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ɸʅʆʊɸʎɯʗ 

 

ʍʘʣʘʥʯʫʢ ʃ.ɺ. ʉʪʨʫʢʪʫʨʦʚʘʥʽ ʜʠʩʢʨʝʪʥʽ ʤʦʜʝʣʽ ʜʣʷ ʨʦʟʚôʷʟʢʫ 

ʢʨʘʡʦʚʠʭ ʟʘʜʘʯ. ï ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʬʽʣʦʩʦʬʽʾ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 113 ʇʨʠʢʣʘʜʥʘ ʤʘʪʝʤʘʪʠʢʘ. ï ɿʘʧʦʨʽʟʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ, ɿʘʧʦʨʽʞʞʷ, 2021. 

 

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ  ̒ʩʪʨʫʢʪʫʨʦʚʘʥʽ ʪʘ ʙʣʦʯʥʦ-ʩʪʨʫʢʪʫʨʦʚʘʥʽ ʩʽʪʢʠ 

ʜʣʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʤʦʜʝʣʝʡ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʤʝʪʦʜʠ ʛʝʥʝʨʘʮʽʾ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʪʘ ʙʣʦʯʥʦ-

ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʩʽʪʦʢ ʛʝʦʤʝʪʨʠʯʥʠʭ ʤʦʜʝʣʝʡ. 

ʋ ʜʠʩʝʨʪʘʮʽʾ ʜʦʩʣʽʜʞʝʥʦ ʩʪʨʫʢʪʫʨʦʚʘʥʽ ʜʠʩʢʨʝʪʥʽ ʤʦʜʝʣʽ ʜʣʷ ʨʦʟʚôʷʟʢʫ 

ʢʨʘʡʦʚʠʭ ʟʘʜʘʯ. ʄʝʪʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʘʧʘʨʘʪʫ ʜʣʷ ʧʦʙʫʜʦʚʠ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʪʘ ʙʣʦʯʥʦ-ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʩʽʪʦʢ ʽʟ 

ʟʘʜʘʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʟʛʫʱʝʥʥʷ ʪʘ ʛʘʨʘʥʪʽʻʶ ʷʢʦʩʪʽ ʤʦʜʝʣʽ. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ 

ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʚ ʨʦʙʦʪʽ ʧʦʩʪʘʚʣʝʥʦ ʥʘʩʪʫʧʥʽ ʦʩʥʦʚʥʽ ʟʘʜʘʯʽ: 

- ʨʦʟʨʦʙʠʪʠ ʽ ʚʠʢʦʥʘʪʠ ʘʧʨʦʙʘʮʽʶ ʤʝʪʦʜʫ ʦʪʨʠʤʘʥʥʷ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ 

ʜʠʩʢʨʝʪʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʱʦ ʚʠʢʦʥʘʥʽ ʥʘ ʯʦʪʠʨʠʢʫʪʥʠʭ ʩʢʽʥʯʝʥʥʠʭ 

ʝʣʝʤʝʥʪʘʭ, ʜʣʷ ʜʚʦʚʠʤʽʨʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʦʙôʻʢʪʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʚʥʷʥʥʷ 

ʇʫʘʩʩʦʥʘ; 

- ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠ ʦʧʪʠʤʽʟʘʮʽʾ ʛʝʥʝʨʘʮʽʾ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʜʠʩʢʨʝʪʥʠʭ 

ʤʦʜʝʣʝʡ ʛʝʦʤʝʪʨʠʯʥʠʭ ʦʙôʻʢʪʽʚ ʟʘ ʨʘʭʫʥʦʢ ʚʠʙʦʨʫ ʩʧʦʩʦʙʫ ʧʦʯʘʪʢʦʚʦʛʦ 

ʨʦʟʙʠʪʪʷ; 

- ʨʦʟʨʦʙʠʪʠ ʧʽʜʭʦʜʠ ʜʦ ʢʝʨʫʚʘʥʥʷ ʬʦʨʤʦʶ ʪʘ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʟʛʫʱʝʥʥʷ 

ʣʽʥʽʡ ʩʽʪʢʠ ʜʦ ʟʘʜʘʥʦʾ ʟʦʥʠ ʤʦʜʝʣʽ ʜʚʦʚʠʤʽʨʥʦʛʦ ʪʘ ʪʨʠʚʠʤʽʨʥʦʛʦ 

ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʦʙôʻʢʪʘ. 
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ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʘʥʘʣʽʟʽ, 

ʘʥʘʣʽʪʠʯʥʽʡ ʛʝʦʤʝʪʨʽʾ, ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʪʘ ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʘʭ 

ʨʦʟʚôʷʟʫʚʘʥʥʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ. 

ʋ ʚʩʪʫʧʽ ʦʙˇʨʫʥʪʦʚʘʥʦ ʘʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ, 

ʟʘʟʥʘʯʝʥʦ ʟʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʤʠ ʧʨʦʝʢʪʘʤʠ, ʩʬʦʨʤʫʣʴʦʚʘʥʦ 

ʤʝʪʫ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ, ʚʠʟʥʘʯʝʥʦ ʦʙôʻʢʪ, ʧʨʝʜʤʝʪ ʪʘ ʤʝʪʦʜʠ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʧʦʢʘʟʘʥʦ ʥʘʫʢʦʚʫ ʥʦʚʠʟʥʫ ʪʘ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ, ʥʘʚʝʜʝʥʦ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʧʨʘʢʪʠʯʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʨʦʙʢʫ, 

ʦʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ, ʘʧʨʦʙʘʮʽʶ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʾʭ 

ʚʠʩʚʽʪʣʝʥʥʷ ʫ ʥʘʫʢʦʚʠʭ ʧʫʙʣʽʢʘʮʽʷʭ. ʇʨʠʚʦʜʷʪʴʩʷ ʚʽʜʦʤʦʩʪʽ ʱʦʜʦ ʩʪʨʫʢʪʫʨʠ 

ʪʘ ʦʙʩʷʛʫ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ. 

ɺ ʧʝʨʰʦʤʫ ʨʦʟʜʽʣʽ ʧʨʦʚʝʜʝʥʦ ʦʛʣʷʜ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʛʝʥʝʨʘʮʽʾ 

ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʜʠʩʢʨʝʪʥʠʭ ʤʦʜʝʣʝʡ, ʷʢʠʡ ʻ ʧʨʦʜʦʚʞʝʥʥʷʤ ʽ ʜʦʧʦʚʥʝʥʥʷʤ 

ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ, ʘ ʩʘʤʝ: ʦʧʠʩʘʥʦ ʦʩʥʦʚʥʽ ʢʨʦʢʠ ʜʣʷ ʧʦʙʫʜʦʚʠ ʩʽʪʢʠ, ʷʢʽ 

ʻ ʟʘʛʘʣʴʥʠʤʠ ʜʣʷ ʙʘʛʘʪʴʦʭ ʧʽʜʭʦʜʽʚ ʾʭ ʘʚʪʦʤʘʪʠʯʥʦʾ ʛʝʥʝʨʘʮʽʾ (ʧʽʜʨʦʟʜʽʣ 1.1); 

ʨʦʟʛʣʷʥʫʪʦ ʘʣʛʝʙʨʘʾʯʥʽ, ʝʣʽʧʪʠʯʥʽ, ʚʘʨʽʘʮʽʡʥʽ, ʛʽʧʝʨʙʦʣʽʯʥʽ ʤʝʪʦʜʠ ʛʝʥʝʨʘʮʽʾ 

ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʪʘ ʙʣʦʯʥʦ-ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʩʽʪʦʢ; ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʩʧʝʮʽʘʣʴʥʽ 

ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʢʦʤʧôʶʪʝʨʥʘ ʛʝʥʝʨʘʮʽʷ 

ʩʽʪʦʢ; ʦʧʠʩʘʥʦ ʨʽʚʥʷʥʥʷ ʽ ʪʝʦʨʽʾ, ʥʘ ʦʩʥʦʚʽ ʷʢʠʭ ʙʫʜʫʶʪʴʩʷ ʩʽʪʢʠ; ʥʘʚʝʜʝʥʦ 

ʯʠʩʝʣʴʥʽ ʤʝʪʦʜʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʛʝʥʝʨʘʮʽʾ ʩʽʪʦʢ (ʧʽʜʨʦʟʜʽʣ 1.2); 

ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʤʝʪʦʜʠ ʜʝʬʦʨʤʘʮʽʾ ʩʽʪʢʠ (ʧʽʜʨʦʟʜʽʣ 1.3); ʜʦʩʣʽʜʞʝʥʦ ʰʠʨʦʢʝ 

ʢʦʣʦ ʦʙôʻʢʪʽʚ ʽ ʧʨʦʮʝʩʽʚ, ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʷʢʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʩʪʨʫʢʪʫʨʦʚʘʥʽ ʩʽʪʢʠ (ʧʫʥʢʪ 1.4.1). 

ɹʽʣʴʰʝ ʜʝʪʘʣʴʥʦ ʥʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜʠ ʧʦʙʫʜʦʚʠ ʩʪʨʫʢʪʫʨʦʚʘʥʦʾ 

ʜʠʩʢʨʝʪʥʦʾ ʤʦʜʝʣʽ ʘʝʨʦʜʠʥʘʤʽʯʥʦʾ ʬʦʨʤʠ NACA0012 ʢʨʠʣʘ ʣʽʪʘʢʘ, ʱʦ 

ʨʦʟʨʦʙʣʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʢʦʥʩʫʣʴʪʘʪʠʚʥʦʛʦ ʢʦʤʽʪʝʪʫ ʟ 

ʘʝʨʦʥʘʚʪʠʢʠ (NACA) (ʧʫʥʢʪ 1.4.2). ʊʘʢʦʞ ʧʨʦʚʝʜʝʥʦ ʛʝʥʝʨʘʮʽʶ 

ʩʪʨʫʢʪʫʨʦʚʘʥʦʾ ʩʽʪʢʠ ʱʽʣʴʥʦʩʪʽ ʡʤʦʚʽʨʥʦʩʪʽ ʟʥʘʭʦʜʞʝʥʥʷ ʝʣʝʢʪʨʦʥʘ ʚ ʟʘʜʘʥʽʡ 

ʦʙʣʘʩʪʽ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʢʚʘʥʪʦʚʠʭ ʪʦʯʦʢ ʟ ʨʽʟʥʠʤʠ ʭʚʠʣʴʦʚʠʤʠ ʯʠʩʣʘʤʠ (ʧʫʥʢʪ 

1.4.3). 
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ɼʦʩʣʽʜʞʝʥʥʷ ʤʝʪʦʜʽʚ ʛʝʥʝʨʘʮʽʾ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʩʽʪʦʢ ʚʠʷʚʠʣʦ ʧʝʨʝʚʘʛʠ 

ʪʘ ʥʝʜʦʣʽʢʠ ʾʭʥʴʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʘ ʩʘʤʝ: ʧʝʨʝʚʘʛʠ ï ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʣʴʰ ʚʠʩʦʢʦʛʦ ʧʦʨʷʜʢʫ ʘʧʨʦʢʩʠʤʘʮʽʾ ʽ ʤʝʥʰʦʾ ʢʽʣʴʢʦʩʪʽ 

ʨʝʩʫʨʩʽʚ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʤʘʰʠʥ; ʥʝʜʦʣʽʢʠ ï ʦʙʤʝʞʝʥʥʷ ʥʘ ʬʦʨʤʫ ʝʣʝʤʝʥʪʽʚ, 

ʩʪʨʫʢʪʫʨʫ ʾʭʥʴʦʛʦ ʨʦʟʤʽʱʝʥʥʷ ʽ ʥʘ ʛʝʦʤʝʪʨʠʯʥʫ ʤʦʜʝʣʴ, ʘʜʘʧʪʘʮʽʷ ʜʦ ʩʢʣʘʜʥʠʭ 

ʪʽʣ ʜʦʩʠʪʴ ʪʨʫʜʦʤʽʩʪʢʘ ʽ ʻ ʤʦʞʣʠʚʽʩʪʴ ʧʦʷʚʠ ʚʠʨʦʜʞʝʥʠʭ ʝʣʝʤʝʥʪʽʚ, 

ʜʝʢʦʤʧʦʟʠʮʽʶ ʥʘ ʙʣʦʢʠ ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ ʜʣʷ ʤʝʪʦʜʽʚ, ʢʦʣʠ ʙʣʦʢʠ ʪʘ ʛʨʘʥʠʮʽ 

ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʷʚʥʦ, ʘʣʝ ʫ ʚʠʧʘʜʢʫ ʥʘʜʪʦ ʩʢʣʘʜʥʦʾ ʬʦʨʤʠ ʪʽʣʘ 

ʜʝʢʦʤʧʦʟʠʮʽʷ ʤʘʡʞʝ ʥʝ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ. ʇʦʧʫʣʷʨʥʦʶ ʻ ʢʦʤʙʽʥʘʮʽʷ ʛʝʥʝʨʘʮʽʾ 

ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʪʘ ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʩʽʪʦʢ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʘʪʠ ʚʩʽ 

ʧʝʨʝʚʘʛʠ ʽ ʦʙʤʝʞʠʪʠ ʥʝʜʦʣʽʢʠ ʦʙʦʭ ʚʠʜʽʚ ʩʽʪʦʢ. 

ʋʟʘʛʘʣʴʥʶʶʯʠ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ 

ʧʨʦʚʝʜʝʥʠʡ ʦʛʣʷʜ ʧʽʜʪʚʝʨʜʞʫʻ ʘʢʪʫʘʣʴʥʽʩʪʴ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʽʚ ʛʝʥʝʨʘʮʽʾ 

ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʜʠʩʢʨʝʪʥʠʭ ʤʦʜʝʣʝʡ ʛʝʦʤʝʪʨʠʯʥʠʭ ʦʙôʻʢʪʽʚ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ 

ʯʠʩʝʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʾʭ ʚʣʘʩʪʠʚʦʩʪʝʡ (ʚʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 1). 

ɺ ʜʨʫʛʦʤʫ ʨʦʟʜʽʣʽ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ ʜʣʷ ʧʦʙʫʜʦʚʠ 

ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʩʽʪʦʢ ʫ ʚʽʣʴʥʦ ʨʦʟʧʦʚʩʶʜʞʫʚʘʥʦʤʫ ʧʘʢʝʪʽ ʧʨʦʛʨʘʤ Scilab 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤ ʤʝʪʦʜʦʤ ʥʘ ʧʨʠʢʣʘʜʽ ʨʽʚʥʷʥʥʷ ʇʫʘʩʩʦʥʘ ʽʟ ʟʘʜʘʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʟʛʫʱʝʥʥʷ ʢʦʥʪʨʦʣʴʥʠʭ ʬʫʥʢʮʽʡ ʪʘ ʛʘʨʘʥʪʽʻʶ ʷʢʦʩʪʽ ʤʦʜʝʣʽ. 

ɽʤʧʽʨʠʯʥʠʤ ʤʝʪʦʜʦʤ ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʛʝʦʤʝʪʨʽʾ ʦʙʣʘʩʪʽ (ʦʧʫʢʣʦʩʪʽ ʪʘ 

ʫʛʥʫʪʦʩʪʽ ʣʽʥʽʡ ʩʪʦʨʽʥ ʢʨʠʚʦʣʽʥʽʡʥʦʛʦ ʯʦʪʠʨʠʢʫʪʥʠʢʘ) ʪʘ ʚʠʙʽʨ ʤʝʪʦʜʫ 

ʧʦʙʫʜʦʚʠ ʧʦʯʘʪʢʦʚʦʾ ʩʽʪʢʠ ʥʘ ʰʚʠʜʢʽʩʪʴ ʛʝʥʝʨʘʮʽʾ ʟʘʜʘʥʦʾ ʩʪʨʫʢʪʫʨʦʚʘʥʦʾ 

ʤʦʜʝʣʽ ʜʘʥʦʾ ʦʙʣʘʩʪʽ ʝʣʽʧʪʠʯʥʠʤ ʤʝʪʦʜʦʤ, ʪʘʢʦʞ ʜʦʩʣʽʜʞʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ 

ʟʥʘʯʝʥʥʷʤʠ ʟʤʽʥʥʠʭ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʪʘ ʬʽʟʠʯʥʦʾ ʦʙʣʘʩʪʝʡ ʪʘ ʚʧʣʠʚ ʛʝʦʤʝʪʨʽʾ 

ʦʙʣʘʩʪʽ ʥʘ ʮʶ ʟʘʣʝʞʥʽʩʪʴ. 

ʋ ʧʽʜʨʦʟʜʽʣʽ 2.1 ʨʦʟʛʣʷʥʫʪʦ ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯʽ ʛʝʥʝʨʘʮʽʾ ʩʽʪʢʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʇʫʘʩʩʦʥʘ. ʆʢʨʝʤʦ ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ 

ʤʝʪʦʜʠ ʧʦʙʫʜʦʚʠ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʜʠʩʢʨʝʪʥʠʭ ʤʦʜʝʣʝʡ, ʾʭ ʥʝʜʦʣʽʢʠ ʽ ʧʝʨʝʚʘʛʠ 

(ʧʽʜʨʦʟʜʽʣ 2.2). ʋ ʧʽʜʨʦʟʜʽʣʽ 2.3 ʜʝʪʘʣʴʥʦ ʨʦʟʛʣʷʥʫʪʦ ʯʠʩʝʣʴʥʠʡ ʨʦʟʚôʷʟʦʢ 

ʨʽʚʥʷʥʥʷ ʇʫʘʩʩʦʥʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʮʝʚʦʾ ʩʭʝʤʠ, ʘ ʩʘʤʝ: ʟʘʛʘʣʴʥʘ 
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ʘʧʨʦʢʩʠʤʘʮʽʷ ʧʦʭʽʜʥʠʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʮʝʚʦʾ ʩʭʝʤʠ (ʧʫʥʢʪ 2.3.1), 

ʨʽʟʥʠʮʝʚʘ ʩʭʝʤʘ ʜʣʷ ʨʽʚʥʷʥʥʷ ʇʫʘʩʩʦʥʘ (ʧʫʥʢʪ 2.3.2). ʋ ʧʽʜʨʦʟʜʽʣʽ 2.4 

ʨʦʟʛʣʷʥʫʪʦ ʤʝʪʦʜʠ ʧʦʙʫʜʦʚʠ ʧʦʯʘʪʢʦʚʦʾ ʩʽʪʢʠ: ʨʽʚʥʦʤʽʨʥʦ (ʧʫʥʢʪ 2.4.1) ʪʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʪʨʘʥʩʬʽʥʽʪʥʦʾ ʽʥʪʝʨʧʦʣʷʮʽʾ ʟ ʤʦʞʣʠʚʩ̔ʪʁ ʟʛʫʱʝʥʥʷ ʩʽʪʢʠ ʜʦ ʧʝʚʥʠʭ 

ʟʦʥ (ʧʫʥʢʪ 2.4.2). ɸʣʛʦʨʠʪʤ ʛʝʥʝʨʘʮʽʾ ʩʽʪʢʠ ʚ ʧʘʢʝʪʽ ʧʨʦʛʨʘʤ Scilab ʟ 

ʜʦʩʣʽʜʞʝʥʥʷʤ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʠʙʦʨʫ ʧʦʯʘʪʢʦʚʦʾ ʩʽʪʢʠ ʚʽʜʥʦʩʥʦ ʧʝʚʥʦʾ ʬʦʨʤʠ 

ʛʝʦʤʝʪʨʽʾ ʦʙʣʘʩʪʽ ʧʦʙʫʜʦʚʠ ʥʘʚʝʜʝʥʦ ʚ ʧʽʜʨʦʟʜʽʣʽ 2.5. 

ʆʩʦʙʣʠʚʘ ʫʚʘʛʘ ʙʫʣʘ ʧʨʠʜʽʣʝʥʘ ʜʦʩʣʽʜʞʝʥʥʶ ʚʧʣʠʚʫ ʢʦʥʪʨʦʣʴʥʠʭ 

ʬʫʥʢʮʽʡ ʥʘ ʢʝʨʫʚʘʥʥʷ ʩʽʪʢʦʶ (ʧʽʜʨʦʟʜʽʣ 2.6). ɼʣʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʤʝʪʦʜʫ 

(ʝʣʽʧʪʠʯʥʦʛʦ) ʨʦʟʛʣʷʜʘʣʠʩʷ ʢʦʥʪʨʦʣʴʥʽ ʬʫʥʢʮʽʾ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʤʦʞʥʘ 

ʚʠʢʦʥʘʪʠ ʟʛʫʱʝʥʥʷ ʜʦ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʪʘ ʚʝʨʪʠʢʘʣʴʥʠʭ ʢʦʦʨʜʠʥʘʪʥʠʭ ʣʽʥʽʡ 

(ʧʫʥʢʪ 2.6.1), ʷʢ ʦʢʨʝʤʠʡ ʚʠʧʘʜʦʢ ʟʛʫʱʝʥʥʷ ʜʦ ʜʽʘʛʦʥʘʣʴʥʠʭ ʣʽʥʽʡ ʽʟ 

ʤʦʞʣʠʚʽʩʪʶ ʾʭʥʴʦʛʦ ʩʫʤʽʱʝʥʥʷ (ʧʫʥʢʪ 2.6.3), ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʧʘʨʘʤʝʪʨʽʚ 

ʮʠʭ ʢʦʥʪʨʦʣʴʥʠʭ ʬʫʥʢʮʽʡ ʥʘ ʟʛʫʱʝʥʥʷ. ɹʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʧʘʨʘʤʝʪʨʽʚ 

ʢʦʥʪʨʦʣʴʥʠʭ ʬʫʥʢʮʽʡ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ ʟʛʫʱʝʥʥʷ ʫ 

ʬʦʨʤʽ ʦʜʥʦʛʦ, ʜʚʦʭ ʯʠ ʙʽʣʴʰʝ ʢʽʣ, ʝʣʽʧʪʠʯʥʦʛʦ ʤʝʪʦʜʫ ʥʘ ʷʢʽʩʪʴ ʧʦʙʫʜʦʚʘʥʦʾ 

ʩʽʪʢʠ, ʘ ʩʘʤʝ ʾʾ ʦʨʪʦʛʦʥʘʣʴʥʽʩʪʴ (ʧʫʥʢʪ 2.6.2). ʋʩʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʩʫʧʨʦʚʦʜʞʫʚʘʣʠʩʴ ʚʽʟʫʘʣʽʟʘʮʽʻʶ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ɺ ʪʨʝʪʴʦʤʫ ʨʦʟʜʽʣʽ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʧʘʨʘʤʝʪʨʽʚ ʢʦʥʪʨʦʣʴʥʠʭ 

ʬʫʥʢʮʽʡ ʨʽʚʥʷʥʥʷ ʇʫʘʩʩʦʥʘ ʥʘ ʟʛʫʱʝʥʥʷ ʩʽʪʢʠ ʧʦʚʝʨʭʦʥʴ ʨʽʟʥʠʭ ʪʠʧʽʚ. ʋ 

ʧʽʜʨʦʟʜʽʣʽ 3.1 ʥʘʚʝʜʝʥʦ ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯʽ ʛʝʥʝʨʘʮʽʾ ʩʽʪʢʠ ʧʦʚʝʨʭʥʽ. ɹʽʣʴʰ 

ʜʝʪʘʣʴʥʦ ʨʦʟʛʣʷʥʫʪʦ ʧʦʚʝʨʭʥʽ ʦʙʝʨʪʘʥʥʷ, ʦʩʢʽʣʴʢʠ ʪʘʢʽ ʧʦʚʝʨʭʥʽ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʩʫʯʘʩʥʽʡ ʪʝʭʥʽʯʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʘ ʩʘʤʝ: ʘʚʽʘʙʫʜʫʚʘʥʥʷ, 

ʨʘʢʝʪʦʙʫʜʫʚʘʥʥʷ ʪʘ ʽʥ. ʆʩʢʽʣʴʢʠ ʥʘʚʽʪʴ ʤʘʣʝʥʴʢʘ ʧʦʤʠʣʢʘ ʧʽʜ ʯʘʩ ʧʦʜʽʙʥʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʥʝ ʪʽʣʴʢʠ ʜʦ ʬʽʥʘʥʩʦʚʠʭ ʚʪʨʘʪ, ʘ ʡ ʜʦ ʣʶʜʩʴʢʠʭ 

ʞʝʨʪʚ, ʪʦ ʪʘʢʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʤʘʛʘʶʪʴ ʙʽʣʴʰʦʾ ʪʦʯʥʦʩʪʽ ʦʙʯʠʩʣʝʥʴ. ʆʪʞʝ 

ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʝʪʝʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʚʝʨʭʥʽ ʚ ʤʽʩʮʷʭ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʥʘʧʨʫʞʝʥʴ, ʱʦ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʛʫʱʝʥʥʷ ʩʽʪʢʠ ʚ ʪʘʢʽʡ ʦʙʣʘʩʪʽ, 

ʧʨʠ ʮʴʦʤʫ ʟʝʢʦʥʦʤʠʪʠ ʪʝʭʥʽʯʥʽ ʨʝʩʫʨʩʠ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʘʣʛʦʨʠʪʤʫ. ʊʦʤʫ 

ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʟʛʫʱʝʥʥʷ ʩʽʪʢʠ ʥʘ ʧʦʚʝʨʭʥʷʭ ʮʠʣʽʥʜʨʘ (ʧʽʜʨʦʟʜʽʣ 3.2), ʢʦʥʫʩʘ 
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(ʧʽʜʨʦʟʜʽʣ 3.3), ʪʘʢʦʞ ʥʘ ʤʽʩʮʽ ʟôʻʜʥʘʥʥʷ ʮʠʣʽʥʜʨʠʯʥʦʾ ʪʘ ʢʦʥʽʯʥʦʾ, 

ʮʠʣ̔ʥʜʨʠʯʥʦʾ ʪʘ ʩʬʝʨʠʯʥʦʾ, ʜʚʦʭ ʢʦʥʽʯʥʠʭ ʧʦʚʝʨʭʦʥʴ (ʧʽʜʨʦʟʜʽʣ 3.4). ʊʘʢʦʞ 

ʜʦʩʣʽʜʞʝʥʦ ʟʛʫʱʝʥʥʷ ʩʽʪʢʠ ʥʘ ʧʦʚʝʨʭʥʽ, ʱʦ ʤʦʜʝʣʶʻ ʱʽʣʴʥʽʩʪʴ ʡʤʦʚʽʨʥʦʩʪʽ 

ʟʥʘʭʦʜʞʝʥʥʷ ʝʣʝʢʪʨʦʥʘ ʚ ʟʘʜʘʥʽʡ ʦʙʣʘʩʪʽ ʢʚʘʥʪʦʚʦʾ ʪʦʯʢʠ ʥʘ ʧʨʠʢʣʘʜʽ ʢʫʙʽʯʥʦʾ 

ʢʚʘʥʪʦʚʦʾ ʪʦʯʢʠ (ʧʽʜʨʦʟʜʽʣ 3.5). ɺʩʽ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʨʽʟʥʠʭ 

ʧʦʚʝʨʭʥʷʭ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʨʝʟʫʣʴʪʘʪʠ ʱʦʜʦ ʚʧʣʠʚʫ ʧʘʨʘʤʝʪʨʽʚ ʢʦʥʪʨʦʣʴʥʠʭ 

ʬʫʥʢʮʽʡ ʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʛʫʱʝʥʥʷ ʩʽʪʢʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʥʘ 

ʧʨʠʢʣʘʜʽ ʟʛʫʱʝʥʥʷ ʜʦ ʧʝʚʥʠʭ ʣʽʥʽʡ ʩʽʪʢʠ, ʘ ʫ ʚʠʧʘʜʢʫ ʢʦʤʙʽʥʘʮʽʡ ʧʦʚʝʨʭʦʥʴ 

ʟʛʫʱʝʥʥʷ ʚʠʢʦʥʘʥʦ ʜʦ ʣʽʥʽʾ ʟôʻʜʥʘʥʥʷ. ʆʪʞʝ ʜʣʷ ʧʦʩʠʣʝʥʥʷ ʟʛʫʱʝʥʥʷ 

ʥʝʦʙʭʽʜʥʦ ʟʙʽʣʴʰʠʪʠ ʧʝʨʰʠʡ ʧʘʨʘʤʝʪʨ ʢʦʥʪʨʦʣʴʥʦʾ ʬʫʥʢʮʽʾ, ʜʨʫʛʠʡ ʧʘʨʘʤʝʪʨ 

ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʨʦʙʠʪʴ ʩʽʪʢʫ ʙʽʣʴʰ ʨʽʚʥʦʤʽʨʥʦʶ, ʙʣʠʟʴʢʦʶ ʜʦ ʦʨʪʦʛʦʥʘʣʴʥʦʾ. 

ɺ ʯʝʪʚʝʨʪʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʛʣʷʥʫʪʦ ʛʝʥʝʨʘʮʽʶ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʜʠʩʢʨʝʪʥʠʭ 

ʤʦʜʝʣʝʡ ʜʣʷ ʧʝʨʝʨʽʟʽʚ ʪʨʠʚʠʤʽʨʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʦʙôʻʢʪʽʚ. ʇʦʩʪʘʥʦʚʢʘ ʜʘʥʦʾ 

ʟʘʜʘʯʽ ʥʘʚʝʜʝʥʘ ʚ ʧʽʜʨʦʟʜʽʣʽ 4.1. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʝʜʝʥʦ ʥʘ ʧʨʠʢʣʘʜʽ ʧʝʨʝʨʽʟʫ 

ʢʫʪʦʚʦʛʦ (ʧʽʜʨʦʟʜʽʣ 4.2) ʪʘ ʧʨʷʤʦʛʦ (ʧʽʜʨʦʟʜʽʣ 4.3) ʟôʻʜʥʘʥʥʷ ʜʚʦʭ ʙʘʣʦʢ. ɺ 

ʧʨʠʢʣʘʜʽ ʤʦʜʝʣʽ çʢʫʪʘè ʦʪʨʠʤʘʥʦ ʟôʻʜʥʘʥʥʷ ʜʚʦʭ ʧʨʷʤʦʢʫʪʥʠʭ ʪʨʘʧʝʮʽʡ ʧʦ 

ʙʽʯʥʽʡ ʣʽʥʽʾ, ʘ ʤʦʜʝʣʴ ʧʨʷʤʦʛʦ ʟôʻʜʥʘʥʥʷ ʧʦʢʘʟʘʥʘ ʫ ʜʚʦʭ ʚʘʨʽʘʥʪʘʭ ʨʦʟʙʠʪʪʷ: 

ʯʦʪʠʨʠ ʧʨʷʤʦʢʫʪʥʽ ʪʨʘʧʝʮʽʾ ʪʘ ʜʚʘ ʧôʷʪʠʢʫʪʥʠʢʠ. ɿʛʫʱʝʥʥʷ ʩʽʪʢʠ ʙʫʣʦ 

ʚʠʢʦʥʘʥʦ ʜʦ ʣʽʥʽʾ ʤʝʞʽ ʟôʻʜʥʘʥʥʷ, ʦʩʢʽʣʴʢʠ ʩʘʤʝ ʚ ʦʢʦʣʽ ʟôʻʜʥʘʥʥʷ ʜʚʦʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʚʠʥʠʢʘʻ ʢʦʥʮʝʥʪʨʘʮʽʷ ʥʘʧʨʫʞʝʥʴ, ʪʦʤʫ ʙʽʣʴʰ ʜʝʪʘʣʴʥʝ 

ʜʦʩʣʽʜʞʝʥʥʷ ʬʫʥʢʮʽʡ ʥʘ ʛʝʦʤʝʪʨʽʾ ʟʘʜʘʥʦʾ ʦʙʣʘʩʪʽ ʻ ʘʢʪʫʘʣʴʥʠʤ. ɹʫʣʦ 

ʚʠʢʦʨʠʩʪʘʥʦ ʢʦʥʪʨʦʣʴʥʽ ʬʫʥʢʮʽʾ ʜʣʷ ʟʛʫʱʝʥʥʷ ʜʦ ʢʦʦʨʜʠʥʘʪʥʠʭ ʣʽʥʽʡ 

ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ. ʇʽʜʪʚʝʨʜʞʝʥʦ ʧʦʧʝʨʝʜʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʣʷ ʧʣʦʩʢʠʭ 

ʦʙʣʘʩʪʝʡ ʪʘ ʧʦʚʝʨʭʦʥʴ ʱʦʜʦ ʚʧʣʠʚʫ ʧʘʨʘʤʝʪʨʽʚ ʢʦʥʪʨʦʣʴʥʠʭ ʬʫʥʢʮʽʡ ʥʘ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʛʫʱʝʥʥʷ ʩʽʪʢʠ ʚ ʟʘʜʘʥʽʡ ʦʙʣʘʩʪʽ, ʘ ʩʘʤʝ: ʟʙʽʣʴʰʝʥʥʷ ʧʝʨʰʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʦʩʠʣʝʥʥʷ ʟʛʫʱʝʥʥʷ ʚ ʦʢʦʣʽ ʟʘʜʘʥʦʾ ʦʙʣʘʩʪʽ, ʘ 

ʟʙʽʣʴʰʝʥʥʷ ʜʨʫʛʦʛʦ ʧʘʨʘʤʝʪʨʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʙʽʣʴʰ ʨʽʚʥʦʤʽʨʥʦʛʦ 

ʨʦʟʧʦʜʽʣʝʥʥʷ ʣʽʥʽʡ ʩʽʪʢʠ, ʱʦ ʥʘʙʣʠʞʘʻ ʾʾ ʜʦ ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʽ ʣʽʥʽʡ. ɺ ʧʽʜʨʦʟʜʽʣʽ 

4.4 ʧʦʢʘʟʘʥʦ ʨʦʟʚôʷʟʦʢ ʢʨʘʡʦʚʦʾ ʟʘʜʘʯʽ ʚʠʛʠʥʫ ʪʦʥʢʦʾ ʧʣʘʩʪʠʥʢʠ, ʨʦʟʚôʷʟʘʥʦ 

ʨʽʟʥʠʮʝʚʠʤʠ ʩʭʝʤʘʤʠ ʨʽʚʥʷʥʥʷ ʉʦʬʽ ɾʝʨʤʝʥ, ʚʠʢʦʥʘʥʦ ʟʛʫʱʝʥʥʷ ʩʽʪʢʠ ʜʦ 
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ʧʝʚʥʠʭ ʟʦʥ ʧʦʙʫʜʦʚʠ ʜʣʷ ʨʽʟʥʠʭ ʬʦʨʤ ʧʣʘʩʪʠʥʢʠ (ʢʚʘʜʨʘʪ, ʦʧʫʢʣʠʡ ʪʘ 

ʥʝʦʧʫʢʣʠʡ ʢʨʠʚʦʣʽʥʽʡʥʽ ʯʦʪʠʨʠʢʫʪʥʠʢʠ). 

ʋ ʚʠʩʥʦʚʢʘʭ ʥʘʛʦʣʦʰʝʥʦ, ʱʦ ʨʦʟʨʦʙʣʝʥʽ ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʤʝʪʦʜʠ 

ʛʝʥʝʨʘʮʽʾ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʜʠʩʢʨʝʪʥʠʭ ʤʦʜʝʣʝʡ ʛʝʦʤʝʪʨʠʯʥʠʭ ʦʙôʻʢʪʽʚ 

ʜʦʟʚʦʣʷʶʪʴ ʷʢʽʩʥʦ ʧʽʜʚʠʱʠʪʠ ʨʝʟʫʣʴʪʘʪʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭ ʧʨʠ ʘʥʘʣʽʟʽ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʽʥʞʝʥʝʨʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ʇʽʜ ʯʘʩ 

ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʧʨʦʛʨʘʤʥʠʡ 

ʧʨʦʜʫʢʪ ʫ ʚʽʣʴʥʦ ʨʦʟʧʦʚʩʶʜʞʫʚʘʥʦʤʫ ʧʘʢʝʪʽ ʽʥʞʝʥʝʨʥʠʭ ʧʨʦʛʨʘʤ Scilab, ʱʦ 

ʜʦʟʚʦʣʷʻ ʝʣʽʧʪʠʯʥʠʤ ʤʝʪʦʜʦʤ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʛʝʥʝʨʘʮʽʶ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ 

ʜʠʩʢʨʝʪʥʠʭ ʤʦʜʝʣʝʡ ʛʝʦʤʝʪʨʠʯʥʠʭ ʦʙôʻʢʪʽʚ ʪʘʢʠʭ, ʷʢ ʜʚʦʚʠʤʽʨʥʽ ʢʨʠʚʦʣʽʥʽʡʥʽ 

ʯʦʪʠʨʠʢʫʪʥʠʢʠ, ʧʦʚʝʨʭʥʽ ʪʽʣ, ʧʝʨʝʨʽʟʠ ʪʨʠʚʠʤʽʨʥʠʭ ʦʙôʻʢʪʽʚ. ɿʘ ʜʦʧʦʤʦʛʦʶ 

ʮʴʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ ʤʦʞʥʘ ʢʝʨʫʚʘʪʠ ʬʦʨʤʦʶ ʪʘ ʽʥʪʝʥʩʠʚʥʽʩʪʶ 

ʟʛʫʱʝʥʥʷ ʩʪʨʫʢʪʫʨʦʚʘʥʦʾ ʩʽʪʢʠ ʚ ʟʘʜʘʥʽʡ ʦʙʣʘʩʪʽ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʦʙôʻʢʪʘ.  

ʇʨʘʢʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚʽʟʫʘʣʴʥʠʤʠ ʧʨʠʢʣʘʜʘʤʠ, ʱʦ 

ʜʝʤʦʥʩʪʨʫʶʪʴ ʤʦʞʣʠʚʦʩʪʽ ʨʦʟʨʦʙʣʝʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ. ʊʦʯʥʽʩʪʴ ʪʘ 

ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʧʦʨʽʚʥʷʣʴʥʠʤ ʘʥʘʣʽʟʦʤ, 

ʚʽʜʧʦʚʽʜʥʽʩʪʶ ʬʽʟʠʯʥʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤ ʪʘ ʩʪʽʡʢʽʩʪʶ ʘʣʛʦʨʠʪʤʫ ʟʛʫʱʝʥʥʷ ʩʽʪʢʠ 

ʜʦ ʢʦʞʥʦʾ ʦʙʨʘʥʦʾ ʦʙʣʘʩʪʽ ʽʟ ʤʦʞʣʠʚʽʩʪʶ ʢʝʨʫʚʘʥʥʷʤ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʟʛʫʱʝʥʥʷ. 

ʆʪʨʠʤʘʥʽ ʨʦʟʚôʷʟʢʠ ʟʘʜʘʯ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʠʤʠ ʦʨʛʘʥʽʟʘʮʽʷʤʠ ʪʘ ʚʠʨʦʙʥʠʮʪʚʘʤʠ ʚ ʷʢʦʩʪʽ 

ʜʦʜʘʪʢʽʚ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʦʙôʻʢʪʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʪʨʫʢʪʫʨʦʚʘʥʘ ʜʠʩʢʨʝʪʥʘ ʤʦʜʝʣʴ, ʨʽʚʥʷʥʥʷ ʇʫʘʩʩʦʥʘ, 

ʟʛʫʱʝʥʥʷ ʩʽʪʢʠ, ʧʘʨʘʤʝʪʨʠ ʢʦʥʪʨʦʣʴʥʠʭ ʬʫʥʢʮʽʡ, ʤʦʜʝʣʴ ʢʨʠʚʦʣʽʥʽʡʥʦʛʦ 

ʯʦʪʠʨʠʢʫʪʥʠʢʘ, ʤʦʜʝʣʴ ʧʦʚʝʨʭʥʽ. 
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ABSTRACT 

 

Khalanchuk L. Structured discrete models for solving boundary value 

problems. - Qualification work on the rights of the manuscript. 

The dissertation on competition of a scientific degree of the philosophy doctor 

on a specialty 113 Applied mathematics. ï Zaporizhzhia National University, 

Zaporizhzhia, 2021. 

 

The object of research is structured and block-structured grids for geometric 

models. 

The subject of research ï methods of generating structured and block-

structured grids of geometric models. 

The dissertation investigates structured discrete models for solving boundary 

value problems. The purpose of the dissertation is to develop a mathematical 

apparatus for the construction of structured and block-structured grids with specified 

parameters of thickening and quality assurance of the model. To achieve this goal in 

the work the following main tasks: 

- to develop and test a method for obtaining structured discrete mathematical 

models performed on quadrilateral finite elements for two-dimensional geometric 

objects using the Poisson equation; 

- to develop methods for optimizing the generation of structured discrete 

models of geometric objects by choosing the method of initial partitioning; 

- to develop approaches to control the shape and intensity of grid lines 

thickening to a given area of the model of two-dimensional and three-dimensional 

geometric object. 

The research methods are based on mathematical analysis, analytical 

geometry, mathematical modeling and numerical methods for solving differential 

equations. 

The Introduction substantiates the topicality of the thesis, outlines its 

relationship to scientific and technical research projects. It formulates the research 
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goal and objectives, specifies the object, subject, and methods of research, and 

highlights the scientific novelty and practical value of the obtained results. It 

sketches out how the research results were used in practical cases. Further, it 

summarizes the personal contribution of the applicant, and presents how the 

approbation and publication of the contributed results were done. Finally, the 

Introduction provides the quantitative information about the structure of the thesis. 

The first section reviews the current state of generation of structured discrete 

models, which is a continuation and addition to previous studies, namely: describes 

the basic steps for building a grid, which are common to many approaches to their 

automatic generation (section 1.1); algebraic, elliptic, variational, hyperbolic 

methods of generation of structured and block-structured grids are considered; 

analyzed special software tools that are used to generate computer grids; describes 

the equations and theories on the basis of which grids are built; the numerical 

methods used at generation of grids are resulted (section 1.2); a wide range of objects 

and processes have been studied, for which structured grids are used (section 1.4.1). 

Examples of the construction of a structured discrete model of the 

aerodynamic shape of the NACA0012 wing of an aircraft, developed with the help 

of the National Advisory Committee on Aeronautics (NACA), are given in more 

detail (section 1.4.2). The generation of a structured grid of electron density density 

in a given region of various quantum points with different wave numbers is also 

performed (section 1.4.3). 

The study of methods for generating structured grids revealed the advantages 

and disadvantages of their use, namely: advantages ï the ability to use a higher order 

of approximation and fewer resources of computers; Disadvantages - restrictions on 

the shape of elements, the structure of their placement and geometric model, 

adaptation to complex bodies is quite time consuming and there is a possibility of 

degenerate elements, decomposition into blocks can be applied to methods where 

blocks and boundaries can be represented explicitly, but in case of too complex 

shape body decomposition is almost not applied. A combination of structured and 
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unstructured grids is popular, which allows you to use all the advantages and limit 

the disadvantages of both types of grids. 

Summarizing the results of the study, we can conclude that the review 

confirms the relevance of developing methods for generating structured discrete 

models of geometric objects for further numerical analysis of their properties 

(conclusions to chapter 1). 

In the second section, a mathematical apparatus was developed for 

constructing structured grids in a freely distributed Scilab software package by the 

differential method on the example of the Poisson equation with given parameters 

of control function condensation and model quality assurance. The influence of the 

geometry of the region (convexity and concavity of the lines of the sides of a 

curvilinear quadrilateral) and the choice of the method of constructing the initial grid 

on the generation speed of a given structured model of this region by the elliptical 

method is investigated by empirical method. 

Section 2.1 considers the formulation of the grid generation problem using the 

Poisson differential equation. Methods of constructing structured discrete models, 

their disadvantages and advantages were considered separately (section 2.2). Section 

2.3 discusses in detail the numerical solution of the Poisson equation using the 

difference scheme, namely: the general approximation of derivatives using the 

difference scheme (paragraph 2.3.1), the difference scheme for the Poisson equation 

(paragraph 2.3.2). Section 2.4 discusses the methods of constructing the initial grid: 

evenly (paragraph 2.4.1) and by transfinite interpolation with the possibility of 

thickening the grid to the right or left (paragraph 2.4.2). The grid generation 

algorithm in the Scilab software package with the study of the optimal choice of the 

initial grid with respect to a certain shape of the geometry of the construction area is 

given in section 2.5. 

Particular attention was paid to the study of the influence of control functions 

on grid management (section 2.6). For the differential method (elliptical) control 

functions were considered, with the help of which it is possible to perform 

condensation to horizontal and vertical coordinate lines (paragraph 2.6.1), as a 
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special case of condensation to diagonal lines with the possibility of their 

combination (paragraph 2.6.3), the influence of parameters of these control functions 

on condensation is investigated. The influence of the parameters of control 

functions, by means of which it is possible to construct a condensation in the form 

of one, two or more circles, an elliptical method on the quality of the constructed 

grid, namely its orthogonality, was investigated (paragraph 2.6.2). The study was 

accompanied by visualization of the results. 

In the third section, the influence of the parameters of the control functions of 

the Poisson equation on the thickening of the grid of surfaces of different types was 

investigated. Section 3.1 presents the formulation of the problem of surface grid 

generation. Rotation surfaces are considered in more detail, as such surfaces are 

widely used in the modern technical industry, namely: aircraft construction, 

rocketry, etc. Since even a small error in such calculations can lead not only to 

financial losses but also to human casualties, such studies require greater accuracy 

of calculations. Therefore, there is a need for careful study of the surface in places 

of stress concentration, which can be done by thickening the grid in this area, while 

saving technical resources during the execution of the algorithm. Therefore, the 

thickening of the grid on the surfaces of the cylinder (section 3.2), the cone (section 

3.3), as well as at the junction of the cylindrical and conical, cylindrical and 

spherical, two conical surfaces (section 3.4) was investigated. The compression of 

the grid on the surface is also investigated, which simulates the probability density 

of an electron in a given region of a quantum dot on the example of a cubic quantum 

dot (section 3.5). All studies on different surfaces confirm the results on the 

influence of the parameters of the control functions on the intensity of the thickening 

of the grid. The study was performed on the example of thickening to certain lines 

of the grid, and in the case of combinations of surfaces, the thickening was 

performed to the joint line. Therefore, to enhance the thickening, it is necessary to 

increase the first parameter of the control function, the second parameter when 

increasing makes the grid more uniform, close to orthogonal. 



12 
 

The fourth section discusses the generation of structured discrete models for 

three-dimensional objects. The statement of this problem is given in section 4.1. The 

study was performed on the example of the cross section of the angular (section 4.2) 

and direct (section 4.3) connection of two beams. The example of the "angle" model 

is the connection of two rectangular trapezoids along the side line, and the "straight" 

model is shown in two variants of division: four rectangular trapezoids and two 

pentagons. The thickening of the grid was performed to the line of the joint 

boundary, because it is in the vicinity of the junction of the two structures that the 

stress concentration occurs, so a more detailed study of the functions on the 

geometry of a given area is relevant. Control functions were used to condense to the 

coordinate lines of the calculation area. Preliminary studies for flat areas and 

surfaces on the influence of control function parameters on the grid thickening 

intensity in a given region have been confirmed, namely: an increase in the first 

parameter leads to an increase in thickening around a given region, and an increase 

in the second parameter leads to a more uniform grid distribution, itôs to the 

orthogonality of the lines. Section 4.4 shows the solution of the boundary value 

problem of bending a thin plate, solves the difference schemes of Sophie Germain's 

equation, condenses the grid to certain construction zones for different plate shapes 

(square, convex and nonconvex curvilinear quadrilaterals). 

The conclusions emphasize that the methods of generation of structured 

discrete models of geometric objects developed in the dissertation work allow to 

qualitatively increase the results of mathematical modeling, to use them in the 

analysis and optimization of engineering structures. During the dissertation research, 

a software product was created in the freely distributed Scilab engineering software 

package, which allows the elliptical method to automate the generation of structured 

discrete models of geometric objects such as two-dimensional curvilinear 

quadrilaterals, body surfaces, sections of three-dimensional objects. With this 

software product, you can control the shape and intensity of the structured grid in a 

given area of a geometric object. 
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Practical results are presented by visual examples that demonstrate the 

capabilities of the developed software product. The accuracy and reliability of the 

results is confirmed by comparative analysis, compliance with the physical 

properties and stability of the grid thickening algorithm to each selected area with 

the ability to control the intensity of thickening. 

The obtained solutions of dissertation research problems can be used by 

design organizations and productions as applications of mathematical modeling of 

geometric objects. 

Keywords: structured discrete model, Poisson equation, grid thickening, 

parameters of control functions, curvilinear quadrilateral model, surface model. 
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ɺʉʊʋʇ 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʚ ʽʥʞʝʥʝʨʥʠʭ ʜʦʜʘʪʢʘʭ ʦʜʥʝ 

ʽʟ ʧʨʦʚʽʜʥʠʭ ʤʽʩʮʴ ʟʘʡʤʘʶʪʴ ʜʦʩʣʽʜʞʝʥʥʷ, ʱʦ ʚʠʢʦʥʫʶʪʴʩʷ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʨʝʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʟ ʧʦʜʘʣʴʰʠʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʘʢʝʪʽʚ ʢʦʤʧôʶʪʝʨʥʠʭ ʧʨʦʛʨʘʤ, ʦʩʢʽʣʴʢʠ ʢʦʤʧôʶʪʝʨʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ ʟʘ ʩʚʦʾʤʠ ʚʠʪʨʘʪʘʤʠ ʚ ʙʘʛʘʪʦ ʨʘʟʽʚ ʝʢʦʥʦʤʽʯʥʦ ʚʠʛʽʜʥʽʰʝ ʥʽʞ 

ʧʦʙʫʜʦʚʘ ʬʽʟʠʯʥʦʾ ʤʦʜʝʣʽ. ʆʙʯʠʩʣʶʚʘʣʴʥʽ ʤʝʪʦʜʠ ʚʠʤʘʛʘʶʪʴ ʧʦʙʫʜʦʚʫ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʱʦ ʙʫʜʫʪʴ ʚʽʜʦʙʨʘʞʘʪʠ ʫʩʽ ʥʝʦʙʭʽʜʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ ʪʘ ʩʪʨʫʢʪʫʨʠ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʦʙôʻʢʪʘ ʜʣʷ ʟʘʜʘʥʦʾ ʟʘʜʘʯʽ. 

ʇʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʦʙʯʠʩʣʝʥʥʷ ʟʘʤʽʥʶʻ ʜʦʩʣʽʜʞʫʚʘʥʠʡ 

ʦʙôʻʢʪ ʜʝʷʢʦʶ ʜʠʩʢʨʝʪʥʦʶ ʤʦʜʝʣʣʶ. ʉʫʯʘʩʥʽ ʧʨʦʢ̒ʪʠ ʤʘʶʪʴ ʚʩʝ ʙʽʣʴʰ 

ʩʢʣʘʜʥʠʡ ʭʘʨʘʢʪʝʨ, ʦʩʢʽʣʴʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʦʜʝʣʽ, ʱʦ ʩʢʣʘʜʘʪʁʴʩʷ ʟ ʜʦʩʠʪʴ 

ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʢʦʤʧʦʥʝʥʪʽʚ ʽ ʟʚô̫ ʟʢʽʚ ʤʽʞ ʥʠʤʠ. ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʨʦʮʝʩʽʚ ʫ ʪʘʢʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ ʤʘʻ ʧʝʚʥʽ ʪʨʫʜʥʦʱʽ, ʧʦʚôʷʟʘʥʽ ʟʽ ʩʢʣʘʜʥʽʩʪʶ 

ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ ʚʽʜʧʦʚʽʜʥʠʭ ʦʙʣʘʩʪʝʡ. ʊʘʢʽ ʟʘʜʘʯʽ ʟʨʫʯʥʦ ʨʦʟʚôʷʟʫʚʘʪʠ 

ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʜʝ ʤʦʜʝʣʴ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʝʚʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʦʙʣʘʩʪʝʡ ʧʨʦʩʪʦʾ ʬʦʨʤʠ. ɼʘʣʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʧʘʢʝʪʠ 

ʧʨʦʛʨʘʤ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʦʪʨʠʤʘʥʦʾ ʟʘʜʘʯʽ ʟ ʜʠʩʢʨʝʪʥʠʤʠ ʤʦʜʝʣʷʤʠ. ʇʨʦʪʝ 

ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʽʚ ʦʪʨʠʤʘʥʥʷ ʜʠʩʢʨʝʪʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʤʦʜʝʣʝʡ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘʜʘʥʽʡ ʛʝʦʤʝʪʨʠʯʥʽʡ ʦʙʣʘʩʪʽ ʪʘ ʤʘʶʪʴ ʧʝʚʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ, ʱʦ ʧʝʨʝʜʙʘʯʝʥʽ ʫʤʦʚʦʶ ʟʘʜʘʯʽ. 

ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʨʽʟʥʠʭ ʧʨʦʮʝʩʽʚ ʧʨʠʢʣʘʜʥʠʭ ʟʘʜʘʯ ʟ 

ʚʽʜʧʦʚʽʜʥʦʶ ʛʝʥʝʨʘʮʽʻʶ ʜʠʩʢʨʝʪʥʠʭ ʤʦʜʝʣʝʡ ʛʝʦʤʝʪʨʠʯʥʠʭ ʦʙôʻʢʪʽʚ 

ˇʨʫʥʪʦʚʥʦ ʜʦʩʣʽʜʞʫʚʘʣʠ ʚʯʝʥʽ ʈʚʘʯʦʚ ɺ.ʃ. [32, 42-52], ʐʝʡʢʦ ʊ.ɯ. [4, 32-36, 43, 

48-52, 85, 127, 152, 153], ɻʦʨʦʜʝʮʴʢʠʡ ɸ.ʉ. [18-21], ʄʘʢʩʠʤʝʥʢʦ-ʐʝʡʢʦ ʂ.ɺ. 

[30-36, 44], ʊʦʣʦʢ ɸ.ɺ. [32, 48, 58-62], ɻʦʤʝʥʶʢ ʉ.ɯ. [5-17, 29, 62-65, 78-83, 90, 

110, 119, 128], ɸʨʤʩʪʨʦʥʛ ʉ.ɼʞ. [92], ʊʦʤʧʩʦʥ ɼʞ.ʌ. [160-164] ʪʘ ʽʥʰʽ 

ʜʦʩʣʽʜʥʠʢʠ [77, 89, 93-97, 100-106, 115, 122-125, 144, 149]. 
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ɿʚ'ʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʟʜʽʡʩʥʶʚʘʣʘʩʴ ʚ ʨʘʤʢʘʭ ʚʠʢʦʥʘʥʥʷ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʾ 

ʪʝʤʘʪʠʢʠ ʢʘʬʝʜʨʠ ʧʨʦʛʨʘʤʥʦʾ ʽʥʞʝʥʝʨʽʾ ɿʘʧʦʨʽʟʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ, ʜʝʨʞʙʶʜʞʝʪʥʠʭ ʅɼʈ çʈʦʟʨʦʙʢʘ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʜʣʷ ʽʥʞʝʥʝʨʥʦʛʦ ʘʥʘʣʽʟʫ ʦʙôʻʢʪʽʚ ʘʝʨʦʢʦʩʤʽʯʥʦʾ ʪʝʭʥʽʢʠ ʥʘ ʙʘʟʽ ʭʤʘʨʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡè (ˉ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ: 0117U007204), çʄʘʪʝʤʘʪʠʯʥʝ ʪʘ ʧʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʻʢʪʫʚʘʥʥʷ ʘʝʨʦʢʦʩʤʽʯʥʦʾ ʪʝʭʥʽʢʠè (ˉ 

ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ: 0118U000210). ʆʢʨʝʤʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʙʫʣʦ 

ʚʠʢʦʨʠʩʪʘʥʦ ʚ ʨʘʤʢʘʭ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʾ ʨʦʙʦʪʠ çɯʥʥʦʚʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ 

ʤʝʪʦʜʠʢʠ ʧʨʦʬʝʩʽʡʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʤʘʡʙʫʪʥʽʭ ʬʘʭʽʚʮʽʚ ʫ ʟʘʢʣʘʜʘʭ ʚʠʱʦʾ 

ʘʛʨʘʨʥʦʾ ʦʩʚʽʪʠè, (ˉ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ: 0118U002303), ʧʽʜʪʝʤʘ: çʈʦʟʨʦʙʢʘ 

ʯʘʩʪʢʦʚʠʭ ʤʝʪʦʜʠʢ ʚʠʢʣʘʜʘʥʥʷ ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʠʭ ʜʠʩʮʠʧʣʽʥ ʫ ʟʘʢʣʘʜʘʭ 

ʚʠʱʦʾ ʘʛʨʘʨʥʦʾ ʦʩʚʽʪʠ ʥʘ ʦʩʥʦʚʽ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʤʝʪʦʜʽʚ ʥʘʚʯʘʥʥʷè, ʚ 

ʊʘʚʨʽʡʩʴʢʦʤʫ ʜʝʨʞʘʚʥʦʤʫ ʘʛʨʦʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ ʽʤʝʥʽ ɼʤʠʪʨʘ 

ʄʦʪʦʨʥʦʛʦ. 

ʄʝʪʘ ʽ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ ʜʣʷ ʧʦʙʫʜʦʚʠ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʪʘ ʙʣʦʯʥʦ-

ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʩʽʪʦʢ ʽʟ ʟʘʜʘʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʟʛʫʱʝʥʥʷ ʪʘ ʛʘʨʘʥʪʽʻʶ ʷʢʦʩʪʽ 

ʤʦʜʝʣʽ.  

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʚ ʨʦʙʦʪʽ ʧʦʩʪʘʚʣʝʥʦ ʥʘʩʪʫʧʥʽ ʦʩʥʦʚʥʽ 

ʟʘʜʘʯʽ: 

- ʨʦʟʨʦʙʠʪʠ ̔  ʚʠʢʦʥʘʪʠ ʘʧʨʦʙʘʮʽʶ ʤʝʪʦʜʫ ʦʪʨʠʤʘʥʥʷ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ 

ʜʠʩʢʨʝʪʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʚʥʷʥʥʷ ʇʫʘʩʩʦʥʘ ʜʣʷ 

ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʜʚʦʚʠʤʽʨʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʦʙôʻʢʪʽʚ ʥʘ ʯʦʪʠʨʠʢʫʪʥʽ ʝʣʝʤʝʥʪʠ; 

- ʫʜʦʩʢʦʥʘʣʠʪʠ ʤʝʪʦʜʠ ʛʝʥʝʨʘʮʽʾ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʜʠʩʢʨʝʪʥʠʭ 

ʤʦʜʝʣʝʡ ʛʝʦʤʝʪʨʠʯʥʠʭ ʦʙôʻʢʪʽʚ ʟʘ ʨʘʭʫʥʦʢ ʚʠʙʦʨʫ ʩʧʦʩʦʙʫ ʧʦʯʘʪʢʦʚʦʛʦ 

ʨʦʟʙʠʪʪʷ; 

- ʨʦʟʨʦʙʠʪʠ ʧʽʜʭʦʜʠ ʜʦ ʢʝʨʫʚʘʥʥʷ ʬʦʨʤʦʶ ʪʘ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʟʛʫʱʝʥʥʷ 

ʣʽʥʽʡ ʩʽʪʢʠ ʜʦ ʧʝʚʥʦʾ ʟʦʥʠ ʤʦʜʝʣʽ ʜʚʦʚʠʤʽʨʥʦʛʦ ʪʘ ʪʨʠʚʠʤʽʨʥʦʛʦ 

ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʦʙôʻʢʪʘ. 
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ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʩʪʨʫʢʪʫʨʦʚʘʥʽ ʪʘ ʙʣʦʯʥʦ-ʩʪʨʫʢʪʫʨʦʚʘʥʽ ʩʽʪʢʠ ʜʣʷ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʤʦʜʝʣʝʡ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʤʝʪʦʜʠ ʛʝʥʝʨʘʮʽʾ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʪʘ ʙʣʦʯʥʦ-

ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʩʽʪʦʢ ʛʝʦʤʝʪʨʠʯʥʠʭ ʤʦʜʝʣʝʡ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʘʥʘʣʽʟʽ, 

ʘʥʘʣʽʪʠʯʥʽʡ ʛʝʦʤʝʪʨʽʾ, ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʪʘ ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʘʭ 

ʨʦʟʚôʷʟʫʚʘʥʥʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ɺ ʨʘʤʢʘʭ ʨʽʰʝʥʥʷ ʟʘʜʘʯ 

ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʦʪʨʠʤʘʥʽ ʥʘʩʪʫʧʥʽ ʦʩʥʦʚʥʽ ʥʦʚʽ ʥʘʫʢʦʚʽ 

ʨʝʟʫʣʴʪʘʪʠ: 

- ʦʪʨʠʤʘʚ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʝʣʽʧʪʠʯʥʠʡ ʤʝʪʦʜ ʜʣʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʦʙôʻʢʪʽʚ ʧʽʜ ʯʘʩ ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯ ʧʦʙʫʜʦʚʠ, ʚʽʟʫʘʣʽʟʘʮʽʾ 

ʪʘ ʘʥʘʣʽʟʫ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʜʚʦʚʠʤʽʨʥʠʭ ʪʘ 

ʪʨʠʚʠʤʽʨʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʦʙôʻʢʪʽʚ ʜʣʷ ʩʧʨʦʱʝʥʥʷ ʧʨʦʮʝʩʫ ʾʭ ʤʦʜʝʣʶʚʘʥʥʷ; 

- ʚʧʝʨʰʝ ʥʘ ʙʘʟʽ ʝʣʽʧʪʠʯʥʦʛʦ ʤʝʪʦʜʫ ʧʦʙʫʜʦʚʠ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ 

ʜʠʩʢʨʝʪʥʠʭ ʤʦʜʝʣʝʡ ʛʝʦʤʝʪʨʠʯʥʠʭ ʦʙôʻʢʪʽʚ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʚʠʙʦʨʫ ʨʦʟʙʠʪʪʷ ʧʦʯʘʪʢʦʚʦʾ ʩʽʪʢʠ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ 

ʟʘʜʘʥʦʛʦ ʦʙôʻʢʪʫ; 

- ʦʪʨʠʤʘʚ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʤʝʪʦʜ ʟʛʫʱʝʥʥʷ ʩʽʪʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʦʥʪʨʦʣʴʥʠʭ ʬʫʥʢʮʽʡ ʨʽʚʥʷʥʥʷ ʇʫʘʩʩʦʥʘ ʜʣʷ ʟʛʫʱʝʥʥʷ ʜʦ ʢʦʦʨʜʠʥʘʪʥʠʭ ʣʽʥʽʡ 

ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ, ʜʦ ʪʦʯʢʠ, ʜʦ ʦʙʣʘʩʪʽ ʫ ʚʠʛʣʷʜʽ ʢʦʣʘ, ʱʦ ʜʦʟʚʦʣʷʻ ʙʽʣʴʰ 

ʜʝʪʘʣʴʥʦ ʜʦʩʣʽʜʞʫʚʘʪʠ ʟʘʣʝʞʥʦʩʪʽ ʚ ʟʘʜʘʥʽʡ ʦʙʣʘʩʪʽ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʦʙôʻʢʪʘ, ʥʝ 

ʟʙʽʣʴʰʫʶʯʠ ʧʨʠ ʮʴʦʤʫ ʢʽʣʴʢʽʩʪʴ ʚʫʟʣʽʚ ʩʽʪʢʠ, ʱʦ ʝʢʦʥʦʤʠʪʴ ʪʝʭʥʽʯʥʽ ʨʝʩʫʨʩʠ; 

- ʚʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʬʦʨʤʫʣʫ ʪʘ ʾʾ ʨʽʟʥʦʚʠʜʠ ʜʣʷ ʟʛʫʱʝʥʥʷ ʩʽʪʢʠ 

ʜʦ ʜʽʘʛʦʥʘʣʴʥʦʾ ʣʽʥʽʾ ʢʨʠʚʦʣʽʥʽʡʥʦʛʦ ʯʦʪʠʨʠʢʫʪʥʠʢʘ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ 

ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʧʨʦʛʨʘʤʥʽʡ ʨʝʘʣʽʟʘʮʽʾ ʪʘ ʤʦʞʣʠʚʦʩʪʽ 

ʧʨʠʢʣʘʜʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʠʭ ʤʝʪʦʜʽʚ ʜʣʷ ʯʠʩʝʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʩʢʣʘʜʥʠʭ ʦʙôʻʢʪʽʚ. ʈʦʟʨʦʙʣʝʥʽ ʚ 

ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʤʝʪʦʜʠ ʛʝʥʝʨʘʮʽʾ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʜʠʩʢʨʝʪʥʠʭ ʤʦʜʝʣʝʡ 
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ʛʝʦʤʝʪʨʠʯʥʠʭ ʦʙôʻʢʪʽʚ ʜʦʟʚʦʣʷʶʪʴ ʷʢʽʩʥʦ ʧʽʜʚʠʱʠʪʠ ʨʝʟʫʣʴʪʘʪʠ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭ ʧʨʠ ʘʥʘʣʽʟʽ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ 

ʽʥʞʝʥʝʨʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ʇʽʜ ʯʘʩ ʨʽʰʝʥʥʷ ʟʘʜʘʯ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʧʨʦʛʨʘʤʥʠʡ ʧʨʦʜʫʢʪ ʫ ʚʽʣʴʥʦ ʨʦʟʧʦʚʩʶʜʞʫʚʘʥʦʤʫ ʧʘʢʝʪʽ 

ʽʥʞʝʥʝʨʥʠʭ ʧʨʦʛʨʘʤ Scilab, ʱʦ ʜʦʟʚʦʣʷʻ ʥʘ ʙʘʟʽ ʝʣʽʧʪʠʯʥʦʛʦ ʤʝʪʦʜʫ 

ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʛʝʥʝʨʘʮʽʶ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʜʠʩʢʨʝʪʥʠʭ ʤʦʜʝʣʝʡ ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʦʙôʻʢʪʽʚ ʪʘʢʠʭ, ʷʢ ʜʚʦʚʠʤʽʨʥʽ ʢʨʠʚʦʣʽʥʽʡʥʽ ʯʦʪʠʨʠʢʫʪʥʠʢʠ, ʧʦʚʝʨʭʥʽ ʪʽʣ, 

ʧʝʨʝʨʽʟʠ ʪʨʠʚʠʤʽʨʥʠʭ ʦʙôʻʢʪʽʚ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʮʴʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ 

ʤʦʞʥʘ ʢʝʨʫʚʘʪʠ ʬʦʨʤʦʶ ʪʘ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʟʛʫʱʝʥʥʷ ʩʪʨʫʢʪʫʨʦʚʘʥʦʾ ʩʽʪʢʠ ʚ 

ʟʘʜʘʥʽʡ ʦʙʣʘʩʪʽ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʦʙôʻʢʪʘ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʠʤʠ ʦʨʛʘʥʽʟʘʮʽʷʤʠ ʪʘ 

ʚʠʨʦʙʥʠʮʪʚʘʤʠ ʷʢ ʜʦʜʘʪʢʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʦʙôʻʢʪʽʚ. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ɺʩʽ ʦʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʱʦ ʚʠʥʝʩʝʥʦ ʥʘ 

ʟʘʭʠʩʪ, ʦʪʨʠʤʘʥʦ ʘʚʪʦʨʦʤ ʩʘʤʦʩʪʽʡʥʦ. ɺ ʨʦʙʦʪʘʭ, ʚʠʢʦʥʘʥʠʭ ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ ʪʘ 

ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʩʧʽʣʴʥʦ ʫ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʚʠʜʘʥʥʷʭ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʧʝʨʝʣʽʢʫ 

ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʴ ʋʢʨʘʾʥʠ, ʚ ʷʢʠʭ ʤʦʞʫʪʴ ʧʫʙʣʽʢʫʚʘʪʠʩʷ ʨʝʟʫʣʴʪʘʪʠ 

ʜʠʩʝʨʪʘʮʽʡʥʠʭ ʨʦʙʽʪ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʠʭ ʩʪʫʧʝʥʽʚ ʜʦʢʪʦʨʘ ʥʘʫʢ, ʢʘʥʜʠʜʘʪʘ 

ʥʘʫʢ ʪʘ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʬʽʣʦʩʦʬʽ,ʾ ʟʜʦʙʫʚʘʯʝʚʽ ʥʘʣʝʞʠʪʴ: [38, 54, 56, 57] ï 

ʨʦʟʨʦʙʢʘ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ ʪʘ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ ʜʣʷ ʧʦʙʫʜʦʚʠ 

ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʜʠʩʢʨʝʪʥʠʭ ʤʦʜʝʣʝʡ ʨʦʟʚôʷʟʢʫ ʨʽʚʥʷʥʥʷ ʐʨʝʜʽʥʛʝʨʘ ʟ 

ʥʘʩʪʫʧʥʦʶ ʚʽʟʫʘʣʽʟʘʮʽʻʶ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʣʷ ʱʽʣʴʥʦʩʪʽ ʡʤʦʚʽʨʥʦʩʪʽ 

ʟʥʘʭʦʜʞʝʥʥʷ ʝʣʝʢʪʨʦʥʘ ʚ ʟʘʜʘʥʽʡ ʦʙʣʘʩʪʽ ʢʚʘʥʪʦʚʦʾ ʪʦʯʢʠ; [67] ï ʦʛʣʷʜ 

ʣʽʪʝʨʘʪʫʨʠ ʟ ʧʦʜʘʣʴʰʠʤ ʘʥʘʣʽʟʦʤ ʤʝʪʦʜʽʚ ʛʝʥʝʨʘʮʽʾ ʜʠʩʢʨʝʪʥʠʭ ʤʦʜʝʣʝʡ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʦʙôʻʢʪʽʚ; [68, 69] ï ʨʦʟʨʦʙʢʘ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ ʪʘ 

ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ ʜʣʷ ʧʦʙʫʜʦʚʠ ʥʝʨʽʚʥʦʤʽʨʥʠʭ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʩʽʪʦʢ ʥʘ 

ʙʘʟʽ ʨʽʚʥʷʥʥʷ ʇʫʘʩʩʦʥʘ. 

ɸʧʨʦʙʘʮʽʷ ʨʦʙʦʪʠ. ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ 

ʜʦʧʦʚʽʜʘʣʠʩʴ ʥʘ ʪʘʢʠʭ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ, ʩʠʤʧʦʟʽʫʤʘʭ, 

ʬʦʨʫʤʘʭ ʪʘ ʩʝʤʽʥʘʨʘʭ: 
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ð ɼʝʚôʷʪʘ ɺʩʝʫʢʨʘʾʥʩʴʢʘ, ʰʽʩʪʥʘʜʮʷʪʘ ʨʝʛʽʦʥʘʣʴʥʘ ʥʘʫʢʦʚʘ 

ʢʦʥʬʝʨʝʥʮʽʷ ʤʦʣʦʜʠʭ ʜʦʩʣʽʜʥʠʢʽʚ çɸʢʪʫʘʣʴʥʽ ʧʨʦʙʣʝʤʠ ʤʘʪʝʤʘʪʠʢʠ ʪʘ 

ʽʥʬʦʨʤʘʪʠʢʠè (26-27 ʢʚʽʪʥʷ 2018 ʨ., ɿʘʧʦʨʽʞʞʷ);  

ð ʂʦʥʬʝʨʝʥʮʽʷ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ ʪʘ ʩʧʝʮʽʘʣʽʩʪʽʚ çʉʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷè, ʧʨʠʩʚʷʯʝʥʘ 120-ʨʽʯʯʶ ʟ ʜʥʷ ʥʘʨʦʜʞʝʥʥʷ ʘʢʘʜʝʤʽʢʘ ʅɸʅ 

ʋʢʨʘʾʥʠ ɸ. ʇ. ʌʽʣʽʧʧʦʚʘ (15-18 ʢʚʽʪʥʷ 2019 ʨ., ʍʘʨʢʽʚ);  

ð ɼʝʩʷʪʘ ɺʩʝʫʢʨʘʾʥʩʴʢʘ, ʩʽʤʥʘʜʮʷʪʘ ʨʝʛʽʦʥʘʣʴʥʘ ʥʘʫʢʦʚʘ ʢʦʥʬʝʨʝʥʮʽʷ 

ʤʦʣʦʜʠʭ ʜʦʩʣʽʜʥʠʢʽʚ çɸʢʪʫʘʣʴʥʽ ʧʨʦʙʣʝʤʠ ʤʘʪʝʤʘʪʠʢʠ ʪʘ ʽʥʬʦʨʤʘʪʠʢʠè (25-

26 ʢʚʽʪʥʷ 2019 ʨ., ɿʘʧʦʨʽʞʞʷ); 

ð ʄʽʞʥʘʨʦʜʥʠʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʠʡ ʬʦʨʫʤ çʉʫʯʘʩʥʽ ʥʘʫʢʦʚʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʰʣʷʭʫ ʜʦ ʻʚʨʦʽʥʪʝʛʨʘʮʽʾè (21-22 ʯʝʨʚʥʷ 2019 ʨ., ʄʝʣʽʪʦʧʦʣʴ); 

ð 8-ʤʘ ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çɯʥʬʦʨʤʘʮʽʡʥʽ 

ʩʠʩʪʝʤʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾè (09-14 ʚʝʨʝʩʥʷ 2019 ʨ., ʂʦʙʣʝʚʝ ï ʍʘʨʢʽʚ); 

ð IEEE International Conference on Modern Electrical and Energy Systems 

(MEES) (23-25 ʚʝʨʝʩʥʷ 2019 ʨ., ʂʨʝʤʝʥʯʫʢ); 

ð ʆʜʠʥʘʜʮʷʪʘ ɺʩʝʫʢʨʘʾʥʩʴʢʘ, ʚʽʩʽʤʥʘʜʮʷʪʘ ʨʝʛʽʦʥʘʣʴʥʘ ʥʘʫʢʦʚʘ 

ʢʦʥʬʝʨʝʥʮʽʷ ʤʦʣʦʜʠʭ ʜʦʩʣʽʜʥʠʢʽʚ çɸʢʪʫʘʣʴʥʽ ʧʨʦʙʣʝʤʠ ʤʘʪʝʤʘʪʠʢʠ ʪʘ 

ʽʥʬʦʨʤʘʪʠʢʠè (23-24 ʢʚʽʪʥʷ 2020 ʨ., ɿʘʧʦʨʽʞʞʷ); 

ð VIII ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çɸʢʪʫʘʣʴʥʽ 

ʧʨʦʙʣʝʤʠ ʧʨʠʢʣʘʜʥʦʾ ʤʝʭʘʥʽʢʠ ʪʘ ʤʽʮʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʡè (11-14 ʯʝʨʚʥʷ 2020 

ʨ., ɿʘʧʦʨʽʞʞʷ); 

ð XXI  ʄʽʞʥʘʨʦʜʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ʟ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

(ʄʂʄʄ-2020) (14-18 ʚʝʨʝʩʥʷ 2020 ʨ., ʍʝʨʩʦʥ); 

ð 25th IEEE International Conference on Problems of Automated 

Electrodrive. Theory and Practice (PAEP 2020) (September 21-25, 2020, 

Kremenchuk); 

ð ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çʆʩʚʽʪʘ ʪʘ ʥʘʫʢʘ: 

ʧʘʤ'ʷʪʘʶʯʠ ʧʨʦ ʤʠʥʫʣʝ, ʪʚʦʨʠʤʦ ʤʘʡʙʫʪʥʻè (23-25 ʚʝʨʝʩʥʷ 2020 ʨ., ʂʠʾʚ) 

ð ʥʘʫʢʦʚʠʭ ʩʝʤʽʥʘʨʘʭ ʢʘʬʝʜʨʠ ʧʨʦʛʨʘʤʥʦʾ ʽʥʞʝʥʝʨʽʾ ɿʘʧʦʨʽʟʴʢʦʛʦ 

ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽ ʢʘʬʝʜʨʠ ʚʠʱʦʾ ʤʘʪʝʤʘʪʠʢʠ ʽ ʬʽʟʠʢʠ 
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ʊʘʚʨʽʡʩʴʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ ʘʛʨʦʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ɼʤʠʪʨʘ 

ʄʦʪʦʨʥʦʛʦ. 

ʇʫʙʣʽʢʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ. ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ 

ʚʽʜʦʙʨʘʞʝʥʦ ʫ 19 ʜʨʫʢʦʚʘʥʠʭ ʨʦʙʦʪʘʭ, ʚ ʪʦʤʫ ʯʠʩʣʽ, 2 ʫ ʚʠʜʘʥʥʷʭ, ʱʦ ʚʭʦʜʷʪʴ 

ʜʦ ʤʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʤʝʪʨʠʯʥʦʾ ʙʘʟʠ ʚʠʜʘʥʴ Scopus, 7 ʫ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ 

ʚʠʜʘʥʥʷʭ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʧʝʨʝʣʽʢʫ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʴ ʋʢʨʘʾʥʠ, ʚ ʷʢʠʭ 

ʤʦʞʫʪʴ ʧʫʙʣʽʢʫʚʘʪʠʩʷ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʠʭ ʨʦʙʽʪ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʠʭ 

ʩʪʫʧʝʥʽʚ ʜʦʢʪʦʨʘ ʥʘʫʢ, ʢʘʥʜʠʜʘʪʘ ʥʘʫʢ ʪʘ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʬʽʣʦʩʦʬʽʾ. 

ʉʪʨʫʢʪʫʨʘ ʪʘ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ 

ʚʩʪʫʧʫ, ʯʦʪʠʨʴʦʭ ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʟ 189 

ʥʘʡʤʝʥʫʚʘʥʴ (22 ʩʪʦʨʽʥʢʠ). ɿʘʛʘʣʴʥʠʡ ʦʙʩʷʛ ʨʦʙʦʪʠ ʩʢʣʘʜʘʻ 152 ʩʪʦʨʽʥʢʠ, ʚ 

ʪʦʤʫ ʯʠʩʣʽ 117 ʩʪʦʨʽʥʦʢ ʟʘʛʘʣʴʥʦʛʦ ʪʝʢʩʪʫ, ʱʦ ʽʣʶʩʪʨʦʚʘʥʦ 59 ʨʠʩʫʥʢʘʤʠ ʪʘ 5 

ʪʘʙʣʠʮʷʤʠ, 13 ʩʪʦʨʽʥʦʢ ʜʦʜʘʪʢʽʚ. 
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ʈʆɿɼɯʃ 1 

ɸʅɸʃɯɿ ʉʊɸʅʋ ʇʈʆɹʃɽʄʀ ɻɽʅɽʈɸʎɯɰ ʉʊʈʋʂʊʋʈʆɺɸʅʀʍ 

ɼʀʉʂʈɽʊʅʀʍ ʄʆɼɽʃɽʁ ɻɽʆʄɽʊʈʀʏʅʀʍ ʆɹɭʂʊɯɺ 

 

1.1 ɿʘʛʘʣʴʥʘ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʦʙôʻʢʪʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʩʽʪʦʢ 

 

ɼʠʩʢʨʝʪʥʦʶ ʤʦʜʝʣʣʶ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʦʙôʻʢʪʫ (ʩʽʪʢʦʶ) ʥʘʟʠʚʘʶʪʴ 

ʤʥʦʞʠʥʫ ʪʦʯʦʢ, ʱʦ ʨʦʟʧʦʜʽʣʝʥʽ ʚ ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʦʙʣʘʩʪʽ, ʨʘʟʦʤ ʟʽ ʟʚôʷʟʢʘʤʠ 

ʤʽʞ ʮʠʤʠ ʪʦʯʢʘʤʠ. ɼʠʩʢʨʝʪʥʘ ʤʦʜʝʣʴ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʦʙôʻʢʪʘ ʟʘʤʽʥʶʻ ʚʠʭʽʜʥʫ 

ʥʝʧʝʨʝʨʚʥʫ ʦʙʣʘʩʪʴ ʩʢʽʥʯʝʥʥʦʶ ʤʥʦʞʠʥʦʶ ʧʨʦʩʪʠʭ ʬʽʛʫʨ [80]. ɺ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʨʦʟʤʽʨʥʦʩʪʽ ʧʨʦʩʪʦʨʫ ʜʠʩʢʨʝʪʥʽ ʤʦʜʝʣʽ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʨʽʟʥʠʭ ʪʠʧʽʚ 

ʝʣʝʤʝʥʪʽʚ: 

- ʦʜʥʦʚʠʤʽʨʥʽ (ʚʽʜʨʽʟʢʠ, ʜʫʛʠ ʢʨʠʚʠʭ);  

- ʜʚʦʚʠʤʽʨʥʽ (ʪʨʠʢʫʪʥʠʢʠ, ʯʦʪʠʨʠʢʫʪʥʠʢʠ);  

- ʪʨʠʚʠʤʽʨʥʽ (ʪʝʪʨʘʝʜʨʠ, ʧʨʠʟʤʠ, ʰʝʩʪʠʛʨʘʥʥʠʢʠ). 

ʂʦʤʽʨʢʠ ʩʽʪʢʠ ʪʘ ʾʭ ʚʫʟʣʠ ʻ ʦʩʥʦʚʦʶ, ʥʘ ʷʢʽʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʤʽʥʘ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʱʦ ʦʧʠʩʫʶʪʴ ʜʦʩʣʽʜʞʫʚʘʥʽ ʧʨʦʮʝʩʠ, ʥʘ ʩʠʩʪʝʤʫ 

ʨʽʚʥʷʥʴ, ʯʠʩʝʣʴʥʠʡ ʨʦʟʚôʷʟʦʢ ʷʢʠʭ ʜʘʻ ʥʘʙʣʠʞʝʥʝ ʟʥʘʯʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʚʠʱ, ʱʦ ʚʠʚʯʘʶʪʴʩʷ. 

ʈʦʟʨʽʟʥʷʶʪʴ ʩʪʨʫʢʪʫʨʦʚʘʥʽ ʪʘ ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʽ ʩʽʪʢʠ (ʈʠʩ. 1.1). 

ʅʝʩʪʨʫʢʪʫʨʦʚʘʥʽ ʩʽʪʢʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʚʠʯʘʡʥʠʤ ʥʘʙʦʨʦʤ ʚʫʟʣʽʚ. ʃʦʛʽʯʥʠʡ 

ʟʚôʷʟʦʢ ʤʽʞ ʚʫʟʣʘʤʠ ʩʽʪʢʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʦʚʽʣʴʥʠʤ ʯʠʥʦʤ, ʪʦʙʪʦ ʢʦʞʝʥ ʚʫʟʦʣ 

ʤʦʞʝ ʤʘʪʠ ʜʦʚʽʣʴʥʫ ʢʽʣʴʢʽʩʪʴ çʩʫʩʽʜʽʚè. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʦʾ ʩʽʪʢʠ 

ʚ ʩʪʨʫʢʪʫʨʦʚʘʥʽʡ ʚʩʽ ʚʥʫʪʨʽʰʥʽ ʚʝʨʰʠʥʠ ʪʦʧʦʣʦʛʽʯʥʦ ʝʢʚʽʚʘʣʝʥʪʥʽ ʤʽʞ ʩʦʙʦʶ. 

ʅʘʧʨʠʢʣʘʜ, ʯʦʪʠʨʠʢʫʪʥʽ ʩʪʨʫʢʪʫʨʦʚʘʥʽ ʩʽʪʢʠ ʪʦʧʦʣʦʛʽʯʥʦ ʝʢʚʽʚʘʣʝʥʪʥʽ 

ʩʪʘʥʜʘʨʪʥʠʤ ʧʨʷʤʦʢʫʪʥʠʤ ʩʽʪʢʘʤ. 
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ʈʠʩ. 1.1. ʉʪʨʫʢʪʫʨʦʚʘʥʘ (ʣʽʚʦʨʫʯ) ʽ ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʘ (ʧʨʘʚʦʨʫʯ) ʩʽʪʢʠ 

ʉʪʨʫʢʪʫʨʦʚʘʥʘ ʩʽʪʢʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʦʾ ʪʠʤ, ʱʦ ʚʦʥʘ: 

ð ʥʘʢʣʘʜʘʻ ʦʙʤʝʞʝʥʥʷ ʥʘ ʬʦʨʤʫ ʝʣʝʤʝʥʪʽʚ, ʩʪʨʫʢʪʫʨʫ ʾʭʥʴʦʛʦ 

ʨʦʟʤʽʱʝʥʥʷ ʽ ʥʘ ʛʝʦʤʝʪʨʠʯʥʫ ʤʦʜʝʣʴ; 

ð ʧʦʪʨʝʙʫʻ ʚʠʪʨʘʪʠʪʠ ʙʽʣʴʰʝ ʯʘʩʫ ʣʶʜʠʥʠ-ʨʦʟʨʦʙʥʠʢʘ, ʘʣʝ ʤʝʥʰʝ ʯʘʩʫ 

ʨʦʟʨʘʭʫʥʢʫ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ; 

ð ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʘʣʛʦʨʠʪʤ ʥʝ ʟʤʽʥʶʶʪʴʩʷ ʧʨʠ ʧʦʜʘʣʴʰʦʤʫ 

ʧʦʜʨʽʙʥʝʥʥʽ ʩʽʪʢʠ, ʟʤʽʥʶʻʪʴʩʷ ʣʠʰʝ ʢʨʦʢ ʩʽʪʢʠ. 

ʉʪʨʫʢʪʫʨʦʚʘʥʽ ʩʽʪʢʠ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʤʘʶʪʴ ʷʚʥʦ 

ʚʠʨʘʞʝʥʠʡ ʥʘʧʨʷʤʦʢ (ʟʘ ʽʥʜʝʢʩʦʤ), ʱʦ ʤʦʞʥʘ ʨʦʟʫʤʽʪʠ ʷʢ ʢʨʠʚʦʣʽʥʽʡʥʫ 

ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ. ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʥʘ ʩʪʨʫʢʪʫʨʦʚʘʥʽʡ ʩʽʪʮʽ ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ 

ʨʽʟʥʠʮʝʚʽ ʩʭʝʤʠ ʙʽʣʴʰ ʚʠʩʦʢʦʛʦ ʧʦʨʷʜʢʫ ʪʦʯʥʦʩʪʽ, ʱʦ ʻ ʚʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ 

ʯʠʩʝʣʴʥʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ. ʊʘʢʦʞ ʩʪʨʫʢʪʫʨʦʚʘʥʫ ʩʽʪʢʫ ʣʝʛʢʦ ʜʝʬʦʨʤʫʚʘʪʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʽʥʪʝʨʧʦʣʷʮʽʡʥʠʭ ʬʦʨʤʫʣ, ʘ ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʽ ʩʽʪʢʠ ʜʣʷ ʮʽʻʾ 

ʧʨʦʮʝʜʫʨʠ ʚʠʤʘʛʘʶʪʴ ʚʚʝʜʝʥʥʷ ʜʦʜʘʪʢʦʚʦʾ ʤʦʜʝʣʽ ʜʝʬʦʨʤʘʮʽʾ ʪʘ ʦʢʨʝʤʽ 

ʚʠʪʨʘʪʠ ʯʘʩʫ ʥʘ ʨʦʟʚôʷʟʘʥʥʷ ʜʦʧʦʤʽʞʥʠʭ ʨʽʚʥʷʥʴ. ʉʪʨʫʢʪʫʨʦʚʘʥʽ ʩʽʪʢʠ ʟ 

ʦʜʥʘʢʦʚʦʶ ʢʽʣʴʢʽʩʪʶ ʚʫʟʣʽʚ ʧʦʨʽʚʥʷʥʦ ʟ ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʦʶ ʩʽʪʢʦʶ ʧʦʪʨʝʙʫʶʪʴ 

ʤʝʥʰʦʾ ʢʽʣʴʢʦʩʪʽ ʦʙʯʠʩʣʝʥʴ, ʦʩʢʽʣʴʢʠ ʤʘʶʪʴ ʚ ʜʝʢʽʣʴʢʘ ʨʘʟʽʚ ʤʝʥʰʝ ʢʦʤʽʨʦʢ 

ʪʘ ʛʨʘʥʝʡ. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʧʨʦʩʪʦʨʦʚʦʾ ʩʪʨʫʢʪʫʨʦʚʘʥʦʾ ʩʽʪʢʠ ʥʘ 8 ʚʫʟʣʽʚ ʙʫʜʝ 

ʦʜʥʘ ʢʫʙʦʧʦʜʽʙʥʘ ʢʦʤʽʨʢʘ, ʱʦ ʤʘʻ 6 ʛʨʘʥʝʡ, ʘ ʜʣʷ ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʦʾ ʩʽʪʢʠ ʥʘ 8 

ʚʫʟʣʽʚ ʙʫʜʝ ʧôʷʪʴ ʢʦʤʽʨʦʢ ï ʪʝʪʨʘʝʜʨʚ̔, ʱʦ ʤʘʶʪʴ ʧʦ 4 ʛʨʘʥʽ ʢʦʞʥʘ (ʨʠʩ. 1.2). 

ɯʥʜʝʢʩʠ ʝʣʝʤʝʥʪʽʚ ʩʪʨʫʢʪʫʨʦʚʘʥʦʾ ʩʽʪʢʠ (ʩʽʪʢʦʚʽ ʢʦʦʨʜʠʥʘʪʠ) ʜʘʶʪʴ ʜʦʩʪʫʧ ʜʦ 

ʙʫʜʴ-ʷʢʦʾ ʢʦʤʽʨʢʠ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʦʾ ʥʝ ʧʦʪʨʽʙʥʦ ʟʙʝʨʽʛʘʪʠ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʾʾ ʛʨʘʥʽ, ʩʫʩʽʜʥʽ ʢʦʤʽʨʢʠ ʪʘ ʽʥ. ʇʘʢʝʪʠ ʧʨʦʛʨʘʤ, ʱʦ 
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ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʪʨʫʢʪʫʨʦʚʘʥʽ ʩʽʪʢʠ, ʻ ʧʨʦʩʪʽʰʠʤʠ ʧʽʜ ʯʘʩ ʨʝʘʣʽʟʘʮʽʾ 

ʘʣʛʦʨʠʪʤʽʚ ʪʘ ʤʝʥʰ ʚʠʤʦʛʣʠʚʽ ʜʦ ʨʝʩʫʨʩʽʚ ʪʝʭʥʽʢʠ [23].  

 

ʈʠʩ. 1.2. ʈʦʟʙʠʪʪʷ ʢʫʙʘ ʥʘ 5 ʪʝʪʨʘʝʜʨʽʚ. 

ʆʛʣʷʜ ʘʢʪʫʘʣʴʥʠʭ ʧʽʜʭʦʜʽʚ ʽ ʤʝʪʦʜʽʚ ʘʚʪʦʤʘʪʠʯʥʦʾ ʛʝʥʝʨʘʮʽʾ 

ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʩʽʪʦʢ (ʜʠʩʢʨʝʪʥʠʭ ʤʦʜʝʣʝʡ ʛʝʦʤʝʪʨʠʯʥʠʭ ʦʙôʻʢʪʽʚ), 

ʟʦʢʨʝʤʘ, ʘʥʘʣʽʟ ʤʝʪʦʜʽʚ ʛʝʥʝʨʘʮʽʾ ʜʠʩʢʨʝʪʥʠʭ ʤʦʜʝʣʝʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʪʨʠʢʫʪʥʠʭ ʘʙʦ ʪʝʪʨʘʝʜʨʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʘ ʪʘʢʦʞ ʯʦʪʠʨʠʢʫʪʥʠʭ ʘʙʦ 

ʰʝʩʪʠʛʨʘʥʥʠʭ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʥʘʚʝʜʝʥʦ ʚ ʨʦʙʦʪʽ [84]. 

ʉʝʨʝʜ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʩʽʪʦʢ ʰʠʨʦʢʝ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʧʽʜ ʯʘʩ 

ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʤʘʪʝʤʘʪʠʯʥʦʾ ʬʽʟʠʢʠ ʦʪʨʠʤʘʣʠ ʢʦʦʨʜʠʥʘʪʥʽ ʩʽʪʢʠ. ɺ ʪʘʢʠʭ 

ʩʽʪʢʘʭ ʚʫʟʣʠ ʪʘ ʛʨʘʥʽ ʢʦʤʽʨʦʢ ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʝʨʝʪʠʥʦʤ ʣʽʥʽʡ ʪʘ ʧʦʚʝʨʭʦʥʴ 

ʜʝʷʢʦʾ ʢʦʦʨʜʠʥʘʪʥʦʾ ʩʠʩʪʝʤʠ ʚ ʦʙʣʘʩʪʽ ʍ. ʗʢʱʦ ʤʝʞʘ ʍ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ 

ʩʢʽʥʯʝʥʥʦʾ ʢʽʣʴʢʦʩʪʽ ʢʦʦʨʜʠʥʘʪʥʠʭ ʣʽʥʽʡ, ʪʦ ʦʪʨʠʤʘʥʘ ʩʽʪʢʘ ʤʘʻ ʥʘʟʚʫ 

ʢʦʦʨʜʠʥʘʪʥʦʾ ʩʽʪʢʠ, ʱʦ ʫʟʛʦʜʞʝʥʘ ʟ ʤʝʞʝʶ. ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʶ ʦʙʣʘʩʪʶ ʻ ʜʝʷʢʘ ʧʨʷʤʦʢʫʪʥʘ ʦʙʣʘʩʪʴ, ʤʝʞʽ ʷʢʦʾ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʦʚʝʨʭʥʷʤʠ, ʱʦ ʧʘʨʘʣʝʣʴʥʽ ʦʩʷʤ ʝʡʣʝʨʦʚʠʭ ʢʦʦʨʜʠʥʘʪ. ʊʘʢʽ 

ʩʽʪʢʠ ʜʦʙʨʝ ʘʧʨʦʢʩʠʤʫʶʪʴ ʤʝʞʫ ʦʙʣʘʩʪʽ ʽ ʪʦʤʫ ʝʬʝʢʪʠʚʥʽ ʧʽʜ ʯʘʩ ʯʠʩʝʣʴʥʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ ʟʘʜʘʯ, ʨʦʟʚôʷʟʦʢ ʷʢʠʭ ʽʩʪʦʪʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʯʥʦʩʪʽ ʘʧʨʦʢʩʠʤʘʮʽʾ 

ʢʨʘʡʦʚʠʭ ʫʤʦʚ. ɸʣʛʦʨʠʪʤ ʥʫʤʝʨʘʮʽʾ ʚʫʟʣʽʚ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʢʦʤʽʨʦʢ ʜʣʷ 

ʢʦʦʨʜʠʥʘʪʥʠʭ ʩʽʪʦʢ, ʱʦ ʫʟʛʦʜʞʝʥʽ ʟ ʤʝʞʝʶ, ʜʫʞʝ ʧʨʦʩʪʠʡ. ɰʭ ʢʦʥʩʪʨʫʢʮʽʷ 

ʜʦʟʚʦʣʷʻ ʣʝʛʢʦ ʟʙʽʣʴʰʫʚʘʪʠ ʢʽʣʴʢʽʩʪʴ ʚʫʟʣʽʚ, ʱʦʙ ʦʮʽʥʠʪʠ ʟʙʽʞʥʽʩʪʴ, ʧʦʭʠʙʢʫ 

ʦʙʯʠʩʣʝʥʴ ʪʘ ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʪʦʯʥʦʩʪʽ ʨʽʟʥʠʮʝʚʠʭ ʤʝʪʦʜʽʚ ʨʦʟʚôʷʟʘʥʥʷ 
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ʢʨʘʡʦʚʠʭ ʟʘʜʘʯ. ɼʣʷ ʪʘʢʠʭ ʩʽʪʦʢ ʥʝ ʧʦʪʨʽʙʥʘ ʽʥʪʝʨʧʦʣʷʮʽʷ ʢʨʘʡʦʚʠʭ ʫʤʦʚ 

ʟʘʜʘʯʽ, ʛʨʘʥʠʯʥʽ ʟʥʘʯʝʥʥʷ ʦʙʣʘʩʪʽ ʻ ʚʭʽʜʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʘʣʛʦʨʠʪʤʫ, ʱʦ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʢʦʥʩʪʨʫʶʚʘʪʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʧʨʦʛʨʘʤʠ ʧʦʙʫʜʦʚʠ ʩʽʪʦʢ ʜʣʷ 

ʰʠʨʦʢʦʛʦ ʢʦʣʘ ʦʙʣʘʩʪʝʡ ʽ ʟʘʜʘʯ [27].  

 

1.2 ʆʛʣʷʜ ʽ ʢʣʘʩʠʬʽʢʘʮʽʷ ʤʝʪʦʜʽʚ ʛʝʥʝʨʘʮʽʾ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ 

ʜʠʩʢʨʝʪʥʠʭ ʤʦʜʝʣʝʡ ʛʝʦʤʝʪʨʠʯʥʠʭ ʦʙôʻʢʪʽʚ 

 

ɿʘʛʘʣʴʥʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʢʨʦʢʽʚ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʛʝʥʝʨʘʮʽʾ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ 

ʜʠʩʢʨʝʪʥʠʭ ʤʦʜʝʣʝʡ ʛʝʦʤʝʪʨʠʯʥʠʭ ʦʙôʻʢʪʽʚ ʪʘʢʘ: 

1. ɻʝʦʤʝʪʨʽʷ ʦʙʣʘʩʪʽ, ʷʢʘ ʙʫʜʝ ʜʠʩʢʨʝʪʠʟʦʚʘʥʘ, ʧʦʚʠʥʥʘ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ, 

ʪʦʙʪʦ ʤʝʞʘ ʦʙʣʘʩʪʽ ʧʦʚʠʥʥʘ ʙʫʪʠ ʦʧʠʩʘʥʘ. ʇʦʜʘʥʥʷ ʛʝʦʤʝʪʨʽʾ ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʦʥʘʥʦ ʨʽʟʥʠʤʠ ʰʣʷʭʘʤʠ: ʘʥʘʣʽʪʠʯʥʘ ʬʦʨʤʘ (ʨʽʚʥʷʥʥʷ ʩʬʝʨʠ, ʮʠʣʽʥʜʨʽʚ), 

ʩʧʣʘʡʥʠ, NURBS (ʥʝʦʜʥʦʨʽʜʥʽ ʨʘʮʽʦʥʘʣʴʥʽ b-ʩʧʣʘʡʥʠ), ʤʝʪʦʜʠ ʽʥʪʝʨʧʦʣʷʮʽʾ. 

ɻʝʦʤʝʪʨʽʷ ʤʦʞʝ ʙʫʪʠ ʧʦʙʫʜʦʚʘʥʘ ʚ ʩʠʩʪʝʤʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ 

(ʉɸʇʈ) ʘʙʦ ʚ ʩʠʩʪʝʤʽ ʛʝʥʝʨʘʮʽʾ ʩʽʪʦʢ. ɹʘʛʘʪʦ ʉɸʇʈ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʘʥʘʣʽʪʠʯʥʽ ʬʦʨʤʠ ʽ ʥʝ ʜʫʞʝ ʜʦʙʨʝ ʧʽʜʭʦʜʷʪʴ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʩʽʪʦʢ ʟ ʧʦʪʦʢʦʤ, ʱʦ 

ʻ ʧʨʦʙʣʝʤʥʠʤ ʜʣʷ ʘʥʘʣʽʪʠʯʥʦʛʦ ʟʘʧʠʩʫ, ʪʦʤʫ ʙʘʛʘʪʦ ʧʘʢʝʪʽʚ ʛʝʥʝʨʘʮʽʾ ʩʽʪʦʢ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʝʚʥʠʡ ʨʽʚʝʥʴ ʧʽʜʪʨʠʤʢʠ ʉɸʇʈ. 

2. ɸʥʘʣʽʟ ʤʝʞ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʦʙôʻʢʪʘ ʟ ʤʝʪʦʶ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʤʽʞ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ (ʥʘʧʨʠʢʣʘʜ, ʟʣʘʤʘʤʠ) ʪʘ 

ʤʝʞʦʚʠʤʠ ʚʫʟʣʘʤʠ ʩʪʨʫʢʪʫʨʦʚʘʥʦʾ ʩʽʪʢʠ. ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʮʽʻʾ ʟʘʜʘʯʽ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʜʘʥʥʷ ʧʦʚʝʨʭʥʽ, ʯʘʩʪʦ ʾʾ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʦʨʽʻʥʪʫʚʘʪʠ. ɼʘʣʽ ʜʣʷ 

ʛʝʥʝʨʘʮʽʾ ʩʽʪʢʠ ʧʦʪʨʽʙʥʦ ʦʪʨʠʤʘʪʠ ʧʘʨʘʤʝʪʨʠʯʥʦ ʛʣʘʜʢʽ ʧʦʚʝʨʭʥʽ, ʱʦʙ ʪʦʯʢʠ 

ʩʽʪʢʠ ʧʣʘʚʥʦ ʟʤʽʥʶʚʘʣʠʩʴ ʧʦ ʧʦʚʝʨʭʥʽ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʛʣʘʜʢʦʾ ʧʦʚʝʨʭʥʽ 

ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʉɸʇʈ, ʷʢʽ ʛʘʨʘʥʪʫʶʪʴ ʣʠʰʝ ʛʝʦʤʝʪʨʠʯʥʫ 

ʛʣʘʜʢʽʩʪʴ, ʘʣʝ ʯʘʩʪʦ ʥʝ ʻ ʧʘʨʘʤʝʪʨʠʯʥʦ ʛʣʘʜʢʠʤʠ. ʇʘʨʘʤʝʪʨʠʟʘʮʽʷ 

ʟʛʣʘʜʞʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʟʘʟʚʠʯʘʡ ʚʢʣʶʯʘʻ ʨʦʟʚôʷʟʦʢ ʝʣʽʧʪʠʯʥʦʛʦ ʨʽʚʥʷʥʥʷ ʥʘ 

ʧʦʚʝʨʭʥʽ. ɿʘʫʚʘʞʠʤʦ, ʱʦ ʧʨʠ ʧʦʙʫʜʦʚʽ ʜʝʢʘʨʪʦʚʦʾ ʩʽʪʢʠ ʮʝʡ ʢʨʦʢ ʥʝ ʧʦʪʨʽʙʝʥ. 
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3. ɻʝʥʝʨʘʮʽʷ ʩʽʪʢʠ ʦʙʣʘʩʪʽ. ʎʷ ʧʨʦʮʝʜʫʨʘ ʽʩʪʦʪʥʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʜʣʷ 

ʨʽʟʥʠʭ ʪʠʧʽʚ ʩʽʪʢʠ. 

ʆʛʣʷʜ ʘʢʪʫʘʣʴʥʠʭ ʧʽʜʭʦʜʽʚ ʽ ʤʝʪʦʜʽʚ ʘʚʪʦʤʘʪʠʯʥʦʾ ʛʝʥʝʨʘʮʽʾ 

ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʩʽʪʦʢ ʥʘʚʝʜʝʥʦ ʚ ʨʦʙʦʪʽ [67].  

ɼʣʷ ʛʝʥʝʨʘʮʽʾ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʩʽʪʦʢ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʽ ʩʧʝʮʽʘʣʴʥʽ 

ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ: ANSYS [1, 99], OpenFOAM [41], SPGrid [87], HybMesh [142] 

ʪʦʱʦ. 

ʅʘʡʧʨʦʩʪʽʰʝ ʛʝʥʝʨʫʚʘʪʠ ʜʝʢʘʨʪʦʚʫ ʩʽʪʢʫ, ʦʩʢʽʣʴʢʠ ʦʙʣʘʩʪʴ ʧʦʢʨʠʚʘʻʪʴʩʷ 

ʧʨʷʤʦʢʫʪʥʦʶ ʩʽʪʢʦʶ. ʄʝʞ̔ ʦʙʣʘʩʪʽ ʤʦʞʫʪʴ ʥʝ ʦʭʦʧʣʶʚʘʪʠʩʷ ʤʝʞʝʶ ʩʽʪʢʠ, ʘʣʝ 

ʘʜʘʧʪʠʚʥʝ ʚʠʧʨʘʚʣʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʧʦʚʝʨʭʥʽ. 

ʆʪʞʝ, ʧʦʩʪʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫʪʦʯʥʝʥʥʷ ʩʽʪʢʠ ʚ ʜʚʦʭ ʥʘʧʨʷʤʢʘʭ ʜʣʷ ʜʚʦʚʠʤʽʨʥʦʛʦ 

ʚʠʧʘʜʢʫ, ʘʣʝ ʜʣʷ ʪʨʠʚʠʤʽʨʥʦʛʦ ʚʠʧʘʜʢʫ ʜʦʩʪʘʪʥʴʦ ʚʩʪʘʥʦʚʠʪʠ ʩʽʪʢʫ ʚ 

ʥʘʧʨʷʤʢʫ, ʱʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʤʝʞ̔. ʅʘʡʯʘʩʪʽʰʝ ʩʪʨʫʢʪʫʨʦʚʘʥʽ ʩʽʪʢʠ 

ʙʫʜʫʶʪʴ ʷʢ ʧʨʷʤʦʢʫʪʥʽ ʰʘʭʦʚʽ ʜʝʢʘʨʪʦʚʽ ʩʽʪʢʠ [3, 88, 95, 112, 114, 129, 132, 

138, 145, 154-156, 175]. 

ɺ ʙʣʦʯʥʦ-ʩʪʨʫʢʪʫʨʦʚʘʥʦʤʫ ʤʝʪʦʜʽ ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʦʙʣʘʩʪʴ ʨʦʟʜʽʣʷʻʪʴʩʷ 

ʥʘ ʥʘʙʽʨ ʧʨʷʤʦʢʫʪʥʠʭ ʙʣʦʢʽʚ, ʱʦ ʥʝ ʧʝʨʝʢʨʠʚʘʶʪʴ ʦʜʠʥ ʦʜʥʦʛʦ. ɼʘʣʽ ʩʽʪʢʘ 

ʛʝʥʝʨʫʻʪʴʩʷ ʥʘ ʢʦʞʥʦʤʫ ʙʣʦʮʽ ʦʢʨʝʤʦ. ɿʛʣʘʜʞʫʚʘʥʥʷ ʥʘ ʙʣʦʢʘʭ ʚʠʢʦʥʫʻʪʴʩʷ 

ʜʦ ʜʦʩʷʛʥʝʥʥʷ ʧʝʚʥʦʛʦ ʩʪʝʧʝʥʶ ʥʝʧʝʨʝʨʚʥʦʩʪʽ ʥʘ ʤʝʞʽ ʙʣʦʢʽʚ. ʈʦʟʨʠʚʠ ʫ 

ʚʽʜʩʪʘʥʽ ʤʽʞ ʩʽʪʢʘʤʠ ʥʘ ʤʝʞʽ ʙʣʦʢʽʚ ʤʦʞʫʪʴ ʫʩʢʣʘʜʥʠʪʠ ʨʦʟʚôʷʟʫʚʘʥʥʷ. 

ʅʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʽ ʤʝʪʦʜʠ ʛʝʥʝʨʘʮʽʾ ʩʽʪʦʢ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ 

ʥʘʩʪʫʧʥʠʭ ʢʘʪʝʛʦʨʽʡ: ʘʣʛʝʙʨʘʾʯʥʽ, ʝʣʽʧʪʠʯʥʽ ʽ ʚʘʨʽʘʮʽʡʥʽ, ʛʽʧʝʨʙʦʣʽʯʥʽ. 

ɸʣʛʝʙʨʘʾʯʥʽ ʤʝʪʦʜʠ ʩʪʚʦʨʶʶʪʴ ʩʽʪʢʠ ʜʣʷ ʚʥʫʪʨʽʰʥʴʦʾ ʦʙʣʘʩʪʽ ʽ 

ʢʦʤʙʽʥʫʶʪʴ ʘʣʛʝʙʨʘʾʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʤʝʞ̔. ɼʣʷ ʪʨʘʥʩʬʽʥʽʪʥʦʾ ʽʥʪʝʨʧʦʣʷʮʽʾ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʦʣʽʥʦʤʠ [86, 134]. ɸʣʛʝʙʨʘʾʯʥʽ ʤʝʪʦʜʠ ʥʝ ʥʘʩʪʽʣʴʢʠ ʛʥʫʯʢʽ, 

ʷʢ ʽʥʰʽ ʤʝʪʦʜʠ, ʘʣʝ ʛʝʥʝʨʘʮʽʷ ʮʠʤʠ ʤʝʪʦʜʘʤʠ ʻ ʧʨʦʩʪʦʶ ʽ ʰʚʠʜʢʦʶ. 

ɽʣʽʧʪʠʯʥʽ ʤʝʪʦʜʠ ʛʝʥʝʨʘʮʽʾ ʤʦʞʫʪʴ ʦʙʨʦʙʣʷʪʠ ʙʽʣʴʰ ʟʘʛʘʣʴʥʽ ʚʠʧʘʜʢʠ. 

ɺʦʥʠ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʚʠʩʦʢʦʷʢʽʩʥʠʭ ʩʽʪʦʢ, ʷʢʽ 

ʙʫʜʫʪʴ ʤʘʪʠ ʙʘʞʘʥʫ ʛʣʘʜʢʽʩʪʴ, ʥʘ ʜʦʚʦʣʽ ʩʢʣʘʜʥʠʭ ʦʙʣʘʩʪʷʭ. ʈʦʟʚôʷʟʦʢ 

ʨʽʚʥʷʥʥʷ ʇʫʘʩʩʦʥʘ ʚʠʟʥʘʯʘʻ ʤʽʩʮʝʧʦʣʦʞʝʥʥʷ ʪʦʯʦʢ ʩʽʪʢʠ. ɺʘʨʽʘʮʽʡʥʠʡ ʤʝʪʦʜ 
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ʪʘʢʦʞ ʜʘʻ ʝʣʽʧʪʠʯʥʝ ʨʽʚʥʷʥʥʷ, ʨʦʟʚôʷʟʦʢ ʷʢʦʛʦ ʚʠʟʥʘʯʘʻ ʤʽʩʮʝʧʦʣʦʞʝʥʥʷ ʪʦʯʦʢ 

ʩʽʪʢʠ. ɺʘʞʣʠʚʠʤ ʻ ʚʠʙʽʨ ʬʫʥʢʮʽʡ ʫʧʨʘʚʣʽʥʥʷ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʚʽʜʩʪʘʥʴ ʤʽʞ 

ʪʦʯʢʘʤʠ ʩʽʪʢʠ ʪʘ ʦʨʪʦʛʦʥʘʣʴʥʽʩʪʴ ʩʽʪʢʠ [87, 111, 147]. 

ɻʽʧʝʨʙʦʣʽʯʥʽ ʤʝʪʦʜʠ ʨʦʟʚôʷʟʫʶʪʴ ʛʽʧʝʨʙʦʣʽʯʥʫ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ ʜʣʷ 

ʛʝʥʝʨʘʮʽʾ ʩʽʪʢʠ ʚʽʜ ʛʨʘʥʠʮʽ ʦʙʣʘʩʪʽ. ɿʘʟʚʠʯʘʡ, ʥʘʢʣʘʜʘʻʪʴʩʷ ʫʤʦʚʘ 

ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʽ ʣʽʥʽʡ ʩʽʪʢʠ. ɿʘʟʚʠʯʘʡ ʜʦʜʘʻʪʴʩʷ ʟʛʣʘʜʞʫʚʘʥʥʷ, ʱʦʙ ʧʦʟʙʫʪʠʩʷ 

ʧʝʨʝʜʯʘʩʥʦʛʦ ʥʘʢʣʘʜʘʥʥʷ ʣʽʥʽʡ ʩʽʪʢʠ. ɿʦʚʥʽʰʥʷ ʤʝʞʘ ʩʽʪʢʠ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʨʦʟʚôʷʟʢʦʤ ʨʽʚʥʷʥʥʷ, ʪʦʤʫ ʮʝʡ ʤʝʪʦʜ ʦʙʤʝʞʝʥʠʡ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʙʣʦʯʥʦ-

ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʩʽʪʢʘʭ, ʘʣʝ ʜʫʞʝ ʢʦʨʠʩʥʠʡ ʧʨʠ ʧʦʢʨʠʪʪʽ ʩʽʪʦʢ. 

ʇʽʜ ʯʘʩ ʛʝʥʝʨʘʮʽʾ ʙʣʦʯʥʦ-ʩʪʨʫʢʪʫʨʦʚʘʥʦʾ ʩʽʪʢʠ ʩʧʦʯʘʪʢʫ ʩʪʚʦʨʶʶʪʴʩʷ 

ʦʢʨʝʤʽ ʩʢʣʘʜʦʚʽ ʩʽʪʢʠ ʜʣʷ ʨʽʟʥʠʭ ʯʘʩʪʠʥ ʛʝʦʤʝʪʨʽʾ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʘʣʛʝʙʨʘʾʯʥʠʡ, ʝʣʽʧʪʠʯʥʠʡ ʯʠ ʛʽʧʝʨʙʦʣʽʯʥʠʡ ʤʝʪʦʜʠ. ɺʨʘʭʦʚʫʶʯʠ ʥʘʙʽʨ 

ʩʢʣʘʜʦʚʠʭ ʩʽʪʦʢ, ʚʠʟʥʘʯʘʻʪʴʩʷ, ʷʢ ʟʨʦʙʠʪʠ ʧʦʢʨʠʪʪʷ ʘʚʪʦʤʘʪʠʯʥʠʤ, ʘʣʝ ʤʦʞʝ 

ʚʠʥʠʢʥʫʪʠ ʟʙʽʡ, ʷʢʱʦ ʧʨʠ ʧʦʢʨʠʪʪʽ ʥʝ ʙʫʜʫʪʴ ʤʽʮʥʠʤʠ ʟʚôʷʟʢʠ ʤʽʞ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʨʽʟʥʠʭ ʙʣʦʢʽʚ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ ʨʽʟʥʠʮʴ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʙʫʣʦ ʦʜʥʠʤ ʽʟ ʧʝʨʰʠʭ ʧʽʜʭʦʜʽʚ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʜʠʩʢʨʝʪʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʪʽʣʘ. ɺ ʡʦʛʦ ʦʩʥʦʚʽ ʣʝʞʠʪʴ ʽʜʝʷ ʪʨʘʥʩʬʦʨʤʘʮʽʾ 

ʩʽʪʢʠ, ʱʦ ʚʠʟʥʘʯʝʥʘ ʥʘ ʦʜʠʥʠʯʥʦʤʫ ʢʫʙʽ, ʫ ʧʦʪʨʽʙʥʫ ʛʝʦʤʝʪʨʽʶ ʢʫʙʦʧʦʜʽʙʥʦʛʦ 

ʪʽʣʘ. ʗʢʱʦ ʪʽʣʦ ʤʘʻ ʩʢʣʘʜʥʫ ʬʦʨʤʫ, ʪʦ ʮʶ ʧʨʦʙʣʝʤʫ ʤʦʞʥʘ ʨʦʟʚôʷʟʘʪʠ 

ʤʝʪʦʜʘʤʠ ʜʝʢʦʤʧʦʟʠʮʽʾ ʯʠ ʙʣʦʯʥʦʾ ʜʝʢʦʤʧʦʟʠʮʽʾ, ʷʢʽ ʟʘʩʥʦʚʘʥʽ ʥʘ ʽʜʝʾ 

ʜʝʢʦʤʧʦʟʠʮʽʾ ʪʽʣʘ ʥʘ ʢʫʙʦʧʦʜʽʙʥʽ ʙʣʦʢʠ. 

ʏʠʩʝʣʴʥʽ ʤʝʪʦʜʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʛʝʥʝʨʘʮʽʾ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ 

ʩʽʪʦʢ: 

- ʤʝʪʦʜ ʩʢʽʥʯʝʥʥʠʭ ʨʽʟʥʠʮʴ [3, 112, 147, 159]; 

- ʤʝʪʦʜ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ [1, 3, 26, 103, 107, 129, 135, 139, 146, 176, 

188, 189]; 

- ʤʝʪʦʜ ʩʢʽʥʯʝʥʥʦʛʦ ʦʙôʻʤʫ [88, 95]; 

- ʤʝʪʦʜ ʩʧʝʢʪʨʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ [134]; 

- ʤʝʪʦʜ FDTD [159]. 



33 
 

ɻʝʥʝʨʘʮʽʷ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʩʽʪʦʢ ʨʦʟʨʦʙʣʷʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʨʽʟʥʠʭ ʨʽʚʥʷʥʴ 

ʽ ʪʝʦʨʽʡ, ʘ ʩʘʤʝ: 

- ʝʣʽʧʪʠʯʥʽ ʨʽʚʥʷʥʥʷ [87, 111, 147], 

- ʧʘʨʘʙʦʣʽʯʥʽ ʨʽʚʥʷʥʥʷ [3], 

- ʨʽʚʥʷʥʥʷ ʝʣʘʩʪʦʜʠʥʘʤʽʢʠ [159], 

- ʨʽʚʥʷʥʥʷ ʅʘʚôʻ-ʉʪʦʢʩʘ [88, 116, 126], 

- ʪʨʠʘʥʛʫʣʷʮʽʷ [29, 103], 

- ʪʝʦʨʽʷ R-ʬʫʥʢʮʽʡ [11, 16-17, 28-31, 35, 36, 42-53, 78-79, 81-82], 

- ʢʨʠʚʘ, ʧʦʚʝʨʭʥʷ, ʦʙôʻʤ, ʝʢʩʪʨʘʢʮʽʷ ɹʝʟʴʻ [86, 107], 

- ʬʫʥʢʮʽʾ ɻʨʽʥʘ [180]. 

ʈʦʟʛʣʷʥʝʤʦ ʢʚʘʟʽʣʽʥʽʡʥʝ (ʣʽʥʽʡʥʝ ʚʽʜʥʦʩʥʦ ʩʪʘʨʰʠʭ ʧʦʭʽʜʥʠʭ) 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ʚ ʯʘʩʪʠʥʥʠʭ ʧʦʭʽʜʥʠʭ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʚʠʛʣʷʜʫ 

),,,,,(),(),(2),( 221211 yxyyxyxx uuuyxfuyxauyxauyxa =++               (1.1) 

ʜʝ ),( yxaij
, ,2,1, =ji  ʥʝʧʝʨʝʨʚʥʽ ʬʫʥʢʮʽʾ ʚ ʜʝʷʢʽʡ ʦʙʣʘʩʪʽ G. 

 ʈʦʟʛʣʷʥʝʤʦ ʟʚʠʯʘʡʥʝ ʜʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ 

,0)(2)( 2

2212

2

11 =+- dxadxdyadya                                   (1.2) 

ʷʢʝ ʥʘʟʠʚʘʻʪʴʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʤ ʜʣʷ ʨʽʚʥʷʥʥʷ (1.1), ʘ ʡʦʛʦ ʽʥʪʝʛʨʘʣʠ ï 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

 ɿ ʢʫʨʩʫ ʟʚʠʯʘʡʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʚʽʜʦʤʦ: ʷʢʱʦ ),( yxz j=  ï 

ʜʝʷʢʠʡ ʨʦʟʚôʷʟʦʢ ʥʘʩʪʫʧʥʦʛʦ ʨʽʚʥʷʥʥʷ, ʪʦʙʪʦ, 

,02 2
2212

2
11 =++ yyxx zazzaza                                         (1.3) 

ʪʦʜʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ),( yxC j=  ʻ ʟʘʛʘʣʴʥʠʤ ʽʥʪʝʛʨʘʣʦʤ ʨʽʚʥʷʥʥʷ (1.2). ʄʘʻ 

ʩʠʣʫ ʽ ʦʙʝʨʥʝʥʝ ʪʚʝʨʜʞʝʥʥʷ. 

 ʅʝʭʘʡ 011¸a  ).0( 22¸a  ʊʦʜʽ ʽʟ (1.2) ʤʘʻʤʦ: 
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 ʈʽʚʥʷʥʥʷ (1.1) ʚ ʦʙʣʘʩʪʽ GDË , ʚʨʘʭʦʚʫʶʯʠ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʬʽʟʠʯʥʦʶ (ὼȟ

ώȟό) ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʦʶ (‚ȟ–ȟὟ) ʦʙʣʘʩʪʷʤʠ, ʥʘʟʠʚʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ 

 ʘ) ʛʽʧʝʨʙʦʣʽʯʥʦʛʦ ʪʠʧʫ, ʷʢʱʦ ʜʠʩʢʨʠʤʽʥʘʥʪ 0>D  ʜʣʷ ʚʩʽʭ D),( Íyx , 

ʢʘʥʦʥʽʯʥʽ ʬʦʨʤʠ ʷʢʦʛʦ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ 

( )
,0,

2

,,,,
12

12

¸= a
a

hx hx

xh

UUUF
U  

ʘʙʦ 

( ).,,,,1 hxhhxx ba UUUFUU =-  

 ʙ) ʧʘʨʘʙʦʣʽʯʥʦʛʦ ʪʠʧʫ, ʷʢʱʦ 0=D  ʧʨʠ D),( Íyx , ʢʘʥʦʥʽʯʥʽ ʬʦʨʤʠ ʷʢʦʛʦ 

ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ 

( )
.0,

,,,,
22

22

¸a
a

hx
=

hx
hh

UUUF
U  

 ʚ) ʝʣʽʧʪʠʯʥʦʛʦ ʪʠʧʫ, ʷʢʱʦ 0<D  ʧʨʠ D),( Íyx , ʢʘʥʦʥʽʯʥʽ ʬʦʨʤʠ ʷʢʦʛʦ 

ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ 

( )
.0,

,,,,
11

11

¸a
a

hx
=+

hx
hhxx

UUUF
UU  

ʋ ʚʠʧʘʜʢʫ ʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʟʽ ʩʪʘʣʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ 

ʦʜʝʨʞʫʻʤʦ ʥʘʩʪʫʧʥʽ ʢʘʥʦʥʽʯʥʽ ʬʦʨʤʠ: 

),( hx=g++ hhxx gVVV  ï ʝʣʽʧʪʠʯʥʠʡ ʪʠʧ; 

),(1 hx=+ xhh gVbV  ï ʧʘʨʘʙʦʣʽʯʥʠʡ ʪʠʧ; 

îý

î
ü
û

hx=g+-

hx=g+

hhxx

xh

),(

),(

gVVV

gVV
 ï ʛʽʧʝʨʙʦʣʽʯʥʠʡ ʪʠʧ. 

 

1.3 ʄʝʪʦʜʠ ʜʝʬʦʨʤʘʮʽʾ ʩʽʪʢʠ 

 

ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʟ ʯʘʩʪʠʥʥʠʤʠ ʧʦʭʽʜʥʠʤʠ 

ʯʘʩʪʦ ʙʘʞʘʥʘ ʘʜʘʧʪʠʚʥʘ ʩʪʨʘʪʝʛʽʷ, ʦʜʥʠʤ ʽʟ ʚʘʞʣʠʚʠʭ ʧʽʜʭʦʜʽʚ ʷʢʦʾ ʻ ʤʝʪʦʜ 

ʜʝʬʦʨʤʘʮʽʾ ʩʽʪʢʠ [165, 172]. ɺ̔ʥ ʟʘʩʪʦʩʦʚʫʻʪʩɹʷ ʜʦ ʨʽʟʥʠʭ ʬʽʟʠʯʥʠʭ ʪʘ 
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ʽʥʞʝʥʝʨʥʠʭ ʧʨʦʙʣʝʤ, ʪʘʢʠʭ ʷʢ ʛʦʨʽʥʥʷ, ʫʜʘʨʥʽ ʭʚʠʣʽ, ʨʝʘʢʮʽʾ ʜʠʬʫʟʽʾ ʪʘ 

ʜʚʦʬʘʟʥʽ ʧʦʪʦʢʠ [121, 166-167, 174]. 

ɼʦʩʣʽʜʞʝʥʥʷ ʛʝʥʝʨʘʮʽʾ ʩʽʪʦʢ ʘʣʛʝʙʨʘʾʯʥʠʤʠ ʤʝʪʦʜʘʤʠ, ʢʦʥʪʨʦʣʴ 

ʱʽʣʴʥʦʩʪʽ ʽ ʥʘʭʠʣʫ ʢʦʦʨʜʠʥʘʪʥʠʭ ʣʽʥʽʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʝʨʝʭʽʜʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʫ ʬʦʨʤʫʣʘʭ ʪʨʘʥʩʬʽʥʽʪʥʦʾ ʽʥʪʝʨʧʦʣʷʮʽʾ ʧʨʦʚʝʜʝʥʦ ʚ ʨʦʙʦʪʘʭ [86, 134]. 

ʂʦʥʪʨʦʣʴ ʱʽʣʴʥʦʩʪʽ ʧʦ ʢʦʦʨʜʠʥʘʪʥʠʤ ʣʽʥʽʷʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʣʛʝʙʨʘʾʯʥʦʛʦ 

ʤʝʪʦʜʫ ʯʝʨʝʟ ʚʚʝʜʝʥʥʷ ʧʨʦʤʽʞʥʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʥʘʚʝʜʝʥʦ ʚ ʨʦʙʦʪʽ [37]. 

ɿʛʫʱʝʥʥʷ ʚʫʟʣʽʚ ʩʽʪʦʢ ʧʦ ʢʦʦʨʜʠʥʘʪʥʠʤ ʣʽʥʽʷʤ ʩʽʪʢʠ (ʚʝʨʪʠʢʘʣʴʥʠʤ ʽ 

ʛʦʨʠʟʦʥʪʘʣʴʥʠʤ) ʪʘ ʜʦ ʧʝʚʥʦʛʦ ʚʫʟʣʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʤʝʪʦʜʫ 

ʨʦʟʛʣʷʥʫʪʦ ʚ ʧʨʘʮʷʭ [37, 148]. ɺʧʣʠʚ ʢʦʥʪʨʦʣʴʥʠʭ ʬʫʥʢʮʽʡ ʽ ʬʦʨʤʠ ʤʝʞ̔ 

ʦʙʣʘʩʪʽ ʥʘ ʨʦʟʧʦʜʽʣ ʚʫʟʣʽʚ ʩʽʪʢʠ, ʱʦ ʛʝʥʝʨʫʻʪʴʩʷ ʝʣʽʧʪʠʯʥʠʤ ʤʝʪʦʜʦʤ ʯʝʨʝʟ 

ʨʦʟʚôʷʟʘʥʥʷ ʨʽʚʥʷʥʥʷ ɹʝʣʴʪʨʘʤʽ, ʜʦʩʣʽʜʞʝʥʦ ʚ ʨʦʙʦʪʘʭ [66, 130]. 

ɼʦʩʣʽʜʞʝʥʥʷ ʟʛʫʱʝʥʥʷ ʚʫʟʣʽʚ ʩʽʪʢʠ ʯʝʨʝʟ ʢʦʥʪʨʦʣʴʥʽ ʬʫʥʢʮʽʾ, ʱʦ 

ʟʘʜʘʚʘʣʠ ʦʙʣʘʩʪʽ ʜʽʘʛʦʥʘʣʴʥʠʭ ʣʽʥʽʡ, ʢʨʫʛʘ, ʩʠʥʫʩʦʾʜʠ ʟʘ ʜʦʧʦʤʦʛʦ ʁʨʽʚʥʷʥʥʷ 

ɽʡʣʝʨʘ, ʱʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʟʘʜʘʯʘʭ ʛʘʟʦʚʦʾ ʜʠʥʘʤʽʢʠ, ʧʦʢʘʟʘʥʦ ʚ ʩʪʘʪʪʽ [2]. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʢʦʥʪʨʦʣʴʥʠʭ ʬʫʥʢʮʽʡ ʷʢ ʬʽʣʴʪʨʘ ʟʛʫʱʝʥʥʷ ʩʽʪʢʠ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʛʣʦʙʘʣʴʥʠʭ ʢʣʽʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʚ ʩʪʘʪʪʽ [158]. 

ɼʦʩʣʽʜʞʝʥʥʷ ʢʦʥʪʨʦʣʴʥʠʭ ʬʫʥʢʮʽʡ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ 

ʜʞʝʨʝʣ ʜʦʜʘʪʢʦʚʦʾ ʜʽʾ ʥʘ ʤʝʞʽ ʢʨʽʟʴ ʟʘʜʘʥʫ ʦʙʣʘʩʪʴ, ʨʦʟʛʣʷʥʫʪʦ ʚ ʧʨʘʮʽ [118]. 

ɻʝʥʝʨʘʮʽʷ ʙʣʠʟʴʢʠʭ ʜʦ ʦʨʪʦʛʦʥʘʣʴʥʠʭ ʩʽʪʦʢ ʙʝʟ ʟʤʽʥʠ ʨʦʟʧʦʜʽʣʫ ʨʦʟʤʽʨʫ 

ʢʦʤʽʨʢʠ ʚʠʭʽʜʥʠʭ ʩʽʪʦʢ ʤʝʪʦʜʦʤ ʜʝʬʦʨʤʫʚʘʥʥʷ ʩʽʪʢʠ ʥʘ ʦʩʥʦʚʽ ʷʢʽʩʥʦ 

ʚʠʢʦʥʘʥʠʭ ʜʝʬʦʨʤʘʮʽʡ, ʘ ʪʘʢʦʞ ʚʧʣʠʚ ʢʦʥʪʨʦʣʴʥʠʭ ʬʫʥʢʮʽʡ ʥʘ 

ʦʨʪʦʛʦʥʘʣʴʥʽʩʪʴ ʩʽʪʢʠ ʨʦʟʛʣʷʥʫʪʦ ʚ ʨʦʙʦʪʽ [91]. 

ʂʦʣʠ ʦʩʥʦʚʥʽ ʧʨʦʙʣʝʤʠ ʟʘʣʝʞʘʪʴ ʚʽʜ ʯʘʩʫ, ʜʝʬʦʨʤʦʚʘʥʽ ʩʽʪʢʠ 

ʟʤʽʥʶʶʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʟʤʽʥʠ ʯʘʩʫ, ʽ, ʪʘʢʠʤ ʯʠʥʦʤ, ʤʝʪʦʜ ʥʘʟʠʚʘʻʪʴʩʷ ʤʝʪʦʜʦʤ 

ʨʫʭʦʤʠʭ ʩʽʪʦʢ. ʋ ʤʝʪʦʜ ̔ʩʢʥ̔ʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʫʭʦʤʫ 

ʩʽʪʢʫ, ʟʤʽʥʘ ʩʽʪʦʢ ʫ ʦʙʯʠʩʣʶʚʘʣʴʥʽʡ ʦʙʣʘʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʢʝʨʫʚʘʥʥʷ 

ʧʝʨʝʨʦʟʧʦʜʽʣʦʤ ʩʽʪʢʠ ʫ ʬʽʟʠʯʥʽʡ ʦʙʣʘʩʪʽ ʥʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ ʯʘʩʫ. ʇʦʪʽʤ 

ʨʽʰʝʥʥʷ ʦʥʦʚʣʶʻʪʴʩʷ ʟʘ ʧʝʚʥʦʶ ʬʦʨʤʫʣʦʶ. ʎʝʡ ʤʝʪʦʜ ʟʘʩʪʦʩʦʚʫʚʘʚʩʷ ʚ 

ʙʘʛʘʪʴʦʭ ʜʦʜʘʪʢʘʭ [161]. 
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ɽʣʽʧʪʠʯʥʽ ʨʽʚʥʷʥʥʷ ʟ ʨʦʟʨʠʚʥʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʪʘ ʥʘʷʚʥʦʩʪʽ ʦʢʨʝʤʠʭ 

ʜʞʝʨʝʣ ʜʦʜʘʪʢʦʚʦʾ ʜʽʾ ʤʘʶʪʴ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʚ ʜʠʥʘʤʽʮʽ ʨʽʜʠʥ, 

ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʽ ʪʘ ʙʽʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤʘʭ. ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʪʘʢʠʭ ʨʽʚʥʷʥʴ 

ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʤʝʪʦʜʠ ʥʘ ʦʩʥʦʚʽ ʩʢʽʥʯʝʥʥʦʛʦ ʦʙôʻʤʫ [141], ʢʫʩʢʦʚʦ-

ʧʦʣʽʥʦʤʽʘʣʴʥʦ ʾʜʠʩʢʨʝʪʠʟʘʮʽʾ [108], ʤʝʪʦʜʫ ̔ʥʪʝʨʬʝʡʩʫ ʟʚô̫ ʟʢʫ [109]. ʉʧʦʩʽʙ 

ʫʟʛʦʜʞʝʥʦʾ ʤʝʞʽ ʽʥʪʝʨʬʝʡʩʫ (MIB ï the matched interface and boundary) 

ʩʧʦʯʘʪʢʫ ʚʚʝʜʝʥʦ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʨʽʚʥʷʥʥʷ ʄʘʢʩʚʝʣʣʘ ʟ ʤʘʪʝʨʽʘʣʴʥʠʤʠ 

ʽʥʪʝʨʬʝʡʩʘʤʠ [182], ʘ ʧʽʟʥʽʰʝ ʫʟʘʛʘʣʴʥʝʥʦ ʜʦ ʨʦʟʚôʷʟʘʥʥʷ ʝʣʽʧʪʠʯʥʠʭ ʨʽʚʥʷʥʴ 

ʟ ʨʦʟʨʠʚʥʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʪʘ ʦʩʦʙʣʠʚʠʤʠ ʜʞʝʨʝʣʘʤʠ ʜʦʜʘʪʢʦʚʦʾ ʜʽʾ [178-

179, 186-187], ʘ ʪʘʢʦʞ ʨʽʚʥʷʥʥʷ ɻʝʣʴʤʛʦʣʴʮʘ ʟ ʤʘʪʝʨʽʘʣʴʥʠʤʠ ʽʥʪʝʨʬʝʡʩʘʤʠ 

[181]. ʋ ʙʽʣʴʰʦʩʪʽ ʧʽʜʭʦʜʽʚ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʦʩʪʽ ʨʝʛʫʣʷʨʥʽ 

ʜʝʢʘʨʪʦʚʽ ʩʽʪʢʠ. ʊʘʢʽ ʩʽʪʢʠ ʥʝ ʻ ʦʧʪʠʤʘʣʴʥʠʤʠ ʜʣʷ ʧʨʦʙʣʝʤ ʟ ʣʦʢʘʣʽʟʦʚʘʥʠʤʠ 

ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʨʽʰʝʥʥʷ.  

ʆʜʥʽʻʶ ʟ ʦʧʪʠʤʘʣʴʥʠʭ ʩʪʨʘʪʝʛʽʡ ʣʦʢʘʣʽʟʦʚʘʥʠʭ ʢʘʨʜʠʥʘʣʴʥʠʭ ʟʤʽʥ ʻ 

ʫʪʦʯʥʝʥʥʷ ʣʦʢʘʣʴʥʦʾ ʩʽʪʢʠ. ʄʝʪʦʜʠ ʽʥʪʝʨʬʝʡʩʫ ʥʘ ʦʩʥʦʚʽ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʪʘ ʩʢʽʥʯʝʥʥʠʭ ʦʙôʤ̒ʽʚ ʤʦʞʫʪʴ ʚʙʫʜʦʚʫʚʘʪʠ ʣʦʢʘʣʴʥʦ ʘʜʘʧʪʠʚʥʽ ʘʣʛʦʨʠʪʤʠ 

ʛʝʥʝʨʘʮʽʾ ʩʽʪʢʠ [171]. ʆʜʥʘʢ ʜʫʞʝ ʩʢʣʘʜʥʦ ʧʦʙʫʜʫʚʘʪʠ ʟʙʽʞʥʽ ʤʝʪʦʜʠ ʟʙʽʞʥʠʭ 

ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʘʙʦ ʩʢʽʥʯʝʥʥʠʭ ʦʙô̒ ʤʽʚ ʥʘ ʦʩʥʦʚʽ ʩʢʣʘʜʥʠʭ ʽʥʪʝʨʬʝʡʩʽʚ, 

ʟʦʢʨʝʤʘ, ʽʥʪʝʨʬʝʡʩʽʚ ʟ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ [177, 178].  

ɸʥʘʣʽʟ ʧʽʜʭʦʜʽʚ ʜʦ ʜʝʬʦʨʤʘʮʽʾ ʩʽʪʢʠ ʨʦʟʛʣʷʥʫʪʦ ʚ ʨʦʙʦʪʽ [151]. ɹʽʣʴʰʽʩʪʴ 

ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʤʝʪʦʜʫ ʜʝʬʦʨʤʘʮʽʾ ʩʽʪʢʠ ʣʽʥʽʡʥʦʾ ʧʨʫʞʥʦʩʪʽ, 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʝʪʦʜ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʜʣʷ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʨʽʚʥʷʥʴ 

ʣʽʥʽʡʥʦʾ ʧʨʫʞʥʦʩʪʽ, ʘ ʧʦʪʽʤ ʚʠʨʽʰʫʚʘʣʠ ʦʪʨʠʤʘʥʫ ʣʽʥʽʡʥʫ ʩʠʩʪʝʤʫ 

ʫʟʘʛʘʣʴʥʝʥʠʤ ʤʽʥʽʤʘʣʴʥʠʤ ʟʘʣʠʰʢʦʚʠʤ ʤʝʪʦʜʦʤ (GMRES) [113]. ɼʝʬʦʨʤʘʮʽ ʁ

ʩʽʪʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʪʝʨʧʦʣʷʮʽʡʥʦʾ ʘʥʘʣʦʛʽʾ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʦ 

ʜʦʚʽʣʴʥʠʭ ʪʠʧʽʚ ʩʽʪʦʢ, ʷʢʽ ʤʽʩʪʷʪʴ ʟʘʛʘʣʴʥʽ ʙʘʛʘʪʦʛʨʘʥʥʽ ʝʣʝʤʝʥʪʠ ʘʙʦ ʚʠʩʷʯʽ 

ʚʫʟʣʠ [133]. ʉʭʝʤʠ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʽʥʪʝʨʧʦʣʷʮʽʾ, ʜʦʩʷʛʘʶʪʴ ʚʠʱʦʾ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʤʝʥʰʠʭ ʚʠʤʦʛ ʜʦ ʧʘʤ'ʷʪʽ ʧʦʨʽʚʥʷʥʦ ʟ 

ʬʽʟʠʯʥʠʤʠ ʩʭʝʤʘʤʠ [137, 157, 185]. ʆʜʥʘʢ ʙʫʜʴ-ʷʢʠʡ ʧʨʦʮʝʩ ʽʥʪʝʨʧʦʣʷʮʽʾ 

ʧʦʚ'ʷʟʘʥʠʡ ʟ ʧʝʚʥʠʤ ʧʦʣʝʤ ʧʦʤʠʣʦʢ. 
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ʋ ʜʦʩʣʽʜʞʝʥʥʽ [170] ʢʦʨʧʫʩ ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʢʨʠʣʘ 3D AGARD ʙʫʚ 

ʧʝʨʝʚʽʨʝʥʠʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʟʘʻʤʦʜʽʾ ʟ ʨʽʜʠʥʦʶ, ʧʦʨʽʚʥʷʥʦ ʨʝʟʫʣʴʪʘʪʠ 

ʜʝʬʦʨʤʘʮʽʾ ʩʽʪʢʠ ʤʝʪʦʜʦʤ ʟʚʘʞʫʚʘʥʥʷ ʥʘ ʟʚʦʨʦʪʥʽʡ ʚʽʜʩʪʘʥʽ (IDW) ʪʘ ʤʝʪʦʜʦʤ 

ʽʥʪʝʨʧʦʣʷʮʽʾ ʨʘʜʽʘʣʴʥʦʾ ʙʘʟʠʩʥʦʾ ʬʫʥʢʮʽʾ (RBF). ʄʝʪʦʜ ʽʥʪʝʨʧʦʣʷʮʽʾ ʨʘʜʽʘʣʴʥʦʾ 

ʙʘʟʠʩʥʦʾ ʬʫʥʢʮʽʾ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʷʢ ʬʫʥʢʮʽʷ ʽʥʪʝʨʧʦʣʷʮʽʾ ʜʣʷ 

ʧʝʨʝʥʝʩʝʥʥʷ ʧʝʨʝʤʽʱʝʥʴ, ʚʽʜʦʤʠʭ ʥʘ ʤʝʞʘʭ ʩʪʨʫʢʪʫʨʥʦʾ ʩʽʪʢʠ, ʚ ʩʽʪʢʫ ʨʽʜʠʥʠ, 

ʱʦ ʚʠʨʦʙʣʷʻ ʚʠʩʦʢʦʷʢʽʩʥʽ ʩʽʪʢʠ ʟ ʨʦʟʫʤʥʠʤ ʟʙʝʨʝʞʝʥʥʷʤ ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʽ 

ʧʦʙʣʠʟʫ ʜʝʬʦʨʤʫʶʯʠʭ ʤʝʞ [102]. ɺ ʩʪʘʪʪʽ [140] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚ ʤʝʪʦʜ ̔

ʽʥʪʝʨʧʦʣʷʮʽʾ ʨʘʜʽʘʣʴʥʦʾ ʙʘʟʠʩʥʦʾ ʬʫʥʢʮʽʾ ʪʝʭʥʽʢʫ ʫʪʨʠʤʘʥʥʷ, ʱʦ ʦʙʤʝʞʫʻ 

ʜʝʬʦʨʤʘʮʽʶ ʩʽʪʢʠ ʜʦ ʥʘʚʢʦʣʠʰʥʴʦʾ ʦʙʣʘʩʪʽ ʨʫʭʦʤʦʾ ʧʦʚʝʨʭʥʽ. 

ɺ ʨʦʙʦʪʘʭ [68-69] ʨʦʟʛʣʷʥʫʪʦ ʤʝʪʦʜʠ ʜʝʬʦʨʤʘʮʽʾ ʩʪʨʫʢʪʫʨʦʚʘʥʦʾ ʩʽʪʢʠ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʥʪʨʦʣʶʶʯʠʭ ʬʫʥʢʮʽʡ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʇʫʘʩʩʦʥʘ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʟʛʫʱʝʥʥʷ ʚʫʟʣʽʚ ʩʽʪʢʠ ʯʝʨʝʟ ʢʦʥʪʨʦʣʴʥʽ ʬʫʥʢʮʽʾ, ʱʦ ʟʘʜʘʚʘʣʠ 

ʦʙʣʘʩʪʽ ʜʽʘʛʦʥʘʣʴʥʠʭ ʣʽʥʽʡ, ʢʨʫʛʘ, ʩʠʥʫʩʦʾʜʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʚʥʷʥʥʷ ɽʡʣʝʨʘ, 

ʱʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʟʘʜʘʯʘʭ ʛʘʟʦʚʦʾ ʜʠʥʘʤʽʢʠ, ʧʦʢʘʟʘʥʦ ʚ ʩʪʘʪʪʽ [2].  

ʇʦʙʫʜʦʚʘ ʩʪʨʫʢʪʫʨʦʚʘʥʦʾ ʩʽʪʢʠ ʧʦʚʝʨʭʥʽ, ʱʦ ʤʦʜʝʣʶʻ ʱʽʣʴʥʽʩʪʴ 

ʡʤʦʚʽʨʥʦʩʪʽ ʟʥʘʭʦʜʞʝʥʥʷ ʝʣʝʢʪʨʦʥʘ ʚ ʟʘʜʘʥʽʡ ʦʙʣʘʩʪʽ ʢʚʘʥʪʦʚʦʾ ʪʦʯʢʠ ʨʽʟʥʠʭ 

ʚʠʜ̔ʚ ʯʝʨʝʟ ʨʦʟʚôʷʟʘʥʥʷ ʭʚʠʣʴʦʚʦʛʦ ʨʽʚʥʷʥʥʷ ʐʨʝʜʽʥʛʝʨʘ ʚʠʢʦʥʘʥʦ ʚ ʨʦʙʦʪʘʭ 

[155, 156]. 

ɺʨʘʭʦʚʫʶʯʠ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʩʽʪʦʢ ʚ ʧʨʠʢʣʘʜʥʠʭ 

ʟʘʜʘʯʘʭ, ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʛʝʥʝʨʘʮʽʾ ʜʠʩʢʨʝʪʥʠʭ 

ʤʦʜʝʣʝʡ, ʩʢʽʥʯʝʥʥʽ ʝʣʝʤʝʥʪʠ ʷʢʠʭ ʟʛʫʱʫʶʪɹʩʷ ʚ ʤʽʩʮʷʭ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʥʘʧʨʫʞʝʥʴ ʽ ʚ ʤʽʩʮʷʭ, ʜʝ ʢʦʥʩʪʨʫʢʮʽʷ ʤʘʻ ʦʩʦʙʣʠʚʫ ʬʦʨʤʫ, ʻ ʘʢʪʫʘʣʴʥʦʶ 

ʟʘʜʘʯʝʶ. 
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1.4 ʇʨʠʢʣʘʜʠ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʝʥʝʨʘʮʽʾ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ 

ʜʠʩʢʨʝʪʥʠʭ ʤʦʜʝʣʝʡ 

 

1.4.1 ʆʛʣʷʜ ʩʬʝʨʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʝʥʝʨʘʮʽʾ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ 

ʜʠʩʢʨʝʪʥʠʭ ʤʦʜʝʣʝʡ 

 

ʅʘ ʧʨʘʢʪʠʮʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʝʥʝʨʘʮʽʾ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʩʽʪʦʢ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʰʠʨʦʢʦʛʦ ʢʦʣʘ ʦʙôʻʢʪʽʚ ʽ ʧʨʦʮʝʩʽʚ: 

- ʤʦʜʝʣʶʚʘʥʥʷ ʦʙôʻʢʪʽʚ, ʤʘʪʝʨʽʘʣʽʚ, ʜʝʬʦʨʤʘʮʽʡ, ʪʨʽʱʠʥ [26, 28, 98, 99, 

107, 117, 129, 131, 154, 169, 173, 184]; 

- ʤʦʜʝʣʶʚʘʥʥʷ ʘʝʨʦʜʠʥʘʤʽʢʠ, ʛʽʜʨʦʜʠʥʘʤʽʢʠ, ʧʦʪʦʢʽʚ ʨʽʟʥʦʛʦ 

ʧʦʭʦʜʞʝʥʥʷ [3, 88, 95, 114, 116, 120, 126, 131, 132, 142, 168-169, 173, 180, 183];  

- ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʜʘʯ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ [22, 95, 146, 154, 175]; 

- ʤʦʜʝʣʶʚʘʥʥʷ ʭʚʠʣʴ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ [103, 112, 135, 159]; 

- ʤʦʜʝʣʶʚʘʥʥʷ ʤʘʛʥʽʪʦʩʪʘʪʠʯʥʦʾ ʟʘʜʘʯʽ, ʦʮʽʥʢʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ 

[134, 180];  

- ʦʮʽʥʢʘ ʱʽʣʴʥʦʩʪʽ ʽʤʧʫʣʴʩʫ ʝʣʝʢʪʨʦʥʘ (EMD), ʡʦʛʦ ʤʦʤʝʥʪʽʚ ʽ 

ʧʦʚôʷʟʘʥʦʾ ʟ ʥʠʤ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʝʥʪʨʦʧʽʾ ʐʝʥʥʦʥʘ ʜʣʷ ʙʘʛʘʪʦʝʣʝʢʪʨʦʥʥʦʾ 

ʤʦʣʝʢʫʣʷʨʥʦʾ ʩʠʩʪʝʤʠ [138];  

- ʤʦʜʝʣʶʚʘʥʥʷ ʱʽʣʴʥʦʩʪʽ ʡʤʦʚʽʨʥʦʩʪʽ ʟʥʘʭʦʜʞʝʥʥʷ ʝʣʝʢʪʨʦʥʫ ʚ ʟʘʜʘʥʽʡ 

ʦʙʣʘʩʪʽ ʢʚʘʥʪʦʚʦʾ ʪʦʯʢʠ: ʮʠʣʽʥʜʨʠʯʥʦʾ [38, 39, 56], ʢʦʥʽʯʥʦʾ [54, 55, 155], 

ʢʫʙʽʯʥʦʾ [156], ʧʨʠʟʤʘʪʠʯʥʦʾ [40]; 

- ʤʦʜʝʣʶʚʘʥʥʷ ʱʽʣʴʥʦʩʪʽ ʡʤʦʚʽʨʥʦʩʪʽ ʟʥʘʭʦʜʞʝʥʥʷ ʝʣʝʢʪʨʦʥʫ ʚ 

ʪʨʠʚʠʤʽʨʥʽʡ ʧʦʪʝʥʮʽʘʣʴʥʽʡ ʷʤʽ [57]; 

- ʜʦʩʣʽʜʞʝʥʥʷ ʟʚʘʨʶʚʘʥʥʷ ʪʝʨʪʷʤ (FSW) [139]; 

- ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʮʠʢʣʦʥʥʦʤʫ ʜʠʟʘʡʥʽ ʧʘʜʽʥʥʷ ʪʠʩʢʫ [143]; 

- ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʙʘʟʠʩʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʟʤʽʥʥʦʾ ʧʦʣʷ ʥʘʜ ʦʙʣʘʩʪʶ ʚ 

ʢʦʥʪʝʢʩʪʽ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʟʚʦʨʦʪʥʠʭ ʟʘʜʘʯ, ʜʝ ʥʝʧʝʨʝʨʚʥʝ ʩʢʘʣʷʨʥʝ 

ʘʙʦ ʚʝʢʪʦʨʥʝ ʧʦʣʝ ʥʘʜ ʦʙʣʘʩʪʶ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʨʽʟʥʠʭ ʩʢʽʥʯʝʥʥʦ 

ʚʠʤʽʨʥʠʭ ʙʘʟʠʩʥʠʭ ʥʘʙʣʠʞʝʥʥʷʭ, ʪʘʢʠʭ ʷʢ ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʠʡ ʙʘʟʠʩ ʜʣʷ 
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ʯʠʩʝʣʴʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʧʨʷʤʦʾ ʟʘʜʘʯʽ ʽ ʨʝʛʫʣʷʨʥʘ ʩʽʪʢʘ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʥʷ 

ʨʦʟʚôʷʟʢʫ ʟʚʦʨʦʪʥʦʾ ʟʘʜʘʯʽ [150]. 

ʈʽʟʥʽ ʪʠʧʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʚ ʯʘʩʪʠʥʥʠʭ ʧʦʭʽʜʥʠʭ ʜʨʫʛʦʛʦ 

ʧʦʨʷʜʢʫ ʤʦʞʫʪʴ ʘʩʦʮʽʶʚʘʪʠʩʷ ʟ ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʪʠʧʘʤʠ ʛʽʜʨʦʤʝʭʘʥʽʯʥʠʭ 

ʟʘʜʘʯ. ʅʘʧʨʠʢʣʘʜ, ʟʘʜʘʯʽ, ʱʦ ʤʽʩʪʷʪʴ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʯʘʩʫ, ʟʚʦʜʷʪʴʩʷ ʜʦ 

ʧʘʨʘʙʦʣʽʯʥʠʭ ʘʙʦ ʛʽʧʝʨʙʦʣʽʯʥʠʭ ʨʽʚʥʷʥʴ. ʇʘʨʘʙʦʣʽʯʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʪʝʯʽʾ, ʱʦ ʤʘʶʪʴ ʜʠʩʠʧʘʮʽʶ, ʥʘʧʨʠʢʣʘʜ, ʪʝʯʽʾ, ʜʣʷ ʷʢʠʭ ʽʩʪʦʪʥʦʶ 

ʻ ʚôʷʟʢʽʩʪʴ ʘʙʦ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ, ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʨʦʟʚôʷʟʦʢ ʙʫʜʝ ʛʣʘʜʢʠʤ, ʘ 

ʛʨʘʜʽʻʥʪʠ ʽʟ ʧʣʠʥʦʤ ʯʘʩʫ ʟʤʝʥʰʫʚʘʪʠʤʫʪʴʩʷ, ʷʢʱʦ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʥʝ ʟʘʣʝʞʘʪʴ 

ʚʽʜ ʯʘʩʫ. 

ʗʢʱʦ ʜʠʩʠʧʘʮʽʡʥʽ ʤʝʭʘʥʽʟʤʠ ʚʽʜʩʫʪʥʽ, ʜʣʷ ʣʽʥʽʡʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ 

ʨʽʚʥʷʥʴ ʚ ʯʘʩʪʠʥʥʠʭ ʧʦʭʽʜʥʠʭ ʨʦʟʚôʷʟʦʢ ʟʙʝʨʽʛʘʻ ʩʪʘʣʫ ʘʤʧʣʽʪʫʜʫ, ʘ ʜʣʷ 

ʥʝʣʽʥʽʡʥʠʭ ï ʘʤʧʣʽʪʫʜʘ ʨʦʟʚôʷʟʘʥʥʷ ʤʦʞʝ ʥʘʚʽʪʴ ʟʨʦʩʪʘʪʠ, ʪʘʢʠʤ ʨʦʟʚôʷʟʘʥʥʷʤ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʛʽʧʝʨʙʦʣʽʯʥʽ ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ʚ ʯʘʩʪʠʥʥʠʭ 

ʧʦʭʽʜʥʠʭ. ɽʣʽʧʪʠʯʥʽ ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ʚ ʯʘʩʪʠʥʥʠʭ ʧʦʭʽʜʥʠʭ ʟʘʟʚʠʯʘʡ 

ʚʠʟʥʘʯʘʶʪʴ ʟʘʜʘʯʽ, ʱʦ ʦʧʠʩʫʶʪʴ ʚʨʽʚʥʦʚʘʞʝʥʠʡ ʘʙʦ ʩʪʘʣʠʡ ʩʪʘʥ ʪʝʯʽʾ. ɸʣʝ 

ʜʝʷʢʽ ʩʪʘʣʽ ʧʨʦʮʝʩʠ ʪʘʢʦʞ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʧʘʨʘʙʦʣʽʯʥʠʤʠ (ʧʨʠʤʝʞʦʚʠʡ ʰʘʨ) 

ʘʙʦ ʛʽʧʝʨʙʦʣʽʯʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ (ʥʝʚôʷʟʢʘ ʥʘʜʟʚʫʢʦʚʘ ʪʝʯʽʷ) [24]. 

 

1.4.2 ʇʦʙʫʜʦʚʘ ʩʪʨʫʢʪʫʨʦʚʘʥʦʾ ʩʽʪʢʠ ʘʝʨʦʜʠʥʘʤʽʯʥʦʾ ʬʦʨʤʠ ʢʨʠʣʘ 

ʣʽʪʘʢʘ 

 

ʅʘʚʝʜʝʤʦ ʜʝʷʢʽ ʧʨʠʢʣʘʜʠ ʧʦʙʫʜʦʚʠ ʩʪʨʫʢʪʫʨʦʚʘʥʦʾ ʩʽʪʢʠ 

ʘʝʨʦʜʠʥʘʤʽʯʥʦʾ ʬʦʨʤʠ NACA0012 ʢʨʠʣʘ ʣʽʪʘʢʘ, ʱʦ ʨʦʟʨʦʙʣʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʢʦʥʩʫʣʴʪʘʪʠʚʥʦʛʦ ʢʦʤʽʪʝʪʫ ʟ ʘʝʨʦʥʘʚʪʠʢʠ (NACA), ʘ 

ʧʘʨʘʤʝʪʨʠ ʚ ʯʠʩʣʦʚʦʤʫ ʢʦʜʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʚʝʜʝʥʽ ʚ ʨʽʚʥʷʥʥʷ ʜʣʷ ʪʦʯʥʦʾ 

ʛʝʥʝʨʘʮʽʾ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʧʨʦʬʽʣʶ ʽ ʦʙʯʠʩʣʝʥʥʷ ʡʦʛʦ ʚʣʘʩʪʠʚʦʩʪʝʡ.  

ʈʦʟʛʣʷʥʝʤʦ ʧʨʦʩʪʫ ʟʚôʷʟʘʥʫ ʦʙʤʝʞʝʥʫ ʦʙʣʘʩʪʴ D (ʨʠʩ. 1.3)  ʚ 

ʜʚʦʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ ʟ ʜʝʢʘʨʪʦʚʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ὼӶ ὼȟώ , ʱʦ ʨʦʟʜʽʣʝʥʘ 

ʥʘ ʯʦʪʠʨʠ ʦʙʣʘʩʪʽ [162, ʩ. 130]. 
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ʈʠʩ. 1.3. ʆʙʣʘʩʪʴ D ʧʦʙʣʠʟʫ ʘʝʨʦʜʠʥʘʤʽʯʥʦʾ ʬʦʨʤʠ NACA0012. 

ɺ ʫʟʘʛʘʣʴʥʝʥʦʤʫ ʚʠʛʣʷʜʽ ʤʘʻʤʦ ʨʽʚʥʷʥʥʷ ʇʫʘʩʩʦʥʘ ʜʣʷ ʛʝʥʝʨʘʮʽʾ 

ʩʪʨʫʢʪʫʨʦʚʘʥʦʾ ʩʽʪʢʠ 

ὥ ὼӶ ςὥ ὼӶ ὥ ὼӶ ὥ ὖ ςὥ ὖ ὥ ὖ ὼӶ

ὥ ὖ ςὥ ὖ ὥ ὖ ὼӶ πȟ 

ʜʝ 6 ʢʦʝʬʽʮʽʻʥʪʽʚ ὖ ʥʘʟʠʚʘʶʪʴʩʷ ʢʦʥʪʨʦʣʴʥʠʤʠ ʬʫʥʢʮʽʷʤʠ. 

ʅʘʡʧʨʦʩʪʽʰʠʡ ʧʨʠʢʣʘʜ ʛʝʥʝʨʘʮʽʾ ʩʽʪʢʠ, ʱʦ ʤʘʻ ʥʘʟʚʫ ʣʘʧʣʘʩʦʚʦʾ ʩʽʪʢʠ 

(ʨʠʩ. 1.4) [162, ʩ. 131], ʦʪʨʠʤʘʻʤʦ ʟʘ ʫʤʦʚʠ, ʷʢʱʦ ʚʩʽ 6 ʢʦʥʪʨʦʣʴʥʠʭ ʬʫʥʢʮʽʡ 

ʜʦʨʽʚʥʶʶʪʴ ʥʫʣʶ, ʪʦʙʪʦ 

ὖ πȟ 

ʪʦʜʽ ʤʘʻʤʦ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ ʨʽʚʥʷʥʥʷ ʇʫʘʩʩʦʥʘ 

ὥ ὼӶ ςὥ ὼӶ ὥ ὼӶ π. 

 

ʈʠʩ. 1.4. ʃʘʧʣʘʩʦʚʘ ʩʽʪʢʘ. 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʪʦʯʢʠ ʤʝʞʽ ʩʽʪʢʠ ʟʘʜʘʥʽ ʥʘ ʯʦʪʠʨʴʦʭ ʢʨʘʷʭ E1, E2, E3, E4 

ʦʙʣʘʩʪʽ D, ʪʦʜʽ ʩʽʪʢʘ ʚʩʝʨʝʜʠʥʽ ʮʽʻʾ ʦʙʣʘʩʪʽ ʤʦʞʝ ʙʫʪʠ ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʦʩʥʦʚʽ 

ʥʦʨʤʦʚʘʥʦʾ ʜʦʚʞʠʥʠ ʜʫʛʠ (ʨʠʩ. 1.5) [162, ʩ. 133]. ʆʪʞʝ, ʤʘʻʤʦ 2 ʘʣʛʝʙʨʘʾʯʥʠʭ 

ʨʽʚʥʷʥʥʷ ʜʣʷ ʛʝʥʝʨʘʮʽʾ ʩʽʪʢʠ: 



41 
 

ί ί ‚ ρ ὸ ί ‚ὸ 

ὸ ὸ – ρ ί ὸ –ί 

 

ʈʠʩ. 1.5. ʉʽʪʢʘ ʥʘ ʦʩʥʦʚʽ ʜʦʚʞʠʥʠ ʜʫʛʠ. 

ʗʢʱʦ ʥʘʢʣʘʩʪʠ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ɼʽʨʠʭʣʝ-ʅʝʡʤʘʥʘ, ʪʦ ʤʦʞʥʘ ʟʛʝʥʝʨʫʚʘʪʠ 

ʩʽʪʢʫ ʚʩʝʨʝʜʠʥʽ ʦʙʣʘʩʪʽ D, ʷʢʘ ʙʫʜʝ ʦʨʪʦʛʦʥʘʣʴʥʘ ʚʩʽʤ ʯʦʪʠʨʴʦʤ ʢʨʘʷʤ ʦʙʣʘʩʪʽ 

D. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʜʣʷ ʛʝʥʝʨʘʮʽʾ ʩʽʪʢʠ (ʨʠʩ. 1.6) [162, ʩ. 136] ʤʘʻʤʦ ʨʽʚʥʷʥʥʷ 

ί ί ‚Ὄ ὸ ί ‚Ὄ ὸ 

ὸ ὸ –Ὄ ί ὸ –Ὄ ί, 

ʜʝ ʚʝʨʭʥʽʡ ʽʥʜʝʢʩ 0 ʚʢʘʟʫʻ ʥʘ ʚʠʤʦʛʫ ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʽ, ʘ H0 ʪʘ H1 ï ʢʫʙʽʯʥʽ 

ʬʫʥʢʮʽʾ ʽʥʪʝʨʧʦʣʷʮʽʾ ɽʨʤʽʪʘ, ʱʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʷʢ 

Ὄ ί ρ ςί ρ ί      Ὄ ί σ ςίί     π ί ρ 

 

ʈʠʩ. 1.6. ʉʽʪʢʘ ʟ ʛʨʘʥʠʯʥʦʶ ʦʨʪʦʛʦʥʘʣʴʥʽʩʪʶ. 

ʆʨʪʦʛʦʥʘʣʴʥʽʩʪʴ ʜʦ ʤʝʞʽ ʨʦʙʠʪʴ ʩʽʪʢʫ ʛʣʘʜʢʦʶ ʧʦ ʚʥʫʪʨʽʰʥʽʡ ʤʝʞʽ 

ʦʙʣʘʩʪʽ. 
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1.4.3 ʇʦʙʫʜʦʚʘ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʩʽʪʦʢ ʧʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʘʥʫ 

ʝʣʝʢʪʨʦʥʘ ʚ ʟʘʜʘʥʽʡ ʦʙʣʘʩʪʽ ʢʚʘʥʪʦʚʦʾ ʪʦʯʢʠ 

 

ʉʪʨʫʢʪʫʨʦʚʘʥʽ ʜʠʩʢʨʝʪʥʽ ʤʦʜʝʣʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʨʦʮʝʩʽʚ ʪʘ ʷʚʠʱ ʚ ʢʚʘʥʪʦʨʦʟʤʽʨʥʠʭ ʛʝʪʝʨʦʩʠʩʪʝʤʘʭ, ʱʦ ʜʦʟʚʦʣʷʻ ʨʦʟʛʣʷʥʫʪʠ 

ʩʪʘʥ ʝʣʝʢʪʨʦʥʽʚ ʫ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʢʚʘʥʪʦʚʠʭ ʪʦʯʢʘʭ. ɼʣʷ ʢʦʥʽʯʥʦʾ ʢʚʘʥʪʦʚʦʾ 

ʪʦʯʢʠ ʭʚʠʣʴʦʚʝ ʨʽʚʥʷʥʥʷ ʐʨʝʜʽʥʛʝʨʘ ʚ ʮʠʣʽʥʜʨʠʯʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ʤʘʻ 

ʚʠʛʣʷʜ: 

ᴐ
‪ὶȟᾀ π.                                (1.4) 

ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʨʽʚʥʷʥʥʷ (1.4) ʚ ʯʘʩʪʠʥʥʠʭ ʧʦʭʽʜʥʠʭ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ 

ʤʝʪʦʜ ʨʦʟʜʽʣʝʥʥʷ ʟʤʽʥʥʠʭ (ʤʝʪʦʜ ʌʫʨôʻ). ʍʚʠʣʴʦʚʫ ʬʫʥʢʮʽʶ ʰʫʢʘʻʤʦ ʫ 

ʚʠʛʣʷʜʽ: 

‪ὶȟᾀ ὃϽ• ὶϽ• ᾀ ὃϽὐὯὶϽÓÉÎ Ὧᾀ,             (1.5) 

ʜʝ Ὧ, Ὧ ï ʭʚʠʣʴʦʚʽ ʯʠʩʣʘ, ὐὯὶ ï ʬʫʥʢʮʽʷ ɹʝʩʩʝʣʷ ʥʫʣʴʦʚʦʛʦ ʧʦʨʷʜʢʫ. 

ʊʦʜʽ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʱʽʣʴʥʦʩʪʽ ʡʤʦʚʽʨʥʦʩʪʽ ʟʥʘʭʦʜʞʝʥʥʷ ʝʣʝʢʪʨʦʥʘ ʫ 

ʟʘʜʘʥʽʡ ʦʙʣʘʩʪʽ ʢʦʥʽʯʥʦʾ ʢʚʘʥʪʦʚʦʾ ʪʦʯʢʠ ʜʣʷ ʨʽʟʥʠʭ ʘʢʩʽʘʣʴʥʠʭ ʪʘ ʨʘʜʽʘʣʴʥʠʭ 

ʤʦʜ ʟ ʨʽʚʥʷʥʥʷ (1.5) ʧʨʠ A=1 ʦʪʨʠʤʘʻʤʦ: 

”ὶȟᾀ ȿ‪ὶȟᾀȿ ὐὯὶϽίὭὲὯᾀ.                    (1.6) 

ʇʦʙʫʜʦʚʫ ʛʨʘʬʽʢʽʚ ʱʽʣʴʥʦʩʪʽ ʡʤʦʚʽʨʥʦʩʪʽ (1.6) ʟʥʘʭʦʜʞʝʥʥʷ ʝʣʝʢʪʨʦʥʘ ʚ 

ʟʘʜʘʥʽʡ ʦʙʣʘʩʪʽ ʮʠʣʽʥʜʨʠʯʥʦʾ ʢʚʘʥʪʦʚʦʾ ʪʦʯʢʠ (ʨʠʩ. 1.7) ʚʠʢʦʥʫʻʤʦ ʚ ʧʘʢʝʪʽ 

ʧʨʦʛʨʘʤ Scilab ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʢʚʘʥʪʦʚʠʭ ʯʠʩʝʣ ὲ [54, 155]. 

ɼʣʷ ʮʠʣʽʥʜʨʠʯʥʦʾ ʢʚʘʥʪʦʚʦʾ ʪʦʯʢʠ ʭʚʠʣʴʦʚʫ ʬʫʥʢʮʽʶ ʤʦʞʥʘ ʟʥʘʡʪʠ 

ʪʘʢʦʞ ʟʘ ʬʦʨʤʫʣʦʶ (1.5) ʽ ʦʪʨʠʤʘʪʠ ʛʨʘʬʽʢ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʩʽʪʦʢ 

(ʨʠʩ. 1.8). 
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ʘ) ʙ) 

  

ʚ) ʛ) 

  

ʜ) ʝ) 

ʈʠʩ. 1.7. ʑʽʣʴʥʽʩʪʴ ʡʤʦʚʽʨʥʦʩʪʽ ʟʥʘʭʦʜʞʝʥʥʷ ʝʣʝʢʪʨʦʥʘ ʚ ʟʘʜʘʥʽʡ ʦʙʣʘʩʪʽ 

ʢʦʥʽʯʥʦʾ ʢʚʘʥʪʦʚʦʾ ʪʦʯʢʠ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʢʚʘʥʪʦʚʠʭ ʯʠʩʝʣ:  

ʘ) ὲ ρ, ὲ ρ; ʙ) ὲ ρ, ὲ ς; ʚ) ὲ ς, ὲ ρ;  

ʛ) ὲ ς, ὲ ς; ʜ) ὲ σ, ὲ ς; ʝ) ὲ σ, ὲ σ. 

 

ʈʠʩ. 1.8. ʍʚʠʣʴʦʚʘ ʬʫʥʢʮʽʷ ʮʠʣʽʥʜʨʠʯʥʦʾ ʢʚʘʥʪʦʚʦʾ ʪʦʯʢʠ 
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ʑʽʣʴʥʽʩʪʴ ʡʤʦʚʽʨʥʦʩʪʽ ʟʥʘʭʦʜʞʝʥʥʷ ʝʣʝʢʪʨʦʥʘ ʚ ʟʘʜʘʥʽʡ ʦʙʣʘʩʪʽ 

ʮʠʣʽʥʜʨʠʯʥʦʾ ʢʚʘʥʪʦʚʦʾ ʪʦʯʢʠ ʙʫʜʝ ʦʙʯʠʩʣʝʥʦ ʪʘʢʦʞ ʟʘ ʬʦʨʤʫʣʦʶ (1.6), 

ʚʽʜʤʽʥʥʽʩʪʶ ʙʫʜʝ ʪʽʣʴʢʠ ʦʙʣʘʩʪʴ ʧʦʙʫʜʦʚʠ (ʨʠʩ. 1.9) ʪʘ ʚʽʜʧʦʚʽʜʥʽ ʦʙʯʠʩʣʝʥʥʷ 

[56]. 

  

ʘ) ʙ) 

  

ʚ) ʛ) 

ʈʠʩ. 1.9. ʑʽʣʴʥʽʩʪʴ ʡʤʦʚʽʨʥʦʩʪʽ ʟʥʘʭʦʜʞʝʥʥʷ ʝʣʝʢʪʨʦʥʘ ʚ ʟʘʜʘʥʽʡ ʦʙʣʘʩʪʽ 

ʮʠʣʽʥʜʨʠʯʥʦʾ ʢʚʘʥʪʦʚʦʾ ʪʦʯʢʠ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʢʚʘʥʪʦʚʠʭ ʯʠʩʝʣ:  

ʘ) ὲ ρ, ὲ ρ; ʙ) ὲ ρ, ὲ ς; ʚ) ὲ ς, ὲ ρ; ʛ) ὲ ς, ὲ ς. 

ɺʠʢʦʥʘʻʤʦ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʘʥʫ ʝʣʝʢʪʨʦʥʘ ʜʣʷ ʮʠʣʽʥʜʨʠʯʥʦʾ ʢʚʘʥʪʦʚʦʾ 

ʪʦʯʢʠ ʟ ʦʙʦʣʦʥʢʦʶ [38], ʱʦ ʫ ʧʝʨʰʦʤʫ ʥʘʙʣʠʞʝʥʥʽ ʤʘʻ ʧʦʪʝʥʮʽʘʣʴʥʫ ʝʥʝʨʛʽ ʁ

(ʤʦʜʝʣʴ ʦʙʤʝʞʫʶʯʦʛʦ ʧʦʪʝʥʮʽʘʣʫ): 

Ὗὶȟᾀ
π ̔ ̨̠̅̑ȟ̠ ̋̚ ̏π ὶ Ὑ ̓  ́ȿᾀȿ ȟ

Ὗ ̔ ̨̗̏̂̏̌̏̎ȟ̠ ̋̚ ̏Ὑ ὶ Ὑ Ὠ ̓  ́ ȿᾀȿ ὨȢ
  (1.7) 

ʊʦʜ ̔ʨʽʚʥʷʥʥʷ ʐʨʝʜʽʥʛʝʨʘ (1.4) ʙʫʜʝ ʚʠʢʦʥʘʥʦ ʪʽʣʴʢʠ ʜʣʷ ʷʜʨʘ, ʘ ʜʣʷ 

ʦʙʦʣʦʥʢʠ ʥʘʙʫʜʝ ʚʠʛʣʷʜʫ:  

Ͻ
ςά Ὗπ Ὁ

ᴐς
Ͻ‪ ὶȟᾀ πȟ                   (1.8) 
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ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʭʚʠʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʜʣʷ ʷʜʨʘ ‪ ὶȟᾀ ʙʫʜʝ ʟʙʽʛʘʪʠʩʷ ʟ 

ʬʦʨʤʫʣʦʶ (1.6), ʘ ʜʣʷ ʦʙʦʣʦʥʢʠ ‪ ὶȟᾀ ʟ ʫʨʘʭʫʚʘʥʥʷʤ (1.8) ʤʦʞʝ ʙʫʪʠ 

ʦʙʯʠʩʣʝʥʦ ʟʘ ʬʦʨʤʫʣʦʶ: 

‪ ὶȟᾀ ὄϽὑ ὯϽὶϽὩ Ͻȟ                             (1.9) 

ʜʝ ὑ ὯϽὶ ï ʬʫʥʢʮʽʷ ʄʘʢʜʦʥʘʣʴʜʘ (ʤʦʜʠʬʽʢʦʚʘʥʘ ʬʫʥʢʮʽʷ ɹʝʩʩʝʣʷ ʜʨʫʛʦʛʦ 

ʨʦʜʫ ʚʽʜ ʫʷʚʥʦʛʦ ʘʨʛʫʤʝʥʪʫ). 

ʊʦʜʽ ʙʫʜʫʻʤʦ ʛʨʘʬʽʢʠ (ʨʠʩ. 1.10) ʚʽʜʥʦʩʥʦʾ (ɸ=1) ʱʽʣʴʥʦʩʪʽ ʡʤʦʚʽʨʥʦʩʪʽ 

ʟʥʘʭʦʜʞʝʥʥʷ ʝʣʝʢʪʨʦʥʘ ʫ ʟʘʜʘʥʽʡ ʦʙʣʘʩʪʽ ʮʠʣ̔ʥʜʨʠʯʥʦʾ ʢʚʘʥʪʦʚʦ ʾʪʦʯʢʠ ʟ 

ʦʙʦʣʦʥʢʦʶ, ʱʦ ʜʦʨʽʚʥʶʻ: 

”ὶȟᾀ
ȿ‪ ὶȟᾀȿȟ̠ ̋̚ ̏ȿὶȿ Ὑ ̓  ́ȿᾀȿ

ȿ‪ ὶȟᾀȿȟ̠ ̋̚ ̏Ὑ ȿὶȿ Ὑ Ὠ ́̂ ̏ ȿᾀȿ Ὠ
    (1.10) 

  

a) b) 

ʈʠʩ. 1.10. ʑʽʣʴʥʽʩʪʴ ʡʤʦʚʽʨʥʦʩʪʽ ʟʥʘʭʦʜʞʝʥʥʷ ʝʣʝʢʪʨʦʥʘ ʚ ʟʘʜʘʥʽʡ ʦʙʣʘʩʪʽ 

ʮʠʣʽʥʜʨʠʯʥʦʾ ʢʚʘʥʪʦʚʦʾ ʪʦʯʢʠ ʟ ʦʙʦʣʦʥʢʦʶ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ 

ʢʚʘʥʪʦʚʠʭ ʯʠʩʝʣ: ʘ) ὲ ρ, ὲ ρ; ʙ) ὲ ς, ὲ ς. 

ʈʦʟʛʣʷʥʝʤʦ ʤʦʜʝʣʴ ʢʫʙʽʯʥʦʾ ʢʚʘʥʪʦʚʦʾ ʪʦʯʢʠ (ʧʨʦʩʪʦʨʦʚʦʾ ʧʦʪʝʥʮʽʘʣʴʥʦʾ 

ʷʤʠ), ʨʝʙʨʦ ʷʢʦʾ ʜʦʨʽʚʥʶʻ ςὥ, ʟ ʦʙʦʣʦʥʢʦʶ, ʪʦʚʱʠʥʘ ʷʢʦʾ Ὠ [156]. ʍʚʠʣʴʦʚʝ 

ʨʽʚʥʷʥʥʷ ʐʨʝʜʽʥʛʝʨʘ ʜʣʷ ʩʪʘʮʽʦʥʘʨʥʠʭ ʩʪʘʥʽʚ S-ʝʣʝʢʪʨʦʥʽʚ (ʦʨʙʽʪʘʣʴʥʠʡ 

ʤʦʤʝʥʪ l=0) ʫ ʷʜʨʽ (ʦʙʣʘʩʪʴ ɯ) ʤʘʻ ʚʠʛʣʷʜ: 

ὯȟϽ‪ ὼȟώȟᾀ π,                     (1.11) 
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ʜʝ ʭʚʠʣʴʦʚʝ ʯʠʩʣʦ ʜʣʷ ʷʜʨʘ 

Ὧȟ
Ѝ

ᴐ
. 

ɼʣʷ ʦʙʦʣʦʥʢʠ ʫ ʚʠʧʘʜʢʫ U0>E (ʧʦʚʥʘ ʝʥʝʨʛʽʷ): 

ὯȟϽ‪ ὼȟώȟᾀ π,                      (1.12) 

ʜʝ ʭʚʠʣʴʦʚʝ ʯʠʩʣʦ ʜʣʷ ʦʙʦʣʦʥʢʠ: 

Ὧȟ ᴐ
. 

ʈʦʟʚôʷʟʫʶʯʠ ʟʘʜʘʥʽ ʨʽʚʥʷʥʥʷ ʤʝʪʦʜʦʤ ʌʫʨôʻ ʨʦʟʜʽʣʝʥʥʷ ʟʤʽʥʥʠʭ ʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʫʤʦʚʠ ʥʝʧʝʨʝʨʚʥʦʩʪʽ ʪʘ ʛʣʘʜʢʦʩʪʽ ʭʚʠʣʴʦʚʦʾ ʬʫʥʢʮʽʾ, ʦʪʨʠʤʘʻʤʦ 

ʨʽʟʥʽ ʨʦʟʚôʷʟʢʠ ʜʣʷ ʧʘʨʥʦʾ, ʥʝʧʘʨʥʦʾ ʪʘ ʩʫʧʝʨʧʦʟʠʮʽʾ ʧʘʨʥʦʾ ʪʘ ʥʝʧʘʨʥʦʾ 

ʬʫʥʢʮʽʡ. 

ʊʦʜʽ ʱʽʣʴʥʽʩʪʴ ʡʤʦʚʽʨʥʦʩʪʽ ʟʥʘʭʦʜʞʝʥʥʷ ʝʣʝʢʪʨʦʥʘ ʚ ʟʘʜʘʥʽʡ ʦʙʣʘʩʪʽ 

ʢʫʙʽʯʥʦʾ ʢʚʘʥʪʦʚʦʾ ʪʦʯʢʠ ʜʣʷ ʥʝʧʘʨʥʦʾ ʭʚʠʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʜʦʨʽʚʥʶʻ: 

”ȟ ὼȟώ ίὭὲὯȟὼϽίὭὲὯȟώȟ          ȿὼȿȟȿώȿ ὥȟ   

”ȟ ὼȟώ ὄϽὩ ȟ ϽὩ ȟ ȟ   ȿὼȿȟȿώȿ ὥ Ὠȟ   
           (1.13) 

ʅʘ ʛʨʘʬʽʢʫ (ʨʠʩ. 1.11) ʱʽʣʴʥʦʩʪʽ ʡʤʦʚʽʨʥʦʩʪʽ (1.13) ʨʽʟʥʠʤʠ ʢʦʣʴʦʨʘʤʠ 

ʧʦʟʥʘʯʝʥʦ ʦʙʣʘʩʪʽ ʷʜʨʘ ʪʘ ʦʙʦʣʦʥʢʠ. 

 

ʈʠʩ. 1.11. ʑʽʣʴʥʽʩʪʴ ʡʤʦʚʽʨʥʦʩʪʽ ʟʥʘʭʦʜʞʝʥʥʷ ʝʣʝʢʪʨʦʥʘ ʚ ʟʘʜʘʥʽʡ ʦʙʣʘʩʪʽ 

ʢʫʙʽʯʥʦʾ ʢʚʘʥʪʦʚʦʾ ʪʦʯʢʠ ʜʣʷ ʥʝʧʘʨʥʦʾ ʭʚʠʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʧʨʠ E=0.335 ʝɺ. 



47 
 

ʑʽʣʴʥʽʩʪʴ ʡʤʦʚʽʨʥʦʩʪʽ (ʨʠʩ. 1.12) ʟʥʘʭʦʜʞʝʥʥʷ ʝʣʝʢʪʨʦʥʘ ʚ ʟʘʜʘʥʽʡ 

ʦʙʣʘʩʪʽ ʢʫʙʽʯʥʦʾ ʢʚʘʥʪʦʚʦʾ ʪʦʯʢʠ ʜʣʷ ʧʘʨʥʦʾ ʭʚʠʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʜʦʨʽʚʥʶʻ: 

”ȟ ὼȟώ ὧέίὯȟὼϽὧέίὯȟώȟ           ȿὼȿȟȿώȿ ὥȟ

”ȟ ὼȟώ ὄ ϽὩ ȟ ϽὩ ȟ ȟ   ȿὼȿȟȿώȿ ὥ Ὠ 
  

 
          (1.14) 

  

ʘ) ʙ) 

ʈʠʩ. 1.12. ʑʽʣʴʥʽʩʪʴ ʡʤʦʚʽʨʥʦʩʪʽ ʟʥʘʭʦʜʞʝʥʥʷ ʝʣʝʢʪʨʦʥʘ ʚ ʟʘʜʘʥʽʡ ʦʙʣʘʩʪʽ 

ʢʫʙʽʯʥʦʾ ʢʚʘʥʪʦʚʦʾ ʪʦʯʢʠ ʜʣʷ ʚʠʧʘʜʢʫ ʧʘʨʥʦʾ ʭʚʠʣʴʦʚʦʾ ʬʫʥʢʮʽʾ:  

ʘ) Ὁ πȢρπυ ̆ ,ˏ ʙ) Ὁ πȢχυ ̆ .ˏ 

ʑʽʣʴʥʽʩʪʴ ʽʤʦʚʽʨʥʦʩʪʽ (ʨʠʩ. 1.13) ʜʣʷ ʩʪʘʥʫ ʩʫʧʝʨʧʦʟʠʮʽʾ ʧʘʨʥʦʾ ʪʘ 

ʥʝʧʘʨʥʦʾ ʭʚʠʣʴʦʚʠʭ ʬʫʥʢʮʽʡ ʚʠʨʘʞʘʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʶ:  

‪ὼȟώ ὧέίὯȟὼϽίὭὲὯȟώ .                               (1.15) 

 
ʈʠʩ. 1.13. ʑʽʣʴʥʽʩʪʴ ʡʤʦʚʽʨʥʦʩʪʽ ʟʥʘʭʦʜʞʝʥʥʷ ʝʣʝʢʪʨʦʥʘ ʚ ʟʘʜʘʥʽʡ ʦʙʣʘʩʪʽ 

ʢʚʘʥʪʦʚʦʾ ʪʦʯʢʠ ʜʣʷ ʩʪʘʥʫ ʩʫʧʝʨʧʦʟʠʮʽʾ ʧʘʨʥʦʾ ʪʘ ʥʝʧʘʨʥʦʾ ʭʚʠʣʴʦʚʠʭ 

ʬʫʥʢʮʽʡ. 
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ʆʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ ʜʣʷ ʢʫʙʽʯʥʦʾ ʢʚʘʥʪʦʚʦʾ ʪʦʯʢʠ (ʨʠʩ. 1.13) ʤʦʞʫʪʴ ʙʫʪʠ 

ʫʟʘʛʘʣʴʥʝʥʽ ʜʣʷ ʯʦʪʠʨʠʢʫʪʥʦʾ ʧʨʠʟʤʘʪʠʯʥʦʾ ʢʚʘʥʪʦʚʦʾ ʪʦʯʢʠ. 

ʈʦʟʛʣʷʥʝʤʦ ʩʪʘʥ ʝʣʝʢʪʨʦʥʘ ʫ ʪʨʠʢʫʪʥʽʡ ʧʽʨʘʤʽʜʘʣʴʥʽʡ (ʪʝʪʨʘʝʜʨʘʣʴʥʽʡ) 

ʢʚʘʥʪʦʚʽʡ ʪʦʯʮʽ ʫ ʚʠʧʘʜʢʫ ʥʝʧʨʦʟʦʨʠʭ ʩʪʽʥʦʢ. ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʦʩʦʢʫʪʥʘ 

(ʪʨʠʢʫʪʥʘ) ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ: ʦʩʽ ʢʦʦʨʜʠʥʘʪ όᴆȟ ὺᴆȟύᴆ ʩʧʨʷʤʦʚʘʥʦ ʚʟʜʦʚʞ 

ʨʝʙʨ ʪʝʪʨʘʝʜʨʘ ʜʦʚʞʠʥʦʶ ὥ, ʢʫʪ ʤʽʞ ʷʢʠʤʠ ‌ φπЈ. ʍʚʠʣʴʦʚʝ ʨʽʚʥʷʥʥʷ 

ʐʨʝʜʽʥʛʝʨʘ (1.11) ʜʣʷ ʷʜʨʘ ʢʚʘʥʪʦʚʦʾ ʪʦʯʢʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʃʘʤʝ ʜʣʷ ʢʦʩʦʢʫʪʥʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʥʘʙʫʜʝ ʚʠʛʣʷʜʫ: 

Ὧ‪ὼȟώȟᾀ π.                        (1.16) 

ʊʦʜʽ ʛʨʘʬʽʢʠ (ʨʠʩ. 1.14) ʚʽʜʥʦʩʥʦʾ ʱʽʣʴʥʦʩʪʽ ʡʤʦʚʽʨʥʦʩʪʽ (ὃ ρ) 

ʟʥʘʭʦʜʞʝʥʥʷ ʝʣʝʢʪʨʦʥʘ ʫ ʟʘʜʘʥʽʡ ʪʦʯʮʽ ʦʙʣʘʩʪʽ ʧʽʨʘʤʽʜʘʣʴʥʦʾ ʢʚʘʥʪʦʚʦʾ ʪʦʯʢʠ 

ʧʨʠ ᾀ  : 

”ὼȟώȟᾀ ίὭὲὯόϽίὭὲὯὺ ίὭὲὯ ὼ ϽίὭὲὯ  .   (1.17) 

  

ʘ) ʙ) 

ʈʠʩ. 1.14. ɻʨʘʬʽʢʠ ʚʽʜʥʦʩʥʦʾ ʱʽʣʴʥʦʩʪʽ ʡʤʦʚʽʨʥʦʩʪʽ ʜʣʷ ʨʽʟʥʠʭ ʢʚʘʥʪʦʚʠʭ 

ʯʠʩʝʣ ʧʨʠ ᾀ : ʘ) ὲ ς, ὲ ρ; ʙ) ὲ ὲ ς. 

ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʣʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʢʚʘʥʪʦʚʠʭ ʪʦʯʦʢ 

(ʧʽʨʘʤʽʜʘʣʴʥʦʾ, ʢʫʙʽʯʥʦʾ, ʢʦʥʽʯʥʦʾ, ʮʠʣʽʥʜʨʠʯʥʦʾ) ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʚʘʥʪʦʚʠʭ ʪʦʯʦʢ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ 

ʩʦʥʷʯʥʠʭ ʧʘʥʝʣʝʡ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʥʠʟʴʢʦʨʦʟʤʽʨʥʠʭ ʢʚʘʥʪʦʚʠʭ ʩʠʩʪʝʤ. 
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ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʟʘʩʪʦʩʦʚʫʶʪʴ ʪʘʢʦʞ ʧʨʠ ʨʦʟʨʦʙʮʽ ʽʤʽʪʘʮʽʡʥʠʭ 

ʚʽʨʪʫʘʣʴʥʠʭ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʤʧôʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʚʯʘʣʴʥʦʛʦ ʢʫʨʩʫ çʌʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʤʘʛʽʩʪʝʨʩʴʢʠʭ ʧʨʦʛʨʘʤè ʩʧʝʮʽʘʣʴʥʦʩʪʽ 141 çɽʣʝʢʪʨʦʝʥʝʨʛʝʪʠʢʘ, 

ʝʣʝʢʪʨʦʪʝʭʥʽʢʘ ʽ ʝʣʝʢʪʨʦʤʝʭʘʥʽʢʘè ʚ ʊʘʚʨʽʡʩʴʢʦʤʫ ʜʝʨʞʘʚʥʦʤʫ 

ʘʛʨʦʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ ʽʤʝʥʽ ɼʤʠʪʨʘ ʄʦʪʦʨʥʦʛʦ. 

 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 1 

 

ɺ ʧʝʨʰʦʤʫ ʨʦʟʜʽʣʽ ʧʨʦʚʝʜʝʥʦ ʦʛʣʷʜ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʛʝʥʝʨʘʮʽʾ 

ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʜʠʩʢʨʝʪʥʠʭ ʤʦʜʝʣʝʡ, ʷʢʠʡ ʻ ʧʨʦʜʦʚʞʝʥʥʷʤ ʽ ʜʦʧʦʚʥʝʥʥʷʤ 

ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʧʨʦʚʝʜʝʥʽ ʚ ʨʦʙʦʪʽ [80], ʘ ʩʘʤʝ: ʦʧʠʩʘʥʦ ʦʩʥʦʚʥʽ 

ʢʨʦʢʠ ʜʣʷ ʧʦʙʫʜʦʚʠ ʩʽʪʢʠ, ʷʢʽ ʻ ʟʘʛʘʣʴʥʠʤʠ ʜʣʷ ʙʘʛʘʪʴʦʭ ʧʽʜʭʦʜʽʚ ʾʭ 

ʘʚʪʦʤʘʪʠʯʥʦʾ ʛʝʥʝʨʘʮʽʾ; ʨʦʟʛʣʷʥʫʪʦ ʘʣʛʝʙʨʘʾʯʥʽ, ʝʣʽʧʪʠʯʥʽ ʽ ʚʘʨʽʘʮʽʡʥʽ, 

ʛʽʧʝʨʙʦʣʽʯʥʽ ʤʝʪʦʜʠ ʛʝʥʝʨʘʮʽʾ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʪʘ ʙʣʦʯʥʦ-ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ 

ʩʽʪʦʢ; ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʩʧʝʮʽʘʣʴʥʽ ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʢʦʤʧôʶʪʝʨʥʘ ʛʝʥʝʨʘʮʽʷ ʩʽʪʦʢ; ʦʧʠʩʘʥʦ ʨʽʚʥʷʥʥʷ ʽ ʪʝʦʨʽʾ, ʥʘ ʦʩʥʦʚʽ 

ʷʢʠʭ ʙʫʜʫʶʪʴʩʷ ʩʽʪʢʠ; ʥʘʚʝʜʝʥʦ ʯʠʩʝʣʴʥʽ ʤʝʪʦʜʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ 

ʛʝʥʝʨʘʮʽʾ ʩʽʪʦʢ; ʜʦʩʣʽʜʞʝʥʦ ʰʠʨʦʢʝ ʢʦʣʦ ʦʙôʻʢʪʽʚ ʽ ʧʨʦʮʝʩʽʚ, ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ 

ʷʢʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʪʨʫʢʪʫʨʦʚʘʥʽ ʩʽʪʢʠ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʤʝʪʦʜʽʚ ʛʝʥʝʨʘʮʽʾ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʩʽʪʦʢ ʚʠʷʚʠʣʦ ʧʝʨʝʚʘʛʠ 

ʪʘ ʥʝʜʦʣʽʢʠ ʾʭʥʴʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʘ ʩʘʤʝ: ʧʝʨʝʚʘʛʠ ï ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʣʴʰ ʚʠʩʦʢʦʛʦ ʧʦʨʷʜʢʫ ʘʧʨʦʢʩʠʤʘʮʽʾ ʽ ʤʝʥʰʦʾ ʢʽʣʴʢʦʩʪʽ 

ʨʝʩʫʨʩʽʚ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʤʘʰʠʥ; ʥʝʜʦʣʽʢʠ ï ʦʙʤʝʞʝʥʥʷ ʥʘ ʬʦʨʤʫ ʝʣʝʤʝʥʪʽʚ, 

ʩʪʨʫʢʪʫʨʫ ʾʭʥʴʦʛʦ ʨʦʟʤʽʱʝʥʥʷ ʽ ʥʘ ʛʝʦʤʝʪʨʠʯʥʫ ʤʦʜʝʣʴ, ʘʜʘʧʪʘʮʽʷ ʜʦ ʩʢʣʘʜʥʠʭ 

ʪʽʣ ʜʦʩʠʪʴ ʪʨʫʜʦʤʽʩʪʢʘ ʽ ʻ ʤʦʞʣʠʚʽʩʪʴ ʧʦʷʚʠ ʚʠʨʦʜʞʝʥʠʭ ʝʣʝʤʝʥʪʽʚ, 

ʜʝʢʦʤʧʦʟʠʮʽʶ ʥʘ ʙʣʦʢʠ ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ ʜʣʷ ʤʝʪʦʜʽʚ, ʢʦʣʠ ʙʣʦʢʠ ʪʘ ʛʨʘʥʠʮʽ 

ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʷʚʥʦ, ʘʣʝ ʫ ʚʠʧʘʜʢʫ ʥʘʜʪʦ ʩʢʣʘʜʥʦʾ ʬʦʨʤʠ ʪʽʣʘ 

ʜʝʢʦʤʧʦʟʠʮʽʷ ʤʘʡʞʝ ʥʝ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ. ʇʦʧʫʣʷʨʥʦʶ ʻ ʢʦʤʙʽʥʘʮʽʷ ʛʝʥʝʨʘʮʽʾ 
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ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʪʘ ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʩʽʪʦʢ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʘʪʠ ʚʩʽ 

ʧʝʨʝʚʘʛʠ ʽ ʦʙʤʝʞʠʪʠ ʥʝʜʦʣʽʢʠ ʦʙʦʭ ʚʠʜʽʚ ʩʽʪʦʢ. 

ʅʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜʠ ʧʦʙʫʜʦʚʠ ʩʪʨʫʢʪʫʨʦʚʘʥʦʾ ʜʠʩʢʨʝʪʥʦʾ ʤʦʜʝʣʽ 

ʘʝʨʦʜʠʥʘʤʽʯʥʦʾ ʬʦʨʤʠ NACA0012 ʢʨʠʣʘ ʣʽʪʘʢʘ, ʱʦ ʨʦʟʨʦʙʣʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʢʦʥʩʫʣʴʪʘʪʠʚʥʦʛʦ ʢʦʤʽʪʝʪʫ ʟ ʘʝʨʦʥʘʚʪʠʢʠ (NACA). ʊʘʢʦʞ 

ʧʨʦʚʝʜʝʥʦ ʛʝʥʝʨʘʮʽʶ ʩʪʨʫʢʪʫʨʦʚʘʥʦʾ ʩʽʪʢʠ ʱʽʣʴʥʦʩʪʽ ʡʤʦʚʽʨʥʦʩʪʽ 

ʟʥʘʭʦʜʞʝʥʥʷ ʝʣʝʢʪʨʦʥʘ ʚ ʟʘʜʘʥʽʡ ʦʙʣʘʩʪʽ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʢʚʘʥʪʦʚʠʭ ʪʦʯʦʢ ʟ 

ʨʽʟʥʠʤʠ ʭʚʠʣʴʦʚʠʤʠ ʯʠʩʣʘʤʠ. 

ʋʟʘʛʘʣʴʥʶʶʯʠ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ 

ʧʨʦʚʝʜʝʥʠʡ ʦʛʣʷʜ ʧʽʜʪʚʝʨʜʞʫʻ ʘʢʪʫʘʣʴʥʽʩʪʴ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʽʚ ʛʝʥʝʨʘʮʽʾ 

ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʜʠʩʢʨʝʪʥʠʭ ʤʦʜʝʣʝʡ ʛʝʦʤʝʪʨʠʯʥʠʭ ʦʙôʻʢʪʽʚ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ 

ʯʠʩʝʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʾʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ʆʩʥʦʚʥʽ ʥʘʫʢʦʚʽ ʽ ʧʨʘʢʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʘʥʦʛʦ ʨʦʟʜʽʣʫ ʦʧʫʙʣʽʢʦʚʘʥʦ ʚ 

ʧʨʘʮʷʭ [22, 39-40, 54-57, 67, 71, 155-156]. 
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ʈʆɿɼɯʃ 2  

ɻɽʅɽʈɸʎɯʗ ʉʊʈʋʂʊʋʈʆɺɸʅʀʍ ɼʀʉʂʈɽʊʅʀʍ ʄʆɼɽʃɽʁ 

ɼɺʆɺʀʄɯʈʅʀʍ ɻɽʆʄɽʊʈʀʏʅʀʍ ʆɹôɭʂʊɯɺ 

 

2.1 ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʛʝʥʝʨʘʮʽʾ ʩʽʪʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʇʫʘʩʩʦʥʘ 

 

ɼʠʬʝʨʝʥʮʽʘʣʴʥʽ ʤʝʪʦʜʠ ʥʘ ʦʩʥʦʚʽ ʝʣʽʧʪʠʯʥʠʭ ʽ ʧʘʨʘʙʦʣʽʯʥʠʭ ʨʽʚʥʷʥʴ 

ʜʘʶʪʴ ʛʣʘʜʢʽ ʚʥʫʪʨʽʰʥʽ ʢʦʦʨʜʠʥʘʪʥʽ ʣʽʥʽʾ, ʪʦʤʫ ʻ ʤʦʞʣʠʚʽʩʪʴ ʙʫʜʫʚʘʪʠ 

ʦʨʪʦʛʦʥʘʣʴʥʽ ʣʽʥʽʾ ʪʘ ʣʽʥʽʾ, ʱʦ ʟʛʫʱʫʶʪʴʩʷ. ɻʽʧʝʨʙʦʣʽʯʥʽ ʨʽʚʥʷʥʥʷ ʜʦʟʚʦʣʷʶʪʴ 

ʙʫʜʫʚʘʪʠ ʦʨʪʦʛʦʥʘʣʴʥʫ ʩʠʩʪʝʤʫ, ʘʣʝ ʥʝ ʟʘʚʞʜʠ ʾʭ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʣʷ 

ʦʙʣʘʩʪʝʡ, ʥʘʧʨʠʢʣʘʜ, ʷʢʽ ʤʘʶʪʴ ʟʘʜʘʥʽ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ. ʆʪʞʝ, ʪʘʢʽ ʤʝʪʦʜʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʦʙʣʘʩʪʝʡ, ʱʦ ʥʝ ʚʠʤʘʛʘʶʪʴ ʩʧʝʮʽʘʣʴʥʦ ʟʘʜʘʥʦʛʦ 

ʨʦʟʧʦʜʽʣʫ ʚʫʟʣʽʚ ʩʽʪʢʠ. 

ɼʣʷ ʢʨʠʚʦʣʽʥʽʡʥʦʾ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ ʧʨʠ ʧʦʙʫʜʦʚʽ ʩʽʪʢʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʝʨʝʪʚʦʨʝʥʥʷ ʢʦʦʨʜʠʥʘʪ, ʱʦ ʜʦʟʚʦʣʷʻ ʢʨʠʚʦʣʽʥʽʡʥʫ ʬʽʟʠʯʥʫ 

ʦʙʣʘʩʪʴ ʚ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ὼȟώ ʧʝʨʝʚʝʩʪʠ ʜʦ ʧʨʷʤʦʢʫʪʥʦʾ ʨʦʟʨʘʭʫʥʢʦʚʦʾ 

ʦʙʣʘʩʪʽ ʚ ʩʠʩʪʝʤʽ ‚ȟ–. ɿʚôʷʟʦʢ ʤʽʞ ʬʽʟʠʯʥʦʶ ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʦʶ ʦʙʣʘʩʪʷʤʠ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘʣʝʞʥʦʩʪʷʤʠ: 

ὼ ὼ‚ȟ–, ώ ώ‚ȟ–.                                        (2.1) 

ʊʨʘʥʩʬʦʨʤʘʮʽʷ ʚʽʜ ʦʜʥʠʭ ʢʦʦʨʜʠʥʘʪ ʜʦ ʽʥʰʠʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʧʨʘʚʠʣʦʤ 

‚ ‚
– –

ὼ ὼ
ώ ώ

ώ ὼ
ώ ὼ , 

ʜʝ ὐ ï ʚʠʟʥʘʯʥʠʢ ʤʘʪʨʠʮʽ ʧʝʨʝʪʚʦʨʝʥʴ (ʷʢʦʙʽʘʥ) ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʧʨʘʚʠʣʦʤ: 

ὐ ὼϽώ ὼϽώ. 

ʊʦʜʽ ʟʘ ʣʘʥʮʶʛʦʚʠʤ ʧʨʘʚʠʣʦʤ ʦʙʯʠʩʣʝʥʥʷ ʧʦʭʽʜʥʠʭ, ʦʪʨʠʤʘʻʤʦ 

ʥʘʩʪʫʧʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʢʦʦʨʜʠʥʘʪ: 
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‚ – ,      ‚ – . 

ʈʦʟʛʣʷʥʝʤʦ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʡ ʤʝʪʦʜ ʥʘ ʧʨʠʢʣʘʜʽ ʝʣʽʧʪʠʯʥʦʛʦ ʨʽʚʥʷʥʥʷ. 

ʋ ʥʘʡʧʨʦʩʪʽʰʦʤʫ ʫʟʘʛʘʣʴʥʝʥʦʤʫ ʚʠʛʣʷʜʽ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟ 

ʬʽʟʠʯʥʦʾ ʜʦ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ ʢʦʦʨʜʠʥʘʪ (2.1), ʤʘʻʤʦ ʨʽʚʥʷʥʥʷ ʃʘʧʣʘʩʘ 

ʜʣʷ ʛʝʥʝʨʘʮʽʾ ʩʪʨʫʢʪʫʨʦʚʘʥʦʾ ʩʽʪʢʠ: 

ᶯ‚ πȟ

ᶯ– πȢ
                                                      (2.2) 

ʈʽʚʥʷʥʥʷ (2.2) ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ ʨʽʚʥʦʤʽʨʥʫ ʩʽʪʢʫ, ʘ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʟʛʫʱʝʥʥʷ ʩʽʪʢʠ ʚ ʧʦʪʨʽʙʥʠʭ ʦʙʣʘʩʪʷʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʦʥʪʨʦʣʴʥʽ ʬʫʥʢʮʽʾ 

ὖ‚ȟ–, ὗ‚ȟ– ʽ ʨʽʚʥʷʥʥʷ ʇʫʘʩʩʦʥʘ: 

ᶯ‚ ὖ‚ȟ–ȟ     ɳ – ὗ‚ȟ–Ȣ                                (2.3) 

ʆʩʢʽʣʴʢʠ ʣʽʥʽʾ ʩʽʪʢʠ ʟʘʜʘʶʪʴ ʚ ʧʨʦʩʪʦʨʽ ‚ȟ–, ʪʦ ʥʝʦʙʭʽʜʥʦ ʦʪʨʠʤʘʪʠ 

ʟʘʣʝʞʥʦʩʪʽ ὼ ὼ‚ȟ–ȟώ ώ‚ȟ–, ʪʦʤʫ ʟʘʣʝʞʥʽ ʽ ʥʝʟʘʣʝʞʥʽ ʟʤʽʥʥʽ ʚ ʨʽʚʥʷʥʥʽ 

(2.3) ʥʝʦʙʭʽʜʥʦ ʧʦʤʽʥʷʪʠ ʤʽʩʮʷʤʠ. ʈʦʟʚôʷʟʦʢ ʩʠʩʪʝʤʠ (2.3) ʚ ʨʦʟʨʘʭʫʥʢʦʚʽʡ 

ʦʙʣʘʩʪʽ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ‚ȟ– ʦʪʨʠʤʫʻ ʚʠʛʣʷʜ: 

 

Ὣ ςὫ Ὣ Ὣ0 1 πȟ

Ὣ ςὫ Ὣ Ὣ0 1 πȟ
           (2.4) 

ʜʝ 

Ὣ ,  Ὣ , 

Ὣ , Ὣ . 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʨʽʚʥʷʥʥʷ (2.4) ʻ ʥʝʣʽʥʽʡʥʠʤʠ, ʦʩʢʽʣʴʢʠ 

ʢʦʝʬʽʮʽʻʥʪʠ ʟʘʣʝʞʘʪʴ ʚʽʜ ʥʝʚʽʜʦʤʠʭ ʚʝʣʠʯʠʥ, ʪʦʤʫ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ (2.4) 

ʨʦʟʚôʷʟʫʶʪʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ, ʥʘʧʨʠʢʣʘʜ, ʨʽʟʥʠʮʝʚʠʭ ʩʭʝʤ. 
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2.2 ʇʝʨʝʚʘʛʠ ʽ ʥʝʜʦʣʽʢʠ ʛʝʥʝʨʘʮʽʾ ʩʽʪʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʇʫʘʩʩʦʥʘ 

 

ɼʠʬʝʨʝʥʮʽʘʣʴʥʽ ʤʝʪʦʜʠ ʥʘ ʦʩʥʦʚʽ ʝʣʽʧʪʠʯʥʠʭ ʽ ʧʘʨʘʙʦʣʽʯʥʠʭ ʨʽʚʥʷʥʴ 

ʟʘʟʚʠʯʘʡ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʛʝʥʝʨʘʮʽʾ ʩʽʪʦʢ ʚ ʦʙʣʘʩʪʷʭ ʟ ʜʦʚʽʣʴʥʦʶ 

ʤʝʞʝʶ, ʦʩʢʽʣʴʢʠ ʮʽ ʤʝʪʦʜʠ ʜʘʶʪʴ ʛʣʘʜʢʽ ʚʥʫʪʨʽʰʥʽ ʢʦʦʨʜʠʥʘʪʥʽ ʣʽʥʽʾ, ʦʪʞʝ 

ʟʣʘʤʠ ʧʦʚʝʨʭʥʽ ʥʝ ʙʫʜʫʪʴ ʨʦʟʧʦʚʩʶʜʞʫʚʘʪʠʩʷ ʚʩʝʨʝʜʠʥʫ ʦʙʣʘʩʪʽ ʧʦʙʫʜʦʚʠ. 

ʊʦʤʫ ʻ ʤʦʞʣʠʚʽʩʪʴ ʙʫʜʫʚʘʪʠ ʦʨʪʦʛʦʥʘʣʴʥʽ ʣʽʥʽʾ ʪʘ ʣʽʥʽʾ, ʱʦ ʟʛʫʱʫʶʪʴʩʷ ʟʘ 

ʟʘʜʘʥʠʤ ʧʨʘʚʠʣʦʤ. ʅʘʧʨʠʢʣʘʜ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʝʣʽʧʪʠʯʥʠʭ ʚ ʘʣʛʝʙʨʘʾʯʥʠʭ 

ʤʝʪʦʜʘʭ ʜʣʷ ʩʢʣʘʜʥʠʭ ʦʙʣʘʩʪʝʡ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʥʘʢʣʘʜʘʥʥʷ ʢʦʤʽʨʦʢ ʦʜʥʘ ʥʘ 

ʦʜʥʫ, ʩʽʪʢʘ ʤʦʞʝ ʚʠʡʪʠ ʟʘ ʤʝʞʽ ʟʘʜʘʥʦʾ ʦʙʣʘʩʪʽ. ɻʽʧʝʨʙʦʣʽʯʥʽ ʨʽʚʥʷʥʥʷ ʧʨʦʩʪʽʰʽ 

ʜʣʷ ʯʠʩʝʣʴʥʦʾ ʨʝʘʣʽʟʘʮʽʾ, ʪʘʢʦʞ ʜʦʟʚʦʣʷʶʪʴ ʙʫʜʫʚʘʪʠ ʦʨʪʦʛʦʥʘʣʴʥʫ ʩʽʪʢʫ, ʘʣʝ 

ʾʭ ʥʝ ʟʘʚʞʜʠ ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ ʜʦ ʦʙʣʘʩʪʝʡ, ʜʝ ʞʦʨʩʪʢʦ ʟʘʜʘʥʘ ʪʽʣʴʢʠ ʯʘʩʪʠʥʘ 

ʛʨʘʥʠʯʥʠʭ ʧʦʚʝʨʭʦʥʴ. ʊʦʤʫ ʛʽʧʝʨʙʦʣʽʯʥʽ ʤʝʪʦʜʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʟʘʟʚʠʯʘʡ ʚ 

ʧʨʦʩʪʠʭ ʦʙʣʘʩʪʷʭ, ʱʦ ʤʘʶʪʴ ʜʝʷʢʽ ʙʽʯʥʽ ʛʨʘʥʽ, ʱʦ ʥʝ ʧʦʪʨʝʙʫʶʪʴ ʩʧʝʮʽʘʣʴʥʦ 

ʟʘʜʘʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʚʫʟʣʽʚ ʩʽʪʢʠ [27]. 

 

2.3 ʏʠʩʝʣʴʥʠʡ ʨʦʟʚôʷʟʦʢ ʨʽʚʥʷʥʥʷ ʇʫʘʩʩʦʥʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʨʽʟʥʠʮʝʚʦʾ ʩʭʝʤʠ 

2.3.1 ɸʧʨʦʢʩʠʤʘʮʽʷ ʧʦʭʽʜʥʠʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʮʝʚʦʾ ʩʭʝʤʠ 

 

ʄʝʪʦʜʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʮʝʚʦʾ ʩʭʝʤʠ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʥʘʙʣʠʞʝʥʽʡ 

ʟʘʤʽʥʽ ʧʦʭʽʜʥʠʭ ʾʭ ʩʢʽʥʯʝʥʥʦʨʽʟʥʠʮʝʚʠʤʠ ʘʥʘʣʦʛʘʤʠ [20, 65]. ʇʦʙʫʜʫʻʤʦ 

ʥʘʙʣʠʞʝʥʥʷ ʧʝʨʰʦʾ ʪʘ ʜʨʫʛʦʾ ʧʦʭʽʜʥʠʭ ʜʣʷ ʬʫʥʢʮʽʾ ʦʜʥʽʻʾ ʟʤʽʥʥʦʾ όὼ, ʱʦ 

ʚʠʟʥʘʯʝʥʘ ʥʘ ʚʽʜʨʽʟʢʫ ὥȟὦ, ʥʝʧʝʨʝʨʚʥʘ ʽ ʤʘʻ ʥʝʧʝʨʝʨʚʥʽ ʧʦʭʽʜʥʽ, ʥʘʧʨʠʢʣʘʜ, 

ʜʦ ʪʨʝʪʴʦʛʦ ʧʦʨʷʜʢʫ ʚʢʣʶʯʥʦ. ʈʦʟʽʙôʻʤʦ ʚʽʜʨʽʟʦʢ ὥȟὦ ʥʘ n ʧʨʦʤʽʞʢʽʚ 

ʜʦʚʞʠʥʦʶ 

Ὤ  
  

 
 .                                               (2.5) 
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ʇʦʟʥʘʯʠʤʦ ʯʝʨʝʟ ό, ό, ό , ό ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ όὼ ʪʘ ʾʾ ʧʝʨʰʠʭ ʪʨʴʦʭ 

ʧʦʭʽʜʥʠʭ ʫ ʪʦʯʮʽ ὼ ὼ i (Ὥ πȟρȟȢȢȢȟὲ). ʇʨʝʜʩʪʘʚʠʤʦ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ u(x) ʚ 

ʦʢʦʣʽ ʪʦʯʢʠ ὼ ὼ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʦʨʤʫʣʠ ʊʝʡʣʦʨʘ: 

όὼ ό
Ȧ
ὼ ὼ

Ȧ
ὼ ὼ

Ȧ
ὼ ὼ ὕȿὼ ὼȿ   (2.6) 

ʜʝ ὕȿὼ ὼȿ  ï ʟʘʣʠʰʢʦʚʠʡ ʯʣʝʥ ʬʦʨʤʫʣʠ ʊʝʡʣʦʨʘ, ʱʦ ʤʘʻ ʚʝʣʠʯʠʥʫ ʪʦʛʦ ʞ 

ʧʦʨʷʜʢʫ, ʱʦ ʽ ȿὼ ὼȿ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʬʦʨʤʫʣʠ (2.6), ʦʙʯʠʩʣʶʻʤʦ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ όὼ ʚ 

ʪʦʯʢʘʭ ὼ ὼ  i ὼ ὼ : 

ό ό
ό

ρȦ
ὼ ὼ

ό

ςȦ
ὼ ὼ

ό

σȦ
ὼ ὼ  

ὕȿὼ ὼȿ ,                                              (2.7) 

ό ό
ό

ρȦ
ὼ ὼ

ό

ςȦ
ὼ ὼ

ό

σȦ
ὼ ὼ  

ὕȿὼ ὼȿ .                                             (2.8) 

ɺʨʘʭʦʚʫʶʯʠ ʨʽʚʥʽʩʪʴ (2.5), ʦʪʨʠʤʘʻʤʦ ʥʘʩʪʫʧʥʽ ʨʽʚʥʦʩʪʽ: 

ὼ ὼ Ὤ,     ὼ ὼ ὬȢ                           (2.9) 

ʊʦʜʽ ʧʽʜʩʪʘʚʣʷʻʤʦ ʟʥʘʯʝʥʥʷ (2.9) ʚ ʨʽʚʥʦʩʪʽ (2.7) ʪʘ (2.8), ʦʪʨʠʤʘʻʤʦ 

ʩʧʨʦʱʝʥʽ ʚʠʨʘʟʠ: 

ό ό
Ȧ
Ὤ

Ȧ
Ὤ

Ȧ
Ὤ ὕὬ ,                      (2.10) 

ό ό
Ȧ
Ὤ

Ȧ
Ὤ

Ȧ
Ὤ ὕὬ .                      (2.11) 

ɿʥʘʡʜʝʤʦ ʨʽʟʥʠʮʶ ʚʠʨʘʟʽʚ (2.11) ʪʘ (2.10): 

ό ό ςόὬ Ὤ ὕὬ .                         (2.12) 
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ɿ ʨʽʚʥʦʩʪʽ (2.12) ʦʪʨʠʤʘʻʤʦ ʟʥʘʯʝʥʥʷ ʜʣʷ ό: 

ό Ὤ ὕὬ , 

ʟ ʷʢʦʛʦ ʦʪʨʠʤʘʻʤʦ ʚʠʨʘʟ: 

ό ὕὬ .                                     (2.13) 

ʇʝʨʰʠʡ ʜʦʜʘʥʦʢ  ʧʨʘʚʦʾ ʯʘʩʪʠʥʠ ʨʽʚʥʦʩʪʽ (2.13) ʥʘʟʠʚʘʶʪʴ 

ʮʝʥʪʨʘʣʴʥʠʤ ʩʢʽʥʯʝʥʥʦʨʽʟʥʠʮʝʚʠʤ ʚʽʜʥʦʰʝʥʥʷʤ, ʱʦ ʻ ʥʘʙʣʠʞʝʥʥʷʤ ʧʦʭʽʜʥʦʾ, 

ʚʠʭʦʜʷʯʠ ʟ ʾʾ ʚʠʟʥʘʯʝʥʥʷ. ɼʨʫʛʠʡ ʜʦʜʘʥʦʢ ὕὬ  ʧʦʢʘʟʫʻ ʧʦʭʠʙʢʫ ʟʘʤʽʥʠ 

ʟʤʽʥʥʦʾ: ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʚʝʣʠʯʠʥʠ Ὤ ʧʦʭʠʙʢʘ ʙʫʜʝ ʥʘʙʣʠʞʫʚʘʪʠʩʴ ʟʘ ʩʚʦʾʤ 

ʟʥʘʯʝʥʥʷʤ ʜʦ ʥʫʣʷ ʷʢ Ὤ, ʪʦʙʪʦ ʥʘʙʣʠʞʝʥʥʷ ʤʘʻ ʜʨʫʛʠʡ ʧʦʨʷʜʦʢ ʪʦʯʥʦʩʪʽ. ʎʝ 

ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʚʝʣʠʯʠʥʫ ʧʦʭʠʙʢʠ ʜʣʷ ʢʦʞʥʦʾ ʘʧʨʦʢʩʠʤʘʮʽʾ, ʱʦ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʦ ʧʝʚʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʪʘ ʛʝʦʤʝʪʨʠʯʥʠʭ ʦʙôʻʢʪʽʚ, 

ʜʣʷ ʷʢʠʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʛʝʥʝʨʘʮʽʷ ʩʽʪʢʠ.  

ɿ ʨʽʚʥʦʩʪʽ (2.13) ʦʪʨʠʤʫʻʤʦ ʮʝʥʪʨʘʣʴʥʫ ʨʽʟʥʠʮʝʚʫ ʩʭʝʤʫ: 

ό                                              (2.14) 

ʇʨʦʚʦʜʷʯʠ ʘʥʘʣʦʛʽʯʥʽ ʜʽʾ ʜʣʷ ʧʘʨʠ ʪʦʯʦʢ ὼ ὼ i ὼ ὼ , ʦʪʨʠʤʘʻʤʦ 

ʨʽʟʥʠʮʝʚʫ ʩʭʝʤʫ ʩʧʨʘʚʘ: 

ό                                                (2.15) 

ʽ ʜʣʷ ʧʘʨʠ ʪʦʯʦʢ ὼ ὼ i ὼ ὼ , ʦʪʨʠʤʘʻʤʦ ʨʽʟʥʠʮʝʚʫ ʩʭʝʤʫ ʟʣʽʚʘ: 

ό                                                (2.16) 

ɺʠʨʘʟ (2.14) ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʚʥʫʪʨʽʰʥʽʭ ʪʦʯʦʢ ʨʦʟʙʠʪʪʷ, ʘ 

ʨʽʚʥʦʩʪʽ (2.15) ʪʘ (2.16) ʥʘ ʤʝʞʽ ʦʙʣʘʩʪʽ. 

ʑʦʙ ʟʥʘʡʪʠ ʥʘʙʣʠʞʝʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʜʨʫʛʦʾ ʧʦʭʽʜʥʦʾ, ʜʦʜʘʻʤʦ ʚʠʨʘʟʠ 

(2.10) ʽ (2.11), ʦʪʨʠʤʘʻʤʦ: 
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ό ό ςό όὬ ὕὬ .                         (2.17) 

ɺʠʨʘʞʘʻʤʦ ʟʥʘʯʝʥʥʷ ό  ʟ ʨʽʚʥʦʩʪʽ (2.17), ʪʦʜʽ ʦʪʨʠʤʘʻʤʦ: 

ό ὕὬ ,                                     (2.18) 

ʪʦʜʽ ʨʽʟʥʠʮʝʚʘ ʩʭʝʤʘ ʜʣʷ ʜʨʫʛʦʾ ʧʦʭʽʜʥʦʾ ʤʘʻ ʚʠʛʣʷʜ: 

ό .                                            (2.19) 

ɿ ʚʠʨʘʟʫ (2.18) ʨʦʙʠʤʦ ʚʠʩʥʦʚʦʢ, ʱʦ ʥʘʙʣʠʞʝʥʥʷ (2.19) ʤʘʻ ʜʨʫʛʠʡ 

ʧʦʨʷʜʦʢ ʪʦʯʥʦʩʪʽ. 

ʈʽʟʥʠʮʝʚʫ ʩʭʝʤʫ ʥʘʟʠʚʘʶʪʴ ʩʪʽʡʢʦʶ, ʷʢʱʦ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʢʨʦʢʫ 

ʨʦʟʙʠʪʪʷ ʧʦʯʘʪʢʦʚʘ ʧʦʭʠʙʢʘ ʥʝ ʟʨʦʩʪʘʻ. ɺ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ ʤʘʻʤʦ ʥʝʩʪʽʡʢʫ 

ʨʽʟʥʠʮʝʚʫ ʩʭʝʤʫ. ʈʦʟʛʣʷʥʝʤʦ ʚʠʨʘʟ ʜʣʷ ʥʦʨʤʠ ʩʽʪʢʠ, ʱʦ ʛʝʥʝʨʫʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʨʽʚʥʷʥʥʷ ʟ ʜʚʦʤʘ ʟʤʽʥʥʠʤʠ ὼ ʪʘ ώ, ʜʝ ʧʦʟʥʘʯʠʤʦ ʯʝʨʝʟ όȟ ʟʥʘʯʝʥʥʷ 

όὼȟώ ʫ ʚʫʟʣʽ ὭȟὮ: 

ᴁόᴁ В  όȟȟ , 

ʊʦʜʽ ʚʽʜʭʠʣʝʥʥʷ ʥʘʙʣʠʞʝʥʦʛʦ ʨʦʟʚôʷʟʢʫ ό ʚʽʜ ʪʦʯʥʦʛʦ Ὗ ʤʦʞʥʘ 

ʦʙʯʠʩʣʠʪʠ ʟʘ ʩʭʦʞʦʶ ʩʭʝʤʦʶ: 

ᴁό Ὗᴁ В  όȟ  Ὗȟȟ                               (2.20) 

ɺʠʨʘʟ (2.20) ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʣʷ ʢʦʥʪʨʦʣʶ ʽʪʝʨʘʮʽʡʥʦʛʦ ʧʨʦʮʝʩʫ 

ʨʦʟʚôʷʟʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʤʽʞ ʥʘʙʣʠʞʝʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʥʘ ʜʚʦʭ ʩʫʩʽʜʥʽʭ 

ʢʨʦʢʘʭ ʽʪʝʨʘʮʽʾ. 

 

2.3.2 ʈʽʟʥʠʮʝʚʘ ʩʭʝʤʘ ʜʣʷ ʨʽʚʥʷʥʥʷ ʇʫʘʩʩʦʥʘ 

 

ʂʨʘʡʦʚʘ ʟʘʜʘʯʘ ʜʣʷ ʨʽʚʥʷʥʥʷ ʇʫʘʩʩʦʥʘ (2.4) ʧʦʣʷʛʘʻ ʫ ʟʥʘʭʦʜʞʝʥʥʽ 

ʬʫʥʢʮʽʡ ὼ‚ȟ– ʪʘ ώ‚ȟ–, ʱʦ ʚʠʟʥʘʯʝʥ ̔ ʚ ʧʝʚʥʽʡ ʦʙʣʘʩʪʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʢʨʘʡʦʚʠʭ ʫʤʦʚ. ʈʦʟʛʣʷʥʝʤʦ ʚʠʧʘʜʦʢ ʫʤʦʚʠ ɼʽʨʽʭʣʝ, ʪʦʙʪʦ ʚʽʜʦʤʝ ʟʥʘʯʝʥʥʷ 
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ʬʫʥʢʮʽʾ ʥʘ ʤʝʞʽ ʦʙʯʠʩʣʶʚʘʥʦʾ ʦʙʣʘʩʪʽ. ɿʘʩʪʦʩʫʻʤʦ ʨʽʟʥʠʮʝʚʽ ʩʭʝʤʠ ʜʣʷ 

ʨʽʚʥʷʥʥʷ ʇʫʘʩʩʦʥʘ (2.4) ʚ ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʦʙʣʘʩʪʽ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ‚ȟ–. 

ʆʩʢʽʣʴʢʠ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʥʘ ʤʝʞʽ ʦʙʣʘʩʪʽ ʚʽʜʦʤʦ, ʪʦ ʥʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ ʪʽʣʴʢʠ 

ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʫ ʚʥʫʪʨʽʰʥʽʡ ʦʙʣʘʩʪʽ, ʪʦʤʫ ʙʫʜʝ ʟʘʩʪʦʩʦʚʘʥʦ ʪʽʣʴʢʠ 

ʮʝʥʪʨʘʣʴʥʘ ʨʽʟʥʠʮʝʚʘ ʩʭʝʤʘ (2.14) ʜʣʷ ʘʧʨʦʢʩʠʤʘʮʽʾ ʧʝʨʰʦʾ ʧʦʭʽʜʥʦʾ ʪʘ 

ʨʽʟʥʠʮʝʚʘ ʩʭʝʤʘ (2.19) ʜʣʷ ʜʨʫʛʦʾ ʧʦʭʽʜʥʦʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦ ʷʢʽʡ ʟʤʽʥʥʽʡ 

ʙʝʨʝʪʴʩʷ ʧʦʭʽʜʥʘ. ʇʦʟʥʘʯʠʤʦ ʯʝʨʝʟ ὼȟ ʟʥʘʯʝʥʥʷ ὼ‚ȟ– ʫ ʚʫʟʣʽ ὭȟὮ, 

ʘʥʘʣʦʛʽʯʥʦ ʽ ʜʣʷ ώȟ. 

ʈʦʟʨʘʭʫʥʢʦʚʘ ʦʙʣʘʩʪ ɹ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ‚ȟ– ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ 

ʢʚʘʜʨʘʪ πȟρ πȟρ. ʊʦʤʫ ʜʦʨʝʯʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʨʽʚʥʦʤʽʨʥʝ ʨʦʟʙʠʪʪʷ ʚ ʦʙʦʭ 

ʥʘʧʨʷʤʢʘʭ ‚ ʪʘ – ʟ ʦʜʥʘʢʦʚʠʤ ʢʨʦʢʦʤ ʨʦʟʙʠʪʪʷ  Ὤ, ʱʦ ʩʧʨʦʩʪʠʪʴ ʧʦʜʘʣʴʰʽ 

ʦʙʯʠʩʣʝʥʥʷ ʚ ʦʙʦʭ ʥʘʧʨʷʤʢʘʭ. ʊʦʜʽ ʦʪʨʠʤʘʻʤʦ ʥʘʩʪʫʧʥʽ ʥʘʙʣʠʞʝʥʥʷ ʜʣʷ 

ʧʦʭʽʜʥʠʭ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʨʽʚʥʷʥʥʷ (2.4): 

ȟ

ȟ ȟ
,   

ȟ

ȟ ȟ
, 

ȟ

ȟ ȟ
,   

ȟ

ȟ ȟ
, 

ʜʣʷ ʧʦʭʽʜʥʠʭ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʧʦ ʦʜʥʽʡ ʟʤʽʥʥʽʡ: 

ȟ

ȟ ȟ ȟ
, 

ȟ

ȟ ȟ ȟ
, 

ȟ

ȟ ȟ ȟ
, 

ȟ

ȟ ȟ ȟ
, 

ʜʣʷ ʤʽʰʘʥʠʭ ʧʦʭʽʜʥʠʭ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ, ʚʠʢʦʨʠʩʪʘʚʰʠ ʧʦʯʝʨʛʦʚʦ, ʥʘʧʨʠʢʣʘʜ, 

ʧʨʘʚʫ ʨʽʟʥʠʮʝʚʫ ʩʭʝʤʫ (2.15) ʜʣʷ ʢʦʞʥʦʾ ʟʤʽʥʥʦʾ ʦʢʨʝʤʦ, ʦʪʨʠʤʘʻʤʦ ʚʠʨʘʟʠ: 

ȟ

ȟ ȟ ȟ ȟ
,  

ȟ

ȟ ȟ ȟ ȟ
. 

ʗʢʱʦ ʚʟʷʪʠ ʮʝʥʪʨʘʣʴʥʫ ʨʽʟʥʠʮʝʚʫ ʩʭʝʤʫ, ʪʦ ʜʣʷ ʤʽʰʘʥʠʭ ʧʦʭʽʜʥʠʭ 

ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʦʪʨʠʤʘʻʤʦ ʥʘʩʪʫʧʥʽ ʚʠʨʘʟʠ: 
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ȟ

ȟ ȟ ȟ ȟ
,  

 
ȟ

ȟ ȟ ȟ ȟ
. 

ʇʽʜʩʪʘʚʣʷʻʤʦ ʦʪʨʠʤʘʥʽ ʥʘʙʣʠʞʝʥʥʷ ʜʣʷ ʧʦʭʽʜʥʠʭ ʚ ʨʽʚʥʷʥʥʷ (2.4). 

ʆʩʢʽʣʴʢʠ ʢʨʦʢ ʨʦʟʙʠʪʪʷ ʚʩʶʜʠ ʙʫʚ ʦʜʥʘʢʦʚʠʤ, ʪʦ ʻ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʥʘʪʠ 

ʩʢʦʨʦʯʝʥʥʷ ʪʘʤ, ʜʝ ʮʝ ʤʦʞʣʠʚʦ ʚ ʦʪʨʠʤʘʥʦʤʫ ʨʽʚʥʷʥʥʽ. ɺʨʘʭʦʚʫʶʯʠ 

ʤʘʩʰʪʘʙʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʚʠʨʘʟʽʚ ʽ ʪʝ, ʱʦ ʯʠʩʝʣʴʥʠʡ ʨʦʟʚôʷʟʦʢ ʙʫʜʝ ʚʠʢʦʥʘʥʦ 

ʚ ʧʘʢʝʪʽ ʧʨʦʛʨʘʤ Scilab, ʜʦʨʝʯʥʠʤ ʙʫʜʝ ʧʽʜ ʯʘʩ ʥʘʧʠʩʘʥʥʷ ʧʨʦʛʨʘʤʠ ʦʢʨʝʤʦ 

ʦʙʯʠʩʣʠʪʠ ʚʩʽ ʩʪʨʫʢʪʫʨʥʽ ʢʦʤʧʦʥʝʥʪʠ ʨʽʚʥʷʥʥʷ (2.4). ʆʪʨʠʤʘʥʝ ʥʘʙʣʠʞʝʥʥʷ 

ʜʣʷ ʨʽʚʥʷʥʥʷ (2.4) ʙʫʜʝ ʥʝʣʽʥʽʡʥʠʤ ʨʽʚʥʷʥʥʷʤ, ʪʦʤʫ ʨʦʟʚôʷʟʘʥʥʷ ʙʫʜʝ ʚʠʢʦʥʘʥʦ 

ʯʠʩʝʣʴʥʠʤ ʤʝʪʦʜʦʤ. ɼʣʷ ʮʴʦʛʦ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʤʝʪʦʜ ʧʨʦʩʪʠʭ ʽʪʝʨʘʮʽʡ ʯʠ 

ʡʦʛʦ ʫʜʦʩʢʦʥʘʣʝʥʫ ʚʝʨʩʽʶ ï ʤʝʪʦʜ ɿʝʡʜʝʣʷ.  

ɺ ʥʘʡʧʨʦʩʪʽʰʦʤʫ ʚʠʧʘʜʢʫ (ʥʘ ʧʨʠʢʣʘʜʽ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʦʜʥʽʻʾ ʟʤʽʥʥʦʾ) 

ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʝʪʦʜʫ ʧʨʦʩʪʠʭ ʽʪʝʨʘʮʽʡ ʟʘʜʘʥʝ ʥʝʣʽʥʽʡʥʝ ʨʽʚʥʷʥʥʷ: 

Ὢὼ π                                                 (2.21) 

ʟʘʧʠʩʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ: 

ὼ Ὣὼ.                                                (2.22) 

ʅʝʭʘʡ ʧʦʯʘʪʢʦʚʝ ʥʘʙʣʠʞʝʥʥʷ ʜʦ ʢʦʨʝʥʷ ʟʘʜʘʥʦʛʦ ʨʽʚʥʷʥʥʷ (2.21) ʚʽʜʦʤʦ 

ʽ ʜʦʨʽʚʥʶʻ  

ὼ ὼ.                                                  (2.23) 

ʇʽʜʩʪʘʚʣʷʻʤʦ (2.23) ʚ ʧʨʘʚʫ ʯʘʩʪʠʥʫ (2.22) ʽ ʦʪʨʠʤʘʻʤʦ: 

ὼ Ὣὼ .                                              (2.24) 

ʇʽʜʩʪʘʚʣʷʻʤʦ ʟʥʘʯʝʥʥʷ (2.24) ʟʥʦʚʫ ʚ ʨʽʚʥʷʥʥʷ (2.22) ʽ ʦʪʨʠʤʘʻʤʦ: 

ὼ Ὣὼ .                                              (2.25) 

ʇʨʦʜʦʚʞʫʻʤʦ ʜʘʣʽ ʮʽ ʜʽʾ, ʪʦʜʽ ʦʪʨʠʤʘʻʤʦ ʟʘʛʘʣʴʥʫ ʬʦʨʤʫʣʫ ʧʨʦʩʪʦʾ 

ʽʪʝʨʘʮʽʾ: 

ὼ Ὣὼ ȟὯ ρȟςȟσȟȣ                                (2.26) 
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ʎʠʢʣ ʦʙʯʠʩʣʝʥʴ ʟʘ ʬʦʨʤʫʣʦʶ (2.26) ʧʨʦʚʦʜʠʪʴʩʷ, ʧʦʢʠ ʥʝ ʙʫʜʝ ʚʠʢʦʥʘʥʘ 

ʫʤʦʚʘ ʥʘʧʝʨʝʜ ʟʘʜʘʥʦʾ ʪʦʯʥʦʩʪʽ ‐: 

ȿὼ ὼȿ ‐.                                         (2.27) 

ɼʣʷ ʢʽʣʴʢʦʩʪʽ ʟʤʽʥʥʠʭ, ʱʦ ʙʽʣʴʰʘ ʟʘ 1, ʣʽʚʘ ʯʘʩʪʠʥʘ (2.27) ʧʨʠʡʤʘʻ 

ʚʠʛʣʷʜ ʥʦʨʤʦʚʘʥʦʾ ʚʝʣʠʯʠʥʠ, ʥʘʧʨʠʢʣʘʜ, ʱʦ ʤʘʻ ʩʪʨʫʢʪʫʨʫ (2.20). 

 ʄʝʪʦʜ ɿʝʡʜʝʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʩʠʩʪʝʤ ʨʽʚʥʷʥʴ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʤʝʪʦʜʫ 

ʧʨʦʩʪʠʭ ʽʪʝʨʘʮʽʡ ʪʠʤ, ʱʦ ʧʽʩʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʜʝʷʢʦʛʦ ʥʘʙʣʠʞʝʥʥʷ Ὥ-ʪʦʾ 

ʢʦʤʧʦʥʝʥʪʠ ʦʜʨʘʟʫ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʡʦʛʦ ʜʣʷ ʧʦʰʫʢʫ ʥʘʩʪʫʧʥʠʭ Ὥ ρ, Ὥ

ς, é, ὲ-ʪʦʾ ʢʦʤʧʦʥʝʥʪ. ʎʝ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʙʽʣʴʰ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ 

ʟʙʽʞʥʦʩʪʽ ʤʝʪʦʜʫ ɿʝʡʜʝʣʷ ʧʦʨʽʚʥʷʥʦ ʟ ʤʝʪʦʜʦʤ ʧʨʦʩʪʠʭ ʽʪʝʨʘʮʽʡ.  

 

2.4 ʄʝʪʦʜʠ ʧʦʙʫʜʦʚʠ ʧʦʯʘʪʢʦʚʦʾ ʩʽʪʢʠ 

2.4.1 ʈʽʚʥʦʤʽʨʥʘ ʩʽʪʢʘ 

 

ʈʽʚʥʦʤʽʨʥʘ ʩʽʪʢʘ ʙʫʜʫʻʪʴʩʷ ʘʣʛʝʙʨʘʾʯʥʠʤ ʤʝʪʦʜʦʤ, ʱʦ ʨʦʟʧʦʜʽʣʷʻ ʚʫʟʣʠ 

ʩʽʪʢʠ ʥʘ ʨʽʚʥʽʡ ʚʽʜʩʪʘʥʽ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ ʫ ʚʽʜʧʦʚʽʜʥʦʤʫ ʥʘʧʨʷʤʢʫ. ʗʢʱʦ 

ʦʙʣʘʩʪʴ ʻ ʧʨʷʤʦʢʫʪʥʠʢʦʤ ʘʙʦ ʢʚʘʜʨʘʪʦʤ, ʪʦ ʨʦʟʧʦʜʽʣ ʩʪʘʻ ʥʘʡʧʨʦʩʪʽʰʠʤ. 

ʅʘʧʨʠʢʣʘʜ, ʤʘʻʤʦ ʧʨʷʤʦʢʫʪʥʠʢ ὥȟὦ ὧȟὨ ʟʽ ʩʪʦʨʦʥʘʤʠ, ʱʦ ʧʘʨʘʣʝʣʴʥʽ 

ʢʦʦʨʜʠʥʘʪʥʠʤ ʣʽʥʽʷʤ, ʪʦʜʽ ὼɴ ὥȟὦ ʪʘ ώɴ ὧȟὨ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʨʠ 

ʟʘʜʘʥʦʤʫ ʢʨʦʮʽ ʨʦʟʙʠʪʪʷ Ὤ ʦʪʨʠʤʘʻʤʦ ʥʘʩʪʫʧʥʽ ʬʦʨʤʫʣʠ ʟʘʜʘʥʥʷ ʚʥʫʪʨʽʰʥʽʭ 

ʪʦʯʦʢ ʚ ʢʦʞʥʦʤʫ ʚʫʟʣʽ ὭȟὮ: 

ὼȟ ὼȟ Ὤ Ὥ ρ,  ώȟ ώȟ Ὤ Ὦ ρ.              (2.28) 

ʂʨʦʢʠ ʨʦʟʙʠʪʪʷ ʢʦʞʥʦʛʦ ʦʢʨʝʤʦʛʦ ʽʥʪʝʨʚʘʣʫ Ὤ ʪʘ Ὤ (ʷʢʱʦ ʦʙʣʘʩʪʴ ʻ 

ʢʚʘʜʨʘʪʥʦʶ, ʪʦ Ὤ Ὤ) ʤʦʞʥʘ ʟʥʘʡʪʠ ʟʘ ʬʦʨʤʫʣʦʶ (2.5) ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʽʥʪʝʨʚʘʣʫ, ʱʦ ʨʦʟʙʠʚʘʻʪʴʩʷ, ʪʘ ʢʽʣʴʢʽʩʪʶ ʦʪʨʠʤʘʥʠʭ ʧʨʦʤʽʞʢʽʚ ὲ. ɺʘʨʪʦ 

ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʽʜ ʯʘʩ ʛʝʥʝʨʘʮʽʾ ʩʽʪʢʠ ʥʘʡʯʘʩʪʽʰʝ ʯʝʨʝʟ ὲ ʧʦʟʥʘʯʘʶʪʴ ʢʽʣʴʢʽʩʪʴ 

ʪʦʯʦʢ ʨʦʟʙʠʪʪʷ ʚ ʟʘʜʘʥʦʤʫ ʥʘʧʨʷʤʢʫ, ʪʦʜʽ ʢʽʣʴʢʽʩʪʴ ʧʨʦʤʽʞʢʽʚ ʙʫʜʝ 
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ʜʦʨʽʚʥʶʚʘʪʠ ὲ ρ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʬʦʨʤʫʣʘ (2.5) ʜʣʷ Ὤ ʪʘ Ὤ ʧʨʠʡʤʘʻ 

ʚʠʛʣʷʜ: 

Ὤ  
  

 
,   Ὤ  

  

 
                                     (2.29) 

ʗʢʱʦ ʦʙʣʘʩʪʴ ʛʝʥʝʨʘʮʽʾ ʩʽʪʢʠ ʻ ʜʦʚʽʣʴʥʠʤ ʯʠ ʢʨʠʚʦʣʽʥʽʡʥʠʤ 

ʯʦʪʠʨʠʢʫʪʥʠʢʦʤ (ʨʠʩ. 2.1), ʪʦʜʽ ʥʘʤ ʙʫʜʫʪʴ ʚʽʜʦʤʽ ʬʫʥʢʮʽʾ, ʱʦ ʟʘʜʘʶʪʴ 

ʩʪʦʨʦʥʠ ʯʦʪʠʨʠʢʫʪʥʠʢʘ, ʘ ʦʪʞʝ ʚʽʜʦʤʽ ʟʥʘʯʝʥʥʷ ὼȟ, ὼȟ, ὼȟ, ὼȟ, ώȟ, ώȟ, 

ώȟ, ώȟ, ʪʦʜʽ ʢʨʦʢ ʽʥʪʝʨʚʘʣʫ ʨʦʟʙʠʪʪʷ ʙʫʜʝ ʦʙʯʠʩʣʝʥʦ ʜʣʷ ʨʷʜʢʘ ʯʠ ʩʪʦʚʧʯʠʢʘ 

ʦʢʨʝʤʦ, ʥʘʧʨʠʢʣʘʜ: 

Ὤ   
ȟ  ȟ

 
,   Ὤ   ȟ  ȟ

 
                             (2.30) 

ʘ ʢʦʦʨʜʠʥʘʪʠ ʚʥʫʪʨʽʰʥʽʭ ʪʦʯʦʢ ʧʦʯʘʪʢʦʚʦʾ ʩʽʪʢʠ ʤʦʞʫʪʴ ʙʫʪʠ ʦʙʯʠʩʣʝʥʽ, ʷʢʱʦ 

ʚ (2.28) ʧʽʜʩʪʘʚʠʪʠ ʚʽʜʧʦʚʽʜʥʽ ʟʥʘʯʝʥʥʷ ʢʨʦʢʫ (2.30), ʪʦʜʽ: 

ὼȟ ὼȟ Ὤ Ὥ ρ,  ώȟ ώȟ Ὤ Ὦ ρ.            (2.31) 

ʌʦʨʤʫʣʠ (2.31) ʟ ʧʽʜʩʪʘʥʦʚʢʦʶ (2.30) ʧʨʠ ʦʜʥʘʢʦʚʠʭ ʢʨʦʢʘʭ ʨʦʟʙʠʪʪʷ ʪʘ 

ʦʜʥʘʢʦʚʽʡ ʢʽʣʴʢʦʩʪʽ ʚʫʟʣʽʚ ʧʦ ʚʽʜʧʦʚʽʜʥʠʤ ʥʘʧʨʘʚʣʝʥʥʷʤ ʩʽʪʢʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʧʝʨʝʪʚʦʨʝʥʽ ʜʦ ʚʠʛʣʷʜʫ: 

ὼ ȟ
ȟ Ͻ ȟ Ͻ

,  ώ ȟ
ȟϽ ȟϽ

    (2.32) 

ʅʝʜʦʣʽʢʦʤ ʛʝʥʝʨʘʮʽʾ ʧʦʯʘʪʢʦʚʦʾ ʨʽʚʥʦʤʽʨʥʦʾ ʩʽʪʢʠ ʻ ʧʦʙʫʜʦʚʘ ʩʽʪʢʠ ʜʣʷ 

ʚʚʽʛʥʫʪʠʭ ʦʙʣʘʩʪʝʡ, ʦʩʢʽʣʴʢʠ ʪʘʢʘ ʩʽʪʢʘ ʩʧʦʯʘʪʢʫ ʤʦʞʝ ʚʠʭʦʜʠʪʠ ʟʘ ʤʝʞʽ 

ʦʙʣʘʩʪʽ ʛʝʥʝʨʘʮʽʾ, ʱʦ ʧʦʟʥʘʯʝʥʦ ʪʝʤʥʦ-ʩʠʥʽʤ ʢʦʣʴʦʨʦʤ (ʨʠʩ. 2.1, ʙ), ʘ ʜʘʣʽ ʮʝ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʝʨʝʭʨʝʱʫʚʘʥʥʷ ʣʽʥʽʡ ʩʽʪʢʠ ʤʽʞ ʩʦʙʦʶ ʙʽʣʷ ʚʚʽʛʥʫʪʦʾ ʤʝʞʽ 

ʦʙʣʘʩʪʽ.  
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ʘ) ʙ) 

ʈʠʩ. 2.1. ʇʦʯʘʪʢʦʚʘ ʨʽʚʥʦʤʽʨʥʘ ʩʽʪʢʘ: ʘ) ʦʧʫʢʣʘ ʦʙʣʘʩʪʴ, ʙ) ʟ ʦʧʫʢʣʦʶ ʪʘ 

ʚʚʽʛʥʫʪʦʶ ʩʪʦʨʦʥʦʶ. 

 

2.4.2 ʊʨʘʥʩʬʽʥʽʪʥʘ ʽʥʪʝʨʧʦʣʷʮʽʷ 

 

ɸʣʛʝʙʨʘʾʯʥʽ ʤʝʪʦʜʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʰʚʠʜʢʫ ʧʦʙʫʜʦʚʫ ʩʽʪʢʠ, ʢʦʥʪʨʦʣʴ 

ʛʫʩʪʦʪʠ ʽ ʥʘʭʠʣʫ ʢʦʦʨʜʠʥʘʪʥʠʭ ʣʽʥʽʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʝʨʝʭʽʜʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʫ 

ʬʦʨʤʫʣʘʭ ʪʨʘʥʩʬʽʥʽʪʥʦʾ ʽʥʪʝʨʧʦʣʷʮʽʾ, ʜʣʷ ̫ʢʦʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʦʣʽʥʦʤʠ. 

ʇʨʦʪʝ ʚ ʩʢʣʘʜʥʠʭ ʦʙʣʘʩʪʷʭ ʘʣʛʝʙʨʘʾʯʥʽ ʤʝʪʦʜʠ ʤʦʞʫʪʴ ʥʝ ʜʘʚʘʪʠ ʧʦʪʨʽʙʥʠʡ 

ʨʝʟʫʣʴʪʘʪ: ʝʣʝʤʝʥʪʠ ʤʦʞʫʪʴ ʤʘʪʠ ʢʫʪʠ, ʙʣʠʟʴʢʽ ʜʦ 180Á (ʨʠʩ. 2.2). ʊʦʤʫ 

ʘʣʛʝʙʨʘʾʯʥʽ ʤʝʪʦʜʠ ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʷʢ ʧʦʯʘʪʢʦʚʝ ʥʘʙʣʠʞʝʥʥʷ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʽʪʝʨʘʮʽʡʥʠʭ ʘʣʛʦʨʠʪʤʽʚ. 

  

ʈʠʩ. 2.2. ɽʣʝʤʝʥʪʠ ʩʽʪʢʠ ʤʘʶʪʴ ʢʫʪʠ, ʱʦ ʙʣʠʟʴʢʽ ʜʦ ʨʦʟʛʦʨʥʫʪʠʭ 

ɼʣʷ ʢʦʥʪʨʦʣʶ ʟʛʫʱʝʥʥʷ ʩʽʪʢʠ ʚ ʟʘʜʘʥʽʡ ʦʙʣʘʩʪʽ, ʚʨʘʭʦʚʫʶʯʠ ʟʚôʷʟʦʢ ʤʽʞ 

ʬʽʟʠʯʥʦʶ ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʦʶ ʦʙʣʘʩʪʷʤʠ (2.1), ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʧʨʦʤʽʞʥʫ 
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ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʧʨʦʤʽʞʥʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ίȟὸ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʘʪʠ ʬʫʥʢʮʽʶ ʨʦʟʪʷʛʫ, ʱʦ ʤʘʻ ʚʠʛʣʷʜ: 

ί ὖ‚ ρ ὖ ρ ,                                 (2.33) 

ʜʝ ὖ ʽ ὗ ï ʧʘʨʘʤʝʪʨʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʢʦʥʪʨʦʣʴ ʨʦʟʧʦʜʽʣʫ ʪʦʯʦʢ ʩʽʪʢʠ [37].  

ʂʝʨʫʚʘʪʠ ʨʦʟʧʦʜʽʣʝʥʥʷʤ ʚʫʟʣʽʚ ʩʽʪʢʠ ʤʦʞʥʘ, ʥʘʧʨʠʢʣʘʜ, ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ 

ʟʥʘʯʝʥʥʽ ʦʜʥʦʛʦ ʧʘʨʘʤʝʪʨʫ ὗ ς ʪʘ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʽʥʰʦʛʦ ὖ πȟρ ï 

ʟʛʫʱʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʣʽʚʦʨʫʯ (ʨʠʩ. 2.3. ʘ), ὖ ρ ï ʩʽʪʢʘ ʨʽʚʥʦʤʽʨʥʘ (ʨʠʩ. 2.3. 

ʙ), ὖ ρȟω ï ʟʛʫʱʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʘʚʦʨʫʯ (ʨʠʩ. 2.3. ʚ). ɺ ʬʦʨʤʫʣʽ (2.33) 

ʩʽʪʢʘ ʧʨʠ ὖ ρ ʦʯʝʚʠʜʥʦ ʙʫʜʝ ʨʽʚʥʦʤʽʨʥʦʶ, ʘ ʧʘʨʘʤʝʪʨ ὗ ʚʞʝ ʥʝ ʤʘʻ ʚʧʣʠʚʫ. 

   

ʘ) ʙ) ʚ) 

ʈʠʩ. 2.3. ʂʝʨʫʚʘʥʥʷ ʟʛʫʱʝʥʥʷʤ ʩʽʪʢʠ 

 

2.5 ɸʣʛʦʨʠʪʤ ʛʝʥʝʨʘʮʽʾ ʩʽʪʢʠ ʚ ʧʘʢʝʪʽ ʧʨʦʛʨʘʤ Scilab 

 

ɸʣʛʦʨʠʪʤ ʧʨʦʛʨʘʤʠ ʧʨʠʟʥʘʯʝʥʦ ʜʣʷ ʧʦʙʫʜʦʚʠ ʜʚʦʚʠʤʽʨʥʦʾ 

ʩʪʨʫʢʪʫʨʦʚʘʥʦʾ ʩʽʪʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʇʫʘʩʩʦʥʘ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʽʚʥʷʥʥʷ ʇʫʘʩʩʦʥʘ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʰʚʠʜʢʽʩʪʴ ʛʝʥʝʨʘʮʽʾ 

ʩʽʪʢʠ ʪʘ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʯʠʩʝʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʟʘ ʨʘʭʫʥʦʢ ʫʧʨʘʚʣʽʥʥʷ 

ʨʦʟʧʦʜʽʣʦʤ ʚʫʟʣʽʚ ʧʦ ʚʠʭʽʜʥʽʡ ʦʙʣʘʩʪʽ. ɼʣʷ ʧʦʙʫʜʦʚʠ ʩʪʨʫʢʪʫʨʦʚʘʥʦʾ ʩʽʪʢʠ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʯʠʩʝʣʴʥʠʡ ʨʦʟʚôʷʟʦʢ ʨʽʚʥʷʥʥʷ ʇʫʘʩʩʦʥʘ (2.4) ʤʝʪʦʜʦʤ 

ɿʝʡʜʝʣʷ. ʆʪʨʠʤʘʥʽ ʩʽʪʢʠ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʨʦʟʚôʷʟʢʫ ʢʨʘʡʦʚʠʭ 

ʟʘʜʘʯ, ʚʠʟʥʘʯʝʥʠʭ ʥʘ ʚʠʭʽʜʥʽʡ ʦʙʣʘʩʪʽ. ʈʦʟʛʣʷʥʝʤʦ ʚʠʧʘʜʦʢ, ʢʦʣʠ ὖ‚ȟ– π, 
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ὗ‚ȟ– π, ʱʦ ʜʘʩʪʴ ʟʤʦʛʫ ʜʦʩʣʽʜʠʪʠ ʚʧʣʠʚ ʚʠʙʦʨʫ ʧʦʯʘʪʢʦʚʦʛʦ ʨʦʟʙʠʪʪʷ ʥʘ 

ʛʝʥʝʨʘʮʽʶ ʩʽʪʢʠ. ʆʪʞʝ ʧʦʨʽʚʥʷʻʤʦ ʧʦʙʫʜʦʚʠ ʩʽʪʢʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʨʽʚʥʦʤʽʨʥʦʛʦ ʧʦʯʘʪʢʦʚʦʛʦ ʨʦʟʙʠʪʪʷ ʪʘ ʧʦʯʘʪʢʦʚʦʾ ʩʽʪʢʠ, ʱʦ ʧʦʙʫʜʦʚʘʥʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʪʨʘʥʩʬʽʥʽʪʥʦʾ ʽʥʪʝʨʧʦʣʷʮʽʾ ʥʘ ʛʝʦʤʝʪʨʠʯʥʽʡ ʦʙʣʘʩʪʽ 

ʢʨʠʚʦʣʽʥʽʡʥʦʛʦ ʯʦʪʠʨʠʢʫʪʥʠʢʘ, ʜʚʽ ʧʨʦʪʠʣʝʞʥʽ ʩʪʦʨʦʥʠ ʷʢʦʛʦ ʧʨʷʤʽ, ʘ ʜʚʽ ʽʥʰʽ 

ï ʟʘʜʘʶʪʴʩʷ ʢʨʠʚʠʤʠ ɹʝʟʴʻ [25]. ʅʘ ʧʦʯʘʪʢʫ ʨʦʙʦʪʠ ʧʨʦʛʨʘʤʠ ʥʝʦʙʭʽʜʥʦ ʟʘʜʘʪʠ 

ʢʽʣʴʢʽʩʪʴ ʪʦʯʦʢ ʨʦʟʙʠʪʪʷ ὲ ʧʦ ʢʦʞʥʦʤʫ ʥʘʧʨʷʤʢʫ, ʚ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʮʝ ʦʜʥʝ ʡ 

ʪʝ ʩʘʤʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʥʘʧʨʷʤʢʽʚ ὼ ʪʘ ώ. ɼʘʣʽ ʚʠʟʥʘʯʘʻʤʦ ʥʘʷʚʥʽʩʪʴ ʤʘʪʨʠʮʴ ʜʣʷ 

ʢʦʦʨʜʠʥʘʪ ὼ ʪʘ ώ, ʘ ʚʨʘʭʦʚʫʶʯʠ, ʱʦ ʙʫʜʝ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜ ɿʝʡʜʝʣʷ, ʪʦ 

ʥʝʦʙʭʽʜʥʦ ʟʘʜʘʪʠ ʡ ʧʨʦʤʽʞʥʽ ʤʘʪʨʠʮʽ. ʅʘʚʝʜʝʤʦ ʣʽʩʪʠʥʛ ʧʨʦʛʨʘʤʠ ʽʟ 

ʟʙʝʨʝʞʝʥʥʷʤ ʢʦʣʴʦʨʫ ʰʨʠʬʪʫ ʧʨʦʛʨʘʤʠ, ʜʝ ʢʦʞʥʦʤʫ ʢʦʣʴʦʨʫ ʚʽʜʚʦʜʠʪʴʩʷ 

ʩʚʦʷ ʨʦʣʴ, ʥʘʧʨʠʢʣʘʜ, ʟʘʤʽʪʢʠ ʘʚʪʦʨʘ ʚʢʘʟʫʶʪʴʩʷ ʟʝʣʝʥʠʤ ʢʦʣʴʦʨʦʤ. ɺ 

ʣʽʩʪʠʥʛʫ ʙʫʜʫʪʴ ʟʫʩʪʨʽʯʘʪʠʩʷ ʧʫʩʪʽ ʨʷʜʢʠ, ʱʦ ʨʦʙʠʪʴʩʷ ʜʣʷ ʟʨʫʯʥʦʩʪʽ 

ʩʧʨʠʡʥʷʪʪʷ ʽʥʬʦʨʤʘʮʽʾ ʙʣʦʢʘʤʠ, ʘ ʥʝ ʩʫʮʽʣʴʥʠʤ ʟʘʧʠʩʦʤ. ʆʪʞʝ ʧʦʯʘʪʢʦʚʽ 

ʨʷʜʢʠ ʧʨʦʛʨʘʤʠ ʙʫʜʫʪʴ ʤʽʩʪʠʪʠ ʥʘʩʪʫʧʥʫ ʽʥʬʦʨʤʘʮʽʶ: 

0001  //ɺʭʽʜʥʽ ʜʘʥʽ // 

0002  //ʏʠʩʣʦ ʨʦʟʙʠʪʪʷ n// 

0003  clear; 

0004  n=31; 

0005  X=zeros(n,n); 

0006  Y=zeros(n,n); 

0007  X1=zeros(n,n); 

0008  Y1=zeros(n,n); 

ɼʘʣʽ ʟʘʜʘʻʤʦ ʢʦʦʨʜʠʥʘʪʠ ʪʨʴʦʭ ʪʦʯʦʢ, ʱʦ ʦʙʤʝʞʫʶʪʴ ʦʙʣʘʩʪʴ ʟʣʽʚʘ ʪʘ 

ʩʧʨʘʚʘ: ʥʠʞʥʶ, ʩʝʨʝʜʥʶ ʪʘ ʚʝʨʭʥʶ. ʃ̔ ʚʦʨʫʯ: (xln, yln) ï ʚʥʠʟʫ, (xls, yls) ï 

ʚʩʝʨʝʜʠʥʽ ʜʣʷ ʟʘʜʘʥʥʷ ʚʠʛʠʥʫ ʢʨʠʚʦʾ ɹʝʟʴʻ, (xlv, ylv) ï ʚʛʦʨʽ. ʇʨʘʚʦʨʫʯ: (xpn, 

ypn) ï ʚʥʠʟʫ, (xps, yps) ï ʚʩʝʨʝʜʠʥʽ ʜʣʷ ʟʘʜʘʥʥʷ ʚʠʛʠʥʫ ʢʨʠʚʦʾ ɹʝʟʴʻ, (xpv, ypv) 

ï ʚʛʦʨʽ. ʅʘʧʨʠʢʣʘʜ: 
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0011  xln=-3; 

0012  yln=-2; 

0013  xls=-6; 

0014  yls=0; 

0015  xlv=-4; 

0016  ylv=2; 

0017   

0018  xpn=2; 

0019  ypn=-1; 

0020  xps=3; 

0021  yps=0; 

0022  xpv=2; 

0023  ypv=1; 

ʌʦʨʤʫʻʤʦ ʤʘʪʨʠʮʽ ʟ ʚʢʘʟʘʥʠʭ ʪʦʯʦʢ: 

0025  P = [xln yln; xls yls; xlv ylv]; 

0026  Q = [xpn ypn; xps yps; xpv ypv]; 

ɿʘʜʘʻʤʦ ʬʫʥʢʮʽʶ ɹʝʟʴʻ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʫʥʢʮʽʡ ɹʝʨʥʰʪʝʡʥʘ: 

0001  function b=bernstein(t, n, i) 

0002      b = t^i *  (1 - t) ^ (n - i) *  factorial(n) / (factorial(i) *  factorial(n - i)); 

0003  endfunction 

0033   

0001  function h=bezier(t, P) 

0002      m = size(P, òrò); 

0003      h = bernstein(t, m - 1, 0) *  P(1, :); 

0004      for i = 2:m 

0005          h = h + bernstein(t, m-1, i-1) *  P(i, :); 

0006      end 

0007  endfunction 
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0041   

0042  t = [0:0.01:1]; 

0043  pp=zeros(size(t, 2), 2); 

0044  pq=zeros(size(t, 2), 2); 

0045   

0046  for i = 1 : n 

0047      pp(i, :) = bezier((i-1)/(n-1), P); 

0048      pq(i, :) = bezier((i-1)/(n-1), Q); 

0049  end 

ɼʘʣʽ ʚʠʢʦʥʫʻʤʦ ʟʘʜʘʥʥʷ ʧʦʯʘʪʢʦʚʦʾ ʩʽʪʢʠ ʤʝʪʦʜʦʤ ʨʽʚʥʦʤʽʨʥʦʛʦ 

ʨʦʟʙʠʪʪʷ (ʩʮʝʥʘʨʽʡ 1): 

0051  //ʂʨʘʡʦʚʽ ʧʦʯʘʪʢʦʚʽ ʟʥʘʯʝʥʥʷ ʧʦ ʨʦʟʙʠʪʪʶ// 

0052  // ʈʽʚʥʦʤʽʨʥʝ ʨʦʟʙʠʪʪʷ// 

0053  for i=1 : n 

0054      X(1,i)=pp(i,1); 

0055      Y(1,i)=pp(i,2); 

0056      X(i,1)=xln+(xpn-xln)* (i-1)/(n-1); 

0057      Y(i,1)=yln+(ypn-yln)* (i-1)/(n-1); 

0058      X(n,i)=pq(i, 1); 

0059      Y(n,i)=pq(i, 2); 

0060      X(i,n)=xlv+(xpv-xlv)* (i-1)/(n-1); 

0061      Y(i,n)=ylv+(ypv-ylv)* (i-1)/(n-1); 

0062  end 

0063   

0064  //ɺʥʫʪʨʽʰʥʽ ʧʦʯʘʪʢʦʚʽ ʟʥʘʯʝʥʥʷ ʧʦ ʨʦʟʙʠʪʪʶ// 

0065  for k=1 : n-2 

0066      for j=1 : n-2 

0067          X(k+1,j+1)=(X(k+1,1)* (n-1-j)+X(k+1,n)* j)/(n-1); 

0068          Y(k+1,j+1)=(Y(k+1,1)* (n-1-j)+Y(k+1,n)* j)/(n-1); 
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0069      end 

0070  end 

ɸʙʦ ʚʠʢʦʥʫʻʤʦ ʟʘʜʘʥʥʷ ʧʦʯʘʪʢʦʚʦʾ ʩʽʪʢʠ ʤʝʪʦʜʦʤ ʪʨʘʥʩʬʽʥʽʪʥʦʾ 

ʽʥʪʝʨʧʦʣʷʮʽʾ (ʩʮʝʥʘʨʽʡ 2): 

0050  //ɿʥʘʯʝʥʥʷ ʣʽʚʦʨʫʯ// 

0001  function x=xl(eta) 

0002      b = bezier(eta, P); 

0003      x = b(1); 

0004  endfunction 

0001  function y=yl(eta) 

0002      b = bezier(eta, P); 

0003      y = b(2); 

0004  endfunction 

0059  //ɿʥʘʯʝʥʥʷ ʧʨʘʚʦʨʫʯ// 

0001  function x=xr(eta) 

0002      b = bezier(eta, Q); 

0003      x = b(1); 

0004  endfunction 

0001  function y=yr(eta) 

0002      b = bezier(eta, Q); 

0003      y = b(2); 

0004  endfunction 

0068  xl0 = xl(0); 

0069  xr0 = xr(0); 

0070  xl1 = xl(1); 

0071  xr1 = xr(1); 

0072  yl0 = yl(0); 

0073  yr0 = yr(0); 

0074  yl1 = yl(1); 
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0075  yr1 = yr(1); 

0001  function x=xb(xi) 

0002      x = xl0 + (1 - xi) *  (xr0 - xl0); 

0003  endfunction 

0001  function y=yb(xi) 

0002      y = yl0 + (1 - xi) *  (yr0 - yl0); 

0003  endfunction 

0082   

0001  function x=xt(xi) 

0002      x = xl1 + (1 - xi) *  (xr1 - xl1); 

0003  endfunction 

0001  function y=yt(xi) 

0002      y = yl1 + (1 - xi) *  (yr1 - yl1); 

0003  endfunction 

0089  //ɺʠʢʦʥʘʥʥʷ ʮʠʢʣʫ ʜʣʷ ʟʘʜʘʥʥʷ ʢʦʦʨʜʠʥʘʪ ʚʩʽʭ ʪʦʯʦʢ ʩʽʪʢʠ// 

0090  for k=1 : n 

0091      xi = (k - 1) / (n - 1); 

0092      for j=1 : n 

0093          eta = (j - 1) / (n - 1); 

0094          X(k, j) = (1 - xi) *  xl(eta) + xi *  xr(eta) + (1 - eta) *  xb(xi) + eta *  xt(xi) 

- (1 - xi) *  (1 - eta) *  xb(0) - (1 - xi) *  eta *  xt(0) - xi *  (1 - eta) *  xb(1) - xi *  eta *  

xt(1); 

0095          Y(k, j) = (1 - xi) *  yl(eta) + xi *  yr(eta) + (1 - eta) *  yb(xi) + eta *  yt(xi) 

- (1 - xi) *  (1 - eta) *  yb(0) - (1 - xi) *  eta *  yt(0) - xi *  (1 - eta) *  yb(1) - xi *  eta *  

yt(1); 

0096      end 

0097  end 

ʇʨʠʚʦʜʠʤʦ ʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʟʥʘʯʝʥʥʷ ʧʦʯʘʪʢʦʚʦʾ ʪʘ ʧʨʦʤʽʞʥʦʾ ʤʘʪʨʠʮʴ: 
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0099  //ɺʽʜʧʦʚʽʜʥʽʩʪʴ ʤʘʪʨʠʮʴ// 

0100  X1=X; 

0101  Y1=Y; 

ʇʦʯʠʥʘʻʤʦ ʽʪʝʨʘʮʽʡʥʠʡ ʧʨʦʮʝʩ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʨʽʚʥʷʥʥʷ ʇʫʘʩʩʦʥʘ 

ʤʝʪʦʜʦʤ ɿʝʡʜʝʣʷ ʟ ʢʦʥʪʨʦʣʝʤ ʩʝʨʝʜʥʴʦʛʦ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ 

ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʚʠʚʦʜʦʤ ʥʘ ʝʢʨʘʥ ʨʝʟʫʣʴʪʘʪʽʚ ʚʽʜʭʠʣʝʥʥʷ ʥʘ ʢʦʞʥʦʤʫ 

ʩʦʪʦʤʫ ʢʨʦʮʽ ʽʪʝʨʘʮʽʡ, ʘ ʪʘʢʦʞ ʤʦʞʣʠʚʽʩʪʴ ʟʫʧʠʥʠʪʠ ʧʨʦʮʝʩ (break), ʷʢʱʦ ʙʫʜʝ 

ʚʠʢʦʥʘʥʘ ʩʧʝʮʽʘʣʴʥʘ ʫʤʦʚʘ ʜʣʷ ʟʘʜʘʥʦʾ ʪʦʯʥʦʩʪʽ ʚʽʜʭʠʣʝʥʥʷ (sqrt(epsilonx^2 + 

epsilony^2) < 0.001): 

0102  //ʂʽʣʴʢʽʩʪʴ ʽʪʝʨʘʮʽʡ m// 

0103  m=10000; 

0104  for k=1 : m 

0105      for i=2 : n-1 

0106          for j=2 : n-1 

0107              g11 = ((X1(i+1,j) - X1(i-1,j)) ^ 2 + (Y1(i+1,j) - Y1(i-1,j)) ^ 2) / 4; 

0108              g12 = (X1(i+1,j) - X1(i-1,j)) *  (X1(i,j+1) - X1(i,j-1)) / 4 + (Y1(i+1,j) 

- Y1(i-1,j)) *  (Y1(i,j+1) - Y1(i,j-1)) / 4; 

0109              g22 = ((X1(i,j+1) - X1(i,j-1)) ^ 2 + (Y1(i,j+1) - Y1(i,j-1)) ^ 2) / 4; 

0110              X1(i,j) = (g22 *  (X1(i-1,j) + X1(i+1,j)) - g12 *  (X1(i+1,j+1) - 

X1(i+1,j-1) - X1(i-1,j+1) + X1(i-1,j-1)) / 2 + g11 *  (X1(i,j-1) + X1(i,j+1))) / (2 *  

g11 + 2 *  g22); 

0111              Y1(i,j) = (g22 *  (Y1(i-1,j) + Y1(i+1,j)) - g12 *  (Y1(i+1,j+1) - 

Y1(i+1,j-1) - Y1(i-1,j+1) + Y1(i-1,j-1)) / 2 + g11 *  (Y1(i,j-1) + Y1(i,j+1))) / (2 *  

g11 + 2 *  g22); 

0112          end 

0113      end 

0114      //ʂʨʦʢ ʮʠʢʣʫ// 

0115      //ɺʽʜʭʠʣʝʥʥʷ ʧʦ ʭ ʽ ʫ// 

0116      epsilonx=sqrt(sum((X1-X).^2)); 
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0117      epsilony=sqrt(sum((Y1-Y).^2)); 

0118      proverka = modulo(k,100); 

0119      if  proverka == 0 then  

0120          disp(epsilony,òʚʽʜʭʠʣʝʥʥʷ ʧʦ yò,epsilonx,òʚʽʜʭʠʣʝʥʥʷ ʧʦ 

ʭò,k,òʅʦʤʝʨ ʢʨʦʢʫ ʮʠʢʣʫò) 

0121      end 

0122      X=X1; 

0123      Y=Y1; 

0124      if  sqrt(epsilonx̂ 2 + epsilonŷ 2) < 0.001 then 

0125          disp(k,òʅʦʤʝʨ ʢʨʦʢʫ ʮʠʢʣʫò); 

0126          disp(epsilony,òʚʽʜʭʠʣʝʥʥʷ ʧʦ yò,epsilonx,òʚʽʜʭʠʣʝʥʥʷ ʧʦ ʭò); 

0127          break; 

0128      end 

0129  end 

ɼʘʣʽ ʚʠʢʦʥʫʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʙʫʜʦʚʘ ʦʪʨʠʤʘʥʦʾ ʩʽʪʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʦʤʘʥʜʠ plot3d. 

ʇʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʧʨʦʛʨʘʤʠ ʙʫʣʦ ʧʦʨʽʚʥʷʥʦ ʨʝʟʫʣʴʪʘʪʠ ʰʚʠʜʢʦʩʪʽ 

ʟʙʽʞʥʦʩʪʽ ʽʪʝʨʘʮʽʡʥʦʛʦ ʧʨʦʮʝʩʫ (ʢʽʣʴʢʽʩʪʴ ʢʨʦʢʽʚ ʽʪʝʨʘʮʽʡ) ʜʣʷ ʢʦʞʥʦʾ 

ʧʦʯʘʪʢʦʚʦʾ ʩʽʪʢʠ ʟ ʦʜʥʘʢʦʚʦʶ ʦʙʣʘʩʪʶ ʧʦʙʫʜʦʚʠ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʚʢʘʟʘʥʠʭ 

ʟʥʘʯʝʥʴ ʪʦʯʦʢ, ʱʦ ʦʙʤʝʞʫʶʪʴ ʦʙʣʘʩʪʴ ʧʦʙʫʜʦʚʠ, (ʟ ʧʘʨʘʤʝʪʨʘʤʠ xln = -3; 

yln = -2; xls = -6; yls = 0; xlv = -4; ylv = 2; xpn = 2; ypn = -1; xps = 3; yps = 0; 

xpv = 2; ypv = 1) ʙʫʣʦ ʟʛʝʥʝʨʦʚʘʥʦ ʩʪʨʫʢʪʫʨʦʚʘʥʫ ʩʽʪʢʫ (ʨʠʩ. 2.4) ʟʘ ʜʚʦʤʘ 

ʩʮʝʥʘʨʽʷʤʠ: 1 ï ʨʽʚʥʦʤʽʨʥʝ ʧʦʯʘʪʢʦʚʝ ʨʦʟʙʠʪʪʷ, 2 ï ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʪʨʘʥʩʬʽʥʽʪʥʦʾ ʽʥʪʝʨʧʦʣʷʮʽʾ. ʉʣʦʚʦ çʩʮʝʥʘʨʽʡè ʦʙʨʘʥʦ ʜʣʷ ʚʢʘʟʘʥʠʭ ʤʝʪʦʜʽʚ 

ʯʝʨʝʟ ʩʪʘʥʜʘʨʪʥʫ ʥʘʟʚʫ ʬʘʡʣʽʚ ʪʝʢʩʪʽʚ ʧʨʦʛʨʘʤ ï ʩʮʝʥʘʨʽʡ ʚ ʧʘʢʝʪʽ Scilab. 



70 
 

  

ʘ) ʙ) 

ʈʠʩ. 2.4. ʉʪʨʫʢʪʫʨʦʚʘʥʘ ʩʽʪʢʘ ʦʧʫʢʣʦʾ ʦʙʣʘʩʪʽ: ʘ) ʩʮʝʥʘʨʽʡ 1, ʙ) ʩʮʝʥʘʨʽʡ 2. 

ʆʢʨʽʤ ʧʦʙʫʜʦʚʘʥʦʾ ʩʽʪʢʠ ʥʘ ʝʢʨʘʥ ʚʠʚʦʜʠʪʴʩʷ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʢʽʣʴʢʽʩʪʴ 

ʢʨʦʢʽʚ ʮʠʢʣʫ, ʚʠʪʨʘʯʝʥʠʭ ʜʣʷ ʧʦʙʫʜʦʚʠ ʮʽʻʾ ʩʽʪʢʠ, ʪʦʙʪʦ ʤʦʞʥʘ ʜʽʟʥʘʪʠʩʴ ʧʨʦ 

ʰʚʠʜʢʽʩʪʴ ʾʾ ʧʦʙʫʜʦʚʠ. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʧʦʙʫʜʦʚʠ ʩʽʪʢʠ ʟʘ ʩʮʝʥʘʨʽʻʤ 1 

(ʨʠʩ. 2.5, ʘ) ʙʫʣʦ ʚʠʪʨʘʯʝʥʦ 287 ʢʨʦʢʽʚ ʮʠʢʣʫ, ʘ ʟʘ ʩʮʝʥʘʨʽʻʤ 2 (ʨʠʩ. 2.5, ʙ) ʙʫʣʦ 

ʚʠʪʨʘʯʝʥʦ 382 ʢʨʦʢʠ ʮʠʢʣʫ ʟʘ ʫʤʦʚʠ ʚʠʢʦʥʘʥʥʷ ʟʙʽʞʥʦʩʪʽ ʮʠʢʣʫ ï ʢʚʘʜʨʘʪʠʯʥʽ 

ʚʽʜʭʠʣʝʥʥʷ ʧʘʨʘʤʝʪʨʘ ʭ ʽ ʫ ʧʦʚʠʥʥʽ ʙʫʪʠ ʤʝʥʰʠʤʠ ʟʘ 0,001: ʚʽʜʭʠʣʝʥʥʷ ʭ ï 

0.0009213, ʚʽʜʭʠʣʝʥʥʷ y ï 0.0003555 (ʨʠʩ. 2.5, ʘ), ʚʽʜʭʠʣʝʥʥʷ ʭ ï 0.0009831, 

ʚʽʜʭʠʣʝʥʥʷ y ï 0.0001294 (ʨʠʩ. 2.5, ʙ). ɼʣʷ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʟʙʽʞʥʽʩʪʶ ʪʘ 

ʰʚʠʜʢʽʩʪʶ ʧʦʙʫʜʦʚʠ ʩʽʪʢʠ ʜʘʥʽ ʧʨʦ ʚʽʜʭʠʣʝʥʥʷ ʚʠʚʦʜʷʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʜʣʷ 

ʦʩʪʘʥʥʴʦʛʦ ʢʨʦʢʫ, ʘ ʡ ʯʝʨʝʟ ʢʦʞʥʽ 100 ʢʨʦʢʽʚ ʮʠʢʣʫ. ʎʽ ʜʘʥʽ ʚʠʚʦʜʷʪʴʩʷ ʚ 

ʂʦʤʘʥʜʥʦʤʫ ʚʽʢʥʽ ʧʨʦʛʨʘʤʠ ʧʽʜ ʯʘʩ ʾʾ ʨʦʙʦʪʠ (ʨʠʩ. 2.5). 

ɺʠʭʦʜʷʯʠ ʟ ʜʘʥʠʭ ʰʚʠʜʢʦʩʪʽ ʟʙʽʞʥʦʩʪʽ ʽʪʝʨʘʮʽʡʥʦʛʦ ʧʨʦʮʝʩʫ, ʤʦʞʥʘ 

ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʜʣʷ ʚʢʘʟʘʥʦʾ ʦʙʣʘʩʪʽ ʧʦʙʫʜʦʚʠ ʢʨʘʱʠʤ ʙʫʜʝ ʦʙʨʘʥʥʷ 

ʧʦʯʘʪʢʦʚʦʾ ʩʽʪʢʠ, ʷʢʫ ʙʫʣʦ ʟʛʝʥʝʨʦʚʘʥʦ ʨʽʚʥʦʤʽʨʥʦ. 
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ʘ) ʙ) 

ʈʠʩ. 2.5. ʈʝʘʣʽʟʘʮʽʷ ʨʦʙʦʪʠ ʧʨʦʛʨʘʤʠ: ʘ) ʩʮʝʥʘʨʽʡ 1, ʙ) ʩʮʝʥʘʨʽʡ 2. 

ɼʘʣʽ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʜʣʷ ʟôʷʩʫʚʘʥʥʷ, ʜʣʷ ʷʢʠʭ ʪʠʧʽʚ ʛʝʦʤʝʪʨʽʾ 

ʦʙʣʘʩʪʽ ʢʨʘʱʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʩʮʝʥʘʨʽʡ 1, ʘ ʜʣʷ ʷʢʠʭ ï ʩʮʝʥʘʨʽʡ 2. ʇʽʜ ʯʘʩ 

ʜʦʩʣʽʜʞʝʥʥʷ ʝʤʧʽʨʠʯʥʠʤ ʰʣʷʭʦʤ ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʰʚʠʜʢʽʩʪʴ ʧʦʙʫʜʦʚʠ ʩʽʪʢʠ 

ʜʣʷ ʦʙʦʭ ʩʮʝʥʘʨʽʾʚ ʤʝʪʦʜʦʤ ʧʨʦʩʪʠʭ ʽʪʝʨʘʮʽʡ ʪʘ ʤʝʪʦʜʦʤ ɿʝʡʜʝʣʷ ʜʣʷ ʨʽʟʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʪʦʯʦʢ ʨʦʟʙʠʪʪʷ ʪʘ ʨʽʟʥʠʭ ʟʘ ʦʧʫʢʣʽʩʪʶ ʦʙʣʘʩʪʝʡ. ʆʯʝʚʠʜʥʦʶ ʙʫʣʘ 

ʧʝʨʝʚʘʛʘ ʤʝʪʦʜʫ ɿʝʡʜʝʣʷ, ʷʢ ʫʜʦʩʢʦʥʘʣʝʥʦʛʦ ʤʝʪʦʜʫ ʧʨʦʩʪʠʭ ʽʪʝʨʘʮʽʡ, ʪʦʤʫ 

ʧʦʜʘʣʴʰʽ ʧʦʨʽʚʥʷʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʪʽʣʴʢʠ ʮʠʤ ʤʝʪʦʜʦʤ. ʅʘʧʨʠʢʣʘʜ, ʚ ʪʘʙʣ. 2.1 

ʥʘʚʝʜʝʥʦ ʜʘʥʽ ʜʣʷ ʤʝʪʦʜʽʚ ʧʨʦʩʪʦʾ ʽʪʝʨʘʮʽʾ ʪʘ ɿʝʡʜʝʣʷ ʜʣʷ ʚʚʽʛʥʫʪʦʾ ʦʙʣʘʩʪʽ 

(ʨʠʩ. 2.6) ʽʟ ʚʢʘʟʘʥʠʤʠ ʢʦʥʪʨʦʣʴʥʠʤʠ ʪʦʯʢʘʤʠ ʤʝʞʽ ʧʦʙʫʜʦʚʠ ʽʟ ʟʘʜʘʥʦ  ʁ

ʧʦʭʠʙʢʦʶ, ʱʦ ʩʫʤʘ ʢʚʘʜʨʘʪʽʚ ʚʽʜʭʠʣʝʥʴ ʧʦ ʚʽʜʧʦʚʽʜʥʠʤ ʢʦʦʨʜʠʥʘʪʘʤ ʥʝ 

ʧʝʨʝʚʠʱʫʻ 0,001. 

ɿʘ ʜʘʥʠʤʠ ʪʘʙʣ. 2.1 ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʜʣʷ ʚʚʽʛʥʫʪʦʾ ʦʙʣʘʩʪʽ 

ʧʝʨʝʚʘʛʘ ʥʘʜʘʻʪʴʩʷ ʧʦʯʘʪʢʦʚʽʡ ʩʽʪʮʽ, ʱʦ ʧʦʙʫʜʦʚʘʥʘ ʤʝʪʦʜʦʤ ʪʨʘʥʩʬʽʥʽʪʥʦʾ 

ʽʥʪʝʨʧʦʣʷʮʽʾ. ʎʝʡ ʚʠʩʥʦʚʦʢ ʧʽʜʪʚʝʨʜʞʝʥʦ ʥʘ ʧʨʠʢʣʘʜʽ ʽʥʰʠʭ ʚʚʽʛʥʫʪʠʭ 
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ʦʙʣʘʩʪʝʡ ʟ ʚʽʜʧʦʚʽʜʥʦʶ ʚʽʟʫʘʣʽʟʘʮʽʻʶ ʦʪʨʠʤʘʥʦʾ ʩʽʪʢʠ ʜʣʷ ʢʨʘʱʦʛʦ ʨʦʟʫʤʽʥʥʷ 

ʚʧʣʠʚʫ ʛʝʦʤʝʪʨʽʾ ʦʙʣʘʩʪʽ ʥʘ ʰʚʠʜʢʽʩʪʴ ʧʦʙʫʜʦʚʠ ʟʘʜʘʥʦʾ ʤʦʜʝʣʽ (ɼʦʜʘʪʦʢ ɸ). 

ʊʘʙʣʠʮʷ 2.1 

ʇʦʨʽʚʥʷʥʥʷ ʟʙʽʞʥʦʩʪʽ ʽʪʝʨʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʜʣʷ ʚʚʽʛʥʫʪʦʾ ʦʙʣʘʩʪʽ 

ʊʦʯʢʠ 

ʙʫʜʦʚʠ 

ʤʝʞʽ 

ʂʽʣʴʢʽʩ

ʪʴ 

ʪʦʯʦʢ 

ʨʦʟʙʠʪ

ʪ ̫

ʌʘʢʪʦʨʠ 

ʈʽʚʥʦʤʽʨʥʝ ʨʦʟʙʠʪʪʷ 
ʊʨʘʥʩʬʽʥʽʪʥʘ 

ʽʥʪʝʨʧʦʣʷʮʽʷ 

ʄʝʪʦʜ 

ʧʨʦʩʪʠʭ 

ʽʪʝʨʘʮʽʡ 

ʄʝʪʦʜ 

ɿʝʡʜʝʣʷ 

ʄʝʪʦʜ 

ʧʨʦʩʪʠʭ 

ʽʪʝʨʘʮʽʡ 

ʄʝʪʦʜ 

ɿʝʡʜʝʣʷ 

xln=-3 

yln=-2 

xls=1 

yls=0 

xlv=-4 

ylv=2 

 

xpn=2 

ypn=-1 

xps=-1 

yps=0 

xpv=2 

ypv=1 

31 

ʂʽʣʴʢʽʩʪʴ 

ʢʨʦʢʽʚ 

ʮʠʢʣʫ  

677 368 261 184 

ɺʽʜʭʠʣʝʥʥʷ 

ʧʦ ʭ 
0.0009935 0.0009888 0.0008902 0.0009132 

ɺʽʜʭʠʣʝʥʥʷ 

ʧʦ ʫ 
0.0001082 0.0001117 0.0004446 0.0004033 

41 

ʂʽʣʴʢʽʩʪʴ 

ʢʨʦʢʽʚ 

ʮʠʢʣʫ  

1133 622 405 287 

ɺʽʜʭʠʣʝʥʥʷ 

ʧʦ ʭ 
0.0009926   0.0009920 0.0008936 0.0009038 

ɺʽʜʭʠʣʝʥʥʷ 

ʧʦ ʫ 
0.0001043   0.0001113 0.0004458   0.0004161 

51 

ʂʽʣʴʢʽʩʪʴ 

ʢʨʦʢʽʚ 

ʮʠʢʣʫ  

1680 932 568 403 

ɺʽʜʭʠʣʝʥʥʷ 

ʧʦ ʭ 
0.0009940 0.0009898 0.0008943 0.0009036 
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ɺʽʜʭʠʣʝʥʥʷ 

ʧʦ ʫ 
0.0001021 0.0001102 0.0004433 0.0004261 

61 

ʂʽʣʴʢʽʩʪʴ 

ʢʨʦʢʽʚ 

ʮʠʢʣʫ  

2309 1292 746 532 

ɺʽʜʭʠʣʝʥʥʷ 

ʧʦ ʭ 
0.0009943 0.0009926 0.0008970 0.0009002 

ɺʽʜʭʠʣʝʥʥʷ 

ʧʦ ʫ 
0.0001005 0.0001097 0.0004409 0.0004304 

71 

ʂʽʣʴʢʽʩʪʴ 

ʢʨʦʢʽʚ 

ʮʠʢʣʫ  

3012 1700 938 672 

ɺʽʜʭʠʣʝʥʥʷ 

ʧʦ ʭ 
0.0009947 0.0009938 0.0008982 0.0008981 

ɺʽʜʭʠʣʝʥʥʷ 

ʧʦ ʫ 
0.0000993 0.0001091 0.0004374 0.0004328 

 

 

ʈʠʩ. 2.6. ʇʦʙʫʜʦʚʘ ʩʽʪʢʠ ʜʣʷ ʚʚʽʛʥʫʪʦʾ ʦʙʣʘʩʪʽ 
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ʇʨʦʪʝ ʜʣʷ ʦʧʫʢʣʦʾ ʦʙʣʘʩʪʽ (ʨʠʩ. 2.7) ʩʠʪʫʘʮʽʷ ʢʘʨʜʠʥʘʣʴʥʦ ʟʤʽʥʶʻʪʴʩʷ 

(ʪʘʙʣ. 2.2). ʐʚʠʜʢʽʩʪʴ ʟʙʽʞʥʦʩʪʽ ʽʪʝʨʘʮʽʡʥʦʛʦ ʧʨʦʮʝʩʫ ʤʝʪʦʜʦʤ ɿʝʡʜʝʣʷ ʩʪʘʻ 

ʢʨʘʱʦʶ ʜʣʷ ʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʙʠʪʪʷ ʧʦʯʘʪʢʦʚʦʾ ʩʽʪʢʠ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʶʪʴ 

ʘʥʘʣʦʛʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʧʦʜʘʣʴʰʦʶ ʚʽʟʫʘʣʽʟʘʮʽʻʶ ʜʣʷ ʽʥʰʠʭ ʦʧʫʢʣʠʭ 

ʦʙʣʘʩʪʝʡ (ɼʦʜʘʪʦʢ ɹ). 

 

ʈʠʩ. 2.7. ʇʦʙʫʜʦʚʘ ʩʽʪʢʠ ʜʣʷ ʦʧʫʢʣʦʾ ʦʙʣʘʩʪʽ. 

ʊʘʙʣʠʮʷ 2.2 

ʇʦʨʽʚʥʷʥʥʷ ʟʙʽʞʥʦʩʪʽ ʽʪʝʨʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʜʣʷ ʦʧʫʢʣʦʾ ʦʙʣʘʩʪʽ 

ʊʦʯʢʠ 

ʤʝʞʽ 

ʧʦʙʫʜʦʚʠ 

ʂʽʣʴʢʽʩʪʴ 

ʪʦʯʦʢ 

ʨʦʟʙʠʪʪʷ 

ʌʘʢʪʦʨʠ 
ʈʽʚʥʦʤʽʨʥʝ 

ʨʦʟʙʠʪʪʷ 

ʊʨʘʥʩʬʽʥʽʪʥʘ 

ʽʥʪʝʨʧʦʣʷʮʽʷ 

xln=-3 

yln=-2 

xls=-6 

yls=0 

xlv=-4 

ylv=2 

31 

ʂʽʣʴʢʽʩʪʴ ʢʨʦʢʽʚ 

ʮʠʢʣʫ  
472 639 

ɺʽʜʭʠʣʝʥʥʷ ʧʦ ʭ 0.0009534 0.0009879 

ɺʽʜʭʠʣʝʥʥʷ ʧʦ ʫ 0.0002971 0.0001321 

41 
ʂʽʣʴʢʽʩʪʴ ʢʨʦʢʽʚ 

ʮʠʢʣʫ  
768 1045 


