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ɸʅʅʆʊɸʎɯʗ 

ʄʘʡʙʦʨʦʜʘ ʈ.ɺ. ɺʠʟʥʘʯʝʥʥʷ ʚʟʘʻʤʥʦʛʦ ʚʧʣʠʚʫ ʪʝʯʽʾ ʚ ʪʫʨʙʽʥʥʦʤʫ ʪʘ 

ʚʝʥʪʠʣʷʪʦʨʥʦʤʫ ʢʦʥʪʫʨʘʭ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʘʚʽʘʮʽʡʥʦʛʦ 

ʛʘʟʦʪʫʨʙʽʥʥʦʛʦ ʜʚʠʛʫʥʘ. ï ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʬʽʣʦʩʦʬʽʾ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 142 ï ɽʥʝʨʛʝʪʠʯʥʝ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ. ï ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʚʽʘʮʽʡʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ ʄʽʥʽʩʪʝʨʩʪʚʘ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ, ʤ. ʂʠʾʚ, 2023. 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʩʪʚʦʨʝʥʥʶ ʥʘʫʢʦʚʦ-ʦʙʛʨʫʥʪʦʚʘʥʠʭ 

ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʫʟʛʦʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ʚʝʥʪʠʣʷʪʦʨʥʦʛʦ ʪʘ 

ʪʫʨʙʽʥʥʦʛʦ ʢʦʥʪʫʨʽʚ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʘʚʽʘʮʽʡʥʦʛʦ ʛʘʟʦʪʫʨʙʽʥʥʦʛʦ 

ʜʚʠʛʫʥʘ. 

ʉʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚʽʜʽʛʨʘʻ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ 

ʤʘʡʙʫʪʥʴʦʾ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʘʚʽʘʮʽʡʥʦʾ ʪʝʭʥʽʢʠ, ʷʢʫ ʚʠʧʫʩʢʘʶʪʴ 

ʚʽʪʯʠʟʥʷʥʽ ʘʚʽʘʙʫʜʽʚʥʽ ʢʦʤʧʘʥʽʾ. 

ɸʚʽʘʮʽʡʥʠʡ ʜʚʠʛʫʥ ʻ ʢʣʶʯʦʚʦʶ ʣʘʥʢʦʶ ʙʫʜʴ-ʷʢʦʛʦ ʣʽʪʘʣʴʥʦʛʦ ʘʧʘʨʘʪʫ, 

ʚʠʟʥʘʯʘʶʯʠ ʡʦʛʦ ʣʴʦʪʥʦ-ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʙʝʟʧʝʢʫ, ʥʘʜʽʡʥʽʩʪʴ, 

ʝʢʦʥʦʤʽʯʥʽʩʪʴ ʪʘ ʚʘʨʪʽʩʪʴ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ɺʘʞʣʠʚʠʤ ʯʠʥʥʠʢʦʤ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʚʠʛʫʥʘ, ʘ 

ʪʘʢʦʞ ʟʥʠʞʝʥʥʷ ʡʦʛʦ ʚʘʨʪʦʩʪʽ ʻ ʨʦʟʨʦʙʢʘ ʩʽʤʝʡʩʪʚʘ ʜʚʠʛʫʥʽʚ ʥʘ ʦʩʥʦʚʽ 

ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʙʘʟʦʚʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. 

ʆʜʥʘ ʟ ʧʨʦʙʣʝʤ, ʧʦʚ'ʷʟʘʥʘ ʟʽ ʩʪʚʦʨʝʥʥʷʤ ʛʘʟʦʪʫʨʙʽʥʥʠʭ ʜʚʠʛʫʥʽʚ ʥʘ ʦʩʥʦʚʽ 

ʙʘʟʦʚʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ, ʧʦʣʷʛʘʻ ʚ ʽʩʪʦʪʥʦʤʫ ʚʧʣʠʚʽ ʧʘʨʘʤʝʪʨʽʚ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʤʦʜʫʣʷ ʦʩʴʦʚʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ, ʷʢʠʡ ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʧʝʨʝʜ ʤʦʜʫʣʝʤ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ, ʥʘ ʧʘʨʘʤʝʪʨʠ ʧʦʪʦʢʫ ʧʝʨʝʜ ʢʦʤʧʨʝʩʦʨʦʤ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʽ, ʷʢ 

ʥʘʩʣʽʜʦʢ, ʥʘ ʧʘʨʘʤʝʪʨʠ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʨʝʩʦʨʘ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. 

ʆʜʥʠʤ ʽʟ ʰʣʷʭʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʚʘʨʽʘʥʪʥʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʤʦʜʫʣʷ ʙʘʟʦʚʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʻ ʢʦʥʩʪʨʫʢʮʽʾ ʜʚʦʢʦʥʪʫʨʥʠʭ ʜʚʠʛʫʥʽʚ ʽʟ ʟʘʜʥʽʤ 

ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ. ʊʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʘ ʧʨʠʩʪʘʚʢʘ 

ʧʽʜʚʠʱʫʻ ʪʷʛʫ ʽ ʝʢʦʥʦʤʽʯʥʽʩʪʴ ʜʚʠʛʫʥʘ. ɿʘʜʥʻ ʨʦʟʪʘʰʫʚʘʥʥʷ ʦʩʴʦʚʦʛʦ 

ʚʝʥʪʠʣʷʪʦʨʘ ʜʦʟʚʦʣʷʻ ʙʝʟ ʟʥʘʯʥʠʭ ʟʤʽʥ ʢʦʥʩʪʨʫʢʮʽʾ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʩʪʚʦʨʶʚʘʪʠ 
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ʤʦʜʫʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʛʘʟʦʪʫʨʙʽʥʥʠʭ ʜʚʠʛʫʥʽʚ (ɻʊɼ). ʆʩʥʦʚʥʘ ʩʢʣʘʜʥʽʩʪʴ ʚ 

ʩʪʚʦʨʝʥʥʽ ʪʘʢʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʧʦʣʷʛʘʻ ʚ ʫʟʛʦʜʞʝʥʥʽ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʦʩʣʽʜʞʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɻʊɼ ʟ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʶ 

ʧʨʠʩʪʘʚʢʦʶ ʻ ʘʢʪʫʘʣʴʥʠʤʠ. ʆʜʥʘʢ, ʥʘ ʜʠʥʠʡ ʯʘʩ ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʚʠʨʽʰʝʥʽ 

ʧʠʪʘʥʥʷ ʱʦʜʦ ʚʠʟʥʘʯʝʥʥʷ ʚʟʘʻʤʥʦʛʦ ʚʧʣʠʚʫ ʪʝʯʽʾ ʚ ʪʫʨʙʽʥʥʦʤʫ ʪʘ 

ʚʝʥʪʠʣʷʪʦʨʥʦʤʫ ʢʦʥʪʫʨʘʭ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʘʚʽʘʮʽʡʥʦʛʦ ɻʊɼ. 

ʋ ʚʩʪʫʧʽ ʦʙˇʨʫʥʪʦʚʘʥʦ ʘʢʪʫʘʣʴʥʽʩʪʴ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ, ʩʬʦʨʤʫʣʴʦʚʘʥʦ 

ʤʝʪʫ ʪʘ ʦʩʥʦʚʥʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ, ʥʘʚʝʜʝʥʦ ʚʽʜʦʤʦʩʪʽ ʱʦʜʦ ʟʚôʷʟʢʫ ʨʦʙʦʪʠ 

ʟ ʥʘʫʢʦʚʠʤ ʪʝʤʘʤʠ. ʇʦʜʘʥʦ ʥʘʫʢʦʚʫ ʥʦʚʠʟʥʫ ʦʪʨʠʤʘʥʠʭ ʚ ʜʠʩʝʨʪʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ 

ʽ ʧʨʘʢʪʠʯʥʫ ʟʥʘʯʠʤʽʩʪʴ, ʚʽʜʟʥʘʯʝʥʦ ʦʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ ʫ ʩʧʽʣʴʥʠʭ 

ʧʫʙʣʽʢʘʮʽʷʭ, ʥʘʚʝʜʝʥʦ ʢʽʣʴʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ ʩʪʦʩʦʚʥʦ ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʥʘʫʢʦʚʠʭ 

ʧʨʘʮʴ, ʩʪʨʫʢʪʫʨʠ ʪʘ ʦʙʩʷʛʫ ʜʠʩʝʨʪʘʮʽʾ. 

ʋ ʧʝʨʰʦʤʫ ʨʦʟʜʽʣʽ ʧʨʦʚʝʜʝʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ 

ʨʦʟʚʠʪʢʫ ʘʚʽʘʮʽʡʥʦʛʦ ʜʚʠʛʫʥʦʙʫʜʫʚʘʥʥʷ. ʅʘ ʜʘʥʠʡ ʯʘʩ ʝʢʦʣʦʛʽʯʥʽ ʪʘ ʝʢʦʥʦʤʽʯʥʽ  

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʚʽʘʮʽʡʥʦʾ ʪʝʭʥʽʢʠ ʻ ʦʜʥʠʤʠ ʽʟ ʛʦʣʦʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʱʦ 

ʚʠʟʥʘʯʘʶʪʴ ʾʾ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ ʥʘ ʩʚʽʪʦʚʦʤʫ ʨʠʥʢʫ ʪʘ ʙʝʟʧʝʨʝʰʢʦʜʥʫ 

ʝʢʩʧʣʫʘʪʘʮʽʶ ʥʘ ʤʽʞʥʘʨʦʜʥʠʭ ʘʚʽʘʣʽʥʽʷʭ. ʆʯʝʚʠʜʥʦ, ʱʦ ʥʘ ʙʣʠʟʴʢʦ- ʪʘ 

ʩʝʨʝʜʥʴʦʩʪʨʦʢʦʚʫ ʧʝʨʩʧʝʢʪʠʚʫ ʙʣʠʟʴʢʦ ʧʦʣʦʚʠʥʠ ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʪʘ 

ʝʤʽʩʽʾ ʉʆ2 ʜʣʷ ʃɸ ʟʘʛʘʣʦʤ ʙʫʜʝ ʦʪʨʠʤʘʥʦ ʩʘʤʝ ʟʘ ʨʘʭʫʥʦʢ ʫʜʦʩʢʦʥʘʣʝʥʥʷ 

ʜʚʠʛʫʥʽʚ. ʋ ʙʽʣʴʰ ʜʘʣʝʢʽʡ ʧʝʨʩʧʝʢʪʠʚʽ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʝ, ʰʚʠʜʰʝ 

ʟʘ ʚʩʝ, ʧʦʚ'ʷʟʘʥʝ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʛʽʙʨʠʜʥʠʭ ʪʘ ʝʣʝʢʪʨʠʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʪʘʢʦʞ 

ʚʝʣʠʢʽ ʥʘʜʽʾ ʧʦʢʣʘʜʝʥʦ ʥʘ ʪʘʢʠʡ ʪʠʧ ʜʚʠʛʫʥʘ ʷʢ çʚʽʜʢʨʠʪʠʡè ʨʦʪʦʨ. 

ɿʥʠʞʝʥʥʶ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʩʧʨʠʷʻ ʟʙʽʣʴʰʝʥʥʷ ʂʂɼ ʩʠʣʦʚʦʾ ʫʩʪʘʥʦʚʢʠ, 

ʧʨʦʪʝ ʽʩʥʫʻ ʤʝʞʘ ʧʽʩʣʷ ʷʢʦʾ ʚʠʪʨʘʪʠ ʥʘ ʟʙʽʣʴʰʝʥʥʷ ʂʂɼ ʤʦʞʫʪʴ ʧʝʨʝʚʠʱʠʪʠ 

ʧʦʪʝʥʮʽʡʥʫ ʚʠʛʦʜʫ ʚʽʜ ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ. ɺ ʷʢʦʩʪʽ ʘʣʴʪʝʨʥʘʪʠʚʠ 

ʧʽʜʚʠʱʝʥʥʶ ʂʂɼ ʚʫʟʣʽʚ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʥʮʝʧʮʽʶ ʟʙʽʣʴʰʝʥʥʷ ʩʪʫʧʝʥʷ 

ʜʚʦʢʦʥʪʫʨʥʦʩʪʽ ʜʚʠʛʫʥʘ. ʈʦʟʚʠʪʢʦʤ ʮʽʻʾ ʢʦʥʮʝʧʮʽʾ ʩʪʘʣʠ ʜʚʘ ʢʦʥʩʪʨʫʢʪʠʚʥʽ 

ʥʘʧʨʷʤʢʠ: ʧʝʨʰʠʡ ï ʊʈɼɼ ʽʟ ʥʘʜʚʠʩʦʢʠʤ ʩʪʫʧʝʥʝʤ ʜʚʦʢʦʥʪʫʨʥʦʩʪʽ ʪʘ ʧʨʠʚʦʜʦʤ 

ʦʩʴʦʚʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʽʜ ʪʫʨʙʽʥʠ ʥʠʟʴʢʦʛʦ ʪʠʩʢʫ ʘʙʦ ʯʝʨʝʟ 
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ʨʝʜʫʢʪʦʨ; ʜʨʫʛʠʡ - ʩʭʝʤʘ ʜʚʠʛʫʥʘ "ɺʽʜʢʨʠʪʠʡ ʨʦʪʦʨ" (Open Rotor). ɼʚʠʛʫʥ 

"ɺʽʜʢʨʠʪʠʡ ʨʦʪʦʨ" ʤʘʻ ʽʩʪʦʪʥʠʡ ʥʝʜʦʣʽʢ - ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʰʫʤʫ. ʏʘʩʪʢʦʚʦ 

ʚʠʨʽʰʠʪʠ ʮʶ ʧʨʦʙʣʝʤʫ ʜʦʟʚʦʣʷʻ ʥʘʷʚʥʽʩʪʴ ʢʘʧʦʪʘ. ɻʘʟʦʪʫʨʙʽʥʥʠʡ ʜʚʠʛʫʥ ʟ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʶ ʧʨʠʩʪʘʚʢʦʶ ʪʘʢʦʞ ʜʦʟʚʦʣʷʻ ʚʠʨʽʰʠʪʠ ʧʨʦʙʣʝʤʫ ʟʥʠʞʝʥʥʷ 

ʰʫʤʫ ʟʘ ʨʘʭʫʥʦʢ ʤʦʪʦʛʦʥʜʦʣʠ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ. ɻʘʟʦʪʫʨʙʽʥʥʠʡ 

ʜʚʠʛʫʥ ʟ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʶ ʧʨʠʩʪʘʚʢʦʶ ʤʘʻ ʙʽʣʴʰ ʚʠʩʦʢʽ ʟʥʘʯʝʥʥʷ ʪʷʛʦʚʦʛʦ 

ʪʘ ʧʦʚʥʦʛʦ ʂʂɼ ʧʨʠ ʜʦʟʚʫʢʦʚʠʭ ʰʚʠʜʢʦʩʪʷʭ ʧʦʣʴʦʪʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʥʷ 

ʪʷʛʠ ʟʘ ʩʪʘʨʪʦʚʠʭ ʫʤʦʚ ʥʘ 35-40% ʪʘ ʥʘ ʢʨʝʡʩʝʨʩʴʢʦʤʫ ʨʝʞʠʤʽ ʧʦʣʴʦʪʫ 12- 15% 

ʙʽʣʴʰʝ, ʥʽʞ ʪʷʛʘ ʊʈɼ. ʎʝʡ ʬʝʥʦʤʝʥ ʧʦʷʩʥʶʻʪʴʩʷ ʚʽʜʩʫʪʥʽʩʪʶ ʥʝʛʘʪʠʚʥʦʛʦ 

ʚʧʣʠʚʫ ʤʦʜʫʣʷ ʦʩʴʦʚʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ (ʷʢʝ ʤʘʻ ʤʽʩʮʝ ʫ ʜʚʦʢʦʥʪʫʨʥʦʤʫ ʊʈɼɼ) ʥʘ 

ʧʘʨʘʤʝʪʨʠ ʛʘʟʦʛʝʥʝʨʘʪʦʨʥʦʛʦ ʢʦʥʪʫʨʫ, ʪʦʙʪʦ ʟʙʽʣʴʰʝʥʥʷ ʂʂɼ ʢʦʤʧʨʝʩʦʨʘ 

ʥʠʟʴʢʦʛʦ ʪʠʩʢʫ ʽ ʢʦʤʧʨʝʩʦʨʘ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʥʘ 3é5 % . ʊʘʢʠʤ 

ʯʠʥʦʤ, ʜʦʩʣʽʜʞʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɻʊɼ ʟ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʶ ʧʨʠʩʪʘʚʢʦʶ ʻ 

ʘʢʪʫʘʣʴʥʠʤʠ. 

ɼʨʫʛʠʡ ʨʦʟʜʽʣ ʧʨʠʩʚʷʯʝʥʠʡ ʚʠʙʦʨʫ ʪʘ ʦʙʛʨʫʥʪʫʚʘʥʥʶ ʧʘʨʘʤʝʪʨʽʚ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ  ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʯʽʾ ʚ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʽʡ ʧʨʠʩʪʘʚʮʽ. 

ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʦʩʥʦʚʥʽ ʤʝʪʦʜʠ ʪʘ ʟʘʩʦʙʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʯʽʾ ʚ 

ʣʦʧʘʪʢʦʚʠʭ ʤʘʰʠʥʘʭ. 

ɺ ʨʦʟʜʽʣʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʚʠʙʦʨʫ ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʪʦʧʦʣʦʛʽʾ 

ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʽʪʢʠ ʪʘ ʤʦʜʝʣʽ ʪʫʨʙʫʣʝʥʪʥʦʾ ʚôʷʟʢʦʩʪʽ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʯʽʾ ʚ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʽʡ ʧʨʠʩʪʘʚʮʽ. ʊʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʘ ʧʨʠʩʪʘʚʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ 

ʜʚʦʭ ʷʨʫʩʽʚ ï ʥʠʞʥʽʡ ʷʨʫʩ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʨʦʙʦʯʝ ʢʦʣʝʩʦ ʦʩʴʦʚʦʾ ʪʫʨʙʽʥʠ, 

ʚʝʨʭʥʽʡ ʷʨʫʩ ï ʨʦʙʦʯʝ ʢʦʣʝʩʦ ʦʩʴʦʚʦʛʦ ʢʦʤʧʨʝʩʦʨʘ (ʦʩʴʦʚʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ). 

ɺʨʘʭʦʚʫʶʯʠ ʪʦʡ ʬʘʢʪ, ʱʦ ʥʘʪʫʨʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʥʝʤʘʻ, ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʽ ʦʢʨʝʤʽ ʪʝʩʪʦʚʽ ʟʘʜʘʯʽ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʯʽʾ ʚ 

ʪʫʨʙʽʥʥʽʡ ʪʘ ʚ ʢʦʤʧʨʝʩʦʨʥʽʡ ʨʝʰʽʪʮʽ. 

ɺ ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʪʝʩʪʦʚʠʭ ʟʘʜʘʯ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʯʽʾ ʚ ʪʫʨʙʽʥʥʽʡ ʨʝʰʽʪʮʽ VKI1 ʪʘ ʚ ʢʦʤʧʨʝʩʦʨʥʽʡ ʨʝʰʽʪʮʽ ʥʘ ʦʩʥʦʚʽ 

ʨʦʪʦʨʫ STFF. ʈʝʟʫʣʴʪʘʪʠ ʯʠʩʝʣʴʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʧʦʨʽʚʥʶʚʘʣʠʩʴ ʟ 
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ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʘʪʫʨʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ. ʅʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʪʝʩʪʦʚʦʾ ʟʘʜʘʯʽ 

ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ, ʱʦ ʜʣʷ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʯʽʾ ʫ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʽʡ ʧʨʠʩʪʘʚʮʽ ʦʙʨʘʥʦ ʪʦʧʦʣʦʛʽʶ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʽʪʢʠ ʪʘ  ʤʦʜʝʣʴ 

ʪʫʨʙʫʣʝʥʪʥʦʾ ʚôʷʟʢʦʩʪʽ SST GTT. 

ʋ ʪʨʝʪʴʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ 

ʧʨʠʩʪʘʚʢʠ ʘʚʽʘʮʽʡʥʦʛʦ ʛʘʟʦʪʫʨʙʽʥʥʦʛʦ ʜʚʠʛʫʥʘ. ʅʘ ʦʩʥʦʚʽ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ 

ʨʦʟʨʘʭʫʥʢʫ ʦʪʨʠʤʘʥʦ ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʪʫʨʙʽʥʥʦʾ ʽ ʚʝʥʪʠʣʷʪʦʨʥʦʾ ʯʘʩʪʠʥʠ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ. ʇʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʯʽʾ ʚ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʽʡ ʧʨʠʩʪʘʚʮʽ ʪʘ ʦʮʽʥʝʥʦ ʚʧʣʠʚ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʚʽʜ ʪʫʨʙʽʥʥʦʛʦ 

ʢʦʥʪʫʨʫ ʥʘ ʚʝʥʪʠʣʷʪʦʨʥʠʡ ʢʦʥʪʫʨ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ. 

ʋ ʯʝʪʚʝʨʪʦʤʫ ʨʦʟʜʽʣʽ ʧʨʦʚʝʜʝʥʦ ʦʮʽʥʢʫ ʚʧʣʠʚʫ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ 

ʪʫʨʙʽʥʥʦʾ ʯʘʩʪʠʥʠ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʥʘ ʨʦʙʦʯʠʡ ʧʨʦʮʝʩ 

ʚʝʥʪʠʣʷʪʦʨʥʦʛʦ ʢʦʥʪʫʨʫ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ. ʇʨʝʜʩʪʘʚʣʝʥʦ 

ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʯʽʾ ʚ ʜʚʦʭʷʨʫʩʥʦʤʫ ʨʦʙʦʯʦʤʫ ʢʦʣʝʩʽ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʧʨʠ ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ: ʥʘ ʚʠʩʦʪʽ 11ʢʤ, 9, ʢʤ, 

7ʢʤ ʪʘ 0 ʢʤ ʧʨʠ ʩʪʘʥʜʘʨʪʥʠʭ ʘʪʤʦʩʬʝʨʥʠʭ ʫʤʦʚʘʭ. ʆʪʨʠʤʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʩʪʫʧʝʥʷ 

ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʚʝʥʪʠʣʷʪʦʨʥʦʛʦ ʢʦʥʪʫʨʫ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʚʽʜ 

ʢʦʝʬʽʮʽʻʥʪʘ ʚʠʪʨʘʪʠ ʥʘ ʚʭʦʜʽ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ ʛʘʨʷʯʠʭ ʛʘʟʽʚ ʪʫʨʙʽʥʥʦʛʦ 

ʢʦʥʪʫʨʫ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ. 

ʆʪʨʠʤʘʥʦ ʟʘʣʝʞʥʦʩʪʽ ʩʪʫʧʝʥʷ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʚʝʥʪʠʣʷʪʦʨʥʦʛʦ ʢʦʥʪʫʨʫ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʚʠʪʨʘʪʠ ʥʘ ʚʭʦʜʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʚʧʣʠʚʫ ʛʘʨʷʯʠʭ ʛʘʟʽʚ ʪʫʨʙʽʥʥʦʛʦ ʢʦʥʪʫʨʫ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʪʝʯʽʷ ʛʘʨʷʯʠʭ ʛʘʟʽʚ ʚʧʣʠʚʘʻ ʥʘ ʩʪʫʧʽʥʴ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʫ 

ʚʝʥʪʠʣʷʪʦʨʥʦʤʫ ʢʦʥʪʫʨʽ. 

ʅʘʷʚʥʽʩʪʴ ʪʫʨʙʽʥʥʦʾ ʯʘʩʪʠʥʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʛʽʨʰʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʚʝʥʪʠʣʷʪʦʨʥʦʾ ʯʘʩʪʠʥʠ. ʉʪʫʧʽʥʴ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ 0,2é4,8%. 

ʅʘʡʙʽʣʴʰʠʡ ʚʧʣʠʚ ʧʨʦʷʚʣʷʻʪʴʩʷ ʥʘ ʨʝʞʠʤʽ  ʨʦʙʦʪʠ ʅ=11 ʢʤ. 

ɺʽʟʫʘʣʽʟʘʮʽʷ ʧʦʣʷ ʰʚʠʜʢʦʩʪʽ ʪʝʯʽʾ ʫ ʚʝʥʪʠʣʷʪʦʨʥʽʡ ʯʘʩʪʠʥʽ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʧʦʢʘʟʘʣʘ, ʱʦ ʧʨʠ ʨʦʙʦʪʽ ʪʫʨʙʽʥʥʦʛʦ ʢʦʥʪʫʨʫ 

ʭʘʨʘʢʪʝʨ ʦʙʪʽʢʘʥʥʷ ʚ ʚʝʥʪʠʣʷʪʦʨʥʽʡ ʯʘʩʪʠʥʽ ʟʤʽʥʶʻʪʴʩʷ ʧʨʠʙʣʠʟʥʦ ʥʘ 50% 
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ʚʠʩʦʪʠ ʣʦʧʘʪʢʠ. ʇʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʩʧʨʠʷʻ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʝʥʝʨʛʽʾ 

ʧʨʠʤʝʞʦʚʦʛʦ ʰʘʨʫ ʥʘʚʢʦʣʦ ʥʠʞʥʴʦʾ ʯʘʩʪʠʥʠ ʣʦʧʘʪʢʠ ʚʝʥʪʠʣʷʪʦʨʥʦʛʦ ʢʦʥʪʫʨʫ, 

ʱʦ ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʟʤʝʥʰʝʥʥʷ ʥʫʣʴʦʚʠʭ ʟʦʥ ʰʚʠʜʢʦʩʪʽ ʧʨʠ ʦʙʪʽʢʘʥʥʽ. 

ʇʨʦʚʝʜʝʥʘ ʦʮʽʥʢʘ ʚʧʣʠʚʫ ʪʝʯʽʾ ʛʘʨʷʯʠʭ ʛʘʟʽʚ ʚ ʪʫʨʙʽʥʥʽʡ ʯʘʩʪʠʥʽ ʨʦʙʦʯʦʛʦ 

ʢʦʣʝʩʘ ʥʘ ʥʘʛʨʽʚ ʚʝʥʪʠʣʷʪʦʨʥʦʾ ʯʘʩʪʠʥʠ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ 

ʧʨʠʩʪʘʚʢʠ ʧʦʢʘʟʘʣʘ, ʱʦ ʧʨʠ ʨʦʙʦʪʽ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʜʦʩʠʪʴ ʩʫʪʪʻʚʠʡ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʚʧʣʠʚ ʥʘ ʚʪʫʣʢʦʚʫ ʯʘʩʪʠʥʫ ʣʦʧʘʪʢʠ 

ʚʝʥʪʠʣʷʪʦʨʥʦʛʦ ʢʦʥʪʫʨʫ. 

ʋ ʧô̫ ʪʦʤʫ ʨʦʟʜʽʣʽ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʤʦʪʦʛʦʥʜʦʣʠ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʥʘ ʪʝʯʽʶ ʫ ʚʝʥʪʠʣʷʪʦʨʥʦʛʦʤʫ ʢʦʥʪʫʨʽ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ 

ʧʨʠʩʪʘʚʢʠ. 

ʇʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʧʨʠʤʝʞʝʚʦʛʦ ʰʘʨʫ ʥʘ ʧʦʚʝʨʭʥʽ 

ʤʦʪʦʛʦʥʜʦʣʠ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʥʘ ʟʤʽʥʫ ʩʪʫʧʝʥʷ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʫ 

ʚʝʥʪʠʣʷʪʦʨʥʦʤʫ ʢʦʥʪʫʨʽ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ ʪʫʨʙʽʥʥʦʛʦ ʢʦʥʪʫʨʫ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ. ʇʦʢʘʟʘʥʦ, ʱʦ ʤʦʪʦʛʦʥʜʦʣʘ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ 

ʯʠʥʠʪʴ ʚʧʣʠʚ ʥʘ ʟʥʘʯʝʥʥʷ ʩʪʫʧʝʥʷ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ. 

ʇʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʧʨʠʤʝʞʝʚʦʛʦ ʰʘʨʫ ʥʘ ʧʦʚʝʨʭʥʽ 

ʤʦʪʦʛʦʥʜʦʣʠ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʥʘ ʟʤʽʥʫ ʩʪʫʧʝʥʷ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʫ 

ʚʝʥʪʠʣʷʪʦʨʥʦʤʫ ʢʦʥʪʫʨʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʪʫʨʙʽʥʥʦʛʦ ʢʦʥʪʫʨʫ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ. ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʢʘʟʘʥʦ, ʱʦ 

ʧʨʠʤʝʞʝʚʠʡ ʰʘʨ ʥʘ ʤʦʪʦʛʦʥʜʦʣʽ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʥʝ ʯʠʥʠʪʴ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ 

ʥʘ ʪʝʯʽʶ ʫ ʚʝʥʪʠʣʷʪʦʨʥʦʤʫ ʢʦʥʪʫʨʽ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ, ʩʪʫʧʽʥʴ 

ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʜʦ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʫ ʚʠʪʨʘʪʠ 0,35 ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ 0,1%, ʘ 

ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʫ ʚʠʪʨʘʪʠ ʩʪʫʧʽʥʴ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʟʨʦʩʪʘʻ ʜʦ 

1%. 

ʇʨʦʚʝʜʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʯʽʾ ʥʘ ʧʦʚʝʨʭʥʽ ʤʦʪʦʛʦʥʜʦʣʠ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʙʝʟ 

ʚʝʥʪʠʣʷʪʦʨʥʦʛʦ ʪʘ ʪʫʨʙʽʥʥʦʛʦ ʢʦʥʪʫʨʫ ʥʘ ʥʘʩʪʫʧʥʦʤʫ ʨʝʞʠʤʽ ʨʦʙʦʪʠ: ʅ=11 000ʤ 

ʽ ʯʠʩʣʽ ʄʘʭʘ ʥʘ ʚʭʦʜʽ ʄ=0,3 ʪʘ ʄ=0,5. ʆʪʨʠʤʘʥʘ ʚʽʟʫʘʣʽʟʘʮʽʷ ʦʙʪʽʢʘʥʥʷ ʧʦʢʘʟʘʣʘ, 

ʱʦ ʧʦʣʝ ʰʚʠʜʢʦʩʪʽ ʥʘ ʚʭʦʜʽ ʫ ʦʩʴʦʚʠʡ ʚʝʥʪʠʣʷʪʦʨ ʨʽʚʥʦʤʽʨʥʝ ʽ ʤʘʻ ʧʨʠʤʝʞʝʚʠʡ 

ʰʘʨ ʥʘ ʩʪʽʥʮʽ ʤʦʪʦʛʦʥʜʦʣʠ. ʆʜʥʘʢ, ʧʦʣʝ ʰʚʠʜʢʦʩʪʽ ʪʝʯʽʾ ʥʘ ʧʦʚʝʨʭʥʽ 
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ʤʦʪʦʛʦʥʜʦʣʠ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʟ ʨʦʙʦʯʠʤ ʚʝʥʪʠʣʷʪʦʨʥʠʤ ʪʘ ʪʫʨʙʽʥʥʠʤ ʢʦʥʪʫʨʦʤ 

ʥʘ ʚʭʦʜʽ ʫ ʚʝʥʪʠʣʷʪʦʨʥʠʡ ʢʦʥʪʫʨ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʚʘʨʽʘʥʪʫ, ʢʦʣʠ ʨʦʙʦʪʘ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ. ʇʦʣʝ ʰʚʠʜʢʦʩʪʽ ʤʘʻ 

ʥʝʨʽʚʥʦʤʽʨʥʠʡ ʭʘʨʘʢʪʝʨ ʦʙʪʽʢʘʥʥʷ ʽ ʪʦʚʱʠʥʘ ʥʘʷʚʥʦʛʦ ʧʨʠʤʝʞʝʚʦʛʦ ʰʘʨʫ ʜʦʩʠʪʴ 

ʤʘʣʘ. ʎʝ ʷʚʠʱʝ ʦʙʫʤʦʚʣʶʶʪʴ ʜʝʢʽʣʴʢʘ ʬʘʢʪʦʨʽʚ: ʥʘʛʨʽʚ ʧʨʦʤʽʞʥʦʛʦ ʢʦʨʧʫʩʫ ʪʘ 

ʨʦʙʦʪʘ ʚʝʥʪʠʣʷʪʦʨʥʦʛʦ ʽ ʪʫʨʙʽʥʥʦʛʦ ʢʦʥʪʫʨʫ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ. 

ʇʨʦʚʝʜʝʥʘ ʦʮʽʥʢʘ ʚʧʣʠʚʫ ʤʦʪʦʛʦʥʜʦʣʠ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʥʘ ʩʠʣʫ ʪʷʛʠ 

ʚʝʥʪʠʣʷʪʦʨʥʦʛʦ ʢʦʥʪʫʨʫ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ. ʇʦʢʘʟʘʥʦ, ʱʦ ʨʝʘʢʪʠʚʥʘ 

ʪʷʛʘ ʚʝʥʪʠʣʷʪʦʨʥʦʛʦ ʢʦʥʪʫʨʫ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʟʨʦʩʪʘʻ ʥʘ 0,87-

6,15% ʧʨʠ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ ʥʘ ʚʠʩʦʪʽ 0 ʢʤ, 9 ʢʤ, 11 ʢʤ ʪʘ ʜʽʘʧʘʟʦʥʽ ʟʥʘʯʝʥʴ 

ʢʦʝʬʽʮʽʻʥʪʫ ʚʠʪʨʘʪʠ ʥʘ ʚʭʦʜʽ ʚʽʜ 0,35 ʜʦ 0,9. 

ʆʪʞʝ, ʤʦʪʦʛʦʥʜʦʣʘ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʥʝ ʯʠʥʠʪʴ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʪʝʯʽʶ 

ʫ ʚʝʥʪʠʣʷʪʦʨʥʦʤʫ ʢʦʥʪʫʨʽ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʽ ʚʝʥʪʠʣʷʪʦʨ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʥʝ ʯʠʥʠʪʴ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʛʘʟʦʛʝʥʝʨʘʪʦʨ 

ʜʚʠʛʫʥʘ. 

ʋ ʚʠʩʥʦʚʢʘʭ ʧʦʜʘʥʽ ʦʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʱʦ ʚ 

ʩʫʢʫʧʥʦʩʪʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʚʠʨʽʰʝʥʥʷ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʦʾ ʟʘʜʘʯʽ ʨʦʟʨʦʙʢʠ 

ʥʘʫʢʦʚʦ-ʦʙʛʨʫʥʪʦʚʘʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʫʟʛʦʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʯʦʛʦ 

ʧʨʦʮʝʩʫ ʚʝʥʪʠʣʪʷʦʨʥʦʛʦ ʪʘ ʪʫʨʙʽʥʥʦʛʦ ʢʦʥʪʫʨʽʚ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ 

ʘʚʽʘʮʽʡʥʦʛʦ ʛʘʟʦʪʫʨʙʽʥʥʦʛʦ ʜʚʠʛʫʥʘ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʅʘ ʧʽʜʩʪʘʚʽ ʪʝʦʨʝʪʠʯʥʠʭ ʽ ʧʨʘʢʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʚʠʢʦʥʘʥʠʭ ʫ 

ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ: 

1. ɺʧʝʨʰʝ ʤʝʪʦʜʦʤ ʯʠʩʝʣʴʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʨʦʚʝʜʝʥʦ ʦʮʽʥʢʫ ʚʧʣʠʚʫ 

ʧʨʠʤʝʞʝʚʦʛʦ ʰʘʨʫ ʥʘ ʤʦʪʦʛʦʥʜʦʣʽ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʥʘ ʧʘʨʘʤʝʪʨʠ ʚʝʥʪʠʣʷʪʦʨʥʦʛʦ 

ʢʦʥʪʫʨʫ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʦʙʦʪʠ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʛʘʟʦʪʫʨʙʽʥʥʦʛʦ ʜʚʠʛʫʥʘ. 

2. ʈʦʟʨʦʙʣʝʥʦ ʥʘʫʢʦʚʦ-ʦʙʛʨʫʥʪʦʚʘʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʫʟʛʦʜʞʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ʪʫʨʙʽʥʥʦʛʦ ʪʘ ʚʝʥʪʠʣʷʪʦʨʥʦʛʦ ʢʦʥʪʫʨʽʚ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʛʘʟʦʪʫʨʙʽʥʥʦʛʦ ʜʚʠʛʫʥʘ. 
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3. ʆʪʨʠʤʘʥʽ ʥʦʚʽ ʜʘʥʽ ʱʦʜʦ ʚʧʣʠʚʫ ʥʘʛʨʽʚʘʥʥʷ ʧʨʦʤʽʞʥʦʛʦ ʢʦʨʧʫʩʫ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʥʘ ʘʝʨʦʜʠʥʘʤʽʯʥʫ ʥʘʚʘʥʪʘʞʝʥʽʩʪʴ ʽ ʨʝʘʢʪʠʚʥʫ 

ʩʠʣʫ ʪʷʛʠ ʚʝʥʪʠʣʷʪʦʨʥʦʛʦ ʢʦʥʪʫʨʫ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ 

ʛʘʟʦʪʫʨʙʽʥʥʦʛʦ ʜʚʠʛʫʥʘ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʆʪʨʠʤʘʥʽ ʥʦʚʽ ʜʘʥʽ ʱʦʜʦ ʚʟʘʻʤʥʦʛʦ ʚʧʣʠʚʫ ʪʝʯʽʾ ʚ ʪʫʨʙʽʥʥʦʤʫ ʪʘ 
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ANNOTATION  
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and fan circuits of the turbofan attachment of an aviation gas turbine engine. ï 
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The dissertation on competition of a scientific degree of the Doctor of 

Philosophy on a specialty 142 ï Power Engineering. ï National Aviation University, 

Ministry of Education and Science of Ukraine, Kyiv, 2023. 

 

The dissertation work is devoted to the creation of scientifically based 

recommendations for coordinating the operating process parameters of the fan and 

turbine circuits of the turbofan attachment of an aviation gas turbine engine.  

The creation of new technologies plays a key role in ensuring the future 

competitiveness of aircraft produced by domestic aircraft manufacturing companies. 

An aircraft engine is a key component of any aircraft, determining its flight 

performance, safety, reliability, efficiency and cost of operation.  

An important factor in increasing the efficiency of engine use, as well as 

reducing its cost, is the development of a family of engines based on a universal basic 

gas generator.  

One of the problems associated with the creation of gas turbine engines based 

on a basic gas generator is the significant influence of the parameters and 

characteristics of the fan module, which is located in front of the gas generator module, 

on the flow parameters in front of the gas generator compressor and, as a consequence, 

on the parameters and characteristics of the gas generator compressor.  

One of the ways to ensure invariance of the parameters and characteristics of the 

base gas generator module is the design of gas turbine engines with a rear-mounted 

turbofan attachment. The turbofan attachment increases engine thrust and efficiency. 

The rear location of the fan makes it possible to create modular designs of gas turbine 

engines (GTE) without significant changes to the gas generator design. The main 

difficulty in creating such designs is coordinating and optimizing the parameters of the 

turbofan attachment.  
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Thus, research into the characteristics of a gas turbine engine with a turbofan 

attachment is relevant. However, at present, there remain unresolved issues of 

determining the mutual influence of the flow in the turbine and fan circuits of the 

turbofan attachment of an aviation gas turbine engine. 

The introduction substantiates the relevance of the dissertation work, formulates 

the purpose and main objectives of the research, and provides information about the 

connection of the work with scientific topics. The scientific novelty of the results 

obtained in the dissertation and the practical significance are presented, the personal 

contribution of the applicant in general publications is noted, quantitative indicators 

are given regarding published scientific works, the structure and volume of the 

dissertation.  

The first chapter contains a study of the current state and prospects for the 

development of aircraft engine manufacturing. Currently, the environmental and 

economic characteristics of aircraft are one of the main indicators that determine its 

competitiveness in the world market and unhindered operation on international airlines. 

It is obvious that in the short and medium term, about half of the reduction in fuel 

consumption and CO2 emissions for aircraft as a whole will be achieved precisely 

through engine improvements. In the longer term, increased efficiency will most likely 

be associated with the use of hybrid and electric technologies, and high hopes are 

placed on such an engine type as an ñOpen Rotorò.  

Reducing fuel consumption is facilitated by increasing the efficiency of the 

power plant, but there is a limit beyond which the costs of increasing efficiency may 

exceed the potential benefits from reducing fuel consumption. As an alternative to 

increasing the efficiency of components, the concept of increasing the engine bypass 

ratio was proposed. The development of this concept became two design directions: 

the first - a turbofan engine with an ultra-high bypass ratio and a fan drive directly from 

a low-pressure turbine or through a gearbox; the second is the Open Rotor engine 

diagram. The Open Rotor engine has a significant drawback - high noise level. The 

presence of a duct can partially solve this problem. A gas turbine engine with a turbofan 

attachment also allows solving the problem of noise reduction due to the engine nacelle 
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of the turbofan attachment. A gas turbine engine with a turbofan attachment has higher 

values of thrust and total efficiency at subsonic flight speeds, which provides an 

increase in thrust at launch conditions by 35-40% and in cruising flight mode by 12-

15% more than the thrust of a turbojet engine. This phenomenon is explained by the 

absence of a negative impact of the fan module (which occurs in a bypass turbofan 

engine) on the parameters of the gas generator circuit, that is, an increase in the 

efficiency of the low pressure compressor and the high pressure compressor of the gas 

generator by 3...5%. Thus, research into the characteristics of a gas turbine engine with 

a turbofan attachment is relevant. 

The second chapter is devoted to the selection and justification of parameters for 

mathematical modeling of flow in a turbofan attachment. The main methods and 

methods of mathematical modeling of flow in blade machines are analyzed.  

The section presents the results of choosing and justifying the topology of the 

computational mech and the turbulent viscosity model for modeling the flow in a 

turbofan attachment. The turbofan attachment consists of two tiers - the lower tier is 

the impeller of the axial turbine, the upper tier is the impeller of the axial compressor 

(fan). Considering the fact that there are no full-scale experiments on the aerodynamic 

characteristics of a turbofan attachment, for further research in the work, separate test 

problems were carried out to simulate the flow in a turbine and compressor array.  

The paper presents the results of test problems for modeling flow in the VKI1 

turbine array and the compressor array based on the STFF rotor. The results of many 

experiments were compared with the results of natural experiments. Based on the 

results of the test problem, it was concluded that for further research into the study of 

flow in a turbofan attachment, the topology of the computational mesh and the SST 

GTT turbulent viscosity model were selected. 

In the third chapter, a mathematical model of the turbofan attachment of an 

aviation gas turbine engine is developed. Based on thermodynamic calculations, the 

geometric parameters of the turbine and fan turbofan parts of the attachment were 

obtained. The results of modeling the flow in a turbofan attachment are presented and 

the influence of the heat flow from the turbine circuit on the fan circuit of the turbofan 
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attachment is assessed. 

In the fourth section, the influence of the working process of the turbine part of 

the turbofan attachment on the working process of the fan circuit of the turbofan 

attachment was assessed. The results of modeling the flow in a two-tier impeller of a 

turbofan attachment under various operating modes are presented: at an altitude of 11 

km, 9 km, 7 km and 0 km under standard atmospheric conditions. The dependences of 

the pressure ratio of the fan circuit of the turbofan attachment on the inlet flow 

coefficient without taking into account the influence of hot gases of the turbine circuit 

of the turbofan attachment were obtained.  

The dependence of the pressure ratio of the fan circuit of the turbofan attachment 

on the inlet flow coefficient, taking into account the effect of hot gases of the turbine 

circuit of the turbofan attachment, was obtained. It has been shown that the flow of hot 

gases affects the pressure ratio in the fan circuit. The presence of a turbine part leads 

to a deterioration in the performance of the fan part. The pressure ratio decreases by 

0.2...4.8%. The greatest influence is manifested in the operating mode H=11 km.  

Visualization of the flow velocity field in the fan part of the turbofan attachment 

showed that during operation of the turbine circuit, the nature of the leakage in the fan 

part changes by approximately 50% of the blade height. An increase in temperature 

contributes to the intensification of the energy of the boundary layer around the lower 

part of the blade of the fan circuit, which has a positive effect on the reduction of zero 

velocity zones during flow. An assessment of the influence of the flow of hot gases in 

the turbine part of the impeller on the heating of the fan part of the impeller of the 

turbofan attachment showed that during operation of the turbofan attachment there is a 

fairly significant temperature effect on the hub part of the blade of the fan circuit. 

In the fifth chapter, a study was carried out of the influence of the gas generator 

nacelle on the flow in the fan circuit of a turbofan attachment.  

A study was carried out of the influence of the boundary layer on the surface of 

the engine nacelle of a gas generator on the change in the pressure ratio in the fan 

circuit without taking into account the influence of the turbine circuit of the turbofan 

attachment. It is shown that the engine nacelle of the gas generator influences the value 
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of the pressure ratio.  

A study was carried out of the influence of the boundary layer on the surface of 

the engine nacelle of a gas generator on the change in the pressure ratio in the fan 

circuit, taking into account the influence of the turbine circuit of the turbofan 

attachment. Based on the results obtained, it is shown that the boundary layer on the 

engine nacelle of the gas generator does not have a negative effect on the flow in the 

fan circuit of the turbofan attachment, the pressure ratio up to a flow coefficient of 0.35 

decreases by 0.1%, and with an increase in the values of the flow coefficient, the 

pressure ratio grows to 1%.  

The flow on the surface of the engine nacelle of a gas generator without a fan 

and turbine circuit was simulated at the following operating mode: H=11000m and 

inlet Mach number M=0.3 and M=0.5. The resulting visualization of streamlining 

showed that the velocity field at the fan inlet is uniform and has a boundary layer on 

the wall of the engine nacelle. However, the flow velocity field on the surface of the 

engine nacelle of a gas generator with a working fan and turbine circuit at the entrance 

to the fan circuit differs significantly from the option when the operation of the turbofan 

attachment is not taken into account. The velocity field has an uneven streamlining 

character and the thickness of the existing boundary layer is quite small. This 

phenomenon is caused by several factors: heating of the intermediate housing and the 

operation of the fan and turbine circuit of the turbofan attachment.  

An assessment was made of the influence of the gas generator engine nacelle on 

the thrust force of the fan circuit of the turbofan attachment. It is shown that the reactive 

thrust of the fan circuit of a turbofan attachment increases by 0.87-6.15% under 

operating modes at an altitude of 0 km, 9 km, 11 km and a range of input flow 

coefficient values from 0.35 to 0.9. Consequently, the engine nacelle of the gas 

generator does not have a negative effect on the flow in the fan circuit of the turbofan 

attachment and the fan of the turbofan attachment does not have a negative effect on 

the engine gas generator.  

The conclusions present the main results of the dissertation research, which 

together reflect the solution to the scientific and applied problem of developing 
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scientifically based recommendations for coordinating the operating process 

parameters of the fan and turbine circuits of the turbofan attachment of an aviation gas 

turbine engine. 

Scientific novelty of the results obtained Based on theoretical and practical 

research carried out in the dissertation work:  

1. For the first time, the influence of the boundary layer on the gas generator 

nacelle on the parameters of the fan circuit of the turbofan attachment, taking into 

account the operation of the turbofan attachment of the gas turbine engine, was 

assessed using a numerical experiment. 

2. Scientifically based recommendations have been developed for coordinating 

the operating process parameters of the turbine and fan circuits of the turbofan 

attachment of a gas turbine engine. 

3. New data were obtained on the effect of heating of the intermediate housing 

of a turbofan attachment on the aerodynamic load and reactive thrust of the fan circuit 

of the turbofan attachment of a gas turbine engine. 

Practical significance of the obtained results. The new data obtained regarding 

the mutual influence of the flow in the turbine and fan circuits of the turbofan 

attachment of an aviation gas turbine engine and the influence of the engine nacelle on 

the turbofan attachment are recommended to be used when creating promising engines 

of new designs.  

The practical significance of the results obtained is confirmed by certificates of 

implementation of the results of the dissertation work at the Antonov State Enterprise 

and the Ivchenko-Progress State Enterprise. 

Key words:  Gas turbine engine, turbofan unit, axial fan, gas turbine, 

mathematical model, numerical experiment, temperature, secondary losses, hub 

vortex, Brayton cycle, efficiency, performance evaluation, flight mode, trust, critical 

technology. 
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ɺʉʊʋʇ  

 

ʉʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚʽʜʽʛʨʘʻ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ 

ʤʘʡʙʫʪʥʴʦʾ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʘʚʽʘʮʽʡʥʦʾ ʪʝʭʥʽʢʠ, ʷʢʫ ʚʠʧʫʩʢʘʶʪʴ 

ʚʽʪʯʠʟʥʷʥʽ ʘʚʽʘʙʫʜʽʚʥʽ ʢʦʤʧʘʥʽʾ. 

ɸʚʽʘʮʽʡʥʠʡ ʜʚʠʛʫʥ ʻ ʢʣʶʯʦʚʦʶ ʣʘʥʢʦʶ ʙʫʜʴ-ʷʢʦʛʦ ʣʽʪʘʣʴʥʦʛʦ ʘʧʘʨʘʪʫ, 

ʚʠʟʥʘʯʘʶʯʠ ʡʦʛʦ ʣʴʦʪʥʦ-ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʙʝʟʧʝʢʫ, ʥʘʜʽʡʥʽʩʪʴ, 

ʝʢʦʥʦʤʽʯʥʽʩʪʴ ʪʘ ʚʘʨʪʽʩʪʴ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʉʫʯʘʩʥʠʡ ʘʚʽʘʜʚʠʛʫʥ ï ʫʥʽʢʘʣʴʥʠʡ ʽ ʦʜʠʥ 

ʽʟ ʥʘʡʩʢʣʘʜʥʽʰʠʭ ʚʠʨʦʙʽʚ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ, ʥʘ ʩʪʚʦʨʝʥʥʷ ʷʢʦʛʦ ʧʦʪʨʽʙʥʦ ʚ 

1,5...2 ʨʘʟʠ ʙʽʣʴʰʝ ʯʘʩʫ, ʥʽʞ ʥʘ ʨʦʟʨʦʙʢʫ ʧʣʘʥʝʨʘ ʪʘ ʘʚʽʘʮʽʡʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ [1]. 

ʇʝʨʝʜ ʨʦʟʨʦʙʥʠʢʘʤʠ ʘʚʽʘʜʚʠʛʫʥʽʚ ʟʘʚʞʜʠ ʩʪʦʾʪʴ ʟʘʚʜʘʥʥʷ ʱʦʜʦ ʦʪʨʠʤʘʥʥʷ 

ʤʽʥʽʤʘʣʴʥʠʭ ʚʠʪʨʘʪ ʧʘʣʠʚʘ. ʉʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʚʘʨʪʽʩʪʴ ʘʚʽʘʮʽʡʥʦʛʦ ʧʘʣʠʚʘ, ʪʦʤʫ 

ʱʦ ʩʪʘʥʦʚʠʪʴ ʽʩʪʦʪʥʫ ʯʘʩʪʠʥʫ ʧʨʷʤʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʪʨʘʪ. ɼʠʥʘʤʽʢʘ ʟʤʽʥʠ 

ʩʚʽʪʦʚʠʭ ʮʽʥ ʥʘ ʥʘʬʪʫ ʧʦʢʘʟʫʻ ʪʝʥʜʝʥʮʽʶ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʾʾ ʚʘʨʪʦʩʪʽ. ʉʚʽʪʦʚʘ 

ʝʥʝʨʛʝʪʠʯʥʘ ʢʨʠʟʘ 2021 ʨʦʢʫ ʩʪʘʣʘ ʥʘʡʤʘʩʰʪʘʙʥʽʰʦʶ ʟ ʯʘʩʫ ʥʘʬʪʦʚʦʛʦ ʝʤʙʘʨʛʦ 

1973 ʨʦʢʫ [2], ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʟʙʽʣʴʰʝʥʥʷ ʚʘʨʪʦʩʪʽ ʘʚʽʘʮʽʡʥʦʛʦ ʧʘʣʠʚʘ. ɺʩʝ ʮʝ 

ʨʦʙʠʪʴ ʧʨʦʙʣʝʤʫ ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ ʧʘʣʠʚʘ ʜʝʜʘʣʽ ʛʦʩʪʨʽʰʦʶ. ʂʨʽʤ ʪʦʛʦ, 

ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪʠ ʧʘʣʴʥʦʛʦ ʜʦʟʚʦʣʠʪʴ ʧʦʢʨʘʱʠʪʠ ʝʢʦʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʠʣʦʚʦʾ ʫʩʪʘʥʦʚʢʠ ʪʘ ʣʽʪʘʢʘ (ʟʥʠʞʝʥʥʷ ʰʢʽʜʣʠʚʠʭ ʚʠʢʠʜʽʚ ʪʘʢʠʭ ʷʢ ʉʆ2 ʪʘ NOx). 

ʆʜʥʠʤ ʽʟ ʛʦʣʦʚʥʠʭ ʥʘʧʨʷʤʽʚ ʧʽʜʚʠʱʝʥʥʷ ʝʢʦʥʦʤʽʯʥʦʩʪʽ ʘʚʽʘʮʽʡʥʦʛʦ 

ʜʚʠʛʫʥʘ ʻ ʧʽʜʚʠʱʝʥʥʷ ʂʂɼ ʚʫʟʣʽʚ ʜʚʠʛʫʥʘ: ʦʩʴʦʚʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ, ʢʦʤʧʨʝʩʦʨʘ, 

ʢʘʤʝʨʠ ʟʛʦʨʷʥʥʷ, ʪʫʨʙʽʥʠ ʪʘ ʚʠʭʽʜʥʦʛʦ ʧʨʠʩʪʨʦʶ. 

ɿʘ ʙʽʣʴʰ ʥʽʞ 70-ʨʽʯʥʠʡ ʧʝʨʽʦʜ ʨʦʟʚʠʪʢʫ ʮʠʚʽʣʴʥʦʾ ʨʝʘʢʪʠʚʥʦʾ ʘʚʽʘʮʽʾ 

ʧʝʨʝʭʽʜ ʜʦ ʥʦʚʦʾ ʩʭʝʤʠ ʜʚʠʛʫʥʘ, ʧʽʜʚʠʱʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ, 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ, ʘ ʪʘʢʦʞ 

ʧʦʢʨʘʱʝʥʥʷ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʽʪʘʢʽʚ ʜʦʟʚʦʣʠʣʠ ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʠ 

ʧʘʣʴʥʦʛʦ ʥʘ ʧʘʩʘʞʠʨʦ-ʢʽʣʦʤʝʪʨ ʙʽʣʴʰ ʥʽʞ ʥʘ 80%, ʟ ʷʢʠʭ ʤʘʡʞʝ 50% ʟʥʠʞʝʥʥʷ 

ʜʦʩʷʛʥʫʪʦ ʟʘʚʜʷʢʠ ʚʜʦʩʢʦʥʘʣʝʥʥʶ ʜʚʠʛʫʥʘ [3]. ʇʦʣʽʧʰʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ 

ʘʚʽʘʮʽʡʥʠʭ ʜʚʠʛʫʥʽʚ ʮʠʚʽʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʧʦʩʪʽʡʥʦʛʦ 

ʧʦʩʠʣʝʥʥʷ ʚʠʤʦʛ ʜʦ ʨʽʚʥʷ ʰʫʤʫ ʪʘ ʝʤʽʩʽʾ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʫ 
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ʜʚʠʛʫʥʘʭ, ʱʦ ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʥʘ ʜʘʥʠʡ ʯʘʩ, ʥʝʦʙʭʽʜʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʪʘʢʽ ʪʝʭʥʽʯʥʽ 

ʨʽʰʝʥʥʷ ʪʘ ʪʝʭʥʦʣʦʛʽʾ, ʷʢʽ ʜʦʟʚʦʣʷʪʴ ʟʘʜʦʚʦʣʴʥʠʪʠ ʚʠʤʦʛʘʤ ɯʂɸʆ, ʱʦ 

ʧʣʘʥʫʶʪʴʩʷ ʜʦ ʧʨʠʡʥʷʪʪʷ ʚ 2020é2030 ʨʨ. ɺʨʘʭʦʚʫʶʯʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ɯʂɸʆ ʪʘ 

ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ, ʜʣʷ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʟʨʘʟʢʽʚ ʘʚʽʘʮʽʡʥʦʾ ʪʝʭʥʽʢʠ ʨʦʟʨʦʙʣʝʥʦ 

ʮʽʣʴʦʚʽ ʽʥʜʠʢʘʪʦʨʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʧʦʢʨʘʱʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘ ʪʠʤʯʘʩʦʚʠʤ 

ʬʘʢʪʦʨʦʤ (ʨʠʩ. 1). ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʠʭ ʽʥʜʠʢʘʪʦʨʽʚ ʥʦʚʽ ʧʘʩʘʞʠʨʩʴʢʽ ʣʽʪʘʢʠ ʟ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʜʚʠʛʫʥʘʤʠ ʫ 2030-ʪʽ ʨʦʢʠ ʧʦʚʠʥʥʽ ʟʘʙʝʟʧʝʯʠʪʠ: 

ï ʟʥʠʞʝʥʥʷ ʰʫʤʫ ʥʝ ʤʝʥʰʝ ʥʽʞ ʥʘ 30 EPNʜɹ ʱʦʜʦ ʚʠʤʦʛ ɻʣʘʚʠ 4 ɯʂɸʆ; 

ï ʟʥʠʞʝʥʥʷ ʢʨʝʡʩʝʨʩʴʢʦʾ ʧʠʪʦʤʦʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʥʝ ʤʝʥʰʝ ʥʽʞ ʥʘ 20%; 

ï ʟʥʠʞʝʥʥʷ ʝʤʽʩʽʾ NOx ʟʘ ʮʠʢʣʦʤ ʨʝʞʠʤ ʧʦʣʴʦʪʫ çʟʣʽʪ ï ʧʦʩʘʜʢʘè ʥʝ ʤʝʥʰʝ 

ʥʽʞ ʥʘ 65% ʱʦʜʦ ʚʠʤʦʛ CAEP/6 ɯʂɸʆ [1]. 

 

a 
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ʈʠʩ. 1. ɺʠʤʦʛʠ ɯʂɸʆ ʱʦʜʦ ʨʽʚʥʷ ʰʫʤʫ (ʘ) ʪʘ ʝʤʽʩʽʾ NOx (ʙ) [4,5.]: Ǐ - 

ʜʚʠʛʫʥʠ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʷʛʦʶ ʤʝʥʰʝ 89 ʢʅ; ȹ ï ʜʚʠʛʫʥʠ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʷʛʦʶ 

ʧʦʥʘʜ 89 ʢʅ; ƶ - ɼʚʠʛʫʥʠ ʙʣʠʟʴʢʦʩʪʨʦʢʦʚʦʾ ʧʝʨʩʧʝʢʪʠʚʠ ʪʷʛʦʶ ʙʽʣʴʰʝ 89 ʢʅ 

 

 

ʈʠʩ. 2. ʆʩʥʦʚʥʽ ʮʽʣʴʦʚʽ ʽʥʜʠʢʘʪʦʨʠ ʜʣʷ ʧʝʨʩʧʝʢʪʠʚʥʦʾ ʘʚʽʘʮʽʡʥʦʾ ʪʝʭʥʽʢʠ 

[6-10] 

1) ʟʥʠʞʝʥʥʷ ʰʫʤʫ ï ʟʤʝʥʰʝʥʥʷ ʩʬʝʨʠ ʧʦʰʠʨʝʥʥʷ; ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ï ʱʦʜʦ 

ʣʽʪʘʢʘ 2000; ʟʘʧʘʩ ʟ ʝʤʽʩʽʾ NOx ï ʱʦʜʦ ʉɸEʈ/2 ɯʂɸʆ;  
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2) ʟʥʠʞʝʥʥʷ ʰʫʤʫ ï ʱʦʜʦ ɻʣʘʚʠ 4 ɯʂɸʆ; ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ï ʱʦʜʦ ʣʽʪʘʢʘ 

B777-200 ʟ ʊʈɼɼ GE90 ʜʣʷ N+2 ʪʘ ʣʽʪʘʢʘ B737-800 ʟ ʊʈɼɼ CFM56-7B26 ʜʣʷ 

N+3; ʟʘʧʘʩ ʟ ʝʤʽʩʽʾ NOx ï ʱʦʜʦ ʉɸEʈ/6 ɯʂɸʆ 

 

ɼʦʩʷʛʥʝʥʥʷ ʟʘʜʘʥʠʭ ʽʥʜʠʢʘʪʦʨʽʚ ʧʦʪʨʝʙʫʻ ʚʠʨʽʰʝʥʥʷ ʥʠʟʢʠ ʩʢʣʘʜʥʠʭ 

ʟʘʚʜʘʥʴ, ʨʦʟʨʦʙʢʠ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʽ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʦ ʣʠʰʝ ʟʘ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʽʜʭʦʜʫ ʰʣʷʭʦʤ ʧʦʣʽʧʰʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʚʠʛʫʥʘ ʪʘ ʣʽʪʘʣʴʥʦʛʦ 

ʘʧʘʨʘʪʫ (ʃɸ), ʘ ʪʘʢʦʞ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʧʦʚʽʪʨʷʥʠʤ ʨʫʭʦʤ [1]. 

ʋ ʧʨʦʮʝʩʽ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʛʘʟʦʪʫʨʙʽʥʥʠʭ ʜʚʠʛʫʥʽʚ ʟ ʤʝʪʦʶ 

ʧʽʜʚʠʱʝʥʥʷ ʾʭʥʴʦʾ ʧʘʣʠʚʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʝʣʠʢʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ 

ʘʝʨʦʜʠʥʘʤʽʯʥʽʡ ʜʦʩʢʦʥʘʣʦʩʪʽ ʦʩʴʦʚʠʭ ʚʝʥʪʠʣʷʪʦʨʽʚ ʪʘ ʢʦʤʧʨʝʩʦʨʽʚ. ɿʦʢʨʝʤʘ ʧʨʠ 

ʨʦʟʨʦʙʮʽ ʥʦʚʦʛʦ ʦʩʴʦʚʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ ʚʘʞʣʠʚʦ ʥʝ ʪʽʣʴʢʠ ʧʦʢʨʘʱʠʪʠ ʡʦʛʦ 

ʧʦʢʘʟʥʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʘʣʝ ʡ ʟʙʝʨʝʛʪʠ ʥʝʦʙʭʽʜʥʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʛʘʟʦʜʠʥʘʤʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʚʩʴʦʛʦ ʜʚʠʛʫʥʘ.  

ɺʘʞʣʠʚʠʤ ʯʠʥʥʠʢʦʤ ʧʨʠ ʦʮʽʥʮʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʚʠʛʫʥʘ, ʘ ʪʘʢʦʞ ʟʥʠʞʝʥʥʷ ʡʦʛʦ ʚʘʨʪʦʩʪʽ ʻ ʨʦʟʨʦʙʢʘ 

ʩʽʤʝʡʩʪʚʘ ʜʚʠʛʫʥʽʚ ʥʘ ʦʩʥʦʚʽ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʙʘʟʦʚʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. 

ʆʜʥʘ ʟ ʧʨʦʙʣʝʤ, ʧʦʚ'ʷʟʘʥʘ ʟʽ ʩʪʚʦʨʝʥʥʷʤ ʛʘʟʦʪʫʨʙʽʥʥʠʭ ʜʚʠʛʫʥʽʚ ʥʘ ʦʩʥʦʚʽ 

ʙʘʟʦʚʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ, ʧʦʣʷʛʘʻ ʚ ʽʩʪʦʪʥʦʤʫ ʚʧʣʠʚʽ ʧʘʨʘʤʝʪʨʽʚ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʤʦʜʫʣʷ ʦʩʦɹʚʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ, ʷʢʠʡ ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʧʝʨʝʜ ʤʦʜʫʣʝʤ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ, ʥʘ ʧʘʨʘʤʝʪʨʠ ʧʦʪʦʢʫ ʧʝʨʝʜ ʢʦʤʧʨʝʩʦʨʦʤ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʽ, ʷʢ 

ʥʘʩʣʽʜʦʢ, ʥʘ ʧʘʨʘʤʝʪʨʠ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʨʝʩʦʨʘ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. ʆʯʝʚʠʜʥʦ, 

ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʚ ʩʽʤʝʡʩʪʚʽ ɻʊɼ ʨʽʟʥʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ ʤʦʞʝ ʧʨʠʚʥʝʩʪʠ ʜʝʷʢʽ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʦʧʪʠʤʫʤʫ ʜʣʷ ʢʦʥʢʨʝʪʥʠʭ 

ʪʠʧʽʚ ɻʊɼ ʽ ʚʽʜʧʦʚʽʜʥʽ ʢʦʤʧʨʦʤʽʩʠ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʚʫʟʣʽʚ ʜʣʷ 

ʨʽʟʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ (ʦʩʦʙʣʠʚʦ ʚ ʊʈɼɼʌ ʥʘ ʥʘʜʟʚʫʢʦʚʠʭ ʨʝʞʠʤʘʭ) ʤʦʞʫʪʴ 

ʙʫʪʠ ʥʝʦʙʭʽʜʥʽ ʨʷʜ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʟʤʽʥ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ, ʟʘʤʽʥʘ ʤʘʪʝʨʽʘʣʽʚ, 

ʧʦʣʽʧʰʝʥʥʷ ʦʭʦʣʦʜʞʝʥʥʷ, ʧʝʨʝʫʟʛʦʜʞʝʥʥʷ ʨʦʙʦʯʠʭ ʪʦʯʦʢ ʢʦʤʧʨʝʩʦʨʘ.  

ʆʜʥʠʤ ʽʟ ʰʣʷʭʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʚʘʨʽʘʥʪʥʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʤʦʜʫʣʷ ʙʘʟʦʚʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʻ ʢʦʥʩʪʨʫʢʮʽʾ ʜʚʦʢʦʥʪʫʨʥʠʭ ʜʚʠʛʫʥʽʚ ʽʟ ʟʘʜʥʽʤ 
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ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ (ʨʠʩ.3). ʇʨʠʢʣʘʜʘʤʠ ʊʈɼɼ ʽʟ 

ʟʘʜʥʽʤ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʦʩʴʦʚʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ, ʷʢʽ ʩʪʚʦʨʝʥʽ ʥʘ ʦʩʥʦʚʽ ʙʘʟʦʚʠʭ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʽʚ ʦʜʥʦʢʦʥʪʫʨʥʠʭ ʊʈɼ, ʤʦʞʫʪʴ ʩʣʫʞʠʪʠ ʜʚʠʛʫʥʠ Gʈ-700, GJ.805-

23. ʅʘ ʙʘʟʽ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʩʝʨʽʡʥʦʛʦ ʪʫʨʙʦʨʝʘʢʪʠʚʥʦʛʦ ʜʚʠʛʫʥʘ J-79 ʙʫʚ 

ʩʪʚʦʨʝʥʠʡ ʊʈɼɼ ʟ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʶ ʧʨʠʩʪʘʚʢʦʶ ʉJ805-21, ʘ ʥʘ ʙʘʟʽ 

ʦʜʥʦʢʦʥʪʫʨʥʦʛʦ ʜʚʠʛʫʥʘ J-85 ʜʚʦʢʦʥʪʫʨʥʠʡ ʜʚʠʛʫʥ CF-700-1, ʱʦ ʤʘʻ ʪʷʛʫ ʚ 

ʩʪʘʨʪʦʚʠʭ ʫʤʦʚʘʭ ʥʘ 35é40% ʙʽʣʴʰʫ, ʥʽʞ ʧʦʯʘʪʢʦʚʽ ʜʚʠʛʫʥʠ. 

ʊʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʘ ʧʨʠʩʪʘʚʢʘ ʧʽʜʚʠʱʫʻ ʪʷʛʫ ʽ ʝʢʦʥʦʤʽʯʥʽʩʪʴ ʜʚʠʛʫʥʘ. ɿʘʜʥʻ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʦʩʴʦʚʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ ʜʦʟʚʦʣʷʻ ʙʝʟ ʟʥʘʯʥʠʭ ʟʤʽʥ ʢʦʥʩʪʨʫʢʮʽʾ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʩʪʚʦʨʶʚʘʪʠ ʤʦʜʫʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʛʘʟʦʪʫʨʙʽʥʥʠʭ ʜʚʠʛʫʥʽʚ (ʊʈɼ 

ʘʙʦ ʊʈɼɼ). ʆʩʥʦʚʥʘ ʩʢʣʘʜʥʽʩʪʴ ʚ ʩʪʚʦʨʝʥʥʽ ʪʘʢʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʧʦʣʷʛʘʻ ʚ 

ʦʧʪʠʤʽʟʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ [11]. 

 

ʈʠʩ. 3. ʉʭʝʤʘ ʪʨʠʢʦʥʪʫʨʥʦʛʦ ʪʫʨʙʦʨʝʘʢʪʠʚʥʦʛʦ ʜʚʠʛʫʥʘ [11] 

 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʜʦʟʚʦʣʷʻ ʧʦʣʽʧʰʠʪʠ ʪʷʛʦʚʦ-

ʝʢʦʥʦʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʚʽʘʮʽʡʥʦʾ ʩʠʣʦʚʦʾ ʫʩʪʘʥʦʚʢʠ ʟ ɻʊɼ. ʇʦʣʽʧʰʝʥʥʷ 

ʝʢʦʥʦʤʽʯʥʦʩʪʽ ʧʦʷʩʥʶʻʪʴʩʷ ʫʩʫʥʝʥʥʷʤ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʤʦʜʫʣʷ ʚʝʥʪʠʣʷʪʦʨʘ 

ʥʘ ʧʦʪʽʢ ʧʝʨʝʜ ʢʦʤʧʨʝʩʦʨʦʤ ʛʘʟʦʛʝʥʝʨʘʪʦʨʥʦʛʦ ʤʦʜʫʣʷ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, 
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ʟʙʽʣʴʰʝʥʥʷʤ ʪʷʛʠ ʜʚʠʛʫʥʘ ʧʨʠ ʧʨʘʢʪʠʯʥʦ ʥʝʟʤʽʥʥʽʡ ʚʠʪʨʘʪʽ ʧʘʣʠʚʘ ʚ ʢʦʥʪʫʨʽ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ, ʘ ʪʘʢʦʞ ʧʦʢʨʘʱʝʥʥʷʤ ʘʢʫʩʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʚʜʷʢʠ ʤʽʩʮʶ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʤʦʜʫʣʷ ʦʩʴʦʚʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ. ʆʜʥʘʢ, ʥʘ ʜʘʥʠʡ ʯʘʩ ʟʘʣʠʰʘʶʪʴʩʷ 

ʥʝʚʠʨʽʰʝʥʽ ʧʠʪʘʥʥʷ ʱʦʜʦ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ 

ʧʨʠʩʪʘʚʢʠ ʘʚʽʘʮʽʡʥʦʛʦ ʛʘʟʦʪʫʨʙʽʥʥʦʛʦ ʜʚʠʛʫʥʘ ʟ ʜʚʦʷʨʫʩʥʠʤʠ ʣʦʧʘʪʢʘʤʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʦʩʣʽʜʞʝʥʥʷ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʘʚʽʘʮʽʡʥʦʛʦ ʛʘʟʦʪʫʨʙʽʥʥʦʛʦ ʜʚʠʛʫʥʘ ʟ 

ʜʚʦʷʨʫʩʥʠʤʠ ʣʦʧʘʪʢʘʤʠ ʻ ʘʢʪʫʘʣʴʥʠʤ. 

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

ʚʠʢʦʥʘʥʘ ʥʘ ʢʘʬʝʜʨʽ ʘʚʽʘʮʽʡʥʠʭ ʜʚʠʛʫʥʽʚ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʘʚʽʘʮʽʡʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ. ʇʦʜʘʥʘ ʨʦʙʦʪʘ ʻ ʽʥʽʮʽʘʪʠʚʥʦʶ ʽ ʦʜʥʦʯʘʩʥʦ ʩʢʣʘʜʦʚʦʶ ʯʘʩʪʠʥʦʶ 

ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʧʨʦʚʦʜʷʪʴʩʷ ʚ ʅʘʮʽʦʥʘʣʴʥʦʤʫ ʘʚʽʘʮʽʡʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ ʪʘ 

ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʝʢʦʥʦʤʽʯʥʦʩʪʽ ʧʝʨʩʧʝʢʪʠʚʥʠʭ 

ʛʘʟʦʪʫʨʙʽʥʥʠʭ ʜʚʠʛʫʥʽʚ (ʅʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʘ ʨʦʙʦʪʘ ˉ15-2022/07.01.03 

çʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʣʦʧʘʪʢʦʚʠʭ ʤʘʰʠʥ ʘʚʽʘʮʽʡʥʠʭ ʜʚʠʛʫʥʽʚ ʽ 

ʛʘʟʦʪʫʨʙʽʥʥʠʭ ʫʩʪʘʥʦʚʦʢè). 

ʈʦʙʦʪʘ ʚʽʜʧʦʚʽʜʘʻ ʦʩʥʦʚʥʠʤ ʥʘʧʨʷʤʘʤ ʉʪʨʘʪʝʛʽʾ ʚʽʜʨʦʜʞʝʥʥʷ 

ʚʽʪʯʠʟʥʷʥʦʛʦ ʘʚʽʘʙʫʜʫʚʘʥʥʷ ʥʘ ʧʝʨʽʦʜ ʜʦ 2030 ʨʦʢʫ (ʨʦʟʧʦʨʷʜʞʝʥʥʷ ʂʘʙʽʥʝʪʫ 

ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ ʚʽʜ 8.07.2020 ʨ. ˉ851-ʨ), ʪʘ ɼʝʨʞʘʚʥʽʡ ʮʽʣʴʦʚʽʡ ʥʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʽʡ ʧʨʦʛʨʘʤʽ ʨʦʟʚʠʪʢʫ ʘʚʽʘʮʽʡʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʥʘ 2021-2030 ʨʦʢʠ 

(ʧʦʩʪʘʥʦʚʘ ʂʘʙʽʥʝʪʫ ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ ˉ951 ʚʽʜ 01.09.2021ʨ.) 

ʄʝʪʘ ʨʦʙʦʪʠ: ʨʦʟʨʦʙʢʘ ʥʘʫʢʦʚʦ-ʦʙʛʨʫʥʪʦʚʘʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ 

ʫʟʛʦʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ʚʝʥʪʠʣʷʪʦʨʥʦʛʦ ʪʘ ʪʫʨʙʽʥʥʦʛʦ 

ʢʦʥʪʫʨʽʚ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʘʚʽʘʮʽʡʥʦʛʦ ʛʘʟʦʪʫʨʙʽʥʥʦʛʦ ʜʚʠʛʫʥʘ. 

ɿʘʜʘʯʽ: 

1. ɸʥʘʣʽʟ ʤʝʪʦʜʽʚ ʪʘ ʟʘʩʦʙʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʯʽʾ ʫ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʽʡ 

ʧʨʠʩʪʘʚʮʽ ʘʚʽʘʮʽʡʥʦʛʦ ʛʘʟʦʪʫʨʙʽʥʥʦʛʦ ʜʚʠʛʫʥʘ.  

2. ʈʦʟʨʦʙʠʪʠ ʤʦʜʝʣʽ ʪʫʨʙʽʥʥʦʛʦ ʽ ʚʝʥʪʠʣʷʪʦʨʥʦʛʦ ʢʦʥʪʫʨʫ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʛʘʟʦʪʫʨʙʽʥʥʦʛʦ ʜʚʠʛʫʥʘ.  

3. ʆʮʽʥʠʪʠ ʚʧʣʠʚ ʪʝʯʽʾ ʚ ʪʫʨʙʽʥʥʽʡ ʯʘʩʪʠʥʽ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ 
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ʥʘ ʨʦʙʦʯʠʡ ʧʨʦʮʝʩ ʚʝʥʪʠʣʷʪʦʨʥʦʛʦ ʢʦʥʪʫʨʫ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ.  

4. ʆʮʽʥʠʪʠ ʚʧʣʠʚ ʤʦʪʦʛʦʥʜʦʣʠ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʥʘ ʪʷʛʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʚʝʥʪʠʣʷʪʦʨʥʦʛʦʛʦ ʢʦʥʪʫʨʘ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʥʘ ʨʝʞʠʤʽ ʨʦʙʦʪʠ ʥʘ 

ʚʠʩʦʪʽ ʧʦʣʴʦʪʫ 0 ʢʤ, 9 ʢʤ, 11 ʢʤ.  

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɺ ʦʩʥʦʚʫ ʨʦʙʦʪʠ ʧʦʢʣʘʜʝʥʦ ʤʝʪʦʜʠ ʪʝʦʨʽʾ ʪʝʧʣʦʚʠʭ 

ʜʚʠʛʫʥʽʚ, ʤʝʪʦʜʠ ʧʨʠʤʝʞʦʚʦʛʦ ʰʘʨʫ, ʤʝʪʦʜʠ ʪʝʦʨʽʾ ʪʨʠʢʦʥʪʫʨʥʠʭ ʜʚʠʛʫʥʽʚ, 

ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ ʪʘ ʩʠʥʪʝʟʫ, ʤʝʪʦʜʠ ʯʠʩʝʣʴʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ.  

ɼʦʩʪʦʚʽʨʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʘʧʨʦʙʦʚʘʥʠʭ ʤʝʪʦʜʠʢ ʪʘ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ. ʈʝʟʫʣʴʪʘʪʠ ʪʝʩʪʦʚʠʭ ʟʘʜʘʯ 

ʧʦʨʽʚʥʶʚʘʣʠʩʴ ʽʟ ʚʽʜʦʤʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʬʽʟʠʯʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ 

1. ɺʧʝʨʰʝ ʤʝʪʦʜʦʤ ʯʠʩʝʣʴʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʨʦʚʝʜʝʥʦ ʦʮʽʥʢʫ ʚʧʣʠʚʫ 

ʧʨʠʤʝʞʝʚʦʛʦ ʰʘʨʫ ʥʘ ʤʦʪʦʛʦʥʜʦʣʽ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʥʘ ʧʘʨʘʤʝʪʨʠ ʚʝʥʪʠʣʷʪʦʨʥʦʛʦ 

ʢʦʥʪʫʨʫ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʦʙʦʪʠ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʛʘʟʦʪʫʨʙʽʥʥʦʛʦ ʜʚʠʛʫʥʘ.  

2. ʈʦʟʨʦʙʣʝʥʦ ʥʘʫʢʦʚʦ-ʦʙʛʨʫʥʪʦʚʘʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʫʟʛʦʜʞʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ʪʫʨʙʽʥʥʦʛʦ ʪʘ ʚʝʥʪʠʣʷʪʦʨʥʦʛʦ ʢʦʥʪʫʨʽʚ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʛʘʟʦʪʫʨʙʽʥʥʦʛʦ ʜʚʠʛʫʥʘ.  

3. ʆʪʨʠʤʘʥʽ ʥʦʚʽ ʜʘʥʽ ʱʦʜʦ ʚʧʣʠʚʫ ʥʘʛʨʽʚʘʥʥʷ ʧʨʦʤʽʞʥʦʛʦ ʢʦʨʧʫʩʫ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʥʘ ʘʝʨʦʜʠʥʘʤʽʯʥʫ ʥʘʚʘʥʪʘʞʝʥʽʩʪʴ ʽ ʨʝʘʢʪʠʚʥʫ 

ʩʠʣʫ ʪʷʛʠ ʚʝʥʪʠʣʷʪʦʨʥʦʛʦ ʢʦʥʪʫʨʫ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ 

ʛʘʟʦʪʫʨʙʽʥʥʦʛʦ ʜʚʠʛʫʥʘ.  

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ. ʆʪʨʠʤʘʥʽ ʥʦʚʽ ʜʘʥʽ ʱʦʜʦ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʽ ʚʧʣʠʚʫ ʤʦʪʦʛʦʥʜʦʣʠ ʥʘ ʨʦʙʦʪʫ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʽʜ ʯʘʩ 

ʩʪʚʦʨʝʥʥʷ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʜʚʠʛʫʥʽʚ ʥʦʚʠʭ ʩʭʝʤ.  

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʜʦʚʽʜʢʦʶ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʥʘ ɼʇ çɸʥʪʦʥʦʚè ʪʘ ɼʇ 

çɯʚʯʝʥʢʦ-ʇʨʦʛʨʝʩè. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʘʢʠʤʠ ʧʦʣʦʞʝʥʥʷʤʠ. 
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ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʽʜʝʾ ʜʦʩʣʽʜʞʝʥʴ. ʢʦʥʮʝʧʮʽʷ ʨʦʙʦʪʠ, ʾʾ ʧʦʣʦʞʝʥʥʷ ʪʘ 

ʧʨʠʥʮʠʧʠ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʨʦʟʨʦʙʣʝʥʽ ʘʚʪʦʨʦʤ ʩʘʤʦʩʪʽʡʥʦ. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ. ʆʩʥʦʚʥʽ ʪʝʦʨʝʪʠʯʥʽ ʧʦʣʦʞʝʥʥʷ, 

ʨʝʟʫʣʴʪʘʪʠ ʪʘ ʚʠʩʥʦʚʢʠ ʥʘʫʢʦʚʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʧʦʚʽʜʘʣʠʩʴ ʘʚʪʦʨʦʤ, 

ʦʙʛʦʚʦʨʶʚʘʣʠʩʴ ʪʘ ʦʪʨʠʤʘʣʠ ʧʦʟʠʪʠʚʥʫ ʦʮʽʥʢʫ ʥʘ ʟʘʩʽʜʘʥʥʷʭ ʢʘʬʝʜʨʠ 

ʘʚʽʘʮʽʡʥʠʭ ʜʚʠʛʫʥʽʚ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʘʚʽʘʮʽʡʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ (ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ, 

2020-2023 ʨʨ.);  ɺʩʝʫʢʨʘʾʥʩʴʢʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ 

ʫʯʝʥʠʭ ʽ ʩʪʫʜʝʥʪʽʚ "ɽʥʝʨʛʝʪʠʯʥʘ ʙʝʟʧʝʢʘ ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʥʘ ʪʨʘʥʩʧʦʨʪʽò 

(ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ, 30 ʣʠʩʪʦʧʘʜʘ 2021 ʨ.); XXVI  ʄʽʞʥʘʨʦʜʥʦʤʫ ʂʦʥʛʨʝʩ ̔

ʜʚʠʛʫʥʦʙʫʜʽʚʥʠʢʽʚ (ʤ. ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ, 4-8 ʚʝʨʝʩʥʷ 2022 ʨ.); ʍʍɯI ʄʽʞʥʘʨʦʜʥʽʡ 

ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽ ʾʟʜʦʙʫʚʘʯʽʚ ʚʠʱʦʾ ʦʩʚʽʪʠ ʽ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ 

ñʇʦʣʽʪò (ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ, 4-8 ʢʚʽʪʥʷ, 2022ʨ.); XXVII  ʄʽʞʥʘʨʦʜʥʦʤʫ ʂʦʥʛʨʝʩ ̔

ʜʚʠʛʫʥʦʙʫʜʽʚʥʠʢʽʚ (ʤ. ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ, 5-8 ʚʝʨʝʩʥʷ 2023 ʨ.)  

ʅʘʫʢʦʚʽ ʩʪʘʪʪʽ ʟʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʾ. ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʾ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ 3 ʦʜʥʦʦʩʽʙʥʠʭ ʥʘʫʢʦʚʠʭ ʩʪʘʪʪʷʭ, ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʫ ʞʫʨʥʘʣʘʭ, ʱʦ 

ʚʭʦʜʷʪʴ ʜʦ ʧʝʨʝʣʽʢʫ ʬʘʭʦʚʠʭ ʚʠʜʘʥʴ ʟʽ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 142, ʢʘʪʝʛʦʨʽʷ çɹè, ʫ 

ʨʦʟʜʽʣʽ ʟʘʨʫʙʽʞʥʦʾ ʤʦʥʦʛʨʘʬʽʾ, 5 ʪʝʟʘʭ ʜʦʧʦʚʽʜʝʡ ʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ 

ʢʦʥʬʝʨʝʥʮʽʷʭ. 

ʉʪʨʫʢʪʫʨʘ ʨʦʙʦʪʠ. ʈʦʙʦʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʘʥʦʪʘʮʽʡ ʫʢʨʘʾʥʩʴʢʦʶ ʪʘ 

ʘʥʛʣʽʡʩʴʢʦʶ ʤʦʚʦʶ, ʚʩʪʫʧʫ, ʧǋ̫ʪʠ ʨʦʟʜʽʣʽʚ, ʪʨʴʦʭ ʜʦʜʘʪʢʽʚ ʪʘ ʩʧʠʩʢʫ 

ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʽʟ 109 ʜʞʝʨʝʣ ʥʘ 10 ʩʪʦʨʽʥʢʘʭ. ʆʩʥʦʚʥʫ ʯʘʩʪʠʥʫ ʨʦʙʦʪʠ 

ʚʠʢʣʘʜʝʥʦ ʥʘ 133 ʩʪʦʨ., 83 ʨʠʩ., 3 ʪʘʙʣʠʮ.̔ 



29 

 

ʈʆɿɼɯʃ 1 

ʉʊɸʅ ʊɸ ʇɽʈʉʇɽʂʊʀɺʀ ʈʆɿɺʀʊʂʋ ɸɺɯɸʎɯʁʅʆɻʆ 

ɼɺʀɻʋʅʆɹʋɼʋɺɸʅʅʗ  

 

1.1. ʈʦʟʚʠʪʦʢ ʜʚʠʛʫʥʦʙʫʜʫʚʘʥʥʷ ʟʘ ʢʦʨʜʦʥʦʤ 

 

ʅʘ ʜʘʥʠʡ ʯʘʩ ʝʢʦʣʦʛʽʯʥʽ ʪʘ ʝʢʦʥʦʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʚʽʘʮʽʡʥʦʾ ʪʝʭʥʽʢʠ ʻ 

ʦʜʥʠʤʠ ʽʟ ʛʦʣʦʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʧʨʠ ʦʮʽʥʮʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ 

ʚʠʟʥʘʯʘʶʪʴ ʾʾ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ ʥʘ ʩʚʽʪʦʚʦʤʫ ʨʠʥʢʫ ʪʘ ʙʝʟʧʝʨʝʰʢʦʜʥʫ 

ʝʢʩʧʣʫʘʪʘʮʽʶ ʥʘ ʤʽʞʥʘʨʦʜʥʠʭ ʘʚʽʘʣʽʥʽʷʭ. 

ʋ ʩʚʽʪʦʚʦʤʫ ʘʚʽʘʜʚʠʛʫʥʦʙʫʜʫʚʘʥʥʽ ʨʦʟʨʦʙʢʦʶ ʪʘ ʚʠʧʫʩʢʦʤ ʟʘʢʽʥʯʝʥʠʭ 

ʧʨʦʜʫʢʪʽʚ ʟʘʡʥʷʪʘ ʦʙʤʝʞʝʥʘ ʢʽʣʴʢʽʩʪʴ ʢʦʤʧʘʥʽʡ ʟ ɸʤʝʨʠʢʠ ʪʘ ɭʚʨʦʧʠ, ʫ ʪʦʤʫ 

ʯʠʩʣʽ ʡ ʋʢʨʘʾʥʠ, ʷʢʽ ʻ ʧʨʦʚʽʜʥʠʤʠ ʚʠʨʦʙʥʠʢʘʤʠ ʘʚʽʘʮʽʡʥʠʭ ʜʚʠʛʫʥʽʚ ʪʘ ʥʝʩʫʪʴ 

ʧʦʚʥʫ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʟʘ ʾʭ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʚʠʨʦʙʥʠʮʪʚʦ, ʧʨʦʜʘʞ ʪʘ 

ʧʽʩʣʷʧʨʦʜʘʞʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ɼʦ ʥʠʭ ʥʘʣʝʞʘʪʴ: General Electric (ʚʽʜʜʽʣʝʥʥʷ GE 

Aviation), Rolls-Royce (ʚʽʜʜʽʣʝʥʥʷ Civil ʪʘ Military), United Technologies 

Corporation (ʢʦʤʧʘʥʽʾ Pratt & Whitney ʪʘ Pratt & Whitney Canada), SAFRAN Group 

(ʢʦʤʧʘʥʽʷ Safran Aircraft Engines), ɼʇ ɯʚʯʝʥʢʦ-ʇʨʦʛʨʝʩ. ʅʝʟʘʣʝʞʥʠʤʠ ʩʚʽʪʦʚʠʤʠ 

ʚʠʨʦʙʥʠʢʘʤʠ ʟ ʧʦʚʥʠʤ ʮʠʢʣʦʤ ʨʦʙʽʪ ʟ ʜʚʠʛʫʥʽʚ ʪʘʢʦʞ ʻ ʢʦʤʧʘʥʽʾ Honeywell 

International (ʧʽʜʨʦʟʜʽʣ Air Transport & Regional ʚʽʜʜʽʣʝʥʥʷ Honeywell Aerospace) 

ʪʘ Williams International, ʷʢʽ ʧʦʩʪʘʯʘʶʪʴ ʜʚʠʛʫʥʠ ʜʣʷ ʣʽʪʘʢʽʚ ʜʽʣʦʚʦʾ ʘʚʽʘʮʽʾ ʪʘ 

ʨʝʛʽʦʥʘʣʴʥʠʭ ʣʽʪʘʢʽʚ. 

ʅʦʤʝʥʢʣʘʪʫʨʘ ʘʚʽʘʮʽʡʥʠʭ ʜʚʠʛʫʥʽʚ ʜʦʩʠʪʴ ʰʠʨʦʢʘ ʽ ʚʢʣʶʯʘʻ ʜʚʠʛʫʥʠ 

ʟʣʽʪʥʦʶ ʪʷʛʦʶ R0 = 5é510 ʢʅ. ʇʨʘʢʪʠʯʥʦ ʫ ʚʩʽʭ ʜʽʘʧʘʟʦʥʘʭ ʟʣʽʪʥʦʾ ʪʷʛʠ ʩʝʨʝʜ 

ʚʠʨʦʙʥʠʢʽʚ ʘʚʽʘʮʽʡʥʠʭ ʜʚʠʛʫʥʽʚ ʽʩʥʫʻ ʞʦʨʩʪʢʘ ʢʦʥʢʫʨʝʥʮʽʷ, ʢʦʣʠ ʟʘʤʦʚʥʠʢʫ 

ʣʽʪʘʢʘ ʩʚʦʾ ʧʨʦʧʦʟʠʮʽʾ ʧʦʜʘʶʪʴ ʜʚʽ-ʪʨʠ ʢʦʤʧʘʥʽʾ. ʊʘʢʘ ʢʦʥʢʫʨʝʥʮʽʷ ʩʧʨʠʷʻ 

ʪʝʭʥʽʯʥʦʤʫ ʧʨʦʛʨʝʩʫ, ʽ ʧʨʘʢʪʠʯʥʦ ʫ ʚʩʽʭ ʜʽʘʧʘʟʦʥʘʭ ʚʞʝ ʟ'ʷʚʠʣʠʩʷ ʥʦʚʽ ʧʨʦʜʫʢʪʠ, 

ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʩʚʽʪʦʚʠʡ ʨʽʚʝʥʴ ʨʦʟʚʠʪʢʫ ʘʚʽʘʜʚʠʛʫʥʘ [12-14]. 

ʉʪʘʥʦʤ ʥʘ ʢʽʥʝʮʴ ʪʨʘʚʥʷ 2018 ʨ. ʣʽʜʝʨʘʤʠ ʥʘ ʨʠʥʢʫ ʘʚʽʘʮʽʡʥʠʭ ʜʚʠʛʫʥʽʚ ʧʦ 

ʚʩʴʦʤʫ ʧʘʨʢʫ ʧʘʩʘʞʠʨʩʴʢʠʭ ʣʽʪʘʢʽʚ, ʱʦ ʧʝʨʝʙʫʚʘʶʪʴ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʟʘʡʤʘʣʠ 
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ʢʦʤʧʘʥʽʾ CFM International (ʩʧʽʣʴʥʝ ʧʽʜʧʨʠʻʤʩʪʚʦ ʢʦʤʧʘʥʽʡ General Electric ʪʘ 

Safran, ~ 44%) ʪʘ General Electric (~ 22%) , ʫ ʩʝʛʤʝʥʪʽ ʜʚʠʛʫʥʽʚ ʜʣʷ ʤʘʛʽʩʪʨʘʣʴʥʠʭ 

ʚʫʟʴʢʦʬʶʟʝʣʷʞʥʠʭ ʣʽʪʘʢʽʚ ï ʢʦʤʧʘʥʽʾ CFM International (~ 71%, ʩʽʤʝʡʩʪʚʦ ʊʈɼɼ 

CFM56) ʪʘ International Aero Engines (~ 19%, ʩʽʤʝʡʩʪʚʦ ʊʈɼɼ V2500), ʫ ʩʝʛʤʝʥʪʽ 

ʜʚʠʛʫʥʽʚ ʜʣʷ ʨʝʛʽʦʥʘʣʴʥʠʭ ʣʽʪʘʢʽʚ ï ʢʦʤʧʘʥʽʾ General Electric (~ 72%, ʩʽʤʝʡʩʪʚʦ 

ʊʈɼɼ CF34) ʽ Rolls-Royce (~ 17%, ʩʽʤʝʡʩʪʚʦ ʊʈɼɼ AE3007), ʘ ʚ ʩʝʛʤʝʥʪʽ 

ʜʚʠʛʫʥʽʚ ʜʣʷ ʤʘʛʽʩʪʨʘʣʴʥʠʭ ʰʠʨʦʢʦʬʶʟʝʣʷʞʥʠʭ ʣʽʪʘʢʽʚ - ʢʦʤʧʘʥʽʾ General 

Electric (~ 51%, ʩʽʤʝʡʩʪʚʘ ʊʈɼɼ CF6, GE90 ʽ GEnx) ʽ Rolls Royce, ʩʽʤʝʡʩʪʚʘ ʊʈɼɼ 

RB211 ʪʘ Trent) (ʨʠʩ. 1.1) [12-15]. 

 

 

ʈʠʩ. 1.1. ʈʦʟʧʦʜʽʣ ʧʘʨʢʫ ʧʘʩʘʞʠʨʩʴʢʠʭ ʣʽʪʘʢʽʚ ʟʘ ʚʠʨʦʙʥʠʢʘʤʠ ʘʚʽʘʮʽʡʥʠʭ 

ʜʚʠʛʫʥʽʚ [15]: ʘ ï ʧʦ ʚʩʴʦʤʫ ʧʘʨʢʫ; ʙ - ʧʦ ʩʝʛʤʝʥʪʫ ʚʫʟʴʢʦʬʶʟʝʣʷʞʥʠʭ ʣʽʪʘʢʽʚ; ʚ 

ï ʟʘ ʩʝʛʤʝʥʪʦʤ ʨʝʛʽʦʥʘʣʴʥʠʭ ʣʽʪʘʢʽʚ; ʛ ï ʟʘ ʩʝʛʤʝʥʪʦʤ ʰʠʨʦʢʦʬʶʟʝʣʷʞʥʠʭ 

ʣʽʪʘʢʽʚ 



31 

 

 

ʆʢʨʽʤ ʜʚʠʛʫʥʽʚ ʢʦʤʧʘʥʽʡ General Electric ʪʘ Rolls-Royce ʫ ʩʠʣʦʚʠʭ 

ʫʩʪʘʥʦʚʢʘʭ (ʉʋ) ʨʝʛʽʦʥʘʣʴʥʠʭ ʣʽʪʘʢʽʚ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʊʈɼɼ SaM146 ʢʦʤʧʘʥʽʾ 

PowerJet ʪʘ ʊɺɼ PW100 ʢʦʤʧʘʥʽʾ Pratt & Whitney Canada. ʉʽʤʝʡʩʪʚʘ ʊʈɼɼ 

TFE731 ʢʦʤʧʘʥʽʾ Honeywell ʪʘ ALF502/ALF507 ʢʦʤʧʘʥʽʾ Lycoming 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʉʋ ʨʝʛʽʦʥʘʣʴʥʠʭ ʣʽʪʘʢʽʚ, ʚʠʧʫʩʢ ʷʢʠʭ ʧʨʠʧʠʥʝʥʦ. ʅʦʚʠʤʠ 

ʨʦʟʨʦʙʢʘʤʠ ʚ ʮʴʦʤʫ ʩʝʛʤʝʥʪʽ ʻ ʩʽʤʝʡʩʪʚʘ ʊʈɼɼ Passport 20 ʢʦʤʧʘʥʽʾ General 

Electric ʪʘ PW1000G ʢʦʤʧʘʥʽʾ Pratt & Whitney. ʋ ʩʝʛʤʝʥʪʽ ʜʚʠʛʫʥʽʚ ʜʣʷ ʉʋ 

ʚʫʟʴʢʦʬʶʟʝʣʷʞʥʠʭ ʤʘʛʽʩʪʨʘʣʴʥʠʭ ʣʽʪʘʢʽʚ ʢʨʽʤ ʜʚʠʛʫʥʽʚ ʢʦʤʧʘʥʽʡ CFM 

International ʪʘ International Aero Engines ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʊʈɼɼ PW6000 (ɸ318) ʽ 

PW2000 (ɺ757) ʢʦʤʧʘʥʽʾ Pratt & Whitney ʽ BR715 (ɺ717) ʪʘ RB21. ʇʨʦʪʝ ʚʠʧʫʩʢ 

ʣʽʪʘʢʽʚ ɺ717 ʽ ɺ757 ʧʨʠʧʠʥʝʥʦ, ʘ ɸ318 ʚʝʣʠʢʠʤ ʧʦʧʠʪʦʤ ʢʦʨʠʩʪʫʚʘʚʩʷ ʊʈɼɼ 

CFM56-5B ʢʦʤʧʘʥʽʾ CFM International. ʅʦʚʠʤʠ ʨʦʟʨʦʙʢʘʤʠ ʫ ʮʴʦʤʫ ʩʝʛʤʝʥʪʽ ʻ 

ʩʽʤʝʡʩʪʚʘ ʊʈɼɼ LEAP ʢʦʤʧʘʥʽʾ CFM International (ʥʘ ʟʘʤʽʥʫ CFM56) ʪʘ 

PW1000G ʢʦʤʧʘʥʽʾ Pratt & Whitney (ʥʘ ʟʘʤʽʥʫ V2500). ʂʦʤʧʘʥʽʷ Pratt & Whitney 

ʧʨʘʢʪʠʯʥʦ ʚʪʨʘʪʠʣʘ ʩʚʦʾ ʧʦʟʠʮʽʾ ʫ ʩʝʛʤʝʥʪʽ ʜʚʠʛʫʥʽʚ ʜʣʷ ʉʋ ʰʠʨʦʢʦʬʶʟʝʣʷʞʥʠʭ 

ʣʽʪʘʢʽʚ. ɺʦʥʘ ʥʝ ʧʦʩʪʘʯʘʻ ʜʚʠʛʫʥʠ ʜʣʷ ʥʦʚʠʭ ʰʠʨʦʢʦʬʶʟʝʣʷʞʥʠʭ ʣʽʪʘʢʽʚ ɺ787, 

ɺ747-8 ʪʘ ɸ350 XWB, ʘ ʟʘʤʦʚʣʝʥʥʷ ʥʘ ʜʚʠʛʫʥʠ ʩʽʤʝʡʩʪʚʘ PW4000 ʜʣʷ ʉʋ ʣʽʪʘʢʘ 

ɸ330 ʥʝ ʚʝʣʠʢʽ. ʅʝʚʝʣʠʢʦʶ ʚʪʽʭʦʶ ʻ ʧʦʩʪʘʯʘʥʥʷ ʊʈɼɼ GP7200 ʫ ʨʘʤʢʘʭ 

ʩʧʽʣʴʥʦʛʦ ʟ General Electric ʧʽʜʧʨʠʻʤʩʪʚʘ Engine Alliance ʜʣʷ ʉʋ ʣʽʪʘʢʘ ɸ380, 

ʚʚʝʜʝʥʦʛʦ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ ʫ 2008 ʨʦʮʽ. ʅʦʚʠʤʠ ʨʦʟʨʦʙʢʘʤʠ ʫ ʮʴʦʤʫ ʩʝʛʤʝʥʪʽ ʻ 

ʊʈɼɼ GE9X ʢʦʤʧʘʥʽʾ General Electric ʪʘ ʩʽʤʝʡʩʪʚʦ ʊʈɼɼ Trent XWB ʢʦʤʧʘʥʽʾ 

Rolls-Royce [12-15]. ɿ ʜʨʫʛʦʾ ʧʦʣʦʚʠʥʠ 1990-ʭ ʨʦʢʽʚ. ʟʘ ʢʦʨʜʦʥʦʤ ʩʪʘʣʠ 

ʚʚʦʜʠʪʠʩʷ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ ʰʠʨʦʢʦʬʶʟʝʣʷʞʥʽ ʧʘʩʘʞʠʨʩʴʢʽ ʣʽʪʘʢʠ ʟ ʜʚʠʛʫʥʘʤʠ 

ʧ'ʷʪʦʛʦ ʧʦʢʦʣʽʥʥʷ (ʨʦʜʠʥʠ ʊʈɼɼ Gɽ90, PW4000, Trent), ʚ ʷʢʠʭ ʚʝʣʠʯʠʥʘ 

ʩʫʤʘʨʥʦʛʦ ʩʪʫʧʝʥʷ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʜʦʩʷʛʣʘ ʟʥʘʯʝʥʥʷ 35...45, ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʫ 

ʥʘ ʚʭʦʜʽ ʚ ʣʦʧʘʪʢʠ ʈʂ ʪʫʨʙʽʥʠ 1900...1950K, ʩʪʫʧʝʥʴ ʜʚʦʢʦʥʪʫʨʥʦʩʪʽ m = 8é9, 

ʱʦ ʟʘʙʝʟʧʝʯʠʣʦ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʰʫʤʫ ʪʘ ʜʦʩʷʛʥʝʥʥʷ ʚ ʫʤʦʚʘʭ ʢʨʝʡʩʝʨʩʴʢʦʛʦ 

ʧʦʣʴʦʪʫ (ʅ = 11ʢʤ, ʄ = 0,8) ʚʝʣʠʯʠʥʠ ʧʠʪʦʤʦʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ 0,52é0,55 

ʢʛ/(ʢʛʩĬʛʦʜ). ʇʦʨʽʚʥʷʥʦ ʟ ʰʠʨʦʢʦ ʝʢʩʧʣʫʘʪʦʚʘʥʠʤʠ ʥʘ ʪʦʡ ʯʘʩ ʜʚʠʛʫʥʘʤʠ 



32 

 

ʯʝʪʚʝʨʪʦʛʦ ʧʦʢʦʣʽʥʥʷ (ʨʦʜʠʥʠ ʊʈɼɼ CF6, PW2000, RB211) ʮʽ ʜʚʠʛʫʥʠ 

ʟʘʙʝʟʧʝʯʠʣʠ ʧʦʢʨʘʱʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʘ ʪʘʢʦʞ ʚʠʩʦʢʽ ʧʦʢʘʟʥʠʢʠ 

ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʨʝʩʫʨʩʫ [12-15]. 

ʅʘ ʧʦʯʘʪʢʫ 2010-ʭ ʨʦʢʽʚ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ ʙʫʣʠ ʚʚʝʜʝʥʽ ʥʦʚʽ ʊʈɼɼ ʜʣʷ 

ʰʠʨʦʢʦʬʶʟʝʣʷʞʥʠʭ ʣʽʪʘʢʽʚ (GEnx, Trent 1000 / Trent XWB), ʷʢʽ ʧʦʨʽʚʥʷʥʦ ʟ 

ʜʚʠʛʫʥʘʤʠ ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʱʦ ʧʝʨʝʙʫʚʘʶʪʴ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ, 

ʟʘʙʝʟʧʝʯʠʣʠ ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ ʧʘʣʠʚʘ ʥʘ 10...15%, ʨʽʚʥʷ ʰʫʤʫ ʥʘ 12...20ɽʈNʜɹ 

ɻʣʘʚʠ 4 ɯʂɸʆ ʪʘ ʟʘʧʘʩ ʟʘ ʨʽʚʥʝʤ ʝʤʽʩʽʾ Nʆʭ ʟʘ ʮʠʢʣʦʤ ʨʝʞʠʤʦʤ ʧʦʣʴʦʪʫ çʟʣʽʪ-

ʧʦʩʘʜʢʘè 30...50% ʱʦʜʦ ʥʦʨʤ ʉɸɽʈ/6 ɯʂɸʆ. ʃʽʜʝʨʦʤ ʫ ʟʘʩʪʦʩʫʚʘʥʥʽ ʥʦʚʠʭ 

ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʪʘ ʪʝʭʥʦʣʦʛʽʡ ʟʘʣʠʰʘʻʪʴʩʷ ʢʦʤʧʘʥʽʷ General Electric. ɺʦʥʘ 

ʧʝʨʰʦʶ ʩʝʨʝʜ ʘʚʽʘʜʚʠʛʫʥʦʙʫʜʽʚʥʠʭ ʢʦʤʧʘʥʽʡ ʟʘʩʪʦʩʫʚʘʣʘ ʚ ʩʝʨʽʡʥʠʭ ʜʚʠʛʫʥʘʭ 

ʜʣʷ ʧʘʩʘʞʠʨʩʴʢʠʭ ʣʽʪʘʢʽʚ: ʩʧʦʯʘʪʢʫ ʣʦʧʘʪʢʠ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ (ʈʂ), ʘ ʧʦʪʽʤ 

ʢʦʨʧʫʩ ʦʩʴʦʚʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ ʟ ʧʦʣʽʤʝʨʥʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ; 

ʢʦʤʧʨʝʩʦʨ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ (ʂɺɼ), ʨʦʟʨʘʭʦʚʘʥʠʡ ʥʘ ʩʪʫʧʽʥʴ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ 22; 

ʤʘʣʦʝʤʽʩʽʡʥʽ ʢʘʤʝʨʠ ʟʛʦʨʷʥʥʷ (DAC, TAPS); ʢʝʨʘʤʽʯʥʽ ʢʦʤʧʦʟʠʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ 

(ʂʂʄ) ʫ çʛʘʨʷʯʽʡè ʯʘʩʪʠʥʽ ʜʚʠʛʫʥʘ; ʧʨʦʪʠʣʝʞʥʝ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʽʚ ʢʘʩʢʘʜʽʚ 

ʚʠʩʦʢʦʛʦ ʪʘ ʥʠʟʴʢʦʛʦ ʪʠʩʢʫ; ʰʝʚʨʦʥʥʽ ʩʦʧʣʘ ʽ ʪ.ʜ. [12,13, 16-20.]. ʂʦʤʧʘʥʽʷ 

General Electric ʧʨʦʚʦʜʠʪʴ ʩʝʨʪʠʬʽʢʘʮʽʡʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʜʚʠʛʫʥʘ GE9X-105B1A 

ʽʟ ʩʽʤʝʡʩʪʚʘ ʊʈɼɼ GE90 ʜʣʷ ʥʦʚʦʛʦ ʩʽʤʝʡʩʪʚʘ ʣʽʪʘʢʽʚ B777X ʢʦʤʧʘʥʽʾ Boeing. ʋ 

ʮʴʦʤʫ ʜʚʠʛʫʥʽ ʚʧʝʨʰʝ ʫ ʩʚʽʪʦʚʽʡ ʧʨʘʢʪʠʮʽ ʮʠʚʽʣʴʥʦʛʦ ʘʚʽʘʜʚʠʛʫʥʘ ʙʫʜʫʶʪʴʩʷ 11-

ʩʪʫʧʽʥʯʘʩʪʠʡ ʂɺɼ, ʨʦʟʨʘʭʦʚʘʥʠʡ ʥʘ ʩʪʫʧʽʥʴ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ 27 ʧʨʠ ʩʫʤʘʨʥʦʤʫ 

ʩʪʫʧʝʥʽ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ 64, ʞʘʨʦʚʘ ʪʨʫʙʘ ʢʘʤʝʨʠ ʟʛʦʨʷʥʥʷ ʽ ʣʦʧʘʪʢʠ ʉɸ ʽ ʈʂ 

ʜʨʫʛʦʛʦ ʩʪʫʧʝʥʷ ʪʫʨʙʽʥʠ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ (ʊɺʊ) ʟ ʂʂʄ, ʣʦʧʘʪʢʠ ʪʫʨʙʽʥʠ ʥʠʟʴʢʦʛʦ 

ʪʠʩʢʫ (ʊʅʊ), ʚʠʛʦʪʦʚʣʝʥʽ ʟʘ ʘʜʠʪʠʚʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ, ʘ ʪʘʢʦʞ ʫ ʟʥʘʯʥʽʡ ʯʘʩʪʠʥʽ 

ʪʝʭʥʦʣʦʛʽʾ, ʨʦʟʨʦʙʣʝʥʽ ʜʣʷ ʩʽʤʝʡʩʪʚ ʊʈɼɼ GEnx ʪʘ LEAP (ʨʠʩ. 1.2 ʪʘ ʨʠʩ. 1.3) 

[21-25]. 

ɿʘ ʟʘʷʚʘʤʠ ʢʦʤʧʘʥʽʾ General Electric ʜʚʠʛʫʥ GE9X ʟʘʙʝʟʧʝʯʠʪʴ ʟʤʝʥʰʝʥʥʷ 

ʚʠʪʨʘʪ ʧʘʣʠʚʘ ʥʘ 10% ʧʦʨʽʚʥʷʥʦ ʟ ʣʽʪʘʢʦʤ B777-300ER ʟ ʜʚʠʛʫʥʦʤ GE90-115B, 

ʟʘʧʘʩʠ ʟʘ ʨʽʚʥʝʤ ʰʫʤʫ ʥʝ ʤʝʥʰʝ 8 EPNʜɹ ʱʦʜʦ ɻʣʘʚʠ 14 ɯʂɸʆ ʪʘ ʨʽʚʥʝʤ ʝʤʽʩʽʾ 
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NOx ʟʘ ʮʠʢʣʦʤ ʨʝʞʠʤʫ ʧʦʣʴʦʪʫ çʟʣʽʪ ʥʝ ʤʝʥʰʝ 30% ʱʦʜʦ ʥʦʨʤ ʉɸɭʈ/8 ɯʂɸʆ 

[22, 23]. 

 

 

 

ʈʠʩ. 1.2. ʈʦʟʨʽʟ ʊʈɼɼ GE9X ʪʘ ʡʦʛʦ ʢʦʤʧʦʥʝʥʪʠ ʟ ʢʝʨʘʤʽʯʥʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ 

 

ʈʠʩ. 1.3. ʈʦʟʨʦʙʢʘ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʢʦʤʧʘʥʽʻʶ General Electric ʜʣʷ 

ʜʚʠʛʫʥʽʚ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ 
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ɿ 2015 ʨ. ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ ʚʚʦʜʷʪʴʩʷ ʥʦʚʽ ʪʘ ʨʝʤʦʪʦʨʠʟʦʚʘʥʽ ʚʫʟʴʢʦʬʶʟʝʣʷʞʥʽ 

(ʨʝʛʽʦʥʘʣʴʥʽ ʪʘ ʤʘʛʽʩʪʨʘʣʴʥʽ) ʣʽʪʘʢʠ ʟ ʜʚʠʛʫʥʘʤʠ ʧ'ʷʪʦʛʦ ʧʦʢʦʣʽʥʥʷ (ʩʽʤʝʡʩʪʚʘ 

ʊʈɼɼ LEAP-X ʪʘ PW1000G) ʟʽ ʟʙʽʣʴʰʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ʪʘ 

ʩʪʫʧʝʥʝʤ ʜʚʦʢʦʥʪʫʨʥʦʩʪʽ 9é12 ʟ ʧʨʷʤʠʤ ʘʙʦ ʨʝʜʫʢʪʦʨʥʠʤ ʧʨʠʚʦʜʦʤ ʦʩʴʦʚʦʛʦ 

ʚʝʥʪʠʣʷʪʦʨʘ. ʇʦʨʽʚʥʷʥʦ ʟ ʜʚʠʛʫʥʘʤʠ ʯʝʪʚʝʨʪʦʛʦ ʧʦʢʦʣʽʥʥʷ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ 

ʝʢʩʧʣʫʘʪʘʮʽʾ (ʨʦʜʠʥʠ ʊʈɼɼ CF34, CFM56, V2500), ʚʦʥʠ ʟʘʙʝʟʧʝʯʠʣʠ ʟʤʝʥʰʝʥʥʷ 

ʚʠʪʨʘʪ ʧʘʣʠʚʘ ʥʘ 15...20%, ʨʽʚʥʷ ʰʫʤʫ ʥʘ 15...20 ɽʈNʜɹ ʱʦʜʦ ʥʦʨʤ ɻʣʘʚʠ 4 

ɯʂɸʆ, ʟʘʧʘʩ ʟʘ ʨʽʚʥʝʤ ʝʤʽʩʽʾ Nʆx ʮʠʢʣʫ ʨʝʞʠʤʫ ʧʦʣʴʦʪʫ çʟʣʽʪ-ʧʦʩʘʜʢʘè 45é50% 

ʱʦʜʦ ʥʦʨʤ ʉɸɽʈ/6 ɯʂɸʆ ʪʘ ʟʥʠʞʝʥʥʷ ʚʘʨʪʦʩʪʽ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʥʘ 

25é30%. ʇʨʠ ʮʴʦʤʫ ʚ ʾʭ ʢʦʥʩʪʨʫʢʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʝʭʥʽʯʥʽ ʨʽʰʝʥʥʷ ʪʘ 

ʪʝʭʥʦʣʦʛʽʾ, ʷʢʽ ʫʩʧʽʰʥʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʊʈɼɼ ʧ'ʷʪʦʛʦ ʧʦʢʦʣʽʥʥʷ ʜʣʷ 

ʰʠʨʦʢʦʬʶʟʝʣʷʞʥʠʭ ʣʽʪʘʢʽʚ (ʥʘʩʘʤʧʝʨʝʜ ʨʦʪʦʨʥʽ ʪʘ ʩʪʘʪʦʨʥʽ ʜʝʪʘʣʽ ʟ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ), ʘ ʪʘʢʦʞ ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʽʪ ʟ ʧʨʦʛʨʘʤ ʨʦʟʨʦʙʢʠ 

ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ [12, 13]. 

ʋ ʩʽʤʝʡʩʪʚʽ ʊʈɼɼ LEAP-X ʢʦʤʧʘʥʽʷ CFM International ʚʧʝʨʰʝ ʫ ʩʚʽʪʽ ʜʣʷ 

ʜʚʠʛʫʥʽʚ ʚʫʟʴʢʦʬʶʟʝʣʷʞʥʠʭ ʣʽʪʘʢʽʚ ʟʘʩʪʦʩʫʚʘʣʘ ʣʦʧʘʪʢʠ ʈʂ ʽ ʧʝʨʝʜʥʽʡ ʢʦʨʧʫʩ 

ʦʩʴʦʚʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ ʟ ʧʦʣʽʤʝʨʥʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, 10-ʩʪʫʧʽʥʯʘʩʪʠʡ 

ʂɺʊ, ʨʦʟʨʘʭʦʚʘʥʠʡ ʥʘ ʩʪʫʧʽʥʴ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ 22, ʬʦʨʩʫʥʢʠ ʤʘʣʦʝʤʽʩʽʡʥʦʾ 

ʢʘʤʝʨʠ ʟʛʦʨʷʥʥʷ. ʪʝʭʥʦʣʦʛʽʾ, ʧʨʦʩʪʘʚʢʠ ʥʘʜ ʣʦʧʘʪʢʘʤʠ ʈʂ ʧʝʨʰʦʛʦ ʩʪʫʧʝʥʷ ʊɺʊ 

ʽʟ ʂʂʄ, ʣʦʧʘʪʢʠ ʊʅʊ ʽʟ ʘʣʶʤʽʥʽʶ ʪʠʪʘʥʫ (TiAl), ʚʠʛʦʪʦʚʣʝʥʽ ʟʘ ʘʜʠʪʠʚʥʦʶ 

ʪʝʭʥʦʣʦʛʽʻʶ, ʛʽʙʨʠʜʥʽ ʧʽʜʰʠʧʥʠʢʠ [26 ï 30]. 

ʋ ʩʚʦʶ ʯʝʨʛʫ, ʢʦʤʧʘʥʽʷ Pratt & Whitney ʫ ʩʽʤʝʡʩʪʚʽ ʊʈɼɼ PW1000G 

ʟʘʩʪʦʩʫʚʘʣʘ ʨʝʜʫʢʪʦʨ ʜʣʷ ʧʨʠʚʦʜʫ ʦʩʴʦʚʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ, ʱʦ ʜʦʟʚʦʣʠʣʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʠʩʦʢʦʦʙʦʨʦʪʥʫ ʤʘʣʦʩʪʫʧʝʥʝʚʫ ʊʅʊ. ʂʨʽʤ ʪʦʛʦ, ʚ ʩʽʤʝʡʩʪʚʽ 

ʊʈɼɼ PW1000G ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʦʩʴʦʚʠʡ ʚʝʥʪʠʣʷʪʦʨ (ʣʦʧʘʪʢʠ ʽ ʢʦʨʧʫʩ) ʟ 

ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, 8-ʩʪʫʧʽʥʯʘʩʪʠʡ ʂɺʊ ʢʦʥʩʪʨʫʢʮʽʾ ʙʣʠʩʢ, ʤʘʣʦʝʤʽʩʽʡʥʘ 

ʢʘʤʝʨʘ ʟʛʦʨʷʥʥʷ TALON X (RQL III), ʜʚʦʩʪʫʧʽʥʯʘʩʪʘ ʚʠʩʦʢʦʦʙʦʨʦʪʥʘ ʊɺʊ (nmax 

~ 22 000 ʦʙ/ʭʚ) ʣʦʧʘʪʢʘʤʠ ʉɸ ʪʘ ʈʂ, ʩʪʘʪʦʨʥʽ ʜʝʪʘʣʽ ʟ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, 

ʚʠʛʦʪʦʚʣʝʥʽ ʟʘ ʘʜʠʪʠʚʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ. ʏʝʨʝʟ ʚʠʩʦʢʫ ʪʝʤʧʝʨʘʪʫʨʫ ʛʘʟʫ ʥʘ 



35 

 

ʚʭʦʜʽ ʚ ʊɺʊ ʣʦʧʘʪʢʠ ʉɸ ʽ ʈʂ ʧʝʨʰʦʛʦ ʩʪʫʧʝʥʷ ʊʅʊ ʚʠʢʦʥʘʥʽ ʦʭʦʣʦʜʞʫʚʘʥʠʤʠ 

[31 - 36]. 

ʅʘ ʨʠʩ. 1.4 ʥʘʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʊʈɼɼ LEAP-1A35A ʽ CFM56-5B ʢʦʤʧʘʥʽʾ 

CFM International, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʩʠʣʦʚʽʡ ʫʩʪʘʥʦʚʮʽ (ʉʋ) ʣʽʪʘʢʽʚ ʩʽʤʝʡʩʪʚ 

A320neo ʽ A320ceo, ʘ ʥʘ ʨʠʩ.1.5 - ʧʦʨʽʚʥʷʥʥʷ ʊʈɼɼ LEAP-1A35A ʽ PW1133G-JM 

ʢʦʤʧʘʥʽʾ Pratt & Whitney A320neo [37, 38]. ʇʨʠ ʦʜʥʘʢʦʚʦʤʫ ʟʥʘʯʝʥʥʽ ʟʣʽʪʥʦʾ ʪʷʛʠ 

ʊʈɼɼ LEAP-1A35A ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ CFM56-5B (ʥʘʡʙʽʣʴʰʠʤ ʫ ʩʽʤʝʡʩʪʚʽ) ʤʘʻ 

ʜʽʘʤʝʪʨ ʦʩʴʦʚʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ ʥʘ ~250 ʤʤ, ʤʘʩʫ ʥʘ ~535 ʢʛ ʽ ʜʦʚʞʠʥʫ ʥʘ ~728 ʤʤ 

ʙʽʣʴʰʝ, ʥʽʞ CFM56-5B. ʇʨʠ ʮʴʦʤʫ ʤʘʢʩʠʤʘʣʴʥʘ ʦʢʨʫʞʥʘ ʰʚʠʜʢʽʩʪʴ ʦʩʴʦʚʦʛʦ 

ʚʝʥʪʠʣʷʪʦʨʘ ʩʪʘʥʦʚʠʪʴ Uʚ > 404 ʤ/ʩ (nʚ max > 3900 ʦʙ/ʤʠʥ) ʟʘʤʽʩʪʴ Uʚ > 472 ʤ/ʩ 

(nʚ max è 5650 ʦʙ/ʤʠʥ) ʫ CFM56-5B [37, 39]. 

 

ʈʠʩ. 1.4. ʇʦʨʽʚʥʷʥʥʷ ʨʦʟʤʽʨʽʚ ʊʈɼɼ CFM56-5B ʽ LEAP-1A 

 

ʈʠʩ. 1.5.  ʇʦʨʽʚʥʷʥʥʷ ʨʦʟʤʽʨʽʚ ʊʈɼɼ PW1133G-JM ʽ LEAP-1A 
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ʇʦʨʽʚʥʷʥʦ ʟ ʊʈɼɼ PW1133G-JM ʧʨʠ ʦʜʥʘʢʦʚʦʤʫ ʟʥʘʯʝʥʥʽ ʟʣʽʪʥʦʾ ʪʷʛʠ 

ʊʈɼɼ LEAP-1A35A ʤʘʻ ʜʽʘʤʝʪʨ ʚʝʥʪʠʣʷʪʦʨʘ ʥʘ ~76 ʤʤ ʤʝʥʰʝ, ʤʘʩʫ ʥʘ ~132 ʢʛ 

ʽ ʜʦʚʞʠʥʫ ʥʘ ~44 ʤʤ ʙʽʣʴʰʝ. ʇʨʠ ʮʴʦʤʫ ʤʘʢʩʠʤʘʣʴʥʘ ʦʢʨʫʞʥʘ ʰʚʠʜʢʽʩʪʴ 

ʚʝʥʪʠʣʷʪʦʨʘ ʫ LEAP-1A35A ʩʪʘʥʦʚʠʪʴ Uʚ > 404 ʤ/ʩ (nʚ max > 3900 ʦʙ/ʤʠʥ), ʘ 

PW1133G-JM ï Uʚ > 353 ʤ/ʩ (nʚ max > 3280 ʦʙ/ʤʠʥ) [38, 39].  

ɿʘʩʪʦʩʫʚʘʥʥʷ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʜʚʠʛʫʥʘʭ ʨʽʟʥʠʭ ʩʭʝʤ 

ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʧʨʠʙʣʠʟʥʦ ʨʽʚʥʠʡ ʚʠʛʨʘʰ ʱʦʜʦ ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ ʧʘʣʠʚʘ 

ʪʘ ʨʽʚʥʷ ʰʫʤʫ. ʊʦʤʫ ʧʝʨʝʚʘʛʫ ʪʽʡ ʯʠ ʽʥʰʽʡ ʩʭʝʤʽ ʜʚʠʛʫʥʘ ʟʘʨʫʙʽʞʥʽ ʢʦʤʧʘʥʽʾ 

ʚʽʜʜʘʶʪʴ ʟ ʥʘʷʚʥʦʛʦ ʜʦʩʚʽʜʫ ʡ ʥʘʷʚʥʦʩʪʽ ʥʝʦʙʭʽʜʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʡ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʥʘʡʢʨʘʱʠʭ 

ʚʠʨʦʙʥʠʢʽʚ ʩʚʽʪʫ, ʟʘʢʦʨʜʦʥʥʽ ʘʚʽʘʜʚʠʛʫʥʦʙʫʜʽʚʥʽ ʢʦʤʧʘʥʽʾ ʤʦʞʫʪʴ ʰʚʠʜʢʦ 

ʨʝʘʛʫʚʘʪʠ ʥʘ ʟʤʽʥʫ ʩʠʪʫʘʮʽʾ ʥʘ ʨʠʥʢʫ ʪʘ ʫ ʢʦʨʦʪʢʠʡ ʪʝʨʤʽʥ ʩʪʚʦʨʶʚʘʪʠ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽ ʧʨʦʜʫʢʪʠ. 

 

1.2. ʂʣʶʯʦʚʽ ʢʨʠʪʠʯʥʽ ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ ʘʚʽʘʮʽʡʥʠʭ ʜʚʠʛʫʥʽʚ 

ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʧʘʩʘʞʠʨʩʴʢʠʭ ʣʽʪʘʢʽʚ 

 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʜʦʩʷʛʥʫʪʠʡ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʪʝʭʥʽʯʥʦʾ ʜʦʩʢʦʥʘʣʦʩʪʽ 

ʘʚʽʘʮʽʡʥʠʭ ʜʚʠʛʫʥʽʚ, ʥʝʦʙʭʽʜʥʽ ʥʦʚʽ ʨʽʰʝʥʥʷ ï ʢʨʠʪʠʯʥʽ ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ 

ʧʦʜʘʣʴʰʦʛʦ ʧʦʢʨʘʱʝʥʥʷ ʾʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢ ʥʘ ʨʽʚʥʽ ʘʨʭʽʪʝʢʪʫʨʠ, ʪʘʢ ʽ ʥʘ ʨʽʚʥʽ 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʢʨʝʤʠʭ ʚʫʟʣʽʚ. ʄʦʞʣʠʚʽ ʘʝʨʦʜʠʥʘʤʽʯʥʽ ʩʭʝʤʠ 

ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʧʘʩʘʞʠʨʩʴʢʠʭ ʣʽʪʘʢʽʚ ʽ ʜʚʠʛʫʥʽʚ ʾʭ ʩʠʣʦʚʠʭ ʫʩʪʘʥʦʚʦʢ ʧʦʢʘʟʘʥʦ 

ʥʘ ʨʠʩ. 1.6. 

ʆʜʥʽʻʶ ʽʟ ʪʘʢʠʭ ʤʦʞʣʠʚʠʭ ʢʨʠʪʠʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʜʚʠʛʫʥʘʤʠ ʧ'ʷʪʦʛʦ ʧʦʢʦʣʽʥʥʷ (PW1000G, LEAP, GEnx, Trent) ʤʘʢʩʠʤʘʣʴʥʝ 

ʟʤʝʥʰʝʥʥʷ ʧʠʪʦʤʦʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʧʦʣʴʦʪʥʦʛʦ ʪʘ ʪʝʨʤʽʯʥʦʛʦ 

ʂʂɼ (ʦʜʥʦʯʘʩʥʝ ʧʽʜʚʠʱʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʮʠʢʣʫ (ʮʠʢʣ ɹʨʘʡʪʦʥʘ) ʪʘ ʩʪʫʧʝʥʷ 

ʜʚʦʢʦʥʪʫʨʥʦʩʪʽ) ʤʦʞʝ ʩʪʘʥʦʚʠʪʠ 25...30% ʜʣʷ ʪʫʨʙʦʛʚʠʥʪʦʚʝʥʪʠʣʷʪʦʨʥʦʛʦ 

ʜʚʠʛʫʥʘ (ʊɻʚɺɼ) ʨʦʟʧʦʜʽʣʝʥʦʾ ʩʠʣʦʚʦʾ ʫʩʪʘʥʦʚʢʠ (ʈʉʋ). 
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ʈʠʩ. 1.6. ɸʝʨʦʜʠʥʘʤʽʯʥʽ ʩʭʝʤʠ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʧʘʩʘʞʠʨʩʴʢʠʭ ʣʽʪʘʢʽʚ ʽ 

ʜʚʠʛʫʥʠ ʾʭ ʩʠʣʦʚʠʭ ʫʩʪʘʥʦʚʦʢ [40] 

 

ɿʤʝʥʰʝʥʥʷ ʧʠʪʦʤʦʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʜʣʷ ʊʈɼɼ ʟ ʧʨʷʤʠʤ ʘʙʦ ʨʝʜʫʢʪʦʨʥʠʤ 

ʧʨʠʚʦʜʦʤ ʦʩʴʦʚʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ ʘʙʦ ʊʈɼɼ ʟʽ ʩʢʣʘʜʥʠʤ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʤ ʮʠʢʣʦʤ 

(ʥʘʧʨʠʢʣʘʜ, ʟ ʧʨʦʤʽʞʥʠʤ ʦʭʦʣʦʜʞʝʥʥʷʤ) ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʧʘʨʘʤʝʪʨʽʚ ʮʠʢʣʫ ʪʘ 

ʩʪʫʧʝʥʷ ʜʚʦʢʦʥʪʫʨʥʦʩʪʽ ʜʦ m = 14...18 ʤʦʞʝ ʩʪʘʥʦʚʠʪʠ 15...20% [41]. ʆʜʥʘʢ 

ʧʽʜʚʠʱʝʥʥʷ ʧʦʣʴʦʪʥʦʛʦ ʪʘ ʪʝʨʤʽʯʥʦʛʦ ʂʂɼ ʪʘ ʧʦʢʨʘʱʝʥʥʷ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʃɸ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʫʪʪʻʚʦʛʦ (ʚ 1,5é2,5 ʨʘʟʘ) ʟʤʝʥʰʝʥʥʷ 

ʨʦʟʤʽʨʥʦʩʪʽ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʧʨʦʝʢʪʫʚʘʥʥʷ ʡʦʛʦ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ 

ʚʫʟʣʽʚ, ʘ ʧʨʠ ʟʥʘʯʝʥʥʷʭ ʟʣʽʪʥʦʾ ʨʝʘʢʪʠʚʥʦʾ ʪʷʛʠ ʤʝʥʰʝ 150é180 ʢʅ ʤʦʞʝ 

ʚʠʤʘʛʘʪʠ ʟʤʽʥʠ ʡʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ ʩʭʝʤʠ [42]. 

ʊʈɼɼ ʪʨʘʜʠʮʽʡʥʦʾ ʩʭʝʤʠ ʟ ʧʨʷʤʠʤ (m<14) ʘʙʦ ʟ ʨʝʜʫʢʪʦʨʥʠʤ (m>14) 

ʧʨʠʚʦʜʦʤ ʦʩʴʦʚʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ ʟʙʝʨʽʛʘʶʪʴ ʩʚʦʶ ʧʨʠʚʘʙʣʠʚʽʩʪʴ ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ 

ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ (ʚ ɻʊɼ ʨʝʘʣʽʟʫʻʪʴʩʷ ʮʠʢʣ ɹʨʘʡʪʦʥʘ). ʂʨʠʪʠʯʥʠʤʠ 

ʪʝʭʥʦʣʦʛʽʷʤʠ ʜʣʷ ʪʘʢʠʭ ʜʚʠʛʫʥʽʚ ʻ: 
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ï ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʡ ʤʘʣʦʰʫʤʥʠʡ ʦʩʴʦʚʠʡ ʚʝʥʪʠʣʷʪʦʨ ʟ ʣʦʧʘʪʢʘʤʠ 

ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ ʪʘ ʢʦʨʧʫʩʦʤ ʽʟ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ; 

ï ʤʘʣʦʩʪʫʧʽʥʯʘʩʪʠʡ ʢʦʤʧʨʝʩʦʨ ʥʠʟʴʢʦʛʦ ʪʠʩʢʫ ʟ ʨʝʛʫʣʴʦʚʘʥʠʤʠ ʣʦʧʘʪʢʘʤʠ 

ʚʭʽʜʥʦʛʦ ʥʘʧʨʘʚʣʷʶʯʦʛʦ ʘʧʘʨʘʪʫ (ʚʠʩʦʢʦʥʘʚʘʥʪʘʞʝʥʠʡ ʪʘ ʚʠʩʦʢʦʦʙʦʨʦʪʥʠʡ ʜʣʷ 

ʊʈɼɼ ʟ ʨʝʜʫʢʪʦʨʥʠʤ ʧʨʠʚʦʜʦʤ ʦʩʴʦʚʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ); 

ï ʚʠʩʦʢʦʥʘʚʘʥʪʘʞʝʥʠʡ (ʩʪʫʧʽʥʴ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ 22) ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʡ 

ʢʦʤʧʨʝʩʦʨ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ ʟ ʨʦʟʚʠʥʝʥʦʶ ʤʝʭʘʥʽʟʘʮʽʻʶ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ, 

ʢʝʨʫʚʘʥʥʷʤ ʪʝʯʽʻʶ ʪʘ ʩʠʩʪʝʤʦʶ ʘʢʪʠʚʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʨʘʜʽʘʣʴʥʠʭ ʟʘʟʦʨʽʚ; 

ï ʤʘʣʦʝʤʽʩʽʡʥʘ ʢʘʤʝʨʘ ʟʛʦʨʷʥʥʷ ʚʝʣʠʢʦʛʦ ʨʝʩʫʨʩʫ ʽʟ ʞʘʨʦʚʦʶ ʪʨʫʙʦʶ ʟ 

ʢʝʨʘʤʽʯʥʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ; 

ï ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘ ʛʘʟʦʚʘ ʪʫʨʙʽʥʘ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ ʟ ʣʦʧʘʪʢʘʤʠ 

ʩʦʧʣʦʚʦʛʦ ʘʧʘʨʘʪʫ ʪʘ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ ʟ ʤʦʥʦʢʨʠʩʪʘʣʽʯʥʦʛʦ ʘʙʦ ʢʝʨʘʤʽʯʥʦʛʦ 

ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʽʟ ʩʠʩʪʝʤʦʶ ʘʢʪʠʚʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʨʘʜʽʘʣʴʥʠʭ 

ʟʘʟʦʨʽʚ ʪʘ ʝʬʝʢʪʠʚʥʠʤ ʪʝʧʣʦʦʙʤʽʥʥʠʢʦʤ ʫ ʩʠʩʪʝʤʽ ʦʭʦʣʦʜʞʝʥʥʷ ʦʭʦʣʦʜʞʫʶʯʦʛʦ 

ʧʦʚ̔ʪʨʷ; 

- ʛʘʟʦʚʘ ʪʫʨʙʽʥʘ ʥʠʟʴʢʦʛʦ ʪʠʩʢʫ ʟ ʥʝʦʭʦʣʦʜʞʫʚʘʥʠʤʠ ʣʦʧʘʪʢʘʤʠ ʩʦʧʣʦʚʦʛʦ 

ʘʧʘʨʘʪʫ ʪʘ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ ʟ ʢʝʨʘʤʽʯʥʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʪʘ ʩʠʩʪʝʤʦʶ 

ʘʢʪʠʚʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʨʘʜʽʘʣʴʥʠʭ ʟʘʟʦʨʽʚ; 

- ʇʣʘʥʝʪʘʨʥʠʡ ʨʝʜʫʢʪʦʨ ʧʦʪʫʞʥʽʩʪʶ 30 ... 60 ʄɺʪ ʟ ʧʝʨʝʜʘʪʦʯʥʠʤ 

ʚʽʜʥʦʰʝʥʥʷʤ 2,5 ... 3,5 ʟ ʧʽʜʰʠʧʥʠʢʘʤʠ ʢʦʚʟʘʥʥʷ ʟ ʧʦʢʨʠʪʪʷʤ ʽʟ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ; 

ï ʝʣʝʢʪʨʦʧʨʠʚʦʜʥʽ ʘʛʨʝʛʘʪʠ ʧʘʣʠʚʥʦʾ ʪʘ ʤʘʩʣʷʥʦʾ ʩʠʩʪʝʤ, ʛʽʙʨʠʜʥʽ ʘʙʦ 

ʢʝʨʘʤʽʯʥʽ ʧʽʜʰʠʧʥʠʢʠ ʢʦʯʝʥʥʷ ʟ ʚʠʩʦʢʠʤ ʧʘʨʘʤʝʪʨʦʤ Dn, ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʽ 

ʫʱʽʣʴʥʝʥʥʷ, ʨʝʛʫʣʴʦʚʘʥʝ ʩʦʧʣʦ ʟʦʚʥʽʰʥʴʦʛʦ ʢʦʥʪʫʨʫ, ʪʦʥʢʘ ʤʦʪʦʛʦʥʜʦʣʘ; 

- ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ (ʉɸʋ) ʥʘ ʦʩʥʦʚʽ ʘʣʛʦʨʠʪʤʽʚ, ʱʦ 

ʦʧʪʠʤʽʟʫʶʪʴ ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ, ʚʠʭʦʜʷʯʠ ʟ ʡʦʛʦ ʧʦʪʦʯʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ 

ʩʪʘʥʫ; 

ï ʩʠʩʪʝʤʠ ʟʙʦʨʫ ʜʽʘʛʥʦʩʪʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ (ʷʢ ʫ ʧʦʣʴʦʪʽ, ʪʘʢ ʽ ʥʘ ʟʝʤʣʽ) ʜʣʷ 

ʜʠʥʘʤʽʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʨʝʩʫʨʩʦʤ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʜʫʨ ʦʛʣʷʜʫ ʪʘ ʪʝʭʥʽʯʥʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ; 
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ï ʥʦʚʽ ʢʦʥʩʪʨʫʢʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ ʪʘ ʧʦʢʨʠʪʪʷ. 

ʊʫʨʙʦʛʚʠʥʪʦʚʝʥʪʠʣʷʪʦʨʥʠʡ ʜʚʠʛʫʥ (çʚʽʜʢʨʠʪʠʡè ʨʦʪʦʨ) ʤʘʻ ʚʠʩʦʢʫ 

ʧʘʣʠʚʥʫ ʝʢʦʥʦʤʽʯʥʽʩʪʴ, ʧʨʦʪʝ ʛʦʣʦʚʥʠʤ ʡʦʛʦ ʥʝʜʦʣʽʢʦʤ ʻ ʧʽʜʚʠʱʝʥʠʡ, ʧʦʨʽʚʥʷʥʦ 

ʟ ʊʈɼɼ, ʨʽʚʝʥʴ ʰʫʤʫ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʩʫʯʘʩʥʠʭ ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ ʥʘ ʦʩʥʦʚʽ 

ʩʠʩʪʝʤ ʨʽʚʥʷʥʴ 3D RANS ʪʘ 3D URANS ʜʦʩʷʛʥʫʪʦ ʟʥʘʯʥʦʛʦ ʧʨʦʛʨʝʩʫ ʚ ʟʥʠʞʝʥʥʽ 

ʰʫʤʫ ʚ ʜʞʝʨʝʣʽ ʙʽʨʦʪʘʪʠʚʥʦʛʦ ʛʚʠʥʪʦʚʝʥʪʠʣʷʪʦʨʘ ʧʨʠ ʟʙʝʨʝʞʝʥʥʽ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ 

ʂʂɼ. ɺʠʧʨʦʙʫʚʘʥʥʷ, ʧʨʦʚʝʜʝʥʽ ʚ ʎɸɻɯ ʫ 2012...2013 ʨʨ., ʧʽʜʪʚʝʨʜʠʣʠ ʨʝʟʫʣʴʪʘʪʠ 

ʨʦʟʨʘʭʫʥʢʽʚ. ʆʩʥʦʚʥʠʤʠ ʢʨʠʪʠʯʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ ʜʣʷ ʊɻʚɺɼ ʻ [40, 41, 42]:  

ï ɺʠʩʦʢʦʝʬʝʢʪʠʚʥʠʡ ʧʨʠ ʯʠʩʣʘʭ ʄ = 0,75 ... 0,80 ʙʽʨʦʪʘʪʠʚʥʠʡ 

ʛʚʠʥʪʦʚʝʥʪʠʣʷʪʦʨ ʟ ʥʠʟʴʢʠʤ ʨʽʚʥʝʤ ʰʫʤʫ, ʣʦʧʘʪʢʘʤʠ ʟ ʧʦʣʽʤʝʨʥʦʛʦ 

ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʽ ʤʝʭʘʥʽʟʤʦʤ ʟʤʽʥʠ ʢʨʦʢʫ; 

ï ɺʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʡ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦ-ʧʣʘʥʝʪʘʨʥʠʡ ʨʝʜʫʢʪʦʨ ʟ 

ʝʬʝʢʪʠʚʥʦʶ ʩʠʩʪʝʤʦʶ ʦʭʦʣʦʜʞʝʥʥʷ; 

ï ʅʦʚʽ ʪʠʧʠ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʫʱʽʣʴʥʝʥʴ; 

ï ʉʦʧʣʦ, ʱʦ ʦʙʝʨʪʘʻʪʴʩʷ, ʽ ʮʝʥʪʨʘʣʴʥʝ ʪʽʣʦ; 

ï ʅʦʚʽ ʢʦʥʩʪʨʫʢʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ ʪʘ ʧʦʢʨʠʪʪʷ. 

ʈʦʟʧʦʜʽʣʝʥʘ ʩʠʣʦʚʘ ʫʩʪʘʥʦʚʢʘ ʟʘ ʧʨʠʡʥʷʪʥʠʭ ʛʘʙʘʨʠʪʥʠʭ ʨʦʟʤʽʨʽʚ ʜʦʟʚʦʣʷʻ 

ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʝ ʟʥʘʯʝʥʥʷ ʩʪʫʧʝʥʷ ʜʚʦʢʦʥʪʫʨʥʦʩʪʽ. ʆʜʥʘʢ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʾʾ 

ʧʝʨʝʚʘʛ ʧʝʨʝʜ ʪʨʘʜʠʮʽʡʥʦʶ ʩʠʣʦʚʦʶ ʫʩʪʘʥʦʚʢʦʶ ʥʝʦʙʭʽʜʥʽ [40, 41, 43]: 

- ɺʠʩʦʢʦʝʬʝʢʪʠʚʥʠʡ ʤʘʣʦʰʫʤʥʠʡ ʚʠʥʦʩʥʠʡ ʚʝʥʪʠʣʷʪʦʨ, ʱʦ ʧʨʘʮʶʻ ʧʨʠ 

ʧʽʜʚʠʱʝʥʦʤʫ ʨʽʚʥʽ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʧʦʪʦʢʫ ʥʘ ʚʭʦʜʽ; 

ï ʉʠʩʪʝʤʘ ʘʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʪʝʯʽʻʶ ʚ ʘʛʨʝʩʠʚʥʠʭ ʢʘʥʘʣʘʭ ʜʣʷ 

ʟʤʝʥʰʝʥʥʷ ʚʪʨʘʪ ʪʠʩʢʫ, ʧʫʣʴʩʘʮʽʡ ʪʘ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʧʦʪʦʢʫ; 

ï ʅʘʜʽʡʥʘ ʩʠʩʪʝʤʘ ʧʝʨʝʜʘʯʽ ʝʥʝʨʛʽʾ ʚʽʜ ʜʞʝʨʝʣʘ ʧʦʪʫʞʥʦʩʪʽ 

(ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ) ʜʦ ʩʧʦʞʠʚʘʯʽʚ (ʚʠʥʦʩʥʠʭ ʚʝʥʪʠʣʷʪʦʨʽʚ). 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʧʨʠʧʠʥʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʾ ʣʽʪʘʢʽʚ ʊʫ-144 ʪʘ Concorde, 

ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʜʟʚʫʢʦʚʠʭ ʧʘʩʘʞʠʨʩʴʢʠʭ ʣʽʪʘʢʽʚ ʧʨʦʜʦʚʞʫʶʪʴʩʷ. ʅʘʨʘʟʽ 

ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʢʨʠʪʠʯʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʧʨʦʚʦʜʠʪʴʩʷ ʾʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ 

ʧʝʨʝʚʽʨʢʘ ʜʣʷ ʥʘʜʟʚʫʢʦʚʠʭ ʜʽʣʦʚʠʭ ʪʘ ʧʘʩʘʞʠʨʩʴʢʠʭ ʣʽʪʘʢʽʚ ʥʘʩʪʫʧʥʦʛʦ 
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ʧʦʢʦʣʽʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʘʜʦʚʦʣʝʥʥʷ ʚʠʤʦʛ ʱʦʜʦ ʰʫʤʫ ʚʽʜ ʟʚʫʢʦʚʦʛʦ ʫʜʘʨʫ ʪʘ 

ʝʤʽʩʽʾ. ʂʨʠʪʠʯʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ ʜʣʷ ʜʚʠʛʫʥʽʚ ʥʘʜʟʚʫʢʦʚʠʭ ʣʽʪʘʢʽʚ ʻ [40]: 

ï ɸʜʘʧʪʠʚʥʠʡ ʚʝʥʪʠʣʷʪʦʨ; 

ï ʇʝʨʩʧʝʢʪʠʚʥʠʡ ʛʘʟʦʛʝʥʝʨʘʪʦʨ; 

ï ʈʝʛʫʣʴʦʚʘʥʽ ʣʦʧʘʪʢʠ ʩʦʧʣʦʚʠʭ ʘʧʘʨʘʪʽʚ ʪʫʨʙʽʥ ʚʠʩʦʢʦʛʦ ʪʘ ʥʠʟʴʢʦʛʦ 

ʪʠʩʢʫ; 

ï ʈʝʛʫʣʴʦʚʘʥʠʡ ʟʤʽʰʫʚʘʯ; 

ï ʉʦʧʣʦ ʟ ʥʠʟʴʢʠʤ ʨʽʚʥʝʤ ʰʫʤʫ. 

ʇʝʨʝʭʽʜ ʚʽʜ ʛʘʟʦʪʫʨʙʽʥʥʦʛʦ ʜʚʠʛʫʥʘ ʜʦ ʧʦʚʥʽʩʪʶ ʝʣʝʢʪʨʠʯʥʦʛʦ ʜʚʠʛʫʥʘ 

ʜʦʟʚʦʣʠʪʴ ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʠ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʩʪʚʦʨʝʥʥʷ ʪʷʛʠ ʥʘ ~ 40% ʽ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʡ ʟʘʜʦʚʦʣʴʥʠʪʠ ʮʽʣʽ ACARE 2050 ʨ. ʄʦʞʣʠʚʽ ʩʭʝʤʠ 

ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʜʦʟʚʫʢʦʚʠʭ ʣʽʪʘʢʽʚ ʟ ʛʽʙʨʠʜʥʦʶ ʘʙʦ ʝʣʝʢʪʨʠʯʥʦʶ ʩʠʣʦʚʦʶ 

ʫʩʪʘʥʦʚʢʦʶ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 1.7 [44,45]. 

  

 

ʈʠʩ. 1.7. ɸʝʨʦʜʠʥʘʤʽʯʥʽ ʩʭʝʤʠ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʧʘʩʘʞʠʨʩʴʢʠʭ ʣʽʪʘʢʽʚ ʟ 

ʛʽʙʨʠʜʥʠʤʠ ʪʘ ʝʣʝʢʪʨʠʯʥʠʤʠ ʉʋ 

 

ʋ ʪʫʨʙʦʝʣʝʢʪʨʠʯʥʠʭ ʘʙʦ ʯʘʩʪʢʦʚʦ ʪʫʨʙʦʝʣʝʢʪʨʠʯʥʠʭ ʩʠʣʦʚʠʭ ʫʩʪʘʥʦʚʢʘʭ 

ʭʽʤʽʯʥʘ ʝʥʝʨʛʽʷ ʧʘʣʠʚʘ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ (ʧʦʚʥʽʩʪʶ ʘʙʦ ʯʘʩʪʢʦʚʦ) ʥʘ ʝʣʝʢʪʨʠʯʥʫ 

ʝʥʝʨʛʽʶ ʜʣʷ ʞʠʚʣʝʥʥʷ ʝʣʝʢʪʨʦʤʦʪʦʨʽʚ ʧʨʠʚʦʜʫ ʨʫʰʽʾʚ. ʋ ʛʽʙʨʠʜʥʦ-ʝʣʝʢʪʨʠʯʥʠʭ 
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ʩʠʣʦʚʠʭ ʫʩʪʘʥʦʚʢʘʭ ʯʘʩʪʠʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚʠʨʦʙʣʷʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʭʽʤʽʯʥʦʾ 

ʝʥʝʨʛʽʾ ʧʘʣʠʚʘ, ʘ ʯʘʩʪʠʥʘ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʢʫʤʫʣʷʪʦʨʥʠʭ ʙʘʪʘʨʝʡ ʘʙʦ 

ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʩʠʩʪʝʤ ʟʙʝʨʽʛʘʥʥʷ. ʆʜʠʥ ʽʟ ʚʘʨʽʘʥʪʽʚ ʛʽʙʨʠʜʥʦʾ ʩʠʣʦʚʦʾ ʫʩʪʘʥʦʚʢʠ, 

ʚ ʷʢʦʤʫ ʜʣʷ ʧʨʠʚʦʜʫ ʚʝʥʪʠʣʷʪʦʨʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʤʝʭʘʥʽʯʥʘ ʝʥʝʨʛʽʷ ʚʽʜ 

ʪʫʨʙʽʥʠ, ʪʘʢ ʽ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʽʷ ʚʽʜ ʝʣʝʢʪʨʦʤʦʪʦʨʘ ʥʘʟʠʚʘʻʪʴʩʷ ʧʘʨʘʣʝʣʴʥʠʤ. 

ɺʽʥ ʥʝ ʟʘʙʝʟʧʝʯʫʻ ʧʦʣʽʧʰʝʥʥʷ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʃɸ, ʘʣʝ ʟʤʝʥʰʫʻ 

ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʪʘ ʻ ʧʨʠʚʘʙʣʠʚʠʤ ʷʢ ʧʝʨʰʠʡ ʢʨʦʢ ʜʦ ʝʣʝʢʪʨʠʬʽʢʘʮʽʾ ʩʠʣʦʚʦʾ 

ʫʩʪʘʥʦʚʢʠ ʰʣʷʭʦʤ ʚʩʪʘʥʦʚʣʝʥʥʷ ʛʝʥʝʨʘʪʦʨʘ ʥʘ ʚʘʣʫ ʛʘʟʦʪʫʨʙʽʥʥʦʛʦ ʜʚʠʛʫʥʘ. ʇʨʠ 

ʮʴʦʤʫ ʟʘʤʽʥʘ ʛʝʥʝʨʘʪʦʨʘ ʥʘ ʝʣʝʢʪʨʦʤʦʪʦʨ-ʛʝʥʝʨʘʪʦʨ ʤʦʞʝ ʙʫʪʠ ʧʨʦʩʪʦʶ ʦʧʮʽʻʶ. 

ʇʝʨʝʭʽʜ ʜʦ ʧʦʚʥʽʩʪʶ ʝʣʝʢʪʨʠʯʥʦʛʦ ʜʚʠʛʫʥʘ ï ʜʦʚʛʠʡ ʰʣʷʭ, ʱʦ ʧʦʪʨʝʙʫʻ 

ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ. ɿʚʘʞʘʶʯʠ ʥʘ ʮʝ, NASA ʧʨʦʧʦʥʫʻ ʧʦʝʪʘʧʥʠʡ ʧʽʜʭʽʜ 

ʜʦ ʩʪʚʦʨʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʜʚʠʛʫʥʘ ʜʣʷ ʃɸ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ (ʨʠʩ. 1.7) [45]. 

ʇʣʘʥʫʻʪʴʩʷ, ʱʦ ʜʣʷ ʨʝʛʽʦʥʘʣʴʥʠʭ ʣʽʪʘʢʽʚ ʤʽʩʪʢʽʩʪʶ ʜʦ 50 ʦʩʽʙ ʥʝʦʙʭʽʜʥʝ 

ʦʙʣʘʜʥʘʥʥʷ (ʝʣʝʢʪʨʦʤʦʪʦʨʠ ʧʨʠʡʥʷʪʥʦʾ ʤʘʩʠ ʧʦʪʫʞʥʽʩʪʶ 1é2 ʄɺʪ) ʙʫʜʝ 

ʜʦʩʪʫʧʥʠʤ ʧʨʦʪʷʛʦʤ ʥʘʡʙʣʠʞʯʠʭ 10 ʨʦʢʽʚ, ʜʣʷ 100-ʤʽʩʥʠʭ ʣʽʪʘʢʽʚ 

(ʝʣʝʢʪʨʦʤʦʪʦʨʠ ʧʦʪʫʞʥʽʩʪʶ 2é5 ʄɺʪ) ï ʧʨʦʪʷʛʦʤ 20 ʨʦʢʽʚ, ʘ ʜʣʷ ʣʽʪʘʢʽʚ ʢʣʘʩʫ 

ɺ737/ɸ320 (ʝʣʝʢʪʨʦʤʦʪʦʨʠ ʧʦʪʫʞʥʽʩʪʶ 5...10 ʄɺʪ) ï ʧʨʦʪʷʛʦʤ 30 ʨʦʢʽʚ [44]. 

ʂʨʽʤ ʝʣʝʢʪʨʦʤʦʪʦʨʽʚ ʪʘ ʛʝʥʝʨʘʪʦʨʽʚ ʧʦʪʨʽʙʥʘ ʨʦʟʨʦʙʢʘ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʪʘ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʘ ʪʘʢʦʞ ʙʦʨʪʦʚʠʭ ʝʣʝʢʪʨʦʤʝʨʝʞ ʧʽʜ ʚʠʩʦʢʽ 

ʧʦʪʫʞʥʦʩʪʽ. ʇʨʠ ʮʴʦʤʫ ʚʘʛʦʚʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʩʽʭ ʝʣʝʤʝʥʪʽʚ ʝʣʝʢʪʨʦʫʩʪʘʪʢʫʚʘʥʥʷ 

(ʟʘ ʚʠʥʷʪʢʦʤ ʥʘʜʧʨʦʚʽʜʥʠʭ) ʟʥʘʯʥʦ ʟʥʠʞʫʻʪʴʩʷ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʾʭʥʴʦʾ ʧʦʪʫʞʥʦʩʪʽ. 

ʂʨʽʤ ʪʦʛʦ, ʟʙʝʨʽʛʘʥʥʷ ʝʥʝʨʛʽʾ ʫ ʚʠʛʣʷʜʽ ʧʘʣʠʚʘ ʧʦʢʠ ʱʦ ʥʘ ʧʦʨʷʜʢʠ ʝʬʝʢʪʠʚʥʽʰʝ, 

ʥʽʞ ʙʫʜʴ-ʷʢʽ ʽʩʥʫʶʯʽ ʩʠʩʪʝʤʠ ʟʙʝʨʽʛʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ. ʊʦʤʫ ʧʦʚʥʽʩʪʶ 

ʝʣʝʢʪʨʠʯʥʽ ʣʝʛʢʽ ʪʘ ʥʘʜʣʝʛʢʽ ʃɸ ʭʦʯ ʽ ʽʩʥʫʶʪʴ, ʘʣʝ ʤʘʶʪʴ ʚʢʨʘʡ ʦʙʤʝʞʝʥʫ 

ʪʨʠʚʘʣʽʩʪʴ ʧʦʣʴʦʪʫ. ɻʽʙʨʠʜʥʘ ʩʭʝʤʘ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʛʝʥʝʨʘʮʽʶ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʘ 

ʙʦʨʪʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʧʣʦʚʦʛʦ ʜʚʠʛʫʥʘ (ʧʦʨʰʥʝʚʦʛʦ ʘʙʦ ʛʘʟʦʪʫʨʙʽʥʥʦʛʦ), 

ʜʦʟʚʦʣʷʻ ʦʙʽʡʪʠ ʜʘʥʝ ʦʙʤʝʞʝʥʥʷ ʽ ʻ ʥʘ ʧʦʪʦʯʥʦʤʫ ʝʪʘʧʽ ʨʦʟʚʠʪʢʫ ʥʘʡʙʽʣʴʰ 

ʧʝʨʩʧʝʢʪʠʚʥʦʶ ʜʣʷ ʃɸ ʨʽʟʥʠʭ ʪʠʧʽʚ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʜʣʷ ʣʝʛʢʠʭ ʣʽʪʘʢʽʚ ʟ ʯʠʩʣʦʤ 

ʧʘʩʘʞʽʨʽʚ ʥʝ ʙʽʣʴʰʝ 12, ʘ ʫ ʥʝʜʘʣʝʢʦʤʫ ʤʘʡʙʫʪʥʴʦʤʫ ʪʘ ʜʣʷ ʨʝʛʽʦʥʘʣʴʥʦʾ ʘʚʽʘʮʽʾ. 
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ʂʦʥʩʪʨʫʢʮʽʾ ʩʫʯʘʩʥʠʭ ɻʊɼ ʩʪʚʦʨʶʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤ ʪʘ ʟʘʩʦʙʽʚ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ. ʇʨʦʮʝʩ ʩʪʚʦʨʝʥʥʷ ʥʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʻ 

ʽʪʝʨʘʮʽʡʥʠʤ ʪʘ ʙʘʛʘʪʦʩʪʘʜʽʡʥʠʤ, ʪʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʷʢ ʦʜʥʦʛʦ ʽʟ ʰʣʷʭʽʚ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʤʦʞʝ ʩʢʦʨʦʪʠʪʠ ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ ʧʨʦʝʢʪʫʚʘʥʥʷ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʠʢʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʟʥʘʡʪʠ ʥʘʡʢʨʘʱʫ 

ʢʦʥʩʪʨʫʢʮʽʶ, ʱʦ ʟʘʜʦʚʦʣʴʥʷʻ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʽ ʦʙʤʝʞʝʥʥʷʤ ʤʽʮʥʦʩʪʽ ʽ ʟʘʙʝʟʧʝʯʫʻ 

ʤʽʥʽʤʫʤ ʟʘʜʘʥʦʾ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ [46, 47]. 

ʇʨʠ ʟʜʽʡʩʥʝʥʥʽ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʽʟʥʠʭ ʪʝʧʣʦʚʠʭ ʜʚʠʛʫʥʽʚ ʤʦʞʫʪʴ 

ʧʨʦʚʦʜʠʪʠ ʧʦʨʽʚʥʷʥʥʷ ʤʽʞ ʩʦʙʦʶ ʨʽʟʥʠʭ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʮʠʢʣʽʚ, ʧʨʠ ʮʴʦʤʫ 

ʟʜʽʡʩʥʶʶʪʴ ʦʮʽʥʢʫ ʝʢʦʥʦʤʽʯʥʦʩʪʽ ʪʘ ʪʝʨʤʽʯʥʦʛʦ ʂʂɼ. ɹʽʣʴʰʽʩʪʴ ʘʚʽʘʮʽʡʥʠʭ 

ʛʘʟʦʪʫʨʙʽʥʥʠʭ ʜʚʠʛʫʥʽʚ ʧʨʘʮʶʶʪʴ ʟʘ ʧʨʦʩʪʠʤ ʮʠʢʣʦʤ ɹʨʘʡʪʦʥʘ. ʋ ʜʝʷʢʠʭ ʽʟ ʥʠʭ, 

ʥʘʧʨʠʢʣʘʜ, ɻʊɼ ʫʜʘʨʥʦʾ ʘʚʽʘʮʽʾ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʘʢʠʡ ʨʝʞʠʤ ʧʦʣʴʦʪʫ, ʷʢʠʡ 

ʚʽʜʧʦʚʽʜʘʻ ʨʝʞʠʤʫ ʬʦʨʩʫʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʜʦʜʘʪʢʦʚʠʤ ʩʧʘʣʶʚʘʥʥʷʤ ʧʘʣʠʚʘ 

ʧʝʨʝʜ ʨʝʘʢʪʠʚʥʠʤ ʩʦʧʣʦʤ ʜʚʠʛʫʥʘ (ʧʨʦʤʽʞʥʝ ʟʛʦʨʷʥʥʷ ʚ ʧʨʦʮʝʩʽ ʨʦʟʰʠʨʝʥʥʷ). 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʩʪʘʮʽʦʥʘʨʥʠʭ ʽ ʪʨʘʥʩʧʦʨʪʥʠʭ ɻʊɼ, ʷʢʽ ʚʜʦʩʢʦʥʘʣʶʶʪʴʩʷ ʰʣʷʭʦʤ 

ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʛʘʟʫ ʧʝʨʝʜ ʪʫʨʙʽʥʦʶ, ʘ ʪʘʢʦʞ ʧʝʨʝʭʦʜʦʤ ʜʦ ʙʽʣʴʰ 

ʩʢʣʘʜʥʠʭ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʮʠʢʣʽʚ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʮʠʢʣʘ ɹʨʘʡʪʦʥʘ, (ʟ ʧʨʦʤʽʞʥʠʤ 

ʟʛʦʨʷʥʥʷʤ ʫ ʧʨʦʮʝʩʽ ʨʦʟʰʠʨʝʥʥʷ, ʧʨʦʤʽʞʥʠʤ ʦʭʦʣʦʜʞʝʥʥʷʤ ʫ ʧʨʦʮʝʩʽ ʩʪʠʩʥʝʥʥʷ 

ʪʘ ʧʝʨʝʭʦʜʦʤ ʜʦ ʨʝʛʝʥʝʨʘʪʠʚʥʦʛʦ ʮʠʢʣʫ), ʘʚʽʘʮʽʡʥʽ ɻʊɼ ʫʜʦʩʢʦʥʘʣʶʶʪʴʩʷ ʟʘ 

ʨʘʭʫʥʦʢ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʛʘʟʫ ʧʝʨʝʜ ʪʫʨʙʽʥʦʶ. ɿʘ ʙʽʣʴʰ ʥʽʞ ʧʽʚʚʽʢʦʚʠʡ 

ʧʝʨʽʦʜ ʰʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʚʽʘʮʽʡʥʠʭ ɻʊɼ ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʫ ʧʝʨʝʜ ʪʫʨʙʽʥʦʶ 

ʟʨʦʩʣʘ ʙʽʣʴʰ ʥʽʞ ʫ 2 ʨʘʟʠ, ʜʦʩʷʛʥʫʚʰʠ 1900...2000 ʂ - ʮʝ ʧʨʘʢʪʠʯʥʦ ʛʨʘʥʠʯʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʫ ʧʝʨʝʜ ʪʫʨʙʽʥʦʶ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʞʘʨʦʤʽʮʥʽʩʪʶ ʪʘ 

ʞʘʨʦʩʪʽʡʢʽʩʪʶ ʩʫʯʘʩʥʠʭ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʭ ʩʧʣʘʚʽʚ ʧʨʠ ʩʫʯʘʩʥʠʭ ʩʧʦʩʦʙʘʭ 

ʢʦʥʚʝʢʪʠʚʥʦ-ʧʣʽʚʢʦʚʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ʣʦʧʘʪʦʢ ʪʫʨʙʽʥʠ. ɺʚʝʜʝʥʥʷ ʦʭʦʣʦʜʞʝʥʥʷ 

ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ ʪʫʨʙʽʥʠ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ: ʟʤʝʥʰʝʥʥʷʤ ʪʝʧʣʦʫʪʨʠʤʘʥʥʷ 

ʛʘʟʫ ʚʥʘʩʣʽʜʦʢ ʚʽʜʙʦʨʫ ʪʝʧʣʦʪʠ ʚ ʩʠʩʪʝʤʫ ʦʭʦʣʦʜʞʝʥʥʷ ʣʦʧʘʪʢʦʚʦʛʦ ʚʽʥʮʷ 

(ʟʤʝʥʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʟʘʢʽʥʯʝʥʥʷ ʛʘʟʫ), ʟʥʠʞʝʥʥʷʤ ʛʘʟʦʜʠʥʘʤʽʯʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʭʦʣʦʜʞʫʚʘʥʦʾ ʣʦʧʘʪʢʠ (ʘʜʘʧʪʫʚʘʥʥʷ ʬʦʨʤʠ ʧʨʦʬʽʣʶ ʣʦʧʘʪʢʠ ʧʽʜ 

ʨʦʟʤʽʱʝʥʥʷ ʢʘʥʘʣʽʚ ʦʭʦʣʦʜʞʝʥʥʷ, ʩʪʫʧʝʥʷ ʪʫʨʙʽʥʠ), ʚʽʜʙʦʨʦʤ ʧʦʚʽʪʨʷ 
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ʢʦʤʧʨʝʩʦʨʘ ʥʘ ʩʠʩʪʝʤʫ ʦʭʦʣʦʜʞʝʥʥʷ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ ʪʫʨʙʽʥʠ. ʏʠʤ 

ʝʥʝʨʛʦʚʠʪʨʘʪʥʽʰʘ ʩʠʩʪʝʤʘ ʦʭʦʣʦʜʞʝʥʥʷ, ʪʠʤ ʤʝʥʰʠʡ ʚʽʜʥʦʩʥʠʡ ʝʬʝʢʪ ʚʽʜ 

ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʛʘʟʫ ʧʝʨʝʜ ʪʫʨʙʽʥʦʶ. ʎʝ ʤʦʞʥʘ ʧʨʦʩʪʝʞʠʪʠ [48,49] ʥʘ 

ʧʨʠʢʣʘʜʽ ʝʚʦʣʶʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʝʥʝʨʛʝʪʠʯʥʠʭ ʛʘʟʦʪʫʨʙʽʥʥʠʭ ʫʩʪʘʥʦʚʦʢ ʩʽʤʝʡʩʪʚʘ 

M-701 G2 ʢʦʨʧʦʨʘʮʽʾ General Electric, ʱʦ ʧʨʘʮʶʶʪʴ ʟʘ ʧʨʦʩʪʠʤ ʮʠʢʣʦʤ ɹʨʘʡʪʦʥʘ. 

ɿʘ 10-ʨʽʯʥʠʡ ʧʝʨʽʦʜ ʟ 1990 ʧʦ 2000 ʨ. ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʫ ʧʝʨʝʜ ʪʫʨʙʽʥʦʶ ʟʨʦʩʣʘ ʟ 

1533 ʜʦ 1872 ʂ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʂʂɼ ʟ 34,6 ʜʦ 37,1%. ʅʘ ʧʦʯʘʪʢʫ ʮʴʦʛʦ ʧʝʨʽʦʜʫ 

ʧʦʭʽʜʥʘ ʟʙʽʣʴʰʝʥʥʷ ʂʂɼ ʚʽʜ ʟʨʦʩʪʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʩʪʘʥʦʚʠʣʘ 0,048%/ʂ, ʘ ʜʦ 

ʢʽʥʮʷ ʧʝʨʽʦʜʫ ʚʦʥʘ ʟʥʠʟʠʣʘʩʷ ʜʦ 0,0097%/ʂ, ʪʦʙʪʦ ʚʽʜʥʦʩʥʠʡ ʝʬʝʢʪ ʚʽʜ 

ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʫ ʨʦʟʛʣʷʥʫʪʦʤʫ ʧʨʠʢʣʘʜʽ ʧʨʘʢʪʠʯʥʦ ʜʦʩʷʛ ʥʫʣʴʦʚʦʛʦ 

ʨʽʚʥʷ. ʇʨʠ ʮʴʦʤʫ ʚʠʥʠʢʘʶʪʴ ʪʨʫʜʥʦʱʽ ʟ ʧʨʦʧʫʩʢʦʤ ʟʙʽʣʴʰʝʥʦʾ ʚʠʪʨʘʪʠ ʧʦʚʽʪʨʷ, 

ʱʦ ʦʭʦʣʦʜʞʫʻ, ʯʝʨʝʟ ʢʘʥʘʣʠ ʩʠʩʪʝʤʠ ʦʭʦʣʦʜʞʝʥʥʷ ʣʦʧʘʪʦʢ (çʟʘʤʠʢʘʥʥʷè ʢʘʥʘʣʽʚ 

ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ ʤʽʩʮʝʚʦʾ ʟʚʫʢʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʧʦʚʽʪʨʷ ʚ ʢʘʥʘʣʘʭ). 

ʊʝʤʧʝʨʘʪʫʨʘ ʛʘʟʫ ʧʝʨʝʜ ʪʫʨʙʽʥʦʶ ʩʫʯʘʩʥʦʛʦ ʘʚʽʘʮʽʡʥʦʛʦ ʛʘʟʦʪʫʨʙʽʥʥʦʛʦ 

ʜʚʠʛʫʥʘ ʜʦʩʷʛʣʘ ʨʽʚʥʷ, ʚʠʱʝ ʷʢʦʛʦ (ʧʨʠ ʩʫʯʘʩʥʠʭ ʩʧʦʩʦʙʘʭ ʦʭʦʣʦʜʞʝʥʥʷ ʣʦʧʘʪʦʢ 

ʪʫʨʙʽʥʠ ʪʘ ʩʫʯʘʩʥʠʭ ʣʦʧʘʪʢʦʚʠʭ ʤʘʪʝʨʽʘʣʘʭ) ʧʦʜʘʣʴʰʝ ʾʾ ʧʽʜʚʠʱʝʥʥʷ ʩʪʘʻ ʤʝʥʰ 

ʝʬʝʢʪʠʚʥʠʤ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ (ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʨʘʥʥʽ ʥʝʚʜʘʣʽ ʩʧʨʦʙʠ ʩʪʚʦʨʝʥʥʷ 

ʨʝʛʝʥʝʨʘʪʠʚʥʦʛʦ ʛʘʟʦʪʫʨʙʽʥʥʦʛʦ ʜʚʠʛʫʥʘ) ʟʥʦʚʫ ʚʠʢʣʠʢʘʻ ʽʥʪʝʨʝʩ ʘʚʽʘʮʽʡʥʠʡ 

ʛʘʟʦʪʫʨʙʽʥʥʠʡ ʜʚʠʛʫʥ, ʱʦ ʧʨʘʮʶʻ ʟʘ ʩʢʣʘʜʥʠʤ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʤ ʮʠʢʣʦʤ. 

ʉʢʦʨʦʯʝʥʥʷ ʚʠʢʠʜʽʚ CO2 ʪʽʩʥʦ ʧʦʚ'ʷʟʘʥʝ ʟ ʧʦʢʨʘʱʝʥʥʷʤ ʧʠʪʦʤʦʾ ʚʠʪʨʘʪʠ 

ʧʘʣʠʚʘ ʜʚʠʛʫʥʦʤ, ʘ ʪʘʢʦʞ ʟʤʝʥʰʝʥʥʷʤ ʦʧʦʨʫ ʪʘ ʚʘʛʠ ʛʦʥʜʦʣʠ ʜʚʠʛʫʥʘ. ʆʜʥʘʢ 

ʪʨʘʜʠʮʽʡʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʠʭ ʜʚʠʛʫʥʽʚ, ʱʦ ʟʥʠʞʫʶʪʴ ʚʠʢʠʜʠ CO2 

(ʥʘʧʨʠʢʣʘʜ, ʢʦʥʩʪʨʫʢʮʽʾ ʟʽ ʟʙʽʣʴʰʝʥʠʤ ʟʘʛʘʣʴʥʠʤ ʩʪʫʧʝʥʝʤ ʪʠʩʢʫ), ʤʦʞʫʪʴ 

ʟʙʽʣʴʰʠʪʠ ʚʠʢʠʜʠ NOx. ɼʦʩʣʽʜʥʠʮʴʢʘ ʨʦʙʦʪʘ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʘʪʪʽ [50], 

ʧʨʝʜʩʪʘʚʣʷʻ ʧʦʚʥʫ ʦʮʽʥʢʫ ʥʘ ʨʽʚʥʽ ʩʠʩʪʝʤ ʣʽʪʘʢʘ, ʷʢʘ ʚʠʷʚʣʷʻ ʟʥʘʯʥʽ ʧʦʪʝʥʮʽʡʥʽ 

ʧʝʨʝʚʘʛʠ ʫ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʜʣʷ ʮʠʢʣʽʚ ʟ ʧʨʦʤʽʞʥʠʤ ʦʭʦʣʦʜʞʝʥʥʷʤ ʪʘ ʟ 

ʧʨʦʤʽʞʥʠʤ ʦʭʦʣʦʜʞʝʥʥʷʤ ʪʘ ʨʝʢʫʧʝʨʘʮʽʻʶ. ɸʢʪʠʚʥʘ ʟʦʥʘ ʟ ʧʨʦʤʽʞʥʠʤ 

ʦʭʦʣʦʜʞʝʥʥʷʤ ʤʦʞʝ ʙʫʪʠ ʩʧʨʦʝʢʪʦʚʘʥʘ ʜʣʷ ʟʥʘʯʥʦ ʙʽʣʴʰ ʚʠʩʦʢʦʛʦ ʩʪʫʧʝʥʷ 

ʧʽʜʚʠʱʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʪʠʩʢʫ ʪʘ ʟ ʤʝʥʰʠʤʠ ʚʠʤʦʛʘʤʠ ʜʦ ʦʭʦʣʦʜʞʫʶʯʦʛʦ 

ʧʦʚʽʪʨʷ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʙʽʣʴʰ ʚʠʩʦʢʠʡ ʪʝʧʣʦʚʠʡ ʂʂɼ, ʥʽʞ ʤʦʞʥʘ ʙʫʣʦ ʙ 
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ʧʨʘʢʪʠʯʥʦ ʜʦʩʷʛʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʚʠʯʘʡʥʦʾ ʘʢʪʠʚʥʦʾ ʟʦʥʠ. ɻʝʦʤʝʪʨʽʷ, ʱʦ 

ʟʤʽʥʶʻʪʴʩʷ, ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʘ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʪʝʨʢʫʣʝʨʘ 

ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʧʦʣʴʦʪʥʦʛʦ ʟʘʚʜʘʥʥʷ. ʈʝʢʫʧʝʨʦʚʘʥʘ ʘʢʪʠʚʥʘ ʟʦʥʘ ʟ ʧʨʦʤʽʞʥʠʤ 

ʦʭʦʣʦʜʞʝʥʥʷʤ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʠʡ ʪʝʧʣʦʚʠʡ ʂʂɼ ʧʨʠ ʥʠʟʴʢʠʭ ʟʥʘʯʝʥʥʷʭ 

ʟʘʛʘʣʴʥʦʛʦ ʩʪʫʧʝʥʷ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ, ʘ ʪʘʢʦʞ ʟʥʘʯʥʦ ʚʠʛʨʘʪʠ ʚʽʜ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʪʫʨʙʽʥʠ ʥʠʟʴʢʦʛʦ ʪʠʩʢʫ ʟʽ ʟʤʽʥʥʦʶ ʛʝʦʤʝʪʨʽʻʶ. 

ʇʽʜʚʦʜʷʯʠ ʧʽʜʩʫʤʦʢ, ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʥʘ ʙʣʠʟʴʢʦ- ʪʘ 

ʩʝʨʝʜʥʴʦʩʪʨʦʢʦʚʫ ʧʝʨʩʧʝʢʪʠʚʫ ʙʣʠʟʴʢʦ ʧʦʣʦʚʠʥʠ ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʪʘ 

ʝʤʽʩʽʾ ʉʆ2 ʜʣʷ ʃɸ ʟʘʛʘʣʦʤ ʙʫʜʝ ʦʪʨʠʤʘʥʦ ʩʘʤʝ ʟʘ ʨʘʭʫʥʦʢ ʫʜʦʩʢʦʥʘʣʝʥʥʷ 

ʜʚʠʛʫʥʽʚ. ʋ ʙʽʣʴʰ ʜʘʣʝʢʽʡ ʧʝʨʩʧʝʢʪʠʚʽ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʝ ʰʚʠʜʰʝ ʟʘ 

ʚʩʝ ʧʦʚ'ʷʟʘʥʝ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʛʽʙʨʠʜʥʠʭ ʪʘ ʝʣʝʢʪʨʠʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʪʘʢʦʞ 

ʚʝʣʠʢʽ ʥʘʜʽʾ ʧʦʢʣʘʜʝʥʦ ʥʘ ʪʘʢʠʡ ʪʠʧ ʜʚʠʛʫʥʘ ʷʢ çʚʽʜʢʨʠʪʠʡè ʨʦʪʦʨ. 

 

1.3. ɻʘʟʦʪʫʨʙʽʥʥʠʡ ʜʚʠʛʫʥ ʟ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʶ ʧʨʠʩʪʘʚʢʦʶ 

 

ɿʘʛʘʣʴʥʦʚʠʟʥʘʥʦ, ʱʦ ʟʥʠʞʝʥʥʶ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʩʧʨʠʷʻ ʟʙʽʣʴʰʝʥʥʷ ʂʂɼ 

ʨʫʭʦʚʦʾ ʫʩʪʘʥʦʚʢʠ, ʧʨʦʪʝ ʽʩʥʫʻ ʤʝʞʘ ʧʽʩʣʷ ʷʢʦʾ ʚʠʪʨʘʪʠ ʥʘ ʟʙʽʣʴʰʝʥʥʷ ʂʂɼ 

ʤʦʞʫʪʴ ʧʝʨʝʚʠʱʠʪʠ ʧʦʪʝʥʮʽʡʥʫ ʚʠʛʦʜʫ ʚʽʜ ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ. ɺ ʷʢʦʩʪʽ 

ʘʣʴʪʝʨʥʘʪʠʚʠ ʧʽʜʚʠʱʝʥʥʶ ʂʂɼ ʚʫʟʣʽʚ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʥʮʝʧʮʽʶ 

ʟʙʽʣʴʰʝʥʥʷ ʩʪʫʧʝʥʷ ʜʚʦʢʦʥʪʫʨʥʦʩʪʽ ʜʚʠʛʫʥʘ. ʈʦʟʚʠʪʢʦʤ ʮʽʻʾ ʢʦʥʮʝʧʮʽʾ ʩʪʘʣʠ ʜʚʘ 

ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʥʘʧʨʷʤʢʠ: ʧʝʨʰʠʡ ï ʊʈɼɼ ʽʟ ʥʘʜʚʠʩʦʢʠʤ ʩʪʫʧʝʥʝʤ 

ʜʚʦʢʦʥʪʫʨʥʦʩʪʽ ʪʘ ʧʨʠʚʦʜʦʤ ʦʩʴʦʚʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʽʜ ʪʫʨʙʽʥʠ 

ʥʠʟʴʢʦʛʦ ʪʠʩʢʫ ʘʙʦ ʯʝʨʝʟ ʨʝʜʫʢʪʦʨ; ʜʨʫʛʝ - ʩʭʝʤʘ ʜʚʠʛʫʥʘ "ɺʽʜʢʨʠʪʠʡ ʨʦʪʦʨ" 

(Open Rotor). ɿʘʚʜʷʢʠ ʚʠʱʦʤʫ ʂʂɼ ʜʚʠʛʫʥʠ ʟ ʚʽʜʢʨʠʪʠʤ ʨʦʪʦʨʦʤ ʩʧʦʞʠʚʘʪʠʤʫʪʴ 

ʤʝʥʰʝ ʧʘʣʠʚʘ ʧʨʠʙʣʠʟʥʦ ʥʘ 30% ʽ ʩʪʚʦʨʶʚʘʪʠʤʫʪʴ ʤʝʥʰʠʡ ʦʙʩʷʛ ʰʢʽʜʣʠʚʠʭ 

ʚʠʢʠʜʽʚ ʚ ʘʪʤʦʩʬʝʨʫ, ʥʽʞ ʪʨʘʜʠʮʽʡʥʽ ʊʈɼɼ. ʎʝ ʜʦʟʚʦʣʠʪʴ, ʟʘ ʟʘʢʦʨʜʦʥʥʠʤʠ 

ʦʮʽʥʢʘʤʠ, ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʠʪʠ ʧʘʣʠʚʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʣʽʪʘʢʽʚ ʽʟ ʪʘʢʠʤʠ ʜʚʠʛʫʥʘʤʠ, 

ʘ ʦʪʞʝ, ʟʥʠʟʠʪʠ ʝʤʽʩʽʶ ʪʘ ʚʠʢʠʜ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ. ʇʝʨʰʠʤ ʜʚʠʛʫʥʦʤ ʽʟ 

ʚʽʜʢʨʠʪʠʤ ʨʦʪʦʨʦʤ ʙʫʚ GE-36 (ʬʽʨʤʘ General Electric), ʩʪʚʦʨʝʥʠʡ ʱʝ ʚ ʩʝʨʝʜʠʥʽ 

80-ʭ ʨʦʢʽʚ. ɼʣʷ ʨʘʜʠʢʘʣʴʥʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʩʪʫʧʝʥʷ ʜʚʦʢʦʥʪʫʨʥʦʩʪʽ ʦʩʴʦʚʠʡ 
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ʚʝʥʪʠʣʷʪʦʨ ʟʥʘʯʥʦ ʟʙʽʣʴʰʠʣʠ ʚ ʜʽʘʤʝʪʨʽ, ʘ ʟʘʜʣʷ ʟʤʝʥʰʝʥʥʷ ʣʦʙʦʚʦʛʦ ʦʧʦʨʫ ʪʘ 

ʟʥʠʞʝʥʥʷ ʚʘʛʠ ʟ ʥʴʦʛʦ ʟʥʷʣʠ ʢʽʣʴʮʝʚʠʡ ʦʙʪʽʯʥʠʢ. ʅʘʩʣʽʜʢʦʤ ʮʴʦʛʦ ʩʪʘʣʦ ʟʥʘʯʥʝ 

ʟʙʽʣʴʰʝʥʥʷ ʰʫʤʫ. Rolls-Royce ʧʨʦʚʦʜʠʣʘ ʚʠʧʨʦʙʫʚʘʥʥʷ ʧʨʦʪʦʪʠʧʫ ʜʚʠʛʫʥʘ ʽʟ 

ʚʽʜʢʨʠʪʠʤ ʨʦʪʦʨʦʤ Rig145 (ʚ ʤʘʩʰʪʘʙʽ 1: 6). ʇʣʘʥʫʚʘʣʦʩʷ ʩʪʚʦʨʠʪʠ ʪʨʠ 

ʧʨʦʪʦʪʠʧʠ: ʜʚʘ ï ʜʣʷ ʩʪʝʥʜʦʚʠʭ ʚʠʧʨʦʙʫʚʘʥʴ, ʘ ʦʜʠʥ ï ʜʣʷ ʣʴʦʪʥʠʭ. ʇʦʯʘʪʦʢ 

ʩʝʨʽʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʜʚʠʛʫʥʘ ʟ ʚʽʜʢʨʠʪʠʤ ʨʦʪʦʨʦʤ ʟʘʧʣʘʥʦʚʘʥʦ ʥʘ 2022-2025 

ʨʦʢʠ. CFM International ʧʨʦʪʷʛʦʤ ʢʽʣʴʢʦʭ ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ ʪʘʢʦʞ ʧʨʦʚʦʜʠʪʴ 

ʚʠʧʨʦʙʫʚʘʥʥʷ ʜʚʠʛʫʥʘ ʽʟ ʚʽʜʢʨʠʪʠʤ ʨʦʪʦʨʦʤ [51-53].  

ʌʽʨʤʘ Pratt&Whitney ʚʚʘʞʘʻ [51-53]: 

 1) ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʠʡ ʜʚʠʛʫʥ ʟ ʚʽʜʢʨʠʪʠʤ ʨʦʪʦʨʦʤ ʟʥʘʭʦʜʠʪʴʩʷ ʧʦʢʠ 

ʱʦ ʥʘ ʝʪʘʧʽ ʧʝʨʝʜʝʩʢʽʟʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʩʪʚʦʨʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʟʨʘʟʢʽʚ; 

2) ʨʽʚʥʽ ʰʫʤʫ ʜʚʠʛʫʥʘ ʟ ʚʽʜʢʨʠʪʠʤ ʨʦʪʦʨʦʤ ʙʫʜʫʪʴ ʥʘʙʘʛʘʪʦ ʚʠʱʠʤʠ, ʥʽʞ ʫ 

ʊʈɼɼ ʽʟ ʥʘʜʚʝʣʠʢʠʤ ʩʪʫʧʝʥʝʤ ʜʚʦʢʦʥʪʫʨʥʦʩʪʽ. 

ʋ ʪʦʡ ʞʝ ʯʘʩ ʬʽʨʤʘ Pratt&Whitney ʩʪʚʝʨʜʞʫʻ, ʱʦ ʧʠʪʦʤʘ ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ ʫ 

ʊʈɼɼ ʽʟ ʥʘʜʚʝʣʠʢʠʤ ʩʪʫʧʝʥʝʤ ʜʚʦʢʦʥʪʫʨʥʦʩʪʽ, ʦʩʥʘʱʝʥʦʛʦ ʨʝʜʫʢʪʦʨʦʤ, ʤʦʞʝ 

ʙʫʪʠ ʜʦʚʝʜʝʥʘ ʜʦ ʨʽʚʥʷ ʧʠʪʦʤʦʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʜʚʠʛʫʥʘ ʟ ʚʽʜʢʨʠʪʠʤ ʨʦʪʦʨʦʤ, ʘʣʝ 

ʧʨʠ ʮʴʦʤʫ ʊʈɼɼ ʤʘʪʠʤʝ ʟʥʘʯʥʦ ʤʝʥʰʽ ʛʘʙʘʨʠʪʠ ʪʘ ʤʝʥʰʽ ʨʽʚʥʽ ʰʫʤʫ. 

ɭʚʨʦʧʝʡʩʴʢʠʡ ʉʦʶʟ ʧʨʦʬʽʥʘʥʩʫʚʘʚ ʧʨʦʝʢʪʠ ʟʘ ʧʨʦʛʨʘʤʦʶ çʏʠʩʪʝ ʥʝʙʦè, 

ʩʪʘʚʣʷʯʠ ʧʨʠ ʮʴʦʤʫ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʰʫʤʫ ʜʚʠʛʫʥʽʚ ʟ ʚʽʜʢʨʠʪʠʤ ʨʦʪʦʨʦʤ ʥʘ 15 

ʜɹ. ʅʘʷʚʥʽ ʩʴʦʛʦʜʥʽ ʪʝʭʥʦʣʦʛʽʾ ʜʦʟʚʦʣʷʶʪʴ ʟʥʠʟʠʪʠ ʨʽʚʥʽ ʰʫʤʫ ʤʘʢʩʠʤʫʤ ʥʘ 5-10 

ʜɹ. ʄʘʡʙʫʪʥʻ ʜʚʠʛʫʥʽʚ ʟ ʚʽʜʢʨʠʪʠʤ ʨʦʪʦʨʦʤ ʟʘʣʝʞʠʪʴ ʷʢ ʚʽʜ ʤʦʞʣʠʚʦʩʪʝʡ 

ʟʥʠʞʝʥʥʷ ʨʽʚʥʽʚ ʰʫʤʫ, ʱʦ ʛʝʥʝʨʫʶʪʴʩʷ ʜʚʠʛʫʥʦʤ ʟ ʚʽʜʢʨʠʪʠʤ ʨʦʪʦʨʦʤ, ʪʘʢ ʽ ʚʽʜ 

ʚʠʙʦʨʫ ʬʽʨʤʘʤʠ Boing ʽ Airbus ʰʣʷʭʫ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʚʫʟʴʢʦʬʶʟʝʣʷʞʥʦʛʦ 

ʤʦʜʝʣʴʥʦʛʦ ʨʷʜʫ ʣʽʪʘʢʽʚ ʘʙʦ ʟ ʊʈɼɼ ʽʟ ʥʘʜʚʝʣʠʢʠʤ ʩʪʫʧʝʥʝʤ ʜʚʦʢʦʥʪʫʨʥʦʩʪʽ, ʘʙʦ 

ʟ ʚʽʜʢʨʠʪʠʤ ʜʚʠʛʫʥʦʤ. ʊʦʤʫ ʧʨʦʙʣʝʤʘ ʘʢʫʩʪʠʢʠ ʜʣʷ ʜʚʠʛʫʥʘ ʟ ʚʽʜʢʨʠʪʠʤ ʨʦʪʦʨʦʤ 

ʻ ʧʝʨʰʦʨʷʜʥʦʶ. ʆʜʥʘʢ ʧʨʠ ʙʽʣʴʰ ʜʦʢʣʘʜʥʦʤʫ ʨʦʟʛʣʷʜʽ ʧʨʦʙʣʝʤʠ ʰʫʤʫ, ʱʦ 

ʛʝʥʝʨʫʻʪʴʩʷ ʪʘʢʠʤʠ ʜʚʠʛʫʥʘʤʠ, ʩʪʘʻ ʷʩʥʦ, ʱʦ ʾʭ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʨʠʟʚʝʜʝ ʜʦ 

ʩʝʨʡʦʟʥʠʭ ʧʨʦʙʣʝʤ ʥʝ ʪʽʣʴʢʠ ʰʫʤʫ ʥʘ ʤʽʩʮʝʚʦʩʪʽ, ʘʣʝ ʽ ʰʫʤʫ ʚ ʩʘʣʦʥʽ. 

ɿʫʧʠʥʠʤʦʩʷ ʩʧʦʯʘʪʢʫ ʥʘ ʰʫʤʽ ʥʘ ʤʽʩʮʝʚʦʩʪʽ: ʷʩʥʦ, ʱʦ ʧʝʨʝʭʽʜ ʥʘ ʣʽʪʘʢʠ ʟ 
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ʚʽʜʢʨʠʪʠʤ ʨʦʪʦʨʦʤ ʧʨʠʟʚʝʜʝ ʜʦ ʟʥʠʞʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʝʨʝʚʝʟʝʥʴ 

ʰʚʠʜʢʦʩʪʽ ʧʦʣʴʦʪʫ ʣʽʪʘʢʘ ʟ ʄ = 0,95 (ʜʣʷ m = 4 - ʩʪʫʧʽʥʴ ʜʚʦʢʦʥʪʫʨʥʦʩʪʽ) ʘʙʦ ʄ 

= 0,85 (ʜʣʷ m =6) ʜʦ ʄ=0,75 (ʜʣʷ ʣʽʪʘʢʽʚ ʽʟ ʚʽʜʢʨʠʪʠʤ ʨʦʪʦʨʦʤ), ʪʦʙʪʦ ʥʘ 12ï20%. 

ʆʪʞʝ, ʧʨʠ ʪʽʡ ʞʝ ʧʘʩʘʞʠʨʦʤʽʩʪʢʦʩʪʽ ʣʽʪʘʢʽʚ ʧʦʪʨʽʙʥʦ (ʥʘʚʽʪʴ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ 

ʟʨʦʩʪʘʥʥʷ ʧʘʩʘʞʠʨʦʧʦʪʦʢʫ ʟʘ ʨʽʟʥʠʤʠ ʦʮʽʥʢʘʤʠ ʚʽʜ 1% ʜʦ 5% ʥʘ ʨʽʢ) ʘʙʦ ʥʘ 12-

20% ʟʙʽʣʴʰʠʪʠ ʧʘʨʢ ʣʽʪʘʢʽʚ, ʘʙʦ ʯʘʩʪʦʪʫ ʾʭ ʧʦʣʴʦʪʽʚ, ʘʙʦ ʯʘʩʪʢʦʚʦ ʟʘʩʪʦʩʫʚʘʪʠ 

ʦʙʠʜʚʘ ʟʘʭʦʜʠ, ʱʦ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʧʨʠʟʚʝʜʝ ʜʦ ʟʨʦʩʪʘʥʥʷ ʟʘʰʫʤʣʝʥʦʩʪʽ ʚ ʦʢʦʣʠʮʷʭ 

ʘʝʨʦʧʦʨʪʽʚ ʯʝʨʝʟ ʟʙʽʣʴʰʝʥʥʷ ʯʠʩʣʘ ʟʣʴʦʪʽʚ/ʧʦʩʘʜʦʢ (ʥʘʚʽʪʴ ʟʘ ʨʽʚʥʦʾ ʘʢʫʩʪʠʯʥʦʾ 

ʷʢʦʩʪʽ ʣʽʪʘʢʽʚ ʟ ʊʈɼɼ ʽʟ ʥʘʜʚʝʣʠʢʠʤ ʩʪʫʧʝʥʝʤ ʜʚʦʢʦʥʪʫʨʥʦʩʪʽ ʪʘ ʣʽʪʘʢʽʚ, ʱʦ 

ʤʘʶʪʴ ʜʚʠʛʫʥʠ ʟ ʚʽʜʢʨʠʪʠʤ ʨʦʪʦʨʦʤ). ʆʜʥʘʢ ʧʨʠ ʜʦʢʣʘʜʥʽʰʦʤʫ ʨʦʟʛʣʷʜʽ 

ʘʢʫʩʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʮʠʭ ʣʽʪʘʢʽʚ (ʧʦ ʰʫʤʫ ʥʘ ʤʽʩʮʝʚʦʩʪʽ) ʚʽʜʨʘʟʫ 

ʟ'ʷʩʦʚʫʻʪʴʩʷ, ʱʦ ʣʽʪʘʢʠ ʟ ʊʈɼɼ ʟ ʚʝʣʠʢʠʤ ʘʙʦ ʥʘʜʚʝʣʠʢʠʤ ʩʪʫʧʝʥʝʤ 

ʜʚʦʢʦʥʪʫʨʥʦʩʪʽ ʤʘʶʪʴ ʮʽʣʫ ʥʠʟʢʫ ʷʚʥʠʭ ʧʝʨʝʚʘʛ ʧʝʨʝʜ ʣʽʪʘʢʘʤʠ ʟ ʚʽʜʢʨʠʪʠʤ 

ʨʦʪʦʨʦʤ. ʊʘʢ, ʫ ʩʧʝʢʪʨʘʭ ʰʫʤʫ ʣʽʪʘʢʽʚ ʟ ʚʽʜʢʨʠʪʠʤ ʨʦʪʦʨʦʤ ʢʨʽʤ ʚʩʽʭ ʩʢʣʘʜʦʚʠʭ 

ʰʫʤʫ, ʱʦ ʻ ʚ ʩʧʝʢʪʨʘʭ ʰʫʤʫ ʣʽʪʘʢʽʚ ʟ ʊʈɼɼ ʟ ʚʝʣʠʢʠʤ ʩʪʫʧʝʥʝʤ ʜʚʦʢʦʥʪʫʨʥʦʩʪʽ 

(ʰʠʨʦʢʦʩʤʫʛʦʚʠʡ ʰʫʤ, ʰʫʤ ʥʘ ʯʘʩʪʦʪʽ ʧʨʦʭʦʜʞʝʥʥʷ ʣʦʧʘʪʦʢ ʦʩʴʦʚʦʛʦ 

ʚʝʥʪʠʣʷʪʦʨʘ ʪʘ ʾʾ ʛʘʨʤʦʥʽʮʽ, ʰʫʤ ʫʜʘʨʥʠʭ ʭʚʠʣʴ ʧʨʠ ʪʨʘʥʩ-ʽ ʥʘʜʟʚʫʢʦʚʠʭ 

ʰʚʠʜʢʦʩʪʷʭ ʦʙʝʨʪʘʥʥʷ) , ʜʦʜʘʶʪʴʩʷ ʧʦʪʫʞʥʽ ʪʦʥʘʣʴʥʽ ʩʢʣʘʜʦʚʽ ʥʘ ʢʦʤʙʽʥʘʮʽʡʥʠʭ 

ʯʘʩʪʦʪʘʭ (ʢʦʤʙʽʥʘʮʽʷ ʯʘʩʪʦʪ ʧʨʦʭʦʜʞʝʥʥʷ ʣʦʧʘʪʝʡ ʧʝʨʰʦʛʦ ʽ ʜʨʫʛʦʛʦ ʨʦʪʦʨʽʚ) 

[51-53]. 

ʆʜʥʽʻʶ ʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʢʦʤʧʦʥʦʚʦʯʥʠʭ ʩʭʝʤ ʘʚʽʘʮʽʡʥʠʭ ʜʚʠʛʫʥʽʚ ʻ ʩʭʝʤʘ 

ʊʈɼɼ ʽʟ ʙʽʨʦʪʘʪʠʚʥʠʤ ʦʩʴʦʚʠʤ ʚʝʥʪʠʣʷʪʦʨʦʤ ʽʟ ʥʘʜʚʠʩʦʢʠʤ ʩʪʫʧʝʥʝʤ 

ʜʚʦʢʦʥʪʫʨʥʦʩʪʽ m>15. ʊʘʢʽ ʜʚʠʛʫʥʠ ʧʦʪʝʥʮʽʡʥʦ ʦʙʽʮʷʶʪʴ ʩʫʪʪʻʚʝ ʧʽʜʚʠʱʝʥʥʷ 

ʧʘʣʠʚʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʦʨʽʚʥʷʥʦ ʽʟ ʩʫʯʘʩʥʠʤʠ ʊʈɼɼ ʽʟ ʦʩʴʦʚʠʤʠ ʚʝʥʪʠʣʷʪʦʨʘʤʠ 

ʟ ʚʠʩʦʢʠʤ ʩʪʫʧʝʥʝʤ ʜʚʦʢʦʥʪʫʨʥʦʩʪʽ. ɼʦʩʣʽʜʞʝʥʥʷ ʙʽʨʦʪʘʪʠʚʥʠʭ ʚʝʥʪʠʣʷʪʦʨʽʚ 

ʤʘʶʪʴ ʚʝʣʠʢʫ ʽʩʪʦʨʽʶ. ʋ ʉʈʉʈ ʢʦʥʮʝʧʪʫʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʠʭ 

ʜʚʠʛʫʥʽʚ ʟ ʚʠʩʦʢʠʤ ʩʪʫʧʝʥʝʤ ʜʚʦʢʦʥʪʫʨʥʦʩʪʽ ʧʦʯʘʣʠʩʷ 1985 ʨʦʢʫ. ɹʫʣʦ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʪʘʢʠʡ ʪʠʧ ʜʚʠʛʫʥʽʚ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʟʥʘʯʥʠʡ ʧʨʠʨʽʩʪ ʫ ʪʷʟʽ 

ʧʦʨʽʚʥʷʥʦ ʟ ʜʚʠʛʫʥʘʤʠ ʪʠʧʫ çʚʽʜʢʨʠʪʠʡ ʨʦʪʦʨè ʪʘ ʪʨʘʜʠʮʽʡʥʠʤʠ ʟʘʢʘʧʦʪʦʚʘʥʠʤʠ 

ʩʭʝʤʘʤʠ. ʈʝʟʫʣʴʪʘʪʘʤʠ ʮʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʪʘʣʘ ʨʦʟʨʦʙʢʘ ʜʦʙʨʝ ʚʽʜʦʤʦʛʦ ʜʚʠʛʫʥʘ 
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ʅʂ-93. ʋ ʪʦʡ ʞʝ ʯʘʩ ʫ ʅʽʤʝʯʯʠʥʽ ʚ ʨʘʤʢʘʭ ʦʙ'ʻʜʥʘʥʦʾ MTU-DLR ʧʨʦʛʨʘʤʠ Crisp 

(counter-rotating integrated shrouded propfan) ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʟʘʢʘʧʦʪʦʚʘʥʠʡ 

ʛʚʠʥʪʦʚʝʥʪʠʣʷʪʦʨʥʠʡ ʜʚʠʛʫʥ. ɼʦʩʣʽʜʞʝʥʥʷ ʙʽʨʦʪʘʪʠʚʥʠʭ ʟʘʢʘʧʦʪʦʚʘʥʠʭ 

ʚʝʥʪʠʣʷʪʦʨʽʚ ʙʫʣʠ ʦʩʥʦʚʥʦʶ ʯʘʩʪʠʥʦʶ ʻʚʨʦʧʝʡʩʴʢʦʾ ʧʨʦʛʨʘʤʠ VITAL 

(EnVIronmenTALly friendly aeroengine). ʋ ʧʨʦʛʨʘʤʽ ʙʨʘʣʠ ʫʯʘʩʪʴ: DLR, Snecma 

ʪʘ ʽʥ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʟʘʟʥʘʯʝʥʠʤʠ ʫʯʘʩʥʠʢʘʤʠ ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʪʘ ʚʠʧʨʦʙʫʚʘʥʽ ʪʨʠ 

ʤʦʜʝʣʽ ʙʽʨʦʪʘʪʠʚʥʠʭ ʚʝʥʪʠʣʷʪʦʨʽʚ ʟ ʚʠʩʦʢʠʤ ʩʪʫʧʝʥʝʤ ʜʚʦʢʦʥʪʫʨʥʦʩʪʽ (m=10) 

[54-57]. 

ʇʨʦ̒ʢʪ COBRA (Innovative Counter rOtating fan system for high Bypass Ratio 

Aircraft engine) ʙʫʚ ʧʨʦʜʦʚʞʝʥʥʷʤ ʨʦʙʽʪ ʽʟ ʟʘʢʘʧʦʪʦʚʘʥʠʭ ʙʽʨʦʪʘʪʠʚʥʠʭ 

ʚʝʥʪʠʣʷʪʦʨʽʚ, ʱʦ ʤʘʶʪʴ ʧʦʯʘʪʦʢ ʫ ʧʨʦʛʨʘʤʽ VITAL. ʋʯʘʩʥʠʢʘʤʠ ʻ DLR, Snecma, 

Onera ʪʘ ʽʥ. ɺ ʨʘʤʢʘʭ ʧʨʦʝʢʪʫ ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʜʚʽ ʤʦʜʝʣʽ ʙʽʨʦʪʘʪʠʚʥʠʭ 

ʚʝʥʪʠʣʷʪʦʨʽʚ ʽʟ ʥʘʜʚʠʩʦʢʠʤ ʩʪʫʧʝʥʝʤ ʜʚʦʢʦʥʪʫʨʥʦʩʪʽ (mÓ15) ʪʘ ʟʥʠʞʝʥʠʤ 

(ʧʦʨʽʚʥʷʥʦ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʫ ʧʨʦʛʨʘʤʽ VITAL, ʪʘ ʜʚʠʛʫʥʘʤʠ, ʱʦ 

ʝʢʩʧʣʫʘʪʫʚʘʣʠʩʷ ʫ 2000 ʨʦʮʽ) ʨʽʚʥʝʤ ʰʫʤʫ [54-57]. 

ʄʦʞʥʘ ʟ ʫʧʝʚʥʝʥʽʩʪʶ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʧʦʯʘʪʢʦʤ ʨʦʟʨʦʙʢʠ ʜʚʠʛʫʥʽʚ VI 

ʧʦʢʦʣʽʥʥʷ ʘʚʽʘʜʚʠʛʫʥʠ ʧʨʠʩʪʫʧʘʶʪʴ ʜʦ ʚʠʢʦʥʘʥʥʷ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʧʣʘʥʫ 

ʨʝʘʣʽʟʘʮʽʾ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʥʘʙʣʠʞʝʥʥʷ ʜʦ ʛʨʘʥʠʯʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʘʚʽʘʮʽʡʥʠʭ 

ɻʊɼ. 

ʆʯʝʚʠʜʥʦ, ʱʦ ʜʦʩʷʛʥʝʥʥʷ ʮʴʦʛʦ ʚʠʤʘʛʘʪʠʤʝ ʨʘʜʠʢʘʣʴʥʦʾ ʟʤʽʥʠ 

ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʚʠʛʣʷʜʫ ʚʩʽʭ ʚʫʟʣʽʚ, ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ, 

ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʩʪʚʦʨʝʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʡ. 

ɻʦʣʦʚʥʠʤ ʥʘʧʨʷʤʦʤ ʩʪʚʦʨʝʥʥʷ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʛʦ ʜʦʨʦʙʢʫ ʜʣʷ 

ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʜʚʠʛʫʥʽʚ ʪʘ ʾʭ ʚʫʟʣʽʚ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʝʪʨʘʜʠʮʽʡʥʠʭ ʩʭʝʤʥʠʭ ʪʘ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʨʽʰʝʥʴ, ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʨʦʟʨʦʙʢʘ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʝʬʝʢʪʠʚʥʠʭ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʧʨʦʛʨʘʤʥʠʭ ʢʦʤʧʣʝʢʩʽʚ, ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʽʥʪʝʛʨʘʮʽʾ 

ʩʠʣʦʚʦʾ ʫʩʪʘʥʦʚʢʠ ʟ ʣʽʪʘʢʦʤ, ʩʪʚʦʨʝʥʥʷ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʚʠʤʽʨʶʚʘʣʴʥʦ-

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʘ ʢʦʥʪʨʦʣʴʥʠʭ ʩʠʩʪʝʤ ʪʘ ʦʙʣʘʜʥʘʥʥʷ . 
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ʃʽʪʝʨʘʪʫʨʥʠʡ ʦʛʣʷʜ ʧʦʢʘʟʘʚ, ʱʦ ʦʜʥʽʻʶ ʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʩʭʝʤ ʻ ʜʚʠʛʫʥ ʟ 

ʚʽʜʢʨʠʪʠʤ ʨʦʪʦʨʦʤ, ʦʜʥʘʢ ʚʽʥ ʤʘʻ ʦʜʠʥ ʽʩʪʦʪʥʠʡ ʥʝʜʦʣʽʢ - ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ 

ʰʫʤʫ. ʏʘʩʪʢʦʚʦ ʚʠʨʽʰʠʪʠ ʮʶ ʧʨʦʙʣʝʤʫ ʜʦʟʚʦʣʷʻ ʥʘʷʚʥʽʩʪʴ ʢʘʧʦʪʘ, ʷʢ ʙʫʣʦ 

ʧʦʢʘʟʘʥʦ ʚʠʱʝ. ʊʨʠʢʦʥʪʫʨʥʠʡ ʜʚʠʛʫʥ, ʷʢʠʡ ʻ ʦʜʥʽʻʶ ʟ ʢʨʠʪʠʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, 

ʘʙʦ ʽʥʰʠʤʠ ʩʣʦʚʘʤʠ ʛʘʟʦʪʫʨʙʽʥʥʠʡ ʜʚʠʛʫʥ ʟ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʶ ʧʨʠʩʪʘʚʢʦʶ 

ʜʦʟʚʦʣʷʻ ʚʠʨʽʰʠʪʠ ʧʨʦʙʣʝʤʫ ʟʥʠʞʝʥʥʷ ʰʫʤʫ ʟʘ ʨʘʭʫʥʦʢ ʤʦʪʦʛʦʥʜʦʣʠ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ. ʆʜʥʘʢ, ʚʽʥ ʤʘʻ ʫ ʢʦʥʩʪʨʫʢʮʽʾ ʜʚʦʷʨʫʩʥʽ 

ʣʦʧʘʪʢʠ. 

ʅʘ ʨʠʩ. 1.8 ʟʦʙʨʘʞʝʥʘ ʩʭʝʤʘ ʜʚʦʚʘʣʴʥʦʛʦ ʪʨʠʢʦʥʪʫʨʥʦʛʦ ʜʚʠʛʫʥʘ (ʊʈʊɼ), 

ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ, ʢʘʤʝʨʠ ʟʤʽʰʫʚʘʥʥʷ ʪʘ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ 

ʧʨʠʩʪʘʚʢʠ. ɻʘʟʦʛʝʥʝʨʘʪʦʨ ʜʚʠʛʫʥʘ ʻ ʜʚʦʢʦʥʪʫʨʥʠʡ ʜʚʠʛʫʥ ʟ ʥʝʚʝʣʠʢʠʤ 

ʩʪʫʧʝʥʝʤ ʜʚʦʢʦʥʪʫʨʥʦʩʪʽ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʝʦʙʭʽʜʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʦʪʦʢʫ 

ʥʘ ʚʠʭʦʜʽ ʟ ʢʘʤʝʨʠ ʟʤʽʰʫʚʘʥʥʷ. ʇʘʨʘʤʝʪʨʠ ʟʘʜʘʶʪʴʩʷ ʟ ʫʤʦʚʠ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʥʘʜʽʡʥʦʩʪʽ ʨʦʙʦʯʠʭ ʜʚʦʷʨʫʩʥʠʭ ʣʦʧʘʪʦʢ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ 

ʧʨʠʩʪʘʚʢʠ ʟʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʚʽʣʴʥʦʾ ʝʥʝʨʛʽʾ ʛʘʟʫ ʤʽʞ ʚʥʫʪʨʽʰʥʽʤ ʽ 

ʟʦʚʥʽʰʥʽʤ (ʪʨʝʪʽʤ) ʢʦʥʪʫʨʘʤʠ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ. ʈʦʙʦʯʠʤ ʪʽʣʦʤ 

ʜʣʷ ʪʫʨʙʽʥʠ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʻ ʛʘʟ, ʷʢʠʡ ʚʠʭʦʜʠʪʴ ʟ ʢʘʤʝʨʠ 

ʟʤʽʰʫʚʘʥʥʷ ʛʘʟʦʛʝʥʝʨʘʪʦʨʥʦʛʦ ʢʦʥʪʫʨʫ ʽ ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʛʘʟʫ ʟʘ 

ʪʫʨʙʽʥʦʶ ʥʠʟʴʢʦʛʦ ʪʠʩʢʫ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʪʘ ʧʦʚʽʪʨʷ ʜʨʫʛʦʛʦ ʢʦʥʪʫʨʫ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ [11, 58]. 

ʆʩʥʦʚʥʽ ʝʣʝʤʝʥʪʠ ʪʨʠʢʦʥʪʫʨʥʦʛʦ ʜʚʠʛʫʥʘ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 1.8: 1 ï ʦʩʴʦʚʠʡ 

ʚʝʥʪʠʣʷʪʦʨ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ; 2 ï ʢʦʤʧʨʝʩʦʨ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ ʧʝʨʰʦʛʦ ʢʦʥʪʫʨʫ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ; 3 ï ʢʘʤʝʨʘ ʟʛʦʨʷʥʥʷ ʛʘʟʦʛʝʥʝʨʘʪʦʨʥʦʛʦ ʢʦʥʪʫʨʫ; 4 - ʙʘʛʘʪʦʚʘʣʴʥʘ 

ʛʘʟʦʚʘ ʪʫʨʙʽʥʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʢʦʥʪʫʨʫ; 5 ï ʢʘʤʝʨʘ ʟʤʽʰʫʚʘʥʥʷ ʛʘʟʦʛʝʥʝʨʘʪʦʨʥʦʛʦ 

ʢʦʥʪʫʨʫ; 6 ï ʪʫʨʙʽʥʥʠʡ ʢʦʥʪʫʨ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ; 

7 ï ʢʦʥʪʫʨ ʦʩʴʦʚʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ (ʪʨʝʪʽʡ ʢʦʥʪʫʨ) ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ; 8 ï ʨʝʘʢʪʠʚʥʝ ʩʦʧʣʦ ʟʦʚʥʽʰʥʴʦʛʦ (ʪʨʝʪʴʦʛʦ) 

ʢʦʥʪʫʨʫ; 9 ï ʨʝʘʢʪʠʚʥʝ ʩʦʧʣʦ ʚʥʫʪʨʽʰʥʴʦʛʦ ʢʦʥʪʫʨʫ. 



49 

 

 

 

ʈʠʩ. 1.8. ʉʭʝʤʘ ʊʈʊɼ ʽʟ ʟʘʜʥʽʤ ʨʦʟʤʽʱʝʥʥʷʤ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ 

ʧʨʠʩʪʘʚʢʠ [11] 

 

ʏʝʨʝʟ ʨʝʘʢʪʠʚʥʝ ʩʦʧʣʦ ʚʥʫʪʨʽʰʥʴʦʛʦ ʢʦʥʪʫʨʫ ʚʠʭʦʜʠʪʴ ʛʘʟ, ʱʦ ʩʪʚʦʨʶʻ 

ʨʝʘʢʪʠʚʥʫ ʪʷʛʫ ʚʥʫʪʨʽʰʥʴʦʛʦ ʢʦʥʪʫʨʫ ʊʈʊɼ. 

ʏʝʨʝʟ ʨʝʘʢʪʠʚʥʝ ʩʦʧʣʦ ʟʦʚʥʽʰʥʴʦʛʦ (ʪʨʝʪʴʦʛʦ) ʢʦʥʪʫʨʫ ʚʠʭʦʜʠʪʴ ʧʦʚʽʪʨʷ, 

ʷʢʝ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʢʦʥʪʫʨ ʦʩʴʦʚʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ 

ʧʨʠʩʪʘʚʢʠ ʪʘ ʩʪʚʦʨʶʻ ʪʷʛʫ ʟʦʚʥʽʰʥʴʦʛʦ ʢʦʥʪʫʨʫ ʊʈʊɼ. 

ʋ ʚʽʜʦʤʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ ʊʈɼɼ ʽʟ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʶ ʧʨʠʩʪʘʚʢʦʶ [11] 

ʤʘʶʪʴ ʤʽʩʮʝ ʚʠʩʦʢʽ ʛʨʘʜʽʻʥʪʠ ʪʝʤʧʝʨʘʪʫʨ ʫ ʨʦʙʦʯʠʭ ʣʦʧʘʪʢʘʭ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʝʥʝʨʛʽʶ ʛʘʟʫ ʧʽʩʣʷ ʪʫʨʙʽʥʠ 

ʦʜʥʦʢʦʥʪʫʨʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ (ʊʈɼ). ɼʣʷ ʪʘʢʠʭ ʜʚʠʛʫʥʽʚ ʨʘʜʽʘʣʴʥʠʡ ʛʨʘʜʽʻʥʪ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʦʶ ʧʦʚʽʪʨʷ ʟʦʚʥʽʰʥʴʦʛʦ (ʪʨʝʪʴʦʛʦ) 

ʢʦʥʪʫʨʫ (288-300ʂ) ʪʘ ʪʝʤʧʝʨʘʪʫʨʦʶ ʛʘʟʫ ʚʥʫʪʨʽʰʥʴʦʛʦ (ʛʘʟʦʛʝʥʝʨʘʪʦʨʥʦʛʦ) 

ʢʦʥʪʫʨʫ (800-1200ʂ). 

ʆʩʥʦʚʥʘ ʽʜʝʷ ʪʨʠʢʦʥʪʫʨʥʦʛʦ ʜʚʠʛʫʥʘ ʧʦʣʷʛʘʻ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʟʘʜʘʥʦʛʦ 

ʫʤʦʚʘʤʠ ʤʽʮʥʦʩʪʽ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʘʜʽʘʣʴʥʦʛʦ ʛʨʘʜʽʻʥʪʘ ʫ ʜʚʦʷʨʫʩʥʠʭ ʣʦʧʘʪʢʘʭ 

ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ. ɺʠʭʦʜʷʯʠ ʟ ʮʽʻʾ ʫʤʦʚʠ 
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ʚʠʟʥʘʯʘʶʪʴʩʷ ʩʪʫʧʽʥʴ ʜʚʦʢʦʥʪʫʨʥʦʩʪʽ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ  ʪʘ ʩʪʫʧʽʥʴ ʧʽʜʚʠʱʝʥʥʷ 

ʪʠʩʢʫ ʫ ʜʨʫʛʦʤʫ ʢʦʥʪʫʨʽ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ . 

ʆʩʥʦʚʥʘ ʦʩʦʙʣʠʚʽʩʪʴ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ʊʈʊɼ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʨʦʙʦʯʠʤ 

ʧʨʦʮʝʩʦʤ ʊʈɼɼ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚ ʊʈʊɼ ʜʣʷ ʫʪʚʦʨʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʪʫʨʙʽʥʦʶ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʝʥʝʨʛʽʷ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ, ʷʢʠʡ ʚʠʭʦʜʠʪʴ ʟ 

ʟʤʽʰʫʚʘʥʥʷ ʢʘʤʝʨʠ ʧʦʪʦʢʽʚ ʧʝʨʰʦʛʦ ʽ ʜʨʫʛʦʛʦ ʢʦʥʪʫʨʽʚ [11]. 

ʋ ʢʘʤʝʨʽ ʟʤʽʰʫʚʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʦʙʤʽʥ ʝʥʝʨʛʽʻʶ ʤʽʞ ʧʦʚʽʪʨʷʤ ʜʨʫʛʦʛʦ 

ʢʦʥʪʫʨʫ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʪʘ ʛʘʟʦʚʠʤ ʧʦʪʦʢʦʤ ʟʘ ʪʫʨʙʽʥʦʶ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. 

ʊʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʘ ʧʨʠʩʪʘʚʢʘ ʚʠʢʦʥʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʜʚʦʷʨʫʩʥʦʛʦ ʨʦʙʦʯʦʛʦ 

ʢʦʣʝʩʘ, ʚʥʫʪʨʽʰʥʷ ʯʘʩʪʠʥʘ ʷʢʦʛʦ ʧʨʘʮʶʻ ʚ ʪʫʨʙʽʥʥʦʤʫ ʨʝʞʠʤʽ, ʟʦʚʥʽʰʥʷ ʯʘʩʪʠʥʘ 

ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʾ ʚʝʥʪʠʣʷʪʦʨʘ. ʇʦʪʫʞʥʽʩʪʴ, ʱʦ ʨʦʟʚʠʚʘʻʪʴʩʷ ʪʫʨʙʽʥʦʶ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ, ʧʝʨʝʜʘʻʪʴʩʷ ʜʦ ʟʦʚʥʽʰʥʴʦʛʦ ʢʦʥʪʫʨʫ ʜʣʷ 

ʟʙʽʣʴʰʝʥʥʷ ʝʥʝʨʛʽʾ ʧʦʚʽʪʨʷ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʟʦʚʥʽʰʥʽʡ (ʚʝʥʪʠʣʷʪʦʨʥʠʡ) 

ʢʦʥʪʫʨ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ [11]. 

ʆʩʥʦʚʥʘ ʚʽʜʤʽʥʥʽʩʪʴ ʜʚʦʢʦʥʪʫʨʥʠʭ ʜʚʠʛʫʥʽʚ (ʊʈɼɼ) ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʦʜʥʦʢʦʥʪʫʨʥʠʤʠ ʪʫʨʙʦʨʝʘʢʪʠʚʥʠʤʠ ʜʚʠʛʫʥʘʤʠ (ʊʈɼ) ʧʦʣʷʛʘʻ ʚ ʾʭ ʧʦʢʨʘʱʝʥʽʡ 

ʝʢʦʥʦʤʽʯʥʦʩʪʽ ʧʨʠ ʜʦʟʚʫʢʦʚʠʭ ʰʚʠʜʢʦʩʪʷʭ ʧʦʣʴʦʪʫ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʟʥʠʞʝʥʥʷʤ 

ʨʽʚʥʷ ʪʝʧʣʦʚʠʭ ʚʪʨʘʪ ʟ ʛʘʟʘʤʠ, ʱʦ ʚʠʭʦʜʷʪʴ ʽʟ ʜʚʠʛʫʥʘ, ʽ ʚʠʱʠʤʠ ʟʥʘʯʝʥʥʷʤʠ 

ʪʷʛʦʚʦʛʦ ʂʂɼ ʊʈɼɼ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʊʈɼ. 

ʇʨʦʘʥʘʣʽʟʫʻʤʦ ʤʦʞʣʠʚʦʩʪʽ ʧʽʜʚʠʱʝʥʥʷ ʝʢʦʥʦʤʽʯʥʦʩʪʽ ʘʚʽʘʮʽʡʥʦʾ ʩʠʣʦʚʦʾ 

ʫʩʪʘʥʦʚʢʠ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʚʠʛʫʥʘ ï ʪʨʠʢʦʥʪʫʨʥʦʛʦ ʪʫʨʙʦʨʝʘʢʪʠʚʥʦʛʦ ʜʚʠʛʫʥʘ 

ʟ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʶ ʧʨʠʩʪʘʚʢʦʶ. ʇʨʠ ʮʴʦʤʫ ʤʘʪʠʤʝʤʦ ʥʘ ʫʚʘʟʽ, ʱʦ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʟʘ ʪʫʨʙʽʥʦʶ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ 

ʜʦʟʚʦʣʷʻ ʩʫʪʪʻʚʦ ʟʥʠʟʠʪʠ ʨʽʚʝʥʴ ʚʪʨʘʪ, ʷʢʽ ʟʫʤʦʚʣʝʥʽ ʥʘʷʚʥʽʩʪʶ ʦʩʴʦʚʦʛʦ 

ʚʝʥʪʠʣʷʪʦʨʘ ʧʝʨʝʜ ʢʦʤʧʨʝʩʦʨʦʤ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. ʗʢ ʧʦʢʘʟʫʶʪʴ ʨʝʟʫʣʴʪʘʪʠ 

ʨʦʟʨʘʭʫʥʢʽʚ, ʂʂɼ ʧʨʦʮʝʩʫ ʩʪʠʩʥʝʥʥʷ ʛʘʟʦʛʝʥʝʨʘʪʦʨʥʦʛʦ ʢʦʥʪʫʨʫ, ʷʢʠʡ ʩʝʨʝʜ 

ʽʥʰʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʠʟʥʘʯʘʻ ʢʦʨʠʩʥʫ ʨʦʙʦʪʫ ʮʠʢʣʫ (ʚ ɻʊɼ ʨʝʘʣʽʟʫʻʪʴʩʷ ʮʠʢʣ 

ɹʨʘʡʪʦʥʘ), ʤʦʞʝ ʙʫʪʠ ʟʙʽʣʴʰʝʥʠʡ ʥʘ 2..3% ʟʘ ʨʘʭʫʥʦʢ ʟʘʜʥʴʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ 
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ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʟʘʤʽʩʪʴ ʧʝʨʝʜʥʴʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʚʫʟʣʘ ʦʩʴʦʚʦʛʦ 

ʚʝʥʪʠʣʷʪʦʨʘ [11, 59]. 

ɽʢʦʥʦʤʽʯʥʽʩʪʴ ʊʈʊɼ ʧʨʦʪʠ ʊʈɼ ʊʈɼɼ ʦʮʽʥʠʤʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʧʦʚʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʨʠʩʥʦʾ ʜʽʾ (ʂʂɼ) ʮʠʭ ʜʚʠʛʫʥʽʚ. ʇʽʜ 

ʧʦʚʥʠʤ ʂʂɼ ʨʦʟʫʤʽʪʠʤʝʤʦ ʧʘʨʘʤʝʪʨ, ʷʢʠʡ ʦʮʽʥʶʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ, ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ ʧʨʠ ʟʛʦʨʷʥʥʽ ʧʘʣʠʚʘ ʚ ʢʘʤʝʨʽ ʟʛʦʨʷʥʥʷ ʜʚʠʛʫʥʘ, 

ʫ ʢʦʨʠʩʥʫ ʪʷʛʦʚʫ ʨʦʙʦʪʫ ʛʘʟʦʪʫʨʙʽʥʥʦʛʦ ʜʚʠʛʫʥʘ. 

ʇʦʚʥʠʡ ʂʂɼ ʜʦʨʽʚʥʶʻ ʜʦʙʫʪʢʫ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʘ ʪʷʛʦʚʦʛʦ ʂʂɼ. ɺʥʫʪʨʽʰʥʽʡ 

ʂʂɼ ʦʜʥʦʢʦʥʪʫʨʥʦʛʦ ʊʈɼ, ʜʚʦʢʦʥʪʫʨʥʦʛʦ ʊʈɼɼ [11,59] ʪʘ ʪʨʠʢʦʥʪʫʨʥʦʛʦ ʊʈʊɼ, 

ʚʽʜʧʦʚʽʜʥʦ, ʟʘʧʠʩʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ: 

 

, 

, 

. 

 

ʜʝ  - ʰʚʠʜʢʽʩʪʴ ʚʠʪʽʢʘʥʥʷ ʛʘʟʫ ʟ ʨʝʘʢʪʠʚʥʦʛʦ ʩʦʧʣʘ,  - ʂʂɼ ʢʘʤʝʨʠ ʟʛʦʨʷʥʥʷ, 

 - ʪʝʧʣʦʪʚʦʨʥʘ ʟʜʘʪʥʽʩʪʴ ʧʘʣʠʚʘ,  - ʚʽʜʥʦʩʥʘ ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ,  - ʰʚʠʜʢʽʩʪʴ 

ʧʦʣʴʦʪʫ,  - ʩʪʫʧʽʥʴ ʜʚʦʢʦʥʪʫʨʥʦʩʪʽ,  - ʩʪʫʧʽʥʴ ʪʨʠʢʦʥʪʫʨʥʦʩʪʽ. 

ʊʷʛʦʚʠʡ ʂʂɼ ʊʈɼ, ʊʈɼɼ [11, 59] ʽ ʊʈʊɼ, ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʷʢ ʚʽʜʥʦʰʝʥʥʷ 

ʢʦʨʠʩʥʦʾ ʪʷʛʦʚʦʾ ʨʦʙʦʪʠ (ʧʨʠ ʦʧʪʠʤʘʣʴʥʦʤʫ ʨʦʟʧʦʜʽʣʽ ʚʽʣʴʥʦʾ ʝʥʝʨʛʽʾ ʤʽʞ 

ʢʦʥʪʫʨʘʤʠ ʜʚʠʛʫʥʘ) ʜʦ ʨʦʙʦʪʠ  ʫ ʛʘʟʦʛʝʥʝʨʘʪʦʨʥʦʛʦ (ʚʥʫʪʨʽʰʥʴʦʛʦ) ʢʦʥʪʫʨʫ. 

ʈʦʙʦʪʘ ʮʠʢʣʫ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ʜʚʠʛʫʥʘ (ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʚ ɻʊɼ ʨʝʘʣʽʟʫʻʪʴʩʷ 

ʮʠʢʣ ɹʨʘʡʪʦʥʘ) ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʧʘʨʘʤʝʪʨʘʤʠ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʢʦʥʪʫʨʫ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. 

ʅʘ ʨʠʩ.1.9 ʧʦʢʘʟʘʥʦ ʟʤʽʥʫ ʟʘʣʝʞʥʦ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʧʦʣʴʦʪʫ V ʧʦʚʥʦʛʦ ʂʂɼ ɖʧ   

ʊʈɼ, ʊʈɼɼ ʪʘ ʊʈʊɼ ʧʨʠ ʦʜʥʘʢʦʚʠʭ ʧʘʨʘʤʝʪʨʘʭ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ [59]. 
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ʈʠʩ. 1.9. ɿʘʣʝʞʥʽʩʪʴ ʧʦʚʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʨʠʩʥʦʾ ʜʽʾ ɖʧ  ʊʈɼ, ʊʈɼɼ s 

ʊʈʊɼ  ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʧʦʣʴʦʪʫ V 

 

ɸʥʘʣʽʟ ʟʘʣʝʞʥʦʩʪʝʡ ʥʘ ʨʠʩ. 1.9 ʧʦʢʘʟʫʻ, ʱʦ ʪʨʠʢʦʥʪʫʨʥʽ ʪʘ ʜʚʦʢʦʥʪʫʨʥʽ 

ʜʚʠʛʫʥʠ ʤʘʶʪʴ ʙʽʣʴʰ ʚʠʩʦʢʽ ʟʥʘʯʝʥʥʷ ʪʷʛʦʚʦʛʦ ʪʘ ʧʦʚʥʦʛʦ ʂʂɼ ʧʨʠ ʜʦʟʚʫʢʦʚʠʭ 

ʰʚʠʜʢʦʩʪʷʭ ʧʦʣʴʦʪʫ (ʜʦ 300ʤ/c), ʥʽʞ ʊʈɼ. ɺʽʜʧʦʚʽʜʥʦ ʥʘ ʮʠʭ ʨʝʞʠʤʘʭ ʊʈʊɼ ʪʘ 

ʊʈɼɼ ʧʨʠ ʦʜʥʘʢʦʚʠʭ ʧʘʨʘʤʝʪʨʘʭ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʪʘ ʦʜʥʘʢʦʚʽʡ 

ʚʠʪʨʘʪʽ ʧʦʚʽʪʨʷ ʯʝʨʝʟ ʛʘʟʦʛʝʥʝʨʘʪʦʨʥʠʡ ʢʦʥʪʫʨ ʤʘʶʪʴ ʚʝʣʠʢʫ ʪʷʛʫ ʟʘ ʩʪʘʨʪʦʚʠʭ 

ʫʤʦʚ ʥʘ 35-40% ʧʦʨʽʚʥʷʥʦ ʟ ʧʘʨʘʤʝʪʨʘʤʠ ʊʈɼ. ʅʘ ʢʨʝʡʩʝʨʩʴʢʦʤʫ ʨʝʞʠʤʽ 

ʧʦʣʴʦʪʫ ʟ ʜʦʟʚʫʢʦʚʦʶ ʰʚʠʜʢʽʩʪʶ ʪʷʛʘ ʊʈʊɼ ʽ ʊʈɼɼ ʥʘ 12- 15% ʙʽʣʴʰʝ, ʥʽʞ ʪʷʛʘ 

ʊʈɼ. ɹʽʣʴʰ ʚʠʩʦʢʽ ʟʥʘʯʝʥʥʷ ʧʦʚʥʦʛʦ ʂʂɼ ʊʈʊɼ (ʧʦʨʽʚʥʷʥʦ ʟ ʊʈɼɼ) ʧʦʷʩʥʶʻʪʴʩʷ 

ʚʽʜʩʫʪʥʽʩʪʶ ʚ ʊʈʊɼ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʤʦʜʫʣʷ ʦʩʴʦʚʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ (ʷʢʝ ʤʘʻ 

ʤʽʩʮʝ ʫ ʜʚʦʢʦʥʪʫʨʥʦʤʫ ʊʈɼɼ) ʥʘ ʧʘʨʘʤʝʪʨʠ ʛʘʟʦʛʝʥʝʨʘʪʦʨʥʦʛʦ ʢʦʥʪʫʨʫ, ʪʦʙʪʦ 

ʟʙʽʣʴʰʝʥʥʷ ʂʂɼ ʢʦʤʧʨʝʩʦʨʘ ʥʠʟʴʢʦʛʦ ʪʠʩʢʫ ʽ ʢʦʤʧʨʝʩʦʨʘ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʥʘ 3é5 % . 
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ɺʠʩʥʦʚʢʠ ʟʘ ʨʦʟʜʽʣʦʤ 

 

ɺ ʜʘʥʠʡ ʯʘʩ ʝʢʦʣʦʛʽʯʥʽ ʪʘ ʝʢʦʥʦʤʽʯʥʽ  ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʚʽʘʮʽʡʥʦʾ ʪʝʭʥʽʢʠ ʻ 

ʦʜʥʠʤʠ ʽʟ ʛʦʣʦʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʾʾ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ ʥʘ 

ʩʚʽʪʦʚʦʤʫ ʨʠʥʢʫ ʪʘ ʙʝʟʧʝʨʝʰʢʦʜʥʫ ʝʢʩʧʣʫʘʪʘʮʽʶ ʥʘ ʤʽʞʥʘʨʦʜʥʠʭ ʘʚʽʘʣʽʥʽʷʭ. 

ʆʯʝʚʠʜʥʦ, ʱʦ ʥʘ ʙʣʠʟʴʢʦ- ʪʘ ʩʝʨʝʜʥʴʦʩʪʨʦʢʦʚʫ ʧʝʨʩʧʝʢʪʠʚʫ ʙʣʠʟʴʢʦ ʧʦʣʦʚʠʥʠ 

ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʪʘ ʝʤʽʩʽʾ ʉʆ2 ʜʣʷ ʃɸ ʟʘʛʘʣʦʤ ʙʫʜʝ ʦʪʨʠʤʘʥʦ ʩʘʤʝ ʟʘ 

ʨʘʭʫʥʦʢ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʜʚʠʛʫʥʽʚ. ʋ ʙʽʣʴʰ ʜʘʣʝʢʽʡ ʧʝʨʩʧʝʢʪʠʚʽ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʝ, ʰʚʠʜʰʝ ʟʘ ʚʩʝ, ʧʦʚ'ʷʟʘʥʝ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʛʽʙʨʠʜʥʠʭ ʪʘ 

ʝʣʝʢʪʨʠʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʪʘʢʦʞ ʚʝʣʠʢʽ ʥʘʜʽʾ ʧʦʢʣʘʜʝʥʦ ʥʘ ʪʘʢʠʡ ʪʠʧ ʜʚʠʛʫʥʘ ʷʢ 

çʚʽʜʢʨʠʪʠʡè ʨʦʪʦʨ. 

ɿʥʠʞʝʥʥʶ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʩʧʨʠʷʻ ʟʙʽʣʴʰʝʥʥʷ ʂʂɼ ʩʠʣʦʚʦʾ ʫʩʪʘʥʦʚʢʠ, ʧʨʦʪʝ 

ʽʩʥʫʻ ʤʝʞʘ ʧʽʩʣʷ ʷʢʦʾ ʚʠʪʨʘʪʠ ʥʘ ʟʙʽʣʴʰʝʥʥʷ ʂʂɼ ʤʦʞʫʪʴ ʧʝʨʝʚʠʱʠʪʠ 

ʧʦʪʝʥʮʽʡʥʫ ʚʠʛʦʜʫ ʚʽʜ ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ. ɺ ʷʢʦʩʪʽ ʘʣʴʪʝʨʥʘʪʠʚʠ 

ʧʽʜʚʠʱʝʥʥʶ ʂʂɼ ʚʫʟʣʽʚ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʥʮʝʧʮʽʶ ʟʙʽʣʴʰʝʥʥʷ ʩʪʫʧʝʥʷ 

ʜʚʦʢʦʥʪʫʨʥʦʩʪʽ ʜʚʠʛʫʥʘ. ʈʦʟʚʠʪʢʦʤ ʮʽʻʾ ʢʦʥʮʝʧʮʽʾ ʩʪʘʣʠ ʜʚʘ ʢʦʥʩʪʨʫʢʪʠʚʥʽ 

ʥʘʧʨʷʤʢʠ: ʧʝʨʰʠʡ ï ʊʈɼɼ ʽʟ ʥʘʜʚʠʩʦʢʠʤ ʩʪʫʧʝʥʝʤ ʜʚʦʢʦʥʪʫʨʥʦʩʪʽ ʪʘ ʧʨʠʚʦʜʦʤ 

ʚʝʥʪʠʣʷʪʦʨʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʽʜ ʪʫʨʙʽʥʠ ʥʠʟʴʢʦʛʦ ʪʠʩʢʫ ʘʙʦ ʯʝʨʝʟ ʨʝʜʫʢʪʦʨ; 

ʜʨʫʛʠʡ - ʩʭʝʤʘ ʜʚʠʛʫʥʘ "ɺʽʜʢʨʠʪʠʡ ʨʦʪʦʨ" (Open Rotor).  

ʃʽʪʝʨʘʪʫʨʥʠʡ ʦʛʣʷʜ ʧʦʢʘʟʘʚ, ʱʦ ʦʜʥʽʻʶ ʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʩʭʝʤ ʻ ʜʚʠʛʫʥ 

"ɺʽʜʢʨʠʪʠʡ ʨʦʪʦʨ", ʦʜʥʘʢ ʚʽʥ ʤʘʻ ʦʜʠʥ ʽʩʪʦʪʥʠʡ ʥʝʜʦʣʽʢ - ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʰʫʤʫ. 

ʏʘʩʪʢʦʚʦ ʚʠʨʽʰʠʪʠ ʮʶ ʧʨʦʙʣʝʤʫ ʜʦʟʚʦʣʷʻ ʥʘʷʚʥʽʩʪʴ ʢʘʧʦʪʘ. ʊʨʠʢʦʥʪʫʨʥʠʡ 

ʜʚʠʛʫʥ (ʛʘʟʦʪʫʨʙʽʥʥʠʡ ʜʚʠʛʫʥ ʟ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʶ ʧʨʠʩʪʘʚʢʦʶ) ʪʘʢʦʞ 

ʜʦʟʚʦʣʷʻ ʚʠʨʽʰʠʪʠ ʧʨʦʙʣʝʤʫ ʟʥʠʞʝʥʥʷ ʰʫʤʫ ʟʘ ʨʘʭʫʥʦʢ ʤʦʪʦʛʦʥʜʦʣʠ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ. ʊʨʠʢʦʥʪʫʨʥʽ ʪʘ ʜʚʦʢʦʥʪʫʨʥʽ ʜʚʠʛʫʥʠ ʤʘʶʪʴ 

ʙʽʣʴʰ ʚʠʩʦʢʽ ʟʥʘʯʝʥʥʷ ʪʷʛʦʚʦʛʦ ʪʘ ʧʦʚʥʦʛʦ ʂʂɼ ʧʨʠ ʜʦʟʚʫʢʦʚʠʭ ʰʚʠʜʢʦʩʪʷʭ 

ʧʦʣʴʦʪʫ (ʜʦ 300ʤ/c), ʥʽʞ ʊʈɼ. ɺʽʜʧʦʚʽʜʥʦ ʥʘ ʮʠʭ ʨʝʞʠʤʽʚ ʊʈʊɼ ʪʘ ʊʈɼɼ ʧʨʠ 

ʦʜʥʘʢʦʚʠʭ ʧʘʨʘʤʝʪʨʘʭ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʪʘ ʦʜʥʘʢʦʚʽʡ ʚʠʪʨʘʪʽ 

ʧʦʚʽʪʨʷ ʯʝʨʝʟ ʛʘʟʦʛʝʥʝʨʘʪʦʨʥʠʡ ʢʦʥʪʫʨ ʤʘʶʪʴ ʚʝʣʠʢʫ ʪʷʛʫ ʟʘ ʩʪʘʨʪʦʚʠʭ ʫʤʦʚ ʥʘ 

35-40% ʧʦʨʽʚʥʷʥʦ ʟ ʧʘʨʘʤʝʪʨʘʤʠ ʊʈɼ. ʅʘ ʢʨʝʡʩʝʨʩʴʢʦʤʫ ʨʝʞʠʤʽ ʧʦʣʴʦʪʫ ʟ 
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ʜʦʟʚʫʢʦʚʦʶ ʰʚʠʜʢʽʩʪʶ ʪʷʛʘ ʊʈʊɼ ʽ ʊʈɼɼ ʥʘ 12- 15% ʙʽʣʴʰʝ, ʥʽʞ ʪʷʛʘ ʊʈɼ. 

ɹʽʣʴʰ ʚʠʩʦʢʽ ʟʥʘʯʝʥʥʷ ʧʦʚʥʦʛʦ ʂʂɼ ʊʈʊɼ (ʧʦʨʽʚʥʷʥʦ ʟ ʊʈɼɼ) ʧʦʷʩʥʶʻʪʴʩʷ 

ʚʽʜʩʫʪʥʽʩʪʶ ʚ ʊʈʊɼ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʤʦʜʫʣʷ ʦʩʴʦʚʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ (ʷʢʝ ʤʘʻ 

ʤʽʩʮʝ ʫ ʜʚʦʢʦʥʪʫʨʥʦʤʫ ʊʈɼɼ) ʥʘ ʧʘʨʘʤʝʪʨʠ ʛʘʟʦʛʝʥʝʨʘʪʦʨʥʦʛʦ ʢʦʥʪʫʨʫ, ʪʦʙʪʦ 

ʟʙʽʣʴʰʝʥʥʷ ʂʂɼ ʢʦʤʧʨʝʩʦʨʘ ʥʠʟʴʢʦʛʦ ʪʠʩʢʫ ʽ ʢʦʤʧʨʝʩʦʨʘ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʥʘ 3é5 % . ʊʘʢʠʤ ʯʠʥʦʤ, ʜʦʩʣʽʜʞʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʪʨʠʢʦʥʪʫʨʥʠʭ ʜʚʠʛʫʥʽʚ ʻ ʘʢʪʫʘʣʴʥʠʤʠ. 

ʆʜʥʘʢ, ʥʘ ʜʘʥʠʡ ʯʘʩ ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʚʠʨʽʰʝʥʽ ʧʠʪʘʥʥʷ ʱʦʜʦ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʘʚʽʘʮʽʡʥʦʛʦ ʛʘʟʦʪʫʨʙʽʥʥʦʛʦ 

ʜʚʠʛʫʥʘ ʟ ʜʚʦʷʨʫʩʥʠʤʠ ʣʦʧʘʪʢʘʤʠ. 

ʈʝʟʫʣʴʪʠ ʜʘʥʦʛʦ ʨʦʟʜʽʣʫ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʨʦʙʦʪʘʭ ʘʚʪʦʨʘ [60]. 
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ʈʆɿɼɯʃ 2 

ɺʀɹɯʈ ʊɸ ʆɹɻʈʋʅʊʋɺɸʅʅʗ ʇɸʈɸʄɽʊʈɯɺ ʏʀʉɽʃʔʅʆɻʆ 

ɽʂʉʇɽʈʀʄɽʅʊʋ ʄʆɼɽʃʖɺɸʅʅʗ ʊɽʏɯɰ ɺ ʊʋʈɹʆɺɽʅʊʀʃʗʊʆʈʅɯʁ 

ʇʈʀʉʊɸɺʎɯ 

 

2.1. ɿʘʛʘʣʴʥʽ ʧʦʣʦʞʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʯʽʾ ʚ 

ʣʦʧʘʪʢʦʚʠʭ ʤʘʰʠʥʘʭ 

 

ʉʪʚʦʨʝʥʥʷ ʩʫʯʘʩʥʠʭ ʜʚʠʛʫʥʽʚ ʚʘʞʢʦ ʫʷʚʠʪʠ ʙʝʟ ʤʝʪʦʜʽʚ ʯʠʩʝʣʴʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʨʦʟʚʠʪʢʫ ʷʢʠʭ ʩʧʨʠʷʣʦ ʙʫʨʭʣʠʚʝ ʟʨʦʩʪʘʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʢʦʤʧ'ʶʪʝʨʽʚ. ʂʦʤʧ'ʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʨʦʟʨʦʙʣʶʚʘʥʦʛʦ ʧʨʠʩʪʨʦʶ ʟʘʜʦʚʛʦ ʜʦ ʡʦʛʦ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ, 

ʜʦʟʚʦʣʷʶʯʠ ʟʘʦʱʘʜʠʪʠ ʟʥʘʯʥʽ ʬʽʥʘʥʩʦʚʽ ʪʘ ʤʘʪʝʨʽʘʣʴʥʽ ʨʝʩʫʨʩʠ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ 

ʥʘʪʫʨʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ. 

ʇʦʨʷʜ ʽʟ ʫʩʪʘʣʝʥʠʤʠ ʟʘ ʙʘʛʘʪʦ ʩʪʦʣʽʪʴ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʠʤʠ ʤʝʪʦʜʘʤʠ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʘʥʘʣʽʪʠʯʥʠʤ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ, ʟ'ʷʚʠʚʩʷ ʤʝʪʦʜ, ʱʦ ʧʦʻʜʥʫʻ ʚ 

ʩʦʙʽ ʧʝʨʝʚʘʛʠ ʷʢ ʪʝʦʨʽʾ, ʪʘʢ ʽ ʝʢʩʧʝʨʠʤʝʥʪʫ ï ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ. 

ʇʝʨʝʚʘʛʘ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʠʚʯʘʻʪʴʩʷ ʥʝ ʩʘʤʝ ʷʚʠʱʝ ʘʙʦ ʧʨʦʮʝʩ, ʘ ʡʦʛʦ 

ʤʦʜʝʣʴ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʜʦʩʠʪʴ ʰʚʠʜʢʦ ʪʘ ʙʝʟ ʚʝʣʠʢʠʭ ʚʠʪʨʘʪ ʜʦʩʣʽʜʞʫʚʘʪʠ 

ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʧʨʦʮʝʩʫ. ʆʙʯʠʩʣʶʚʘʣʴʥʽ 

ʝʢʩʧʝʨʠʤʝʥʪʠ ʟ ʯʠʩʝʣʴʥʠʤʠ ʤʦʜʝʣʷʤʠ ʜʦʟʚʦʣʷʶʪʴ ʚʠʚʯʘʪʠ ʥʘʡʩʢʣʘʜʥʽʰʽ 

ʥʝʣʽʥʽʡʥʽ ʧʨʦʮʝʩʠ, ʱʦ ʥʝ ʧʽʜ ʩʠʣʫ ʩʫʯʘʩʥʠʤ ʪʝʦʨʝʪʠʯʥʠʤ ʧʽʜʭʦʜʘʤ. ɿ ʽʥʰʦʛʦ 

ʙʦʢʫ, ʦʙʯʠʩʣʶʚʘʣʴʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʰʚʠʜʰʝ, ʘ 

ʚʠʪʨʘʪʠ ʥʘ ʡʦʛʦ ʧʨʦʚʝʜʝʥʥʷ ʟʥʘʯʥʦ ʥʠʞʯʽ, ʥʽʞ ʧʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʥʘʪʫʨʥʦʛʦ 

ʝʢʩʧʝʨʠʤʝʥʪʫ. 

ʆʩʥʦʚʠ ʪʝʦʨʽʾ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚʠʢʣʘʜʝʥʦ ʫ ʨʦʙʦʪʘʭ [61-65]. 

ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ ʜʦʟʚʦʣʷʶʪʴ 

ʚʠʨʽʰʠʪʠ ʟʘʚʜʘʥʥʷ ʪʽʩʥʦʛʦ ʢʦʦʨʜʠʥʫʚʘʥʥʷ ʪʘ ʟʚ'ʷʟʢʫ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ʋ ʦʙʯʠʩʣʶʚʘʣʴʥʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʽ ʧʨʦʛʨʘʤʘ ʻ 

ʚʽʨʪʫʘʣʴʥʦʶ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʶ ʫʩʪʘʥʦʚʢʦʶ. ʆʜʥʽʻʶ ʟ ʦʩʦʙʣʠʚʦʩʪʝʡ 
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ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʻ ʡʦʛʦ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ, ʱʦ ʜʦʟʚʦʣʷʻ ʣʝʛʢʦ 

ʧʝʨʝʥʦʩʠʪʠ ʮʶ ʪʝʭʥʦʣʦʛʽʶ ʜʦʩʣʽʜʞʝʥʥʷ ʽʥʰʠʭ ʦʙ'ʻʢʪʽʚ. ʎʷ ʦʙʩʪʘʚʠʥʘ ʭʘʨʘʢʪʝʨʥʘ 

ʚʟʘʛʘʣʽ ʜʣʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʧʦʨʦʜʞʝʥʘ ʪʠʤ, ʱʦ ʙʘʛʘʪʦ ʷʚʠʱ ʽ 

ʧʨʦʮʝʩʽʚ ʤʘʶʪʴ ʪʽ ʩʘʤʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ. ʂʨʽʤ ʪʦʛʦ, ʤʝʪʦʜʦʣʦʛʽʯʥʘ 

ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʜʦʟʚʦʣʷʻ ʥʘ ʦʩʥʦʚʽ 

ʥʘʢʦʧʠʯʝʥʦʛʦ ʜʦʩʚʽʜʫ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʙʘʥʢʫ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ 

ʘʣʛʦʨʠʪʤʽʚ ʪʘ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʰʚʠʜʢʦ ʪʘ ʝʬʝʢʪʠʚʥʦ ʚʠʨʽʰʫʚʘʪʠ ʥʦʚʽ 

ʟʘʚʜʘʥʥʷ. ʆʙʯʠʩʣʶʚʘʣʴʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ ʤʘʻ ʧʝʨʝʚʘʛʠ ʧʝʨʝʜ ʥʘʪʫʨʥʠʤ 

ʝʢʩʧʝʨʠʤʝʥʪʦʤ. ɺʽʥ ʤʦʞʝ ʧʨʦʚʦʜʠʪʠʩʷ ʫ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʥʘʪʫʨʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ 

ʥʝʤʦʞʣʠʚʠʡ. ʆʙʯʠʩʣʶʚʘʣʴʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ ʥʘʙʘʛʘʪʦ ʜʝʰʝʚʰʠʡ ʟʘ ʥʘʪʫʨʥʠʡ, 

ʧʨʠ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʽ ʟʥʘʯʥʦ ʟʥʠʞʫʻʪʴʩʷ ʚʘʨʪʽʩʪʴ ʨʦʟʨʦʙʦʢ ʽ ʝʢʦʥʦʤʠʪʴʩʷ ʯʘʩ 

[61-65]. 

ɿʘʛʘʣʴʥʠʡ ʚʠʧʘʜʦʢ ʨʫʭʫ ʚ'ʷʟʢʦʛʦ ʨʽʜʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤʠ 

ʅʘʚʴʝ - ʉʪʦʢʩʘ, ʧʨʦʪʝ ʾʭ ʚʠʨʽʰʝʥʥʷ, ʟʚʘʞʘʶʯʠ ʥʘ ʾʭ ʩʢʣʘʜʥʽʩʪʴ, ʤʦʞʣʠʚʝ ʣʠʰʝ ʟ 

ʽʩʪʦʪʥʠʤʠ ʩʧʨʦʱʝʥʥʷʤʠ. ɺ ʦʩʪʘʥʥʻ ʜʝʩʷʪʠʣʽʪʪʷ ʥʘʡʢʨʘʱʽ ʟ ʨʦʟʨʦʙʣʝʥʠʭ ʤʝʪʦʜʽʚ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʨʦʟʨʘʭʫʥʢʫ ʪʝʯʽʾ ʨʽʜʠʥʠ ʪʘ ʛʘʟʫ ʚ ʦʙʣʘʩʪʷʭ ʜʦʚʽʣʴʥʦʾ 

ʛʝʦʤʝʪʨʠʯʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʫ ʧʨʦʪʦʯʥʠʭ ʯʘʩʪʠʥʘʭ ʣʦʧʘʪʢʦʚʠʭ 

ʤʘʰʠʥ, ʙʫʣʠ ʨʝʘʣʽʟʦʚʘʥʽ ʫ ʚʠʛʣʷʜʽ ʧʘʢʝʪʽʚ ʧʨʠʢʣʘʜʥʠʭ ʧʨʦʛʨʘʤ. ʅʘʡʙʽʣʴʰ 

ʚʽʜʦʤʠʤʠ ʻ: Ansys CFX, Star CCM+, Numeca Fine Turbo, FlowVision, Autodesk 

Simulation CFD ʪʘ ʽʥʰʽ [66]. 

ʄʦʜʝʣʶʚʘʥʥʷ ʪʘ ʨʦʟʨʘʭʫʥʦʢ ʪʝʯʽʾ ʚ ʣʦʧʘʪʢʦʚʠʭ ʤʘʰʠʥʘʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʩʫʯʘʩʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ ʧʝʨʝʜʙʘʯʘʻ ʥʘʩʪʫʧʥʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʜʽʡ [66]: 

- ʚʠʙʽʨ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ, 

- ʩʪʚʦʨʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʦʾ ʤʦʜʝʣʽ, 

- ʧʦʙʫʜʦʚʘ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʽʪʢʠ, 

- ʟʘʚʜʘʥʥʷ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʪʘ ʧʘʨʘʤʝʪʨʽʚ ʨʦʟʨʘʭʫʥʢʫ, 

- ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʫ, 

- ʚʽʟʫʘʣʽʟʘʮʽʷ ʪʘ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʄʦʜʝʣʴ ʻ ʟʘʧʠʩʘʥʦʶ ʧʝʚʥʦʶ ʤʦʚʦʶ (ʤʘʪʝʤʘʪʠʯʥʦʶ, ʘʣʛʦʨʠʪʤʽʯʥʦʶ) 

ʩʫʢʫʧʥʽʩʪʶ ʥʘʰʠʭ ʟʥʘʥʴ, ʫʷʚʣʝʥʴ ʽ ʛʽʧʦʪʝʟ ʧʨʦ ʚʽʜʧʦʚʽʜʥʠʡ ʦʙ'ʻʢʪ ʘʙʦ ʷʚʠʱʝ. 
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ʆʩʢʽʣʴʢʠ ʮʽ ʟʥʘʥʥʷ ʥʽʢʦʣʠ ʥʝ ʻ ʘʙʩʦʣʶʪʥʠʤʠ, ʘ ʛʽʧʦʪʝʟʠ ʤʦʞʫʪʴ ʚʠʤʫʰʝʥʦ ʯʠ 

ʥʘʚʤʠʩʥʦ ʥʝ ʚʨʘʭʦʚʫʚʘʪʠ ʜʝʷʢʽ ʝʬʝʢʪʠ, ʤʦʜʝʣʴ ʣʠʰʝ ʧʨʠʙʣʠʟʥʦ ʦʧʠʩʫʻ 

ʧʦʚʝʜʽʥʢʫ ʨʝʘʣʴʥʦʾ ʩʠʩʪʝʤʠ. ɸʜʝʢʚʘʪʥʽʩʪʴ ʤʦʜʝʣʽ ʦʙ'ʻʢʪʫ ʦʙʤʝʞʝʥʘ ʪʘ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʤʝʪʠ ʤʦʜʝʣʶʚʘʥʥʷ. ɹʫʜʴ-ʷʢʘ ʤʦʜʝʣʴ ʥʝ ʚʨʘʭʦʚʫʻ ʜʝʷʢʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʨʠʛʽʥʘʣʫ 

ʽ ʪʦʤʫ ʻ ʡʦʛʦ ʘʙʩʪʨʘʢʮʽʻʶ. ʏʠʤ ʚʠʱʝ ʨʽʚʝʥʴ ʫʟʘʛʘʣʴʥʝʥʥʷ, ʪʠʤ ʛʨʫʙʽʰʘ ʤʦʜʝʣʴ ʽ 

ʰʠʨʰʘ ʦʙʣʘʩʪʴ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ [616-66]. 

ʇʨʠʥʮʠʧ ʙʘʣʘʥʩʫ ʪʦʯʥʦʩʪʽ ʚʠʤʘʛʘʻ ʩʫʤʽʨʥʦʩʪʽ ʧʦʭʠʙʦʢ, ʱʦ ʚʠʢʣʠʢʘʶʪʴʩʷ 

ʨʽʟʥʠʤʠ ʧʨʠʯʠʥʘʤʠ:  

- ʥʝʧʦʚʥʦʪʦʶ ʤʦʜʝʣʽ,  

- ʥʝʪʦʯʥʠʤ ʟʘʚʜʘʥʥʷʤ ʾʾ ʧʘʨʘʤʝʪʨʽʚ,  

- ʪʝʦʨʝʪʠʯʥʦʶ ʧʦʭʠʙʢʦʶ ʚʠʙʨʘʥʦʛʦ ʯʠʩʝʣʴʥʦʛʦ ʤʝʪʦʜʫ,  

- ʨʦʟʨʘʭʫʥʢʘʤʠ ʫ ʦʙʤʝʞʝʥʽʡ ʨʦʟʨʷʜʥʽʡ ʩʽʪʮʽ. 

ʋ ʧʦʨʽʚʥʷʥʥʽ ʟ ʥʘʪʫʨʥʠʤ ʝʢʩʧʝʨʠʤʝʥʪʦʤ ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʤʘʻ ʪʘʢʽ 

ʧʝʨʝʚʘʛʠ [66, 67]: 

- ʝʢʦʥʦʤʽʯʥʽʩʪʴ; 

- ʤʦʞʣʠʚʽʩʪʴ ʘʥʘʣʽʟʫ ʨʝʞʠʤʽʚ ʧʦʣʴʦʪʫ, ʥʝʙʝʟʧʝʯʥʠʭ ʯʠ ʚʘʞʢʦ 

ʚʽʜʪʚʦʨʶʚʘʥʠʭ ʫ ʥʘʪʫʨʽ (ʥʘʧʨʠʢʣʘʜ, ʢʨʠʪʠʯʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ); 

- ʤʦʞʣʠʚʽʩʪʴ ʟʤʽʥʠ ʤʘʩʰʪʘʙʫ ʯʘʩʫ; 

- ʣʝʛʢʽʩʪʴ ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʽʟʫ; 

- ʤʦʞʣʠʚʽʩʪʴ ʦʧʪʠʤʽʟʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʨʦʟʪʠʥʫ ʛʣʠʙʠʥʥʠʭ ʟʚ'ʷʟʢʽʚ 

- ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ. ɹʽʣʴʰʽʩʪʴ ʧʦʣʽʚ ʰʚʠʜʢʦʩʪʽ, ʪʠʩʢʫ ʪʘ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʦʩʪʦ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʦʪʨʠʤʘʥʽ ʚ ʝʢʩʧʝʨʠʤʝʥʪʽ (ʚʠʩʦʢʽ 

ʪʝʤʧʝʨʘʪʫʨʠ, ʥʝʤʦʞʣʠʚʽʩʪʴ ʫʩʪʘʥʦʚʢʠ ʜʘʪʯʠʢʽʚ, ʥʘʜʤʘʣʽ ʘʙʦ ʚʝʣʠʢʽ ʧʨʦʩʪʦʨʦʚʽ 

ʪʘ ʯʘʩʦʚʽ ʤʘʩʰʪʘʙʠ). ʈʽʟʥʦʤʘʥʽʪʥʽ ʟʦʚʥʽʰʥʽ ʫʤʦʚʠ ʪʘ ʨʝʞʠʤʠ ʧʨʦʪʽʢʘʥʥʷ ʧʨʦʮʝʩʫ 

ʣʝʛʢʦ ʤʦʜʝʣʶʶʪʴʩʷ ʟʘʩʦʙʘʤʠ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʟʘʚʜʘʥʥʷ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ, ʘʣʝ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʽ ʚ ʬʽʟʠʯʥʦʤʫ 

(ʥʘʪʫʨʥʦʤʫ) ʝʢʩʧʝʨʠʤʝʥʪʽ [67]. 

ʆʜʥʘʢ ʙʫʜʴ-ʷʢʽ ʤʦʜʝʣʽ ʪʘ ʤʝʪʦʜʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʤʘʶʪʴ 

ʧʘʨʘʤʝʪʨʠ ʪʘ ʧʨʠʧʫʱʝʥʥʷ; ʤʘʶʪʴ ʧʦʭʠʙʢʫ ʩʽʪʢʦʚʠʭ ʘʧʨʦʢʩʠʤʘʮʽʡ ʪʘ ʯʠʩʝʣʴʥʠʭ 

ʨʦʟʚ'ʷʟʢʽʚ ʟʘʜʘʯ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ. ʊʦʤʫ ʾʭ ʘʜʝʢʚʘʪʥʽʩʪʴ ʨʝʘʣʴʥʠʤ ʧʨʦʮʝʩʘʤ ʫ 
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ʧʨʠʥʮʠʧʽ ʥʝʤʦʞʣʠʚʘ ʙʝʟ ʣʘʙʦʨʘʪʦʨʥʠʭ ʯʠ ʥʘʪʫʨʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ. ʇʨʦʮʝʜʫʨʘ 

ʧʽʜʙʦʨʫ ʧʘʨʘʤʝʪʨʽʚ ʥʘʟʠʚʘʻʪʴʩʷ ʘʜʘʧʪʘʮʽʻʶ ʘʙʦ ʢʘʣʽʙʨʫʚʘʥʥʷʤ ʤʦʜʝʣʽ, ʽ ʮʝʡ 

ʧʨʦʮʝʩ ʟʘʡʤʘʻ ʟʥʘʯʥʝ ʤʽʩʮʝ ʫ ʧʨʦʮʝʩʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʟʘʩʦʙʽʚ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ʅʘʚʽʪʴ ʟʘʨʘʟ, ʢʦʣʠ ʙʽʣʴʰʽʩʪʴ ʝʣʝʤʝʥʪʽʚ 

ʩʪʚʦʨʶʚʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʦʝʢʪʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, 

ʦʩʪʘʪʦʯʥʠʡ ʚʘʨʽʘʥʪ ʟʘʟʚʠʯʘʡ ʧʨʦʭʦʜʠʪʴ ʽ ʥʘʪʫʨʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʚ ʘʝʨʦʜʠʥʘʤʽʯʥʽʡ 

ʪʨʫʙʽ ʘʙʦ ʥʘ ʩʧʝʮʽʘʣʴʥʠʭ ʩʪʝʥʜʘʭ [67]. 

ɻʝʦʤʝʪʨʠʯʥʘ ʤʦʜʝʣʴ ʣʦʧʘʪʢʦʚʦʾ ʤʘʰʠʥʠ (ʦʩʦɹʚʦʛʦ ʢʦʤʧʨʝʩʦʨʘ, ʪʫʨʙʽʥʠ, 

ʦʩʴʦʚʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ) ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ - ʽʤʽʪʘʮʽʷ ʦʙôʻʤʫ, ʚʩʝʨʝʜʠʥʽ ʷʢʦʛʦ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʦʩʣʽʜʞʫʚʘʥʘ ʪʝʯʽʷ. ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʪʚʝʨʜʦʪʽʣʴʥʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ 

ʤʦʜʝʣʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ CAD ʩʠʩʪʝʤʠ (Computer aided 

design/drafting) - ʟʘʩʦʙʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʚ ʜʘʥʦʤʫ ʢʦʥʪʝʢʩʪʽ 

ʪʝʨʤʽʥ ʧʦʟʥʘʯʘʻ ʟʘʩʦʙʠ, ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʜʚʦʚʠʤʽʨʥʦʛʦ ʘʙʦ 

ʪʨʠʚʠʤʽʨʥʦʛʦ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʩʪʚʦʨʝʥʥʷ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦʾ ʘʙʦ 

ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ. 

ʇʦʙʫʜʦʚʘ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʽʪʢʠ ï ʮʝ ʧʨʦʮʝʩ ʨʦʟʙʠʪʪʷ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ 

ʥʘ ʙʝʟʣʽʯ ʦʢʨʝʤʠʭ ʦʩʝʨʝʜʢʽʚ. ʂʦʤʽʨʢʠ ʩʽʪʢʠ, ʥʘʡʯʘʩʪʽʰʝ, ʚʠʢʦʥʫʶʪʴ ʫ ʚʠʛʣʷʜʽ 

ʪʝʪʨʘʝʜʨʽʚ, ʛʝʢʩʘʝʜʨʽʚ, ʧʨʠʟʤ ʘʙʦ ʧʽʨʘʤʽʜ (ʨʠʩ. 2.1) [66]. ʋ ʚʫʟʣʘʭ ʨʦʟʨʘʭʫʥʢʦʚʦʾ 

ʩʽʪʢʠ (ʪʦʯʢʠ, ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʢʫʪʘʭ ʘʙʦ ʚ ʮʝʥʪʨʽ ʢʦʤʽʨʦʢ) ʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʘʨʘʤʝʪʨʠ 

ʪʝʯʽʾ, ʱʦ ʰʫʢʘʶʪʴʩʷ, ʷʢ ʨʝʟʫʣʴʪʘʪ ʯʠʩʝʣʴʥʦʛʦ ʚʠʨʽʰʝʥʥʷ ʨʽʚʥʷʥʴ ʤʘʪʝʤʘʪʠʯʥʦʾ 

ʤʦʜʝʣʽ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʦʙ'ʻʢʪʘ. 

 

            ɻʝʢʩʘʝʜʨ            ʇʽʨʘʤʽʜʘ             ʇʨʠʟʤʘ         ʊʝʪʨʘʝʜʨ 

ʈʠʩ. 2.1. ʇʨʠʢʣʘʜʠ ʢʦʤʽʨʦʢ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʽʪʢʠ 

 

ʆʩʥʦʚʥʘ ʚʠʤʦʛʘ ʜʦ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʽʪʢʠ ï ʷʢʽʩʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʤʦʜʝʣʶʚʘʥʥʷ 

ʬʽʟʠʯʥʠʭ ʷʚʠʱ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ, ʪʦʤʫ ʩʽʪʢʘ ʧʦʚʠʥʥʘ ʙʫʪʠ ʜʦʩʪʘʪʥʴʦ ʜʨʽʙʥʦʶ, ʚ 
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ʜʝʷʢʠʭ ʤʽʩʮʷʭ ï ʘʜʘʧʪʠʚʥʦʶ, ʪʦʙʪʦ ʘʚʪʦʤʘʪʠʯʥʦ ʧʦʜʨʽʙʥʶʻʪʴʩʷ ʧʽʜ ʯʘʩ 

ʨʦʟʨʘʭʫʥʢʫ. ɿʘʙʝʟʧʝʯʝʥʥʷ ʨʽʚʥʦʤʽʨʥʦʾ ʪʦʯʥʦʩʪʽ ʨʦʟʨʘʭʫʥʢʫ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʟʛʫʱʝʥʥʷ ʚʫʟʣʽʚ ʩʽʪʢʠ ʫ ʤʽʩʮʷʭ ʚʝʣʠʢʠʭ ʛʨʘʜʽʻʥʪʽʚ ʧʘʨʘʤʝʪʨʽʚ ʪʝʯʽʾ, 

ʟʦʢʨʝʤʘ, ʙʽʣʷ ʩʪʽʥʦʢ. ʊʘʢʦʞ, ʥʝ ʙʘʞʘʥʦ ʥʘʷʚʥʽʩʪʴ ʥʘʜʤʽʨʥʦ ʚʠʪʷʛʥʫʪʠʭ ʘʙʦ 

ʧʝʨʝʢʦʰʝʥʠʭ ʦʩʝʨʝʜʢʽʚ, ʬʦʨʤʘ ʷʢʠʭ ʜʫʞʝ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʧʨʘʚʠʣʴʥʠʭ 

ʙʘʛʘʪʦʛʨʘʥʥʠʢʽʚ, ʮʝ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʦʪʨʠʤʘʥʥʷ ʟʙʽʞʥʦʩʪʽ ʨʽʰʝʥʥʷ [66]. 

ʈʦʟʨʽʟʥʷʶʪʴ ʩʪʨʫʢʪʫʨʦʚʘʥʽ ʪʘ ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʩʽʪʢʠ. ʋ 

ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʩʽʪʢʘʭ ʚʫʟʣʠ ʩʽʪʢʠ ʨʦʟʢʠʜʘʶʪʴʩʷ ʚ ʧʨʦʩʪʦʨʽ 

ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ, ʟʛʽʜʥʦ ʽʟ ʟʘʢʦʥʦʤ ʱʽʣʴʥʦʩʪʽ ʨʦʟʪʘʰʫʚʘʥʥʷ ʚʫʟʣʽʚ. ʎʝ 

ʜʦʟʚʦʣʷʻ ʧʦʙʫʜʦʚʫ ʩʽʪʢʠ ʚʩʝʨʝʜʠʥʽ ʦʙʣʘʩʪʽ ʷʢ ʟʘʚʛʦʜʥʦ ʩʢʣʘʜʥʦʾ ʬʦʨʤʠ. ʆʜʥʘʢ 

ʨʽʟʥʠʮʝʚʽ ʘʥʘʣʦʛʠ ʨʽʚʥʷʥʴ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʥʘ ʪʘʢʽʡ ʩʽʪʮʽ ʚʠʷʚʣʷʶʪʴʩʷ 

ʛʨʦʤʽʟʜʢʠʤʠ. ɼʣʷ ʧʦʙʫʜʦʚʠ ʩʪʨʫʢʪʫʨʦʚʘʥʦʾ ʩʽʪʢʠ ʨʦʟʨʘʭʫʥʢʦʚʘ ʦʙʣʘʩʪʴ 

ʨʦʟʙʠʚʘʻʪʴʩʷ ʥʘ ʙʣʦʢʠ ʟʛʽʜʥʦ ʟ ʜʝʷʢʦʶ, ʱʦ ʟʘʜʘʻʪʴʩʷ ʢʦʨʠʩʪʫʚʘʯʝʤ, ʪʦʧʦʣʦʛʽʾ 

ʨʦʟʙʠʚʢʠ, ʽ ʚ ʤʝʞʘʭ ʢʦʞʥʦʛʦ ʙʣʦʢʫ ʙʫʜʫʻʪʴʩʷ ʨʦʟʨʘʭʫʥʢʦʚʘ ʩʽʪʢʘ, ʥʘ ʚʫʟʣʠ ʷʢʦʾ 

ʤʦʞʥʘ ʧʦʩʠʣʘʪʠʩʷ ʟʘ ʥʦʤʝʨʘʤʠ 3-ʤʽʨʥʦʛʦ ʤʘʩʠʚʫ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʦʾ ʩʽʪʢʠ 

ʜʦʟʚʦʣʷʻ ʦʨʛʘʥʽʟʫʚʘʪʠ ʥʘʡʝʢʦʥʦʤʽʯʥʽʰʽ ʘʣʛʦʨʠʪʤʠ ʨʦʟʨʘʭʫʥʢʫ. 

ʈʝʩʫʨʩʦʻʤʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʽʚ ʽ ʘʜʝʢʚʘʪʥʽʩʪʴ ʦʜʝʨʞʫʚʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʘʣʝʞʘʪʴ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʽ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ, ʱʦ ʟʘʜʘʶʪʴʩʷ ʚ 

ʧʨʦʛʨʘʤʽ, ʪʘʢʠʭ ʷʢ [66]: 

- ʪʠʧ ʟʘʜʘʯʽ (ʩʪʘʮʽʦʥʘʨʥʘ, ʟʤʽʥʥʘ ʫ ʯʘʩʽ); 

- ʤʦʜʝʣʴ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ; 

- ʚʠʛʣʷʜ ʫʤʦʚʠ ʩʧʦʣʫʯʝʥʥʷ, ʱʦ ʟʘʜʘʻʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ ʽʥʪʝʨʬʝʡʩʫ; 

- ʜʦʧʫʩʪʠʤʝ ʟʥʘʯʝʥʥʷ ʥʝʚ'ʷʟʦʢ; 

- ʚʝʣʠʯʠʥʘ ʨʦʟʨʷʜʥʦʩʪʽ ʯʠʩʝʣ. 

Ansys CFX ʧʨʠ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʨʽʚʥʷʥʴ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʤʝʪʦʜ ʟʚʘʞʝʥʠʭ ʥʝʚ'ʷʟʦʢ. ʋ ʮʴʦʤʫ ʤʝʪʦʜʽ ʨʽʰʝʥʥʷ ʚʚʘʞʘʻʪʴʩʷ ʪʘʢʠʤ, ʱʦ 

ʟʽʡʰʦʚʩʷ ʧʨʠ ʜʫʞʝ ʤʘʣʠʭ ʟʥʘʯʝʥʥʷʭ ʥʝʚ'ʷʟʦʢ. ʊʦʤʫ ʟʘʣʝʞʥʦ ʚʽʜ ʛʨʫʙʦʩʪʽ ʩʽʪʢʠ 

ʥʝʦʙʭʽʜʥʦ ʟʘʜʘʪʠ ʟʥʘʯʝʥʥʷ ʥʝʚ'ʷʟʦʢ ʚ ʜʽʘʧʘʟʦʥʽ 10-4 (ʜʣʷ ʛʨʫʙʦʾ ʩʽʪʢʠ) ʜʦ 10-6 (ʜʣʷ 

ʜʨʽʙʥʦʾ ʩʽʪʢʠ). ɿʤʝʥʰʝʥʥʷ ʤʘʩʰʪʘʙʫ ʯʘʩʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʫ 

ʟʙʽʞʥʦʩʪʽ ʟʘʜʘʯʽ, ʘ ʟʙʽʣʴʰʝʥʥʷ ʚʧʣʠʚʘʻ ʥʘ ʩʪʽʡʢʽʩʪʴ ʟʘʜʘʯʽ. 
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ɿʘ ʚʠʢʦʥʘʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʟʘʟʚʠʯʘʡ ʧʨʦʚʦʜʠʪʴʩʷ ʨʽʰʝʥʥʷ ʪʝʩʪʦʚʠʭ ʟʘʚʜʘʥʴ, 

ʨʝʟʫʣʴʪʘʪʠ ʷʢʠʭ ʤʘʶʪʴ ʧʦʢʘʟʘʪʠ ʥʝʦʙʭʽʜʥʫ ʪʦʧʦʣʦʛʽʶ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʽʪʢʠ. 

ʊʝʩʪʦʚʽ ʨʦʟʨʘʭʫʥʢʠ ʧʨʦʚʦʜʷʪʴʩʷ ʥʘ ʢʽʣʴʢʦʭ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʩʽʪʢʘʭ, ʱʦ ʨʽʟʥʷʪʴʩʷ 

ʢʽʣʴʢʽʩʪʶ ʢʦʥʪʨʦʣʴʥʠʭ ʦʙôʻʤʽʚ, ʱʦʙ ʚʠʷʚʠʪʠ, ʧʦʯʠʥʘʶʯʠ ʟ ʷʢʦʾ ʢʽʣʴʢʦʩʪʽ 

ʢʦʥʪʨʦʣʴʥʠʭ ʦʙôʻʤʽʚ ʦʜʝʨʞʫʚʘʥʝ ʨʽʰʝʥʥʷ ʧʝʨʝʩʪʘʻ ʟʘʣʝʞʘʪʠ ʚʽʜ ʢʽʣʴʢʦʩʪʽ 

ʝʣʝʤʝʥʪʽʚ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʽʪʢʠ. ʊʝʯʽʷ ʚ ʣʦʧʘʪʢʦʚʠʭ ʤʘʰʠʥʘʭ ʚ'ʷʟʢʘ ʽ, ʷʢ ʧʨʘʚʠʣʦ, 

ʪʫʨʙʫʣʝʥʪʥʘ. ʇʦʪʽʢ ʫ ʢʘʥʘʣʘʭ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ʫʤʦʚʥʦ ʧʦʜʽʣʷʶʪʴ ʥʘ ʦʙʣʘʩʪʴ 

ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʷʜʨʘ ʧʦʪʦʢʫ ʽ ʦʙʣʘʩʪʴ ʧʨʠʢʦʨʜʦʥʥʦʛʦ ʰʘʨʫ, ʚ ʷʢʦʤʫ ʥʘʡʙʽʣʴʰʝ 

ʩʠʣʴʥʦ ʧʨʦʷʚʣʷʶʪʴʩʷ ʩʠʣʠ ʪʝʨʪʷ ʽ ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʠʣʴʥʠʤ ʛʨʘʜʽʻʥʪʦʤ 

ʰʚʠʜʢʦʩʪʽ ʚ ʥʴʦʤʫ - ʰʚʠʜʢʽʩʪʴ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ ʥʫʣʴʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ 

ʪʽʣʘ ʜʦ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ ʚ ʷʜʨʽ ʪʝʯʽʾ. ɿʘ ʪʦʚʱʠʥʫ ʧʨʠʢʦʨʜʦʥʥʦʛʦ ʰʘʨʫ ʟʘʟʚʠʯʘʡ 

ʧʨʠʡʤʘʶʪʴ ʚʽʜʩʪʘʥʴ ʚʽʜ ʩʪʽʥʢʠ, ʜʝ ʰʚʠʜʢʽʩʪʴ ʪʝʯʽʾ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʥʘ 1% ʚʽʜ 

ʰʚʠʜʢʦʩʪʽ ʟʦʚʥʽʰʥʴʦʾ ʪʝʯʽʾ [66-68]. 

ʇʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʪʝʯʽʾ ʚ ʣʦʧʘʪʢʦʚʠʭ ʤʘʰʠʥʘʭ ʽʥʦʜʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫʤʦʚʫ 

ʧʝʨʽʦʜʠʯʥʦʩʪʽ. ɼʣʷ ʝʢʦʥʦʤʽʾ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʜʝʷʢʠʭ 

ʟʘʚʜʘʥʴ ʚ ʨʦʟʨʘʭʫʥʢʦʚʫ ʦʙʣʘʩʪʴ ʤʦʞʥʘ ʚʢʣʶʯʠʪʠ ʣʠʰʝ ʧʦ ʦʜʥʦʤʫ 

ʤʽʞʣʦʧʘʪʢʦʚʦʤʫ ʢʘʥʘʣʫ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʣʦʧʘʪʢʦʚʦʾ ʤʘʰʠʥʠ (ʢʦʤʧʨʝʩʦʨ, ʛʘʟʦʚʘ 

ʪʫʨʙʽʥʘ, ʚʝʥʪʠʣʷʪʦʨ ʽ ʪ.ʜ.), ʚʚʘʞʘʶʯʠ, ʱʦ ʚ ʽʥʰʠʭ ʢʘʥʘʣʘʭ ʦʙʪʽʢʘʥʥʷ ʧʝʨʽʦʜʠʯʥʦ 

ʧʦʚʪʦʨʶʻʪʴʩʷ. ʎʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʪʝʯʽʾ ʚ 

ʦʢʨʝʤʠʭ ʢʘʥʘʣʘʭ ʜʦʩʠʪʴ ʛʫʩʪʫ ʨʦʟʨʘʭʫʥʢʦʚʫ ʩʽʪʢʫ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʮʽʻʾ ʫʤʦʚʠ ʤʘʻ 

ʙʫʪʠ ʦʙˇʨʫʥʪʦʚʘʥʝ ʥʘʙʣʠʞʝʥʽʩʪʶ ʜʦ ʨʝʘʣʴʥʦʾ ʢʘʨʪʠʥʠ ʪʝʯʽʾ. ʇʦʚʝʨʭʥʽ 

ʧʝʨʽʦʜʠʯʥʦʩʪʽ ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʘ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʘʙʩʦʣʶʪʥʦ 

ʽʜʝʥʪʠʯʥʠʤʠ ʽ ʚʽʜʩʪʦʷʪʠ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ ʥʘ ʢʨʦʢ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʢʽʣʴʢʦʩʪʽ 

ʣʦʧʘʪʝʡ ʜʣʷ ʜʘʥʦʛʦ ʝʣʝʤʝʥʪʘ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚ ʣʦʧʘʪʢʦʚʠʭ ʤʘʰʠʥʘʭ, 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʝ ʢʨʘʪʥʘ ʢʽʣʴʢʽʩʪʴ ʣʦʧʘʪʦʢ ʚ ʨʫʭʦʤʠʭ ʽ ʥʝʨʫʭʦʤʠʭ ʚʽʥʮʷʭ 

(ʽʥʘʢʰʝ ʥʝʤʠʥʫʯʝ ʚʠʥʠʢʥʝʥʥʷ ʩʠʣʴʥʦʾ ʚʽʙʨʘʮʽʾ ʚ ʜʚʠʛʫʥʽ), ʪʦʤʫ ʟʘʚʜʘʥʥʷ ʫʤʦʚ 

ʧʝʨʽʦʜʠʯʥʦʩʪʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʠ ʧʦʻʜʥʘʥʥʽ 

ʦʙʣʘʩʪʝʡ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ  ʽ ʥʘʧʨʷʤʥʦʛʦ ʘʧʘʨʘʪʫ (ʚʭʽʜʥʦʛʦ ʥʘʧʨʷʤʥʦʛʦ ʘʧʘʨʘʪʫ) 

ʪʠʧ ʧʦʚʝʨʭʥʽ ʽʥʪʝʨʬʝʡʩʫ çStageè - ʦʩʝʨʝʜʥʝʥʥʷ ʟʘ ʦʢʨʫʞʥʽʩʪʶ. ʊʦʙʪʦ ʥʘ ʧʦʚʝʨʭʥʽ 

ʽʥʪʝʨʬʝʡʩʫ ʚʠʢʦʥʫʻʪʴʩʷ ʦʩʝʨʝʜʥʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʨʦʟʨʘʭʫʥʢʫ ʫ ʦʢʨʫʞʥʦʤʫ 
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ʥʘʧʨʷʤʽ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʩʣʽʜʠ ʚʽʜ ʣʦʧʘʪʦʢ ʝʣʝʤʝʥʪʘ ʧʨʦʪʦʯʥʦʾ 

ʯʘʩʪʠʥʠ, ʨʦʟʪʘʰʦʚʘʥʦʛʦ ʚʠʱʝ ʟʘ ʪʝʯʽʻʶ, ʧʦʚʥʽʩʪʶ ʟʛʣʘʜʞʫʶʪʴʩʷ, ʽ ʥʘ ʚʭʦʜʽ ʚ 

ʥʘʩʪʫʧʥʠʡ ʝʣʝʤʝʥʪ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ʪʝʯʽʾ ʻ ʚʽʩʝʩʠʤʝʪʨʠʯʥʠʤ [66]. 

ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʷʭ ʷʚʠʱ ʟ ʢʦʣʦʚʦʾ ʘʙʦ ʨʘʜʽʘʣʴʥʦʾ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ, ʷʚʠʱ 

ʦʙʝʨʪʦʚʦʛʦ ʟʨʠʚʫ ʯʠ ʜʦʩʣʽʜʞʝʥʥʽ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʢʨʦʤʢʦʚʠʭ ʩʣʽʜʽʚ ʟʘ ʣʦʧʘʪʢʘʤʠ 

ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ ʯʠ ʥʘʧʨʷʤʥʦʛʦ ʘʧʘʨʘʪʫ ʚʠʙʠʨʘʶʪʴ ʤʦʜʝʣʴ ʙʝʟ ʫʤʦʚ 

ʧʝʨʽʦʜʠʯʥʦʩʪʽ. ʈʦʟʨʘʭʫʥʦʢ ʮʽʻʾ ʤʦʜʝʣʽ ʤʦʞʥʘ ʧʨʦʚʦʜʠʪʠ ʫ ʜʚʦʭ ʚʘʨʽʘʥʪʘʭ [66]: 

1) ʇʨʠ ʟʘʜʘʥʥʽ ʫʤʦʚʠ "Frozen Rotor" - "ʟʘʤʦʨʦʞʝʥʠʡ ʨʦʪʦʨ" ʥʘ ʧʦʚʝʨʭʥʽ 

ʽʥʪʝʨʬʝʡʩʫ ʨʦʪʦʨʥʽ ʝʣʝʤʝʥʪʠ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ʚ ʧʨʦʮʝʩʽ ʨʦʟʨʘʭʫʥʢʫ 

ʚʚʘʞʘʶʪʴʩʷ ʟʘʬʽʢʩʦʚʘʥʠʤʠ ʚ ʧʝʚʥʦʤʫ ʢʫʪʦʚʦʤʫ ʧʦʣʦʞʝʥʥʽ ʱʦʜʦ ʩʪʘʪʦʨʥʠʭ 

ʝʣʝʤʝʥʪʽʚ. ɿʦʩʝʨʝʜʞʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ ʽʥʪʝʨʬʝʡʩʫ ʥʝ ʚʠʢʦʥʫʻʪʴʩʷ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʤʦʜʝʣʶʚʘʪʠ ʚʧʣʠʚ ʩʣʽʜʫ ʚʽʜ ʣʦʧʘʪʽ ʦʜʥʦʛʦ ʝʣʝʤʝʥʪʘ ʧʨʦʪʷʛʦʤ ʤʽʞʣʦʧʘʪʦʯʥʦʤʫ 

ʢʘʥʘʣʽ ʥʘʩʪʫʧʥʦʛʦ ʝʣʝʤʝʥʪʘ. 

2) "Transient Rotor Stator" - ʧʦʚʥʽʩʪʶ ʥʝʩʪʘʮʽʦʥʘʨʥʠʡ ʘʥʘʣʽʟ. ʋ ʮʴʦʤʫ ʧʽʜʭʦʜʽ 

ʨʦʟʨʘʭʫʥʦʢ ʚʠʢʦʥʫʻʪʴʩʷ ʙʝʟ ʙʫʜʴ-ʷʢʠʭ ʩʧʨʦʱʝʥʴ. ɺʟʘʻʤʥʝ ʢʫʪʦʚʝ ʧʦʣʦʞʝʥʥʷ 

ʨʝʰʽʪʦʢ ʣʦʧʘʪʦʢ ʦʥʦʚʣʶʻʪʴʩʷ ʧʽʩʣʷ ʢʦʞʥʦʾ ʛʣʦʙʘʣʴʥʦʾ ʽʪʝʨʘʮʽʾ. ʎʝʡ ʧʽʜʭʽʜ 

ʜʦʟʚʦʣʷʻ ʥʘʡʧʦʚʥʽʰʝ ʤʦʜʝʣʶʚʘʪʠ ʚʩʽ ʥʝʩʪʘʮʽʦʥʘʨʥʽ ʝʬʝʢʪʠ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʥʘ 

ʩʪʠʢʫ ʦʙʣʘʩʪʝʡ ʨʦʪʦʨʘ ʪʘ ʩʪʘʪʦʨʘ. ʆʜʥʘʢ, ʮʝʡ ʧʽʜʭʽʜ ʻ ʥʘʡʙʽʣʴʰ ʨʝʩʫʨʩʦʻʤʥʠʤ, 

ʚʠʤʘʛʘʻ ʟʘʚʜʘʥʥʷ ʜʫʞʝ ʤʘʣʦʛʦ ʢʨʦʢʫ ʽʥʪʝʛʨʫʚʘʥʥʷ ʚ ʯʘʩʽ, ʧʨʦʮʝʩ ʨʦʟʨʘʭʫʥʢʫ 

ʧʦʚʽʣʴʥʦ ʩʭʦʜʠʪʴʩʷ. ʅʘ ʧʨʘʢʪʠʮʽ ʧʦʚʥʽʩʪʶ ʥʝʩʪʘʮʽʦʥʘʨʥʦʤʫ ʘʥʘʣʽʟʫ, ʷʢ ʧʨʘʚʠʣʦ, 

ʚʽʜʜʘʶʪʴ ʧʝʨʝʚʘʛʫ ʤʝʪʦʜʫ çʟʘʤʦʨʦʞʝʥʦʛʦ ʨʦʪʦʨʘè, ʦʩʢʽʣʴʢʠ ʽʥʪʝʛʨʘʣʴʥʽ 

ʧʘʨʘʤʝʪʨʠ (ʥʘʧʽʨ, ʂʂɼ), ʦʙʯʠʩʣʝʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʨʘʭʫʥʢʽʚ ʟʘ ʮʠʤʠ ʤʝʪʦʜʘʤʠ, 

ʟʘʟʚʠʯʘʡ ʨʦʟʨʽʟʥʷʶʪʴʩʷ ʥʝʟʥʘʯʥʦ. 

ʋ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʚʽʜʩʫʪʥʽʩʪʴ ʦʩʴʦʚʦʾ ʩʠʤʝʪʨʽʾ ʩʪʘʪʦʨʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʥʝ ʧʦʟʥʘʯʘʻʪʴʩʷ ʥʘ ʪʝʯʽʾ ʚ ʦʙʣʘʩʪʽ ʨʦʪʦʨʘ ʜʦʧʫʩʢʘʻʪʴʩʷ ʢʦʤʙʽʥʫʚʘʥʥʷ ʦʙʣʘʩʪʽ 

ʨʦʪʦʨʘ ʟ ʫʤʦʚʦʶ ʧʝʨʽʦʜʠʯʥʦʩʪʽ ʪʘ ʦʙʣʘʩʪʽ ʩʪʘʪʦʨʘ ʙʝʟ ʫʤʦʚʠ ʧʝʨʽʦʜʠʯʥʦʩʪʽ. ʇʨʠ 

ʮʴʦʤʫ ʥʘ ʧʦʚʝʨʭʥʽ ʽʥʪʝʨʬʝʡʩʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʫʤʦʚʘ ʦʩʝʨʝʜʥʝʥʥʷ [66]. 

ɼʠʬʝʨʝʥʮʽʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ʧʝʨʝʥʝʩʝʥʥʷ, ʷʢ ʚʽʜʦʤʦ, ʝʢʚʽʚʘʣʝʥʪʥʽ ʚʽʜʧʦʚʽʜʥʠʤ 

ʽʥʪʝʛʨʘʣʴʥʠʤ ʟʘʢʦʥʘʤ ʟʙʝʨʝʞʝʥʥʷ. ʊʦʤʫ ʜʠʩʢʨʝʪʠʟʘʮʽʷ ʨʽʚʥʷʥʴ ʧʝʨʝʥʦʩʫ ʤʦʞʝ 

ʙʫʪʠ ʧʨʦʚʝʜʝʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʧʨʦʢʩʠʤʘʮʽʾ ʽʥʪʝʛʨʘʣʴʥʠʭ ʟʘʢʦʥʽʚ ʟʙʝʨʝʞʝʥʥʷ ʜʣʷ 
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ʢʦʞʥʦʾ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ (ʦʙ'ʻʤʫ) ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʩʽʪʢʠ. ʊʘʢʠʡ ʤʝʪʦʜ 

ʦʪʨʠʤʘʚ ʥʘʟʚʫ ʤʝʪʦʜʫ ʢʽʥʮʝʚʠʭ ʦʙ'ʻʤʽʚ (Finite Volume Method). ɿ ʜʦʧʦʤʦʛʦʶ 

ʮʴʦʛʦ ʚʠʭʦʜʷʪʴ ʟʚʘʥʽ ʢʦʥʩʝʨʚʘʪʠʚʥʽ ʨʽʟʥʠʮʝʚʽ ʩʭʝʤʠ, ʪʦʙʪʦ ʩʭʝʤʠ ʷʢʠʭ 

ʚʠʢʦʥʫʶʪʴʩʷ ʩʽʪʢʦʚʽ ʘʥʘʣʦʛʠ ʟʘʢʦʥʽʚ ʟʙʝʨʝʞʝʥʥʷ. ɯʥʰʘ ʥʘʟʚʘ ʤʝʪʦʜʫ ï ʽʥʪʝʛʨʦ-

ʽʥʪʝʨʧʦʣʷʮʽʡʥʠʡ [69-74]. 

ɻʦʣʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ ʤʝʪʦʜʫ ʢʽʥʮʝʚʦʛʦ ʦʙ'ʻʤʫ ʧʝʨʝʜ ʤʝʪʦʜʦʤ ʢʽʥʮʝʚʠʭ 

ʨʽʟʥʠʮʴ ʻ ʤʦʞʣʠʚʽʩʪʴ ʨʦʙʦʪʠ ʟ ʨʽʚʥʷʥʥʷʤʠ ʟ ʨʦʟʨʠʚʥʠʤʠ (ʪʦʙʪʦ ʰʤʘʪʢʦʚʦ-

ʙʝʟʧʝʨʝʨʚʥʠʤʠ) ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʪʘ ʫ ʨʷʜʽ ʚʠʧʘʜʢʽʚ ʟ ʢʦʝʬʽʮʽʻʥʪʘʤʠ, ʱʦ ʤʘʶʪʴ 

ʽʥʪʝʛʨʦʚʘʥʽ ʦʩʦʙʣʠʚʦʩʪʽ. ʊʘʢʽ ʟʘʚʜʘʥʥʷ ʯʘʩʪʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ 

ʧʨʦʮʝʩʽʚ ʪʝʧʣʦʧʝʨʝʥʝʩʝʥʥʷ ʚ ʢʦʤʧʦʟʠʪʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ, ʫ ʜʝʷʢʠʭ ʟʘʚʜʘʥʥʷʭ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʠʩʪʽʥʥʠʭ ʪʫʨʙʫʣʝʥʪʥʠʭ ʪʝʯʽʡ ʪʘ ʽʥʰʠʭ ʟʘʜʘʯ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ 

ʤʝʪʦʜ ʢʽʥʮʝʚʠʭ ʦʙôʻʤʽʚ, ʷʢ ʧʨʘʚʠʣʦ, ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʦʩʥʦʚʥʠʡ ʤʝʪʦʜ 

ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʨʽʚʥʷʥʴ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʛʽʜʨʦʜʠʥʘʤʽʢʠ ʪʘ ʪʝʧʣʦʧʝʨʝʜʘʯʽ [69-74]. 

ʊʫʨʙʫʣʝʥʪʥʘ ʬʦʨʤʘ ʨʫʭʫ ʨʽʜʠʥ ʪʘ ʛʘʟʽʚ ʥʝʟʨʽʚʥʷʥʥʦ ʙʽʣʴʰ ʧʦʰʠʨʝʥʘ ʫ 

ʧʨʠʨʦʜʽ ʪʘ ʪʝʭʥʽʮʽ ʧʦʨʽʚʥʷʥʦ ʟ ʣʘʤʽʥʘʨʥʦʶ. ɿʦʢʨʝʤʘ, ʧʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ʪʝʯʽʡ 

ʫ ʣʦʧʘʪʢʦʚʠʭ ʤʘʰʠʥʘʭ ʻ ʪʫʨʙʫʣʝʥʪʥʦʶ. ʊʫʨʙʫʣʝʥʪʥʽ ʪʝʯʽʾ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʥʘʙʘʛʘʪʦ ʽʥʪʝʥʩʠʚʥʽʰʠʤ ʧʝʨʝʥʝʩʝʥʥʷʤ ʪʝʧʣʘ, ʨʝʯʦʚʠʥʠ ʪʘ ʢʽʣʴʢʦʩʪʽ ʨʫʭʫ. ʊʦʤʫ 

ʫ ʙʽʣʴʰʦʩʪʽ ʪʝʭʥʽʯʥʠʭ ʧʨʠʩʪʨʦʾʚ ʚʠʛʽʜʥʦ ʤʘʪʠ ʪʫʨʙʫʣʝʥʪʥʠʡ ʨʝʞʠʤ ʪʝʯʽʾ. 

ʊʫʨʙʫʣʝʥʪʥʽʩʪʴ ï ʜʫʞʝ ʩʢʣʘʜʥʝ ʬʽʟʠʯʥʝ ʷʚʠʱʝ ʽ ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ 

ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʦʙʽʪ, ʧʨʠʩʚʷʯʝʥʠʭ ʜʦʩʣʽʜʞʝʥʥʶ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ, ʜʦʩʠʪʴ ʧʦʚʥʠʡ ʦʛʣʷʜ ʷʢʠʭ ʤʦʞʥʘ ʟʥʘʡʪʠ ʫ ʤʦʥʦʛʨʘʬʽʷʭ [75-79], 

ʮʷ ʧʨʦʙʣʝʤʘ ʚʠʚʯʝʥʘ ʱʝ ʥʝʜʦʩʪʘʪʥʴʦ. ʅʘʚʽʪʴ ʚʠʟʥʘʯʝʥʥʷ ʩʘʤʦʛʦ ʧʦʥʷʪʪʷ 

ʪʫʨʙʫʣʝʥʪʥʽʩʪʴ ʚʠʢʣʠʢʘʻ ʜʝʷʢʽ ʪʨʫʜʥʦʱʽ. ɿʘʟʚʠʯʘʡ, ʚʠʟʥʘʯʘʶʯʠ ʧʦʥʷʪʪʷ 

ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʨʫʭʫ ʨʽʜʠʥʠ, ʢʘʞʫʪʴ, ʱʦ ʮʝ ʨʫʭ, ʧʨʠ ʷʢʦʤʫ ʚ ʧʦʪʦʮʽ ʽʩʥʫʶʪʴ 

ʥʝʨʝʛʫʣʷʨʥʽ ʚʠʧʘʜʢʦʚʽ ʧʫʣʴʩʘʮʽʾ ʰʚʠʜʢʦʩʪʽ ʽ ʪʠʩʢʫ, ʱʦ ʧʝʨʝʤʽʰʫʶʪʴ ʧʦʪʽʢ ʽ 

ʟʫʤʦʚʣʶʶʪʴ ʤʦʣʷʨʥʠʡ ʤʝʭʘʥʽʟʤ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʾʾ ʝʣʝʤʝʥʪʘʤʠ, ʪʦʙʪʦ ʥʘ ʚʽʜʤʽʥʫ 

ʚʽʜ ʣʘʤʽʥʘʨʥʦʛʦ ʨʝʞʠʤʫ ʪʝʯʽʾ ʧʽʜʢʨʝʩʣʶʻʪʴʩʷ ʥʝʚʧʦʨʷʜʢʦʚʘʥʠʡ ʭʘʨʘʢʪʝʨ ʟʤʽʥʠ 

ʧʘʨʘʤʝʪʨʽʚ ʧʦʪʦʢʫ. ʆʜʥʘʢ, ʷʢʙʠ ʪʫʨʙʫʣʝʥʪʥʘ ʪʝʯʽʷ ʙʫʣʘ ʧʦʚʥʽʩʪʶ 

ʥʝʚʧʦʨʷʜʢʦʚʘʥʦʶ, ʪʦ ʚʦʥʘ ʥʝ ʧʽʜʜʘʚʘʣʘʩʷ ʙ ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʘʥʘʣʽʟʫ. ʅʘʩʧʨʘʚʜʽ 

ʥʝʚʧʦʨʷʜʢʦʚʘʥʽʩʪʴ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʨʫʭʫ ʚʽʜʥʦʩʥʘ ʽ ʧʦʚ'ʷʟʘʥʘ ʟ ʚʧʣʠʚʦʤ ʥʘ ʧʦʪʽʢ 
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ʜʝʷʢʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʥʝ ʧʽʜʜʘʶʪʴʩʷ ʪʦʯʥʦʤʫ ʦʙʣʽʢʫ. ʊʦʤʫ ʨʝʘʣʽʟʘʮʽʷ ʪʦʛʦ ʯʠ 

ʽʥʰʦʛʦ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ ʚ ʪʫʨʙʫʣʝʥʪʥʦʤʫ ʧʦʪʦʮʽ ʤʘʻ ʽʤʦʚʽʨʥʽʩʥʠʡ ʭʘʨʘʢʪʝʨ. 

ʆʩʥʦʚʥʽ ʪʨʫʜʥʦʱʽ ʱʦʜʦ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ ʧʦʚ'ʷʟʘʥʽ ʟ ʥʘʷʚʥʽʩʪʶ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ 

ʩʪʫʧʝʥʽʚ ʩʚʦʙʦʜʠ, ʩʠʣʴʥʦʶ ʥʝʣʽʥʽʡʥʦʶ ʚʟʘʻʤʦʜʽʻʶ ʤʽʞ ʥʠʤʠ, ʩʢʣʘʜʥʠʤ 

ʭʘʨʘʢʪʝʨʦʤ ʨʫʭʫ. ʊʦʤʫ çʻʜʠʥʦ ʤʦʞʣʠʚʠʤ ʪʝʦʨʝʪʠʯʥʦ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ 

ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʩʪʘʪʠʩʪʠʯʥʠʡ ʦʧʠʩ, ʱʦ ʩʧʠʨʘʻʪʴʩʷ ʚʠʚʯʝʥʥʷ ʩʧʝʮʠʬʽʯʥʠʭ 

ʩʪʘʪʠʩʪʠʯʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ, ʚʣʘʩʪʠʚʠʭ ʚʝʣʠʢʠʤ ʩʫʢʫʧʥʦʩʪʷʤ ʦʜʥʦʪʠʧʥʠʭ 

ʦʙ'ʻʢʪʽʚè [75]. 

ʄʦʜʝʣʶʚʘʥʥʷ ʪʝʯʽʾ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʚʠʢʦʥʫʻʪʴʩʷ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʢʦʤʧʣʝʢʩʽ 

ANSYS CFX, ʷʢʠʡ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʨʦʟʨʘʭʫʥʢʦʚʦʾ 

ʛʽʜʨʦʛʘʟʦʜʠʥʘʤʽʢʠ ʧʦʚôʷʟʘʥʠʭ ʟ ʤʦʜʝʣʶʚʘʥʥʷʤ ʧʨʦʮʝʩʽʚ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ ʫ 

ʛʘʟʦʪʫʨʙʽʥʥʠʭ ʜʚʠʛʫʥʘʭ. ʇʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ ʚʠʢʦʥʫʻ ʚʠʨʽʰʝʥʥʷ ʦʩʥʦʚʥʠʭ 

ʨʽʚʥʷʥʴ ʛʽʜʨʦʛʘʟʦʜʠʥʘʤʽʢʠ. ɿʛʽʜʥʦ ʟ [80] ʪʘ [81] ʟʛʘʜʫʚʘʥʽ ʨʽʚʥʷʥʥʷ ʜʣʷ ʩʪʠʩʣʦʛʦ 

ʛʘʟʫ, ʱʦ ʦʧʠʩʫʶʪʴ ʥʝʩʪʘʮʽʦʥʘʨʥʽ ʧʨʦʮʝʩʠ ʫ ʪʨʠʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ ʤʦʞʥʘ 

ʟʘʧʠʩʘʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

 (2.1) 

ʜʝ 

 

 

 

ʜʝ  
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 - ʛʫʩʪʠʥʘ;  ï ʚʝʢʪʦʨ ʰʚʠʜʢʦʩʪʽ;  ï ʧʨʦʝʢʮʽʾ ʚʝʢʪʦʨʫ 

ʰʚʠʜʢʦʩʪʽ ʥʘ ʚʽʩʽ ʢʦʦʨʜʠʥʘʪ x, y, ʪʘ z, ʚʽʜʧʦʚʽʜʥʦ;  ï ʪʠʩʢ; 

 ï ʧʦʚʥʘ ʝʥʝʨʛʽʷ ʦʜʠʥʠʮʽ ʦʙôʻʤʫ; 

 - ʧʦʚʥʘ ʝʥʝʨʛʽʷ ʦʜʠʥʠʮʽ ʤʘʩʠ; 

 ï ʚʽʜʥʦʰʝʥʥʷ ʪʝʧʣʦʻʤʥʦʩʪʝʡ; 

 

 

 ï ʽʥʜʝʢʩʠ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʩʷʤ ʢʦʦʨʜʠʥʘʪ; 

 - ʚʽʜʧʦʚʽʜʥʠʡ ʥʘʧʨʷʤʦʢ, ʪʦʙʪʦ ʭ, ʫ ʯʠ z 

 ï ʧʨʦʝʢʮʽʾ ʚʝʢʪʦʨʫ ʰʚʠʜʢʦʩʪʽ ʥʘ ʚʽʜʧʦʚʽʜʥʽ ʚʽʩʽ ʢʦʦʨʜʠʥʘʪ, ʪʦʙʪʦ 

; 

 ʪʘ  - ʢʦʝʬʽʮʽʻʥʪʠ ʧʝʨʰʦʾ ʪʘ ʜʨʫʛʦʾ ʚôʷʟʢʦʩʪʽ, ʚʽʜʧʦʚʽʜʥʦ; 

 

 

 ï ʪʝʤʧʝʨʘʪʫʨʘ; 

 - ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ. 

ʉʠʩʪʝʤʘ ʨʽʚʥʷʥʴ (2.1) ʦʧʠʩʫʻ ʟʘʢʦʥʠ ʟʙʝʨʝʞʝʥʥʷ ʤʘʩʠ (ʧʝʨʰʝ ʨʽʚʥʷʥʥʷ), 

ʽʤʧʫʣʴʩʫ (2, 3 ʪʘ 4 ʨʽʚʥʷʥʥʷ) ʪʘ ʝʥʝʨʛʽʾ (ʦʩʪʘʥʥʻ ʨʽʚʥʷʥʥʷ). 

ɿʘʤʠʢʘʻ ʩʠʩʪʝʤʫ (2.1) ʨʽʚʥʷʥʥʷ ʩʪʘʥʫ: 

 

 ï ʫʥʽʚʝʨʩʘʣʴʥʘ ʛʘʟʦʚʘ ʩʪʘʣʘ; m ï ʤʘʩʘ. 
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ʄʘʪʝʤʘʪʠʯʥʦ ʦʧʠʩ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ ʫ ʚʩʽʭ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʭ ʪʦʯʢʘʭ 

ʚʠʷʚʣʷʻʪʴʩʷ ʥʝʤʦʞʣʠʚʠʤ. ɿʛʽʜʥʦ ʟ ʨʦʙʦʪʦʶ [82] ʽʩʥʫʶʪʴ ʜʝʢʽʣʴʢʘ ʦʩʥʦʚʥʠʭ 

ʩʧʦʩʦʙʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ: 

1. ʇʨʷʤʝ ʯʠʩʝʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ DNS. 

2. ʄʦʜʝʣʶʚʘʥʥʷ ʢʨʫʧʥʠʭ ʚʠʭʨʦʚʠʭ ʩʪʨʫʢʪʫʨ LES. 

3. ʄʦʜʝʣʶʚʘʥʥʷ ʥʘ ʙʘʟʽ ʦʩʝʨʝʜʥʝʥʠʭ ʨʽʚʥʷʥʴ ʅʘʚʴʝ-ʉʪʦʢʩʘ (RANS). 

ʄʦʜʝʣʽ DNS ʧʦʪʨʝʙʫʶʪʴ ʨʦʟʨʘʭʫʥʢʦʚʽ ʩʽʪʢʠ ʚʝʣʠʢʦʾ ʨʦʟʤʽʨʥʦʩʪʽ, ʪʘ, 

ʚʽʜʧʦʚʽʜʥʦ, ʟʥʘʯʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ DNS, LES 

ʤʦʜʝʣʽ ʚʠʢʦʥʫʶʪʴ ʧʨʷʤʠʡ ʨʦʟʨʘʭʫʥʦʢ ʥʘ ʩʽʪʮʽ ʪʽʣʴʢʠ ʚʝʣʠʢʠʭ ʚʠʭʦʨʽʚ, ʤʝʥʰʽ 

ʚʠʭʦʨʠ ʤʦʜʝʣʶʶʪʴʩʷ. LES ʤʦʜʝʣʽ ʪʘʢʦʞ ʧʦʪʨʝʙʫʶʪʴ ʟʥʘʯʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ 

ʧʦʪʫʞʥʦʩʪʝʡ. ʊʘʢʦʞ ʜʣʷ LES ʤʦʜʝʣʽ ʜʦʩʽ ʥʝ ʚʠʨʽʰʝʥʘ ʧʨʦʙʣʝʤʘ ʧʨʠʩʪʽʥʢʦʚʠʭ 

ʪʝʯʽʡ.  

ɺ RANS ʤʦʜʝʣʷʭ ʤʠʪʪʻʚʽ ʟʥʘʯʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʚʝʣʠʯʠʥ ʧʨʝʜʩʪʘʚʣʷʶʪʴʩʷ 

ʷʢ ʩʫʤʘ ʾʭ ʦʩʝʨʝʜʥʝʥʠʭ ʟʥʘʯʝʥʴ ʪʘ ʧʫʣʴʩʘʮʽʡʥʠʭ ʩʢʣʘʜʦʚʠʭ. ɼʘʥʽ ʤʦʜʝʣʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ  ʧʨʠʧʫʱʝʥʥʷ ɹʫʩʽʥʝʩʢʘ, ʷʢʘ ʧʦʚôʷʟʫʻ ʈʝʡʥʦʣʴʜʦʚʽ ʥʘʧʨʫʞʝʥʥʷ 

ʟʽ ʰʚʠʜʢʽʩʪʶ ʩʝʨʝʜʥʴʦʾ ʜʝʬʦʨʤʘʮʽʾ ʯʝʨʝʟ ʪʫʨʙʫʣʝʥʪʥʫ ʚôʷʟʢʽʩʪʴ. ʇʨʠ 

ʤʦʜʝʣʶʚʘʥʥʽ ʪʝʯʽʾ ʩʠʩʪʝʤʘ ʨʽʚʥʷʥʴ ʅʘʚôʻ-ʉʪʦʢʩʘ ʟʘʤʠʢʘʻʪʴʩʷ ʜʦʜʘʪʢʦʚʠʤʠ 

ʨʽʚʥʷʥʥʷʤʠ (ʤʦʜʝʣʣʶ ʪʫʨʙʫʣʝʥʪʥʦʾ ʚ'ʷʟʢʦʩʪʽ). ɯʩʥʫʻ ʜʝʢʽʣʴʢʘ ʢʣʘʩʽʚ ʤʦʜʝʣʝʡ 

ʪʫʨʙʫʣʝʥʪʥʦʾ ʚ'ʷʟʢʦʩʪʽ [83, 84]. 

ɸʣʛʝʙʨʘʾʯʥʽ ʤʦʜʝʣʽ ʥʘʣʝʞʘʪʴ ʜʦ ʥʘʡʧʨʦʩʪʽʰʠʭ ʪʠʧʽʚ ʤʦʜʝʣʝʡ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ, ʚ ʷʢʠʭ ʟʚ'ʷʟʦʢ ʤʽʞ ʪʫʨʙʫʣʝʥʪʥʦʶ ʚ'ʷʟʢʽʩʪʶ ʪʘ ʧʘʨʘʤʝʪʨʘʤʠ 

ʦʩʝʨʝʜʥʝʥʦʛʦ ʧʦʪʦʢʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʘʣʛʝʙʨʘʾʯʥʠʤʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ. ɿʚʽʜʩʠ 

ʚʠʧʣʠʚʘʶʪʴ ʧʝʨʝʚʘʛʠ ʤʦʜʝʣʝʡ ʪʘʢʦʛʦ ʪʠʧʫ: ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ, 

ʧʨʦʩʪʦʪʘ ʢʘʣʽʙʨʫʚʘʥʥʷ ʪʘ ʤʦʜʠʬʽʢʘʮʽʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʧʝʮʠʬʽʢʠ ʪʝʯʽʡ, ʱʦ 

ʨʦʟʛʣʷʜʘʶʪʴʩʷ. ʆʜʥʘʢ ʦʯʝʚʠʜʥʘ ʽ ʚʫʟʴʢʘ ʩʧʝʮʽʘʣʽʟʘʮʽʷ ʮʠʭ ʤʦʜʝʣʝʡ, ʦʩʢʽʣʴʢʠ 

ʚʦʥʠ ʩʧʠʨʘʶʪʴʩʷ ʥʘ ʘʧʨʽʦʨʥʫ (ʝʤʧʽʨʠʯʥʫ) ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʪʨʫʢʪʫʨʫ ʢʦʥʢʨʝʪʥʦʾ 

ʪʝʯʽʾ. ʈʦʟʰʠʨʝʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʣʛʝʙʨʘʾʯʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʽʥʰʠʭ ʪʠʧʽʚ ʪʝʯʽʡ ʽʥʦʜʽ 

ʥʝʤʦʞʣʠʚʦ ʚ ʧʨʠʥʮʠʧʽ (ʦʩʢʽʣʴʢʠ, ʥʘʧʨʠʢʣʘʜ, ʩʧʠʨʘʶʯʠʩʴ ʥʘ ʩʪʨʫʢʪʫʨʥʽ 

ʢʽʥʝʤʘʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʢʦʨʜʦʥʥʦʛʦ ʰʘʨʫ, ʪʘʢʽ ʷʢ ʪʦʚʱʠʥʘ ʚʠʪʽʩʥʝʥʥʷ ʽ 

ʚʪʨʘʪʠ ʽʤʧʫʣʴʩʫ, ʰʚʠʜʢʽʩʪʴ ʥʘ ʟʦʚʥʽʰʥʽʡ ʛʨʘʥʠʮʽ ʧʨʠʢʦʨʜʦʥʥʦʛʦ ʰʘʨʫ, ʥʝ ʤʦʞʥʘ 
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ʘʥʘʣʽʟʫʚʘʪʠ ʪʝʯʽʾ, ʜʣʷ ʷʢʠʭ ʟʘʟʥʘʯʝʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝ ʚʠʟʥʘʯʝʥʽ). ʂʨʽʤ ʪʦʛʦ, 

ʬʦʨʤʫʣʶʚʘʥʥʷ ʘʣʛʝʙʨʘʾʯʥʠʭ ʤʦʜʝʣʝʡ ʦʙʫʤʦʚʣʶʻ ʾʭ ʤʠʪʪʻʚʫ ʨʝʘʢʮʽʶ ʥʘ ʟʤʽʥʠ 

ʧʘʨʘʤʝʪʨʽʚ ʽ ʫʤʦʚ ʥʘ ʛʨʘʥʠʮʷʭ ʧʨʠʢʦʨʜʦʥʥʦʛʦ ʰʘʨʫ. ʊʠʤ ʥʝ ʤʝʥʰ, ʘʣʛʝʙʨʘʾʯʥʽ 

ʤʦʜʝʣʽ ʪʫʨʙʫʣʝʥʪʥʦʾ ʚ'ʷʟʢʦʩʪʽ ʙʘʛʘʪʦ ʜʝʩʷʪʠʣʽʪʴ ʙʫʣʠ ʦʩʥʦʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ 

ʨʦʟʨʘʭʫʥʢʫ ʪʫʨʙʫʣʝʥʪʥʠʭ ʟʩʫʚʥʠʭ ʪʝʯʽʡ. ʇʨʠʢʣʘʜʘʤʠ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʤʦʞʫʪʴ 

ʙʫʪʠ ʤʦʜʝʣʴ ʉʝʙʝʩʽ ʪʘ ʉʤʽʪʘ (ʥʘʡʙʽʣʴʰʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʟʫʩʠʣʣʷ ʧʦʚ'ʷʟʘʥʽ ʟ 

ʚʠʟʥʘʯʝʥʥʷʤ ʪʦʚʱʠʥʠ ʚʪʨʘʪʠ ʽʤʧʫʣʴʩʫ; ʤʽʩʪʠʪʴ ʚʝʣʠʯʠʥʠ, ʚʠʟʥʘʯʝʥʽ ʚʠʢʣʶʯʥʦ 

ʜʣʷ ʪʝʯʽʡ ʪʠʧʫ ʧʨʠʢʦʨʜʦʥʥʦʛʦ ʰʘʨʫ, ʽ ʪʦʤʫ ʥʝ ʤʦʞʝ ʙʫʪʠ ʙʝʟ ʽʩʪʦʪʥʠʭ ʟʤʽʥ 

ʟʘʩʪʦʩʦʚʘʥʘ ʜʦ ʩʢʣʘʜʥʽʰʠʭ ʪʫʨʙʫʣʝʥʪʥʠʭ ʪʝʯʽʡ); ʤʦʜʝʣʴ ɹʦʣʜʫʾʥʘ-ʃʦʤʘʢʩʘ (ʧʨʠ 

ʨʦʟʨʘʭʫʥʢʘʭ ʪʝʯʽʡ ʫ ʧʨʠʢʦʨʜʦʥʥʠʭ ʰʘʨʘʭ ʚʠʷʚʣʷʻʪʴʩʷ ʜʫʞʝ ʤʘʣʘ ʨʽʟʥʠʮʷ ʤʽʞ 

ʤʦʜʝʣʷʤʠ ɹʦʣʜʫʾʥʘ-ʃʦʤʘʢʩʘ ʽ ʉʝʙʝʩʽ-ʉʤʽʪʘ. ʎʝ ʧʦʢʘʟʫʻ, ʱʦ ʚʠʨʘʟ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʤʘʩʰʪʘʙʫ ʜʦʚʞʠʥʠ ʚ ʟʦʚʥʽʰʥʴʦʤʫ ʰʘʨʽ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ 

ʟʘʚʠʭʨʝʥʥʦʩʪʽ ʪʘ ʚʽʜʩʪʘʥʽ ʚʽʜ ʩʪʽʥʢʠ, ʻ ʝʢʚʽʚʘʣʝʥʪʥʠʤ ʪʦʚʱʠʥʽ ʚʠʪʽʩʥʝʥʥʷ). 

ʆʙʤʝʞʝʥʽʩʪʴ ʤʦʜʝʣʝʡ ʪʘʢʦʛʦ ʪʠʧʫ ʧʦʣʷʛʘʻ ʚ ʾʭ ʧʨʠʨʦʜʽ - ʚ ʣʦʢʘʣʴʥʽʡ ʨʽʚʥʦʚʘʟʽ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ, ʱʦ ʤʦʜʝʣʶʻʪʴʩʷ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʫ ʢʦʞʥʽʡ ʪʦʯʮʽ ʧʨʦʩʪʦʨʫ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʙʘʣʘʥʩ ʛʝʥʝʨʘʮʽʾ ʽ ʜʠʩʩʠʧʘʮʽʾ ʪʫʨʙʫʣʝʥʪʥʦʾ ʝʥʝʨʛʽʾ, ʥʘ ʷʢʠʡ ʥʝ 

ʚʧʣʠʚʘʶʪʴ ʥʽ ʧʝʨʝʥʝʩʝʥʥʷ ʟ ʩʫʩʽʜʥʽʭ ʪʦʯʦʢ, ʥʽ ʧʦʧʝʨʝʜʥʽʡ ʨʦʟʚʠʪʦʢ ʧʨʦʮʝʩʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʘʣʛʝʙʨʘʾʯʥʽ ʤʦʜʝʣʽ ʥʝ ʟʘʩʪʦʩʦʚʥʽ ʫ ʚʠʧʘʜʢʘʭ ʟ ʜʦʤʽʥʫʶʯʠʤ 

ʚʧʣʠʚʦʤ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʘ ʜʠʬʫʟʽʡʥʦʛʦ ʧʝʨʝʥʝʩʝʥʥʷ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ ʘʙʦ ʢʦʣʠ 

ʽʩʪʦʪʥʫ ʨʦʣʴ ʚʽʜʽʛʨʘʻ ʧʝʨʝʜʽʩʪʦʨʽʷ ʧʨʦʮʝʩʫ [83, 84]. 

ʄʦʜʝʣʽ ʟ ʦʜʥʠʤ ʨʽʚʥʷʥʥʷʤ ʜʘʶʪʴ ʦʧʠʩ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ ʟ ʜʦʧʦʤʦʛʦʶ ʦʜʥʽʻʾ 

ʟʤʽʥʥʦʾ ʚʝʣʠʯʠʥʠ, ʥʘ ʷʢʫ ʙʫʜʫʻʪʴʩʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ʧʝʨʝʥʦʩʫ. ɯʥʰʽ 

ʪʫʨʙʫʣʝʥʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʚ'ʷʟʫʶʪʴʩʷ ʟ ʥʝʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʣʛʝʙʨʘʾʯʥʠʭ ʯʠ 

ʽʥʰʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ. ʂʣʘʩ ʤʦʜʝʣʝʡ ʟ ʦʜʥʠʤ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤ ʨʽʚʥʷʥʥʷʤ ʤʘʻ 

ʙʽʣʴʰʫ ʧʨʠʡʥʷʪʥʽʩʪʴ ʜʦ ʦʧʠʩʫ ʪʫʨʙʫʣʝʥʪʥʠʭ ʪʝʯʽʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʪʠʩʣʠʚʦʩʪʽ, 

ʧʝʨʝʭʽʜʥʠʭ ʷʚʠʱ, ʢʨʠʚʠʟʥʠ ʣʽʥʽʡ ʩʪʨʫʤʫ ʪʘ ʚʽʜʨʠʚʫ ʧʦʪʦʢʫ. ʆʜʥʘʢ ʦʙ'ʻʢʪʘʤʠ ʾʭ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʻ ʧʨʦʩʪʽ ʢʦʥʬʽʛʫʨʘʮʽʾ ʧʦʪʦʢʽʚ ʟ ʤʽʥʽʤʘʣʴʥʠʤ ʥʘʙʦʨʦʤ ʩʪʨʫʢʪʫʨʥʠʭ 

ʝʣʝʤʝʥʪʽʚ. ʗʢ ʽ ʫ ʚʠʧʘʜʢʫ ʘʣʛʝʙʨʘʾʯʥʠʭ ʤʦʜʝʣʝʡ, ʩʠʣʴʥʘ ʧʨʠʚ'ʷʟʢʘ ʜʦ 

ʢʘʣʽʙʨʫʚʘʣʴʥʠʭ ʪʠʧʽʚ ʪʝʯʽʡ. ɿʥʷʪʠ ʟʘʟʥʘʯʝʥʽ ʦʙʤʝʞʝʥʥʷ ʤʦʞʥʘ, ʥʘʧʨʠʢʣʘʜ, ʱʦʜʦ 

ʤʘʩʰʪʘʙʫ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ ʷʢ ʟʘʣʝʞʥʦʾ ʟʤʽʥʥʦʾ, ʪʦʙʪʦ ʫ ʨʘʤʢʘʭ ʜʚʦʭ- ʪʘ 
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ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʠʭ ʤʦʜʝʣʝʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ. ʇʨʠʢʣʘʜʘʤʠ ʤʦʜʝʣʝʡ ʽʟ ʦʜʥʠʤ 

ʨʽʚʥʷʥʥʷʤ ʚʠʩʪʫʧʘʶʪʴ ʤʦʜʝʣʴ ʂʦʣʤʦʛʦʨʦʚʘ ï ʇʨʘʥʜʪʣʷ, ʤʦʜʝʣʴ ɹʨʝʜʰʦʫ-

ɸʪʚʝʣʣʘ-ʌʝʨʨʽʩʘ, ʤʦʜʝʣʴ ɻʫʣʷʻʚʘ, ʂʦʟʣʦʚʘ ʪʘ ʉʝʢʫʥʜʦʚʘ, ʤʦʜʝʣʴ ʉʧʘʣʣʘʨʪʘ-

ɸʣʣʤʘʨʝʩ SA [83]. 

ʄʦʜʝʣʽ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ ʽʟ ʜʚʦʤʘ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ ʻ ʥʘʡʙʽʣʴʰ 

ʧʨʝʜʩʪʘʚʥʠʮʴʢʦʶ ʛʨʫʧʦʶ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʤʦʜʝʣʝʡ. ʇʝʨʰʘ ʤʦʜʝʣʴ ʪʘʢʦʛʦ ʪʠʧʫ 

ʙʫʣʘ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʫ ʢʣʘʩʠʯʥʽʡ ʨʦʙʦʪʽ ʂʦʣʤʦʛʦʨʦʚʘ. ɯʥʪʝʥʩʠʚʥʠʡ ʨʦʟʚʠʪʦʢ 

ʤʦʜʝʣʝʡ ʟ ʜʚʦʤʘ ʨʽʚʥʷʥʥʷʤʠ ʪʘ ʾʭ ʚʧʨʦʚʘʜʞʝʥʥʷ ʫ ʨʦʟʨʘʭʫʥʢʦʚʫ ʧʨʘʢʪʠʢʫ 

ʨʦʟʧʦʯʘʣʦʩʴ ʥʘʧʨʠʢʽʥʮʽ 60-ʭ ï ʥʘ ʧʦʯʘʪʢʫ 70-ʭ ʨʦʢʽʚ. ʇʨʠ ʮʴʦʤʫ ʚʩʽ ʨʦʟʚʠʥʝʥʽ 

ʤʦʜʝʣʽ, ʷʢ ʽ ʤʦʜʝʣʴ ʂʦʣʤʦʛʦʨʦʚʘ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʷʢ ʦʜʥʝ ʟ ʨʽʚʥʷʥʴ ʨʽʚʥʷʥʥʷ 

ʧʝʨʝʥʦʩʫ k. ʇʨʠʯʠʥʦʶ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʴʦʛʦ ʨʽʚʥʷʥʥʷ ʻ ʪʝ, ʱʦ ʚʦʥʦ ʩʫʚʦʨʦ 

ʚʠʧʣʠʚʘʻ ʟ ʨʽʚʥʷʥʴ ʅʘʚ'ʻ-ʉʪʦʢʩʘ, ʘ ʪʘʢʦʞ ʪʝ, ʱʦ ʜʣʷ ʡʦʛʦ ʟʘʤʠʢʘʥʥʷ ʥʝʦʙʭʽʜʥʦ 

ʧʨʦʤʦʜʝʣʶʚʘʪʠ ʣʠʰʝ ʜʚʘ ʯʣʝʥʠ: ʜʠʬʫʟʽʡʥʠʡ ʪʘ ʜʠʩʠʧʘʪʠʚʥʠʡ. ɺʠʙʽʨ ʜʨʫʛʦʛʦ 

ʨʽʚʥʷʥʥʷ ʚ ʤʦʜʝʣʽ ʟ ʜʚʦʤʘ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ ʥʝʦʜʥʦʟʥʘʯʥʠʡ ʽ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʚ ʢʽʥʮʝʚʦʤʫ ʨʘʭʫʥʢʫ ʥʝʦʙʭʽʜʥʽʩʪʶ ʚʠʟʥʘʯʝʥʥʷ ʜʦʜʘʪʢʦʚʦʾ ʜʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʪʫʨʙʫʣʝʥʪʥʦʾ ʚ'ʷʟʢʦʩʪʽ ʟ 

ʘʣʛʝʙʨʘʾʯʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ. ʅʘʡʙʽʣʴʰʦʛʦ ʧʦʰʠʨʝʥʥʷ ʥʘʙʫʣʠ ʜʚʘ ʪʠʧʠ ʤʦʜʝʣʝʡ: 

ʤʦʜʝʣʽ ʪʠʧʫ k-ɤ ʽ ʤʦʜʝʣʽ ʪʠʧʫ k-Ů [83, 84].  

ʉʴʦʛʦʜʥʽ ʥʘʡʙʽʣʴʰ ʟʘʩʪʦʩʦʚʘʥʠʤʠ RANS ʤʦʜʝʣʷʤʠ ʻ: 

- k-Ů ʤʦʜʝʣʴ, ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʏʦʫ [85]; 

- k-ɤ ʤʦʜʝʣʴ, ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʂʦʣʤʦʛʦʨʦʚʠʤ [86]; 

- SST ʤʦʜʝʣʴ, ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʄʝʥʪʦʨʦʤ [87]; 

- Langtry-Menter 4-equation Transitional SST Model (ʤʦʜʝʣʴ Gamma 

Theta Transition - SST GTT) [88]. 

ʄʦʜʝʣʴ ʪʫʨʙʫʣʝʥʪʥʦʾ ʚôʷʟʢʦʩʪʽ SST (Shear Stress Transport)  

ʜʚʦʭʧʘʨʘʤʝʪʨʠʯʥʘ ʤʦʜʝʣʴ ʧʝʨʝʥʦʩʫ ʟʜʚʠʛʦʚʠʭ ʥʘʧʨʫʞʝʥʴ. ʄʦʜʝʣʴ ʚʠʢʦʨʠʩʪʦʚʫʻ 

k-ɤ ʤʦʜʝʣʴ ʜʣʷ  ʦʧʠʩʫ ʧʨʠʩʪʽʥʢʦʚʠʭ ʪʝʯʽʡ ʪʘ  k-Ů  ʤʦʜʝʣʴ ʜʣʷ ʦʧʠʩʫ ʪʝʯʽʾ ʥʘ 

ʚʽʜʩʪʘʥʽ ʚʽʜ ʩʪʽʥʢʠ. 

ʇʦʜʘʣʴʰʠʤ ʨʦʟʚʠʪʢʦʤ ʤʦʜʝʣʽ SST ʩʪʘʣʦ ʜʦʜʘʚʘʥʥʷ ʱʝ ʜʚʦʭ ʨʽʚʥʷʥʴ ï ʦʜʥʝ 

ʜʣʷ ʧʝʨʝʤʽʞʥʦʩʪʽ ʪʘ ʦʜʥʝ ʜʣʷ ʢʨʠʪʝʨʽʾʚ ʧʦʯʘʪʢʫ ʧʝʨʝʥʦʩʫ. ʄʦʜʝʣʴ ʚʠʢʦʨʠʩʪʦʚʫʻ 
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ʥʦʚʫ ʝʤʧʽʨʠʯʥʫ ʢʦʨʝʣʷʮʽʶ Langtry ʪʘ Menter ʪʘ ʜʦʟʚʦʣʷʻ ʤʦʜʝʣʶʚʘʪʠ ʧʝʨʝʭʽʜ ʚʽʜ 

ʣʘʤʽʥʘʨʥʦʛʦ ʜʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʨʝʞʠʤʫ ʪʝʯʽʾ. 

ʆʩʢʽʣʴʢʠ ʪʝʯʽʷ ʙʽʣʷ ʩʪʽʥʢʠ ʤʦʜʝʣʶʻʪʴʩʷ ʧʨʠʩʪʽʥʦʯʥʠʤʠ ʬʫʥʢʮʽʷʤʠ ʽʩʥʫʶʪʴ 

ʚʠʤʦʛʠ ʜʦ ʱʽʣʴʥʦʩʪʽ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʩʽʪʢʠ ʙʽʣʷ ʩʪʽʥʢʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʧʘʨʘʤʝʪʨʦʤ Y+ ̫ ʢʠʡ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʩʦʪʠ ʧʝʨʰʦʛʦ ʩʣʦʶ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʽʪʢʠ ʙʽʣʷ 

ʩʪʽʥʢʠ. ʊʘʢ ʜʣʷ ʢʦʨʝʢʪʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʠʩʪʽʥʢʦʚʦʾ ʪʝʯʽʡ ʜʣʷ ʤʦʜʝʣʽ  k-Ů  

ʽʩʥʫʶʪʴ ʟʘʛʘʣʴʥʦʚʽʜʦʤʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʧʦ ʜʦʪʨʠʤʘʥʥʶ Y+ ʫ ʤʝʞʘʭ ʚʽʜ 30 ʜʦ 100. 

ɼʣʷ ʤʦʜʝʣʝʡ k-ɤ ʪʘ SST  Y+ ʧʦʚʠʥʝʥ ʙʫʪʠ ʥʝ ʙʽʣʴʰʝ 2. 

ɺ ʨʦʙʦʪʽ [89] ʥʘʚʝʜʝʥʦ ʘʣʛʦʨʠʪʤ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʮʽʥʦʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʚʠʩʦʪʠ 

ʧʝʨʰʦʛʦ ʩʣʦʶ ʩʽʪʢʠ ʙʽʣʷ ʩʪʽʥʢʠ, ʱʦ ʟʘʜʦʚʦʣʴʥʷʻ ʦʙʨʘʥʦʤʫ ʟʥʘʯʝʥʥʶ Y+: 

 

ʜʝ  - ʏʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ;  - ʭʘʨʘʢʪʝʨʥʠʡ ʨʦʟʤʽʨ (ʭʦʨʜʘ); 

 

ɺʽʜʧʨʘʮʶʚʘʥʥʷ ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʫ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʣʦʧʘʪʢʦʚʠʭ ʤʘʰʠʥʫ ʫ ʧʨʦʛʨʘʤʽ ANSYS CFX ʧʦʣʷʛʘʻ ʫ ʜʦʩʣʽʜʞʝʥʥʽ ʚʧʣʠʚʫ ʥʘ 

ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʦʢ ʥʘʩʪʫʧʥʠʭ ʬʘʢʪʦʨʽʚ: 

1. ɺʧʣʠʚ ʱʽʣʴʥʦʩʪʽ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʦʙôʻʤʫ, ʱʦ ʜʦʩʣʽʜʞʫʻʪʴʩʷ  (ʨʦʟʤʽʨʥʽʩʪʴ 

ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʽʪʢʠ ʪʘ ʾʾ ʛʫʩʪʠʥʘ). 

2. ɺʧʣʠʚ ʦʙʨʘʥʦʾ ʤʦʜʝʣʽ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ. 

ʊʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʘ ʧʨʠʩʪʘʚʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʜʚʦʭ ʷʨʫʩʽʚ ï ʥʠʞʥʽʡ ʷʨʫʩ 

ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʨʦʙʦʯʝ ʢʦʣʝʩʦ ʦʩʴʦʚʦʾ ʪʫʨʙʽʥʠ, ʚʝʨʭʥʽʡ ʷʨʫʩ ï ʨʦʙʦʯʝ ʢʦʣʝʩʦ 

ʦʩʴʦʚʦʛʦ ʢʦʤʧʨʝʩʦʨʘ (ʦʩʦɹʚʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ). ɺʨʘʭʦʚʫʶʯʠ ʪʦʡ ʬʘʢʪ, ʱʦ 

ʥʘʪʫʨʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ 

ʧʨʠʩʪʘʚʢʠ ʥʝʤʘʻ, ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʨʦʙʦʪʽ ʙʫʜʫʪʴ ʧʨʦʚʝʜʝʥʽ ʦʢʨʝʤʽ 

ʪʝʩʪʦʚʽ ʟʘʜʘʯʽ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʯʽʾ ʚ ʪʫʨʙʽʥʥʽʡ ʨʝʰʽʪʮʽ ʪʘ ʚ ʢʦʤʧʨʝʩʦʨʽ. 

  

 



69 

 

2.2. ʊʝʩʪʦʚʘ ʟʘʜʘʯʘ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʯʽʾ ʚ ʪʫʨʙʽʥʥʽʡ ʨʝʰʽʪʮʽ VKI1 

 

ɼʣʷ ʧʝʨʰʦʛʦ ʝʪʘʧʫ ʦʙʨʘʥʦ ʨʝʰʽʪʢʫ ʪʫʨʙʽʥʠ VKI1, ʜʣʷ ʷʢʦʾ ʻ ʙʘʛʘʪʦ ʜʘʥʠʭ 

ʥʘʪʫʨʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʚ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʪʨʫʙʘʭ, ʚʠʢʦʥʘʥʽ ʨʽʟʥʠʤʠ ʘʚʪʦʨʘʤʠ. 

ʋʟʘʛʘʣʴʥʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʥʘʪʫʨʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʥʘʚʝʜʝʥʽ ʚ ʨʦʙʦʪʽ [90]. 

ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʠʭ 

ʤʝʪʦʜʽʚ ʙʘʛʘʪʴʤʘ ʘʚʪʦʨʘʤʠ, ʟʦʢʨʝʤʘ ʚ ʨʦʙʦʪʽ [91]. 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ, ʦʙʨʘʥʦ ʩʭʝʤʫ ʫʩʪʘʥʦʚʢʠ, ʷʢʫ ʙʫʣʦ ʚʠʧʨʦʙʫʚʘʥʦ 

ʚ ʘʝʨʦʜʠʥʘʤʽʯʥʽʡ ʪʨʫʙʽ DFVLR Goettingen. ʉʭʝʤʘ ʨʝʰʽʪʢʠ VKI1 ʟʦʙʨʘʞʝʥʘ ʥʘ 

ʨʠʩʫʥʢʫ 2.2. 

 

ʈʠʩ. 2.2. ʉʭʝʤʘ ʨʝʰʽʪʢʠ VKI1 

 

ʆʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʨʝʰʽʪʢʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣʠʮʽ 2.1. 

 



70 

 

ʊʘʙʣʠʮʷ 2.1. 

ʆʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʨʝʰʽʪʢʠ VKI1 

ʅʘʡʤʝʥʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʫ ɿʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʫ 

ʂʽʣʴʢʽʩʪʴ ʣʦʧʘʪʦʢ 10 

ʍʦʨʜʘ, ʩ 60 ʤʤ 

ʐʠʨʠʥʘ ʚʠʭʽʜʥʦʛʦ ʧʝʨʝʪʠʥʫ 

ʤʽʞʣʦʧʘʪʦʯʥʦʛʦ ʧʨʦʩʪʦʨʫ, ʦ 

16 ʤʤ 

ɽʬʝʢʪʠʚʥʠʡ ʢʫʪ ʨʝʰʽʪʢʠ ʥʘ 

ʚʠʭʦʜʽ,  

67,92ʆ 

ʐʘʛ ʨʝʰʽʪʢʠ,  42,58 ʤʤ 

ʂʫʪ ʫʩʪʘʥʦʚʢʠ ʣʦʧʘʪʢʠ,  33,3 ʆ 

ʂʫʪ ʘʪʘʢʠ,  30 ʆ 

ʈʝʟʫʣʴʪʘʪʠ ʥʘʪʫʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ ʨʦʟʧʦʜʽʣʫ 

ʘʜʽʘʙʘʪʠʯʥʦʛʦ ʯʠʩʣʘ ʄʘʭʘ ʧʦ ʧʦʚʝʨʭʥʽ ʣʦʧʘʪʢʠ, ʘ ʪʘʢʦʞ ʫ ʚʠʛʣʷʜʽ ʟʘʣʝʞʥʦʩʪʽ 

ʢʦʝʬʽʮʽʻʥʪʫ ʚʪʨʘʪ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ ʚʽʜ ʯʠʩʣʘ ʄʘʭʘ ʧʦʪʦʢʫ ʟʘ ʨʝʰʽʪʢʦʶ. 

ɸʜʽʘʙʘʪʠʯʥʝ ʯʠʩʣʦ ʄʘʭʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 

ʜʝ 

 - ʧʦʚʥʠʡ ʪʠʩʢ ʧʦʪʦʢʫ ʧʝʨʝʜ ʨʝʰʽʪʢʦʶ; 

 - ʩʪʘʪʠʯʥʠʡ ʪʠʩʢ ʧʦʪʦʢʫ ʚ ʽ ʪʦʯʮʽ ʥʘ ʧʦʚʝʨʭʥʽ ʣʦʧʘʪʢʠ. 

ʂʦʝʬʽʮʽʻʥʪ ʚʪʨʘʪ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʦʾ ʬʦʨʤʫʣʠ: 

 

   - ʚʽʜʥʦʩʥʘ ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ ʥʘ ʚʠʭʦʜʽ ʟ ʨʝʰʽʪʢʠ; 

 - ʘʜʽʘʙʘʪʠʯʥʘ ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ ʥʘ ʚʠʭʦʜʽ ʟ ʨʝʰʽʪʢʠ, ʨʦʟʨʘʭʦʚʘʥʘ ʟʘ 

ʧʦʚʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤ ʧʦʪʦʢʫ ʧʝʨʝʜ ʨʝʰʽʪʢʦʶ ʪʘ ʩʝʨʝʜʥʴʦʤʫ ʩʪʘʪʠʯʥʦʤʫ ʪʠʩʢʫ ʟʘ 

ʨʝʰʽʪʢʦʶ. 
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ɿʛʽʜʥʦ [92]  ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟ ʥʘʩʪʫʧʥʦʾ ʬʦʨʤʫʣʠ: 

, 

ʜʝ   - ʛʘʟʦʚʘ ʩʪʘʣʘ;  - ʧʦʚʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʪʦʢʫ ʥʘ ʚʭʦʜʽ ʫ ʨʝʰʽʪʢʫ; 

 ï ʩʝʨʝʜʥʽʡ ʩʪʘʪʠʯʥʠʡ ʪʠʩʢ ʧʦʪʦʢʫ ʥʘ ʚʠʭʦʜʽ ʟ ʨʝʰʽʪʢʠ;  - ʧʦʚʥʠʡ ʪʠʩʢ 

ʧʦʪʦʢʫ ʥʘ ʚʭʦʜʽ ʚ ʨʝʰʽʪʢʫ. 

ʆʩʢʽʣʴʢʠ, ʚ ʟʚôʷʟʢʫ ʟ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʤʦʜʝʣʝʡ ʚ ANSYS CFX 

ʥʝʤʘʻ ʤʦʞʣʠʚʦʩʪʽ ʚʠʨʽʰʫʚʘʪʠ ʟʘʜʘʯʽ ʫ 2-D ʧʦʩʪʘʥʦʚʮʽ, ʨʦʟʨʘʭʫʥʦʢ ʚʠʢʦʥʫʚʘʚʩʷ 

ʫ 3-D ʧʦʩʪʘʥʦʚʮʽ. ʇʨʦʪʝ, ʧʦ ʢʦʦʨʜʠʥʘʪʽ z ʢʽʣʴʢʽʩʪʴ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʢʦʤʽʨʦʢ 

ʩʪʘʥʦʚʠʣʘ 3. ʈʝʰʽʪʢʘ ʙʫʣʘ ʨʦʟʛʦʨʥʫʪʘ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʚʝʢʪʦʨ ʥʘʙʽʛʘʶʯʦʛʦ 

ʧʦʪʦʢʫ ʙʫʚ ʧʘʨʘʣʝʣʴʥʠʤ ʚʽʩʽ ʚʭʽʜʥʦʾ ʯʘʩʪʠʥʠ ʦʙʣʘʩʪʽ. ɿʘʛʘʣʴʥʠʡ ʚʠʜ 

ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 2.3. 

 

ʈʠʩ. 2.3.  ʈʦʟʨʘʭʫʥʢʦʚʘ ʦʙʣʘʩʪʴ ʨʝʰʽʪʢʠ VKI1 

 

ɹʫʣʠ ʚʩʪʘʥʦʚʣʝʥʽ ʥʘʩʪʫʧʥʽ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ: 

- ʥʘ ʚʭʦʜʽ ʩʪʘʪʠʯʥʠʡ ʪʠʩʢ, ʧʦʚʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʪʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ; 

- ʜʣʷ ʚʠʭʦʜʫ ʦʙʨʘʥʦ ʪʠʧ Opening ʟ ʟʘʜʘʚʘʥʥʷʤ ʧʦʚʥʦʛʦ ʪʠʩʢʫ ʪʘ ʧʦʚʥʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ; 

ʜʣʷ ʜʚʦʭ ʧʣʦʱʠʥ, ʷʢʽ ʦʙʤʝʞʫʶʪʴ ʨʦʟʨʘʭʫʥʢʦʚʫ ʦʙʣʘʩʪʴ ʚʟʜʦʚʞ ʚʽʩʽ z, ʙʫʣʘ 

ʦʙʨʘʥʘ ʫʤʦʚʘ ʩʠʤʝʪʨʽʾ. 
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ʐʘʛ ʨʦʟʨʘʭʫʥʢʫ ʟʘ ʯʘʩʦʤ ʘʚʪʦʤʘʪʠʯʥʦ ʟʤʽʥʶʚʘʚʩʷ. ʄʘʢʩʠʤʘʣʴʥʠʡ ʯʘʩ ʟʘ 

ʯʘʩʦʤ ʩʪʘʥʦʚʠʚ 0,001é0,1ʩ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʦʙʨʘʥʦʾ ʤʦʜʝʣʽ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ. 

ʇʝʨʝʜ ʪʘ ʟʘ ʨʝʰʽʪʢʦʶ ʚʩʪʘʥʦʚʣʝʥʽ ʢʦʥʪʨʦʣʴʥʽ ʪʦʯʢʠ, ʚ ʷʢʠʭ ʚʽʜʦʙʨʘʞʘʣʦʩʷ 

ʟʥʘʯʝʥʥʷ ʯʠʩʣʘ ʄʘʭʘ. ʇʽʜ ʯʘʩ ʨʦʟʨʘʭʫʥʢʫ ʧʽʜʙʠʨʘʣʦʩʷ ʟʥʘʯʝʥʥʷ ʯʠʩʣʘ ʄʘʭʘ ʥʘ 

ʚʠʭʦʜʽ ʟ ʨʝʰʽʪʢʠ ʰʣʷʭʦʤ ʟʤʽʥʠ ʟʥʘʯʝʥʥʷ ʧʦʚʥʦʛʦ ʪʠʩʢʫ ʥʘ ʚʠʭʦʜʽ. ʈʦʟʨʘʭʫʥʦʢ 

ʧʨʠʧʠʥʷʚʩʷ ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ ʟʥʘʯʝʥʴ ʯʠʩʝʣ ʄʘʭʘ ʥʘ ʚʭʦʜʽ ʪʘ ʚʠʭʦʜʽ ʟ ʨʝʰʽʪʢʠ, ʘ 

ʪʘʢʦʞ ʥʝʚôʷʟʦʢ, ʩʪʘʣʠʭ ʟʥʘʯʝʥʴ, ʷʢʽ ʥʝ ʟʤʽʥʶʚʘʣʠʩʷ ʧʨʠ ʥʘʩʪʫʧʥʠʭ ʽʪʝʨʘʮʽʷʭ.  

ʉʧʦʯʘʪʢʫ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʱʽʣʴʥʦʩʪʽ ʨʦʟʙʠʪʪʷ ʩʽʪʢʠ ʥʘ ʨʝʟʫʣʴʪʘʪʠ 

ʨʦʟʨʘʭʫʥʢʽʚ, ʜʣʷ ʯʦʛʦ ʧʦʙʫʜʦʚʘʥʦ 4 ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʩʽʪʢʠ ʟ ʨʽʟʥʦʶ ʢʽʣʴʢʽʩʪʶ 

ʢʦʤʽʨʦʢ ʪʘ ʨʽʟʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʾʭ ʪʦʚʱʠʥʠ ʚʟʜʦʚʞ ʧʦʚʝʨʭʥʽ ʣʦʧʘʪʢʠ, ʷʢʽ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 2.4. 

  

Mesh1 ï 512 720 ʚʫʟʣʽʚ                        Mesh2 ï 668 628 ʚʫʟʣʽʚ 

   

Mesh3 ï 724 572 ʚʫʟʣʘ                Mesh4 ï 767 460 ʚʫʟʣʽʚ 

ʈʠʩ. 2.4 ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʽʪʢʘ ʨʝʰʽʪʢʠ VKI1 
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ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʽ ʨʦʟʧʦʜʽʣʫ ʘʜʽʘʙʘʪʠʯʥʦʛʦ ʯʠʩʣʘ ʄʘʭʘ ʧʦ ʧʦʚʝʨʭʥʽ ʣʦʧʘʪʢʠ 

ʨʦʟʛʣʷʥʫʪʽ ʜʚʘ ʚʘʨʽʘʥʪʠ, ʚ ʷʢʠʭ ʯʠʩʣʦ ʄʘʭʘ ʟʘ ʨʝʰʽʪʢʦʶ M2 ʩʪʘʥʦʚʠʣʦ 0,78 ʪʘ 

0,97. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 2.5 ʫ ʚʠʛʣʷʜʽ ʨʦʟʧʦʜʽʣʫ 

ʘʜʽʘʙʘʪʠʯʥʦʛʦ ʯʠʩʣʘ ʄʘʭʘ ʚʟʜʦʚʞ ʧʦʚʝʨʭʥʽ ʣʦʧʘʪʢʠ. 

 

ʈʠʩ. 2.5. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʜʣʷ ʨʽʟʥʠʭ ʩʽʪʦʢ ʄ2=0,97 

 

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʢʘʟʫʻ, ʱʦ, ʚ ʮʽʣʦʤʫ, ʚʩʽ ʩʽʪʢʠ, ʦʢʨʽʤ Mesh1, ʤʘʶʪʴ 

ʜʦʩʪʘʪʥʶ ʩʭʦʜʠʤʽʩʪʴ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʘʪʫʨʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ [91, 92]. ɼʣʷ 

ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʦʙʨʘʥʦ ʩʽʪʢʫ Mesh 4. 

ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʚʠʢʦʥʘʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʚʠʙʦʨʫ ʤʦʜʝʣʝʡ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ. ɹʫʣʠ ʨʦʟʛʣʷʥʫʪʽ ʤʦʜʝʣʽ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ SST, SST GTT, k-ɤ ʪʘ k-

Ů. ɼʣʷ ʤʦʜʝʣʝʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ SST, SST GTT ʪʘ k- ɤ ʚʠʩʦʪʘ ʧʨʠʤʝʞʦʚʦʛʦ ʰʘʨʫ 

ʦʙʨʘʥʘ ʚʠʭʦʜʷʯʠ ʽʟ ʫʤʦʚʠ Y+ < 1. ɼʣʷ ʤʦʜʝʣʽ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ k-Ů ʟ ʫʤʦʚʠ 

20 < Y+ < 100. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 2.6. 

ʗʢ ʚʠʜʥʦ ʟ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ ʢʨʘʱʫ ʩʭʦʜʠʤʽʩʪʴ ʟʘʙʝʟʧʝʯʫʻ ʤʦʜʝʣʴ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ SST GTT, ʪʦʤʫ ʚ ʧʦʜʘʣʴʰʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ 

ʩʘʤʝ ʚʦʥʘ. 
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ʈʠʩ. 2.6. ʇʦʨʽʚʥʷʥʥʷ ʤʦʜʝʣʝʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ 

 

ʅʘ ʨʠʩ. 2.7 ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʜʣʷ ʚʘʨʽʘʥʪʫ ʩʽʪʢʠ Mesh 4, 

ʤʦʜʝʣʴ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ SST GTT, ʯʠʩʣʦ ʄʘʭʘ ʟʘ ʨʝʰʽʪʢʦʶ ʄ2=0,78 . ʈʝʟʫʣʴʪʘʪʠ 

ʧʦʢʘʟʫʶʪʴ ʜʦʩʪʘʪʥʶ ʩʭʦʜʠʤʽʩʪʴ ʟ ʚʘʨʽʘʥʪʦʤ ʥʘʪʫʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ ʪʨʫʙʽ 

DFVLR Goettingen (GO) [91,92]. 

 

ʈʠʩ. 2.7 ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʜʣʷ ʚʘʨʽʘʥʪʘ ʄ2=0,78  

 

ʅʘ ʨʠʩ. 2.8 ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʨʦʟʧʦʜʽʣʫ ʛʫʩʪʠʥʠ, ʦʙʯʠʩʣʝʥʦʾ ʜʣʷ 

ʚʘʨʽʘʥʪʫ  ʟ ʰʣʽʨʝʥ ʬʦʪʦʛʨʘʬʽʻʶ, ʦʪʨʠʤʘʥʦʾ ʚ ʝʢʩʧʝʨʠʤʝʥʪʽ. 
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ʈʠʩ. 2.8 ʇʦʨʽʚʥʷʥʥʷ ʨʦʟʧʦʜʽʣʫ ʛʫʩʪʠʥʠ, ʦʙʯʠʩʣʝʥʦʾ ʜʣʷ ʚʘʨʽʘʥʪʫ 

 ʟ ʰʣʽʨʝʥ ʬʦʪʦʛʨʘʬʽʻʶ, ʦʪʨʠʤʘʥʦʾ ʚ ʝʢʩʧʝʨʠʤʝʥʪʽ 

 

ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʦʪʨʠʤʘʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʫ 

ʚʪʨʘʪ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ ʚ ʨʝʰʽʪʮʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʯʠʩʣʘ ʄʘʭʘ ʥʘ ʚʠʭʦʜʽ ʟ 

ʨʝʰʽʪʢʠ. ʈʝʟʫʣʴʪʘʪʠ ʦʪʨʠʤʘʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ ʛʨʘʬʽʢʫ ʥʘ ʨʠʩ. 

2.9. ʽ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘʪʫʨʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ [91,92] 

 

ʈʠʩ. 2.9 ɿʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʫ ʚʪʨʘʪ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ ʚʽʜ ʯʠʩʣʘ ʄʘʭʘ ʥʘ 

ʚʠʭʦʜʽ ʟ ʨʝʰʽʪʢʠ VKI1 
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ɯʟ ʛʨʘʬʽʢʫ ʥʘ ʨʠʩ.2.9 ʚʠʜʥʦ, ʱʦ ʯʠʩʝʣʴʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ ʤʘ̒ ʜʦʩʠʪʴ ʤʘʣʫ 

ʧʦʭʠʙʢʫ ʨʦʟʨʘʭʫʥʢʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʯʽʾ ʚ ʪʫʨʙʽʥʥʽʡ 

ʨʝʰʽʪʮʽ ʧʦʢʘʟʫʻ, ʱʦ ʜʣʷ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ ʪʫʨʙʽʥʥʽʡ ʯʘʩʪʠʥʽ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʙʫʜʝ ʚʠʢʦʨʠʩʪʘʥʘ ʨʦʟʨʘʭʫʥʢʦʚʘ ʩʽʪʢʘ ʟ 

ʪʦʧʦʣʦʛʽʻʶ Mesh4 ʪʘ ʤʦʜʝʣʴ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ SST GTT. 

 

2.3. ʊʝʩʪʦʚʘ ʟʘʜʘʯʘ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʯʽʾ ʚ ʢʦʤʧʨʝʩʦʨʥʽʡ ʨʝʰʽʪʮʽ ʥʘ ʦʩʥʦʚʽ 

ʨʦʪʦʨʫ STFF 

 

ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʤʝʪʦʜʠʢʫ ʨʦʟʨʘʭʫʥʢʫ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʢʦʤʧʨʝʩʦʨʥʦʾ ʨʝʰʽʪʢʠ ʥʘ ʦʩʥʦʚʽ ʨʦʪʦʨʫ STFF. ʈʝʟʫʣʴʪʘʪʠ 

ʥʘʪʫʨʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʨʦʙʦʪʽ [93]. 

ɿʘʛʘʣʴʥʠʡ ʚʠʜ ʨʝʰʽʪʢʠ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩʫʥʢʫ 2.10 

 

ʈʠʩ. 2.10  ʉʭʝʤʘ ʢʦʤʧʨʝʩʦʨʥʦʾ ʨʝʰʽʪʢʘ ʥʘ ʦʩʥʦʚʽ STFF 

 

ʆʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʨʝʰʽʪʢʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣʠʮʽ 2.2. 

ʊʘʙʣʠʮʷ 2.2  
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ʆʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʨʝʰʽʪʢʠ ʥʘ ʦʩʥʦʚʽ STFF 

ʅʘʡʤʝʥʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʫ ɿʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʫ 

ʂʽʣʴʢʽʩʪʴ ʣʦʧʘʪʦʢ 7 

ʍʦʨʜʘ, ʩ 100,3 ʤʤ 

ʐʘʛ ʨʝʰʽʪʢʠ,  30,2 ʤʤ 

ʑʽʣʴʥʽʩʪʴ, ů 3,32 

ʂʫʪ ʘʪʘʢʠ,  37 ʆ 

ʏʠʩʣʦ ʄʘʭʘ ʧʦʪʦʢʫ ʧʝʨʝʜ 

ʨʝʰʽʪʢʦʶ,  

2,36 

 

ɹʫʣʠ ʚʩʪʘʥʦʚʣʝʥʽ ʥʘʩʪʫʧʥʽ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ: 

- ʥʘ ʚʭʦʜʽ ʟʘʜʘʚʘʣʠʩʴ ʰʚʠʜʢʽʩʪʴ, ʧʦʚʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʪʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ; 

- ʜʣʷ ʚʠʭʦʜʫ ʦʙʨʘʥʦ ʪʠʧ Outlet ʟ ʟʘʜʘʚʘʥʥʷʤ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʧʦ 

ʧʣʦʱʽ ʧʦʚʝʨʭʥʽ ʩʪʘʪʠʯʥʦʛʦ ʪʠʩʢʫ; 

- ʜʣʷ ʜʚʦʭ ʧʣʦʱʠʥ, ʷʢʽ ʦʙʤʝʞʫʶʪʴ ʨʦʟʨʘʭʫʥʢʦʚʫ ʦʙʣʘʩʪʴ ʚʟʜʦʚʞ ʚʽʩʽ z 

ʙʫʣʘ ʦʙʨʘʥʘ ʫʤʦʚʘ ʩʠʤʝʪʨʽʾ.  

ɺʠʛʣʷʜ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 2.10 

ʐʘʛ ʨʦʟʨʘʭʫʥʢʫ ʟʘ ʯʘʩʦʤ ʘʚʪʦʤʘʪʠʯʥʦ ʟʤʽʥʶʚʘʚʩʷ. ʄʘʢʩʠʤʘʣʴʥʠʡ ʯʘʩ ʟʘ 

ʯʘʩʦʤ ʩʪʘʥʦʚʠʚ 0,00005é0,001 ʩ. ʇʝʨʝʜ ʨʝʰʽʪʢʦʶ ʪʘ ʟʘ ʥʝʶ ʚʩʪʘʥʦʚʣʝʥʽ 

ʢʦʥʪʨʦʣʴʥʽ ʪʦʯʢʠ, ʚ ʷʢʠʭ ʚʽʜʦʙʨʘʞʘʣʦʩʷ ʟʥʘʯʝʥʥʷ ʯʠʩʣʘ ʄʘʭʘ. ʇʽʜ ʯʘʩ 

ʨʦʟʨʘʭʫʥʢʫ ʧʽʜʙʠʨʘʣʦʩʷ ʟʥʘʯʝʥʥʷ ʯʠʩʣʘ ʄʘʭʘ ʧʝʨʝʜ ʨʝʰʽʪʢʦʶ ʰʣʷʭʦʤ ʟʤʽʥʠ 

ʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʥʘ ʚʭʦʜʽ. ʈʦʟʨʘʭʫʥʦʢ ʧʨʠʧʠʥʷʚʩʷ ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ ʟʥʘʯʝʥʴ 

ʯʠʩʝʣ ʄʘʭʘ ʥʘ ʚʭʦʜʽ ʪʘ ʚʠʭʦʜʽ ʟ ʨʝʰʽʪʢʠ, ʘ ʪʘʢʦʞ ʥʝʚôʷʟʦʢ, ʩʪʘʣʠʭ ʟʥʘʯʝʥʴ, ʷʢʽ ʥʝ 

ʟʤʽʥʶʚʘʣʠʩʷ ʧʨʠ ʥʘʩʪʫʧʥʠʭ ʽʪʝʨʘʮʽʷʭ. 
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ʈʠʩ. 2.10 ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ ʨʝʰʽʪʢʠ ʥʘ ʦʩʥʦʚʽ STFF 

 

ɿ ʤʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʱʽʣʴʥʦʩʪʽ ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʦ 4 ʚʘʨʽʘʥʪʠ 

ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʽʪʢʠ ʩʪʨʫʢʪʫʨʦʚʘʥʦʛʦ ʪʠʧʫ ʟ ʨʽʟʥʦʶ ʢʽʣʴʢʽʩʪʶ ʢʦʤʽʨʦʢ ʚʟʜʦʚʞ 

ʭʦʨʜʠ ʪʘ ʧʦ ʚʠʩʦʪʽ ʤʽʞʣʦʧʘʪʢʦʚʦʛʦ ʢʘʥʘʣʫ. ɺʠʜʠ ʩʽʪʦʢ ʪʘ ʾʭ ʨʦʟʤʽʨʥʽʩʪʴ 

ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʘʭ 2.11 ï 2.12. 
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Mesh1 ï 477 376 ʚʫʟʣʽʚ                                 Mesh2 ï 446 496 ʚʫʟʣʽʚ 

ʈʠʩ. 2. 11. ʌʨʘʛʤʝʥʪʠ ʨʽʟʥʠʭ ʪʠʧʽʚ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʽʪʢʠ. 

     

Mesh3 ï 840 576 ʚʫʟʣʽʚ                                Mesh4 ï 1 461 696 ʚʫʟʣʽʚ 

ʈʠʩ. 2. 12. ʌʨʘʛʤʝʥʪʠ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʽʪʢʠ ʟʽ ʟʙʽʣʴʰʝʥʦʶ ʱʽʣʴʥʽʩʪʶ 

 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʜʣʷ ʢʦʞʥʦʾ ʩʽʪʢʠ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 2.13. 

ʈʝʟʫʣʴʪʘʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ ʛʨʘʬʽʢʘ, ʥʘ ʷʢʦʤʫ ʧʦ ʚʽʩʽ ʘʙʩʮʠʩ ʚʽʜʢʣʘʜʝʥʦ 

ʢʦʦʨʜʠʥʘʪʫ ʭ ʣʦʧʘʪʢʠ ʫ ʚʽʜʩʦʪʢʫ ʚʽʜ ʭʦʨʜʠ, ʧʦ ʚʽʩʽ ʦʨʜʠʥʘʪ - ʚʽʜʥʦʰʝʥʥʷ 

ʩʪʘʪʠʯʥʦʛʦ ʪʠʩʢʫ ʚ ʪʦʯʮʽ ʥʘ ʧʦʚʝʨʭʥʽ ʣʦʧʘʪʢʠ ʜʦ ʧʦʚʥʦʛʦ ʪʠʩʢʫ ʧʝʨʝʜ ʨʝʰʽʪʢʦʶ. 
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ʈʠʩ. 2.13. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʨʝʰʽʪʢʠ ʥʘ ʦʩʥʦʚʽ STFF ʜʣʷ ʨʽʟʥʠʭ 

ʚʘʨʽʘʥʪʽʚ ʩʽʪʢʠ 

 

ʗʢ ʚʠʜʥʦ ʟ ʛʨʘʬʽʢʫ ʨʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʝʥʴ ʥʘ ʩʽʪʢʘʭ ˉ3 ʪʘ ˉ4 ʢʨʘʱʝ 

ʩʧʽʚʧʘʜʘʶʪʴ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʘʪʫʨʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ [93], ʪʘ ʤʘʡʞʝ ʩʧʽʚʧʘʜʘʶʪʴ 

ʦʜʥʘ ʟ ʦʜʥʦʶ. 

ɼʣʷ ʧʦʜʘʣʴʰʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʦʙʨʘʥʦ ʩʽʪʢʫ ˉ3, ʦʩʢʽʣʴʢʠ ʥʘ ʥʽʡ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 

ʜʦʩʪʘʪʥʷ ʩʭʦʜʠʤʽʩʪʴ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʧʨʦʙʫʚʘʥʴ, ʘ ʪʘʢʦʞ ʚʦʥʘ ʤʘʻ ʤʝʥʰʠʡ 

ʨʦʟʤʽʨ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʨʠʩʢʦʨʠʪʠ ʨʦʟʨʘʭʫʥʦʢ. 

ɼʘʣʽ ʚʠʢʦʥʘʥʽ ʨʦʟʨʘʭʫʥʢʠ ʜʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ  ʤʦʜʝʣʝʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ. ɹʫʣʠ 

ʨʦʟʛʣʷʥʫʪʽ ʤʦʜʝʣʽ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ SST, SST GTT, k-ɤ ʪʘ RNG k-Ů. ɼʣʷ ʚʩʽʭ 

ʤʦʜʝʣʝʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ ʚʠʩʦʪʘ ʧʨʠʤʝʞʦʚʦʛʦ ʰʘʨʫ ʦʙʨʘʥʘ ʚʠʭʦʜʷʯʠ ʽʟ ʫʤʦʚʠ Y+ 

< 1. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 2.14. 
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ʈʠʩ. 2.14. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʨʝʰʽʪʢʠ ʥʘ ʦʩʥʦʚʽ STFF ʜʣʷ ʨʽʟʥʠʭ 

ʤʦʜʝʣʝʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ 

 

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʫ ʧʦʢʘʟʫʻ, ʱʦ ʥʘʡʤʝʥʰʫ ʧʦʭʠʙʢʫ ʦʪʨʠʤʘʥʦ 

ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʟ ʤʦʜʝʣʣʶ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ SST GTT. 

ʅʘ ʨʠʩʫʥʢʫ 2.15 ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʨʦʟʧʦʜʽʣʫ ʛʫʩʪʠʥʽ ʚ ʧʦʧʝʨʝʯʥʦʤʫ 

ʧʝʨʝʪʠʥʽ ʨʝʰʽʪʢʠ ʟ ʰʣʽʨʝʥ ʬʦʪʦʛʨʘʬʽʻʶ, ʦʪʨʠʤʘʥʦʾ ʟ ʥʘʪʫʨʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ 

[93]. 
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ʈʠʩ. 2.15. ʇʦʨʽʚʥʷʥʥʷ ʨʦʟʧʦʜʽʣʫ ʛʫʩʪʠʥʠ ʚ ʨʝʰʽʪʮʽ ʟʽ ʰʣʽʨʝʥ ʬʦʪʦʛʨʘʬʽʻʶ ʟ 

ʝʢʩʧʝʨʠʤʝʥʪʫ. 

 

ʗʢʽʩʥʠʡ ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʢʘʟʫʻ, ʱʦ ʢʘʨʪʠʥʠ ʦʙʪʽʢʘʥʥʷ 

ʢʦʤʧʨʝʩʦʨʥʦʾ ʨʝʰʽʪʢʠ ʥʘ ʦʩʥʦʚʽ STFF ʤʘʶʪʴ ʧʦʜʽʙʥʠʡ ʭʘʨʘʢʪʝʨ, ʟʦʢʨʝʤʘ ʚ 

ʤʽʞʣʦʧʘʪʢʦʚʦʤʫ ʢʘʥʘʣʽ ʪʘ ʢʨʦʤʢʦʚʠʭ ʩʣʽʜʽʚ ʟʘ ʨʝʰʽʪʢʦʶ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʝʯʽʾ ʫ ʚʝʥʪʠʣʷʪʦʨʥʦʤʫ ʢʦʥʪʫʨʽ 

ʦʙʨʘʥʦ ʪʦʧʦʣʦʛʽʶ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʽʪʢʠ Mesh3 ʪʘ ʤʦʜʝʣʴ ʪʫʨʙʫʣʝʥʪʥʦʾ ʚôʷʟʢʦʩʪʽ 

SST GTT. 

 

ɺʠʩʥʦʚʢʠ ʟʘ ʨʦʟʜʽʣʦʤ 

 

ɺ ʨʦʟʜʽʣʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʚʠʙʦʨʫ ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʪʦʧʦʣʦʛʽʾ 

ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʽʪʢʠ ʪʘ ʤʦʜʝʣʽ ʪʫʨʙʫʣʝʥʪʥʦʾ ʚôʷʟʢʦʩʪʽ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʯʽʾ ʚ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʽʡ ʧʨʠʩʪʘʚʮʽ. ʊʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʘ ʧʨʠʩʪʘʚʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ 

ʜʚʦʭ ʷʨʫʩʽʚ ï ʥʠʞʥʽʡ ʷʨʫʩ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʨʦʙʦʯʝ ʢʦʣʝʩʦ ʦʩʴʦʚʦʾ ʪʫʨʙʽʥʠ, 
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ʚʝʨʭʥʽʡ ʷʨʫʩ ï ʨʦʙʦʯʝ ʢʦʣʝʩʦ ʦʩʴʦʚʦʛʦ ʢʦʤʧʨʝʩʦʨʘ (ʦʩʴʦʚʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ). 

ɺʨʘʭʦʚʫʶʯʠ ʪʦʡ ʬʘʢʪ, ʱʦ ʥʘʪʫʨʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʥʝʤʘʻ, ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʽ ʦʢʨʝʤʽ ʪʝʩʪʦʚʽ ʟʘʜʘʯʽ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʯʽʾ ʚ 

ʪʫʨʙʽʥʥʽʡ ʪʘ ʚ ʢʦʤʧʨʝʩʦʨʥʽʡ ʨʝʰʽʪʮʽ.  

ɺ ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʦʾ ʪʝʩʪʦʚʦʾ ʟʘʜʘʯʽ ʤʦʜʝʣʶʚʘʥʥʷ 

ʪʝʯʽʾ ʚ ʪʫʨʙʽʥʥʽʡ ʨʝʰʽʪʮʽ VKI1. ʈʝʟʫʣʴʪʘʪʠ ʯʠʩʝʣʴʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ 

ʧʦʨʽʚʥʶʚʘʣʠʩʴ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʘʪʫʨʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ. ʅʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ 

ʪʝʩʪʦʚʦʾ ʟʘʜʘʯʽ ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ, ʱʦ ʜʣʷ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʯʽʾ ʫ ʪʫʨʙʽʥʥʦʤʫ ʢʦʥʪʫʨʽ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʦʙʨʘʥʦ 

ʪʦʧʦʣʦʛʽʶ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʽʪʢʠ Mesh4 ʪʘ ʤʦʜʝʣʴ ʪʫʨʙʫʣʝʥʪʥʦʾ ʚôʷʟʢʦʩʪʽ SST 

GTT. 

ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ ʪʝʩʪʦʚʫ ʟʘʜʘʯʫ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʯʽʾ ʚ ʢʦʤʧʨʝʩʦʨʥʽʡ ʨʝʰʽʪʮʽ 

ʥʘ ʦʩʥʦʚʽ ʨʦʪʦʨʫ STFF. ʈʝʟʫʣʴʪʘʪʠ ʯʠʩʝʣʴʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʙʫʣʦ ʧʦʨʽʚʥʷʥʦ ʟ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʘʪʫʨʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ. ɿʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ, ʱʦ ʜʣʷ ʧʦʜʘʣʴʰʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʪʝʯʽʾ ʫ ʚʝʥʪʠʣʷʪʦʨʥʦʤʫ ʢʦʥʪʫʨʽ ʦʙʨʘʥʦ ʪʦʧʦʣʦʛʽʶ ʨʦʟʨʘʭʫʥʢʦʚʦʾ 

ʩʽʪʢʠ Mesh3 ʪʘ ʤʦʜʝʣʴ ʪʫʨʙʫʣʝʥʪʥʦʾ ʚôʷʟʢʦʩʪʽ SST GTT. 

ʈʝʟʫʣʴʪʠ ʜʘʥʦʛʦ ʨʦʟʜʽʣʫ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʨʦʙʦʪʘʭ ʘʚʪʦʨʘ [94-96]. 
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ʈʆɿɼɯʃ 3 

ʈʆɿʈʆɹʂɸ ʄʆɼɽʃɯ ʊʋʈɹʆɺɽʅʊʀʃʗʊʆʈʅʆɰ ʇʈʀʉʊɸɺʂʀ 

 

ʊʝʨʤʦʛʘʟʦʜʠʥʘʤʽʯʥʘ ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʥʘʙʽʨ ʨʽʚʥʷʥʴ, ʷʢʽ ʦʧʠʩʫʶʪʴ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʽ ʽ ʛʘʟʦʜʠʥʘʤʽʯʥʽ ʧʨʦʮʝʩʠ ʚ ʪʫʨʙʽʥʥʽʡ ʽ ʚʝʥʪʠʣʷʪʦʨʥʽʡ ʯʘʩʪʠʥʽ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʛʘʟʦʪʫʨʙʽʥʥʦʛʦ ʜʚʠʛʫʥʘ. ʊʝʨʤʦʛʘʟʦʜʠʥʘʤʽʯʥʠʡ 

ʨʦʟʨʘʭʫʥʦʢ ʜʚʠʛʫʥʘ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʜʚʠʛʫʥʘ ʽ 

ʛʘʟʦʜʠʥʘʤʽʯʥʦʛʦ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʥʘʥʥʷ ʪʝʨʤʦʛʘʟʦʜʠʥʘʤʽʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ 

ʜʚʠʛʫʥʘ ʽ ʛʘʟʦʜʠʥʘʤʽʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʜʚʠʛʫʥʘ ʙʫʜʝ ʦʪʨʠʤʘʥʦ ʚ ʪʦʤʫ ʯʠʩʣʽ 

ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʪʫʨʙʽʥʥʦʾ ʽ ʚʝʥʪʠʣʷʪʦʨʥʦʾ ʯʘʩʪʠʥʠ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ 

ʧʨʠʩʪʘʚʢʠ. 

ɿʘʚʜʘʥʥʷ ʩʢʣʘʜʘʣʦʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʝʪʘʧʽʚ: 

1. ɺʠʟʥʘʯʝʥʥʷ ʛʘʟʦʜʠʥʘʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʦʪʦʢʽʚ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ ʯʝʨʝʟ 

ʯʝʨʝʟ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʫ ʧʨʠʩʪʘʚʢʫ. 

2. ɺʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʪʫʨʙʽʥʥʦʛʦ ʪʘ ʚʝʥʪʠʣʷʪʦʨʥʦʛʦ ʢʦʥʪʫʨʽʚ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ. 

3. ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʚʝʩʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʯʽʾ ʚ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʽʡ ʧʨʠʩʪʘʚʮʽ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʢʦʤʧʣʝʢʩʽ ANSYS Student.  

 

3.1. ɺʠʟʥʘʯʝʥʥʷ ʛʘʟʦʜʠʥʘʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʦʪʦʢʽʚ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ 

ʯʝʨʝʟ ʩʪʫʧʝʥʽ ʪʫʨʙʽʥʠ ʪʘ ʯʝʨʝʟ ʦʩʴʦʚʠʡ ʚʝʥʪʠʣʷʪʦʨ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ 

ʧʨʠʩʪʘʚʢʠ 

 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʛʘʟʦʜʠʥʘʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʦʪʦʢʫ ʛʘʟʫ ʯʝʨʝʟ ʪʫʨʙʽʥʫ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʤʝʪʦʜʠʢʘ, ʷʢʘ ʦʧʠʩʘʥʘ ʚ ʨʦʙʦʪʽ [97]. ʇʨʝʜʩʪʘʚʣʝʥʠʡ ʘʣʛʦʨʠʪʤ 

ʙʫʚ ʨʝʘʣʽʟʦʚʘʥʠʡ ʚ ʧʨʦʛʨʘʤʽ MathCad.  

ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ʩʪʫʧʝʥʷ ʪʫʨʙʽʥʠ ʥʝʦʙʭʽʜʥʦ ʟʘʜʘʪʠ 

ʥʘʩʪʫʧʥʽ ʚʭʽʜʥʽ ʜʘʥʽ: 

ҍ ʇʦʚʥʠʡ ʪʠʩʢ ʥʘ ʚʭʦʜʽ ʜʦ ʪʫʨʙʽʥʠ; 

ҍ ʇʦʚʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʫ ʥʘ ʚʭʦʜʽ ʜʦ ʪʫʨʙʽʥʠ; 
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ҍ ʂʦʝʬʽʮʽʻʥʪ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʪʫʧʝʥʷ ʪʫʨʙʽʥʠ ʥʘ ʩʝʨʝʜʥʴʦʤʫ ʨʘʜʽʫʩʽ; 

ҍ ʂʽʥʮʝʚʠʡ, ʩʝʨʝʜʥʽʡ ʪʘ ʚʪʫʣʢʦʚʠʡ ʜʽʘʤʝʪʨʠ ʧʝʨʝʜ ʨʦʙʦʯʠʤ ʢʦʣʝʩʦʤ 

ʪʫʨʙʽʥʠ; 

ҍ ʂʫʪ ʚʠʭʦʜʫ ʧʦʪʦʢʫ ʛʘʟʫ ʥʘ ʚʠʭʦʜʽ ʽʟ ʩʦʧʣʦʚʦʛʦ ʘʧʘʨʘʪʫ ʧʨʠʡʥʷʪʠʡ 

20ʦ; 

ҍ ʂʦʣʦʚʘ ʰʚʠʜʢʽʩʪʴ ʥʘ ʩʝʨʝʜʥʴʦʤʫ ʜʽʘʤʝʪʨʽ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ, 

ʚʠʟʥʘʯʘʣʘʩʴ ʯʝʨʝʟ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʦʩʴʦʚʦʛʦ ʚʝʥʪʠʣʷʪʦʨʫ; 

ҍ ʇʨʠʚʝʜʝʥʘ ʰʚʠʜʢʽʩʪʴ ʥʘ ʚʠʭʦʜʽ ʽʟ ʩʦʧʣʦʚʦʛʦ ʘʧʘʨʘʪʫ, ʧʽʜʙʠʨʘʣʘʩʴ 

ʽʪʝʨʘʮʽʡʥʠʤ ʰʣʷʭʦʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʭʦʜʠʤʦʩʪʽ ʟʘ ʨʦʙʦʪʦʶ, ʱʦ 

ʚʠʢʦʥʫʻʪʴʩʷ; 

ҍ ʂʦʝʬʽʮʽʻʥʪ ʟʙʝʨʝʞʝʥʥʷ ʧʦʚʥʦʛʦ ʪʠʩʢʫ ʚ ʩʦʧʣʦʚʦʤʫ ʘʧʘʨʘʪʽ 

ʧʨʠʡʥʷʪʠʡ 0,98. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʦʙʣʝʥʦʾ ʧʨʦʛʨʘʤʠ ʚʠʢʦʥʘʥʘ ʩʝʨʽʷ ʨʦʟʨʘʭʫʥʢʽʚ ʧʦ 

ʚʠʟʥʘʯʝʥʥʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʫʨʙʽʥʥʦʛʦ ʢʦʥʪʫʨʫ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ 

ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʟʦʚʥʽʰʥʴʦʛʦ ʨʘʜʽʫʩʫ ʪʫʨʙʽʥʠ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩʫʥʢʘʭ 3.1 ï 3.6. 

ʆʪʨʠʤʘʥʦ ʟʘʣʝʞʥʽʩʪʴ ʚʠʪʨʘʪʠ ʛʘʟʫ ʯʝʨʝʟ ʪʫʨʙʽʥʫ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʩʪʫʧʝʥʽʚ 

ʪʫʨʙʽʥʠ (ʨʠʩ.3.1). 

ɿʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʫ ʥʘʧʨʫʞʝʥʦʩʪʽ ʪʫʨʙʽʥʠ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʩʪʫʧʝʥʽʚ ʪʫʨʙʽʥʠ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ.3.2. ɿʘʣʝʞʥʽʩʪʴ ʧʦʪʫʞʥʦʩʪʽ ʦʩʴʦʚʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ ʚʽʜ 

ʟʦʚʥʽʰʥʴʦʛʦ ʨʘʜʽʫʩʫ ʪʫʨʙʽʥʠ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʥʘ ʨʠʩ.3.3. ɿʘʣʝʞʥʽʩʪʴ 

ʧʦʪʫʞʥʦʩʪʽ ʦʜʥʦʛʦ ʩʪʫʧʝʥʷ ʪʫʨʙʽʥʠ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʩʪʫʧʝʥʽʚ ʪʫʨʙʽʥʠ ʜʣʷ ʪʫʨʙʽʥʠ ʟ 

ʨʽʟʥʠʤʠ ʟʦʚʥʽʰʥʽʤʠ ʨʘʜʽʫʩʘʤʠ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ.3.4. ɿʘʣʝʞʥʽʩʪʴ ʚʠʩʦʪʠ ʣʦʧʘʪʢʠ 

ʪʫʨʙʽʥʠ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʩʪʫʧʝʥʽʚ ʪʫʨʙʽʥʠ ʜʣʷ ʪʫʨʙʽʥʠ ʟ ʨʽʟʥʠʤʠ ʟʦʚʥʽʰʥʽʤʠ 

ʨʘʜʽʫʩʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ.3.5. ɿʥʘʯʝʥʥʷ ʩʪʫʧʝʥʶ ʨʝʘʢʪʠʚʥʦʩʪʽ ʪʫʨʙʽʥʠ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʩʪʫʧʝʥʽʚ ʪʫʨʙʽʥʠ ʜʣʷ ʪʫʨʙʽʥʠ ʟ ʨʽʟʥʠʤʠ ʟʦʚʥʽʰʥʽʤʠ 

ʨʘʜʽʫʩʘʤʠ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ.3.6. ɺʘʨʽʘʥʪʠ, ʜʣʷ ʷʢʠʭ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʫ ʜʦʨʽʚʥʶʻ 

0 ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʦʥʩʪʨʫʢʮʽʾ, ʷʢʫ ʥʝʤʦʞʣʠʚʦ ʨʝʘʣʽʟʫʚʘʪʠ. 
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ʈʠʩ. 3.1. ɺʠʪʨʘʪʘ ʛʘʟʫ ʯʝʨʝʟ ʪʫʨʙʽʥʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʩʪʫʧʝʥʽʚ 

ʪʫʨʙʽʥʠ ʜʣʷ ʨʽʟʥʠʭ ʟʦʚʥʽʰʥʽʭ ʨʘʜʽʫʩʽʚ ʪʫʨʙʽʥʠ 

 

ʈʠʩ. 3.2. ɿʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʫ ʥʘʧʨʫʞʝʥʦʩʪʽ ʪʫʨʙʽʥʠ ʚʽʜ ʢʽʣʴʢʦʩʪʽ 

ʩʪʫʧʝʥʽʚ ʪʫʨʙʽʥʠ 
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ʈʠʩ.3.3. ɿʘʣʝʞʥʽʩʪʴ ʧʦʪʫʞʥʦʩʪʽ ʦʩʴʦʚʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ ʚʽʜ ʟʦʚʥʽʰʥʴʦʛʦ 

ʨʘʜʽʫʩʫ ʪʫʨʙʽʥʠ 

 

ʈʠʩ. 3.4. ɿʘʣʝʞʥʽʩʪʴ ʧʦʪʫʞʥʦʩʪʽ ʦʜʥʦʛʦ ʩʪʫʧʝʥʷ ʪʫʨʙʽʥʠ ʚʽʜ ʢʽʣʴʢʦʩʪʽ 

ʩʪʫʧʝʥʽʚ ʪʫʨʙʽʥʠ ʜʣʷ ʪʫʨʙʽʥʠ ʟ ʨʽʟʥʠʤʠ ʟʦʚʥʽʰʥʽʤʠ ʨʘʜʽʫʩʘʤʠ 
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ʈʠʩ. 3.5. ɿʘʣʝʞʥʽʩʪʴ ʚʠʩʦʪʠ ʣʦʧʘʪʢʠ ʪʫʨʙʽʥʠ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʩʪʫʧʝʥʽʚ ʪʫʨʙʽʥʠ 

ʜʣʷ ʪʫʨʙʽʥʠ ʟ ʨʽʟʥʠʤʠ ʟʦʚʥʽʰʥʽʤʠ ʨʘʜʽʫʩʘʤʠ 

 

ʈʠʩ. 3.6. ɿʥʘʯʝʥʥʷ ʩʪʫʧʝʥʶ ʨʝʘʢʪʠʚʥʦʩʪʽ ʪʫʨʙʽʥʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʽʣʴʢʦʩʪʽ 

ʩʪʫʧʝʥʽʚ ʪʫʨʙʽʥʠ ʜʣʷ ʪʫʨʙʽʥʠ ʟ ʨʽʟʥʠʤʠ ʟʦʚʥʽʰʥʽʤʠ ʨʘʜʽʫʩʘʤʠ 
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3.2. ʈʦʟʨʘʭʫʥʦʢ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʪʘ ʧʦʙʫʜʦʚʘ ʣʦʧʘʪʦʢ ʩʪʫʧʝʥ ̫

ʪʫʨʙʽʥʠ 

 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʧʨʦʬʽʣʶ ʣʦʧʘʪʢʠ ʪʫʨʙʽʥʠ ʦʙʠʨʘʻʤʦ ʩʠʤʝʪʨʠʯʥʠʡ ʧʨʦʬʽʣʴ ʟ 

ʚʽʜʥʦʩʥʦʶ ʪʦʚʱʠʥʦʶ ʥʘ ʩʝʨʝʜʥʴʦʤʫ ʜʽʘʤʝʪʨʽ 15 %. ɿʥʘʯʝʥʥʷ ʚʽʜʥʦʩʥʠʭ 

ʢʦʦʨʜʠʥʘʪ ʪʦʯʦʢ ʧʨʦʬʽʣʶ ʧʨʝʜʩʪʘʚʣʝʥʝ ʫ ʪʘʙʣʠʮʽ 3.1 [97]. 

ʊʘʙʣʠʮʷ 3.1 

, % , % , % , % 

0 0 40 50.9 

1.25 11.7 50 47.6 

2.5 15.4 60 37 

5 19.9 70 25.1 

10 27.4 80 14.2 

15 34 90 8.5 

20 39.5 95 7.2 

30 47.2 100 0 

ʇʨʠʡʤʘʻʤʦ, ʱʦ ʩʝʨʝʜʥʷ ʣʽʥʽʷ ʧʨʦʬʽʣʶ ʚʠʛʠʥʘʻʪʴʩʷ ʧʦ ʧʘʨʘʙʦʣʽ. ʈʽʚʥʷʥʥʷʤ 

ʧʘʨʘʙʦʣʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʻ ʨʽʚʥʷʥʥʷ ʢʨʠʚʦʾ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ, ʷʢʝ ʤʦʞʥʘ 

ʟʘʧʠʩʘʪʠ ʫ ʥʘʩʪʫʧʥʦʤʫ ʚʠʛʣʷʜʽ: 

                  (3.1) 

ɼʦʜʘʪʢʦʚʦʶ ʫʤʦʚʦʶ ʜʣʷ ʧʘʨʘʙʦʣʠ ʻ ʨʽʚʥʷʥʥʷ: 

 

ʈʽʚʥʷʥʥʷ 3.1 ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʥʘʩʪʫʧʥʽʡ ʬʦʨʤʽ 

 

(3.2) 

 

ʇʦʙʫʜʫʚʘʪʠ ʧʘʨʘʙʦʣʫ ʤʦʞʥʘ ʟʥʘʶʯʠ ʨʽʚʥʷʥʥʷ ʜʚʦʭ ʜʦʪʠʯʥʠʭ ʜʦ ʥʝʾ ʪʘ ʱʝ 

ʦʜʥʽʻʾ ʪʦʯʢʠ. ʇʝʨʰʽ ʜʚʽ ʜʦʪʠʯʥʽ ʚʠʟʥʘʯʝʥʽ ʢʦʥʩʪʨʫʢʮʽʡʥʠʤ ʢʫʪʦʤ ʚʭʦʜʫ ʣʦʧʘʪʢʠ 

ʚ ʥʦʩʠʢʫ ʧʨʦʬʽʣʶ ʪʘ ʢʦʥʩʪʨʫʢʮʽʡʥʠʤ ʢʫʪʦʤ ʚʠʭʦʜʫ ʣʦʧʘʪʢʠ ʚ ʢʽʥʮʝʚʽʡ ʪʦʯʮʽ 
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ʧʨʦʬʽʣʶ. ɼʦʜʘʪʢʦʚʫ ʪʦʯʢʫ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʷʢ ʩʝʨʝʜʠʥʫ ʚʽʜʨʽʟʢʫ, ʱʦ ʧʦʻʜʥʫʻ 

ʩʝʨʝʜʠʥʠ ʚʽʜʨʽʟʢʽʚ, ʷʢʽ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʧʦʻʜʥʫʶʪʴ ʪʦʯʢʫ ʧʝʨʝʪʠʥʫ ʜʚʦʭ ʜʦʪʠʯʥʠʭ 

ʪʘ ʪʦʯʢʫ ʥʘ ʧʘʨʘʙʦʣʽ. ʅʝʦʙʭʽʜʥʽ ʝʣʝʤʝʥʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 3.7. 

 

ʈʠʩ. 3.7. ʉʭʝʤʘ ʧʦʙʫʜʦʚʠ ʜʦʪʠʯʥʠʭ 

 

ʈʽʚʥʷʥʥʷ ʜʦʪʠʯʥʦʾ ʜʦ ʢʨʠʚʦʾ ʚ ʪʦʯʮʽ ʤʘʻ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 

 

ʜʝ 

  ï ʧʦʭʽʜʥʘ ʢʨʠʚʦʾ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʚ ʪʦʯʮʽ ; 

 ï ʢʫʪ ʤʽʞ ʜʦʪʠʯʥʦʶ ʪʘ ʚʽʩʩʶ . 

ʇʦʭʽʜʥʘ ʥʝʷʚʥʦʾ ʬʫʥʢʮʽʾ ʜʣʷ ʨʽʚʥʷʥʥʷ ʢʨʠʚʦʾ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʤʘʻ 

ʥʘʩʪʫʧʥʠʡ ʚʠʜ: 

 

ʇʽʩʣʷ ʩʧʨʦʱʝʥʥʷ ʦʪʨʠʤʘʻʤʦ ʥʘʩʪʫʧʥʝ ʨʽʚʥʷʥʥʷ: 
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ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʫ ʨʽʚʥʷʥʥʽ ʧʘʨʘʙʦʣʠ ʩʣʽʜ ʚʠʨʽʰʠʪʠ ʩʠʩʪʝʤʫ 

ʨʽʚʥʷʥʴ [97]: 

 

 
ʇʽʩʣʷ ʨʦʟʚôʷʟʢʫ ʦʪʨʠʤʘʥʦʾ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʽ ʟʥʘʭʦʜʞʝʥʥʷ ʟʥʘʯʝʥʴ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʟʥʘʭʦʜʷʪʴ ʧʦʯʘʪʢʦʚʽ ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʦʢ ʧʨʦʬʽʣʶ ʟʘ ʬʦʨʤʫʣʘʤʠ: 

 

 
ʜʝ  

 ï ʭʦʨʜʘ ʣʦʧʘʪʢʠ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ; 

 ï ʧʦʨʷʜʢʦʚʠʡ ʥʦʤʝʨ ʪʦʯʢʠ; 

 ï ʚʽʜʥʦʩʥʘ ʪʦʚʱʠʥʘ ʧʨʦʬʽʣʶ; 

 ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʩʝʨʝʜʥʴʦʾ ʣʽʥʽʾ, ʧʦ ʥʦʨʤʘʣʽ ʜʦ ʥʝʾ, ʜʦ ʪʦʯʢʠ ʥʘ ʧʨʦʬʽʣʽ. 

ʂʦʦʨʜʠʥʘʪʠ ʪʦʯʦʢ ʧʨʦʬʽʣʶ ʙʫʜʫʶʪʴʩʷ ʧʦ ʥʦʨʤʘʣʽ ʜʦ ʩʝʨʝʜʥʴʦʾ ʣʽʥʽʾ. 

ʈʽʚʥʷʥʥʷ ʥʦʨʤʘʣʽ ʤʘʻ ʥʘʩʪʫʧʥʠʡ ʚʠʜ: 

 

ɿʥʘʯʝʥʥʷ ʢʦʦʨʜʠʥʘʪʠ  ʦʪʨʠʤʫʶʪʴ ʟ ʨʽʚʥʷʥʥʷ 3.2. 

ɼʣʷ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʦʙʯʠʩʣʝʥʥʷ ʪʦʯʦʢ ʧʨʦʬʽʣʶ ʨʦʟʨʦʙʣʝʥʦ ʧʨʦʛʨʘʤʫ ʫ 

ʜʦʜʘʪʢʫ Mathcad. ʈʦʟʨʘʭʦʚʘʥʠʡ ʧʨʦʬʽʣʴ ʪʫʨʙʽʥʠ ʧʦ ʩʝʨʝʜʥʴʦʤʫ ʨʘʜʽʫʩʫ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩʫʥʢʫ 3.8. 
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ʈʠʩ. 3.8. ʇʨʦʬʽʣʴ ʪʫʨʙʽʥʠ ʧʦ ʩʝʨʝʜʥʴʦʤʫ ʨʘʜʽʫʩʫ 

 

ɼʘʣʽ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʨʦʟʨʘʭʫʥʢʠ ʧʨʦʬʽʣʶ ʣʦʧʘʪʦʢ ʪʫʨʙʽʥʠ ʥʘ ʟʦʚʥʽʰʥʴʦʤʫ ʪʘ 

ʚʪʫʣʢʦʚʦʤʫ ʨʘʜʽʫʩʽ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʙʯʠʩʣʝʥʴ ʧʦʙʫʜʦʚʘʥʘ 3D ʤʦʜʝʣʴ ʣʦʧʘʪʢʠ 

ʈʂ ʪʫʨʙʽʥʠ, ʷʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 3.9. 

 

ʈʠʩ. 3.9. 3D ʤʦʜʝʣʴ ʣʦʧʘʪʢʠ ʈʂ ʩʪʫʧʝʥ ̫ʪʫʨʙʽʥʠ 
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3.3. ʄʦʜʝʣʶʚʘʥʥʷ ʪʝʯʽʾ ʚ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʽʡ ʧʨʠʩʪʘʚʮʽ ʟ ʦʜʥʠʤ 

ʩʪʫʧʝʥʝʤ ʪʫʨʙʽʥʠ 

 

ʄʦʜʝʣʶʚʘʥʥʷ ʪʝʯʽʾ ʚ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʽʡ ʧʨʠʩʪʘʚʮʽ ʨʝʘʣʽʟʦʚʘʥʦ ʚ 

ʧʨʦʛʨʘʤʥʦʤʫ ʜʦʜʘʪʢʫ ANSYS Student CFX, ʦʩʢʽʣʴʢʠ ʮʝʡ ʧʨʦʜʫʢʪ ʻ ʦʜʥʠʤ ʽʟ 

ʩʚʽʪʦʚʠʭ ʣʽʜʝʨʽʚ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʘʛʨʝʛʘʪʽʚ ʪʫʨʙʦʨʝʘʢʪʠʚʥʠʭ ʜʚʠʛʫʥʽʚ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦʧʝʨʝʜʥʽʭ ʝʪʘʧʽʚ ʚʠʟʥʘʯʝʥʦ ʛʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ. 

ʇʨʠ ʧʦʙʫʜʦʚʽ ʤʦʜʝʣʽ ʧʨʠʡʥʷʪʽ ʥʘʩʪʫʧʥʽ ʧʨʠʧʫʱʝʥʥʷ: 

ҍ ʤʦʜʝʣʶʻʪʴʩʷ ʪʽʣʴʢʠ ʦʜʠʥ ʩʪʫʧʽʥʴ ʪʫʨʙʽʥʠ; 

ҍ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʘ ʧʨʠʩʪʘʚʢʘ ʤʦʜʝʣʶʻʪʴʩʷ ʩʝʢʪʦʨʦʤ, ʷʢʠʡ 

ʚʢʣʶʯʘʻ ʪʽʣʴʢʠ ʦʜʥʫ ʣʦʧʘʪʴ (ʢʫʪ ʩʝʢʪʦʨʫ ʩʪʘʥʦʚʠʪʴ 10,9ʦ); 

ҍ ʛʘʟʦʚʘ ʪʫʨʙʽʥʘ ʤʦʜʝʣʶʻʪʴʩʷ ʦʜʥʠʤ ʩʝʢʪʦʨʦʤ, ʷʢʠʡ ʚʢʣʶʯʘʻ ʪʨʠ 

ʣʦʧʘʪʢʠ (ʢʫʪ ʩʝʢʪʦʨʫ 2,11ʦ); 

ҍ ʣʦʧʘʪʢʠ ʪʫʨʙʽʥʠ ʙʝʟ ʩʠʩʪʝʤʠ ʦʭʦʣʦʜʞʝʥʥʷ; 

ҍ ʚʽʜʧʨʘʮʴʦʚʘʥʽ ʛʘʟʠ ʚ ʪʫʨʙʽʥʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʧʦʚʽʪʨʷ; 

ҍ ʧʨʦʤʝʥʝʚʠʡ ʪʝʧʣʦʦʙʤʽʥ ʥʝ ʨʦʟʛʣʷʜʘʻʪʴʩʷ; 

ʉʧʨʷʤʥʠʡ ʘʧʘʨʘʪ ʟʘ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʶ ʧʨʠʩʪʘʚʢʦʶ ʥʝ ʤʦʜʝʣʶʻʪʴʩʷ. 

ʂʘʥʘʣ 2-ʛʦ ʢʦʥʪʫʨʫ ʤʦʜʝʣʶʻʪʴʩʷ ʧʨʷʤʠʤʠ ʜʽʣʷʥʢʘʤʠ ʢʨʫʛʣʦʛʦ ʧʝʨʝʪʠʥʫ ʙʝʟ 

ʧʨʦʬʽʣʶʚʘʥʥʷ. ɺʭʽʜʥʠʡ ʧʨʠʩʪʨʽʡ ʜʦ 2-ʛʦ ʢʦʥʪʫʨʫ ʥʝ ʤʦʜʝʣʶʻʪʴʩʷ. ʉʝʢʪʦʨ 

ʪʫʨʙʽʥʠ ʽ ʦʩʴʦʚʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʟôʻʜʥʘʥʽ ʯʝʨʝʟ 

ʤʝʪʘʣʝʚʫ ʦʙʠʯʘʡʢʫ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʦʙʤʽʥʫ ʚʽʜ ʪʫʨʙʽʥʠ ʜʦ ʣʦʧʘʪʢʠ 

ʦʩʴʦʚʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʚʽʜ ʛʘʨʷʯʠʭ ʛʘʟʽʚ ʧʝʨʰʦʛʦ ʢʦʥʪʫʨʫ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʪʦʢʫ 

ʯʝʨʝʟ ʜʨʫʛʠʡ ʢʦʥʪʫʨ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʧʝʨʝʜ ʪʘ ʟʘ ʪʫʨʙʽʥʦʶ 

ʜʦʜʘʪʢʦʚʦ ʤʦʜʝʣʶʶʪʴʩʷ ʜʽʣʷʥʢʠ ʛʘʨʷʯʠʭ ʧʦʪʦʢʽʚ ʧʦʚʽʪʨʷ ʜʦʚʞʠʥʦʶ 1 ʤ. 

ʉʦʧʣʦʚʠʡ ʘʧʘʨʘʪ ʪʫʨʙʽʥʠ ʥʝ ʤʦʜʝʣʶʻʪʴʩʷ, ʥʘʧʨʷʤʦʢ ʧʦʪʦʢʫ ʟʘʜʘʻʪʴʩʷ ʚʝʢʪʦʨʦʤ 

ʰʚʠʜʢʦʩʪʽ. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʤʦʜʝʣʽ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩʫʥʢʫ 3.10. 
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ʈʠʩ. 3.10. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣʽ 

 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʽʪʢʠ ʚʠʢʦʨʠʩʪʘʥʦ ʩʽʪʢʦʚʠʡ ʛʝʥʝʨʘʪʦʨ. ʄʦʜʝʣʴ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ 11 ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʦʙʣʘʩʪʝʡ. ʂʦʞʥʘ ʦʙʣʘʩʪʴ ʨʦʟʙʠʪʘ ʛʝʢʩʘʝʜʨʠʯʥʦʶ 

ʩʪʨʫʢʪʫʨʦʚʘʥʦʶ ʩʽʪʢʦʶ. ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʛʨʘʥʠʯʥʦʛʦ ʰʘʨʫ ʧʦʯʘʪʢʦʚʘ ʚʠʩʦʪʘ 

ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʢʦʤʽʨʢʠ ʙʽʣʷ ʩʪʽʥʦʢ ʩʪʘʥʦʚʠʣʘ 10-3 ʤʤ. ʃʦʧʘʪʢʘ ʚʝʥʪʠʣʷʪʦʨʥʦʛʦ 

ʢʦʥʪʫʨʫ ʧʨʠʩʪʘʚʢʠ ʚʟʜʦʚʞ ʭʦʨʜʠ ʨʦʟʙʠʪʘ ʥʘ 100 ʢʦʤʽʨʦʢ, ʣʦʧʘʪʢʠ ʪʫʨʙʽʥʠ ï 90 

ʢʦʤʽʨʦʢ. ʇʦʙʫʜʦʚʘʥʘ ʩʽʪʢʘ ʜʣʷ ʣʦʧʘʪʦʢ ʦʩʴʦʚʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ ʪʘ ʣʦʧʘʪʦʢ ʪʫʨʙʽʥʠ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 3.11. 

 
ʈʠʩ. 3.11. ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʽʪʢʘ ʣʦʧʘʪʦʢ ʈʂ ʚʝʥʪʠʣʷʪʦʨʥʦʛʦ ʪʘ ʣʦʧʘʪʦʢ ʈʂ 

ʪʫʨʙʽʥʥʦʛʦ ʢʦʥʪʫʨʫ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ 
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ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʞʥʦʾ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ, ʘ ʩʘʤʝ ʪʠʧ ʤʘʪʝʨʽʘʣʫ ʪʘ 

ʢʽʣʴʢʽʩʪʴ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʢʦʤʽʨʦʢ, ʘ ʪʘʢʦʞ ʾʾ ʬʫʥʢʮʽʷ ʚ ʛʣʦʙʘʣʴʥʽʡ ʤʦʜʝʣʽ  

ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣʠʮʽ 3.2. 

ʊʘʙʣʠʮʷ 3.2 

 

ʅʘʟʚʘ 

ʦʙʣʘʩʪʽ 

ʆʧʠʩ ʊʠʧ ʂʽʣʴʢʽʩʪʴ 

ʢʦʤʽʨʦʢ 

ʇʨʠʤʽʪʢʘ 

Air in  ʇʦʪʽʢ ʧʦʚʽʪʨʷ ʧʝʨʝʜ 

ʚʝʥʪʠʣʷʪʦʨʥʦʶ 

ʯʘʩʪʠʥʦʶ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ 

ʧʨʠʩʪʘʚʢʠ  

ʇʦʚʽʪʨʷ 

ʷʢ 

ʽʜʝʘʣʴʥʠʡ 

ʛʘʟ 

301938  

Air out ʇʦʪʽʢ ʧʦʚʽʪʨʷ ʟʘ 

ʚʝʥʪʠʣʷʪʦʨʥʦʶ 

ʯʘʩʪʠʥʦʶ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ 

ʧʨʠʩʪʘʚʢʠ 

ʇʦʚʽʪʨʷ 

ʷʢ 

ʽʜʝʘʣʴʥʠʡ 

ʛʘʟ 

426888  

Compressor 

air 

ʆʙʣʘʩʪʴ ʟ ʧʦʚʽʪʨʷʤ 

ʥʘʚʢʦʣʦ ʣʦʧʘʪʢʠ 

ʦʩʴʦʚʦʛʦ 

ʚʝʥʪʠʣʷʪʦʨʘ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ 

ʧʨʠʩʪʘʚʢʠ 

ʇʦʚʽʪʨʷ 

ʷʢ 

ʽʜʝʘʣʴʥʠʡ 

ʛʘʟ 

2114661  

Compressor 

blade 

ʉʘʤʘ ʣʦʧʘʪʢʘ 

ʦʩʴʦʚʦʛʦ 

ʚʝʥʪʠʣʷʪʦʨʘ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ 

ʧʨʠʩʪʘʚʢʠ 

ʄʝʪʘʣ 326403  

Compressor 

wall 

ʆʙʣʘʩʪʴ, ʷʢʘ ʧʦʻʜʥʫʻ 

ʩʝʢʪʦʨ ʪʫʨʙʽʥʠ ʪʘ 

ʩʝʢʪʦʨ ʦʩʴʦʚʦʛʦ 

ʚʝʥʪʠʣʷʪʦʨʘ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ 

ʧʨʠʩʪʘʚʢʠ 

ʄʝʪʘʣ 33408  

Turbine air ʆʙʣʘʩʪʴ ʟ ʧʦʚʽʪʨʷʤ 

ʥʘʚʢʦʣʦ ʣʦʧʘʪʦʢ 

ʪʫʨʙʽʥʠ 

ʇʦʚʽʪʨʷ 

ʷʢ 

ʽʜʝʘʣʴʥʠʡ 

ʛʘʟ 

2228700  
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Turbine inlet 

ʅʝʨʫʭʦʤʘ ʦʙʣʘʩʪʴ 

ʧʝʨʝʜ ʩʝʢʪʦʨʦʤ 

ʪʫʨʙʽʥʠ ʜʣʷ 

ʤʦʜʝʣʶʚʘʥʥʷ 

ʥʘʙʽʛʘʶʯʦʛʦ ʧʦʪʦʢʫ 

ʇʦʚʽʪʨʷ 

ʷʢ 

ʽʜʝʘʣʴʥʠʡ 

ʛʘʟ 

5916 

 

Hot air in 

ʉʝʢʪʦʨ ʧʝʨʝʜ 

ʪʫʨʙʽʥʦʶ ʟ ʛʘʨʷʯʠʤ 

ʧʦʚʽʪʨʷʤ 

ʇʦʚʽʪʨʷ 

ʷʢ 

ʽʜʝʘʣʴʥʠʡ 

ʛʘʟ 

82418 

ʆʙʣʘʩʪʽ ʜʣʷ 

ʤʦʜʝʣʶʚʘʥʥʷ 

ʚʧʣʠʚʫ 

ʪʝʧʣʦʚʦʛʦ 

ʧʦʪʦʢʫ ʚʽʜ 

ʧʝʨʰʦʛʦ 

ʢʦʥʪʫʨʫ ʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʦʪʦʢʫ ʜʨʫʛʦʛʦ 

ʢʦʥʪʫʨʫ. 

ʄʘʩʦʦʙʤʽʥ ʟ 

ʽʥʰʠʤʠ 

ʦʙʣʘʩʪʷʤʠ ʥʝ 

ʚʽʜʙʫʚʘʻʪʴʩʷ. 

Hot air out 

ʉʝʢʪʦʨ ʟʘ ʪʫʨʙʽʥʦʶ ʟ 

ʛʘʨʷʯʠʤ ʧʦʚʽʪʨʷʤ 

ʇʦʚʽʪʨʷ 

ʷʢ 

ʽʜʝʘʣʴʥʠʡ 

ʛʘʟ 

82418 

Hot wall in 

ʆʙʣʘʩʪʴ ʜʣʷ 

ʤʦʜʝʣʶʚʘʥʥʷ 

ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʤʽʞ 

Hot air in ʪʘ  Air in 

ʄʝʪʘʣ 

6264 

Hot wall out 

ʆʙʣʘʩʪʴ ʜʣʷ 

ʤʦʜʝʣʶʚʘʥʥʷ 

ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʤʽʞ 

Hot air out ʪʘ Air out 

ʄʝʪʘʣ 

21609 

ɺʩʽ ʦʙʣʘʩʪʽ 5 630 623  

 

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʦ ʤʦʜʝʣʴ SST GTT. ɼʣʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʚʠʙʨʘʥʘ ʤʦʜʝʣʴ Thermal Energy. 

ʆʙʣʘʩʪʽ Compressor air, Turbine air, Compressor wall ʪʘ Compressor blade 

ʟʘʜʘʥʽ ʷʢ ʪʘʢʽ, ʱʦ ʦʙʝʨʪʘʶʪʴʩʷ. ʆʙʣʘʩʪʽ, ʱʦ ʦʙʝʨʪʘʶʪʴʩʷ ʧʦʚôʷʟʘʥʽ ʟʽ ʩʪʘʪʠʯʥʠʤʠ 

ʦʙʣʘʩʪʷʤʠ ʽʥʪʝʨʬʝʡʩʘʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʣʽ Frozen Rotor. ɼʣʷ ʙʦʢʦʚʠʭ 

ʧʦʚʝʨʭʦʥʴ, ʷʢʽ ʦʙʤʝʞʫʶʪʴ ʦʙʣʘʩʪʽ, ʱʦ ʻ ʩʝʢʪʦʨʘʤʠ, ʟʘʜʘʥʽ ʽʥʪʝʨʬʝʡʩʠ, ʜʣʷ ʷʢʠʭ 

ʦʙʨʘʥʦ ʚʣʘʩʪʠʚʦʩʪʽ Rotational Periodicity. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣʽ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 3.12. 
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ʈʠʩ. 3.12. ʈʦʟʨʘʭʫʥʢʦʚʘ ʤʦʜʝʣʴ 

 

ɺ ʷʢʦʩʪʽ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʟʘʜʘʥʦ ʥʘʩʪʫʧʥʽ ʧʘʨʘʤʝʪʨʠ: 

ҍ ʆʙʣʘʩʪʴ Air in, ʛʨʘʥʠʯʥʘ ʫʤʦʚʘ ( ʜʘʣʽ ɻʋ) Inlet ï ʪʠʧ ʚʭʽʜ, ʧʦʚʥʠʡ 

ʪʠʩʢ, ʧʦʚʥʘ ʪʝʤʧʝʨʘʪʫʨʘ; 

ҍ ʆʙʣʘʩʪʴ Air out, ɻʋ Outlet ï ʪʠʧ ʚʠʭʽʜ, ʚʠʪʨʘʪʘ ʧʦʚʽʪʨʷ; 

ҍ ʆʙʣʘʩʪʴ Turbine inlet, ɻʋ Turbine Inlet- ʪʠʧ ʚʭʽʜ, ʧʦʚʥʠʡ ʪʠʩʢ, ʧʦʚʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ, ʥʘʧʨʷʤʦʢ ʧʦʪʦʢʫ Cylindrical Components, ʦʩʴʦʚʘ 

ʢʦʤʧʦʥʝʥʪʘ ï 0,342, ʨʘʜʽʘʣʴʥʘ ï 0, ʪʘʥʛʝʥʮʽʘʣʴʥʘ ï 0,94; 

ҍ ʆʙʣʘʩʪʴ Turbine air, ɻʋ Turbine outlet ï ʪʠʧ ʚʠʭʽʜ, ʚʠʪʨʘʪʘ ʧʦʚʽʪʨʷ; 

ҍ ʆʙʣʘʩʪʴ Hot air in, ɻʋ Hot air Inlet ï ʪʠʧ ʚʭʽʜ, ʧʦʚʥʠʡ ʪʠʩʢ, ʧʦʚʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ; ɻʋ Hot air Outlet ï ʪʠʧ ʚʠʭʽʜ, ʚʠʪʨʘʪʘ ʧʦʚʽʪʨʷ; 

ҍ ʆʙʣʘʩʪʴ Hot air out, ɻʋ Hot air Inlet ï ʪʠʧ ʚʭʽʜ, ʧʦʚʥʠʡ ʪʠʩʢ, ʧʦʚʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ; ɻʋ Hot air Outlet ï ʪʠʧ ʚʠʭʽʜ, ʚʠʪʨʘʪʘ ʧʦʚʽʪʨʷ. 

ʋʩʽ ʽʥʰʽ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ, ʦʢʨʽʤ ʽʥʪʝʨʬʝʡʩʽʚ, ʟʘʜʘʚʘʣʠʩʷ ʷʢ ʩʪʽʥʢʘ. 

ʇʘʨʘʤʝʪʨʠ ʨʦʟʨʘʭʫʥʢʫ ʥʘʩʪʫʧʥʽ: ʘʚʪʦʤʘʪʠʯʥʠʡ ʢʦʥʪʨʦʣʴ ʢʨʦʢʫ ʟʘ ʯʘʩʦʤ, 

ʧʦʯʘʪʢʦʚʘ ʜʦʚʞʠʥʘ 0,001 ʤ, ʤʘʢʩʠʤʘʣʴʥʠʡ ʢʨʦʢ ʟʘ ʯʘʩʦʤ 0,1 ʩ. 

ʇʽʜ ʯʘʩ ʨʦʟʨʘʭʫʥʢʫ ʚʽʜʩʪʝʞʫʚʘʣʠʩʷ ʧʘʨʘʤʝʪʨʠ ʦʙʝʨʪʦʚʦʛʦ ʤʦʤʝʥʪʫ ʦʩʴʦʚʦʛʦ 

ʚʝʥʪʠʣʷʪʦʨʘ ʪʘ ʜʣʷ ʪʫʨʙʽʥʠ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ, ʛʨʘʬʽʢʠ ʟʤʽʥʠ 

ʧʘʨʘʤʝʪʨʽʚ ʧʽʜ ʯʘʩ ʨʦʟʨʘʭʫʥʢʫ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 3.13. 
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ʈʠʩ. 3.13. ɿʤʽʥʘ ʧʘʨʘʤʝʪʨʽʚ ʧʽʜ ʯʘʩ ʨʦʟʨʘʭʫʥʢʫ 

 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩʫʥʢʘʭ 3.14-3.15. 

 

 
ʈʠʩ. 3.14. ʈʦʟʧʦʜʽʣ ʣʽʥʽʡ ʪʦʢʫ ʚ ʤʽʞʣʦʧʘʪʢʦʚʠʭ ʢʘʥʘʣʘʭ ʈʂ ʚʝʥʪʠʣʷʪʦʨʘ ʪʘ 

ʈʂ ʪʫʨʙʽʥʠ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ 

 

ʆʙʝʨʪʦʚʠʡ ʤʦʤʝʥʪ ʪʫʨʙʽʥʠ 

 

ʇʦʚʥʠʡ ʪʠʩʢ ʟʘ ʧʨʠʩʪʘʚʢʦʶ 

 

ʆʙʝʨʪʦʚʠʡ ʤʦʤʝʥʪ ʧʨʠʩʪʘʚʢʠ 
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ʇʽʜ ʯʘʩ ʨʦʟʨʘʭʫʥʢʫ ʟʘʙʝʟʧʝʯʫʚʘʣʘʩʴ ʨʽʚʥʽʩʪʴ ʦʙʝʨʪʦʚʠʭ ʤʦʤʝʥʪʽʚ 

ʚʝʥʪʠʣʷʪʦʨʥʦʛʦ ʪʘ ʪʫʨʙʽʥʥʦʛʦ ʢʦʥʪʫʨʫ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ. ʇʨʦʪʝ, 

ʷʢʱʦ ʜʣʷ ʙʦʢʦʚʠʭ ʧʦʚʝʨʭʦʥʴ ʚ ʦʙʣʘʩʪʽ Air out ʟʘʤʽʩʪʴ ʽʥʪʝʨʬʝʡʩʫ ʧʝʨʽʦʜʠʯʥʦʩʪʽ 

ʚʢʘʟʘʪʠ ʛʨʘʥʠʯʥʫ ʫʤʦʚʫ ʩʪʽʥʢʠ (ʽʤʽʪʘʮʽʷ ʩʧʨʷʤʥʦʛʦ ʘʧʘʨʘʪʫ), ʦʙʝʨʪʦʚʽ ʤʦʤʝʥʪʠ 

ʧʨʠʩʪʘʚʢʠ ʪʘ ʪʫʨʙʽʥʠ ʩʧʽʚʧʘʜʘʶʪʴ ʽ ʧʨʠ ʪʝʦʨʝʪʠʯʥʦ ʚʠʟʥʘʯʝʥʦʤʫ ʟʥʘʯʝʥʥʽ 

ʚʠʪʨʘʪʠ. ɿʘʚʠʱʝʥʝ ʟʥʘʯʝʥʥʷ ʚʠʪʨʘʪʠ ʧʦʚʽʪʨʷ ʫ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʦʙʫʤʦʚʣʝʥʝ 

ʩʧʨʦʱʝʥʠʤ ʟʘʚʜʘʥʥʷʤ ʛʝʦʤʝʪʨʽʾ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ʜʨʫʛʦʛʦ ʢʦʥʪʫʨʫ ʪʘ 

ʚʽʜʩʫʪʥʽʩʪʶ ʚʪʨʘʪ ʝʥʝʨʛʽʾ ʫ ʩʧʨʷʤʥʦʤʫ ʘʧʘʨʘʪʽ. 

 

 
ʈʠʩ. 3.15. ʈʦʟʧʦʜʽʣ ʪʠʩʢʫ ʫ ʚʝʨʭʥʴʦʤʫ ʧʝʨʝʪʠʥʽ ʣʦʧʘʪʢʠ ʈʂ ʚʝʥʪʠʣʷʪʦʨʘ ʪʘ 

ʩʝʨʝʜʥʴʦʤʫ ʧʝʨʝʪʠʥʽ ʣʦʧʘʪʢʠ ʈʂ ʪʫʨʙʽʥʠ 
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ɼʦʜʘʪʢʦʚʦ ʚʠʢʦʥʘʥʽ ʨʦʟʨʘʭʫʥʢʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ 

ʚʽʜ ʧʝʨʰʦʛʦ ʢʦʥʪʫʨʫ ʥʘ ʧʦʪʽʢ ʫ ʜʨʫʛʦʤʫ ʢʦʥʪʫʨʽ, ʜʣʷ ʯʦʛʦ ʚ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚʘʭ 

ʦʙʣʘʩʪʝʡ Hot air in ʪʘ Hot air out ʟʘʜʘʚʘʣʘʩʴ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʪʦʢʫ 20 Áʉ. ʈʝʟʫʣʴʪʘʪʠ 

ʨʦʟʨʘʭʫʥʢʫ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 3.16. 

 
ʈʠʩ. 3.16. ʈʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠ ʨʽʟʥʠʭ ʽʥʪʝʥʩʠʚʥʦʩʪʷʭ ʪʝʧʣʦʦʙʤʽʥʫ 

ʤʽʞ 1-ʤ ʪʘ 2-ʤ ʢʦʥʪʫʨʘʤʠ 

 

ʗʢ ʚʠʜʥʦ ʟ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʫ ʪʝʧʣʦʚʠʡ ʧʦʪ̔ʢ ʚʽʜ 1-ʛʦ ʢʦʥʪʫʨʫ ʚʧʣʠʚʘʻ 

ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʣʦʧʘʪʦʢ ʦʩʴʦʚʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ (ʚʝʥʪʠʣʷʪʦʨʥʦʛʦ ʢʦʥʪʫʨʫ) ʪʘ ʥʘ 

ʪʝʯʽʶ ʫ ʚʝʥʪʠʣʷʪʦʨʽ (ʚʝʥʪʠʣʷʪʦʨʥʦʤʫ ʢʦʥʪʫʨʽ). ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʜʫʪʴ 

ʧʨʦʚʝʜʝʥʽ ʫ ʥʘʩʪʫʧʥʦʤʫ ʨʦʟʜʽʣʽ. 

 

ɺʠʩʥʦʚʢʠ ʟʘ ʨʦʟʜʽʣʦʤ 

 

ʈʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʪʫʨʙʽʥʥʦʾ ʽ ʚʝʥʪʠʣʷʪʦʨʥʦʾ ʯʘʩʪʠʥʠ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʛʘʟʦʪʫʨʙʽʥʥʦʛʦ ʜʚʠʛʫʥʘ. ʅʘ ʦʩʥʦʚʽ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʜʚʠʛʫʥʘ ʽ ʛʘʟʦʜʠʥʘʤʽʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʜʚʠʛʫʥʘ 

ʇʝʨʝʨʽʟ ʣʦʧʘʪʽ 
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ʦʪʨʠʤʘʥʽ ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʦʩʴʦʚʦʾ ʪʫʨʙʽʥʠ (ʪʫʨʙʽʥʥʦʛʦ ʢʦʥʪʫʨʫ) ʪʘ 

ʦʩʴʦʚʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ (ʚʝʥʪʠʣʷʪʦʨʥʦʛʦ ʢʦʥʪʫʨʫ) ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ, 

ʷʢʽ ʩʢʣʘʜʘʶʪʴ ʜʚʦʷʨʫʩʥʝ ʨʦʙʦʯʝ ʢʦʣʝʩʦ. 

ɻʝʦʤʝʪʨʠʯʥʘ ʤʦʜʝʣʴ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʦʜʥʦʛʦ ʩʪʫʧʝʥʷ 

ʚʝʥʪʠʣʷʪʦʨʘ ʽ 3 ʩʪʫʧʝʥʽʚ ʪʫʨʙʽʥʠ. 

ʇʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʯʽʾ ʚ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʽʡ 

ʧʨʠʩʪʘʚʮʽ ʪʘ ʦʮʽʥʝʥʦ ʚʧʣʠʚ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʚʽʜ ʪʫʨʙʽʥʥʦʛʦ ʢʦʥʪʫʨʫ ʥʘ 

ʚʝʥʪʠʣʷʪʦʨʥʠʡ ʢʦʥʪʫʨ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ. ʇʦʢʘʟʘʥʦ, ʱʦ ʧʨʠ 

ʪʦʚʱʠʥʽ ʢʦʨʧʫʩʫ ʤʽʞ ʪʫʨʙʽʥʥʠʤ ʽ ʚʝʥʪʠʣʷʪʦʨʥʠʤ ʢʦʥʪʫʨʘʤʠ 30ʤʤ ʨʦʙʦʯʠʡ 

ʧʨʦʮʝʩ ʪʫʨʙʽʥʠ ʚʧʣʠʚʘʻ ʥʘ ʨʦʙʦʯʠʡ ʧʨʦʮʝʩ ʚʝʥʪʠʣʷʪʦʨʘ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ 

ʧʨʠʩʪʘʚʢʠ.   

ʈʝʟʫʣʴʪʘʪʠ ʜʘʥʦʛʦ ʨʦʟʜʽʣʫ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʨʦʙʦʪ ̔ʘʚʪʦʨʘ [98]. 
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ʈʆɿɼɯʃ 4 

ʄʆɼɽʃʖɺɸʅʅʗ ʊɽʏɯɰ ɺ ʊʋʈɹʆɺɽʅʊʀʃʗʊʆʈʅɯʁ ʇʈʀʉʊɸɺʎɯ 

 

4.1. ʄʦʜʝʣʶʚʘʥʥʷ ʪʝʯʽʾ ʫ ʚʝʥʪʠʣʷʪʦʨʥʽʡ ʯʘʩʪʠʥʽ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ 

 

ʍʘʨʘʢʪʝʨʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʨʦʙʦʪʠ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʻ ʪʝ, ʱʦ 

ʨʦʙʦʪʘ ʚʽʜ ʨʦʪʦʨʘ ʛʘʟʦʚʦʾ ʪʫʨʙʽʥʠ ʧʝʨʝʜʘʻʪʴʩʷ ʥʘ ʨʦʪʦʨ ʦʩʴʦʚʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ, 

ʘʣʝ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʢʣʘʩʠʯʥʦʛʦ ʪʫʨʙʦʢʦʤʧʨʝʩʦʨʘ ʨʦʙʦʯʝ ʢʦʣʝʩʦ ʛʘʟʦʚʦʾ ʪʫʨʙʽʥʠ ʽ 

ʨʦʙʦʯʝ ʢʦʣʝʩʦ ʚʝʥʪʠʣʷʪʦʨʘ ʨʦʟʪʘʰʦʚʘʥʽ ʻʜʠʥʠʤ ʨʦʙʦʯʠʤ ʢʦʣʝʩʦʤ. ɺʝʨʭʥʷ 

ʯʘʩʪʠʥʘ (ʚʝʥʪʠʣʷʪʦʨʥʠʡ ʢʦʥʪʫʨ) ʪʘʢʦʛʦ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ ʧʨʘʮʶʻ ʷʢ ʚʝʥʪʠʣʷʪʦʨ, 

ʥʠʞʥʷ ʯʘʩʪʠʥʘ (ʪʫʨʙʽʥʥʠʡ ʢʦʥʪʫʨ) ʧʨʘʮʶʻ ʷʢ ʛʘʟʦʚʘ ʪʫʨʙʽʥʘ. 

ɯʜʝʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʥʝ ʥʦʚʘ. ʆʜʥʠʤ ʽʟ ʧʝʨʰʠʭ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʠʭ ʜʚʠʛʫʥʽʚ ʙʫʚ ʟʨʦʙʣʝʥʠʡ ʥʘ ʦʩʥʦʚʽ ʪʫʨʙʦʨʝʘʢʪʠʚʥʦʛʦ 

ʜʚʠʛʫʥʘ GeneralElectric J79, ʚʽʜʦʤʠʡ ʷʢ CJ805-23 (ʨʠʩ.4.1.), ʚʽʥ ʤʘʚ ʚʙʫʜʦʚʘʥʠʡ 

ʟʘʜʥʽʡ ʚʝʥʪʠʣʷʪʦʨ / ʛʘʟʦʚʫ ʪʫʨʙʽʥʫ ʥʠʟʴʢʦʛʦ ʪʠʩʢʫ, ʨʦʟʪʘʰʦʚʘʥʫ ʫ ʚʠʭʣʦʧʥʦʤʫ 

ʧʘʪʨʫʙʢʫ ʪʫʨʙʦʨʝʘʢʪʠʚʥʦʛʦ ʜʚʠʛʫʥʘ [99].  

 

 

 

ʈʠʩ.4.1. ɼʚʠʛʫʥ ʟ ʪʫʨʙʚʝʥʪʠʣʷʪʦʨʥʦʶ ʧʨʠʩʪʘʚʢʦʶ CJ805-23 [99] 

http://avidic.ir/public/show-word-single/102/aft-fan
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ʇʽʟʥʽʰʝ, GeneralElectric ʚʟʷʚ ʟʘ ʦʩʥʦʚʫ ʢʦʥʮʝʧʮʽʶ ʟʘʜʥʴʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʚʝʥʪʠʣʷʪʦʨʘ ʽ ʚʪʽʣʠʚ ʾʾ ʚ ʧʨʦʝʢʪʽ ʜʚʠʛʫʥʘ GeneralElectric GE-36 UDF (ʜʚʠʛʫʥ 

ʧʦʯʘʪʢʫ 80-ʭ ʨʦʢʽʚ). ʉʴʦʛʦʜʥʽ  ʜʚʠʛʫʥ GeneralElectric GE-36 UDF ʦʪʨʠʤʘʚ 

ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ð ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʽʚ CleanSky ʽ Clean Sky2  ʨʦʟʨʦʙʣʝʥʦ 

ʜʚʠʛʫʥ OpenRotor. OpenRotor ʤʘʻ ʧʦʢʘʟʥʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽ ʝʢʦʥʦʤʽʯʥʦʩʪʽ ʚʠʱʝ, 

ʥʽʞ ʜʚʦʢʦʥʪʫʨʥʽ ʜʚʠʛʫʥʠ, ʦʜʥʘʢ ʟʘʣʠʰʘʻʪʴʩʷ ʧʨʦʙʣʝʤʘ ʚʠʩʦʢʦʛʦ ʘʢʫʩʪʠʯʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʷʢʝ ʛʝʥʝʨʫʻ ʟʘʜʥʽʡ ʚʽʜʢʨʠʪʠʡ ʛʚʠʥʪʦʚʝʥʪʠʣʷʪʦʨ.  

ʆʩʥʦʚʠ ʪʝʦʨʽʾ ʪʨʠʢʦʥʪʫʨʥʠʭ ʜʚʠʛʫʥʽʚ ʚʠʢʣʘʜʝʥʦ ʚ ʤʦʥʦʛʨʘʬʽʾ ʖ.ʄ. 

ʊʝʨʝʱʝʥʢʦ [11]. ɺ ʨʦʙʦʪʽ ʚʠʢʣʘʜʝʥʽ ʧʠʪʘʥʥʷ ʪʝʦʨʽʾ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ   

ʪʨʠʢʦʥʪʫʨʥʠʭ ʜʚʠʛʫʥʽʚ (ʜʚʦʢʦʥʪʫʨʥʠʭ ʜʚʠʛʫʥʽʚ ʟ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʶ 

ʧʨʠʩʪʘʚʢʦʶ), ʦʩʥʦʚʠ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ. ʅʘʚʦʜʠʪʴʩʷ ʧʨʠʢʣʘʜ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ. ʊʝʦʨʝʪʠʯʥʽ 

ʨʦʟʨʘʭʫʥʢʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʝʢʦʥʦʤʽʯʥʽʩʪʴ ʜʚʦʢʦʥʪʫʨʥʦʛʦ ʜʚʠʛʫʥʘ 

ʟ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʶ ʧʨʠʩʪʘʚʢʦʶ ʟʨʦʩʪʘʻ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʜʚʦʢʦʥʪʫʨʥʠʤ 

ʜʚʠʛʫʥʦʤ ʙʝʟ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ. ʆʜʥʘʢ ʚ ʤʦʥʦʛʨʘʬʽʾ  ʨʦʙʠʪʴʩʷ 

ʪʽʣʴʢʠ ʘʢʮʝʥʪ ʥʘ ʧʨʦʙʣʝʤʫ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʝʨʝʧʘʜʫ ʚ ʜʚʦʭʷʨʫʩʥʦʤʫ ʨʦʙʦʯʦʤʫ 

ʢʦʣʝʩʽ. ɺ ʨʦʙʦʪʽ ʥʝ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʧʠʪʘʥʥʷ ʚʧʣʠʚʫ ʪʫʨʙʽʥʥʦʾ ʯʘʩʪʠʥʠ  

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʥʘ ʧʘʨʘʤʝʪʨʠ ʚʝʥʪʠʣʷʪʦʨʘ. 

ɺ ʨʦʙʦʪʽ [100] ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʝʪʦʜʠʢʘ ʦʮʽʥʢʠ ʩʪʘʪʠʯʥʦʾ ʤʽʮʥʦʩʪʽ 

ʜʚʦʭʷʨʫʩʥʦʾ ʣʦʧʘʪʢʠ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ. ɺ ʨʦʙʦʪʽ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ ʟ ʜʚʦʷʨʫʩʥʠʤʠ 

ʨʦʙʦʯʠʤʠ ʣʦʧʘʪʢʘʤʠ ʽʟ ʞʘʨʦʤʽʮʥʦʛʦ ʩʧʣʘʚʫ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨ ʚ 

ʧʨʦʪʦʯʥʽʡ ʯʘʩʪʠʥʽ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʯʠʩʝʣʴʥʠʡ 

ʝʢʩʧʝʨʠʤʝʥʪ. ʇʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʥʘ ʤʽʮʥʽʩʪʴ ʜʚʦʷʨʫʩʥʠʭ ʨʦʙʦʯʠʭ ʣʦʧʘʪʦʢ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ, ʦʢʨʽʤ ʫʨʘʭʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʨʦʟʪʷʛ ʽ ʚʠʛʠʥ 

ʚʽʜʮʝʥʪʨʦʚʠʤʠ ʩʠʣʘʤʠ, ʚʠʛʠʥ ʛʘʟʦʚʠʤʠ ʩʠʣʘʤʠ, ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ 

ʜʦʜʘʪʢʦʚʽ ʪʝʤʧʝʨʘʪʫʨʥʽ ʥʘʧʨʫʞʝʥʥʷ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʚʥʘʩʣʽʜʦʢ ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ 

ʥʘʛʨʽʚʫ ʪʽʣʘ ʣʦʧʘʪʦʢ. ɺ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʦʮʽʥʢʠ ʩʪʘʪʠʯʥʦʾ 

ʤʽʮʥʦʩʪʽ ʜʚʦʷʨʫʩʥʠʭ ʣʦʧʘʪʦʢ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ. 

ʈʝʟʫʣʴʪʘʪʠ ʦʮʽʥʢʠ ʩʪʘʪʠʯʥʦʾ ʤʽʮʥʦʩʪʽ ʜʚʦʷʨʫʩʥʠʭ ʣʦʧʘʪʦʢ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ 
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ʜʦʟʚʦʣʷʶʪʴ ʫʪʦʯʥʠʪʠ ʨʦʟʨʘʭʫʥʢʦʚʽ ʟʥʘʯʝʥʥʷ ʪʝʨʤʦʛʘʟʦʜʠʥʘʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ.  

ɺ ʨʦʙʦʪʽ [101] ʘʚʪʦʨʘʤʠ  ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʦʚʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʨʘʜʽʻʥʪʘ ʜʣʷ ʜʚʦʷʨʫʩʥʦʾ ʣʦʧʘʪʢʠ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ 

ʪʨʠʢʦʥʪʫʨʥʦʛʦ ʜʚʠʛʫʥʘ (ʜʚʦʢʦʥʪʫʨʥʦʛʦ ʜʚʠʛʫʥʘ ʟ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʶ 

ʧʨʠʩʪʘʚʢʦʶ). ʇʦʢʘʟʘʥʦ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʤʝʪʦʜʽʚ 

ʜʦʟʚʦʣʷʻ ʤʦʜʝʣʶʚʘʪʠ ʩʢʣʘʜʥʽ ʜʝʪʘʣʽ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʜʚʠʛʫʥʽʚ ʚ ʪʝʨʤʽʯʥʦ 

ʥʘʚʘʥʪʘʞʝʥʦʤʫ ʩʪʘʥʽ. 

ʃʽʪʝʨʘʪʫʨʥʠʡ ʦʛʣʷʜ ʧʦʢʘʟʫʻ, ʱʦ ʘʝʨʦʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʜʦ 

ʪʝʧʝʨʽʰʥʴʦʛʦ ʯʘʩʫ ʜʦʩʣʽʜʞʝʥʽ ʜʦʩʠʪʴ ʧʦʚʝʨʭʥʝʚʦ ʽ ʜʦʩʣʽʜʞʝʥʴ ʚ ʮʽʡ ʦʙʣʘʩʪʽ 

ʜʦʩʠʪʴ ʥʝʙʘʛʘʪʦ. ʆʪʞʝ, ʟʘʜʘʯʝʶ ʜʘʥʦʛʦ ʝʪʘʧʫ ʜʦʩʣʽʜʞʝʥʴ ʻ ʦʮʽʥʢʘ ʚʧʣʠʚʫ ʨʦʙʦʪʠ 

ʪʫʨʙʽʥʥʦʾ ʯʘʩʪʠʥʠ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʥʘ ʩʪʫʧʽʥʴ 

ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʫ ʚʝʥʪʠʣʷʪʦʨʥʽʡ ʯʘʩʪʠʥʽ ʽ ʪʝʤʧʝʨʘʪʫʨʫ ʚʝʥʪʠʣʷʪʦʨʥʦʾ ʯʘʩʪʠʥʠ 

ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʟʘʜʘʯʽ ʥʝʦʙʭʽʜʥʦ ʩʧʦʯʘʪʢʫ ʦʪʨʠʤʘʪʠ ʟʘʣʝʞʥʦʩʪʽ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ ʪʫʨʙʽʥʥʦʛʦ ʢʦʥʪʫʨʫ. 

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʝʥʪʠʣʷʪʦʨʥʘ ʯʘʩʪʠʥʘ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ. ʅʘ ʨʠʩ.4.2 ʧʨʝʜʩʪʘʚʣʝʥʦ ʪʨʠʚʠʤʽʨʥʫ ʤʦʜʝʣʴ 

ʣʦʧʘʪʢʦʚʠʡ ʚʽʥʝʮʴ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʚʝʥʪʠʣʷʪʦʨʥʦʾ ʯʘʩʪʠʥʠ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʪʝʯʽʾ ʫ ʚʝʥʪʠʣʷʪʦʨʥʦʤʫ ʢʦʥʪʫʨʽ ʧʨʦʚʦʜʠʣʦʩʴ ʰʣʷʭʦʤ 

ʨʦʟʚôʷʟʘʥʥʷ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʅʘʚôʻ-ʉʪʦʢʩʘ. ʉʠʩʪʝʤʘ ʨʽʚʥʷʥʴ ʅʘʚôʻ-ʉʪʦʢʩʘ 

ʟʘʤʠʢʘʣʘʩʴ ʤʦʜʝʣʣʶ ʪʫʨʙʫʣʝʥʪʥʦʾ ʚôʷʟʢʦʩʪʽ SST GammaThetaTransitional. ɺʠʙʽʨ 

ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʤʦʜʝʣʽ ʪʫʨʙʫʣʝʥʪʥʦʾ ʚôʷʟʢʦʩʪʽ ʪʘ ʪʦʧʦʣʦʛʽʾ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʽʪʢʠ 

ʧʨʠʚʝʜʝʥʦ ʫ ʨʦʟʜʽʣʽ 2. 
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ʈʠʩ. 4.2. ʊʨʠʚʠʤʽʨʥʘ ʤʦʜʝʣʴ ʣʦʧʘʪʢʦʚʦʛʦ ʚʽʥʮʷ ʜʦʩʣʽʜʞʫʚʘʥʦʾ 

ʚʝʥʪʠʣʷʪʦʨʥʦʾ ʯʘʩʪʠʥʠ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ 

 

ʄʦʜʝʣʶʚʘʥʥʷ ʪʝʯʽʾ ʟʜʽʡʩʥʶʚʘʣʦʩʴ ʧʨʠ ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ ʧʦʣʴʦʪʫ: ʥʘ ʚʠʩʦʪʽ 

11ʢʤ, 9, ʢʤ, 7ʢʤ ʪʘ 0 ʢʤ  ʧʨʠ ʩʪʘʥʜʘʨʪʥʠʭ ʘʪʤʦʩʬʝʨʥʠʭ ʫʤʦʚʘʭ. ɺʪʫʣʢʦʚʠʡ 

ʜʽʘʤʝʪʨ ï 0,725ʤ, ʧʝʨʠʬʝʨʽʡʥʠʡ ʜʽʘʤʝʪʨ ï 1,22 ʤ. 

ʇʝʨʰʠʤ ʝʪʘʧʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʯʽʾ ʙʫʣʦ ʤʦʜʝʣʶʚʘʥʥʷ ʦʙʪʽʢʘʥʥʷ 

ʚʝʥʪʠʣʷʪʦʨʥʦʾ ʯʘʩʪʠʥʠ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʙʝʟ 

ʫʨʘʭʫʚʘʥʥʷ ʩʪʠʩʢʫʚʘʥʥʷ ʨʦʙʦʯʦʛʦ ʪʽʣʘ. ʅʘʩʪʫʧʥʠʤ ʝʪʘʧʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʯʽʾ 

ʙʫʣʦ ʤʦʜʝʣʶʚʘʥʥʷ ʦʙʪʽʢʘʥʥʷ ʚʝʥʪʠʣʷʪʦʨʥʦʾ ʯʘʩʪʠʥʠ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʩʪʠʩʢʘʥʥʷ ʨʦʙʦʯʦʛʦ ʪʽʣʘ. ʂʦʨʧʫʩ ʤʽʞ ʪʫʨʙʽʥʥʦʶ ʪʘ ʚʝʥʪʠʣʷʪʦʨʥʦʶ 

ʯʘʩʪʠʥʦʶ ʟʘʜʘʚʘʚʩʷ ʷʢ ʘʜʽʘʙʘʪʠʯʥʘ ʩʪʽʥʢʘ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʯʽʾ ʫ ʚʝʥʪʠʣʷʪʦʨʥʽʡ ʯʘʩʪʠʥʽ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʩʪʫʧʝʥʷ ʧʽʜʚʠʱʝʥʥʷ 
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ʪʠʩʢʫ ʚʝʥʪʠʣʷʪʦʨʥʦʛʦ ʢʦʥʪʫʨʫ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ “̃ ̓̃̐ ʚʽʜ 

ʢʦʝʬʽʮʽʻʥʪʘ ʚʠʪʨʘʪʠ ʥʘ ʚʭʦʜʽ ̒ =́ʩʘ/u (ʩʘ ï ʦʩʴʦʚʘ ʩʢʣʘʜʦʚʘ ʘʙʩʦʣʶʪʥʦʾ ʰʚʠʜʢʦʩʪʽ,  

u ï ʢʦʣʦʚʘ ʰʚʠʜʢʽʩʪʴ). ʅʘ ʨʠʩ.4.3 ʽ 4.4 ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʪʨʠʤʘʥʽ ʟʘʣʝʞʥʦʩʪʽ. 

 

ʈʠʩ.4.3. ɿʘʣʝʞʥʦʩʪʽ ʩʪʫʧʝʥʷ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʫ ʚʝʥʪʠʣʷʪʦʨʥʽʡ ʯʘʩʪʠʥʽ ʈʂ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʚʠʪʨʘʪʠ ʥʘ ʚʭʦʜʽ (ʨʦʟʨʘʭʫʥʦʢ 

ʪʝʯʽʾ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʩʪʠʩʢʘʥʥʷ ʨʦʙʦʯʦʛʦ ʪʽʣʘ) 

 

ʆʪʨʠʤʘʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʝʥʪʠʣʷʪʦʨʥʦʾ ʯʘʩʪʠʥʠ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ 

ʧʨʠʩʪʘʚʢʠ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʪʝʯʽʾ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʩʪʠʩʢʘʥʥʷ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʽ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʩʪʠʩʢʘʥʥʷ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʧʦʢʘʟʫʻ, ʱʦ ʧʨʠ ʦʜʥʘʢʦʚʽʡ ʯʘʩʪʦʪʽ 

ʦʙʝʨʪʘʥʥʷ ʪʘ ʢʦʝʬʽʮʽʻʥʪʫ ʚʠʪʨʘʪʠ ʥʘ ʚʭʦʜʽ ʽ ʚʠʩʦʪʽ ʧʦʣʴʦʪʘ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʘ ʟʥʘʯʝʥʥʷʤʠ ʩʪʫʧʝʥʷ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ. ʄʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 

ʩʪʫʧʝʥʷ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʩʷʛʘʻ 1,25é1,27. ɼʽʘʧʘʟʦʥ ʨʦʙʦʪʠ ʚʽʜ  ̒ =́0,18 ʜʦ 1,07. 
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ʊʘʢʦʞ, ʤʦʞʥʘ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʧʨʠ ʦʜʥʘʢʦʚʽʡ ʯʘʩʪʦʪʽ ʦʙʝʨʪʘʥʥʷ ʧʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ʚʠʩʦʪʠ ʧʦʣʴʦʪʫ ʜʣʷ ʦʜʥʘʢʦʚʠʭ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʘ ʚʠʪʨʘʪʠ ʩʪʫʧʽʥʴ 

ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʟʨʦʩʪʘʻ. 

 

ʈʠʩ.4.4.  ɿʘʣʝʞʥʦʩʪʽ ʩʪʫʧʝʥʷ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʫ ʚʝʥʪʠʣʷʪʦʨʥʽʡ ʯʘʩʪʠʥʽ ʈʂ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʚʠʪʨʘʪʠ ʥʘ ʚʭʦʜʽ (ʨʦʟʨʘʭʫʥʦʢ 

ʪʝʯʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʪʠʩʢʘʥʥʷ ʨʦʙʦʯʦʛʦ ʪʽʣʘ) 

 

ʅʘ ʨʠʩ. 4.5-4.9 ʧʦʢʘʟʘʥʦ ʦʪʨʠʤʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʩʪʫʧʝʥʷ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʚʽʜ 

ʢʦʝʬʽʮʽʻʥʪʘ ʚʠʪʨʘʪʠ ʥʘ ʚʭʦʜʽ ʜʣʷ ʢʦʞʥʦʾ ʚʠʩʦʪʠ ʧʦʣʴʦʪʫ. ʅʘ ʛʨʘʬʽʢʘʭ 4.5 -4.9 

ʩʠʥʽʤ ʢʦʣʴʦʨʦʤ ʧʦʟʥʘʯʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʪʝʯʽʾ ʫ ʚʝʥʪʠʣʷʪʦʨʥʽʡ ʯʘʩʪʠʥʽ 

ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʩʪʠʩʢʫʚʘʥʦʩʪʽ 

ʨʦʙʦʯʦʛʦ ʪʽʣʘ, ʘ ʯʝʨʚʦʥʠʤ ʢʦʣʴʦʨʦʤ ï ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʪʠʩʫʚʘʥʦʩʪʽ ʨʦʙʦʯʦʛʦ ʪʽʣʘ. 
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ʈʠʩ.4.5.  ɿʘʣʝʞʥʦʩʪʽ ʩʪʫʧʝʥʷ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʫ ʚʝʥʪʠʣʷʪʦʨʥʽʡ ʯʘʩʪʠʥʽ ʈʂ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʚʠʪʨʘʪʠ ʥʘ ʚʭʦʜʽ 

 

ʈʠʩ.4.6.  ɿʘʣʝʞʥʦʩʪʽ ʩʪʫʧʝʥʷ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʫ ʚʝʥʪʠʣʷʪʦʨʥʽʡ ʯʘʩʪʠʥʽ ʈʂ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʚʠʪʨʘʪʠ ʥʘ ʚʭʦʜʽ 
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ʈʠʩ.4.7.  ɿʘʣʝʞʥʦʩʪʽ ʩʪʫʧʝʥʷ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʫ ʚʝʥʪʠʣʷʪʦʨʥʽʡ ʯʘʩʪʠʥʽ ʈʂ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʚʠʪʨʘʪʠ ʥʘ ʚʭʦʜʽ 

 

ʈʠʩ.4.8.  ɿʘʣʝʞʥʦʩʪʽ ʩʪʫʧʝʥʷ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʫ ʚʝʥʪʠʣʷʪʦʨʥʽʡ ʯʘʩʪʠʥʽ ʈʂ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʚʠʪʨʘʪʠ ʥʘ ʚʭʦʜʽ 
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ʈʠʩ.4.9.  ɿʘʣʝʞʥʦʩʪʽ ʩʪʫʧʝʥʷ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʫ ʚʝʥʪʠʣʷʪʦʨʥʽʡ ʯʘʩʪʠʥʽ ʈʂ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʚʠʪʨʘʪʠ ʥʘ ʚʭʦʜʽ 

 

ɸʥʘʣʽʟ ʛʨʘʬʽʢʽʚ ʥʘ ʨʠʩ.4.4-4.8 ʧʦʢʘʟʫʻ, ʱʦ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʨʝʟʫʣʴʪʘʪʠ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʠ ʨʝʞʠʤʽ ʨʦʙʦʪʠ ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ ʚʠʪʨʘʪʠ 0,47é0,54.  ʊʘʢʦʞ ʧʨʠ 

ʨʝʞʠʤʽ ʨʦʙʦʪʠ ʜʦ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʘ ʚʠʪʨʘʪʠ 0,31é0,35 ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʙʝʟ 

ʫʨʘʭʫʚʘʥʥʷ ʩʪʠʩʢʫʚʘʥʦʩʪʽ ʧʦʚʽʪʨʷ ʟʥʘʯʝʥʥʷ ʩʪʫʧʝʥʷ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʤʘʶʪʴ 

ʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ. 

ʆʜʥʘʢ ʙʽʣʴʰ ʢʦʨʝʢʪʥʦ ʜʣʷ ʜʘʥʦʛʦ ʨʝʞʠʤʫ ʪʝʯʽʾ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʽʚʥʷʥʥʷ ʜʣʷ ʫʨʘʭʫʚʘʥʥʷ ʩʪʠʩʢʫʚʘʥʦʩʪʽ ʨʦʙʦʯʦʛʦ ʪʽʣʘ. 

ɼʣʷ ʧʦʜʘʣʴʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʯʽʾ ʫ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʽʡ ʧʨʠʩʪʘʚʮʽ  ʙʫʜʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʤʦʜʝʣʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʪʠʩʢʫʚʘʥʦʩʪʽ ʨʦʙʦʯʦʛʦ ʪʽʣʘ. 
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4.2. ɺʧʣʠʚ ʪʝʯʽʾ ʚ ʪʫʨʙʽʥʥʽʡ ʯʘʩʪʠʥʽ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʥʘ 

ʪʝʯʽʶ ʫ ʚʝʥʪʠʣʷʪʦʨʥʽʡ ʯʘʩʪʠʥʽ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ 

ʧʨʠʩʪʘʚʢʠ 

 

ɺ ʧʽʜʨʦʟʜʽʣʽ ʩʪʘʚʠʪʴʩʷ ʟʘʜʘʯʘ ʦʮʽʥʠʪʠ ʚʧʣʠʚ ʪʝʯʽʾ ʚ ʪʫʨʙʽʥʥʽʡ ʯʘʩʪʠʥʽ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʥʘ ʪʝʯʽʶ ʫ ʚʝʥʪʠʣʷʪʦʨʥʽʡ ʯʘʩʪʠʥʽ ʨʦʙʦʯʦʛʦ 

ʢʦʣʝʩʘ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ.  

ɿ ʤʝʪʦʶ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʯʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʩʪʠʩʢʫʚʘʥʦʩʪʽ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʚ ʨʦʙʦʯʦʤʫ ʢʦʣʝʩʽ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʪʝʯʽʾ ʚ ʨʦʙʦʯʦʤʫ ʢʦʣʝʩʽ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ 

ʧʨʦʚʦʜʠʣʦʩʴ ʜʣʷ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʧʨʠ ʚʠʩʦʪʽ ʧʦʣʴʦʪʫ 0ʤ, 9000ʤ ʪʘ 11000ʤ, ʚ 

ʜʽʘʧʘʟʦʥʽ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʘ ʚʠʪʨʘʪʠ ʚʽʜ ̒́=0,18 ʜʦ 1,07.. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʯʠʩʝʣʴʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʯʽʾ ʚ ʨʦʙʦʯʦʤʫ 

ʢʦʣʝʩʽ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʦ ʟʘʣʝʞʥʽʩʪʴ ʩʪʫʧʝʥʷ 

ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʫ ʚʝʥʪʠʣʷʪʦʨʥʽʡ ʯʘʩʪʠʥʽ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ 

ʧʨʠʩʪʘʚʢʠ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʚʠʪʨʘʪʠ. ʅʘ ʨʠʩ. 4.10-4.12 ʧʨʝʜʩʪʘʚʣʝʥʦ ʟʘʣʝʞʥʦʩʪʽ 

ʩʪʫʧʝʥʷ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʚ ʚʝʥʪʠʣʷʪʦʨʥʽʡ ʯʘʩʪʠʥʽ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ ʪʫʨʙʽʥʥʦʾ ʯʘʩʪʠʥʠ ʽ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʪʫʨʙʽʥʥʦʾ ʯʘʩʪʠʥʠ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ 

ʧʨʠʩʪʘʚʢʠ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʚʠʪʨʘʪʠ ʜʣʷ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʥʘ ʚʠʩʦʪʽ ʧʦʣʴʦʪʫ ʅ=0 ʤ, 

ʅ=9000ʤ, ʅ=11000ʤ.  

ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʤʦʞʥʘ ʜʽʡʪʠ ʜʦ ʚʠʩʥʦʚʢʫ, ʱʦ ʪʝʯʽʷ 

ʛʘʨʷʯʠʭ ʛʘʟʽʚ ʪʫʨʙʽʥʥʦʾ ʯʘʩʪʠʥʠ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ ʚʧʣʠʚʘʻ ʥʘ ʪʝʯʽʶ ʫ 

ʚʝʥʪʠʣʷʪʦʨʥʽʡ ʪʝʯʽʾ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ. ʅʘʷʚʥʽʩʪʴ 

ʪʫʨʙʽʥʥʦʾ ʯʘʩʪʠʥʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʛʽʨʰʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʝʥʪʠʣʷʪʦʨʥʦʾ 

ʯʘʩʪʠʥʠ. ʉʪʫʧʽʥʴ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ 0,2é4,8%. 
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ʈʠʩ.4.10. ɿʘʣʝʞʥʽʩʪʴ ʩʪʫʧʝʥʷ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʚʝʥʪʠʣʷʪʦʨʥʦʾ ʯʘʩʪʠʥʠ ʈʂ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʚʠʪʨʘʪʠ ʥʘ ʚʭʦʜʽ, ʅ=0ʤ 

 

ʈʠʩ.4.11. ɿʘʣʝʞʥʽʩʪʴ ʩʪʫʧʝʥʷ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʚʝʥʪʠʣʷʪʦʨʥʦʾ ʯʘʩʪʠʥʠ ʈʂ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʚʠʪʨʘʪʠ ʥʘ ʚʭʦʜʽ,  ʅ=9000ʤ 

1,01

1,06

1,11

1,16

1,21

1,26

0 0,2 0,4 0,6 0,8 1 1,2 1,4

H=0 ʤ (ɺ)H=0ʤ, (ɺ+ʪ)
Ca

ʚ́ ʪʚʧ
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1,11
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1,21

1,26

1,31

0 0,2 0,4 0,6 0,8 1 1,2

H=9000 ʤ (ɺ+ʪ)ʈ=9000 ʤ, (ɺ)
Ca

ʚ́ ʪʚʧ
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ʈʠʩ.4.12. ɿʘʣʝʞʥʽʩʪʴ ʩʪʫʧʝʥʷ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʚʝʥʪʠʣʷʪʦʨʥʦʾ ʯʘʩʪʠʥʠ ʈʂ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʚʠʪʨʘʪʠ ʥʘ ʚʭʦʜʽ, ʅ=11000ʤ 

 

ɼʣʷ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʥʘ ʚʠʩʦʪʽ ʧʦʣʴʦʪʫ ʅ=0ʤ ʚʧʣʠʚ ʪʝʯʽʾ ʚ ʪʫʨʙʽʥʥʽʡ ʯʘʩʪʠʥʽ 

ʥʘ ʚʝʥʪʠʣʷʪʦʨʥʫ ʯʘʩʪʠʥʠ ʥʘʡʤʝʥʰʠʡ ʽ ʚʘʨʽʶʻʪʴʩʷ ʚ ʤʝʞʘʭ ʜʦ 0,5% ʚ 

ʨʦʟʛʣʷʥʫʪʦʤʫ ʜʽʘʧʘʟʦʥʽ ʰʚʠʜʢʦʩʪʝʡ. 

ɼʣʷ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʥʘ ʚʠʩʦʪʽ ʧʦʣʴʦʪʫ ʅ=9000ʤ ʚʧʣʠʚ ʪʝʯʽʾ ʛʘʨʷʯʠʭ ʛʘʟʽʚ ʚ 

ʪʫʨʙʽʥʥʽʡ ʯʘʩʪʠʥʽ ʥʘ ʭʦʣʦʜʥʝ ʧʦʚʽʪʨʷ ʫ ʚʝʥʪʠʣʷʪʦʨʥʽʡ ʯʘʩʪʠʥʠ ʚʞʝ ʙʽʣʴʰ 

ʩʫʪʪʻʚʠʡ, ʥʽʞ ʧʨʠ ʥʫʣʴʦʚʽʡ ʚʠʩʦʪʽ ʧʦʣʴʦʪʫ ʽ  ʚʘʨʽʶʻʪʴʩʷ ʚ ʤʝʞʘʭ ʜʦ 1%  ʚ 

ʨʦʟʛʣʷʥʫʪʦʤʫ ʜʽʘʧʘʟʦʥʽ ʰʚʠʜʢʦʩʪʝʡ. 

ɼʣʷ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʥʘ ʚʠʩʦʪʽ ʧʦʣʴʦʪʫ ʅ=11000ʤ ʚʧʣʠʚ ʪʝʯʽʾ ʛʘʨʷʯʠʭ ʛʘʟʽʚ ʚ 

ʪʫʨʙʽʥʥʽʡ ʯʘʩʪʠʥʽ ʥʘ ʭʦʣʦʜʥʝ ʧʦʚʽʪʨʷ ʫ ʚʝʥʪʠʣʷʪʦʨʥʽʡ ʯʘʩʪʠʥʠ ʻ ʥʘʡʩʫʪʪʻʚʽʰʠʡ, 

ʥʽʞ ʧʨʠ ʥʫʣʴʦʚʽʡ ʚʠʩʦʪʽ ʧʦʣʴʦʪʫ ʽ ʚʠʩʦʪʽ 9ʢʤ ʽ  ʚʘʨʽʶʻʪʴʩʷ ʚ ʤʝʞʘʭ ʜʦ 4,8%  ʚ 

ʨʦʟʛʣʷʥʫʪʦʤʫ ʜʽʘʧʘʟʦʥʽ ʰʚʠʜʢʦʩʪʝʡ. 

1,01

1,06

1,11

1,16

1,21

1,26

1,31

0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1

H=11000 ʤ, (ɺ)H=11000ʤ, (ɺ+ʪ)
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ʚ́ ʪʚʧ



114 

 

ʈʽʟʥʠʮʷ ʚʧʣʠʚʫ ʪʝʯʽʾ ʛʘʨʷʯʠʭ ʛʘʟʽʚ ʚ ʪʫʨʙʽʥʥʽʡ ʯʘʩʪʠʥʽ ʥʘ ʪʝʯʽʶ ʫ 

ʚʝʥʪʠʣʷʪʦʨʥʽʡ ʯʘʩʪʠʥʽ ʯʘʩʪʢʦʚʦ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʟʘ ʨʘʭʫʥʦʢ ʩʫʪʪʻʚʦʾ ʟʤʽʥʠ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʫ ʚʝʥʪʠʣʷʪʦʨʥʽʡ ʯʘʩʪʠʥʽ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ, ʷʢʘ 

ʥʘ ʚʠʩʦʪʽ 0ʤ ʜʦʨʽʚʥʶʻ 15Á ʉ, ʘ ʥʘ ʚʠʩʦʪʽ 11ʢʤ ʩʪʘʥʦʚʠʪʴ -56,35Á ʉ. 

ɺʽʟʫʘʣʴʥʦ ʧʦʨʽʚʥʷʪʠ ʭʘʨʘʢʪʝʨ ʦʙʪʽʢʘʥʥʷ ʤʦʞʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʣʷ 

ʰʚʠʜʢʦʩʪʽ ʚ ʤʽʞʣʦʧʘʪʢʦʚʦʤʫ ʢʘʥʘʣʽ ʚʝʥʪʠʣʷʪʦʨʥʦʾ ʯʘʩʪʠʥʠ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʙʝʟ ʚʧʣʠʚʫ ʪʝʯʽʾ ʚ ʪʫʨʙʽʥʥʽʡ ʯʘʩʪʠʥʽ ʽ ʟ ʚʧʣʠʚʦʤ 

ʪʝʯʽʾ ʚ ʪʫʨʙʽʥʥʽʡ ʯʘʩʪʠʥʽ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ. 

ʅʘ ʨʠʩ.4.12 ï 4.16 ʧʨʝʜʩʪʘʚʣʝʥʦ ʚʽʟʫʘʣʽʟʘʮʽʶ ʦʙʪʽʢʘʥʥʷ ʚ ʚʝʥʪʠʣʷʪʦʨʥʽʡ 

ʯʘʩʪʠʥʽ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʽʡ ʧʨʠʩʪʘʚʮʽ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ ʪʫʨʙʽʥʥʦʾ ʯʘʩʪʠʥʠ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʪʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʪʫʨʙʽʥʥʦʾ ʯʘʩʪʠʥʠ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ. 

 

ʘ                                              ʙ 

ʘ ï ʪʝʯʽʷ ʫ ʚʝʥʪʠʣʷʪʦʨʥʽʡ ʯʘʩʪʠʥʽ ʙʝʟ ʚʧʣʠʚʫ ʪʝʯʽʾ ʚ ʪʫʨʙʽʥʥʽʡ ʯʘʩʪʠʥʽ 

ʙ ï ʪʝʯʽʷ ʫ ʚʝʥʪʠʣʷʪʦʨʥʽʡ ʯʘʩʪʠʥʽ ʟ ʚʧʣʠʚʦʤ ʪʝʯʽʾ ʚ ʪʫʨʙʽʥʥʽʡ ʯʘʩʪʠʥʽ 

ʈʠʩ.4.12. ʇʦʣʝ ʰʚʠʜʢʦʩʪʝʡ ʚ ʤʽʞʣʦʧʘʪʢʦʚʦʤʫ ʢʘʥʘʣʽ ʫ ʚʝʥʪʠʣʷʪʦʨʥʽʡ 

ʯʘʩʪʠʥʽ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʥʘ ʜʽʘʤʝʪʨʽ D=0,75ʤ 

 

ʆʙʪʽʢʘʥʥʷ ʫ ʚʪʫʣʦʯʥʽʡ ʯʘʩʪʠʥʽ ʚʝʥʪʠʣʷʪʦʨʘ ʙʝʟ ʚʧʣʠʚʫ ʪʝʯʽʾ ʚ ʪʫʨʙʽʥʥʽʡ 

ʯʘʩʪʠʥʽ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʚʪʦʨʠʥʥʠʤʠ ʚʪʨʘʪʘʤʠ ʪʘ ʚʪʫʣʦʯʥʠʤ ʚʠʭʦʨʝʤ, ʷʢʠʡ 

ʚʽʟʫʘʣʽʟʫʻʪʴʩʷ ʟʦʥʦʶ ʩʠʥʴʦʛʦ ʢʦʣʴʦʨʫ. ʅʘʷʚʥʽʩʪʴ ʚʪʦʨʠʥʥʠʭ ʚʪʨʘʪ ʚʝʜʝ ʜʦ 

ʧʦʛʽʨʰʝʥʥʷ ʂʂɼ. ʇʨʠ ʦʮʽʥʮʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʝʥʪʠʣʷʪʦʨʘ ʚʘʞʣʠʚʦ ʚʨʘʭʦʚʫʚʘʪʠ 

ʪʘʢʽ ʬʘʢʪʦʨʠ ʷʢ ʚʪʦʨʠʥʥʽ ʚʪʨʘʪʠ ʪʘ ʥʘʷʚʥʽʩʪʴ ʚʪʫʣʦʯʥʦʛʦ ʚʠʭʦʨʫ. ɺʘʞʣʠʚʦ, ʱʦ 
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ʧʨʠ ʘʥʘʣʽʟʽ ʪʝʯʽʾ ʫ ʚʝʥʪʠʣʷʪʦʨʥʽʡ ʯʘʩʪʠʥʽ ʟ ʚʧʣʠʚʦʤ ʪʝʯʽʾ ʚ ʪʫʨʙʽʥʥʽʡ ʯʘʩʪʠʥʽ, 

ʩʠʥʷ ʟʦʥʘ ʟʥʠʢʘʻ, ʪʦʙʪʦ ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʚʧʣʠʚʽ 

ʛʘʨʷʯʠʭ ʛʘʟʽʚ ʪʫʨʙʽʥʥʦʛʦ ʢʦʥʪʫʨʫ ʚʪʦʨʠʥʥʽ ʚʪʨʘʪʠ ʙʫʪʴ ʟʤʝʥʰʫʚʘʪʠʩʷ ʽ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʪʫʣʦʯʥʦʛʦ ʚʠʭʦʨʘ ʪʝʞ ʙʫʜʝ ʤʘʪʠ ʪʝʥʜʝʥʮʽʶ ʜʦ ʟʤʝʥʰʝʥʥʷ.  

 

ʘ                                              ʙ 

ʘ ï ʪʝʯʽʷ ʫ ʚʝʥʪʠʣʷʪʦʨʥʽʡ ʯʘʩʪʠʥʽ ʙʝʟ ʚʧʣʠʚʫ ʪʝʯʽʾ ʚ ʪʫʨʙʽʥʥʽʡ ʯʘʩʪʠʥʽ 

ʙ ï ʪʝʯʽʷ ʫ ʚʝʥʪʠʣʷʪʦʨʥʽʡ ʯʘʩʪʠʥʽ ʟ ʚʧʣʠʚʦʤ ʪʝʯʽʾ ʚ ʪʫʨʙʽʥʥʽʡ ʯʘʩʪʠʥʽ 

ʈʠʩ.4.13. ʇʦʣʝ ʰʚʠʜʢʦʩʪʝʡ ʚ ʤʽʞʣʦʧʘʪʢʦʚʦʤʫ ʢʘʥʘʣʽ ʫ ʚʝʥʪʠʣʷʪʦʨʥʽʡ 

ʯʘʩʪʠʥʽ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʥʘ ʜʽʘʤʝʪʨʽ D=0,85ʤ 

 

ʘ                                              ʙ 

ʘ ï ʪʝʯʽʷ ʫ ʚʝʥʪʠʣʷʪʦʨʥʽʡ ʯʘʩʪʠʥʽ ʙʝʟ ʚʧʣʠʚʫ ʪʝʯʽʾ ʚ ʪʫʨʙʽʥʥʽʡ ʯʘʩʪʠʥʽ 

ʙ ï ʪʝʯʽʷ ʫ ʚʝʥʪʠʣʷʪʦʨʥʽʡ ʯʘʩʪʠʥʽ ʟ ʚʧʣʠʚʦʤ ʪʝʯʽʾ ʚ ʪʫʨʙʽʥʥʽʡ ʯʘʩʪʠʥʽ 

ʈʠʩ.4.14. ʇʦʣʝ ʰʚʠʜʢʦʩʪʝʡ ʚ ʤʽʞʣʦʧʘʪʢʦʚʦʤʫ ʢʘʥʘʣʽ ʫ ʚʝʥʪʠʣʷʪʦʨʥʽʡ 

ʯʘʩʪʠʥʽ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʥʘ ʜʽʘʤʝʪʨʽ D=1,0ʤ 
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ʘ                                              ʙ 

ʘ ï ʪʝʯʽʷ ʫ ʚʝʥʪʠʣʷʪʦʨʥʽʡ ʯʘʩʪʠʥʽ ʙʝʟ ʚʧʣʠʚʫ ʪʝʯʽʾ ʚ ʪʫʨʙʽʥʥʽʡ ʯʘʩʪʠʥʽ 

ʙ ï ʪʝʯʽʷ ʫ ʚʝʥʪʠʣʷʪʦʨʥʽʡ ʯʘʩʪʠʥʽ ʟ ʚʧʣʠʚʦʤ ʪʝʯʽʾ ʚ ʪʫʨʙʽʥʥʽʡ ʯʘʩʪʠʥʽ 

ʈʠʩ.4.15. ʇʦʣʝ ʰʚʠʜʢʦʩʪʝʡ ʚ ʤʽʞʣʦʧʘʪʢʦʚʦʤʫ ʢʘʥʘʣʽ ʫ ʚʝʥʪʠʣʷʪʦʨʥʽʡ 

ʯʘʩʪʠʥʽ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʥʘ ʜʽʘʤʝʪʨʽ D=1,1ʤ 

 

ʘ                                              ʙ 

ʘ ï ʪʝʯʽʷ ʫ ʚʝʥʪʠʣʷʪʦʨʥʽʡ ʯʘʩʪʠʥʽ ʙʝʟ ʚʧʣʠʚʫ ʪʝʯʽʾ ʚ ʪʫʨʙʽʥʥʽʡ ʯʘʩʪʠʥʽ 

ʙ ï ʪʝʯʽʷ ʫ ʚʝʥʪʠʣʷʪʦʨʥʽʡ ʯʘʩʪʠʥʽ ʟ ʚʧʣʠʚʦʤ ʪʝʯʽʾ ʚ ʪʫʨʙʽʥʥʽʡ ʯʘʩʪʠʥʽ 

ʈʠʩ.4.16. ʇʦʣʝ ʰʚʠʜʢʦʩʪʝʡ ʚ ʤʽʞʣʦʧʘʪʢʦʚʦʤʫ ʢʘʥʘʣʽ ʫ ʚʝʥʪʠʣʷʪʦʨʥʽʡ 

ʯʘʩʪʠʥʽ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʥʘ ʜʽʘʤʝʪʨʽ D=1,2ʤ 

 

ɸʥʘʣʽʟ ʚʽʟʫʘʣʽʟʘʮʽʾ ʦʙʪʽʢʘʥʥʷ ʧʦʢʘʟʫʻ ʚʽʜʤʽʥʥʽʩʪʴ ʫ ʭʘʨʘʢʪʝʨʽ ʦʙʪʽʢʘʥʥʷ ʜʚʦʭ 

ʨʦʟʛʣʷʥʫʪʠʭ ʚʠʧʘʜʢʽʚ ʦʙʪʽʢʘʥʥʷ ʚʝʥʪʠʣʷʪʦʨʥʦʾ ʯʘʩʪʠʥʠ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ. ʊʦʙʪʦ ʧʦʪʽʢ ʛʘʨʷʯʠʭ ʛʘʟʽʚ ʟ ʪʫʨʙʽʥʥʦʾ ʯʘʩʪʠʥʠ 
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ʜʚʦʷʨʫʩʥʦʾ ʣʦʧʘʪʢʠ ʚʧʣʠʚʘʻ ʥʘ ʨʦʟʧʦʜʽʣ ʰʚʠʜʢʦʩʪʽ ʚʽʜ ʚʪʫʣʦʯʥʦʾ ʯʘʩʪʠʥʠ 

ʣʦʧʘʪʢʠ ʜʦ 50% ʧʦ ʚʠʩʦʪʽ ʣʦʧʘʪʢʠ ʚʝʥʪʠʣʷʪʦʨʥʦʛʦ ʢʦʥʪʫʨʫ. ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ 

ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʚʪʦʨʠʥʽ ʚʪʨʘʪʠ ʚʝʥʪʠʣʷʪʦʨʥʦʛʦ 

ʢʦʥʪʫʨʫ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʙʫʜʫʪʴ ʤʝʥʰʽ ʟʘ ʨʘʭʫʥʦʢ ʧʽʜʽʛʨʽʚʫ, 

ʟʙʽʣʴʰʝʥʥʶ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʪʦʢʫ ʫ ʧʨʠʤʝʞʦʚʦʤʫ ʰʘʨʽ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʧʦʟʠʪʠʚʥʦ 

ʚʧʣʠʚʘʪʠ ʥʘ ʪʘʢʝ ʥʝʛʘʪʠʚʥʝ ʷʚʠʱʘ ʷʢ ʚʪʦʣʦʯʥʠʡ ʚʠʭʦʨ. 

ʅʘʧʨʠʢʣʘʜ, ʥʘ ʨʠʩ.4.15 ʯʽʪʢʦ ʚʠʜʥʦ, ʱʦ ʟʘ ʣʦʧʘʪʢʦʶ ʟʦʥʘ ʥʫʣʴʦʚʦʾ 

ʰʚʠʜʢʦʩʪʽ ʚ ʩʣʽʜʽ ʧʨʘʢʪʠʯʥʦ ʟʥʠʢʣʘ ʫ ʚʠʧʘʜʢʫ ʨʦʟʨʘʭʫʥʢʫ ʪʝʯʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʚʧʣʠʚʫ ʪʝʯʽʾ ʛʘʨʷʯʠʭ ʛʘʟʽʚ ʚ ʪʫʨʙʽʥʥʽʡ ʯʘʩʪʠʥʽ ʜʚʦʷʨʫʩʥʦʛʦ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ. ʎʝ 

ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʪʠʤ, ʱʦ ʤʘʻ ʤʽʩʮʝ ʥʘʛʨʽʚ ʣʦʧʘʪʢʠ ʚʝʥʪʠʣʷʪʦʨʥʦʛʦ ʢʦʥʪʫʨʫ ʚʽʜ 

ʣʦʧʘʪʢʠ ʪʫʨʙʽʥʥʦʛʦ ʢʦʥʪʫʨʫ. ʇʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʩʧʨʠʷʻ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ 

ʝʥʝʨʛʽʾ ʧʨʠʤʝʞʦʚʦʛʦ ʰʘʨʫ ʥʘʚʢʦʣʦ ʥʠʞʥʴʦʾ ʯʘʩʪʠʥʠ ʣʦʧʘʪʢʠ ʚʝʥʪʠʣʷʪʦʨʥʦʛʦ 

ʢʦʥʪʫʨʫ. ʊʦʙʪʦ ʪʦʚʱʠʥʘ ʧʨʠʤʝʞʦʚʦʛʦ ʰʘʨʫ ʟʤʝʥʰʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʧʽʜʚʠʱʝʥʥʷ 

ʰʚʠʜʢʦʩʪʽ ʚ ʮʽʡ ʟʦʥʽ. ʆʜʥʘʢ ʥʘ ʜʽʘʤʝʪʨʽ D= 1,2 ʤ ʮʝʡ ʝʬʝʢʪ ʚʞʝ ʟʥʠʢʘʻ. 

 

4.3. ɺʧʣʠʚ ʪʝʯʽʾ ʛʘʨʷʯʠʭ ʛʘʟʽʚ ʚ ʪʫʨʙʽʥʥʽʡ ʯʘʩʪʠʥʽ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ ʥʘ 

ʥʘʛʨʽʚ ʚʝʥʪʠʣʷʪʦʨʥʦʾ ʯʘʩʪʠʥʠ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ 

ʧʨʠʩʪʘʚʢʠ  

 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʯʽʾ ʚ ʜʚʦʷʨʫʩʥʦʤʫ ʨʦʙʦʯʦʤʫ ʢʦʣʝʩʽ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʛʘʨʷʯʽ ʛʘʟʠ ʚ ʪʫʨʙʽʥʥʦʤʫ ʢʦʥʪʫʨʽ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʭʘʨʘʢʪʝʨ ʦʙʪʽʢʘʥʥʷ ʫ ʚʝʥʪʠʣʷʪʦʨʥʦʤʫ ʢʦʥʪʫʨʽ. ʊʝʯʽʷ  ʚ ʪʫʨʙʽʥʥʦʤʫ 

ʢʦʥʪʫʨʽ ʽʥʪʝʥʩʠʬʽʢʫʻ ʝʥʝʨʛʽʶ ʚ ʧʨʠʤʝʞʦʚʦʤʫ ʰʘʨʽ ʥʘ ʣʦʧʘʪʮʽ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ 

ʚʝʥʪʠʣʷʪʦʨʥʦʛʦ ʢʦʥʪʫʨʫ ʥʘ 50% ʧʦ ʚʠʩʦʪʽ. 

ɺ ʜʘʥʦʤʫ ʧʽʜʨʦʟʜʽʣʽ ʩʪʘʚʠʪʴʩʷ ʟʘʜʘʯʘ ʦʮʽʥʠʪʠ ʚʧʣʠʚ ʪʝʯʽʾ ʛʘʨʷʯʠʭ ʛʘʟʽʚ ʚ 

ʪʫʨʙʽʥʥʽʡ ʯʘʩʪʠʥʽ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ ʥʘ ʥʘʛʨʽʚ ʚʝʥʪʠʣʷʪʦʨʥʦʾ ʯʘʩʪʠʥʠ ʨʦʙʦʯʦʛʦ 

ʢʦʣʝʩʘ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ. 

ɿ ʤʝʪʦʶ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʧʨʦʘʥʘʣʽʟʫʻʤʦ ʚʽʟʫʘʣʽʟʘʮʽʶ ʨʦʟʧʦʜʽʣʫ 

ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʜʚʦʷʨʫʩʥʦʤʫ ʨʦʙʦʯʦʤʫ ʢʦʣʝʩʽ. 
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ʅʘ ʨʠʩ.4.17 ʜʣʷ ʧʨʠʢʣʘʜʫ ʧʦʢʘʟʘʥʦ ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʧʦʚʝʨʭʥʽ 

ʣʦʧʘʪʢʠ ʚʝʥʪʠʣʷʪʦʨʥʦʛʦ ʢʦʥʪʫʨʫ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ ʛʘʨʷʯʠʭ ʛʘʟʽʚ ʚʽʜ 

ʪʫʨʙʽʥʥʦʛʦ ʢʦʥʪʫʨʫ ʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʥʘʛʨʽʚʫ. ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʥʘ 

ʨʠʩ.4.17 ʜʣʷ ʜʚʦʭ ʚʠʧʘʜʢʽʚ ʥʘʜʘʥʦ ʦʜʥʫ ʰʢʘʣʫ. ʄʦʞʥʘ ʧʦʙʘʯʠʪʠ, ʱʦ ʚ 

ʨʦʟʛʣʷʥʫʪʦʤʫ ʚʠʧʘʜʢʫ ʧʦʚʝʨʭʥʷ ʚʝʥʪʠʣʷʪʦʨʥʦʾ ʯʘʩʪʠʥʠ ʜʚʦʷʨʫʩʥʦʾ ʣʦʧʘʪʢʠ ʧʽʜ 

ʜʽʻʶ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʥʘʛʨʽʚʫ ʚʽʜ ʪʫʨʙʽʥʥʦʾ ʯʘʩʪʠʥʠ ʥʘʛʨʽʚʘʻʪʴʩʷ ʧʨʠʙʣʠʟʥʦ ʥʘ 

10% ʧʦ ʚʠʩʦʪʽ ʣʦʧʘʪʢʠ. ʋ ʚʠʧʘʜʢʫ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʯʽʾ ʚ ʚʝʥʪʠʣʷʪʦʨʥʽʡ ʯʘʩʪʠʥʽ 

ʜʚʦʷʨʫʩʥʦʾ ʣʦʧʘʪʢʠ ʙʝʟ ʚʧʣʠʚʫ ʛʘʨʷʯʠʭ ʛʘʟʽʚ ʥʘʛʨʽʚʫ ʧʦʚʝʨʭʥʽ ʣʦʧʘʪʢʠ ʥʝ 

ʚʽʜʙʫʚʘʻʪʴʩʷ (ʨʠʩ.4.17, ʘ).  

 

ʘ                     ʙ 

ʘ- ɺʽʟʫʘʣʽʟʘʮʽʷ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʥʘ ʧʦʚʝʨʭʥʽ ʣʦʧʘʪʢʠ 

ʚʝʥʪʠʣʷʪʦʨʥʦʛʦ ʢʦʥʪʫʨʫ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ ʛʘʨʷʯʠʭ ʛʘʟʽʚ ʚʽʜ ʪʫʨʙʽʥʥʦʛʦ 

ʢʦʥʪʫʨʫ; ʙ - ɺʽʟʫʘʣʽʟʘʮʽʷ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʥʘ ʧʦʚʝʨʭʥʽ ʣʦʧʘʪʢʠ 

ʚʝʥʪʠʣʷʪʦʨʥʦʛʦ ʢʦʥʪʫʨʫ ʟ ʫʨʘʭʫʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʧʣʠʚʫ ʚʽʜ ʪʫʨʙʽʥʥʦʛʦ 

ʢʦʥʪʫʨʫ 

ʈʠʩ.4.17. ɺʽʟʫʘʣʽʟʘʮʽʷ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʥʘ ʧʦʚʝʨʭʥʽ ʣʦʧʘʪʢʠ 

ʚʝʥʪʠʣʷʪʦʨʥʦʛʦ ʢʦʥʪʫʨʫ 
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ɿ ʤʝʪʦʶ ʙʽʣʴʰ ʛʣʠʙʦʢʦʛʦ ʨʦʟʫʤʽʥʥʷ ʚʧʣʠʚʫ ʛʘʨʷʯʠʭ ʛʘʟʽʚ ʪʫʨʙʽʥʥʦʛʦ 

ʢʦʥʪʫʨʫ ʥʘ ʥʘʛʨʽʚ ʧʦʚʝʨʭʥʽ ʣʦʧʘʪʢʠ ʚʝʥʪʠʣʷʪʦʨʥʠʡ ʢʦʥʪʫʨʫ, ʨʦʟʛʣʷʥʝʤʦ 

ʚʽʟʫʘʣʽʟʘʮʽʶ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʥʘ ʧʦʚʝʨʭʥʽ ʣʦʧʘʪʢʠ ʚʝʥʪʠʣʷʪʦʨʥʦʛʦ ʢʦʥʪʫʨʫ 

ʜʣʷ ʥʘʩʪʫʧʥʠʭ ʨʝʞʠʤʽʚ: ʚʠʩʦʪʘ ʧʦʣʴʦʪʫ ʅ=0ʤ, ʅ=9000ʤ ʧʨʠ ʯʠʩʣʽ ʄʘʭʘ ʥʘ ʚʭʦʜʽ 

ʄ=0,2; ʄ=0,3; ʄ=0,5. ʈʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʥʘ ʧʦʚʝʨʭʥʽ ʣʦʧʘʪʢʠ 

ʚʝʥʪʠʣʷʪʦʨʥʦʛʦ ʢʦʥʪʫʨʫ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 4.18-4.23.  

 

 

 

ʈʠʩ.4.18. ɺʽʟʫʘʣʽʟʘʮʽʷ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʥʘ ʧʦʚʝʨʭʥʽ ʣʦʧʘʪʢʠ 

ʚʝʥʪʠʣʷʪʦʨʥʦʛʦ ʢʦʥʪʫʨʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʧʣʠʚʫ ʚʽʜ ʪʫʨʙʽʥʥʦʛʦ 

ʢʦʥʪʫʨʫ ʧʨʠ ʨʝʞʠʤʽ ʨʦʙʦʪʠ ʅ=0, ʄ=0,2 
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ʈʠʩ.4.19. ɺʽʟʫʘʣʽʟʘʮʽʷ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʥʘ ʧʦʚʝʨʭʥʽ ʣʦʧʘʪʢʠ 

ʚʝʥʪʠʣʷʪʦʨʥʦʛʦ ʢʦʥʪʫʨʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʧʣʠʚʫ ʚʽʜ ʪʫʨʙʽʥʥʦʛʦ 

ʢʦʥʪʫʨʫ ʧʨʠ ʨʝʞʠʤʽ ʨʦʙʦʪʠ ʅ=0, ʄ=0,3 

 

ʈʠʩ.4.20. ɺʽʟʫʘʣʽʟʘʮʽʷ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʥʘ ʧʦʚʝʨʭʥʽ ʣʦʧʘʪʢʠ 

ʚʝʥʪʠʣʷʪʦʨʥʦʛʦ ʢʦʥʪʫʨʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʧʣʠʚʫ ʚʽʜ ʪʫʨʙʽʥʥʦʛʦ 

ʢʦʥʪʫʨʫ ʧʨʠ ʨʝʞʠʤʽ ʨʦʙʦʪʠ ʅ=0, ʄ=0,5 
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ʈʠʩ.4.21. ɺʽʟʫʘʣʽʟʘʮʽʷ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʥʘ ʧʦʚʝʨʭʥʽ ʣʦʧʘʪʢʠ 

ʚʝʥʪʠʣʷʪʦʨʥʦʛʦ ʢʦʥʪʫʨʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʧʣʠʚʫ ʚʽʜ ʪʫʨʙʽʥʥʦʛʦ 

ʢʦʥʪʫʨʫ ʧʨʠ ʨʝʞʠʤʽ ʨʦʙʦʪʠ ʅ=9000ʤ, ʄ=0,2 

 

ʈʠʩ.4.22. ɺʽʟʫʘʣʽʟʘʮʽʷ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʥʘ ʧʦʚʝʨʭʥʽ ʣʦʧʘʪʢʠ 

ʚʝʥʪʠʣʷʪʦʨʥʦʛʦ ʢʦʥʪʫʨʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʧʣʠʚʫ ʚʽʜ ʪʫʨʙʽʥʥʦʛʦ 

ʢʦʥʪʫʨʫ ʧʨʠ ʨʝʞʠʤʽ ʨʦʙʦʪʠ ʅ=9000ʤ, ʄ=0,3 
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ʈʠʩ.4.23. ɺʽʟʫʘʣʽʟʘʮʽʷ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʥʘ ʧʦʚʝʨʭʥʽ ʣʦʧʘʪʢʠ 

ʚʝʥʪʠʣʷʪʦʨʥʦʛʦ ʢʦʥʪʫʨʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʧʣʠʚʫ ʚʽʜ ʪʫʨʙʽʥʥʦʛʦ 

ʢʦʥʪʫʨʫ ʧʨʠ ʨʝʞʠʤʽ ʨʦʙʦʪʠ ʅ=9000ʤ, ʄ=0,5 

 

ɸʥʘʣʽʟ ʚʽʟʫʘʣʽʟʘʮʽʾ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʜʣʷ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʥʘ ʚʠʩʦʪʽ 0ʢʤ ʪʘ 

9ʢʤ ʧʦʢʘʟʫʻ, ʱʦ ʻ ʚʽʜʤʽʥʥʽʩʪʴ ʫ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʥʘʛʨʽʚʽ ʧʦʚʝʨʭʥʽ ʣʦʧʘʪʢʠ. ɸʣʝ 

ʟʙʝʨʽʛʘʻʪʴʩʷ ʪʝʥʜʝʥʮʽʷ ʱʦʜʦ ʦʙʣʘʩʪʽ ʥʘʛʨʽʚʫ ï ʚʪʫʣʢʦʚʘ ʯʘʩʪʠʥʘ. ʇʨʠ ʨʝʞʠʤʽ 

ʨʦʙʦʪʠ  ʅ=0ʤ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ  ʜʽʘʧʘʟʦʥ ʥʘʛʨʽʚʫ ʧʦʚʝʨʭʥʽ ʣʦʧʘʪʢʠ ʫ ʚʪʫʣʢʦʚʽʡ 

ʯʘʩʪʠʥʽ ʚʽʜ 600Áʉ ʜʦ 15 Áʉ (ʨʠʩ.4.18-4.20). ɺ ʪʦʡ ʞʝ ʯʘʩ, ʧʨʠ ʨʝʞʠʤʽ ʨʦʙʦʪʠ 

ʜʚʠʛʫʥʘ ʥʘ ʚʠʩʦʪʽ 9000ʤ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʽ ʣʦʧʘʪʢʠ ʟʨʦʩʪʘʻ ʜʦ 750Áʉ ʽ 

ʧʦʩʪʫʧʦʚʦ ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ -50 Áʉ (4.21-4.23). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʢʦʥʩʪʘʪʫʚʘʪʠ, ʱʦ ʧʨʠ ʨʦʙʦʪʽ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ 

ʧʨʠʩʪʘʚʢʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʦʩʠʪʴ ʩʫʪʪʻʚʠʡ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʚʧʣʠʚ ʥʘ ʚʪʫʣʢʦʚʫ 

ʯʘʩʪʠʥʫ ʣʦʧʘʪʢʠ ʚʝʥʪʠʣʷʪʦʨʥʦʛʦ ʢʦʥʪʫʨʫ. ʎʝʡ ʚʧʣʠʚ ʙʫʜʝ ʩʫʧʨʦʚʦʜʞʫʚʘʪʠʩʴ 

ʪʝʤʧʝʨʘʪʫʨʥʠʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ ʽ ʧʦʪʨʝʙʫʻ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʤʽʮʥʽʩʪʴ. 
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ɺʠʩʥʦʚʢʠ ʟʘ ʨʦʟʜʽʣʦʤ 

 

ɺ ʨʦʟʜʽʣʽ ʧʨʦʚʝʜʝʥʦ ʦʮʽʥʢʫ ʚʧʣʠʚʫ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ʪʫʨʙʽʥʥʦʾ ʯʘʩʪʠʥʠ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʥʘ ʨʦʙʦʯʠʡ ʧʨʦʮʝʩ ʚʝʥʪʠʣʷʪʦʨʥʦʛʦ ʢʦʥʪʫʨʫ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ. 

ʇʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʯʽʾ ʚ ʜʚʦʭʷʨʫʩʥʦʤʫ ʨʦʙʦʯʦʤʫ 

ʢʦʣʝʩʽ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʧʨʠ ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ: ʥʘ ʚʠʩʦʪʽ 

11ʢʤ, 9, ʢʤ, 7ʢʤ ʪʘ 0 ʢʤ ʧʨʠ ʩʪʘʥʜʘʨʪʥʠʭ ʘʪʤʦʩʬʝʨʥʠʭ ʫʤʦʚʘʭ. 

ʆʪʨʠʤʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʩʪʫʧʝʥʷ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʚʝʥʪʠʣʷʪʦʨʥʦʛʦ ʢʦʥʪʫʨʫ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʚʠʪʨʘʪʠ ʥʘ ʚʭʦʜʽ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ 

ʚʧʣʠʚʫ ʛʘʨʷʯʠʭ ʛʘʟʽʚ ʪʫʨʙʽʥʥʦʛʦ ʢʦʥʪʫʨʫ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ.  

ʆʪʨʠʤʘʥʦ ʟʘʣʝʞʥʦʩʪʽ ʩʪʫʧʝʥʷ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʚʝʥʪʠʣʷʪʦʨʥʦʛʦ ʢʦʥʪʫʨʫ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʚʠʪʨʘʪʠ ʥʘ ʚʭʦʜʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʚʧʣʠʚʫ ʛʘʨʷʯʠʭ ʛʘʟʽʚ ʪʫʨʙʽʥʥʦʛʦ ʢʦʥʪʫʨʫ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʪʝʯʽʷ ʛʘʨʷʯʠʭ ʛʘʟʽʚ ʚʧʣʠʚʘʻ ʥʘ ʩʪʫʧʽʥʴ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʫ 

ʚʝʥʪʠʣʷʪʦʨʥʦʤʫ ʢʦʥʪʫʨʽ. 

ʅʘʷʚʥʽʩʪʴ ʛʘʟʦʚʦʾ ʪʫʨʙʽʥʠ (ʪʫʨʙʽʥʥʦʾ ʯʘʩʪʠʥʠ) ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʛʽʨʰʝʥʥʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʝʥʪʠʣʷʪʦʨʘ (ʚʝʥʪʠʣʷʪʦʨʥʦʾ ʯʘʩʪʠʥʠ). ʉʪʫʧʽʥʴ ʧʽʜʚʠʱʝʥʥʷ 

ʪʠʩʢʫ ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ 0,2é4,8%. ʅʘʡʙʽʣʴʰʠʡ ʚʧʣʠʚ ʧʨʦʷʚʣʷʻʪʴʩʷ ʥʘ ʨʝʞʠʤʽ  

ʨʦʙʦʪʠ ʅ=11 ʢʤ. 

ɺʽʟʫʘʣʽʟʘʮʽʷ ʧʦʣʷ ʰʚʠʜʢʦʩʪʽ ʪʝʯʽʾ ʫ ʚʝʥʪʠʣʷʪʦʨʥʽʡ ʯʘʩʪʠʥʽ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʧʦʢʘʟʘʣʘ, ʱʦ ʧʨʠ ʨʦʙʦʪʽ ʪʫʨʙʽʥʥʦʛʦ ʢʦʥʪʫʨʫ 

ʭʘʨʘʢʪʝʨ ʦʙʪʽʢʘʥʥʷ ʚ ʚʝʥʪʠʣʷʪʦʨʥʽʡ ʯʘʩʪʠʥʽ ʟʤʽʥʶʻʪʴʩʷ ʧʨʠʙʣʠʟʥʦ ʥʘ 50% 

ʚʠʩʦʪʠ ʣʦʧʘʪʢʠ. ʇʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʩʧʨʠʷʻ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʝʥʝʨʛʽʾ 

ʧʨʠʤʝʞʦʚʦʛʦ ʰʘʨʫ ʥʘʚʢʦʣʦ ʥʠʞʥʴʦʾ ʯʘʩʪʠʥʠ ʣʦʧʘʪʢʠ ʚʝʥʪʠʣʷʪʦʨʥʦʛʦ ʢʦʥʪʫʨʫ, 

ʱʦ ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʟʤʝʥʰʝʥʥʷ ʥʫʣʴʦʚʠʭ ʟʦʥ ʰʚʠʜʢʦʩʪʽ ʧʨʠ ʦʙʪʽʢʘʥʥʽ. ʇʨʠ 

ʧʨʦʚʝʜʝʥʥʽ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʚʪʦʨʠʥʥʽ ʚʪʨʘʪʠ 

ʚʝʥʪʠʣʷʪʦʨʥʦʛʦ ʢʦʥʪʫʨʫ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʙʫʜʫʪʴ ʤʝʥʰʽ ʟʘ ʨʘʭʫʥʦʢ 

ʧʽʜʽʛʨʽʚʫ, ʟʙʽʣʴʰʝʥʥʶ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʪʦʢʫ ʫ ʧʨʠʤʝʞʝʚʦʤʫ ʰʘʨʽ. ʎʝ ʜʦʟʚʦʣʠʪʴ 

ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʪʠ ʥʘ ʪʘʢʝ ʥʝʛʘʪʠʚʥʝ ʷʚʠʱʘ ʷʢ ʚʪʫʣʦʯʥʠʡ ʚʠʭʦʨ. 
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ʇʨʦʚʝʜʝʥʦ ʦʮʽʥʢʘ ʚʧʣʠʚʫ ʪʝʯʽʾ ʛʘʨʷʯʠʭ ʛʘʟʽʚ ʚ ʪʫʨʙʽʥʥʽʡ ʯʘʩʪʠʥʽ ʨʦʙʦʯʦʛʦ 

ʢʦʣʝʩʘ ʥʘ ʥʘʛʨʽʚ ʚʝʥʪʠʣʷʪʦʨʥʦʾ ʯʘʩʪʠʥʠ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ 

ʧʨʠʩʪʘʚʢʠ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʨʠ ʨʦʙʦʪʽ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ 

ʧʨʠʩʪʘʚʢʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʦʩʠʪʴ ʩʫʪʪʻʚʠʡ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʚʧʣʠʚ ʥʘ ʚʪʫʣʢʦʚʫ 

ʯʘʩʪʠʥʫ ʣʦʧʘʪʢʠ ʚʝʥʪʠʣʷʪʦʨʥʦʛʦ ʢʦʥʪʫʨʫ. ʎʝʡ ʚʧʣʠʚ ʙʫʜʝ ʩʫʧʨʦʚʦʜʞʫʚʘʪʠʩʴ 

ʪʝʤʧʝʨʘʪʫʨʥʠʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ ʽ ʧʦʪʨʝʙʫʻ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʤʽʮʥʽʩʪʴ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʘʥʦʛʦ ʨʦʟʜʽʣʫ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʨʦʙʦʪʘʭ ʘʚʪʦʨʘ [102, 103]. 
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ʈʆɿɼɯʃ 5 

ʄʆɼɽʃʖɺɸʅʅʗ ʊɽʏɯɰ ɺ ʊʋʈɹʆɺɽʅʊʀʃʗʊʆʈʅɯʁ ʇʈʀʉʊɸɺʎɯ ɿ 

ʋʈɸʍʋɺɸʅʅʗʄ ɺʇʃʀɺʋ ʇʈʀʄɽɾɽɺʆɻʆ ʐɸʈʋ ʅɸ ʇʆɺɽʈʍʅɯ 

ʄʆʊʆɻʆʅɼʆʃʀ ɻɸɿʆɻɽʅɽʈɸʊʆʈɸ 

 

5.1. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʤʦʪʦʛʦʥʜʦʣʠ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ 

ʥʘ ʪʝʯʽʶ ʫ ʚʝʥʪʠʣʷʪʦʨʥʦʛʦʤʫ ʢʦʥʪʫʨʽ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ 

 

ɿʘʟʚʠʯʘʡ, ʚ ʢʦʥʩʪʨʫʢʮʽʾ ʊʈɼɼ ʻ ʚʫʟʦʣ ʚʝʥʪʠʣʷʪʦʨʘ, ʷʢʠʡ ʨʦʟʪʘʰʦʚʘʥʠʡ ʚ 

ʧʝʨʝʜʥʽʡ ʯʘʩʪʠʥʽ ʜʚʠʛʫʥʘ. ʇʦʚʽʪʨʷʥʠʡ ʧʦʪʽʢ ʧʦʧʘʜʘʻ ʥʘ ʚʭʽʜ ʫ ʚʝʥʪʠʣʷʪʦʨ ʽʟ 

ʘʪʤʦʩʬʝʨʠ. ʊʘʢʘ ʩʭʝʤʘ ʜʚʠʛʫʥʽʚ ʜʦʩʠʪʴ ʨʦʟʧʦʚʩʶʜʞʝʥʘ ʽ ʤʘʻ ʜʦʩʠʪʴ ʚʠʩʦʢʽ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɸʣʝ ʥʝʜʦʣʽʢʘʤʠ ʨʦʟʪʘʰʫʚʘʥʥʷ ʚʝʥʪʠʣʷʪʦʨʘ 

ʧʝʨʝʜ ʛʘʟʦʛʝʥʝʨʘʪʦʨʦʤ ʻ ʪʝ, ʱʦ ʢʽʥʝʤʘʪʠʢʘ ʧʦʪʦʢʫ ʟʘ ʚʝʥʪʠʣʷʪʦʨʦʤ ʥʦʩʠʪʴ 

ʩʫʪʪʻʚʠʡ ʚʧʣʠʚ ʥʘ ʨʦʙʦʪʫ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. 

ʇʨʠ ʨʦʙʦʪʽ ʚʝʥʪʠʣʷʪʦʨʘ ʚ ʫʤʦʚʘʭ ʟʨʠʚʫ ʧʦʪʦʢʫ ʧʨʠ ʦʙʪʽʢʘʥʥʽ ʤʦʞʫʪʴ 

ʟôʷʚʣʷʪʠʩʷ ʟʨʠʚʥʽ ʟʦʥʠ, ʷʢʽ ʙʫʜʫʪʴ ʦʙʝʨʪʘʪʠʩʷ ʨʘʟʦʤ ʽʟ ʨʦʪʦʨʦʤ ʚʝʥʪʠʣʷʪʦʨʘ ʪʘ 

ʚʧʣʠʚʘʪʠ ʥʘ ʧʦʛʽʨʰʝʥʥʷ ʢʽʥʝʤʘʪʠʢʠ ʪʝʯʽʾ ʫ ʥʘʩʪʫʧʥʠʭ ʩʪʫʧʝʥʷʭ ʢʦʤʧʨʝʩʦʨʘ, 

ʙʫʜʫʪʴ ʧʦʛʽʨʰʫʚʘʪʠʩʷ ʂʂɼ ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʛʽʜʨʘʚʣʽʯʥʠʭ ʚʪʨʘʪ (ʚʪʦʨʠʥʥʽ 

ʚʪʨʘʪʠ, ʧʨʦʬʽʣʴʥʽ ʽ ʪ.ʜ.). ʊʘʢʦʞ ʧʨʠ ʨʦʙʦʪʽ ʚ ʫʤʦʚʘʭ ʟʨʠʚʫ ʤʦʞʫʪʴ ʙʫʪʠ ʟʨʠʚʠ ʥʘ 

ʦʢʨʝʤʠʭ ʣʦʧʘʪʢʘʭ, ʤʦʞʝ ʚʠʥʠʢʘʤʠ ʷʚʠʱʝ ʚʪʫʣʦʯʥʦʛʦ ʚʠʭʦʨʫ, ʱʦ ʧʨʠʟʚʝʜʝ ʜʦ 

ʟʥʠʞʝʥʦʾ ʰʚʠʜʢʦʩʪʽ ʫ ʩʣʽʜʽ ʟʘ ʚʝʥʪʠʣʷʪʦʨʦʤ ʽ ʚʧʣʠʥʝ ʥʘ ʪʝʯʽʶ ʫ ʤʽʞʣʦʧʘʪʢʦʚʠʭ 

ʢʘʥʘʣʘʭ ʥʘʩʪʫʧʥʠʭ ʩʪʫʧʝʥʽʚ ʢʦʤʧʨʝʩʦʨʽʚ ʥʘ ʦʢʨʝʤʠʭ ʣʦʧʘʪʢʘʭ ʪʝʯʽʷ ʙʫʜʝ 

ʧʦʩʪʫʧʘʪʠ ʥʝ ʧʽʜ ʦʧʪʠʤʘʣʴʥʠʤ ʢʫʪʦʤ ʘʪʘʢʠ. ʎʝ, ʚ ʩʚʦʶ ʯʝʨʛʫ ʧʨʠʟʚʝʜʝ ʜʦ 

ʧʦʛʽʨʰʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʨʝʩʦʨʘ ʽ ʤʦʞʝ ʚʠʟʚʘʪʠ ʧʦʤʧʘʞ ʢʦʤʧʨʝʩʦʨʘ. 

ʈʦʟʪʘʰʫʚʘʥʥʷ ʚʝʥʪʠʣʷʪʦʨʘ ʟʘ ʩʭʝʤʦʶ ʜʚʠʛʫʥʘ ʟ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʶ 

ʧʨʠʩʪʘʚʢʦʶ ʜʦʟʚʦʣʠʪʴ ʧʦʟʙʫʪʠʩʷ ʚʧʣʠʚʫ ʥʘ ʪʝʯʽʶ ʫ ʛʘʟʦʛʝʥʝʨʘʪʦʨʽ, ʱʦ 

ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʥʝ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. ʆʜʥʘʢ, ʧʝʨʝʜ 

ʚʝʥʪʠʣʷʪʦʨʦʤ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʙʫʜʝ ʨʦʟʪʘʰʦʚʘʥʦ ʤʦʪʦʛʦʥʜʦʣʫ, 

ʷʢʘ, ʤʦʞʣʠʚʦ, ʙʫʜʝ ʚʧʣʠʚʘʪʠ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ. 
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ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ, ʥʘʞʘʣʴ, ʜʦʩʣʽʜʞʝʥʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʚʠʛʫʥʽʚ ʟ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʶ ʧʨʠʩʪʘʚʢʦʶ ʜʦʩʠʪʴ ʦʙʤʝʞʝʥʘ ʢʽʣʴʢʽʩʪʴ. ʇʠʪʘʥʥʷ ʚʧʣʠʚʫ 

ʤʦʪʦʛʦʥʜʦʣʠ ʥʘ ʪʝʯʽʶ ʫ ʚʝʥʪʠʣʷʪʦʨʽ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʙʫʣʦ 

ʜʦʩʣʽʜʞʝʥʦ ʚ ʨʦʙʦʪʽ [104] ʪʽʣʴʢʠ ʘʥʘʣʽʪʠʯʥʠʤ ʰʣʷʭʦʤ. ɺ ʨʦʙʦʪʽ [105] ʘʚʪʦʨʘʤʠ 

ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʴʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ, ʷʢʠʡ ʚʠʷʚʠʚ ʩʫʪʪʻʚʠʡ ʚʧʣʠʚ 

ʧʨʠʤʝʞʦʚʦʛʦ ʰʘʨʫ ʥʘ ʤʦʪʦʛʦʥʜʦʣʽ ʥʘ ʪʝʯʽʶ ʫ ʚʝʥʪʠʣʷʪʦʨʽ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ 

ʧʨʠʩʪʘʚʢʠ, ʘʣʝ ʛʦʣʦʚʥʠʡ ʥʝʜʦʣʽʢ ʮʴʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʻ ʪʝ ʱʦ, ʚʽʥ ʧʨʦʚʦʜʠʚʩʷ ʥʘ 

ʤʦʜʝʣʷʭ, ʷʢʽ ʚ 10-20 ʨʘʟʽʚ ʤʝʥʰʝ, ʥʽʞ ʨʝʘʣʴʥʠʡ ʜʚʠʛʫʥ. ʊʘʢʦʞ ʚ ʨʦʙʦʪʽ [106] ʙʫʣʦ 

ʧʨʦʚʝʜʝʥʦ ʯʠʩʝʣʴʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ ʥʘ ʧʦʚʥʦʨʦʟʤʽʨʥʽʡ ʤʦʜʝʣʽ ʤʦʪʦʛʦʥʜʦʣʠ. 

ʄʦʜʝʣʴ ʤʦʪʦʛʦʥʜʦʣʠ ʩʢʣʘʜʘʣʘ 2,5 ʤ, ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʯʠʩʣʘʭ ʄʘʭʘ 

ʄ=0,3é0,8. ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʪʦʚʱʠʥʘ ʚʠʪʽʩʥʝʥʥʷ ʧʨʠʤʝʞʦʚʦʛʦ ʰʘʨʫ 

ʩʢʣʘʜʘʻ 8é11 ʤʤ. ɸʣʝ ʧʨʠ ʮʴʦʤʫ ʥʝ ʚʨʘʭʦʚʫʚʘʣʘʩʴ ʨʦʙʦʪʘ ʚʝʥʪʠʣʷʪʦʨʥʦʾ 

ʯʘʩʪʠʥʠ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ. ɼʦʩʣʽʜʞʫʚʘʣʠʩʴ ʪʽʣʴʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʨʠʤʝʞʦʚʦʛʦ ʰʘʨʫ ʥʘ ʤʦʪʦʛʦʥʜʦʣʽ, ʧʨʠ ʮʴʦʤʫ ʨʦʙʦʪʘ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ 

ʧʨʠʩʪʘʚʢʠ ʥʝ ʚʨʘʭʦʚʫʚʘʣʘʩʴ. 

ɼʦʩʣʽʜʞʝʥʥʷ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʨʦʙʦʪʽ [106] ʧʦʢʘʟʫʶʪʴ, ʱʦ ʚʽʜʩʤʦʢʪʫʚʘʥʥʷ 

ʧʨʠʤʝʞʦʚʦʛʦ ʰʘʨʫ ʟ ʧʦʚʝʨʭʥʽ ʤʦʪʦʛʦʥʜʦʣʠ ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ ʜʦʩʠʪʴ ʩʫʪʪʻʚʦʛʦ 

ʟʥʠʞʝʥʥʷ ʧʨʦʬʽʣʴʥʦʛʦ ʦʧʦʨʫ ʮʠʣʽʥʜʨʠʯʥʦʾ ʤʦʪʦʛʦʥʜʦʣʠ ʥʘ 15é60% ʧʨʠ 

ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʥʽ ʢʦʝʬʽʮʽʻʥʪʫ ʚʜʫʚʫ, ʧʨʠ ʟʥʘʯʝʥʥʷʭ ʧʦʜʦʚʞʝʥʥʷ 

ʤʦʪʦʛʦʥʜʦʣʠ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ 3 ʪʘ 6, ʧʨʠ ʩʪʫʧʝʥʽ ʜʚʦʢʦʥʪʫʨʥʦʩʪʽ ʚʽʜ 2 ʜʦ 8 ʪʘ ʧʨʠ 

ʚʽʜʥʦʩʥʽʡ ʜʦʚʞʠʥʽ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ 0,8 ʪʘ 0,4. ɿ ʜʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʤʦʞʥʘ ʟʨʦʙʠʪʠ 

ʚʠʩʥʦʚʦʢ, ʱʦ ʧʨʠʤʝʞʦʚʠʡ ʰʘʨ, ʷʢʠʡ ʫʪʚʦʨʶʻʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ ʤʦʪʦʛʦʥʜʦʣʠ 

ʜʦʩʠʪʴ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʘʝʨʦʜʠʥʘʤʽʯʥʠʡ ʦʧʽʨ. 

ʊʘʢʦʞ, ʩʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʘʚʪʦʨ ʥʘʚʦʜʠʪʴ ʨʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʪʠʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ [106], ʚ ʷʢʠʭ ʧʦʢʘʟʘʥʦ, ʱʦ ʧʨʠʤʝʞʦʚʠʡ ʰʘʨ, ʷʢʠʡ ʫʪʚʦʨʶʻʪʴʩʷ ʥʘ 

ʧʦʚʝʨʭʥʽ ʤʦʪʦʛʦʥʜʦʣʠ ʚʧʣʠʚʘʻ ʥʘ ʩʪʚʦʨʝʥʥʷ ʨʝʘʢʪʠʚʥʦʾ ʪʷʛʠ ʚʝʥʪʠʣʷʪʦʨʥʦʶ 

ʯʘʩʪʠʥʦʶ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ. ʊʘʢ, ʧʨʠ ʧʦʜʦʚʞʝʥʥʽ ʤʦʪʦʛʦʥʜʦʣʠ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ 3 ʪʘ ʜʽʘʧʘʟʦʥʽ ʩʪʫʧʝʥʷ ʜʚʦʢʦʥʪʫʨʥʦʩʪʽ 2é8 ʪʷʛʘ ʚʝʥʪʠʣʷʪʦʨʥʦʛʦ 

ʢʦʥʪʫʨʫ ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ 6é2,5%. ʇʨʠ ʧʦʜʦʚʞʝʥʥʽ ʤʦʪʦʛʦʥʜʦʣʠ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ 

6 ʪʘ ʜʽʘʧʘʟʦʥʽ ʩʪʫʧʝʥʷ ʜʚʦʢʦʥʪʫʨʥʦʩʪʽ 2é8 ʪʷʛʘ ʚʝʥʪʠʣʷʪʦʨʥʦʛʦ ʢʦʥʪʫʨʫ 
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ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ 15é10%. ɸʣʝ ʚʩʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʝʜʝʥʽ ʘʥʘʣʽʪʠʯʥʠʤ ʰʣʷʭʦʤ, 

ʱʦ ʻ ʩʫʪʪʻʚʠʤ ʥʝʜʦʣʽʢʦʤ ʪʘʢʠʭ ʜʦʩʣʽʜʞʝʥʴ. ʆʪʞʝ, ʧʠʪʘʥʥʷ ʚʧʣʠʚʫ ʤʦʪʦʛʦʥʜʦʣʠ 

ʥʘ ʨʦʙʦʪʫ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʧʦʪʨʝʙʫʻ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʰʣʷʭʦʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʯʠʩʝʣʴʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ. 

ɺ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʙʫʜʫʪʴ ʚʠʨʽʰʝʥʽ ʥʘʩʪʫʧʥʽ ʟʘʜʘʯʽ: 

1. ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʧʨʠʤʝʞʝʚʦʛʦ ʰʘʨʫ ʥʘ ʧʦʚʝʨʭʥʽ ʤʦʪʦʛʦʥʜʦʣʠ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʥʘ ʟʤʽʥʫ ʩʪʫʧʝʥʷ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʫ ʚʝʥʪʠʣʷʪʦʨʥʦʤʫ 

ʢʦʥʪʫʨʽ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ ʛʘʟʦʚʦʾ ʪʫʨʙʽʥʠ ʪʫʨʙʽʥʥʦʛʦ ʢʦʥʪʫʨʫ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ. 

2. ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʧʨʠʤʝʞʦʚʦʛʦ ʰʘʨʫ ʥʘ ʧʦʚʝʨʭʥʽ ʤʦʪʦʛʦʥʜʦʣʠ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʥʘ ʟʤʽʥʫ ʩʪʫʧʝʥʷ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʫ ʚʝʥʪʠʣʷʪʦʨʥʦʤʫ 

ʢʦʥʪʫʨʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʛʘʟʦʚʦʾ ʪʫʨʙʽʥʠ ʪʫʨʙʽʥʥʦʛʦ ʢʦʥʪʫʨʫ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ. 

3. ʆʮʽʥʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ (ʦʮʽʥʢʘ ʨʝʘʢʪʠʚʥʦʾ ʪʷʛʠ) ʚʝʥʪʠʣʷʪʦʨʥʦʛʦ ʢʦʥʪʫʨʫ 

ɻʊɼ ʟ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʶ ʧʨʠʩʪʘʚʢʦʶ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ 

ʤʦʪʦʛʦʥʜʦʣʠ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. 

 

5.2. ʄʦʜʝʣʶʚʘʥʥʷ ʪʝʯʽʾ ʫ ʚʝʥʪʠʣʷʪʦʨʥʽʡ ʯʘʩʪʠʥʽ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʤʦʪʦʛʦʥʜʦʣʠ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ 

 

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʤʦʜʝʣʴ ʮʠʣʽʥʜʨʠʯʥʦʾ ʤʦʪʦʛʦʥʜʦʣʠ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ̔  

ʚʝʥʪʠʣʷʪʦʨʥʘ ʯʘʩʪʠʥʘ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ. ʅʘ 

ʨʠʩ.4.2 ʧʨʝʜʩʪʘʚʣʝʥʦ ʪʨʠʚʠʤʽʨʥʫ ʤʦʜʝʣʴ ʣʦʧʘʪʢʦʚʦʛʦ ʚʽʥʮʷ ʜʦʩʣʽʜʞʫʚʘʥʦʾ 

ʚʝʥʪʠʣʷʪʦʨʥʦʾ ʯʘʩʪʠʥʠ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ. ʅʘ ʨʠʩ. 

5.1 ʧʨʝʜʩʪʘʚʣʝʥʦ ʪʨʠʚʠʤʽʨʥʫ ʤʦʜʝʣʴ ʤʦʪʦʛʦʥʜʦʣʠ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʨʘʟʦʤ ʟ 

ʚʝʥʪʠʣʷʪʦʨʥʠʤ ʢʦʥʪʫʨʦʤ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʪʝʯʽʾ ʧʨʦʚʦʜʠʣʦʩʴ ʰʣʷʭʦʤ ʨʦʟʚôʷʟʘʥʥʷ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ 

ʅʘʚôʻ-ʉʪʦʢʩʘ. ʉʠʩʪʝʤʘ ʨʽʚʥʷʥʴ ʅʘʚôʻ-ʉʪʦʢʩʘ ʟʘʤʠʢʘʣʘʩʴ ʤʦʜʝʣʣʶ ʪʫʨʙʫʣʝʥʪʥʦʾ 
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ʚôʷʟʢʦʩʪʽ SST Gamma Theta Transitional ˉ4. ɺʠʙʽʨ ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʤʦʜʝʣʽ 

ʪʫʨʙʫʣʝʥʪʥʦʾ ʚôʷʟʢʦʩʪʽ ʪʘ ʪʦʧʦʣʦʛʽʾ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʽʪʢʠ ʧʨʠʚʝʜʝʥʦ ʫ ʨʦʟʜʽʣʽ 2. 

 

ʈʠʩ. 5.1. ʊʨʠʚʠʤʽʨʥʘ ʤʦʜʝʣʴ ʤʦʪʦʛʦʥʜʦʣʠ ʨʘʟʦʤ ʟ ʚʝʥʪʠʣʷʪʦʨʥʠʤ ʢʦʥʪʫʨʦʤ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ 

 

ʄʦʜʝʣʶʚʘʥʥʷ ʪʝʯʽʾ ʟʜʽʡʩʥʶʚʘʣʦʩʴ ʧʨʠ ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ: ʥʘ ʚʠʩʦʪʽ 

11ʢʤ, 9, ʢʤ, 7ʢʤ ʪʘ 0 ʢʤ ʧʨʠ ʩʪʘʥʜʘʨʪʥʠʭ ʘʪʤʦʩʬʝʨʥʠʭ ʫʤʦʚʘʭ. ɺʪʫʣʢʦʚʠʡ 

ʜʽʘʤʝʪʨ ï 0,725ʤ, ʧʝʨʠʬʝʨʽʡʥʠʡ ʜʽʘʤʝʪʨ ï 1,22 ʤ, ʜʦʚʞʠʥʘ ʤʦʪʦʛʦʥʜʦʣʠ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʜʦ ʚʭʽʜʥʦʛʦ ʧʝʨʝʨʽʟʫ ʫ ʚʝʥʪʠʣʷʪʦʨʥʠʡ ʢʦʥʪʫʨ ï 3ʤ. ʊʦʙʪʦ 

ʧʦʜʦʚʞʝʥʥʷ ʤʦʪʦʛʦʥʜʦʣʠ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʩʪʘʥʦʚʠʪʴ 4,13. 

ʇʝʨʰʠʤ ʝʪʘʧʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʦʮʽʥʢʘ ʚʧʣʠʚʫ ʧʨʠʤʝʞʦʚʦʛʦ ʰʘʨʫ ʥʘ 

ʤʦʪʦʛʦʥʜʦʣʽ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʥʘ ʨʦʙʦʪʫ ʚʝʥʪʠʣʷʪʦʨʥʦʛʦ ʢʦʥʪʫʨʫ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ ʪʫʨʙʽʥʥʦʛʦ ʢʦʥʪʫʨʫ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ  ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʯʽʾ ʫ 

ʚʝʥʪʠʣʷʪʦʨʥʽʡ ʯʘʩʪʠʥʽ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʤʦʪʦʛʦʥʜʦʣʠ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʽ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ 
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ʪʫʨʙʽʥʥʦʛʦ ʢʦʥʪʫʨʫ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʩʪʫʧʝʥʷ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʚʽʜ 

ʢʦʝʬʽʮʽʻʥʪʘ ʚʠʪʨʘʪʠ  ʥʘ ʚʭʦʜʽ. ʅʘ ʨʠʩ.5.2 ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʪʨʠʤʘʥʽ ʟʘʣʝʞʥʦʩʪʽ. 

 

ʈʠʩ.5.2. ɿʘʣʝʞʥʦʩʪʽ ʩʪʫʧʝʥʷ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʫ ʚʝʥʪʠʣʷʪʦʨʥʦʤʫ ʢʦʥʪʫʨʽ 

ʈʂ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʚʠʪʨʘʪʠ ʥʘ ʚʭʦʜʽ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʤʦʪʦʛʦʥʜʦʣʠ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʪʘ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ 

ʪʫʨʙʽʥʥʦʛʦ ʢʦʥʪʫʨʫ 

 

ʆʪʨʠʤʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʩʪʫʧʝʥʷ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʫ ʚʝʥʪʠʣʷʪʦʨʥʽʡ ʯʘʩʪʠʥʽ 

ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʚʠʪʨʘʪʠ ʥʘ ʚʭʦʜʽ 

ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʤʦʪʦʛʦʥʜʦʣʠ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʪʘ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ 

ʪʫʨʙʽʥʥʦʛʦ ʢʦʥʪʫʨʫ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʧʨʠ ʦʜʥʘʢʦʚʽʡ ʯʘʩʪʦʪʽ ʦʙʝʨʪʘʥʥʷ ʪʘ ʦʩʴʦʚʽʡ 

ʘʙʩʦʣʶʪʥʽʡ ʰʚʠʜʢʦʩʪʽ ʥʘ ʚʭʦʜʽ ʽ ʚʠʩʦʪʽ ʧʦʣʴʦʪʫ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ 

ʟʘ ʟʥʘʯʝʥʥʷʤʠ ʩʪʫʧʝʥʷ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ. ʄʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʩʪʫʧʝʥʷ 

ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʩʷʛʘʻ 1,25é1,27.  
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ɼʣʷ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʤʦʪʦʛʦʥʜʦʣʠ ʥʘ ʨʠʩ. 5.3 ʧʨʝʜʩʪʘʚʣʝʥʦ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜʥʦʩʥʦʛʦ ʩʪʫʧʝʥʷ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʫ ʚʝʥʪʠʣʷʪʦʨʥʽʡ ʯʘʩʪʠʥʽ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʚʠʪʨʘʪʠ ʥʘ ʚʭʦʜʽ. ɺʽʜʥʦʩʥʠʡ 

ʩʪʫʧʽʥʴ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʨʦʟʨʘʭʦʚʫʚʘʚʩʷ ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʩʪʫʧʝʥʷ ʧʽʜʚʠʱʝʥʥʷ 

ʪʠʩʢʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʤʦʪʦʛʦʥʜʦʣʠ ʜʦ ʩʪʫʧʝʥʷ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʙʝʟ 

ʫʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ ʤʦʪʦʛʦʥʜʦʣʠ: 

 

, 

 

ʜʝ  - ʩʪʫʧʽʥʴ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʚʝʥʪʠʣʷʪʦʨʥʦʛʦ ʢʦʥʪʫʨʫ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʤʦʪʦʛʦʥʜʦʣʠ;  - 

ʩʪʫʧʽʥʴ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʚʝʥʪʠʣʷʪʦʨʥʦʛʦ ʢʦʥʪʫʨʫ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ 

ʧʨʠʩʪʘʚʢʠ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ ʤʦʪʦʛʦʥʜʦʣʠ. 

ɿʥʘʯʝʥʥʷ ʩʪʫʧʝʥʷ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ ʤʦʪʦʛʦʥʜʦʣʠ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ, ʦʪʨʠʤʘʥʽ ʫ ʜʘʥʦʤʫ ʜʦʩʣʽʜʞʝʥʽ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʨʦʟʜʽʣʽ 4. 

ʆʪʨʠʤʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜʥʦʩʥʦʛʦ ʩʪʫʧʝʥʷ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʫ ʚʝʥʪʠʣʷʪʦʨʥʽʡ 

ʯʘʩʪʠʥʽ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʚʠʪʨʘʪʠ 

ʥʘ ʚʭʦʜʽ ʥʘ ʨʠʩ.5.3 ʧʦʢʘʟʫʶʪʴ, ʱʦ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʢʦʝʬʽʮʽʻʥʪʘ ʚʠʪʨʘʪʠ 

ʚʧʣʠʚ ʤʦʪʦʛʦʥʜʦʣʠ ʥʘ ʪʝʯʽʶ ʫ ʚʝʥʪʠʣʷʪʦʨʥʦʤʫ ʢʦʥʪʫʨʽ ʙʫʜʝ ʨʽʟʥʠʡ. ʊʘʢ, ʧʨʠ 

ʥʠʟʴʢʠʭ ʟʥʘʯʝʥʥʷʭ ʢʦʝʬʽʮʽʻʥʪʘ ʚʠʪʨʘʪʠ  ʜʦ ́̒=0,37 ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʥʠʞʝʥʥʷ 

ʩʪʫʧʝʥʷ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʚ ʚʝʥʪʠʣʷʪʦʨʥʦʤʫ ʢʦʥʪʫʨʽ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ 

ʧʨʠʩʪʘʚʢʠ. ʑʦ ʭʘʨʘʢʪʝʨʥʦ, ʱʦ ʮʝ ʷʚʠʱʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʣʷ ʚʩʽʭ ʜʦʩʣʽʜʞʝʥʠʭ 

ʚʠʩʦʪ ʧʦʣʴʦʪʫ. ʊʦʙʪʦ, ʧʨʠ ʟʥʘʯʝʥʥʷʭ ʢʦʝʬʽʮʽʻʥʪʘ ʚʠʪʨʘʪʠ ʜʦ 0,22 ʥʘʷʚʥʽʩʪʴ 

ʤʦʪʦʛʦʥʜʦʣʠ ʙʫʜʝ ʚʧʣʠʚʘʪʠ ʥʝʛʘʪʠʚʥʦ ʥʘ ʨʦʙʦʪʫ ʚʝʥʪʠʣʷʪʦʨʥʦʛʦ ʢʦʥʪʫʨʫ ʽ ʧʨʠ 

ʮʴʦʤʫ ʩʪʫʧʽʥʴ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʙʫʜʝ ʟʤʝʥʰʫʚʘʪʠʩʴ ʜʦ 1,5%.  

 



131 

 

 

ʈʠʩ.5.3. ɿʘʣʝʞʥʦʩʪʽ ʚʽʜʥʦʩʥʦʛʦ ʩʪʫʧʝʥʷ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʫ ʚʝʥʪʠʣʷʪʦʨʥʽʡ 

ʯʘʩʪʠʥʽ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʚʠʪʨʘʪʠ 

ʥʘ ʚʭʦʜʽ 

 

ʆʜʥʘʢ, ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʰʚʠʜʢʦʩʪʽ ʧʦʚʽʪʨʷ ʥʘ ʚʭʦʜʽ ï ʟʙʽʣʴʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ 

ʚʠʪʨʘʪʠ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʦʪʠʣʝʞʥʠʡ ʝʬʝʢʪ ï ʩʪʫʧʽʥʴ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʘʙʦ ʥʝ 

ʟʤʽʥʶʻʪʴʩʷ, ʱʦ ʦʟʥʘʯʘʻ, ʱʦ ʤʦʪʦʛʦʥʜʦʣʘ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʪʝʯʽʶ, ʘʙʦ ʞ ʥʘʚʧʘʢʠ 

ʩʪʫʧʽʥʴ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʟʨʦʩʪʘʻ ʜʦ 4%. ʆʪʨʠʤʘʥʝ ʷʚʠʱʝ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʪʠʤ, 

ʱʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʥʘ ʧʦʚʝʨʭʥʽ ʤʦʪʦʛʦʥʜʦʣʠ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʤʘʻ ʤʽʩʮʝ 

ʪʫʨʙʫʣʝʥʪʥʠʡ ʧʨʠʤʝʞʝʚʠʡ ʰʘʨ. ʊʘʢʦʞ ʚ ʧʨʦʮʝʩʽ ʩʪʠʩʢʘʥʥʷ ʫ ʨʦʙʦʯʦʤʫ ʢʦʣʝʩʽ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʝʟʥʘʯʥʠʡ ʧʝʨʝʨʦʟʧʦʜʽʣ ʧʦ ʚʠʩʦʪʽ ʣʦʧʘʪʢʠ ʨʦʙʦʪʠ ʩʪʠʩʢʘʥʥʷ. ʎʝ 

ʧʨʠʚʦʜʠʪʴ ʜʦ ʥʝʚʝʣʠʢʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʪʠʩʢʫ ʟʘ ʨʦʙʦʯʠʤ ʢʦʣʝʩʦʤ. ʊʘʢʦʞ ʥʘ 

ʧʨʠʤʝʞʝʚʠʡ ʰʘʨ ʟʚʽʩʥʦ ʚʧʣʠʚʘʻ ʪʦʡ ʬʘʢʪ, ʱʦ ʨʦʙʦʯʝ ʢʦʣʝʩʦ ʦʙʝʨʪʘʻʪʴʩʷ. ʇʨʠ 
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ʦʙʝʨʪʘʥʥʽ ʧʨʠʤʝʞʝʚʠʡ ʰʘʨ ʟʘʪʷʛʫʻʪʴʩʷ ʚ ʨʦʙʦʯʝ ʢʦʣʝʩʦ ʽ ʧʣʦʱʘ ʦʙʣʘʩʪʝʡ ʟ 

ʤʽʥʽʤʘʣʴʥʦʶ ʰʚʠʜʢʽʩʪʶ ʙʽʣʷ ʚʪʫʣʢʠ ʟʤʝʥʰʫʶʪʴʩʷ. 

 

5.3. ʄʦʜʝʣʶʚʘʥʥʷ ʪʝʯʽʾ ʫ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʽʡ ʧʨʠʩʪʘʚʮʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʚʧʣʠʚʫ ʤʦʪʦʛʦʥʜʦʣʠ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ 

 

ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʦʮʽʥʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ (ʦʮʽʥʢʘ 

ʨʝʘʢʪʠʚʥʦʾ ʪʷʛʠ) ʚʝʥʪʠʣʷʪʦʨʥʦʛʦ ʢʦʥʪʫʨʫ ɻʊɼ ʟ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʶ 

ʧʨʠʩʪʘʚʢʦʶ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʤʦʪʦʛʦʥʜʦʣʠ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. ʇʨʠ ʦʮʽʥʮʽ 

ʝʬʝʢʪʠʚʥʦʩʪʽ, ʟʘʟʚʠʯʘʡ, ʦʮʽʥʶʶʪʴ ʙʘʛʘʪʦ ʧʘʨʘʤʝʪʨʽʚ ʜʚʠʛʫʥʘ, ʦʜʥʠʤ ʽʟ ʷʢʠʭ ʻ 

ʨʝʘʢʪʠʚʥʘ ʪʷʛʘ. 

ɿ ʤʝʪʦʶ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʯʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʩʪʠʩʢʫʚʘʥʦʩʪʽ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʚ ʨʦʙʦʯʦʤʫ ʢʦʣʝʩʽ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʟ 

ʤʦʪʦʛʦʥʜʦʣʦʶ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ, ʜʦʚʞʠʥʘ ʷʢʦʾ ʩʪʘʥʦʚʠʪʴ 3ʤ. ʄʦʜʝʣʶʚʘʥʥʷ ʪʝʯʽʾ ʚ 

ʨʦʙʦʯʦʤʫ ʢʦʣʝʩʽ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʧʨʦʚʦʜʠʣʦʩʴ ʜʣʷ ʨʝʞʠʤʫ ʨʦʙʦʪʠ 

ʧʨʠ ʚʠʩʦʪʽ ʧʦʣʴʦʪʫ 0ʤ, 9000ʤ ʪʘ 11000ʤ, ʚ ʜʽʘʧʘʟʦʥʽ ʢʦʝʬʽʮʽʻʥʪʘ ʚʠʪʨʘʪʠ ̒́=0,18 

ʜʦ 1,07. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʯʠʩʝʣʴʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʯʽʾ ʚ ʨʦʙʦʯʦʤʫ 

ʢʦʣʝʩʽ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʦ ʟʘʣʝʞʥʽʩʪʴ ʩʪʫʧʝʥʷ 

ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʫ ʚʝʥʪʠʣʷʪʦʨʥʽʡ ʯʘʩʪʠʥʽ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ 

ʧʨʠʩʪʘʚʢʠ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʚʠʪʨʘʪʠ. ʅʘ ʨʠʩ. 5.4-5.6 ʧʨʝʜʩʪʘʚʣʝʥʦ ʟʘʣʝʞʥʦʩʪʽ 

ʩʪʫʧʝʥʷ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʫ ʚʝʥʪʠʣʷʪʦʨʥʽʡ ʯʘʩʪʠʥʽ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ ʪʫʨʙʽʥʥʦʾ ʯʘʩʪʠʥʠ ʽ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʪʫʨʙʽʥʥʦʾ ʯʘʩʪʠʥʠ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ 

ʧʨʠʩʪʘʚʢʠ. ʈʝʟʫʣʴʪʘʪʠ ʦʪʨʠʤʘʥʽ ʜʣʷ ʚʠʧʘʜʢʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʪʫʨʙʽʥʥʦʛʦ 

ʢʦʥʪʫʨʫ ʟʦʙʨʘʞʝʥʦ ʢʨʘʧʢʘʤʠ. 
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ʈʠʩ.5.4. ɿʘʣʝʞʥʽʩʪʴ ʩʪʫʧʝʥʷ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʚʝʥʪʠʣʷʪʦʨʥʦʾ ʯʘʩʪʠʥʠ ʈʂ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʚʠʪʨʘʪʠ ʥʘ ʚʭʦʜʽ, ʅ=0ʤ 

 

ʈʠʩ.5.5. ɿʘʣʝʞʥʽʩʪʴ ʩʪʫʧʝʥʷ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʚʝʥʪʠʣʷʪʦʨʥʦʾ ʯʘʩʪʠʥʠ ʈʂ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʚʠʪʨʘʪʠ ʥʘ ʚʭʦʜʽ, ʅ=9000ʤ 
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ʈʠʩ.5.6. ɿʘʣʝʞʥʽʩʪʴ ʩʪʫʧʝʥʷ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʚʝʥʪʠʣʷʪʦʨʥʦʾ ʯʘʩʪʠʥʠ ʈʂ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʚʠʪʨʘʪʠ ʥʘ ʚʭʦʜʽ, ʅ=11000ʤ 

 

ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʤʦʞʥʘ ʜʽʡʪʠ ʜʦ ʚʠʩʥʦʚʢʫ, ʱʦ ʪʝʯʽʷ 

ʛʘʨʷʯʠʭ ʛʘʟʽʚ ʪʫʨʙʽʥʥʦʾ ʯʘʩʪʠʥʠ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ ʚʧʣʠʚʘʻ ʥʘ ʪʝʯʽʶ ʫ 

ʚʝʥʪʠʣʷʪʦʨʥʽʡ ʪʝʯʽʾ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ. ʅʘʷʚʥʽʩʪʴ 

ʪʫʨʙʽʥʥʦʾ ʯʘʩʪʠʥʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʛʽʨʰʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʝʥʪʠʣʷʪʦʨʥʦʛʦ 

ʢʦʥʪʫʨʫ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ. ʉʪʫʧʽʥʴ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʟʤʝʥʰʫʻʪʴʩʷ 

ʜʦ 1%. 

ʇʨʠ ʧʦʨʽʚʥʷʥʥʽ ʨʝʟʫʣʴʪʘʪʽʚ, ʦʪʨʠʤʘʥʠʭ ʫ ʨʦʟʜʽʣʽ 4, ʜʝ ʨʽʟʥʠʮʷ ʟʥʘʯʝʥʴ 

ʩʪʫʧʝʥʷ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʩʪʘʥʦʚʠʣʘ ʚʽʜ 0,2ʜʦ 4,8%, ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʥʘ 

ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʧʽʜʽʛʨʽʚ ʧʨʦʤʽʞʥʦʛʦ ʢʦʨʧʫʩʫ ʩʧʨʠʷʻ ʟʤʝʥʰʝʥʥʶ ʚʧʣʠʚʫ 

ʧʨʠʤʝʞʝʚʦʛʦ ʰʘʨʫ, ʷʢʠʡ ʫʪʚʦʨʶʻʪʴʩʷ ʥʘ ʤʦʪʦʛʦʥʜʦʣʽ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. 

ʅʘʩʪʫʧʥʠʤ ʝʪʘʧʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʦʮʽʥʢʘ ʚʧʣʠʚʫ ʦʢʨʝʤʦ ʤʦʪʦʛʦʥʜʦʣʠ ʥʘ 

ʩʪʫʧʽʥʴ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʫ ʚʝʥʪʠʣʷʪʦʨʥʦʤʫ ʢʦʥʪʫʨʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ 

ʪʫʨʙʽʥʥʦʛʦ ʢʦʥʪʫʨʫ. ɼʣʷ ʮʴʦʛʦ ʧʦʙʫʜʦʚʘʥʦ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜʥʦʩʥʦʛʦ ʩʪʫʧʝʥʷ 

ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʫ ʚʝʥʪʠʣʷʪʦʨʥʦʤʫ ʢʦʥʪʫʨʽ, ʟʦʙʨʘʞʝʥʫ ʥʘ ʨʠʩ.5.7. ɼʣʷ 
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ʧʦʙʫʜʦʚʠ ʟʘʣʝʞʥʦʩʪʝʡ ʚʟʷʪʦ ʜʘʥʽ, ʦʪʨʠʤʘʥʽ ʚ ʨʦʟʜʽʣʽ 4 ʱʦʜʦ ʩʪʫʧʝʥʷ ʧʽʜʚʠʱʝʥʥʷ 

ʪʠʩʢʫ ʫ ʚʝʥʪʠʣʷʪʦʨʥʦʤʫ ʢʦʥʪʫʨʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʪʫʨʙʽʥʥʦʛʦ ʢʦʥʪʫʨʫ ʪʘ 

ʨʝʟʫʣʴʪʘʪʠ ʦʪʨʠʤʘʥʽ ʚ ʜʘʥʦʤʫ ʧʽʜʨʦʟʜʽʣʽ ï ʟʥʘʯʝʥʥʷ ʩʪʫʧʝʥʷ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʫ 

ʚʝʥʪʠʣʷʪʦʨʥʦʤʫ ʢʦʥʪʫʨʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʪʫʨʙʽʥʥʦʛʦ ʢʦʥʪʫʨʫ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʤʦʪʦʛʦʥʜʦʣʠ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. 

 

ʈʠʩ. 5.7 ɿʘʣʝʞʥʽʩʪʴ ʚʽʜʥʦʩʥʦʛʦ ʩʪʫʧʝʥʷ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʫ ʚʝʥʪʠʣʷʪʦʨʥʽʡ 

ʯʘʩʪʠʥʽ ʈʂ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʚʠʪʨʘʪʠ ʥʘ ʚʭʦʜʽ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʤʦʪʦʛʦʥʜʦʣʠ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ 

 

ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʚʽʜʥʦʩʥʦʛʦ ʩʪʫʧʝʥʷ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʫ 

ʚʝʥʪʠʣʷʪʦʨʥʽʡ ʯʘʩʪʠʥʽ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʚʽʜ 

ʢʦʝʬʽʮʽʻʥʪʘ ʚʠʪʨʘʪʠ ʥʘ ʚʭʦʜʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʤʦʪʦʛʦʥʜʦʣʠ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ 

ʪʘ ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʛʘʨʷʯʠʭ ʛʘʟʽʚ ʪʫʨʙʽʥʥʦʛʦ ʢʦʥʪʫʨʫ ʧʦʢʘʟʫʻ, ʱʦ 
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ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʧʨʦʤʽʞʥʦʤʫ ʢʦʨʧʫʩʽ ʽ ʚʪʫʣʢʦʚʽʡ ʯʘʩʪʠʥʽ ʣʦʧʘʪʢʠ (ʮʝ 

ʷʚʠʱʝ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʚ ʨʦʟʜʽʣʽ 4) ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʽʥʪʝʥʩʠʬʽʢʘʮʽʶ 

ʧʨʠʤʝʞʝʚʦʛʦ ʰʘʨʫ, ʷʢʠʡ ʫʪʚʦʨʶʻʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ ʤʦʪʦʛʦʥʜʦʣʠ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʧʨʠʤʝʞʝʚʠʡ ʰʘʨ ʥʘ ʤʦʪʦʛʦʥʜʦʣʽ ʥʝ ʯʠʥʠʪʴ 

ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʪʝʯʽʶ ʫ ʚʝʥʪʠʣʷʪʦʨʥʦʤʫ ʢʦʥʪʫʨʽ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ 

ʧʨʠʩʪʘʚʢʠ.   

ɼʣʷ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦʛʦ ʧʦʷʩʥʝʥʥʷ ʦʪʨʠʤʘʥʦʛʦ ʷʚʠʱʘ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʯʽʾ ʥʘ ʧʦʚʝʨʭʥʽ ʤʦʪʦʛʦʥʜʦʣʠ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʙʝʟ ʚʝʥʪʠʣʷʪʦʨʥʦʛʦ 

ʪʘ ʪʫʨʙʽʥʥʦʛʦ ʢʦʥʪʫʨʫ ʥʘ ʥʘʩʪʫʧʥʦʤʫ ʨʝʞʠʤʽ ʨʦʙʦʪʠ: ʅ=11 000ʤ ʽ ʯʠʩʣʽ ʄʘʭʘ ʥʘ 

ʚʭʦʜʽ ʄ=0,3 ʪʘ ʄ=0,5. ʎʝʡ ʨʦʟʨʘʭʫʥʦʢ ʜʦʟʚʦʣʠʚ ʦʪʨʠʤʘʪʠ ʚʽʟʫʘʣʽʟʘʮʽʶ ʧʦʪʦʢʫ 

ʧʦʚʽʪʨʷ ʥʘ ʚʭʦʜʽ ʫ ʚʝʥʪʠʣʷʪʦʨʥʠʡ ʢʦʥʪʫʨ ʽ ʦʮʽʥʠʪʠ ʪʦʚʱʠʥʫ ʽ ʥʘʷʚʥʽʩʪʴ 

ʧʨʠʤʝʞʝʚʦʛʦ ʰʘʨʫ. 

ʅʘ ʨʠʩ.5.8, 5.9 ʟʦʙʨʘʞʝʥʽ ʚʽʟʫʘʣʽʟʘʮʽʾ ʧʦʣʷ ʰʚʠʜʢʦʩʪʽ ʥʘ ʧʦʚʝʨʭʥʽ 

ʤʦʪʦʛʦʥʜʦʣʠ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʚ ʧʝʨʝʨʽʟʽ ʥʘ ʚʭʦʜʽ ʫ ʚʝʥʪʠʣʷʪʦʨ. 

ʈʦʟʧʦʜʽʣ ʰʚʠʜʢʦʩʪʽ ʧʨʠ ʦʙʪʽʢʘʥʥʽ ʤʦʪʦʛʦʥʜʦʣʠ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʧʦʢʘʟʫʻ, ʱʦ 

ʧʨʠ ʦʙʪʽʢʘʥʥʽ ʤʦʪʦʛʦʥʜʦʣʠ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʜʦʚʞʠʥʦʶ 3ʤ ʥʘ ʚʭʦʜʽ ʫ 

ʚʝʥʪʠʣʷʪʦʨʥʠʡ ʢʦʥʪʫʨ ʫʪʚʦʨʶʻʪʴʩʷ ʧʨʠʤʝʞʝʚʠʡ ʰʘʨ. ʆʪʨʠʤʘʥʘ ʚʽʟʫʘʣʽʟʘʮʽʷ 

ʦʙʪʽʢʘʥʥʷ ʧʦʚʝʨʭʥʽ ʤʦʪʦʛʦʥʜʦʣʠ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʚʽʜʧʦʚʽʜʘʻ ʟʘʛʘʣʴʥʦʚʽʜʦʤʠʤ 

ʚʽʜʦʤʦʩʪʷʤ ʱʦʜʦ ʪʝʦʨʽʾ ʧʨʠʤʝʞʝʚʦʛʦ ʰʘʨʫ, ʷʢʫ ʜʦʩʠʪʴ ʧʦʚʥʦ ʨʦʟʢʨʠʪʦ ʚ ʨʦʙʦʪʽ 

[68]. ɿʛʽʜʥʦ ʟ ʨʦʙʦʪʦʶ [68] ʚ ʨʝʘʣʴʥʠʭ ʨʽʜʠʥʘʭ ʪʘ ʛʘʟʘʭ ʟʘʚʞʜʠ ʤʘʻ ʤʽʩʮʝ 

ʧʨʠʣʠʧʘʥʥʷ ʨʽʜʠʥʠ (ʛʘʟʫ) ʜʦ ʩʪʽʥʦʢ (ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʧʦʚʝʨʭʥʷ ʤʦʪʦʛʦʥʜʦʣʠ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʚʠʩʪʫʧʘʻ ʷʢ ʩʪʽʥʢʘ), ʽ ʮʝ ʧʨʠʣʠʧʘʥʥʷ ʟʥʘʯʥʦ ʟʤʽʥʶʻ ʢʘʨʪʠʥʫ 

ʦʙʪʽʢʘʥʥʷ. ɺʥʘʩʣʽʜʦʢ ʪʝʨʪʷ, ʷʚʠʱʝ ʧʨʠʣʠʧʘʥʥʷ ʚʠʟʠʚʘʻ ʛʘʣʴʤʫʚʘʥʥʷ ʧʨʠʣʝʛʣʦʛʦ 

ʜʦ ʩʪʽʥʦʢ ʪʦʥʢʦʛʦ ʰʘʨʫ ʨʽʜʠʥʠ (ʛʘʟʫ). ɺ ʪʦʥʢʦʤʫ ʰʘʨʽ ʰʚʠʜʢʽʩʪʴ ʪʝʯʽʾ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʚʽʜ ʥʫʣʷ ʥʘ ʩʪʽʥʮʽ (ʧʨʠʣʠʧʘʥʥʷ) ʜʦ ʧʦʚʥʦʛʦ ʟʥʘʯʝʥʥʷ ʫ ʟʦʚʥʽʰʥʴʦʤʫ 

ʧʦʪʦʮʽ. 
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ʈʠʩ. 5.8. ɺʽʟʫʘʣʽʟʘʮʽʷ ʧʦʣʷ ʰʚʠʜʢʦʩʪʽ ʥʘ ʧʦʚʝʨʭʥʽ ʤʦʪʦʛʦʥʜʦʣʠ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ  ʚ ʧʝʨʝʨʽʟʽ ʥʘ ʚʭʦʜʽ ʫ ʚʝʥʪʠʣʷʪʦʨ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ 

ʚʝʥʪʠʣʷʪʦʨʥʦʛʦ ʪʘ ʪʫʨʙʽʥʥʦʛʦ ʢʦʥʪʫʨʫ ʧʨʠ ʨʦʙʦʪʽ ʥʘ ʚʠʩʦʪʽ ʅ=11 000ʤ ʄ=0,3 

 

ʈʠʩ. 5.9. ɺʽʟʫʘʣʽʟʘʮʽʷ ʧʦʣʷ ʰʚʠʜʢʦʩʪʽ ʥʘ ʧʦʚʝʨʭʥʽ ʤʦʪʦʛʦʥʜʦʣʠ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʚ ʧʝʨʝʨʽʟʽ ʥʘ ʚʭʦʜʽ ʫ ʚʝʥʪʠʣʷʪʦʨ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ 

ʚʝʥʪʠʣʷʪʦʨʥʦʛʦ ʪʘ ʪʫʨʙʽʥʥʦʛʦ ʢʦʥʪʫʨʫ ʧʨʠ ʨʦʙʦʪʽ ʥʘ ʚʠʩʦʪʽ ʅ=11 000ʤ, ʄ=0,5 

 



138 

 

ʋ ʟʦʚʥʽʰʥʴʦʤʫ ʧʦʪʦʮʽ ʧʦʪʽʢ ʨʦʟʛʣʷʜʘʶʪʴ ʙʝʟ ʩʠʣ ʪʝʨʪʷ [107]. ʈʠʩ. 5.8 ʪʘ 5.9 

ʧʦʢʘʟʫʻ ʷʢ ʟʤʽʥʶʻʪʴʩʷ ʢʘʨʪʠʥʘ ʣʽʥʽʡ ʪʦʢʫ ʚʽʜ ʩʪʽʥʢʠ (ʤʦʪʦʛʦʥʜʦʣʠ), ʜʝ ʰʚʠʜʢʽʩʪʴ 

ʜʦʨʽʚʥʶʻ ʥʫʣʶ (ʩʠʥʽʡ ʢʦʣʽʨ) ʜʦ ʰʚʠʜʢʦʩʪʽ ʦʩʥʦʚʥʦʛʦ ʧʦʪʦʢʫ ï ʮʝ ʚʽʟʫʘʣʽʟʫʻʪʴʩʷ 

ʟʝʣʝʥʠʤ, ʞʦʚʪʠʤ, ʞʦʚʪʦʛʘʨʷʯʠʤ ʢʦʣʴʦʨʦʤ. ʇʨʠ ʧʝʨʝʭʦʜʽ ʚʽʜ ʞʦʚʪʦʛʘʨʷʯʦʛʦ ʜʦ 

ʯʝʨʚʦʥʦ ʢʦʣʴʦʨʫ ʰʚʠʜʢʽʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʝʨʝʭʦʜʦʤ ʜʦ ʰʚʠʜʢʦʩʪʽ ʫ 

ʟʦʚʥʽʰʥʴʦʤʫ ʧʦʪʦʮʽ ʙʝʟ ʩʠʣ ʪʝʨʪʷ. 

ʇʨʠ ʦʙʪʽʢʘʥʥʽ ʤʦʪʦʛʦʥʜʦʣʠ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʭʘʨʘʢʪʝʨʥʦ, ʱʦ ʧʦʣʝ ʰʚʠʜʢʦʩʪʽ ʥʘ ʚʭʦʜʽ 

ʨʽʚʥʦʤʽʨʥʝ, ʦʢʨʽʤ ʟʦʥʠ ʟ ʧʨʠʤʝʞʝʚʠʤ ʰʘʨʦʤ ʙʣʠʟʴʢʦ ʧʦʚʝʨʭʥʽ ʤʦʪʦʛʦʥʜʦʣʠ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. 

ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʥʘ ʨʠʩ. 5.10 ʪʘ 5.11 ʧʦʢʘʟʘʥʽ ʚʽʟʫʘʣʽʟʘʮʽʾ ʧʦʣʷ ʰʚʠʜʢʦʩʪʽ ʥʘ 

ʧʦʚʝʨʭʥʽ ʤʦʪʦʛʦʥʜʦʣʠ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʚ ʧʝʨʝʨʽʟʽ ʥʘ ʚʭʦʜʽ ʫ ʚʝʥʪʠʣʷʪʦʨ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʨʦʙʦʪʠ ʚʝʥʪʠʣʷʪʦʨʥʦʛʦ ʽ ʪʫʨʙʽʥʥʦʛʦ ʢʦʥʪʫʨʫ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ 

ʧʨʠʩʪʘʚʢʠ. 

 

ʈʠʩ.5.10. ɺʽʟʫʘʣʽʟʘʮʽʷ ʧʦʣʷ ʰʚʠʜʢʦʩʪʽ ʥʘ ʧʦʚʝʨʭʥʽ ʤʦʪʦʛʦʥʜʦʣʠ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʚ ʧʝʨʝʨʽʟʽ ʥʘ ʚʭʦʜʽ ʫ ʚʝʥʪʠʣʷʪʦʨ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʧʨʠ ʨʦʙʦʪʽ ʥʘ ʚʠʩʦʪʽ ʅ=11 000ʤ,  ʄ=0,5 
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ʈʠʩ. 5.11. ɺʽʟʫʘʣʽʟʘʮʽʷ ʧʦʣʷ ʰʚʠʜʢʦʩʪʽ ʥʘ ʧʦʚʝʨʭʥʽ ʤʦʪʦʛʦʥʜʦʣʠ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʚ ʧʝʨʝʨʽʟʽ ʥʘ ʚʭʦʜʽ ʫ ʚʝʥʪʠʣʷʪʦʨ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ 

ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʧʨʠ ʨʦʙʦʪʽ ʥʘ ʚʠʩʦʪʽ ʅ=11 000ʤ, ʄ=0,5 

 

ʇʦʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʥʠʭ ʚʽʟʫʘʣʽʟʘʮʽʡ ʥʘ ʨʠʩ.5.8-.5.11 ʧʦʢʘʟʫʶʪʴ, ʱʦ ʧʨʠ 

ʨʦʙʦʪʽ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ ʢʘʨʪʠʥʘ ʦʙʪʽʢʘʥʥʷ ʨʘʜʠʢʘʣʴʥʦ ʟʤʽʥʶʻʪʴʩʷ 

ʽ ʪʦʚʱʠʥʘ ʧʨʠʤʝʞʝʚʦʛʦ ʰʘʨʫ ʟʤʝʥʰʫʻʪʴʩʷ ʪʘ ʧʦʪʽʢ ʧʝʨʝʜ ʚʝʥʪʠʣʷʪʦʨʦʤ ʤʘʻ 

ʥʝʨʽʚʥʦʤʽʨʥʠʡ ʭʘʨʘʢʪʝʨ. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʱʦʜʦ ʚʧʣʠʚʫ ʤʦʪʦʛʦʥʜʦʣʠ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʥʘ ʟʤʽʥʫ ʩʪʫʧʝʥʷ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʫ 

ʨʦʙʦʯʦʤʫ ʢʦʣʝʩʽ ʚʝʥʪʠʣʷʪʦʨʥʦʛʦ ʢʦʥʪʫʨʫ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ ʧʨʠʩʪʘʚʢʠ. ʊʘʢʦʞ, 

ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʩʘʤʝ ʭʘʨʘʢʪʝʨʥʘ ʦʩʦʙʣʠʚʽʩʪʴ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʾ 

ʧʨʠʩʪʘʚʢʠ, ʷʢʘ ʧʦʚôʷʟʘʥʘ ʟ ʥʘʛʨʽʚʦʤ ʧʨʦʤʽʞʥʦʛʦ ʢʦʨʧʫʩʫ ʤʽʞ ʪʫʨʙʽʥʥʠʤ ʽ 

ʚʝʥʪʠʣʷʪʦʨʥʠʤ ʢʦʨʧʫʩʦʤ ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʟʤʝʥʰʝʥʥʷ ʪʦʚʱʠʥʠ 

ʧʨʠʤʝʞʝʚʦʛʦ ʰʘʨʫ, ʥʘʛʨʽʚ ʩʪʽʥʢʠ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʰʚʠʜʢʦʩʪʽ ʟʘʛʘʣʴʤʦʚʘʥʦʛʦ 

ʧʦʪʦʢʫ, ʫʥʘʩʣʽʜʦʢ ʩʠʣ ʚôʷʟʢʦʩʪʽ. 

 


