠ ʤʝʪʦʜ 

ʝʢʩʧʝʨʪʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʟʘ ʬʘʢʪʦʨʘʤʠ: ʘʢʪʫʘʣʴʥʽʩʪʴ, ʥʘʫʢʦʚʘ ʥʦʚʠʟʥʘ, 

ʝʢʦʥʦʤʽʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ, ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʫʤʦʚʘʭ ʤʦʨʩʴʢʦʛʦ 

ʩʫʜʥʘ, ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʦʩʥʦʚʥʠʤ ʥʘʧʨʷʤʢʘʤ ʥʘʫʢʦʚʦʾ ʩʧʝʮʽʘʣʴʥʦʩʪʽ ʽ ʥʘʫʢʦʚʦʾ 

ʰʢʦʣʠ, ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʛʘʣʫʟʽ ʟʥʘʥʴ çʊʨʘʥʩʧʦʨʪè, ʩʧʝʮʽʘʣʴʥʦʩʪʽ 271 çʈʽʯʢʦʚʠʡ 

ʪʘ ʤʦʨʩʴʢʠʡ ʪʨʘʥʩʧʦʨʪè ʩʬʦʨʤʫʣʴʦʚʘʥʘ ʪʝʤʘ, ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʧʽʜʚʠʱʝʥʥʷ 

ʝʢʦʣʦʛʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʫʜʝʥ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ. 

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʦʙʨʘʥʦ ʧʨʦʮʝʩ ʧʽʜʚʠʱʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ 

ʩʫʜʝʥ ʨʽʯʢʦʚʦʛʦ ʪʘ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ. 

ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʨʦʮʝʩ ʢʝʨʫʚʘʥʥʷ ʚʠʧʫʩʢʥʠʤʠ ʛʘʟʘʤʠ 

ʩʫʜʥʦʚʠʭ ʜʠʟʝʣʽʚ. 

2. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʽʜʚʠʱʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʫʜʝʥ 

ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʰʣʷʭʦʤ ʟʥʠʞʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʚ 

ʚʠʧʫʩʢʥʠʭ ʛʘʟʘʭ ʜʚʠʛʫʥʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ.  

3. ɻʦʣʦʚʥʝ ʟʘʚʜʘʥʥʷ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʛʘʻ ʫ ʨʦʟʨʦʙʮʽ ʪʘ 

ʚʠʟʥʘʯʝʥʥʷ ʨʝʞʠʤʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʚʠʧʫʩʢʥʠʤʠ ʛʘʟʘʤʠ, ʱʦ 

ʛʘʨʘʥʪʫʶʪʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʤʦʨʩʴʢʠʭ ʩʫʜʝʥ ʚʽʜʧʦʚʽʜʥʦ 

ʜʦ ʚʠʤʦʛ ʤʽʞʥʘʨʦʜʥʠʭ ʩʪʘʥʜʘʨʪʽʚ. 

4. ʈʦʟʚôʷʟʘʥʥʷ ʛʦʣʦʚʥʦʛʦ ʟʘʚʜʘʥʥʷ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʟʜʽʡʩʥʝʥʦ ʰʣʷʭʦʤ ʩʠʥʪʝʟʫ ʥʘʫʢʦʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʪʨʴʦʭ ʜʦʧʦʤʽʞʥʠʭ ʟʘʚʜʘʥʴ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ ʨʦʟʨʦʙʣʝʥʘ ʪʝʭʥʦʣʦʛʽʯʥʘ ʢʘʨʪʘ ʥʘʫʢʦʚʘ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʱʦ ʚʠʟʥʘʯʘʻ ʡʦʛʦ ʦʩʥʦʚʥʽ ʝʪʘʧʠ ʪʘ ʨʝʟʫʣʴʪʘʪʠ. 
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ʈʆɿɼɯʃ 3. ɼʆʉʃɯɼɾɽʅʅʗ ʇʈʆʎɽʉɯɺ ʈɽʎʀʈʂʋʃʗʎɯɰ ɺʀʇʋʉʂʅʀʍ 

ɻɸɿɯɺ ʗʂ ʉʇʆʉʆɹʋ ɿɸɹɽɿʇɽʏɽʅʅʗ ɽʂʆʃʆɻɯʏʅʆʉʊɯ  

ʄʆʈʉʔʂʀʍ ʉʋɼɽʅ 

 

 

ʊʨʝʪʽʡ  ʨʦʟʜʽʣ  ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ  ʜʦʩʣʽʜʞʝʥʥʷ  ʧʨʠʩʚʷʯʝʥʦ   ʨʦʟʚôʷʟʘʥʥʶ 

1-ʦʛʦ ʪʘ 2-ʦʡ ʜʦʧʦʤʽʞʥʦʛʦ ʟʘʚʜʘʥʴ, ʷʢʠʤʠ ʻ: 

ʚʠʟʥʘʯʝʥʥʷ ʜʽʘʧʘʟʦʥʫ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʨʝʮʠʨʢʫʣʷʮʽʾ ʛʘʟʽʚ, ʫ ʷʢʦʤʫ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʠʞʝʥʥʷ ʝʤʽʩʽʾ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ 

ʤʽʥʽʤʘʣʴʥʦʤʫ ʧʽʜʚʠʱʝʥʥʽ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ; 

ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ 

ʨʝʮʠʨʢʫʣʷʮʽʾ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ. 

ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʜʽʣʫ 3 ʚʠʩʚʽʪʣʝʥʽ ʚ ʜʞʝʨʝʣʘʭ [4], [7], [15], [16], 

[26], [36], [37], [45], [69], [174], [175].  

 

 

3.1. ʆʩʥʦʚʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʩʭʝʤʠ ʨʝʮʠʨʢʫʣʷʮʽʾ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ ʜʠʟʝʣʽʚ  

ʩʫʜʝʥ ʨʽʯʢʦʚʦʛʦ ʪʘ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ 

 

 

ʉʠʩʪʝʤʠ ʨʝʮʠʨʢʫʣʷʮʽʾ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ ʧʝʨʰ ʟʘ ʚʩʝ ʨʦʟʨʦʙʣʷʣʠʩʷ ʜʣʷ 

ʘʚʪʦʤʦʙʽʣʴʥʦʾ ʪʝʭʥʽʢʠ (ʷʢ ʜʣʷ ʙʝʥʟʠʥʦʚʠʭ, ʪʘʢ ʽ ʜʣʷ ʜʠʟʝʣʴʥʠʭ ʜʚʠʛʫʥʽʚ) [113, 

114]. ʇʦʟʠʪʠʚʥʠʡ ʜʦʩʚʽʜ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʰʫʢʫ ʥʦʚʠʭ 

ʨʽʰʝʥʴ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʨʦʙʦʪʠ ɼɺɿ ʩʫʜʝʥ ʨʽʯʢʦʚʦʛʦ 

ʪʘ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ, ʩʧʨʠʷʣʠ ʚʧʨʦʚʘʜʞʝʥʥʶ ʜʘʥʠʭ ʩʠʩʪʝʤ ʜʦ ʩʢʣʘʜʫ 

ʉɽʋ. ɿʘʣʝʞʥʦ ʚʽʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɼɺɿ (ʢʦʥʩʪʨʫʢʮʽʡʥʦʛʦ ʚʠʢʦʥʘʥʥʷ, 

ʧʦʪʫʞʥʦʩʪʽ, ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤʠ ʥʘʜʜʫʚʫ), ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʧʨʦʮʝʩ 

ʨʝʮʠʨʢʫʣʷʮʽʾ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʩʭʝʤʠ: ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ 

(High pressure ï HP-EGR), ʥʠʟʴʢʦʛʦ ʪʠʩʢʫ (Low pressure ï LP-EGR) ʽ 
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ʢʦʤʙʽʥʦʚʘʥʘ ʩʠʩʪʝʤʠ (High and Low pressure ï HLP-EGR) [115]. ʅʘ ʦʩʥʦʚʽ 

ʘʥʘʣʽʟʫ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ ʧʨʠʥʮʠʧʦʚʽ ʩʭʝʤʠ ʜʘʥʠʭ ʩʠʩʪʝʤ 

ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 3.1. 

ʉʠʩʪʝʤʘ ʨʝʮʠʨʢʫʣʷʮʽʾ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ (ʷʢ ʥʠʟʴʢʦʛʦ, ʪʘʢ ʽ ʚʠʩʦʢʦʛʦ 

ʪʠʩʢʫ) ʚʢʣʶʯʘʻ ʜʦ ʩʚʦʛʦ ʩʢʣʘʜʫ: 

¶ ʢʣʘʧʘʥ ʨʝʮʠʨʢʫʣʷʮʽʾ (ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ ʟʜʽʡʩʥʶʻʪʴʩʷ ʢʝʨʫʚʘʥʥʷ 

ʧʦʪʦʢʦʤ ʛʘʟʽʚ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʥʘ ʨʝʮʠʨʢʫʣʷʮʽʶ); 

¶ ʩʢʨʫʙʝʨ (ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʦʯʠʱʝʥʥʷ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ ʚʽʜ ʪʚʝʨʜʠʭ 

ʥʝʟʛʦʨʽʣʠʭ ʯʘʩʪʠʥʦʢ) ʽʟ ʩʠʩʪʝʤʦʶ ʚʦʜʷʥʦʛʦ ʟʨʦʰʝʥʥʷ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ 

ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ; 

¶ ʛʘʟʦʚʠʡ ʥʘʛʥʽʪʘʯ (ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʨʝʮʠʨʢʫʣʷʮʽʷ 

ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ ʫ ʧʨʦʜʫʚʥʠʡ ʨʝʩʠʚʝʨ ʘʙʦ ʜʦ ʢʦʤʧʨʝʩʦʨʘ ɻʊʅ). 

ʋ ʩʠʩʪʝʤʽ ʨʝʮʠʨʢʫʣʷʮʽʾ ʥʠʟʴʢʦʛʦ ʪʠʩʢʫ (ʨʠʩ. 3.1, ʘ) ʚʠʧʫʩʢʥʽ ʛʘʟʠ ʚʽʜ 

ʜʠʟʝʣʷ 5 ʥʘʜʭʦʜʷʪʴ ʜʦ ʟʘʛʘʣʴʥʦʛʦ ʚʠʧʫʩʢʥʦʛʦ ʢʦʣʝʢʪʦʨʘ 4 ʽ ʜʘʣʽ ʜʦ ɻʊʅ 2. 

ʇʽʩʣʷ ɻʊʅ ʯʘʩʪʠʥʘ ʛʘʟʽʚ ʧʦʚʝʨʪʘʻʪʴʩʷ ʥʘ ʨʝʮʠʨʢʫʣʷʮʽʶ. ɰʭʥʷ ʢʽʣʴʢʽʩʪʴ 

ʨʝʛʫʣʶʻʪʴʩʷ ʢʣʘʧʘʥʦʤ 1, ʧʦʣʦʞʝʥʥʷ ʷʢʦʛʦ, ʷʢ ʧʨʘʚʠʣʦ, ʟʘʜʘʻʪʴʩʷ 

ʢʦʥʪʨʦʣʝʨʦʤ [116]. ɺʠʧʫʩʢʥʽ ʛʘʟʠ (ʥʘʚʽʪʴ ʧʽʩʣʷ ɻʊʅ) ʤʘʶʪʴ ʚʠʩʦʢʫ 

ʪʝʤʧʝʨʘʪʫʨʫ, ʢʨʽʤ ʪʦʛʦ, ʜʦ ʾʭ ʩʢʣʘʜʫ ʚʭʦʜʷʪʴ ʪʚʝʨʜʽ ʯʘʩʪʠʥʢʠ ʥʝʟʛʦʨʽʣʠʭ 

ʚʫʛʣʝʚʦʜʥʽʚ, ʧʦʜʘʣʴʰʝ ʧʦʪʨʘʧʣʷʥʥʷ ʷʢʠʭ ʥʘ ʣʦʧʘʪʢʠ ʧʦʚʽʪʨʷʥʦʛʦ ʢʦʤʧʨʝʩʦʨʘ 

ʩʧʨʠʷʻ ʧʦʛʽʨʰʝʥʥʶ ʡʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʽ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʚʠʥʠʢʥʝʥʥʷ 

ʪʘʢʦʛʦ ʷʚʠʱʘ, ʷʢ ʧʦʤʧʘʞ [117]. ɯʟ ʮʠʭ ʧʨʠʯʠʥ ʥʘ ʤʘʛʽʩʪʨʘʣʽ ʨʝʮʠʨʢʫʣʷʮʽʾ 

ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʩʢʨʫʙʝʨ (ʧʦʟʠʮʽʷ 8 ʥʘ ʨʠʩ. 3.1), ʫ ʷʢʦʤʫ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʾʭ ʦʯʠʱʝʥʥʷ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ. ɿ ʮʽʻʶ ʤʝʪʦʶ ʚ ʩʠʩʪʝʤʽ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʽʩʥʘ ʚʦʜʘ (ʧʦʟʠʮʽʷ 9 ʥʘ ʨʠʩ. 3.1) ʽ ʮʠʨʢʫʣʷʮʽʡʥʠʡ ʥʘʩʦʩ 

(ʧʦʟʠʮʽʷ 10). ʂʨʽʤ ʪʦʛʦ, ʜʦ ʩʠʩʪʝʤʠ ʦʭʦʣʦʜʞʝʥʥʷ ʚʭʦʜʷʪʴ ʩʧʝʮʽʘʣʴʥʽ ʤʦʜʫʣʽ 

(ʥʘ ʨʠʩ. 3.1 ʥʝ ʧʦʢʘʟʘʥʽ) ʦʯʠʱʝʥʥʷ ʦʭʦʣʦʜʞʫʚʘʣʴʥʦʾ ʚʦʜʠ ʽ ʥʝʡʪʨʘʣʽʟʘʮʽʾ 

ʦʢʩʠʜʽʚ ʩʽʨʢʠ SOX, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʚʠʧʫʩʢʥʠʭ ʛʘʟʘʭ ʽ ʪʘʢʦʞ ʥʘʜʭʦʜʷʪʴ ʫ 

ʩʢʨʫʙʝʨ. ɺʠʧʫʩʢʥʽ ʛʘʟʠ, ʱʦ ʧʨʦʡʰʣʠ ʩʢʨʽʟʴ ʩʢʨʫʙʝʨ 8, ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʘʟʦʚʦʛʦ 

ʥʘʛʥʽʪʘʯʘ 7 ʩʧʨʷʤʦʚʫʶʪʴʩʷ ʜʦ ʧʦʚʽʪʨʷʥʦʛʦ ʢʦʤʧʨʝʩʦʨʘ K ɻʊʅ 2.  
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ʘ) ʙ) 

 
ʚ) 

ʈʠʩ. 3.1. ʇʨʠʥʮʠʧʦʚʽ ʩʭʝʤʠ ʩʠʩʪʝʤʠ ʨʝʮʠʨʢʫʣʷʮʽʾ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ 

ʘ) ʥʠʟʴʢʦʛʦ ʪʠʩʢʫ; ʙ) ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ; ʚ) ʢʦʤʙʽʥʦʚʘʥʘ: 

1, 16 ï ʢʝʨʫʶʯʠʡ ʢʣʘʧʘʥ ʩʠʩʪʝʤʠ ʨʝʮʠʨʢʫʣʷʮʽʾ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ; 2, 17 ï ɻʊʅ; 

3, 11, 18 ï ʦʭʦʣʦʜʞʫʚʘʯ ʧʦʚʽʪʨʷ; 4 ï ʛʘʟʦʚʠʧʫʩʢʥʠʡ ʢʦʣʝʢʪʦʨ; 5 ï ɼɺɿ;  

6 ï ʧʦʚʽʪʨʷʥʠʡ (ʧʨʦʜʫʚʥʠʡ) ʨʝʩʠʚʝʨ; 7, 14 ï ʛʘʟʦʚʠʡ ʥʘʛʥʽʪʘʯ ʟ ʝʣʝʢʪʨʠʯʥʠʤ 

ʧʨʠʚʦʜʦʤ; 8, 13 ï ʩʢʨʫʙʝʨ; 9, 12 ï ʮʠʩʪʝʨʥʠ ʧʨʽʩʥʦʾ ʚʦʜʠ; 10, 15 ï ʥʘʩʦʩ 

ʧʨʽʩʥʦʾ ʚʦʜʠ; T, K ï ʛʘʟʦʚʘ ʪʫʨʙʽʥʘ ʽ ʧʦʚʽʪʨʷʥʠʡ ʢʦʤʧʨʝʩʦʨ ɻʊʅ 
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ʅʦʚʦʫʪʚʦʨʝʥʘ ʪʘʢʠʤ ʯʠʥʦʤ ʛʘʟʦʧʦʚʽʪʨʷʥʘ ʩʫʤʽʰ ʦʭʦʣʦʜʞʫʻʪʴʩʷ ʚ 

ʭʦʣʦʜʠʣʴʥʠʢʫ ʥʘʜʜʫʚʦʯʥʦʛʦ ʧʦʚʽʪʨʷ 3 ʽ ʥʘʜʭʦʜʠʪʴ ʫ ʧʨʦʜʫʚʥʠʡ ʨʝʩʠʚʝʨ 6 

ʜʠʟʝʣʷ 5. 

ʋ ʩʠʩʪʝʤʽ ʨʝʮʠʨʢʫʣʷʮʽʾ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ (ʨʠʩ. 3.1, ʙ) ʚʠʧʫʩʢʥʽ ʛʘʟʠ ʟ 

ʛʘʟʦʚʠʧʫʩʢʥʦʛʦ ʢʦʣʝʢʪʦʨʘ 4 ʜʠʟʝʣʷ 5 ʥʘʜʭʦʜʷʪʴ, ʷʢ ʜʦ ʛʘʟʦʚʦʾ ʪʫʨʙʽʥʠ T ɻʊʅ 

2, ʪʘʢ ʽ ʚ ʩʠʩʪʝʤʫ ʨʝʮʠʨʢʫʣʷʮʽʾ. ʋ ʟʚôʷʟʢʫ ʟ ʚʠʩʦʢʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʚʠʧʫʩʢʥʠʭ 

ʛʘʟʽʚ ʾʭ ʧʦʧʝʨʝʜʥʴʦ ʦʭʦʣʦʜʞʫʶʪʴ ʚ ʦʭʦʣʦʜʞʫʚʘʯʽ 11. ʇʽʩʣʷ ʯʦʛʦ ʛʘʟʠ 

ʥʘʜʭʦʜʷʪʴ ʚ ʩʢʨʫʙʝʨ 8 (ʚ ʷʢʦʤʫ ʚʦʥʠ, ʘʥʘʣʦʛʽʯʥʦ ʩʠʩʪʝʤʽ ʨʝʮʠʨʢʫʣʷʮʽʾ 

ʥʠʟʴʢʦʛʦ ʪʠʩʢʫ, ʦʯʠʱʫʶʪʴʩʷ ʽ ʦʭʦʣʦʜʞʫʶʪʴʩʷ) ʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʛʥʽʪʘʯʘ 7 

ʩʧʨʷʤʦʚʫʶʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʧʨʦʜʫʚʥʠʡ ʨʝʩʠʚʝʨ 6 ʜʠʟʝʣʷ 5. ʊʘʢʦʞ ʚ 

ʧʨʦʜʫʚʥʠʡ ʨʝʩʠʚʝʨ ʥʘʜʭʦʜʠʪʴ ʩʚʽʞʝ ʧʦʚʽʪʨʷ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʢʦʤʧʨʝʩʦʨʦʤ K 

ɻʊʅ 2 ʽ ʦʭʦʣʦʜʞʫʻʪʴʩʷ ʚ ʦʭʦʣʦʜʞʫʚʘʯʽ ʥʘʜʜʫʚʦʯʥʦʛʦ ʧʦʚʽʪʨʷ 3. 

ʅʦʚʦʫʪʚʦʨʝʥʘ ʪʘʢʠʤ ʯʠʥʦʤ ʛʘʟʦʧʦʚʽʪʨʷʥʘ ʩʫʤʽʰ ʥʘʜʭʦʜʠʪʴ ʫ ʮʠʣʽʥʜʨʠ 

ʜʠʟʝʣʷ. 

ʇʝʨʝʚʘʛʠ ʩʠʩʪʝʤʠ ʨʝʮʠʨʢʫʣʷʮʽʾ ʥʠʟʴʢʦʛʦ ʪʠʩʢʫ: 

Å ʧʨʦʩʪʘ ʢʦʥʩʪʨʫʢʮʽʷ ʛʘʟʦʭʦʜʽʚ ʽ ʩʢʨʫʙʝʨʘ, ʟʚʘʞʘʶʯʠ ʥʘ ʧʦʨʽʚʥʷʥʦ 

ʥʠʟʴʢʠʡ ʪʠʩʢ ʽ ʥʠʟʴʢʫ ʪʝʤʧʝʨʘʪʫʨʫ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ (ʧʦʨʽʚʥʷʥʦ ʟ ʩʠʩʪʝʤʦʶ 

ʨʝʮʠʨʢʫʣʷʮʽʾ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ); 

Å ʥʠʟʴʢʘ ʧʦʪʫʞʥʽʩʪʴ ʜʦʜʘʪʢʦʚʦʛʦ ʛʘʟʦʚʦʛʦ ʥʘʛʥʽʪʘʯʘ, ʟ ʦʛʣʷʜʫ ʥʘ ʪʝ, ʱʦ 

ʚʠʧʫʩʢʥʽ ʛʘʟʠ ʧʽʜ ʯʘʩ ʨʝʮʠʨʢʫʣʷʮʽʾ ʩʧʨʷʤʦʚʫʶʪʴʩʷ ʥʝ ʚ ʧʨʦʜʫʚʥʠʡ ʨʝʩʠʚʝʨ 

(ʷʢ ʫ ʩʠʩʪʝʤʽ ʨʝʮʠʨʢʫʣʷʮʽʾ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ), ʘ ʚ ʢʦʤʧʨʝʩʦʨ ɻʊʅ. 

ʇʨʠ ʮʴʦʤʫ, ʢʦʤʧʦʥʝʥʪʠ ʩʠʩʪʝʤʠ ʥʠʟʴʢʦʛʦ ʪʠʩʢʫ ʤʘʶʪʴ ʙʽʣʴʰ ʚʝʣʠʢʽ 

ʛʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ ʥʽʞ ʚ ʩʠʩʪʝʤʽ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ (ʫ ʟʚôʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʧʨʠ 

ʥʠʟʴʢʦʤʫ ʪʠʩʢʫ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ ʧʨʦʧʦʨʮʽʡʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʾʭ ʦʙôʻʤ) [118]. 

ʉʠʩʪʝʤʘ ʨʝʮʠʨʢʫʣʷʮʽʾ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ (ʧʦʨʽʚʥʷʥʦ ʽʟ ʩʠʩʪʝʤʦʶ ʥʠʟʴʢʦʛʦ 

ʪʠʩʢʫ) ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʙʽʣʴʰʦʶ ʢʦʤʧʘʢʪʥʽʩʪʶ ï ʚʠʩʦʢʠʡ ʪʠʩʢ ʩʧʨʠʷʻ ʤʝʥʰʦʤʫ 

ʧʠʪʦʤʦʤʫ ʦʙôʻʤʫ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ. ʆʜʥʘʢ, ʟ ʦʛʣʷʜʫ, ʷʢ ʥʘ ʚʠʩʦʢʠʡ ʪʠʩʢ, ʪʘʢ ʽ 

ʚʠʩʦʢʫ ʪʝʤʧʝʨʘʪʫʨʫ ʛʘʟʽʚ, ʩʢʨʫʙʝʨ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʾʭ ʦʯʠʱʝʥʥʷ, ʟʘʟʥʘʻ ʚʝʣʠʢʽ 

ʪʝʤʧʝʨʘʪʫʨʥʽ ʽ ʛʽʜʨʘʚʣʽʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʪʦʤʫ ʤʘʻ ʙʽʣʴʰ ʩʢʣʘʜʥʫ 
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ʢʦʥʩʪʨʫʢʮʽʶ. ʂʨʽʤ ʪʦʛʦ, ʟ ʦʛʣʷʜʫ ʥʘ ʪʝ, ʱʦ ʚ ʩʠʩʪʝʤʽ ʨʝʮʠʨʢʫʣʷʮʽʾ ʚʠʩʦʢʦʛʦ 

ʪʠʩʢʫ ʚʠʧʫʩʢʥʽ ʛʘʟʠ ʥʘʜʭʦʜʷʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʨʝʩʠʚʝʨ ʧʨʦʜʫʚʥʦʛʦ ʧʦʚʽʪʨʷ, 

ʧʦʪʫʞʥʽʩʪʴ ʛʘʟʦʚʦʛʦ ʥʘʛʥʽʪʘʯʘ ʧʦʚʠʥʥʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʪʘʢʠʡ ʩʘʤʠʡ ʚʠʩʦʢʠʡ 

ʪʠʩʢ, ʷʢ ʽ ʦʩʥʦʚʥʠʡ ʧʦʚʽʪʨʷʥʠʡ ʢʦʤʧʨʝʩʦʨ ɻʊʅ. ʊʘʢʦʞ ʥʝʦʙʭʽʜʥʦ ʚʽʜʟʥʘʯʠʪʠ, 

ʱʦ ʚʠʩʦʢʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ ʟʦʙʦʚôʷʟʫʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʜʦʜʘʪʢʦʚʠʡ ʦʭʦʣʦʜʞʫʚʘʯ (ʧʦʟʠʮʽʷ 11 ʥʘ ʨʠʩ. 3.1), ʮʝ ʫʩʢʣʘʜʥʶʻ ʢʦʥʩʪʨʫʢʮʽʶ 

ʩʠʩʪʝʤʠ ʨʝʮʠʨʢʫʣʷʮʽʾ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ. 

ʋ ʩʠʩʪʝʤʘʭ ʨʝʮʠʨʢʫʣʷʮʽʾ ʥʠʟʴʢʦʛʦ ʽ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ ʢʽʣʴʢʽʩʪʴ ɺɻ, ʱʦ 

ʥʘʜʭʦʜʷʪʴ ʫ ʮʠʣʽʥʜʨ, ʤʦʞʝ ʜʦʩʷʛʘʪʠ 25...30 % ʚʽʜ ʾʭ ʟʘʛʘʣʴʥʦʛʦ ʦʙʩʷʛʫ [119]. 

ʂʦʤʙʽʥʦʚʘʥʽ ʩʠʩʪʝʤʠ (ʟʘʙʝʟʧʝʯʫʶʪʴ ʨʝʮʠʨʢʫʣʷʮʽʶ ɺɻ, ʷʢ ʟ ʚʠʩʦʢʠʤ, ʪʘʢ 

ʽ ʟ ʥʠʟʴʢʠʤ ʪʠʩʢʦʤ) ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʨʘʟʽ ʜʚʦʩʪʫʧʝʥʝʚʦʛʦ ʥʘʜʜʫʚʫ. 

ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 3.1, ʚ. ʇʝʨʰʠʡ ʢʦʥʪʫʨ 

ʨʝʮʠʨʢʫʣʷʮʽʾ ʮʽʻʾ ʩʠʩʪʝʤʠ ʩʢʦʤʧʣʝʢʪʦʚʘʥʠʡ ʫ ʚʠʛʣʷʜʽ ʩʠʩʪʝʤʠ ʚʠʩʦʢʦʛʦ 

ʪʠʩʢʫ. ʇʦʪʽʢ ɺɻ ʟ ʢʦʣʝʢʪʦʨʘ 4 ʜʠʟʝʣʷ 5 ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʤʽʞ ʪʫʨʙʽʥʦʶ T ɻʊʅ 

ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ 2 ʽ ʢʦʥʪʫʨʦʤ ʨʝʮʠʨʢʫʣʷʮʽʾ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʝʨʫʶʯʦʛʦ 

ʢʣʘʧʘʥʘ 1, ʦʭʦʣʦʜʞʫʚʘʯʘ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ 11, ʩʢʨʫʙʝʨʘ 8 (ʽʟ ʩʠʩʪʝʤʦʶ 

ʦʭʦʣʦʜʞʝʥʥʷ ʽ ʟʨʦʰʝʥʥʷ ï ʮʠʩʪʝʨʥʘ 9, ʥʘʩʦʩ 10), ʛʘʟʦʚʦʛʦ ʥʘʛʥʽʪʘʯʘ 7 , ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʾʭ ʧʦʜʘʯʫ ʚ ʧʨʦʜʫʚʥʠʡ ʨʝʩʠʚʝʨ 6. ʊʘʢʦʞ ʫ ʨʝʩʠʚʝʨ 6 ʥʘʜʭʦʜʠʪʴ 

ʩʚʽʞʝ ʧʦʚʽʪʨʷ, ʩʪʠʩʥʝʥʝ ʚ ʢʦʤʧʨʝʩʦʨʽ K ɻʊʅ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ 2 ʽ ʦʭʦʣʦʜʞʝʥʝ ʚ 

ʦʭʦʣʦʜʞʫʚʘʯʽ 3. ɼʨʫʛʠʡ ʢʦʥʪʫʨ ʢʦʤʙʽʥʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʨʝʮʠʨʢʫʣʷʮʽʾ ʷʚʣʷʻ 

ʩʦʙʦʶ ʩʠʩʪʝʤʫ ʥʠʟʴʢʦʛʦ ʪʠʩʢʫ, ʚ ʷʢʽʡ ʚʠʧʫʩʢʥʽ ʛʘʟʠ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʜʚʘ 

ʧʦʪʦʢʠ ʧʽʩʣʷ ʪʫʨʙʽʥʠ T ɻʊʅ ʥʠʟʴʢʦʛʦ ʪʠʩʢʫ 17. ʆʜʠʥ ʟ ʮʠʭ ʧʦʪʦʢʽʚ ʨʫʭʘʻʪʴʩʷ 

ʛʘʟʦʚʠʧʫʩʢʥʦʶ ʪʨʫʙʦʶ ʽ ʥʘʜʭʦʜʠʪʴ ʚ ʘʪʤʦʩʬʝʨʫ, ʜʨʫʛʠʡ (ʦʙôʻʤ ʷʢʦʛʦ 

ʨʝʛʫʣʶʻʪʴʩʷ ʢʣʘʧʘʥʦʤ ʨʝʮʠʨʢʫʣʷʮʽʾ 16) ʧʦʚʝʨʪʘʻʪʴʩʷ ʚ ʧʦʚʽʪʨʷʥʫ ʤʘʛʽʩʪʨʘʣʴ. 

ʇʨʠ ʮʴʦʤʫ ʚʠʧʫʩʢʥʽ ʛʘʟʠ ʧʨʦʭʦʜʷʪʴ ʩʢʨʫʙʝʨ 13 (ʜʝ ʦʯʠʱʫʶʪʴʩʷ ʚʽʜ ʪʚʝʨʜʠʭ 

ʯʘʩʪʠʥʦʢ ʽ ʦʢʩʠʜʽʚ ʩʽʨʢʠ ʟʘʚʜʷʢʠ ʚʦʜʥʦʤʫ ʨʦʟʯʠʥʫ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʚ ʩʢʨʫʙʝʨ 

ʥʘʩʦʩʦʤ 15 ʽʟ ʮʠʩʪʝʨʥʠ 12) ʽ ʛʘʟʦʚʠʤ ʥʘʛʥʽʪʘʯʝʤ 14 ʧʦʜʘʶʪʴʩʷ ʜʦ ʧʦʚʽʪʨʷʥʦʛʦ 

ʢʦʤʧʨʝʩʦʨʘ K ɻʊʅ ʥʠʟʴʢʦʛʦ ʪʠʩʢʫ 17. ʄʽʞ ʧʦʚʽʪʨʷʥʠʤʠ ʢʦʤʧʨʝʩʦʨʘʤʠ ɻʊʅ 

ʥʠʟʴʢʦʛʦ ʪʠʩʢʫ 17 ʽ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ 2 ʚʩʪʘʥʦʚʣʝʥʠʡ ʦʭʦʣʦʜʞʫʚʘʯ ɻʊʅ ʧʦʚʽʪʨʷ 
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18, ʫ ʷʢʦʤʫ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʦʭʦʣʦʜʞʝʥʥʷ ʧʦʚʽʪʨʷ ʧʝʨʝʜ ʜʨʫʛʠʤ ʩʪʫʧʝʥʝʤ 

ʩʪʠʩʥʝʥʥʷ. 

ʋ ʢʦʤʙʽʥʦʚʘʥʽʡ ʩʠʩʪʝʤʽ ʨʝʮʠʨʢʫʣʷʮʽʾ ʢʽʣʴʢʽʩʪʴ ɺɻ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʥʘ 

ʨʝʮʠʨʢʫʣʷʮʽʶ ʚ ʢʦʥʪʫʨ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ, ʥʝ ʧʝʨʝʚʠʱʫʻ 10...15 %. ʎʠʤ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʦʪʫʞʥʽʩʪʴ ɻʊʅ ʥʠʟʴʢʦʛʦ ʪʠʩʢʫ. ʇʝʨʝʚʠʱʝʥʥʷ ʟʘʟʥʘʯʝʥʠʭ 

ʤʝʞ ʤʦʞʝ ʩʫʪʪʻʚʦ ʟʥʠʟʠʪʠ ʧʦʪʫʞʥʽʩʪʴ ʛʘʟʦʚʦʾ ʪʫʨʙʽʥʠ ɻʊʅ ʥʠʟʴʢʦʛʦ ʪʠʩʢʫ, 

ʦɦ ʧʨʠʟʚʝʜʝ ʜʦ ʟʤʝʥʰʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʦʚʽʪʨʷʥʦʛʦ ʢʦʤʧʨʝʩʦʨʘ (ʜʞʝʨʝʣʘ 

ʧʦʜʘʯʽ ʩʚʽʞʦʛʦ ʧʦʚʽʪʨʷ ʜʦ ʜʠʟʝʣʷ) ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʟʥʠʞʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʜʠʟʝʣʷ. 

ʂʽʣʴʢʽʩʪʴ ʛʘʟʽʚ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʫ ʢʦʥʪʫʨ ʨʝʮʠʨʢʫʣʷʮʽʾ ʥʠʟʴʢʦʛʦ ʪʠʩʢʫ, 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʮʠʭ ʞʝ ʤʝʞʘʭ. ʇʝʨʝʚʠʱʝʥʥʷ ʮʠʭ ʟʥʘʯʝʥʴ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʩʫʪʪʻʚʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ɺɻ ʫ ʧʨʦʜʫʚʥʦʤʫ ʨʝʩʠʚʝʨʽ ʜʠʟʝʣʷ (ʚ ʷʢʠʡ 

ʪʘʢʦʞ ʥʘʜʭʦʜʷʪʴ ʚʠʧʫʩʢʥʽ ʛʘʟʠ ʧʦ ʢʦʥʪʫʨʫ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ) [120, 121]. 

 

 

3.2. ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʧʨʦʮʝʩʽʚ,  

ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʮʠʣʽʥʜʨʽ ʜʠʟʝʣʷ ʧʽʜ ʯʘʩ ʟʛʦʨʷʥʥʷ ʨʽʜʢʦʛʦ ʧʘʣʠʚʘ 

 

 

ɽʬʝʢʪʠʚʥʽ ʪʘ ʝʢʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʨʦʙʦʯʦʛʦ ʮʠʢʣʫ ʧʦʨʰʥʝʚʦʛʦ ʜʚʠʛʫʥʘ 

ʦʙʫʤʦʚʣʝʥʽ ʧʝʨʰ ʟʘ ʚʩʝ ʭʘʨʘʢʪʝʨʦʤ ʩʢʣʘʜʥʠʭ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ, ʛʘʟʦʜʠʥʘʤʽʯʥʠʭ, ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʽ ʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʮʠʣʽʥʜʨʽ ʟʘ ʢʦʨʦʪʢʽ ʧʨʦʤʽʞʢʠ ʯʘʩʫ. ʄʘʪʝʤʘʪʠʯʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʫʨʙʫʣʝʥʪʥʠʭ ʧʨʦʮʝʩʽʚ ʧʝʨʝʥʝʩʝʥʥʷ ʽ ʛʦʨʽʥʥʷ ʚ ʩʫʯʘʩʥʽʡ ʪʝʦʨʽʾ 

ʧʦʨʰʥʝʚʠʭ ʜʚʠʛʫʥʽʚ ʟʘʩʥʦʚʘʥʝ ʥʘ ʟʘʩʪʦʩʫʚʘʥʥʽ ʩʠʩʪʝʤʠ ʟ ʪʨʠʚʠʤʽʨʥʠʭ 

ʨʽʚʥʷʥʴ ʢʽʣʴʢʦʩʪʽ ʨʫʭʫ (ʅʘʚôʻ-ʉʪʦʢʩʘ), ʝʥʝʨʛʽʾ (ʌʫʨôʻ-ʂʽʨʭʛʦʬʘ), ʜʠʬʫʟʽʾ 

(ʌʽʢʘ) ʽ ʟʙʝʨʝʞʝʥʥʷ ʤʘʩʠ [122]. ɺ ʨʝʟʫʣʴʪʘʪʽ ʯʠʩʝʣʴʥʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ ʪʘʢʦʾ 

ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʚʠʟʥʘʯʘʶʪʴ ʣʦʢʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʚ ʦʙôʻʤʽ, ʘ ʪʘʢʦʞ ʣʦʢʘʣʴʥʽ ʪʝʧʣʦʚʽ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʪʝʨʤʽʯʥʽ 

ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ) ʥʘ ʪʝʧʣʦʩʧʨʠʡʤʘʶʯʠʭ ʧʦʚʝʨʭʥʷʭ ʢʘʤʝʨʠ ʟʛʦʨʷʥʥʷ. 
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3.2.1. ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʫʪʚʦʨʝʥʥʷ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʧʽʜ ʯʘʩ ʟʛʦʨʷʥʥʷ 

ʧʘʣʠʚʘ 

 

 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʝʟʫʣʴʪʘʪʽʚ ʣʽʪʝʨʘʪʫʨʥʦʛʦ ʦʛʣʷʜʫ, ʚʠʢʦʥʘʥʦʛʦ ʚ ʨʦʟʜʽʣʽ 1, 

ʫ ʧʨʦʜʫʢʪʘʭ ʟʛʦʨʷʥʥʷ ɼɺɿ ʢʽʣʴʢʽʩʪʴ NO ʩʪʘʥʦʚʠʪʴ ʧʦʥʘʜ 90 % ʚʽʜ ʩʫʤʘʨʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʚʩʴʦʛʦ ʢʦʤʧʣʝʢʩʫ ʦʢʩʠʜʽʚ ʘʟʦʪʫ NOX, ʫ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʫ ʨʦʟʨʘʭʫʥʢʘʭ 

ʟʘ ʚʠʟʥʘʯʝʥʥʷʤ ʝʢʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʦʨʰʥʝʚʠʭ ʜʚʠʛʫʥʽʚ ʚ ʷʢʦʩʪʽ 

ʧʝʨʝʚʘʞʘʶʯʦʛʦ ʧʨʠʡʤʘʻʪʴʩʷ ʤʝʭʘʥʽʟʤ ʫʪʚʦʨʝʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʨʦʟʰʠʨʝʥʠʡ 

ʤʝʭʘʥʽʟʤ ʫʪʚʦʨʝʥʥʷ NO ɿʝʣʴʜʦʚʠʯʘ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʷʢ 

 

,NNOON 11  ,

2
### +½½½ ­«+ RV kk

 (3.1) 

,ONOON 22  ,

2
## +½½½ ­«+ RV kk

 
(3.2) 

ʅNOʅON 33  , ### +½½½ ­«+ RV kk
 (3.3) 

 

ʜʝ ki ï ʢʦʥʩʪʘʥʪʘ ʰʚʠʜʢʦʩʪʽ i-ʡ ʨʝʘʢʮʽʾ; 

V ʽ R ï ʽʥʜʝʢʩʠ, ʱʦ ʚʢʘʟʫʶʪʴ ʥʘ ʧʨʷʤʫ ʽ ʟʚʦʨʦʪʥʫ ʨʝʘʢʮʽʾ ʚʽʜʧʦʚʽʜʥʦ [123]. 

ʋ ʜʘʥʠʡ ʯʘʩ ʨʦʟʰʠʨʝʥʠʡ ʤʝʭʘʥʽʟʤ ʫʪʚʦʨʝʥʥʷ NO ɿʝʣʴʜʦʚʠʯʘ ʻ ʦʩʥʦʚʥʠʤ 

ʧʽʜ ʯʘʩ ʦʧʠʩʫ ʥʘʚʝʜʝʥʠʭ ʧʨʦʮʝʩʽʚ [124-126]. ʆʜʥʦʯʘʩʥʦ ʟ ʮʠʤ, ʧʨʠ 

ʜʦʩʣʽʜʞʝʥʥʷʭ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʨʷʜ ʽʥʰʠʭ ʩʭʝʤ ʫʪʚʦʨʝʥʥʷ NO, ʷʢʽ ʟʘʩʥʦʚʘʥʽ ʥʘ 

ʜʝʪʘʣʴʥʦʤʫ ʦʧʠʩʽ ʢʽʥʝʪʠʯʥʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʧʨʠ ʮʴʦʤʫ ʢʽʣʴʢʽʩʪʴ ʧʨʦʤʽʞʥʠʭ 

ʨʝʘʢʮʽʡ ʜʦʩʷʛʘʻ ʜʝʢʽʣʴʢʦʭ ʜʝʩʷʪʢʽʚ ʽ ʩʦʪʝʥʴ [127]. ʆʛʣʷʜ ʮʠʭ ʩʭʝʤ, ʱʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʧʨʦʮʝʩʽʚ ʫʪʚʦʨʝʥʥʷ NOʍ ʫ ʧʦʨʰʥʝʚʠʭ 

ʜʚʠʛʫʥʘʭ, ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʥʘʥʠʡ ʥʘ ʧʽʜʩʪʘʚʽ ʜʘʥʠʭ [128] ʽ ʥʘʚʝʜʝʥʠʡ ʫ ʚʠʛʣʷʜʽ 

ʪʘʙʣʠʮʽ 3.1. ʋ ʥʽʡ ʷʢ ʧʨʠʢʣʘʜ ʧʦʢʘʟʘʥʽ ʪʨʠ ʪʘʢʽ ʩʭʝʤʠ ʧʨʠʙʣʠʟʥʦ ʟ ʦʜʥʘʢʦʚʠʤ 

ʯʠʩʣʦʤ ʧʨʦʤʽʞʥʠʭ ʨʝʘʢʮʽʡ. ʏʝʨʝʟ ʄ ʧʦʟʥʘʯʝʥʘ ʥʝʡʪʨʘʣʴʥʘ ʤʦʣʝʢʫʣʘ, ʷʢʘ ʥʝ 

ʙʝʨʝ ʫʯʘʩʪʽ ʚ ʜʘʥʽʡ ʨʝʘʢʮʽʾ ʽ ʩʧʨʠʡʤʘʻ ʝʥʝʨʛʽʶ ʟʙʫʜʥʠʢʘ ʘʢʪʠʚʥʠʭ ʯʘʩʪʠʥʦʢ. 

ʉʭʝʤʠ, ʧʦʢʘʟʘʥʽ ʚ ʪʘʙʣʠʮʽ 3.1, ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʨʝʘʢʮʽʾ ʢʣʘʩʠʯʥʦʛʦ ʘʙʦ 

ʨʦʟʰʠʨʝʥʦʛʦ ʤʝʭʘʥʽʟʤʽʚ ɿʝʣʴʜʦʚʠʯʘ (ʚʠʜʽʣʝʥʽ ʞʠʨʥʠʤ ʰʨʠʬʪʦʤ) ʥʘʷʚʥʽ ʫ 

ʚʩʽʭ ʚʠʧʘʜʢʘʭ. 
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ʊʘʙʣʠʮʷ 3.1 

ʉʭʝʤʠ ʫʪʚʦʨʝʥʥʷ Nʆ ʚ ʧʦʨʰʥʝʚʠʭ ʜʚʠʛʫʥʘʭ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ 
ˉ
 
ʨ
ʝ
ʘ
ʢ
ʮ
ʽ
ʾ

 ʉʭʝʤʘ ˉ 1. 
ʅʘ ʦʩʥʦʚʽ 

ʪʝʧʣʦʤʘʩʦʦʙʤʽʥʫ 

ʽ ʭʽʤʽʯʥʦʾ ʢʽʥʝʪʠʢʠ 

ʨʝʘʢʮʽʾ ʜʦʛʦʨʘʥʥʷ ˉ
 
ʨ
ʝ
ʘ
ʢ
ʮ
ʽ
ʾ

 ʉʭʝʤʘ ˉ 2. 
ʅʘ ʦʩʥʦʚʽ ʭʽʤʽʯʥʦʾ 

ʪʝʨʤʦʜʠʥʘʤʽʢʠ ʽ 

ʨʝʘʢʮʽʾ ʨʦʟʧʘʜʫ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʘʟʦʪʫ ˉ
 
ʨ
ʝ
ʘ
ʢ
ʮ
ʽ
ʾ

 ʉʭʝʤʘ ˉ 3. 
ʅʘ ʦʩʥʦʚʽ ʭʽʤʽʯʥʦʾ 

ʪʝʨʤʦʜʠʥʘʤʽʢʠ ʽ 

ʢʽʥʝʪʠʢʠ ʭʽʤʽʯʥʠʭ 

ʨʝʘʢʮʽʡ 

1 OH+H2ªH+H2O 1 N2+OªNʆ+N 1 O+N2ªN+Nʆ 

2 OH+OHªO+H2O 2 O2+NªNʆ+O 2 N2+O2ªN+Nʆ2 

3 OH+HªH2O 3 Oʅ+NªNʆ+ʅ 3 N2+O2ª2Nʆ 
4 H+ʆ2ªHʆ2 4 N2+O2ªNʆ+Nʆ 4 2NʆªN2+O2 

5 OH+OHªH2O2 5 NO+MªN+O+M 5 NO+OªN+O2 

6 ʉO+OHªʉO2+H 6 N2O+MªN2+O+M 6 O+N+MªNO+M 

7 N+NOªN2+O 7 NO+NOªN2O+O 7 NO2+MªO+NO+M 

8 N+O2ªNʆ+O 8 NO+O+MªNO2+M 8 NO2+MªO2+N+M 

9 N+OʅªNʆ+ʅ 9 NO2+OªNO+O2 9 NO+O2ªNO2+ʆ 

10 N2+O2ª2Nʆ     

11 H+ʉOªHʉO     

12 OH+HCOªCO+H2O     

13 H+HCOªH2+CO     

 

ʉʪʨʫʤʝʥʝʚʦ-ʢʽʥʝʪʠʯʥʘ ʤʦʜʝʣʴ ʛʦʨʽʥʥʷ (ʩʭʝʤʘ ˉ 1) ʨʦʟʚôʷʟʫʻ ʧʦʚôʷʟʘʥʽ 

ʟʘʚʜʘʥʥʷ ʪʝʧʣʦʤʘʩʦʦʙʤʽʥʫ ʽ ʭʽʤʽʯʥʦʾ ʢʽʥʝʪʠʢʠ ʨʝʘʢʮʽʾ ʜʦʛʦʨʷʥʥʷ ʚ ʟʦʥʽ 

ʧʨʦʜʫʢʪʽʚ ʟʛʦʨʷʥʥʷ ʧʦʨʰʥʝʚʦʛʦ ʜʚʠʛʫʥʘ ʟ ʙʝʟʧʦʩʝʨʝʜʥʽʤ ʫʧʨʠʩʢʫʚʘʥʥʷʤ 

ʧʘʣʠʚʘ. ʊʘʢʠʡ ʧʽʜʭʽʜ, ʧʨʠ ʷʢʦʤʫ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʜʠʬʫʟʽʾ, 

ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʣʦʢʘʣʴʥʽ ʟʦʥʠ ʚ ʢʘʤʝʨʽ ʟʛʦʨʷʥʥʷ, ʜʝ ʩʫʤʽʰ ʽʥʪʝʥʩʠʚʥʦ 

ʨʝʘʛʫʻ ʽ ʜʝ ʚʦʥʘ ʚʠʭʦʜʠʪʴ ʩʣʘʙʢʦʨʝʘʛʫʶʯʦʶ [123]. 

ɼʚʽ ʽʥʰʽ ʩʭʝʤʠ ʫʪʚʦʨʝʥʥʷ NO, ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 3.1, ʨʦʟʨʦʙʣʝʥʦ ʪʘ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ɺ. ʂʣʘʡʥʰʤʽʜʪʦʤ (W. Kleinchmidt) [129-130] ʽ ɸ. ɯ. ʃʫʰʧʦʶ 

[131]. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʦʜʥʘʢʦʚʫ ʢʽʣʴʢʽʩʪʴ ʨʝʘʢʮʽʡ ʚʦʥʠ ʟʥʘʯʥʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ 

ʦʜʥʘ ʚʽʜ ʦʜʥʦʾ. ʉʭʝʤʘ  ̄2 ʤʽʩʪʠʪʴ ʨʝʘʢʮʽʾ ʨʦʟʰʠʨʝʥʦʛʦ ʤʝʭʘʥʽʟʤʫ 

ɿʝʣʴʜʦʚʠʯʘ, ʘ ʩʭʝʤʘ  ̄3 ï ʢʣʘʩʠʯʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ɿʝʣʴʜʦʚʠʯʘ (ʚʠʜʽʣʝʥʽ 

ʞʠʨʥʠʤ ʰʨʠʬʪʦʤ). ʂʦʥʩʪʘʥʪʠ ʰʚʠʜʢʦʩʪʝʡ ʨʝʘʢʮʽʾ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʛʽʜʥʦ ʽʟ 

ʟʘʢʦʥʦʤ ɸʨʨʝʥʽʫʩʘ. ʈʝʰʪʘ ʨʝʘʢʮʽʡ (2-4 ʽ 7-9) ʛʨʘʶʪʴ ʜʨʫʛʦʨʷʜʥʫ ʨʦʣʴ [132]. 
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ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʚʩʽ ʨʦʟʛʣʷʥʫʪʽ ʩʭʝʤʠ ʫʪʚʦʨʝʥʥʷ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʻ 

ʤʦʜʝʣʴʥʠʤʠ, ʪʦʙʪʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʨʝʘʣʴʥʠʡ ʢʽʥʝʪʠʯʥʠʡ ʧʨʦʮʝʩ ʪʽʣʴʢʠ 

ʧʨʠʙʣʠʟʥʦ. ʎʽ ʤʦʜʝʣʴʥʽ ʩʭʝʤʠ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʫʪʚʦʨʝʥʥʷ Nʆ ʚ ʧʦʨʰʥʝʚʠʭ ʜʚʠʛʫʥʘʭ. ɹʽʣʴʰ ʜʦʢʣʘʜʥʠʡ ʦʧʠʩ ʭʽʤʽʯʥʦʾ 

ʢʽʥʝʪʠʢʠ ʫʪʚʦʨʝʥʥʷ Nʆ ʧʽʜ ʯʘʩ ʛʦʨʽʥʥʷ ʩʫʤʽʰʽ ʪʨʘʜʠʮʽʡʥʠʭ ʧʘʣʠʚ ʟ ʧʦʚʽʪʨʷʤ 

ʥʘ ʩʫʯʘʩʥʦʤʫ ʨʽʚʥʽ ʥʘʰʠʭ ʟʥʘʥʴ ʥʝʤʦʞʣʠʚʠʡ. ʉʢʣʘʜʥʽʩʪʴ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ 

ʥʘʬʪʦʚʽ ʩʦʨʪʠ ʧʘʣʠʚʘ ʻ ʩʧʦʣʫʢʘʤʠ ʚʫʛʣʝʮʶ ʽ ʚʦʜʥʶ ʉʪʅʧ, ʫ ʤʦʣʝʢʫʣʘʭ ʷʢʠʭ 

ʤʽʩʪʠʪʴʩʷ ʢʽʣʴʢʘ ʘʪʦʤʽʚ ʚʫʛʣʝʮʶ. ɸ ʜʣʷ ʚʫʛʣʝʚʦʜʥʽʚ ʟ ʜʝʢʽʣʴʢʦʤʘ ʘʪʦʤʘʤʠ 

ʚʫʛʣʝʮʶ ʚ ʤʦʣʝʢʫʣʽ ʯʠʩʣʦ ʤʦʞʣʠʚʠʭ ʧʨʦʤʽʞʥʠʭ ʨʝʘʢʮʽʡ ʽ ʧʨʦʤʽʞʥʠʭ 

ʧʨʦʜʫʢʪʽʚ ʟʛʦʨʷʥʥʷ ʥʘʩʪʽʣʴʢʠ ʚʝʣʠʢʝ, ʱʦ ʧʦʚʥʠʡ ʢʽʥʝʪʠʯʥʠʡ ʦʧʠʩ ʧʨʦʮʝʩʫ 

ʩʪʘʻ ʥʝʤʦʞʣʠʚʠʤ.  

ɼʣʷ ʨʦʟʰʠʨʝʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ɿʝʣʴʜʦʚʠʯʘ ʟ ʪʨʴʦʭ ʨʝʘʢʮʽʡ (3.1)-(3.3) ʥʘ 

ʦʩʥʦʚʽ ʟʘʢʦʥʫ ʜʽʶʯʠʭ ʤʘʩ ʚʠʧʣʠʚʘʻ, ʱʦ ʰʚʠʜʢʽʩʪʴ ʫʪʚʦʨʝʥʥʷ ʦʢʩʠʜʫ ʘʟʦʪʫ 

ʤʦʞʥʘ ʟʥʘʡʪʠ ʷʢ 
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ɿʤʽʥʘ ʧʨʘʚʦʾ ʯʘʩʪʠʥʠ ʨʽʚʥʷʥʥʷ (3.4), ʪʦʙʪʦ ʟʤʽʥʘ ʯʠʩʣʘ ʧʨʦʤʽʞʥʠʭ 

ʨʝʘʢʮʽʡ, ʤʦʞʝ ʚʧʣʠʚʘʪʠ ʪʽʣʴʢʠ ʥʘ ʯʘʩ ʦʙʨʘʭʫʥʢʫ, ʱʦ ʜʣʷ ʨʽʚʥʷʥʴ ʪʘʢʦʛʦ ʪʠʧʫ 

ʚ ʨʘʟʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʢʦʤʧôʶʪʝʨʽʚ ʥʝ ʧʨʠʥʮʠʧʦʚʦ. ʊʫʪ ʚʠʥʠʢʘʻ ʽʥʰʘ 

ʧʨʦʙʣʝʤʘ: ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʯʠʩʣʘ ʧʨʦʤʽʞʥʠʭ ʨʝʘʢʮʽʡ ʟʨʦʩʪʘʻ ʯʠʩʣʦ ʢʦʥʩʪʘʥʪ 

ʰʚʠʜʢʦʩʪʝʡ ʧʨʷʤʠʭ ʽ ʟʚʦʨʦʪʥʠʭ ʨʝʘʢʮʽʡ, ʷʢʽ ʟʘʟʚʠʯʘʡ ʟʘʜʘʶʪʴʩʷ. ʇʨʠ ʚʠʙʦʨʽ 

ʮʠʭ ʢʦʥʩʪʘʥʪ ʧʨʦʙʣʝʤʦʶ ʻ ʾʭ ʥʝʦʜʥʦʟʥʘʯʥʽʩʪʴ: ʾʭ ʟʥʘʯʝʥʥʷ ʟʘʣʝʞʘʪʴ ʚʽʜ ʫʤʦʚ, 

ʧʦʢʣʘʜʝʥʠʭ ʚ ʦʩʥʦʚʫ ʾʭ ʚʠʟʥʘʯʝʥʥʷ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ ʧʝʨʝʚʽʨʢʫ 

ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʦʙʨʘʥʠʭ ʤʘʢʨʦʢʽʥʝʪʠʯʥʠʭ ʢʦʥʩʪʘʥʪ ʩʣʽʜ ʧʨʦʚʦʜʠʪʠ ʰʣʷʭʦʤ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ NO ʚ ʧʨʦʜʫʢʪʘʭ ʟʛʦʨʷʥʥʷ ʜʚʠʛʫʥʘ. 
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3.2.2. ʄʦʜʝʣʶʚʘʥʥʷ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʧʨʦʮʝʩʽʚ ʧʝʨʝʥʦʩʫ 

 

 

ɼʠʬʝʨʝʥʮʽʘʣʴʥʽ ʨʽʚʥʷʥʥʷ, ʥʘ ʦʩʥʦʚʽ ʷʢʠʭ ʦʧʠʩʫʶʪʴʩʷ ʥʝʩʪʘʮʽʦʥʘʨʥʽ 

ʧʨʦʮʝʩʠ ʧʝʨʝʥʦʩʫ ʢʽʣʴʢʦʩʪʽ ʨʫʭʫ, ʝʥʝʨʛʽʾ, ʤʘʩʠ ʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚ ʢʘʤʝʨʽ 

ʟʛʦʨʷʥʥʷ ʧʦʨʰʥʝʚʦʛʦ ʜʚʠʛʫʥʘ, ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ ʫʟʘʛʘʣʴʥʝʥʦʛʦ 

ʟʘʢʦʥʫ ʟʙʝʨʝʞʝʥʥʷ [133]. ʇʨʠ ʮʴʦʤʫ ʩʫʤʘ ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʽ ʢʦʥʚʝʢʪʠʚʥʦʛʦ 

ʧʦʪʦʢʽʚ ʜʦʨʽʚʥʶʻ ʩʫʤʽ ʜʠʬʫʟʽʡʥʦʛʦ ʽ ʜʞʝʨʝʣʴʥʦʛʦ ʧʦʪʦʢʽʚ: 
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 (3.5) 

 

ʜʝ r ï ʛʫʩʪʠʥʘ; 

W  ς ʚʝʢʪʦʨ ʰʚʠʜʢʦʩʪʽ; 

ʌ ï ʜʦʚʽʣʴʥʘ ʟʘʣʝʞʥʘ ʟʤʽʥʥʘ; 

ɻʬ ï ʢʦʝʬʽʮʽʻʥʪ ʦʙʤʽʥʫ (ʜʠʬʫʟʽʾ); 

Sʬ ï ʜʞʝʨʝʣʴʥʠʡ ʯʣʝʥ, ʷʢʠʡ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʥʘ ʧʦʜʘʪʠ ʷʢ 

ʨʽʟʥʠʮʶ ʛʝʥʝʨʘʮʽʾ 
g

Sʌ  ʪʘ ʘʥʽʛʽʣʷʮʽʾ 
a

Sʌ  ʧʦʪʦʢʽʚ, ʪʦʙʪʦ .ʌʌʌ ag
SSS -=  

ʂʦʥʢʨʝʪʥʠʡ ʚʠʜ ɻʬ ʽ Sʬ, ʘ ʪʘʢʦʞ g
Sʌ  ʽ 

a
Sʌ  ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʝʥʩʫ ʟʤʽʥʥʦʾ ʌ 

(ʪʘʙʣʠʮʷ 3.2), ʽ ʧʽʩʣʷ ʧʽʜʩʪʘʥʦʚʢʠ ʚʽʜʧʦʚʽʜʥʠʭ ʟʥʘʯʝʥʴ ʟ ʚʠʨʘʟʫ (3.5) 

ʦʪʨʠʤʫʻʤʦ ʨʽʚʥʷʥʥʷ: ʢʽʣʴʢʦʩʪʽ ʨʫʭʫ (ʨʽʚʥʷʥʥʷ ʅʘʚôʻ-ʉʪʦʢʩʘ) [134], ʝʥʝʨʛʽʾ 

(ʌʫʨôʻ-ʂʽʨʛʦʬʘ) [135], ʜʠʬʫʟʽʾ ʘʙʦ ʢʦʥʮʝʥʪʨʘʮʽʾ (ʌʽʢʘ) [136] ʪʘ ʟʙʝʨʝʞʝʥʥʷ 

ʤʘʩʠ (ʥʝʨʦʟʨʠʚʥʦʩʪʽ) [137, 138]. 
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ʇʨʠ ʮʴʦʤʫ ʚʠʭʽʜʥʘ ʩʠʩʪʝʤʘ ʨʽʚʥʷʥʴ ʧʝʨʝʥʦʩʫ ʟʘʤʽʥʶʻʪʴʩʷ ʥʝʟʘʤʢʥʝʥʦʶ 

ʩʠʩʪʝʤʦʶ ʨʽʚʥʷʥʴ ʫ ʬʦʨʤʽ ʈʝʡʥʦʣʴʜʩʘ (ʜʠʚ. ʪʘʙʣʠʮʶ 3.2), ʜʣʷ ʟʘʤʠʢʘʥʥʷ ʷʢʦʾ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʤʦʜʝʣʽ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ, ʥʘʧʨʠʢʣʘʜ (k-e)-ʤʦʜʝʣʴ [139, 

140]. ɿʛʽʜʥʦ [123, 141], ʩʪʘʥʜʘʨʪʥʘ ʬʦʨʤʘ ʮʽʻʾ ʤʦʜʝʣʽ, ʧʨʠʟʥʘʯʝʥʦʾ ʜʣʷ ʦʧʠʩʫ 

ʧʨʦʮʝʩʽʚ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʧʝʨʝʥʝʩʝʥʥʷ ʚ ʦʙôʻʤʽ ʮʠʣʽʥʜʨʘ ʜʚʠʛʫʥʘ, ʤʘʻ ʚʠʛʣʷʜ 
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ʜʝ ʩʢʣʘʜʦʚʽ ( ) ,
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ʚʢʘʟʫʶʪʴ ʥʘ ʛʝʥʝʨʘʮʽʶ (ʘʙʦ ʘʥʽʛʽʣʷʮʽʶ) ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ ʟʘ 

ʨʘʭʫʥʦʢ ʜʝʬʦʨʤʘʮʽʾ ʧʦʪʦʢʫ ʪʘ ʦʙôʻʤʥʠʭ ʩʠʣ ʚʽʜʧʦʚʽʜʥʦ. ɿ ʦʙôʻʤʥʠʭ ʩʠʣ 

ʥʘʡʙʽʣʴʰ ʯʘʩʪʦ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʛʨʘʚʽʪʘʮʽʡʥʘ ʩʠʣʘ. ʅʝʶ ʥʝ ʤʦʞʥʘ ʥʝʭʪʫʚʘʪʠ, 

ʷʢʱʦ ʟʤʽʥʘ (ʩʪʨʘʪʠʬʽʢʘʮʽʷ) ʩʝʨʝʜʥʴʦʾ ʛʫʩʪʠʥʠ ʩʪʘʻ ʩʫʪʪʻʚʠʤ ʯʝʨʝʟ ʟʤʽʥʠ 

ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʢʦʥʮʝʥʪʨʘʮʽʡ (ʨʫʭʦʤʽ ʧʦʪʦʢʠ, ʘʙʦ ʧʝʨʝʤʽʱʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʘʙʦ 

ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʛʦ ʬʨʦʥʪʫ). ʋ ʮʠʭ ʚʠʨʘʟʘʭ ö
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1
 ï ʪʝʥʟʦʨ 

ʰʚʠʜʢʦʩʪʝʡ ʜʝʬʦʨʤʘʮʽʾ; 
e

r=m m

2k
Ct  ï ʪʫʨʙʫʣʝʥʪʥʘ ʚôʷʟʢʽʩʪʴ. 

 

 

3.2.3. ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʟʛʦʨʷʥʥʷ ʚ ʮʠʣʽʥʜʨʽ ʜʠʟʝʣʷ 

 

 

ʇʨʦʮʝʩʠ ʧʝʨʝʥʝʩʝʥʥʷ ʚ ʢʘʤʝʨʽ ʟʛʦʨʷʥʥʷ ɼɺɿ ʟʜʽʡʩʥʶʶʪʴʩʷ ʚ ʪʽʩʥʦʤʫ 

ʚʟʘʻʤʦʟʚôʷʟʢʫ ʟ ʭʽʤʽʯʥʦʾ ʢʽʥʝʪʠʢʦʶ. ʊʝʧʣʦʚʠʜʽʣʝʥʥʷ ʧʽʜ ʯʘʩ ʛʦʨʽʥʥʷ ʨʽʜʢʦʛʦ 
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ʧʘʣʠʚʘ ʩʧʨʠʷʻ ʚʠʥʠʢʥʝʥʥʶ ʛʨʘʜʽʻʥʪʽʚ ʪʠʩʢʫ, ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʛʫʩʪʠʥʠ, ʘ ʪʘʢʦʞ 

ʚʧʣʠʚʘʻ ʥʘ ʧʨʦʮʝʩʠ ʧʝʨʝʥʝʩʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʨʫʭʫ, ʝʥʝʨʛʽʾ, ʤʘʩʠ ʽ ʢʦʥʮʝʥʪʨʘʮʽʾ. 

ʐʚʠʜʢʽʩʪʴ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ ʟʛʦʨʷʥʥʷ ʤʦʞʥʘ ʦʙʯʠʩʣʠʪʠ ʥʘ ʦʩʥʦʚʽ ʤʦʜʝʣʽ 

ʟʛʦʨʷʥʥʷ ʄʘʛʥʫʩʩʝʥ-ʍʘʨʪʘʛʝʨʘ [142, 143]. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʽʻʾ ʤʦʜʝʣʽ, ʛʦʨʶʯʘ 

ʩʫʤʽʰ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʘʣʠʚʘ, ʢʠʩʥʶ, ʧʨʦʜʫʢʪʽʚ ʟʛʦʨʷʥʥʷ 

ʪʘ ʽʥʝʨʪʥʠʭ ʛʘʟʽʚ (ʘʟʦʪʫ), ʧʨʠ ʮʴʦʤʫ ʤʘʩʠ ʮʠʭ ʬʨʘʢʮʽʡ, ʱʦ ʧʦʟʥʘʯʘʶʪʴʩʷ 

ʯʝʨʝʟ Nʧʨ.ʟʛʆʧ  , , ,
2

ʪʪʪʪ  ʚʽʜʧʦʚʽʜʥʦ, ʧʦʚʠʥʥʽ ʙʫʪʠ ʨʦʟʨʘʭʦʚʘʥʽ. Cʝʨʝʜʥʷ 

ʰʚʠʜʢʽʩʪʴ ʨʝʘʢʮʽʾ ʟʛʦʨʷʥʥʷ ʧʘʣʠʚʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʤʦʜʝʣʽ ʄʘʛʥʫʩʩʝʥ-

ʍʘʨʪʘʛʝʨʘ [144] ʟʘʧʠʩʫʻʪʴʩʷ ʚ ʥʘʩʪʫʧʥʦʤʫ ʚʠʛʣʷʜʽ: 
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ʜʝ L0 ï ʤʘʩʦʚʘ ʩʪʝʭʽʦʤʝʪʨʠʯʥʘ ʢʽʣʴʢʽʩʪʴ ʧʦʚʽʪʨʷ; 

e=t kt  ï ʤʘʩʰʪʘʙ ʯʘʩʫ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ; 

ɺ, ʉ ï ʝʤʧʽʨʠʯʥʽ ʢʦʝʬʽʮʽʻʥʪʠ, ʱʦ ʚʨʘʭʦʚʫʶʪʴ ʚʧʣʠʚ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ ʽ 

ʧʘʨʘʤʝʪʨʽʚ ʧʘʣʠʚʘ ʥʘ ʰʚʠʜʢʽʩʪʴ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ. ʆʯʝʚʠʜʥʦ, ʱʦ ʜʣʷ 

ʢʦʥʢʨʝʪʥʦʛʦ ʚʠʧʘʜʢʫ ʚʦʥʠ ʚʠʤʘʛʘʶʪʴ ʫʪʦʯʥʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ [145]. 

 

 

3.2.4. ʄʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʥʦʩʫ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʚ ʮʠʣʽʥʜʨʽ ʜʠʟʝʣʷ 

 

 

ʋʪʚʦʨʝʥʥʷ ʦʢʩʠʜʽʚ ʘʟʦʪʫ NOX ʫ ʮʠʣʽʥʜʨʽ ʜʠʟʝʣʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʭ ʨʝʘʢʮʽʡ ʧʨʦʮʝʩʫ ʟʛʦʨʷʥʥʷ ʧʘʣʠʚʘ. 

ʂʨʠʪʠʯʥʦʶ ʚʚʘʞʘʻʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʘ 1800 ʂ (1530 ̄ʉ), ʜʦʩʷʛʥʝʥʥʷ ʷʢʦʾ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʣʘʥʮʶʛʦʚʦʾ ʨʝʘʢʮʽʾ ʫʪʚʦʨʝʥʥʷ NOX. 
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ʄʘʢʩʠʤʘʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʨʦʙʦʯʦʛʦ ʮʠʢʣʫ (ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʢʽʥʮʽ 

çʚʠʜʠʤʦʛʦè ʟʛʦʨʷʥʥʷ) Tz ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʚôʷʟʘʥʥʷ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ ʨʽʚʥʷʥʥʷ ʟʛʦʨʷʥʥʷ ʤʝʪʦʜʦʤ ʧʦʩʣʽʜʦʚʥʠʭ ʥʘʙʣʠʞʝʥʴ ʟ 

ʚʠʨʘʟʽʚ ʜʣʷ Tz ʽ ʩʝʨʝʜʥʴʦʾ ʧʠʪʦʤʦʾ ʽʟʦʙʘʨʥʦʾ ʪʝʧʣʦʻʤʥʦʩʪʽ ʧʨʦʜʫʢʪʽʚ ʟʛʦʨʷʥʥʷ 

cpz: 
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 (3.7) 

 

ɿʥʘʯʝʥʥʷ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʠʩʪʝʤʠ: 

mT ï ʢʦʝʬʽʮʽʻʥʪ ʟʙʽʣʴʰʝʥʥʷ ʤʘʩʠ ʟʘʨʷʜʫ; 

xz=0,9...0,95 ï ʢʦʝʬʽʮʽʻʥʪ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʧʣʘ ʚ ʪ. z ʜʽʘʛʨʘʤʠ; 

Qʥ ï ʥʠʞʯʘ ʪʝʧʣʦʪʚʦʨʥʘ ʟʜʘʪʥʽʩʪʴ ʧʘʣʠʚʘ, ʢɼʞ/(ʢʛÖʂ); 

cpc, Rc, Tc ï ʩʝʨʝʜʥʷ ʧʠʪʦʤʘ ʽʟʦʙʘʨʥʘ ʪʝʧʣʦʻʤʥʽʩʪʴ, ʢɼʞ/(ʢʛÖʂ), 

ʫʥʽʚʝʨʩʘʣʴʥʘ ʛʘʟʦʚʘ ʧʦʩʪʽʡʥʘ, ʢɼʞ/(ʢʛÖʂ), ʪʝʤʧʝʨʘʪʫʨʘ, ʂ, ʩʫʤʽʰʽ ʧʦʚʽʪʨʷ ʽ 

ʟʘʣʠʰʢʦʚʠʭ ʛʘʟʽʚ ʚ ʢʽʥʮʽ ʧʨʦʮʝʩʫ ʩʪʠʩʥʝʥʥʷ (ʫ ʪʦʯʮʽ c ʽʥʜʠʢʘʪʦʨʥʦʾ ʜʽʘʛʨʘʤʠ); 

l ï ʩʪʫʧʽʥʴ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʧʽʜ ʯʘʩ ʟʛʦʨʷʥʥʷ; 

a ï ʢʦʝʬʽʮʽʻʥʪ ʥʘʜʣʠʰʢʫ ʧʦʚʽʪʨʷ,  

ʧʨʠʡʤʘʶʪʴʩʷ ʘʙʦ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʚʠʭʦʜʷʯʠ ʟ ʥʘʩʪʫʧʥʦʛʦ: 

0

T
Ŭ)ɔ1(

1
1

G
m

r+
+= , (ʜʝ G0=14,28 ʧʦʚʽʪʨʷ/ʢʛ ʧʘʣʠʚʘ ï ʪʝʦʨʝʪʠʯʥʝ 

ʢʽʣʴʢʽʩʪʴ ʧʦʚʽʪʨʷ ʜʣʷ ʟʛʦʨʷʥʥʷ 1 ʢʛ ʧʘʣʠʚʘ); 

Qʥ=38000...44000 ʢɼʞ/(ʢʛÖʂ) ï ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʘʣʠʚʘ; 

ʩʨʩ ʊʩ ÖÖ+= -4108834,09582,0 , ʢɼʞ/(ʢʛÖʂ); 

c

z

p

p
=ɚ , (ʜʝ ʪʠʩʢʠ ʚ ʮʠʣʽʥʜʨʽ ʚ ʢʽʥʮʽ ʟʛʦʨʷʥʥʷ pz, ʄʇʘ, ʽ ʚ ʢʽʥʮʽ ʩʪʠʩʥʝʥʥʷ 

pc, ʄʇʘ, ʚʠʟʥʘʯʘʶʪʴʩʷ ʰʣʷʭʦʤ ʽʥʜʠʮʽʶʚʘʥʥʷ ʜʠʟʝʣʷ) [146, 147]. 
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ʊʝʤʧʝʨʘʪʫʨʘ ʚ ʢʽʥʮʽ ʧʨʦʮʝʩʫ ʩʪʠʩʥʝʥʥʷ Tc (ʫ ʪʦʯʮʽ ʩ ʽʥʜʠʢʘʪʦʨʥʦʾ 

ʜʽʘʛʨʘʤʠ) ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʦʤʧʣʝʢʩʦʤ ʚʠʨʘʟʽʚ: 
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ʚ ʷʢʠʡ ʚʭʦʜʷʪʴ ʟʥʘʯʝʥʥʷ: 

Ta ï ʪʝʤʧʝʨʘʪʫʨʘ ʩʫʤʽʰʽ ʧʦʚʽʪʨʷ ʽ ʟʘʣʠʰʢʦʚʠʭ ʛʘʟʽʚ ʥʘ ʧʦʯʘʪʢʫ ʧʨʦʮʝʩʫ 

ʩʪʠʩʥʝʥʥʷ (ʫ ʪʦʯʮʽ a ʽʥʜʠʢʘʪʦʨʥʦʾ ʜʽʘʛʨʘʤʠ), ʂ; 

Ts ï ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʧʨʦʜʫʚʥʦʤʫ ʨʝʩʠʚʝʨʽ, ʂ (ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʇʨʘʚʠʣ 

ʪʝʭʥʽʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʫʜʥʦʚʠʭ ʜʚʠʛʫʥʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ 

ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʚ ʤʝʞʘʭ Ts=310...313 ʂ); 

DTs ï ʩʪʫʧʽʥʴ ʧʽʜʽʛʨʽʚʫ ʧʦʚʽʪʨʷ ʦʙ ʩʪʽʥʢʠ ʮʠʣʽʥʜʨʘ (DTs=5...15 ʂ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʜʠʟʝʣʷ); 

Tr ï ʪʝʤʧʝʨʘʪʫʨʘ ʟʘʣʠʰʢʦʚʠʭ ʛʘʟʽʚ, ʂ (Tr=600...750 ʂ ʟʘʣʝʞʥʦ ʚʽʜ 

ʦʨʛʘʥʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʧʨʦʜʫʚʢʠ ʽ ʚʠʧʫʩʢʫ, ʘ ʪʘʢʦʞ ʚʽʜ ʢʦʥʩʪʨʫʢʮʽʾ ʜʠʟʝʣʷ); 

gr ï ʢʦʝʬʽʮʽʻʥʪ ʟʘʣʠʰʢʦʚʠʭ ʛʘʟʽʚ (gr=0,01...0,08 ʟʘʣʝʞʥʦ ʚʽʜ ʦʨʛʘʥʽʟʘʮʽʾ 

ʧʨʦʮʝʩʽʚ ʧʨʦʜʫʚʢʠ ʽ ʚʠʧʫʩʢʫ, ʘ ʪʘʢʦʞ ʚʽʜ ʢʦʥʩʪʨʫʢʮʽʾ ʜʠʟʝʣʷ); 

c

a

V

V
=e  ï ʩʪʫʧʽʥʴ ʩʪʠʩʥʝʥʥʷ (e=10...17 ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʥʩʪʨʫʢʮʽʾ 

ʮʠʣʽʥʜʨʠʯʥʦʾ ʚʪʫʣʢʠ ʜʠʟʝʣʷ, Va, Vc ï ʦʙôʻʤ ʮʠʣʽʥʜʨʫ ʥʘ ʧʦʯʘʪʢʫ ʽ ʥʘʧʨʠʢʽʥʮʽ 

ʩʪʠʩʥʝʥʥʷ, ʤ
3
); 

n1 ï ʧʦʢʘʟʥʠʢ ʧʦʣʽʪʨʦʧʠ ʩʪʠʩʥʝʥʥʷ ʚ ʮʠʣʽʥʜʨʽ (ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʤʝʪʦʜʦʤ 

ʧʦʩʣʽʜʦʚʥʠʭ ʥʘʙʣʠʞʝʥʴ, n1=1,34...1,39) [148, 149]. 
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3.2.5. ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʛʘʟʦʦʙʤʽʥʫ 

 

 

ʇʦʜʘʯʘ ʧʦʚʽʪʨʷ ʚ ʮʠʣʽʥʜʨ ʜʠʟʝʣʷ, ʡʦʛʦ ʟʤʽʰʫʚʘʥʥʷ ʟ ʧʨʦʜʫʢʪʘʤʠ 

ʟʛʦʨʷʥʥʷ (ʱʦ ʟʘʣʠʰʠʣʠʩʷ ʚ ʮʠʣʽʥʜʨʽ ʜʠʟʝʣʷ), ʚʧʦʨʩʢʫʚʘʥʥʷ ʧʘʣʠʚʘ ʽ ʡʦʛʦ 

ʦʢʠʩʣʝʥʥʷ, ʫʪʚʦʨʝʥʥʷ ʧʨʦʜʫʢʪʽʚ ʟʛʦʨʷʥʥʷ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʨʠ ʧʦʩʪʽʡʥʽʡ ʤʘʩʽ 

ʧʦʚʽʪʨʷ ʽ ʛʘʟʽʚ ʽ ʧʨʠ ʟʤʽʥʥʠʭ ʟʥʘʯʝʥʥʷʭ ʾʭ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʪʝʧʣʦʻʤʥʦʩʪʽ. ɿʤʽʥʘ 

ʩʪʘʥʫ ʧʦʚʽʪʨʷ ʽ ʧʨʦʜʫʢʪʽʚ ʟʛʦʨʷʥʥʷ ʚ ʮʠʣʽʥʜʨʽ ɼɺɿ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʩʠʩʪʝʤʦʶ ʨʽʚʥʷʥʴ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ: ʨʽʚʥʷʥʥʷ ʧʝʨʰʦʛʦ ʟʘʢʦʥʫ 

ʪʝʨʤʦʜʠʥʘʤʽʢʠ (ʚʠʨʘʞʝʥʦʛʦ ʚ ʜʠʬʝʨʝʥʮʽʘʣʴʥʽʡ ʬʦʨʤʽ); ʨʽʚʥʷʥʴ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʨʦʙʦʯʦʛʦ ʪʽʣʘ (ʧʦʚʽʪʨʷ ʽ ʧʨʦʜʫʢʪʽʚ ʟʛʦʨʷʥʥʷ) ʫ ʮʠʣʽʥʜʨʽ; 

ʨʽʚʥʷʥʥʷ ʩʪʘʥʫ. 

ʊʘʢʘ ʩʠʩʪʝʤʘ ʤʘʻ ʚʠʛʣʷʜ: 
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 (3.8) 

 

ʜʝ //

V

/

V  ,cc  ï ʩʧʨʘʚʞʥʽ ʧʠʪʦʤʽ ʽʟʦʭʦʨʥʽ ʪʝʧʣʦʻʤʥʦʩʪʽ çʯʠʩʪʦʛʦè ʧʦʚʽʪʨʷ ʽ 

çʯʠʩʪʠʭè ʧʨʦʜʫʢʪʽʚ ʟʛʦʨʷʥʥʷ, ʢɼʞ/(ʢʛÖʂ); 

///  ,GG , 
///  ,uu  ï ʤʘʩʘ, ʢʛ, ʪʘ ʧʠʪʦʤʽ ʚʥʫʪʨʽʰʥʽ ʝʥʝʨʛʽʾ, ʢɼʞ/ʢʛ, çʯʠʩʪʦʛʦè 

ʧʦʚʽʪʨʷ ʽ çʯʠʩʪʠʭè ʧʨʦʜʫʢʪʽʚ ʟʛʦʨʷʥʥʷ ʚ ʮʠʣʽʥʜʨʽ ʜʠʟʝʣʷ ʪʝʤʧʝʨʘʪʫʨʽ ʊ; 

j ï ʢʫʪ ʧʦʚʦʨʦʪʫ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ, ʇ̄ʂɺ; 

gx ï ʤʘʩʘ ʟʛʦʨʽʣʦʛʦ ʧʘʣʠʚʘ, ʢʛ; 

Qw ï ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʱʦ ʧʽʜʚʦʜʠʪʴʩʷ/ʚʽʜʚʦʜʠʪʴʩʷ ʜʦ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʟʘ 

ʨʘʭʫʥʦʢ ʪʝʧʣʦʦʙʤʽʥʫ ʟʽ ʩʪʽʥʢʘʤʠ ʮʠʣʽʥʜʨʘ, ʢɼʞ; 

V, Vs ï ʧʦʪʦʯʥʠʡ ʽ ʨʦʙʦʯʠʡ ʦʙôʻʤ ʮʠʣʽʥʜʨʘ, ʤ
3
; 
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u ï ʘʥʘʣʦʛ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʧʦʨʰʥʷ; 

ʨ, ʊ ï ʧʦʪʦʯʥʽ ʟʥʘʯʝʥʥʷ ʪʠʩʢʫ ʽ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʮʠʣʽʥʜʨʽ ʜʠʟʝʣʷ, ʢʇʘ, ʂ; 

//

d

/

d  ,GG  ï ʤʘʩʠ çʯʠʩʪʦʛʦè ʧʦʚʽʪʨʷ ʽ çʯʠʩʪʠʭè ʧʨʦʜʫʢʪʽʚ ʟʛʦʨʷʥʥʷ ʥʘ 

ʧʦʯʘʪʢʫ ʩʪʠʩʥʝʥʥʷ, ʢʛ; 

Rs, Rg ï ʛʘʟʦʚʽ ʧʦʩʪʽʡʥʽ çʯʠʩʪʦʛʦè ʧʦʚʽʪʨʷ ʽ çʯʠʩʪʠʭè ʧʨʦʜʫʢʪʽʚ ʟʛʦʨʷʥʥʷ, 

ʢɼʞ/(ʢʛÖʂ). 

 

 

3.3. ɸʥʘʣʽʟ ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ ʩʫʜʥʦʚʠʭ 

ʜʠʟʝʣʽʚ 

 

 

ʅʘ ʩʫʜʥʘʭ ʤʦʨʩʴʢʦʛʦ ʽ ʨʽʯʢʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʪʠ ʜʚʠʛʫʥʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ ʽ ʪʝʧʣʦʝʥʝʨʛʝʪʠʯʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ ʟ ʤʝʪʦʶ ʢʦʥʪʨʦʣʶ ʪʘ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʘʤʠ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʝʧʣʦʪʚʦʨʥʦʾ ʟʜʘʪʥʦʩʪʽ ʧʘʣʠʚʘ ʚ ʢʦʨʠʩʥʫ ʨʦʙʦʪʫ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʛʘʟʦʚʠʡ ʘʥʘʣʽʟ [150]. 

ʋ ʧʝʨʝʚʘʞʥʽʡ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʟʘʚʜʘʥʥʷ ʘʥʘʣʽʟʫ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ 

ʧʦʣʷʛʘʻ ʫ ʚʠʤʽʨʶʚʘʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʦʜʥʦʛʦ ʭʽʤʽʯʥʦʛʦ ʝʣʝʤʝʥʪʘ ʘʙʦ ʡʦʛʦ 

ʩʧʦʣʫʢʠ ʚ ʩʢʣʘʜʥʽʡ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʽʡ ʛʘʟʦʚʽʡ ʩʫʤʽʰʽ. ʊʘʢʠʡ ʘʥʘʣʽʟ 

ʤʦʞʣʠʚʠʡ ʪʽʣʴʢʠ ʪʦʜʽ, ʢʦʣʠ ʢʦʤʧʦʥʝʥʪ, ʱʦ ʧʽʜʣʷʛʘʻ ʚʠʟʥʘʯʝʥʥʶ, 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʽʥʰʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʛʘʟʦʚʦʾ ʩʫʤʽʰʽ ʧʨʠʥʘʡʤʥʽ ʷʢʦʶ ʦʜʥʦʶ 

ʬʽʟʠʢʦ-ʭʽʤʽʯʥʦʶ ʚʣʘʩʪʠʚʽʩʪʶ, ʷʢʘ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʷʢ ʚʠʤʽʨʶʚʘʥʘ 

ʚʝʣʠʯʠʥʘ [151, 152]. 

ɻʘʟʦʚʠʡ ʘʥʘʣʽʟ ʷʢʽʩʥʦʛʦ ʚʠʷʚʣʝʥʥʷ ʪʘ ʢʽʣʴʢʽʩʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ 

ʢʦʤʧʦʥʝʥʪʽʚ ʛʘʟʦʚʠʭ ʩʫʤʽʰʝʡ ʧʨʦʚʦʜʠʪʴʩʷ ʷʢ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʘʟʦʘʥʘʣʽʟʘʪʦʨʽʚ, 

ʪʘʢ ʽ ʟʘ ʣʘʙʦʨʘʪʦʨʥʠʤʠ ʤʝʪʦʜʠʢʘʤʠ [153]. ɿʘ ʭʘʨʘʢʪʝʨʦʤ ʚʠʤʽʨʶʚʘʥʦʛʦ 

ʬʽʟʠʯʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʤʝʪʦʜʠ ʛʘʟʦʚʦʛʦ ʘʥʘʣʽʟʫ ʤʦʞʥʘ ʨʦʟʧʦʜʽʣʠʪʠ ʥʘ 
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ʤʝʭʘʥʽʯʥʽ, ʘʢʫʩʪʠʯʥʽ, ʪʝʧʣʦʚʽ, ʤʘʛʥʽʪʥʽ, ʦʧʪʠʯʥʽ, ʽʦʥʽʟʘʮʽʡʥʽ, ʤʘʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʽ, ʝʣʝʢʪʨʦʭʽʤʽʯʥʽ, ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ.  

ɼʦ ʤʝʭʘʥʽʯʥʠʭ ʤʝʪʦʜʽʚ ʚʽʜʥʦʩʷʪʴ ʧʥʝʚʤʘʪʠʯʥʽ, ʩʝʨʝʜ ʷʢʠʭ ʨʦʟʨʽʟʥʷʶʪʴ 

ʘʝʨʦʩʪʘʪʠʯʥʠʡ ʪʘ ʘʝʨʦʜʠʥʘʤʽʯʥʠʡ. ɸʢʫʩʪʠʯʥʽ ʤʝʪʦʜʠ ʟʘʩʥʦʚʘʥʽ ʥʘ 

ʚʠʤʽʨʶʚʘʥʥʽ ʧʦʛʣʠʥʘʥʥʷ ʘʙʦ ʰʚʠʜʢʦʩʪʽ ʧʦʰʠʨʝʥʥʷ ʟʚʫʢʦʚʠʭ ʪʘ 

ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ ʭʚʠʣʴ ʫ ʛʘʟʦʚʽʡ ʩʫʤʽʰʽ [154]. ʊʝʧʣʦʚʽ ʤʝʪʦʜʠ ʟʘʩʥʦʚʘʥʽ ʥʘ 

ʚʠʤʽʨʶʚʘʥʥʽ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʛʘʟʦʚʦʾ ʩʫʤʽʰʽ (ʪʝʨʤʦʢʦʥʜʫʢʪʦʤʝʪʨʠʯʥʠʡ 

ʤʝʪʦʜ) ʘʙʦ ʪʝʧʣʦʚʦʛʦ ʝʬʝʢʪʫ ʨʝʘʢʮʽʾ ʟʘ ʫʯʘʩʪʽ ʢʦʤʧʦʥʝʥʪʘ, ʧʘʨʘʤʝʪʨʠ ʷʢʦʛʦ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ï (ʪʝʨʤʦʭʽʤʽʯʥʠʡ ʤʝʪʦʜ). ʋ ʤʘʛʥʽʪʥʠʭ ʤʝʪʦʜʘʭ ʚʠʤʽʨʶʶʪʴ 

ʬʽʟʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʘʟʫ, ʟʤʽʥʘ ʷʢʠʭ ʟʫʤʦʚʣʝʥʘ ʤʘʛʥʽʪʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʚʠʟʥʘʯʫʚʘʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ. ɺ ʦʧʪʠʯʥʠʭ 

ʤʝʪʦʜʘʭ ʚʠʤʽʨʶʶʪʴ ʦʧʪʠʯʥʫ ʱʽʣʴʥʽʩʪʴ (ʘʙʩʦʨʙʮʽʡʥʽ ʤʝʪʦʜʠ), ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (ʝʤʽʩʽʡʥʽ ʤʝʪʦʜʠ), ʢʦʝʬʽʮʽʻʥʪ ʟʘʣʦʤʣʝʥʥʷ 

(ʨʝʬʨʘʢʪʦʤʝʪʨʠʯʥʠʡ) ʽ ʜʝʷʢʽ ʽʥʰʽ ʦʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ [155]. ʆʧʪʠʯʥʽ ʤʝʪʦʜʠ, 

ʟʘʩʥʦʚʘʥʽ ʥʘ ʨʦʟʩʽʶʚʘʥʥʽ (ʨʝʣʻʻʚʩʴʢʦʛʦ, ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ) ʩʚʽʪʣʘ, ʦʪʨʠʤʘʣʠ 

ʨʦʟʚʠʪʦʢ ʟʘʚʜʷʢʠ ʣʘʟʝʨʥʽʡ ʪʝʭʥʽʮʽ [156, 157]. ɯʦʥʽʟʘʮʽʡʥʽ ʤʝʪʦʜʠ ʟʘʩʥʦʚʘʥʽ ʥʘ 

ʚʠʤʽʨʽ ʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʽʦʥʽʟʦʚʘʥʠʭ ʛʘʟʦʚʠʭ ʩʫʤʽʰʝʡ. ɯʦʥʽʟʘʮʽʶ 

ʟʜʽʡʩʥʶʶʪʴ ʨʘʜʽʦʘʢʪʠʚʥʠʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ, ʝʣʝʢʪʨʠʯʥʠʤ ʨʦʟʨʷʜʦʤ, 

ʧʦʣʫʤôʷʤ, ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʠʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ, ʥʘ ʥʘʛʨʽʪʽʡ ʢʘʪʘʣʽʪʠʯʥʦ 

ʘʢʪʠʚʥʽʡ ʧʦʚʝʨʭʥʽ [158]. ʄʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʽ ʤʝʪʦʜʠ ʟʘʩʥʦʚʘʥʽ ʥʘ ʚʠʤʽʨʽ 

ʤʘʩ ʽʦʥʽʟʦʚʘʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʘʥʘʣʽʟʦʚʘʥʦʛʦ ʛʘʟʫ [159]. ɺ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ 

ʤʝʪʦʜʘʭ ʚʠʤʽʨʶʶʪʴ ʧʘʨʘʤʝʪʨʠ ʩʠʩʪʝʤʠ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʨʽʜʢʦʛʦ ʘʙʦ 

ʪʚʝʨʜʦʛʦ ʝʣʝʢʪʨʦʣʽʪʫ, ʝʣʝʢʪʨʦʜʽʚ ʽ ʚʠʟʥʘʯʫʚʘʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʛʘʟʦʚʦʾ ʩʫʤʽʰʽ 

ʘʙʦ ʧʨʦʜʫʢʪʽʚ ʡʦʛʦ ʨʝʘʢʮʽʾ ʟ ʝʣʝʢʪʨʦʣʽʪʦʤ [160-162].  

ʉʝʨʝʜ ʤʝʪʦʜʽʚ ʛʘʟʦʚʦʛʦ ʘʥʘʣʽʟʫ ʽʥʦʜʽ ʚʠʜʽʣʷʶʪʴ ʪʘʢ ʟʚʘʥʽ ʢʦʤʙʽʥʦʚʘʥʽ. ɼʦ 

ʥʠʭ ʚʽʜʥʦʩʷʪʴʩʷ ʤʝʪʦʜʠ, ʱʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʩʧʦʩʦʙʦʤ ʧʦʧʝʨʝʜʥʴʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʨʦʙʠ (ʭʨʦʤʘʪʦʛʨʘʬʽʷ, ʽʟʦʪʦʧʥʝ ʨʦʟʚʝʜʝʥʥʷ), ʷʢʽ ʤʦʞʫʪʴ 

ʧʦʻʜʥʫʚʘʪʠʩʷ ʟ ʚʠʤʽʨʶʚʘʥʥʷʤ ʨʽʟʥʠʭ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʘ ʪʘʢʦʞ 

ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʠʡ ʦʙʯʠʩʣʶʚʘʣʴʥʠʡ ʤʝʪʦʜ [163-165]. 
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3.4. ɸʥʘʣʽʟ ʩʧʦʩʦʙʽʚ ʚʠʟʥʘʯʝʥʥʷ ʩʪʫʧʝʥʶ ʨʝʮʠʨʢʫʣʷʮʽʾ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ 

 

 

ɼɺɿ ʟʥʘʭʦʜʷʪʴ ʙʝʟʣʽʯ ʟʘʩʪʦʩʫʚʘʥʴ ʫ ʙʘʛʘʪʴʦʭ ʦʙʣʘʩʪʷʭ ʪʨʘʥʩʧʦʨʪʥʦʾ 

ʝʥʝʨʛʝʪʠʢʠ. ʅʘ ʨʽʯʢʦʚʦʤʫ ʽ ʤʦʨʩʴʢʦʤʫ ʪʨʘʥʩʧʦʨʪʽ ʜʠʟʝʣʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʷʢ ʧʨʦʧʫʣʴʩʠʚʥʽ ʜʚʠʛʫʥʠ ʽ ʷʢ ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʠ, ʧʨʘʮʶʶʯʠ ʧʨʠ ʮʴʦʤʫ ʥʘ 

ʩʘʤʠʭ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʧʘʣʠʚʘʭ, ʷʢ ʨʽʜʢʠʭ, ʪʘʢ ʽ ʛʘʟʦʧʦʜʽʙʥʠʭ. ʋʩʽ ʜʚʠʛʫʥʠ 

ʧʦʚʠʥʥʽ ʚʽʜʧʦʚʽʜʘʪʠ ʧʝʚʥʠʤ ʝʢʦʣʦʛʽʯʥʠʤ ʚʠʤʦʛʘʤ [166-168].  

ɺʠʟʥʘʯʝʥʥʷ ʩʪʫʧʝʥʷ ʨʝʮʠʨʢʫʣʷʮʽʾ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ ʤʦʞʝ ʚʠʢʦʥʫʚʘʪʠʩʷ ʟʘ 

ʨʽʟʥʠʤʠ ʤʝʪʦʜʠʢʘʤʠ, ʟʘʣʝʞʥʦ ʚʽʜ ʪʠʧʫ ʪʘ ʦʩʦʙʣʠʚʦʩʪʝʡ ʢʦʥʩʪʨʫʢʮʽʾ ʩʠʩʪʝʤʠ 

ʨʝʮʠʨʢʫʣʷʮʽʾ, ʤʽʩʮʷ ʫʩʪʘʥʦʚʢʠ ʛʘʟʦʘʥʘʣʽʟʘʪʦʨʽʚ ʘʙʦ ʜʘʪʯʠʢʽʚ ʢʦʥʪʨʦʣʶ, ʘ 

ʪʘʢʦʞ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʤʽʨʶʚʘʥʦʛʦ ʧʘʨʘʤʝʪʨʘ. 

ʋ ʨʘʟʽ, ʢʦʣʠ ʚʠʤʽʨʶʚʘʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʻ ʪʝʤʧʝʨʘʪʫʨʠ ʩʠʩʪʝʤʠ ʧʦʜʘʯʽ 

ʧʦʚʽʪʨʷ ʽ ʚʠʧʫʩʢʫ ʛʘʟʽʚ [169], ʩʪʫʧʽʥʴ ʨʝʮʠʨʢʫʣʷʮʽʾ dEGR ʤʦʞʝ ʙʫʪʠ 

ʚʠʟʥʘʯʝʥʠʡ ʽʟ ʚʠʨʘʟʫ 
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ʜʝ Ts ï ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʦʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ (ʯʠʩʪʦʛʦ ʧʦʚʽʪʨʷ ʽ ʛʘʟʽʚ, ʱʦ 

ʧʨʷʤʫʶʪʴ ʥʘ ʨʝʮʠʨʢʫʣʷʮʽʶ) ʚ ʧʨʦʜʫʚʥʦʤʫ ʨʝʩʠʚʝʨʽ, ʂ; 

T0 ï ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʂ; 

TEGR ï ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʽʚ, ʱʦ ʧʨʷʤʫʶʪʴ ʥʘ ʨʝʮʠʨʢʫʣʷʮʽʶ, ʂ; 

ʉʪʫʧʽʥʴ ʨʝʮʠʨʢʫʣʷʮʽʾ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʠʡ ʟʘ 

ʟʥʘʯʝʥʥʷʤʠ ʚʠʪʨʘʪʠ ʧʦʚʽʪʨʷ ʽ ʛʘʟʽʚ: 
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ʪʫʪ Gs ï ʚʠʪʨʘʪʘ ʧʦʚʽʪʨʷ ʽ ʛʘʟʽʚ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʫ ʧʨʦʜʫʚʥʠʡ ʨʝʩʠʚʝʨ, ʢʛ/ʩ; 

GEGR ï ʚʠʪʨʘʪʘ ʛʘʟʽʚ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʥʘ ʨʝʮʠʨʢʫʣʷʮʽʶ, ʢʛ/ʩ [170]. 
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ʗʢʱʦ ʢʦʥʪʨʦʣʴʦʚʘʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʧʨʠ ʨʝʮʠʨʢʫʣʷʮʽʾ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ ʻ 

ʚʤʽʩʪ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ, ʪʦ ʩʪʫʧʽʥʴ ʨʝʮʠʨʢʫʣʷʮʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʚʠʨʘʟʦʤ: 

 

,
ʚʛ

0
EGR

ʉ

ʉʉs-=d   

 

ʜʝ ʉs, ʉ0, ʉʚʛ ï ʢʦʥʮʝʥʪʨʘʮʽʾ ʉʆ2 ʚʽʜʧʦʚʽʜʥʦ ʚ ʧʨʦʜʫʚʥʦʤʫ ʨʝʩʠʚʝʨʽ, 

ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʪʘ ʚʠʧʫʩʢʥʠʭ ʛʘʟʘʭ. 

çɹʫʜʴ-ʷʢʝ ʜʦʩʣʽʜʞʝʥʥʷ ʟʚʦʜʠʪʴʩʷ ʜʦ ʚʠʤʽʨʶʚʘʥʥʷè ï ʧʨʠʙʣʠʟʥʦ ʪʘʢ 

ʟʚʫʯʠʪʴ ʚʠʩʣʦʚʣʶʚʘʥʥʷ, ʷʢʝ, ʷʢ ʧʨʠʡʥʷʪʦ ʚʚʘʞʘʪʠ, ʥʘʣʝʞʠʪʴ ʦʜʥʦʤʫ ʟ 

ʨʦʜʦʥʘʯʘʣʴʥʠʢʽʚ ʩʪʚʦʨʝʥʥʷ ɼɺɿ ï ʥʽʤʝʮʴʢʦʤʫ ʽʥʞʝʥʝʨʫ ʈʫʜʦʣʴʬʫ ɼʠʟʝʣʶ. 

ʑʦʙ ʚʠʧʨʘʚʜʘʪʠ ʦʯʽʢʫʚʘʥʥʷ ʟʘʤʦʚʥʠʢʽʚ, ʥʝʦʙʭʽʜʥʦ ʧʽʜʪʨʠʤʫʚʘʪʠ ʷʢʽʩʪʴ 

ʚʠʤʽʨʶʚʘʥʴ ʥʘ ʚʠʱʦʤʫ ʨʽʚʥʽ, ʱʦ ʧʦʪʨʝʙʫʶʪʴ ʟʥʘʯʥʠʭ ʽʥʚʝʩʪʠʮʽʡ ʫ 

ʜʦʩʣʽʜʞʝʥʥʷ. ɼʣʷ ʙʽʣʴʰ ʛʣʠʙʦʢʦʛʦ ʚʠʚʯʝʥʥʷ ʧʨʦʙʣʝʤ ʟʥʠʞʝʥʥʷ ʚʠʢʠʜʽʚ 

ʙʫʜʫʪʴ ʧʦʪʨʽʙʥʽ, ʢʨʽʤ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʠʭ, ʽʥʥʦʚʘʮʽʡʥʽ ʤʝʪʦʜʠ ʚʠʤʽʨʶʚʘʥʴ ʽ 

ʙʽʣʴʰ ʰʠʨʦʢʘ ʥʦʤʝʥʢʣʘʪʫʨʘ. ʈʝʘʣʴʥʽ ʧʦʢʘʟʥʠʢʠ ʤʦʞʫʪʴ ʚʽʜʨʽʟʥʷʪʠʩʷ. ʎʝ 

ʤʦʞʝ ʙʫʪʠ ʜʦʩʷʛʥʫʪʦ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʠʭ ʘʥʘʣʽʟʘʪʦʨʽʚ 

ʛʘʟʦʧʦʜʽʙʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ [171, 172]. 

 

 

3.5. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʨʝʮʠʨʢʫʣʷʮʽʾ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ 

ʩʫʜʥʦʚʦʛʦ ʜʠʟʝʣʷ ʥʘ ʝʢʦʣʦʛʽʯʥʽʩʪʴ ʨʦʙʦʪʠ ʤʦʨʩʴʢʦʛʦ ʩʫʜʥʘ 

 

 

ʆʜʥʽʻʶ ʟ ʦʩʦʙʣʠʚʦʩʪʝʡ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʦʨʩʴʢʠʭ ʩʫʜʝʥ ʻ ʾʭ ʧʽʜʟʚʽʪʥʽʩʪʴ 

ʤʽʞʥʘʨʦʜʥʠʤ ʢʣʘʩʠʬʽʢʘʮʽʡʥʠʤ ʪʦʚʘʨʠʩʪʚʘʤ (ʥʘʧʨʠʢʣʘʜ, Lloydôs Register of 

Shipping ï England, Bureau Veritas ï France, Det Norske Veritas & Germanischer 

Lloyd ï Germany, The American Bureau of Shipping ï USA). ʇʨʠʯʦʤʫ ʦʜʥʝ 

ʤʦʨʩʴʢʝ ʩʫʜʥʦ ʤʦʞʝ ʙʫʪʠ ʧʽʜ ʥʘʛʣʷʜʦʤ ʚʽʜʨʘʟʫ ʜʝʢʽʣʴʢʦʭ ʪʦʚʘʨʠʩʪʚ. ʎʽ 

ʦʨʛʘʥʽʟʘʮʽʾ ʥʘ ʙʘʟʽ ʝʤʧʽʨʠʯʥʦʛʦ ʜʦʩʚʽʜʫ, ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʦʙʣʽʢʫ ʪʘ ʥʘʫʢʦʚʠʭ 
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ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʨʦʙʣʷʶʪʴ ʩʚʦʾ ʚʣʘʩʥʽ ʇʨʘʚʠʣʘ ʢʣʘʩʠʬʽʢʘʮʽʾ ʤʦʨʩʴʢʠʭ ʩʫʜʝʥ ʽ 

ʚʝʜʫʪʴ ʩʠʩʪʝʤʫ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʥʘʜ ʜʦʪʨʠʤʘʥʥʷʤ ʮʠʭ ʧʨʘʚʠʣ ʥʘ 

ʢʣʘʩʠʬʽʢʦʚʘʥʠʭ ʩʫʜʥʘʭ. ʎʝ ʦʙʤʝʞʫʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ 

ʟʤʽʥ ʚ ʫʩʪʨʦʾ ʩʫʜʥʦʚʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ (ʷʢ ʪʝʧʣʦʚʠʭ ʽ 

ʤʝʭʘʥʽʯʥʠʭ ʜʚʠʛʫʥʽʚ, ʪʘʢ ʽ ʩʠʩʪʝʤ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʾʭʥʶ ʨʦʙʦʪʫ) ʙʝʟ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʦʛʦʜʞʝʥʥʷ ʟ ʮʠʤʠ ʥʘʛʣʷʜʦʚʠʤʠ ʦʨʛʘʥʘʤʠ. ʉʫʜʥʦʚʠʡ ʝʢʽʧʘʞ 

ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʩʚʦʾʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʦʙʦʚôʷʟʢʽʚ ʧʦʟʙʘʚʣʝʥʠʡ ʤʦʞʣʠʚʦʩʪʽ 

ʩʘʤʦʩʪʽʡʥʦʛʦ ʧʝʨʝʦʙʣʘʜʥʘʥʥʷ ʷʢ ʩʘʤʦʾ ʝʥʝʨʛʝʪʠʯʥʦʾ ʫʩʪʘʥʦʚʢʠ, ʪʘʢ ʽ ʩʠʩʪʝʤ, 

ʱʦ ʾʾ ʦʙʩʣʫʛʦʚʫʶʪʴ. ʊʦʤʫ ʟʘʚʜʘʥʥʷʤ ʽ ʩʫʜʥʦʚʠʭ ʤʝʭʘʥʽʢʽʚ, ʽ ʧʨʝʜʩʪʘʚʥʠʢʽʚ 

ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡ ʻ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʩʫʜʥʦʚʦʾ ʝʥʝʨʛʝʪʠʯʥʦʾ ʫʩʪʘʥʦʚʢʠ ʙʝʟ ʚʥʝʩʝʥʥʷ ʙʫʜʴ-ʷʢʠʭ ʫʜʦʩʢʦʥʘʣʝʥʴ ʽ 

ʤʦʜʝʨʥʽʟʘʮʽʡ ʚ ʾʾ ʢʦʥʩʪʨʫʢʮʽʶ. 

ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʛʘʟʦʦʙʤʽʥʫ ʽ ʟʛʦʨʷʥʥʷ ʧʽʜ ʯʘʩ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ EGR ʧʦʚôʷʟʘʥʝ ʟ ʥʝʦʙʭʽʜʥʽʩʪʶ ʚʨʘʭʫʚʘʥʥʷ ʩʢʣʘʜʥʠʭ 

ʷʚʠʱ ʧʝʨʝʥʝʩʝʥʥʷ ʪʝʧʣʦʪʠ ʪʘ ʤʘʩʠ [173], ʧʨʠ ʮʴʦʤʫ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʥʝ 

ʚʨʘʭʦʚʫʶʪʴ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʷʢ ʩʘʤʦʛʦ ʜʠʟʝʣʷ ʽ ʡʦʛʦ ʧʘʣʠʚʥʦʾ ʘʧʘʨʘʪʫʨʠ, ʪʘʢ ʽ 

ʩʠʩʪʝʤʠ EGR. ʊʦʤʫ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤʠ ERG ʽ ʚʠʙʽʨ ʥʘʡʙʽʣʴʰ 

ʦʧʪʠʤʘʣʴʥʠʭ ʨʝʞʠʤʽʚ ʾʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʦʮʽʣʴʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʥʘ ʙʘʟʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʠʩʪʝʤ 

EGR, ʫʞʝ ʚʩʪʘʥʦʚʣʝʥʠʭ ʥʘ ɼɺɿ ʩʫʜʝʥ ʨʽʯʢʦʚʦʛʦ ʪʘ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ 

[174]. 

ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʚʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʩʠʩʪʝʤʠ ʨʝʮʠʨʢʫʣʷʮʽʾ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ 

ʥʘ ʟʤʽʥʫ ʝʢʦʣʦʛʽʯʥʠʭ (ʢʦʥʮʝʥʪʨʘʮʽʾ NOX ʫ ʚʠʧʫʩʢʥʠʭ ʛʘʟʘʭ), ʝʢʦʥʦʤʽʯʥʠʭ 

(ʧʠʪʦʤʦʾ ʝʬʝʢʪʠʚʥʦʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ be), ʝʥʝʨʛʝʪʠʯʥʠʭ (ʝʬʝʢʪʠʚʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ Nʝ) ʧʦʢʘʟʥʠʢʽʚ ʨʦʙʦʪʠ ɼɺɿ, ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ 

ʨʝʞʠʤʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʠʩʪʝʤʠ ʨʝʮʠʨʢʫʣʷʮʽʾ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ ʚʠʢʦʥʫʚʘʣʦʩʷ ʥʘ 

ʩʫʜʥʦʚʠʭ ʤʘʣʦʦʙʝʨʪʦʚʠʭ ʜʠʟʝʣʷʭ 7UEC60LS ʬʽʨʤʠ Mitsubishi ʪʘ 7S60ʄC 

ʬʽʨʤʠ Kawasaki MAN-B&W, ʱʦ ʧʨʘʮʶʶʪʴ ʟʘ ʜʚʦʪʘʢʪʥʠʤ ʮʠʢʣʦʤ ʪʘ 

ʦʙʣʘʜʥʘʥʽ ʰʪʘʪʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ERG. 
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3.5.1. ʊʝʭʥʦʣʦʛʽʷ ʽ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʘʥʘʣʽʟʫ ʚʠʧʫʩʢʥʠʭ 

ʛʘʟʽʚ ʩʫʜʥʦʚʠʭ ʜʠʟʝʣʽʚ 

 

 

ʗʢ ʟʘʟʥʘʯʝʥʦ ʚ ʧ. 3.3, ʤʦʥʽʪʦʨʠʥʛ ʢʦʥʮʝʥʪʨʘʮʽʾ ʰʢʽʜʣʠʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʫ 

ʚʠʧʫʩʢʥʠʭ ʛʘʟʘʭ ʥʘʡʙʽʣʴʰ ʜʦʮʽʣʴʥʦ ʚʠʟʥʘʯʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʝʨʝʥʦʩʥʠʭ 

ʛʘʟʦʘʥʘʣʽʟʘʪʦʨʽʚ [175]. 

ʅʘʤʠ ʧʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʝʤʽʩʽʷ NOX (ʘ ʪʘʢʦʞ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʽʥʰʠʭ ʩʢʣʘʜʦʚʠʭ ɺɻ) ʚʠʟʥʘʯʘʣʘʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʛʘʟʦʘʥʘʣʽʟʘʪʦʨʘ Testo350XL ʚʠʨʦʙʥʠʮʪʚʘ ʅʽʤʝʯʯʠʥʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘʩʪʫʧʥʠʭ ʨʝʯʦʚʠʥ: ʉʆ, O2, N2, NOX, CH4, HC, SO2, H2S, ʘ 

ʪʘʢʦʞ ʪʝʤʧʝʨʘʪʫʨʫ, ʚʦʣʦʛʽʩʪʴ, ʰʚʠʜʢʽʩʪʴ ʽ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʡ ʪʠʩʢ 

ʚʠʤʽʨʶʚʘʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʘʟʦʘʥʘʣʽʟʘʪʦʨʘ 

Testo350XL ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 3.3. 

 

ʊʘʙʣʠʮʷ 3.3 

ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʘʟʦʘʥʘʣʽʟʘʪʦʨʘ Testo350XL 

ʇʘʨʘʤʝʪʨ, ʱʦ 

ʚʠʤʽʨʷʻʪʴʩʷ  

ɼʽʘʧʘʟʦʥ 

ʚʠʤʽʨʶʚʘʥʥʷ  

ʇʦʭʠʙʢʘ 

ʚʠʤʽʨʶʚʘʥʥʷ  
ɼʦʟʚʽʣ ʐʚʠʜʢʦʜʽʷ 

ʊʝʤʧʝʨʘʪʫʨʘ -40é1200ʉ̄ °0,5 % °0,5 % 2é30 ʩ 

ɺʤʽʩʪ O2 
0é25 

ʦʙôʻʤʥʠʭ % 
°1 ʦʙôʻʤʥʠʡ % 

0,1 

ʦʙôʻʤʥʠʡ % 
5é20 ʩ 

ɺʤʽʩʪ N2 0é25 

ʦʙôʻʤʥʠʭ % 
°1 ʦʙôʻʤʥʠʡ % 

0,1 

ʦʙôʻʤʥʠʡ % 
5é20 ʩ 

ɺʤʽʩʪ NOX 0é3000 ʤʣʥ
ï1

 °5 % 1 ʤʣʥ
ï1

 1é30 ʩ 

ɺʤʽʩʪ ʉʆ2 0é75 

ʦʙôʻʤʥʠʭ % 
°1 ʦʙôʻʤʥʠʡ % 

0,1 

ʦʙôʻʤʥʠʡ % 
1é10 ʩ 

ɺʤʽʩʪ ʉʆ 0é75 

ʦʙôʻʤʥʠʭ % 
°1 ʦʙôʻʤʥʠʡ % 

0,1 

ʦʙôʻʤʥʠʡ % 
1é10 ʩ 

ɺʤʽʩʪ ʅʉ 0é5  

ʦʙôʻʤʥʠʭ % 
°1 ʦʙôʻʤʥʠʡ % 

0,05 

ʦʙôʻʤʥʠʭ % 
5é20 ʩ 
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ɻʘʟʦʚʠʡ ʘʥʘʣʽʟ ɺɻ ʚʠʢʦʥʫʚʘʚʩʷ ʚ ʛʘʟʦʚʠʧʫʩʢʥʽʡ ʤʘʛʽʩʪʨʘʣʽ ʥʘ ʚʽʜʩʪʘʥʽ 

10 ʤ ʚʽʜ ʤʽʩʮʷ ʚʠʭʦʜʫ ʛʘʟʽʚ ʟ ɻʊʅ, ʱʦ ʚʽʜʧʦʚʽʜʘʣʦ ʚʠʤʦʛʘʤ ʊʝʭʥʽʯʥʦʛʦ 

ʢʦʜʝʢʩʫ ʟʘ NOʍ. 

ʉʪʫʧʽʥʴ ʨʝʮʠʨʢʫʣʷʮʽʾ ʚʽʜʭʽʜʥʠʭ ʛʘʟʽʚ dEGR ʧʽʜ ʯʘʩ ʝʢʩʧʝʨʠʤʝʥʪʽʚ 

ʨʦʟʨʘʭʦʚʫʚʘʣʘʩʷ ʟʘ ʚʠʨʘʟʦʤ 

 

,
Ŭ

ŭ EGR
EGR

a
=  

 

 

ʜʝ a ï ʧʦʪʦʯʥʝ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʥʘʜʣʠʰʢʫ ʧʦʚʽʪʨʷ; 

aEGR ï ʢʦʝʬʽʮʽʻʥʪ ʥʘʜʣʠʰʢʫ ʧʦʚʽʪʨʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʠʩʪʝʤʠ 

ʨʝʮʠʨʢʫʣʷʮʽʾ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ. 

ʂʦʝʬʽʮʽʻʥʪ ʥʘʜʣʠʰʢʫ ʧʦʚʽʪʨʷ a ʚʠʟʥʘʯʘʚʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʙôʻʤʥʠʭ 

ʢʦʥʮʝʥʪʨʘʮʽʡ O2,Gas ʪʘ N2,Gas ʫ ʚʠʧʫʩʢʥʠʭ ʛʘʟʘʭ (ʚʠʤʽʨʶʚʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʛʘʟʦʘʥʘʣʽʟʘʪʦʨʘ Testo350XL) ʟʘ ʚʠʨʘʟʦʤ 

 

.

N

O
76,31

1
Ŭ

Gas 2,

Gas 2,-

=  
 

 

ɼʣʷ ʧʝʨʝʨʘʭʫʥʢʫ ʚʠʤʽʨʷʥʦʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʘʟʦʘʥʘʣʽʟʘʪʦʨʘ Testo350XL 

ʢʦʥʮʝʥʪʨʘʮʽʾ NOX,ppm (ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚ ʤʣʥ
ï1

 ʘʙʦ ppm) ʚ ʥʝʦʙʭʽʜʥʫ ʟʛʽʜʥʦ ʟ 

ʚʠʤʦʛʘʤʠ ʄʽʞʥʘʨʦʜʥʦʾ ʤʦʨʩʴʢʦʾ ʦʨʛʘʥʽʟʘʮʽʾ (International Marine Organization 

ï IMO) ʨʦʟʤʽʨʥʽʩʪʴ ʢ ʛ/(ʢɺʪÖʛʦʜ) ʨʦʟʨʘʭʦʚʫʚʘʣʦʩʷ ʟʥʘʯʝʥʥʷ ʤʘʩʠ (ʛʦʜʠʥʥʦʾ 

ʚʠʪʨʘʪʠ) ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ GGas, ʢʛ/ʛʦʜ, ʱʦ ʚʠʭʦʜʷʪʴ ʟ ʜʠʟʝʣʷ 

 

,Ŭ a0Gas j= eeNbLG   

 

ʜʝ L0=0,495 ʢʤʦʣʴ/ʢʛ ï ʪʝʦʨʝʪʠʯʥʦ ʥʝʦʙʭʽʜʥʘ ʢʽʣʴʢʽʩʪʴ ʧʦʚʽʪʨʷ ʜʣʷ ʟʛʦʨʷʥʥʷ 

ʧʘʣʠʚʘ; 

jʘ ï ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʜʫʚʘʥʥʷ. 
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ɼʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʪʦʯʥʦʩʪʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʚʠʟʥʘʯʝʥʥʷ 

ʚʠʪʨʘʪʠ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ ʜʦʜʘʪʢʦʚʦ ʚʠʢʦʥʫʚʘʣʦʩʷ ʤʝʪʦʜʦʤ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʽ 

ʤʝʪʦʜʦʤ ʚʫʛʣʝʮʝʚʦʛʦ ʙʘʣʘʥʩʫ (ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʊʝʭʥʽʯʥʦʛʦ ʢʦʜʝʢʩʫ ʟ ʢʦʥʪʨʦʣʶ 

ʚʠʢʠʜʽʚ ʦʢʠʩʣʽʚ ʘʟʦʪʫ ʟ ʩʫʜʥʦʚʠʭ ʜʠʟʝʣʴʥʠʭ ʜʚʠʛʫʥʽʚ). ʎʝʡ ʤʝʪʦʜ ʧʦʣʷʛʘʻ ʚ 

ʨʦʟʨʘʭʫʥʢʫ ʤʘʩʦʚʦʾ ʚʠʪʨʘʪʠ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ ʟʘ ʚʠʪʨʘʪʦʶ ʧʘʣʠʚʘ, ʩʢʣʘʜʦʤ 

ʧʘʣʠʚʘ ʽ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ [176]. 

ʇʨʠ ʮʴʦʤʫ ʤʘʩʦʚʘ ʚʠʪʨʘʪʘ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ qmew, ʢʛ/ʛʦʜ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʚʠʨʘʟʦʤ 

,
100

1108936,0
293,1

1
108936,0

1,4

1,4
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ö
ö
ö
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BET

cc

fdBET

c

BET

BETBET

mfmew

H
w

ff

fw
f

w

ww

qq

ʜʝ qmf ï ʚʠʪʨʘʪʘ ʨʽʜʢʦʛʦ ʧʘʣʠʚʘ, ʢʛ/ʛʦʜ; 

wBET ï ʤʘʩʦʚʠʡ ʩʢʣʘʜ ʚʫʛʣʝʮʶ ʚ ʧʘʣʠʚʽ, %; 

Ha ï ʘʙʩʦʣʶʪʥʘ ʚʦʣʦʛʽʩʪʴ ʧʦʚʽʪʨʷ, ʛʨ. ʅ2ʆ/ʢʛ ʧʦʚʽʪʨʷ; 

ffd ï ʢʦʝʬʽʮʽʻʥʪ ʩʢʣʘʜʫ ʧʘʣʠʚʘ ʜʣʷ ʩʫʭʠʭ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʛʘʟʽʚ; 

fc ï ʢʦʝʬʽʮʽʻʥʪ ʚʫʛʣʝʮʶ. 

ʂʦʝʬʽʮʽʻʥʪʠ ffd ʪʘ fc ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʟʘ ʚʠʨʘʟʘʤʠ: 

 

,0070046,0008002,0055593,0 EPSDELALFfd wwwf ++-=   

 

( ) ,
1733518522

5441,0 HCCO
COCO 22

wd
addc

cc
ccf ++-=  

 

 

ʜʝ wALF ï ʤʘʩʦʚʠʡ ʩʢʣʘʜ ʚʦʜʥʶ ʚ ʧʘʣʠʚʽ, %; 

wDE ï ʤʘʩʦʚʠʡ ʩʢʣʘʜ ʘʟʦʪʫ ʚ ʧʘʣʠʚʽ, %; 

wEPS ï ʤʘʩʦʚʠʡ ʩʢʣʘʜ ʢʠʩʥʶ ʚ ʧʘʣʠʚʽ, %; 

dc
2CO  ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʉʆ2 ʫ ʚʠʧʫʩʢʥʠʭ ʛʘʟʘʭ, %; 

ʘdc
2CO  ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʉʆ2 ʫ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʧʦʚʽʪʨʽ, %, (ʘdc

2CO =0,03 %); 
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dcCO
 ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʉʆ ʫ ʚʠʧʫʩʢʥʠʭ ʛʘʟʘʭ, ʤʣʥ

ï1
; 

wcHC  ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʅʉ ʫ ʚʠʧʫʩʢʥʠʭ ʛʘʟʘʭ, ʤʣʥ
ï1

. 

ʈʦʟʙʽʞʥʽʩʪʴ ʫ ʚʠʟʥʘʯʝʥʥʽ ʟʥʘʯʝʥʴ GGas ʪʘ qmew ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʘ 1 %. 

ɼʘʣʽ ʚʠʢʦʥʫʚʘʚʩʷ ʨʦʟʨʘʭʫʥʦʢ ʢʦʥʮʝʥʪʨʘʮʽʾ NOX,ʢʛ/ʛʦʜ 

 

,
limNʆ

Nʆ
Nʆ

ʍ

Gasppmʍ,

ʢʛ/ʛʦʜʍ,

G
=  

 

 

ʜʝ limNOX ï ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ NOX, ʷʢʘ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʛʘʟʦʘʥʘʣʽʟʘʪʦʨʦʤ Testo350XL (2000
ï1

 ʘʙʦ 3000 mln
ï1

 ʟʘʣʝʞʥʦ 

ʚʽʜ ʦʙʨʘʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʚʠʤʽʨʶʚʘʥʴ). 

ʇʽʩʣʷ ʯʦʛʦ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʜʠʟʝʣʷ Ne, 

ʢʦʥʮʝʥʪʨʘʮʽʾ NOX ʚ ʨʦʟʤʽʨʥʦʩʪʽ ʛ/(ʢɺʪÖʛʦʜ) ʚʠʟʥʘʯʘʣʘʩʷ ʷʢ 

 

.
Nʆ

Nʆ
ʢʛ/ʛʦʜʍ,

ʍ

eN
=  

 

 

 

3.5.2. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ, ʚʠʢʦʥʘʥʠʭ ʥʘ ʩʫʜʥʦʚʦʤʫ ʤʘʣʦʦʙʝʨʪʦʚʦʤʫ 

ʜʠʟʝʣʽ 7UEC60LS ʬʽʨʤʠ Mitsubishi 

 

 

ɼʠʟʝʣʝʙʫʜʽʚʥʘ ʢʦʨʧʦʨʘʮʽʷ Mitsubishi Heavy Industries Ltd. ʻ ʦʜʥʽʻʶ ʟ 

ʧʝʨʰʠʭ ʩʚʽʪʦʚʠʭ ʬʽʨʤ, ʷʢʽ ʧʦʯʘʣʠ ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʩʠʩʪʝʤʠ ʨʝʮʠʨʢʫʣʷʮʽʾ 

ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ ʥʘ ʤʦʨʩʴʢʽ ʩʫʜʥʘ [177]. 

ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʠʟʝʣʷ 7UEC60LS ʬʽʨʤʠ Mitsubishi: 

Å ʜʽʘʤʝʪʨ ʮʠʣʽʥʜʨʘ ï 600 ʤʤ; 

Å ʭʽʜ ʧʦʨʰʥʷ ï 2400 ʤʤ; 

Å ʢʽʣʴʢʽʩʪʴ ʮʠʣʽʥʜʨʽʚ ï 7; 

Å ʥʦʤʽʥʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ ï 12600 ʢɺʪ; 

Å ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ, ʚʽʜʧʦʚʽʜʥʘ ʥʦʤʽʥʘʣʴʥʽʡ ʧʦʪʫʞʥʦʩʪʽ ï 82 ʦʙ/ʭʚ. 
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ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʜʠʟʝʣʷ 7UEC60LS ʬʽʨʤʠ Mitsubishi ʟ ʩʠʩʪʝʤʦʶ 

ʨʝʮʠʨʢʫʣʷʮʽʾ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ ʥʠʟʴʢʦʛʦ ʪʠʩʢʫ (LP-EGR) ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 3.2. 

 

 

ʈʠʩ. 3.2. ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʩʠʩʪʝʤʠ ʨʝʮʠʨʢʫʣʷʮʽʾ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ ʩʫʜʥʦʚʦʛʦ 

ʤʘʣʦʦʙʝʨʪʦʚʦʛʦ ʜʠʟʝʣʷ 7UEC60LS ʬʽʨʤʠ Mitsubishi: 

1, 3 ï ɻʊʅ; 2 ï ʢʝʨʫʶʯʠʡ ʢʣʘʧʘʥ ʩʠʩʪʝʤʠ ʨʝʮʠʨʢʫʣʷʮʽʾ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ;  

4 ï ʩʢʨʫʙʝʨ; 5 ï ʚʦʜʷʥʠʡ ʥʘʩʦʩ; 6 ï ʚʦʜʷʥʘ ʮʠʩʪʝʨʥʘ; 7 ï ʛʘʟʦʚʠʡ ʥʘʛʥʽʪʘʯ ʟ 

ʝʣʝʢʪʨʠʯʥʠʤ ʧʨʠʚʦʜʦʤ; 8, 9 ï ʦʭʦʣʦʜʞʫʚʘʯ ʥʘʜʜʫʚʦʯʥʦʛʦ ʧʦʚʽʪʨʷ;  

10 ï ʧʦʚʽʪʨʷʥʠʡ ʨʝʩʠʚʝʨ; 11 ï ʮʠʣʽʥʜʨʠ ʜʠʟʝʣʷ; 12 ï ʚʠʧʫʩʢʥʠʡ ʢʦʣʝʢʪʦʨ; 

T, K ï ʛʘʟʦʚʘ ʪʫʨʙʽʥʘ ʽ ʧʦʚʽʪʨʷʥʠʡ ʢʦʤʧʨʝʩʦʨ ɻʊʅ 

 

ʌʫʥʢʮʽʶʚʘʥʥʷ ʩʠʩʪʝʤʠ ʨʝʮʠʨʢʫʣʷʮʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. 

ɺʠʧʫʩʢʥʽ ʛʘʟʠ ʟ ʮʠʣʽʥʜʨʽʚ ʜʠʟʝʣʷ 11 ʥʘʜʭʦʜʷʪʴ ʫ ʟʘʛʘʣʴʥʠʡ ʚʠʧʫʩʢʥʠʡ 

ʢʦʣʝʢʪʦʨ 12 ʽ ʜʘʣʽ ʜʦ ɻʊʅ 1 ʽ 3, ʧʽʩʣʷ ʯʦʛʦ ʯʝʨʝʟ ʛʘʟʦʚʠʧʫʩʢʥʫ ʪʨʫʙʫ 

ʚʠʜʘʣʷʶʪʴʩʷ ʚ ʘʪʤʦʩʬʝʨʫ. ɻʊʅ 1 ʽ 3 ʟʘʙʠʨʘʶʪʴ ʧʦʚʽʪʨʷ ʟ ʤʘʰʠʥʥʦʛʦ 

ʚʽʜʜʽʣʝʥʥʷ ʽ ʧʽʩʣʷ ʩʪʠʩʥʝʥʥʷ ʩʧʨʷʤʦʚʫʶʪʴ ʡʦʛʦ ʯʝʨʝʟ ʦʭʦʣʦʜʞʫʚʘʯʽ 8 ʽ 9 ʫ 

ʧʦʚʽʪʨʷʥʠʡ (ʧʨʦʜʫʚʥʠʡ) ʨʝʩʠʚʝʨ 10. ʇʨʠ ʮʴʦʤʫ ɻʊʅ 3 ʦʙʣʘʜʥʘʥʠʡ ʩʠʩʪʝʤʦʶ 

ʨʝʮʠʨʢʫʣʷʮʽʾ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʝʨʫʶʯʦʛʦ ʢʣʘʧʘʥʘ 2, 

ʩʢʨʫʙʝʨʘ ʦʯʠʱʝʥʥʷ ʛʘʟʽʚ 4, ʛʘʟʦʚʦʛʦ ʥʘʛʥʽʪʘʯʘ 7, ʚʦʜʷʥʦʾ ʮʠʩʪʝʨʥʠ 6 ʽ 
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ʚʦʜʷʥʦʛʦ ʥʘʩʦʩʘ 5. ʋ ʨʘʟʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ ʨʝʮʠʨʢʫʣʷʮʽʾ ʚʠʧʫʩʢʥʠʭ 

ʛʘʟʽʚ ʾʭ ʢʽʣʴʢʽʩʪʴ ʨʝʛʫʣʶʻʪʴʩʷ ʢʣʘʧʘʥʦʤ 3. ɺʠʧʫʩʢʥʽ ʛʘʟʠ ʦʯʠʱʫʶʪʴʩʷ ʽ 

ʧʦʧʝʨʝʜʥʴʦ ʦʭʦʣʦʜʞʫʶʪʴʩʷ ʚ ʩʢʨʫʙʝʨʽ 4, ʧʽʩʣʷ ʯʦʛʦ ʜʦʜʘʪʢʦʚʠʤ ʥʘʛʥʽʪʘʯʝʤ 7 

ʧʦʜʘʶʪʴʩʷ ʜʦ ʧʦʚʽʪʨʷʥʦʛʦ ʢʦʤʧʨʝʩʦʨʘ ɻʊʅ 3 ʽ ʨʘʟʦʤ ʟʽ ʩʚʽʞʠʤ ʧʦʚʽʪʨʷʤ 

ʩʪʠʩʢʘʶʪʴʩʷ ʽ ʥʘʜʭʦʜʷʪʴ ʜʦ ʦʭʦʣʦʜʞʫʚʘʯʘ 8, ʧʦʚʽʪʨʷʥʦʛʦ ʨʝʩʠʚʝʨʘ 10 ʽ ʜʘʣʽ ʚ 

ʮʠʣʽʥʜʨ ʜʠʟʝʣʷ 11. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʚʠʟʥʘʯʝʥʥʷ ʝʤʽʩʽʾ NOX ʫ ɺɻ 

ʚʠʢʦʥʫʚʘʣʠʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ʊʝʭʥʽʯʥʦʛʦ ʢʦʜʝʢʩʫ ʟ ʢʦʥʪʨʦʣʶ ʟʘ 

ʚʠʢʠʜʘʤʠ ʦʢʠʩʣʽʚ ʘʟʦʪʫ ʟ ʩʫʜʥʦʚʠʭ ʜʠʟʝʣʴʥʠʭ ʜʚʠʛʫʥʽʚ [176], ʟʛʽʜʥʦ ʟ ʷʢʠʤ 

ʚʠʧʨʦʙʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʟʘ ʚʠʧʨʦʙʫʚʘʣʴʥʠʤ ʮʠʢʣʦʤ ɽ3 (ʱʦ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʦ ʛʦʣʦʚʥʠʭ ʽ ʜʦʧʦʤʽʞʥʠʭ ʜʚʠʛʫʥʽʚ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʟʘ 

ʛʚʠʥʪʦʚʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ). ʈʝʞʠʤʠ ʨʦʙʦʪʠ ʜʠʟʝʣʷ ʟʘʜʘʚʘʣʠʩʷ ʯʘʩʪʦʪʦʶ 

ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ, ʷʢʘ ʚʠʟʥʘʯʘʣʘʩʷ ʩʪʘʥʦʚʠʱʝʤ ʧʘʣʠʚʥʦʾ ʨʝʡʢʠ. 

ɽʢʩʧʝʨʠʤʝʥʪʠ ʚʠʢʦʥʫʚʘʣʠʩʷ ʟʘ ʫʤʦʚʠ ʩʪʘʙʽʣʽʟʘʮʽʾ ʟʦʚʥʽʰʥʽʭ ʟʙʫʨʝʥʴ ʪʚ. 

ʥʘʚʘʥʪʘʞʝʥʴ ʜʣʷ ʥʘʩʪʫʧʥʠʭ ʰʚʠʜʢʽʩʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʜʠʟʝʣʷ: 80, 75, 65 ʽ 

55 ʦʙ/ʭʚ, ʱʦ ʚʽʜʧʦʚʽʜʘʣʦ ʟʥʘʯʝʥʥʷʤ ʚʽʜʥʦʩʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʜʠʟʝʣʷ: 0,93Neʥʦʤ, 

0,77Neʥʦʤ, 0,5Neʥʦʤ ʽ 0,3Neʥʦʤ. ʗʢ Neʥʦʤ ʧʨʠʡʤʘʣʘʩʷ ʥʦʤʽʥʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ, 

ʚʽʜʧʦʚʽʜʥʘ ʩʚʦʾʤ ʟʥʘʯʝʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʘ ʥʘʜʣʠʰʢʫ ʧʦʚʽʪʨʷ a. 

ɺʠʧʨʦʙʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʧʽʜ ʯʘʩ ʟʥʠʞʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ɻɼ, 

ʧʦʯʠʥʘʶʯʠ ʟ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʦʾ ʟʘ ʫʤʦʚʠ ʯʠʩʪʦʛʦ ʢʦʨʧʫʩʫ ʩʫʜʥʘ 

(ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʝʢʦʤʝʥʜʘʮʽʡ [178-179]). ɿʥʠʞʝʥʥʷ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ 

ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʧʨʠʙʣʠʟʥʦ ʥʘ ʦʜʠʥ ʦʙʝʨʪ ʢʦʞʥʽ ʧôʷʪʴ ʭʚʠʣʠʥ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʚʘʣʦ ʨʽʚʥʦʤʽʨʥʫ ʟʤʽʥʫ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʜʠʟʝʣʷ. ʇʨʠ ʮʴʦʤʫ 

ʥʘ ʢʦʞʥʦʤʫ ʟ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʨʝʞʠʤʽʚ ɻɼ ʧʦʧʝʨʝʜʥʴʦ ʧʨʘʮʶʚʘʚ ʧʨʦʪʷʛʦʤ 

30...45 ʭʚʠʣʠʥ, ʱʦ ʛʘʨʘʥʪʫʚʘʣʦ ʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʪʝʧʣʦʚʠʭ ʽ ʤʘʩʦʚʠʭ 

ʧʦʪʦʢʽʚ, ʧʽʩʣʷ ʯʦʛʦ ʚʠʢʦʥʫʚʘʣʘʩʷ ʬʽʢʩʘʮʽʷ ʥʝʦʙʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʇʽʜ ʯʘʩ 

ʜʦʩʣʽʜʞʝʥʴ ʜʠʟʝʣʴ ʧʨʘʮʶʚʘʚ ʥʘ ʦʜʥʦʤʫ ʽ ʪʦʤʫ ʞ ʩʦʨʪʽ ʧʘʣʠʚʘ ʽ ʮʠʣʽʥʜʨʦʚʦʛʦ 

ʤʘʩʪʠʣʘ. ʊʘʢʦʞ ʧʦʩʪʽʡʥʠʤʠ ʧʽʜʪʨʠʤʫʚʘʣʠʩʷ ʟʥʘʯʝʥʥʷ ʦʭʦʣʦʜʞʫʚʘʣʴʥʠʭ 

ʩʝʨʝʜʦʚʠʱ ʥʘ ʚʭʦʜʽ/ʚʠʭʦʜʽ ʜʠʟʝʣʷ (ʚʦʜʠ ʽ ʮʠʨʢʫʣʷʮʽʡʥʦʛʦ ʤʘʩʪʠʣʘ). 
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ɿʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʜʠʟʝʣʷ Nʝ ʚʠʟʥʘʯʘʣʦʩʷ ʰʣʷʭʦʤ 

ʽʥʜʽʮʠʶʚʘʥʥʷ ʜʠʟʝʣʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʫʜʥʦʚʦʾ ʩʠʩʪʝʤʠ ʜʽʘʛʥʦʩʪʠʢʠ ʨʦʙʦʯʦʛʦ 

ʧʨʦʮʝʩʫ Doctor, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ ʟʥʘʯʝʥʥʷ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʚʝʣʠʯʠʥ (ʫ 

ʪʦʤʫ ʯʠʩʣʽ ʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʽʥʜʠʢʘʪʦʨʥʦʛʦ ʪʠʩʢʫ pi) ʟ ʚʽʜʭʠʣʝʥʥʷʤ ʤʝʥʰʝ 

1,0 %. ɼʘʣʽ ʟʘ ʚʝʣʠʯʠʥʦʶ pi (ʚ ʄʇʘ), ʘ ʪʘʢʦʞ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʜʠʟʝʣʷ ʽ ʨʝʞʠʤʫ ʡʦʛʦ ʨʦʙʦʪʠ, ʚʝʣʠʯʠʥʘ Nʝ (ʚ ʢɺʪ) ʨʦʟʨʘʭʦʚʫʚʘʣʘʩʷ ʟʘ ʚʠʨʘʟʦʤ 
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ʜʝ Vs ï ʦʙôʻʤ ʮʠʣʽʥʜʨʘ, ʤ
3
; 

ʧ ï ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ, ʦʙ/ʭʚ; 

 ̔ï ʯʠʩʣʦ ʮʠʣʽʥʜʨʽʚ; 

z ï ʢʦʝʬʽʮʽʻʥʪ ʪʘʢʪʥʦʩʪʽ (ʜʣʷ ʨʦʟʛʣʷʥʫʪʦʛʦ ʜʠʟʝʣʷ z=1); 

pi ï ʩʝʨʝʜʥʽʡ ʽʥʜʠʢʘʪʦʨʥʠʡ ʪʠʩʢ, ʄʇʘ; 

hm ï ʤʝʭʘʥʽʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ ʜʠʟʝʣʷ, ʷʢʠʡ ʧʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʽʥʩʪʨʫʢʮʽʾ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʨʠʡʤʘʚʩʷ ʚ ʜʽʘʧʘʟʦʥʽ 

hm=0,903...0,924 ʟʘʣʝʞʥʦ ʚʽʜ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʜʠʟʝʣʷ. 

ʏʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ɻɼ ʟʘʜʘʚʘʣʘʩʷ ʝʣʝʢʪʨʦʥʥʠʤ ʨʝʛʫʣʷʪʦʨʦʤ MG-800 

Governor System ʽ ʢʦʥʪʨʦʣʶʚʘʣʘʩʷ ʟʘ ʜʘʥʠʤʠ ʰʪʘʪʥʦʛʦ ʣʽʯʠʣʴʥʠʢʘ ʯʘʩʪʦʪʠ 

ʦʙʝʨʪʘʥʥʷ. 

ʇʠʪʦʤʘ ʝʬʝʢʪʠʚʥʘ ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ ʨʦʟʨʘʭʦʚʫʚʘʣʘʩʷ ʟʘ ʚʠʨʘʟʦʤ 

,ʛ ʝe Nɺb = ʜʝ ʛʦʜʠʥʥʘ ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ ɺʛ ʚʠʟʥʘʯʘʚʩʷ ʟʘ ʚʠʪʨʘʪʦʤʽʨʦʤ, 

ʚʩʪʘʥʦʚʣʝʥʠʤ ʥʘ ʧʘʣʠʚʥʽʡ ʤʘʛʽʩʪʨʘʣʽ ʙʫʩʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʧʦʜʘʯʽ ʧʘʣʠʚʘ. 

ɺʠʤʽʨʶʚʘʥʥʷ ʟʥʘʯʝʥʥʷ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʟ ʪʦʯʥʽʩʪʶ ʜʦ 

0,01 ʢʛ/ʛʦʜ, ʤʦʞʣʠʚʠʡ ʽʥʪʝʨʚʘʣ ʚʠʤʽʨʽʚ ï ʟ ʪʦʯʥʽʩʪʶ ʜʦ 1 ʩ. 

ʂʦʥʮʝʥʪʨʘʮʽʷ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʫ ɺɻ ʚʠʤʽʨʶʚʘʣʘʩʴ ʛʘʟʦʘʥʘʣʽʟʘʪʦʨʦʤ 

Testo350XL, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʢʦʛʦ ʥʘʜʘʥʽ ʫ ʪʘʙʣʠʮʽ 3.3. 
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ʇʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʜʚʠʛʫʥ ʧʨʘʮʶʚʘʚ ʥʘ ʦʜʥʦʤʫ ʡ ʪʦʤʫ ʞ 

ʩʦʨʪʽ ʚʘʞʢʦʛʦ ʧʘʣʠʚʘ ʢʣʘʩʫ RMG 380 ʩʪʘʥʜʘʨʪʫ ISO 8217-2005 ʟ ʥʘʩʪʫʧʥʠʤ 

ʩʪʨʫʢʪʫʨʥʠʤ ʩʢʣʘʜʦʤ: ʚʫʛʣʝʮʴ ï 85,8%, ʚʦʜʝʥʴ ï 13,28 %, ʩʽʨʢʘ ï 0,82 %, 

ʢʠʩʝʥʴ ï 0,02 %, ʘʟʦʪ ï 0,08 %. 

ʉʪʫʧʽʥʴ ʨʝʮʠʨʢʫʣʷʮʽʾ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ dEGR ʧʽʜ ʯʘʩ ʝʢʩʧʝʨʠʤʝʥʪʽʚ 

ʚʠʟʥʘʯʘʚʩʷ ʧʦʣʦʞʝʥʥʷʤ ʢʣʘʧʘʥʘ ʨʝʮʠʨʢʫʣʷʮʽʾ ʽ ʚʽʜʧʦʚʽʜʥʦ ʥʘʩʪʫʧʥʠʤ 

ʟʥʘʯʝʥʥʷʤ: 4,7 %, 9,8 %, 14,6 %, 18,8 %. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 3.4, ʪʘ ʥʘ ʨʠʩ. 3.3-3.5. 

ʅʝʜʦʣʽʢʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ ʨʝʮʠʨʢʫʣʷʮʽʾ ɺɻ ʻ ʟʥʠʞʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʜʠʟʝʣʷ. ʎʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʟʚôʷʟʢʫ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʤʘʩʠ 

ʟʘʣʠʰʢʦʚʠʭ ʛʘʟʽʚ ʫ ʮʠʣʽʥʜʨʽ, ʟʥʠʞʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʧʦʚʽʪʨʷ ʚ ʮʠʣʽʥʜʨʽ, 

ʧʦʛʽʨʰʝʥʥʷʤ ʧʨʦʮʝʩʫ ʟʛʦʨʷʥʥʷ ʪʘ ʡʦʛʦ ʟʤʽʱʝʥʥʷʤ ʥʘ ʣʽʥʽʶ ʨʦʟʰʠʨʝʥʥʷ, 

ʟʥʠʞʝʥʥʷʤ ʪʝʨʤʽʯʥʦʛʦ ʂʂɼ ʽ ʚʽʜʧʦʚʽʜʥʠʤ ʟʤʝʥʰʝʥʥʷʤ ʪʝʧʣʦʚʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʤʢʥʫʪʦʛʦ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʮʠʢʣʫ. ɿʥʠʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʤʦʞʝ ʙʫʪʠ ʦʮʽʥʝʥʝ ʫ ʚʽʜʥʦʩʥʦʤʫ ʟʥʘʯʝʥʥʽ 
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ʜʝ ʟʥʘʯʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ ʨʝʮʠʨʢʫʣʷʮʽʾ eN  ʽ ʚ ʨʘʟʽ ʾʾ 

EGReN  ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʠʟʥʘʯʘʶʪʴʩʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. ɿʤʽʥʫ ʮʽʻʾ ʚʝʣʠʯʠʥʠ 

ʜʣʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʨʝʞʠʤʽʚ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 3.5. 
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ʊʘʙʣʠʮʷ 3.4 

ɿʤʽʥʘ ʧʦʢʘʟʥʠʢʽʚ ʨʦʙʦʪʠ ʩʫʜʥʦʚʦʛʦ ʜʠʟʝʣʷ 7UEC60LS ʬʽʨʤʠ Mitsubishi  

ʟʘʣʝʞʥʦ ʚʽʜ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʧ, ʦʙ/ʭʚ ʪʘ ʩʪʫʧʝʥʷ ʨʝʮʠʨʢʫʣʷʮʽʾ ʛʘʟʽʚ dEGR, % 

 ʉʪʫʧʽʥʴ ʨʝʮʠʨʢʫʣʷʮʽʾ ʛʘʟʽʚ dEGR, %  

 0 4,7 9,8 14,6 18,8 

  ʢʦʥʮʝʥʪʨʘʮʽʷ ʦʢʩʠʜʽʚ ʘʟʦʪʫ NOX, ʛ/(ʢɺʪÖʛʦʜ) 

ʏʘʩʪʦʪʠ 

ʦʙʝʨʪʘʥʥʷ 

ʢʦʣʽʥʯʘʩʪʦʛʦ 

ʚʘʣʘ ʧ,  

ʦʙ/ʭʚ 

55 9,5 8,6 8,3 8,1 7,7 

65 9,9 9,4 9,1 8,2 8,1 

75 11,4 10,4 10,1 9,7 9,3 

80 12,7 11,3 10,8 10,3 10,0 

  ʧʠʪʦʤʘ ʝʬʝʢʪʠʚʥʘ ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ be, ʛ/(ʢɺʪÖʛʦʜ) 

ʏʘʩʪʦʪʠ 

ʦʙʝʨʪʘʥʥʷ 

ʢʦʣʽʥʯʘʩʪʦʛʦ 

ʚʘʣʘ ʧ,  

ʦʙ/ʭʚ 

55 184,3 188,0 189,2 190,5 192,3 

65 181,0 184,1 185,3 188,0 188,8 

75 176,2 177,0 178,2 179,1 180,2 

80 177,1 178,5 179,5 180,0 180,3 

 

 

ʊʘʙʣʠʮʷ 3.5 

ɺʽʜʥʦʩʥʝ ʟʥʠʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ %, ,100EGRÖ
-

e

ee

N

NN
ʩʫʜʥʦʚʦʛʦ 

ʜʠʟʝʣʷ 7UEC60LS ʬʽʨʤʠ Mitsubishi ʟʘʣʝʞʥʦ ʚʽʜ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʧ, ʦʙ/ʭʚ  

ʪʘ ʩʪʫʧʝʥʷ ʨʝʮʠʨʢʫʣʷʮʽʾ ʛʘʟʽʚ dEGR, % 

 ʉʪʫʧʽʥʴ ʨʝʮʠʨʢʫʣʷʮʽʾ ʛʘʟʽʚ dEGR, %  

 4,7 9,8 14,6 18,8 

ʏʘʩʪʦʪʠ 

ʦʙʝʨʪʘʥʥʷ 

ʢʦʣʽʥʯʘʩʪʦʛʦ 

ʚʘʣʘ ʧ,  

ʦʙ/ʭʚ 

55 1,52 1,71 2,48 3,43 

65 1,17 1,33 1,97 2,95 

75 0,76 1,11 1,56 2,06 

80 0,36 0,54 0,82 1,26 
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ʈʠʩ. 3.3. ɿʤʽʥʘ ʧʠʪʦʤʦʾ ʝʬʝʢʪʠʚʥʦʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ be, ʛ/(ʢɺʪÖʛʦʜ) ʩʫʜʥʦʚʦʛʦ 

ʜʠʟʝʣʷ 7UEC60LS ʬʽʨʤʠ Mitsubishi ʟʘʣʝʞʥʦ ʚʽʜ  

ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʧ, ʦʙ/ʭʚ ʜʣʷ ʨʽʟʥʦʛʦ ʩʪʫʧʝʥʷ ʨʝʮʠʨʢʫʣʷʮʽʾ ʛʘʟʽʚ dEGR, %: 

0 ï ʨʦʙʦʪʘ ʙʝʟ ʨʝʮʠʨʢʫʣʷʮʽʾ, dEGR=0 %; 1 ï dEGR=4,7 %; 2 ï dEGR=9,8 %;  

3 ï dEGR=14,6 %; 4 ï dEGR=18,8 % 

 

 

ʈʠʩ. 3.4. ɿʤʽʥʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʦʢʩʠʜʽʚ ʘʟʦʪʫ NOX, ʛ/(ʢɺʪÖʛʦʜ) ʫ ʚʠʧʫʩʢʥʠʭ ʛʘʟʘʭ 

ʩʫʜʥʦʚʦʛʦ ʜʠʟʝʣʷ 7UEC60LS ʬʽʨʤʠ Mitsubishi ʟʘʣʝʞʥʦ ʚʽʜ  

ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʧ, ʦʙ/ʭʚ ʜʣʷ ʨʽʟʥʦʛʦ ʩʪʫʧʝʥʷ ʨʝʮʠʨʢʫʣʷʮʽʾ ʛʘʟʽʚ dEGR, % 

0 ï ʨʦʙʦʪʘ ʙʝʟ ʨʝʮʠʨʢʫʣʷʮʽʾ, dEGR=0 %; 1 ï dEGR=4,7 %; 2 ï dEGR=9,8 %;  

3 ï dEGR=14,6 %; 4 ï dEGR=18,8 % 
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ʈʠʩ. 3.5. ɺʽʜʥʦʩʥʝ ʟʥʠʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ %, ,100EGRÖ
-

e

ee

N

NN

 

ʩʫʜʥʦʚʦʛʦ ʜʠʟʝʣʷ 7UEC60LS ʬʽʨʤʠ Mitsubishi ʟʘʣʝʞʥʦ ʚʽʜ  

ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʧ, ʦʙ/ʭʚ ʜʣʷ ʨʽʟʥʦʛʦ ʩʪʫʧʝʥʷ ʨʝʮʠʨʢʫʣʷʮʽʾ ʛʘʟʽʚ dEGR, %: 

0 ï ʨʦʙʦʪʘ ʙʝʟ ʨʝʮʠʨʢʫʣʷʮʽʾ, dEGR=0 %; 1 ï dEGR=4,7 %; 2 ï dEGR=9,8 %;  

3 ï dEGR=14,6 %; 4 ï dEGR=18,8 % 

 

ɿ ʤʝʪʦʶ ʟʽʩʪʘʚʣʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʮʠʢʣʫ (ʟʘ ʷʢʫ ʙʨʘʣʘʩʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʢʽʥʮʽ ʟʛʦʨʷʥʥʷ Tz) ʽ ʢʦʥʮʝʥʪʨʘʮʽʾ NOX ʫ ɺɻ ʚʠʢʦʥʫʚʘʣʦʩʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ )(NOX zTf=  ʧʨʠ ʨʽʟʥʠʭ ʰʚʠʜʢʽʩʥʠʭ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ 

ʜʠʟʝʣʷ ʽ ʨʽʟʥʦʛʦ ʩʪʫʧʝʥʷ ʨʝʮʠʨʢʫʣʷʮʽʾ ʛʘʟʽʚ. ʋ ʟʚôʷʟʢʫ ʟ ʥʝʤʦʞʣʠʚʽʩʪʶ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʟʥʘʯʝʥʥʷ Tz (ʯʝʨʝʟ ʽʥʝʨʮʽʡʥʽʩʪʴ ʧʨʦʮʝʩʫ 

ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʰʚʠʜʢʦʧʣʠʥʥʽʩʪʴ ʧʨʦʮʝʩʫ ʟʛʦʨʷʥʥʷ ʪʘ 

ʧʦʜʘʣʴʰʦʛʦ ʛʘʟʦʦʙʤʽʥʫ) ʚʝʣʠʯʠʥʘ ʤʘʢʩʠʤʘʣʴʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʮʠʢʣʫ ʙʫʣʘ 

ʦʪʨʠʤʘʥʘ ʰʣʷʭʦʤ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʩʪʠʩʥʝʥʥʷ ʽ ʟʛʦʨʷʥʥʷ (ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʫʤʦʚ, ʱʦ ʥʘʜʘʥʽ ʫ ʧ. 3.2.4). 

ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 3.6. 
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ʊʘʙʣʠʮʷ 3.6  

ɿʤʽʥʘ ʤʘʢʩʠʤʘʣʴʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʮʠʢʣʫ Tz, K, ʩʫʜʥʦʚʦʛʦ ʜʠʟʝʣʷ 7UEC60LS 

ʬʽʨʤʠ Mitsubishi ʟʘʣʝʞʥʦ ʚʽʜ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʧ, ʦʙ/ʭʚ  

ʜʣʷ ʨʽʟʥʦʛʦ ʩʪʫʧʝʥʷ ʨʝʮʠʨʢʫʣʷʮʽʾ ʛʘʟʽʚ dEGR, % 

 ʉʪʫʧʝʥʴ ʨʝʮʠʨʢʫʣʷʮʽʾ ʛʘʟʽʚ dEGR, % 

 0 4,7 9,8 14,6 18,8 

ʏʘʩʪʦʪʠ 

ʦʙʝʨʪʘʥʥʷ 

ʢʦʣʽʥʯʘʩʪʦʛʦ 

ʚʘʣʘ ʧ,  

ʦʙ/ʭʚ 

55 1794 1781 1748 1733 1720 

65 1786 1768 1735 1710 1692 

75 1784 1753 1732 1696 1681 

80 1767 1743 1714 1678 1651 

 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʥʘʚʝʜʝʥʠʤʠ ʚ ʪʘʙʣʠʮʽ 3.6, ʧʦʙʫʜʦʚʘʥʽ ʥʦʤʦʛʨʘʤʠ 

(ʨʠʩ. 3.6), ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʟʥʠʞʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ NOX ʫ ɺɻ ʧʽʜ ʯʘʩ 

ʟʤʝʥʰʝʥʥʷ ʟʥʘʯʝʥʥʷ Tz. ʊʘʢʦʞ ʚʽʜʟʥʘʯʠʤʦ, ʱʦ ʟʤʝʥʰʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʮʠʢʣʫ Tz ʚʽʜʙʫʚʘʻʪʴʩʷ ʷʢ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʩʪʫʧʝʥʷ ʨʝʮʠʨʢʫʣʷʮʽʾ 

ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ dEGR, ʪʘʢ ʽ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʝʬʝʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʜʠʟʝʣʷ Nʝ 

[174, 175, 180]. 

ʋʟʘʛʘʣʴʥʝʥʘ ʜʽʘʛʨʘʤʘ, ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʜʽʘʧʘʟʦʥ ʟʤʽʥʠ ʤʘʢʩʠʤʘʣʴʥʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʙʦʯʦʛʦ ʮʠʢʣʫ ʜʠʟʝʣʷ Tz ʜʣʷ ʨʽʟʥʦʛʦ ʩʪʫʧʝʥʷ ʨʝʮʠʨʢʫʣʷʮʽʾ 

ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ dEGR ʫ ʜʽʘʧʘʟʦʥʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʩʫʜʥʦʚʦʛʦ 

ʜʠʟʝʣʷ 7UEC60LS ʬʽʨʤʠ Mitsubishi ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 3.7 [181]. 
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ʘ) 

 
ʙ) 

 
ʚ) 

 
ʛ) 

ʈʠʩ. 3.6. ɺʧʣʠʚ ʤʘʢʩʠʤʘʣʴʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʙʦʯʦʛʦ ʮʠʢʣʫ ʜʠʟʝʣʷ Tz ʥʘ 

ʫʪʚʦʨʝʥʥʷ ʦʢʩʠʜʽʚ ʘʟʦʪʫ NOX ʧʽʜ ʯʘʩ ʨʽʟʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʩʫʜʥʦʚʦʛʦ 

ʜʠʟʝʣʷ 7UEC60LS ʬʽʨʤʠ Mitsubishi:  

ʘ ï Nʝʨʝʞ=0,3Nʝʥʦʤ; ʙ ï Nʝʨʝʞ=0,5Nʝʥʦʤ; ʚ ï Nʝʨʝʞ=0,77Nʝʥʦʤ; ʛ ï Nʝʨʝʞ=0,93Nʝʥʦʤ; 

0 ï dEGR=0 %; 1 ï dEGR=4,7 %; 2 ï dEGR=9,8 %; 3 ï dEGR=14,6 %; 4 ï dEGR=18,8 % 
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ʈʠʩ. 3.7. ɼʽʘʧʘʟʦʥ ʟʥʠʞʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʙʦʯʦʛʦ ʮʠʢʣʫ 

ʜʠʟʝʣʷ Tz ʟʘʣʝʞʥʦ ʚʽʜ ʩʪʫʧʝʥʷ ʨʝʮʠʨʢʫʣʷʮʽʾ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ dEGR:  

0 ï dEGR=0 %; 1 ï dEGR=4,7 %; 2 ï dEGR=9,8 %; 3 ï dEGR=14,6 %; 4 ï dEGR=18,8 % 

 

ʉʠʩʪʝʤʘ EGR ʟʘʙʝʟʧʝʯʫʻ ʧʨʠʤʫʩʦʚʫ ʧʦʜʘʯʫ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ ʫ ʮʠʣʽʥʜʨ 

ʜʠʟʝʣʷ, ʧʨʠ ʮʴʦʤʫ ʚ ʮʠʣʽʥʜʨʽ ʟʤʽʥʶʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʛʦʨʶʯʠʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʘʣʠʚʘ (ʚʫʛʣʝʮʝʤ, ʚʦʜʥʝʤ ʽ ʩʽʨʢʦʶ) ʽ ʦʢʠʩʣʶʚʘʯʝʤ (ʢʠʩʥʝʤ, 

ʱʦ ʤʽʩʪʠʪʴʩʷ ʚ ʧʦʚʽʪʨʽ). ʎʝ (ʧʨʠ ʥʝʟʤʽʥʥʽʡ ʢʽʣʴʢʦʩʪʽ ʧʘʣʠʚʘ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʚ 

ʮʠʣʽʥʜʨ) ʧʦʛʽʨʰʫʻ ʧʨʦʮʝʩ ʟʛʦʨʷʥʥʷ, ʟʥʠʞʫʻ ʤʘʢʩʠʤʘʣʴʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʚ 

ʮʠʣʽʥʜʨʽ ʽ ʟʤʝʥʰʫʻ ʢʽʣʴʢʽʩʪʴ çʪʝʧʣʦʚʠʭè ʦʢʩʠʜʽʚ ʘʟʦʪʫ, ʢʽʣʴʢʽʩʪʴ ʷʢʠʭ ʻ 

ʧʨʝʚʘʣʶʶʯʦʶ ʧʽʜ ʯʘʩ ʟʛʦʨʷʥʥʷ ʨʽʜʢʦʛʦ ʧʘʣʠʚʘ. ʈʽʚʝʥʴ ʝʤʽʩʽʾ NOX 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʟʚʦʨʦʪʥʽʡ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʪʫʧʝʥʷ ʨʝʮʠʨʢʫʣʷʮʽʾ ʩʠʩʪʝʤʠ EGR. 

ʊʘʢʦʞ ʜʦ ʟʥʠʞʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʫ ɺɻ, ʧʨʠʟʚʦʜʠʪʴ ʟʙʽʣʴʰʝʥʥʷ ʾʭ 

ʨʝʮʠʨʢʫʣʷʮʽʾ ʫ ʮʠʣʽʥʜʨ ʜʠʟʝʣʷ []. 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʨʦʙʦʪʠ ʜʠʟʝʣʷ ʧʦʚôʷʟʘʥʝ ʟ 

ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʪʘ ʝʢʦʥʦʤʽʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʨʦʙʦʪʠ ʜʠʟʝʣʷ []. ʉʧʨʠʷʪʣʠʚʠʡ 

ʚʧʣʠʚ ʩʠʩʪʝʤʠ EGR ʥʘ ʝʤʽʩʽʶ NOX ʦʜʥʦʯʘʩʥʦ ʩʧʨʠʷʻ ʟʥʠʞʝʥʥʶ ʝʬʝʢʪʠʚʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʜʠʟʝʣʷ Ne ʽ ʟʙʽʣʴʰʝʥʥʶ ʧʠʪʦʤʦʾ ʝʬʝʢʪʠʚʥʦʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ be. ʅʘ 
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ʥʘʰʫ ʜʫʤʢʫ, ʟʥʠʞʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʜʠʟʝʣʷ Ne ʧʦʚôʷʟʘʥʦ ʟʽ ʟʤʝʥʰʝʥʥʷʤ 

ʢ̔ ʣʴʢʦʩʪʽ ɺɻ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʜʦ ɻʊʅ ʡ ʦʜʥʦʯʘʩʥʠʤ ʧʨʦʧʦʨʮʽʡʥʠʤ 

ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ɺɻ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʫ ʮʠʣʽʥʜʨ ʜʠʟʝʣʷ (ʯʝʨʝʟ ʩʠʩʪʝʤʫ 

ʨʝʮʠʨʢʫʣʷʮʽʾ). ʇʝʨʰʝ ʟʥʠʞʫʻ ʧʦʪʫʞʥʽʩʪʴ ɻʊʅ NT, ʘ ʜʨʫʛʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʥʠʞʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʥʘʧʦʚʥʝʥʥʷ ʮʠʣʽʥʜʨʘ ʩʚʽʞʠʤ ʧʦʚʽʪʨʷʤ hʥ. ɺ ʦʙʦʭ 

ʚʠʧʘʜʢʘʭ ʻ ʧʨʷʤʦʧʨʦʧʦʨʮʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ ʦʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʚʽʜ ʽʥʰʦʛʦ: 

NT~GT ʪʘ Nʝ~hʥ,, ʱʦ ʡ ʦʙʫʤʦʚʣʶʻ ʧʘʜʽʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʧʽʜ ʯʘʩ 

ʟʨʦʩʪʘʥʥʷ ʩʪʫʧʝʥʷ EGR. 

ɺʽʜʥʦʩʥʝ ʟʥʠʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ % 100EGR Ö
e

e

N

N
 ʧʽʜ ʯʘʩ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ EGR ʥʘ ʨʝʞʠʤʘʭ ʙʣʠʟʴʢʠʭ ʜʦ ʥʦʤʽʥʘʣʴʥʦʾ ʯʘʩʪʦʪʠ 

ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ nʨʝʞ=0,975nʥʦʤ (ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʤʫ 

ʥʘʚʘʥʪʘʞʝʥʥʶ Nʝʨʝʞ=0,93Nʝʥʦʤ) ʩʪʘʥʦʚʠʪʴ 0,36...1,2 % (ʧʨʠ ʚʽʜʧʦʚʽʜʥʽʡ ʟʤʽʥʽ 

ʨʽʚʥʷ EGR 18,8...4,7%) ʽ ʟʘ ʫʤʦʚʠ ʷʢʽʩʥʦʾ ʪʝʭʥʽʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʠʟʝʣʷ ʥʝ 

ʨʦʙʠʪʴ ʩʫʪʪʻʚʦʛʦ ʚʧʣʠʚʫ ʥʘ ʰʚʠʜʢʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʫʜʥʘ. 

ʇʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʠʟʝʣʷ ʥʘ ʰʚʠʜʢʽʩʥʠʭ ʨʝʞʠʤʘʭ nʨʝʞ=0,91nʥʦʤ (ʢʦʣʠ 

Nʝʨʝʞ=0,77Nʝʥʦʤ), nʨʝʞ=0,79nʥʦʤ (ʢʦʣʠ Nʝʨʝʞ=0,5Nʝʥʦʤ), nʨʝʞ=0,67nʥʦʤ (ʢʦʣʠ 

Nʝʨʝʞ=0,3Nʝʥʦʤ) ʟʥʠʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʤʦʞʝ ʜʦʩʷʛʘʪʠ 2,48...3,43 %. 

ʎʴʦʤʫ, ʥʘ ʥʘʰ ʧʦʛʣʷʜ, ʩʧʨʠʷʻ ʧʦʛʽʨʰʝʥʥʷ ʧʨʦʮʝʩʫ ʛʘʟʦʦʙʤʽʥʫ ʚ ʮʠʣʽʥʜʨʽ ʽ 

ʧʽʜʚʠʱʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʽʜʚʦʜʫ ʪʝʧʣʘ ʚʽʜ ʧʦʚʽʪʨʷʥʦ-ʛʘʟʦʚʦʾ ʩʫʤʽʰʽ ʜʦ 

ʩʪʽʥʦʢ ʮʠʣʽʥʜʨʘ ʧʨʠ ʟʥʠʞʝʥʠʭ ʯʘʩʪʦʪʘʭ ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ. 

ɿʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʫ ʮʠʣʽʥʜʨ ʜʠʟʝʣʷ 

ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʩʪʫʧʝʥʷ ʨʝʮʠʨʢʫʣʷʮʽʾ EGR, ʽ ʧʦʛʽʨʰʝʥʥʷ ʧʨʦʮʝʩʫ ʛʘʟʦʦʙʤʽʥʫ 

ʚ ʮʠʣʽʥʜʨʽ ʪʘʢʦʞ ʻ ʦʩʥʦʚʥʦʶ ʧʨʠʯʠʥʦʶ ʟʨʦʩʪʘʥʥʷ ʧʠʪʦʤʦʾ ʝʬʝʢʪʠʚʥʦʾ 

ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʧʽʜ ʯʘʩ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ EGR []. ʅʘ ʥʘʰʫ ʜʫʤʢʫ, 

ʧʨʠʯʠʥʦʶ ʮʴʦʛʦ ʻ ʟʤʽʥʘ ʩʪʝʭʽʦʤʝʪʨʠʯʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʘ ʪʘʢʦʞ 

ʟʙʽʣʴʰʝʥʥʷ ʚʪʨʘʪʠ ʪʝʧʣʦʪʠ ʚʽʜ ʥʝʧʦʚʥʦʪʠ ʟʛʦʨʷʥʥʷ ʧʘʣʠʚʘ. ʅʘʡʙʽʣʴʰʝ 

ʟʙʽʣʴʰʝʥʥʷ ʧʠʪʦʤʦʾ ʝʬʝʢʪʠʚʥʦʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʚʽʜʧʦʚʽʜʘʻ ʨʝʞʠʤʘʤ ʨʦʙʦʪʠ 

ʜʠʟʝʣʷ ʟ ʤʽʥʽʤʘʣʴʥʦʶ ʯʘʩʪʦʪʦʶ ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ. ʇʦʜʽʙʥʽ 
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ʨʝʟʫʣʴʪʘʪʠ ʪʘʢʦʞ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʧʽʜ ʯʘʩ ʚʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʩʠʩʪʝʤʠ EGR ʥʘ 

ʨʦʙʦʯʠʡ ʧʨʦʮʝʩ ʜʠʟʝʣʽʚ ʥʝʚʝʣʠʢʦʾ ʧʦʪʫʞʥʦʩʪʽ []. 

ʂʦʤʧʣʝʢʩʥʘ ʥʦʤʦʛʨʘʤʘ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʟʤʽʥʫ ʢʦʥʮʝʥʪʨʘʮʽʾ NOX ʫ 

ʚʠʧʫʩʢʥʠʭ ʛʘʟʘʭ, ʧʽʜʚʠʱʝʥʥʷ ʧʠʪʦʤʦʾ ʝʬʝʢʪʠʚʥʦʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ Dbe ʽ 

ʟʥʠʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ DNe ʩʫʜʥʦʚʦʛʦ ʜʠʟʝʣʷ 7UEC60LS ʬʽʨʤʠ 

Mitsubishi ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ Nʝʨʝʞ=0,93Nʝʥʦʤ 

ʟʘʣʝʞʥʦ ʚʽʜ ʩʪʫʧʝʥʷ ʨʝʮʠʨʢʫʣʷʮʽʾ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ EGR, ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 3.8 

[36]. 

 

ʈʠʩ. 3.8. ɿʤʽʥʘ ʢʦʥʮʝʥʪʨʘʮʽʾ NOX ʫ ʚʠʧʫʩʢʥʠʭ ʛʘʟʘʭ, ʟʙʽʣʴʰʝʥʥʷ ʧʠʪʦʤʦʾ 

ʝʬʝʢʪʠʚʥʦʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ Dbe, ʟʥʠʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ DNe 

ʩʫʜʥʦʚʦʛʦ ʜʠʟʝʣʷ 7UEC60LS ʬʽʨʤʠ Mitsubishi ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʤʫ 

ʥʘʚʘʥʪʘʞʝʥʥʽ Neʨʝʞ=0,93Neʥʦʤ ʟʘʣʝʞʥʦ ʚʽʜ ʩʪʫʧʝʥʷ ʨʝʮʠʨʢʫʣʷʮʽʾ ʚʠʧʫʩʢʥʠʭ 

ʛʘʟʽʚ EGR 
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3.5.3. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ, ʚʠʢʦʥʘʥʠʭ ʥʘ ʩʫʜʥʦʚʦʤʫ 

ʤʘʣʦʦʙʝʨʪʦʚʦʤʫ ʜʠʟʝʣʽ 7S60ʄC ʬʽʨʤʠ Kawasaki MAN-B&W 

 

 

ɼʣʷ ʨʦʟʰʠʨʝʥʥʷ ʤʘʩʠʚʫ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʫʟʘʛʘʣʴʥʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʙʫʣʠ 

ʧʨʦʚʝʜʝʥʽ ʘʥʘʣʦʛʽʯʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʥʘ ʩʫʜʥʦʚʦʤʫ ʤʘʣʦ-ʦʙʝʨʪʦʚʦʤʫ ʜʠʟʝʣʽ 

7S60ʄC ʬʽʨʤʠ Kawasaki MAN-B&W. 

ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʜʠʟʝʣʷ 7S60ʄC ʬʽʨʤʠ Kawasaki MAN-B&W ʟ 

ʩʠʩʪʝʤʦʶ ʨʝʮʠʨʢʫʣʷʮʽʾ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ (HP-EGR) ʧʦʢʘʟʘʥʘ 

ʥʘ ʨʠʩ. 3.9. 

 

 

ʈʠʩ. 3.9. ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʩʠʩʪʝʤʠ ʨʝʮʠʨʢʫʣʷʮʽʾ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ ʩʫʜʥʦʚʦʛʦ 

ʤʘʣʦʦʙʝʨʪʦʚʦʛʦ ʜʠʟʝʣʷ 7S60ʄC ʬʽʨʤʠ Kawasaki MAN-B&W:  

1, 3 ï ɻʊʅ; 2 ï ʢʝʨʫʶʯʠʡ ʢʣʘʧʘʥ ʩʠʩʪʝʤʠ ʨʝʮʠʨʢʫʣʷʮʽʾ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ;  

4 ï ʩʢʨʫʙʝʨ; 5 ï ʚʦʜʷʥʠʡ ʥʘʩʦʩ; 6 ï ʚʦʜʷʥʘ ʮʠʩʪʝʨʥʘ; 7 ï ʛʘʟʦʚʠʡ ʥʘʛʥʽʪʘʯ ʟ 

ʝʣʝʢʪʨʠʯʥʠʤ ʧʨʠʚʦʜʦʤ; 8, 9 ï ʦʭʦʣʦʜʞʫʚʘʯ ʥʘʜʜʫʚʦʯʥʦʛʦ ʧʦʚʽʪʨʷ;  

10 ï ʧʦʚʽʪʨʷʥʠʡ ʨʝʩʠʚʝʨ; 11 ï ʮʠʣʽʥʜʨʠ ʜʠʟʝʣʷ; 12 ï ʚʠʧʫʩʢʥʠʡ ʢʦʣʝʢʪʦʨ 

 

ʌʫʥʢʮʽʶʚʘʥʥʷ ʩʠʩʪʝʤʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. ɺʠʧʫʩʢʥʽ ʛʘʟʠ ʟ 

ʮʠʣʽʥʜʨʽʚ ʜʠʟʝʣʷ 11 ʥʘʜʭʦʜʷʪʴ ʜʦ ʟʘʛʘʣʴʥʦʛʦ ʚʠʧʫʩʢʥʦʛʦ ʢʦʣʝʢʪʦʨʘ 12 ʽ ʜʘʣʽ 

ʜʦ ɻʊʅ 1 ʽ 3, ʧʽʩʣʷ ʯʦʛʦ ʯʝʨʝʟ ʛʘʟʦʚʠʧʫʩʢʥʫ ʪʨʫʙʫ ʚʠʜʘʣʷʶʪʴʩʷ ʚ ʘʪʤʦʩʬʝʨʫ. 
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ɻʊʅ 1 ʽ 3 ʟʘʙʠʨʘʶʪʴ ʧʦʚʽʪʨʷ ʟ ʤʘʰʠʥʥʦʛʦ ʚʽʜʜʽʣʝʥʥʷ ʽ ʧʽʩʣʷ ʩʪʠʩʥʝʥʥʷ 

ʩʧʨʷʤʦʚʫʶʪʴ ʡʦʛʦ ʢʦʞʝʥ ʯʝʨʝʟ ʩʚʽʡ ʦʭʦʣʦʜʞʫʚʘʯ (ʚʽʜʧʦʚʽʜʥʦ 9 ʽ 8) ʫ 

ʧʦʚʽʪʨʷʥʠʡ (ʧʨʦʜʫʚʥʠʡ) ʨʝʩʠʚʝʨ 10. ʇʨʠ ʮʴʦʤʫ ɻʊʅ 3 ʧʨʘʮʶʻ ʩʧʽʣʴʥʦ ʟ 

ʩʠʩʪʝʤʦʶ ʨʝʮʠʨʢʫʣʷʮʽʾ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʝʨʫʶʯʦʛʦ ʢʣʘʧʘʥʘ 

2, ʩʢʨʫʙʝʨʘ ʦʯʠʱʝʥʥʷ ʛʘʟʽʚ 4, ʛʘʟʦʚʦʛʦ ʥʘʛʥʽʪʘʯʘ 7, ʚʦʜʷʥʦʾ ʮʠʩʪʝʨʥʠ 6 ʽ 

ʚʦʜʷʥʦʛʦ ʥʘʩʦʩʘ 5. ʋ ʨʘʟʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ ʨʝʮʠʨʢʫʣʷʮʽʾ ʚʠʧʫʩʢʥʠʭ 

ʛʘʟʽʚ ʾʭʥʷ ʢʽʣʴʢʽʩʪʴ ʨʝʛʫʣʶʻʪʴʩʷ ʢʣʘʧʘʥʦʤ 2. ɺʠʧʫʩʢʥʽ ʛʘʟʠ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʥʘ 

ʨʝʮʠʨʢʫʣʷʮʽʶ, ʦʯʠʱʫʶʪʴʩʷ ʽ ʧʦʧʝʨʝʜʥʴʦ ʦʭʦʣʦʜʞʫʶʪʴʩʷ ʚ ʩʢʨʫʙʝʨʽ 4, ʧʽʩʣʷ 

ʯʦʛʦ ʜʦʜʘʪʢʦʚʠʤ ʥʘʛʥʽʪʘʯʝʤ 7 ʧʦʜʘʶʪʴʩʷ ʥʘ ʟʤʽʰʫʚʘʥʥʷ ʟ ʧʦʚʽʪʨʷʤ (ʱʦ 

ʥʘʜʭʦʜʷʪʴ ʟ ɻʊʅ 3) ʽ ʩʧʨʷʤʦʚʫʶʪʴʩʷ ʜʦ ʦʭʦʣʦʜʞʫʚʘʯʘ 8, ʧʦʚʽʪʨʷʥʦʛʦ 

ʨʝʩʠʚʝʨʘ 10 ʽ ʜʘʣʽ ʚ ʮʠʣʽʥʜʨʠ ʜʠʟʝʣʷ 11. ɻʘʟʦʚʠʡ ʥʘʛʥʽʪʘʯ 7 ʷʚʣʷʻ ʩʦʙʦʶ 

ʚʝʥʪʠʣʷʪʦʨ ʟ ʧʦʩʪʽʡʥʦʶ ʛʝʦʤʝʪʨʽʻʶ ʧʨʦʭʽʜʥʦʛʦ ʧʝʨʝʪʠʥʫ [16]. 

ʇʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʜʠʟʝʣʴ ʝʢʩʧʣʫʘʪʫʚʘʚʩʷ ʥʘ ʤʦʨʩʴʢʦʤʫ 

ʚʘʞʢʦʤʫ ʧʘʣʠʚʽ IFO380 LSFO ʟ ʥʘʩʪʫʧʥʠʤ ʩʪʨʫʢʪʫʨʥʠʤ ʩʢʣʘʜʦʤ: ʚʤʽʩʪ 

ʚʫʛʣʝʮʶ ï 86,3%, ʚʦʜʥʶ ï 13,17%, ʩʽʨʢʠ ï 0,43%, ʢʠʩʥʶ ï 0,03%, ʘʟʦʪʫ ï 

0,07%. ʈʝʞʠʤʠ ʨʦʙʦʪʠ ʜʠʟʝʣʷ 7S60ʄC ʬʽʨʤʠ Kawasaki MAN-B&W ʽ ʦʩʥʦʚʥʽ 

ʧʘʨʘʤʝʪʨʠ ʡʦʛʦ ʨʦʙʦʪʠ ʥʘ ʮʠʭ ʨʝʞʠʤʘʭ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 3.7. 

 

ʊʘʙʣʠʮʷ 3.7 

ʆʩʥʦʚʥʽ ʧʦʢʘʟʥʠʢʠ ʨʦʙʦʪʠ ʩʫʜʦʚʦʛʦ ʜʠʟʝʣʷ 7S60ʄC ʬʽʨʤʠ  

Kawasaki MAN-B&W ʥʘ ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ  

ʇʦʢʘʟʥʠʢ ɺʝʣʠʯʠʥʘ 

ʅʘʚʘʥʪʘʞʝʥʥʷ, % 25,8 50,7 75,6 100,7 

ʇʦʪʫʞʥʽʩʪʴ, ʢɺʪ 3536 6940 10360 13799 

ʏʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ, ʦʙ/ʭʚ 65,5 82,7 94,6 104 

ʉʝʨʝʜʥʽʡ ʝʬʝʢʪʠʚʥʠʡ ʪʠʩʢ, ʄʇʘ 0,714 1,110 1,449 1,755 

ʄʘʢʩʠʤʘʣʴʥʠʡ ʪʠʩʢ ʟʛʦʨʷʥʥʷ, ʄʇʘ 6,27 9,31 12,54 13,70 

ʇʠʪʦʤʘ ʝʬʝʢʪʠʚʥʘ ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ, 

ʛ/(ʢɺʪÖʛʦʜ) 
191,2 178,4 170,2 172,0 

ʊʝʤʧʝʨʘʪʫʨʘ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ, ʉ̄ 308 314 322 369 
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ʊʝʭʥʦʣʦʛʽʷ ʽ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʘʥʘʣʽʟʫ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ 

ʚʽʜʧʦʚʽʜʘʣʘ ʚʠʢʣʘʜʝʥʦʾ ʫ ʧ. 3.5.1. ɻʘʟʦʚʠʡ ʘʥʘʣʽʟ ʚʠʢʦʥʫʚʘʚʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʛʘʟʦʘʥʘʣʽʟʘʪʦʨʘ Testo340XL ʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʘʥʘʣʦʛʽʯʥʠʤʠ ʥʘʚʝʜʝʥʠʤ ʚ 

ʪʘʙʣʠʮʽ 3.3. 

ʉʪʫʧʽʥʴ ʨʝʮʠʨʢʫʣʷʮʽʾ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ ʧʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ 

ʟʤʽʥʶʚʘʚʩʷ ʚ ʤʝʞʘʭ dEGR=0...21 %. 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʝʤʽʩʽʾ NOʍ ʟ ʚʠʧʫʩʢʥʠʤʠ ʛʘʟʘʤʠ ʥʘ ʨʽʟʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʜʠʟʝʣʷ 7S60ʄC ʬʽʨʤʠ Kawasaki MAN-B&W ʥʘʚʝʜʝʥʽ ʚ 

ʪʘʙʣʠʮʽ 3.8. 

 

ʊʘʙʣʠʮʷ 3.8 

ɽʤʽʩʽʷ NOʍ, ʛNOʍ/(ʢɺʪÖʛʦʜ) ʩʫʜʥʦʚʦʛʦ ʜʠʟʝʣʷ 7S60ʄC  

ʬʽʨʤʠ Kawasaki MAN-B&W ʟʘ ʫʤʦʚʠ ʨʽʟʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʪʘ ʩʪʫʧʝʥʷ 

ʨʝʮʠʨʢʫʣʷʮʽʾ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ 

ʅʘʚʘʥʪʘʞʝʥʥʷ, 

% 

ʉʪʫʧʽʥʴ ʨʝʮʠʨʢʫʣʷʮʽʾ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ, dEGR, % 

0 3 6 9 12 15 18 21 

25 10,22 9,38 9,26 9,18 9,12 9,00 8,81 8,68 

50 11,63 10,74 10,26 10,08 9,83 9,74 9,62 9,48 

75 12,97 11,87 11,22 10,51 10,17 9,82 9,67 9,57 

100 11,97 10,87 10,22 9,51 9,17 8,82 8,67 8,57 

 

ɻʨʘʬʽʯʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 3.10. 
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ʘ) ʙ) 

  

ʚ) ʛ) 

ʈʠʩ. 3.10. ɿʤʽʥʘ ʝʤʽʩʽʾ NOʍ ʟʘʣʝʞʥʦ ʚʽʜ ʩʪʫʧʝʥʷ ʨʝʮʠʨʢʫʣʷʮʽʾ dEGR ʧʽʜ ʯʘʩ 

ʨʽʟʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʜʠʟʝʣʷ 7S60ʄC ʬʽʨʤʠ Kawasaki MAN-B&W: 

ʘ ï 25 %; ʙ ï 50 %; ʚ ï 75 %; ʛ ï 100 % 

 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ EGR ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ 

ʜʠʟʝʣʷ ʤʦʞʣʠʚʦ ʚʠʟʥʘʯʠʪʠ ʦʮʽʥʠʚʰʠ ʧʣʦʱʫ ʧʽʜ ʢʨʠʚʦʶ NOʍ=f(dEGR) ï 

ʙʽʣʴʰʦʾ ʟʘ ʟʥʘʯʝʥʥʷʤ ʧʣʦʱʽ ʚʽʜʧʦʚʽʜʘʻ ʙʽʣʴʰʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ EGR, 

ʟʘʙʝʟʧʝʯʫʶʯʠ ʪʘʢʠʤ ʯʠʥʦʤ ʤʝʥʰʫ ʢʽʣʴʢʽʩʪʴ ʫʪʚʦʨʝʥʥʷ NOʍ ʧʽʜ ʯʘʩ ʟʛʦʨʷʥʥʷ 

ʧʘʣʠʚʘ. ʅʘʡʙʽʣʴʰ ʜʦʮʽʣʴʥʦ ʜʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʬʦʨʤʫʣʫ ʪʨʘʧʝʮʽʡ 
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[189, 190]. ʄʝʪʦʜ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʧʝʚʥʠʭ ʽʥʪʝʛʨʘʣʽʚ 

ʙʝʟʧʝʨʝʨʚʥʠʭ ʬʫʥʢʮʽʡ, ʜʦ ʷʢʠʭ ʚʽʜʥʦʩʠʪʴʩʷ ʟʘʣʝʞʥʽʩʪʴ NOʍ=f(dEGR). ɯʥʪʝʛʨʘʣ 

ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʫ ʚʠʛʣʷʜʽ ʩʫʤʠ ʧʣʦʱ ʪʨʘʧʝʮʽʡ ʨʽʚʥʦʾ ʰʠʨʠʥʠ 

 

() () () ( ) ()[ ],2...2
2

110 nn

b

a

xfxfxfxf
h

dxxf ++++º -ñ  (3.16) 

 

ʜʝ f(x) ï ʙʝʟʧʝʨʝʨʚʥʘ ʬʫʥʢʮʽʷ ʟ ʘʨʛʫʤʝʥʪʦʤ x; 

a, b ï ʤʝʞʽ ʽʥʪʝʛʨʫʚʘʥʥʷ (a ¢ x ¢ b); 

( )nfbh -=  ï ʢʨʦʢ ʽʥʪʝʛʨʫʚʘʥʥʷ; 

x0, x1, é, xnï1, xn ï ʟʥʘʯʝʥʥʷ ʘʨʛʫʤʝʥʪʫ ʟ ʢʨʦʢʦʤ ʟʙʽʣʴʰʝʥʥʷ h ʚ ʽʥʪʝʨʚʘʣʽ 

ʽʥʪʝʛʨʫʚʘʥʥʷ[a, b]; 

n ï ʯʠʩʣʦ ʧʣʦʱ. 

ɿ ʦʛʣʷʜʫ ʥʘ ʟʥʘʯʝʥʥʷ NOX, ʱʦ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 3.8, ʦʪʨʠʤʘʻʤʦ ʥʘʩʪʫʧʥʽ 

ʟʥʘʯʝʥʥʷ ʽʥʪʝʛʨʘʣʘ (3.16), ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʧʣʦʱʫ ʧʽʜ ʢʨʠʚʦʶ NOʍ=f(dEGR): 

;12,10X

e

NO

0,25 =NS  ;19,13X

e

NO

0,5 =NS ;47,22X

e

NO

0,75 =NS .72,30XNO

1,0 =S  ʈʦʟʤʽʨʥʽʩʪʴ ʮʴʦʛʦ 

ʽʥʪʝʛʨʘʣʘ (ʪʦʙʪʦ ʧʣʦʱʽ ʧʽʜ ʢʨʠʚʦʶ NOʍ=f(dEGR)) ï ,EGR%
ʛʦʜʢɺʪ

ʛ
ù
ú

ø
é
ê

è
Ö

Ö
 ʘʣʝ 

ʜʣʷ ʧʦʣʝʛʰʝʥʥʷ ʧʦʟʥʘʯʝʥʥʷ ʪʫʪ ʽ ʜʘʣʽ ʙʫʜʝʤʦ ʟʘʣʠʰʘʪʠ ʣʠʰʝ ʯʠʩʝʣʴʥʽ 

ʟʥʘʯʝʥʥʷ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ EGR ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʥʝ ʪʽʣʴʢʠ ʨʽʚʥʷ ʝʤʽʩʽʾ 

NOX ʟ ʚʠʧʫʩʢʥʠʤʠ ʛʘʟʘʤʠ, ʘʣʝ ʪʘʢʦʞ ʽ ʨʷʜʫ ʽʥʰʠʭ ʧʦʢʘʟʥʠʢʽʚ ʨʦʙʦʪʠ ʜʠʟʝʣʷ 

[191]. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʧʦʜʘʯʘ ʚ ʮʠʣʽʥʜʨ ʜʠʟʝʣʷ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʛʘʟʽʚ 

ʟʤʽʥʶʻ ʩʪʝʭʽʦʤʝʪʨʠʯʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʘʣʠʚʦ-ʧʦʚʽʪʨʷ. ʇʨʠ ʮʴʦʤʫ ʢʦʞʥʦʤʫ 

ʩʪʫʧʝʥʶ EGR ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʽʟʥʽ ʟʥʘʯʝʥʥʷ ʪʘʢʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʷʢ ʧʠʪʦʤʘ 

ʝʬʝʢʪʠʚʥʘ ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ be, ʝʬʝʢʪʠʚʥʘ ʧʦʪʫʞʥʽʩʪʴ Ne, ʪʝʤʧʝʨʘʪʫʨʘ 

ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ tʛ [192, 193]. ɰʭ ʟʤʽʥʘ ʜʣʷ ʨʽʟʥʦʛʦ ʩʪʫʧʝʥʷ EGR ʧʽʜ ʯʘʩ 100 %-

ʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʠʟʝʣʷ 7S60ʄC ʬʽʨʤʠ Kawasaki MAN-B&W ʥʘʚʝʜʝʥʦ ʚ 

ʪʘʙʣʠʮʽ 3.9 [187]. 
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ʊʘʙʣʠʮʷ 3.9 

ɿʤʽʥʘ ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʪʠ ʩʫʜʥʦʚʦʛʦ ʜʠʟʝʣʷ 7S60ʄC  

ʬʽʨʤʠ Kawasaki MAN-B&W ʜʣʷ ʨʽʟʥʠʭ ʫʤʦʚ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ EGR 

ʇʦʢʘʟʥʠʢ 
ʉʪʫʧʽʥʴ EGR, % 

0 3 6 9 12 15 18 21 

be, ʛ/(ʢɺʪÖʛʦʜ) 172,0 172,6 173,0 173,8 174,6 175,5 176,7 177,8 

Ne, ʢɺʪ 13799 13731 13703 13621 13593 13552 13490 13427 

tʛ, ̄ ʉ 369 373 376 381 386 390 397 407 

 

ʂʦʤʧʣʝʢʩʥʘ ʥʦʤʦʛʨʘʤʘ, ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʟʤʽʥʫ ʟʘʟʥʘʯʝʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʘ 

ʪʘʢʦʞ ʨʽʚʥʷ ʝʤʽʩʽʾ NOʍ ʟ ʚʠʧʫʩʢʥʠʤʠ ʛʘʟʘʤʠ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 3.11. 

 
ʈʠʩ. 3.11 ɿʤʽʥʘ ʝʤʽʩʽʾ NOʍ ʩ ʚʠʧʫʩʢʥʠʤʠ ʛʘʟʘʤʠ, ʧʠʪʦʤʦʾ ʝʬʝʢʪʠʚʥʦʾ ʚʠʪʨʘʪʠ 

ʧʘʣʠʚʘ be, ʝʬʝʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ Ne, ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ tʛ ʧʨʠ 

100 %-ʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʜʠʟʝʣʷ 7S60ʄC ʬʽʨʤʠ Kawasaki MAN-B&W ʜʣʷ 

ʨʽʟʥʦʛʦ ʩʪʫʧʝʥʶ ʨʝʮʠʨʢʫʣʷʮʽʾ dEGR (0é21 %) 
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ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ, ʚʠʢʦʥʘʥʠʭ ʥʘ ʜʠʟʝʣʷ 7S60ʄC ʬʽʨʤʠ 

Kawasaki MAN-B&W, ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ: 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ EGR ʩʧʨʠʷʻ ʟʥʠʞʝʥʥʶ ʝʤʽʩʽʾ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʟ 

ʚʠʧʫʩʢʥʠʤʠ ʛʘʟʘʤʠ ʩʫʜʥʦʚʠʭ ʜʠʟʝʣʽʚ. ɼʣʷ ʩʫʜʥʦʚʦʛʦ ʜʠʟʝʣʷ 7S60ʄC ʬʽʨʤʠ 

Kawasaki MAN-B&W ʚ ʜʽʘʧʘʟʦʥʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ 25...100 % ʽ 

ʩʪʫʧʝʥʷ EGR 0...21 % ʟʥʠʞʝʥʥʷ ʚʠʢʠʜʽʚ NOX ʩʪʘʥʦʚʠʪʴ 15,07...35,95%; 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ EGR ʧʦʛʽʨʰʫʻ ʝʢʦʥʦʤʽʯʥʽ ʪʘ ʝʥʝʨʛʝʪʠʯʥʽ 

ʧʦʢʘʟʥʠʢʠ ʨʦʙʦʪʠ ʩʫʜʥʦʚʦʛʦ ʜʠʟʝʣʷ. ʇʽʜ ʯʘʩ 100 %-ʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ 

ʜʽʘʧʘʟʦʥʽ ʩʪʫʧʝʥʷ EGR 0...21 % ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʧʠʪʦʤʦʾ ʝʬʝʢʪʠʚʥʦʾ 

ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ (ʥʘ 3,37 %) ʽ ʟʥʠʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ (ʥʘ 2,7 %). 

ɿʘʟʥʘʯʝʥʝ ʧʦʚôʷʟʘʥʝ ʟ ʧʦʨʫʰʝʥʥʷʤ ʩʪʝʭʽʦʤʝʪʨʠʯʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʧʦʚʽʪʨʷ-ʧʘʣʠʚʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʠʩʪʝʤʠ EGR ʽ ʟʥʠʞʝʥʥʽ ʤʘʢʩʠʤʘʣʴʥʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʮʠʢʣʫ; 

ʧʽʜ ʯʘʩ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ EGR ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ, ʷʢʝ ʜʣʷ ʜʝʷʢʠʭ ʟʥʘʯʝʥʴ ʩʪʫʧʝʥʷ EGR ʤʦʞʝ 

ʧʝʨʝʚʠʱʫʚʘʪʠ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʽ ʟʥʘʯʝʥʥʷ. ɼʣʷ ʨʦʟʛʣʷʥʫʪʦʛʦ ʜʠʟʝʣʷ 

7S60ʄC ʬʽʨʤʠ Kawasaki MAN-B&W ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ ʦʙʤʝʞʫʻʪʴʩʷ ʟʥʘʯʝʥʥʷʤ 390 Áʉ, ʧʨʠ ʮʴʦʤʫ ʜʣʷ ʟʥʘʯʝʥʴ 

ʩʪʫʧʝʥʷ EGR>15 % ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʚʠʱʝʥʥʷ ʜʘʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʱʦ (ʯʝʨʝʟ 

ʟʤʝʥʰʝʥʥʷ ʧʨʦʮʝʥʪʥʦʛʦ ʚʤʽʩʪʫ ʚ ʮʠʣʽʥʜʨʽ ʜʠʟʝʣʷ ʧʦʚʽʪʨʷ ʫ ʚʠʧʘʜʢʫ 

ʨʝʮʠʨʢʫʣʷʮʽʾ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ) ʧʦʷʩʥʶʻʪʴʩʷ ʟʤʽʱʝʥʥʷʤ ʧʨʦʮʝʩʫ ʟʛʦʨʷʥʥʷ ʥʘ 

ʣʽʥʽʶ ʨʦʟʰʠʨʝʥʥʷ ʽ ʚʠʥʠʢʥʝʥʥʷʤ ʝʬʝʢʪʫ ʜʦʛʦʨʷʥʥʷ ʧʘʣʠʚʘ ʚ ʧʨʦʮʝʩʽ ʚʠʧʫʩʢʫ 

ʛʘʟʽʚ; 

ʚʠʙʽʨ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ EGR (ʷʢ ʦʜʥʦʛʦ ʽʟ ʩʧʦʩʦʙʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʚʠʤʦʛ ɼʦʜʘʪʢʘ VI  ʄɸʈʇʆʃ ʱʦʜʦ ʝʢʦʣʦʛʽʯʥʦʩʪʽ ʤʦʨʩʴʢʠʭ ʩʫʜʝʥ) ʧʦʚʠʥʝʥ 

ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʥʘ ʙʘʟʽ ʢʦʤʧʣʝʢʩʥʦʾ ʦʮʽʥʢʠ ʥʘʩʪʫʧʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʨʦʙʦʪʠ 

ʜʠʟʝʣʷ: ʝʤʽʩʽʾ NOX, ʧʠʪʦʤʦʾ ʝʬʝʢʪʠʚʥʦʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ, ʝʬʝʢʪʠʚʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʜʠʟʝʣʷ, ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ, ʘ ʪʘʢʦʞ ʨʘʡʦʥʫ ʨʦʙʦʪʠ 

ʤʦʨʩʴʢʦʛʦ ʩʫʜʥʘ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʫʜʥʦʚʦʾ ʝʥʝʨʛʝʪʠʯʥʦʾ ʫʩʪʘʥʦʚʢʠ. 
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3.6. ɺʠʩʥʦʚʢʠ ʟʘ ʨʦʟʜʽʣʦʤ 3 

 

 

ʗʢ ʚʠʩʥʦʚʢʠ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʥʘʚʝʜʝʥʽ ʫ ʨʦʟʜʽʣʽ 3, ʚʠʟʥʘʯʠʤʦ ʥʘʩʪʫʧʥʝ. 

1. ʇʽʜ ʯʘʩ ʟʛʦʨʷʥʥʷ ʧʘʣʠʚʘ ʚ ʮʠʣʽʥʜʨʽ ʜʠʟʝʣʷ ʚʽʜʙʫʚʘʶʪʴʩʷ ʥʝʩʪʘʮʽʦʥʘʨʥʽ 

ʧʨʦʮʝʩʠ ʧʝʨʝʥʦʩʫ ʪʝʧʣʦʪʠ, ʝʥʝʨʛʽʾ ʽ ʤʘʩʠ, ʷʢʠ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʨʽʟʥʠʭ 

ʰʚʠʜʢʽʩʥʠʭ ʽ ʤʘʩʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʪʚʦʨʝʥʥʷ ʦʢʩʠʜʽʚ ʘʟʦʪʫ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ 

ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʫʪʚʦʨʝʥʥʷ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʚ ʜʠʟʝʣʷʭ ʩʫʜʝʥ 

ʨʽʯʢʦʚʦʛʦ ʽ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʚʥʷʥʴ 

ʟʙʝʨʝʞʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʨʫʭʫ, ʟʙʝʨʝʞʝʥʥʷ ʧʦʪʦʢʫ ʝʥʝʨʛʽʾ, ʟʙʝʨʝʞʝʥʥʷ ʤʘʩʠ ʪʘ 

ʜʠʬʫʟʽʾ. ʆʜʥʦʯʘʩʥʦ ʟ ʮʠʤ, ʚʠʟʥʘʯʝʥʥʷ ʝʤʽʩʽʾ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʤʦʞʝ ʙʫʪʠ 

ʟʜʽʡʩʥʝʥʦ ʰʣʷʭʦʤ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʾʭ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚ ʚʠʧʫʩʢʥʠʭ 

ʛʘʟʘʭ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʚʠʩʦʢʦʪʦʯʥʠʭ ʛʘʟʦʘʥʘʣʽʟʘʪʦʨʽʚ. 

2. ɺ̔ ʜʩʫʪʥʽʩʪʴ ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʧʠʪʘʥʴ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ 

ʨʝʞʠʤʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʠʩʪʝʤ EGR ʩʫʜʥʦʚʠʭ ʜʠʟʝʣʽʚ ʩʧʦʥʫʢʘʻ ʚʠʢʦʥʫʚʘʪʠ 

ʜʦʜʘʪʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʨʦʟʨʦʙʢʫ ʤʝʪʦʜʠʢʠ ʦʮʽʥʢʠ ʚʧʣʠʚʫ 

ʨʝʛʫʣʴʦʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ EGR (ʩʪʫʧʝʥʷ EGR) ʥʘ ʝʢʦʣʦʛʽʯʥʽ, 

ʝʢʦʥʦʤʽʯʥʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʧʦʢʘʟʥʠʢʠ ʨʦʙʦʪʠ ʩʫʜʥʦʚʠʭ ʜʠʟʝʣʽʚ; 

3. ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʨʝʮʠʨʢʫʣʷʮʽʾ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ ʩʧʨʠʷʻ 

ʧʽʜʚʠʱʝʥʥʶ ʝʢʦʣʦʛʽʯʥʦʩʪʽ ʨʦʙʦʪʠ ʩʫʜʝʥ ʨʽʯʢʦʚʦʛʦ ʽ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ, 

ʦʜʥʘʢ ʟʙʽʣʴʰʝʥʥʷ ʩʪʫʧʝʥʷ ʨʝʮʠʨʢʫʣʷʮʽʾ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʽʜʭʠʣʝʥʴ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ, ʝʢʦʥʦʤʽʯʥʠʡ ʽ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʨʦʙʦʪʠ ʜʠʟʝʣʽʚ. ɿ 

ʦʛʣʷʜʫ ʥʘ ʮʝ, ʧʨʦʮʝʩ ʨʝʮʠʨʢʫʣʷʮʽʾ ʛʘʟʽʚ ʧʦʚʠʥʝʥ ʟʜʽʡʩʥʶʚʘʪʠʩʴ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʰʚʠʜʢʽʩʥʠʭ ʽ ʧʦʪʫʞʥʦʩʪʥʠʭ ʨʝʞʠʤʽʚ 

ʨʦʙʦʪʠ ʩʫʜʥʦʚʦʛʦ ʧʨʦʧʫʣʴʩʠʚʥʦʛʦ ʢʦʤʧʣʝʢʩʫ. 

4. ɿ ʨʝʢʦʤʝʥʜʦʚʘʥʦʛʦ ʬʽʨʤʘʤʠ-ʚʠʨʦʙʥʠʢʘʤʠ ʜʽʘʧʘʟʦʥʫ ʩʪʫʧʝʥʷ 

ʨʝʮʠʨʢʫʣʷʮʽʾ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ (ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʽʥʪʝʨʚʘʣʽ 0...30 %) 

ʦʧʪʠʤʘʣʴʥʠʤ (ʟ ʪʦʯʢʠ ʟʦʨʫ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʠʞʝʥʥʷ ʝʤʽʩʽʾ ʦʢʩʠʜʽʚ ʘʟʦʪʫ, ʧʨʠ 

ʤʽʥʽʤʘʣʴʥʦʤʫ ʟʤʝʥʰʝʥʥʽ ʝʬʝʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʽ ʤʽʥʽʤʘʣʴʥʦʤʫ ʧʽʜʚʠʱʝʥʥʽ 
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ʧʠʪʦʤʦʾ ʝʬʝʢʪʠʚʥʦʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ) ʻ ʽʥʪʝʨʚʘʣ 12,5...15,5 %, ʚ ʷʢʦʤʫ 

ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʩʪʝʭʽʦʤʝʪʨʠʯʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʥʘʜʽʡʥʝ 

ʩʘʤʦʟʘʡʤʘʥʥʷ ʧʘʣʠʚʘ ʽ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʠʞʝʥʥʷ ʝʤʽʩʽʾ ʦʢʩʠʜʽʚ ʘʟʦʪʫ. 

5. ɽʬʝʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ ʨʝʮʠʨʢʫʣʷʮʽʾ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʧʣʦʱʝʶ ʧʽʜ ʢʨʠʚʦʶ ʟʘʣʝʞʥʦʩʪʽ NOʍ=f(dEGR), ʜʝ NOʍ ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʦʢʩʠʜʽʚ 

ʘʟʦʪʫ ʚ ʚʠʧʫʩʢʥʠʭ ʛʘʟʘʭ, dEGR ï ʩʪʫʧʽʥʴ ʨʝʮʠʨʢʫʣʷʮʽʾ. ɿʙʽʣʴʰʝʥʥʷ ʮʽʻʾ ʧʣʦʱʽ 

ʚʽʜʧʦʚʽʜʘʻ ʧʽʜʚʠʱʝʥʥʶ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ EGR ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ 

ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʟʥʠʞʝʥʥʽ ʝʤʽʩʽʾ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʟ ʚʠʧʫʩʢʥʠʤʠ ʛʘʟʘʤʠ. 
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ʈʆɿɼɯʃ 4. ɼʆʉʃɯɼɾɽʅʅʗ ʇʈʆʎɽʉɯɺ ʇɽʈɽʇʋʉʂʋ ɺʀʇʋʉʂʅʀʍ ɻɸɿɯɺ 

ʗʂ ɿɸʉʆɹʋ ɿɸɹɽɿʇɽʏɽʅʅʗ ɽʂʆʃʆɻɯʏʅʆʉʊɯ ʄʆʈʉʔʂʀʍ ʉʋɼɽʅ 

 

 

ʏʝʪʚʝʨʪʠʡ ʨʦʟʜʽʣ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠʩʚʷʯʝʥʦ ʨʦʟʚôʷʟʘʥʥʶ 

ʪʨʝʪʴʦʛʦ ʪʘ ʯʝʪʚʝʨʪʦʛʦ ʜʦʧʦʤʽʞʥʠʭ ʟʘʚʜʘʥʴ, ʷʢʠʤʠ ʻ: 

ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ (ʟ ʪʦʯʢʠ ʟʦʨʫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʩʪʽ 

ʤʦʨʩʴʢʠʭ ʩʫʜʝʥ) ʨʝʞʠʤʽʚ ʧʝʨʝʧʫʩʢʫ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ; 

ʘʥʘʣʽʟ ʟʤʽʥʠ ʩʪʘʪʠʯʥʠʭ ʪʘ ʜʠʥʘʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʨʦʙʦʪʠ  ʜʠʟʝʣʽʚ ʩʫʜʝʥ 

ʨʽʯʢʦʚʦʛʦ ʪʘ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʧʽʜ ʯʘʩ ʧʝʨʝʧʫʩʢʫ ʛʘʟʽʚ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʚʠʢʦʥʘʥʽ ʫ ʮʴʦʤʫ ʨʦʟʜʽʣʽ, ʚʠʩʚʽʪʣʝʥʽ ʚ 

ʜʞʝʨʝʣʘʭ [21], [50], [126], [190], [198], [202], [211], [213], [218]. 

 

 

4.1. ɸʥʘʣʽʟ ʩʭʝʤ ʧʝʨʝʧʫʩʢʫ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ ʜʠʟʝʣʽʚ ʨʽʯʢʦʚʦʛʦ ʪʘ  

ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ 

 

 

ʌʫʥʢʮʽʶʚʘʥʥʷ ʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɻʊʅ ɼɺɿ ʩʫʜʝʥ 

ʨʽʯʢʦʚʦʛʦ ʽ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ ʢʦʤʧʣʝʢʩʥʦʶ ʚʟʘʻʤʦʜʽʻʶ 

ʜʚʦʭ ʢʦʤʧʦʥʝʥʪʽʚ ï ʧʦʚʽʪʨʷʥʠʤ ʢʦʤʧʨʝʩʦʨʦʤ ʽ ʛʘʟʦʚʦʶ ʪʫʨʙʽʥʦʶ. ʉʪʘʣʽ 

ʨʝʞʠʤʠ ʨʦʙʦʪʠ ɻʊʅ ɼɺɿ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʨʽʚʥʽʩʪʶ ʧʦʪʫʞʥʦʩʪʽ ʛʘʟʦʚʦʾ 

ʪʫʨʙʽʥʠ NT ʽ ʧʦʚʽʪʨʷʥʦʛʦ ʢʦʤʧʨʝʩʦʨʘ NK: KT NN = , ʧʨʠ ʮʴʦʤʫ çʨʦʟʙʘʣʘʥʩè 

ʧʦʪʫʞʥʦʩʪʽ 

 

%100
T

KT
TK

N

NN -
=d   

 

ʥʝ ʧʝʨʝʚʠʱʫʻ 0,5 %.  
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ʄʘʪʝʤʘʪʠʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʙʘʣʘʥʩʫ ʩʠʩʪʝʤʠ ʥʘʜʜʫʚʫ 

ʩʫʜʥʦʚʠʭ ʜʠʟʝʣʽʚ ʬʽʨʤʠ MAN Diesel & Turbo ʢʣʘʩʫ S-ME ʟ ʨʦʟʤʽʨʦʤ 

ʮʠʣʽʥʜʨʽʚ 300é900 ʤʤ ʩʚʽʜʯʘʪʴ, ʱʦ ʨʽʟʥʠʮʷ ʤʽʞ ʟʥʘʯʝʥʥʷʤʠ SG  ʪʘ TG  ʟʘ 

ʫʤʦʚʠ ʦʜʥʘʢʦʚʦʾ ʚʝʣʠʯʠʥʠ ʧʠʪʦʤʦʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ eb  ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ 

2,38é2,60 % ï ʪʘʙʣʠʮʷ 4.1. 

 

ʊʘʙʣʠʮʷ 4.1 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤʠ ʥʘʜʜʫʚʫ ʩʫʜʥʦʚʠʭ ʜʠʟʝʣʽʚ 

ʄʘʨʢʘ ɼɺɿ Ne, ʢɺʪ  ,SG ʢʛ/ʩ TG , ʢʛ/ʩ %100
ʊ

Sʊ

G

GG -
, % 

6S30ME 4480 6,74 6,92 2,60 

6S40ME 6180 11,21 11,50 2,52 

6S50ME 9960 18,86 19,34 2,48 

6S60ME 13560 23,21 23,85 2,46 

6S70ME 19620 39,10 40,05 2,44 

6S80ME 21840 43,58 44,65 2,40 

6S90ME 31620 54,13 55,66 2,38 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʽʜ ʯʘʩ ʩʪʘʣʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ɼɺɿ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʝ 

ʣʠʰʝ ʙʘʣʘʥʩ ʧʦʪʫʞʥʦʩʪʝʡ, ʘʣʝ ʡ ʽʜʝʥʪʠʯʥʽʩʪʴ ʟʥʘʯʝʥʴ ʚʠʪʨʘʪ ʛʘʟʽʚ ʯʝʨʝʟ 

ʛʘʟʦʚʫ ʪʫʨʙʽʥʫ ʪʘ ʧʦʚʽʪʨʷʥʠʡ ʢʦʤʧʨʝʩʦʨ ɻʊʅ. ʇʦʜʽʙʥʘ ʽʜʝʥʪʠʯʥʽʩʪʴ ʪʘʢʦʞ 

ʟʙʝʨʽʛʘʻʪʴʩʷ ʧʽʜ ʯʘʩ ʯʘʩʪʢʦʚʦʛʦ ʧʝʨʝʧʫʩʢʫ ʛʘʟʽʚ ʤʠʥʘʶʯʠ ʛʘʟʦʚʫ ʪʫʨʙʽʥʫ ɻʊʅ, 

ʪʦʙʪʦ ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʯʘʩʪʠʥʘ ʛʘʟʽʚ ʩʧʨʷʤʦʚʫʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ 

ʛʘʟʦʚʠʧʫʩʢʥʫ ʪʨʫʙʫ, ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʭ ʝʥʝʨʛʽʾ ʥʘ ʣʦʧʘʪʢʘʭ ʛʘʟʦʚʦʾ ʪʫʨʙʽʥʠ. 

ʇʝʨʝʙʽʛ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ, ʷʢʠʡ ʟʜʽʡʩʥʶʻʪʴʩʷ ʫ ɼɺɿ ʨʽʯʢʦʚʠʭ ʪʘ 

ʤʦʨʩʴʢʠʭ ʟʘʩʦʙʽʚ ʪʨʘʥʩʧʦʨʪʫ, ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʪʽʩʥʦʤʫ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʟ 

ʧʝʨʝʙʽʛʦʤ ʧʨʦʮʝʩʫ ʧʦʚʽʪʨʦʧʦʩʪʘʯʘʥʥʷ ʪʘ ʛʘʟʦʚʠʧʫʩʢʥʫ [194]. 

ɼʣʷ ʫʟʛʦʜʞʝʥʥʷ ʧʝʨʝʙʽʛʫ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ʚ ʢʘʤʝʨʽ ʟʛʦʨʷʥʥʷ ʜʚʠʛʫʥʘ ʽ 

ʢʽʣʴʢʦʩʪʽ ʧʦʚʽʪʨʷ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʢʦʤʧʨʝʩʦʨʦʤ, ʟʘʩʪʦʩʦʚʫʶʪʴ ʪʘʢʽ ʩʧʦʩʦʙʠ 

ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ: 
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¶ ʧʝʨʝʧʫʩʢ ʯʘʩʪʠʥʠ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʛʘʟʽʚ ʤʠʥʘʶʯʠ ʪʫʨʙʽʥʫ [195]; 

¶ ʧʦʚʦʨʦʪ ʩʦʧʣʦʚʦʛʦ ʣʦʧʘʪʦʯʥʦʛʦ ʘʧʘʨʘʪʘ ʚ ʢʦʤʧʨʝʩʦʨʽ ʘʙʦ ʪʫʨʙʽʥʽ [196]; 

¶ ʟʤʽʥʘ ʧʨʦʭʽʜʥʦʛʦ ʧʝʨʝʪʠʥʫ ʥʘ ʚʭʦʜʽ ʚ ʪʫʨʙʽʥʫ [197]. 

ʅʘʡʙʽʣʴʰʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʧʨʘʢʪʠʮʽ ʦʪʨʠʤʘʣʘ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʨʝʛʫʣʶʚʘʥʥʷ ʟ ʧʝʨʝʧʫʩʢʦʤ ʛʘʟʫ ʤʠʥʘʶʯʠ ʪʫʨʙʽʥʠ. ɺʦʥʘ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ 

ʜʚʠʛʫʥ ʥʝʦʙʭʽʜʥʦʶ ʢʽʣʴʢʽʩʪʶ ʧʦʚʽʪʨʷ ʥʘ ʚʩʽʭ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ ʽ ʦʙʤʝʞʠʪʠ 

ʤʘʢʩʠʤʘʣʴʥʫ ʯʘʩʪʦʪʫ ʦʙʝʨʪʘʥʥʷ ʚʘʣʘ ʪʫʨʙʦʢʦʤʧʨʝʩʦʨʘ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʝʧʫʩʢʫ ʛʘʟʽʚ ʤʠʥʘʶʯʠ ʛʘʟʦʚʫ ʪʫʨʙʽʥʫ ɻʊʅ ʤʦʞʣʠʚʝ 

ʜʣʷ ʦʜʥʦ- ʪʘ ʜʚʦʩʪʫʧʝʥʝʚʠʭ ʩʠʩʪʝʤ ʥʘʜʜʫʚʫ (ʨʠʩ. 4.1.). ɺ ʦʜʥʦʩʪʫʧʝʥʝʚʽʡ 

ʩʠʩʪʝʤʽ ʥʘʜʜʫʚʫ (ʨʠʩ. 4.1, ʘ) ʧʽʜ ʯʘʩ ʧʝʨʝʧʫʩʢʫ ʦʩʥʦʚʥʠʡ ʧʦʪʽʢ ʛʘʟʽʚ, ʱʦ 

ʧʦʪʨʘʧʣʷʻ ʫ ʚʠʧʫʩʢʥʠʡ ʢʦʣʝʢʪʦʨ 4 ʧʽʩʣʷ ʮʠʣʽʥʜʨʽʚ 5, ʩʧʨʷʤʦʚʫʻʪʴʩʷ ʚ 

ʥʘʧʨʷʤʢʫ ʩʧʨʷʤʫʚʘʣʴʥʦʛʦ ʘʧʘʨʘʪʘ ʛʘʟʦʚʦʾ ʪʫʨʙʽʥʠ ɻʊʅ 2, ʘ ʯʘʩʪʠʥʘ ʧʦʪʦʢʫ 

(ʷʢʘ ʚ ʢʦʥʩʪʨʫʢʮʽʷʭ ʨʽʟʥʠʭ ʚʠʨʦʙʥʠʢʽʚ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ 0é15 %) 

ʧʝʨʝʩʧʨʷʤʦʚʫʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʦ ʛʘʟʦʚʠʧʫʩʢʥʦʾ ʪʨʫʙʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʣʘʧʘʥʘ ʧʝʨʝʧʫʩʢʫ (ʢʣʘʧʘʥʘ EWG) 1. ʆʭʦʣʦʜʞʫʚʘʯ 3 ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʪʨʠʤʘʥʥʷ 

ʥʝʦʙʭʽʜʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʥʘʜʜʫʚʫ ʫ ʨʝʩʠʚʝʨʽ 6. 

ɼʣʷ ʜʚʦʩʪʫʧʝʥʝʚʠʭ ʩʠʩʪʝʤ ʥʘʜʜʫʚʫ (ʨʠʩ. 4.1, ʙ) ʧʝʨʝʧʫʩʢ ʯʘʩʪʠʥʠ ʧʦʪʦʢʫ 

ʛʘʟʽʚ, ʷʢʠʡ ʽʟ ʮʠʣʽʥʜʨʽʚ ʜʠʟʝʣʷ ʨʫʭʘʻʪʴʩʷ ʫ ʙʽʢ ɻʊʅ ʚʠʩʦʢʦʛʦ 2 ʪʘ ʥʠʟʴʢʦʛʦ 7 

ʪʠʩʢʫ, ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʘʙʦ ʜʦ ʩʧʨʷʤʫʚʘʣʴʥʦʛʦ ʘʧʘʨʘʪʫ ʛʘʟʦʚʦʾ ʪʫʨʙʽʥʠ 

ɻʊʅ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ 2 (ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʣʘʧʘʥʘ ʧʝʨʝʧʫʩʢʫ 1), ʘʙʦ ʟʘ ɻʊʅ 2 ( ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʣʘʧʘʥʘ 9). ɿʘ ʜʦʧʦʤʦʛʦʶ ʦʭʦʣʦʜʞʫʚʘʯʘ 8 ʟʥʠʞʫʻʪʴʩʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ ʧʽʩʣʷ ʢʦʤʧʨʝʩʦʨʘ ɻʊʅ ʥʠʟʴʢʦʛʦ ʪʠʩʢʫ 7. ɯʥʰʽ ʝʣʝʤʝʥʪʠ 

ʫʩʪʘʥʦʚʢʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʬʫʥʢʮʽʾ, ʘʥʘʣʦʛʽʯʥʽ ʦʜʥʦʩʪʫʧʝʥʝʚʽʡ ʩʠʩʪʝʤʽ ʥʘʜʜʫʚʫ. 

ʇʽʜ ʯʘʩ ʧʝʨʝʧʫʩʢʫ ʧʦʪʦʢʫ ʛʘʟʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʡʦʛʦ ʜʨʦʩʝʣʶʚʘʥʥʷ ʜʦ ʪʠʩʢʫ 

ʤʝʥʰʦʛʦ ʟʘ ʪʠʩʢ ʛʘʟʽʚ ʟʘ ɻʊʅ. ʎʝ ʧʦʧʝʨʝʜʞʫʻ ʷʚʠʱʝ ʟʘʢʠʜʫ ʛʘʟʽʚ ʪʘ 

ʛʘʣʴʤʫʚʘʥʥʷ ʧʦʪʦʢʫ ʛʘʟʽʚ, ʷʢʠʡ ʚʠʭʦʜʠʪʴ ʟ ʛʘʟʦʚʦʾ ʪʫʨʙʽʥʠ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ 

ʚʝʣʠʢʠʡ ʮʠʢʣ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʜʚʠʛʫʥʘʭ ʽʟ 

ʜʚʦʩʪʫʧʝʥʝʚʦʶ ʩʠʩʪʝʤʦʶ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ, ʧʦʢʠ ʽʩʥʫʻ ʙʘʛʘʪʦ ʥʝʟʨʦʟʫʤʽʣʦʩʪʝʡ ʟ 

ʬʽʟʠʢʦʶ ʪʝʨʤʦʛʘʟʦʜʠʥʘʤʽʯʥʦʛʦ ʧʦʪʦʢʫ. 
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ʘ) ʙ) 

ʈʠʩ. 4.1. ʊʝʭʥʦʣʦʛʽʯʥʽ ʩʭʝʤʘ ʧʝʨʝʧʫʩʢʫ ʛʘʟʽʚ ʤʠʥʘʶʯʠ ʛʘʟʦʚʫ ʪʫʨʙʽʥʫ ɻʊʅ: 

1, 9 ï ʢʣʘʧʘʥ EWG; 2, 7 ï ɻʊʅ; 3, 8 ï ʦʭʦʣʦʜʞʫʚʘʯ ʧʦʚʽʪʨʷ ʥʘʜʜʫʚʫ;  

4 ï ʚʠʧʫʩʢʥʠʡ ʢʦʣʝʢʪʦʨ, 5 ï ʮʠʣʽʥʜʨʠ ʜʠʟʝʣʷ; 6 ï ʨʝʩʠʚʝʨ ʧʦʚʽʪʨʷ ʥʘʜʜʫʚʫ; 

ʘ ï ʦʜʥʦʩʪʫʧʝʥʝʚʠʡ ʥʘʜʜʫʚ; ʙ ï ʜʚʦʩʪʫʧʝʥʝʚʠʡ ʥʘʜʜʫʚ 

 

 

4.2. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʧʝʨʝʧʫʩʢʫ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ  

ʥʘ ʧʦʢʘʟʥʠʢʠ ʨʦʙʦʪʠ ʜʠʟʝʣʽʚ ʩʫʜʝʥ ʨʽʯʢʦʚʦʛʦ ʪʘ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ 

 

 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʘʥʘʣʽʟʫ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ, ʚʠʢʦʥʘʥʦʤʫ ʚ 1-ʦʤʫ ʨʦʟʜʽʣʽ, 

ʥʘ ʜʘʥʠʡ ʯʘʩ ʩʝʨʝʜ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʠʟʝʣʽʚ ʩʫʜʝʥ ʨʽʯʢʦʚʦʛʦ ʪʘ 

ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʚʝʣʠʢʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʪʘʢʦʤʫ ʝʢʦʣʦʛʽʯʥʦʤʫ 

ʧʦʢʘʟʥʠʢʫ, ʷʢ ʢʦʥʮʝʥʪʨʘʮʽʷ NOX ʫ ɺɻ. ʎʝ ʟʥʘʯʝʥʥʷ ʨʝʛʣʘʤʝʥʪʫʻʪʴʩʷ 

ʚʠʤʦʛʘʤʠ ʤʽʞʥʘʨʦʜʥʠʭ ʢʦʥʚʝʥʮʽʡ, ʘ ʡʦʛʦ ʧʽʜʪʨʠʤʢʘ ʚ ʟʘʜʘʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʻ 

ʦʙʦʚôʷʟʢʦʚʠʤ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʉɽʋ, ʷʢ ʚ ʘʢʚʘʪʦʨʽʷʭ ʉʚʽʪʦʚʦʛʦ ʦʢʝʘʥʫ, ʪʘʢ 

ʽ ʚ ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ ʚʦʜʘʭ ʤʦʨʩʴʢʠʭ ʢʨʘʾʥ (ʫ ʪʦʤʫ ʯʠʩʣʽ ʋʢʨʘʾʥʠ). ɿʥʠʞʝʥʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʾ NOX ʫ ɺɻ ʜʦʩʷʛʘʻʪʴʩʷ: 

Å ʰʣʷʭʦʤ ʚʧʣʠʚʫ ʥʘ ʨʦʙʦʯʠʡ ʧʨʦʮʝʩ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʮʠʣʽʥʜʨʽ ʜʠʟʝʣʷ 

[198]; 
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Å ʟʤʽʥʦʶ ʢʦʥʩʪʨʫʢʮʽʾ ʽ ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʪʠ ʧʘʣʠʚʥʦʾ ʘʧʘʨʘʪʫʨʠ ʚʠʩʦʢʦʛʦ 

ʪʠʩʢʫ [199]; 

Å ʚʚʝʜʝʥʥʷʤ ʨʝʘʛʝʥʪʽʚ ʫ ʚʠʧʫʩʢʥʽ ʛʘʟʠ ʧʽʜ ʯʘʩ ʾʭ ʧʨʦʭʦʜʞʝʥʥʷ ʯʝʨʝʟ 

ʩʧʝʮʽʘʣʴʥʽ ʨʝʘʢʪʦʨʠ [200]; 

Å ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ɺɻ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʘʙʦ 

ʨʝʮʠʨʢʫʣʷʮʽʶ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ (Exhaust Gas Recirculation ï EGR) [201], ʘʙʦ 

ʧʝʨʝʧʫʩʢ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ (Exhaust Gas Wastegate ï EWG) [202]. 

ʉʠʩʪʝʤʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʨʝʮʠʨʢʫʣʷʮʽʶ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ (EGR system), 

ʷʢ ʧʨʘʚʠʣʦ, ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʄʆɼ. ɼʣʷ ʩʫʜʥʦʚʠʭ ʉʆɼ ʢʝʨʫʚʘʥʥʷ ʧʦʪʦʢʦʤ 

ɺɻ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʰʣʷʭʦʤ ʾʭ ʧʝʨʝʧʫʩʢʫ (EWG system). ʋ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʯʘʩʪʠʥʘ ɺɻ ʜʠʟʝʣʷ ʥʘʜʭʦʜʷʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʦ ʛʘʟʦʚʠʧʫʩʢʥʦʾ 

ʤʘʛʽʩʪʨʘʣʽ ʤʠʥʫʶʯʠ ʛʘʟʦʚʫ ʪʫʨʙʽʥʫ ɻʊʅ. ʇʨʠ ʮʴʦʤʫ ʟʥʠʞʫʶʪʴʩʷ ʯʘʩʪʦʪʘ 

ʦʙʝʨʪʘʥʥʷ ɻʊʅ, ʪʠʩʢ ʽ ʢʽʣʴʢʽʩʪʴ ʧʦʚʽʪʨʷ, ʱʦ ʥʘʛʥʽʪʘʻʪʴʩʷ ʚ ʮʠʣʽʥʜʨ. 

ʇʝʨʝʧʫʩʢʘʶʪʴ ʛʘʟʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʦʛʦ ʢʣʘʧʘʥʘ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ 

ʩʧʨʷʤʫʚʘʪʠ ʯʘʩʪʠʥʫ ʛʘʟʽʚ ʥʝ ʜʦ ɻʊʅ, ʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʛʘʟʦʚʠʧʫʩʢʥʫ ʪʨʫʙʫ. 

ʅʘ ʜʘʥʠʡ ʯʘʩ ʩʠʩʪʝʤʠ EWG ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʥʘ ʩʫʜʥʦʚʠʭ ʩʝʨʝʜʥʴʦʦʙʝʨʪʦʚʠʭ 

ʛʦʣʦʚʥʠʭ ʽ ʜʦʧʦʤʽʞʥʠʭ ʜʠʟʝʣʷʭ. 

 

 

4.2.1. ʊʝʭʥʦʣʦʛʽʷ ʽ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʘʥʘʣʽʟʫ ʧʨʦʮʝʩʫ 

ʧʝʨʝʧʫʩʢʫ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ 

 

 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ EWG ʟʘʙʝʟʧʝʯʫʻ ʟʥʠʞʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ NOX ʫ 

ʚʠʧʫʩʢʥʠʭ ʛʘʟʘʭ, ʦʜʥʘʢ ʧʨʠ ʮʴʦʤʫ (ʫ ʟʚôʷʟʢʫ ʟ ʧʦʛʽʨʰʝʥʥʷʤ ʧʨʦʮʝʩʫ 

ʟʛʦʨʷʥʥʷ) ʟʥʠʞʫʻʪʴʩʷ ʧʦʪʫʞʥʽʩʪʴ ʜʠʟʝʣʷ ʽ ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʠʪʦʤʘ ʝʬʝʢʪʠʚʥʘ 

ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ. ʂʨʽʤ ʪʦʛʦ, ʥʘʜʤʽʨʥʝ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʛʘʟʽʚ, ʱʦ 

ʧʝʨʝʧʫʩʢʘʶʪʴʩʷ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʥʘʧʨʫʞʝʥʦʩʪʽ 

ʜʠʟʝʣʷ. 
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ʇʽʜ ʯʘʩ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʩʠʩʪʝʤʠ 

EWG ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʧʦʢʘʟʥʠʢʠ ʜʠʟʝʣʽʚ ʩʫʜʝʥ ʨʽʯʢʦʚʦʛʦ ʪʘ ʤʦʨʩʴʢʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫ ʧʦʨʷʜ ʽʟ ʧʘʨʘʤʝʪʨʘʤʠ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ (ʪʠʩʢʦʤ, ʧʦʪʫʞʥʽʩʪʶ, 

ʚʠʪʨʘʪʦʶ ʧʘʣʠʚʘ) ʢʦʥʪʨʦʣʶʚʘʣʠʩʴ ʦʙôʻʤʥʘ ʚʠʪʨʘʪʘ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ ʪʘ ʾʭ 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʦ ʦʢʨʝʤʠʭ ʮʠʣʽʥʜʨʘʭ ʜʠʟʝʣʷ. ʇʝʨʰʝ (ʦʙôʻʤʥʘ ʚʠʪʨʘʪʘ) 

ʟʘʙʝʟʧʝʯʫʚʘʣʦ ʢʦʥʪʨʦʣʴ ʪʘ ʨʝʛʫʣʶʚʘʥʥʷ ʩʪʫʧʝʥʷ ʧʝʨʝʧʫʩʢʫ ʩʠʩʪʝʤʠ EWG, 

ʜʨʫʛʝ (ʪʝʤʧʝʨʘʪʫʨʘ) ʧʦʧʝʨʝʜʞʫʚʘʣʦ ʪʝʤʧʝʨʘʪʫʨʥʝ ʧʝʨʝʥʘʚʘʥʪʘʞʝʥʥʷ ʜʠʟʝʣʷ.  

ɺʠʟʥʘʯʝʥʥʷ ʩʪʫʧʝʥʷ ʧʝʨʝʧʫʩʢʫ ʩʠʩʪʝʤʠ EWG EWGd  ʟʜʽʡʩʥʶʻʪʴʩʷ: 

¶ h ʣʷʭʦʤ ʢʦʥʪʨʦʣʶ ʧʦʣʦʞʝʥʥʷ ʢʣʘʧʘʥʘ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ 

ʚʠʢʦʥʫʻʪʴʩʷ ʧʝʨʝʧʫʩʢ 

 

%,100
EWG

max

EWG

EWG Ö=d
m

mt
  

 

ʜʝ EWG

tm  ʪʘ EWG

maxm  ï ʧʦʪʦʯʥʝ ʪʘ ʤʘʢʩʠʤʘʣʴʥʝ (ʟʘ ʫʤʦʚʦʶ ʧʝʚʥʦʛʦ ʟʥʘʯʝʥʥʷ 

ʧʝʨʝʧʫʩʢʫ) ʧʦʣʦʞʝʥʥʷ ʢʣʘʧʘʥʘ ʧʝʨʝʧʫʩʢʫ, ʦʙʠʜʚʽ ʚʝʣʠʯʠʥʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʘʙʦ 

ʢʽʣʴʢʽʩʪʶ ʦʙʝʨʪʽʚ, ʘʙʦ ʧʝʨʝʤʽʱʝʥʥʷʤ, ʥʘ ʷʢʝ ʚʽʜʢʨʠʪʦ ʢʣʘʧʘʥ; 

¶ h ʣʷʭʦʤ ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʭʽʜʥʦʛʦ ʧʝʨʝʪʠʥʫ ʢʣʘʧʘʥʘ ʧʝʨʝʧʫʩʢʫ 

 

%,100
EWG

max

EWG

EWG Ö=d
f
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ʜʝ 
EWG

tf  ʪʘ EWG

maxf  ï ʧʦʪʦʯʥʘ ʪʘ ʤʘʢʩʠʤʘʣʴʥʘ (ʟʘ ʫʤʦʚʦʶ ʧʝʚʥʦʛʦ ʟʥʘʯʝʥʥʷ 

ʧʝʨʝʧʫʩʢʫ) ʧʣʦʱʘ ʧʨʦʭʽʜʥʦʛʦ ʧʝʨʝʪʠʥʫ ʢʣʘʧʘʥʘ ʧʝʨʝʧʫʩʢʫ, ʱʦ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʟʘ ʚʠʨʘʟʘʤʠ  

 

,cos   ,cos EWG

maxʢ

EWG

max

EWG

ʢ

EWG ap=ap= hdfhdf tt   

 

ʫ ʷʢʠʭ dʢ ï ʜʽʘʤʝʪʨ ʢʣʘʧʘʥʘ, ʤ; 



126 

EWG

th  ʪʘ EWG

maxh  ï ʧʦʪʦʯʥʘ ʪʘ ʤʘʢʩʠʤʘʣʴʥʘ (ʟʘ ʫʤʦʚʦʶ ʧʝʚʥʦʛʦ ʟʥʘʯʝʥʥʷ 

ʧʝʨʝʧʫʩʢʫ) ʚʠʩʦʪʘ ʧʽʜʡʦʤʫ ʢʣʘʧʘʥʘ ʧʝʨʝʧʫʩʢʫ, ʤ;  

a ï ʢʫʪ ʥʘʭʠʣʫ ʬʘʩʢʠ ʢʣʘʧʘʥʘ, ʛʨʘʜ; 

¶ h ʣʷʭʦʤ ʚʠʟʥʘʯʝʥʥʷ ʚʠʪʨʘʪʠ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ ʫ ʟʘʛʘʣʴʥʦʤʫ ʛʘʟʦʭʦʜʽ GS, 

ʢʛ/ʩ (ʤ
3
/ʩ), ʪʘ ʛʘʟʦʭʦʜʽ ʧʝʨʝʧʫʩʢʫ GEWG, ʢʛ/ʩ (ʤ

3
/ʩ): 

 

%.100EWG
EWG Ö=d

SG

G
 

 

 

ʂʽʣʴʢʽʩʥʠʡ ʚʠʤʽʨ ʛʘʟʦʚʠʭ ʧʦʪʦʢʽʚ (ʚ ʦʜʠʥʠʮʷʭ ʦʙôʻʤʫ ʘʙʦ ʤʘʩʠ) ʫ 

ʪʝʧʣʦʚʠʭ ʜʚʠʛʫʥʘʭ, ʫʩʪʘʥʦʚʣʝʥʠʭ ʥʘ ʩʫʜʥʘʭ ʨʽʯʢʦʚʦʛʦ ʽ ʤʦʨʩʴʢʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʪʨʘʪʦʤʽʨʽʚ, ʚ ʦʩʥʦʚʫ ʬʫʥʢʮʽʶʚʘʥʥʷ 

ʷʢʠʭ ʧʦʢʣʘʜʝʥʽ ʨʽʟʥʽ ʧʨʠʥʮʠʧʠ [203-206]. 

ʈʦʙʦʯʠʡ ʧʨʦʮʝʩ ɼɺɿ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʦʩʪʽʡʥʦʶ ʟʤʽʥʦʶ ʥʘʩʪʫʧʥʠʭ 

ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ: 

Å ʥʘ ʚʭʦʜʽ ʚ ʜʠʟʝʣʴ (ʫ ʟʚôʷʟʢʫ ʟ ʢʦʣʠʚʘʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʧʦʚʽʪʨʷʥʦʤʫ 

ʨʝʩʠʚʝʨʽ) [207]; 

Å ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʮʠʣʽʥʜʨʽ ʜʠʟʝʣʷ (ʯʝʨʝʟ ʨʽʟʢʝ ʥʘʨʦʩʪʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʨʠ ʩʪʠʩʥʝʥʥʽ ʧʦʚʽʪʨʷ ʽ ʟʛʦʨʷʥʥʽ ʧʘʣʠʚʘ) [208]; 

Å ʥʘ ʚʠʭʦʜʽ ʟ ʜʠʟʝʣʷ (ʯʝʨʝʟ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ɺɻ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʟ 

ʮʠʣʽʥʜʨʽʚ ʜʠʟʝʣʷ ʫ ʚʠʧʫʩʢʥʠʡ ʢʦʣʝʢʪʦʨ ʽ ʜʘʣʽ ʜʦ ʛʘʟʦʚʦʾ ʪʫʨʙʽʥʠ ɻʊʅ) [209]. 

ʊʝʧʣʦʚʘ ʥʘʧʨʫʞʝʥʽʩʪʴ ɼɺɿ (ʟʘ ʪʝʤʧʝʨʘʪʫʨʦʶ ʜʝʪʘʣʝʡ ʎʇɻ ʛʨʫʧʠ) ʥʘ 

ʜʝʷʢʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ ʜʠʟʝʣʷ ʧʨʝʚʘʣʶʻ ʥʘʜ ʤʝʭʘʥʽʯʥʦʶ 

(ʟʘ ʢʨʫʪʥʠʤ ʤʦʤʝʥʪʦʤ) [210]. ʆʩʥʦʚʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ, ʟʘ ʷʢʠʤʠ ʧʨʦʚʦʜʷʪʴ 

ʦʮʽʥʢʫ ʟʤʽʥʠ ʪʝʧʣʦʚʦʛʦ ʩʪʘʥʫ ʜʝʪʘʣʝʡ ʎʇɻ, ʻ ʝʤʧʽʨʠʯʥʽ ʢʨʠʪʝʨʽʾ: 

ʂʦʩʪʽʥʘ ɸ. ʂ., ʆʚʩʷʥʥʠʢʦʚʘ ʄ. ʂ., ʉʝʤʝʥʦʚʘ ɺ. ʉ. ɺʠʟʥʘʯʝʥʥʷ ʪʝʧʣʦʚʦʾ 

ʥʘʧʨʫʞʝʥʦʩʪʽ ʜʝʪʘʣʝʡ ʜʠʟʝʣʷ ʟʘ ʟʘʟʥʘʯʝʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ ʚʽʜʨʽʟʥʷʻʪʴʩʷ 

ʪʦʯʥʠʤ ʽ ʥʘʫʢʦʤʽʩʪʢʠʤ ʭʘʨʘʢʪʝʨʦʤ. ʆʜʥʘʢ ʜʣʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʫʤʦʚ (ʫ 

ʟʚôʷʟʢʫ ʟ ʥʝʦʙʭʽʜʥʽʩʪʶ ʧʨʠʡʥʷʪʪʷ ʤʠʪʪʻʚʠʭ ʨʽʰʝʥʴ ʽ ʥʝʤʦʞʣʠʚʽʩʪʶ 
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ʚʠʢʦʥʘʥʥʷ ʝʤʧʽʨʠʯʥʠʭ ʦʙʯʠʩʣʝʥʴ) ʚ ʷʢʦʩʪʽ ʢʨʠʪʝʨʽʶ ʪʝʧʣʦʚʦʾ ʥʘʧʨʫʞʝʥʦʩʪʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ ï ʾʾ ʟʥʘʯʝʥʥʷ ʟʘ ʦʢʨʝʤʠʤʠ 

ʮʠʣʽʥʜʨʘʤʠ ʜʠʟʝʣʷ ʽ ʥʝʫʟʛʦʜʞʝʥʽʩʪʴ ʮʠʭ ʚʝʣʠʯʠʥ ʚʽʜ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʧʦ 

ʚʩʽʭ ʮʠʣʽʥʜʨʘʭ. ʄʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʽ ʟʥʘʯʝʥʥʷ ʜʘʥʠʭ ʚʝʣʠʯʠʥ, ʷʢ ʧʨʘʚʠʣʦ, 

ʨʝʛʣʘʤʝʥʪʫʶʪʴʩʷ ʽʥʩʪʨʫʢʮʽʷʤʠ ʽ ʨʝʢʦʤʝʥʜʘʮʽʷʤʠ ʟ ʪʝʭʥʽʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʜʠʟʝʣʽʚ. 

 

 

4.2.2. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ, ʚʠʢʦʥʘʥʠʭ ʥʘ ʩʫʜʥʦʚʦʤʫ 

ʩʝʨʝʜʥʴʦʦʙʝʨʪʦʚʦʤʫ ʜʠʟʝʣʽ 6L20 Wartsila 

 

 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʦʙôʻʤʫ ʧʝʨʝʧʫʩʢʫ 

ɺɻ ʩʫʜʥʦʚʦʛʦ ʉʆɼ 6L20 Wartsila. ʇʨʠ ʮʴʦʤʫ ʟ ʦʜʥʦʛʦ ʙʦʢʫ ʧʦʚʠʥʥʽ ʙʫʪʠ 

ʟʘʙʝʟʧʝʯʝʥʽ ʥʘʡʢʨʘʱʽ ʜʣʷ ʨʦʟʛʣʷʥʫʪʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʜʠʟʝʣʷ ʝʢʦʣʦʛʽʯʥʽ 

ʧʦʢʘʟʥʠʢʠ (ʢʦʥʮʝʥʪʨʘʮʽʷ NOX ʫ ɺɻ), ʘ ʟ ʽʥʰʦʛʦ ï ʤʽʥʽʤʘʣʴʥʝ ʟʙʽʣʴʰʝʥʥʷ 

(ʧʦʨʽʚʥʷʥʦ ʟ ʨʝʞʠʤʦʤ ʨʦʙʦʪʠ ʙʝʟ ʧʝʨʝʧʫʩʢʫ) ʧʠʪʦʤʦʾ ʝʬʝʢʪʠʚʥʦʾ ʚʠʪʨʘʪʠ 

ʧʘʣʠʚʘ ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ ʧʽʜʪʨʠʤʘʥʥʽ ʟʘʜʘʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʪʝʧʣʦʚʦʾ 

ʥʘʧʨʫʞʝʥʦʩʪʽ ʮʠʣʽʥʜʨʽʚ ʜʠʟʝʣʷ [211]. 

ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʠʟʝʣʷ 6L20 Wartsila: 

ʢʽʣʴʢʽʩʪʴ ʮʠʣʽʥʜʨʽʚ ï 6; 

ʜʽʘʤʝʪʨ ʮʠʣʽʥʜʨʘ ï 0,2 ʤ; 

ʭʽʜ ʧʦʨʰʥʷ ï 0,26 ʤ; 

ʤʘʢʩʠʤʘʣʴʥʠʡ ʪʠʩʢ ʟʛʦʨʷʥʥʷ ï 16,3 ʄʇʘ; 

ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ï 1000 ʦʙ/ʭʚ; 

ʥʦʤʽʥʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ Neʥʦʤ=1200 ʢɺʪ; 

ʧʠʪʦʤʘ ʝʬʝʢʪʠʚʥʘ ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ ï 0,193 ʢʛ/(ʢɺʪÖʛʦʜ). 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʥʘ ʪʨʴʦʭ ʦʜʥʦʪʠʧʥʠʭ ʜʠʟʝʣʷʭ 6L20 Wartsila ʟ 

ʝʣʝʢʪʨʦʥʥʦʶ ʩʠʩʪʝʤʦʶ ʢʝʨʫʚʘʥʥʷ ʬʘʟʘʤʠ ʧʦʜʘʯʽ ʧʘʣʠʚʘ, ʧʦʚʽʪʨʷ ʽ 



128 

ʛʘʟʦʨʦʟʧʦʜʽʣʫ. ɼʠʟʝʣʽ ʚʭʦʜʠʣʠ ʜʦ ʩʢʣʘʜʫ ʩʫʜʥʦʚʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʷʢ ʜʠʟʝʣʴ-

ʛʝʥʝʨʘʪʦʨʠ, ʤʘʣʠ ʦʜʥʘʢʦʚʠʡ ʤʦʪʦʨʝʩʫʨʩ ʨʦʙʦʪʠ ʽ ʝʢʩʧʣʫʘʪʫʚʘʣʠʩʷ ʥʘ 

ʨʽʚʥʦʚʝʣʠʢʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ. ʗʢ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʚʠʧʫʩʢʥʠʤʠ ʛʘʟʘʤʠ ʥʘ 

ʜʘʥʠʭ ʜʠʟʝʣʷʭ ʚʩʪʘʥʦʚʣʝʥʘ ʩʠʩʪʝʤʘ EWG. ɺʠʢʦʨʠʩʪʘʥʥʷ ʮʽʻʾ ʩʠʩʪʝʤʠ ʬʽʨʤʘ 

Wartsila ʨʝʢʦʤʝʥʜʫʻ ʥʘʩʘʤʧʝʨʝʜ ʜʣʷ ʦʙʤʝʞʝʥʥʷ ʪʠʩʢʫ ʥʘʜʜʫʚʥʝʛʦ ʧʦʚʽʪʨʷ ʽ 

ʟʘʧʦʙʽʛʘʥʥʷ ʧʦʤʧʘʞʥʠʭ ʷʚʠʱ ʧʽʜ ʯʘʩ ʚʠʩʦʢʠʭ ʥʘʚʘʥʪʘʞʝʥʴ [212] ʽ ʷʢ 

ʜʦʜʘʪʢʦʚʫ ʬʫʥʢʮʽʶ ï ʜʣʷ ʟʥʠʞʝʥʥʷ ʚʠʢʠʜʽʚ NOʍ. ɿʛʽʜʥʦ ʟ ʧʨʦʝʢʪʥʦʶ 

ʜʦʢʫʤʝʥʪʘʮʽʻʶ ʩʠʩʪʝʤʘ EWG ʟʘʙʝʟʧʝʯʫʻ ʧʝʨʝʧʫʩʢ ʛʘʟʽʚ ʫ ʜʽʘʧʘʟʦʥʽ 0...10 % 

ʚʽʜ ʾʭ ʟʘʛʘʣʴʥʦʛʦ ʦʙʩʷʛʫ. ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʩʠʩʪʝʤʠ EWG ʩʫʜʥʦʚʦʛʦ ʜʠʟʝʣʷ 

6L20 Wartsila ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 4.2. 

 

 

ʈʠʩ. 4.2. ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʩʫʜʥʦʚʦʛʦ ʩʝʨʝʜʥʴʦʦʙʝʨʪʦʚʦʛʦ ʜʠʟʝʣʷ  

6L20 Wartsila ʟ ʩʠʩʪʝʤʦʶ ʢʝʨʫʚʘʥʥʷ ʚʠʧʫʩʢʥʠʤʠ ʛʘʟʘʤʠ EWG: 

1 ï ʢʦʥʪʨʦʣʝʨ ʧʦʣʦʞʝʥʥʷ ʧʝʨʝʧʫʩʢʥʦʛʦ ʢʣʘʧʘʥʘ; 2 ï ʧʥʝʚʤʘʪʠʯʥʠʡ ʧʨʠʚʽʜ 

ʧʝʨʝʧʫʩʢʥʦʛʦ ʢʣʘʧʘʥʘ; 3 ï ʧʝʨʝʧʫʩʢʥʠʡ ʢʣʘʧʘʥ (ʢʣʘʧʘʥ wastegate);  

4, 5 ï ʚʠʧʫʩʢʥʽ ʤʘʛʽʩʪʨʘʣʽ ʦʩʥʦʚʥʦʛʦ ʽ ʧʝʨʝʧʫʩʢʥʦʛʦ ʧʦʪʦʢʫ ʛʘʟʽʚ; 

6 ï ʦʭʦʣʦʜʞʫʚʘʯ ʧʦʚʽʪʨʷ ʥʘʜʜʫʚʫ; 7 ï ʧʨʦʜʫʚʥʠʡ ʨʝʩʠʚʝʨ; 

8 ï ʮʠʣʽʥʜʨʠ ʜʠʟʝʣʷ; K1, K2 ï ʪʦʯʢʠ ʢʦʥʪʨʦʣʶ ʚʠʪʨʘʪ ʛʘʟʽʚ; 

ʊ, ʂ ï ʛʘʟʦʚʘ ʪʫʨʙʽʥʘ ʽ ʧʦʚʽʪʨʷʥʠʡ ʢʦʤʧʨʝʩʦʨ ɻʊʅ  
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ʇʦʚʽʪʨʷ, ʱʦ ʥʘʛʥʽʪʘʻʪʴʩʷ ʢʦʤʧʨʝʩʦʨʦʤ, ʦʭʦʣʦʜʞʫʻʪʴʩʷ ʚ ʦʭʦʣʦʜʞʫʚʘʯʽ 

ʥʘʜʜʫʚʥʝʛʦ ʧʦʚʽʪʨʷ 6 ʽ ʥʘʜʭʦʜʠʪʴ ʫ ʮʠʣʽʥʜʨʠ 8 ʯʝʨʝʟ ʧʨʦʜʫʚʥʠʡ ʨʝʩʠʚʝʨ 7. ʋ 

ʜʠʟʝʣʽ (ʪʨʘʜʠʮʽʡʥʦ ʜʣʷ ʉʆɼ ʬʽʨʤʠ Wartsila) ʨʝʘʣʽʟʫʻʪʴʩʷ ʽʤʧʫʣʴʩʥʘ ʩʠʩʪʝʤʘ 

ʛʘʟʦʪʫʨʙʽʥʥʦʛʦ ʥʘʜʜʫʚʫ, ʧʨʠ ʷʢʽʡ ɺɻ ʟ ʮʠʣʽʥʜʨʽʚ 8 ʦʢʨʝʤʠʤʠ ʛʘʟʦʭʦʜʘʤʠ 

ʥʘʜʭʦʜʷʪʴ ʥʘ ʣʦʧʘʪʢʠ ɻʊʅ. ɿʘʣʝʞʥʦ ʚʽʜ ʧʦʣʦʞʝʥʥʷ ʧʝʨʝʧʫʩʢʥʦʛʦ ʢʣʘʧʘʥʘ 3 

(ʧʝʨʝʤʽʱʝʥʥʷ ʷʢʦʛʦ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʥʝʚʤʘʪʠʯʥʦʛʦ ʧʨʠʚʦʜʫ 2 ʽ 

ʨʝʛʫʣʶʻʪʴʩʷ ʢʦʥʪʨʦʣʝʨʦʤ 1) ɺɻ ʥʘʜʭʦʜʷʪʴ ʘʙʦ ʚ ʦʩʥʦʚʥʫ ʤʘʛʽʩʪʨʘʣʴ 4, ʘʙʦ ʚ 

ʧʝʨʝʧʫʩʢʥʫ 5. ɺʠʪʨʘʪʘ ɺɻ ʫ ʤʘʛʽʩʪʨʘʣʷʭ 4 ʽ 5 ʚʠʟʥʘʯʘʣʘʩʷ ʚ ʪʦʯʢʘʭ K1 ʽ K2 ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʚʠʪʨʘʪʦʤʽʨʘ MT100S ʬʽʨʤʠ çSiemens AGè (ʅʽʤʝʯʯʠʥʘ). 

ɺʠʪʨʘʪʦʤʽʨʠ ʩʝʨʽʾ MT100 ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʙʘʛʘʪʦʪʦʯʢʦʚʠʭ (ʽʟ ʢʽʣʴʢʽʩʪʶ 

ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʟʦʥʜʽʚ ʚʽʜ 2 ʜʦ 8) ʤʘʩʦʚʠʭ ʚʠʪʨʘʪʦʤʽʨʽʚ ʧʦʚʽʪʨʷ ʽ ʛʘʟʽʚ, ʷʢʽ 

ʧʨʘʮʶʶʪʴ ʟʘ ʧʨʠʥʮʠʧʦʤ ʪʝʧʣʦʚʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ. ʋ ʚʠʪʨʘʪʦʤʽʨʘʭ MT100 

ʪʝʭʥʦʣʦʛʽʯʥʦ ʨʦʟʚôʷʟʘʥʘ ʦʜʥʘ ʟ ʛʦʣʦʚʥʠʭ ʧʨʦʙʣʝʤ ʚʠʤʽʨʥʠʢʽʚ ʛʘʟʦʚʠʭ 

ʧʦʪʦʢʽʚ, ʜʦ ʷʢʦʾ ʚʽʜʥʦʩʠʪʴʩʷ ʥʘʷʚʥʽʩʪʴ ʢʚʘʜʨʘʪʠʯʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʚʠʪʨʘʪʦʶ 

ʽ ʧʝʨʝʧʘʜʦʤ ʪʠʩʢʫ (ʮʝ ʥʝ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ ʚʠʪʨʘʪʫ ʚ ʜʽʘʧʘʟʦʥʽ ʤʝʥʰʝ 30 % 

ʚʽʜ ʤʘʢʩʠʤʘʣʴʥʦʾ ʯʝʨʝʟ ʚʠʩʦʢʫ ʧʦʭʠʙʢʫ ʚʠʤʽʨʶʚʘʥʥʷ). ʏʫʪʣʠʚʽʩʪʴ 

ʚʠʪʨʘʪʦʤʽʨʽʚ MT100 ʩʪʘʥʦʚʠʪʴ 0,07...0,2 ʤ
3
/ʩ, ʨʦʙʦʯʘ ʪʝʤʧʝʨʘʪʫʨʘ ï ʜʦ 

454̄  ʉ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʾʭ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʫ ʚʩʴʦʤʫ ʜʽʘʧʘʟʦʥʽ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʜʠʟʝʣʷ. ɺʠʪʨʘʪʦʤʽʨʠ MT100 ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʚʠʤʦʛʘʤ ʉʠʩʪʝʤʠ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʚʠʢʠʜʽʚ (Continuous Emission 

Monitoring System ï CEMS) ɸʛʝʥʪʩʪʚʘ ʟ ʦʭʦʨʦʥʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

(Environmental Protection Agency ï EPA). ʇʽʜ ʯʘʩ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚ ʪʦʯʮʽ K1 ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʛʘʟʦʘʥʘʣʽʟʘʪʦʨʘ Testo350XL ʚʠʟʥʘʯʘʣʘʩʷ ʢʦʥʮʝʥʪʨʘʮʽʷ NOʍ ʫ ɺɻ. 

ʇʠʪʦʤʘ ʝʬʝʢʪʠʚʥʘ ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ be ʚʠʟʥʘʯʘʣʘʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʫʜʥʦʚʠʭ 

ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʟʘʩʦʙʽʚ ï ʚʠʪʨʘʪʦʤʽʨʘ, ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʥʘ ʤʘʛʽʩʪʨʘʣʽ 

ʧʽʜʚʝʜʝʥʥʷ ʧʘʣʠʚʘ ʜʦ ʇʅɺʊ, ʽ ʪʘʡʤʝʨʘ ʪʘ ʨʦʟʨʘʭʦʚʫʚʘʣʘʩʷ ʟʘ ʟʘʣʝʞʥʽʩʪʶ 
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ʜʝ Gʛ ï ʛʦʜʠʥʥʘ ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ, ʢʛ/ʛʦʜ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʚʠʨʘʟʦʤ  
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ʚ ʷʢʦʤʫ Vʪ ï ʦʙʩʷʛ ʧʘʣʠʚʘ, ʱʦ ʧʨʦʡʰʦʚ ʯʝʨʝʟ ʚʠʪʨʘʪʦʤʽʨ, ʤ
3
; 

r ï ʛʫʩʪʠʥʘ ʧʘʣʠʚʘ ʧʨʠ ʚʽʜʧʦʚʽʜʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ, ʢʛ/ʤ
3
; 

t ï ʯʘʩ, ʧʨʦʪʷʛʦʤ ʷʢʦʛʦ ʧʨʦʚʦʜʠʚʩʷ ʝʢʩʧʝʨʠʤʝʥʪ ʥʘ ʚʽʜʧʦʚʽʜʥʦʤʫ 

ʰʚʠʜʢʽʩʥʦʤʫ ʨʝʞʠʤʽ, ʛʦʜ; 

ʜ

ʨʝʞʝN  ï ʧʦʪʫʞʥʽʩʪʴ ʜʠʟʝʣʷ, ʥʘ ʨʽʟʥʠʭ ʰʚʠʜʢʽʩʥʠʭ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ, ʢɺʪ. 

ʉʪʫʧʽʥʴ ʧʝʨʝʧʫʩʢʫ ʛʘʟʽʚ ʨʦʟʨʘʭʦʚʫʚʘʣʘʩʷ ʟʘ ʚʠʨʘʟʦʤ: 

 

%,100ʧ
EWG Ö=d

SG

G
 (4.1) 

 

ʜʝ Gʧ ï ʢʽʣʴʢʽʩʪʴ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ, ʷʢʽ ʧʨʦʡʰʣʠ ʯʝʨʝʟ ʧʝʨʝʧʫʩʢʥʠʡ ʢʣʘʧʘʥ, 

ʢʛ/ʩ (ʚʠʤʽʨʶʚʘʣʘʩʷ ʚ ʪʦʯʮʽ 9 ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʪʨʘʪʦʤʽʨʘ MT100S); 

GS ï ʩʫʤʘʨʥʘ ʢʽʣʴʢʽʩʪʴ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʫ ʛʘʟʦʚʠʧʫʩʢʥʫ 

ʤʘʛʽʩʪʨʘʣʴ ʚʽʜ ɻʊʅ ʧʨʠ ʧʦʚʥʽʩʪʶ ʟʘʢʨʠʪʦʤʫ ʧʝʨʝʧʫʩʢʥʦʤʫ ʢʣʘʧʘʥʽ, ʢʛ/ʩ 

(ʚʠʤʽʨʶʚʘʣʘʩʷ ʚ ʪʦʯʮʽ 1 ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʪʨʘʪʦʤʽʨʘ MT100S). 

ʇʦʭʠʙʢʘ ʫ ʚʠʤʽʨʶʚʘʥʥʽ ʚʠʪʨʘʪʠ ʛʘʟʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʪʨʘʪʦʤʽʨʦʤ 

MT100S, ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʘ °0,5 %, ʧʦʭʠʙʢʘ ʫ ʚʠʤʽʨʽ ʝʤʽʩʽʾ NOʍ ʫ ʚʠʧʫʩʢʥʠʭ 

ʛʘʟʘʭ ʛʘʟʦʘʥʘʣʽʟʘʪʦʨʦʤ Testo350XL ʩʪʘʥʦʚʠʣʘ °3,5 %, ʧʦʭʠʙʢʘ ʫ ʚʠʟʥʘʯʝʥʥʽ 

ʧʠʪʦʤʦʾ ʝʬʝʢʪʠʚʥʦʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʘ °2,5 % [213]. 

ɼʠʟʝʣʴ, ʥʘ ʷʢʦʤʫ ʚʠʢʦʥʫʚʘʣʠʩʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, 

ʟʘʙʝʟʧʝʯʫʚʘʚ ʧʦʪʫʞʥʽʩʪʶ ʧʦʩʪʽʡʥʽ ʛʨʫʧʠ ʩʧʦʞʠʚʘʯʽʚ. ʇʨʠ ʮʴʦʤʫ (ʟʘʣʝʞʥʦ ʚʽʜ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʨʝʞʠʤʽʚ) ʡʦʛʦ ʧʦʪʫʞʥʽʩʪʴ ʩʪʘʥʦʚʠʣʘ 660 ʢɺʪ, 805 ʢɺʪ, 

890 ʢɺʪ, 1010 ʢɺʪ, ʱʦ ʚʽʜʧʦʚʽʜʘʣʦ 0,55Neʥʦʤ, 0,67Neʥʦʤ, 0,74Neʥʦʤ, 0,83Neʥʦʤ. 

ʇʦʭʠʙʢʘ ʚ ʟʤʽʥʽ ʧʦʪʫʞʥʦʩʪʽ ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʘ °1,5 %. 
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ɼʦ ʩʢʣʘʜʫ ʩʫʜʥʦʚʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʚʭʦʜʠʣʦ ʪʨʠ ʦʜʥʦʪʠʧʥʽ ʜʠʟʝʣʽ, ʪʦʤʫ ʫ 

ʚʠʧʘʜʢʫ ʟʤʽʥʽ ʢʽʣʴʢʦʩʪʽ ʩʧʦʞʠʚʘʯʽʚ ʝʥʝʨʛʽʾ ʪʘ ʾʭ ʧʦʪʫʞʥʦʩʪʽ ʥʝʦʙʭʽʜʥʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʝʨʝʨʦʟʧʦʜʽʣʷʣʦʩʷ ʥʘ ʜʠʟʝʣʽ, ʥʝ ʟʘʜʽʷʥʽ ʚ ʝʢʩʧʝʨʠʤʝʥʪʽ, ʘ 

ʜʠʟʝʣʴ, ʥʘ ʷʢʦʤʫ ʧʨʦʚʦʜʠʣʠʩʷ ʜʦʩʣʽʜʞʝʥʥʷ, ʝʢʩʧʣʫʘʪʫʚʘʚʩʷ ʥʘ ʧʦʩʪʽʡʥʦʤʫ 

ʥʘʚʘʥʪʘʞʝʥʥʽ. ʂʨʽʤ ʪʦʛʦ, ʧʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʥʘ ʜʠʟʝʣʽ 

ʧʽʜʪʨʠʤʫʚʘʣʠʩʷ ʧʦʩʪʽʡʥʽ ʪʝʤʧʝʨʘʪʫʨʥʽ ʨʝʞʠʤʠ ʚ ʩʠʩʪʝʤʘʭ ʟʤʘʱʫʚʘʥʥʷ ʪʘ 

ʦʭʦʣʦʜʞʝʥʥʷ. ʇʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʜʠʟʝʣʴ ʧʨʦʪʷʛʦʤ 2,5...3 

ʛʦʜʠʥ ʧʨʘʮʶʚʘʚ ʥʘ ʧʦʩʪʽʡʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʽ ʚ ʥʝʟʤʽʥʥʦʤʫ ʧʦʣʦʞʝʥʥʽ 

ʧʝʨʝʧʫʩʢʥʦʛʦ ʢʣʘʧʘʥʘ ʥʘ ʢʦʞʥʦʤʫ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʝʞʠʤʽʚ. ʋ ʟʚôʷʟʢʫ ʟ 

ʚʝʣʠʢʠʤ ʯʘʩʦʤ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʽʥʝʨʮʽʡʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʪʨʘʪʠ 

ʛʘʟʽʚ (ʭʘʨʘʢʪʝʨʥʠʡ ʥʝʜʦʣʽʢ ʚʠʪʨʘʪʦʤʽʨʽʚ ʪʝʧʣʦʚʠʭ ʚʠʪʨʘʪʦʤʽʨʽʚ, ʜʦ ʢʣʘʩʫ 

ʷʢʠʭ ʚʽʜʥʦʩʠʪʴʩʷ ʚʠʪʨʘʪʦʤʽʨ MT100S) ʧʦʚʥʽʩʪʶ ʥʽʚʝʣʶʚʘʣʘʩʷ ʽ ʥʝ ʚʧʣʠʚʘʣʘ 

ʥʘ ʨʝʟʫʣʴʪʘʪʠ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʪʫʧʝʥʷ ʚʽʜʢʨʠʪʪʷ ʧʝʨʝʧʫʩʢʥʦʛʦ ʢʣʘʧʘʥʘ (wastegate) 

ʩʧʦʯʘʪʢʫ ʚ ʪʦʯʮʽ K1 ʚʠʟʥʘʯʘʣʘʩʷ ʟʘʛʘʣʴʥʘ ʚʠʪʨʘʪʘ ʛʘʟʽʚ GS, ʱʦ ʚʠʭʦʜʷʪʴ ʽʟ 

ʮʠʣʽʥʜʨʽʚ ʜʠʟʝʣʷ ʽ ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ ʤʘʛʽʩʪʨʘʣʴ ʦʩʥʦʚʥʦʛʦ ʧʦʪʦʢʫ ʛʘʟʽʚ 4 (ʽʟ 

ʧʦʚʥʽʩʪʶ ʟʘʢʨʠʪʠʤ ʢʣʘʧʘʥʦʤ 3). ʇʽʩʣʷ ʮʴʦʛʦ ʧʨʠ ʟʤʽʥʝʥʦʤʫ ʧʦʣʦʞʝʥʥʽ 

ʧʝʨʝʧʫʩʢʥʦʛʦ ʢʣʘʧʘʥʘ (wastegate) 3 ʫ ʪʦʯʮʽ K2 ʚʠʟʥʘʯʘʣʘʩʴ ʚʠʪʨʘʪʘ ʛʘʟʽʚ Gʧ 

ʯʝʨʝʟ ʧʝʨʝʧʫʩʢʥʫ ʤʘʛʽʩʪʨʘʣʴ 5 ʪʘ ʟʘ ʚʠʨʘʟʦʤ (4.1) ʨʦʟʨʘʭʦʚʫʚʘʚʩʷ ʩʪʫʧʽʥʴ 

ʧʝʨʝʧʫʩʢʫ ʛʘʟʽʚ dEWG. ʇʦʜʘʣʴʰʽ ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʢʦʥʫʚʘʣʠʩʷ ʟʘ ʜʚʦʤʘ ʩʭʝʤʘʤʠ 

(ʨʠʩ. 4.3), ʦʪʨʠʤʘʥʽ ʪʘʢʠʤ ʯʠʥʦʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʘʣʠ 

ʭʦʨʦʰʫ ʟʙʽʞʥʽʩʪʴ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʚʘʣʦ ʧʨʘʚʠʣʴʥʽʩʪʴ ʦʙʨʘʥʦʾ ʩʭʝʤʠ 

ʚʠʤʽʨʶʚʘʥʴ ʪʘ ʢʦʨʝʢʪʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʟʥʘʯʝʥʴ [211]. 

ʗʢ ʢʨʠʪʝʨʽʡ ʪʝʧʣʦʚʦʾ ʥʘʧʨʫʞʝʥʦʩʪʽ ɼɺɿ ʧʨʠʡʤʘʣʦʩʷ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ɺɻ ʟʘ ʮʠʣʽʥʜʨʘʤʠ ʜʠʟʝʣʷ ï tʛ, ʚʠʤʽʨʶʚʘʥʥʷ ʷʢʦʾ ʟʘʙʝʟʧʝʯʫʚʘʣʦʩʷ 

ʩʫʜʥʦʚʦʶ ʩʠʩʪʝʤʦʶ ʜʽʘʛʥʦʩʪʠʢʠ Doctor. ɿʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ɺɻ 

ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʜʠʟʝʣʝʙʫʜʽʚʥʠʤʠ ʬʽʨʤʘʤʠ ʪʘ ʥʘʫʢʦʚʠʤʠ ʜʦʩʣʽʜʥʠʢʘʤʠ ʷʢ 

ʢʨʠʪʝʨʽʾ ʦʮʽʥʢʠ ʧʝʨʝʙʽʛʫ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ʽ ʩʪʘʥʫ ʧʘʣʠʚʥʦʾ ʘʧʘʨʘʪʫʨʠ 

ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ [214, 215]. 
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ʈʠʩ. 4.3. ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

 

ʈʝʟʫʣʴʪʘʪʠ ʫʟʘʛʘʣʴʥʝʥʽ ʚ ʪʘʙʣʠʮʷʭ 4.2-4.4 ʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 4.4. 

 

ʊʘʙʣʠʮʷ 4.2 

ɿʤʽʥʘ ʝʤʽʩʽʾ NOʍ, ʛ/(ʢɺʪÖʛʦʜ) ʩʫʜʥʦʚʦʛʦ ʜʠʟʝʣʷ 6L20 Wartsila  

ʟʘʣʝʞʥʦ ʚʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʩʪʫʧʝʥʷ ʧʝʨʝʧʫʩʢʫ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ 

ʅʘʚʘʥʪʘʞʝʥʥʷ, 

% 

ʉʪʫʧʽʥʴ ʧʝʨʝʧʫʩʢʫ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ, dEWG, % 

0 3,8 6,0 8,1 9,6 

55 7,58 7,48 7,43 7,33 7,28 

67 7,81 7,62 7,52 7,43 7,32 

74 8,21 7,82 7,71 7,52 7,34 

83 8,48 8,19 7,78 7,64 7,38 
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ʊʘʙʣʠʮʷ 4.3 

ɿʤʥ̔ʘ ʧʠʪʦʤʦʾ ʝʬʝʢʪʠʚʥʦʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ, be, ʛ/(ʢɺʪÖʛʦʜ), 

ʩʫʜʥʦʚʦʛʦ ʜʠʟʝʣʷ 6L20 Wartsila  

ʟʘʣʝʞʥʦ ʚʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʩʪʫʧʝʥʷ ʧʝʨʝʧʫʩʢʫ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ 

ʅʘʚʘʥʪʘʞʝʥʥʷ, 

% 

ʉʪʫʧʽʥʴ ʧʝʨʝʧʫʩʢʫ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ, dEWG, % 

0 3,8 6,0 8,1 9,6 

55 198,6 200,7 201,6 203,5 206,8 

67 196,9 198,9 199,6 201,3 202,6 

74 195,5 196,3 196,8 197,3 198,1 

83 191,6 192,5 193,6 195,1 195,7 

 

ʊʘʙʣʠʮʷ 4.4 

ɿʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ tʛ, ̄ ʉ, ʩʫʜʥʦʚʦʛʦ ʜʠʟʝʣʷ 6L20 Wartsila  

ʟʘʣʝʞʥʦ ʚʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʩʪʫʧʝʥʷ ʧʝʨʝʧʫʩʢʫ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ 

ʅʘʚʘʥʪʘʞʝʥʥʷ, 

% 

ʉʪʫʧʽʥʴ ʧʝʨʝʧʫʩʢʫ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ, dEWG, % 

0 3,8 6,0 8,1 9,6 

55 285  294 298 312 318 

67 279 285 294 304 308 

74 278 283 291 293 297 

83 273 281 288 290 293 
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ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ, ʚʠʢʦʥʘʥʠʭ ʥʘ ʜʠʟʝʣʽ 6L20 Wartsila  ʜʦʟʚʦʣʷʶʪʴ 

ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ. 

ʉʠʩʪʝʤʘ EWG ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʝʷʢʠʤʠ ʬʽʨʤʘʤʠ 

(ʥʘʧʨʠʢʣʘʜ Wartsila) ʜʣʷ ʟʥʠʞʝʥʥʷ ʪʠʩʢʫ ʥʘʜʜʫʚʥʝʛʦ ʧʦʚʽʪʨʷ ʥʘ ʧʽʜʚʠʱʝʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʩʫʜʥʦʚʠʭ ʜʠʟʝʣʽʚ. ʉʠʩʪʝʤʘ EWG ʟʘʙʝʟʧʝʯʫʻ ʧʝʨʝʧʫʩʢ ɺɻ ʫ 

ʜʽʘʧʘʟʦʥʽ 0...10 % ʚʽʜ ʾʭ ʟʘʛʘʣʴʥʦʛʦ ʦʙôʻʤʫ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʫ ʚʠʧʫʩʢʥʫ ʪʨʫʙʫ 

ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʭʥʴʦʾ ʝʥʝʨʛʽʾ ʚ ɻʊʅ. ʇʨʠ ʮʴʦʤʫ ʩʠʩʪʝʤʫ EWG ʤʦʞʣʠʚʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʪʠ ɼɺɿ 

(ʟʦʢʨʝʤʘ ʜʣʷ ʟʥʠʞʝʥʥʷ ʝʤʽʩʽʾ NOX ʟ ɺɻ) ʚ ʫʩʴʦʤʫ ʜʽʘʧʘʟʦʥʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʜʠʟʝʣʷ. 

ɼʣʷ ʩʫʜʥʦʚʦʛʦ ʜʠʟʝʣʷ 6L20 Wartsila, ʱʦ ʧʨʘʮʶʻ ʚ ʜʽʘʧʘʟʦʥʽ ʥʘʚʘʥʪʘʞʝʥʴ 

Neʨʘʙ=(0,55...0,83)Neʥʦʤ ʧʽʜ ʯʘʩ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ EWG ʟʽ ʩʪʫʧʝʥʝʤ 

ʧʝʨʝʧʫʩʢʫ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ dEWG=3,8...9,6 % ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʥʘʩʪʫʧʥʽ 

ʨʝʟʫʣʴʪʘʪʠ: 

1) ʧʽʜʚʠʱʝʥʥʷ ʩʪʫʧʝʥʷ ʧʝʨʝʧʫʩʢʫ ɺɻ ʚ ʜʽʘʧʘʟʦʥʽ 0...9,6 % ʩʧʨʠʷʻ 

ʟʥʠʞʝʥʥʶ ʝʤʽʩʽʾ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʟ 8,72 ʛ/(ʢɺʪÖʛʦʜ) ʜʦ 6,53 ʛ/(ʢɺʪÖʛʦʜ) ʽ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʜʠʟʝʣʴ; ʧʨʠ ʮʴʦʤʫ ʚʽʜʥʦʩʥʝ ʟʥʠʞʝʥʥʷ ʚʠʢʠʜʽʚ NOʍ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ 1,15...13,85%; 

2) ʥʘʡʙʽʣʴʰʠʡ ʨʽʚʝʥʴ ʟʥʠʞʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ NOʍ ʫ ɺɻ ʚʽʜʧʦʚʽʜʘʻ 

ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʩʪʫʧʝʥʶ ʧʝʨʝʧʫʩʢʫ ʛʘʟʽʚ ʽ ʨʝʞʠʤʫ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʜʠʟʝʣʴ (ʫ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʭ 9,6% ʽ 0,83Neʥʦʤ); 

3) ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ EWG ʟʤʽʥʶʻ ʩʪʝʭʽʦʤʝʪʨʠʯʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʧʘʣʠʚʦ-ʧʦʚʽʪʨʷ, ʱʦ ʩʧʨʠʷʻ ʟʙʽʣʴʰʝʥʥʶ ʧʠʪʦʤʦʾ ʝʬʝʢʪʠʚʥʦʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ; 

4) ʜʣʷ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʜʠʟʝʣʷ, ʙʣʠʟʴʢʠʭ ʜʦ ʥʦʤʽʥʘʣʴʥʦʛʦ (ʫ ʧʨʦʚʝʜʝʥʠʭ 

ʜʦʩʣʽʜʞʝʥʥʷʭ 74...83 % ʥʦʤʽʥʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʜʠʟʝʣʷ), ʧʽʜ ʯʘʩ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ EWG ʟʙʽʣʴʰʝʥʥʷ ʧʠʪʦʤʦʾ ʝʬʝʢʪʠʚʥʦʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ 

ʩʢʣʘʜʘʻ 0,8...1,9 ʛ/(ʢɺʪÖʛʦʜ) ʘʙʦ ʫ ʚʽʜʥʦʩʥʠʭ ʟʥʘʯʝʥʥʷʭ 0,26...1,05 %; ʧʨʠ 

ʮʴʦʤʫ, ʟ ʦʛʣʷʜʫ ʥʘ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʠʞʝʥʥʷ ʝʤʽʩʽʾ NOʍ ʥʘ ʜʘʥʠʭ ʨʝʞʠʤʘʭ 

ʝʢʩʧʣʫʘʪʘʮʽʾ, ʩʘʤʝ ʧʦʣʽʧʰʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʨʦʙʦʪʠ ʜʠʟʝʣʷ ʻ 
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ʧʝʨʝʚʘʞʘʶʯʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʜʘʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʥʘʚʘʥʪʘʞʝʥʴ, ʪʦʤʫ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ EWG ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʜʦʮʽʣʴʥʝ ʽ ʤʦʞʝ ʙʫʪʠ 

ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʷʢ ʩʧʦʩʽʙ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʚʠʤʦʛ ʜʦ ʩʫʜʥʦʚʠʭ 

ʜʠʟʝʣʽʚ; 

5) ʥʘ ʥʘʚʘʥʪʘʞʝʥʥʷʭ (0,55...0,67)Neʥʦʤ ʟʙʽʣʴʰʝʥʥʷ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʧʽʜ ʯʘʩ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ EWG ʤʦʞʝ ʜʦʩʷʛʘʪʠ 1,83...2,52 %; ʚʨʘʭʦʚʫʶʯʠ, ʱʦ ʚ 

ʜʘʥʽʡ ʚʘʨʽʘʮʽʾ ʥʘʚʘʥʪʘʞʝʥʴ ʚʠʢʦʨʠʩʪʘʥʥʷ EWG ʟʘʙʝʟʧʝʯʫʻ ʟʥʠʞʝʥʥʷ ʝʤʽʩʽʾ 

NOʍ ʥʘ 1,15...5,5 %, ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʧʝʨʝʧʫʩʢʫ ʛʘʟʽʚ ʜʣʷ ʮʴʦʛʦ 

ʜʽʘʧʘʟʦʥʫ ʥʝ ʻ ʜʦʮʽʣʴʥʠʤ. 

 

 

4.2.3. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ, ʚʠʢʦʥʘʥʠʭ ʥʘ ʩʫʜʥʦʚʦʤʫ  

ʩʝʨʝʜʥʴʦʦʙʝʨʪʦʚʦʤʫ ʜʠʟʝʣʽ 6L26 Wartsila 

 

 

ɿ ʤʝʪʦʶ ʟʙʽʣʴʰʝʥʥʷ ʤʘʩʠʚʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ, ʘ ʪʘʢʦʞ ʜʣʷ 

ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ, ʥʘʩʪʫʧʥʠʡ ʝʪʘʧ 

ʚʠʧʨʦʙʫʚʘʥʴ ʚʠʢʦʥʫʚʘʚʩʷ ʥʘ ʩʫʜʥʦʚʦʤʫ ʉʆɼ 6L26 ʬʽʨʤʠ Wartsila (ʷʢʠʡ ʟʘ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʪʘ ʦʩʥʦʚʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʨʦʙʦʯʦʛʦ 

ʮʠʢʣʫ ʽʜʝʥʪʠʯʥʠʡ ʜʠʟʝʣʶ 6L20 ʬʽʨʤʠ Wartsila, ʥʘ ʷʢʦʤʫ ʙʫʣʠ ʚʠʢʦʥʘʥʽ 

ʧʦʧʝʨʝʜʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ). 

ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʠʟʝʣʷ 6L26 ʬʽʨʤʠ Wartsila: 

ʢʽʣʴʢʽʩʪʴ ʮʠʣʽʥʜʨʽʚ ï 6; 

ʜʽʘʤʝʪʨ ʮʠʣʽʥʜʨʫ ï 0,26 ʤ; 

ʭʽʜ ʧʦʨʰʥʶ ï 0,32 ʤ; 

ʤʘʢʩʠʤʘʣʴʥʠʡ ʪʠʩʢ ʟʛʦʨʷʥʥʷ ï 16,1 ʄʇʘ; 

ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ï 1000 ʦʙ/ʭʚ; 

ʥʦʤʽʥʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ Neʥʦʤ=2040 ʢɺʪ; 

ʧʠʪʦʤʘ ʝʬʝʢʪʠʚʥʘ ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ ï 0,189 ʢʛ/(ʢɺʪÖʛʦʜ). 
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ʊʝʭʥʦʣʦʛʽʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʚʽʜʧʦʚʽʜʘʣʘ ʚʠʧʨʦʙʫʚʘʥʥʷʤ, ʱʦ 

ʚʠʢʦʥʫʚʘʣʠʩʷ ʥʘ ʜʠʟʝʣʽ 6L20 (ʧ. 4.2.2).  ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʩʠʩʪʝʤʠ EWG 

ʩʫʜʥʦʚʦʛʦ ʜʠʟʝʣʷ 6L26 ʬʽʨʤʠ Wartsila ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 4.5. 

ʇʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʥʪʨʦʣʶʚʘʣʠʩʷ ʽ ʚʠʤʽʨʶʚʘʣʠʩʷ 

ʧʘʨʘʤʝʪʨʠ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʠʪʠ ʝʤʽʩʽʶ NOʍ, ʧʠʪʦʤʫ ʝʬʝʢʪʠʚʥʫ ʚʠʪʨʘʪʫ 

ʧʘʣʠʚʘ be, ʘ ʪʘʢʦʞ ʝʬʝʢʪʠʚʥʫ ʧʦʪʫʞʥʽʩʪʴ ʜʠʟʝʣʷ Ne. ʉʪʫʧʽʥʴ ʧʝʨʝʧʫʩʢʫ 

ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ dEWG ʚʠʟʥʘʯʘʚʩʷ ʟʘ ʚʠʨʘʟʦʤ (4.1) ʽ ʟʤʽʥʶʚʘʚʩʷ ʚ ʤʝʞʘʭ 

0...10 %. ɿʥʘʯʝʥʥʷ Gʧ ʽ GS ʚʠʤʽʨʶʚʘʣʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʪʨʘʪʦʤʽʨʘ MT100S ʚ 

ʪʦʯʢʘʭ 9 ʽ 1 (ʨʠʩ. 4.5) ʚʽʜʧʦʚʽʜʥʦ. ʂʦʥʮʝʥʪʨʘʮʽʷ NOʍ ʫ ʚʠʧʫʩʢʥʠʭ ʛʘʟʘʭ 

ʚʠʟʥʘʯʘʣʘʩʷ ʚ ʪʦʯʮʽ 2 (ʨʠʩ. 4.5) ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʘʟʦʘʥʘʣʽʟʘʪʦʨʘ Testo350XL. 

ʂʨʽʤ ʪʦʛʦ, ʚʠʢʦʥʫʚʘʚʩʷ ʢʦʥʪʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ tʛ (ʷʢ ʧʦ 

ʦʢʨʝʤʠʭ ʮʠʣʽʥʜʨʘʭ, ʪʘʢ ʽ ʾʾ ʥʝʫʟʛʦʜʞʝʥʽʩʪʴ ʚʽʜ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʟʘ ʚʩʽʤʘ 

ʮʠʣʽʥʜʨʘʤʠ). ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʫ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʷʭ 4.5-4.7. 

 

ʈʠʩ. 4.5. ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʩʫʜʥʦʚʦʛʦ ʩʝʨʝʜʥʴʦʦʙʝʨʪʦʚʦʛʦ ʜʠʟʝʣʷ 

6L26 Wartsila ʟ ʩʠʩʪʝʤʦʶ ʫʧʨʘʚʣʽʥʥʷ ʚʠʧʫʩʢʥʠʤʠ ʛʘʟʘʤʠ EWG: 

1, 9 ï ʪʦʯʢʠ ʢʦʥʪʨʦʣʶ ʦʩʥʦʚʥʦʾ ʽ ʧʝʨʝʧʫʩʢʥʦʾ ʚʠʪʨʘʪʠ ʛʘʟʽʚ; 

2 ï ʪʦʯʢʘ ʢʦʥʪʨʦʣʶ ʢʦʥʮʝʥʪʨʘʮʽʾ NOX; 3, 6 ï ʚʠʧʫʩʢʥʽ ʤʘʛʽʩʪʨʘʣʽ ʦʩʥʦʚʥʦʛʦ 

ʧʦʪʦʢʫ ʛʘʟʽʚ; 4 ï ʧʝʨʝʧʫʩʢʥʠʡ ʢʣʘʧʘʥ (wastegate); 5 ï ʚʠʧʫʩʢʥʽ ʤʘʛʽʩʪʨʘʣʽ 

ʧʝʨʝʧʫʩʢʥʦʛʦ ʧʦʪʦʢʫ ʛʘʟʽʚ; 7 ï ʢʦʥʪʨʦʣʝʨ ʧʦʣʦʞʝʥʥʷ ʧʝʨʝʧʫʩʢʥʦʛʦ ʢʣʘʧʘʥʘ;  

8 ï ʧʥʝʚʤʘʪʠʯʥʠʡ ʧʨʠʚʽʜ ʧʝʨʝʧʫʩʢʥʦʛʦ ʢʣʘʧʘʥʘ 
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ʊʘʙʣʠʮʷ 4.5 

ɺʠʟʥʘʯʝʥʥʷ ʝʤʽʩʽʾ NOʍ, ʛ/(ʢɺʪÖʛʦʜ), ʩʫʜʥʦʚʦʛʦ ʜʠʟʝʣʷ 6L26 Wartsila  

ʅʘʚʘʥʪʘʞʝʥʥʷ, 

% 

ʉʪʫʧʝʥʴ ʧʝʨʝʧʫʩʢʫ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ, dEWG, % 

0 2 4 6 8 10 

55 7,41 7,36 7,31 7,22 7,18 7,13 

65 7,62 7,52 7,38 7,29 7,21 7,18 

75 7,93 7,77 7,53 7,45 7,32 7,23 

85 8,46 8,10 8,01 7,68 7,57 7,31 

 

ʊʘʙʣʠʮʘ 4.6 

ɺʠʟʥʘʯʝʥʥʷ ʧʠʪʦʤʦʾ ʝʬʝʢʪʠʚʥʦʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ, be, ʛ/(ʢɺʪÖʛʦʜ),  

ʩʫʜʥʦʚʦʛʦ ʜʠʟʝʣʷ 6L26 Wartsila  

ʅʘʚʘʥʪʘʞʝʥʥʷ, 

% 

ʉʪʫʧʽʥʴ ʧʝʨʝʧʫʩʢʫ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ, dEWG, % 

0 2 4 6 8 10 

55 196,6 203,0 204,0 204,7 204,8 205,3 

65 195,3 200,5 202,7 203,2 203,3 203,4 

75 193,7 196,8 197,3 197,5 197,6 197,7 

85 189,2 190,6 190,9 191,2 191,3 191,4 

 

ʊʘʙʣʠʮʘ 4.7 

ɺʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ, tʛ, ̄ ʉ, ʜʠʟʝʣʷ 6L26 Wartsila  

ʅʘʚʘʥʪʘʞʝʥʥʷ, 

% 

ʉʪʫʧʽʥʴ ʧʝʨʝʧʫʩʢʫ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ, dEWG, % 

0 2 4 6 8 10 

55 283 285 291 298 308 315 

65 276 277 280 285 298 301 

75 276 278 279 283 288 297 

85 273 275 277 281 287 292 

 

ɿʥʠʞʝʥʥʷ ʝʤʽʩʽʾ NOʍ ʧʽʜ ʯʘʩ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ EWG ʧʦʢʘʟʘʥʝ ʥʘ 

ʨʠʩ. 4.6. ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ EWG ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʨʝʞʠʤʽʚ 

ʨʦʙʦʪʠ ʜʠʟʝʣʷ ʦʮʽʥʶʚʘʣʘʩʷ ʧʣʦʱʝʶ ʧʽʜ ʢʨʠʚʦʶ NOʍ=f(dEWG) ï ʘʥʘʣʦʛʽʯʥʦ 

ʤʝʪʦʜʠʮʽ, ʥʘʚʝʜʝʥʽʡ ʫ ʧ. 3.5.3. 
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ʘ) ʙ) 

  

ʚ) ʛ) 

ʈʠʩ. 4.6. ɿʤʽʥʘ ʝʤʽʩʽʾ NOʍ ʟʘʣʝʞʥʦ ʚʽʜ ʩʪʫʧʝʥʷ ʧʝʨʝʧʫʩʢʫ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ 

dEWG ʧʨʠ ʨʽʟʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʩʫʜʥʦʚʦʛʦ ʜʠʟʝʣʷ 6L26 Wartsila: 

ʘ ï 55 %; ʙ ï 65 %; ʚ ï 75 %; ʛ ï 85 % 
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ɿ ʦʛʣʷʜʫ ʥʘ ʟʥʘʯʝʥʥʷ NOX, ʱʦ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 4.5, ʙʫʣʠ ʦʪʨʠʤʘʥʽ 

ʥʘʩʪʫʧʥʽ ʟʥʘʯʝʥʥʷ ʽʥʪʝʛʨʘʣʘ (3.51), ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʧʣʦʱʫ ʧʽʜ ʢʨʠʚʦʶ 

NOʍ=f(dEWG): ;38,1X

e

NO

0,55 =NS  ;80,1X

e

NO

0,65 =NS  ;00,3X

e

NO

0,75 =NS  .39,5X

e

NO

0,85 =NS   

ʈʦʟʤʽʨʥʽʩʪʴ ʮʴʦʛʦ ʽʥʪʝʛʨʘʣʘ (ʪʦʙʪʦ ʧʣʦʱʽ ʧʽʜ ʢʨʠʚʦʶ NOʍ=f(dEGR)) ï 

,EWG%
ʛʦʜʢɺʪ

ʛ
ù
ú

ø
é
ê

è
Ö

Ö
 ʘʣʝ ʜʣʷ ʧʦʣʝʛʰʝʥʥʷ ʧʦʟʥʘʯʝʥʥʷ (ʘʥʘʣʦʛʽʯʥʦ ʜʦ ʧ. 3.5.3) 

ʟʘʣʠʰʘʻʤʦ ʣʠʰʝ ʯʠʩʝʣʴʥʽ ʟʥʘʯʝʥʥʷ. 

ɿʙʽʣʴʰʝʥʥʷ ʧʣʦʱʽ ʧʽʜ ʢʨʠʚʦʶ NOʍ=f(dEWG) ʧʽʜ ʯʘʩ ʧʽʜʚʠʱʝʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʜʠʟʝʣʴ (ʫ ʜʽʘʧʘʟʦʥʽ 55...85 % ʥʦʤʽʥʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ) 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʙʽʣʴʰʫ ʝʢʦʣʦʛʽʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ ʧʝʨʝʧʫʩʢʫ ʛʘʟʽʚ ʥʘ 

ʜʘʥʠʭ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ [216, 217]. 

ɿʤʽʥʘ ʧʠʪʦʤʦʾ ʝʬʝʢʪʠʚʥʦʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ be ʧʨʠ ʨʽʟʥʦʤʫ ʩʪʫʧʝʥʽ 

ʨʝʮʠʨʢʫʣʷʮʽʾ dEWG ʽ ʨʽʟʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʚʠʛʣʷʜʽ ʪʘʙʣʠʮʽ 4.8, 

ʫ ʷʢʽʡ ʚʽʜʦʙʨʘʞʝʥʦ ʧʨʦʮʝʥʪʥʝ ʟʙʽʣʴʰʝʥʥʷ Dbe ʧʦʨʽʚʥʷʥʦ ʟ ʨʦʙʦʪʦʶ ʜʠʟʝʣʷ 

ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ EWG. 

 

ʊʘʙʣʠʮʷ 4.8 

ɿʙʽʣʴʰʝʥʥʷ ʧʠʪʦʤʦʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ Dbe,%, ʧʽʜ ʯʘʩ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ 

ʧʝʨʝʧʫʩʢʫ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ 

ʅʘʚʘʥʪʘʞʝʥʥʷ, 

% 

ʉʪʫʧʽʥʴ ʧʝʨʝʧʫʩʢʫ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ, dEWG, % 

2 4 6 8 10 

55 3,25 3,78 4,12 4,17 4,43 

65 2,66 3,78 4,05 4,08 4,15 

75 1,62 1,88 1,95 1,98 2,07 

85 0,75 0,88 1,07 1,12 1,17 

 

ʅʦʤʦʛʨʘʤʘ, ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʜʽʘʧʘʟʦʥ ʟʙʽʣʴʰʝʥʥʷ ʧʠʪʦʤʦʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ 

Dbe ʟʘʣʝʞʥʦ ʚʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʠʟʝʣʷ ʜʣʷ ʨʽʟʥʦʛʦ ʩʪʫʧʝʥʷ ʧʝʨʝʧʫʩʢʫ 

ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ dEWG, ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 4.7. 
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ʈʠʩ. 4.7. ɼʽʘʧʘʟʦʥ ʟʙʽʣʴʰʝʥʥʷ ʧʠʪʦʤʦʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ Dbe ʧʨʠ ʨʽʟʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʜʠʟʝʣʷ 6L26 Wartsila:  

1 ï dEWG=2 %; 2 ï dEWG=10 % 

 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ EWG ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ ʜʠʟʝʣʷ tʛ, ʱʦ, ʥʘ ʥʘʰʫ ʜʫʤʢʫ, ʧʦʚôʷʟʘʥʝ ʟ ʧʽʜʚʠʱʝʥʥʷʤ 

ʧʠʪʦʤʦʾ ʝʬʝʢʪʠʚʥʦʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʽ ʟʤʽʱʝʥʥʷʤ ʧʨʦʮʝʩʫ ʡʦʛʦ ʟʛʦʨʷʥʥʷ ʥʘ 

ʣʽʥʽʶ ʨʦʟʰʠʨʝʥʥʷ [218, 219]. ʅʦʤʦʛʨʘʤʠ, ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʟʤʽʥʫ ʩʝʨʝʜʥʴʦʛʦ 

ʟʥʘʯʝʥʥʷ tʛ ʟʘʣʝʞʥʦ ʚʽʜ ʩʪʫʧʝʥʷ ʚʽʜʢʨʠʪʪʷ ʧʝʨʝʧʫʩʢʥʦʛʦ ʢʣʘʧʘʥʘ dEWG ʧʽʜ ʯʘʩ 

ʨʽʟʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʜʠʟʝʣʷ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 4.8. 

ʗʢ ʛʨʘʥʠʯʥʽ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ ʜʣʷ ʨʦʟʛʣʷʥʫʪʦʛʦ 

ʜʠʟʝʣʷ ʬʽʨʤʘ Wartsila ʨʝʢʦʤʝʥʜʫʻ ʥʘʩʪʫʧʥʽ ʟʥʘʯʝʥʥʷ: ʽʟ ʥʘʚʘʥʪʘʞʝʥʥʷʤ 

100 % ï 305 ʉ̄;  ʽʟ ʥʘʚʘʥʪʘʞʝʥʥʷʤ 85 % ï 295 ʉ̄; ʽʟ ʥʘʚʘʥʪʘʞʝʥʥʷʤ 75 % ï 

295 ʉ̄; ʽʟ ʥʘʚʘʥʪʘʞʝʥʥʷʤ 65 %ï 300 ʉ̄; ̔ʟ ʥʘʚʘʥʪʘʞʝʥʥʷʤ 50 % ï 300 ʉ̄. 

ʅʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ ʧʨʦ ʦʙʤʝʞʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ 

EWG ʥʘ ʜʝʷʢʠʭ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ ʫ ʟʚôʷʟʢʫ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʥʘʧʨʫʞʝʥʦʩʪʽ (ʧʝʨʝʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ ʚʩʪʘʥʦʚʣʝʥʠʭ 

ʤʝʞ). 
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ʘ) ʙ) 

  

ʚ) ʛ) 

ʈʠʩ. 4.8. ɿʤʽʥʘ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ tʛ ʟʘʣʝʞʥʦ 

ʚʽʜ ʩʪʫʧʝʥʷ ʚʽʜʢʨʠʪʪʷ ʧʝʨʝʧʫʩʢʥʦʛʦ ʢʣʘʧʘʥʘ dEWG ʧʨʠ ʨʽʟʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʜʠʟʝʣʷ 6L26 Wartsila: 

ʘ ï 55 %; ʙ ï 65 %; ʚ ï 75 %; ʛ ï 85 % 

 

ɸʥʘʣʦʛʽʯʥʦ ʜʦʩʣʽʜʞʝʥʥʷʤ ʟ ʚʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʩʠʩʪʝʤʠ ʨʝʮʠʨʢʫʣʷʮʽʾ ʥʘ 

ʝʢʦʣʦʛʽʯʥʽʩʪʴ ʨʦʙʦʪʠ ʤʦʨʩʴʢʦʛʦ ʩʫʜʥʘ (ʨʝʟʫʣʴʪʘʪʠ ʷʢʠʭ ʥʘʚʝʜʝʥʽ ʚ ʧ. 3.5) ʜʦ 

ʢʦʤʧʣʝʢʩʫ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʭʦʜʠʣʦ ʯʠʩʝʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘ 

ʚʠʟʥʘʯʝʥʥʷʤ ʤʘʢʩʠʤʘʣʴʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʙʦʯʦʛʦ ʮʠʢʣʫ Tz. ʈʝʟʫʣʴʪʘʪʠ, ʱʦ 

ʚʽʜʦʙʨʘʞʘʶʪʴ ʟʤʽʥʫ ʚʝʣʠʯʠʥʠ Tz ʧʽʜ ʯʘʩ ʨʽʟʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʠʟʝʣʷ (ʫ 

ʜʽʘʧʘʟʦʥʽ 0,55...0,85Neʥʦʤ) ʽ ʨʽʟʥʦʛʦ ʩʪʫʧʝʥʷ ʧʝʨʝʧʫʩʢʫ ɺɻ (ʫ ʜʽʘʧʘʟʦʥʽ 

dEWG=0...10 %), ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 4.9. 
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ʊʘʙʣʠʮʷ 4.9 

ɿʤʽʥʘ ʤʘʢʩʠʤʘʣʴʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʮʠʢʣʫ Tz, K, ʩʫʜʥʦʚʦʛʦ ʜʠʟʝʣʷ 6L26 Wartsila  

ʅʘʚʘʥʪʘʞʝʥʥʷ, 

% 

ʉʪʫʧʽʥʴ ʧʝʨʝʧʫʩʢʫ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ, dEWG, % 

0 2 4 6 8 10 

55 1946 1938 1906 1886 1874 1862 

65 1903 1888 1873 1856 1830 1808 

75 1866 1846 1822 1792 1771 1752 

85 1834 1822 1801 1768 1734 1717 

 

ʂʦʤʧʽʣʷʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ, ʥʘʚʝʜʝʥʠʭ ʫ ʪʘʙʣʠʮʷʭ 4.5 ʽ 4.9, ʧʦʢʘʟʘʥʘ ʥʘ 

ʨʠʩ. 4.9, ʥʘ ʷʢʦʤʫ ʚʽʜʦʙʨʘʞʝʥʦ ʚʧʣʠʚ ʤʘʢʩʠʤʘʣʴʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʮʠʢʣʫ Tz ʥʘ 

ʝʤʽʩʽʶ NOX ʧʽʜ ʯʘʩ ʨʽʟʥʦʛʦ ʩʪʫʧʝʥʷ ʧʝʨʝʧʫʩʢʫ ɺɻ ʽ ʨʽʟʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʜʠʟʝʣʴ. ʆʪʨʠʤʘʥʽ ʪʘʢʠʤ ʯʠʥʦʤ ʛʨʘʬʽʯʥʽ ʟʘʣʝʞʥʦʩʪʽ NOX=f(Tz) ʩʚʽʜʯʘʪʴ ʧʨʦ 

ʚʟʘʻʤʦʟʚôʷʟʦʢ ʜʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʢʝʨʫʚʘʥʥʷ 

ʝʢʦʣʦʛʽʯʥʽʩʪʶ ʤʦʨʩʴʢʦʛʦ ʩʫʜʥʘ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ EWG. 

 
ʈʠʩ. 4.9. ɺʧʣʠʚ ʤʘʢʩʠʤʘʣʴʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʮʠʢʣʫ Tz ʥʘ ʝʤʽʩʽʶ NOX 

(ʫ ʜʽʘʧʘʟʦʥʽ ʧʝʨʝʧʫʩʢʫ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ dEWG=0é10 %) 

ʧʨʠ ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ ʩʫʜʥʦʚʦʛʦ ʜʠʟʝʣʷ 6L26 Wartsila: 

1 ï 55 %; 2 ï 65 %; 3 ï 75 %; 4 ï 85 % 

 

ɽʢʦʣʦʛʽʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ ʧʝʨʝʧʫʩʢʫ ʤʦʞʝ ʙʫʪʠ ʦʮʽʥʝʥʘ ʧʣʦʱʝʶ 

ʚʠʜʽʣʝʥʦʛʦ ʩʝʢʪʦʨʘ (1, 2, 3, 4), ʾʾ ʟʙʽʣʴʰʝʥʥʷ ʩʚʽʜʯʠʪʴ ʧʨʦ ʙʽʣʴʰʝ ʟʥʠʞʝʥʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʾ NOX ʫ ʚʠʧʫʩʢʥʠʭ ʛʘʟʘʭ ʽ ʟʙʽʣʴʰʝʥʥʷʽ ʝʢʦʣʦʛʽʯʥʦʩʪʽ ʤʦʨʩʴʢʦʛʦ 

ʩʫʜʥʘ. 
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4.3. ɺʠʩʥʦʚʢʠ ʟʘ ʨʦʟʜʽʣʦʤ 4 

 

 

ʗʢ ʚʠʩʥʦʚʢʠ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʥʘʚʝʜʝʥʽ ʫ ʨʦʟʜʽʣʽ 4, ʚʠʟʥʘʯʠʤʦ ʥʘʩʪʫʧʥʝ. 

ʆʜʥʠʤ ʟʽ ʩʧʦʩʦʙʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʩʪʽ ʤʦʨʩʴʢʦʛʦ ʩʫʜʥʘ ʻ 

ʢʝʨʫʚʘʥʥʷ ɺɻ ʰʣʷʭʦʤ ʾʭ ʧʝʨʝʧʫʩʢʫ, ʧʨʠ ʷʢʦʤʫ ʯʘʩʪʠʥʘ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ 

ʧʝʨʝʩʧʨʷʤʦʚʫʻʪʴʩʷ ʟ ʦʙʤʠʥʘʥʥʷʤ ɻʊʅ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʫ ʛʘʟʦʚʠʧʫʩʢʥʫ ʪʨʫʙʫ. 

ʇʝʨʝʧʫʩʢ ʛʘʟʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʦʜʘʪʢʦʚʦʾ ʛʘʟʦʚʦʾ ʤʘʛʽʩʪʨʘʣʽ, ʥʘ 

ʷʢʽʡ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʢʣʘʧʘʥ ʧʝʨʝʧʫʩʢʫ (ʢʣʘʧʘʥ EWG, ʦʜʥʦʡʤʝʥʥʠʡ ʟ 

ʩʠʩʪʝʤʦʶ ʧʝʨʝʧʫʩʢʫ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ ï ʩʠʩʪʝʤʦʶ EWG).  

ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ EWG ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʨʝʞʠʤʽʚ 

ʨʦʙʦʪʠ ʜʠʟʝʣʷ ʟ ʪʦʯʢʠ ʟʦʨʫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʩʪʽ ʨʦʙʦʪʠ ʤʦʨʩʴʢʦʛʦ 

ʩʫʜʥʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʣʦʱʝʶ ʧʽʜ ʟʘʣʝʞʥʽʩʪʴ NOʍ=f(dEWG), ʜʝ dEWG ï ʩʪʫʧʽʥʴ 

ʧʝʨʝʧʫʩʢʫ ʛʘʟʽʚ. ɿ ʪʝʭʥʽʯʥʦ ʤʦʞʣʠʚʦʛʦ ʜʽʘʧʘʟʦʥʫ (ʷʢʠʡ ʜʝʷʢʠʤʠ ʬʽʨʤʘʤʠ-

ʚʠʨʦʙʥʠʢʘʤʠ ʜʠʟʝʣʽʚ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚ ʤʝʞʘʭ 0é10 % ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʦʙôʻʤʫ 

ʛʘʟʽʚ) ʥʘʡʙʽʣʴʰ ʦʧʪʠʤʘʣʴʥʠʤʠ (ʟ ʪʦʯʢʠ ʟʦʨʫ ʙʣʠʞʯʦʛʦ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʟʥʠʞʝʥʥʷ ʝʤʽʩʽʾ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʟ ʦʜʥʦʯʘʩʥʠʤ ʤʽʥʽʤʘʣʴʥʠʤ ʟʙʽʣʴʰʝʥʥʷʤ 

ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʪʘ ʧʽʜʪʨʠʤʘʥʥʷʤ ʪʝʧʣʦʚʦʾ ʥʘʧʨʫʞʝʥʦʩʪʽ) ʻ ʨʝʞʠʤʠ, ʥʘ ʷʢʠʭ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 4é6 %-ʠʡ ʧʝʨʝʧʫʩʢ ʛʘʟʽʚ. 

ʇʽʜ ʯʘʩ ʢʝʨʫʚʘʥʥʷ ɺɻ ʰʣʷʭʦʤ ʾʭ ʧʝʨʝʧʫʩʢʫ ʩʪʚʦʨʶʶʪʴʩʷ ʫʤʦʚʠ, ʱʦ 

ʩʧʨʠʷʶʪʴ ʧʦʛʽʨʰʝʥʥʶ ʧʦʩʪʘʯʘʥʥʷ ʧʦʚʽʪʨʷ ʜʦ ʮʠʣʽʥʜʨʽʚ ʜʠʟʝʣʷ. ʎʝ, ʫ ʩʚʦʶ 

ʯʝʨʛʫ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʧʨʠʢʽʥʮʽ ʟʛʦʨʷʥʥʷ ʪʘ 

ʧʨʦʧʦʨʮʽʡʥʦʛʦ ʟʥʠʞʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʫ ʚʠʧʫʩʢʥʠʭ ʛʘʟʘʭ. 

ʉʪʦʩʦʚʥʦ ʩʫʜʥʦʚʠʭ ʉʆɼ 6L20 ʪʘ 6L26 Wartsila ʚʽʜʩʦʪʢʦʚʝ ʟʥʠʞʝʥʥʷ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʟʛʦʨʷʥʥʷ ʧʽʜ ʯʘʩ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ EWG 

(ʚʽʜʥʦʩʥʦ ʨʦʙʦʪʠ ʜʠʟʝʣʷ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ ʧʝʨʝʧʫʩʢʫ ʛʘʟʽʚ) ʩʢʣʘʜʘʻ 

4,3é6,3 %, ʧʨʠ ʮʴʦʤʫ ʜʦʩʷʛʘʻʪʴʩʷ ʟʥʠʞʝʥʥʷ ʝʤʽʩʽʾ NOX ʟ ʚʠʧʫʩʢʥʠʤʠ ʛʘʟʘʤʠ 

ʜʦ 3,33é15,42 %. ʉʫʤʽʩʥʝ ʥʘʡʙʽʣʴʰʝ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ 

ʪʘ ʝʤʽʩʽʾ NOX ʚʽʜʧʦʚʽʜʘʻ ʨʝʞʠʤʘʤ 75é85 %-ʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʉʘʤʝ ʮʽ 

ʨʝʞʠʤʠ ʻ ʥʘʡʙʽʣʴʰ ʪʨʠʚʘʣʠʤʠ ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ 
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ʨʝʞʠʤʘʤʠ ʩʫʜʥʦʚʠʭ ʉʆɼ ʧʽʜ ʯʘʩ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʜʦʧʦʤʽʞʥʠʭ ʜʚʠʛʫʥʽʚ ʥʘ 

ʨʽʯʢʦʚʦʤʫ ʪʘ ʤʦʨʩʴʢʦʤʫ ʪʨʘʥʩʧʦʨʪʽ. 

ʆʜʥʦʯʘʩʥʦ ʟ ʧʦʢʨʘʱʝʥʥʷʤ ʝʢʦʣʦʛʽʯʥʦʩʪʽ ʨʦʙʦʪʠ ʤʦʨʩʴʢʦʛʦ ʩʫʜʥʘ 

ʢʝʨʫʚʘʥʥʷ ɺɻ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤʠ EWG ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʧʠʪʦʤʦʾ 

ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʪʝʧʣʦʚʦʾ ʥʘʧʨʫʞʝʥʦʩʪʽ ʜʠʟʝʣʷ. ʇʝʨʰʝ ʪʘ ʜʨʫʛʝ 

ʟʫʤʦʚʣʶʻʪʴʩʷ ʧʦʛʽʨʰʝʥʥʷʤ ʧʨʦʮʝʩʫ ʟʛʦʨʷʥʥʷ ʧʘʣʠʚʘ ʫ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʠʩʪʝʤʠ EWG (ʟʘ ʨʘʭʫʥʦʢ ʟʥʠʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʟʛʦʨʷʥʥʷ) ʪʘ ʟʤʽʱʝʥʥʷʤ 

ʧʨʦʮʝʩʫ ʟʛʦʨʷʥʥʷ ʚ ʙʽʢ ʨʦʟʰʠʨʝʥʥʷ. ɿʙʽʣʴʰʝʥʥʷ ʧʠʪʦʤʦʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʧʽʜ 

ʯʘʩ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ EWG ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 3,25é4,43 ʜʦ 

0,75é1,17 %, ʜʝ ʙʽʣʴʰʽ ʟʥʘʯʝʥʥʷ ʚʽʜʧʦʚʽʜʘʶʪʴ 55 %-ʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʶ, 

ʤʝʥʰʽ ï 55 %-ʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʶ ʥʘ ʜʠʟʝʣʴ. ʇʽʜʚʠʱʝʥʥʷ ʪʝʧʣʦʚʦʾ 

ʥʘʧʨʫʞʝʥʦʩʪʽ ʮʠʣʽʥʜʨʽʚ ʜʠʟʝʣʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʨʝʞʠʤʘʭ 

(0,55é0,65)Neʥʦʤ ʧʽʜ ʯʘʩ 8é10 %-ʛʦ ʧʝʨʝʧʫʩʢʫ. ɿʘ ʮʠʭ ʫʤʦʚ ʪʝʤʧʝʨʘʪʫʨʘ ɺɻ 

ʧʝʨʝʚʠʱʫʻ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʽ ʟʥʘʯʝʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʠʩʪʝʤʠ EWG ʷʢ ʩʧʦʩʦʙʫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʩʪʽ ʤʦʨʩʴʢʦʛʦ ʩʫʜʥʘ 

ʦʙʤʝʞʫʻʪʴʩʷ ʜʚʦʤʘ ʯʠʥʥʠʢʘʤʠ: ʧʽʜ ʯʘʩ ʤʘʣʠʭ ʥʘʚʘʥʪʘʞʝʥʴ (ʫ ʜʽʘʧʘʟʦʥʽ 

55é65 %) ï ʟʙʽʣʴʰʝʥʥʷʤ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ; ʧʽʜ ʯʘʩ ʚʝʣʠʢʦʛʦ ʧʝʨʝʧʫʩʢʫ (ʫ 

ʜʽʘʧʘʟʦʥʽ 8é10 %) ï ʟʙʽʣʴʰʝʥʥʷʤ ʪʝʧʣʦʚʦʾ ʥʘʧʨʫʞʝʥʦʩʪʽ ʮʠʣʽʥʜʨʽʚ ʜʠʟʝʣʷ. 

ʇʽʜ ʯʘʩ ʚʠʙʦʨʫ ʥʘʡʙʽʣʴʰ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ EWG, 

ʪʦʙʪʦ ʢʽʣʴʢʦʩʪʽ ʛʘʟʽʚ, ʷʢʘ ʩʧʨʷʤʦʚʫʻʪʴʩʷ ʚ ʦʙʭʽʜ ɻʊʅ, ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʫʚʘʪʠ 

ʢʦʤʧʣʝʢʩʥʝ ʦʮʽʥʶʚʘʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʪʘ ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʨʦʙʦʪʠ 

ʜʠʟʝʣʷ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʟʙʽʣʴʰʝʥʥʷ ʧʠʪʦʤʦʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʽ ʧʽʜʚʠʱʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ɺɻ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ EWG ʤʦʞʝ ʙʫʪʠ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʚ 

ʦʩʦʙʣʠʚʠʭ ʨʘʡʦʥʘʭ ʉʚʽʪʦʚʦʛʦ ʦʢʝʘʥʫ, ʢʦʣʠ ʧʝʨʝʚʘʞʘʶʯʠʤ ʧʦʢʘʟʥʠʢʦʤ ʧʨʠ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʦʨʩʴʢʠʭ ʩʫʜʝʥ ʩʪʘʶʪʴ ʾʭʥʽ ʝʢʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ. 

ʅʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ 

EWG ʜʣʷ ʟʥʠʞʝʥʥʷ ʝʤʽʩʽʾ NOX. ʆʜʥʘʢ ʥʘʡʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʠʤ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʦʞʝ ʙʫʪʠ ʷʢ ʜʦʜʘʪʢʦʚʠʡ ʩʧʦʩʽʙ ʚ ʢʦʤʧʣʝʢʩʽ ʟ ʩʠʩʪʝʤʦʶ ʨʝʮʠʨʢʫʣʷʮʽʾ 

ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ EGR, ʜʣʷ ʯʦʛʦ ʥʝʦʙʭʽʜʥʽ ʜʦʜʘʪʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ. 
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ʈʆɿɼɯʃ 5. ʂʆʄʇʃɽʂʉʅɽ ʂɽʈʋɺɸʅʅʗ ɺʀʇʋʉʂʅʀʄʀ ɻɸɿɸʄʀ 

ʉʋɼʅʆɺʀʍ ɼʀɿɽʃɯɺ ʗʂ ɿɸʉɯɹ ɿɸɹɽɿʇɽʏɽʅʅʗ ɽʂʉʇʃʋɸʊɸʎɯɰ 

ʄʆʈʉʔʂʀʍ ʉʋɼɽʅ 

 

 

ʇôʷʪʠʡ ʨʦʟʜʽʣ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠʩʚʷʯʝʥʠʡ ʨʦʟʚôʷʟʘʥʥʶ 

ʛʦʣʦʚʥʦʛʦ ʟʘʚʜʘʥʥʷ ï ʨʦʟʨʦʙʮʽ ʪʝʭʥʦʣʦʛʽʾ ʢʦʤʧʣʝʢʩʥʦʛʦ (ʘʜʘʧʪʠʚʥʦʛʦ) 

ʢʝʨʫʚʘʥʥʷ ʚʠʧʫʩʢʥʠʤʠ ʛʘʟʘʤʠ ʩʫʜʥʦʚʠʭ ʜʠʟʝʣʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʝʢʦʣʦʛʽʯʥʦʩʪʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʦʨʩʴʢʦʛʦ ʩʫʜʥʘ.  

ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʱʦ ʚʠʟʥʘʯʝʥʽ ʚ ʧôʷʪʦʤʫ ʨʦʟʜʽʣʽ, ʚʠʩʚʽʪʣʝʥʽ ʚ ʨʦʙʦʪʘʭ 

[31], [187], [211], [218], [219], [226]. 

 

 

5.1. ɺʠʢʦʨʠʩʪʘʥʥʷ ʘʜʘʧʪʠʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʫʩʪʘʥʦʚʦʢ ʩʫʜʝʥ ʨʽʯʢʦʚʦʛʦ ʪʘ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ 

 

 

ʇʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʫʜʝʥ ʨʽʯʢʦʚʦʛʦ ʪʘ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʽʥʞʝʥʝʨʠ 

ʥʘʧʨʘʚʣʷʶʪʴ ʥʘ ʨʽʟʥʽ ʜʠʣʝʤʠ, ʦʜʥʘ ʟ ʷʢʠʭ ʧʦʚôʷʟʫʻ ʤʽʞ ʩʦʙʦʶ ʝʢʦʣʦʛʽʯʥʽ ʪʘ 

ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʨʦʙʦʪʠ ʪʝʧʣʦʚʠʭ ʜʚʠʛʫʥʽʚ. ʉʪʘʙʽʣʽʟʘʮʽʷ ʚ ʥʝʦʙʭʽʜʥʠʭ 

ʤʝʞʘʭ ʘʙʦ ʟʥʠʞʝʥʥʷ ʟʥʘʯʝʥʴ ʧʨʘʢʪʠʯʥʦ ʚʩʽʭ ʝʢʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ɼɺɿ 

(ʝʤʽʩʽʾ ʦʢʩʠʜʽʚ ʚʫʛʣʝʮʶ, ʩʽʨʢʠ ʪʘ ʘʟʦʪʫ, ʘ ʪʘʢʦʞ ʥʝʟʛʦʨʽʣʠʭ ʚʫʛʣʝʚʦʜʥʽʚ, ʩʘʞʽ ʽ 

ʜʠʤʫ) ʧʦʚôʷʟʘʥʘ 

ʘʙʦ ʟ ʢʦʥʩʪʨʫʢʮʽʡʥʠʤʠ ʟʤʽʥʘʤʠ ʜʚʠʛʫʥʽʚ ʽ ʩʠʩʪʝʤ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʾʭ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ; 

ʘʙʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʽʣʴʰ ʜʦʨʦʛʠʭ (ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʤʦʤʝʥʪ) ʜʞʝʨʝʣ 

ʝʥʝʨʛʽʾ (ʥʘʧʨʠʢʣʘʜ, ʚʦʜʥʶ, ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ, ʧʘʣʠʚʘ ʟ ʥʠʟʴʢʠʤ ʚʤʽʩʪʦʤ ʩʽʨʢʠ); 

ʘʙʦ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʡ ʩʦʥʷʯʥʦʾ ʪʘ ʚʽʪʨʦʚʦʾ ʝʥʝʨʛʝʪʠʢʠ.  
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ʅʘʟʚʘʥʽ ʩʧʦʩʦʙʠ ʚʠʤʘʛʘʶʪʴ ʥʝ ʪʽʣʴʢʠ ʧʦʧʝʨʝʜʥʴʦʾ ʨʦʟʨʦʙʢʠ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʨʝʞʠʤʽʚ, ʘʣʝ ʡ ʜʦʜʘʪʢʦʚʠʭ 

ʬʽʥʘʥʩʦʚʠʭ ʚʢʣʘʜʝʥʴ ʥʘ ʾʭ ʚʧʨʦʚʘʜʞʝʥʥʷ, ʝʢʩʧʣʫʘʪʘʮʽʶ ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

ʂʨʽʤ ʪʦʛʦ, ʧʽʜʚʠʱʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʩʪʽ ʨʦʙʦʪʠ ɼɺɿ ʩʫʜʝʥ ʨʽʯʢʦʚʦʛʦ ʪʘ 

ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʥʝʤʦʞʣʠʚʝ ʙʝʟ ʟʙʽʣʴʰʝʥʥʷ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ, ʚʽʜʥʝʩʝʥʦʾ 

ʷʢ ʜʦ ʯʘʩʫ ʨʦʙʦʪʠ (ʛʦʜʠʥʥʦʾ ï Bʛ, ʢʛ/ʛʦʜ) ʪʘʢ ʽ ʜʦ ʧʦʪʫʞʥʦʩʪʽ (ʝʬʝʢʪʠʚʥʦʾ ï 

be,) ʘʙʦ ʜʦ ʧʨʦʡʜʝʥʦʾ ʚʽʜʩʪʘʥʽ (ʥʘ ʤʠʣʶ ï Bʤ, ʢʛ/ʤʠʣʷ). 

ɺʘʞʣʠʚʠʤ ʪʘʢʦʞ ʻ ʪʦʡ ʬʘʢʪ, ʱʦ ʝʢʩʧʣʫʘʪʘʮʽʷ ʧʨʦʧʫʣʴʩʠʚʥʠʭ ʢʦʤʧʣʝʢʩʽʚ 

ʩʫʜʝʥ ʨʽʯʢʦʚʦʛʦ ʪʘ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʤʦʞʝ ʯʠʤʘʣʦ ʯʘʩʫ, ʘ ʽʥʦʜʽ ʡ 

ʧʦʩʪʽʡʥʦ, ʚʽʜʙʫʚʘʪʠʩʷ ʚ ʦʩʦʙʣʠʚʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʨʘʡʦʥʘʭ (ʥʘ ʚʥʫʪʨʽʰʥʽʭ 

ʚʦʜʥʠʭ ʰʣʷʭʘʭ, ʥʘ ʨʝʡʜʘʭ ʪʘ ʪʝʨʠʪʦʨʽʾ ʨʽʯʢʦʚʠʭ/ʤʦʨʩʴʢʠʭ ʧʦʨʪʽʚ, ʫ 

ʧʨʠʙʝʨʝʞʥʠʭ ʘʢʚʘʪʦʨʽʷʭ) [220]. ɺʠʢʦʥʘʥʥʷ ʚʠʤʦʛ ʄʽʞʥʘʨʦʜʥʠʭ ʪʘ 

ʥʘʮʽʦʥʘʣʴʥʠʭ ʥʦʨʤ ʱʦʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʨʦʙʦʪʠ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʫʩʪʘʥʦʚʦʢ ʫ ʪʘʢʠʭ ʫʤʦʚʘʭ ʧʦʚôʷʟʘʥʝ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʰʚʠʜʢʽʩʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʫʜʥʘ, ʱʦ ʪʘʢʦʞ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʨʦʩʪʘʥʥʷ ʬʽʥʘʥʩʦʚʦʾ 

ʩʢʣʘʜʦʚʦʾ (ʥʘʩʘʤʧʝʨʝʜ ʯʝʨʝʟ ʟʙʽʣʴʰʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʚʠʪʨʘʪ) [221]. 

ɸʥʘʣʦʛʽʯʥʘ ʜʠʣʝʤʘ ʚʠʥʠʢʘʻ ʡ ʧʽʜ ʯʘʩ ʧʽʜʚʠʱʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʩʪʽ 

ʨʽʯʢʦʚʦʛʦ ʪʘ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ 

ʢʝʨʫʚʘʥʥʷ ʚʠʧʫʩʢʥʠʤʠ ʛʘʟʘʤʠ (ʷʢ ʩʠʩʪʝʤʠ EGR, ʪʘʢ ʽ ʩʠʩʪʝʤʠ EWG). ʗʢ ʙʫʣʦ 

ʜʦʚʝʜʝʥʦ ʚ 3-ʤʫ ʽ 4-ʤʫ ʨʦʟʜʽʣʘʭ ʧʽʜ ʯʘʩ ʨʦʟʚôʷʟʘʥʥʷ ʜʦʧʦʤʽʞʥʠʭ ʟʘʚʜʘʥʴ 

ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʟʥʠʞʝʥʥʷ ʝʤʽʩʽʾ ʦʢʩʠʜʽʚ ʘʟʦʪʫ, ʷʢʝ ʜʦʩʷʛʘʻʪʴʩʷ 

ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʟʚʘʥʠʭ ʩʧʦʩʦʙʽʚ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ 

ʧʠʪʦʤʦʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʽ ʟʥʠʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʜʠʟʝʣʷ. 

ʈʽʟʥʠʮʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʜʠʟʝʣʷ, ʦʩʦʙʣʠʚʽ ʚʠʤʦʛʠ ʜʦ 

ʩʫʜʥʦʚʦʛʦ ʧʨʦʧʫʣʴʩʠʚʥʫʶ ʢʦʤʧʣʝʢʩʫ ʟʘʣʝʞʥʦ ʚʽʜ ʨʘʡʦʥʽʚ ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʾ, 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʢʦʤʝʨʮʽʡʥʠʭ ʟʘʚʜʘʥʴ ʽʟ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚʘʥʪʘʞʫ ʘʙʦ 

ʧʝʨʝʚʝʟʝʥʥʷ ʧʘʩʘʞʠʨʽʚ ʟʫʤʦʚʣʶʻ ʘʜʘʧʪʠʚʥʝ ʢʝʨʫʚʘʥʥʷ ʩʧʦʩʦʙʘʤʠ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʝʢʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʨʦʙʦʪʠ ɼɺɿ ʨʽʯʢʦʚʦʛʦ ʪʘ ʤʦʨʩʴʢʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫ. ɼʣʷ ʢʦʤʧʣʝʢʩʥʦʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ɺɻ, ʧʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʷʢʦʾ 
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ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 5.1, ʧʽʜ ʧʦʥʷʪʪʷʤ çʘʜʘʧʪʠʚʥʝ ʢʝʨʫʚʘʥʥʷè ʤʘʻʪʴʩʷ ʥʘ ʫʚʘʟʽ 

ʢʦʤʙʽʥʘʮʽʷ ʩʠʩʪʝʤ ʨʝʮʠʨʢʫʣʷʮʽʾ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ (ʱʦ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ 

ʧʨʠʥʮʠʧʦʤ HP-EGR ʘʙʦ LP-EGR) ʽ ʩʠʩʪʝʤʠ ʧʝʨʝʧʫʩʢʫ ʛʘʟʽʚ ï EWG. 

 

 

ʈʠʩ. 5.1. ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʢʦʤʧʣʝʢʩʥʦʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ɺɻ: 

1 ï ɼɺɿ; 2 ï ʧʽʜʚʽʜ ʨʦʙʦʯʠʭ ʨʽʜʠʥ; 3 ï ʩʠʩʪʝʤʘ EWG; 4 ï ɻʊʅ; 

5 ï ʩʠʩʪʝʤʘ LP-EGR; 6 ï ʩʠʩʪʝʤʘ HP-EGR 

 

ʇʽʜʚʝʜʝʥʥʷ ʨʦʙʦʯʠʭ ʨʽʜʠʥ (ʚʦʜʠ, ʤʘʩʪʠʣʘ ʽ ʧʘʣʠʚʘ) ʜʦ ʜʠʟʝʣʷ 1 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦ ʣʽʥʽʾ 2. ɿ ʮʽʻʾ ʞ ʣʽʥʽʾ (ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʥʠ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ) 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʝʛʫʣʶʚʘʥʥʷ ʡʦʛʦ ʰʚʠʜʢʽʩʥʦʛʦ (ʫ ʚʠʧʘʜʢʫ ʛʦʣʦʚʥʦʛʦ ʜʚʠʛʫʥʘ) 

ʘʙʦ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦʛʦ (ʫ ʚʠʧʘʜʢʫ ʜʦʧʦʤʽʞʥʦʛʦ ʜʚʠʛʫʥʘ) ʨʝʞʠʤʫ ʨʦʙʦʪʠ. 

ʂʦʤʧʣʝʢʩ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʝʨʝʧʫʩʢ ʛʘʟʽʚ ʤʠʥʘʶʯʠ ɻʊʅ 4, 

ʧʦʟʥʘʯʝʥʠʡ ʷʢ 3. ɿʛʽʜʥʦ ʟ ʜʦʩʣʽʜʞʝʥʥʷʤʠ, ʨʝʟʫʣʴʪʘʪʠ ʡ ʦʩʥʦʚʥʽ ʚʠʩʥʦʚʢʠ ʟʘ 

ʷʢʠʤʠ ʥʘʚʝʜʝʥʽ ʚ ʨʦʟʜʽʣʽ 4, ʩʪʫʧʽʥʴ ʧʝʨʝʧʫʩʢʫ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ ʫ ʩʠʩʪʝʤʽ EWG 

ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ ʚ ʜʽʘʧʘʟʦʥʽ 0...10 % ʚʽʜ ʾʭ ʟʘʛʘʣʴʥʦʛʦ ʦʙʩʷʛʫ. ʂʦʤʧʣʝʢʩ 

ʦʙʣʘʜʥʘʥʥʷ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʬʫʥʢʮʽʶʚʘʥʥʷ ʩʠʩʪʝʤʠ 

ʨʝʮʠʨʢʫʣʷʮʽʾ ʥʠʟʴʢʦʛʦ LP-EGR ʽ ʚʠʩʦʢʦʛʦ HP-EGR ʪʠʩʢʫ, ʧʦʟʥʘʯʝʥʠʡ ʷʢ 5 ʽ 

6. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ, ʥʘʚʝʜʝʥʽ ʚ ʨʦʟʜʽʣʽ 3, ʩʚʽʜʯʘʪʴ ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ ʟʤʽʥʠ 

ʩʪʫʧʝʥʷ ʨʝʮʠʨʢʫʣʷʮʽʾ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ ʫ ʜʽʘʧʘʟʦʥʽ 0...25 %. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʢʦʤʧʣʝʢʩʥʠʭ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ɺɻ (ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʽʟ 

ʩʠʩʪʝʤ ʾʭ ʧʝʨʝʧʫʩʢʫ ʽ ʨʝʮʠʨʢʫʣʷʮʽʾ) ʜʦʮʽʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʜʘʧʪʠʚʥʦʛʦ 
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ʢʝʨʫʚʘʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʤʦʞʣʠʚʠʡ ʧʘʡʦʚʠʡ ʨʦʟʧʦʜʽʣ ʧʦʪʦʢʫ ɺɻ ʤʽʞ ʩʠʩʪʝʤʘʤʠ 

ʧʝʨʝʧʫʩʢʫ ʽ ʨʝʮʠʨʢʫʣʷʮʽʾ (ʟʘʣʝʞʥʦ ʚʽʜ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʩʫʜʥʦʚʦʛʦ 

ʧʨʦʧʫʣʴʩʠʚʥʦʛʦ ʢʦʤʧʣʝʢʩʫ). ɺʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʨʝʞʠʤʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʢʦʤʧʣʝʢʩʥʠʭ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ɺɻ ʙʘʟʫʻʪʴʩʷ ʥʘ ʥʘʩʪʫʧʥʠʭ ʧʨʠʥʮʠʧʘʭ: 

¶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ɼɺɿ ʟ ʦʜʥʦʯʘʩʥʠʤ ʟʘʧʦʙʽʛʘʥʥʷʤ ʙʫʜʴ-

ʷʢʠʭ, ʥʘʚʽʪʴ ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʠʭ, ʟʨʠʚʽʚ ʩʫʮʽʣʴʥʦʩʪʽ ʛʘʟʦʚʠʭ ʽ ʧʦʚʽʪʨʷʥʠʭ 

ʧʦʪʦʢʽʚ [222]; 

¶ ʩʪʘʙʽʣʽʟʘʮʽʷ ʝʢʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʨʦʙʦʪʠ ʜʠʟʝʣʷ ʚ ʥʝʦʙʭʽʜʥʦʤʫ 

ʜʽʘʧʘʟʦʥʽ ʟ ʦʜʥʦʯʘʩʥʠʤ ʧʦʧʝʨʝʜʞʝʥʥʷʤ ʤʦʞʣʠʚʦʛʦ ʧʝʨʝʚʠʱʝʥʥʷ ʾʭ 

ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ; 

¶ ʤʽʥʽʤʽʟʘʮʽʷ ʥʝʤʠʥʫʯʠʭ ʚʪʨʘʪ ʝʥʝʨʛʽʾ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʯʝʨʝʟ 

ʧʦʛʽʨʰʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦ ʮʠʣʽʥʜʨʦʚʠʭ ʧʨʦʮʝʩʽʚ [223]; 

¶ ʟʘʧʦʙʽʛʘʥʥʷ ʪʝʧʣʦʚʠʤ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷʤ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʯʝʨʝʟ ʟʤʽʥʫ 

ʩʪʝʭʽʦʤʝʪʨʠʯʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʘʣʠʚʦ-ʧʦʚʽʪʨʷ [224]; 

¶ ʧʽʜʪʨʠʤʘʥʥʷ ʝʢʦʥʦʤʽʯʥʦʩʪʽ ʨʦʙʦʪʠ ʜʠʟʝʣʷ; 

¶ ʚʠʢʦʥʘʥʥʷ ʝʢʦʣʦʛʽʯʥʦʛʦ ʢʦʥʪʨʦʣʶ ʪʘ ʧʦʩʪʽʡʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʜʚʠʛʫʥʘ ʽ ʩʫʜʥʘ [225]. 

 

 

5.2. ɸʜʘʧʪʠʚʥʽ ʨʝʞʠʤʠ ʢʝʨʫʚʘʥʥʷ ʜʠʟʝʣʷʤʠ ʤʦʨʩʴʢʠʭ ʨʽʯʢʦʚʠʭ ʪʘ ʩʫʜʝʥ  

 

 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʘʨʽʘʥʪʫ ʘʜʘʧʪʠʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ɺɻ 

ʩʫʜʥʦʚʠʭ ʜʠʟʝʣʽʚ, ʧʨʠ ʷʢʦʤʫ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʠʞʝʥʥʷ ʝʤʽʩʽʾ 

ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʽʟ ʦʜʥʦʯʘʩʥʠʤ ʤʽʥʽʤʘʣʴʥʠʤ ʧʦʛʽʨʰʝʥʥʷʤ ʝʥʝʨʛʝʪʠʯʥʠʭ ʽ 

ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʜʠʟʝʣʷ, ʚʠʢʦʥʫʚʘʚʩʷ ʢʦʤʧʣʝʢʩ ʜʦʩʣʽʜʞʝʥʴ ʥʘ 

ʩʫʜʥʦʚʦʤʫ ʉʆɼ 16V32 ʬʽʨʤʠ Wartsila-Sulzer. ʏʦʪʠʨʠ ʧʦʜʽʙʥʽ ʜʠʟʝʣʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʚ ʩʢʣʘʜʽ ʧʨʦʧʫʣʴʩʠʚʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ 

ʤʦʨʩʴʢʦʛʦ ʩʫʜʥʘ ʜʝʜʚʝʡʪʦʤ 60800 ʪʦʥʥ ʽ ʚʠʢʦʥʫʚʘʣʠ ʬʫʥʢʮʽʾ ʷʢ ʛʦʣʦʚʥʠʭ 

(ʪʘʢʠʭ, ʱʦ ʧʝʨʝʜʘʶʪʴ ʧʦʪʫʞʥʽʩʪʴ ʥʘ ʛʨʝʙʥʽ ʛʚʠʥʪʠ), ʪʘʢ ʽ ʜʦʧʦʤʽʞʥʠʭ (ʪʘʢʠʭ, 

ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʝʥʝʨʛʽʻʶ ʩʫʜʥʦʚʫ ʝʣʝʢʪʨʦʩʪʘʥʮʽʶ) ʜʚʠʛʫʥʽʚ. 
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5.2.1. ɺʠʙʽʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʫ ʩʠʩʪʝʤʠ ʨʝʮʠʨʢʫʣʷʮʽʾ ʚʠʧʫʩʢʥʠʭ 

ʛʘʟʽʚ 

 

 

ʆʩʦʙʣʠʚʽʩʪʶ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʠʟʝʣʽʚ 16V32 ʬʽʨʤʠ Wartsila-Sulzer ʫ ʩʢʣʘʜʽ 

ʉɽʋ ʟʘʟʥʘʯʝʥʦʛʦ ʤʦʨʩʴʢʦʛʦ ʩʫʜʥʘ ʻ ʚʝʣʠʢʠʡ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʡ ʧʝʨʽʦʜ ʨʦʙʦʪʠ 

ʥʘ ʯʘʩʪʢʦʚʠʭ ʨʝʞʠʤʘʭ ï ʫ ʜʽʘʧʘʟʦʥʽ ʧʦʪʫʞʥʦʩʪʝʡ Neʨʝʞ=(0,25...0,75)Neʥʦʤ. ɼʘʥʽ 

ʜʠʟʝʣʽ ʙʫʣʠ ʦʙʣʘʜʥʘʥʽ ʰʪʘʪʥʦʶ ʩʠʩʪʝʤʦʶ ʨʝʮʠʨʢʫʣʷʮʽʾ ʛʘʟʽʚ ʥʠʟʴʢʦʛʦ ʪʠʩʢʫ 

(LP-EGR), ʫ ʷʢʽʡ ʛʘʟʠ ʧʽʩʣʷ ʛʘʟʦʚʦʾ ʪʫʨʙʽʥʠ ɻʊʅ ʧʦʚʝʨʪʘʶʪʴʩʷ ʚ ʧʨʦʜʫʚʥʠʡ 

ʨʝʩʠʚʝʨ ʜʠʟʝʣʷ ʯʝʨʝʟ ʦʭʦʣʦʜʞʫʚʘʯ ʥʘʜʜʫʚʥʦʛʦ ʧʦʚʽʪʨʷ. ʉʭʝʤʘ ʛʘʟʦʧʦʚʽʪʨʷʥʦʾ 

ʩʠʩʪʝʤʠ ʜʠʟʝʣʷ 16V32 ʬʽʨʤʠ Wartsila-Sulzer ʟ ʩʠʩʪʝʤʦʶ ʨʝʮʠʨʢʫʣʷʮʽʾ ʛʘʟʽʚ 

ʥʠʟʴʢʦʛʦ ʪʠʩʢʫ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 5.2. 

 
ʈʠʩ. 5.2. ʉʭʝʤʘ ʛʘʟʦʧʦʚʽʪʨʷʥʦʾ ʩʠʩʪʝʤʠ ʜʠʟʝʣʷ 16V32 ʬʽʨʤʠ Wartsila-Sulzer: 

1, 4 ï ɻʊʅ; 2 ï ʢʣʘʧʘʥ ʩʠʩʪʝʤʠ ʨʝʮʠʨʢʫʣʷʮʽʾ; 3 ï ʦʭʦʣʦʜʞʫʚʘʯ ʥʘʜʜʫʚʥʦʛʦ 

ʧʦʚʽʪʨʷ; 5, 9 ï ʚʠʧʫʩʢʥʠʡ ʢʦʣʝʢʪʦʨ; 6, 8 ï ʨʦʙʦʯʽ ʮʠʣʽʥʜʨʠ; 7 ï ʨʝʩʠʚʝʨ 

ʥʘʜʜʫʚʥʦʛʦ ʧʦʚʽʪʨʷ 

 

V-ʧʦʜʽʙʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʜʠʟʝʣʷ ʧʝʨʝʜʙʘʯʘʻ ʜʚʦʩʪʦʨʦʥʥʻ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʨʷʜʽʚ ʮʠʣʽʥʜʨʽʚ 6 ʽ 8, ʧʨʦʜʫʚʥʝ ʧʦʚʽʪʨʷ ʜʦ ʷʢʠʭ ʥʘʜʭʦʜʠʪʴ ʽʟ ʟʘʛʘʣʴʥʦʛʦ 

ʨʝʩʠʚʝʨʘ 7. ʅʘʛʥʽʪʘʥʥʷ ʧʦʚʽʪʨʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʢʦʤʧʨʝʩʦʨʘʤʠ ɻʊʅ 1 ʽ 4, ʘ ʡʦʛʦ 

ʦʭʦʣʦʜʞʝʥʥʷ ï ʫ ʟʘʛʘʣʴʥʦʤʫ ʦʭʦʣʦʜʞʫʚʘʯʽ 3. ɺʠʧʫʩʢʥʽ ʛʘʟʠ ʚʽʜ ʮʠʣʽʥʜʨʽʚ 
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ʜʠʟʝʣʷ 6 ʽ 8 ʥʘʜʭʦʜʷʪʴ ʫ ʢʦʣʝʢʪʦʨʠ 5 ʽ 9 ʽ ʜʘʣʽ ʜʦ ʛʘʟʦʚʦʾ ʪʫʨʙʽʥʠ ɻʊʅ 1 ʽ 4 

(ʚʽʜʧʦʚʽʜʥʦ). ʈʝʮʠʨʢʫʣʷʮʽʷ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ ʥʘ ʜʠʟʝʣʽ ʧʝʨʝʜʙʘʯʝʥʘ ʜʣʷ ʦʜʥʦʛʦ 

ʨʷʜʫ ʮʠʣʽʥʜʨʽʚ 8 ʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʣʘʧʘʥʘ 2, ʢʝʨʫʚʘʥʥʷ ʷʢʠʤ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʢʦʥʪʨʦʣʝʨʦʤ. ʇʨʠ ʮʴʦʤʫ ʯʘʩʪʠʥʘ ʛʘʟʽʚ (ʜʦ 25 %) ʤʦʞʝ 

ʧʦʚʝʨʪʘʪʠʩʷ ʚ ʧʨʦʜʫʚʥʠʡ ʨʝʩʠʚʝʨ 7 ʯʝʨʝʟ ʦʭʦʣʦʜʞʫʚʘʯ 3.  

ʉʫʜʥʦʚʽ ʜʠʟʝʣʽ ʬʽʨʤʠ Wartsila-Sulzer ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʠʤ 

ʩʪʫʧʝʥʝʤ ʥʘʜʜʫʚʫ (ʟʽ ʩʪʫʧʝʥʝʤ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʧʦʚʽʪʨʷ ʧʽʩʣʷ ɻʊʅ ï ʜʦ 

4,0...4,5), ʮʝ ʟʘʙʝʟʧʝʯʫʻ ʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʟʘʣʠʰʢʦʚʠʭ ʛʘʟʽʚ ʽ ʛʘʟʽʚ, ʱʦ 

ʥʘʜʭʦʜʷʪʴ ʥʘ ʨʝʮʠʨʢʫʣʷʮʽʶ, ʟʘ ʦʙôʻʤʦʤ ʧʨʦʜʫʚʦʯʥʦʛʦ ʨʝʩʠʚʝʨʘ ʽ ʟʘ ʨʦʙʦʯʠʤʠ 

ʮʠʣʽʥʜʨʘʤʠ. ʇʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ, ʱʦ 

ʥʘʜʭʦʜʠʪʴ ʧʽʩʣʷ ʦʭʦʣʦʜʞʫʚʘʯʘ 3 ʚ ʧʨʦʜʫʚʥʠʡ ʨʝʩʠʚʝʨ ʽ ʜʘʣʽ ʚ ʮʠʣʽʥʜʨʠ 

ʜʠʟʝʣʷ, ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ 40...45 ̄ʉ ʟ ʪʦʯʥʽʩʪʶ °1  ̄ʉ ʟʘ ʨʘʭʫʥʦʢ 

ʟʤʽʥʠ ʢʽʣʴʢʦʩʪʽ ʟʘʙʦʨʪʥʦʾ ʚʦʜʠ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʜʦ ʦʭʦʣʦʜʞʫʚʘʯʘ 3. 

ɻʘʟʦʚʽ ʧʦʪʦʢʠ ʧʽʩʣʷ ɻʊʅ 1 ʽ 4 ʦʙôʻʜʥʫʚʘʣʠʩʷ ʚ ʦʜʥʽʡ ʛʘʟʦʚʠʧʫʩʢʥʽʡ ʪʨʫʙʽ 

ʟ ʧʦʜʘʣʴʰʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʥʝʨʛʽʾ ɺɻ ʚ ʫʪʠʣʽʟʘʮʽʡʥʦʤʫ ʢʦʪʣʽ. ʎʝ ʩʧʨʠʷʣʦ 

ʥʽʚʝʣʶʚʘʥʥʶ ʚʠʥʠʢʥʝʥʥʷ ʤʦʞʣʠʚʠʭ ʚʽʜʭʠʣʝʥʴ ʚ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʦʧʦʨʘʭ ʤʽʞ 

ʦʢʨʝʤʠʤʠ ʨʷʜʘʤʠ ʮʠʣʽʥʜʨʽʚ (ʜʣʷ ʨʷʜʫ ʮʠʣʽʥʜʨʽʚ ʟ ʨʝʮʠʨʢʫʣʷʮʽʻʶ ʛʘʟʽʚ ʽ ʨʷʜʫ 

ʙʝʟ ʨʝʮʠʨʢʫʣʷʮʽʾ) ʽ ʩʧʨʠʷʣʦ ʦʜʥʘʢʦʚʽʡ ʮʠʢʣʦʚʽʡ ʧʦʜʘʯʽ ʧʘʣʠʚʘ ʥʘ ʢʦʞʝʥ ʨʷʜ 

ʮʠʣʽʥʜʨʽʚ. ʐʣʷʭʦʤ ʨʝʛʫʣʶʚʘʥʥʷ ʧʨʦʭʽʜʥʦʛʦ ʧʝʨʝʪʠʥʫ ʢʣʘʧʘʥʘ ʨʝʮʠʨʢʫʣʷʮʽʾ 

ɺɻ (ʧʦʟʠʮʽʷ 2 ʥʘ ʨʠʩ. 5.1) ʟʘʙʝʟʧʝʯʫʚʘʣʘʩʷ ʟʤʽʥʘ ʩʪʫʧʝʥʷ ʨʝʮʠʨʢʫʣʷʮʽʾ 

ʩʠʩʪʝʤʠ EGR ʫ ʜʽʘʧʘʟʦʥʽ dEGR=(0...21) %, ʷʢʠʡ ʨʦʟʨʘʭʦʚʫʚʘʚʩʷ ʟʘ ʚʠʨʘʟʦʤ 

 

.
Ŭ

EGR
EGR

a
=d

 

 

 

ɿʥʘʯʝʥʥʷ ʝʤʽʩʽʾ NOX ʫ ʚʠʧʫʩʢʥʠʭ ʛʘʟʘʭ ʢʦʥʪʨʦʣʶʚʘʣʦʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʛʘʟʦʘʥʘʣʽʟʘʪʦʨʘ Testo340XL (ʟʘ ʩʚʦʾʤʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ 

ʘʥʘʣʦʛʽʯʥʠʤ ʜʦ ʛʘʟʦʘʥʘʣʽʟʘʪʦʨʫ Testo350XL) ʟʘ ʤʝʪʦʜʠʢʦʶ, ʚʠʢʣʘʜʝʥʦʶ ʚ 

ʧ. 3.5. 
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ɺʠʤʽʨʶʚʘʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ NOX ʫ ʚʠʧʫʩʢʥʠʭ ʛʘʟʘʭ, ʝʬʝʢʪʠʚʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʜʠʟʝʣʷ eN  ʽ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ tʛ ʚʠʢʦʥʫʚʘʣʦʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʫʜʥʦʚʦʾ ʩʠʩʪʝʤʠ ʜʽʘʛʥʦʩʪʠʢʠ ʽ ʢʦʥʪʨʦʣʶ ProPower ʬʽʨʤʠ Unitor 

ʟʘ ʫʤʦʚʠ ʬʽʢʩʦʚʘʥʦʾ ʧʦʜʘʯʽ ʧʘʣʠʚʘ ʪʘ ʩʪʘʙʽʣʽʟʘʮʽʾ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ 

ʦʭʦʣʦʜʞʫʚʘʣʴʥʠʭ ʩʝʨʝʜʦʚʠʱ (ʮʠʨʢʫʣʷʮʽʡʥʦʛʦ ʤʘʩʪʠʣʘ, ʧʨʽʩʥʦʾ ʪʘ ʟʘʙʦʨʪʥʦʾ 

ʚʦʜʠ). 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʴ ʽ ʨʦʟʨʘʭʫʥʢʽʚ, ʱʦ ʜʦʟʚʦʣʠʣʠ ʚʠʟʥʘʯʠʪʠ ʚʝʣʠʯʠʥʠ 

ʝʤʽʩʽʾ NOX ʟ ʚʠʧʫʩʢʥʠʤʠ ʛʘʟʘʤʠ ʽ ʧʠʪʦʤʦʾ ʝʬʝʢʪʠʚʥʦʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ bʝ, 

ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʷʭ 5.1 ʽ 5.2. 

 

ʊʘʙʣʠʮʷ 5.1 

ɺʠʟʥʘʯʝʥʥʷ ʝʤʽʩʽʾ NOʍ, ʛNOʍ/(ʢɺʪÖʛʦʜ) ʜʠʟʝʣʷ 16V32 ʬʽʨʤʠ Wartsila-Sulzer  

ʅʘʚʘʥʪʘʞʝʥʥʷ 

ʥʘ ʜʠʟʝʣʴ, % 

ʉʪʫʧʽʥʴ ʨʝʮʠʨʢʫʣʷʮʽʾ ʛʘʟʽʚ dEGR, % 

0 3 6 9 12 15 18 21 

35 8,32 7,68 7,27 6,96 6,65 6,49 6,42 6,35 

55 8,49 8,17 7,39 7,07 6,71 6,63 6,51 6,41 

75 8,83 8,19 7,49 7,18 6,73 6,51 6,31 6,16 

95 8,92 8,27 7,63 7,29 7,07 6,31 6,22 5,92 

 

ʊʘʙʣʠʮʷ 5.2 

ɺʠʟʥʘʯʝʥʥʷ ʧʠʪʦʤʦʾ ʝʬʝʢʪʠʚʥʦʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ bʝ, ʛ/(ʢɺʪÖʛʦʜ) ʜʠʟʝʣʷ  

16V32 ʬʽʨʤʠ Wartsila-Sulzer  

ʅʘʚʘʥʪʘʞʝʥʥʷ 

ʥʘ ʜʠʟʝʣʴ, % 

ʉʪʫʧʽʥʴ ʨʝʮʠʨʢʫʣʷʮʽʾ ʛʘʟʽʚdEGR, % 

0 3 6 9 12 15 18 21 

35 193,9 195,5 196,7 197,8 198,6 199,1 199,8 200,7 

55 191,5 192,4 194,2 194,8 195,2 196,6 197,2 197,7 

75 189,9 190,2 191,3 192,1 192,5 192,9 193,4 194,3 

95 189,1 189,9 190,6 190,9 191,4 192,2 192,8 193,3 
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ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʥʘʚʝʜʝʥʠʭ ʫ ʪʘʙʣʠʮʷʭ 5.1 ʽ 5.2, 

ʧʦʙʫʜʦʚʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʝʤʽʩʽʾ NOʍ=f(dEGR) ʽ ʧʠʪʦʤʦʾ ʝʬʝʢʪʠʚʥʦʾ ʚʠʪʨʘʪʠ 

ʧʘʣʠʚʘ bʝ=f(dEGR), ʱʦ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 5.3. ɽʢʦʣʦʛʽʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ 

ʜʠʟʝʣʷ ʦʮʽʥʶʻʪʴʩʷ ʟʘ ʟʥʘʯʝʥʥʷʤ ʧʣʦʱʽ XNO
S , ʝʢʦʥʦʤʽʯʥʘ ï ʟʘ ʧʣʦʱʝʶ eb

S . 

  

ʘ) ʙ) 

  

ʚ) ʛ) 

ʈʠʩ. 5.3. ɺʧʣʠʚ ʩʪʫʧʝʥʷ ʨʝʮʠʨʢʫʣʷʮʽʾ ɺɻ dEGR ʥʘ ʝʤʽʩʽʶ NOʍ ʽ ʧʠʪʦʤʫ 

ʝʬʝʢʪʠʚʥʫ ʚʠʪʨʘʪʫ ʧʘʣʠʚʘ be ʧʽʜ ʯʘʩ ʨʽʟʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʩʫʜʥʦʚʦʛʦ ʜʠʟʝʣʷ 

16V32 ʬʽʨʤʠ Wartsila-Sulzer: 

ʘ ï 0,35Neʥʦʤ; ʙ ï 0,55Neʥʦʤ; ʚ ï 0,75Neʥʦʤ; ʛ ï 0,95Neʥʦʤ 
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ʆʙʠʜʚʽ ʧʣʦʱʽ XNO
S  ʪʘ e

b
S  ʤʘʶʪʴ ʨʦʟʤʽʨʥʽʩʪʴ ,EGR%

ʛʦʜʢɺʪ

ʛ
ù
ú

ø
é
ê

è
Ö

Ö
 ʘʣʝ 

ʜʣʷ ʧʦʣʝʛʰʝʥʥʷ ʧʦʟʥʘʯʝʥʥʷ (ʘʥʘʣʦʛʽʯʥʦ ʜʦ ʧ. 3.5.3) ʪʫʪ ʽ ʜʘʣʽ ʟʘʣʠʰʘʻʤʦ 

ʣʠʰʝ ʯʠʩʝʣʴʥʽ ʟʥʘʯʝʥʥʷ. ʇʣʦʱʘ ʧʽʜ ʟʘʣʝʞʥʽʩʪʶ ( )EGR

NOX d=fS  ʧʨʷʤʦ 

ʧʨʦʧʦʨʮʽʡʥʘ ʟʥʠʞʝʥʥʶ ʝʤʽʩʽʾ NOʍ ʟ ʚʠʧʫʩʢʥʠʤʠ ʛʘʟʘʤʠ. ʏʠʤ ʙʽʣʴʰʝ 

ʟʥʘʯʝʥʥʷ XNO
S , ʪʠʤ ʥʠʞʯʝ ʢʦʥʮʝʥʪʨʘʮʽʷ NOʍ ʫ ʚʠʧʫʩʢʥʠʭ ʛʘʟʘʭ ʜʠʟʝʣʷ. 

ʇʣʦʱʘ ʧʽʜ ʟʘʣʝʞʥʽʩʪʶ ( )EGRd=fS eb
 ʦʙʝʨʥʝʥʦ ʧʨʦʧʦʨʮʽʡʥʘ ʝʢʦʥʦʤʽʯʥʦʩʪʽ 

ʨʦʙʦʪʠ ʜʠʟʝʣʷ. ɿʙʽʣʴʰʝʥʥʷ ʟʥʘʯʝʥʥʷ eb
S  ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʨʦʩʪʘʥʥʷ ʧʠʪʦʤʦʾ 

ʝʬʝʢʪʠʚʥʦʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ be ʥʘ ʨʦʟʛʣʷʥʫʪʦʤʫ ʨʝʞʠʤʽ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ EGR XNOD , % ʧʽʜ ʯʘʩ ʨʽʟʥʦʛʦ 

ʩʪʫʧʝʥʷ ʨʝʮʠʨʢʫʣʷʮʽʾ dEGR ʤʦʞʝ ʙʫʪʠ ʦʮʽʥʝʥʘ ʟʘ ʚʠʨʘʟʦʤ 
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XNO  ï ʚʽʜʧʦʚʽʜʥʦ, ʢʦʥʮʝʥʪʨʘʮʽʷ NOX ʫ ɺɻ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽ ʧʽʜ 

ʯʘʩ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ EGR ʟ ʨʽʟʥʠʤ ʟʥʘʯʝʥʥʷʤ dEGR. 

ɺʝʣʠʯʠʥʘ XNOD  ʪʘʢʦʞ ʭʘʨʘʢʪʝʨʠʟʫʻ ʝʢʦʣʦʛʽʯʥʽʩʪʴ ʨʦʙʦʪʠ ʩʫʜʝʥ 

ʨʽʯʢʦʚʦʛʦ ʪʘ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʥʘ ʨʽʟʥʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʨʝʞʠʤʘʭ. ɰʾ 

ʟʙʽʣʴʰʝʥʥʷ ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʥʠʞʝʥʥʷ ʝʤʽʩʽʾ ʦʢʩʠʜʽʚ ʘʟʦʪʫ. 

ɿʥʠʞʝʥʥʷ ʝʢʦʥʦʤʽʯʥʦʩʪʽ ʨʦʙʦʪʠ ɼɺɿ ʧʽʜ ʯʘʩ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ EGR 

ʤʦʞʝ ʙʫʪʠ ʦʮʽʥʝʥʦ ʚʽʜʥʦʩʥʠʤ ʟʙʽʣʴʰʝʥʥʷʤ ʧʠʪʦʤʦʾ ʝʬʝʢʪʠʚʥʦʾ ʚʠʪʨʘʪʠ 

ʧʘʣʠʚʘ ebD , %, ʷʢʝ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ 
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eb  ï ʚʽʜʧʦʚʽʜʥʦ, ʧʠʪʦʤʘ ʝʬʝʢʪʠʚʥʘ ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʽ ʧʽʜ ʯʘʩ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ EGR ʟ ʨʽʟʥʠʤ ʟʥʘʯʝʥʥʷʤ dEGR. 
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ɿʥʘʯʝʥʥʷ XNOD  ʽ ebD  (ʦʙʠʜʚʘ ʫ %) ʜʣʷ ʨʽʟʥʠʭ dEGR ʥʘ ʨʽʟʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʩʫʜʥʦʚʦʛʦ ʜʠʟʝʣʷ 16V32 ʬʽʨʤʠ Wartsila-Sulzer ʥʘʚʝʜʝʥʦ ʚ 

ʪʘʙʣʠʮʽ 5.3 ʽ ʚʽʜʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 5.4, 5.5. 

 

ʊʘʙʣʠʮʷ 5.3 

ɽʢʦʣʦʛʽʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʧʘʣʠʚʥʘ ʝʢʦʥʦʤʽʯʥʽʩʪʴ ʩʫʜʥʦʚʦʛʦ ʜʠʟʝʣʷ  

16V32 ʬʽʨʤʠ Wartsila-Sulzer ʧʽʜ ʯʘʩ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ EGR  

ʉʪʫʧʽʥʴ 

ʨʝʮʠʨʢʫʣʷʮʽʾ, % 

ʅʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʜʠʟʝʣʴ, % 

35 55 75 95 
 

ʚʽʜʥʦʩʥʝ ʟʥʠʞʝʥʥʷ ʝʤʽʩʽʾ ʦʢʩʠʜʽʚ ʘʟʦʪʫ, % 

3 7,7 3,8 7,2 7,3 

9 16,3 16,7 18,7 18,3 

15 22,0 21,9 26,3 29,3 

21 23,7 24,5 30,2 33,6 
 

ʚʽʜʥʦʩʥʝ ʟʙʽʣʴʰʝʥʥʷ ʧʠʪʦʤʦʾ ʝʬʝʢʪʠʚʥʦʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ, % 

3 0,83 0,47 0,16 0,42 

9 2,01 1,72 1,16 0,95 

15 2,68 2,66 1,58 1,64 

21 3,51 3,24 2,32 2,22 

 

 
ʈʠʩ. 5.4. ɺʽʜʥʦʩʥʝ ʟʥʠʞʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ NOX ʥʘ ʨʽʟʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ 

ʩʫʜʥʦʚʦʛʦ ʜʠʟʝʣʷ 16V32 Wartsila-Sulzer ʧʽʜ ʯʘʩ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ EGR:  

1 ï dEGR=3 %; 2 ï dEGR=9 %; 3 ï dEGR=15 %; 4 ï dEGR=21 %  



156 

 

ʈʠʩ. 5.5. ɺʽʜʥʦʩʥʝ ʟʙʽʣʴʰʝʥʥʷ ʧʠʪʦʤʦʾ ʝʬʝʢʪʠʚʥʦʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ be ʥʘ 

ʨʽʟʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʩʫʜʥʦʚʦʛʦ ʜʠʟʝʣʷ 16V32 Wartsila-Sulzer  

ʧʽʜ ʯʘʩ ʚʠʢʦʨʠʩʪʘʥʥʷ EGR:  

1 ï dEGR=3 %; 2 ï dEGR=9 %; 3 ï dEGR=15 %; 4 ï dEGR=21 % 

 

ʅʘʚʝʜʝʥʽ ʜʘʥʽ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʚʠʩʣʦʚʣʝʥʫ ʚ ʨʦʟʜʽʣʽ 3 ʪʝʟʫ ʧʨʦ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʢʦʤʧʣʝʢʩʥʦʾ ʦʮʽʥʢʠ ʝʢʦʣʦʛʽʯʥʠʭ ʪʘ ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʨʦʙʦʪʠ ʜʠʟʝʣʷ. 

ʗʢ ʚʢʘʟʫʚʘʣʦʩʷ ʚ ʨʦʟʜʽʣʽ 3, ʧʽʜ ʯʘʩ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ ʨʝʮʠʨʢʫʣʷʮʽʾ 

ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ ʯʝʨʝʟ ʧʦʛʽʨʰʝʥʥʷ ʩʫʤʽʰʦʫʪʚʦʨʝʥʥʷ ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʝʨʽʦʜ 

ʟʘʪʨʠʤʢʠ ʩʘʤʦʟʘʡʤʘʥʥʷ ʧʘʣʠʚʘ, ʟʛʦʨʷʥʥʷ ʟʤʽʱʫʻʪʴʩʷ ʥʘ ʣʽʥʽʶ ʨʦʟʰʠʨʝʥʥʷ, 

ʩʧʨʠʷʶʯʠ ʧʽʜʚʠʱʝʥʥʶ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ tʛ. ʊʝʤʧʝʨʘʪʫʨʘ ɺɻ ʻ 

ʧʦʢʘʟʥʠʢʦʤ, ʢʦʥʪʨʦʣʴ ʽ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʽ ʟʥʘʯʝʥʥʷ ʷʢʦʛʦ ʩʫʚʦʨʦ 

ʨʝʛʣʘʤʝʥʪʫʶʪʴʩʷ ʽʥʩʪʨʫʢʮʽʷʤʠ ʟʘʚʦʜʽʚ-ʚʠʛʦʪʦʚʣʶʚʘʯʽʚ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʩʫʜʥʦʚʠʭ ʜʠʟʝʣʽʚ (ʜʣʷ ʜʠʟʝʣʷ 16V32 Wartsila-Sulzer ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ tʛ 

ʥʝ ʧʦʚʠʥʥʦ ʧʝʨʝʚʠʱʫʚʘʪʠ 500 ̄ʉ). ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ, ʧʽʜ ʯʘʩ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ (ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤʠ ʜʽʘʛʥʦʩʪʠʢʠ ProPower 

ʬʽʨʤʠ Unitor) ʚʠʢʦʥʫʚʘʚʩʷ ʢʦʥʪʨʦʣʴ ʮʴʦʛʦ ʧʘʨʘʤʝʪʨʘ.  

ɿʤʽʥʘ ʩʝʨʝʜʥʴʦʾ (ʧʦ ʚʩʽʭ ʮʠʣʽʥʜʨʘʭ) ʪʝʤʧʝʨʘʪʫʨʠ ɺɻ ʩʫʜʥʦʚʦʛʦ ʜʠʟʝʣʷ 

16V32 Wartsila-Sulzer ʟʘʣʝʞʥʦ ʚʽʜ ʩʪʫʧʝʥʷ ʨʝʮʠʨʢʫʣʷʮʽʾ dEGR ʜʣʷ ʨʽʟʥʠʭ 

ʨʝʞʠʤʽʚ ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 5.6. 
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ʈʠʩ. 5.6. ɿʤʽʥʘ ʩʝʨʝʜʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ tʛ, ̄ ʉ ʩʫʜʥʦʚʦʛʦ ʜʠʟʝʣʷ 

16V32 Wartsila-Sulzer ʟʘʣʝʞʥʦ ʚʽʜ ʩʪʫʧʝʥʷ ʨʝʮʠʨʢʫʣʷʮʽʾ dEGR: 

1 ï ʥʘʚʘʥʪʘʞʝʥʥʷ 35 %; 2 ï55 %; 3 ï75 %; 4 ï95 % 

 

ɸʥʘʣʽʟ ʜʘʥʠʭ, ʥʘʚʝʜʝʥʠʭ ʥʘ ʨʠʩ. 5.6, ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʠʩʪʝʤʠ EGR ʫ ʜʽʘʧʘʟʦʥʽ ʟʥʘʯʝʥʴ dEGR=18...21 % ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʨʝʞʠʤʘʭ, ʚʽʜʧʦʚʽʜʥʠʭ 35...55 %-ʤʫ ʥʘʚʘʥʪʘʞʝʥʥʶ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʢʨʠʪʠʯʥʦʛʦ 

ʽ ʥʘʜʢʨʠʪʠʯʥʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ɺɻ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʝʢʩʧʣʫʘʪʘʮʽʷ 

ʩʫʜʥʦʚʠʭ ʜʠʟʝʣʽʚ ʟʘ ʪʘʢʠʭ ʫʤʦʚ ʤʦʞʣʠʚʘ ʪʽʣʴʢʠ ʚ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʷʭ ʽ 

ʪʽʣʴʢʠ ʥʝʪʨʠʚʘʣʠʡ ʧʝʨʽʦʜ ʯʘʩʫ. 

ʈʝʮʠʨʢʫʣʷʮʽʶ ɺɻ, ʷʢ ʩʧʦʩʽʙ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʩʫʜʥʦʚʠʭ ʉʆɼ, ʱʦ ʚʠʢʦʥʫʶʪʴ ʬʫʥʢʮʽʾ ɻɼ ʤʦʨʩʴʢʠʭ ʩʫʜʝʥ, ʜʦʮʽʣʴʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʜʽʘʧʘʟʦʥʽ 6...15 % ï ʥʘ ʨʝʞʠʤʘʭ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʠʞʝʥʥʷ ʝʤʽʩʽʾ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʧʨʠ ʤʽʥʽʤʘʣʴʥʦʤʫ ʧʽʜʚʠʱʝʥʥʽ 

ʧʠʪʦʤʦʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ. 
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5.2.2. ɺʠʙʽʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʫ ʩʠʩʪʝʤʠ ʧʝʨʝʧʫʩʢʫ ʚʠʧʫʩʢʥʠʭ 

ʛʘʟʽʚ 

 

 

ɼʣʷ ʚʠʚʯʝʥʥʷ ʘʜʘʧʪʠʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʚʠʧʫʩʢʥʠʤʠ ʛʘʟʘʤʠ ʩʫʜʥʦʚʠʭ 

ʜʠʟʝʣʽʚ ʷʢ ʤʝʪʦʜʫ ʟʥʠʞʝʥʥʷ ʝʤʽʩʽʾ NOX, ʛʘʟʦʚʠʧʫʩʢʥʘ ʩʠʩʪʝʤʘ ʜʠʟʝʣʷ 16V32 

ʬʽʨʤʠ Wartsila-Sulzer, ʱʦ ʦʙʣʘʜʥʘʥʠʡ ʩʠʩʪʝʤʦʶ ʨʝʮʠʨʢʫʣʷʮʽʾ ʥʠʟʴʢʦʛʦ ʪʠʩʢʫ 

(ʩʭʝʤʘ ʷʢʦʾ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 5.2), ʜʦʜʘʪʢʦʚʦ ʢʦʤʧʣʝʢʪʫʚʘʣʘʩʷ ʦʙʣʘʜʥʘʥʥʷʤ, 

ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʨʦʮʝʩ ʧʝʨʝʧʫʩʢʫ ʛʘʟʽʚ (ʨʠʩ. 5.7). ʇʨʠ ʮʴʦʤʫ ʨʝʛʫʣʶʚʘʣʴʥʠʡ 

ʢʣʘʧʘʥ 10 ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʜʣʷ ʧʝʨʝʧʫʩʢʫ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ 

ʛʘʟʦʚʠʧʫʩʢʥʫ ʪʨʫʙʫ ʙʝʟ ʾʭ ʨʦʟʰʠʨʝʥʥʷ ʚ ʛʘʟʦʚʽʡ ʪʫʨʙʽʥʽ ɻʊʅ 1. 

 

 

ʈʠʩ. 5.7. ʉʭʝʤʘ ʛʘʟʦʧʦʚʽʪʨʷʥʦʾ ʩʠʩʪʝʤʠ ʜʠʟʝʣʷ 16V32/40 ʬʽʨʤʠ 

Wartsila-Sulzer ʟ ʜʦʜʘʪʢʦʚʠʤ ʧʝʨʝʧʫʩʢʦʤ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ: 

1, 4 ï ɻʊʅ; 2 ï ʢʣʘʧʘʥ ʩʠʩʪʝʤʠ ʨʝʮʠʨʢʫʣʷʮʽʾ (ʢʣʘʧʘʥ EGR); 3 ï ʦʭʦʣʦʜʞʫʚʘʯ 

ʥʘʜʜʫʚʥʦʛʦ ʧʦʚʽʪʨʷ; 5, 9 ï ʚʠʧʫʩʢʥʠʡ ʢʦʣʝʢʪʦʨ; 6, 8 ï ʨʦʙʦʯʽ ʮʠʣʽʥʜʨʠ;  

7 ï ʨʝʩʠʚʝʨ ʥʘʜʜʫʚʥʦʛʦ ʧʦʚʽʪʨʷ; 10 ï ʢʣʘʧʘʥ ʧʝʨʝʧʫʩʢʫ ʛʘʟʽʚ (ʢʣʘʧʘʥ EWG); 

K1, K2 ï ʪʦʯʢʠ ʢʦʥʪʨʦʣʶ ʧʦʪʦʢʫ ʛʘʟʽʚ 
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ʉʪʫʧʽʥʴ ʧʝʨʝʧʫʩʢʫ ɺɻ dEWG ʢʦʥʪʨʦʣʶʚʘʚʩʷ ʚ ʪʦʯʢʘʭ K1, K2 ʚʽʜʧʦʚʽʜʥʦ 

ʜʦ ʤʝʪʦʜʠʢʠ, ʚʠʢʣʘʜʝʥʦʾ ʚ ʧ. 4.2. ɺʠʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ NOX ʫ ʚʠʧʫʩʢʥʠʭ 

ʛʘʟʘʭ ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʛʘʟʦʘʥʘʣʽʟʘʪʦʨʦʤ Testo350XL ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʤʝʪʦʜʠʢʠ, 

ʥʘʚʝʜʝʥʦʾ ʚ ʧ. 3.5.1. ʌʽʢʩʘʮʽʷ ʚʩʽʭ ʥʝʦʙʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʚʦʜʠʣʘʩʷ ʪʽʣʴʢʠ 

ʥʘ ʩʪʘʣʠʭ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ ʧʽʜ ʯʘʩ ʧʽʜʪʨʠʤʢʠ ʧʦʩʪʽʡʥʦʛʦ ʨʝʞʠʤʫ ʟʤʘʱʫʚʘʥʥʷ 

ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ ʜʠʟʝʣʷ. ɿ ʤʝʪʦʶ ʽʜʝʥʪʠʯʥʦʩʪʽ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟ ʨʘʥʽʰʝ 

ʧʨʦʚʝʜʝʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ, ʚʠʤʽʨʶʚʘʥʥʷ ʝʤʽʩʽʾ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʽ ʧʠʪʦʤʦʾ 

ʝʬʝʢʪʠʚʥʦʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʚʠʢʦʥʫʚʘʣʦʩʷ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʨʝʞʠʤʘʭ, 

ʚʽʜʧʦʚʽʜʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʤ 35, 55, 75 ʽ 95 % ʚʽʜ ʥʦʤʽʥʘʣʴʥʦʾ. ʈʝʟʫʣʴʪʘʪʠ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʷʭ 5.4, 5.5 ʽ ʚʽʜʦʙʨʘʞʝʥʽ ʥʘ ʨʠʩ. 5.8. 

 

ʊʘʙʣʠʮʷ 5.4 

ɽʤʽʩʽʷ NOʍ, ʛNOʍ/(ʢɺʪÖʛʦʜ) ʩʫʜʥʦʚʦʛʦ ʜʠʟʝʣʷ 16V32 ʬʽʨʤʠ Wartsila-Sulzer 

ʧʨʠ ʨʽʟʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʽ ʩʪʫʧʝʥʽ ʧʝʨʝʧʫʩʢʫ ʛʘʟʽʚ 

ʅʘʚʘʥʪʘʞʝʥʥʷ 

ʥʘ ʜʠʟʝʣʴ, % 

ʉʪʫʧʽʥʴ ʧʝʨʝʧʫʩʢʫ ʛʘʟʽʚ dEWG, % 

0 2 4 6 8 10 

35 8,32 8,17 8,04 7,96 7,83 7,78 

55 8,49 8,32 8,12 7,90 7,82 7,72 

75 8,83 8,55 8,18 7,96 7,72 7,62 

95 8,92 8,53 7,88 7,62 7,43 7,32 

 

ʊʘʙʣʠʮʷ 5.5 

ʇʠʪʦʤʘ ʝʬʝʢʪʠʚʥʘ ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ bʝ, ʛ/(ʢɺʪÖʛʦʜ) ʩʫʜʥʦʚʦʛʦ ʜʠʟʝʣʷ 16V32 

Wartsila-Sulzer ʧʨʠ ʨʽʟʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʽ ʩʪʫʧʝʥʽ ʧʝʨʝʧʫʩʢʫ ʛʘʟʽʚ 

ʅʘʚʘʥʪʘʞʝʥʥʷ 

ʥʘ ʜʠʟʝʣʴ, % 

ʉʪʫʧʽʥʴ ʧʝʨʝʧʫʩʢʫ ʛʘʟʽʚ dEWG, % 

0 2 4 6 8 10 

35 193,9 195,8 196,8 197,4 198,6 199,4 

55 191,5 193,2 194,2 194,8 195,2 195,4 

75 189,9 191,7 192,2 192,8 192,9 193,1 

95 189,1 190,3 190,8 191,1 191,3 191,5 
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ʘ) ʙ) 

  

ʚ) ʛ) 

ʈʠʩ. 5.8. ɺʧʣʠʚ ʩʪʫʧʝʥʷ ʧʝʨʝʧʫʩʢʫ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ dEWG ʥʘ ʝʤʽʩʽʶ NOʍ ʪʘ 

ʧʠʪʦʤʫ ʝʬʝʢʪʠʚʥʫ ʚʠʪʨʘʪʫ ʧʘʣʠʚʘ be ʧʨʠ ʨʽʟʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʩʫʜʥʦʚʦʛʦ 

ʜʠʟʝʣʷ 16V32 ʬʽʨʤʠ Wartsila-Sulzer: 

ʘ ï 0,35Neʥʦʤ; ʙ ï 0,55Neʥʦʤ; ʚ ï 0,75Neʥʦʤ; ʛ ï 0,95Neʥʦʤ 

 



161 

ɽʢʦʣʦʛʽʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʧʘʣʠʚʥʘ ʝʢʦʥʦʤʽʯʥʽʩʪʴ ʜʠʟʝʣʷ ʧʨʠ ʨʽʟʥʦʤʫ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʠʩʪʝʤʠ EWG ʚʠʟʥʘʯʘʣʠʩʷ ʧʣʦʱʝʶ ʧʽʜ ʟʘʣʝʞʥʦʩʪʷʤʠ 

( )EWG

NOX d=fS  ʪʘ ( )EWGd=fS eb
 ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʤʝʪʦʜʠʢʠ, ʚʠʢʣʘʜʝʥʦʾ ʚ 

ʧʧ. 3.5 ʪʘ 5.2. 

ɼʣʷ ʧʦʧʝʨʝʜʞʝʥʥʷ ʪʝʧʣʦʚʦʾ ʥʘʧʨʫʞʝʥʦʩʪʽ ʜʠʟʝʣʷ ʚ ʭʦʜʽ ʝʢʩʧʝʨʠʤʝʥʪʫ 

ʚʠʢʦʥʫʚʘʚʩʷ ʢʦʥʪʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ. ʋʩʝʨʝʜʥʝʥʝ ʟʥʘʯʝʥʥʷ 

ʜʘʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʟʘ ʨʽʟʥʠʭ ʫʤʦʚ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʥʘʚʝʜʝʥʦ ʚ 

ʪʘʙʣʠʮʽ 5.6 ʽ ʚʽʜʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 5.9. 

ʊʘʙʣʠʮʷ 5.6 

ɿʤʽʥʘ ʩʝʨʝʜʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ɺɻ ʩʫʜʥʦʚʦʛʦ ʜʠʟʝʣʷ 16V32/40 Wartsila-Sulzer  

 ʅʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʜʠʟʝʣʴ, % 

 35 55 75 95 

ʉʪʦʨʦʥʘ ɸ 386 368 357 352 

ʉʪʦʨʦʥʘ B  

(ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ EWG) 
379 364 355 349 

ʉ
ʪ
ʦ
ʨ
ʦ
ʥ
ʘ
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ʜ
 
ʯ
ʘ
ʩ
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ʢ
ʦ
ʨ
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ʩ
ʪ
ʘ
ʥ
ʥ
ʷ
 
E
W
G
)
 

d
E

W
G
=
2
é
1
0

 %
 2 383 367 358 352 

4 391 372 366 359 

6 403 383 376 366 

8 421 396 386 373 

10 446 415 396 382 
 

 
ʈʠʩ. 5.9. ɿʤʽʥʘ ʩʝʨʝʜʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ɺɻ tʛ, ̄ ʉ ʩʫʜʥʦʚʦʛʦ ʜʠʟʝʣʷ 16V32 

Wartsila-Sulzer ʟʘʣʝʞʥʦ ʚʽʜ ʩʪʫʧʝʥʷ ʧʝʨʝʧʫʩʢʫ dEWG: 

1 ï ʥʘʚʘʥʪʘʞʝʥʥʷ 35 %; 2 ï55 %; 3 ï75 %; 4 ï95 % 
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ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ, ʥʘʚʝʜʝʥʠʭ ʫ ʪʘʙʣʠʮʽ 5.5 ʽ ʥʘ ʨʠʩ. 5.9, ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʟʨʦʩʪʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ɺɻ ʧʽʜ ʯʘʩ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ EWG, ʧʨʠ ʮʴʦʤʫ ʟʘ 

ʙʫʜʴ-ʷʢʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʨʝʞʠʤʽʚ (ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʥʘ ʜʠʟʝʣʴ) ʮʝ ʟʥʘʯʝʥʥʷ 

ʥʝ ʧʝʨʝʚʠʱʫʻ ʛʨʘʥʠʯʥʦʾ ʚʝʣʠʯʠʥʠ 500Á ʉ. 

ʈʝʟʫʣʴʪʘʪʠ, ʱʦ ʩʚʽʜʯʘʪʴ ʧʨʦ ʧʦʣʽʧʰʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʩʪʽ ʤʦʨʩʴʢʦʛʦ ʩʫʜʥʘ 

(ʷʢʝ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʥʠʞʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ NOX ʚ ɺɻ) ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ 

ʟʥʠʞʝʥʥʽ ʝʢʦʥʦʤʽʯʥʦʩʪʽ ʜʠʟʝʣʷ (ʩʧʨʠʯʠʥʝʥʝ ʟʙʽʣʴʰʝʥʥʷʤ ʧʠʪʦʤʦʾ ʚʠʪʨʘʪʠ 

ʧʘʣʠʚʘ) ʷʢʽ ʦʪʨʠʤʘʥʽ ʧʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʩʫʜʥʦʚʦʤʫ ʜʠʟʝʣʽ 16V32 Wartsila-

Sulzer, ʟʙʽʛʘʶʪʴʩʷ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʚʠʢʣʘʜʝʥʠʤʠ ʨʘʥʽʰʝ ʚ ʨʦʟʜʽʣʽ 4. ʇʨʠ 

ʮʴʦʤʫ ʦʧʪʠʤʘʣʴʥʠʤ ʜʽʘʧʘʟʦʥʦʤ ʨʝʞʠʤʫ ʧʝʨʝʧʫʩʢʫ ʩʣʽʜ ʚʚʘʞʘʪʠ ʽʥʪʝʨʚʘʣ 

dEWG=6...8 %, ʚ ʷʢʦʤʫ (ʟʘʣʝʞʥʦ ʚʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷ) ʜʦʩʷʛʘʻʪʴʩʷ ʟʥʠʞʝʥʥʷ 

ʝʤʽʩʽʾ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʥʘ 4,33...14,6 % ï ʧʽʜ ʯʘʩ dEWG=6 % ʽ ʥʘ 5,89...16,7 % ï ʧʽʜ 

ʯʘʩ dEWG=8 %. ʆʜʥʦʯʘʩʥʦ ʟ ʮʠʤ, ʜʣʷ ʪʦʛʦ ʞ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʪʠʭ ʞʝ ʟʥʘʯʝʥʴ 

ʧʝʨʝʧʫʩʢʫ ʛʘʟʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʧʠʪʦʤʦʾ ʝʬʝʢʪʠʚʥʦʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ 

ï ʥʘ 1,8...1,0 % ʽ ʥʘ 2,4...1,2 % ʚʽʜʧʦʚʽʜʥʦ. ɿ ʦʛʣʷʜʫ ʥʘ ʽʜʝʥʪʠʯʥʽʩʪʴ ʚʝʣʠʯʠʥʠ 

ʟʥʠʞʝʥʥʷ ʝʤʽʩʽʾ NOX, ʦʧʪʠʤʘʣʴʥʠʤ ʨʝʞʠʤʦʤ ʧʝʨʝʧʫʩʢʫ ʩʠʩʪʝʤʠ EWG 

ʩʫʜʥʦʚʦʛʦ ʜʠʟʝʣʷ 16V32 Wartsila-Sulzer ʜʦʮʽʣʴʥʦ ʧʨʠʡʥʷʪʠ dEWG=6 %, ʥʘ 

ʷʢʦʤʫ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʤʝʥʰʝ ʟʙʽʣʴʰʝʥʥʷ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʟ ʧʽʜʪʨʠʤʘʥʥʷʤ 

ʪʝʧʣʦʚʦʾ ʥʘʧʨʫʞʝʥʦʩʪʽ ʚ ʥʝʦʙʭʽʜʥʦʤʫ ʜʽʘʧʘʟʦʥʽ. 

 

 

5.2.3. ɺʠʙʽʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʫ ʢʦʤʧʣʝʢʩʥʦʛʦ (ʘʜʘʧʪʠʚʥʦʛʦ)  

ʢʝʨʫʚʘʥʥʷ ʚʠʧʫʩʢʥʠʤʠ ʛʘʟʘʤʠ 

 

 

ɸʜʘʧʪʠʚʥʝ ʢʝʨʫʚʘʥʥʷ ʚʠʧʫʩʢʥʠʤʠ ʛʘʟʘʤʠ ʩʫʜʥʦʚʠʭ ʜʠʟʝʣʽʚ ʷʢ ʩʧʦʩʽʙ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʩʪʽ ʤʦʨʩʴʢʦʛʦ ʩʫʜʥʘ ʤʘʻ ʧʽʜ ʩʦʙʦʶ ʢʦʤʧʣʝʢʩʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ ʨʝʮʠʨʢʫʣʷʮʽʾ ʽ ʩʠʩʪʝʤʠ ʧʝʨʝʧʫʩʢʫ. ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ 

ʜʦʩʣʽʜʞʝʥʴ, ʥʘʚʝʜʝʥʠʭ ʫ ʨʦʟʜʽʣʘʭ 3 ʽ 4, ʩʚʽʜʯʠʪʴ, ʱʦ ʤʽʞ ʩʠʩʪʝʤʘʤʠ EGR ʽ 
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EWG ʥʘʡʙʽʣʴʰʠʡ ʚʘʛʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʝʢʦʣʦʛʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʘʻ ʩʠʩʪʝʤʘ 

ʨʝʮʠʨʢʫʣʷʮʽʾ. ʎʝ ʧʝʨʝʜʫʩʽʤ ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ ʚʝʣʠʢʠʭ ʟʥʘʯʝʥʥʷʭ ʟʥʠʞʝʥʥʷ 

ʝʤʽʩʽʾ NOʍ ʽ ʙʽʣʴʰʦʤʫ ʧʦʛʽʨʰʝʥʥʽ ʝʢʦʥʦʤʽʯʥʦʩʪʽ ʧʽʜ ʯʘʩ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʠʩʪʝʤʠ EGR (ʧʦʨʽʚʥʷʥʦ ʟ ʩʠʩʪʝʤʦʶ EWG). ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʜʣʷ ʧʦʜʘʣʴʰʠʭ 

ʜʦʩʣʽʜʞʝʥʴ: 

¶ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʩʪʫʧʝʥʷ ʨʝʮʠʨʢʫʣʷʮʽʾ ɺɻ 

ʧʨʠʡʤʘʣʦʩʷ ʟʘ ʛʦʣʦʚʥʫ ʩʢʣʘʜʦʚʫ ʢʦʤʧʣʝʢʩʥʦʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʚʠʧʫʩʢʥʠʤʠ 

ʛʘʟʘʤʠ; 

¶ ʚʝʣʠʯʠʥʘ ʩʪʫʧʝʥʷ ʧʝʨʝʧʫʩʢʫ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ ʧʨʠʡʤʘʣʘʩʷ ʨʽʚʥʦʶ 

ʦʧʪʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʥʶ dEWG=6 % (ʚʠʟʥʘʯʝʥʦʤʫ ʚ ʧ. 5.2.2); 

¶ ʟʥʘʯʝʥʥʷ ʩʪʫʧʝʥʷ ʨʝʮʠʨʢʫʣʷʮʽʾ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ ʟʤʽʥʶʚʘʣʦʩʷ ʚ ʽʥʪʝʨʚʘʣʽ 

dEGR=0...21 %. 

ʊʝʭʥʦʣʦʛʽʷ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʚʽʜʧʦʚʽʜʘʣʘ ʤʝʪʦʜʠʮʽ, ʚʠʢʣʘʜʝʥʽʡ 

ʫ ʧʧ. 3.5.1 ʽ 5.2.2. ʇʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʦʞʝʥʥʷ ʢʣʘʧʘʥʘ ʧʝʨʝʧʫʩʢʫ 

(ʧʦʟʠʮʽʷ 10 ʥʘ ʨʠʩ. 5.7) ʟʘʣʠʰʘʣʦʩʷ ʥʝʟʤʽʥʥʠʤ, ʱʦ ʟʘʙʝʟʧʝʯʫʚʘʣʦ ʦʧʪʠʤʘʣʴʥʝ 

ʟʥʘʯʝʥʥʷ dEWG=6 %; ʚʘʨʽʘʮʽʷ ʟʥʘʯʝʥʥʷ ʩʪʫʧʝʥʷ ʨʝʮʠʨʢʫʣʷʮʽʾ ʟʘʙʝʟʧʝʯʫʚʘʣʘʩʷ 

ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʥʠ ʧʦʣʦʞʝʥʥʷ ʢʣʘʧʘʥʘ ʩʠʩʪʝʤʠ EGR (ʧʦʟʠʮʽʷ 2 ʥʘ ʨʠʩ. 5.7). 

ʈʝʟʫʣʴʪʘʪʠ ʱʦʜʦ ʚʠʟʥʘʯʝʥʥʷ ʝʤʽʩʽʾ NOʍ ʽ ʧʠʪʦʤʦʾ ʝʬʝʢʪʠʚʥʦʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ 

bʝ ʧʽʜ ʯʘʩ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʚʠʧʫʩʢʥʠʤʠ ʛʘʟʘʤʠ ʥʘʚʝʜʝʥʽ ʚ 

ʪʘʙʣʠʮʷʭ 5.7, 5.8 ʪʘ ʫʟʘʛʘʣʴʥʝʥʽ ʥʘ ʨʠʩ. 5.10. 

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ, ʥʘʚʝʜʝʥʠʭ ʫ ʪʘʙʣʠʮʷʭ 5.6, 5.7 ʽ ʚʽʜʦʙʨʘʞʝʥʠʭ ʥʘ 

ʨʠʩ. 5.10, ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʦʧʪʠʤʘʣʴʥʦʛʦ ʽʥʪʝʨʚʘʣʫ 

ʩʪʫʧʝʥʷ ʨʝʮʠʨʢʫʣʷʮʽʾ ɺɻ, ʷʢʠʡ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ dEGR=12...15 %. ɼʣʷ 

ʮʠʭ ʟʥʘʯʝʥʴ ʩʪʫʧʝʥʷ ʨʝʮʠʨʢʫʣʷʮʽʾ ʚ ʫʩʴʦʤʫ ʽʥʪʝʨʚʘʣʽ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʜʠʟʝʣʴ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʠʡ ʨʽʚʝʥʴ ʟʥʠʞʝʥʥʷ ʝʤʽʩʽʾ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʟ 

ʦʜʥʦʯʘʩʥʠʤ ʘʩʠʤʧʪʦʪʠʯʥʠʤ ʟʨʦʩʪʘʥʥʷʤ ʧʠʪʦʤʦʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ. 
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ʊʘʙʣʠʮʷ 5.7 

ɽʤʽʩʽʷ NOʍ, ʛNOʍ/(ʢɺʪÖʛʦʜ) ʩʫʜʥʦʚʦʛʦ ʜʠʟʝʣʷ 16V32 ʬʽʨʤʠ Wartsila-Sulzer 

ʧʽʜ ʯʘʩ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʚʠʧʫʩʢʥʠʤʠ ʛʘʟʘʤʠ  

(ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʩʪʫʧʝʥʷ ʧʝʨʝʧʫʩʢʫ ʛʘʟʽʚ dEWG ʽ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ 

ʩʪʫʧʝʥʷ ʨʝʮʠʨʢʫʣʷʮʽʾ ʛʘʟʽʚ dEGR) ʧʽʜ ʯʘʩ ʨʽʟʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ 

ʅʘʚʘʥʪʘʞʝʥʥʷ 

ʥʘ ʜʠʟʝʣʴ, % 

ʉʪʫʧʽʥʴ ʨʝʮʠʨʢʫʣʷʮʽʾ ʛʘʟʽʚ dEGR, % 

0 3 6 9 12 15 18 21 

35 8,32 7,43 7,07 6,61 6,12 5,71 5,52 5,42 

55 8,49 7,73 7,17 6,87 6,45 6,12 5,76 5,53 

75 8,83 7,62 6,85 6,53 6,27 5,58 5,18 4,83 

95 8,92 7,41 7,13 6,26 5,81 5,51 4,75 4,43 

 

ʊʘʙʣʠʮʷ 5.8 

ʇʠʪʦʤʘ ʝʬʝʢʪʠʚʥʘ ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ bʝ, ʛ/(ʢɺʪÖʛʦʜ) ʩʫʜʥʦʚʦʛʦ ʜʠʟʝʣʷ  

16V32 ʬʽʨʤʠ Wartsila-Sulzer ʧʽʜ ʯʘʩ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʚʠʧʫʩʢʥʠʤʠ 

ʛʘʟʘʤʠ (ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʩʪʫʧʝʥʷ ʧʝʨʝʧʫʩʢʫ ʛʘʟʽʚ dEWG ʽ ʨʽʟʥʠʭ 

ʟʥʘʯʝʥʴ ʩʪʫʧʝʥʷ ʨʝʮʠʨʢʫʣʷʮʽʾ ʛʘʟʽʚ dEGR) ʧʽʜ ʯʘʩ ʨʽʟʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ 

ʅʘʚʘʥʪʘʞʝʥʥʷ 

ʥʘ ʜʠʟʝʣʴ, % 

ʉʪʫʧʽʥʴ ʨʝʮʠʨʢʫʣʷʮʽʾ ʛʘʟʽʚ dEGR, % 

0 3 6 9 12 15 18 21 

35 193,9 195,3 196,2 196,8 197,5 197,6 198,3 198,7 

55 191,5 192,2 193,4 193,8 194,2 194,5 194,8 195,2 

75 189,9 190,1 190,8 191,4 191,8 192,3 192,5 192,8 

95 189,1 189,5 190,3 190,5 190,9 191,2 191,6 191,8 
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ʘ) ʙ) 

  

ʚ) ʛ) 

ʈʠʩ. 5.10. ɽʤʽʩʽʷ NOʍ ʽ ʧʠʪʦʤʘ ʝʬʝʢʪʠʚʥʘ ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ be ʩʫʜʥʦʚʦʛʦ ʜʠʟʝʣʷ 

16V32 ʬʽʨʤʠ Wartsila-Sulzer ʧʽʜ ʯʘʩ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʚʠʧʫʩʢʥʠʤʠ 

ʛʘʟʘʤʠ (ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʩʪʫʧʝʥʷ ʧʝʨʝʧʫʩʢʫ ʛʘʟʽʚ dEWG ʽ ʨʽʟʥʠʭ 

ʟʥʘʯʝʥʴ ʩʪʫʧʝʥʷ ʨʝʮʠʨʢʫʣʷʮʽʾ ʛʘʟʽʚ dEGR) ʧʽʜ ʯʘʩ ʨʽʟʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ: 

ʘ ï 0,35Neʥʦʤ; ʙ ï 0,55Neʥʦʤ; ʚ ï 0,75Neʥʦʤ; ʛ ï 0,95Neʥʦʤ 
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ɸʥʘʣʦʛʽʯʥʦ ʧʦʧʝʨʝʜʥʽʤ ʜʦʩʣʽʜʞʝʥʥʷʤ, ʚʠʢʦʥʘʥʠʤ ʜʣʷ ʩʠʩʪʝʤ 

ʨʝʮʠʨʢʫʣʷʮʽʾ ʽ ʧʝʨʝʧʫʩʢʫ, ʧʽʜ ʯʘʩ ʚʠʚʯʝʥʥʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ɺɻ 

ʚʠʢʦʥʫʚʘʚʩʷ ʧʦʩʪʽʡʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʪʝʧʣʦʚʦʾ ʥʘʧʨʫʞʝʥʦʩʪʽ ʜʠʟʝʣʷ. ʁʦʛʦ 

ʨʝʟʫʣʴʪʘʪʠ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 5.11 ʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʟʤʽʥʫ ʩʝʨʝʜʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 

ɺɻ ʧʦ ʚʩʽʭ ʮʠʣʽʥʜʨʘʭ ʜʠʟʝʣʷ 16V32 ʬʽʨʤʠ Wartsila-Sulzer ʟʘʣʝʞʥʦ ʚʽʜ ʫʤʦʚ 

ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ. 

 

 

ʈʠʩ. 5.11. ɿʤʽʥʘ ʩʝʨʝʜʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ɺɻ tʛ, ̄ ʉ, ʩʫʜʥʦʚʦʛʦ ʜʠʟʝʣʷ  

16V32 ʬʽʨʤʠ Wartsila-Sulzer ʧʽʜ ʯʘʩ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ɺɻ (ʜʣʷ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʩʪʫʧʝʥʷ ʧʝʨʝʧʫʩʢʫ ʛʘʟʽʚ dEWG ʽ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ 

ʩʪʫʧʝʥʷ ʨʝʮʠʨʢʫʣʷʮʽʾ ʛʘʟʽʚ dEGR) ʧʽʜ ʯʘʩ ʨʽʟʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ: 

ʘ ï 0,35Neʥʦʤ; ʙ ï 0,55Neʥʦʤ; ʚ ï 0,75Neʥʦʤ; ʛ ï 0,95Neʥʦʤ 

 

ɿʽʩʪʘʚʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ, ʥʘʚʝʜʝʥʠʭ ʥʘ ʨʠʩ. 5.6 ʽ 5.11, ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ 

ʚ ʨʘʟʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ɺɻ (ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʨʝʞʠʤʫ ʾʭ 

ʨʝʮʠʨʢʫʣʷʮʽʾ ʟ ʦʜʥʦʯʘʩʥʠʤ ʧʝʨʝʧʫʩʢʦʤ ʧʨʠ ʦʧʪʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʥʽ ʩʪʫʧʝʥʷ 

ʧʝʨʝʧʫʩʢʫ) ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 8...12%-ʝ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʥʘʧʨʫʞʝʥʦʩʪʽ 

ʜʠʟʝʣʷ ʧʦʨʽʚʥʷʥʦ ʟ ʝʢʩʧʣʫʘʪʘʮʽʻʶ ʜʠʟʝʣʷ ʪʽʣʴʢʠ ʟ ʩʠʩʪʝʤʦʶ ʨʝʮʠʨʢʫʣʷʮʽʾ. 

ɿʘ ʟʘʣʝʞʥʦʩʪʷʤ NOʍ=f(dEWG) ʽ be=f(dEWG), ʱʦ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 5.10, 

ʚʠʟʥʘʯʘʣʠʩʷ ʽʥʪʝʛʨʘʣʴʥʽ ʧʦʢʘʟʥʠʢʠ ʝʢʦʣʦʛʽʯʥʦʾ ʪʘ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ. 

ʋʟʘʛʘʣʴʥʝʥʽ ʟʥʘʯʝʥʥʷ ʮʠʭ ʧʦʢʘʟʥʠʢʽʚ (ʜʣʷ ʩʧʦʩʦʙʽʚ ʨʝʮʠʨʢʫʣʷʮʽʾ, ʧʝʨʝʧʫʩʢʫ, 

ʘ ʪʘʢʦʞ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ɺɻ) ʧʽʜ ʯʘʩ ʨʽʟʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ 

ʩʫʜʥʦʚʦʛʦ ʜʠʟʝʣʷ 16V32 Wartsila-Sulzer ʥʘʜʘʥʽ ʚ ʪʘʙʣʠʮʽ 5.9 ʽ ʥʘ ʨʠʩ. 5.12. 



167 

ʊʘʙʣʠʮʷ 5.9 

ɯʥʪʝʛʨʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʦʮʽʥʢʠ ʝʢʦʣʦʛʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽ ʧʘʣʠʚʥʦʾ 

ʝʢʦʥʦʤʽʯʥʦʩʪʽ ʜʠʟʝʣʷ 16V32 ʧʽʜ ʯʘʩ ʨʽʟʥʠʭ ʩʧʦʩʦʙʽʚ ʢʝʨʫʚʘʥʥʷ ɺɻ 

ʉʧʦʩʽʙ ʢʝʨʫʚʘʥʥʷ ʚʠʧʫʩʢʥʠʤʠ 

ʛʘʟʘʤʠ 

ʅʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʜʠʟʝʣʴ 

0,35Neʥʦʤ 0,55Neʥʦʤ 0,75Neʥʦʤ 0,95Neʥʦʤ 
 

ʝʢʦʣʦʛʽʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ XNO
S  

ʈʝʮʠʨʢʫʣʷʮʽʷ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ 12,95 15,02 20,13 25,85 

ʇʝʨʝʧʫʩʢ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ 2,30 3,33 5,07 5,96 

ʂʦʤʧʣʝʢʩʥʝ ʢʝʨʫʚʘʥʥʷ 

ʚʠʧʫʩʢʥʠʤʠ ʛʘʟʘʤʠ 
22,02 24,86 32,63 37,13 

 

ʧʘʣʠʚʥʘ ʝʢʦʥʦʤʽʯʥʽʩʪʴ eb
S  

ʈʝʮʠʨʢʫʣʷʮʽʷ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ 58,95 55,95 45,45 41,55 

ʇʝʨʝʧʫʩʢ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ 23,5 12,3 8,8 7,4 

ʂʦʤʧʣʝʢʩʥʝ ʢʝʨʫʚʘʥʥʷ 

ʚʠʧʫʩʢʥʠʤʠ ʛʘʟʘʤʠ 
38,1 29,85 27,60 24,15 

 

ʋ ʪʘʙʣʠʮʽ 5.9 ʪʘ ʜʘʣʽ ʥʘ ʨʠʩ. 5.12 ʟʥʘʯʝʥʥʷ XNO
S  ʪʘ eb

S  ʤʘʶʪʴ 

ʨʦʟʤʽʨʥʽʩʪʴ ,EGR%
ʛʦʜʢɺʪ

ʛ
ù
ú

ø
é
ê

è
Ö

Ö
 ʘʣʝ ʜʣʷ ʧʦʣʝʛʰʝʥʥʷ ʧʨʠʡʥʷʪʪʷ (ʘʥʘʣʦʛʽʯʥʦ 

ʜʦ ʧ. 3.5.3) ʟʘʣʠʰʘʻʤʦ ʣʠʰʝ ʯʠʩʝʣʴʥʽ ʟʥʘʯʝʥʥʷ. 

ʋʟʘʛʘʣʴʥʝʥʽ ʜʘʥʽ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʚʽʜʥʦʩʥʝ ʟʥʠʞʝʥʥʷ ʝʤʽʩʽʾ NOʍ ʟ 

ʚʠʧʫʩʢʥʠʤʠ ʛʘʟʘʤʠ ʩʫʜʥʦʚʠʭ ʜʠʟʝʣʽʚ, ʘ ʪʘʢʦʞ ʚʽʜʥʦʩʥʝ ʟʙʽʣʴʰʝʥʥʷ ʧʠʪʦʤʦʾ 

ʝʬʝʢʪʠʚʥʦʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ be ʩʫʜʥʦʚʦʛʦ ʜʠʟʝʣʷ 16V32 ʬʽʨʤʠ Wartsila-Sulzer 

ʧʽʜ ʯʘʩ ʨʽʟʥʠʭ ʩʧʦʩʦʙʽʚ ʢʝʨʫʚʘʥʥʷ ʚʠʧʫʩʢʥʠʤʠ ʛʘʟʘʤʠ (ʫ ʚʠʧʘʜʢʘʭ 

ʨʝʮʠʨʢʫʣʷʮʽʾ, ʧʝʨʝʧʫʩʢʫ ʽ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʝʨʫʚʘʥʥʷ) ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʷʭ 5.10 

ʽ 5.11, ʘ ʪʘʢʦʞ ʧʨʦʽʣʶʩʪʨʦʚʘʥʽ ʥʘ ʨʠʩ. 5.13. ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ, ʥʘʚʝʜʝʥʠʭ ʫ 

ʪʘʙʣʠʮʷʭ 5.9, 5.10 ʽ ʥʘ ʨʠʩ. 5.13, ʩʚʽʜʯʠʪʴ ʧʨʦ ʩʠʥʝʨʛʝʪʠʯʥʠʡ ʚʧʣʠʚ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʚʠʧʫʩʢʥʠʤʠ ʛʘʟʘʤʠ (ʟʘ ʫʤʦʚʠ ʦʧʪʠʤʘʣʴʥʠʭ ʨʝʞʠʤʽʚ 

ʧʝʨʝʧʫʩʢʫ ʽ ʨʝʮʠʨʢʫʣʷʮʽʾ) ʥʘ ʝʢʦʣʦʛʽʯʥʽʩʪʴ ʨʦʙʦʪʠ ʤʦʨʩʴʢʦʛʦ ʩʫʜʥʘ ʪʘ 

ʝʢʦʥʦʤʽʯʥʽʩʪʴ ʩʫʜʥʦʚʦʛʦ ʜʠʟʝʣʷ (ʷʢ ʜʞʝʨʝʣʘ ʤʝʭʘʥʽʯʥʦʾ ʪʘ ʝʣʝʢʪʨʠʯʥʦʾ 

ʝʥʝʨʛʽʾ ʉɽʋ).  ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ ʦʜʥʦʩʧʨʷʤʦʚʘʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʱʦ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʾʭ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʽ ʢʦʨʝʢʪʥʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ. 
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ʘ) 

 
ʙ) 

ʈʠʩ. 5.12. ɿʤʽʥʘ ʽʥʪʝʛʨʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʦʮʽʥʢʠ ʝʢʦʣʦʛʽʯʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽXNO
S  (ʘ) ʽ ʧʘʣʠʚʥʦʾ ʝʢʦʥʦʤʽʯʥʦʩʪʽ eb

S  (ʙ) ʩʫʜʥʦʚʦʛʦ ʜʠʟʝʣʷ 

16V32 ʬʽʨʤʠ Wartsila-Sulzer ʧʽʜ ʯʘʩ ʨʽʟʥʠʭ ʩʧʦʩʦʙʽʚ ʢʝʨʫʚʘʥʥʷ ɺɻ: 

1 ïEGR; 2 ïEWG; 3 ïEGR+EWG 

 

ʊʘʙʣʠʮʷ 5.10 

ɿʥʠʞʝʥʥʷ ʝʤʽʩʽʾ NOʍ,%, ʩʫʜʥʦʚʦʛʦ ʜʠʟʝʣʷ 16V32 ʬʽʨʤʠ Wartsila-Sulzer ʧʽʜ 

ʯʘʩ ʨʽʟʥʠʭ ʩʧʦʩʦʙʽʚ ʢʝʨʫʚʘʥʥʷ ɺɻ 

ʉʧʦʩʽʙ ʢʝʨʫʚʘʥʥʷ ʚʠʧʫʩʢʥʠʤʠ 

ʛʘʟʘʤʠ 

ʅʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʜʠʟʝʣʴ 

0,35Neʥʦʤ 0,55Neʥʦʤ 0,75Neʥʦʤ 0,95Neʥʦʤ 

ʈʝʮʠʨʢʫʣʷʮʽʷ ɺɻ, dEGR=15 % 21,99 21,91 26,27 29,26 

ʇʝʨʝʧʫʩʢ ɺɻ, dEWG=6 % 4,33 5,42 9,85 14,57 

ʂʦʤʧʣʝʢʩʥʝ ʢʝʨʫʚʘʥʥʷ ɺɻ, 

dEGR=15 %+dEWG=6 % 
31,37 27,92 36,81 38,23 
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ʊʘʙʣʠʮʷ 5.11 

ɿʙʽʣʴʰʝʥʥʷ ʧʠʪʦʤʦʾ ʝʬʝʢʪʠʚʥʦʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ be,%, ʩʫʜʥʦʚʦʛʦ ʜʠʟʝʣʷ 

16V32 ʬʽʨʤʠ Wartsila-Sulzer ʧʽʜ ʯʘʩ ʨʽʟʥʠʭ ʩʧʦʩʦʙʽʚ ʢʝʨʫʚʘʥʥʷ ɺɻ 

ʉʧʦʩʽʙ ʢʝʨʫʚʘʥʥʷ ʚʠʧʫʩʢʥʠʤʠ 

ʛʘʟʘʤʠ 

ʅʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʜʠʟʝʣʴ 

0,35Neʥʦʤ 0,55Neʥʦʤ 0,75Neʥʦʤ 0,95Neʥʦʤ 

ʈʝʮʠʨʢʫʣʷʮʽʷ ɺɻ, dEGR=15 % 2,68 2,66 1,58 1,64 

ʇʝʨʝʧʫʩʢ ɺɻ, dEWG=6 % 2,84 2,04 1,69 1,27 

ʂʦʤʧʣʝʢʩʥʝ ʢʝʨʫʚʘʥʥʷ ɺɻ, 

dEGR=15 %+dEWG=6 % 
1,91 1,57 1,26 1,11 

 

 
ʘ) 

 
ʙ) 

ʈʠʩ. 5.13. ɿʥʠʞʝʥʥʷ ʝʤʽʩʽʾ NOʍ,%, (ʘ) ʽ ʟʙʽʣʴʰʝʥʥʷ ʧʠʪʦʤʦʾ ʝʬʝʢʪʠʚʥʦʾ 

ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ be,%, (ʙ) ʩʫʜʥʦʚʦʛʦ ʜʠʟʝʣʷ 16V32 ʬʽʨʤʠ Wartsila-Sulzer ʧʽʜ 

ʯʘʩ ʨʽʟʥʠʭ ʩʧʦʩʦʙʽʚ ʢʝʨʫʚʘʥʥʷ ʚʠʧʫʩʢʥʠʤʠ ʛʘʟʘʤʠ: 

1 ï dEGR=15 %; 2 ï dEWG=6 %; 3 ï dEGR=15 %+dEWG=6 % 
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5.3. ɺʠʩʥʦʚʢʠ ʟʘ ʨʦʟʜʽʣʦʤ 5 

 

 

1. ʈʦʟʤʘʾʪʪʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʨʝʞʠʤʽʚ ʤʦʨʩʴʢʦʛʦ ʩʫʜʥʘ, ʷʢʽ ʧʦʚôʷʟʘʥʽ ʟ 

ʚʠʢʦʥʘʥʥʷʤ ʢʦʤʝʨʮʽʡʥʠʭ ʟʘʚʜʘʥʴ ʟ ʧʝʨʝʚʝʟʝʥʥʷ ʚʘʥʪʘʞʫ ʽ ʧʘʩʘʞʠʨʽʚ, ʘ ʪʘʢʦʞ 

ʧʦʩʪʽʡʥʦʾ ʘʙʦ ʪʠʤʯʘʩʦʚʦʾ ʨʦʙʦʪʠ ʩʫʜʥʦʚʦʛʦ ʧʨʦʧʫʣʴʩʠʚʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʚ 

ʦʩʦʙʣʠʚʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʨʘʡʦʥʘʭ ʉʚʽʪʦʚʦʛʦ ʦʢʝʘʥʫ, ʟʫʤʦʚʣʶʻ ʘʜʘʧʪʠʚʥʝ 

ʢʝʨʫʚʘʥʥʷ ɺɻ ʷʢ ʩʧʦʩʦʙʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʝʢʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʨʦʙʦʪʠ ɼɺɿ 

ʨʽʯʢʦʚʦʛʦ ʽ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ. ɼʣʷ ʩʫʜʥʦʚʠʭ ʙʘʛʘʪʦʤʘʰʠʥʥʠʭ ʜʠʟʝʣʴʥʠʭ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʫʩʪʘʥʦʚʦʢ, ʱʦ ʦʜʥʦʯʘʩʥʦ ʚʠʢʦʥʫʶʪʴ ʬʫʥʢʮʽʾ ʛʦʣʦʚʥʠʭ ʽ 

ʜʦʧʦʤʽʞʥʠʭ ʜʚʠʛʫʥʽʚ, ʘʜʘʧʪʠʚʥʝ ʢʝʨʫʚʘʥʥʷ ɺɻ (ʷʢ ʟʘʩʽʙ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʝʢʦʣʦʛʽʯʥʦʩʪʽ ʤʦʨʩʴʢʦʛʦ ʩʫʜʥʘ) ʜʦʮʽʣʴʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʰʣʷʭʦʤ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ ʨʝʮʠʨʢʫʣʷʮʽʾ ʽ ʩʠʩʪʝʤʠ ʧʝʨʝʧʫʩʢʫ ɺɻ. 

2. ʂʦʥʩʪʨʫʢʮʽʡʥʝ ʚʠʢʦʥʘʥʥʷ ʩʫʯʘʩʥʠʭ ɼɺɿ ʜʦʟʚʦʣʷʻ ʚʘʨʽʶʚʘʪʠ ʩʪʫʧʽʥʴ 

ʨʝʮʠʨʢʫʣʷʮʽʾ ʩʠʩʪʝʤʠ ɺɻ ʫ ʜʽʘʧʘʟʦʥʽ 0...21 %, ʩʪʫʧʽʥʴ ʧʝʨʝʧʫʩʢʫ ɺɻ ï ʫ 

ʜʽʘʧʘʟʦʥʽ 0...10 %. ɺʠʙʽʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʪʫʧʝʥʷ ʨʝʮʠʨʢʫʣʷʮʽʾ/ʧʝʨʝʧʫʩʢʫ ɺɻ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚʠʢʦʥʘʥʥʷʤ ʥʘʩʪʫʧʥʠʭ ʢʨʠʪʝʨʽʾʚ: 

Å ʝʢʦʣʦʛʽʯʥʦʛʦ ï ʷʢ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʠʞʝʥʥʷ (ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ ʨʝʞʠʤʫ) ʝʤʽʩʽʾ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʟ ɺɻ; 

Å ʝʥʝʨʛʝʪʠʯʥʦʛʦ ï ʷʢ ʤʽʥʽʤʘʣʴʥʝ ʟʥʠʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʱʦ 

ʛʝʥʝʨʫʻʪʴʩʷ ɼɺɿ ʽ ʥʘʜʘʻʪʴʩʷ ʩʧʦʞʠʚʘʯʝʚʽ (ʛʨʝʙʥʦʤʫ ʛʚʠʥʪʫ ʟ ʧʦʜʘʣʴʰʠʤ 

ʨʫʭʦʤ ʩʫʜʥʘ ʘʙʦ ʝʣʝʢʪʨʠʯʥʦʤʫ ʛʝʥʝʨʘʪʦʨʫ ʟ ʧʦʜʘʣʴʰʠʤ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʫ 

ʩʫʜʥʦʚʽʡ ʝʣʝʢʪʨʠʯʥʽʡ ʤʝʨʝʞʽ); 

Å ʝʢʦʥʦʤʽʯʥʦʛʦ ï ʷʢ ʤʽʥʽʤʘʣʴʥʝ ʟʨʦʩʪʘʥʥʷ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ (ʚʽʜʥʝʩʝʥʦʾ ʘʙʦ 

ʜʦ ʯʘʩʫ ʨʦʙʦʪʠ ʽ ʜʦ ʧʦʪʫʞʥʦʩʪʽ ɼɺɿ, ʘʙʦ ʜʦ ʧʨʦʡʜʝʥʦʾ ʩʫʜʥʦʤ ʚʽʜʩʪʘʥʽ); 

Å ʪʝʨʤʽʯʥʦʛʦ ï ʷʢ ʤʽʥʽʤʘʣʴʥʝ ʧʽʜʚʠʱʝʥʥʷ ʪʝʧʣʦʚʦʾ ʥʘʧʨʫʞʝʥʦʩʪʽ 

ʮʠʣʽʥʜʨʦʚʦʾ ʛʨʫʧʠ ʽ ʛʘʟʦʚʠʧʫʩʢʥʦʾ ʩʠʩʪʝʤʠ ɼɺɿ. 

3. ʊʝʭʥʦʣʦʛʽʾ ʢʦʤʧʣʝʢʩʥʦʛʦ (ʘʜʘʧʪʠʚʥʦʛʦ) ʢʝʨʫʚʘʥʥʷ ɺɻ ʩʫʜʥʦʚʠʭ 

ʜʠʟʝʣʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭ ʝʢʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʦʣʷʛʘʻ ʚ ʧʝʨʚʠʥʥʦʤʫ 
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ʚʠʟʥʘʯʝʥʥʽ ʦʧʪʠʤʘʣʴʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʧʝʨʝʧʫʩʢʫ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ ʽ ʧʦʜʘʣʴʰʦʤʫ 

(ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʮʴʦʛʦ ʜʽʘʧʘʟʦʥʫ) ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʽʥʪʝʨʚʘʣʫ ʨʝʮʠʨʢʫʣʷʮʽʾ ɺɻ. ʇʨʠ ʮʴʦʤʫ ʧʦʚʠʥʥʦ ʟʘʙʝʟʧʝʯʫʚʘʪʠʩʷ ʚʠʢʦʥʘʥʥʷ 

ʝʢʦʣʦʛʽʯʥʦʛʦ, ʝʥʝʨʛʝʪʠʯʥʦʛʦ, ʝʢʦʥʦʤʽʯʥʦʛʦ ʽ ʪʝʨʤʽʯʥʦʛʦ ʢʨʠʪʝʨʽʾʚ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʠʟʝʣʷ. 

4. ɼʣʷ ʩʫʜʥʦʚʦʛʦ ʜʠʟʝʣʷ 16V32 ʬʽʨʤʠ Wartsila-Sulzer, ʢʦʥʩʪʨʫʢʮʽʷ ʽ 

ʢʦʤʧʣʝʢʪʘʮʽʷ ʷʢʦʛʦ ʟʘʙʝʟʧʝʯʫʻ ʢʦʤʧʣʝʢʩʥʝ ʢʝʨʫʚʘʥʥʷ ɺɻ, ʦʧʪʠʤʘʣʴʥʠʡ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʧʝʨʝʧʫʩʢʫ ɺɻ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʽʥʪʝʨʚʘʣʦʤ 6...8 %, ʫ ʜʽʘʧʘʟʦʥʽ ʷʢʦʛʦ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ: 

Å ʘʩʠʤʧʪʦʪʠʯʥʝ ʟʥʠʞʝʥʥʷ ʝʤʽʩʽʾ ʦʢʩʠʜʽʚ ʘʟʦʪʫ (ʥʘ 4,33...16,7 % ʧʦʨʽʚʥʷʥʦ 

ʟ ʨʦʙʦʪʦʶ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʝʧʫʩʢʫ); 

Å ʘʩʠʤʧʪʦʪʠʯʥʝ ʟʨʦʩʪʘʥʥʷ ʧʠʪʦʤʦʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ (ʥʘ 1,0...2,4 % 

ʧʦʨʽʚʥʷʥʦ ʟ ʨʦʙʦʪʦʶ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʝʧʫʩʢʫ); 

Å ʤʽʥʽʤʘʣʴʥʝ ʧʽʜʚʠʱʝʥʥʷ ʪʝʧʣʦʚʦʾ ʥʘʧʨʫʞʝʥʦʩʪʽ, ʱʦ ʥʝ ʧʝʨʝʚʠʱʫʻ 

ʛʨʘʥʠʯʥʽ ʟʥʘʯʝʥʥʷ. 

5. ʆʧʪʠʤʘʣʴʥʠʡ ʨʝʞʠʤ ʢʦʤʧʣʝʢʩʥʦʛʦ (ʘʜʘʧʪʠʚʥʦʛʦ) ʢʝʨʫʚʘʥʥʷ ɺɻ 

ʩʫʜʥʦʚʦʛʦ ʜʠʟʝʣʷ 16V32 ʬʽʨʤʠ Wartsila-Sulzer ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʨʠ 15 %-ʽʡ 

ʨʝʮʠʨʢʫʣʷʮʽʾ ɺɻ ʽ 6 %-ʦʤʫ ʧʝʨʝʧʫʩʢʫ ɺɻ, ʜʣʷ ʮʠʭ ʫʤʦʚ ʚʠʢʦʥʫʶʪʴʩʷ 

ʝʢʦʣʦʛʽʯʥʠʡ, ʝʥʝʨʛʝʪʠʯʥʠʡ, ʝʢʦʥʦʤʽʯʥʠʡ ʽ ʪʝʨʤʽʯʥʠʡ ʢʨʠʪʝʨʽʾ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʜʠʟʝʣʷ ʽ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ: 

Å ʟʥʠʞʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʫ ɺɻ ï ʥʘ 31,37...38,23 %; 

Å ʧʽʜʚʠʱʝʥʥʷ ʧʠʪʦʤʦʾ ʝʬʝʢʪʠʚʥʦʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ï ʥʘ 1,11...1,91 %; 

Å ʟʥʠʞʝʥʥʷ ʪʝʧʣʦʚʦʾ ʥʘʧʨʫʞʝʥʦʩʪʽ ʜʠʟʝʣʷ ï ʥʘ 8...12 % ʟ ʛʘʨʘʥʪʦʚʘʥʦʶ 

ʝʢʩʧʣʫʘʪʘʮʽʻʶ ʜʠʟʝʣʷ ʧʦʟʘ ʟʦʥʦʶ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ. 
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ɺʀʉʅʆɺʂʀ 

 

 

ɼʠʩʝʨʪʘʮʽʡʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʩʧʨʷʤʦʚʘʥʝ ʥʘ ʨʦʟʚôʷʟʘʥʥʷ ʥʘʫʢʦʚʦ-

ʧʨʠʢʣʘʜʥʦʛʦ ʟʘʚʜʘʥʥʷ ï ʧ̔ ʜʚʠʱʝʥʥ ̫ ʝʢʦʣʦʛʽʯʥʦʩʪʽ ʤʦʨʩʴʢʠʭ ʩʫʜʝʥ 

ʚʠʟʥʘʯʘʥʥʷʤ ʦʧʪʠʤʘʣʴʥʠʭ (ʟ ʪʦʯʢʫ ʟʦʨʫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʟʥʠʞʝʥʥʷ ʝʤʽʩʽʾ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʪʘ ʩʪʘʙʽʣʽʟʘʮʽʾ ʜʦʩʷʛʥʫʪʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘ ʨʽʚʥʽ, 

ʚʜ̔ʧʦʚʽʜʥʦʤʫ ʚʠʤʦʛʘʤ, ʱʦ ʚʠʩʫʚʘʶʪʴʩʷ ʤʽʞʥʘʨʦʜʥʠʤʠ ʢʚʘʣʽʬʽʢʘʮʽʡʥʠʤʠ 

ʪʦʚʘʨʠʩʪʚʘʤʠ) ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ɺɻ ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ 

ʤʽʥʽʤʘʣʴʥʦʤʫ ʟʥʠʞʝʥʥʽ ʝʥʝʨʛʝʪʠʯʥʠʭ ʪʘ ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ɼɺɿ ʩʫʜʝʥ 

ʨʽʯʢʦʚʦʛʦ ʪʘ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ. 

ɼɺɿ ʷʢ ʥʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʡ ʪʝʧʣʦʚʠʡ ʜʚʠʛʫʥ, ʱʦ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ 

ʥʘ ʩʫʜʥʘʭ ʨʽʯʢʦʚʦʛʦ ʪʘ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʡʦʛʦ ʨʫʭ, 

ʬʫʥʢʮʽʶʚʘʥʥʷ ʩʫʜʥʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʤʝʭʘʥʽʟʤʽʚ, ʢʦʤʬʦʨʪʥʽ ʫʤʦʚʽ ʧʨʘʮʽ 

ʝʢʽʧʘʞʫ ʪʘ ʚʽʜʧʦʯʠʥʢʫ ʧʘʩʘʞʠʨʽʚ, ʥʝ ʣʠʰʝ ʛʝʥʝʨʫʻ ʤʝʭʘʥʽʯʥʫ ʝʥʝʨʛʽʶ, ʘʣʝ 

ʪʘʢʦʞ ʚʠʢʠʜʘʻ ʫ ʜʦʚʢʽʣʣʷ ʚʝʣʠʢʽ ʦʙôʻʤʽ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ, ʜʦ ʩʢʣʘʜʫ ʷʢʠʭ 

ʚʭʦʜʷʪʴ ʰʢʽʜʣʠʚʽ ʨʝʯʦʚʠʥʠ, ʥʘʩʘʤʧʝʨʝʜ ʦʢʩʠʜʽ ʘʟʦʪʫ. ʄʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʠʡ 

ʚʤʽʩʪ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʫ ɺɻ ʩʫʜʝʥ ʨʽʯʢʦʚʦʛʦ ʪʘ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʧʦʚʠʥʝʥ 

ʚʽʜʧʦʚʽʜʘʪʠ ʧʝʚʥʠʤ ʚʠʤʦʛʘʤ, ʧʝʨʰ ʟʘ ʚʩʝ ï ɼʦʜʘʪʢʫ VI ʂʦʥʚʝʥʮʽʾ ʄɸʈʇʆʃ. 

ʆʜʥʽʤ ʽʟ ʩʧʦʩʦʙʽʚ ʧʽʜʚʠʱʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʩʪʽ ʩʫʜʝʥ ʨʽʯʢʦʚʦʛʦ ʪʘ ʤʦʨʩʴʢʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫ ʻ ʢʝʨʫʚʘʥʥʷ ʚʠʧʫʩʢʥʠʤʠ ʛʘʟʘʤʠ ʰʣʷʭʦʤ ʾʭ ʯʘʩʪʢʦʚʦʾ ʨʝʮʠʨʢʫʣʷʮʽʾ 

ʘʙʦ ʧʝʨʝʧʫʩʢʫ. ɯʩʥʫʶʯʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʦʜʽʙʥʠʭ ʩʠʩʪʝʤ, ʘ ʪʘʢʦʞ 

ʧʦʦʜʠʥʦʢʽ ʨʦʙʦʪʠ ʟ ʜʦʩʣʽʜʞʝʥʥʷ ʨʝʮʠʨʢʫʣʷʮʽʾ/ʧʝʨʝʧʫʩʢʫ ʥʘ ʨʽʚʝʥʴ ʝʤʽʩʽʾ 

ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʟ ɺɻ ʥʝ ʚʠʟʥʘʯʘʣʠ ʾʭ ʦʧʪʠʤʘʣʴʥʠʭ ʨʝʞʠʤʽʚ ʧʽʜ ʯʘʩ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʚʠʧʫʩʢʥʠʤʠ ʛʘʟʘʤʠ. 

ɻʦʣʦʚʥʠʤ ʥʘʫʢʦʚʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ 

ʨʝʞʠʤʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʢʦʤʧʣʝʢʩʥʠʭ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʚʠʧʫʩʢʥʠʤʠ ʛʘʟʘʤʠ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʥʠʞʝʥʥʷ ʝʤʽʩʽʾ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʪʘ ʛʘʨʘʥʪʫʶʪʴ ʩʪʘʙʽʣʽʟʘʮʽʶ ʪʘ 
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ʧʽʜʪʨʠʤʘʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʤʦʨʩʴʢʠʭ ʩʫʜʝʥ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ 

ʤʽʞʥʘʨʦʜʥʠʭ ʩʪʘʥʜʘʨʪʽʚ. 

ʆʩʥʦʚʥʽ ʥʘʫʢʦʚʽ ʪʘ ʧʨʘʢʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. 

1. ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʨʝʮʠʨʢʫʣʷʮʽʾ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ ʩʧʨʠʷʻ 

ʧʽʜʚʠʱʝʥʥʶ ʝʢʦʣʦʛʽʯʥʦʩʪʽ ʨʦʙʦʪʠ ʩʫʜʝʥ ʨʽʯʢʦʚʦʛʦ ʽ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ, 

ʦʜʥʘʢ ʟʙʽʣʴʰʝʥʥʷ ʩʪʫʧʝʥʷ ʨʝʮʠʨʢʫʣʷʮʽʾ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʽʜʭʠʣʝʥʴ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ, ʝʢʦʥʦʤʽʯʥʠʭ ʽ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʨʦʙʦʪʠ ʜʠʟʝʣʽʚ. ʉʘʤʝ 

ʮʽ ʧʦʢʘʟʥʠʢʠ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʷʢ ʛʨʘʥʠʯʥʽ/ʦʙʤʝʞʫʚʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ 

ʦʜʥʦʯʘʩʥʦ ʟ ʧʽʜʪʨʠʤʘʥʥʷʤ ʚʠʤʦʛʘʻʤʦʛʦ ʨʽʚʥʷ ʝʤʽʩʽʾ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʟ ɺɻ.  

2. ɿ ʨʝʢʦʤʝʥʜʦʚʘʥʦʛʦ ʬʽʨʤʘʤʠ-ʚʠʨʦʙʥʠʢʘʤʠ ʜʽʘʧʘʟʦʥʫ ʩʪʫʧʝʥʷ 

ʨʝʮʠʨʢʫʣʷʮʽʾ ɺɻ (ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʽʥʪʝʨʚʘʣʽ 0...30 %) ʦʧʪʠʤʘʣʴʥʠʤ (ʟ ʪʦʯʢʠ 

ʟʦʨʫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦ ʾ ʝʢʦʣʦʛʽʯʥʦʩʪʽ ʤʦʨʩʴʢʦʛʦ ʩʫʜʥʘ, ʧʨʠ 

ʤʽʥʽʤʘʣʴʥʦʤʫ ʟʤʝʥʰʝʥʥʽ ʝʬʝʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʱʦ ʻ ʝʥʝʨʛʝʪʠʯʥʠʤ 

ʧʦʢʘʟʥʠʢʦʤ, ʪʘ ʤʽʥʽʤʘʣʴʥʦʤʫ ʧʽʜʚʠʱʝʥʥʽ ʧʠʪʦʤʦʾ ʝʬʝʢʪʠʚʥʦʾ ʚʠʪʨʘʪʠ 

ʧʘʣʠʚʘ, ʱʦ ʻ ʝʢʦʥʦʤʽʯʥʠʤ ʧʦʢʘʟʥʠʢʦʤ, ʩʫʜʥʦʚʦʛʦ ʜʠʟʝʣʷ) ʻ ʽʥʪʝʨʚʘʣ 

12,5...15,5 %, ʚ ʷʢʦʤʫ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʥʘʜʽʡʥʝ ʩʘʤʦʟʘʡʤʘʥʥʷ ʧʘʣʠʚʘ ʽ 

ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʠʞʝʥʥʷ ʝʤʽʩʽʾ ʦʢʩʠʜʽʚ ʘʟʦʪʫ. 

3. ɽʬʝʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ ʨʝʮʠʨʢʫʣʷʮʽʾ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʧʣʦʱʝʶ ʧʽʜ ʢʨʠʚʦʶ ʟʘʣʝʞʥʦʩʪʽ NOʍ=f(dEGR), ʜʝ NOʍ ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʦʢʩʠʜʽʚ 

ʘʟʦʪʫ ʚ ʚʠʧʫʩʢʥʠʭ ʛʘʟʘʭ, dEGR ï ʩʪʫʧʽʥʴ ʨʝʮʠʨʢʫʣʷʮʽʾ. ɿʙʽʣʴʰʝʥʥʷ ʮʽʻʾ ʧʣʦʱʽ 

ʚʽʜʧʦʚʽʜʘʻ ʧʽʜʚʠʱʝʥʥʶ ʝʢʦʣʦʛʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʦʨʩʴʢʦʛʦ ʩʫʜʥʘ, ʱʦ 

ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʫ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʟʥʠʞʝʥʥʽ ʝʤʽʩʽʾ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʟ ʚʠʧʫʩʢʥʠʤʠ 

ʛʘʟʘʤʠ. 

4. ʗʢ ʜʦʜʘʪʢʦʚʠʡ ʩʧʦʩʦʙʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʩʪʽ ʤʦʨʩʴʢʦʛʦ ʩʫʜʥʘ 

ʤʦʞʣʠʚʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʝʨʫʚʘʥʥʷ ʚʠʧʫʩʢʥʠʤʠ ʛʘʟʘʤʠ ʰʣʷʭʦʤ ʾʭ ʧʝʨʝʧʫʩʢʫ. 

ɿ ʪʝʭʥʽʯʥʦ ʤʦʞʣʠʚʦʛʦ ʜʽʘʧʘʟʦʥʫ (ʷʢʠʡ ʜʝʷʢʠʤʠ ʬʽʨʤʘʤʠ-ʚʠʨʦʙʥʠʢʘʤʠ 

ʜʠʟʝʣʽʚ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚ ʤʝʞʘʭ 0é10 % ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʦʙôʻʤʫ ʛʘʟʽʚ) 

ʥʘʡʙʽʣʴʰ ʦʧʪʠʤʘʣʴʥʠʤʠ (ʟ ʪʦʯʢʠ ʟʦʨʫ ʙʣʠʞʯʦʛʦ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʠʞʝʥʥʷ 

ʝʤʽʩʽʾ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʟ ʦʜʥʦʯʘʩʥʠʤ ʤʽʥʽʤʘʣʴʥʠʤ ʟʙʽʣʴʰʝʥʥʷʤ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ 
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ʪʘ ʧʽʜʪʨʠʤʘʥʥʷʤ ʪʝʧʣʦʚʦʾ ʥʘʧʨʫʞʝʥʦʩʪʽ) ʻ ʨʝʞʠʤʠ, ʥʘ ʷʢʠʭ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 

4é6 %-ʠʡ ʧʝʨʝʧʫʩʢ ʛʘʟʽʚ, ʧʨʠ ʮʴʦʤʫ ʜʦʩʷʛʘʻʪʴʩʷ ʟʥʠʞʝʥʥʷ ʝʤʽʩʽʾ NOX ʟ 

ʚʠʧʫʩʢʥʠʤʠ ʛʘʟʘʤʠ ʥʘ 3,33é15,42 %. ʅʘʡʙʽʣʴʰ ʜʦʮʽʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʢʝʨʫʚʘʥʥʷ ɺɻ ʰʣʷʭʦʤ ʾʭ ʧʝʨʝʧʫʩʢʫ ʥʘ ʨʝʞʠʤʘʭ 75é85 %-ʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʜʠʟʝʣʷ. ʉʘʤʝ ʮʽ ʨʝʞʠʤʠ ʻ ʥʘʡʙʽʣʴʰ ʪʨʠʚʘʣʠʤʠ ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʨʝʞʠʤʘʤʠ ʩʫʜʥʦʚʠʭ ʩʝʨʝʜʥʴʦʦʙʝʨʪʦʚʠʭ ʜʠʟʝʣʽʚ ʧʽʜ ʯʘʩ ʾʭ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʜʦʧʦʤʽʞʥʠʭ ʜʚʠʛʫʥʽʚ ʥʘ ʨʽʯʢʦʚʦʤʫ ʪʘ ʤʦʨʩʴʢʦʤʫ 

ʪʨʘʥʩʧʦʨʪʽ. 

5. ʇʽʜ ʯʘʩ ʚʠʙʦʨʫ ʥʘʡʙʽʣʴʰ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʫ ʢʝʨʫʚʘʥʥʷ ɺɻ ʰʣʷʭʦʤ 

ʾʭ ʧʝʨʝʧʫʩʢʫ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʫʚʘʪʠ ʢʦʤʧʣʝʢʩʥʝ ʦʮʽʥʶʚʘʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʪʘ 

ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʨʦʙʦʪʠ ʜʠʟʝʣʷ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʟʙʽʣʴʰʝʥʥʷ ʧʠʪʦʤʦʾ 

ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʽ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ, ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ɺɻ ʰʣʷʭʦʤ ʾʭ ʧʝʨʝʧʫʩʢʫ ʤʦʞʝ ʙʫʪʠ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʚ 

ʦʩʦʙʣʠʚʠʭ ʨʘʡʦʥʘʭ ʉʚʽʪʦʚʦʛʦ ʦʢʝʘʥʫ, ʢʦʣʠ ʧʝʨʝʚʘʞʘʶʯʠʤ ʧʦʢʘʟʥʠʢʦʤ ʧʨʠ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʦʨʩʴʢʠʭ ʩʫʜʝʥ ʩʪʘʶʪʴ ʾʭʥʽ ʝʢʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ. 

6. ʊʝʭʥʦʣʦʛʽʾ ʢʦʤʧʣʝʢʩʥʦʛʦ (ʘʜʘʧʪʠʚʥʦʛʦ) ʢʝʨʫʚʘʥʥʷ ʚʠʧʫʩʢʥʠʤʠ ʛʘʟʘʤʠ 

ʩʫʜʥʦʚʠʭ ʜʠʟʝʣʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭ ʝʢʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʦʣʷʛʘʻ ʚ 

ʧʝʨʚʠʥʥʦʤʫ ʚʠʟʥʘʯʝʥʥʽ ʦʧʪʠʤʘʣʴʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʧʝʨʝʧʫʩʢʫ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ ʽ 

ʧʦʜʘʣʴʰʦʤʫ (ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʮʴʦʛʦ ʜʽʘʧʘʟʦʥʫ) ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʚʠʙʦʨʫ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʽʥʪʝʨʚʘʣʫ ʨʝʮʠʨʢʫʣʷʮʽʾ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ. ʇʨʠ ʮʴʦʤʫ ʧʦʚʠʥʥʦ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠʩʷ ʚʠʢʦʥʘʥʥʷ ʝʢʦʣʦʛʽʯʥʦʛʦ, ʝʥʝʨʛʝʪʠʯʥʦʛʦ, ʝʢʦʥʦʤʽʯʥʦʛʦ ʽ 

ʪʝʨʤʽʯʥʦʛʦ ʢʨʠʪʝʨʽʾʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʠʟʝʣʷ. 

7. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʧʪʠʤʘʣʴʥʠʡ ʨʝʞʠʤ 

ʢʦʤʧʣʝʢʩʥʦʛʦ (ʘʜʘʧʪʠʚʥʦʛʦ) ʢʝʨʫʚʘʥʥʷ ʚʠʧʫʩʢʥʠʤʠ ʛʘʟʘʤʠ ʩʫʜʥʦʚʠʡ ʜʠʟʝʣʽʚ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʨʠ 15 %-ʡ ʨʝʮʠʨʢʫʣʷʮʽʾ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ ʽ 6 %-ʦʤʫ ʧʝʨʝʧʫʩʢʫ 

ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ, ʜʣʷ ʮʠʭ ʫʤʦʚ ʚʠʢʦʥʫʶʪʴʩʷ ʝʢʦʣʦʛʽʯʥʠʡ, ʝʥʝʨʛʝʪʠʯʥʠʡ, 

ʝʢʦʥʦʤʽʯʥʠʡ ʽ ʪʝʨʤʽʯʥʠʡ ʢʨʠʪʝʨʽʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʠʟʝʣʷ ʽ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ: 

Å ʟʥʠʞʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʫ ʚʠʧʫʩʢʥʠʭ ʛʘʟʘʭ ï ʥʘ 

31,37...38,23 %; 
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Å ʧʽʜʚʠʱʝʥʥʷ ʧʠʪʦʤʦʾ ʝʬʝʢʪʠʚʥʦʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ï ʥʘ 1,11...1,91 %; 

Å ʟʥʠʞʝʥʥʷ ʪʝʧʣʦʚʦʾ ʥʘʧʨʫʞʝʥʦʩʪʽ ʜʠʟʝʣʷ ï ʥʘ 8...12 % ʟ ʛʘʨʘʥʪʦʚʘʥʦʶ 

ʝʢʩʧʣʫʘʪʘʮʽʻʶ ʜʠʟʝʣʷ ʧʦʟʘ ʟʦʥʦʶ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ. 

8. ʅʘʚʝʜʝʥʽ ʚ ʜʠʩʝʨʪʘʮʽʾ ʪʝʦʨʝʪʠʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʽ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʧʽʜʪʚʝʨʜʞʝʥʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʤʘʶʪʴ ʩʫʪʪʻʚʦ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ. 

ʊʝʭʥʦʣʦʛʽʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʪʫʧʝʥʶ ʨʝʮʠʨʢʫʣʷʮʽʾ ʧʽʜ ʯʘʩ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʠʩʪʝʤʠ ʨʝʮʠʨʢʫʣʷʮʽʾ ʥʠʟʴʢʦʛʦ ʪʠʩʢʫ ï ʥʘ ʩʫʜʥʦʚʠʭ ʜʠʟʝʣʷʭ 

7UEC60LS ʬʽʨʤʠ Mitsubishi Heavy Industries Ltd ʪʘ 16V32 ʬʽʨʤʠ Wartsila-

Sulzer, ʱʦ ʟʘʙʝʟʧʝʯʠʣʦ 7,7é33,6 % ʟʥʠʞʝʥʥʷ ʝʤʽʩʽʾ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʟ 

ʚʠʧʫʩʢʥʠʤʠ ʛʘʟʘʤʠ ʪʘ ʩʧʨʠʷʣʦ ʟʙʽʣʴʰʝʥʥʶ ʝʢʦʣʦʛʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʤʦʨʩʴʢʦʛʦ ʩʫʜʥʘ. ʊʝʭʥʦʣʦʛʽʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʪʫʧʝʥʶ ʨʝʮʠʨʢʫʣʷʮʽʾ 

ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʠʩʪʝʤʠ ʨʝʮʠʨʢʫʣʷʮʽʾ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ ï ʥʘ ʩʫʜʥʦʚʦʤʫ 

ʜʠʟʝʣʽ 7S60ʄC ʬʽʨʤʠ Kawasaki MAN-B&W, ʱʦ ʩʧʨʠʷʣʦ ʟʥʠʞʝʥʥ ʁʚʠʢʠʜʽʚ 

NOX ʥʘ 15...36 %. ʊʝʭʥʦʣʦʛʽʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʫ ʧʝʨʝʧʫʩʢʫ 

ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ ʩʫʜʥʦʚʠʭ ʜʠʟʝʣʽʚ ï ʥʘ ʩʫʜʥʦʚʠʭ ʜʠʟʝʣʷʭ 5L23/30H ʬʽʨʤʠ 

MAN-B&W ʪʘ KTA19 ʬʽʨʤʠ Cummins, ʱʦ ʩʧʨʠʷʣʦ 8é12 %-ʤʫ ʟʥʠʞʝʥʥʶ 

ʝʤʽʩʽʾ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʪʘ ʧʽʜʚʠʱʝʥʥʶ ʩʪʽʡʢʦʩʪʽ ʦʢʨʝʤʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ 

ʜʠʟʝʣʽʚ. ʊʝʭʥʦʣʦʛʽʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʫ ʧʽʜ ʯʘʩ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ ʚʠʧʫʩʢʥʠʤʠ ʛʘʟʘʤʠ (ʱʦ ʧʦʻʜʥʘʻ ʾʭ ʨʝʮʠʨʢʫʣʷʮʽʶ ʪʘ ʧʝʨʝʧʫʩʢ) ï ʥʘ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʤʫ ʤʦʨʩʴʢʦʤʫ ʩʫʜʥ ̔ ʚʦʜʦʪʦʥʥʘʞʥʽʩʪʶ 59580 ʪʦʥʥ, ʱʦ 

ʟʘʙʝʟʧʝʯʠʣʦ ʤʘʡʞʝ 40 %-ʝ ʟʥʠʞʝʥʥʷ ʝʤʽʩʽʾ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʪʘ ʩʧʨʠʷʣʦ 

ʧʽʜʚʠʱʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʩʪʽ ʤʦʨʩʴʢʦʛʦ ʩʫʜʥʘ, ʷʢʝ ʪʨʠʚʘʣʠʡ ʯʘʩ ʝʢʩʧʣʫʘʪʫʻʪʴʩʷ 

ʚ ʦʩʦʙʣʠʚʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʨʘʡʦʥʘʭ ʉʚʽʪʦʚʦʛʦ ʦʢʝʘʥʫ; 

ʈʦʟʨʦʙʣʝʥʠʡ ʤʝʪʦʜ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʚʠʧʫʩʢʥʠʤʠ ʛʘʟʘʤʠ ʜʠʟʝʣʽʚ 

ʻ ʧʨʠʢʣʘʜʦʤ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʾ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʫʜʝʥ 

ʨʽʯʢʦʚʦʛʦ ʪʘ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ.  
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