


2 

ɸʅʆʊɸʎɯʗ 

 

ʂʘʰʢʘʥʦʚ ɸ. ɸ. ʂʦʥʮʝʧʮʽʷ ʦʮʽʥʶʚʘʥʥʷ ʽ ʟʤʝʥʰʝʥʥʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʚ 

ʟʘʜʘʯʘʭ ʘʚʪʦʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʠʛʦʜ. ï 

ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 05.22.02 ï ʘʚʪʦʤʦʙʽʣʽ ʪʘ ʪʨʘʢʪʦʨʠ (274 ï ɸʚʪʦʤʦʙʽʣʴʥʠʡ 

ʪʨʘʥʩʧʦʨʪ). ï ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʽʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʄʽʥʽʩʪʝʨʩʪʚʘ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ, ʍʘʨʢʽʚ, 2020. 

ɼʠʩʝʨʪʘʮʽʡʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠʩʚʷʯʝʥʦ ʚʠʨʽʰʝʥʥʶ ʧʨʦʙʣʝʤʠ ʦʮʽʥʶʚʘʥʥʷ ʽ 

ʟʤʝʥʰʝʥʥʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʚ ʟʘʜʘʯʘʭ ʘʚʪʦʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ ʜʦʨʦʞʥʴʦ-

ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʠʛʦʜ (ɼʊʇ). ɺʩʪʘʥʦʚʣʝʥʥʷ ʦʙʩʪʘʚʠʥ ɼʊʇ ʻ 

ʤʫʣʴʪʠʜʠʩʮʠʧʣʽʥʘʨʥʠʤ ʟʘʚʜʘʥʥʷʤ, ʧʨʠʟʥʘʯʝʥʠʤ ʜʣʷ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʧʨʠʯʠʥ 

ʘʚʘʨʽʾ ʪʘ ʾʾ ʧʝʨʝʙʽʛʫ. ʎʝ ʚʠʤʘʛʘʻ, ʢʨʽʤ ʰʠʨʦʢʠʭ ʟʥʘʥʴ ʟ ʨʽʟʥʠʭ ʪʝʭʥʽʯʥʠʭ 

ʥʘʧʨʷʤʢʽʚ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʚʠʯʦʢ ʘʥʘʣʽʟʫ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʟ ʽʥʰʠʭ 

ʛʘʣʫʟʝʡ ʧʨʠʨʦʜʥʠʯʠʭ ʥʘʫʢ (ʤʝʜʠʮʠʥʠ, ʧʩʠʭʦʣʦʛʽ,ʾ ʪʦʢʩʠʢʦʣʦʛʽʾ, ʩʫʜʦʚʦ ʾ

ʛʝʥʝʪʠʢʠ, ʪʦʱʦ) ʪʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʚ ʫʤʦʚʘʭ ʥʝʧʦʚʥʦʪʠ ʽʥʬʦʨʤʘʮʽʾ, ʪʦʙʪʦ ʚ 

ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ. ɺʽʜʩʫʪʥʽʩʪʴ ʻʜʠʥʦʛʦ ʤʝʪʦʜʠʯʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ 

ʦʮʽʥʶʚʘʥʥʷ ʪʘ ʤʽʥʽʤʽʟʘʮʽʾ ʚʧʣʠʚʫ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʥʘ ʚʠʩʥʦʚʢʠ ʘʚʪʦʪʝʭʥʽʯʥʦʾ 

ʝʢʩʧʝʨʪʠʟʠ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʟʥʘʯʥʦʾ ʧʦʭʠʙʢʠ 

ʚʠʟʥʘʯʝʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ (ʪʘʢ ʚʽʜʥʦʩʥʘ ʨʽʟʥʠʮʷ ʤʽʞ 

ʤʘʢʩʠʤʘʣʴʥʠʤʠ ʪʘ ʤʽʥʽʤʘʣʴʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʧʦʢʘʟʥʠʢʽʚ ʛʘʣʴʤʫʚʘʥʥʷ ʽ 

ʤʘʥʝʚʨʫʚʘʥʥʷ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ 0,2-3,16, ʘ ʨʽʚʝʥʴ ʦʭʦʧʣʝʥʥʷ ʤʦʞʣʠʚʠʭ 

ʚʠʧʘʜʢʽʚ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʜʽʶʯʠʭ ʤʝʪʦʜʠʢ ʩʢʣʘʜʘʻ 57-88%). 

ʄʝʪʦʜʠʯʥʦ ʁʦʩʥʦʚʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʻ ʧʦʩʣʽʜʦʚʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ, ʘʥʘʣʽʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʴ, 

ʩʫʯʘʩʥʠʭ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʥʘ ʫʩʽʭ ʝʪʘʧʘʭ ʚʩʪʘʥʦʚʣʝʥʥʷ ʦʙʩʪʘʚʠʥ 

ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʦʾ ʧʨʠʛʦʜʠ. ʂʦʥʮʝʧʮʽʷ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʧʨʦʮʝʩ ʥʘʧʨʘʮʶʚʘʥʥʷ ʨʽʰʝʥʴ ʚ ʘʚʪʦʪʝʭʥʽʯʥʽʡ ʝʢʩʧʝʨʪʠʟʽ 

ɼʊʇ ʧʦʪʨʽʙʥʦ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʜʝʪʝʨʤʽʥʦʚʘʥʠʡ, ʩʪʦʭʘʩʪʠʯʥʠʡ ʪʘ ʥʝʯʽʪʢʠʡ 
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ʧʨʦʮʝʩ. ʆʪʞʝ, ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʝʢʩʧʝʨʪʥʠʭ 

ʚʠʩʥʦʚʢʽʚ ʩʣʽʜ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʩʠʥʪʝʟ ʥʝʡʨʦ-ʥʝʯʽʪʢʠʭ, ʨʝʛʨʝʩʽʡʥʠʭ, 

ʜʝʪʝʨʤʽʥʦʚʘʥʠʭ ʪʘ ʽʤʦʚʽʨʥʽʩʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʚʨʘʭʫʚʘʥʥʷ ʙʽʣʴʰʦʩʪʽ ʬʘʢʪʦʨʽʚ 

ʚʧʣʠʚʫ. ʈʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ ʚʘʨʽʘʥʪʘ ʧʨʦʚʝʜʝʥʥʷ 

ʘʚʪʦʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ ʥʘ ʦʩʥʦʚʽ ʤʦʜʝʣʝʡ ʝʪʘʣʦʥʥʦʛʦ ʧʦʨʽʚʥʷʥʥʷ, 

ʘʙʩʦʣʶʪʥʦʛʦ ʪʘ ʢʦʤʧʨʦʤʽʩʥʦʛʦ ʨʽʰʝʥʥʷ ʚʽʜʦʙʨʘʞʘʻ ʚʝʩʴ ʩʧʝʢʪʨ ʚʟʘʻʤʦʜʽʾ 

ʫʯʘʩʥʠʢʽʚ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʪʘ ʜʦʟʚʦʣʷʻ ʚʨʘʭʫʚʘʪʠ ʥʝʦʙʭʽʜʥʽ ʢʦʤʧʦʥʝʥʪʠ ʩʠʩʪʝʤʠ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ: ʢʦʤʧʦʥʝʥʪ ʘʥʘʣʽʟʫ ʪʘ ʦʮʽʥʢʠ ʜʽʷʣʴʥʦʩʪʽ, ʢʦʤʧʦʥʝʥʪ 

ʩʪʘʥʜʘʨʪʽʚ (ʝʪʘʣʦʥʥʦʾ ʩʠʩʪʝʤʠ ʧʦʢʘʟʥʠʢʽʚ).  

ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʪʝʦʨʝʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʚʧʝʨʰʝ ʩʪʚʦʨʝʥʦ ʟʘʛʘʣʴʥʫ 

ʢʦʥʮʝʧʮʽʶ ʦʮʽʥʶʚʘʥʥʷ ʽ ʟʤʝʥʰʝʥʥʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʚ ʟʘʜʘʯʘʭ ʘʚʪʦʪʝʭʥʽʯʥʦʾ 

ʝʢʩʧʝʨʪʠʟʠ ɼʊʇ ʥʘ ʦʩʥʦʚʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʪʝʦʨʽʾ ʥʝʯʽʪʢʠʭ ʤʥʦʞʠʥ ʪʘ 

ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ, ʤʦʨʬʦʣʦʛʽʯʥʦʛʦ ʤʝʪʦʜʫ ʪʘ ʤʦʜʫʣʴʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʩʠʥʪʝʟʫ, 

ʟʘʙʝʟʧʝʯʝʥʦ ʚʠʩʦʢʫ ʛʥʫʯʢʽʩʪʴ ʩʠʩʪʝʤʠ ʘʚʪʦʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ ʧʨʠ ʟʤʽʥʽ 

ʫʤʦʚ ʾʾ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʘ ʩʪʚʦʨʝʥʦ ʫʤʦʚʠ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪ̔ 

ʝʢʩʧʝʨʪʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʤʝʭʘʥʽʟʤʫ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ; ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʪʘ 

ʧʦʙʫʜʦʚʘʥʦ ʽʥʬʦʨʤʘʮʽʡʥʫ ʤʦʜʝʣʴ ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ ʚʩʪʘʥʦʚʣʝʥʥʷ ʦʙʩʪʘʚʠʥ 

ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʠʛʦʜ, ʥʘ ʦʩʥʦʚʽ ʷʢʦʾ ʚʠʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤʠ ʧʨʦʮʝʩʽʚ 

ʧʨʠʡʥʷʪʪʷ ʘʜʘʧʪʠʚʥʠʭ ʨʽʰʝʥʴ ʟ ʜʝʪʝʨʤʽʥʦʚʘʥʠʤʠ ʪʘ ʽʤʦʚʽʨʥʽʩʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʪʘ ʦʙˇʨʫʥʪʦʚʘʥʦ ʪʝʭʥʦʣʦʛʽʶ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʾ 

ʘʣʴʪʝʨʥʘʪʠʚʠ ʚ ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʪʝʦʨʽʾ ʥʝʯʽʪʢʠʭ ʤʥʦʞʠʥ, ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʴ ʜʦʟʚʦʣʠʣʦ ʫʜʦʩʢʦʥʘʣʠʪʠ ʤʝʪʦʜ 

ʦʮʽʥʶʚʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʟʯʝʧʣʝʥʥʷ ʢʦʣʽʩ ʘʚʪʦʤʦʙʽʣʷ ʟ ʜʦʨʦʞʥʽʤ ʧʦʢʨʠʪʪʷʤ, 

ʷʢʠʡ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ, ʜʘʻ ʟʤʦʛʫ ʙʽʣʴʰ ʪʦʯʥʦ ʚʠʟʥʘʯʘʪʠ ʟʥʘʯʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʘ ʟʯʝʧʣʝʥʥʷ ʜʣʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ ʩʫʯʘʩʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ, ʱʦ, ʚ ʩʚʦʶ 

ʯʝʨʛʫ, ʧʽʜʚʠʱʫʻ ʷʢʽʩʪʴ ʪʘ ʟʤʝʥʰʫʻ ʩʫʙôʻʢʪʠʚʥʽʩʪʴ ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʝʭʥʽʯʥʦʾ 

ʤʦʞʣʠʚʦʩʪʽ ʫʥʠʢʥʝʥʥʷ ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʦʾ ʧʨʠʛʦʜʠ; ʤʝʪʦʜ ʦʮʽʥʶʚʘʥʥʷ 

ʚʽʜʩʪʘʥʽ ʚʠʜʠʤʦʩʪʽ ʦʙôʻʢʪʽʚ ʧʨʠ ʨʫʩʽ ʘʚʪʦʤʦʙʽʣʷ ʚ ʪʝʤʥʫ ʧʦʨʫ ʜʦʙʠ, ʷʢʠʡ, ʥʘ 

ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ, ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʙʝʟʧʝʯʥʠʭ 
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ʨʝʞʠʤʽʚ ʨʫʭʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʚ ʪʝʤʥʫ ʧʦʨʫ ʜʦʙʠ, ʤʽʥʽʤʽʟʫʚʘʪʠ ʯʘʩ, 

ʥʝʦʙʭʽʜʥʠʡ ʝʢʩʧʝʨʪʫ-ʘʚʪʦʪʝʭʥʽʢʫ ʜʣʷ ʧʦʛʣʠʙʣʝʥʦʛʦ ʘʥʘʣʽʟʫ ɼʊʇ, ʧʽʜʚʠʱʠʪʠ 

ʪʦʯʥʽʩʪʴ ʪʘ ʦʙôʻʢʪʠʚʥʽʩʪʴ ʝʢʩʧʝʨʪʥʠʭ ʚʠʩʥʦʚʢʽʚ.  

ʅʘ ʦʩʥʦʚʽ ʤʝʪʦʜʽʚ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʪʘ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʯʠʩʣʝʥʥʷ, 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ, ʪʝʦʨʽʾ ʽʤʦʚʽʨʥʦʩʪʽ ʪʘ ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʦʪʨʠʤʘʣʠ 

ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʤʝʪʦʜʠ ʦʮʽʥʶʚʘʥʥʷ ʧʨʦʡʜʝʥʦʛʦ ʰʣʷʭʫ ʘʚʪʦʤʦʙʽʣʷ, ʷʢʽ 

ʚʨʘʭʦʚʫʁ ʪʴ ʚʧʣʠʚ ʢʦʥʩʪʨʫʢʮʽʾ ʛʘʣʴʤʽʚʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʧʩʠʭʦʣʦʛʽʾ ʢʝʨʫʚʘʥʥʷ ʊɿ 

ʥʘ ʧʦʢʘʟʥʠʢʠ ʝʢʩʪʨʝʥʦʛʦ ʛʘʣʴʤʫʚʘʥʥʷ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ɼʊʇ; ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ 

ʤʘʥʝʚʨʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʷ ʰʣʷʭʦʤ ʚʨʘʭʫʚʘʥʥʷ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʨʫʭʫ 

(ʤʘʥʝʚʨʫʚʘʥʥʷ ʟ ʛʘʣʴʤʫʚʘʥʥʷʤ). 

ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʟʘʭʦʜʠ ʟ ʦʮ̔ʥʶʚʘʥʥʷ ʽ ʚʠʙʦʨʫ ʩʧʦʩʦʙʽʚ ʟʤʝʥʰʝʥʥʷ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʠʢ ʝʢʩʧʝʨʪʥʦʛʦ ʘʥʘʣʽʟʫ ʦʙʩʪʘʚʠʥ ɼʊʇ (ʾʭ 

ʦʩʥʦʚʥʠʭ ʚʠʜʽʚ) ʜʦʟʚʦʣʷʶʪʴ ʧʽʜʚʠʱʠʪʠ ʦʙôʻʢʪʠʚʥʽʩʪʴ ʝʢʩʧʝʨʪʥʠʭ ʚʠʩʥʦʚʢʽʚ, 

ʟʦʢʨʝʤʘ: 

ï ʧʨʠ ʜʦʩʣʽʜʞʝʥʥ ̔ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ, ʧʦʚôʷʟʘʥʠʭ ʟ ʧʦʛʽʨʰʝʥʥʷʤ 

ʚʠʜʠʤʦʩʪʽ ʚ ʪʝʤʥʫ ʧʦʨʫ ʜʦʙʠ ʧʦʪʝʥʮʽʘʣ ʟʚʫʞʝʥʥʷ ʜʽʘʧʘʟʦʥʫ ʤʦʞʣʠʚʠʭ ʨʽʰʝʥʴ 

ʩʢʣʘʜʘʻ 68 %, ʚʨʘʭʫʚʘʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʨʦʙʦʪʠ ʩʠʩʪʝʤ ʛʦʣʦʚʥʦʛʦ 

ʦʩʚʽʪʣʝʥʥʷ ʘʚʪʦʤʦʙʽʣʽʚ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʩʢʦʨʦʯʫʻ ʽʤʦʚʽʨʥʽʩʪʴ ʧʦʷʚʠ ʧʦʤʠʣʦʢ 

ɯ ʨʦʜʫ ʥʘ 6-48 %, ʘ ʧʦʤʠʣʦʢ ɯɯ ʨʦʜʫ ï ʥʘ 6-42 %; 

ï ʧʨʠ ʦʮʽʥʶʚʘʥʥ ̔ʚʟʘʻʤʦʜʽʾ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʰʠʥ ʟ ʜʦʨʦʛʦʶ ʧʨʠ ʝʢʩʪʨʝʥʦʤʫ 

ʛʘʣʴʤʫʚʘʥʥʽ ʊɿ ʜʽʘʧʘʟʦʥ ʤʦʞʣʠʚʠʭ ʨʽʰʝʥʴ ʟʚʫʞʫʻʪʴʩʷ ʫ 2,2-2,6 ʨʘʟʠ; 

ï ʧʽʜ ʯʘʩ ʦʮʽʥʶʚʘʥʥʷ ʩʝʥʩʦʤʦʪʦʨʥʦʾ ʬʘʟʠ ʨʝʘʢʮʽʾ ʚʦʜʽʷ ʟʤʝʥʰʫʻʪʴʩʷ 

ʽʤʦʚʽʨʥʽʩʪʴ ʧʦʷʚʠ ʧʦʤʠʣʦʢ ɯ-ʛʦ ʨʦʜʫ ʥʘ 19 % ʪʘ ʧʦʤʠʣʦʢ ɯɯ-ʛʦ ʨʦʜʫ ï ʥʘ 32 %; 

ï ʧʨʠ ʚʠʟʥʘʯʝʥʥ ̔ ʝʬʝʢʪʠʚʥʦʩʪʽ ʛʘʣʴʤʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʷ ʚ ʧʨʦʮʝʩʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʦʾ ʧʨʠʛʦʜʠ ʟʚʫʞʫʻʪʴʩʷ ʜʽʘʧʘʟʦʥ ʤʦʞʣʠʚʠʭ 

ʨʽʰʝʥʴ ʜʦ 50 %, ʧʨʠ ʮʴʦʤʫ ʽʤʦʚʽʨʥʽʩʪʴ ʧʦʷʚʠ ʧʦʤʠʣʦʢ ɯ ʨʦʜʫ ʩʢʦʨʦʯʫʻʪʴʩʷ ʥʘ  

2-19 %, ʘ ʧʦʤʠʣʦʢ ɯɯ ʨʦʜʫ ï ʥʘ 43-68 %; 

ï ʧʽʜ ʯʘʩ ʘʥʘʣʽʟʫ ʥʘʾʟʜʫ ʘʚʪʦʤʦʙʽʣʷ ʥʘ ʧʽʰʦʭʦʜʘ ʜʽʘʧʘʟʦʥ ʤʦʞʣʠʚʠʭ ʦʮʽʥʦʢ 

ʟʚʫʞʫʻʪʴʩʷ ʜʦ 63 %; 
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ï ʧʨʠ ʦʮʽʥʶʚʘʥʥ ̔ʜʠʥʘʤʽʢʠ ʝʢʩʪʨʝʥʦʛʦ ʛʘʣʴʤʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʷ ʪʘ ʡʦʛʦ 

ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʜʽʘʧʘʟʦʥ ʤʦʞʣʠʚʦʾ ʧʦʭʠʙʢʠ ʤʦʜʝʣʶʚʘʥʥʷ ʟʚʫʞʫʻʪʴʩʷ ʥʘ 39%; 

ï ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʘʥʘʣʽʟʫ ʤʘʥʝʚʨʫʚʘʥʥʷ ʟ ʛʘʣʴʤʫʚʘʥʥʷʤ ʊɿ ʟ ʩʫʯʘʩʥʠʤʠ 

ʩʠʩʪʝʤʘʤʠ ʙʝʟʧʝʢʠ (ABS, EBD, BA, ESP ʪʦʱʦ), ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʨʦʟʰʠʨʠʪʠ 

ʜʽʘʧʘʟʦʥ ʤʦʞʣʠʚʠʭ ʙʦʢʦʚʠʭ ʟʤʽʱʝʥʴ YM ʜʦ 65 %, ʟʤʽʥʠ ʢʫʨʩʦʚʦʛʦ ʢʫʪʘ ʜʦ 82 % 

ʪʘ ʩʢʦʨʦʪʠʪʠ ʥʝʦʙʭʽʜʥʫ ʧʦʟʜʦʚʞʥʶ ʚʽʜʩʪʘʥʴ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʤʘʥʝʚʨʫ ʍʄ ʜʦ 25 % 

ʧʨʠ ʟʘʙʝʟʧʝʯʝʥʥʽ ʩʪʽʡʢʦʩʪʽ ʨʫʭʫ. 

ʅʘ ʦʩʥʦʚʽ ʤʝʪʦʜʫ ʥʝʯʽʪʢʠʭ ʢʦʛʥʽʪʠʚʥʠʭ ʢʘʨʪ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʦʜʝʣʴ 

ʦʮʽʥʶʚʘʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʽ ʙʝʟʧʝʢʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʚ ʩʠʩʪʝʤʽ 

ɺɸɼʉ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʚʨʘʭʫʚʘʪʠ ʚʟʘʻʤʥʠʡ ʚʧʣʠʚ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ 

ʥʘʜʽʡʥʽʩʪʴ ʩʠʩʪʝʤʠ ʣʶʜʠʥʘ-ʤʘʰʠʥʘ, ʧʨʦʚʝʩʪʠ ʾʭ ʨʘʥʞʫʚʘʥʥʷ ʪʘ ʨʦʟʨʦʙʠʪʠ 

ʟʘʭʦʜʠ ʟ ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ ʨʫʭʫ. ʄʦʞʣʠʚʠʤʠ ʦʙʣʘʩʪʷʤʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ 

ʻ ʣʶʜʠʥʦ-ʤʘʰʠʥʥʽ ʩʠʩʪʝʤʠ ʟ ʙʝʟʧʝʨʝʨʚʥʠʤ ʭʘʨʘʢʪʝʨʦʤ ʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ (ʜʦ 

ʥʠʭ ʚʽʜʥʦʩʠʪʴʩʷ ʩʠʩʪʝʤʘ ɺɸɼʉ), ʚ ʷʢʠʭ ʚʽʜʩʫʪʥʽ ʯʽʪʢʽ ʤʝʞʽ ʤʽʞ ʚʠʢʦʥʫʚʘʥʠʤʠ 

ʦʧʝʨʘʮʽʷʤʠ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʟʙʽʨ ʩʪʘʪʠʩʪʠʢʠ ʟʘ ʤ̔ʦʚʽʨʥʦʩʪʷʤʠ ʾʭ ʧʨʘʚʠʣʴʥʦʛʦ 

ʚʠʢʦʥʘʥʥʷ. 

ʆʮʽʥʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʦʛʦ ʤʝʪʦʜʫ ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʦʛʦ ʯʠ 

ʥ̔h ʦʛʦ ʧʘʨʘʤʝʪʨʘ ʚ ʘʚʪʦʪʝʭʥʽʯʥʽʡ ʝʢʩʧʝʨʪʠʟʽ ɼʊʇ ʤʦʞʣʠʚʦ ʥʘ ʦʩʥʦʚʽ ʚʠʟʥʘʯʝʥʥʷ 

ʨʽʟʥʠʮʽ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʩʠʩʪʝʤʠ ʚ ʜʚʦʭ ʩʪʘʥʘʭ ɸ ̔ ɺ (ɸ ï ʩʪʘʥ ʩʠʩʪʝʤʠ, ʢʦʣʠ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʽʶʯʘ ʤʝʪʦʜʠʢʘ, ɺ ï ʟʘʧʨʦʧʦʥʦʚʘʥʘ). ʇʨʠ ʮʴʦʤʫ ʢʨʠʪʝʨʽʷʤʠ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʦʞʫʪʴ ʙʫʪʠ: ʚʽʜʥʦʩʥʘ ʨʽʟʥʠʮʷ ʥʦʨʤʘʣʽʟʦʚʘʥʠʭ ʝʥʪʨʦʧʽʡ ʫ ʩʪʘʥʽ ɸ 

ʪʘ ɺ, ʚʽʜʥʦʩʥʘ ʚʝʣʠʯʠʥʘ ʟʤʝʥʰʝʥʥʷ ʜʽʘʧʘʟʦʥʫ ʨʦʟʩʽʶʚʘʥʥʷ ʰʫʢʘʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, 

ʚʽʜʥʦʩʥʘ ʚʝʣʠʯʠʥʘ ʩʢʦʨʦʯʝʥʥʷ ʽʤʦʚʽʨʥʦʩʪʽ ʚʠʥʠʢʥʝʥʥʷ ʧʦʤʠʣʦʢ ɯ-ʛʦ ʪʘ ɯɯ-ʛʦ 

ʨʦʜʫ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʥʦʨʤʘʣʽʟʦʚʘʥʦʾ ʝʥʪʨʦʧʽʾ, ʧʦʢʘʟʫʻ ʱʦ 

ʚʨʘʭʫʚʘʥʥʷ ʩʪʦʭʘʩʪʠʯʥʦʾ ʪʘ ʥʝʯʽʪʢʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʧʽʜʚʠʱʫʻ ʦʙôʻʢʪʠʚʥʽʩʪʴ 

ʧʨʠʡʥʷʪʠʭ ʨʽʰʝʥʴ ʥʘ 20% ʧʦʨʽʚʥʷʥʦ ʟ ʩʠʪʫʘʮʽʻʶ, ʢʦʣʠ ʚʨʘʭʦʚʫʶʪʴʩʷ ʣʠʰʝ 

ʩʪʦʭʘʩʪʠʯʥʽ ʧʨʦʮʝʩʠ. ʇʨʠ ʧʦʨʽʚʥʷʥʥʽ ʟ ʜʝʪʝʨʤʽʥʦʚʘʥʠʤ ʧʽʜʭʦʜʦʤ, ʚʨʘʭʫʚʘʥʥʷ 

ʩʪʦʭʘʩʪʠʯʥʦʾ ʪʘ ʥʝʯʽʪʢʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʢʨʘʱʝʥʥʷ 

ʦʙôʻʢʪʠʚʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʪʠʟʠ ʥʘ 46-48%. 
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ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʪʝʦʨʽʷ ʪʘ ʢʦʥʮʝʧʮʽʷ ʦʮʽʥʶʚʘʥʥʷ  ̔ ʟʤʝʥʰʝʥʥʷ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʚ ʟʘʜʘʯʘʭ ʘʚʪʦʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ ɼʊʇ, ʱʦ ʥʘʚʝʜʝʥʽ ʚ ʨʦʙʦʪʽ, 

ʩʪʚʦʨʶʶʪʴ ʤʝʪʦʜʦʣʦʛʽʶ, ʷʢʘ ʟʛʽʜʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʜʦʟʚʦʣʷʻ 

ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʪʘ ʦʙôʻʢʪʠʚʥʽʩʪʴ ʨʦʟʩʣʽʜʫʚʘʥʥʷ ʤʝʭʘʥʽʟʤʫ ʘʚʘʨʽʡʥʠʭ 

ʩʠʪʫʘʮʽʡ. ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʾ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʽʶʯʦʾ ʩʠʩʪʝʤʠ ʧʨʦʚʝʜʝʥʥʷ ʪʘ ʝʢʩʧʝʨʪʥʦʛʦ ʘʥʘʣʽʟʫ 

ɼʊʇ ʚ ʋʢʨʘʾʥʽ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʚ ʜʠʩʝʨʪʘʮʽʡʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʦʩʥʦʚʥʽ ʥʘʫʢʦʚʽ ʧʦʣʦʞʝʥʥʷ, 

ʨʦʟʨʦʙʢʠ ʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʦʪʨʠʤʘʣʠ ʚʧʨʦʚʘʜʞʝʥʥ:̫  

ï ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʧʨʘʢʪʠʮʽ ʘʚʪʦʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ ɼʊʇ ʚ 

ʍʘʨʢʽʚʩʴʢʦʤʫ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʤʫ ʝʢʩʧʝʨʪʥʦ-ʢʨʠʤʽʥʘʣʽʩʪʠʯʥʦʤʫ ʮʝʥʪʨʽ 

(ʅɼɽʂʎ) ʄɺʉ ʋʢʨʘʾʥʠ; ɺʽʥʥʠʮʴʢʦʤʫ ʅɼɽʂʎ ʄɺʉ ʋʢʨʘʾʥʠ; 

ɾʠʪʦʤʠʨʩʴʢʦʤʫ ʅɼɽʂʎ ʄɺʉ ʋʢʨʘʾʥʠ; 

ï ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʪʘ ʛʨʫʧʦʚʠʭ ʟʘʥʷʪʴ, ʽʥʩʪʨʫʢʪʘʞʽʚ, 

ʥʘʨʘʜ, ʩʝʤʽʥʘʨʽʚ ʱʦʜʦ ʧʦʧʝʨʝʜʞʝʥʥʷ ʘʚʘʨʽʡʥʦʩʪʽ, ʨʦʟʙʦʨʽʚ ʦʙʩʪʘʚʠʥ ʽ ʧʨʠʯʠʥ 

ʚʠʥʠʢʥʝʥʥʷ ɼʊʇ ʚ ʉʣʫʞʙʽ ʙʝʟʧʝʢʠ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ ʋʧʨʘʚʣʽʥʥʷ ʦʟʙʨʦʻʥʥʷ ʪʘ 

ʪʝʭʥʽʢʠ ʣʦʛʽʩʪʠʢʠ ʅʘʮʽʦʥʘʣʴʥʦʾ ʛʚʘʨʜʽʾ ʋʢʨʘʾʥʠ; ʚ ɼʝʧʘʨʪʘʤʝʥʪʽ ʝʥʝʨʛʝʪʠʢʠ, 

ʪʨʘʥʩʧʦʨʪʫ ʪʘ ʟʚôʷʟʢʫ ɺʽʥʥʠʮʴʢʦʾ ʤʽʩʴʢʦʾ ʨʘʜʠ; ʚ ʜʝʧʘʨʪʘʤʝʥʪʽ ʟ ʦʨʛʘʥʽʟʘʮʽʾ 

ʚʥʫʪʨʽʰʥʽʭ ʪʘ ʤʽʞʥʘʨʦʜʥʠʭ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʴ ɸʊ çʋʢʨʟʘʣʽʟʥʠʮʷè; ʚ 

ʋʧʨʘʚʣʽʥʥʽ ʪʨʘʥʩʧʦʨʪʫ ʊʝʭʥʽʯʥʦʛʦ ʜʝʧʘʨʪʘʤʝʥʪʫ ʇʨɸʊ çɸʢʮʽʦʥʝʨʥʘ ʢʦʤʧʘʥʽʷ 

çʂʠʾʚʚʦʜʦʢʘʥʘʣè;  

ï ʚ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ʧʽʜʛʦʪʦʚʢʠ ʙʘʢʘʣʘʚʨʽʚ ʪʘ ʤʘʛʽʩʪʨʽʚ ʟʘ 

ʩʧʝʮʽʘʣʴʥʦʩʪʷʤʠ 274 çɸʚʪʦʤʦʙʽʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪè ʪʘ 275 çʊʨʘʥʩʧʦʨʪʥʽ 

ʪʝʭʥʦʣʦʛʽʾ (ʥʘ ʘʚʪʦʤʦʙʽʣʴʥʦʤʫ ʪʨʘʥʩʧʦʨʪʽ)è ʫ ɺʽʥʥʠʮʴʢʦʤʫ ʥʘʮʽʦʥʘʣʴʥʦʤʫ 

ʪʝʭʥʽʯʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ.  

ʆʩʥʦʚʥʠʡ ʝʬʝʢʪ ʚʽʜ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʦʟʨʦʙʣʝʥʠʭ ʟʘʭʦʜʽʚ ʜʦʟʚʦʣʠʪʴ 

ʦʧʪʠʤʽʟʫʚʘʪʠ ʧʨʦʮʝʩ ʨʦʟʩʣʽʜʫʚʘʥʥʷ ɼʊʇ ʪʘ ʥʘʙʣʠʟʠʪʠʩʷ ʜʦ ʨʦʟʚôʷʟʘʥʥʷ 

ʧʨʦʙʣʝʤʠ ʟʤʝʥʰʝʥʥʷ ʘʚʘʨʽʡʥʦʩʪʽ ʥʘ ʘʚʪʦʤʦʙʽʣʴʥʦʤʫ ʪʨʘʥʩʧʦʨʪʽ ʰʣʷʭʦʤ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʫʯʘʩʥʠʭ ʚʠʤʦʛ ʽ ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʩʠʩʪʝʤʥʦ ʦʭʦʧʠʪʠ 

ʢʣʶʯʦʚʽ ʘʩʧʝʢʪʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ: ʙʝʟʧʝʢʫ ʢʦʥʩʪʨʫʢʮʽʡ 
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ʊɿ, ʷʢʽʩʪʴ ʜʦʨʦʞʥʴʦʾ ̔ ʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ ʧʦʚʝʜʽʥʢʫ ʣʶʜʠʥʠ. ʎʽ ʘʩʧʝʢʪʠ ʧʦʚʠʥʥʽ 

ʦʜʥʦʯʘʩʥʦ ʨʦʟʛʣʷʜʘʪʠʩʷ ʥʘ ʝʪʘʧʽ ʟʘʧʦʙʽʛʘʥʥʷ ɼʊʇ, ʧʽʜ ʯʘʩ ɼʊʇ ʪʘ ʧʽʩʣʷ ʾʾ 

ʩʢʦʻʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʠʭ ʫ ʩʚʽʪʽ ʧʽʜʭʦʜʽʚ, ʱʦ ʜʦʟʚʦʣʠʪʴ 

ʩʬʦʨʤʫʚʘʪʠ ʪʘ ʨʝʘʣʽʟʫʚʘʪʠ ʟʘʭʦʜʠ ʟ ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʠʩʪʝʤʘ ʚʦʜʽʡ-ʘʚʪʦʤʦʙʽʣʴ-ʜʦʨʦʛʘ-ʩʝʨʝʜʦʚʠʱʝ, ʤʽʥʽʤʽʟʘʮʽʷ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ, ʧʽʜʚʠʱʝʥʥʷ ʦʙôʻʢʪʠʚʥʦʩʪʽ ʨʽʰʝʥʴ, ʪʨʘʥʩʧʦʨʪʥʽ 

ʟʘʩʦʙʠ, ʙʝʟʧʝʢʘ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ, ʝʢʩʧʝʨʪʠʟʘ ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʠʛʦʜ. 

 

ʉʇʀʉʆʂ ʆʇʋɹʃɯʂʆɺɸʅʀʍ ʇʈɸʎʔ ɿɸ ʊɽʄʆʖ ɼʀʉɽʈʊɸʎɯɰ 

ʅʘʫʢʦʚʽ ʧʨʘʮʽ, ʚ ʷʢʠʭ ʦʧʫʙʣʽʢʦʚʘʥʽ ʦʩʥʦʚʥʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʾ: 
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ʝʢʩʧʝʨʪʠʟʠ ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʠʛʦʜ: ʤʦʥʦʛʨʘʬʽʷ. ɺʽʥʥʠʮʷ: ɺʅʊʋ, 

2018. 160 ʩ.  
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ɺʽʥʥʠʮʷ: ɺʅʊʋ, 2010. 200 ʩ.  
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ʨʦʟʚʠʪʢʫ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ: ʤʘʪʝʨʽʘʣʠ VIɯɯ ʤʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-
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ʜʦʧʦʚʽʜʝʡ ʚʩʝʫʢʨʘʾʥʩʴʢʦʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ, 8-11 ʚʝʨʝʩʥʷ 2015 
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ABSTRACT 

 

Kashkanov Andrii. The concept of assessing and reducing uncertainty in the 

tasks of automotive technical expertise of road accidents. ï Qualification scientific 

paper, manuscript. 

Thesis for a Doctoral Degree in Engineering in specialty 05.22.02 ï 

Automobiles and tractors. ï Kharkiv National Automobile and Highway University, 

Ministry of Education and Science of Ukraine. ī Kharkiv, 2020. 

The dissertation research deals with solving the problem of assessing and 

reducing uncertainty in the problems of automotive technical expertise of road 

accidents. Establishing the circumstances of the road accident is a multidisciplinary 

task designed to reconstruct the causes of the accident and its course. This requires, 
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in addition to extensive knowledge in various technical fields, the application of 

skills of analysis of research results from other fields of natural sciences (medicine, 

psychology, toxicology, forensic genetics, etc.) and decision-making in conditions 

of incomplete information, i.e. in conditions of uncertainty. 

The lack of a unified methodological approach to assessing and minimizing the 

impact of uncertainty on the results of automotive technical expertise of a road 

accident can lead to a significant error in determining the studied parameters (so the 

relative difference between maximum and minimum values of braking and 

maneuvering is in the range of 0.2-3.16, and coverage level of possible cases with 

the use of current techniques is 57-88%). The methodological basis of the thesis is 

the consistent application of a systematic approach, analytical and experimental 

research methods, modern scientific and technical means at all stages of the 

reconstruction of a road transport accident. The concept of the dissertation research 

is that the decision-making process in the automotive technical expertise of road 

accidents should be considered not only as deterministic, but also as a stochastic and 

uncertain process that requires the application of synthesis of deterministic, 

probabilistic, regression and neuro-fuzzy models for taking into account most of the 

factors that affect the reducing uncertainty in the formation of expert opinions. 

Solving the problem of quality assessment of the variant of auto technical 

examination conducting based on the model of reference comparison in combination 

with models of absolute and compromise solution reflects the full range of 

interaction of participants in this process and allows to take into account the 

necessary components of quality assurance system: component of analysis and 

evaluation of activities (audit) and component of standards or reference system of 

indicators (standards). 

Based on the theoretical analysis for the first time a general concept for assessing 

and reducing uncertainty in the problems of automotive technical expertise of road 

accidents based on the application of the methods of the theory of fuzzy sets and 

neural networks, the morphological method and modular synthesis technology has 

been created. The high flexibility of the automotive technical expertise system is 
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provided when its operating conditions change and conditions to reduce the 

uncertainty of expert assessment of the mechanism of emergencies have been 

created; a method has been developed and an information model has been built for 

assessing the quality of investigations and conducting automotive technical expertise 

of road traffic accidents, on the basis of which algorithms for adaptive decision-

making processes with deterministic and probabilistic characteristics are synthesized 

and the technology of choosing the optimal alternative under uncertainty is 

substantiated. 

The application of the methods of the theory of fuzzy sets, neural networks and 

experimental research methods has improved the method for estimating the 

coefficient of adhesion of car wheels with a road surface, which, unlike existing 

ones, allows to determine the value of the coefficient of adhesion for a wide range 

of modern cars more accurately, which, in turn, improves the quality and reduces 

the subjectivity of establishing the technical ability to avoid a traffic accident; a 

method for assessing the distance of visibility of objects when driving a car in the 

dark, which, unlike the existing ones, makes it possible to simplify the time-

consuming procedures for studying safe modes of car movement in the dark, reduce 

the time spent by an automotive expert for an in-depth analysis of road accidents, 

increase accuracy and expert opinions objectivity.  

Based on the methods of differential and integral calculus, mathematical statistics, 

probability theory and regression analysis, methods for assessing the distance traveled 

by a car have been further developed, which take into account the influence of the 

design of the braking system and the psychology of driving a vehicle on emergency 

braking indicators in the investigation of road accidents; methods for analyzing car 

maneuvering by taking into account uneven movement (maneuvering with braking).  

The proposed measures for assessment and selection ways to reduce the 

uncertainty of modern methods of expert analysis of the circumstances of the 

accident (their main types) can increase the objectivity of expert opinions, in 

particular: 



19 

ï in case of emergency situations, due to visibility reduction in the dark, the 

potential of the narrowing range of possible solutions is 68%, taking into account 

the design features and operation of car headlights in modeling reduces the 

probability of errors of the first kind by 6-48%, and errors of the second kind - by 6-

42%; 

ï when assessing the interaction of car tires with the road surface during 

emergency braking of vehicles, the range of possible solutions is narrowed by 2.2-

2.6 times; 

ï during the assessment of the sensorimotor phase of the driver's reaction, the 

probability of occurrence of type I errors decreases by 19% and type II errors - by 

32%; 

ï when determining the effectiveness of car braking in the process of 

investigating a traffic accident the range of possible solutions narrows to 50%, while 

the probability of errors of the first kind is reduced by 2-19%, and errors of the 

second kind - by 43-68%; 

ï when analyzing the car hitting to a pedestrian, the range of possible estimates 

is narrowed to 63%; 

ï when assessing the dynamics of emergency braking of the car and its trajectory, 

the range of possible modeling error is narrowed by 39%; 

ï if necessary, the analysis of maneuvering with braking vehicles with modern 

safety systems (ABS, EBD, BA, ESP, etc.), which allow to expand the range of possible 

lateral displacements YM to 65%, change the course angle to 82% and reduce the 

required longitudinal distance for performing maneuver CM to 25% while ensuring 

movement stability.  

Based on the method of fuzzy cognitive maps, it was proposed the model for 

assessing the reliability and safety of a vehicle in the driver-car-road-environment 

system (DCRE), which allows for taking into account the mutual influence of factors 

determining the reliability of a man-machine system, rank them and develop measures 

for improving traffic safety. Possible areas of application of the method are human-

machine systems with a continuous nature of human activity (the DCRE system 
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belongs to them), in which there are no clear boundaries between the operations 

performed, which makes it difficult to collect statistics on the probabilities of their 

correct execution. 

To evaluate the effectiveness of introducing a new method for establishing a 

particular parameter in the technical expertise of road accidents is possible basing on 

determining the difference in the uncertainty of the system in two states A and B (A is 

the state of the system when the current method is used, B is the proposed one). In this 

case, the efficiency criteria can be: the relative difference between the normalized 

entropies in states A and B, the relative value of the decrease in the dispersion range of 

the desired parameter, the relative value of the reduction in the probability of errors of 

the first and second kind. The application of the proposed method of normalized 

entropy shows that taking into account stochastic and fuzzy uncertainty increases the 

objectivity of decisions by 20% compared to the situation when only stochastic 

processes are taken into account. Compared to the deterministic approach accounting 

for stochastic uncertainty leads to an improvement in the objectivity of the examination 

results by 46-48%.  

The proposed theory and concept of estimating and reducing uncertainty in the 

tasks of auto technical examination of road accidents, presented in the work, create 

a methodology that, according to experimental data, allows increasing the accuracy 

and objectivity of the investigation of the mechanism of car accidents. The main 

results of the thesis can be used to increase the efficiency of the current system of 

conducting and expert analysis of road accidents in Ukraine. 

The main scientific provisions, developments and recommendations offered in 

the thesis are implemented: 

ï for using in practice of auto technical expertise of road accidents in the Kharkiv 

Research Forensic Center of the Ministry of Internal Affairs of Ukraine; Vinnytsia 

Research Forensic Center of the Ministry of Internal Affairs of Ukraine; Zhytomyr 

Research Forensic Center of the Ministry of Internal Affairs of Ukraine; 

ï when conducting individual and group classes, briefings, meetings, seminars 

on accident prevention, analysis of circumstances and causes of accidents in the 
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Road Safety Service of the Department of Armaments and Logistics of the National 

Guard of Ukraine; in the Department of Energy, Transport and Communications of 

Vinnytsia City Council; in the department for organization of domestic and 

international passenger traffic of JSC "Ukrzaliznytsia"; in the Transport Department 

of the Technical Department of PJSC Joint-Stock Company "Kyivvodokanal"; 

ï in the educational process of training of bachelors and masters in specialties 

274 "Road Transport" and 275 "Transport Technologies (in autotransport)" at 

Vinnytsia National Technical University. 

The main effect of the implementation of the developed measures will allow us 

to optimize the accident investigation process and approach solving the problem of 

reducing accident rate in road transport by introducing modern requirements and 

technologies that systematically cover all key aspects of road safety, in particular 

human behavior (human factor), road infrastructure, structural safety of vehicles, 

and at the same time are considered at the stage of accident prevention, during 

accidents and thereafter in accordance with the approaches generally accepted in the 

world to the formulation and implementation of road safety policy. 

Key words: driver-car-road-environment system, minimizing the uncertainty of 

parameters, increasing the objectivity of decisions, vehicles, road safety, expertise 

of road traffic accidents. 
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ʇɽʈɽʃɯʂ ʋʄʆɺʅʀʍ ʇʆɿʅɸʏɽʅʔ  

 

ɹɼʈ ï ɹʝʟʧʝʢʘ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ 

ɺɸɼʉ ï ʩʠʩʪʝʤʘ çʚʦʜʽʡ-ʘʚʪʦʤʦʙʽʣʴ-ʜʦʨʦʛʘ-ʩʝʨʝʜʦʚʠʱʝè 

ɺʆʆɿ ï ɺʩʝʩʚʽʪʥʷ ʦʨʛʘʥʽʟʘʮʽʷ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚôʷ; 

ɼʊʇ ï ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʘ ʧʨʠʛʦʜʘ; 

ɼʊʉ ï ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʘ ʩʠʪʫʘʮʽʷ; 

ʄɺʅ ï ʤʦʤʝʥʪ ʚʠʥʠʢʥʝʥʥʷ ʥʝʙʝʟʧʝʢʠ ʜʣʷ ʨʫʭʫ; 

ʅʂʂ ï ʥʝʯʽʪʢʘ ʢʦʛʥʽʪʠʚʥʘ ʢʘʨʪʘ; 

ʆʆʅ ï ʆʨʛʘʥʽʟʘʮʽʷ ʆʙôʜ̒ʥʘʥʠʭ ʅʘʮʽʡ 

ʇɼʈ ï ʇʨʘʚʠʣʘ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ; 

ʉɸʊɽ ï ʩʫʜʦʚʘ ʘʚʪʦʪʝʭʥʽʯʥʘ ʝʢʩʧʝʨʪʠʟʘ;  

ʊɿ ï ʪʨʘʥʩʧʦʨʪʥʠʡ ʟʘʩʽʙ (ʜʦʨʦʞʥʽʡ); 

ABS ï Anti-lock braking system (ʘʥʪʠʙʣʦʢʫʚʘʣʴʥʘ ʩʠʩʪʝʤʘ ʛʘʣʴʤ); 

ACN ï Automated Crash Notification (ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ ʧʦʚʽʜʦʤʣʝʥʥʷ 

ʧʨʦ ɼʊʇ); 

ASR ï Automatic Slip Regulation (ʩʠʩʪʝʤʘ ʟʘʧʦʙʽʛʘʥʥʷ ʙʫʢʩʫʚʘʥʥʶ); 

ɺɸ, ɺɸS ï Brake Assist (ʘʩʠʩʪʝʥʪ ʛʘʣʴʤʫʚʘʥʥʷ); 

EBD, EBV ï Electronic Brake Distribution, Elektronische Bremskraft 

Verteilung (ʝʣʝʢʪʨʦʥʥʠʡ ʨʦʟʧʦʜʽʣʴʥʠʢ ʛʘʣʴʤʽʚʥʠʭ ʩʠʣ); 

EDR ï Event Data Recorder (ʙʦʨʪʦʚʠʡ ʨʝʻʩʪʨʘʪʦʨ ʜʘʥʠʭ ʧʨʦ ʧʦʜʽʾ); 

EDS ï Electronic differential lock system (ʩʠʩʪʝʤʘ ʝʣʝʢʪʨʦʥʥʦʛʦ ʙʣʦʢʫʚʘʥʥʷ 

ʜʠʬʝʨʝʥʮʽʘʣʘ); 

ESP ï Electronic Stability Program (ʩʠʩʪʝʤʘ ʢʫʨʩʦʚʦʾ ʩʪʽʡʢʦʩʪʽ ʨʫʭʫ 

ʘʚʪʦʤʦʙʽʣʷ); 

GPS ï Global Positioning System (ʩʠʩʪʝʤʘ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʟʠʮʽʶʚʘʥʥʷ); 

RMSE ï Root Mean Square Error (ʢʚʘʜʨʘʪʥʠʡ ʢʦʨʥ̔ʴ ̔ʟ 

ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʾ ʧʦʤʠʣʢʠ ʤʦʜʝʣʽ). 
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ɺʉʊʋʇ 

 

ʆʙ̌ ʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʪʝʤʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʈʫʭ ʘʚʪʦʤʦʙʽʣʷ ʧʦ ʜʦʨʦʟʽ ʯʠ 

ʽʥʰʽʡ ʤʽʩʮʝʚʦʩʪʽ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ çʚʦʜʽʡ-

ʘʚʪʦʤʦʙʽʣʴ-ʜʦʨʦʛʘ-ʩʝʨʝʜʦʚʠʱʝè (ɺɸɼʉ). ʇʦʨʫʰʝʥʥʷ ʚ ʨʦʙʦʪʽ ʢʦʞʥʦʛʦ ʟ 

ʢʦʤʧʦʥʝʥʪʽʚ ʩʠʩʪʝʤʠ ɺɸɼʉ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʾʾ ʝʬʝʢʪʠʚʥʦʩʪʽ 

(ʟʤʝʥʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ, ʥʝʤʦʪʠʚʦʚʘʥʠʭ ʟʫʧʠʥʦʢ, ʟʙʽʣʴʰʝʥʥʷ ʚʠʪʨʘʪʠ 

ʧʘʣʠʚʘ) ʘʙʦ ʜʦ ʘʚʘʨʽʾ (ɼʊʇ). ɺʝʣʠʢʠʤ ʨʝʟʝʨʚʦʤ ʫ ʚʠʨʽʰʝʥʥʽ ʧʨʦʙʣʝʤʠ 

ʘʚʘʨʽʡʥʦʩʪʽ ʥʘ ʘʚʪʦʤʦʙʽʣʴʥʦʤʫ ʪʨʘʥʩʧʦʨʪʽ ʻ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʡ 

ʦʙôʻʢʪʠʚʥʦʩʪʽ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ɼʊʇ, ʚʠʷʚʣʝʥʥʷ ʧʨʠʯʠʥʥʦ-ʥʘʩʣʽʜʢʦʚʠʭ ʟʚôʷʟʢʽʚ. 

ʇʨʠ ʚʠʨʽʰʝʥʥʽ ʟʘʜʘʯ ʘʚʪʦʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ (ɸʊɽ) ɼʊʇ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʴ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʫʤʦʚʘʭ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ. ʆʩʥʦʚʥʠʤ 

ʥʝʜʦʣʽʢʦʤ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʪʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ 

ʨʦʟʨʘʭʫʥʢʽʚ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʝʪʝʨʤʽʥʽʩʪʠʯʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽ 

ʪʣʫʤʘʯʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʚʠʩʥʦʚʢʽʚ, ʷʢʠʡ ʥʝ 

ʚʨʘʭʦʚʫʻ, ʱʦ ʚ ʧʨʦʮʝʩʽ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʚʠʥʠʢʘʶʪʴ ʨʽʟʥʽ ʚʠʜʠ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ, ʷʢʘ ʤʦʞʝ ʤʘʪʠ ʩʪʦʭʘʩʪʠʯʥʫ ʘʙʦ ʥʝʯʽʪʢʫ ʧʨʠʨʦʜʫ ʚʽʜʧʦʚʽʜʥʠʭ 

ʧʨʦʮʝʩʽʚ, ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʧʘʨʘʤʝʪʨʽʚ ʽ ʢʦʝʬʽʮʽʻʥʪʽʚ. ʂʨʽʤ ʪʦʛʦ, ʧʽʜʚʠʱʝʥʥʷ 

ʪʦʯʥʦʩʪʽ ʡ ʦʙôʻʢʪʠʚʥʦʩʪʽ ʝʢʩʧʝʨʪʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʤʝʭʘʥʽʟʤʫ ʘʚʘʨʽʡʥʠʭ 

ʩʠʪʫʘʮʽʡ ʥʝʤʦʞʣʠʚʝ ʙʝʟ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ɸʊɽ ɼʊʇ. ʇʨʠ ʮʴʦʤʫ, 

ʦʙʦʚôʷʟʢʦʚʦʶ ʻ ʨʝʘʣʽʟʘʮʽʷ ʪʘʢʠʭ ʤʦʤʝʥʪʽʚ ʷʢ ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʙʣʝʤ ʽ ʧʨʽʦʨʠʪʝʪʽʚ 

ɸʊɽ; ʬʦʨʤʫʚʘʥʥʷ ʩʧʝʮʠʬʽʯʥʠʭ ʜʣʷ ʦʙʣʘʩʪʽ ʘʥʘʣʽʟʫ ʧʨʦʙʣʝʤ ʢʨʠʪʝʨʽʾʚ ʷʢʦʩʪʽ 

(ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʪʘʥʜʘʨʪʽʚ) ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʮʽʣʝʡ; ʨʝʪʨʦʩʧʝʢʪʠʚʥʠʡ ʪʘ ʧʦʪʦʯʥʠʡ 

ʘʥʘʣʽʟ ʩʠʪʫʘʮʽʾ, ʜʦʢʫʤʝʥʪʽʚ ʪʘ ʟʙʽʨ ʽʥʬʦʨʤʘʮʽʾ; ʘʥʘʣʽʟ ʚʩʪʘʥʦʚʣʝʥʠʭ ʧʨʦʙʣʝʤ ʽ 

ʧʽʜʛʦʪʦʚʢʘ ʨʝʢʦʤʝʥʜʘʮʽʡ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ; ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡ 

ʥʘ ʧʨʘʢʪʠʮʽ; ʦʮʽʥʶʚʘʥʥʷ ʜʦʩʷʛʥʫʪʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʇʦʪʨʽʙʥʦ ʧʽʜʢʨʝʩʣʠʪʠ, ʱʦ 

ʨʝʘʣʽʟʘʮʽʷ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʤʦʤʝʥʪʽʚ ʚ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʽ ʜʦʩʣʽʜʞʝʥʴ ʧʦʪʨʝʙʫʻ 

ʦʨʛʘʥʽʟʘʮʽʾ ʚʽʜʧʦʚʽʜʥʠʭ ʧʨʦʛʨʘʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ. ʎʽ ʧʨʦʛʨʘʤʠ ʜʦʟʚʦʣʷʶʪʴ 

ʛʘʨʘʥʪʫʚʘʪʠ ʧʝʚʥʠʡ ʨʽʚʝʥʴ ʪʦʯʥʦʩʪʽ ʡ ʦʙôʻʢʪʠʚʥʦʩʪʽ ɸʊɽ, ʩʠʩʪʝʤʘʪʠʯʥʝ ʡʦʛʦ 

ʦʮʽʥʝʥʥʷ ʟʘ ʫʟʛʦʜʞʝʥʠʤʠ ʽ ʟʘʟʜʘʣʝʛʽʜʴ ʚʩʪʘʥʦʚʣʝʥʠʤʠ ʩʪʘʥʜʘʨʪʘʤʠ. ʊʘʢʠʤ 
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ʯʠʥʦʤ, ʨʦʟʨʦʙʢʘ ʢʦʥʮʝʧʮʽʾ ʦʮʽʥʶʚʘʥʥʷ ʽ ʟʤʝʥʰʝʥʥʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʚ ʟʘʜʘʯʘʭ 

ɸʊɽ ɼʊʇ ʻ ʘʢʪʫʘʣʴʥʦʶ ʥʘʫʢʦʚʦʶ ʧʨʦʙʣʝʤʦʶ, ʚʠʨʽʰʝʥʥʷ ʷʢʦʾ ʧʽʜʚʠʱʠʪʴ 

ʷʢʽʩʪʴ ʪʘ ʟʤʝʥʰʠʪʴ ʩʫʙôʻʢʪʠʚʥʽʩʪʴ ʨʦʟʩʣʽʜʫʚʘʥʥʷ ɼʊʇ ʽ ʩʪʚʦʨʠʪʴ ʧʝʨʝʜʫʤʦʚʠ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʙʝʟʧʝʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʊɿ ʚ ʫʤʦʚʘʭ 

ʝʢʩʧʣʫʘʪʘʮʽʾ.  

ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. ʈʦʙʦʪʘ 

ʚʠʢʦʥʘʥʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ɿʘʢʦʥʫ ʋʢʨʘʾʥʠ çʇʨʦ ʧʨʽʦʨʠʪʝʪʥʽ ʥʘʧʨʷʤʢʠ ʨʦʟʚʠʪʢʫ 

ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠè ˉ 2623-14 ʚʽʜ 05.12.2012 ʨ.; ʧʦʩʪʘʥʦʚʠ ʂʘʙʽʥʝʪʫ ʄʽʥʽʩʪʨʽʚ 

ʋʢʨʘʾʥʠ çʇʨʦ ʟʘʪʚʝʨʜʞʝʥʥʷ ɼʝʨʞʘʚʥʦʾ ʮʽʣʴʦʚʦʾ ʧʨʦʛʨʘʤʠ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ 

ʙʝʟʧʝʢʠ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ ʚ ʋʢʨʘʾʥʽ ʥʘ ʧʝʨʽʦʜ ʜʦ 2020 ʨʦʢʫè ˉ 435 ʚʽʜ 

25.04.2018 ʨ.; ʨʦʟʧʦʨʷʜʞʝʥʥʷ ʂʘʙʽʥʝʪʫ ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ çʇʨʦ ʩʭʚʘʣʝʥʥʷ 

ʅʘʮʽʦʥʘʣʴʥʦʾ ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʪʨʘʪʝʛʽʾ ʋʢʨʘʾʥʠ ʥʘ ʧʝʨʽʦʜ ʜʦ 2030 ʨʦʢʫè ˉ 430-

ʨ. ʚʽʜ 30.05.2018 ʨ. ʊʝʤʘ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʙʫʣʘ ʩʢʣʘʜʦʚʦʶ ʯʘʩʪʠʥʦʶ 

ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʨʦʙʽʪ ʍʘʨʢʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʘʚʪʦʤʦʙʽʣʴʥʦ-

ʜʦʨʦʞʥʴʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ (ʍʅɸɼʋ) ʪʘ ɺʽʥʥʠʮʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ (ɺʅʊʋ): çʈʦʟʨʦʙʢʘ ʢʦʥʮʝʧʮʽʾ ʨʦʟʚʠʪʢʫ ʧʘʩʘʞʠʨʩʴʢʦʛʦ 

ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʟ ʤʝʪʦʶ ʦʧʪʠʤʽʟʘʮʽʾ ʤʘʨʰʨʫʪʥʦʾ ʤʝʨʝʞʽ ʫ 

ʤ. ɺʽʥʥʠʮʷè (ʰʠʬʨ 1802, ʜʝʨʞ. ʨʝʻʩʪʨ. ˉ 0107U012444); çʂʦʥʮʝʧʮʽʷ 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʘʚʪʦʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ ɼʊʇè (ʰʠʬʨ 18ʂ3, 

ʥʘʣʝʞʠʪʴ ʜʦ ʦʩʥʦʚʥʠʭ ʥʘʫʢʦʚʠʭ ʥʘʧʨʷʤʢʽʚ ʢʘʬʝʜʨʠ çɸʚʪʦʤʦʙʽʣʽ ʪʘ 

ʪʨʘʥʩʧʦʨʪʥʠʡ ʤʝʥʝʜʞʤʝʥʪè ʽ ʚʠʢʦʥʫʚʘʣʘʩʴ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʣʘʥʫ ʥʘʫʢʦʚʦ-

ʜʦʩʣʽʜʥʠʭ ʨʦʙʽʪ ɺʅʊʋ ʥʘ 2011-2018 ʨʨ.); ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʝʢʩʧʝʨʪʠʟ ʪʘ 

ʘʚʪʦʪʝʭʥʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥ ɹʚ ʤʝʞʘʭ ʜʦʛʦʚʽʨʥʠʭ ʨʦʙʽʪ ʍʅɸɼʋ (ʜʦʛʦʚʦʨʠ ˉ 27-

30-10/005 ɽʂ ʚʽʜ 2.04.2012 ʨ., ˉ 27-33-12/02 ɽʂ ʚʽʜ 22.05.2012 ʨ., ˉ 27-33-

12/03 ʚʽʜ 10.10.2012 ʨ., ˉ 27-33-12/04 ʚʽʜ 29.10.2012 ʨ.). 

ʄʝʪʘ ʪʘ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʽʜʚʠʱʝʥʥʷ 

ʦʙôʻʢʪʠʚʥʦʩʪʽ ʝʢʩʧʝʨʪʠʟʠ ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʠʛʦʜ ʟʘ ʨʘʭʫʥʦʢ 

ʟʤʝʥʰʝʥʥʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʚ ʟʘʜʘʯʘʭ ʘʚʪʦʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ ɼʊʇ ʰʣʷʭʦʤ 

ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʤʝʪʦʜʽʚ, ʤʦʜʝʣʝʡ ʽ ʘʣʛʦʨʠʪʤʽʚ. 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʪʘʢʽ ʟʘʚʜʘʥʥʷ: 
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ï ʨʦʟʨʦʙʠʪʠ ʢʦʥʮʝʧʪʫʘʣʴʥʽ ʟʘʩʘʜʠ ʦʮʽʥʶʚʘʥʥʷ ʪʘ ʚʠʙʦʨʫ ʩʧʦʩʦʙʽʚ 

ʟʤʝʥʰʝʥʥʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʚ ʟʘʜʘʯʘʭ ʘʚʪʦʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ ɼʊʇ ʥʘ ʦʩʥʦʚʽ 

ʧʝʚʥʠʭ ʥʘʫʢʦʚʦ-ʤʝʪʦʜʠʯʥʠʭ ʧʨʦʙʣʝʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʦʯʥʦʩʪʽ ʪʘ ʦʙôʻʢʪʠʚʥʦʩʪʽ 

ʝʢʩʧʝʨʪʥʠʭ ʜʦʩʣʽʜʞʝʥʴ; 

ï ʨʦʟʨʦʙʠʪʠ ʤʦʜʝʣʽ ʪʘ ʘʣʛʦʨʠʪʤʠ ʧʽʜʚʠʱʝʥʥʷ ʦʙôʻʢʪʠʚʥʦʩʪʽ ʝʢʩʧʝʨʪʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʠʛʦʜ; 

ï ʧʨʦʚʝʩʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʨʫʭʫ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʜʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʘʜʝʢʚʘʪʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ 

ʥʘʫʢʦʚʠʭ ʛʽʧʦʪʝʟ ʪʘ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ; 

ï ʧʨʦʽʣʶʩʪʨʫʚʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʦʚʠʭ ʤʝʪʦʜʽʚ, ʤʦʜʝʣʝʡ ʽ 

ʘʣʛʦʨʠʪʤʽʚ ʚ ʩʪʨʫʢʪʫʨʽ ʘʥʘʣʽʟʫ ɼʊʇ; 

ï ʨʦʟʨʦʙʠʪʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ 

ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʢʦʥʮʝʧʮʽʾ ʦʮʽʥʶʚʘʥʥʷ  ̔ ʟʤʝʥʰʝʥʥʷ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʚ ʟʘʜʘʯʘʭ ʘʚʪʦʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ ɼʊʇ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʧʨʦʮʝʩ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ çʚʦʜʽʡ ï 

ʘʚʪʦʤʦʙʽʣʴ ï ʜʦʨʦʛʘ ï ʩʝʨʝʜʦʚʠʱʝè ʧʽʜ ʯʘʩ ʨʦʟʩʣʽʜʫʚʘʥʥ ̫ ʜʦʨʦʞʥʴʦ-

ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʠʛʦʜ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʟʤʝʥʰʝʥʥʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʚ ʟʘʜʘʯʘʭ ʘʚʪʦʪʝʭʥʽʯʥʦʾ 

ʝʢʩʧʝʨʪʠʟʠ ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʠʛʦʜ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʜʠʯʥʦʶ ʦʩʥʦʚʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ. ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʥʘʫʢʦʚʦʾ ʧʨʦʙʣʝʤʠ ʥʘ ʦʩʥʦʚʽ 

ʚʠʚʯʝʥʥ ̫ʨʦʙʽʪ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʥʠʢʽʚ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ ʪʘ ʩʠʥʪʝʟʫ. 

ɼʣ ̫ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʪʘ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʘʚʪʦʪʝʭʥʽʯʦʾ ʝʢʩʧʝʨʪʠʟʠ 

ɼʊʇ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜʠ ʦʙʨʦʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ ʪʘ ʦʙʯʠʩʣʝʥʥʷ 

ʧʦʭʠʙʦʢ ʚʠʭʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʤʝʪʦʜʠ ʟʤʝʥʰʝʥʥʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʜʦʚʽʜʢʦʚʠʭ ʪʘ 

ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ. ɼʣʷ ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ ʨʦʟʩʣʽʜʫʚʘʥʥʷ ʪʘ 

ʧʨʦʚʝʜʝʥʥʷ ʘʚʪʦʪʝʭʥʽʯʥʠʭ ʝʢʩʧʝʨʪʠʟ ɼʊʇ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜʠ ʩʠʩʪʝʤʥʦʛʦ 

ʘʥʘʣʽʟʫ ʪʘ ʪʝʦʨʽʾ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. ʇʨʠ ʨʦʟʨʦʙʮʽ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ 

ʦʮʽʥʶʚʘʥʥ ̫ʢʦʝʬʽʮʽʻʥʪʘ ʟʯʝʧʣʝʥʥʷ ʢʦʣʽʩ ʘʚʪʦʤʦʙʽʣʷ ʟ ʜʦʨʦʞʥʽʤ ʧʦʢʨʠʪʪʷʤ ʪʘ 

ʚʽʜʩʪʘʥʽ ʚʠʜʠʤʦʩʪʽ ʦʙôʻʢʪʽʚ ʧʨʠ ʨʫʩʽ ʘʚʪʦʤʦʙʽʣʷ ʚ ʪʝʤʥʫ ʧʦʨʫ ʜʦʙʠ ʟʘʩʪʦʩʦʚʘʥʦ 
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ʤʝʪʦʜʠ ʪʝʦʨʽʾ ʥʝʯʽʪʢʠʭ ʤʥʦʞʠʥ ʪʘ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. ʇʨʠ ʨʦʟʨʦʙʮʽ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʦʮʽʥʶʚʘʥʥʷ ʯʘʩʫ ʩʝʥʩʦʤʦʪʦʨʥʦʾ ʨʝʘʢʮʽʾ ʚʦʜʽʷ ʪʘ 

ʝʤʧʽʨʠʯʥʠʭ ʤʦʜʝʣʝʡ ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʛʘʣʴʤʫʚʘʥʥʷ ʊɿ ʚʠʢʦʨʠʩʪʘʥʦ 

ʤʝʪʦʜʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ, ʪʝʦʨʽʾ ʽʤʦʚʽʨʥʦʩʪʽ ʪʘ ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ. 

ɼʣʷ ʨʦʟʨʦʙʢʠ ʪʘ ʚʠʨʽʰʝʥʥʷ ʜʝʪʝʨʤʽʥʦʚʘʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʟ ʦʮʽʥʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʨʫʭʫ ʊɿ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʪʘ ʽʥʪʝʛʨʘʣʴʥʦʛʦ 

ʯʠʩʣʝʥʥʷ. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʩʢʣʘʜʥʠʭ ʚʠʜʽʚ ɼʊʇ 

ʟʘʩʪʦʩʦʚʘʥʦ ʘʥʘʣʽʪʠʯʥʠʡ ʤʝʪʦʜ. ʇʨʠ ʨʦʟʨʦʙʮʽ ʤʦʜʝʣʽ ʦʮʽʥʶʚʘʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʽ 

ʙʝʟʧʝʢʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʊɿ ʚ ʩʠʩʪʝʤʽ ɺɸɼʉ ʟʘʩʪʦʩʦʚʘʥʦ ʤʝʪʦʜ ʥʝʯʪ̔ʢʠʭ 

ʢʦʛʥʽʪʠʚʥʠʭ ʢʘʨʪ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʥʦʚʠʭ ʥʘʫʢʦʚʠʭ ʜʘʥʠʭ ʪʘ ʧʽʜʪʚʝʨʜʞʝʥʥʷ 

ʘʜʝʢʚʘʪʥʦʩʪʽ ʨʦʟʨʦʙʣʝʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʚʠʢʦʨʠʩʪʘʥʦ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʤʝʪʦʜʠ, ʪʝʦʨʽ ʁ ʧʦʭʠʙʦʢ ʪʘ ʪʝʦʨʽ ʁ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ 

ʚʠʤʽʨʶʚʘʥʴ. ɼʣʷ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʘʥʠʭ ʟʘʩʪʦʩʦʚʘʥʦ ʤʝʪʦʜ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʚ ʫʟʘʛʘʣʴʥʝʥʥʽ, 

ʨʦʟʚʠʪʢʫ ʽ ʫʜʦʩʢʦʥʘʣʝʥʥʽ ʽʩʥʫʶʯʠʭ ʪʘ ʩʪʚʦʨʝʥʥʽ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʦʮʽʥʶʚʘʥʥʷ ʽ 

ʟʤʝʥʰʝʥʥʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʚ ʟʘʜʘʯʘʭ ʘʚʪʦʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ ɼʊʇ. ʇʨʠ 

ʮʴʦʤʫ: 

ʚʧʝʨʰʝ: 

ï ʩʪʚʦʨʝʥʦ ʟʘʛʘʣʴʥʫ ʢʦʥʮʝʧʮʽʶ ʦʮʽʥʶʚʘʥʥʷ ʽ ʟʤʝʥʰʝʥʥʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ 

ʚ ʟʘʜʘʯʘʭ ʘʚʪʦʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ ɼʊʇ ʥʘ ʦʩʥʦʚʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʪʝʦʨʽʾ 

ʥʝʯʽʪʢʠʭ ʤʥʦʞʠʥ ʪʘ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ, ʤʦʨʬʦʣʦʛʽʯʥʦʛʦ ʤʝʪʦʜʫ ʪʘ ʤʦʜʫʣʴʥʦʾ 

ʪʝʭʥʦʣʦʛʽʾ ʩʠʥʪʝʟʫ, ʷʢʘ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ, ʟʘʙʝʟʧʝʯʫ ̒ʚʠʩʦʢʫ ʛʥʫʯʢʽʩʪʴ 

ʩʠʩʪʝʤʠ ʘʚʪʦʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ ʧʨʠ ʟʤʽʥʽ ʫʤʦʚ ʾʾ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʘ ʩʧʨʠʷʻ 

ʟʤʝʥʰʝʥʥʁ ʥʝʚʠʟʥʘʯʝʥʦʩʪ̔ ʝʢʩʧʝʨʪʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʤʝʭʘʥʽʟʤʫ ɼʊʇ; 

ï ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʪʘ ʧʦʙʫʜʦʚʘʥʦ ʽʥʬʦʨʤʘʮʽʡʥʫ ʤʦʜʝʣʴ ʦʮʽʥʶʚʘʥʥʷ 

ʷʢʦʩʪʽ ʨʦʟʩʣʽʜʫʚʘʥʥʷ  ̔ ʧʨʦʚʝʜʝʥʥʷ ʘʚʪʦʪʝʭʥʽʯʥʠʭ ʝʢʩʧʝʨʪʠʟ ʜʦʨʦʞʥʴʦ-

ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʠʛʦʜ, ʥʘ ʦʩʥʦʚʽ ʷʢʦʾ ʚʠʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤʠ ʧʨʦʮʝʩʽʚ ʧʨʠʡʥʷʪʪʷ 

ʘʜʘʧʪʠʚʥʠʭ ʨʽʰʝʥʴ ʟ ʜʝʪʝʨʤʽʥʦʚʘʥʠʤʠ ʪʘ ʽʤʦʚʽʨʥʽʩʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ  ̔
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ʦʙˇʨʫʥʪʦʚʘʥʦ ʪʝʭʥʦʣʦʛʽʶ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʾ ʘʣʴʪʝʨʥʘʪʠʚʠ ʚ ʫʤʦʚʘʭ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ; 

ʫʜʦʩʢʦʥʘʣʝʥʦ: 

ï ʤʝʪʦʜ ʦʮʽʥʶʚʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʟʯʝʧʣʝʥʥʷ ʢʦʣʽʩ ʘʚʪʦʤʦʙʽʣʷ ʟ ʜʦʨʦʞʥʽʤ 

ʧʦʢʨʠʪʪʷʤ, ʷʢʠʡ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ, ʜʘʻ ʟʤʦʛʫ ʙʽʣʴʰ ʪʦʯʥʦ ʚʠʟʥʘʯʘʪʠ 

ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʟʯʝʧʣʝʥʥʷ ʜʣʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʩʫʯʘʩʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ, 

ʱʦ, ʪʘʢ ʩʘʤʦ, ʧʽʜʚʠʱʫʻ ʷʢʽʩʪʴ ʪʘ ʟʤʝʥʰʫʻ ʩʫʙôʻʢʪʠʚʥʽʩʪʴ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʪʝʭʥʽʯʥʦʾ ʤʦʞʣʠʚʦʩʪʽ ʫʥʠʢʥʝʥʥʷ ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʦʾ ʧʨʠʛʦʜʠ; 

ï ʤʝʪʦʜ ʦʮʽʥʶʚʘʥʥʷ ʚʽʜʩʪʘʥʽ ʚʠʜʠʤʦʩʪʽ ʦʙôʻʢʪʽʚ ʧʨʠ ʨʫʩʽ ʘʚʪʦʤʦʙʽʣʷ ʚ 

ʪʝʤʥʫ ʧʦʨʫ ʜʦʙʠ, ʷʢʠʡ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ, ʜʦʟʚʦʣʷʻ ʩʧʨʦʩʪʠʪʠ 

ʪʨʫʜʦʤʽʩʪʢʽ ʧʨʦʮʝʜʫʨʠ ʜʦʩʣʽʜʞʝʥʥʷ ʙʝʟʧʝʯʥʠʭ ʨʝʞʠʤʽʚ ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʽʚ ʚ 

ʪʝʤʥʫ ʧʦʨʫ ʜʦʙʠ, ʟʤʝʥʰʠʪʠ ʯʘʩ, ʷʢʠʡ ʚʠʪʨʘʯʘʻʪʴʩʷ ʝʢʩʧʝʨʪʦʤ-ʘʚʪʦʪʝʭʥʽʢʦʤ 

ʜʣʷ ʧʦʛʣʠʙʣʝʥʦʛʦ ʘʥʘʣʽʟʫ ɼʊʇ, ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʪʘ ʦʙôʻʢʪʠʚʥʽʩʪʴ 

ʝʢʩʧʝʨʪʥʠʭ ʚʠʩʥʦʚʢ̔ ʚ; 

ʦʪʨʠʤʘʣʠ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ: 

ï ʤʝʪʦʜʠ ʦʮʽʥʶʚʘʥʥʷ ʛʘʣʴʤʽʚʥʦʛʦ ʪʘ ʟʫʧʠʥʥʦʛʦ ʰʣʷʭʫ ʘʚʪʦʤʦʙʽʣʷ, 

ʰʣʷʭʦʤ ʚʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ ʢʦʥʩʪʨʫʢʮʽʾ ʛʘʣʴʤʽʚʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʧʩʠʭʦʣʦʛʽʾ 

ʢʝʨʫʚʘʥʥʷ ʊɿ ʥʘ ʧʦʢʘʟʥʠʢʠ ʝʢʩʪʨʝʥʦʛʦ ʛʘʣʴʤʫʚʘʥʥʷ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ɼʊʇ; 

ï ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ ʤʘʥʝʚʨʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʷ ʰʣʷʭʦʤ ʚʨʘʭʫʚʘʥʥʷ 

ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʨʫʭʫ (ʤʘʥʝʚʨʫʚʘʥʥʷ ʟ ʛʘʣʴʤʫʚʘʥʥʷʤ).  

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʈʦʟʨʦʙʣʝʥʽ ʚ 

ʜʠʩʝʨʪʘʮʽʡʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥ̔  ʤʝʪʦʜʦʣʦʛʽʯʥʽ ʦʩʥʦʚʠ ʪʘ ʢʦʥʮʝʧʪʫʘʣʴʥʽ ʟʘʩʘʜʠ 

ʦʮʽʥʶʚʘʥʥʷ  ̔ ʚʠʙʦʨʫ ʩʧʦʩʦʙʫ ʟʤʝʥʰʝʥʥʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʚ ʟʘʜʘʯʘʭ 

ʘʚʪʦʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ ɼʊʇ ʜʘʣʠ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʪʠ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ, 

ʷʢʽ ʤʘʶʪʴ ʚʠʩʦʢʠʡ ʩʪʫʧʽʥʴ ʛʦʪʦʚʥʦʩʪʽ ʜʦ ʚʧʨʦʚʘʜʞʝʥʥʷ. ɼʦ ʨʝʟʫʣʴʪʘʪʽʚ, ʷʢʽ 

ʤʘʶʪʴ ʥʘʡʙʽʣʴʰʫ ʧʨʘʢʪʠʯʥʫ ʟʥʘʯʠʤʽʩʪʴ, ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ: 

ï ʤʝʪʦʜʠʢʫ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʝʢʩʧʝʨʪʥʦʛʦ ʘʥʘʣʽʟʫ ʦʙʩʪʘʚʠʥ 

ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʠʛʦʜ; 

ï ʤʝʪʦʜʠʢʫ ʬʦʨʤʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʟʘʩʦʙʽʚ ʟʙʦʨʫ, 

ʦʙʨʦʙʢʠ, ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʟ ʤʽʩʮʷ ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʠʛʦʜ; 
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ï ʤʝʪʦʜʠʢʫ ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ ʨʦʟʩʣʽʜʫʚʘʥʥʷ ʪʘ ʧʨʦʚʝʜʝʥʥʷ 

ʘʚʪʦʪʝʭʥʽʯʥʠʭ ʝʢʩʧʝʨʪʠʟ ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʠʛʦʜ; 

ï ʤʝʪʦʜʠʢʫ ʦʮʽʥʶʚʘʥʥʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʧʨʠʡʥʷʪʦʾ ʩʠʩʪʝʤʠ 

ʘʚʪʦʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ ɼʊʇ ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ ʥʦʨʤʘʣʽʟʦʚʘʥʦʾ ʝʥʪʨʦʧʽʾ. 

ï ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʢʦʥʮʝʧʮʽʾ ʦʮʽʥʶʚʘʥʥʷ 

ʪʘ ʟʤʝʥʰʝʥʥʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʚ ʟʘʜʘʯʘʭ ʘʚʪʦʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ ɼʊʇ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʚ ʜʠʩʝʨʪʘʮʽʾ ʦʩʥʦʚʥʽ ʥʘʫʢʦʚʽ ʧʦʣʦʞʝʥʥʷ, ʨʦʟʨʦʙʢʠ ʽ 

ʨʝʢʦʤʝʥʜʘʮʽʾ ʚʧʨʦʚʘʜʞʝʥʽ:  

ï ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʧʨʘʢʪʠʮʽ ʘʚʪʦʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ ɼʊʇ ʚ 

ʍʘʨʢʽʚʩʴʢʦʤʫ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʤʫ ʝʢʩʧʝʨʪʥʦ-ʢʨʠʤʽʥʘʣʽʩʪʠʯʥʦʤʫ ʮʝʥʪʨʽ 

(ʅɼɽʂʎ) ʄɺʉ ʋʢʨʘʾʥʠ; ɺʽʥʥʠʮʴʢʦʤʫ ʅɼɽʂʎ ʄɺʉ ʋʢʨʘʾʥʠ; 

ɾʠʪʦʤʠʨʩʴʢʦʤʫ ʅɼɽʂʎ ʄɺʉ ʋʢʨʘʾʥʠ; 

ï ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʪʘ ʛʨʫʧʦʚʠʭ ʟʘʥʷʪʴ, ʽʥʩʪʨʫʢʪʘʞʽʚ, 

ʥʘʨʘʜ, ʩʝʤʽʥʘʨʽʚ ʱʦʜʦ ʧʦʧʝʨʝʜʞʝʥʥʷ ʘʚʘʨʽʡʥʦʩʪʽ, ʨʦʟʙʦʨʽʚ ʦʙʩʪʘʚʠʥ ʽ ʧʨʠʯʠʥ 

ʚʠʥʠʢʥʝʥʥʷ ɼʊʇ ʚ ʉʣʫʞʙʽ ʙʝʟʧʝʢʠ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ ʋʧʨʘʚʣʽʥʥʷ ʦʟʙʨʦʻʥʥʷ ʪʘ 

ʪʝʭʥʽʢʠ ʣʦʛʽʩʪʠʢʠ ʅʘʮʽʦʥʘʣʴʥʦʾ ʛʚʘʨʜʽʾ ʋʢʨʘʾʥʠ; ʚ ɼʝʧʘʨʪʘʤʝʥʪʽ ʝʥʝʨʛʝʪʠʢʠ, 

ʪʨʘʥʩʧʦʨʪʫ ʪʘ ʟʚôʷʟʢʫ ɺʽʥʥʠʮʴʢʦʾ ʤʽʩʴʢʦʾ ʨʘʜʠ; ʚ ʜʝʧʘʨʪʘʤʝʥʪʽ ʟ ʦʨʛʘʥʽʟʘʮʽʾ 

ʚʥʫʪʨʽʰʥʽʭ ʪʘ ʤʽʞʥʘʨʦʜʥʠʭ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʴ ɸʊ çʋʢʨʟʘʣʽʟʥʠʮʷè; ʚ 

ʋʧʨʘʚʣʽʥʥʽ ʪʨʘʥʩʧʦʨʪʫ ʊʝʭʥʽʯʥʦʛʦ ʜʝʧʘʨʪʘʤʝʥʪʫ ʇʨɸʊ çɸʢʮʽʦʥʝʨʥʘ ʢʦʤʧʘʥʽʷ 

çʂʠʾʚʚʦʜʦʢʘʥʘʣè;  

ï ʚ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ʧʽʜʛʦʪʦʚʢʠ ʙʘʢʘʣʘʚʨʽʚ ʪʘ ʤʘʛʽʩʪʨʽʚ ʟʘ 

ʩʧʝʮʽʘʣʴʥʦʩʪʷʤʠ 274 çɸʚʪʦʤʦʙʽʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪè ʪʘ 275 çʊʨʘʥʩʧʦʨʪʥʽ 

ʪʝʭʥʦʣʦʛʽʾ (ʥʘ ʘʚʪʦʤʦʙʽʣʴʥʦʤʫ ʪʨʘʥʩʧʦʨʪʽ)è ʫ ɺʽʥʥʠʮʴʢʦʤʫ ʥʘʮʽʦʥʘʣʴʥʦʤʫ 

ʪʝʭʥʽʯʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ.  

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ʇʦʣʦʞʝʥʥʷ ʪʘ ʨʝʟʫʣʴʪʘʪʠ, ʱʦ ʚʠʥʦʩʷʪʴʩʷ 

ʥʘ ʟʘʭʠʩʪ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ, ʦʪʨʠʤʘʥʦ ʘʚʪʦʨʦʤ ʩʘʤʦʩʪʽʡʥʦ ʪʘ ʚʠʢʣʘʜʝʥʦ ʚ 

ʨʦʙʦʪʘʭ [1-69]. ʈʦʙʦʪʠ [1, 7, 23, 24, 26, 27, 29, 32, 33, 37, 39, 40, 45, 46, 49-53, 

55, 57-60, 62-64] ʦʧʫʙʣʽʢʦʚʘʥʦ ʙʝʟ ʩʧʽʚʘʚʪʦʨʽʚ. ɺ ʢʦʣʝʢʪʠʚʥʽʡ ʤʦʥʦʛʨʘʬʽʾ [2] 

ʘʚʪʦʨʫ ʥʘʣʝʞʠʪʴ ʧʦʩʪʘʥʦʚʢʘ ʟʘ-ʜʘʯʽ ʪʘ ʟʘʛʘʣʴʥʝ ʥʘʫʢʦʚʝ ʢʝʨʽʚʥʠʮʪʚʦ 

ʜʦʩʣʽʜʞʝʥʥʷʤʠ, ʧʽʜʨʦʟʜʽʣʠ 1.5 ʪʘ 3.1, ʘ ʪʘʢʦʞ ʚʟʷʪʦ ʫʯʘʩʪʴ ʫ ʥʘʧʠʩʘʥʥʽ 
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ʧʽʜʨʦʟʜʽʣʽʚ 1.4, 2.4, 3.2, 3.3, 4.2, 5.1ï5.3; ʚ ʤʦʥʦʛʨʘʬʽʾ [3] ʘʚʪʦʨʫ ʥʘʣʝʞʠʪʴ 

ʜʦʧʦʤʦʛʘ ʫ ʬʦʨʤʫʚʘʥʥʽ ʥʝʯʽʪʢʦʾ ʤʦʜʝʣʽ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʟʯʝʧʣʝʥʥʷ ʪʘ 

ʾʾ ʦʧʪʠʤʽʟʘʮʽʾ (ʨʦʟʜʽʣʠ 2, 3) ʪʘ ʧʽʜʛʦʪʦʚʢʘ ʧʽʜ-ʨʦʟʜʽʣʽʚ 1.3, 1.4. ʋ ʩʧʽʣʴʥʠʭ 

ʧʨʘʮʷʭ [6, 14, 30, 65-69] ʘʚʪʦʨʫ ʥʘʣʝʞʠʪʴ ʚʠʟʥʘʯʝʥʥʷ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʤʽʞ 

ʧʘʨʘʤʝʪʨʘʤʠ ʙʝʟʧʝʢʠ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ; [22] ï ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ 

ʢʨʠʪʝʨʽʾʚ ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ ʨʦʟʩʣʽʜʫʚʘʥʥʷ ɼʊʇ; [5, 10, 16, 28, 31, 48] ï 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʘ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʪʘ ʚʠʙʦʨʫ 

ʩʧʦʩʦʙʫ ʟʤʝʥʰʝʥʥʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʚ ʟʘʜʘʯʘʭ ɸʊɽ ɼʊʇ; [17] ï ʤʘʪʝʤʘʪʠʯʥʘ 

ʤʦʜʝʣʴ ʢʦʝʬʽʮʽʻʥʪʘ ʟʯʝʧʣʝʥʥʷ ʢʦʣʽʩ ʘʚʪʦʤʦʙʽʣʷ ʟ ʜʦʨʦʞʥʽʤ ʧʦʢʨʠʪʪʷʤ; [4, 8, 

9, 11-13, 15, 34, 47] ï ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʚʽʜʩʪʘʥʽ ʚʠʜʠʤʦʩʪʽ 

ʦʙôʻʢʪʽʚ ʫ ʩʚʽʪʣʽ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʬʘʨ, ʤʦʜʝʣʴ ʫʧʨʘʚʣʽʥʥʷ ʰʚʠʜʢʽʩʪʶ ʘʚʪʦʤʦʙʽʣʷ 

ʚ ʫʤʦʚʘʭ ʥʝʜʦʩʪʘʪʥʴʦʾ ʚʠʜʠʤʦʩʪʽ ʪʘ ʾʾ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʝʢʩʧʝʨʪʠʟʽ ɼʊʇ; [21, 25, 

35] ï ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʜʘʥʠʭ ʥʘ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʪʠʟʠ ɼʊʇ; 

[18-20, 38, 41, 42, 44, 61] ï ʪʝʭʥʦʣʦʛʽʷ ʦʮʽʥʶʚʘʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʛʘʣʴʤʦʚʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʘʚʪʦʤʦʙʽʣʽʚ ʧʨʠ ʝʢʩʧʝʨʪʠʟʽ ɼʊʇ ʚ ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ 

ʚʭʽʜʥʠʭ ʜʘʥʠʭ; [36, 54, 56] ï ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʩʢʣʘʜʫ ʩʫʯʘʩʥʠʭ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ 

ʟʘʩʦʙʽʚ ʦʪʨʠʤʘʥʥʷ ʦʙôʻʢʪʠʚʥʦʾ ʜʦʢʘʟʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʠ ʨʦʟʩʣʽʜʫʚʘʥʥʽ ɼʊʇ ʥʘ 

ʦʩʥʦʚʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ; [43] ï 

ʩʪʨʫʢʪʫʨʥʘ ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʤʦʜʝʣʽ ʦʮʽʥʶʚʘʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʽ ʙʝʟʧʝʢʠ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʊɿ ʚ ʩʠʩʪʝʤʽ ɺɸɼʉ ʪʘ ʾʾ ʽʥʬʦʨʤʘʮʽʡʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ 

ʨʦʙʦʪʠ ʜʦʧʦʚʽʜʘʣʠʩʷ, ʦʙʛʦʚʦʨʶʚʘʣʠʩʷ ʪʘ ʦʪʨʠʤʘʣʠ ʧʦʟʠʪʠʚʥʫ ʦʮʽʥʢʫ ʥʘ: 

ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʇʝʨʩʧʝʢʪʠʚʥʽ ʥʘʧʨʷʤʢʠ 

ʨʦʟʚʠʪʢʫ ʢʦʥʩʪʨʫʢʮʽʾ ʘʚʪʦʤʦʙʽʣʷè (ʍʘʨʢʽʚ, ʍʅɸɼʋ, 2001); V-ʍVI 

ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ çɸʚʪʦʤʦʙʽʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪ: 

ʧʨʦʙʣʝʤʠ ʽ ʧʝʨʩʧʝʢʪʠʚʠè (ʉʝʚʘʩʪʦʧʦʣʴ, ʉʚʅʊʋ, 2002-2013); ʤʽʞʥʘʨʦʜʥʽʡ 

ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çɸʚʪʦʤʦʙʽʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪ ʫ ʍʍɯ ʩʪʦʣʽʪʪʽè 

(ʍʘʨʢʽʚ, ʍʅɸɼʋ, 2003); ɯ-ʍɯɯ ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ 

çʉʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩ-ʧʦʨʪʫè 

(ɾʠʪʦʤʠʨ, ɾɼʊʋ, 2008, 2010, 2012, 2014, 2016, 2018; ɺʽʥʥʠʮʷ, ɺʅʊʋ, 2009, 

2011, 2013, 2015, 2017, 2019); ɯ-Vɯ ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ 
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ʢʦʥʬʝʨʝʥʮʽʷʭ çʅʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʽ ʘʩʧʝʢʪʠ ʘʚʪʦʤʦʙʽʣʴʥʦʾ ʽ ʪʨʘʥʩʧʦʨʪʥʦ-

ʜʦʨʦʞʥʴʦʾ ʛʘʣʫʟʽè (ʃʫʮʴʢ, ʃʅʊʋ, 2010, 2012, 2014, 2016, 2018, 2020); ɯɯɯ-IV 

ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ çʇʨʦʙʣʝʤʠ ʨʦʟʚʠʪʢʫ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤ ʽ ʣʦʛʽʩʪʠʢʠè (ɭʚʧʘʪʦʨʽʷ, ɺʅʋ ʽʤ. ɺ. ɼʘʣʷ, 2012-2013); Xɯ 

ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʷ çʇʨʦʛʨʝʩʠʚʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤʘʭè (ʈʦʩʽʷ, ʆʨʝʥʙʫʨʛ, 2013); I-Vɯɯɯ ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʚʦ-

ʧʨʘʢʪʠʯʥʠʭ ʽʥʪʝʨʥʝʪ-ʢʦʥʬʝʨʝʥʮʽʷʭ çʇʨʦʙʣʝʤʠ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ 

ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫè (ɺʽʥʥʠʮʷ, ɺʅʊʋ, 2013-2020); ʤʽʞʥʘʨʦʜʥʽʡ 

ʥʘʫʢʦʚʦ-ʤʝʪʦʜʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʇʨʦʙʣʝʤʠ ʧʽʜʛʦʪʦʚʢʠ ʢʘʜʨʽʚ ʘʚʪʦʤʦʙʽʣʴʥʦʾ 

ʛʘʣʫʟʽ ʪʘ ʰʣʷʭʠ ʾʭ ʚʠʨʽʰʝʥʥʷè (ʍʘʨʢʽʚ, ʍʅɸɼʋ, 2013); ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-

ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʅʦʚʽʪʥʽ ʪʝʭʥʦʣʦʛʽʾ ʨʦʟʚʠʪʢʫ ʢʦʥʩʪʨʫʢʮʽʾ, 

ʚʠʨʦʙʥʠʮʪʚʘ, ʝʢʩʧʣʫʘʪʘʮʽʾ, ʨʝʤʦʥʪʫ ʪʘ ʝʢʩʧʝʨʪʠʟʠ ʘʚʪʦʤʦʙʽʣʷè (ʍʘʨʢʽʚ, 

ʍʅɸɼʋ, 2014); ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʅʦʚʽʪʥʽ 

ʪʝʭʥʦʣʦʛʽʾ ʚ ʘʚʪʦʤʦʙʽʣʝʙʫʜʽʚʥʠʮʪʚʽ ʪʘ ʪʨʘʥʩʧʦʨʪʽè (ʍʘʨʢʽʚ, ʍʅɸɼʋ, 2015); 

VIɯI ʚʩʝʫʢʨʘʾʥʩʴʢʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʩʪʫʜʝʥʪʽʚ ʪʘ ʘʩʧʽʨʘʥʪʽʚ 

çʇʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʤʘʰʠʥ ʽ ʦʙʣʘʜʥʘʥʥʷè (ʂʽʨʦʚʦʛʨʘʜ, ʂʅʊʋ, 2014); 

ʚʩʝʫʢʨʘʾʥʩʴʢʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʅʦʚʽʪʥʽ ʰʣʷʭʠ ʩʪʚʦʨʝʥʥʷ, 

ʪʝʭʥʽʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʨʝʤʦʥʪʫ ʽ ʩʝʨʚʽʩʫ ʘʚʪʦʤʦʙʽʣʽʚè (ʆʜʝʩʘ, ɺʽʡʩʴʢʦʚʘ 

ʘʢʘʜʝʤʽʷ, 2015); ʚʩʝʫʢʨʘʾʥʩʴʢʽʡ ʥʘʫʢʦʚʦ-ʤʝʪʦʜʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʐʣʷʭʠ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʧʽʜʛʦʪʦʚʢʠ ʬʘʭʽʚʮʽʚ ʪʨʘʥʩʧʦʨʪʥʦʾ ʛʘʣʫʟʽè (ʍʘʨʢʽʚ, 

ʍʅɸɼʋ, 2015); ʍʍʍ-XLVI ɯɯ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ ʧʽʜʨʦʟʜʽʣʽʚ 

ɺʅʊʋ (ɺʽʥʥʠʮʷ, ɺʅʊʋ, 2001-2019); ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʪʘ 

ʥʘʫʢʦʚʦ-ʤʝʪʦʜʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʅʦʚʽʪʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚ ʘʚʪʦʤʦʙʽʣʝʙʫʜʫʚʘʥʥʽ, 

ʪʨʘʥʩʧʦʨʪʽ i ʧʨʠ ʧʽʜʛʦʪʦʚʮʽ ʬʘʭʽʚʮʽʚè (ʍʘʨʢʽʚ, ʍʅɸɼʋ, 2016); ʤʽʞʥʘʨʦʜʥʽʡ 

ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʉʠʥʝʨʛʝʪʠʢʘ, ʤʝʭʘʪʨʦʥʽʢʘ, ʪʝʣʝʤʘʪʠʢʘ 

ʜʦʨʦʞʥʽʭ ʤʘʰʠʥ ʽ ʩʠʩʪʝʤ ʫ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ʪʘ ʥʘʫʮʽè (ʍʘʨʢʽʚ, ʍʅɸɼʋ, 

2017); ʚʩʝʫʢʨʘʾʥʩʴʢʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çɸʢʪʫʘʣʴʥʽ ʧʨʦʙʣʝʤʠ 

ʧʨʦʝʢʪʫʚʘʥʥʷ, ʚʠʛʦʪʦʚʣʝʥʥʷ ʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʦʟʙʨʦʻʥʥʷ ʪʘ ʚʽʡʩʴʢʦʚʦʾ ʪʝʭʥʽʢʠè 

(ɺʽʥʥʠʮʷ, ɺʅʊʋ, 2017); ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ 

çɸʚʪʦʤʦʙʽʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪ i ʘʚʪʦʤʦʙʽʣʝʙʫʜʫʚʘʥʥʷ. ʅʦʚʽʪʥʽ ʪʝʭʥʦʣʦʛʽʾ i ʤʝʪʦʜʠ 

ʧʽʜʛʦʪʦʚʢʠ ʬʘʭʽʚʮʽʚè (ʍʘʨʢʽʚ, ʍʅɸɼʋ, 2017); The international research and 
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practical conference çThe development of technical sciences: problems and 

solutionsè (Brno, the Czech Republic, 2018); The international scientific and 

practical conference çGlobalization of scientific and educational space. Innovations 

of transport. Problems, experience, prospectsè (Rome, Italy, 2018); ʄʽʞʥʘʨʦʜʥʽʡ 

ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʅʦʚʽʪʥʽ ʪʝʭʥʦʣʦʛʽʾ ʨʦʟʚʠʪʢʫ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫè (ʍʘʨʢʽʚ, ʍʅɸɼʋ, 2018 ʨ.); ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ 

ʢʦʥʬʝʨʝʥʮʽʾ çʇʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʪʘ ʪʨʘʥʩʧʦʨʪʫè 

(ɺʽʥʥʠʮʷ, ɺʅʊʋ, 2019); ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ 

çʉʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʥʘ ʘʚʪʦʤʦʙʽʣʴʥʦʤʫ ʪʨʘʥʩʧʦʨʪʽ ʪʘ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽè 

(ʍʘʨʢʽʚ, ʍʅɸɼʋ, 2019); IV ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ 

çɹʝʟʧʝʢʘ ʥʘ ʪʨʘʥʩʧʦʨʪʽ ï ʦʩʥʦʚʘ ʝʬʝʢʪʠʚʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ: ʧʨʦʙʣʝʤʠ ʪʘ 

ʧʝʨʩʧʝʢʪʠʚʠè (ʍʘʨʢʽʚ, ʍʅɸɼʋ, 2019). 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʚ ʧʦʚʥʦʤʫ ʦʙʩʷʟʽ ʜʦʧʦʚʽʜʘʣʘʩʴ, ʦʙʛʦʚʦʨʶʚʘʣʘʩʴ ʽ 

ʦʪʨʠʤʘʣʘ ʧʦʟʠʪʠʚʥʫ ʦʮʽʥʢʫ ʥʘ ʩʫʤʽʩʥʦʤʫ ʥʘʫʢʦʚʦʤʫ ʩʝʤʽʥʘʨʽ ʢʘʬʝʜʨʠ 

ʘʚʪʦʤʦʙʽʣʽʚ ʽʤ. ɸ.ɹ. ɻʨʝʜʝʩʢʫʣʘ, ʢʘʬʝʜʨʠ ʪʝʭʥʦʣʦʛʽʾ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʪʘ 

ʨʝʤʦʥʪʫ ʤʘʰʠʥ, ʢʘʬʝʜʨʠ ʪʝʭʥʽʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʩʝʨʚʽʩʫ ʘʚʪʦʤʦʙʽʣʽʚ 

ʽʤ. ʄ.ʗ. ɻʦʚʦʨʫʱʝʥʢʦ ʽ ʢʘʬʝʜʨʠ ʘʚʪʦʤʦʙʽʣʴʥʦʾ ʝʣʝʢʪʨʦʥʽʢʠ ʍʅɸɼʋ 

(ʤ. ʍʘʨʢʽʚ, ʍʅɸɼʋ, 9 ʯʝʨʚʥʷ 2020 ʨ.). 

ʇʫʙʣʽʢʘʮʽʾ. ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʦʧʫʙʣʽʢʦʚʘʥʽ ʫ 

69 ʥʘʫʢʦʚʠʭ ʨʦʙʦʪʘʭ, ʟʦʢʨʝʤʘ: 3 ʤʦʥʦʛʨʘʬʽʾ; 39 ʩʪʘʪʝʡ ʚ ʧʨʦʬʝʩʽʡʥʠʭ 

ʚʠʜʘʥʥʷʭ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʧʝʨʝʣʽʢʫ ʄʆʅ ʋʢʨʘʾʥʠ; 6 ʧʫʙʣʽʢʘʮʽʡ ʚ ʟʘʢʦʨʜʦʥʥʠʭ 

ʚʠʜʘʥʥʷʭ, ʽʟ ʥʠʭ 3 ʩʪʘʪʪʽ ʫ ʧʝʨʽʦʜʠʯʥʠʭ ʚʠʜʘʥʥʷʭ, ʷʢʽ ʚʥʝʩʝʥʽ ʜʦ 

ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟ, ʨʝʢʦʤʝʥʜʦʚʘʥʠʭ ʄʆʅ, ʟʦʢʨʝʤʘ Scopus ʪʘ Web of Science 

Core Collection; 19 ʧʫʙʣʽʢʘʮʽʡ ʫ ʟʙʽʨʥʠʢʘʭ ʧʨʘʮʴ ʥʘ ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ. 

ʉʪʨʫʢʪʫʨʘ ʡ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ 

ʚʩʪʫʧʫ, ʰʝʩʪʠ ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʪʘ ʜʦʜʘʪʢʽʚ. 

ʇʦʚʥʠʡ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ ʩʪʘʥʦʚʠʪʴ 609 ʩʪʦʨʽʥʦʢ, ʟ ʷʢʠʭ ʦʩʥʦʚʥʠʡ ʪʝʢʩʪ ʟʘʡʤʘʻ 

308 ʩʪʦʨʽʥʦʢ ʽ 27 ʩʪʦʨʽʥʦʢ, ʧʣʦʱʘ ʷʢʠʭ ʧʦʚʥʽʩʪʶ ʟʘʡʥʷʪʘ ʨʠʩʫʥʢʘʤʠ ʪʘ 

ʪʘʙʣʠʮʷʤʠ. ʈʦʙʦʪʘ ʽʣʶʩʪʨʦʚʘʥʘ 139 ʨʠʩʫʥʢʘʤʠ, ʥʘʚʝʜʝʥʦ 52 ʪʘʙʣʠʮʽ. ʉʧʠʩʦʢ 

ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʩʪʘʥʦʚʠʪʴ 389 ʥʘʡʤʝʥʫʚʘʥʴ ʥʘ 39 ʩʪʦʨʽʥʢʘʭ. ɼʦʜʘʪʢʽʚ 11 

ʥʘ 206 ʩʪʦʨʽʥʢʘʭ. 
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ʈʆɿɼɯʃ 1  

ʇʈʆɹʃɽʄʀ ʅɽɺʀɿʅɸʏɽʅʆʉʊɯ ɼɸʅʀʍ ɺ ɸɺʊʆʊɽʍʅɯʏʅɯʁ 

ɽʂʉʇɽʈʊʀɿɯ ɼʆʈʆɾʅʔʆ-ʊʈɸʅʉʇʆʈʊʅʀʍ ʇʈʀɻʆɼ 

 

1.1 ʉʪʘʥ ʙʝʟʧʝʢʠ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ ʚ ʋʢʨʘʾʥʽ ʪʘ ʡʦʛʦ ʚʧʣʠʚ ʥʘ ʬʦʨʤʫʚʘʥʥʷ 

ʟʘʜʘʯ ʘʚʪʦʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʠʛʦʜ  

 

ɹʝʟʧʝʢʘ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ ï ʮʝ ʢʦʤʧʣʝʢʩ ʪʘ ʩʠʩʪʝʤʘ ʧʨʘʚʠʣ, ʟʘʭʦʜʽʚ ʽ 

ʟʘʩʦʙʽʚ, ʷʢʽ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʟʘʭʠʩʪ ʽ ʟʙʝʨʝʞʝʥʥʷ ʞʠʪʪʷ ʽ ʟʜʦʨʦʚôʷ ʫʯʘʩʥʠʢʘʤ 

ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ, ʘ ʪʘʢʦʞ, ʟʘʭʠʩʪ ʽ ʟʙʝʨʝʞʝʥʥʷ ʜʦʚʢʽʣʣʷ ʪʘ ʤʘʡʥʘ. ʉʝʨʝʜ 

ʤʥʦʞʠʥʠ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ɹɼʈ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ: ʩʪʚʦʨʝʥʥʷ ʥʘʜʽʡʥʠʭ 

ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʊɿ, ʷʢʽ ʤʘʶʪʴ ʚʠʩʦʢʠʡ ʨʽʚʝʥɹ ʘʢʪʠʚʥʦʾ ʽ ʧʘʩʠʚʥʦʾ ʙʝʟʧʝʢʠ; 

ʩʚʦʻʯʘʩʥʝ ʽ ʷʢʽʩʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʮʠʭ ʊɿ; ʨʽʚʝʥʴ ʧʨʦʬʝʩʽʡʥʦʾ ʧʽʜʛʦʪʦʚʢʠ 

ʚʦʜʽʾʚ, ʾʭ ʧʩʠʭʦʬʽʟʽʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ; ʩʪʘʥ ʪʘ ̫ ʢʽʩʪʴ ʧʨʦʾʟʥʦʾ ʯʘʩʪʠʥʠ; ʷʢʽʩʪʴ 

ʜʦʨʦʞʥʴʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ ʦʨʛʘʥʽʟʘʮʽ ʁ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ; ʥʘʛʣʷʜ ʟʘ 

ʜʦʨʦʞʥʽʤ ʨʫʭʦʤ; ʧʨʘʚʦʚʝ ʪʘ ʶʨʠʜʠʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʫʯʘʩʥʠʢʽʚ ʜʦʨʦʞʥʴʦʛʦ 

ʨʫʭʫ; ʩʪʘʪʠʩʪʠʯʥʠʡ ʘʥʘʣʽʟ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʜʣʷ ʧʦʩʪʽʡʥʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʩʠʩʪʝʤʠ ʟ ʧʽʜʪʨʠʤʫʚʘʥʥʷ ʙʝʟʧʝʢʠ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ ʥʘ ʥʘʣʝʞʥʦʤʫ ʨʽʚʥʽ. 

ʈʦʟʰʠʨʝʥʥʷ ʦʙʩ̫ʛʽʚ ʪʘ ʩʬʝʨʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʊɿ ʧʽʜʚʠʱʫʻ ʤ̔ʦʚʽʨʥʽʩʪʴ 

ʟʙʽʣʴʰʝʥʥʷ ʤʘʪʝʨʽʘʣʴʥʠʭ ʚʪʨʘʪ, ʪʨʘʚʤʘʪʠʟʤʫ ʪʘ ʩʤʝʨʪʥʦʩʪʽ ʥʘ ʜʦʨʦʛʘʭ ʢʨʘʾʥʠ. 

ɿʘ ʜʘʥʠʤʠ ɺʆʆɿ, ʫ ʩʚʽʪʽ ʱʦʨʦʢʫ ʥʘ ʜʦʨʦʛʘʭ ʛʠʥʝ ʙʣʠʟʴʢʦ 1,25 ʤʣʥ. ʣʶʜʝʡ, ʘ 

ʢʽʣʴʢʽʩʪʴ ʪʨʘʚʤʦʚʘʥʠʭ ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ 50 ʤʣʥ. [70]. ʎʷ ʞ ʦʨʛʘʥʽʟʘʮʽʷ 

ʧʨʦʛʥʦʟʫʻ, ʱʦ ʫ 2030 ʨʦʮʽ ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʽ ʧʨʠʛʦʜʠ ʙʫʜʫʪʴ ʥʘ ʪʨʝʪʴʦʤʫ 

ʤʽʩʮ ̔ʫ ʩʚʽʪʽ ʩʝʨʝʜ ʧʨʠʯʠʥ, ʷʢʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʚʪʨʘʪʠ ʟʜʦʨʦʚôʷ ʧʽʩʣʷ ʪʷʞʢʠʭ 

ʜʝʧʨʝʩʽʡ ʪʘ ʩʝʨʮʝʚʦ-ʩʫʜʠʥʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ.  

ʉʪʘʪʠʩʪʠʢʘ ʩʚʽʜʯʠʪʴ, ʱʦ ʟʘ 2010ï2019 ʨʦʢʠ ʚ ʋʢʨʘʾʥʽ ʟʘʨʝʻʩʪʨʦʚʘʥʦ 

ʙʣʠʟʴʢʦ 1 ʤʣʥ. 702 ʪʠʩ. ɼʊʇ, ʫ ʷʢʠʭ ʟʘʛʠʥʫʣʦ 42 ʪʠʩ. ʪʘ ʪʨʘʚʤʦʚʘʥʦ 348 ʪʠʩ. 

ʦʩʽʙ [71-73] (ʨʠʩ. 1.1; ʪʘʙʣ. ɸ1, ʨʠʩ. ɸ1-ɸ2 ɼʦʜʘʪʢʫ ɸ). ʈ̔ ʚʝʥʴ ʩʤʝʨʪʥʦʩʪʽ ʪʘ 

ʪʨʘʚʤʘʪʠʟʤʫ ʚʥʘʩʣʽʜʦʢ ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʠʛʦʜ ʚ ʋʢʨʘʾʥʽ ʻ ʦʜʥʠʤ ʟ 

ʥʘʡʚʠʱʠʭ ʚ ɭʚʨʦʧʽ, ʧʨʠ ʮʴʦʤʫ, ʨʽʚʝʥʴ ʦʨʛʘʥʽʟʘʮʽʾ ɹɼʈ ʟʘʣʠʰʘʻʪʴʩʷ ʚʢʨʘʡ 
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ʥʠʟʴʢʠʤ, ʥʘ ɦ ʦ ʫ ʩʚʦʾʭ ʟʚʽʪʘʭ ʥʝʦʜʥʦʨʘʟʦʚʦ ʟʚʝʨʪʘʣʠ ʫʚʘʛʫ ʝʢʩʧʝʨʪʠ ʉʚʽʪʦʚʦʛʦ 

ʙʘʥʢʫ, ɺʩʝʩʚʽʪʥʴʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚôʷ ʪʘ ʽʥʰʠʭ ʤʽʞʥʘʨʦʜʥʠʭ 

ʦʨʛʘʥʽʟʘʮʽʡ. ɺʝʣʠʢʝ ʟʘʥʝʧʦʢʦʻʥʥʷ ʚʠʢʣʠʢʘʻ ʨʽʚʝʥʴ ʜʠʪʷʯʦʛʦ ʪʨʘʚʤʘʪʠʟʤʫ ʥʘ 

ʜʦʨʦʛʘʭ ʋʢʨʘʾʥʠ. ʊʘʢ ʟʘ ʦʩʪʘʥʥʽʡ ʰʝʩʪʠʨʽʯʥʠʡ ʧʝʨʽʦʜ ʚ ʥʘʰʽʡ ʢʨʘʾʥʽ ʟʘʛʠʥʫʣʦ 

1400 ʜʽʪʝʡ ʚʽʢʦʤ ʜʦ 18 ʨʦʢʽʚ. ɼʊʇ ʚ ʋʢʨʘʾʥʽ ʻ ʛʦʣʦʚʥʦʶ ʧʨʠʯʠʥʦʶ ʩʤʝʨʪʽ 

ʤʦʣʦʜʠʭ ʣʶʜʝʡ ʚʽʢʦʤ ʚʽʜ 15 ʜʦ 24 ʨʦʢʽʚ, ʘ ʩʤʝʨʪʥʽʩʪʴ ʜʽʪʝʡ ʚʽʜ ɼʊʇ ʚʽʢʦʤ ʚʽʜ 

5 ʜʦ 14 ʨʦʢʽʚ  ̒ʜʨʫʛʦʶ ʧʨʠʯʠʥʦʶ ʟʘ ʧʦʰʠʨʝʥʽʩʪʶ [74].  

 

 

ʈʠʩʫʥʦʢ 1.1 ï ɼʠʥʘʤʽʢʘ ɼʊʇ ʚ ʋʢʨʘʾʥʽ ʟʘ 2010ï2019 ʨʨ. 

 

ɿʘ ʧʠʪʦʤʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʘʚʘʨʽʡʥʦʩʪʽ ʪʘ ʥʘʩʣʽʜʢʽʚ ɼʊʇ ʋʢʨʘʾʥʘ ʪʘʢʦʞ ʻ 

ʦʜʥʠʤ ʟ ʣʽʜʝʨʽʚ ʩʝʨʝʜ ʻʚʨʦʧʝʡʩʴʢʠʭ ʢʨʘʾʥ. ɿʘ ʜʘʥʠʤʠ ʆʨʛʘʥʽʟʘʮʽ ʾʝʢʦʥʦʤʽʯʥʦʛʦ 

ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʘ ʪʘ ʨʦʟʚʠʪʢʫ (ʘʥʛʣ. Organization for Economic Co-operation and 

Development (OECD) ʪʘ ʋʧʨʘʚʣʽʥʥʷ ʙʝʟʧʝʢʠ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ ɼʝʧʘʨʪʘʤʝʥʪʫ 

ʧʨʝʚʝʥʪʠʚʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʅʘʮʽʦʥʘʣʴʥʦʾ ʧʦʣʽʮʽʾ ʋʢʨʘʾʥʠ ʫ 2015 ʨʦʮʽ ʋʢʨʘʾʥʘ 

ʚʭʦʜʠʣʘ ʚ ʊʆʇ-10 ʢʨʘʾʥ ʩʚʽʪʫ ʟʘ ʩʤʝʨʪʥʽʩʪʶ ʥʘ ʜʦʨʦʟʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ɼʊʇ ʥʘ 

1 ʤʣʥ. ʥʘʩʝʣʝʥʥʷ [75] (ʨʠʩ. ɸ3 ɼʦʜʘʪʢʫ ɸ) ʪʘ ʟʘʡʤʘʣʘ ʧʝʨʰʝ ʤʽʩʮʝ ʧʦ ʢʽʣʴʢʦʩʪʽ 

ʟʘʛʠʙʣʠʭ ʚʽʜ ɼʊʇ ʚ ʨʦʟʨʘʭʫʥʢʫ ʥʘ 1 ʤʣʥ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ [76] (ʨʠʩ. ɸ4 

ɼʦʜʘʪʢʫ ɸ).  
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ɺʥʘʩʣʽʜʦʢ ʟʘʥʝʧʦʢʦʻʥʥ ̫ʟʨʦʩʪʘʥʥʷʤ ʨʽʚʥʷ ʪʨʘʚʤʘʪʠʟʤʫ ʽ ʩʤʝʨʪʥʦʩʪʽ ʥʘ 

ʘʚʪʦʰʣʷʭʘʭ ʩʚʽʪʫ, ɻʝʥʝʨʘʣʴʥʘ ɸʩʘʤʙʣʝʷ ʆʆʅ ʧʨʦʛʦʣʦʩʠʣʘ 2011-2020 ʨʦʢʠ 

ɼʝʩʷʪʠʣʽʪʪʷʤ ʜʽʡ ʟ ɹɼʈ. ʄʝʪʦʶ ʟʘʧʣʘʥʦʚʘʥʠʭ ʟʘʭʦʜʽʚ ʻ ʩʢʦʨʦʯʝʥʥʷ ʚʪʨʘʪ 

ʞʠʪʪ ̫ʣʶʜʝʡ ʚʽʜ ʘʚʘʨʽʡʥʦʩʪʽ ʥʘ ʪʨʘʥʩʧʦʨʪʽ ʰʣʷʭʦʤ ʘʢʪʠʚʽʟʘʮʽʾ ʜʽʡ ʥʘ ʨʽʟʥʠʭ 

ʨʽʚʥʷʭ: ʨʝʛʽʦʥʘʣʴʥʦʤʫ, ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʽ ʛʣʦʙʘʣʴʥʦʤʫ. ʊʨʘʥʩʧʦʨʪʥʘ ʩʪʨʘʪʝʛʽ ̫

ʋʢʨʘʾʥʠ, ʟʘʪʚʝʨʜʞʝʥʘ ʂʘʙʽʥʝʪʦʤ ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ ʥʘ ʧʝʨʽʦʜ ʜʦ 2020 ʨʦʢʫ ʪʘ 

ʉʪʨʘʪʝʛʽ ̫ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʙʝʟʧʝʢʠ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ ʚ ʋʢʨʘʾʥʽ ʥʘ ʧʝʨʽʦʜ ʜʦ 

2020 ʨʦʢʫ ʻ ʚʽʜʧʦʚʽʜʷʤʠ ʥʘ ʽʥʽʮʽʘʪʠʚʠ ʤʽʞʥʘʨʦʜʥʦʛʦ ʩʧʽʚʪʦʚʘʨʠʩʪʚʘ, ʤʝʪʦʶ 

ʷʢʠʭ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʪʘ ʩʪʘʙʽʣʴʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʫ ʚ 

ʢʨʘʾʥʽ, ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʩʤʝʨʪʥʦʩʪʽ ʚʥʘʩʣʽʜʦʢ ɼʊʇ ʱʦʥʘʡʤʝʥʰʝ ʥʘ 30 ʚʽʜʩʦʪʢʽʚ, 

ʩʪʫʧʝʥʷ ʪʷʞʢʦʩʪʽ ʥʘʩʣʽʜʢʽʚ ɼʊʇ ʜʣ ̫ʫʯʘʩʥʠʢʽʚ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ, ʤʽʥʽʤʽʟʘʮʽʾ 

ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʚʪʨʘʪ ʚʽʜ ʪʨʘʚʤʘʪʠʟʤʫ ʚ ɼʊʇ, ʟʘʧʨʦʚʘʜʞʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ɹɼʈ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʭʠʩʪʫ ʟʜʦʨʦʚôʷ ʪʘ 

ʞʠʪʪʷ ʥʘʩʝʣʝʥʥ.̫ 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʧʨʦʛʨʘʤ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ 

ʙʝʟʧʝʢʠ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ, ʪʘ ʜʝʷʢʽ ʧʦʢʨʘʱʝʥʥʷ ʚ ʩʪʘʪʠʩʪʠʮʽ, ʷʢʠʭ ʜʦʩʷʛʣʘ 

ʋʢʨʘʾʥʘ ʟʘ ʦʩʪʘʥʥʽ ʨʦʢʠ (ʜʠʚ. ʨʠʩ. 1.1), ʧʨʦʙʣʝʤʘ ɼʊʇ ʻ ʢʨʠʪʠʯʥʦʶ, ʘʜʞʝ ʟʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ 2017 ʨʦʢʫ ʚ ʢʨʘʾʥʽ ʟʘ ʜʦʙʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʙʣʠʟʴʢʦ 445 ɼʊʇ, ʚ ʷʢʠʭ 

95 ʣʶʜʝʡ ʪʨʘʚʤʫʻʪʴʩʷ, ʘ ʛʠʥʝ ʱʦʥʘʡʤʝʥʰʝ 9 ʣʶʜʝʡ [73], ʽ ʟʘ ʦʩʪʘʥʥʽ ʨʦʢʠ ʮʽ 

ʧʦʢʘʟʥʠʢʠ ʤʘʡʞʝ ʥʝ ʟʤʽʥʠʣʠʩʴ. ʎʝ ʚʠʤʘʛʘʻ ʚʽʜ ʋʢʨʘʾʥʠ ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʮʽʣʦʛʦ 

ʢʦʤʧʣʝʢʩʫ ʟʘʚʜʘʥʴ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ɹɼʈ. 

ʇʨʠʯʠʥʘʤʠ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʘʚʘʨʽʡʥʦʩʪʽ ʥʘ ʘʚʪʦʰʣʷʭʘʭ ʢʨʘʾʥʠ (ʨʠʩ. ɸ6 

ɼʦʜʘʪʢʫ ɸ) :̒ 

ï ʥʝʜʦʩʪʘʪʥʽʡ ʨʽʚʝʥʴ ʧʨʘʚʦʚʦʾ ʢʫʣʴʪʫʨʠ ʫʯʘʩʥʠʢʽʚ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ 

ʚʥʘʩʣʽʜʦʢ ʚʽʜʩʫʪʥʦʩʪ̔ ʝʬʝʢʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʟ ʙʦʢʫ ʧʦʣʽʮʽʾ ʪʘ 

ʥʝʥʘʣʘʛʦʜʞʝʥʦʩʪʽ ʨʦʙʦʪʠ ʩʠʩʪʝʤ ʘʚʪʦʬʽʢʩʘʮʽʾ ʧʦʨʫʰʝʥʴ; 

ï ʥʝʜʦʪʨʠʤʘʥʥʷ ʝʣʝʤʝʥʪʘʨʥʠʭ ʚʠʤʦʛ ʙʝʟʧʝʢʠ (ʧʝʨʝʭʽʜ ʧʽʰʦʭʦʜʘʤʠ 

ʜʦʨʦʛʠ ʟʘ ʤʝʞʘʤʠ ʦʙʣʘʰʪʦʚʘʥʠʭ ʧʝʨʝʭʦʜʽʚ; ʢʦʨʠʩʪʫʚʘʥʥʷ ʤʦʙʽʣʴʥʠʤʠ 

ʪʝʣʝʬʦʥʘʤʠ ʟʘ ʢʝʨʤʦʤ ʘʚʪʦʤʦʙʽʣʷ; ʥʝʭʪʫʚʘʥʥʷ ʨʝʤʝʥʷʤʠ ʙʝʟʧʝʢʠ; ʧʝʨʝʚʝʟʝʥʥʷ 
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ʤʘʨʰʨʫʪʥʠʤʠ ʊɿ ʢʽʣʴʢʦʩʪʽ ʧʘʩʘʞʠʨʽʚ ʙʽʣʴʰʦʾ, ʥʽʞ ʥʘʷʚʥʽʩʪʴ ʧʦʩʘʜʢʦʚʠʭ ʤʽʩʮʴ 

ʪʦʱʦ); 

ï ʙʝʟʢʘʨʥʽʩʪʴ ʦʩʽʙ, ʷʢʽ ʩʧʨʠʯʠʥʠʣʠ ʧʨʘʚʦʧʦʨʫʰʝʥʥʷ ʥʘ ʪʨʘʥʩʧʦʨʪʽ; 

ï ʩʪʘʥ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ (ʦʩʦʙʣʠʚʦ ʫ ʚʝʩʥʷʥʠʡ ʧʝʨʽʦʜ); 

ï ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ; 

ï ʚʽʜʩʫʪʥʩ̔ʪɹ ʻʜʠʥʠʭ ʧʨʘʚʠʣ ʦʙʣʽʢʫ ɼʊʇ, ʥʝʷʢʽʩʥʘ ʨʦʙʦʪʘ ʩʪʨʫʢʪʫʨ, ʱʦ 

ʟʙʠʨʘʶʪʴ ʜʦʨʦʞʥʶ ʩʪʘʪʠʩʪʠʢʫ, ʚʠʚʯʘʶʪʴ ʧʨʠʯʠʥʠ ɼʊʇ ʽ ʥʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʩʪʚʦʨʶʶʪʴ ʧʣʘʥʠ ʪʘ ʨʝʢʦʤʝʥʜʘʮʽʾ ʜʣʷ ʧʨʘʢʪʠʯʥʠʭ 

ʨʽʰʝʥʴ ʟ ʤʝʪʦʶ ʟʘʧʦʙʽʛʘʥʥʷ ɼʊʇ ʫ ʤʘʡʙʫʪʥʴʦʤʫ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʘʩʧʝʢʪʽʚ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʨʦʮʝʩʫ ʪʘ ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʧʨʠʛʦʜ ʟʘʩʥʦʚʘʥʦ ʥʘ ʘʥʘʣʽʟʽ ʩʢʣʘʜʥʦ ʾʢʘʨʪʠʥʠ ʚʟʘʻʤʦʜʽʾ ʣʘʥʦʢ ʩʠʩʪʝʤʠ ɺɸɼʉ. 

ɼʊʇ ʤʦʞʥʘ ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʷʢ çʨʦʟʣʘʛʦʜʞʝʥʥʷè ʚʟʘʻʤʦʜʽʾ ʩʠʩʪʝʤʠ ɺɸɼʉ 

[1]. ʅʘʡʯʘʩʪʽʰʝ, ʧʨʠʛʦʜʠ ʨʦʟʚʠʚʘʶʪʴʩʷ ʟʘ ʜʝʢʽʣʴʢʘ ʩʝʢʫʥʜ ʘʙʦ ʟʘ ʜʦʣʽ ʩʝʢʫʥʜʠ. 

ʇʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʠʛʦʜ ʩʧʨʠʯʠʥʷʻʪʴʩʷ 

ʜʝʢʽʣʴʢʦʤʘ ʧʨʠʯʠʥʘʤʠ (ʨʠʩ. 1.2). ʎʽ ʦʙʩʪʘʚʠʥʠ ʟʥʘʯʥʦ ʫʩʢʣʘʜʥʶʶʪʴ ʘʥʘʣʽʟ 

ɼʊʇ, ʛʦʣʦʚʥʦʶ ʤʝʪʦʶ ʷʢʦʛʦ ʻ ʚʠʷʚʣʝʥʥʷ ʫʤʦʚ, ʱʦ ʩʧʨʠʷʣʠ ʧʨʠʛʦʜʽ, ʪʘ 

ʚʠʟʥʘʯʝʥʥʷ ʜʡ̔ ʾʾ ʫʯʘʩʥʠʢʽʚ.  

ɸʥʘʣʽʟ ʧʨʠʯʠʥʥʦ-ʥʘʩʣʽʜʢʦʚʠʭ ʟʚôʷʟʢʽʚ ʤʝʭʘʥʽʟʤʫ ɼʊʇ (ʨʠʩ. 1.2) ʜʦʟʚʦʣʷʻ 

ʚʠʜʽʣʠʪʠ ʪʨʠ ʦʩʥʦʚʥʽ ʛʨʫʧʠ ʧʨʠʯʠʥ ʚʠʥʠʢʥʝʥʥʷ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ:  

1 ʛʨʫʧʘ ï ʥʝʜʦʪʨʠʤʘʥʥʷ ʫʯʘʩʥʠʢʘʤʠ ʨʫʭʫ ʜʽʶʯʠʭ ʇɼʈ ʪʘ ʧʦʤʠʣʢʠ ʚʦʜʽʾʚ ʚ 

ʫʧʨʘʚʣʽʥʥʽ ʊɿ; 

2 ʛʨʫʧʘ ï ʧʦʨʫʰʝʥʥʷ ʧʨʘʚʠʣ ʝʢʩʧʣʫʘʪʘʮʽʾ ʊɿ ʪʘ ʾʭ ʥʝʩʧʨʘʚʥʽʩʪʴ; 

3 ʛʨʫʧʘ ï ʥʝʟʘʜʦʚʽʣʴʥʠʡ ʩʪʘʥ ʜʦʨʦʞʥʴʦʛʦ ʧʦʢʨʠʪʪʷ ʪʘ ʥʠʟʴʢʠʡ ʨʽʚʝʥ ɹ

ʦʨʛʘʥʽʟʘʮʽ ʾʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ. 

ʇʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ɼʊʇ ʟʘ ʦʬʽʮʽʡʥʠʤʠ ʩʪʘʪʠʩʪʠʯʥʠʤʠ ʜʘʥʠʤʠ [71-73] 

ʩʧʨʠʯʠʥʷʻʪʴʩʷ ʧʨʠʯʠʥʘʤʠ, ʱʦ ʬʦʨʤʫʶʪʴ ʧʝʨʰʫ ʛʨʫʧʫ. ɼʽʶʯʽ ʇʨʘʚʠʣʘ 

ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ [77] ʚʠʜʽʣʷʶʪʴ ʪʘʢʽ ʦʩʥʦʚʥʽ ʦʙʩʪʘʚʠʥʠ ʟ ʚʠʥʠʢʥʝʥʥʷ 

ʘʚʘʨʽʡʥʦʾ ʩʠʪʫʘʮʽʾ: ʥʝʙʝʟʧʝʢʘ ʜʣʷ ʨʫʭʫ ʪʘ ʧʝʨʝʰʢʦʜʘ ʜʣʷ ʨʫʭʫ. ʇʨʠ ʚʠʥʠʢʥʝʥʥʽ 

ʥʝʙʝʟʧʝʢʠ ʜʣʷ ʨʫʭʫ (ʥʘʧʨʠʢʣʘʜ, ʫ ʨʘʟʽ ʧʝʨʝʪʠʥʫ ʩʤʫʛʠ ʨʫʭʫ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʟʘʩʦʙʫ ʷʢʠʤʦʩʴ-ʥʝʙʫʜʴ ʦʙôʻʢʪʦʤ, ʽʥʰʠʤ ʊɿ ʘʙʦ ʧ̔h ʦʭʦʜʦʤ) ʇɼʈ ʜʦʟʚʦʣʷʶʪʴ 
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ʚʦʜʽʶ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʽʣʴʢʠ ʛʘʣʴʤʫʚʘʥʥʷ. ʋ ʨʘʟʽ ʚʠʥʠʢʥʝʥʥʽ ʧʝʨʝʰʢʦʜʠ ʜʣʷ 

ʨʫʭʫ (ʥʘʧʨʠʢʣʘʜ, ʢʦʣʠ ʦʙôʻʢʪ ʧʝʨʝʰʢʦʜʠ ʥʝʨʫʭʦʤʠʡ ʘʙʦ ʨʫʭʘʻʪʴʩʷ ʚ 

ʟʫʩʪʨʽʯʥʦʤʫ ʯʠ ʧʦʧʫʪʥʦʤʫ ʥʘʧʨʷʤʽ) ʇɼʈ ʜʦʟʚʦʣʷʶʪʴ ʚʦʜʽʶ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʷʢ ʛʘʣʴʤʫʚʘʥʥʷ, ʪʘʢ ʽ ʤʘʥʝʚʨ ʚ ʨʽʚʥʽʡ ʤʽʨʽ. ʄʘʥʝʚʨʫʚʘʥʥʷ ʟ ʪʝʭʥʽʯʥʦʾ ʪʦʯʢʠ 

ʟʦʨʫ ʚʠʢʦʥʘʪʠ ʚʘʞʯʝ ʽ ʥʝʙʝʟʧʝʯʥʽʰʝ ʥʽʞ ʝʢʩʪʨʝʥʦ ʟʘʛʘʣʴʤʫʚʘʪʠ ʊɿ, ʪʦʤʫ 

ʙʣʠʟʴʢʦ 16 % ɼʊʇ ʻ ʥʘʩʣʽʜʢʦʤ ʧʦʨʫʰʝʥʥʷ ʤʘʥʝʚʨʫ ʊɿ (ʪʘʙʣ. ɸ2 ɼʦʜʘʪʢʫ ɸ), 

ʘ ʚ ʫʩʽʭ ʽʥʰʠʭ ʚʠʧʘʜʢʘʭ ʚʦʜʽʡ ʧʦʚʠʥʝʥ ʙʫʚ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʝʢʩʪʨʝʥʝ 

ʛʘʣʴʤʫʚʘʥʥʷ.  

 

ʊʨʘʥʩʧʦʨʪʥʠʡ ʟʘʩʽʙ 

ʥʝʩʧʨʘʚʥʠʡ

ʇʦʨʫʰʝʥʥʷ:

- ʩʪ. 29, 30, 33, 35ï37 

ɿʘʢʦʥʫ ʋʢʨʘʾʥʠ çʇʨʦ 

ʜʦʨʦʞʥʽʡ ʨʫʭè;

- ʩʪʘʥʜʘʨʪʽʚ ʪʘ 

ʪʝʭʥʽʯʥʠʭ ʫʤʦʚ ʥʘ 

ʚʠʛʦʪʦʚʣʝʥʥʷ, ʨʝʤʦʥʪ, 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ.

ʅʝʚʽʜʧʦʚʽʜʥʽʩʪʴ:

- ɼʉʊʋ 3649:2010;

- ʧ. 31 ʇɼʈ

ɺʦʜʽʡ ʧʦʨʫʰʫʻ ʇɼʈ ʯʠ 

ʚʪʨʘʯʘʻ ʢʝʨʫʚʘʥʥʷ ʥʘ 

ʚʝʣʠʢʽʡ ʰʚʠʜʢʦʩʪʽ

- ʇʝʨʝʚʠʱʝʥʥʷ ʩʠʪʫʘʮʽʡʥʦʾ

   h ʚʠʜʢʦʩʪʽ;

- ʧʽʟʥʻ ʫʩʚʽʜʦʤʣʝʥʥʷ

   ʥʝʙʝʟʧʝʢʠ;

- ʧʦʤʠʣʢʦʚʝ ʨʽʰʝʥʥʷ;

- ʨʽʟʢʠʡ ʤʘʥʝʚʨ;

- ʚʠʤʫʰʝʥʝ ʛʘʣʴʤʫʚʘʥʥʷ

ɼʦʨʦʛʘ ʥʝ ʚʽʜʧʦʚʽʜʘʻ 

ʚʠʤʦʛʘʤ

ʇʦʨʫʰʝʥʥʷ:

- ʩʪ. 12, 22ï25 ɿʘʢʦʥʫ 

ʋʢʨʘʾʥʠ çʇʨʦ 

ʜʦʨʦʞʥʽʡ ʨʫʭè.

ʅʝʚʽʜʧʦʚʽʜʥʽʩʪʴ:

- ɼʉʊʋ: 3587ï97;

               2587:2010; 

               4100ï2002;

               2735ï94;

- ɼɹʅ: ɺ.2.3-4:2015;

             ɺ.2.3-5:2018

ʇʦʨʫʰʫʻ 

ʇɼʈ

ʅʝ ʧʦʨʫʰʫʻ 

ʇɼʈ

ʊʨʘʥʩʧʦʨʪʥʠʡ ʟʘʩʽʙ 

ʨʫʭʘʻʪʴʩʷ ʟ 

ʧʦʨʫʰʝʥʥʷʤ

ʧ. 2.3 ʘ) ʇɼʈ

ʊʨʘʥʩʧʦʨʪʥʠʡ ʟʘʩʽʙ 

ʨʫʭʘʻʪʴʩʷ ʟ ʧʦʨʫʰʝʥʥʷʤ 

ʢʝʨʦʚʘʥʦʩʪʽ ʪʘ ʩʪʽʡʢʦʩʪʽ

ʅʝʟʘʜʦʚʽʣʴʥʽ ʜʦʨʦʞʥʽ 

ʫʤʦʚʠ, ʚʧʣʠʚ 

ʧʨʠʨʦʜʥʽʭ ʬʘʢʪʦʨʽʚ, 

ʟʯʝʧʣʝʥʥʷ, ʚʠʜʠʤʽʩʪʴ, 

ʫʭʠʣʠ, ʨʘʜʽʫʩʠ, 

ʥʝʨʽʚʥʦʩʪʽ, 

ʚʽʜʩʫʪʥʽʩʪʴ ʯʠ ʚʽʜʤʦʚʘ 

ʟʘʩʦʙʽʚ ʦʨʛʘʥʽʟʘʮʽʾ 

ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫʇʽʰʦʭʦʜʠ ʧʦʨʫʰʫʶʪʴ 

ʇɼʈ

(ʧʧ. 4.1ï4.8)

ɸʚʘʨʽʡʥʘ ʦʙʩʪʘʥʦʚʢʘ

ʇʦʨʫʰʝʥʥʷ ʪʝʭʥʽʯʥʠʭ ʧʨʘʚʠʣ ʨʝʤʦʥʪʫ 

ʪʘ ʫʪʨʠʤʘʥʥʷ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ 

ʟʘʛʘʣʴʥʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ: 

ʇɻ.1-218-113:2009

ʇʦʨʫʰʫʻ 

ʇɼʈ

ʅʝ ʧʦʨʫʰʫʻ 

ʇɼʈ

ɿʘʛʠʙʝʣʴ ʽ ʧʦʨʘʥʝʥʥʷ ʣʶʜʝʡ, 

ʧʦʰʢʦʜʞʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʟʘʩʦʙʽʚ ʪʘ ʦʙô̒ ʢʪʽʚ
 

ʈʠʩʫʥʦʢ 1.2 ï ʇʨʠʯʠʥʥʦ-ʥʘʩʣʽʜʢʦʚʽ ʟʚôʷʟʢʠ ʤʝʭʘʥʽʟʤʫ ɼʊʇ 
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ɼʨʫʛʘ ʛʨʫʧʘ ʧʨʠʯʠʥ ɼʊʇ, ʧʦʚôʷʟʘʥʘ ʟ ʧʦʨʫʰʝʥʥʷʤ ʧʨʘʚʠʣ ʝʢʩʧʣʫʘʪʘʮʽʾ ʊɿ 

ʪʘ ʾʭ ʥʝʩʧʨʘʚʥʽʩʪʶ. ɿʘ ʽʥʬʦʨʤʘʮʽʻʶ ʄʽʥʽʩʪʝʨʩʪʚʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʋʢʨʘʾʥʠ 

ʘʚʪʦʤʦʙʽʣʴʥʘ ʪʨʘʥʩʧʦʨʪʥʘ ʩʠʩʪʝʤʘ ʢʨʘʾʥʠ ʤʘʻ ʙʣʠʟɹʢʦ 9,2 ʤʣʥ. ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʟʘʩʦʙʽʚ, ʫ ʪʦʤʫ ʯʠʩʣʽ: ʙʣʠʟʴʢʦ 6,9 ʤʣʥ. ʣʝʛʢʦʚʠʭ ʘʚʪʦʤʦʙʽʣʽʚ, 250 ʪʠʩ. 

ʘʚʪʦʙʫʩʽʚ, 1,3 ʤʣʥ. ʚʘʥʪʘʞʥʠʭ ʊɿ, 840 ʪʠʩ. ʤʦʪʦʪʨʘʥʩʧʦʨʪʫ [78]. ʊʝʨʤʽʥ 

ʩʣʫʞʙʠ ʊɿ ʚ ʩʝʨʝʜʥʴʦʤʫ ʨʦʟʨʘʭʦʚʘʥʠʡ ʥʘ 8ï10 ʨʦʢʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɿʛʽʜʥʦ ʟ 

ʜʘʥʠʤʠ ʩʪʘʪʠʩʪʠʢʠ ʩʝʨʝʜʥʽʡ ʚʽʢ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʧʘʨʢʫ ʋʢʨʘʾʥʠ ʩʪʘʥʦʚʠʪʴ 

ʙʣʠʟʴʢʦ 20 ʨʦʢʽʚ (ʜʨʫʛʝ ʤʽʩʮʝ ʚ ʩʚʽʪʽ ï ʧʽʩʣʷ ʂʫʙʠ) ʽ ʤʘʻ ʪʝʥʜʝʥʮʽʶ ʜʦ 

ʟʙʽʣʴʰʝʥʥʷ (ʨʠʩ. ɸ6 ɼʦʜʘʪʢʫ ɸ) [79].  

ʉʪʘʨʽʥʥʷ ʘʚʪʦʤʦʙʽʣʷ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʦʨʫʰʝʥʥʷʤ ʡʦʛʦ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ï 

ʚʠʥʠʢʥʝʥʥʷʤ ʚʽʜʤʦʚ ʽ ʥʝʩʧʨʘʚʥʦʩʪʝʡ. ɸʥʘʣʽʟ ɼʊʇ ʩʧʨʠʯʠʥʝʥʠʭ ʚʽʜʤʦʚʘʤʠ ʽ 

ʥʝʩʧʨʘʚʥʦʩʪʷʤʠ ʊɿ (ʪʘʙʣ. ɸ3 ɼʦʜʘʪʢʫ ɸ) ʧʦʢʘʟʫʻ, ʱʦ ʾʭ ʧʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ 

(ʙʣʠʟʴʢʦ 90%) ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʪʘʢʠʭ ʝʣʝʤʝʥʪʘʭ ʷʢ ʛʘʣʴʤʽʚʥʘ ʩʠʩʪʝʤʘ, 

ʨʫʣʴʦʚʝ ʢʝʨʫʚʘʥʥʷ, ʰʠʥʠ, ʧʨʠʣʘʜʠ ʦʩʚʽʪʣʝʥʥʷ ʽ ʩʠʛʥʘʣʽʟʘʮʽʾ, ʭʦʜʦʚʘ ʯʘʩʪʠʥʘ. 

ɿʛʽʜʥʦ ʟ ʚʠʤʦʛʘʤʠ ʇɼʈ, ʟʘʙʦʨʦʥʝʥʦ ʝʢʩʧʣʫʘʪʫʚʘʪʠ ʊɿ ʟ ʥʝʩʧʨʘʚʥʦʩʪʷʤʠ, ʷʢʽ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ɹɼʈ: ʟ ʥʝʩʧʨʘʚʥʦʩʪʷʤʠ ʨʫʣʦɹʚʦʛʦ ʢʝʨʫʚʘʥʥʷ, ʛʘʣʴʤʽʚʥʦʾ 

ʩʠʩʪʝʤʠ, ʟʦʚʥʽʰʥʽʭ ʩʚʽʪʣʦʚʠʭ ʧʨʠʣʘʜʽʚ, ʩʢʣʦʦʯʠʩʥʠʢʽʚ ʽ ʩʢʣʦʦʙʤʠʚʘʯʽʚ 

ʚʽʪʨʦʚʦʛʦ ʩʢʣʘ, ʢʦʣ̔ʩ ʽ ʰʠʥ, ʜʚʠʛʫʥʘ, ʥ̔ ʠhʭ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ [77]. 

ʊʨʝʪʷ ʛʨʫʧʘ ʧʨʠʯʠʥ ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʠʛʦʜ ʧʦʚôʷʟʘʥʘ ʟ 

ʥʝʟʘʜʦʚʽʣʴʥʠʤʠ ʜʦʨʦʞʥʽʤʠ ʫʤʦʚʘʤʠ ʪʘ ʥʝʥʘʣʝʞʥʦʶ ʦʨʛʘʥʽʟʘʮʽʻ  ʁʜʦʨʦʞʥʴʦʛʦ 

ʨʫʭʫ. ɼʦʨʦʞʥʽ ʫʤʦʚʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʩʫʢʫʧʥʽʩʪʶ ʯʠʥʥʠʢʽʚ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ 

ʩʪʘʥ ʜʦʨʦʛʠ ʽ ʚʠʜʠʤʽʩʪʴ, ʪʘ ʻ ʟʘʣʝʞʥʠʤʠ ʚʽʜ ʘʪʤʦʩʬʝʨʥʠʭ ʷʚʠʱ. ɺʦʥʠ 

ʚʠʟʥʘʯʘʶʪʴ ̫ ʢʽʩʪʴ ʟʯʝʧʣʝʥʥʷ ʢʦʣʽʩ ʘʚʪʦʤʦʙʽʣʽʚ ʟ ʜʦʨʦʛʦʶ, ʚʝʣʠʯʠʥʫ ʟʫʧʠʥʥʦʛʦ 

ʰʣʷʭʫ, ʤʦʞʣʠʚʦʩʪʽ ʤʘʥʝʚʨʫʚʘʥʥʷ  ̔ʙʝʟʧʝʯʥʦʛʦ ʧʨʦʾʟʜʫ ʪʘ ʚʨʘʭʦʚʫʪʁʴʩʷ ʧʨʠ 

ʚʠʚʯʝʥʥʽ ʦʙʩʪʘʚʠʥ ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʠʛʦʜ [80, 81]. ʅʝʜʦʣʽʢʠ ʚ 

ʦʨʛʘʥʽʟʘʮʽ ʾʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ (ʧʦʛʘʥʘ ʚʠʜʠʤʽʩʪʴ ʜʦʨʦʞʥʴʦʾ ʨʦʟʤʽʪʢʠ ʪʘ ʟʥʘʢʽʚ, 

ʚʽʜʩʫʪʥʽʩʪʴ ʩʚʽʪʣʦʬʦʨʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ, ʪʦʱʦ) ʤʦʞʫʪʴ ʩʪʘʪʠ ʩʫʧʫʪʥʴʦʶ 

ʧʨʠʯʠʥʦʶ ʚʠʥʠʢʥʝʥʥʷ ɼʊʇ.  

ʆʪʞʝ ʧʨʦʙʣʝʤʥʽ ʧʠʪʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʠʛʦʜ 

ʚʣʘʩʪʠʚʽ ʷʢ ʥʘʰʽʡ ʢʨʘʾʥʽ, ʪʘʢ ʽ ʤʽʞʥʘʨʦʜʥʦʤʫ ʩʫʩʧʽʣʴʩʪʚʫ ʚ ʮʽʣʦʤʫ. ʎʝ 
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ʙʘʛʘʪʦʩʪʦʨʦʥʥʷ ʧʨʦʙʣʝʤʘ, ʨʽʰʝʥʥʷ ʷʢʦʾ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʬʘʢʪʦʨʽʚ, 

ʧʦʯʠʥʘʶʯʠ ʟ ʧʦʣʽʪʠʢʠ ʚ ʛʘʣʫʟʽ ʙʝʟʧʝʢʠ ʨʫʭʫ ʽ ʟʘʢʽʥʯʫʶʯʠ ʜʦʩʣʽʜʞʝʥʥʷʤ 

ʦʙʩʪʘʚʠʥ ʪʘ ʤʝʭʘʥʽʟʤʫ ɼʊʇ. ʆʯʝʚʠʜʥʦ, ʱʦ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʜʦʨʦʞʥʴʦʾ ʙʝʟʧʝʢʠ 

ʚ ʋʢʨʘʾʥʽ ʩʣʽʜ ʟʚʝʨʥʫʪʠʩʴ ʜʦ ʧʦʟʠʪʠʚʥʦʛʦ ʜʦʩʚʽʪʫ ʽʥʰʠʭ ʢʨʘʾʥ. 

ʆʜʥʽ ʟ ʢʨʘʱʠʭ ʧʦʢʘʟʥʠʢʽʚ ʟ ʜʠʥʘʤʽʢʠ ʟʨʦʩʪʘʥʥʷ ʜʦʨʦʞʥʴʦʾ ʙʝʟʧʝʢʠ 

ʧʦʢʘʟʘʣʘ ʅʽʤʝʯʯʠʥʘ. ɰʾ ʟʘʭʦʜʠ ʪʘ ʧʨʦʛʨʘʤʠ ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ ʨʫʭʫ ʩʪʘʣʠ 

ʦʩʥʦʚʦʶ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʻʜʠʥʦʾ ʻʚʨʦʧʝʡʩʴʢʦʾ ʧʨʦʛʨʘʤʠ çʅʫʣʴʦʚʦʾ ʩʤʝʨʪʥʦʩʪʽ 

ʥʘ ʜʦʨʦʛʘʭè, ʷʢʘ ʜʘʣʽ ʧʦʰʠʨʠʣʘʩʷ ʥʘ ɸʚʩʪʨʘʣʽʶ ʪʘ ʉʐɸ. ɿʘʭʦʜʠ ʻʜʠʥʦʾ 

ʻʚʨʦʧʝʡʩʴʢʦʾ ʧʨʦʛʨʘʤʠ ʜʦʟʚʦʣʠʣʠ ʟʥʠʟʠʪʠ ʩʤʝʨʪʥʽʩʪʴ ʥʘ ʜʦʨʦʛʘʭ ʚ ʧʝʨʽʦʜ ʟ 

2001 ʧʦ 2010 ʨʽʢ ʥʘ 50%, ʧʦʪʽʤ, ʚʽʜ 2010 ʜʦ 2020 ʨʦʢʫ ï ʱʝ ʥʘ 50% (ʨʠʩ. ɸ7 

ɼʦʜʘʪʢʫ ɸ) ʧʨʠ ʪʦʤʫ, ʱʦ ʨʦʟʤʽʨʠ ʘʚʪʦʧʘʨʢʽʚ ʫ ʚʩʽʭ ʢʨʘʾʥʘʭ ɭʉ ʧʦʩʪʽʡʥʦ 

ʟʙʽʣʴʰʫʶʪʴʩʷ (ʨʠʩ. ɸ8 ɼʦʜʘʪʢʫ ɸ) [82]. 

ʈʦʟʚôʷʟʘʥʥʷ ʧʨʦʙʣʝʤʠ ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ ʨʫʭʫ ʩʣʽʜ ʟʜʽʡʩʥʶʚʘʪʠ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ, ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʩʫʯʘʩʥʠʭ ʚʠʤʦʛ ʽ 

ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ ʤʩ̔ʪ̫ʪʴ ʫʩʽ ʢʣʶʯʦʚʽ ʘʩʧʝʢʪʠ ɹɼʈ: ʧʦʚʝʜʽʥʢʫ ʣʶʜʠʥʠ, ʜʦʨʦʞʥʶ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ, ʙʝʟʧʝʢʫ ʢʦʥʩʪʨʫʢʮʽʡ ʊɿ, ʪʘ ʦʜʥʦʯʘʩʥʦ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʥʘ ʝʪʘʧʽ 

ʧʦʧʝʨʝʜʞʝʥʥʷ ɼʊʇ, ʧʽʜ ʯʘʩ ɼʊʇ ʪʘ ʧʽʩʣʷ ɼʊʇ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʠʭ ʫ ʩʚʽʪʽ ʧʽʜʭʦʜʽʚ. 

ɺʘʞʣʠʚʠʤ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠʯʠʥ ʦʢʨʝʤʦʛʦ ɼʊʇ, ʚ ʷʢʦʤʫ ʻ ʧʦʩʪʨʘʞʜʘʣʽ ʯʠ 

ʟʘʛʠʙʣʽ, ʦʩʢʽʣʢʠ ʚʦʣʦʜʽʶʯʠ ʪʦʯʥʦʶ ʪʘ ʜʝʪʘʣʴʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ ʢʦʞʥʫ ʪʘʢʫ 

ʘʚʘʨʽʶ ʤʦʞʥʘ ʚʞʠʚʘʪʠ ʧʨʘʢʪʠʯʥʽ ʢʦʥʪʨʟʘʭʦʜʠ ʱʦʜʦ ʟʥʠʞʝʥʥʷ ʥʝʛʘʪʠʚʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ. ɼʣʷ ʤʽʩʮ ɹ ʢʦʥʮʝʥʪʨʘʮʽʾ ɼʊʇ ʤʦʞʥʘ ʨʦʟʨʦʙʣʷʪʠ ʧʣʘʥʠ 

ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʥʝʙʝʟʧʝʯʥʠʭ ʜʽʣʷʥʦʢ, ʩʧʦʨʫʜʞʫʚʘʪʠ ʨʦʟʚôʷʟʢʠ, ʚʩʪʘʥʦʚʣʶʚʘʪʠ 

ʩʚʽʪʣʦʬʦʨʠ, ʟʥʘʢʠ, ʜʦʜʘʪʢʦʚʝ ʦʩʚʽʪʣʝʥʥʷ ʥʘʜ ʧʽʰʦʭʽʜʥʠʤ ʧʝʨʝʭʦʜʦʤ. 

ʈʦʟʫʤʽʶʯʠ ʛʦʣʦʚʥʽ ʧʨʠʯʠʥʠ ɼʊʇ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʰʣʷʭʠ ʾʭ ʧʦʜʦʣʘʥʥʷ: 

ʟʤʽʥʦ  ʁʧʨʦʛʨʘʤ ʧʽʜʛʦʪʦʚʢʠ ʚʦʜʽʾʚ, ʧʦʩʠʣʝʥʥʷʤ ʢʦʥʪʨʦʣʶ ʪʘ ʨʝʛʫʣʶʚʘʥʥʷʤ 

ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ ʟʘ ʦʢʨʝʤʽ ʧʦʨʫʰʝʥʥʷ, ʧʽʜʚʠʱʝʥʥʷʤ ʷʢʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ ʊɿ. 

ʉʘʤʝ ʪʦʤʫ ʦʜʥʠʤʠ ʟ ʦʩʥʦʚʥʠʭ ʥʘʧʨʷʤʽʚ ʚʧʨʦʚʘʜʞʝʥʥʷ ʉʪʨʘʪʝʛʽʾ ʧʽʜʚʠʱʝʥʥʷ 

ʨʽʚʥʷ ʙʝʟʧʝʢʠ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ ʚ ʋʢʨʘʾʥʽ ʥʘ ʧʝʨʽʦʜ ʜʦ 2020 ʨʦʢʫ  ̒[74]: 
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ï ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʘ ʚʚʝʜʝʥʥʷ ʚ ʜʽʶ ʤʝʪʦʜʠʢʠ, ʩʠʩʪʝʤʠ ʟʙʦʨʫ ʪʘ ʦʙʨʦʙʢʠ 

ʜʘʥʠʭ ʱʦʜʦ ɼʊʇ (ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʢʨʠʪʝʨʽʾʚ ʘʥʘʣʽʟʫ ʧʨʠʯʠʥʥʦ-

ʥʘʩʣʽʜʢʦʚʠʭ ʟʚôʷʟʢʽʚ, ʚʝʜʝʥʥʷ ʙʘʟʠ ʜʘʥʠʭ ɼʊʇ) ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʩʠʩʪʝʤʥʦʛʦ 

ʥʘʫʢʦʚʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʨʠʟʠʢʽʚ, ʧʨʠʯʠʥ ʽ ʪʝʥʜʝʥʮʽʡ ʘʚʘʨʽʡʥʦʩʪʽ ʜʣ̫ 

ʧʦʜʘʣʴʰʦʛʦ ʥʘʧʨʘʮʶʚʘʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡ ʪʘ ʤʦʥʽʪʦʨʠʥʛʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʾʭ 

ʚʧʨʦʚʘʜʞʝʥʥʷ; 

ï ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʩʭʝʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ɼʊʇ (ʫ ʪʦʤʫ ʯʠʩʣʽ ʨʦʟʩʣʽʜʫʚʘʥʥʷ 

ɼʊʇ ʟ ʪʷʞʢʠʤʠ ʥʘʩʣʽʜʢʘʤʠ). 

ʆʪʞʝ, ʩʫʯʘʩʥʠʡ ʩʪʘʥ ʘʚʘʨʽʡʥʦʩʪʽ ʧʦʪʨʝʙʫʻ ʩʪʚʦʨʝʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡ ʪʘ 

ʬʦʨʤʫʚʘʥʥʷ ʟʘʭʦʜʽʚ ʱʦʜʦ ʧʽʜʚʠʱʝʥʥʷ ɹɼʈ, ʧʦʛʣʠʙʣʝʥʦʛʦ ʚʠʚʯʝʥʥʷ ʫʤʦʚ ʪʘ 

ʧʨʠʯʠʥ ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʠʛʦʜ, ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʟʘʪʚʝʨʜʞʝʥʦʛʦ 

ʧʝʨʝʣʽʢʫ ʟʘʚʜʘʥʴ ʘʚʪʦʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ [80, 81]:  

1. ʋʩʪʘʥʦʚʣʝʥʥʷ ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʷʢʽ ʟʘʛʨʦʞʫʚʘʣʠ 

ɹɼʈ, ʯʘʩʫ ʾʭ ʚʠʥʠʢʥʝʥʥʷ ʪʘ ʧʨʠʯʠʥ ʫʪʚʦʨʝʥʥʷ; ʜʝʬʽʥʽʮʽʷ ʤʝʭʘʥʽʟʤʫ ʚʧʣʠʚʫ 

ʥʝʩʧʨʘʚʥʦʩʪʽ ʥʘ ʚʠʥʠʢʥʝʥʥʷ ʪʘ ʨʦʟʚʠʪʦʢ ʘʚʘʨʽʡʥʦʾ ʩʠʪʫʘʮʽʾ. 

2. ɺʠʟʥʘʯʝʥʥʷ ʤʝʭʘʥʽʟʤʫ ʚʠʥʠʢʥʝʥʥʷ ʘʚʘʨʽʡʥʦʾ ʩʠʪʫʘʮʽʾ ʪʘ ʾʾ ʝʣʝʤʝʥʪʽʚ: 

ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ, ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʟʘ ʩʣʽʜʘʤʠ ʛʘʣʴʤʫʚʘʥʥʷ ʯʠ ʧʦʰʢʦʜʞʝʥʥʷʤʠ, 

ʚʽʜʩʪʘʥʽ, ʧʦʜʦʣʘʥʦʾ ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʟʘʩʦʙʘʤʠ ʟʘ ʧʝʚʥʽ ʧʨʦʤʽʞʢʠ ʯʘʩʫ, 

ʟʫʧʠʥʥʦʛʦ ʪʘ ʛʘʣʴʤʦʚʦʛʦ ʰʣʷʭʽʚ, ʽʥʰʠʭ ʧʨʦʩʪʦʨʦʚʦ-ʜʠʥʘʤʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠʛʦʜʠ. 

3. ɺʩʪʘʥʦʚʣʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʽʡ ʚʦʜʽʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʚ ʜʘʥʽʡ 

ɼʊʉ ʪʝʭʥʽʯʥʠʤ ʚʠʤʦʛʘʤ ʇɼʈ, ʥʘʷʚʥʦʩʪʽ ʫ ʚʦʜʽʷ ʪʝʭʥʽʯʥʦʾ ʤʦʞʣʠʚʦʩʪʽ 

ʟʘʧʦʙʽʛʪʠ ʧʨʠʛʦʜʽ, ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʝʥʥʷ ʧʨʠʯʠʥʥʦ-ʥʘʩʣʽʜʢʦʚʦʛʦ ʟʚô̫ ʟʢʫ ʤʽʞ 

ʜʽʷʤʠ ʚʦʜʽʷ ʪʘ ʦʙʩʪʘʚʠʥʘʤʠ ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʦ ʾʧʨʠʛʦʜʠ. 

 

1.2 ʇʨʦʙʣʝʤʥʽ ʧʠʪʘʥʥʷ ʥʘʫʢʦʚʦ-ʤʝʪʦʜʠʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʢʩʧʝʨʪʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʠʛʦʜ 

 

ʉʫʯʘʩʥʘ ʉɸʊɽ ʻ ʝʢʩʧʝʨʪʥʠʤ ʜʦʩʣʽʜʞʝʥʥʷʤ, ʤʝʪʦʶ ʷʢʦʛʦ ʻ ʚʠʟʥʘʯʝʥʥʷ 

ʤʝʭʘʥʽʟʤʫ ʽ ʦʙʩʪʘʚʠʥ ɼʊʇ ʥʘ ʦʩʥʦʚʽ ʧʩʠʭʦʬʽʟʽʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʾʾ 
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ʫʯʘʩʥʠʢʽʚ, ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʪʘ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʊɿ, ʧʘʨʘʤʝʪʨʽʚ ʜʦʨʦʛʠ, ʽʥʰʠʭ 

ʬʘʢʪʦʨʽʚ (ʨʠʩ. 1.3) [83-89].  

 

ʉʫʜʦʚʘ ʘʚʪʦʪʝʭʥʽʯʥʘ ʝʢʩʧʝʨʪʠʟʘ ɼʊʇ

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʨʫʭʫ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ

ɸʥʘʣʽʟ ʥʘʾʟʜʫ ʘʚʪʦʤʦʙʽʣʷ 

ʥʘ ʧʽʰʦʭʦʜʘ, 

ʚʝʣʦʩʠʧʝʜʠʩʪʘ ʯʠ 

ʤʦʪʦʮʠʢʣʽʩʪʘ

ɸʥʘʣʽʟ ʥʘʾʟʜʫ ʥʘ 

ʥʝʨʫʭʦʤʫ ʧʝʨʝʰʢʦʜʫ 

ɼʦʩʣʽʜʞʝʥʥʷ ʤʘʥʝʚʨʫ 

ʧʨʠ ʘʥʘʣʽʟʽ ɼʊʇ

ɸʥʘʣʽʟ ʟʽʪʢʥʝʥʥʷ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ

ɼʦʩʣʽʜʞʝʥʥʷ ɼʊʇ 

ʧʦʚô̫ ʟʘʥʠʭ ʽʟ 

ʚʪʨʘʪʦʶ ʩʪʽʡʢʦʩʪʽ, 

ʢʝʨʦʚʘʥʦʩʪʽ ɸʊɿ 

ɺʠʷʚʣʝʥʥʷ, ʩʠʩʪʝʤʘʪʠʟʘʮʽʷ ʪʘ ʢʨʠʪʠʯʥʠʡ ʘʥʘʣʽʟ ʬʘʢʪʦʨʽʚ, ʩʫʧʫʪʥʽʭ ɼʊʇ: 

ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʽ ʜʦʨʦʛʠ; ʧʘʨʘʤʝʪʨʠ ʨʫʭʫ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʟʘʩʦʙʽʚ ʽ ʧʽʰʦʭʦʜʽʚ; ʦʨʛʘʥʽʟʘʮʽʷ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ ʪʘ ʚʽʜʧʦʚʽʜʥʽ ʪʝʭʥʽʯʥʽ ʟʘʩʦʙʠ

ɺʽʜʙʽʨ ʬʘʢʪʦʨʽʚ, ̫ ʢʽ ʤʦʛʣʠ ʩʧʨʠʷʪʠ ʚʠʥʠʢʥʝʥʥʶ ʪʘ ʨʦʟʚʠʪʢʫ ɼʊʇ, ʾ ʭ ʪʝʦʨʝʪʠʯʥʝ 

ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ

ɺʩʪʘʥʦʚʣʝʥʥʷ ʪʝʭʥʽʯʥʠʭ ʧʨʠʯʠʥ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ɼʊʇ ʽ ʤʦʞʣʠʚʦʩʪʽ ʡʦʛʦ 

ʧʦʧʝʨʝʜʞʝʥʥʷ ʦʢʨʝʤʠʤʠ ʫʯʘʩʥʠʢʘʤʠ

ɸʥʘʣʽʟ ʧʦʚʝʜʽʥʢʠ ʫʯʘʩʥʠʢʽʚ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ɼʊʇ ʽ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʾʭ ʜʽʡ ʚʠʤʦʛʘʤ 

ʇʨʘʚʠʣ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ ʪʘ ʽʥʰʠʭ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ
 

 

ʈʠʩʫʥʦʢ 1.3 ï ʋʟʘʛʘʣʴʥʝʥʠʡ ʧʝʨʝʣʽʢ ʟʘʚʜʘʥʴ ʉɸʊɽ 

 

ʏʠʥʥʠʡ ʟʘʢʦʥ ʋʢʨʘʾʥʠ çʇʨʦ ʩʫʜʦʚʫ ʝʢʩʧʝʨʪʠʟʫè [90], ʚʠʟʥʘʯʘʻ ʧʨʘʚʦʚʽ, 

ʦʨʛʘʥʽʟʘʮʽʡʥʽ ʽ ʬʽʥʘʥʩʦʚʽ ʟʘʩʘʜʠ ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽ. ʁʦʛʦ ʤʝʪʦʶ ʻ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʘʚʦʩʫʜʜʷ ʋʢʨʘʾʥʠ ʢʚʘʣʽʬʽʢʦʚʘʥʦʶ, ʦʙô̒ ʢʪʠʚʥʦʶ ʪʘ 

ʥʝʟʘʣʝʞʥʦʶ ʝʢʩʧʝʨʪʠʟʦʶ, ʷʢʘ ʦʨʽʻʥʪʦʚʘʥʘ ʥʘ hʠʨʦʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʩʷʛʥʝʥʴ 

ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠ. ɿ ʥʴʦʛʦ ʩʪʘʻ ʟʨʦʟʫʤʽʣʠʤ, ʱʦ ʧʨʦʚʝʜʝʥʥʷ ʉɸʊɽ ʧʨʠ ʾʾ 

ʧʨʦʚʝʜʝʥʥʽ ʚʠʤʘʛʘʻ ʥʘʷʚʥʦʩʪʽ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ ʟʥʘʥʴ ʚ ʛʘʣʫʟʽ 

ʧʩʠʭʦʬʽʟʽʦʣʦʛʽʾ, ʤʝʪʨʦʣʦʛʽʾ, ʤʝʭʘʥʽʢʠ. ʎʽ ʟʥʘʥʥʷ ʧʦʚʠʥʥʽ ʚʽʜʧʦʚʽʜʘʪʠ 

ʩʫʯʘʩʥʦʤʫ ʨʽʚʥʶ ʨʦʟʚʠʪʢʫ ʮʠʭ ʥʘʫʢ. ɽʢʩʧʝʨʪ ʧʦʚʠʥʝʥ ʚʦʣʦʜʽʪʠ ʟʥʘʥʥʷʤʠ 

ʪʝʦʨʽʾ ʪʘ ʧʨʘʢʪʠʢʠ ʚʦʜʽʥʥʷ ʘʚʪʦʤʦʙʽʣʷ, ʟʥʘʪʠ ʪʘ ʚʤʽʪʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʩʫʯʘʩʥʫ ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʽʯʥʫ ʙʘʟʫ ï ʩʪʘʥʜʘʨʪʠ, ʥʦʨʤʠ, ʧʨʘʚʠʣʘ. 
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ʆʩʢʽʣʴʢʠ ʦʮʽʥʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʨʫʭʫ ʊɿ ʻ ʙʘʟʦʚʠʤ ʝʣʝʤʝʥʪʦʤ ʘʥʘʣʽʟʫ 

ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ, ʦʩʥʦʚʥʽ ʤʝʪʦʜʠ ʩʫʯʘʩʥʦʾ ʉɸʊɽ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʪʝʦʨʽʾ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʘʚʪʦʤʦʙʽʣʷ, ʷʢʫ ʩʚʦʛʦ ʯʘʩʫ ʨʦʟʚʠʚʘʣʠ: 

ʄ. ɭ. ɾʫʢʦʚʩʴʢʠʡ [91], ʗ. ʄ. ʇʝʚʟʥʝʨ [92], ɽ. ɸ. ʏʫʜʘʢʦʚ [93], ʅ. ɸ. ɹʫʭʘʨʽʥ 

[94], ɻ. ɺ. ɿʠʤʝʣʝʚ [95], ɹ. ʉ. ʌʘʣʴʢʝʚʠʯ [96], ɸ. ɹ. ɻʨʝʜʝʩʢʫʣ [97], 

ɺ. ɻ. ʈʦʟʘʥʦʚ [98], ɺ. ɸ. ɯʣʘʨʽʦʥʦʚ [99], ʗ. ʍ. ɿʘʢ̔ʥ [100], ɸ. ʉ. ʃʠʪʚʠʥʦʚ [101, 

102], ɸ. ʌ. ʅ̒ʬʝʜʦʚ ʪʘ ʃ. ʅ. ɺʠʩʦʯ̔ʥ [103], ɸ. ɸ. ʍʘʯʘʪʫʨʦʚ ʪʘ 

ɺ. ʃ. ɸʬʘʥʘʩʴʚ̒ [104], ʃ. ɺ. ɻʫʨʝʚʠʯ ʪʘ ʈ. ɸ. ʄʝʣʘʤʫʜ [105], ʖ. ʄʘʮʢʝʨʣʝ 

[106], ɸ. ʉ. ʌʝʜʦʩʦʚ [107], ɸ. ɸ. ʄʘʨʪʠʥʶʢ, ʃ. ɻ. ʃʦʙʘʩ ʪʘ ʅ. ɺ. ʅ̔ʢ̔ʪ̔ʥʘ 

[108], ɼʞ. ɺʦʥʛ [109], ʗ. ɽ. ʌʘʨʦʙʥ̔ ʪʘ ɺ. ʉ. ʐʫʧʣʷʢʦʚ [111], ɼ. ɸ. ɸʥʪʦʥʦʚ 

[111], ɸ.ɯ. ɻʨʠʰʢʝʚʠʯ [112], ʄ. ʄ. ɸʣɹʦʢʩʘ [113], ɺ. ʇ. ʉʘʭʥʦ ʪʘ 

ʄ. ʖ. ʆʩʥʦʚʝʥʢʦ [114], M. Burckhardt [115], J. C. Dixon [116], ɸ. ʄ. ʊʫʨʝʥʢʦ 

[117, 118, 119], ʄ. ɸ. ʇʦʜʨʠʛʘʣʦ [120, 121, 122], ɺ. ɯ. ʂʣʠʤʝʥʢʦ [123], 

J. Reimpell, J. W. Betzler [124], H. B. Pacejka [125], ɺ. ʂ. ɺʘʭʣʘʤʦʚ [126], 

R. N. Jazar [127], G. Genta, L. Morello [128, 129], ɺ. ʇ. ɺʦʣʢʦʚ [120, 121, 130], 

ɸ. ʇ. ʉʦʣʪʫʩ [131], ʉ. ʗ. ʍʦʜʠʨ̒ʚ [117], ʉ. ʄ. ʐʫʢʣ̔ʥʦʚ[119], ʆ. ɺ. ʉʘʨʘʻʚ 

[123, 132, 133], ʉ. ʁ. ʃʦʤʘʢʘ, ʃ. ʆ. ʈʠʞʠʭ, ɼ. ʄ. ʃʝʦʥʪʴʚ̒ [118] ʪʘ ʙʘʛʘʪʦ 

ʽʥʰʠʭ. 

ɿ ʪʦʯʢʠ ʟʦʨʫ ʙʝʟʧʝʢʠ ʨʫʭʫ ʪʘ ʝʢʩʧʝʨʪʠʟʠ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ ʪʝʦʨʽ ʁ

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʘʚʪʦʤʦʙʽʣʷ ʨʦʟʛʣʷʜʘʣʠ ʖ. ɸ. ɼʦʣʤʘʪʦʚʩʢɹʠʡ 

[134], ʄ. ʃʝʨʫ [135], ɽ. ɹʝʥʘ, ɯ. ɻʦʩʢʦʚʝʮ, ɯ. ʐʪʠʢʝʨ [136], ɺ. ɸ. ɹʝʢʘʩʦʚ [137], 

ɼ. ʂʦʣʣ̔ʥʟ ʪʘ ɼ. ʄʦʨʨ̔ʩ [138], ʅ. ʄ. ʂʨ̔ʩʪ̔ [139, 140], ɯ.ʉ. ɼʞʦʥʩ [141], 

ɺ. ɸ. ɯʣʘʨʠʦʥʦʚ [86, 142], ʈ. ɹʘʡʝʪʪ ʪʘ ʈ. ʋʦʪʪʩ [143], ɹ. ɭ. ɹʦʨʦʚʩʴʢʠʡ [144], 

ʄ. Danner, J. Halm [145], ʇ. ɺ. ɻʘʣʘʩʘ [146], ʆ. ɺ. ʃʫʢʦhʷʚʠʯʝʥʝ [147], 

C. G. Russell [148], ʌ. ʍ. ɭʨʤʘʢʦʚ [149], ʖ. ɹ. ʉʫʚʦʨʦʚ [85], ʉ. ɸ. ʉʤʠʨʥʦʚʘ 

[83], ɽ. ʈ. ɼʦʤʢʝ [150], M. Brach, R. Brach [151], ʅ. ʗ. ɻʦʚʦʨʫʱʝʥʢʦ, 

ɺ. ʇ. ɺʦʣʢʦʚ, ɯ. ʂ. ʐʘʰʘ [152], ɯ. ɯ. ʏʘʚʘ [153], ʆ. ʄ. ʉʫʤʝʮʴ [154], H. Franck, 

D. Franck [155], H. Steffan [156], ɺ. ɸ. ʇʫʯʢʠʥ [157], ʉ. ɸ. ɭʚʪʶʢʦʚ, 

ʗ. ɺ. ɺʘʩʠʣʴʚ̒ [158], ɸ. ʄ. ʊʫʨʝʥʢʦ, ɺ. ɯ. ʂʣʠʤʝʥʢʦ, ʆ. ɺ. ʉʘʨʘʻʚ, 

ʉ. ɺ. ɼʘʥʝʮʴ [84], D. Struble [88], H. Burg, A. Moser [159] ʪʘ ʙʘʛʘʪʦ ʽʥʰʠʭ. 
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ɼʽʶʯʽ ʤʝʪʦʜʠʢʠ ʦʮʽʥʢʠ ʧʘʨʘʤʝʪʨʽʚ ʨʫʭʫ ʊɿ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʧʝʚʥʠʭ ʚʠʜʽʚ 

ɼʊʇ ʤʽʩʪʷʪʴʩʷ ʚ ʧʝʨʝʣʽʢʫ ʨʦʙʽʪ, ʷʢʽ ʨʝʢʦʤʝʥʜʦʚʘʥʽ ʄʽʥʽʩʪʝʨʩʪʚʦʤ ʖʩʪʠʮʽʾ 

ʋʢʨʘʾʥʠ [160]. ʂʨʽʤ ʪʦʛʦ ʽʩʥʫʻ ʧʝʨʝʣʽʢ ʨʝʢʦʤʝʥʜʦʚʘʥʠʭ ʨʦʙʽʪ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʝʢʩʧʝʨʪʥʽʡ ʧʨʘʢʪʠʮʽ ɭʚʨʦʧʝʡʩʴʢʦʾ ʤʝʨʝʞʽ 

ʢʨʠʤʽʥʘʣʽʩʪʠʯʥʠʭ ʫʩʪʘʥʦʚ [89], ʜʦ ʷʢʦʾ ʚʭʦʜʠʪʴ ɼʝʨʞʘʚʥʠʡ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʡ 

ʝʢʩʧʝʨʪʥʦ-ʢʨʠʤʽʥʘʣʽʩʪʠʯʥʠʡ ʮʝʥʪʨ ʄɺʉ ʋʢʨʘʾʥʠ ʪʘ ʡʦʛʦ ʧʽʜʨʦʟʜʽʣʠ ʚ 

ʦʙʣʘʩʥʠʭ ʮʝʥʪʨʘʭ. 

ʇʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ ʜʝʩʷʪʠʨʽʯ ɹʧʦʯʘʣʠ ʟôʷʚʣʷʪʠʩʷ ʥʦʚʽ ʤʦʥʦʛʨʘʬʽʾ, ʥʘʫʢʦʚʦ-

ʤʝʪʦʜʠʯʥʽ ʪʘ ʜʠʩʝʨʪʘʮʽʡʥʽ ʨʦʙʦʪʠ, ʧʨʠʩʚʷʯʝʥʽ ʧʨʦʙʣʝʤʘʤ ʨʦʟʚʠʪʢʫ 

ʘʚʪʦʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ ɼʊʇ [161ï187]. ɸʢʪʫʘʣʴʥʠʤʠ ʻ ʨʦʙʦʪʠ ʧʨʠʩʚʷʯʝʥʽ 

ʚʧʨʦʚʘʜʞʝʥʥʶ ʚ ʝʢʩʧʝʨʪʥʫ ʧʨʘʢʪʠʢʫ ʩʫʯʘʩʥʠʭ ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ ʜʦʩʣʽʜʞʝʥʥʷ 

ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ ʪʘ ʩʧʝʮʽʘʣʴʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ [46, 54, 56, 188ï196]. 

ʆʢʨʝʤʠʤ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʦʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʟ ʝʣʝʢʪʨʦʥʥʠʭ 

ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ, ʙʝʟʧʝʢʠ ʽ ʢʦʤʬʦʨʪʫ ʊɿ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʦʙʩʪʘʚʠʥ ɼʊʇ. ʎʝ 

ʩʪʘʣʦ ʤʦʞʣʠʚʠʤ ʟʘʚʜʷʢʠ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʡ ʬʽʢʩʘʮʽʾ ʨʫʭʫ ʊɿ ʚ ʧʨʦʮʝʩʽ ɼʊʇ: 

ʩʠʩʪʝʤʠ GPS ʧʦʟʠʮʽʶʚʘʥʥʷ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʊɿ, ʩʠʩʪʝʤʠ EDR ï ʨʝʻʩʪʨʘʮʽʷ 

ʜʘʥʠʭ ʧʨʦ ʧʦʜʽʾ, ACN ï Automated Crash Notification (ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ 

ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦ ʦ ɼʊʇ) [36, 197ï205]. ɸʚʪʦʤʘʪʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ ʨʝʻʩʪʨʘʮʽʾ 

ʧʘʨʘʤʝʪʨʽʚ ʨʫʭʫ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʫ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʜʣʷ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʤʝʭʘʥʽʟʤʫ ʚʠʥʠʢʥʝʥʥʷ ʦʢʨʝʤʠʭ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ ʥʘ ʦʩʥʦʚʽ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʟʘʢʦʥʽʚ ʨʫʭʫ [1, 197, 206].  

ɿ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʨʦʟʩʣʽʜʫʚʘʥʥʷ ʦʙʩʪʘʚʠʥ ɼʊʇ ʪʘ ʜʦʩʷʛʥʝʥʥʷ 

ʦʙôʻʢʪʠʚʥʦʛʦ ʚʠʩʥʦʚʢʫ ʧʽʜ ʯʘʩ ʩʣʽʜʩʪʚʘ ʽ ʩʫʜʫ ʄʽʥʽʩʪʝʨʩʪʚʦʤ ʶʩʪʠʮʽʾ ʋʢʨʘʾʥʠ 

ʟʘʪʚʝʨʜʞʝʥʽ ʥʘʫʢʦʚʦ-ʤʝʪʦʜʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʧʽʜʛʦʪʦʚʢʠ ʪʘ ʧʨʠʟʥʘʯʝʥʥʷ 

ʝʢʩʧʝʨʪʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʩʫʜʦʚʠʭ ʝʢʩʧʝʨʪʠʟ, ʷʢʽ ʧʝʨʝʜʙʘʯʘʶʪʴ ʧʝʨʝʣʽʢ 

ʦʩʥʦʚʥʠʭ ʧʠʪʘʥʴ ʟ ʘʚʪʦʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ (ʪʘʙʣ. 1.1) [81]. ʂʨʽʤ ʧʠʪʘʥʴ ʟ 

ʨʝʢʦʤʝʥʜʦʚʘʥʦʛʦ ʧʝʨʝʣʽʢʫ ʩʣʽʜʯʠʤ ʪʘ ʩʫʜʦʤ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʜʘʥʽ ʽʥʰʽ ʧʠʪʘʥʥʷ, 

ʱʦ ʥʝ ʚʠʭʦʜʷʪʴ ʟʘ ʤʝʞʽ ʢʦʤʧʝʪʝʥʮʽʾ ʝʢʩʧʝʨʪʘ ʘʚʪʦʪʝʭʥʽʢʘ. 
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ʊʘʙʣʠʮʷ 1.1 ï ɿʘʪʚʝʨʜʞʝʥʠʡ ʧʝʨʝʣʽʢ ʦʩʥʦʚʥʠʭ ʧʠʪʘʥʴ ʘʚʪʦʪʝʭʥʽʯʥʦʾ 

ʝʢʩʧʝʨʪʠʟʠ ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʠʛʦʜ 

ʇʠʪʘʥʥʷ ʘʚʪʦʪʝʭʥʽʯʥʦʾ 

ʝʢʩʧʝʨʪʠʟʠ 

ɿʘʣʝʞʥʦʩʪʽ, ʱʦ ʦʧʠʩʫʶʪʴ ʚʟʘʻʤʦʟʚôʷʟʢʠ 

ʚʭʽʜʥʠʭ ʪʘ ʚʠʭʽʜʥʠʭ ʟʤʽʥʥʠʭ  

[83-89, 144, 146, 157] 

ɺʭʽʜʥʽ ʧʘʨʘʤʝʪʨʠ, 

ʱʦ ʤʘʶʪʴ ʝʣʝʤʝʥʪʠ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ 

1 2 3 

1. ʗʢʦʶ ʙʫʣʘ ʰʚʠʜʢʽʩʪʴ 

ʊɿ ʫ ʨʽʟʥʽ ʤʦʤʝʥʪʠ 

ʨʦʟʚʠʪʢʫ ɼʊʇ? 

31.8 26a a u aV j t S j= Ö Ö + Ö Ö (1.1) 

26a b aV S j= Ö Ö (1.2) 
aj , 3t , uS , bS  

2. ʗʢʘ ʙʫʣʘ ʰʚʠʜʢʽʩʪʴ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ 

ʧʦʰʢʦʜʞʝʥʴ, ʦʪʨʠʤʘʥʠʭ 

ʧʨʠ ʟʽʪʢʥʝʥʥʽ? 

2 2 2
1 1 2 2 1 1

2 2 2
2 2 1 1 2 2

2 2
1 1 2 2

2 2 2

2 2 2

2 2

a a a

a a a

a a
d

m v m v J

J m V m V

J J
A

Ö Ö Öw
+ + +

Öw Ö Ö
+ = + +

ÖW ÖW
+ + +

 (1.3) aV , dA , w, W 

3. ʗʢʘ ʤʘʢʩʠʤʘʣʴʥʦ 

ʧʨʠʧʫʩʪʠʤʘ ʰʚʠʜʢʽʩʪʴ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ 

ʜʣʷ ʜʘʥʦʾ ʚʠʜʠʤʦʩʪʽ 

ʜʦʨʦʛʠ? 

2

2
3,6 1 1v

v a

a

S
V j T

j T

è øÖ
= Ö Ö Ö + -é ù

Öé ùê ú

 (1.4) 

1 2 30.5T t t t= + + Ö (1.5) 

vS , aj , 1t , 2t , 3t  

4. ʗʢʘ ʤʘʢʩʠʤʘʣʴʥʦ 

ʧʨʠʧʫʩʪʠʤʘ ʰʚʠʜʢʽʩʪʴ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʥʘ 

ʟʘʢʨʫʛʣʝʥʥʽ ʜʦʨʦʛʠ 

ʜʘʥʦʛʦ ʨʘʜʽʫʩʘ? 

127kV R ¡= Ö Öj (1.6) 

0.8¡j = Öj (1.7) 

127
1

k

tg
V R

tg

¡j ° b
= Ö Ö

¡jÖ b
 (1.8) 

2
127

2
k k

B h tg
V R

h B tg

° Ö Ö b
=h Ö Ö Ö

Ö Ö b
 (1.9) 

ű, R 

5. ʗʢʠʡ ʟʫʧʠʥʥʠʡ ʪʘ 

(ʘʙʦ) ʛʘʣʴʤʦʚʠʡ ʰʣʷʭ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʚ 

ʫʤʦʚʘʭ ʜʘʥʦʾ ʜʦʨʦʞʥʴʦʾ 

ʦʙʩʪʘʥʦʚʢʠ ʟʘ ʧʝʚʥʦʾ 

ʰʚʠʜʢʦʩʪʽ ʡʦʛʦ ʨʫʭʫ? 

( )
2

2 30.5
3.6 26

a a
b

a

V V
S t t

j
= + Ö Ö +

Ö
 (1.10) 

( )
2

0 1 2 30.5
3.6 26

a a

a

V V
S t t t

j
= + + Ö Ö +

Ö
 (1.11) 

1t , 2t , 3t , aV , ()aj j  

6. ʗʢʘ ʚʽʜʩʪʘʥʴ 

ʥʝʦʙʭʽʜʥʘ ʜʣʷ 

ʙʝʟʧʝʯʥʦʛʦ ʦʙʛʦʥʫ 

ʧʦʧʫʪʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʚ 

ʫʤʦʚʘʭ ʜʘʥʦʾ ʜʦʨʦʞʥʴʦʾ 

ʦʙʩʪʘʥʦʚʢʠ? 

( )1 2 cosM a r pg Mn n nS V t t L x t V= Ö + - + + Ö Ö a

 (1.12) 

( )cos 180 /Mn M pg Mx x L= + Ö g Ö p (1.13) 

( )/1.11 0.25 /a a MV t V yq ¡Ö = Ö j (1.14) 

M aS S¢  (1.15) 

1t , 2rt , aV , nt , tq 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣ. 1.1 

1 2 3 

7. ʗʢʘ ʥʘʡʤʝʥʰʘ 

ʙʝʟʧʝʯʥʘ ʜʠʩʪʘʥʮʽʷ ʤʽʞ 

ʊɿ ʚ ʫʤʦʚʘʭ ʜʘʥʦʾ 

ʜʦʨʦʞʥʴʦʾ ʦʙʩʪʘʥʦʚʢʠ? 

0bd bS S S= -  (1.16) 1t , 2t , 3t , aV , ()aj j  

8. ʏʠ ʤʘʚ ʚʦʜʽʡ ʪʝʭʥʽʯʥʫ 

ʤʦʞʣʠʚʽʩʪʴ ʟ ʤʦʤʝʥʪʫ 

ʚʠʥʠʢʥʝʥʥʷ ʥʝʙʝʟʧʝʢʠ 

ʜʣʷ ʨʫʭʫ ʰʣʷʭʦʤ 

ʝʢʩʪʨʝʥʦʛʦ ʛʘʣʴʤʫʚʘʥʥʷ 

ʟʫʧʠʥʠʪʠ ʊɿ ʥʝ 

ʜʦʾʞʜʞʘʶʯʠ ʜʦ 

ʧʝʨʝʰʢʦʜʠ ʘʙʦ ʧʽʰʦʭʦʜʘ 

(ʫʢʘʟʫʻʪʴʩʷ ʤʦʤʝʥʪ 

ʚʠʥʠʢʥʝʥʥʷ ʥʝʙʝʟʧʝʢʠ)? 

0 aS S<  (1.17) 

a a nS V t= Ö (1.18) 

1t , 2t , 3t , 

aV , ()aj j , nt  

9. ʏʠ ʤʘʚ ʚʦʜʽʡ ʪʝʭʥʽʯʥʫ 

ʤʦʞʣʠʚʽʩʪʴ ʫʥʠʢʥʫʪʠ 

ʥʘʾʟʜʫ ʟ ʤʦʤʝʥʪʫ 

ʚʠʷʚʣʝʥʥʷ ʧʝʨʝʰʢʦʜʠ 

ʜʣʷ ʨʫʭʫ ʘʙʦ ʟ ʤʦʤʝʥʪʫ 

ʚʠʥʠʢʥʝʥʥʷ ʥʝʙʝʟʧʝʢʠ 

ʜʣʷ ʨʫʭʫ? 

0 aS S<  

M aS S<  (1.19) 

1t , 2t , 3t , 

aV , ()aj j , nt  

10. ɿ ʷʢʦʶ ʰʚʠʜʢʽʩʪʶ 

ʨʫʭʘʚʩʷ ʊɿ? ʋ ʨʘʟʽ 

ʧʝʨʝʚʠʱʝʥʥʷ ʜʦʟʚʦʣʝʥʦʾ 

ʰʚʠʜʢʦʩʪʽ (ʟʘʟʥʘʯʘʻʪʴʩʷ, 

ʷʢʽ ʩʘʤʝ ʦʙʤʝʞʝʥʥʷ), ʪʦ 

ʯʠ ʤʘʚ ʚʦʜʽʡ ʪʝʭʥʽʯʥʫ 

ʤʦʞʣʠʚʽʩʪʴ ʟʘʧʦʙʽʛʪʠ 

ʢʦʥʪʘʢʪʫ ʟ ʧʝʨʝʰʢʦʜʦʶ, 

ʷʢʱʦ ʙ ʮʷ ʰʚʠʜʢʽʩʪʴ ʥʝ 

ʧʝʨʝʚʠʱʫʚʘʣʘ 

ʧʨʠʧʫʩʪʠʤʫ 

(ʟʘʟʥʘʯʘʻʪʴʩʷ, ʷʢʦʶ ʩʘʤʝ 

ʙʫʣʘ ʧʝʨʝʰʢʦʜʘ)? 

ʃʦʛʽʯʥʠʡ ʚʠʩʥʦʚʦʢ ʥʘ ʦʩʥʦʚʽ 

ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʫ 

ʧʘʨʘʤʝʪʨʽʚ ʨʫʭʫ ʊɿ ʪʘ ʚʠʤʦʛ ʇɼʈ 
aj , 3t , uS , bS  

11. ʗʢ ʧʦʚʠʥʝʥ ʙʫʚ ʜʽʷʪʠ 

ʚʦʜʽʡ ʟʛʽʜʥʦ ʟ 

ʪʝʭʥʽʯʥʠʤʠ ʚʠʤʦʛʘʤʠ 

ʇʨʘʚʠʣ ʜʦʨʦʞʥʴʦʛʦ 

ʨʫʭʫ ʫ ʜʘʥʽʡ ʜʦʨʦʞʥʽʡ 

ʦʙʩʪʘʥʦʚʮʽ?  

ʃʦʛʽʯʥʠʡ ʚʠʩʥʦʚʦʢ ʥʘ ʦʩʥʦʚʽ 

ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʫ 

ʧʘʨʘʤʝʪʨʽʚ ʨʫʭʫ ʊɿ ʪʘ ʚʠʤʦʛ ʇʨʘʚʠʣ 

ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ 

ï 

12. ʏʠ ʚʽʜʧʦʚʽʜʘʣʠ ʜʽʾ 

ʚʦʜʽʷ ʚʠʤʦʛʘʤ ʇʨʘʚʠʣ 

ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ? 

ʃʦʛʽʯʥʠʡ ʚʠʩʥʦʚʦʢ ʥʘ ʦʩʥʦʚʽ 

ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʫ 

ʧʘʨʘʤʝʪʨʽʚ ʨʫʭʫ ʊɿ ʪʘ ʚʠʤʦʛ ʇʨʘʚʠʣ 

ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ 

ï 
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13. ʏʠ ʙʫʣʠ ʜʽʾ ʚʦʜʽʷ ʊɿ 

ʟ ʪʝʭʥʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʚ 

ʧʨʠʯʠʥʥʦʤʫ ʟʚô̫ ʟʢʫ ʟ 

ʚʠʥʠʢʥʝʥʥʷʤ ɼʊʇ? 

ʃʦʛʽʯʥʠʡ ʚʠʩʥʦʚʦʢ ʥʘ ʦʩʥʦʚʽ 

ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʫ 

ʧʘʨʘʤʝʪʨʽʚ ʨʫʭʫ ʊɿ ʪʘ ʚʠʤʦʛ ʇʨʘʚʠʣ 

ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ 

ï 

aV  ï h ʚʠʜʢʽʩʪʴ ʊɿ, ʢʤ/ʛʦʜ (ʤ/ʩ); aj  ï ʫʩʪʘʣʝʥʝ ʩʧʦʚʽʣʴʥʝʥʥʷ ʊɿ, ʤ/ʩ2; 1t  ï ʯʘʩ ʨʝʘʢʮʽʾ ʚʦʜʽʷ, 

ʩ; 2t  ï ʯʘʩ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʛʘʣʴʤʽʚʥʦʛʦ ʧʨʠʚʦʜʫ, ʩ; 2rt  ï ʯʘʩ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʨʫʣʴʦʚʦʛʦ 

ʢʝʨʫʚʘʥʥʷ, ʩ; 3t  ï ʯʘʩ ʥʘʨʦʩʪʘʥʥʷ ʩʧʦʚʽʣʴʥʝʥʥʷ, ʩ; uS  ï ʜʦʚʞʠʥʘ ʩʣʽʜʽʚ ʛʘʣʴʤʫʚʘʥʥʷ (ʶʟʫ), 

ʤ; bS  ï ʚʽʜʩʪʘʥʴ, ʷʢʫ ʧʦʜʦʣʘʚ ʊɿ ʚ ʨʝʞʠʤʽ ʛʘʣʴʤʫʚʘʥʥʷ, ʤ; ű ï ʢʦʝʬʽʮʽʻʥʪ ʟʯʝʧʣʝʥʥʷ ʚ 

ʧʦʟʜʦʚʞʥʴʦʤʫ ʥʘʧʨʷʤʢʫ; ¡j ï ʢʦʝʬʽʮʽʻʥʪ ʟʯʝʧʣʝʥʥʷ ʚ ʧʦʧʝʨʝʯʥʦʤʫ ʥʘʧʨʷʤʢʫ; R ï ʨʘʜʽʫʩ 

ʧʦʚʦʨʦʪʫ ʜʦʨʦʛʠ, ʤ; vS  ï ʚʽʜʩʪʘʥʴ ʚʠʜʠʤʦʩʪʽ ʜʦʨʦʞʥʽʭ ʦʙôʻʢʪʽʚ, ʤ; vV  ï ʙʝʟʧʝʯʥʘ 

ʰʚʠʜʢʽʩʪʴ ʊɿ ʟʘ ʫʤʦʚ ʚʠʜʠʤʦʩʪʽ, ʢʤ/ʛʦʜ (ʤ/ʩ); iv  ï ʰʚʠʜʢʽʩʪʴ -̔ʛʦ ʊɿ ʜʦ ʫʜʘʨʘ; iV  ï 

ʰʚʠʜʢʽʩʪʴ -̔ʛʦ ʊɿ ʧʽʩʣʷ ʫʜʘʨʘ; iJ  ï ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ -̔ʛʦ ʊɿ; iw ï ʢʫʪʦʚʘ ʚhʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ 

-̔ʛʦ ʊɿ ʜʦ ʫʜʘʨʘ ʥʘʚʢʦʣʦ ʚʝʨʪʠʢʘʣʴʥʦʾ ʦʩʽ; iW  ï ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ  

-̔ʛʦ ʊɿ ʧʽʩʣʷ ʫʜʘʨʘ ʥʘʚʢʦʣʦ ʚʝʨʪʠʢʘʣʴʥʦʾ ʦʩʽ; nV  ï ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʧʝʨʝʰʦʜʠ, ʤ/ʩ; nt  ï ʯʘʩ 

ʽʩʥʫʚʘʥʥʷ ʧʝʨʝʰʢʦʜʠ, ʩ; tq ï ʯʘʩ ʧʦʚʦʨʦʪʫ ʧʝʨʝʜʥʽʭ ʢʦʣʽʩ ʥʘ ʢʫʪ q, ʩ; aS  ï ʚʽʜʩʪʘʥʴ ʚʽʜ 

ʧʝʨʝʰʢʦʜʠ ʜʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʚ ʤʦʤʝʥʪ ʚʠʥʠʢʥʝʥʥʷ ʥʝʙʝʟʧʝʢʠ ʜʣʷ ʨʫʭʫ, ʤ; MS  ï 

ʚʽʜʩʪʘʥʴ, ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʤʘʥʝʚʨʫ, ʤ 

 

ɼʣʷ ʚʽʜʧʦʚʽʜʽ ʥʘ ʧʠʪʘʥʥʷ, ʱʦ ʥʘʚʝʜʝʥʽ ʚʠʱʝ, ʝʢʩʧʝʨʪʫ ʜʦʩʪʘʪʥʴʦ ʚʠʟʥʘʯʠʪʠ 

ʪʽ ʯʠ ʽʥʰʽ ʧʘʨʘʤʝʪʨʠ ʟʘ ʬʦʨʤʫʣʘʤʠ, ʚʽʜʦʤʠʤʠ ʟ ʪʝʦʨʽʾ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʘʚʪʦʤʦʙʽʣʷ. ʆʜʥʘʢ ʦʪʨʠʤʘʥʥʷ ʜʦʩʪʦʚʽʨʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʨʦʟʨʘʭʫʥʢʽʚ ʤʦʞʣʠʚʝ ʫ ʨʘʟʽ ʧʽʜʩʪʘʥʦʚʢʠ ʜʦʩʪʦʚʽʨʥʠʭ ʯʠʩʝʣʴʥʠʭ ʟʥʘʯʝʥʴ 

ʚʠʭʽʜʥʠʭ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʜʘʥʠʭ ʚ ʬʦʨʤʫʣʠ: ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ, 

ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʢʦʝʬʽʮʽʻʥʪʽʚ. ɼʘʥʠʡ ʧʽʜʭʽʜ ʻ ʧʨʠʥʮʠʧʦʚʠʤ, ʦʩʢʽʣʴʢʠ ʣʠʰʝ ʫ 

ʚʠʧʘʜʢʫ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʤʦʞʥʘ ʛʘʨʘʥʪʫʚʘʪʠ ʦʙˇʨʫʥʪʦʚʘʥʽʩʪʴ, 

ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʪʘ ʦʙôʻʢʪʠʚʥʽʩʪʴ ʚʠʩʥʦʚʢʽʚ ʝʢʩʧʝʨʪʘ, ʟʘʙʝʟʧʝʯʠʪʠ ʤʦʞʣʠʚʽʩʪʴ 

ʾʭʥʴʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʷʢʦʩʪʽ ʜʦʢʘʟʽʚ. ɺ ʧʨʦʮʝʩʽ ʚʠʢʦʥʘʥʥʷ ʉɸʊɽ ʚʠʥʠʢʘʻ ʨʷʜ 

ʧʘʨʘʜʦʢʩʘʣʴʥʠʭ ʩʠʪʫʘʮʽʡ [83-85, 154, 177-180, 207]. 

ʉʠʪʫʘʮʽʷ 1. ʂʦʝʬʽʮʽʻʥʪʠ ʪʘ ʧʘʨʘʤʝʪʨʠ, ʷʢʽ ʥʘʙʫʚʘʶʪʴ ʩʪʘʪʫʩʫ ʜʦʢʘʟʽʚ ʪʘ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʝʢʩʧʝʨʪʦʤ ʚ ʨʦʟʨʘʭʫʥʢʘʭ ʽ ʜʦʩʣʽʜʞʝʥʥʷʭ, ʧʨʠʡʤʘʶʪʴʩʷ 

ʧʨʦʢʫʨʦʨʦʤ, ʩʣʽʜʯʠʤ  ̔ ʩʫʜʦʤ ʥʘ ʚʽʨʫ ʪʘ ʥʝ ʧʽʜʜʘʶʪʴʩʷ ʦʮʽʥʶʚʘʥʥʶ 

ʦʙˇʨʫʥʪʦʚʘʥʦʩʪʽ ʾʭ ʚʠʙʦʨʫ ʽ ʧʝʨʝʚʽʨʮʽ, ʷʢ ʮʝ ʚʠʤʘʛʘʻ ʂʇʂ ʋʢʨʘʾʥʠ [208]. 
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ʇʨʠʯʠʥʘʤʠ ʪʘʢʦʛʦ ʩʪʘʥʫ ʻ: 

ï ʥʝʜʦʩʪʘʪʥʽʡ ʨʽʚʝʥʴ ʩʧʝʮʽʘʣʴʥʠʭ ʟʥʘʥʴ ʫ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʩʫʜʫ, 

ʦʙʚʠʥʫʚʘʯʝʥʥʷ ʽ ʜʽʟʥʘʥʥʷ; 

ï ʚʧʝʚʥʝʥʽʩʪʴ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʧʨʘʚʦʩʫʜʜʷ ʚ ʥʝʧʦʛʨʽʰʠʤʦʩʪʽ ʝʢʩʧʝʨʪʘ, 

ʪʦʤʫ ʱʦ ʟʘ ʟʘʢʦʥʦʤ ʝʢʩʧʝʨʪ ʥʝʩʝ ʦʩʦʙʠʩʪʫ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʟʘ ʩʚʽʡ ʚʠʩʥʦʚʦʢ, 

ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʟʘʢʦʥʫ ʚʽʥ ʥʝ ʦʙʤʝʞʝʥʠʡ ʫ ʚʠʙʦʨ ̔ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥ̔ 

ʜʦʚ̔ʜʢʦʚʠʭ ʜʘʥʠʭ. 

ʉʠʪʫʘʮʽʷ 2. ʂʦʝʬʽʮʽʻʥʪʠ ʽ ʧʘʨʘʤʝʪʨʠ, ʷʢʽ ʝʢʩʧʝʨʪ ʧʨʠʡʤʘʻ ʟʘ ʜʦʚʽʜʢʦʚʠʤʠ 

ʪʘʙʣʠʮʷʤʠ, ʻ ʧʦ ʩʫʪʽ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʤʽʨʶʚʘʥʴ, ʱʦ ʥʝ ʚʢʣʘʜʘʶʪʴʩʷ ʫ ʚʠʤʦʛʠ 

ɿʘʢʦʥʫ ʋʢʨʘʾʥʠ çʇʨʦ ʤʝʪʨʦʣʦʛʽʶ ʪʘ ʤʝʪʨʦʣʦʛʽʯʥʫ ʜʽʷʣʴʥʽʩʪʴè [209]. 

ɼʦʩʪʦʚʽʨʥʽ ʟʥʘʯʝʥʥʷ ʜʝʷʢʠʭ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʷʢʽʩʥʠʭ ʧʨʠʣʘʜʽʚ ʰʣʷʭʦʤ ʧʨʷʤʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʥʘ 

ʤʽʩʮʽ ɼʊʇ. ʇʨʦʪʝ ʮʝ ʥʝ ʟʘʚʞʜʠ ʤʦʞʣʠʚʦ ʟ ʦʙôʻʢʪʠʚʥʠʭ ʧʨʠʯʠʥ, ʽ ʝʢʩʧʝʨʪʠ 

ʚʠʤʫʰʝʥʽ ʢʦʨʠʩʪʫʚʘʪʠʩʴ ʜʘʥʠʤʠ ʧʨʦʪʦʢʦʣʽʚ ʧʘʪʨʫʣʴʥʦʾ ʩʣʫʞʙʠ, ʜʦʚʽʜʢʦʚʦʾ 

ʣʽʪʝʨʘʪʫʨʠ ʘʙʦ ʩʧʝʮʽʘʣʴʥʠʭ ʜʦʚʽʜʢʦʚʠʭ ʪʘʙʣʠʮʴ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ, ʩʣʽʜ 

ʨʦʟʫʤʽʪʠ, ʱʦ ʜʦʚʽʜʢʦʚʽ ʜʘʥʽ ʻ ʫʩʝʨʝʜʥʝʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʤʥʦʞʠʥʠ ʚʠʤʽʨʶʚʘʥʴ 

ʚʽʜʧʦʚʽʜʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʫ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʾ ʛʨʫʧʠ ʦʜʥʦʪʠʧʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʚ 

ʟʘʜʘʥʠʭ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʫʤʦʚʘʭ, ʦʪʨʠʤʘʥʠʤʠ ʚ ʨʝʟʫʣʴʪʘʪʽ ʩʪʘʪʠʩʪʠʯʥʦʾ 

ʦʙʨʦʙʢʠ. ʆʪʞʝ, ʽʥʜʠʚʽʜʫʘʣʴʥ ̔ʧʦʢʘʟʥʠʢʠ ʢʦʥʢʨʝʪʥʠʭ ʦʙôʻʢʪʽʚ ʙʫʜʫʪʴ ʤʘʪʠ 

ʚʽʜʭʠʣʝʥʥ ̫ ʚʽʜ ʜʦʚʽʜʢʦʚʦʛʦ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ, ʪʦʙʪʦ ʙʫʜʝ ʧʨʠʩʫʪʥʻ 

ʨʦʟʩʽʶʚʘʥʥʷ (ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ). ʆʜʥʘ ʩʧʨʘʚʘ, ʷʢʱʦ ʝʢʩʧʝʨʪ ʙʫʜʝ ʟʥʘʪʠ, ʱʦ 

ʚ̔ ʜʭʠʣʝʥʥʷ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʚʽʜ ʜʦʚʽʜʢʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ʜʣʷ ʣʶʙʦʛʦ 

ʦʙôʻʢʪʘ ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ, ʥʘʧʨʠʢʣʘʜ ʦʜʥʦʛʦ ʚʽʜʩʦʪʢʘ. ɸ, ʷʢʱʦ ʨʦʟʩʽʶʚʘʥʥʷ 

ʩʢʣʘʜʘʻ ʜʝʩʷʪʢʠ ʚʽʜʩʦʪʢʽʚ? ʎʝ ʟʦʚʩʽʤ ʽʥʰʘ ʩʧʨʘʚʘ. ʊʦ ʩʘʤʝ ʚʽʜʥʦʩʠʪʴʩʷ ʽ ʜʦ 

ʜʦʚʽʜʢʦʚʠʭ ʜʘʥʠʭ ʩʧʝʮʽʘʣʴʥʦʾ ʪʝʭʥʽʯʥʦʾ ʣʽʪʝʨʘʪʫʨʠ. 

ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʧʦʪʨʽʙʥʦ ʧʘʤôʷʪʘʪʠ, ʱʦ ʣʶʙʽ ʚʠʤʽʨʠ, ʧʨʦʚʝʜʝʥʽ ʚ 

ʽʥʪʝʨʝʩʘʭ ʧʨʘʚʦʦʭʦʨʦʥʥʠʭ ʦʨʛʘʥʽʚ, ʧʦʰʠʨʶʶʪʴʩʷ ʚʠʤʦʛʠ ɿʘʢʦʥʫ ʋʢʨʘʾʥʠ 

çʇʨʦ ʤʝʪʨʦʣʦʛʽʶ ʪʘ ʤʝʪʨʦʣʦʛʽʯʥʫ ʜʽʷʣʴʥʽʩʪʴè. ɿʘʢʦʥ ʚʠʟʥʘʯʘʻ ʧʨʘʚʦʚʽ ʟʘʩʘʜʠ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʻʜʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʴ ʚ ʋʢʨʘʾʥʽ, ʟʘʭʠʱʘʻ ʛʨʦʤʘʜʷʥ ʽ ʥʘʮʽʦʥʘʣʴʥʫ 

ʝʢʦʥʦʤʽʢʫ ʚʽʜ ʥʘʩʣʽʜʢʽʚ ʥʝʜʦʩʪʦʚʽʨʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ ʪʘ ʚʨʝʛʫʣʴʦʚʫʻ 
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ʩʫʩʧʽʣʴʥʽ ʚʽʜʥʦʩʠʥʠ ʫ ʩʬʝʨʽ ʤʝʪʨʦʣʦʛʽʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ. ɼʘʥʠʡ ʟʘʢʦʥ 

ʧʦʰʠʨʶʻʪʴʩʷ ʥʘ ʤʽʩʮʝʚʽ ʪʘ ʮʝʥʪʨʘʣʴʥʽ ʦʨʛʘʥʠ ʚʠʢʦʥʘʚʯʦʾ ʚʣʘʜʠ, ʦʨʛʘʥʠ 

ʤʽʩʮʝʚʦʛʦ ʩʘʤʦʚʨʷʜʫʚʘʥʥʷ, ʫʩʪʘʥʦʚʠ, ʦʨʛʘʥʽʟʘʮʽʾ ʪʘ ʧʽʜʧʨʠʻʤʩʪʚʘ, ɦ ʦ ʜʽʶʪʴ ʥʘ 

ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʚʠʜʫ ʜʽʷʣʴʥʦʩʪʽ ʪʘ ʬʦʨʤ ʚʣʘʩʥʦʩʪʽ.  

ɿʘ ʟʘʢʦʥʦʤ ʋʢʨʘʾʥʠ çʇʨʦ ʤʝʪʨʦʣʦʛʽʶ ʪʘ ʤʝʪʨʦʣʦʛʽʯʥʫ ʜʽʷʣʴʥʽʩʪʴè ʻ 

ʦʙʦʚôʷʟʢʦʚʦ  ʁ ʚʢʘʟʽʚʢʘ ʤʝʞ ʧʦʭʠʙʢʠ ʨʝʟʫʣʴʪʘʪʫ ʣʶʙʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ 

ʽʤʦʚʽʨʥʦʩʪʽ ʪʦʛʦ, ʱʦ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ (ʧʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʥʷ) ʥʝ 

ʚʠʭʦʜʠʪʴ ʟʘ ʧʝʚʥʽ ʤʝʞʽ. 

ʉʠʪʫʘʮʽʷ 3. ɺʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʨʫʭʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʧʨʠ ʉɸʊɽ 

ʚʠʢʦʥʫʻʪʴʩʷ ʙʝʟ ʦʮʽʥʶʚʘʥʥʷ ʧʦʭʠʙʢʠ ʦʜʝʨʞʫʚʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʎʝ ʪʘʢʦʞ ʻ 

ʥʝʚʜ̔ʧʦʚʽʜʥʽʩʪʶ ʱʦʜʦ ʚʠʤʦʛ ɿʘʢʦʥʫ ʋʢʨʘʾʥʠ çʇʨʦ ʤʝʪʨʦʣʦʛʽʶ ʪʘ 

ʤʝʪʨʦʣʦʛʽʯʥʫ ʜʽʷʣʴʥʽʩʪʴè. 

ʇʨʘʢʪʠʯʥʦ ʚʩʽ ʨʦʟʨʘʭʫʥʢʠ, ʚʠʢʦʥʫʚʘʥʽ ʟʘ ʬʦʨʤʫʣʘʤʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʚʝʣʠʯʠʥʠ, ʦʪʨʠʤʘʥʽ ʟ ʚʽʜʧʦʚʽʜʥʠʭ ʜʦʚʽʜʢʦʚʠʭ ʪʘʙʣʠʮʴ ʯʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʻ 

ʪʠʧʦʚʠʤ ʚʠʧʘʜʢʦʤ ʥʝʧʨʷʤʠʭ ʚʠʤʽʨʶʚʘʥʴ. ʊʦʙʪʦ ʪʘʢʠʭ, ʨʝʟʫʣʴʪʘʪ ʚʠʤʽʨʫ ʷʢʠʭ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ, ʘ ʚʝʣʠʯʠʥʠ, ʷʢʽ ʚʭʦʜʷʪʴ ʚ ʬʦʨʤʫʣʫ, ʟʥʘʭʦʜʷʪʴ 

ʰʣʷʭʦʤ ʚʠʤʽʨʶʚʘʥʴ [210-214]. ɺʽʜʧʦʚʽʜʥʦ, ʨʦʟʨʘʭʫʥʢʦʚʽ ʟʥʘʯʝʥʥʷ ʧʦʚʠʥʥʽ 

ʤʽʩʪʠʪʠ ʦʮʽʥʢʫ ʧʦʭʠʙʢʠ ʨʝʟʫʣʴʪʘʪʫ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʚʠʤʦʛ ʚʠʱʝ ʟʛʘʜʘʥʦʛʦ 

ɿʘʢʦʥʫ [209].  

ɺʨʘʭʫʚʘʥʥʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʟʥʘʯʝʥʴ ʟʤʽʥʶʻ ʭʘʨʘʢʪʝʨ 

ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʫ. ɼʝʪʝʨʤʽʥʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʫ 

ʽʤʦʚʽʨʥʽʩʥ,̔ ʦʩʢʽʣʴʢʠ ʚʩʽ ʜʦʚʽʜʢʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ ʪʘ ʧʘʨʘʤʝʪʨʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʜʦʩʣʽʜʥʠʤ ʰʣʷʭʦʤ, ʦʮʽʥʶʶʪʴʩʷ ʟ ʜʝʷʢʠʤʠ ʧʦʭʠʙʢʘʤʠ. ʅ̔  ʪʝʦʨʝʪʠʯʥʦ, ʥʽ 

ʧʨʘʢʪʠʯʥʦ, ʘʙʩʦʣʶʪʥʦ ʪʦʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʥʝ ʙʫʚʘʻ. ɺ ʟʘʜʘʥʠʭ ʫʤʦʚʘʭ ʢʦʞʥʠʡ 

ʜʦʚʽʜʢʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʘʙʦ ʧʘʨʘʤʝʪʨ ʻ ʩʝʨʝʜʥʴʦʩʪʘʪʠʩʪʠʯʥʠʤ ʟʥʘʯʝʥʥʷʤ 

ʧʝʚʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʛʝʥʝʨʘʣʴʥʦʾ ʩʫʢʫʧʥʦʩʪʽ ʦʜʥʦʪʠʧʥʠʭ ʦʙôʻʢʪʽʚ. ʆʜʥʘʢʦʚ ̔

ʧʦʢʘʟʥʠʢʠ ʥʘʚʽʪʴ ʜʚʦʭ ʘʚʪʦʤʦʙʽʣʽʚ ʙʫʜʫʪʴ ʤʘʪʠ ʨʽʟʥʠʮʶ. ʎʝ ʦʙʫʤʦʚʣʝʥʦ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʠʯʠʥʘʤʠ. ʆʪʞʝ ʧʦʪʨʽʙʥʦ ʧʘʤôʷʪʘʪʠ, 

ʱʦ ʬʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʤʦʞʝ ʧʨʠʡʤʘʪʠ ʣʶʙʝ ʟʥʘʯʝʥʥʷ ʚ ʤʝʞʘʭ 

ʤʦʞʣʠʚʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ. ʗʢʱʦ ʥʝʚʽʜʦʤʘ ʚʝʣʠʯʠʥʘ ʮʴʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ 
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(ʥʝʚʽʜʦʤʘ ʦʮʽʥʢʘ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʜʦʚʽʜʢʦʚʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʯʠ ʧʦʢʘʟʥʠʢʘ), ʪʦ ʥʽ 

ʝʢʩʧʝʨʪ, ʥʽ ʩʣʽʜʯʠʡ, ʥʽ ʩʫʜʜ ̫ʯʠ ʘʜʚʦʢʘʪ ʥʝ ʟʤʦʞʫʪʴ ʦʮʽʥʠʪʠ ʜʦʩʪʦʚʽʨʥʽʩʪʴ 

ʜʦʚʽʜʢʦʚʠʭ ʜʘʥʠʭ, ʘ ʟʥʘʯʠʪʴ ʽ ʦʙôʻʢʪʠʚʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʘʚʪʦʪʝʭʥʽʯʥʦʾ 

ʝʢʩʧʝʨʪʠʟʠ ʦʪʨʠʤʘʥʠʭ ʟʘ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ [207, 211, 214].  

ʊʝʨʤʽʥ çʥʝʚʠʟʥʘʯʝʥʽʩʪʴè, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʙʘʛʘʪʴʦʭ ʛʘʣʫʟʷʭ ʥʘʫʢʠ, 

ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʫ ʜʽʶʯʽʡ ʨʝʜʘʢʮʽʾ ʤ̔ ʞʥʘʨʦʜʥʦʛʦ ʩʣʦʚʥʠʢʘ ʟʘʛʘʣʴʥʠʭ ʪʘ 

ʦʩʥʦʚʥʠʭ ʪʝʨʤʽʥʽʚ ʚ ʛʘʣʫʟʽ ʤʝʪʨʦʣʦʛʽʾ [210] ï ʮʝ ʧʘʨʘʤʝʪʨ, ʷʢʠʡ ʧʦʚô̫ ʟʘʥʠʡ ʟ 

ʨʝʟʫʣʴʪʘʪʦʤ ʚʠʤʽʨʶʚʘʥʴ ʪʘ ʭʘʨʘʢʪʝʨʠʟʫʻ ʨʦʟʢʠʜ ʟʥʘʯʝʥʴ, ʱʦ ʟ ʜʦʩʪʘʪʥʴʦ 

ʦʙʨ̌ʫʥʪʦʚʘʥʦ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʠʧʠʩʘʥʽ ʚʠʤʽʨʶʚʘʥʽʡ ʚʝʣʠʯʠʥʽ. ʊʘʢʠʤ 

ʧʘʨʘʤʝʪʨʦʤ ʤʦʞʝ ʙʫʪʠ, ʥʘʧʨʠʢʣʘʜ, ʩʪʘʥʜʘʨʪʥʝ ʚʽʜʭʠʣʝʥʥʷ, ʰʠʨʠʥʘ ʥʘʜʽʡʥʦʛʦ 

ʽʥʪʝʨʚʘʣʫ. ɺ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ ʤʽʩʪʠʪʴ ʙʘʛʘʪʦ 

ʩʢʣʘʜʦʚʠʭ. ʆʢʨʝʤʽ ʩʢʣʘʜʦʚʽ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʨʝʟʫʣʴʪʘʪʽʚ ʨʷʜʫ ʩʧʦʩʪʝʨʝʞʝʥʴ ʪʘ ʦʧʠʩʘʪʠ ʩʚʦʾʤʠ 

ʩʪʘʥʜʘʨʪʥʠʤʠ ʚʽʜʭʠʣʝʥʥʷʤʠ [103, 212-214]. ɯʥʰʽ ʩʢʣʘʜʦʚʽ, ʱʦ ʤʦʞʫʪʴ ʪʘʢʦʞ 

ʙʫʪʠ ʚʠʨʘʞʝʥʽ ʫ ʚʠʛʣʷʜʽ ʩʪʘʥʜʘʨʪʥʠʭ ʚʽʜʭʠʣʝʥʴ, ʚʠʟʥʘʯʘʶʪʴ ʥʘ ʧʽʜʩʪʘʚʽ 

ʦʯʽʢʫʚʘʥʠʭ ʨʦʟʧʦʜʽʣʽʚ ʡʤʦʚʽʨʥʦʩʪʝʡ, ʥʘ ʦʩʥʦʚʽ ʜʦʩʚʽʜʫ ʯʠ ʽʥʰʦʾ ʽʥʬʦʨʤʘʮʽʾ 

[215, 216]. ʆʙʠʜʚʘ ʚʠʧʘʜʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʷʢ ʦʮʽʥʝʥʥʷ ʪʠʧʫ ɸ ʽ ʪʠʧʫ ɺ 

ʚʽʜʧʦʚʽʜʥʦ [210, 211]. 

ʅʝʚʠʟʥʘʯʝʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ ʥʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʝʜʦʩʪʦʚʽʨʥʩ̔ʪɹ 

ʚʠʤʽʨʶʚʘʥʥʷ, ʥʘʚʧʘʢʠ, ʟʥʘʥʥʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʩʧʨʠʷʻ ʟʙʽʣʴʰʝʥʥ ʁʩʪʫʧʝʥʷ 

ʜʦʩʪʦʚʽʨʥʦʩʪʽ [211]. ʆʙôʻʢʪʠʚʥʽʩʪʴ ʚʠʩʥʦʚʢʽʚ, ʦʪʨʠʤʘʥʠʭ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʚʠʢʦʥʘʥʥʷ ʘʚʪʦʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ ɼʊʇ ʚʝʣʠʢʦʶ ʤʽʨʦʶ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʧʨʠʡʥʷʪʪʷ ʟʥʘʯʝʥʴ ʚʭʽʜʥʠʭ ʚʝʣʠʯʠʥ ʪʘ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ, 

ʚʠʙʦʨʫ ʤʝʪʦʜʠʢʠ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ [1-3, 21, 23, 29, 51, 86, 158, 163, 207, 

217, 218].  

ʄʦʜʝʣʶʚʘʥʥʷ ʨʫʭʫ ʫʯʘʩʥʠʢʽʚ ɼʊʇ ʻ ʰʠʨʦʢʦ ʧʦʰʠʨʝʥʦʶ ʧʨʠʢʣʘʜʥʦ  ʁ

ʟʘʜʘʯʝ.ʁ ʅʘ ʜʘʥʠʡ ʯʘʩ ʩʪʚʦʨʝʥʦ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʱʦ 

ʨʽʟʥʷʪʴʩʷ ʟʘ ʩʪʫʧʝʥʝʤ ʩʢʣʘʜʥʦʩʪʽ ʽ ʪʦʯʥʦʩʪʽ [1-3, 40-43, 83-89, 101-133, 142-

159, 161-174, 197, 217-221], ʘʣʝ ʚ ʬʘʢʪʠʯʥʠʭ ʫʤʦʚʘʭ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʪʠʟ ʮ̔  

ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʥʝ ʟʘʚʞʜʠ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʁ ʪʴʩʷ ʯʝʨʝʟ ʥʘʷʚʥʫ ʩʧʝʮʠʬʽʢʫ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʭʽʜʥʠʭ ʘʙʦ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ. ʅʘʧʨʠʢʣʘʜ, ʚʨʘʭʫʚʘʥʥʷ ʙʽʣʴʰʦʾ 
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ʢʽʣʴʢʦʩʪʽ ʬʘʢʪʦʨʽʚ, ʜʽʶʯʠʭ ʥʘ ʘʚʪʦʤʦʙʽʣʴ, ʧʨʠ ʧʦʙʫʜʦʚʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ 

ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʷ, ʧʽʜʚʠʱʫʻ ʪʦʯʥʽʩʪʴ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ. ʆʜʥʘʢ ʧʨʠ 

ʤʦʜʝʣʶʚʘʥʥʽ ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʷ, ʧʘʨʘʤʝʪʨʠ ʷʢʦʛʦ ʪʦʯʥʦ ʥʝʚʽʜʦʤʽ, ʧʦ ʧʦʚʝʨʭʥʽ 

ʜʦʨʦʛʠ, ʟʽ ʟʤʽʥʥʠʤʠ ʚ ʧʝʚʥʠʭ ʤʝʞʘʭ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʩʠʪʫʘʮʽʷ ʤʦʞʝ ʙʫʪʠ 

ʧʨʦʪʠʣʝʞʥʦʶ [86, 173, 207]. 

ʊʨʘʜʠʮʽʡʥʠʡ ʜʝʪʝʨʤʽʥʽʩʪʩʴʢʠʡ ʧʽʜʭʜ̔ ʚ ʝʢʩʧʝʨʪʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ ʤʘʻ 

ʦʙʤʝʞʝʥʽʩʪʴ, ʥʘ ʱʦ ʚʢʘʟʫʚʘʚ ɺ. ɸ. ɯʣʘʨʽʦʥʦʚ ï ʚʠʟʥʘʥʠʡ ʘʚʪʦʨʠʪʝʪ ʚ ʦʙʣʘʩʪʽ 

ʘʚʪʦʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ. ɺ ʩʚʦʻʤʫ ʧʽʜʨʫʯʥʠʢʫ, ʚʠʜʘʥʦʤʫ ʚ 1989 ʨ., ʚʽʥ ʧʠʩʘʚ 

ʧʨʦ ʥʝʤʠʥʫʯʝ ʨʦʟʩʽʷʥʥʷ ʜʦʚʽʜʢʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʽ ʧʘʨʘʤʝʪʨʽʚ ʚʽʜʥʦʩʥʦ ʾʭ 

ʪʘʙʣʠʯʥʠʭ ʟʥʘʯʝʥʴ ʪʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʪʘʪʠʩʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʽʚ ʧʘʨʘʤʝʪʨʽʚ ʛʘʣʴʤʽʚʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʘʚʪʦʤʦʙʽʣʷ. ɺʽʥ ʥʘʛʦʣʦʰʫʚʘʚ, 

ʱʦ ʰʠʨʦʢʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʶ ʩʪʘʪʠʩʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʟʘʚʘʞʘʻ ʾʭ ʩʢʣʘʜʥʽʩʪʴ ʽ 

ʚʽʜʩʫʪʥʽʩʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ, ʟʘ ʷʢʠʤʠ ʤʦʞʥʘ ʚʩʪʘʥʦʚʠʪʠ ʨʦʟʢʠʜ 

ʚʝʣʠʯʠʥ ʪʘ ʟʘʢʦʥʠ ʨʦʟʧʦʜʽʣʫ ʽʤʦʚʽʨʥʦʩʪʽ ʜʦʚʽʜʢʦʚʠʭ ʟʥʘʯʝʥʴ. ɺʨʘʭʦʚʫʶʯʠ 

ʟʘʛʘʣʴʥ ̔ʪʝʥʜʝʥʮʽ ʾʨʦʟʚʠʪʢʫ ʥʘʫʢʠ, ʚʽʥ ʚʚʘʞʘʚ, ʱʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʪʘʪʠʩʪʠʯʥʠʭ 

ʤʝʪʦʜʽʚ ʚ ʤʘʡʙʫʪʥʴʦʤʫ  ̒ʥʝʤʠʥʫʯʠʤ. 

ɺʧʨʦʜʦʚʞ ʦʩʪʘʥʥʽʭ ʪʨʠʜʮʷʪʠ ʨʦʢʽʚ ʩʪʘʣʠʩʷ ʥʝ ʟʥʘʯʥʽ ʧʦʟʠʪʠʚʥʽ ʟʨʫʰʝʥʥʷ 

ʚ ʧʨʘʢʪʠʮʽ ʘʚʪʦʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ. ɺ ʪʝʭʥʽʯʥʽʡ ʣʽʪʝʨʘʪʫʨʽ ʤʘʡʞʝ ʥʝ 

ʟʫʩʪʨʽʯʘʪʁʴʩʷ ʦʧʠʩʠ ʨʝʟʫʣʴʪʘʪʽʚ ʨʝʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʧʨʠʩʚʷʯʝʥʠʭ 

ʧʨʦʙʣʝʤʘʤ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʜʘʥʠʭ. ɺ 

ʜʦʚʽʜʢʦʚʠʭ ʪʘʙʣʠʮʷʭ ʷʢ ʽ ʨʘʥʽʰʝ ʧʨʠʚʦʜʷʪʴʩʷ ʬʽʢʩʦʚʘʥʽ ʜʠʩʢʨʝʪʥʽ ʟʥʘʯʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʽ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʩʪʚʦʨʶ ̒ʽʣʶʟʽʶ ʾʭ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʟʘ ʨʘʭʫʥʦʢ 

ʚʠʩʦʢʦʾ ʜʠʬʝʨʝʥʮʽʘʮʽ.ʾ ɹʝʟʫʤʦʚʥʦ, ʚʢʘʟʘʥʽ ɺ. ɸ. ɯʣʣʘʨʽʦʥʦʚʠʤ ʧʝʨʝʰʢʦʜʠ 

ʱʦʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʘʪʠʩʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʽʩʥʫʶʪʴ, ʘʣʝ ʩʢʣʘʜʥʽʩʪʴ ʤʝʪʦʜʽʚ ʥʝ 

ʻ ʚʠʨʽʰʘʣʴʥʦʶ ʧʨʠʯʠʥʦ  ʁʪʘʢʦʛʦ ʩʪʘʥʫ ʨʝʯʝʡ. ɺʘʞʣʠʚʽʰʠʤ ʻ ʪʝ, ʱʦ, ʧʝʚʥʦ, 

ʚʥʘʩʣʽʜʦʢ ʥʝʜʦʦʮʽʥʢʠ ʤʦʞʣʠʚʦʩʪʝʡ ʩʫʯʘʩʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʪʘ ʩʪʘʪʠʩʪʠʯʥʠʭ 

ʤʝʪʦʜʽʚ ʜʣʷ ʶʨʠʜʠʯʥʦʾ ʧʨʘʢʪʠʢʠ ʘʙʦ ʥʝʜʦʩʪʘʪʥʴʦʾ ʩʧʝʮʽʘʣʴʥʦ ʾ ʪʝʭʥʽʯʥʦ ʾ

ʧʽʜʛʦʪʦʚʢʠ, ʧʨʘʮʽʚʥʠʢʘʤʠ ʩʣʽʜʩʪʚʘ, ʝʢʩʧʝʨʪʘʤʠ, ʢʦʨʧʫʩʦʤ ʩʫʜʜʽʚ ʪʘ 

ʘʜʚʦʢʘʪʘʤʠ, ʮʽ ʤʝʪʦʜʠ ʟʘʣʠʰʘʶʪʴʩʷ ʪʘʢ ʽ ʥʝ ʟʘʪʨʝʙʫʚʘʥʠʤʠ. ʃʠʰʝ ʧʦʪʨʝʙʘ ʚ 

ʥʠʭ ʟʘʙʝʟʧʝʯʠʪʴ ʧʨʦʚʝʜʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 
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ʆʪʞʝ, ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʘʚʪʦʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚʠʭʽʜʥʠʭ 

ʜʘʥʠʭ ʧʦʪʨʽʙʥʦ ʚʢʘʟʘʪʠ ʜʞʝʨʝʣʦ ʽʥʬʦʨʤʘʮʽʾ, ʫʩʝʨʝʜʥʝʥʝ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ 

ʪʘ ʱʽʣʴʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʡʤʦʚʽʨʥʦʩʪʽ ʚʽʜʭʠʣʝʥʥ ̫ʟʥʘʯʝʥ ɹʜʘʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʚʽʜ 

ʫʩʝʨʝʜʥʝʥʦʛʦ ʟʥʘʯʝʥʥʷ. ɺ̔ ʜʧʦʚʽʜʴ ʥʘ ʧʠʪʘʥʥʷ, ʧʦʩʪʘʚʣʝʥʝ ʧʝʨʝʜ ʝʢʩʧʝʨʪʘʤʠ, 

ʧʦʚʠʥʥʘ ʥʘʜʘʚʘʪʠʩʴ ʟ̔ ʚʢʘʟʘʥʥʷʤ ʡʤʦʚʽʨʥʦʩʪʽ ʪʘʢʦʾ ʧʦʜʽʾ. ɿʚʽʩʥʦ, ʱʦ ʫ 

ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʡʤʦʚʽʨʥʽʩʥʽ ʚʽʜʧʦʚʽʜʽ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʜʦʚ̔ʣʴʥʠʤʠ, 

ʦʩʢʽʣʴʢʠ ʦʜʥʦʟʥʘʯʥʦ ʥʝ ʜʦʚʦʜʷʪʴ ʥʘʷʚʥʽʩʪʴ ʪʽʻʾ ʯʠ ʽʥʰʦʾ ʧʦʜʽʾ. ɿ ʦʛʣʷʜʫ ʥʘ ʮʝ, 

ʥʘʧʨʠʢʣʘʜ, ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʟʫʧʠʥʥʦʛʦ ʰʣʷʭʫ ʘʚʪʦʤʦʙʽʣʷ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ 

ʜʚʘ ʤʦʞʣʠʚʠʭ ʧʘʨʘʤʝʪʨʠ: ʤʽʥʽʤʘʣʴʥʠʡ ʪʘ ʤʘʢʩʠʤʘʣʴʥʠʡ ʟʫʧʠʥʥʠʡ ʰʣʷʭ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ. ʎʝ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʬʦʨʤʫʚʘʪʠ ʪʨʠ ʚʘʨʽʘʥʪʘ 

ʚʽʜʧʦʚʽʜʽ:  

1) ʫ ʚʠʧʘʜʢʫ ʷʢʱʦ ʤʽʥʽʤʘʣʴʥʦ ʤʦʞʣʠʚʠʡ ʟʫʧʠʥʥʠʡ ʰʣʷʭ ʙʽʣʴʰʠʡ ʚʽʜʩʪʘʥ ̔

ʥʘ ʷʢʽʡ ʚʦʜʽʡ ʤʽʛ ʚʩʪʘʥʦʚʠʪʠ ʥʝʙʝʟʧʝʢʫ ʜʣʷ ʨʫʭʫ, ʪʦ ʧʨʠʭʦʜʷʪʴ ʜʦ ʚʠʩʥʦʚʢʫ ʧʨʦ 

ʪʝʭʥʽʯʥʫ ʥʝʤʦʞʣʠʚʩ̔ʪɹ ʟʘʧʦʙʽʛʪʠ ɼʊʇ;  

2) ʷʢʱʦ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʠʡ ʟʫʧʠʥʥʠʡ ʰʣʷʭ ʤʝʥʰʠʡ ʚʽʜʩʪʘʥ ̔ʥʘ ʷʢʽʡ 

ʚʦʜʽʡ ʤʽʛ ʚʩʪʘʥʦʚʠʪʠ ʥʝʙʝʟʧʝʢʫ ʜʣʷ ʨʫʭʫ, ʪʦ ʧʨʠʭʦʜʷʪʴ ʜʦ ʚʠʩʥʦʚʢʫ ʧʨʦ 

ʥʘʷʚʥʽʩʪʴ ʪʝʭʥʽʯʥʦʾ ʤʦʞʣʠʚʦʩʪʽ ʟʘʧʦʙʽʛʪʠ ɼʊʇ;  

3) ʷʢʱʦ ʚʽʜʩʪʘʥʴ ʥʘ ʷʢʽʡ ʚʦʜʽʡ ʤʽʛ ʚʩʪʘʥʦʚʠʪʠ ʥʝʙʝʟʧʝʢʫ ʜʣʷ ʨʫʭʫ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʝʣʠʯʠʥ ʤʽʥʽʤʘʣʴʥʦ ʤʦʞʣʠʚʦʛʦ ʟʫʧʠʥʥʦʛʦ ʰʣʷʭʫ ʪʘ 

ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʦʛʦ ʟʫʧʠʥʥʦʛʦ ʰʣʷʭʫ, ʪʦ ʧʨʠʭʦʜʷʪʴ ʜʦ ʚʠʩʥʦʚʢʫ ʧʨʦ 

ʥʝʤʦʞʣʠʚʽʩʪʴ ʥʘʜʘʪʠ ʦʜʥʦʟʥʘʯʥʫ ʚʽʜʧʦʚʽʜ ɹ ʥʘ ʧʦʩʪʘʚʣʝʥʝ ʧʠʪʘʥʥʷ. ʊʦʤʫ, 

ʨʦʟʨʦʙʢʘ ʘʥʘʣʽʪʠʯʥʠʭ ʤʝʪʦʜʽʚ, ʷʢʽ ʩʧʨʠʷʶʪʴ ʟʤʝʥʰʝʥʥʶ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ 

ʦʮʽʥʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʨʫʭʫ ʫʯʘʩʥʠʢʽʚ ɼʊʇ ʻ ʘʢʪʫʘʣʴʥʦʶ ʥʘʫʢʦʚʦʶ ʧʨʦʙʣʝʤʦʶ. 

 

1.3 ʈʽʚʝʥʴ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ ʧʨʘʢʪʠʢʫ 

ʨʦʟʚôʷʟʫʚʘʥʥʷ ʟʘʜʘʯ ʘʚʪʦʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʠʛʦʜ  

 

ɿʘ ʦʩʪʘʥʥʽ ʨʦʢʠ ̔ ʥʬʦʨʤʘʮʽʡʥ ̔ʪʝʭʥʦʣʦʛʽ ʾʟʥʘʡʰʣʠ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʽʜ 

ʯʘʩ ʚʠʢʦʥʘʥʥ ̫ʝʢʩʧʝʨʪʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʭʘʨʘʢʪʝʨʥʽ ʫ ʨʦʟʩʣʽʜʫʚʘʥʥʽ ʩʘʤʠʭ 

ʨʽʟʥʠʭ ʟʣʦʯʠʥʽʚ. ɺʠʦʢʨʝʤʠʣʠʩʷ ʪʘʢʽ ʦʩʥʦʚʥʽ ʰʣʷʭʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ 
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ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʤʧôʶʪʝʨʥʦʾ ʪʝʭʥʽʢʠ ʚ ʩʫʜʦʚʽʡ ʝʢʩʧʝʨʪʠʟʽ [83, 84, 88, 89, 145, 

148, 151, 155, 159]: ʤʘʪʝʤʘʪʠʟʘʮʽʷ ʦʢʨʝʤʠʭ ʣʘʥʦʢ ʝʢʩʧʝʨʪʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ; 

ʧʦʚʥʘ ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʘʥʘʣʽʟʫ ʨʝʯʦʚʠʭ ʜʦʢʘʟʽʚ; ʩʪʚʦʨʝʥʥʷ ʜʽʘʣʦʛʦʚʠʭ ʩʠʩʪʝʤ. 

ɼʣʷ ʧʦʪʨʝʙ ʘʚʪʦʪʝʭʥʽʯʥʦ ʾʝʢʩʧʝʨʪʠʟʠ ʨʦʟʨʦʙʣʝʥʽ ʢʦʤʧôʁ ʪʝʨʠʟʦʚʘʥʽ ʤʝʪʦʜʠʢʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʭʘʥʽʟʤʫ ɼʊʇ, ʚʠʟʥʘʯʝʥʥʷ ʤʽʩʮʷ ʟʽʪʢʥʝʥʥʷ ʘʚʪʦʤʦʙʽʣʽʚ, 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʦʮʽʥʝʥʥʷ ɼʊʉ ʪʦʱʦ. ʇʦʯʘʪʢʦʤ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʚ ʧʨʘʢʪʠʢʫ ʘʚʪʦʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ ʩʪʘʣʦ ʤʦʜʝʣʶʚʘʥʥʷ ɼʊʇ, 

ʩʪʚʦʨʝʥʥʷ ʢʦʤʧʣʝʢʩʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ (ʨʠʩ. 1.4), ʦʢʨʝʤʦʛʦ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʜʦʧʦʤʽʞʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ 

ʬʦʨʤʫʚʘʥʥʷ ʝʢʩʧʝʨʪʥʠʭ ʚʠʩʥʦʚʢʽʚ. ʇʝʨʝʚʘʛʠ ʥʦʚʦʚʚʝʜʝʥʴ: ʚʠʢʦʥʫʻʪʴʩʷ 

ʟʥʘʯʥʦ ʙʽʣʴʰʠʡ ʦʙ'ʻʤ ʨʦʟʨʘʭʫʥʢʽʚ; ʟʤʝʥʰʫʻʪʴʩʷ ʽʤʦʚʽʨʥʽʩʪʴ ʘʨʠʬʤʝʪʠʯʥʠʭ 

ʧʦʤʠʣʦʢ; ʟô̫ ʚʣʷʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʚʽʟʫʘʣʽʟʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ. 

 

 

 

ʈʠʩʫʥʦʢ 1.4 ï ʇʨʠʢʣʘʜ ʜʦʩʣʽʜʞʝʥʥʷ ɼʊʇ ʥʘ ʦʩʥʦʚʽ ʩʣ̔ʜʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʟ 

ʤʽʩʮʷ ɼʊʇ ʫ ʧʨʦʛʨʘʤ ̔Virtual Crash 3.0 

 

ʉʫʯʘʩʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʜʦʩʣʽʜʞʝʥʥʷ ɼʊʇ (ʨʠʩ. 1.5) ʤʦʞʥʘ 

ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʟʘ ʧʨʠʟʥʘʯʝʥʥʷʤ, ʘʜʝʢʚʘʪʥʽʩʪʶ ʨʝʟʫʣʴʪʘʪʽʚ ʨʝʢʦʥʩʪʨʫʢʮʽʾ, 
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ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʤ ʤʘʪʝʤʘʪʠʯʥʠʤ ʘʧʘʨʘʪʦʤ, ʚʠʤʦʛʘʤʠ ʜʦ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʝʣʝʢʪʨʦʥʥʦ-ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʤʘʰʠʥ ʪʘ ʥʝʦʙʭʽʜʥʠʤ ʨʽʚʥʝʤ ʧʽʜʛʦʪʦʚʢʠ ʬʘʭʽʚʮʽʚ. 

 

ɯʥʬʦʨʤʘʮʽʡʥʽ 

ʪʝʭʥʦʣʦʛʽʾ 

ʝʢʩʧʝʨʪʠʟʠ ɼʊʇ

ɿʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʤ 

ʤʘʪʝʤʘʪʠʯʥʠʤ ʘʧʘʨʘʪʦʤ

Ç ʉʫʢʫʧʥʽʩʪʴ ʘʥʘʣʽʪʠʯʥʠʭ ʪʘ 

ʝʤʧʽʨʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ

Ç ɺʝʢʪʦʨʥʘ ʘʣʛʝʙʨʘ (ʢʽʥʝʪʠʢʦ-

ʤʘʩʦʚʠʡ ʨʦʟʨʘʭʫʥʦʢ)

Ç ʊʝʦʨʽʷ ʡʤʦʚʽʨʥʦʩʪʽ ʪʘ ʤʘʪʝʤʘʪʠʯʥʘ 

ʩʪʘʪʠʩʪʠʢʘ

Ç ʄʝʪʦʜ ʢʽʥʮʝʚʠʭ ʝʣʝʤʝʥʪʽʚ

Ç ʅʝʯʽʪʢʽ ʤʥʦʞʠʥʠ ʪʘ ʥʝʡʨʦʥʥʽ 

ʤʝʨʝʞʽ

Ç ʂʦʤʙʽʥʦʚʘʥʽ ʤʝʪʦʜʠ

ɿʘ ʨʽʚʥʝʤ ʧʽʜʛʦʪʦʚʢʠ ʬʘʭʽʚʮʽʚ

Ç ɼʦʩʪʫʧʥʽ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʬʘʭʽʚʮʽʚ

Ç ɼʣʷ ʩʧʝʮʽʘʣʴʥʦ ʧʽʜʛʦʪʦʚʣʝʥʠʭ 

ʬʘʭʽʚʮʽʚ

Ç ɺʠʢʦʨʠʩʪʦʚʫʚʘʥʽ ʛʨʫʧʦʶ ʬʘʭʽʚʮʽʚ 

ʨʽʟʥʦʾ ʧʽʜʛʦʪʦʚʢʠ

Ç ɺʠʢʦʨʠʩʪʦʚʫʚʘʥʽ ʛʨʫʧʦʶ ʚʯʝʥʠʭ

ɿʘ ʩʧʦʞʠʚʘʥʥʷʤ ʨʝʩʫʨʩʽʚ

Ç ɼʣʷ ʣʶʙʠʭ ʩʫʯʘʩʥʠʭ 

ʧʝʨʩʦʥʘʣʴʥʠʭ 

ʢʦʤʧôʁ ʪʝʨʽʚ

Ç ɼʣʷ ʙʘʛʘʪʦʧʨʦʮʝʩʦʨ-

ʥʠʭ ʩʪʘʥʮʽʡ

Ç ɼʣʷ ʛʨʘʬʽʯʥʠʭ ʩʪʘʥʮʽʡ

Ç ɼʣʷ ʧʣʘʥʰʝʪʽʚ ʪʘ 

ʢʦʤʫʥʽʢʘʪʦʨʽʚ

ɿʘ ʘʜʝʢʚʘʪʥʽʩʪʶ 

ʨʝʟʫʣʴʪʘʪʘ ʘʥʘʣʽʟʫ ɼʊʇ 

ʨʝʘʣʴʥʦʤʫ ʧʨʦʮʝʩʫ

Ç ʇʦʚʥʦʘʜʝʢʚʘʪʥʽ

Ç ʆʮʽʥʦʯʥʽ: ʟ ʞʦʨʩʪʢʠʤʠ 

ʦʙʤʝʞʝʥʥʷʤʠ ʽ 

ʧʨʠʧʫʱʝʥʥʷʤʠ; ʟ 

ʚʠʭʽʜʥʠʤʠ ʜʘʥʠʤʠ, ɦ ʦ 

ʤʦʞʫʪʴ ʟʤʽʥʶʚʘʪʠʩʴ

ɿʘ ʧʨʠʟʥʘʯʝʥʥʷʤ

Ç ʇʨʦʛʨʘʤʠ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʾ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ: ʪʦʯʦʢ ʚʠʤʽʨʶʚʘʥʥʷ ʟ GPS 

ʧʨʠʡʤʘʯʘ; ʬʦʪʦʛʨʘʬʽʡ ʪʘ ʚʽʜʝʦʤʘʪʝʨʽʘʣʽʚ; ʨʝʟʫʣʴʪʘʪʽʚ ʣʘʟʝʨʥʦʛʦ 3D 

ʩʢʘʥʫʚʘʥʥʷ

Ç ʇʨʦʛʨʘʤʠ ʜʣʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ: ʯʘʩʦʚʦ-ʧʨʦʩʪʦʨʦʚʦʛʦ ʚʽʜʥʦʰʝʥʥʷ; 

ʧʘʨʘʤʝʪʨʽʚ ʨʫʭʫ ʫʯʘʩʥʠʢʽʚ ɼʊʇ; ʧʝʨʝʤʽʱʝʥʴ ʜʝʬʦʨʤʘʮʽʡ ʪʘ ʟʫʩʠʣʴ; ʨʦʙʦʪʠ 

ʘʛʨʝʛʘʪʽʚ, ʚʫʟʣʽʚ ʪʘ ʩʠʩʪʝʤ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ

Ç ɼʝʤʦʥʩʪʨʘʮʽʡʥʽ ʧʨʦʛʨʘʤʠ-ʩʠʤʫʣʷʪʦʨʠ: ʢʨʝʩʣʝʥʥʷ ʤʘʩʰʪʘʙʥʠʭ ʩʭʝʤ ɼʊʇ; 

ʚʽʟʫʘʣʽʟʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ɼʊʇ ʘʙʦ ʡʦʛʦ ʯʘʩʪʠʥ

 

 

ʈʠʩʫʥʦʢ 1.5 ï ʂʣʘʩʠʬʽʢʘʮʽʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʝʢʩʧʝʨʪʠʟʠ ɼʊʇ 

 

ʋʩʽ ʢʦʤʧôʁ ʪʝʨʥʽ ʧʨʦʛʨʘʤʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʦʪʨʝʙ 

ʘʚʪʦʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ, ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʟʘ ʪʘʢʠʤʠ ʥʘʧʨʷʤʘʤʠ ʟʘʩʪʦʩʫʚʘʥʥʷ: 
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ï ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʥʽ ʧʨʦʛʨʘʤʠ: PC-Rect [222], PhotoModeler Pro [223], 

Photorect [224], ʾʭ ʟʘʚʜʘʥʥʷʤ ʻ ʢʦʨʝʢʮʽʷ ʧʝʨʩʧʝʢʪʠʚʠ ʪʦʙʪʦ ʪʨʘʥʩʬʦʨʤʘʮʽʷ 

ʟʚʠʯʘʡʥʠʭ ʬʦʪʦʛʨʘʬʽʡ ʚ ʟʦʙʨʘʞʝʥʥʷ ʚ ʦʨʪʦʛʦʥʘʣʴʥʽʡ ʧʨʦʝʢʮʽʾ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʫʩʽʭ ʚʠʜʽʚ ʤʘʩʰʪʘʙʥʠʭ ʚʠʤʽʨʶʚʘʥʴ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʦʙ'ʻʢʪʽʚ ʥʘ ʤʽʩʮʽ ɼʊʇ; 

ï ʧʨʦʛʨʘʤʠ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʛʦ ʘʥʘʣʽʟʫ ʨʫʭʫ ʊɿ ʪʘ ʧʽʰʦʭʦʜʽʚ ʚ ʫʤʦʚʘʭ 

ɼʊʇ: Sybid Titan [225], Cyborg Idea SLIBAR+ [226]; 

ï ʛʨʘʬʽʯʥʽ ʨʝʜʘʢʪʦʨʠ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʙʫʜʫʚʘʪʠ ʤʘʩʰʪʘʙʥʽ ʩʭʝʤʠ ɼʊʇ: 

AutoCAD [227], Auto-Graf [228], Sybid Plan [229], MapScenes [230], ʧʘʢʝʪ 

ʧʨʦʛʨʘʤ çCad Zoneè [192];  

ï ʧʨʦʛʨʘʤʠ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʨʫʭʫ ʫʯʘʩʥʠʢʽʚ ɼʊʇ ʚ ʟʘʜʘʥʠʭ ʫʤʦʚʘʭ: 

AR Pro [231], Analyzer Pro [232], WinKol (Kollision) [233], Crash [188], Rec-Tec 

[234], MonDiaFor çHADI-15è + Road Accident [235], ʪʘ ʽʥʰʽ (ʚ ʪʦʤʫ ʯʠʩʣʽ 

ʨʦʟʨʦʙʣʝʥʽ ʟʘ ʫʯʘʩʪʽ ʘʚʪʦʨʘ ï ʢʦʤʧʣʝʢʩʥʘ ʧʨʦʛʨʘʤʘ ʜʣʷ ʘʚʪʦʪʝʭʥʽʯʥʦ ʾ

ʝʢʩʧʝʨʪʠʟʠ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ, ʷʢʽ ʤʘʣʠ ʤʽʩʮʝ ʚ ʪʝʤʥʫ ʧʦʨʫ ʜʦʙʠ [2, 15]; 

ʧʨʦʛʨʘʤʘ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʛʘʣʴʤʦʚʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʘʚʪʦʤʦʙʽʣʽʚ ʚ ʫʤʦʚʘʭ 

ʝʢʩʧʣʫʘʪʘʮʽʾ [19, 175]); 

ï ʩʠʩʪʝʤʠ ʚʽʟʫʘʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʪʫʘʮʽʾ: 

SMAC [236], Sybid eSURV [237], CARAT [191], Sybid V-Sim [193], PC-Crash 

[189], çʕʢʩʧʝʨʪʠʟʘ ɼʊʇè [238] ʪʘ ʽʥʰʽ. 

ʅʘ ʜʫʤʢʫ ʘʚʪʦʨʽʚ [84, 88, 156, 158, 159, 178, 186, 190, 194-196] ʨʦʟʚʠʪʦʢ 

ʘʚʪʦʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ ɼʊʇ ʥʝ ʤʦʞʣʠʚʠʡ ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʮʠʬʨʦʚʠʭ ʩʠʩʪʝʤ ʚʠʤʽʨʫ ʡ ʨʦʟʨʘʭʫʥʢʫ ʨʽʟʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘ 

ʚʩʽʭ ʝʪʘʧʘʭ ʜʦʩʣʽʜʞʝʥʥʷ ʦʙʩʪʘʚʠʥ ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʠʛʦʜ: 

ï ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʫʚʘʥʥʷ ʤʽʩʮʷ ɼʊʇ, ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʷʢʦʛʦ 

ʤʦʞʣʠʚʝ ʘʚʪʦʤʘʪʠʟʦʚʘʥʝ ʩʢʣʘʜʘʥʥʷ ʮʠʬʨʦʚʦʾ ʤʘʩʰʪʘʙʥʦʾ ʩʭʝʤʠ ɼʊʇ ʪʘ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʫʩʽʭ ʭʘʨʘʢʪʝʨʥʠʭ ʨʦʟʤʽʨʽʚ [190, 194, 195]; 

ï ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʧʠʩʽʚ EDR (ʨʝʻʩʪʨʘʪʦʨʽʚ ʜʘʥʠʭ ʧʨʦ ʧʦʜʽʾ), ʷʢʽ ʬʽʢʩʫʶʪʴ 

ʧʘʨʘʤʝʪʨʠ ʨʫʭʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʜʦ ʪʘ ʧʽʩʣʷ ʚʠʥʠʢʥʝʥʥʷ ʘʚʘʨʽʡʥʠʭ 
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ʩʠʪʫʘʮʽʡ ʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʦʙôʻʢʪʠʚʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʩʣʽʜʩʪʚʦ ʥʘ ʝʪʘʧʽ 

ʜʦʝʢʩʧʝʨʪʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ [158, 203-205]; 

ï ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʮʽʘʣʴʥʦʾ ʮʠʬʨʦʚʦʾ ʘʧʘʨʘʪʫʨʠ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʩʣʽʜʯʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʪʘ ʧʨʠʢʣʘʜʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʤʝʭʘʥʽʟʤʫ ɼʊʇ [170, 181-193, 222-238].  

ɸʚʪʦʤʘʪʠʟʘʮʽ ̫ʝʢʩʧʝʨʪʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʻ ʦʩʥʦʚʦ  ʁʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦ ʾ

ʪʘ ʚʠʩʦʢʦ ʾʷʢʦʩʪ̔ ʘʚʪʦʪʝʭʥʽʯʥʠʭ ʝʢʩʧʝʨʪʠʟ ɼʊʇ, ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪ̔ 

ʧʨʘʮʽ ʝʢʩʧʝʨʪʽʚ, ʩʫʪʪʻʚʦʛʦ ʩʢʦʨʦʯʝʥʥʷ ʪʝʨʤʽʥʽʚ ʚʠʢʦʥʘʥʥʷ ʝʢʩʧʝʨʪʠʟ [84, 88, 

157, 159]. 

ʅʝ ʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʢʦʞʥʘ ʩʫʯʘʩʥʘ ʤʝʪʦʜʠʢʘ ʝʢʩʧʝʨʪʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ, ʟʘʩʥʦʚʘʥʘ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʦʤʧôʁ ʪʝʨʽʚ, ʤʘʻ ʩʚʦʶ 

ʩʧʝʮʠʬʽʢʫ ʪʘ ʟʦʨʽʻʥʪʦʚʘʥʘ ʥʘ ʚʠʨʽʰʝʥʥʷ ʢʦʥʢʨʝʪʥʦʾ ʟʘʜʘʯʽ ʧʽʜ ʯʘʩ ʘʥʘʣʽʟʫ 

ʨʽʟʥʠʭ ʦʙ'ʻʢʪʽʚ [89, 151, 160, 168, 179, 207], ʚʦʥʠ ʤʘʶʪʴ ʨʷʜ ʟʘʛʘʣʴʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ. 

1. ɺ ʦʩʥʦʚʽ ʮʠʭ ʤʝʪʦʜʠʢ ʣʝʞʠʪʴ ʧʨʠʥʮʠʧ ʩʠʩʪʝʤʥʦʾ ʦʨʛʘʥʽʟʦʚʘʥʦʩʪʽ 

ʦʙô̒ ʢʪʫ ʧʽʟʥʘʥʥʷ, ʧʨʠʥʮʠʧ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ ʪʘ ʢʽʣʴʢʽʩʥʦʾ 

ʚʠʟʥʘʯʝʥʦʩʪʽ, ʘʣʛʦʨʠʪʤʽʯʥʠʡ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʧʽʜʭʽʜ ʱʦʜʦ ʧʨʦʮʝʩʫ ʧʽʟʥʘʥʥʷ 

ʦʙô̒ ʢʪʫ. 

2. ʃʘʥʢʦʶ, ʱʦ ʧʝʨʝʜʫʻ ʬʦʨʤʫʚʘʥʥʶ ʽ ʟʘʩʪʦʩʫʚʘʥʥʶ ʧʝʚʥʦʾ ʤʝʪʦʜʠʢʠ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʾʾ ʤʝʪʦʜʦʣʦʛʽʯʥʦʶ ʧʝʨʝʜʫʤʦʚʦʶ  ̒ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ 

ʦʙô̒ ʢʪʫ ʪʘ ʚʩʝʙʽʯʥʝ ʚʠʚʯʝʥʥʷ ʘʣʛʦʨʠʪʤʫ ʧʨʦʮʝʩʫ ʡʦʛʦ ʧʽʟʥʘʥʥʷ. ɺ ʜʘʥʦʤʫ 

ʢʦʥʪʝʢʩʪʽ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʧʫʩʢʘʻ ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʽ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ 

ʦʟʥʘʢ ʯʠ ʤʦʜʝʣʽ ʦʙ'ʻʢʪʫ ʘʥʘʣʽʟʫ, ʘ ʥʝ ʣʠʰʝ ʧʦʙʫʜʦʚʫ ʤʦʜʝʣʽ ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ.  

3. ʋ ʩʪʨʫʢʪʫʨʽ ʢʦʞʥʦʾ ʟ ʤʝʪʦʜʠʢ ʤʦʞʥʘ ʚʠʦʢʨʝʤʠʪʠ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʥʠʭ 

ʝʣʝʤʝʥʪʠ: ʚʠʟʥʘʯʝʥʥʷ ʤʝʪʠ ʪʘ ʧʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ; ʧʦʜʽʣ 

ʟʘʚʜʘʥʥʷ ʥʘ ʦʢʨʝʤʽ ʧʽʜʟʘʜʘʯʽ; ʜʝʬʽʥʽʮʽʷ ʢʦʥʢʨʝʪʥʠʭ ʧʨʠʡʦʤʽʚ ʪʘ ʟʘʩʦʙʽʚ ʾʭ 

ʨʝʘʣʽʟʘʮʽʾ; ʧʨʘʢʪʠʯʥʘ ʜʽʷʣʴʥʽʩʪʴ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʠʟʥʘʯʝʥʦʛʦ ʢʦʤʧʣʝʢʩʫ 

ʦʧʝʨʘʮʽʡ; ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʫ ʽ ʡʦʛʦ ʦʮʽʥʝʥʥʷ; ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ. 

4. ʅʽ ʦʜʥʘ ʤʝʪʦʜʠʢʘ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʦʤʧôʁ ʪʝʨʽʚ, ʥʝ ʤʽʩʪʠʪʴ 

ʫʩʴʦʛʦ ʧʨʦʮʝʩʫ ʨʽʰʝʥʥʷ ʝʢʩʧʝʨʪʥʦʾ ʟʘʜʘʯʽ. ɰʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʛʘʣʦʤ 
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ʘʚʪʦʤʘʪʠʟʫʻ ʪʘ ʧʽʜʚʠʱʫʻ ʦʙôʻʢʪʠʚʥʽʩʪʴ ʣʠʰʝ ʧʝʚʥʦʾ ʦʧʝʨʘʮʽ ʾ(ʛʨʫʧʠ ʦʧʝʨʘʮʽʡ), 

ʷʢʘ ʤʦʞʝ ʚʽʜʥʦʩʠʪʠʩʷ ʷʢ ʜʦ ʦʮʽʥʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʪʘʢ ʽ ʜʦ ʩʘʤʦʛʦ 

ʧʨʦʮʝʩʫ ʧʽʟʥʘʥʥʷ. ʆʪʞʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʥʽ ʚ ʷʢʦʤʫ 

ʨʘʟʽ ʥʝ ʚʠʢʣʶʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢʽʩʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʦʙô̒ ʢʪʫ ʧʽʟʥʘʥʥʷ. 

ʅʘ ʜʘʥʠʡ ʯʘʩ ʩʠʩʪʝʤʘ ʘʚʪʦʪʝʭʥʽʯʥʦ ʾʝʢʩʧʝʨʪʠʟʠ ɼʊʇ ʤʘʻ, ʟ ʧʦʛʣʷʜʫ ʚʠʤʦʛ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʘ ʩʠʩʪʝʤʥʠʭ ʚʠʤʦʛ, ʙʘʛʘʪʦ ʥʝʜʦʣʽʢʽʚ, ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʤʠ 

ʧʨʠʯʠʥʘʤʠ ʷʢʠʭ ʻ: 

1. ʅʝʩʠʩʪʝʤʥʠʡ ʨʦʟʚʠʪʦʢ ʜʽʶʯʠʭ ʤʝʪʦʜʠʢ ʝʢʩʧʝʨʪʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʡʦʛʦ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ, ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʪʘ ʽʥʰʠʭ ʚʠʜʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʥʝʤʦʞʣʠʚʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʝʢʩʧʝʨʪʦʤ ʩʠʩʪʝʤʥʦʛʦ ʨʦʟʫʤʽʥʥʷ ʦʙô̒ ʢʪʘ 

ʜʦʩʣʽʜʞʝʥʥʷ ï ɼʊʉ ʱʦ ʧʝʨʝʜʫʚʘʣʘ ɼʊʇ, ʜʦʩʣʽʜʞʝʥʥʷ ʫʩʽʭ ʩʪʦʨʽʥ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʙô̒ ʢʪʽʚ ɼʊʉ ï ʚʦʜʽʾʚ, ʧʽʰʦʭʦʜʽʚ, ʊɿ, ʜʽʣʷʥʢʠ ʜʦʨʦʛʠ, ʱʦ 

ʫʥʝʤʦʞʣʠʚʣʶʻ ʩʠʩʪʝʤʥʝ ʦʮʽʥʝʥʥʷ ʚʧʣʠʚʫ ʚʽʜʭʠʣʝʥʴ ʚʽʜ ʥʦʨʤ ʧʦʢʘʟʥʠʢ̔ʚ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʮʠʭ ʦʙô̒ ʢʪʽʚ ʥʘ ʨʝʟʫʣʴʪʘʪʠ ɼʊʇ ʪʘ ʽʩʥʫʚʘʥʥʷ ʪʝʭʥʽʯʥʦʾ 

ʤʦʞʣʠʚʦʩʪʽ ʫ ʚʦʜʽʷ ʟʘʧʦʙʽʛʪʠ ʚʠʥʠʢʥʝʥʥʷ ʘʚʘʨʽʡʥʦʾ ʩʠʪʫʘʮʽʾ. 

2. ɺʽʜʩʫʪʥʽʩʪʴ ʚʽʜʧʦʚʽʜʥʦʾ ʥʘʫʢʦʚʦʾ ʪʝʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ ʨʽʟʥʠʭ ʚʠʜʽʚ ɼʊʇ, 

ʟʘʩʪʦʩʦʚʥʦʾ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʬʘʢʪʠʯʥʠʭ ʧʠʪʘʥʴ ʘʥʘʣʽʟʫ ɼʊʇ, ʟʘʟʚʠʯʘʡ ʩʢʣʘʜʥʦ 

ʬʦʨʤʘʣʽʟʦʚʘʥʠʭ, ʧʦʚô̫ ʟʘʥʠʭ ʟ ʫʜʘʨʥʠʤ ʧʨʦʮʝʩʦʤ ʚʟʘʻʤʦʜʽʾ ʦʙ'ʻʢʪʽʚ ɼʊʇ ʪʘ 

ʨʫʭʦʤ ʊɿ ʚ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʫʤʦʚʘʭ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʷʢʽʩʥʠʭ ʧʦʤʠʣʦʢ ʪʘ 

ʥʠʟʴʢʦʛʦ ʨʽʚʥ ̫ ʪʦʯʥʦʩʪʽ ʧʦʯʘʪʢʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʫʭʫ ʊɿ ʧʝʨʝʜ ɼʊʇ, 

ʥʝʜʦʩʪʘʪʥʴʦʾ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʩʬʦʨʤʦʚʘʥʠʭ ʝʢʩʧʝʨʪʥʠʭ ʚʠʩʥʦʚʢʽʚ. 

3. ɺʽʜʩʪʘʚʘʥʥʷ ʨʽʚʥʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʽʩʥʫʶʯʦʾ ʩʠʩʪʝʤʠ ʘʚʪʦʪʝʭʥʽʯʥʦ ʾ

ʝʢʩʧʝʨʪʠʟʠ ʚʽʜ ʨʽʚʥʷ ʨʦʟʚʠʪʢʫ ʝʣʝʢʪʨʦʥʥʦ-ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ, ʫʩʢʣʘʜʥʶʻ 

ʟʜʽʡʩʥʝʥʥʷ ʽʪʝʨʘʮʽʡʥʠʭ ʜʦʩʣʽʜʞʝʥ ɹ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʘʩʪʦʩʦʚʫʚʘʥʠʭ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʫ ʪʘ 

ʟʥʠʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪ̔ ʚʠʢʦʥʘʥʥʷ ʝʢʩʧʝʨʪʦʤ ʜʦʩʣʽʜʞʝʥʴ. 

4. ʅʝʜʦʩʪʘʪʥʷ ʷʢʽʩʪʴ ʢʚʘʣʽʬʽʢʘʮʽʡʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʬʘʭʽʚʮʽʚ ɦ ʦʜʦ ʩʠʩʪʝʤʥʦʛʦ 

ʩʧʨʠʡʥʷʪʪʷ ɼʊʇ ʥʘ ʫʩʽʭ ʩʪʘʜʽʷʭ ʾ ʭ ʜʦʩʣʽʜʞʝʥʥʷ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʥʠʢʥʝʥʥʷ 

ʧʨʦʙʣʝʤ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʟʤʽʩʪʫ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʦʣʷ ʘʥʘʣʽʟʫ ɼʊʇ, ʧʨʦʙʣʝʤ 
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ʟʙʝʨʝʞʝʥʥʷ ʥʠʟʢɹʦʛʦ ʨʽʚʥʷ ʜʦʚʽʨʠ ʜʦ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʦʪʠ ʚ ʢʦʣ̔ ʫʯʘʩʥʠʢʽʚ 

ʜʦʩʣʽʜʞʝʥʥʷ ɼʊʇ, ʧʨʦʙʣʝʤ ʾʭ ʩʠʩʪʝʤʥʦʾ ʚʟʘʻʤʦʜʽʾ. 

ʋʥʽʚʝʨʩʘʣʴʥʠʤ ʩʧʦʩʦʙʦʤ ʫʩʫʥʝʥʥʷ ʚʢʘʟʘʥʠʭ ʥʝʜʦʣʽʢʽʚ ʻ ʤʝʪʦʜʦʣʦʛʽʷ 

ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ, ʟʘʩʥʦʚʘʥʘ ʥʘ ʧʨʠʥʮʠʧʘʭ ʥʝʦʙʭʽʜʥʦʩʪʽ ʪʘ ʜʦʩʪʘʪʥʦʩʪʽ 

ʢʦʤʧʣʝʢʪʫ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ. ɺʦʥʘ ʚʠʟʥʘʯʘʻ ʛʨʘʥʠʮʽ ʜʦʩʣʽʜʞʫʚʘʥʦʾ 

ʩʠʩʪʝʤʠ; ʧʨʦʟʦʨʩ̔ʪɹ ʩʪʨʫʢʪʫʨʠ ʤʽʞʝʣʝʤʝʥʪʥʠʭ ʟʚô̫ ʟʢʽʚ ʪʘ ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʫ, 

ʬʦʨʤʠ ʧʝʨʝʪʚʦʨʶʚʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ; ʬʽʟʠʯʥʫ ʩʫʪɹ ʟʘʛʘʣʴʥʦʩʠʩʪʝʤʥʠʭ ʢʨʠʪʝʨʽʾʚ 

ʷʢʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʽ ʤʘʩʠʚʫ ʯʘʩʪʢʦʚʠʭ ʢʨʠʪʝʨʽʾʚ ʪʦʱʦ [1, 31-33, 58, 59]. 

 

1.4 ɸʥʘʣʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʚ ʧʨʘʢʪʠʮʽ ʘʚʪʦʪʝʭʥʽʯʥʦʾ 

ʝʢʩʧʝʨʪʠʟʠ ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʠʛʦʜ 

 

ʆʜʠʥ ʟ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʧʨʠʥʮʠʧʽʚ ʩʫʯʘʩʥʦʾ ʥʘʫʢʠ ʟʚʦʜʠʪʴʩʷ ʜʦ ʪʦʛʦ, ʱʦ 

ʷʚʠʱʝ ʥʝ ʤʦʞʥʘ ʚʠʟʥʘʪʠ ʜʦʙʨʝ ʟʨʦʟʫʤʽʣʠʤ ʜʦʪʠ ʚʦʥʦ ʥʝ ʦʧʠʩʘʥʦ ʰʣʷʭʦʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʽʣʴʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʊʦʤʫ ʙ̔ ʣʴʰʽʩʪʴ ʟ ʪʦʛʦ, ʱʦ ʩʢʣʘʜʘʻ 

ʟʤʽʩʪ ʥʘʫʢʦʚʦʛʦ ʟʥʘʥʥʷ, ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʢʦʤʧʣʝʢʩ ʧʨʠʥʮʠʧʽʚ ʽ ʤʝʪʦʜʽʚ, 

ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʨʽʟʥʠʭ ʩʠʩʪʝʤ, ʷʢʽ 

ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʫʚʘʪʠ ʢʽʣʴʢʽʩʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʾʭ ʧʦʚʝʜʽʥʢʫ [239]. 

ʇ̔ ʜ ʯʘʩ ʘʥʘʣʽʟʫ ɼʊʇ ʚʠʢʦʥʫʻʪʴʩʷ ʩʢʣʘʜʥʝ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ 

ʫʩʽʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʢʦʞʥʦʾ ʧʨʠʛʦʜʠ ʦʢʨʝʤʦ. ʂʦʞʥʘ ʘʚʘʨʽʡʥʘ ʩʠʪʫʘʮʽʷ ʤʘʻ ʧʝʚʥʽ 

ʦʩʦʙʣʠʚʦʩʪʽ, ʢʨʽʤ ʪʦʛʦ, ʚ ʙʽʣʴʰʦʩʪʽ ɼʊʇ ʦʜʥʦʯʘʩʥʦ ʜʽʶʪʴ ʢʽʣʴʢʘ ʚʠʜʽʚ 

ʧʨʠʯʠʥʥʦ-ʥʘʩʣʽʜʢʦʚʠʭ ʟʚôʷʟʢʽʚ. ʎʽ ʦʙʩʪʘʚʠʥʠ ʫʩʢʣʘʜʥʶʁ ʪʴ ʝʢʩʧʝʨʪʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʟʫʤʦʚʣʶʶʪʴ ʥʝʦʙʭʽʜʥʽʩʪʴ ʰʣʷʭʦʤ ʽʥʞʝʥʝʨʥʦʛʦ ʘʥʘʣʽʟʫ 

ʚʠʟʥʘʯʘʪʠ ʯʘʩʪʠʥʥʽ ʧʨʠʯʠʥʥʦ-ʥʘʩʣʽʜʢʦʚʽ, ʬʫʥʢʮʽʦʥʘʣʴʥʽ, ʪʝʭʥʽʯʥʽ, ʯʘʩʦʚʽ ʪʘ 

ʽʥʰʽ ʟʚôʷʟʢʠ, ʷʢʽ ʤʘʣʠ ʤʽʩʮʝ ʚ ʧʨʦʮʝʩʽ ʧʨʠʛʦʜʠ. 

ɹʫʜʴ-ʷʢʘ ʟ ʟʘʜʘʯ ʧʽʜ ʯʘʩ ʘʥʘʣʽʟʫ ɼʊʇ ʤʦʞʝ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʧʦʰʫʢ 

ʚʟʘʻʤʦʟʚôʷʟʢʫ 

 

( ) ( )1 2, , , ,n jX X X X Y Y y y= ­ Í = , (1.20) 
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ʜʝ Y ï ʤʥʦʞʠʥʘ ʟʥʘʯʝʥ ɹʧʝʚʥʦʾ ʚʠʭʽʜʥʦʾ ʚʝʣʠʯʠʥʠ, 

X ï ʤʥʦʞʠʥʘ ʚʭʽʜʥʠʭ ʜʘʥʠʭ (ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ) ʜʣʷ ʧʝʚʥʦʾ ʟʘʜʘʯʽ. 

ʆʩʥʦʚʥʽ ʪʨʫʜʥʦʱʽ ʨ̔ ʰʝʥʥʷ ʪʘʢʦʛʦ ʨʦʜʫ ʟʘʜʘʯ ʟʫʤʦʚʣʝʥʽ ʪʘʢʠʤ [1-3, 83-88, 

145-159]: 

1. ɼʣʷ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʦʙôʻʢʪʠʚʥʦʛʦ ʨʽʰʝʥʥʷ ʧʨʦ ʧʨʠʯʠʥʠ ɼʊʇ ʩʣʽʜ 

ʚʨʘʭʦʚʫʚʘʪʠ ʙʘʛʘʪʦ ʬʘʢʪʦʨʽʚ. ɹ̔ ʣʴʰʩ̔ʪɹ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʦʜʥʦʯʘʩʥʦ ʁʜʽ̒ʁ ʢʽʣʴʢʦʭ ʚʠʜʽʚ ʧʨʠʯʠʥʥʦ-ʥʘʩʣʽʜʢʦʚʠʭ ʟʚôʷʟʢʽʚ. 

2. ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʦʯʥʠʭ ʤʝʪʦʜʽʚ ʚʠʤʘʛʘʻ ʚʝʣʠʢʠʭ ʟʘʪʨʘʪ ʯʘʩʫ ʽ ʨʝʩʫʨʩʽʚ. 

3. ʅʝʤʘʻ ʤʦʞʣʠʚʦʩʪʽ ʥʘʙʨʘʪʠ ʩʪʘʪʠʩʪʠʯʥʠʡ ʤʘʪʝʨʽʘʣ, ʱʦʙ ʩʢʦʨʠʩʪʘʪʠʩʴ 

ʪʝʦʨʽʻʶ ʽʤʦʚʽʨʥʦʩʪʝʡ. 

4. ɯʩʥʫʶʪʴ ʚʝʣʠʢʽ ʪʨʫʜʥʦʱʽ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʚʽʜʦʤʠʭ ʘʥʘʣʽʪʠʯʥʠʭ 

ʟʘʣʝʞʥʦʩʪʝʡ ʤʽʞ ʧʨʠʯʠʥʘʤʠ (ʬʘʢʪʦʨʘʤʠ ʚʧʣʠʚʫ) ʪʘ ʚʽʜʧʦʚʽʜʥʠʤ ʥʘʩʣʽʜʢʦʤ 

ʘʙʦ ʾʭ ʥʝʤʘʻ ʚʟʘʛʘʣʽ, ʦʩʢʽʣʴʢʠ ʮʽ ʬʘʢʪʦʨʠ ʨʽʟʥʦʨʽʜʥʽ ʟʘ ʭʘʨʘʢʪʝʨʦʤ ʪʦʙʪʦ 

ʤʦʞʫʪʴ ʙʫʪʠ ʷʢʽʩʥʠʤʠ (ʪʠʧ ʽ ʩʪʘʥ ʜʦʨʦʞʥʴʦʛʦ ʧʦʢʨʠʪʪʷ, ʪʠʧ ʰʠʥ) ʪʘ 

ʢʽʣʴʢʽʩʥʠʤʠ (ʤʘʩʘ ʚʘʥʪʘʞʫ, ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʷ). ʂʨʽʤ ʪʦʛʦ, 

ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʢʽʣʴʢʽʩʥʽ ʚʝʣʠʯʠʥʠ ʥʝʨʽʜʢʦ ʧʦʜʘʻʪʴʩʷ ʫ ʣʽʥʛʚʽʩʪʠʯʥʽʡ ʬʦʨʤʽ. 

ʇʦʧʨʠ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʧʫʙʣʽʢʘʮʽʡ ʱʦʜʦ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʘ ʪʘʢʦʞ ʪʝʦʨʽʾ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʝʢʩʧʝʨʪʥʠʭ ʩʠʩʪʝʤ [239-244], 

ʥʘ ʜʘʥʠʡ ʯʘʩ ʚʽʜʩʫʪʥʽ ʟʨʫʯʥʽ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʽ ʟʘʩʦʙʠ, ʱʦ ʫʤʦʞʣʠʚʣʶʶʪʴ 

ʩʪʚʦʨʝʥʥʷ ʧʦʜʽʙʥʠʭ ʩʠʩʪʝʤ ʪʘ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʧʨʘʢʪʠʮ ̔ ʘʚʪʦʪʝʭʥʽʯʥʦʾ 

ʝʢʩʧʝʨʪʠʟʠ ɼʊʇ. ʎʝ ʩʧʨʠʯʠʥʝʥʦ ʥʝʜʦʩʪʘʪʥʴʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʤʝʪʦʜʽʚ, ʷʢʽ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʪʝʦʨʽʾ ʘʚʪʦʤʦʙʽʣʷ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ 

ʚʧʣʠʚʫ ʚʭʽʜʥʠʭ ʬʘʢʪʦʨʽʚ (ʧʨʠʯʠʥ) ʥʘ ʚʠʭʽʜʥʫ ʚʝʣʠʯʠʥʫ (ʥʘʩʣʽʜʦʢ) [102, 113, 

115, 125, 127, 151, 155, 207, 217, 218].  

ʆʩʢʽʣʴʢʠ ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʟʘʜʘʯ ʉɸʊɽ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ 

ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ, ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʮʴʦʛʦ ʚʠʜʫ 

ʜʽʷʣʴʥʦʩʪʽ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʙʘʛʘʪʦ ʟ ʬʦʨʤʘʣʴʥʠʭ ʤʝʪʦʜʽʚ (ʨʠʩ. 1.6), 

ʷʢʽ ʨʦʟʨʦʙʣʝʥʽ ʚ ʨʘʤʢʘʭ ʢʽʙʝʨʥʝʪʠʯʥʦʾ ʥʘʫʢʠ [239, 241, 244-249]. ʆʪʞʝ, 

ʥʝʧʦʚʥʦʪʘ ʽʥʬʦʨʤʘʮʽʾ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ ʟʘʜʘʯ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʚ ʫʤʦʚʘʭ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ [250-260]. 
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ʄɽʊʆɼʀ ʇʈʀʁʅʗʊʊʗ ʈɯʐɽʅʔ

ɿʘ ʢʽʣʴʢʽʩʪʶ 

ʦʙô̒ ʢʪʽʚ

ɿʘ 

ʜʠʥʘʤʽʯʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

ʦʙô̒ ʢʪʘ

ɿʘ ʚʠʜʦʤ 

ʚʭʽʜʥʠʭ ʜʘʥʠʭ

ʉʪʘʪʠʯʥʽ

ɼʠʥʘʤʽʯʥʽ

ɺʭʽʜʥʽ ʜʘʥʽ:

ʩʪʘʪʠʯʥʠʡ ʦʙô̒ ʢʪ

ʄʝʪʦʜʠ: 
ʤʝʪʦʜʠ ʧʨʠʡʥʷʪʪʷ 

ʦʜʥʦʢʨʦʢʦʚʠʭ 

ʨʽʰʝʥʴ

ɺʭʽʜʥʽ ʜʘʥʽ:
ʜʠʥʘʤʽʯʥʠʡ 

ʦʙô̒ ʢʪ

ʄʝʪʦʜʠ: 
ʤʝʪʦʜʠ ʧʨʠʡʥʷʪʪʷ 

ʙʘʛʘʪʦʢʨʦʢʦʚʠʭ 

ʨʽʰʝʥʴ

ʈʦʟʧʦʜʽʣʝʥʽ

ɿʦʩʝʨʝʜʞʝʥʽ

ɺʭʽʜʥʽ ʜʘʥʽ:

ʙʘʛʘʪʦ ʦʙô̒ ʢʪʽʚ

ʄʝʪʦʜʠ: 
ʤʝʪʦʜʠ ʧʨʠʡʥʷʪʪʷ 

ʫʟʛʦʜʞʝʥʠʭ 

ʨʽʰʝʥʴ

ɺʭʽʜʥʽ ʜʘʥʽ:

ʦʜʠʥ ʦʙô̒ ʢʪ

ʄʝʪʦʜʠ: 
ʤʝʪʦʜʠ ʧʨʠʡʥʷʪʪʷ 

ʣʦʢʘʣʴʥʠʭ   

ʨʽʰʝʥʴ

ɼʝʪʝʨʤʽʥʦʚʘʥʽ

ʉʪʘʪʠʩʪʠʯʥʽ

ɺʭʽʜʥʽ ʜʘʥʽ:
ʣʽʥʽʡʥʘ ʬʫʥʢʮʽʷ 

ʤʝʪʠ ʽ ʦʙʤʝʞʝʥʥʷ

ʄʝʪʦʜʠ: 
ʣʽʥʽʡʥʝ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ

ɺʭʽʜʥʽ ʜʘʥʽ:
ʟʥʘʯʝʥʥʷ ʪʘ 

ʽʤʦʚʽʨʥʽʩʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʚʠʧʘʜʢʦʚʠʭ 

ʚʝʣʠʯʠʥ

ʄʝʪʦʜʠ: ʪʝʦʨʽʷ 

ʩʪʘʪʠʩʪʠʯʥʠʭ 

ʨʽʰʝʥʴ

ɽʢʩʧʝʨʪʥʽ

ʂʦʤʙʽʥʦʚʘʥʽ

ɺʭʽʜʥʽ ʜʘʥʽ:
ʜʝʪʝʨʤʽʥʦʚʘʥʽ ʪʘ 

ʩʪʦʭʘʩʪʠʯʥʽ 

ʚʝʣʠʯʠʥʠ

ʄʝʪʦʜʠ: 
ʦʧʝʨʘʪʦʨʥʠʡ 

ʤʝʪʦʜ, ʤʝʪʦʜ 

ʚʠʨʦʙʣʷʶʯʠʭ 

ʬʫʥʢʮʽʡ

ɺʭʽʜʥʽ ʜʘʥʽ:

ʝʢʩʧʝʨʪʥʽ ʦʮʽʥʢʠ

ʄʝʪʦʜʠ: 
ʨʘʥʞʫʚʘʥʥʷ, 

ʪʝʦʨʽʷ ʦʯʽʢʫʚʘʥʦʾ 

ʢʦʨʠʩʥʦʩʪʽ

ɺʭʽʜʥʽ ʜʘʥʽ:
ʥʝʣʽʥʽʡʥʘ ʬʫʥʢʮʽʷ 

ʤʝʪʠ ʽ ʦʙʤʝʞʝʥʥʷ

ʄʝʪʦʜʠ: 
ʥʝʣʽʥʽʡʥʘ 

ʦʧʪʠʤʽʟʘʮʽʷ

ɺʭʽʜʥʽ ʜʘʥʽ:

ʛʨʘʬ ʩʠʩʪʝʤʠ

ʄʝʪʦʜʠ: 
ʜʠʩʢʨʝʪʥʘ 

ʦʧʪʠʤʽʟʘʮʽʷ

ɺʭʽʜʥʽ ʜʘʥʽ:
ʜʝʪʝʨʤʽʥʦʚʘʥʽ ʪʘ 

ʥʝʯʽʪʢʽ ʚʝʣʠʯʠʥʠ

ʄʝʪʦʜʠ: 
ʧʨʠʥʮʠʧ 

ʫʟʘʛʘʣʴʥʝʥʥʷ 

ɿʘʜʝ, ʘʣʴʬʘ-

ʨʽʚʥʝʚʠʡ

ɺʭʽʜʥʽ ʜʘʥʽ:
ʩʪʦʭʘʩʪʠʯʥʽ ʪʘ 

ʥʝʯʽʪʢʽ ʚʝʣʠʯʠʥʠ

ʄʝʪʦʜʠ: 
ʪʝʦʨʽʷ 

ʫʟʘʛʘʣʴʥʝʥʠʭ 

ʬʫʥʢʮʽʡ

ɺʭʽʜʥʽ ʜʘʥʽ:
ʥʝʯʽʪʢʽ ʮʽʣʽ, 

ʥʝʯʽʪʢʽ ʦʙʤʝʞʝʥʥʷ

ʄʝʪʦʜʠ: 
ʧʨʠʥʮʠʧ ɹʝʣʤʘʥʘ-

ɿʘʜʝ

ɺʭʽʜʥʽ ʜʘʥʽ:

ʥʝʯʽʪʢʽ ʚʝʣʠʯʠʥʠ

ʄʝʪʦʜʠ: 
ʥʝʯʽʪʢʠʡ ʣʦʛʽʯʥʠʡ 

ʚʠʩʥʦʚʦʢ

ɺʭʽʜʥʽ ʜʘʥʽ: ʩʝʤʘʥʪʠʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ

ʄʝʪʦʜʠ: ʣʦʛʽʯʥʠʡ ʚʠʩʥʦʚʦʢ, ʝʚʨʠʩʪʠʢʘ

ɺʭʽʜʥʽ ʜʘʥʽ:
ʤʦʞʣʠʚʽ ʟʥʘʯʝʥʥʷ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ ʙʝʟ 

ʽʤʦʚʽʨʥʦʩʪʝʡ ʾʭ ʧʦʷʚʠ

ʄʝʪʦʜʠ: ʪʝʦʨʽʷ ʽʛʦʨ

ɺʭʽʜʥʽ ʜʘʥʽ:
ɯʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʜʭʦʜʞʝʥʥʷ ʪʘ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟʘʷʚʦʢ ʚ ʟʘʜʘʯʘʭ ʤʘʩʦʚʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ

ʄʝʪʦʜʠ: ʤʝʪʦʜʠ ʪʝʦʨʽʾ ʽʤʦʚʽʨʥʦʩʪʝʡ, 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ
 

 

ʈʠʩʫʥʦʢ 1.6 ï ʄʝʪʦʜʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʚ ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ 
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ʉʫʜʷʯʠ ʟʽ ʩʧʝʮʽʘʣʴʥʠʭ ʧʫʙʣʽʢʘʮʽʡ ʟ ʪʝʦʨʽʾ ʪʘ ʨʦʟʨʘʭʫʥʢʫ ʘʚʪʦʤʦʙʽʣʷ [91-

133], ʷʢʽ ʻ ʪʝʦʨʝʪʠʯʥʦʶ ʦʩʥʦʚʦʶ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ɸʊɽ, ʪʘ ʟ ʝʢʩʧʝʨʪʠʟʠ ɼʊʇ [1-

3, 83-89, 137-159], ʥʘʡʙʽʣʴʰʝ ʧʦʰʠʨʝʥʥʷ ʦʪʨʠʤʘʣʠ: ʣʦʛʽʯʥʠʡ ʚʠʩʥʦʚʦʢ, 

ʨʝʛʨʝʩʽʡʥʠʡ ʘʥʘʣʽʟ, ʽʤʦʚʽʨʥʽʩʥʦ-ʩʪʘʪʠʩʪʠʯʥʠʡ ʧʽʜʭʽʜ, ʤʝʪʦʜ ʬʘʟʦʚʦʛʦ 

ʽʥʪʝʨʚʘʣʫ, ʝʥʝʨʛʝʪʠʯʥʽ ʤʝʪʦʜʠ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ɼʊʇ ʪʘ ʪʝʦʨʽʷ ʥʝʯʽʪʢʠʭ ʤʥʦʞʠʥ. 

ɯʤʦʚʽʨʥʽʩʥʦ-ʩʪʘʪʠʩʪʠʯʥʠʡ ʧʽʜʭʽʜ [207, 215, 216, 221, 259] ʧʝʨʝʚʘʞʥʦ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʦʮʽʥʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʢʽʣʴʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʟʥʘʯʝʥʥʷ 

ʷʢʠʭ ʤʦʞʫʪʴ ʥʘʙʫʚʘʪʠ ʥʝʧʝʨʝʨʚʥʦʛʦ ʨʷʜʫ ʟʥʘʯʝʥʴ, ʽ ʧʝʨʝʚʘʞʥʦ ʧʦʣʷʛʘʻ ʫ 

ʚʠʟʥʘʯʝʥʥʽ ʧʦʭʠʙʢʠ (ʥʘʜʽʡʥʦʛʦ ʽʥʪʝʨʚʘʣʫ) ʧʨʠ ʟʘʜʘʥʽʡ ʥʘʜʡ̔ʥ̔ʡ ʽʤʦʚʽʨʥʦʩʪʽ.  

ʅʝʭʘʡ ʟʘ ʜʘʥʠʤʠ ʚʠʤʽʨʶʚʘʥʴ 1 2, , , nx x x  ʨʦʟʨʘʭʦʚʘʥʘ ʩʝʨʝʜʥʷ ʚʝʣʠʯʠʥʘ  

 

1

.
n

i

i

x
x

n
=

=ä  (1.21) 

 

ʇʝʚʥʦ, ʱʦ x  ʥʝ ʦʙʦʚôʷʟʢʦʚʦ ʚʽʜʧʦʚʽʜʘʻ ʽʩʪʠʥʥʦʤʫ ʟʥʘʯʝʥʥ ʁʦʮʽʥʶʚʘʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ x ʽ ʟʘʟʚʠʯʘʡ ʧʨʠʩʫʪʥʷ ʚʽʜʤʽʥʥʘ ʚʽʜ ʥʫʣʷ ʨʽʟʥʠʮʷ ʚʝʣʠʯʠʥ x  ʡ x: 

0 .x x d¢ - <  

ʇʦʟʠʪʠʚʥʝ ʟʥʘʯʝʥʥʷ d ʟʘʜʘʻ ʧʦʭʠʙʢʫ ʽ ʚʠʟʥʘʯʘʻ ʜʦʩʪʦʚʽʨʥʽʩʪʴ 

ʚʠʤʽʨʶʚʘʥʦʛʦ ʧʘʨʘʤʝʪʨʘ. ɿʘʟʚʠʯʘʡ, ʩʧʨʘʚʝʜʣʠʚʽʩʪʴ ʥʝʨʽʚʥʦʩʪʽ x x d- < 

ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʣʠʰʝ ʟ ʜʝʷʢʦʶ ʽʤʦʚʽʨʥʽʩʪʶ g, ʱʦ ʤʘʻ ʥʘʟʚʫ çʥʘʜʡ̔ʥʘ 

ʽʤʦʚʽʨʥʽʩʪèɹ. ʅʘʜʽʡʥʫ ʽʤʦʚʽʨʥʽʩʪʴ ʧʨʠʡʤʘʶʪʴ ʨʽʚʥʦʶ 0,95, 0,99 ʘʙʦ 0,999 ʽ ʟʘ ʾ ʾ 

ʚʽʜʦʤʠʤ ʟʥʘʯʝʥʥʷʤ ʚʠʟʥʘʯʘʶʪʴ ʧʦʭʠʙʢʫ d. 

ʇʨʠ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥ ̔ ʨʦʟʧʦʜʽʣʫ 1 2, , , nx x x  ʧʦʭʠʙʢʘ ʧʘʨʘʤʝʪʨʘ d 

ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 

 

( ),t S ngd=  (1.22) 

 

ʜʝ n ï ʦʙʩʷʛ ʚʠʙʽʨʢʠ (ʯʠʩʣʦ ʚʠʤʽʨʶʚʘʥʴ ʟʥʘʯʝʥʥʷ ʭ);  

tɔ ï ʢʦʝʬʽʮʽʻʥʪ ʉʪʴʶʜʝʥʪʘ, ʷʢʠʡ ʟʥʘʭʦʜʷʪʴ ʟ ʪʘʙʣʠʮʴ; 
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ä
 ï ʚʠʧʨʘʚʣʝʥʝ çʩʝʨʝʜʥʻ ʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷè. 

ɯʥʪʝʨʚʘʣ ( ), ,x xd d- +  ʷʢʠʡ ʧʦʢʨʠʚʘʻ ʥʝʚʽʜʦʤʝ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ ʭ ʟ 

ʽʤʦʚʽʨʥʽʩʪʶ g, ʥʘʟʠʚʘʻʪʴʩʷ çʥʘʜʽʡʥʠʤ ʽʥʪʝʨʚʘʣʦʤè. ʉʢʦʨʦʪʠʪʠ ʥʘʜʽʡʥʠʡ 

ʽʥʪʝʨʚʘʣ ʤʦʞʥʘ ʘʙʦ ʟʙʽʣʴʰʫʶʯʠ ʯʠʩʣʦ ʚʠʤʽʨʶʚʘʥʴ n, ʘʙʦ ʟʤʝʥʰʫʶʯʠ ʥʘʜʽʡʥʫ 

ʽʤʦʚʽʨʥʽʩʪʴ. 

ʋʩʽʤ ʤʦʜʠʬʽʢʘʮʽʷʤ ʽʤʦʚʽʨʥʽʩʥʦ-ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʧʽʜʭʦʜʫ, ʱʦ ʟʥʘʡʰʦʚ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠ ʘʚʪʦʪʝʭʥʽʯʥʽʡ ʝʢʩʧʝʨʪʠʟʽ, ʚʣʘʩʪʠʚʽ ʪʘʢ̔ ʦʙʤʝʞʝʥʥʷ: 

1. ɯʥʬʦʨʤʘʮʽʷ, ʷʢʘ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʤʦʚʽʨʥʽʩʥʦ-ʩʪʘʪʠʩʪʠʯʥʠʭ 

ʤʝʪʦʜʽʚ, ʟʘʟʚʠʯʘʡ ʚʽʜʩʫʪʥʷ. ʇʨʦʮʝʩ ʾʾ ʦʪʨʠʤʘʥʥʷ, ʦʙʨʦʙʣʝʥʥʷ ʪʘ ʟʙʝʨʽʛʘʥʥʷ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʽ ʦʨʛʘʥʽʟʘʮʽʡʥʠʤʠ ʪʨʫʜʥʦʱʘʤʠ. 

2. ʉʪʘʪʠʩʪʠʯʥʽ ʤʝʪʦʜʠ ʥʝ ʜʦʟʚʦʣʷʶʪʴ ʨʽʰʫʯʝ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʥʝʨʽʚʥʽʩʪʴ 

x x d- < ʙʫʜʝ ʚʽʨʥʦʶ ʚ ʫʩʽʭ ʚʠʧʘʜʢʘʭ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʚʝʣʠʯʠʥʠ ʟʥʘʯʝʥʥʷ 

ʧʦʭʠʙʢʠ d. 

3. ʏʠʤʘʣʫ ʪʨʫʜʥʽʩʪʴ ʷʚʣʷʻ ʚʥʝʩʝʥʥʷ ʜʦ ʤʦʜʝʣʽ ʥʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ. ʎʝ 

ʟʫʤʦʚʣʝʥʦ ʧʦʪʨʝʙʦʶ ʧʝʨʝʫʩʪʘʥʦʚʣʝʥʥʷ ʫʩʽʭ ʩʪʘʪʠʩʪʠʯʥʠʭ ʦʮʽʥʦʢ ʧʘʨʘʤʝʪʨʽʚ. 

ʈʝʛʨʝʩʽʡʥʠʡ ʘʥʘʣʽʟ ʜʘʥʠʭ [103, 115, 141, 207, 216, 261-263]. ʅʝʭʘʡ q ï 

ʧʝʚʥʠʡ ʚʠʭʽʜʥʠʡ ʧʦʢʘʟʥʠʢ (ʥʘʧʨʠʢʣʘʜ, ʧʨʠʩʢʦʨʝʥʥʷ ʘʚʪʦʤʦʙʽʣʷ), ʟʥʘʯʝʥʥʷ 

ʷʢʦʛʦ ʧʦʪʨʽʙʥʦ ʚʠʟʥʘʯʠʪʠ, ʽ q ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʝʢʪʦʨʘ ʧʦʯʘʪʢʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ 

( )1 2, , , nX X X X= . ʊʦʜʽ, ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʽʚ ʪʝʦʨʽʾ ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ, 

ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʨʽʚʥʷʥʥʷ ʣʽʥʽʡʥʦʾ ʨʝʛʨʝʩʽʾ  

 

0 1 1 2 2 ,n nq a a x a x a x= + Ö + Ö + + Ö (1.23) 

 

ʜʝ a0, a1, é, an ï ʢʦʝʬʽʮʽʻʥʪʠ, ʷʢʽ ʟʥʘʭʦʜʷʪʴ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʫ ʥʘʡʤʝʥʰʠʭ 

ʢʚʘʜʨʘʪʽʚ. 

ʋ ʨʘʟʽ ʧʦʪʨʝʙʠ ʚʨʘʭʫʚʘʥʥʷ ʧʘʨʥʠʭ ʚʟʘʻʤʦʜʽʡ ʧʘʨʘʤʝʪʨʽʚ, ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ 

ʩʪʘʻ ʩʢʣʘʜʥʽʰʠʤ ʪʘ ʥʘʙʫʚʘʻ ʥʝʣʽʥʽʡʥʦʛʦ ʭʘʨʘʢʪʝʨʫ. 
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ɻʦʣʦʚʥʽ ʦʙʤʝʞʝʥʥʷ ʮʴʦʛʦ ʧʽʜʭʦʜʫ: 

1. ɿʘ ʜʦʧʦʤʦʛʦʶ ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʚʠʨʽʰʫʶʪʴʩʷ ʪʽʣʴʢʠ ʪʽ ʟʘʜʘʯʽ, ʚ ʷʢʠʭ 

ʬʘʢʪʦʨʠ ʚʧʣʠʚʫ ʽ ʚʠʭʽʜʥʘ ʚʝʣʠʯʠʥʘ (ʨʦʟʚôʷʟʦʢ) ʻ ʜʝʪʝʨʤʽʥʦʚʘʥʠʤʠ (ʥʦʩʷʪʴ 

ʢʽʣʴʢʽʩʥʠʡ ʭʘʨʘʢʪʝʨ). 

2. ɿʥʘʯʝʥʥʷ ʚʠʭʽʜʥʦʛʦ ʧʦʢʘʟʥʠʢʘ q, ʷʢʝ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʨʝʛʨʝʩʽʡʥʦʾ 

ʤʦʜʝʣʽ, ʩʠʣʴʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʫʤʦʚ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʚ ʷʢʠʭ ʚʠʨʘʭʦʚʫʚʘʣʠʩʴ 

ʢʦʝʬʽʮʽʻʥʪʠ a0, a1, é, an. ʆʪʞʝ ʨʝʛʨʝʩʽʡʥʽ ʤʦʜʝʣʽ, ʦʜʝʨʞʘʥʽ ʜʣʷ ʦʜʥʠʭ ʫʤʦʚ 

(ʩʪʘʥ ʘʚʪʦʤʦʙʽʣʷ, ʩʪʘʥ ʜʦʨʦʛʠ ʽ ʪ. ʧ.), ʥʝ ʟʘʚʞʜʠ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʚ ʽʥʠhʭ 

ʫʤʦʚʘʭ. 

3. ʉʪʘʪʠʩʪʠʯʥʦ ʟʥʘʯʠʤ ̔ʢʦʝʬʽʮʽʻʥʪʠ ʨʝʛʨʝʩʽʡʥʠʭ ʨʽʚʥʷʥ ɹʦʪʨʠʤʫʶʪʴʩ ̫

ʰʣʷʭʦʤ ʦʙʨʦʙʢʠ ʚʝʣʠʢʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ɺ ʦʩʥʦʚʫ ʨʽʟʥʠʭ ʤʦʜʠʬʽʢʘʮʽʡ ʤʝʪʦʜʫ ʬʘʟʦʚʦʛʦ ʽʥʪʝʨʚʘʣʫ [40, 87, 175, 242, 

252, 264, 265] ʧʦʢʣʘʜʝʥʦ ʽʜʝʁ ʚʽʜʥʝʩʝʥʥʷ ʜʝʷʢʦʾ ʩʠʪʫʘʮʽʾ ʜʦ ʧʝʚʥʦʛʦ ʚʠʧʘʜʢʫ 

ʰʣʷʭʦʤ ʚʠʟʥʘʯʝʥʥʷ ʚʽʜʩʪʘʥʽ ʤʽʞ ʜʚʦʤʘ ʪʦʯʢʘʤʠ ʫ ʬʘʟʦʚʦʤʫ ʧʨʦʩʪʦʨʽ. 

ɼʦʩʣʽʜʞʫʻʪʴʩʷ n-ʚʠʤʽʨʥʠʡ ʧʨʦʩʪʽʨ, ʢʦʦʨʜʠʥʘʪʠ , 1,ix i n=  ʷʢʦʛʦ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʚʭʽʜʥʠʤ ʬʘʢʪʦʨʘʤ. ʊʦʯʢʘ (x1, x2, é, xn) ʬʘʟʦʚʦʛʦ ʧʨʦʩʪʦʨʫ ʦʧʠʩʫʻ ʜʝʷʢʠʡ 

ʚʠʧʘʜʦʢ dj, 1,j m= . 

ʅʘ ʦʩʥʦʚʽ ʚʠʚʯʝʥʥʷ ʜʦʩʚʽʜʫ ʝʢʩʧʝʨʪʽʚ ʪʘ ʤʘʪʝʨʽʘʣʽʚ ʨʘʥʽʰʝ ʨʦʟʩʣʽʜʫʚʘʥʠʭ 

ɼʊʇ, ʚ ʬʘʟʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʤʥʦʞʠʥʠ ʪʦʯʦʢ D1, D2, é, Dm, ʱʦ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʧʘʜʢʘʤ d1, d2, é, dm. ʊʦʯʢʠ 1 2, , mC C C  ʧʦʟʥʘʯʘʶʪʴ ʩʝʨʝʜʠʥʠ 

ʮʠʭ ʦʙʣʘʩʪʝʡ. 

ʗʢʱʦ ʧʨʠʡʥʷʪʠ, ʱʦ X* ï ʮʝ ʪʦʯʢʘ ʫ ʬʘʟʦʚʦʤʫ ʧʨʦʩʪʦʨʽ, ʷʢʘ ʧʦʟʥʘʯʘʻ ʧʝʚʥʫ 

ʩʠʪʫʘʮʽʶ, R(X*, Cj) ï ʮʝ ʧʨʦʤʽʞʦʢ ʤʞ̔ ʪʦʯʢʘʤʠ X* ʪʘ Cj 1, .j m= , ʪʦ ʚʠʧʘʜʦʢ d*
j, 

ʷʢʠʡ ʦʧʠʩʫʻʪʴʩʷ ʚʝʢʪʦʨʦʤ ʧʘʨʘʤʝʪʨʽʚ ( )* * * *
1 2, , , nX X X X= , ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʪʦʯʢʦ  ʁCj ʘʙʦ ʦʙʣʘʩʪ ʁDj, ʜʣʷ ʷʢʦʾ  

 

( ) ( ){ }* *

1,
, min , .j j

j m
R X C R X C

=
=  (1.24) 
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ɿ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʤʽʞʢʫ ( ),R A B  ʤʽʞ ʪʦʯʢʘʤʠ ( )1 2, , , nA a a a=  ʪʘ 

( )1 2, , , nB b b b= , ʫ n-ʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʦʜʥʘ ʟ ʤʝʪʨʠʢ ʨʷʜʽʚ 

ʜʘʥʠʭ: ʚʽʜʩʪʘʥʴ ʍʝʤʤʽʥʛʘ 

 

( )
1

, ,
n

i i

i

R A B a b
=

= -ä  (1.25) 

 

ʯʠ ʚʽʜʩʪʘʥʴ ɽʚʢʣʽʜʦʚʘ 

 

( ) ( )
2

1

, .
n

i i

i

R A B a b
=

= -ä  (1.26) 

 

ʗʢʱʦ ʧʦʨʽʚʥʷʪʠ ʤʝʪʦʜ ʬʘʟʦʚʦʛʦ ʽʥʪʝʨʚʘʣʫ ʟ ʨʝʛʨʝʩʽʡʥʠʤ ʘʥʘʣʽʟʦʤ ʪʘ 

ʽʤʦʚʽʨʥʽʩʥʦ-ʩʪʘʪʠʩʪʠʯʥʠʤ ʧʽʜʭʦʜʦʤ, ʪʦ ʡʦʛʦ ʧʝʨʝʚʘʛʦʶ ʻ ʚʽʜʩʫʪʥʽʩʪʴ ʧʦʪʨʝʙʠ 

ʫ ʪʨʫʜʦʤʽʩʪʢʽʡ ʦʙʨʦʙʮ ̔ ʽ ʥʘʢʦʧʠʯʝʥʥ ̔ ʚʝʣʠʢʦʛʦ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʮʴʦʛʦ ʤʝʪʦʜʫ ʦʙʤʝʞʝʥʦ ʣʠʰʝ ʙʽʥʘʨʥʠʤʠ ʘʙʦ ʜʝʪʝʨʤʽʥʦʚʘʥʠʤʠ 

ʬʘʢʪʦʨʘʤʠ ʚʧʣʠʚʫ. 

ɺ ʪʝʭʥʽʯʥʽʡ ʣʽʪʝʨʘʪʫʨʽ ʪʘʢʦʞ ʦʧʠʩʘʥʽ  ̔ʽʥʰʽ ʤʝʪʦʜʠ, ʷʢʽ ʙʘʟʫʶʪʴʩʷ ʥʘ ʽʜʝʷʭ 

ʪʝʦʨʽʾ ʡʤʦʚʽʨʥʦʩʪʝʡ ʪʘ ʬʘʟʦʚʦʛʦ ʽʥʪʝʨʚʘʣʫ. ʆʜʥʘʢ ʫʩʽ ʚʦʥʠ  ̒ ʪʝʭʥʽʯʥʠʤʠ 

ʨʝʘʣʽʟʘʮʽʷʤʠ ʘʙʦ ʤʦʜʠʬʽʢʘʮʽʷʤʠ ʤʝʪʦʜʽʚ, ʨʦʟʛʣʷʥʫʪʠʭ ʚʠʱʝ. 

ʃʦʛʽʯʥʠʡ ʚʠʩʥʦʚʦʢ ʨʝʘʣʽʟʦʚʘʥʠʡ ʚ ʤʦʚʽ ʣʦʛʽʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʇʨʦʣʦʛ 

[266-271], ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʪ̒ʴʩʷ ʚ ʝʢʩʧʝʨʪʥʠʭ ʩʠʩʪʝʤʘʭ [242, 244, 256].  

ʊʝʦʨʝʪʠʯʥʦʶ ʙʘʟʦʶ ʤʦʚʠ ʇʨʦʣʦʛ ʻ ʘʧʘʨʘʪ ʣʦʛʽʢʠ ʧʨʝʜʠʢʘʪʽʚ. ɺʽʥ ʜʦʟʚʦʣʷʻ 

ʟʜʽʡʩʥʶʚʘʪʠ ʘʚʪʦʤʘʪʠʯʥʝ ʜʦʚʝʜʝʥʥʷ ʪʝʦʨʝʤ [246]. ɿʛʽʜʥʦ ʟ ʮʽʻʶ ʤʝʪʦʜʦʣʦʛʽʻʶ, 

ʨʽʰʝʥʥʷ 
*
jd  ʤʦʞʣʠʚʝ ʜʣʷ ʩʠʪʫʘʮʽʾ, ʷʢʘ ʦʧʠʩʘʥʘ ʚʝʢʪʦʨʦʤ ʧʘʨʘʤʝʪʨʽʚ 

( )* * *
1 2, , , nX X X , ʫ ʨʘʟʽ ʽʩʥʫʚʘʥʥʷ ʚ ʝʢʩʧʝʨʪʥʽʡ ʙʘʟʽ ʟʥʘʥʴ ʣʘʥʮʶʞʢʘ ʤʽʨʢʫʚʘʥʴ 

ʜʣʷ ʜʦʚʝʜʝʥʥʷ ʩʧʨʘʚʝʜʣʠʚʦʩʪʽ ʚʠʩʣʦʚʫ 
* * * *
1 2ʗʂʑʆ , ʊʆ .n jx x x dØ Ø Ø  
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ʇʨʦʣʦʛ ʟʘʙʝʟʧʝʯʫʻ ʟʨʫʯʥʽʩʪʴ ʧʦʰʫʢʫ ʣʘʥʮʶʛʘ ʧʨʘʚʠʣ, ʷʢʽ ʚʝʜʫʪʴ ʚʽʜ ʮʽʣʽ  

(
*
jd ) ʜʦ ʬʘʢʪʽʚ (

*
ix ) ʘʙʦ ʚʽʜ ʬʘʢʪʽʚ, ʷʢʽ ʚʠʙʨʘʥʽ ʟ ʙʘʟʠ ʟʥʘʥʴ, ʜʦ ʮʽʣʽ. ʎʝ ʜʦʟʚʦʣʷʻ 

ʧʨʠʡʤʘʪʠ ʨʽʰʝʥʥʷ ʪʘ ʧʦʷʩʥʶʚʘʪʠ ʡʦʛʦ ʧʨʠʯʠʥʠ. ʆʜʥʘʢ, ʽʩʥʫʻ ʙʘʛʘʪʦ ʟʥʘʥʴ, ʷʢʽ 

ʤʘʶʪɹ ̔ʤʦʚʽʨʥʽʩʥʫ ʪʘ ʥʝʯʽʪʢʫ ʧʨʠʨʦʜʫ. ʅʘʧʨʠʢʣʘʜ, ʚ ʦʙʣʘʩʪʽ ʝʢʩʧʝʨʪʠʟʠ 

ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ ʮʝ ʟʥʘʥʥʷ ʪʠʧʫ: çʗʂʑʆ ʪʨʘʥʩʧʦʨʪʥʠʡ ʟʘʩʽʙ ʧʨʠ 

ʛʘʣʴʤʫʚʘʥʥʽ ʟʤʽʥʶʻ ʥʘʧʨʷʤʦʢ ʨʫʭʫ, ʊʆ ʤʦʞʣʠʚʦ ʽʩʥʫʻ ʽʩʪʦʪʥʘ ʨʽʟʥʠʮʷ ʤʽʞ 

ʷʢʽʩʪʶ ʟʯʝʧʣʝʥʥʷ ʢʦʣʽʩ ʟ ʜʦʨʦʛʦʶ ʟ ʣʽʚʦʾ ʽ ʧʨʘʚʦʾ ʩʪʦʨʦʥʠè, ʘʙʦ çʗʂʑʆ ʧʝʜʘʣʴ 

ʛʘʣʴʤʘ ʧʨʦʚʘʣʶʻʪʴʩʷ, ʊʆ ʚ ʩʠʩʪʝʤ ̔  ̒ʧʦʚʽʪʨʷè. 

ʇʦʜʽʙʥ ̔ʟʥʘʥʥʷ ʦʮʽʥʶʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʝʬʽʮʽʻʥʪʘ ʚʧʝʚʥʝʥʦʩʪʽ, ʷʢʠʡ 

ʧʨʠʡʤʘʻ ʟʥʘʯʝʥʥʷ ʚʽʜ 1 ʜʦ ï1 (ʚʽʜ ʜʦʩʪʦʚʽʨʥʠʭ ʟʥʘʥʴ ʜʦ ʥʝʥʘʜʽʡʥʠʭ ʟʥʘʥʴ). ʎʝʡ 

ʩʧʦʩʽʙ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʧʨʦʩʪʦʪʦʶ ʪʘ ʚ ʷʢʽʡʩʴ ʤʽʨʽ ʩʫʙôʻʢʪʠʚʥʽʩʪʶ. ʂʨʽʤ ʪʦʛʦ, 

ʢʦʝʬʽʮʽʻʥʪ ʚʧʝʚʥʝʥʦʩʪʽ ʦʮʽʥʶʻ ʫʩʝ ʧʨʘʚʠʣʦ, ʽ ʥʝʚʽʜʦʤʦ ʱʦ ʨʦʙʠʪʠ ʟ ʪʘʢʠʤʠ 

ʧʦʥʷʪʪʷʤʠ ʷʢ ʧʨʦʚʘʣʶʻʪʴʩʷ ʥʝ ʜʦ ʢʽʥʮʷ, ʽʩʪʦʪʥʘ ʨʽʟʥʠʮʷ ʪʦʱʦ. 

ɿ ʤʝʪʦʶ ʨʝʘʣʽʟʘʮʽʾ ʜʝʜʫʢʪʠʚʥʦʛʦ ʣʦʛʽʯʥʦʛʦ ʚʠʩʥʦʚʢʫ ʚ ʇʨʦʣʦʟʽ ʧʦʪʨʽʙʥʘ 

ʦʧʝʨʘʮʽʷ ʧʦʰʫʢʫ ʟʘ ʟʨʘʟʢʦʤ. ʊʦʙʪʦ, ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʚʠʩʥʦʚʢʫ ʥʘ ʦʩʥʦʚʽ 

ʧʨʘʚʠʣʘ çʷʢʱʦ ʭ ʻ ɸ, ʪʦ ʫ ʻ ɺè ʧʦʪʨʽʙʥʦ ʥʘʩʘʤʧʝʨʝʜ ʧʝʨʝʚʽʨʠʪʠ ʽʩʥʫʚʘʥʥʷ ʚ 

ʙʘʟʽ ʟʥʘʥʴ ʬʘʢʪʫ çʭ ʻ ɸè. ɺ ʪʦʯʢʘʭ ʪʠʧʫ çʭ ʻ ʚʝʣʠʯʠʥʘ ʥʘʙʣʠʞʝʥʘ ʜʦ ɸè 

(ʧʨʦʤʽʞʥʠʭ ʪʦʯʢʘʭ) ʤʦʞʣʠʚʩ̔ʪɹ ʣʦʛʽʯʥʦʛʦ ʚʠʩʥʦʚʢʫ ʇʨʦʣʦʛ ʥʝ ʟʘʙʝʟʧʝʯʫʻ. 

ʊʦʤʫ ʽʩʥʫʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʙʝʨʝʞʝʥʥʷ ̔ ʥʬʦʨʤʘʮʽʾ ʚ ʙʘʟʽ ʟʥʘʥʴ ʧʨʦ ʚʩʽ ʜʦʧʫʩʪʠʤʽ 

ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʭ. ʎ̫  ʦʙʩʪʘʚʠʥʘ ʻ ʧʨʠʯʠʥʦʶ ʥʘʜʤʽʨʥʦ ʾʟʘʚʘʥʪʘʞʝʥʦʩʪʽ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ʪʘ ʟʥʘʯʥʦʾ ʧʦʪʨʝʙʠ ʫ ʯʘʩ̔ ʥʘ ʣʦʛʽʯʥʠʡ ʚʠʩʥʦʚʦʢ. 

ʆʩʥʦʚʦʶ ʩʪʨʦʛʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʣʽʥʛʚʽʩʪʠʯʥʦʾ (ʥʝʯʠʩʣʦʚʦʾ) 

ʽʥʬʦʨʤʘʮʽʾ ʻ ʪʝʦʨʽʷ ʥʝʯʽʪʢʠʭ ʤʥʦʞʠʥ  ̔ʣʽʥʛʚʽʩʪʠʯʥʠʭ ʟʤʽʥʥʠʭ [250, 252-257]. 

ɺʦʥʘ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʫ 1965 ʨʦʮʽ ʘʤʝʨʠʢʘʥʩʴʢʠʤ ʤʘʪʝʤʘʪʠʢʦʤ ʽ ʣʦʛʽʢʦʤ 

ʃ. ɿʘʜʝ. ʅʝʟʘʜʦʚʦʣʝʥʽʩʪʴ ʤʘʪʝʤʘʪʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ ʢʣʘʩʠʯʥʦʾ ʪʝʦʨʽʾ ʩʠʩʪʝʤ 

ʧʨʠʟʚʝʣʘ ʜʦ ʩʪʚʦʨʝʥʥʷ ʢʦʥʮʝʧʮʽ ʾʥʝʯʽʪʢʦʾ ʤʥʦʞʠʥʠ. ɼʘʥʘ ʢʦʥʮʝʧʮʽʷ ʜʦʟʚʦʣʷʻ 

ʥʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʧʨʦʮʝʜʫʨʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʰʪʫʯʥʦʾ ʪʦʯʥʦʩʪʽ, ʚ ʙʘʛʘʪʴʦʭ 

ʩʠʩʪʝʤʘʭ ʨʝʘʣʴʥʦʛʦ ʩʚʽʪʫ, ʷʢʽ ʚʢʣʶʯʘʶʪʴ ʣʶʜʝʡ [251]. ɻʦʣʦʚʥʽ ʧʦʥʷʪʪʷ ʪʝʦʨʽʾ 

ʥʝʯʽʪʢʠʭ ʤʥʦʞʠʥ ʻ ʪʘʢʠʤʠ. 
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ʗʢʱʦ ʧʦʟʥʘʯʠʪʠ ʫʥʽʚʝʨʩʘʣʴʥʫ ʤʥʦʞʠʥʫ, ʷʢʘ ʦʭʦʧʣʶʻ ʚʩʶ ʧʨʦʙʣʝʤʥʫ 

ʦʙʣʘʩʪʴ ʯʝʨʝʟ U, ʪʦ ʥʝʯʽʪʢʫ ʧʽʜʤʥʦʞʠʥʫ F ʤʥʦʞʠʥʠ U ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʥʘ 

ʦʩʥʦʚʽ ʬʫʥʢʮʽ ʾʥʘʣʝʞʥʦʩʪʽ ()F um , ʜʝ u ï ʻ ʝʣʝʤʝʥʪʦʤ ʤʥʦʞʠʥʠ (u Í U). 

ʉʪʫʧʽʥʴ ʥʘʣʝʞʥʦʩʪʽ ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʘ u Í U ʜʦ ʥʝʯʽʪʢʦ ʾʤʥʦʞʠʥʠ F Ë U 

ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʬʫʥʢʮʽʻ  ʁʥʘʣʝʞʥʦʩʪʽ ʥʘ ʤʥʦʞʠʥʫ ʯʠʩʝʣ ʚ ʽʥʪʝʨʚʘʣʽ [0, 1]. ʋ 

ʪʦʤʫ ʨʘʟʽ, ʢʦʣʠ ʫʥʽʚʝʨʩʘʣʴʥʘ ʧʽʜʤʥʦʞʠʥʘ U ʤʘʻ ʢʽʥʮʝʚʝ ʯʠʩʣʦ ʝʣʝʤʝʥʪʽʚ (ʘʙʦ 

ʤʥʦʞʠʥ) 1 2, , , nu u u , ʥʝʯʽʪʢʘ ʤʥʦʞʠʥʘ F ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ 

()
1

/ .
n

F i i

i

F u um
=

=ä  ʗʢʱʦ ʤʘʻ ʤʽʩʮʝ ʥʝʧʝʨʝʨʚʥʘ ʤʥʦʞʠʥʘ U, ʪʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʦʟʥʘʯʝʥʥʷ ()/ .F

U

F u um=ñ  ɿʥʘʢʠ ʽʥʪʝʛʨʘʣʫ ʪʘ ʩʫʤʠ ʚ ʮʠʭ 

ʚʠʨʘʟʘʭ ʦʟʥʘʯʘʶʪʴ ʩʫʢʫʧʥʽʩʪʴ ʧʘʨ ()/u um . 

ʆʧʝʨʘʮʽʾ ʧʝʨʝʪʠʥʫ, ʦʙôʻʜʥʘʥʥʷ ʪʘ ʜʦʧʦʚʥʝʥʥʷ ʥʝʯʽʪʢʠʭ ʤʥʦʞʠʥ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

1. ʇʝʨʝʪʠʥ ʥʝʯʽʪʢʠʭ ʤʥʦʞʠʥ () (){ }
1

/ ,
n

F i G i i

i

F G u u u
=

= Øäm m  

() () (),F G F Gu u u= Øm m m  ʜʝ Ø ï ʮʝ ʦʧʝʨʘʮʽ ̫ʚʟʷʪʪʷ ʤʽʥʽʤʫʤʫ. 

2. ʆʙôʻʜʥʘʥʥʷ ʥʝʯʽʪʢʠʭ ʤʥʦʞʠʥ () (){ }
1

/ ,
n

F i G i i

i

F G u u u
=

= Ùäm m  

() () (),F G F Gu u u= Ùm m m  ʜʝ Ù ï ʮʝ ʦʧʝʨʘʮʽ ̫ʚʟʷʪʪʷ ʤʘʢʩʠʤʫʤʫ. 

3. ɼʦʧʦʚʥʝʥʥʷ ʤʥʦʞʠʥʠ ()( )
1

1 / ,
n

F i i

i

F u u
=

= -ä m  () ()1 .FF u u= -m m  

ʅʝʦʙʭʽʜʥʽʩʪʴ ʟʥʘʪʠ ʥʝʯʽʪʢʽ ʚʽʜʥʦʰʝʥʥʷ ʚʠʥʠʢʘʻ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʥʝʯʽʪʢʠʭ 

ʚʠʩʥʦʚʢʽʚ. ʅʘʧʨʠʢʣʘʜ, ʧʨʠ ʽʩʥʫʚʘʥʥʽ ʧʨʘʚʠʣʘ ʪʠʧʫ çʷʢʱʦ F, ʪʦ Gè, ʷʢʝ 

ʟʘʩʪʦʩʦʚʫʻ ʥʝʯʽʪʢʽ ʤʥʦʞʠʥʠ F Ë G ʽ G Ë V, ʱʦ ʟʘʜʘʥʽ ʥʘ ʫʥʽʚʝʨʩʘʣʴʥʠʭ 

ʤʥʦʞʠʥʘʭ { }1 2, , , mV v v v=  ʪʘ { }1 2, , , lU x x x= , ʚʽʜʧʦʚʽʜʥʦ ʜʦ [252, 253, 257], 

ʥʝʯʽʪʢʝ ʚʽʜʥʦʰʝʥʥʷ ʤʥʦʞʠʥ F Ë G ʪʘ G Ë V ʧʦʟʥʘʯʘʻʪʴʩʷ ʤʘʪʨʠʮʝʶ ʚʠʜʫ 
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() ( ){ }( )
1 1

/ , ,
l m

F i G j i j

i j

R F G u v u v
= =

= ³ = Øääm m  (1.27) 

 

ʚ ̫ ʢ̔ʡ ʝʣʝʤʝʥʪ, ʨʦʟʪʘʰʦʚʘʥʠʡ ʥʘ ʧʝʨʝʪʠʥʽ v-ʩʪʦʚʧʯʠʢʘ ʪʘ u-ʨʷʜʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ  

 

( ) () (), .R F Gu v u v= Øm m m  (1.28) 

 

ʌʦʨʤʘ ʟʘʧʠʩʫ ʥʝʯʽʪʢʦʛʦ ʣʦʛʽʯʥʦʛʦ ʚʠʩʥʦʚʢʫ ʤʘʻ ʚʠʛʣʷʜ: F ­ G, F¡/G¡. 

ɿʘʧʠʩ ʦʟʥʘʯʘʻ ʪʝ, ʱʦ ʬʘʢʪ G¡ ʚʠʧʣʠʚʘʻ ʟ ʬʘʢʪʫ F¡ ̫ ʢʱʦ ʬʘʢʪ G ʚʠʧʣʠʚʘʻ ʟ ʬʘʢʪʫ 

F, ʜʝ F¡, F, G¡, G ï ʥʝʯʽʪʢʽ ʤʥʦʞʠʥʠ. ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʠʩʥʦʚʢʫ G¡ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʠʨʘʟ 

 

( ),G F R F F G¡ ¡ ¡= = ³  (1.29) 

 

ʜʝ  ï ʦʧʝʨʘʮʽʷ max-min ʢʦʤʧʦʟʠʮʽʾ, ʟʛʽʜʥʦ ʟ ʷʢʦʶ 

 

() ( ){ }
1

, / ,
i

m

F i R i j j
u U

i

G u u v vm m
Ë

=

¡= Ù Øä    , ; , .F F U G G V¡ ¡Ë Ë  (1.30) 

 

ʅʝʯʽʪʢʘ ʣʦʛʽʢʘ ʧʦʨʽʚʥʷʥʦ ʟ ʤʝʪʦʜʦʤ ʬʘʟʦʚʦʛʦ ʽʥʪʝʨʚʘʣʫ ʥʝ ʧʦʪʨʝʙʫʻ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʣʠʰʝ ʢʽʣʴʢʽʩʥʠʭ ʯʠ ʙʽʥʘʨʥʠʭ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ. ɺʽʜʩʫʪʥʷ 

ʥʝʦʙʭʽʜʥʩ̔ʪɹ ʥʘʢʦʧʠʯʝʥʥʷ ʚʝʣʠʢʦʛʦ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʪʘ ʡʦʛʦ 

ʪʨʫʜʦʤʽʩʪʢʦʾ ʦʙʨʦʙʢʠ ʧʦʨʽʚʥʷʥʦ ʟ ʽʤʦʚʽʨʥʽʩʥʦ-ʩʪʘʪʠʩʪʠʯʥʠʤ ʧʽʜʭʦʜʦʤ ʪʘ 

ʨʝʛʨʝʩʽʡʥʠʤ ʘʥʘʣʽʟʦʤ. ɰʾ ʧʝʨʝʚʘʛʘʤʠ ʻ: 

ï ʤʦʞʣʠʚʽʩʪʴ ʦʧʝʨʫʚʘʪʠ ʚʭʽʜʥʠʤʠ ʜʘʥʠʤʠ, ʟʘʜʘʥʠʤʠ ʥʝʯʽʪʢʦ: ʟʥʘʯʝʥʥʷ, 

ʱʦ ʙʝʟʫʧʠʥʥʦ ʟʤʽʥʶʶʪʴʩʷ ʚ ʯʘʩʽ; ʟʥʘʯʝʥʥʷ, ʱʦ ʥʝʤʦʞʣʠʚʦ ʟʘʜʘʪʠ ʦʜʥʦʟʥʘʯʥʦ; 

ï ʤʦʞʣʠʚʽʩʪʴ ʥʝʯʽʪʢʦʾ ʬʦʨʤʘʣʽʟʘʮʽʾ ʢʨʠʪʝʨʽʾʚ ʦʮʽʥʝʥʥʷ ʽ ʧʦʨʽʚʥʷʥʥʷ; 

ï ʤʦʞʣʠʚʽʩʪʴ ʦʧʝʨʫʚʘʪʠ ʩʪʫʧʝʥʝʤ ʽʤʦʚʽʨʥʦʩʪʽ ʜʘʥʠʭ ʪʘ ʾʾ ʨʦʟʧʦʜʽʣʦʤ; 
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ï ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʟ ʧʝʚʥʠʤ ʩʪʫʧʝʥʝʤ 

ʪʦʯʥʦʩʪʽ ʪʘ ʰʚʠʜʢʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤ. 

ʇʨʠʥʮʠʧʠ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ ʢʽʣʴʢʦʩʪʽ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ ʊɿ ʜʦ ʘʚʘʨʽʡʥʦʾ 

ʩʠʪʫʘʮʽʾ ʪʘ ʢʽʣʴʢʦʩʪʽ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʨʫʡʥʫʚʘʥʥʷ ʪʘ ʜʝʬʦʨʤʘʮʽʾ, ʷʢʘ 

ʟʘʣʠʰʠʣʘʩʴ ʚ ʜʦʨʦʞʥʽʭ ʩʧʦʨʫʜʘʭ ʪʘ ʧʦʰʢʦʜʞʝʥʦʤʫ ʘʚʪʦʤʦʙʽʣʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʝʥʝʨʛʝʪʠʯʥʽ ʤʝʪʦʜʠ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʧʨʠʛʦʜ [83, 151, 164, 167, 169]. 

ɸʥʘʣʽʟ ʩʭʝʤʠ ʟʽʪʢʥʝʥʥʷ ʜʚʦʭ ʨʫʭʦʤʠʭ ʦʙôʻʢʪʽʚ ʤʦʞʥʘ ʚʠʢʦʥʘʪʠ ʥʘ ʦʩʥʦʚʽ 

ʨʽʚʥʷʥʥʷ ʙʘʣʘʥʩʫ ʝʥʝʨʛʽʾ ʩʠʩʪʝʤʠ [167] 

 

( ) 1 222 2
1 2 01 1 2 2

1 1 2 2

0 0
2 2 2

S S
m m Vm V m V

F dS F dS
+

+ = + +ñ ñ , (1.31) 

 

ʜʝ m1 ʪʘ m2 ï ʤʘʩʠ ʦʙôʻʢʪʽʚ ʟʽʪʢʥʝʥʥʷ;  

F1 ʪʘ F2 ï ʩʠʣʘ ʜʝʬʦʨʤʘʮʽʾ ʧʝʨʰʦʛʦ ʪʘ ʜʨʫʛʦʛʦ ʦʙôʻʢʪʘ;  

V1 ʪʘ V2 ï ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʦʙôʻʢʪʽʚ ʜʦ ʫʜʘʨʫ (ʟʽʪʢʥʝʥʥʷ);  

V0 ï ʩʧʽʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʦʙôʻʢʪʽʚ ʧʽʩʣʷ ʫʜʘʨʫ (ʟʽʪʢʥʝʥʥʷ);  

S1 ʪʘ S2 ï ʜʝʬʦʨʤʘʮʽʾ, ʱʦ ʚʠʥʠʢʣʠ ʚ ʨʝʟʫʣʴʪʘʪʽ ʫʜʘʨʫ (ʟʽʪʢʥʝʥʥʷ). 

ɿʘʣʝʞʥʽʩʪʴ ʫʩʝʨʝʜʥʝʥʦʛʦ ʟʥʘʯʝʥʥʷ ʩʧʦʚʽʣʴʥʝʥʥʷ ʚʽʜ ʚʽʜʥʦʩʥʦʾ ʰʚʠʜʢʦʩʪʽ 

ʨʫʭʫ ʦʙôʻʢʪʽʚ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʟ ʚʠʨʘʟʫ (1.31). ʅʘ ʧʽʜʩʪʘʚʽ ʘʥʘʣʽʪʠʯʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʞʥʘ ʦʮʽʥʶʚʘʪʠ ʜʝʬʦʨʤʘʮʽʶ ʪʠʭ ʯʠ ʽʥʰʠʭ ʚʫʟʣʽʚ, ʤʦʜʝʣʶʚʘʪʠ 

ʨʽʟʥʽ ʪʠʧʠ ʟʽʪʢʥʝʥʥʷ ʘʚʪʦʤʦʙʽʣʽʚ ʪʘ ʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʙʝʟʧʝʢʫ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʟʘ ʪʘʢʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʷʢ ʜʝʬʦʨʤʘʮʽ ̫ ʩʘʣʦʥʘ ʪʘ 

ʜʝʬʦʨʤʘʮʽ ̫ʚʩʴʦʛʦ ʊɿ.  

ʇʽʜ ʯʘʩ ʟʽʪʢʥʝʥʥʷ ʘʚʪʦʤʦʙʽʣʽʚ ʜʦʣʷ ʝʥʝʨʛʽʾ, ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʧʨʫʞʥʫ 

ʜʝʬʦʨʤʘʮʽʶ, ʥʘʜʪʦ ʤʘʣʘ. ɿʜʝʙʽʣʴʰʦʛʦ ʚʩ̫ ʝʥʝʨʛʽʷ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʫʪʚʦʨʝʥʥʷ 

ʧʣʘʩʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ. ʉʫʤʦʶ ʜʝʬʦʨʤʘʮʽʡ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʟʘʛʘʣʴʥʘ ʜʝʬʦʨʤʘʮʽʷ, ʘ ʪʘʢʦʞ ʝʥʝʨʛʽʷ, ʱʦ ʧʦʛʣʠʥʘʻʪʴʩʷ ʧʨʠ ʮʴʦʤʫ 

ʘʚʪʦʤʦʙʽʣʝʤ. ʆʜʠʥ ʟ ʤʝʪʦʜʽʚ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʛʘʣʴʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʪʘ ʝʥʝʨʛʽʾ, 

ʱʦ ʧʦʛʣʠʥʘʻʪʴʩʷ, ʧʨʠʧʫʩʢʘʻ ʧʦʜʽʣ ʢʫʟʦʚʘ ʊɿ ʥʘ ʦʢʨʝʤʽ ʞʦʨʩʪʢʽ ʤʘʩʠ, ʷʢʽ 
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ʚʟʘʻʤʦʜʽʶʪʴ ʤʽʞ ʩʦʙʦʶ ʧʨʠ ʜʝʬʦʨʤʘʮʽʾ ʢʫʟʦʚʘ [164]. ʊʦʙʪʦ, ʧʽʜ ʯʘʩ ʟʽʪʢʥʝʥʥʷ 

ʘʚʪʦʤʦʙʽʣʷ ʟ ʧʝʨʝʰʢʦʜʦʶ ʡʦʛʦ ʢʽʥʝʪʠʯʥʘ ʝʥʝʨʛʽʷ ʧʦʛʣʠʥʘʻʪʴʩʷ ʘʚʪʦʤʦʙʽʣʝʤ, 

ʧʝʨʝʪʚʦʨʶʶʯʠʩʴ ʚ ʝʥʝʨʛʽʶ ʧʨʫʞʥʦʾ ʪʘ ʧʣʘʩʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʡ ʢʽʥʝʪʠʯʥʫ 

ʝʥʝʨʛʽʶ ʦʢʨʝʤʠʭ ʡʦʛʦ ʯʘʩʪʠʥ 

 

2 2 2
00,5

2 2 2

i i i
i i i

M c l
E mV V f F

å õ
D = = + +æ ö

ç ÷
ä ä , (1.32) 

 

ʜʝ m ï ʤʘʩʘ ʘʚʪʦʤʦʙʽʣʷ;  

V0 ï ʰʚʠʜʢʽʩʪʴ ʘʚʪʦʤʦʙʽʣʷ ʧʽʜ ʯʘʩ ʫʜʘʨʫ (ʟʽʪʢʥʝʥʥʷ);  

Mi ï ʤʘʩʘ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ ʊɿ;  

Vi ï ʧʦʯʘʪʢʦʚʘ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ ʊɿ;  

ci ï ʞʦʨʩʪʢʽʩʪʴ ʧʨʫʞʥʦʛʦ ʝʣʝʤʝʥʪʘ ʊɿ; 

fi ï ʜʝʬʦʨʤʘʮʽʷ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ ʊɿ;  

Fi ï ʩʠʣʘ ʜʝʬʦʨʤʘʮʽʾ, ɦ ʦ ʜʽ̒ ʥʘ ʦʢʨʝʤʽ ʝʣʝʤʝʥʪʠ. 

ʇʨʦʙʣʝʤʥʽ ʧʠʪʘʥʥʷ ʨʦʟʚʠʪʢʫ ʝʥʝʨʛʝʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʘʚʘʨʽʡʥʠʭ 

ʩʠʪʫʘʮʽʡ ʤʦʞʥʘ ʫʩʧʽʰʥʦ ʚʠʨʽʰʠʪʠ ʰʣʷʭʦʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʠʤʠ 

ʧʨʠʣʘʜʘʤʠ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʩʪʘʥʥʽʭ ʜʦʩʷʛʥʝʥʴ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

ʊʨʫʜʥʦʱʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ, ʨʦʟʛʣʷʥʫʪʠʭ ʚʠʱʝ, ʧʦʜʘʥʽ ʚ ʪʘʙʣ. 1.2  

(ɸ ï ̔ ʤʦʚʽʨʥʽʩʥʦ-ʩʪʘʪʠʩʪʠʯʥʠʡ ʧʽʜʭʽʜ; ɹ ï ʨʝʛʨʝʩʽʡʥʠʡ ʘʥʘʣʽʟ ʜʘʥʠʭ; ɺ ï ʤʝʪʦʜ 

ʬʘʟʦʚʦʛʦ ʽʥʪʝʨʚʘʣʫ; ɻ ï ʣʦʛʽʯʥʠʡ ʚʠʩʥʦʚʦʢ; ɼ ï ʪʝʦʨʽʷ ʥʝʯʽʪʢʠʭ ʤʥʦʞʠʥ;  

ɽ ï ɽʥʝʨʛʝʪʠʯʥʽ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʠʛʦʜ; + (ï) ï 

ʥʘʷʚʥʽʩʪʴ (ʚʽʜʩʫʪʥʽʩʪʴ) ʪʨʫʜʥʦʱʽʚ).  

ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣʠʮʽ 1.2, ʨʦʟʛʣʷʥʫʪʽ ʤʝʪʦʜʠ, ʟʘ ʚʠʢʣʶʯʝʥʥʷʤ ʪʝʦʨʽʾ ʥʝʯʽʪʢʠʭ 

ʤʥʦʞʠʥ, ʥʝ ʧʨʠʜʘʪʥʽ ʜʣ ̫ ʨʦʙʦʪʠ ʟ ʥʝʯʽʪʢʠʤʠ (ʷʢʽʩʥʠʤʠ) ʟʥʘʥʥʷʤʠ, ʱʦ 

ʟʘʜʘʶʪʴʩʷ ʥʘ ʧʨʠʨʦʜʥʽʡ ʤʦʚʽ. ʆʜʥʘʢ, ʩʘʤʝ ʟ ʪʘʢʠʤʠ ʽʥʪʫʾʪʠʚʥʠʤʠ ʘʙʦ 

ʝʚʨʠʩʪʠʯʥʠʤʠ ʟʥʘʥʥʷʤʠ ʯʘʩʪʦ ʧʨʘʮʶʶʪʴ ʝʢʩʧʝʨʪʠ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ɼʊʇ. 

ʊʦʙʪʦ, ʥʘ ʦʩʥʦʚʽ ʜʦʩʚʽʜʫ ʢʚʘʣʽʬʽʢʦʚʘʥʠʭ ʝʢʩʧʝʨʪʽʚ-ʘʚʪʦʪʝʭʥʽʢʽʚ ʤʦʞʥʘ 

ʧʦʙʫʜʫʚʘʪʠ ʥʝʯʽʪʢʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣ ̔ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭ ʚ ʘʥʘʣʽʟʽ 

ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ. 
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ʊʘʙʣʠʮʷ 1.2 ï ʆʙʤʝʞʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʧʨʠ ʘʚʪʦʪʝʭʥʽʯʥʽʡ 

ʝʢʩʧʝʨʪʠʟʽ ɼʊʇ 

ʆʙʤʝʞʝʥʥʷ (ʪʨʫʜʥʦʱʽ) 
ʄʝʪʦʜʠ 

ɸ ɹ ɺ ɻ ɼ ɽ 

1. ɿʙʠʨʘʥʥʷ ʪʘ ʦʙʨʦʙʣʝʥʥʷ ʩʪʘʪʠʩʪʠʯʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ 
+ + ï ï ï + 

2. ʇʦʧʦʚʥʝʥʥʷ ʙʘʟʠ ʟʥʘʥʴ + + ï ï ï + 

3. ɿʘʙʝʟʧʝʯʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʤʦʜʝʣʽ ʜʦ ʚʭʽʜʥʠʭ 

ʬʘʢʪʦʨʽʚ 
+ + ï ï ï + 

4. ʈʦʙʦʪʠ ʟ ʷʢʽʩʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ + + + + ï + 

5. ɺʨʘʭʫʚʘʥʥʷ ʥʝʯʽʪʢʠʭ ʟʥʘʥ ɹ + + + + ï + 

 

ʊʝʦʨʽʷ ʥʝʯʽʪʢʠʭ ʤʥʦʞʠʥ ʜʦʥʝʜʘʚʥʘ ʨʦʟʚʠʚʘʣʘʩʷ, ʚ ʦʩʥʦʚʥʦʤʫ, ʚ 

ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʘʩʧʝʢʪʽ [253]. ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʧʦ̫ʚʠʣʠʩʴ ʧʫʙʣʽʢʘʮʽʾ ʱʦʜʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʽʻʾ ʪʝʦʨʽʾ ʚ ʟʘʜʘʯʘʭ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷ, ʷʢʽ ʻ 

ʪʨʘʜʠʮʽʡʥʠʤʠ ʜʣʷ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ [240-244, 252-257]. ʆʜʥʘ ʟ ʦʙʣʘʩʪʝʡ, ʚ ʷʢʠʭ 

ʥʝʯʽʪʢʘ ʣʦʛʽʢʘ ʻ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʧʨʦʝʢʪʫʚʘʥʥʷ ï 

ʘʚʪʦʤʦʙʽʣʝʙʫʜʫʚʘʥʥʷ [272, 273]. ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʝʪʦʜʽʚ 

ʦʙʨ̌ʫʥʪʫʚʘʥʥʷ ʨʽʰʝʥʴ (ʪʘʙʣ. 1.2), ʷʢʽ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʨʽʰʝʥʥʷ 

ʟʘʜʘʯ ʘʚʪʦʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ ɼʊʇ ʪʘ ʫʟʘʛʘʣʴʥʝʥʥʷ ʜʦʩʚʽʜʫ, ʥʘʢʦʧʠʯʝʥʦʛʦ 

ʘʚʪʦʨʦʤ ʧʨʠ ʨʦʟʚôʷʟʘʥʥʽ ʧʨʘʢʪʠʯʥʠʭ ʟʘʜʘʯ [1-3, 39, 48, 176] ʜʦʟʚʦʣʷʶʪʴ 

ʨʝʢʦʤʝʥʜʫʚʘʪʠ ʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʣʦʛʽʯʥ ̔ʤʝʪʦʜʠ (ʪʝʦʨʽʶ ʥʝʯʽʪʢʠʭ ʤʥʦʞʠʥ ʪʘ 

ʣʽʥʛʚʽʩʪʠʯʥʠʭ ʟʤʽʥʥʠʭ) ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʤʝʭʘʥʽʟʤʫ ʚʠʥʠʢʥʝʥʥʷ ʘʚʘʨʽʡʥʠʭ 

ʩʠʪʫʘʮʽʡ ʫ ʨʘʟʽ ʚʽʜʩʫʪʥʦʩʪʽ ʩʧʦʩʦʙʽʚ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʨʘʜʠʮʽʡʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʤʝʪʦʜʽʚ, ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʚʠʟʥʘʯʝʥʥʽ ʪʦʯʥʠʭ ʢʽʣʴʢʽʩʥʠʭ ʚʟʘʻʤʦʟʚôʷʟʢʽʚ. ɼʘʥʠʡ 

ʚʠʩʥʦʚʦʢ ʦʙˇʨʫʥʪʦʚʫʻʪʴʩʷ ʱʝ ʡ ʪʠʤ, ʱʦ ʙʽʣʴʰʽʩʪʴ ʦʮʽʥʶʚʘʥʠʭ (ʚʠʤʽʨʶʚʘʥʠʭ) 

ʧʘʨʘʤʝʪʨʽʚ ʥʦʩʷʪʴ ʥʝʧʝʨʝʨʚʥʠʡ ʭʘʨʘʢʪʝʨ. ʆʙôʻʢʪʠ, ʱʦ ʤʘʁʪʴ ʧʘʨʘʤʝʪʨʘʤʠ ʟ 

ʪʘʢʠʤʠ ʭʘʨʘʢʪʝʨʥʠʤʠ ʨʠʩʘʤʠ, ʧʨʠʨʦʜʥʦ ʚʠʚʯʘʪʠ ʟʘʩʦʙʘʤʠ ʥʝʧʝʨʝʨʚʥʦʟʥʘʯʥʠʭ 

ʣʦʛʽʢ. ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʬʦʨʤʘʣʴʥʠʡ ʘʧʘʨʘʪ ʪʘ ʦʙôʻʢʪ ʚʠʚʯʝʥʥʷ  ̒ʥʘʡʙʽʣʴʰ 

ʘʜʝʢʚʘʪʥʠʤʠ ʦʜʠʥ ʦʜʥʦʤʫ. ʆʪʞʝ, ʜʣʷ ʘʥʘʣʽʟʫ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ ʚ ʫʤʦʚʘʭ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘʙʣʠʞʝʥʽ ʤʝʪʦʜʠ ʤʦʜʝʣʶʚʘʥʥʷ, 

ʟʘʩʥʦʚʘʥʽ ʥʘ ʥʝʧʝʨʝʨʚʥʠʭ (ʥʝʯʽʪʢʠʭ) ʣʦʛʽʢʘʭ. 
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1.5 ʅʝʚʠʟʥʘʯʝʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ, ʜʦʚʽʜʢʦʚʠʭ ʽ ʝʢʩʧʝʨʪʥʠʭ ʜʘʥʠʭ ʪʘ ʾʾ ʚʧʣʠʚ 

ʥʘ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʩʣʽʜʫʚʘʥʥʷ ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʠʛʦʜ 

 

ʇʨʠʡʥʪ̫ʪʷ ʨʽʰʝʥʴ ʧʽʜ ʯʘʩ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʟʘʜʘʯ ʘʚʪʦʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʫʤʦʚʘʭ ʥʝʧʦʚʥʦʪʠ ʽʥʬʦʨʤʘʮʽʾ, ʽʥʘʢʰʝ ʢʘʞʫʯʠ ʚ ʫʤʦʚʘʭ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ [86, 177-180, 185, 187, 207, 217, 218, 274-281].  

ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʨʠʯʠʥ ʧʦʷʚʠ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʧʦʜʽʣʷʶʪʴ ʥʘ ʪʘʢʽ ʚʠʜʠ 

(ʨʠʩ. 1.7).  

 

ʂʽʣʴʢʽʩʥʘ

ɿʘ ʧʨʠʯʠʥʘʤʠ ʧʦʷʚʠ

ɿʘ ʧʨʠʨʦʜʦʶ

ɯʥʬʦʨʤʘʮʽʡʥʘ

ɺʘʨʪʽʩʥʘ ʇʨʦʬʝʩʽʡʥʘ

ʆʙʤʝʞʫʚʘʣʴʥʘ

ʅʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ

ʅʝʚʠʟʥʘʯʝʥʽʩʪʴ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ 

ʘʚʪʦʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ ɼʊʇ

ʉʪʦʭʘʩʪʠʯʥʘ ʅʝʯʽʪʢʘ (ʣʽʥʛʚʽʩʪʠʯʥʘ)

ʆʙô̒ ʢʪʠʚʥʘ ʉʫʙô̒ ʢʪʠʚʥʘ
 

 

ʈʠʩʫʥʦʢ 1.7 ï ɺʠʜʠ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ 

 

ɿʦʢʨʝʤʘ ʨʦʟʨʽʟʥʷʶʪʴ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ [214, 239-242, 244, 255, 260, 265, 270]: 

ï ʢʽʣʴʢʽʩʥʫ, ʩʧʨʠʯʠʥʝʥʫ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʝʣʝʤʝʥʪʽʚ ʩʠʪʫʘʮʽʾ; 

ï ʽʥʬʦʨʤʘʮʽʡʥʫ, ʩʧʨʠʯʠʥʝʥʫ ʥʝʪʦʯʥʽʩʪʶ ʽʥʬʦʨʤʘʮʽʾ ʘʙʦ ʾʾ ʥʝʜʦʩʪʘʪʥʽʩʪʶ 

ʚʥʘʩʣʽʜʦʢ ʜʽʾ ʩʦʮʽʘʣʴʥʠʭ, ʪʝʭʥʽʯʥʠʭ ʯʠ ʽʥʠhʭ ʧʨʠʯʠʥ; 

ï ʧʨʦʬʝʩʽʡʥʫ, ʚʠʢʣʠʢʘʥʫ ʥʝʜʦʩʪʘʪʥʽʤ ʧʨʦʬʝʩʽʦʥʘʣʽʟʤʦʤ ʦʩʦʙʠ, ʱʦ 

ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ; 

ï ʦʙʤʝʞʫʚʘʣʴʥʫ, ʧʨʠʯʠʥʦʶ ʷʢʦʾ ʻ ʥʘʷʚʥʽʩʪʴ ʦʙʤʝʞʝʥ ɹʧʨʠ ʧʨʠʡʥʷʪʪ ̔

ʨʽʰʝʥʴ, ʥʘʧʨʠʢʣʘʜ ʦʙʤʝʞʝʥʥʷ ʚ ʟʘʩʦʙʘʭ, ʢʦʰʪʘʭ, ʯʘʩʽ ʪʦʱʦ; 
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ï ʚʘʨʪʽʩʥʫ ʯʝʨʝʟ ʥʘʜʪʦ ʜʦʨʦʛʫ ʯʠ ʥʝʜʦʩʪʫʧʥʫ ʧʣʘʪʫ ʟʘ ʚʠʟʥʘʯʝʥʽʩʪʴ; 

ï ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʧʨʠʯʠʥʦʶ ʷʢʦʾ ʻ ʨʝʘʢʮʽʷ ʩʝʨʝʜʦʚʠʱʘ ʥʘ 

ʧʨʦʮʝʩ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ. 

ɿʘʨʘʟʦʤ, ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʤʦʞʝ ʤʘʪʠ ʥʝʯʽʪʢʫ ʘʙʦ ʩʪʦʭʘʩʪʠʯʥʫ ʧʨʠʨʦʜʫ. ɺ 

ʧʨʦʮʝʩʽ ʧʨʠʡʥʷʪʪ ̫ʨʽʰʝʥʴ ʩʪʦʭʘʩʪʠʯʥʘ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʟôʷʚʣʷʻʪʴʩʷ ʧ̔ ʜ ʯʘʩ 

ʢʦʨʠʩʪʫʚʘʥʥ̫ ʜʘʥʠʤʠ, ʷʢʽ ʤʘʶʪʴ ʥʝ ʪʦʯʥʽ ʟʥʘʯʝʥʥʷ, ʘ ʾʭ ʩʪʘʪʠʩʪʠʯʥʽ ʦʮʽʥʢʠ. 

ʂʨʽʤ ʪʦʛʦ, ʙʫʜʴ-ʷʢʽʡ ʩʠʪʫʘʮʽʾ ʝʢʩʧʝʨʪʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʚʣʘʩʪʠʚʘ ʥʝʯʽʪʢʘ 

ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ, ʷʢʘ ʤʦʞʝ ʙʫʪʠ ʦʙôʻʢʪʠʚʥʦʶ, ʭʘʨʘʢʪʝʨʥʦʶ ʜʣʷ ʚʩʭ̔ ʨʝʘʣʴʥʠʭ 

ʚʝʣʠʯʠʥ [210-215] ʘʙʦ ʩʫʙôʻʢʪʠʚʥʦʶ, ʭʘʨʘʢʪʝʨʥʦʶ ʜʣʷ ʧʨʠʨʦʜʠ ʣʶʜʝʡ ʚ 

ʮʽʣʦʤʫ, ʪʘ ʧʦʚôʷʟʘʥʦʶ ʟʽ ʩʧʨʦʤʦʞʥʽʩʪʁ ʣʶʜʠʥʠ ʦʮʽʥʶʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ. 

ʉʫʙôʻʢʪʠʚʥʘ ʥʝʚʠʟʥʘʯʝʥʩ̔ʪɹ ʩʧʨʠʯʠʥʷʻʪʴʩʷ [241, 243, 251, 253, 256-259]: 

ï ʥʝʧʦʚʥʦʪʦ  ʁʟʥʘʥʴ ʝʢʩʧʝʨʪʘ ʧʨʦ ʚʣʘʩʪʠʚʦʩʪʽ ʦʙôʻʢʪʽʚ; 

ï ʥʝʜʦʩʪʘʪʥʴʦʶ ʚʧʝʚʥʝʥʩ̔ʪʁ ʝʢʩʧʝʨʪʘ ʚ ʧʨʘʚʠʣʴʥʦʩʪʽ ʩʚʦʾʭ ʦʮʽʥʦʢ; 

ï ʩʫʧʝʨʝʯʣʠʚʽʩʪ ʁʟʥʘʥʴ ʝʢʩʧʝʨʪʘ; 

ï ʥʝʯʽʪʢʽʩʪ ʁʧʨʝʜʩʪʘʚʣʝʥʥʷ ʚʠʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ; 

ï ʥʝʦʜʥʦʟʥʘʯʥʽʩʪʶ ʧʨʠʨʦʜʥʦʾ ʤʦʚʠ ʪʘ ʤʦʞʣʠʚʦʶ ʥʝʜʦʚʠʟʥʘʯʝʥʥʽʩʪʶ 

ʧʦʥʷʪʴ ʽ ʪʝʨʤʽʥʽʚ; 

ï ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʦʙôʻʜʥʘʥʥʷ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʝʢʩʧʝʨʪʥʠʭ ʦʮʽʥʦʢ ʪʦʱʦ. 

ɺʩʪʘʥʦʚʣʝʥʥʷ ʦʙʩʪʘʚʠʥ ɼʊʇ ʻ ʤʫʣʴʪʠʜʠʩʮʠʧʣʽʥʘʨʥʠʤ ʟʘʚʜʘʥʥʷʤ, 

ʧʨʠʟʥʘʯʝʥʠʤ ʜʣʷ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʧʨʠʯʠʥ ʘʚʘʨʽʾ ʪʘ ʾʾ ʧʝʨʝʙʽʛʫ. ʎʝ ʚʠʤʘʛʘʻ, ʢʨʽʤ 

ʰʠʨʦʢʠʭ ʟʥʘʥʴ ʟ ʨʽʟʥʠʭ ʪʝʭʥʽʯʥʠʭ ʥʘʧʨʷʤʢʽʚ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʚʠʯʦʢ ʘʥʘʣʽʟʫ 

ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʟ ʽʥʰʠʭ ʛʘʣʫʟʝʡ ʧʨʠʨʦʜʥʠʯʠʭ ʥʘʫʢ (ʤʝʜʠʮʠʥʘ, 

ʧʩʠʭʦʣʦʛʽʷ, ʪʦʢʩʠʢʦʣʦʛʽʷ, ʩʫʜʦʚʘ ʛʝʥʝʪʠʢʘ, ʪʦʱʦ).  

ʆʮʽʥʶʚʘʥʥʶ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʫ ʧʨʠ ʨʝʢʦʥʩʪʨʫʢʮʽʾ 

ɼʊʇ ʧʨʠʩʚôʷʯʝʥʦ ʙʘʛʘʪʦ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʨʦʙʽʪ. ɿʦʢʨʝʤʘ, ʜʦʩʣʽʜʥʠʢʠ 

ʟʦʩʝʨʝʜʞʫʚʘʣʠʩʴ ʥʘ ʪʘʢʠʭ ʧʠʪʘʥʥʷʭ, ʷʢ: 

ï ʜʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ [274-280]; 

ï ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʝʪʝʨʤʽʥʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ: 

ʤʝʪʦʜ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʟʥʘʯʝʥ ɹ [173, 218, 280]; ʤʝʪʦʜ ʨʽʟʥʠʮʴ ʚ ʨʽʟʥʠʭ ʡʦʛʦ 

ʬʦʨʤʘʭ [282], [283]; 
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ï ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʤʦʚʽʨʥʽʩʥʠʭ ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ: 

ʙʘʻʩʽʚʩʴʢʠʡ ʘʥʘʣʽʟ ʪʘ ʫʤʦʚʥʘ ʤ̔ʦʚʽʨʥʽʩʪʴ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ [284-286]; ʘʥʘʣʽʟ 

ʛʽʧʦʪʝʟ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʘʡʻʩʽʚʩʴʢʠʭ ʤʝʨʝʞ [278, 279, 287] ʪʘ ʢʦʝʬʽʮʽʻʥʪʘ 

ʤ̔ʦʚʽʨʥʦʩʪʽ [288]; ʩʧʨʦʱʝʥʠʡ (ɻʘʫʩʩ) ʤʝʪʦʜ [275, 277, 289]; ʤʝʪʦʜ, ʟʘʩʥʦʚʘʥʠʡ 

ʥʘ ʦʧʠʩʽ ʩʪʦʭʘʩʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ [274, 290, 291]; ʤʝʪʦʜ ʄʦʥʪʝ-ʂʘʨʣʦ [292-295]; 

ï ʧʘʨʘʤʝʪʨʠʯʥʘ ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ [283, 292, 293]; 

ï ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ, ʚʠʢʦʥʘʥʠʭ ʥʘ ʤʽʩʮʽ ɼʊʇ [296, 297]; 

ï ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ [298-300];  

ï ʩʧʨʠʡʥʷʪʪʷ ʧʝʨʝʰʢʦʜ, ʯʘʩ ʨʝʘʢʮʽʾ ʚʦʜʽʷ ʪʘ ʯʘʩ ʜʦ ʟʽʪʢʥʝʥʥʷ [301-304]; 

ï ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʦʙʯʠʩʣʝʥʥʷ ʰʚʠʜʢʦʩʪʽ [133, 151, 181, 187, 284]; 

ï ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʦʙʯʠʩʣʝʥʥʷ ʛʘʣʴʤʽʚʥʦʛʦ ʰʣʷʭʫ [132, 161, 172, 185, 296]; 

ï ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʬʦʨʤʫʣ ʘʥʘʣʽʟʫ ʤʘʥʝʚʨʫʚʘʥʥʷ ʊɿ [305]; 

ï ʚʝʨʠʬʽʢʘʮʽʷ ʧʨʦʛʨʘʤ ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʥʘʤʽʢʠ ʨʫʭʫ ʊɿ, ʚʢʣʶʯʘʶʯʠ 

ʯʘʩʪʢʦʚʽ ʩʠʩʪʝʤʠ (ʥʘʧʨʠʢʣʘʜ, ʨʫʣʴʦʚʝ ʫʧʨʘʚʣʽʥʥʷ, ʧʨʠʚʽʜ, ʧʽʜʚʽʩʢʘ, ABS, ESP) 

[306-309]; 

ï ʤʦʜʝʣʶʚʘʥʥʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʟʽʪʢʥʝʥʥʷ [310-312]; 

ï ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʘʥʠʭ, ʟʘʧʠʩʘʥʠʭ EDR [313]; 

ï ʘʥʘʣʽʟ ɼʊʇ ʟ ʪʦʯʢʠ ʟʦʨʫ ʾʭ ʧʦʧʝʨʝʜʞʝʥʥʷ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ ʨʫʭʫ 

[314]. 

ɺʨʘʭʦʚʫʶʯʠ ʨʦʟʛʣʷʥʫʪʝ ʚʠʱʝ ʪʘ ʜʽʶʯʽ ʥʘʫʢʦʚʦ-ʤʝʪʦʜʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ 

ʱʦʜʦ ʧʠʪʘʥʴ ʧʽʜʛʦʪʦʚʢʠ ʪʘ ʧʨʠʟʥʘʯʝʥʥʷ ʩʫʜʦʚʠʭ ʝʢʩʧʝʨʪʠʟ [81], ʟʘʛʘʣʴʥʘ 

ʥʝʚʠʟʥʘʯʝʥʩ̔ʪɹ ʨʝʟʫʣʴʪʘʪʽʚ ʘʚʪʦʪʝʭʥʽʯʦʾ ʝʢʩʧʝʨʪʠʟʠ ɼʊʇ ʙʫʜʝ ʬʦʨʤʫʚʘʪʠʩʷ ʟʘ 

ʩʭʝʤʦʶ, ʧʨʝʜʩʪʘʚʣʝʥʦʶ ʥʘ ʨʠʩ. 1.8. 

ʉʧʝʮʽʘʣʽʩʪʘʤʠ SAE ɯʥʪʝʨʥʝʰʥʣ, ɯʥʩʪʠʪʫʪʫ ʩʫʜʦʚʠʭ ʝʢʩʧʝʨʪʠʟ ʚ ʂʨʘʢʦʚʽ ʪʘ 

ʥʘʫʢʦʚʮʷʤʠ ɺʘʨʰʘʚʩʴʢʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʦʮʽʥʶʚʘʥʥʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ 

ʜʣʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʘʥʘʣʽʟʫ ʘʚʘʨʽʡʥʠʭ 

ʩʠʪʫʘʮʽʡ (ʪʘʙʣ. 1.3). ʗʢ ʚʠʜʥʦ ʟ ʮʽʻʾ ʪʘʙʣʠʮʽ, ʥʘʡʙʽʣʴʰ ʫʥʽʚʝʨʩʘʣʴʥʠʤ ʽ 

ʜʦʮʽʣʴʥʠʤ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʻ ʤʝʪʦʜ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ. 
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ʅʝʚʠʟʥʘʯʝʥʽʩʪʴ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ɼʊʇ

ɿʘʛʘʣʴʥʘ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʘʚʪʦʪʝʭʥʽʯʥʦʾ 

ʝʢʩʧʝʨʪʠʟʠ ɼʊʇ (ʝʢʩʧʝʨʪʥʠʭ ʚʠʩʥʦʚʢʽʚ)

ɽʢʩʧʝʨʪʥʘ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ 

(ʢʦʤʧʝʪʝʥʪʥʽʩʪʴ ʪʘ ʩʫʤʣʽʥʥʽʩʪʴ 

ʝʢʩʧʝʨʪʘ)

ʅʝʚʠʟʥʘʯʝʥʽʩʪʴ ʧʦʢʘʟʽʚ ʩʚʽʜʢʽʚ ʪʘ 

ʽʥʰʠʭ ʜʦʢʘʟʽʚ

ʅʝʚʠʟʥʘʯʝʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʽʚ

ʅʝʚʠʟʥʘʯʝʥʽʩʪʴ ʤʦʜʝʣʶʚʘʥʥʷ 

(ʩʪʨʫʢʪʫʨʠ ʤʦʜʝʣʽ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ  

ʜʘʥʠʭ, ʧʝʨʝʚʽʨʢʠ ʚʠʤʽʨʶʚʘʣʴʥʠʭ 

ʧʨʠʣʘʜʽʚ) ɸʜʝʢʚʘʪʥʽʩʪʴ ʤʦʜʝʣʽ
 

 

ʈʠʩʫʥʦʢ 1.8 ï ʉʭʝʤʘ ʬʦʨʤʫʚʘʥʥʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʚ ʩʪʨʫʢʪʫʨʽ ʨʽʰʝʥʥʷ ʟʘʜʘʯ 

ʘʚʪʦʪʝʭʥʽʯʦʾ ʝʢʩʧʝʨʪʠʟʠ ɼʊʇ 

 

ʊʘʙʣʠʮʷ 1.3 ï ʄʦʞʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʦʮʽʥʶʚʘʥʥʷ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʧʨʠ ʝʢʩʧʝʨʪʠʟʽ ɼʊʇ [274, 275, 277, 278, 280] 

ʄʝʪʦʜʠ 
ɺʠʜ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ 

ɸʥʘʣʽʪʠʯʥʘ ɯʤʽʪʘʮʽʡʥʘ 

ɼʝʪʝʨʤʽʥʦʚʘʥ ̔ ɽʢʩʪʨʝʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ + + 

ʈʽʟʥʠʮʴ + ï 

ɯʤʦʚʽʨʥʽʩʥ ̔ ɻʘʫʩʩʘ + ï 

ʆʧʠʩʫ ʩʪʦʭʘʩʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ +/ï +/ï 

ʄʦʥʪʝ-ʂʘʨʣʦ + +/ï 

ç+è ï ʣʝʛʢʦ ʟʘʩʪʦʩʫʚʘʪʠ; ç+/ïè ï ʥʘʷʚʥʽ ʪʨʫʜʥʦʱʽ; çïè ï ʥʝʤʦʞʣʠʚʦ ʟʘʩʪʦʩʫʚʘʪʠ 

 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʤʝʪʦʜʫ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʟʥʘʯʝʥ ɹ [218, 277], ʧʦʭʠʙʢʫ 

ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ (ʢʦʝʬʽʮʽʻʥʪ ʚʝʣʠʯʠʥʠ ʨʦʟʢʠʜʫ ʟʥʘʯʝʥʴ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ 

ʧʘʨʘʤʝʪʨʘ), ̫ ʢʘ ʧʦʚôʷʟʘʥʘ ʟ ʥʝʤʦʞʣʠʚʽʩʪʶ ʫ ʧʝʚʥʦʤʫ ʚʠʧʘʜʢʫ ʚʠʟʥʘʯʠʪʠ ʪʦʯʥʫ 

ʚʝʣʠʯʠʥʫ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʚʠʭʦʜʷʯʠ ʟ ʨʽʚʥʷʥʥʷ 

 

max

min

,
P

kP
P
=  (1.33) 



86 

ʜʝ maxP , minP  ï ʚʽʜʧʦʚʽʜʥʦ ʤʘʢʩʠʤʘʣʴʥʝ ʪʘ ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʚ ʧʨʠʡʥʷʪʦʤʫ ʜʽʘʧʘʟʦʥʽ ʟʥʘʯʝʥʴ. 

ʊʦʜʽ ʚ ʷʢʦʩʪʽ ʢʨʠʪʝʨʽʶ ʦʮʽʥʶʚʘʥʥʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ 

ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻ ʟʤʝʥʰʝʥʥʷ ʨʦʟʢʠʜʫ ʟʥʘʯʝʥʴ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʥʠʤ ʤʦʞʝ ʙʫʪʠ ʧʦʯʘʪʢʦʚʘ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ 

ʘʚʪʦʤʦʙʽʣʷ, ʚʝʣʠʯʠʥʘ ʡʦʛʦ ʟʫʧʠʥʥʦʛʦ ʰʣʷʭʫ, ʚʝʣʠʯʠʥʘ ʚʽʜʭʠʣʝʥʥʷ ʪʨʘʻʢʪʦʨʽʾ 

ʘʚʪʦʤʦʙʽʣʷ ʚʽʜ ʧʦʯʘʪʢʦʚʦʛʦ ʥʘʧʨʷʤʢʫ ʨʫʭʫ ʪʦʱʦ) [173, 218]:  

 

1 2
max min
1 2
min max
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P P
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 (1.34) 

 

ʜʝ 
1
max(min)P , 

2
max(min)R  ï ʚʽʜʧʦʚʽʜʥʦ ʤʘʢʩʠʤʘʣʴʥʝ ʪʘ ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ (1) ʪʘ ʟ ʚʨʘʭʫʚʘʥʥʷʤ (2) 

ʜʦʜʘʪʢʦʚʦʛʦ ʬʘʢʪʦʨʫ. 

ʋʩʽ ʤʝʪʦʜʠ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʨʠ ʘʥʘʣʽʟ ̔ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ, ʤʦʞʥʘ 

ʧʦʜʽʣʠʪʠ ʥʘ ʜʚʽ ʦʩʥʦʚʥʽ ʛʨʫʧʠ [83, 89]: 

ï ʪʽ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʩʠʩʪʝʤʠ ɺɸɼʉ; 

ï ʪʽ, ʱʦ ʚʩʪʘʥʦʚʣʶʶʪʴ ʧʘʨʘʤʝʪʨʠ ʨʫʭʫ ʊɿ ʥʘ ʦʩʥʦʚʽ ʟʘʧʠʩʽʚ ʙʦʨʪʦʚʠʭ 

ʨʝʻʩʪʨʘʪʦʨʽʚ ʜʘʥʠʭ ʧʨʦ ʧʦʜʽʾ. 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʩʠʩʪʝʤʠ ɺɸɼʉ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʯʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʧʨʠʡʥʷʪʦ ʾʩʪʨʫʢʪʫʨʠ 

ʤʦʜʝʣʽ, ʷʢʘ ʻ ʣʠʰʝ ʥʘʙʣʠʞʝʥʥʷʤ ʨʝʘʣʴʥʦʩʪʽ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʟʘʧʠʩʽʚ 

ʙʦʨʪʦʚʠʭ ʨʝʻʩʪʨʘʪʦʨʽʚ ʜʘʥʠʭ ʧʨʦ ʧʦʜʽʾ, ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʤʦʞʝ ʙʫʪʠ ʨʝʟʫʣʴʪʘʪʦʤ 

ʧʦʤʠʣʦʢ ʚʠʤʽʨʶʚʘʥʥʷ ʟʥʘʯʝʥʴ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʨʫʭ ʘʚʪʦʤʦʙʽʣʷ ʪʘ ʧʦʤʠʣʦʢ 

ʚ ʨʝʟʫʣʴʪʘʪʽ ʦʙʨʦʙʢʠ ʟʘʧʠʩʘʥʠʭ ʜʘʥʠʭ. 

ɺ ʜʘʥʠʡ ʯʘʩ ʦʩʥʦʚʥʠʤ ʤʝʪʦʜʦʤ ʘʥʘʣʽʟʫ ɼʊʇ ʻ ʘʥʘʣʽʟ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʩʠʩʪʝʤʠ ɺɸɼʉ [88, 151, 155, 159, 314]. ʇʨʠ ʮʴʦʤʫ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʨʽʟʥ ̔ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʤʦʜʝʣʽ: ʘʥʘʣʽʪʠʯʥʽ ʪʘ ʽʤʽʪʘʮʽʡʥʽ, ʨʽʚʝʥʴ 

ʩʢʣʘʜʥʦʩʪʽ ʷʢʠʭ ʤʦʞʝ ʚʧʣʠʚʘʪʠ ʥʘ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʘʣʽʟʫ. 
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ɺʧʣʠʚ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʴ, ʜʦʚʽʜʢʦʚʠʭ ʽ ʝʢʩʧʝʨʪʥʠʭ ʜʘʥʠʭ 

(ɼʦʜʘʪʦʢ ɹ) ʥʘ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʩʣʽʜʫʚʘʥʥʷ ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʠʛʦʜ 

ʨʦʟʛʣʷʥʝʤʦ ʥʘ ʢʦʥʢʨʝʪʥʦʤʫ ʧʨʠʢʣʘʜʽ.  

ɺ ʧʨʘʢʪʠʮʽ ʝʢʩʧʝʨʪʠʟʠ ɼʊʇ ʚʠʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʧʦʚʦʨʦʪʫ ʪʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʛʘʣʴʤʫʚʘʥʥʷ ʧʨʠʡʥʷʪʦ ʦʮʽʥʶʚʘʪʠ ʟʘ ʚʠʨʘʟʘʤʠ [83-89, 173, 305]: 
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ʜʝ aV  ï ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʷ; 

Y ï ʧʝʨʝʤʽʱʝʥʥʷ ʘʚʪʦʤʦʙʽʣʷ ʚ ʙʽʢ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʥʘʧʨʷʤʢʫ ʨʫʭʫ; 

X ï ʧʝʨʝʤʽʱʝʥʥʷ ʘʚʪʦʤʦʙʽʣʷ ʚ ʥʘʧʨʷʤʢʫ ʧʦʯʘʪʢʦʚʦʛʦ ʨʫʭʫ; 

ű ï ʢʦʝʬʽʮʽʻʥʪ ʟʯʝʧʣʝʥʥʷ ʢʦʣʽʩ ʟ ʜʦʨʦʛʦʶ; 

mk  ï ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʛʫʚʘʥʥʷ ʤʘʥʝʚʨʫ; 

g ï ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ; 

0S  ï ʟʫʧʠʥʥʠʡ ʰʣʷʭ ʘʚʪʦʤʦʙʽʣʷ; 

1t  ï ʯʘʩ ʨʝʘʢʮʽʾ ʚʦʜʽʷ ʥʘ ʜʦʨʦʞʥʶ ʩʠʪʫʘʮʽʶ; 

2t  ï ʯʘʩ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʛʘʣʴʤʽʚʥʦʾ ʩʠʩʪʝʤʠ ʊɿ; 

3t  ï ʯʘʩ ʥʘʨʦʩʪʘʥʥʷ ʩʧʦʚʽʣʴʥʝʥʥʷ ʊɿ.  

ʇʨʦʘʥʘʣʽʟʫʻʤʦ ʚʧʣʠʚ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʟʥʘʯʝʥʴ ʜʚʦʭ ʛʦʣʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, 

ʷʢʽ ʚʨʘʭʦʚʫʶʪʴʩʷ ʧ̔ ʜ ʯʘʩ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʛʘʣʴʤʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʷ: 

ʢʦʝʬʽʮʽʻʥʪʘ ʟʯʝʧʣʝʥʥʷ ʢʦʣʽʩ ʘʚʪʦʤʦʙʽʣʷ ʟ ʜʦʨʦʛʦʶ ʪʘ ʯʘʩʫ ʨʝʘʢʮʽʾ ʚʦʜʽʷ. 

ʏʘʩ ʨʝʘʢʮʽʾ ʚʦʜʽʷ ʻ ʦʙôʻʢʪʦʤ ʚʠʚʯʝʥʥʷ ʧʩʠʭʦʣʦʛʽʚ, ʬʽʟʽʦʣʦʛ̔ ʚ ʪʘ ʽʥʞʝʥʝʨʽʚ. 

ɯʩʥʫʻ ʧʨʦʩʪʘ ʽ ʩʢʣʘʜʥʘ ʨʝʘʢʮʽ ̫ʣʶʜʠʥʠ [86, 115]. ɺ̔ ʜʛʫʢ ʚʠʧʨʦʙʦʚʫʚʘʥʦʛʦ ʥʘ 

ʦʜʠʥʠʯʥʠʡ ʩʠʛʥʘʣ (ʟʚʫʢʦʚʠʡ, ʩʚʽʪʣʦʚʠʡ ʪʦʱʦ)  ̒ ʧʨʦʩʪʦ  ʁ ʨʝʘʢʮʽʻʶ, ʷʢʘ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʚ ʦʩʥʦʚʥʦʤʫ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʩʠʛʥʘʣʽʚ ʚ ʡʦʛʦ ʥʝʨʚʦʚʽʡ 
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ʩʠʩʪʝʤʽ. ʆʮʽʥʶʚʘʥʥʷ ʧʨʦʩʪʦʾ ʨʝʘʢʮʽʾ, ʷʢ ʧʨʘʚʠʣʦ, ʟʜʽʡʩʥʶʻʪʴʩʷ ʟ ʤʝʪʦʶ 

ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʬʝʩʽʡʥʦʾ ʧʨʠʜʘʪʥʦʩʪʽ ʣʶʜʠʥʠ ï ʧʽʣʦʪʘ ʣʽʪʘʢʘ, ʚʦʜʽʷ ʘʚʪʦʤʦʙʽʣʷ 

ʪʦʱʦ. ʉʢʣʘʜʥʘ ʨʝʘʢʮʽʷ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʚʠʙʦʨʦʤ ʣʶʜʠʥʦʶ ʩʧʦʩʦʙʫ 

ʨʝʘʛʫʚʘʥʥʷ ʷʢ ʚʽʜʧʦʚʽʜ ̔ ʥʘ ʥʘʷʚʥʫ ʩʫʢʫʧʥʽʩʪʴ ʧʦʜʨʘʟʥʠʢʽʚ ʪʘ ʫʤʦʚ ʾʭ 

ʚʠʥʠʢʥʝʥʥʷ. ʏʘʩ ʩʢʣʘʜʥʦʾ ʨʝʘʢʮʽʾ ʚʠʢʣʠʢʘʻ ʽʥʪʝʨʝʩ ʧʨʠ ʨʦʟʩʣʽʜʫʚʘʥʥ ̔ɼʊʇ, 

ʦʩʢʽʣʴʢʠ ʚʽʥ ʫ ʧʝʚʥʦʛʦ ʚʦʜʽʷ ʥʝ ʤʦʞʝ ʙʫʪʠ ʧʦʩʪʽʡʥʠʤ. 

ʏʘʩ ʨʝʘʢʮʽʾ ʚʠʟʥʘʯʘʻʪʴʩ ̫ʽʥʪʝʨʚʘʣʦʤ ʯʘʩʫ, ʷʢʠʡ ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʧʦʷʚʦ  ʁ

ʧʦʜʨʘʟʥʠʢʘ ʫ ʧʦʣʽ ʟʦʨʫ ʚʦʜʽʷ ʪʘ ʟʘʢʽʥʯʫʻʪʴʩʷ ʧʦʯʘʪʢʦʤ ʜʽʾ ʥʘ ʦʨʛʘʥʠ ʢʝʨʫʚʘʥʥʷ 

ʊɿ (ʢʝʨʤʦ, ʚʘʞʝʣʽ ʟʯʝʧʣʝʥʥʷ, ʛʘʣʴʤʘ, ʛʘʟʫ). ʎʝʡ ʯʘʩ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ 

ʬʘʢʪʦʨʽʚ, ʪʘʢʠʭ ʷʢ ʜʦʩʚʽʜ ʽ ʧʨʦʬʝʩʽʡʥʘ ʧʽʜʛʦʪʦʚʢʘ ʚʦʜʽʷ, ʡʦʛʦ ʚʽʢ; ʰʚʠʜʢʩ̔ʪɹ 

ʨʫʭʫ ʊɿ; ʫʤʦʚʠ ʨʫʭʫ ʊɿ; ʽʥʪʝʥʩʠʚʥʩ̔ʪɹ ʥ̔ʬʦʨʤʘʮʽʡʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ; 

ʽʥʜʠʚʽʜʫʘʣʴʥ ̔ʦʩʦʙʣʠʚʦʩʪ ̔ʚʦʜʽʷ, ʪʨʠʚʘʣʽʩʪʴ ʨʦʙʦʯʦ ʾʟʤʽʥʠ ʪʦʱʦ. 

ʈʦʟʨʽʟʥʷʶʪʴ ʤʦʪʦʨʥʠʡ ʪʘ ʣʘʪʝʥʪʥʠʡ ʧʝʨʽʦʜʠ ʯʘʩʫ ʨʝʘʢʮʽʾ [157, 159, 302]. 

ʃʘʪʝʥʪʥʠʡ ʧʝʨʽʦʜ  ̒ʧʨʠʭʦʚʘʥʠʤ. ɺʽʥ ʭʘʨʘʢʪʝʨʠʟʫʻ ʯʘʩ, ʧʦʪʨʽʙʥʠʡ ʚʦʜʽʻʚʽ ʜʣʷ 

ʫʩʚʽʜʦʤʣʝʥʥʷ ɼʊʉ ʽ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʜʣʷ ʧʦʯʘʪʢʫ ʤʦʪʦʨʥʦʾ ʨʝʘʢʮʽʾ. 

ʄʦʪʦʨʥʠʡ ʧʝʨʽʦʜ ʟʘʟʚʠʯʘʡ ʪʨʠʚʘʻ ʥʘ ʧʦʨʷʜʦʢ ʤʝʥʰʝ ʣʘʪʝʥʪʥʦʛʦ. ɺʽʥ 

ʚʠʤʽʨʶʻʪʴʩʷ ʟ ʤʦʤʝʥʪʫ ʟʘʢʽʥʯʝʥʥʷ ʣʘʪʝʥʪʥʦʛʦ ʧʝʨʽʦʜʫ ʽ ʜʦ ʧʦʯʘʪʢʫ ʜʽʾ ʥʘ ʦʨʛʘʥ 

ʢʝʨʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʝʤ. ʊʽʣʴʢʠ ʧʨʠ ʤʽʥʽʤʘʣʴʥʠʭ ʟʥʘʯʝʥʥʷʭ ʯʘʩʫ ʨʝʘʢʮʽʾ 

ʤʦʪʦʨʥʠʡ ʧʝʨʽʦʜ ʤʦʞʝ ʙʫʪʠ ʧʦʨʽʚʥʷʥʥʠʡ ʟ ʣʘʪʝʥʪʥʠʤ. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʊɿ 

ʩʝʨʝʜʥʴʦʛʦ ʢʣʘʩʫ ʤʦʪʦʨʥʠʡ ʧʝʨʽʦʜ ʩʢʣʘʜʘʻ (0,16 + 0,08) ʩ. 

ɺʠʚʯʝʥʥ ̫ʨʦʙʽʪ ʧʨʠʩʚʷʯʝʥʠʭ ʜʦʩʣʽʜʞʝʥʥʶ ʯʘʩʫ ʨʝʘʢʮʽʾ ʣʶʜʠʥʠ ʧʦʢʘʟʫʻ, 

ʱʦ ʚʽʥ ʟʤʽʥʶʻʪʴʩʷ ʚ ʰʠʨʦʢʠʭ ʤʝʞʘʭ, ʦʜʥʘʢ ʧ̔ ʜ ʯʘʩ ʚʠʙʦʨʫ ʟʥʘʯʝʥʴ ʯʘʩʫ ʨʝʘʢʮʽʾ 

ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʛʘʣʴʤʫʚʘʥʥʷ ʊɿ ʩʣʽʜʯʠʡ, ʝʢʩʧʝʨʪ ʯʠ ʩʫʜʜʷ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʦʚʽʜʢʦʚ ̔ʪʘʙʣʠʮʽ ʜʘʥʠʭ, ʷʢʽ ʤʽʩʪʷʪʴ ʬʽʢʩʦʚʘʥ ̔ʟʥʘʯʝʥʥʷ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʝʚʥʽʡ ɼʊʉ [140, 145, 301-304]. ʊʘʙʣʠʯʥ̔ ʜʘʥʽ ʤʽʩʪʷʪʴ ʜʽʘʧʘʟʦʥ 

ʯʘʩʫ ʨʝʘʢʮʽʾ ʚ ʽʥʪʝʨʚʘʣʽ ʟʥʘʯʝʥʴ ʚʽʜ 0,3 ʜʦ 1,4 ʩ. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ɼʊʉ, ʱʦ 

ʩʚʽʜʯʠʣʘ ʧʨʦ ʚʝʣʠʢʫ ʽʤʦʚʽʨʥʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ ɼʊʇ, ʚ ʪʘʙʣʠʮʽ ʚʢʘʟʘʥʦ ʯʘʩ 

ʨʝʘʢʮʽʾ 0,8 ʩ; ʜʣʷ ɼʊʉ, ʢʦʣʠ ʥʘ ʜʦʨʦʟʽ ʥʝʩʧʦʜʽʚʘʥʦ ʟô̫ ʚʣʷʻʪʴʩʷ ʧʽʰʦʭʽʜ ï 1,2 ʩ. 

ɺ ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʮʽ ʟʥʘʯʝʥʥʷ ʨʝʘʢʮʽʾ ʚʦʜʽʷ ʻ ʩʝʨʝʜʥʽʤʠ, ʚʦʥʠ ʥʝ ʥʝʩʫʪʴ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʯʘʩʫ ʨʝʘʢʮʽʾ ʦʢʨʝʤʦʛʦ ʚʦʜʽʷ ʯʠ ʫʩʽʻʾ 



89 

ʩʫʢʫʧʥʦʩʪʽ ʚʦʜʽʾʚ. ɼʣʷ ʬʦʨʤʫʚʘʥʥʷ ʦʙôʻʢʪʠʚʥʦʛʦ ʝʢʩʧʝʨʪʥʦʛʦ ʚʠʩʥʦʚʢʫ 

ʚʘʞʣʠʚʦ ʦʮʽʥʠʪʠ ʚʝʣʠʯʠʥʫ ʥʝʚʠʟʥʘʯʝʥʦʩʪ̔ ʪʘ ʾʾ ʚʧʣʠʚ ʥʘ ʜʦʩʪʦʚʽʨʥʩ̔ʪɹ 

ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ. ʗʢʱʦ ʫʷʚʠʪʠ ʩʦʙʽ, ʱʦ ʜʣʷ ʧʝʚʥʦʾ ɼʊʉ ʯʘʩ ʨʝʘʢʮʽʾ 

ʚʦʜʽʷ, ʱʦ ʧʦʧʘʚ ʫ ɼʊʇ, ʙʫʚ ʚʢʘʟʘʥʠʡ ʥʝ ʪʦʯʥʦ 1,2 ʩ, ʘ ʟ ʚʨʘʭʫʚʘʥʥʷʤ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ï (1,2 Ñ 0,4) ʩ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʨʠ ʰʚʠʜʢʦʩʪʽ 25 ʤ/ʩ 

(90 ʢʤ/ʛʦʜ), ʚʨʘʭʦʚʫʶʯʠ ʟʘʜʘʥʽ ʟʥʘʯʝʥʥʷ ʯʘʩʫ ʨʝʘʢʮʽʾ, ʚʽʜʩʪʘʥʴ, ʧʨʦʡʜʝʥʫ ʊɿ ʚ 

ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʙʫʣʦ ʙ ʦʮʽʥʝʥʦ ʚ 30 ʤ. ɼʣʷ ʜʨʫʛʦʛʦ ʚʠʧʘʜʢʫ ʚʦʥʘ ʙ ʩʢʣʘʜʘʣʘ 

(30 ° 10) ʤ, ʪʦʙʪʦ ʟʥʘʭʦʜʠʣʘʩʴ ʙʠ ʚ ʜʽʘʧʘʟʦʥʽ ʟʥʘʯʝʥʴ ʚʽʜ 20 ʜʦ 40 ʤ. 

ɺ ʥʘʚʝʜʝʥʦʤʫ ʧʨʠʢʣʘʜʽ ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʨʦʟʩʽʷʥʥʷ ʯʘʩʫ ʨʝʘʢʮʽʾ ʚ 33,3%  

(°0,4 ʩ). ɺʠʥʠʢʘʻ ʧʠʪʘʥʥʷ, ʯʠ ʤʦʞʝ ʙʫʪʠ ʪʘʢʠʤ ʬʘʢʪʠʯʥʝ ʨʦʟʩʽʷʥʥʷ? ɼʣʷ 

ʚʽʜʧʦʚʽʜ ̔ʥʘ ʧʦʩʪʘʚʣʝʥʝ ʧʠʪʘʥʥʷ, ʥʘʚʝʜʝʤʦ ʨʝʟʫʣʴʪʘʪʠ ʨʷʜʫ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʟ 

ʜʦʩʣʽʜʞʝʥʥ ̫ʯʘʩʫ ʨʝʘʢʮʽʾ ʣʶʜʠʥʠ. 

ʉʧʦʨʪʠʚʥʠʤʠ ʧʩʠʭʦʣʦʛʘʤʠ ʙʫʣʠ ʚʠʢʦʥʘʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢʽ ʧʦʢʘʟʘʣʠ, ʱʦ 

ʯʘʩ ʧʨʦʩʪʦʾ ʨʝʘʢʮʽʾ ʫ ʨʽʟʥʠʭ ʩʧʦʨʪʩʤʝʥʽʚ, ʷʢʽ ʟʘʡʤʘʶʪʴʩʷ ʦʜʥʘʢʦʚʠʤ ʚʠʜʦʤ 

ʩʧʦʨʪʫ, ʤʘʻ ʩʫʪʪʻʚʫ ʨʽʟʥʠʮʶ [207]. ʊʘʢ ʩʝʨʝʜʥʽʡ ʯʘʩ ʨʝʘʢʮʽʾ ʥʘ ʩʚʽʪʣʦʚʠʡ 

ʩʠʛʥʘʣ ʫ 178 ʯʦʣʦʚʽʢʽʚ ʚʽʢʦʤ 17-35 ʨʦʢʽʚ ʩʢʣʘʜʘʻ 0,289 ʩʝʢʫʥʜ. ʅʘʡʤʝʥʰʝ 

ʟʥʘʯʝʥʥʷ ʯʘʩʫ ʨʝʘʢʮʽʾ ʜʦʨʽʚʥʶʚʘʣʦ 0,190 ʩ, ʘ ʥʘʡʙʽʣʴʰʝ ï 0,476 ʩ. ʄʘʢʩʠʤʘʣʴʥʝ 

ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʙʫʣʦ ʨʽʚʥʠʤ 65%. ʈʝʟʫʣʴʪʘʪʠ ʚʠʢʦʥʘʥʠʭ 

ʙʘʛʘʪʦʨʘʟʦʚʠʭ ʚʠʤʽʨʶʚʘʥʴ ʯʘʩʫ ʨʝʘʢʮʽʾ ʫ ʜʚʦʭ ʩʧʦʨʪʩʤʝʥʽʚ-ʧʨʦʬʝʩʽʦʥʘʣʽʚ 

(ʤʘʡʩʪʨʽʚ ʩʧʦʨʪʫ) ʚ ʦʜʥʘʢʦʚʠʭ ʫʤʦʚʘʭ ʧʦʢʘʟʘʣʠ, ʱʦ ʫʩʝʨʝʜʥʝʥʽ ʟʥʘʯʝʥʥʷ ʮʴʦʛʦ 

ʧʦʢʘʟʥʠʢʘ ʙʣʠʟʴʢʽ ʤʽʞ ʩʦʙʦʶ ï 0,208 ʩ ʪʘ 0,193 ʩ. ɺʽʜʤʽʥʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ 

ʦʢʨʝʤʠʭ ʚʠʤʽʨʶʚʘʥʴ ʚʽʜ ʩʝʨʝʜʥʴʦʛʦ ʧʦʢʘʟʥʠʢʘ ʫ ʦʜʥʦʛʦ ʩʧʦʨʪʩʤʝʥʘ ʩʢʣʘʜʘʣʘ 

ʤʘʡʞʝ 35%, ʘ ʫ ʽʥʰʦʛʦ ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʘ 20%. ɸʥʘʣʽʟ ʚʧʣʠʚʫ ʨʽʟʥʠʭ ʬʘʢʪʦʨʽʚ 

ʥʘ ʨʝʘʢʮʽʶ ʚʦʜʽʾʚ ʚ ʨʝʘʣʴʥʦʤʫ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʧʦʪʦʮ ̔ʧʨʠ ʨʽʟʥʽʡ ʥ̔ʪʝʥʩʠʚʥʦʩʪ̔ 

ʨʫʭʫ ʧʦʢʘʟʘʚ, ʱʦ ʯʘʩ ʨʝʘʢʮʽʾ ʫ ʚʦʜʽʷ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʡʦʛʦ 

ʤʦʞʣʠʚʦʩʪʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʷʚʠ ʩʠʛʥʘʣʽʚ ʥʝʙʝʟʧʝʢʠ. ɺʽʥ ʟʤʽʥʶʻʪʴʩʷ ʚ 

ʰʠʨʦʢʠʭ ʤʝʞʘʭ (0,4-2,3 ʩ ʜʣʷ ʜʚʦʩʤʫʛʦʚʠʭ ʜʦʨʛ̔ ʪʘ 0,5-2,6 ʩ ʜʣʷ 

ʙʘʛʘʪʦʩʤʫʛʦʚʠʭ ʜʦʨʛ̔). ɺʘʛʦʤʠʡ ʚʧʣʠʚ ʥʘ ʟʜʘʪʥʽʩʪʴ ʚʠʷʚʠʪʠ ʩʠʛʥʘʣ ʥʝʙʝʟʧʝʢʠ 

ʟʜʽʡʩʥʶʻ ʧʦʣʦʞʝʥʥʷ ʩʠʛʥʘʣʫ ʫ ʧʦʣʽ ʟʦʨʫ ʚʦʜʽʷ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʥʝʦʙʭʽʜʥʽʩʪʶ 

ʬʽʢʩʘʮʽʾ ʚʦʜʽʻʤ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʦʙô̒ ʢʪʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʝʨʠʬʝʨʽʡʥʦʛʦ ʟʦʨʫ. 
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ʇʨʠ ʮʴʦʤʫ ʟʜʘʪʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ ʽ ʧʽʟʥʘʥʥʷ ʦʙô̒ ʢʪʫ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʧʨʷʤʽʡ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʣʽʨʥʠʭ ʪʘ ʩʚʽʪʣʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʦʥʫ ʪʘ ʦʙ'ʻʢʪʫ 

ʨʦʟʨʽʟʥʝʥʥʷ. ʅʘʧʨʠʢʣʘʜ, ʷʩʢʨʘʚʝ ʩʚʽʪʣʦ ʣʽʭʪʘʨʷ ʤʦʞʝ ʩʧʨʠʡʤʘʪʠʩʷ ʧʨʠ 

ʚʽʜʭʠʣʝʥʥʽ ʚʽʜ ʮʝʥʪʨʫ ʧʦʣʷ ʟʦʨʫ ʧʦ ʛʦʨʠʟʦʥʪʘʣʽ ʜʦ 50Á. ʆʙô̒ ʢʪʠ ʟ ʤʘʣʦʶ 

ʢʦʥʪʨʘʩʪʥʽʩʪʶ ʤʦʞʫʪʴ ʙʫʪʠ ʥʝ ʚʠʷʚʣʝʥʠʤʠ ʧʨʠ ʚʽʜʭʠʣʝʥʥʽ ʧʦʣʷ ʟʦʨʫ ʚʽʜ 

ʮʝʥʪʨʫ ʚʩʴʦʛʦ ʥʘ 30Á. ɹʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʽʩʥʫʻ ʩʫʪʪʻʚʘ ʨʽʟʥʠʮʷ ʫ ʯʘʩʽ ʨʝʘʢʮʽʾ 

ʥʘ ʥʝʩʧʦʜʽʚʘʥʽ ʪʘ ʦʯʽʢʫʚʘʥʽ ʩʠʛʥʘʣʠ: ʟʤʝʥʰʫʻʪʴʩʷ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʯʘʩʫ 

ʨʝʘʢʮʽʾ ʪʘ ʡʦʛʦ ʨʦʟʩʽʷʥʥʷ. 

ʈʫʭ ʫ ʢʦʣʦʥʽ ʩʧʨʠʯʠʥʷʻ ʧʽʜʚʠʱʝʥʫ ʥʘʧʨʫʛʫ ʚʦʜʽʷ ̔  ʥʘʤʘʛʘʥʥʷ ʧʨʦʛʥʦʟʫʚʘʪʠ 

ʧʦʚʝʜʽʥʢʫ ʣʽʜʝʨʘ. ʎʝ ʦʩʦʙʣʠʚʦ ʧʨʦʷʚʣʷʻʪʴʩʷ ʚ ʜʫʞʝ ʱʽʣʴʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʧʦʪʦʢʘʭ, ʷʢʽ ʩʧʨʠʷʶʪʴ ʤʘʣʽʡ ʚʽʜʩʪʘʥʽ ʤʽʞ ʊɿ. ɿʙʽʣʴʰʝʥʥ ̫ʜʠʩʪʘʥʮʽʾ ʤʽʞ ʊɿ 

ʩʧʨʠʷʻ ʟʤʝʥʰʝʥʥʶ ʥʘʧʨʫʞʝʥʦʩʪʽ ʨʦʙʦʪʠ ʚʦʜʽʷ ʪʘ ʟʙʽʣʴʰʝʥʥʶ ʯʘʩʫ ʨʝʘʢʮʽʾ ʽ 

ʡʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ. ʅʘʧʨʠʢʣʘʜ, ʫ ʚʦʜʽʷ ʊɿ, ʱʦ ʩʣʽʜʫʻ ʟʘ ʣʽʜʝʨʦʤ ʟ ʜʠʩʪʘʥʮʽʻʶ 

ʙʣʠʟʴʢʦ 15 ʤ, ʯʘʩ ʨʝʘʢʮʽʾ ʩʢʣʘʜʘʚ (0,6 + 0,2) ʩ ʟ ʽʤʦʚʽʨʥʽʩʪʶ 0,95. ʇʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ʜʠʩʪʘʥʮʽʾ ʜʦ 70 ʤ ʫʩʝʨʝʜʥʝʥʽ ʧʦʢʘʟʥʠʢʠ ʯʘʩʫ ʨʝʘʢʮʽʾ ʪʘ ʡʦʛʦ 

ʨʦʟʩʽʷʥʥʷ ʟʙʽʣʴʰʫʚʘʣʠʩʴ ʜʦ (1,2 + 0,4) ʩ, ʪʦʙʪʦ ʫʜʚʽʯʽ. 

ʉʪʦʤʣʝʥʥʷ ʣʶʜʠʥʠ, ʱʦ ʥʘʨʦʩʪʘ ̒ʚʧʨʦʜʦʚʞ ʨʦʙʦʯʦʛʦ ʜʥʷ, ʩ̔ʪʦʪʥʦ ʚʧʣʠʚʘ ̒

ʥʘ ʰʚʠʜʢʽʩʪʴ ʨʝʘʢʮʽʾ ʪʘ ʟʥʠʞʫʻ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ. ɯʩʥʫʻ ʜʚʘ ʚʠʜʠ ʩʪʦʤʣʝʥʥʷ: 

ʧʩʠʭʦʣʦʛʽʯʥʝ ʪʘ ʬʽʟʽʦʣʦʛʽʯʥʝ. ʇʩʠʭʦʣʦʛʽʯʥʝ ʩʪʦʤʣʝʥʥʷ ʦʙʫʤʦʚʣʝʥʝ 

ʧʝʨʝʚʘʥʪʘʞʝʥʽʩʪʶ ʥʝʨʚʦʚʦʾ ʩʠʩʪʝʤʠ, ʬ̔ʟʽʦʣʦʛʽʯʥʝ ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʚʧʣʠʚʫ 

ʧʨʦʜʫʢʪʽʚ ʨʦʟʢʣʘʜʘʥʥʷ ʨʝʯʦʚʠʥ ʚ ʦʨʛʘʥʽʟʤʽ ʥʘ ʥʝʨʚʦʚʫ ʩʠʩʪʝʤʫ ʣʶʜʠʥʠ. ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʩʧʽʣʴʥʦʾ ʜʽʾ ʦʙʦʭ ʚʠʜʽʚ ʩʪʦʤʣʝʥʥʷ ʯʘʩ ʨʝʘʢʮʽʾ ʟʤʽʥʶʻʪʴʩʷ. ʉʧʦʯʘʪʢʫ 

ʨʦʙʦʪʠ ʯʘʩ ʨʝʘʢʮʽʾ ʟʤʝʥʰʫʻʪʴʩʷ, ʜʘʣʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʝʨʽʦʜ ʩʪʘʙʽʣʽʟʘʮʽʾ ʡʦʛʦ 

ʧʦʢʘʟʥʠʢʽʚ, ʘ ʧʦʪʽʤ ʽʟ ʨʦʩʪʦʤ ʩʪʦʤʣʝʥʥʷ ʟʨʦʩʪʘʶʪʴ ʧʦʢʘʟʥʠʢʠ ʯʘʩʫ ʨʝʘʢʮʽʾ ʪʘ 

ʡʦʛʦ ʨʦʟʩʽʷʥʥʷ. ɿʙʽʣʴʰʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʨʫʭʫ ʪʘʢʦʞ ʩʧʨʠʷʻ ʧʦʷʚʽ ʩʪʦʤʣʝʥʥʷ 

ʪʘ ʨʦʩʪʫ ʯʘʩʫ ʨʝʘʢʮʽʾ ʚʦʜʽʷ. ʇʽʜʨʘʭʫʥʢʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʪʽʣʴʢʠ ʟʘ ʨʘʭʫʥʦʢ 

ʩʪʦʤʣʝʥʥʷ ʚʦʜʽʷ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʯʘʩʫ ʡʦʛʦ ʨʝʘʢʮʽʾ ʟʨʦʩʪʘʻ ʥʘ 25-30%. 

ʆʪʞʝ, ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʫʶʪʴ ʚʝʣʠʢʫ 

ʤʽʥʣʠʚʽʩʪʴ ʛʨʫʧʦʚʦʛʦ ʪʘ ̔ʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʯʘʩʫ ʨʝʘʢʮʽʾ ʣʶʜʝʡ ʥʘʚʽʪʴ ʚ 

ʦʜʥʘʢʦʚʠʭ ʫʤʦʚʘʭ. ʎʝ ʚʠʢʣʠʢʘʻ ʩʫʤʥʽʚ ʚ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʧʨʠʡʥʷʪʦʛʦ ʝʢʩʧʝʨʪʦʤ 
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ʪʘʙʣʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʯʘʩʫ ʨʝʘʢʮʽʾ, ʪʦʤʫ ʱʦ ʽʩʥʫʻ ʙʘʛʘʪʦ ʧʨʠʯʠʥ, ʷʢʽ 

ʚʽʜʭʠʣʷʶʪʴ ʜʽʡʩʥʠʡ ʯʘʩ ʨʝʘʢʮʽʾ ʚʽʜ ʪʘʙʣʠʯʥʠʭ ʟʥʘʯʝʥʴ. 

ɼʦʩʠʪʴ ʯʘʩʪʦ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ʨʫʭʫ ʊɿ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʘʥʽ 

ʧʨʠʡʥʷʪʽ ʚ 70-80 ʨʦʢʘʭ ʍʍ ʩʪʦʣʽʪʪʷ [83-86, 135, 139, 142, 144] ʟʥʘʯʝʥʥʷ ʷʢʠʭ 

ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 1.4. ɿʘʨʘʟʦʤ, ʚ ʮʽʡ ʪʘʙʣʠʮʽ ʧʦʜʘʥʽ ʜʘʥʽ, ʦʪʨʠʤʘʥʽ ʟʘʢʦʨʜʦʥʥʠʤʠ 

ʪʘ ʚʽʪʯʠʟʥʷʥʠʤʠ ʩʧʝʮʽʘʣʽʩʪʘʤʠ ʟʘ ʦʩʪʘʥʥʽ 20 ʨʦʢʽʚ [84, 88, 89, 118, 125, 127, 

128, 150, 151, 157-159, 172, 173, 184, 185, 187, 197]. ɿʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ 

ʟʯʝʧʣʝʥʥʷ ʢʦʣʽʩ ʊɿ ʟ ʜʦʨʦʞʥʽʤ ʧʦʢʨʠʪʪʷʤ ʚʽʜʧʦʚʽʜʘʶʪʴ ʰʚʠʜʢʦʩʪʽ 11,1 ʤ/ʩ. 

ɿʙʽʣʴʰʝʥʥ ̫h ʚʠʜʢʦʩʪʽ ʨʫʭʫ ʊɿ ʥʘ ʟʥʦʰʝʥʠʭ ʰʠʥʘʭ ʘʙʦ ʧʦ ʙʨʫʜʥʠʭ ʧʦʢʨʠʪʪʷʭ, 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʽʟʢʦʛʦ ʟʥʠʞʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʟʯʝʧʣʝʥʥʷ. 

 

ʊʘʙʣʠʮʷ 1.4 ï ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʽʚ ʟʯʝʧʣʝʥʥʷ ʜʣʷ 

ʨʽʟʥʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ɺʠʜ ʧʦʢʨʠʪʪʷ 

ʊʠʧ ʰʠʥ 

ʉʫʭʠʡ  

ʘʩʬʘʣʴʪ 

ʄʦʢʨʠʡ  

ʘʩʬʘʣʴʪ 
ʉʥʽʛ ʃʽʜ 

ʈʝʢʦʤʝʥʜʦʚʘʥʽ ʟʥʘʯʝʥʥʷ 

ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʢʘʟ-

ʥʠʢʽʚ ʛʘʣʴʤʫʚʘʥʥʷ ʊɿ 

0.70-0.80 0.40-0.60 0.20-0.40 0.05-0.10 

ʃʽʪʥʽ 
ʙʝʟ ɸɹʉ 0.65-0.88 0.51-0.75 0.22-0.34 0.06-0.08 

ʟ ɸɹʉ 0.78-1.07 0.56-0.85 0.26-0.37 0.07-0.1 

ɺʩʝʩʝʟʦʥʥʽ 
ʙʝʟ ɸɹʉ 0.65-0.80 0.46-0.71 0.29-0.41 0.08-0.12 

ʟ ɸɹʉ 0.68-0.89 0.52-0.77 0.33-0.45 0.09-0.14 

ʇʦʟʘʰʣʷʭʦʚʽ 
ʙʝʟ ɸɹʉ 0.59-0.78 0.53-0.72 0.18-0.42 0.07-0.15 

ʟ ɸɹʉ 0.72-0.86 0.57-0.82 0.20-0.45 0.09-0.20 

ɿʠʤʥʽ ʙʝʟ 

ʰʠʧʽʚ 

ʙʝʟ ɸɹʉ 0.60-0.86 0.48-0.65 0.33-0.46 0.09-0.19 

ʟ ɸɹʉ 0.67-0.95 0.51-0.90 0.33-0.50 0.12-0.21 

ɿʠʤʥʽ ʟ ʰʠʧʘʤʠ  
ʙʝʟ ɸɹʉ 0.56-0.83 0.45-0.57 0.22-0.50 0.10-0.26 

ʟ ɸɹʉ 0.52-0.74 0.60-0.97 0.36-0.54 0.10-0.28 

ʋʩʽ ʪʠʧʠ ʰʠʥ 
ʙʝʟ ɸɹʉ 0.56-0.88 0.45-0.75 0.18-0.50 0.06-0.26 

ʟ ɸɹʉ 0.52-1.07 0.51-0.97 0.20-0.54 0.07-0.28 
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ʅʘʚʝʜʝʥʽ ʫ ʪʘʙʣ. 1.4 ʧʦʢʘʟʥʠʢʠ ʩʚʽʜʯʘʪʴ ʧʨʦ ʟʘʩʪʘʨʽʣʽʩʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥʠʭ 

ʟʥʘʯʝʥʴ, ʦʩʢʽʣʴʢʠ ʟʘ ʦʩʪʘʥʥʽ ʜʝʩʷʪʠʣʽʪʪʷ ʜʝʱʦ ʟʤʽʩʪʠʣʠʩʴ ʪʘ ʨʦʟhʠʨʠʣʠʩʴ 

ʤʦʞʣʠʚ ̔̔ ʥʪʝʨʚʘʣʠ ʟʤʽʥʠ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʘ ʟʯʝʧʣʝʥʥʷ. ɺʠʢʦʥʘʥʽ ʨʦʟʨʘʭʫʥʢʠ 

ʧʦʢʘʟʫʶʪʴ, ʱʦ ʽʤʦʚʽʨʥʽʩʪʴ ʧʦʧʘʜʘʥʥʷ ʤʦʞʣʠʚʠʭ ʟʥʘʯʝʥ ɹ ʢʦʝʬʽʮʽʻʥʪʘ 

ʟʯʝʧʣʝʥʥʷ ʚ ʨʝʢʦʤʝʥʜʦʚʘʥʠʡ ʨʘʥʽʰʝ ʜʽʘʧʘʟʦʥ ʜʦʨʽʚʥʶʻ 43%-86%. 

ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʜʘʥʠʭ ʟ ʚʠʟʥʘʯʝʥʥʷ ʧʦʭʠʙʢʠ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʝʣʠʯʠʥʠ ʟʫʧʠʥʥʦʛʦ ʰʣʷʭʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ 

ʟʯʝʧʣʝʥʥʷ ʪʘ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʊɿ ʧʦʜʘʥʽ ʥʘ ʨʠʩʫʥʢʘʭ 1.9, 1.10, ʘ ʚ̔ ʜʥʦʩʥʦ ʾ

ʨʽʟʥʠʮ ̔ʨʦʟʨʘʭʫʥʢʫ ʟʥʘʯʝʥʴ ʚʽʜʭʠʣʝʥʥʷ ʊɿ ʚ ʥʘʧʨʷʤʢʫ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ 

ʧʦʯʘʪʢʦʚʦʤʫ ʥʘʧʨʷʤʢʫ ʨʫʭʫ ʥʘ ʨʠʩʫʥʢʫ 1.11. ɿ ʜʘʥʠʭ ʨʠʩʫʥʢʽʚ ʚʠʜʥʦ, ʱʦ ʧʨʠ 

ʨʦʟʨʘʭʫʥʢʫ ʟʫʧʠʥʥʦʛʦ ʰʣʷʭʫ ʟʘ ʜʽʶʯʦʶ ʤʝʪʦʜʠʢʦʶ ʤʽʥʽʤʘʣʴʥʘ ʨʽʟʥʠʮʷ ʤʽʞ 

ʥʘʡʙʽʣʴʰʠʤ ʪʘ ʥʘʡʤʝʥʰʠʤ ʟʥʘʯʝʥʥʷʤʠ ʩʢʣʘʜʘʻ 20%, ʘ ʤʘʢʩʠʤʘʣʴʥʘ ʨʽʟʥʠʮʷ 

ʜʣʷ ʚʠʧʘʜʢʫ ʝʢʩʪʨʝʥʦʛʦ ʛʘʣʴʤʫʚʘʥʥ ̫ʥʘ ʣʴʦʜʫ ʩʢʣʘʜʘʻ 316%. ʗʢʱʦ ʧʨʠʡʥʷʪʠ 

ʨʝʢʦʤʝʥʜʦʚʘʥʫ ʟʘʣʝʞʥʽʩʪʴ ʟʘ ʝʪʘʣʦʥʥʫ ʤʦʞʥʘ ʚʠʷʚʠʪʠ ʨʝʟʝʨʚʠ ʧʽʜʚʠʱʝʥʥʷ 

ʪʦʯʥʦʩʪʽ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʠ ʫʪʦʯʥʝʥʥʽ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʪʘ ʩʘʤʦʾ ʢʣʘʩʠʯʥʦʾ 

ʟʘʣʝʞʥʦʩʪʽ. 

 

 
 

ʈʠʩʫʥʦʢ 1.9 ï ɿʤʽʥʘ ʧʦʭʠʙʢʠ ʨʦʟʨʘʭʫʥʢʫ ʟʫʧʠʥʥʦʛʦ ʰʣʷʭʫ ʊɿ  
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0                      <--- ʂʦʝʬʽʮʽʻʥʪ ʟʯʝʧʣʝʥʥʷ (ű) ---> 1
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ʈʠʩʫʥʦʢ 1.10 ï ɺʽʜʩʦʪʦʢ ʦʭʦʧʣʝʥʠʭ ʚʠʧʘʜʢʽʚ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʟʫʧʠʥʦʯʥʦʛʦ 

ʰʣʷʭʫ ʊɿ ʟʘ ʨʝʢʦʤʝʥʜʦʚʘʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʢʦʝʬʽʮʽʻʥʪʘ ʟʯʝʧʣʝʥʥʷ 

 

 
 

ʈʠʩʫʥʦʢ 1.11 ï ɺʽʜʥʦʩʥʘ ʨʽʟʥʠʮʷ ʨʦʟʨʘʭʫʥʢʫ ʟʥʘʯʝʥʴ ʚʽʜʭʠʣʝʥʥʷ ʊɿ ʚ 

ʥʘʧʨʷʤʢʫ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʧʦʯʘʪʢʦʚʦʤʫ ʥʘʧʨʷʤʢʫ ʨʫʭʫ  

 

ʊʘʢ ʚʨʘʭʫʚʘʥʥʷ ʥʘʷʚʥʦʩʪʽ ʯʠ ʚʽʜʩʫʪʥʦʩʪʽ ABS ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʊɿ 

ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʜʽʘʧʘʟʦʥ ʤʦʞʣʠʚʠʭ ʟʥʘʯʝʥʴ ʚʝʣʠʯʠʥʠ ʟʫʧʠʥʥʦʛʦ ʰʣʷʭʫ ʥʘ  

7-12%, ʘ ʚʽʜʭʠʣʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʚ ʥʘʧʨʷʤʢʫ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ 



94 

ʧʦʯʘʪʢʦʚʦʤʫ ʥʘʧʨʷʤʢʫ ʨʫʭʫ ʥʘ 12-21%. ɺʨʘʭʫʚʘʥʥ ̫ʪʠʧʫ ʰʠʥ, ʚʩʪʘʥʦʚʣʝʥʠʭ 

ʥʘ ʊɿ, ʜʣʷ ʚʠʧʘʜʢʫ ʚʟʘʻʤʦʜʽʾ ʽʟ ʜʦʨʦʛʦʶ ʧʦʢʨʠʪʦʶ ʦʞʝʣʝʜʠʮʝʶ ʘʙʦ 

ʟʘʩʥʽʞʝʥʦʶ ʜʦʨʦʛʦʶ ʧ̔ ʜʚʠʱʫ ̒ ʪʦʯʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʽʚ ʟʫʧʠʥʥʦʛʦ ʰʣʷʭʫ ʥʘ  

32-41%, ʘ ʚʽʜʭʠʣʝʥʥʷ ʊɿ ʚ ʥʘʧʨʷʤʢʫ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʧʦʯʘʪʢʦʚʦʤʫ 

ʥʘʧʨʷʤʢʫ ʨʫʭʫ ʥʘ 11-43%. 

ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ ʩʫʪʪʻʚʫ ʟʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ ʟʯʝʧʣʝʥʥʷ ʚʽʜ ʰʚʠʜʢʦʩʪʽ 

ʨʫʭʫ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ, ʙʦʢʦʚʦʛʦ ʚʽʜʚʝʜʝʥʥʷ ʢʦʣʩ̔, ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʪʠʩʢʫ 

ʚ hʠʥʘʭ, ʟʥʦʰʝʥʦʩʪʽ ʰʠʥ, ʪʦʚʱʠʥʠ ʚʦʜʷʥʦʾ ʧʣʽʚʢʠ ʥʘ ʧʦʚʝʨʭʥʽ ʜʦʨʦʞʥʴʦʛʦ 

ʧʦʢʨʠʪʪʷ, ʙʘʛʘʪʴʦʭ ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ. ʊʘʢ, ʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ 

ʟʯʽʧʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʰʠʥ ʥʘ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʦʤʫ ʧʦʢʨʠʪʪʽ 

ʢʦʝʬʽʮʽʻʥʪ ʟʯʝʧʣʝʥʥʷ ʧʨʠ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʊɿ 10 ʢʤ/ʛʦʜ ʜʦʨʽʚʥʶʚʘʚ 0.65, ʘ ʧʨʠ 

ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʊɿ 100 ʢʤ/ʛʦʜ ï 0.34 [207]. 

ʆʪʞʝ, ʚʩʝ ʩʢʘʟʘʥʝ ʧʽʜʪʚʝʨʜʞʫʻ ʧʨʠʧʫʱʝʥʥʷ ʧʨʦ ʥʝʥʘʜʽʡʥʽʩʪʴ ʪʘʙʣʠʯʥʠʭ 

ʜʦʚʽʜʢʦʚʠʭ ʜʘʥʠʭ ʪʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʧʦʛʣʠʙʣʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʨʽʰʝʥʥʷ ʟʘʜʘʯ 

ʘʚʪʦʪʝʭʥʽʯʥʦ ʾʝʢʩʧʝʨʪʠʟʠ ɼʊʇ.  

 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 1 

 

1. ɺʠʩʦʢʠʡ ʨʽʚʝʥɹ ʪʨʘʚʤʘʪʠʟʤʫ ʽ ʩʤʝʨʪʥʦʩʪʽ ʥʘ ʜʦʨʦʛʘʭ ʻ ʧʨʦʙʣʝʤʦʶ, ʷʢʘ 

ʧʨʠʪʘʤʘʥʥʘ ʤʽʞʥʘʨʦʜʥʦʤʫ ʩʫʩʧʽʣʴʩʪʚʫ ʚ ʮʽʣʦʤʫ ʪʘ ʋʢʨʘʾʥʽ ʟʦʢʨʝʤʘ. ʉʫʯʘʩʥʠʡ 

ʩʪʘʥ ʘʚʘʨʽʡʥʦʩʪʽ ʧʦʪʨʝʙʫʻ ʩʪʚʦʨʝʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʟʘʭʦʜʽʚ 

ʱʦʜʦ ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ, ʧʦʛʣʠʙʣʝʥʦʛʦ ʚʠʚʯʝʥʥʷ ʫʤʦʚ ʪʘ 

ʧʨʠʯʠʥ ɼʊʇ, ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʟʘʪʚʝʨʜʞʝʥʦʛʦ ʧʝʨʝʣʽʢʫ ʟʘʚʜʘʥʴ ʘʚʪʦʪʝʭʥʽʯʥʦʾ 

ʝʢʩʧʝʨʪʠʟʠ. 

2. ɿ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʨʦʟʩʣʽʜʫʚʘʥʥʷ ʦʙʩʪʘʚʠʥ ɼʊʇ ʪʘ ʜʦʩʷʛʥʝʥʥʷ 

ʦʙôʻʢʪʠʚʥʦʛʦ ʚʠʩʥʦʚʢʫ ʧʽʜ ʯʘʩ ʩʣʽʜʩʪʚʘ ʽ ʩʫʜʫ ʄʽʥʽʩʪʝʨʩʪʚʦʤ ʶʩʪʠʮʽʾ ʋʢʨʘʾʥʠ 

ʟʘʪʚʝʨʜʞʝʥʽ ʥʘʫʢʦʚʦ-ʤʝʪʦʜʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʧʽʜʛʦʪʦʚʢʠ ʪʘ ʧʨʠʟʥʘʯʝʥʥʷ 

ʩʫʜʦʚʠʭ ʝʢʩʧʝʨʪʠʟ ʪʘ ʚʠʢʦʥʘʥʥʷ ʝʢʩʧʝʨʪʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʷʢʽ ʧʝʨʝʜʙʘʯʘʶʪʴ 

ʧʝʨʝʣʽʢ ʦʩʥʦʚʥʠʭ ʧʠʪʘʥʴ ʟ ʘʚʪʦʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ. ɺʽʜʧʦʚʽʜʽ ʥʘ ʮʽ ʧʠʪʘʥʥʷ 
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ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ, ʚʽʜʦʤʠʤʠ ʟ ʪʝʦʨʽʾ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʊɿ. ʇʨʠ ʮʴʦʤʫ ʨʦʟʨʘʭʫʥʦʢ ʧʘʨʘʤʝʪʨʽʚ ʨʫʭʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʧʨʠ 

ʘʚʪʦʪʝʭʥʽʯʥʽʡ ʝʢʩʧʝʨʪʠʟʽ ʚʠʢʦʥʫʻʪʴʩʷ ʙʝʟ ʦʮʽʥʶʚʘʥʥʷ ʧʦʭʠʙʢʠ ʦʜʝʨʞʫʚʘʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ, ʱʦ ʥʝ ʟʘʜʦʚʦʣʴʥʷʻ ʚʠʤʦʛʠ ɿʘʢʦʥʫ ʋʢʨʘʾʥʠ çʇʨʦ ʤʝʪʨʦʣʦʛʽʶ ʪʘ 

ʤʝʪʨʦʣʦʛʽʯʥʫ ʜʽʷʣʴʥʽʩʪʴè. ʎʝ ʚʠʟʥʘʯʘʻ ʘʢʪʫʘʣʴʥʽʩʪʴ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ 

ʨʦʟʚôʷʟʫʚʘʥʥʷ ʟʘʜʘʯ ʘʚʪʦʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʧʨʠʛʦʜ. 

3. ʋ ʚʽʜʦʤʠʭ ʜʞʝʨʝʣʘʭ ʥʝʜʦʩʪʘʪʥʴʦ ʜʦʩʣʽʜʞʝʥʽ ʪʝʭʥʦʣʦʛʽʾ ʦʧʪʠʤʽʟʘʮʽʾ 

ʚʠʙʦʨʫ ʧʦʯʘʪʢʦʚʠʭ ʜʘʥʠʭ ʪʘ ʤʝʪʦʜʠʢ ʽʥʞʝʥʝʨʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ʨʫʭʫ 

ʫʯʘʩʥʠʢʽʚ ɼʊʇ ʟ ʤʝʪʦʶ ʤʽʥʽʤʽʟʘʮʽʾ ʚʧʣʠʚʫ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʥʘ ʨʝʟʫʣʴʪʘʪʠ 

ʘʚʪʦʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ. ʇʦʪʨʝʙʫʶʪʴ ʫʪʦʯʥʝʥʥʷ ʧʘʨʘʤʝʪʨʠ ʽ ʢʦʝʬʽʮʽʻʥʪʠ, ʥʘ 

ʦʩʥʦʚʽ ʷʢʠʭ ʝʢʩʧʝʨʪ ʧʨʦʚʦʜʠʪʴ ʜʦʩʣʽʜʞʝʥʥʷ, ʚʠʢʦʥʫʻ ʨʦʟʨʘʭʫʥʢʠ ʪʘ ʬʦʨʤʫʻ 

ʝʢʩʧʝʨʪʥʠʡ ʚʠʩʥʦʚʦʢ.  

4. ʅʘ ʜʘʥʠʡ ʯʘʩ ʩʠʩʪʝʤʘ ʘʚʪʦʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ ɼʊʇ ʤʘʻ, ʟ ʧʦʛʣʷʜʫ 

ʚʠʤʦʛ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʘ ʩʠʩʪʝʤʥʠʭ ʚʠʤʦʛ, ʙʘʛʘʪʦ ʥʝʜʦʣʽʢʽʚ: ʥʝʩʠʩʪʝʤʥʠʡ 

ʨʦʟʚʠʪʦʢ ʜʽʶʯʠʭ ʤʝʪʦʜʠʢ ʝʢʩʧʝʨʪʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʡʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ, 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʪʘ ʽʥʰʠʭ ʚʠʜʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ; ʚ̔ ʜʩʫʪʥʽʩʪʴ ʥʝʦʙʭʽʜʥʦʾ ʥʘʫʢʦʚʦʾ 

ʪʝʦʨʽʾ ʘʥʘʣʽʟʫ ʩʢʣʘʜʥʦ ʬʦʨʤʘʣʽʟʦʚʘʥʠʭ ʚʠʜʽʚ ɼʊʇ, ʧʦʚô̫ ʟʘʥʠʭ ʟ ʨʫʭʦʤ ʊɿ ʚ 

ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʫʤʦʚʘʭ; ʚʽʜʩʪʘʚʘʥʥʷ ʨʽʚʥʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʽʩʥʫʶʯʦʾ ʩʠʩʪʝʤʠ 

ʘʚʪʦʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ ʚʽʜ ʨʽʚʥʷ ʨʦʟʚʠʪʢʫ ʝʣʝʢʪʨʦʥʥʦ-ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ 

ʪʝʭʥʽʢʠ; ʥʝʜʦʩʪʘʪʥʷ ʷʢʽʩʪʴ ʢʚʘʣʽʬʽʢʘʮʽʡʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʬʘʭʽʚʮʽʚ ʱʦʜʦ 

ʩʠʩʪʝʤʥʦʛʦ ʩʧʨʠʡʥʷʪʪʷ ɼʊʇ ʥʘ ʫʩʽʭ ʩʪʘʜʽʷʭ ʾʭ ʜʦʩʣʽʜʞʝʥʥʷ. ʋʥʽʚʝʨʩʘʣʴʥʠʤ 

ʟʘʩʦʙʦʤ ʫʩʫʥʝʥʥʷ ʚʢʘʟʘʥʠʭ ʚʠʱʝ ʥʝʜʦʣʽʢʽʚ ʻ ʤʝʪʦʜʦʣʦʛʽʷ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ. 

5. ɸʥʘʣʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʚ ʧʨʘʢʪʠʮʽ ʘʚʪʦʪʝʭʥʽʯʥʦʾ 

ʝʢʩʧʝʨʪʠʟʠ ɼʊʇ ʧʦʢʘʟʘʚ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥ ɹʤʦʞʣʠʚʦʩʪʝʡ 

ʟʤʝʥʰʝʥʥʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʝʢʩʧʝʨʪʠʟʠ ɼʊʇ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʠʢ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʪʨʘʜʠʮʽʡʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʚ ʧʦʻʜʥʘʥʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʝʧʝʨʝʨʚʥʠʭ 

(ʥʝʧʝʨʝʨʚʥʦʟʥʘʯʥʠʭ) ʣʦʛʽʢ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʦʙʩʪʘʚʠʥ 

ʚʠʥʠʢʥʝʥʥʷ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ ʚ ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ. 
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6. ʇʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʽʜ ʯʘʩ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʟʘʜʘʯ ʘʚʪʦʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʫʤʦʚʘʭ ʥʝʧʦʚʥʦʪʠ ʽʥʬʦʨʤʘʮʽʾ, ʽʥʘʢʰʝ ʢʘʞʫʯʠ ʚ ʫʤʦʚʘʭ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ, ʷʢʘ ʤʘʻ ʩʪʦʭʘʩʪʠʯʥʫ ʪʘ ʥʝʯʽʪʢʫ ʧʨʠʨʦʜʫ. ɺʨʘʭʫʚʘʥʥʷ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪ̔ ʚʠʤʽʨʶʚʘʥʴ, ʜʦʚʽʜʢʦʚʠʭ ʽ ʝʢʩʧʝʨʪʥʠʭ ʜʘʥʠʭ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘ ̒ʥʘ 

ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʩʣʽʜʫʚʘʥʥʷ ɼʊʇ. ʅʘʡʙʽʣʴʰ ʫʥʽʚʝʨʩʘʣʴʥʠʤ ʽ ʧʨʦʩʪʠʤ ʜʣʷ 

ʦʮʽʥʶʚʘʥʥʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʧʨʠ ʝʢʩʧʝʨʪʠʟʽ ɼʊʇ ʻ ʤʝʪʦʜ ʝʢʩʪʨʝʤʘʣʴʥʠʭ 

ʟʥʘʯʝʥʴ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ, ʥʘʚʝʜʝʥʽ ʚ ʨʦʟʜʽʣʽ 1, ʦʧʫʙʣʽʢʦʚʘʥʽ ʚ ʨʦʙʦʪʘʭ [1, 6, 

7, 16, 23, 29, 36-40, 46, 48, 51, 54, 55, 62-64]. 
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ʈʆɿɼɯʃ 2  

ʂʆʅʎɽʇʊʋɸʃʔʅɯ ɿɸʉɸɼʀ ʆʎɯʅʖɺɸʅʅʗ ʊɸ ɺʀɹʆʈʋ ʉʇʆʉʆɹʋ 

ɿʄɽʅʐɽʅʅʗ ʅɽɺʀɿʅɸʏɽʅʆʉʊɯ ɺ ɿɸɼɸʏɸʍ ɸɺʊʆʊɽʍʅɯʏʅʆɰ 

ɽʂʉʇɽʈʊʀɿʀ ɼʆʈʆɾʅʔʆ-ʊʈɸʅʉʇʆʈʊʅʀʍ ʇʈʀɻʆɼ 

 

2.1 ʄʝʪʦʜʦʣʦʛʽʯʥʽ ʦʩʥʦʚʠ ʜʦʩʣʽʜʞʝʥʴ 

 

ɼʘʥʘ ʨʦʙʦʪʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʝʦʨʝʪʠʯʥʦʛʦ ʪʘ ʝʤʧʽʨʠʯʥʦʛʦ ʨʽʚʥʽʚ 

ʧʽʟʥʘʥʥʷ ʟ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ ʥʦʚʠʭ ʟʥʘʥʴ ʧʨʦ ʧʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʂʦʥʮʝʧʮʽʷ, ʱʦ ʨʦʟʨʦʙʣʶʻʪʴʩʷ, ʤʽʩʪʠʪʴ ʩʧʦʩʦʙʠ ʦʮʽʥʶʚʘʥʥʷ ʪʘ ʟʤʝʥʰʝʥʥʷ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ 

ʨʦʟʩʣʽʜʫʚʘʥʥʽ ɼʊʇ, ʚʠʟʥʘʯʝʥʽ ʥʘ ʦʩʥʦʚʽ ʩʠʩʪʝʤʘʪʠʟʘʮʽ ʾ ʪʘ ʢʦʨʝʛʫʚʘʥʥʷ 

ʦʪʨʠʤʘʥʠʭ  ̔ʚʽʜʦʤʠʭ ʟʥʘʥʴ. ɼʣʷ ʬʦʨʤʫʚʘʥʥʷ ʚʠʩʥʦʚʢʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʝʤʧʽʨʠʯʥ ̔ ʜʘʥ̔, ʚʩʪʘʥʦʚʣʝʥʽ ʰʣʷʭʦʤ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʪʘ ʚʠʤʽʨʶʚʘʥʥʷ. 

ʌʫʥʜʘʤʝʥʪʘʣʴʥʦʶ ʦʩʥʦʚʦʶ ʚʠʢʦʥʘʥʦʛʦ ʥʘʫʢʦʚʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʦʰʫʢʦʚʠʡ 

ʝʢʩʧʝʨʠʤʝʥʪ ʟ ʦʮʽʥʢʠ ʧʨʦʮʝʩʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ɺɸɼʉ ʚ 

ʨʦʟʩʣʽʜʫʚʘʥʥʽ ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʠʛʦʜ. ʅʘ ʦʩʥʦʚʽ ʩʬʦʨʤʦʚʘʥʦʾ 

ʥʘʫʢʦʚʦʾ ʛʽʧʦʪʝʟʠ ʪʘ ʨʦʟʨʦʙʣʝʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʧʦʣʦʞʝʥʴ ʙʫʣʦ ʦʪʨʠʤʘʥʦ 

ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʧʨʝʜʤʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʚʠʩʚʽʪʣʝʥʦ ʜʦʩʣʽʜʞʫʚʘʥʽ 

ʧʨʦʮʝʩʠ, ʚʠʟʥʘʯʝʥʽ ʰʣʷʭʠ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʪʘ ʦʙôʻʢʪʠʚʥʦʩʪʽ ʘʚʪʦʪʝʭʥʽʯʥʦʾ 

ʝʢʩʧʝʨʪʠʟʠ ɼʊʇ  ̔ʤʝʪʦʜʠ ʾʭ ʨʝʘʣʽʟʘʮʽʾ. ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʱʦ ʙʘʟʫʶʪʴʩʷ 

ʥʘ ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ, ʧʝʨʝʚʽʨʷʣʠʩʴ ʙʘʛʘʪʦʬʘʢʪʦʨʥʠʤ 

ʝʢʩʧʝʨʠʤʝʥʪʦʤ. 

ʅʝʚʽʜʜʽʣʴʥʦʶ ʯʘʩʪʠʥʦʶ ʨʦʟʨʦʙʢʠ ʢʦʥʮʝʧʮʽʾ ʻ ʚʠʢʣʶʯʝʥʥʷ ʩʫʙôʻʢʪʠʚʥʦʩʪʽ 

ʧʦ̫ʩʥʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʥʝʩʧʨʠʡʥʷʪʪʷ ʥʘ ʚʽʨʫ ʥʝʧʝʨʝʚʽʨʝʥʠʭ 

ʪʚʝʨʜʞʝʥ.ɹ ɿʘʙʝʟʧʝʯʝʥʥʷ ʥʘʣʝʞʥʦʛʦ ʩʪʫʧʝʥʷ ʘʜʝʢʚʘʪʥʦʩʪʽ (ʚʘʣʽʜʥʦʩʪʽ) 

ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʟʜʽʡʩʥʶʚʘʣʦʩʴ ʰʣʷʭʦʤ ʜʦʢʫʤʝʥʪʫʚʘʥʥʷ ʚʠʢʦʥʘʥʠʭ 

ʚʠʤʽʨʶʚʘʥʴ ʽ ʩʧʦʩʪʝʨʝʞʝʥʴ, ʱʦ ʩʪʚʦʨʶʻ ʫʤʦʚʠ ʜʣʷ ʢʨʠʪʠʯʥʦʾ ʦʮʽʥʢʠ ʪʘ 

ʜʦʜʘʪʢʦʚʦʛʦ ʧʽʜʪʚʝʨʜʞʝʥʥʷ (ʫ ʨʘʟʽ ʥʝʦʙʭʽʜʥʦʩʪʽ) ʦʪʨʠʤʘʥʠʭ ʥʘʫʢʦʚʠʭ 

ʧʦʣʦʞʝʥʴ (ʨʠʩ. 2.1). 
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ɺʠʟʥʘʯʝʥʥʷ 
ʥʝʚʠʨʽʰʝʥʦʾ 

ʘʢʪʫʘʣʴʥʦʾ ʧʨʦʙʣʝʤʠ 

ʌʦʨʤʫʚʘʥʥʷ 
ʥʘʫʢʦʚʦʾ ʛʽʧʦʪʝʟʠ ʪʘ 

ʢʦʥʮʝʧʮʽʾ

ʄʘʪʝʤʘʪʠʯʥʝ 
ʤʦʜʝʣʶʚʘʥʥʷ 
ʧʨʦʮʝʩʽʚ ʨʫʭʫ 
ʫʯʘʩʥʠʢʽʚ ɼʊʇ

ʈʦʟʨʦʙʢʘ ʝʤʧʽʨʠʯʥʠʭ 
ʤʦʜʝʣʝʡ ʧʽʜʚʠʱʝʥʥʷ 
ʦʙô̒ ʢʪʠʚʥʦʩʪʽ 
ʝʢʩʧʝʨʪʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ɼʊʇ
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ɸʥʘʣʦʛʦʚʦ-ʮʠʬʨʦʚʝ 

ʚʠʤʽʨʶʚʘʥʥʷ

ɸ
ʥ
ʘ
ʣ
ʽ
ʟ
 
ʜ
ʞ
ʝ
ʨ
ʝ
ʣ
 
ʪ
ʘ
 
ʩ
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ʥ
ʪ
ʝ
ʟ
 
ʧ
ʨ
ʦ
ʙ
ʣ
ʝ
ʤ
ʠ

ʂʦʤʧôʁ ʪʝʨʥʝ 
ʤʦʜʝʣʶʚʘʥʥʷ 

ʩʢʣʘʜʥʠʭ ʚʠʜʽʚ ɼʊʇ

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 
ʜʦʩʣʽʜʞʝʥʥʷ

 

 
 

ʈʠʩʫʥʦʢ 2.1 ï ɽʪʘʧʠ ʥʘʫʢʦʚʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ  

 

ʇʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʚ ʘʚʪʦʪʝʭʥʽʯʥʽʡ ʝʢʩʧʝʨʪʠʟ ̔ɼʊʇ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʫʤʦʚʘʭ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ, ʷʢ ̔ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʝʜʦʩʪʘʪʥʴʦ ʁʢʽʣʴʢʩ̔ʪʁ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ 

ʨʘʮʽʦʥʘʣʴʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʜʽʡ. ʗʢʽʩʪʴ ʧʨʦʮʝʩʫ ʥʘʧʨʘʮʶʚʘʥʥʷ ʨʽʰʝʥʴ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʜʦʩʪʘʪʥʦʩʪʽ ʚʨʘʭʫʚʘʥʥʷ ʚʩʽʭ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʝʟʫʣʴʪʘʪ 

ʧʨʠʡʥʷʪʠʭ ʨʽʰʝʥʴ. ʅʝʚʠʟʥʘʯʝʥʽʩʪʴ ʤʦʞʥʘ ʣʽʢʚʽʜʫʚʘʪʠ ʧʦʚʥʽʩʪʶ ʘʙʦ ʯʘʩʪʢʦʚʦ 

ʪʘʢʠʤʠ ʰʣʷʭʘʤʠ: ʥʘʙʫʪʪʷʤ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʦʾ ʥʝ ʚʠʩʪʘʯʘʻ; ʧʦʛʣʠʙʣʝʥʠʤ 

ʚʠʚʯʝʥʥʷʤ ʥʘʷʚʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. 

ʊʦʯʥʽʩʪʴ ʚʩʪʘʥʦʚʣʝʥʥʷ ʦʙʩʪʘʚʠʥ ɼʊʇ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʠʡʥʷʪʦʛʦ ʜʽʘʧʘʟʦʥʫ 

ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʧʝʚʥʫ ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʫ ʩʠʪʫʘʮʽʶ. 

ɿʤʽʥʠ ʟʥʘʯʝʥʴ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ɼʊʇ. ɺʠʥʠʢʘʻ 

ʧʠʪʘʥʥʷ, ʟ ʷʢʦʶ ʪʦʯʥʽʩʪʶ ʤʠ ʤʦʞʝʤʦ ʚʠʟʥʘʯʠʪʠ ʟʥʘʯʝʥʥʷ, ʚʘʞʣʠʚʽ ʜʣʷ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʦʙʩʪʘʚʠʥ ɼʊʇ, ʽ ʥʘʩʢʽʣʴʢʠ ʟʘʜʘʥʽ ʧʘʨʘʤʝʪʨʠ ʻ ʜʦʩʪʦʚʽʨʥʠʤʠ. ʎʝ 

ʧʠʪʘʥʥʷ ʩʭʝʤʘʪʠʯʥʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 2.2.  

ʗʢʱʦ ʥʝ ʚʨʘʭʦʚʫʚʘʪʠ ʧʦʤʠʣʢʠ ʚ ʦʮʽʥʮʽ ʧʘʨʘʤʝʪʨʽʚ, ʪʦ ʟ ʥʘʙʦʨʦʤ ʜʘʥʠʭ VD 

(ʨʽʟʥʽ ʤʥʦʞʠʥʠ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʤʦʞʫʪʴ ʽʩʥʫʚʘʪʠ ʜʣʷ ʜʘʥʦʾ ɼʊʉ, ʥʘʧʨʠʢʣʘʜ, 
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VD1, VD2, é, VDNv) ʪʘ ʦʙʨʘʥʦʶ ʝʢʩʧʝʨʪʦʤ ʨʦʟʨʘʭʫʥʢʦʚʦʶ ʤʦʜʝʣʣʶ ɼʊʇ 

RM ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʝʢʩʧʝʨʪʠʟʫ VEj. ɽʢʩʧʝʨʪʥʠʡ ʚʠʩʥʦʚʦʢ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʴ, 

ʟʘʣʝʞʥʦ ʚʽʜ ʧʨʠʡʥʷʪʦʛʦ ʥʘʙʦʨʫ ʜʘʥʠʭ VD ʪʘ ʟʘʩʪʦʩʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ RM. 

 

ʈʦʟʨʘʭʫʥʢʦʚʘ ʤʦʜʝʣʴ ɼʊʇ 

(RM)

ʄʥʦʞʠʥʘ ʚʭʽʜʥʠʭ 

ʜʘʥʠʭ (VD)

ɺʠʩʥʦʚʦʢ 

ʝʢʩʧʝʨʪʘ (VE)

     RM1

     RM2

...

     RMN

RM1

RM2

...

RMNVDNv

VD2

VD1

...

VE1(VD1)

DVDNv

...

VE1(VD2)

...
VE1(VDNv)

VE2(VD1)

VE2(VD2)

...
VE2(VDNv)

VEN(VDNv)VEN(VD2)

VEN(VD1)

...

DVD1

DVD2

DDR

1
1

1

2

2

2

N

N

N

VEN(DVD1)

VEN(DVD2)

VEN(DVDNv)

VE2(DVD1)

VE2(DVD2)

VE2(DVDNv)

VE1(DVD1)

VE1(DVD2)

VE1(DVDNv)

VD={VD1, VD2, é, VDNv} ; 

VD1={VDi1}, VD2={VDi2}, é, VDNv={VDiNv} ; 

i={1, 2, é, Nd}  

DVD={DVD1, DVD2, é, DVDNv} ; 

i={1, 2, é, Nd}  

DVD1={VDi1ÑDVDi1} ,

DVD2={VDi2ÑDVDi2} ,

DVDNv={VDiNvÑDVDiNv} ,

 
 

ʈʠʩʫʥʦʢ 2.2 ï ɿʘʣʝʞʥʽʩʪʴ ʚʘʨʽʘʮʽʡ ʨʝʟʫʣʴʪʘʪʽʚ ʚʩʪʘʥʦʚʣʝʥʥʷ ʦʙʩʪʘʚʠʥ ɼʊʇ 

ʚʽʜ ʚʨʘʭʫʚʘʥʥʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʘʥʘʣʽʟʦʚʘʥʠʭ ʜʘʥʠʭ 

 

ɺʨʘʭʫʚʘʥʥʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʟʥʘʯʝʥʴ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʨʦʟʰʠʨʝʥʥʷ ʜʽʘʧʘʟʦʥʫ ʧʦʯʘʪʢʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ȹVD ʪʘ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʢʦʣʘ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʪʠʟʠ VE(ȹVD) ʫ ʚʝʣʠʯʝʟʥʠʡ (ʘʣʝ 

ʦʙʤʝʞʝʥʠʡ) ʜʽʘʧʘʟʦʥ ʨʝʟʫʣʴʪʘʪʽʚ. ɺʽʥ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʫ ʚʠʛʣʷʜʽ 

ʜʽʘʧʘʟʦʥʫ ʨʽʰʝʥʴ, ʘʜʝʢʚʘʪʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʦʤʫ ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ ʪʘ ʜʽʘʧʘʟʦʥʫ 

ʚʠʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ɼʣʷ ʪʝʭʥʽʯʥʦʾ ʪʦʯʥʦʩʪʽ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʤ ʜʽʘʧʘʟʦʥʦʤ 

ʨʽʰʝʥʴ ʤʦʞʝ ʙʫʪʠ ʧʽʜʤʥʦʞʠʥʘ ʩʫʤʠ ʜʽʘʧʘʟʦʥʽʚ ʨʽʰʝʥʥʷ, ʚʠʟʥʘʯʝʥʘ ʥʘ ʦʩʥʦʚ ̔

ʜʦʨʦʛʠʭ ʪʘ ʪʨʫʜʦʤʽʩʪʢʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ.  
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ɿ ʪʦʯʢʠ ʟʦʨʫ ʩʫʜʫ, ʟ ʧʨʠʧʫʱʝʥʥʷʤ ʧʨʦ ʨʽʚʥʦʧʨʘʚʥʝ ʩʪʘʚʣʝʥʥʷ ʜʦ ʚʩʽʭ 

ʝʢʩʧʝʨʪʥʠʭ ʧʠʪʘʥʴ: ʥʘʡʙʽʣʴʰ ʜʦʩʪʦʚʽʨʥʠʤ ʜʽʘʧʘʟʦʥʦʤ ʨʽʰʝʥʴ (DDR) ʤʦʞʝ 

ʙʫʪʠ ʧʝʨʝʪʠʥ ʫʩʽʭ ʜʽʘʧʘʟʦʥʽʚ ʨʽʰʝʥʴ (ʜʠʚ. ʨʠʩ. 2.2).  

ɸʥʘʣʽʟ ʤʝʪʦʜʽʚ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʚ ʧʨʘʢʪʠʮʽ ʘʚʪʦʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ 

ɼʊʇ (ʧ. 1.4) ʧʦʢʘʟʘʚ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʠʢ ʟʘʩʥʦʚʘʥʠʭ ʥʘ 

ʪʨʘʜʠʮʽʡʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʝʪʦʜʘʭ ʚ ʧʦʻʜʥʘʥʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʝʧʝʨʝʨʚʥʠʭ 

(ʥʝʧʝʨʝʨʚʥʦʟʥʘʯʥʠʭ) ʣʦʛʽʢ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʦʙʩʪʘʚʠʥ 

ʚʠʥʠʢʥʝʥʥʷ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ ʪʘ ʟʤʝʥʰʝʥʥʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ 

ʝʢʩʧʝʨʪʠʟʠ. ʊʦʤʫ ʚ ʨʦʙʦʪʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʝʢʽʣʴʢʘ ʪʠʧʽʚ ʤʦʜʝʣʝʡ ʧʽʜʚʠʱʝʥʥʷ 

ʦʙô̒ʢʪʠʚʥʦʩʪʽ ʝʢʩʧʝʨʪʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ɼʊʇ: ʜʝʪʝʨʤʽʥʦʚʘʥʽ, ʥʝʡʨʦ-ʥʝʯʽʪʢʽ, 

ʩʪʦʭʘʩʪʠʯʥʽ, ʩʠʥʪʝʟ ʮʠʭ ʤʦʜʝʣʝʡ. 

ʅʝʦʙʭʽʜʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʦʨʽʾ ʥʝʯʽʪʢʠʭ ʤʥʦʞʠʥ ʘʙʦ ʪʝʦʨʽʾ ʽʤʦʚʽʨʥʦʩʪʽ 

ʚʠʥʠʢʘʻ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʤʦʞʣʠʚʦʩʪʽ ʦʧʠʩʘʪʠ ʜʝʪʝʨʤʽʥʦʚʘʥʝ ʧʦʚʦʜʞʝʥʥʷ 

ʦʙôʻʢʪʘ. ɺʠʥʠʢʘʻ ʧʠʪʘʥʥʷ, ʷʢʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʘʥʘʣʽʟʫ ʧʨʠʯʠʥʥʦ-

ʥʘʩʣʽʜʢʦʚʠʭ ʟʚôʷʟʢʽʚ ʽ ʚ ʷʢʠʭ ʚʠʧʘʜʢʘʭ ʧʨʘʚʠʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ? 

ʆʯʝʚʠʜʥʦ, ʱʦ ʫ ʚʠʧʘʜʢʫ ʨʦʙʦʪʠ ʣʠʰʝ ʟ ʜʝʪʝʨʤʽʥʦʚʘʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ, ʷʢʽ 

ʧʽʜʣʷʛʘʶʪʴ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤ ʟʘʣʝʞʥʦʩʪʷʤ, ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʜʝʪʝʨʤʽʥʦʚʘʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ. 

ʋ ʨʘʟʽ ʽʩʥʫʚʘʥʥʷ ʜʞʝʨʝʣ ʚʠʥʠʢʥʝʥʥʷ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ (ʩʪʘʪʠʩʪʠʯʥʦʾ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ) ï ʚʧʣʠʚʫ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʬʘʢʪʦʨʽʚ ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʦʙôʻʢʪ, 

ʷʢʽ ʥʝ ʚʨʘʭʦʚʫʶʪʴʩʷ ʤʦʜʝʣʣʶ, ʘʙʦ ʥʘʷʚʥʦʩʪʽ ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʥʴ 

ʜʝʪʝʨʤʽʥʦʚʘʥʦʾ ʚʝʣʠʯʠʥʠ, ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʪʦʭʘʩʪʠʯʥʠʭ 

ʤʦʜʝʣʝʡ. ɺʠʧʘʜʢʦʚʠʡ ʭʘʨʘʢʪʝʨ ʧʘʨʘʤʝʪʨʽʚ ʦʙôʻʢʪʘ ʚ ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʦʜʝʣʷʭ 

ʚʨʘʭʦʚʫʻʪʴʩʷ ʰʣʷʭʦʤ ʚʩʪʘʥʦʚʣʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʩʧʦʜʽʚʘʥʥʷ ʮʠʭ 

ʧʘʨʘʤʝʪʨʽʚ, ʜʠʩʧʝʨʩʽʾ ʽ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ, ʥʘ ʦʩʥʦʚʽ ʷʢʦʛʦ ʬʦʨʤʫʻʪʴʩʷ 

ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʽ ʧʝʨʝʚʽʨʷʻʪʴʩʷ ʛʽʧʦʪʝʟʘ. ʊʠʧ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ 

(ʜʠʩʢʨʝʪʥʘ ʯʠ ʥʝʧʝʨʝʨʚʥʘ) ʚʠʟʥʘʯʘʻ ʤʦʞʣʠʚʽ ʨʽʰʝʥʥʷ ʩʪʘʪʠʩʪʠʯʥʦʾ ʟʘʜʘʯʽ. ɼʣʷ 

ʜʠʩʢʨʝʪʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ ʦʩʥʦʚʥʠʤʠ ʟʘʢʦʥʘʤʠ ʨʦʟʧʦʜʽʣʫ ʻ 

ʙʽʥʦʤʽʘʣʴʥʠʡ (ʨʦʟʧʦʜʽʣ ɹʝʨʥʫʣʣʽ), ʨʦʟʧʦʜʽʣ ʇʫʘʩʩʦʥʘ, ʛʝʦʤʝʪʨʠʯʥʠʡ ʪʘ 

ʛʽʧʝʨʛʝʦʤʝʪʨʠʯʥʠʡ. ɼʣʷ ʥʝʧʝʨʝʨʚʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ ʦʩʥʦʚʥʠʤʠ 
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ʟʘʢʦʥʘʤʠ ʨʦʟʧʦʜʽʣʫ ʻ ʥʦʨʤʘʣʴʥʠʡ (ɻʘʫʩʩʘ), ʟʘʢʦʥ ʨʽʚʥʦʤʽʨʥʦʾ ʱʽʣʴʥʦʩʪʽ, 

ʧʦʢʘʟʥʠʢʦʚʠʡ (ʝʢʩʧʦʥʝʥʮʽʡʥʠʡ) ʟʘʢʦʥ, ʟʘʢʦʥ ʨʦʟʧʦʜʽʣʫ ɺʝʡʙʫʣʣʘ. ʄʦʞʣʠʚʽ 

ʯʦʪʠʨʠ ʚʠʧʘʜʢʠ ʧʨʠʡʥʷʪʪʷ ʛʽʧʦʪʝʟ ʱʦʜʦ ʥʘʣʝʞʥʦʩʪʽ  ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ ʜʦ 

ʧʝʚʥʦʛʦ ʽʤʦʚʽʨʥʽʩʥʦʛʦ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ: ʛʽʧʦʪʝʟʘ ʚʽʨʥʘ ʽ ʧʨʠʡʤʘʻʪʴʩʷ; ʛʽʧʦʪʝʟʘ 

ʚʽʨʥʘ, ʘʣʝ ʧʦʤʠʣʢʦʚʦ ʚʽʜʭʠʣʷ̒ʪʴʩʷ (ʧʦʤʠʣʢʘ ʧʝʨʰʦʛʦ ʨʦʜʫ, ʽʤʦʚʽʨʥʽʩʪʴ ʧʦʷʚʠ 

ʷʢʦʾ ʥʘʟʠʚʘʶʪʴ ʨʽʚʥʝʤ ʟʥʘʯʫʱʦʩʪʽ); ʛʽʧʦʪʝʟʘ ʥʝʚʽʨʥʘ ʽ ʚʽʜʭʠʣʷ̒ʪʴʩʷ; ʛʽʧʦʪʝʟʘ 

ʥʝʚʽʨʥʘ, ʘʣʝ ʧʦʤʠʣʢʦʚʦ ʧʨʠʡʤʘʻʪʴʩʷ (ʧʦʤʠʣʢʘ ʜʨʫʛʦʛʦ ʨʦʜʫ). ʇʝʨʝʚʽʨʢʘ 

ʛʽʧʦʪʝʟ ʚʠʢʦʥʫʻʪʴʩʷ ʰʣʷʭʦʤ ʘʥʘʣʽʟʫ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ ʽ ʚʠʥʝʩʝʥʥʷ 

ʧʦʧʝʨʝʜʥʴʦʛʦ ʩʫʜʞʝʥʥʷ ʧʨʦ ʾʭ ʧʨʠʥʘʣʝʞʥʽʩʪʴ ʜʦ ʢʦʥʢʨʝʪʥʦʛʦ ʽʤʦʚʽʨʥʽʩʥʦʛʦ 

ʟʘʢʦʥʫ ʪʘ ʧʦʜʘʣʴʰʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʧʨʘʚʜʦʧʦʜʽʙʥʦʩʪʽ ʚʠʥʝʩʝʥʦʛʦ ʩʫʜʞʝʥʥʷ. 

ʋ ʨʘʟʽ ʽʩʥʫʚʘʥʥʷ ʜʞʝʨʝʣ ʚʠʥʠʢʥʝʥʥʷ ʥʝʯʽʪʢʦʾ (ʣʽʥʛʚʽʩʪʠʯʥʦʾ) 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ, ʱʦ ʫʥʝʤʦʞʣʠʚʣʶʶʪʴ ʯʠ ʚʠʢʣʠʢʘʶʪʴ ʟʥʘʯʥʽ ʪʨʫʜʥʦʱʽ ʜʣʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʝʪʝʨʤʽʥʦʚʘʥʠʭ ʽ ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʦʨʽʾ ʥʝʯʽʪʢʠʭ ʤʥʦʞʠʥ, ʷʢʘ ʦʧʠʩʫʻ ʧʨʦʮʝʩʠ ʥʘ ʦʩʥʦʚʽ ʟʘʢʦʥʽʚ 

ʨʦʟʧʦʜʽʣʫ ʤʦʞʣʠʚʦʩʪʝʡ. ɺ ʩʧʦʣʫʯʝʥʥʽ ʟ ʪʝʦʨʽʻʶ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʮʝ ʜʦʟʚʦʣʷʻ 

ʩʪʚʦʨʶʚʘʪʠ ʥʝʡʨʦ-ʥʝʯʽʪʢʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʟʜʘʪʥʽ ʜʦ ʩʘʤʦʥʘʚʯʘʥʥʷ ʥʘ 

ʦʩʥʦʚʽ ʥʘʢʦʧʠʯʝʥʦʛʦ ʜʦʩʚʽʜʫ (ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ). ʅʝʯʽʪʢʽ ʤʥʦʞʠʥʠ ʻ 

ʫʟʘʛʘʣʴʥʝʥʥʷʤ ʙʫʣʝʚʦʾ ʘʣʛʝʙʨʠ. ʇʦʙʫʜʦʚʘ ʤʦʜʝʣʝʡ ʥʘ ʥʝʯʽʪʢʠʭ ʤʥʦʞʠʥʘʭ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʝʪʦʜʘ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʥʝʣʽʥʽʡʥʠʭ ʦʙôʻʢʪʽʚ ʥʝʯʽʪʢʠʤʠ 

ʙʘʟʘʤʠ ʟʥʘʥʴ ʪʘ ʧʨʠʥʮʠʧʽʚ ʣʽʥʛʚʽʩʪʠʯʥʦʩʪʽ ʨʦʟʚôʷʟʢʫ ʪʘ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ, 

ʣʽʥʛʚʽʩʪʠʯʥʦʩʪʽ ʪʘ ʽʻʨʘʨʭʽʯʥʦʩʪʽ ʝʢʩʧʝʨʪʥʠʭ ʟʥʘʥʴ. ɽʪʘʧʠ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʝʡ: 

1) ʩʪʨʫʢʪʫʨʥʘ ʽʜʝʥʪʠʬʽʢʘʮʽʷ; 2) ʧʘʨʘʤʝʪʨʠʯʥʘ ʽʜʝʥʪʠʬʽʢʘʮʽʷ. ʉʪʨʫʢʪʫʨʘ ʤʦʜʝʣʽ 

ʦʙôʻʢʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʬʦʨʤʫʻʪʴʩʷ ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ. ɹʘʟʦʚʦʶ ʦʩʥʦʚʦʶ 

ʩʪʨʫʢʪʫʨʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʻ ʝʢʩʧʝʨʪʥʘ ʽʥʬʦʨʤʘʮʽ,̫ ʟʘʜʘʥʘ ʫ ʚʠʛʣʷʜʽ ʧʨʘʚʠʣ 

ʥʝʯʽʪʢʦʛʦ ʣʦʛʽʯʥʦʛʦ ʚʠʩʥʦʚʢʫ çʷʢʱʦïʪʦè. ʅʘ ʮʴʦʤʫ ʝʪʘʧʽ ʪʘʢʦʞ ʦʙʠʨʘʻʪʴʩʷ 

ʬʦʨʤʘ ʬʫʥʢʮʽʡ ʥʘʣʝʞʥʦʩʪʽ ʥʝʯʽʪʢʠʭ ʪʝʨʤʽʚ ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʅʘ ʜʨʫʛʦʤʫ 

ʝʪʘʧʽ ʚʠʢʦʥʫʻʪʴʩʷ ʦʧʪʠʤʽʟʘʮʽʷ ʥʝʯʽʪʢʦʾ ʤʦʜʝʣʽ ʥʘ ʦʩʥʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʘʥʠʭ çʚʭʦʜʠ-ʚʠʭʽʜè (ʥʘʚʯʘʶʯʦʾ ʚʠʙʽʨʢʠ). ʂʝʨʦʚʘʥʠʤʠ ʟʤʽʥʥʠʤʠ, ʱʦ 

ʧʽʜʣʷʛʘʶʪʴ ʦʧʪʠʤʽʟʘʮʽʾ, ʻ ʧʘʨʤʝʪʨʠ ʬʦʨʤʠ ʬʫʥʢʮʽʡ ʥʘʣʝʞʥʦʩʪʽ ʪʘ ʢʦʝʬʽʮʽʻʥʪʠ 

ʚʘʛʦʤʦʩʪʽ ʥʝʯʽʪʢʠʭ ʧʨʘʚʠʣ. ʇʨʦʮʝʩ ʥʘʚʯʘʥʥʷ (ʦʧʪʠʤʽʟʘʮʽʾ) ʤʦʜʝʣʽ ʟʘʙʝʟʧʝʯʫ ̒
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ʤʘʢʩʠʤʘʣʴʥʫ ʥʘʙʣʠʞʝʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʘʥʠʭ. 

ʉʪʦʭʘʩʪʠʯʥʽ ʪʘ ʥʝʯʽʪʢʽ ʤʦʜʝʣʽ ʜʦʟʚʦʣʷʶʪʴ ʧʨʠʡʤʘʪʠ ʨʽʰʝʥʥʷ ʚ ʫʤʦʚʘʭ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ, ʘʣʝ ʤʘʶʪʴ ʨʽʟʥʫ ʧʨʠʨʦʜʫ ʧʦʙʫʜʦʚʠ ʪʘ ʦʧʠʩʫ ʨʝʘʣʴʥʠʭ ʦʙôʻʢʪʽʚ. 

ʌʫʥʢʮʽʷ ʥʘʣʝʞʥʦʩʪʽ (Õ), ʷʢʘ ʬʦʨʤʘʣʽʟʫʻ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʚ ʪʝʦʨʽʾ ʥʝʯʽʪʢʠʭ 

ʤʥʦʞʠʥ, ʥʝ ʤʘʻ ʥʽʯʦʛʦ ʩʧʽʣʴʥʦʛʦ ʽʟ ʟʘʢʦʥʦʤ ʨʦʟʧʦʜʽʣʫ ʚ ʪʝʦʨʽʾ ʽʤʦʚʽʨʥʦʩʪʽ, 

ʦʩʢʽʣʴʢʠ ʚʠʩʦʢʘ ʩʪʫʧʽʥʴ ʤʦʞʣʠʚʦʩʪʽ ʥʽʷʢ ʥʝ ʦʟʥʘʯʘʻ ʪʘʢʫ ʞ ʚʠʩʦʢʫ ʩʪʫʧʽʥʴ 

ʽʤʦʚʽʨʥʦʩʪʽ. ɸʣʝ ʙʝʟʧʝʨʝʯʥʦ ʻʜʠʥʝ: ʷʢʱʦ ʧʦʜʽʷ ʥʝʤʦʞʣʠʚʘ, ʪʦ ʚʦʥʘ ʪʘʢʦʞ ʽ 

ʥʝʡʤʦʚʽʨʥʘ. ʅʘʡʙʽʣʴʰ ʧʨʠʥʮʠʧʦʚʦʶ ʨʽʟʥʠʮʝʶ ʤʽʞ ʪʝʦʨʽʻʶ ʽʤʦʚʽʨʥʦʩʪʽ ʽ 

ʪʝʦʨʽʻʶ ʤʦʞʣʠʚʦʩʪʽ (ʪʘʙʣ. 2.1) ʻ ʪʝ, ʱʦ ʚ ʮʠʭ ʪʝʦʨʽʷʭ ʧʦ-ʨʽʟʥʦʤʫ ʚʠʢʦʥʫʻʪʴʩʷ 

ʘʢʩʽʦʤʘ ʜʦʧʦʚʥʝʥʥʷ. ʎʝ ʧʦʪʨʝʙʫʻ ʦʙʝʨʝʞʥʦʩʪʽ ʪʘ ʘʢʫʨʘʪʥʦʩʪʽ ʫ ʬʦʨʤʘʣʽʟʘʮʽʾ 

ʘʥʘʣʦʛʽʡ: ʤʘʪʝʤʘʪʠʯʥʝ ʩʧʦʜʽʚʘʥʥʷ ï çʮʝʥʪʨ ʚʘʛʠè ʬʫʥʢʮʽʾ ʥʘʣʝʞʥʦʩʪʽ, 

ʜʠʩʧʝʨʩʽʷ (ʥʘʜʽʡʥʠʡ ʽʥʪʝʨʚʘʣ) ï ʩʪʫʧʽʥʴ çʨʦʟʤʠʪʦʩʪʽè ʬʫʥʢʮʽʾ ʥʘʣʝʞʥʦʩʪʽ. 

 

ʊʘʙʣʠʮʷ 2.1 ï ɺʟʘʻʤʦʚʽʜʥʦʩʠʥʠ ʤʽʞ ʪʝʦʨʽʷʤʠ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ/ʊʝʦʨʽʷ ɹʫʣʝʚʘ ʘʣʛʝʙʨʘ ɯʤʦʚʽʨʥʽʩʪʴ ʄʦʞʣʠʚʽʩʪʴ 

ʆʙʣʘʩʪʴ ʜʽʾ 
ʃʦʛʽʯʥʽ 

ʪʚʝʨʜʞʝʥʥʷ 
ů-ʘʣʛʝʙʨʘ ʋʥʽʚʝʨʩʫʤ U 

ɼʽʘʧʘʟʦʥ ʟʥʘʯʝʥʴ 

ʥʘʣʝʞʥʦʩʪʽ 
[0, 1] [0, 1] 

[0, 1] ʘʙʦ 

0 < Õ < Ð 

ʉʧʝʮʽʘʣʴʥʽ ʦʙʤʝʞʝʥʥʷ ï () 1P u
W

=ä  
ï 

ʆʙôʻʜʥʘʥʥʷ 

(ʜʠʟôʶʥʢʮʽʷ) 
max Ɇ max 

ʇʝʨʝʪʠʥ (ʢʦʥôʶʥʢʮʽʷ) min Ʉ min 

ɼʦʧʦʚʥʝʥʥʷ ï () ()1P A P A+ = () () 1A Ap p+  ̧

 

ʂʦʥʮʝʧʮʽʷ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʧʨʦʮʝʩ 

ʥʘʧʨʘʮʶʚʘʥʥʷ ʨʽʰʝʥʴ ʚ ʘʚʪʦʪʝʭʥʽʯʥʽʡ ʝʢʩʧʝʨʪʠʟʽ ɼʊʇ ʧʦʪʨʽʙʥʦ ʨʦʟʛʣʷʜʘʪʠ ʥʝ 

ʣʠʰʝ ʷʢ ʜʝʪʝʨʤʽʥʦʚʘʥʠʡ, ʘʣʝ ʽ ʷʢ ʥʝʯʽʪʢʠʡ ʪʘ ʩʪʦʭʘʩʪʠʯʥʠʡ ʧʨʦʮʝʩ, ʷʢʠʡ 

ʧʦʪʨʝʙʫʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʠʥʪʝʟʦʚʘʥʠʭ ʜʝʪʝʨʤʽʥʦʚʘʥʠʭ, ʽʤʦʚʽʨʥʽʩʥʠʭ, 

ʨʝʛʨʝʩʽʡʥʠʭ ʪʘ ʥʝʡʨʦ-ʥʝʯʽʪʢʠʭ ʤʦʜʝʣʝʡ ʟ ʤʝʪʦʶ ʚʨʘʭʫʚʘʥʥʷ ʙʽʣʴʰʦʩʪ̔ 
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ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʝʣʠʯʠʥʫ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ 

ʝʢʩʧʝʨʪʥʠʭ ʚʠʩʥʦʚʢʽʚ. 

ʄʘʢʩʠʤʘʣʴʥʫ ʪʦʯʥʽʩʪʴ ʨʽʰʝʥʥʷ ʙʫʜʴ-ʷʢʦʾ ʟʘʜʘʯʽ ʟʘʙʝʟʧʝʯʫʻ ʘʥʘʣʽʪʠʯʥʠʡ 

ʤʝʪʦʜ. ʋ ʨʘʟʽ ʥʝʤʦʞʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʪʠ ʮʝʡ ʤʝʪʦʜ ʧʨʠ ʨʽʰʝʥʥʽ ʧʝʚʥʦʾ ʟʘʜʘʯʽ, 

ʥʝʦʙʭʽʜʥʦ ʟʨʦʙʠʪʠ ʧʨʠʧʫʱʝʥʥʷ ʜʣʷ ʩʧʨʦʱʝʥʥʷ ʧʨʦʮʝʩʫ ʜʦʩʣʽʜʞʝʥʥʷ, ʘʙʦ 

ʟʘʩʪʦʩʫʚʘʪʠ ʽʥʰʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʝʪʦʜʠ: ʯʠʩʝʣʴʥʽ, ʘʩʠʤʧʪʦʪʠʯʥʽ, ʩʪʘʪʠʩʪʠʯʥʽ, 

ʙʫʣʴʦʚʽ, ʥʝʯʽʪʢʠʭ ʤʥʦʞʠʥ, ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʪʦʱʦ. ɼʦʩʣʽʜʞʝʥʥʷ ʪʘ 

ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʥʘʫʢʦʚʠʭ ʛʽʧʦʪʝʟ ʫ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʙʘʟʫʚʘʣʦʩʴ ʥʘ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ. ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʥʘʫʢʦʚʦʾ ʧʨʦʙʣʝʤʠ ʥʘ ʦʩʥʦʚʽ 

ʚʠʚʯʝʥʥ ̫ʨʦʙʽʪ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʥʠʢʽʚ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ ʪʘ ʩʠʥʪʝʟʫ. 

ɼʦʩʪʦʚʽʨʥʩ̔ʪɹ ʪʘ ʪʦʯʥʩ̔ʪɹ ʨʝʟʫʣʴʪʘʪʽʚ ʘʚʪʦʪʝʭʥʽʯʦʾ ʝʢʩʧʝʨʪʠʟʠ ɼʊʇ 

ʧʽʜʚʠʱʫʻʪʴʩʷ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥ ̫ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ 

ʪʘ ʦʙʯʠʩʣʝʥʥʷ ʧʦʭʠʙʦʢ ʚʠʭʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʤʝʪʦʜʽʚ ʟʤʝʥʰʝʥʥʷ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʜʦʚʽʜʢʦʚʠʭ ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ. ɼʣʷ ʦʮʽʥʶʚʘʥʥʷ 

ʷʢʦʩʪʽ ʨʦʟʩʣʽʜʫʚʘʥʥʷ ʪʘ ʧʨʦʚʝʜʝʥʥʷ ʘʚʪʦʪʝʭʥʽʯʥʠʭ ʝʢʩʧʝʨʪʠʟ ɼʊʇ 

ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜʠ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʪʝʦʨʽʾ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. ʇʨʠ 

ʨʦʟʨʦʙʮʽ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʦʮʽʥʶʚʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʟʯʝʧʣʝʥʥʷ ʢʦʣʽʩ 

ʘʚʪʦʤʦʙʽʣʷ ʟ ʜʦʨʦʞʥʽʤ ʧʦʢʨʠʪʪʷʤ, ʚʽʜʩʪʘʥʽ ʚʠʜʠʤʦʩʪʽ ʦʙôʻʢʪʽʚ ʧʨʠ ʨʫʩʽ 

ʘʚʪʦʤʦʙʽʣʷ ʚ ʪʝʤʥʫ ʧʦʨʫ ʜʦʙʠ ʪʘ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʧʽʰʦʭʦʜʽʚ ʟʘʩʪʦʩʦʚʘʥʽ ʤʝʪʦʜʠ 

ʪʝʦʨʽʾ ʥʝʯʽʪʢʠʭ ʤʥʦʞʠʥ ʪʘ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. ʇʨʠ ʨʦʟʨʦʙʮʽ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʤʦʜʝʣʝʡ ʦʮʽʥʶʚʘʥʥʷ ʯʘʩʫ ʩʝʥʩʦʤʦʪʦʨʥʦʾ ʨʝʘʢʮʽʾ ʚʦʜʽʷ ʪʘ ʝʤʧʽʨʠʯʥʠʭ ʤʦʜʝʣʝʡ 

ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʛʘʣʴʤʫʚʘʥʥʷ ʊɿ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜʠ ʤʘʪʝʤʘʪʠʯʥʦʾ 

ʩʪʘʪʠʩʪʠʢʠ, ʪʝʦʨʽʾ ʽʤʦʚʽʨʥʦʩʪʽ ʪʘ ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ. ɼʣʷ ʨʦʟʨʦʙʢʠ ʪʘ ʨʽʰʝʥʥʷ 

ʜʝʪʝʨʤʽʥʦʚʘʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʟ ʦʮʽʥʢʠ ʧʘʨʘʤʝʪʨʽʚ ʨʫʭʫ ʊɿ 

ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʪʘ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʯʠʩʣʝʥʥʷ. ɼʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʩʢʣʘʜʥʠʭ ʚʠʜʽʚ ɼʊʇ ʟʘʩʪʦʩʦʚʘʥʦ 

ʘʥʘʣʽʪʠʯʥʠʡ ʤʝʪʦʜ. ʇʨʠ ʨʦʟʨʦʙʮʽ ʤʦʜʝʣʽ ʦʮʽʥʶʚʘʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʽ ʙʝʟʧʝʢʠ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʊɿ ʚ ʩʠʩʪʝʤʽ ɺɸɼʉ ʟʘʩʪʦʩʦʚʘʥʦ ʤʝʪʦʜ ʥʝʯʽʪʢʠʭ ʢʦʛʥʽʪʠʚʥʠʭ 

ʢʘʨʪ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʥʦʚʠʭ ʥʘʫʢʦʚʠʭ ʜʘʥʠʭ ʪʘ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʘʜʝʢʚʘʪʥʦʩʪʽ 

ʨʦʟʨʦʙʣʝʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʚʠʢʦʨʠʩʪʘʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʤʝʪʦʜʠ, 
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ʪʝʦʨʽ ʁ ʧʦʭʠʙʦʢ ʪʘ ʪʝʦʨʽ ʁ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʴ. ɼʣʷ ʧʦʨʽʚʥʷʣʴʥʦʛʦ 

ʘʥʘʣʽʟʫ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʟʘʩʪʦʩʦʚʘʥʦ ʤʝʪʦʜ 

ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. 

ʈʦʟʚʠʪʦʢ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʘʚʪʦʪʝʭʥʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ɼʊʇ ʧʦʚôʷʟʘʥʠʡ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʥʘ ʚʩʽʭ ʝʪʘʧʘʭ ʝʢʩʧʝʨʪʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

(ʨʠʩ. 2.3).  

 

ɺʽʟʫʘʣʽʟʘʮʽʷ ʤʦʜʝʣʽ ɼʊʇ

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ɼʊʇ

 ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ

 ʚʠʤʽʨʶʚʘʥʥʷ

ʄʝʪʦʜʠ ʬʦʨʤʫʚʘʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʤʘʩʰʪʘʙʥʦʾ ʤʦʜʝʣʽ ɼʊʇ ʪʘ ʝʢʩʧʝʨʪʥʦʛʦ ʚʠʩʥʦʚʢʫ3

ʄʘʩʰʪʘʙʥʝ 
ʬʦʪʦʛʨʘʬʫʚʘʥʥʷ

ʃʘʟʝʨʥʝ ʩʢʘʥʫʚʘʥʥʷ

GPS ʘʙʦ ʘʝʨʦʟʡʦʤʢʘ

ʄʦʜʝʣʶʚʘʥʥʷ ɼʊʇ ɼʦʩʣʽʜʞʝʥʥʷ ʦʢʨʝʤʠʭ ʬʘʢʪʦʨʽʚ ʪʘ 
ʧʘʨʘʤʝʪʨʽʚ ʨʫʭʫ ʫʯʘʩʥʠʢʽʚ ɼʊʇ

ɻʨʘʬʽʢʠ ʽ ʩʭʝʤʠɿʚʽʪʠ ʟʘ 
ʨʝʟʫʣʴʪʘʪʘʤʠ 
ʨʦʟʨʘʭʫʥʢʫ

   ɺʽʜʝʦʩʧʦʩ-
   ʪʝʨʝʞʝʥʥʷ

ʄʝʪʦʜʠ ʦʪʨʠʤʘʥʥʷ ʪʘ 

ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʧʨʦ ɼʊʇ1.1

  ʈʝʻʩʪʨʘʮʽʷ
  ʜʘʥʠʭ
  ʧʨʦ ʧʦʜʽʾ 
  (Event Data 
  Recorder)

ʄʝʪʦʜʠ ʬʽʢʩʘʮʽʾ ʜʦʨʦʞʥʴʦʾ ʦʙʩʪʘʥʦʚʢʠ, 

ʩʣʽʜʽʚ, ʧʨʝʜʤʝʪʽʚ ʪʘ ʧʘʨʘʤʝʪʨʽʚ ʧʽʩʣʷ ɼʊʇ1.2

ɯʥʬʦʨʤʘʮʽʡʥʘ ʤʦʜʝʣʴ ɼʊʇ

       ʄʝʪʦʜʠ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʘʥʘʣʽʟʫ ɼʊʇ2

 

 

ʈʠʩʫʥʦʢ 2.3 ï ʉʫʯʘʩʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ɼʊʇ ʪʘ ʧʦʨʷʜʦʢ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ 
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ʆʪʞʝ, ʤʝʪʦʜʦʣʦʛʽʷ ʦʮʽʥʶʚʘʥʥʷ ʪʘ ʟʤʝʥʰʝʥʥʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʚ ʟʘʜʘʯʘʭ 

ʘʚʪʦʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ ɼʊʇ, ʷʢʘ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʫ ʜʘʥʽʡ ʜʠʩʝʨʪʘʮʽʡʥʽʡ 

ʨʦʙʦʪʽ, ʧʦʻʜʥʫʻ ʚ ʩʦʙʽ ʪʝʦʨʝʪʠʯʥʽ ʤʝʪʦʜʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʱʦ 

ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʜʦʚʽʜʢʦʚʠʭ ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʠʭ 

ʧʘʨʘʤʝʪʨʽʚ, ʪʘ ʩʫʯʘʩʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ɼʊʇ, ʷʢʽ 

ʧʝʨʝʜʙʘʯʘʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʽʪʥʽʭ ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʦʪʨʠʤʘʥʥʷ ʪʘ 

ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ. ʄʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʧʨʠ 

ʜʦʩʣʽʜʞʝʥʥʽ ɼʊʇ ʚʠʚʯʘʣʘʩʷ ʟʘ ʧʽʜʪʨʠʤʢʠ ʬʘʭʽʚʮʽʚ ʍʘʨʢʽʚʩʴʢʦʛʦ, ɺʽʥʥʠʮʴʢʦʛʦ 

ʪʘ ɾʠʪʦʤʠʨʩʴʢʦʛʦ ʅɼɽʂʎ ʄɺʉ ʋʢʨʘʾʥʠ.  

 

2.2 ʄʝʪʦʜʠ ʟʤʝʥʰʝʥʥʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʜʦʚʽʜʢʦʚʠʭ ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʠʭ 

ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʟʘʜʘʯʘʭ ʘʚʪʦʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ 

ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʠʛʦʜ 

 

ʅʘʡʯʘʩʪʽʰʝ ʚʠʙʽʨ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʚ ʘʚʪʦʪʝʭʥʽʯʥʽʡ ʝʢʩʧʝʨʪʠʟʽ ̒  ʩʚʦʻʨʽʜʥʦʶ 

ʧʨʦʮʝʜʫʨʦʶ, ʢʦʣʠ ʧʦʪʨʽʙʥʦ ʧʨʠʡʥʷʪʠ ʨʽʰʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʩʫʙôʻʢʪʠʚʥʠʭ 

ʩʫʜʞʝʥ ɹʝʢʩʧʝʨʪʽʚ. ʈʦʟʛʣʷʥʝʤʦ ʧʨʠʢʣʘʜ ʨʽʰʝʥʥʷ ʦʜʥʽʻʾ ʟ ʪʘʢʠʭ ʟʘʜʘʯ [87, 84-

89, 155-159, 207] ʥʘ ʙʘʟʽ ʪʝʦʨʽʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ [211-214, 242, 250-255].  

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʚʽʜʦʤ ̔ʤʝʞʽ ʟʤʽʥʠ ʜʝʷʢʦʛʦ ʧʘʨʘʤʝʪʨʘ x ï [ ]1 2, .x x  ʋ ʨʘʟʽ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʚʧʝʚʥʝʥʦʩʪ̔ ʝʢʩʧʝʨʪʘ ʫ ʪʦʤʫ, ʱʦ ʧʘʨʘʤʝʪʨ ʤʘʻ ʣʠʰʝ ʦʜʥʝ 

ʟʥʘʯʝʥʥʷ, ʬʫʥʢʮʽʷ ʥʘʣʝʞʥʦʩʪʽ ʤʦʞʝ ʙʫʪʠ ʪʨʠʢʫʪʥʦʶ ʘʙʦ ʛʘʫʩʽʚʩʴʢʦʶ. ʋ 

ʚʠʧʘʜʢʫ ʫʪʚʦʨʝʥʥʷ ʪʘʢʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʽʥʪʝʨʚʘʣʫ ʬʫʥʢʮʽʶ ʥʘʣʝʞʥʦʩʪʽ 

ʚʠʙʠʨʘʶʪʴ ʪʨʘʧʝʮʽʻʧʦʜʽʙʥʦʶ.  

ʅʝʭʘʡ ʚ ʨʝʟʫʣʴʪʘʪʽ ʝʢʩʧʝʨʪʥʦʛʦ ʘʥʘʣʽʟʫ, ʦʧʠʪʫʚʘʥʥʷ ʽ ʫʩʝʨʝʜʥʝʥʥʷ ʙʫʣʦ 

ʦʜʝʨʞʘʥʦ ʦʜʥʫ ʟ ʪʨʘʧʝʮʽʻʚʠʜʥʠʭ ʬʫʥʢʮʽʡ Õ, ʧʦʜʘʥʫ ʥʘ ʨʠʩ. 2.4. ʇʦʪʨʽʙʥʦ 

ʚʠʟʥʘʯʠʪʠ ʩʪʫʧʽʥʴ ʫʟʛʦʜʞʝʥʥʷ ʚʠʤʦʛʠ ʧʝʚʥʦʛʦ ʟʥʘʯʝʥʥʷ x ʟ ʤʦʞʣʠʚʽʩʪʶ ʡʦʛʦ 

ʥʘʙʫʪʪʷ. ʄʽʨʫ ʫʟʛʦʜʞʝʥʦʩʪʽ ʧʦʟʥʘʯʠʤʦ  . 

ɺʠʧʘʜʢʠ ʟʦʙʨʘʞʝʥʽ ʥʘ ʨʠʩ. 2.4, ʘ ʪʘ 2.4, ʙ ʤʘʶʪʴ ʚʠʨʦʜʞʝʥʠʡ ʭʘʨʘʢʪʝʨ. ʊʘʢ, 

ʜʣʷ ʨʠʩ. 2.4, ʘ ʟʥʘʯʝʥʥʷ, ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʝʢʩʧʝʨʪʘʤʠ ʪʘ ʥʝʦʙʭʽʜʥʝ ʟʥʘʯʝʥʥʷ x, ʥʝ 

ʩʧʽʚʧʘʜʘʶʪʴ ʥʽ ʚ ʦʜʥʽʡ ʪʦʯʮʽ ʥʽ ʟ ʷʢʠʤ ʨʽʚʥʝʤ ʥʘʜʽʡʥʦʩʪʽ. ʆʯʝʚʠʜʥʦ, ʱʦ 0. =  
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ɼʣʷ ʨʠʩ. 2.4, ʙ, ʥʘʚʧʘʢʠ, ʟʙʽʛ ʧʦʚʥʠʡ ʽ, ʷʢʱʦ () 1hm =, ʪʦ 1 =, ʽʥʘʢʰʝ 

().h =m  

 

x
1x 2x

m

()hm

x
1x 2x0

x1x 2xx1x 2x

x1x 2x

1m
2m
ba

1m 2m
ba

1P 2P
3P

()1xm
( )2xm

1m 2m

ʘ ʙ

ʚ

ʜʛ

m

()hm

0

m

()hm

0

m

()hm

0

m

()hm

0

 
 

ʘ ï ʧʦʚʥʘ ʥʝʫʟʛʦʜʞʝʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʘ ʪʘ ʤʦʞʣʠʚʦʩʪʽ 

ʡʦʛʦ ʦʪʨʠʤʘʥʥʷ (◓ = 0); ʙ ï ʧʦʚʥʠʡ ʟʙʽʛ, ʽ ̫ʢʱʦ Õ(h) = 1, ʪʦ ◓ = 0, ʽʥʘʢʰʝ ◓ = Õ(h); 

ʚ ï ʜʽʘʧʘʟʦʥ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʘ ʫʟʛʦʜʞʫʻʪʴʩʷ ʧʝʚʥʦʶ ʤʽʨʦʶ ʟ ʤʦʞʣʠʚʽʩʪʶ ʡʦʛʦ 

ʦʪʨʠʤʘʥʥʷ; ʛ ï ʣʽʚʦʩʪʦʨʦʥʥʷ ʘʩʠʤʝʪʨʽʷ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʘ ʪʘ ʤʦʞʣʠʚʦʩʪʽ ʡʦʛʦ ʦʪʨʠʤʘʥʥʷ; 

ʜ ï ʧʨʘʚʦʩʪʦʨʦʥʥʷ ʘʩʠʤʝʪʨʽʷ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʘ ʪʘ ʤʦʞʣʠʚʦʩʪʽ ʡʦʛʦ ʦʪʨʠʤʘʥʥʷ 

ʈʠʩʫʥʦʢ 2.4 ï ʊʨʘʧʝʮʽʻʧʦʜʽʙʥʽ ʬʫʥʢʮʽʾ ʥʘʣʝʞʥʦʩʪʽ ʧʘʨʘʤʝʪʨʘ ʭ 

 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ 2 1x x>  ̔  ʚʽʜʩʫʪʥʻ ʦʙʤʝʞʝʥʥʷ ʟʘʛʘʣʴʥʦʩʪʽ [ ] [ ]1 2 1 2, ,m m x xË  

(ʨʠʩ. 2.4, ʚ), ʜʝ 1m , 2m  ï ʚʽʜʧʦʚʽʜʥʦ, ʣʽʚʝ ʪʘ ʧʨʘʚʝ ʤʦʜʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ 
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ʥʘʣʝʞʥʦʩʪʽ. ʇʦʪʨʽʙʥʦ ʚʠʟʥʘʯʠʪʠ ʤʽʨʫ ʚʧʝʚʥʝʥʦʩʪʽ ◓ ʚ ʪʦʤʫ, ʱʦ ʽʥʪʝʨʚʘʣʫ 

[ ]1 2,x x  ʥʘʣʝʞʘʪʠʤʝ ʟʥʘʯʝʥʥʷ x. ɺʚʘʞʘʶʯʠ ʟʥʘʯʝʥʥʷ ʧʣʦʱ 1P  ʽ 3P  ʜʦʩʪʘʪʥʴʦ 

ʤʘʣʠʤʠ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 2P  ʤʘʻʤʦ 
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ʗʢʱʦ ʚʨʘʭʫʚʘʪʠ ʫʩʽ ʚʝʣʠʯʠʥʠ ʧʣʦʱ 
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ʦʪʨʠʤʘʻʤʦ ʢʦʥʩʝʢʚʝʥʪʥʝ ʟʥʘʯʝʥʥʷ 
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 (2.3) 

 

ɼʣʷ ʚʠʧʘʜʢʫ ʣʽʚʦʩʪʦʨʦʥʥʴʦʾ ʘʩʠʤʝʪʨʽʾ (ʜʠʚ. ʨʠʩ. 2.4, ʛ) ʦʪʨʠʤʘʻʤʦ 

 

( )2 11 , = -    (2.4) 

ʜʝ  
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ʌʦʨʤʫʣʠ ʜʣʷ ʚʠʧʘʜʢʫ ʧʨʘʚʦʩʪʦʨʦʥʥʴʦʾ ʘʩʠʤʝʪʨʽʾ (ʜʠʚ. ʨʠʩ. 2.4, ʜ) 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʘʥʘʣʦʛʽʯʥʦ (2.4)-(2.6). 

ɿʥʘʯʝʥʥʷ, ʨʦʟʨʘʭʦʚʘʥʽ ʟʘ (2.1)-(2.6), ʥʝ ʻ ʦʩʪʘʪʦʯʥʠʤ ʘʨʛʫʤʝʥʪʦʤ ʧʨʠ 

ʧʨʠʡʥʷʪʪʽ ʨʽʰʝʥʴ, ʘʣʝ ʷʚʣʷʶʪʴʩʷ ʚʘʞʣʠʚʠʤ ʽʥʬʦʨʤʘʪʠʚʥʠʤ ʬʘʢʪʦʨʦʤ, ʱʦ 

ʚʽʜʦʙʨʘʞʫʻ ʜʫʤʢʫ ʝʢʩʧʝʨʪʽʚ ʽ ʚʢʘʟʫʻ ʥʘ ʾʭ ʚʧʝʚʥʝʥʽʩʪʴ ʱʦʜʦ ʜʦʩʷʛʥʝʥʥ ̫

ʧʘʨʘʤʝʪʨʦʤ x ʧʝʚʥʠʭ ʟʥʘʯʝʥʴ. ʇʽʜ ʯʘʩ ʦʙʯʠʩʣʝʥʥ ̫ (2.1)-(2.6) ʨʘʭʫʚʘʣʠʩʴ 

ʚʽʜʦʤʠʤʠ ʧʨʦʮʝʜʫʨʠ ʟʚʘʞʝʥʦʛʦ ʫʩʝʨʝʜʥʝʥʥʷ, ʜʦʜʘʚʘʥʥʷ ʽ ʧʦʨʽʚʥʷʥʥʷ ʥʝʯʽʪʢʠʭ 

ʯʠʩʝʣ [240, 253]. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧ̔ ʜʭʽʜ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʩʪʫʧʝʥʷ ʚʧʝʚʥʝʥʦʩʪʽ 

ʚ ʪʦʤʫ, ʱʦ ʧʘʨʘʤʝʪʨ ʥʘʙʫʚʘʪʠʤʝ ʧʝʚʥʠʭ ʟʥʘʯʝʥʴ, ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʠʡ ʚ 

ʧʨʦʮʝʜʫʨʘʭ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʩʫʙôʻʢʪʠʚʥʠʭ ʦʮʽʥʢʘʭ [243, 244, 

247, 252]. 

ʈʝʘʣʴʥʽ ʚʝʣʠʯʠʥʠ, ʷʢ̔ ʦʮʽʥʶʶʪʴʩʷ ʝʢʩʧʝʨʪʥʠʤ ʰʣʷʭʦʤ, ʻ ʥʘʙʣʠʞʝʥʠʤʠ. 

ɯʩʥʫʻ ʨʷʜ ʥʝʯʽʪʢʠʭ ʝʢʩʧʝʨʪʥʠʭ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʟʘ ʚʠʥʷʪʢʦʤ ʥʝʪʦʯʥʦʩʪʽ 

ʚʠʤʽʨʶʚʘʥʠʭ ʚʝʣʠʯʠʥ [210-214], ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ ʜʚʘ ʚʠʜʠ [239-243]: 

ï ʬʘʢʪʦʨʠ, ʷʢʽ ʧʨʦʷʚʣʷʶʪʴʩʷ ʚ ʦʮʽʥʢʘʭ ʝʢʩʧʝʨʪʽʚ ʫ ʷʚʥʦʤʫ ʚʠʛʣʷʜʽ, 

ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʧʝʨʰʦʛʦ ʚʠʜʫ (ʥʝʪʦʯʥʽʩʪʴ, ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ, ʥʝʜʦʚʠʟʥʘʯʝʥʽʩʪʴ, 

ʥʝʯʽʪʢʽʩʪʴ); 

ï ʬʘʢʪʦʨʠ, ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʷʢʠʭ ʩʣʽʜ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʩʧʝʮʽʘʣʴʥʽ ʘʣʛʦʨʠʪʤʠ, 

ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʜʨʫʛʦʛʦ ʚʠʜʫ (ʧʨʦʪʠʨʽʯʣʠʚʽʩʪʴ, ʥʝʤʦʥʦʪʦʥʥʽʩʪʴ, ʥʝʧʦʚʥʦʪʘ, 

ʥʝʢʦʨʝʢʪʥʽʩʪʴ, ʥʝʥʦʨʤʦʚʘʥʽʩʪʴ, ʥʝʜʝʪʝʨʤʽʥʦʚʘʥʽʩʪʴ). ɺ ʧʦʜʘʣʴʰʦʤʫ ʟʘʟʥʘʯʝʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʫʜʝʤʦ ʧʦʟʥʘʯʘʪʠ ʷʢ çʨʦʟʤʠʪʽʩʪʴè. 

ʗʢʱʦ ʧʦʟʥʘʯʠʪʠ X ï ʫʥʽʚʝʨʩʘʣʴʥʫ ʤʥʦʞʠʥʫ m-ʤ̔ ʨʥʠʭ ʦʙôʻʢʪʽʚ, ʷʢʘ 

ʚʽʜʦʙʨʘʞʘʻ ʢʦʤʧʣʝʢʩ ʫʩʽʭ ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʽʚ ʝʢʩʧʝʨʪʥʦʾ ʚʠʙ̔ʨʢʠ, ʨʦʟʤʠʪʝ 

ʧʦʥʷʪʪʷ, ʱʦ ʦʧʠʩʫʻ ʚʽʜʧʦʚʽʜʥʠʡ ʢʨʠʪʝʨʽʡ ʚʠʙʦʨʫ, ʧʦʜʘʻʪʴʩʷ ʥʝʯʽʪʢʦʶ 

ʤʥʦʞʠʥʦʶ. ʄʽʨʘ ʥʘʣʝʞʥʦʩʪʽ Õ ʻ ʩʪʫʧʝʥʝʤ ʧʝʨʝʢʦʥʘʥʥʷ ʝʢʩʧʝʨʪʘ ʚ ʪʦʤʫ, ʱʦ 

ʦʙôʻʢʪ x, x XÍ , ʥʘʣʝʞʠʪʴ ʤʥʦʞʠʥʽ A. ʈʦʟʤʠʪʘ ʬʫʥʢʮʽʷ ʥʘʣʝʞʥʦʩʪʽ ʨʦʟʫʤʽʻʪʴʩʷ 

ʷʢ ʦʙʣʘʩʪʴ ʥʝʪʦʯʥʦʩʪʽ (ʥʝʯʫʪʣʠʚʦʩʪʽ, ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ) ʝʢʩʧʝʨʪʘ ʧʨʠ ʧʝʚʥʽʡ 

ʬʫʥʢʮʽ ʾʥʘʣʝʞʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ x, x XÍ , ʜʦ ʤʥʦʞʠʥʠ A. ɺʝʣʠʯʠʥʘ ʜʽʘʧʘʟʦʥʫ, 

ʪʦʙʪʦ çʩʪʫʧʽʥʴ ʚʧʝʚʥʝʥʦʩʪʽè ʝʢʩʧʝʨʪʘ ʫ ʩʚʦʾʡ ʜʫʤʮʽ, ʻ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ 

ʢʽʣʴʢʽʩʥʦʾ ʤʽʨʠ ʮʽʻʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ. ʌʦʨʤʘʣʴʥʦ ʮʷ ʥʝʪʦʯʥʽʩʪʴ ʤʦʞʝ ʙʫʪʠ 
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ʟʥʘʡʜʝʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ çʟʝʨʥʠʩʪʦʩʪʽè [242, 253], ʷʢʘ ʚʽʜʜʟʝʨʢʘʣʶʻ ʤʽʨʫ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʧʘʨʘʤʝʪʨʘ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ, ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʨʦʟʤʽʨʫ 

çʟʝʨʥʘè. çɿʝʨʥʦè ʻ ʥʝʪʦʯʥʦʶ ʥʝʧʦʜʽʣʴʥʦʶ ʦʜʠʥʠʮʝʶ ʚʠʤʽʨʶʚʘʥʥʷ ʮʴʦʛʦ 

ʧʘʨʘʤʝʪʨʘ. ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʪʘʢʠʤ ʧʘʨʘʤʝʪʨʦʤ ʻ ʩʘʤʘ ʬʫʥʢʮʽʷ ʥʘʣʝʞʥʦʩʪʽ, 

ʚʠʟʥʘʯʝʥʘ ʥʘ ʽʥʪʝʨʚʘʣʽ [0,1], ʤʽʥʽʤʘʣʴʥʘ ʦʜʠʥʠʮʷ ʷʢʦʛʦ ʚʠʟʥʘʯʘʻ ʤʘʢʩʠʤʘʣʴʥʫ 

ʟʝʨʥʠʩʪʽʩʪʴ ʰʢʘʣʠ. ʈʦʟʤʽʨ ʟʝʨʥʘ ʚʠʟʥʘʯʘʶʪʴ ʟ ʧʦʛʣʷʜʫ çʤʝʞʽ ʨʦʟʨʽʟʥʝʥʥʷè 

ʟʝʨʝʥ ʜʣʷ ʝʢʩʧʝʨʪʘ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʫʤʦʚ ʟʘʜʘʯʽ ʝʢʩʧʝʨʪʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ, 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʤʝʪʦʜʽʚ ʦʮʽʥʝʥʥʷ ʚʝʣʠʯʠʥʠ ʪʘ ʽʥʰʠʭ ʦʙʩʪʘʚʠʥ, ʨʦʟʨʽʟʥʷʶʪʴ 

ʜʝʢʽʣʴʢʘ ʩʧʦʩʦʙʽʚ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʨʦʟʤʠʪʦʾ ʽʥʬʦʨʤʘʮʽʾ. 

ʉʧʦʩʽʙ 1. çʈʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʘ ʨʦʟʤʠʪʽʩʪʴè, ʤʘʻ ʤʽʩʮʝ ʫ ʨʘʟʽ 

ʨʽʚʥʦʮʽʥʥʦʩʪʽ ʫʩ̔ʻʾ ʤʥʦʞʠʥʠ ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ ʨʦʟʤʠʪʦʾ ʚʝʣʠʯʠʥʠ ʘʙʦ ʫ ʨʘʟʽ 

ʥʘʷʚʥʦʩʪʽ ʚʽʜʦʤʦʩʪʝʡ ʣʠʰʝ ʧʨʦ ʽʥʪʝʨʚʘʣ ʟʥʘʯʝʥʴ ʨʦʟʤʠʪʦʾ ʚʝʣʠʯʠʥʠ ʽ ʧʨʠ 

ʮʴʦʤʫ ʚʽʜʩʫʪʥʷ ʤʦʞʣʠʚʽʩʪʴ ʦʜʝʨʞʘʥʥʷ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʮʝʡ 

ʽʥʪʝʨʚʘʣ. ʈʦʟʤʠʪʫ ʬʫʥʢʮʽ ʁʥʘʣʝʞʥʦʩʪʽ ʜʣʷ ʮʴʦʛʦ ʚʠʧʘʜʢʫ ʤʦʞʥʘ ʟʘʜʘʪʠ ʪʘʢ: 

ï ʽʟ ʚʢʘʟʘʥʥʷʤ ʚʽʜʥʦʩʥʦʾ ʥʝʪʦʯʥʦʩʪʽ, () () () ( ]0 0 , 0,1 .A A Ax x xm =m °em eÍ 

ï ʽʟ ʚʢʘʟʘʥʥʷʤ ʘʙʩʦʣʶʪʥʦʾ ʥʝʪʦʯʥʦʩʪʽ, () () ()0
A A Ax x xm =m °Dm, ʜʝ ()0

A xm  

ï çʥʘʡʙʽʣʴʰ ʤʦʞʣʠʚʝè ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʥʘʣʝʞʥʦʩʪʽ ʧʘʨʘʤʝʪʨʘ x ʜʦ ʤʥʦʞʠʥʠ 

A, ()A xDm  ï çʤʘʢʩʠʤʘʣʴʥʘ ʥʘʙʣʠʞʝʥʽʩʪʴ ʜʦ ʦʙô̒ ʢʪʠʚʥʠʭ ʜʘʥʠʭè; 

ï ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʽʘʧʘʟʦʥʫ, () () (),H B
A A Ax x xè øm Í m m

ê ú
. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʧʦʥʷʪʪʷ ʟʝʨʥʠʩʪʦʩʪʽ ʤʦʞʥʘ ʚʩʪʘʥʦʚʠʪʠ çʤʽʨʫ ʪʦʯʥʦʩʪʽè 

ʝʢʩʧʝʨʪʥʦʾ ʦʮʽʥʢʠ [243, 258, 271]. ʗʢʱʦ ʧʦʟʥʘʯʠʪʠ ʮʶ ʤʽʨʫ ʯʝʨʝʟ 1d, ʘ ʨʦʟʤʽʨ 

ʟʝʨʥʘ ʯʝʨʝʟ 2d, ʪʦ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʧʦʩʦʙʫ ʧʦʜʘʥʥʷ ʨʦʟʤʠʪʦʾ ʬʫʥʢʮʽʾ 

ʥʘʣʝʞʥʦʩʪʽ, ʤʽʨʘ 1d ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʦʜʥʠʤ ʟ ʚʠʨʘʟʽʚ 

 

() ()( ) () ()1 2 1 2 1 2 3/ ; / ; / ,B H
A A A Ax x x xd =d m -m d =d Dm d =d d m (2.7) 

 

ʜʝ [ ]3 3, 0,1d d Í  ï ʩʪʫʧʽʥʴ ʚʧʝʚʥʝʥʦʩʪʽ ʝʢʩʧʝʨʪʘ ʫ ʩʚʦʾʡ ʜʫʤʮʽ. 
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ʉʧʦʩʽʙ 2. çɹʘʛʘʪʦʟʥʘʯʥʘ ʨʦʟʤʠʪʽʩʪʴè, ʚʠʥʠʢʘʻ ʫ ʨʘʟʽ ʦʜʝʨʞʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ 

ʦʢʨʝʤʠʭ ʚʠʤʽʨʶʚʘʥʴ ʨʦʟʤʠʪʦʾ ʚʝʣʠʯʠʥʠ ʫ ʚʠʜʽ ʪʦʯʢʦʚʠʭ ʦʮʽʥʦʢ, ʷʢʽ ʤʽʞ ʩʦʙʦʶ 

ʥʝ ʩʧʽʚʧʘʜʘʶʪʴ. 

ʉʧʦʩʽʙ 3. çʊʨʴʦʭʪʦʯʢʦʚʘ ʨʦʟʤʠʪʽʩʪʴè, ʚʠʥʠʢʘʻ ʫ ʨʘʟʽ ʢʦʣʠ ʚʽʜʦʤ ̔ʛʨʘʥʠʮʽ 

ʟʤʽʥʠ ʨʦʟʤʠʪʦʛʦ ʧʦʢʘʟʥʠʢʘ, ʘ ʪʘʢʦʞ ʡʦʛʦ ʥʘʡʚʽʨʦʛʽʜʥʽʰʝ ʟʥʘʯʝʥʥʷ. ʊʘʢʠʡ 

ʩʧʦʩʽʙ ʤʦʞʥʘ ʟʘʜʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʨʠʢʫʪʥʦ ʾʬʫʥʢʮʽ ʾʥʘʣʝʞʥʦʩʪʽ. 

ʉʧʦʩʽʙ 4. çʅʝʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʘ ʨʦʟʤʠʪʽʩʪʴè, ʚʠʥʠʢʘʻ ʫ ʨʘʟʽ ʦʧʠʩʫ 

ʨʦʟʤʠʪʦʛʦ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʥʘʣʝʞʥʦʩʪʽ ʜʝʷʢʦʶ ʬʫʥʢʮʽʻʶ, ʷʢʘ ʥʝ ʦʙʦʚôʷʟʢʦʚʦ 

ʻ ʪʨʘʧʝʮʽʻʧʦʜʽʙʥʦʶ ʯʠ ʪʨʠʢʫʪʥʦʶ.  

ɺʨʘʭʫʚʘʥʥʷ ʩʫʙôʻʢʪʠʚʥʦʛʦ ʯʠʥʥʠʢʘ ʧʨʠ ʧʦʙʫʜʦʚʽ ʬʫʥʢʮʽʡ ʥʘʣʝʞʥʦʩʪʽ ʻ 

ʟʘʩʘʜʥʠʯʠʤ, ʪʦʤʫ ʱʦ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʥʘʣʝʞʥʦʩʪʽ ʻ ʩʫʙôʻʢʪʠʚʥʦʶ 

ʚʽʨʦʛʽʜʥʽʩʪʶ. ʉʣʽʜ ʦʙʦʚôʷʟʢʦʚʦ ʙʨʘʪʠ ʜʦ ʫʚʘʛʠ ʧʩʠʭʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ 

ʝʢʩʧʝʨʪʘ ï ʡʦʛʦ ʥʝʟʘʣʝʞʥʽʩʪʴ, ʨʝʘʣʽʩʪʠʯʥʽʩʪʴ, ʩʭʠʣʴʥʽʩʪʴ ʜʦ ʨʠʟʠʢʫ, 

ʧʨʘʚʜʠʚʽʩʪʴ ʪʦʱʦ. ʅʘʧʨʠʢʣʘʜ ʜʣʷ ʦʜʥʦʛʦ ʝʢʩʧʝʨʪʘ ʤʘʻʤʦ 

 

() ()( ) ()4 41 ,H B
A A Ax x xm =d m + -d m (2.8) 

 

ʜʝ [ ]4 4, 0,1d d Í  ï ʩʪʫʧʽʥʴ çʨʠʟʠʢʦʚʦʩʪʽè ʝʢʩʧʝʨʪʘ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʢʦʣʝʢʪʠʚʥʦʛʦ ʝʢʩʧʝʨʪʥʦʛʦ ʦʮʽʥʶʚʘʥʥ ̫ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʜʚʦʝʪʘʧʥʠʡ ʧʨʦʮʝʩ ʩʢʘʣʷʨʠʟʘʮʽʾ ʧʦ ʝʢʩʧʝʨʪʥʽʡ ʛʨʫʧʽ ʚ ʮʽʣʦʤʫ ʪʘ ʧʦ ʢʦʞʥʦʤʫ 

ʝʢʩʧʝʨʪʫ. ɺ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʙʝʨʫʪʴ ʜʦ ʫʚʘʛʠ ʢʦʝʬʽʮʽʻʥʪʠ ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ 

ʝʢʩʧʝʨʪʽʚ [ ]0,1 , , 1.i ik i L kÍ Í =ä   

ɯʥʜʠʚʽʜʫʘʣʴʥʫ ʬʫʥʢʮʽʶ ʥʘʣʝʞʥʦʩʪʽ, ʩʢʘʣʷʨʠʟʦʚʘʥʫ ʬʦʨʤʫʣʦʶ (2.8), ʤʦʞʥʘ 

ʧʦʟʥʘʯʠʪʠ ʷʢ ( ), , .i
A jx i L j Im Í Í ʅʘʡʯʘʩʪʽʰʝ ʟʘ ʥʘʡʢʨʘʱʝ ʚʠʙʠʨʘʶʪʴ 

ʟʥʘʯʝʥʥʷ, ʱʦ ʤʘʻ ʥʘʡʙʽʣʴʰʫ ʤʽʨʫ ʥʘʣʝʞʥʦʩʪʽ ʜʦ ʥʝʯʽʪʢʦ ʾʤʥʦʞʠʥʠ [241, 250, 

254, 257], ʪʦʙʪʦ 

 

() ( )( )max min .i
A i A j

i Lj I
x k x

ÍÍ
m = m  (2.9) 
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ɺ [251, 255, 256] ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʝʬʝʢʪʠʚʥʽʩʪʴ ʣʽʥʽʡʥʦʾ ʟʛʦʨʪʢʠ ʧʨʠ 

ʚʠʢʦʥʘʥʥʽ ʝʢʩʧʝʨʪʥʦʛʦ ʦʮʽʥʶʚʘʥʥ̫ 

 

() ( )max .i
A i A j

j I
i L

x k x
Í
Í

m = mä  (2.10) 

 

ʗʢʱʦ ʢʦʝʬʽʮʽʻʥʪʠ ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ ʝʢʩʧʝʨʪʽʚ ʚʚʘʞʘʪʠ ʟʘ ʨʦʟʧʦʜʽʣ 

ʤ̔ʦʚʽʨʥʦʩʪʝʡ, ʪʦ ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ ʢʨʠʪʝʨʽʾ ɻʫʨʚʽʮʘ ʘʙʦ ɹʘʡʝʩʘ-ʃʘʧʣʘʩʘ  

 

() ( )max / ,j
A i i A i

j I
i L

x k x n
Í
Í

m = mä  (2.11) 

 

() ( )( ) ( )max min 1 max ,j j
A i i A i i A i

i Lj I i L
x k x k x

ÍÍ Í

å õm = a m + -a mæ ö
ç ÷

 (2.12) 

 

ʜʝ n ï ʯʠʩʝʣʥɹʽʩʪʴ ʝʢʩʧʝʨʪʽʚ. 

ɼʣʷ ʬʦʨʤʘʣʽʟʘʮʽʾ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʨʦʟʤʠʪʠʭ ʬʫʥʢʮʽʡ ʥʘʣʝʞʥʦʩʪʽ, ʷʢʽ 

ʟʘʜʘʶʪʴʩʷ ʝʢʩʧʝʨʪʘʤʠ ʫ ʚʠʛʣʷʜʽ ʜʽʘʧʘʟʦʥʽʚ, ʜʦ ʢʦʣʝʢʪʠʚʥʦʾ ʬʫʥʢʮʽʾ 

ʥʘʣʝʞʥʦʩʪʽ, ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʽʟʥʽ ʩʧʦʩʦʙʠ. ʅʘʡʙʽʣʴʰ ʯʘʩʪʦ ʛʨʘʥʠʮʽ 

ʢʦʥʩʝʢʚʝʥʪʥʦʛʦ ʽʥʪʝʨʚʘʣʫ ʚʩʪʘʥʦʚʣʶʶʪʴ ʷʢ ʮʝʥʪʨʠ ʚʘʛʠ ʤʥʦʞʠʥ ( )* jH
A ixm  ʪʘ 

( )* jB
A ixm , ,i L j IÍ Í, ʟʘ ʚʠʨʘʟʘʤʠ 

 

( ) ( )* / ,jH H
A j i A i

i L

x k x n
Í

m = mä  (2.13) 

 

( ) ( )* / .jB B
A j i A i

i L

x k x n
Í

m = mä  (2.14) 

 

ʋ ʨʘʟʽ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʟʥʘʯʝʥʴ ʚʩʝʨʝʜʠʥʽ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ 

ʽʥʪʝʨʚʘʣʽʚ ʧʨʠ ʚʩʪʘʥʦʚʣʝʥʥʽ ʢʦʥʩʝʢʚʝʥʪʥʠʭ ʽʥʪʝʨʚʘʣʽʚ, ʪʦ ʮʝ ʪʘʢʦʞ 
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ʚʨʘʭʦʚʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʠʤ ʯʠʥʦʤ. ʇʦʚʥʦʶ ʤʽʨʦʶ ʢʦʥʩʝʢʚʝʥʪʥʽ ʽʥʪʝʨʚʘʣʠ 

ʬʫʥʢʮʽʾ ʥʘʣʝʞʥʦʩʪʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʰʣʷʭʦʤ ʚʞʠʪʪʷ ʜʦ ʥʠʭ ʧʝʚʥʠʭ ʢʨʠʪʝʨʽʾʚ 

çʤʽʨʠ ʥʝʪʦʯʥʦʩʪʽè ʦʮʽʥʢʠ, ʷʢʽ ʙʘʟʫʶʪʴʩʷ ʥʘ ʩʧʽʚʤʽʨʥʦʩʪʽ ʚʠʟʥʘʯʝʥʦʛʦ 

ʜʽʘʧʘʟʦʥʫ ʽʟ ʟʝʨʥʠʩʪʽʩʪʶ ʤʘʩʰʪʘʙʫ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ. ʂʦʥʩʝʢʚʝʥʪʥʽ 

ʬʫʥʢʮʽʾ ʥʘʣʝʞʥʦʩʪʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʽʥʪʝʨʚʘʣʫ ʯʠ ʪʦʯʢʠ ʟʘ ʧʨʠʥʮʠʧʦʤ 

 

()

() ()( ) () ()

() () () ()

* * * *
2

*

* * * *
2

0,5 ,ʷʢʱʦ ,

, ,ʷʢʱʦ , .

H B B H
A i A i A i A i

A i

H B B H
A i A i A i A i

x x x x

x

x x x x i L

ë m +m m -m d
î
î

m =ì
î
è øm m m -m d Íîê úí

 (2.15) 

 

ʅʘ ʢʽʥʮʝʚʦʤʫ ʝʪʘʧʽ ʜʦ ʢʦʥʩʝʢʚʝʥʪʥʠʭ ʽʥʪʝʨʚʘʣʽʚ ʤʦʞʣʠʚʠʭ ʟʥʘʯʝʥʴ 

ʬʫʥʢʮʽʡ ʥʘʣʝʞʥʦʩʪʽ ʜʣʷ ʢʦʞʥʦʛʦ ʦʙôʻʢʪʘ ʟʘʩʪʦʩʦʚʫʶʪʴ ʢʨʠʪʝʨʽʾ (2.9)-(2.12). 

ʄʽʨʘ ʥʝʧʦʚʥʦʪʠ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʩʪʘʥ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʤʦʞʝ 

ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠʩʴ ʨʽʟʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ. ɺʘʨʪʦ ʚʠʢʦʨʠʩʪʘʪʠ ʝʥʪʨʦʧʽʡʥʠʡ 

ʧʦʢʘʟʥʠʢ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ, ʦʩʢʽʣʴʢʠ ʚʽʥ ʻ ʜʦʩʪʘʪʥʴʦ ʟʘʛʘʣʴʥʠʤ ʷʢ ʜʣʷ 

ʝʢʩʧʝʨʪʥʠʭ, ʪʘʢ ʽ ʜʣʷ ʩʪʘʪʠʩʪʠʯʥʠʭ ʦʮʽʥʦʢ [242, 253]. ʄʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʘʧʨʽʦʨʥʦʶ ʝʥʪʨʦʧʽʻʶ anpʅ , ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ 

ʽʥʪʝʨʚʘʣʴʥʠʤ ʦʮʽʥʢʘʤ ʫʩʽʭ ʫʤʦʚ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ 

 

max

min
max min max min

1 1
log

i

i

y

anp i
i i i iʽ y

ʅ dy
y y y y

=
- -

äñ . (2.16) 

 

ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʪʦʭʘʩʪʠʯʥʠʭ ʪʘ ʥʝʯʽʪʢʠʭ 

ʜʘʥʠʭ ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ ʩʠʩʪʝʤʫ ʫʟʘʛʘʣʴʥʶʶʯʠʭ ʬʫʥʢʮʽʡ [240], ʪʦʤʫ ʱʦ 

ʜʦʩʣʽʜʠʚʰʠ ʩʧ̔ʣʥɹʽ ʪʘ ʚʽʜʤʽʥʥʽ ʨʠʩʠ ʥʝʯʽʪʢʦʾ ʪʘ ʩʪʦʭʘʩʪʠʯʥʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ, 

ʘ ʪʘʢʦʞ ʨʝʟʫʣʴʪʘʪʠ, ʦʜʝʨʞʘʥʽ ʚ ʧʨʦʮʝʩʽ ʩʪʚʦʨʝʥʥʷ ʤʝʪʦʜʫ ʫʟʘʛʘʣʴʥʶʶʯʠʭ 

ʬʫʥʢʮʽʡ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ, ʤʦʞʥʘ ʧʨʠʡʪʠ ʜʦ ʚʠʩʥʦʚʢʫ, ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʧʝʨʝʚʘʞʥʦ 

ʩʧʽʣʴʥʠʭ ʨʠʩ ʚʽʜʧʦʚʽʜʥʠʭ ʤʝʪʦʜʽʚ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ 

ʦʙôʻʜʥʘʥʥʷ ʚ ʦʜʥʦʤʫ ʧʽʜʭʦʜʽ. ʊʘʢʘ ʜʫʤʢʘ ʟʫʤʦʚʣʝʥʘ ʤʽʨʢʫʚʘʥʥʷʤʠ: 
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ï ʥʝʯʽʪʢʽ ʦʮʽʥʢʠ ʝʢʩʧʝʨʪʘ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʡʦʛʦ ʜʦʩʚʽʜʽ, ʱʦ ʻ ̔ʥʪʫʾʪʠʚʥʠʤ 

(ʥʝʬʦʨʤʘʣʴʥʠʤ) ʫʩʝʨʝʜʥʝʥʥʷʤ ʧʦʧʝʨʝʜʥʽʭ ʦʙʩʪʘʚʠʥ ʪʘ ʧʦʜʽʡ, ʷʢʽ ʟʫʩʪʨʽʯʘʣʠʩʴ 

ʚ ʧʨʦʬʝʩʽʡʥʽʡ ʜʽʷʣʴʥʦʩʪʽ ʝʢʩʧʝʨʪʘ; 

ï ʤʝʪʦʜʠ ʥʘʚʯʘʥʥʷ ʥʝʯʽʪʢʠʭ ʩʠʩʪʝʤ, ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʧʽʜʪʨʠʤʢʠ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʘʥʘʣʦʛʽʯʥʽ ʤʝʪʦʜʘʤ ʥʘʢʦʧʠʯʝʥʥʷ 

ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ, ʪʦʤʫ ʾʭ ʨʝʟʫʣʴʪʘʪʠ ʯʝʨʝʟ ʧʝʚʥʠʡ ʯʘʩ ʥʘʙʣʠʞʘʶʪʴʩʷ; 

ï ʤʘʢʩʠʤʽʥʥʽ ʢʦʤʧʦʟʠʮʽʾ ʬʫʥʢʮʽʡ ʥʘʣʝʞʥʦʩʪʽ ʪʘ ʦʧʝʨʘʮʽʾ ʟʛʦʨʪʢʠ 

ʤ̔ʦʚʽʨʥʦʩʪʝʡ ʩʪʦʭʘʩʪʠʯʥʠʭ ʜʘʥʠʭ ʷʚʣʷʶʪʴʩʷ ʫʟʘʛʘʣʴʥʝʥʥʷʤ ʦʧʝʨʘʮʽʡ ʥʘʜ 

ʜʝʪʝʨʤʽʥʦʚʘʥʠʤʠ ʜʘʥʠʤʠ, ʘ ʪʦʤʫ ʚʦʥʠ ʤʘʶʪʴ ʩʧʽʣʴʥʫ ʤʝʞʫ ʫ ʨʘʟʽ ʥʘʙʣʠʞʝʥʥ ̫

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʜʦ ʥʫʣʷ. 

ʋʟʘʛʘʣʴʥʶʶʯʦʶ ʻ ʜʦʜʘʪʥʦ ʚʠʟʥʘʯʝʥʘ ʬʫʥʢʮʽʷ, ʷʢʘ ʟʘʜʘʥʘ ʥʘ ʧʨʦʤʽʞʢʫ 

ʤʦʞʣʠʚʠʭ ʟʥʘʯʝʥʴ ʘʨʛʫʤʝʥʪʫ ʪʘ ʦʧʠʩʫʻ ʤ̔ʦʚʽʨʥʽʩʪʴ p ʯʠ ʤʦʞʣʠʚʽʩʪʴ  ́

ʧʨʠʡʥʷʪʪʷ ʘʨʛʫʤʝʥʪʦʤ ʟʥʘʯʝʥʥʷ ʟ ʧʝʚʥʦʛʦ ʽʥʪʝʨʚʘʣʫ [ ]1 2 1 2, , ,x x x B x BÍ Í , ʟʘ 

ʧʨʘʚʠʣʘʤʠ [243, 244] 
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ʜʝ 1, , 1 ,i ix x B i n n- Ë =  ï ʢʽʣʴʢʽʩʪʴ ʽʥʪʝʨʚʘʣʽʚ ʨʦʟʙʠʪʪʷ B. 

ʋʟʘʛʘʣʴʥʶʶʯʘ ʬʫʥʢʮʽʷ ()xb  ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ. 

ɼʣʷ ʯʽʪʢʦʛʦ x, ʟʥʘʯʝʥʥʷ ʷʢʦʛʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʪʘʪʠʩʪʠʯʥʦ ʧʦʭʠʙʢʦʶ xD , 

ʟʙʽʛʘʻʪʴʩʷ ʟʘ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʽʟ ʱʽʣʴʥʽʩʪʶ (ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤ ʟʘʢʦʥʦʤ) 

ʨʦʟʧʦʜʽʣʫ ʤ̔ʦʚʽʨʥʦʩʪʝʡ. 
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() ()xx f xb = . (2.19) 

 

ɼʣʷ ʯʽʪʢʦʛʦ x, ʟʥʘʯʝʥʥʷ ʷʢʦʛʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʦʯʥʦ 

 

() ()x xb =d, (2.20) 

 

ʜʝ ()xd  ï ʜʝʣʴʪʘ ʬʫʥʢʮʽʷ ɼʽʨʘʢʘ [240]. 

ɼʣʷ ʥʝʯʽʪʢʦʛʦ x, ʟʥʘʯʝʥʥʷ ʷʢʦʛʦ ʟʘʜʘʻʪʴʩʷ ʬʫʥʢʮʽʻʶ ʥʘʣʝʞʥʦʩʪʽ 

 

() ()Nx xb =m , (2.21) 

 

ʜʝ ()N xm  ï ʥʦʨʤʦʚʘʥʘ ʬʫʥʢʮʽʷ ʥʘʣʝʞʥʦʩʪʽ 

 

()
()

()
N x

x

x
x

x dx

m
m =

mñ

, (2.22) 

 

ʟ ʦʧʝʨʘʮʽʻʶ ʦʙôʻʜʥʘʥʥʷ (ʜʠʟôʶʥʢʮʽʾ) 

 

{ }( ) { }( ) { }( ) { }( )1 1 1 2 2 2 1 1 1 2 2 2, , , ,x x x x x x x x x x x xè øm Í Í =m Í +m Íê ú  

 

ʽ ʦʧʝʨʘʮʽʻʶ ʧʝʨʝʪʠʥʫ (ʢʦʥôʶʥʢʮʽʾ) 

 

{ }( ) { }( ) { }( ) { }( )1 1 1 2 2 2 1 1 1 2 2 2, , , * , , ,Rx x x x x x x x x x x xè øm Í Í =m Í m Í mê ú  

 

ʜʝ Rm  ï ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʥʝʯʽʪʢʠʭ ʟʤʽʥʥʠʭ 1x  ʪʘ 2x . 
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ɸʢʩ̔ʦʤʘʪʠʯʥʘ ʦʩʥʦʚʘ ʩʠʩʪʝʤʠ ʫʟʘʛʘʣʴʥʶʶʯʠʭ ʬʫʥʢʮʽʡ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʤʥʦʞʠʥʽ ʘʢʩʽʦʤ ʦʙʨʦʙʢʠ ʯʠʩʣʦʚʠʭ ʜʘʥʠʭ, ʥʝʯʽʪʢʦʾ ʣʦʛʽʢʠ ʪʘ ʪʝʦʨʽʾ 

ʤ̔ʦʚʽʨʥʦʩʪʝʡ: 

ï ʘʢʩʽʦʤʠ ʙʘʞʘʥʦʾ ʢʦʨʠʩʥʦʩʪʽ ʅʝʡʤʘʥʘ ï ʄʦʨʛʝʥʰʪʝʨʥʘ [315, 316]; 

ï ʘʢʩʽʦʤʠ ʩʠʩʪʝʤʠ ʫʟʘʛʘʣʴʥʝʥʥʷ ʩʪʦʭʘʩʪʠʯʥʦʾ ʪʘ ʥʝʯʽʪʢʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ 

[317]; 

ï ʘʢʩʽʦʤʠ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ [318]. 

ɺ ʷʢʦʩʪʽ ʢʨʠʪʝʨʽʶ ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʧʨʠʡʤʘʻʪʴʩʷ ʫʟʘʛʘʣʴʥʝʥʘ ʝʥʪʨʦʧʽʷ. ɺʦʥʘ 

ʻ ʤʽʨʦʶ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʧʝʨʝʚʘʛ ʚʽʜ ʧʨʠʡʥʷʪʦʛʦ ʨʽʰʝʥʥʷ 

 

() ( ) ( )/ log /yH y y y d
L

= b l b l lñ , (2.23) 

 

ʜʝ ɚ ï ʬʫʥʢʮʽʷ ʥʝʚʠʟʥʘʯʝʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʘʜʘʯʽ; 

ȿ ï ʩʠʩʪʝʤʘ ʫʟʘʛʘʣʴʥʶʶʯʠʭ ʬʫʥʢʮʽʡ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʚʪʨʘʪ ʘʙʦ 

ʧʝʨʝʚʘʛʠ, ʱʦ ʻ ʥʘʩʣʽʜʢʦʤ ʧʨʠʡʥʷʪʪʷ ʧʝʚʥʦʛʦ ʨʽʰʝʥʥʷ;  

y ï ʨʽʰʝʥʥʷ. 

 

2.3 ʊʝʭʥʦʣʦʛʽʷ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʾ ʘʣʴʪʝʨʥʘʪʠʚʠ ʚ ʫʤʦʚʘʭ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ 

 

ʉʫʯʘʩʥʽ ʫʤʦʚʠ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʪʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʷʢʽ ʚʠʢʦʥʫʶʪʴʩʷ ʟ 

ʤʝʪʦʶ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʤʝʭʘʥʽʟʤʫ ʽ ʦʙʩʪʘʚʠʥ ɼʊʇ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʧʘʨʘʤʝʪʨʽʚ 

ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʊɿ, ʜʦʨʦʛʠ, ʧʩʠʭʦʬʽʟʽʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʾʭ ʫʯʘʩʥʠʢʽʚ, 

ʚʠʤʘʛʘʶʪʴ ʧʦʩʠʣʝʥʥʷ ʬʘʢʪʦʨʘ ʦʙôʻʢʪʠʚʥʦʩʪʽ ʚ ʦʮʽʥʮʽ ʧʦʜʽʡ, ʟʤʝʥʰʝʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʦʙʤʝʞʝʥʴ ʩʫʙôʻʢʪʠʚʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʥʘ ʩʚʦʙʦʜʫ ʚʠʙʦʨʫ ʝʢʩʧʝʨʪʘ [148, 

151, 155-159].  

ʂʝʨʫʶʯʠʩʴ ʜʦʮʽʣʴʥʽʩʪʶ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʶ, ʷʢ ʦʩʥʦʚʥʠʤʠ ʯʠʥʥʠʢʘʤʠ ʚʠʙʦʨʫ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ, ʝʢʩʧʝʨʪ ʥʘʡʯʘʩʪʽʰʝ [83, 88, 159, 186, 239, 242]:  
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ï ʥʝ ʚʨʘʭʦʚʫʻ ʬʘʢʪʦʨʠ, ʷʢʽ ʻ ʟʘʧʦʟʠʯʝʥʠʤʠ ʟʟʦʚʥʽ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ, ʘʣʝ 

ʤʦʞʫʪʴ ʩʫʪʪʻʚʦ ʫʩʢʣʘʜʥʠʪʠ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʜʘʯ; 

ï ʥʝ ʤʦʞʝ ʩʧʽʚʩʪʘʚʠʪʠ ʥʝʛʘʪʠʚʥʽ ʪʘ ʧʦʟʠʪʠʚʥʽ ʟʥʘʯʝʥʥʷ ʨʽʟʥʠʭ ʬʘʢʪʦʨʽʚ, 

ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʝʨʝʢʦʩʽʚ ʽ ʧʦʷʚʠ ʥʝʙʘʞʘʥʠʭ ʘʩʧʝʢʪʽʚ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ 

ʝʢʩʧʝʨʪʥʦʛʦ ʚʠʩʥʦʚʢʫ; 

ï ʧʨʠʤʝʥʰʫʻ ʚʘʛʫ ʩʫʙôʻʢʪʠʚʥʠʭ ʬʘʢʪʦʨʽʚ; 

ï ʥʝ ʟʜʘʪʥʠʡ ʧʦʨʽʚʥʷʪʠ ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʚʘʨʽʘʥʪʠ, ʫ ʨʘʟʽ ʥʘʷʚʥʦʩʪʽ ʷʢ 

ʢʽʣʴʢʽʩʥʠʭ ʪʘʢ  ̔ʷʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʆʪʞʝ, ʘʢʪʫʘʣʴʥʠʤ ʻ ʚʩʪʘʥʦʚʣʝʥʥʷ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʢʨʠʪʝʨʽʶ, ʟʘ ʟʥʘʯʝʥʥʷʤ 

ʷʢʦʛʦ ʤʦʞʥʘ ʥʘʧʨʘʮʶʚʘʪʠ ʨʽʰʝʥʥʷ ʧʨʦ ʚʠʙʽʨ ʥʘʡʜʦʮʽʣʴʥʽʰʦʛʦ ʚʘʨʽʘʥʪʫ ʚ 

ʫʤʦʚʘʭ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʧʽʜ ʯʘʩ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʟʘʚʜʘʥ ɹ

ʘʚʪʦʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ. 

ɿʤʽʩʪ ʟʘʜʘʯʽ, ʱʦ ʚʠʥʠʢʘʻ ʧʝʨʝʜ ʝʢʩʧʝʨʪʦʤ, ʧʦʣʷʛʘʻ ʫ ʚʠʟʥʘʯʝʥʥʽ 

ʤʦʞʣʠʚʦʩʪʽ ʢʦʤʧʦʟʠʮʽʾ ʷʢʽʩʥʠʭ ʪʘ ʢʽʣʴʢʽʩʥʠʭ, ʩʫʙôʻʢʪʠʚʥʠʭ ʪʘ ʦʙôʻʢʪʠʚʥʠʭ 

ʬʘʢʪʦʨʽʚ ʽ ʨʦʟʨʦʙʮʽ ʤʝʪʦʜʫ, ʷʢʠʡ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʦʮʽʥʝʥʥʷ ʪʘʢʦʾ ʢʦʤʧʦʟʠʮʽʾ. 

ɹʘʟʫʚʘʪʠʩʴ ʧʨʠ ʾʾ ʨʦʟʚôʷʟʢʫ ʧʦʪʨʽʙʥʦ ʥʘ ʚʠʟʥʘʯʝʥʥʽ ʤʽʨʠ, ʷʢ ʩʫʪʥʽʩʥʦʾ ʻʜʥʦʩʪʽ 

ʢʽʣʴʢʽʩʥʦʛʦ ʽ ʷʢʽʩʥʦʛʦ, ʱʦ ʚʥʝʩʝ ʷʢʽʩʥʦ-ʢʽʣʴʢʽʩʥʫ ʚʠʟʥʘʯʝʥʽʩʪʴ [240, 244, 247, 

251]. 

ʅʝʭʘʡ S ï ʜʝʷʢʘ ʟʘʜʘʯʘ ʝʢʩʧʝʨʪʠʟʠ ɼʊʇ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʝʣʽʤʽʥʘʨʥʦʛʦ 

ʘʥʘʣʽʟʫ ʪʘʢʦʛʦ ʨʦʜʫ ʟʘʜʘʯ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʭʘʨʘʢʪʝʨʥʽ ʦʩʦʙʣʠʚʦʩʪʽ S ʤʦʞʥʘ 

ʦʮʽʥʠʪʠ ʟʘ ʤʥʦʞʠʥʦʶ ʢʨʠʪʝʨʽʾʚ ʩʫʙôʻʢʪʠʚʥʦʾ ʪʘ ʦʙôʻʢʪʠʚʥʦʾ ʧʨʠʨʦʜʠ 

{ }1 2, , , nY y y y= . ʅʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʫʟʘʛʘʣʴʥʝʥʠʡ ʢʨʠʪʝʨʽʡ, ʟʥʘʯʝʥʥʷ 

ʷʢʦʛʦ ʙʫʜʝ ʽʥʜʠʢʘʪʦʨʦʤ ʜʣʷ ʧʨʠʡʥʷʪʪ ̫ʨʽʰʝʥʥʷ ʧʨʦ ʚʠʙʽʨ ʥʘʡʢʨʘʱʦʛʦ ʚʘʨʽʘʥʪʫ 

ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯʽ, ʪʘ ʨʦʟʨʦʙʠʪʠ ʧʨʦʮʝʜʫʨʫ ʡʦʛʦ ʽʥʪʝʨʧʨʝʪʘʮʽʾ. 

ʇʨʦʘʥʘʣʽʟʫʻʤʦ ʢʣʘʩʠʬʽʢʘʮʽʶ ʯʘʩʪʢʦʚʠʭ ʢʨʠʪʝʨʽʾʚ. ʇʦʟʥʘʯʠʤʦ ʤʦʞʣʠʚʽ 

ʚʘʨʽʘʥʪʠ ʨʽʰʝʥʥʷ ʧʝʚʥʦʾ ʟʘʜʘʯʽ, ɦʦ ʧʦʩʪʘʚʣʝʥʘ ʧʝʨʝʜ ʝʢʩʧʝʨʪʦʤ, ʷʢ 

1 2, , , mA A A . ʂʦʞʥʠʡ ʟ ʮʠʭ ʚʘʨʽʘʥʪʽʚ ʥʝ ʩʧʽʚʧʘʜʘʻ ʟ ʽʥʰʠʤ ʟʘ ʧʝʨʝʣʽʢʦʤ 

ʚʥʫʪʨʽʰʥʽʭ ʧʦʢʘʟʥʠʢʽʚ. ɺʦʥʠ ʤʦʞʫʪʴ ʤʘʪʠ ʨʽʟʥʫ ʝʣʝʤʝʥʪʥʦ-ʤʦʜʫʣʴʥʫ ʙʘʟʫ, 

ʩʪʨʫʢʪʫʨʫ, ʨʽʟʥʫ ʚʘʨʪʽʩʪʴ ʪʘ ʚʽʜʨʽʟʥʷʪʠʩʷ ʦʨʛʘʥʽʟʘʮʽʡʥʠʤʠ ʧʨʦʮʝʩʘʤʠ. 
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ɺʘʨʽʘʥʪʠ ʤʘʶʪʴ ʤʥʦʞʠʥʫ { }1 2, , , kZ z z z=  ʩʠʩʪʝʤʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʷʢʘ 

ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ S. ʉʢʣʘʜ ʤʥʦʞʠʥʠ Z ʻ ʦʜʥʘʢʦʚʠʤ ʜʣʷ ʢʦʞʥʦʛʦ 

ʚʘʨʽʘʥʪʫ. ʆʮʽʥʶʶʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘ ʢʨʠʪʝʨʽʷʤʠ, ʷʢʽ ʤʦʞʥʘ ʢʣʘʩʠʬʽʢʫʚʘʪʠ 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

1. ʂʨʠʪʝʨʽʾ ʢ̫ʽʩʥʦʛʦ ʭʘʨʘʢʪʝʨʫ, ʱʦ ʚʢʘʟʫʶʪʴ ʥʘ ʚʽʜʩʫʪʥʽʩʪʴ ʯʠ ʥʘʷʚʥʽʩʪʴ 

ʜʝʷʢʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʘʨʽʘʥʪʫ: 

 

( )
1, ʤʘʻʚʣʘʩʪʠʚʽʩʪʴ ,

0,ʚʽʥʰʦʤʫʚʠʧʘʜʢʫ,

1, , , 1, , , 1, , .

q

q p

l A p

A z

y z

l n q m p k

ë
î

= =ì
î
í

= = =

c
 (2.27) 

 

2. ʂʨʠʪʝʨʽʾ ʢ̫ʽʩʥʦʛʦ ʭʘʨʘʢʪʝʨʫ, ʱʦ ʚʢʘʟʫʶʪʴ ʥʘ ʚʠʙʽʨ ʦʜʥʦʛʦ ʽʟ ʩʧʦʩʦʙʽʚ 

ʨʝʘʣʽʟʘʮʽʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʾʾ ʥʘʷʚʥʽʩʪʴ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʦʞʥʦʛʦ ʩʧʦʩʦʙʫ: 

 

( ),p

i
l i z py z= Ör c  (2.28) 

 

ʜʝ ir ï ʚʘʛʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʩʧʦʩʦʙʫ ʨʝʘʣʽʟʘʮʽʾ ʚʘʨʽʘʥʪʫ, ( )0,1iÍr , 
1

1;
d

i

i=

=är  

d ï ʢʽʣʴʢʽʩʪʴ ʩʧʦʩʦʙʽʚ. 

ɺʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ ʟʘʣʝʞʘʪʴ, ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ, ʥʝʣʽʥʽʡʥʦ ʚʽʜ 

ʚʥʫʪʨʽʰʥʽʭ ʧʘʨʘʤʝʪʨʽʚ, ʾʭ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʚ ʨʝʟʫʣʴʪʘʪʽ ʝʢʩʧʝʨʠʤʝʥʪʫ ʯʠ 

ʤʦʜʝʣʶʚʘʥʥʷ [243, 246, 253]. 

3. ʂʨʠʪʝʨʽʾ ʢ̫ʽʩʥʦʛʦ ʭʘʨʘʢʪʝʨʫ, ʱʦ ʚʢʘʟʫʶʪʴ, ʥʘ ʚʠʙʽʨ ʜʝʢʽʣʴʢʦʭ ʩʧʦʩʦʙʽʚ 

ʨʝʘʣʽʟʘʮʽʾ ʚʘʨʽʘʥʪʫ ʽʟ ʤʥʦʞʠʥʠ ʪʘ ʚʽʜʤʽʥʫ ʚʽʜ ʢʨʠʪʝʨʽʾʚ ʜʨʫʛʦʛʦ ʪʠʧʫ: 

 

( ),p

i
l i z p

i I

y z
Í

= Öär c  (2.29) 

 

ʜʝ I ï ʩʫʢʫʧʥʽʩʪʴ ʽʥʜʝʢʩʽʚ, { }1,2, ,I d= . 
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ʇʨʦʙʣʝʤʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ir ʧʦʻʜʥʫʻ ʚ ʩʦʙʽ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʚôʷʟʘʥʥʷ 

ʟʘʜʘʯʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʽ ʢʦʤʙʽʥʘʪʦʨʥʠʡ ʘʥʘʣʽʟ ʧʨʠ 

ʨʽʚʥʦʝʬʝʢʪʠʚʥʠʭ ʧʦʻʜʥʘʥʥʷʭ ʩʧʦʩʦʙʽʚ ʨʝʘʣʽʟʘʮʽʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

4. ʂʽʣʴʢʽʩʥ ̔ʢʨʠʪʝʨʽʾ, ʟʥʘʯʝʥʥʷʤʠ ʷʢʠʭ ʻ ʯʠʩʣʦʚʘ ʚʝʣʠʯʠʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

S. ʆʩʢʽʣʴʢʠ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʻ ʚʝʣʠʯʠʥʦʶ ʘʙʩʦʣʶʪʥʦʶ ʽ ʤʘʻ ʤʽʥʽʤʘʣʴʥʫ 

ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʪʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʥʘʯʥʦʶ ʝʥʪʨʦʧʽʻʶ, ʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʚʽʜʦʤʫ ʧʨʦʮʝʜʫʨʫ ʥʦʨʤʘʣʽʟʘʮʽʾ ʟ ʤʝʪʦʶ ʧʨʠʚʝʜʝʥʥʷ ʡʦʛʦ ʜʦ ʻʜʠʥʦʾ ʰʢʘʣʠ 

(ʚʽʜʨʽʟʢʫ [0,1]). ɼʣʷ ʮʴʦʛʦ ʧʦʪʨʽʙʥʦ ʟʥʘʪʠ ʯʠʩʣʦʚ ̔ ʝʢʩʪʨʝʤʘʣʴʥ ̔ ʟʥʘʯʝʥʥ ̫

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʄʘʻʤʦ: 

 

[ ]: 0,1 ,ly X­  (2.30) 

 

ʜʝ { }1 2, , , rX x x x=  ï ʩʫʢʫʧʥʽʩʪʴ ʚʥʫʪʨʽʰʥʽʭ ʧʘʨʘʤʝʪʨʽʚ S. 

5. ʂʨʠʪʝʨʽʾ ʢ̫ʽʩʥʦʛʦ ʭʘʨʘʢʪʝʨʫ, ʷʢʽ ʟʘʩʥʦʚʘʥʽ ʥʘ ʦʮʽʥʢʘʭ ʝʢʩʧʝʨʪʽʚ, ʾʭ 

ʽʥʪʫʾʮʽʾ ʪʘ ʜʦʩʚʽʜʽ. ɼʦʩʠʪʴ ʯʘʩʪʦ ʚʦʥʠ ʤʘʶʪʴ ʧʨʦʛʥʦʟʥʠʡ ʭʘʨʘʢʪʝʨ  ̔ʙʘʟʫʶʪʴʩʷ 

ʥʘ ʜʦʩʚʽʜ ̔ʝʢʩʧʝʨʪʘ ʯʠ ʟʥʘʥʥ ̔ʧʨʦʮʝʩʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʘʥʘʣʦʛʽʚ: 

 

[ ] [ ]: , 0,1 ,ly a b ­  (2.31) 

 

ʜʝ a ï ʤʽʥʽʤʘʣʴʥʝ ʯʠʩʣʦʚʝ ʟʥʘʯʝʥʥʷ ʩʠʩʪʝʤʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ,  

b ï ʤʘʢʩʠʤʘʣʴʥʝ ʯʠʩʣʦʚʝ ʟʥʘʯʝʥʥʷ ʩʠʩʪʝʤʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ,  

()ly x  ï ʢʨʠʪʝʨʽʡ, ʱʦ ʚʢʘʟʫʻ ʥʘʩʢʽʣʴʢʠ ʟʥʘʯʝʥʥʷ x ʻ ʦʧʪʠʤʘʣʴʥʠʤ. 

ʆʪʞʝ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʩʠʩʪʝʤʫ ʟ ʧôʷʪʠ ʪʠʧʽʚ ʢʨʠʪʝʨʽʾʚ, ʷʢʽ ʤʘʶʪʴ 

ʫʥʽʚʝʨʩʘʣʴʥʫ ʤʥʦʞʠʥʫ ʟʥʘʯʝʥʴ ï ʚʽʜʨʽʟʦʢ [0,1]. ɺ ʨʦʙʦʪʘʭ [242, 253] 

ʩʪʚʝʨʜʞʫʻʪʴʩʷ, ʱʦ ʪʘʢʘ ʩʠʩʪʝʤʘ ʢʨʠʪʝʨʽʾʚ ʻ ʧʦʚʥʦʶ ʪʘ ʽʩʥʫʻ ʤʦʞʣʠʚʽʩʪʴ 

ʟʚʝʜʝʥʥʷ ʫʩʭ̔ ʽʥʠhʭ ʢʨʠʪʝʨʽʾʚ, ʱʦ ʤʘʶʪʴ ʽʥʫh ʩʝʤʘʥʪʠʯʥʫ ʩʪʨʫʢʪʫʨʫ ʜʦ 

ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ.  

ʇʨʦʮʝʜʫʨʘ ʦʙôʻʜʥʘʥʥʷ ʯʘʩʪʢʦʚʠʭ ʢʨʠʪʝʨʽʾʚ ʚ ʽʥʪʝʛʨʘʣʴʥʠʡ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ 

ʫʤʦʚʠ ʚʠʟʥʘʯʝʥʦʩʪʽ ʾʭ ʚʘʛʦʚʠʭ ʟʥʘʯʝʥ.ɹ ʊʘʢʘ ʤʦʞʣʠʚʽʩʪʴ ʚʠʥʠʢʘʻ ʪʽʣʴʢʠ ʫ ʨʘʟʽ 

ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʽ ʩʠʩʪʝʤʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ.  
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ʊʝʭʥʦʣʦʛʽʷ ʚʠʟʥʘʯʝʥʥʷ ʚʘʛʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʯʘʩʪʢʦʚʠʭ ʢʨʠʪʝʨʽʾʚ ʟʥʘʯʥʦ 

ʫʩʢʣʘʜʥʶʻʪʴʩʷ, ʷʢʱʦ ʾʭ ʟʥʘʯʝʥʥʷ ʥʝʚʽʜʦʤʽ ʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʩʫʙôʻʢʪʠʚʥʦ. ʅʝʭʘʡ 

x ʝʢʩʧʝʨʪʽʚ ʦʮʽʥʠʣʠ ʟʥʘʯʝʥʥʷ ʚʩʽʭ ʯʘʩʪʢʦʚʠʭ ʢʨʠʪʝʨʽʾʚ ʜʣʷ ʢʦʞʥʦʛʦ ʚʘʨʽʘʥʪʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʜʝʨʞʘʥʘ ʤʘʪʨʠʮʷ ( )
1, 1

n
j

i
i j

y
= =

x
. ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʮʽʻʾ ʤʘʪʨʠʮʽ 

ʦʩʦʙʘ, ʷʢʘ ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ (ʆʇʈ), ʤʦʞʝ ʚʠʟʥʘʯʠʪʠ ʚʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ ʟʘ 

ʬʦʨʤʫʣʦʶ 

 

1

1 1

.

j
i

j
i n

j
i

i j

y

y

=

= =

=

ä

ää

x

x
b  (2.32) 

 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʥʘ ʟʥʘʯʝʥʥʷ ʯʘʩʪʢʦʚʠʭ ʢʨʠʪʝʨʽʾʚ ʚʧʣʠʚʘʶʪʴ ʚʠʧʘʜʢʦʚʽ 

ʦʙʩʪʘʚʠʥʠ ʪʘ ʢʦʞʝʥ ʟ ʝʢʩʧʝʨʪʽʚ ʚʠʟʥʘʯʘʻ ʤʦʞʣʠʚʽ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʾʚ ʨʘʟʦʤ ʟ 

ʾʭ ̔ʤʦʚʽʨʥʦʩʪʷʤʠ, ʨʷʜ ʟʥʘʯʝʥʴ ʜʠʩʢʨʝʪʥʠʡ ʪʘ ʩʢʽʥʯʝʥʥʠʡ. ʊʦʜʽ ʜʣʷ ʢʦʞʥʦʛʦ 

ʝʢʩʧʝʨʪʘ ʪʘ ʢʦʞʥʦʛʦ ʯʘʩʪʢʦʚʦʛʦ ʢʨʠʪʝʨʽʶ ʤʘʻʤʦ ʨʷʜ ʨʦʟʧʦʜʽʣʫ (ʪʘʙʣ. 2.2), ʜʝ 

l ï ʥʦʤʝʨ ʝʢʩʧʝʨʪʘ, 1, ,l x= ; j ï ʥʦʤʝʨ ʯʘʩʪʢʦʚʦʛʦ ʢʨʠʪʝʨʽʶ, 1, ,j n= ; 
jlq  ï 

ʢʽʣʴʢʽʩʪʴ ʤʦʞʣʠʚʠʭ ʟʥʘʯʝʥʴ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ l-ʤ ʝʢʩʧʝʨʪʦʤ ʜʣʷ j-ʛʦ ʢʨʠʪʝʨʽʶ; 

1

1.

l j
q

lj
i

i

p
=

=ä  ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʚʽʜʦʤʦ ʜʝʢʽʣʴʢʘ ʧʽʜʭʦʜʽʚ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʚʘʛʦʚʠʭ 

ʢʦʝʬʽʮʽʻʥʪʽʚ [239, 241, 242, 247, 252, 265]. ʇʝʨʰʠʡ ʧʽʜʭʽʜ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʷʢʱʦ 

ʚʚʘʞʘʪʠ ʝʢʩʧʝʨʪʽʚ ʨʽʚʥʦ ʢʦʤʧʝʪʝʥʪʥʠʤʠ ʪʘ ʧʦʣʷʛʘʻ ʚ ʤʽʥʽʤʽʟʘʮʽʾ ʨʠʟʠʢʫ 

ʚʠʟʥʘʯʝʥʥʷ ʥʝʚʽʨʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʰʣʷʭʦʤ ʟʥʘʭʦʜʞʝʥʥʷ  

 

1

.

l j

j j

q
l l

jl i i

i

y p
=

= Öäd  (2.33) 

 

ʊʦʜʽ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʚʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ ʟʘ ʬʦʨʤʫʣʦʶ 
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1

1
.j jl

l=

= ä
x

b d
x

 (2.34) 

 

ʊʘʙʣʠʮʷ 2.2 ï ɺʠʭʽʜʥʠʡ ʨʷʜ ʨʦʟʧʦʜʽʣʫ 

1
jly  2

jly  é 
l j

jl
q

y  

1
jlp  2

jlp  é 
l j

jl
q

p  

 

ɯʥʰʠʡ ʧʽʜʭʽʜ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʟ ʤʝʪʦʶ ʟʤʝʥʰʝʥʥʷ ʢʘʪʝʛʦʨʠʯʥʦʩʪʽ ʩʫʜʞʝʥʴ 

ʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʝʢʩʧʝʨʪʠ, ʥʝ ʤʘʶʯʠ ʥʘʣʝʞʥʦʛʦ ʜʦʩʚʽʜʫ, ʚʢʘʟʫʶʪʴ ʥʘ ʤʘʡʞʝ 

ʦʜʥʘʢʦʚʽ ʡʤʦʚʽʨʥʦʩʪʽ, ʯʠʤ ʚʠʢʣʠʢʘʶʪʴ ʟʥʘʯʥʫ ʝʥʪʨʦʧʽʶ ʚʠʙʦʨʫ, ʱʦ 

ʫʥʝʤʦʞʣʠʚʣʶʻ ʚʠʢʦʨʠʩʪʘʥʥʷ (2.33). ʄʘʢʩʠʤʘʣʴʥʦʶ ʻ ʝʥʪʨʦʧʽʷ ʧʨʠ 1/
j

lj
i lp q=  

ʽ ʜʦʨʽʚʥʶʻ log
jlj lH q= , 1, ,

jli q= . ʊʦʜʽ ʚʠʟʥʘʯʠʪʠ ʚʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ ʤʦʞʥʘ 

ʟʘ ʬʦʨʤʫʣʦʶ 

 

1

l j
q

lj lj
j i i

i

y p
=

= Öäb , (2.35) 

 

ʜʝ l ï ʥʦʤʝʨ ʝʢʩʧʝʨʪʘ, ʱʦ ʟʘʧʨʦʧʦʥʫʚʘʚ ʜʘʥʽ ʟ ʥʘʡʤʝʥʰʦʶ ʝʥʪʨʦʧʽʻʶ. 

ʊʘʢʠʡ ʧʽʜʭʽʜ ʻ ʨʘʮʽʦʥʘʣʴʥʠʤ ʣʠʰʝ ʫ ʚʠʧʘʜʢʫ lj sjH H , , 1, ,s l= x, s ļ

. ʄʦʞʣʠʚʠʤ ʻ ʪʘʢʦʞ ʟʥʘʭʦʜʞʝʥʥʷ ʚʘʛʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʟʘ ʬʦʨʤʫʣʦʶ 

 

1

1 lj
j o

l

M
=

= ä
x

b
x

, (2.36) 

 

ʜʝ 
lj
oM  ï ʤʦʜʘ ʨʦʟʧʦʜʽʣʫ; 

jl  ï ʟʥʘʯʝʥʥʷ j-ʛʦ ʢʨʠʪʝʨʽʶ, ʚʩʪʘʥʦʚʣʝʥʦʛʦ l-ʤ ʝʢʩʧʝʨʪʦʤ. 

ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʝʢʩʧʝʨʪʘʤ ʥʝʚʽʜʦʤʽ ʩʪʘʪʠʩʪʠʯʥʽ ʜʘʥʽ, ʘ ʻ ʣʠʰʝ ʜʦʩʚʽʜ, 

ʽʥʪʫʾʮʽʷ ʪʘ ʟʥʘʥʥʷ ʪʝʦʨʽʾ, ʝʢʩʧʝʨʪ ʧʝʨʝʜʙʘʯʘʻ ʤʽʥʽʤʘʣʴʥʝ ʪʘ ʤʘʢʩʠʤʘʣʴʥʝ 
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ʟʥʘʯʝʥʥʷ ʯʘʩʪʢʦʚʦʛʦ ʢʨʠʪʝʨʽʶ ʪʘ ʚʠʨʘʞʘʻ ʩʚʦʶ ʚʧʝʚʥʝʥʽʩʪʴ ʫ ʪʦʤʫ ʯʠ ʽʥʰʦʤʫ 

ʟʥʘʯʝʥʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʡ ʥʘʣʝʞʥʦʩʪʽ, ʷʢʘ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʤʘʻ ʚʠʜ 

ɸ ʥʘ ʨʠʩ. 2.5. 

 

0 x

1

m

A

B

C

 
 

ʈʠʩʫʥʦʢ 2.5 ï ʌʫʥʢʮʽʷ ʥʘʣʝʞʥʦʩʪʽ 

 

ɺʚʘʞʘʶʯʠ, ʱʦ ʝʢʩʧʝʨʪ ʤʦʞʝ ʚʠʩʣʦʚʠʪʠ ʧʨʦʛʥʦʟ ʜʣʷ ʜʦʩʠʪʴ ʚʝʣʠʢʦʾ 

ʢʽʣʴʢʦʩʪʽ ʟʥʘʯʝʥʴ ʢʨʠʪʝʨʽʶ, ʣʘʤʘʥʫ ʣʽʥʽʶ ʤʦʞʥʘ ʟʛʣʘʜʠʪʠ ʜʟʚʦʥʦʧʦʜʽʙʥʦʶ 

ʬʫʥʢʮʽʻʶ (ʉ ʥʘ ʨʠʩ. 2.5), ʷʢʫ ʣʝʛʢʦ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ [161, 257]. ʌʫʥʢʮʽʾ 

ʥʘʣʝʞʥʦʩʪʽ ʟʤʽʥʥʦʾ x ʜʦ ʜʦʚʽʣʴʥʦʛʦ ʥʝʯʽʪʢʦʛʦ ʪʝʨʤʫ j ʚ ʪʘʢʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʥʽ 

ʤʦʞʥʘ ʚʠʟʥʘʯʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʫʟʘʛʘʣʴʥʝʥʦʾ ʤʦʜʝʣʽ [162, 242, 253, 319]: 
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1

j x
x c

=
-å õ

+æ ö
ç ÷

m

s

 ʘʙʦ ()
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22

x c

j x e sm

-
-

= , (2.37) 

 

ʜʝ c ʽ ů ï ʧʘʨʘʤʝʪʨʠ ʥʘʩʪʨʦʡʢʠ, ʷʢʽ ʤʘʶʪʴ ʪʘʢʫ ʽʥʪʝʨʧʨʝʪʘʮʽʶ: c ï 

ʢʦʦʨʜʠʥʘʪʘ ʤʘʢʩʠʤʫʤʫ ʬʫʥʢʮʽʾ, () 1;j xm =  ů ï ʢʦʝʬʽʮʽʻʥʪ ʢʦʥʮʝʥʪʨʘʮʽʾ-

ʨʦʟʪʷʛʫʚʘʥʥʷ ʬʫʥʢʮʽʾ (ʨʠʩ. 2.6).  

ʊʘʢʦʞ ʜʣʷ ʧʨʘʢʪʠʯʥʠʭ ʦʙʯʠʩʣʝʥʴ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʨʘʧʝʮʽʶ (ɺ ʥʘ 

ʨʠʩ. 2.5), ʧʘʨʘʤʝʪʨʠ ʷʢʦʾ ʪʘʢʦʞ ʬʦʨʤʘʣʽʟʦʚʘʥʽ [251, 318] ʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʢʘʟʘʥʽ 

ʝʢʩʧʝʨʪʘʤʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ.  
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ʈʠʩʫʥʦʢ 2.6 ï ʄʦʜʝʣʴ ʬʫʥʢʮʽʡ ʥʘʣʝʞʥʦʩʪʽ 

 

ʂʦʞʥʠʡ ʝʢʩʧʝʨʪ ʜʣʷ ʢʦʞʥʦʛʦ ʢʨʠʪʝʨʽʶ ʙʫʜʫʻ ʩʚʦʶ ʬʫʥʢʮʽʶ ʥʘʣʝʞʥʦʩʪʽ 

()j
l xm . ʗʢʱʦ { }1,2, ,l$ Í x  ʽ  

 

()( ) ()( )
1

supp suppj j
il

i
i l

x x
x

m m
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¸

å õ
æ ö

=Åæ ö
æ ö
ç ÷

, (2.38) 

 

ʜʝ ()suppf x  ï ʥʦʩʽʡ ʬʫʥʢʮʽʾ ()f x , ʪʦ l-ʡ ʝʢʩʧʝʨʪ ʘʙʦ ʚʩʽ ʽʥʰʽ ʻ 

ʥʝʢʦʤʧʝʪʝʥʪʥʠʤʠ ʽ ʝʢʩʧʝʨʪʘ ʧʦʪʨʽʙʥʦ ʚʠʣʫʯʠʪʠ ʘʙʦ j-ʡ ʢʨʠʪʝʨʽʡ ʥʝ 

ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʢʨʠʪʝʨʽʶ. ʋ ʚʠʧʘʜʢʫ, ʷʢʱʦ  

 

()( )
1

supp j
l

l

x

=

¸Å
x

m , (2.39) 

 

ʤʝʪʦʜ ʤʽʥʽʤʽʟʘʮʽʾ ʨʠʟʠʢʫ ʚʠʟʥʘʯʝʥʥʷ ʥʝʧʨʘʚʠʣʥɹʦʛʦ ʚʘʛʦʚʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʜʣʷ 

j-ʛʦ ʢʨʠʪʝʨʽʶ ʧʦʣʷʛʘʻ ʫ ʚʠʟʥʘʯʝʥʥʽ ʦʙʣʘʩʪʽ ʌ ʽʟ ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯʽ 

 

( )
1

max supp j
l

l
F

=

F ¸Å
x

m , (2.40) 

 

ʊʦʜʽ ʚ ʮʽʡ ʦʙʣʘʩʪʽ ʟʥʘʡʜʝʤʦ ʬʫʥʢʮʽʶ 
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1
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j l
l

x x x
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= ÍFä
x
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, (2.41) 

 

ɿʘ ʧʦʙʫʜʦʚʦʶ ()j xm  ʻ ʥʝʧʝʨʝʨʚʥʦʶ ʚ ʦʙʣʘʩʪʽ ʌ ʽ ʤʘʻ ʤʘʢʩʠʤʘʣʴʥʝ 

ʟʥʘʯʝʥʥʷ ()
maxj xm . ʊʦʯʢʘ, ʚ ʷʢʽʡ ʮʝ ʟʥʘʯʝʥʥʷ ʜʦʩʷʛʘʻʪʴʩʷ, ʻ ʟʥʘʯʝʥʥʷʤ jb . 

ʗʢʱʦ ʪʘʢʘ ʪʦʯʢʘ ʥʝ ʻʜʠʥʘ, ʪʦ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ ʜʦʜʘʪʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʘʙʦ 

ʧʨʠʡʥʷʪʠ 

 

()
max

minj j
x

x=b m . (2.42) 

 

ʇʦʨʦʛʦʚʝ ʟʥʘʯʝʥʥʷ ʤʽʞ ʥʝʧʝʨʝʢʦʥʣʠʚʦʶ ʪʘ ʧʝʨʝʢʦʥʣʠʚʦʶ ʫʧʝʚʥʝʥʦʩʪʷʤʠ 

ʚʚʘʞʘʻʪʴʩʷ ʨʽʚʥʠʤ 0,66 [242]. ʋ ʚʠʧʘʜʢʫ ʥʝʧʝʨʝʢʦʥʣʠʚʦʾ ʚʧʝʚʥʝʥʦʩʪʽ ʫ 

ʟʥʘʯʝʥʥʽ jb, ʨʦʟʨʘʭʦʚʘʥʦʤʫ ʟʘ (2.42), ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʘʛʦʚʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ 

ʚʚʘʞʘʪʠ jMb , ()
max

0,66jM x= <m . 

ɼʣʷ ʬʦʨʤʫʚʘʥʥʷ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʢʨʠʪʝʨʽʶ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʡʦʛʦ ʟʥʘʯʝʥʥʷ 

ʤʦʞʥʘ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʜʝʢʽʣʴʢʘ ʧʽʜʭʦʜʽʚ: 

1. ʇʨʠʧʫʩʪʠʤʦ, ʱʦ { }
1 2 1 1 2 2

min , ,i i i i i iy y y yØ = Ö Öb b  ʜʝ , 1, ,i i n=b  ï ʚʘʛʦʚʽ 

ʢʦʝʬʽʮʽʻʥʪʠ ʢʨʠʪʝʨʽʾʚ, ʪʦʜʽ ʽʥʪʝʛʨʘʣʴʥʠʡ ʢʨʠʪʝʨʽʡ ʻ ʪʘʢʠʤ: 

 

1

n

i
i

y
=

IK= Ø. (2.43) 

 

IK  ʜʦʨʽʚʥʶʻ ʥʘʡʤʝʥʰʦʤʫ ʜʦʙʫʪʢʫ ʟʥʘʯʝʥʥʷ ʯʘʩʪʢʦʚʦʛʦ ʢʨʠʪʝʨʽʶ ʥʘ ʡʦʛʦ 

ʚʘʛʫ. ʇʦʪʨʽʙʥʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʤʦʞʣʠʚʽ ʜʚʘ ʚʠʧʘʜʢʠ: ʧʝʨʰʠʡ, ʷʢʱʦ ʢʨʠʪʝʨʽʡ 

ʤʘʻ ʥʝʚʝʣʠʢʫ ʚʘʛʫ ʚ ʟʘʛʘʣʴʥʽ ʩʫʢʫʧʥʦʩʪʽ ʢʨʠʪʝʨʽʾʚ ʪʘ ʜʨʫʛʠʡ, ʷʢʱʦ ʟʥʘʯʝʥʥʷ 

ʢʨʠʪʝʨʽʶ ʻ ʥʫʣɹʦʚʠʤ ʯʠ ʜʦʩʪʘʪʥʴʦ ʤʘʣʠʤ, ʘʣʝ ʚʘʛʘ ʢʨʠʪʝʨʽʶ ʚʝʣʠʢʘ. ɺ ʮʠʭ 

ʚʠʧʘʜʢʘʭ ʨʽʰʝʥʥʷ ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ ʚʠʣʫʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʧʨʠʡʤʘʻʪʴʩʷ ʟʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʢʨʠʪʝʨʽʘʣʴʥʦʾ ʬʫʥʢʮʽʾ. 
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2. ɯʥʪʝʛʨʘʣʴʥʽ ʢʨʠʪʝʨʽʾ ʘʜʠʪʠʚʥʦʛʦ, ʘʙʦ ʤʫʣʴʪʠʧʣʽʢʘʪʠʚʥʦʛʦ ʚʠʛʣʷʜʫ 

 

1 1

ʘʙʦ i

nn

i i i
i i

y y
bb

= =

IK= IK=ä Ô . (2.44) 

 

ʄʫʣʴʪʠʧʣʽʢʘʪʠʚʥʽ ʢʨʠʪʝʨʽʾ ʟʨʫʯʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ, ʷʢʱʦ ʽʩʥʫʶʪʴ 

ʯʘʩʪʢʦʚʽ ʢʨʠʪʝʨʽʾ, ʷʢʽ ʚʠʟʥʘʯʝʥʽ ʥʘ ʤʥʦʞʠʥʘʭ ʚʥʫʪʨʽʰʥʽʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ 

ʧʝʨʝʪʠʥʘʶʪʴʩʷ. ʆʩʢʽʣʴʢʠ ʪʘʢʽ ʢʨʠʪʝʨʽʾ ʟʚʦʜʷʪʴ ʜʦ ʘʜʠʪʠʚʥʠʭ 

ʣʦʛʘʨʠʬʤʫʚʘʥʥʷʤ ʥʘ ʦʩʥʦʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʮʝʩʫ ʪʝʩʪʫʚʘʥʥʷ ʥʘ 

ʤʫʣʴʪʠʢʦʣʽʥʝʘʨʥʽʩʪʴ ʪʘ ʚʠʣʫʯʝʥʥʷ ʟʘʣʝʞʥʠʭ ʢʨʠʪʝʨʽʾʚ, ʜʦʮʽʣʴʥʦ ʨʦʟʛʣʷʜʘʪʠ 

ʣʠʰʝ ʘʜʠʪʠʚʥʽ ʢʨʠʪʝʨʽʾ. 

ʇʨʦʮʝʩ ʘʛʨʝʛʫʚʘʥʥʷ ʯʘʩʪʢʦʚʠʭ ʢʨʠʪʝʨʽʾʚ ʚ ʽʥʪʝʛʨʘʣʴʥʠʡ ʩʫʪʪʻʚʦ 

ʫʩʢʣʘʜʥʶʻʪʴʩʷ, ʷʢʱʦ ʟʥʘʯʝʥʥʷ ʚʘʛʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʥʝʚʽʜʦʤʽ ʪʘ 

ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʩʫʙôʻʢʪʠʚʥʦ ʥʘ ʦʩʥʦʚʽ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ ʘʙʦ ʧʨʦʬʝʩʽʡʥʦʛʦ 

ʜʦʩʚʽʜʫ, ʽʥʪʫʾʮʽʾ ʪʘ ʟʥʘʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ ʟʘʩʘʜ.  

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʢʦʤʧʦʟʠʮʽʶ ʜʝʪʝʨʤʽʥʦʚʘʥʦʛʦ ʪʘ ʤ̔ʦʚʽʨʥʽʩʥʦʛʦ ʧʽʜʭʦʜʽʚ, 

ʘ ʪʘʢʦʞ ʤʝʪʦʜʽʚ ʪʝʦʨʽʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ, ʤʦʞʥʘ ʦʜʝʨʞʘʪʠ ʽʥʪʝʛʨʘʣʴʥʠʡ ʢʨʠʪʝʨʽʡ, 

ʚ ʷʢʦʤʫ ʚʨʘʭʦʚʫʻʪʴʩʷ ʤʠʥʫʣʝ (ʩʪʘʪʠʩʪʠʯʥʽ ʜʘʥʽ), ʪʝʧʝʨʽʰʥʻ (ʧʘʨʘʤʝʪʨʠ ʪʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʘʢʪʠʯʥʦʛʦ ʩʪʘʥʫ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ) ʪʘ ʤʘʡʙʫʪʥʻ 

(ʨʝʟʫʣʴʪʘʪʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ), ʘ ʪʘʢʦʞ ʩʫʙôʻʢʪʠʚʥʝ ʚʽʜʥʦʰʝʥʥʷ ʝʢʩʧʝʨʪʘ 

(ʨʠʩ. 2.7). 

ʇʨʦʮʝʜʫʨʘ ʬʦʨʤʫʚʘʥʥʷ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʢʨʠʪʝʨʽʶ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘ ʧʝʨʝʪʠʥʽ 

ʧʨʝʜʤʝʪʥʠʭ ʦʙʣʘʩʪʝʡ ʩʪʘʪʠʩʪʠʢʠ, ʪʝʦʨʽʾ ʙʘʟ ʜʘʥʠʭ ʪʘ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ. ɺʦʥʘ 

ʥʘʟʠʚʘ̒ ʪʴʩʷ ʚʠʷʚʣʝʥʥʷʤ ʟʥʘʥʴ ʚ ʙʘʟʘʭ ʜʘʥʠʭ (knowledge discovery in databases). 

ʊʝʭʥʦʣʦʛʽʷ ʜʦʙʫʚʘʥʥʷ ʟʥʘʥʴ ʽʟ ʜʘʥʠʭ (data mining), ʥʘ ʨʘʟʽ ʨʦʙʠʪʴ ʧʝʨʰʽ ʢʨʦʢʠ 

ʚ ʋʢʨʘʾʥʽ. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʘʣʛʦʨʠʪʤʠ ʪʘ ʧʨʘʚʠʣʘ, ʟʘ ʷʢʠʤʠ ʚʦʥʘ ʧʨʘʮʶʻ, 

ʥʝʩʧʨʦʤʦʞʥʽ ʜʦ ʰʚʠʜʢʦʾ ʘʜʘʧʪʘʮʽʾ. 

ɯʥʪʝʛʨʘʣʴʥʠʡ ʢʨʠʪʝʨʽʡ, ʱʦ ʬʦʨʤʫʻʪʴʩʷ ʰʣʷʭʦʤ ʧʨʦʩʪʦʛʦ ʩʧʦʣʫʯʝʥʥʷ 

ʯʘʩʪʠʥʥʠʭ ʢʨʠʪʝʨʽʾʚ ʻ ʟʨʫʯʥʠʤ ʟʘʩʦʙʦʤ ʜʣʷ ʚʠʙʦʨʫ ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʽʚ. ɸʣʝ 

ʜʫʞʝ ʯʘʩʪʦ ʥʝʤʦʞʣʠʚʦ ʚʠʷʚʠʪʠ ʩʢʣʘʜʥʽ ʟʘʣʝʞʥʦʩʪʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 
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ʬʦʨʤʘʣʽʟʦʚʘʥʽ ʧʨʦʮʝʜʫʨʠ. ɿʘʨʘʟʦʤ, ʽʩʥʫʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʬʦʨʤʘʣʴʥʦʩʪʝʡ, ʟʘ 

ʷʢʠʭ ʧʨʘʮʶʻ ʧʝʚʥʠʡ ʤʝʪʦʜ.  

 

ɯʥʪʝʛʨʘʣɹʥʠʡ ʢʨʠʪʝʨ̔ʡ

ʏʘʩʪʠʥʥ̔ 

ʢʨʠʪʝʨ̔ʾ

ʉʠʩʪʝʤʥ̔ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ

ɺʥʫʪʨ̔h ʥ̔ 

ʧʘʨʘʤʝʪʨʠ

ʌʦʨʤʘʣɹʥʠʡ ʧ̔ʜʭ̔ʜ ʅʝʬʦʨʤʘʣ̔ʟʦʚʘʥ̔ ʘʩʧʝʢʪʠ

ɼʘʥ̔

ɿʥʘʥʥ̫

ɽʢʩʧʝʨʠʤʝʥʪʠ, 

ʉʧʦʩʪʝʨʝʞʝʥʥ̫

ʇʨʦʛʥʦʟʫʚʘʥʥ̫

ʉʪʘʪʠʩʪʠʢʘ

ɹʘʟʠ ʜʘʥʠʭ

ɸʥʘʣ̔ʟ. ʉʠʥʪʝʟ

ʇʨʠʡʥ̫ʪʪ̫ 

ʨ̔h ʝʥɹ

ʉʪʘʪʠʩʪʠʢʘ

ʅʝʚʠʟʥʘʯʝʥ̔ʩʪɹ

 

 

ʈʠʩʫʥʦʢ 2.7 ï ʉʭʝʤʘ ʧʨʦʮʝʩʫ ʬʦʨʤʫʚʘʥʥʷ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʢʨʠʪʝʨʽʶ 

 

ʇʠʪʘʥʥʷ, ʥʘ ʷʢʽ ʧʦʪʨʽʙʥʦ ʚʽʜʧʦʚʽʩʪʠ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ɯʂ: 

1. ʗʢ ʧʦʟʙʫʪʠʩʷ ʧʨʦʙʣʝʤʠ, ʚʠʢʣʠʢʘʥʦ ʾʢʦʤʧʦʟʠʮʽʻʶ ʛʝʪʝʨʦʩʢʝʜʘʩʪʠʯʥʦʩʪʽ, 

ʘʚʪʦʢʦʨʝʣʷʮʽʾ ʪʘ ʤʫʣʴʪʠʢʦʣʽʥʝʘʨʥʦʩʪʽ, ʢ̫ʱʦ ʚʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ ʦʙʯʠʩʣʶʶʪʴʩʷ 

ʥʘ ʦʩʥʦʚʽ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ? 

2. ʗʢʱʦ ʽʥʪʝʛʨʘʣʴʥʠʡ ʢʨʠʪʝʨʽʡ ʻ ʧʦʣʽʝʢʩʪʨʠʤʘʣʴʥʦʶ ʯʠ ʥʝʣʽʥʽʡʥʦʶ 

ʬʫʥʢʮʽʻʶ, ʢ̫ ʚʠʙʨʘʪʠ ʥʘʡʢʨʘʱʠʡ ʚʘʨʽʘʥʪ? 

3. ʏʠ ʥʝ ʚʠʢʣʠʯʝ ʧʦʤʠʣʢʦʚʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʫʤʫ ʢʨʠʪʝʨʽʶ ʚʢʣʶʯʝʥʥ ̫

ʥʘʜʣʠʰʢʦʚʦ ʾ ʢʽʣʴʢʦʩʪ̔ ʯʣʝʥʽʚ ʚ ʽʥʪʝʛʨʘʣʴʥʠʡ ʢʨʠʪʝʨʽʡ, ʜʝ ʜʦʤʽʥʫʶʯʠʤ ʻ 

ʥʘʜʣʠʰʢʦʚʠʡ ʢʨʠʪʝʨʽʡ? 

4. ʗʢ ʩʧʽʚʩʪʘʚʠʪʠ ʚʠʤʽʨʷʥʽ ʟʥʘʯʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʟ 

ʩʫʙʻʢʪʠʚʥʠʤʠ ʜʫʤʢʘʤʠ ʝʢʩʧʝʨʪʽʚ ʪʘ ʦʩʽʙ, ʱʦ ʧʨʠʡʤʘʶʪʴ ʨʽʰʝʥʥʷ. 

ʆʪʞʝ, ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʢʨʠʪʝʨʽʶ ʧʦʪʨʽʙʥʦ ʚʨʘʭʦʚʫʚʘʪʠ 

ʥʘʷʚʥʽʩʪʴ ʚʟʘʻʤʦʧʦʚô̫ ʟʘʥʠʭ ʬʘʢʪʦʨʽʚ, ʧʦʤʠʣʦʢ ʚʠʤʽʨʶʚʘʥʴ, ʽʥʰʠʭ ʟʘʚʘʜ ʪʘ 
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ʚʠʧʘʜʢʦʚʠʭ ʬʘʢʪʦʨʽʚ. ɺʥʝʩʝʥʥʷ ʧʦʧʨʘʚʦʢ ʩʫʙô̒ ʢʪʠʚʥʠʭ ʜʫʤʦʢ ʥʝʦʙʭʽʜʥʦ 

ʟʜʽʡʩʥʶʚʘʪʠ ʥʘ ʦʩʥʦʚʽ ʥʝʬʦʨʤʘʣʽʟʦʚʘʥʠʭ ʧʨʦʮʝʩʽʚ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. 

 

2.4 ʄʦʜʝʣʽ ʧʨʦʮʝʩʫ ʧʨʠʡʥʷʪʪʷ ʘʜʘʧʪʠʚʥʠʭ ʨʽʰʝʥʴ ʟ ʜʝʪʝʨʤʽʥʦʚʘʥʠʤʠ ʪʘ 

ʤ̔ʦʚʽʨʥʽʩʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

 

ʅʘ ʧʦʯʘʪʢʦʚʠʭ ʩʪʘʜʽʷʭ ʩʪʚʦʨʝʥʥʷ ʩʢʣʘʜʥʠʭ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ 

ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʚʠʙʦʨʫ ʦʙʫʤʦʚʣʶʻʪʴʩʷ ʦʙôʻʢʪʠʚʥʠʤʠ ʪʘ ʩʫʙôʻʢʪʠʚʥʠʤʠ 

ʯʠʥʥʠʢʘʤʠ. ɼʦ ʦʙôʻʢʪʠʚʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘʣʝʞʘʪʴ ʥʝʧʦʚʥʦʪʘ ʤʥʦʞʠʥʠ 

ʧʦʯʘʪʢʦʚʠʭ ʜʘʥʠʭ, ʚʽʜʩʫʪʥʽʩʪʴ ʢʚʘʣʽʬʽʢʦʚʘʥʠʭ ʬʘʭʽʚʮʽʚ ʪʘ ʦʙʤʝʞʝʥʴ, ʷʢʽ 

ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʟʦʚʥʽʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ. ʉʫʙôʻʢʪʠʚʥʽ ʬʘʢʪʦʨʠ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʜʦʩʚʽʜʦʤ ʪʘ ʽʥʪʫʾʮʽʻʶ ʝʢʩʧʝʨʪʽʚ, ʾʭ ʚʽʜʥʦʰʝʥʥʷʤ ʪʘ ʦʩʦʙʠʩʪʦʶ ʟʘʮʽʢʘʚʣʝʥʽʩʪʶ 

ʫ ʚʘʨʽʘʥʪʘʭ ʚʠʙʦʨʫ. ɸʥʘʣʽʪʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ  ʚʠʟʥʘʯʠʪʠ ʚʧʣʠʚ ʪʘʢʠʭ ʧʨʠʯʠʥ 

ʥʘ ʢʽʥʮʝʚʠʡ ʚʠʙʽʨ ʥʝʤʦʞʣʠʚʦ. ʈʘʟʦʤ ʟ ʪʠʤ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʘʧʘʨʘʪ ʪʝʦʨʽʾ 

ʥʝʡʨʦʤʝʨʞ [240, 243, 320] ʪʘ ʤʝʪʦʜʠ ʪʝʦʨʽʾ ʥʝʯʽʪʢʠʭ ʤʥʦʞʠʥ [250, 252, 254, 

256], ʪʘʢʫ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʤʦʞʥʘ ʟʤʝʥʰʠʪʠ, ʱʦ ʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ ʆʇʈ 

ʢʦʨʠʛʫʚʘʪʠ ʽ ʫʪʦʯʥʶʚʘʪʠ ʝʢʩʧʝʨʪʥʽ ʚʠʩʥʦʚʢʠ. 

ʉʢʣʘʜʥʘ ʩʠʩʪʝʤʘ, ʷʢʘ ʧʨʦʝʢʪʫʻʪʴʩʷ, ʨʝʘʣʽʟʫʻ ʧʝʨʝʪʚʦʨʝʥʥ ̫

 

:F X Y­ , (2.45) 

 

ʜʝ X ï ʚʭʽʜʥʽ ʧʘʨʘʤʝʪʨʠ; 

Y ï ʚʠʭʽʜʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ɼʦʮʽʣʴʥʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʠ ʧʝʨʝʚʘʞʥʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʽʩʥʫʶʯʦʶ 

ʥʝʦʙʭʽʜʥʽʩʪʶ ʪʘ ʾʾ ʤʘʡʙʫʪʥʴʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ. ɺʽʜʦʤʦ, ʱʦ ʢʨʠʪʝʨʽʡ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʻ ʬʫʥʢʮʽʻʶ ʟʘʜʘʯ, ʷʢʽ ʨʦʟʚôʷʟʫʶʪʴʩʷ ʩʠʩʪʝʤʦʶ, ʩʪʨʘʪʝʛʽʡ 

ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʩʫʢʫʧʥʽʩʪʶ ʧʨʦʮʝʜʫʨ, ʷʢʽ ʨʝʘʣʽʟʦʚʘʥʽ ʩʠʩʪʝʤʦʶ [321]. ʂʦʞʥʘ ʟ 

ʮʠʭ ʢʦʤʧʦʥʝʥʪ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʻ ʥʘ ʨʝʟʫʣʴʪʫʶʯʽ ʧʦʢʘʟʥʠʢʠ. ɺ ʫʤʦʚʘʭ 

ʘʧʨʽʦʨʥʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʝʢʩʧʝʨʪʠ ʚʠʩʫʚʘʶʪʴ ʧʨʠʧʫʱʝʥʥʷ ʱʦʜʦ ʾʭ ʟʥʘʯʝʥ.ɹ 
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ʆʜʝʨʞʫʶʪʴ ʤʘʪʨʠʮʶ ( )
1 1

n m

ij i j
A a

= =
= , ʜʝ ʝʣʝʤʝʥʪʠ ija  ï ʻ ʧʨʠʧʫʱʝʥʥʷʤʠ j-ʛʦ 

ʝʢʩʧʝʨʪʘ ʧʨʦ ʟʥʘʯʝʥʥʷ i-ʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, iy YÍ . ɺʨʘʭʦʚʫʶʯʠ ʩʭʠʣʴʥʽʩʪʴ 

ʝʢʩʧʝʨʪʽʚ ʜʦ ʟʘʥʠʞʝʥʥʷ ʘʙʦ ʟʘʚʠʱʝʥʥʷ ʟʥʘʯʝʥʴ ʦʢʨʝʤʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʥʝʦʙʭʽʜʥʦ ʦʪʨʠʤʘʪʠ ʚʝʢʪʦʨ A, ʝʣʝʤʝʥʪʠ ʷʢʦʛʦ ʻ ʫʪʦʯʥʝʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ Y. ʈʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʫʪʦʯʥʝʥʥʷ ʝʢʩʧʝʨʪʥʠʭ ʦʮʽʥʦʢ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚ [322, 323]. 

ɿʘʛʘʣʴʥʘ ʮʽʣʴ z ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʠ ʜʝʢʦʤʧʦʟʫʻʪʴʩʷ ʟʘ ʨʽʚʥʷʤʠ ʥʘ ʧʽʜʮʽʣʽ, 

ʥʘ ʚʠʭʦʜʽ ʦʩʪʘʥʥʴʦʛʦ ʨʽʚʥʷ ʟʥʘʭʦʜʷʪʴʩʷ ʧʽʜʩʫʤʢʦʚʽ ʚʠʭʽʜʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʠʩʪʝʤʠ (ʨʠʩ. 2.8). 

 

ɿʘʛʘʣʴʥʘ ʮʽʣʴ   . z

1z 2z 3z 4z iz

1Y 2Y jY

 

 

ʈʠʩʫʥʦʢ 2.8 ï ʉʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʠ ʮʽʣʝʡ 

ɿʥʘʯʝʥʥʷ ʧʽʜʩʫʤʢʦʚʠʭ ʚʠʭʽʜʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʤʦʤʝʥʪ ʚʠʙʦʨʫ 

ʧʨʦʝʢʪʥʠʭ ʚʘʨʽʘʥʪʽʚ ʻ (ʨʠʩ. 2.9):  

ï ʜʝʪʝʨʤʽʥʦʚʘʥʠʤʠ, ʷʢʽ ʧʨʠʡʤʘʶʪʴ ʣʠʰʝ ʦʜʥʝ ʟʥʘʯʝʥʥʷ; 

ï ʥʝʚʽʜʦʤʠʤʠ, ʘʣʝ ʟ ʚʽʜʦʤʠʤ ʨʦʟʧʦʜʽʣʦʤ ʤ̔ʦʚʽʨʥʦʩʪʝʡ ʫ ʚʠʛʣʷʜʽ ʨʷʜʫ 

ʨʦʟʧʦʜʽʣʫ ʜʣʷ ʜʠʩʢʨʝʪʥʦʛʦ ʥʘʙʦʨʫ ʟʥʘʯʝʥʴ ʽ ʬʫʥʢʮʽʻʶ ʱʽʣʴʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʜʣʷ 

ʥʝʧʝʨʝʨʚʥʠʭ; 

ï ʥʝʚʽʜʦʤʠʤʠ, ʥʝ ʤ̔ʦʚʽʨʥʽʩʥʦʛʦ ʭʘʨʘʢʪʝʨʫ, ʘʣʝ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʦʞʣʠʚʦʩʪʽ 

ʧʦʙʫʜʦʚʠ ʬʫʥʢʮʽʡ ʥʘʣʝʞʥʦʩʪʽ. 
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ʅʘʚʯʘʣʴʥʘ ʽ ʢʦʥʪʨʦʣʴʥʘ ʧʦʩʣʽʜʦʚʥʦʩʪʽ

ɺʠʭʽʜʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ

ɼʝʪʝʨʤʽʥʦʚʘʥ ɿ̔ ʚʽʜʦʤʠʤ ʨʦʟʧʦʜʽʣʦʤ
ɿ ʤʦʞʣʠʚʽʩʪʶ ʧʦʙʫʜʦʚʠ 

ʬʫʥʢʮʽʡ ʥʘʣʝʞʥʦʩʪʽ

ɼʣʷ ʆʇʈ
ɼʣʷ 

ʝʢʩʧʝʨʪʽʚ

ɺʘʨʽʘʥʪʠ ʜʣʷ ʢʦʨʝʢʮʽʾ

ʈʷʜ ʨʦʟʧʦʜʽʣʫ ʧʨʘʚʠʣʴʥʠʡ

ʈʷʜ ʨʦʟʧʦʜʽʣʫ ʥʝ ʧʨʘʚʠʣʴʥʠʡ

ʈʷʜ ʨʦʟʧʦʜʽʣʫ ʯʘʩʪʢʦʚʦ ʧʨʘʚʠʣʴʥʠʡ

ʈʷʜ ʨʦʟʧʦʜʽʣʫ ʜʦʧʫʩʢʘʻ ʢʦʨʝʛʫʚʘʥʥʷ

ɺʘʨʽʘʥʪʠ ʜʣʷ ʢʦʨʝʢʮʽʾ

ɽʢʩʧʝʨʪ ʟʘʮʽʢʘʚʣʝʥʠʡ

ɽʢʩʧʝʨʪ ʥʝ ʟʘʮʽʢʘʚʣʝʥʠʡ

ɽʢʩʧʝʨʪ ʥʝʢʦʤʧʝʪʝʥʪʥʠʡ

ɽʢʩʧʝʨʪ ʥʝ ʤʘʻ ʪʦʯʥʦʛʦ ʫʷʚʣʝʥʥʷ

ɽʢʩʧʝʨʪ ʢʦʤʧʝʪʝʥʪʥʠʡ
 

 

ʈʠʩʫʥʦʢ 2.9 ï ʇʽʜʩʫʤʢʦʚʽ ʚʠʭʽʜʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ ʘʜʘʧʪʘʮʽʾ 

 

ʈʦʟʛʣʷʥʝʤʦ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʆʇʈ ʤʘʻ ʪʦʯʥʽ ʟʥʘʯʝʥʥʷ ʜʝʷʢʠʭ ʚʠʭʽʜʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʥʘʚʯʘʣʴʥʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ) ʽ ʥʝ ʟʥʘʻ ʪʦʯʥʠʭ ʟʥʘʯʝʥʴ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʥʪʨʦʣʴʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ. ɿʨʦʙʠʤʦ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʚʝʢʪʦʨ 

ʚʠʭʽʜʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʘ ʚʝʢʪʦʨʘ ʦʜʥʘʢʦʚʦʾ 

ʨʦʟʤʽʨʥʦʩʪʽ: cY  ʪʘ nY , ʜʝ cY  ï ʚʝʢʪʦʨ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʷʢʽ ʩʧʨʠʷʶʪʴ ʜʦʩʷʛʥʝʥʥʶ 

ʩʠʩʪʝʤʦʶ ʮʽʣʽ z, nY  ï ʚʝʢʪʦʨ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʟʨʦʩʪʘʥʥʷ ʟʥʘʯʝʥʴ ʷʢʠʭ ʧʨʦʪʠʜʽʻ 

ʜʦʩʷʛʥʝʥʥʶ z. ʆʯʝʚʠʜʥʦ, ʱʦ ʝʢʩʧʝʨʪ, ʷʢʠʡ ʟʘʮʽʢʘʚʣʝʥʠʡ ʫ ʚʠʙʦʨʽ ʢʨʘʱʦʛʦ 

ʚʘʨʽʘʥʪʫ, ʙʫʜʝ ʥʘʤʘʛʘʪʠʩʴ ʟʙʽʣʴʰʠʪʠ ʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ cY  ʽ ʟʤʝʥʰʠʪʠ 

ʟʥʘʯʝʥʥʷ nY ,  ̔ʥʘʚʧʘʢʠ ʜʽʷʪʠʤʝ ʥʝʟʘʮʽʢʘʚʣʝʥʠʡ ʝʢʩʧʝʨʪ. 

ɺʚʘʞʘʪʠʤʝʤʦ, ʱʦ ʚ ʥʘʚʯʘʣʴʥʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʻ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ n 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʽʜ m ʝʢʩʧʝʨʪʽʚ. ʆʇʈ ʥʘʜʘʻ ʢʦʞʥʦʤʫ ʧʨʠʧʫʱʝʥʥʶ ʝʢʩʧʝʨʪʘ ʧʨʦ 

ʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʝʷʢʠʡ ʢʦʝʬʽʮʽʻʥʪ , 1, , , 1, ,ij i n j m= =g , ʷʢʠʡ 

ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 
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,
ij

ij
i

a

T
=g  (2.46) 

 

ʜʝ iT  ï ʚʽʜʦʤʝ ʟʥʘʯʝʥʥʷ, iy YÍ . 

ʈʦʟʛʣʷʥʫʚʰʠ ʩʪʦʚʧʯʠʢʠ ʢʦʝʬʽʮʽʻʥʪʽʚ ijg, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʦʞʥʦʤʫ 

ʝʢʩʧʝʨʪʫ, ʨʝʘʣʽʟʫʻʤʦ ʪʘʢʠʡ ʘʣʛʦʨʠʪʤ: 

ʂʨʦʢ 1. ɿʥʘʭʦʜʠʤʦ min ij
i
g ʪʘ max ij

i
g , 1, ,j m= . 

ʂʨʦʢ 2. ɸʥʘʣʽʟʫʶʯʠ ʟʥʘʯʝʥʥʷ max min 1, ,i ij ij
ii

d j m= - =g g , ʨʦʟʜʽʣʠʤʦ ʥʘ 

ix ʧʨʦʤʽʞʢʽʚ ʽʥʪʝʨʚʘʣ min ; maxij ij
i i

è ø
é ùê ú

g g ʽ ʧʦʙʫʜʫʻʤʦ ʙʘʛʘʪʦʢʫʪʥʠʢ ʨʦʟʧʦʜʽʣʫ 

(ʜʝʢʽʣʴʢʘ ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʽʚ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2.10, ʘ-ʛ). ʗʢʱʦ ʚʽʥ ʤʘʻ ʧʽʢʠ 

ʙʣʠʟʴʢʦ ʜʦ max ij
i
g  ʪʘ min ij

i
g, ʘ ʚ ʽʥʪʝʨʚʘʣ ( )1 ,1- +e e, ʜʝ e ï ʜʦʩʪʘʪʥʴʦ ʤʘʣʝ 

ʯʠʩʣʦ, ʧʦʪʨʘʧʣʷʻ ʥʝʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʪʦʯʦʢ (ʨʠʩ. 2.10, ʘ), ʪʦ ʮʝ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʟʥʘʯʥʫ ʟʘʮʽʢʘʚʣʝʥʽʩʪʴ ʘʙʦ ʥʝʟʘʮʽʢʘʚʣʝʥʽʩʪʴ ʝʢʩʧʝʨʪʘ ʫ ʚʠʙʦʨʽ ʚʢʘʟʘʥʦʛʦ 

ʚʘʨʽʘʥʪʫ.  

 

1 g 1 g

ʘ ʙ

1 g 1 g

ʚ ʛ

 

 

ʈʠʩʫʥʦʢ 2.10 ï ɼʝʷʢʽ ʤʦʞʣʠʚʽ ʚʘʨʽʘʥʪʠ ʙʘʛʘʪʦʢʫʪʥʠʢʽʚ ʨʦʟʧʦʜʽʣʫ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
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ʋ ʨʘʟʽ ʟʥʘʯʥʦʾ ʟʘʮʽʢʘʚʣʝʥʦʩʪʽ ʝʢʩʧʝʨʪʘ ʚʩʽ ʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ i cy YÍ  

ʥʝʦʙʭʽʜʥʦ ʤʥʦʞʠʪʠ ʥʘ 
1

2

ij

ij ij
ng

d g
<

= ä , ʘ ʚʩʽ ʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ i ny YÍ  ï ʥʘ 

1

2

ij

ij ij
ng

d g
²

= ä , ʱʦ ʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ ʥʽʚʝʣʶʚʘʪʠ ʩʫʙôʻʢʪʠʚʥʽ ʚʧʣʠʚʠ ʥʘ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. 

ʗʢʱʦ ʙʘʛʘʪʦʢʫʪʥʠʢ ʨʦʟʧʦʜʽʣʫ ʤʘʻ ʣʽʚʦʩʪʦʨʦʥʥʽʡ ʯʠ ʧʨʘʚʦʩʪʦʨʦʥʥʽʡ ʧʽʢ 

(ʨʠʩ. 2.10, ʙ), ʪʦ ʮʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʙʘʡʜʫʞʽʩʪʴ ʽ ʥʝʢʦʤʧʝʪʝʥʪʥʽʩʪʴ ʝʢʩʧʝʨʪʘ ʽ 

ʨʘʮʽʦʥʘʣʴʥʦ ʡʦʛʦ ʚʠʢʣʶʯʠʪʠ ʟ ʢʦʤʘʥʜʠ ʝʢʩʧʝʨʪʽʚ ʚʟʘʛʘʣʽ. 

ʗʢʱʦ ʙʘʛʘʪʦʢʫʪʥʠʢ ʧʽʢʽʚ ʥʝʤʘʻ (ʨʠʩ. 2.10, ʚ), ʽ ʥʘʛʘʜʫʻ ʪʨʘʧʝʮʽʶ ʟ ʤʘʡʞʝ 

ʦʜʥʘʢʦʚʠʤʠ ʧʦ ʜʦʚʞʠʥʽ ʦʩʥʦʚʘʤʠ ʪʘ ʮʝʥʪʨʦʤ ʥʠʞʥʴʦʾ ʦʩʥʦʚʠ ʚ ʪʦʯʮʽ 1=g , ʪʦ 

ʝʢʩʧʝʨʪ ʥʝ ʤʘʻ ʪʦʯʥʦʛʦ ʫʷʚʣʝʥʥʷ ʧʨʦ ʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽ ʨʦʟʚôʷʟʢʦʤ ʮʽʻʾ 

ʟʘʜʘʯʽ ʟ ʤʽʥʽʤʘʣʴʥʠʤ ʨʠʟʠʢʦʤ ʻ ʜʦʙʫʪʦʢ ʟʥʘʯʝʥʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ 
1

ij ij
in

= äd g 

ʜʣʷ i-ʛʦ ʝʢʩʧʝʨʪʘ. 

ʗʢʱʦ ʙʘʛʘʪʦʢʫʪʥʠʢ ʨʦʟʧʦʜʽʣʫ ʤʘʻ ʚʠʨʘʞʝʥʠʡ ʧʽʢ ʥʘʜ 1=g  (ʨʠʩ. 2.10, ʛ), ʮʝ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʢʦʤʧʝʪʝʥʪʥʽʩʪʴ ʝʢʩʧʝʨʪʘ, ʜʣʷ ʷʢʦʛʦ ʪʨʝʙʘ ʧʨʠʡʥʷʪʠ ij ij=d g. 

ʋʩʽ ʽʥʰʽ ʚʠʧʘʜʢʠ ʟʚʦʜʷʪʴʩʷ ʜʦ ʧʦʧʝʨʝʜʥʴʦʛʦ. 

ɿ ʤʝʪʦʶ ʫʥʠʢʥʝʥʥʷ ʯʠʩʣʝʥʥʠʭ ʧʝʨʝʨʘʭʫʥʢʽʚ ʧʽʜ ʯʘʩ ʘʥʘʣʽʟʫ, 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʫʪʦʯʥʝʥʥʷ ʥʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʥʝʦʙʭʽʜʥʦ ʥʘʚʯʠʪʠ 

ʥʝʡʨʦʤʝʨʝʞʫ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʝʪʨʦʩʧʝʢʪʠʚʥʫ ʽʥʬʦʨʤʘʮʽʶ, ʪʘ ʢʦʨʠʩʪʫʚʘʪʠʩʴ 

ʥʝʶ ʥʘʜʘʣʽ. ɺʚʘʞʘʶʯʠ, ʱʦ ʥʝʢʦʤʧʝʪʝʥʪʥʠʭ ʝʢʩʧʝʨʪʽʚ ʥʝʤʘʻ, ʥʘʚʯʘʣʴʥʫ 

ʚʠʙʽʨʢʫ ʜʣʷ ʥʝʡʨʦʤʝʨʝʞʽ ʧʦʜʘʶʪʴ ʫ ʚʠʜʽ ʨʷʜʫ ʜʘʥʠʭ (ʪʘʙʣ. 2.3). 

 

ʊʘʙʣʠʮʷ 2.3 ï ʇʦʯʘʪʢʦʚʽ ʜʘʥʽ ʜʣʷ ʥʘʚʯʘʥʥʷ ʥʝʡʨʦʤʝʨʝʞ 

11b  
12b   1mb  

11d  
12d   1md  

21b  
22b   2mb  

21d  
22d   2md  

        

1nb  
2nb   nmb  

1nd  
2nd   nmd  
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ɿʥʘʯʝʥʥʷ ijb  ʦʙʯʠʩʣʶʻʤʦ ʟʘ ʪʘʢʦʶ ʬʦʨʤʫʣʦʶ 

 

min
, 1, , , 1, ,

max min

ij ij
i

ij
ij ij

ii

a a
b i n j m

a a

-
= = =

-
. (2.47) 

 

ʇʽʩʣʷ ʧʨʦʮʝʩʫ ʥʘʚʯʘʥʥʷ ʟʘʜʘʻʤʦ ʟʥʘʯʝʥʥʷ 1n jb +  ʪʘ ʦʪʨʠʤʫʻʤʦ 1n j+d , 

1, ,j m= , ʜʘʣʽ ʆʇʈ ʨʦʟʨʘʭʦʚʫʻ ʨʝʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ( )1n+ -ʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʟʥʘʶʯʠ ʧʦʯʘʪʢʦʚʽ ʜʘʥʽ ʝʢʩʧʝʨʪʽʚ ʪʘ ʾʭ ʢʦʝʬʽʮʽʻʥʪʠ. ʇʨʦʮʝʜʫʨʫ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʴ ʆʇʈ ʜʝʪʘʣʴʥʦ ʨʦʟʛʣʷʥʫʪʦ ʚ [239-241, 244, 246]. ɿʘ ʜʘʥʠʤʠ ʪʘʙʣ. 2.3 

ʥʘʚʯʘʻʤʦ ʥʝʡʨʦʤʝʨʝʞʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʭʥʦʣʦʛʽʾ çbackpropagationè [324, 325]. 

ʄʝʨʝʞʘ ʤʘʻ ʩʪʨʫʢʪʫʨʫ, ʧʨʝʜʩʪʘʚʣʝʥʫ ʥʘ ʨʠʩ. 2.11, ʚʭʽʜʥʠʡ ʽ ʚʠʭʽʜʥʠʡ ʰʘʨʠ 

ʤʘʶʪʴ ʧʦ m ʥʝʡʨʦʥʽʚ. 

 
m

x

x w y

 
 

ʈʠʩʫʥʦʢ 2.11 ï ʉʪʨʫʢʪʫʨʘ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ 

 

ɼʣʷ ʦʙʯʠʩʣʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʥʝʡʨʦʥʽʚ ʧʨʠʭʦʚʘʥʦʛʦ ʰʘʨʫ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ 

ʪʘʢʫ ʦʮʽʥʢʫ [324]: 

 

( )
( )

2

1 1 ,
1 log

y p p
w y x y y

xp

N N N
N N N N N

NN

å õ
¢ ¢ + + + +æ ö

+ ç ÷
 (2.48) 

 

ʜʝ wN  ï ʢʽʣʴʢʽʩʪʴ ʩʠʥʘʧʪʠʯʥʠʭ ʚʘʛʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ; 

xN  ï ʨʦʟʤʽʨʥʽʩʪʴ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ; 
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Np ï ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ ʥʘʚʯʘʣʴʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ; 

Ny ï ʨʦʟʤʽʨʥʽʩʪʴ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ. 

ʊʦʜʽ ʢʽʣʴʢʽʩʪʴ ʥʝʡʨʦʥʽʚ ʧʨʠʭʦʚʘʥʦʛʦ ʰʘʨʫ ʨʦʟʨʘʭʦʚʫʻʤʦ ʟʘ ʪʘʢʦʶ 

ʟʘʣʝʞʥʽʩʪʶ [242]: 

 

.w

x y

N
N

N N
=

+
 (2.49) 

 

ʋ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ Nx = Ny = m. ʗʢʱʦ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʢʽʣʴʢʽʩʪʴ ʝʢʩʧʝʨʪʽʚ 

10, ʘ ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ ʥʘʚʯʘʣʴʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ 40, ʪʦ ʢʽʣʴʢʽʩʪʴ ʥʝʡʨʦʥʽʚ 

ʥʘʣʝʞʘʪʠʤʝ ʽʥʪʝʨʚʘʣʫ ( )3;53NÍ . ʊʘʢʠʡ ʚʝʣʠʢʠʡ ʜʽʘʧʘʟʦʥ ʟʥʘʯʝʥʴ ʚʠʢʣʠʢʘʥʠʡ 

ʪʠʤ, ʱʦ (2.48) ʻ ʣʠʰʝ ʦʮʽʥʢʦʶ, ʘ ʥʝ ʚʠʨʘʟʦʤ ʜʣʷ ʪʦʯʥʠʭ ʦʙʯʠʩʣʝʥʴ. 

ʗʢʱʦ ʚʚʘʞʘʪʠ, ʱʦ ʨʷʜʠ ʨʦʟʧʦʜʽʣʫ ʟʥʘʯʝʥʴ ʢʦʞʥʦʾ ʜʠʩʢʨʝʪʥʦʾ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʟʘ ʫʤʦʚ ʜʦʩʪʘʪʥʴʦʾ ʢʽʣʴʢʦʩʪʽ ʨʝʪʨʦʩʧʝʢʪʠʚʥʠʭ ʜʘʥʠʭ, 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʢʦʥʫ ʚʝʣʠʢʠʭ ʯʠʩʝʣ ʪʘ ʢʨʠʪʝʨʽʾʚ ʧʝʨʝʚʽʨʢʠ ʩʪʘʪʠʩʪʠʯʥʠʭ 

ʛʽʧʦʪʝʟ) ʻ ʚʽʜʦʤʠʤʠ. ʄʦʞʣʠʚʠʤʠ ʙʫʜʫʪʴ ʜʚʽ ʩʠʪʫʘʮʽʾ:  

ï ʨʷʜʠ ʨʦʟʧʦʜʽʣʽʚ ʚʽʜʦʤʽ ʣʠʰʝ ʜʣʷ ʆʇʈ, ʘʣʝ ʝʢʩʧʝʨʪʘʤ ʚʽʜʦʤʘ ʤʥʦʞʠʥʘ 

ʤʦʞʣʠʚʠʭ ʟʥʘʯʝʥʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ; 

ï ʨʷʜʠ ʨʦʟʧʦʜʽʣʽʚ ʜʣʷ ʝʢʩʧʝʨʪʽʚ ʚʽʜʦʤʽ. 

ʅʝʭʘʡ ʟʘʜʘʥʦ ʤʘʪʨʠʮʶ D, ʜʝ s
ijd  ï j-ʝ ʟʥʘʯʝʥʥʷ i-ʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

{ }p s
ij i ijd P y d= = , k ï ʢʽʣʴʢʽʩʪʴ ʟʥʘʯʝʥʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʷʢʘ ʤʘʻ ʥʘʡʙʽʣʴʰʫ 

ʢʽʣʴʢʽʩʪʴ ʟʥʘʯʝʥʴ, { }1, 1, ,p
ij

j

d i n= " Íä , 

11 12 1

11 12 1

21 22 2

221 22

1 2

1 2

.

s s s
k

p p p
k

s s s
k

pp p
k

s s s
n n nk
p p p
n n nk

d d d

d d d

d d d

D dd d

d d d

d d d

å õ
æ ö
æ ö
æ ö
æ ö
=æ ö
æ ö
æ ö
æ ö
æ ö
ç ÷
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ʂʦʣʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʘʻ ʢʽʣʴʢʽʩʪʴ ʟʥʘʯʝʥʴ ʤʝʥʰʝ ʥʽʞ k, ʪʦ ʚ ʤʘʪʨʠʮʽ ʥʘ 

ʤʽʩʮʷʭ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʥʝʽʩʥʫʶʯʠʤ ʟʥʘʯʝʥʥʷʤ ʪʘ ʤ̔ʦʚʽʨʥʦʩʪʷʤ, ʙʫʜʫʪʴ ʥʫʣʽ. 

ɼʣʷ ʢʦʞʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʥʘʡʜʝʤʦ ʤʘʪʝʤʘʪʠʯʥʝ ʩʧʦʜʽʚʘʥʥʷ ʾʾ ʟʥʘʯʝʥʴ 

, 1, ,iMy i n= , ʟʘ ʤʘʪʨʠʮʝʶ D: 

 

1

.
k

ps
i ij ij

j

My d d
=

=ä  (2.50) 

 

ʉʬʦʨʤʫʻʤʦ ʤʘʪʨʠʮʶ 

 

11 1 12 1 1 1

21 2 22 2 2 2

1 2

m

m
n

n n n n nm n

a My a My a My

a My a My a My
A

a My a My a My

- - -å õ
æ ö
- - -

æ ö=
æ ö
æ ö
- - -ç ÷

 

 

ʽ ʚʽʜʧʦʚʽʜʥʠʡ ʚʝʢʪʦʨ ( )1 2, , , mP p p p= , ʜʝ 

 

( )
1

1
, 1, , .

n

j ij i
i

p a My j m
n =
= - =ä  (2.51) 

 

ʂʦʥʪʨʦʣʴʥʠʡ ʥʘʙʽʨ ʟʥʘʯʝʥʴ 1,1 1,2 1,, , ,n n n ma a a+ + +  ʢʦʨʝʛʫʻʤʦ ʥʘ ʚʝʣʠʯʠʥʫ 

jp  ʽ ʟʥʘʭʦʜʠʤʦ ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ. ʎʝ ʽ ʙʫʜʝ ʦʧʪʠʤʘʣʴʥʝ ʧʨʦʛʥʦʟʦʚʘʥʝ 

ʟʥʘʯʝʥʥʷ jp -ʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘ ʢʨʠʪʝʨʽʻʤ ʤʽʥʽʤʽʟʘʮʽʾ ʨʠʟʠʢʫ ʧʦʤʠʣʢʠ. 

ʗʢʱʦ ʨʷʜʠ ʨʦʟʧʦʜʽʣʫ ʚʽʜʦʤʽ ʝʢʩʧʝʨʪʘʤ, ʪʦ ʚʦʥʠ ʤʦʞʫʪʴ ʚʠʙʨʘʪʠ ʦʜʥʫ ʽʟ 

ʪʘʢʠʭ ʣʽʥʽʡ ʧʦʚʝʜʽʥʢʠ: 

ï ʧʦʚʥʽʩʪʶ ʧʦʛʦʜʠʪʠʩʷ ʟ ʥʠʤʠ ʽ ʚʠʙʨʘʪʠ ʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʷʢʽ 

ʤʘʶʪʴ ʥʘʡʙʽʣʴʰʫ ʤ̔ʦʚʽʨʥʽʩʪʴ; 

ï ʚʚʘʞʘʪʠ, ʱʦ ʢʦʞʥʠʡ ʨʷʜ ʨʦʟʧʦʜʽʣʫ ʟ ʪʠʭ ʘʙʦ ʽʥʰʠʭ ʧʨʠʯʠʥ ʻ 

ʥʝʧʨʘʚʠʣʴʥʠʤ ʽ ʚʠʙʨʘʪʠ ʪʘʢʽ ʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʷʢʽ ʤʘʶʪʴ ʥʘʡʤʝʥʰʫ 

ʤ̔ʦʚʽʨʥʽʩʪʴ; 

ï ʯʘʩʪʢʦʚʦ ʧʦʛʦʜʞʫʚʘʪʠʩʷ, ʯʘʩʪʢʦʚʦ ʥʽ, ʚʠʙʠʨʘʶʯʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟ 

ʥʘʡʙʽʣʴʰʦʶ ʽ ʥʘʡʤʝʥʰʦʶ ʤ̔ʦʚʽʨʥʦʩʪʷʤʠ; 
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ï ʜʦʧʫʩʢʘʪʠ ʢʦʨʝʛʫʚʘʥʥʷ ʚ ʨʷʜʘʭ ʨʦʟʧʦʜʽʣʫ, ʷʢʝ ʥʝ ʤʘʪʠʤʝ ʽʩʪʦʪʥʦʛʦ 

ʚʧʣʠʚʫ ʥʘ ʟʘʛʘʣʴʥʫ ʢʘʨʪʠʥʫ, ʪʦʙʪʦ ʚʠʙʠʨʘʪʠ ʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟ ʥʝ 

ʝʢʩʪʨʝʤʘʣʴʥʦʶ ʤ̔ʦʚʽʨʥʽʩʪʶ. 

ɹʫʜʝʤʦ ʚʚʘʞʘʪʠ, ʱʦ ʚʽʜʦʤʽ ʨʷʜʠ ʨʦʟʧʦʜʽʣʫ ʜʦʩʪʘʪʥʴʦ ʧʦʚʥʦ ʽ ʪʦʯʥʦ 

ʚʽʜʦʙʨʘʞʘʶʪʴ ʩʚʽʪʦʚʠʡ ʜʦʩʚʽʜ. ʇʦʯʘʪʢʦʚʽ ʜʘʥʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʟʥʘʯʝʥʥʷʤʠ 

ʤʘʪʨʠʮʴ nA  ʽ D. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʷʜʠ ʨʦʟʧʦʜʽʣʫ ʟʥʘʯʝʥʴ ʢʦʞʥʦʾ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʽʜʨʘʭʫʻʤʦ ʾʾ ʝʥʪʨʦʧʽʶ 

 

1

log .
k

p p
i ij ij

j

H d dx

=

=-ä  (2.52) 

 

ʇʨʠʧʫʩʢʘʻʤʦ, ʱʦ ʝʢʩʧʝʨʪʠ ʚ ʩʚʦʾʭ ʩʫʜʞʝʥʥʷʭ ʥʝʟʘʣʝʞʥʽ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ ʽ 

ʱʦ ʨʽʚʥʦʡʤʦʚʽʨʥʠʭ ʟʥʘʯʝʥʴ ʷʢ ʽ ʦʜʥʦʟʥʘʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʝʤʘʻ, ʦʩʢʽʣʴʢʠ 

ʪʘʢʽ ʚʠʧʘʜʢʠ ʟʘʩʣʫʛʦʚʫʶʪʴ ʥʘ ʜʦʜʘʪʢʦʚʝ ʚʠʚʯʝʥʥʷ. ʊʦʙʪʦ  

 

( )1 2, log , 1, , ,iH k i nx e eÍ - =  

 

ʜʝ 1e ʪʘ 2e ï ʜʝʷʢʽ ʜʦʩʪʘʪʥʴʦ ʤʘʣʽ ʜʦʜʘʪʥʽ ʯʠʩʣʘ; 

logk  ï ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʝʥʪʨʦʧʽʾ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʭʘʨʘʢʪʝʨʠʩʪʠʮʽ ʟ 

ʨʽʚʥʦʡʤʦʚʽʨʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ. 

ʋ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʜʣʷ ʢʦʞʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʥʘʭʦʜʠʤʦ ʟʥʘʯʝʥʥʷ  

 

{ }max max , 1, , , 1, , .p
i ijp d j k i n= = =  (2.53) 

 

ʊʦʜʽ ʤʽʥʽʤʘʣʴʥʘ ʝʥʪʨʦʧʽʷ ʚʠʙʦʨʫ ʟʥʘʯʝʥʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʽʜʧʦʚʽʜʘʪʠʤʝ 

ʫʤʦʚʽ 

 

{ } max
1 1

max , 1, , .
n n

p
ij i

i i

d j k p
= =

= =ä ä  (2.54) 



135 

ʗʢʱʦ ʝʢʩʧʝʨʪʠ ʚʠʙʨʘʣʠ ʤʘʢʩʠʤʘʣʴʥʦ ʤ̔ʦʚʽʨʥʽ ʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʧʨʠʯʦʤʫ ʩʫʤʘ { }
1

max , 1, ,
n

p
ij

i

d j k
=

=ä  ʻ ʟʥʘʯʥʦ ʙʽʣʴʰʦʶ ʚʽʜ ʙʫʜʴ-ʷʢʦʾ ʽʥʰʦʾ 

ʩʫʤʠ, ʚ ʷʢʫ ʚʭʦʜʷʪʴ ʧʦ ʦʜʥʦʤʫ ʝʣʝʤʝʥʪʫ ʟ ʤ̔ʦʚʽʨʥʦʩʪʝʡ ʟʥʘʯʝʥʴ ʢʦʞʥʦʾ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʪʦ ʮʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʽʩʥʫʚʘʥʥʷ ʜʦʤʽʥʫʶʯʦʛʦ ʥʘʙʦʨʫ ʟʥʘʯʝʥʴ ʽ 

ʝʢʩʧʝʨʪʠ ʟ ʪʘʢʠʤ ʚʘʨʽʘʥʪʦʤ ʧʦʚʥʽʩʪʶ ʟʛʦʜʥʽ. ʋ ʨʘʟʽ ʽʩʥʫʚʘʥʥʷ ʥʝʟʥʘʯʥʦʾ 

ʨʦʟʙʽʞʥʦʩʪʽ ʤʽʞ ʤʘʢʩʠʤʘʣʴʥʦʶ ʩʫʤʦʶ ʪʘ ʽʥʰʠʤʠ (ʭʦʯʘ ʙ ʦʜʥʽʻʶ), ʤʦʞʥʘ 

ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʧʝʨʝʚʘʞʥʠʡ ʚʧʣʠʚ ʩʪʘʪʠʩʪʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʥʘʜ 

ʟʥʘʥʥʷʤʠ ʽ ʜʦʩʚʽʜʦʤ ʝʢʩʧʝʨʪʘ. ɼʣʷ ʢʦʥʪʨʦʣʴʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʜʦʩʪʘʪʥʴʦ ʫʟʷʪʝ 

ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʚʘʨʽʘʥʪʽʚ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʝʢʩʧʝʨʪʘʤʠ. 

ɺʽʜʦʤʦ [326], ʱʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤʠ ʟʘʣʝʞʥʦ ʚʽʜ ʧʦʣʦʞʝʥʥʷ ʾʭ 

ʦʧʪʠʤʫʤʫ, ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʪʨʠ ʢʣʘʩʠ (ʨʠʩ. 2.12): 

ï ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʷʢʽ ʧʦʚʠʥʥʽ ʤʘʪʠ ʪʦʯʥʦ ʟʘʜʘʥʝ ʟʥʘʯʝʥʥʷ (ɸ); 

ï ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʟʥʘʯʝʥʥʷ ʷʢʠʭ ʤʘʶʪʴ ʧʦʪʨʘʧʠʪʠ ʫ ʚʢʘʟʘʥʫ ʦʙʣʘʩʪʴ (ɺ); 

ï ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʟʥʘʯʝʥʥʷ ʷʢʠʭ ʤʘʶʪʴ ʙʫʪʠ ʙʽʣʴʰʠʤʠ ʘʙʦ ʤʝʥʰʠʤʠ ʚʽʜ 

ʜʝʷʢʦʛʦ ʥʘʧʝʨʝʜ ʟʘʜʘʥʦʛʦ ʟʥʘʯʝʥʥʷ (ʉ). 
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x

m

x

m

xA B C  
 

ʈʠʩʫʥʦʢ 2.12 ï ʂʨʠʪʝʨʽʾ ʦʧʪʠʤʫʤʫ 

 

ʌʫʥʢʮʽʷ Õ ʚʢʘʟʫʻ ʥʘ ʤʽʨʫ ʥʘʣʝʞʥʦʩʪʽ ʪʦʯʢʠ ʟ ʤʥʦʞʠʥʠ ʌ ʦʙʣʘʩʪʽ 

ʦʧʪʠʤʫʤʫ. ɿʘʰʪʨʠʭʦʚʘʥʘ ʯʘʩʪʠʥʘ ʧʽʜ ʛʨʘʬʽʢʦʤ ʚʢʘʟʫʻ ʥʘ ʦʙʣʘʩʪʴ ʥʝ 

ʦʧʪʠʤʘʣʴʥʠʭ, ʘʣʝ ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ. 

ʈʦʟʛʣʷʥʝʤʦ ʪʨʝʪʽʡ ʚʠʧʘʜʦʢ, ʧʨʠʯʦʤʫ ʟʨʦʙʠʤʦ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʟʥʘʯʝʥʥʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤʠ ʟ ʚʝʢʪʦʨʘ pY  ʤʘʶʪʴ ʟʙʽʣʴʰʫʚʘʪʠʩʷ, ʘ ʟ ʚʝʢʪʦʨʘ fY  ï 
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ʟʤʝʥʰʫʚʘʪʠʩʷ ʜʣʷ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʘʨʽʘʥʪʫ. ʊʦʜʽ j-ʡ ʝʢʩʧʝʨʪ, ʜʣʷ ʷʢʦʛʦ 

ʟʥʘʯʝʥʥʷ  
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p
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d y Y y Y j m
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c c
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 (2.55) 

 

ʻ ʤʽʥʽʤʘʣʴʥʠʤ, ʤʘʻ ʙʫʪʠ ʚʠʣʫʯʝʥʠʤ ʽʟ ʢʦʤʘʥʜʠ, ʦʩʢʽʣʴʢʠ ʡʦʛʦ ʚʽʜʧʦʚʽʜʽ ʧʨʷʤʦ 

ʩʫʧʝʨʝʯʘʪʴ ʚʠʙʦʨʫ ʢʨʘʱʠʭ ʚʘʨʽʘʥʪʽʚ. 

ʗʢʱʦ ʝʢʩʧʝʨʪ ʯʘʩʪʢʦʚʦ ʧʦʛʦʜʞʫʻʪʴʩʷ ʟ ʜʘʥʠʤʠ ʨʷʜʫ ʨʦʟʧʦʜʽʣʫ, ʯʘʩʪʢʦʚʦ ï 

ʥʽ (ʜʣʷ ʜʝʷʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʙʠʨʘʻ ʥʘʡʽʤʦʚʽʨʥʽʰʽ ʟʥʘʯʝʥʥʷ, ʜʣʷ ʜʝʷʢʠʭ ï 

ʽʥʰʽ), ʪʦ ʜʣʷ ʢʦʨʠʛʫʚʘʥʥʷ ʟʥʘʯʝʥʴ ʢʦʥʪʨʦʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʥʦʚʫ 

ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʝʡʨʦʤʝʨʝʞʽ. ʇʨʠ ʮʴʦʤʫ ʙʫʜʝʤʦ ʚʚʘʞʘʪʠ, ʱʦ 

ʝʢʩʧʝʨʪ ʚʢʘʟʫʻ ʥʘ ʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʥʜʝʥʮʽʡʥʦ ʽ ʞʦʜʥʠʤ ʯʠʥʦʤ ʥʝ 

ʚʠʧʘʜʢʦʚʦ. ʊʦʜʽ ʥʘ ʚʠʭʦʜʽ ʥʝʡʨʦʤʝʨʝʞʽ ʙʫʜʝ ʤʘʪʨʠʮʷ B ʟ ʝʣʝʤʝʥʪʘʤʠ, 

ʦʪʨʠʤʘʥʠʤʠ ʟʘ ʬʦʨʤʫʣʦʶ (2.46), ʘ ʪʘʢʦʞ ʚʝʢʪʦʨ, ʢʦʤʧʦʥʝʥʪʠ ʷʢʦʛʦ ʨʽʚʥʽ 

ʦʜʠʥʠʮʽ, ʷʢʱʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘʣʝʞʠʪʴ pY , ʽ ʥʫʣʶ, ʷʢʱʦ ï fY . ʅʘ ʚʠʭʦʜʽ 

ʤʘʻʤʦ ʤʘʪʨʠʮʶ S, ʝʣʝʤʝʥʪʠ ʷʢʦʾ ʚʠʟʥʘʯʘʻʤʦ ʪʘʢ 

 

,ij ij ijs d b*= -  (2.56) 

 

ʜʝ | max , 1, , .p ps
ij ij ij ij

j
d d d d i n* ë û
= = =ì ü
í ý

 

ʊʦʜʽ ʩʪʨʫʢʪʫʨʘ ʤʘʪʨʠʮʽ ʜʘʥʠʭ ʜʣʷ ʥʘʚʯʘʥʥʷ ʥʝʡʨʦʤʝʨʝʞʽ ʙʫʜʝ ʚʽʜʧʦʚʽʜʘʪʠ 

ʪʘʙʣ. 2.4. ɺʠʢʦʥʘʚʰʠ ʥʦʨʤʫʚʘʥʥʷ ʜʘʥʠʭ ʟʥʘʯʝʥʴ ʢʦʥʪʨʦʣʴʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

1, , 1, ,n ja j m+ = , ʧʦʜʘʻʤʦ ʾʭ ʥʘ ʚʭʽʜ ʥʝʡʨʦʤʝʨʝʞʽ, ʚʢʘʟʘʚʰʠ ʷʢʦʶ ʻ ʮʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ (ʧʦʟʠʪʠʚʥʦʶ ʘʙʦ ʥʝʛʘʪʠʚʥʦʶ). ʅʘ ʚʠʭʦʜʽ ʦʪʨʠʤʘʻʤʦ ʟʥʘʯʝʥʥʷ 

1, , 1, ,n js j m+ = . ɺʽʜʢʦʨʝʛʫʻʤʦ ʢʦʞʥʠʡ ʝʣʝʤʝʥʪ 1,n ja +  ʥʘ ʚʝʣʠʯʠʥʫ 1,n js +  ʽ 

ʟʥʘʡʜʝʤʦ ʾʭ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ, ʷʢʝ ʽ ʚʚʘʞʘʪʠʤʝʤʦ ʟʥʘʯʝʥʥʷʤ ( )1n+ -ʾ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʪʦʙʪʦ  
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( )1 1, 1,
1

1
.

m

n n j n j
j

y a s
m

+ + +
=

= +ä  (2.57) 

 

ʊʘʙʣʠʮʷ 2.4 ï ʇʦʯʘʪʢʦʚʽ ʜʘʥʽ ʜʣʷ ʥʘʚʯʘʥʥʷ ʥʝʡʨʦʤʝʨʝʞʽ 

ɺʭʽʜ ɺʠʭʽʜ 

11b  12b   1mb  1 11s  12s   1ms  

21b  22b   2mb  0 21s  22s   2ms  

         

1nb  2nb   nmb  1 1ns  2ns   nms  

 

ɺʠʧʘʜʦʢ, ʢʦʣʠ ʝʢʩʧʝʨʪ ʚʢʘʟʫʻ ʥʘ ʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʱʦ ʤʘʶʪʴ ʥʝ 

ʝʢʩʪʨʝʤʘʣʴʥʫ ʤ̔ʦʚʽʨʥʽʩʪʴ, ʟʘʩʣʫʛʦʚʫʻ ʥʘ ʦʢʨʝʤʝ ʚʠʚʯʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʪʦʜʽ 

ʝʢʩʧʝʨʪ, ʩʢʦʨʽʰ ʟʘ ʚʩʝ, ʚʨʘʭʦʚʫʻ ʥʝ ʣʠʰʝ ʟʥʘʯʝʥʥʷ ʦʢʨʝʤʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʘʣʝ 

ʽ ʚʟʘʻʤʦʟʚôʷʟʢʠ ʤʽʞ ʥʠʤʠ, ʱʦ ʚʠʤʘʛʘʻ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʫʤʦʚʥʠʭ 

ʤ̔ʦʚʽʨʥʦʩʪʝʡ ʪʘ ʽʥʰʠʭ ʧʦʢʘʟʥʠʢʽʚ (ʥʘʧʨʠʢʣʘʜ, ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʨʝʣʷʮʽʾ). 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʫʥʠʢʥʫʪʠ ʥʝʧʨʘʚʠʣʴʥʠʭ ʨʽʰʝʥʴ, ʆʇʈ ʤʘʻ ʘʜʘʧʪʫʚʘʪʠ ʪʘ 

ʢʦʨʠʛʫʚʘʪʠ ʩʚʦʾ ʨʽʰʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʩʪʘʥʫ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ 

ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʩʢʣʘʜʫ ʝʢʩʧʝʨʪʥʠʭ ʢʦʤʽʩʽʡ. ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʤʦʜʝʣʽ, ʷʢʽ 

ʟʘʩʥʦʚʘʥʽ ʥʘ ʩʧʦʣʫʯʝʥʥʽ ʤʝʪʦʜʽʚ ʪʝʦʨʽʾ ʥʝʡʨʦʤʝʨʝʞ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ, 

ʚʢʘʟʫʶʪʴ ʥʘ ʦʜʠʥ ʽʟ ʰʣʷʭʽʚ ʜʦ ʧʦʜʦʣʘʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ. ʄʝʪʦʜ ʥʽʚʝʣʶʚʘʥʥʷ 

ʩʫʙôʻʢʪʠʚʥʠʭ ʧʝʨʝʚʘʛ, ʱʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʨʽʟʥʠʤʠ ʯʠʥʥʠʢʘʤʠ, ʜʦʟʚʦʣʷʻ 

ʟʥʘʭʦʜʠʪʠ ʙʣʠʟʴʢʽ ʜʦ ʦʧʪʠʤʘʣʴʥʠʭ ʨʽʰʝʥʴ. 

 

2.5 ʉʪʨʘʪʝʛʽʷ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʘʤʠ ʦʮʽʥʶʚʘʥʥʷ ʪʘ ʟʤʝʥʰʝʥʥʷ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʝʢʩʧʝʨʪʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʠʛʦʜ 

 

ʆʜʥʽʻʶ ʟ ʩʫʯʘʩʥʠʭ ʪʝʥʜʝʥʮʽʡ ʨʦʟʚʠʪʢʫ ʉɸʊɽ ̒  ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʥʘ ʚʩʽʭ ʩʪʘʜʽʷʭ ʜʦʩʣʽʜʞʝʥʥʷ ɼʊʇ [84, 88, 89]. ʎʝ ʟʫʤʦʚʣʝʥʦ 

ʥʝʦʙʭʽʜʥʽʩʪʶ ʟʘʙʝʟʧʝʯʠʪʠ ʝʬʝʢʪʠʚʥʝ ʧʨʦʚʘʜʞʝʥʥʷ ʝʢʩʧʝʨʪʠʟʠ ʪʘ ʨʘʮʽʦʥʘʣʴʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ. 
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ʂʦʤʧʣʝʢʩʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʧʝʮʘ̔ʣʽʟʦʚʘʥʠʭ ʢʦʤʧôʶʪʝʨʥʠʭ ʧʨʦʛʨʘʤ ʜʣʷ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʤʝʭʘʥʽʟʤʫ ɼʊʇ ʪʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʮʠʬʨʦʚʠʭ ʩʠʩʪʝʤ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ (EDR, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʨʝʻʩʪʨʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʨʫʭʫ 

ʊɿ ʜʦ ʪʘ ʧʽʩʣʷ ɼʊʇ; ʢʦʤʧʣʝʢʩʠ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʫʚʘʥʥʷ ʤʽʩʮʷ ɼʊʇ; ʩʧʝʮʽʘʣʴʥʘ 

ʮʠʬʨʦʚʘ ʘʧʘʨʘʪʫʨʘ) ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʥʘʙʦʨʦʤ ʤʦʜʫʣʽʚ, ʩʢʦʤʧʣʝʢʪʦʚʘʥʠʤ ʽʟ 

ʤʥʦʞʠʥ ʩʪʘʥʜʘʨʪʥʠʭ ʤʦʜʫʣʽʚ. ʂʦʞʝʥ ʟ ʤʦʜʫʣʽʚ, ʚʠʢʦʥʫʶʯʠ ʩʚʦʾ ʬʫʥʢʮʽʾ, 

ʛʘʨʘʥʪʫʻ ʜʦʩʷʛʥʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʤʝʪʠ ʽʥʪʝʛʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ. ɺ ʥʘʩʣʽʜʦʢ 

ʤʦʜʫʣʴʥʦʩʪʽ, ʽʥʪʝʛʨʦʚʘʥʘ ʩʠʩʪʝʤʘ ʟʘʙʝʟʧʝʯʫʻ ʥʝʦʙʭʽʜʥʠʡ ʨʽʚʝʥʴ ʷʢʦʩʪ̔ 

ʚʠʢʦʥʘʥʥʷ ʝʢʩʧʝʨʪʠʟʠ: 

ï ʢʦʤʧʣʝʢʩʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ; 

ï ʚʠʩʦʢʫ ʛʥʫʯʢʽʩʪʴ ʜʣʷ ʘʢʦʤʦʜʘʮʽʾ ʜʦ ʨʽʟʥʠʭ ʫʤʦʚ; 

ï ʝʢʦʥʦʤʽʯʥʽʩʪʴ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ; 

ï ʝʬʝʢʪʠʚʥʽʩʪʴ ʚ ʥʘʩʣʽʜʦʢ ʩʧʨʦʤʦʞʥʦʩʪʽ ʜʦ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʦʧʝʨʘʮʽʡ 

ʦʜʥʦʪʠʧʥʦʛʦ ʭʘʨʘʢʪʝʨʫ. 

ʎʽʣʢʦʤ ʟʨʦʟʫʤʽʣʦ, ʱʦ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʽʥʪʝʛʨʘʮʽʾ ʨʦʟʰʠʨʶʶʪʴʩʷ ʝʚʝʥʪʫʘʣʴʥʽ 

ʤʦʞʣʠʚʦʩʪʽ ʩʠʩʪʝʤʠ, ʟʙʽʣʴʰʫʻʪʴʩʷ ʩʪʫʧʽʥʴ ʨʽʟʥʦʤʘʥʽʪʪʷ ʪʘ ʚʠʙʽʨʥʦʩʪʽ. ʎʝ, ʚ 

ʩʚʦʶ ʯʝʨʛʫ, ʚʠʢʣʠʢʘʻ ʧʨʦʙʣʝʤʠ, ʧʦʚôʷʟʘʥʽ ʟ ʷʢʽʩʪʶ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ, ʚ ʪʦʤʫ 

ʯʠʩʣʽ, ʧʨʦʙʣʝʤʫ ʬʦʨʤʘʣʽʟʘʮʽʾ ʭʦʜʫ ʬʦʨʤʫʚʘʥʥʷ ʽʥʪʝʛʨʦʚʘʥʦ ʾ ʩʠʩʪʝʤʠ 

ʘʚʪʦʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ ɼʊʇ ʪʘ ʦʮʽʥʝʥʥʷ ʾʾ ʷʢʦʩʪʽ. 

ʅʘ ʨʠʩʫʥʢʫ 2.13 ʧʦʜʘʥʘ ʩʭʝʤʘ ʬʦʨʤʫʚʘʥʥʷ ʽʥʪʝʛʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ 

ʝʢʩʧʝʨʪʠʟʠ ɼʊʇ. ɺʟʷʚʰʠ ʟʘ ʦʩʥʦʚʫ ʟʤʽʩʪ ʟʘʧʠʪʫ ʦʨʛʘʥʽʚ ʩʫʜʫ ʘʙʦ ʩʣʽʜʩʪʚʘ ʪʘ 

ʨʽʟʥʠʭ ʦʙʩʪʘʚʠʥ ɼʊʇ, ʬʦʨʤʫʻʪʴʩʷ ʩʪʨʫʢʪʫʨʘ ʽʥʪʝʛʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʪʘ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʬʫʥʢʮʽʾ ʮʽʻʾ ʩʠʩʪʝʤʠ. ɺ ʷʢʦʩʪʽ ʤʝʪʠ ʩʬʦʨʤʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʤʦʞʥʘ 

ʧʨʠʡʥʷʪʠ ʪʘʢʽ ʯʠʥʥʠʢʠ ʷʢ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʘʚ ʛʨʦʤʘʜʷʥ ʥʘ ʦʙôʻʢʪʠʚʥʝ 

ʜʦʩʣʽʜʞʝʥʥʷ ʦʙʩʪʘʚʠʥ ɼʊʇ, ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʪʘ ʦʙôʻʢʪʠʚʥʦʩʪʽ ʧʨʠ 

ʬʦʨʤʫʚʘʥʥʽ ʝʢʩʧʝʨʪʥʠʭ ʚʠʩʥʦʚʢʽʚ, ʤʽʥʽʤʽʟʘʮʽʷ ʚʠʪʨʘʪ ʯʘʩʫ ʽ ʨʝʩʫʨʩʽʚ 

ʧʦʪʨʽʙʥʠʭ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʪʠʟ ʪʦʱʦ. 

ʆʪʞʝ, ʟʘʜʘʯʫ ʬʦʨʤʫʚʘʥʥʷ ʽʥʪʝʛʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʝʢʩʧʝʨʪʠʟʠ ʜʦʨʦʞʥʴʦ-

ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʠʛʦʜ ʤʦʞʥʘ ʩʬʦʨʤʫʣʶʚʘʪʠ ʷʢ ʟʘʜʘʯʫ ʚʠʙʦʨʫ ʥʝʦʙʭʽʜʥʠʭ 

ʤʦʜʫʣʽʚ ʽʟ ʩʫʢʫʧʥʦʩʪʽ ʩʪʘʥʜʘʨʪʥʠʭ ʤʦʜʫʣʽʚ ʟ ʤʝʪʦʶ ʟʘʜʦʚʦʣʝʥʥʷ ʧʝʚʥʠʭ ʚʠʤʦʛ 

ʚ ʦʢʨʝʤʽʡ ʩʠʪʫʘʮʽʾ ʚ ʢʦʥʢʨʝʪʥʠʡ ʯʘʩ. 
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...

ʉʣʽʜʩʪʚʦ, ʩʫʜ

...
ɯʥʪʝʛʨʦʚʘʥʘ 

ʩʠʩʪʝʤʘ 

ʝʢʩʧʝʨʪʠʟʠ ɼʊʇ

... ... ... ...

ʊʨʘʩʦʣʦʛʽʯʥʘ 

ʝʢʩʧʝʨʪʠʟʘ

ɽʢʩʧʝʨʪʠʟʘ 

ʜʦʨʦʞʥʽʭ ʫʤʦʚ

ɽʢʩʧʝʨʪʠʟʘ 

ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʟʘʩʦʙʽʚ

ɽʢʩʧʝʨʪʠʟʘ 

ʚʦʜʽʾʚ ʪʘ 

ʧʽʰʦʭʦʜʽʚ 
 

ʈʠʩʫʥʦʢ 2.13 ï ʉʭʝʤʘ ʬʦʨʤʫʚʘʥʥʷ ʽʥʪʝʛʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʘʚʪʦʪʝʭʥʽʯʥʦʾ 

ʝʢʩʧʝʨʪʠʟʠ ɼʊʇ 

 

ɿʤʽʩʪ ʤʦʜʫʣʴʥʦʛʦ ʧʨʠʥʮʠʧʫ ʧʦʣʷʛʘʻ ʫ ʤʦʞʣʠʚʦʩʪʽ ʩʪʚʦʨʝʥʥʷ ʨʽʟʥʠʭ 

ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ ʙʘʛʘʪʦʤʘʥʽʪʥʦʛʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʟ ʜʝʷʢʦʾ 

ʢʽʣʴʢʦʩʪʽ ʙʘʟʦʚʠʭ ʝʣʝʤʝʥʪʽʚ-ʤʦʜʫʣʽʚ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʮʴʦʛʦ, ʤʦʜʫʣʴ ï ʮʝ 

ʩʘʤʦʩʪʽʡʥʠʡ ʝʣʝʤʝʥʪ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʦʢʨʝʤʫ ʬʫʥʢʮʽʶ (ʬʫʥʢʮʽʾ), ʟ ʧʝʚʥʠʤʠ 

ʚʠʭʽʜʥʠʤʠ ʪʘ ʚʭʽʜʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʄʦʜʫʣʽ ʤʦʞʫʪʴ ʟôʻʜʥʫʚʘʪʠʩʴ, ʬʦʨʤʫʁ ʯʠ 

ʩʢʣʘʜʥʽ ʩʠʩʪʝʤʠ, ʟʘʤʽʥʷʪʠʩʴ ʪʘ ʨʦʟôʻʜʥʫʚʘʪʠʩʴ ʟ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ ʩʠʩʪʝʤ ʟ 

ʽʥʰʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʨʠ ʾʭ ʬʫʥʢʮʽʦʥʫʚʘʥʥʽ. 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ, ʤʦʜʝʣʴ ʽʥʪʝʛʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʝʢʩʧʝʨʪʠʟʠ ɼʊʇ 

ʤʦʞʥʘ ʚʠʢʣʘʩʪʠ ʚ ʪʘʢʦʤʫ ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʚʠʛʣʜ̫ ̔

 

{ }, , ,DS X F D t= , (2.58) 

 

ʜʝ X ï ʤʥʦʞʠʥʘ ʤʥʦʞʠʥ ʩʪʘʥʜʘʨʪʥʠʭ ʤʦʜʫʣʽʚ 
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{ }1 2, , , nX X X X= , 

 

1X  ï ʩʫʢʫʧʥʽʩʪʴ ʩʪʘʥʜʘʨʪʥʠʭ ʤʦʜʫʣʽʚ, ʩʧʨʦʤʦʞʥʠʭ ʚʠʢʦʥʘʪʠ ʟʘʚʜʘʥʥʷ 1y  

 

{ }1 1 1 1 1; 1, ,i iX x x X i m= Í = ; 

 

1ix  ï ʩʪʘʥ ʤʦʜʫʣʷ 1ix  ʤʥʦʞʠʥʠ 1X , ʷʢʠʡ ʟʤʽʥʶʻʪʴʩʷ ʟʘ ʯʘʩʦʤ; 

1m  ï ʢʽʣʴʢʽʩʪʴ ʤʦʜʫʣʽʚ ʚ ʩʫʢʫʧʥʦʩʪʽ 1X ; 

2, , nX X  ï ʚʽʜʧʦʚʽʜʥʦ ʤʥʦʞʠʥʠ ʩʪʘʥʜʘʨʪʥʠʭ ʤʦʜʫʣʽʚ, ʟʜʘʪʥʠʭ ʚʠʢʦʥʘʪʠ 

ʟʘʚʜʘʥʥʷ 2, , ny y ; 

n ï ʢʽʣʴʢʽʩʪʴ ʚʠʜʽʚ ʟʘʚʜʘʥʴ (ʢʽʣʴʢʽʩʪʴ ʤʥʦʞʠʥ ʩʪʘʥʜʘʨʪʥʠʭ ʤʦʜʫʣʽʚ); 

F ï ʮʽʣʴʦʚʘ ʬʫʥʢʮʽʷ ʽʥʪʝʛʨʘʣʴʥʦʾ ʩʠʩʪʝʤʠ; 

D ï ʩʫʢʫʧʥʽʩʪʴ ʚʠʤʦʛ ʜʦ ʩʠʩʪʝʤʠ 

 

{ },D Y Z= , 

 

ʜʝ Y ï ʩʫʢʫʧʥʽʩʪʴ ʚʠʤʦʛ ʱʦʜʦ ʟʘʚʜʘʥʴ, ʷʢʽ ʧʦʪʨʽʙʥʦ ʚʠʢʦʥʘʪʠ (ʯʘʩ, ʤʽʩʮʝ, 

ʦʙʩʷʛ ʪʘ ʚʠʜ ʨʦʙʽʪ ʪʦʱʦ) 

 

{ }1 2, , , nY y y y= ; 

 

Z ï ʩʫʢʫʧʥʽʩʪʴ ʚʠʤʦʛ ʱʦʜʦ ʷʢʦʩʪʽ ʩʠʩʪʝʤʠ ʝʢʩʧʝʨʪʠʟʠ ɼʊʇ ʚ ʮʽʣʦʤʫ 

(ʥʘʜʽʡʥʽʩʪʴ, ʛʥʫʯʢʽʩʪʴ, ʩʚʦʻʯʘʩʥʽʩʪʴ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʦʱʦ); 

t ï ʤʦʤʝʥʪ ʬʦʨʤʫʚʘʥʥʷ ʽʥʪʝʛʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʝʢʩʧʝʨʪʠʟʠ. 

ʈʽʰʝʥʥʷ ʟʘʜʘʯʽ (2.58) ʘʙʦ ʥʘʙʽʨ ʦʙʨʘʥʠʭ ʤʦʜʫʣʽʚ 

 

{ }
( )

( )

1 2
1 2* , , , ,

*, max,

*, 0.
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i i inX x x x

F X t
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î
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í

 (2.59) 
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ʅʘ ʨʠʩʫʥʢʫ 2.14 ʧʨʝʜʩʪʘʚʣʝʥʘ ʫʟʘʛʘʣʴʥʝʥʘ ʩʭʝʤʘ ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ (2.59). 

 

ɹʘʥʢ ʩʪʘʪʠʩʪʠʯʥʠʭ 

ʜʘʥʠʭ 

(ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ 

ʤʦʜʫʣʽ)

ɺʠʤʦʛʠ ʜʦ ʩʠʩʪʝʤʠ 

ɻʝʥʝʨʘʮʽʷ 

ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʽʚ 

ʩʠʩʪʝʤʠ

ʆʧʝʨʘʪʠʚʥʽ ʜʘʥʽ

(ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ 

ʧʦʪʦʯʥʠʡ ʩʪʘʥ 

ʤʦʜʫʣʽʚ)

ʆʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ 

ʛʝʥʝʨʦʚʘʥʠʭ 

ʚʘʨʽʘʥʪʽʚ

ɺʠʙʽʨ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʚʘʨʽʘʥʪʘ ʩʠʩʪʝʤʠ

ʎʽʣʽ ʽʥʪʝʛʨʘʣʴʥʦʾ 

ʩʠʩʪʝʤʠ ʝʢʩʧʝʨʪʠʟʠ 

ɼʊʇ

ɺʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʴ 

ʝʢʩʧʝʨʪʠʟʠ ʟʘ 

ʦʙʨʘʥʠʤ ʚʘʨʽʘʥʪʦʤ

ʋʟʛʦʜʞʝʥʥʷ ʟ 

ʤʦʜʫʣʷʤʠ ʪʘ 

ʫʪʦʯʥʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ

ʆʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ 

ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ

 

 

ʈʠʩʫʥʦʢ 2.14 ï ʋʟʘʛʘʣʴʥʝʥʘ ʩʭʝʤʘ ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʚʠʙʦʨʫ ʩʪʨʫʢʪʫʨʠ 

ʽʥʪʝʛʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʘʚʪʦʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ ɼʊʇ 

 

ʄʦʜʫʣʴʥʘ ʪʝʭʥʦʣʦʛʽʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʥʘʜʘʻ ʟʘʩʦʙʠ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ 

ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʽʥʪʝʛʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʝʢʩʧʝʨʪʠʟʠ ɼʊʇ ʟʽ 

ʩʪʘʥʜʘʨʪʥʠʭ ʤʦʜʫʣʽʚ ʜʣʷ ʣʶʙʦʛʦ ʨʽʚʥʷ ʷʢʦʩʪʽ ʪʘ ʩʢʣʘʜʥʦʩʪʽ ʟʘ ʘʥʘʣʦʛʽʻʶ ʟʽ 

ʩʢʣʘʜʘʥʥʷʤ ʘʚʪʦʤʦʙʽʣʽʚ, ʤʦʙʽʣʴʥʦʾ ʯʠ ʢʦʤʧôʶʪʝʨʥʦʾ ʪʝʭʥʽʢʠ, ʧʨʦʛʨʘʤʥʠʭ 

ʢʦʤʧʣʝʢʩʽʚ ʽʟ ʛʦʪʦʚʠʭ ʙʣʦʢʽʚ, ʷʢʽ ʥʘʟʠʚʘʶʪʴ ʢʦʤʧʣʝʢʪʫʶʯʠʤʠ ʚʠʨʦʙʘʤʠ. 

ʇʨʦʮʝʩ ʟʙʦʨʫ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʤʦʜʫʣʽ, ʾʭ ʩʪʘʥʜʘʨʪʠʟʘʮʽʷ  ̒ʪʨʫʜʦʤʽʩʪʢʠʤ ʪʘ 

ʩʢʣʘʜʥʠʤ. ʆʜʥʘʢ ʫ ʧʦʜʘʣʴʰʦʤʫ ʮʝ ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ ʟ ʚʝʣʠʢʦʶ 

ʰʚʠʜʢʽʩʪʶ ʩʪʚʦʨʶʚʘʪʠ ʥʦʚʫ ʽʥʪʝʛʨʦʚʘʥʫ ʩʠʩʪʝʤʫ ʝʢʩʧʝʨʪʠʟʠ ɼʊʇ ʯʠ 



142 

ʤʦʜʠʬʽʢʫʚʘʪʠ ʾʾ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʤʽʥʠ ʚʠʤʦʛ ʪʘ ʫʤʦʚ ʜʦʩʣʽʜʞʝʥʥʷ ʦʙʩʪʘʚʠʥ 

ʧʝʚʥʦʾ ɼʊʇ. 

ʇʨʦʮʝʩ ʬʦʨʤʫʚʘʥʥʷ ʽʥʪʝʛʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʝʢʩʧʝʨʪʠʟʠ ɼʊʇ ʤʽʩʪʠʪʴ ʪʘʢ̔ 

ʝʪʘʧʠ: 

ï ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʟʙʽʨ, ʨʦʟʨʦʙʢʘ ʙʘʟʠ ʜʘʥʠʭ ʧʨʦ ʤʦʜʫʣʽ; 

ï ʩʠʩʪʝʤʘʪʠʟʘʮʽʷ ʤʦʜʫʣʽʚ ʟʘ ʧʨʠʟʥʘʯʝʥʥʷʤ, ʦʮʽʥʝʥʥʷ ʾʭ ʜʽʷʣʴʥʦʩʪʽ; 

ï ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʪʨʝʙ ʝʢʩʧʝʨʪʠʟʠ ʧʨʠ ʚʩʪʘʥʦʚʣʝʥʥʽ ʦʙʩʪʘʚʠʥ ɼʊʇ; 

ï ʬʦʨʤʫʚʘʥʥʷ ʚʠʤʦʛ ʜʦ ʩʠʩʪʝʤʠ ʘʚʪʦʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ; 

ï ʬʦʨʤʫʚʘʥʥʷ ʮʽʣʝʡ ʽ ʟʘʜʘʯ ʨʦʟʨʦʙʣʶʚʘʥʦʾ ʽʥʪʝʛʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ; 

ï ʚʠʟʥʘʯʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʪʠʧʽʚ ʤʦʜʫʣʽʚ, ʷʢʽ ʬʦʨʤʫʶʪʴ ʩʪʨʫʢʪʫʨʫ ʩʠʩʪʝʤʠ 

ʘʚʪʦʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ ɼʊʇ; 

ï ʨʦʟʨʦʙʢʘ ʤʦʜʫʣʽʚ, ʨʽʟʥʠʭ ʚʘʨʽʘʥʪʽʚ ʩʪʨʫʢʪʫʨʠ ̔ʥʪʝʛʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ 

ʘʚʪʦʪʝʭʥʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʨʠ ʝʢʩʧʝʨʪʠʟʽ ɼʊʇ; 

ï ʦʮʽʥʝʥʥ̫  ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʽʚ ʽʥʪʝʛʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ; 

ï ʚʠʙʽʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʘʨʽʘʥʪʫ; 

ï ʫʟʛʦʜʞʝʥʥʷ ʜʽʷʣʴʥʦʩʪʽ ʧʝʚʥʠʭ ʤʦʜʫʣʽʚ ʪʘ ʢʦʨʝʛʫʚʘʥʥʷ. 

ʇʽʩʣʷ ʚʠʷʚʣʝʥʥʷ ʩʫʢʫʧʥʦʩʪʽ ʚʠʤʦʛ ʜʦ ʽʥʪʝʛʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ɸʊɽ ɼʊʇ, 

ʚʠʟʥʘʯʝʥʥʷ ʾʾ ʤʝʪʠ ʪʘ ʟʙʦʨʫ ʥʝʦʙʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʤʦʜʫʣʽ, ʩʣ̔ ʜʫʻ 

ʥʘʩʪʫʧʥʠʡ ʝʪʘʧ ï ʛʝʥʝʨʘʮʽʷ ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʽʚ ʩʠʩʪʝʤʠ. ɼʦʩʠʪʴ ʯʘʩʪʦ, ʯʝʨʝʟ 

ʥʝʩʪʘʯʫ ʪʨʫʜʦʚʠʭ ʨʝʩʫʨʩʽʚ ʪʘ ʯʘʩʫ, ʘ ʪʘʢʦʞ ʥʝʟʜʘʪʥʽʩʪʴ ʜʦ ʦʙʨʦʙʢʠ ʚʝʣʠʢʠʭ 

ʦʙʩʷʛʽʚ ʽʥʬʦʨʤʘʮʽʾ, ʝʢʩʧʝʨʪ ʨʦʟʛʣʷʜʘʻ ʣʠʰʝ ʜʝʢʽʣʴʢʘ ʚʘʨʽʘʥʪʽʚ ʟ ʤʝʪʦʶ 

ʦʙʨʘʥʥʷ ʦʜʥʦʛʦ ʟ ʥʠʭ. ʎʽ ʚʘʨʽʘʥʪʠ ʥʘʡʯʘʩʪʽʰʝ ʬʦʨʤʫʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʽʥʪʫʾʮʽʾ 

ʯʠ ʜʦʩʚʽʜʫ ʩʧʝʮʽʘʣʽʩʪʘ, ʪʦʤʫ ʥʝ ʤʦʞʫʪʴ ʚʚʘʞʘʪʠʩʷ ʢʨʘʱʠʤʠ ʟ ʫʩʽʭ ʤʦʞʣʠʚʠʭ 

ʚʘʨʽʘʥʪʽʚ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʙʨʘʥʠʡ ʝʢʩʧʝʨʪʦʤ ʚʘʨʽʘʥʪ ʻ ʢʨʘʱʠʤ ʟ ʧʝʨʝʣʽʢʫ ʨʦʟʛʣʷʥʫʪʠʭ 

ʚʘʨʽʘʥʪʽʚ, ʘʣʝ ʥ̔  ʷʢ ʥʝ ʦʧʪʠʤʘʣʴʥʠʤ. ʊʫʪ ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʧʦʙʫʜʦʚʠ ̔ ʥʪʝʛʨʦʚʘʥʦʾ 

ʩʠʩʪʝʤʠ ɸʊɽ ɼʊʇ ʥʝ ʜʘʻ ʙʘʞʘʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʥʝ ʯʝʨʝʟ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʽ 

ʤʝʪʦʜʠ ʚʠʙʦʨʫ, ʘ ʚʥʘʩʣʽʜʦʢ ʽʩʥʫʚʘʥʥʷ ʧʨʦʙʣʝʤʠ ʛʝʥʝʨʘʮʽʾ ʚʘʨʽʘʥʪʽʚ. 

ʌʦʨʤʘʣʽʟʘʮʽʷ ʤʝʪʦʜʽʚ ʛʝʥʝʨʘʮʽʾ ʨʽʰʝʥʴ ʻ ʜʫʞʝ ʚʘʞʣʠʚʦʶ ʟʘʜʘʯʝʶ, ʦʩʢʽʣʴʢʠ 

ʥʘ ʧʨʘʢʪʠʮʽ ʥʝ ʟʘʚʞʜʠ ʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʠʪʠ ʫʩʽ ʜʦʧʫʩʪʠʤʽ ʚʘʨʽʘʥʪʠ. ɿʚʽʩʥʦ, 
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ʯʠʤ ʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ ʛʝʥʝʨʦʚʘʥʠʭ ʚʘʨʽʘʥʪʽʚ, ʪʠʤ ʤ̔ʦʚʽʨʥʽʰʝ ʟʥʘʭʦʜʞʝʥʥʷ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʨ̔ ʰʝʥʥʷ ʟʘʜʘʯʽ. ʅʘ ʦʧʪʠʤʘʣʴʥʽʩʪʴ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʚʧʣʠʚʘʻ 

ʪʘʢʦʞ ʟʜʘʪʥʽʩʪʴ ʤʝʪʦʜʘ ʚʠʜʘʚʘʪʠ ʛʘʨʥʽ ʚʘʨʽʘʥʪʠ, ʪʦʙʪʦ ʷʢʽʩʪʴ ʤʝʪʦʜʘ ʛʝʥʝʨʘʮʽʾ. 

ɼʣʷ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʟʘʜʘʯʽ ʧʦʙʫʜʦʚʠ ̔ ʥʪʝʛʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ɸʊɽ ɼʊʇ ʛʘʨʥʠʤ 

ʤʝʪʦʜʦʤ ʛʝʥʝʨʘʮʽʾ ʚʘʨʽʘʥʪʽʚ ʤʦʞʫʪʴ ʙʫʪʠ ʤʝʪʦʜʠ ʤʦʨʬʦʣʦʛʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʽ 

ʩʠʥʪʝʟʫ (ʨʠʩ. 2.15) [327, 328], ʟʘʧʨʦʧʦʥʦʚʘʥ̔ hʚʝʡʮʘʨʩʴʢʠʤ ʘʩʪʨʦʬʽʟʠʢʦʤ 

ʌʨʽʮʝʤ ʎʚʽʢʽ ʪʘ ʚʠʢʦʨʠʩʪʘʥʽ ʥʠʤ ʚ ʘʩʪʨʦʥʦʤʽʾ ʪʘ ʨʘʢʝʪʦʙʫʜʫʚʘʥʥʽ. ʎʽ ʤʝʪʦʜʠ 

ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʠʭ ʨʽʰʝʥʴ ʥʘ ʦʩʥʦʚʽ ʨʦʟʜʽʣʝʥʥʷ ̔ ʥʪʝʛʨʦʚʘʥʦʾ 

ʩʠʩʪʝʤʠ ʥʘ ʧʽʜʩʠʩʪʝʤʠ ʪʘ ʝʣʝʤʝʥʪʠ, ʫʪʚʦʨʝʥʥʷ ʧʽʜʤʥʦʞʠʥ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ 

ʚʘʨʽʘʥʪʽʚ ʨʝʘʣʽʟʘʮʽʾ ʧʝʚʥʦʾ ʧʽʜʩʠʩʪʝʤʠ, ʢʦʤʙʽʥʫʚʘʥʥʷ ʨʽʟʥʠʭ ʚʘʨʽʘʥʪʽʚ ʨʽʰʝʥʥʷ 

ʩʠʩʪʝʤʠ ʥʘ ʘʣʴʪʝʨʥʘʪʠʚʥʽʡ ʦʩʥʦʚʽ, ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʠʭ ʚʘʨʽʘʥʪʽʚ ʨʽʰʝʥʥʷ 

ʩʠʩʪʝʤʠ. 

 

ʄʦʨʬʦʣʦʛʽʯʥʝ 
ʜʦʩʣʽʜʞʝʥʥʷ

ʉʫʪʥʽʩʪʴ 
ʤʦʨʬʦʣʦʛʽʯʥʦʛʦ 
ʧʽʜʭʦʜʫ

ʆʙʣʘʩʪʽ 
ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʉʠʥʪʝʟ ʥʦʚʠʭ 
ʪʝʭʥʽʯʥʠʭ 
ʨʽʰʝʥʴ

ʄʝʪʦʜʠʢʘ 
ʟʘʩʪʦʩʫʚʘʥʥʷ

ɸʥʘʣʽʟ 
ʧʨʦʙʣʝʤʠ

ʋʜʦʩʢʦʥʘʣʝʥʥʷ 
ʽʩʥʫʶʯʠʭ ʪʝʭʥʽʯʥʠʭ 

ʨʽʰʝʥʴ

ɿʘʧʝʨʝʯʝʥʥʷ ʪʘ 
ʢʦʥʩʪʨʦʶʚʘʥʥʷ

ɹʫʢʝʪ ʧʨʦʙʣʝʤ

ʄʦʨʬʦʣʦʛʽʯʥʠʡ 
ʷʱʠʢ

ɼʦʩʣʽʜʞʝʥʥʷ 
ʩʪʨʫʢʪʫʨʥʠʭ ʟʚô̫ ʟʢʽʚ ʪʘ 
ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʤʽʞ 
ʧʨʝʜʤʝʪʘʤʠ, ̫ ʚʠʱʘʤʠ, 

ʽʜʝʷʤʠ

ɺʠʷʚʣʝʥʥʷ 
ʨʘʮʽʦʥʘʣʴʥʠʭ 
ʚʘʨʽʘʥʪʽʚ 
ʚʠʨʽʰʝʥʥʷ 
ʧʨʦʙʣʝʤ

ʉʠʩʪʝʤʘʪʠʟʘʮʽʷ 
ʧʦʰʫʢʫ ʥʦʚʠʭ 

ʽʜʝʡ

ɺʽʟʫʘʣʽʟʘʮʽʷ 
ʤʦʜʝʣʽ

ʇʽʜʩʠʩʪʝʤʠ 

ipS  

ɸʣʴʪʝʨʥʘʪʠʚʠ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ  

ʬʫʥʢʮʽʾ ʧʽʜʩʠʩʪʝʤʠ ipS  

ʏʠʩʣʦ ʩʧʦʩʦʙʽʚ  

ʨʝʘʣʽʟʘʮʽʾ ʬʫʥʢʮʽʾ  

ʧʽʜʩʠʩʪʝʤʠ ipS  

1pS  ( )
111 12 13 1...................... pRA A A A  

1pR  

2pS  ( )
221 22 23 2...................... pRA A A A  

2pR  

é éééééééééééééé.. é 

ipS  ( )1 2 3 ...................
ii i i ipRA A A A  

ipR  

é éééééééééééééé.. é 

npS  ( )1 2 3 2...................
nn n n n pRA A A A  npR  

 

ʆʪʨʠʤʘʥʥʷ ʥʘʡʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʘʨʽʘʥʪʘ

ʂʫʙ ʎʚʽʢʽ

ʄʦʨʬʦʣʦʛʽʯʥʘ 
ʪʘʙʣʠʮʷ

ʄʝʥʪʘʣʴʥʘ ʢʘʨʪʘ

ʂʚʽʪʫʯʠʡ ʣʦʪʦʩ 

 
 

ʈʠʩʫʥʦʢ 2.15 ï ɸʩʧʝʢʪʠ ʤʦʨʬʦʣʦʛʽʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 
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ʄʝʪʦʜ ʤʦʨʬʦʣʦʛʽʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʫ ʜʚʘ ʝʪʘʧʠ. ʅʘ 

ʧʝʨʦhʤʫ ʝʪʘʧ ̔ʦʪʨʠʤʫʶʪʴ ʦʧʠʩ ʫʩʽʭ ʧʽʜʩʠʩʪʝʤ, ʷʢʽ ʩʪʦʩʫʶʪʴʩʷ ʜʦʩʣʽʜʞʝʥʥʷ, 

ʪʦʙʪʦ ʢʣʘʩʠʬʽʢʘʮʽʶ ʤʥʦʞʠʥ ʧʽʜʩʠʩʪʝʤ. ɼʘʥʠʡ ʝʪʘʧ ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʥʘʟʠʚʘʻʪʴʩʷ 

ʤʦʨʬʦʣʦʛʽʯʥʠʤ ʘʥʘʣʽʟʦʤ. ɼʨʫʛʠʡ ʝʪʘʧ ʧʝʨʝʜʙʘʯʘʻ ʬʦʨʤʫʚʘʥʥʷ ʧʦʰʫʢʦʚʦʛʦ 

ʟʘʚʜʘʥʥʷ ʪʘ ʦʙʨʘʥʥ̫ ʚʠʜʫ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ, ʧʨʦʚʝʜʝʥʥʷ ʦʮʽʥʢʠ ʦʧʠʩʽʚ 

ʧʽʜʩʠʩʪʝʤ. ɺ ʢʽʥʮʝʚʦʤʫ ʚʠʧʘʜʢʫ ʚʠʙʠʨʘʶʪʴʩʷ ʪʽ ʧʽʜʩʠʩʪʝʤʠ, ʷʢʽ 

ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʫʤʦʚʠ ʟʘʜʘʯʽ. ʆʙʨʘʥʽ ʧʽʜʩʠʩʪʝʤʠ ʫʪʚʦʨʶʶʪʴ ʮʽʣʽʩʥʫ ʩʠʩʪʝʤʫ, 

ʜʦʚʦʜʷʯʠ ʜʦ ʤʘʢʩʠʤʫʤʫ ʟʥʘʯʝʥʥʷ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ.  

ʆʧʠʩ ʮ̔ʣʽʩʥʦʾ ʩʠʩʪʝʤʠ ʦʜʝʨʞʫʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʘʛʨʝʛʘʮʽʾ ʦʧʠʩʽʚ ʧʽʜʩʠʩʪʝʤ 

ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʚʽʜʥʦʰʝʥʴ ʤʽʞ ʥʠʤʠ, ʫʥʘʩʣʽʜʦʢ ʯʦʛʦ ʜʨʫʛʠʡ ʝʪʘʧ ʥʘʟʠʚʘʻʪʴʩʷ 

ʤʦʨʬʦʣʦʛʽʯʥʠʤ ʩʠʥʪʝʟʦʤ. ʄʦʨʬʦʣʦʛʽʯʥʫ ʩʫʢʫʧʥʽʩʪʴ ʚʘʨʽʘʥʪʽʚ ʦʧʠʩʫ ʩʠʩʪʝʤʠ 

ʤʦʞʥʘ ʧʦʜʘʪʠ ʤʦʨʬʦʣʦʛʽʯʥʦʶ ʪʘʙʣʠʮʝʶ (ʪʘʙʣ. 2.5). 

 

ʊʘʙʣʠʮʷ 2.5 ï ʄʦʨʬʦʣʦʛʽʯʥʘ ʪʘʙʣʠʮʷ 

ʇʽʜʩʠʩʪʝʤʠ 

ipS  

ɸʣʴʪʝʨʥʘʪʠʚʠ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ  

ʬʫʥʢʮʽʾ ʧʽʜʩʠʩʪʝʤʠ ipS  

ʏʠʩʣʦ ʩʧʦʩʦʙʽʚ  

ʨʝʘʣʽʟʘʮʽʾ ʬʫʥʢʮʽʾ  

ʧʽʜʩʠʩʪʝʤʠ ipS  

1pS  ( )
111 12 13 1...................... pRA A A A  

1pR  

2pS  ( )
221 22 23 2...................... pRA A A A  2pR  

é éééééééééééééé.. é 

ipS  ( )1 2 3 ...................
ii i i ipRA A A A  

ipR  

é éééééééééééééé.. é 

npS  ( )1 2 3 2...................
nn n n n pRA A A A  npR  

 

ʇʝʨʘh ʛʨʘʬʘ ʤʦʨʬʦʣʦʛʽʯʥʦʾ ʪʘʙʣʠʮʽ ʤʽʩʪʠʪʴ ʫʩʽ ʧʽʜʩʠʩʪʝʤʠ ʜʦʩʣʽʜʞʫʚʘʥʦʾ 

ʩʠʩʪʝʤʠ. ɺ ʜʨʫʛʽʡ ʛʨʘʬʽ ʚʢʘʟʘʥʽ ʘʣʴʪʝʨʥʘʪʠʚʠ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʬʫʥʢʮʽʾ 

ʚʽʜʧʦʚʽʜʥʦʾ ʧʽʜʩʠʩʪʝʤʠ. ʉʬʦʨʤʦʚʘʥʠʡ ʚʘʨʽʘʥʪ ʩʠʩʪʝʤʠ ʻ ʚʠʙʽʨʢʦʶ 

ʘʣʴʪʝʨʥʘʪʠʚ ʟ ʢʦʞʥʦʛʦ ʨʷʜʢʘ ʤʦʨʬʦʣʦʛʽʯʥʦʾ ʪʘʙʣʠʮʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʢʦʞʥʠʡ 
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ʮʽʣʽʩʥʠʡ ʚʘʨʽʘʥʪ ʩʠʩʪʝʤʠ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʽʥʰʦʛʦ ʚʘʨʽʘʥʪʫ ʾʾ ʨʝʘʣʽʟʘʮʽʾ ʭʦʯʘ ʙ 

ʦʜʥʦʶ ʘʣʴʪʝʨʥʘʪʠʚʦʶ. ʃʥ̔̔ ʷʤʠ ʚ ʪʘʙʣʠʮʽ ʟô̒ʜʥʘʥʽ ʘʣʴʪʝʨʥʘʪʠʚʠ ʟ ʤʝʪʦʶ 

ʜʝʤʦʥʩʪʨʘʮʽʾ ʦʜʥʦʛʦ ʟ ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʽʚ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʩʠʩʪʝʤʠ. ɺʠʟʥʘʯʝʥʥʷ 

ʟʘʛʘʣʴʥʦʛʦ ʯʠʩʣʘ ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʽʚ ʩʠʩʪʝʤʠ ʟʜʽʡʩʥʶʶʪʴ ʪʘʢ 

 

1 2
1

... .
n

n i
i

N pR pR pR pR
=

= Ö Ö Ö =Ô  (2.60) 

 

ʄʝʪʦʜʠ ʤʦʨʬʦʣʦʛʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʩʠʥʪʝʟʫ ʨʝʘʣʽʟʫʶʪʴʩʷ ʚ ʜʝʢʽʣʴʢʘ ʝʪʘʧʽʚ 

(ʨʠʩ. 2.16): 

1) ɺʠʟʥʘʯʘʻʪʴʩʷ ʚʠʭʽʜʥʘ ʤʝʪʘ ʟʘʜʘʯʽ, ʬʦʨʤʫʪʁʴʩʷ ʚʠʤʦʛʠ ʜʦ ʩʠʥʪʝʟʦʚʘʥʦʾ 

ʩʠʩʪʝʤʠ. 

2) ɺʠʢʦʥʫʻʪʴʩʷ ʨʦʟʨʦʙʢʘ ʤʦʨʬʦʣʦʛʽʯʥʦʾ ʪʘʙʣʠʮʽ. ʅʘʩʘʤʧʝʨʝʜ ʚʠʜʽʣʷʻʪʴʩʷ 

ʛʦʣʦʚʥʘ ʬʫʥʢʮʽʷ ʩʠʩʪʝʤʠ. ɼʘʣʽ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʧʽʜʬʫʥʢʮʽʾ ʧʝʨʰʦʛʦ ʨʽʚʥʷ, ʷʢʽ 

ʛʘʨʘʥʪʫʶʪʴ ʚʠʢʦʥʘʥʥʷ ʛʦʣʦʚʥʦʾ ʬʫʥʢʮʽʾ ʩʠʩʪʝʤʠ. ʇʦʪʽʤ ʢʦʞʥʘ ʧʽʜʬʫʥʢʮʽʷ 

ʧʝʨʰʦʛʦ ʨʽʚʥʷ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʥʝʟʘʣʝʞʥʘ ʬʫʥʢʮʽʷ ʽ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʧʽʜʬʫʥʢʮʽʾ 

ʜʨʫʛʦʛʦ ʨʽʚʥʷ. ɸʥʘʣʦʛʽʯʥʦ ʚʠʢʦʥʫʻʪʴʩʷ ʧʦʜʽʣ ʧʽʜʬʫʥʢʮʽʾ ʜʨʫʛʦʛʦ ʨʽʚʥʷ ʥʘ 

ʧʽʜʬʫʥʢʮʽʾ ʪʨʝʪʴʦʛʦ ʨʽʚʥʷ ʽ ʪʘʢ ʜʘʣʽ ʥʘ ʥʘʩʪʫʧʥʠʭ ʨʽʚʥʷʭ. ʈʽʚʝʥʴ ʧʦʜʽʣʫ 

(ʜʝʢʦʤʧʦʟʠʮʽʾ) ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʤʦʛ ʢʦʥʢʨʝʪʥʦʾ ʟʘʜʘʯʽ. ʅʘ ʙʘʟʽ ʚʠʢʦʥʘʥʦʛʦ 

ʘʥʘʣʽʟʫ ʬʦʨʤʫʶʪʴʩʷ ʨʷʜʢʠ ʤʦʨʬʦʣʦʛʽʯʥʦʾ ʪʘʙʣʠʮʽ, ʷʢʽ ʤʽʩʪʷʪʴ ʬʫʥʢʮʽʾ 

ʩʠʩʪʝʤʠ. 

3) ɺʩʪʘʥʦʚʣʶʻʪʴʩʷ ʚʽʜʥʦʩʥʠʡ ʩʪʫʧʽʥʴ ʷʢʦʩʪʽ ʢʨʠʪʝʨʽʾʚ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ 

ʾʭ ʟʥʘʯʠʤʦʩʪʽ ʧʽʜ ʯʘʩ ʦʮʽʥʶʚʘʥʥʷ ʚʘʨʽʘʥʪʽʚ. 

4) ɺ ʤʦʨʬʦʣʦʛʽʯʥʫ ʪʘʙʣʠʮ ʁ ʚʥʦʩʷʪʴʩʷ ʘʣʴʪʝʨʥʘʪʠʚʠ, ʦʪʨʠʤʘʥ ̔ ʜʣʷ 

ʢʦʥʢʨʝʪʥʦʛʦ ʚʠʧʘʜʢʫ ʟ ʨʽʟʥʠʭ ʜʞʝʨʝʣ ʽʥʬʦʨʤʘʮʽʾ. 

5) ʆʮʽʥʶʶʪʴʩʷ ʚʣʘʩʪʠʚʦʩʪʽ ʘʣʴʪʝʨʥʘʪʠʚ ʤʦʨʬʦʣʦʛʽʯʥʦʾ ʪʘʙʣʠʮʽ. ɺʦʥʠ, ʷʢ 

ʧʨʘʚʠʣʦ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʨʽʚʥʝʤ ʷʢʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʧʝʚʥʦʾ ʬʫʥʢʮʽʾ, ʷʢʠʡ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘ ʘʣʴʪʝʨʥʘʪʠʚʥʽʡ ʦʩʥʦʚʽ ʟʘ ʨʽʟʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ. 

6) ʈʝʘʣʽʟʫʻʪʴʩʷ ʧʨʦʮʝʩ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʠʭ ʚʘʨʽʘʥʪʽʚ ʚ ʤʦʨʬʦʣʦʛʽʯʥʽʡ 

ʤʥʦʞʠʥʽ, ʧʨʠ ʮʴʦʤʫ ʜʦʚʦʜʠʪʴʩʷ ʜʦ ʤʘʢʩʠʤʫʤʫ ʤʫʣʴʪʠʧʣʽʢʘʪʠʚʥʘ ʘʙʦ ʘʜʠʪʠʚʥʘ 
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ʮʽʣʴʦʚʘ ʬʫʥʢʮʽʷ. ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʧ̔ ʜ ʧʦʰʫʢʦʤ ʨʦʟʫʤʽʶʪʴ ʧʦʩʣʽʜʦʚʥʽʩʪʴ 

ʦʧʝʨʘʮʽʡ ʚʠʙʦʨʫ ʧʽʜʩʠʩʪʝʤ, ʷʢʽ ʫʪʚʦʨʶʶʪʴ ʩʠʥʪʝʟʦʚʘʥʠʡ ʮʽʣʽʩʥʠʡ ʚʘʨʽʘʥʪ, ʪʘ 

ʦʧʝʨʘʮʽʡ ʦʮʽʥʢʠ ʡʦʛʦ ʷʢʦʩʪʽ. 

 

ʌʦʨʤʫʚʘʥʥʷ 
ʤʝʪʠ ʪʘ ʚʠʤʦʛ 
ʜʦ ʩʠʩʪʝʤʠ

1

ɺʠʟʥʘʯʝʥʥʷ 
ʨʽʚʥʷ 

ʜʝʢʦʤʧʦʟʠʮʽʾ ʪʘ 
ʧʦʙʫʜʦʚʘ 

ʤʦʨʬʦʣʦʛʽʯʥʦʾ 
ʪʘʙʣʠʮʽ

2

ɺʠʟʥʘʯʝʥʥʷ 
ʢʨʠʪʝʨʽʾʚ 
ʟʥʘʯʠʤʦʩʪʽ 

(ʷʢʦʩʪʽ) ʬʫʥʢʮʽʡ 
ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ 
ʚʘʨʽʘʥʪʽʚ

3 ɺʩʪʘʥʦʚʣʝʥʥʷ 
ʘʣʴʪʝʨʥʘʪʠʚ ʜʣʷ 
ʨʝʘʣʽʟʘʮʽʾ 
ʬʫʥʢʮʽʡ 
ʧʽʜʩʠʩʪʝʤʠ

4

ʆʧʠʩ 
ʚʣʘʩʪʠʚʦʩʪʝʡ 
ʘʣʴʪʝʨʥʘʪʠʚ ʜʣʷ 
ʨʝʘʣʽʟʘʮʽʾ 
ʬʫʥʢʮʽʡ 
ʧʽʜʩʠʩʪʝʤʠ

5

ʇʦʰʫʢ 
ʥʘʡʙʽʣʴʰ 
ʨʘʮʽʦʥʘʣʴʥʠʭ 
ʚʘʨʽʘʥʪʽʚ ʚ 
ʤʦʨʬʦʣʦʛʽʯʥʽʡ 
ʤʥʦʞʠʥʽ

6

ʆʪʨʠʤʘʥʥʷ ʥʘʡʙʽʣʴʰ 
ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʘʨʽʘʥʪʘ

ʃʝʢʩʠʢʦʛʨʘʬʽʯʥʠʡ 
ʘʣʛʦʨʠʪʤ

ɸʣʛʦʨʠʪʤ 
ʜʝʨʝʚʦʚʠʜʥʦʛʦ 
ʩʠʥʪʝʟʫ

ɸʣʛʦʨʠʪʤ 
ʣʘʙʽʨʠʥʪʦʚʦʛʦ 
ʩʠʥʪʝʟʫ

ɸʣʛʦʨʠʪʤ ʙʣʦʯʥʦ-
ʣʘʙʽʨʠʥʪʦʚʦʛʦ 
ʩʠʥʪʝʟʫ

 

 

ʈʠʩʫʥʦʢ 2.16 ï ɽʪʘʧʠ ʨʝʘʣʽʟʘʮʽʾ ʤʦʨʬʦʣʦʛʽʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

 

ʇʨʦʮʝʜʫʨʘ ʧʦʰʫʢʫ ʚʘʨʽʘʥʪʽʚ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʘʢʽ ʘʣʛʦʨʠʪʤʠ [239, 

241, 328, 329]: ʣʝʢʩʠʢʦʛʨʘʬʽʯʥʠʡ ʘʣʛʦʨʠʪʤ; ʤʦʨʬʦʣʦʛʽʯʥʠʡ ʘʣʛʦʨʠʪʤ 

ʣʘʙʽʨʠʥʪʦʚʦʛʦ ʩʠʥʪʝʟʫ; ʤʦʨʬʦʣʦʛʽʯʥʠʡ ʘʣʛʦʨʠʪʤ ʜʝʨʝʚʦʚʠʜʥʦʛʦ ʩʠʥʪʝʟʫ; 

ʤʦʨʬʦʣʦʛʽʯʥʠʡ ʘʣʛʦʨʠʪʤ ʙʣʦʯʥʦ-ʣʘʙʽʨʠʥʪʦʚʦʛʦ ʩʠʥʪʝʟʫ. 

ʇʨʦʘʥʘʣʽʟʫʻʤʦ ʮʽ ʘʣʛʦʨʠʪʤʠ ʪʘ ʾʭ ʦʩʦʙʣʠʚʦʩʪʽ ʙʽʣʴʰ ʜʦʢʣʘʜʥʦ. 

ʃʝʢʩʠʢʦʛʨʘʬʽʯʥʠʡ ʘʣʛʦʨʠʪʤ ʚʠʢʦʥʫʻʪʴʩʷ ʰʣʷʭʦʤ ʧʦʩʣʽʜʦʚʥʦʛʦ 

ʧʝʨʝʙʠʨʘʥʥʷ ʫʩʽʭ ʚʘʨʽʘʥʪʽʚ ʥʘ ʙʘʟʽ ʧʨʠʥʮʠʧʫ ʣʝʢʩʠʢʦʛʨʘʬʽʯʥʦʛʦ 

ʫʧʦʨʷʜʢʫʚʘʥʥʷ. ɹʝʨʫʪʴʩʷ ʜʦ ʫʚʘʛʠ ʫʩʽ ʤʦʞʣʠʚʽ ʚʘʨʽʘʥʪʠ ʩʠʩʪʝʤʠ. ɿʘʛʘʣʴʥʝ 
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ʯʠʩʣʦ ʚʘʨʽʘʥʪʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʝʢʘʨʪʦʚʠʤ ʜʦʙʫʪʢʦʤ ʤʥʦʞʠʥ ʘʣʴʪʝʨʥʘʪʠʚ, ʱʦ 

ʤʘʶʪʴ ʚʽʜʥʦʰʝʥʥʷ ʜʦ ʢʦʞʥʦʾ ʬʫʥʢʮʽʾ ʩʠʩʪʝʤʠ (2.60). 

ʎʝʡ ʘʣʛʦʨʠʪʤ ʛʘʨʘʥʪʫʻ ʨʦʟʛʣʷʜ ʫʩʭ̔ ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʽʚ ʩʠʩʪʝʤʠ. ʆʜʥʘʢ 

ʟʘʪʨʘʪʠ ʯʘʩʫ ʥʘ ʨʦʟʨʘʭʫʥʦʢ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʽ, ʦʩʢʽʣʴʢʠ ʧʦʪʨʽʙʥʦ ʦʧʨʘʮʶʚʘʪʠ 

ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʚʘʨʽʘʥʪʽʚ. 

ʂʨʦʢʠ ʨʝʘʣʽʟʘʮʽʾ ʤʦʨʬʦʣʦʛʽʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʜʝʨʝʚʦʚʠʜʥʦʛʦ ʩʠʥʪʝʟʫ ʪʘʢʽ:  

1. ʈʷʜʢʠ ʤʦʨʬʦʣʦʛʽʯʥʦʾ ʪʘʙʣʠʮʽ ʧʦʩʣʽʜʦʚʥʦ ʨʦʟʤʽʱʘʶʪʴ ʟʘ ʟʥʘʯʠʤʽʩʪʶ. 

2. ɺʠʢʦʥʫʻʪʴʩʷ ʩʠʥʪʝʟ ʫʩʽʭ ʧʘʨʥʠʭ ʩʧʦʣʫʯʝʥʴ ʘʣʴʪʝʨʥʘʪʠʚ, ʷʢʽ ʤʽʩʪʷʪʴ 

ʥʘʡʙʽʣʴʰ ʟʥʘʯʠʤ ̔ ʨʷʜʢʠ ʪʘʙʣʠʮʽ. ʆʪʨʠʤʘʥʽ ʧʘʨʥʽ ʢʦʤʙʽʥʘʮʽʾ ʘʣʴʪʝʨʥʘʪʠʚ 

ʨʘʥʞʫʶʪʴʩʷ ʟʘ ʢʨʠʪʝʨʽʷʤʠ ʷʢʦʩʪʽ ʪʘ ʦʙʠʨʘʻʪʴʩʷ ʦʧʪʠʤʘʣʴʥʠʡ ʚʘʨʽʘʥʪ. 

3. ɺʠʢʦʥʫʻʪʴʩʷ ʩʧʦʣʫʯʝʥʥʷ ʚʘʨʽʘʥʪʘ, ʚʽʜʽʙʨʘʥʦʛʦ ʥʘ ʧʦʧʝʨʝʜʥʴʦʤʫ ʢʨʦʮʽ, 

ʟ ʘʣʴʪʝʨʥʘʪʠʚʘʤʠ ʯʝʨʛʦʚʦʛʦ ʨʷʜʢʘ ʪʘʙʣʠʮʽ ʟʘ ʟʥʘʯʠʤʽʩʪʶ. ʆʪʨʠʤʘʥʽ 

ʢʦʤʙʽʥʘʮʽʾ, ʷʢʽ ʤʽʩʪʷʪʴ ʪʨʠ, ʯʦʪʠʨʠ  ̔ ʙ̔ ʣʴʰʝ ʘʣʴʪʝʨʥʘʪʠʚ, ʪʘʢʦʞ 

ʜʦʩʣʽʜʞʫʶʪʴʩʷ. ɺʠʷʚʣʷʻʪʴʩʷ ʦʧʪʠʤʘʣʴʥʠʡ ʚʘʨʽʘʥʪ. 

4. ʉʠʥʪʝʟ ʪʨʠʚʘʻ ʟ ʢʨʦʢʫ 3 ʜʦ ʚʠʯʝʨʧʘʥʥʷ ʚʩʽʭ ʘʣʴʪʝʨʥʘʪʠʚ ʩʠʩʪʝʤʠ ʽ 

ʦʪʨʠʤʘʥʥʷ ʮʽʣʽʩʥʦʛʦ ʚʘʨʽʘʥʪʘ ï ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ. 

ʎʝʡ ʘʣʛʦʨʠʪʤ ʩʫʪʪʻʚʦ ʟʤʝʥʰʫ ̒ʯʠʩʣʦ ʦʧʝʨʘʮʽʡ ʧʦʨʽʚʥʷʥʦ ʟ ʧʦʧʝʨʝʜʥʽʤ 

ʘʣʛʦʨʠʪʤʦʤ. 

ɼʝʨʝʚʦʚʠʜʥʠʡ ʘʣʛʦʨʠʪʤ ʣʝʞʠʪʴ ʚ ʦʩʥʦʚʽ ʤʦʨʬʦʣʦʛʽʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ 

ʣʘʙʽʨʠʥʪʦʚʦʛʦ ʩʠʥʪʝʟʫ. ʈ̔ ʟʥʠʮʝʶ ʤʽʞ ʘʣʛʦʨʠʪʤʘʤʠ ʻ ʪʝ, ʱʦ ʚ ʧʨʦʮʝʩʽ ʧʦʰʫʢʫ 

ʢʦʞʝʥ ʢʨʦʢ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʚʠʙʦʨʦʤ ʥʝ ʦʜʥʦʛʦ, ʘ n ʩʘʤʠʭ ʷʢʽʩʥʠʭ ʩʧʦʣʫʯʝʥʴ 

ʘʣʴʪʝʨʥʘʪʠʚ. ʆʧʪʠʤʘʣʴʥʠʡ ʚʘʨʽʘʥʪ ʟ ʮʠʭ ʩʧʦʣʫʯʝʥʴ ʟʥʘʭʦʜʠʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘ 

ʥʘʩʪʫʧʥʦʤʫ ʢʨʦʮʽ, ʘ ʽʥʰʽ (n ï 1) ʚʘʨʽʘʥʪʽʚ ʨʝʟʝʨʚʫʻʪʴʩʷ. 

ʂʦʣʠ ʥʘ k -ʤʫ ʢʨʦʮʽ ʚʽʜʩʫʪʥʻ ʟʘʜʦʚʽʣʴʥʝ ʩʧʦʣʫʯʝʥʥʷ, ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʫʩʽ 

ʢʦʤʙʽʥʘʮʽʾ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʧʦʣʫʯʝʥʥʷ, ʦʪʨʠʤʘʥʦʛʦ ʥʘ ʧʦʧʝʨʝʜʥʴʦʤʫ (k ï 1)-ʤʫ 

ʢʨʦʮʽ, ʟ ʘʣʴʪʝʨʥʘʪʠʚʘʤʠ ʧʦʪʦʯʥʦʛʦ ʨʷʜʢʘ ʪʘʙʣʠʮʽ (k -ʾ ʬʫʥʢʮʽʾ) kjA , ʪʦ 

ʧʝʨʝʚʽʨʷʶʪʴʩʷ ʩʧʦʣʫʯʝʥʥʷ ʫʩʽʭ (n ï 1) ʚʘʨʽʘʥʪʽʚ, ʟʘʨʝʟʝʨʚʦʚʘʥʠʭ ʥʘ (k ï 1)-ʤʫ 

ʢʨʦʮʽ ʟ ʫʩʽʤʘ ʘʣʴʪʝʨʥʘʪʠʚʘʤʠ kjA . ʋ ʨʘʟʽ ʥʝʟʘʜʦʚʽʣʴʥʦʩʪʽ ʫʩʭ̔ ʩʧʦʣʫʯʝʥ ɹʚ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ, ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦʚʝʨʥʝʥʥʷ ʥʘ (k ï 2)-ʡ ʢʨʦʢ ʜʣʷ ʧʝʨʝʛʣʷʜʫ ʫʩʽʭ 
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ʟʘʨʝʟʝʨʚʦʚʘʥʠʭ ʚʘʨʽʘʥʪʽʚ (k ï 2)-ʛʦ ʢʨʦʢʫ. ʇʨʦʮʝʜʫʨʘ ʧʦʚʝʨʥʝʥʥʷ ʤʦʞʝ 

ʪʨʠʚʘʪʠ ʘʞ ʜʦ ʧʝʨʝʛʣʷʜʫ ʟʘʣʠʰʝʥʠʭ ʫ ʨʝʟʝʨʚʽ ʚʘʨʽʘʥʪʽʚ ʤʦʨʬʦʣʦʛʽʯʥʦʾ ʪʘʙʣʠʮʽ. 

ɼʷʢʫʶʯʠ ʽʪʝʨʘʮʽʡʥʦʤʫ ʧʨʦʮʝʩʫ ʧʦʚʝʨʥʝʥʥʷ ʜʦ ʧʦʧʝʨʝʜʥʴʦʛʦ ʢʨʦʢʫ, 

ʤʦʨʬʦʣʦʛʽʯʥʠʡ ʘʣʛʦʨʠʪʤ ʣʘʙʽʨʠʥʪʦʚʦʛʦ ʩʠʥʪʝʟʫ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ 

ʽʤʦʚʽʨʥʽʩʪʴ ʦʜʝʨʞʘʥʥʷ ʥʘʡʢʨʘʱʦʛʦ ʚʘʨʽʘʥʪʘ ʧʨʦʝʢʪʦʚʘʥʦʾ ʩʠʩʪʝʤʠ, ʱʦ 

ʟʘʜʦʚʦʣʴʥʷʻ ʫʩʽ ʚʠʩʫʥʫʪʽ ʚʠʤʦʛʠ. 

ɼʝʢʦʤʧʦʟʠʮʽʷ ʩʠʥʪʝʟʦʚʘʥʦ ʾʩʠʩʪʝʤʠ ʥʘ ʦʢʨʝʤʽ ʝʣʝʤʝʥʪʠ ʤʦʨʬʦʣʦʛʽʯʥʦʾ 

ʪʘʙʣʠʮʽ ʚʠʢʦʥʫʻʪʴʩʷ ʫ ʨʘʟʽ ʨʝʘʣʽʟʘʮʽʾ ʤʦʨʬʦʣʦʛʽʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʙʣʦʯʥʦ-

ʣʘʙʽʨʠʥʪʦʚʦʛʦ ʩʠʥʪʝʟʫ. ʅʘʩʘʤʧʝʨʝʜ ʚʠʢʦʥʫʻʪʴʩʷ ʩʠʥʪʝʟ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ, ʘ 

ʟ ʨʝʰʪʦʶ ʬʦʨʤʫʻʪʴʩʷ ʮʽʣʽʩʥʘ ʩʠʩʪʝʤʘ ʥʘ ʦʩʥʦʚʽ ʩʠʥʪʝʟʫ ʝʣʝʤʝʥʪʽʚ. ɺʠʢʦʥʘʻʤʦ 

ʘʥʘʣʽʟ ʢʨʦʢʽʚ ʜʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ. 

1. ɺʠʢʦʥʫʻʪʴʩʷ ʜʝʢʦʤʧʦʟʠʮʽʷ ʤʦʨʬʦʣʦʛʽʯʥʦʾ ʪʘʙʣʠʮʽ ʥʘ ʝʣʝʤʝʥʪʠ, 

ʢʦʞʥʠʡ ʝʣʝʤʝʥʪ ʤʦʞʝ ʚʢʣʶʯʘʪʠ ʜʝʢʽʣʴʢʘ ʧʽʜʩʠʩʪʝʤ. 

2. ɺʠʢʦʥʫʻʪʴʩʷ ʩʠʥʪʝʟ ʦʧʪʠʤʘʣʴʥʠʭ ʚʘʨʽʘʥʪʽʚ ʚ ʢʦʞʥʦʤʫ ʝʣʝʤʝʥʪʽ (ʙʣʦʮʽ). 

ʗʢʱʦ ʙʣʦʢ ʤʽʩʪʠʪʴ ʦʜʥʫ ʧʽʜʩʠʩʪʝʤʫ, ʪʦ ʟ̔ ʩʫʢʫʧʥʦʩʪʽ ʘʣʴʪʝʨʥʘʪʠʚ ʦʙʠʨʘʶʪʴʩʷ 

ʥʘʡʢʨʘʱʽ. ʗʢʱʦ ʙʣʦʢ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʝʢʽʣʴʢʦʭ ʧʽʜʩʠʩʪʝʤ, ʪʦ ʧʦʰʫʢ 

ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʤʦʨʬʦʣʦʛʽʯʥʠʤ ʘʣʛʦʨʠʪʤʦʤ ʣʘʙʽʨʠʥʪʦʚʦʛʦ ʩʠʥʪʝʟʫ. ɼʝʢʽʣʴʢʘ 

ʢʨʘʱʠʭ ʚʘʨʽʘʥʪʽʚ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ ʚʠʜʽʣʷʻʪʴʩʷ ʜʣʷ ʢʦʞʥʦʛʦ ʙʣʦʢʫ. 

3. ɹʫʜʫʻʪʩɹʷ ʥʦʚʘ ʤʦʨʬʦʣʦʛʽʯʥʘ ʪʘʙʣʠʮʷ, ʷʢʘ ʤʘ ̒ʤʝʥʫh ʨʦʟʤʽʨʥʽʩʪ ɹʥʽʞ 

ʚʠʭʽʜʥʘ. ʂʽʣʴʢʽʩʪʴ ʨʷʜʢʽʚ ʮʽʻʾ ʪʘʙʣʠʮʽ ʧʨʠʡʤʘʻʪʴʩʷ ʨʽʚʥʦ  ʁ ʯʠʩʣʫ ʙʣʦʢʽʚ. 

ɸʣʴʪʝʨʥʘʪʠʚʠ ʥʦʚʦʾ ʪʘʙʣʠʮʽ ʮʝ ʚʠʜʽʣʝʥ ̔ʥʘ ʧʦʧʝʨʝʜʥʴʦʤʫ ʢʨʦʮʽ ʚʘʨʽʘʥʪʠ. 

4. ɿʜʽʡʩʥʶʻʪʴʩʷ ʩʠʥʪʝʟ ʥʘ ʥʦʚʽʡ ʤʦʨʬʦʣʦʛʽʯʥʽʡ ʪʘʙʣʠʮʽ ʟʘ ʣʘʙʽʨʠʥʪʦʚʠʤ 

ʘʣʛʦʨʠʪʤʦʤ ʟ ʤʝʪʦʶ ʧʦʰʫʢʫ ʮʽʣʽʩʥʦʛʦ ʚʘʨʽʘʥʪʫ ʩʠʩʪʝʤʠ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʮʴʦʛʦ ʘʣʛʦʨʠʪʤʫ ʜʦʟʚʦʣʷʻ ʟʚʝʩʪʠ ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ 

ʤʦʨʬʦʣʦʛʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʜʦ ʤʝʥʰʦʾ ʨʦʟʤʽʨʥʦʩʪʽ. 

ɸʥʘʣʽʟ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʪʘ ʤʝʪʦʜʫ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʟʘʜʘʯʽ 

ʤʦʨʬʦʣʦʛʽʯʥʦʛʦ ʩʠʥʪʝʟʫ ʧʨʠʚʦʜʠʪʴ ʜʦ ʚʠʩʥʦʚʢʫ ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ ʡʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʫʪʚʦʨʝʥʥʷ ʚʘʨʽʘʥʪʽʚ ʧʽʜ ʯʘʩ ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʬʦʨʤʫʚʘʥʥʷ 

ʽʥʪʝʛʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ɸʊɽ ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʠʛʦʜ. ʋ ʨʘʟʽ 

ʚʠʢʦʨʠʩʪʘʥʥ ̫ʮʴʦʛʦ ʤʝʪʦʜʫ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ ʪʘʢʽ ʦʩʦʙʣʠʚʦʩʪʽ: 
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1) ʫʷʚʣʝʥʥʷ ʧʨʦ ʧʽʜʩʠʩʪʝʤʫ ʤʦʨʬʦʣʦʛʽʯʥʦʛʦ ʤʝʪʦʜʫ ʟʙʽʛʘʻʪʴʩʷ ʟ ʧʦʥʷʪʪʷʤ 

ʬʫʥʢʮʽʾ ʩʫʢʫʧʥʦʩʪʽ ʩʪʘʥʜʘʨʪʥʠʭ ʤʦʜʫʣʽʚ ʟʘʜʘʯʽ ʬʦʨʤʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ɸʊɽ 

ɼʊʇ. ɸʥʘʣʦʛʽʯʥʦ ʘʣʴʪʝʨʥʘʪʠʚʠ ʨʝʘʣʽʟʘʮʽʾ ʧʽʜʩʠʩʪʝʤʠ ʤʦʞʥʘ ʚʚʘʞʘʪʠ 

ʤʦʜʫʣʷʤʠ, ʱʦ ʥʘʣʝʞʘʪʴ ʜʦ ʟʛʘʜʘʥʦʾ ʚʠʱʝ ʩʫʢʫʧʥʦʩʪʽ; 

2) ʚ ʦʩʥʦʚʽ ʤʝʪʦʜʫ ʤʦʨʬʦʣʦʛʽʯʥʦʛʦ ʩʠʥʪʝʟʫ ʣʝʞʘʪʴ ʜʚʘ ʧʨʠʧʫʱʝʥʥʷ: 

ï ʤʦʜʫʣʽ, ʷʢʽ ʥʘʣʝʞʘʪʴ ʜʦ ʧʝʚʥʦʾ ʧʽʜʩʠʩʪʝʤʠ, ʤʦʞʥʘ ʦʮʽʥʶʚʘʪʠ 

ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʤʦʜʫʣʽʚ, ʷʢʽ ʥʘʣʝʞʘʪʴ ʜʦ ʽʥʰʠʭ ʧʽʜʩʠʩʪʝʤ. ʆʜʥʘʢ, ʤʦʜʫʣʽ 

ʽʥʪʝʛʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ɸʊɽ ɼʊʇ ʯʘʩʪʦ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʽ. ɼʦʩʠʪʴ ʯʘʩʪʦ ʷʢʽʩʪʴ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʜʥʦʛʦ ʤʦʜʫʣʷ ʤʦʞʝ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʟʥʘʯʘʪʠʩʷ ʥʘ ʷʢʦʩʪ̔ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʽʥʰʠʭ ʤʦʜʫʣʽʚ. ɺ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ ʧʦʪʨʽʙʥʦ ʦʮʽʥʶʚʘʪʠ ʥʝ 

ʷʢʽʩʪʴ ʦʢʨʝʤʠʭ ʤʦʜʫʣʽʚ, ʘ ʷʢʽʩʪʴ ʮʽʣʽʩʥʦʛʦ ʚʘʨʽʘʥʪʘ ʩʠʩʪʝʤʠ; 

ï ʦʧʪʠʤʘʣʴʥʠʡ ʚʘʨʽʘʥʪ ʩʠʩʪʝʤʠ ʤʽʩʪʠʪʴ ʢʨʘʱʽ ʧʽʜʩʠʩʪʝʤʠ. ʆʪʞʝ ʧʨʠ 

ʚʠʙʦʨʽ ʚʘʨʽʘʥʪʽʚ ʚ ʤʝʪʦʜʽ ʟʘʩʪʦʩʦʚʫʶʪʴ ʤʫʣʴʪʠʧʣʽʢʘʪʠʚʥʠʡ ʯʠ ʘʜʠʪʠʚʥʠʡ ʚʠʜ 

ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ. ʇʽʜ ʯʘʩ ʨʦʟʨʦʙʢʠ ʽʥʪʝʛʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ɸʊɽ ɼʊʇ ʥʘʙʽʨ 

ʥʘʡʢʨʘʱʠʭ ʤʦʜʫʣʽʚ ʥʝ ʟʘʚʞʜʠ ʜʘʻ ʦʧʪʠʤʘʣʴʥʠʡ ʨʝʟʫʣʴʪʘʪ. ʊʘʢʠʤ ʯʠʥʦʤ, ʥʝ ʚʩʽ 

ʢʨʠʪʝʨʽʾ ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ ʤʦʜʫʣʽʚ ʩʠʥʪʝʟʫʁʪʴʩʷ h ʣʷʭʦʤ ʧʨʦʩʪʦʛʦ ʜʦʜʘʚʘʥʥʷ 

ʯʠ ʤʥʦʞʝʥʥʷ ʥʘ ʟʘʚʝʨʰʘʣʴʥʦʤʫ ʝʪʘʧʽ ʦʮʽʥʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʘʨʽʘʥʪʘ; 

3) ʫ ʨʘʟʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʣʝʢʩʠʢʦʛʨʘʬʽʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʜʣʷ ʧʦʰʫʢʫ ʚʘʨʽʘʮʽʾ, 

ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ ʧʝʚʥʦʛʦ ʚʘʨʽʘʥʪʘ ʧʨʦʚʦʜʠʪʴʩʷ ʪʽʣʴʢʠ ʧʽʩʣʷ ʡʦʛʦ 

ʦʩʪʘʪʦʯʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ, ʽʥʘʢʰʝ ʢʘʞʫʯʠ ʫ ʨʘʟʽ ʚʠʟʥʘʯʝʥʥʷ ʫʩʭ̔ ʤʦʜʫʣʝʡ, ʱʦ 

ʚʭʦʜʷʪʴ ʚ ʮʽʣʽʩʥʠʡ ʚʘʨʽʘʥʪ. ʄʦʨʬʦʣʦʛʽʯʥʽ ʘʣʛʦʨʠʪʤʠ ʣʘʙʽʨʠʥʪʦʚʦʛʦ, ʙʣʦʯʥʦ-

ʣʘʙʽʨʠʥʪʦʚʦʛʦ ʪʘ ʜʝʨʝʚʦʚʠʜʥʦʛʦ ʘʥʘʣʽʟʫ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʣʝʢʩʠʢʦʛʨʘʬʽʯʥʦʛʦ 

ʘʣʛʦʨʠʪʤʫ ʧʦʨʷʜʢʦʤ ʦʮʽʥʶʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʩʠʥʪʝʟʦʚʘʥʦʛʦ ʚʘʨʽʘʥʪʘ 

ʚʠʭʽʜʥʽʡ ʤʝʪʽ ʟʘʜʘʯʽ ʚʠʢʦʥʫʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʭʦʜʽ ʧʦʙʫʜʦʚʠ ʰʫʢʘʥʦʛʦ 

ʚʘʨʽʘʥʪʘ ʧʨʠ ʚʢʣʶʯʝʥʥ ̔ʤʦʜʫʣʷ ʚ ʮʽʣʽʩʥʠʡ ʚʘʨʽʘʥʪ. ɭ ʢʨʠʪʝʨʽʾ, ʷʢʽ ʥʝ ʤʘʶʪʴ 

ʤʫʣʴʪʠʧʣʽʢʘʪʠʚʥʦʾ ʘʙʦ ʘʜʠʪʠʚʥʦʾ ʚʣʘʩʪʠʚʦʩʪʽ ʯʠ ʪʘʢʽ, ʱʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʪʽʣʴʢʠ 

ʧʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʬʦʨʤʫʚʘʥʥʷ ʚʘʨʽʘʥʪʘ. ɯʟ ʮʽʻʾ ʧʨʠʯʠʥʠ ʤʦʞʥʘ ʟʨʦʙʠʪʠ 

ʚʠʩʥʦʚʦʢ ʧʨʦ ʥʝʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʨʬʦʣʦʛʽʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʫ 

ʢʣʘʩʠʯʥʦʤʫ ʚʠʛʣʷʜʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʚʘʨʽʘʥʪʽʚ ʩʠʥʪʝʟʫ ʩʠʩʪʝʤʠ ɸʊɽ ɼʊʇ. 

ʈ̔ ʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʤʦʞʣʠʚʝ ʧʨʠ ʟʤʽʥ ̔ ʫʤʦʚʠ ʟʘʜʘʯʽ ʤʦʨʬʦʣʦʛʽʯʥʦʛʦ 
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ʘʥʘʣʽʟʫ. ʊʠʧʠ ʢʨʠʪʝʨʽʾʚ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ 

ʧʨʦʝʢʪʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʪʘʢʽ (ʨʠʩ. 2.17): 

ï ʢʨʠʪʝʨʽʾ ʟʘ ʷʢʠʤʠ ʦʮʽʥʶʶʪʴ ̫ ʢ̔ʩʪɹ ʚʠʢʦʥʘʥʥʷ ʬʫʥʢʮʽʾ ʩʠʩʪʝʤʠ ʤʦʜʫʣʷʤʠ 

(ʽʥʬʦʨʤʘʮʽʡʥʽ, ʪʝʭʥʽʯʥʽ, ʣʶʜʩʴʢʽ, ʪʝʭʥʽʯʥʘ ʛʦʪʦʚʥʽʩʪʴ ʤʘʰʠʥ ʪʘ ʦʙʣʘʜʥʘʥʥʷ, 

ʬʽʥʘʥʩʦʚʽ ʨʝʩʫʨʩʠ, ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ, ʽʤʽʜʞ ʪʦʱʦ); 

ï ʢʨʠʪʝʨʽʾ ʟʘ ʷʢʠʤʠ ʦʮʽʥʶʶʪʴ ʷʢ̔ʩʪɹ ʮʽʣʽʩʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʰʣʷʭʦʤ ʜʦʜʘʚʘʥʥʷ ʯʠ ʤʥʦʞʝʥʥʷ ʧʨʦʤʽʞʥʠʭ ʟʥʘʯʝʥʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʜ ʯʘʩ 

ʬʦʨʤʫʚʘʥʥʷ ʚʘʨʽʘʥʪʘ ʩʠʩʪʝʤʠ (ʯʘʩʦʚʽ ʚʠʪʨʘʪʠ, ʚʘʨʪʽʩʪʴ ʪʦʱʦ). 

ï ʢʨʠʪʝʨʽʾ ʟʘ ʷʢʠʤʠ ʦʮʽʥʶʶʪʴ ʷʢ̔ʩʪɹ ʮʽʣʽʩʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʢʦʣʠ ʚʘʨʽʘʥʪ ʩʠʩʪʝʤʠ ʚʞʝ ʦʩʪʘʪʦʯʥʦ ʩʬʦʨʤʦʚʘʥʦ (ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʪʠʟʠ, 

ʩʫʤʽʩʥʽʩʪʴ, ʢʦʤʧʣʝʢʩʥʽʩʪʴ ʪʦʱʦ). 

 

ʂʨʠʪʝʨʽʘʣʴʥʝ ʦʮʽʥʶʚʘʥʥʷ ʩʠʥʪʝʟʫ 
ʩʠʩʪʝʤʠ ʘʚʪʦʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ ɼʊʇ

ʂʨʠʪʝʨʽʾ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ 
ʷʢʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʬʫʥʢʮʽʾ 
ʩʠʩʪʝʤʠ ʤʦʜʫʣʷʤʠ1

ʂʨʠʪʝʨʽʾ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ 
ʷʢʦʩʪʽ ʮʽʣʽʩʥʦʾ ʩʠʩʪʝʤʠ, ɦ ʦ 

ʚʠʟʥʘʯʘʶʪʴʩʷ 
ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʜ ʯʘʩ 
ʬʦʨʤʫʚʘʥʥʷ ʚʘʨʽʘʥʪʘ 

ʩʠʩʪʝʤʠ ʰʣʷʭʦʤ ʜʦʜʘʚʘʥʥʷ 
ʯʠ ʤʥʦʞʝʥʥʷ ʧʨʦʤʽʞʥʠʭ 

ʟʥʘʯʝʥʴ

2

ʂʨʠʪʝʨʽʾ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ 
ʷʢʦʩʪʽ ʮʽʣʽʩʥʦʾ ʩʠʩʪʝʤʠ, ɦ ʦ 
ʚʠʟʥʘʯʘʶʪʴʩʷ ʣʠʰʝ ʧʽʩʣʷ 
ʦʩʪʘʪʦʯʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ 
ʚʘʨʽʘʥʪʘ ʩʠʩʪʝʤʠ 

3

ʊʝʭʥʽʯʥʽ, 
ʣʶʜʩʴʢʽ, 

ʽʥʬʦʨʤʘʮʽʡʥʽ, 
ʬʽʥʘʥʩʦʚʽ 
ʨʝʩʫʨʩʠ 

ʊʝʭʥʽʯʥʘ 
ʛʦʪʦʚʥʽʩʪʴ 
ʤʘʰʠʥ ʪʘ 
ʦʙʣʘʜʥʘʥʥʷ, 
ʽʤʽʜʞ, 

ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴɺʘʨʪʽʩʪʴ
ʏʘʩʦʚʽ 
ʚʠʪʨʘʪʠ

FK 1SK 2SK

ʉʫʤʽʩʥʽʩʪʴ
ʏʘʩ 

ʧʨʦʚʝʜʝʥʥʷ 
ʝʢʩʧʝʨʪʠʟʠʂʦʤʧʣʝʢʩʥʽʩʪʴ

 

 

ʈʠʩʫʥʦʢ 2.17 ï ʊʠʧʠ ʢʨʠʪʝʨʽʾʚ ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ ʩʠʥʪʝʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ 

 

ʇʦʟʥʘʯʠʤʦ ʪʠʧʠ ʢʨʠʪʝʨʽʾʚ ʚʽʜʧʦʚʽʜʥʦ FK , 1SK , 2SK . ʄʦʨʬʦʣʦʛʽʯʥʘ 

ʪʘʙʣʠʮʷ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʨʠʡʤʘʻ ʥʦʚʫ ʩʪʨʫʢʪʫʨʫ (ʪʘʙʣ. 2.6). ʈʽʟʥʠʮ ʁʚʠʜʽʚ 

ʢʨʠʪʝʨʽʾʚ ʧʦʪʨʽʙʥʦ ʚʨʘʭʫʚʘʪʠ ʧʨʠ ʨʦʟʨʦʙʮʽ ʘʣʛʦʨʠʪʤʫ ʩʠʥʪʝʟʫ ʽʥʪʝʛʨʦʚʘʥʦʾ 

ʩʠʩʪʝʤʠ ɸʊɽ ɼʊʇ. 

4) ʚ ʧʨʘʢʪʠʯʥʽʡ ʜʽʷʣʴʥʦʩʪʽ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʚʠʧʘʜʢʠ, ʢʦʣʠ ʫʩʪʘʥʦʚʘ ʟʜʘʪʥʘ 

ʚʠʢʦʥʫʚʘʪʠ ʜʚʽ-ʪʨʠ ʤʦʨʬʦʣʦʛʽʯʥʦʾ ʪʘʙʣʠʮʽ. ɺ ʪʘʢʦʤʫ ʨʘʟʽ ʾʾ ʨʦʟʛʣʷʜʘʶʪʴ 
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ʦʜʥʦʯʘʩʥʦ ʷʢ ʜʝʢʽʣʴʢʘ ʩʘʤʦʩʪʽʡʥʠʭ ʤʦʜʫʣʽʚ ʥʝʩʭʦʞʠʭ ʬʫʥʢʮʽʡ, ʚʨʘʭʦʚʫʶʯʠ ʾ ʭ 

ʻʜʥʽʩʪʴ ʧʽʜ ʯʘʩ ʦʮʽʥʶʚʘʥʥ ̫ʧʝʚʥʠʭ ʢʨʠʪʝʨʽʾʚ (ʤʽʩʮʝ ʨʦʙʦʪʠ ʤʦʜʫʣʷ, ʽʤʽʜʞ 

ʤʦʜʫʣʷ, ʩʫʤʽʩʥʽʩʪʴ ʩʠʩʪʝʤʠ ʪʦʱʦ); 

 

ʊʘʙʣʠʮʷ 2.6 ï ʄʦʨʬʦʣʦʛʽʯʥʘ ʪʘʙʣʠʮʷ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ ʩʠʥʪʝʟʽ 

ʩʠʩʪʝʤʠ ɸʊɽ ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʠʛʦʜ 

ʂʨʠʪʝʨʽʾ 

ʦʮʽʥʶʚʘʥʥʷ 

ʷʢʦʩʪʽ  

ʩʠʩʪʝʤʠ 

ʌʫʥʢʮʽʾ 

iF  

ʂʨʠʪʝʨʽʾ 

ʦʮʽʥʶʚʘʥʥʷ 

ʷʢʦʩʪʽ  

ʤʦʜʫʣʷ 

ʄʦʜʫʣʽ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʬʫʥʢʮʽʾ iF  
ʏʠʩʣʦ 

ʤʦʜʫʣʽʚ 

 1F  1FK   ( )11 12 13 1 1... pRM M M M  1pR  

1SK  2F  2FK   ( )21 22 23 2 1... pRM M M M  2pR  

 é é éééééééééé.. é 

 iF  FiK   ( )1 2 3 ...i i i ipRiM M M M  ipR  

2SK  é é éééééééééé.. é 

 nF  FnK  ( )1 2 3 ...n n n npRnM M M M  npR  

 

5) ʽʩʥʫʶʪʴ ʚʠʧʘʜʢʠ ʢʦʣʠ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʦʜʥʽʻʾ ʬʫʥʢʮʽʾ ʩʠʩʪʝʤʠ ʧʦʪʨʽʙʥʽ 

ʨʝʩʫʨʩʠ ʜʝʢʽʣʴʢʦʭ ʤʦʜʫʣʽʚ. 

ʆʪʞʝ, ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʫ ʽʥʪʝʛʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ɸʊɽ ɼʊʇ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʚʽʜʤʽʯʝʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʤʦʨʬʦʣʦʛʽʯʥʦʛʦ ʤʝʪʦʜʘ ʪʘ ʧʨʦʮʝʜʫʨʠ ʩʪʚʦʨʝʥʥʷ 

ʚʘʨʽʘʥʪʽʚ ʝʢʩʧʝʨʪʥʦʾ ʩʠʩʪʝʤʠ ʤʽʩʪʠʪʴ ʪʘʢʽ ʝʪʘʧʠ (ʨʠʩ. 2.18): 

1. ɺʠʢʦʥʫʻʪʴʩʷ ʧʨʝʣʽʤʽʥʘʨʥʝ ʩʢʦʨʦʯʝʥʥʷ ʧʦʯʘʪʢʦʚʦʾ ʤʦʨʬʦʣʦʛʽʯʥʦʾ 

ʪʘʙʣʠʮʽ. ɼʣʷ ʢʦʞʥʦʛʦ ʨʷʜʢʘ ʪʘʙʣʠʮʽ ʧʝʨʝʚʽʨʷʶʪʴʩʷ ʫʩʽ ʽʩʥʫʶʯʽ ʤʦʜʫʣʽ ʟʘ 

ʢʨʠʪʝʨʽʷʤʠ ʪʠʧʫ FK . ʋ ʨʘʟʽ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ ʚʠʤʦʛʘʤ ʱʦʜʦ ʨʝʘʣʽʟʘʮʽʾ ʧʝʚʥʦʾ 

ʬʫʥʢʮʽʾ ʤʦʜʫʣʴ ʚʠʜʘʣʷʻʪʴʩʷ ʟ ʪʘʙʣʠʮʽ. ʗʢʱʦ ʩʢʦʨʦʯʝʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʚʠʥʠʢʥʝʥʥʷ ʧʫʩʪʦʛʦ ʨʷʜʢʘ (ʚʽʜʩʫʪʥʦʩʪʽ ʤʦʜʫʣʷ, ʷʢʠʡ ʤʦʞʝ ʦʢʨʝʤʦ ʚʠʢʦʥʫʚʘʪʠ 

ʬʫʥʢʮʽʶ), ʪʦ ʚʠʢʦʥʫʻʪʴʩʷ ʧʝʨʝʛʣʷʜ ʚʠʤʦʛ ʜʦ ʤʦʜʫʣʽʚ ʘʙʦ ʬʦʨʤʫʚʘʥʥʷ 

ʢʦʤʙʽʥʦʚʘʥʠʭ ʤʦʜʫʣʽʚ, ʷʢʽ ʧʝʨʝʚʽʨʷʶʪʴʩʷ ʥʘ ʟʜʘʪʥʽʩʪʴ ʟʘʜʦʚʦʣʴʥʠʪʠ ʚʠʤʦʛʠ. 
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ɺʠʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʡ (ʤʦʜʫʣʽʚ) ʩʠʩʪʝʤʠ Fi, i = 1, é, n  

ɺʠʟʥʘʯʝʥʥʷ ʚʠʤʦʛ ʜʦ ʷʢʦʩʪʽ ʜʣʷ ʢʦʞʥʦʛʦ ʤʦʜʫʣʷ KFi 

ʽ ʜʣʷ ʩʠʩʪʝʤʠ ʚ ʮʽʣʦʤʫ KS1 ʪʘ KS2

ʇʦʙʫʜʦʚʘ ʤʦʨʬʦʣʦʛʽʯʥʦʾ ʪʘʙʣʠʮʽ

ʇʦʧʝʨʝʜʥʻ ʚʠʜʘʣʝʥʥʷ ʤʦʜʫʣʽʚ, ɦ ʦ ʥʝ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘʜʘʥʠʤ ʚʠʤʦʛʘʤ KFi 

ɿʘʧʘʤô̫ ʪʦʚʫʚʘʥʥʷ ʥʦʤʝʨʘ ʨʷʜʢʘ, ɦ ʦ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ i = 2

i = 2?

ʆʮʽʥʶʚʘʥʥʷ ʦʪʨʠʤʘʥʠʭ ʩʧʦʣʫʯʝʥʴ ʟʘ ʢʨʠʪʝʨʽʷʤʠ KS1.      

ɺʠʢʣʶʯʝʥʥʷ ʚʘʨʽʘʥʪʽʚ, ɦ ʦ ʥʝ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤ

ʋʩʽ ʚʘʨʽʘʥʪʠ ʚʠʢʣʶʯʝʥʽ?

ʈʘʥʞʫʚʘʥʥʷ ʨʝʰʪʠ ʚʘʨʽʘʥʪʽʚ ʟʘ 

ʢʨʠʪʝʨʽʷʤʠ KS1

ʆʮʽʥʶʚʘʥʥʷ ʮʽʣʽʩʥʠʭ ʚʘʨʽʘʥʪʽʚ 

ʟʘ ʢʨʠʪʝʨʽʷʤʠ KS1 ʪʘ KS2   

ʈʦʟʰʠʨʝʥʥʷ ʤʥʦʞʠʥʠ

ʮʽʣʽʩʥʠʭ ʚʘʨʽʘʥʪʽʚ?

ɺʠʙʽʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʘʨʽʘʥʪʘ 

i = i + 1

ɺʠʙʠʨʘʻʪʴʩʷ ʥʘʡʢʨʘʱʠʡ ʚʘʨʽʘʥʪ 

ʩʧʦʣʫʯʝʥʥʷ, ʨʝʰʪʘ ʚʘʨʽʘʥʪʽʚ ʨʝʟʝʨʚʫʶʪʴʩʷ

ʥʽ

ʥʽ

ʪʘʢ

ʥʽ

ʪʘʢ

ʪʘʢ

ʉʠʥʪʝʟ ʧʘʨʥʠʭ ʩʧʦʣʫʯʝʥʴ ʤʦʜʫʣʽʚ, 

ʱʦ ʤʽʩʪʷʪʴʩʷ ʚ ʧʝʨʰʠʭ ʜʚʦʭ ʨʷʜʢʘʭ 

ʤʦʨʬʦʣʦʛʽʯʥʦʾ ʪʘʙʣʠʮʽ

ʇʝʨʝʛʣʷʜ 

ʚʠʤʦʛ

ʪʘʢ

ʇʦʚʝʨʥʝʥʥʷ ʜʦ 

ʧʦʧʝʨʝʜʥʴʦʛʦ ʨʷʜʢʘ 

(i = i ï 1). 

ɺʠʙʠʨʘʻʪʴʩʷ 

ʨʝʟʝʨʚʥʠʡ ʚʘʨʽʘʥʪ

ʉʠʥʪʝʟ ʦʙʨʘʥʦʛʦ ʚʘʨʽʘʥʪʘ ʟ ʤʦʜʫʣʷʤʠ 

ʥʘʩʪʫʧʥʦʛʦ ʨʷʜʢʘ ʤʦʨʬʦʣʦʛʽʯʥʦʾ ʪʘʙʣʠʮʽ

ʥʽ

ʋʩʽ ʨʷʜʢʠ ʨʦʟʛʣʷʥʫʪʽ?

i = n

 
 

ʈʠʩʫʥʦʢ 2.18 ï ɸʣʛʦʨʠʪʤ ʩʠʥʪʝʟʫ ʩʠʩʪʝʤʠ ɸʊɽ ɼʊʇ ʤʦʨʬʦʣʦʛʽʯʥʠʤ ʤʝʪʦʜʦʤ 

ʫ ʚʠʛʣʷʜʽ ʙʣʦʢ-ʩʭʝʤʠ 
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2. ɼʣʷ ʫʩʽʭ ʧʘʨʥʠʭ ʩʧʦʣʫʯʝʥʴ ʤʦʜʫʣʽʚ, ʨʦʟʤʽʱʝʥʠʭ ʚ ʜʚʦʭ ʧʝʨʰʠʭ ʨʷʜʢʘʭ 

ʪʘʙʣʠʮʽ, ʚʠʢʦʥʫʻʪʴʩʷ ʩʠʥʪʝʟ. ɿʜʽʡʩʥʶʻʪʴʩʷ ʨʘʥʞʫʚʘʥʥʷ ʦʪʨʠʤʘʥʠʭ ʧʘʨʥʠʭ 

ʢʦʤʙʽʥʘʮʽʡ ʤʦʜʫʣʽʚ ʪʘ ʦʮʽʥʝʥʥʷ ʟʘ ʢʨʠʪʝʨʽʷʤʠ ʪʠʧʫ 1SK . ʅʘʡʢʨʘʱʠʡ ʚʘʨʽʘʥʪ ʟ 

ʮʠʭ ʢʦʤʙʽʥʘʮʽʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘ ʥʘʩʪʫʧʥʦʤʫ ʝʪʘʧʽ, ʨʝʰʪʘ ʨʝʟʝʨʚʫʻʪʴʩʷ. 

3. ʆʪʨʠʤʘʥʠʡ ʥʘ ʧʦʧʝʨʝʜʥʴʦʤʫ ʝʪʘʧʽ ʚʘʨʽʘʥʪ ʩʧʦʣʫʯʘʻʪɹʩ̫ ʟ ʤʦʜʫʣʷʤʠ 

ʥʘʩʪʫʧʥʦʛʦ ʨʷʜʢʘ ʪʘʙʣʠʮʽ. ɿʛʝʥʝʨʦʚʘʥʽ ʢʦʤʙʽʥʘʮʽʾ ʪʘʢʦʞ ʨʘʥʞʫʶʪʴʩʷ ʪʘ 

ʦʮʽʥʶʶʪʴʩʷ ʟʘ ʢʨʠʪʝʨʽʷʤʠ ʪʠʧʫ 1SK . ɺʠʢʦʥʫʻʪʴʩʷ ʚʠʙʽʨ ʥʘʡʢʨʘʱʦʛʦ ʚʘʨʽʘʥʪʫ 

ʜʣʷ ʥʘʩʪʫʧʥʦʛʦ ʝʪʘʧʫ ʩʠʥʪʝʟʫ. 

4. ɼʣʷ ʥʘʩʪʫʧʥʠʭ ʨʷʜʢʽʚ ʪʘʙʣʠʮʽ ʧʦʚʪʦʨʶʪʁʴʩʷ ʜʽʾ ʝʪʘʧʫ 3. ʋ ʨʘʟʽ 

ʥʝʟʘʜʦʚʽʣʴʥʦʾ ʢʦʤʙʽʥʘʮʽʾ ʟʘ ʢʨʠʪʝʨʽʷʤʠ ʪʠʧʫ 1SK  ʥʘ k-ʤʫ ʢʨʦʮʽ (ʨʦʟʛʣʷʜʘʶʯʠ 

ʫʩʽ ʢʦʤʙʽʥʘʮʽʾ ʦʪʨʠʤʘʥʦʛʦ ʥʘ (k ï 1)-ʤʫ ʢʨʦʮʽ ʟ ʤʦʜʫʣʷʤʠ k-ʛʦ ʨʷʜʢʘ), 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʦʩʣʽʜʦʚʥʦ ʧʦ ʦʜʥʦʤʫ ʟʘʨʝʟʝʨʚʦʚʘʥʽ ʚʘʨʽʘʥʪʠ (k ï 1)-ʛʦ 

ʢʨʦʢʫ ʟ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ ʢʦʤʙʽʥʘʮʽʡ ʟ ʤʦʜʫʣʷʤʠ k-ʛʦ ʨʷʜʢʘ ʜʦ ʧʦʷʚʠ 

ʟʘʜʦʚʽʣʴʥʠʭ ʢʦʤʙʽʥʘʮʽʡ. ʗʢʱʦ ʟʘʜʦʚʽʣʴʥʦʾ ʢʦʤʙʽʥʘʮʽʾ ʥʝ ʙʫʜʝ ʟʥʘʡʜʝʥʦ, ʪʦ 

ʧʦʚʝʨʪʘʶʪʴʩʷ ʥʘ (k ï 2)-ʡ ʢʨʦʢ. ʇʨʦʮʝʩ ʧʦʚʝʨʥʝʥʥʷ ʤʦʞʝ ʪʨʠʚʘʪʠ ʘʞ ʜʦ ʨʝʚʽʟʽʾ 

ʚʘʨʽʘʥʪʽʚ, ʟʘʨʝʟʝʨʚʦʚʘʥʠʭ ʥʘ ʧʝʨʰʦʤʫ ʨʷʜʢʫ ʤʦʨʬʦʣʦʛʽʯʥʦʾ ʪʘʙʣʠʮʽ. 

ʋ ʨʘʟʽ ʜʦʩʷʛʥʝʥʥʷ ʧʨʦʮʝʜʫʨʦʶ ʩʠʥʪʝʟʫ ʦʩʪʘʥʥʴʦʛʦ ʨʷʜʢʘ ʪʘʙʣʠʮʽ, 

ʟʛʝʥʝʨʦʚʘʥʽ ʮʽʣʽʩʥʽ ʚʘʨʽʘʥʪʠ ʧʝʨʝʚʽʨʷʶʪʴʩʷ ʢʨʠʪʝʨʽʷʤʠ ʪʠʧʫ 1SK  ʪʘ 2SK . ɺ 

ʮʴʦʤʫ ʤʽʩʮʽ ʤʦʞʫʪʴ ʙʫʪʠ ʜʚʘ ʥʘʧʨʷʤʢʠ ʧʦʜʘʣʴʰʦʛʦ ʨ̔ ʰʝʥʥʷ ʟʘʜʘʯʽ: 

1) ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʠʙʽʨ ʥʘʡʢʨʘʱʦʛʦ ʚʘʨʽʘʥʪʘ ʩʝʨʝʜ ʟʛʝʥʝʨʦʚʘʥʠʭ ʮʽʣʽʩʥʠʭ 

ʚʘʨʽʘʥʪʽʚ ʽ ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʥʘ ʮʴʦʤʫ ʟʘʢʽʥʯʫʻʪʴʩʷ. ʎʝʡ ʥʘʧʨʷʤʦʢ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʨʘʟʽ ʦʙʤʝʞʝʥʥ ̫ʯʘʩ ʥʘ ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ, ʘʣʝ ʨʝʟʫʣʴʪʘʪ ʥʝ ʻ 

ʦʧʪʠʤʘʣʴʥʠʤ; 

2) ʧʽʜʚʠʱʝʥʥʷ ʽʤʦʚʽʨʥʦʩʪ̔ ʛʝʥʝʨʘʮʽʾ ʥʘʡʢʨʘʱʦʛʦ ʚʘʨʽʘʥʪʘ ʩʠʥʪʝʟʦʚʘʥʦʾ 

ʩʠʩʪʝʤʠ ɸʊɽ ɼʊʇ h ʣʷʭʦʤ ʨʦʟʰʠʨʝʥʥʷ ʢʦʣʘ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʮʽʣʽʩʥʠʭ ʚʘʨʽʘʥʪʽʚ 

ʩʠʩʪʝʤʠ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʝʨʝʛʣʷʜ ʟʘʨʝʟʝʨʚʦʚʘʥʠʭ ʥʘ 

ʧʦʧʝʨʝʜʥʽʭ ʝʪʘʧʘʭ ʚʘʨʽʘʥʪʽʚ ʢʦʤʙʽʥʘʮʽʡ. ʇʨʦʮʝʩ ʧʦʚʝʨʥʝʥʥʷ ʧʨʠʟʫʧʠʥʷʻʪʴʩʷ ʚ 

ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ: 

ï ʦʪʨʠʤʫʻʪʴʩʷ ʮʽʣʽʩʥʠʡ ʚʘʨʽʘʥʪ, ʱʦ ʥʘ ʜʫʤʢʫ ʝʢʩʧʝʨʪʘ ʟʘʜʦʚʦʣʴʥʷʻ ʚʩʽ 

ʚʠʤʦʛʠ; 
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ï ʢʦʣʠ ʯʠʩʣʦ ʛʝʥʝʨʦʚʘʥʠʭ ʮʽʣʽʩʥʠʭ ʚʘʨʽʘʥʪʽʚ ʥʘ ʜʫʤʢʫ ʝʢʩʧʝʨʪʘ ʩʪʘʻ 

ʢʨʠʪʠʯʥʠʤ; 

ï ʷʢʱʦ ʨʝʩʫʨʩʠ ʯʘʩʫ ʜʣʷ ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʻ ʦʙʤʝʞʝʥʠʤʠ. 

ʆʪʞʝ, ʨʦʟʨʦʙʣʝʥʠʡ ʘʣʛʦʨʠʪʤ ʩʠʥʪʝʟʫ ʽʥʪʝʛʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʝʢʩʧʝʨʪʠʟʠ 

ɼʊʇ (ʨʠʩ. 2.18) ʤʦʞʥʘ ʨʝʢʦʤʝʥʜʫʚʘʪʠ ʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠ ʥʘʷʚʥʦʩʪʽ 

ʜʦʩʪʘʪʥʴʦ ʧʦʚʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʫ ʩʠʪʫʘʮʽʶ ʪʘ 

ʩʪʘʥʜʘʨʪʥʽ ʤʦʜʫʣʽ. ɺʽʥ ʜʘʻ ʨʽʰʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦ ʥʘʙʣʠʞʝʥʝ ʜʦ ʚʠʤʦʛ 

ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ, ʧʽʜʚʠʱʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʝʢʩʧʝʨʪʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʤʝʭʘʥʽʟʤʫ 

ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʠʛʦʜ, ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʛʥʫʯʢʽʩʪʴ ʩʠʩʪʝʤʠ ʫ ʨʘʟʽ 

ʟʤʽʥʠ ʫʤʦʚ ʾʾ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. 

 

2.6 ʆʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ ʧʨʦʚʘʜʞʝʥʥʷ ʘʚʪʦʪʝʭʥʽʯʥʠʭ ʝʢʩʧʝʨʪʠʟ ʜʦʨʦʞʥʴʦ-

ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʠʛʦʜ 

 

ɼʦʢʘʟʘʤʠ ʚ ʩʫʜ̔ ʚʚʘʞʘʁʪʴ ʬʘʢʪʠʯʥʽ ʜʘʥʽ, ʥʘ ʦʩʥʦʚʽ ʷʢʠʭ ʫ ʧʦʨʷʜʢʫ, 

ʚʠʟʥʘʯʝʥʦʤʫ ʟʘʢʦʥʦʤ, ʦʨʛʘʥʠ ʜʽʟʥʘʥʥʷ ʽ ʩʫʜ ʚʠʟʥʘʯʘʶʪʴ ʚʽʜʩʫʪʥʽʩʪʴ ʘʙʦ 

ʥʘʷʚʥʽʩʪʴ ʩʫʩʧʽʣʴʥʦ ʥʝʙʝʟʧʝʯʥʦʾ ʜʽʾ, ʚʩʪʘʥʦʚʣʶʶʪʴ ʩʪʫʧʽʥʴ ʚʠʥʥʦʩʪʽ 

ʧʨʠʯʝʪʥʠʭ ʦʩ̔ʙ ʪʘ ʽʥʰʽ ʦʙʩʪʘʚʠʥʠ, ʟʥʘʯʠʤʽ ʜʣʷ ʦʙôʻʢʪʠʚʥʦʛʦ ʚʠʨʽʰʝʥʥʷ 

ʩʧʨʘʚʠ. ʊʘʢʠʤʠ ʜʦʢʘʟʘʤʠ ʻ: ʨʝʯʦʚʽ ʜʦʢʘʟʠ, ʧʦʢʘʟʘʥʥʷ ʧʦʪʝʨʧʽʣʦʛʦ, ʦʙʚʠʥʫ-

ʚʘʯʝʥʦʛʦ, ʩʚʽʜʢʽʚ, ʚʠʩʥʦʚʦʢ ʝʢʩʧʝʨʪʘ, ʧʨʦʪʦʢʦʣʠ ʩʣʽʜʩʪʚʘ ʽ ʩʫʜʦʚʠʭ ʜʽʡ [90]. 

ʅʘʡʚʘʞʣʠʚʽʰʠʤ ʟʘʩʦʙʦʤ ʜʦʚʝʜʝʥʥʷ ʫ ʩʧʨʘʚʘʭ ʧʨʦ ɼʊʇ ʻ ʚʠʩʥʦʚʦʢ 

ʝʢʩʧʝʨʪʘ. ɺʽʥ ʤʽʩʪʠʪʴ ʜʦʢʘʟʦʚʫ ʽʥʬʦʨʤʘʮʽ,ʁ ʷʢʫ ʦʪʨʠʤʫʶʪʴ ʰʣʷʭʦʤ ʬʽʢʩʘʮʽʾ 

ʬʘʢʪʠʯʥʠʭ ʦʙʩʪʘʚʠʥ ʪʘ ʚʠʢʦʥʘʥʥʷ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ ʧʝʚʥʽʡ ʢʨʠʤʽʥʘʣʴʥʽʡ 

ʩʧʨʘʚʽ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʜʦʢʘʟʽʚ, ʝʢʩʧʝʨʪ ʚʩʪʘʥʦʚʣʶʻ ʽʥʰʽ 

ʜʦʢʘʟʠ ʧʦ ʩʧʨʘʚʽ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʧʦʩʪʘʚʣʝʥʠʭ ʧʝʨʝʜ ʥʠʤ ʟʘʜʘʯ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʨʠ ʮʴʦʤʫ ʩʧʝʮʽʘʣʴʥʽ ʟʥʘʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʦʢʘʟʦʚʘ 

ʽʥʬʦʨʤʘʮʽʷ, ʚʩʪʘʥʦʚʣʝʥʘ ʩʫʜʦʚʦʶ ʝʢʩʧʝʨʪʠʟʦʶ, ʮʝ ʧʽʜʩʫʤʦʢ, ʱʦ ʫʟʘʛʘʣʴʥʶ ̒

ʧʨʦʮʝʩ ʧʽʟʥʘʥʥʷ ʽ ʤʘʻ ʭʘʨʘʢʪʝʨ ʚʠʩʥʦʚʢʫ [83-88, 168, 186]. 

ɸʥʘʣʽʟ ʤʝʭʘʥʽʟʤʫ ɼʊʇ ʧʦʚʠʥʝʥ ʧʨʦʚʘʜʠʪʠʩʴ ʢʦʤʧʣʝʢʩʥʦ, ʱʦʙ ʢʦʞʝʥ 

ʝʣʝʤʝʥʪ ʩʠʩʪʝʤʠ çʩʣʽʜʩʪʚʦ-ʝʢʩʧʝʨʪʠʟʘ-ʧʨʦʢʫʨʘʪʫʨʘ-ʩʫʜè (ʨʠʩ. 2.19) ʤʘʚ ʦʜʥʫ 
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ʤʝʪʫ ï ʦʙôʻʢʪʠʚʥʝ ʚʩʪʘʥʦʚʣʝʥʥʷ ʦʙʩʪʘʚʠʥ ɼʊʇ, ʚʩʪʘʥʦʚʣʝʥʥʷ ʽʩʪʠʥʥʦʛʦ 

ʚʠʥʫʚʘʪʮʷ ʚ ʩʢʦʻʥʦʤʫ ʪʘ ʚʠʥʝʩʝʥʥʷ ʦʙôʻʢʪʠʚʥʦʛʦ ʨʽʰʝʥʥʷ ʧʦ ʬʘʢʪʫ ɼʊʇ ʫ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʜʽʶʯʠʤ ʟʘʢʦʥʦʜʘʚʩʪʚʦʤ.  

 

         ʇʝʨʚʠʥʥʘ

      ʜʦʢʫʤʝʥʪʘʮʽʷ

   ɼʦʚʽʜʢʘ 

   ʧʦ ɼʊʇ

 ʆʨʛʘʥʠ ʧʨʦʢʫʨʘʪʫʨʠ
ɸʚʪʦʪʝʭʥʽʯʥʘ ʝʢʩʧʝʨʪʠʟʘ ɼʊʇ

ɼʊʇ

           ʉʣʽʜʩʪʚʦ

ʆʮʽʥʶʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ

ɯʥʰʽ ʚʠʜʠ 

ʝʢʩʧʝʨʪʠʟ ʧʨʠ 

ɼʊʇ

    ʉʫʜ         ɽʢʩʧʝʨʪʠʟʘ

       ɺʀʉʅʆɺʆʂ

1. ɼʦʪʨʠʤʘʥʥʷ ʟʘʢʦʥʫ ʧʽʜ ʯʘʩ ʧʨʠʟʥʘʯʝʥʥʷ ʝʢʩʧʝʨʪʠʟʠ. 2. ʇʝʨʝʚʽʨʢʘ ʜʦʧʫʩʪʠʤʦʩʪ̔ ʦʙô̒ ʢʪʽʚ, 

ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʝʢʩʧʝʨʪʠʟʠ. 3.  ʆʮʽʥʢʘ ʥʘʫʢʦʚʦʾ ʦʙˇʨʫʥʪʦʚʘʥʦʩʪ̔ ʤʝʪʦʜʠʢʠ ʜʦʩʣʽʜʞʝʥʥʷ ʽ 
ʧʨʘʚʦʤʽʨʥʦʩʪʽ ʾʾ ʟʘʩʪʦʩʫʚʘʥʥʷ. 4. ʆʮʽʥʢʘ ʧʦʚʥʦʪʠ ʚʠʩʥʦʚʢʫ. 5. ʆʮʽʥʢʘ ʦʙˇʨʫʥʪʦʚʘʥʦʩʪʽ 
ʚʠʩʥʦʚʢʽʚ ʝʢʩʧʝʨʪʘ. 6. ʆʮʽʥʢʘ ʚʽʜʥʦʰʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʪʠʟʠ ʜʦ ʜʘʥʦʾ ʩʧʨʘʚʠ.                 
7. ʆʮʽʥʢʘ ʜʦʢʘʟʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ʚʠʩʥʦʚʢʫ ʝʢʩʧʝʨʪʠʟʠ ʩʝʨʝʜ ʘʙʦ ʚ ʩʫʢʫʧʥʦʩʪʽ ʽʥʰʠʭ ʜʦʢʘʟʽʚ.  

 

ʈʠʩʫʥʦʢ 2.19 ï ɺʟʘʻʤʦʜʽʷ ʣʘʥʦʢ ʩʠʩʪʝʤʠ çʩʣʽʜʩʪʚʦ-ʝʢʩʧʝʨʪʠʟʘ-ʧʨʦʢʫʨʘʪʫʨʘ-  

ʩʫʜè ʚ ʜʦʩʣʽʜʞʝʥʥʽ ʤʝʭʘʥʽʟʤʫ ɼʊʇ 

 

ɼʦʩʪʦʚʽʨʥʽʩʪʴ ʪʘ ʦʙôʻʢʪʠʚʥʽʩʪʴ ʚʠʩʥʦʚʢʽʚ ʝʢʩʧʝʨʪʘ-ʘʚʪʦʪʝʭʥʽʢʘ 

ʚʠʟʥʘʯʘʻʪʩɹ ̫ ʷʢ̔ʩʪʁ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʪʘʢʠʭ ʝʪʘʧʘʭ ʝʢʩʧʝʨʪʠʟʠ: ʚʠʙʨ̔ 

ʧʦʯʘʪʢʦʚʠʭ ʜʘʥʠʭ (ʚʠʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽ ʢʦʝʬʽʮʽʻʥʪʽʚ), ʚʠʙʽʨ ʤʝʪʦʜʠʯʥʦʛʦ 

ʘʧʘʨʘʪʘ ʜʦʩʣʽʜʞʝʥʥʷ, ʧʽʜʛʦʪʦʚʢʘ ʝʢʩʧʝʨʪʥʦʛʦ ʚʠʩʥʦʚʢʫ. 

ʆʮʽʥʝʥʥʷ ʝʢʩʧʝʨʪʥʠʭ ʚʠʩʥʦʚʢʽʚ ʷʢ ʚʠʜʫ ʜʦʢʘʟʽʚ ʩʣʽʜʩʪʚʦʤ ʽ ʩʫʜʦʤ [177, 

179, 180] ʧʦʪʨʽʙʥʦ ʚʠʢʦʥʫʚʘʪʠ ʫ ʧʝʚʥʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ: 

1. ʇʝʨʝʚʽʨʷʻʪʴʩʷ ʜʦʪʨʠʤʘʥʥʷ ʟʘʢʦʥʫ ʧʽʜ ʯʘʩ ʧʨʠʟʥʘʯʝʥʥʷ ʝʢʩʧʝʨʪʠʟʠ. ʎʝ 

ʧʝʨʝʚʽʨʢʘ ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ ʝʢʩʧʝʨʪʘ, ʯʠ ʥʝ ʙʫʣʦ ʧʽʜʩʪʘʚ ʜʣʷ ʡʦʛʦ ʚʽʜʩʪʦʨʦʥʝʥʥʷ, 

ʯʠ ʜʦʪʨʠʤʘʥʽ ʧʨʘʚʘ ʫʯʘʩʥʠʢʽʚ ʧʨʦʮʝʩʫ ʧʽʜ ʯʘʩ ʧʨʠʟʥʘʯʝʥʥʷ ʽ ʧʨʦʚʝʜʝʥʥʷ 

ʝʢʩʧʝʨʪʠʟʠ, ʯʠ ʜʦʪʨʠʤʘʥʦ ʬʦʨʤʫ ʚʠʩʥʦʚʢʫ. 
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2. ʇʝʨʝʚʽʨʷʻʪʴʩʷ ʜʦʧʫʩʪʠʤʽʩʪʴ ʦʙôʻʢʪʽʚ, ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʝʢʩʧʝʨʪʠʟʠ. ʗʢʱʦ 

ʱʦʩʴ ʙʫʣʦ ʥʝʜʦʧʫʩʪʠʤʦ, ʪʦ ʚʠʩʥʦʚʦʢ ʘʚʪʦʤʘʪʠʯʥʦ ʩʪʘʻ ʥʝʜʦʧʫʩʪʠʤʠʤ. ʊʘʢ, 

ʷʢʱʦ ʝʢʩʧʝʨʪʫ ʙʫʣʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʝ ʚʩʽ ʤʘʪʝʨʽʘʣʠ ʩʧʨʘʚʠ ʯʠ ʧʨʦʪʦʢʦʣʠ ʦʛʣʷʜʫ 

ʤʽʩʮʷ ɼʊʇ (ʩʣʽʜʯʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʚʠʣʫʯʝʥʥʷ ʜʝʪʘʣʝʡ) ʙʫʣʠ ʩʢʣʘʜʝʥʽ ʟ 

ʚʽʜʭʠʣʝʥʥʷʤ ʚʽʜ ʟʘʢʦʥʫ, ʪʦ ʟôʷʚʣʷʶʪʴʩʷ ʧʽʜʩʪʘʚʠ ʜʣʷ ʚʽʜʭʠʣʝʥʥʷ ʚʠʩʥʦʚʢʫ 

ʝʢʩʧʝʨʪʘ. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʦʧʫʱʝʥʠʡ ʚ ʧʦʣʽʮʽʾ ʧʨʠ ʜʽʟʥʘʥʥʽ ʪʘ ʩʣʽʜʩʪʚʽ ʙʨʘʢ 

ʤʦʞʝ ʟʚʝʩʪʠ ʜʦ ʥʫʣʷ ʚʠʩʥʦʚʦʢ ʩʘʤʦʛʦ ʢʚʘʣʽʬʽʢʦʚʘʥʦʛʦ ʝʢʩʧʝʨʪʘ. ʆʮʽʥʢʘ 

ʧʨʘʚʠʣʴʥʦʩʪʽ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʥʝ ʚʭʦʜʠʪʴ ʚ ʢʦʤʧʝʪʝʥʮʽʶ ʝʢʩʧʝʨʪʘ, ʽ ʷʢʱʦ 

ʥʝʨʝʘʣʴʥʽ ʜʘʥʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʢʘʟʘʥʽ ʚ ʧʦʩʪʘʥʦʚʽ ʩʣʽʜʩʪʚʘ (ʩʫʜʫ), ʧʽʟʥʽʰʝ 

ʧʨʠʟʥʘʶʪʴʩʷ ʩʫʤʥʽʚʥʠʤʠ, ʪʦ ʪʘʢʠʤ ʙʫʜʝ ʽ ʚʠʩʥʦʚʦʢ ʝʢʩʧʝʨʪʘ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, 

ʷʢʱʦ ʝʢʩʧʝʨʪʫ ʧʨʠʭʦʜʠʪʴʩʷ ʩʘʤʦʤʫ ʚʽʜʙʠʨʘʪʠ ʚʠʭʽʜʥʽ ʜʘʥʽ ʟ ʤʘʪʝʨʽʘʣʽʚ ʩʧʨʘʚʠ, 

ʪʦ ʡʦʛʦ ʚʠʩʥʦʚʦʢ ʤʦʞʝ ʙʫʪʠ ʦʧʨʦʪʝʩʪʦʚʘʥʠʡ ʥʘ ʧʽʜʩʪʘʚʽ ʥʝʥʘʜʘʥʥʷ ʡʦʤʫ 

ʦʬʽʮʽʡʥʦ ʢʦʥʢʨʝʪʥʠʭ ʜʘʥʠʭ ʧʽʜ ʯʘʩ ʧʨʠʟʥʘʯʝʥʥʷ ʝʢʩʧʝʨʪʠʟʠ. 

3.  ɺʠʟʥʘʯʘʻʪʴʩʷ ʧʨʘʚʦʤʽʨʥʩ̔ʪɹ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʠʢʠ ʜʦʩʣʽʜʞʝʥʥʷ ʜʣʷ 

ʢʦʥʢʨʝʪʥʦʛʦ ʚʠʧʘʜʢʫ ʪʘ ʤʽʨʘ ʾʾ ʥʘʫʢʦʚʦ ʾʦʙˇʨʫʥʪʦʚʘʥʦʩʪʽ. ʎʝ ʟʨʦʙʠʪʠ ʜʫʞʝ 

ʩʢʣʘʜʥʦ ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʫ ʶʨʠʩʪʽʚ ʩʧʝʮʽʘʣʴʥʠʭ ʪʝʭʥʽʯʥʠʭ ʟʥʘʥʴ. ʎʽ ʟʥʘʥʥʷ 

ʧʦʩʪʽʡʥʦ ʨʦʟʰʠʨʶʶʪʴʩʷ ʽ ʧʦʛʣʠʙʣʶʶʪʴʩʷ. ʇʨʦʙʣʝʤʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚ 

ʛʘʣʫʟʽ ʩʫʜʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠ ʚʽʜʩʫʪʥʷ ʧʦʢʠ ʱʦ ʧʨʠʡʥʷʪʘ, ʥʘʧʨʠʢʣʘʜ, ʚ ʪʝʭʥʽʯʥʠʭ 

ʛʘʣʫʟʷʭ ʧʨʘʢʪʠʢʘ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ ʪʘ ʩʝʨʪʠʬʽʢʘʮʽʾ ʚʠʨʦʙʽʚ, ʤʝʪʦʜʠʢ ʢʦʥʪʨʦʣʶ ʽ 

ʚʠʧʨʦʙʫʚʘʥʴ. ʎʽ ʜʦʢʫʤʝʥʪʠ ʩʠʩʪʝʤʘʪʠʯʥʦ ʫʜʦʩʢʦʥʘʣʶʶʪʴʩʷ ʽ 

ʟʘʪʚʝʨʜʞʫʶʪʴʩʷ. 

ɼʝʨʞʘʚʥʽ ʫʩʪʘʥʦʚʠ ʩʫʜʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠ ʬʘʢʪʠʯʥʦ ʥʝ ʤʘʶʪʴ ʥʽʷʢʦʾ ʙʘʟʠ ʜʣʷ 

ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ɼʊʇ ʡ ʯʘʩʪʦ ʚʠʤʫʰʝʥʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʥʘʫʢʦʚʽ ʨʦʟʨʦʙʢʠ ʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʩʧʝʮʽʘʣʽʩʪʽʚ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ 

ʽʥʩʪʠʪʫʪʽʚ ʽ ʚʫʟʽʚ ʧʦ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʠʤ ʟʘʩʦʙʘʤ ʪʘ ʙʝʟʧʝʮʽ ʨʫʭʫ, ʷʢʽ ʛʦʪʫʶʪʴ 

ʤʝʪʦʜʠʯʥʽ ʚʢʘʟʽʚʢʠ ʪʘ ʨʝʢʦʤʝʥʜʘʮʽʾ ʜʣʷ ʝʢʩʧʝʨʪʽʚ. ʆʜʥʘʢ ʚ ʤʽʩʮʝʚʠʭ ʫʩʪʘʥʦʚʘʭ 

ʮʽ ʤʘʪʝʨʽʘʣʠ ʟ ʨʽʟʥʠʭ ʧʨʠʯʠʥ ʧʦʛʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ, ʤʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠʢʠ 

ʟʘʩʪʘʨʽʚʘʶʪʴ ʘʙʦ ʾʭ ʚʘʞʢʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʱʦʜʦ ʢʦʥʢʨʝʪʥʦʛʦ ʚʠʧʘʜʢʫ ʚʥʘʩʣʽʜʦʢ 

ʜʝʬʽʮʠʪʫ ʚʠʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. ɯʩʥʫʻ ʧʨʦʙʣʝʤʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ɽʆʄ ʟʘ 

ʩʢʣʘʜʥʠʤʠ, ʥʝʧʨʦʟʦʨʠʤʠ ʤʝʪʦʜʠʢʘʤʠ.  
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4. ɺʠʢʦʥʫʻʪʴʩʷ ʦʮʽʥʝʥʥʷ ʧʦʚʥʦʪʠ ʚʠʩʥʦʚʢʫ ʟʘ ʧʦʚʥʦʪʦʶ ʦʧʠʩʫ ʭʦʜʘ ʽ 

ʧʽʜʩʫʤʢʽʚ ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢʽʩʪʶ ʚʽʜʧʦʚʽʜʝʡ ʥʘ ʧʦʩʪʘʚʣʝʥʽ ʧʠʪʘʥʥʷ ʪʘ, ʫ ʨʘʟʽ 

ʧʦʪʨʝʙʠ, ʦʙˇʨʫʥʪʦʚʘʥʽʩʪʶ ʚʽʜʤʦʚʠ ʥʘʜʘʪʠ ʚʽʜʧʦʚʽʜ ɹʥʘ ʧʦʩʪʘʚʣʝʥʽ ʧʠʪʘʥʥʷ. 

5. ɺʠʢʦʥʫʻʪʴʩʷ ʦʮʽʥʝʥʥʷ ʦʙˇʨʫʥʪʦʚʘʥʦʩʪ̔ ʚʠʩʥʦʚʢʽʚ ʝʢʩʧʝʨʪʘ. ɺ ʧʨʘʢʪʠʮʽ 

ʨʦʟʧʦʚʩʶʜʞʝʥʠʤʠ ʻ ʚʠʩʥʦʚʢʠ, ʚ ʷʢʠʭ ʥʘʚʦʜʷʪʴʩʷ ʟ ʨʽʟʥʠʭ ʜʞʝʨʝʣ ʨʝʢʦʤʝʥʜʘʮʽʾ 

ʧʨʦ ʜʽʾ ʫʯʘʩʥʠʢʽʚ ɼʊʇ ʽ ʧʨʦ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ʤʽʩʮʷ ʟʽʪʢʥʝʥʥʷ, 

ʙʘʛʘʪʦʩʣʽʚʥʦ ʚʢʘʟʫʻʪʴʩʷ ʥʘ ʩʢʣʘʜʥʽʩʪʴ ʚʠʨʽʰʝʥʥʷ ʜʘʥʠʭ ʧʠʪʘʥʴ, ʘ ʧʦʪʽʤ ʙʝʟ 

ʙʫʜʴ-ʷʢʠʭ ʚʣʘʩʥʠʭ ʣʦʛʽʯʥʠʭ ʧʦʙʫʜʦʚ ʯʠ ʨʦʟʨʘʭʫʥʢʽʚ ʚʽʜʨʘʟʫ ʬʦʨʤʫʻʪʴʩʷ 

ʢʘʪʝʛʦʨʠʯʥʠʡ ʚʠʩʥʦʚʦʢ çʥʘ ʦʩʥʦʚʽ ʚʢʘʟʘʥʦʛʦ ʚʠʱʝè. ʇʨʠ ʜʦʧʠʪʽ ʥʘ ʩʫʜʽ 

ʝʢʩʧʝʨʪ ʤʦʞʝ ʚʽʜʧʦʚʽʩʪʠ, ʱʦ ʪʘʢʠʡ ʚʠʩʥʦʚʦʢ ʟʨʦʙʣʝʥʦ çʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ 

ʩʫʜʦʚʦ-ʝʢʩʧʝʨʪʥʦʶ ʧʨʘʢʪʠʢʦʶè. ʂʨʽʤ ʪʦʛʦ, ʚʠʩʥʦʚʦʢ ʤʦʞʝ ʤʘʪʠ ʚʥʫʪʨʽʰʥʽ 

ʧʨʦʪʠʨʽʯʯʷ ʪʘ ʷʚʥʽ ʣʦʛʽʯʥʽ ʧʦʤʠʣʢʠ. 

6. ɺʩʪʘʥʦʚʣʶʶʪʴ ʯʠ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʪʠʟʠ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʜʘʥʦʾ ʩʧʨʘʚʠ, 

ʩʝʙʪʦ ʚʠʷʩʥʷʶʪʴ, ʯʠ ʤʘʶʪʴ ʚʽʜʥʦʰʝʥʥʷ ʜʦ ʧʨʝʜʤʝʪʫ ʜʦʢʘʟʫʚʘʥʥʷ ʚʩʪʘʥʦʚʣʝʥʽ 

ʝʢʩʧʝʨʪʦʤ ʬʘʢʪʠ, ʯʠ ʚʭʦʜʷʪʴ ʚʦʥʠ ʚ ʯʠʩʣʦ ʽʥʰʠʭ ʚʘʛʦʤʠʭ ʜʣʷ ʩʧʨʘʚʠ ʦʙʩʪʘʚʠʥ, 

ʯʠ ʚʩʪʘʥʦʚʣʶʶʪʴ ʽ ʜʦʚʦʜʷʪʴ ʮʽ ʬʘʢʪʠ ʚʠʩʥʦʚʢʠ ʝʢʩʧʝʨʪʘ. ɼʦʩʠʪʴ ʯʘʩʪʦ ʥʘ 

ʝʢʩʧʝʨʪʠʟʫ ɼʊʇ ʯʝʨʝʟ ʩʣʘʙʢʫ ʧʽʜʛʦʪʦʚʢʫ (ʘʙʦ ʩʧʝʮʽʘʣʴʥʦ) ʚʠʥʦʩʷʪʴ 

ʤʘʣʦʟʥʘʯʫʱʽ ʧʠʪʘʥʥʷ. ʌʦʨʤʘʣʴʥʦ, ʪʘʢʠʤ ʯʠʥʦʤ, ʚʠʢʦʥʫʶʪʴ ʧʨʦʮʝʜʫʨʫ 

ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʪʠʟʠ ʽ ʧʦʪʽʤ ʚʠʨʽʰʫʶʪʴ çʟʘ ʚʥʫʪʨʽʰʥʽʤ ʧʝʨʝʢʦʥʘʥʥʷʤè. 

7. ɺʠʢʦʥʫʻʪʴʩʷ ʦʮʽʥʢʘ ʜʦʢʘʟʦʚʦʩʪʽ ʚʠʩʥʦʚʢʫ ʝʢʩʧʝʨʪʠʟʠ ʟ ʚʨʘʭʫʚʘʥʥʷʤ 

ʩʫʢʫʧʥʦʩʪʽ ʽʥʰʠʭ ʜʦʢʘʟʽʚ. ʅʘ ʧʨʘʢʪʠʮʽ ʤʘʻ ʤʽʩʮʝ ʷʢ ʟʘʚʠʱʝʥʥʷ ʟʥʘʯʝʥʥʷ 

ʝʢʩʧʝʨʪʠʟʠ ɼʊʇ, ʪʘʢ ʽ ʟʘʥʠʞʝʥʥʷ ʾʾ ʟʥʘʯʝʥʥʷ. ʊʠʧʦʚʦʶ ʧʦʤʠʣʢʦʶ ʫ ʩʣʽʜʯʽʡ ʪʘ 

ʩʫʜʦʚʽ ʧʨʘʢʪʠʮʽ ʻ ʧʨʠʟʥʘʯʝʥʥʷ ʧʦʚʪʦʨʥʦʾ ʝʢʩʧʝʨʪʠʟʠ ʣʠʰʝ ʪʘ ʪʽʡ ʧʽʜʩʪʘʚʽ, ʱʦ 

ʚʠʩʥʦʚʢʠ ʝʢʩʧʝʨʪʘ ʥʝ ʚʣʘʰʪʦʚʫʶʪʴ ʩʣʽʜʩʪʚʦ ʽ ʩʫʜ ʟʘ ʬʦʨʤʦʶ ʘʙʦ ʚʦʥʠ ʥʝ 

ʚʢʣʘʜʘʶʪʴʩʷ ʚ çʛʝʥʝʨʘʣʴʥʫ ʚʝʨʩʽʶè ʩʪʚʦʨʝʥʥʷ ʘʚʘʨʽʡʥʦʾ ʩʠʪʫʘʮʽʾ, ʘ ʪʘʢʦʞ ʟʘ 

ʥʘʧʦʣʷʛʘʥʥʷʤ ʦʜʥʽʻʾ ʟʽ ʩʪʦʨʽʥ, ʱʦʙ ʚʠʢʣʶʯʠʪʠ ʩʢʘʨʛʠ ʽ ʧʨʦʪʝʩʪʠ ʫ ʚʠʱʽ 

ʽʥʩʪʘʥʮʽʾ. ʊʘʢʦʞ ʯʘʩʪʦ ʚʠʩʥʦʚʢʠ ʩʧʝʮʽʘʣʽʩʪʘ ʯʠ ʝʢʩʧʝʨʪʘ ʧʦ ɼʊʇ, ʟʨʦʙʣʝʥʽ ʥʘ 

ʩʪʘʜʽʾ ʧʦʧʝʨʝʜʥʴʦʛʦ ʩʣʽʜʩʪʚʘ (ʜʽʟʥʘʥʥʷ), ʚ ʩʫʜʽ ʩʧʨʠʡʤʘʶʪʴʩʷ ʟ ʥʝʜʦʚʽʨʦʶ. 

ɺʟʘʛʘʣʽ ʚʠʩʥʦʚʦʢ ʧʦʚʪʦʨʥʦʾ ʝʢʩʧʝʨʪʠʟʠ ʧʦʚʠʥʝʥ ʦʮʽʥʶʚʘʪʠʩʴ ʫ ʩʫʢʫʧʥʦʩʪʽ ʟ 

ʧʝʨʰʦʶ ʽ ʟ ʘʥʘʣʽʟʦʤ ʨʦʟʭʦʜʞʝʥʴ ʫ ʚʠʩʥʦʚʢʘʭ. ʄʦʞʝ ʙʫʪʠ ʧʨʠʟʥʘʯʝʥʘ ʱʝ ʦʜʥʘ 

ʢʦʤʽʩʽʡʥʘ ʝʢʩʧʝʨʪʠʟʘ. 
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ʇʽʜ ʯʘʩ ʩʫʜʫ ʝʢʩʧʝʨʪʥ ̔ʚʠʩʥʦʚʢʠ ʤʘʶʪʴ ʧʨʘʚʦ ʦʮʽʥʶʚʘʪʠ ʫʩʽ ʫʯʘʩʥʠʢʠ 

ʧʨʦʮʝʩʫ, ʩʫʜ ʤʦʞʝ ʷʢ ʧʦʛʦʜʠʪʠʩʴ ʟ ʦʮʽʥʢʦʶ ʫʯʘʩʥʠʢʽʚ, ʪʘʢ ʽ ʚʽʜʭʠʣʠʪʠ ʾʭ 

ʤʽʨʢʫʚʘʥʥʷ. ɺ ʪʨʠʚʘʣʠʭ ʩʫʜʦʚʠʭ ʧʨʦʮʝʩʘʭ ʧʦ ʩʢʣʘʜʥʠʤ ɼʊʇ, ʷʢ ʧʨʘʚʠʣʦ, 

ʚʠʢʦʥʫʻʪʴʩʷ ʚʝʣʠʢʝ ʯʠʩʣʦ ʝʢʩʧʝʨʪʠʟ ʪʘ ʧʨʠʡʤʘʶʪʴʩʷ ʨʽʟʥʽ ʨʽʰʝʥʥʷ. 

ɺʘʛʦʤʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʝʢʩʧʝʨʪʠʟʠ ɼʊʇ ʻ: 

ʢʦʤʧʦʥʝʥʪ ʩʪʘʥʜʘʨʪʽʚ (ʝʪʘʣʦʥʥʦʾ ʩʠʩʪʝʤʠ ʧʦʢʘʟʥʠʢʽʚ), ʢʦʤʧʦʥʝʥʪ ʘʥʘʣʽʟʫ ʪʘ 

ʦʮʽʥʢʠ ʜʽʷʣʴʥʦʩʪʽ. ɺʟʘʤ̒ʦʟʚôʷʟʢʠ ʢʦʤʧʦʥʝʥʪʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʪʘ 

ʧʦʥʷʪʽʡʥʠʡ ʘʧʘʨʘʪ ʚʢʣʘʜʘʶʪʴʩʷ ʚ ʪʘʢʫ ʩʭʝʤʫ (ʨʠʩ. 2.20). 

 

ɺʽʜʧʦʚʽʜʥʽʩʪʴ ɸ ɺ

 

ʅʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ɸ ɺ

ʅʘʙʽʨ ʢʨʠʪʝʨʽʾʚ ʪʘ ʩʪʘʥʜʘʨʪʽʚ.

ɽʪʘʣʦʥʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ (ɸ), 

ʪʘ ʤʽʥʽʤʘʣʴʥʠʡ ʥʘʙʽʨ ʾʾ ʦʟʥʘʢ (ɸ0)

ʆʮʽʥʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʨʝʘʣʽʟʘʮʽʾ ʝʢʩʧʝʨʪʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ.

ʌʘʢʪʠʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ (ɺ)

ʇʨʦʙʣʝʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʝʢʩʧʝʨʪʠʟʠ ɼʊʇ

ɺʩʪʘʥʦʚʣʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʚʘʨʽʘʥʪʘ ʝʢʩʧʝʨʪʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʧʨʠʡʥʷʪʠʤ ʢʨʠʪʝʨʽʷʤ ʽ ʩʪʘʥʜʘʨʪʘʤ

ɺʠʷʚʣʝʥʥʷ 

ʥʦʚʠʭ ʧʨʦʙʣʝʤ

ʇʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʥʷ ʧʨʦ 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ 

ʩʪʘʥʜʘʨʪʘʤ 

ʷʢʦʩʪʽ

ɺʽʜʭʠʣʝʥʥʷ 

ʚʘʨʽʘʥʪʘ

ʇʨʠʟʥʘʯʝʥʥʷ 

ʧʦʚʪʦʨʥʦʾ 

ʝʢʩʧʝʨʪʠʟʠ

ɺʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ

0A BË 0A BÊ

 
 

ʈʠʩʫʥʦʢ 2.20 ï ʉʭʝʤʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʝʢʩʧʝʨʪʠʟʠ ɼʊʇ 

 

ɼʣʷ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʦʛʦ ʧʨʦʮʝʩʫ, ʧʦʪʨʽʙʥʦ ʨʦʟʛʣʷʥʫʪʠ ʷʢ̔ʩʪɹ 

ʝʢʩʧʝʨʪʠʟʠ ɼʊʇ ʷʢ ʢʦʤʧʣʝʢʩ ʪʘʢʠʭ ʧʦʢʘʟʥʠʢʽʚ: 
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1. ɽʬʝʢʪʠʚʥʽʩʪʴ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʜʥʦʰʝʥʥʷʤ ʦʪʨʠʤʘʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ 

ʜʦ ʪʝʦʨʝʪʠʯʥʦ ʤʦʞʣʠʚʦʛʦ ʚ ʽʜʝʘʣʴʥʠʭ ʫʤʦʚʘʭ. 

2. ɽʢʦʥʦʤʽʯʥʽʩʪʴ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʜʥʦʰʝʥʥʷʤ ʬʘʢʪʠʯʥʠʭ ʟʘʪʨʘʪ ʜʦ 

ʥʦʨʤʘʪʠʚʥʦʾ ʚʘʨʪʦʩʪʽ. 

3. ɸʜʝʢʚʘʪʥʩ̔ʪ,ɹ ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʤʽʞ ʧʦʪʨʽʙʥʦʶ ʪʘ 

ʨʝʘʣʴʥʦ ʚʠʢʦʥʘʥʦʶ ʝʢʩʧʝʨʪʠʟʦʶ ʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʘʢʠʭ ʧʦʥʷʪʴ: 

1. ʅʘʫʢʦʚʽʩʪʴ ʤʝʪʦʜʠʢ ʪʘ ʪʝʭʥʽʯʥʠʡ ʨʽʚʝʥʴ ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʝʨʪʠʟʠ ɼʊʇ.  

2. ʉʚʦʻʯʘʩʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʘʚʪʦʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ ɼʊʇ, ʷʢʘ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʯʘʩʫ ʧʨʦʚʝʜʝʥʥʷ ʽ ʯʘʩʫ ʚʠʥʠʢʥʝʥʥʷ ʧʦʪʨʝʙʠ ʚ 

ʝʢʩʧʝʨʪʠʟʽ ʟ ʯʘʩʦʤ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛʠ ʟ ʘʚʪʦʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ ʪʘ ʧʦʪʨʝʙʠ ʚ 

ʥʽʡ ʧʨʠ ʨʦʙʦʪʽ ʩʠʩʪʝʤʠ ʚ ʽʜʝʘʣʴʥʠʭ ʫʤʦʚʘʭ. 

3.  ɼʦʩʪʘʪʥʽʩʪʴ ʦʭʚʘʪʫ ʧʠʪʘʥʴ ɸʊɽ ɼʊʇ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʜʝʢʚʘʪʥʦʛʦ 

ʚʽʜʪʚʦʨʝʥʥʷ ʤʝʭʘʥʽʟʤʫ ʚʠʥʠʢʥʝʥʥʷ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ, ʷʢʘ ʥʝ ʟʥʠʞʫʻ ʚ 

ʟʥʘʯʥʽʡ ʤʽʨʽ ʝʬʝʢʪʠʚʥʽʩʪʴ ʝʢʩʧʝʨʪʠʟʠ.  

ɺʩʽ ʮʽ ʧʦʥʷʪʪʷ ʧʦʚʠʥʥʽ ʙʫʪʠ ʦʩʥʦʚʦ  ʁʤʝʪʦʜʦʣʦʛʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ 

ʝʢʩʧʝʨʪʠʟʠ ɼʊʇ. 

ɹʫʜʴ-ʷʢʘ ʚʣʘʩʪʠʚʽʩʪʴ ʤʦʞʝ ʙʫʪʠ ʦʮʽʥʝʥʘ ʧʦʢʘʟʥʠʢʦʤ ʷʢʦʩʪʽ, ʚʠʨʘʞʝʥʠʤ ʫ 

ʚʽʜʥʦʩʥʠʭ ʘʙʦ ʘʙʩʦʣʶʪʥʠʭ ʦʜʠʥʠʮʷʭ [330-332]. 

ʆʜʠʥʠʯʥʽ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʦʜʥʫ ʩʧʦʞʠʚʯʫ ʚʣʘʩʪʠʚʽʩʪʴ, ʧʦʢʘʟʥʠʢʠ 

ʷʢʦʩʪʽ ʘʚʪʦʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ ɼʊʇ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʠʟʥʘʯʘʪʠ ʚʽʜʥʦʩʥʦʶ 

ʚʝʣʠʯʠʥʦʶ, ʘ ʥʝ ʬʘʢʪʠʯʥʠʤʠ ʘʙʩʦʣʶʪʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʯʠ ʨʽʟʥʠʮʝʶ ʤʽʞ 

ʝʪʘʣʦʥʦʤ (ʙʘʟʦ )ʁ ʽ ʬʘʢʪʠʯʥʠʤ ʟʥʘʯʝʥʥʷʤ. ʎʽ ʧʦʢʘʟʥʠʢʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʪʘʢ 

 

f b
i i iQ Q / Q=  ʘʙʦ 

fb
i i iQ Q / Q=  (2.61) 

 

ʜʝ 
b
iQ  i 

f
iQ  ï ʝʪʘʣʦʥʥʝ (ʙʘʟʦʚʝ) ʽ ʬʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ -̔ʾ 

ʚʣʘʩʪʠʚʦʩʪʽ ɸʊɽ ɼʊʇ;  

iQ  ï ʦʜʠʥʠʯʥʠʡ ʧʦʢʘʟʥʠʢ ʷʢʦʩʪʽ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫ ̒ -̔ʫ ʚʣʘʩʪʠʚʽʩʪʴ. 
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ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʷʢʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʷʢ ʦʢʨʝʤ ̔ʧʦʢʘʟʥʠʢʠ, ʪʘʢ ʽ ʪʽ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʛʨʫʧʫ ʚʣʘʩʪʠʚʦʩʪʝʡ ʯʠ ʚ ʮʽʣʦʤʫ. 

ʇʦʢʘʟʥʠʢ ʷʢʦʩʪʽ k-ʫ ʛʨʫʧʠ ʚʣʘʩʪʠʚʦʩʪʝʡ kQG  ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ 

ʬʦʨʤʫʣʦʶ 

 

1/

1

,

n
n

k i i

i

QG Qa
=

å õ
= Öæ öæ ö
ç ÷
Ô  (2.62) 

 

ʜʝ iQ  ï ʧʦʢʘʟʥʠʢ ʷʢʦʩʪʽ, ʷʢʠʡ ʦʧʠʩʫʻ -̔ʫ ʚʣʘʩʪʠʚʽʩʪʴ, ʱʦ ʚʭʦʜʠʪʴ ʜʦ k-ʫ 

ʛʨʫʧʠ ʚʣʘʩʪʠʚʦʩʪʝʡ;  

ia ï ʚʘʛʘ -̔ʾ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʢʘʟʥʠʢʘ ʷʢʦʩʪʽ, ʱʦ ʦʧʠʩʫʻ k-ʫ ʛʨʫʧʫ 

ʚʣʘʩʪʠʚʦʩʪʝʡ;  

n ï ʢʽʣʴʢʽʩʪʴ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚ k-ʡ ʛʨʫʧʽ. 

ʇʽʜʩʫʤʢʦʚʠʡ ʧʦʢʘʟʥʠʢ ʷʢʦʩʪʽ ɸʊɽ ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʠʛʦʜ ʤʦʞʥʘ 

ʚʠʟʥʘʯʠʪʠ ʘʥʘʣʦʛʽʯʥʦ: 

 
1/

1

,

m
m

k k

k

QP QGb
=

å õ
= Öæ öæ ö
ç ÷
Ô  (2.63) 

 

ʜʝ kQG  ï ʧʦʢʘʟʥʠʢ ʷʢʦʩʪʽ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫ ̒ k-ʫ ʛʨʫʧʫ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʘʚʪʦʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ ɼʊʇ;  

kb  ï ʚʘʛʘ ʧʦʢʘʟʥʠʢʘ ʷʢʦʩʪʽ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻ k-ʫ ʛʨʫʧʫ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚ 

ʟʘʛʘʣʴʥʦʤʫ ʧʦʢʘʟʥʠʢʫ;  

m ï ʯʠʩʣʦ ʛʨʫʧ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʟʘ ʷʢʠʤʠ ʦʮʽʥʶʻʪʴʩʷ ʟʘʛʘʣʴʥʘ ʷʢʽʩʪʴ 

ʘʚʪʦʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ ɼʊʇ. 

ɸʥʘʣʽʟ ʢʨʠʪʝʨʽʾʚ ʷʢʦʩʪʽ ʧʨʦʚʘʜʞʝʥʥʷ ʘʚʪʦʪʝʭʥʽʯʥʠʭ ʝʢʩʧʝʨʪʠʟ ʜʦʨʦʞʥʴʦ-

ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʠʛʦʜ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʚ ʦʩʪʘʪʦʯʥʦʤʫ ʧʽʜʩʫʤʢʫ 

ʷʢʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʪʘ ʨʦʟʩʣʽʜʫʚʘʥʥʷ ɸʊɽ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ ʚʽʜʦʙʨʘʞʘʻ ʚʝʩʴ 

ʧʨʦʮʝʩ ʚʟʘʻʤʦʜʽʾ ʫʯʘʩʥʠʢʽʚ ʝʢʩʧʝʨʪʠʟʠ. ɿ ʤʝʪʦʶ ʥʘʙʣʠʞʝʥʥʷ ʜʦ ʨʦʟʫʤʽʥʥʷ 

ʷʢʦʩʪʽ ʷʢ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʦʾ ʢʘʪʝʛʦʨʽʾ, ʥʝʦʙʭʽʜʥʦ ʨʦʟʛʣʷʥʫʪʠ ʷʢʽʩʪʴ ɸʊɽ 
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ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʠʛʦʜ ʚ ʟʘʛʘʣʴʥʦʤʫ ʧʣʘʥʽ. ʇʽʜ ʯʘʩ ʦʮʽʥʢʠ ʷʢʦʩʪʽ 

ʪʦʚʘʨʽʚ ʽ ʧʦʩʣʫʛ [330] ʙʝʨʫʪʴ ʜʦ ʫʚʘʛʠ ʪʘʢ̔ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʷʢʽʩʪʴ ʚʠʢʦʥʘʥʥʷ 

ʪʘ ʷʢʽʩʪʴ ʚʽʜʧʦʚʽʜʥʦʩʪʽ. 

ʗʢʽʩʪʴ ʚʠʢʦʥʘʥʥʷ  ̒ʭʘʨʘʢʪʝʨʠʩʪʠʢʦ ,ʁ ʷʢʘ ʚʽʜʦʙʨʘʞʘʻ ʩʪʫʧʽʥʴ ʟʘʜʦʚʦʣʝʥʥʷ 

ʧʦʪʨʝʙ ʪʘ ʟʘʧʠʪʽʚ ʫʯʘʩʥʠʢʽʚ ɼʊʇ, ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ çʩʣʽʜʩʪʚʦ-

ʝʢʩʧʝʨʪʠʟʘ-ʧʨʦʢʫʨʘʪʫʨʘ-ʩʫʜè. 

ʗʢʽʩʪʴ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʚʽʜʦʙʨʘʞʘʻ ʩʪʫʧʽʥʴ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʽʶʯʠʤ ʩʪʘʥʜʘʨʪʘʤ, 

ʚʥʫʪʨʽʰʥʽʤ ʩʧʝʮʠʬʽʢʘʮʽʷʤ ʪʦʱʦ. 

ʗʢʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʥʝ ʟʘʚʞʜʠ ʤʦʞʝ ʙʫʪʠ ʟʘʙʝʟʧʝʯʝʥʘ, ʪʦʤʫ ʱʦ ʚʠʤʦʛʠ 

ʦʢʨʝʤʠʭ ʦʩʽʙ ʜʦ ʷʢʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʘʚʪʦʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ  ̒ʟʘʚʠʱʝʥʠʤʠ, ʘ 

ʤʦʞʣʠʚʦʩʪʽ ʝʢʩʧʝʨʪʽʚ ʦʙʤʝʞʝʥʽ ʥʘʷʚʥʠʤʠ ʨʝʩʫʨʩʘʤʠ, ʟʘʙʝʟʧʝʯʝʥʽʩʪʶ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʞʣʠʚʠʭ ʝʢʩʧʝʨʪʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʧʨʦʬʝʩʽʡʥʦ-ʪʝʭʥʽʯʥʠʤ 

ʨʽʚʥʝʤ ʩʘʤʦʛʦ ʚʠʢʦʥʘʚʮʷ ʪʦʱʦ. 

ʗʢʽʩʪʴ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʤʦʞʝ ʙʫʪʠ ʟʘʙʝʟʧʝʯʝʥʘ ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ, ʪʦʤʫ ʱʦ 

ʾʾ ʧʘʨʘʤʝʪʨʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʩʪʘʥʜʘʨʪʘʤʠ, ʷʢʽ ʩʪʚʦʨʝʥʽ ʚʩʝʨʝʜʠʥʽ ʩʠʩʪʝʤʠ 

ʩʫʜʦʚʦʾ ɸʊɽ ʧʽʜ ʽʩʥʫʶʯʽ ʪʝʭʥʦʣʦʛʽʾ. 

ʆʩʥʦʚʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ :̒ ʘʥʘʣʽʟ ʧʨʦʬʝʩʽʡʥʠʭ 

ʷʢʦʩʪʝʡ ʝʢʩʧʝʨʪʘ ʪʘ ʟʘʙʝʟʧʝʯʝʥʦʩʪʽ ʡʦʛʦ ʨʦʙʦʪʠ ʪʝʭʥʽʯʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ, 

ʘʥʘʣʽʟ ʬʽʥʘʥʩʫʚʘʥʥʷ ʪʘ ʫʤʦʚ ʦʨʛʘʥʽʟʘʮʽʾ ʧʨʘʮʽ (ʷʢʽʩʪʴ ʩʪʨʫʢʪʫʨʠ), ʘʥʘʣʽʟ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʪʝʭʥʦʣʦʛʽʡ (ʷʢʽʩʪʴ ʧʨʦʮʝʩʫ), ʘʥʘʣʽʟ ʚʠʩʥʦʚʢʽʚ (ʷʢʽʩʪʴ 

ʨʝʟʫʣʴʪʘʪʽʚ). ɿʚʽʩʥʦ, ʮʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ ʥʝ ʦʙʤʝʞʫʻʪʴʩʷ, 

ʚ ʧʨʘʢʪʠʯʥʽʡ ʜʽʷʣʴʥʦʩʪʽ ʧʨʦʚʦʜʠʪʴʩʷ ʙʘʛʘʪʦ ʜʦʩʣʽʜʞʝʥʴ, ʚ ʷʢʠʭ ʪʘʢʽ ʧʠʪʘʥʥʷ 

ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʥʝʧʨʷʤʦ ʘʙʦ ʚ ʽʥʰʦʤʫ ʢʦʥʪʝʢʩʪʽ.  

ʇʨʠ ʧʨʠʡʥʷʪʪʽ ʨʽʰʝʥʴ ʟʘ ʢʦʥʮʝʧʮʽʻʶ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ [152, 202, 239, 

245, 248, 249] ʧʨʦʮʝʩ ʥʘʧʨʘʮʶʚʘʥʥʷ ʨʽʰʝʥʥʷ ʟʚʦʜʠʪʴʩʷ ʜʦ ʚʠʙʦʨʫ ʥʘʡʢʨʘʱʦʾ 

ʘʣʴʪʝʨʥʘʪʠʚʠ ʩʝʨʝʜ ʩʫʢʫʧʥʦʩʪʽ ʜʦʧʫʩʪʠʤʠʭ ʟʘʩʦʙʽʚ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ 

ʤʝʪʠ. ʄʝʪʘ ʧʦʣʷʛʘʻ ʚ ʦʧʪʠʤʽʟʘʮʽʾ ʩʠʩʪʝʤʠ ʟʘ ʧʝʚʥʠʤ ʢʨʠʪʝʨʽʻʤ. 

ɺ ʩʧʨʘʚʞʥʽʭ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤʘʭ ʚ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʽʩʥʫʻ ʜʝʢʽʣʴʢʘ ʮʽʣʝʡ. 

ʎʽ ʮʽʣʽ ʥʝʨʽʜʢʦ ʻ ʩʫʧʝʨʝʯʣʠʚʠʤʠ. ʇʨʠ ʨʦʟʨʦʙʮʽ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ, ʪʘʢʠʭ, ʷʢ 

ʩʠʩʪʝʤʘ ɸʊɽ ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʠʛʦʜ, ʥʝʤʦʞʣʠʚʦ ʚʠʟʥʘʯʠʪʠ ʦʜʥʫ ʮʽʣʴ 
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ʯʠ ʚʩʪʘʥʦʚʠʪʠ ʞʦʨʩʪʢʫ ʽʻʨʘʨʭʽʶ ʮʽʣʝʡ. ʆʪʞʝ ʟʘʤʽʩʪʴ ʞʦʨʩʪʢʦʾ ʤʦʜʝʣʽ ʧʦʪʨʽʙʥʦ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ çʤôʷʢʫè ʤʦʜʝʣʴ, ʛʦʣʦʚʥʘ ʽʜʝʷ ʷʢʦʾ ʧʦʣʷʛʘʻ ʚ ʢʦʤʧʨʦʤʽʩʥʦʤʫ 

ʨʽʰʝʥʥʽ ʚ ʨʘʤʢʘʭ ʜʽʷʣʴʥʦʩʪʽ ʧʦ ʜʦʩʷʛʥʝʥʥʶ ʨʽʟʥʠʭ ʮʽʣʝʡ, ʚ ʟʥʘʭʦʜʞʝʥʥʽ 

ʨʽʰʝʥʴ, ʷʢ̔ ʚ ʜʝ̫ʢʽʡ ʤʽʨʽ ʟʘʜʦʚʦʣʴʥʷʣʠ ʙ ʫʩʽ ʧʦʪʨʝʙʠ. ʂʦʤʧʨʦʤʽʩʥʠʡ ʧʽʜʭʽʜ 

ʚʠʥʠʢ ʚʽʜ ʨʦʟʫʤʽʥʥʷ ʪʦʛʦ, ʱʦ ʜʦʩʠʪʴ ʯʘʩʪʦ ʥʝ ʭʚʘʪʘʻ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʣʽʥʽʡʥʦʛʦ 

ʨʦʟʧʦʜʽʣʫ ʨʽʰʝʥʴ ʽ ʤʦʞʥʘ ʣʠʰʝ ʟʜʽʡʩʥʠʪʠ ʛʨʫʧʦʚʠʡ ʨʦʟʧʦʜʽʣ. 

ʇʦʪʨʽʙʥʦ ʪʘʢʦʞ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʨʝʘʣʽʟʘʮʽ ̫ʢʦʤʧʨʦʤʽʩʥʦʛʦ ʧʽʜʭʦʜʫ ʤʦʞʝ 

ʩʫʧʨʦʚʦʜʞʫʚʘʪʠʩʴ ʚʠʥʠʢʥʝʥʥʷʤ ʧʝʚʥʽ ʪʨʫʜʥʦʱʽʚ. ʆʩʦʙʘ, ʷʢʘ ʧʨʠʡʤʘʻ 

ʨʽʰʝʥʥʷ, ʥʝ ʟʘʚʞʜʠ ʦʙôʻʢʪʠʚʥʦ ʦʮʽʥʶ ̒ʨʽʚʝʥʴ ʷʢʦʩʪʽ ʥʘʧʨʘʮʴʦʚʘʥʦʛʦ ʨʽʰʝʥʥʷ, 

ʘ ʪʦʤʫ ʥʝ ʟʘʚʞʜʠ ʦʙʠʨʘ ̒ʥʘʡʢʨʘʱʝ ʨʽhʝʥʥʷ ʽʟ ʟʘʛʘʣʴʥʦʾ ʩʫʢʫʧʥʦʩʪʽ ʤʦʞʣʠʚʠʭ 

ʨʽʰʝʥʴ. ɺʠʙʽʨ ʥʘʡʢʨʘʱʦʛʦ ʚʘʨʽʘʥʪʘ ʤʦʞʣʠʚʠʡ ʣʠʰʝ ʪʦʜʽ, ʢʦʣʠ ʙʫʣʘ 

ʟʘʩʪʦʩʦʚʘʥʘ ʢʦʨʝʢʪʥʘ ʤʦʜʝʣʴ ʪʘ ʢʦʨʝʢʪʥʠʡ ʘʣʛʦʨʠʪʤ ʚʠʙʦʨʫ. 

ɼʣʷ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʠʢʠ ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ ʧʨʦʚʘʜʞʝʥʥʷ ʘʚʪʦʪʝʭʥʽʯʥʠʭ 

ʝʢʩʧʝʨʪʠʟ ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʠʛʦʜ ʟʘ ʙʘʛʘʪʴʤʘ ʢʨʠʪʝʨʽʷʤʠ 

ʚʠʢʦʨʠʩʪʘʻʤʦ ʪʝʦʨʽʶ ʥʝʯʽʪʢʠʭ ʤʥʦʞʠʥ [242, 250-255]. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʚʠʛʣʷʜʘʻ ʪʘʢ. ʅʝʭʘʡ ʟʘʜʘʥʘ ʤʥʦʞʠʥʘ ʤʦʞʣʠʚʠʭ 

ʚʘʨʽʘʥʪʽʚ ʚʠʢʦʥʘʥʥʷ ʢʦʥʢʨʝʪʥʦʾ ʘʚʪʦʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ X: 

 

{ }1 2, , , ,i nX x x x x= . 

 

ʂʦʞʥʠʡ ʚʘʨʽʘʥʪ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʤʥʦʞʠʥʦʶ ʧʘʨʘʤʝʪʨʽʚ ʦʮʽʥʶʚʘʥʥʷ 

ʷʢʦʩʪʽ Y: 

 

{ }1 2, , , ,j mY y y y y= . 

 

ʅʝʯʽʪʢʝ ʚʽʜʥʦʰʝʥʥʷ, ʷʢʝ ʤʘʻ ʤʽʩʮʝ ʤ̔ ʞ ʢʦʞʥʠʤ ʯʣʝʥʦʤ ʩʫʢʫʧʥʦʩʪʽ X ʽ 

ʢʦʞʥʠʤ ʯʣʝʥʦʤ ʩʫʢʫʧʥʦʩʪʽ Y, ʧʦʟʥʘʯʝʥʝ ʯʝʨʝʟ xy ʘʙʦ ijm . ʊʦʙʪʦ, ijm  ʚʽʜʦʙʨʘʞʘʻ 

ʤʽʨʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ -̔ʛʦ ʚʘʨʽʘʥʪʘ ɸʊɽ ʚʠʤʦʛʘʤ ʟʘ j-ʤ ʧʘʨʘʤʝʪʨʦʤ  

( [ ]0,1 ; 1, , ; 1, ,ij i n j mÍ = =m ). ʗʢʱʦ ʫʟʷʪʠ ʨʘʟʦʤ ʚʩʽ ʥʝʯʽʪʢʽ ʚʽʜʥʦʰʝʥʥʷ ix  
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ʪʘ jy , ʪʦ ʦʪʨʠʤʘʻʤʦ ʤʘʪʨʠʮʶ ʥʝʯʽʪʢʠʭ ʚʽʜʥʦʰʝʥʴ R ʨʦʟʤʽʨʦʤ nm: 

{ }| 1, , ; 1, ,ijR i n j m= = =m . 

ʇʦʪʨʽʙʥʦ ʦʙʨʘʪʠ ʦʧʪʠʤʘʣʴʥʠʡ ʚʘʨʽʘʥʪ x*  ʽʟ ʤʥʦʞʠʥʠ X. 

ɿʘʜʘʯʫ ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ ʚʘʨʽʘʥʪʫ ʧʨʦʚʝʜʝʥʥʷ ʘʚʪʦʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ 

ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʪʘʢʠʤ ʯʠʥʦʤ: 

 

( )* , , ,x opt X Y R M= , (2.64) 

 

ʜʝ M ï ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʘ ʤʦʜʝʣʴ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ, ʦʙʨʘʥʘ ʆʇʈ. ɺ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʾ ʤʦʜʝʣʽ, ʨʝʟʫʣʴʪʘʪʠ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ (2.64) 

ʤʦʞʫʪʴ ʙʫʪʠ ʨʽʟʥʠʤʠ ʧʨʠ ʦʜʥʘʢʦʚʠʭ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ. 

ʄʦʞʣʠʚʽ ʩʠʪʫʘʮʽʾ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʪʁʴ ʧʨʦʮʝʩ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ [239, 241, 

242, 246, 254, 265, 270, 329]: 

1) ʆʇʈ ʥʝ ʤʘʻ ʽʥʬʦʨʤʘʮʽ ʾ ʱʦʜʦ ʦʙʤʝʞʝʥ ɹ ʟʥʘʯʝʥ ɹ ʧʘʨʘʤʝʪʨʽʚ ʪʘ 

ʽʥʬʦʨʤʘʮʽ ʾ ʧʨʦ ʨʽʚʝʥʴ ʚʘʞʣʠʚʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʛʦʨʪʢʘ ɻʝʨʤʝʡʻʨʘ (ʤʽʥʽʤʘʢʩʥʘ ʤʦʜʝʣʴ); 

2) ʆʇʈ ʦʙʠʨʘʻ ʚʘʨʽʘʥʪ, ʜʣʷ ʷʢʦʛʦ ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ ʟʥʘʯʝʥʥʷ ʫʩʽʭ 

ʧʘʨʘʤʝʪʨʽʚ ʚ ʨʘʤʢʘʭ ʝʪʘʣʦʥʫ. ʎʝʡ ʚʠʧʘʜʦʢ ʚʽʜʧʦʚʽʜʘʻ ʤʦʜʝʣʽ ʘʙʩʦʣʶʪʥʦʛʦ 

ʨʽʰʝʥʥʷ; 

3) ʆʩʦʙʘ, ʷʢʘ ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ, ʤʦʞʝ ʚʢʘʟʘʪʠ ʙʘʞʘʥʽ ʦʙʤʝʞʝʥʥʷ ʟʘ 

ʧʝʚʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʦʜʝʣʴ ʦʩʥʦʚʥʦʛʦ ʧʘʨʘʤʝʪʨʘ; 

4) ʆʇʈ ʟʜʘʪʥʘ ʨʦʟʧʦʜʽʣʷʪʠ ʧʘʨʘʤʝʪʨʠ ʟʘ ʨʽʚʥʝʤ ʾʭ ʚʘʞʣʠʚʦʩʪʽ ʪʘ ʦʮʽʥʠʪʠ 

ʯʘʩʪʢʫ ʚʧʣʠʚʫ ʢʦʞʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʥʘ ʧʽʜʩʫʤʢʦʚʝ ʨʽʰʝʥʥʷ. ɼʣʷ ʪʘʢʦʛʦ ʚʠʧʘʜʢʫ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʤʦʜʝʣʴ ʢʦʤʧʨʦʤʽʩʥʦʛʦ ʨʽʰʝʥʥʷ; 

5) ʆʇʈ ʚʠʢʦʥʫʻ ʧʦʰʫʢ ʥʘʡʢʨʘʱʦʛʦ ʨʽʰʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʢʦʤʧʨʦʤʽʩʥʦʾ 

ʤʦʜʝʣʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʯʘʩʪʢʦʚʠʭ ʦʙʤʝʞʝʥ ɹʥʘ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ. ʊʘʢʠʡ 

ʚʠʧʘʜʦʢ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʷʢ ʢʦʤʙʽʥʘʮʽʷ ʜʨʫʛʦʾ ʪʘ ʯʝʪʚʝʨʪʦʾ ʩʠʪʫʘʮʽʾ, ʢʦʣʠ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʦʜʝʣʴ ʝʪʘʣʦʥʥʦʛʦ ʧʦʨʽʚʥʷʥʥʷ. 

ʈʦʟʛʣʷʥʝʤʦ ʚʠʱʝ ʧʝʨʝʨʘʭʦʚʘʥʽ ʤʦʜʝʣʽ ʙʽʣʴʰ ʜʦʢʣʘʜʥʦ. 
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ʉʫʪʴ ʤʦʜʝʣʽ ʤʘʢʩʠʤʽʥʥʦʾ ʟʛʦʨʪʢʠ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʥʘʡʢʨʘʱʠʤ 

ʚʚʘʞʘʻʪʴʩʷ ʚʘʨʽʘʥʪ, ʷʢʠʡ ʤʽʥʽʤʽʟʫʻ ʥʝʜʦʣʽʢʠ ʟʘ ʚʩʽʤʘ ʧʘʨʘʤʝʪʨʘʤʠ. ʎ  ̫ʤʦʜʝʣʴ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʦʧʝʨʘʮʽʾ ʧʝʨʝʪʠʥʫ ʥʝʯʽʪʢʠʭ ʤʥʦʞʠʥ: 

 

( )1 2 j mD y y y y= , 

 

ʜʝ D ï ʦʩʪʘʪʦʯʥʘ ʦʮʽʥʢʘ ʷʢʦʩʪʽ ʚʘʨʽʘʥʪʘ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʦʧʝʨʘʮʽʻʶ 

ʧʝʨʝʪʠʥʫ ʯʘʩʪʢʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ , 1, ,jy j m= . 

ʈʝʘʣʽʟʘʮʽʷ ʦʧʝʨʘʮʽ ʾʧʝʨʝʪʠʥʫ ʥʝʯʽʪʢʠʭ ʤʥʦʞʠʥ ʤʦʞʣʠʚʘ ʨʽʟʥʠʤʠ ʰʣʷʭʘʤʠ. 

ɿʘʟʚʠʯʘʡ ʮ ̫ʦʧʝʨʘʮʽ ̫ʚʠʢʦʥʫʻʪʴʩʷ ʰʣʷʭʦʤ ʚʟʷʪʪʷ ʤʽʥʽʤʫʤʫ: 

 

() min , 1, ,D i ijx j m= =m m . 

 

ɿʘʜʘʯʘ (2.58) ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʪʘʢʠʡ ʚʠʛʣʷʜ: 

 

( ) (){ }* | ; max , 1, ,k k D k D ix x x X x x i n= Í = =m m . (2.65) 

 

ɺʘʨʽʘʥʪ kx  ʻ ʨʦʟʚôʷʟʢʦʤ ʟʘʜʘʯʽ (2.65). 

ʅʝʜʦʣʽʢʠ ʤʦʜʝʣʽ ʪʘʢʽ: ʤʦʜʝʣʴ ʽʛʥʦʨʫʻ ʚʠʩʦʢʽ ʦʮʽʥʢʠ ʚʘʨʽʘʥʪʽʚ, ʦʩʢʽʣʴʢʠ ʻ 

ʨʝʘʣʽʟʘʮʽʻʶ ʧʝʩʠʤʽʩʪʠʯʥʦʛʦ ʧʽʜʭʦʜʫ. ɺʘʨʽʘʥʪ ʟ ʚʠʩʦʢʠʤʠ ʦʮʽʥʢʘʤʠ ʟʘ ʧʝʚʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʽ ʥʠʟʴʢʦ  ʁʦʮʽʥʢʦ  ʁʣʠʰʝ ʟʘ ʦʜʥʠʤ ʧʘʨʘʤʝʪʨʦʤ, ʚ ʢʽʥʮʝʚʦʤʫ 

ʚʠʧʘʜʢʫ ʦʮʽʥʶʻʪʴʩʷ ʷʢ ʚʘʨʽʘʥʪ, ʱʦ ʤʘʻ ʥʠʟʴʢʠʡ ʨʽʚʝʥɹ ʷʢʦʩʪʽ. 

ʇʝʨʝʚʘʛʠ ʤʦʜʝʣʽ ʪʘʢʽ: ʘʣʛʦʨʠʪʤ ʪʘ ʤʦʜʝʣʴ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʜʦʩʪʘʪʥʴʦ ʧʨʦʩʪʽ; 

ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʝʣʽ ʧʦʪʨʽʙʥʠʡ ʤʽʥʽʤʘʣʴʥʠʡ ʦʙʩʷʛ ʚʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ; ʜʘʥʘ 

ʤʦʜʝʣ ɹʟʘʚʞʜʠ ʜʘʻ ʨʽʰʝʥʥʷ. 

ʇʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʤʦʜʝʣʽ ʘʙʩʦʣʶʪʥʦʛʦ ʨʽʰʝʥʥʷ ʦʩʦʙʘ, ʷʢʘ ʧʨʠʡʤʘʻ 

ʨʽʰʝʥʥʷ, ʟʘʜʘʻ ʛʨʘʥʠʯʥʝ ʟʥʘʯʝʥʥʷ 
min
jm  ʜʣʷ ʧʘʨʘʤʝʪʨʽʚ jY . ʄʘʪʝʤʘʪʠʯʥʠʡ 

ʟʘʧʠʩ ʟʘʜʘʯʽ (2.64) ʚʠʛʣʷʜʘʻ ʪʘʢ: 
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{ }min* | ; 1, ,k k kj jx x x X j m= Í ² " =m m . (2.66) 

 

ʅʝʜʦʣʽʢʦʤ ʤʦʜʝʣʽ ʻ ʽʛʥʦʨʫʚʘʥʥʷ ʨʽʚʥʽʚ ʚʘʞʣʠʚʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ, ʪʦʤʫ 

ʤʦʞʣʠʚʽ ʚʠʧʘʜʢʠ ʥʝ ʚʢʣʶʯʝʥʥʷ ʫ ʤʥʦʞʠʥʫ *X  ʚʘʨʽʘʥʪʘ, ʷʢʠʡ ʟʘʜʦʚʦʣʴʥʷʻ 

ʦʙʤʝʞʝʥʥʷʤ ʟʘ ʚʘʞʣʠʚʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʯʝʨʝʟ ʥʝʚʠʢʦʥʘʥʥʷ ʦʙʤʝʞʝʥʥʷ ʟʘ 

ʤʝʥʰ ʚʘʞʣʠʚʠʤ ʧʘʨʘʤʝʪʨʦʤ. 

ʈʽʰʝʥʥʷ ʟʘʜʘʯʽ (2.64) ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʦʜʝʣʽ ʦʩʥʦʚʥʦʛʦ ʧʘʨʘʤʝʪʨʘ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʪʘʢ. ʅʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ ʦʙʠʨʘʻʪʴʩʷ ʦʩʥʦʚʥʠʡ ʧʘʨʘʤʝʪʨ, ʷʢʠʡ ʻ 

ʙʘʟʦʚʠʤ ʜʣʷ ʧʦʰʫʢʫ ʥʘʡʢʨʘʱʦʛʦ ʨʽʰʝʥʥʷ. ʈʝʟʫʣʴʪʘʪ ʜʘʥʦʛʦ ʢʨʦʢʫ (ʤʥʦʞʠʥʘ 

ʨʽʰʝʥʴ) ʻ ʩʫʢʫʧʥʽʩʪʶ ʤʦʞʣʠʚʠʭ ʨʽʰʝʥʴ ʜʣʷ ʥʘʩʪʫʧʥʦʛʦ ʢʨʦʢʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʜʘʯʘ (2.64) ʧʨʠʡʤʘʻ ʚʠʜ: 

 

{ }

{ }

*
0

* * min
1

| , 1, , ,

| , ,

1, , .

k k

j k k j kj j

X x x X k n

X x x X

j m

-

ë = Í =
î
î
= Í ²ì

î
=îí

m m  (2.67) 

 

ʇʝʨʝʚʘʛʠ ʮʽʻʾ ʤʦʜʝʣʽ ʧʦʨʽʚʥʷʥʦ ʟ ʧʦʧʝʨʝʜʥʽʤʠ ʪʘʢʽ: ʜʦʟʚʦʣʷʻ ʚʨʘʭʫʚʘʪʠ 

ʨʽʚʝʥʴ ʚʘʞʣʠʚʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ; ʦʩʦʙʘ, ʷʢʘ ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ, ʤʦʞʝ ʧʨʠʩʢʦʨʠʪʠ 

ʧʨʦʮʝʩ ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʰʣʷʭʦʤ ʢʦʨʝʛʫʚʘʥʥʷ ʦʙʤʝʞʝʥʴ, ʥʘʢʣʘʜʝʥʠʭ ʥʘ 

ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ. 

ʅʝʜʦʣʽʢʠ ʤʦʜʝʣʽ: ʤʦʜʝʣʴ ʥʝ ʤʦʞʝ ʜʘʚʘʪʠ ʚʠʯʝʨʧʥʝ ʨʽʰʝʥʥʷ, ʭʦʯʘ  ̔

ʚʨʘʭʦʚʫʻ ʚʘʞʣʠʚʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʱʦ ʢʽʥʮʝʚʘ ʤʥʦʞʠʥʘ ʨʽʰʝʥʴ 
*
mX  ʤʘʻ ʢʽʣʴʢʘ 

ʚʘʨʽʘʥʪʽʚ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʥʽ ʦʜʠʥ ʟ̔ ʚʘʨʽʘʥʪʽʚ ʥʝʤʦʞʣʠʚʦ ʦʮ̔ʥʠʪʠ ̫ ʢ ʢʨʘʱʠʡ. 

ɺʥʘʩʣʽʜʦʢ ʥʝʤʦʞʣʠʚʦʩʪ̔ ʦʜʥʦʯʘʩʥʦʛʦ ʟʘʜʦʚʦʣʝʥʥʷ ʢʽʣʴʢʦʭ, ʟʘʟʚʠʯʘʡ 

ʩʫʧʝʨʝʯʣʠʚʠʭ ʚʠʤʦʛ, ʧʨʠ ʨʽʰʝʥʥʽ ʟʘʜʘʯʽ (2.64) ʚ ʤʦʜʝʣ ̔ ʢʦʤʧʨʦʤʽʩʥʦʛʦ 

ʨʽʰʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʽʥʪʝʛʨʘʣʴʥʠʡ ʯʠ ʢʦʤʧʨʦʤʽʩʥʠʡ ʧʘʨʘʤʝʪʨ, ʚʝʣʠʯʠʥʫ 

ʷʢʦʛʦ ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʟʛʦʨʪʢʠ ʯʘʩʪʢʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

ɿʘʜʘʤʦ ʨʽʚʥʽ ʚʘʞʣʠʚʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ ʫ ʚʝʢʪʦʨʥʦʤʫ ʚʠʛʣʷʜʽ: 
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( )1 2, , , , ,j mW w w w w= , 

 

ʜʝ jw  ï ʨʽʚʝʥʴ ʚʘʞʣʠʚʦʩʪʽ ʧʘʨʘʤʝʪʨʘ jy ; jw  ʥʘʙʫʚʘʻ ʟʥʘʯʝʥ ɹʚʽʜ ʥʫʣʷ 

(ʚʽʜʩʫʪʥʽʩʪʴ ʚʧʣʠʚʫ ʥʘ ʚʠʙʽʨ) ʜʦ ʦʜʠʥʠʮʽ (ʧʘʨʘʤʝʪʨ ʤʘʢʩʠʤʘʣʴʥʦ ʚʧʣʠʚʘ ̒ʥʘ 

ʚʠʙʽʨ). 

ʇʽʩʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʥʘʯʝʥʴ jw  ʧʨʦʚʦʜʠʪʴʩʷ ʾʭ ʥʦʨʤʘʣʽʟʘʮʽʷ: 

 

1

/
m

j j k

k

w w w
=

= ä . 

 

ɯʥʪʝʛʨʘʣʴʥʠʡ ʧʘʨʘʤʝʪʨ ʷʢʦʩʪʽ ʚʘʨʽʘʥʪʽʚ ʧʦʟʥʘʯʠʤʦ ʯʝʨʝʟ ʬʫʥʢʮʽʶ F: 

 

( )1 2, , , ,i nF f f f f= , 

 

ʜʝ if  ï ʟʥʘʯʝʥʥʷ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʷʢʦʩʪʽ ʚʘʨʽʘʥʪʘ ix .  

ʌʫʥʢʮʽʷ F ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 

 

F R W= Ö, 

 

ʘʙʦ 

 

11 1 1

1

1

, , , ,

m

i n ij

mn nm

w

f f f

w

m m

m

m m

= Ö  

 

ʪʦʙʪʦ 

( )
1

m

i ij j

j

f w
=

= Öäm . 
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ɿʘʜʘʯʘ (2.64) ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʦʜʝʣʽ ʢʦʤʧʨʦʤʽʩʥʦʛʦ ʨʽʰʝʥʥʷ ʧʨʠʡʤʘʻ 

ʪʘʢʠʡ ʚʠʜ: 

 

{ }{ }* | ; max | ; 1, , .k k k i iX x x X f f f F i n= Í = Í =  (2.68) 

 

ʇʝʨʝʚʘʛʠ ʤʦʜʝʣʽ: ʢʨʽʤ ʚʨʘʭʫʚʘʥʥʷ ʚʘʞʣʠʚʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ, ʤʦʜʝʣʴ ʚʨʘʭʦʚʫʻ 

ʜʦʣʶ ʚʧʣʠʚʫ ʢʦʞʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʥʘ ʧʽʜʩʫʤʢʦʚʝ ʨʽʰʝʥʥʷ, ʱʦ ʫʩʫʚʘʻ ʚʘʜʠ 

ʤʦʜʝʣʽ ʦʩʥʦʚʥʦʛʦ ʧʘʨʘʤʝʪʨʘ; ʜʘʥʘ ʤʦʜʝʣʴ ʟʘʚʞʜʠ ʟʘʙʝʟʧʝʯʫʻ ʽʩʥʫʚʘʥʥʷ 

ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ. 

ʅʝʜʦʣʽʢʠ ʤʦʜʝʣʽ: ʚʠʩʦʢʝ ʟʥʘʯʝʥʥʷ ʧʽʜʩʫʤʢʦʚʦʛʦ ʧʘʨʘʤʝʪʨʘ if  ʥʝ ʛʘʨʘʥʪʫʻ 

ʪʦʛʦ, ʱʦ ʚʘʨʽʘʥʪ ʧʦʚʥʽʩʪʶ ʚʽʜʧʦʚʽʜʘʻ ʫʩʽʤ ʚʠʩʫʥʫʪʠʤ ʚʠʤʦʛʘʤ. ʅʠʟʴʢʝ 

ʟʥʘʯʝʥʥʷ ʦʜʥʦʛʦ ʧʦʢʘʟʥʠʢʘ (ʥʠʞʯʝ ʛʨʘʥʠʯʥʦʛʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʦʜʝʣʽ 

ʘʙʩʦʣʶʪʥʦʛʦ ʨʽʰʝʥʥʷ) ʢʦʤʧʝʥʩʫʻʪʴʩʷ ʚʠʩʦʢʠʤ ʟʥʘʯʝʥʥʷʤ ʽʥʰʦʛʦ ʟʥʘʯʠʤʦʛʦ 

ʧʘʨʘʤʝʪʨʘ. 

ʉʫʪʥʽʩʪʴ ʤʦʜʝʣʽ ʝʪʘʣʦʥʥʦʛʦ ʧʦʨʽʚʥʷʥʥʷ ʧʦʣʷʛʘʻ ʫ ʚʠʟʥʘʯʝʥʥʽ ʝʪʘʣʦʥʥʦʛʦ 

ʚʘʨʽʘʥʪʘ ʚʠʢʦʥʘʥʥʷ ɸʊɽ ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʠʛʦʜ 0x . ʇʘʨʘʤʝʪʨʠ ʮʴʦʛʦ 

ʚʘʨʽʘʥʪʘ  ̒ʤʽʥʽʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʠʤʠ ʟʥʘʯʝʥʥʷʤʠ 0, 1, ,j m=m . ʋʩʽ ʚʘʨʽʘʥʪʠ 

ʩʫʢʫʧʥʦʩʪʽ X ʧʦʨʽʚʥʶʻʪʴʩʷ ʟ ʝʪʘʣʦʥʦʤ 0x . ʋ ʨʘʟʽ ʥʝ ʛʽʨʰʦ ʾʷʢʦʩʪ̔ ʫ ʚʘʨʽʘʥʪʘ 

ix  ʥʽʞ ʫ ʝʪʘʣʦʥʘ 0x  ʟʘ ʫʩʽʤʘ ʧʘʨʘʤʝʪʨʘʤʠ, ʚʘʨʽʘʥʪ ix  ʜʦʜʘʻʪʴʩʷ ʜʦ ʟʘʛʘʣʴʥʦʾ 

ʩʫʢʫʧʥʦʩʪʽ ʨʽʰʝʥʴ ʽ ʜʣʷ ʥʴʦʛʦ ʚʠʟʥʘʯʘʶʪʴ ʽʥʪʝʛʨʘʣʴʥʠʡ ʧʘʨʘʤʝʪʨ ʷʢʦʩʪʽ if . 

ɼʣʷ ʝʪʘʣʦʥʥʦʛʦ ʚʘʨʽʘʥʪʘ ʽʥʪʝʛʨʘʣʴʥʠʡ ʧʘʨʘʤʝʪʨ ʧʨʠʡʤʘʻ ʥʫʣʴʦʚʝ ʟʥʘʯʝʥʥʷ 

0 0f = . ʆʧʪʠʤʘʣʴʥʠʡ ʨʦʟʚôʷʟʦʢ ï ʚʘʨʽʘʥʪ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ 

ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʧʘʨʘʤʝʪʨʘ maxf . 

ʄʘʪʝʤʘʪʠʯʥʠʡ ʟʘʧʠʩ ʤʦʜʝʣʽ: 
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 (2.69) 
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ɺʘʨʽʘʥʪ kx  ʻ ʨʦʟʚôʷʟʦʢ ʟʘʜʘʯʽ (2.69). 

ʅʝʜʦʣʽʢʦʤ ʤʦʜʝʣʽ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʽʣʴʰʦʛʦ ʦʙʩʷʛʫ ̔ ʥʬʦʨʤʘʮʽʾ 

ʚʽʜ ʆʇʈ ʧʦʨʽʚʥʷʥʦ ʟ ʧʦʧʝʨʝʜʥʽʤʠ ʤʦʜʝʣʷʤʠ. 

ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʨʦʟʛʣʷʥʫʪʠʭ ʚʠʱʝ ʤʦʜʝʣʝʡ ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʦ ʙʣʦʢ-ʩʭʝʤʫ 

ʘʣʛʦʨʠʪʤʫ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʛʦ ʦʮʽʥʝʥʥʷ ʷʢʦʩʪʽ ʚʘʨʽʘʥʪʫ ʨʝʘʣʽʟʘʮʽʾ 

ʘʚʪʦʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ ɼʊʇ, ʧʨʝʜʩʪʘʚʣʝʥʫ ʥʘ ʨʠʩ. 2.21. ɹʘʟʦʚʦʶ ʦʩʥʦʚʦ  ʁ

ʧʨʠ ʨʦʟʨʦʙʮʽ ʜʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʩʪʘʣʘ ʤʦʜʝʣʴ ʝʪʘʣʦʥʥʦʛʦ ʧʦʨʽʚʥʷʥʥʷ ʚ 

ʢʦʤʙʽʥʘʮʽʾ ʟ ʤʦʜʝʣʷʤʠ ʢʦʤʧʨʦʤʽʩʥʦʛʦ ʪʘ ʘʙʩʦʣʶʪʥʦʛʦ ʨʽʰʝʥʥʷ. ʎʝ ʜʦʟʚʦʣʠʣʦ 

ʫʩʫʥʫʪʠ ʾʭ ʥʝʜʦʣʽʢʠ. 

ʈʦʟʛʣʷʥʝʤʦ ʧʨʠʢʣʘʜ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʙʫʜʦʚʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ (ʨʠʩ. 2.21) ʜʣʷ 

ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʛʦ ʚʠʙʦʨʫ ʚʘʨʽʘʥʪʘ ʨʝʘʣʽʟʘʮʽʾ ʩʠʩʪʝʤʠ 

ɸʊɽ ɼʊʇ. ɹʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʯʦʪʠʨʠ ʚʘʨʽʘʥʪʘ ʧʨʦʚʘʜʞʝʥʥʷ ʝʢʩʧʝʨʪʠʟʠ: 1x , 

2x , 3x , 4x . ʂʨʽʤ ʪʦʛʦ, ʚʩʪʘʥʦʚʣʝʥʦ ʪʨʠ ʧʘʨʘʤʝʪʨʘ ʷʢʦʩʪʽ ɸʊɽ: 1y  ï ʩʪʫʧʽʥʴ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʪʘ ʟʘʜʦʚʦʣʝʥʥʷ ʧʦʪʨʝʙ ʽ ʟʘʧʠʪʽʚ ʫʯʘʩʥʠʢʽʚ ɼʊʇ ʪʘ ʦʢʨʝʤʠʭ 

ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ çʩʣʽʜʩʪʚʦ-ʝʢʩʧʝʨʪʠʟʘ-ʧʨʦʢʫʨʘʪʫʨʘ-ʩʫʜè (ʨʽʚʝʥʴ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʨʽʰʝʥʴ), 2y  ï ʩʪʨʦʢ ʚʠʢʦʥʘʥʥʷ, 3y  ï ʚʘʨʪʽʩʪʴ ʚʠʢʦʥʘʥʥʷ. 

ʈʝʟʫʣʴʪʘʪʠ ʦʮʽʥʶʚʘʥʥʷ ʨʽʚʥʷ ʢʦʞʥʦʛʦ ʚʘʨʽʘʥʪʘ ʷʢʦʩʪʽ ʟʘ ʚʢʘʟʘʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʧʦʜʘʥʽ ʚ ʪʘʙʣʠʮʽ 2.7.  

 

ʊʘʙʣʠʮʷ 2.7 ï ɿʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʟʘ ʚʘʨʽʘʥʪʘʤʠ 

ɺʘʨʽʘʥʪ 

ʨʝʘʣʽʟʘʮʽʾ 

ʇʘʨʘʤʝʪʨʠ ʦʮʽʥʝʥʥʷ ʚʘʨʽʘʥʪʽʚ 

ʩʪʫʧʽʥʴ  

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʪʘ 

ʟʘʜʦʚʦʣʝʥʥʷ  

1y  

ʩʪʨʦʢ ʚʠʢʦʥʘʥʥʷ 

2y  

ʚʘʨʪʽʩʪʴ  

ʚʠʢʦʥʘʥʥʷ 3y   

1x  0.63 0.74 0.82 

2x  0.51 0.62 0.73 

3x  0.91 0.79 0.56 

4x  0.82 0.71 0.61 
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            ɺʩʪʘʥʦʚʣʝʥʥʷ ʨʽʚʥʷ ʚʘʞʣʠʚʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ 

ʅʦʨʤʘʣʽʟʘʮʽʷ ʟʥʘʯʝʥʴ

                                  ʇʦʙʫʜʦʚʘ ʝʪʘʣʦʥʥʦʛʦ ʚʘʨʽʘʥʪʘ    

       ɺʩʪʘʥʦʚʣʝʥʥʷ ʤʽʥʽʤʘʣʴʥʠʭ ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ

, 1, ,jw j m=

jw

0 , 1, ,j j mm =
0.x

            ʇʦʯʘʪʦʢ ʧʦʨʽʚʥʷʥʥʷ ʚʘʨʽʘʥʪʽʚ ʟ ʝʪʘʣʦʥʥʠʤ ʚʘʨʽʘʥʪʦʤ    

                                     ʇʝʨʝʚʽʨʢʘ 1-ʛʦ ʚʘʨʽʘʥʪʘ: 
0.x

1i=

ʇʦʯʘʪʦʢ ʧʝʨʝʚʽʨʢʠ ʟʘ ʧʘʨʘʤʝʪʨʘʤʠ. ʇʝʨʝʚʽʨʢʘ ʟʘ 1-ʤ ʧʘʨʘʤʝʪʨʦʤ: 1j =

0ij jm m²

        ʇʝʨʝʚʽʨʢʘ ʟʘ ʥʘʩʪʫʧʥʠʤ ʧʘʨʘʤʝʪʨʦʤ: 1j j= +

ʋʩʽ ʧʘʨʘʤʝʪʨʠ ʧʝʨʝʚʽʨʝʥʽ?
j m>

               ɼʦʜʘʚʘʥʥʷ ʚʘʨʽʘʥʪʘ       ʚ ʤʥʦʞʠʥʫ ix *X

ɺʠʟʥʘʯʝʥʥʷ ʟʥʘʯʝʥʥʷ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʧʘʨʘʤʝʪʨʘ

( )0
1

m

j ij j j
j

f wm m
=

= - Öä

               ʇʝʨʝʚʽʨʢʘ ʥʘʩʪʫʧʥʦʛʦ ʚʘʨʽʘʥʪʘ1i i= +

ʋʩʽ ʚʘʨʽʘʥʪʠ ʧʝʨʝʚʽʨʝʥʽ?
i n>

ʄʥʦʞʠʥʘ       ʧʫʩʪʘ?
*X

*X =Å

                    ɺʠʙʽʨ ʚʘʨʽʘʥʪʘ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ jf

ʇʦʤô̫ ʛʰʝʥʥʷ 

ʦʙʤʝʞʝʥʴ (ʧʝʨʝʙʫʜʦʚʘ 

ʝʪʘʣʦʥʥʦʛʦ ʚʘʨʽʘʥʪʘ   )

ʇʦʰʫʢ ʥʦʚʠʭ 

ʚʘʨʽʘʥʪʽʚ

0x

ʥʽ

ʥʽ

ʪʘʢ

ʥʽ

ʥʽ

ʪʘʢ

ʪʘʢ

ʪʘʢ

 

 

ʈʠʩʫʥʦʢ 2.21 ï ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʫ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ 

ʷʢʦʩʪʽ ʚʘʨʽʘʥʪʫ ʨʝʘʣʽʟʘʮʽʾ ʘʚʪʦʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ ɼʊʇ 
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ʈʦʟʚôʷʟʦʢ ʟʘʜʘʯʽ ʟʘ ʟʘʧʨʦʧʦʥʦʚʘʥʠʤ ʘʣʛʦʨʠʪʤʦʤ (ʨʠʩ. 2.21). 

ɺʩʪʘʥʦʚʣʶʻʤʦ ʤʽʥʽʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʷʢʦʩʪʽ: 

min
1 0,60m = , 

min
2 0,50m = , 

min
3 0,60m = . ʇʽʩʣʷ ʥʦʨʤʘʣʽʟʘʮʽʾ ʚʝʢʪʦʨ ʨʽʚʥʽʚ 

ʚʘʞʣʠʚʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ ʤʘʻ ʪʘʢʠʡ ʚʠʛʣʷʜ: ( )0,5 0,3 0,2
T

W= . 

ʇʨʠ ʧʝʨʝʚʽʨʮʽ ʚʘʨʽʘʥʪʽʚ ʟʘ ʫʤʦʚʦʶ 0ij jm m²  ʚʩʪʘʥʦʚʣʝʥʦ: 

ï ʚʘʨʽʘʥʪ ( )2 0,51 0,62 0,73x  ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ ʟʘ ʧʘʨʘʤʝʪʨʦʤ 1y ; 

ï ʚʘʨʽʘʥʪ ( )3 0,91 0,79 0,56x  ʥʝ ʟʘʜʦʚʦʣʴʥʷʻ ʚʠʤʦʛʠ ʟʘ ʧʘʨʘʤʝʪʨʦʤ 3y . 

ʎ ̔ʚʘʨʽʘʥʪʠ ʚʠʜʘʣʷʶʪʴʩʷ ʽʟ ʤʥʦʞʠʥʠ ʨʦʟʚôʷʟʢʽʚ. ɿʘʣʠʰʘʶʪʴʩʷ ʜʚʘ ʚʘʨʽʘʥʪʘ: 

1x  ʪʘ 4x . 

{ }*
1 4,X x x= . ɰʭ ʽʥʪʝʛʨʘʣʴʥʠʡ ʧʘʨʘʤʝʪʨ ʧʨʠʡʤʘʻ ʪʘʢʽ ʟʥʘʯʝʥʥʷ: 

( ) ( ) ( )1 0,63 0,60 0,50 0,74 0,50 0,30 0,82 0,60 0,20 0,13f = - Ö + - Ö + - Ö =; 

( ) ( ) ( )4 0,82 0,60 0,50 0,71 0,50 0,30 0,61 0,60 0,20 0,18f = - Ö + - Ö + - Ö =; 

ʈʝʟʫʣʴʪʘʪ ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯʽ ï ʚʘʨʽʘʥʪ ( )4 0,82 0,71 0,61x . 

ʆʪʞʝ, ʧʨʠ ʜʦʩʪʘʪʥʽʡ ʧʦʚʥʦʪʽ ʥʘʷʚʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʨʦʟʨʦʙʣʝʥʠʡ ʘʣʛʦʨʠʪʤ 

ʤʝʪʦʜʠʢʠ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ ʧʨʦʚʘʜʞʝʥʥʷ ɸʊɽ ɼʊʇ 

ʤʦʞʥʘ ʨʝʢʦʤʝʥʜʫʚʘʪʠ ʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʦʩʢʽʣʴʢʠ ʚʽʥ ʜʘʻ ʨʽʰʝʥʥʷ, ʷʢʝ 

ʥʘʡʢʨʘʱʝ ʚʽʜʧʦʚʽʜʘ ̒ʚʠʤʦʛʘʤ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ. 

 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 2 

 

1. ʂʦʥʮʝʧʮʽʷ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʧʨʦʮʝʩ 

ʥʘʧʨʘʮʶʚʘʥʥʷ ʨʽʰʝʥʴ ʚ ʘʚʪʦʪʝʭʥʽʯʥʽʡ ʝʢʩʧʝʨʪʠʟʽ ɼʊʇ ʧʦʪʨʽʙʥʦ ʨʦʟʛʣʷʜʘʪʠ ʥʝ 

ʣʠʰʝ ʷʢ ʜʝʪʝʨʤʽʥʦʚʘʥʠʡ, ʘʣʝ ʽ ʷʢ ʥʝʯʽʪʢʠʡ ʪʘ ʩʪʦʭʘʩʪʠʯʥʠʡ ʧʨʦʮʝʩ, ʷʢʠʡ 

ʧʦʪʨʝʙʫʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʠʥʪʝʟʦʚʘʥʠʭ ʜʝʪʝʨʤʽʥʦʚʘʥʠʭ, ʽʤʦʚʽʨʥʽʩʥʠʭ, 

ʨʝʛʨʝʩʽʡʥʠʭ ʪʘ ʥʝʡʨʦ-ʥʝʯʽʪʢʠʭ ʤʦʜʝʣʝʡ ʟ ʤʝʪʦʶ ʚʨʘʭʫʚʘʥʥʷ ʙʽʣʴʰʦʩʪʽ 

ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʝʣʠʯʠʥʫ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ 

ʝʢʩʧʝʨʪʥʠʭ ʚʠʩʥʦʚʢʽʚ. 
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2. ɼʣʷ ʧʦʩʠʣʝʥʥʷ ʬʘʢʪʦʨʘ ʦʙôʻʢʪʠʚʥʦʩʪʽ ʚ ʦʮʽʥʮʽ ʧʦʜʽʡ, ʟʤʝʥʰʝʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʦʙʤʝʞʝʥʴ ʩʫʙôʻʢʪʠʚʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʥʘ ʩʚʦʙʦʜʫ ʚʠʙʦʨʫ ʝʢʩʧʝʨʪʘ-

ʘʚʪʦʪʝʭʥʽʢʘ ʜʦʮʽʣʴʥʠʤ ʻ ʚʩʪʘʥʦʚʣʝʥʥʷ ʫʟʘʛʘʣʴʥʝʥʦʛʦ (ʽʥʪʝʛʨʘʣʴʥʦʛʦ) 

ʢʨʠʪʝʨʽʶ, ʟʘ ʟʥʘʯʝʥʥʷʤ ʷʢʦʛʦ ʧʨʠʡʤʘʻʪʴʩʷ ʨʽʰʝʥʥʷ ʱʦʜʦ ʚʠʙʦʨʫ ʥʘʡʢʨʘʱʦʾ 

ʘʣʴʪʝʨʥʘʪʠʚʠ ʚ ʫʤʦʚʘʭ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʧʽʜ ʯʘʩ ʨʦʟʚôʷʟʫʚʘʥʥ ̫

ʟʘʜʘʯ ʘʚʪʦʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ ɼʊʇ. ʇʨʦʮʝʜʫʨʘ ʬʦʨʤʫʚʘʥʥʷ ʽʥʪʝʛʨʘʣʴʥʦʛʦ 

ʢʨʠʪʝʨʽʶ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘ ʧʝʨʝʪʠʥʽ ʧʨʝʜʤʝʪʥʠʭ ʦʙʣʘʩʪʝʡ ʩʪʘʪʠʩʪʠʢʠ, ʪʝʦʨʽʾ ʙʘʟ 

ʜʘʥʠʭ ʪʘ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ.  

3. ɯʥʩʪʨʫʤʝʥʪʘʣʴʥʽ ʟʘʩʦʙʠ, ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʽʚ ʪʝʦʨʽʾ ʥʝʡʨʦʤʝʨʞ 

ʪʘ ʪʝʦʨʽʾ ʥʝʯʽʪʢʠʭ ʤʥʦʞʠʥ, ʜʦʟʚʦʣʷʶʪʴ ʤʽʥʽʤʽʟʫʚʘʪʠ ʚʧʣʠʚ ʩʫʙôʻʢʪʠʚʥʦ ʾ

ʥʝʚʠʟʥʘʯʝʥʦʩʪ̔ ʽ ʥʘʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʦʩʦʙʘʤ, ʷʢʽ ʧʨʠʡʤʘʶʪʴ ʨʽʰʝʥʥʷ, 

ʢʦʨʠʛʫʚʘʪʠ ʽ ʫʪʦʯʥʶʚʘʪʠ ʝʢʩʧʝʨʪʥʽ ʚʠʩʥʦʚʢʠ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʦʙôʻʢʪʠʚʥʦʩʪʽ 

ʪʘ ʜʦʩʪʦʚʽʨʥʦʩʪʽ. 

4. ʄʦʜʫʣʴʥʘ ʪʝʭʥʦʣʦʛʽʷ ʩʠʥʪʝʟʫ ʽʥʪʝʛʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʘʚʪʦʪʝʭʥʽʯʥʦʾ 

ʝʢʩʧʝʨʪʠʟʠ ɼʊʇ ʥʘ ʦʩʥʦʚʽ ʤʦʨʬʦʣʦʛʽʯʥʦʛʦ ʤʝʪʦʜʫ ʥʘʜʘʻ ʟʘʩʦʙʠ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʢʦʤʧʦʥʝʥʪʥʦ ʾ ʨʦʟʨʦʙʢʠ ʩʠʩʪʝʤʠ ʣʶʙʦʛʦ ʨʽʚʥʷ ʷʢʦʩʪʽ ʪʘ 

ʩʢʣʘʜʥʦʩʪʽ ʟʽ ʩʪʘʥʜʘʨʪʥʠʭ ʤʦʜʫʣʽʚ, ʧʨʠ ʟʤʽʥʽ ʫʤʦʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʮʷ 

ʪʝʭʥʦʣʦʛʽʷ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʛʥʫʯʢʽʩʪʴ ʩʠʩʪʝʤʠ, ʱʦ ʧʽʜʚʠʱʫʻ ʦʙôʻʢʪʠʚʥʽʩʪʴ 

ʝʢʩʧʝʨʪʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʤʝʭʘʥʽʟʤʫ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ. 

5. ʈʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ ʚʘʨʽʘʥʪʘ ʧʨʦʚʝʜʝʥʥʷ ʘʚʪʦʪʝʭʥʽʯʥʦʾ 

ʝʢʩʧʝʨʪʠʟʠ ʥʘ ʦʩʥʦʚʽ ʤʦʜʝʣ ̔ʝʪʘʣʦʥʥʦʛʦ ʧʦʨʽʚʥʷʥʥʷ ʚ ʢʦʤʙ̔ʥʘʮʽʾ ʟ ʤʦʜʝʣʷʤʠ 

ʢʦʤʧʨʦʤʽʩʥʦʛʦ ʪʘ ʘʙʩʦʣʶʪʥʦʛʦ ʨʽʰʝʥʥʷ ʚʽʜʦʙʨʘʞʘʻ ʚʝʩʴ ʩʧʝʢʪʨ ʚʟʘʻʤʦʜʽʾ 

ʫʯʘʩʥʠʢʽʚ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʪʘ ʜʦʟʚʦʣʷʻ ʚʨʘʭʫʚʘʪʠ ʥʝʦʙʭʽʜʥʽ ʢʦʤʧʦʥʝʥʪʠ ʩʠʩʪʝʤʠ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ: ʢʦʤʧʦʥʝʥʪ ʦʮʽʥʝʥʥʷ ʪʘ ʘʥʘʣʽʟʫ ʜʽʷʣʴʥʦʩʪʽ ʪʘ ʢʦʤʧʦʥʝʥʪ 

ʝʪʘʣʦʥʥʦʾ ʩʠʩʪʝʤʠ ʧʦʢʘʟʥʠʢʽʚ (ʩʪʘʥʜʘʨʪʽʚ). ɼʘʥʘ ʩʠʩʪʝʤʘ  ̒ʤʝʪʦʜʦʣʦʛʽʯʥʦʶ 

ʦʩʥʦʚʦʶ ʢʦʥʮʝʧʮʽʾ ʦʮʽʥʶʚʘʥʥʷ ʽ ʟʤʝʥʰʝʥʥʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ 

ʧʨʦʚʘʜʞʝʥʥʷ ɸʊɽ ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʠʛʦʜ ʥʘ ʙʘʟʽ ʩʫʯʘʩʥʠʭ 

ʝʢʩʧʝʨʪʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ, ʥʘʚʝʜʝʥʽ ʚ ʨʦʟʜʽʣʽ 2, ʦʧʫʙʣʽʢʦʚʘʥʽ ʚ ʨʦʙʦʪʘʭ [1, 22, 

24-28, 31-33, 49, 50, 58, 60]. 
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ʈʆɿɼɯʃ 3 

ʄʆɼɽʃɯ ʇɯɼɺʀʑɽʅʅʗ ʆɹôɭʂʊʀɺʅʆʉʊɯ ɽʂʉʇɽʈʊʅʀʍ ɼʆʉʃɯɼɾɽʅʔ 

ɼʆʈʆɾʅʔʆ-ʊʈɸʅʉʇʆʈʊʅʀʍ ʇʈʀɻʆɼ 

 

3.1 ʄʦʜʝʣʴ ʦʮʽʥʶʚʘʥʥʷ ʚʽʜʩʪʘʥʽ ʚʠʜʠʤʦʩʪʽ ʦʙôʻʢʪʽʚ ʧʨʠ ʨʫʩʽ ʘʚʪʦʤʦʙʽʣʷ ʚ 

ʪʝʤʥʫ ʧʦʨʫ ʜʦʙʠ 

 

ʊʝʤʥʘ ʧʦʨʘ ʜʦʙʠ ʻ ʥʘʡʙʽʣʴʰ ʥʝʙʝʟʧʝʯʥʠʤ ʧʝʨʽʦʜʦʤ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʪʘ ʨʫʭʫ ʧʽʰʦʭʦʜʽʚ (ʙʣʠʟʴʢʦ 52% ʚʠʧʘʜʢʽʚ ʟʘʛʠʙʝʣʽ ʚʦʜʽʾʚ 

ʪʘ 71% ʚʠʧʘʜʢʽʚ ʟʘʛʠʙʝʣʽ ʧʽʰʦʭʦʜʽʚ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʪʝʤʥʫ ʧʦʨʫ ʜʦʙʠ ʪʘ 

ʩʫʪʽʥʢʠ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʟʥʠʞʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʨʫʭʫ ʚ 3ï10 ʨʘʟʠ) [333, 334]. 

ɹʝʟʧʝʢʘ ʨʫʭʫ ʊɿ ʚ ʪʝʤʥʫ ʧʦʨʫ ʜʦʙʠ ʟʘʣʝʞʠʪʴ ʥʘ 97ï99 % ʚʽʜ ʟʦʨʦʚʦʾ ʪʘ ʥʘ  

1ï3% ʚʽʜ ʩʣʫʭʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʜʦʨʦʞʥʶ ʦʙʩʪʘʥʦʚʢʫ [2]. ʎʴʦʤʫ ʩʧʨʠʷʶʪʴ 

ʪʘʢʽ ʬʘʢʪʦʨʠ: ʚʽʜʩʫʪʥʻ ʘʙʦ ʥʝʟʘʜʦʚʽʣʴʥʝ ʦʩʚʽʪʣʝʥʥʷ ʧʨʦʾʟʥʦʾ ʯʘʩʪʠʥʠ; 

ʥʝʟʘʜʦʚʽʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʩʠʩʪʝʤʠ ʦʩʚʽʪʣʝʥʥʷ ʊɿ; ʟʘʩʣʽʧʣʶʚʘʥʥʷ ʚʦʜʽʷ 

ʩʚʽʪʣʦʤ ʬʘʨ ʟʫʩʪʨʽʯʥʦʛʦ ʊɿ; ʧʽʜʚʠʱʝʥʘ ʚʪʦʤʣʶʚʘʥʽʩʪʴ ʚʦʜʽʷ ʚʥʘʩʣʽʜʦʢ 

ʚʽʜʩʫʪʥʦʩʪʽ ʬʽʟʽʦʣʦʛʽʯʥʦʛʦ ʤʝʪʦʜʫ ʧʝʨʝʙʫʜʦʚʠ ʩʚʦʛʦ ʨʝʞʠʤʫ ʜʣʷ ʨʦʙʦʪʠ ʚʥʦʯʽ; 

ʥʝʧʦʚʥʘ ʦʮʽʥʢʘ ʨʝʘʣʴʥʦʾ ʥʽʯʥʦʾ ʜʦʨʦʞʥʴʦʾ ʦʙʩʪʘʥʦʚʢʠ, ʘʥʘʣʦʛʽʯʥʦʾ ʢʝʨʫʚʘʥʥʶ 

ʊɿ ʚʜʝʥʴ; ʙʨʘʢ ʜʦʩʚʽʜʫ ʽ ʧʨʦʬʝʩʽʡʥʠʭ ʧʨʠʡʦʤʽʚ ʢʝʨʫʚʘʥʥʷ ʊɿ ʚ ʪʝʤʥʫ ʧʦʨʫ 

ʜʦʙʠ. 

ɯʩʥʫʻ ʙʘʛʘʪʦ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ, ʟʘʩʦʙʽʚ ʽ ʪʝʭʥʦʣʦʛʽʡ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ 

ʦʮʽʥʶʚʘʥʥʷ ʚʠʜʠʤʦʩʪʽ ʦʙôʻʢʪʽʚ ʥʘ ʜʦʨʦʟʽ ʚ ʥʽʯʥʠʡ ʯʘʩ ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʨʦʙʦʪʠ ʩʠʩʪʝʤ ʘʢʪʠʚʥʦʾ ʙʝʟʧʝʢʠ ʊɿ ʪʘ ʜʦʧʦʤʦʛʠ ʚʦʜʽʶ [197, 335, 336], 

ʦʨʛʘʥʽʟʘʮʽʾ ʪʘ ʢʝʨʫʚʘʥʥʷ ʜʦʨʦʞʥʽʤ ʨʫʭʦʤ [337-339] ʪʘ ʘʚʪʦʪʝʭʥʽʯʥʦʾ 

ʝʢʩʧʝʨʪʠʟʠ ɼʊʇ [88, 340]. 

ɼʣʷ ʧʦʰʫʢʫ ʦʙôʻʢʪʠʚʥʦʾ ʚʽʜʧʦʚʽʜʽ ʥʘ ʧʠʪʘʥʥʷ ʱʦʜʦ ʧʨʘʚʠʣʴʥʦʩʪʽ ʦʙʨʘʥʥʷ 

ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʚ ʪʝʤʥʫ ʧʦʨʫ ʜʦʙʠ ʪʘ ʪʝʭʥʽʯʥʦʾ ʤʦʞʣʠʚʦʩʪʽ ʫ ʚʦʜʽʷ ʫʥʠʢʥʫʪʠ 

ʥʘʾʟʜʫ ʥʘ ʧʽʰʦʭʦʜʘ ʘʙʦ ʧʝʨʝʰʢʦʜʫ ʧʨʠ ʨʦʟʩʣʽʜʫʚʘʥʥʽ ʤʝʭʘʥʽʟʤʫ ɼʊʇ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʜʩʪʘʥʴ ʚʠʜʠʤʦʩʪʽ ʦʙôʻʢʪʽʚ ʥʘ ʜʦʨʦʟʽ ʚ 

ʫʤʦʚʘʭ, ʘʥʘʣʦʛʽʯʥʠʭ ʫʤʦʚʘʤ ʚ ʤʦʤʝʥʪ ʚʠʥʠʢʥʝʥʥʷ ʘʚʘʨʽʡʥʦʾ ʩʠʪʫʘʮʽʾ [89]. 
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ʉʢʣʘʜʥʽʩʪʴ ʽ ʥʝʦʜʥʦʟʥʘʯʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʚʽʜʩʪʘʥʽ ʚʠʜʠʤʦʩʪʽ ʣʶʜʠʥʦʶ, 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʪʨʫʜʦʤʽʩʪʢʠʭ ʥʘʪʫʨʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʚ ʤʘʢʩʠʤʘʣʴʥʦ 

ʥʘʙʣʠʞʝʥʠʭ ʜʦʨʦʞʥʽʭ, ʧʦʛʦʜʥʠʭ ʪʘ ʽʥʰʠʭ ʫʤʦʚʘʭ ʜʦ ʪʠʭ, ʱʦ ʤʘʣʠ ʤʽʩʮʝ ʧʨʠ 

ɼʊʇ ʩʧʨʠʷʶʪʴ ʚʠʥʠʢʥʝʥʥʶ ʧʦʭʠʙʦʢ ʪʘ ʟʙʽʣʴʰʫʶʪʴ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʜʘʥʠʭ, ʥʘ 

ʦʩʥʦʚʽ ʷʢʠʭ ʬʦʨʤʫʶʪʴʩʷ ʝʢʩʧʝʨʪʥʽ ʚʠʩʥʦʚʢʠ. ɺʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ 

ʤʦʞʣʠʚʝ ʥʘ ʦʩʥʦʚʽ ʚʩʝʙʽʯʥʦʛʦ ʚʠʚʯʝʥʥʷ ʭʘʨʘʢʪʝʨʫ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʽ ʟʦʨʦʚʦ ʾ

ʧʝʨʮʝʧʮʽʾ ʩʚʽʪʣʘ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʬʘʨ, ʨʦʟʨʦʙʢʠ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʠʢ ʦʮʽʥʶʚʘʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʘʨ ʚ ʨʽʟʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ.  

 

3.1.1 ɸʥʘʣʽʟ ʨʦʟʚʠʪʢʫ ʢʦʥʩʪʨʫʢʮʽʡ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʬʘʨ ʪʘ ʪʝʦʨʝʪʠʯʥʠʭ 

ʟʘʩʘʜ ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʾʭ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ɯʩʪʦʨʽʷ ʨʦʟʚʠʪʢʫ ʩʠʩʪʝʤ ʛʦʣʦʚʥʦʛʦ ʦʩʚʽʪʣʝʥʥʷ ʘʚʪʦʤʦʙʽʣʽʚ ʨʦʟʧʦʯʘʣʘʩʴ ʟ 

1898 ʨʦʢʫ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʣʘʤʧ ʥʘʢʘʣʶʚʘʥʥʷ, ʷʢʽ ʟʤʽʥʠʣʠ 

ʛʘʣʦʛʝʥʥʽ ʣʘʤʧʠ, ʚʧʨʦʚʘʜʞʝʥʽ ʫ 1971 ʨʦʮʽ. ɿ 1992 ʨʦʢʫ ʦʪʨʠʤʘʣʠ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʢʩʝʥʦʥʦʚʽ ʣʘʤʧʠ ʛʦʣʦʚʥʦʛʦ ʦʩʚʽʪʣʝʥʥʷ, ʟ 2007 ʨʦʢʫ ï ʩʚʽʪʣʦʜʽʦʜʥʽ, ʘ ʟ 

2014 ʨʦʢʫ ï ʣʘʟʝʨʥʦ-ʣʶʤʽʥʦʬʦʨʥʽ [341, 342]. ɿʘ ʦʩʪʘʥʥʽ 25 ʨʦʢʽʚ ʟʥʘʯʥʦ 

ʧʦʢʨʘʱʠʣʠʩʴ ʦʧʪʠʯʥʽ ʩʠʩʪʝʤʠ ʬʘʨ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʽ ʜʘʪʯʠʢʠ, ʧʨʦʛʨʘʤʥʽ ʪʘ 

ʝʣʝʢʪʨʦʥʥʽ ʢʦʤʧʦʥʝʥʪʠ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʦʩʚʽʪʣʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ ʊɿ [34, 343]. 

ɿʘ ʜʘʥʠʤʠ ʘʥʘʣʽʪʠʯʥʠʭ ʟʚʽʪʽʚ ʟ ʨʦʟʚʠʪʢʫ ʩʚʽʪʦʚʦʛʦ ʨʠʥʢʫ ʘʚʪʦʤʦʙʽʣʴʥʦʾ 

ʩʚʽʪʣʦʪʝʭʥʽʢʠ ʥʘ ʜʘʥʠʡ ʯʘʩ ʚ ʊɿ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʨʠ ʦʩʥʦʚʥʠʭ ʪʠʧʠ ʜʞʝʨʝʣ 

ʦʩʚʽʪʣʝʥʥʷ: ʛʘʣʦʛʝʥʥʝ, ʢʩʝʥʦʥʦʚʝ ʪʘ ʩʚʽʪʣʦʜʽʦʜʥʝ (ʪʘʙʣ. 3.1), ʧʨʠʯʦʤʫ ʜʦʣʷ 

ʘʚʪʦʤʦʙʽʣʽʚ ʟ ʛʘʣʦʛʝʥʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʩʢʣʘʜʘʻ 70-80% [341, 344]. 

ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʟʫʘʣʴʥʦʾ ʨʝʘʢʮʽʾ ʣʶʜʠʥʠ ʥʘ ʩʚʽʪʣʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʘʢʽ 

ʬʦʪʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʷʢ ʩʠʣʘ ʩʚʽʪʣʘ, ʩʚʽʪʣʦʚʠʡ ʧʦʪʽʢ, ʦʩʚʽʪʣʝʥʽʩʪʴ, 

ʷʩʢʨʘʚʽʩʪʴ ʪʘ ʩʚʽʪʣʦʚʘ ʝʬʝʢʪʠʚʥʽʩʪʴ [2, 197, 334]. ʗʢʽʩʪʴ ʩʚʽʪʣʘ ʘʚʪʦʤʦʙʽʣʴʥʠʭ 

ʬʘʨ ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʟʘ ʡʦʛʦ ʜʘʣʴʥʽʩʪʶ, ʰʠʨʠʥʦʶ, ʢʦʤʬʦʨʪʦʤ (ʦʭʚʘʪʦʤ ʟʦʥʠ 

ʧʦʛʣʷʜʫ ʚʦʜʽʷ) ʪʘ ʨʽʚʥʝʤ ʥʝʟʨʫʯʥʦʩʪʝʡ ʜʣʷ ʽʥʰʠʭ ʫʯʘʩʥʠʢʽʚ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʤʽʞʥʘʨʦʜʥʠʭ ʚʠʤʦʛ (ʥʘʧʨʠʢʣʘʜ, ʇʨʘʚʠʣ ɭɽʂ ʆʆʅ R1, R2, R8, 

R20, R48, R98, R99). 
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ʊʘʙʣʠʮʷ 3.1 ï ʆʩʥʦʚʥʽ ʧʦʢʘʟʥʠʢʠ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʩʠʩʪʝʤ ʛʦʣʦʚʥʦʛʦ 

ʦʩʚʽʪʣʝʥʥʷ ʜʣʷ ʊɿ ʢʘʪʝʛʦʨʽʾ ʄ1 

ʇʦʢʘʟʥʠʢ/ʊʠʧ ʬʘʨ ɻʘʣʦʛʝʥʥʽ ʂʩʝʥʦʥʦʚʽ 
ʉʚʽʪʣʦʜʽʦʜʥʽ 

(LED) 

ʊʝʨʤʽʥ ʩʣʫʞʙʠ, ʛʦʜ ʜʦ 1000 ʜʦ 3000 
ʚʽʜ 10000 ʜʦ 

100000 

ʅʦʤʽʥʘʣʴʥʘ ʥʘʧʨʫʛʘ, ɺ 12 

85, 

ʜʣʷ ʽʤʧʫʣʴʩʫ ʜʦ 

ʚʢʣʶʯʝʥʥʷ (10-20 ʢɺ) 

12 

ʅʦʤʽʥʘʣʴʥʘ 

ʧʦʪʫʞʥʽʩʪʴ, ɺʪ 
55-65 35 ʜʦ 20 

ʉʚʽʪʣʦʚʠʡ ʧʦʪʽʢ, ʣʤ 1000-1650 2800-3200 
800-1700 ʽ 

ʙʽʣʴʰʝ 

ɺʘʨʪʽʩʪʴ ʥʠʟʴʢʘ ʚʠʩʦʢʘ ʚʠʩʦʢʘ 

 

ɺ ʪʝʤʥʫ ʧʦʨʫ ʜʦʙʠ ʟʘ ʫʤʦʚʘʤʠ ʙʝʟʧʝʢʠ ʨʫʭʫ ʥʝʦʙʭʽʜʥʦ ʱʦʙ ʚʽʜʩʪʘʥʴ 

ʚʠʜʠʤʦʩʪʽ ʜʦʨʦʞʥʽʭ ʦʙôʻʢʪʽʚ SV ʙʫʣʘ ʙʽʣʴʰʦʶ ʥʽʞ ʟʫʧʠʥʥʠʡ ʰʣʷʭ ʊɿ S0 

 

0 ,V SS S S² +  (3.1) 

 

ʜʝ SS ï ʽʥʪʝʨʚʘʣ ʙʝʟʧʝʢʠ ʜʦ ʧʝʨʝʰʢʦʜʠ. 

ɺ ʧʨʘʢʪʠʮʽ ʚʩʪʘʥʦʚʣʝʥʥʷ ʦʙʩʪʘʚʠʥ ɼʊʇ ɭʚʨʦʧʝʡʩʴʢʦʾ ʤʝʨʝʞʽ ʫʩʪʘʥʦʚ 

ʩʫʜʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠ [89] ʟʫʧʠʥʥʠʡ ʰʣʷʭ ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʚʠʨʘʟʦʤ (1.11). 

ʆʩʚʽʪʣʝʥʽʩʪʴ, ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʧʝʨʝʰʢʦʜʠ, ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʧʨʦʟʦʨʦʩʪʽ ʘʪʤʦʩʬʝʨʠ ʪʘ ʢʦʣʴʦʨʦʚʦʛʦ ʢʦʥʪʨʘʩʪʫ ʧʨʝʜʤʝʪʽʚ ʨʦʟʨʽʟʥʝʥʥʷ. ɰʾ 

ʥʘʙʣʠʞʝʥʦ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ ʝʤʧʽʨʠʯʥʦʶ ʬʦʨʤʫʣʦʶ [345] 

 

00.2 0.01 .nE S= + Ö (3.2) 

 

ʉʫʤʘʨʥʘ ʩʠʣʘ ʩʚʽʪʣʘ ʬʘʨ ʪʘ ʦʩʚʽʪʣʝʥʽʩʪʴ, ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʚʠʷʚʣʝʥʥʷ 

ʧʝʨʝʰʢʦʜʠ ʥʘ ʚʽʜʩʪʘʥʽ SV, ʧʦʚôʷʟʘʥʽ ʟʘʣʝʞʥʽʩʪʶ [346] 
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2.n VI E S= Ö  (3.3) 

 

ʅʘʩʢʽʣʴʢʠ ʧʦʛʽʨʰʫʻʪʴʩʷ ʚʠʜʠʤʽʩʪʴ ʜʦʨʦʞʥʽʭ ʦʙôʻʢʪʽʚ ʚʦʜʽʻʤ ʚʽʜ ʬʘʨ 

ʟʫʩʪʨʽʯʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʦʮʽʥʶʶʪʴ ʢʦʝʬʽʮʽʻʥʪʦʤ ʟʘʩʣʽʧʣʝʥʥʷ 

 

( )/ ,S S F SC I I I= +  (3.4) 

 

ʜʝ IS ï ʩʠʣʘ ʩʚʽʪʣʘ, ʱʦ ʩʧʨʠʯʠʥʷʻ ʝʬʝʢʪ ʟʘʩʣʽʧʣʝʥʥʷ;  

I f ï ʩʠʣʘ ʩʚʽʪʣʘ ʬʘʨ ʟʫʩʪʨʽʯʥʦʛʦ ʘʚʪʦʤʦʙʽʣʷ, ʱʦ ʧʦʪʨʘʧʣʷʻ ʚ ʦʯʽ ʚʦʜʽʷ. 

ɺʽʜʩʪʘʥʴ ʚʠʜʠʤʦʩʪʽ ʜʦʨʦʞʥʽʭ ʦʙôʻʢʪʽʚ (ʨʠʩ. 3.1) ʟʘʣʝʞʠʪʴ ʚʽʜ ʦʩʚʽʪʣʝʥʦʩʪʽ 

ʜʦʨʦʛʠ E, ʩʪʚʦʨʝʥʦʾ ʥʘ ʚʽʜʩʪʘʥʽ d ʪʘ ʦʩʚʽʪʣʝʥʦʩʪʽ, ʥʝʦʙʭʽʜʥʦʾ ʜʣʷ ʚʠʷʚʣʝʥʥʷ 

ʧʝʨʝʰʢʦʜʠ 

 

ɺ̔ ʜʩʪʘʥʴ ʚʠʜʠʤʦʩʪʽ ʜʦʨʦʞʥʽʭ ʦʙô̒ ʢʪʽʚ ʚ ʪʝʤʥʫ ʧʦʨʫ ʜʦʙʠ

ʉʝʨʝʜʦʚʠʱʝ ʽ ʫʤʦʚʠ ʨʫʭʫɸʚʪʦʤʦʙʽʣʴ ɺʦʜʽʡ

ʇʩʠʭʦ-ʬʽʟʽʦʣʦʛʽʯʥʠʡ ʩʪʘʥ

ʌʫʥʢʮʽʾ ʟʦʨʫ:

ʢʦʥʪʨʘʩʪʥʘ ʽ ʢʦʣʴʦʨʦʚʘ 

ʯʫʪʣʠʚʽʩʪʴ; ʛʦʩʪʨʦʪʘ 

ʨʦʟʨʽʟʥʝʥʥʷ ʦʙô̒ ʢʪʽʚ;

ʚhʠʜʢʽʩʪʴ ʨʦʟʨʽʟʥʝʥʥʷ;

ʥ̔ʝʨʮʽʷ ʟʦʨʫ; ʛʦʩʪʨʦʪʘ 

ʛʣʠʙʠʥʥʦʛʦ ʟʦʨʫ; 

ʘʜʘʧʪʘʮʽʷ ʜʦ ʟʘʩʣʽʧʣʝʥʥʷ

ʍʦʜʦʚʘ ʯʘʩʪʠʥʘ

ʈʽʚʝʥʴ ʟʘʚʘʥʪʘʞʝʥʥʷ

ʊʠʩʢ ʚ ʰʠʥʘʭ ʢʦʣʽʩ

ʉʠʩʪʝʤʘ ʦʩʚʽʪʣʝʥʥʷ:

ʥʘʧʨʫʛʘ ʥʘ ʣʘʤʧʘʭ; 

ʢʫʪʠ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʬʘʨ; ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʚʽʪʣʦʚʠʭ ʧʨʠʣʘʜʽʚ 

ʪʘ ʾʭ ʨʦʟʤʽʱʝʥʥʷ

ʆʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʘʪʤʦʩʬʝʨʠ ʽ ʨʽʚʝʥʴ 

ʦʩʚʽʪʣʝʥʦʩʪʽ

ʂʦʥʪʨʘʩʪ, ̫ ʩʢʨʘʚʽʩʪʴ

ʐʚʠʜʢʽʩʪʴ ʨʫʭʫ

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʜʦʨʦʞʥʴʦʾ ʦʙʩʪʘʥʦʚʢʠ: 

ʛʝʦʤʝʪʨʽʷ ʜʦʨʦʛʠ; 

ʩʚʽʪʣʦʪʝʭʥʽʯʥʽ ʽ ʦʧʪʠʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʢʨʠʪʪʷ

ʇʘʨʘʤʝʪʨʠ, ɦ ʦ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʦʙô̒ ʢʪ 

ʨʦʟʨʽʟʥʝʥʥʷ:

ʢʫʪʦʚʠʡ ʨʦʟʤʽʨ d ; 

ʢʦʝʬʽʮʽʻʥʪ ʚʽʜʙʠʪʪʷ ɟ 

ɿʘʩʣʽʧʣʶʶʯʘ ʜʽʷ ʙʣʠʩʢʫʯʠʭ 

ʜʞʝʨʝʣ: 

ʢʦʝʬʽʮʽʻʥʪ ʟʘʩʣʽʧʣʝʥʥʷ CS 

ʉʚʽʪʣʦʪʝʭʥʽʯʥʽ 

ʧʘʨʘʤʝʪʨʠ ʩʚʽʪʣʦʚʦʛʦ 

ʧʨʠʣʘʜʫ:

cʠʣʘ ʩʚʽʪʣʘ IŬɓ ; 

ʢʫʪʠ ʨʦʟʩʽʶʚʘʥʥʷ Ŭ, ɓ  

ʈʽʚʝʥʴ ʟʦʨʦʚʦʛʦ ʩʧʨʠʡʥʷʪʪʷ 

ʚʦʜʽʷ: ʢʦʥʪʨʘʩʪ ʦʙô̒ ʢʪʘ 

ʨʦʟʨʽʟʥʝʥʥʷ ʟ ʬʦʥʦʤ K; 

ʷʩʢʨʘʚʽʩʪʴ ʘʜʘʧʪʘʮʽʾ Ba; 

ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ 

ʷʩʢʨʘʚʦʩʪʽ ʚ ʧʦʣʽ ʟʦʨʫ g 

 
 

ʈʠʩʫʥʦʢ 3.1 ï ʌʘʢʪʦʨʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʚʽʜʩʪʘʥʴ ʚʠʜʠʤʦʩʪʽ ʜʦʨʦʞʥʽʭ ʦʙôʻʢʪʽʚ 

ʚ ʪʝʤʥʫ ʧʦʨʫ ʜʦʙʠ 
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/ .V nS d E E=  (3.5) 

 

ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʷʢ ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʫ 3.1, ʚʽʜʩʪʘʥʽ ʚʠʜʠʤʦʩʪʽ ʜʦʨʦʞʥʽʭ 

ʦʙôʻʢʪʽʚ ʚ ʪʝʤʥʫ ʧʦʨʫ ʜʦʙʠ ʤʦʞʥʘ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʰʣʷʭʦʤ ʧʦʰʫʢʫ 

ʚʽʜʦʙʨʘʞʝʥʥʷ  

 

( , , , , , , , , ).V S aS f I C K Bab= abdr g (3.6) 

 

3.1.2 ʄʝʪʦʜʠʢʘ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʧʦʙʫʜʦʚʘ ʩʪʨʫʢʪʫʨʠ ʩʠʩʪʝʤʠ 

ɸʜʘʧʪʠʚʥʘ ʩʠʩʪʝʤʘ ʦʮʽʥʶʚʘʥʥʷ ʚʽʜʩʪʘʥʽ ʚʠʜʠʤʦʩʪʽ ʜʦʨʦʞʥʽʭ ʦʙôʻʢʪʽʚ ʚ 

ʪʝʤʥʫ ʧʦʨʫ ʜʦʙʠ ʨʦʟʨʦʙʣʷʣʘʩʴ ʥʘ ʙʘʟ̔ ʤʝʪʦʜʘ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʥʝʣʽʥʽʡʥʠʭ ʦʙôʻʢʪʽʚ 

ʥʝʯʽʪʢʠʤʠ ʙʘʟʘʤʠ ʟʥʘʥʴ [252, 257, 319] ʚ ʥʝʡʨʦ-ʥʝʯʽʪʢʦʤʫ ʨʝʜʘʢʪʦʨʽ Anfis [347] 

ʧʘʢʝʪʘ Fuzzy Logic Toolbox ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ Matlab [348]. 

ʉʠʩʪʝʤʘ ʙʫʜʫʚʘʣʘʩʴ ʚ ʜʚʘ ʝʪʘʧʠ (ʨʠʩ. 3.2): ʩʪʨʫʢʪʫʨʥʘ ʽʜʝʥʪʠʬʽʢʘʮʽʷ; 

ʧʘʨʘʤʝʪʨʠʯʥʘ ʽʜʝʥʪʠʬʽʢʘʮʽʷ.  

ʅʘ ʝʪʘʧʽ ʩʪʨʫʢʪʫʨʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʫ ʩʪʨʫʢʪʫʨʫ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜʩʪʘʥʽ ʚʠʜʠʤʦʩʪʽ ʚʽʜ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ (ʨʠʩ. 3.3) ʥʘ ʦʩʥʦʚʽ ʧʨʘʚʠʣ çʷʢʱʦ-ʪʦè. 

ʇʘʨʘʤʝʪʨʠʯʥʘ ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʧʨʦʚʦʜʠʣʘʩʴ ʰʣʷʭʦʤ ʧʽʜʙʦʨʫ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʙʘʟʠ ʟʥʘʥʴ, ʷʢʽ ʙ ʟʘʙʝʟʧʝʯʫʚʘʣʠ ʤʘʢʩʠʤʘʣʴʥʫ ʥʘʙʣʠʞʝʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣɹʥʠʭ ʜʘʥʠʭ. 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 3.3, ʥʝʡʨʦ-ʥʝʯʽʪʢʘ ʤʝʨʝʞʘ ʩʠʩʪʝʤʠ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧôʷʪʠ 

ʰʘʨʽʚ. ʂʦʞʝʥ ʚʫʟʦʣ ʧʝʨʰʦʛʦ ʰʘʨʫ ʷʚʣʷʻ ʩʦʙʦʶ ʦʜʠʥ ʪʝʨʤ ʟ ʛʘʫʩʩʦʚʦʶ 

ʬʫʥʢʮʽʻʶ ʥʘʣʝʞʥʦʩʪʽ [242, 253, 348] 

 

()

2

1
exp ,

2

i ij
j i

ij

x c
x

å õå õ-
æ öm = -æ ö
æ öæ ösç ÷ç ÷

 (3.7) 

 

ʜʝ mj(xi) ï ʬʫʥʢʮʽʷ ʥʘʣʝʞʥʦʩʪʽ ʥʝʯʽʪʢʦʾ ʤʥʦʞʠʥʠ aij;  

cij ʪʘ sij ï ʢʦʦʨʜʠʥʘʪʘ ʤʘʢʩʠʤʫʤʫ ʪʘ ʢʦʝʬʽʮʽʻʥʪ ʢʦʥʮʝʥʪʨʘʮʽʾ ï ʧʘʨʘʤʝʪʨʠ 

ʬʫʥʢʮʽʾ ʥʘʣʝʞʥʦʩʪʽ . 
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ɽʪʘʧ 1. ʉʪʨʫʢʪʫʨʥʘ ʽʜʝʥʪʠʬʽʢʘʮʽʷ

ʏʠʩʪʘ ʝʢʩʧʝʨʪʥʘ ʩʠʩʪʝʤʘ

ɿʥʘʥʥʷ ʝʢʩʧʝʨʪʘ ï ʘʥʘʣʽʟ ʪʘ ʚʠʙʽʨ 

ʥʘʡʚʘʛʦʤʽʰʠʭ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ

ʆʧʪʠʤʽʟʘʮʽʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʬʫʥʢʮʽʡ ʚʠʩʥʦʚʢʽʚ ʧʨʘʚʠʣ, ʱʦ 

ʬʦʨʤʫʶʪʴ ʚʠʭʽʜ ʤʝʨʝʞʽ, ʪʘ ʧʘʨʘʤʝʪʨʽʚ ʬʫʥʢʮʽʡ ʥʘʣʝʞʥʦʩʪʽ 

ʚʭʽʜʥʠʭ ʟʤʽʥʥʠʭ

ʈʦʟʨʦʙʢʘ ʧʨʘʚʠʣ 

ʥʝʯʽʪʢʦʛʦ ʣʦʛʽʯʥʦʛʦ 

ʚʠʩʥʦʚʢʫ ç̫ ʢʱʦ-ʪʦè

ɺʠʙʽʨ ʬʦʨʤ ʬʫʥʢʮʽʡ 

ʥʘʣʝʞʥʦʩʪʽ ʪʝʨʤʽʚ 

ʚʭʽʜʥʠʭ ʟʤʽʥʥʠʭ

ʅʝʡʨʦ-ʥʝʯʽʪʢʘ ʤʦʜʝʣʴ ʦʙô̒ ʢʪʘ

ʅʘʚʯʘʶʯʘ ʚʠʙʽʨʢʘ 

(ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʜʘʥʽ ʚʭʦʜʠ-ʚʠʭʽʜ)

ʄʝʪʦʜʠ ʦʧʪʠʤʽʟʘʮʽʾ (ʘʣʛʦʨʠʪʤ 

ʦʙʝʨʥʝʥʦʛʦ ʧʦʰʠʨʝʥʥʷ ʧʦʭʠʙʢʠ ʪʘ 

ʤʝʪʦʜ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ)

ɽʪʘʧ 2. ʇʘʨʘʤʝʪʨʠʯʥʘ ʽʜʝʥʪʠʬʽʢʘʮʽʷ

 
 

ʈʠʩʫʥʦʢ 3.2 ï ɽʪʘʧʠ ʥʘʣʘʰʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʦʮʽʥʶʚʘʥʥʷ ʚʽʜʩʪʘʥʽ ʚʠʜʠʤʦʩʪʽ 

 

SV

ɺʽʜʩʪʘʥʴ 

ʚʠʜʠʤʦʩʪʽ

 W

ɼʘʣʴʥʽʩʪʴ 

ʩʚʽʪʣʘ ʬʘʨʠ 

K

ʂʦʥʪʨʘʩʪ 

ʦʙô̒ʢʪʘ 

ʨʦʟʨʽʟʥʝʥʥʷ ʟ 

ʬʦʥʦʤ 

F

ʈʦʟʪʘʰʫʚʘʥʥʷ 

ʧʝʨʝʰʢʦʜʠ 

BD

ʈʝʞʠʤ ʨʦʙʦʪʠ 

ʬʘʨʠ  
 

ʈʠʩʫʥʦʢ 3.3 ï ʉʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʠ ʦʮʽʥʶʚʘʥʥʷ ʚʽʜʩʪʘʥʽ ʚʠʜʠʤʦʩʪʽ 
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ʂʽʣʴʢʽʩʪʴ ʚʫʟʣʽʚ ʜʨʫʛʦʛʦ ʰʘʨʫ ʜʦʨʽʚʥʶʻ ʢʽʣʴʢʦʩʪʽ ʧʨʘʚʠʣ ʥʝʯʽʪʢʦʾ ʙʘʟʠ 

ʟʥʘʥʴ ʉʫʛʝʥʦ [347] (ʜʣʷ ʮʦɹʛʦ ʚʠʧʘʜʢʫ, ʷʢ ʚʠʜʥʦ ʟ ʨʠʩ.3.3, ʢʽʣʴʢʽʩʪʴ ʧʨʘʚʠʣ 

ʩʪʘʥʦʚʠʪʴ m = 3*3*3*2 = 54). ʂʦʞʝʥ ʚʫʟʦʣ ʜʨʫʛʦʛʦ ʰʘʨʫ ʟôʻʜʥʘʥʠʡ ʟ ʪʘʢʠʤʠ 

ʚʫʟʣʘʤʠ ʧʝʨʰʦʛʦ ʰʘʨʫ, ʷʢʽ ʫʪʚʦʨʶʶʪʴ ʘʥʪʝʮʝʜʝʥʪʠ ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʨʘʚʠʣʘ. 

ɺʠʭʦʜʦʤ ʚʫʟʣʘ ʻ ʩʪʫʧʽʥʴ ʚʠʢʦʥʘʥʥʷ ʚʢʣʘʜʝʥʦʛʦ ʚ ʥʴʦʛʦ ʧʨʘʚʠʣʘ tr, ʱʦ 

ʜʦʨʽʚʥʶʻ ʜʦʙʫʪʢʫ ʚʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ. 

ʋʩʽ ʧôʷʪʜʝʩʷʪ ʯʦʪʠʨʠ ʚʫʟʣʘ ʪʨʝʪʴʦʛʦ ʰʘʨʫ ʚʠʟʥʘʯʘʶʪʴ ʚʽʜʥʦʩʥʫ ʩʪʫʧʽʥʴ 

ʚʠʢʦʥʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʥʝʯʽʪʢʦʛʦ ʧʨʘʚʠʣʘ tr*. ʋ ʚʫʟʣʘʭ ʯʝʪʚʝʨʪʦʛʦ ʰʘʨʫ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʢʣʘʜʠ ʥʝʯʽʪʢʠʭ ʧʨʘʚʠʣ ʫ ʚʠʭʽʜ ʤʝʨʝʞʽ SV. 

 

1,

* / ,r r j

j m=

t =t tä  (3.8) 

 

( )0, 1, 2, 3, 4,* ,V r r r r r r rS b b W b K b F b BD=t Ö + Ö + Ö + Ö + Ö (3.9) 

 

ʜʝ bq,r ï ʢʦʝʬʽʮʽʻʥʪʠ ʬʫʥʢʮʽʾ ʢʦʥʩʝʢʚʝʥʪʽʚ r-ʛʦ ʧʨʘʚʠʣʘ (r = 1, 2, é, 54;  

q = 0, 1, 2, 3, 4). 

ɭʜʠʥʠʡ ʚʫʟʦʣ ʧôʷʪʦʛʦ ʰʘʨʫ ʘʛʨʝʛʫʻ ʚʢʣʘʜʠ ʚʩʽʭ ʧʨʘʚʠʣ 

 

1 .V V V r V mS S S S= + + + + (3.10) 

 

ɺʩʽ ʬʘʢʪʦʨʠ ʚʧʣʠʚʫ ʥʘ ʚʽʜʩʪʘʥʴ ʚʠʜʠʤʦʩʪʽ (ʪʘʙʣ. 3.2) ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ 

ʣʽʥʛʚʽʩʪʠʯʥʽ ʟʤʽʥʥʽ, ʱʦ ʚʠʟʥʘʯʝʥʽ ʥʘ ʚʽʜʧʦʚʽʜʥʠʭ ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʤʥʦʞʠʥʘʭ ʽ 

ʦʮʽʥʶʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʝʯʽʪʢʠʭ ʪʝʨʤʽʚ. ʇʝʨʝʣʽʢ ʥʘʡʙʽʣʴʰ ʚʘʛʦʤʠʭ 

ʬʘʢʪʦʨʽʚ ʚʩʪʘʥʦʚʣʝʥʦ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʾʭ ʘʥʘʣʽʟʫ, ʧʨʝʜʩʪʘʚʣʝʥʦʛʦ ʚ [2]. 

ʈʝʢʦʤʝʥʜʘʮʽʾ ʜʣʷ ʦʮʽʥʝʥʥʷ ʢʦʥʪʨʘʩʪʫ ʦʙôʻʢʪʘ ʨʦʟʨʽʟʥʝʥʥʷ ʟ ʬʦʥʦʤ K 

ʥʘʜʘʥʦ ʚ ʪʘʙʣ. 3.3. 

ʇʨʘʚʠʣʘ ʥʝʯʽʪʢʦʛʦ ʣʦʛʽʯʥʦʛʦ ʚʠʩʥʦʚʢʫ çʷʢʱʦ-ʪʦè ʙʫʣʠ ʩʬʦʨʤʦʚʘʥʽ ʚ 

ʥʝʡʨʦ-ʥʝʯʽʪʢʦʤʫ ʨʝʜʘʢʪʦʨʽ Anfis ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ Matlab ʚ 

ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ.  
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ʊʘʙʣʠʮʷ 3.2 ï ʌʘʢʪʦʨʠ ʚʧʣʠʚʫ ʥʘ ʚʽʜʩʪʘʥʴ ʚʠʜʠʤʦʩʪʽ ʜʦʨʦʞʥʽʭ ʦʙôʻʢʪʽʚ ʚ 

ʪʝʤʥʫ ʧʦʨʫ ʜʦʙʠ 

ʌʘʢʪʦʨ 
ʋʥʽʚʝʨʩʘʣʴʥʘ 

ʤʥʦʞʠʥʘ 
ʊʝʨʤʠ ʜʣʷ ʦʮʽʥʦʢ 

W ï ɼʘʣʴʥʽʩʪʴ ʩʚʽʪʣʘ ʬʘʨʠ  
(150ï300) ʤ 

ʥʠʟʴʢʘ (W1), ʩʝʨʝʜʥʷ (W2), 

ʚʠʩʦʢʘ (W3) 

K ï ʢʦʥʪʨʘʩʪ ʦʙôʻʢʪʘ 

ʨʦʟʨʽʟʥʝʥʥʷ ʟ ʬʦʥʦʤ 
(0,07ï0,9) 

ʥʠʟʴʢʠʡ (K1), ʩʝʨʝʜʥʽʡ (K2), 

ʚʠʩʦʢʠʡ (K3) 

F ï ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʧʝʨʝʰʢʦʜʠ 
(0ï7,5) ʤ 

ʣʽʚʝ ʫʟʙʽʯʯʷ (F1), ʥʘ ʦʩʽ 

ʜʦʨʦʛʠ (F2),  

ʧʨʘʚʝ ʫʟʙʽʯʯʷ (F3) 

BD ï ʨʝʞʠʤ ʨʦʙʦʪʠ ʬʘʨʠ 
(1, 2) ʙ 

ʙʣʠʞʥʻ ʩʚʽʪʣʦ (BD1), ʜʘʣʴʥʻ 

ʩʚʽʪʣʦ (BD2) 

 

ʊʘʙʣʠʮʷ 3.3 ï ʈʝʢʦʤʝʥʜʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ ʢʦʥʪʨʘʩʪʫ ʦʙôʻʢʪʘ 

ʨʦʟʨʽʟʥʝʥʥʷ ʟ ʬʦʥʦʤ [2] 

ɼʦʨʦʞʥʻ ʧʦʢʨʠʪʪʷ ʇʦʢʘʟʥʠʢ K (ʩʠʣʫʝʪʥʘ ʚʠʜʠʤʽʩʪʴ) 

ʊʠʧ 

ʧʦʢʨʠʪʪʷ 

ʉʪʘʥ 

ʧʦʢʨʠʪʪʷ 

ʇ̔ ʰʦʭʽʜ, 

ʩʚʽʪʣʠʡ 

ʦʜʛ̫ 

ʇ̔ ʰʦʭʽʜ, 

ʪʝʤʥʠʡ 

ʦʜʛ̫ 

ʇʽʰʦʭʽʜ, 

ʩʚʽʪʣʠʡ ʦʜʛ̫ ʟʽ 

ʩʚʽʪʣʦ-

ʚʽʜʙʠʚʥʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ 

ʇʽʰʦʭʽʜ,  

ʪʝʤʥʠʡ ʦʜʛ̫ ʟʽ 

ʩʚʽʪʣʦ-

ʚʽʜʙʠʚʥʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ 

ʎʝʤʝʥʪʦ-

ʙʝʪʦʥʥʝ, 

ɸʩʬʘʣʴʪʦ-

ʙʝʪʦʥʥʝ 

ʉʫʭʝ 0.8 0.1 0.9 0.4 

ʄʦʢʨʝ 0.72 0.07 0.82 0.25 

ʇʦʢʨʠʪʝ 

ʩʥʽʛʦʤ 
0.08 0.75 0.35 0.88 

ˆʨʫʥʪʦʚʘ 

ʜʦʨʦʛʘ 

ʉʫʭʝ 0.7 0.2 0.84 0.3 

ʄʦʢʨʝ 0.75 0.5 0.87 0.48 

ʇʦʢʨʠʪʝ 

ʩʥʽʛʦʤ 
0.08 0.75 0.35 0.89 

 

 



180 

3.1.3 ʇʘʨʘʤʝʪʨʠʯʥʘ ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʩʠʩʪʝʤʠ 

ʇʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚ ʜʦʨʦʞʥʽʭ ʫʤʦʚʘʭ (ʜʠʚ. ʧ. 4.2) ʟ ʤʝʪʦʶ 

ʩʪʚʦʨʝʥʥʷ ʥʘʚʯʘʣʴʥʦʾ ʪʘ ʪʝʩʪʦʚʦʾ ʚʠʙʽʨʦʢ ʜʣʷ ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ 

ʥʝʡʨʦ-ʥʝʯʽʪʢʦʾ ʩʠʩʪʝʤʠ ʬʽʢʩʫʚʘʣʠʩʴ ʟʥʘʯʝʥʥʷ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ ʥʘ ʚʽʜʩʪʘʥʴ 

ʚʠʜʠʤʦʩʪʽ ʜʦʨʦʞʥʽʭ ʦʙôʻʢʪʽʚ ʚ ʪʝʤʥʫ ʧʦʨʫ ʜʦʙʠ (ʜʠʚ. ʪʘʙʣ. 3.2) ʪʘ ʩʘʤʘ ʚʽʜʩʪʘʥʴ 

ʚʠʜʠʤʦʩʪʽ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʙʫʣʘ ʦʪʨʠʤʘʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʙʘʟʘ ʜʘʥʠʭ (700 ʧʘʨ 

ʜʘʥʠʭ ʚʭʦʜʠ-ʚʠʭʽʜ, ɼʦʜʘʪʦʢ E), ʬʨʘʛʤʝʥʪ ʷʢʦʾ ʧʦʜʘʥʦ ʚ ʪʘʙʣʠʮʽ 3.4. ɿ 

ʦʪʨʠʤʘʥʦʾ ʙʘʟʠ ʜʘʥʠʭ ʙʫʣʦ ʩʬʦʨʤʦʚʘʥʦ ʥʘʚʯʘʣʴʥʫ (420 ʧʘʨ ʜʘʥʠʭ ʚʭʦʜʠ-ʚʠʭʽʜ) 

ʪʘ ʪʝʩʪʦʚʫ ʚʠʙʽʨʢʠ (280 ʧʘʨ ʜʘʥʠʭ ʚʭʦʜʠ-ʚʠʭʽʜ). 

 

ʊʘʙʣʠʮʷ 3.4 ï ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʙʘʟʘ ʜʘʥʠʭ (ʬʨʘʛʤʝʥʪ)  

W 151 182 223 285 225 164 256 195 179 

K 0,07 0,2 0,5 0,7 0,25 0,84 0,08 0,84 0,2 

F 2 7,5 3 7 5 5 1 1 3,75 

BD 1 1 2 2 2 1 1 2 2 

SV, ʤ 37,1 51,8 155,6 250,8 129,7 75,6 50,9 160,7 94,5 

 

ʇʨʦʮʝʩ ʥʘʚʯʘʥʥʷ ʘʜʘʧʪʠʚʥʦʾ ʥʝʡʨʦ-ʥʝʯʽʪʢʦʾ ʩʠʩʪʝʤʠ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʚʽʜʩʪʘʥʽ 

ʚʠʜʠʤʦʩʪʽ ʟʘ ʚʠʙʽʨʢʦʶ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ çʚʭʦʜʠ-ʚʠʭʽʜè ʚ Anfis Editor 

Matlab ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʣʛʦʨʠʪʤʫ ʦʙʝʨʥʝʥʦʛʦ ʧʦʰʠʨʝʥʥʷ ʧʦʤʠʣʢʠ ʚ 

ʢʦʤʙʽʥʘʮʽʾ ʟ ʤʝʪʦʜʦʤ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ ʧʦʜʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 3.4. 

 

 

 

ʈʠʩʫʥʦʢ 3.4 ï ʇʨʦʮʝʩ ʥʘʚʯʘʥʥʷ ʘʜʘʧʪʠʚʥʦʾ ʥʝʡʨʦ-ʥʝʯʽʪʢʦʾ ʩʠʩʪʝʤʠ 
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ʗʢ ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʫ 3.4, ʥʘʚʯʘʥʥʷ ʟʘʚʝʨʰʠʣʦʩʴ ʥʘ 20 ʝʧʦʩʽ ʽ ʚ ʧʦʜʘʣʴʰʦʤʫ 

ʧʦʭʠʙʢʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʤʽʥʶʚʘʣʘʩʴ.  

ʇʘʨʘʤʝʪʨʠ ʬʫʥʢʮʽʡ ʥʘʣʝʞʥʦʩʪʽ  ʚʭʽʜʥʠʭ ʟʤʽʥʥʠʭ ʧʽʩʣʷ ʥʘʚʯʘʥʥʷ ʧʦʜʘʥʽ ʚ 

ʪʘʙʣʠʮʽ 3.5 ʪʘ ʥʘ ʨʠʩ. ɻ.1-ɻ.4 (ɼʦʜʘʪʦʢ ɻ). 

 

ʊʘʙʣʠʮʷ 3.5 ï ʇʘʨʘʤʝʪʨʠ ʬʫʥʢʮʽʡ ʥʘʣʝʞʥʦʩʪʽ  ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ ʥʘ ʚʽʜʩʪʘʥʴ 

ʚʠʜʠʤʦʩʪʽ 

ʌʘʢʪʦʨ 
ʋʥʽʚʝʨʩʘʣʴʥʘ 

ʤʥʦʞʠʥʘ 
ʊʝʨʤʠ ʜʣʷ ʦʮʽʥʦʢ 

ʇʘʨʘʤʝʪʨʠ ʬʫʥʢʮʽʡ ʥʘʣʝʞʥʦʩʪʽ  

ʧʽʩʣʷ ʥʘʚʯʘʥʥʷ 

ʢʦʦʨʜʠʥʘʪʘ 

ʤʘʢʩʠʤʫʤʫ cij  

ʢʦʝʬʽʮʽʻʥʪ 

ʢʦʥʮʝʥʪʨʘʮʽʾ sij 

W (150ï300) ʤ 

ʥʠʟʴʢʘ (W1), 

ʩʝʨʝʜʥʷ (W2), 

ʚʠʩʦʢʘ (W3) 

149.999346138 

224.999185599 

300.000345907 

31.8558451676 

31.8735525246 

31.8556578123 

K (0,07ï0,9) 

ʥʠʟʴʢʠʡ (K1), 

ʩʝʨʝʜʥʽʡ (K2), 

ʚʠʩʦʢʠʡ (K3) 

-0.059423168022 

0.420456376252 

1.01032090747 

0.301003227800 

0.288036935425 

0.180778548515 

F (0ï7,5) ʤ 

ʣʽʚʝ ʫʟʙʽʯʯʷ (F1), 

ʥʘ ʦʩʽ ʜʦʨʦʛʠ (F2), 

ʧʨʘʚʝ ʫʟʙʽʯʯʷ (F3) 

0.0017415509717 

3.77299585246 

7.51842750655 

1.59216692571 

1.60509615052 

1.58091019300 

BD (1, 2) ʙ 

ʙʣʠʞʥʻ ʩʚʽʪʣʦ 

(BD1), ʜʘʣʴʥʻ 

ʩʚʽʪʣʦ (BD2) 

0.999963558087 

1.99998833525 

0.424575076536 

0.424688367979 

 

ʇʘʨʘʤʝʪʨʠ ʬʫʥʢʮʽʡ ʥʘʣʝʞʥʦʩʪʽ  ʚʠʭʽʜʥʦʾ ʟʤʽʥʥʦʾ ʧʦʜʘʥʽ ʚ ʪʘʙʣʠʮʽ 3.6. 

ʈʠʩʫʥʦʢ ɻ.5 (ɼʦʜʘʪʦʢ ɻ) ʚʽʜʦʙʨʘʞʘʻ ʯʘʩʪʠʥʫ ʦʪʨʠʤʘʥʠʭ ʧʨʘʚʠʣ ʣʦʛʽʯʥʦʛʦ 

ʚʠʩʥʦʚʢʫ ʥʝʡʨʦ-ʥʝʯʽʪʢʦʾ ʩʠʩʪʝʤʠ ʦʮʽʥʶʚʘʥʥʷ ʚʽʜʩʪʘʥʽ ʚʠʜʠʤʦʩʪʽ ʦʙôʻʢʪʽʚ ʚ 

ʪʝʤʥʫ ʧʦʨʫ ʜʦʙʠ, ʘ ʨʠʩʫʥʦʢ ɻ.6 (ɼʦʜʘʪʦʢ ɻ) ï ʾ ʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ 

ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ. 

 

ʊʘʙʣʠʮʷ 3.6 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʬʫʥʢʮʽʡ ʥʘʣʝʞʥʦʩʪʽ  ʚʽʜʩʪʘʥʽ ʚʠʜʠʤʦʩʪʽ 

ʅʦʤʝʨ MF 1 2 3 4 5 6 7 8 9 10 

ʇʘʨʘʤʝʪʨ 

MF 
21.98 34.82 23.75 36.14 23.97 41.45 55.72 112.5 60.55 117.3 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣ. 3.6 

ʅʦʤʝʨ MF 11 12 13 14 15 16 17 18 19 20 

ʇʘʨʘʤʝʪʨ 

MF 
60.43 134.2 65.33 132.8 70.92 138.4 71.00 158.5 28.15 53.25 

ʅʦʤʝʨ MF 21 22 23 24 25 26 27 28 29 30 

ʇʘʨʘʤʝʪʨ 

MF 
30.53 55.57 30.53 63.57 70.90 172.4 77.10 179.7 76.78 205.6 

ʅʦʤʝʨ MF 31 32 33 34 35 36 37 38 39 40 

ʇʘʨʘʤʝʪʨ 

MF 
83.22 203.6 90.39 212.2 90.10 242.8 32.09 71.95 34.97 74.97 

ʅʦʤʝʨ MF 41 42 43 44 45 46 47 48 49 50 

ʇʘʨʘʤʝʪʨ 

MF 
34.79 85.90 80.67 232.8 87.72 242.7 87.17 277.4 94.63 274.7 

ʅʦʤʝʨ MF 51 52 53 54 
ʋʥʽʚʝʨʩʘʣʴʥʘ ʤʥʦʞʠʥʘ [35.5 298] ʤ 

ʊʠʧ: constant 
ʇʘʨʘʤʝʪʨ 

MF 
102.9 286.4 102.1 327.5 

 

ʇʦʨʽʚʥʷʥʥʷ ʧʦʭʠʙʢʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʽʜʩʪʘʥʽ ʚʠʜʠʤʦʩʪʽ ʜʦʨʦʞʥʽʭ ʦʙôʻʢʪʽʚ 

ʚ ʩʚʽʪʣʽ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʬʘʨ ʨʽʟʥʠʤʠ ʤʝʪʦʜʘʤʠ ʧʦʜʘʥʦ ʚ ʪʘʙʣʠʮʽ 3.7. 

 

ʊʘʙʣʠʮʷ 3.7 ï ʇʦʭʠʙʢʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʽʜʩʪʘʥʽ ʚʠʜʠʤʦʩʪʽ ʜʦʨʦʞʥʽʭ 

ʦʙôʻʢʪʽʚ ʨʽʟʥʠʤʠ ʤʝʪʦʜʘʤʠ 

ʇʘʨʘʤʝʪʨ 

ɻʽʙʨʠʜʥʘ 

ʥʝʡʨʦ-

ʥʝʯʽʪʢʘ 

ʤʦʜʝʣʴ 

ɯʩʥʫʶʯʘ 

ʥʝʯʽʪʢʘ 

ʤʦʜʝʣʴ 

[174] 

ʃʽʥʽʡʥʘ 

ʤʦʜʝʣʴ 

ʅʝʣʽʥʽʡʥʘ 

ʤʦʜʝʣʴ 

1 2 3 4 5 

RMSE 2.0079 3.1506 18.9018 4.0818 

ʉʝʨʝʜʥʷ ʚʽʜʥʦʩʥʘ 

ʧʦʭʠʙʢʘ 
1.31% 4.16% 34.92% 23.76% 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣ. 3.7 

1 2 3 4 5 

ʄʘʢʩʠʤʘʣʴʥʘ ʚʽʜʥʦʩʥʘ 

ʧʦʭʠʙʢʘ 
4.69% 10.4% 1014.41% 107.55% 

ʂʽʣʴʢʽʩʪʴ ʧʘʨ ʜʘʥʠʭ 

ʥʘʚʯʘʣʴʥʦʾ ʪʘ ʪʝʩʪʦʚʦʾ 

ʚʠʙʽʨʦʢ 

700 78 700 700 

 

ʅʝʣʽʥʽʡʥʘ ʤʦʜʝʣʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʽʜʩʪʘʥʽ ʚʠʜʠʤʦʩʪʽ (ʪʘʙʣ. 3.7) ʤʘʻ ʚʠʛʣʜ̫ 

 

2 2 2 2

62.7768 0.4504 69.2353 5.7786 0.012

0.0002 36.7703 0.1491 25.6635

0.3414 0.0088 0.5129 1.6619

73.2922 0.0001 .

VS W K F BD

W K F BD

W K W F W BD K F

K BD F BD

= - Ö - Ö - Ö + Ö -

- Ö - Ö + Ö - Ö +

+ Ö Ö + Ö Ö + Ö Ö + Ö Ö +

+ Ö Ö - Ö Ö

 (3.11) 

 

ʃʽʥʽʡʥʘ ʤʦʜʝʣʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʽʜʩʪʘʥʽ ʚʠʜʠʤʦʩʪʽ (ʪʘʙʣ. 3.7) ʤʘʻ ʚʠʛʣʜ̫  

 

166.4264 0.4449 87.202 2.1607 85.7719 .VS W K F BD=- + Ö + Ö + Ö + Ö (3.12) 

 

ɿ ʪʘʙʣʠʮʽ 3.7 ʚʠʜʥʦ, ʱʦ ʩʪʚʦʨʝʥʘ ʘʜʘʧʪʠʚʥʘ ʥʝʡʨʦ-ʥʝʯʽʪʢʘ ʩʠʩʪʝʤʘ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʚʽʜʩʪʘʥʽ ʚʠʜʠʤʦʩʪʽ ʜʦʨʦʞʥʽʭ ʦʙôʻʢʪʽʚ ʻ ʥʘʡʙʽʣʴʰ ʪʦʯʥʦʶ 

(ʩʝʨʝʜʥʷ ʧʦʭʠʙʢʘ ʧʨʦʛʥʦʟʫ ʩʢʣʘʜʘʻ 1,31%, ʤʘʢʩʠʤʘʣʴʥʘ ï 4,69%) ʽ ʤʦʞʝ ʙʫʪʠ 

ʨʝʢʦʤʝʥʜʦʚʘʥʘ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠ ʘʚʪʦʪʝʭʥʽʯʥʽʡ ʝʢʩʧʝʨʪʠʟʽ ɼʊʇ, ʱʦ 

ʩʪʘʣʠʩʷ ʚ ʪʝʤʥʫ ʧʦʨʫ ʜʦʙʠ. ɼʘʥʘ ʩʠʩʪʝʤʘ ʟʜʘʪʥʘ ʜʦ ʩʘʤʦʥʘʚʯʘʥʥʷ ʧʨʠ ʧʦʚʥʝʥʥʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʾʙʘʟʠ ʜʘʥʠʭ (ʜʠʚ. ʪʘʙʣ. 3.4) ʪʘ ʚ ̫ʢʦʩʪʽ ʜʦʚʽʜʢʦʚʠʭ ʜʘʥʠʭ 

ʤʦʞʝ ʚʽʜʦʙʨʘʞʘʪʠ ʦʜʥʦʬʘʢʪʦʨʥʽ ʪʘ ʙʘʛʘʪʦʬʘʢʪʦʨʥʽ ʚʟʘʻʤʦʟʚôʷʟʢʠ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʧʨʠʢʣʘʜʠ ʷʢʠʭ ʧʦʜʘʥʦ ʥʘ ʨʠʩ. ɻ.7-ɻ.10 (ɼʦʜʘʪʦʢ ɻ). 

ʗʢʽʩʪʴ ʚʟʘʻʤʦʟʚôʷʟʢʽʚ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʦʜʘʥʠʭ ʥʘ ʮʠʭ ʨʠʩʫʥʢʘʭ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʧʦʚʥʝʥʦʩʪʽ ʪʘ ʰʠʨʦʪʠ ʦʭʚʘʪʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʾʙʘʟʠ. 
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3.1.4 ʌʦʨʤʫʚʘʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡ ʟ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩʥʫʶʯʠʭ ʧʽʜʭʦʜʽʚ ʱʦʜʦ 

ʦʮʽʥʶʚʘʥʥʷ ʚʽʜʩʪʘʥʽ ʚʠʜʠʤʦʩʪʽ ʜʦʨʦʞʥʽʭ ʦʙôʻʢʪʽʚ ʚ ʪʝʤʥʫ ʧʦʨʫ ʜʦʙʠ ʧʨʠ 

ʘʚʪʦʪʝʭʥʽʯʥʽʡ ʝʢʩʧʝʨʪʠʟʽ ɼʊʇ  

ɼʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʝʢʩʧʝʨʪʥʦʾ ʧʨʦʛʨʘʤʠ ʥʘ ʧʨʘʢʪʠʮʽ ʧʨʠ ɸʊɽ 

ɼʊʇ ʧʦʪʨʽʙʥʦ ʚʜʦʩʢʦʥʘʣʠʪʠ ʽʩʥʫʶʯʠʡ ʧʨʦʪʦʢʦʣ ʦʛʣʷʜʫ ʤʽʩʮʷ ɼʊʇ, ʰʣʷʭʦʤ 

ʚʚʝʜʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʛʨʘʬ ʟ ʬʘʢʪʦʨʘʤʠ ʚʧʣʠʚʫ ʥʘ ʚʽʜʩʪʘʥʴ ʚʠʜʠʤʦʩʪʽ (W, K, F, 

ɺD) ʜʣʷ ʦʙʦʚôʷʟʢʦʚʦʛʦ ʟʘʧʦʚʥʝʥʥʷ ʥʘ ʤʽʩʮʽ ɼʊʇ ʩʧʽʚʨʦʙʽʪʥʠʢʦʤ ʧʦʣʽʮʽʾ, ʧʨʠ 

ʚʽʜʩʫʪʥʦʩʪʽ ʜʝʪʝʨʤʽʥʦʚʘʥʠʭ ʟʥʘʯʝʥʴ, ʧʦʪʨʽʙʥʦ ʥʘʜʘʪʠ ̫ʢʽʩʥʠʡ ʦʧʠʩ ʧʘʨʘʤʝʪʨʽʚ 

ʢʦʥʢʨʝʪʥʦʛʦ ʬʘʢʪʦʨʫ (ʪʘʙʣ. 3.2). ʅʘ ʙʘʟ̔ ʧʦʯʘʪʢʦʚʠʭ ʜʘʥʠʭ ʫʜʦʩʢʦʥʘʣʝʥʦʛʦ 

ʧʨʦʪʦʢʦʣʫ ʦʛʣʷʜʫ ʤʽʩʮʷ ɼʊʇ ʚʠʢʦʥʘʪʠ ʨʦʟʨʘʭʫʥʦʢ ʚʽʜʩʪʘʥʽ ʚʠʜʠʤʦʩʪʽ ʦʙôʻʢʪʫ 

ʜʣʷ ʧʝʚʥʦʾ ʜʦʨʦʞʥʴʦʾ ʦʙʩʪʘʥʦʚʢʠ ʥʘ ʦʩʥʦʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʨʦʙʣʝʥʦʾ ʥʝʡʨʦ-

ʥʝʯʽʪʢʦʾ ʤʦʜʝʣʽ. 

ɸʣʛʦʨʠʪʤ ʤʝʪʦʜʠʢʠ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʚʽʜʩʪʘʥʽ ʚʠʜʠʤʦʩʪʽ. 

1. ɺʠʟʥʘʯʝʥʥʷ ʜʘʣʴʥʦʩʪʽ ʩʚʽʪʣʘ ʬʘʨʠ W. ʃʝʛʢʦʚʠʡ ʘʚʪʦʤʦʙʽʣʴ 

ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʧʝʨʝʜʥʴʦʶ ʯʘʩʪʠʥʦʶ ʫʟʜʦʚʞ ʜʦʨʦʛʠ, ʥʝʜʘʣʝʢʦ ʚʽʜ ʧʨʘʚʦʛʦ 

ʫʟʙʽʯʯʷ. ʇʨʦʥʫʤʝʨʦʚʘʥʽ ʬʽʰʢʠ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʧʦ ʢʨʘʶ ʧʨʘʚʦʛʦ ʫʟʙʽʯʯʷ 

ʚʽʜʥʦʩʥʦ ʘʚʪʦʤʦʙʽʣʷ. 

2. ʇʽʜ ʯʘʩ ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ ʥʘ ʩʝʨʝʜʥʽʭ ʦʙʝʨʪʘʭ ʢʦʣʽʥʯʘʪʦʛʦ ʚʘʣʫ 

ʚʢʣʶʯʘʻʪʴʩʷ ʜʘʣʴʥʻ ʩʚʽʪʣʦ ʬʘʨ, ʘ ʚʦʜʽʡ ʪʘ ʩʧʦʩʪʝʨʽʛʘʯʽ ʩʣʽʜʢʫʶʪʴ ʟ ʩʘʣʦʥʫ ʷʢ 

ʫʯʘʩʥʠʢ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟʽ ʩʚʽʪʣʦʚʽʜʙʠʚʘʯʝʤ ʧʨʷʤʫʻ ʚʜ̔ ʘʚʪʦʤʦʙʽʣʷ ʪʘ ʪʨʠʤʘʻ 

ʧʨʠ ʮʴʦʤʫ ʩʚʽʪʣʦʚʽʜʙʠʚʘʯ ʥʘ ʚ̔ ʜʩʪʘʥʽ 20 ʩʤ ʚʽʜ ʜʦʨʦʞʥʴʦʾ ʧʦʚʝʨʭʥʽ. 

3. ʉʚʽʪʣʦʚʽʜʙʠʚʘʯ ʧʦʚʝʨʪʘʻʪʴʩʷ ʧʨʠ ʨʫʩʽ ʨʝʙʨʦʤ ʽ ʧʣʦʱʠʥʦʶ ʯʝʨʝʟ ʢʨʦʢ. 

4. ʇʨʠ ʚʠʭʦʜ ̔ ʫʯʘʩʥʠʢʘ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟʘ ʛʨʘʥʠʮʽ ʚʠʜʠʤʦʩʪʽ 

ʩʚʽʪʣʦʚʽʜʙʠʚʘʯʘ ʚʽʥ ʟʫʧʠʥʷʻʪʴʩʷ ʟʘ ʧʦʜʘʥʠʤ ʩʠʛʥʘʣʦʤ, ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʪʦʯʥʘ 

ʤʝʞʘ ʜʘʣʴʥʦʩʪʽ ʩʚʽʪʣʘ ʬʘʨʠ ʜʣʷ ʬʘʢʪʠʯʥʠʭ ʫʤʦʚ ʨʫʭʫ, ʷʢʘ ʻ ʧʦʯʘʪʢʦʚʦʶ 

ʪʦʯʢʦʶ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʜʩʪʘʥ ̔ʜʦ ʧʝʨʝʜʥʴʦʾ ʯʘʩʪʠʥʠ ʊɿ. 

5. ɺʨʘʭʦʚʫʶʯʠ ʦʩʦʙʣʠʚʦʩʪʽ ʦʜʷʛʫ ʧʦʪʝʨʧʽʣʦʛʦ ʪʘ ʜʦʨʦʞʥʻ ʧʦʢʨʠʪʪʷ, 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʦʥʪʨʘʩʪ ʦʙôʻʢʪʘ ʨʦʟʨʽʟʥʝʥʥʷ ʟ ʬʦʥʦʤ (ʟʘ ʨʝʢʦʤʝʥʜʘʮʽʷʤʠ ʟ 

ʪʘʙʣʠʮʽ 3.3). 
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6. ʅʘ ʦʩʥʦʚʽ ʟʽʙʨʘʥʠʭ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ, ʧʨʦʚʦʜʠʪʴʩʷ ʨʦʟʨʘʭʫʥʦʢ ʢʦʥʢʨʝʪʥʦʾ 

ʚʽʜʩʪʘʥʽ ʚʠʜʠʤʦʩʪʽ ʜʣʷ ʜʘʥʠʭ ʜʦʨʦʞʥʽʭ ʫʤʦʚ ʟʘ ʨʦʟʨʦʙʣʝʥʦʶ ʝʢʩʧʝʨʪʥʦʶ 

ʩʠʩʪʝʤʦʶ (ʨʠʩ. 3.3). 

ʇʦʜʘʣʴʰʽ ʝʢʩʧʝʨʪʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʱʦʜʦ ʥʘʷʚʥʦʩʪʽ ʫ ʚʦʜʽʷ ʪʝʭʥʽʯʥʦʾ 

ʤʦʞʣʠʚʦʩʪʽ ʰʣʷʭʦʤ ʛʘʣʴʤʫʚʘʥʥʷ ʫʥʠʢʥʫʪʠ ɼʊʇ ʚ ʤʦʤʝʥʪ ʚʠʥʠʢʥʝʥʥʷ 

ʥʝʙʝʟʧʝʢʠ ʜʣʷ ʨʫʭʫ ʧʨʦʚʘʜʷʪʴʩʷ ʟʘ ʜʽʶʯʦʶ ʤʝʪʦʜʠʢʦʶ [80, 89].  

 

3.2 ʄʦʜʝʣʴ ʦʮʽʥʶʚʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʟʯʝʧʣʝʥʥʷ ʢʦʣʽʩ ʘʚʪʦʤʦʙʽʣʷ ʟ 

ʜʦʨʦʞʥʽʤ ʧʦʢʨʠʪʪʷʤ 

 

3.2.1 ʊʝʦʨʝʪʠʯʥ ̔ ʟʘʩʘʜʠ ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʟʘʻʤʦʜʽʾ ʢʦʣʽʩ 

ʘʚʪʦʤʦʙʽʣʷ ʟ ʜʦʨʦʞʥʽʤ ʧʦʢʨʠʪʪʷʤ  

ʈʫʭ ʘʚʪʦʤʦʙʽʣʷ ʧʦ ʜʦʨʦʟʽ ʯʠ ʽʥʰʽʡ ʤʽʩʮʝʚʦʩʪʽ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ɺɸɼʉ. ʇʦʨʫʰʝʥʥʷ ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʢʦʞʥʦʛʦ ʟ ʢʦʤʧʦʥʝʥʪʽʚ ʩʠʩʪʝʤʠ ɺɸɼʉ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

(ʟʙʽʣʴʰʝʥʥʷ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ, ʥʝʤʦʪʠʚʦʚʘʥʠʭ ʟʫʧʠʥʦʢ, ʟʤʝʥʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ 

ʨʫʭʫ,) ʘʙʦ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ. ɺ ʧʝʨʝʚʘʞʥʽʡ ʙʽʣʴʰʦʩʪʽ 

ʚʠʧʘʜʢʽʚ ʜʣʷ ʧʦʧʝʨʝʜʞʝʥʥʷ ɼʊʇ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʛʘʣʴʤʽʚʥʽ ʩʠʩʪʝʤʠ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ (ʊɿ) [3, 41, 84, 88, 142, 145], ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʷʢʠʭ 

ʦʙʤʝʞʫʻʪʴʩʷ ʚʝʣʠʯʠʥʦʶ ʩʠʣ ʪʝʨʪʷ (ʟʯʝʧʣʝʥʥʷ) ʚ ʢʦʥʪʘʢʪʽ ʰʠʥ ʟ ʜʦʨʦʛʦʶ.  

ɿʯʝʧʣʝʥʥʷ ʰʠʥʠ ʟ ʜʦʨʦʞʥʽʤ ʧʦʢʨʠʪʪʷʤ ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ 

ʩʢʣʘʜʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʤʘʶʪʴ ʤʽʩʮʝ ʚ ʟʦʥʽ ʾ ʾʢʦʥʪʘʢʪʫ ʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʝʣʠʢʦʾ 

ʢʽʣʴʢʦʩʪʽ ʬʘʢʪʦʨʽʚ (ʨʠʩ. 3.5). ʆʜʥʘʢ ʟ ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ ʧʨʠʯʠʥ ʽ ʫʤʦʚ, ʛʦʣʦʚʥʠʡ 

ʚʧʣʠʚ ʥʘ ʚʝʣʠʯʠʥʫ ʢʦʝʬʽʮʽʻʥʪʘ ʟʯʝʧʣʝʥʥʷ ʯʠʥʷʪʴ ʪʠʧ ʪʘ ʩʪʘʥ ʜʦʨʦʞʥʴʦʛʦ 

ʧʦʢʨʠʪʪʷ, ʩʪʘʥ ʪʘ ʫʤʦʚʠ ʨʦʙʦʪʠ ʰʠʥʠ, ʢʦʥʩʪʨʫʢʮʽʷ ʰʠʥʠ [3, 29, 44, 83-89]. 

ʗʢ̔ʩʪʴ ʚʟʘʻʤʦʜʽʾ ʰʠʥ ʟ ʜʦʨʦʛʦʶ ʦʮʽʥʶʻʪʴʩʷ ʚʝʣʠʯʠʥʦʶ ʢʦʝʬʽʮʽʻʥʪʘ 

ʟʯʝʧʣʝʥʥʷ (ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʨʪʷ ʧʦʢʦʶ) ʪʘ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʨʪʷ ʢʦʚʟʘʥʥʷ (ʧʨʠ 

ʟʘʙʣʦʢʦʚʘʥʠʭ ʢʦʣʝʩʘʭ), ʷʢʠʡ ʟʘʟʚʠʯʘʡ ʥʠʞʯʝ ʥʽʞ ʢʦʝʬʽʮʽʻʥʪ ʟʯʝʧʣʝʥʥʷ [197]. 

ʅʘ ʜʘʥʠʡ ʯʘʩ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʚʟʘʻʤʦʜʽʾ ʰʠʥ ʟ ʜʦʨʦʛʦʶ ʪʘ ʛʘʣʴʤʽʚʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʊɿ ʟ ʤʝʪʦʶ ʧʦʧʝʨʝʜʞʝʥʥʷ ʽ ʘʥʘʣʽʟʫ ɼʊʇ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ 
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ʤʝʪʦʜʠ, ʟʘʩʦʙʠ ʽ ʪʝʭʥʦʣʦʛʽʾ, ʥʘʙʽʨ ʷʢʠʭ ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʝʪʦʶ ʪʘ ʩʧʨʷʤʦʚʘʥʽʩʪʶ 

ʚʠʢʦʥʫʚʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

 

ɿʯʝʧʣʝʥʥʷ ʢʦʣʽʩ ʘʚʪʦʤʦʙʽʣʷ ʟ ʜʦʨʦʞʥʽʤ ʧʦʢʨʠʪʪʷʤ

ʉʝʨʝʜʦʚʠʱʝ ʽ ʫʤʦʚʠ ʨʫʭʫɸʚʪʦʤʦʙʽʣʴ ɺʦʜʽʡ

ʇʩʠʭʦ-ʬʽʟʽʦʣʦʛʽʯʥʠʡ 

ʩʪʘʥ

ɼʦʩʚʽʜ ʪʘ ʧʨʦʬʝʩʽʡʥʘ 

ʧʽʜʛʦʪʦʚʣʝʥʽʩʪʴ

ʇʘʨʘʤʝʪʨʠ ʰʠʥ

ʈʽʚʝʥʴ ʟʘʚʘʥʪʘʞʝʥʥʷ

ʈʽʚʝʥʴ ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ 

ʙʝʟʧʝʢʠ ʛʘʣʴʤʽʚʥʦʾ 

ʩʠʩʪʝʤʠ  

ʇʨʠʨʦʜʥʴʦ-ʢʣʽʤʘʪʠʯʥʽ 

ʫʤʦʚʠ

ʊʨʘʥʩʧʦʨʪʥʽ ʫʤʦʚʠ

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʜʦʨʦʞʥʴʦʾ ʦʙʩʪʘʥʦʚʢʠ
 

 

ʈʠʩʫʥʦʢ 3.5 ï ʌʘʢʪʦʨʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʧʦʪʝʥʮʽʘʣ ʨʝʘʣʽʟʘʮʽʾ ʟʯʽʧʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʦʣʽʩ ʘʚʪʦʤʦʙʽʣʷ ʟ ʜʦʨʦʞʥʽʤ ʧʦʢʨʠʪʪʷʤ 

 

ɿʜʘʪʥʽʩʪʴ ʟ ʜʦʩʪʘʪʥʴʦʶ ʪʦʯʥʽʩʪʶ ʦʮʽʥʠʪʠ ʷʢʽʩʪʴ ʪʝʨʪʷ ʤʽʞ ʰʠʥʦʶ ʽ 

ʜʦʨʦʛʦʶ ʚʘʞʣʠʚʘ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʙʦʪʠ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʪʘ ʙʝʟʧʝʢʠ ʊɿ (ABS 

ï ʘʥʪʠʙʣʦʢʫʚʘʣʴʥʘ ʩʠʩʪʝʤʘ ʛʘʣʴʤ, ESP ï ʩʠʩʪʝʤʘ ʢʫʨʩʦʚʦʾ ʩʪʽʡʢʦʩʪʽ 

ʘʚʪʦʤʦʙʽʣʷ, ACC ï ʘʜʘʧʪʠʚʥʠʡ ʢʨʫʾʟ-ʢʦʥʪʨʦʣʴ, ʧʨʝʚʝʥʪʠʚʥʽ ʩʠʩʪʝʤʠ ʙʝʟʧʝʢʠ), 

ʢʝʨʫʚʘʥʥʷ ʜʦʨʦʞʥʽʤ ʨʫʭʦʤ ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷʤ ʜʦʨʽʛ [355-358]. 

ɺ ʉʐɸ ʪʘ ɭʚʨʦʧʽ ʽʥʬʦʨʤʘʮʽʷ ʝʣʝʢʪʨʦʥʥʠʭ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ, ʙʝʟʧʝʢʠ ʽ 

ʢʦʤʬʦʨʪʫ ʊɿ ʫʩʧʽʰʥʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟ ʤʝʪʦʶ ʚʩʪʘʥʦʚʣʝʥʥʷ ʦʙʩʪʘʚʠʥ ɼʊʇ. 

ʎʝ ʩʪʘʣʦ ʤʦʞʣʠʚʠʤ ʟʘʚʜʷʢʠ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʡ ʬʽʢʩʘʮʽʾ ʨʫʭʫ ʊɿ ʚ ʧʨʦʮʝʩʽ 

ɼʊʇ: ʩʠʩʪʝʤʠ GPS ʧʦʟʠʮʽʶʚʘʥʥʷ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʊɿ, ʨʝʻʩʪʨʘʪʦʨʠ ʜʘʥʠʭ 

ʧʨʦ ʧʦʜʽʾ ï Event Data Recorder, ACN ï Automated Crash Notification 

(ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦ ʦ ɼʊʇ) [36, 204, 205]. 

ɸʚʪʦʤʘʪʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ ʨʝʻʩʪʨʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʨʫʭʫ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʫ 

ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʤʝʭʘʥʽʟʤʫ ʚʠʥʠʢʥʝʥʥʷ 
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ʦʢʨʝʤʠʭ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ ʥʘ ʦʩʥʦʚʽ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʟʘʢʦʥʽʚ ʨʫʭʫ [88, 201, 

203]. 

ʇʨʘʢʪʠʢʘ ʧʦʢʘʟʫʻ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʟ ʝʣʝʢʪʨʦʥʥʠʭ ʩʠʩʪʝʤ, ʱʦ 

ʬʽʢʩʫʶʪʴ ʧʘʨʘʤʝʪʨʠ ʨʫʭʫ ʊɿ ʚ ʧʨʦʮʝʩʽ ɼʊʇ, ʥʝ ʟʘʚʞʜʠ ʤʦʞʣʠʚʝ. ɺʽʜʧʦʚʽʜʥʦ 

ʜʦ ɯʥʩʪʨʫʢʮʽʾ ʟ ʧʝʨʝʜʦʚʦʾ ʧʨʘʢʪʠʢʠ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʦʙʩʪʘʚʠʥ ɼʊʇ ɭʚʨʦʧʝʡʩʴʢʦʾ 

ʤʝʨʝʞʽ ʫʩʪʘʥʦʚ ʩʫʜʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠ [89] ʦʮʽʥʶʚʘʥʥʷ ʚʟʘʻʤʦʜʽʾ ʰʠʥ ʟ ʜʦʨʦʛʦʶ 

ʤʦʞʝ ʚʠʢʦʥʫʚʘʪʠʩʴ ʰʣʷʭʦʤ ʩʣʽʜʯʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚ ʜʦʨʦʞʥʽʭ ʫʤʦʚʘʭ ʤʽʩʮʷ 

ʧʦʜʽʾ ʘʙʦ ʘʥʘʣʦʛʽʯʥʠʭ ʡʦʤʫ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʟʥʘʯʘʶʪʴ ʢʦʝʬʽʮʽʻʥʪ 

ʟʯʝʧʣʝʥʥʷ ʪʘ (ʘʙʦ) ʧʦʢʘʟʥʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʛʘʣʴʤʫʚʘʥʥʷ (ʛʘʣʴʤʽʚʥʠʡ ʰʣʷʭ, 

ʩʧʦʚʽʣʴʥʝʥʥʷ), ʟʥʘʯʝʥʥʷ ʷʢʠʭ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʧʨʦʮʝʩʠ ʪʝʨʪʷ ʚ ʢʦʥʪʘʢʪʽ ʰʠʥ ʟ 

ʜʦʨʦʛʦʶ. 

ʋ ʚʠʧʘʜʢʫ ʢʦʣʠ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʥʝʤʦʞʣʠʚʝ, ʚʝʣʠʯʠʥʘ 

ʢʦʝʬʽʮʽʻʥʪʘ ʟʯʝʧʣʝʥʥʷ, ʩʧʦʚʽʣʴʥʝʥʥʷ ʪʘ ʛʘʣʴʤʽʚʥʦʛʦ ʰʣʷʭʫ ʤʦʞʝ ʙʫʪʠ 

ʚʠʟʥʘʯʝʥʘ ʟʘ ʜʦʚʽʜʢʦʚʠʤʠ ʜʘʥʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʟʥʘʯʝʥʴ 

[89] ʘʙʦ ʧʨʠʡʥʷʪʘ ʷʢ ʥʦʨʤʘʪʠʚʥʘ, ʚʩʪʘʥʦʚʣʝʥʘ ʇʨʘʚʠʣʘʤʠ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ ʪʘ 

ʥʦʨʤʘʪʠʚʥʠʤ ʜʦʢʫʤʝʥʪʦʤ Council Directive 71/320/EEC. ɺʠʟʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʛʘʣʴʤʫʚʘʥʥʷ ʤʦʞʣʠʚʝ ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʰʣʷʭʦʤ ʟʘ 

ʚʽʜʦʤʠʤʠ ʚ ʝʢʩʧʝʨʪʥʽʡ ʧʨʘʢʪʠʮʽ ʬʦʨʤʫʣʘʤʠ [84, 157]. 

ɹʝʟʧʝʢʘ ʨʫʭʫ ʜʦʩʷʛʘʻʪʴʩʷ ʟʜʘʪʥʽʩʪʶ ʜʦʣʘʪʠ ʚʠʩʦʢʽ ʩʧʦʚʽʣʴʥʝʥʥʷ ʧʨʠ 

ʛʘʣʴʤʫʚʘʥʥʽ, ʘ ʥʘ ʧʦʚʦʨʦʪʽ ʚʝʣʠʢʽ ʧʦʧʝʨʝʯʥʽ ʧʨʠʩʢʦʨʝʥʥʷ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ 

ʙʦʢʦʚʠʤʠ ʫʚʦʜʘʤʠ, ʪʘ ʤʘʪʠ ʤʽʥʽʤʘʣʴʥʫ ʩʭʠʣʴʥʽʩʪʴ ʜʦ ʘʢʚʘʧʣʘʥʫʚʘʥʥʷ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʬʽʟʠʯʥʠʭ ʟʘʢʦʥʽʚ ʪʝʨʪʷ, ʩʠʣʘ ʪʝʨʪʷ, ʷʢʫ ʥʝʦʙʭʽʜʥʦ ʧʦʜʦʣʘʪʠ, 

ʷʢʱʦ ʧʦʪʨʽʙʥʦ ʧʝʨʝʤʽʩʪʠʪʠ ʪʽʣʦ ʧʦ ʨʽʚʥʽʡ ʧʦʚʝʨʭʥʽ, ʟʘʣʝʞʠʪʴ ʣʠʰʝ ʚʽʜ ʚʘʛʠ 

ʪʽʣʘ (ʥʦʨʤʘʣʴʥʦʾ ʩʠʣʠ, ʱʦ ʜʽʻ ʚʝʨʪʠʢʘʣʴʥʦ ʥʘ ʦʩʥʦʚʫ) ʪʘ ʩʧʨʷʞʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ 

ʤʽʞ ʦʩʥʦʚʦʶ ʪʘ ʪʽʣʦʤ [197]. ʅʠʟʴʢʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʟʯʝʧʣʝʥʥʷ 

(ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʨʪʷ ʧʦʢʦʶ) ű ʧʦʟʥʘʯʘʶʪʴ ʛʣʘʜʢʫ ʩʣʠʟʴʢʫ ʧʦʚʝʨʭʥʶ ʩʧʦʣʫʯʝʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʟ ʥʠʟʴʢʠʤ ʪʝʨʪʷʤ. ʇʨʠ ʚʠʩʦʢʠʭ ʟʥʘʯʝʥʥʷʭ ű ʧʽʜʚʠʱʫʶʪʴʩʷ ʩʠʣʠ 

ʪʝʨʪʷ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʧʦʜʦʣʘʪʠ ʘʙʦ ʧʝʨʝʜʘʪʠ (ʧʦʟʜʦʚʞʥʽ, ʧʦʧʝʨʝʯʥʽ, ʙʽʯʥʦʛʦ 

ʫʚʦʜʫ). ʊʝʨʪʷ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʚʠʟʥʘʯʘʻ ʬʽʟʠʢʫ ʚʦʜʽʥʥʷ ʘʚʪʦʤʦʙʽʣʷ ʥʘ ʧʦʯʘʪʢʫ 

ʨʫʭʫ, ʧʨʠ ʧʨʠʩʢʦʨʝʥʥʷʭ, ʛʘʣʴʤʫʚʘʥʥʽ ʽ ʥʘ ʧʦʚʦʨʦʪʘʭ. ʇʦʟʜʦʚʞʥʽ ʽ ʧʦʧʝʨʝʯʥʽ 
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ʩʠʣʠ ʚʝʢʪʦʨʥʦ ʜʦʜʘʶʪʴʩʷ ʚ ʨʝʟʫʣʴʪʫʶʯʫ ʩʠʣʫ, ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ ʰʠʥʦʶ ʥʘ 

ʜʦʨʦʛʫ (ʨʠʩ. 3.16). ʎʷ ʨʝʟʫʣʴʪʫʶʯʘ ʩʠʣʘ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʟʯʽʧʥʦʾ 

ʟʜʘʪʥʦʩʪʽ ʜʦʨʦʛʠ ʽ ʰʠʥʠ ʘʙʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʢʦʣʝʩʘ. 

ɺʠʭʦʜʷʯʠ ʟ ʨʠʩ. 3.6, ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ (ʟʯʝʧʣʝʥʥʷ) ʤʦʞʥʘ ʟʥʘʡʪʠ ʟʘ 

ʟʥʘʯʝʥʥʷʤ ʩʠʣ ʪʝʨʪʷ ʚ ʧʦʧʝʨʝʯʥʦʤʫ ʽ ʧʦʟʜʦʚʞʥʴʦʤʫ ʥʘʧʨʷʤʢʘʭ ʪʘ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʥʘ ʢʦʣʝʩʦ 

 

2 2 / .x y zF F Fj= +  (3.13) 

 

ʉʠʣʘ ʪʷʛʠ

ɻʘʣʴʤʽʚʥʘ ʩʠʣʘ

ʇʨʘʚʠʡ 

ʧʦʚʦʨʦʪ

ʃʽʚʠʡ 

ʧʦʚʦʨʦʪ

Fx

Fy

Grip

ɿʘʧʘʩ ʨʝʘʣʽʟʘʮʽʾ ʩʠʣ 

ʟʯʝʧʣʝʥʥʷ

ʋʤʦʚʘ ʩʪʽʡʢʦʛʦ ʨʫʭʫABS

TRC

2 2
x y

z

F F

F

+
j=

2 2
z x yF F Fj ² +

ʄʝʞʘ 

ʨʝʘʣʽʟʘʮʽʾ ʩʠʣ 

ʟʯʝʧʣʝʥʥʷ

Slip

F m a= Ö

max maxF F= Öj

zF - ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʢʦʣʝʩʦ

0.5g1.0g

a ï ʧʨʠʩʢʦʨʝʥʥʷ 

      (ʩʧʦʚʽʣʴʥʝʥʥʷ)

maxj

 
 

ʈʠʩʫʥʦʢ 3.6 ï ʉʠʣʠ ʚ ʢʦʣʽ ʪʝʨʪʷ ʰʠʥʠ 

 

ʗʢʱʦ ʚʽʜʦʤʽ ʢʫʪ ʙʦʢʦʚʦʛʦ ʢʦʚʟʘʥʥʷ ʰʠʥʠ g ʽ ʙʽʯʥʘ ʞʦʨʩʪʢʽʩʪʴ ʰʠʥʠ Cg ʪʦ 

ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ ʚ ʙʽʯʥʦʤʫ ʥʘʧʨʷʤʢʫ űy ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʶ 
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/ .y zC Fgj =gÖ  (3.14) 

 

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʥʘʤʽʢʠ ʨʫʭʫ ʢʦʣʽʩ ʘʚʪʦʤʦʙʽʣʷ ʟ ʝʣʝʢʪʨʦʥʥʦʶ 

ʩʠʩʪʝʤʦʶ ʛʘʣʴʤʫʚʘʥʥʷ ʚʠʟʥʘʯʠʪʠ ʢʦʝʬʽʮʽʻʥʪ ʟʯʝʧʣʝʥʥʷ ʤʦʞʥʘ ʨʽʟʥʠʤʠ 

ʤʝʪʦʜʘʤʠ, ʥʘʡʙʽʣʴʰ ʚʽʜʦʤʠʤʠ ʟ ʷʢʠʭ ʻ ʤʝʪʦʜ H. Pacejka [125], 

M. Burckhardt [115], M. Denny [359], ʧʘʨʘʙʦʣ [118]. 

ɺʝʣʠʯʠʥʫ ʢʦʝʬʽʮʽʻʥʪʘ ʟʯʝʧʣʝʥʥʷ ʧʨʠ ʘʥʘʣʽʟʽ ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʧʨʠʛʦʜ (ɼʊʇ) ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʦʜʥʠʤ ʟ ʪʨʴʦʭ ʩʧʦʩʦʙʽʚ [3, 41, 83-89]: 

ï ʥʘ ʦʩʥʦʚʽ ʽʥʬʦʨʤʘʮʽʾ ʝʣʝʢʪʨʦʥʥʠʭ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ, ʙʝʟʧʝʢʠ ʽ ʢʦʤʬʦʨʪʫ 

ʊɿ; 

ï ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʰʣʷʭʦʤ; 

ï ʟʘ ʜʦʚʽʜʢʦʚʠʤʠ ʜʘʥʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʟʥʘʯʝʥʴ. 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʩʠʩʪʝʤʠ ɺɸɼʉ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ 

ʟʥʘʯʝʥʴ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʯʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʚʭʽʜʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʧʨʠʡʥʷʪʦʾ ʩʪʨʫʢʪʫʨʠ ʤʦʜʝʣʽ, ʷʢʘ ʻ ʣʠʰʝ ʥʘʙʣʠʞʝʥʥʷʤ 

ʨʝʘʣʴʥʦʩʪʽ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʟʘʧʠʩʽʚ EDR, ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʟʥʘʯʝʥʴ 

ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʦʞʝ ʙʫʪʠ ʨʝʟʫʣʴʪʘʪʦʤ ʧʦʤʠʣʦʢ ʚʠʤʽʨʶʚʘʥʥʷ 

ʟʥʘʯʝʥʴ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʨʫʭ ʘʚʪʦʤʦʙʽʣʷ ʪʘ ʧʦʤʠʣʦʢ ʚ ʨʝʟʫʣʴʪʘʪʽ ʦʙʨʦʙʢʠ 

ʟʘʧʠʩʘʥʠʭ ʜʘʥʠʭ. ʊʦʯʥʽʩʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʝʪʦʜʠʢʠ 

ʧʨʦʚʝʜʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʴ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʾ ʘʧʘʨʘʪʫʨʠ ʪʘ ʷʢʦʩʪʽ ʦʙʨʦʙʢʠ 

ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ [84, 88, 125, 197]. 

 

3.2.2 ʄʝʪʦʜʠʢʘ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʧʦʙʫʜʦʚʘ ʩʪʨʫʢʪʫʨʠ ʩʠʩʪʝʤʠ 

ɸʜʘʧʪʠʚʥʘ ʩʠʩʪʝʤʘ ʦʮʽʥʶʚʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʟʯʝʧʣʝʥʥʷ ʢʦʣʽʩ ʘʚʪʦʤʦʙʽʣʷ ʟ 

ʜʦʨʦʞʥʽʤ ʧʦʢʨʠʪʪʷʤ ʨʦʟʨʦʙʣʷʣʘʩʴ ʥʘ ʙʘʟ̔ ʤʝʪʦʜʘ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʥʝʣʽʥʽʡʥʠʭ 

ʦʙôʻʢʪʽʚ ʥʝʯʽʪʢʠʤʠ ʙʘʟʘʤʠ ʟʥʘʥʴ [252, 257, 319] ʚ ʥʝʡʨʦ-ʥʝʯʽʪʢʦʤʫ ʨʝʜʘʢʪʦʨʽ 

Anfis [347] ʧʘʢʝʪʘ Fuzzy Logic Toolbox ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ Matlab 

[348]. ʉʠʩʪʝʤʘ ʙʫʜʫʚʘʣʘʩʴ ʚ ʜʚʘ ʝʪʘʧʠ (ʨʠʩ. 3.2): ʧʝʨʰʠʡ ï ʩʪʨʫʢʪʫʨʥʘ 

ʽʜʝʥʪʠʬʽʢʘʮʽʷ; ʜʨʫʛʠʡ ï ʧʘʨʘʤʝʪʨʠʯʥʘ ʽʜʝʥʪʠʬʽʢʘʮʽʷ.  
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ʅʘ ʝʪʘʧʽ ʩʪʨʫʢʪʫʨʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʙʫʣʘ ʧʦʙʫʜʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ ʟʘʣʝʞʥʦʩʪʽ 

ʢʦʝʬʽʮʽʻʥʪʘ ʟʯʝʧʣʝʥʥʷ ʚʽʜ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ (ʨʠʩ. 3.7) ʥʘ ʦʩʥʦʚʽ ʧʨʘʚʠʣ çʷʢʱʦ-

ʪʦè. ʇʘʨʘʤʝʪʨʠʯʥʘ ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʧʨʦʚʦʜʠʣʘʩʴ ʰʣʷʭʦʤ ʧʽʜʙʦʨʫ ʪʘʢʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʙʘʟʠ ʟʥʘʥʴ, ʷʢʽ ʙ ʟʘʙʝʟʧʝʯʫʚʘʣʠ ʤʘʢʩʠʤʘʣʴʥʫ ʥʘʙʣʠʞʝʥʽʩʪʴ 

ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ. 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 3.7, ʥʝʡʨʦ-ʥʝʯʽʪʢʘ ʤʝʨʝʞʘ ʩʠʩʪʝʤʠ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧôʷʪʠ 

ʰʘʨʽʚ.  

ʂʦʞʝʥ ʚʫʟʦʣ ʧʝʨʰʦʛʦ ʰʘʨʫ ʷʚʣʷʻ ʩʦʙʦʶ ʦʜʠʥ ʪʝʨʤ ʟ ʛʘʫʩʩʦʚʦʶ ʬʫʥʢʮʽʻʶ 

ʥʘʣʝʞʥʦʩʪʽ  (ʟʘʣʝʞʥʽʩʪʴ (3.7)) [242, 253, 348]. 

ʂʽʣʴʢʽʩʪʴ ʚʫʟʣʽʚ ʜʨʫʛʦʛʦ ʰʘʨʫ ʜʦʨʽʚʥʶʻ ʢʽʣʴʢʦʩʪʽ ʧʨʘʚʠʣ ʥʝʯʽʪʢʦʾ ʙʘʟʠ 

ʟʥʘʥʴ ʉʫʛʝʥʦ [347] (ʜʣʷ ʮʴʦʛʦ ʚʠʧʘʜʢʫ, ʷʢ ʚʠʜʥʦ ʟ ʨʠʩ. 3.7, ʢʽʣʴʢʽʩʪʴ ʧʨʘʚʠʣ 

ʩʪʘʥʦʚʠʪʴ m = 5*3* 5*3 = 225). ʂʦʞʝʥ ʚʫʟʦʣ ʜʨʫʛʦʛʦ ʰʘʨʫ ʟôʻʜʥʘʥʠʡ ʟ ʪʘʢʠʤʠ 

ʚʫʟʣʘʤʠ ʧʝʨʰʦʛʦ ʰʘʨʫ, ʷʢʽ ʫʪʚʦʨʶʶʪʴ ʘʥʪʝʮʝʜʝʥʪʠ ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʨʘʚʠʣʘ. 

ɺʠʭʦʜʦʤ ʚʫʟʣʘ ʻ ʩʪʫʧʽʥʴ ʚʠʢʦʥʘʥʥʷ ʚʢʣʘʜʝʥʦʛʦ ʚ ʥʴʦʤʫ ʧʨʘʚʠʣʘ tr, ʱʦ 

ʜʦʨʽʚʥʶʻ ʜʦʙʫʪʢʫ ʚʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ. 

 

ű

ʂʦʝʬʽʮʽʻʥʪ 

ʟʯʝʧʣʝʥʥʷ

jq

͔͎ͤͭͪ͊͜͡Έ͙͚ͤ 
͙ͨͦ͊ͤ͘͟͟ 

ζ́ ͙͙ͤ ς ͒ͦ ͎ͪͦ͊η 

N

 ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʥʘ ʢʦʣʝʩʦ

V

ʰʚʠʜʢʽʩʪʴ 

ʘʚʪʦʤʦʙʽʣʷ

BS 

ʢʦʥʩʪʨʫʢʮʽʷ

 ʛʘʣʴʤʽʚʥʦʾ ʩʠʩʪʝʤʠ
 

 

ʈʠʩʫʥʦʢ 3.7 ï ʉʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʠ ʦʮʽʥʶʚʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʟʯʝʧʣʝʥʥʷ 
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ʋʩʽ 225 ʚʫʟʣʽʚ ʪʨʝʪʴʦʛʦ ʰʘʨʫ ʚʠʟʥʘʯʘʶʪʴ ʚʽʜʥʦʩʥʫ ʩʪʫʧʽʥʴ ʚʠʢʦʥʘʥʥʷ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʥʝʯʽʪʢʦʛʦ ʧʨʘʚʠʣʘ tr*  (ʟʘʣʝʞʥʽʩʪʴ (3.8)). ʋ ʚʫʟʣʘʭ ʯʝʪʚʝʨʪʦʛʦ 

ʰʘʨʫ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʢʣʘʜʠ ʥʝʯʽʪʢʠʭ ʧʨʘʚʠʣ ʫ ʚʠʭʽʜ ʤʝʨʝʞʽ ű. 

 

( )0, 1, 2, 3, 4,* ,r r r r r r rb b jq b N b V b BSj =t Ö + Ö + Ö + Ö + Ö (3.15) 

 

ʜʝ bq,r ï ʢʦʝʬʽʮʽʻʥʪʠ ʬʫʥʢʮʽʾ ʢʦʥʩʝʢʚʝʥʪʽʚ r-ʛʦ ʧʨʘʚʠʣʘ (r = 1, 2, é, 225;  

q = 0, 1, 2, 3, 4). 

ɭʜʠʥʠʡ ʚʫʟʦʣ ʧôʷʪʦʛʦ ʰʘʨʫ ʘʛʨʝʛʫʻ ʚʢʣʘʜʠ ʚʩʽʭ ʧʨʘʚʠʣ 

 

1 .j mj=j + +j + +j (3.16) 

 

ɺʩʽ ʬʘʢʪʦʨʠ ʚʧʣʠʚʫ ʥʘ ʢʦʝʬʽʮʽʻʥʪ ʟʯʝʧʣʝʥʥʷ (ʪʘʙʣ. 3.8) ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ 

ʣʽʥʛʚʽʩʪʠʯʥʽ ʟʤʽʥʥʽ, ʱʦ ʚʠʟʥʘʯʝʥʽ ʥʘ ʚʽʜʧʦʚʽʜʥʠʭ ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʤʥʦʞʠʥʘʭ ʽ 

ʦʮʽʥʶʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʝʯʽʪʢʠʭ ʪʝʨʤʽʚ. ʇʝʨʝʣʽʢ ʥʘʡʙʽʣʴʰ ʚʘʛʦʤʠʭ 

ʬʘʢʪʦʨʽʚ ʚʩʪʘʥʦʚʣʝʥʦ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʩʧʝʮʽʘʣʽʩʪʽʚ Bosch [197, 

360] ʪʘ ʚʣʘʩʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʚʠʢʣʘʜʦʢ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʚ [3, 29, 41, 44]. 

 

ʊʘʙʣʠʮʷ 3.8 ï ʌʘʢʪʦʨʠ ʚʧʣʠʚʫ ʥʘ ʢʦʝʬʽʮʽʻʥʪ ʟʯʝʧʣʝʥʥʷ ʢʦʣʽʩ ʘʚʪʦʤʦʙʽʣʷ ʟ 

ʜʦʨʦʞʥʽʤ ʧʦʢʨʠʪʪʷʤ 

ʌʘʢʪʦʨ 
ʋʥʽʚʝʨʩʘʣʴʥʘ 

ʤʥʦʞʠʥʘ 
ʊʝʨʤʠ ʜʣʷ ʦʮʽʥʦʢ 

1 2 3 

jq ï ʽʥʪʝʛʨʘʣʴʥʠʡ 

ʧʦʢʘʟʥʠʢ çʰʠʥʠ ï 

ʜʦʨʦʛʘè 

(0ï10) ʙ 

ʥʠʟʴʢʠʡ (jq1),  

ʥʠʞʯʝ ʩʝʨʝʜʥʴʦʛʦ (jq2),  

ʩʝʨʝʜʥʽʡ (jq3),  

ʚʠʱʝ ʩʝʨʝʜʥʴʦʛʦ (jq4),  

ʚʠʩʦʢʠʡ (jq5) 

N ï ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʢʦʣʝʩʦ 
(150ï875) ʢʛ 

ʥʠʟʴʢʝ (N1), 

ʩʝʨʝʜʥʻ (N2), 

ʧʦʚʥʝ (N3) 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣ. 3.8 

1 2 3 

V ï ʰʚʠʜʢʽʩʪʴ ʘʚʪʦʤʦʙʽʣʷ (0ï130) ʢʤ/ʛʦʜ 

ʥʠʟʴʢʘ (V1),  

ʥʠʞʯʝ ʩʝʨʝʜʥʴʦʾ (V2),  

ʩʝʨʝʜʥʷ (V3),  

ʚʠʱʝ ʩʝʨʝʜʥʴʦʾ (V4),  

ʚʠʩʦʢʘ (V5) 

BS ï ʢʦʥʩʪʨʫʢʮʽʷ 

ʛʘʣʴʤʽʚʥʦʾ ʩʠʩʪʝʤʠ (1, 2, 3) ʙ 

ʙʝʟ ABS (BS1), 

ʟ ABS (BS2),  

ʟ ABS ʪʘ ɺɸ (BS3) 

 

ʈʝʢʦʤʝʥʜʘʮʽʾ ʜʣʷ ʦʮʽʥʢʠ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʧʦʢʘʟʥʠʢʘ çʰʠʥʠ ï ʜʦʨʦʛʘè jq 

ʥʘʜʘʥʽ ʚ ʪʘʙʣ. 3.9. 

 

ʊʘʙʣʠʮʷ 3.9 ï ʈʝʢʦʤʝʥʜʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʧʦʢʘʟʥʠʢʘ çʰʠʥʠ ï 

ʜʦʨʦʛʘè jq 

ʊʠʧ ʧʦʢʨʠʪʪʷ ʉʪʘʥ ʰʠʥʠ 
ʉʪʘʥ ʧʦʢʨʠʪʪʷ 

ʉʫʭʝ ʄʦʢʨʝ ʯʠʩʪʝ ʄʦʢʨʝ ʙʨʫʜʥʝ 

1 2 3 4 5 

ʎʝʤʝʥʪʦʙʝʪʦʥʥʝ 
ʅʦʚʘ* 7,85-8,34 6,38-6,87 3,92-4,41 

ɿʥʦʰʝʥʘ**  8,83-10,0 4,91-5,40 1,96-2,45 

ɸʩʬʘʣʴʪʦʙʝʪʦʥʥʝ 

ʟ ʰʦʨʩʪʢʦʶ 

ʦʙʨʦʙʢʦʶ 

ʅʦʚʘ 7,85-8,34 5,89-6,38 4,41-5,40 

ɿʥʦʰʝʥʘ 8,83-10,0 4,41-4,91 2,45-3,43 

ɻʘʨʷʯʠʡ 

ʘʩʬʘʣʴʪʦʙʝʪʦʥ ʙʝʟ 

ʰʦʨʩʪʢʦʾ ʦʙʨʦʙʢʠ 

ʅʦʚʘ 7,85-8,34 4,91-5,89 3,43-3,92 

ɿʥʦʰʝʥʘ 8,83-10,0 3,92-4,41 2,43-2,94 

ʍʦʣʦʜʥʠʡ 

ʘʩʬʘʣʴʪʦʙʝʪʦʥ 

ʅʦʚʘ 5,89-6,87 3,92-4,91 2,94-3,43 

ɿʥʦʰʝʥʘ 7,36-8,34 2,45-3,43 1,96-2,94 

ʏʦʨʥʦ-ʱʝʙʝʥʝʚʝ 

ʪʘ ʯʦʨʥʦ-ʛʨʘʚʽʡʥʝ 

ʟ ʰʦʨʩʪʢʦʶ 

ʦʙʨʦʙʢʦʶ 

ʅʦʚʘ 5,89-6,87 4,91-5,89 2,94-3,43 

ɿʥʦʰʝʥʘ 7,36-8,34 3,43-4,41 1,96-2,94 

ʏʦʨʥʦ-ʱʝʙʝʥʝʚʝ 

ʪʘ ʯʦʨʥʦ-ʛʨʘʚʽʡʥʝ 

ʙʝʟ ʰʦʨʩʪʢʦʾ 

ʦʙʨʦʙʢʠ 

ʅʦʚʘ 5,4-5,89 4,41-4,91 2,43-2,94 

ɿʥʦʰʝʥʘ 6,38-7,36 2,45-3,43 1,96-2,45 

ʑʝʙʝʥʝʚʝ ʪʘ 

ʛʨʘʚʽʡʥʝ 

ʅʦʚʘ 5,89-6,87 5,40-5,89 2,43-2,94 

ɿʥʦʰʝʥʘ 7,36-8,34 3,92-4,41 1,96-2,45 

ˆʨʫʥʪʦʚʝ 

ʧʦʢʨʘʱʝʥʝ 

ʅʦʚʘ 4,41-4,91 2,45-3,92 1,96 

ɿʥʦʰʝʥʘ 5,4-5,89 1,96-2,94 1,96 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣ. 3.9 

1 2 3 4 5 

ʈʠʭʣʠʡ ʩʥʽʛ 
ʅʦʚʘ 1,47-3,43 

ɿʥʦʰʝʥʘ 1,18-2,45 

ʋʢʦʯʝʥʠʡ ʩʥʽʛ 

ʧʽʩʣʷ ʧʨʦʭʦʜʫ 

ʛʨʝʡʜʝʨʘ 

ʅʦʚʘ 2,35-2,75 

ɿʥʦʰʝʥʘ 1,67-2,06 

ʋʢʦʯʝʥʠʡ ʨʽʚʥʠʡ 

ʩʥʽʛ ʙʝʟ 

ʦʙʣʝʜʝʥʽʣʦʾ 

ʧʦʚʝʨʭʥʽ 

ʅʦʚʘ 2,16-2,45 

ɿʥʦʰʝʥʘ 1,47-1,77 

ʋʢʦʯʝʥʠʡ ʨʽʚʥʠʡ 

ʩʥʽʛ ʟ 

ʦʙʣʝʜʝʥʽʣʦʶ 

ʧʦʚʝʨʭʥʝʶ 

ʅʦʚʘ 1,18-1,47 

ɿʥʦʰʝʥʘ 1,18-1,47 

ʋʢʦʯʝʥʠʡ ʨʽʚʥʠʡ 

ʩʥʽʛ ʟ 

ʦʙʣʝʜʝʥʽʣʦʶ 

ʧʦʚʝʨʭʥʝʶ ʧʽʩʣʷ 

ʨʦʟʢʠʜʫ ʧʽʩʢʫ ʧʦ 

ʥʦʨʤʽ 0,1 ʤ3 ʥʘ 

1000 ʤ2 ʜʦʨʦʛʠ 

ʅʦʚʘ 1,67-1,86 

ɿʥʦʰʝʥʘ 1,47-1,67 

ʋʢʦʯʝʥʠʡ ʨʽʚʥʠʡ 

ʩʥʽʛ ʟ 

ʦʙʣʝʜʝʥʽʣʦʶ 

ʧʦʚʝʨʭʥʝʶ ʧʽʩʣʷ 

ʨʦʟʢʠʜʫ ʧʽʩʢʫ ʧʦ 

ʥʦʨʤʽ 0,4 ʤ3 ʥʘ 

1000 ʤ2 ʜʦʨʦʛʠ 

ʅʦʚʘ 2,45-3,73 

ɿʥʦʰʝʥʘ 1,96-2,94 

ʆʞʝʣʝʜʠʮʷ 
ʅʦʚʘ 

0,88-1,47 0-0,78 
ɿʥʦʰʝʥʘ 

*ʅʦʚʘ ï ʜʦ 50% ʟʤʝʥʰʝʥʥʷ ʚʠʩʦʪʠ ʨʠʩʫʥʢʫ ʧʨʦʪʝʢʪʦʨʘ,  

**ʟʥʦʰʝʥʘ 50-100% ʘʣʝ ʥʝ ʤʝʥʰʝ 1,6 ʤʤ. 

 

ʇʨʘʚʠʣʘ ʥʝʯʽʪʢʦʛʦ ʣʦʛʽʯʥʦʛʦ ʚʠʩʥʦʚʢʫ çʷʢʱʦ-ʪʦè ʙʫʣʦ ʩʬʦʨʤʦʚʘʥʦ ʚ 

ʥʝʡʨʦ-ʥʝʯʽʪʢʦʤʫ ʨʝʜʘʢʪʦʨʽ Anfis ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ Matlab ʚ 

ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ.  

 

3.2.3 ʇʘʨʘʤʝʪʨʠʯʥʘ ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʩʠʩʪʝʤʠ 

ʇʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚ ʜʦʨʦʞʥʽʭ ʫʤʦʚʘʭ (ʜʠʚ. ʧ. 4.3) ʟ ʤʝʪʦʶ 

ʩʪʚʦʨʝʥʥʷ ʥʘʚʯʘʣʴʥʦʾ ʪʘ ʪʝʩʪʦʚʦʾ ʚʠʙʽʨʦʢ ʜʣʷ ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ 

ʥʝʡʨʦ-ʥʝʯʽʪʢʦʾ ʩʠʩʪʝʤʠ ʬʽʢʩʫʚʘʣʠʩʴ ʟʥʘʯʝʥʥʷ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ ʥʘ ʢʦʝʬʽʮʽʻʥʪ 

ʟʯʝʧʣʝʥʥʷ ʢʦʣʽʩ ʘʚʪʦʤʦʙʽʣʷ ʟ ʜʦʨʦʞʥʽʤ ʧʦʢʨʠʪʪʷʤ (ʜʠʚ. ʪʘʙʣ. 3.8) ʪʘ ʩʘʤ 
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ʢʦʝʬʽʮʽʻʥʪ ʟʯʝʧʣʝʥʥʷ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʙʫʣʘ ʦʪʨʠʤʘʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʙʘʟʘ 

ʜʘʥʠʭ (5670 ʧʘʨ ʜʘʥʠʭ ʚʭʦʜʠ-ʚʠʭʽʜ, ɼʦʜʘʪʦʢ ɾ), ʬʨʘʛʤʝʥʪ ʷʢʦʾ ʧʦʜʘʥʦ ʚ 

ʪʘʙʣʠʮʽ 3.10. ɿ ʦʪʨʠʤʘʥʦʾ ʙʘʟʠ ʜʘʥʠʭ ʙʫʣʦ ʩʬʦʨʤʦʚʘʥʦ ʥʘʚʯʘʣʴʥʫ (3400 ʧʘʨ 

ʜʘʥʠʭ ʚʭʦʜʠ-ʚʠʭʽʜ) ʪʘ ʪʝʩʪʦʚʫ ʚʠʙʽʨʢʠ (2270 ʧʘʨ ʜʘʥʠʭ ʚʭʦʜʠ-ʚʠʭʽʜ). 

 

ʊʘʙʣʠʮʷ 3.10 ï ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʙʘʟʘ ʜʘʥʠʭ (ʬʨʘʛʤʝʥʪ)  

jq 9,7 0,78 3,92 6,87 5,89 5,4 8,34 7,85 4,91 9 2,45 1,96 

N 150 250 325 325 725 200 650 275 475 375 300 500 

V 20 60 80 80 80 20 100 40 80 130 60 100 

BS 1 3 2 2 1 1 3 1 3 3 3 2 

j 0,825 0,075 0,333 0,584 0,384 0,453 0,665 0,627 0,427 0,754 0,232 0,157 

 

ʇʨʦʮʝʩ ʥʘʚʯʘʥʥʷ ʘʜʘʧʪʠʚʥʦʾ ʥʝʡʨʦ-ʥʝʯʽʪʢʦʾ ʩʠʩʪʝʤʠ ʽʜʝʥʪʠʬʽʢʘʮʽʾ 

ʢʦʝʬʽʮʽʻʥʪʘ ʟʯʝʧʣʝʥʥʷ ʟʘ ʚʠʙʽʨʢʦʶ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ çʚʭʦʜʠ-ʚʠʭʽʜè ʚ 

Anfis Editor Matlab ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʣʛʦʨʠʪʤʫ ʦʙʝʨʥʝʥʦʛʦ ʧʦʰʠʨʝʥʥʷ 

ʧʦʤʠʣʢʠ ʚ ʢʦʤʙʽʥʘʮʽʾ ʟ ʤʝʪʦʜʦʤ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ ʧʦʜʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 3.8. 

 

 
 

ʈʠʩʫʥʦʢ 3.8 ï ʇʨʦʮʝʩ ʥʘʚʯʘʥʥʷ ʘʜʘʧʪʠʚʥʦʾ ʥʝʡʨʦ-ʥʝʯʽʪʢʦʾ ʩʠʩʪʝʤʠ 

 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʫ 3.8 ʥʘʚʯʘʥʥʷ ʟʘʚʝʨʰʠʣʦʩʴ ʥʘ 46 ʝʧʦʩʽ ʽ ʚ ʧʦʜʘʣʴʰʦʤʫ 

ʧʦʭʠʙʢʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʤʽʥʶʚʘʣʘʩʴ. ʇʘʨʘʤʝʪʨʠ ʬʫʥʢʮʽʡ 

ʥʘʣʝʞʥʦʩʪʽ  ʚʭʽʜʥʠʭ ʟʤʽʥʥʠʭ ʧʽʩʣʷ ʥʘʚʯʘʥʥʷ ʧʦʜʘʥʽ ʚ ʪʘʙʣʠʮʽ 3.11 ʪʘ ʥʘ ʨʠʩ. 

ɻ.11-ɻ.14 (ɼʦʜʘʪʦʢ ɻ). 
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ʊʘʙʣʠʮʷ 3.11 ï ʇʘʨʘʤʝʪʨʠ ʬʫʥʢʮʽʡ ʥʘʣʝʞʥʦʩʪʽ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʚʝʣʠʯʠʥʫ ʢʦʝʬʽʮʽʻʥʪʘ ʟʯʝʧʣʝʥʥʷ 

ʌʘʢʪʦʨ 
ʋʥʽʚʝʨʩʘʣʴʥʘ 

ʤʥʦʞʠʥʘ 

ʊʝʨʤʠ ʜʣʷ 

ʦʮʽʥʦʢ 

ʇʘʨʘʤʝʪʨʠ ʬʫʥʢʮʽʡ ʥʘʣʝʞʥʦʩʪʽ  ʧʽʩʣʷ 

ʥʘʚʯʘʥʥʷ 

ʢʦʦʨʜʠʥʘʪʘ 

ʤʘʢʩʠʤʫʤʫ cij  

ʢʦʝʬʽʮʽʻʥʪ 

ʢʦʥʮʝʥʪʨʘʮʽʾ sij 

jq (0ï10) ʙ 

jq1, 

jq2, 

jq3, 

jq4, 

jq5 

0.0590850487694922 

2.50888607968828 

4.9965620984888 

7.49073784735645 

9.90873828689305 

1.21303528289064 

1.29362727632086 

1.32563448443905 

1.29871407906703 

1.21900000000000 

N (150ï875) ʢʛ 

N1, 

N2, 

N3 

150.000359668698 

512.500041047082 

874.999647086585 

153.94025595164 

153.940298272589 

153.940274751047  

V 
(0ï130) 

ʢʤ/ʛʦʜ. 

V1,  

V2, 

V3, 

V4, 

V5 

0.0000334931228812 

32.5000120855364 

64.999862248206 

97.4998567966736 

130.000045723149 

13.8014376704274 

13.8015719754217 

13.8014329230444 

13.8016196963052 

13.8013863343706 

BS (1,2,3) ʙ 

BS1, 

BS2,  

BS3 

0.999998025382338 

1.99999606577894 

2.99999810282448 

0.424656245081971 

0.424659477853096 

0.424665371752738 

 

ʇʘʨʘʤʝʪʨʠ ʬʫʥʢʮʽʡ ʥʘʣʝʞʥʦʩʪʽ ʚʠʭʽʜʥʦʾ ʟʤʽʥʥʦʾ ʧʦʜʘʥʽ ʚ ʪʘʙʣʠʮʽ 3.12. 

ʈʠʩʫʥʦʢ ɻ.15 (ɼʦʜʘʪʦʢ ɻ) ʚʽʜʦʙʨʘʞʘʻ ʯʘʩʪʠʥʫ ʩʬʦʨʤʦʚʘʥʠʭ ʧʨʘʚʠʣ ʣʦʛʽʯʥʦʛʦ 

ʚʠʩʥʦʚʢʫ ʥʝʡʨʦ-ʥʝʯʽʪʢʦʾ ʩʠʩʪʝʤʠ ʦʮʽʥʶʚʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʟʯʝʧʣʝʥʥʷ ʢʦʣʽʩ 

ʘʚʪʦʤʦʙʽʣʷ ʟ ʜʦʨʦʞʥʽʤ ʧʦʢʨʠʪʪʷʤ, ʘ ʨʠʩʫʥʦʢ ɻ.16 (ɼʦʜʘʪʦʢ ɻ) ï ʾʭ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ. 

 

ʊʘʙʣʠʮʷ 3.12 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʬʫʥʢʮʽʡ ʥʘʣʝʞʥʦʩʪʽ  (MF) ʢʦʝʬʽʮʽʻʥʪʘ 

ʟʯʝʧʣʝʥʥʷ 

ʅʦʤʝʨ MF 1 2 3 4 5 6 7 8 9 10 

ʇʘʨʘʤʝʪʨ -0.0255 -0.0218 -0.0496 -0.0092 -0.0276 0.0014 -0.0102 -0.0087 -0.0145 -0.0094 

ʅʦʤʝʨ MF 11 12 13 14 15 16 17 18 19 20 

ʇʘʨʘʤʝʪʨ -0.0114 -0.0113 -0.0091 -0.0108 -0.0115 -0.0068 -0.0154 -0.0062 -0.0094 -0.0068 

ʅʦʤʝʨ MF 21 22 23 24 25 26 27 28 29 30 

ʇʘʨʘʤʝʪʨ -0.0139 -0.0087 -0.0103 -0.0102 -0.0081 -0.0098 -0.0107 -0.0077 -0.0101 -0.0100 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣ. 3.12 

ʅʦʤʝʨ MF 31 32 33 34 35 36 37 38 39 40 

ʇʘʨʘʤʝʪʨ -0.0113 -0.0063 -0.0123 -0.0073 -0.0093 -0.0095 -0.0078 -0.0084 -0.0102 -0.0074 

ʅʦʤʝʨ MF 41 42 43 44 45 46 47 48 49 50 

ʇʘʨʘʤʝʪʨ -0.0087 -0.0090 -0.0069 -0.0088 -0.0087 0.2205 0.2031 0.2812 0.2022 0.2251 

ʅʦʤʝʨ MF 51 52 53 54 55 56 57 58 59 60 

ʇʘʨʘʤʝʪʨ 0.2453 0.1950 0.2182 0.2424 0.1855 0.2194 0.2299 0.1755 0.2179 0.2183 

ʅʦʤʝʨ MF 61 62 63 64 65 66 67 68 69 70 

ʇʘʨʘʤʝʪʨ 0.1879 0.1931 0.2320 0.1808 0.1936 0.2253 0.1732 0.1953 0.2149 0.1643 

ʅʦʤʝʨ MF 71 72 73 74 75 76 77 78 79 80 

ʇʘʨʘʤʝʪʨ 0.1951 0.2043 0.1569 0.1951 0.1949 0.1725 0.1713 0.2131 0.1579 0.1712 

ʅʦʤʝʨ MF 81 82 83 84 85 86 87 88 89 90 

ʇʘʨʘʤʝʪʨ 0.1962 0.1532 0.1721 0.1901 0.1452 0.1723 0.1801 0.1377 0.1707 0.1712 

ʅʦʤʝʨ MF 91 92 93 94 95 96 97 98 99 100 

ʇʘʨʘʤʝʪʨ 0.4431 0.4520 0.5439 0.4136 0.4445 0.5163 0.3999 0.4502 0.4956 0.3793 

ʅʦʤʝʨ MF 101 102 103 104 105 106 107 108 109 110 

ʇʘʨʘʤʝʪʨ 0.4498 0.4709 0.3596 0.4469 0.4470 0.3880 0.3889 0.4816 0.3708 0.4004 

ʅʦʤʝʨ MF 111 112 113 114 115 116 117 118 119 120 

ʇʘʨʘʤʝʪʨ 0.4592 0.3551 0.3999 0.4406 0.3371 0.3997 0.4184 0.3220 0.3994 0.4000 

ʅʦʤʝʨ MF 121 122 123 124 125 126 127 128 129 130 

ʇʘʨʘʤʝʪʨ 0.3507 0.3535 0.4342 0.3247 0.3500 0.4026 0.3138 0.3531 0.3890 0.2977 

ʅʦʤʝʨ MF 131 132 133 134 135 136 137 138 139 140 

ʇʘʨʘʤʝʪʨ 0.3533 0.3697 0.2819 0.3503 0.3504 0.6669 0.6707 0.8337 0.6265 0.6756 

ʅʦʤʝʨ MF 141 142 143 144 145 146 147 148 149 150 

ʇʘʨʘʤʝʪʨ 0.7721 0.6027 0.6782 0.7488 0.5725 0.6784 0.7106 0.5428 0.6745 0.6745 

ʅʦʤʝʨ MF 151 152 153 154 155 156 157 158 159 160 

ʇʘʨʘʤʝʪʨ 0.5848 0.5876 0.7226 0.5587 0.6033 0.6937 0.5358 0.6035 0.6647 0.5083 

ʅʦʤʝʨ MF 161 162 163 164 165 166 167 168 169 170 

ʇʘʨʘʤʝʪʨ 0.6033 0.6314 0.4852 0.6027 0.6029 0.5280 0.5326 0.6571 0.4900 0.5287 

ʅʦʤʝʨ MF 171 172 173 174 175 176 177 178 179 180 

ʇʘʨʘʤʝʪʨ 0.6073 0.4728 0.5321 0.5870 0.4489 0.5327 0.5573 0.4256 0.5283 0.5289 

ʅʦʤʝʨ MF 181 182 183 184 185 186 187 188 189 190 

ʇʘʨʘʤʝʪʨ 0.9082 0.9067 1.1021 0.8380 0.9068 1.052 0.8122 0.9136 1.0055 0.7702 

ʅʦʤʝʨ MF 191 192 193 194 195 196 197 198 199 200 

ʇʘʨʘʤʝʪʨ 0.9136 0.9568 0.7312 0.9081 0.9080 0.7852 0.7905 0.9812 0.7537 0.8123 

ʅʦʤʝʨ MF 201 202 203 204 205 206 207 208 209 210 

ʇʘʨʘʤʝʪʨ 0.9317 0.7209 0.8125 0.8951 0.6846 0.8117 0.8495 0.6534 0.8112 0.8119 

ʅʦʤʝʨ MF 211 212 213 214 215 216 217 218 219 220 

ʇʘʨʘʤʝʪʨ 0.7124 0.7169 0.8803 0.6591 0.7113 0.8180 0.6367 0.7167 0.7898 0.6047 

ʅʦʤʝʨ MF 221 222 223 224 225 ʋʥʽʚʝʨʩʘʣʴʥʘ ʤʥʦʞʠʥʘ [0 1] 

ʊʠʧ: constant ʇʘʨʘʤʝʪʨ 0.7173 0.7512 0.5728 0.7114 0.7115 
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ʇʦʨʽʚʥʷʥʥʷ ʧʦʭʠʙʢʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʝʣʠʯʠʥʠ ʢʦʝʬʽʮʽʻʥʪʘ ʟʯʝʧʣʝʥʥʷ ʢʦʣʽʩ 

ʘʚʪʦʤʦʙʽʣʷ ʟ ʜʦʨʦʞʥʽʤ ʧʦʢʨʠʪʪʷʤ ʨʽʟʥʠʤʠ ʤʝʪʦʜʘʤʠ ʧʦʜʘʥʦ ʚ ʪʘʙʣʠʮʽ 3.13. 

 

ʊʘʙʣʠʮʷ 3.13 ï ʇʦʭʠʙʢʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʝʣʠʯʠʥʠ ʢʦʝʬʽʮʽʻʥʪʘ ʟʯʝʧʣʝʥʥʷ 

ʨʽʟʥʠʤʠ ʤʝʪʦʜʘʤʠ 

ʇʘʨʘʤʝʪʨ 

ɻʽʙʨʠʜʥʘ 

ʥʝʡʨʦ-

ʥʝʯ̔ʪʢʘ 

ʤʦʜʝʣʴ 

ɯʩʥʫʶʯʘ 

ʥʝʯʽʪʢʘ 

ʤʦʜʝʣʴ [3] 

ʃʽʥʽʡʥʘ 

ʤʦʜʝʣʴ 

ʅʝʣʽʥʽʡʥʘ 

ʤʦʜʝʣʴ 

RMSE 0,0035 0,0089 0,0291 0,0101 

ʉʝʨʝʜʥʷ ʚʽʜʥʦʩʥʘ 

ʧʦʭʠʙʢʘ 
1,79% 3,97% 15,35% 14,76% 

ʄʘʢʩʠʤʘʣʴʥʘ ʚʽʜʥʦʩʥʘ 

ʧʦʭʠʙʢʘ 
3,09% 8,12% 62,03% 40,22% 

ʂʽʣʴʢʽʩʪʴ ʧʘʨ ʜʘʥʠʭ 

ʥʘʚʯʘʣʴʥʦʾ ʪʘ ʪʝʩʪʦʚʦʾ 

ʚʠʙʽʨʦʢ 

5670 64 5670 5670 

 

ʅʝʣʽʥʽʡʥʘ ʤʦʜʝʣʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʝʣʠʯʠʥʠ ʢʦʝʬʽʮʽʻʥʪʘ ʟʯʝʧʣʝʥʥʷ 

(ʪʘʙʣ. 3.13) ʤʘʻ ʚʠʛʣʜ̫ 

 

2 2 2 2

0.0316 0.0823 0.00001 0.0001 0.0272

0.00001 0.00001 0.00001 0.0041

0.00001 0.0001 0.008 0.00001

0.00001 0.0001 .

jq N V BS

jq N V BS

jq N jq V jq BS N V

N BS V BS

j=- + Ö + Ö + Ö + Ö +

+ Ö + Ö - Ö - Ö -

- Ö Ö - Ö Ö + Ö Ö + Ö Ö -

- Ö Ö - Ö Ö

 (3.17) 

 

ʃʽʥʽʡʥʘ ʤʦʜʝʣʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʝʣʠʯʠʥʠ ʢʦʝʬʽʮʽʻʥʪʘ ʟʯʝʧʣʝʥʥʷ 

(ʪʘʙʣ. 3.13) ʤʘʻ ʚʠʛʣʜ̫  

 

0.0164 0.0789 0.0001 0.0004 0.0392 .jq N V BSj= + Ö - Ö - Ö + Ö (3.18) 
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ɿ ʪʘʙʣʠʮʽ 3.13 ʚʠʜʥʦ, ʱʦ ʩʪʚʦʨʝʥʘ ʘʜʘʧʪʠʚʥʘ ʥʝʡʨʦ-ʥʝʯʽʪʢʘ ʩʠʩʪʝʤʘ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʚʝʣʠʯʠʥʠ ʢʦʝʬʽʮʽʻʥʪʘ ʟʯʝʧʣʝʥʥʷ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʰʠʥ ʟ ʜʦʨʦʞʥʽʤ 

ʧʦʢʨʠʪʪʷʤ ʻ ʥʘʡʙʽʣʴʰ ʪʦʯʥʦʶ (ʩʝʨʝʜʥʷ ʧʦʭʠʙʢʘ ʧʨʦʛʥʦʟʫ ʩʢʣʘʜʘʻ 1,79%, 

ʤʘʢʩʠʤʘʣʴʥʘ ï 3,09%) ʽ ʤʦʞʝ ʙʫʪʠ ʨʝʢʦʤʝʥʜʦʚʘʥʘ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠ 

ʘʚʪʦʪʝʭʥʽʯʥʽʡ ʝʢʩʧʝʨʪʠʟʽ ɼʊʇ. 

ʉʪʚʦʨʝʥʘ ʘʜʘʧʪʠʚʥʘ ʥʝʡʨʦ-ʥʝʯʽʪʢʘ ʩʠʩʪʝʤʘ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʢʦʝʬʽʮʽʻʥʪʘ 

ʟʯʝʧʣʝʥʥʷ ʟʜʘʪʥʘ ʜʦ ʩʘʤʦʥʘʚʯʘʥʥʷ ʧʨʠ ʧʦʧʦʚʥʝʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʾʙʘʟʠ 

ʜʘʥʠʭ (ʜʠʚ. ʪʘʙʣ. 3.10) ʪʘ ʚ ʷʢʦʩʪʽ ʜʦʚʽʜʢʦʚʠʭ ʜʘʥʠʭ ʤʦʞʝ ʚʽʜʦʙʨʘʞʘʪʠ 

ʦʜʥʦʬʘʢʪʦʨʥʽ ʪʘ ʙʘʛʘʪʦʬʘʢʪʦʨʥʽ ʚʟʘʻʤʦʟʚôʷʟʢʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, 

ʧʨʠʢʣʘʜʠ ʷʢʠʭ ʧʦʜʘʥʦ ʥʘ ʨʠʩ. ɻ.17-ɻ.20. ʗʢʽʩʪʴ ʚʟʘʻʤʦʟʚôʷʟʢʽʚ ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʧʦʜʘʥʠʭ ʥʘ ʮʠʭ ʨʠʩʫʥʢʘʭ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʧʦʚʥʝʥʦʩʪʽ ʪʘ ʰʠʨʦʪʠ 

ʦʭʚʘʪʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʾʙʘʟʠ. 

 

3.2.4 ʌʦʨʤʫʚʘʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡ ʟ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩʥʫʶʯʠʭ ʧʽʜʭʦʜʽʚ ʱʦʜʦ 

ʦʮʽʥʶʚʘʥʥʷ ʚʝʣʠʯʠʥʠ ʢʦʝʬʽʮʽʻʥʪʘ ʟʯʝʧʣʝʥʥʷ ʧʨʠ ʘʚʪʦʪʝʭʥʽʯʥʽʡ ʝʢʩʧʝʨʪʠʟʽ 

ɼʊʇ  

ɼʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʝʢʩʧʝʨʪʥʦʾ ʧʨʦʛʨʘʤʠ ʥʘ ʧʨʘʢʪʠʮʽ ʧʨʠ ɸʊɽ 

ɼʊʇ ʧʦʪʨʽʙʥʦ ʚʜʦʩʢʦʥʘʣʠʪʠ ʽʩʥʫʶʯʠʡ ʧʨʦʪʦʢʦʣ ʦʛʣʷʜʫ ʤʽʩʮʷ ɼʊʇ, ʰʣʷʭʦʤ 

ʚʚʝʜʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʛʨʘʬ ʟ ʬʘʢʪʦʨʘʤʠ ʚʧʣʠʚʫ ʥʘ ʢʦʝʬʽʮʽʻʥʪ ʟʯʝʧʣʝʥʥʷ (jq, N, 

V, ɺS) ʜʣʷ ʦʙʦʚôʷʟʢʦʚʦʛʦ ʟʘʧʦʚʥʝʥʥʷ ʥʘ ʤʽʩʮʽ ɼʊʇ ʩʧʽʚʨʦʙʽʪʥʠʢʦʤ ʧʦʣʽʮʽʾ, ʧʨʠ 

ʚʽʜʩʫʪʥʦʩʪʽ ʜʝʪʝʨʤʽʥʦʚʘʥʠʭ ʟʥʘʯʝʥʴ, ʧʦʪʨʽʙʥʦ ʥʘʜʘʪʠ ʷʢʽʩʥʠʡ ʦʧʠʩ ʧʘʨʘʤʝʪʨʽʚ 

ʢʦʥʢʨʝʪʥʦʛʦ ʬʘʢʪʦʨʫ (ʪʘʙʣ. 3.8). ʅʘ ʙʘʟʽ ʧʦʯʘʪʢʦʚʠʭ ʜʘʥʠʭ ʫʜʦʩʢʦʥʘʣʝʥʦʛʦ 

ʧʨʦʪʦʢʦʣʫ ʦʛʣʷʜʫ ʤʽʩʮʷ ɼʊʇ ʧʨʦʚʦʜʠʪʠ ʨʦʟʨʘʭʫʥʦʢ ʢʦʝʬʽʮʽʻʥʪʘ ʟʯʝʧʣʝʥʥʷ 

ʜʣʷ ʢʦʥʢʨʝʪʥʦʾ ʜʦʨʦʞʥʴʦʾ ʦʙʩʪʘʥʦʚʢʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʨʦʙʣʝʥʦʾ 

ʝʢʩʧʝʨʪʥʦʾ ʩʠʩʪʝʤʠ ʟʘ ʪʘʢʠʤ ʘʣʛʦʨʠʪʤʦʤ: 

1. ɺʠʟʥʘʯʝʥʥʷ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʧʦʢʘʟʥʠʢʘ çʰʠʥʠ ï ʜʦʨʦʛʘè jq (ʟʘ 

ʨʝʢʦʤʝʥʜʘʮʽʷʤʠ ʟ ʪʘʙʣʠʮʽ 3.9). 

2. ɺʩʪʘʥʦʚʣʝʥʥʷ ʟʘʚʘʥʪʘʞʝʥʥʷ ʘʚʪʦʤʦʙʽʣʷ N, ʪʘ ʡʦʛʦ ʨʦʟʧʦʜʽʣʫ ʤʽʞ 

ʢʦʣʝʩʘʤʠ ʟʘ ʤʝʪʦʜʠʢʦʶ, ʚʠʟʥʘʯʝʥʦʶ ʚ [84]. 
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3. ɺʠʟʥʘʯʝʥʥʷ ʧʦʯʘʪʢʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʷ V ʧʨʠ ʛʘʣʴʤʫʚʘʥʥʽ. 

4. ɺʩʪʘʥʦʚʣʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʢʦʥʩʪʨʫʢʮʽʾ ʛʘʣʴʤʽʚʥʦʾ ʩʠʩʪʝʤʠ ʘʚʪʦʤʦʙʽʣʷ 

ʪʘ ʨʦʙʦʪʠ ʾʾ ʢʦʤʧʦʥʝʥʪʽʚ. 

5. ʅʘ ʦʩʥʦʚʽ ʟʽʙʨʘʥʠʭ ʧʦʯʘʪʢʦʚʠʭ ʜʘʥʠʭ, ʧʨʦʚʦʜʠʪʴʩʷ ʨʦʟʨʘʭʫʥʦʢ 

ʢʦʥʢʨʝʪʥʦʾ ʚʝʣʠʯʠʥʠ ʢʦʝʬʽʮʽʻʥʪʘ ʟʯʝʧʣʝʥʥʷ ʜʣʷ ʜʘʥʠʭ ʜʦʨʦʞʥʽʭ ʫʤʦʚ ʟʘ 

ʨʦʟʨʦʙʣʝʥʦʶ ʝʢʩʧʝʨʪʥʦʶ ʩʠʩʪʝʤʦʶ (ʨʠʩ. 3.7). 

ʇʦʜʘʣʴʰʽ ʝʢʩʧʝʨʪʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʱʦʜʦ ʥʘʷʚʥʦʩʪʽ ʫ ʚʦʜʽʷ ʪʝʭʥʽʯʥʦʾ 

ʤʦʞʣʠʚʦʩʪʽ ʰʣʷʭʦʤ ʛʘʣʴʤʫʚʘʥʥʷ ʫʥʠʢʥʫʪʠ ɼʊʇ ʚ ʤʦʤʝʥʪ ʚʠʥʠʢʥʝʥʥʷ 

ʥʝʙʝʟʧʝʢʠ ʜʣʷ ʨʫʭʫ ʧʨʦʚʘʜʷʪʴʩʷ ʟʘ ʜʽʶʯʦʶ ʤʝʪʦʜʠʢʦʶ, ʦʧʠʩʘʥʦʶ ʚ [80], [84] 

ʘʙʦ [89].  

 

3.3 ʄʦʜʝʣʴ ʦʮʽʥʶʚʘʥʥʷ ʯʘʩʫ ʩʝʥʩʦʤʦʪʦʨʥʦʾ ʨʝʘʢʮʽʾ ʚʦʜʽʷ 

 

ʉʠʪʫʘʮʽʡʥʠʡ ʯʘʩ ʨʝʘʢʮʽʾ ʚʦʜʽʷ 1t  (ʨʠʩ. ɹ.1 ɼʦʜʘʪʢʫ ɹ) ʮʝ ʚʽʜʨʽʟʦʢ ʯʘʩʫ ʟ 

ʤʦʤʝʥʪʫ ʚʠʥʠʢʥʝʥʥʷ ʧʦʜʨʘʟʥʠʢʘ ʚ ʧʦʣʽ ʟʦʨʫ ʚʦʜʽʷ ʜʦ ʧʦʯʘʪʢʫ ʜʽʾ ʦʩʪʘʥʥʴʦʛʦ 

ʥʘ ʦʨʛʘʥʠ ʢʝʨʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʝʤ (ʢʝʨʤʦ, ʚʘʞʝʣʴ ʟʯʝʧʣʝʥʥʷ, ʚʘʞʝʣʴ ʛʘʣʴʤʘ, 

ʚʘʞʝʣʴ ʘʢʩʝʣʝʨʘʪʦʨʘ). ʎʝʡ ʯʘʩ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʬʘʢʪʦʨʽʚ (ʨʠʩ. 3.9) 

 

 

 

ʈʠʩʫʥʦʢ 3.9 ï ʌʘʢʪʦʨʠ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʯʘʩ ʨʝʘʢʮʽʾ ʚʦʜʽʷ 

 

ʉʠʪʫʘʮʽʡʥʠʡ ʯʘʩ ʨʝʘʢʮʽʾ ʚʦʜʽʷ

ɺʽʢ ʽ ʩʪʘʪʴ

ʐʚʠʜʢʽʩʪʴ 

ʨʫʭʫ

ʈʽʚʝʥʴ 

ʧʨʦʬʝʩʽʡʥʦʾ 

ʧʽʜʛʦʪʦʚʢʠ

ʉʪʘʞ ʨʦʙʦʪʠ 

(ʜʦʩʚʽʜ)

ʂʦʥʩʪʨʫʢʪʠʚʥʽ 

ʦʩʦʙʣʠʚʦʩʪʽ 

ʘʚʪʦʤʦʙʽʣʷ

ʊʨʠʚʘʣʽʩʪʴ ʨʦʙʦʯʦʛʦ ʯʘʩʫ

ɯʥʪʝʥʩʠʚʥʽʩʪʴ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ

ʋʤʦʚʠ ʨʫʭʫ (ʚʜʝʥʴ, ʚʥʦʯʽ, ʚ ʛʦʨʘʭ, ʧʦ ʢʦʚʟʴʢʽʡ 

ʜʦʨʦʟʽ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʨʫʭʫ, ʜʠʩʪʘʥʮʽʷ ʪʦʱʦ

ʇʩʠʭʦ-

ʬʽʟʽʦʣʦʛʽʯʥʠʡ 

ʩʪʘʥ
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ʅʘ ʩʴʦʛʦʜʥʽ ʚ ʧʨʘʢʪʠʮʽ ʉɸʊɽ ʋʢʨʘʾʥʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʽ 

ʟʥʘʯʝʥʥʷ ʯʘʩʫ ʨʝʘʢʮʽʾ ʚʦʜʽʷ (ʜʦʜʘʪʦʢ ɹ, ʧʫʥʢʪ ɹ1, ʪʘʙʣʠʮ ̫ɹ.1), ʷʢʽ ʦʪʨʠʤʘʣʠ 

ʤʝʪʦʜʠʯʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʪʘ ʙʫʣʠ ʟʘʪʚʝʨʜʞʝʥʽ ʫ 1983 ʨʦʮʽ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ 

ʝʢʩʧʝʨʪʥʽʡ ʧʨʘʢʪʠʮʽ ʉʈʉʈ. 

ɸʥʘʣʽʟ ʨʦʙʽʪ, ʚ ʷʢʠʭ ʧʦʜʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʯʘʩʫ ʨʝʘʢʮʽʾ ʚʦʜʽʾʚ [38, 

83-89, 136, 140, 142, 155, 157, 160, 207, 301-304, 350] (ʨʠʩ. 3.10), ʧʦʢʘʟʫʻ, ʱʦ 

ʮʝʡ ʯʘʩ ʤʘʻ ʰʠʨʦʢ ̔ʤʝʞ̔ ʟʤʽʥʠ (ʚʽʜ 0,3 ʩ ʜʦ 2,6 ʩ). ʈʝʟʫʣʴʪʘʪʠ ʦʙʨʦʙʢʠ 

ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʨʽʟʥʠʤʠ ʘʚʪʦʨʘʤʠ ʨʝʟʫʣʴʪʘʪʽʚ ʙʘʛʘʪʦʨʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥ ɹ

ʩʢʣʘʜʦʚʠʭ ʩʝʥʩʦʤʦʪʦʨʥʦʾ ʨʝʘʢʮʽʾ ʫ ʚʦʜʽʾʚ ʊɿ, ʨʝʟʫʣʴʪʘʪʠ ʷʢʠʭ ʧʦʜʘʥʽ ʥʘ 

ʨʠʩ. 3.11. ɿʘʛʘʣʴʥʝ ʯʠʩʣʦ ʦʩʽʙ, ʱʦ ʧʨʦʡʰʣʠ ʚʠʧʨʦʙʦʚʫʚʘʥʥʷ ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ 

1100 ʯʦʣʦʚʽʢ. ɼʘʥʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʜʣʷ ʥʘʡʙʽʣʴʰ ʧʦʢʘʟʦʚʠʭ ʟʥʘʯʝʥʴ ï 2% ʪʘ 98% 

ʫʩʝʨʝʜʥʝʥʦʾ ʩʪʘʪʠʩʪʠʯʥʦʾ ʚʠʙʽʨʢʠ. ʄʘʢʩʠʤʘʣʴʥʽ ʪʘ ʤʽʥʽʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʯʘʩʫ 

ʨʝʘʢʮʽʾ ʚʦʜʽʾʚ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʪʘʙʣʠʮʽ ɹ.2. 
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ɼʆʉʃɯɼɾɽʅʅʗ ɿʅɸʏɽʅʔ ʏɸʉʋ ʈɽɸʂʎɯɰ ɺʆɼɯʗ 

ɽ. ʄ. ʃʦʙʘʥʦʚ (ʄʦʩʢʦʚʩʴʢʠʡ ʘʚʪʦʜʦʨʦʞʥʽʡ ʽʥʩʪʠʪʫʪ - ʄɸɼʀ)

ʈ. ʊ. ʄʫʰʝʛʷʥ (ʅʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʡ ʽʥʩʪʠʪʫʪ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ - ʅʀʀɸʊ)

ʅ. ʄ. ʂʨʽʩʪʽ (ɺʩʝʩʦʶʟʥʠʡ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʡ ʽʥʩʪʠʪʫʪ ʩʫʜʦʚʠʭ ʝʢʩʧʝʨʪʠʟ - ɺʅʀʀʉʕ)

ʆ. ɺ. ʃʫʢʦʰʷʚʠʯʝʥʝ (ɺʽʣʴʥʶʩʴʢʠʡ ʽʥʞʝʥʝʨʥʦ-ʙʫʜʽʚʝʣʴʥʠʡ ʽʥʩʪʠʪʫʪ)

ɺ. ʄ. ʉʝʛʝʨʢʨʘʥʮ (ʊʘʣʣʽʥʥʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ)

ʖ. ɹ. ʉʫʚʦʨʦʚ, ɸ. ʂ. ɻʦʨʜʻʻʚʘ (ɺʅʀʀʉʕ)

 

 

ʈʠʩʫʥʦʢ 3.10 ï ɸʚʪʦʨʠ ʧʨʦʘʥʘʣʽʟʦʚʘʥʠʭ ʨʦʙʽʪ, ʚ ʷʢʠʭ ʧʦʜʘʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʜʦʩʣʽʜʞʝʥʴ ʯʘʩʫ ʨʝʘʢʮʽʾ ʚʦʜʽʾʚ 
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0,2

0,45

0,58

0,28

0,48

1,42

0,09

0,19

0,31

0,03

0,05

0,09

0 0,5 1 1,5 2 2,5 3

2% ʚʠʙʽʨʢʠ

50 % 
ʚʠʙʽʨʢʠ

98 % 
ʚʠʙʽʨʢʠ

ʋʩʚʽʜʦʤʣʝʥʥʷ ɼʊʉ

ʆʮʽʥʶʚʘʥʥʷ ɼʊʉ ʪʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ

ʇʝʨʝʥʦʩ ʥʦʛʠ ʥʘ ʚʘʞʽʣʴ ʛʘʣʴʤʘ

ʅʘʪʠʩʥʝʥʥʷ ʥʘ ʚʘʞʽʣʴ

Min 0,6c

Avg 1,17c

Max 2,4c

ʃʘʪʝʥʪʥʠʡ ʧʝʨʽʦʜ

ʄʦʪʦʨʥʠʡ ʧʝʨʽʦʜ

 
 

ʈʠʩʫʥʦʢ 3.11 ï ɻʨʘʥʠʯʥʽ ʟʥʘʯʝʥʥʷ ʯʘʩʫ ʩʝʥʩʦʤʦʪʦʨʥʦʾ ʨʝʘʢʮʽʾ ʚʦʜʽʷ 

ʥʘ ʥʝʦʯʽʢʫʚʘʥʠʡ ʩʠʛʥʘʣ ʪʘ ʦʙʩʷʛʠ ʜʦʩʣʽʜʞʝʥʴ  

ʜʣʷ ʩʢʣʘʜʥʠʭ ʪʘ ʚʽʣʴʥʠʭ ɼʊʉ 

 

ɺʟʷʚʰʠ ʟʘ ʦʩʥʦʚʫ ʨʽʚʥʷʥʥʷ (ɹ.1) ɼʦʜʘʪʢʫ ɹ, ʪʘ ʚʨʘʭʦʚʫʶʯʠ, ʱʦ ʥʘ 

ʪʨʠʚʘʣʽʩʪʴ ʩʝʥʩʦʤʦʪʦʨʥʦʾ ʬʘʟʠ ʨʝʘʢʮʽʾ ʚʦʜ̫̔ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ ʪʨʠʚʘʣʽʩʪʴ 

ʡʦʛʦ ʨʦʙʦʪʠ ʪʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʨʫʭʫ, ʤʦʞʥʘ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʪʘʢʠʡ ʚʠʨʘʟ ʜʣʷ 

ʦʮʽʥʶʚʘʥʥʷ ʯʘʩʫ 1t  
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( ) ( ) ( )1 0 , ,mk a H at t t RV t V B t T I= +D +D +D , (3.19) 

 

ʜʝ 0t  ï ʯʘʩ ʚʠʷʚʣʝʥʥʷ, ʚʧʽʟʥʘʥʥʷ, ʧʨʠʡʥʷʪʪ̫  ʨh̔ʝʥʥ̫  ʪʦʱʦ, ʩ (ʪʘʙʣ. ɹ.1); 

( )mkt RVD  ï ʯʘʩ ʤʦʪʦʨʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʨʝʘʢʮʽʾ ʚʦʜʽʷ ʧʨʠ ʛʘʣʴʤʫʚʘʥʥʽ, ̫ ʢʠʡ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʽʟʥʠʮʽ ʚʠʩʦʪ ʧʣʦʱʘʜʦʢ ʚʘʞʝʣʽʚ ʘʢʩʝʣʝʨʘʪʦʨʘ  ̔ʛʘʣʴʤʘ ʘʚʪʦʤʦʙʣ̔ ̫

( RV, ʤʤ), ( ) 20,003 0,0002mkt RV RV RVD =- + , ʩ [158, 350]; 

( ),at V BD  ï ʧʨʠʨʽʩʪ ʬʘʟ ʯʘʩʫ ʨʝʘʢʮ̔ ʾ ʚʦʜ̫̔ ʟʘʣʝʞʥʦ ʚʽʜ ʰʚʠʜʢʦʩʪʽ 

ʘʚʪʦʤʦʙʣ̔ʷ ʚ ʤʦʤʝʥʪ ʚʠʷʚʣʝʥʥʷ ʥʝʙʝʟʧʝʢʠ ( aV , ʢʤ/ʛʦʜ) ʪʘ ʚʽʢʫ ʚʦʜʽʷ (ɺ, ʨʦʢʽʚ), 

( ) ( )( ), 0,1 lg 1 0,005 0,04a at V B V BD = Ö + , ʩ [158, 350]; 

( ),H at T ID  ï ʧʨʠʨʽʩʪ ʬʘʟ ʯʘʩʫ ʨʝʘʢʮʽʾ ʚʦʜ̫̔ ʟʘʣʝʞʥʦ ʚʽʜ ʪʨʠʚʘʣʦʩʪʽ ʡʦʛʦ 

ʨʦʙʦʪʠ ( HT , ʛʦʜ) ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʨʫʭʫ ( aI , ʘʚʪ/ʛʦʜ) ʚ ʤʦʤʝʥʪ ʚʠʷʚʣʝʥʥʷ 

ʥʝʙʝʟʧʝʢʠ, ʩ. 

ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʝʣʠʯʠʥʠ ( ),H at T ID  ʥʘ ʦʩʥʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, 

ʨʝʟʫʣʴʪʘʪʠ ʷʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ [39, 71, 111-117, 164, 168, 170, 147, 183, 185, 

188, 235, 329-332, 378] ʪʘ ɼʦʜʘʪʢʫ ɹ, ʙʫʣʦ ʩʬʦʨʤʦʚʘʥʦ ʤʥʦʞʠʥʠ ʜʘʥʠʭ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʟʘʣʝʞʥʽʩʪʴ ʯʘʩʫ ʨʝʘʢʮʽʾ ʚʦʜʽʷ ʚʽʜ ʪʨʠʚʘʣʦʩʪʽ ʡʦʛʦ ʨʦʙʦʪʠ ʪʘ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʨʫʭʫ, ʪʘ ʧʽʜʽʙʨʘʥʽ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ, ʧʦʜʘʥʽ ʥʘ ʨʠʩ. 3.12-3.14. 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 3.12-3.14, ʚʠʨʘʟʠ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ( ),H at T ID  ʤʘʶʪʴ ʚʠʛʣʷʜ: 

ï ʧʨʠ ʚʽʣʴʥʦʤʫ ʨʫʩʽ (0 < aI  < 50) 

 

( ) ( ) ( )
3 2

, 0,0002 0,0097 0,0808H a H H Ht T I T T TD =- Ö + Ö - Ö; (3.20) 

 

ï ʧʨʠ ʩʝʨʝʜʥʽʡ ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ ʩʤʫʛʠ ʨʫʭʫ (100 < aI  < 300) 

 

( ) ( ) ( )
3 2

, 0,0002 0,0106 0,0842H a H H Ht T I T T TD =- Ö + Ö - Ö; (3.21) 

 

ï ʧʨʠ ʚʠʩʦʢʽʡ ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ ʩʤʫʛʠ ʨʫʭʫ (350 < aI  < 500) 
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( ) ( ) ( )
3 2

, 0,0004 0,0147 0,0946H a H H Ht T I T T TD =- Ö + Ö - Ö. (3.22) 

 

 

 

ʈʠʩʫʥʦʢ 3.12 ï ɺʧʣʠʚ HT  ʥʘ ʯʘʩ 1t  ʧʨʠ ʧʨʠ ʚʽʣʴʥʦʤʫ ʨʫʩʽ (0 < aI  < 50) 

 

 

 

ʈʠʩʫʥʦʢ 3.13 ï ɺʧʣʠʚ HT  ʥʘ ʯʘʩ 1t  ʧʨʠ ʧʨʠ ʩʝʨʝʜʥʽʡ ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ ʩʤʫʛʠ 

ʨʫʭʫ (100 ʘʚʪ/ʛʦʜ < aI  < 300 ʘʚʪ/ʛʦʜ) 

y = -0,0002x3 + 0,0097x2 - 0,0808x + 1,39
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ʊʨʠʚʘʣʽʩʪʴ ʨʦʙʦʪʠ, ʛʦʜ.

y = -0,0002x3 + 0,0106x2 - 0,0842x + 1,39
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ʊʨʠʚʘʣʽʩʪʴ ʨʦʙʦʪʠ, ʛʦʜ.
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ʈʠʩʫʥʦʢ 3.14 ï ɺʧʣʠʚ HT  ʥʘ ʯʘʩ 1t  ʧʨʠ ʧʨʠ ʚʠʩʦʢʽʡ ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ ʩʤʫʛʠ 

ʨʫʭʫ (350 ʘʚʪ/ʛʦʜ < aI  < 500 ʘʚʪ/ʛʦʜ) 

 

ʆʮʽʥʢʘ ʯʘʩʫ ʨʝʘʢʮʽʾ 1t  ʟʘ ʚʠʨʘʟʦʤ (3.19) ʟʘʩʦʙʘʤʠ Microsoft Excel ʜʦʟʚʦʣʷʻ 

ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʚʠʨʘʟ, ʧʦʨʽʚʥʷʥʦ ʟ ʜʽʶʯʦʶ ʤʝʪʦʜʠʢʦʶ 

[80, 89], ʟʤʝʥʰʫʻ ʽʤʦʚʽʨʥʽʩʪʴ ʧʦʷʚʠ ʧʦʤʠʣʦʢ ɯ-ʛʦ ʨʦʜʫ (ʢʦʣʠ ʧʨʠʜʘʪʥʠʡ 

ʨʝʟʫʣʴʪʘʪ ʚʠʟʥʘʻʪʴʩʷ ʥʝʧʨʠʜʘʪʥʠʤ) ʥʘ 19% ʪʘ ʧʦʤʠʣʦʢ ɯɯ-ʛʦ ʨʦʜʫ (ʢʦʣʠ 

ʥʝʧʨʠʜʘʪʥʠʡ ʨʝʟʫʣʴʪʘʪ ʚʠʟʥʘʻʪʴʩʷ ʧʨʠʜʘʪʥʠʤ) ï ʥʘ 32%. 

 

3.4 ʄʦʜʝʣʽ ʦʮʽʥʶʚʘʥʥʷ ʧʨʦʡʜʝʥʦʛʦ ʰʣʷʭʫ ʘʚʪʦʤʦʙʽʣʷ 

 

ʆʩʥʦʚʥʠʤʠ ʦʙʩʪʘʚʠʥʘʤʠ ʟ ʚʠʥʠʢʥʝʥʥʷ ɼʊʇ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʜʽʶʯʠʭ ʇʨʘʚʠʣ 

ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ [77],  ̒ ʥʝʙʝʟʧʝʢʘ ʜʣʷ ʨʫʭʫ ʪʘ ʧʝʨʝʰʢʦʜʘ ʜʣʷ ʨʫʭʫ. ʇʨʠ 

ʚʠʥʠʢʥʝʥʥʽ ʧʝʨʝʰʢʦʜʠ ʜʣʷ ʨʫʭʫ ʚʦʜʽʶ ʜʦʟʚʦʣʝʥʦ ʚ ʨʽʚʥʽʡ ʤʽʨʽ ʟʘʩʪʦʩʦʚʫʚʘʪʠ 

ʷʢ ʛʘʣʴʤʫʚʘʥʥʷ, ʪʘʢ ʽ ʤʘʥʝʚʨʫʚʘʥʥʷ. ʋ ʨʘʟʽ ʚʠʥʠʢʥʝʥʥʽ ʥʝʙʝʟʧʝʢʠ ʜʣʷ ʨʫʭʫ ï 

ʪʽʣʴʢʠ ʛʘʣʴʤʫʚʘʥʥʷ. ɿ ʪʝʭʥʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʤʘʥʝʚʨʫʚʘʥʥʷ ʚʠʢʦʥʘʪʠ ʚʘʞʯʝ ʽ 

ʥʝʙʝʟʧʝʯʥʽʰʝ ʥʽʞ ʝʢʩʪʨʝʥʦ ʟʘʛʘʣʴʤʫʚʘʪʠ ʊɿ, ʪʦʤʫ ʦʩʥʦʚʥʠʤ ʤʝʪʦʜʦʤ 

y = -0,0004x3 + 0,0147x2 - 0,0946x + 1,39
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ʧʦʧʝʨʝʜʞʝʥʥʷ ɼʊʇ ʻ ʧʨʦʮʝʩ ʛʘʣʴʤʫʚʘʥʥʷ [84, 87, 89]. ɽʬʝʢʪʠʚʥʽʩʪʴ ʜʘʥʦʛʦ 

ʧʨʦʮʝʩʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʦʩʦʙʣʠʚʦʩʪʝʡ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʨʦʙʦʪʠ ʛʘʣʴʤʽʚʥʠʭ ʩʠʩʪʝʤ 

ʊɿ (ʥʘʷʚʥʦʩʪʽ ʘʥʪʠʙʣʦʢʫʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʛʘʣʴʤ, ʩʠʩʪʝʤʠ ʝʢʩʪʨʝʥʦʛʦ 

ʛʘʣʴʤʫʚʘʥʥʷ, ʧʨʝʚʝʥʪʠʚʥʠʭ ʩʠʩʪʝʤ ʙʝʟʧʝʢʠ ʪʦʱʦ) ʪʘ ʦʙʤʝʞʫʻʪʴʩʷ ʚʝʣʠʯʠʥʦʶ 

ʩʠʣ ʪʝʨʪʷ ʚ ʢʦʥʪʘʢʪʽ ʰʠʥ ʟ ʜʦʨʦʛʦʶ [121, 125, 197]. 

 

3.4.1 ʆʮʽʥʶʚʘʥʥʷ ʜʠʥʘʤʽʢʠ ʝʢʩʪʨʝʥʦʛʦ ʛʘʣʴʤʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʷ ʪʘ ʡʦʛʦ 

ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ  

ʉʪʽʡʢʽʩʪʴ ʘʚʪʦʤʦʙʽʣʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʙʽʯʥʠʤʠ ʨʝʘʢʮʽʷʤʠ ʦʧʦʨʥʦʾ ʧʦʚʝʨʭʥʽ, 

ʷʢʽ ʜʽʶʪʴ ʟ ʙʦʢʫ ʜʦʨʦʛʠ ʥʘ ʡʦʛʦ ʢʦʣʝʩʘ. ɹʽʯʥʽ ʩʠʣʠ ʚʠʥʠʢʘʶʪʴ ʚʽʜ 

ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʝʬʝʢʪʫ ʧʨʠ ʧʦʚʦʨʦʪʽ, ʚʽʜ ʧʦʧʝʨʝʯʥʦʛʦ ʫʭʠʣʫ ʜʦʨʦʛʠ, ʚʽʪʨʫ ʪʦʱʦ. 

ʗʢʱʦ ʚʦʥʠ ʤʝʥʰʽ ʛʨʘʥʠʯʥʦʾ ʚʝʣʠʯʠʥʠ ʙʽʯʥʦʾ ʨʝʘʢʮʽʾ, ʪʦ ʢʦʣʝʩʦ ʙʫʜʝ ʨʫʭʘʪʠʩʴ 

ʧʦ ʟʘʜʘʥʽʡ ʪʨʘʻʢʪʦʨʽʾ ʽ ʥʝʟʥʘʯʥʦ ʚʽʜʭʠʣʷʪʠʩʴ ʚʽʜ ʥʝʾ ʪʽʣʴʢʠ ʟʘ ʨʘʭʫʥʦʢ ʙʽʯʥʦʛʦ 

ʟʩʫʚʫ. ʗʢʱʦ ʞ ʛʨʘʥʠʯʥʘ ʚʝʣʠʯʠʥʘ ʙʽʯʥʦʾ ʨʝʘʢʮʽʾ ʧʝʨʝʚʠʱʝʥʘ, ʢʦʣʝʩʦ ʚʪʨʘʯʘʻ 

ʩʪʽʡʢʽʩʪʴ, ʦʩʢʽʣʴʢʠ ʧʦʯʠʥʘʻʪʴʩʷ ʙʽʯʥʝ ʢʦʚʟʘʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʩʪʽʡʢʽʩʪʴ ʢʦʣʝʩʘ 

(ʜʠʚ. ʨʠʩ. 3.6) ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟʘ ʫʤʦʚʠ [120, 125, 130] 

 

2 2
max= ,x y zR R R RS + ¢j Ö (3.23) 

 

ʜʝ RS ï ʩʫʤʘʨʥʘ ʥʦʨʤʘʣʴʥʘ ʨʝʘʢʮʽʷ ʚ ʧʣʦʱʠʥʽ ʢʦʥʪʘʢʪʫ ʟ ʦʧʦʨʥʦʶ 

ʧʦʚʝʨʭʥʝʶ; 

Rx, Ry, Rz ï ʨʝʘʢʮʽʾ ʚ ʧʦʟʜʦʚʞʥʴʦʤʫ, ʧʦʧʝʨʝʯʥʦʤʫ ʪʘ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʥʘʧʨʷʤʽ 

ʚ ʢʦʥʪʘʢʪʽ ʦʧʦʨʥʦ ʾʧʦʚʝʨʭʥʽ ʟ ʢʦʣʝʩʘʤʠ ʘʚʪʦʤʦʙʽʣʷ;  

jmax ï ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʟʯʝʧʣʝʥʥʷ, ʷʢʝ ʤʦʞʥʘ ʨʝʘʣʽʟʫʚʘʪʠ ʧʨʠ 

ʥʘʡʩʧʨʠʷʪʣʠʚʠʭ ʫʤʦʚʘʭ. 

ʋ ʨʘʟʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʝʢʩʪʨʝʥʦʛʦ ʛʘʣʴʤʫʚʘʥʥʷ ʜʣʷ ʧʦʧʝʨʝʜʞʝʥʥʷ ɼʊʇ 

ʚʠʥʠʢʘʻ ʚʠʩʦʢʘ ʽʤʦʚʽʨʥʽʩʪʴ ʙʣʦʢʫʚʘʥʥʷ ʢʦʣ̔ʩ ʊɿ ʽ ʷʢ ʥʘʩʣʽʜʦʢ ʚʪʨʘʪʠ ʢʫʨʩʦʚʦʾ 

ʯʠ ʪʨʘʻʢʪʦʨʥʦʾ ʩʪʽʡʢʦʩʪʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʙʣʦʢʦʚʘʥʠʭ ʽ 

ʥʝʙʣʦʢʦʚʘʥʠʭ ʢʦʣʽʩ. 
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ʋ ʚʠʧʘʜʢʫ ʨʦʟʚʦʨʦʪʫ ʧʦʟʜʦʚʞʥʴʦʾ ʦʩʽ ʘʚʪʦʤʦʙʽʣ ̫ ʚʽʜ ʧʨʷʤʦʣʽʥʽʡʥʦʛʦ 

ʥʘʧʨʷʤʢʫ ʨʫʭʫ ʥʘ ʢʫʪ 20 ̄ ʽ ʙʽʣɹh ʝ ʚʦʜʽʡ ʚʪʨʘʯʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʧʨʘʚʠʪʠ 

ʩʠʪʫʘʮʽʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʷʚʥʠʭ ʦʨʛʘʥʽʚ ʢʝʨʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʝʤ [87, 175]. ɼʣʷ 

ʧʦʧʝʨʝʜʞʝʥʥʷ ʪʘʢʠʭ ʚʠʧʘʜʢʽʚ ʥʘ ʩʫʯʘʩʥʠʭ ʊɿ ʚʩʪʘʥʦʚʣʶʶʪʴ ABS, EBD, ESP 

ʪʦʱʦ [65, 84, 197]. 

ʉʪʘʥʜʘʨʪʘʤʠ [197], ʷʢʽ ʨʝʛʣʘʤʝʥʪʫʶʪʴ ʚʠʤʦʛʠ ʜʦ ʛʘʣʴʤʽʚʥʠʭ ʩʠʩʪʝʤ ʊɿ, 

ʜʦʧʫʩʢʘʻʪʴʩʷ ʥʘʷʚʥʽʩʪʴ ʨʽʟʥʠʮʽ ʚʝʣʠʯʠʥ ʛʘʣʴʤʽʚʥʠʭ ʩʠʣ ʥʘ ʨʽʟʥʠʭ ʢʦʣʝʩʘʭ (ʚ 

ʧʝʚʥʠʭ ʤʝʞʘʭ) ʪʘ ʽʩʥʫʚʘʥʥʷ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʩʧʨʘʮʶʚʘʥʥʷ ʛʘʣʴʤʽʚʥʠʭ 

ʤʝʭʘʥʽʟʤʽʚ ʢʦʣʽʩ ʦʜʥʽʻʾ ʦʩʽ. ʊʘʢʽ ʚʽʜʭʠʣʝʥʥʷ ʤʦʞʫʪʴ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʨʦʟʚʦʨʦʪʫ 

ʊɿ ʥʘʚʢʦʣʦ ʩʚʦʛʦ ʮʝʥʪʨʘ ʚʘʛʠ, ʘʣʝ ʧʨʦʮʝʩ ʛʘʣʴʤʫʚʘʥʥʷ ʤʦʞʥʘ ʚʚʘʞʘʪʠ 

ʙʝʟʧʝʯʥʠʤ ʫ ʨʘʟʽ ʜʦʪʨʠʤʘʥʥʷ ʛʘʙʘʨʠʪʽʚ ʢʦʨʠʜʦʨʫ ʛʘʣʴʤʫʚʘʥʥʷ ʰʠʨʠʥʦʶ 3,5 ʤ 

(ʨʠʩ. 3.15). 

ʆʪʞʝ, ʙʝʟʧʝʢʘ ʨʫʭʫ ʊɿ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʜʦʪʨʠʤʘʥʥʷʤ ʛʨʘʥʠʯʥʠʭ ʟʥʘʯʝʥʴ 

ʛʘʣʴʤʽʚʥʦʛʦ h ʣʷʭʫ ʪʘ ʫʪʨʠʤʘʥʥʷʤ ʡʦʛʦ ʚ ʤʝʞʘʭ ʟʘʜʘʥʦʾ ʩʤʫʛʠ ʨʫʭʫ (ʢʦʨʠʜʦʨʫ 

ʙʝʟʧʝʢʠ). ʄʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʠʡ ʨʦʟʚʦʨʦʪ ʘʚʪʦʤʦʙʽʣʷ ʦʙʯʠʩʣʶʶʪʴ ʟ ʫʤʦʚʠ 

[175]: 

 

sin cos
2 2

sr a
a

B B
y L¢ + g+ g, (3.24) 

 

ʜʝ Bsr ï ʰʠʨʠʥʘ ʢʦʨʠʜʦʨʫ ʙʝʟʧʝʢʠ (ʩʤʫʛʠ ʨʫʭʫ);  

y ï ʚʽʜʭʠʣʝʥʥʷ ʮʝʥʪʨʘ ʤʘʩ ʊɿ ʫ ʧʦʧʝʨʝʯʥʦʤʫ ʥʘʧʨʷʤʢʫ;  

La ʪʘ Ba ï ʜʦʚʞʠʥʘ ʽ ʰʠʨʠʥʘ ʊɿ;  

ɔ ï ʢʫʨʩʦʚʠʡ ʢʫʪ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻ ʧʦʚʟʜʦʚʞʥʴʦʾ ʦʩʽ ʊɿ. 

ʇʨʦʮʝʩ ʛʘʣʴʤʫʚʘʥʥʷ ʤʦʞʝ ʩʫʧʨʦʚʦʜʞʫʚʘʪʠʩʴ ʢʨʠʚʦʣʽʥʽʡʥʠʤ ʨʫʭʦʤ ʊɿ, 

ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʧʦʣʦʞʝʥʥʷ ʨʫʣʴʦʚʦʛʦ ʢʦʣʝʩʘ. ʎʝ ʤʦʞʣʠʚʦ ʫ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ 

ʥʘ ʢʦʣʝʩʘʭ ʘʚʪʦʤʦʙʽʣʷ ʚʠʥʠʢʘʻ ʩʫʪʪʻʚʘ ʨʽʟʥʠʮʷ ʤʽʞ ʧʦʟʜʦʚʞʥʽʤʠ ʨʝʘʢʮʽʷʤʠ, 

ʩʧʨʠʯʠʥʝʥʘ ʨʽʟʥʠʤʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ, ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʯʠ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ 

ʬʘʢʪʦʨʘʤʠ. ʅʘʩʣʽʜʢʦʤ ʮʠʭ ʧʦʜʽʡ  ̒ʚʠʥʠʢʥʝʥʥʷ ʧʦʚʝʨʪʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ, ʷʢ ̔
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ʩʧʨʠʷʶʪʴ ʨʦʟʚʦʨʦʪʫ ʊɿ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ. ʇʽʜ ʜʽʻʶ ʮʠʭ ʤʦʤʝʥʪʽʚ ʊɿ 

ʧʦʯʠʥʘʻ ʚʪʨʘʯʘʪʠ ʩʪʽʡʢʽʩʪʴ, ɦ ʦ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʘʥʦʩʫ ʯʠ ʧʝʨʝʢʠʜʘʥʥʷ. 

 

0S

ʢʦʨʠʜʦʨ ʙʝʟʧʝʢʠ

ʢʦʨʠʜʦʨ ʛʘʣʴʤʫʚʘʥʥʷ 

ʟʦʥʘ ʥʝʙʝʟʧʝʢʠ

ʽʥʪʝʨʚʘʣ ʙʝʟʧʝʢʠ
0,5ʤ

0,5ʤ

0,5ʤ

0,5ʤ

2,5ʤ

 

 

ʈʠʩʫʥʦʢ 3.15 ï ʂʦʨʠʜʦʨ ʙʝʟʧʝʢʠ 

 

ɼʣʷ ʜʚʦʚʽʩʥʦʛʦ ʘʚʪʦʤʦʙʽʣʷ ʟʘʣʝʞʥʦ ʚʽʜ ʭʘʨʘʢʪʝʨʫ ʧʝʨʝʙʽʛʫ ʧʨʦʮʝʩʫ 

ʛʘʣʴʤʫʚʘʥʥʷ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʜʠʥʘʤʽʯʥʫ ʩʪʘʜʽʶ ʽ ʩʪʘʜʽʶ ʜʽʾ ʫʩʪʘʣʝʥʦʛʦ 

ʩʧʦʚʽʣʴʥʝʥʥʷ. 

ɼʠʥʘʤʽʯʥʘ ʩʪʘʜʽʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩ ̫ʟʨʦʩʪʘʥʥʷʤ ʛʘʣʴʤʦʚʠʭ ʩʠʣ ʥʘ ʢʦʣʝʩʘʭ 

ʘʚʪʦʤʦʙʽʣʷ ʚʽʜ ʥʫʣʷ ʜʦ ʟʥʘʯʝʥʴ, ʷʢʽ ʦʙʤʝʞʫʶʪʴʩʷ ʟʯʽʧʥʠʤʠ ʷʢʦʩʪʷʤʠ ʢʦʣʽʩ ʟ 

ʜʦʨʦʞʥʽʤ ʧʦʢʨʠʪʪʷʤ ʪʘ ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʠʩʢʫ ʩʪʚʦʨʝʥʦʛʦ ʚ ʛʘʣʴʤʽʚʥʦʤʫ ʧʨʠʚʦʜʽ. 

ɼʠʥʘʤʽʯʥʘ ʩʪʘʜʽʷ ʧʨʠ ʝʢʩʪʨʝʥʦʤʫ ʛʘʣʴʤʫʚʘʥʥʽ ʪʨʠʚʘʻ ʙʣʠʟʴʢʦ 0,5 ʩ. ɰʾ 

ʪʨʠʚʘʣʽʩʪʴ ʟʘʣʝʞʠʪʴ ʚʽʜ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʦʜʽʷ, ʜʦʨʦʞʥʽʭ ʫʤʦʚ ʪʘ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ. ɿ ʤʦʤʝʥʪʫ ʜʦʩʷʛʥʝʥʥʷ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʧʦʚʽʣʴʥʝʥʥʷ ʽ ʜʦ ʤʦʤʝʥʪʫ ʧʦʚʥʦʾ ʟʫʧʠʥʢʠ ʊɿ ʪʨʠʚʘʻ ʩʪʘʜʽʷ ʜʽʾ 

ʫʩʪʘʣʝʥʦʛʦ ʩʧʦʚʽʣʴʥʝʥʥʷ. ʉʠʣʠ ʽ ʤʦʤʝʥʪʠ, ʷʢʽ ʜʽʶʪʴ ʥʘ ʊɿ ʚ ʮʠʭ ʜʚʦʭ ʩʪʘʜʽʷʭ 

ʛʘʣʴʤʫʚʘʥʥʷ ʟʤʽʥʶʶʪʴʩʷ ʟʘ ʩʫʪʪʻʚʦ ʨʽʟʥʠʤʠ ʟʘʢʦʥʘʤʠ [3, 84, 88, 89, 114, 121, 

122]. 

ʇʦʣʦʞʝʥʥʷ ʘʚʪʦʤʦʙʽʣʷ ʚ ʧʨʦʩʪʦʨʽ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ ʢʦʦʨʜʠʥʘʪʘʤʠ ʨʫʭʫ 

ʡʦʛʦ ʮʝʥʪʨʘ ʤʘʩ (x; y) ʚ ʥʝʨʫʭʦʤʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ x, y, z ʪʘ ʟʥʘʯʝʥʥʷʤ 

ʢʫʨʩʦʚʦʛʦ ʢʫʪʘ ɔ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻ ʨʦʟʚʦʨʦʪ ʧʦʟʜʦʚʞʥʴʦʾ ʦʩʽ ʊɿ (ʨʠʩ. 3.16).  
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ixP , iyP  ï ʧʦʟʜʦʚʞʥʷ ʪʘ ʧʦʧʝʨʝʯʥʘ ʩʢʣʘʜʦʚʽ ʩʠʣʠ ʽʥʝʨʮʽʾ ʘʚʪʦʤʦʙʽʣʷ iP ; wP  ï ʩʠʣʘ ʦʧʦʨʫ 

ʧʦʚʽʪʨʷ; aG  ï ʚʘʛʘ ʘʚʪʦʤʦʙʽʣʷ; Ŭ ï ʢʫʪ ʫʭʠʣʫ ʜʦʨʦʛʠ, 1 1 2 2, , ,l r l r
x x x xR R R R  ï ʧʦʟʜʦʚʞʥʽ ʨʝʘʢʮʽʾ, 

ʱʦ ʜʽʶʪʴ ʚ ʢʦʥʪʘʢʪʽ ʢʦʣʽʩ ʟ ʧʦʚʝʨʭʥʝʶ ʜʦʨʦʛʠ; 1 1 2 2, , ,l r l r
y y y yR R R R  ï ʙʽʯʥʽ ʨʝʘʢʮʽʾ, ʱʦ ʜʽʶʪʴ 

ʚ ʢʦʥʪʘʢʪʽ ʢʦʣʽʩ ʟ ʧʦʚʝʨʭʥʝʶ ʜʦʨʦʛʠ; 1 1 2 2, , ,l r l r
z z z zR R R R  ï ʥʦʨʤʘʣʴʥʽ (ʚʝʨʪʠʢʘʣʴʥʽ) ʨʝʘʢʮʽʾ, 

ʱʦ ʜʽʶʪʴ ʚ ʢʦʥʪʘʢʪʽ ʢʦʣʽʩ ʟ ʧʦʚʝʨʭʥʝʶ ʜʦʨʦʛʠ; 1 1 2 2, , ,l r l r
f f f fM M M M  ï ʤʦʤʝʥʪʠ ʦʧʦʨʫ 

ʢʦʯʝʥʥʷ ʢʦʣʽʩ; 1 1 2 2, , ,l r l r
g g g gM M M M  ï ʛʘʣʴʤʽʚʥʽ ʤʦʤʝʥʪʠ, ʧʨʠʢʣʘʜʝʥʽ ʜʦ ʢʦʣʽʩ;  

ȹy ï ʙʽʯʥʝ ʟʤʽʱʝʥʥʷ ʮʝʥʪʨʘ ʤʘʩ ʘʚʪʦʤʦʙʽʣʷ; 1 2,M M  ï ʤʦʤʝʥʪʠ, ʱʦ ʧʦʚʝʨʪʘʶʪʴ 

ʘʚʪʦʤʦʙʽʣʴ; Iz ï ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʘʚʪʦʤʦʙʽʣʷ ʚʽʜʥʦʩʥʦ ʚʝʨʪʠʢʘʣʴʥʦʾ ʦʩʽ, ʷʢʘ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ 

ʡʦʛʦ ʮʝʥʪʨ ʤʘʩ; ɤ ï ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʘʚʪʦʤʦʙʽʣʷ ʚʽʜʥʦʩʥʦ ʦʩʽ z; xV  ʽ yV  ï ʰʚʠʜʢʽʩʪʴ 

ʮʝʥʪʨʘ ʤʘʩ ʚʽʜʧʦʚʽʜʥʦ ʚ ʥʘʧʨʷʤʢʫ ʧʦʚʟʜʦʚʞʥʴʦʾ ʦʩʽ ʘʚʪʦʤʦʙʽʣʷ ʽ ʚ ʥʘʧʨʷʤʢʫ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʜʦ ʥʝʾ; ŭ1 i ŭ2 ï ʢʫʪʠ ʟʩʫʚʫ (ʙʽʯʥʦʛʦ ʚʽʜʚʝʜʝʥʥʷ) ʢʦʣʩ̔ ʧʝʨʝʜʥʴʦʾ ʪʘ 

ʟʘʜʥʴʦʾ ʦʩʝʡ; ɗ ï ʢʫʪ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʟʤʽʥʫ ʥʘʧʨʷʤʢʫ ʨʫʭʫ ʧʝʨʝʜʥʴʦʾ ʦʩʽ ʘʚʪʦʤʦʙʽʣʷ ʟʘ 

ʨʘʭʫʥʦʢ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ ʢʽʥʝʤʘʪʠʢʠ ʨʫʣʴʦʚʦʛʦ ʧʨʠʚʦʜʫ ʽ ʧʽʜʚʽʩʢʠ ʫ ʚʠʧʘʜʢʫ ʟʘʣʝʞʥʦʾ 

ʧʽʜʚʽʩʢʠ ʘʙʦ ʟʘ ʨʘʭʫʥʦʢ ʥʘʭʠʣʫ ʢʦʣʽʩ ʫ ʚʠʧʘʜʢʫ ʥʝʟʘʣʝʞʥʦʾ ʧʽʜʚʽʩʢʠ ʧʨʠ ʢʨʝʥʽ ʢʫʟʦʚʘ; 

ʽʥʜʝʢʩʠ 1 ʽ 2 ʧʦʟʥʘʯʘʶʪʴ ʧʝʨʝʜʥʶ ʽ ʟʘʜʥʶ ʦʩʽ, ʘ ʽʥʜʝʢʩʠ l ʽ r ï ʣʽʚʽ ʪʘ ʧʨʘʚʽ ʢʦʣʝʩʘ. 

 

ʈʠʩʫʥʦʢ 3.16 ï ʉʭʝʤʘ ʩʠʣ ʪʘ ʤʦʤʝʥʪʽʚ, ʱʦ ʜʽʶʪʴ ʥʘ ʊɿ ʧʨʠ ʛʘʣʴʤʫʚʘʥʥʽ 
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ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʝʦʙʭʽʜʥʦ ʩʢʣʘʩʪʠ ʨʽʚʥʷʥʥʷ ʨʽʚʥʦʚʘʛʠ: 

 

1 2

1 2

1 2 1 2

sin ,

,

,

a x
x x wx f a

ya
y y

z y y

G dV
R R P P G

g dt

dVG
R R

g dt

d
I M M R a R b

dt

ë
=- - - - ° aî

î
î

=- +ì
î
î w

= + - Ö - Öî
í

 (3.25) 

 

ʜʝ a x
ix

G dV
P

g dt
= , 

ya
iy

dVG
P

g dt
=  ï ʧʨʦʝʢʮʽʾ ʩʠʣʠ ʽʥʝʨʮʽʾ ʥʘ ʦʩ̔ x ʪʘ y; 

g ï ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ; 

xdV

dt
, 

ydV

dt
 ï ʧʨʠʩʢʦʨʝʥʥʷ ʮʝʥʪʨʘ ʤʘʩ ʘʚʪʦʤʦʙʽʣʷ ʚ ʥʘʧʨʷʤʢʫ ʦʩʝʡ x ʪʘ y;  

1 1 1
l r

x x xR R R= + , 2 2 2
l r

x x xR R R= + ; 1 1 1
l r

y y yR R R= + , 2 2 2
l r

y y yR R R= + ; 

( ) ( )1 1 10.5 0.5r l
x xM B y R B y R= -D Ö - +D Ö; 

( ) ( )2 2 20.5 0.5r l
x xM B y R B y R= -D Ö - +D Ö; 

a, b, B, L ï ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʧʘʨʘʤʝʪʨʠ ʘʚʪʦʤʦʙʽʣʷ; 

/d dtw  ï ʢʫʪʦʚʝ ʧʨʠʩʢʦʨʝʥʥʷ ʘʚʪʦʤʦʙʽʣʷ ʚʽʜʥʦʩʥʦ ʦʩʽ z;  

20.5wx x w xP c F V= Ö ÖrÖ Ö ï ʧʨʦʝʢʮʽʷ ʩʠʣʠ ʦʧʦʨʫ ʧʦʚʽʪʨʷ ʥʘ ʚʽʩʴ x; 

xc  ï ʢʦʝʬʽʮʽʻʥʪ ʦʙʪʽʯʥʦʩʪʽ ʘʚʪʦʤʦʙʽʣʷ; 

r ï ʛʫʩʪʠʥʘ ʧʦʚʽʪʨʷ; 

wF  ï ʧʣʦʱʘ ʤʽʜʝʣʝʚʦʛʦ ʧʝʨʝʨʽʟʫ; 

cosf aP f G= Ö Ö a ï ʦʧʽʨ ʢʦʯʝʥʥʶ ʢʦʣʽʩ; 

f ï ʢʦʝʬʽʮʽʻʥʪ ʦʧʦʨʫ ʢʦʯʝʥʥʷ; 

sinaP Ga= Ö a ï ʦʧʽʨ ʧʽʜʡʦʤʫ (ʙʝʨʝʪʴʩʷ ʜʦʜʘʪʥʽʤ ʧʽʜ ʯʘʩ ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʷ 

ʥʘ ʧʽʜʡʦʤ ʪʘ ʚʽʜôʻʤʥʠʤ ï ʧʽʜ ʯʘʩ ʨʫʭʫ ʥʘ ʩʧʫʩʢ). 

ʂʫʪʠ ʥʘʧʨʷʤʢʫ ʨʫʭʫ ʢʦʣʽʩ 1
ld, 1

rd , 2
ld ʪʘ 2

rd, ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 3.16, ʫ ʚʠʧʘʜʢʫ 

ʥʝʟʘʙʣʦʢʦʚʘʥʦʛʦ ʢʦʣʝʩʘ ʻ ʢʫʪʦʤ ʟʩʫʚʫ, ʘ ʧʨʠ ʙʣʦʢʫʚʘʥʥʽ ʢʦʣʝʩʘ ʻ ʢʫʪʦʤ ʢʦʚʟʘʥʥʷ.
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ɿʤʽʥʫ ʥʘʧʨʷʤʢʫ ʨʫʭʫ ʧʝʨʝʜʥʴʦʾ ʦʩʽ ʘʚʪʦʤʦʙʽʣʷ ʟʘ ʨʘʭʫʥʦʢ ʥʘʭʠʣʫ ʢʦʣʽʩ ʧʨʠ ʢʨʝʥʽ 

ʢʫʟʦʚʘ ʭʘʨʘʢʪʝʨʠʟʫʻ ʢʫʪ q. ɺʝʣʠʯʠʥʠ ʢʫʪʽʚ q ʥʝʚʝʣʠʢʽ ʽ ʟʤʽʥʶʶʪʴʩʷ ʚʽʜ ʥʫʣʷ ʜʦ 

ʦʜʥʦʛʦ ʛʨʘʜʫʩʘ [361]. 

 

( ),n y xj V= - +q r w (3.26) 

 

ʜʝ nr  ï ʧʘʨʘʤʝʪʨ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫ ̒ʢʦʥʩʪʨʫʢʮʽʶ ʪʘ ʧʨʫʞʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʧʽʜʚʽʩʢʠ. 

ʆʩʢʽʣʴʢʠ ʟʥʘʯʝʥʥʷ ʢʫʪʽʚ q ʧʨʠ ʛʘʣʴʤʫʚʘʥʥʽ ʘʚʪʦʤʦʙʽʣʷ ʥʝʚʝʣʠʢʽ, ʤʦʞʥʘ 

ʟʘʧʠʩʘʪʠ 

 

1 1 1 2 2 2, .r l r l+ º + º + º ºq d q d q d d d d (3.27) 

 

ɺʽʜʧʦʚʽʜʥʦ ʢʽʥʝʤʘʪʠʮʽ ʧʦʚʦʨʦʪʫ (ʨʠʩ. 3.16) ʤʘʻʤʦ [92] 

 

1 2tg , tg .
y y

x x

a V b V

V V

Ö - Ö +
= - =
w w

d q d  (3.28) 

 

ʍʘʨʘʢʪʝʨ ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʷ ʪʘ ʧʘʨʘʤʝʪʨʠ ʡʦʛʦ ʪʨʘʻʢʪʦʨʽʾ ʧʨʠ ʛʘʣʴʤʫʚʘʥʥʽ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘʢʦʥʘʤʠ ʟʤʽʥʠ ʩʠʣ ʽ ʤʦʤʝʥʪʽʚ, ʱʦ ʚʭʦʜʷʪʴ ʚ ʩʠʩʪʝʤʫ (3.25). 

ʇʨʠ ʛʘʣʴʤʫʚʘʥʥʽ ʘʚʪʦʤʦʙʽʣʷ (ʜʠʚ. ʨʠʩ. 3.16) ʩʢʣʘʜʦʚʠʤʠ, ʷʢʽ ʬʦʨʤʫʶʪʴ 

ʚʝʣʠʯʠʥʫ ʧʦʟʜʦʚʞʥʴʦʾ ʨʝʘʢʮʽʾ xkR  ʫ ʢʦʥʪʘʢʪʽ ʢʦʣʝʩʘ ʟ ʧʦʚʝʨʭʥʝʶ ʜʦʨʦʛʠ ʻ 

ʧʨʠʢʣʘʜʝʥʠʡ ʛʘʣʴʤʽʚʥʠʡ ʤʦʤʝʥʪ gkM , ʤʦʤʝʥʪ ʩʠʣʠ ʦʧʦʨʫ ʢʦʯʝʥʥʷ fkM , 

ʽʥʝʨʮʽʡʥʠʡ ʤʦʤʝʥʪ ʢʦʣʝʩʘ jkM , ʱʦ ʜʽʻ ʫ ʟʚʦʨʦʪʥʦʤʫ ʥʘʧʨʷʤʫ ʜʦ gkM  ʪʘ  

fkM , ʪʘ ʜʠʥʘʤʽʯʥʠʡ ʨʘʜʽʫʩ ʢʦʣʝʩʘ dr   

 

.
gk fk jk

xk
d

M M M
R

r

+ -
=  (3.29) 
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ʜʝ gk gk dM P r= Ö, gkP  ï ʛʘʣʴʤʽʚʥʘ ʩʠʣʘ, ʚʽʜʥʝʩʝʥʘ ʜʦ ʨʘʜʽʫʩʘ ʢʦʣʝʩʘ; 

fk fk dM P r= Ö, fk zkP R f= Ö ï ʩʠʣʘ ʦʧʦʨʫ ʢʦʯʝʥʥʷ, ʱʦ ʜʽʻ ʥʘ ʢʦʣʝʩʦ, zkR  ï 

ʥʦʨʤʘʣʴʥʘ ʨʝʘʢʮʽʷ ʚ ʢʦʥʪʘʢʪʽ ʰʠʥʠ ʟ ʜʦʨʦʛʦʶ; 

jk k kM J= Öe, 2
k k dJ m r= Ö ï ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʢʦʣʝʩʘ, km  ï ʤʘʩʘ ʢʦʣʝʩʘ, ke ï 

ʢʫʪʦʚʝ ʩʧʦʚʽʣʴʥʝʥʥʷ ʢʦʣʝʩʘ. 

ɺʨʘʭʦʚʫʶʯʠ ʪʝ, ʱʦ ʨʝʘʣʽʟʘʮʽʷ ʛʘʣʴʤʽʚʥʦʾ ʩʠʣʠ ʚ ʢʦʥʪʘʢʪʽ ʰʠʥʠ ʟ ʜʦʨʦʛʦʶ 

ʦʙʤʝʞʝʥʘ ʚʝʣʠʯʠʥʦʶ ʢʦʝʬʽʮʽʻʥʪʘ ʟʯʝʧʣʝʥʥʷ maxgk zkP R= Öj, ʚʠʨʘʟ (3.29) 

ʥʘʙʫʜʝ ʚʠʛʣʷʜʫ 

 

( ) .k k
xk zk

d

J
R R f

r

Öe
= Ö j+ -  (3.30) 

 

ɿʘʧʠʩʘʚʰʠ ʥʘ ʦʩʥʦʚʽ ʨʠʩ. 3.16 ʨʽʚʥʷʥʥʷ ʨʽʚʥʦʚʘʛʠ ʫ ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ, 

ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʩʫʤʫ ʥʦʨʤʘʣʴʥʠʭ ʨʝʘʢʮʽʡ, ʷʢʽ ʜʽʶʪʴ ʥʘ ʢʦʣʝʩʘ ʘʚʪʦʤʦʙʽʣʷ, 

ʪʘʢ 

 

cos ,z a wzR G P= Ö a°ä  (3.31) 

 

ʜʝ 
20.5wz z z xP c F V= Ö ÖrÖ Ö ï ʧʨʦʝʢʮʽʷ ʩʠʣʠ ʦʧʦʨʫ ʧʦʚʽʪʨʷ ʥʘ ʚʽʩʴ z; 

zF  ï ʧʣʦʱʘ ʝʣʝʤʝʥʪʽʚ ʘʚʪʦʤʦʙʽʣʷ, ʥʘ ʦʩʥʦʚʽ ʷʢʦʾ ʩʪʚʦʨʶʻʪʴʩʷ ʧʽʜʡʦʤʥʘ ʯʠ 

ʧʨʠʪʠʩʢʥʘ ʩʠʣʘ; 

zc  ï ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʡʦʤʥʦʾ ʯʠ ʧʨʠʪʠʩʢʥʦʾ ʩʠʣʠ. 

ʇʨʦʝʢʮʽʷ wzP  ʚʽʜʥʽʤʘʻʪʴʩʷ ʚʽʜ ʚʘʛʠ ʘʚʪʦʤʦʙʽʣʷ, ʷʢʱʦ ʩʪʚʦʨʶʻ ʧʽʜʡʦʤʥʫ 

ʩʠʣʫ ʧʨʠ 0zc > , ʘʙʦ ʜʦʜʘʻʪʴʩʷ ʜʦ ʚʘʛʠ ʘʚʪʦʤʦʙʽʣʷ, ʷʢʱʦ ʚʦʥʘ ʩʪʚʦʨʶʻ 

ʧʨʠʪʠʩʢʥʫ ʩʠʣʫ ʧʨʠ 0zc < .  

ʈʦʟʧʦʜʽʣ ʩʫʤʘʨʥʦʾ ʥʦʨʤʘʣʴʥʦʾ ʨʝʘʢʮʽʾ ʢʦʣʽʩ ʘʚʪʦʤʦʙʽʣʷ zRä  ʤʽʞ ʡʦʛʦ 

ʦʩʷʤʠ, ʷʢ ʚʠʜʥʦ ʟ ʨʠʩ. 3.16, ʙʫʜʝ ʟʘʣʝʞʘʪʠ ʚʽʜ ʨʦʟʪʘʰʫʚʘʥʥʷ ʮʝʥʪʨʘ ʤʘʩ 
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ʘʚʪʦʤʦʙʽʣʷ, ʫʭʠʣʫ ʜʦʨʦʛʠ ʪʘ ʩʠʣ, ʷʢʽ ʜʽʶʪʴ ʥʘ ʘʚʪʦʤʦʙʽʣʴ ʧʽʜ ʯʘʩ ʡʦʛʦ ʨʫʭʫ ʚ 

ʨʝʞʠʤʽ ʛʘʣʴʤʫʚʘʥʥʷ  

 

2 cos sin cos ,a i
z g x g d

G
R a h j h f r

L g

å õ
= Ö Ö + Ö - Ö Ö + Ö Öæ ö

ç ÷

d
a a a  

(3.32) 

1 2z z zR R R= -ä   

 

ʋ ʨʘʟʽ ʥʘʷʚʥʦʩʪʽ ʟʤʽʱʝʥʥʷ ʮʝʥʪʨʘ ʤʘʩ ʘʚʪʦʤʦʙʽʣʷ ȹy, ʥʦʨʤʘʣʴʥʽ ʨʝʘʢʮʽʾ ʥʘ 

ʢʦʣʝʩʘʭ ʘʚʪʦʤʦʙʽʣʷ ʨʦʟʧʦʜʽʣʷʪʴʩʷ ʪʘʢ 

 

1 1 1 1

1 1
, ,

2 2

l r
z z z z

ʫ ʫ
R R R R

ɺ ɺ

D Då õ å õ
= Ö - = Ö +æ ö æ ö

ç ÷ ç ÷
 (3.33) 

 

2 2 2 2

1 1
, .

2 2

l r
z z z z

ʫ ʫ
R R R R

ɺ ɺ

D Då õ å õ
= Ö - = Ö +æ ö æ ö

ç ÷ ç ÷
 (3.34) 

 

ʆʪʞʝ, ʧʨʠ ʝʢʩʪʨʝʥʦʤʫ ʛʘʣʴʤʫʚʘʥʥʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʨʘʟʫ (3.31) ʩʫʤʫ 

ʧʦʟʜʦʚʞʥʽʭ ʨʝʘʢʮʽʡ ʢʦʣʽʩ ʘʚʪʦʤʦʙʽʣʷ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʢ̫ 

 

( )( )cos .k k
ʭ a wz

d

J
R G P f

r

Öe
= Ö a° Ö j+ -ä ä  (3.35) 

 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ (3.35) ʪʘ (3.25) ʨʦʟʛʦʨʥʫʪʝ ʨʽʚʥʷʥʥʷ ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʷ ʧʨʠ 

ʛʘʣʴʤʫʚʘʥʥʽ ʙʫʜʝ ʤʘʪʠ ʚʠʛʣʷʜ 

 

( )( )cos sin ,a
x j a wz wx a

G
j G P f P G

g
Öd =- Ö a° Ö j+ - ° a (3.36) 

 

ʜʝ jd ï ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʽʥʝʨʮʽʶ ʦʙʝʨʪʦʚʠʭ ʤʘʩ ʘʚʪʦʤʦʙʽʣʷ [102]. 
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ɺʠʨʘʟʠʤʦ ʧʨʠʩʢʦʨʝʥʥʷ ʘʚʪʦʤʦʙʽʣʷ ʧʨʠ ʝʢʩʪʨʝʥʦʤʫ ʛʘʣʴʤʫʚʘʥʥʽ ʟ ʨʽʚʥʷʥʥʷ 

(3.36) ʪʘ ʟʘʧʠʝhʤʦ ʦʪʨʠʤʘʥʠʡ ʚʠʨʘʟ ʷʢ ʜʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʚʨʘʭʫʚʘʥʥʷ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʷ ʧʨʠ 

ʛʘʣʴʤʫʚʘʥʥʽ ʫ ʯʘʩʽ 

 

( )( )cos sin .x
a wz wx a

a j

dV g
G P f P G

dt G
è ø=- Ö a° Ö j+ - ° aê úÖd

 (3.37) 

 

ʇʽʩʣʷ ʧʽʜʩʪʘʥʦʚʢʠ ʟʥʘʯʝʥʴ ʩʠʣ wxP , wzP  ʪʘ ʜʝʷʢʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʦʪʨʠʤʘʻʤʦ 

 

( )
2 20.5 0.5

cos sin .x z z x x w x

j a a

dV c F V c F Vg
f

dt G G

è øå õr r
=- a° Ö j+ - ° aé ùæ öæ ödé ùç ÷ê ú

 (3.38) 

 

ɹʽʯʥʽ ʨʝʘʢʮʽʾ, ʱʦ ʜʽʶʪʴ ʚ ʢʦʥʪʘʢʪʽ ʢʦʣʽʩ ʟ ʧʦʚʝʨʭʥʝʶ ʜʦʨʦʛʠ 1
l
yR , 1

r
yR , 2

l
yR , 

2
r
yR , ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟ ʚʽʜʦʤʦʾ ʟʘʣʝʞʥʦʩʪʽ [93] 

 

tg ,y yR k= d (3.39) 

 

ʜʝ d ï ʢʫʪ ʟʩʫʚʫ (ʙʽʯʥʦʛʦ ʚʽʜʚʝʜʝʥʥʷ) ʢʦʣʝʩʘ;  

yk  ï ʢʦʝʬʽʮʽʻʥʪ ʦʧʦʨʫ ʙʽʯʥʦʤʫ ʟʩʫʚʫ (ʚʽʜʚʝʜʝʥʥʶ) ʢʦʣʝʩʘ. 

ɿʘʢʦʥ ʟʤʽʥʠ yk  ʤʦʞʥʘ ʘʧʨʦʢʩʠʤʫʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʤʧʽʨʠʯʥʠʭ ʬʦʨʤʫʣ, 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʈ. ʉʤʽʣʝʻʤ ʪʘ ɺ. ɻʦʨʥʦʤ [362] ʽ ʧʝʨʝʚʽʨʝʥʠʭ ɸ. ʉ. ʃʠʪʚʠʥʦʚʠʤ 

[101]. ɼʣʷ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʰʠʥ (ʢʨʽʤ ʰʠʥ ʟ ʨʝʛʫʣʴʦʚʘʥʠʤ ʪʠʩʢʦʤ ʧʦʚʽʪʨʷ) 

ʚʽʜʧʦʚʽʜʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʦʟʨʘʭʫʥʢʽʚ ʟʘ ʮʠʤʠ ʬʦʨʤʫʣʘʤʠ ʜʦʩʷʛʘʻʪʴʩʷ ʜʦʩʪʘʪʥʴʦ 

ʜʦʙʨʝ ʥʘʙʣʠʞʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ. 

ʊʘʢʠʤ ʯʠʥʦʤ, yk  ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʪʘʢ [101, 362]: 

 

,y c
w

E
k C A

p

å õ
= -æ ö
ç ÷

 (3.40) 
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ʜʝ 
4 21,038 10 0,168 141,062c k kC G G-= Ö Ö - Ö +;  

2

3
0

0,714 ;t
k

ɺ
A G

D
=  

2

3
0

2,2 ;k tG ɺ
E

D
=  

kG  ï ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʢʦʣʝʩʦ;  

tB  ï h ʠʨʠʥʘ ʧʨʦʬʽʣʶ ʥʝʜʝʬʦʨʤʦʚʘʥʦʾ h ʠʥʠ;  

0D  ï ʚʽʣʴʥʠʡ ʜʽʘʤʝʪʨ ʰʠʥʠ. 

ʈʽʚʥʷʥʥʷ (3.40) ʩʧʨʘʚʝʜʣʠʚʝ ʜʣʷ 

0

3
4,77 .k

w

t

G
p

D B
²  ʇʨʠ 

0

3
4,77 k

w

t

G
p

D B
¢  

ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʬʦʨʤʫʣʫ 

 

( ),y c wk C A p E¡ ¡= -  (3.41) 

 

ʜʝ 
20,095 ;tA B¡=  

3
0

0,206 .k

t

G
E

ɺD

¡=

 

 

ɼʣʷ ʟʘʙʣʦʢʦʚʘʥʦʛʦ ʢʦʣʝʩʘ ʚʝʣʠʯʠʥʘ ʙʽʯʥʠʭ ʨʝʘʢʮʽʡ ʩʢʣʘʜʘʻ 

 

1 1 1 1 1y x z yR R tg R tg= Ö d = Öj Ö d, 2 2 2 2 2y x z yR R tg R tg= Ö d = Öj Ö d (3.42) 

 

ʇʘʨʘʤʝʪʨʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʪʨʘʻʢʪʦʨʽʶ ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʷ ʧʨʠ 

ʛʘʣʴʤʫʚʘʥʥʽ, ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʽʟ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʨʽʚʥʦʚʘʛʠ (3.25) ʥʘ ʦʩʥʦʚʽ 

ʚʩʪʘʥʦʚʣʝʥʠʭ ʟʘʢʦʥʽʚ ʟʤʽʥʠ ʩʠʣ ʽ ʤʦʤʝʥʪʽʚ, ʧʝʨʝʪʚʦʨʠʚʰʠ ʾʭ ʜʦ ʚʠʜʫ 

 

( )

( )

( )

, , ,

, , ,

, , .

x

y

x
V x y

y
V x y

x y

dV
f V V

dt

dV
f V V

dt

d
f V V

dt
w

ë
= wî

î
îî

= wì
î
î
w

î = w
îí

 (3.43) 
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ʉʠʩʪʝʤʫ (3.43) ʤʦʞʥʘ ʨʦʟʚôʷʟʘʪʠ ʯʠʩʝʣʴʥʠʤʠ ʤʝʪʦʜʘʤʠ (ʥʘʧʨʠʢʣʘʜ, ʤʝʪʦʜʦʤ 

ɽʡʣʝʨʘ). ʎʝ ʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ ʧʽʩʣʷ ʽʥʪʝʛʨʫʚʘʥʥʷ ʦʪʨʠʤʘʪʠ ʬʫʥʢʮʽʦʥʘʣʴʥʽ 

ʟʘʣʝʞʥʦʩʪʽ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʝʡ ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʷ Vx, Vy, w ʧʨʠ ʛʘʣʴʤʫʚʘʥʥ ̔ʟʘ 

ʯʘʩʦʤ.  

ʇʦʚʪʦʨʥʝ ʽʥʪʝʛʨʫʚʘʥʥʷ ʦʪʨʠʤʘʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʜʣʷ Vx, Vy, w ʟ ʤʝʪʦʶ 

ʦʪʨʠʤʘʥʥʷ ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʮʝʥʪʨʘ ʤʘʩ ʘʚʪʦʤʦʙʽʣʷ (x, y) ʽ ʨʦʟʚʦʨʦʪʫ ʡʦʛʦ 

ʧʦʟʜʦʚʞʥʴʦʾ ʦʩʽ ɔ ʥʝʦʙʭʽʜʥʦ ʟʜʽʡʩʥʠʪʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʨʘʟʽʚ 

 

( )

( )

0

0

0

cos sin ,

sin cos ,

.

t

x y

t

x y

t

x V V dt

y V V dt

dt

ë
= g+ gî

î
î
î
= g- gì

î
î
î
g= w
î
í

ñ

ñ

ñ

 (3.44) 

 

ʇʝʨʝʚʽʨʢʘ ʨʦʟʨʦʙʣʝʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʧʦʣʦʞʝʥʴ ʟʜʽʡʩʥʶʚʘʣʘʩʴ ʥʘ ʦʩʥʦʚʽ 

ʥʘʪʫʨʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʪʘ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʫ ʩʝʨʝʜʦʚʠʱʽ 

Mathcad ʟ ʨʽʰʝʥʥʷʤ ʮʽʻʾ ʞ ʟʘʜʘʯʽ ʚ ʧʨʦʛʨʘʤʽ PC-Crash (ʧ. 5.5 ʈʦʟʜʽʣʫ 5). 

 

3.4.2 ɺʠʟʥʘʯʝʥʥʷ ʟʫʧʠʥʦʯʥʦʛʦ ʪʘ ʛʘʣʴʤʽʚʥʦʛʦ ʰʣʷʭʫ ʘʚʪʦʤʦʙʽʣʷ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʢʦʥʩʪʨʫʢʮʽʾ ʛʘʣʴʤʽʚʥʦʾ ʩʠʩʪʝʤʠ 

ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʛʘʣʴʤʽʚʥʠʭ ʩʠʩʪʝʤ ʪʘ ʘʣʛʦʨʠʪʤʽʚ ʾʭ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʨʠʟʚʝʣʦ ʜʦ ʚʽʜʯʫʪʥʦʾ ʨʽʟʥʠʮʽ ʧʦʢʘʟʥʠʢʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʛʘʣʴʤʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʊɿ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʝʬʝʢʪʠʚʥʽʩʪʶ ʛʘʣʴʤʫʚʘʥʥʷ ʟʘʩʪʘʨʽʣʠʭ 

ʊɿ [41, 44]. ɯʩʪʦʨʽʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤ ʟʤʝʥʰʝʥʥʷ ʛʘʣʴʤʽʚʥʦʛʦ ʰʣʷʭʫ 

ʘʚʪʦʤʦʙʽʣʽʚ ʨʦʟʧʦʯʘʣʘʩʴ ʟ ʘʥʪʠʙʣʦʢʫʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʛʘʣʴʤ (ABS), ʦʩʥʦʚʥʠʤ 

ʧʨʠʟʥʘʯʝʥʥʷʤ ʷʢʦʾ ʻ ʟʘʧʦʙʽʛʘʥʥʷ ʙʣʦʢʫʚʘʥʥʶ ʢʦʣʽʩ ʧʽʜ ʯʘʩ ʛʘʣʴʤʫʚʘʥʥʷ, 

ʟʙʝʨʝʞʝʥʥʷ ʢʫʨʩʦʚʦʾ ʩʪʽʡʢʦʩʪʽ ʘʚʪʦʤʦʙʽʣʷ ʪʘ ʢʝʨʦʚʘʥʦʩʪʽ. ɿ 2004 ʨʦʢʫ ABS ʻ 

ʯʘʩʪʠʥʦʶ ʩʪʘʥʜʘʨʪʥʦʾ ʢʦʤʧʣʝʢʪʘʮʽʾ ʫʩʽʭ ʥʦʚʠʭ ʘʚʪʦʤʦʙʽʣʽʚ, ʱʦ ʧʨʦʜʘʶʪʴʩʷ ʫ 

ɭʚʨʦʩʦʶʟʽ [84, 197]. ɺ ʩʫʯʘʩʥʠʭ ʘʚʪʦʤʦʙʽʣʷʭ ABS ʷʢ ʧʨʘʚʠʣʦ ʻ ʯʘʩʪʠʥʦʶ 
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ʙʽʣʴʰ ʩʢʣʘʜʥʦʾ ʝʣʝʢʪʨʦʥʥʦʾ ʩʠʩʪʝʤʠ ʛʘʣʴʤʫʚʘʥʥʷ, ʚ ʩʢʣʘʜ ʷʢʦʾ ʪʘʢʦʞ ʤʦʞʫʪʴ 

ʚʭʦʜʠʪʠ: ʩʠʩʪʝʤʘ ʨʦʟʧʦʜʽʣʫ ʛʘʣʴʤʽʚʥʠʭ ʟʫʩʠʣʴ, ʩʠʩʪʝʤʘ ʝʣʝʢʪʨʦʥʥʦʛʦ 

ʢʦʥʪʨʦʣʶ ʩʪʽʡʢʦʩʪʽ, ʩʠʩʪʝʤʘ ʝʢʩʪʨʝʥʦʛʦ ʛʘʣʴʤʫʚʘʥʥʷ. 

ʆʩʥʦʚʥʠʤ ʧʨʠʟʥʘʯʝʥʥʷʤ ʩʠʩʪʝʤʠ ʨʦʟʧʦʜʽʣʫ ʛʘʣʴʤʽʚʥʠʭ ʟʫʩʠʣʴ (EBD) ʻ 

ʧʦʧʝʨʝʜʞʝʥʥʷ ʙʣʦʢʫʚʘʥʥʷ ʟʘʜʥʽʭ ʢʦʣʽʩ ʰʣʷʭʦʤ ʢʝʨʫʚʘʥʥʷ ʛʘʣʴʤʽʚʥʠʤ 

ʟʫʩʠʣʣʷʤ ʟʘʜʥʴʦʾ ʦʩʽ. ɺʦʥʘ ʧʨʘʮʶʻ ʥʘ ʢʦʤʧʦʥʝʥʪʥʽʡ ʙʘʟʽ ABS ʽ ʧʨʠʧʠʥʷʻ ʩʚʦʶ 

ʨʦʙʦʪʫ ʟ ʧʦʯʘʪʢʦʤ ʙʣʦʢʫʚʘʥʥʷ ʚʝʜʫʯʠʭ ʢʦʣʽʩ. 

ʉʠʩʪʝʤʘ ʝʣʝʢʪʨʦʥʥʦʛʦ ʢʦʥʪʨʦʣʶ ʩʪʽʡʢʦʩʪʽ (ESP) ʻ ʩʠʩʪʝʤʦʶ ʘʢʪʠʚʥʦʾ 

ʙʝʟʧʝʢʠ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ, ʷʢʘ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʜʠʥʘʤʽʯʥʦʾ ʩʪʘʙʽʣʽʟʘʮʽʾ ʘʚʪʦʤʦʙʽʣʷ 

ʚ ʢʨʠʪʠʯʥʠʭ ʩʠʪʫʘʮʽʷʭ. ESP ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ABS, EBD, ʩʠʩʪʝʤʫ ʝʣʝʢʪʨʦʥʥʦʛʦ 

ʙʣʦʢʫʚʘʥʥʷ ʜʠʬʝʨʝʥʮʽʘʣʘ (EDS) ʪʘ ʩʠʩʪʝʤʫ ʟʘʧʦʙʽʛʘʥʥʷ ʙʫʢʩʫʚʘʥʥʶ (ASR). ɿ 

2011 ʨʦʢʫ ESP ʻ ʯʘʩʪʠʥʦʶ ʩʪʘʥʜʘʨʪʥʦʾ ʢʦʤʧʣʝʢʪʘʮʽʾ ʫʩʽʭ ʥʦʚʠʭ ʣʝʛʢʦʚʠʭ 

ʘʚʪʦʤʦʙʽʣʽʚ, ʱʦ ʧʨʦʜʘʶʪʴʩʷ ʫ ɭʚʨʦʩʦʶʟʽ, ʉʐɸ ʪʘ ʂʘʥʘʜʽ [197, 360]. 

ʉʠʩʪʝʤʘ ʝʢʩʪʨʝʥʦʛʦ ʛʘʣʴʤʫʚʘʥʥʷ ï ʮʝ ʘʜʘʧʪʠʚʥʘ ʩʠʩʪʝʤʘ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʽʻʤ ʨʦʙʦʯʦʾ ʛʘʣʴʤʽʚʥʦʾ ʩʠʩʪʝʤʠ ʚ 

ʝʢʩʪʨʝʥʽʡ ʩʠʪʫʘʮʽʾ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʩʠʩʪʝʤ ʝʢʩʪʨʝʥʦʛʦ ʛʘʣʴʤʫʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ 

ʚʠʨʽʰʘʣʴʥʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʧʦʧʝʨʝʜʞʝʥʥʷ ɼʊʇ ʯʠ ʟʤʝʥʰʝʥʥʷ ʾʾ ʥʘʩʣʽʜʢʽʚ ʟʘ 

ʨʘʭʫʥʦʢ ʩʢʦʨʦʯʝʥʥʷ ʛʘʣʴʤʽʚʥʦʛʦ ʰʣʷʭʫ ʘʚʪʦʤʦʙʽʣʷ ʥʘ 15-45% [3, 41, 88]. ɯʩʥʫʻ 

ʜʚʘ ʚʠʜʠ ʩʠʩʪʝʤ ʝʢʩʪʨʝʥʦʛʦ ʛʘʣʴʤʫʚʘʥʥʷ: ʩʠʩʪʝʤʘ ʜʦʧʦʤʦʛʠ ʧʨʠ ʝʢʩʪʨʝʥʦʤʫ 

ʛʘʣʴʤʫʚʘʥʥʽ (BA), ʷʢʘ ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʫʚʘʪʠ ʤʘʢʩʠʤʘʣʴʥʝ ʛʘʣʴʤʽʚʥʝ ʟʫʩʠʣʣʷ ʫ 

ʨʘʟʽ ʥʘʪʠʩʥʝʥʥʷ ʚʦʜʽʻʤ ʥʘ ʚʘʞʽʣʴ ʛʘʣʴʤʘ, ʪʘ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʝʢʩʪʨʝʥʦʛʦ 

ʛʘʣʴʤʫʚʘʥʥʷ, ʷʢʘ ʩʪʚʦʨʶʻ ʯʘʩʪʢʦʚʝ ʯʠ ʤʘʢʩʠʤʘʣʴʥʝ ʛʘʣʴʤʽʚʥʝ ʟʫʩʠʣʣʷ ʙʝʟ 

ʫʯʘʩʪʽ ʚʦʜʽʷ. ɺ ʩʠʩʪʝʤʘʭ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʝʢʩʪʨʝʥʦʛʦ ʛʘʣʴʤʫʚʘʥʥʷ ʢʨʽʤ ʦʩʥʦʚʥʦʾ 

ʨʝʘʣʽʟʫʻʪʴʩʷ ʨʷʜ ʽʥʰʠʭ ʬʫʥʢʮʽʡ ʰʣʷʭʦʤ ʧʦʻʜʥʘʥʥʷ ʨʦʙʦʪʠ ʩʠʩʪʝʤ ʘʢʪʠʚʥʦʾ ʽ 

ʧʘʩʠʚʥʦʾ ʙʝʟʧʝʢʠ ʘʚʪʦʤʦʙʽʣʷ, ʱʦ ʧʝʨʝʪʚʦʨʶʻ ʾʭ ʫ ʪʘʢ ʟʚʘʥʽ ʧʨʝʚʝʥʪʠʚʥʽ 

(ʧʦʧʝʨʝʜʞʫʶʯʽ) ʩʠʩʪʝʤʠ ʙʝʟʧʝʢʠ. 

ʇʨʦʮʝʩ ʛʘʣʴʤʫʚʘʥʥʷ ʊɿ ʟ ʝʣʝʢʪʨʦʥʥʦ ʁ ʩʠʩʪʝʤʦ  ʁ ʛʘʣʴʤʫʚʘʥʥʷ ʤʦʞʥʘ 

ʚʽʜʦʙʨʘʟʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʘʣʴʤʽʚʥʦ ʾʜʽʘʛʨʘʤʠ (ʨʠʩ. 3.17). ʂʨʠʚʽ 1, 2 ʪʘ 5 

(ʨʠʩ. 3.17) ʚʽʜʦʙʨʘʞʘʶʪʴ ʧʨʦʮʝʩ ʛʘʣʴʤʫʚʘʥʥʷ ʊɿ ʫ ʢʣʘʩʠʯʥʦʤʫ ʚʠʛʣʷʜʽ, ʢʦʣʠ 
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ʜʽʷ ʩʠʣ ʦʧʦʨʫ ʨʫʭʫ (ʦʧʽʨ ʢʦʯʝʥʥʶ ʢʦʣʽʩ, ʦʧʽʨ ʧʦʚʽʪʨʷ ʪʘ ʦʧʽʨ ʧʽʜʡʦʤʫ) ʤʦʞʝ 

ʙʫʪʠ ʚʨʘʭʦʚʘʥʘ ʣʠʰʝ ʧʨʦʪʷʛʦʤ ʯʘʩʫ 4t¡. 

 

1t 2t 3t

ʏʘʩ

ʉ
ʧ
ʦ
ʚ
ʽ
ʣ
ʴ
ʥ
ʝ
ʥ
ʥ
ʷ

, 

ʐ
ʚ
ʠ
ʜ
ʢ
ʽ
ʩ
ʪ
ʴ

ʐ
ʣ
ʷ
ʭ

ɺʪʨʘʯʝʥʠʡ ʯʘʩ

ʏʘʩ ʛʘʣʴʤʫʚʘʥʥʷ

ɿʫʧʠʥʥʠʡ ʯʘʩ

ɻʘʣʴʤʽʚʥʠʡ ʰʣʷʭ

ɿ
ʫ
ʧ
ʠ
ʥ
ʥ
ʠ
ʡ
 
ʰ
ʣ
ʷ
ʭ

ʏʘʩ 
ʨʝʘʢʮʽʾ

ʏʘʩ ʥʘʨʦʩʪʘʥʥʷ
ʩʧʦʚʽʣʴʥʝʥʥʷ

ʏʘʩ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʛʘʣʴʤʽʚʥʦʛʦ ʧʨʠʚʦʜʫ
ʏʘʩ ʛʘʣʴʤʫʚʘʥʥʷ ʚ ʫʩʪʘʣʝʥʽʡ ʬʘʟʽ

ʏʘʩ ʛʘʣʴʤʫʚʘʥʥʷ ʧʨʠ 
ʚʽʜʢʣʶʯʝʥʽʡ ABS

4t 5t

4t¡

1*
2*3

4

5*

6

1* , 3 ï ʐʚʠʜʢʽʩʪ 2ɹ*, 4 ï ʉʧʦʚʽʣʴʥʝʥʥʷ

* ï ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʩʠʣ ʦʧʦʨʫ

      ʨʫʭʫ ʥʘ ʜʽʣʷʥʢʘʭ t1, t2, t3

 

 

ʈʠʩʫʥʦʢ 3.17 ï ʇʘʨʘʤʝʪʨʠ ʧʨʦʮʝʩʫ ʛʘʣʴʤʫʚʘʥʥʷ ʊɿ 

 

ʅʘ ʧʨʘʢʪʠʮʽ ʩʠʣʠ ʦʧʦʨʫ ʨʫʭʫ ʯʠʥʷʪʴ ʚʧʣʠʚ ʥʘ ʧʨʦʮʝʩ ʛʘʣʴʤʫʚʘʥʥʷ 

ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʯʘʩʫ, ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʟʫʧʠʥʢʠ ʊɿ. ʊʘʢʦʤʫ ʧʦʜʘʥʥʶ ʧʨʦʮʝʩʫ 

ʛʘʣʴʤʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʨʠʚʽ 3, 4 ʪʘ 6. ʇʨʠ ʮʴʦʤʫ ʜʣʷ ʊɿ ʟ ʝʣʝʢʪʨʦʥʥʠʤʠ 

ʛʘʣʴʤʽʚʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʜʽʣʷʥʢʠ ʟʫʧʠʥʥʦʛʦ ʰʣʷʭʫ ʚʽʜʧʦʚʽʜʘʶʪʴ ʽʥʪʝʨʚʘʣʘʤ 

ʯʘʩʫ 1 2 3 4, , ,t t t t  ʪʘ 5t .  
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ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʚʠʟʥʘʯʝʥʥʷ ʟʫʧʠʥʥʦʛʦ ʰʣʷʭʫ ʊɿ 0S  ʧʨʠ ʝʢʩʪʨʝʥʦʤʫ 

ʛʘʣʴʤʫʚʘʥʥʽ ʘʥʘʣʽʪʠʯʥʠʤ ʤʝʪʦʜʦʤ ʥʝʦʙʭʽʜʥʦ ʮʝʡ ʧʨʦʮʝʩ ʨʦʟʛʣʷʥʫʪʠ ʧʦʝʪʘʧʥʦ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʠʩ. 3.17  

 

0 1 2 3 4 5S S S S S S= + + + +, (3.45) 

 

ʜʝ 1 2 3 4, , ,S S S S ʪʘ 5S  ï ʜʽʣʷʥʢʠ ʟʫʧʠʥʥʦʛʦ ʰʣʷʭʫ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʫʭʫ ʊɿ 

ʚ ʽʥʪʝʨʚʘʣʘʭ ʯʘʩʫ 1 2 3 4, , ,t t t t  ʪʘ 5t . 

ʇʽʩʣʷ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʥʝʙʝʟʧʝʢʫ ʟʘ ʯʘʩ 1,t  ʚʦʜʽʡ ʥʘʪʠʩʢʘʻ ʥʘ ʚʘʞʽʣʴ ʛʘʣʴʤʘ ʽ 

ʨʦʟʧʦʯʠʥʘʻ ʧʨʦʮʝʩ ʛʘʣʴʤʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʷ ʟ ʟʘʧʽʟʥʝʥʥʷʤ 2,t  ʥʝʦʙʭʽʜʥʠʤ ʜʣʷ 

ʧʨʠʚʝʜʝʥʥʷ ʛʘʣʴʤʽʚʥʦʾ ʩʠʩʪʝʤʠ ʫ ʜʽʶ. ɺ ʽʥʪʝʨʚʘʣʘʭ ʯʘʩʫ 1,t  2t  ʛʘʣɹʤʫʚʘʥʥʷ ʊɿ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʩʠʣ ʦʧʦʨʫ ʨʫʭʫ, ʧʨʠ ʮʴʦʤʫ ʊɿ ʧʨʦʡʜʝ ʰʣʷʭ 

1 2 1 2S S S+ = + . ʐʣʷʭ 3S , ʧʨʦʡʜʝʥʠʡ ʟʘ ʯʘʩ 3,t  ʜʦʣʘʻʪʴʩʷ ʊɿ ʧʨʠ ʽʥʪʝʥʩʠʚʥʦʤʫ 

ʟʨʦʩʪʘʥʥʽ ʛʘʣʴʤʽʚʥʠʭ ʩʠʣ ʪʘ ʚʽʜʯʫʪʥʦʤʫ ʟʤʝʥʰʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ. ʅʘ ʜʽʣʷʥʮʽ 

ʰʣʷʭʫ 4,S  ʷʢʫ ʜʦʣʘʻ ʊɿ ʟʘ ʯʘʩ 4,t  ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʛʘʣʴʤʫʚʘʥʥʷ ʟ ʫʩʪʘʣʝʥʠʤ ʩʧʦʚʽʣʴʥʝʥʥʷʤ. ʐʣʷʭ 5S  ʟʘ ʯʘʩ 5t , ʜʦʣʘʻʪʴʩʷ ʊɿ ʟ 

ʝʣʝʢʪʨʦʥʥʦʶ ʛʘʣʴʤʽʚʥʦʶ ʩʠʩʪʝʤʦʶ ʧʨʠ ʨʫʩʽ ʚ ʨʝʞʠʤʽ ʛʘʣʴʤʫʚʘʥʥʷ ʟʽ 

ʰʚʠʜʢʦʩʪʷʤʠ ʚʽʜ 15 ʢʤ/ʛʦʜ ʽ ʥʠʞʯʝ [197]. 

ʊʘʢʠʡ ʦʧʠʩ ʧʨʦʮʝʩʫ ʝʢʩʪʨʝʥʦʛʦ ʛʘʣʴʤʫʚʘʥʥʷ ʊɿ ʚʠʟʥʘʯʘʻ ʧʦʩʣʽʜʦʚʥʽʩʪʴ 

ʘʥʘʣʽʪʠʯʥʦʛʦ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʚʠʟʥʘʯʝʥʥʷ ʟʫʧʠʥʥʦʛʦ ʰʣʷʭʫ ʥʘ ʦʩʥʦʚʽ 

ʦʙôʻʜʥʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʢʦʞʥʦʾ ʜʽʣʷʥʢʠ ʛʘʣʴʤʫʚʘʥʥʷ. 

ɼʣʷ ʢʦʞʥʦʾ ʩʢʣʘʜʦʚʦʾ ʟʫʧʠʥʥʦʛʦ ʰʣʷʭʫ ʊɿ ʬʫʥʢʮʽ ̫ʩʧʦʚʽʣʴʥʝʥʥʷ ʟʘ ʯʘʩʦʤ 

ʤʘʻ ʚʠʛʣʷʜ 

 

( )1 2

3

( ) 4

5

, ʷʢʱʦ0 ,

,ʷʢʱʦ0 ,
( )

,ʷʢʱʦ0 .

,ʷʢʱʦ0 .

OR

ABS BA

S

j t t t

k t m t t
j t

j t t

j t t

ë < ¢ +
î
Ö + < ¢î

=ì
< ¢î

î < ¢í

, (3.46) 
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ʜʝ t ï ʧʦʪʦʯʥʝ ʟʥʘʯʝʥʥʷ ʯʘʩʫ ʚ ʟʘʜʘʥʦʤʫ ʽʥʪʝʨʚʘʣ̔; 

ORj  ï ʩʧʦʚʽʣʴʥʝʥʥʷ ʊɿ ʧʽʜ ʜʽʻʶ ʩʠʣ ʦʧʦʨʫ ʨʫʭʫ; 

k, m ï ʢʦʝʬʽʮʽʻʥʪʠ ʣʽʥʽʡʥʦʾ ʬʫʥʢʮʽʾ j(t) ʚ ʽʥʪʝʨʚʘʣʽ ʯʘʩʫ 3t ; 

( )ABS BAj  ï ʫʩʪʘʣʝʥʝ ʩʧʦʚʽʣʴʥʝʥʥʷ ʧʨʠ ʨʦʙʦʪʽ ABS (BA); 

Sj  ï ʫʩʪʘʣʝʥʝ ʩʧʦʚʽʣʴʥʝʥʥʷ ʧʨʠ ʚʽʜʢʣʶʯʝʥʽʡ ABS. 

ʌʫʥʢʮʽ ̫ ʰʚʠʜʢʦʩʪʽ ʥʘ ʜʽʣʷʥʮʽ 1 2S+  ʟʘʧʠʰʝʪʴʩʷ ʷʢ ʜʠʬʝʨʝʥʮʽʘʣʴʥʝ 

ʨʽʚʥʷʥʥʷ  

 

,

(0) .

OR

a

dV
j

dt

V V

ë
- =î
ì
î =í

 (3.47) 

 

ʗʢʱʦ ʚʠʨʘʟ (3.47) ʧʨʦ̔ʥʪʝʛʨʫʚʘʪʠ, ʪʦ ʨʦʟʨʘʭʫʥʦʢ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʊɿ ʥʘ 

ʜʽʣ̫ʥʮʽ 1 2S+  ʤʦʞʥʘ ʟʜʽʡʩʥʠʪʠ ʟʘ ʬʦʨʤʫʣʦʶ  

 

1,2( ) a ORV t V j t= - Ö. (3.48) 

 

ɿ ʨʽʚʥʷʥʥʷ (3.48) ʚʠʜʥʦ, ʱʦ ʫ ʢʽʥʮʽ ʜʽʣʷʥʢʠ 1 2S+  ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʊɿ ʩʢʣʘʜʝ 

 

( )2 1 2a ORV V j t t= - Ö +. (3.49) 

 

ɿʫʧʠʥʥʠʡ ʰʣʷʭ ʊɿ ʥʘ ʜʽʣʷʥʮʽ 1 2S+  ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ (3.49) 

ʢ̫  

 

1 2

1 2

,

(0) 0.

a OR

dS
V j t

dt

S

+

+

ë
= - Öî

ì
î =í

. (3.50) 

 

ʗʢʱʦ ʚʠʨʘʟ (3.50) ʧʨʦʽʥʪʝʛʨʫʚʘʪʠ, ʪʦ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʜʦʚʞʠʥʠ ʜʽʣʷʥʢʠ 

1 2S+  ʤʦʞʥʘ ʩʢʦʨʠʩʪʘʪʠʩʴ ʚʠʨʘʟʦʤ 
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( )
( )

2

1 2
1 2 1 2

2

OR
a

j t t
S V t t+

Ö +
= Ö + - . (3.51) 

 

ʅʘ ʜʽʣʷʥʮʽ 3S  ʩʧʦʚʽʣʴʥʝʥʥʷ ʟʤʽʥʶʻʪʴʩʷ ʧʽʜ ʜʽʻʶ ʛʘʣʴʤʽʚʥʠʭ ʩʠʣ ʟʘ 

ʣʽʥʽʡʥʠʤ ʟʘʢʦʥʦʤ ʚʠʜʫ y kx m= +, ʟʘʜʘʥʠʤ ʢʦʦʨʜʠʥʘʪʘʤʠ ( )1 10; 0x y= =  ʪʘ 

( )( )2 3 2; ABS BAx jt y= = . ɺʠʭʦʜʷʯʠ ʽʟ ʟʘʜʘʥʠʭ ʢʦʦʨʜʠʥʘʪ, ʢʫʪʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ 

( ) 3/ABS BAk j t= , ʢʦʝʬʽʮʽʻʥʪ 0m= , ʘ ʬʫʥʢʮʽʷ ʤʘʻ ʚʠʛʣʷʜ () ( )

3

ABS BAj
y j t t

t
= = Ö. 

ʆʪʞʝ, ʥʘ ʜʽʣʷʥʮʽ 3S  ʰʚʠʜʢʩ̔ʪɹ ʨʫʭʫ ʊɿ ʤʦʞʥʘ ʟʥʘʡʪʠ ʟʘ ʪʘʢʠʤ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤ ʨʽʚʥʷʥʥʷʤ 

 

( )

3

2

,

(0) .

ABS BAjdV
t

dt t

V V

ë
- = Öî
ì
î =í

 (3.52) 

 

ʗʢʱʦ ʚʠʨʘʟ (3.52) ʧʨʦ̔ʥʪʝʛʨʫʚʘʪʠ, ʪʦ ʜʦʚʞʠʥʫ ʜʽʣʷʥʢʠ 3S  ʤʦʞʥʘ ʟʥʘʡʪʠ ʟʘ 

ʬʦʨʤʫʣʦʶ  

 

( )
2

3 2
3

( )
2

ABS BAj t
V t V

t

Ö
= - . (3.53) 

 

ɿ ʚʠʨʘʟʫ (3.53) ʚʠʜʥʦ, ʱʦ ʥʘʧʨʠʢʽʥʮʽ ʜʽʣʷʥʢʠ 3S  ʰʚʠʜʢʽʩʪʴ ʊɿ ʙʫʜʝ 

ʜʦʨʽʚʥʶʚʘʪʠ 

 

( ) 3

3 2
2

ABS BAj t
V V

Ö
= - . (3.54) 

 

ɿʫʧʠʥʥʠʡ h ʣʷʭ ʊɿ ʥʘ ʜʽʣʷʥʮʽ 3S  ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ (3.53) ʪʘʢ  
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( )
2

3
2

3

3

,
2

(0) 0.

ABS BAj tdS
V

dt t

S

ë Ö
î = -
ì
î

=í

 (3.55) 

 

ʈʦʟʚôʷʟʢʦʤ ʨʽʚʥʷʥʥʷ (3.55) ʻ ʚʠʨʘʟ 

 

( )
3

3 2
3

( )
6

ABS BAj t
S t V t

t

Ö
= Ö - . (3.56) 

 

ɺʠʭʦʜʷʯʠ ʟ (3.56), ʟʫʧʠʥʥʠʡ ʰʣʷʭ ʊɿ ʥʘ ʜʽʣʷʥʮʽ 3S  ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʘʢ 

 

( )
2
3

3 2 3
6

ABS BAj t
S V t

Ö
= Ö - . (3.57) 

 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʛʘʣʴʤʫʚʘʥʥʷ ʥʘ ʜʽʣʷʥʮʽ 4S  ʤʦʞʥʘ ʚʠʨʘʟʠʪʠ ʯʝʨʝʟ ʫʩʪʘʣʝʥʝ 

ʩʧʦʚʽʣʴʥʝʥʥʷ ( ),ABS BA

dV
j

dt
- =  ʪʦʜʽ ʟʘ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ 

( ) 3

2(0)
2

ABS BAj t
V V

Ö
= -  

ʦʪʨʠʤʘʻʤʦ ʧʽʩʣʷ ʽʥʪʝʛʨʫʚʘʥʥʷ 

 

( )
( )

3

4 2( )
2

ABS BA

ABS BA

j t
V t V j t

Ö
= - - Ö. (3.58) 

 

ʆʪʞʝ, ʰʣʷʭ 4S  ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʘʢʦʾ ʤʘʪʝʤʘʪʠʯʥʦ ʾʤʦʜʝʣ ̔ 

 

( )
( )

3

4 2

4

,
2

(0) 0.

ABS BA

ABS BA

j t
dS V j t dt

S

ë Öå õ
= - - Öî æ ö
æ öì ç ÷

î
=í

 (3.59) 
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ʗʢʱʦ ʚʠʨʘʟ (3.59) ʧʨʦ̔ʥʪʝʛʨʫʚʘʪʠ, ʪʦ ʜʦʚʞʠʥʫ ʜʽʣʷʥʢʠ 4S  ʤʦʞʥʘ ʟʥʘʡʪʠ 

ʟʘ ʬʦʨʤʫʣʦʶ  

 

( ) ( )
2

3

4 2( )
2 2

ABS BA ABS BAj t j t
S t V t

Ö Öå õ
= - Ö -æ ö
æ ö
ç ÷

, (3.60) 

 

ʘʙʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ (3.54) 

 

( ) ( )

( ) ( )

( )

2
3 4

4 4 2 4

2
2 2

3 23
2

( )
2 2

1
.

2 2 2

ABS BA ABS BA

ABS BAS
S

ABS BA ABS BA

j t j t
S t V t

j tV V
V V

j j

Ö Öå õ
= - Ö - =æ ö
æ ö
ç ÷

å õÖå õ- æ ö= = Ö - -æ ö
æ öæ ö
ç ÷ç ÷

 (3.61) 

 

ɿʫʧʠʥʥʠʡ ʰʣʷʭ ʊɿ ʥʘ ʜʽʣʷʥʮʽ 5S  ʚʠʟʥʘʯʘʻʪʴʩʷ ʘʥʘʣʦʛʽʯʥʦ ʷʢ ʜʣʷ ʜʽʣʷʥʢʠ 

4S  ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʦʛʦ, ʱʦ ʰʚʠʜʢʽʩʪʴ SV , ʥʘ ʷʢʽʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʽʜʢʣʶʯʝʥʥʷ 

ABS, ʩʢʣʘʜʘʻ 15 ʢʤ/ʛʦʜ [197]. 

 

,

(0) .

S

S

dV
j

dt

V V

ë
- =î
ì
î =í

 (3.62) 

 

ʆʪʞʝ, ʰʣʷʭ 5S  ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʘʢʦʾ ʤʘʪʝʤʘʪʠʯʥʦ ʾʤʦʜʝʣ ̔ 

 

( )5

5

,

(0) 0.

S SdS V j t dt

S

ë = - Öî
ì

=îí
 (3.63) 

 

ʗʢʱʦ ʚʠʨʘʟ (3.63) ʧʨʦ̔ʥʪʝʛʨʫʚʘʪʠ, ʪʦ ʜʦʚʞʠʥʫ ʜʽʣʷʥʢʠ 5S  ʤʦʞʥʘ ʟʥʘʡʪʠ 

ʟʘ ʬʦʨʤʫʣʦʶ  
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2

5( )
2

S
S

j t
S t V t

Ö
= Ö - . (3.64) 

 

ʘʙʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ (3.62) 

 

2 2
5

5 5 5( ) .
2 2

S S
S

S

j t V
S t V t

j

Ö
= Ö - =  (3.65) 

 

ɺʨʘʭʦʚʫʶʯʠ ʚʠʨʘʟʠ (3.45), (3.51), (3.57), (3.61) ʪʘ (3.65), ʫ ʟʘʛʘʣʴʥʦʤʫ 

ʚʠʜʽ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣ ɹʟʫʧʠʥʥʦʛʦ ʰʣʷʭʫ ʊɿ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʪʘʢ 

 

( )
( )

( )

( )

( )

0 1 2 3 4 5

2

1 2
1 2 1 2 1 2

2
3

3 2 3

2

3 2
4 2

2

5

,

,
2

,
6

1
,

2 2

.
2

OR
a

ABS BA

ABS BA

S

ABS BA

S

S

S S S S S S

j t t
S S S V t t

j t
S V t

j t
S V V

j

V
S

j

+

ë
î
î = + + + +
î
î Ö +

= + = Ö + -î
î
î Öî
= Ö -ì

î
î å õÖå õ
î æ ö= Ö - -æ ö

æ öî æ ö
ç ÷ç ÷î

î
î =
îí

 (3.66) 

 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʚôʷʟʢʫ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ (3.66) ʦʪʨʠʤʘʻʤʦ ʚʠʨʘʟ 

 

( )
( )

( ) ( )
2 22 2 2

3 1 22 3 2
0 1 2

2 2 2 24 2

ABS BA ORS S
a

SABS BA

j t j t tV t V V V
S V t t

j j

Ö Ö +Ö -
= Ö + + + + - - . (3.67) 

 

ʗʢʱʦ ʫ ʚʠʨʘʟʽ (3.67) ʟʘʤʽʥʠʪʠ ʰʚʠʜʢʽʩʪʴ 2V  ʥʘ aV  ʚʠʭʦʜʷʯʠ ʟ (3.49), 

ʦʩʪʘʪʦʯʥʦ ʦʪʨʠʤʘʻʤʦ 
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( )
( )

2 2 2

0 1 2 30.5
2 2

a S S
a OR

SABS BA

V V V
S t t t V S

j j

-
= + + Ö + + -, (3.68) 

 

ʜʝ ORS  ï ʚʽʜʩʪʘʥʴ, ʥʘ ʷʢʫ ʟʤʝʥʰʫʻʪʴʩʷ ʟʫʧʠʥʥʠʡ ʰʣʷʭ ʊɿ ʟʘ ʨʘʭʫʥʦʢ ʜʽʾ 

ʩʠʣ ʦʧʦʨʫ ʨʫʭʫ ʟʘ ʯʘʩ 1t , 2t  ʽ 3t . 

 

( )
( )

( )

( )

( ) ( )
2

31 2 1 23
1 2 .

2 2 2 24

ABS BAORa
OR OR

ABS BA ABS BA

j tj t t t tt V
S j t t

j j

å õ ÖÖ + +
æ ö= + Ö + - + -
æ ö
ç ÷

 (3.69) 

 

ɸʥʘʣʽʟ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ (3.68) ʧʦʢʘʟʘʚ, ʱʦ ʚʨʘʭʫʚʘʥʥʷ 

ʜʽʾ ʩʠʣ ʦʧʦʨʫ ʨʫʭʫ ʥʘ ʜʽʣʷʥʢʘʭ 1S , 2S  ʽ 3S  ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ 

ʦʮʽʥʶʚʘʥʥʷ ʚʝʣʠʯʠʥʠ 0S  ʥʘ 5-10% ʧʦʨʽʚʥʷʥʦ ʟ ʽʩʥʫʶʯʠʤʠ ʤʝʪʦʜʘʤʠ. ʎʝ ʤʦʞʝ 

ʩʫʪʪʻʚʦ ʚʧʣʠʥʫʪʠ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʚʠʩʥʦʚʢʽʚ ʟ ʜʦʩʣʽʜʞʝʥʥʷ ʦʙʩʪʘʚʠʥ ɼʊʇ. 

ʋ ʨʘʟʽ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʛʘʣʴʤʽʚʥʦʛʦ ʰʣʷʭʫ ʊɿ, ʥʘ ʦʩʥʦʚʽ (3.68) ʪʘ 

(3.69) ʤʘʻʤʦ 

 

( )
( )

( ) ( )

( )

2 2 2

2 3

2
32 3 2

2

0.5
2 2

.
2 2 24

a S S
b a

SABS BA

ABS BAa OR
OR

ABS BA ABS BA

V V V
S t t V

j j

j tt t V j t
j t

j j

-
= + Ö + + -

å õ Ö+ Ö
æ ö- Ö Ö + - -
æ ö
ç ÷

 (3.70) 

ʘʙʦ  

 

( )

2 2 2
3

2 ,
2 2 2

ba S S
b a OR

SABS BA

t V V V
S t V S

j j

-å õ
= + Ö + + -æ ö
ç ÷

 (3.71) 

 

ʜʝ bORS  ï ʚʽʜʩʪʘʥʴ, ʥʘ ʷʢʫ ʟʤʝʥʰʫʻʪʴʩʷ ʟʫʧʠʥʥʠʡ ʰʣʷʭ ʊɿ ʟʘ ʨʘʭʫʥʦʢ ʜʽʾ 

ʩʠʣ ʦʧʦʨʫ ʨʫʭ ʟʘ ʯʘʩ 2t  ʽ 3t . 
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( ) ( )

( )
2

32 3 2
2 .

2 2 24

ABS BAb a OR
OR OR

ABS BA ABS BA

j tt t V j t
S j t

j j

å õ Ö+ Ö
æ ö= Ö Ö - + +
æ ö
ç ÷

 (3.72) 

 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʢʦʥʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ (ʜʠʚ. ʨʦʟʜʽʣ 4), 

ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʚ [3, 30, 41, 44], ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʧʝʨʝʚʽʨʢʫ ʛʽʧʦʪʝʟʠ ʧʨʦ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʨʘʭʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʛʘʣʴʤʽʚʥʠʭ ʩʠʩʪʝʤ (ʨʦʙʦʪʠ ABS ʽ ɺɸ) ʪʘ 

ʪʠʧʫ ʰʠʥ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʧʦʢʘʟʥʠʢʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʝʢʩʪʨʝʥʦʛʦ ʛʘʣʴʤʫʚʘʥʥʷ 

ʘʚʪʦʤʦʙʽʣʽʚ ʟ ʤʝʪʦʶ ʤʽʥʽʤʽʟʘʮʽʾ ʤ̔ʦʚʽʨʥʦʩʪʽ ʥʘʜʘʥʥʷ ʥʝʦʙôʻʢʪʠʚʥʠʭ ʚʠʩʥʦʚʢʽʚ 

ʘʚʪʦʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ. ʊʘʢ ʜʣʷ ʩʫʭʦʛʦ ʘʩʬʘʣʴʪʦʙʝʪʦʥʫ ʙʫʣʠ ʦʪʨʠʤʘʥʽ 

ʝʤʧʽʨʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ (3.73)-(3.76), (3.78) ʟʤʽʥʠ ʩʧʦʚʽʣʴʥʝʥʥʷ ʊɿ ʢʘʪʝʛʦʨʽʾ ʄ1 

ʷʢ ʬʫʥʢʮʽʾ ʧʦʯʘʪʢʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʛʘʣʴʤʫʚʘʥʥʷ, ʢʤ/ʛʦʜ. 

ɼʣʷ ʘʚʪʦʤʦʙʽʣʽʚ ʟ ABS (BA) ʥʘ ʣʽʪʥʽʭ ʰʠʥʘʭ 

 

0.0026 8.21,ABS aj V= Ö +  (3.73) 

 

0.007 9.648.ABS BA aj V+ =- Ö +  (3.74) 

 

ɼʣʷ ʘʚʪʦʤʦʙʽʣʽʚ ʟ ABS (BA) ʥʘ ʟʠʤʦʚʠʭ ʰʠʥʘʭ 

 

0.0037 7.927,ABS aj V= Ö +  (3.75) 

 

0.0058 9.414.ABS BA aj V+ =- Ö +  (3.76) 

 

ɺʠʟʥʘʯʘʪʠ ʟʫʧʠʥʥʠʡ ʪʘ ʛʘʣʴʤʽʚʥʠʡ ʰʣʷʭʠ ʊɿ ʜʣʷ ʘʚʪʦʤʦʙʽʣʽʚ ʙʝʟ ABS 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʘ ʪʘʢʠʤʠ ʚʠʨʘʟʘʤʠ 

 

2
3

0 1 2
S

;
2 2

ba
a OR

t V
S t t V S

j

å õ
= + + Ö + -æ ö
ç ÷

  
2

3
2

S

,
2 2

ba
b a OR

t V
S t V S

j

å õ
= + Ö + -æ ö
ç ÷

 (3.77) 

 

ʜʝ b
ORS  ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʟʘʣʝʞʥʽʩʪʶ (3.72) ʽʟ ʟʘʤʽʥʦʶ ( )ABS BAj  ʥʘ Sj ; 
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Sj  ï ʫʩʪʘʣʝʥʝ ʩʧʦʚʽʣʴʥʝʥʥʷ, ʢʦʨʝʛʦʚʘʥʝ ʟʘ ʰʚʠʜʢʽʩʪʶ ʨʫʭʫ ʊɿ,  

 

ʜʣʷ ʣʽʪʥʽʭ ʰʠʥ ( )
2

0.00006 0.0022 7.956,S a aj V V=- Ö - Ö + (3.78) 

ʜʣʷ ʟʠʤʦʚʠʭ ʰʠʥ ( )
2

0.00007 0.0005 7.694.S a aj V V=- Ö - Ö + 

 

ʈʝʟʫʣʴʪʘʪʠ ʦʮʽʥʶʚʘʥʥʷ ʛʘʣʴʤʽʚʥʦʛʦ ʰʣʷʭʫ ʊɿ ʢʘʪʝʛʦʨʽʾ ʄ1 ʥʘ ʣʽʪʥʽʭ 

ʰʠʥʘʭ ʟʘ ʟʘʧʨʦʧʦʥʦʚʘʥʠʤʠ ʤʦʜʝʣʷʤʠ (3.70)-(3.78) ʪʘ ʜʽʶʯʦʶ ʤʝʪʦʜʠʢʦʶ 

(1.10) ʧʦʜʘʥʽ ʥʘ ʨʠʩʫʥʢʘʭ 3.18, 3.19. 

 

 
 

ʈʠʩʫʥʦʢ 3.18 ï ʈʝʟʫʣʴʪʘʪʠ ʦʮʽʥʶʚʘʥʥʷ ʛʘʣʴʤʽʚʥʦʛʦ ʰʣʷʭʫ ʊɿ ʢʘʪʝʛʦʨʽʾ ʄ1 ʥʘ 

ʩʫʭʦʤʫ ʘʩʬʘʣʴʪʦʙʝʪʦʥʽ 

 

ɿ ʨʠʩʫʥʢʽʚ 3.38, 3.39 ʚʠʜʥʦ, ʱʦ ʧʨʠ ʦʮʽʥʶʚʘʥʥʽ ʧʘʨʘʤʝʪʨʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʛʘʣʴʤʫʚʘʥʥʷ ʊɿ ʢʘʪʝʛʦʨʽʾ ʄ1 ʟ ABS (BA) ʥʘ ʩʫʭʦʤʫ ʘʩʬʘʣʴʪʦʙʝʪʦʥʽ ʜʦʮʽʣʴʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʠʨʘʟʠ (3.70)-(3.76). ɺʠʨʘʟʠ (3.77) ʽ (3.78) ʜʦʮʽʣʴʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʊɿ ʢʘʪʝʛʦʨʽʾ ʄ1 ʙʝʟ ABS ʧʨʠ ʦʮʽʥʶʚʘʥʥʽ ʧʘʨʘʤʝʪʨʽʚ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʛʘʣʴʤʫʚʘʥʥʷ ʥʘ ʩʫʭʦʤʫ ʘʩʬʘʣʴʪʦʙʝʪʦʥʽ ʟʽ ʰʚʠʜʢʦʩʪʽ ʜʦ 45 ʢʤ/ʛʦʜ 

ʪʘ ʧʦʥʘʜ 85 ʢʤ/ʛʦʜ. ɺ ʽʥʰʦʤʫ ʨʘʟʽ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʽʶʯʫ ʤʝʪʦʜʠʢʫ 

ʽ ʢʦʨʠʩʪʫʚʘʪʠʩʴ ʟʘʣʝʞʥʽʩʪʶ (1.10). 
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ʐʚʠʜʢʽʩʪʴ ʘʚʪʦʤʦʙʽʣʷ, ʤ/ʩ

ɹʝʟ ABS, 

ʝʢʩʧʝʨʠʤʝʥʪ
ɿ ABS, ʝʢʩʧʝʨʠʤʝʥʪ

ɿ ABS ʪʘ BA, 

ʝʢʩʧʝʨʠʤʝʥʪ
ɹʝʟ ABS, ʤʦʜʝʣʴ

ɿ ABS, ʤʦʜʝʣʴ

ɿ ABS ʪʘ BA, ʤʦʜʝʣʴ

ɹʝʟ ABS, ʜʽʶʯʘ 

ʤʝʪʦʜʠʢʘ
ɿ ABS, ʜʽʶʯʘ 

ʤʝʪʦʜʠʢʘ
ɿ ABS ʪʘ ɺɸ, ʜʽʶʯʘ 

ʤʝʪʦʜʠʢʘ
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ʈʠʩʫʥʦʢ 3.19 ï ʇʦʭʠʙʢʘ ʦʮʽʥʶʚʘʥʥʷ ʛʘʣʴʤʽʚʥʦʛʦ ʰʣʷʭʫ ʊɿ ʢʘʪʝʛʦʨʽʾ ʄ1 ʥʘ 

ʩʫʭʦʤʫ ʘʩʬʘʣʴʪʦʙʝʪʦʥʽ 

 

3.4.3 ʆʮ̔ʥʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʤʘʥʝʚʨʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʨʫʭʫ 

ɿ ʤʝʪʦʶ ʟʘʧʦʙʽʛʘʥʥʷ ɼʊʇ ʫ ʨʘʟʽ ʚʠʥʠʢʥʝʥʥʷ ʧʝʨʝʰʢʦʜʠ ʜʣʷ ʨʫʭʫ ʇɼʈ [77] 

ʨʝʢʦʤʝʥʜʫʶʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʧʨʦʮʝʩ ʛʘʣʴʤʫʚʘʥʥʷ ʜʣʷ ʟʥʠʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ 

ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʷ ʘʞ ʜʦ ʧʦʚʥʦʾ ʡʦʛʦ ʟʫʧʠʥʢʠ ʘʙʦ ʤʘʥʝʚʨʫʚʘʥʥʷ ʜʣʷ ʙʝʟʧʝʯʥʦʛʦ 

ʦʙôʾʟʜʫ ʧʝʨʝʰʢʦʜʠ. ɼʽʶʯʽ ʤʝʪʦʜʠʢʠ ʘʥʘʣʽʟʫ ʧʘʨʘʤʝʪʨʽʚ ʤʘʥʝʚʨʫʚʘʥʥʷ 

ʘʚʪʦʤʦʙʽʣʷ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʧʨʘʢʪʠʮʽ ʨʦʟʩʣʽʜʫʚʘʥʥʷ ɼʊʇ [80, 89], 

ʙʘʟʫʶʪʴʩʷ ʥʘ ʨʦʙʦʪʘʭ ʅ.ʄ. ʂʨʽʩʪʽ [139, 140] ʪʘ ɺ.ɸ. ɯʣʘʨʽʦʥʦʚʘ [86, 142]. ɺʦʥʠ 

ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʦʩʥʦʚʽ ʨʷʜʫ ʧʨʠʧʫʱʝʥʴ (ʨʫʭ ʘʚʪʦʤʦʙʽʣʷ ʟ ʧʦʩʪʽʡʥʦʶ ʰʚʠʜʢʽʩʪʶ, 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʞʦʨʩʪʢʠʭ ʰʠʥ ʪʦʱʦ), ʷʢʽ ʥʝ ʪʽʣʴʢʠ ʩʧʨʦʱʫʶʪʴ ʨʦʟʨʘʭʫʥʢʠ, ʘʣʝ 

ʡ ʟʥʠʞʫʶʪʴ ʪʦʯʥʽʩʪʴ ʘʥʘʣʽʟʫ ʩʘʤʦʛʦ ʤʘʥʝʚʨʫ, ʱʦ ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʤʦʞʝ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʨʦʪʠʣʝʞʥʠʭ ʝʢʩʧʝʨʪʥʠʭ ʚʠʩʥʦʚʢʽʚ [305].  

ʂʦʥʩʪʨʫʢʮʽʷ ʩʫʯʘʩʥʠʭ ʊɿ ʜʦʟʚʦʣʷʻ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʦʜʥʦʯʘʩʥʦ ʤʘʥʝʚʨʫʚʘʥʥʷ 

ʪʘ ʛʘʣʴʤʫʚʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʚʧʨʦʚʘʜʞʝʥʥ ̫ABS, ʷʢ̔, ʢ̫ ʧʨʘʚʠʣʦ, ʻ ʯʘʩʪʠʥʦʶ 

ʙʽʣʴʰ ʩʢʣʘʜʥʦʾ ʝʣʝʢʪʨʦʥʥʦʾ ʩʠʩʪʝʤʠ ʛʘʣʴʤʫʚʘʥʥʷ, ʱʦ ʪʘʢʦʞ ʤʦʞʝ ʤʽʩʪʠʪʠ: 

ʩʠʩʪʝʤʫ ʨʦʟʧʦʜʽʣʫ ʛʘʣʴʤʽʚʥʠʭ ʟʫʩʠʣʴ (EBD), ʩʠʩʪʝʤʫ ʝʣʝʢʪʨʦʥʥʦʛʦ ʢʦʥʪʨʦʣʶ 

ʩʪʽʡʢʦʩʪʽ (ESP), ʩʠʩʪʝʤʫ ʝʢʩʪʨʝʥʦʛʦ ʛʘʣʴʤʫʚʘʥʥʷ (BA). ʊʘʢʠʡ ʚʠʜ ʨʫʭʫ 

ʩʢʣʘʜʥʦ ʜʦʩʣʽʜʠʪʠ ʥʘ ʦʩʥʦʚʽ ʜʽʶʯʠʭ ʤʝʪʦʜʠʢ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʤʽʩʪʷʪʴ 
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ʐʚʠʜʢʽʩʪʴ ʘʚʪʦʤʦʙʽʣʷ, ʤ/ʩ

ɹʝʟ ABS ʤʦʜʝʣʴ

ɹʝʟ ABS ʜʽʶʯʘ 

ʤʝʪʦʜʠʢʘ

ɿ ABS ʤʦʜʝʣʴ

ɿ ABS ʜʽʶʯʘ 

ʤʝʪʦʜʠʢʘ

ɿ ABS ʪʘ BA ʤʦʜʝʣʴ

ɿ ABS ʪʘ Bɸ ʜʽʶʯʘ 

ʤʝʪʦʜʠʢʘ
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ʟʘʣʝʞʥʦʩʪʽ ʦʪʨʠʤʘʥʽ ʥʘ ʧʨʠʧʫʱʝʥʥʽ, ʱʦ ʊɿ ʨʫʭʘʻʪʴʩʷ ʙʝʟ ʧʨʠʩʢʦʨʝʥʥʷ 

(ʩʧʦʚʽʣʴʥʝʥʥʷ). ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚ ʫʜʦʩʢʦʥʘʣʝʥʥʽ ʽʩʥʫʶʯʠʭ 

ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʤʘʥʝʚʨʫʚʘʥʥʷ. 

ʈʦʟʛʣʷʥʝʤʦ ʩʭʝʤʫ ʧʦʚʦʨʦʪʫ ʘʚʪʦʤʦʙʽʣʷ (ʨʠʩ. 3.20), ʙʘʟʫʶʯʠʩʴ ʥʘ 

ʤʝʪʦʜʠʯʥʦʤʫ ʧʽʜʭʦʜʽ ɺ.ɸ. ɯʣʘʨʽʦʥʦʚʘ [86] ʪʘ ɸ.ʉ. ʂʨʫʢʘ [363]. 
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ʈʠʩʫʥʦʢ 3.20 ï ʉʭʝʤʘ ʜʦ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ʤʘʥʝʚʨʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʷ 

 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 3.20, ʧʦʚʦʨʦʪ ʊɿ ʙʫʜʝʤʦ ʨʦʟʛʣʷʜʘʪʠ ʚ ʦʨʪʦʛʦʥʘʣʴʥʽʡ 

ʜʝʢʘʨʪʦʚʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ, ʧʦʯʘʪʦʢ ʷʢʦʾ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʪʦʯʮʽ, ʱʦ ʻ 

ʩʝʨʝʜʠʥʦʶ ʟʘʜʥʴʦʛʦ ʤʦʩʪʘ (ʪʦʯʢʘ 2), ʘ ʧʦʟʜʦʚʞʥʷ ʚʽʩʴ ʘʚʪʦʤʦʙʽʣʷ ʩʧʽʚʧʘʜʘʻ ʟ 

ʚʽʩʩʶ ʭ ʫ ʧʦʯʘʪʢʦʚʦʤʫ ʧʦʣʦʞʝʥʥʽ. ɿ ʧʦʯʘʪʢʦʤ ʧʦʚʦʨʦʪʫ ʨʫʣʴʦʚʦʛʦ ʢʦʣʝʩʘ ʨʫʭʫ 

ʘʚʪʦʤʦʙʽʣʷ ʩʪʘʻ ʢʨʠʚʦʣʽʥʽʡʥʠʤ ʽ ʥʘ ʤʦʤʝʥʪ ʜʦʩʷʛʥʝʥʥʷ ʢʫʪʘ ʧʦʚʦʨʦʪʫ 

ʢʝʨʦʚʘʥʠʭ ʢʦʣʽʩ ɗ ʘʚʪʦʤʦʙʽʣʴ ʧʦʚʝʨʪʘʻʪʴʩʷ ʚʽʜʥʦʩʥʦ ʦʩʽ ʭ ʥʘ ʢʫʪ ɔ.  

ʈʘʜʽʫʩ ʧʦʚʦʨʦʪʫ ʮʝʥʪʨʘ ʟʘʜʥʴʦʛʦ ʤʦʩʪʘ ʘʚʪʦʤʦʙʽʣʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʤʽʥʦʶ 

ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʢʝʨʦʚʘʥʠʭ ʢʦʣʽʩ ʪʘ ʢʫʪʽʚ ʚʽʜʚʝʜʝʥʥʷ ʢʦʣʽʩ ʧʝʨʝʜʥʴʦʾ ʪʘ ʟʘʜʥʴʦʾ 

ʦʩʽ ʫ ʯʘʩʽ 
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()
() ()( ) ()1 2tg tg

L
R t

t t t
=

q -d + d
. (3.79) 

 

ɿʤʽʥʘ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʘʚʪʦʤʦʙʽʣʷ ()a tw  ʫ ʯʘʩʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʶ  

 

()
()
()a

V t
t

R t
w = , (3.80) 

 

ʜʝ ()V t  ï ʟʘʢʦʥ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʷ. 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʢʦʥʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʤʦʙʽʣʴʥʦʛʦ ʨʝʻʩʪʨʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʍʘʨʢʽʚʩʴʢʦʛʦ 

ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʴʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ [364], ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ 

ʧ. 4.5 ʪʘ ɼʦʜʘʪʢʫ ʀ, ʧʦʢʘʟʫʶʪʴ ʱʦ ʩʧʦʚʽʣʴʥʝʥʥʷ ʧʨʠ ʤʘʥʝʚʨʫʚʘʥʥʽ ʤʦʞʫʪʴ 

ʜʦʩʷʛʘʪʠ ʜʦ 50-55% ʟʥʘʯʝʥʴ ʫʩʪʘʣʝʥʦʛʦ ʩʧʦʚʽʣʴʥʝʥʥʷ ʧʨʠ ʝʢʩʪʨʝʥʦʤʫ 

ʛʘʣʴʤʫʚʘʥʥʽ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʮʴʦʛʦ, ʟʤʽʥʫ ʚhʠʜʢʦʩʪʽ ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʷ ʫ ʯʘʩʽ ʧʨʠ 

ʤʘʥʝʚʨʫʚʘʥʥʽ ʟ ʛʘʣʴʤʫʚʘʥʥʷʤ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʪʘʢʠʤ ʣʽʥʽʡʥʠʤ ʟʘʢʦʥʦʤ 

 

() 0
2

j t
V t V

Ö
= - , (3.81) 

 

ʜʝ j ï ʫʩʪʘʣʝʥʝ ʩʧʦʚʽʣʴʥʝʥʥʷ ʘʚʪʦʤʦʙʽʣʷ ʧʨʠ ʝʢʩʪʨʝʥʦʤʫ ʛʘʣʴʤʫʚʘʥʥʽ; 

V0 ï ʧʦʯʘʪʢʦʚʘ ʰʚʠʜʢʽʩʪʴ ʛʘʣʴʤʫʚʘʥʥʷ ʊɿ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʭʦʜʷʯʠ ʟ ʚʠʨʘʟʫ (3.80) ʪʘ ʚʨʘʭʦʚʫʶʯʠ (3.79) ʪʘ (3.81)  

 

()
( )( )0 1 2tg tg

2
a

j t
V

L
t

Öå õ
- Ö q-d + dæ ö

ç ÷w = . (3.82) 

ʇʨʠ ʝʢʩʪʨʝʥʦʤʫ ʤʘʥʝʚʨʫʚʘʥʥʽ ʢʫʪʠ 1 2, ,q d d ʜʦʩʪʘʪʥʴʦ ʤʘʣʽ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʚʚʘʞʘʪʠ ( )1 2 1 2tg tgq-d + d -d=q +d, ʨʫʣʴʦʚʝ ʢʦʣʝʩʦ ʜʣʷ ʧʦʧʝʨʝʜʞʝʥʥʷ ɼʊʇ 

ʚʦʜʽʡ ʧʦʚʝʨʪʘʻ ʜʦʩʠʪʴ ʨʽʟʢʦ, ʘ ʪʦʤʫ ʟʤʽʥʘ ʢʫʪʘ ʧʦʨʦʪʫ ʢʝʨʦʚʘʥʠʭ ʢʦʣʽʩ 
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ʧʨʦʧʦʨʮʽʡʥʘ ʜʦ ʯʘʩʫ [86, 101, 102]. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʟʛʘʜʘʥʠʭ ʚʠʱʝ ʧʨʠʧʫʱʝʥʴ 

ʟʤʽʥʫ ʢʫʨʩʦʚʦʛʦ ʢʫʪʘ ɔ ʟʘ ʯʘʩʦʤ t ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʪʘʢ 

 

()
( )0 1 2

2

j

d

t
V

L
t

t

t

Ö

g

Öå õ
- q-d +d Öæ ö

ç ÷=ñ . (3.83) 

 

ʇʽʩʣʷ ʽʥʪʝʛʨʫʚʘʥʥʷ ʚʠʨʘʟʫ (3.83) ʤʘʻʤʦ 

 

() 2 01 2

2 6

V j t
tt

L

q-d +d Öå õ
Ö Ö -æ ög
ç ÷

= . (3.84) 

 

ʐʣʷʭ ʧʦ ʜʫʟʽ dS (ʜʠʚ. ʨʠʩ. 3.42), ʷʢʠʡ ʧʦʜʦʣʘʻ ʩʝʨʝʜʠʥʘ ʟʘʜʥʴʦʛʦ ʤʦʩʪʘ ʊɿ 

ʟʘ ʥʝʩʢʽʥʯʝʥʥʦ ʤʘʣʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ dt, ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʝʣʠʯʠʥʦʶ R(t) ʪʘ 

ʟʤʽʥʦʶ ʢʫʨʩʦʚʦʛʦ ʢʫʪʘ dɔ 

 

()dS R t d= Ö g. (3.85) 

 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʽʩʥʫʶʯʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ ʝʢʩʪʨʝʥʠʭ 

ʩʠʪʫʘʮʽʷʭ ʟʘʟʚʠʯʘʡ ʢʫʨʩʦʚʠʡ ʢʫʪ ɔ < 12Á [86, 142], ʱʦ ʜʦʟʚʦʣʷʻ ʚʚʘʞʘʪʠ 

cos 1gº, singºg. ʊʦʜʽ  

 

0cos
2

j t
dx dS dS V dt

Öå õ
= Ö gº = -æ ö

ç ÷
. (3.86) 

 

2 01 2
0sin

2 6 2

V j t j t
dy dS dS t V dt

L

q-d +d Ö Öå õå õ
= Ö gº Ög= Ö Ö - -æ öæ ö

ç ÷ç ÷
. (3.87) 

 

ʇʽʩʣʷ ʽʥʪʝʛʨʫʚʘʥʥʷ (3.85) ʪʘ (3.86) ʦʪʨʠʤʘʻʤʦ 

 

()
2

0 .
4

j t
x t V t

Ö
= Ö -  (3.88) 
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0 0

5 1
.

6 8 5
y t t V V j t j t

L

q-d +då õ
= Ö Ö - Ö Ö Ö + Ö Öæ ö

ç ÷
 (3.89) 

 

ʌʦʨʤʫʣʠ (3.84), (3.88) ʪʘ (3.89) ʜʦʟʚʦʣʷʶʪʴ ʟʥʘʡʪʠ ʢʫʨʩʦʚʠʡ ʢʫʪ ɔ ʪʘ 

ʢʦʦʨʜʠʥʘʪʠ x, y ʩʝʨʝʜʠʥʠ ʟʘʜʥʴʦʛʦ ʤʦʩʪʘ ʊɿ ʚ ʙʫʜʴ-ʷʢʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʚ ʧʨʦʮʝʩʽ 

ʤʘʥʝʚʨʫʚʘʥʥʷ ʟ ʛʘʣʴʤʫʚʘʥʥʷʤ, ʚʠʟʥʘʯʠʪʠ ʧʦ ʥʠʤ ʧʦʣʦʞʝʥʥʷ ʽʥʰʠʭ ʪʦʯʦʢ 

ʘʚʪʦʤʦʙʽʣʷ, ʱʦ ʚʭʦʜʠʪʴ ʚ ʧʦʚʦʨʦʪ ʧʨʠ ʨʝʟʫʣʴʪʫʶʯʠʭ ʟʥʘʯʝʥʥʷʭ ʢʫʨʩʦʚʦʛʦ ʢʫʪʘ 

ʥʝ ʙʽʣʴʰʠʭ ʟʘ 0,26 ʨʘʜʽʘʥ [84, 86, 363]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʢʽʥʮʽ ʚʠʢʦʥʘʥʥʷ ʤʘʥʝʚʨʫ çʚʭʽʜ ʚ ʧʦʚʦʨʦʪè (ʟʘʢʽʥʯʝʥʥʷ 

ʧʦʚʦʨʦʪʫ ʢʦʣʽʩ) ʧʘʨʘʤʝʪʨʠ ʨʫʭʫ ʩʝʨʝʜʠʥʠ ʟʘʜʥʴʦʛʦ ʤʦʩʪʘ ʊɿ ʩʪʘʥʦʚʠʪʠʤʫʪʴ  
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 (3.92) 

 

ʜʝ Mt  ï ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʤʘʥʝʚʨʫ. 

ʅʘ ʧʨʘʢʪʠʮʽ ʪʝʭʥʽʯʥʘ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʥʘʪʠ ʤʘʥʝʚʨ ʟʘ ʬʽʢʩʦʚʘʥʠʡ ʯʘʩ Mt  

ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʝʘʣʽʟʘʮʽʾ ʟʯʽʧʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʰʠʥ ʟ ʜʦʨʦʛʦʶ, 

ʞʦʨʩʪʢʦʩʪʽ ʰʠʥ, ʰʚʠʜʢʦʩʪʽ ʧʦʚʦʨʦʪʫ ʢʝʨʦʚʘʥʠʭ ʢʦʣʽʩ ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʛʘʣʴʤʫʚʘʥʥʷ. 

ʄʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘ ʰʚʠʜʢʽʩʪʴ ʧʦʚʦʨʦʪʫ ʢʝʨʦʚʘʥʠʭ ʢʦʣʽʩ ʟʘ ʫʤʦʚ 

ʚʽʜʩʫʪʥʦʩʪʽ ʟʘʥʦʩʫ ʘʚʪʦʤʦʙʽʣʷ ʤʦʞʝ ʙʫʪʠ ʚʩʪʘʥʦʚʣʝʥʘ ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ 

ʚʽʜʮʝʥʪʨʦʚʦʶ ʩʠʣʦʶ ʚʝʣʠʯʠʥʠ ʩʠʣʠ ʟʯʝʧʣʝʥʥʷ. ʊʦʜʽ, ʟʘʩʪʦʩʫʚʘʚʰʠ ʜʨʫʛʠʡ 

ʟʘʢʦʥ ʅʴʶʪʦʥʘ ʜʣʷ ʤʘʪʝʨʽʘʣʴʥʦʾ ʪʦʯʢʠ, ʷʢʘ ʦʙʝʨʪʘʻʪʴʩʷ ʧʦ ʢʦʣʫ ʟ ʨʘʜʽʫʩʦʤ R, 

ʦʪʨʠʤʘʻʤʦ 
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()( )
()
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y

m V t
m g

R t

Ö
= Ö Öj, (3.93) 

 

ɼʣʷ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʚʚʘʞʘʻʪʴʩʷ ʱʦ ʘʚʪʦʤʦʙʽʣʴ ʟʜʽʡʩʥʶʻ ʨʽʚʥʦʤʽʨʥʠʡ ʨʫʭ 

ʧʨʠ ʤʘʥʝʚʨʫʚʘʥʥʽ ʙʝʟ ʛʘʣʴʤʫʚʘʥʥʷ, ʪʘ ʥʝʭʪʫʶʯʠ ʙʽʯʥʠʤ ʚʽʜʚʝʜʝʥʥʷʤ ʢʦʣʽʩ ʽʟ 

(3.79) ʪʘ (3.93) ʤʘʻʤʦ ʪʘʢʝ ʨʽʚʥʷʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʦʾ 

ʰʚʠʜʢʦʩʪʽ ʧʦʚʦʨʦʪʫ ʢʝʨʦʚʘʥʠʭ ʢʦʣʽʩ ʟʘ ʫʤʦʚ ʚʽʜʩʫʪʥʦʩʪʽ ʟʘʥʦʩʫ  

 

max 2
0

y

M

g L

V t

Öj Ö
¡q =

Ö
, (3.94) 

 

ʗʢʱʦ ʧʽʜʩʪʘʚʠʪʠ (3.94) ʚ (3.90)-(3.92), ʪʦ ʦʪʨʠʤʘʻʤʦ ʟʘʣʝʞʥʦʩʪʽ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʜʽʶʯʽʡ ʤʝʪʦʜʠʮʽ ʘʥʘʣʽʟʫ ʧʘʨʘʤʝʪʨʽʚ ʤʘʥʝʚʨʫʚʘʥʥʷ 

ʘʚʪʦʤʦʙʽʣʷ, ʷʢʠʡ ʨʫʭʘʻʪʴʩʷ ʟ ʧʦʩʪʽʡʥʦʶ ʰʚʠʜʢʽʩʪʶ [80, 89]. 

ɼʣʷ ʚʠʧʘʜʢʫ ʤʘʥʝʚʨʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʷ ʟ ʦʜʥʦʯʘʩʥʠʤ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʛʘʣʴʤʫʚʘʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʫ ʰʚʠʜʢʩ̔ʪɹ ʧʦʚʦʨʦʪʫ ʢʝʨʦʚʘʥʠʭ ʢʦʣʽʩ ʟʘ 

ʫʤʦʚ ʚʽʜʩʫʪʥʦʩʪʽ ʟʘʥʦʩʫ, ʚʨʘʭʦʚʫʶʯʠ ʥʘʷʚʥʽʩʪʴ ʙʽʯʥʦʛʦ ʚʽʜʚʝʜʝʥʥʷ ʢʦʣʽʩ, 

(3.79), (3.81) ʪʘ ʧʨʦʧʦʨʮʽʡʥʽʩʪʴ ʟʤʽʥʠ ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʢʝʨʦʚʘʥʠʭ ʢʦʣʽʩ ʫ ʯʘʩʽ 

ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ ʬʦʨʤʫʣʦʶ 

 

( )2 2max1
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ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʝʨʦʚʘʥʦʩʪʽ ʘʚʪʦʤʦʙʽʣʷ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʝʢʩʪʨʝʥʦʛʦ 

ʤʘʥʝʚʨʫʚʘʥʥʷ ʟ ʦʜʥʦʯʘʩʥʠʤ ʛʘʣʴʤʫʚʘʥʥʷʤ ʥʝʦʙʭʽʜʥʦ ʤʽʥʽʤʽʟʫʚʘʪʠ ʬʫʥʢʮʽʶ 

(3.95) ʥʘ ʧʨʦʤʽʞʢʫ [ ]0; Mt tÍ . ɼʘʥʘ ʬʫʥʢʮʽʷ ʤʘʻ ʪʦʯʢʠ ʨʦʟʨʠʚʫ 1 0t =  ʪʘ 
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2 02 /t V j= , ʢʦʣʠ ʾʾ ʟʥʘʯʝʥʥʷ ʧʨʷʤʫʶʪʴ ʜʦ Ð. ɯʥʰʽ ʢʨʠʪʠʯʥʽ ʪʦʯʢʠ ʤʦʞʥʘ 

ʟʥʘʡʪʠ ʧʨʠʨʽʚʥʷʚʰʠ ʧʦʭʽʜʥʫ ʬʫʥʢʮʽʾ ʜʦ ʥʫʣʷ 
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 (3.96) 

 

ʗʢʱʦ ʧʨʠʨʽʚʥʷʪʠ ʯʠʩʝʣʴʥʠʢ (3.96) ʜʦ ʥʫʣʷ, ʦʪʨʠʤʘʻʤʦ ʪʨʝʪʶ ʢʨʠʪʠʯʥʫ 

ʪʦʯʢʫ 3 02 / 3t V j= . 

ɺʝʣʠʯʠʥʘ 1 0t =  ʻ ʧʦʯʘʪʢʦʤ ʧʨʦʤʽʞʢʫ ʚʠʟʥʘʯʝʥʥʷ [ ]0; Mt tÍ  ï ʧʦʯʘʪʢʦʤ 

ʚʠʢʦʥʘʥʥʷ ʤʘʥʝʚʨʫ. ɺʝʣʠʯʠʥʘ 2 02 /t V j=  ʻ ʯʘʩʦʤ, ʧʨʦʪʷʛʦʤ ʷʢʦʛʦ ʘʚʪʦʤʦʙʽʣʴ 

ʟʫʧʠʥʠʪʴʩʷ ʧʨʠ ʨʫʩʽ ʟʽ ʰʚʠʜʢʦʩʪʽ 0V  ʟʽ ʩʪʘʣʠʤ ʩʧʦʚʽʣʴʥʝʥʥʷʤ j. ʗʢʱʦ ʯʘʩ 

2Mt t>  ʪʦ ʘʚʪʦʤʦʙʽʣʴ ʟʫʧʠʥʠʪʴʩʷ ʨʘʥʽʰʝ ʟʘʢʽʥʯʝʥʥʷ ʤʘʥʝʚʨʫ ʽ ʟʘʜʘʯʘ ʟ 

ʪʝʭʥʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʚʪʨʘʪʠʪʴ ʩʝʥʩ. ʆʪʞʝ ʧʨʦʤʽʞʢʦʤ ʚʠʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ 

(3.95) ʫ ʯʘʩʽ ʻ ʧʨʦʤʽʞʦʢ [ ]20;t tÍ . 

ʆʙʯʠʩʣʠʤʦ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ (3.95) ʧʨʠ 3 Mt t t= =  

 

( )()1 2 3
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3 3.375 y

j

V
t g L= Ö Öq d j+ Ö- d . (3.97) 

 

ʗʢʱʦ ʧʨʦʪʷʛʦʤ ʤʘʥʝʚʨʫʚʘʥʥʷ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ (3.95) ʥʝ ʧʝʨʝʚʠʱʫʻ 

ʟʥʘʯʝʥʥʷ (3.97), ʪʦ ʤʘʥʝʚʨʫʚʘʥʥʷ ʟ ʛʘʣʴʤʫʚʘʥʥʷʤ ʤʦʞʥʘ ʚʠʢʦʥʘʪʠ ʙʝʟ ʚʪʨʘʪʠ 

ʧʦʧʝʨʝʯʥʦʾ ʩʪʽʡʢʦʩʪʽ.  

ʇʽʩʣʷ ʧʽʜʩʪʘʥʦʚʢʠ (3.97) ʫ (3.90)-(3.92) ʦʪʨʠʤʘʻʤʦ ʟʘʣʝʞʥʦʩʪʽ, ʷʢʽ 

ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʠʪʠ ʧʘʨʘʤʝʪʨʠ ʤʘʥʝʚʨʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʷ ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ 

ʟʘʩʪʦʩʫʚʘʥʥʽ ʛʘʣʴʤʫʚʘʥʥʷ: 

ï çʚʭʽʜ ʚ ʧʦʚʦʨʦʪè 
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ï çʚʭʽʜ ï ʚʠʭʽʜè 
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ï çʟʤʽʥʘ ʩʤʫʛʠ ʨʫʭʫè 

 

0Mg =, (3.104) 

 

2
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ʜʝ 0g, 0y  ï ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʨʠ 0j=  ʤ/ʩ2, ʚʠʟʥʘʯʝʥʝ ʟʘ ʤʝʪʦʜʠʢʦʶ 

[86, 142]. 

ʌʦʨʤʫʣʠ (3.98)-(3.106) ʦʪʨʠʤʘʥʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʦʛʦ, ʱʦ ʯʘʩ, ʥʝʦʙʭʽʜʥʠʡ 

ʜʣʷ ʧʦʚʦʨʦʪʫ ʧʝʨʝʜʥʽʭ ʢʝʨʦʚʘʥʠʭ ʢʦʣʽʩ ʥʘ ʤʘʢʩʠʤʘʣʴʥʠʡ ʢʫʪ ʧʨʠ 

ʤʘʥʝʚʨʫʚʘʥʥʽ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʧʫ ʤʘʥʝʚʨʫ (ʧʨʠ çʚʭʦʜʽ ʚ ʧʦʚʦʨʦʪè ʮʝʡ ʯʘʩ 

ʜʦʨʽʚʥʶʻ ʫʩʴʦʤʫ ʯʘʩʫ ʤʘʥʝʚʨʫʚʘʥʥʷ, ʧʨʠ çʚʭʦʜʽ-ʚʠʭʦʜʽè ï ʡʦʛʦ ʧʦʣʦʚʠʥʽ, ʧʨʠ 

çʟʤʽʥʽ ʩʤʫʛʠ ʨʫʭʫè ï ʡʦʛʦ ʯʝʪʚʝʨʪʽʡ ʯʘʩʪʠʥʽ). ɺʦʥʠ ʧʨʠʜʘʪʥʽ ʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʫ ʜʽʶʯʽʡ ʤʝʪʦʜʠʮʽ [86, 142] ʟʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʘʥʘʣʽʟʫ ʤʘʥʝʚʨʫʚʘʥʥʷ ʟ 

ʛʘʣʴʤʫʚʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʊɿ, ʦʙʣʘʜʥʘʥʠʭ ABS ʪʘ ɺɸ. 

 

3.4.4 ʆʮʽʥʶʚʘʥʥʷ ʚʽʜʩʪʘʥʽ ʚʽʜ ʘʚʪʦʤʦʙʽʣʷ ʜʦ ʤʽʩʮʷ ɼʊʇ ʚ ʤʦʤʝʥʪ 

ʚʠʥʠʢʥʝʥʥʷ ʥʝʙʝʟʧʝʢʠ ʜʣʷ ʨʫʭʫ 

ʅʘʾʟʜ ʻ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤ ʚʠʜʦʤ ɼʊʇ (ɼʦʜʘʪʦʢ ɸ), ʪʦʤʫ ʚ ʧʨʘʢʪʠʯʥʽʡ 

ʜʽʷʣʴʥʦʩʪʽ ʝʢʩʧʝʨʪʘʤ ʜʦʩʠʪʴ ʯʘʩʪʦ ʜʦʚʦʜʠʪʴʩʷ ʜʦʩʣʽʜʞʫʚʘʪʠ ʡʦʛʦ ʤʝʭʘʥʽʟʤ. 

ʇʠʪʘʥʥʷ ʧʨʦ ʪʝʭʥʽʯʥʫ ʤʦʞʣʠʚʽʩʪʴ ʫʥʠʢʥʫʪʠ ʥʘʾʟʜʫ ʤʦʞʥʘ ʚʠʨʽʰʠʪʠ ʨʽʟʥʠʤʠ 

ʩʧʦʩʦʙʘʤʠ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʦʙʩʪʘʚʠʥ ʧʨʠʛʦʜʠ (ʥʘʷʚʥʦʩʪʽ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ). 

ʆʩʥʦʚʥʽ ʩʧʦʩʦʙʠ ʚʠʨʽʰʝʥʥʷ ʮʴʦʛʦ ʧʠʪʘʥʥʷ ʪʘʢʽ [80, 81, 89]: 

- ʚʠʟʥʘʯʝʥʥʷ ʽ ʧʦʨʽʚʥʷʥʥʷ ʟʫʧʠʥʥʦʛʦ ʰʣʷʭʫ ʊɿ ʪʘ ʚʽʜʩʪʘʥʽ ʚʽʜ ʤʽʩʮʷ 

ʥʘʾʟʜʫ, ʥʘ ʷʢʽʡ ʚʽʥ ʨʦʟʤʽʱʫʚʘʚʩʷ ʚ ʧʝʚʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ; 

- ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʽ ʧʝʨʝʰʢʦʜʠ ʚ ʤʦʤʝʥʪ, 

ʢʦʣʠ ʪʨʘʥʩʧʦʨʪʥʠʡ ʟʘʩʽʙ ʟʥʘʭʦʜʠʚʩʷ ʥʘ ʚʽʜʩʪʘʥʽ ʟʫʧʠʥʥʦʛʦ ʰʣʷʭʫ, ʚʽʜ ʤʽʩʮʷ 

ʥʘʾʟʜʫ; 

- ʧʦʨʽʚʥʷʥʥʷ ʯʘʩʫ ʽʩʥʫʚʘʥʥʷ ʧʝʨʝʰʢʦʜʠ ʽ ʯʘʩʫ, ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʟʫʧʠʥʢʠ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ (ʧʨʠʚʝʜʝʥʥʷ ʚ ʜʽʾ ʛʘʣʴʤʦʚʦʾ ʩʠʩʪʝʤʠ ʯʠ ʨʫʣʴʦʚʦʛʦ 

ʢʝʨʫʚʘʥʥʷ). 

ɯʩʥʫʶʪʴ ʽ ʽʥʰʽ ʤʝʪʦʜʠ ʚʠʨʽʰʝʥʥʷ ʟʘʟʥʘʯʝʥʦʛʦ ʧʠʪʘʥʥʷ, ʦʜʥʘʢ ʚ ʝʢʩʧʝʨʪʥʽʡ 

ʧʨʘʢʪʠʮʽ ʥʘʡʯʘʩʪʽʰʝ ʟʘʩʪʦʩʦʚʫʪʁʴ ʧʝʨʰʠʡ ʩʧʦʩʽʙ [88, 140, 146, 157-159]. 

ʄʦʤʝʥʪ ʚʠʥʠʢʥʝʥʥʷ ʥʝʙʝʟʧʝʢʠ ʜʣʷ ʨʫʭʫ (ʄɺʅ) ʻ ʤʦʤʝʥʪʦʤ, ʢʦʣʠ ʧʦʪʨʽʙʥʦ 

ʚʠʢʦʥʘʪʠ ʧʝʚʥʽ ʜʽʾ ʜʣʷ ʧʦʧʝʨʝʜʞʝʥʥʷ ɼʊʇ. ʎʝʡ ʤʦʤʝʥʪ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʦʜʽʻʤ, 

ʡʦʛʦ ʧʦʷʚʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʦʨʦʞʥʴʦʾ ʦʙʩʪʘʥʦʚʢʠ, ʚʠʤʦʛ ʇɼʈ, ʜʦʩʚʽʜʫ ʚʦʜʽʷ, 
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ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʧʝʨʝʜʙʘʯʠʪʠ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ɼʊʉ. ɿʚʽʩʥʦ, ʱʦ ʚ ʦʜʥʘʢʦʚʽʡ 

ʩʠʪʫʘʮʽʾ ʨʽʟʥʽ ʚʦʜʽʾ ʚʽʜʨʝʘʛʫʶʪʴ ʥʘ ɼʊʉ ʫ ʨʽʟʥʠʡ ʯʘʩ, ʘʣʝ ʷʢʱʦ ʧʨʠ ʮʴʦʤʫ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ɹɼʈ, ʾʭ ʜʽʾ ʩʣʽʜ ʚʠʟʥʘʪʠ ʧʨʘʚʠʣʴʥʠʤʠ. 

ʅʝʙʝʟʧʝʯʥʘ ʦʙʩʪʘʥʦʚʢʘ ʤʦʞʝ ʚʠʥʠʢʥʫʪʠ ʥʝ ʪʽʣʴʢʠ ʯʝʨʝʟ ʧʦʷʚʫ ʧʝʨʝʰʢʦʜʠ 

ʥʘ ʰʣʷʭʫ ʨʫʭʫ ʊɿ, ʘʣʝ ʡ ʫ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʝʢʩʪʨʝʥʝ ʛʘʣʴʤʫʚʘʥʥʷ ʚ ʧʝʚʥʠʭ 

ʫʤʦʚʘʭ ʥʝ ʟʘʙʝʟʧʝʯʫʻ ɹɼʈ (ʛʘʣʴʤʫʚʘʥʥʷ ʥʘ ʟʘʦʢʨʫʛʣʝʥʥʽ ʧʨʠ ʨʫʩʽ ʊɿ ʟ ʚʠʩʦʢʦʶ 

ʰʚʠʜʢʽʩʪʶ ʧʦ ʜʦʨʦʟʽ ʟ ʥʠʟʴʢʠʤʠ ʟʯʽʧʥʠʤʠ ʷʢʦʩʪʷʤʠ, ʷʢʝ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ɼʊʇ ʚ ʨʝʟʫʣʴʪʘʪʽ ʟʘʥʦʩʫ). ʋ ʪʘʢʽʡ ʩʠʪʫʘʮʽʾ ʄɺʅ ʥʘʩʪʘʻ ʫ ʤʠʪʴ, ʢʦʣʠ ʚʦʜʽʡ ʱʝ 

ʤʦʞʝ ʟʫʧʠʥʠʪʠ ʪʨʘʥʩʧʦʨʪʥʠʡ ʟʘʩʽʙ ʰʣʷʭʦʤ ʧʣʘʚʥʦʛʦ ʛʘʣʴʤʫʚʘʥʥʷ, ʱʦ 

ʚʠʢʣʶʯʘʻ ʟʘʥʦʩ.  

ʄɺʅ ʜʦʩʠʪʴ ʯʘʩʪʦ ʚʠʥʠʢʘʻ ʜʦ ʪʦʛʦ, ʷʢ ʧʝʨʝʰʢʦʜʘ ʟô̫ ʚʣʷʻʪʴʩʷ ʫ ʧʦʣʽ ʟʦʨʫ 

ʚʦʜʽʷ. ʎʝ ʤʦʞʝ ʙʫʪʠ ʧʨʠ ʦʙʤʝʞʝʥʥ ̔ ʦʛʣʷʜʦʚʦʩʪʽ ʥ̔ ʠhʤʠ ʪʨʘʥʩʧʦʨʪʥʠʤʠ 

ʟʘʩʦʙʘʤʠ ʧʽʜ ʯʘʩ ʥʘʙʣʠʞʝʥʥʷ ʜʦ ʧʽʰʦʭʽʜʥʦʛʦ ʧʝʨʝʭʦʜʫ, ʫ ʨʘʟʽ ʟʘʩʣʽʧʣʝʥʥ ̫

ʚʦʜʽʷ ʩʚʽʪʣʦʤ ʬʘʨ ʟʫʩʪʨʽʯʥʦʛʦ ʊɿ ʪʦʱʦ. 

ʗʢʱʦ ʪʨʘʥʩʧʦʨʪʥʠʡ ʟʘʩʽʙ ʜʦ ʤʦʤʝʥʪʫ ʥʘʾʟʜʫ ʨʫʭʘʚʩʷ ʙʝʟ ʛʘʣʴʤʫʚʘʥʥʷ 

(ʚʽʜʩʫʪʥʻ ʩʧʦʚʽʣʴʥʝʥʥʷ), ʪʦ ʚʽʜʩʪʘʥʴ ʚʽʜ ʤʽʩʮʷ ʥʘʾʟʜʫ, ʥʘ ʷʢʽʡ ʚʽʥ ʨʦʟʤʽʱʫʚʘʚʩʷ 

ʚ ʄɺʅ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʽʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʰʚʠʜʢʽʩʪʶ, ʰʣʷʭʦʤ ʽ ʯʘʩʦʤ 

 

a a ʧS V t= Ö ʘʙʦ a
a ʧ

ʧ

V
S S

V
= Ö, (3.107) 

 

ʜʝ ʧt  ï ʯʘʩ ʥʘʷʚʥʦʩʪʽ ʧʝʨʝʰʢʦʜʠ (ʽʥʪʝʨʚʘʣ ʯʘʩʫ ʟ ʤʦʤʝʥʪʫ ʚʠʥʠʢʥʝʥʥʷ 

ʧʝʨʝʰʢʦʜʠ ʜʦ ʥʘʾʟʜʫ ʥʘ ʥʝʾ); 

ʧV  ï ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʧʝʨʝʰʢʦʜʠ; 

ʧS  ï ʚʽʜʩʪʘʥʴ, ʥʘ ̫ʢʫ ʟʤʽʩʪʠʣʘʩʴ ʧʝʨʝʰʢʦʜʘ ʟ ʤʦʤʝʥʪʫ ʚʠʥʠʢʥʝʥʥʷ 

ʥʝʙʝʟʧʝʢʠ ʜʦ ʥʘʾʟʜʫ ʥʘ ʥʝʾ, / sinʧ nS y= b (ʨʠʩ. 3.21); 

ɓ ï ʢʫʪ ʤʽʞ ʥʘʧʨʷʤʢʦʤ ʨʫʭʫ ʊɿ ʪʘ ʧʝʨʝʰʢʦʜʠ. 
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ʈʠʩʫʥʦʢ 3.21 ï ʉʭʝʤʘ ʥʘʾʟʜʫ ʘʚʪʦʤʦʙʽʣʷ ʥʘ ʧʝʨʝʰʢʦʜʫ (ʧʽʰʦʭʦʜʘ) 

 

ʅʘ ʨʠʩ. 3.21 ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʥʘʾʟʜʫ ʘʚʪʦʤʦʙʽʣʷ ʥʘ 

ʧʝʨʝʰʢʦʜʫ (ʧʨʠ ʥʝʦʙʤʝʞʝʥʽʡ ʚʠʜʠʤʦʩʪʽ), ʷʢʘ ʨʫʭʘʣʘʩʷ ʧʽʜ ʢʫʪʦʤ ɓ ʜʦ 

ʥʘʧʨʷʤʢʫ ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʷ, ʪʘ ʧʨʠʡʥʷʪʽ ʧʦʟʥʘʯʝʥʥʷ: SS ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʧʦʟʠʮʽʾ 

ʘʚʪʦʤʦʙʽʣʷ ʚ ʤʦʤʝʥʪ ʚʠʥʠʢʥʝʥʥʷ ʥʝʙʝʟʧʝʢʠ ʜʦ ʡʦʛʦ ʟʫʧʠʥʢʠ; aS  ï ʚʽʜʜʘʣʝʥʥʷ 

ʘʚʪʦʤʦʙʽʣʷ ʚʽʜ ʤʽʩʮʷ ʥʘʾʟʜʫ ʚ ʤʦʤʝʥʪ ʚʠʥʠʢʥʝʥʥʷ ʥʝʙʝʟʧʝʢʠ; 0S  ï ʟʫʧʠʥʥʠʡ 

ʰʣʷʭ ʘʚʪʦʤʦʙʽʣʷ; nrS  ï ʚʽʜʩʪʘʥʴ, ʥʘ ̫ʢʫ ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʘʚʪʦʤʦʙʽʣʴ ʚʽʜ ʤʦʤʝʥʪʫ 

ʚʠʥʠʢʥʝʥʥʷ ʥʝʙʝʟʧʝʢʠ ʜʣʷ ʨʫʭʫ ʜʦ ʧʦʯʘʪʢʫ ʨʝʘʛʫʚʘʥʥʷ ʚʦʜʽʷ; gS  ï ʜʦʚʞʠʥʘ 

ʛʘʣʴʤʽʚʥʦʛʦ ʰʣʷʭʫ ʘʚʪʦʤʦʙʽʣʷ; 1gS  ï ʯʘʩʪʠʥʘ ʜʦʚʞʠʥʠ ʛʘʣʴʤʽʚʥʦʛʦ ʰʣʷʭʫ 

ʘʚʪʦʤʦʙʽʣʷ, ʷʢʠʡ ʧʨʦʡʰʦʚ ʘʚʪʦʤʦʙʽʣʴ ʚʽʜ ʧʦʯʘʪʢʫ ʛʘʣʴʤʫʚʘʥʥʷ ʜʦ ʤʽʩʮʷ 
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ʥʘʾʟʜʫ; 2gS  ï ʯʘʩʪʠʥʘ ʜʦʚʞʠʥʠ ʛʘʣʴʤʽʚʥʦʛʦ ʰʣʷʭʫ ʘʚʪʦʤʦʙʽʣʷ, ʷʢʫ ʧʦʜʦʣʘʚ 

ʘʚʪʦʤʦʙʽʣʴ ʚʽʜ ʤʽʩʮʷ ʥʘʾʟʜʫ ʜʦ ʟʫʧʠʥʢʠ. 

ɿ ʨʠʩ. 3.21 ʦʯʝʚʠʜʥʦ, ʱʦ ʜʣʷ ʙʽʯʥʦʛʦ ʥʘʾʟʜʫ 0 2nr a x gS S S S S+ = + +, ʘ ʜʣʷ 

ʬʨʦʥʪʘʣʴʥʦʛʦ ʥʘʾʟʜʫ 0 2nr a gS S S S+ = + , ʟʚʽʜʢʠ: 

ï ʜʣʷ ʙʽʯʥʦʛʦ ʥʘʾʟʜʫ 

 

0 2a nr x gS S S S S= + - -, (3.108) 

 

ï ʜʣʷ ʬʨʦʥʪʘʣʴʥʦʛʦ ʥʘʾʟʜʫ 

 

0 2a nr gS S S S= + - , (3.109) 

 

ʜʝ nr a nrS V t= Ö;  

0S  ï ʚʠʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ (3.68);  

xS , 2gS  ï ʚʠʤʽʨʶʻʪʴʩʷ ʥʘ ʤʽʩʮʽ ʧʨʠʛʦʜʠ. 

ʗʢʱʦ ʚʨʘʭʫʚʘʪʠ, ʱʦ ʯʘʩ ʨʫʭʫ ʧʝʨʝʰʢʦʜʠ ʚʽʜ ʤʦʤʝʥʪʫ ʚʠʥʠʢʥʝʥʥʷ 

ʥʝʙʝʟʧʝʯʥʦʾ ʦʙʩʪʘʥʦʚʢʠ ʜʦ ʥʘʾʟʜʫ ʩʢʣʘʜʘʻ nt , ʪʦ ʯʘʩ ʨʫʭʫ ʊɿ ʟ ʮʴʦʛʦ ʤʦʤʝʥʪʫ ʽ 

ʜʦ ʧʦʯʘʪʢʫ ʜʽʡ ʚʦʜʽʷ ʩʢʣʘʜʝ 

 

( )1nr n gt t T t= - + , (3.110) 

 

ʜʝ 1 2 30,5T t t t= + +  ï ʯʘʩ, ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʧʦʯʘʪʢʫ ʟʘʛʘʣʴʤʦʚʫʚʘʥʥʷ 

ʘʚʪʦʤʦʙʽʣʷ ʟ ʫʩʪʘʣʝʥʠʤ ʩʧʦʚʽʣʴʥʝʥʥʷʤ j. 

1gt  ï ʯʘʩ ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʷ ʚʽʜ ʫʩʪʘʣʝʥʥʷ ʩʧʦʚʽʣʴʥʝʥʥʷ j ʜʦ ʥʘʾʟʜʫ. 

ɺʚʘʞʘʶʯʠ, ʱʦ ʯʘʩ ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʷ ʥʘ ʜʽʣʷʥʮʽ 1gS  ʩʢʣʘʜʝ 

 

( )3 2 1 2

1

0,5 2a g OR

g

V t j j S j t t
t

j

- Ö Ö - Ö Ö - Ö +
= , (3.111) 
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ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ (3.107, 3.110), ʤʦʞʥʘ ʚʠʨʘʭʫʚʘʪʠ ʰʣʷʭ nrS  

 

( )3 2 1 2

1 2 3

0,5 2
0,5

a g ORn
nr a

n

V t j j S j t tS
S V t t t

V j

å õå õ- Ö - Ö Ö - Ö +
æ öæ ö= - + + +

æ öæ ö
ç ÷ç ÷

, (3.112) 

 

ʜʝ ORj  ï ʩʧʦʚʽʣʴʥʝʥʥʷ ʊɿ ʧʽʜ ʜʽʻʶ ʩʠʣ ʦʧʦʨʫ ʨʫʭʫ (3.38). 

ʊʦʜʽ ʥʘ ʦʩʥʦʚʽ (3.108), (3.109) ʪʘ (3.112) ʚʠʟʥʘʯʠʤʦ aS  

ï ʜʣʷ ʙʽʯʥʦʛʦ ʥʘʾʟʜʫ 

 

( )2 1 2

1 2 0 2

2
.

a g ORn
a a x g

n

V j S j t tS
S V t t S S S

V j

å õå õ- Ö Ö - Ö +
æ öæ ö= - + + + - -

æ öæ ö
ç ÷ç ÷

 (3.113) 

 

ï ʜʣʷ ʬʨʦʥʪʘʣʴʥʦʛʦ ʥʘʾʟʜʫ 

 

( )2 1 2

1 2 0 2

2
.

a g ORn
a a g

n

V j S j t tS
S V t t S S

V j

å õå õ- Ö Ö - Ö +
æ öæ ö= - + + + -

æ öæ ö
ç ÷ç ÷

 (3.114) 

 

ʆʪʞʝ ʧʦʨʽʚʥʶʶʯʠ ʚʽʜʩʪʘʥʽ aS  ʪʘ 0S , ʤʦʞʥʘ ʜʘʪʠ ʚʽʜʧʦʚʽʜ ɹʥʘ ʧʠʪʘʥʥʷ ʧʨʦ 

ʪʝʭʥʽʯʥʫ ʤʦʞʣʠʚʽʩʪʴ ʟʤʝʥʰʝʥʥʷ ʥʘʩʣʽʜʢʽʚ ʯʠ ʫʥʠʢʥʝʥʥʷ ɼʊʇ (ʧʨʠ 0 aS S>  

ʤʦʞʣʠʚʩ̔ʪɹ ʫʥʠʢʥʫʪʠ ʥʘʾʟʜʫ ʫ ʚʦʜʽʷ ʚʽʜʩʫʪʥʷ), ʘ ʪʘʢʦʞ ʚʠʢʦʥʘʪʠ ʘʥʘʣʽʟ ʚʧʣʠʚʫ 

ʫʤʦʚ ʛʘʣʴʤʫʚʘʥʥʷ ʥʘ ʟʤʽʥʫ ʜʠʩʪʘʥʮʽʾ ʤʽʞ ʘʚʪʦʤʦʙʽʣʝʤ ʪʘ ʧʝʨʝʰʢʦʜʦʶ ʚ 

ʤʦʤʝʥʪ ʧʦʷʚʠ ʥʝʙʝʟʧʝʯʥʦʾ ɼʊʉ.  

ʇʨʠ ʧʦʪʨʝʙʽ ʜʦʩʣʽʜʠʪʠ ʤʝʭʘʥʽʟʤ ʥʘʾʟʜʫ ʥʘ ʧʝʨʝʰʢʦʜʫ, ʷʢʘ ʨʫʭʘʣʘʩʷ ʫ 

ʧʦʧʫʪʥʦʤʫ ʯʠ ʟʫʩʪʨʽʯʥʦʤʫ ʥʘʧʨʷʤʢʫ, ʜʣʷ ʚʽʜʧʦʚʽʜʽ ʥʘ ʧʠʪʘʥʥʷ ʧʨʦ ʪʝʭʥʽʯʥʫ 

ʤʦʞʣʠʚʽʩʪʴ ʫʥʠʢʥʫʪʠ ʥʘʾʟʜʫ ʥʝʜʦʩʪʘʪʥʴʦ ʟʥʘʪʠ ʚʝʣʠʯʠʥʫ ʰʣʷʭʫ, ʥʝʦʙʭʽʜʥʦʛʦ 

ʜʣʷ ʟʫʧʠʥʢʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ. ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʧʝʨʝʰʢʦʜʘ ʨʫʭʘʻʪʴʩʷ ʚ 
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ʧʦʧʫʪʥʦʤʫ ʥʘʧʨʷʤʢʫ, ʪʦ ʟʘ ʯʘʩ ʛʘʣʴʤʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʷ ʚʦʥʘ ʤʦʞʝ ʟʘʣʠʰʠʪʠ 

ʥʝʙʝʟʧʝʯʥʫ ʟʦʥʫ (ʜʣʷ ʧʦʜʦʣʘʥʥʷ ʧʝʚʥʦʾ ʜʽʣʷʥʢʠ ʜʦʨʦʛʠ ʧʨʠ ʛʘʣʴʤʫʚʘʥʥʽ 

ʥʝʦʙʭʽʜʥʦ ʙʽʣʴʰʝ ʯʘʩʫ ʥʽʞ ʙʝʟ ʛʘʣʴʤʫʚʘʥʥʷ). ʊʦʤʫ ʚ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ ʧʦʪʨʽʙʥʦ 

ʚʨʘʭʫʚʘʪʠ ʚ̔ʜʩʪʘʥʴ, ʥʘ ̫ʢʫ ʤʦʞʝ ʜʦʜʘʪʢʦʚʦ ʟʤʽʩʪʠʪʠʩʴ ʧʝʨʝʰʢʦʜʘ ʟʘ ʯʘʩ 

ʛʘʣʴʤʫʚʘʥʥʷ. 

ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʧ. 12.2. ʇɼʈ ʋʢʨʘʾʥʠ, ʚ ʫʤʦʚʘʭ ʥʝʜʦʩʪʘʪʥʴʦʾ ʚʠʜʠʤʦʩʪʽ 

ʘʙʦ ʚ ʪʝʤʥʫ ʧʦʨʫ ʜʦʙʠ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʊɿ ʧʦʚʠʥʥʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʤʦʞʣʠʚʽʩʪʴ 

ʟʫʧʠʥʠʪʠ ʪʨʘʥʩʧʦʨʪʥʠʡ ʟʘʩʽʙ ʚ ʤʝʞʘʭ ʜʠʩʪʘʥʮʽʾ ʚʠʜʠʤʦʩʪʽ ʜʦʨʦʛʠ. ʋ ʚʠʧʘʜʢʫ 

ʦʩʣʽʧʣʝʥʥʷ ʥʝʦʙʭʽʜʥʦ ʦʙʦʚôʷʟʢʦʚʦ ʟʫʧʠʥʠʪʠʩʴ, ʧʨʦʪʝ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʚʦʜʽʾʚ 

ʚʚʘʞʘ ̒ ʦʩʣʽʧʣʝʥʥʷ ʢʦʨʦʪʢʦʯʘʩʥʠʤ, ʪʦʤʫ ʥʝ ʟʤʝʥʰʫʶʪ ɹ ʰʚʠʜʢʩ̔ʪɹ ʨʫʭʫ 

ʘʚʪʦʤʦʙʽʣʷ, ʘ ʣʠʰʝ ʩʣʽʜʢʫʶʪʴ ʟʘ ʥʝʟʤʽʥʥʽʩʪʶ ʧʦʣʦʞʝʥʥʷ ʨʫʣʴʦʚʦʛʦ ʢʦʣʝʩʘ. 

ʇʨʦʪʝ ʘʚʪʦʤʦʙʽʣʴ ʧʦʩʪʽʡʥʦ ʚʽʜʭʠʣʷʻʪʴʩʷ ʚʽʜ ʥʘʧʨʷʤʢʫ ʨʫʭʫ ʽ ʚʥʘʩʣʽʜʦʢ ʮʽʣʦʛʦ 

ʨʷʜʫ ʧʨʠʯʠʥ, ʥʘʚʽʪʴ ʧʨʠ ʥʠʟʴʢʽʡ ʰʚʠʜʢʦʩʪʽ, ʟʜʘʪʝʥ ʚʠʡʪʠ ʟʘ ʤʝʞʽ ʩʤʫʛʠ ʨʫʭʫ. 

ʆʪʞʝ, ʷʢʱʦ ʚʦʜʽʡ ʨʫʭʘʻʪʴʩʷ ʟ ʪʘʢʦʶ ʰʚʠʜʢʽʩʪʶ, ʧʨʠ ʷʢʽʡ ʚʽʜʩʪʘʥʴ, 

ʧʦʪʨʽʙʥʘ ʜʣʷ ʟʫʧʠʥʢʠ 0S  ʙʽʣʴʰʘ ʟʘ ʚʠʜʠʤʽʩʪʴ ʜʦʨʦʛʠ VS  (ʨʠʩ. 3.22), ʪʦ ʚʽʥ 

ʨʫʭʘʻʪʴʩʷ ʥʘʯʝʙʪʦ ʥʘʦʩʣʽʧ, ʦʩʢʽʣʴʢʠ ʥʝ ʙʘʯʠʪʴ ʪʫ ʯʘʩʪʠʥʫ ʜʦʨʦʛʠ, ʜʝ ʤʦʞʝ 

ʧʦʪʨʝʙʫʚʘʪʠ ʟʫʧʠʥʢʠ.  

 

0S

VS

ɺʠʜʠʤʘ ʟʦʥʘ ʅʝʚʠʜʠʤʘ ʟʦʥʘ
 

 

ʈʠʩʫʥʦʢ 3.22 ï ɺʠʜʠʤʘ ʽ ʥʝʚʠʜʠʤʘ ʟʦʥʠ ʟʫʧʠʥʦʯʥʦʛʦ ʰʣ̫ ʭʫ ʘʚʪʦʤʦʙʽʣʷ 

 

ɺʠʜʠʤʽʩʪʴ ʜʦʨʦʛʠ, ʜʦʩʠʪʴ ʯʘʩʪʦ ʙʽʣʴʰʘ, ʥʽʞ ʚʠʜʠʤʽʩʪʴ ʧʝʨʝʰʢʦʜʠ ʥʘ ʥʽʡ. 

ʎʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʪʦʛʦ, ʱʦ ʚʠʜʠʤʽʩʪʴ ʧʝʨʝʰʢʦʜʠ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʢʦʥʪʨʘʩʪʥʽʩʪʶ ʬʦʥʫ ʽ ʦʙôʻʢʪʫ. ʉʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʫ ʨʘʟʽ ʟʙʽʛʫ ʢʦʣʴʦʨʽʚ 
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ʦʙôʻʢʪʘ ʽ ʬʦʥʫ (ʥʘʧʨʠʢʣʘʜ, ʤʦʢʨʠʡ ʪʝʤʥʠʡ ʘʩʬʘʣʴʪ ʪʘ ʪʝʤʥʠʡ ʤʦʢʨʠʡ ʦʜʷʛ 

ʧʽʰʦʭʦʜʘ), ʦʙôʻʢʪ ʩʣʘʙʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʬʦʥʫ, ʘ ʪʦʤʫ ʡʦʛʦ ʚʘʞʢʦ ʨʦʟʧʽʟʥʘʪʠ.  

ʆʩʢʽʣʴʢʠ ʚʦʜʽʡ ʚʠʙʠʨʘʻ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʟʘ ʫʤʦʚʘʤʠ ʚʠʜʠʤʦʩʪʽ ʜʦʨʦʛʠ, ʪʦ ʚ 

ʤʦʤʝʥʪ ʧʦʷʚʠ ʧʝʨʝʰʢʦʜʠ ʚ ʧʦʣʽ ʟʦʨʫ, ʫ ʥʴʦʛʦ ʚʽʜʩʫʪʥʷ ʪʝʭʥʽʯʥʘ ʤʦʞʣʠʚʩ̔ʪɹ 

ʫʥʠʢʥʫʪʠ ɼʊʇ. 

ʈʦʟʛʣʷʥʝʤʦ ʙʽʣʴʰ ʜʦʢʣʘʜʥʦ ʤʝʭʘʥʽʟʤʠ ʚʠʥʠʢʥʝʥʥʷ ɼʊʇ. 

ʇʨʠ ʘʥʘʣʽʟʽ ɼʊʇ, ʧʦʚôʷʟʘʥʠʭ ʟ ʧʦʛʽʨʰʝʥʥʷʤ ʚʠʜʠʤʦʩʪʽ ʚ ʪʝʤʥʫ ʧʦʨʫ ʜʦʙʠ, 

ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʚʦʜʽʶ ʧʦʪʨʽʙʝʥ ʜʦʜʘʪʢʦʚʠʡ ʯʘʩ 1tD  ʜʣʷ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʥʝʙʝʟʧʝʢʠ ʪʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ. ɺʽʜʧʦʚʽʜʥʦ ʽʥʬʦʨʤʘʮʽʾ ʟ 

ɼʦʜʘʪʢʫ ɹ, 1 0,6tD º  ʩ.  

ʂʨʽʤ ʚʝʣʠʯʠʥʠ aS , ʷʢʘ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʭʘʨʘʢʪʝʨʠʟʫʻ ʚʽʜʩʪʘʥʴ ʚʠʜʠʤʦʩʪʽ 

ʧʝʨʝʰʢʦʜʠ, ʥʝʦʙʭʽʜʥʦ ʪʘʢʦʞ ʚʠʟʥʘʯʠʪʠ ʚʽʜʩʪʘʥʴ ʚʠʜʠʤʦʩʪʽ ʜʦʨʦʛʠ VS  ʥʘ 

ʤʦʤʝʥʪ ɼʊʇ ʚ ʜʘʣʴʥʴʦʤʫ, ʙʣʠʞʥʴʦʤʫ ʩʚʽʪʣʽ ʬʘʨ ʘʙʦ ʚ ʫʤʦʚʘʭ ʧʨʠʨʦʜʥʴʦʛʦ 

ʦʩʚʽʪʣʝʥʥʷ. 

ɼʘʣʴʥʽʩʪʴ ʚʠʜʠʤʦʩʪʽ ʦʙôʻʢʪʘ ʥʘ ʜʦʨʦʟʽ aS  ʧʦʚʠʥʥʘ ʚʠʟʥʘʯʘʪʠʩʴ ʷʢ 

ʩʠʣʫʝʪʥʘ, ʪʦʙʪʦ ʮʝ ʪʘʢʘ ʚʽʜʩʪʘʥʴ ʜʦ ʦʙôʻʢʪʘ, ʟ ʷʢʦʾ ʤʦʞʥʘ ʨʦʟʨʽʟʥʠʪʠ ʡʦʛʦ 

ʦʙʨʠʩʠ (ʩʠʣʫʝʪ) ʙʝʟ ʦʢʨʝʤʠʭ ʜʝʪʘʣʝʡ. 

ɸʥʘʣʽʟ ʦʩʦʙʣʠʚʦʩʪʝʡ ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯ ʝʢʩʧʝʨʪʠʟʠ ɼʊʇ ʚ ʪʝʤʥʫ ʧʦʨʫ ʜʦʙʠ 

(ʧʨʠ ʦʙʤʝʞʝʥʽʡ ʚʠʜʠʤʦʩʪʽ) ʜʦʟʚʦʣʷʻ ʚʠʜʽʣʠʪʠ ʪʘʢʽ ʩʭʝʤʠ: 

1. ɺʝʣʠʯʠʥʫ ʙʝʟʧʝʯʥʦʾ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʷ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ 

ʫʤʦʚʦ  ʁʨʽʚʥʦʩʪʽ ʚʽʜʩʪʘʥʽ ʚʠʜʠʤʦʩʪʽ ʟʫʧʠʥʥʦʤʫ ʰʣʷʭʫ ʘʚʪʦʤʦʙʽʣʷ, ʪʦʙʪʦ ʫ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ (3.68) ʜʣʷ ʘʚʪʦʤʦʙʽʣʽʚ ʟ ABS (BA) 
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ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ (3.77) ( )
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ʯʘʩ, ʧʦʪʨʽʙʥʠʡ ʜʣʷ ʧʨʠʚʝʜʝʥʥʷ ʛʘʣʴʤʦʚʦʾ ʩʠʩʪʝʤʠ ʚ ʜʽʶ ʩʠʤʚʦʣʦʤ ʊ, ʪʦʙʪʦ 

1 2 30,5T t t t= + + Ö, ʦʪʨʠʤʘʻʤʦ 

ï ʜʣʷ ʘʚʪʦʤʦʙʽʣʽʚ ʟ ABS (BA) 
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2. ʗʢʱʦ ʬʘʢʪʠʯʥʘ ʚʝʣʠʯʠʥʘ 0V  ʚ ʤʦʤʝʥʪ ɼʊʇ ʙʫʜʝ ʤʝʥʰʦʶ ʟʘ ʜʦʧʫʩʪʠʤʫ 

DV  ( )0 DV V< , ʧʦʜʘʣʴʰʝ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʧʨʦʚʝʜʝʥʝ ʟʘ ʨʦʟʨʘʭʫʥʢʦʚʦʶ 

ʩʭʝʤʦʶ ʥʘʾʟʜʫ ʘʚʪʦʤʦʙʽʣʷ ʥʘ ʧʝʨʝʰʢʦʜʫ ʧʨʠ ʥʝʦʙʤʝʞʝʥʽʡ ʚʠʜʠʤʦʩʪʽ. 

ɺʠʢʦʥʫʻʪʴʩʷ ʨʦʟʨʘʭʫʥʦʢ ʚʝʣʠʯʠʥʠ 0S  ʟʘ ʬʘʢʪʠʯʥʦʶ ʰʚʠʜʢʽʩʪʶ ʟ ʚʨʘʭʫʚʘʥʥʷʤ 

ʜʦʜʘʪʢʦʚʦʛʦ ʯʘʩʫ 1tD  ʽ ʦʪʨʠʤʘʥʠʡ ʨʝʟʫʣʴʪʘʪ ʧʦʨʽʚʥʶʻʪʴʩʷ ʟʽ ʚʩʪʘʥʦʚʣʝʥʦʶ 

ʜʘʣʴʥʽʩʪʶ ʩʠʣʫʝʪʥʦʾ ʚʠʜʠʤʦʩʪʽ ʧʝʨʝʰʢʦʜʠ aS . ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦʨʽʚʥʷʥʥʷ 

ʬʦʨʤʫʶʪʴʩ̫ ʚʠʩʥʦʚʢʠ. 

3. ʗʢʱʦ ʬʘʢʪʠʯʥʘ ʰʚʠʜʢʽʩʪʴ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʚ ʤʦʤʝʥʪ ɼʊʇ 0V  

ʧʝʨʝʚʠʱʫʚʘʣʘ ʜʦʧʫʩʪʠʤʫ DV  ( )0 DV V>  ʪʘ ʚʝʣʠʯʠʥʘ 0S  ʟʘ ʮʽʻʶ ʬʘʢʪʠʯʥʦʶ 

ʰʚʠʜʢʽʩʪʶ 0V  ʟ ʚʨʘʭʫʚʘʥʥʷʤ 1tD  ʙʫʜʝ ʤʝʥʰʦʶ ʚʝʣʠʯʠʥʠ aS  ( )0 aS S< , ʤʦʞʥʘ 

ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʚ ʪʘʢʽʡ ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʽʡ ʩʠʪʫʘʮʽʾ ʚʦʜʽʡ ʤʘʚ 

ʪʝʭʥʽʯʥʫ ʤʦʞʣʠʚʽʩʪʴ ʧʦʧʝʨʝʜʠʪʠ ʥʘʾʟʜ ʥʘ ʧʝʨʝʰʢʦʜʫ. 

4. ʗʢʱʦ ʟʘ ʧ. 3 ʧʦʨʽʚʥʷʥʥʷ ʚʝʣʠʯʠʥ 0S  ʪʘ aS  ʙʫʜʝ ʟʚʦʨʦʪʥʽʤ ( )0 aS S> , 

ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʚʝʣʠʯʠʥʫ 0S  ʧʨʠ ʜʦʧʫʩʪʠʤʽʡ ʰʚʠʜʢʦʩʪʽ DV  (ʧʦʟʥʘʯʠʤʦ 

ʾʾ 0DS ) ʽ ʟʥʦʚʫ ʧʦʨʽʚʥʷʪʠ ʦʪʨʠʤʘʥʠʡ ʨʝʟʫʣʴʪʘʪ ʟ aS . 

5. ʗʢʱʦ ʧʨʠ ʜʦʧʫʩʪʠʤʽʡ ʰʚʠʜʢʦʩʪʽ DV  ʰʣʷʭ 0DS  ʙʫʜʝ ʙʽʣʴʰʠʤ ʚʝʣʠʯʠʥʠ  

aS  ( )0D aS S> , ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʚ ʪʘʢʽʡ ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʽʡ 
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ʩʠʪʫʘʮʽʾ ʽ ʧʨʠ ʬʘʢʪʠʯʥʽʡ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ 0V  ʽ ʧʨʠ ʜʦʧʫʩʪʠʤʽʡ DV  ʚʦʜʽʡ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʥʝ ʤʘʚ ʪʝʭʥʽʯʥʦʾ ʤʦʞʣʠʚʦʩʪʽ ʧʦʧʝʨʝʜʠʪʠ ʥʘʾʟʜ ʥʘ 

ʧʝʨʝʰʢʦʜʫ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʝʨʝʚʠʱʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʊɿ ʚ ʤʦʤʝʥʪ ɼʊʇ ʥʝ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʧʨʠʯʠʥʥʦʤʫ ʟʚôʷʟʢʫ ʟ ʬʘʢʪʦʤ ʥʘʾʟʜʫ ʥʘ ʧʝʨʝʰʢʦʜʫ. 

6. ʇʨʠ ʦʙʝʨʥʝʥʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʚʝʣʠʯʠʥ 0DS  ʪʘ aS  ( )0D aS S<  ʤʦʞʥʘ 

ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʧʨʠ ʬʘʢʪʠʯʥʽʡ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ 0V  ʫ ʚʦʜʽʷ ʊɿ ʥʝ ʙʫʣʦ 

ʪʝʭʥʽʯʥʦʾ ʤʦʞʣʠʚʦʩʪʽ ʫʥʠʢʥʫʪʠ ʥʘʾʟʜʫ, ʘʣʝ ʧʨʠ ʜʦʧʫʩʪʠʤʽʡ ʰʚʠʜʢʦʩʪʽ DV  ʪʘʢʘ 

ʤʦʞʣʠʚʽʩʪʴ ʙʫʣʘ ʽ ʩʘʤʝ ʧʝʨʝʚʠʱʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʚ ʤʦʤʝʥʪ ɼʊʇ ʩʪʘʣʦ 

ʧʨʠʯʠʥʦʶ ʥʘʾʟʜʫ ʊɿ ʥʘ ʧʝʨʝʰʢʦʜʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʷʢʽʩʪʴ ɸʊɽ ɼʊʇ, ʩʢʦʻʥʠʭ ʚ ʪʝʤʥʫ ʧʦʨʫ ʜʦʙʠ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʪʦʯʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʚʽʜʩʪʘʥʽ ʚʠʜʠʤʦʩʪʽ ʜʦʨʦʛʠ ʪʘ ʜʦʨʦʞʥʽʭ ʦʙôʻʢʪʽʚ ʚ ʩʚʽʪʣʽ 

ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʬʘʨ. 

 

3.5 ʄʦʜʝʣʴ ʦʮʽʥʶʚʘʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʽ ʙʝʟʧʝʢʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʚ ʩʠʩʪʝʤʽ ɺɸɼʉ 

 

ʅʘʜ̔ʡʥʽʩʪʴ ʪʘ ʙʝʟʧʝʢʘ ʩʠʩʪʝʤ ʣʶʜʠʥʘ-ʤʘʰʠʥʘ (ʷʢʦʶ ʻ ʩʠʩʪʝʤʘ ɺɸɼʉ) 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʨ̔ʟʥʦʨʜ̔ʥʠʭ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʤʘʶʪʴ ʚʟʘʻʤʥʠʡ ʚʧʣʠʚ ʦʜʠʥ ʥʘ ʦʜʥʦʛʦ. 

ʎʽ ʬʘʢʪʦʨʠ ʧʦʚôʷʟʘʥʽ ʟ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʣʶʜʠʥʠ, ʪʝʭʥʯ̔ʥʠʭ ʟʘʩʦʙʽʚ, ʧʨʦʮʝʩʫ 

ʬʫʥʢʮʦ̔ʥʫʚʘʥʥ̫  ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʦʱʦ. ɼʣʷ 

ʨʦʟʧʦʜʽʣʫ ʨʝʩʫʨʩʚ̔ ̔ʟ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜ̔ʡʥʦʩʪ ̔ʩʠʩʪʝʤʠ ʧʦʪʨʽʙʥʝ ʨʘʥʞʫʚʘʥʥ ̫

ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ ʟʘ ʚʘʞʣʠʚʽʩʪʶ. ɹʘʛʘʪʦ ʟ ʮʠʭ ʬʘʢʪʦʨʽʚ ʤʘʁ ʪɹ ̫ ʢʽʩʥʠʡ ʭʘʨʘʢʪʝʨ 

ʪʘ ʚʠʤʽʨʶʶʪʴʩʷ ʝʢʩʧʝʨʪʥʦ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʚ̔ ʧʣʘʥʫʚʘʥʥ̫  

ʝʢʩʧʝʨʠʤʝʥʪʫ ʪʘ ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʟ̔ʫ, ʪʨʘʜʠʮʽʡʥʠʭ ʜʣʷ ʩʪʘʪʠʩʪʠʯʥʦʾ ʪʝʦʨʽʾ 

ʥʘʜ̔ʡʥʦʩʪ ̔ʩʠʩʪʝʤ ʣʶʜʠʥʘ-ʤʘʰʠʥʘ [365-367]. ɿʨʫʯʥʠʤ ʟʘʩʦʙʦʤ ʤʦʜʝʣʶʚʘʥʥʷ 

ʙʘʛʘʪʦʬʘʢʪʦʨʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʥʘ ʦʩʥʦʚʽ ʝʢʩʧʝʨʪʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʻ ʥʝʯʽʪʢʽ 

ʧʨʘʚʠʣʘ çʷʢʱʦ ï ʪʦè [251], ʷʢʽ ʟʥʘʭʦʜʷʪʴ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʘʥʘʣʽʟʽ 

ʥʘʜʽʡʥʦʩʪʽ [368-370]. 
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ʆʙʤʝʞʝʥʥʷʤ ʚʽʜʦʤʠʭ ʤʝʪʦʜʚ̔ ʝʤʧ̔ʨʠʯʥʦʛʦ ʤʦʜʝʣʚʁʘʥʥ̫ , ̫ʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʣʫʯʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʟʽ ʩʧʦʩʪʝʨʝʞʝʥʴ 

(ʨʝʛʨʝʩʽʡʥʠʡ ʘʥʘʣʽʟ, ʥʝʯʽʪʢʽ ʧʨʘʚʠʣʘ, ʥʝʡʨʦ-ʥʝʯʽʪʢʽ ʤʝʨʝʞʽ), ̒  ʧʨʠʧʫʱʝʥʥʷ ʧʨʦ 

ʥʝʟʘʣʝʞʥʽʩʪʴ ʚʭʽʜʥʠʭ ʟʤʽʥʥʠʭ, ʪʦʙʪʦ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ. 

ɼʣʷ ʦʮʽʥʶʚʘʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʽ ʙʝʟʧʝʢʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʟʘʩʦʙʫ ʚ ʩʠʩʪʝʤʽ ɺɸɼʉ ʧʨʦʧʦʥʫʻʪʴʩʷ ʤʝʪʦʜ ʨʘʥʞʫʚʘʥʥʷ ʚʟʘʻʤʦʜʽʶʯʠʭ 

ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʥʘʜʽʡʥʽʩʪʴ ʣʶʜʠʥʦ-ʤʘʰʠʥʥʦʾ ʩʠʩʪʝʤʠ, ʥʘ ʦʩʥʦʚʽ 

ʥʝʯʽʪʢʦʾ ʢʦʛʥʽʪʠʚʥʦʾ ʢʘʨʪʠ (ʅʂʂ) ï ʥʦʚʦʛʦ ʟʘʩʦʙʫ ʤʦʜʝʣʶʚʘʥʥʷ, ʱʦ ʥʝ 

ʦʜʝʨʞʘʚ ʧʦʢʠ ʧʦʰʠʨʝʥʥʷ ʚ ʪʝʦʨʽʾ ʥʘʜʽʡʥʦʩʪʽ. 

ʅʂʂ ʚʚʝʜʝʥ ̔ʂʦʩʢʦ ɹ. [371] ʢ̫ ʫʟʘʛʘʣʴʥʝʥʥʷ ʙʽʥʘʨʥʠʭ ʢʦʛʥʽʪʠʚʥʠʭ ʢʘʨʪ 

ɸʢʩʝʣʴʨʦʜʘ ʈ. [372], ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʥʘʤʽʢʠ ʧʨʠʯʠʥʥʦ-

ʥʘʩʣʽʜʢʦʚʠʭ ʟʚô̫ ʟʢʽʚ ʚ ʩʦʮʽʘʣʴʥʦ-ʧʦʣʽʪʠʯʥʠʭ ʩʠʩʪʝʤʘʭ. ʋ ʮʠʭ ʤʦʜʝʣʷʭ ʚʭʽʜʥʽ 

ʟʤʽʥʥʽ ʚʧʣʠʚʘʶʪʴ ʥʝ ʪʽʣʴʢʠ ʥʘ ʚʠʭʽʜ (ʨʠʩ. 3.23, ʘ), ʘʣʝ  ̔ ʦʜʠʥ ʥʘ ʦʜʥʦʛʦ 

(ʨʠʩ. 3.23, ʙ).  

 

 

 

ʘ) ʥʝʟʘʣʝʞʥʽ ʚʭʦʜʠ, ʙ) ʟʘʣʝʞʥʽ ʚʭʦʜʠ 

 

ʈʠʩʫʥʦʢ 3.23 ï ɺʟʘ̒ʤʦʟʚôʷʟʦʢ çʚʭʦʜʠ-ʚʠʭ̔ʜè 

 

ʅʂʂ ʻ ʦʨʽʻʥʪʦʚʘʥʠʡ ʛʨʘʬ ʟʽ ʟʚʘʞʝʥʠʤʠ ʜʫʛʘʤʠ, ʧʨʠʢʣʘʜ ʷʢʦʛʦ ʧʦʢʘʟʘʥʠʡ 

ʥʘ ʨʠʩ. 3.24. ɺʝʨʰʠʥʠ ʛʨʘʬʘ iC , ʟʚʘʥʽ ʢʦʥʮʝʧʪʘʤʠ, ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʭʽʜʥʠʤ ʽ 

ʚʠʭʽʜʥʠʤ ʟʤʽʥʥʠʤ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴʩʷ ʚ ʤʦʜʝʣʽ. ɿʚʘʞʝʥʽ ʜʫʛʠ ʛʨʘʬʘ 

ʚʽʜʦʙʨʘʞʘʶʪʴ ʩʠʣʫ ʚʧʣʠʚʫ ijw  ʟʤʽʥʠ ʦʜʥʽʻʾ ʟʤʽʥʥʦʾ iC  ʥʘ ʟʤʥ̔ʫ ʽʥʰʦʾ jC . 
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ʈʠʩʫʥʦʢ 3.24 ï ʇʨʠʢʣʘʜ ʥʝʯʽʪʢʦʾ ʢʦʛʥʽʪʠʚʥʦʾ ʢʘʨʪʠ 

 

ʊʝʨʤʽʥ çʢʦʛʥʽʪʠʚʥʠʡè ʛʦʚʦʨʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʚʠʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʜʣʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʩʣʫʞʘʪʴ ʩʫʙ'ʻʢʪʠʚʥʽ ʜʫʤʢʠ ʝʢʩʧʝʨʪʘ, ʚʠʨʘʞʝʥʽ ʩʣʦʚʘʤʠ ʪʠʧʫ 

çʧʽʜʚʠʱʫʻʪʴʩʷè ʘʙʦ çʟʥʠʞʫʻʪʴʩʷè, ʥʘʧʨʠʢʣʘʜ: çʧʽʜʚʠʱʝʥʥʷ iC  ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʥʠʞʝʥʥʷ jC è. ʋ ʙʽʥʘʨʥʠʭ ʢʦʛʥʽʪʠʚʥʠʭ ʢʘʨʪʘʭ [372] çʇʽʜʚʠʱʝʥʥʷè 

ʦʮʽʥʶʻʪʴʩʷ ʷʢ ç+1è, ʘ çʧʦʥʠʞʝʥʥʷè ï ʢ̫ ç-1è. 

ʊʝʨʤʽʥ çʥʝʯʽʪʢʽè ʛʦʚʦʨʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʅʂʂ [371] ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʽ 

ʨʽʚʥʽ çʧʽʜʚʠʱʝʥʥʷè ʽ çʟʥʠʞʝʥʥʷè. ɺʦʥʠ ʟʘʜʘʶʪʴʩʷ ʯʠʩʣʘʤʠ ʟ ʽʥʪʝʨʚʘʣʽʚ [0,1] 

ʪʘ [0,-1], ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʪʝʨʤʘʤ çʩʣʘʙʦè, çʩʝʨʝʜʥʴʦè, çʩʠʣʴʥʦè ʪʦʱʦ ʟ ʪʝʦʨʽʾ 

ʥʝʯʽʪʢʠʭ ʤʥʦʞʠʥ [251]. 

ɿ ʪʦʯʢʠ ʟʦʨʫ ʪʝʦʨʽʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ [373, 374], ʷʢʘ ʟʘʡʤʘʻʪʴʩʷ ʚʽʜʥʦʚʣʝʥʥʷʤ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʟʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ, ʅʂʂ ï ʮʝ ʘʧʨʦʢʩʠʤʘʪʦʨ 

ʟʘʣʝʞʥʦʩʪʽ çʚʭʦʜʠ-ʚʠʭʽʜè ʽʟ ʚʟʘʻʤʦʜʽʶʯʠʤʠ ʚʭʦʜʘʤʠ. ʗʢ ʽ ʙʫʜʴ-ʷʢʠʡ 

ʘʧʨʦʢʩʠʤʘʪʦʨ, ʥʘʧʨʠʢʣʘʜ, ʨʝʛʨʝʩʽʷ, ʥʝʯʽʪʢʽ ʧʨʘʚʠʣʘ, ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ ʪʦʱʦ, 

ʅʂʂ ʤʽʩʪʠʪʴ ʧʘʨʘʤʝʪʨʠ, ʱʦ ʧʽʜʣʷʛʘʶʪʴ ʥʘʣʘʰʪʫʚʘʥʥʶ, ʷʢʽ ʤʘʶʪʴ 

ʦʮʽʥʶʚʘʪʠʩʷ ʰʣʷʭʦʤ ʤʽʥʽʤʽʟʘʮʽʾ ʥʝʚôʷʟʢʠ ʤʽʞ ʤʦʜʝʣʴʥʠʤʠ ʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʚʠʭʦʜʫ. ʗʢʱʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ 
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çʚʭʦʜʠ-ʚʠʭʽʜè ʚʽʜʩʫʪʥʽ, ʪʦ ʷʢʽʩʪʴ ʤʦʜʝʣʽ ʮʽʣʢʦʤ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʚʘʣʽʬʽʢʘʮʽʾ 

ʝʢʩʧʝʨʪʘ. ʄʠʩʪʝʮʪʚʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʢʦʤʧʝʥʩʫʚʘʪʠ ʚʽʜʩʫʪʥʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʟʘ ʨʘʭʫʥʦʢ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ ʝʢʩʧʝʨʪʥʠʭ ʦʮʽʥʦʢ. 

ɼʦʨʝʯʥʦ ʟʽʩʪʘʚʠʪʠ ʅʂʂ ʽ ʤʘʨʢʚ̔ʩʴʢʽ ʣʘʥʮʶʛʠ (ʧʨʦʮʝʩʠ), ʟʚʠʯʥʽ ʬʘʭʽʚʮʷʤ ʟ 

ʥʘʜʽʡʥʦʩʪʽ. ʆʙʠʜʚʘ ʚʠʜʠ ʤʦʜʝʣʝʡ ï ʮʝ ʟʚʘʞʝʥʽ ʦʨʽʻʥʪʦʚʘʥʽ ʛʨʘʬʠ. ɺ ʦʩʥʦʚʽ 

ʚʽʜʤʽʥʥʦʩʪʽ ʅʂʂ ʚʽʜ ʤʘʨʢʦʚʩʴʢʠʭ ʤʦʜʝʣʝʡ ʥʘʜʽʡʥʦʩʪʽ ʣʝʞʠʪʴ ʧʨʠʥʮʠʧʦʚʘ 

ʚʽʜʤʽʥʥʽʩʪʴ ʥʝʯʽʪʢʦʾ ʣʦʛʽʢʠ (ʧʨʠʯʠʥ) ʽ ʪʝʦʨʽʾ ʤ̔ʦʚʽʨʥʦʩʪʽ (ʥʘʩʣʽʜʢʽʚ), ʧʦʢʘʟʘʥʘ 

ʥʘ ʨʠʩ. 3.25: ʤʘʨʢʚ̔ʩʴʢʽ ʤʦʜʝʣʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʜʠʥʘʤʽʢʫ ʤ̔ʦʚʽʨʥʦʩʪʝʡ ʚʽʜʤʦʚ; 

ʅʂʂ ʤʦʜʝʣʶʶʪʴ ʜʠʥʘʤʽʢʫ ʨʽʚʥʽʚ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʻ ʧʨʠʯʠʥʘʤʠ ʚʽʜʤʦʚ ʽ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʤ̔ʦʚʽʨʥʽʩʪʴ ʾʭ ʚʠʥʠʢʥʝʥʥʷ. 

 

 

 

ʈʠʩʫʥʦʢ 3.25 ï ɺʟʘʻʤʦʟʚôʷʟʦʢ ʪʝʦʨʽʾ ʽʤʦʚʽʨʥʦʩʪʽ ʪʘ ʥʝʯʽʪʢʦʾ ʣʦʛʽʢʠ ʚ 

ʦʮʽʥʶʚʘʥʥʽ ʥʘʜʽʡʥʦʩʪʽ 

ʅʝʭʘʡ { }1 2, ,  ... , nC C C C=  ï ʚʽʜʦʤʘ ʤʥʦʞʠʥʘ ʢʦʥʮʝʧʪʚ̔, ʪʦʙʪʦ ʟʤʽʥʥʠʭ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʤʦʜʝʣ.̔ ɿʛʽʜʥʦ [371], ʢʦʞʥʠʡ ʢʦʥʮʝʧʪ iC CÍ  ʦʮ̔ʥʁ ʪ̒ɹʩʷ 
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ʚʝʣʠʯʠʥʦ ʁ [ ]0,1iAÍ , ̫ ʢʘ ʚʠʟʥʘʯʘʻ ʨʽʚʝʥʴ ʢʦʥʮʝʧʪʫ ʽ ʟʘʜʘʻʪʴʩʷ ʝʢʩʧʝʨʪʥʦ. ɼʣʷ 

ʦʪʨʠʤʘʥʥʷ ʚʝʣʠʯʠʥʠ iA  ʧʨʦʧʦʥʫʻʪʴʩʷ ʪʘʢʠʡ ʩʧʦʩʽʙ. 

ʂʦʞʥʠʡ ʢʦʥʮʝʧʪ iC CÍ  ʚʚʘʞʘʪʠʤʝʤʦ ʣʽʥʛʚʽʩʪʠʯʥʦʶ ʟʤʽʥʥʦʶ [250], ʷʢʘ 

ʦʮʽʥʶʻʪʴʩʷ ʚʝʣʠʯʠʥʦʶ xi  ʥʘ ʫʥʽʚʝʨʩʘʣʴʥʽʡ ʤʥʦʞʠʥʽ ï ̔ ʥʪʝʨʚʘʣʽ [ ,  iix x], ʜʝ ,ix  

( ix ) ï ʥʠʞʥʷ (ʚʝʨʭʥʷ) ʛʨʘʥʠʮ̫. ɼʣʷ ʦʮʥ̔ʢʠ ʢʦʥʮʝʧʪʘ iC CÍ  ʙʫʜʝʤʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʝʯʽʪʢʠʡ ʪʝʨʤ çʧʝʨʬʝʢʪʥʽʩʪʴ ʢʦʥʮʝʧʪʫ iCè, ̫ʢʠʡ 

ʧʦʟʥʘʯʘʻʪʴʩʷ PCi  ʽ ʷʚʣʷʻ ʩʦʙʦʶ ʥʝʯʽʪʢʫ ʤʥʦʞʠʥʫ 

 

,

( ) /  ,
[ ]iix x

i i iC x xP = pñ  (3.117) 

 

ʜʝ ( )ixp  ï ʬʫʥʢʮʽ̫  ʥʘʣʝʞʥʦʩʪʽ  ʟʤʽʥʥʦʾ xi  ʜʦ ʧʦʥʷʪʪʷ çʧʝʨʬʝʢʪʥʽʩʪʴ 

ʢʦʥʮʝʧʪʫ iCè.  

ɿʘ ʜʦʧʦʤʦʛʦʶ ʮʽʻʾ ʬʫʥʢʮʽʾ ʢʦʞʥʽʡ ʘʙʩʦʣʶʪʥʽʡ ʦʮʽʥʮʽ [ ,  ]i iix x xÍ  ʩʪʘʚʠʪʴʩʷ 

ʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʯʠʩʣʦ ( ) [0,1]i iA x=p Í , ʷʢʝ ʭʘʨʘʢʪʝʨʠʟʫʻ ʩʪʫʧʽʥʴ ʙʣʠʟʴʢʦʩʪʽ 

ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʧʪʫ iC CÍ  ʜʦ ʜʝʷʢʦʛʦ ʽʜʝʘʣʫ (0 ï ʥʘʡʤʝʥʰʘ ʧʝʨʬʝʢʪʥʩ̔ʪʴ, 1 ï 

ʥʘʡʙ̔ʣʴʰʘ ʧʝʨʬʝʢʪʥʩ̔ʪʴ). ʉʠʥʦʥʽʤʦʤ ʧʦʥʷʪʪʷ çʥʝʯʽʪʢʘ ʧʝʨʬʝʢʪʥʽʩʪʴè ʻ ʪʝʨʤ 

çʥʝʯʽʪʢʘ ʧʨʘʚʠʣʴʥʽʩʪʴè, ʜʣʷ ʷʢʦʛʦ ʬʫʥʢʮʽʾ ʥʘʣʝʞʥʦʩʪʽ  ʨʦʟʛʣʷʜʘʣʠʩʷ ʚ [375]. 

ɺʘʨʽʘʥʪʠ ʥʝʯʽʪʢʠʭ ʛʨʘʥʠʮʴ ʤʽʞ ʧʝʨʬʝʢʪʥʠʤʠ ʽ ʥʝʧʝʨʬʝʢʪʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ 

ʟʤʽʥʥʦʾ x ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 3.26, ʜʝ ʚ ʤʽʨʫ ʟʙʽʣʴʰʝʥʥʷ ʟʥʘʯʝʥʥʷ x ʚʽʜʙʫʚʘʶʪʴʩʷ 

ʪʘʢʽ ʧʝʨʝʭʦʜʠ: 

ʘ) çʥʝʧʝʨʬʝʢʪʥʦè (0) ï ʧʝʨʬʝʢʪʥʦ (1)è, 

ʙ) ç ʧʝʨʬʝʢʪʥʦ (1) ï çʥʝʧʝʨʬʝʢʪʥʦ (0)è, 

ʚ) çʥʝʧʝʨʬʝʢʪʥʦ (0) ï ʧʝʨʬʝʢʪʥʦ (1) ï ʥʝʧʝʨʬʝʢʪʥʦ (0)è. 

ɺʘʛʘ ijw  ʜʫʛʠ, ʱʦ ʟôʻʜʥʫʻ ʢʦʥʮʝʧʪʠ iC  ʪʘ jC , ʚʢʘʟʫʻ ʥʘ ʩʠʣʫ ʚʧʣʠʚʫ iC  ʥʘ 

jC . ʅʝʭʘʡ ʢʦʥʮʝʧʪʠ iC  ʪʘ jC  ʭʘʨʘʢʪʝʨʠʟʫʶʪʩɹʷ ʟʤʽʥʥʠʤʠ ix  ʪʘ jx , ʘ ʚ 

ʨʝʟʫʣʴʪʘʪ ̔ʝʢʩʧʝʨʠʤʝʥʪʫ ʚʜʘʻʪʴʩʷ ʧʦʙʫʜʫʚʘʪʠ ʟʘʣʝʞʥʽʩʪʴ ()j ix x=f . ʊʦʜ ̔ʚʘʛʘ 
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ijw  ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʧʦʭʽʜʥʘ /ij j iw dx dx= , ʷʢʘ ʤʦʞʝ ʙʫʪʠ ʪʨʴʦʭ ʚʠʜʽʚ 

(ʨʠʩ. 3.27): 

0ijw > , ʷʢʱʦ ʧʽʜʚʠʱʝʥʥʷ (ʟʥʠʞʝʥʥʷ) ʚʝʣʠʯʠʥʠ ix  ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʧʽʜʚʠʱʝʥʥʷ (ʟʥʠʞʝʥʥʷ) ʚʝʣʠʯʠʥʠ jx  (ʧʦʟʠʪʠʚʥʠʡ ʚʧʣʠʚ iC  ʥʘ jC ); 

0ijw < , ̫ ʢʱʦ ʧʽʜʚʠʱʝʥʥʷ (ʟʥʠʞʝʥʥʷ) ʚʝʣʠʯʠʥʠ ix  ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ 

(ʧʽʜʚʠʱʝʥʥʷ) ʚʝʣʠʯʠʥʠ jx  (ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ iC  ʥʘ jC ); 

0ijw = , ʷʢʱʦ ʟʥʘʯʝʥʥ ̫ jx  ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʥʘʯʝʥʥʷ ix  (ʚʽʜʩʫʪʥʽʩʪʴ ʚʧʣʠʚʫ 

iC  ʥʘ jC ). 

 

 

 

ʈʠʩʫʥʦʢ 3.26 ï ʌʫʥʢʮʽʾ ʥʘʣʝʞʥʦʩʪʽ  ʜʣʷ ʥʝʯʪ̔ʢʦʾ ʧʝʨʬʝʢʪʥʦʩʪ ̔

 

 

ʈʠʩʫʥʦʢ 3.27 ï ɺʠʜʠ ʚʧʣʠʚʫ i jC C­  
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ʋ ʨʘʟʽ ʝʢʩʧʝʨʪʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʚʝʣʠʯʠʥʠ ijw  ʚʠʢʦʨʠʩʪʦʚʫʪʁʴ 9-ʪʠ ʙʘʣʴʥʫ 

ʰʢʘʣʫ ʩʠʣʠ ʚʧʣʠʚʫ: ijw ={ -1 (ʥʝʛʘʪʠʚʥʠʡ ʜʫʞʝ ʩʠʣʴʥʠʡ), -0.75 (ʥʝʛʘʪʠʚʥʠʡ 

ʩʠʣʴʥʠʡ), -0.5 (ʥʝʛʘʪʠʚʥʠʡ ʩʝʨʝʜʥʽʡ), -0.25 (ʥʝʛʘʪʠʚʥʠʡ ʩʣʘʙʢʠʡ), 0 

(ʚʽʜʩʫʪʥʽʡ), 0.25 (ʧʦʟʠʪʠʚʥʠʡ ʩʣʘʙʢʠʡ), 0.5 (ʧʦʟʠʪʠʚʥʠʡ ʩʝʨʝʜʥ̔ʡ), 

0.75 (ʧʦʟʠʪʠʚʥʠʡ ʩʠʣʴʥʠʡ), 1 (ʧʦʟʠʪʠʚʥʠʡ ʜʫʞʝ ʩʠʣʴʥʠʡ)}. ʄʦʞʣʠʚʽ ʧʨʦʤ̔ʞʥ ̔

ʟʥʘʯʝʥʥ̫ . 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʝʢʩʧʝʨʪʥʠʭ ʦʮʽʥʦʢ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʤʝʪʦʜ ʥʘʡʤʝʥʰʦʛʦ 

ʚʧʣʠʚʫ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʚ [376]. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ [371, 377], ʜʠʥʘʤʽʢʘ ʟʤʽʥʠ ʚʝʣʠʯʠʥʠ ʢʦʥʮʝʧʪʽʚ ʚ ʅʂʂ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

 

1

1

n
k k k
i j ij i

j
j i

A f AA w c+
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¸

å õ
= +æ ö
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ç ÷

ä , k = 0, 1, 2, é ,                    (3.118) 

 

ʜʝ 
1k

iA
+

 ï ʚʝʣʠʯʠʥʘ ʢʦʥʮʝʧʪʘ iC  ʥʘ ʢʨʦʮʽ k + 1; 

k
iA  ʪʘ k

jA  ï ʚʝʣʠʯʠʥʠ ʢʦʥʮʝʧʪʚ̔ iC  ʪʘ jC  ʥʘ ʢʨʦʮʽ k ʚʽʜʧʦʚʽʜʥʦ; 

ijw  ï ʩʠʣʘ ʚʧʣʠʚʫ ʢʦʥʮʝʧʪʘ jC  ʥʘ ʢʦʥʮʝʧʪ iC ,  

c ï ʧʘʨʘʤʝʪʨ, ʱʦ ʚʨʘʭʦʚʫʻ ʧʝʨʝʜʽʩʪʦʨʽʶ, ʪʦʙʪʦ ʚʥʝʩʦʢ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʧʪʫ 

ʥʘ ʧʦʧʝʨʝʜʥʴʦʤʫ ʢʨʦʮʽ, [ ]0,1cÍ ; 

f ï ʧʦʨʦʛʦʚʘ ʬʫʥʢʮʽʷ, ʟʘʚʜʷʢʠ ʷʢʽʡ ʚʝʣʠʯʠʥʘ ʢʦʥʮʝʧʪʫ ʥʝ ʧʝʨʝʚʠʱʫʻ 

ʦʜʠʥʠʮʶ. 

ʋ ʮʽʡ ʨʦʙʦʪʽ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ c = 1, ʘ ʚ ʷʢʦʩʪʽ ʧʦʨʦʛʦʚʦʾ ʬʫʥʢʮʽʾ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʝʚʽʜôʻʤʥʘ ʯʘʩʪʠʥʘ ʛʽʧʝʨʙʦʣʽʯʥʦʛʦ ʪʘʥʛʝʥʩʘ (ʨʠʩ. 3.28): 

 

tanh( ) ʧʨʠ 0
( )

0          ʧʨʠ 0,

x x
f x

x

²ëî
=ì

<îí

 (3.119) 
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ʜʝ tanh( ) .
x x

x x

e e

e e
x

-

-

-
=
+

 

 

-3 -2 -1 0 1 2 3

0,5

0

1

f (x)

x

 

 

ʈʠʩʫʥʦʢ 3.28 ï ʇʦʨʦʛʦʚʘ ʬʫʥʢʮʽʷ 

 

ʈʝʢʫʨʝʥʪʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (3.118) ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʚ ʤʘʪʨʠʯʥʽʡ ʬʦʨʤʽ 

 

( )1
0

k k k
A f A AW c+= + , k = 0, 1, 2, é ,                         (3.120) 

 

ʜʝ 1 2, , ,k k k k
nA A A A=è ø

ê ú
 ï ( )1 n³  ʚʝʢʪʦʨ ʩʪʘʥʫ ʅʂʂ, ʝʣʝʤʝʥʪʠ ̫ ʢʦʛʦ ʟʘʜʘʶʪ ɹ

ʟʥʘʯʝʥʥ̫  ʢʦʥʮʝʧʪʚ̔ ʥʘ ʢʨʦʮʽ k;  

0W  ï ( )n n³ -ʤʘʪʨʠʮ ̫ʩʠʣ ʚʧʣʠʚʫ ʢʦʥʮʝʧʪʚ̔ iC  ʦʜʠʥ ʥʘ ʦʜʥʦʛʦ, ʚ ʷʢʽʡ 

ʜ̔ʘʛʦʥʘʣʴʥ ̔ʝʣʝʤʝʥʪʠ ʜʦʨʽʚʥʶʶʪʴ ʥʫʣʶ 

 

12 1

21 2
0

1 2

0

0

. . .

0

n

n

n n

w w

w w
W

w w

è ø
é ù
é ù=
é ù
é ù
ê ú

. (3.121) 

 

ʗʢʱʦ ʟʘʤʽʩʪʴ ʤʘʪʨʠʮʽ (3.121) ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ( )n n³ -ʤʘʪʨʠʮʶ 
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12 1

21 2

1 2

. . .

n

n

n n

c w w

w c w
W

w w c

è ø
é ù
é ù=
é ù
é ù
ê ú

, (3.122) 

 

ʚ ʷʢʽʡ ʚʩʽ ʝʣʝʤʝʥʪʠ ʧʦ ʛʦʣʦʚʥʽʡ ʜʽʘʛʦʥʘʣʽ ʨʽʚʥʽ ʧʘʨʘʤʝʪʨʫ [0,1]cÍ , ʪʦ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (3.120) ʟʘʧʠʰʝʤʦ ʪʘʢ 

 

( )1k k
A f A W+= , k = 0, 1, 2, é ,                           (3.123) 

 

ʷʢʝ ʥʘʛʘʜʫʻ ʨʝʢʫʨʝʥʪʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʣʷ ʤʘʨʢʚ̔ʩʴʢʦʛʦ ʣʘʥʮʶʛʘ, ʷʢʱʦ 

ʧʨʠʡʥʷʪʠ ( )f x x= . ʇʨʠʥʮʠʧʦʚʘ ʚʽʜʤʽʥʥʽʩʪʴ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʤʘʨʢʚ̔ʩʴʢʠʡ 

ʣʘʥʮʶʛ ʤʦʜʝʣʶʻ ʜʠʥʘʤʽʢʫ ʟʤʽʥʠ ʡʤʦʚʽʨʥʦʩʪʝʡ ʧʦʜʽʡ ʘʙʦ ʧʦʜʽʾ, ʘ ʅʂʂ ʤʦʜʝʣʶʻ 

ʜʠʥʘʤʽʢʫ ʨʽʚʥʷ ʧʨʠʯʠʥ, ʪʦʙʪʦ ʯʠʥʥʠʢʽʚ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʮʠʭ ʩʪʘʥʽʚ ʘʙʦ 

ʧʦʜʽʡ. 

ʇʦʯʘʪʢʦʚʠʡ ʩʪʘʥ ʅʂʂ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʝʢʪʦʨʦʤ 

 

0 0 0 0
1 2, , , nA A A A=è ø
ê ú

, (3.124) 

 

ʝʣʝʤʝʥʪʠ ʷʢʦʛʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʧʪʽʚ ʥʘ ʢʨʦʮʽ k = 0. ɺ ʨʝʟʫʣʴʪʘʪʽ 

ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʢʦʥʮʝʧʪʘʤʠ, ʅʂʂ ʚʭʦʜʠʪʴ ʚ ʩʪʘʮʽʦʥʘʨʥʠʡ ʨʝʞʠʤ, ʷʢʠʡ 

ʚʽʜʧʦʚʽʜʘʻ ʦʜʥʦʤʫ ʟ ʚʠʜʽʚ ʩʪʽʡʢʦʩʪʽ [378]: ʩʪʽʡʢʠʡ ʬʦʢʫʩ, ʛʨʘʥʠʯʥʠʡ ʮʠʢʣ 

(ʦʨʙʽʪʘ) ʘʙʦ ʭʘʦʪʠʯʥʠʡ ʘʪʪʨʘʢʪʦʨ. 

ʇʨʠ ʨʦʟʧʦʜʽʣʽ ʨʝʩʫʨʩʽʚ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʩʠʩʪʝʤʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʽʣʴʢʽʩʥʽ ʦʮʽʥʢʠ (ʨʘʥʛʠ) ʚʘʞʣʠʚʦʩʪʽ ʾʾ ʝʣʝʤʝʥʪʽʚ. ʋ 

ʩʪʘʪʠʩʪʠʯʥʽʡ ʪʝʦʨʽʾ ʥʘʜʽʡʥʦʩʪʽ [379] ʥʘʡʙʽʣʴʰʦʛʦ ʧʦʰʠʨʝʥʥʷ ʥʘʙʫʚ ʽʥʜʝʢʩ 

ʚʘʞʣʠʚʦʩʪʽ ʝʣʝʤʝʥʪʘ ʧʦ ɹʽʨʥʙʘʫʤʫ [380], ʷʢʠʡ ʤʘʻ ʩʝʥʩ ʯʫʪʣʠʚʦʩʪʽ ʬʫʥʢʮʽʾ 

ʥʘʜʽʡʥʦʩʪʽ ʩʠʩʪʝʤʠ ʜʦ ʟʤʽʥʠ ʥʘʜʽʡʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ. 
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ʋ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʝʣʝʤʝʥʪʘʤʠ ʤʦʜʝʣʽ ʻ ʢʦʥʮʝʧʪʠ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʬʘʢʪʦʨʘʤ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʥʘʜʽʡʥʽʩʪʴ ʩʠʩʪʝʤʠ. ʊʦʤʫ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʦʙʯʠʩʣʝʥʥʷ ʽʥʜʝʢʩʽʚ ʚʘʞʣʠʚʦʩʪʽ ʢʦʥʮʝʧʪʽʚ ʅʂʂ. 

ɺ ʤʥʦʞʠʥʽ ʢʦʥʮʝʧʪʽʚ { }1 2, , , nC C C C=  ʙʫʜʝʤʦ ʧʨʠʧʫʩʢʘʪʠ ʥʘʩʪʫʧʥʝ: nC  

ï ʮʝ ʢʦʥʮʝʧʪ-ʮʽʣʴʦʚʘ ʬʫʥʢʮʽʷ, ʪʦʙʪʦ ʥʘʜʽʡʥʽʩʪʴ ʩʠʩʪʝʤʠ, ʷʢʘ ʦʮʽʥʶʻʪʴʩʷ 

ʨʽʚʥʝʤ [ ]0,1 ,nA Í  1 2 1, , , nC C C - ï ʮʝ ʢʦʥʮʝʧʪʠ-ʬʘʢʪʦʨʠ ʚʧʣʠʚʫ, ʷʢʽ 

ʚʟʘʻʤʦʜʽʶʪʴ ʦʜʠʥ ʟ ʦʜʥʠʤ ʪʘ ʦʮʽʥʶʶʪʴʩʷ ʨʽʚʥʷʤʠ [ ]0,1 ,iAÍ  1, , 1i n= -.  

ɿʘʣʝʞʥʽʩʪʴ ʥʘʜʽʡʥʦʩʪʽ ʩʠʩʪʝʤʠ ʚʽʜ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ ʧʦʟʥʘʯʠʤʦ ʢ̫ 

 

( )0 0 0
1 2 1, , ,l

n nA F A A A-= , (3.125) 

 

ʜʝ 
0 0 0
1 2 1, , , nA A A- ï ʟʥʘʯʝʥʥ̫  ʢʦʥʮʝʧʪʚ̔-ʬʘʢʪʦʨʚ̔ ʥʘ ʢʨʦʮʽ 0l = ; 

l
nA  ï ʟʥʘʯʝʥʥ ̫ʢʦʥʮʝʧʪʫ-ʮ̔ʣ̔ ʚ ʩʪʘʮʦ̔ʥʘʨʥʦʤʫ ʨʝʞʠʤ,̔ ʪʦʙʪʦ ʥʘ ʪʘʢʦʤʫ 

ʢʨʦʮʽ, ʢʦʣʠ 
l
nA  ʙʣʠʟʢɹʝ ʜʦ 

1l
nA
-

. 

ɿʘʫʚʘʞʠʤʦ, ʱʦ ʟʥʘʯʝʥʥʷ 
l
nA  ʧʦʚô̫ ʟʘʥʝ ʟ ʽʤʦʚʽʨʥʽʩʥʠʤ ʧʦʢʘʟʥʠʢʦʤ 

ʥʘʜʽʡʥʦʩʪʽ ʩʠʩʪʝʤʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ()1l
nA p-=p , ʜʝ ()pp  ï ʬʫʥʢʮʽʷ 

ʥʘʣʝʞʥʦʩʪʽ  ʤ̔ʦʚʽʨʥʦʩʪʽ ()p , ʙʝʟʧʦʤʠʣʢʦʚʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʜʦ 

ʧʦʥʷʪʪʷ çʧʝʨʬʝʢʪʥʦè, ʬʦʨʤʘ ʷʢʦʾ ʚʽʜʧʦʚʽʜʘʻ ʨʠʩ. 3.26, ʘ. 

ʅʝʭʘʡ ( )jI C  ï ʥ̔ʜʝʢʩ ʚʘʞʣʠʚʦʩʪʽ ʢʦʥʮʝʧʪʫ jC . ɿʘ ʘʥʘʣʦʛʽʻʶ ʟ ʽʥʜʝʢʩʦʤ 

ʚʘʞʣʠʚʦʩʪʽ ɹʽʨʥʙʘʫʤʘ [380], ( )jI C  ʚʽʜʧʦʚʽʜʘʻ ʛʨʘʜʽʻʥʪʫ ʬʫʥʢʮʽʾ (3.125) ʫ 

ʥʘʧʨʷʤʢʫ [ ]0 0,1 ,jA Í  ʪʦʙʪʦ 

 

( )
( ) ( )

( )

0 0 0 0 0 0
1 1 1 1

0 0 0
1 1

0,..., 1,..., 0 0,..., 1,..., 0

1 0

0,..., 1,..., 0 .

l
j n j nn

j
j

j n

F A A A F A A AA
I C

A

FF A A A

- -

-

= = = - = = =µ
= = =
µ -

= = = =
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ʊʘʢʠʤ ʯʠʥʦʤ, ʽʥʜʝʢʩ ʚʘʞʣʠʚʦʩʪʽ ʢʦʥʮʝʧʪʫ-ʬʘʢʪʦʨʘ jC CÍ  ʧʦ ʚʽʜʥʦʰʝʥʥʶ 

ʜʦ ʢʦʥʮʝʧʪʫ-ʮʽʣʽ nC CÍ  ʮʝ ʯʠʩʣʦ ( ) l
j nI C A= , ʜʝ 

l
nA  ï ʝʣʝʤʝʥʪ ʚʝʢʪʦʨʘ 

 

1 2, , ,l l l l
nA A A A=è ø

ê ú
, (3.126) 

 

ʦʪʨʠʤʘʥʦʛʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (3.123) ʧʨʠ ʧʦʯʘʪʢʦʚʦʤʫ ʚʝʢʪʦʨʽ 

 

0 0 0
0 1 0,..., 1,..., 0j nA A A A= = =è ø=
ê ú

 (3.127) 

 

ʥʘ ʢʨʦʮʽ l, ʥʘ ʷʢʦʤʫ 
1l l

i iA A
+
- <e, ʜʝ Ů ï ʤʘʣʝ ʜʦʜʘʪʥʝ ʯʠʩʣʦ, i = 1,2, é , n. 

ʄʦʜʝʣʶʚʘʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʽ ʙʝʟʧʝʢʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ 

ʚ ʩʠʩʪʝʤʽ ɺɸɼʉ ʚʠʢʦʥʘʻʤʦ ʥʘ ʦʩʥʦʚʽ ʥʝʯʽʪʢʦʾ ʢʦʛʥʽʪʠʚʥʦʾ ʤʝʨʝʞʽ, ʧʦʜʘʥʦʾ ʥʘ 

ʨʠʩ. 3.29.  

ʄʘʪʨʠʮʷ W (3.122), ʚ ʷʢʽʡ ʧʨʠʡʤʘʣʦʩʴ c = 1, ʤʘ ̒ʚʠʛʣʷʜ 

 

1 0 0 0 0.1 0 0 0 0 0.5

0 1 0.3 0.4 0 0 0 0 0 0.3

0 0 1 0 0 0 0 0 0 0.2

0 0 0.5 1 0.6 0 0 0 0 0.7

0 0 0.4 0 1 0 0 0 0 0.8
.

0 0 0 0 0.1 1 0 0 0 0.4

0 0 0.6 0 0.5 0 1 0 0 0.6

0 0 0.3 0 0.5 0 0 1 0 0

0 0 0 0 0.1 0 0 0 1 0.1

0 0 0 0 0 0 0 0 0 1

W

è ø
é ù
é ù
é ù
é ù
é ù
é ù-
=é ù
é ù
é ù- -
é ù
é ù
é ù-
é ù
é ùê ú

 

 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 3.29, ʥʦʩʽʻʤ ʤʦʜʝʣʽ ʥʘʜʽʡʥʦʩʪʽ ʊɿ ʚ ʩʠʩʪʝʤʽ ɺɸɼʉ ʻ 

ʦʨʽʻʥʪʦʚʘʥʠʡ ʛʨʘʬ ʟʽ ʟʚʘʞʝʥʠʤʠ ʜʫʛʘʤʠ. ɺʝʨʰʠʥʠ ʛʨʘʬʘ ï ʮʝ ʚʭʽʜʥʽ ʽ ʚʠʭʽʜʥʘ 
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ʟʤʥ̔ʥʽ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʽʚʥʷʤ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʩʠʩʪʝʤʠ. ɼʫʛʠ 

ʛʨʘʬʘ ʚʽʜʦʙʨʘʞʘʶʪʴ ʝʢʩʧʝʨʪʥʽ ʦʮʽʥʢʠ ʩʠʣʠ ʧʦʟʠʪʠʚʥʠʭ ʽ ʥʝʛʘʪʠʚʥʠʭ ʚʧʣʠʚʽʚ 

ʟʤʽʥʥʠʭ ʤʦʜʝʣʽ ʦʜʠʥ ʥʘ ʦʜʥʦʛʦ. ʈʘʥʛ ʬʘʢʪʦʨʘ ʦʙʯʠʩʣʶʻʪʴʩʷ ʷʢ ʩʪʘʮʽʦʥʘʨʥʝ 

ʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʥʘʜʽʡʥʦʩʪʽ ʩʠʩʪʝʤʠ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤʫ (ʦʜʠʥʠʯʥʦʤʫ) ʨʽʚʥʽ 

ʨʦʟʛʣʷʥʫʪʦʛʦ ʬʘʢʪʦʨʘ. 

 

ʉ1

ʉ6

ʉ9

ʉ5

ʉ8

ʉ3

ʉ4

ʉ7

ʉ2

ʉ10

 

 

1C  ï ʢʚʘʣʽʬʽʢʘʮʽʷ ʚʦʜʽʷ, 2C  ï ʜʦʨʦʞʥʽ ʫʤʦʚʠ, 3C  ï ʧʠʪʦʤʽ ʚʠʪʨʘʪʠ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʶ, 

4C  ï ʫʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ, 5C  ï ʧʝʨʽʦʜʠʯʥʽʩʪʴ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, 6C  ï ʷʢʽʩʪʴ 

ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʨʝʤʦʥʪʫ, 7C  ï ʷʢʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ ʘʚʪʦʤʦʙʽʣʷ, 8C  ï ʷʢʽʩʪʴ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʟʘʧʘʩʥʠʭ ʯʘʩʪʠʥ, 9C  ï ʫʤʦʚʠ ʟʙʝʨʽʛʘʥʥʷ, 10C  ï ʥʘʜʽʡʥʽʩʪʴ 

ʪʘ ʙʝʟʧʝʢʘ ʘʚʪʦʤʦʙʽʣʷ. 

 

ʈʠʩʫʥʦʢ 3.29 ï ʅʝʯ̔ʪʢʘ ʢʦʛʥʽʪʠʚʥʘ ʢʘʨʪʘ ʩʠʩʪʝʤʠ ɺɸɼʉ 

 

ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʁʚʘʥʥ̫  ʟʚʝʜʝʥ ̔ʚ ʪʘʙʣ. 3.14, ʷʢʘ ʤʽʩʪʠʪʴ 9 ʧʘʨ ʚʝʢʪʦʨʚ̔, 

ʧʦʚô̫ ʟʘʥʠʭ ʟ ʦʙʯʠʩʣʝʥʥʷʤ ʽʥʜʝʢʩʽʚ ʚʘʞʣʠʚʦʩʪʽ ʢʦʥʮʝʧʪʽʚ 1 9, ,C C . ʂʦʞʥʘ 

ʧʘʨʘ ʤʽʩʪʠʪʴ ʧʦʯʘʪʢʦʚʠʡ ʚʝʢʪʦʨ (3.127) ʽ ʚʝʢʪʦʨ (3.126) ʚ ʩʪʘʣʦʤʫ ʨʝʞʠʤʽ. 



255 

ʆʩʪʘʥʥʽʡ ʝʣʝʤʝʥʪ ʜʨʫʛʦʛʦ ʚʝʢʪʦʨʘ ʚ ʢʦʞʥʽʡ ʧʘʨʽ ʚʽʜʧʦʚʽʜʘʻ ʽʥʜʝʢʩʫ ʚʘʞʣʠʚʦʩʪʽ 

ʢʦʥʮʝʧʪʫ, ʥʘʧʨʠʢʣʘʜ ( )1 0.686I C = . ʇʦʢʨʦʢʦʚʫ ʟʤʽʥʫ ʨʽʚʥʷ ʚʠʭʽʜʥʦʛʦ 

ʢʦʥʮʝʧʪʫ ( 10C  ï ʥʘʜʽʡʥʽʩʪʴ ʪʘ ʙʝʟʧʝʢʘ ʘʚʪʦʤʦʙʽʣʷ) ʧʨʠ ʦʙʯʠʩʣʝʥʥʽ ʽʥʜʝʢʩʽʚ 

ʚʘʞʣʠʚʦʩʪʽ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 3.30. ɼʽʘʛʨʘʤʫ ʽʥʜʝʢʩʽʚ 

ʚʘʞʣʠʚʦʩʪʽ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.31. 

 

ʊʘʙʣʠʮ ̫ 3.14 ï ɿʥʘʯʝʥʥʷ ʢʦʥʮʝʧʪʽʚ ʚ ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʩʪʘʥʽ ʜʣʷ ʨʽʟʥʠʭ 

ʧʦʯʘʪʢʦʚʠʭ ʚʝʢʪʦʨʽʚ 

ʂʨʦʢ 1A  2A  3A  4A  5A  6A  7A  8A  9A  10A  

1 

é 

3040 

1 

é 

0,022 

0 

é 

0,000 

0 

é 

0,000 

0 

é 

0,000 

0 

é 

0,187 

0 

é 

0,000 

0 

é 

0,000 

0 

é 

0,000 

0 

é 

0,000 

0 

é 

0,68579 

1 

é 

774 

0 

é 

0,000 

1 

é 

0,044 

0 

é 

0,000 

0 

é 

0,365 

0 

é 

0,747 

0 

é 

0,000 

0 

é 

0,000 

0 

é 

0,000 

0 

é 

0,000 

0 

é 

0,94834 

1 

é 

3717 

0 

é 

0,000 

0 

é 

0,000 

1 

é 

0,020 

0 

é 

0,000 

0 

é 

0,000 

0 

é 

0,000 

0 

é 

0,000 

0 

é 

0,000 

0 

é 

0,000 

0 

é 

0,22707 

1 

é 

3014 

0 

é 

0,000 

0 

é 

0,000 

0 

é 

0,000 

1 

é 

0,022 

0 

é 

0,335 

0 

é 

0,000 

0 

é 

0,000 

0 

é 

0,000 

0 

é 

0,000 

0 

é 

0,79115 

1 

é 

5324 

0 

é 

0,000 

0 

é 

0,000 

0 

é 

0,000 

0 

é 

0,000 

1 

é 

0,017 

0 

é 

0,000 

0 

é 

0,000 

0 

é 

0,000 

0 

é 

0,000 

0 

é 

0,33491 

1 

é 

3196 

0 

é 

0,000 

0 

é 

0,000 

0 

é 

0,000 

0 

é 

0,000 

0 

é 

0,186 

1 

é 

0,022 

0 

é 

0,000 

0 

é 

0,000 

0 

é 

0,000 

0 

é 

0,68912 

1 

é 

4953 

0 

é 

0,000 

0 

é 

0,000 

0 

é 

0,000 

0 

é 

0,000 

0 

é 

0,000 

0 

é 

0,000 

1 

é 

0,017 

0 

é 

0,000 

0 

é 

0,000 

0 

é 

0,30912 

1 

é 

2742 

0 

é 

0,000 

0 

é 

0,000 

0 

é 

0,000 

0 

é 

0,000 

0 

é 

0,321 

0 

é 

0,000 

0 

é 

0,000 

1 

é 

0,023 

0 

é 

0,000 

0 

é 

0,77418 

1 

é 

3086 

0 

é 

0,000 

0 

é 

0,000 

0 

é 

0,000 

0 

é 

0,000 

0 

é 

0,000 

0 

é 

0,000 

0 

é 

0,000 

0 

é 

0,000 

1 

é 

0,022 

0 

é 

0,18667 
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ʈʠʩʫʥʦʢ 3.30 ï ʇʦʢʨʦʢʦʚʘ ʟʤʽʥʘ ʨʽʚʥʷ ʥʘʜʽʡʥʦʩʪʽ ʩʠʩʪʝʤʠ ʧʨʠ ʦʙʯʠʩʣʝʥʥʽ 

ʽʥʜʝʢʩʽʚ ʚʘʞʣʠʚʦʩʪʽ ʬʘʢʪʦʨʽʚ 

 

 
 

ʈʠʩʫʥʦʢ 3.31 ï ɼʽʘʛʨʘʤʘ ʽʥʜʝʢʩʽʚ ʚʘʞʣʠʚʦʩʪʽ ʬʘʢʪʦʨʽʚ 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʨʘʥʞʫʚʘʥʥʷ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ 

ʥʘ ʥʘʜʽʡʥʽʩʪʴ ʪʘ ʙʝʟʧʝʢʫ ʊɿ ʚ ʩʠʩʪʝʤʽ ɺɸɼʉ, ʥʘ ʦʩʥʦʚʽ ʥʝʯʽʪʢʦʾ ʢʦʛʥʽʪʠʚʥʦʾ 

ʢʘʨʪʠ ʜʦʟʚʦʣʷʻ ʚʨʘʭʦʚʫʚʘʪʠ ʚʟʘʻʤʥʠʡ ʚʧʣʠʚ ʬʘʢʪʦʨʽʚ ʦʜʠʥ ʥʘ ʦʜʥʦʛʦ. 

ʇʝʨʝʚʘʛʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʚ ʥʘʩʪʫʧʥʦʤʫ: 

1. ʅʘ ʦʩʥʦʚʽ ʻʜʠʥʦʛʦ ʛʨʘʬʘ ʚʨʘʭʦʚʫʶʪʴʩʷ ʨʽʟʥʦʨʽʜʥʽ ʢʽʣʴʢʽʩʥʽ ʽ ʷʢʽʩʥʽ 

ʬʘʢʪʦʨʠ, ʟ ʷʢʠʤʠ ʧʦʚô̫ ʟʘʥʽ ʧʨʠʯʠʥʠ ʚʽʜʤʦʚ ʩʠʩʪʝʤʠ: ʷʢʽʩʪʴ ʤʘʪʝʨʽʘʣʽʚ, 

ʢʫʣʴʪʫʨʘ ʚʠʨʦʙʥʠʮʪʚʘ, ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʫʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʢʚʘʣʽʬʽʢʘʮʽʷ 

ʧʝʨʩʦʥʘʣʫ ʪʦʱʦ. 

2. ʋ ʧʦʨʽʚʥʷʥʥʽ ʟ ʥʝʯʽʪʢʠʤʠ ʧʨʘʚʠʣʘʤʠ çʷʢʱʦ-ʪʦè ʩʧʨʦʱʫʻʪʴʩʷ 

ʬʦʨʤʫʚʘʥʥʷ ʝʢʩʧʝʨʪʥʠʭ ʟʥʘʥʴ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ. 

3. ʉʧʨʦʱʫʻʪʴʩʷ ʧʨʦʮʝʜʫʨʘ ʨʦʟʰʠʨʝʥʥʷ ʯʠʩʣʘ ʯʠʥʥʠʢʽʚ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴʩʷ, 

ʟʘ ʨʘʭʫʥʦʢ ʚʚʝʜʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʚʝʨʰʠʥ ʽ ʜʫʛ ʛʨʘʬʘ. 

 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 3 

1. ʉʠʥʪʝʟʦʚʘʥ ̔ ʜʝʪʝʨʤʽʥʦʚʘʥ,̔ ʽʤʦʚʽʨʥʽʩʥʽ, ʨʝʛʨʝʩʽʡʥ ̔ ʪʘ ʥʝʡʨʦ-ʥʝʯʽʪʢʽ 

ʤʦʜʝʣʽ ʧʽʜʚʠʱʝʥʥʷ ʦʙôʻʢʪʠʚʥʦʩʪʽ ʝʢʩʧʝʨʪʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʦʨʦʞʥʴʦ-

ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʠʛʦʜ ʻ ̔ʥʩʪʨʫʤʝʥʪʘʣʴʥʠʤ ʟʘʩʦʙʦʤ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ 

ʢʦʥʮʝʧʮʽ ʾ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʩʧʨʷʤʦʚʘʥʦʾ ʥʘ ʟʤʝʥʰʝʥʥʷ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʝʢʩʧʝʨʪʥʠʭ ʚʠʩʥʦʚʢʽʚ, ʧʽʜʚʠʱʝʥʥʷ ʾʭ 

ʦʙôʻʢʪʠʚʥʦʩʪʽ ʪʘ ʜʦʩʪʦʚʽʨʥʦʩʪʽ. 

2. ʋʜʦʩʢʦʥʘʣʝʥʘ ʤʝʪʦʜʠʢʘ ʪʘ ʨʦʟʨʦʙʣʝʥʘ ʘʜʘʧʪʠʚʥʘ ʥʝʡʨʦ-ʥʝʯʽʪʢʘ 

ʝʢʩʧʝʨʪʥʘ ʩʠʩʪʝʤʘ ʦʮʽʥʶʚʘʥʥʷ ʚʽʜʩʪʘʥʽ ʚʠʜʠʤʦʩʪʽ ʦʙôʻʢʪʽʚ ʧʨʠ ʨʫʩʽ ʘʚʪʦʤʦʙʽʣʷ 

ʚ ʪʝʤʥʫ ʧʦʨʫ ʜʦʙʠ ʜʦʟʚʦʣʷʶʪʴ ʟʥʘʯʥʦ ʟʤʝʥʰʠʪʠ ʯʘʩ, ʷʢʠʡ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ 

ʚʠʢʦʥʘʥʥʷ ʘʚʪʦʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ ɼʊʇ: ʫʪʦʯʥʝʥʥʷ ʦʙʩʪʘʚʠʥ ɼʊʇ, 

ʧʦʛʣʠʙʣʝʥʠʡ ʘʥʘʣʽʟ ʩʠʪʫʘʮʽʾ ʪʘ ʧʨʦʚʝʜʝʥʥʷ ʥʘʪʫʨʥʦʛʦ ʩʣʽʜʯʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʤʽʥʽʤʽʟʫʻ ʩʝʨʝʜʥʶ ʚʽʜʥʦʩʥʫ ʧʦʭʠʙʢʫ 

ʤʦʜʝʣʶʚʘʥʥʷ ʜʦ 1,31%, ʤʘʢʩʠʤʘʣʴʥʫ ʚʽʜʥʦʩʥʫ ʧʦʭʠʙʢʫ ʜʦ 4,69% ʪʘ ʟʚʫʞʫʻ 

ʜʽʘʧʘʟʦʥ ʤʦʞʣʠʚʠʭ ʨʽʰʝʥʴ ʫ 2-3 ʨʘʟʠ. ʉʪʚʦʨʝʥʘ ʘʜʘʧʪʠʚʥʘ ʩʠʩʪʝʤʘ ʟʜʘʪʥʘ ʜʦ 

ʩʘʤʦʥʘʚʯʘʥʥʷ ʧʨʠ ʧʦʧʦʚʥʝʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʙʘʟʠ ʪʘ ʤʦʞʝ ʙʫʪʠ 

ʝʬʝʢʪʠʚʥʦʶ ʘʣʴʪʝʨʥʘʪʠʚʦʶ ʜʽʶʯʽʡ ʤʝʪʦʜʠʮʽ ʧʨʠ ʝʢʩʧʝʨʪʠʟʽ ɼʊʇ. 



258 

3. ʉʪʚʦʨʝʥʘ ʘʜʘʧʪʠʚʥʘ ʥʝʡʨʦ-ʥʝʯʽʪʢʘ ʝʢʩʧʝʨʪʥʘ ʩʠʩʪʝʤʘ, ʷʢʘ ʟʜʘʪʥʘ ʜʦ 

ʩʘʤʦʥʘʚʯʘʥʥʷ, ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʘ ʤʝʪʦʜʠʢʘ ʦʮʽʥʶʚʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʟʯʝʧʣʝʥʥʷ 

ʢʦʣʽʩ ʘʚʪʦʤʦʙʽʣʷ ʟ ʜʦʨʦʞʥʽʤ ʧʦʢʨʠʪʪʷʤ ʜʦʜʘʪʢʦʚʦ ʚʨʘʭʦʚʫʶʪʴ ʢʦʥʩʪʨʫʢʮʽʶ 

ʛʘʣʴʤʽʚʥʦʾ ʩʠʩʪʝʤʠ ʊɿ ʽ ʟʘʚʜʷʢʠ ʥʦʚʦʤʫ ʧʽʜʭʦʜʫ ʤʽʥʽʤʽʟʫʶʪʴ ʩʝʨʝʜʥʶ ʚʽʜʥʦʩʥʫ 

ʧʦʭʠʙʢʫ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦ 1,79%, ʤʘʢʩʠʤʘʣʴʥʫ ʚʽʜʥʦʩʥʫ ʧʦʭʠʙʢʫ ʜʦ 3,09% ʪʘ 

ʟʚʫʞʫʶʪʴ ʜʽʘʧʘʟʦʥ ʤʦʞʣʠʚʠʭ ʨʽʰʝʥʴ ʫ 2,21-2,63 ʨʘʟʠ. ʎʝ ʜʦʟʚʦʣʷʻ 

ʨʝʢʦʤʝʥʜʫʚʘʪʠ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ̫ ʢ ʘʣʴʪʝʨʥʘʪʠʚʫ ʽʩʥʫʶʯʽʡ ʤʝʪʦʜʠʮʽ ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʦʙôʻʢʪʠʚʥʦʩʪʽ ʝʢʩʧʝʨʪʥʠʭ ʚʠʩʥʦʚʢʽʚ. 

4. ʅʝʚʠʟʥʘʯʝʥʽʩʪʴ ʟʥʘʯʝʥʴ ʯʘʩʫ ʨʝʘʢʮʽʾ ʚʦʜʽʷ ʧʨʠ ʧʨʦʚʘʜʞʝʥʥʽ ɸʊɽ 

ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʠʛʦʜ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʦʪʨʠʤʘʥʥʷ ʧʨʦʪʠʣʝʞʥʠʭ 

ʚʠʩʥʦʚʢʽʚ ʧʨʠ ʪʣʫʤʘʯʝʥʥʽ ʘʥʘʣʽʪʠʯʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʽ ʨʦʟʨʘʭʫʥʢʽʚ. 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʨʘʜʠʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ 

ʩʫʙôʻʢʪʠʚʥʠʭ ʬʘʢʪʦʨʽʚ ʧʨʠ ʧʽʜʛʦʪʦʚʮ ̔ʝʢʩʧʝʨʪʥʠʭ ʚʠʩʥʦʚʢʽʚ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʜʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʫʜʦʩʢʦʥʘʣʝʥʫ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʦʮʽʥʶʚʘʥʥʷ ʩʝʥʩʦʤʦʪʦʨʥʦʾ 

ʬʘʟʠ ʨʝʘʢʮʽʾ ʚʦʜʽʷ, ʷʢʘ ʜʦʜʘʪʢʦʚʦ ʚʨʘʭʦʚʫʻ ʚʧʣʠʚ ʪʨʠʚʘʣʦʩʪʽ ʨʦʙʦʪʠ ʚʦʜʽʷ ʪʘ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʨʫʭʫ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʦʜʝʣʴ, ʧʦʨʽʚʥʷʥʦ ʟ ʜʽʶʯʦʶ ʤʝʪʦʜʠʢʦʶ, 

ʟʤʝʥʰʫʻ ʽʤʦʚʽʨʥʽʩʪʴ ʧʦʷʚʠ ʧʦʤʠʣʦʢ ɯ-ʛʦ ʨʦʜʫ ʥʘ 19% ʪʘ ʧʦʤʠʣʦʢ ɯɯ-ʛʦ ʨʦʜʫ ï 

ʥʘ 32%. 

5. ɼʣʷ ʦʮʽʥʶʚʘʥʥʷ ʜʠʥʘʤʽʢʠ ʝʢʩʪʨʝʥʦʛʦ ʛʘʣʴʤʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʷ ʪʘ ʡʦʛʦ 

ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʟʘʢʦʥʠ ʟʤʽʥʠ ʩʠʣ ʽ ʤʦʤʝʥʪʽʚ, ʜʽʶʯʠʭ ʥʘ 

ʘʚʪʦʤʦʙʽʣʴ ʚ ʧʨʦʮʝʩʽ ʛʘʣʴʤʫʚʘʥʥʷ. ʆʩʥʦʚʥʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʷʢʽ ʩʫʪʪʻʚʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʟʤʽʥʫ ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʷ ʧʨʠ ʛʘʣʴʤʫʚʘʥʥʽ, ʻ 

ʥʝʨʽʚʥʦʤʽʨʥʘ ʜʽʷ ʛʘʣʴʤʽʚʥʠʭ ʤʦʤʝʥʪʽʚ, ʧʦʧʝʨʝʯʥʝ ʟʤʽʱʝʥʥʷ ʮʝʥʪʨʫ ʤʘʩ 

ʘʚʪʦʤʦʙʽʣʷ, ʥʝʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʢʦʝʬʽʮʽʻʥʪʘ ʟʯʝʧʣʝʥʥʷ ʧʦ ʙʦʨʪʘʤ ʪʘ 

ʢʦʣʝʩʘʤ ʘʚʪʦʤʦʙʽʣʷ. ʈʦʟʨʦʙʣʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʜʦʟʚʦʣʷʻ ʚʨʘʭʫʚʘʪʠ 

ʩʪʦʭʘʩʪʠʯʥʫ ʪʘ ʥʝʯʽʪʢʫ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʧʨʠ ʚʩʪʘʥʦʚʣʝʥʥʽ ʧʘʨʘʤʝʪʨʽʚ 

ʛʘʣʴʤʫʚʘʥʥʷ, ʱʦ ʟʚʫʞʫʻ ʜʽʘʧʘʟʦʥ ʤʦʞʣʠʚʦʾ ʧʦʭʠʙʢʠ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘ 39%. 

ʇʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ (ʟʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦʶ ʤʝʪʦʜʠʢʦʶ) ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʧʦʢʘʟʘʣʦ ʩʝʨʝʜʥʶ ʚʽʜʥʦʩʥʫ ʧʦʭʠʙʢʫ 4,58%, 

ʤʘʢʩʠʤʘʣʴʥʘ ʧʦʭʠʙʢʘ ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʘ 7,82 %. 
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6. ɼʽʶʯʽ ʥʦʨʤʘʪʠʚʠ ʪʘ ʤʝʪʦʜʠʢʠ ʚʠʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʝʢʩʪʨʝʥʦʛʦ ʛʘʣʴʤʫʚʘʥʥʷ ʧʨʠ ʝʢʩʧʝʨʪʠʟʽ ɼʊʇ ʧʦʪʨʝʙʫʶʪʴ ʚʨʘʭʫʚʘʥʥʷ ʨʦʙʦʪʠ 

ʩʫʯʘʩʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʩʠʩʪʝʤ ʘʢʪʠʚʥʦʾ ʙʝʟʧʝʢʠ ʘʚʪʦʤʦʙʽʣʷ, ʨʦʟʚʠʪʢʫ 

ʢʦʥʩʪʨʫʢʮʽʾ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʰʠʥ, ʧʩʠʭʦʣʦʛʽʯʥʠʭ ʘʩʧʝʢʪʽʚ ʢʝʨʫʚʘʥʥʷ 

ʘʚʪʦʤʦʙʽʣʝʤ ʚ ʝʢʩʪʨʝʥʠʭ ʩʠʪʫʘʮʽʷʭ. ʈʦʟʨʦʙʣʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʟʫʧʠʥʦʯʥʦʛʦ ʪʘ ʛʘʣʴʤʽʚʥʦʛʦ ʰʣʷʭʫ ʘʚʪʦʤʦʙʽʣʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʚʧʣʠʚʫ ʢʦʥʩʪʨʫʢʮʽʾ ʛʘʣʴʤʽʚʥʦʾ ʩʠʩʪʝʤʠ ʜʦʟʚʦʣʷʻ ʤʽʥʽʤʽʟʫʚʘʪʠ ʧʦʭʠʙʢʫ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʝʢʩʪʨʝʥʦʛʦ ʛʘʣʴʤʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ 

ʘʚʪʦʤʦʙʽʣʽʚ ʢʘʪʝʛʦʨʽʾ ʄ1 ʚ ʤʝʞʘʭ 5-23%. ɼʽʶʯʘ ʤʝʪʦʜʠʢʘ ʚʠʷʚʠʣʘʩʷ ʪʦʯʥʽʰʦʶ 

ʣʠʰʝ ʜʣʷ ʘʚʪʦʤʦʙʽʣʽʚ ʙʝʟ ABS ʚ ʜʽʘʧʘʟʦʥʽ ʰʚʠʜʢʦʩʪʝʡ ʚʽʜ 45 ʢʤ/ʛʦʜ ʜʦ 

85 ʢʤ/ʛʦʜ. 

7. ʂʦʥʩʪʨʫʢʮʽʷ ʩʫʯʘʩʥʠʭ ʊɿ ʜʦʟʚʦʣʷʻ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʦʜʥʦʯʘʩʥʦ 

ʤʘʥʝʚʨʫʚʘʥʥʷ ʪʘ ʛʘʣʴʤʫʚʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʚʧʨʦʚʘʜʞʝʥʥʷ ABS, ʷʢʽ, ʷʢ ʧʨʘʚʠʣʦ, 

ʻ ʯʘʩʪʠʥʦʶ ʙʽʣʴʰ ʩʢʣʘʜʥʦʾ ʝʣʝʢʪʨʦʥʥʦʾ ʩʠʩʪʝʤʠ ʛʘʣʴʤʫʚʘʥʥʷ, ʱʦ ʪʘʢʦʞ ʤʦʞʝ 

ʤʽʩʪʠʪʠ: EBD, ESP, BA ʪʦʱʦ. ɺ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ 

ʦʮʽʥʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʤʘʥʝʚʨʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʷ ʧʨʠʜʘʪʥʽ ʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ 

ʜʽʶʯʽʡ ʤʝʪʦʜʠʮʽ ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʘʥʘʣʽʟʫ ʤʘʥʝʚʨʫʚʘʥʥʷ ʟ ʛʘʣʴʤʫʚʘʥʥʷʤ 

ʩʫʯʘʩʥʠʭ ʊɿ ʦʙʣʘʜʥʘʥʠʭ ABS ʪʘ ɺɸ. 

8. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʦʜʝʣʴ ʦʮʽʥʶʚʘʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʽ ʙʝʟʧʝʢʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʚ ʩʠʩʪʝʤʽ ɺɸɼʉ ʜʦʟʚʦʣʷʻ ʚʨʘʭʫʚʘʪʠ ʚʟʘʻʤʥʠʡ ʚʧʣʠʚ 

ʬʘʢʪʦʨʽʚ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʥʘʜʽʡʥʽʩʪʴ ʩʠʩʪʝʤʠ ʣʶʜʠʥʘ-ʤʘʰʠʥʘ, ʪʘ ʥʘ ʦʩʥʦʚʽ ʾʭ 

ʨʘʥʞʫʚʘʥʥʷ ʨʦʟʨʦʙʠʪʠ ʟʘʭʦʜʠ ʟ ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ ʨʫʭʫ. ʄʦʞʣʠʚʠʤʠ 

ʩʬʝʨʘʤʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʻ ʣʶʜʠʥʦ-ʤʘʰʠʥʥʽ ʩʠʩʪʝʤʠ ʟ ʙʝʟʧʝʨʝʨʚʥʠʤ 

ʭʘʨʘʢʪʝʨʦʤ ʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ (ʜʦ ʥʠʭ ʚʽʜʥʦʩʠʪʴʩʷ ʩʠʩʪʝʤʘ ɺɸɼʉ), ʚ ʷʢʠʭ 

ʚʽʜʩʫʪʥʽ ʯʽʪʢʽ ʤʝʞʽ ʤʽʞ ʚʠʢʦʥʫʚʘʥʠʤʠ ʦʧʝʨʘʮʽʷʤʠ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʟʙʽʨ 

ʩʪʘʪʠʩʪʠʢʠ ʟʘ ʤ̔ʦʚʽʨʥʦʩʪʷʤʠ ʾʭ ʧʨʘʚʠʣʴʥʦʛʦ ʚʠʢʦʥʘʥʥʷ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ, ʥʘʚʝʜʝʥʽ ʚ ʨʦʟʜʽʣʽ 3, ʦʧʫʙʣʽʢʦʚʘʥʽ ʚ ʨʦʙʦʪʘʭ [2-6, 

8-19, 29, 30, 34, 38, 41-44, 47, 61, 63]. 
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ʈʆɿɼɯʃ 4 

ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅɯ ɼʆʉʃɯɼɾɽʅʅʗ ʇɸʈɸʄɽʊʈɯɺ ʈʋʍʋ 

ʊʈɸʅʉʇʆʈʊʅʀʍ ɿɸʉʆɹɯɺ 

 

4.1 ʇʨʦʛʨʘʤʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʨʝʻʩʪʨʘʮʽʡʥʦ-

ʚʠʤʽʨʶʚʘʣʴʥʘ ʘʧʘʨʘʪʫʨʘ 

 

ɺ ʧʨʦʮʝʩʽ ʧʨʦʚʝʜʝʥʥʷ ʩʣʽʜʯʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʥʷ 

ʦʙʩʪʘʚʠʥ ɼʊʇ ʤʘʶʪʴ ʤʽʩʮʝ ʪʨʫʜʥʦʱʽ ʟ ʦʙôʻʢʪʠʚʥʠʤ ʚʠʟʥʘʯʝʥʥʷʤ ʚʽʜʩʪʘʥʽ 

ʚʠʜʠʤʦʩʪʽ ʜʦʨʦʛʠ ʪʘ ʦʙôʻʢʪʽʚ ʜʦʨʦʞʥʴʦʾ ʦʙʩʪʘʥʦʚʢʠ ʚ ʪʝʤʥʫ ʧʦʨʫ ʜʦʙʠ, 

ʦʮʽʥʶʚʘʥʥʷʤ ʟʯʽʧʥʠʭ ʷʢʦʩʪʝʡ ʜʦʨʦʞʥʽʭ ʧʦʢʨʠʪʴ ʪʘ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʰʠʥ, 

ʧʘʨʘʤʝʪʨʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʛʘʣʴʤʫʚʘʥʥʷ ʪʘ ʤʘʥʝʚʨʫʚʘʥʥʷ ʟ ʛʘʣʴʤʫʚʘʥʥʷʤ ʊɿ, 

ʦʙʣʘʜʥʘʥʠʭ ʩʫʯʘʩʥʠʤʠ ʤʝʭʘʪʨʦʥʥʠʤʠ ʛʘʣʴʤʽʚʥʠʤʠ ʩʠʩʪʝʤʘʤʠ. ʎʽ ʦʙʩʪʘʚʠʥʠ 

ʩʪʘʣʠ ʧʝʨʝʜʫʤʦʚʦʶ ʬʦʨʤʫʚʘʥʥʷ ʧʨʦʛʨʘʤʠ-ʤʝʪʦʜʠʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ, ʚʠʢʦʥʘʥʠʭ ʚ ʨʘʤʢʘʭ ʜʘʥʦʾ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ. 

ʄʝʪʘ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʦʣʷʛʘʻ ʚ ʦʪʨʠʤʘʥʥʽ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, 

ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʘʜʝʢʚʘʪʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʤʦʜʝʣʝʡ ʪʘ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʚʠʩʫʥʫʪʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʧʦʣʦʞʝʥʴ. 

ɺ ʨʘʤʢʘʭ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʥʫʚʘʣʠʩʴ ʪʘʢʽ 

ʦʩʥʦʚʥʽ ʟʘʚʜʘʥʥʷ: 

ï ʧʝʨʝʚʽʨʢʘ ʚʠʩʫʥʫʪʠʭ ʫ ʨʦʙʦʪʽ ʥʘʫʢʦʚʠʭ ʛʽʧʦʪʝʟ; 

ï ʧʝʨʝʚʽʨʢʘ ʘʜʝʢʚʘʪʥʦʩʪ̔ (ʥʘʣʘʰʪʫʚʘʥʥʷ) ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʤʦʜʝʣʝʡ ʥʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʥʦʚʠʭ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ; 

ï ʧʨʦʚʝʜʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʴ ʟ ʤʝʪʦʶ ʦʮʽʥʶʚʘʥʥʷ ʚʽʜʩʪʘʥʽ ʚʠʜʠʤʦʩʪʽ ʜʦʨʦʛʠ 

ʪʘ ʦʙôʻʢʪʽʚ ʜʦʨʦʞʥʴʦʾ ʦʙʩʪʘʥʦʚʢʠ ʚ ʪʝʤʥʫ ʧʦʨʫ ʜʦʙʠ; 

ï ʧʨʦʚʝʜʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʴ ʟ ʤʝʪʦʶ ʦʮ̔ʥʁ ʚʘʥʥʷ ʚʟʘ̒ʤʦʜ̔ʾ ʘʚʪʦʤʦʙʣ̔ʴʥʠʭ 

ʰʠʥ ʟ ʜʦʨʦʛʦ ʁʧʨʠ ʝʢʩʪʨʝʥʦʤʫ ʛʘʣʴʤʫʚʘʥʥʽ ʊɿ; 

ï ʧʨʦʚʝʜʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʴ ʟ ʤʝʪʦʶ ʦʮ̔ʥʁ ʚʘʥʥʷ ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʊɿ ʧʨʠ 

ʝʢʩʪʨʝʥʦʤʫ ʛʘʣʴʤʫʚʘʥʥʽ; 
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ï ʧʨʦʚʝʜʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʴ ʟ ʤʝʪʦʶ ʦʮ̔ʥʁ ʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʤʘʥʝʚʨʫʚʘʥʥʷ 

ʟ ʛʘʣʴʤʫʚʘʥʥʷʤ ʊɿ, ʦʙʣʘʜʥʘʥʠʭ ʩʫʯʘʩʥʠʤʠ ʤʝʭʘʪʨʦʥʥʠʤʠ ʛʘʣʴʤʽʚʥʠʤʠ 

ʩʠʩʪʝʤʘʤʠ. 

ʋʩʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥ ̔ʜʦʩʣʽʜʞʝʥʥ ̫ʧʨʦʚʦʜʠʣʠʩʴ ʫ ʪʘʢʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ: 

ï ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʧʝʨʝʣʽʢʫ ʚʠʤʽʨʶʚʘʥʠʭ ʧʦʢʘʟʥʠʢʽʚ; 

ï ʚʠʙʽʨ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʘʧʘʨʘʪʫʨʠ; 

ï ʚʠʙʽʨ ʨʝʞʠʤʽʚ ʚʠʧʨʦʙʫʚʘʥʴ ʚ ʜʦʨʦʞʥʽʭ ʫʤʦʚʘʭ; 

ï ʚʠʤʽʨʶʚʘʥʥʷ ʦʙʨʘʥʠʭ ʧʦʢʘʟʥʠʢʽʚ. 

ʆʙʨʘʥʽ ʧʦʢʘʟʥʠʢʠ ʟʘ ʚʠʜʘʤʠ ʚʠʧʨʦʙʫʚʘʥʴ ʪʘ ʚʽʜʧʦʚʽʜʥʘ ʚʠʤʽʨʶʚʘʣʴʥʘ 

ʘʧʘʨʘʪʫʨʘ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣʠʮʽ 4.1. 

 

ʊʘʙʣʠʮʷ 4.1 ï ɼʦʩʣʽʜʞʫʚʘʥʽ ʧʦʢʘʟʥʠʢʠ ʪʘ ʟʘʩʦʙʠ ʾʭ ʚʠʤʽʨʶʚʘʥʥʷ 

ɺʠʜ ʚʠʧʨʦʙʫʚʘʥʥʷ ʇʦʢʘʟʥʠʢʠ, ʱʦ ʧʽʜʣʷʛʘʣʠ 

ʬʽʢʩʘʮʽʾ 

ɺʠʤ̔ʨʚʁʘʣʴʥʘ ʘʧʘʨʘʪʫʨʘ 

ʪʘ ʜʦʧʦʤʽʞʥʽ ʟʘʩʦʙʠ 

1 2 3 

ʆʮʽʥʶʚʘʥʥʷ ʚʽʜʩʪʘʥʽ 

ʚʠʜʠʤʦʩʪʽ ʜʦʨʦʛʠ ʪʘ 

ʦʙôʻʢʪʽʚ ʜʦʨʦʞʥʴʦʾ 

ʦʙʩʪʘʥʦʚʢʠ ʚ ʪʝʤʥʫ ʧʦʨʫ 

ʜʦʙʠ 

ʆʩʥʦʚʥʽ: 

ʜʘʣʴʥʽʩʪʴ ʩʚʽʪʣʘ ʬʘʨʠ, 

ʢʦʥʪʨʘʩʪ ʦʙôʻʢʪʘ 

ʨʦʟʨʽʟʥʝʥʥʷ ʟ ʬʦʥʦʤ, 

ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʧʝʨʝʰʢʦʜʠ (ʦʙôʻʢʪʘ) ʚ 

ʧʦʧʝʨʝʯʥʦʤʫ ʧʨʦʬʽʣʽ 

ʜʦʨʦʛʠ, ʨʝʞʠʤ ʨʦʙʦʪʠ 

ʬʘʨʠ (ʙʣʠʞʥʻ, ʜʘʣʴʥʻ 

ʩʚʽʪʣʦ), ʚʽʜʩʪʘʥʴ 

ʚʠʜʠʤʦʩʪʽ ʦʙôʻʢʪʽʚ. 

ɼʦʜʘʪʢʦʚʽ:  

ʢʨʠʪʠʯʥʘ ʦʩʚʽʪʣʝʥʽʩʪʴ 

ʦʙôʻʢʪʘ, ʚʽʜʩʪʘʥʴ ʤʽʞ 

ʟʫʩʪʨʽʯʥʠʤʠ 

ʘʚʪʦʤʦʙʽʣʷʤʠ ʧʨʠ 

ʦʮʽʥʶʚʘʥʥʽ ʚʧʣʠʚʫ 

ʩʣʽʧʫʯʦʾ ʜʽʾ ʬʘʨ 

ʉʧʦʩʪʝʨʽʛʘʯ ̔ʟ ʛʦʩʪʨʦʪʦʶ 

ʟʦʨʫ 0.9-1.0, ʣʶʢʩʤʝʪʨ 

Voltcraft MS-1300, 

ʣʶʢʩʤʝʪʨ ʖ116, 

ʣʘʟʝʨʥʠʡ ʜʘʣʴʥʦʤʨ̔ 

SNDWAY SW-T100, 20-

ʪʠ ʤʝʪʨʦʚʘ ʨʫʣʝʪʢʘ, 

ʞʠʣʝʪ ʟʽ 

ʩʚʽʪʣʦʚʽʜʙʠʚʘʣʴʥʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ, 

ʩʚʽʪʣʦʚʽʜʙʠʚʘʯ, ʣʽʭʪʘʨ, 

ʧʨʦʥʫʤʝʨʦʚʘʥʽ ʬʽʰʢʠ, 

ʢʨʝʡʜʘ ʜʣʷ ʨʦʟʤʽʪʢʠ 

ʧʨʦʾʟʥʦʾ ʯʘʩʪʠʥʠ. 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣ. 4.1 

1 2 3 

ɯʥʝʨʮʽʡʥʝ ʦʮʽʥʶʚʘʥʥʷ 

ʚʟʘ̒ʤʦʜʽʾ ʘʚʪʦʤʦʙʽʣʴʥʠʭ 

ʰʠʥ ʟ ʜʦʨʦʛʦʶ ʧʨʠ 

ʝʢʩʪʨʝʥʦʤʫ ʛʘʣʴʤʫʚʘʥʥʽ 

ʊɿ 

ʊʠʧ ʽ ʩʪʘʥ ʜʦʨʦʞʥʴʦʛʦ 

ʧʦʢʨʠʪʪʷ, ʪʠʧ ʽ ʩʪʘʥ ʰʠʥ,  

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʢʦʣʝʩʦ, 

ʧʦʯʘʪʢʦʚʘ ʰʚʠʜʢʽʩʪʴ 

ʛʘʣʴʤʫʚʘʥʥʷ ʊɿ, 

ʢʦʥʩʪʨʫʢʮʽʷ ʛʘʣʴʤʽʚʥʦʾ 

ʩʠʩʪʝʤʠ ʊɿ (ʥʘʷʚʥʽʩʪʴ 

ABS, ɺɸ), ʫʩʪʘʣʝʥʝ 

ʩʧʦʚʽʣʴʥʝʥʥʷ ʊɿ 

ɼʝʩʝʣʝʨʦʤʝʪʨʠ 

MAHA VZM  100,  

MAHA VZM  300 

ʆʮ̔ʥʁ ʚʘʥʥʷ ʪʨʘʻʢʪʦʨʽʾ 

ʨʫʭʫ ʊɿ ʧʨʠ ʝʢʩʪʨʝʥʦʤʫ 

ʛʘʣʴʤʫʚʘʥʥʽ 

ʇʦʯʘʪʢʦʚʘ ʰʚʠʜʢʽʩʪʴ 

ʛʘʣʴʤʫʚʘʥʥʷ ʊɿ, 

ʩʧʦʚʽʣʴʥʝʥʥʷ ʊɿ, 

ʧʦʯʘʪʢʦʚʠʡ ʥʘʧʨʷʤʦʢ 

ʨʫʭʫ, ʯʘʩ ʛʘʣʴʤʫʚʘʥʥʷ, 

ʧʝʨʝʤʽʱʝʥʥʷ ʚ 

ʧʦʟʜʦʚʞʥʽʡ ʪʘ 

ʧʦʧʝʨʝʯʥʽʡ ʧʣʦʱʠʥʽ, 

ʢʫʨʩʦʚʠʡ ʢʫʪ 

ɼʝʩʝʣʝʨʦʤʝʪʨʠ 

MAHA VZM  100,  

MAHA VZM  300,  

ʣʘʟʝʨʥʠʡ ʜʘʣʴʥʦʤʨ̔ 

SNDWAY SW-T100 

ʆʮ̔ʥʁ ʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʤʘʥʝʚʨʫʚʘʥʥʷ ʟ 

ʛʘʣʴʤʫʚʘʥʥʷʤ ʊɿ, 

ʦʙʣʘʜʥʘʥʠʭ ʩʫʯʘʩʥʠʤʠ 

ʤʝʭʘʪʨʦʥʥʠʤʠ 

ʛʘʣʴʤʽʚʥʠʤʠ ʩʠʩʪʝʤʘʤʠ 

ʇʨʠʩʢʦʨʝʥʥʷ ʚ 

ʧʦʟʜʦʚʞʥʽʡ, ʧʦʧʝʨʝʯʥʽʡ 

ʪʘ ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ, 

ʧʦʯʘʪʢʦʚʘ ʰʚʠʜʢʽʩʪʴ 

ʤʘʥʝʚʨʫʚʘʥʥʷ, ʧʦʟʜʦʚʞʥʽ 

ʪʘ ʧʦʧʝʨʝʯʥʽ 

ʧʝʨʝʤʽʱʝʥʥʷ ʥʝʦʙʭʽʜʥʽ 

ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʤʘʥʝʚʨʫ 

ɺʠʤʽʨʶʚʘʣʴʥʦ-

ʨʝʻʩʪʨʘʮʽʡʥʠʡ ʢʦʤʧʣʝʢʩ 

ʜʣʷ ʚʠʧʨʦʙʫʚʘʥʴ 

ʤʦʙʽʣʴʥʠʭ ʤʘʰʠʥ ʪʘ ʾʭ 

ʝʣʝʤʝʥʪʽʚ  

çɺɼɺʄʄ 4-001è, 

ʣʘʟʝʨʥʠʡ ʜʘʣʴʥʦʤʨ̔ 

SNDWAY SW-T100 

 

ʊʝʭʥʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʘʧʘʨʘʪʫʨʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʧʽʜ 

ʯʘʩ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 4.2-4.5. 

ɼʦʢʣʘʜʥʠʡ ʦʧʠʩ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ, ʚ ʪʦʤʫ 

ʯʠʩʣʽ ʦʙʨʘʥʠʭ ʨʝʞʠʤʽʚ ʪʘ ʧʨʠʧʫʱʝʥʴ, ʩʭʝʤ, ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʜʫ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘʚʝʜʝʥʽ ʚ ʧʫʥʢʪʘʭ 4.2-4.5 ʨʦʟʜʽʣʫ 4 ʜʘʥʦʾ 

ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ.  
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ʊʘʙʣʠʮʷ 4.2 ï ʊʝʭʥʽʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʣʶʢʩʤʝʪʨʽʚ 

ʇʨʠʣʘʜ/ʇʘʨʘʤʝʪʨ Voltcraft MS-1300 ʖ116 

ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ 

  

ʂʨʘʾʥʘ ʚʠʨʦʙʥʠʢ ʅʽʤʝʯʯʠʥʘ ʉʈʉʈ 

ɼ̔ ʘʧʘʟʦʥ ʚʠʤʽʨʶʚʘʥʴ ʚ̔ʜ 0.01 ʜʦ 50000 ʣʢ ʚʽʜ 0.1 ʜʦ 100000 ʣʢ 

ʇʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʴ Ñ 5 % + 10 ʦʜʠʥʠʮ ɹʚ 

ʜ̔ʘʧʘʟʦʥ ̔(< 10.000 ʣʢ); 

 Ñ 10 % + 10 ʦʜʠʥʠʮ ɹʚ 

ʜ̔ʘʧʘʟʦʥ ̔(> 10.000 ʣʢ) 

Ñ 10 %,  

(ʟ ʜʦʜʘʪʢʦʚʠʤʠ 

ʥʘʩʘʜʢʘʤʠ Ñ 5 %) 

ʈʦʙʦʯʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʽʜ 0 ʜʦ +50 Áʉ ʚʽʜ -10 ʜʦ +35 Áʉ 

ɺʘʛʘ 160 ʛ 850 ʛ 

ɻʘʙʘʨʠʪʠ ʧʨʠʣʘʜʫ  188 x 64.5 x 24.5 ʤʤ 210 ʭ 125 ʭ 85 ʤʤ 

ɻʘʙʘʨʠʪʠ ʬʦʪʦʩʝʥʩʦʨʘ  115 x 60 x 27 ʤʤ 185 ʭ 105 ʭ 55 ʤʤ 

ɾʠʚʣʝʥʥʷ ɹʘʪʘʨʝʷ 12ɺ ï 

 

ʊʘʙʣʠʮʷ 4.3 ï ʊʝʭʥʽʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʘʣʴʥʦʤʨ̔ʘ 

ʇʨʠʣʘʜ/ʇʘʨʘʤʝʪʨ SNDWAY SW-T100 

1 2 

ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ 

 

ʂʨʘʾʥʘ ʚʠʨʦʙʥʠʢ ʂʠʪʘʡ 

ʊʠʧ ʣʘʟʝʨʘ ʂʣʘʩʩ II 635 nm, 1 ʄɺʪ 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣ. 4.3 

1 2 

ɼ̔ ʘʧʘʟʦʥ ʚʠʤʽʨʶʚʘʥʴ ʚʽʜ 0.05 ʜʦ 100 ʤ 

ʇʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʴ Ñ 2 ʤʤ 

ɼʦʜʘʪʢʦʚʽ ʬʫʥʢʮʽʾ ʆʙʯʠʩʣʝʥʥʷ ʧʣʦʱʽ, ʦʙʯʠʩʣʝʥʥʷ ʦʙô̒ ʤʫ 

ʈʦʙʦʯʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʽʜ 0 ʜʦ +50 Áʉ 

ɿʘʭʠʩʪ  IP54 (ʚʽʜ ʜʦɦʫ, ʧʠʣʫ ʪʘ ʧʘʜ̔ʥɹ) 

ɺʘʛʘ 250 ʛ 

ɻʘʙʘʨʠʪʠ ʧʨʠʣʘʜʫ  112 x 50 x 25 ʤʤ 

ɾʠʚʣʝʥʥʷ 2 ʭ 1.5V AAA 

 

ʊʘʙʣʠʮʷ 4.4 ï ʊʝʭʥʽʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʝʩʝʣʝʨʦʤʝʪʨʽʚ 

ʇʨʠʣʘʜ/ʇʘʨʘʤʝʪʨ MAHA VZM  100 MAHA VZM  300 

1 2 3 

ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ 

  

ʂʨʘʾʥʘ ʚʠʨʦʙʥʠʢ ʅʽʤʝʯʯʠʥʘ ʅʤ̔ʝʯʯʠʥʘ 

ɼ̔ ʘʧʘʟʦʥ ʚʠʤʽʨʶʚʘʥʴ ʚʽʜ 0 ʜʦ 10 ʤ/ʩ2 ʚʽʜ 0 ʜʦ 22 ʤ/ʩ2 

ʇʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʴ  Ñ 0.1 ʤ/ʩ2 Ñ 0.1 ʤ/ʩ2 

ʄʘʢʩʠʤʘʣʴʥʘ ʚʝʣʠʯʠʥʘ 

ʚʠʤʽʨʶʚʘʥʦʾ ʩʠʣʠ ʥʘ 

ʧʝʜʘʣʽ ʛʘʣʴʤ  

1.0 ʢʅ 1.0 ʢʅ 

ʄʘʢʩʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ 

çʢʣʁʚʢʘè 
30 ʛʨʘʜ/ʩ 40 ʛʨʘʜ/ʩ 

ʂʽʣʴʢʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ ʚ 

ʧʘʤô̫ ʪʽ 
1-6 7-14 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣ. 4.4 

1 2 3 

ɿʘʧʠʩ ʚʝʣʠʯʠʥ 

ʚʠʤʽʨʶʚʘʥʥʷ 
60 ɻʮ 100 ɻʮ 

ʈʦʙʦʯʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʽʜ -10 ʜʦ +50 Áʉ ʚʽʜ 0 ʜʦ +50 Áʉ 

ɺʘʛʘ 1100 ʛ 1000 ʛ 

ɻʘʙʘʨʠʪʠ ʧʨʠʣʘʜʫ  245 ʭ 120 ʭ 65 ʤʤ 260 ʭ 124 ʭ 60 ʤʤ 

ʂʽʣʴʢʽʩʪʴ ʚʠʧʨʦʙʫʚʘʥʴ 

ʧʨʠ ʧʦʚʥʽʡ ʟʘʨʷʜʮʽ 

ʙʘʪʘʨʝʾ  ʞʠʚʣʝʥʥʷ 

ʙʣʠʟʴʢʦ 30 ʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʜʨʫʢʫ 

ʨʝʟʫʣʴʪʘʪʽʚ 

ʙʣʠʟʴʢʦ 50 ʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʜʨʫʢʫ 

ʨʝʟʫʣʴʪʘʪʽʚ 

ɼʞʝʨʝʣʦ ʞʠʚʣʝʥʥʷ NiHM 6ɺ/1.2 ɸĿʛʦʜ 

230B/9B AC 

12B DC 

NiHM 6ɺ/1.8 ɸĿʛʦʜ 

230B/15B AC 

12/24B DC 

 

ʊʘʙʣʠʮʷ 4.5 ï ɺʠʤʽʨʶʚʘʣʴʥʦ-ʨʝʻʩʪʨʘʮʽʡʥʠʡ ʢʦʤʧʣʝʢʩ ʜʣʷ ʚʠʧʨʦʙʫʚʘʥʴ 

ʤʦʙʽʣʴʥʠʭ ʤʘʰʠʥ ʪʘ ʾʭ ʝʣʝʤʝʥʪʽʚ 

ʇʨʠʣʘʜ/ʇʘʨʘʤʝʪʨ ɺɼɺʄʄ 4-001 

1 2 

ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ 

 

ɸʢʩʝʣʝʨʦʤʝʪʨʠ ɼʃʐ ˉ 29093115, ɼʃʐ ˉ 29093117 

ɹʣʦʢ ʦʙʯʠʩʣʶʚʘʣʴʥʠʡ 

(Nʦtebook) ʟ ʙʣʦʢʦʤ 

ʞʠʚʣʝʥʥʷ 

ʇʨʦʮʝʩʦʨ ï 1.66 GHz, ʦʧʝʨʘʪʠʚʥʘ ʧʘʤ'ʷʪʴ ï 1 ɻʙ, 

ʚʽʜʝʦʢʘʨʪʘ ï 512 ʄɹ, ʆʉ ï Win 7, ʥʘʧʨʫʛʘ 

ʞʠʚʣʝʥʥʷ 20ɺ/3,25A 

ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ Vehicle Dynamics V 3.7.1 

ʂʨʘʾʥʘ ʚʠʨʦʙʥʠʢ ʋʢʨʘʾʥʘ, ʍʅɸɼʋ 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣ. 4.5 

1 2 

ɼʽʘʧʘʟʦʥ 

ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʧʨʠʩʢʦʨʝʥʥʷ 

Ñ 10 ʤ/ʩ2 

ɼʽʘʧʘʟʦʥ ʚʠʤʽʨʶʚʘʥʥʷ 

ʧʨʠʩʢʦʨʝʥʥʷ 
X-ʚʽʩʴ, Y-ʚʽʩʴ, Z-ʚʽʩʴ 

ʇʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʴ Ñ 1% 

ɻʘʙʘʨʠʪʥʽ ʨʦʟʤʽʨʠ 

ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʙʣʦʢʫ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʙʣʦʢʫ 

 

150ʭ150 ʤʤ 

450ʭ450 ʤʤ 

ʄʘʩʘ ʢʦʤʧʣʝʢʩʫ 

ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʙʣʦʢʫ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʙʣʦʢʫ 

 

0.3 ʢʛ 

2.3 ʢʛ 

ʋʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ: 

ʨʦʙʦʯʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ 

ʚ̔ʜʥʦʩʥʘ ʚʦʣʦʛʽʩʪʴ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ 

ʘʪʤʦʩʬʝʨʥʠʡ ʪʠʩʢ 

 

 

 

ʚʽʜ -10 Áʉ ʜʦ + 45 Áʉ 

 

 

ʜʦ 80 % ʧʨʠ 25 Áʉ  

66.6 ï 106.6 ʢʇʘ 

500 ï 800 ʤʤ ʨʪ.ʩʪ. 

ʅʘʧʨʫʛʘ ʞʠʚʣʝʥʥʷ 

ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʙʣʦʢʫ 

ʤʽʥʽʤʘʣʴʥʘ ï 2.2ɺ/- 

ʦʧʪʠʤʘʣʴʥʘ ï 3.3ɺ/0.5ɸ 

ʤʘʢʩʠʤʘʣʴʥʘ ï 3.6ɺ/0.8ɸ 

ɸʚʪʦʥʦʤʥʽʩʪʴ ʨʦʙʦʪʠ 2 ʛʦʜʠʥʠ 

 

ʆʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʢʦʥʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ 

ʟʜʽʡʩʥʶʚʘʣʘʩʴ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʤʝʪʦʜʠʢ, ʦʧʠʩʘʥʠʭ ʫ ɼʦʜʘʪʢʫ ɺ ʪʘ ʚ [364]. 
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4.2 ɺʠʟʥʘʯʝʥʥʷ ʚʽʜʩʪʘʥʽ ʚʠʜʠʤʦʩʪʽ ʜʦʨʦʞʥʽʭ ʦʙôʻʢʪʽʚ ʚ ʪʝʤʥʫ ʧʦʨʫ ʜʦʙʠ 

 

ʆʩʥʦʚʥʠʤʠ ʟʘʜʘʯʘʤʠ ʜʘʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥ ̫ʻ: 

- ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʜʩʪʘʥʽ ʚʠʜʠʤʦʩʪʽ ʜʦʨʦʛʠ ʪʘ ʦʙôʻʢʪʽʚ ʜʦʨʦʞʥʴʦʾ 

ʦʙʩʪʘʥʦʚʢʠ ʚ ʪʝʤʥʫ ʧʦʨʫ ʜʦʙʠ ʟʘ ʫʤʦʚ ʚʽʜʩʫʪʥʦʩʪʽ ʩʚʽʪʣʘ ʬʘʨ ʟʫʩʪʨʽʯʥʦʛʦ 

ʘʚʪʦʤʦʙʽʣʷ; 

- ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʜʩʪʘʥʽ ʚʠʜʠʤʦʩʪʽ ʜʦʨʦʛʠ ʪʘ ʦʙôʻʢʪʽʚ ʜʦʨʦʞʥʴʦʾ 

ʦʙʩʪʘʥʦʚʢʠ ʚ ʪʝʤʥʫ ʧʦʨʫ ʜʦʙʠ ʧʨʠ ʜʽʾ ʩʚʽʪʣʘ ʬʘʨ ʟʫʩʪʨʽʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʟʘʩʦʙʫ; 

- ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʥʘʯʝʥʴ ʚʽʜʩʪʘʥʽ ʚʠʜʠʤʦʩʪʽ ʪʘ ʚʽʜʧʦʚʽʜʥʠʭ ʬʘʢʪʦʨʽʚ 

ʚʧʣʠʚʫ ʟ ʤʝʪʦʶ ʬʦʨʤʫʚʘʥʥʷ ʥʘʚʯʘʶʯʦʾ ʚʠʙʽʨʢʠ ʜʣʷ ʥʘʚʯʘʥʥʷ ʘʜʘʧʪʠʚʥʦʾ 

ʥʝʡʨʦ-ʥʝʯʽʪʢʦʾ ʤʦʜʝʣʽ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʜʽʡʩʥʶʚʘʣʠʩʷ ʟ 2003 ʨʦʢʫ, ʟʦʢʨʝʤʘ ʟ 

ʚʠʾʟʜʦʤ ʥʘ ʤʽʩʮʝ ɼʊʇ ʘʙʦ ʚ ʜʦʨʦʞʥʽʭ ʫʤʦʚʘʭ, ʥʘʙʣʠʞʝʥʠʭ ʜʦ ɼʊʇ. ʇʨʠ ʮʴʦʤʫ, 

ʚʨʘʭʫʚʘʥʥʶ ʧʽʜʣʷʛʘʣʠ ʫʩʽ ʬʘʢʪʦʨʠ, ʱʦ ʤʦʞʫʪʴ ʚʧʣʠʥʫʪʠ ʥʘ ʚʠʜʠʤʽʩʪʴ ʜʦʨʦʛʠ 

ʪʘ ʦʙôʻʢʪʽʚ ʥʘ ʥʽʡ: ʧʦʛʦʜʥʽ ʫʤʦʚʠ (ʜʦʱ, ʪʫʤʘʥ, ʩʥʽʛ); ʜʦʨʦʞʥʽ ʫʤʦʚʠ (ʪʠʧ ̔  ʩʪʘʥ 

ʧʦʢʨʠʪʪʷ, ʡʦʛʦ ʢʦʣʽʨ, ʫʭʠʣʠ ʜʦʨʦʞʥʴʦʛʦ ʧʦʣʦʪʥʘ, ʥʘʷʚʥʽʩʪʴ ʨʦʟʤʽʪʢʠ, ʽʥʰʠʭ 

ʟʘʩʦʙʽʚ ʦʨʛʘʥʽʟʘʮʽʾ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ); ʪʨʘʥʩʧʦʨʪʥʽ ʫʤʦʚʠ (ʩʢʣʘʜ ʧʦʪʦʢʫ, 

ʥʘʷʚʥʽʩʪʴ ʪʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʤʦʞʣʠʚʠʭ ʧʝʨʝʰʢʦʜ, ʧʨʠʩʫʪʥʷ ʢʦʣʴʦʨʦʚʘ ʛʘʤʘ), 

ʦʩʚʽʪʣʝʥʽʩʪʴ ʜʦʨʦʛʠ ʪʘ ʦʙôʻʢʪʽʚ ʜʦʨʦʞʥʴʦʾ ʦʙʩʪʘʥʦʚʢʠ (ʰʪʫʯʥʝ ʽ ʧʨʠʨʦʜʥʝ 

ʦʩʚʽʪʣʝʥʥʷ, ʥʘʷʚʥʽʩʪʴ ʜʽʾ ʬʘʨ ʽʥʰʠʭ ʊɿ). 

 

4.2.1 ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʜʠʤʦʩʪʽ ʜʦʨʦʛʠ ʪʘ ʦʙôʻʢʪʽʚ 

ʜʦʨʦʞʥʴʦʾ ʦʙʩʪʘʥʦʚʢʠ ʚ ʪʝʤʥʫ ʧʦʨʫ ʜʦʙʠ ʟʘ ʫʤʦʚ ʚʽʜʩʫʪʥʦʩʪʽ ʩʚʽʪʣʘ ʬʘʨ 

ʟʫʩʪʨʽʯʥʦʛʦ ʘʚʪʦʤʦʙʽʣʷ  

ʉʧʨʦʱʝʥʥʷ ʪʘ ʦʙʤʝʞʝʥʥʷ ʧʨʠʡʥʷʪʽ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʚʠʧʨʦʙʫʚʘʥʴ: 

- ʜʦʩʣʽʜʞʝʥʥ ʁʧʽʜʣʷʛʘʣʠ ʘʚʪʦʤʦʙʽʣʽ ʢʘʪʝʛʦʨʽʾ ʄ1 ʟ ʛʘʣʦʛʝʥʥʠʤʠ ʬʘʨʘʤʠ 

ʟ ʻʚʨʦʧʝʡʩʴʢʠʤ ʩʚʽʪʣʦʨʦʟʧʦʜʽʣʦʤ, ʷʢʽ ʨʫʭʘʣʠʩʴ ʚ ʫʩʪʘʣʝʥʦʤʫ ʨʝʞʠʤʽ; 
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- ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʫʚʘʣʠʩʴ ʥʘ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʦʛʘʭ ʰʠʨʠʥʦʶ 7,5 ʤ, 

ʨʦʟʪʘʰʦʚʘʥʠʭ ʟʘ ʤʝʞʘʤʠ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ, ʰʪʫʯʥʝ ʦʩʚʽʪʣʝʥʥʷ ʚʽʜʩʫʪʥʻ;  

- ʝʣʝʢʪʨʦʥʥʝ ʪʘ ʝʣʝʢʪʨʠʯʥʝ ʦʙʣʘʜʥʘʥʥʷ ʊɿ ʟʥʘʭʦʜʠʣʦʩʴ ʚ ʪʝʭʥʽʯʥʦ 

ʩʧʨʘʚʥʦʤʫ ʩʪʘʥʽ, ʥʘʣʘʰʪʫʚʘʥʥʷ ʩʚʽʪʣʦʨʦʟʧʦʜʽʣʫ ʬʘʨ ʧʨʠʚʝʜʝʥʽ ʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ 

ʚʠʤʦʛʘʤ ɼʉʊʋ ʪʘ ʟʘʚʦʜʫ-ʚʠʨʦʙʥʠʢʘ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥ ̔ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʜʽʣʷʥʢʘʭ ʜʦʨ̔ʛ ʤʽʞ 

ɻʥʚ̔ʘʥɹʩʴʢʠʤ  ̔ ɹʘʨʩʴʢʠʤ ʰʦʩʝ ʪʘ ɺʽʥʥʠʮʷ-ɹʘʨ (ʧʨʠʙʣʠʟʥʦ ʟʘ 5 ʢʤ ʚʽʜ 

ʤ. ɺʽʥʥʠʮʷ). ʎʽ ʜʽʣʷʥʢʠ ʤʘʶʪʴ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʝ ʧʦʢʨʠʪʪʷ, ʾʭ ʜʦʨʦʞʥʽ ʫʭʠʣʠ 

ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʤʝʞʘʭ Ñ1,5 %, ʘ ʜʦʚʞʠʥʘ ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ 500 ʤ. ʊʝʤʧʝʨʘʪʫʨʘ 

ʧʦʚʽʪʨʷ ʧʽʜ ʯʘʩ ʚʠʧʨʦʙʫʚʘʥʴ ʟʥʘʭʦʜʠʣʘʩʴ ʚ ʜʽʘʧʘʟʦʥʽ 15-25̄ ʉ, ʚhʠʜʢʽʩʪʴ ʚʽʪʨʫ 

ï ʜʦ 4 ʤ/ʩ. ɺʠʜʠʤʦʩʪʽ ʜʦʨʦʛʠ ʪʘ ʦʙôʻʢʪʽʚ ʜʦʨʦʞʥʴʦʾ ʦʙʩʪʘʥʦʚʢʠ ʦʮʽʥʶʚʘʣʠ 

3 ʩʧʦʩʪʝʨʽʛʘʯʘ ʟ ʛʦʩʪʨʦʪʦʶ ʟʦʨʫ 0.9 é 1.0. ʂʨʽʤ ʪʦʛʦ, ʙʫʣʠ ʟʘʣʫʯʝʥʽ ʜʦʧʦʤʽʞʥʽ 

ʟʘʩʦʙʠ ʣʶʢʩʤʝʪʨ Voltcraft MS-1300, ʣʶʢʩʤʝʪʨ ʖ116, ʣʘʟʝʨʥʠʡ ʜʘʣʴʥʦʤʽʨ 

SNDWAY SW-T100, 20-ʪʠ ʤʝʪʨʦʚʘ ʨʫʣʝʪʢʘ, ʞʠʣʝʪ ʟ ʩʚʽʪʣʦʚʽʜʙʠʚʘʣʴʥʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ, ʩʚʽʪʣʦʚʽʜʙʠʚʘʯ, ʣʽʭʪʘʨ, ʧʨʦʥʫʤʝʨʦʚʘʥʽ ʬʽʰʢʠ, ʢʨʝʡʜʘ ʜʣʷ 

ʨʦʟʤʽʪʢʠ ʧʨʦʾʟʥʦʾ ʯʘʩʪʠʥʠ (ʨʠʩ. 4.1). 

 

   

 

ʈʠʩʫʥʦʢ 4.1 ï ɼʦʧʦʤʽʞʥʽ ʟʘʩʦʙʠ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ  

ʜʦʩʣʽʜʞʝʥʴ 

  

ʆʮʽʥʶʚʘʥʥʷ ʚʠʜʠʤʦʩʪʽ ʚʠʢʦʥʫʚʘʣʦʩʴ ʫ ʧʨʷʤʦʤʫ ʪʘ ʟʚʦʨʦʪʥʦʤʫ ʥʘʧʨʷʤʢʘʭ 

ʜʦʨʦʛʠ ʪʨʴʦʤʘ ʩʧʦʩʪʝʨʽʛʘʯʘʤʠ ʦʢʨʝʤʦ, ʥʘ ʦʩʥʦʚʽ ʯʦʛʦ ʚʠʟʥʘʯʘʣʠʩʴ ʫʩʝʨʝʜʥʝʥ ̔

ʜʘʥ̔. 
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ʋ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʙʨʘʣʠ ʫʯʘʩʪʴ ʰʽʩʪʜʝʩʷʪ ʚʽʩʽʤ ʊɿ ʢʘʪʝʛʦʨʽʾ ʄ1 1991-2015 

ʨʦʢʫ ʚʠʧʫʩʢʫ, ʚ ʬʘʨʘʭ ʛʦʣʦʚʥʦʛʦ ʦʩʚʽʪʣʝʥʥʷ ʷʢʠʭ ʚʩʪʘʥʦʚʣʝʥʦ ʛʘʣʦʛʝʥʥʽ ʣʘʤʧʠ 

ʅ1, ʅ4 ʪʘ ʅ7 ʟ ʻʚʨʦʧʝʡʩʴʢʠʤ ʩʚʽʪʣʦʨʦʟʧʦʜʽʣʦʤ (Audi A6 (ʉ5), Skoda Octavia, 

Opel Vectra, Opel Astra, Wolksvagen Caddy, Mitsubishi Pajero, Mercedes Vito, 

Renault Megane, Peugeot 301, Chery Amulet, Daewoo ï Lanos, Sens, ɺɸɿ ï 11183, 

11193, 21093, 21099, 2110, 2111, 2112, 2113, 2114, 2115, 2121, 2170 ʪʘ ɿɸɿ ï 

110207, 110307, 110557). 

ɺʠʤʽʨʶʚʘʥʥʷ ʟʥʘʯʝʥʥʷ ʚʽʜʩʪʘʥʽ ʚʠʜʠʤʦʩʪʽ ʟʜʽʡʩʥʶʚʘʣʦʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʜʘʣʥɹʦʤʽʨʘ ʪʘ ʨʫʣʝʪʢʠ. ʆʩʚʽʪʣʝʥʽʩʪʴ ʜʦʨʦʛʠ ʪʘ ʦʙôʻʢʪʽʚ ʜʦʨʦʞʥʴʦʾ ʦʙʩʪʘʥʦʚʢʠ 

ʚʠʟʥʘʯʘʣʘʩʴ ʟʘ ʧʦʢʘʟʘʤʠ ʣʶʢʩʤʝʪʨʽʚ (Voltcraft MS-1300, ʖ116). 

ʇʨʠʢʣʘʜ ʨʦʟʤʽʪʢʠ ʜʽʣʷʥʢʠ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʬʦʪʦʬʽʢʩʘʮʽʾ ʦʢʨʝʤʠʭ ʝʪʘʧʽʚ ʜʝʷʢʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʜʘʥʽ ʥʘ 

ʨʠʩ. 4.2ï4.5. 
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ʘ) ʚʠʟʥʘʯʝʥʥʷ ʜʘʣʴʥʦʩʪʽ ʩʚʽʪʣʘ ʬʘʨ; ʙ) ʚʠʟʥʘʯʝʥʥʷ ʚʠʜʠʤʦʩʪʽ ʪʝʩʪ-ʦʙôʻʢʪʘ (ʧʽʰʦʭʦʜʘ) 

a ï ʢʨʦʢ ʨʦʟʤʽʱʝʥʥʷ ʬʽʰʦʢ; b ï ʢʨʦʢ ʟʤʽʱʝʥʥʷ ʧʽʰʦʭʦʜʘ ʚ ʧʦʧʝʨʝʯʥʦʤʫ ʧʨʦʬʽʣʽ ʜʦʨʦʛʠ; 

(ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʩʣʽʜʯʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ a ʽ b ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʨʦʡʜʝʥʽʡ ʚʽʜʩʪʘʥʽ ʟʘ 1ʩ) 

 

ʈʠʩʫʥʦʢ 4.2 ï ʇʨʠʢʣʘʜ ʨʦʟʤʽʪʢʠ ʜʽʣʷʥʢʠ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ 
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ʈʠʩʫʥʦʢ 4.3 ï ɺʠʟʥʘʯʝʥʥʷ ʜʘʣʴʥʦʩʪʽ ʩʚʽʪʣʘ ʬʘʨ  

 

  

  

 

ʈʠʩʫʥʦʢ 4.4 ï ɺʠʟʥʘʯʝʥʥʷ ʚʽʜʩʪʘʥʽ ʚʠʜʠʤʦʩʪʽ ʧʽʰʦʭʦʜʘ ʚ ʨʽʟʥʦʤʫ ʦʜʷʟʽ 
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ʈʠʩʫʥʦʢ 4.5 ï ɺʠʤʽʨʶʚʘʥʥʷ ʦʩʚʽʪʣʝʥʦʩʪʽ ʜʦʨʦʛʠ ʧʽʜ ʜʽʻʶ ʩʚʽʪʣʘ ʬʘʨ ʊɿ 

 

ɸʣʛʦʨʠʪʤ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ: 

1. ʊɿ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʫʟʜʦʚʞ ʜʦʨʦʛʠ ʚ ʤʝʞʘʭ ʩʤʫʛʠ ʨʫʭʫ. ɿ ʧʨʘʚʦʾ ʩʪʦʨʦʥʠ 

ʚʽʜʥʦʩʥʦ ʥʘʧʨʷʤʢʫ ʧʝʨʝʜʥʴʦʾ ʯʘʩʪʠʥʠ ʊɿ ʧʦ ʢʨʘʶ ʫʟʙʽʯʯʷ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ 

ʧʨʦʥʫʤʝʨʦʚʘʥʽ ʬʽʰʢʠ. 

2. ʇʨʠ ʫʚʽʤʢʥʝʥʦʤʫ ʜʚʠʛʫʥʽ ʊɿ (ʩʝʨʝʜʥʽ ʦʙʝʨʪʠ ʢʦʣʽʥʯʘʪʦʛʦ ʚʘʣʫ) ʪʘ 

ʨʝʞʠʤʽ ʨʦʙʦʪʠ ʬʘʨ ï ʜʘʣʴʥʻ ʩʚʽʪʣʦ ʩʧʦʩʪʝʨʽʛʘʯʽ ʟ ʩʘʣʦʥʫ ʘʚʪʦʤʦʙʽʣʷ ʩʣʽʜʢʫʶʪʴ 

ʟʘ ʽʥʰʠʤ ʫʯʘʩʥʠʢʦʤ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟʽ ʩʚʽʪʣʦʚʽʜʙʠʚʘʯʝʤ, ʷʢʠʡ ʨʫʭʘʻʪʴʩʷ ʚʽʜ 

ʘʚʪʦʤʦʙʽʣʷ ʽ ʪʨʠʤʘ ̒ʩʚʽʪʣʦʚʽʜʙʠʚʘʯ ʚ 20 ʩʤ ʚʽʜ ʟʝʤʣʽ, ʧʦʚʝʨʪʘʶʯʠ ʡʦʛʦ ʪʦ 

ʧʣʦʱʠʥʦʶ ʪʦ ʨʝʙʨʦʤ ʯʝʨʝʟ ʢʨʦʢ. 

3. ʋʯʘʩʥʠʢʫ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʦʜʘʻʪʴʩʷ ʩʠʛʥʘʣ ʟʫʧʠʥʠʪʠʩ ɹʫ ʤʦʤʝʥʪ ʚʠʭʦʜʫ 

ʟʘ ʤʝʞʽ ʚʠʜʠʤʦʩʪʽ ʩʚʽʪʣʦʚʽʜʙʠʚʘʯʘ. ʇʽʩʣʷ ʮʴʦʛʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʦʯʥʘ ʤʝʞʘ 

ʚʠʜʠʤʦʩʪʽ ʟʘ ʜʘʥʠʭ ʜʦʨʦʞʥʽʭ ʫʤʦʚ ʪʘ ʚʠʤʽʨʶʻʪʴʩʷ ʚʽʜʩʪʘʥʴ ʚʽʜ ʥʝʾ ʜʦ 

ʧʝʨʝʜʥʴʦʾ ʯʘʩʪʠʥʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ.  

4. ʋʯʘʩʥʠʢ ʝʢʩʧʝʨʠʤʝʥʪʫ ʨʫʭʘʻʪʴʩʷ ʚʟʜʦʚʞ ʧʨʘʚʦʛʦ ʫʟʙʽʯʯʷ ʽ ʚʽʜʜʘʣʷʻʪʴʩʷ 

ʚʽʜ ʊɿ ʘʞ ʧʦʢʠ ʩʪʘʥʝ ʥʝʚʠʜʠʤʠʤ. 

5. ʊɿ ʟ ʪʨʴʦʤʘ ʩʧʦʩʪʝʨʽʛʘʯʘʤʠ ʨʫʭʘʻʪʴʩʷ ʟ ʥʝʚʝʣʠʢʦʶ ʰʚʠʜʢʽʩʪʶ  

(3-4 ʢʤ/ʛʦʜ) ʥʘ ʟʫʩʪʨʽʯ ʟ ʫʯʘʩʥʠʢʦʤ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʱʦ ʚʠʡʰʦʚ ʫ ʥʝʚʠʜʠʤʫ 
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ʟʦʥʫ. ʂʦʣʠ ʡʦʛʦ ʤʦʞʥʘ ʙʫʜʝ ʨʦʟʨʽʟʥʠʪʠ ʟʘ ʟʦʚʥʽʰʥʽʤʠ ʦʟʥʘʢʘʤʠ, ʊɿ 

ʟʫʧʠʥʷʶʪʴ. ʇʦʪʽʤ ʚʠʤʽʨʶʻʪʴʩʷ ʚʽʜʩʪʘʥʴ ʤʽʞ ʧʝʨʝʜʥʴʦʶ ʯʘʩʪʠʥʦʶ ʊɿ ̔ ʜʘʥʠʤ 

ʫʯʘʩʥʠʢʦʤ ʝʢʩʧʝʨʠʤʝʥʪʫ ʜʣʷ ʚʠʧʘʜʢʽʚ ʚʠʟʥʘʯʝʥʥʷ ʩʠʣʫʝʪʥʦ ʾʪʘ ʢʦʥʢʨʝʪʥʦ ʾ

ʚʠʜʠʤʦʩʪʽ ʦʙôʻʢʪʘ. 

6. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʚʠʤʽʨʶʚʘʥʥʷ, ʦʧʠʩʘʥʽ ʫ ʧ. 5 ʚʠʢʦʥʫʶʪʴʩʷ ʜʣʷ 

ʧʽʰʦʭʦʜʘ ʫ ʩʚʽʪʣʦʤʫ ʦʜʷʟʽ, ʫ ʪʝʤʥʦʤʫ ʦʜʷʟʽ ʪʘ ʫ ʦʜʷʟʽ ʟʽ ʩʚʽʪʣʦʚʽʜʙʠʚʘʣʴʥʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ ʫ ʚʠʟʥʘʯʝʥʠʭ ʤʽʩʮʷʭ ʡʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʚ ʧʦʧʝʨʝʯʥʦʤʫ ʧʨʦʬʽʣʽ 

ʜʦʨʦʛʠ. ʉʧʦʩʪʝʨʽʛʘʯʽ ʚ ʊɿ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʫʤʦʚʘʭ ʤʘʢʩʠʤʘʣʴʥʦ ʥʘʙʣʠʞʝʥʠʭ ʜʦ 

ʫʤʦʚ ʨʦʙʦʪʠ ʚʦʜʽʷ ʚ ʥʽʯʥʠʡ ʯʘʩ, ʦʩʢʽʣʴʢʠ ʾʤ ʥʝʚʽʜʦʤʠʡ ʢʦʣʽʨ ʦʜʝʞʽ ʧʽʰʦʭʦʜʘ, 

ʚʠʜʠʤʽʩʪʴ ʷʢʦʛʦ ʚʦʥʠ ʚʠʟʥʘʯʘʶʪʴ. 

7. ɿʘ ʧʦʢʘʟʘʤʠ ʣʶʢʩʤʝʪʨʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʦʩʚʽʪʣʝʥʽʩʪʴ ʜʦʨʦʛʠ ʪʘ ʧʽʰʦʭʦʜʘ ʥʘ 

ʥʽʡ ʥʘ ʤʝʞʽ ʨʦʟʨʽʟʥʝʥʥʷ ʪʘ ʥʘ ʨʽʟʥʠʭ ʜʠʩʪʘʥʮʽʷʭ ʜʦ ʘʚʪʦʤʦʙʽʣʷ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʚʠʜʠʤʦʩʪʽ ʧʽʰʦʭʦʜʽʚ ʥʘ ʜʦʨʦʟʽ ʚ ʨʝʞʠʤʽ ʨʦʙʦʪʠ ʬʘʨ ʊɿ 

çʜʘʣʴʥʻ ʩʚʽʪʣʦè ʧʦʢʘʟʘʣʠ, ʱʦ ʟʥʘʯʝʥʥʷ ʚʽʜʩʪʘʥʽ ʚʠʜʠʤʦʩʪʽ ʜʣʷ ʨʽʟʥʠʭ 

ʘʚʪʦʤʦʙʽʣʽʚ ʟ ʛʘʣʦʛʝʥʥʠʤʠ ʬʘʨʘʤʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚ ʤʝʞʘʭ 20 % (ʪʘʙʣ. 4.6). 

 

ʊʘʙʣʠʮʷ 4.6 ï ʇʦʢʘʟʥʠʢʠ ʚʠʜʠʤʦʩʪʽ ʧʽʰʦʭʦʜʽʚ 

ɻʨʫʧʘ 

ʘʚʪʦʤʦʙʽʣʽʚ 

ɿʥʘʯʝʥʥʷ ʚʽʜʩʪʘʥʽ ʚʠʜʠʤʦʩʪʽ ʧʽʰʦʭʦʜʽʚ, ʤ 

ʇʽʰʦʭʽʜ ʫ  

ʪʝʤʥʦʤʫ ʦʜʷʟʽ 

ʇʽʰʦʭʽʜ ʫ  

ʩʚʽʪʣʦʤʫ ʦʜʷʟʽ 

ʇʽʰʦʭʽʜ ʫ ʦʜʷʟʽ ʟʽ 

ʩʚʽʪʣʦʚʽʜʙʠʚʘʣʴʥʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ 

ʩʠʣʫʝʪʥʘ ʢʦʥʢʨʝʪʥʘ ʩʠʣʫʝʪʥʘ ʢʦʥʢʨʝʪʥʘ ʩʠʣʫʝʪʥʘ ʢʦʥʢʨʝʪʥʘ 

1 2 3 4 5 6 7 

Audi A6 (ʉ5) 123-134 106-117 158-169 148-160 240-254 203-219 

Opel Vectra B 114-122 96-105 149-158 139-149 228-243 192-206 

Wolksvagen 

Caddy 
120-128 99-110 154-163 144-155 234-246 198-211 

Mitsubishi 

Pajero 
117-126 102-114 144-151 134-142 215-230 187-202 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣ. 4.6 

1 2 3 4 5 6 7 

Renault Megane 113-118 94-102 146-154 137-144 225-235 191-208 

Peugeot 301 119-125 100-109 157-164 145-153 236-243 198-212 

Mercedes Vito 137-148 123-134 172-180 163-174 252-264 215-233 

Skoda Octavia 137-146 123-133 175-182 163-174 251-263 214-233 

Opel Astra G 116-121 96-104 151-157 138-148 230-241 196-213 

Chery Amulet 

ɸ15 
112-121 95-103 146-157 134-146 216-238 193-213 

Daewoo Lanos, 

Sens 
106-118 90-104 132-140 121-129 213-235 177-196 

ɺɸɿ 11183, 

11193 
122-133 105-119 146-157 134-146 214-229 190-206 

ɺɸɿ 21093, 

21099, 2113, 

2114, 2115, 

2121 

107-118 90-105 132-140 121-129 207-221 179-196 

ɺɸɿ 2110, 

2111, 2112 
117-126 100-114 140-151 130-138 214-232 185-201 

ɺɸɿ 2170 119-129 100-115 143-151 131-140 214-231 187-204 

ɿɸɿ 110207, 

110307, 110557 
109-120 92-106 134-143 122-132 208-221 177-196 

 

ʇʨʦʚʝʜʝʥʘ ʩʝʨʽʷ ʩʧʣʘʥʦʚʘʥʠʭ ʥʘʪʫʨʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʟ ʚʠʟʥʘʯʝʥʥʷ 

ʚʽʜʩʪʘʥʽ ʚʠʜʠʤʦʩʪʽ ʪʝʩʪ-ʦʙôʻʢʪʽʚ ʥʘ ʜʦʨʦʟʽ ʚ ʪʝʤʥʫ ʧʦʨʫ ʜʦʙʠ ʜʦʟʚʦʣʠʣʘ 

ʦʪʨʠʤʘʪʠ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜʩʪʘʥʽ ʚʠʜʠʤʦʩʪʽ ʚʽʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙôʻʢʪʘ ʨʦʟʨʽʟʥʝʥʥʷ 

ʜʣʷ ʬʘʨ ʨʽʟʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʚ ʨʝʞʠʤʽ ʨʦʙʦʪʠ ʙʣʠʞʥʴʦʛʦ ʽ ʜʘʣʴʥʴʦʛʦ ʩʚʽʪʣʘ, 

ʧʨʠʢʣʘʜ ʷʢʠʭ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 4.6, ʨʝʰʪʘ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ 

ɼʦʜʘʪʢʫ ɽ. 
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1 ï ʟʘʛʘʣʴʥʘ ʚʠʜʠʤʽʩʪʴ ʪʝʩʪ-ʦʙôʻʢʪʘ; 2 ï ʚʠʜʠʤʽʩʪʴ ʧʽʰʦʭʦʜʘ ʫ ʩʚʽʪʣʦʤʫ ʦʜʷʟʽ; 3 ï ʚʠʜʠʤʽʩʪʴ 

ʧʽʰʦʭʦʜʘ ʫ ʪʝʤʥʦʤʫ ʦʜʷʟʽ; 4 ï ʧʽʰʦʭʽʜ ʫ ʦʜʷʟʽ ʟʽ ʩʚʽʪʣʦʚʽʜʙʠʚʘʣʴʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ. 

 

ʈʠʩʫʥʦʢ 4.6 ï ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜʩʪʘʥʽ ʚʠʜʠʤʦʩʪʽ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ 

ʦʙôʻʢʪʘ ʨʦʟʨʽʟʥʝʥʥʷ ʜʣʷ ʬʘʨ ʟ ʣʘʤʧʘʤʠ ʅ7 (Skoda Octavia) 

 

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥ ɹ ʟ ʦʮʽʥʶʚʘʥʥʷ 

ʦʩʚʽʪʣʝʥʦʩʪʽ ʜʦʨʦʛʠ E ʫ ʩʚʽʪʣʽ ʬʘʨ ʊɿ (ʨʠʩ. 4.7) ʧʦʢʘʟʫ,̒ ʱʦ ʜʣʷ ʙʣʠʞʥʴʦʛʦ 

ʩʚʽʪʣʘ ʬʘʨ ʦʩʚʽʪʣʝʥʽʩʪʴ ʥʘʡʽʥʪʝʥʩʠʚʥʽʰʝ ʟʨʦʩʪʘʻ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʜʠʩʪʘʥʮʽʾ ʜʦ 
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ʘʚʪʦʤʦʙʽʣʷ ʟ 40 ʜʦ 10 ʤ, ʮʝʡ ʧʦʢʘʟʥʠʢ ʜʣʷ ʜʘʣʴʥʴʦʛʦ ʩʚʽʪʣʘ ʬʘʨ ʟʤʽʥʶʻʪʴʩʷ 

ʚʽʜʧʦʚʽʜʥʦ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜʩʪʘʥʝʡ ʟ 70 ʜʦ 10 ʤ. 
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1 ï ʙʣʠʞʥʻ ʩʚʽʪʣʦ ʬʘʨ (ʣʘʤʧʘ ʅ7), 2 ï ʜʘʣʴʥ ̒ʩʚʽʪʣʦ ʬʘʨ (ʣʘʤʧʘ ʅ1) 

 

ʈʠʩʫʥʦʢ 4.7 ï ɿʘʣʝʞʥʽʩʪʴ ʦʩʚʽʪʣʝʥʦʩʪʽ ʜʦʨʦʛʠ ʚʽʜ ʚʽʜʩʪʘʥʽ ʜʦ ʘʚʪʦʤʦʙʽʣʷ  

 

ʆʩʚʽʪʣʝʥʽʩʪʴ, ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʨʦʟʨʽʟʥʝʥʥʷ ʦʙôʻʢʪʘ ʚ ʧʝʚʥʽʡ ʜʦʨʦʞʥʴʦ-

ʪʨʘʥʩʧʦʨʪʥʽʡ ʩʠʪʫʘʮʽʾ, ʟʨʦʩʪʘʻ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʽʜʩʪʘʥʽ ʜʦ ʥʴʦʛʦ (ʨʠʩ. 4.8) ʪʘ ʻ 

ʟʤʽʥʥʦʶ ʚʝʣʠʯʠʥʦʶ.  

 



276 

0 20 40 60 80 100

0

0,2

0,4

0,6

0,8

1

1,2

1,4

SV, ʤ

En, ʣʢ

 

 

ʈʠʩʫʥʦʢ 4.8 ï ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜʩʪʘʥʽ ʚʠʜʠʤʦʩʪʽ SV ʚʽʜ 

ʢʨʠʪʠʯʥʦʾ ʦʩʚʽʪʣʝʥʦʩʪʽ ʦʙôʻʢʪʘ En 

 

ʆʯʝʚʠʜʥʦ, ʱʦ ʜʣʷ ʚʦʜʽʷ ʊɿ ʥʘʡʢʨʘʱʦʶ ʙʫʜʝ ʪʘ ʩʠʩʪʝʤʘ ʦʩʚʽʪʣʝʥʥʷ, ʷʢʘ 

ʩʪʚʦʨʶʻ ʙʽʣʴʰʫ ʦʩʚʽʪʣʝʥʽʩʪʴ ʚ ʭʘʨʘʢʪʝʨʥʠʭ ʪʦʯʢʘʭ, ʚʽʜʜʘʣʝʥʠʭ ʚʽʜ ʘʚʪʦʤʦʙʽʣʷ 

ʥʘ ʧʝʚʥʽ ʚʽʜʩʪʘʥʽ. ɸʣʝ ʟ ʪʦʯʢʠ ʟʦʨʫ ʙʝʟʧʝʢʠ ʨʫʭʫ, ʜʦʩʢʦʥʘʣʽʩʪʴ ʩʚʽʪʣʦʨʦʟʧʦʜʽʣʫ 

ʩʠʩʪʝʤʠ ʦʩʚʽʪʣʝʥʥʷ ʩʣʽʜ ʦʮʽʥʶʚʘʪʠ ʟʘ ʚʝʣʠʯʠʥʦʶ ʤʽʥʽʤʘʣʴʥʦʾ ʦʩʚʽʪʣʝʥʦʩʪʽ, 

ʩʪʚʦʨʝʥʦʾ ʩʠʩʪʝʤʦʶ ʦʩʚʽʪʣʝʥʥʷ ʊɿ, ̫ ʢʘ ʜʦʩʪʘʪʥʷ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʪʝʩʪ-ʦʙôʻʢʪʘ. 

 

4.2.2 ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʜʠʤʦʩʪʽ ʜʦʨʦʛʠ ʪʘ ʦʙôʻʢʪʽʚ 

ʜʦʨʦʞʥʴʦʾ ʦʙʩʪʘʥʦʚʢʠ ʚ ʪʝʤʥʫ ʧʦʨʫ ʜʦʙʠ ʧʨʠ ʜʽʾ ʩʚʽʪʣʘ ʬʘʨ ʟʫʩʪʨʽʯʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʜʽʾ ʩʚʽʪʣʘ ʬʘʨ ʟʫʩʪʨʽʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ 

ʥʘ ʟʤʽʥʫ ʚʠʜʠʤʦʩʪʽ ʦʙôʻʢʪʘ ʚ ʪʝʤʥʫ ʧʦʨʫ ʜʦʙʠ ʙʫʣʦ ʚʠʢʦʥʘʥʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʜʦʨʦʞʥʽʭ ʫʤʦʚʘʭ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʭʝʤ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʥʘ ʨʠʩ. 4.9, 

4.10. 
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ʈʠʩʫʥʦʢ 4.9 ï ʇʦʯʘʪʢʦʚʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʊɿ 

 

ɼʽʣʷʥʢʘ ʘʚʪʦʤʦʙʽʣʴʥʦʾ ʜʦʨʦʛʠ, ʥʘ ʷʢʽʡ ʧʨʦʚʦʜʠʚʩʷ ʝʢʩʧʝʨʠʤʝʥʪ, 

ʧʨʦʭʦʜʠʣʘ ʧʘʨʘʣʝʣʴʥʦ ʤʽʞʥʘʨʦʜʥʽʡ ʘʚʪʦʤʦʙʽʣʴʥʽʡ ʜʦʨʦʟʽ ʄ12 ʫ ʥʘʧʨʷʤʢʫ 

ʨʫʭʫ ʟ ʤ. ɺʽʥʥʠʮʷ ʜʦ ʤ. ʍʤʝʣʴʥʠʮʴʢʠʡ (ʚ ʨʘʡʦʥʽ ʩ. ʗʢʫʰʠʥʮʽ). ɼʘʥʘ ʜʽʣʷʥʢʘ 

ʛʦʨʠʟʦʥʪʘʣʴʥʘ (ʥʝʛʦʨʠʟʦʥʪʘʣʴʥʽʩʪʴ ʥʝ ʧʝʨʝʚʠʱʫʻ 1,5 %), ʟ ʪʚʝʨʜʠʤ 

ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʠʤ ʧʦʢʨʠʪʪʷʤ, ʤʘʻ ʜʦʚʞʠʥʫ ʙʣʠʟʴʢʦ 700 ʤ ʪʘ ʟ ʦʙʦʭ ʩʪʦʨʽʥ 

ʦʛʦʨʦʜʞʝʥʘ ʣʽʩʦʩʤʫʛʘʤʠ. ʐʚʠʜʢʽʩʪʴ ʚʽʪʨʫ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʚʠʧʨʦʙʫʚʘʥʴ 

ʟʥʘʭʦʜʠʣʘʩʴ ʚ ʤʝʞʘʭ 0-4 ʤ/ʩ, ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ ʢʦʣʠʚʘʣʘʩʴ ʚʽʜ 15 ʜʦ 25̄ ʉ. 

ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʜʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʙʫʣʦ ʟʘʜʽʷʥʦ 5 ʩʧʦʩʪʝʨʽʛʘʯʽʚ ʟ 

ʛʦʩʪʨʦʪʦʶ ʟʦʨʫ 0,9é1,0 ʪʘ ʜʦʧʦʤʽʞʥʽ ʟʘʩʦʙʠ: ʣʘʟʝʨʥʠʡ ʜʘʣʴʥʦʤʽʨ SNDWAY 

SW-T100 (20-ʪʠ ʤʝʪʨʦʚʘ ʨʫʣʝʪʢʘ), ʣʽʭʪʘʨ, ʧʨʦʥʫʤʝʨʦʚʘʥʽ ʬʽʰʢʠ, 

ʩʚʽʪʣʦʚʽʜʙʠʚʘʯ, ʢʨʝʡʜʘ ʜʣʷ ʨʦʟʤʽʪʢʠ ʧʨʦʾʟʥʦʾ ʯʘʩʪʠʥʠ.  

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʚʽʜʩʪʘʥʝʡ ʚʠʜʠʤʦʩʪʽ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʜʣʷ ʬʘʨ 

ʘʚʪʦʤʦʙʽʣʽʚ ʟ ʛʘʣʦʛʝʥʥʠʤʠ ʣʘʤʧʘʤʠ ʪʠʧʫ ʅ4 (12 ɺ, 55-60 ɺʪ), ʱʦ 

ʧʝʨʝʩʫʚʘʶʪʴʩʷ ʧʦ ʜʚʦʩʤʫʛʦʚʽʡ ʜʦʨʦʟʽ ʟʘʛʘʣʴʥʦʶ ʰʠʨʠʥʦ  ʁʧʨʦʾʟʥʦʾ ʯʘʩʪʠʥʠ 

7.5 ʤ, ʚʽʜʩʪʘʥʴ ʤʽʞ ʘʚʪʦʤʦʙʽʣʷʤʠ ʧʦ ʰʠʨʠʥʽ 3 ʤ.  
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ʌʘʨʠ 

ʦʩʥʦʚʥʦʛʦ  

ʘʚʪʦʤʦʙʽʣʷ

ʌʘʨʠ ʟʫʩʪʨʽʯʥʦʛʦ ʘʚʪʦʤʦʙʽʣʷ

ʆʯʽ ʚʦʜʽʷ

              ʆʙô̒ ʢʪ

 

ʃʽʥʽʷ ʟʦʨʫ

 

 

ʈʠʩʫʥʦʢ 4.10 ï ʉʭʝʤʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʽʜʩʪʘʥʽ ʚʠʜʠʤʦʩʪʽ ʦʙôʻʢʪʫ ʥʘ ʜʦʨʦʟʽ ʫ 

ʩʚʽʪʣʽ ʬʘʨ ʟʫʩʪʨʽʯʥʦʛʦ ʊɿ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚ ʜʦʨʦʞʥʽʭ ʫʤʦʚʘʭ 

 

ɸʣʛʦʨʠʪʤ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ. 

1. ɼʚʘ ʊɿ (ʦʩʥʦʚʥʠʡ ʽ ʟʫʩʪʨʽʯʥʠʡ) ʙʫʣʠ ʨʦʟʤʽʱʝʥʽ ʚ ʩʚʦʾʭ ʩʤʫʛʘʭ ʥʘ ʚʽʜʩʪʘʥʽ 

250 ʤ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ. ɼʽʣʷʥʢʘ ʜʦʨʦʛʠ ʤʽʞ ʘʚʪʦʤʦʙʽʣʷʤʠ ʙʫʣʘ ʨʦʟʤʽʯʝʥʘ 

ʢʨʝʡʜʦʶ ʽ ʬʽʰʢʘʤʠ ʥʘ ʚʽʜʨʽʟʢʠ (ʜʠʚ. ʨʠʩ. 4.9). 
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2. ɼʣ̫ ʧʽʜʚʠʱʝʥʥʷ ʦʙôʻʢʪʠʚʥʦʩʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʟʘʜʽʷʥʦ ʧôʷʪʴ 

ʩʧʦʩʪʝʨʽʛʘʯʽʚ, ʷʢʽ ʧʦ ʯʝʨʟʽ ʟ ʤʽʩʮʷ ʚʦʜʽʷ ʤʘʣʠ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʘʪʠ ʚʽʜʩʪʘʥʴ, 

ʱʦ ʜʦʟʚʦʣʷʻ ʾʤ ʨʦʟʨʽʟʥʠʪʠ ʝʣʝʤʝʥʪʠ ʜʦʨʦʛʠ ʪʘ ʩʚʽʪʣʦʚʽʜʙʠʚʘʯ. 

3. ɺʠʜʠʤʽʩʪʴ ʝʣʝʤʝʥʪʽʚ ʜʦʨʦʛʠ ʚʩʪʘʥʦʚʣʶʚʘʣʘʩʴ ʟʘ ʤʘʢʩʠʤʘʣʴʥʦ  ʁ

ʚʽʜʩʪʘʥʥʶ ʨʦʟʨʽʟʥʝʥʥʷ ʧʨʘʚʦ ʾʛʨʘʥʠʮ ̔ʧʨʦʾʟʥʦʾ ʯʘʩʪʠʥʠ ʪʘ ʫʟʙʽʯʯʷ. 

4. ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʽʜʩʪʘʥʽ ʚʠʜʠʤʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʜʦʨʦʛʠ ʦʜʠʥ ʫʯʘʩʥʠʢ 

ʝʢʩʧʝʨʠʤʝʥʪʫ ʟʽ ʩʚʽʪʣʦʚʽʜʙʠʚʘʯʝʤ ʚʽʜʜʘʣʷʚʩʷ ʚʽʜ ʦʩʥʦʚʥʦʛʦ ʘʚʪʦʤʦʙʽʣʷ ʚʟʜʦʚʞ 

ʧʨʘʚʦʛʦ ʫʟʙʽʯʯ ̫ʪʘ ʧʝʨʽʦʜʠʯʥʦ ʧʦʚʝʨʪʘʚ ʩʚʪ̔ʣʦʚʽʜʙʠʚʘʯ ʘʢʪʠʚʥʦʶ ʧʦʚʝʨʭʥʝʶ 

ʚ ʩʪʦʨʦʥʫ ʩʧʦʩʪʝʨʽʛʘʯʽʚ. 

5. ʉʧʦʩʪʝʨʽʛʘʯʽ ʟʘ ʚʽʜʩʚʽʯʫʚʘʥʥʷʤ ʩʚʽʪʣʦʚʽʜʙʠʚʘʯʘ ʚʽʜʤʽʯʘʣʠ ʤʽʩʮʝ, ʜʝ 

ʝʣʝʤʝʥʪʠ ʜʦʨʦʛʠ ʱʝ ʨʦʟʧʽʟʥʘʶʪʴʩʷ. 

6. ɺʽʜʩʪʘʥʴ ʚʽʜ ʚʢʘʟʘʥʦʛʦ ʤʽʩʮʷ ʩʧʦʩʪʝʨʽʛʘʯʘʤʠ ʜʦ ʧʝʨʝʜʥʴʦʾ ʯʘʩʪʠʥʠ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʻ ʚʠʜʠʤʽʩʪʶ ʜʦʨʦʛʠ, ̫ ʢʫ ʧʦʪʨʽʙʥʦ ʙʫʣʦ ʟʥʘʡʪʠ. 

7. ʅʘʩʪʫʧʥʠʤ ʝʪʘʧʦʤ ʝʢʩʧʝʨʠʤʝʥʪʫ ʙʫʣʦ ʚʠʟʥʘʯʝʥʥʷ ʚʽʜʩʪʘʥʽ ʚʠʜʠʤʦʩʪʽ 

ʦʙôʻʢʪʫ ʥʘ ʜʦʨʦʟʽ ʧʨʠ ʟʙʣʠʞʝʥʥ ̔ʘʚʪʦʤʦʙʽʣʽʚ, ʷʢʝ ʚʠʢʦʥʫʚʘʣʦʩʴ ʟ ʚʽʜʩʪʘʥʽ ʤʽʞ 

ʥʠʤʠ ʫ 250 ʤ ʜʦ ʤʦʤʝʥʪʫ ʾʭ ʟʫʩʪʨʽʯʥʦʛʦ ʨʦʟôʾʟʜʫ. ʇʽʜ ʯʘʩ ʝʢʩʧʝʨʠʤʝʥʪʫ 

ʨʫʭʘʚʩʷ ʦʜʠʥ ʘʚʪʦʤʦʙʽʣʴ, ʘ ʽʥʰʠʡ ʙʫʚ ʥʝʨʫʭʦʤʠʤ. ʍ̔ ʜ ʧʨʦʚʝʜʝʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʦʚʪʦʨʶʚʘʚʩʷ. 

ʋʟʘʛʘʣʴʥʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʟ ʚʠʟʥʘʯʝʥʥʷ ʚʽʜʩʪʘʥʽ ʚʠʜʠʤʦʩʪʽ 

ʦʙôʻʢʪʘ ʥʘ ʜʦʨʦʟʽ ʫ ʩʚʽʪʣʽ ʬʘʨ ʟʫʩʪʨʽʯʥʦʛʦ ʘʚʪʦʤʦʙʽʣ ̫ʟʘ ʧʫʥʢʪʦʤ 6, ʦʪʨʠʤʘʥʽ 

ʜʣʷ 95% ʨʽʚʥʷ ʜʦʚʽʨʠ, ʧʦʜʘʥʽ ʥʘ ʨʠʩʫʥʢʫ 4.11.  

ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʦʜʝʨʞʘʥʫ ʛʨʘʬʽʯʥʫ ʟʘʣʝʞʥʽʩʪʴ (ʨʠʩ. 4.11) ʤʦʞʥʘ 

ʧʦʙʘʯʠʪʠ, ʱʦ ʟ ʤʦʤʝʥʪʫ ʟʤʝʥʰʝʥʥʷ ʚʽʜʩʪʘʥʽ ʤʽʞ ʘʚʪʦʤʦʙʽʣʷʤʠ ʜʦ 200-250 ʤ 

ʧʦʯʠʥʘʻʪʴʩʷ ʧʨʦʮʝʩ ʩʢʦʨʦʯʝʥʥʷ ʚʽʜʩʪʘʥʽ ʚʠʜʠʤʦʩʪʽ ʦʙôʻʢʪʽʚ ʚʥʘʩʣʽʜʦʢ ʜʽʾ 

ʩʣʽʧʫʯʦʾ ʙʣʠʩʢʫʯʦʩʪʽ ʬʘʨ. ʅʘ ʜ̔ʣʷʥʮʽ 0,2 ʢʤ ʚʦʜʽʾ ʪʽʻ ʁ ʯʠ ʽʥʰʦ  ʁ ʤʽʨʦ  ʁ

ʚʪʨʘʯʘʶʪʴ ʚʠʜʠʤʽʩʪʴ, ʧʨʠ Sa = 110 ʤ ʚʽʜʩʪʘʥʴ ʚʠʜʠʤʦʩʪʽ ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ 15 %, 

ʧʨʠ Sa = 70 ʤ ï ʥʘ 23 %, ʱʦ ʟʤʝʥʰʫʻ ʚʝʣʠʯʠʥʫ ʙʝʟʧʝʯʥʦʾ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ 

ʘʚʪʦʤʦʙʽʣʽʚ ʜʦʨʦʛʘʤʠ ʟʘʛʘʣʴʥʦʾ ʤʝʨʝʞʽ. ʇʦʜʘʣʴʰʝ ʟʤʝʥʰʝʥʥʷ ʚʽʜʩʪʘʥʽ ʤʽʞ 

ʘʚʪʦʤʦʙʽʣʷʤʠ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʤʽʥʶʻ ʚʠʜʠʤʩ̔ʪɹ. 
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ʈʠʩʫʥʦʢ 4.11 ï ɿʘʣʝʞʥʽʩʪʴ ʚʽʜʩʪʘʥʽ ʚʠʜʠʤʦʩʪʽ SV ʚʽʜ ʚʽʜʩʪʘʥʽ ʤʽʞ ʊɿ Sa 

 

ʈʝʟʫʣʴʪʘʪʠ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʥʘʯʝʥʴ ʚʽʜʩʪʘʥʽ ʚʠʜʠʤʦʩʪʽ ʪʘ ʚʽʜʧʦʚʽʜʥʠʭ 

ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ ʟ ʤʝʪʦʶ ʬʦʨʤʫʚʘʥʥʷ ʥʘʚʯʘʶʯʦʾ ʚʠʙʽʨʢʠ ʜʣʷ ʥʘʚʯʘʥʥʷ 

ʘʜʘʧʪʠʚʥʦʾ ʥʝʡʨʦ-ʥʝʯʽʪʢʦʾ ʤʦʜʝʣʽ ʧʦʜʘʥʽ ʚ ɼʦʜʘʪʢʫ ɽ. 

ʆʪʨʠʤʘʥʽ ʘʚʪʦʨʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʜʦʙʨʝ ʢʦʨʝʣʶʶʪʴ ʟ ʽʥʰʠʤʠ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʬʘʨ ʛʦʣʦʚʥʦʛʦ ʦʩʚʽʪʣʝʥʥʷ ʊɿ 

[334, 346]. 

 

4.3 ɯʥʝʨʮʽʡʥʝ ʦʮʽʥʶʚʘʥʥʷ ʚʟʘʻʤʦʜʽʾ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʰʠʥ ʟ ʜʦʨʦʛʦʶ ʧʨʠ 

ʝʢʩʪʨʝʥʦʤʫ ʛʘʣʴʤʫʚʘʥʥʽ 

 

ʆʩʥʦʚʥʠʤ ʧʦʢʘʟʥʠʢʦʤ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʛʘʣʴʤʫʚʘʥʥʷ 

ʘʚʪʦʤʦʙʽʣʽʚ ʻ ʫʩʪʘʣʝʥʝ ʩʧʦʚʽʣʴʥʝʥʥʷ, ʥʘ ʦʩʥʦʚʽ ʟʥʘʯʝʥʴ ʷʢʦʛʦ ʝʢʩʧʝʨʪ ʤʦʞʝ 
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ʚʠʟʥʘʯʠʪʠ ʜʦʚʞʠʥʫ ʛʘʣʴʤʽʚʥʦʛʦ ʯʠ ʟʫʧʠʥʥʦʛʦ ʰʣʷʭʫ ʊɿ ʪʘ ʡʦʛʦ ʰʚʠʜʢʽʩʪʴ ʚ 

ʧʨʦʮʝʩʽ ʛʘʣʴʤʫʚʘʥʥʷ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʜʠʥʘʤʽʢʠ ʛʘʣʴʤʫʚʘʥʥʷ 

ʊɿ ʟʜʽʡʩʥʶʚʘʣʠʩʷ ʟ 2006 ʨʦʢʫ ʧʝʨʝʚʘʞʥʦ ʟ ʚʠʾʟʜʦʤ ʥʘ ʤʽʩʮʝ ɼʊʇ ʘʙʦ ʚ 

ʜʦʨʦʞʥʽʭ ʫʤʦʚʘʭ ʥʘʙʣʠʞʝʥʠʭ ʜʦ ɼʊʇ. ʇʨʠ ʮʴʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ 

ʩʝʨʪʠʬʽʢʦʚʘʥʽ ʩʧʝʮʽʘʣʴʥʽ ʧʨʠʣʘʜʠ MAHA VZM-100, MAHA VZM -300 (ʜʠʚ. 

ʪʘʙʣ. 4.4, ʨʠʩ. 4.12). ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʙʫʣʦ ʧʨʠʜʽʣʝʥʦ ʪʝʭʥʽʯʥʦʤʫ ʩʪʘʥʫ ʊɿ 

(ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʪʝʭʥʽʯʥʠʤ ʨʝʛʣʘʤʝʥʪʘʤ), ʢʦʥʩʪʨʫʢʮʽʾ ʛʘʣʴʤʽʚʥʦʾ ʩʠʩʪʝʤʠ ʊɿ 

(ʥʘʷʚʥʽʩʪʴ ABS, ɺɸ) ʪʘ ʪʠʧʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʰʠʥ. ʊʝʭʥʽʯʥʠʡ ʩʪʘʥ ʊɿ 

ʚʽʜʧʦʚʽʜʘʚ ʚʠʤʦʛʘʤ ʧʨʘʚʠʣ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ. 

 

  

  

 

ʈʠʩʫʥʦʢ 4.12 ï ʆʜʥʽ ʟ ʙʘʛʘʪʴʦʭ ʊɿ, ʱʦ ʙʫʣʠ ʟʘʜʽʷʥʽ ʫ ʚʠʧʨʦʙʫʚʘʥʥʷʭ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʛʘʣʴʤʽʚʥʠʭ ʩʠʩʪʝʤ 

 

ɺʠʧʨʦʙʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩʘʤʦʩʪʽʡʥʦ, ʩʧʽʣʴʥʦ ʟ ʝʢʩʧʝʨʪʘʤʠ ɺʽʥʥʠʮʢɹʦʛʦ 

ʅɼɽʂʎ, ʩʧʽʣʴʥʦ ʟ ʝʢʩʧʝʨʪʘʤʠ ɾʠʪʦʤʠʨʩʴʢʦʛʦ ʅɼɽʂʎ. ʇʨʠʢʣʘʜʠ ʧʨʦʪʦʢʦʣʽʚ 
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ʚʠʤʽʨʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʛʘʣʴʤʽʚʥʠʭ ʩʠʩʪʝʤ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 4.13. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʟ ʽʥʝʨʮʽʡʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʜʠʥʘʤʽʢʠ ʛʘʣʴʤʫʚʘʥʥʷ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʧʦʜʘʥʽ ʫ ɼʦʜʘʪʢʫ ɾ 

 

       

 

 

ʈʠʩʫʥʦʢ 4.13 ï ʇʨʠʢʣʘʜʠ ʧʨʦʪʦʢʦʣʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʜʠʥʘʤʽʢʠ ʛʘʣʴʤʫʚʘʥʥʷ ʊɿ 

 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʩʧʦʚʽʣʴʥʝʥʥʷ ʊɿ ʧʨʠ ʝʢʩʪʨʝʥʦʤʫ 

ʛʘʣʴʤʫʚʘʥʥʽ ʨʘʟʦʤ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ ɺʽʥʥʠʮʴʢʦʛʦ ʪʘ 

ɾʠʪʦʤʠʨʩʴʢʦʛʦ ʅɼɽʂʎ ʟʘ ʧʝʨʽʦʜ ʟ 1.09.2016 ʧʦ 5.05.2019 ʙʫʣʦ ʦʙôʻʜʥʘʥʦ ʚ 

ʦʜʥʫ ʙʘʟʫ, ʷʢʘ ʤʘʻ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʜʘʥʽ ʚ ʪʘʙʣʠʮʽ 4.7.  

 

ʊʘʙʣʠʮʷ 4.7 ï ʂʽʣʴʢʽʩʪʴ ʚʠʢʦʥʘʥʠʭ ʜʦʩʣʽʜʽʚ (ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʊɿ) 

ʂʘʪʝʛʦʨʽʷ ʊɿ 

ɼʦʨʦʞʥʻ ʧʦʢʨʠʪʪʷ 
M 1 M 3 N 1 N 2 N 3 

N 3 ʪʘ 

O 

ʉʫʭʠʡ ʘʩʬʘʣʴʪʦʙʝʪʦʥ 648(182) 48(8) 86(12) 64(11) 52(9) 38(6) 

ʄʦʢʨʠʡ ʘʩʬʘʣʴʪʦʙʝʪʦʥ 

(ʧʣʽʚʢʘ 0,2ʤʤ) 
184(52) 34(11) 72(23) 46(14) 8(2) ï 

ʋʢʦʯʝʥʠʡ ʩʥʽʛ 96(28) ï 28(7) 10(4) ï ï 

ʆʞʝʣʝʜʠʮʷ 52(15) ï 16(4) 8(2) ï ï 
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ʈʝʟʫʣʴʪʘʪʠ ʫʟʘʛʘʣʴʥʝʥʥʷ ʚʠʢʦʥʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʩʫʭʦʛʦ 

ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʦʛʦ ʧʦʢʨʠʪʪʷ ʧʦʜʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 4.14. ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ 

ʚʠʢʦʥʫʚʘʚʩʷ ʟʘʩʦʙʘʤʠ MS Excel. ʇʦʜʘʥʽ ʧʦʢʘʟʥʠʢʠ ʦʪʨʠʤʘʥʽ ʜʣʷ 95% ʨʽʚʥʷ 

ʜʦʚʽʨʠ. ʆʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʘʣʘ, ʱʦ ʧʨʦʮʝʩ ʛʘʣʴʤʫʚʘʥʥʷ ʊɿ 

ʻ ʩʪʦʭʘʩʪʠʯʥʠʤ ʽ ʜʫʞʝ ʜʦʙʨʝ ʦʧʠʩʫʻʪʴʩʷ ʥʦʨʤʘʣʴʥʠʤ ʟʘʢʦʥʦʤ. ʆʪʨʠʤʘʥʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʜʦʙʨʝ ʢʦʨʝʣʶʶʪʴ ʟ ʽʥʰʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʛʘʣʴʤʫʚʘʥʥʷ ʊɿ [84, 184, 185, 187]. 

 

 

 

ʈʠʩʫʥʦʢ 4.14 ï ʋʩʝʨʝʜʥʝʥʽ ʧʦʢʘʟʥʠʢʠ ʫʩʪʘʣʝʥʦʛʦ ʩʧʦʚʽʣʴʥʝʥʥʷ ʥʘ ʩʫʭʦʤʫ 

ʘʩʬʘʣʴʪʦʙʝʪʦʥʽ 

 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʟ ʽʥʝʨʮʽʡʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʜʠʥʘʤʽʢʠ ʛʘʣʴʤʫʚʘʥʥʷ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʧʦʜʘʥʽ ʫ ɼʦʜʘʪʢʫ ɾ. 

ɿ ʤʝʪʦʶ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʧʣʠʚʫ ʢʦʥʩʪʨʫʢʮʽʾ ʛʘʣʴʤʽʚʥʦʾ ʩʠʩʪʝʤʠ ʊɿ 

(ʥʘʷʚʥʽʩʪʴ ABS, ɺɸ) ʪʘ ʪʠʧʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʰʠʥ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʝʢʩʪʨʝʥʦʛʦ ʛʘʣʴʤʫʚʘʥʥʷ ʙʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʧʨʦʪʦʢʦʣʠ ʚʠʧʨʦʙʫʚʘʥʴ ʊɿ 

ʢʘʪʝʛʦʨʽʾ ʄ1: ʙʝʟ ABS ï 51 ʦʜ., ʟ ABS ï 63ʦʜ., ʟ ABS ʪʘ ɺɸ ï 48 ʦʜ. ʈʝʟʫʣʴʪʘʪʠ 
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ʈʝʢʦʤʝʥʜʦʚʘʥʝ ʩʝʨʝʜʥʴʦʩʪʘʪʠʩʪʠʯʥʝ ʟʥʘʯʝʥʥʷ [84]ʃʽʪʥʽ ʰʠʥʠ, ʟ ABS

ʃʽʪʥʽ ʰʠʥʠ, ʙʝʟ ABS ɿʠʤʦʚʽ ʰʠʥʠ, ʟ ABS

ɿʠʤʦʚʽ ʰʠʥʠ, ʙʝʟ ABS ɺʩʝʩʝʟʦʥʥʽ ʰʠʥʠ, ʟ ABS

ɺʩʝʩʝʟʦʥʥʽ ʰʠʥʠ, ʙʝʟ ABS
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ʫʟʘʛʘʣʴʥʝʥʥ ̫ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʫ ʩʝʨʝʜʦʚʠʱʽ MS Excel, ʦʪʨʠʤʘʥʽ ʜʣʷ 

95% ʨʽʚʥʷ ʜʦʚʽʨʠ, ʧʦʜʘʥʦ ʫ ʪʘʙʣʠʮʽ 4.8 ʪʘ ʥʘ ʨʠʩʫʥʢʘʭ 4.15, 4.16. 

 

ʊʘʙʣʠʮʷ 4.8 ï ʋʟʘʛʘʣʴʥʝʥʽ ʧʦʢʘʟʥʠʢʠ ʫʩʪʘʣʝʥʦʛʦ ʩʧʦʚʽʣʴʥʝʥʥʷ ʚ ʤ/ʩ2 ʟʽ 

ʰʚʠʜʢʦʩʪʽ 40 ʢʤ/ʛʦʜ  

ʊʠʧ ʰʠʥ,  

ʨʦʙʦʪʘ ABS, ɺɸ 

 

ɼʦʨʦʞʥʻ ʧʦʢʨʠʪʪʷ  

ʃʽʪʥʽ ʰʠʥʠ ɿʠʤʦʚʽ ʰʠʥʠ ʈʝʢʦʤʝʥ-

ʜʦʚʘʥʝ 

ʟʥʘʯʝʥʥʷ 

[84] 

ʙʝʟ 

ABS 

ʟ 

ABS 

ʟ 

ABS, 

ɺɸ 

ʙʝʟ 

ABS 

ʟ 

ABS 

ʟ 

ABS, 

ɺɸ 

ʉʫʭʠʡ ʘʩʬʘʣʴʪʦʙʝʪʦʥ1 7,76 8,29 9,36 7,55 8,03 9,18 7,5 

ʄʦʢʨʠʡ ʘʩʬʘʣʴʪʦʙʝʪʦʥ1 

(ʧʣʽʚʢʘ 0,2ʤʤ) 
5,86 6,71 7,16 6,14 6,83 7,21 5 

ʋʢʦʯʝʥʠʡ ʩʥʽʛ2 ï ï ï 2,98 3,11 3,28 2,5 

ʆʞʝʣʝʜʠʮʷ2 ï ï ï 1,65 1,8 1,9 1,5 

1 ï ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 6-15Áʉ; 

2 ï ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 0Áʉ ʽ ʥʠʞʯʝ. 

 

ɿ ʪʘʙʣʠʮʽ 4.8 ʚʠʜʥʦ, ʱʦ ʣʽʪʥʽ ʰʠʥʠ ʤʘʶʪʴ ʢʨʘʱʽ ʥʘ 2,7% ʧʦʢʘʟʥʠʢʠ 

ʩʧʦʚʽʣʴʥʝʥʥʷ ʧʨʠ ʛʘʣʴʤʫʚʘʥʥʽ ʥʽʞ ʟʠʤʦʚʽ ʥʘ ʩʫʭʦʤʫ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʦʤʫ 

ʧʦʢʨʠʪʪʽ. ʅʘ ʤʦʢʨʦʤʫ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʦʤʫ ʧʦʢʨʠʪʪʽ (ʧʣʽʚʢʘ 0,2ʤʤ) ʟʠʤʦʚʽ 

ʰʠʥʠ ʢʨʘʱʽ ʥʘ 2,4% ʥʽʞ ʣʽʪʥʽ ʟʘ ʟʥʘʯʝʥʥʷʤʠ ʫʩʪʘʣʝʥʦʛʦ ʩʧʦʚʽʣʴʥʝʥʥʷ 

ʘʚʪʦʤʦʙʽʣʽʚ. ɼʘʥʘ ʪʝʥʜʝʥʮʽʷ ʙʫʜʝ ʟʨʦʩʪʘʪʠ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʪʦʚʱʠʥʠ ʚʦʜʷʥʦʾ 

ʧʣʽʚʢʠ [197]. ʋʟʘʛʘʣʴʥʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʫʩʪʘʣʝʥʦʛʦ ʩʧʦʚʽʣʴʥʝʥʥʷ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʨʝʢʦʤʝʥʜʦʚʘʥʠʭ ʩʝʨʝʜʥʴʦʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ ʜʣʷ 

ʝʢʩʧʝʨʪʠʟʠ ɼʊʇ ʚʽʜ 0,7 ʜʦ 44,2%. ʎʝ ʩʫʪʪʻʚʦ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʝʢʩʧʝʨʪʥʠʭ 

ʚʠʩʥʦʚʢʽʚ ʱʦʜʦ ʢʦʥʢʨʝʪʥʦʾ ɼʊʇ. ɿ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʦʙôʻʢʪʠʚʥʦʩʪʽ 

ʘʚʪʦʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ ʧʦʪʨʽʙʥʦ ʚʨʘʭʦʚʫʚʘʪʠ 

ʦʩʦʙʣʠʚʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ ʛʘʣʴʤʽʚʥʦʾ ʩʠʩʪʝʤʠ ʊɿ (ʨʦʙʦʪʫ ABS, ɺɸ ʪʦʱʦ) ʪʘ ʪʠʧ 

ʰʠʥ. 
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ʈʠʩʫʥʦʢ 4.15 ï ʋʩʪʘʣʝʥʝ ʩʧʦʚʽʣʴʥʝʥʥʷ ʊɿ ʢʘʪʝʛʦʨʽʾ ʄ1 ʜʣʷ ʩʫʭʦʛʦ 

ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʦʛʦ ʧʦʢʨʠʪʪʷ 

 

 

 

ʈʠʩʫʥʦʢ 4.16 ï ʋʟʘʛʘʣʴʥʝʥʽ ʧʦʢʘʟʥʠʢʠ ʛʘʣʴʤʽʚʥʦʛʦ ʰʣʷʭʫ ʊɿ ʢʘʪʝʛʦʨʽʾ ʄ1 ʥʘ 

ʩʫʭʦʤʫ ʘʩʬʘʣʴʪʦʙʝʪʦʥʽ 
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ʄʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʝ ʟʘ ʜʘʥʠʤʠ Bosch [197]
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ɿ ʨʠʩʫʥʢʫ 4.15 ʚʠʜʥʦ, ʱʦ ʫʩʪʘʣʝʥʝ ʩʧʦʚʽʣʴʥʝʥʥʷ ʊɿ ʙʝʟ ABS ʟʤʝʥʰʫʻʪʴʩʷ 

ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʧʦʯʘʪʢʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʛʘʣʴʤʫʚʘʥʥʷ, ʱʦ ʜʦʙʨʝ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ [175, 157]. ʊɿ ʟ ABS ʜʝʤʦʥʩʪʨʫʶʪʴ ʧʨʦʪʠʣʝʞʥʫ 

ʪʝʥʜʝʥʮʽʶ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʧʩʠʭʦʣʦʛʽʻʶ ʢʝʨʫʚʘʥʥʷ ʣʶʜʠʥʦʶ-ʦʧʝʨʘʪʦʨʦʤ ʧʨʠ 

ʛʘʣʴʤʫʚʘʥʥʽ [383, 384]. ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʜʣʷ ʊɿ ʟ ABS ʜʦʙʨʝ ʢʦʨʝʣʶʶʪʴ ʟ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦʜʘʥʠʤʠ ʚ [184] ʪʘ [385]. ʊɿ ʟ ɸɹʉ ʪʘ ɺɸ ʤʘʶʪʴ ʥʘʡʙʣʠʞʯʽ 

ʧʦʢʘʟʥʠʢʠ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʠʭ, ʚʠʟʥʘʯʝʥʠʭ ʩʧʝʮʽʘʣʽʩʪʘʤʠ Bosch [197] 

ʜʣʷ ʘʚʪʦʤʦʙʽʣʽʚ ʟʽ ʟʚʠʯʘʡʥʠʤʠ ʜʦʨʦʞʥʽʤʠ ʰʠʥʘʤʠ ʚ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ 

ʝʢʩʧʣʫʘʪʘʮʽʾ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʨʦʙʦʪʠ ʜʘʥʠʭ ʛʘʣʴʤʽʚʥʠʭ ʩʠʩʪʝʤ 

[386, 387]. 

ɿ ʨʠʩʫʥʢʫ 4.16 ʚʠʜʥʦ, ʱʦ ʛʘʣʴʤʽʚʥʠʡ ʰʣʷʭ ʊɿ ʟ ʫʜʦʩʢʦʥʘʣʝʥʥʷʤ 

ʢʦʥʩʪʨʫʢʮʽʾ ʛʘʣʴʤʽʚʥʠʭ ʩʠʩʪʝʤ ʟʤʝʥʰʫʻʪʴʩʷ. ʊʘʢ ʧʨʠ ʰʚʠʜʢʦʩʪʽ 40 ʢʤ/ʛʦʜ 

ʨʽʟʥʠʮʷ ʧʦʢʘʟʥʠʢʽʚ ʜʣʷ ʊɿ ʟ ABS ʪʘ ɺɸ ʽ ʊɿ ʙʝʟ ABS ʩʢʣʘʜʘʻ ʙʽʣʷ 11% (ʊɿ ʟ 

ABS ʽ ʊɿ ʙʝʟ ABS ï ʙʽʣʷ 4%). ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʧʦʯʘʪʢʦʚʦʾ ʰʚʠʜʢʦʩʪʽ 

ʛʘʣʴʤʫʚʘʥʥʷ ʨʽʟʥʠʮʷ ʚ ʧʦʢʘʟʥʠʢʘʭ ʛʘʣʴʤʽʚʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʨʦʩʪʘʻ. ʊʘʢ ʧʨʠ 

ʰʚʠʜʢʦʩʪʽ 100 ʢʤ/ʛʦʜ ʮʽ ʧʦʢʘʟʥʠʢʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʥʘ 28% (18%).  

 

4.4 ʆʮ̔ʥʁ ʚʘʥʥʷ ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʧʨʠ ʝʢʩʪʨʝʥʦʤʫ 

ʛʘʣʴʤʫʚʘʥʥʽ 

 

ɽʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʚʩʷ ʟ ʘʚʪʦʤʦʙʽʣʷʤʠ Skoda Octavia ʪʘ BMW 520i, 

ʟʘʛʘʣʴʥʠʡ ʚʠʜ ʷʢʠʭ ʧʦʜʘʥʦ ʥʘ ʨʠʩ. 4.17. ɺʠʧʨʦʙʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʜʽʣʷʥʮʽ 

ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʦʛʦ ʧʦʢʨʠʪʪʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʨʦʬʽʣʶ. ʉʪʘʥ ʧʦʢʨʠʪʪʷ: ʩʫʭʝ, 

ʤʦʢʨʝ, ʧʦʢʨʠʪʝ ʙʨʫʜʦʤ. ɼʦʩʣʽʜʞʫʚʘʚʩʷ ʚʧʣʠʚ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ 

ʛʘʣʴʤʽʚʥʠʭ ʩʠʣ ʽ ʢʦʝʬʽʮʽʻʥʪʘ ʟʯʝʧʣʝʥʥʷ ʤʽʞ ʢʦʣʝʩʘʤʠ ʘʚʪʦʤʦʙʽʣʷ, ʘ ʪʘʢʦʞ 

ʟʤʽʱʝʥʥʷ ʮʝʥʪʨʫ ʤʘʩ ʘʚʪʦʤʦʙʽʣʷ ʚ ʧʦʧʝʨʝʯʥʦʤʫ ʥʘʧʨʷʤʢʫ ʧʨʠ ʚʽʜʢʣʶʯʝʥʽʡ ABS. 

ʇʨʠʢʣʘʜʠ ʦʪʨʠʤʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʢʨʠʚʠʭ ʨʫʭʫ ʟʘʛʘʣʴʤʦʚʘʥʦʛʦ 

ʘʚʪʦʤʦʙʽʣʷ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦʶ ʽ ʜʽʶʯʦʶ ʤʝʪʦʜʠʢʦʶ 

ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 4.18, 4.19 ʪʘ 4.20.  
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ʈʠʩʫʥʦʢ 4.17 ï ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʊɿ, ʱʦ ʧʨʠʡʤʘʣʠ ʫʯʘʩʪʴ ʫ ʚʠʧʨʦʙʫʚʘʥʥʷʭ 

 

 
 

ʈʠʩʫʥʦʢ 4.18 ï ʊʨʘʻʢʪʦʨʽʷ ʨʫʭʫ ʮʝʥʪʨʘ ʤʘʩ ʟʘʛʘʣʴʤʦʚʘʥʦʛʦ ʘʚʪʦʤʦʙʽʣʷ 

Skoda Octavia ʧʨʠ ʥʝʨʽʚʥʦʤʽʨʥʽʡ ʜʽʾ ʛʘʣʴʤʽʚʥʠʭ ʤʦʤʝʥʪʽʚ 

 

ɺʠʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʨʠʩ. 4.18: ʧʦʯʘʪʢʦʚʘ ʰʚʠʜʢʽʩʪʴ ʛʘʣʴʤʫʚʘʥʥʷ 50 ʢʤ/ʛʦʜ; 

ʢʦʝʬʽʮʽʻʥʪ ʟʯʝʧʣʝʥʥʷ ï 0,7 ʜʣʷ ʚʩʽʭ ʢʦʣʽʩ; ʛʘʣʴʤʦʚʽ ʤʦʤʝʥʪʠ ʥʘ ʢʦʣʝʩʘʭ 

ʘʚʪʦʤʦʙʽʣʷ, ʅĿʤ: ʧʝʨʝʜʥʻ ʣʽʚʝ ï 465, ʧʝʨʝʜʥʻ ʧʨʘʚʝ ï 395, ʟʘʜʥʽ ï 368; ʚʽʜôʻʤʥʽ 

ʟʥʘʯʝʥʥʷ ʢʫʨʩʦʚʦʛʦ ʢʫʪʘ ʪʘ ʙʦʢʦʚʦʛʦ ʟʤʽʱʝʥʥʷ ʚʢʘʟʫʶʪʴ ʥʘ ʟʤʽʱʝʥʥʷ ʘʚʪʦʤʦʙʽʣʷ 

ʚʣʽʚʦ. ɼʣʷ ʨʠʩ. 4.19: ʧʦʯʘʪʢʦʚʘ ʰʚʠʜʢʽʩʪʴ ʛʘʣʴʤʫʚʘʥʥʷ 30 ʢʤ/ʛʦʜ; ʢʦʝʬʽʮʽʻʥʪ 

ʟʯʝʧʣʝʥʥʷ: ʣʽʚʽ ʢʦʣʝʩʘ ï 0,7; ʧʨʘʚʽ ʢʦʣʝʩʘ ï 0,38 (ʧʦʢʨʠʪʠʡ ʙʨʫʜʦʤ 

ʘʩʬʘʣʴʪʦʙʝʪʦʥ); ʛʘʣʴʤʦʚʽ ʤʦʤʝʥʪʠ ʥʘ ʢʦʣʝʩʘʭ ʘʚʪʦʤʦʙʽʣʷ, ʅĿʤ: ʧʝʨʝʜʥʽ ï 945, 

ʟʘʜʥʽ ï 828; ʚʽʜôʻʤʥʽ ʟʥʘʯʝʥʥʷ ʢʫʨʩʦʚʦʛʦ ʢʫʪʘ ʪʘ ʙʽʯʥʦʛʦ ʟʤʽʱʝʥʥʷ ʚʢʘʟʫʶʪʴ ʥʘ 

ʟʤʽʱʝʥʥʷ ʘʚʪʦʤʦʙʽʣʷ ʚʣʽʚʦ. 

0

0,5

1

1,5

2

2,5

3-1,2

-1

-0,8

-0,6

-0,4

-0,2

0

0 5 10 15 20 25 30 35

ʏ
ʘ
ʩ
 

ʛ
ʘ
ʣ
ʴ
ʤ
ʫ
ʚ
ʘ
ʥ
ʥ
ʷ
,
 
ʩ

ʇ
ʦ
ʧ
ʝ
ʨ
ʝ
ʯ
ʥ
ʝ
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ʟ
ʤ
ʽ
ʱ
ʝ
ʥ
ʥ
ʷ
 
(
ʫ
)
,
 
ʤ

ʇʦʟʜʦʚʞʥʻ ʟʤʽʱʝʥʥʷ (ʭ), ʤ

ʂʫʨʩʦʚʠʡ ʢʫʪ ɔmax= -2,12Á

ɼʽʶʯʘ ʤʝʪʦʜʠʢʘ (ʚʝʨʭʥʷ ʛʨʘʥʠʮʷ ʜʽʘʧʘʟʦʥʫ)

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ (ʚʝʨʭʥʷ ʛʨʘʥʠʮʷ ʜʽʘʧʘʟʦʥʫ)

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ (ʥʠʞʥʷ ʛʨʘʥʠʮʷ ʜʽʘʧʘʟʦʥʫ)

ɼʽʶʯʘ ʤʝʪʦʜʠʢʘ (ʥʠʞʥʷ ʛʨʘʥʠʮʷ ʜʽʘʧʘʟʦʥʫ)
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ʈʠʩʫʥʦʢ 4.19 ï ʊʨʘʻʢʪʦʨʽʷ ʨʫʭʫ ʮʝʥʪʨʘ ʤʘʩ ʟʘʛʘʣʴʤʦʚʘʥʦʛʦ ʘʚʪʦʤʦʙʽʣʷ 

BMW 520i ʧʨʠ ʥʝʨʽʚʥʦʤʽʨʥʦʤʫ ʨʦʟʧʦʜʽʣ ̔ʢʦʝʬʽʮʽʻʥʪʽʚ ʟʯʝʧʣʝʥʥʷ ʧʦ ʙʦʨʪʘʤ 

 

 
 

ʈʠʩʫʥʦʢ 4.20 ï ʊʨʘʻʢʪʦʨʽʷ ʨʫʭʫ ʮʝʥʪʨʘ ʤʘʩ ʟʘʛʘʣʴʤʦʚʘʥʦʛʦ ʘʚʪʦʤʦʙʽʣʷ 

Skoda Octavia ʧʨʠ ʡʦʛʦ ʙʽʯʥʦʤʫ ʟʤʽʱʝʥʥʽ 

 

ɿ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʦʢʦʚʦʛʦ ʟʤʽʱʝʥʥʷ ʮʝʥʪʨʘ ʤʘʩ ʘʚʪʦʤʦʙʽʣʷ, ʧʦ ʡʦʛʦ 

ʣʽʚʦʤʫ ʙʦʨʪʫ ʙʫʣʦ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʪʘʰʦʚʘʥʦ ʚʘʥʪʘʞ ʤʘʩʦʶ 200 ʢʛ ʥʘ ʚʽʜʩʪʘʥʽ 0,3 ʤ 

ʚʽʜ ʧʦʟʜʦʚʞʥʴʦʾ ʦʩʽ ʘʚʪʦʤʦʙʽʣʷ. ʇʦʯʘʪʢʦʚʘ ʰʚʠʜʢʽʩʪʴ ʛʘʣʴʤʫʚʘʥʥʷ 50 ʢʤ/ʛʦʜ, 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʟʘ ʨʦʟʨʦʙʣʝʥʠʤʠ ʤʦʜʝʣʷʤʠ [175] ʜʣʷ ʟʘʜʘʥʠʭ ʫʤʦʚ ʨʫʭʫ: 
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ʂʫʨʩʦʚʠʡ ʢʫʪ ɔmax= -7,86Á

ɼʽʶʯʘ ʤʝʪʦʜʠʢʘ (ʚʝʨʭʥʷ ʛʨʘʥʠʮʷ ʜʽʘʧʘʟʦʥʫ)

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ (ʚʝʨʭʥʷ ʛʨʘʥʠʮʷ ʜʽʘʧʘʟʦʥʫ)

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ (ʥʠʞʥʷ ʛʨʘʥʠʮʷ ʜʽʘʧʘʟʦʥʫ)

ɼʽʶʯʘ ʤʝʪʦʜʠʢʘ (ʥʠʞʥʷ ʛʨʘʥʠʮʷ ʜʽʘʧʘʟʦʥʫ)
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ʇʦʟʜʦʚʞʥʻ ʟʤʽʱʝʥʥʷ (ʭ), ʤ

ʂʫʨʩʦʚʠʡ ʢʫʪ ɔmax= 1,52Á

ɼʽʶʯʘ ʤʝʪʦʜʠʢʘ (ʥʠʞʥʷ ʛʨʘʥʠʮʷ ʜʽʘʧʘʟʦʥʫ)

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ (ʥʠʞʥʷ ʛʨʘʥʠʮʷ ʜʽʘʧʘʟʦʥʫ)

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ (ʚʝʨʭʥʷ ʛʨʘʥʠʮʷ ʜʽʘʧʘʟʦʥʫ)

ɼʽʶʯʘ ʤʝʪʦʜʠʢʘ (ʚʝʨʭʥʷ ʛʨʘʥʠʮʷ ʜʽʘʧʘʟʦʥʫ)
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ʢʦʝʬʽʮʽʻʥʪ ʟʯʝʧʣʝʥʥʷ ï 0,7 (ʜʣʷ ʚʩʽʭ ʢʦʣʽʩ); ʛʘʣʴʤʦʚʽ ʤʦʤʝʥʪʠ ʥʘ ʢʦʣʝʩʘʭ 

ʘʚʪʦʤʦʙʽʣʷ, ʅĿʤ: ʧʝʨʝʜʥʽ ï 794, ʟʘʜʥʽ ï 748. 

ʇʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ (ʟʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦʶ ʤʝʪʦʜʠʢʦʶ) ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʧʦʢʘʟʘʣʦ, ʱʦ ʩʝʨʝʜʥ ̫ʚʽʜʥʦʩʥʘ ʧʦʭʠʙʢʘ ʩʪʘʥʦʚʠʪʴ 

4,58%, ʤʘʢʩʠʤʘʣʴʥʘ ʧʦʭʠʙʢʘ ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʘ 7,82 %. 

 

4.5 ɼʦʩʣʽʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʨʫʭʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʧʨʠ ʤʘʥʝʚʨʫʚʘʥʥʽ 

ʟ ʛʘʣʴʤʫʚʘʥʥʷʤ 

 

ʄʝʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ï ʚʩʪʘʥʦʚʠʪʠ ʜʽʘʧʘʟʦʥʠ ʟʤ̔ʥʠ 

ʩʧʦʚʽʣʴʥʝʥʴ ʩʫʯʘʩʥʠʭ ʊɿ, ʢʦʥʩʪʨʫʢʮʽʷ ʷʢʠʭ ʜʦʟʚʦʣʷʻ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʦʜʥʦʯʘʩʥʦ 

ʤʘʥʝʚʨʫʚʘʥʥʷ ʪʘ ʛʘʣʴʤʫʚʘʥʥʷ. 

ʇʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ɼʊʇ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ ʰʚʠʜʢʦʩʪʷʭ ʜʦ 90 ʢʤ/ʛʦʜ, ʪʦʤʫ 

ʰʚʠʜʢʽʩʪʴ ʊɿ, ʥʘ ʷʢʽʡ ʚʠʢʦʥʫʚʘʣʦʩʴ ʤʘʥʝʚʨʫʚʘʥʥʷ ʟ ʛʘʣʴʤʫʚʘʥʥʷʤ ʧʨʠ 

ʧʨʦʚʝʜʝʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʥʘʙʫʚʘʣʘ ʟʥʘʯʝʥ:ɹ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 40 ʜʦ 90 ʢʤ/ʛʦʜ. 

ɿ ʤʝʪʦʶ ʫʥʠʢʥʝʥʥʷ ʥʘʾʟʜʫ ʥʘ ʧʝʨʝʰʢʦʜʫ ʚʦʜʽʡ ʤʦʞʝ ʟʘʩʪʦʩʫʚʘʪʠ ʨʽʟʥʽ 

ʤʘʥʝʚʨʠ (ʨʠʩ. 4.21). ɺ ʥʘʡʧʨʦʩʪʽʰʽʡ ʩʠʪʫʘʮʽʾ ʚʦʜʽʡ ʨʽʟʢʦ ʧʦʚʝʨʪʘʻ ʨʫʣʴʦʚʝ 

ʢʦʣʝʩʦ ʽ ʘʚʪʦʤʦʙʽʣʴ ʨʫʭʘʻʪʴʩʷ ʧʦ ʜʫʟʽ, ʨʘʜʽʫʩ ʷʢʦʾ ʟʤʝʥʰʫʻʪʴʩʷ. ʊʘʢʠʡ ʤʘʥʝʚʨ 

ʥʘʟʠʚʘʻʪʴʩʷ çʚʭʽʜ ʚ ʧʦʚʦʨʦʪè. ʗʢʱʦ ʚʦʜʽʡ ʧʦʚʝʨʪʘʻ ʨʫʣʴʦʚʝ ʢʦʣʝʩʦ ʚ ʦʜʥʫ 

ʩʪʦʨʦʥʫ ʥʘ ʢʫʪ maxq , ʘ ʧʦʪʽʤ ʟʥʦʚʫ ʧʦʚʝʨʪʘʻ ʡʦʛʦ ʚ ʥʝʡʪʨʘʣʴʥʫ ʧʦʟʠʮʽʶ, ʪʦ 

ʪʘʢʠʡ ʤʘʥʝʚʨ ʥʘʟʠʚʘʻʪʴʩʷ çʚʭʽʜ - ʚʠʭʽʜè. ʅʘʡʯʘʩʪʽʰʝ ʚʦʜʽʡ ʤʘʻ ʦʙʤʝʞʝʥʫ 

ʰʠʨʠʥʫ ʧʨʦʾʟʥʦʾ ʯʘʩʪʠʥʠ, ʥʘ ʷʢʽʡ ʥʝʦʙʭʽʜʥʦ ʦʙôʾʭʘʪʠ ʧʝʨʝʰʢʦʜʫ. ɺ ʪʘʢʦʤʫ 

ʚʠʧʘʜʢʫ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʤʘʥʝʚʨ çʟʤʽʥʘ ʩʤʫʛʠ ʨʫʭʫè. ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʮʴʦʛʦ 

ʤʘʥʝʚʨʫ ʚʦʜʽʡ ʧʦʚʝʨʪʘʻ ʢʦʣʝʩʘ ʚ ʦʜʥʫ ʩʪʦʨʦʥʫ ʥʘ ʢʫʪ +maxq  , ʘ ʧʦʪʽʤ ʚ ʜʨʫʛʫ 

ʥʘ ʢʫʪ ïmaxq . ɺ ʢʽʥʮʽ ʚʠʢʦʥʘʥʥʷ ʤʘʥʝʚʨʫ ʘʚʪʦʤʦʙʽʣʴ ʨʫʭʘʻʪʴʩʷ ʧʘʨʘʣʝʣʴʥʦ ʜʦ 

ʧʦʯʘʪʢʦʚʦʛʦ ʥʘʧʨʷʤʢʫ ʽ ʢʫʨʩʦʚʠʡ ʢʫʪ ʜʦʨʽʚʥʶʻ ʥʫʣʶ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ 16-17 ʪʨʘʚʥʷ 2018 ʨʦʢʫ ʥʘ 

ʦʢʦʣʠʮʽ ʤ. ʍʘʨʢʽʚ. ɺ ʷʢʦʩʪʽ ʚʠʤʽʨʶʚʘʣɹʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ 

ʚʠʤʽʨʶʚʘʣʴʥʦ-ʨʝʻʩʪʨʘʮʽʡʥʠʡ ʢʦʤʧʣʝʢʩ ʜʣʷ ʚʠʧʨʦʙʫʚʘʥʴ ʤʦʙʽʣʴʥʠʭ ʤʘʰʠʥ ʪʘ 

ʾʭ ʝʣʝʤʝʥʪʽʚ ɺɼɺʄʄ 4-001 (ʜʠʚ. ʪʘʙʣ. 4.5). 
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ʈʠʩʫʥʦʢ 4.21 ï ɺʠʜʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʤʘʥʝʚʨʽʚ 

 

ʅʘ ʨʠʩ. 4.22-4.24 ʧʦʢʘʟʘʥʦ ʟʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʘʚʪʦʤʦʙʽʣʽʚ, ʱʦ ʙʨʘʣʠ ʫʯʘʩʪʴ 

ʫ ʚʠʧʨʦʙʫʚʘʥʥʷʭ, ʤʽʩʮʝ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ ʪʘ ʡʦʛʦ 

ʥʘʣʘʰʪʫʚʘʥʥʷ. 

ʆʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʚʦʜʠʣʘʩʴ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʤʝʪʦʜʠʢʠ, ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʦʾ ʫ ʨʦʙʦʪʽ [364]. ʌʽʣʴʪʨʘʮʽʷ ʩʠʛʥʘʣʽʚ 

ʘʢʩʝʣʝʨʦʤʝʪʨʽʚ ʚʠʢʦʥʫʚʘʣʘʩʴ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʘʜʘʧʪʦʚʘʥʦʾ ʤʝʪʦʜʠʢʠ [388, 389], 

ʷʢʘ ʧʽʜʚʠʱʫʻ ʪʦʯʥʩ̔ʪɹ ʦʙʨʦʙʢʠ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʚ ʭʦʜ ̔ ʚʠʧʨʦʙʫʚʘʥʴ 

ʤʦʙ̔ʣʴʥʠʭ ʤʘʰʠʥ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʬ̔ʣʴʪʨʘ ɹʘʪʪʝʨʚʦʨʪʘ. 
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ʈʠʩʫʥʦʢ 4.22 ï ɸʚʪʦʤʦʙʽʣʽ Hyundai i30 ʪʘ Reno Logan, ʱʦ ʧʨʠʡʤʘʣʠ ʫʯʘʩʪʴ ʫ 

ʚʠʧʨʦʙʫʚʘʥʥʷʭ 

 

   

   

 

ʈʠʩʫʥʦʢ 4.23 ï ʄʽʩʮʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʨʴʦʭʦʩʴʦʚʠʭ ʘʢʩʝʣʝʨʦʤʝʪʨʽʚ ʫ 

ʚʠʧʨʦʙʫʚʘʥʠʭ ʘʚʪʦʤʦʙʽʣʷʭ 
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ʈʠʩʫʥʦʢ 4.24 ï ʅʘʣʘʰʪʫʚʘʥʥʷ ʨʝʻʩʪʨʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʫ 

 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʴ ʩʧʦʚʽʣʴʥʝʥʥʷ (ʧʨʠʩʢʦʨʝʥʥʷ) ʧʨʠ ʤʘʥʝʚʨʫʚʘʥʥʽ 

ʧʦʜʘʥʦ ʫ ʪʘʙʣʠʮʽ 4.9, 4.10. ʅʘ ʨʠʩ. 4.25 ʧʦʢʘʟʘʥʦ ʧʨʠʢʣʘʜ ʪʘʢʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ 

ʚ ʛʨʘʬʽʯʥʦʤʫ ʚʠʜʽ. ʈʝʰʪʘ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ɼʦʜʘʪʢʫ ʀ. 

 

ʊʘʙʣʠʮʷ 4.9 ï ʇʦʟʜʦʚʞʥʽ ʩʧʦʚʽʣʴʥʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ (X-ʚʽʩʴ), 

ʨʝʘʣʽʟʦʚʘʥʽ ʧʨʠ ʤʘʥʝʚʨʫʚʘʥʥʽ, ʤ/ʩ2 

ʊɿ / ɺʠʜ ʤʘʥʝʚʨʫ ɺʭʽʜ ʚ ʧʦʚʦʨʦʪ ɺʭʽʜ ï ʚʠʭʽʜ ɿʤʽʥʘ ʩʤʫʛʠ ʨʫʭʫ 

Hyundai i30  0-3,38 0-4,81 0-5,78 

Reno Logan 0-3,43 0-4,93 0-5,86 

 

ʊʘʙʣʠʮʷ 4.10 ï ʈʦʟʧʦʜʽʣ ʟʘ ʰʚʠʜʢʽʩʪʶ ʧʦʢʘʟʥʠʢʽʚ ʩʧʦʚʽʣʴʥʝʥʥʷ 

(ʧʨʠʩʢʦʨʝʥʥʷ) ʘʚʪʦʤʦʙʽʣʽʚ, ʨʝʘʣʽʟʦʚʘʥʠʭ ʧʨʠ ʤʘʥʝʚʨʫʚʘʥʥʽ, ʤ/ʩ2 

ʅʘʧʨʷʤʦʢ / ʐʚʠʜʢʽʩʪʴ 40 ʢʤ/ʛʦʜ 60 ʢʤ/ʛʦʜ 70 ʢʤ/ʛʦʜ 90 ʢʤ/ʛʦʜ 

ʇʦʟʜʦʚʞʥʽ (X-ʚʽʩʴ) 1,40 4,48 5,45 5,86 

ʇʦʧʝʨʝʯʥʽ (Y-ʚʽʩʴ) 6,82 5,96 5,25 2,33 

ʅʦʨʤʘʣʴʥʽ (Z-ʚʽʩʴ) 2,25 1,82 1,68 1,34 
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ʈʠʩʫʥʦʢ 4.25 ï ʇʨʠʢʣʘʜ ʜʽʘʛʨʘʤʠ ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʠʩʢʦʨʝʥʴ ʪʘ ʩʧʦʚʽʣʴʥʝʥʴ, 

ʱʦ ʨʦʟʚʠʚʘʣʠʩʴ ʘʚʪʦʤʦʙʽʣʝʤ Reno Logan ʧʨʠ ʦʙôʾʟʜʽ ʧʝʨʝʰʢʦʜʠ 
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ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʜʘʥʠʭ, ʧʦʜʘʥʠʭ ʫ ʪʘʙʣʠʮʽ  4.10, ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ 

ʨʠʩ. 4.26. 

 

 

 

ʈʠʩʫʥʦʢ 4.26 ï ʈʦʟʧʦʜʽʣ ʩʧʦʚʽʣʴʥʝʥʴ (ʧʨʠʩʢʦʨʝʥʴ) ʟʘ ʰʚʠʜʢʽʩʪʶ 

 

ɸʥʘʣʽʟ ʛʨʘʬʽʢʽʚ (ʨʠʩ. 4.26) ʧʦʢʘʟʫʻ, ʱʦ ʧʨʠ ʤʘʥʝʚʨʫʚʘʥʥʽ ʊɿ ʢʘʪʝʛʦʨʽʾ ʄ1 

ʟ ʛʘʣʴʤʫʚʘʥʥʷʤ ʚʝʣʠʯʠʥʘ ʨʝʘʣʽʟʦʚʘʥʠʭ ʩʧʦʚʽʣʴʥʝʥʴ (ʧʨʠʩʢʦʨʝʥʴ) ʟʤʽʥʶʻʪʴʩʷ 

ʨʽʟʥʦʥʘʧʨʘʚʣʝʥʦ. ʇʦʟʜʦʚʞʥ ̔ ʩʧʦʚʽʣʴʥʝʥʥʷ ʟʙʽʣʴʰʫʪʁʴʩʷ ʟ̔  ʟʙʽʣʴʰʝʥʥʷʤ 

ʣʽʥʽʡʥʦ ʾ ʰʚʠʜʢʦʩʪ̔ ʧʦʯʘʪʢʫ ʤʘʥʝʚʨʫʚʘʥʥʷ ʟʘ ʧʦʣʽʥʦʤʽʘʣʴʥʦʶ ʟʘʣʝʞʥʽʩʪʶ 

ʜʨʫʛʦʛʦ ʩʪʫʧʝʥʷ, ʱʦ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʦʩʦʙʣʠʚʽʩʪʶ ʨʦʙʦʪʠ ʛʘʣʴʤʽʚʥʠʭ ʩʠʩʪʝʤ 

ʟ ʝʣʝʢʪʨʦʥʥʠʤ ʢʝʨʫʚʘʥʥʷʤ ʪʘ ʧʩʠʭʦʣʦʛʽʻʶ ʢʝʨʫʚʘʥʥʷ ʣʶʜʠʥʦʶ-ʦʧʝʨʘʪʦʨʦʤ 

ʧʨʠ ʛʘʣʴʤʫʚʘʥʥʽ [301, 383, 385]. ʇʨʠ ʤʘʥʝʚʨʫʚʘʥʥʽ ʟ ʛʘʣʴʤʫʚʘʥʥʷʤ ʚʦʥʠ 

ʤʦʞʫʪʴ ʜʦʩʷʛʘʪʠ 50-55% ʟʥʘʯʝʥʴ ʫʩʪʘʣʝʥʦʛʦ ʩʧʦʚʽʣʴʥʝʥʥʷ ʧʨʠ ʝʢʩʪʨʝʥʦʤʫ 

ʛʘʣʴʤʫʚʘʥʥʽ. ʈʝʘʣʽʟʦʚʘʥʽ ʧʨʠʩʢʦʨʝʥʥʷ ʚ ʧʦʧʝʨʝʯʥʦʤʫ ʥʘʧʨʷʤʢʫ ʪʘʢʦʞ 

ʧ̔ʜʧʦʨʷʜʢʦʚʫʶʪʴʩʷ ʧʦʣʽʥʦʤʽʘʣʴʥʽʡ ʟʘʣʝʞʥʦʩʪ̔ ʜʨʫʛʦʛʦ ʩʪʫʧʝʥʷ, ʘʣʝ 

ʟʤʝʥʰʫʶʪʴʩʷ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʣʽʥʽʡʥʦʾ ʰʚʠʜʢʦʩʪʽ ʧʦʯʘʪʢʫ ʤʘʥʝʚʨʫʚʘʥʥʷ, ʱʦ 

ʧʦʷʩʥʶʻʪʴʩʷ ʙʝʟʧʝʢʦʶ ʚʠʢʦʥʘʥʥʷ ʤʘʥʝʚʨʫ. ʇʨʠʩʢʦʨʝʥʥʷ ʫ ʚʝʨʪʠʢʘʣʴʥʽʡ 

y = -0,0288x2 + 1,3635x - 10,198
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ʧʣʦʱʠʥʽ ʟʤʽʥʶʶʪʴʩʷ ʟʘ ʣʽʥʽʡʥʠʤ ʟʘʢʦʥʦʤ, ʽ ʧʝʨʝʚʘʞʥʦ ʧʦʚôʷʟʘʥʽ ʟ ̔ʟʤʽʥʦʶ 

ʯʫʪʣʠʚʦʩʪʽ ʜʦ ʥʝʨʽʚʥʦʩʪʝʡ ʜʦʨʦʛʠ ʟʘʣʝʞʥʦ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʊɿ ʧʨʠ 

ʤʘʥʝʚʨʫʚʘʥʥʽ ʟ ʛʘʣʴʤʫʚʘʥʥʷʤ. 

 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 4 

 

1. ɺʠʢʦʥʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʦʮʽʥʶʚʘʥʥʷ ʚʠʜʠʤʦʩʪʽ 

ʜʦʨʦʛʠ ʪʘ ʦʙôʻʢʪʽʚ ʜʦʨʦʞʥʴʦʾ ʦʙʩʪʘʥʦʚʢʠ ʚ ʪʝʤʥʫ ʧʦʨʫ ʜʦʙʠ ʧʦʢʘʟʘʣʠ, ʱʦ: 

ï  ʧʨʠ ʜʽʾ ʩʚʽʪʣʘ ʬʘʨ ʟʫʩʪʨʽʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʥʘ ʚʽʜʨʽʟʢʫ ʜʦʨʦʛʠ 

0,2 ʢʤ ʚʦʜʽʾ ʜʝʱʦ ʚʪʨʘʯʘʶʪʴ ʚʠʜʠʤʽʩʪʴ, ʧʨʠ Sa = 110 ʤ ʚʽʜʩʪʘʥ ɹ

ʚʠʜʠʤʦʩʪʽ ʩʢʦʨʦʯʫʻʪʴʩʷ ʥʘ 15 %, ʘ ʧʨʠ ʚʽʜʩʪʘʥʽ Sa = 70 ʤ ʟʤʝʥʰʫʻʪʴʩʷ 

ʥʘ 23 %, ʧʦʜʘʣʴʰʝ ʟʙʣʠʞʝʥʥʷ ʘʚʪʦʤʦʙʽʣʽʚ ʤʘʡʞʝ ʥʝ ʧʦʟʥʘʯʘʻʪʴʩʷ ʥʘ 

ʟʤʽʥ ̔ʚʠʜʠʤʦʩʪʽ; 

ï ʦʩʚʽʪʣʝʥʽʩʪʴ, ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʨʦʟʨʽʟʥʝʥʥʷ ʦʙôʻʢʪʘ ʚ ʧʝʚʥʽʡ ʜʦʨʦʞʥʴʦ-

ʪʨʘʥʩʧʦʨʪʥʽʡ ʩʠʪʫʘʮʽʾ, ʟʨʦʩʪʘʻ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʽʜʩʪʘʥʽ ʜʦ ʥʴʦʛʦ ʪʘ ʻ 

ʟʤʽʥʥʦʶ ʚʝʣʠʯʠʥʦʶ; 

ï ʜʣʷ ʙʣʠʞʥʴʦʛʦ ʩʚʽʪʣʘ ʬʘʨ ʦʩʚʽʪʣʝʥʽʩʪʴ ʜʦʨʦʛʠ ʫ ʩʚʽʪʣʽ ʬʘʨ ʊɿ ʥʘʡʙʽʣʴʰ 

ʙʫʨʭʣʠʚʦ ʟʨʦʩʪʘʻ ʧʨʠ ʩʢʦʨʦʯʝʥʥʽ ʚʽʜʩʪʘʥʽ ʜʦ ʊɿ ʟ 40 ʜʦ 10 ʤ, 

ʦʩʚʽʪʣʝʥʽʩʪʴ ʜʦʨʦʛʠ ʧʨʠ ʨʦʙʦʪʽ ʜʘʣʴʥʴʦʛʦ ʩʚʽʪʣʘ ʬʘʨ ʟʤʽʥʶʻʪʴʩʷ 

ʘʥʘʣʦʛʽʯʥʦ ʥʘ ʚʽʜʩʪʘʥʷʭ ʚʽʜ 70 ʜʦ 10 ʤ; 

ï ʩʬʦʨʤʦʚʘʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʙʘʟʘ (700 ʧʘʨ ʜʘʥʠʭ ʚʭʦʜʠ-ʚʠʭʽʜ, 

ɼʦʜʘʪʦʢ E) ʜʦʟʚʦʣʠʣʘ ʧʨʦʚʝʩʪʠ ʥʘʚʯʘʥʥʷ ʘʜʘʧʪʠʚʥʦ ʾʥʝʡʨʦ-ʥʝʯʽʪʢʦ ʾ

ʩʠʩʪʝʤʘ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʚʽʜʩʪʘʥʽ ʚʠʜʠʤʦʩʪʽ ʜʦʨʦʞʥʽʭ ʦʙôʻʢʪʽʚ ʚ ʪʝʤʥʫ 

ʧʦʨʫ ʜʦʙʠ ʪʘ ʤʽʥʽʤʽʟʫʚʘʪʠ ʩʝʨʝʜʥʶ ʚʽʜʥʦʩʥʫ ʧʦʭʠʙʢʫ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦ 

1,31% (ʤʘʢʩʠʤʘʣʴʥʫ ʚʽʜʥʦʩʥʫ ʧʦʭʠʙʢʫ ʜʦ 4,69%), ʱʦ ʟʚʫʞʫʻ ʜʽʘʧʘʟʦʥ 

ʤʦʞʣʠʚʠʭ ʨʽʰʝʥʴ ʧʦʨʽʚʥʷʥʦ ʟ ʽʩʥʫʶʯʦʶ ʤʝʪʦʜʠʢʦʶ ʫ 2,21-3,17 ʨʘʟʠ. 

2. ʇʨʦʚʝʜʝʥ ̔ʚʠʧʨʦʙʫʚʘʥʥ ̫ʟ ʦʮʽʥʶʚʘʥʥʷ ʚʟʘʻʤʦʜʽʾ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʰʠʥ ʟ 

ʜʦʨʦʛʦʶ ʧʨʠ ʝʢʩʪʨʝʥʦʤʫ ʛʘʣʴʤʫʚʘʥʥʽ ʊɿ ʜʦʟʚʦʣʠʣʠ: 

ï ʩʬʦʨʤʫʚʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ ʙʘʟʫ (5670 ʧʘʨ ʜʘʥʠʭ ʚʭʦʜʠ-ʚʠʭʽʜ, 

ɼʦʜʘʪʦʢ ɾ), ʷʢʘ ʜʦʟʚʦʣʠʣʘ ʧʨʦʚʝʩʪʠ ʥʘʚʯʘʥʥʷ ʘʜʘʧʪʠʚʥʦ ʾ ʥʝʡʨʦ-
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ʥʝʯʽʪʢʦ ʾʩʠʩʪʝʤʘ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʚʝʣʠʯʠʥʠ ʢʦʝʬʽʮʽʻʥʪʘ ʟʯʝʧʣʝʥʥʷ ʢʦʣʽʩ 

ʘʚʪʦʤʦʙʽʣʷ ʟ ʜʦʨʦʞʥʽʤ ʧʦʢʨʠʪʪʷʤ ʪʘ ʤʽʥʽʤʽʟʫʚʘʪʠ ʩʝʨʝʜʥʶ ʚʽʜʥʦʩʥʫ 

ʧʦʭʠʙʢʫ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦ 1,79% (ʤʘʢʩʠʤʘʣʴʥʫ ʜʦ 3,09%), ʱʦ ʟʚʫʞʫʻ 

ʜʽʘʧʘʟʦʥ ʤʦʞʣʠʚʠʭ ʨʽʰʝʥʴ ʧʦʨʽʚʥʷʥʦ ʟ ʽʩʥʫʶʯʦʶ ʤʝʪʦʜʠʢʦʶ ʫ 2,21-

2,63 ʨʘʟʠ ʪʘ ʜʘʻ ʟʤʦʛʫ ʨʝʢʦʤʝʥʜʫʚʘʪʠ ʾʾ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠ 

ʘʚʪʦʪʝʭʥʽʯʥʽʡ ʝʢʩʧʝʨʪʠʟʽ ɼʊʇ; 

ï ʨʦʟʨʦʙʠʪʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʜʣʷ ʊɿ ʢʘʪʝʛʦʨʽʾ ʄ1, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʚʨʘʭʫʚʘʪʠ 

ʢʦʥʩʪʨʫʢʮʽ ʁʛʘʣʴʤʽʚʥʠʭ ʩʠʩʪʝʤ (ʨʦʙʦʪʫ ABS ʽ ɺɸ) ʪʘ ʪʠʧ ʰʠʥ ʧʨʠ 

ʚʠʟʥʘʯʝʥʥʽ ʧʦʢʘʟʥʠʢʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʝʢʩʪʨʝʥʦʛʦ ʛʘʣʴʤʫʚʘʥʥʷ 

ʘʚʪʦʤʦʙʽʣʽʚ ʟ ʤʝʪʦʶ ʤʽʥʽʤʽʟʘʮʽʾ ʤ̔ʦʚʽʨʥʦʩʪʽ ʥʘʜʘʥʥʷ ʥʝʦʙôʻʢʪʠʚʥʠʭ 

ʚʠʩʥʦʚʢʽʚ ʘʚʪʦʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ. 

3. ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʧʨʠ ʝʢʩʪʨʝʥʦʤʫ ʛʘʣʴʤʫʚʘʥʥʽ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʤʦʞʣʠʚʽʩʪʴ 

ʾʾ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʤʦʜʝʣʝʡ ʽ ʘʣʛʦʨʠʪʤʽʚ, ʨʦʟʨʦʙʣʝʥʠʭ ʚ ʧ. 3.2, 3.4. 

ʇʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ (ʟʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦʶ ʤʝʪʦʜʠʢʦʶ) ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʧʦʢʘʟʘʣʦ, ʱʦ ʩʝʨʝʜʥ ̫ʚʽʜʥʦʩʥʘ ʧʦʭʠʙʢʘ ʩʪʘʥʦʚʠʪʴ 

4,58%, ʤʘʢʩʠʤʘʣʴʥʘ ʧʦʭʠʙʢʘ ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʘ 7,82 %. 

4. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʨʫʭʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʧʨʠ 

ʤʘʥʝʚʨʫʚʘʥʥʽ ʟ ʛʘʣʴʤʫʚʘʥʥʷʤ ʜʦʟʚʦʣʠʣʠ ʚʩʪʘʥʦʚʠʪʠ, ʱʦ ʩʧʦʚʽʣʴʥʝʥʥʷ ʧʨʠ 

ʤʘʥʝʚʨʫʚʘʥʥʽ ʤʦʞʫʪʴ ʜʦʩʷʛʘʪʠ 50-55% ʟʥʘʯʝʥʴ ʫʩʪʘʣʝʥʦʛʦ ʩʧʦʚʽʣʴʥʝʥʥʷ ʧʨʠ 

ʝʢʩʪʨʝʥʦʤʫ ʛʘʣʴʤʫʚʘʥʥʽ. ʎʝ ʜʦʟʚʦʣʠʣʦ ʚʩʪʘʥʦʚʠʪʠ ʟʘʢʦʥ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ 

ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʷ ʫ ʯʘʩʽ ʧʨʠ ʤʘʥʝʚʨʫʚʘʥʥʽ ʟ ʛʘʣʴʤʫʚʘʥʥʷʤ ʪʘ ʫʜʦʩʢʦʥʘʣʠʪʠ 

ʽʩʥʫʶʯʽ ʧʽʜʭʦʜʠ ʱʦʜʦ ʦʮʽʥʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʤʘʥʝʚʨʫʚʘʥʥʷ ʊɿ, ʢʦʥʩʪʨʫʢʮʽʷ 

ʷʢʠʭ ʜʦʟʚʦʣʷʻ ʨʫʭʘʪʠʩʴ ʚ ʪʘʢʦʤʫ ʨʝʞʠʤʽ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ, ʥʘʚʝʜʝʥʽ ʚ ʨʦʟʜʽʣʽ 4, ʦʧʫʙʣʽʢʦʚʘʥʽ ʚ ʨʦʙʦʪʘʭ [2, 3, 

4, 8, 12-14, 30, 41, 42, 47, 61].  
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ʈʆɿɼɯʃ 5  

ɿɸʉʊʆʉʋɺɸʅʅʗ ʈʆɿʈʆɹʃɽʅʀʍ ʄʆɼɽʃɽʁ ʇɯɼɺʀʑɽʅʅʗ 

ʆɹôɭʂʊʀɺʅʆʉʊɯ ɽʂʉʇɽʈʊʅʀʍ ɼʆʉʃɯɼɾɽʅʔ ɺ ʉʊʈʋʂʊʋʈɯ ɸʅɸʃɯɿʋ 

ɼʆʈʆɾʅʔʆ-ʊʈɸʅʉʇʆʈʊʅʀʍ ʇʈʀɻʆɼ 

 

5.1 ɺʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʛʘʣʴʤʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʷ ʚ ʧʨʦʮʝʩʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʦʾ ʧʨʠʛʦʜʠ  

 

ʅʝʦʙʭʽʜʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʛʘʣʴʤʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʷ ʚ ʧʨʦʮʝʩʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʦʾ ʧʨʠʛʦʜʠ ʚʠʥʠʢʘʻ ʫ ʧʝʨʝʚʘʞʥʽʡ ʙʽʣʴʰʦʩʪʽ 

ʘʚʪʦʪʝʭʥʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ɼʊʇ. ʇʠʪʘʥʥʷ çʗʢʠʡ ʛʘʣʴʤʦʚʠʡ (ʟʫʧʠʥʥʠʡ) ʰʣʷʭ 

ʘʚʪʦʤʦʙʽʣʷ ʙʫʚ ʟʘ ʜʘʥʦʾ ʰʚʠʜʢʦʩʪʽ ʡʦʛʦ ʨʫʭʫ ʚ ʫʤʦʚʘʭ ʧʝʚʥʦʾ ʜʦʨʦʞʥʴʦʾ 

ʦʙʩʪʘʥʦʚʢʠ?è ʚʭʦʜʠʪʴ ʜʦ ʟʘʪʚʝʨʜʞʝʥʦʛʦ ʄʽʥʽʩʪʝʨʩʪʚʦʤ ʶʩʪʠʮʽʾ ʋʢʨʘʾʥʠ 

ʧʝʨʝʣʽʢʫ ʦʩʥʦʚʥʠʭ ʧʠʪʘʥʴ ʘʚʪʦʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʧʨʠʛʦʜ [109]. 

ɼʣʷ ʽʣʶʩʪʨʘʮʽʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʟʨʦʙʣʝʥʦʛʦ ʫ ʨʦʟʜʽʣʽ 3 ʧʽʜʭʦʜʫ ʚʠʟʥʘʯʠʤʦ 

ʚʝʣʠʯʠʥʫ ʛʘʣʴʤʦʚʦʛʦ ʪʘ ʟʫʧʠʥʥʦʛʦ ʰʣʷʭʫ ʊɿ ʫ ʧʝʚʥʠʭ ʜʦʨʦʞʥʽʭ ʦʙʩʪʘʚʠʥʘʭ 

ʥʘ ʦʩʥʦʚʽ ʨʦʟʨʦʙʣʝʥʠʭ ʤʦʜʝʣʝʡ (ʧ. 3.2, 3.4) ʪʘ ʧʦʨʽʚʥʷʻʤʦ ʦʪʨʠʤʘʥʽ ʚʝʣʠʯʠʥʠ 

ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʫ ʟʘ ʬʦʨʤʫʣʘʤʠ (1.10), (1.11) ʫ ʧʨʦʛʨʘʤʽ çʕʢʩʧʨʝʩʩ 

ʘʥʘʣʠʟ ɼʊʇè ʪʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʫ ʧʨʦʛʨʘʤʽ PC-Crash, ʱʦ 

ʚʽʜʦʙʨʘʞʘʶʪʴ ʜʽʶʯʫ ʤʝʪʦʜʠʢʫ [81, 89]. ʇʨʠ ʮʴʦʤʫ, ʜʦ ʫʚʘʛʠ ʚʽʟʴʤʝʤʦ ʪʦʡ ʬʘʢʪ, 

ʱʦ ʚ ʜʘʥʦʤʫ ʢʦʥʪʝʢʩʪʽ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʜʦʚʽʜʢʦʚʠʭ ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʚʧʣʠʚʘʻ ʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʶ ʘʥʘʣʽʪʠʯʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʗʢʱʦ ʚʠʭʦʜʠʪʠ ʟ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʚʝʣʠʯʠʥʫ ʟʤʽʥʠ ʤʝʞ ʚ̔ʜʩʪʘʥʽ ʚʽʜ 

ʘʚʪʦʤʦʙʽʣʷ ʜʦ ʤʽʩʮʷ ʥʘʾʟʜʫ ʚ ʤʦʤʝʥʪ ʧʦʷʚʠ ʥʝʙʝʟʧʝʢʠ ʜʣʷ ʨʫʭʫ ʙʫʣʦ 

ʚʩʪʘʥʦʚʣʝʥʦ ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ, ʧʨʠ ʩʧʽʚʩʪʘʚʣʝʥʥʽ ʟ ʚʝʨʭʥʝʶ 

ʤʝʞʝʶ ʤʦʞʣʠʚʽ ʯʦʪʠʨʠ ʩʠʪʫʘʮʽʾ (ʨʠʩ. 5.1): 

1. ʈʝʟʫʣʴʪʘʪ ʧʝʨʝʚʠʱʫʻ ʛʨʘʥʠʯʥʝ ʟʥʘʯʝʥʥʷ ʥʘ ʚʝʣʠʯʠʥʫ, ʙʽʣʴʰʫ ʟʘ 

ʨʦʟʰʠʨʝʥʫ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ. 
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2. ʈʝʟʫʣʴʪʘʪ ʧʝʨʝʚʠʱʫʻ ʛʨʘʥʠʯʥʝ ʟʥʘʯʝʥʥʷ ʥʘ ʚʝʣʠʯʠʥʫ, ʤʝʥʰʫ ʟʘ 

ʨʦʟʰʠʨʝʥʫ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ. 

3. ʈʝʟʫʣʴʪʘʪ ʥʠʞʯʝ ʛʨʘʥʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘ ʚʝʣʠʯʠʥʫ, ʤʝʥʰʫ ʟʘ 

ʨʦʟʰʠʨʝʥʫ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ. 

4. ʈʝʟʫʣʴʪʘʪ ʥʠʞʯʝ ʛʨʘʥʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘ ʚʝʣʠʯʠʥʫ, ʙʽʣʴʰʫ ʟʘ 

ʨʦʟʰʠʨʝʥʫ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ. 

 

ɺʝʨʭʥ̫ 

ʢʦʥʪʨʦʣɹʦʚʘʥʘ 

ʤʝʞʘ

1
ʈʝʟʫʣɹʪʘʪ 

ʧʝʨʝʚʠɦ ʫ̒ 

ʛʨʘʥʠʯʥʝ 

ʟʥʘʯʝʥʥ̫ ʥʘ 

ʚʝʣʠʯʠʥʫ, 

ʙ̔ʣɹ ʫh ʟʘ 

ʨʦʟhʠʨʝʥʫ 

ʥʝʚʠʟʥʘʯʝʥ̔ʩʪɹ

2
ʈʝʟʫʣɹʪʘʪ 

ʧʝʨʝʚʠɦ ʫ̒ 

ʛʨʘʥʠʯʥʝ 

ʟʥʘʯʝʥʥ̫ ʥʘ 

ʚʝʣʠʯʠʥʫ, 

ʤʝʥh ʫ ʟʘ 

ʨʦʟhʠʨʝʥʫ 

ʥʝʚʠʟʥʘʯʝʥ̔ʩʪɹ

3
ʈʝʟʫʣɹʪʘʪ 

ʥʠʞʯʝ 

ʛʨʘʥʠʯʥʦʛʦ 

ʟʥʘʯʝʥʥ̫ ʥʘ 

ʚʝʣʠʯʠʥʫ, 

ʤʝʥh ʫ ʟʘ 

ʨʦʟhʠʨʝʥʫ 

ʥʝʚʠʟʥʘʯʝʥ̔ʩʪɹ

4
ʈʝʟʫʣɹʪʘʪ 

ʥʠʞʯʝ 

ʛʨʘʥʠʯʥʦʛʦ 

ʟʥʘʯʝʥʥ̫ ʥʘ 

ʚʝʣʠʯʠʥʫ, 

ʙ̔ʣɹ ʫh ʟʘ 

ʨʦʟhʠʨʝʥʫ 

ʥʝʚʠʟʥʘʯʝʥ̔ʩʪɹ  

 

ʈʠʩʫʥʦʢ 5.1 ï ʅʝʚʠʟʥʘʯʝʥʽʩʪʴ ʪʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʟʘʜʘʥʠʤ ʤʝʞʘʤ 

 

ɺʠʧʘʜʦʢ 1 ʟʚʠʯʘʡʥʦ ʽʥʪʝʨʧʨʝʪʫʻʪʴʩʷ ʷʢ ʜʝʤʦʥʩʪʨʘʮʽʷ ʧʦʚʥʦʾ ʚʧʝʚʥʝʥʦʩʪʽ ʚ 

ʪʦʤʫ, ʱʦ ʚʦʜʽʡ ʥʝ ʤʘʚ ʪʝʭʥʽʯʥʦʾ ʤʦʞʣʠʚʦʩʪʽ ʫʥʠʢʥʫʪʠ ʥʘʾʟʜʫ. ʅʘʚʧʘʢʠ, 

ʚʠʧʘʜʦʢ 4 ʟʚʠʯʘʡʥʦ ʽʥʪʝʨʧʨʝʪʫʻʪʴʩʷ ʷʢ ʜʝʤʦʥʩʪʨʘʮʽʷ ʧʦʚʥʦʾ ʚʧʝʚʥʝʥʦʩʪʽ ʚ 

ʪʦʤʫ, ʱʦ ʚʦʜʽʡ ʤʘʚ ʪʝʭʥʽʯʥʫ ʤʦʞʣʠʚʽʩʪʴ ʫʥʠʢʥʫʪʠ ʥʘʾʟʜʫ. ɺʠʧʘʜʢʠ 2 ʽ 3 

ʟʚʠʯʘʡʥʦ ʧʦʪʨʝʙʫʶʪʴ ʦʢʨʝʤʦʛʦ ʧʦʛʣʠʙʣʝʥʦʛʦ ʨʦʟʛʣʷʜʫ. ɸʥʘʣʦʛʽʯʥʽ 

ʤʽʨʢʫʚʘʥʥʷ ʟʘʩʪʦʩʦʚʥʽ ʧʨʠ ʨʦʙʦʪʽ ʟ ʥʠʞʥʴʦʶ ʤʝʞʝʶ ʟʘʜʘʥʦʛʦ ʧʘʨʘʤʝʪʨʘ. 
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ɺʟ̔ɹ ʤʝʤʦ ʟʘ ʦʩʥʦʚʫ ʦʙʩʪʘʚʠʥʠ ɼʊʇ, ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʽ ʫ ʧ. ʂ.1 ɼʦʜʘʪʢʘ ʂ, 

ʟʘʩʪʦʩʫʻʤʦ ʾʭ ʜʣʷ ʘʚʪʦʤʦʙʽʣʽʚ, ʷʢʽ ʤʘʶʪʴ ʨʽʟʥʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ 

ʛʘʣʴʤʦʚʠʭ ʩʠʩʪʝʤ ʪʘ ʪʠʧʠ ʰʠʥ ʪʘ ʚʠʟʥʘʯʠʤʦ ʰʣʷʭ, ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʟʫʧʠʥʢʠ 

ʊɿ. ɺ ʪʘʙʣʠʮʽ 5.1, ʧʨʝʜʩʪʘʚʣʝʥʽ ʚʭʽʜʥʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʛʘʣʴʤʫʚʘʥʥʷ 

ʘʜʘʧʪʦʚʘʥʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ. ɺ ʪʘʙʣʠʮʽ 5.2 ï ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʟʘ ʜʽʶʯʦʶ 

ʤʝʪʦʜʠʢʦʶ ʜʣʷ ʘʚʪʦʤʦʙʽʣʽʚ ɿɸɿ 110557 (ʙʝʟ ABS), Skoda Octavia (ʟ ABS), Audi 

A6 (ʟ ABS ʪʘ BA). 

 

ʊʘʙʣʠʮʷ 5.1 ï ɿʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʛʘʣʴʤʫʚʘʥʥʷ ʘʜʘʧʪʦʚʘʥʽ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʫ 

ɺʝʣʠʯʠʥʘ 

ʧʘʨʘʤʝʪʨʘ 

ɺʭʽʜʥʠʡ ʧʘʨʘʤʝʪʨ 

1t , ʩ 2t , ʩ 3t , ʩ 0V , ʢʤ/ʛʦʜ j, ʤ/ʩ2 Ŭ, Á 

1 0,2 0,1 35,4-34,4 2,0-2,9 -6 

 

ʊʘʙʣʠʮʷ 5.2 ï ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʟʘ ʜʽʶʯʦʶ ʤʝʪʦʜʠʢʦʶ ʟ ʚʨʘʭʫʚʘʥʥʷʤ 

ʩʪʦʭʘʩʪʠʯʥʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ 

ɸʥʘʣʽʪʠʯʥʘ ʤʦʜʝʣʴ (1.10), (1.11) ɯʤʽʪʘʮʽʡʥʘ ʤʦʜʝʣ ɹPC-Crash 

ɿʫʧʠʥʥʠʡ ʰʣʷʭ ɻʘʣʴʤʦʚʠʡ ʰʣʷʭ ɿʫʧʠʥʥʠʡ ʰʣʷʭ ɻʘʣʴʤʦʚʠʡ ʰʣʷʭ 

minx , ʤ maxx , ʤ minx , ʤ maxx , ʤ minx , ʤ maxx , ʤ minx , ʤ maxx , ʤ 

ɿɸɿ 110557 (ʙʝʟ ABS) 

36,85Ñ0,85 59,1Ñ1,5 27,15Ñ0,75 49,4Ñ1,4 36,85Ñ0,88 59,12Ñ1,52 24,25Ñ0,71 46,52Ñ1,34 

Skoda Octavia (ʟ ABS) 

36,85Ñ0,85 59,1Ñ1,5 27,15Ñ0,75 49,4Ñ1,4 36,85Ñ0,88 59,12Ñ1,52 24,25Ñ0,71 46,52Ñ1,34 

Audi A6 (ʟ ABS ʪʘ BA) 

36,85Ñ0,85 59,1Ñ1,5 27,15Ñ0,75 49,4Ñ1,4 36,85Ñ0,88 59,12Ñ1,52 24,25Ñ0,71 46,52Ñ1,34 

 

ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣʠʮʽ 5.2, ʜʽʶʯʘ ʤʝʪʦʜʠʢʘ ʥʝ ʚʨʘʭʦʚʫʻ ʢʦʥʩʪʨʫʢʮʽʶ 

ʛʘʣʴʤʽʚʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʪʠʧ ʽ ʩʪʘʥ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʰʠʥ ʧʨʠ ʦʮʽʥʶʚʘʥʥʽ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʛʘʣʴʤʫʚʘʥʥʷ, ʚ ʤʝʞʘʭ ʦʜʥʽʻʾ ʢʘʪʝʛʦʨʽʾ ʊɿ ʜʘʻ ʦʜʥʘʢʦʚʽ ʨʽʰʝʥʥʷ. 
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ɿʘʩʪʦʩʫʻʤʦ ʨʦʟʨʦʙʣʝʥʠʡ ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ, ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʚ ʧ. 3.2, 3.4, 

ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʜʘʥʦʾ ʜʦʨʦʞʥʴʦʾ ʩʠʪʫʘʮʽʾ. 

ɺ ʪʘʙʣʠʮʽ 5.3 ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʩʧʦʚʽʣʴʥʝʥʥʷ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʊɿ ʥʘ ʦʩʥʦʚʽ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʘʜʘʧʪʠʚʥʽʡ ʥʝʡʨʦ-ʥʝʯʽʪʢʽʡ ʩʠʩʪʝʤʽ 

ʦʮʽʥʶʚʘʥʥʷ ʚʟʘʻʤʦʜʽʾ ʢʦʣʽʩ ʘʚʪʦʤʦʙʽʣʷ ʟ ʜʦʨʦʞʥʽʤ ʧʦʢʨʠʪʪʷʤ ʧʨʠ ʝʢʩʪʨʝʥʦʤʫ 

ʛʘʣʴʤʫʚʘʥʥʽ 

 

ʊʘʙʣʠʮʷ 5.3 ï ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʩʧʦʚʽʣʴʥʝʥʥʷ ʊɿ ʟʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦʶ 

ʤʝʪʦʜʠʢʦʶ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʩʪʦʭʘʩʪʠʯʥʦʾ ʪʘ ʥʝʯʽʪʢʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ 

ʄʦʜʝʣʴ ʊɿ ɿɸɿ 110557 Skoda Octavia Audi A6 

0V , ʢʤ/ʛʦʜ 35,4-34,4 

ʅʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʢʦʣʝʩʦ, ʢʛ 
190 312 420 

ʊʠʧ ʽ ʩʪʘʥ ʰʠʥ ʟʠʤʦʚʘ, ʜʦ 50% ʟʥʦʩʫ 

ɼʦʨʦʞʥʻ ʧʦʢʨʠʪʪʷ ʋʢʦʯʝʥʠʡ ʩʥʽʛ ʧʽʩʣʷ ʧʨʦʭʦʜʫ ʛʨʝʡʜʝʨʘ 

ɻʘʣʴʤʽʚʥʘ ʩʠʩʪʝʤʘ ʙʝʟ ABS ʟ ABS ʟ ABS ʪʘ BA 

minj  0,196 0,205 0,221 

maxj  0,226 0,236 0,256 

minj 1, ʤ/ʩ2 0,9 1,0 1,1 

maxj 1, ʤ/ʩ2 1,2 1,3 1,5 

1 ï ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʫʭʠʣʫ ʜʦʨʦʛʠ ʚ -6Á (ʩʧʫʩʢ) 

 

ɺ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʘʣʛʦʨʠʪʤ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʟʯʝʧʣʝʥʥʷ 

ʟʚʦʜʠʪʴʩʷ ʜʦ ʚʠʢʦʥʘʥʥʷ ʪʘʢʠʭ ʢʨʦʢʽʚ: 

1. ɺʠʟʥʘʯʝʥʥʷ ʪʠʧʫ ʽ ʩʪʘʥʫ ʜʦʨʦʞʥʴʦʛʦ ʧʦʢʨʠʪʪʷ. 

2. ɺʩʪʘʥʦʚʣʝʥʥʷ ʪʠʧʫ ʰʠʥ ʪʘ ʦʮʽʥʶʚʘʥʥʷ ʦʩʪʘʪʦʯʥʦʾ ʚʠʩʦʪʠ ʧʨʦʪʝʢʪʦʨʘ 

ʰʠʥ ʟʘ ʷʢʦʶ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʚʽʜʩʦʪʦʢ ʾʭ ʟʥʦʰʝʥʥʷ. 

3. ʆʮʽʥʶʚʘʥʥʷ ʚʝʣʠʯʠʥʠ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʧʦʢʘʟʥʠʢʘ çh ʠʥʠ ï ʜʦʨʦʛʘè jq ʥʘ 

ʦʩʥʦʚʽ ʨʝʢʦʤʝʥʜʘʮʽʡ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʫ ʪʘʙʣ. 3.9. 
















































































































































































































