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ɸʅʆʊɸʎɯʗ 

ʂʣʝʥ ʂ.ʉ. ʊʝʦʨʝʪʠʯʥʽ ʟʘʩʘʜʠ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ 

ʥʘ ʙʘʟʽ ʝʥʪʨʦʧʽʡʥʦʾ ʜʠʚʝʨʛʝʥʮʽʾ. ï ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ 

ʨʫʢʦʧʠʩʫ. ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 05.09.12 çʅʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾè. ï 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ 

ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè, ʂʠʾʚ, 2025. 

ʋ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʦʪʨʠʤʘʣʘ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʪʝʦʨʽʷ ʢʝʨʫʚʘʥʥʷ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʤʠ ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ, ʷʢʽ ʻ ʥʝʚʽʜôʻʤʥʦʶ ʯʘʩʪʠʥʦʶ ʩʫʯʘʩʥʠʭ 

ʣʦʢʘʣʴʥʠʭ ʩʠʩʪʝʤ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ, ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʦʩʥʦʚʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʥʘʣʦʛʫ 

ʧʨʠʥʮʠʧʫ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ɻʝʡʟʝʥʙʝʨʛʘ, ʨʦʟʨʘʭʫʥʢʫ ʝʥʪʨʦʧʽʡʥʦʾ ʜʠʚʝʨʛʝʥʮʽʾ ʪʘ 

ʚʨʘʭʫʚʘʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʦʪʦʢʽʚ ʝʥʝʨʛʽʾ ʛʝʥʝʨʘʮʽʾ ʪʘ ʩʧʦʞʠʚʘʥʥʷ. ɼʦʚʝʜʝʥʦ , ʰʦ 

ʚʨʘʭʫʚʘʥʥʷ ʚʢʘʟʘʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʨʠ ʧʦʙʫʜʦʚʽ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʟʘʛʘʣʴʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʣʦʢʘʣʴʥʠʭ ʩʠʩʪʝʤ 

ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʫ ʩʫʢʫʧʥʦʩʪʽ ʻ ʪʝʦʨʝʪʠʯʥʠʤ 

ʫʟʘʛʘʣʴʥʝʥʥʷʤ ʪʘ ʥʦʚʠʤ ʚʠʨʽʰʝʥʥʷʤ ʚʘʞʣʠʚʦʾ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʦʾ ʧʨʦʙʣʝʤʠ 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʧʝʨʚʠʥʥʦʛʦ ʧʦʪʦʢʫ ʫ ʣʦʢʘʣʴʥʠʭ 

ʩʠʩʪʝʤʘʭ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʟ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʤʠ ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ. 

ʋ ʧʝʨʰʦʤʫ ʨʦʟʜʽʣʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʫʤʦʚʠ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʫ ʣʦʢʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʟ 

ʫʩʪʘʥʦʚʢʘʤʠ ʥʘ ʦʩʥʦʚʽ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʟʘʩʦʙʘʤʠ 

ʧʝʨʝʪʚʦʨʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ. ʇʦʢʘʟʘʥʦ, ʱʦ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʥʝʦʙʭʽʜʥʦ ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʽʥʪʝʣʝʢʪʫʘʣʴʥʽ ʤʝʭʘʥʽʟʤʠ ʢʝʨʫʚʘʥʥʷ ʨʦʟʧʦʜʽʣʝʥʠʤʠ 

ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʨʝʩʫʨʩʘʤʠ ʪʘ ʾʭ ʩʠʩʪʝʤʫ ʽʥʪʝʛʨʘʮʽʶ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʟʤʝʥʰʠʪʠ ʯʘʩʪʢʫ 

ʥʝʨʝʛʫʣʴʦʚʘʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʩʠʩʪʝʤʽ. 

ʇʨʠ ʮʴʦʤʫ ʚʘʞʣʠʚʦʶ ʟʘʜʘʯʝʶ ʻ ʨʝʘʣʽʟʘʮʽʷ ʢʝʨʫʚʘʥʥʷ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʤʠ ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ ʫ ʣʦʢʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ 

ʟ ʫʩʪʘʥʦʚʢʘʤʠ ʥʘ ʦʩʥʦʚʽ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣʘʤ ʝʥʝʨʛʽʾ ʪʘ ʥʘʢʦʧʠʯʫʚʘʯʘʤʠ ʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʟʥʘʯʥʦʾ ʨʦʟʤʽʨʥʦʩʪʽ ʧʨʦʩʪʦʨʫ ʜʘʥʠʭ, ʨʽʟʥʦʨʽʜʥʦʩʪʽ ʾʭ ʧʦʪʦʢʽʚ, ʘ 
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ʪʘʢʦʞ ï ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʛʘʨʘʥʪʦʚʘʥʦʛʦ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʦʪʷʛʦʤ 

ʥʘʧʝʨʝʜ ʚʠʟʥʘʯʝʥʦʛʦ ʽʥʪʝʨʚʘʣʫ ʯʘʩʫ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʨʝʘʣʽʟʘʮʽʷ ʝʬʝʢʪʠʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ ʫ 

ʣʦʢʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷʤ ʦʙʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʩʪʚʦʨʝʥʥʷ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʙʘʟʠʩʫ, ʷʢʠʡ ʚʢʣʶʯʘʻ: 1) ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʥʘʣʦʛʫ 

ʧʨʠʥʮʠʧʫ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ɻʝʡʟʝʥʙʝʨʛʘ; 2) ʟʘʣʫʯʝʥʥʷ ʧʦʣʦʞʝʥʴ ʪʝʦʨʽʾ 

ʝʥʪʨʦʧʽʡʥʦʛʦ ʪʘ ʬʨʘʢʪʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ; 3) ʨʦʟʚʠʪʦʢ ʪʝʦʨʽʾ ʤʦʤʝʥʪʥʠʭ 

ʧʝʨʝʪʚʦʨʝʥʴ ʪʘ ʪʝʦʨʽʾ ʤʘʨʪʠʥʛʘʣʽʚ, ʪʘ ʩʪʚʦʨʝʥʥʷ ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ ʝʬʝʢʪʠʚʥʠʭ 

ʘʣʛʦʨʠʪʤʽʚ ʽ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ. 

ʋ ʜʨʫʛʦʤʫ ʨʦʟʜʽʣʽ ʧʨʦʚʝʜʝʥʦ ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʧʦʪʦʢʫ 

ʧʝʨʚʠʥʥʦʾ ʝʥʝʨʛʽʾ. ʇʦʢʘʟʘʥʦ, ʱʦ ʥʘ ʦʩʥʦʚʽ ʚʨʘʭʫʚʘʥʥʷ ʘʥʘʣʦʛʫ ʧʨʠʥʮʠʧʫ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ɻʝʡʟʝʥʙʝʨʛʘ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʣʦʢʘʣʴʥʦʶ ʩʠʩʪʝʤʦʶ 

ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʜʚʘ ʢʘʥʘʣʠ ʢʝʨʫʚʘʥʥʷ: ʟʘ ʙʘʟʦʚʠʤ ʽʥʪʝʨʚʘʣʦʤ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʨʽʚʥʷ ʝʥʝʨʛʽʾ ʜʣʷ ʟʘʨʷʜʫ ʥʘʢʦʧʠʯʫʚʘʯʘ ʪʘ ʟʘ 

ʤʽʥʽʤʘʣʴʥʦʶ ʪʨʠʚʘʣʽʩʪʶ ʽʥʪʝʨʚʘʣʫ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ 

ʨʽʚʥʷ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʦʾ ʝʥʝʨʛʽʾ, ʱʦ ʦʪʨʠʤʫʻʪʴʩʷ ʚʽʜ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʧʨʠ ʚʠʧʘʜʢʦʚʦʤʫ ʭʘʨʘʢʪʝʨʽ ʧʽʜʢʣʶʯʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʘʙʦ 

ʟʤʽʥʠ ʧʦʪʫʞʥʦʩʪʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ ʥʘ ʽʥʪʝʨʚʘʣʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʬʣʫʢʪʫʘʮʽʾ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʣʦʢʘʣʴʥʽʡ ʩʠʩʪʝʤʽ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ɺʽʥʝʨʦʚʩʴʢʦʤʫ ʧʨʦʮʝʩʫ, ʱʦ ʧʝʨʝʚʦʜʠʪʴ ʩʠʩʪʝʤʫ ʜʦ ʨʝʞʠʤʫ ʥʝʩʪʽʡʢʦʾ ʨʦʙʦʪʠ. 

ɼʣʷ ʧʽʜʪʨʠʤʘʥʥʷ ʩʪʽʡʢʦʾ ʨʦʙʦʪʠ ʪʘʢʠʭ ʩʠʩʪʝʤ ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʜʝʷʢʠʡ ʟʘʟʜʘʣʝʛʽʜʴ 

ʚʽʜʦʤʠʡ ʜʦʜʘʪʢʦʚʠʡ ʟʘʧʘʩ ʚʝʣʠʯʠʥʠ ʝʥʝʨʛʽʾ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʟʘʢʦʥʫ ʧʦʚʪʦʨʥʦʛʦ ʣʦʛʘʨʠʬʤʫ, ʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ ʧʽʜʢʣʶʯʝʥʥʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʘʙʦ ʟʤʽʥʽ ʧʦʪʫʞʥʦʩʪʽ ʚʭʽʜʥʦʛʦ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ. 

ʆʙˇʨʫʥʪʦʚʘʥʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʥʪʝʛʨʘʣʴʥʠʭ ʦʮʽʥʦʢ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ 

ʩʠʩʪʝʤʠ, ʱʦ ʥʝ ʧʦʪʨʝʙʫʶʪʴ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʦʙʯʠʩʣʝʥʴ ʜʣʷ ʟʥʠʞʝʥʥʷ 

ʨʦʟʤʽʨʥʦʩʪʽ ʧʨʦʩʪʦʨʫ ʜʘʥʠʭ ʟʽ ʟʙʝʨʝʞʝʥʥʷʤ ʢʦʨʠʩʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʩʠʩʪʝʤʫ. 

ʆʜʥʽʻʶ ʟ ʪʘʢʠʭ ʽʥʪʝʛʨʘʣʴʥʠʭ ʦʮʽʥʦʢ ʧʦʪʫʞʥʦʩʪʽ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ 

ʧʦʚʝʨʭʥʽ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ ʻ ʚʽʨʪʫʘʣʴʥʘ ʱʽʣʴʥʽʩʪʴ ʭʤʘʨʥʦʛʦ ʧʦʢʨʠʚʫ, ʱʦ 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʫ ʟʚʦʨʦʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʘ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʌʫʨôʻ. ʂʨʽʤ ʪʦʛʦ, ʧʘʨʘʤʝʪʨʠ ʧʦʪʦʢʽʚ ʧʝʨʚʠʥʥʦʾ ʝʥʝʨʛʽʾ, ʪʘʢʽ ʷʢ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 
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ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ, ʤʦʞʥʘ ʚʠʟʥʘʯʘʪʠ ʦʧʦʩʝʨʝʜʢʦʚʘʥʦ ʥʘ ʦʩʥʦʚʽ 

ʩʫʧʨʦʚʽʜʥʠʭ ʜʘʥʠʭ ʧʨʦ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʽʪʨʷ, ʪʠʩʢ ʪʘ ʚʦʣʦʛʽʩʪʴ, ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʦʨʝʣʷʮʽʡʥʦʛʦ ʘʥʘʣʽʟʫ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʚʨʘʭʫʚʘʥʥʷ ʬʨʘʢʪʘʣʴʥʦʾ ʧʨʠʨʦʜʠ ʧʨʦʮʝʩʽʚ ʛʝʥʝʨʘʮʽʾ ʪʘ 

ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʫ 

ʣʦʢʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ. 

ʊʨʝʪʽʡ ʨʦʟʜʽʣ ʧʨʠʩʚʷʯʝʥʠʡ ʦʩʦʙʣʠʚʦʩʪʷʤ ʢʝʨʫʚʘʥʥʷ ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ ʥʘ 

ʦʩʥʦʚʽ ʨʦʟʨʘʭʫʥʢʫ ʝʥʪʨʦʧʽʡʥʦʾ ʜʠʚʝʨʛʝʥʮʽʾ. ʇʦʢʘʟʘʥʦ, ʱʦ ʨʝʘʣʽʟʘʮʽʷ ʧʨʦʛʥʦʟʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ ʣʦʢʘʣʴʥʦʶ ʩʠʩʪʝʤʦʶ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʝʨʰʦʾ 

ʚʠʙʽʨʢʦʚʦʾ ʝʥʪʨʦʧʽʾ, ʷʢ ʽʥʪʝʛʨʘʣʴʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʘʥʫ ʩʠʩʪʝʤʠ, ʜʦʟʚʦʣʷʻ 

ʦʮʽʥʶʚʘʪʠ ʪʘ ʧʦʨʽʚʥʶʚʘʪʠ ʚʠʧʘʜʢʦʚʽ ʧʨʦʮʝʩʠ ʛʝʥʝʨʘʮʽʾ, ʩʧʦʞʠʚʘʥʥʷ ʪʘ 

ʥʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ, ʥʝ ʟʥʘʭʦʜʷʯʠ ʟʘʢʦʥʽʚ ʾʭ ʨʦʟʧʦʜʽʣʫ. 

ʅʘʚʝʜʝʥʦ ʬʦʨʤʫʣʠ ʪʝʦʨʽʾ ʤʦʤʝʥʪʽʚ ʜʣʷ ʧʦʙʫʜʦʚʠ ʚʽʜʥʦʚʣʶʶʯʦʛʦ ʪʘ 

ʧʨʦʛʥʦʟʫʶʯʦʛʦ ʧʦʣʽʥʦʤʫ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʟ ʧʦʭʠʙʢʦʶ, ʱʦ ʥʝ ʧʝʨʝʚʠʱʫʻ 23% 

ʚʠʢʦʥʫʚʘʪʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʯʘʩʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʝʥʪʨʦʧʽʾ ʐʝʥʥʦʥʘ ʜʣʷ ʧʦʪʫʞʥʦʩʪʽ 

ʩʧʦʞʠʚʘʥʥʷ. ʇʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘ 11% ʜʦʩʷʛʘʻʪʴʩʷ ʰʣʷʭʦʤ 

ʚʨʘʭʫʚʘʥʥʷ ʬʨʘʢʪʘʣʴʥʦʾ ʧʨʠʨʦʜʠ ʧʨʦʮʝʩʫ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʝʥʪʨʦʧʽʾ ʈʝʥʴʾ. 

ɼʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʚʠʭʦʜʽ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʥʦʚʠʡ ʤʝʪʦʜ ʦʙôʻʜʥʘʥʥʷ ʥʘʡʙʣʠʞʯʠʭ ʩʫʩʽʜʽʚ ʪʘ ʢʣʘʩʪʝʨʠʟʘʮʽʾ k-ʩʝʨʝʜʥʽʭ, ʷʢʠʡ 

ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ ʙʽʣʴʰʦʾ ʪʦʯʥʦʩʪʽ ʧʦʨʽʚʥʷʥʦ ʟ ʢʣʘʩʠʯʥʠʤ ʤʝʪʦʜʦʤ ʥʘʡʙʣʠʞʯʠʭ 

ʩʫʩʽʜʽʚ, ʽ ʚ ʩʝʨʝʜʥʴʦʤʫ ʥʘ 25% ʟʤʝʥʰʠʪʠ ʧʦʭʠʙʢʫ ʧʨʦʛʥʦʟʫʚʘʥʥʷ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʩʧʦʩʽʙ ʢʝʨʫʚʘʥʥʷ ʟʘʨʷʜʥʦ-ʨʦʟʨʷʜʥʠʤ ʧʨʠʩʪʨʦʻʤ 

ʥʘʢʦʧʠʯʫʚʘʯʘ ʥʘ ʦʩʥʦʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʫʥʢʮʽʾ ʝʥʪʨʦʧʽʡʥʦʾ ʜʠʚʝʨʛʝʥʮʽʾ, ʷʢʠʡ 

ʜʦʟʚʦʣʠʚ ʥʘ 3% ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʢʦʧʠʯʫʚʘʯʘ ʟʘ ʨʘʭʫʥʦʢ 

ʟʤʝʥʰʝʥʥʷ ʪʨʠʚʘʣʦʩʪʝʡ ʽʥʪʝʨʚʘʣʽʚ ʯʘʩʫ, ʢʦʣʠ ʥʘʢʦʧʠʯʫʚʘʯ ʧʦʚʥʽʩʪʶ ʟʘʨʷʜʞʝʥʠʡ 

ʪʘ ʧʦʚʥʽʩʪʶ ʨʦʟʨʷʜʞʝʥʠʡ. 

ʋ ʯʝʪʚʝʨʪʦʤʫ ʨʦʟʜʽʣʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʚʧʣʠʚ ʧʦʜʚʽʡʥʦʾ ʩʪʨʫʢʪʫʨʠ ʧʦʪʦʢʽʚ 

ʝʥʝʨʛʽʾ ʛʝʥʝʨʘʮʽʾ ʪʘ ʩʧʦʞʠʚʘʥʥʷ ʥʘ ʨʦʟʨʘʭʫʥʦʢ ʝʥʪʨʦʧʽʡʥʦʾ ʜʠʚʝʨʛʝʥʮʽʾ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦʜʘʪʢʦʚʦʛʦ ʥʘʢʦʧʠʯʫʚʘʯʘ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ 

ʜʝʪʝʨʤʽʥʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʝʥʝʨʛʽʾ ʩʧʦʞʠʚʘʥʥʷ, ʟʤʝʥʰʫʻ ʚʝʣʠʯʠʥʫ ʜʦʚʽʨʯʦʛʦ 
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ʽʥʪʝʨʚʘʣʫ ʪʘ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʤʽʥʽʤʘʣʴʥʫ ʥʝʦʙʭʽʜʥʫ ʝʥʝʨʛʽʶ ʟʘʨʷʜʫ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʦʙʠʨʘʪʠ ʤʝʥʰʫ ʻʤʥʽʩʪʴ ʦʩʥʦʚʥʦʛʦ ʥʘʢʦʧʠʯʫʚʘʯʘ. 

ɺʨʘʭʫʚʘʥʥʷ ʩʪʘʪʠʩʪʠʯʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʬʫʥʢʮʽʡ ʟʤʽʥʠ ʝʥʝʨʛʽʾ ʥʘ ʚʠʭʦʜʽ 

ʚʽʜʥʦʚʣʶʚʘʥʦʛʦ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ ʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʢʘʟʫʻ ʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʝʥʪʨʦʧʽʡʥʦʾ ʜʠʚʝʨʛʝʥʮʽʾ, ʟʘʤʽʩʪʴ ʝʥʪʨʦʧʽʾ 

ɹʦʣʴʮʤʘʥʘ ʯʠ ʐʝʥʥʦʥʘ, ʫʤʦʚʥʦʾ ʝʥʪʨʦʧʽʾ ʜʣʷ ʧʦʪʦʯʥʠʭ ʨʦʟʧʦʜʽʣʽʚ ʧʦʪʦʢʽʚ 

ʝʥʝʨʛʽʾ ʛʝʥʝʨʘʮʽʾ ʪʘ ʩʧʦʞʠʚʘʥʥʷ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ ʥʘʢʦʧʠʯʫʚʘʯʘ, ʚ ʷʢʦʤʫ 

ʰʠʨʠʥʘ ʟʦʥʘ ʢʝʨʦʚʘʥʦʾ ʨʦʙʦʪʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʝʣʠʯʠʥʦʶ ʧʦʭʠʙʢʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ, ʥʝʦʙʭʽʜʥʦ ʦʪʨʠʤʫʚʘʪʠ ʜʘʥʽ ʟ ʤʝʥʰʦʶ ʜʠʩʢʨʝʪʥʽʩʪʶ ʪʘ ʦʙʠʨʘʪʠ 

ʤʝʪʦʜ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʤʽʥʽʤʘʣʴʥʫ ʧʦʭʠʙʢʫ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ. 

ʅʘʚʝʜʝʥʦ ʬʦʨʤʫʣʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʽʤʦʚʽʨʥʦʩʪʝʡ ʧʝʨʝʟʘʨʷʜʫ ʪʘ ʥʘʜʤʽʨʥʦʛʦ 

ʨʦʟʨʷʜʫ ʥʘʢʦʧʠʯʫʚʘʯʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʦʨʽʾ ʤʘʨʪʠʥʛʘʣʽʚ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʜʣʷ 

ʬʦʨʤʫʚʘʥʥʷ ʩʠʛʥʘʣʽʚ ʢʝʨʫʚʘʥʥʷ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʝʥʪʨʦʧʽʡʥʦʾ ʜʠʚʝʨʛʝʥʮʽʾ 

ʚʨʘʭʦʚʫʚʘʪʠ ʝʥʪʨʦʧʽʾ ʧʝʨʝʟʘʨʷʜʫ ʪʘ ʥʘʜʤʽʨʥʦʛʦ ʨʦʟʨʷʜʫ ʥʘʢʦʧʠʯʫʚʘʯʘ. 

ʋ ʧôʷʪʦʤʫ ʨʦʟʜʽʣʽ ʦʧʠʩʘʥʦ ʥʦʚʠʡ ʩʧʦʩʽʙ ʢʝʨʫʚʘʥʥʷ ʟʘʨʷʜʥʦ-ʨʦʟʨʷʜʥʠʤ 

ʧʨʠʩʪʨʦʻʤ ʥʘʢʦʧʠʯʫʚʘʯʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʫ ʣʦʢʘʣʴʥʽʡ ʩʠʩʪʝʤʽ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ, 

ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʚʠʟʥʘʯʝʥʥʽ ʨʽʟʥʠʮʽ ʝʥʪʨʦʧʽʡʥʠʭ ʜʠʚʝʨʛʝʥʮʽʡ ʟʽ ʩʪʦʨʦʥʠ ʜʞʝʨʝʣʘ 

ʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʪʨʠʚʘʣʦʩʪʽ ʽʥʪʝʨʚʘʣʽʚ ʯʘʩʫ, ʢʦʣʠ 

ʥʘʢʦʧʠʯʫʚʘʯ ʻ ʥʝʢʝʨʦʚʘʥʠʤ. ʉʠʛʥʘʣ ʢʝʨʫʚʘʥʥʷ ʢʣʶʯʝʤ, ʱʦ ʢʦʤʫʪʫʻ 

ʥʘʢʦʧʠʯʫʚʘʯ, ʬʦʨʤʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʘʣʛʝʙʨʘʾʯʥʦʾ ʨʽʟʥʠʮʽ ʤʽʞ ʟʥʘʯʝʥʥʷʤʠ 

ʝʥʪʨʦʧʽʡʥʦʾ ʜʠʚʝʨʛʝʥʮʽʾ ʧʦʪʦʢʫ ʝʥʝʨʛʽʾ ʥʘ ʚʠʭʦʜʽ ʚʽʜʥʦʚʣʶʚʘʥʦʛʦ ʜʞʝʨʝʣʘ ʪʘ 

ʟʥʘʯʝʥʥʷʤʠ ʝʥʪʨʦʧʽʡʥʦʾ ʜʠʚʝʨʛʝʥʮʽʾ ʧʦʪʦʢʫ ʝʥʝʨʛʽʾ, ʱʦ ʩʧʦʞʠʚʘʻ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʗʢʱʦ ʟʥʘʯʝʥʥʷ ʝʥʪʨʦʧʽʡʥʦʾ ʜʠʚʝʨʛʝʥʮʽʾ ʜʞʝʨʝʣʘ ʧʝʨʝʚʠʱʫʻ ʟʥʘʯʝʥʥʷ 

ʝʥʪʨʦʧʽʡʥʦʾ ʜʠʚʝʨʛʝʥʮʽʾ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʥʘʢʦʧʠʯʫʚʘʯ ʟʘʨʷʜʞʘʻʪʴʩʷ, ʚʠʩʪʫʧʘʶʯʠ 

ʚ ʨʦʣʽ ʜʦʜʘʪʢʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʗʢʱʦ ʟʥʘʯʝʥʥʷ ʝʥʪʨʦʧʽʡʥʦʾ ʜʠʚʝʨʛʝʥʮʽʾ 

ʜʞʝʨʝʣʘ ʤʝʥʰʝ ʟʘ ʟʥʘʯʝʥʥʷ ʝʥʪʨʦʧʽʡʥʦʾ ʜʠʚʝʨʛʝʥʮʽʾ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʥʘʢʦʧʠʯʫʚʘʯ 

ʨʦʟʨʷʜʞʘʻʪʴʩʷ, ʚʠʩʪʫʧʘʶʯʠ ʚ ʨʦʣʽ ʜʦʜʘʪʢʦʚʦʛʦ ʜʞʝʨʝʣʘ. ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʢʣʶʯ 

ʟʘʚʞʜʠ ʟʘʤʢʥʫʪʠʡ, ʥʘʢʦʧʠʯʫʚʘʯ ʟʘʚʞʜʠ ʧʽʜʢʣʶʯʝʥʠʡ ʜʦ ʩʠʩʪʝʤʠ, ʽ ʧʨʘʮʶʻ ʫ 

ʙʫʬʝʨʥʦʤʫ ʨʝʞʠʤʽ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʨʦʙʦʪʫ ʚʽʜʥʦʚʣʶʚʘʥʦʛʦ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ ʚ 
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ʨʝʞʠʤʽ ʚʽʜʙʦʨʫ ʤʘʢʩʠʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ. ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʢʣʶʯ ʟʘʚʞʜʠ ʨʦʟʽʤʢʥʫʪʠʡ, 

ʥʘʢʦʧʠʯʫʚʘʯ ʚʽʜʢʣʶʯʝʥʠʡ ʚʽʜ ʩʠʩʪʝʤʠ. 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʚʢʘʟʘʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʢʝʨʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦ ʧʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʧʨʦʛʥʦʟʥʝ ʢʝʨʫʚʘʥʥʷ ʣʦʢʘʣʴʥʦʶ 

ʩʠʩʪʝʤʦʶ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʨʦʟʨʘʭʫʥʢʫ ʝʥʪʨʦʧʽʡʥʦʾ ʜʠʚʝʨʛʝʥʮʽʾ. 

ʐʦʩʪʠʡ ʨʦʟʜʽʣ ʤʽʩʪʠʪʴ ʽʥʬʦʨʤʘʮʽʶ ʱʦʜʦ ʦʩʦʙʣʠʚʦʩʪʝʡ ʢʝʨʫʚʘʥʥʷ 

ʧʨʦʮʝʩʘʤʠ ʛʝʥʝʨʘʮʽʾ, ʥʘʢʦʧʠʯʝʥʥʷ ʪʘ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʫ ʣʦʢʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ 

ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ. ɺʨʘʭʫʚʘʥʥʷ ʘʥʘʣʦʛʫ ʧʨʠʥʮʠʧʫ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ɻʝʡʟʝʥʙʝʨʛʘ, 

ʧʨʠʥʮʠʧʫ ʩʠʥʝʨʛʝʪʠʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʪʘ ʢʦʛʥʽʪʠʚʥʦʩʪʽ ʢʝʨʫʚʘʥʥʷ ʚʢʘʟʫʻ ʥʘ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʥʦʚʦʛʦ ʥʘʡʚʠʱʦʛʦ ʨʽʚʥʷ ʽʻʨʘʨʭʽʾ ʢʝʨʫʚʘʥʥʷ, ʷʢʠʡ 

ʨʝʘʣʽʟʫʻ ʧʨʠʥʮʠʧ ʧʨʝʝʤʧʪʠʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ, ʷʢʠʡ ʨʝʘʣʽʟʫʻ ʚʠʧʝʨʝʜʞʫʶʯʠʤ 

ʯʠʥʦʤ ʫʩʫʥʝʥʥʷ ʟʘʛʨʦʟʠ ʨʫʡʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʽ ʣʦʢʘʣʽʟʘʮʽʶ ʪʝʭʥʽʯʥʠʭ ʦʙôʻʢʪʽʚ, 

ʱʦ ʧʦʨʦʜʞʫʶʪʴ ʟʘʛʨʦʟʫ, ʪʦʙʪʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʟʘʚʘʥʪʘʞʝʥʥʷ ʩʠʩʪʝʤʠ ʧʽʩʣʷ 

ʜʝʷʢʦʛʦ ʯʘʩʫ ʪʨʠʚʘʣʦʾ ʨʦʙʦʪʠ, ʧʽʜ ʯʘʩ ʷʢʦʾ ʨʝʘʣʽʟʫʻʪʴʩʷ ʧʨʦʛʥʦʟʥʝ ʢʦʥʪʝʢʩʪʥʦ-

ʟʘʣʝʞʥʝ ʢʝʨʫʚʘʥʥʷ ʩʠʩʪʝʤʦʶ. 

 ʇʦʢʘʟʘʥʦ, ʱʦ ʽʥʪʝʛʨʘʮʽʷ ʚ ʢʦʥʪʝʢʩʪ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʚʽʜ 

ʨʽʟʥʦʪʠʧʥʠʭ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʪʘ ʩʧʦʞʠʚʘʯʽʚ, 

ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʤʦʜʝʣʴ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʨʝʘʣʴʥʦʾ ʣʦʢʘʣʴʥʦʾ ʩʠʩʪʝʤʠ 

ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ, ʥʘ ʧʽʜʩʪʘʚʽ ʷʢʦʾ ʩʠʩʪʝʤʦʶ ʢʝʨʫʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʟʛʝʥʝʨʦʚʘʥʦ 

ʥʝʦʙʭʽʜʥʝ ʢʝʨʫʶʯʝ ʨʽʰʝʥʥʷ ʜʣʷ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ 

ʟ ʤʥʦʞʠʥʠ ʤʦʞʣʠʚʠʭ ʨʽʰʝʥʴ. 

ʋ ʨʦʙʦʪʽ ʚʠʨʽʰʝʥʘ ʥʘʫʢʦʚʘ ʪʝʭʥʽʯʥʘ ʧʨʦʙʣʝʤʘ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʫ ʣʦʢʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʟ ʫʩʪʘʥʦʚʢʘʤʠ ʥʘ 

ʦʩʥʦʚʽ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʟʘ ʨʘʭʫʥʦʢ ʨʦʟʨʦʙʢʠ ʪʝʦʨʝʪʠʯʥʠʭ ʟʘʩʘʜ 

ʢʝʨʫʚʘʥʥʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʤʠ ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ, ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʘʥʘʣʦʛʦʚʽ 

ʧʨʠʥʮʠʧʫ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ɻʝʡʟʝʥʙʝʨʛʘ, ʝʥʪʨʦʧʽʡʥʦʤʫ ʘʥʘʣʽʟʽ ʧʦʪʦʢʽʚ ʝʥʝʨʛʽʾ 

ʛʝʥʝʨʘʮʽʾ ʪʘ ʩʧʦʞʠʚʘʥʥʷ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʾʭ ʧʦʜʚʽʡʥʦʾ ʩʪʨʫʢʪʫʨʠ ʪʘ ʬʨʘʢʪʘʣʴʥʦʾ 

ʧʨʠʨʦʜʠ. 

ʋʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʩʧʦʩʽʙ ʢʝʨʫʚʘʥʥʷ ʟʘʨʷʜʥʦ-ʨʦʟʨʷʜʥʠʤ ʧʨʠʩʪʨʦʻʤ 

ʥʘʢʦʧʠʯʫʚʘʯʘ ʥʘ ʦʩʥʦʚʽ ʚʠʟʥʘʯʝʥʥʷ ʨʽʟʥʠʮʽ ʝʥʪʨʦʧʽʡʥʠʭ ʜʠʚʝʨʛʝʥʮʽʡ ʧʦʪʦʢʽʚ 

ʝʥʝʨʛʽʾ ʥʘ ʚʠʭʦʜʽ ʫʩʪʘʥʦʚʢʠ ʥʘ ʦʩʥʦʚʽ ʚʽʜʥʦʚʣʶʚʘʥʦʛʦ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ ʪʘ 
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ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʪʨʠʚʘʣʦʩʪʽ ʽʥʪʝʨʚʘʣʽʚ ʯʘʩʫ, ʢʦʣʠ 

ʥʘʢʦʧʠʯʫʚʘʯ ʻ ʥʝʢʝʨʦʚʘʥʠʤ: ʧʦʚʥʽʩʪʶ ʟʘʨʷʜʞʝʥʠʤ ʘʙʦ ʧʦʚʥʽʩʪʶ ʨʦʟʨʷʜʞʝʥʠʤ. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʚʧʨʦʚʘʜʞʝʥʦ: ʧʨʠ ʚʜʦʩʢʦʥʘʣʝʥʥʽ ʧʨʦʛʨʘʤʠ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʛʝʥʝʨʘʮʽʾ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʩʦʥʷʯʥʠʤʠ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʤʠ 

ʩʪʘʥʮʽʷʤʠ ʊʆɺ çʇʨʦʣʦʛ ʉʦʣʘʨʽʥʚʝʩʪè, ʊʆɺ çɽʥʝʨʜʞʠʣʘʡʥè ʪʘ ʊʆɺ 

«ɽʥʨʝʛʦʩʝʨʚʽʩʧʣʶʩè; ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʤʝʪʦʜʠʢ ʽ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʩʠʩʪʝʤʘʭ ʟ ʫʩʪʘʥʦʚʢʘʤʠ ʥʘ ʦʩʥʦʚʽ 

ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʛʨʦʤʘʜʩʴʢʦʶ ʦʨʛʘʥʽʟʘʮʽʻʶ çɸʩʦʮʽʘʮʽʷ ʥʘʫʢʦʚʮʽʚ 

ʋʢʨʘʾʥʠè; ʚ ʫʯʙʦʚʠʡ ʧʨʦʮʝʩ ʚ ʅʘʮʽʦʥʘʣʴʥʦʤʫ ʪʝʭʥʽʯʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ ʋʢʨʘʾʥʠ 

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè ʧʨʠ ʚʠʢʣʘʜʘʥʥʽ 

ʜʠʩʮʠʧʣʽʥ çʊʝʦʨʽʷ ʽʥʬʦʨʤʘʮʽʾè, çʇʨʠʩʪʨʦʾ ʧʝʨʝʪʚʦʨʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠè, 

«ɽʣʝʢʪʨʦʥʥʽ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʪʘ ʨʝʛʫʣʶʚʘʥʥʷ». 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʘʥʘʣʦʛ ʧʨʠʥʮʠʧʫ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ɻʝʡʟʝʥʙʝʨʛʘ, 

ɺʽʥʝʨʦʚʩʴʢʠʡ ʧʨʦʮʝʩ, ʝʥʪʨʦʧʽʡʥʠʡ ʘʥʘʣʽʟ, ʣʦʢʘʣʴʥʽ ʩʠʩʪʝʤʠ 

ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ, ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʬʨʘʢʪʘʣʴʥʠʡ ʘʥʘʣʽʟ. 

ABSTRACT 

Klen K.S. Theoretical principles of construction of converter control systems 

based on entropy divergence. ï Manuscript. The dissertation of doctor of technical 

sciences on a specialty 05.09.12 ñSemiconductor power convertersò. ï National 

Technical University of Ukraine ñIgor Sikorsky Kyiv Polytechnic Instituteò, Kyiv, 

2025. 

In the dissertation work, the theory of semiconductor power converters control, 

which are an integral part of modern local power supply systems, is further developed/ 

The theory is built on the basis of the application of the Heisenberg uncertainty 

principle, the calculation of entropy divergence and taking into account the 

characteristics of energy generation and consumption flows. It has been proven that 

taking into account the specified features when building converter control systems 

allows to increase the overall efficiency of local power supply systems. The obtained 

results as a whole are a theoretical generalization and a new solution to an important 

scientific and applied problem of increasing the efficiency of primary flow energy use 

in local power supply systems with semiconductor power converters. 
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The first chapter analyzes the conditions for increasing the efficiency of 

electricity use in local power supply systems with installations based on renewable 

energy sources by means of converter technology. It is shown that in order to increase 

efficiency, it is necessary to implement intelligent mechanisms for managing 

distributed energy resources and their system integration using electric energy storage, 

which will reduce the share of unregulated load in the system. 

At the same time, an important task is the implementation of control of 

semiconductor converters in local power supply systems with installations based on 

renewable energy sources and storage devices, taking into account the significant size 

of the data space, the heterogeneity of their flows, as well as ensuring the guaranteed 

power supply of the load during a predetermined time interval. 

It is shown that the implementation of effective control of converters in local 

power supply systemôs necessitates the creation of an appropriate mathematical basis, 

which includes: 1) application of Heisenberg uncertainty principle's analogue; 

2) involving the provisions of the theory of entropy and fractal analysis; 3) the 

development of the theory of moment transformations and the theory of martingales, 

and the creation of effective algorithms and control systems based on it. 

In the second chapter, mathematical modeling of the primary energy flow 

structure is carried out. It is shown that, on the basis of taking into account the 

Heisenberg uncertainty principle's analogue, for effective control of the local power 

supply system, it is necessary to have two control channels: for the basic interval to 

ensure the necessary level of energy for the battery charge and for the minimum 

duration of the observation interval to ensure the necessary level of the maximum 

possible energy obtained from renewable sources. 

It has been shown that with the random nature of the load connection or power 

source power change during the observation interval, the fluctuations of 

electromagnetic processes in the local power supply system correspond to the Wiener 

process, which brings the system to the mode of unstable operation. To maintain the 

stable operation of such systems, it is necessary to have some previously known 

additional reserve of the amount of energy, which is determined according to the law 
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of the repeated logarithm, and is used when connecting the load or changing the power 

of the input energy source. 

The use of integral estimates of changes in system parameters, which do not 

require a significant number of calculations to reduce the dimensionality of the data 

space while preserving useful information about the system, is substantiated. One such 

integral estimate of solar radiation power on the surface of solar panels is the virtual 

density of cloud cover, which is calculated based on the inverse and Fourier transform 

methods. In addition, parameters of primary energy fluxes, such as radiation intensity 

and wind speed, can be determined indirectly from the accompanying data on air 

temperature, pressure and humidity, using correlation analysis. 

It is shown that taking into account the fractal nature of energy generation and 

consumption processes allows to increase the accuracy of power forecasting in local 

power supply systems. 

The third chapter is devoted to the features of converter control based on entropy 

divergence calculation. It is shown that the implementation of predictive control of the 

distributed generation system using the first sample entropy as an integral characteristic 

of the system state allows to evaluate and compare the random processes of energy 

generation, consumption and storage without finding the laws of their distribution. 

Formulas of the theory of moments for the construction of the restoring and 

forecasting polynomial are given, which allow with an error not exceeding 23% to 

forecast the time distribution of the Shannon entropy for the consumption power. An 

11% increase in forecasting accuracy is achieved by taking into account the fractal 

nature of the energy consumption process and using it in the Renyi entropy 

calculations. 

For forecasting the output power of solar panels, a new method of combining 

nearest neighbors and k-means clustering is proposed, which allows to achieve greater 

accuracy compared to the classical method of nearest neighbors, and to reduce the 

prediction error by 25% on average. 

Control method for the charge-discharge device of the storage device based on 

the use of the entropy divergence function is proposed, which allowed to increase the 
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efficiency of the use of the storage device by 3% due to the reduction of the time 

intervals when the storage device is fully charged and fully discharged. 

In the fourth chapter, the influence of the dual structure of energy flows of 

generation and consumption on the calculation of entropy divergence is analyzed. It is 

shown that the use of an additional storage device, which provides a deterministic value 

of energy consumption, reduces the value of the confidence interval and allows to 

increase the minimum necessary charge energy, which allows choosing a smaller 

capacity of the main storage device. 

Taking into account the statistical dependence of the energy change functions at 

the output of the renewable energy source and the load indicates the need to use for the 

calculation of entropy divergence, instead of Boltzmann or Shannon entropy, 

conditional entropy for the current distributions of energy flows of generation and 

consumption. 

It is shown that in order to ensure the efficient operation of the accumulator, in 

which the width of the zone of controlled operation is determined by the magnitude of 

the wind speed forecasting error, it is necessary to obtain data with a lower discreteness 

and choose a wind speed forecasting method that provides a minimum forecasting 

error. 

Formulas for calculating the probabilities of overcharging and excessive 

discharge of the storage device using the theory of martingales are presented, which 

allow for the formation of control signals when calculating the entropy divergence to 

take into account the entropies of overcharging and excessive discharge of the storage 

device. 

The fifth chapter describes a new way of controlling the charge-discharge device 

of the electricity storage in the local power supply system, based on the determination 

of the difference in entropy divergences from the source and load side, which allows 

to reduce the duration of the time intervals when the storage is uncontrolled. The key 

control signal that switches the storage is formed according to the algebraic difference 

between the values of the entropy divergence of the energy flow at the output of the 

renewable source and the values of the entropy divergence of the energy flow 

consuming the load. If the value of the entropy divergence of the source exceeds the 
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value of the entropy divergence of the load, the accumulator is charged, acting as an 

additional load. If the value of the entropy divergence of the source is less than the 

value of the entropy divergence of the load, the accumulator is discharged, acting as an 

additional source. In the event that the key is always closed, the storage device is 

always connected to the system, and works in buffer mode, ensuring the operation of 

the renewable energy source in the mode of maximum energy extraction. If the key is 

always unlocked, the drive is disconnected from the system. 

To implement the specified control features, software was developed that allows 

you to implement predictive control of the local power supply system based on entropy 

divergence calculation. 

The sixth chapter contains information on the features of managing the processes 

of generation, storage and consumption of energy in local power supply systems. 

Taking into account the Heisenberg uncertainty principle's analogue, principle of 

synergistic development and cognitive control indicates the need to create a new 

highest level of the control hierarchy, which implements the principle of preemptive 

control, which implements in an anticipatory manner the elimination of the threat of 

system destruction and the localization of technical objects that generate the threat, that 

is, the system is restarted after some time of long work, during which predictive 

context-dependent control of the system is implemented. 

It is shown that integration into the context of information coming from various 

types of renewable energy sources, accumulators and consumers allows to obtain a 

model of the current state of a real local power supply system, on the basis of which 

the control system can generate the necessary control solution for converters of electric 

energy parameters from a set of possible solutions. 

The manuscript solves the scientific and technical problem of increasing the 

efficiency of the use of primary flow energy in local power supply systems based on 

the construction of a theory of control of semiconductor converters based on the 

Heisenberg uncertainty principle, entropy analysis of primary energy flows and 

consumption energy, taking into account their dual structure and fractal nature. 

For the first time, a method of controlling the charging-discharging device of the 

storage device has been developed based on the determination of the difference in 
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entropy divergences of the energy flows at the output of the renewable energy source 

and the load, which allows to reduce the duration of time intervals when the storage 

device is uncontrolled: fully charged or fully discharged. 

The results of the work were implemented: when improving the program for 

forecasting the generation of electrical energy by solar photovoltaic stations of Prolog 

Solarinvest LLC and Energyline LLC; to create methods and recommendations for 

increasing the efficiency of electricity use in systems with renewable energy sources 

by the public organization «Association of Scientists of Ukraine»; in the educational 

process at the National Technical University of Ukraine ñIgor Sikorsky Kyiv 

Polytechnic Instituteò while teaching the disciplines ñTheory of Informationò, ñPower 

Convertersò, ñElectronic systems for operation and controlò. 

Keywords: entropy analysis, fractal analysis, Heisenberg uncertainty 

principle, local power supply systems, semiconductor power converters, Wiener 

process. 
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15. ʂʣʝʥ ʂ.ʉ., ʄʘʨʪʠʥʶʢ ɺ.ɯ. ʃʽʥʽʡʥʽ ʬʫʥʢʮʽʾ ʥʘ ʙʘʟʽ ʬʫʥʢʮʽʡ ʋʦʣʰʘ. ï 

ʄʽʢʨʦʩʠʩʪʝʤʠ, ʝʣʝʢʪʨʦʥʽʢʘ ʪʘ ʘʢʫʩʪʠʢʘ. ï 2019. ʊʦʤ 24, ˉ1. ʉ. 29-34. 

(ɿʜʦʙʫʚʘʯʝʤ ʟʘʩʪʦʩʦʚʘʥʦ ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ ʣʽʥʽʡʥʠʭ ʬʫʥʢʮʽʡ ʥʘ ʙʘʟʽ 

ʬʫʥʢʮʽʡ ʋʦʣʰʘ ʜʣʷ ʘʧʨʦʢʩʠʤʘʮʽʾ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ ʬʫʥʢʮʽʡ ʟʤʽʥʠ ʧʦʪʦʢʽʚ ʧʝʨʚʠʥʥʦʾ 

ʝʥʝʨʛʽʾ) 

16. ʂʣʝʥ ʂ.ʉ., ʗʨʝʤʝʥʢʦ ʄ.ʂ. ʆʮʽʥʢʘ ʨʽʚʥʷ ʝʥʝʨʛʽʾ ʚʽʪʨʦʚʦʛʦ ʧʦʪʦʢʫ ʟʘ 

ʩʫʧʨʦʚʽʜʥʠʤʠ ʜʘʥʠʤʠ. ï ʄʽʢʨʦʩʠʩʪʝʤʠ, ʝʣʝʢʪʨʦʥʽʢʘ ʪʘ ʘʢʫʩʪʠʢʘ. ï 2019. ʊʦʤ 24, 

ˉ2. C. 56-63. (ɿʜʦʙʫʚʘʯʝʤ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʥʘ 

ʚʠʭʦʜʽ ʚʽʪʨʦʛʝʥʝʨʘʪʦʨʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʪʦʜʠ ʢʦʨʝʣʷʮʽʡʥʦʛʦ ʘʥʘʣʽʟʫ) 

17. ʂʣʝʥ ʂ.ʉ., ɾʫʡʢʦʚ ɺ.ʗ., ʂʦʨʯʘʢʘ ʄ.ʆ. ɺʽʜʥʦʚʣʝʥʥʷ ʜʘʥʠʭ ʫ Micro Grid 

ʤʝʪʦʜʦʤ ʝʤʧʽʨʠʯʥʠʭ ʦʨʪʦʛʦʥʘʣʴʥʠʭ ʬʫʥʢʮʽʡ. ï ʄʽʢʨʦʩʠʩʪʝʤʠ, ʝʣʝʢʪʨʦʥʽʢʘ ʪʘ 

ʘʢʫʩʪʠʢʘ. ï 2019. ʊʦʤ 24, ˉ3. ʉ. 33-38. (ɿʜʦʙʫʚʘʯʝʤ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ ʝʤʧʽʨʠʯʥʠʭ ʦʨʪʦʛʦʥʘʣʴʥʠʭ ʬʫʥʢʮʽʡ ʜʣʷ 

ʚʽʜʥʦʚʣʝʥʥʷ ʜʘʥʠʭ ʧʦʪʫʞʥʦʩʪʽ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ) 

18. ʂʣʝʥ ʂ.ʉ., ɾʫʡʢʦʚ ɺ.ʗ., ʉʫʢʘʯ ʈ.ɺ. ʇʨʦʛʨʘʤʘ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ 

ʭʤʘʨʥʦʛʦ ʧʦʢʨʠʚʫ ʥʘʜ ʩʦʥʷʯʥʦʶ ʝʣʝʢʪʨʦʩʪʘʥʮʽʻʶ. ï ʄʽʢʨʦʩʠʩʪʝʤʠ, ʝʣʝʢʪʨʦʥʽʢʘ 

ʪʘ ʘʢʫʩʪʠʢʘ. ï 2019. ʊʦʤ 24, ˉ4. ʉ. 18-24. (ɿʜʦʙʫʚʘʯʝʤ ʨʦʟʨʦʙʣʝʥʦ ʧʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʭʤʘʨʥʦʛʦ ʧʦʢʨʠʚʫ) 

19. K. Klen, V. Martynyuk, M. Yaremenko. Prediction of the wind speed change 

function by linear regression method. ï Computational problems of electrical 

engineering. ï 2019. Vol. 9, No. 2. P. 28-33. (ɿʜʦʙʫʚʘʯʝʤ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʜʣʷ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʚʠʭʦʜʽ ʚʽʪʨʦʛʝʥʝʨʘʪʦʨʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʪʦʜʠ 

ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ) 

20. ʂʣʝʥ ʂ.ʉ., ʄʘʨʪʠʥʶʢ ɺ.ɯ., ɾʫʡʢʦʚ ɺ.ʗ. ʄʦʜʝʣʶʚʘʥʥʷ ʭʤʘʨʥʦʛʦ 

ʧʦʢʨʠʚʫ ʥʘ ʦʩʥʦʚʽ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ. ï ʇʨʘʮʽ ɯʥʩʪʠʪʫʪʫ ʝʣʝʢʪʨʦʜʠʥʘʤʽʢʠ 

ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ ʥʘʫʢ ʋʢʨʘʾʥʠ. ï 2020. ï ˉ 56. ʉ. 24-27. (ɿʜʦʙʫʚʘʯʝʤ 
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ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʨʦʚʦʜʠʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʭʤʘʨʥʦʛʦ ʧʦʢʨʠʚʫ  ʥʘ ʦʩʥʦʚʽ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ) 

21. ʂʣʝʥ ʂ.ʉ., ʗʨʝʤʝʥʢʦ ʄ.ʂ., ɾʫʡʢʦʚ ɺ.ʗ. ɺʠʙʽʨ ʤʝʪʦʜʫ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʧʦʪʫʞʥʦʩʪʽ ʟʘʨʷʜʫ/ʨʦʟʨʷʜʫ ʥʘʢʦʧʠʯʫʚʘʯʘ ʫ ʩʠʩʪʝʤʽ ʟ ʚʽʪʨʦʛʝʥʝʨʘʪʦʨʦʤ. ï ʇʨʘʮʽ 

ɯʥʩʪʠʪʫʪʫ ʝʣʝʢʪʨʦʜʠʥʘʤʽʢʠ ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ ʥʘʫʢ ʋʢʨʘʾʥʠ. ï 2020. ˉ 57. 

ʉ. 35-41. (ɿʜʦʙʫʚʘʯʝʤ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ 

ʟʘʨʷʜʫ/ʨʦʟʨʷʜʫ ʥʘʢʦʧʠʯʫʚʘʯʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʪʦʜʠ ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ) 

22. ʂʣʝʥ ʂ.ʉ., ɿʙʨʦʥʩʴʢʠʡ ʆ.ɻ., ɾʫʡʢʦʚ ɺ.ʗ. ʈʦʟʨʘʭʫʥʦʢ ʚʽʨʪʫʘʣʴʥʦʾ 

ʱʽʣʴʥʦʩʪʽ ʭʤʘʨʠ ʥʘ ʦʩʥʦʚʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ. ï ʄʽʢʨʦʩʠʩʪʝʤʠ, ʝʣʝʢʪʨʦʥʽʢʘ ʪʘ 

ʘʢʫʩʪʠʢʘ. ï 2020. ʊʦʤ 25, ˉ3. ʉ. 36-40. (ɿʜʦʙʫʚʘʯʝʤ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʚʽʦʪʫʘʣʴʥʦʾ ʱʽʣʴʥʦʩʪʽ ʭʤʘʨ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ) 

23. ʂʣʝʥ ʂ.ʉ. ʇʝʨʰʘ ʚʠʙʽʨʢʦʚʘ ʝʥʪʨʦʧʽʷ ʷʢ ʬʫʥʢʮʽʷ ʩʪʘʥʫ ʩʠʩʪʝʤʠ 

ʨʦʟʦʩʝʨʝʜʞʝʥʦʾ ʛʝʥʝʨʘʮʽʾ. ï ʄʽʢʨʦʩʠʩʪʝʤʠ, ʝʣʝʢʪʨʦʥʽʢʘ ʪʘ ʘʢʫʩʪʠʢʘ. ï 2021. ʊʦʤ 

26, ̄ 1. ʉ. 288315-1 ï 288315-6. 

24. ʄʘʨʪʠʥʶʢ ɺ.ɯ., ʂʣʝʥ ʂ.ʉ., ɾʫʡʢʦʚ ɺ.ʗ. ɺʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʩʭʝʤ 

ʟʘʤʽʱʝʥʥʷ ʩʦʥʷʯʥʠʭ ʧʘʥʝʣʝʡ ʟʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ. ï ʄʽʢʨʦʩʠʩʪʝʤʠ, 

ʝʣʝʢʪʨʦʥʽʢʘ ʪʘ ʘʢʫʩʪʠʢʘ. ï 2021. ʊʦʤ 26, ˉ2. ʉ. 237316-1 ï 237316-9. (ɿʜʦʙʫʚʘʯʝʤ 

ʨʦʟʛʣʷʥʫʪʦ ʦʩʦʙʣʠʚʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʩʭʝʤ ʟʘʤʽʱʝʥʥʷ ʩʦʥʷʯʥʠʭ 

ʙʘʪʘʨʝʡ) 

25. ʗʨʝʤʝʥʢʦ ʄ.ʂ., ʂʣʝʥ ʂ.ʉ., ɾʫʡʢʦʚ ɺ.ʗ. ɺʧʣʠʚ ʚʝʣʠʯʠʥʠ ʧʦʭʠʙʢʠ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʥʘ ʚʠʙʽʨ ʢʽʣʴʢʦʩʪʽ ʘʢʫʤʫʣʷʪʦʨʽʚ ʩʠʩʪʝʤʠ 

ʙʘʣʘʥʩʫʚʘʥʥʷ. ï ʄʽʢʨʦʩʠʩʪʝʤʠ, ʝʣʝʢʪʨʦʥʽʢʘ ʪʘ ʘʢʫʩʪʠʢʘ. ï 2021. ʊʦʤ 26, ˉ3. 

C. 237245-1 ï 237245-7. (ɿʜʦʙʫʚʘʯʝʤ ʦʧʠʩʘʥʘ ʟʘʣʝʞʥʽʩʪʴ ʰʠʨʠʥʠ ʟʦʥʠ ʢʝʨʦʚʘʥʦʾ 

ʨʦʙʦʪʠ ʘʢʫʤʫʣʷʪʦʨʘ ʚʽʜ ʚʝʣʠʯʠʥʠ ʧʦʭʠʙʢʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ) 

26. ʂʣʝʥ ʂ.ʉ., ʄʘʨʯʝʥʢʦ ʈ.ʉ. ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʫ 

MicroGrid ʤʝʪʦʜʦʤ ʤʥʦʞʠʥʥʦʾ ʨʝʛʨʝʩʽʾ. ï ʄʽʢʨʦʩʠʩʪʝʤʠ, ʝʣʝʢʪʨʦʥʽʢʘ ʪʘ 

ʘʢʫʩʪʠʢʘ. ï 2022. ʊʦʤ 27, ˉ1. C. 236697ï1 ï 236697ï7. (ɿʜʦʙʫʚʘʯʝʤ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʤʝʪʦʜʠ ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ) 

27. ʂʣʝʥ ʂ.ʉ., ʄʠʨʦʰʥʽʯʝʥʢʦ ʄ.ɺ. ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʚʠʭʦʜʽ 

ʩʦʥʷʯʥʦʾ ʧʘʥʝʣʽ. ï ʄʽʢʨʦʩʠʩʪʝʤʠ, ʝʣʝʢʪʨʦʥʽʢʘ ʪʘ ʘʢʫʩʪʠʢʘ. ï 2022. ʊʦʤ 27, ˉ2. 
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C. 237737ï1 ï 237737ï5. (ɿʜʦʙʫʚʘʯʝʤ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʚʠʭʦʜʽ ʩʦʥʷʯʥʦʾ ʙʘʪʘʨʝʾ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʪʦʜʠ ʨʝʛʨʝʩʽʡʥʦʛʦ 

ʘʥʘʣʽʟʫ) 

28. ʂʣʝʥ ʂ.ʉ., ɸʥʜʨʽʻʥʢʦ ʈ.ɭ. ɯʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʘʚʪʦʥʦʤʥʦʾ ʩʠʩʪʝʤʠ 

ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʩʦʥʷʯʥʠʭ ʧʘʥʝʣʝʡ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. ï 

ʄʽʢʨʦʩʠʩʪʝʤʠ, ʝʣʝʢʪʨʦʥʽʢʘ ʪʘ ʘʢʫʩʪʠʢʘ. ï 2022. ʊʦʤ 27, ˉ3. ʉ. 268903-1 ï 

268903-7. (ɿʜʦʙʫʚʘʯʝʤ ʨʦʟʨʦʙʣʝʥʘ ʤʦʜʝʣʴ ʘʚʪʦʥʦʤʥʦʾ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ 

ʟ ʩʦʥʷʯʥʦʶ ʙʘʪʘʨʝʻʶ) 

 29. ʂʣʝʥ ʂ.ʉ., ʗʨʝʤʝʥʢʦ ʄ.ʂ. ɺʧʣʠʚ ʟʤʽʥʠ ʧʦʪʫʞʥʦʩʪʽ ʚʽʪʨʫ ʪʘ ʧʦʪʫʞʥʦʩʪʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʻʤʥʽʩʪʴ ʩʠʩʪʝʤʠ ʙʘʣʘʥʩʫʚʘʥʥʷ. ï ʄʽʢʨʦʩʠʩʪʝʤʠ, ʝʣʝʢʪʨʦʥʽʢʘ ʪʘ 

ʘʢʫʩʪʠʢʘ. ï 2023. ʊʦʤ 28, ˉ3. ʉ. 290932.1ï290932.9. (ɿʜʦʙʫʚʘʯʝʤ ʨʦʟʨʦʙʣʝʥʦ 

ʤʝʪʦʜ ʚʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ ʧʦʪʫʞʥʦʩʪʽ ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ ʥʘ ʨʦʟʤʽʨ ʥʘʢʦʧʠʯʫʚʘʯʘ 

ʜʣʷ ʙʘʣʘʥʩʫʚʘʥʥʷ ʝʥʝʨʛʽʾ ʚ ʩʠʩʪʝʤʽ) 

 30. ʂʣʝʥ ʂ.ʉ., ʅʘʚʨʦʮʴʢʠʡ ɺ.ʆ., ɾʫʡʢʦʚ ɺ.ʗ. Simulation modeling of the 

power supply system taking into account the stochastic nature of energy generation and 

consumption processes. ï Computational problems of electrical engineering. ï 2023. 

Vol. 13, No. 2. ʈ. 15 ï 22. (ɿʜʦʙʫʚʘʯʝʤ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʨʠʥʮʠʧ ʢʝʨʫʚʘʥʥʷ 

ʥʘʢʦʧʠʯʫʚʘʯʝʤ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʧʦʪʦʢʽʚ ʝʥʝʨʛʽʾ 

ʛʝʥʝʨʘʮʽʾ ʪʘ ʩʧʦʞʠʚʘʥʥʷ) 

 ʇʫʙʣʽʢʘʮʽʾ ʫ ʤʽʞʥʘʨʦʜʥʠʭ ʚʠʜʘʥʥʷʭ: 

 31. Kateryna Klen, Valery Zhuikov. Approximation and prediction of wind 

speed change function. ï Present problems of power system control. Autumn 2018. P. 
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ʇʆɿʅɸʏɽʅʔ 

ɹɺɽreal, ɹɺɽideal ï ʙʣʦʢʠ ʚʠʟʥʘʯʝʥʥʷ ʝʥʪʨʦʧʽʾ ʧʦʪʦʯʥʦʛʦ ʪʘ ʟʘʜʘʥʦʛʦ ʨʦʟʧʦʜʽʣʽʚ 

ʧʦʪʦʢʽʚ ʝʥʝʨʛʽʾ ʛʝʥʝʨʘʮʽʾ ʪʘ ʩʧʦʞʠʚʘʥʥʷ; 
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ʨʦʟʧʦʜʽʣʫ ʧʦʪʦʢʫ ʛʝʥʝʨʘʮʽʾ ʪʘ ʟʘʜʘʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʧʦʪʦʢʫ ʩʧʦʞʠʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦ; 

ɹɺɽɼɽ, ɹɺɽɼʅ ï ʙʣʦʢʠ ʚʠʟʥʘʯʝʥʥʷ ʝʥʪʨʦʧʽʡʥʦʾ ʜʠʚʝʨʛʝʥʮʽʾ ʟʽ ʩʪʦʨʦʥʠ ʜʞʝʨʝʣʘ 

ʪʘ ʟʽ ʩʪʦʨʦʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ; 

ɹɺʈ ï ʙʣʦʢ ʚʠʟʥʘʯʝʥʥʷ ʨʽʟʥʠʮʽ ʤʽʞ ʝʥʪʨʦʧʽʡʥʠʤʠ ʜʠʚʝʨʛʝʥʮʽʷʤʠ ʟʽ ʩʪʦʨʦʥʠ 

ʜʞʝʨʝʣʘ ʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷ; 

ɺɽʉ ï ʚʽʪʨʦʝʣʝʢʪʨʠʯʥʘ ʩʪʘʥʮʽʷ; 

ɺɽʋ ï ʚʽʪʨʦʝʣʝʢʪʨʠʯʥʘ ʫʩʪʘʥʦʚʢʘ; 

ɺɼɽ ï ʚʽʜʥʦʚʣʶʚʘʥʝ ʜʞʝʨʝʣʦ ʝʥʝʨʛʽʾ; 

ɺʂʌ ï ʧʝʨʝʪʚʦʨʝʥʥʷ ɺʽʣʝʥʢʽʥʘ-ʂʨʝʩʪʝʥʩʦʥʘ; 

ɼʅ ï ʜʘʚʘʯ ʥʘʧʨʫʛʠ; 

ɼʉ ï ʜʘʚʘʯ ʩʪʨʫʤʫ; 

ɯ ï ʽʥʚʝʨʪʦʨ; 

ʂ ï ʢʝʨʦʚʘʥʠʡ ʢʣʶʯ, ʱʦ ʢʦʤʫʪʫʻ ʥʘʢʦʧʠʯʫʚʘʯ ʟ ʧʨʠʩʪʨʦʻʤ; 

ʅ ï ʥʘʚʘʥʪʘʞʝʥʥʷ; 

ɿ/ʈ ï ʟʘʨʷʜʥʦ-ʨʦʟʨʷʜʥʠʡ ʧʨʠʩʪʨʽʡ; 

ʈɽ ï ʨʝʣʝʡʥʠʡ ʝʣʝʤʝʥʪʘ, ʱʦ ʬʦʨʤʫʻ ʩʠʛʥʘʣ ʢʝʨʫʚʘʥʥʷ ʢʣʶʯʝʤ; 

ʉɹ ï ʩʦʥʷʯʥʘ ʙʘʪʘʨʝʷ; 

ʉʂ ï ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ; 

ʉʂɯ-ʧʝʨʝʪʚʦʨʝʥʥʷ ï ʩʠʤʝʪʨʠʯʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʘ ʢʽʥʮʝʚʠʭ ʽʥʪʝʨʚʘʣʘʭ; 

ʌɽʉ ï ʬʦʪʦʝʣʝʢʪʨʠʯʥʘ ʩʪʘʥʮʽʷ; 

ʌɽʋ ï ʬʦʪʦʝʣʝʢʪʨʠʯʥʘ ʫʩʪʘʥʦʚʢʘ; 

ʐɯʇ ï ʰʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ; 

BMS ï battery management system (ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʥʘʢʦʧʠʯʫʚʘʯʝʤ); 

a ï ʢʫʪ ʥʘʭʠʣʫ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ; 

PC  ï ʢʦʝʬʽʮʽʻʥʪ ʧʦʪʫʞʥʦʩʪʽ; 
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d ï ʧʦʢʘʟʥʠʢ ʙʘʞʘʥʦʩʪʽ; 

D  ï ʬʨʘʢʪʘʣʴʥʘ ʨʦʟʤʽʨʥʽʩʪʴ; 

dD  ï ʝʥʪʨʦʧʽʡʥʘ ʜʠʚʝʨʛʝʥʮʽʷ; 

ndD  ï ʝʥʪʨʦʧʽʡʥʘ ʜʠʚʝʨʛʝʥʮʽʷ ʜʣʷ ʚʠʧʘʜʢʫ ʨʽʚʥʦʾ ʘʧʨʽʦʨʥʦʾ ʽʤʦʚʽʨʥʦʩʪʽ; 

if  ï ʩʫʢʫʧʥʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ ʧʦʪʦʢʽʚ ʧʝʨʚʠʥʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ; 

H ï ʝʥʪʨʦʧʽʷ ʐʝʥʥʦʥʘ; 

dI * ï ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ ʐɯʇ; 

I*D  ï ʘʤʧʣʽʪʫʜʘ ʧʫʣʴʩʘʮʽʾ ʟʤʽʥʥʦʾ ʩʢʣʘʜʦʚʦʾ ʩʪʨʫʤʫ ʐɯʇ; 

(z)I  ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʦʥʷʯʥʦʛʦ ʧʨʦʤʝʥʶ; 

0I  ï ʧʦʯʘʪʢʦʚʝ ʟʥʘʯʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ; 

km  ï ʤʦʤʝʧʥʪʠ; 

( )zm  ï ʢʦʝʬʽʮʽʻʥʪ ʣʽʥʽʡʥʦʛʦ ʧʦʛʣʠʥʘʥʥʷ; 

( )p z  ï ʧʨʦʝʢʮʽʷ ʭʤʘʨʠ ʚʟʜʦʚʞ ʣʽʥʽʾ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ; 

P ï ʘʢʪʠʚʥʘ ʧʦʪʫʞʥʽʩʪʴ; 

ɺɽʋP  ï ʧʦʪʫʞʥʽʩʪʴ ʚʽʪʨʦʝʣʝʢʪʨʠʯʥʦʾ ʫʩʪʘʥʦʚʢʠ; 

ɺɽʋʥʦʤP  ï ʥʦʤʽʥʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ ʚʽʪʨʦʝʣʝʢʪʨʠʯʥʦʾ ʫʩʪʘʥʦʚʢʠ; 

R ï ʨʘʜʽʫʩ ʚʽʪʨʦʢʦʣʝʩʘ; 

( )R q  ï ʝʥʪʨʦʧʽʷ ʈʝʥʴʾ; 

Q ï ʨʝʘʢʪʠʚʥʘ ʧʦʪʫʞʥʽʩʪʴ; 

S ï ʧʦʚʥʘ ʧʦʪʫʞʥʽʩʪʴ; 

ʚv  ï ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ; 

minʚv  ï ʤʽʥʽʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ; 

maxʚv  ï ʤʘʢʩʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ; 

ʚʥʦʤv  ï ʥʦʤʽʥʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ; 

ʭʤV  ï ʣʽʥʽʡʥʘ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʭʤʘʨ; 

ʩV  ï ʰʚʠʜʢʽʩʪʴ ʟʤʽʱʝʥʥʷ ʉʦʥʮʷ; 

( )nwal x  ï ʬʫʥʢʮʽʾ ʋʦʣʰʘ; 
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( )lW t  ï ʣʽʥʽʡʥʽ ʬʫʥʢʮʽʾ ʥʘ ʙʘʟʽ ʬʫʥʢʮʽʡ ʋʦʣʰʘ; 

( )W t  ï ʪʨʘʻʢʪʦʨʽʾ ʧʨʦʮʝʩʫ ɺʽʥʝʨʘ; 

ɺɽʋW  ï ʝʥʝʨʛʽʷ, ʱʦ ʛʝʥʝʨʫʻʪʴʩʷ ʚʽʪʨʦʝʣʝʢʪʨʠʯʥʦʶ ʫʩʪʘʥʦʚʢʦʶ; 

WS ï ʩʫʤʘʨʥʘ ʝʥʝʨʛʽʷ, ʱʦ ʛʝʥʝʨʫʻʪʴʩʷ ʫʩʪʘʥʦʚʢʘʤʠ ʥʘ ʦʩʥʦʚʽ ʚʽʜʥʦʚʣʶʚʘʥʠʭ 

ʜʞʝʨʝʣʘʤ; 

ʉɹW  ï ʝʥʝʨʛʽʷ, ʱʦ ʛʝʥʝʨʫʻʪʴʩʷ ʩʦʥʷʯʥʦʶ ʙʘʪʘʨʝʻʶ; 

ʪʘʭW  ï ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʘ ʝʥʝʨʛʽʷ; 

HW  ï ʝʥʝʨʛʽʷ, ʱʦ ʩʧʦʞʠʚʘʻʪʴʩʷ ʥʘʚʘʥʪʘʞʝʥʥʷʤ; 

0W  ï ʚʪʨʘʪʠ ʝʥʝʨʛʽʾ; 

b ï ʢʫʪ ʥʘʭʠʣʫ ʣʦʧʘʪʽ; 

r ï ʛʫʩʪʠʥʘ ʧʦʚʽʪʨʷ; 

l ï ʚʽʜʥʦʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʣʦʧʘʪʽ ʜʦ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ. 
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ɺʉʊʋʇ 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. ʉʫʯʘʩʥʠʡ ʩʪʘʣʠʡ ʨʦʟʚʠʪʦʢ ʝʥʝʨʛʝʪʠʢʠ ʚ ʩʚʽʪʽ 

ʨʝʘʣʽʟʫʶʪʴ ʧʽʜʚʠʱʝʥʥʷʤ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ 

ʪʨʘʜʠʮʽʡʥʠʭ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʪʘ ʙʽʣʴʰ ʰʠʨʦʢʦʤʫ ʟʘʣʫʯʝʥʥʶ ʜʦ 

ʝʥʝʨʛʦʚʠʨʦʙʥʠʮʪʚʘ ʝʢʦʥʦʤʽʯʥʦ ʝʬʝʢʪʠʚʥʠʭ ʽ ʝʢʦʣʦʛʽʯʥʦ çʯʠʩʪʠʭè ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʨʝʩʫʨʩʽʚ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ. ɼʦʩʪʫʧʥʽʩʪʴ ʟʥʘʯʥʦʾ ʯʘʩʪʠʥʠ 

ʥʝʚʽʜʥʦʚʥʠʭ ʨʝʩʫʨʩʽʚ ʟʤʝʥʰʫʻʪʴʩʷ ʯʝʨʝʟ ʾʭ ʚʠʯʝʨʧʥʠʡ ʧʦʪʝʥʮʽʘʣ, ʟʨʦʩʪʘʥʥʷ 

ʚʘʨʪʦʩʪʽ ʾʭ ʚʠʜʦʙʫʚʘʥʥʷ ʽ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ, ʥʝʛʘʪʠʚʥʠʡ ʝʢʦʣʦʛʽʯʥʠʡ ʽ ʩʦʮʽʘʣʴʥʠʡ 

ʚʧʣʠʚ. ʋ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʧʽʜʚʠʱʝʥʫ ʫʚʘʛʫ ʬʘʭʽʚʮʽʚ ʚ ʛʘʣʫʟʽ ʝʣʝʢʪʨʦʥʽʢʠ ʪʘ 

ʝʣʝʢʪʨʦʪʝʭʥʽʢʠ ʧʨʠʚʝʨʪʘʶʪʴ ʪʨʘʜʠʮʽʡʥʽ ʪʘ ʥʦʚʽʪʥʽ ʚʠʤʦʛʠ ʜʦ ʝʥʝʨʛʝʪʠʢʠ: 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʚ ʫʤʦʚʘʭ ʢʨʠʟʦʚʠʭ ʷʚʠʱ; ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʛʝʥʝʨʫʚʘʥʥʷ; ʟʙʝʨʽʛʘʥʥʷ ʽ ʧʝʨʝʜʘʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ; ʧʝʨʝʭʽʜ ʜʦ ʦʨʛʘʥʽʟʘʮʽʾ 

çʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦè ʢʝʨʫʚʘʥʥʷ ʚ ʝʥʝʨʛʝʪʠʮʽ; ʩʪʚʦʨʝʥʥʷ ʘʚʪʦʥʦʤʥʠʭ ʜʞʝʨʝʣ 

ʝʥʝʨʛʽʾ. 

ɺ ʨʦʙʦʪʘʭ ʐʠʜʣʦʚʩʴʢʦʛʦ ɸ.ʂ., ʉʪʦʛʥʽʷ ɹ.ʉ., ʂʠʨʠʣʝʥʢʘ ʆ.ɺ., ʂʫʜʨʽ ʉ.ʆ., 

ʂʫʟʥʻʮʦʚʘ ʄ.ʇ., ʈʻʟʮʦʚʘ ɺ.ʌ., ɼʦʣʙʥʽ ɺ.ʊ., ʉʦʢʦʣʘ ɭ.ɯ., ɹʫʪʢʝʚʠʯʘ ʆ.ʌ., 

ʃʠʧʢʽʚʩʴʢʦʛʦ ʂ.ʆ., ʖʨʯʝʥʢʘ ʄ.ʄ., ɾʫʡʢʦʚʘ ɺ.ʗ., ʗʤʥʝʥʢʦ ʖ.ʉ., ʉʪʘʭʽʚʘ ʇ.ɻ., 

ɼʝʥʠʩʦʚʘ ʆ.ɯ., ɾʝʤʝʨʦʚʘ ɻ.ɻ., Wang Jian, Jiangdong Liu, Xiaojuan Han ʨʦʟʨʦʙʣʝʥʦ 

ʦʩʥʦʚʠ ʪʝʦʨʽʾ ʢʝʨʫʚʘʥʥʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʤʠ ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ ʫ ʣʦʢʘʣʴʥʠʭ 

ʩʠʩʪʝʤʘʭ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ, ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʦʙʦʪʠ ʫʩʪʘʥʦʚʦʢ ʥʘ 

ʦʩʥʦʚʽ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʚ ʨʝʞʠʤʽ ʚʽʜʙʦʨʫ ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ 

ʪʘ ʨʝʘʣʽʟʘʮʽʶ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʥʘʢʦʧʠʯʫʚʘʯʘ. ʆʜʥʘʢ, 

ʚʠʢʦʥʘʪʠ ʦʙʠʜʚʽ ʟʘʜʘʯʽ ʢʝʨʫʚʘʥʥʷ ʦʜʥʦʯʘʩʥʦ ʥʝʤʦʞʣʠʚʦ, ʦʩʢʽʣʴʢʠ ʚʽʜʙʽʨ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʚʽʜ ʫʩʪʘʥʦʚʢʠ ʥʘ ʦʩʥʦʚʽ ʚʽʜʥʦʚʣʶʚʘʥʦʛʦ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ 

ʨʝʘʣʽʟʫʶʪʴ ʚ ʪʦʯʮʽ, ʘ ʨʘʮʽʦʥʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʥʘʢʦʧʠʯʫʚʘʯʘ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʘ ʜʝʷʢʦʤʫ ʯʘʩʦʚʦʤʫ ʽʥʪʝʨʚʘʣʽ. ɿʘʟʥʘʯʝʥʘ ʦʩʦʙʣʠʚʽʩʪʴ ʧʦʜʽʙʥʘ 

ʧʨʠʥʮʠʧʫ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ɻʝʡʟʝʥʙʝʨʛʘ, ʽ ʧʦʪʨʝʙʫʻ ʨʦʟʨʦʙʢʠ ʪʝʦʨʝʪʠʯʥʠʭ ʟʘʩʘʜ 

ʽʥʪʝʨʚʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ ʚ ʣʦʢʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ 

ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ. 

ɼʣʷ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʧʝʨʚʠʥʥʦʛʦ ʧʦʪʦʢʫ ʫ ʣʦʢʘʣʴʥʠʭ 

ʩʠʩʪʝʤʘʭ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ, ʷʢ ʨʦʟʽʤʢʥʫʪʠʭ ʚʽʜʢʨʠʪʠʭ ʩʠʩʪʝʤʘʭ ʟ ʜʝʷʢʠʤʠ 
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ʝʥʪʨʦʧʽʡʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: ʧʦ-ʧʝʨʰʝ, ʧʦʪʦʢʫ ʧʝʨʚʠʥʥʦʾ ʝʥʝʨʛʽʾ ʥʘ ʚʭʦʜʽ 

ʩʠʩʪʝʤʠ ʪʘ, ʧʦ-ʜʨʫʛʝ, ʧʦʪʦʢʫ ʝʥʝʨʛʽʾ, ʱʦ ʩʧʦʞʠʚʘʻʪʴʩʷ ʥʘʚʘʥʪʘʞʝʥʥʷʤ, 

ʥʝʦʙʭʽʜʥʦ ʤʽʥʽʤʽʟʫʚʘʪʠ ʨʦʟʙʽʞʥʽʩʪʴ ʤʽʞ ʮʠʤʠ ʧʦʪʦʢʘʤʠ ʟʘʚʜʷʢʠ ʚʠʟʥʘʯʝʥʥʶ 

ʝʥʪʨʦʧʽʡʥʦʾ ʜʠʚʝʨʛʝʥʮʽʾ, ʷʢ ʽʥʪʝʛʨʘʣʴʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʮʽʥʢʠ ʩʪʫʧʝʥʶ 

ʚʘʨʽʘʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʛʝʥʝʨʘʮʽʾ, ʩʧʦʞʠʚʘʥʥʷ ʪʘ ʥʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ. 

ʆʩʢʽʣʴʢʠ ʽʩʥʫʶʯʽ ʧʽʜʭʦʜʠ ʜʦ ʨʦʟʨʦʙʢʠ ʪʝʦʨʝʪʠʯʥʠʭ ʟʘʩʘʜ ʢʝʨʫʚʘʥʥʷ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ ʟʘʣʠʰʘʶʪʴ ʤʽʩʮʝ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʦʪʦʢʽʚ ʝʥʝʨʛʽʾ ʛʝʥʝʨʘʮʽʾ ʪʘ ʩʧʦʞʠʚʘʥʥʷ ʟʘʚʜʷʢʠ ʚʨʘʭʫʚʘʥʥʶ ʾʭ ʦʩʦʙʣʠʚʦʩʪʝʡ, ʘ 

ʩʘʤʝ ï ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʾ ʧʦʜʚʽʡʥʦʾ ʩʪʨʫʢʪʫʨʠ (ʫ ʚʠʛʣʷʜʽ ʩʪʽʡʢʦʛʦ ʪʨʝʥʜʫ ʪʘ 

ʬʣʫʢʪʫʘʮʽʡ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ɺʽʥʝʨʦʚʩʴʢʦʤʫ ʧʨʦʮʝʩʫ) ʪʘ ʬʨʘʢʪʘʣʴʥʦʾ ʧʨʠʨʦʜʠ, 

ʪʦ ʨʦʟʨʦʙʢʘ ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʢʝʨʫʚʘʥʥʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʤʠ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ ʥʘ ʦʩʥʦʚʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʥʘʣʦʛʫ ʧʨʠʥʮʠʧʫ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ 

ɻʝʡʟʝʥʙʝʨʛʘ, ʨʦʟʨʘʭʫʥʢʫ ʝʥʪʨʦʧʽʡʥʦʾ ʜʠʚʝʨʛʝʥʮʽʾ ʪʘ ʚʨʘʭʫʚʘʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʧʦʪʦʢʽʚ ʝʥʝʨʛʽʾ ʛʝʥʝʨʘʮʽʾ ʪʘ ʩʧʦʞʠʚʘʥʥʷ ʻ ʦʢʨʝʤʦʶ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ. 

ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʟʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʚʠʢʦʥʫʚʘʣʠʩʷ ʥʘ ʢʘʬʝʜʨʽ 

ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ ʪʘ ʩʠʩʪʝʤ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè ʟʘ ʪʝʤʘʤʠ, 

ʷʢʽ ʬʽʥʘʥʩʫʚʘʣʠʩʷ: 1) ʄʽʥʽʩʪʝʨʩʪʚʦʤ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ: çʊʝʦʨʝʪʠʯʥʽ ʟʘʩʘʜʠ 

ʦʙʨʦʙʢʠ ʜʠʩʢʨʝʪʥʠʭ ʬʫʥʢʮʽʡ ʟ ʤʦʜʫʣʴʥʠʤ ʘʨʛʫʤʝʥʪʦʤ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʭ ʜʣʷ 

ʤʦʥʽʪʦʨʠʥʛʫ ʙʽʦʪʝʣʝʤʝʪʨʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʣʶʜʠʥʠ ʚ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʷʭè 

(ˉ ɼʈ 0115U000352, 2017 ï 2018 ʨʨ.); çʈʦʟʨʦʙʢʘ ʥʝʽʥʚʘʟʠʚʥʦʾ ʧʘʩʠʚʥʦʾ 

ʘʢʫʩʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʢʨʠʪʠʯʥʠʭ ʬʽʟʽʦʣʦʛʽʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʛʦʣʦʚʥʦʛʦ ʤʦʟʢʫ ʪʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʚʫʭʘ ʣʶʜʠʥʠ» (ˉ ɼʈ 0118U003533, 

2018 ï 2019 ʨʨ.), çʉʠʩʪʝʤʘ ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ ʚʝʥʪʠʣʴʥʦ-

ʽʥʜʫʢʪʦʨʥʠʭ ʜʚʠʛʫʥʽʚ ʜʨʦʥʘ ʟ ʙʘʛʘʪʦʢʦʤʽʨʢʦʚʠʤʠ ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ ʽ 

ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʶ ʤʦʜʫʣʷʮʽʻʶè (ˉ ɼʈ 0120U102131, 2020 ï 2021 ʨʨ.); 2) ʟʘ 

ʨʘʭʫʥʦʢ ʟʦʚʥʽʰʥʴʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʜʦʧʦʤʦʛʠ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʉʦʶʟʫ ʜʣʷ 

ʚʠʢʦʥʘʥʥʷ ʟʦʙʦʚôʷʟʘʥʴ ʋʢʨʘʾʥʠ ʫ ʈʘʤʢʦʚʽʡ ʧʨʦʛʨʘʤʽ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʉʦʶʟʫ ʟ 

ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʽʥʥʦʚʘʮʽʡ ñɻʦʨʠʟʦʥʪ 2020ò: «Smart-ʤʦʥʽʪʦʨʠʥʛ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʣʦʢʘʣʴʥʠʭ ʩʠʩʪʝʤ ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ ʟ 
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ʘʣʴʪʝʨʥʘʪʠʚʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʝʥʝʨʛʽʾè (ˉ ɼʈ 0123U102848, 2023 ï 2024 ʨʨ.). ʋ 

ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʨʦʙʦʪʘʭ ʘʚʪʦʨʦʤ ʟʨʦʙʣʝʥʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ 

ʟʘʜʘʯ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʨʦʟʨʦʙʣʝʥʦ ʪʝʦʨʝʪʠʯʥ ̔ ʦʩʥʦʚʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ ʫ ʩʠʩʪʝʤʘʭ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ. 

ʄʝʪʘ ʪʘ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ 

ʪʝʦʨʝʪʠʯʥʠʭ ʟʘʩʘʜ ʢʝʨʫʚʘʥʥʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʤʠ ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ, 

ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʘʥʘʣʦʛʦʚʽ ʧʨʠʥʮʠʧʫ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ɻʝʡʟʝʥʙʝʨʛʘ, ʝʥʪʨʦʧʽʡʥʦʤʫ 

ʘʥʘʣʽʟʽ ʧʦʪʦʢʽʚ ʝʥʝʨʛʽʾ ʛʝʥʝʨʘʮʽʾ ʪʘ ʩʧʦʞʠʚʘʥʥʷ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʾʭ ʧʦʜʚʽʡʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʪʘ ʬʨʘʢʪʘʣʴʥʦʾ ʧʨʠʨʦʜʠ, ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʫ ʣʦʢʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʟ 

ʫʩʪʘʥʦʚʢʘʤʠ ʥʘ ʦʩʥʦʚʽ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ. 

ʇʦʩʪʘʚʣʝʥʘ ʤʝʪʘ ʚʠʤʘʛʘʻ ʚʠʨʽʰʝʥʥʷ ʥʘʩʪʫʧʥʠʭ ʥʘʫʢʦʚʠʭ ʟʘʜʘʯ: 

1. ɸʥʘʣʽʟ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʣʦʢʘʣʴʥʠʭ ʩʠʩʪʝʤ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʟ 

ʫʩʪʘʥʦʚʢʘʤʠ ʥʘ ʦʩʥʦʚʽ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʪʘ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʤʠ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ ʟʘ ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʝʥʝʨʛʽʾ ʤʽʞ 

ʥʘʢʦʧʠʯʫʚʘʯʘʤʠ ʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ. 

2. ʈʝʘʣʽʟʘʮʽʷ ʽʥʪʝʨʚʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ ʫ ʣʦʢʘʣʴʥʠʭ 

ʩʠʩʪʝʤʘʭ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʘʥʘʣʦʛʫ ʧʨʠʥʮʠʧʫ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ 

ɻʝʡʟʝʥʙʝʨʛʘ. 

3. ʈʦʟʨʦʙʢʘ ʘʣʛʦʨʠʪʤʽʚ ʢʝʨʫʚʘʥʥʷ ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ ʫ ʣʦʢʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ 

ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʜʣʷ ʨʦʟʧʦʜʽʣʫ ʧʦʪʦʢʽʚ ʝʥʝʨʛʽʾ ʟʘ ʬʣʫʢʪʫʘʮʽʷʤʠ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ɺʽʥʝʨʦʚʩʴʢʦʤʫ ʧʨʦʮʝʩʫ. 

4. ʈʝʘʣʽʟʘʮʽʷ ʢʝʨʫʚʘʥʥʷ ʨʝʞʠʤʘʤʠ ʨʦʙʦʪʠ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʟʘ ʧʨʠʥʮʠʧʦʤ 

ʝʥʪʨʦʧʽʡʥʦʾ ʜʠʚʝʨʛʝʥʮʽʾ ʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʨʦʟʙʽʞʥʦʩʪʽ ʧʦʪʦʢʫ ʧʝʨʚʠʥʥʦʾ ʝʥʝʨʛʽʾ ʥʘ 

ʚʭʦʜʽ ʩʠʩʪʝʤʠ ʪʘ ʧʦʪʦʢʫ ʝʥʝʨʛʽʾ, ʱʦ ʩʧʦʞʠʚʘʻ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

5. ʈʦʟʨʦʙʢʘ ʘʣʛʦʨʠʪʤʽʚ ʧʨʦʛʥʦʟʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ ʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʬʨʘʢʪʘʣʴʥʦʾ ʧʨʠʨʦʜʠ ʧʨʦʮʝʩʽʚ ʛʝʥʝʨʘʮʽʾ ʪʘ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ. 

6. ʉʪʚʦʨʝʥʥʷ ʤʦʜʝʣʝʡ ʪʘ ʧʨʦʚʝʜʝʥʥʷ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ 

ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʩʪʦʭʘʩʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʦʪʦʢʽʚ 

ʝʥʝʨʛʽʾ ʛʝʥʝʨʘʮʽʾ ʪʘ ʩʧʦʞʠʚʘʥʥʷ ʜʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʘʜʝʢʚʘʪʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ 

ʤʦʜʝʣʝʡ ʪʘ ʧʨʘʚʦʯʠʥʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʪʝʦʨʽʾ. 
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7. ʈʦʟʨʦʙʢʘ ʪʘ ʧʨʘʢʪʠʯʥʘ ʨʝʘʣʽʟʘʮʽʷ ʘʣʛʦʨʠʪʤʽʚ ʢʝʨʫʚʘʥʥʷ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ ʣʦʢʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ 

ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ. 

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʨʦʮʝʩʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ ʫ ʣʦʢʘʣʴʥʠʭ 

ʩʠʩʪʝʤʘʭ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʟ ʫʩʪʘʥʦʚʢʘʤʠ ʥʘ ʦʩʥʦʚʽ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ 

ʝʥʝʨʛʽʾ. 

ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʨʝʞʠʤʥʽ ʧʘʨʘʤʝʪʨʠ ʨʦʙʦʪʠ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʤʠ ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ ʫ ʣʦʢʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʶʪʴ ʢʦʤʧʣʝʢʩʥʠʡ ʭʘʨʘʢʪʝʨ ʽ ʩʢʣʘʜʘʶʪʴʩʷ ʟ 

ʪʝʦʨʝʪʠʯʥʦʾ ʩʢʣʘʜʦʚʦʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʪʘ 

ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ʋ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʚʠʢʦʨʠʩʪʘʥʦ: 

ʤʘʪʝʤʘʪʠʯʥʽ ʦʩʥʦʚʠ ʪʝʦʨʽʾ ʦʨʪʦʛʦʥʘʣʴʥʠʭ ʬʫʥʢʮʽʡ ʜʣʷ ʘʧʨʦʢʩʠʤʘʮʽʾ ʪʘ 

ʚʽʜʥʦʚʣʝʥʥʷ ʜʘʥʠʭ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʮʽʾ ʪʘ ʩʧʦʞʠʚʘʥʥʷ; ʝʥʪʨʦʧʽʡʥʠʡ ʪʘ 

ʬʨʘʢʪʘʣʴʥʠʡ ʘʥʘʣʽʟ, ʪʝʦʨʽʶ ʤʘʨʪʠʥʛʘʣʽʚ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʥʘʢʦʧʠʯʫʚʘʯʝʤ ʚ 

ʩʠʩʪʝʤʘʭ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ; ʪʝʦʨʽʶ ʤʦʤʝʥʪʽʚ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ. ɼʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʫʚʘʣʠʩʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʫ ʢʦʤʧôʶʪʝʨʥʠʭ ʤʦʜʝʣʷʭ ʫ ʩʝʨʝʜʦʚʠʱʽ MatLab 

Simulink. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʚ ʥʘʩʪʫʧʥʦʤʫ: 

1. ɺʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʽʥʪʝʨʚʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ ʣʦʢʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʚʨʘʭʫʚʘʥʥʷ 

ʘʥʘʣʦʛʫ ʧʨʠʥʮʠʧʫ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ɻʝʡʟʝʥʙʝʨʛʘ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʚ 2 ʨʘʟʠ ʟʤʝʥʰʠʪʠ 

ʢʽʣʴʢʽʩʪʴ ʽʥʪʝʨʚʘʣʽʚ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʥʘ ʢʦʞʥʦʤʫ ʟ ʷʢʠʭ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚʽʜʙʽʨ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʚʽʜ ʫʩʪʘʥʦʚʦʢ ʥʘ ʦʩʥʦʚʽ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ. 

2. ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʮʽʾ ʩʦʥʷʯʥʠʭ 

ʙʘʪʘʨʝʡ ʥʘ ʦʩʥʦʚʽ ʦʙôʻʜʥʘʥʥʷ ʤʝʪʦʜʽʚ ʥʘʡʙʣʠʞʯʠʭ ʩʫʩʽʜʽʚ ʪʘ ʢʣʘʩʪʝʨʠʟʘʮʽʾ k-

ʩʝʨʝʜʥʽʭ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʩʝʨʝʜʥʶ ʘʙʩʦʣʶʪʥʫ ʧʦʭʠʙʢʫ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʜʦ 4%. 

3. ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʢʝʨʫʚʘʥʥʷ ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ ʜʣʷ ʨʦʟʧʦʜʽʣʫ 

ʝʥʝʨʛʽʾ ʤʽʞ ʥʘʢʦʧʠʯʫʚʘʯʘʤʠ ʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʫ ʣʦʢʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ 

ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʟ ʫʩʪʘʥʦʚʢʘʤʠ ʥʘ ʦʩʥʦʚʽ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʥʘ 



29 

ʦʩʥʦʚʽ ʨʦʟʨʘʭʫʥʢʫ ʝʥʪʨʦʧʽʡʥʦʾ ʜʠʚʝʨʛʝʥʮʽʾ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʥʘ 3% ʧʽʜʚʠʱʠʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʧʝʨʚʠʥʥʦʛʦ ʧʦʪʦʢʫ ʚ ʩʠʩʪʝʤʽ. 

4. ɺʧʝʨʰʝ ʜʦʚʝʜʝʥʦ, ʱʦ ʚʨʘʭʫʚʘʥʥʷ ʬʨʘʢʪʘʣʴʥʦʾ ʧʨʠʨʦʜʠ ʧʨʦʮʝʩʽʚ 

ʛʝʥʝʨʘʮʽʾ ʪʘ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʽʤʦʚʽʨʥʽʩʥʠʭ ʤʦʤʝʥʪʽʚ ʧʨʠ 

ʧʨʦʛʥʦʟʫʚʘʥʥʽ ʯʘʩʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʝʥʪʨʦʧʽʾ ʐʝʥʥʦʥʘ ʪʘ ʈʝʥʴʾ ʜʦʟʚʦʣʷʻ ʥʘ 11% 

ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʩʧʦʞʠʚʘʥʥʷ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʻ 

ʪʝʦʨʝʪʠʯʥʦʶ ʙʘʟʦʶ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ ʫ ʣʦʢʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ. ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ 

ʨʝʟʫʣʴʪʘʪʽʚ: 

1. ʅʘ ʦʩʥʦʚʽ ʪʝʦʨʽʾ ʤʦʤʝʥʪʽʚ ʨʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ 

ʚʽʜʥʦʚʣʝʥʥʷ ʯʘʩʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʧʦʪʫʞʥʦʩʪʽ ʩʧʦʞʠʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʨʦʟʨʘʭʫʥʢʫ 

ʝʥʪʨʦʧʽʾ ʐʝʥʥʦʥʘ ʪʘ ʈʝʥʴʾ ʟ ʧʽʜʚʠʱʝʥʦʶ ʪʦʯʥʽʩʪʶ. 

2. ʉʪʚʦʨʝʥʦ ʥʦʚʠʡ ʩʧʦʩʽʙ ʢʝʨʫʚʘʥʥʷ ʟʘʨʷʜʥʦ-ʨʦʟʨʷʜʥʠʤ ʧʨʠʩʪʨʦʻʤ 

ʥʘʢʦʧʠʯʫʚʘʯʘ ʫ ʣʦʢʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ ʟ ʫʩʪʘʥʦʚʢʘʤʠ ʥʘ ʦʩʥʦʚʽ ʚʽʜʥʦʚʣʶʚʘʥʠʭ 

ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʥʘ ʦʩʥʦʚʽ ʚʠʟʥʘʯʝʥʥʷ ʨʽʟʥʠʮʽ ʝʥʪʨʦʧʽʡʥʠʭ ʜʠʚʝʨʛʝʥʮʽʡ ʟʽ ʩʪʦʨʦʥʠ 

ʜʞʝʨʝʣʘ ʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʱʦʥʘʡʤʝʥʰʝ ʫ 2 ʨʘʟʠ ʟʤʝʥʰʠʪʠ 

ʪʨʠʚʘʣʦʩʪʽ ʽʥʪʝʨʚʘʣʽʚ ʯʘʩʫ, ʢʦʣʠ ʥʘʢʦʧʠʯʫʚʘʯ ʻ ʧʦʚʥʽʩʪʶ ʟʘʨʷʜʞʝʥʠʤ ʘʙʦ 

ʨʦʟʨʷʜʞʝʥʠʤ. 

3. ʅʘ ʦʩʥʦʚʽ ʪʝʦʨʽʾ ʤʘʨʪʠʥʛʘʣʽʚ ʨʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤ ʦʮʽʥʢʠ ʢʽʣʴʢʦʩʪʽ 

ʝʥʝʨʛʽʾ, ʷʢʘ ʤʦʞʝ ʚʠʷʚʠʪʠʩʴ ʥʘʜʤʽʨʥʦʶ ʧʨʠ ʟʘʨʷʜʽ ʥʘʢʦʧʠʯʫʚʘʯʘ ʪʘ ʢʽʣʴʢʦʩʪʽ 

ʝʥʝʨʛʽʾ, ʱʦ ʤʦʞʝ ʚʠʷʚʠʪʠʩʴ ʥʝʜʦʩʪʘʪʥʴʦʶ ʧʨʠ ʡʦʛʦ ʨʦʟʨʷʜʽ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʚʠʟʥʘʯʠʪʠ ʽʤʦʚʽʨʥʦʩʪʽ ʧʝʨʝʟʘʨʷʜʫ ʪʘ ʥʘʜʤʽʨʥʦʛʦ ʨʦʟʨʷʜʫ ʥʘʢʦʧʠʯʫʚʘʯʘ ʟʘ ʫʤʦʚʠ 

ʚʽʜʩʫʪʥʦʩʪʽ BMS-ʩʠʩʪʝʤʠ. 

4. ʈʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤ ʪʘ ʧʨʦʛʨʘʤʥʫ ʨʝʘʣʽʟʘʮʽʶ ʨʦʟʨʘʭʫʥʢʫ ʪʘ 

ʬʦʨʤʫʚʘʥʥʷ ʢʝʨʫʶʯʠʭ ʽʤʧʫʣʴʩʽʚ ʟʘʨʷʜʥʦ-ʨʦʟʨʷʜʥʦʛʦ ʧʨʠʩʪʨʦʶ ʥʘʢʦʧʠʯʫʚʘʯʘ ʚ 

ʣʦʢʘʣʴʥʽʡ ʩʠʩʪʝʤʽ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʟ ʫʩʪʘʥʦʚʢʦʶ ʥʘ ʦʩʥʦʚʽ ʚʽʜʥʦʚʣʶʚʘʥʦʛʦ 

ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ. 

ʆʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʻ ʛʦʪʦʚʠʤʠ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʚʠʛʣʷʜʽ ʧʨʦʛʨʘʤʥʠʭ 

ʙʣʦʢʽʚ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ ʣʦʢʘʣʴʥʠʭ ʩʠʩʪʝʤ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ 

ʟ ʫʩʪʘʥʦʚʢʘʤʠ ʥʘ ʦʩʥʦʚʽ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ. 



30 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʛʨʘʤʠ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʛʝʥʝʨʘʮʽʾ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʩʦʥʷʯʥʠʤʠ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʤʠ 

ʩʪʘʥʮʽʷʤʠ ʊʆɺ çʇʨʦʣʦʛ ʉʦʣʘʨʽʥʚʝʩʪè ʪʘ ʊʆɺ çɽʥʝʨʜʞʠʣʘʡʥè ʪʘ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʤʝʪʦʜʠʢ ʽ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʩʠʩʪʝʤʘʭ ʟ ʫʩʪʘʥʦʚʢʘʤʠ ʥʘ ʦʩʥʦʚʽ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ 

ʛʨʦʤʘʜʩʴʢʦʶ ʦʨʛʘʥʽʟʘʮʽʻʶ çɸʩʦʮʽʘʮʽʷ ʥʘʫʢʦʚʮʽʚ ʋʢʨʘʾʥʠè. ʊʘʢʦʞ ʨʝʟʫʣʴʪʘʪʠ 

ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʣʘʜʘʶʪʴʩʷ ʚ ʨʘʤʢʘʭ ʜʠʩʮʠʧʣʽʥ çʊʝʦʨʽʷ ʽʥʬʦʨʤʘʮʽʾ», çʇʨʠʩʪʨʦʾ 

ʧʝʨʝʪʚʦʨʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠè, çɽʣʝʢʪʨʦʥʥʽ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʪʘ ʨʝʛʫʣʶʚʘʥʥʷè 

ʧʨʠ ʧʽʜʛʦʪʦʚʮʽ ʬʘʭʽʚʮʽʚ ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ 171 çɽʣʝʢʪʨʦʥʽʢʘè ʚ ʅʘʮʽʦʥʘʣʴʥʦʤʫ 

ʪʝʭʥʽʯʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪʽ ʽʤʝʥʽ ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦè. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʘʚʪʦʨʘ. ʋʩʽ ʤʝʪʦʜʠ, ʘʣʛʦʨʠʪʤʠ, ʚʠʩʥʦʚʢʠ ʪʘ 

ʨʝʢʦʤʝʥʜʘʮʽʾ, ʱʦ ʤʽʩʪʷʪʴʩʷ ʫ ʜʠʩʝʨʪʘʮʽʾ, ʥʘʣʝʞʘʪʴ ʦʩʦʙʠʩʪʦ ʘʚʪʦʨʫ. 

ʊʨʠ ʨʦʙʦʪʠ ʥʘʧʠʩʘʥʦ ʘʚʪʦʨʦʤ ʦʜʥʦʦʩʽʙʥʦ [8, 12, 22]. 

ʋ ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ, ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ, ʟʜʦʙʫʚʘʯʫ ʥʘʣʝʞʘʪʴ: ʫ 

ʨʦʙʦʪʘʭ [1, 2, 5, 10] ʘʚʪʦʨʦʤ ʨʦʟʨʦʙʣʝʥʦ ʧʨʠʥʮʠʧʠ ʢʝʨʫʚʘʥʥʷ ʧʦʪʦʢʘʤʠ ʝʥʝʨʛʽʾ ʫ 

ʣʦʢʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʥʘʣʦʛʫ ʧʨʠʥʮʠʧʫ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ɻʝʡʟʝʥʙʝʨʛʘ ʪʘ ʝʥʪʨʦʧʽʡʥʦʛʦ ʘʥʘʣʽʟʫ; ʫ [3, 4, 30, 32] ï 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʨʠ ʧʦʙʫʜʦʚʽ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʚʨʘʭʦʚʫʚʘʪʠ ʩʪʦʭʘʩʪʠʯʥʠʡ 

ʭʘʨʘʢʪʝʨ ʧʨʦʮʝʩʽʚ ʛʝʥʝʨʘʮʽʾ ʪʘ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ; ʫ [6, 16, 19, 21, 25, 26, 36] ï 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʚʠʭʦʜʽ ʫʩʪʘʥʦʚʦʢ ʥʘ ʦʩʥʦʚʽ 

ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʪʦʜʠ ʨʝʛʨʝʩʽʡʥʦʛʦ, 

ʢʦʨʝʣʷʮʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʢʣʘʩʪʝʨʠʟʘʮʽʾ; ʫ [7, 8, 15 ,17] ï ʨʦʟʨʦʙʣʝʥʦ 

ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ ʣʽʥʽʡʥʠʭ ʬʫʥʢʮʽʡ ʥʘ ʙʘʟʽ ʬʫʥʢʮʽʡ ʋʦʣʰʘ ʪʘ ʬʫʥʢʮʽʡ 

ʌʨʘʥʢʣʽʥʘ ʜʣʷ ʘʧʨʦʢʩʠʤʘʮʽʾ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ ʬʫʥʢʮʽʡ ʟʤʽʥʠ ʧʦʪʦʢʽʚ ʧʝʨʚʠʥʥʦʾ 

ʝʥʝʨʛʽʾ; ʫ [12, 22] ï ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʨʪʫʘʣʴʥʦʾ ʱʽʣʴʥʦʩʪʽ ʪʘ 

ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ ʭʤʘʨ ʷʢ ̔ʥʪʝʛʨʘʣʴʥʠʭ ʦʮʽʥʦʢ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʭʤʘʨʥʦʛʦ 

ʧʦʢʨʠʚʫ; ʫ [14, 18, 20, 24, 27, 28, 34] ï ʨʦʟʛʣʷʥʫʪʦ ʦʩʦʙʣʠʚʦʩʪʽ ʚʠʧʣʠʚʫ 

ʧʘʨʘʤʝʪʨʽʚ ʭʤʘʨʥʦʛʦ ʧʦʢʨʠʚʫ ʥʘ ʚʝʣʠʯʠʥʫ ʝʥʝʨʛʽʾ, ʱʦ ʦʪʨʠʤʫʻʪʴʩʷ ʚʽʜ ʩʦʥʷʯʥʠʭ 

ʙʘʪʘʨʝʡ; ʫ [29, 31-33, 35] ï ʨʦʟʛʣʷʥʫʪʦ ʦʩʦʙʣʠʚʦʩʪʽ ʢʝʨʫʚʘʥʥʷ ʥʘʢʦʧʠʯʫʚʘʯʝʤ ʫ 

ʣʦʢʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ. 



31 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʜʠʩʝʨʪʘʮʽʡʥʦʾ 

ʨʦʙʦʪʠ ʜʦʧʦʚʽʜʘʣʠʩʷ ʽ ʦʙʛʦʚʦʨʶʚʘʣʠʩʷ ʥʘ: ʥʘʫʢʦʚʠʭ ʩʝʤʽʥʘʨʘʭ 

çʅʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʚ ʧʨʠʩʪʨʦʷʭ ʧʨʦʤʠʩʣʦʚʦʾ ʝʣʝʢʪʨʦʥʽʢʠè ʩʝʢʮʽʾ 

çʇʝʨʝʪʚʦʨʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾè ʅɸʅ ʋʢʨʘʾʥʠ (ʤ. ʂʠʾʚ, 2020 ï 

2022 ʨʨ.); ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ: çʇʨʦʙʣʝʤʠ ʩʫʯʘʩʥʦʾ 

ʝʣʝʢʪʨʦʪʝʭʥʽʢʠ (ʤ. ʂʠʾʚ, 2018, 2020 ʨʨ.), çSmart-ʪʝʭʥʦʣʦʛʽʽ ʚ ʝʥʝʨʛʝʪʠʮʽ ʪʘ 

ʝʣʝʢʪʨʦʥʽʮʽè (ʤ. ʃʘʟʫʨʥʝ, 2017 ï 2021 ʨʨ.), çIEEE International Conference on 

Electronics and Nanotechnologyè, ELNANO (ʤ. ʂʠʾʚ, 2022 ʨ.), çIEEE International 

Conference on Information and Telecommunication Technologies and Radio 

Electronics», UkrMiCo (ʤ. ʂʠʾʚ, 2023 ʨ.), International conference Generacja-

Przesyğ-Wykorzystanie GPW (ʤ. ɺʨʦʮʣʘʚ, 2017 ï 2023 ʨʨ.). 

ʇʫʙʣʽʢʘʮʽʾ. ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʜʠʩʝʨʪʘʮʽʾ ʦʧʫʙʣʽʢʦʚʘʥʦ ʫ 36 ʥʘʫʢʦʚʠʭ 

ʧʨʘʮʷʭ, ʫ ʪʦʤʫ ʯʠʩʣʽ: 1 ʤʦʥʦʛʨʘʬʽʾ, 32 ʩʪʘʪʪʷʭ ʫ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ (ʟ 

ʥʠʭ 3 ʩʪʘʪʪʽ ʫ ʚʠʜʘʥʥʷʭ ʽʥʦʟʝʤʥʠʭ ʜʝʨʞʘʚ, 5 ʩʪʘʪʝʡ ʫ ʚʠʜʘʥʥʷʭ ʋʢʨʘʾʥʠ, ʷʢʽ 

ʚʢʣʶʯʝʥʽ ʜʦ ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟ Scopus ʪʘ Web of Science, 3 ʩʪʘʪʪʽ 

ʙʝʟ ʩʧʽʚʘʚʪʦʨʽʚ), 3 ʪʝʟʘʭ ʜʦʧʦʚʽʜʝʡ ʚ ʟʙʽʨʥʠʢʘʭ ʤʘʪʝʨʽʘʣʽʚ ʢʦʥʬʝʨʝʥʮʽʡ. 

ʉʪʨʫʢʪʫʨʘ ʪʘ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʟʤʽʩʪʫ, ʚʩʪʫʧʫ, 

6 ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ ʽʟ 235 ʥʘʡʤʝʥʫʚʘʥʴ ʪʘ 

5 ʜʦʜʘʪʢʽʚ. ɿʘʛʘʣʴʥʠʡ ʦʙʩʷʛ ʨʦʙʦʪʠ ʩʪʘʥʦʚʠʪʴ 395 ʩʪʦʨʽʥʦʢ, ʫ ʪʦʤʫ ʯʠʩʣʽ 

244 ʩʪʦʨʽʥʢʠ ʦʩʥʦʚʥʦʛʦ ʪʝʢʩʪʫ, 129 ʨʠʩʫʥʢʽʚ ʪʘ 43 ʪʘʙʣʠʮ.̔ 
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ʈʆɿɼɯʃ 1. ʇʈʀʅʎʀʇʀ ʂɽʈʋɺɸʅʅʗ ʇɽʈɽʊɺʆʈʖɺɸʏɸʄʀ ʋ 

ʃʆʂɸʃʔʅʀʍ ʉʀʉʊɽʄɸʍ ɽʃɽʂʊʈʆɾʀɺʃɽʅʅʗ 

 

1.1. ʉʪʨʫʢʪʫʨʘ ʪʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʩʠʩʪʝʤ ʟ ʫʩʪʘʥʦʚʢʘʤʠ ʥʘ ʦʩʥʦʚʽ 

ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ 

 

ɺ ʦʩʪʘʥʥʽ ʜʝʩʷʪʠʣʽʪʪʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷ ʯʘʩʪʢʠ ʚʽʜʥʦʚʣʶʚʘʥʠʭ 

ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ (ɺɼɽ) [1 ï 5] ʫ ʟʘʛʘʣʴʥʦʤʫ ʝʥʝʨʛʦʙʘʣʘʥʩʽ ʙʘʛʘʪʴʦʭ ʢʨʘʾʥ ʩʚʽʪʫ, ɦ ʦ 

ʦʙʫʤʦʚʣʝʥʦ ʥʝʦʙʭʽʜʥʽʩʪʶ ʫʩʫʥʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʢʨʘʾʥ, 

ʧʦʚôʷʟʘʥʦʾ ʟ ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʢʨʠʟʘʤʠ; ʟʤʝʥʰʝʥʥʷʤ ʦʙʩʷʛʽʚ ʰʢʽʜʣʠʚʠʭ ʚʠʢʠʜʽʚ, 

ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʨʘʜʠʮʽʡʥʠʭ ʝʥʝʨʛʦʥʦʩʽʾʚ; ʧʦʩʪʫʧʦʚʠʤ 

ʟʤʝʥʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʚʠʢʦʧʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ (ʚʫʛʽʣʣʷ, ʛʘʟʫ ʪʘ ʥʘʬʪʠ); ʧʦʩʪʽʡʥʦ 

ʟʨʦʩʪʘʶʯʠʤ ʧʦʧʠʪʦʤ ʥʘ ʩʧʦʞʠʚʘʥʥʷʤ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ; ʟʥʘʯʥʠʤʠ ʚʪʨʘʪʘʤʠ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʘ ʜʦʚʛʠʭ ʣʽʥʽʷʭ [6 ï 10]. 

ʅʦʚʦʶ ʟʘʜʘʯʝʶ, ʷʢʘ ʚʠʥʠʢʣʘ ʥʘ ʩʫʯʘʩʥʦʤʫ ʨʽʚʥʽ ʨʦʟʚʠʪʢʫ ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠ, 

ʻ ʦʨʽʻʥʪʘʮʽʷ ʝʥʝʨʛʝʪʠʢʠ ʥʘ ʤʘʢʩʠʤʘʣʴʥʝ ʟʘʜʦʚʦʣʝʥʥʷ ʧʦʪʨʝʙ ʢʽʥʮʝʚʦʛʦ 

ʩʧʦʞʠʚʘʯʘ ï ʣʶʜʠʥʠ ʪʘ ʥʘʜʘʥʥʷ ʾʡ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʽ ʟʨʫʯʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʩʣʫʛ 

ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʢʦʤʬʦʨʪʫ ʞʠʪʪʷ [11, 12]. ɸʢʪʫʘʣʴʥʠʤ ʻ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤ 

ʢʝʨʫʚʘʥʥʷ ʨʦʟʧʦʜʽʣʦʤ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʫ ʩʠʩʪʝʤʘʭ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʟ 

ʫʩʪʘʥʦʚʢʘʤʠ ʥʘ ʦʩʥʦʚʽ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʤʽʥʽʤʽʟʘʮʽʾ ʚʠʪʨʘʪ ʢʦʨʠʩʪʫʚʘʯʘ ʪʘ ʤʘʢʩʠʤʽʟʘʮʽʾ 

ʡʦʛʦ ʧʨʠʙʫʪʢʫ. ʇʨʘʛʥʝʥʥʷ ʜʦ ʩʪʚʦʨʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦ ʢʦʤʬʦʨʪʥʠʭ ʫʤʦʚ ʞʠʪʪʷ 

ʣʶʜʠʥʠ ʧʨʠʟʚʝʣʦ ʜʦ ʩʫʪʪʻʚʦʛʦ ʥʘʧʦʚʥʝʥʥʷ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʤ 

ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ, ʱʦ ʧʦʚʠʥʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʥʝ ʪʽʣʴʢʠ ʪʝʭʥʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʝʢʦʥʦʤʽʯʥʽ ʬʘʢʪʦʨʠ, ʘ ʪʘʢʦʞ 

ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʘʣʛʦʨʠʪʤʠ ʧʨʦʛʥʦʟʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʟʽ ʟʤʽʥʥʠʤ ʛʦʨʠʟʦʥʪʦʤ 

ʧʨʦʛʥʦʟʫ ʪʘ ʟʘʜʘʥʦʶ ʪʦʯʥʽʩʪʶ ʧʨʦʛʥʦʟʫʚʘʥʥʷ. 

ɿ 2011 ʧʦ 2021 ʨʽʢ ʯʘʩʪʢʘ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʟʨʦʩʣʘ ʟ 20% ʜʦ 

28% ʩʚʽʪʦʚʦʛʦ ʧʦʩʪʘʯʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʯʘʩʪʢʘ ʝʥʝʨʛʽʾ ʩʦʥʮʷ ʪʘ 

ʚʽʪʨʫ ʟʨʦʩʣʘ ʟ 2% ʜʦ 10%. ɼʦ 2040 ʨʦʢʫ ʟʘʧʣʘʥʦʚʘʥʦ ʜʦ 40 % ʩʚʽʪʦʚʦʾ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚʠʨʦʙʣʷʪʠ ʽʟ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ, ʫʢʨʘʾʥʩʴʢʽ ʧʣʘʥʠ ï 
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ʟʙʽʣʴʰʠʪʠ ʚʽʜʩʦʪʦʢ ʟ 4 % ʜʦ 25 % ʜʦ 2035 ʨʦʢʫ. ʉʪʘʥʦʤ ʥʘ 2023 ʨʽʢ ʙʽʣʴʰʝ ʯʚʝʨʪʽ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚʠʨʦʙʣʝʥʦ ʥʘ ʦʩʥʦʚʽ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ. ʉʫʤʘʨʥʘ 

ʚʩʪʘʥʦʚʣʝʥʘ ʧʦʪʫʞʥʽʩʪʴ ɺɼɽ ʫ 135 ʢʨʘʾʥʘʭ ʩʚʽʪʫ ʩʷʛʥʫʣʘ 3,146 ʊɺʪ, 156 ʢʨʘʾʥ 

ʤʘʶʪʴ ʟʘʢʦʥʠ, ʱʦ ʨʝʛʫʣʶʶʪʴ ʩʝʢʪʦʨ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʝʪʠʢʠ [13]. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʰʚʠʜʢʦ ʟʨʦʩʪʘʻ 

(ʨʠʩ. 1.1, ʘ), ʪʦʜʽ ʷʢ ʚʘʨʪʽʩʪʴ ʟʥʠʞʫʻʪʴʩʷ [14], ʧʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ 

ʥʦʚʦʚʩʪʘʥʦʚʣʝʥʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚ ʫʩʴʦʤʫ ʩʚʽʪʽ ʻ 

ʚʽʜʥʦʚʣʶʚʘʥʦʶ [15]. 

 
ʘ) 

 
ʙ) 

ʈʠʩ. 1.1. ɻʨʘʬʽʢʠ ʟʙʽʣʴʰʝʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦʾ ʧʦʪʫʞʥʦʩʪʽ (ʘ) ʪʘ ʽʥʚʝʩʪʠʮʽʡ (ʙ) 

ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ 

 

ɿʘ ʜʝʩʷʪʴ ʨʦʢʽʚ ʟ 2010 ʧʦ 2019 ʨʨ. ʩʚʽʪʦʚʽ ʽʥʚʝʩʪʠʮʽʾ ʚ ʧʦʪʫʞʥʦʩʪʽ 

ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʝʪʠʢʠ, ʟʘ ʚʠʥʷʪʢʦʤ ʚʝʣʠʢʦʾ ʛʽʜʨʦʝʥʝʨʛʝʪʠʢʠ, ʩʢʣʘʣʠ 
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2,7 ʪʨʠʣʴʡʦʥʘ ʜʦʣʘʨʽʚ ʉʐɸ (ʨʠʩ. 1.1, ʙ), ʩʝʨʝʜ ʷʢʠʭ 818 ʤʽʣʴʷʨʜʽʚ ʜʦʣʘʨʽʚ ï 

ʽʥʚʝʩʪʠʮʽʾ ʂʠʪʘʶ; 392,3 ʤʽʣʴʷʨʜʘ ʜʦʣʘʨʽʚ ï ʉʐɸ; 210,9 ʤʽʣʴʷʨʜʘ ʜʦʣʘʨʽʚ ï 

ʗʧʦʥʽʾ; 183,4 ʤʽʣʴʷʨʜʘ ʜʦʣʘʨʽʚ ï ʅʽʤʝʯʯʠʥʠ; 126,5 ʤʽʣʴʷʨʜʘ ʜʦʣʘʨʽʚ ï 

ɺʝʣʠʢʦʙʨʠʪʘʥʽʾ [16], ʱʦ ʫ ʯʦʪʠʨʠ ʨʘʟʠ ʙʽʣʴʰʝ, ʥʽʞ ʦʙôʻʤ ʽʥʚʝʩʪʠʮʽʡ ʟʘ 2000 ï 

2009 ʨʨ. 

ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʥʷʯʥʦʾ ʪʘ ʚʽʪʨʦʚʦʾ ʝʥʝʨʛʝʪʠʢʠ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣ. 

1.1. 

ʊʘʙʣʠʮʷ 1.1. ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʥʷʯʥʦʾ ʪʘ ʚʽʪʨʦʚʦʾ ʝʥʝʨʛʝʪʠʢʠ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʉʦʥʷʯʥʘ ʝʥʝʨʛʝʪʠʢʘ ɺʽʪʨʦʚʘ ʝʥʝʨʛʝʪʠʢʘ 

ʉʫʤʘʨʥʘ ʚʩʪʘʥʦʚʣʝʥʘ 

ʧʦʪʫʞʥʽʩʪʴ  

1,6 ʊɺʪ (2023) 0,73 ʊɺʪ (2022) 

ʑʦʨʽʯʥʠʡ ʧʨʠʨʽʩʪ 

ʧʦʪʫʞʥʦʩʪʽ 

26% (2012-2021) 13% (2012-2021) 

ʏʘʩʪʢʘ ʩʚʽʪʦʚʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ 

5,5% (2023) 7,8% (2023) 

ʉʝʨʝʜʥʷ ʚʘʨʪʽʩʪʴ ʤʝʛʘʚʘʪ-

ʛʦʜʠʥʠ 

$ 38,343 (2019) $ 30,165 (2019) 

ʇʝʨʚʠʥʥʽ ʪʝʭʥʦʣʦʛʽʾ ʌʦʪʦʝʣʝʢʪʨʠʯʥʝ ʪʘ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʝ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ 

ʩʦʥʷʯʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ɽʣʝʢʪʨʦʤʝʭʘʥʽʯʥʝ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ 

ʚʽʪʨʫ 

 

ʑʦʨʽʯʥʘ ʚʩʪʘʥʦʚʣʝʥʘ ʧʦʪʫʞʥʽʩʪʴ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʩʪʘʥʦʚʠʪʴ 505 ɻɺʪ, 

ʱʦ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 2% ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚʠʨʦʙʣʝʥʦʾ ʫ ʩʚʽʪʽ. ɿʛʽʜʥʦ ʟ 

ʜʦʩʣʽʜʞʝʥʥʷʤ 2021 ʨʦʢʫ ʛʣʦʙʘʣʴʥʠʡ ʧʦʪʝʥʮʽʘʣ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ 

ʩʦʥʷʯʥʠʤʠ ʙʘʪʘʨʝʷʤʠ, ʚʩʪʘʥʦʚʣʝʥʠʤʠ ʥʘ ʜʘʭʘʭ, ʦʮʽʥʶʻʪʴʩʷ ʚ 27 ʇɺʪĀʛʦʜ ʥʘ ʨʽʢ 

ʟʘ ʮʽʥʦʶ ʚʽʜ $ 40 (ɸʟʽʷ) ʜʦ $ 240 ʟʘ ʄɺʪ-ʛʦʜ (ʉʐɸ, ɭʚʨʦʧʘ). ʆʜʥʘʢ ʡʦʛʦ 

ʧʨʘʢʪʠʯʥʘ ʨʝʘʣʽʟʘʮʽʷ ʟʘʣʝʞʘʪʠʤʝ ʚʽʜ ʥʘʷʚʥʦʩʪʽ ʪʘ ʚʘʨʪʦʩʪʽ ʤʘʩʰʪʘʙʦʚʘʥʠʭ 

ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ [17 ï 23]. 

ʇʨʦʛʥʦʟʫʻʪʴʩʷ, ʱʦ ʜʦ 2050 ʨʦʢʫ ʩʦʥʷʯʥʘ ʝʥʝʨʛʝʪʠʢʘ ʩʪʘʥʝ ʥʘʡʙʽʣʴʰʠʤ ʫ 

ʩʚʽʪʽ ʜʞʝʨʝʣʦʤ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʩʪʘʥʦʚʣʝʥʦʾ ʧʦʪʫʞʥʦʩʪʽ 

ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʫʩʪʘʥʦʚʦʢ ʜʦ 4,6 ʊɺʪ, ʟ ʷʢʠʭ ʙʽʣʴʰʝ ʧʦʣʦʚʠʥʠ ʙʫʜʝ 

ʚʩʪʘʥʦʚʣʝʥʦ ʚ ʂʠʪʘʾ ʪʘ ɯʥʜʽʾ. ʅʘ ʩʴʦʛʦʜʥʽ ʥʘʡʙʽʣʴʰʦʶ ʫ ʩʚʽʪʽ ʬʦʪʦʝʣʝʢʪʨʠʯʥʦʶ 
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ʩʪʘʥʮʽʻʶ ʻ ʉʦʥʷʯʥʠʡ ʧʘʨʢ Tengger Desert Solar Park ʧʦʪʫʞʥʽʩʪʶ 1,5 ɻɺʪ ʫ ʂʠʪʘʾ 

[24]. 

ʋ 2022 ʨʦʮʽ ʚʩʪʘʥʦʚʣʝʥʘ ʧʦʪʫʞʥʽʩʪʴ ʚʽʪʨʦʚʦʾ ʝʥʝʨʛʝʪʠʢʠ ʜʦʩʷʛʣʘ ʧʦʥʘʜ 

2,3 ʊɺʪĀʛʦʜ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʱʦ ʩʪʘʥʦʚʠʪʴ ʧʦʥʘʜ 7,8% ʩʚʽʪʦʚʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ [25 

ï 30]. ɺʩʪʘʥʦʚʣʝʥʘ ʧʦʪʫʞʥʽʩʪʴ ʚʽʪʨʦʚʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʩʚʽʪʽ ʧʝʨʝʚʠʱʠʣʘ 

1,17 ʊɺʪ ʟʘ ʨʘʭʫʥʦʢ ʚʩʪʘʥʦʚʣʝʥʠʭ ʟʘ 2021 ʨʽʢ 100 ɻɺʪ ʫ ʂʠʪʘʾ ʪʘ ʉʐɸ [31, 32]. 

ʋ ʟʚʽʪʽ Iɽɸ ʟʘ ʪʨʘʚʝʥʴ 2023 ʨʦʢʫ ʧʨʦʛʥʦʟʫʻʪʴʩʷ, ʱʦ ʚʽʜʥʦʚʣʶʚʘʥʽ ʜʞʝʨʝʣʘ 

ʝʥʝʨʛʽʾ ʟʘʣʠʰʘʪʴʩʷ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʠʤʠ ʫ 2024 ʨʦʮʽ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ 

ʟʨʦʩʪʘʥʥʷ ʚʠʪʨʘʪ, ʦʩʢʽʣʴʢʠ ʚʠʪʨʘʪʠ ʥʘ ʚʠʢʦʧʥʝ ʧʘʣʠʚʦ ʟʨʦʩʪʘʶʪʴ ʥʘʙʘʛʘʪʦ 

ʰʚʠʜʰʝ [33]. ʋ ʟʚʽʪʽ ʧʨʦʛʥʦʟʫʻʪʴʩʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʤʘʡʞʝ 500 ɻɺʪ ʩʦʥʷʯʥʠʭ 

ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʫʩʪʘʥʦʚʦʢ ʫ 2024 ʨʦʮʽ. ʋ ʯʝʨʚʥʽ 2023 ʨʦʢʫ ʚʠʢʦʥʘʚʯʠʡ 

ʜʠʨʝʢʪʦʨ Iɽɸ ʌʘʪʽʭ ɹʽʨʦʣ ʟʘʷʚʠʚ, ʱʦ ʢʨʘʾʥʠ ʧʦʚʠʥʥʽ ʽʥʚʝʩʪʫʚʘʪʠ ʙʽʣʴʰʝ ʫ 

ʚʽʜʥʦʚʣʶʚʘʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ, ʱʦʙ çʧʦʩʣʘʙʠʪʠ ʪʠʩʢ ʥʘ ʩʧʦʞʠʚʘʯʽʚ ʯʝʨʝʟ ʚʠʩʦʢʽ 

ʮʽʥʠ ʥʘ ʚʠʢʦʧʥʝ ʧʘʣʠʚʦ, ʟʨʦʙʠʪʠ ʥʘʰʽ ʝʥʝʨʛʝʪʠʯʥʽ ʩʠʩʪʝʤʠ ʙʽʣʴʰ ʙʝʟʧʝʯʥʠʤʠ ʪʘ 

ʧʽʜʰʪʦʚʭʥʫʪʠ ʩʚʽʪ ʜʦ ʜʦʩʷʛʥʝʥʥʷ ʥʘʰʠʭ ʢʣʽʤʘʪʠʯʥʠʭ ʮʽʣʝʡè [34]. 

ʋ ʩʠʩʪʝʤʽ çʩʧʦʞʠʚʘʯ ï ʚʽʜʥʦʚʣʶʚʘʥʝ ʜʞʝʨʝʣʦ ʝʥʝʨʛʽʾè ʥʘʡʚʘʞʣʠʚʽʰʠʤ 

ʟʘʚʜʘʥʥʷʤ ʻ ʟʙʝʨʝʞʝʥʥʷ ʙʘʣʘʥʩʫ ʤʽʞ ʚʠʨʦʙʥʠʮʪʚʦʤ ʽ ʩʧʦʞʠʚʘʥʥʷʤ ʝʥʝʨʛʽʾ, ʷʢʠʡ 

ʧʦʨʫʰʫʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʟʤʽʥʠ ʧʦʛʦʜʥʠʭ ʫʤʦʚ, ʧʨʠ ʷʢʽʡ ʟʤʽʥʶʻʪʴʩʷ ʧʦʪʫʞʥʽʩʪʴ 

ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ ʽ ʚʽʪʨʦʛʝʥʝʨʘʪʦʨʽʚ, ʘ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚʽʜ ʧʦʛʦʜʠ 

ʤʦʞʝ ʥʝ ʟʘʣʝʞʠʪʴ ʘʙʦ ʟʤʽʥʶʻʪʴʩʷ ʚ ʧʨʦʪʠʣʝʞʥʠʡ ʙʽʢ. ʇʽʜʢʣʶʯʝʥʥʷ 

ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʜʦ ʽʩʥʫʶʯʦʾ ʨʦʟʧʦʜʽʣʴʯʦʾ ʤʝʨʝʞʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʷʢʽʩʪʴ ʥʘʧʨʫʛʠ, 

ʥʘʜʽʡʥʽʩʪʴ ʪʘ ʩʪʽʡʢʽʩʪʴ ʝʥʝʨʛʦʩʠʩʪʝʤ, ʱʦ ʦʙʫʤʦʚʣʝʥʦ ʩʪʦʭʘʩʪʠʯʥʠʤ ʭʘʨʘʢʪʝʨʦʤ 

ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ɺɼɽ ʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷ [35 ï 41]. ɿʤʝʥʰʝʥʥʷ ʪʘʢʦʛʦ ʚʧʣʠʚʫ 

ʜʦʩʷʛʘʻʪʴʩʷ ʰʣʷʭʦʤ ʨʦʟʜʽʣʝʥʥʷ ʽʩʥʫʶʯʦʾ ʤʝʨʝʞʽ ʥʘ ʚʽʜʧʦʚʽʜʥʽ ʟʦʥʠ ʟ ʦʢʨʝʤʠʤʠ 

ʩʠʩʪʝʤʘʤʠ ʢʝʨʫʚʘʥʥʷʤ. ʊʘʢʽ ʟʦʥʠ ʚ ʧʦʜʘʣʴʰʦʤʫ ʤʦʞʫʪʴ ʬʦʨʤʫʚʘʪʠ ʢʣʘʩʪʝʨʠ 

ʧʦʪʦʢʽʚ ʝʥʝʨʛʽʾ ʪʘ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʜʦʟʚʦʣʷʻ ʫʩʫʥʫʪʠ ʧʨʦʙʣʝʤʠ ʽʥʪʝʛʨʘʮʽʾ ɺɼɽ ʚ 

ʽʩʥʫʶʯʽ ʝʥʝʨʛʦʩʠʩʪʝʤʠ. 

ɺ ʋʢʨʘʾʥʽ ʫʩʽ ʫʯʘʩʥʠʢʠ ʨʠʥʢʫ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʟʦʙʦʚôʷʟʘʥ ̔ʧʦʚʽʜʦʤʣʷʪʠ 

ʪʘ ʜʦʪʨʠʤʫʚʘʪʠʩʴ ʩʚʦʾʭ ʧʦʛʦʜʠʥʥʠʭ ʛʨʘʬʽʢʽʚ ʚʠʨʦʙʣʝʥʥʷ ʪʘ/ʘʙʦ ʩʧʦʞʠʚʘʥʥʷ 

ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʦʙʩʷʛʽʚ ʢʫʧʣʝʥʦʾ ʪʘ/ʘʙʦ ʧʨʦʜʘʥʦʾ 
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ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʪʘ ʥʝʩʫʪʴ ʬʽʥʘʥʩʦʚʫ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʟʘ ʥʝʙʘʣʘʥʩʠ [42]. ɿ 2021 ʨ. 

ʚʣʘʩʥʠʢʠ ʫʩʪʘʥʦʚʦʢ ʟ ɺɼɽ ʚ ʋʢʨʘʾʥʽ ʥʝʩʫʪʴ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʟʘ ʥʝʙʘʣʘʥʩʠ ʚ 

ʨʘʤʢʘʭ ʙʘʣʘʥʩʫʶʯʦʾ ʛʨʫʧʠ ʛʘʨʘʥʪʦʚʘʥʦʛʦ ʧʦʢʫʧʮʷ. ɿʦʢʨʝʤʘ, ʚʦʥʠ 

ʚʽʜʰʢʦʜʦʚʫʶʪʴ ʛʘʨʘʥʪʦʚʘʥʦʤʫ ʧʦʢʫʧʮʶ ʚʘʨʪʽʩʪʴ ʚʨʝʛʫʣʶʚʘʥʥʷ ʥʝʙʘʣʘʥʩʽʚ: ʜʣʷ 

ʦʙôʻʢʪʽʚ ʥʘ ʦʩʥʦʚʽ ɺɼɽ ʽʟ ʚʩʪʘʥʦʚʣʝʥʦʶ ʧʦʪʫʞʥʽʩʪʶ ʙʽʣʴʰʝ 1 ʄɺʪ ï ʜʦ 100% 

ʚʘʨʪʦʩʪʽ ʟ 01 ʩʽʯʥʷ 2022 ʨ.; ʜʣʷ ʦʙôʻʢʪʽʚ ʽʟ ʚʩʪʘʥʦʚʣʝʥʦʶ ʧʦʪʫʞʥʽʩʪʶ ʤʝʥʰʝ 

1 ʄɺʪ ï ʜʦ 10% ʟ ʧʦʜʘʣʴʰʠʤ ʟʙʽʣʴʰʝʥʥʷʤ ʥʘ 10% ʱʦʨʦʢʫ ʜʦ 100% ʫ 2030 ʨ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ɿʘʢʦʥʫ ʋʢʨʘʾʥʠ çʇʨʦ ʚʥʝʩʝʥʥʷ ʟʤʽʥ ʜʦ ʜʝʷʢʠʭ ʟʘʢʦʥʽʚ 

ʋʢʨʘʾʥʠ ʱʦʜʦ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʫʤʦʚ ʧʽʜʪʨʠʤʢʠ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʟ 

ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾè [43] ʟ 2022 ʨʦʢʫ ʟʘʧʨʦʚʘʜʞʫʻʪʴʩʷ ʧʦʚʥʘ 

ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʟʘ ʥʝʙʘʣʘʥʩ ʬʘʢʪʠʯʥʠʭ ʪʘ ʧʨʦʛʥʦʟʦʚʘʥʠʭ ʛʨʘʬʽʢʽʚ ʚʠʨʦʙʥʠʮʪʚʘ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʜʣʷ ʚʩʽʭ ʚʠʨʦʙʥʠʢʽʚ ʟ ɺɼɽ. ʎʝ ʩʪʚʦʨʶʻ ʝʢʦʥʦʤʽʯʥʽ ʩʪʠʤʫʣʠ ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʛʨʘʬʽʢʽʚ ʛʝʥʝʨʘʮʽʾ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʪʘ 

ʩʧʨʠʷʻ ʨʦʟʚʠʪʢʫ ʩʝʢʪʦʨʫ ʙʘʣʘʥʩʫʶʯʠʭ ʧʦʪʫʞʥʦʩʪʝʡ. ʇʨʠ ʮʴʦʤʫ ʨʦʟʤʽʨ 

ʜʦʧʫʩʪʠʤʦʾ ʧʦʭʠʙʢʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʚʠʥʝʥ ʩʢʣʘʜʘʪʠ ʜʣʷ ʚʽʪʨʦʚʠʭ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ï 10%, ʜʣʷ ʩʦʥʷʯʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ï 5%. 

ʇʦʩʪʫʧʦʚʘ ʚʽʜʤʦʚʘ ʚʽʜ ʧʦʪʫʞʥʠʭ ʮʝʥʪʨʘʣʴʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʽ ʩʫʪʪʻʚʝ 

ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʪʢʠ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʦʾ ʛʝʥʝʨʘʮʽʾ ʚ ʝʥʝʨʛʦʩʠʩʪʝʤʘʭ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʫʤʦʚʠ ʙʘʣʘʥʩʫʚʘʥʥʷ ʤʦʞʣʠʚʘ ʟʘ ʫʤʦʚʠ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʢʝʨʫʚʘʥʥʷ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʨʝʩʫʨʩʘʤʠ 

ʪʘ ʾʭ ʩʠʩʪʝʤʥʦʾ ʽʥʪʝʛʨʘʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, 

ʱʦ ʜʦʟʚʦʣʠʪʴ ʟʤʝʥʰʠʪʠ ʯʘʩʪʢʫ ʥʝʨʝʛʫʣʴʦʚʘʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʩʠʩʪʝʤʽ. 

 ɼʦ 1990-ʭ ʨʦʢʽʚ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʧʨʠʙʫʪʢʫ ʚʝʣʠʢʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ 

ʨʦʟʪʘʰʦʚʫʚʘʣʠ ʘʙʦ ʧʦʙʣʠʟʫ ʨʦʜʦʚʠʱ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ, ʘʙʦ ʫ ʚʽʜʜʘʣʝʥʠʭ ʤʽʩʮʷʭ 

ʟ ʤʽʨʢʫʚʘʥʴ ʙʝʟʧʝʢʠ, ʱʦ ʚʽʜʜʘʣʷʣʦ ʾʭ ʚʽʜ ʩʧʦʞʠʚʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʷʢ 

ʝʣʝʢʪʨʠʯʥʦ, ʪʘʢ ʽ ʛʝʦʛʨʘʬʽʯʥʦ [44]. ʅʘ ʪʘʢʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷʭ ʦʜʥʦʥʘʧʨʘʚʣʝʥʠʡ 

ʧʦʪʽʢ ʚʠʨʦʙʣʝʥʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʘʧʨʘʚʣʷʚʩʷ ʧʦ ʣʽʥʽʷʭ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯ ʚʽʜ 

ʛʝʥʝʨʫʶʯʠʭ ʩʪʘʥʮʽʡ (ɻ1, ɻ2, é, ɻn) ʜʦ ʪʦʯʦʢ ʨʦʟʧʦʜʽʣʫ. ʇʦʯʠʥʘʶʯʠ ʟ 1990-ʭ 

ʨʦʢʽʚ, ʙʫʜʽʚʥʠʮʪʚʦ ʚʝʣʠʢʠʭ ʝʥʝʨʛʦʩʠʩʪʝʤ ʥʝ ʟʘʦʭʦʯʫʚʘʣʦʩʷ ʯʝʨʝʟ ʟʙʽʣʴʰʝʥʥʷ 

ʚʠʢʠʜʽʚ CO2, ʯʝʨʝʟ ʝʥʝʨʛʝʪʠʯʥʫ ʥʝʜʦʩʪʘʪʥʽʩʪʴ ʪʘ ʚʽʜʩʫʪʥʽʩʪʴ ʥʘʜʽʡʥʦʛʦ 

ʧʦʩʪʘʯʘʥʥʷ ʪʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ [45]. ʋ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʙʽʣʴʰʽʩʪʴ 
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ʫʨʷʜʽʚ ʢʨʘʾʥ ʬʽʥʘʥʩʦʚʦ ʟʘʦʭʦʯʫʶʪʴ ʝʥʝʨʛʝʪʠʯʥʽ ʢʦʤʧʘʥʽʾ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ 

ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ, ʦʩʢʽʣʴʢʠ ʩʪʘʥʮʽʾ ʥʘ ʦʩʥʦʚʽ ɺɼɽ ï ʥʝʚʝʣʠʢʽ ʛʝʥʝʨʘʪʦʨʠ, 

ʱʦ ʧʽʜʢʣʶʯʘʶʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʦ ʨʦʟʧʦʜʽʣʴʯʠʭ ʤʝʨʝʞ, ʽ ʫʪʚʦʨʶʶʪʴ ʚʫʟʣʠ 

ʨʦʟʦʩʝʨʝʜʞʝʥʦʾ ʛʝʥʝʨʘʮʽʾ (ɺʈɻ1, ɺʈɻ2, é, ɺʈɻn), ʚ ʷʢʠʭ ʩʧʦʞʠʚʘʯʘʤ ʥʘʜʘʻʪʴʩʷ 

ʧʨʷʤʠʡ ʜʦʩʪʫʧ ʜʦ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ (ʨʠʩ. 1.2).  

 

ʈʠʩ. 1.2. ʉʭʝʤʘ, ʱʦ ʧʦʷʩʥʶʻ ʧʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ ʪʨʘʜʠʮʽʡʥʦʾ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʤʝʨʝʞʽ 

 

ɼʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʭʘʥʽʯʥʦʾ, ʩʦʥʷʯʥʦʾ, ʚʽʪʨʦʚʦʾ, ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ, 

ʝʥʝʨʛʽʾ ʙʽʦʤʘʩʠ, ʦʢʝʘʥʽʚ, ʧʨʠʧʣʠʚʽʚ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚ ʝʣʝʢʪʨʠʯʥʫ ʦʙʫʤʦʚʣʶʻ 

ʧʦʷʚʫ ʣʦʢʘʣʴʥʦʾ ʽʟʦʣʴʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʨʦʟʦʩʝʨʝʜʞʝʥʦʾ ʛʝʥʝʨʘʮʽʾ Microgrid ï 

ʝʣʝʢʪʨʠʯʥʦʾ ʤʝʨʝʞʽ ʥʝʚʝʣʠʢʦʾ ʧʦʪʫʞʥʦʩʪʽ (ʜʦ 100 ʄɺʪ), ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʫʟʣʽʚ ʨʦʟʦʩʝʨʝʜʞʝʥʦʾ ʛʝʥʝʨʘʮʽʾ ʪʘ ʦʢʨʝʤʠʭ ʛʨʫʧ ʥʘʚʘʥʪʘʞʝʥʴ, ʪʘ 

ʤʦʞʝ ʧʨʘʮʶʚʘʪʠ ʢʦʦʨʜʠʥʦʚʘʥʦ ʪʘ ʢʦʥʪʨʦʣʴʦʚʘʥʦ, ʷʢ ʙʫʜʫʯʠ ʧʨʠʻʜʥʘʥʦʶ ʜʦ 

ʦʩʥʦʚʥʦʾ ʝʥʝʨʛʦʩʠʩʪʝʤʠ, ʪʘʢ ʽ ʚ ʽʟʦʣʴʦʚʘʥʦʤʫ ʨʝʞʠʤʽ [46 ï 50]. ʋ ʪʘʢʽʡ ʩʠʩʪʝʤ ̔

ʟʘ ʨʘʭʫʥʦʢ ʥʘʷʚʥʦʩʪʽ ʥʘʢʦʧʠʯʫʚʘʯʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʱʦ ʻ ʥʝʚʽʜôʻʤʥʦʶ ʩʢʣʘʜʦʚʦʶ 

ʯʘʩʪʠʥʦʶ ʩʠʩʪʝʤʠ, ʧʦʪʽʢ ʚʠʨʦʙʣʝʥʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʻ ʜʚʦʥʘʧʨʘʚʣʝʥʠʤ, ʥʘ 

ʚʽʜʤʽʥʫ ʚʽʜ ʪʨʘʜʠʮʽʡʥʦʾ ʤʝʨʝʞʽ. 

ʉʧʨʦʱʝʥʘ ʩʭʝʤʘ, ʱʦ ʧʦʷʩʥʶʻ ʢʦʥʮʝʧʮʽʶ ʤʝʨʝʞʽ Microgrid ʥʘʚʝʜʝʥʘ ʥʘ 

ʨʠʩ. 1.3, ʘ ʾʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʨʘʜʠʮʽʡʥʦʶ ʩʠʩʪʝʤʦʶ 

ʨʦʟʦʩʝʨʝʜʞʝʥʦʾ ʛʝʥʝʨʘʮʽʾ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣ. 1.2. 
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ʊʘʙʣʠʮʷ 1.2. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ Microgrid ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʨʘʜʠʮʽʡʥʦʶ ʩʠʩʪʝʤʦʶ 

ʨʦʟʦʩʝʨʝʜʞʝʥʦʾ ʛʝʥʝʨʘʮʽʾ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ Microgrid  

ʊʨʘʜʠʮʽʡʥʘ ʩʠʩʪʝʤʘ 

ʨʦʟʦʩʝʨʝʜʞʝʥʦʾ 

ʛʝʥʝʨʘʮʽʾ 

ɸʢʪʠʚʥʘ ʫʯʘʩʪʴ 

ʩʧʦʞʠʚʘʯʽʚ 

ʉʧʦʞʠʚʘʯʽ ʟʘʣʫʯʝʥʽ, 

ʽʥʬʦʨʤʦʚʘʥʽ ʪʘ ʙʝʨʫʪʴ 

ʘʢʪʠʚʥʫ ʫʯʘʩʪʴ 

ʉʧʦʞʠʚʘʯʽ ʥʝ 

ʽʥʬʦʨʤʦʚʘʥʽ ʽ ʙʝʨʫʪʴ 

ʧʘʩʠʚʥʫ ʫʯʘʩʪʴ 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ 

ʐʚʠʜʢʝ ʚʠʨʽʰʝʥʥʷ 

ʧʨʦʙʣʝʤ ʷʢʦʩʪʽ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ 

ʇʦʚʽʣʴʥʘ ʨʝʘʢʮʽʷ ʥʘ 

ʧʨʦʙʣʝʤʠ ʟ ʷʢʽʩʪʶ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ 

ʊʦʧʦʣʦʛʽʷ ʄʝʨʝʞʝʚʘ ɿʘʟʚʠʯʘʡ ʨʘʜʽʘʣʴʥʘ 

ɻʝʥʝʨʘʮʽʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʎʝʥʪʨʘʣʽʟʦʚʘʥʘ ʪʘ 

ʨʦʟʦʩʝʨʝʜʞʝʥʘ, 

ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ 

ʝʥʝʨʛʽʾ 

ʎʝʥʪʨʘʣʽʟʦʚʘʥʘ 

ʆʙʤʝʞʝʥʘ ʧʣʦʱʘ ʊʘʢ ʅ ̔

ʐʠʨʦʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ 

ʝʥʝʨʛʽʾ 

ʊʘʢ ʅ ̔

ɼʝʮʝʥʪʨʘʣʽʟʦʚʘʥʘ 

ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ 

ʊʘʢ ʊʘʢ 

ʇʦʢʨʘʱʝʥʘ ʷʢʽʩʪʴ ʝʥʝʨʛʽʾ ʊʘʢ ʅ ̔

ʉʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʊʘʢ ʅ ̔

ʉʪʽʡʢʽʩʪʴ ɺʠʩʦʢʘ ʅʠʟʴʢʘ 

ʉʠʩʪʝʤʘ ʥʘʢʦʧʠʯʝʥʥʷ 

ʝʥʝʨʛʽʾ 

ʅʘʷʚʥʘ ʅʝ ʥʘʷʚʥʘ / ʅʘʷʚʥʘ 

ɼʠʥʘʤʽʯʥʝ 

ʮʽʥʦʫʪʚʦʨʝʥʥʷ 

ʊʘʢ ʊʘʢ / ʅʽ 

ɹʝʟʧʝʨʝʙʽʡʥʝ ʜʞʝʨʝʣʦ 

ʞʠʚʣʝʥʥʷ 

ʊʘʢ ʅ ̔

ʂʝʨʦʚʘʥʠʡ ʪʘ 

ʢʦʦʨʜʠʥʦʚʘʥʠʡ ʨʝʞʠʤ 

ʊʘʢ ʅ ̔

ʅʠʟʴʢʠʡ ʚʧʣʠʚ ʥʘ 

ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ 

ʊʘʢ ʅ ̔

ʄʦʞʣʠʚʽʩʪʴ ʤʦʜʝʨʥʽʟʘʮʽʾ 

ʤʝʨʝʞʽ 

ʊʘʢ ʅ ̔

ʇʦʢʨʘʱʝʥʘ ʽʥʪʝʛʨʘʮʽʷ ʊʘʢ ʅ ̔

ɿʘʜʦʚʦʣʝʥʥʷ ʧʦʪʨʝʙ 

ʢʽʥʮʝʚʦʛʦ ʩʧʦʞʠʚʘʯʘ 

ʊʘʢ ʊʘʢ 
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ʈʠʩ. 1.3. ʉʭʝʤʘ ʤʝʨʝʞʽ Microgrid 

 

ʇʨʠ ʧʦʨʫʰʝʥʥʽ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ ʫ ʤʝʨʝʞʘʭ Microgrid ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʪʨʘʜʠʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ, ʚ ʷʢʽʡ ʛʝʥʝʨʘʪʦʨʠ ʚʽʜôʻʜʥʫʶʪʴʩʷ ʚʽʜ 

ʟʦʚʥʽʰʥʴʦʾ ʤʝʨʝʞʽ, ʯʘʩʪʠʥʠ ʩʠʩʪʝʤʠ ï ʚʫʟʣʠ ʨʦʟʦʩʝʨʝʜʞʝʥʦʾ ʛʝʥʝʨʘʮʽʾ 

ʧʝʨʝʭʦʜʷʪʴ ʚ ʽʟʦʣʴʦʚʘʥʠʡ ʨʝʞʠʤ ʟʘ ʨʘʭʫʥʦʢ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ʨʦʟʧʦʜʽʣʴʯʠʭ 

ʧʨʠʩʪʨʦʾʚ, ʥʘʧʨʠʢʣʘʜ ʩʪʘʪʠʯʥʠʭ ʧʝʨʝʤʠʢʘʯʽʚ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʨʝʞ Microgrid ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ: 

1) ʥʘʜʽʡʥʽʩʪʴ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʤʝʨʝʞʝʚʠʭ ʚʽʜʢʣʶʯʝʥʴ; 

2) ʩʪʘʙʽʣʴʥʽʩʪʴ ʮʽʥʠ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ, ʷʢʘ ʟʘʭʠʱʘʻ ʚʽʜ ʢʦʣʠʚʘʥʴ ʨʠʥʢʫ; 

3) ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ï ʟʙʘʣʴʰʝʥʥʷ ʂʂɼ ʩʠʩʪʝʤʠ; 4) ʙʝʟʧʝʢʫ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ï ʟʘʭʠʩʪ ʚʽʜ ʟʦʚʥʽʰʥʽʭ ʚʪʨʫʯʘʥʴ; 5) ʦʭʦʨʦʥʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ï ʚʠʢʦʨʠʩʪʘʥʥʷ ɺɼɽ; 6) ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ ï ʧʦ ʛʦʨʠʟʦʥʪʘʣʽ 

(ʟʨʦʩʪʘʥʥʷ ʥʘʩʝʣʝʥʥʷ) ʪʘ ʧʦ ʚʝʨʪʠʢʘʣʽ (ʟʙʽʣʴʰʝʥʥʷ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ). 

ʋ ʪʘʙʣ. 1.3 ʥʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜʠ ʽʩʥʫʶʯʠʭ ʫ ɭʚʨʦʧʽ ʤʝʨʝʞ Microgrid [51 ï 

56]. 

 

 

 

 



40 

ʊʘʙʣʠʮʷ 1.3. ʇʨʠʢʣʘʜʠ ʽʩʥʫʶʯʠʭ ʫ ɭʚʨʦʧʽ ʩʠʩʪʝʤ Microgrid 

ʄʽʩʮʝ 

ʨʦʟʪʘʰʫʚʘʥʥʷ 
ʇʦʪʫʞʥʽʩʪʴ 

ʊʠʧ 

ʤʝʨʝʞʽ 

ʊʠʧ 

ʚʽʜʥʦʚʣʶʚʘʥʠʭ 

ʜʞʝʨʝʣ 

ʊʠʧ 

ʥʘʢʦʧʠʯʫʚʘʯʘ 

ɹʨʦʥʩʙʝʨʛ, 

ʅʽʜʝʨʣʘʥʜʠ 

315 ʢɺʪ ʟʤʽʥʥʦʛʦ 

ʩʪʨʫʤʫ 

ʬʦʪʦʝʣʝʢʪʨʠʯʥʽ 

ʩʪʘʥʮʽʾ 

ɸʢʫʤʫʣʷʪʦʨ 

ʐʪʘʡʥʚʝʛ, 

ʅʽʤʝʯʯʠʥʘ 

150 ʢɺʪ ʟʤʽʥʥʦʛʦ 

ʩʪʨʫʤʫ 

ʬʦʪʦʝʣʝʢʪʨʠʯʥʽ 

ʩʪʘʥʮʽʾ, ʪʝʧʣʦʚʽ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ 

ɸʢʫʤʫʣʷʪʦʨ 

ʎʝʩʽ ʈʽʮʝʨʢʘ, 

ɯʪʘʣʽʷ 

100 ʢɺʪ ʧʦʩʪʽʡʥʦʛʦ 

ʩʪʨʫʤʫ 

ʬʦʪʦʝʣʝʢʪʨʠʯʥʽ 

ʩʪʘʥʮʽʾ, ʚʽʪʨʦʚʽ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ, 

ʜʠʟʝʣʴ-

ʛʝʥʝʨʘʪʦʨʠ, 

ʪʝʧʣʦʚʽ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ 

ɸʢʫʤʫʣʷʪʦʨ 

ɹʦʨʥʭʦʣʴʤ, 

ɼʘʥʽʷ 

80 ʢɺʪ ʟʤʽʥʥʦʛʦ 

ʩʪʨʫʤʫ 

ʚʽʪʨʦʚʽ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ, 

ʜʠʟʝʣʴ-

ʛʝʥʝʨʘʪʦʨʠ 

ʥʝʤʘʻ 

ʂʽʪʥʦʩ, ɻʨʝʮʽʷ 53 ʢɺʪ ʟʤʽʥʥʦʛʦ 

ʩʪʨʫʤʫ 

ʬʦʪʦʝʣʝʢʪʨʠʯʥʽ 

ʩʪʘʥʮʽʾ, ʜʠʟʝʣʴ-

ʛʝʥʝʨʘʪʦʨʠ 

ɸʢʫʤʫʣʷʪʦʨ 

ʎʝʥʪʨ 

ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ, 

ʋʝʣʴʩ, ɺʝʣʠʢʘ 

ɹʨʠʪʘʥʽʷ 

20 ʢɺʪ ʟʤʽʥʥʦʛʦ 

ʩʪʨʫʤʫ 

ʬʦʪʦʝʣʝʢʪʨʠʯʥʽ 

ʩʪʘʥʮʽʾ, ʚʽʪʨʦʚʽ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ, 

ʛʽʜʨʦʝʣʝʢʪʨʦ-

ʩʪʘʥʮʽʾ 

ɸʢʫʤʫʣʷʪʦʨ 

 

ɿ ʪʘʙʣ. 1.3 ʚʠʜʥʦ, ʱʦ ʙʽʣʴʰʽʩʪʴ ʤʝʨʝʞ Microgrid ʻ ʤʝʨʝʞʘʤʠ ʟʤʽʥʥʦʛʦ 

ʩʪʨʫʤʫ, ʚ ʫʩʽʭ ʩʠʩʪʝʤʘʭ ʧʨʠʩʫʪʥʽ ʩʦʥʷʯʥʽ ʙʘʪʘʨʝʾ ʪʘ ʥʘʢʦʧʠʯʫʚʘʯʽ ʝʥʝʨʛʽʾ ʫ 

ʚʠʛʣʷʜʽ ʘʢʫʤʫʣʷʪʦʨʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʢʦʥʘʥʥʷ ʫʤʦʚ ʩʪʘʙʽʣʴʥʦʩʪʽ, 

ʙʘʣʘʥʩʫ, ʢʦʤʧʝʥʩʘʮʽʾ ʜʝʢʘʧʣʽʥʛʫ ʟ ʤʦʞʣʠʚʽʩʪʶ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʟ 

ʨʽʟʥʠʤʠ ʛʦʨʠʟʦʥʪʘʤʠ ʧʨʦʛʥʦʟʫ. 

ʄʝʨʝʞʽ Microgrid ʜʦʟʚʦʣʷʶʪʴ ʩʧʦʞʠʚʘʯʘʤ ʙʨʘʪʠ ʘʢʪʠʚʥʫ ʫʯʘʩʪʴ ʚ 

ʦʧʪʠʤʽʟʘʮʽʾ ʪʘ ʧʽʜʚʠʱʝʥʥʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤ 

ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʫʤʥʠʭ ʣʽʯʠʣʴʥʠʢʽʚ ʪʘ 

ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʘ ʪʘʢʦʞ ʧʝʨʝʛʣʷʜʫ ʤʦʜʝʣʝʡ ʩʧʦʞʠʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ 

ʜʘʥʠʭ ʧʨʦ ʩʧʦʞʠʚʘʥʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʪʘ ʾʾ ʚʘʨʪʽʩʪʴ. 
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 ɼʦ ʦʩʥʦʚʥʠʭ ʬʫʥʢʮʽʡ Microgrid ʚʽʜʥʦʩʷʪʴ ʥʘʩʪʫʧʥʽ: 

1) ʦʙʤʽʥ ʜʘʥʠʤʠ ʧʨʦ ʚʠʨʦʙʥʠʢʽʚ ʪʘ ʩʧʦʞʠʚʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʯʝʨʝʟ 

ʤʝʨʝʞʫ ɯʥʪʝʨʥʝʪ ʪʘ ʾʭ ʦʙʨʦʙʢʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ; 

2) ʽʥʪʝʛʨʘʮʽʷ ʯʠʩʣʝʥʥʠʭ ʦʙôʻʢʪʽʚ ʛʝʥʝʨʘʮʽʾ ʥʝʚʝʣʠʢʦʾ ʧʦʪʫʞʥʦʩʪʽ; 

3) ʙʘʣʘʥʩʫʚʘʥʥʷ ʬʣʫʢʪʫʘʮʽʡ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ; 

4) ʟʤʽʥʘ ʢʦʥʬʽʛʫʨʘʮʽʾ ʩʠʩʪʝʤʠ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ, 

ʘ ʪʘʢʦʞ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʧʦʷʚʠ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ; 

5) ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʪʯʠʢʽʚ, ʟʘʩʦʙʽʚ ʟʚôʷʟʢʫ ʪʘ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ 

ʩʠʥʭʨʦʥʽʟʦʚʘʥʠʭ ʫ ʯʘʩʽ; 

6) ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʥʫʯʢʠʭ ʩʠʩʪʝʤ ʧʝʨʝʜʘʯʽ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ (FACTS), 

ʨʝʛʫʣʷʪʦʨʽʚ ʬʘʟʦʚʦʛʦ ʢʫʪʘ, ʧʦʩʣʽʜʦʚʥʠʭ ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʪʘ ʥʠʟʴʢʦʽʤʧʝʜʘʥʩʥʠʭ 

ʥʘʜʧʨʦʚʽʜʥʠʢʽʚ; 

7) ʨʝʛʫʣʴʦʚʘʥʽ ʧʘʨʘʤʝʪʨʠ ʟʘʭʠʩʥʠʭ ʨʝʣʝ (ʩʪʨʫʤ, ʥʘʧʨʫʛʘ), ʷʢʽ ʤʦʞʫʪʴ 

ʟʤʽʥʶʚʘʪʠʩʷ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʟʘ ʩʠʛʥʘʣʘʤʠ ʣʦʢʘʣʴʥʠʭ ʜʘʚʘʯʽʚ ʘʙʦ 

ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ; 

8) ʘʚʪʦʤʘʪʠʯʥʝ ʚʽʜʢʣʶʯʝʥʥʷ ʪʘ ʟʤʽʥʘ ʢʦʥʬʽʛʫʨʘʮʽʾ ʧʦʰʢʦʜʞʝʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʤʝʨʝʞʽ (ʨʦʟʧʦʜʽʣʴʯʠʭ ʧʨʠʩʪʨʦʾʚ ʘʙʦ ʣʽʥʽʡ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯʽ) ʯʝʨʝʟ ʜʘʚʘʯʽ, 

ʝʣʝʤʝʥʪʠ ʢʝʨʫʚʘʥʥʷ, ʧʝʨʝʤʠʢʘʯʽ ʪʘ ʢʦʤʫʥʽʢʘʮʽʡʥʽ ʩʠʩʪʝʤʠ; 

9) ʦʥʣʘʡʥ ʤʦʥʽʪʦʨʠʥʛ ʪʘ ʘʥʘʣʽʟ ʩʪʘʥʫ ʦʙʣʘʜʥʘʥʥʷ, ʡʦʛʦ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʜʣʷ 

ʚʠʷʚʣʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʩʠʪʫʘʮʽʡ. 

ɺ ʪʘʙʣ. 1.4 ʥʘʚʝʜʝʥʦ ʢʣʘʩʠʬʽʢʘʮʽʶ Microgrid ʟʘ ʨʽʚʥʝʤ ʛʝʥʝʨʘʮʽʾ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʥʦʤʽʥʘʣʴʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʥʘʧʨʫʛʠ ʪʘ ʪʠʧʦʚʠʤʠ ʧʣʦʱʘʤʠ [57]. 

 ʃʦʢʘʣʴʥʘ ʩʠʩʪʝʤʘ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʤʘʣʦʾ ʧʦʪʫʞʥʦʩʪʽ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʥʘʩʪʫʧʥʠʤʠ ʦʟʥʘʢʘʤʠ: 

1) ʦʙʤʝʞʝʥʦʶ ʧʦʪʫʞʥʽʩʪʶ ʩʧʦʞʠʚʘʥʥʷ ʧʦʨʷʜʢʫ ʜʝʩʷʪʢʽʚ-ʩʦʪʝʥʴ ʢɺʪ; 

2) ʪʝʨʠʪʦʨʽʘʣʴʥʦʶ ʦʙʤʝʞʝʥʽʩʪʶ ï ʟʦʩʝʨʝʜʞʝʥʽʩʪʶ ʚʩʽʭ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʠʭ 

ʧʨʠʩʪʨʦʾʚ ʥʘ ʥʝʚʝʣʠʢʽʡ ʧʣʦʱʽ; 

3) ʥʘʷʚʥʽʩʪʶ ʣʶʜʠʥʠ (ʢʦʨʠʩʪʫʚʘʯʘ ʘʙʦ ʦʧʝʨʘʪʦʨʘ), ʷʢʘ ʟʜʘʪʥʘ ʚʥʦʩʠʪʠ 

ʟʤʽʥʠ ʚ ʬʫʥʢʮʽʾ ʢʝʨʫʚʘʥʥʷ ʦʢʨʝʤʠʭ ʧʽʜʩʠʩʪʝʤ ʘʙʦ ʚʩʴʦʛʦ ʚʫʟʣʘ, ʷʢʽ ʤʘʶʪʴ 

ʥʘʡʚʠʱʠʡ ʧʨʽʦʨʠʪʝʪ. 
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ʊʘʙʣʠʮʷ 1.4. ʂʣʘʩʠʬʽʢʘʮʽʷ Microgrid ʟʘ ʨʽʚʥʝʤ ʛʝʥʝʨʘʮʽʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ 

ˉ 

ʟ/ʧ 

ʅʘʟʚʘ ʈʽʚʝʥʴ 

ʛʝʥʝʨʘʮʽʾ 

ʇʨʠʢʣʘʜ 

ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʨʦʟʦʩʝʨʝʜʞʝʥʦʾ 

ʛʝʥʝʨʘʮʽʾ 

ʅʦʤʽʥʘʣʴʥʝ 

ʟʥʘʯʝʥʥʷ 

ʥʘʧʨʫʛʠ ʚ 

ʩʠʩʪʝʤʽ 

ʊʠʧʦʚʘ 

ʧʣʦʱʘ 

(ʢʤ2) 

1. ʉʠʩʪʝʤʠ 

ʝʣʝʢʪʨʠʬʽʢʘʮʽʾ 

ʩʽʣʴʩʴʢʠʭ 

ʨʘʡʦʥʽʚ 

ʜʦ 100 

ʄɺʪ 

ʉʠʩʪʝʤʠ 

ʛʝʥʝʨʫʚʘʥʥʷ ʫ 

ʩʽʣʴʩʴʢʽʡ 

ʤʽʩʮʝʚʦʩʪʽ  

34,5 ʢɺ 15-90 

2. ʇʽʜʩʪʘʥʮʽʷ 5-20 ʄɺʪ, 

> 20 ʄɺʪ 

ʈʘʡʦʥʥʽ 

ʧʽʜʩʪʘʥʮʽʾ 

ʝʥʝʨʛʦʩʠʩʪʝʤ 

13,2 ʢɺ 5-30 

3. ʆʙôʻʢʪ ʟ 

ʜʝʢʽʣʴʢʦʤʘ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ 

< 2 ʄɺʪ, 2-

5 ʄɺʪ 

ʇʽʜʩʪʘʥʮʽʾ ʚ 

ʣʽʢʘʨʥʷʭ, 

ʰʢʦʣʘʭ, 

ʛʦʪʝʣʴʥʠʭ 

ʢʦʤʧʣʝʢʩʘʭ 

4,8 ʢɺ 1-10 

4. ʃʦʢʘʣʴʥʘ 

ʩʠʩʪʝʤʘ 

ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ 

ʤʘʣʦʾ ʧʦʪʫʞʥʦʩʪʽ 

ʜʦ 100 ʢɺʪ ʇʽʜʩʪʘʥʮʽʾ ʚ 

ʦʢʨʝʤʠʭ 

ʧʨʠʚʘʪʥʠʭ 

ʙʫʜʠʥʢʘʭ 

ʥʘʩʝʣʝʥʠʭ 

ʧʫʥʢʪʽʚ 

480 ɺ < 0,1 

 

ʅʝʟʘʣʝʞʥʦ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʪʘ ʪʠʧʽʚ ʥʘʷʚʥʠʭ ʫʩʪʘʥʦʚʦʢ ʟ ʚʽʜʥʦʚʣʶʚʘʥʠʤʠ 

ʜʞʝʨʝʣʘʤʠ ʝʥʝʨʛʽʾ, ʟʘʛʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʩʧʦʞʠʚʘʥʥʷ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

WH, ʟʦʚʥʽʰʥʽʭ ʫʤʦʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʘ ʪʘʢʦʞ ʥʘʷʚʥʦʩʪʽ 

ʥʘʢʦʧʠʯʫʚʘʯʽʚ, ʷʢʽ ʧʨʠʡʤʘʶʪʴ ʥʘʜʣʠʰʦʢ ʘʙʦ ʢʦʤʧʝʥʩʫʶʪʴ ʥʝʜʦʩʪʘʪʥʽʩʪʴ ʝʥʝʨʛʽʾ, 

ʱʦ ʚʠʨʦʙʣʷʻʪʴʩʷ, ʤʦʞʣʠʚʽ ʥʘʩʪʫʧʥʽ ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʣʦʢʘʣʴʥʦʾ ʩʠʩʪʝʤʘ 

ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʤʘʣʦʾ ʧʦʪʫʞʥʦʩʪʽ: 

1. ʉʫʤʘʨʥʘ ʝʥʝʨʛʽʷ, ʱʦ ʚʠʨʦʙʣʷʻʪʴʩʷ ʫʩʪʘʥʦʚʢʘʤʠ ʟ ʚʽʜʥʦʚʣʶʚʘʥʠʤʠ 

ʜʞʝʨʝʣʘʤʠ ɺɽʋ ʉɹW W WS= + , ʜʦʨʽʚʥʶʻ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʽʡ ʝʥʝʨʛʽʾ ʪʘʭW , ʽ 

ʧʦʚʥʽʩʪʶ ʚʽʜʜʘʻʪʴʩʷ ʫ ʥʘʚʘʥʪʘʞʝʥʥʷ: ʪʘʭ HW W WS= = . 

2. ɽʥʝʨʛʽʷ, ʱʦ ʚʠʨʦʙʣʷʻʪʴʩʷ ʫʩʪʘʥʦʚʢʘʤʠ ʟ ʚʽʜʥʦʚʣʶʚʘʥʠʤʠ ʜʞʝʨʝʣʘʤʠ, 

ʧʝʨʝʚʠʱʫʻ ʝʥʝʨʛʽʶ ʥʘʚʘʥʪʘʞʝʥʥʷ: ʪʘʭ HW W WS= > . 

2.1. ʗʢʱʦ ʥʘʢʦʧʠʯʫʚʘʯʽ ʥʝ ʧʦʚʥʽʩʪʶ ʟʘʨʷʜʞʝʥʽ, ʪʦ ʥʘʜʣʠʰʦʢ ʝʥʝʨʛʽʾ 

ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʾʭ ʟʘʨʷʜ. 
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2.2. ʗʢʱʦ ʥʘʢʦʧʠʯʫʚʘʯʽ ʟʘʨʷʜʞʝʥʽ ʧʦʚʥʽʩʪʶ, ʝʥʝʨʛʽʷ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʝʝʬʝʢʪʠʚʥʦ, ʽ ʩʠʩʪʝʤʘ ʧʽʜʭʦʜʠʪʴ ʜʦ ʢʨʠʪʠʯʥʦʾ ʪʦʯʢʠ ʨʦʙʦʪʠ. 

3. ɽʥʝʨʛʽʾ, ʱʦ ʚʠʨʦʙʣʷʻʪʴʩʷ ʫʩʪʘʥʦʚʢʘʤʠ ʟ ʚʽʜʥʦʚʣʶʚʘʥʠʤʠ ʜʞʝʨʝʣʘʤʠ, 

ʥʝʜʦʩʪʘʪʥʴʦ ʜʣʷ ʞʠʚʣʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ: ʪʘʭ HW W WS= < . 

3.1. ʅʝʜʦʩʪʘʪʥʽʩʪʴ ʝʥʝʨʛʽʾ ʢʦʤʧʝʥʩʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʥʘʢʦʧʠʯʫʚʘʯʽʚ, 

ʱʦ ʚʠʩʪʫʧʘʶʪʴ ʚ ʨʦʣʽ ʜʦʜʘʪʢʦʚʠʭ ʛʝʥʝʨʘʪʦʨʽʚ ʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʚʦʥʠ ʥʝ ʧʦʚʥʽʩʪʶ 

ʨʦʟʨʷʜʞʝʥʽ. 

3.2. ʗʢʱʦ ʥʘʢʦʧʠʯʫʚʘʯʽ ʧʦʚʥʽʩʪʶ ʨʦʟʨʷʜʞʝʥʽ, ʪʦ ʝʥʝʨʛʽʾ ʥʝ ʚʠʩʪʘʯʘʻ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʪʨʝʙ ʩʧʦʞʠʚʘʯʽʚ, ʽ ʩʠʩʪʝʤʘ ʧʽʜʭʦʜʠʪʴ ʜʦ ʢʨʠʪʠʯʥʦʾ ʪʦʯʢʠ ʟ 

ʨʝʘʣʽʟʘʮʽʻʶ ʧʦʯʝʨʛʦʚʦʛʦ ʚʽʜʢʣʶʯʝʥʥʷ ʩʧʦʞʠʚʘʯʽʚ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʧʨʽʦʨʠʪʝʪʽʚ. 

4. ɽʥʝʨʛʽʷ, ʱʦ ʚʠʨʦʙʣʷʻʪʴʩʷ ʫʩʪʘʥʦʚʢʘʤʠ ʟ ʚʽʜʥʦʚʣʶʚʘʥʠʤʠ ʜʞʝʨʝʣʘʤʠ, 

ʝʢʚʽʚʘʣʝʥʪʥʘ ʩʫʤʽ ʚʪʨʘʪ ʝʥʝʨʛʽʾ ʫ ʣʦʢʘʣʴʥʽʡ ʩʠʩʪʝʤʽ (
0W ): 0ʪʘʭW W WS= < .ɺ ʮʴʦʤʫ 

ʨʝʞʠʤʽ ʣʦʢʘʣʴʥʘ ʩʠʩʪʝʤʘ ʚʽʜʢʣʶʯʘʻʪʴʩʷ. 

ʆʩʦʙʣʠʚʦʩʪʽ ʧʽʜʢʣʶʯʝʥʥʷ ʪʘ ʧʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʽʚ ʣʦʢʘʣʴʥʦʾ ʩʠʩʪʝʤʠ 

ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ 1.5. 

ʋ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʦʚʥʽʩʪʶ ʘʚʪʦʤʘʪʠʯʥʠʤʠ ʪʨʘʜʠʮʽʡʥʠʤʠ ʩʠʩʪʝʤʘʤʠ 

ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ, Microgrid ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʨʠʩʫʪʥʽʩʪʶ ʣʶʜʠʥʠ, ʱʦ 

ʦʙʫʤʦʚʣʶʻ ʥʘʷʚʥʽʩʪʴ ʪʘ ʚʧʣʠʚ ʩʫʙôʻʢʪʠʚʥʠʭ ʬʘʢʪʦʨʽʚ ï ʚʪʨʫʯʘʥʥʷ ʚ ʧʨʦʮʝʩ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʚʧʣʠʚ ʜʽʡ ʣʶʜʠʥʠ ʥʘ ʨʦʙʦʯʽ 

ʨʝʞʠʤʠ ʚʩʽʻʾ ʩʠʩʪʝʤʠ [58]. ʅʘʷʚʥʽʩʪʴ ʣʶʜʩʴʢʦʛʦ ʬʘʢʪʦʨʫ ʜʦʜʘʪʢʦʚʦ ʟʙʽʣʴʰʫʻ 

ʦʙʩʷʛ ʜʘʥʠʭ, ʱʦ ʧʽʜʣʷʛʘʶʪʴ ʘʥʘʣʽʟʫ ʪʘ ʦʙʨʦʙʮʽ. ɼʦ ʘʥʦʤʘʣʴʥʠʭ ʨʝʞʠʤʽʚ ʫ 

Microgrid ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ: 1) ʘʚʘʨʽʡʥʽ ʚʠʧʘʜʢʠ; 2) ʚʠʭʽʜ ʪʝʭʥʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʘ 

ʜʦʧʫʩʪʠʤʽ ʤʝʞʽ; 3) ʥʝʟʚʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ, ʥʝʪʠʧʦʚʫ ʧʦʚʝʜʽʥʢʫ ʣʶʜʠʥʠ ï 

çʣʶʜʩʴʢʠʡ ʬʘʢʪʦʨè. ʅʘʷʚʥʽʩʪʴ çʣʶʜʩʴʢʦʛʦ ʬʘʢʪʦʨʫè ʚʝʜʝ ʜʦ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ 

ʤʦʞʣʠʚʠʭ ʩʮʝʥʘʨʽʾʚ, ʷʢʽ ʧʽʜʣʷʛʘʶʪʴ ʦʙʨʦʙʮʽ ʪʘ ʧʦʜʘʣʴʰʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʶ ʚ 

ʷʢʦʩʪʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʧʨʠ ʧʦʙʫʜʦʚʽ ʘʣʛʦʨʠʪʤʽʚ ʢʝʨʫʚʘʥʥʷ Microgrid. 

 



 

ʊʘʙʣʠʮʷ 1.5. ʆʩʦʙʣʠʚʦʩʪʽ ʧʽʜʢʣʶʯʝʥʥʷ ʪʘ ʧʘʨʘʤʝʪʨʠ ʣʦʢʘʣʴʥʠʭ ʩʠʩʪʝʤ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ 

ˉ 

ʟ/ʧ 

ɽʣʝʤʝʥʪ ʣʦʢʘʣʴʥʦʾ ʩʠʩʪʝʤʠ 

ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ 
ʇʽʜʢʣʶʯʝʥʥʷ 

ʇʘʨʘʤʝʪʨʠ 

ʧʦʪʦʢʫ 

ʧʝʨʚʠʥʥʦʾ 

ʝʥʝʨʛʽʾ 

ɺʧʣʠʚ 

ʟʦʚʥʽʰʥʽʭ 

ʬʘʢʪʦʨʽʚ 

ɯʤʦʚʽʨʥʽʩʪʴ 

ʨʦʟʨʘʭʫʥʢʫ 

ʩʪʘʪʠʩʪʠʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

1. 

ɺʽʜʥʦʚʣʶʚʘʥʝ 

ʜʞʝʨʝʣʦ ʝʥʝʨʛʽʾ 

ɺʽʪʨʦʝʣʝʢʪʨʠʯʥʘ 

ʫʩʪʘʥʦʚʢʘ 

ʆʜʠʥʠʯʥʠʡ ʘʙʦ ʫ 

ʩʢʣʘʜʽ 

ʚʽʪʨʦʝʣʝʢʪʨʦʩʪʘʥʮʽʾ 

ʐʚʠʜʢʽʩʪʴ 

ʚʽʪʨʫ, 

ʬʣʫʢʪʫʘʮʽʾ 

ʇʘʨʘʤʝʪʨʠ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ 

(ʪʝʤʧʝʨʘʪʫʨʘ, 

ʚʦʣʦʛʽʩʪʴ, 

ʪʠʩʢ, 

ʭʤʘʨʥʽʩʪʴ) 

ʊʘʢ (ʜʣʷ 

ʧʨʦʮʝʩʽʚ 

ʛʝʥʝʨʘʮʽʾ, 

ʩʧʦʞʠʚʘʥʥʷ ʪʘ 

ʥʘʢʦʧʠʯʝʥʥʷ): 

ʤʘʪʝʤʘʪʠʯʥʝ 

ʦʯʽʢʫʚʘʥʥʷ, 

ʜʠʩʧʝʨʩʽʷ, 

ʢʦʨʝʣʷʮʽʡʥʠʡ 

ʤʦʤʝʥʪ 

2. ʉʦʥʷʯʥʘ ʙʘʪʘʨʝʷ 

ʆʜʠʥʠʯʥʘ ʘʙʦ ʫ 

ʩʢʣʘʜʽ ʩʦʥʷʯʥʦʾ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ 

ɯʥʪʝʥʩʠʚʥʽʩʪʴ 

ʩʦʥʷʯʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

(ʧʨʷʤʝ, ʩʫʤʘʨʥʝ, 

ʨʦʟʩʽʷʥʝ) 

3. 

ʅʘʢʦʧʠʯʫʚʘʯ 

ʈʝʞʠʤ ʟʘʨʷʜʫ 
ɿʘʛʘʣʴʥʠʡ ʘʙʦ 

ʦʢʨʝʤʽ 

ʥʘʢʦʧʠʯʫʚʘʯʽ ʜʣʷ 

ʧʽʜʩʠʩʪʝʤ ʛʝʥʝʨʘʮʽʾ 

ʪʘ ʩʧʦʞʠʚʘʥʥʷ 

ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʥʘʷʚʥʦʛʦ ʚ 

ʩʠʩʪʝʤʽ 

ʚʽʜʥʦʚʣʶʚʘʥʦʛʦ 

ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ 
4. ʈʝʞʠʤ ʨʦʟʨʷʜʫ 

5. ʅʘʚʘʥʪʘʞʝʥʥʷ 

ɿʘʛʘʣʴʥʝ ʘʙʦ 

ʦʢʨʝʤʝ ʜʣʷ 

ʢʦʞʥʦʛʦ 

ʛʝʥʝʨʘʪʦʨʘ 

ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʥʘʷʚʥʦʛʦ ʚ 

ʩʠʩʪʝʤʽ 

ʚʽʜʥʦʚʣʶʚʘʥʦʛʦ 

ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ 

 

  

4
4 
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ʇʨʠʢʣʘʜ ʩʪʨʫʢʪʫʨʥʦʾ ʩʭʝʤʠ ʣʦʢʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ 

ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 1.13, ʘ, ʜʝ ʌɽʋ ï ʬʦʪʦʝʣʝʢʪʨʠʯʥʘ ʫʩʪʘʥʦʚʢʘ; ɺɽʋ ï 

ʚʽʪʨʦʝʣʝʢʪʨʠʯʥʘ ʫʩʪʘʥʦʚʢʘ; ʅ ï ʥʘʢʦʧʠʯʫʚʘʯ; Zʅ ï ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʤʽʥʥʦʛʦ 

ʩʪʨʫʤʫ; ɺ ï ʚʠʧʨʷʤʣʷʯ, ʧʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʷʢʦʛʦ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 1.13, ʙ; ʂ ï 

ʢʦʤʧʝʥʩʘʪʦʨ; ʐɯʇ ï ʰʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ, ʧʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ 

ʷʢʦʛʦ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 1.13, ʚ; ɯ ï ʽʥʚʝʨʪʦʨ; × ï ʩʫʤʘʪʦʨ ʝʥʝʨʛʽʾ ʚ ʟʘʛʘʣʴʥʦʤʫ 

ʚʫʟʣʽ ʥʘ ʧʦʩʪʽʡʥʦʤʫ ʩʪʨʫʤʽ; ɿ/ʈ ʇ ï ʟʘʨʷʜʥʦ/ʨʦʟʨʷʜʥʠʡ ʧʨʠʩʪʨʽʡ ʥʘʢʦʧʠʯʫʚʘʯʘ (ʚ 

ʷʢʦʩʪʽ ʨʦʟʨʷʜʥʦʛʦ ʧʨʠʩʪʨʦʶ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʦʥʠʞʫʶʯʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ, 

ʽʜʝʥʪʠʯʥʠʡ ʟʦʙʨʘʞʝʥʦʤʫ ʥʘ ʨʠʩ. 1.13, ʚ, ʘ ʚ ʷʢʦʩʪʽ ʟʘʨʷʜʥʦʛʦ ʧʨʠʩʪʨʦʶ ï 

ʧʽʜʚʠʱʫʶʯʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ, ʧʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʷʢʦʛʦ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 1.4, ʛ); 

ɼʅ ï ʜʘʚʘʯ ʥʘʧʨʫʛʠ; ɼʇ ï ʜʘʚʘʯ ʧʦʪʫʞʥʦʩʪʽ; ʣʦʢʘʣʴʥʘ ʉʂ ï ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ 

ʦʢʨʝʤʠʤʠ ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ; ʟʘʛʘʣʴʥʘ ʉʂ ï ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʣʦʢʘʣʴʥʦʶ 

ʩʠʩʪʝʤʦʶ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ, ʷʢʘ ʨʦʟʨʘʭʦʚʫʻ ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʢʦʞʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ 

ʪʘ ʬʦʨʤʫʻ ʟʘʜʘʶʯʽ ʚʧʣʠʚʠ. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʨʝʘʣʽʟʘʮʽʾ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ ʫ ʣʦʢʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ 

ʪʝʦʨʽʶ, ʷʢʘ ʚʢʣʶʯʘʻ: 1) ʧʦʙʫʜʦʚʫ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʧʦʪʦʢʽʚ ʧʝʨʚʠʥʥʦʾ 

ʝʥʝʨʛʽʾ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʾʭ ʬʨʘʢʪʘʣʴʥʦʾ ʧʨʠʨʦʜʠ; 2) ʨʝʘʣʽʟʘʮʽʶ ʢʝʨʫʚʘʥʥʷ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ ʥʘ ʦʩʥʦʚʽ ʝʥʪʨʦʧʽʡʥʦʛʦ ʘʥʘʣʽʟʫ; 3) ʘʣʛʦʨʠʪʤ ʪʘ ʩʠʩʪʝʤʫ 

ʢʝʨʫʚʘʥʥʷ ʥʘʢʦʧʠʯʫʚʘʯʝʤ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʧʦʜʚʽʡʥʦʾ ʩʪʨʫʢʪʫʨʠ ʧʦʪʦʢʫ ʜʘʥʠʭ ʫ 

ʩʠʩʪʝʤʽ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ. 
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ʙ) ʚ) 

 

ʛ) 

ʈʠʩ. 1.13. ʇʨʠʢʣʘʜ ʩʪʨʫʢʪʫʨʥʦʾ ʩʭʝʤʠ ʣʦʢʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ (ʘ); ʧʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʚʠʧʨʷʤʣʷʯʘ ʥʘ ʚʠʭʦʜʽ 

ʚʽʪʨʦʛʝʥʝʨʘʪʦʨʘ (ʙ); ʧʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʰʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʥʘ ʚʠʭʦʜʽ ʩʦʥʷʯʥʦʾ ʙʘʪʘʨʝʾ (ʚ); ʧʨʠʥʮʠʧʦʚʘ 

ʩʭʝʤʘ ʟʘʨʷʜʥʦ/ʨʦʟʨʷʜʥʦʛʦ ʧʨʠʩʪʨʦʶ ʥʘʢʦʧʠʯʫʚʘʯʘ (ʛ) 
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1.2. ʄʝʪʦʜʠ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ 

ʟʘʩʦʙʘʤʠ ʧʝʨʝʪʚʦʨʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ 

 

ɿʘʚʜʘʥʥʷ ʽʥʪʝʛʨʘʮʽʾ ʘʥʘʣʦʛʦʚʦʾ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʟ ʮʠʬʨʦʚʦʶ ʽʥʬʦʨʤʘʮʽʡʥʦʶ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʦʶ ʟʘ ʨʘʭʫʥʦʢ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ ʘʥʘʣʦʛʦ-

ʦʨʽʻʥʪʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʦʪʨʠʤʘʥʥʷ ʷʢʽʩʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʟ ʤʝʪʦʶ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ 

ʮʠʬʨʦ-ʦʨʽʻʥʪʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʚʠʨʽʰʫʶʪʴʩʷ ʟʘʩʦʙʘʤʠ 

ʧʝʨʝʪʚʦʨʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ʜʣʷ ʫʟʛʦʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ. 

ʇʨʠʩʪʨʦʾ ʩʠʣʦʚʦʾ ʝʣʝʢʪʨʦʥʽʢʠ ʻ ʥʝʦʙʭʽʜʥʠʤʠ ʩʢʣʘʜʦʚʠʤʠ ʣʦʢʘʣʴʥʦʾ ʩʠʩʪʝʤʠ 

ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ, ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʷʢʠʤʠ ʟʜʽʡʩʥʶʶʪʴ ʥʘʣʘʰʪʫʚʘʥʥʷ 

ʘʥʘʣʦʛʦʚʦʾ ʝʥʝʨʛʦʩʠʩʪʝʤʠ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʚʝʜʽʥʢʠ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʪʘ 

ʦʙôʻʜʥʘʥʥʷ ʝʥʝʨʛʦ- ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤ ʚ ʻʜʠʥʠʡ ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʧʨʦʩʪʽʨ ʟ 

ʦʙʦʚôʷʟʢʦʚʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʢʦʤʬʦʨʪʥʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʘ [59 ï 61]. 

 ɯʩʥʫʻ ʜʝʢʽʣʴʢʘ ʚʘʨʽʘʥʪʽʚ ʧʽʜʢʣʶʯʝʥʥʷ ʩʪʘʥʮʽʡ ʥʘ ʦʩʥʦʚʽ ʚʽʜʥʦʚʣʶʚʘʥʠʭ 

ʜʞʝʨʝʣ ʫ ʩʠʩʪʝʤʘʭ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ: ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʘʙʦ 

ʟʘʛʘʣʴʥʦʾ ʤʝʨʝʞʽ; ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʝʨʝʪʚʦʨʶʚʘʯʘ / ʽʥʚʝʨʪʦʨʘ; ʟ ʧʨʦʤʽʞʥʦʶ ʣʘʥʢʦʶ 

ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ (ʨʠʩ. 1.5) [62]. ɼʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʞʥʦʛʦ ʟ ʪʠʧʽʚ 

ʧʽʜʢʣʶʯʝʥʴ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʧʫ ʩʪʘʥʮʽʾ ʟ ɺɼɽ ʪʘ ʧʨʠʟʥʘʯʝʥʥʷ ʛʝʥʝʨʫʶʯʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ. 

 

 

ʈʠʩ. 1.5. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʧʽʜʢʣʶʯʝʥʥʷ ʩʪʘʥʮʽʡ ʥʘ ʦʩʥʦʚʽ ɺɼɽ ʜʦ ʩʠʩʪʝʤ 

ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ 

 

 ɹʝʟʧʦʩʝʨʝʜʥʻ ʧʽʜʢʣʶʯʝʥʥʷ ʩʪʘʥʮʽʾ ʟ ɺɼɽ ʜʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʘʙʦ ʤʝʨʝʞʽ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʽʪʨʦʫʩʪʘʥʦʚʦʢ ʟ ʜʚʠʛʫʥʦʤ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ. ʏʝʨʝʟ ʩʚʦʶ 

ʧʨʦʩʪʦʪʫ ʪʘʢʘ ʩʭʝʤʘ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʽʜôʻʜʥʘʥʥʷ ʩʪʘʥʮʽʡ ʟ ɺɼɽ 

ʤʘʣʦʾ ʽ ʩʝʨʝʜʥʴʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʭʦʯʘ ʧʨʠ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʽ ʫʩʢʣʘʜʥʶʻʪʴʩʷ 

ʨʝʛʫʣʶʚʘʥʥʷ ʦʙʩʷʛʫ ʝʥʝʨʛʽʾ, ʱʦ ʚʽʜʙʠʨʘʻʪʴʩʷ ʚʽʜ ɺɼɽ ʽ ʧʦʛʽʨʰʫʻ ʟʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʷʢʦʩʪʽ ʛʝʥʝʨʦʚʘʥʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ɼʣʷ ʚʽʜʙʠʨʘʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ 
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ʦʙʩʷʛʫ ʝʥʝʨʛʽʾ ʜʦ ʫʩʪʘʥʦʚʢʠ ʥʘ ʦʩʥʦʚʽ ɺɼɽ ʧʽʜôʻʜʥʫʶʪʴ ʧʝʨʝʪʚʦʨʶʚʘʯ ʧʦʩʪʽʡʥʦʾ 

ʥʘʧʨʫʛʠ, ʘ ʛʥʫʯʢʝ ʨʝʛʫʣʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʷʢʦʩʪʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʽʥʚʝʨʪʦʨʦʤ. ɿʘ ʫʤʦʚʠ ʧʽʜôʻʜʥʘʥʥʷ ʜʝʢʽʣʴʢʦʭ ʫʩʪʘʥʦʚʦʢ ʟ ɺɼɽ ʜʦ ʟʘʛʘʣʴʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʘʙʦ ʜʦ ʤʝʨʝʞʽ ʯʝʨʝʟ ʩʧʽʣʴʥʠʡ ʽʥʚʝʨʪʦʨ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʾʭ 

ʧʘʨʘʣʝʣʴʥʝ ʟôʻʜʥʘʥʥʷ. 

 ɽʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʫ ʣʦʢʘʣʴʥʽʡ ʩʠʩʪʝʤʽ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ 

ʜʦʩʷʛʘʻʪʴʩʷ ʟʘʩʦʙʘʤʠ ʧʝʨʝʪʚʦʨʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ, ʷʢʽ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ, 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʨʦʙʦʪʫ ʫʩʪʘʥʦʚʦʢ ʟ ʚʽʜʥʦʚʣʶʚʘʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʚ ʨʝʞʠʤʽ ʚʽʜʙʦʨʫ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʧʨʠ ʟʤʽʥʽ ʚʝʣʠʯʠʥʠ ʧʦʪʦʢʫ ʧʝʨʚʠʥʥʦʾ ʝʥʝʨʛʽʾ (ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ), ʘ ʟ ʽʥʰʦʛʦ ï ʟʘʙʝʟʧʝʯʫʶʪʴ ʨʝʞʠʤ 

ʨʦʙʦʪʠ ʥʘʢʦʧʠʯʫʚʘʯʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟ ʪʦʯʢʠ ʟʦʨʫ ʤʽʥʽʤʽʟʘʮʽʾ ʧʦʜʚʽʡʥʦʾ ʚʪʨʘʪʠ 

ʝʥʝʨʛʽʾ ʧʨʠ ʡʦʛʦ ʟʘʨʷʜʽ/ʨʦʟʨʷʜʽ ʪʘ ʧʦʜʦʚʞʝʥʥʷ ʨʝʩʫʨʩʫ ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʾ [63 ï 

65]. 

 ɺʽʜʙʽʨ ʤʘʢʩʠʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʚʽʜ ʩʦʥʷʯʥʦʾ ʙʘʪʘʨʝʾ. ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʫʤʦʚʠ 

ʨʝʘʣʽʟʘʮʽʾ ʚʽʜʙʦʨʫ ʤʘʢʩʠʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʩʦʥʷʯʥʘ ʙʘʪʘʨʝʷ ʧʨʘʮʶʻ ʚ ʪʦʯʮʽ ʚʽʜʙʦʨʫ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ (ʪʦʯʢʘ 1 ʥʘ ʨʠʩ. 1.6) [66 ï 68]. 

 

ʈʠʩ. 1.6. ɯʣʶʩʪʨʘʮʽʷ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʩʦʥʷʯʥʦʾ ʙʘʪʘʨʝʾ 

 

ɿʽ ʟʤʽʥʦʶ ʟʦʚʥʽʰʥʽʭ ʫʤʦʚ ʪʘ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʚʠʢʦʥʘʥʥʷ ʫʤʦʚʠ ʚʽʜʙʦʨʫ ʤʘʢʩʠʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʠʙʦʨʦʤ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ dI *  ʰʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʦʛʦ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘ, ʱʦ ʧʽʜʢʣʶʯʝʥʠʡ ʥʘ ʚʠʭʦʜʽ ʩʦʥʷʯʥʦʾ ʙʘʪʘʨʝʾ, ʪʘ ʘʤʧʣʽʪʫʜʠ 

ʧʫʣʴʩʘʮʽʾ ʡʦʛʦ ʟʤʽʥʥʦʾ ʩʢʣʘʜʦʚʦʾ I*D , ʟʥʘʯʝʥʥʷ ʷʢʠʭ ʥʦʨʤʫʶʪʴʩʷ ʩʪʨʫʤʦʤ 
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ʢʦʨʦʪʢʦʛʦ ʟʘʤʠʢʘʥʥʷ ʉɹ [69]. ʅʘʷʚʥʽʩʪʴ ʥʝʩʠʤʝʪʨʠʯʥʦʾ ʧʫʣʴʩʘʮʽʾ ʧʦʪʫʞʥʦʩʪʽ 

ʩʦʥʷʯʥʦʾ ʙʘʪʘʨʝʾ (ʢʨʠʚʘ 2 ʥʘ ʨʠʩ. 1.5) ʦʙʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʤʽʥʶʚʘʪʠ 

ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ dI *  ʪʘ I*D  ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʝʛʫʣʶʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ 

ʩʦʥʷʯʥʦʾ ʙʘʪʘʨʝʾ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ ʥʫʣʷ ʜʦ ʦʜʠʥʠʮʽ 0...1P*= , ʧʨʠʯʦʤʫ ʦʜʥʝ 

ʟʥʘʯʝʥʥʷ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʈ*, ʦʢʨʽʤ ʪʦʯʢʠ 1P*= , ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 

ʥʝʩʢʽʥʯʝʥʥʦʶ ʤʥʦʞʠʥʦʶ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʩʦʥʷʯʥʦʾ ʙʘʪʘʨʝʾ ʟʘ ʟʥʘʯʝʥʥʷʤʠ 

ʧʘʨʘʤʝʪʨʽʚ dI * ʪʘ I*D . 

 ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʙʦʪʘ ʩʦʥʷʯʥʦʾ ʙʘʪʘʨʝʾ ʚ ʨʝʞʠʤʽ ʚʽʜʙʦʨʫ ʤʘʢʩʠʤʘʣʴʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʦʙʫʤʦʚʣʶʻʪʴʩʷ ʟʤʽʥʦʶ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ ʰʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʦʛʦ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘ, ʱʦ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʶ ʨʝʛʫʣʷʪʦʨʘ ʥʘʧʨʫʛʠ, ʩʪʨʫʤʫ ʘʙʦ 

ʧʦʪʫʞʥʦʩʪʽ. ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ 

ʩʠʩʪʝʤʘʭ ʟ ʩʦʥʷʯʥʠʤʠ ʙʘʪʘʨʝʷʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʪʘʙʣ. 1.6. 

ʅʝʟʘʣʝʞʥʦ ʚʽʜ ʪʦʧʦʣʦʛʽʾ, ʧʝʨʝʪʚʦʨʶʚʘʯ ʫ ʩʠʩʪʝʤʘʭ ʟ ʩʦʥʷʯʥʠʤʠ ʙʘʪʘʨʝʷʤʠ 

ʢʨʽʤ ʨʝʘʣʽʟʘʮʽʾ ʚʽʜʙʦʨʫ ʤʘʢʩʠʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʧʦʚʠʥʝʥ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʫʚʘʪʠ, ʟʘ 

ʧʦʪʨʝʙʠ, ʩʠʥʭʨʦʥʽʟʘʮʽʶ ʟ ʽʩʥʫʶʯʦʶ ʤʝʨʝʞʝʶ, ʢʦʥʪʨʦʣʴ ʥʘʧʨʫʛʠ ʫ ʰʠʥʽ 

ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʪʘ ʢʦʥʪʨʦʣʴ ʘʢʪʠʚʥʦʾ ʪʘ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ. 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʤʝʪʦʜʽʚ ʚʽʜʙʦʨʫ ʤʘʢʩʠʤʘʣʴʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʚʽʜ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1.7 [70 ï 75]. 

 

ʈʠʩ. 1.7. ʂʣʘʩʠʬʽʢʘʮʽʷ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʤʝʪʦʜʽʚ ʚʽʜʙʦʨʫ ʤʘʢʩʠʤʘʣʴʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʚʽʜ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ 

 

  



 

 

 ʊʘʙʣ. 1.6. ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʢʦʥʬʽʛʫʨʘʮʽʷʭ ʩʠʩʪʝʤ ʟ ʩʦʥʷʯʥʠʤʠ 

ʙʘʪʘʨʝʷʤʠ 

ʊʠʧ ʽʥʚʝʨʪʦʨʘ ʇʦʪʫʞʥʽʩʪʴ ɺʘʨʪʽʩʪʴ ʇʨʠʩʪʨʦʾ ʇʝʨʝʚʘʛʠ ʅʝʜʦʣʽʢʠ 

ʎʝʥʪʨʘʣʴʥʠʡ 

ʽʥʚʝʨʪʦʨ 

<1.6 ʄɺʪ ʅʠʟʴʢʘ IGBT ʇʨʦʩʪʘ ʩʭʝʤʥʘ ʨʝʘʣʽʟʘʮʽʷ, 

ʻʜʠʥʘ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ 

ɺʪʨʘʪʠ ʝʥʝʨʛʽʾ, ʟʤʝʥʰʝʥʘ 

ʚʠʭʽʜʥʘ ʧʦʪʫʞʥʽʩʪʴ, 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ 

ʚʽʜʩʽʢʘʶʯʠʭ ʜʽʦʜʘʭ 

ʃʽʥʽʡʥʠʡ 

ʽʥʚʝʨʪʦʨ 

<10 ʢɺʪ ʉʝʨʝʜʥʷ MOSFET/IGBT ʆʢʨʝʤʽ ʘʣʛʦʨʠʪʤʠ ʚʽʜʙʦʨʫ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, 

ʟʤʝʥʰʝʥʘ ʢʽʣʴʢʽʩʪʴ ʧʨʦʚʦʜʽʚ 

ʣʽʥʽʡ ʧʝʨʝʜʘʯʽ ʧʦʩʪʽʡʥʦʛʦ 

ʩʪʨʫʤʫ 

ɺʠʩʦʢʘ ʢʽʣʴʢʽʩʪʴ 

ʢʦʤʧʦʥʝʥʪʽʚ, ʜʝʢʽʣʴʢʘ 

ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ 

ɹʘʛʘʪʦʣʽʥʽʡʥʠʡ 

ʽʥʚʝʨʪʦʨ 

<500 ʢɺʪ ʉʝʨʝʜʥʷ MOSFET/IGBT ʆʢʨʝʤʽ ʘʣʛʦʨʠʪʤʠ ʚʽʜʙʦʨʫ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, 

ʻʜʠʥʘ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ 

ʉʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ 

ʢʦʤʧʦʥʝʥʪʽʚ, ʧʦʚʽʡʥʝ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ 

ɯʥʚʝʨʪʦʨ 

ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ 

<300 ɺʪ ɺʠʩʦʢʘ MOSFET ɺʽʜʩʫʪʥʽ ʧʨʦʚʦʜʠ ʣʽʥʽʡ 

ʧʝʨʝʜʘʯʽ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ, 

ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʚʠʭʽʜʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ 

ʅʘʡʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ 

ʢʦʤʧʦʥʝʥʪʽʚ, ʦʜʥʘ 

ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʥʘ 

ʢʦʞʝʥ ʤʦʜʫʣʴ 
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 ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʧʝʨʚʠʥʥʦʛʦ ʧʦʪʦʢʫ 

ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʢʝʨʫʚʘʥʥʷ ʩʠʩʪʝʤʦʶ ʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʥʝ ʣʠʰʝ ʪʨʝʥʜʫ ʮʴʦʛʦ ʧʦʪʦʢʫ, ʘʣʝ ʡ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʬʣʫʢʪʫʘʮʽʡ, ʘʜʞʝ 

ʾʭ ʥʘʷʚʥʽʩʪʴ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʭʦʜʫ ʩʠʩʪʝʤʠ ʟ ʟʦʥʠ ʩʪʽʡʢʦʾ ʨʦʙʦʪʠ [76]. 

ɺʽʜʙʽʨ ʤʘʢʩʠʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʚʽʜ ʚʽʪʨʦʝʣʝʢʪʨʠʯʥʦʾ ʫʩʪʘʥʦʚʢʠ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʰʣʷʭʦʤ ʝʬʝʢʪʠʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʾʾ ʚʠʭʽʜʥʦʶ ʧʦʪʫʞʥʽʩʪʶ ʫ 

ʜʝʷʢʦʤʫ ʦʙʤʝʞʝʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʚʽʜ ʤʽʥʽʤʘʣʴʥʦʾ minʚv , ʧʨʠ 

ʷʢʽʡ ʚʽʪʨʦʢʦʣʝʩʦ ʧʦʯʠʥʘʻ ʦʙʝʨʪʘʪʠʩʷ, ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʾ maxʚv , ʧʨʠ ʷʢʽʡ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʙʝʟʧʝʯʥʘ ʨʦʙʦʪʘ ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ. ʅʦʤʽʥʘʣʴʥʫ ʧʦʪʫʞʥʽʩʪʴ 

ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ ( ɺɽʋʥʦʤP ) ʦʪʨʠʤʫʶʪʴ ʧʨʠ ʧʝʚʥʦʤʫ ʥʦʤʽʥʘʣʴʥʦʤʫ ʟʥʘʯʝʥʥʽ 

ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʚʥʦʤv . ɯʩʥʫʻ ʯʦʪʠʨʠ ʦʩʥʦʚʥʽ ʦʙʣʘʩʪʽ ʨʦʙʦʪʠ ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ, ʷʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.8. ʇʝʨʰʘ ʪʘ ʯʝʪʚʝʨʪʘ ʦʙʣʘʩʪʽ ʨʦʟʪʘʰʦʚʘʥʽ ʣʽʚʽʰʝ minʚv  ʪʘ 

ʧʨʘʚʽʰʝ maxʚv , ʚʽʜʧʦʚʽʜʥʦ, ʜʝ ʚʽʪʨʦʢʦʣʝʩʦ ʩʣʽʜ ʟʫʧʠʥʠʪʠ ʪʘ ʚʽʜʢʣʶʯʠʪʠ ʫʩʪʘʥʦʚʢʫ 

ʚʽʜ ʤʝʨʝʞʽ. ɼʨʫʛʘ ʦʙʣʘʩʪʴ ʟʥʘʭʦʜʠʪʴʩʷ ʤʽʞ minʚv  ʪʘ ʚʥʦʤv , ʜʝ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ 

ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ ʨʝʘʣʽʟʫʻ ʘʣʛʦʨʠʪʤʠ ʚʽʜʙʦʨʫ ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ. ʊʨʝʪʷ 

ʦʙʣʘʩʪʴ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ ʚʥʦʤv  ʜʦ maxʚv , ʜʝ ʥʝʦʙʭʽʜʥʦ ʦʙʤʝʞʠʪʠ 

ʚʠʨʦʙʣʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʜʦ ʨʽʚʥʷ ʥʦʤʽʥʘʣʴʥʦʾ, ʱʦʙ ʫʥʠʢʥʫʪʠ ʧʦʰʢʦʜʞʝʥʥʷ 

ʪʫʨʙʽʥʠ. 

 

ʈʠʩ. 1.8. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʪʫʞʥʦʩʪʽ ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ 
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ɿʘʣʝʞʥʽʩʪʴ ʧʦʪʫʞʥʦʩʪʽ ɺɽʋP  ʚʽʪʨʦʝʣʝʢʪʨʠʯʥʦʾ ʫʩʪʘʥʦʚʢʠ ʚʽʜ ʰʚʠʜʢʦʩʪʽ 

ʚʽʪʨʫ ʪʘ ʽʥʰʠʭ ʧʘʨʘʤʝʪʨʽʚ ʦʧʠʩʫʻʪʴʩʷ ʬʦʨʤʫʣʦʶ [77]: 

 
2 31

2
ɺɽʋ P ʚP C R vrp= , (1.1) 

ʜʝ r ï ʛʫʩʪʠʥʘ ʧʦʚʽʪʨʷ, R ï ʨʘʜʽʫʩ ʚʽʪʨʦʢʦʣʝʩʘ, 
PC  ï ʢʦʝʬʽʮʽʻʥʪ ʧʦʪʫʞʥʦʩʪʽ. ʇʨʠ 

ʟʘʜʘʥʦʤʫ ʟʥʘʯʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʚʠʭʽʜʥʘ ʧʦʪʫʞʥʽʩʪʴ ʚʽʪʨʦʛʝʥʝʨʘʪʦʨʘ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʪʫʞʥʦʩʪʽ, ʛʫʩʪʠʥʠ ʧʦʚʽʪʨʷ ʪʘ ʧʘʨʘʤʝʪʨʽʚ ʚʽʪʨʦʢʦʣʝʩʘ. 

ʂʦʝʬʽʮʽʻʥʪ ʧʦʪʫʞʥʦʩʪʽ ʚʽʪʨʦʢʦʣʝʩʘ ʻ ʬʫʥʢʮʽʻʶ ʚʽʜʥʦʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ 

ʣʦʧʘʪʽ ʜʦ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ (l) ʪʘ ʢʫʪʘ ʥʘʭʠʣʫ ʣʦʧʘʪʽ (b) [78]: 
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ɻʫʩʪʠʥʘ ʧʦʚʽʪʨʷ ʪʘ ʧʘʨʘʤʝʪʨʠ ʚʽʪʨʦʢʦʣʝʩʘ, ʚʠʟʥʘʯʝʥʽ ʡʦʛʦ ʢʦʥʩʪʨʫʢʮʽʻʶ, ʻ 

ʧʦʩʪʽʡʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ. ʆʪʞʝ, ʜʣʷ ʚʽʪʨʦʢʦʣʝʩʘ ʟ ʬʽʢʩʦʚʘʥʠʤ ʢʫʪʦʤ ʥʘʭʠʣʫ 

ʣʦʧʘʪʽ ʧʦʪʫʞʥʽʩʪʴ ʚ ʦʩʥʦʚʥʦʤʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʪʫʞʥʦʩʪʽ, 

ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ ʚʽʪʨʦʢʦʣʝʩʘ. ʆʪʞʝ, 

ʚʠʭʽʜʥʘ ʧʦʪʫʞʥʽʩʪʴ ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ ʙʫʜʝ ʤʘʢʩʠʤʘʣʴʥʦʶ, ʢʦʣʠ ʢʦʝʬʽʮʽʻʥʪ 

ʧʦʪʫʞʥʦʩʪʽ ʧʨʠʡʤʘʻ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ. ɼʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʟʥʘʯʝʥʥʷ 

ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʽʩʥʫʻ ʣʠʰʝ ʦʜʥʝ ʦʧʪʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʦʪʦʨʘ, ʧʨʠ 

ʷʢʦʤʫ ʢʦʝʬʽʮʽʻʥʪ ʧʦʪʫʞʥʦʩʪʽ ʧʨʠʡʤʘʻ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ (
max

PC ), ʘ 

ʚʽʜʥʦʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʣʦʧʘʪʽ ʜʦ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ï ʦʧʪʠʤʘʣʴʥʝ 

ʟʥʘʯʝʥʥʷ ( optl ), ʱʦ ʜʦʟʚʦʣʷʻ ʤʘʢʩʠʤʽʟʫʚʘʪʠ ʚʠʭʽʜʥʫ ʧʦʪʫʞʥʽʩʪʴ ʚʽʪʨʦʛʝʥʝʨʘʪʦʨʘ. 

ʆʩʢʽʣʴʢʠ ʟʽ ʟʤʽʥʦʶ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʟʤʽʥʶʻʪʴʩʷ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ 

ʚʽʪʨʦʢʦʣʝʩʘ, ʟʘ ʷʢʦʾ ʧʦʪʫʞʥʽʩʪʴ ʥʘ ʚʘʣʫ ʚʽʪʨʦʢʦʣʝʩʘ ʻ ʤʘʢʩʠʤʘʣʴʥʦʶ, ʥʝʦʙʭʽʜʥʦ 

ʫʟʛʦʜʠʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʤʽʥʠ ʧʦʪʫʞʥʦʩʪʽ ʚʽʪʨʦʢʦʣʝʩʘ ʪʘ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʛʝʥʝʨʘʪʦʨʘ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ, ʟʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʷʢʠʭ 

ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1.9 [79]. 
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ʈʠʩ. 1.9. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʪʫʞʥʦʩʪʽ ʚʽʪʨʦʢʦʣʝʩʘ ʪʘ ʝʣʝʢʪʨʠʯʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ 

 

ʄʝʪʦʜʠ ʚʽʜʙʦʨʫ ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʫ ʩʠʩʪʝʤʘʭ ʟ ʚʽʪʨʦʫʩʪʘʥʦʚʢʦʶ 

ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʪʨʠ ʦʢʨʝʤʽ ʛʨʫʧʠ [80 ï 84]: 1) ʤʝʪʦʜʠ ʥʝʧʨʷʤʦʛʦ ʢʝʨʫʚʘʥʥʷ 

ʧʦʪʫʞʥʽʩʪʶ ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ ʦʧʪʠʤʽʟʘʮʽʶ ʤʝʭʘʥʽʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ; 2) ʤʝʪʦʜʠ 

ʧʨʷʤʦʛʦ ʢʝʨʫʚʘʥʥʷ ʧʦʪʫʞʥʽʩʪʶ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʤʘʢʩʠʤʽʟʫʶʪʴ ʚʠʭʽʜʥʫ 

ʝʣʝʢʪʨʠʯʥʫ ʧʦʪʫʞʥʽʩʪʴ ʛʝʥʝʨʘʪʦʨʘ; 3) ʥʦʚʽʪʥʽ ʚʜʦʩʢʦʥʘʣʝʥʽ ʤʝʪʦʜʠ, ʷʢʽ ʥʝ 

ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʧʦʧʝʨʝʜʥʽʭ ʛʨʫʧ. ʊʘʢʦʞ ʤʝʪʦʜʠ ʚʽʜʙʦʨʫ ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ 

ʢʣʘʩʠʬʽʢʫʶʪʴ ʟʘ ʪʠʧʦʤ ʛʝʥʝʨʘʪʦʨʘ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʚʽʪʨʦʫʩʪʘʥʦʚʮʽ 

[85, 86]: 1) ʤʝʪʦʜʠ ʜʣʷ ʩʠʥʭʨʦʥʥʠʭ ʛʝʥʝʨʘʪʦʨʽʚ ʟ ʧʦʩʪʽʡʥʠʤʠ ʤʘʛʥʽʪʘʤʠ; 

2) ʤʝʪʦʜʠ ʜʣʷ ʽʥʜʫʢʮʽʡʥʠʭ ʛʝʥʝʨʘʪʦʨʽʚ ʪʠʧʫ ʙʽʣʴʯʠʥʦʾ ʢʣʽʪʢʠ; 3) ʤʝʪʦʜʠ ʜʣʷ 

ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʽʚ ʟ ʧʦʜʚʽʡʥʠʤ ʞʠʚʣʝʥʥʷʤ. ʆʛʣʷʜ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʚʽʜʙʦʨʫ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʫ ʩʠʩʪʝʤʘʭ ʟ ʚʽʪʨʦʛʝʥʝʨʘʪʦʨʦʤ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣ. 1.7. 

 ɸʥʘʣʽʟ ʦʧʠʩʘʥʠʭ ʤʝʪʦʜʽʚ ʚʽʜʙʦʨʫ ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʫ ʩʠʩʪʝʤʘʭ ʟ 

ʚʽʪʨʦʫʩʪʘʥʦʚʢʦʶ ʧʦʢʘʟʫʻ, ʱʦ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʻ ʤʝʪʦʜ ʩʭʦʜʞʝʥʥʷ ʥʘ 

ʚʝʨʰʠʥʫ, ʤʝʪʦʜ ʥʝʯʽʪʢʦʾ ʣʦʛʽʢʠ ʪʘ ʚʘʨʽʘʮʽʾ ʘʜʘʧʪʠʚʥʠʭ ʪʘ ʛʽʙʨʠʜʥʠʭ ʤʝʪʦʜʽʚ, ʘʣʝ 

ʚʦʥʠ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʬʣʫʢʪʫʘʮʽʾ ʧʦʪʦʢʫ ʧʝʨʚʠʥʥʦʾ ʝʥʝʨʛʽʾ ʚʽʪʨʫ. 

  



 

 

ʊʘʙʣ. 1.7. ʆʛʣʷʜ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʚʽʜʙʦʨʫ ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚʽʜ ʚʽʪʨʦʝʣʝʢʪʨʠʯʥʠʭ ʫʩʪʘʥʦʚʦʢ 

 ʄʝʪʦʜ ʆʧʠʩ ʇʝʨʝʚʘʛʠ ʅʝʜʦʣʽʢʠ 
ʇ
ʨ
ʷ
ʤ
ʽ

 
ɺʽʜʥʦʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ 

ʦʙʝʨʪʘʥʥʷ ʣʦʧʘʪʽ ʜʦ 

ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ (TSR) 

ʅʘ ʦʩʥʦʚʽ ʚʽʜʩʣʽʜʢʦʚʫʚʘʥʥʷ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ 

ʰʚʠʜʢʽʩʪʶ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ ʪʘ 

ʰʚʠʜʢʽʩʪʶ ʚʽʪʨʫ 

- ʐʚʠʜʢʠʡ 

- ʇʨʦʩʪʠʡ ʫ 

ʨʝʘʣʽʟʘʮʽʾ 

- ʅʝʦʙʭʽʜʥʘ ʥʘʷʚʥʽʩʪʴ 

ʜʘʚʘʯʘ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ 

- ɭ ʥʝʝʬʝʢʪʠʚʥʠʤ ʜʣʷ 

ʚʽʪʨʦʫʩʪʘʥʦʚʦʢ ʤʘʣʦʾ 

ʧʦʪʫʞʥʦʩʪʽ 

ʆʧʪʠʤʘʣʴʥʦʛʦ ʢʨʫʪʥʦʛʦ 

ʤʦʤʝʥʪʫ (ʆʊ) 

ʅʘ ʦʩʥʦʚʽ ʨʝʛʫʣʶʚʘʥʥʷ 

ʤʝʭʘʥʽʯʥʦʛʦ ʤʦʤʝʥʪʫ ʜʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʥʷ 

- ʐʚʠʜʢʠʡ 

- ʇʨʦʩʪʠʡ ʫ 

ʨʝʘʣʽʟʘʮʽʾ 

- ʅʝʦʙʭʽʜʥʘ ʥʘʷʚʥʽʩʪʴ 

ʜʘʚʘʯʘ ʰʚʠʜʢʦʩʪʽ 

ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ 

- ʅʝʦʙʭʽʜʥʦ ʟʥʘʪʠ 

ʦʧʪʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 

ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ 

ɿʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ ʟʘ 

ʧʦʪʫʞʥʽʩʪʶ (PSF) 

ɺʽʜʩʪʝʞʝʥʥʷ ʟʛʝʥʝʨʦʚʘʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʾ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ 

- ʐʚʠʜʢʠʡ 

- ʇʨʦʩʪʠʡ ʫ 

ʨʝʘʣʽʟʘʮʽʾ 

- ʉʪʘʙʽʣʴʥʽʩʪʴ 

ʞʠʚʣʝʥʥʷ 

- ʅʝʦʙʭʽʜʥʘ ʥʘʷʚʥʽʩʪʴ 

ʜʘʚʘʯʽʚ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʪʘ 

ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ 

ʨʦʪʦʨʘ 

ʜʘʪʯʠʢʠ ʰʚʠʜʢʦʩʪʽ 

- ʅʝʦʙʭʽʜʥʦ ʟʥʘʪʠ ʢʨʠʚʫ 

ʧʦʪʫʞʥʦʩʪʽ 

ʅ
ʝ
ʧ
ʨ
ʷ
ʤ
ʽ

 

ʉʭʦʜʞʝʥʥʷ ʥʘ ʚʝʨʰʠʥʫ 

(HCS) 

ɺʠʤʽʨʶʚʘʥʥʷ ʪʘ ʦʮʽʥʢʘ ʨʝʘʢʮʽʾ 

ʩʠʩʪʝʤʠ ʜʦ ʟʤʽʥʠ ʢʝʨʦʚʘʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ 

- ʇʨʦʩʪʠʡ ʫ 

ʨʝʘʣʽʟʘʮʽʾ 

- ʅʝ ʧʦʪʨʝʙʫʻ 

ʥʘʷʚʥʦʩʪʽ ʜʘʚʘʯʽʚ 

ʌʽʢʩʦʚʘʥʠʡ ʢʨʦʢ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʢʨʫʪʥʦʛʦ 

ʤʦʤʝʥʪʫ 

ɿʙʽʣʴʰʝʥʥʷ ʧʨʦʚʽʜʥʦʩʪʽ 

(INC) 

ʅʘ ʦʩʥʦʚʽ ʚʠʤʽʨʶʚʘʥʥʷ 

ʟʛʝʥʝʨʦʚʘʥʦʾ ʧʦʪʫʞʥʦʩʪʽ 

- ʇʨʦʩʪʠʡ ʫ 

ʨʝʘʣʽʟʘʮʽʾ 

- ʅʝ ʧʦʪʨʝʙʫʻ 

ʥʘʷʚʥʦʩʪʽ ʜʘʚʘʯʽʚ 

ʅʠʟʴʢʘ ʰʚʠʜʢʽʩʪʴ 

ʟʙʽʞʥʦʩʪʽ 

5
5 



 

 

ʅʘ ʦʩʥʦʚʽ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʚʽʜʥʦʰʝʥʥʷ (ORB) 

ʅʘ ʦʩʥʦʚʽ ʚʽʜʦʤʠʭ ʬʫʥʢʮʽʡ 

ʟʛʝʥʝʨʦʚʘʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʪʘ 

ʩʪʨʫʤʫ 

- ʇʨʦʩʪʠʡ ʫ 

ʨʝʘʣʽʟʘʮʽʾ 

- ʅʝ ʧʦʪʨʝʙʫʻ 

ʥʘʷʚʥʦʩʪʽ ʜʘʚʘʯʽʚ 

ʅʝʦʙʭʽʜʥʦ ʟʥʘʪʠ 

ʟʘʣʝʞʥʽʩʪʴ ʧʦʪʫʞʥʦʩʪʽ ʚʽʜ 

ʩʪʨʫʤʫ 

ɻʽʙʨʠʜʥʠʡ ʇʦʻʜʥʫʻ ʨʽʟʥʽ ʤʝʪʦʜʠ ʢʝʨʫʚʘʥʥʷ ɺʠʩʦʢʘ ʰʚʠʜʢʽʩʪʴ 

ʟʙʽʞʥʦʩʪʽ 

ɺʘʞʯʝ ʨʝʘʣʽʟʫʚʘʪʠ, ʥʽʞ 

ʥʝʛʽʙʨʠʜʥʽ ʤʝʪʦʜʠ 

ɯ
ʥ
ʰ
ʽ

 

ʅʝʯʽʪʢʦʾ ʣʦʛʽʢʠ (FLC) ʅʘ ʦʩʥʦʚʽ ʢʦʥʪʨʦʣʝʨʽʚ ʥʝʯʽʪʢʦʾ 

ʣʦʛʽʢʠ 

- ɺʠʩʦʢʘ ʰʚʠʜʢʽʩʪʴ 

ʟʙʽʞʥʦʩʪʽ 

- ʅʘʜʽʡʥʘ ʨʦʙʦʪʘ ʧʨʠ 

ʟʤʽʥʥʠʭ ʧʘʨʘʤʝʪʨʘʭ 

ʚʽʪʨʦʚʦʛʦ ʧʦʪʦʢʫ 

- ɺʘʞʢʦ ʨʝʘʣʽʟʫʚʘʪʠ 

- ʇʦʪʨʝʙʫʻ ʨʦʟʨʦʙʣʝʥʠʭ 

ʣʦʛʽʯʥʠʭ ʧʨʘʚʠʣ 

- ʉʢʣʘʜʥʽʰʽ ʢʦʥʪʨʦʣʝʨʠ 

ʅʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʅʘ ʦʩʥʦʚʽ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ - ɺʠʩʦʢʘ ʰʚʠʜʢʽʩʪʴ 

ʟʙʽʞʥʦʩʪʽ 

- ʅʘʜʽʡʥʘ ʨʦʙʦʪʘ ʧʨʠ 

ʟʤʽʥʥʠʭ ʧʘʨʘʤʝʪʨʘʭ 

ʚʽʪʨʦʚʦʛʦ ʧʦʪʦʢʫ 

- ʇʦʪʨʝʙʫʻ ʥʘʚʯʘʥʥʷ 

ʤʝʨʝʞʽ 

- ʉʢʣʘʜʥʽ ʢʦʥʪʨʦʣʝʨʠ 

ɸʜʘʧʪʠʚʥʠʡ ɸʜʘʧʪʘʮʽʷ ʜʦ ʟʤʽʥʥʠʭ ʫʤʦʚ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

- ɺʠʩʦʢʘ ʰʚʠʜʢʽʩʪʴ 

ʟʙʽʞʥʦʩʪʽ 

- ʅʘʜʽʡʥʘ ʨʦʙʦʪʘ ʧʨʠ 

ʟʤʽʥʥʠʭ ʧʘʨʘʤʝʪʨʘʭ 

ʚʽʪʨʦʚʦʛʦ ʧʦʪʦʢʫ 

- ʇʦʪʨʝʙʫʻ ʥʘʚʯʘʥʥʷ 

- ʉʢʣʘʜʥʽ ʢʦʥʪʨʦʣʝʨʠ 

ɹʘʛʘʪʦʚʘʨʽʘʥʪʥʠʡ ʤʝʪʦʜ 

ʟʙʫʨʝʥʥʷ 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ 

ʟʙʫʨʝʥʴ ʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ 

ʨʝʘʢʮʽʻʶ ʩʠʩʪʝʤʠ 

- ʅʝʤʘʻ ʧʦʪʨʝʙʠ ʫ 

ʥʘʚʯʘʥʥʽ 

- ʅʘʜʽʡʥʘ ʨʦʙʦʪʘ ʧʨʠ 

ʟʤʽʥʥʠʭ ʧʘʨʘʤʝʪʨʘʭ 

ʚʽʪʨʦʚʦʛʦ ʧʦʪʦʢʫ 

- ʅʠʟʴʢʘ ʰʚʠʜʢʽʩʪʴ 

ʟʙʽʞʥʦʩʪʽ 

- ɿʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ 

ʚʽʪʨʦʫʩʪʘʥʦʚʦʢ ʚʝʣʠʢʦʾ 

ʧʦʪʫʞʥʦʩʪʽ 
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ɽʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʥʘʢʦʧʠʯʫʚʘʯʘ. ʆʩʢʽʣʴʢʠ ʫ ʣʦʢʘʣʴʥʠʭ 

ʩʠʩʪʝʤʘʭ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʥʘʢʦʧʠʯʫʚʘʯʽ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʚʠʢʦʥʫʶʪʴ ʥʝ 

ʪʽʣʴʢʠ ʬʫʥʢʮʽʶ ʟʘʧʘʩʫ ʝʥʝʨʛʽʾ, ʘ ʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ ʚʩʽʻʾ ʩʠʩʪʝʤʠ, ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʫʤʦʚʠ ʨʘʮʽʦʥʘʣʴʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʥʘʢʦʧʠʯʫʚʘʯʘ ʧʨʠ ʟʘʨʷʜʽ ʪʘ ʨʦʟʨʷʜʽ ʚ ʨʝʞʠʤʘʭ, ʷʢʽ 

ʧʦʜʦʚʞʫʶʪʴ ʨʝʩʫʨʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʛʘʨʘʥʪʫʶʪʴ ʤʽʥʽʤʘʣʴʥʽ ʚʪʨʘʪʠ ʝʥʝʨʛʽʾ [87, 

88]. 

ɿ ʤʝʪʦʶ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʽʥʽʤʘʣʴʥʦ ʥʝʦʙʭʽʜʥʦʾ ʯʘʩʪʢʠ 

ʝʥʝʨʛʽʾ, ʱʦ ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʚ ʥʘʢʦʧʠʯʫʚʘʯʽ ʪʘ ʚʽʜʜʘʻʪʴʩʷ ʚ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʜʦʮʽʣʴʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʦʙʦʚʽ ʯʘʩʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʝʥʝʨʘʮʽʾ ʝʥʝʨʛʽʾ ʟ ʚʽʜʥʦʚʣʶʚʘʥʠʭ 

ʜʞʝʨʝʣ (
ʉɹW , 

ɺɽʋW ), ʩʫʤʘʨʥʦʾ ʟʛʝʥʝʨʦʚʘʥʦʾ ʝʥʝʨʛʽʾ (WS) ʪʘ ʝʥʝʨʛʽʾ ʩʧʦʞʠʚʘʥʥʷ      

(
ʅW ) (ʨʠʩ. 1.10). ɺʝʣʠʯʠʥʠ ʝʥʝʨʛʽʡ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʽʜʥʦʩʥʠʭ ʦʜʠʥʮʷʭ W*, ʜʝ ʟʘ 

ʙʘʟʠʩʥʫ ʧʨʠʡʥʷʪʝ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʟʛʝʥʝʨʦʚʘʥʦʾ ʝʥʝʨʛʽʾ. ɿʘ ʦʙʨʘʥʠʡ 

ʧʨʦʤʽʞʦʢ ʯʘʩʫ ʩʝʨʝʜʥʽ ʨʽʚʥʽ ʝʥʝʨʛʽʡ, ʱʦ ʛʝʥʝʨʫʶʪʴʩʷ ʪʘ ʩʧʦʞʠʚʘʶʪʴʩʷ, 

ʜʦʨʽʚʥʶʶʪʴ ʦʜʠʥ ʦʜʥʦʤʫ. 

 

ʈʠʩ. 1.10. ɼʦʙʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʝʥʝʨʘʮʽʾ ʪʘ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ 

 

 ʅʘ ʽʥʪʝʨʚʘʣʘʭ ʯʘʩʫ 0 ï t0, t1 ï t2 , t2 ï t3 (ʜʠʚ. ʨʠʩ. 1.10) ʨʽʚʝʥʴ ʝʥʝʨʛʽʾ, ʱʦ 

ʛʝʥʝʨʫʻʪʴʩʷ ʟ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʚʠʱʠʡ ʟʘ ʨʽʚʝʥʴ ʝʥʝʨʛʽʾ ʩʧʦʞʠʚʘʥʥʷ, ʦʪʞʝ 

ʥʘʜʣʠʰʦʢ ʝʥʝʨʛʽʾ ʧʝʨʝʜʘʻʪʴʩʷ ʚ ʥʘʢʦʧʠʯʫʚʘʯ. ʅʘ ʽʥʪʝʨʚʘʣʘʭ t0 ï t1 ʪʘ t3 ï t4 ʨʽʚʝʥʴ 
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ʝʥʝʨʛʽʾ, ʱʦ ʛʝʥʝʨʫʻʪʴʩʷ ʟ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʥʠʞʯʠʡ ʟʘ ʨʽʚʝʥʴ ʝʥʝʨʛʽʾ 

ʩʧʦʞʠʚʘʥʥʷ, ʦʪʞʝ ʥʘʢʦʧʠʯʫʚʘʯ ʨʦʟʨʷʜʞʘʻʪʴʩʷ ʥʘ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɼʣʷ 

ʧʨʦʜʦʚʞʝʥʥʷ ʩʪʨʦʢʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʘʢʦʧʠʯʫʚʘʯʘ ʥʝʦʙʭʽʜʥʦ ʟʤʝʥʰʫʚʘʪʠ ʛʣʠʙʠʥʫ 

ʡʦʛʦ ʟʘʨʷʜʫ ʪʘ ʨʦʟʨʷʜʫ. 

 ʊʘʢʠʤ ʯʠʥʦʤ, ʝʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʫ ʣʦʢʘʣʴʥʠʭ 

ʩʠʩʪʝʤʘʭ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠʩʪʨʦʷʤʠ ʧʝʨʝʪʚʦʨʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ 

ʥʝ ʣʠʰʝ ʚ ʯʘʩʪʠʥʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜʙʦʨʫ ʤʘʢʩʠʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʚʽʜ ʫʩʪʘʥʦʚʦʢ ʥʘ 

ʦʩʥʦʚʽ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ, ʘ ʡ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ ʥʘʢʦʧʠʯʫʚʘʯʘ 

ʟʘ ʫʤʦʚʠ ʢʝʨʫʚʘʥʥʷ ʷʢ ʟʘ ʪʨʝʥʜʦʤ, ʪʘʢ ʽ ʟʘ ʬʣʫʢʪʫʘʮʽʷʤʠ ʧʦʪʦʢʽʚ ʧʝʨʚʠʥʥʦʾ 

ʝʥʝʨʛʽʾ. 

 

1.3. ɿʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʥʦʩʪʽ ʧʨʦʩʪʦʨʫ ʜʘʥʠʭ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʧʘʨʘʤʝʪʨʽʚ 

ʩʪʨʫʢʪʫʨʠ ʧʦʪʦʢʽʚ ʝʥʝʨʛʽʾ 

 

ɸʥʘʣʽʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʝʥʝʨʘʮʽʾ ʪʘ ʩʧʦʞʠʚʘʥʥʷ ʦʢʨʝʤʠʭ ʧʨʠʩʪʨʦʾʚ ʪʘ ʚʩʽʻʾ 

ʣʦʢʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʚ ʮʽʣʦʤʫ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʬʦʨʤʫʚʘʪʠ 

ʢʝʨʫʶʯʽ ʚʧʣʠʚʠ ʜʣʷ ʥʘʙʣʠʞʝʥʥʷ ʧʦʪʦʯʥʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʜʦ ʟʘʜʘʥʦʛʦ, ʱʦ 

ʚʠʟʥʘʯʘʻʪʴʩʷ: ʝʬʝʢʪʠʚʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʥʝʨʛʽʾ ʧʝʨʚʠʥʥʠʭ ʧʦʪʦʢʽʚ; 

ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʚʽʜʙʦʨʫ ʤʘʢʩʠʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ; 

ʝʬʝʢʪʠʚʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘʢʦʧʠʯʫʚʘʯʽʚ; ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʥʝʦʙʭʽʜʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʷʢʦʩʪʽ ʥʘʧʨʫʛʠ ʥʘ ʥʘʚʘʥʪʘʞʝʥʥʽ; ʤʽʥʽʤʽʟʘʮʽʻʶ ʚʪʨʘʪ ʪʘ ʚʘʨʪʦʩʪʽ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʪʦʙʪʦ ʧʝʨʝʭʦʜʦʤ ʚ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʡ ʟ ʪʦʯʢʠ ʟʦʨʫ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʝʥʝʨʛʽʾ ʨʝʞʠʤ ʨʦʙʦʪʠ. 

 ʅʘ ʨʠʩ. 1.11 ʟʦʙʨʘʞʝʥʦ ʩʭʝʤʫ ʬʦʨʤʫʚʘʥʥʷ ʧʨʦʩʪʦʨʫ ʨʽʟʥʦʨʽʜʥʠʭ ʜʘʥʠʭ ʫ 

ʣʦʢʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʟ ʫʩʘʥʦʚʢʘʤʠ ʥʘ ʦʩʥʦʚʽ ʚʽʜʥʦʚʣʶʚʘʥʠʭ 

ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ. 
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ʈʠʩ. 1.11. ʉʭʝʤʘ ʬʦʨʤʫʚʘʥʥʷ ʧʨʦʩʪʦʨʫ ʨʽʟʥʦʨʽʜʥʠʭ ʜʘʥʠʭ ʫ ʣʦʢʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ 

ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ 
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ʇʨʠ ʨʦʟʨʦʙʮʽ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʘʤʠ ʛʝʥʝʨʘʮʽʾ, ʩʧʦʞʠʚʘʥʥʷ ʪʘ 

ʥʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ ʫ ʣʦʢʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʨʦʟʛʣʷʜʘʶʪʴʩʷ 

ʥʘʩʪʫʧʥʽ ʯʘʩʦʚʽ ʟʘʣʝʞʥʦʩʪʽ, ʧʘʨʘʤʝʪʨʠ ʪʘ ʩʠʛʥʘʣʠ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʾʭ ʨʦʙʦʪʫ: 

- ʜʘʥʽ ʧʦʪʫʞʥʦʩʪʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʘ ʧʝʚʥʽ ʧʨʦʤʽʞʢʠ ʯʘʩʫ (ʜʦʙʘ, ʤʽʩʷʮʴ, ʨʽʢ 

ʘʙʦ ʽʥʰʠʡ ʽʥʪʝʨʚʘʣ ʯʘʩʫ); 

- ʜʘʥʽ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʚʠʭʦʜʽ ʦʢʨʝʤʠʭ ʫʩʪʘʥʦʚʦʢ ʥʘ ʦʩʥʦʚʽ ʚʽʜʥʦʚʣʶʚʘʥʠʭ 

ʜʞʝʨʝʣ ʪʘ ʾʭ ʩʫʢʫʧʥʦʩʪʽ ʟʘ ʧʝʚʥʽ ʧʨʦʤʽʞʢʠ ʯʘʩʫ; 

- ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʝʥʝʨʛʽʾ ʛʝʥʝʨʘʮʽʾ ʪʘ ʩʧʦʞʠʚʘʥʥʷ; 

- ʟʤʽʥʠ ʢʽʣʴʢʦʩʪʽ ʛʝʥʝʨʘʪʦʨʽʚ ʪʘ ʥʘʚʘʥʪʘʞʝʥʴ, ʱʦ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʧʨʦʮʝʩʘʭ 

ʛʝʥʝʨʘʮʽʾ ʪʘ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ, ʚ ʢʦʞʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ; 

- ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʛʥʘʣʠ ʧʨʠʩʪʨʦʾʚ ʱʦʜʦ ʾʭ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ: ʨʝʞʠʤʫ ʪʘ 

ʨʽʚʥʷ ʩʧʦʞʠʚʘʥʥʷ, ʤʦʤʝʥʪʠ ʚʤʠʢʘʥʥʷ-ʚʠʤʠʢʘʥʥʷ, ʚʠʢʦʥʫʚʘʥʽ ʬʫʥʢʮʽʾ ʪʘ 

ʽʥʪʝʨʚʘʣʠ ʨʦʙʦʪʠ. 

ʂʽʣʴʢʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ ʧʦʪʦʢʽʚ ʧʝʨʚʠʥʥʦʾ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʚʽʪʨʫ, ʱʦ 

ʥʘʜʭʦʜʷʪʴ ʥʘ ʚʭʽʜ ʩʦʥʷʯʥʠʭ ʪʘ ʚʽʪʨʦʚʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ, ʚʽʜʧʦʚʽʜʥʦ, ʪʘ ʩʫʧʫʪʥʽʭ 

ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʻ ʟʥʘʯʥʦʶ, ʚʨʘʭʦʚʫʶʯʠ ʾʭ ʚʟʘʻʤʥʠʡ 

ʚʧʣʠʚ ʪʘ ʢʦʨʝʣʷʮʽʶ. ʇʨʠ ʮʴʦʤʫ ʜʘʥʽ ʻ ʨʽʟʥʦʨʽʜʥʠʤʠ, ʦʩʢʽʣʴʢʠ ʯʠʩʣʦʚʽ ʜʘʥʽ ʻ 

ʙʝʟʨʦʟʤʽʨʥʠʤʠ ʚʽʜʥʦʩʥʦ ʜʝʷʢʠʭ ʙʘʟʦʚʠʭ ʚʝʣʠʯʠʥ, ʘ ʩʫʙôʻʢʪʠʚʥʽ ʜʘʥʽ ʩʧʦʞʠʚʘʯʽʚ 

ʱʦʜʦ ʨʽʚʥʷ ʟʘʜʦʚʦʣʝʥʦʩʪʽ ʾʭ ʧʦʪʨʝʙ ʧʝʨʝʚʦʜʷʪʴʩʷ ʫ ʯʠʩʣʦʚʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʾ 

ʙʘʞʘʥʦʩʪʽ. ʊʦʤʫ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʚʽʜʧʦʚʽʜʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʢʝʨʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ 

ʧʨʦʚʝʩʪʠ ʧʦʧʝʨʝʜʥʶ ʦʙʨʦʙʢʫ ʜʘʥʠʭ ʜʣʷ ʾʭ ʥʦʨʤʘʣʽʟʘʮʽʾ [89], ʚ ʨʝʟʫʣʴʪʘʪʽ ʷʢʦʾ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠʚʝʜʝʥʥʷ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʜʦ ʥʝʦʙʭʽʜʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʪʘ ʨʦʟʧʦʜʽʣʫ 

(ʨʠʩ. 1.12): 

1) ʢʦʞʝʥ ʧʘʨʘʤʝʪʨ ʥʦʨʤʫʻʪʴʩʷ ʚʽʜʥʦʩʥʦ ʩʚʦʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʽ 

ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʫ ʚʽʜʥʦʩʥʠʭ ʦʜʠʥʠʮʷʭ; 

2) ʚʩʽ ʧʘʨʘʤʝʪʨʠ ʧʨʠʚʦʜʷʪʴʩʷ ʜʦ ʦʜʥʽʻʾ ʤʽʥʽʤʘʣʴʥʦʾ ʨʦʟʤʽʨʥʦʩʪʽ ʧʦ ʚʽʩʽ ʯʘʩʫ 

(ʥʘʧʨʠʢʣʘʜ, 
1

ȹft ) ʟʘ ʨʘʭʫʥʦʢ ʟʥʘʭʦʜʞʝʥʥʷ ʧʨʦʤʽʞʥʠʭ ʟʥʘʯʝʥʴ ʥʘ ʽʥʪʝʨʚʘʣʘʭ 

ʚʠʤʽʨʶʚʘʥʥʷ 
1

ȹ ȹ
if ft t> ; 

3) ʷʢʱʦ ʚ ʧʝʚʥʽ ʧʨʦʤʽʞʢʠ ʯʘʩʫ ʜʘʥʽ ʚʽʜʩʫʪʥʽ, ʚʠʢʦʥʫʻʪʴʩʷ ʝʢʩʪʨʘʧʦʣʷʮʽʷ ʪʘ 

ʚʽʜʥʦʚʣʝʥʥʷ ʜʘʥʠʭ ʽʩʥʫʶʯʠʤʠ ʤʝʪʦʜʘʤʠ. 
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ʗʢʱʦ ʚ ʷʢʦʩʪʽ ʫʩʪʘʥʦʚʢʠ ʟ ʚʽʜʥʦʚʣʶʚʘʥʠʤ ʜʞʝʨʝʣʦʤ ʝʥʝʨʛʽʾ ʨʦʟʛʣʷʜʘʪʠ 

ʩʦʥʷʯʥʫ ʝʣʝʢʪʨʦʩʪʘʥʮʽʶ, ʪʦ ʧʦʪʫʞʥʽʩʪʴ ʥʘ ʾʾ ʚʠʭʦʜʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʫʢʫʧʥʽʩʪʶ 

ʧʘʨʘʤʝʪʨʽʚ ʧʦʪʦʢʫ ʧʝʨʚʠʥʥʦʾ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ, ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʧʘʨʘʤʝʪʨʽʚ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ, ʜʦ ʷʢʦʾ ʥʘʣʝʞʘʪʴ: 1) 1f  ï ʨʽʚʝʥʴ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ; 2) 2f  ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ; 

3) 3f  ï ʚʦʣʦʛʽʩʪʴ h; 4) 4f  ï ʧʨʦʟʦʨʽʩʪʴ ʘʪʤʦʩʬʝʨʠ; 5) 5f  ï ʥʘʷʚʥʽʩʪʴ ʭʤʘʨ; 6) 6f  ï 

ʱʽʣʴʥʽʩʪʴ ʭʤʘʨ; 7) 7f  ï ʢʽʣʴʢʽʩʪʴ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ Nʩʧ; 8) 8f  ï ʢʫʪ ʾʭ ʥʘʭʠʣʫ a; 

9) 9f  ï ʪʠʧ ʟôʻʜʥʘʥʥʷ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ; 10) 10f  ï ʢʽʣʴʢʽʩʪʴ ʤʦʞʣʠʚʠʭ ʟôʻʜʥʘʥʴ 

ʙʘʪʘʨʝʡ Nʟ; 11) 11f  ï ʨʽʚʝʥʴ ʟʘʙʨʫʜʥʝʥʦʩʪʽ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ. 

 

ʈʠʩ. 1.12. ɯʣʶʩʪʨʘʮʽʷ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʤʽʞ ʧʘʨʘʤʝʪʨʘʤʠ ʧʦʪʦʢʽʚ ʧʝʨʚʠʥʥʦʾ 

ʝʥʝʨʛʽʾ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʧʦʪʫʞʥʽʩʪʴ ʥʘ ʚʠʭʦʜʽ ʫʩʪʘʥʦʚʦʢ ʥʘ ʦʩʥʦʚʽ 

ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ 
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ɺʠʤʽʨʶʚʘʥʥʷ ʧʝʨʝʣʽʯʝʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʜʽʡʩʥʶʶʪʴʩʷ ʚ ʯʘʩʽ ʟ ʨʽʟʥʦʶ 

ʜʠʩʢʨʝʪʥʽʩʪʶ, ʥʘʧʨʠʢʣʘʜ ʜʘʥʽ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʦʪʨʠʤʫʶʪʴʩʷ ʟ 

ʜʠʩʢʨʝʪʥʽʩʪʶ ʚ 1 ʭʚʠʣʠʥʫ (
1

1ft ʭʚD = ), ʜʘʥʽ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟ 

ʜʠʩʢʨʝʪʥʽʩʪʶ ʚ 1 ʛʦʜʠʥʫ (
2 3 4

1f f ft t t ʛʦʜD =D =D =), ʘ ʜʘʥʽ ʧʨʦ ʨʽʚʝʥʴ 

ʟʘʙʨʫʜʥʝʥʦʩʪʽ ʦʪʨʠʤʫʶʪʴʩʷ ʨʘʟ ʥʘ ʜʦʙʫ (
11

24ft ʛʦʜD = ). ɼʣʷ ʫʟʛʦʜʞʝʥʥʷ ʛʨʘʬʽʢʽʚ 

ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʦʜʠʪʠ ʽʥʪʝʨʧʦʣʷʮʽʶ ʬʫʥʢʮʽʡ ʧʦʣʽʥʦʤʘʤʠ 

ʃʘʛʨʘʥʞʘ ʘʙʦ ʅʴʶʪʦʥʘ ʚʩʝʨʝʜʠʥʽ ʽʥʪʝʨʚʘʣʽʚ 
minʽf ft tD >D, ʜʝ 

minftD  ï ʤʽʥʽʤʘʣʴʥʘ 

ʪʨʠʚʘʣʽʩʪʴ ʽʥʪʝʨʚʘʣʫ ʚʠʤʽʨʶʚʘʥʥʷ. ʋ ʚʠʧʘʜʢʫ ʚʽʜʩʫʪʥʦʩʪʽ ʜʘʥʠʭ ʥʘ ʜʝʷʢʠʭ 

ʽʥʪʝʨʚʘʣʘʭ ʯʘʩʫ ʟʘ ʨʘʭʫʥʦʢ ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʜʘʚʘʯʽʚ ʽʥʬʦʨʤʘʮʽʾ, ʜʣʷ ʾʭ ʚʽʜʥʦʚʣʝʥʥʷ 

ʥʝʦʙʭʽʜʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʤʝʪʦʜʠ ʚʽʜʥʦʚʣʝʥʥʷ ʜʘʥʠʭ. 

ɺʨʘʭʦʚʫʶʯʠ ʚʩʽ ʧʘʨʘʤʝʪʨʠ ʧʦʪʦʢʫ ʧʝʨʚʠʥʥʦʾ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ, 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ, ʧʦʪʫʞʥʽʩʪʴ ʥʘ ʚʠʭʦʜʽ ʩʦʥʷʯʥʦʾ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʣʽʥʽʡʥʠʤ ʨʽʚʥʷʥʥʷʤ ʤʥʦʞʠʥʥʦʾ ʨʝʛʨʝʩʽʾ: 
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ʚ ʷʢʦʤʫ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʥʝ ʣʠʰʝ ʚʟʘʻʤʥʠʡ ʚʧʣʠʚ ʢʦʞʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʥʘ 

ʚʩʽ ʽʥʰʽ, ʘ ʡ ʦʮʽʥʶʚʘʪʠ ʟʥʘʯʠʤʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʽʚʥʷʥʥʷ ʤʥʦʞʠʥʥʦʾ ʨʝʛʨʝʩʽʾ a, 

ʽ ʟʥʘʭʦʜʠʪʠ ʢʦʨʝʣʷʮʽʡʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʥʠʤʠ, ʱʦ ʚʠʤʘʛʘʻ ʟʥʘʯʥʠʭ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ. 

ʅʘ ʦʜʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʚʠʤʽʨʶʚʘʥʥʷ ʯʠʩʣʦ ʩʧʦʣʫʯʝʥʴ ʟʽ ʚʩʽʭ ʧʘʨʘʤʝʪʨʽʚ [90], 

ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʦʪʫʞʥʽʩʪʴ ʩʦʥʷʯʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ, ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ 

ʥʘʩʪʫʧʥʦʶ ʬʦʨʤʫʣʦʶ: 

 
1

2
n

n m

ʉɹ n
m

Q C
=

= ä , (1.3) 
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ʜʝ n ï ʢʽʣʴʢʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ ʟʽ ʩʪʦʨʦʥʠ ʜʞʝʨʝʣʘ; 
[ ]( 1)... ( 1)

!

m

n

n n n m
C

m

- - -
=  ï 

ʢʽʣʴʢʽʩʪʴ ʩʧʦʣʫʯʝʥʴ ʟ n ʝʣʝʤʝʥʪʽʚ ʧʦ i; ʤʥʦʞʥʠʢ 2 ʚʠʟʥʘʯʘʻ, ʯʠ ʚʧʣʠʚʘʻ ʧʘʨʘʤʝʪʨ 

ʥʘ ʟʥʘʯʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ, ʯʠ ʥʽ. ʗʢʱʦ ʥʘ ʦʜʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʚʠʤʽʨʶʚʘʥʥʷ, ʱʦ 

ʜʦʨʽʚʥʶʻ, ʥʘʧʨʠʢʣʘʜ, 1 ʭʚʠʣʠʥʽ, ʚʨʘʭʦʚʫʚʘʪʠ ʚʩʽ 11 ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʧʦʪʫʞʥʽʩʪʴ ʩʦʥʷʯʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ, ʯʠʩʣʦ ʩʧʦʣʫʯʝʥʴ 4192256ʉɹQ = . ʅʘ 

ʽʥʪʝʨʚʘʣʽ, ʱʦ ʜʦʨʽʚʥʶʻ ʜʦʙʽ, ʢʽʣʴʢʽʩʪʴ ʩʧʦʣʫʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ ʟʨʦʩʪʘʻ ʜʦ 

6 ʤʽʣʴʷʨʜʽʚ. 

ʉʝʨʝʜ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʧʦʪʫʞʥʽʩʪʴ ʥʘʚʘʥʪʘʞʝʥʥʷ (1ʫ ï ʪʠʧ 

ʥʘʚʘʥʪʘʞʝʥʥʷ; 2ʫ ï ʭʘʨʘʢʪʝʨ ʥʘʚʘʥʪʘʞʝʥʥʷ; 3ʫ ï ʘʢʪʠʚʥʘ P/ ʨʝʘʢʪʠʚʥʘ Q/ ʧʦʚʥʘ 

S ʧʦʪʫʞʥʽʩʪʴ) ʥʝʦʙʭʽʜʥʦ ʚʠʜʽʣʠʪʠ ʦʢʨʝʤʫ ʛʨʫʧʫ ʧʘʨʘʤʝʪʨʽʚ 4ʫ  ï ʨʽʚʝʥʴ 

ʟʘʜʦʚʦʣʝʥʦʩʪʽ ʧʦʪʨʝʙ ʩʧʦʞʠʚʘʯʘ, ʦʩʢʽʣʴʢʠ ʪʫʪ ʩʪʘʚʣʷʪʴʩʷ ʚʠʤʦʛʠ ʱʦʜʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʫʤʦʚ ʢʦʤʬʦʨʪʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ (ʥʘʣʘʰʪʫʚʘʥʥʷ ʨʝʞʠʤʽʚ 

ʨʦʙʦʪʠ ʦʙʣʘʜʥʘʥʥʷ, ʟʘʮʽʢʘʚʣʝʥʽʩʪʴ ʚ ʙʝʟʧʝʨʝʙʽʡʥʦʤʫ ʨʘʮʽʦʥʘʣʴʥʦʤʫ ʢʝʨʫʚʘʥʥʽ 

ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷʤ ʟ ʥʘʡʢʨʘʱʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʮʽʥʘ/ʷʢʽʩʪʴ). ʎʽ ʧʘʨʘʤʝʪʨʠ ʻ 

ʥʝʯʠʩʣʦʚʠʤʠ ʽ ʚʠʨʘʞʘʶʪʴʩʷ ʫ ʰʢʘʣʽ ʙʘʞʘʥʦʩʪʽ, ʜʝ ʢʨʠʪʝʨʽʷʤʠ ʚʠʩʪʫʧʘʶʪʴ 

ʦʩʦʙʠʩʪʽ ʚʽʜʯʫʪʪʷ ʣʶʜʠʥʠ. 

ɼʣʷ ʦʮʽʥʢʠ ʨʽʚʥʷ ʟʘʜʦʚʦʣʝʥʦʩʪʽ ʧʦʪʨʝʙ ʢʽʥʮʝʚʦʛʦ ʩʧʦʞʠʚʘʯʘ ʫ 

ʙʝʟʨʦʟʤʽʨʥʠʭ ʚʝʣʠʯʠʥʘʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʰʢʘʣʘ ʪʘ ʬʫʥʢʮʽʷ ʙʘʞʘʥʦʩʪʽ 

ʍʘʨʨʽʥʛʪʦʥʘ (ʪʘʙʣ. 1.8, ʨʠʩ. 1.13). 

ʇʦʢʘʟʥʠʢ ʙʘʞʘʥʦʩʪʽ d  ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʥʘʩʪʫʧʥʦʶ ʬʦʨʤʫʣʦʶ: 

 
( )Yʝ

d ʝ
¡--

= , (1.4) 

ʜʝ Y¡ ï ʨʝʟʫʣʴʪʘʪ ʣʽʥʽʡʥʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʟʤʽʥʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ Y , 1Y¡=-, 

ʷʢʱʦ Y  ʜʦʨʽʚʥʶʻ ʥʠʞʥʽʡ ʛʨʘʥʠʯʥʽʡ ʥʦʨʤʽ, ʽ 1Y¡=, ʷʢʱʦ Y  ʜʦʨʽʚʥʶʻ ʚʝʨʭʥʽʡ 

ʛʨʘʥʠʯʥʽʡ ʥʦʨʤʽ. 
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ʊʘʙʣʠʮʷ 1.8. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ 

ʢʽʣʴʢʽʩʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ 

ʙʝʟʨʦʟʤʽʨʥʦʾ ʰʢʘʣʠ ʽ 

ʧʩʠʭʦʣʦʛʽʯʥʠʤ ʩʧʨʠʡʥʷʪʪʷʤ 

ʣʶʜʠʥʠ 

 

ɹʘʞʘʥʽʩʪʴ 
ʆʮʽʥʢʠ ʟʘ ʰʢʘʣʦʶ 

ʙʘʞʘʥʦʩʪʽ 

ɺʽʜʤʽʥʥʦ 1 ï 0,8 

ɼʦʙʨʝ 0,8 ï 0,63 

ɿʘʜʦʚʽʣʴʥʦ 0,63 ï 0,37 

ʇʦʛʘʥʦ 0,37 ï 0,2 

ɼʫʞʝ 

ʧʦʛʘʥʦ 

0,2 ï 0 

 

ʈʠʩ. 1.13. ɻʨʘʬʽʢ ʬʫʥʢʮʽʾ ʍʘʨʨʽʥʛʪʦʥʘ 

  

ʅʘ ʽʥʪʝʨʚʘʣʽ, ʱʦ ʜʦʨʽʚʥʶʻ ʜʦʙʽ, ʯʠʩʣʦ ʩʧʦʣʫʯʝʥʴ ʟʽ ʚʩʽʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʦʪʫʞʥʽʩʪʴ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʥʘʩʪʫʧʥʦʶ 

ʬʦʨʤʫʣʦʶ: 

 
1

2
k

k l

ʅ k
l

Q C
=

= ä , (1.5) 

ʜʝ k  ï ʢʽʣʴʢʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ; 
[ ]( 1)... ( 1)

!

l

k

k k k l
C

l

- - -
=  ï 

ʢʽʣʴʢʽʩʪʴ ʩʧʦʣʫʯʝʥʴ ʟ k ʝʣʝʤʝʥʪʽʚ ʧʦ j; ʤʥʦʞʥʠʢ 2 ʚʠʟʥʘʯʘʻ, ʯʠ ʚʧʣʠʚʘʻ ʧʘʨʘʤʝʪʨ 

ʥʘ ʟʥʘʯʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ, ʯʠ ʥʽ, ʽ ʜʦʨʽʚʥʶʻ 345600ʅQ = . 

ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʜʞʝʨʝʣ, ʥʘʚʘʥʪʘʞʝʥʴ ʪʘ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ 

ʚʠʟʥʘʯʘʶʪʴ ʧʦʪʫʞʥʽʩʪʴ ʥʘ ʾʭ ʚʠʭʦʜʽ, ʯʠʩʣʦ ʩʧʦʣʫʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ ʟʥʘʯʥʦ ʟʨʦʩʪʘʻ, 

ʱʦ ʚʢʘʟʫʻ ʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʙʦʪʠ ʟ ʧʨʦʩʪʦʨʦʤ ʜʘʥʠʭ ʚʝʣʠʢʦʾ ʨʦʟʤʽʨʥʦʩʪʽ, ʱʦ 

ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʪʘ ʩʧʝʮʽʘʣʴʥʠʭ ʘʣʛʦʨʠʪʤʽʚ 

ʦʙʨʦʙʢʠ ʜʘʥʠʭ. ʊʦʤʫ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʥʠʞʝʥʥʷ ʨʦʟʤʽʨʥʦʩʪʽ ʧʨʦʩʪʦʨʫ 

ʜʘʥʠʭ ʟʽ ʟʙʝʨʝʞʝʥʥʷʤ ʢʦʨʠʩʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʩʠʩʪʝʤʫ ʟʘ ʨʘʭʫʥʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ 
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ʽʥʪʝʛʨʘʣʴʥʠʭ ʦʮʽʥʦʢ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ, ʱʦ ʥʝ ʧʦʪʨʝʙʫʶʪʴ ʟʥʘʯʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʦʙʯʠʩʣʝʥʴ. 

ʆʜʥʽʻʶ ʟ ʪʘʢʠʭ ʽʥʪʝʛʨʘʣʴʥʠʭ ʦʮʽʥʦʢ ʧʦʪʫʞʥʦʩʪʽ ʩʦʥʷʯʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ ʻ ʚʽʨʪʫʘʣʴʥʘ ʱʽʣʴʥʽʩʪʴ ʭʤʘʨʥʦʛʦ 

ʧʦʢʨʠʚʫ, ʱʦ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʫ ʟʚʦʨʦʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʘ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ, ʽ ʜʦʟʚʦʣʷʻ ʚʨʘʭʫʚʘʪʠ ʪʘʢʽ ʧʘʨʘʤʝʪʨʠ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ ʪʘ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʷʢ: ʛʝʦʛʨʘʬʽʯʥʫ ʰʠʨʦʪʫ ʤʽʩʮʝʚʦʩʪʽ, ʧʦʨʫ ʨʦʢʫ ʪʘ ʯʘʩ 

ʜʦʙʠ, ʧʨʦʟʦʨʽʩʪʴ ʘʪʤʦʩʬʝʨʠ, ʥʘʷʚʥʽʩʪʴ ʭʤʘʨ, ʭʘʨʘʢʪʝʨ ʧʽʜʩʪʠʣʘʶʯʦʾ ʧʦʚʝʨʭʥʽ, 

ʢʫʪ ʥʘʭʠʣʫ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ, ʾʭ ʟʘʙʨʫʜʥʝʥʽʩʪʴ, ʘ ʪʘʢʦʞ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʰʚʠʜʢʦʩʪʽ ʟʤʽʱʝʥʥʷ ʉʦʥʮʷ ɡʉ ʪʘ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʭʤʘʨ ɡʭʤ. 

 ʂʨʽʤ ʪʦʛʦ, ʧʘʨʘʤʝʪʨʠ ʧʦʪʦʢʽʚ ʧʝʨʚʠʥʥʦʾ ʝʥʝʨʛʽʾ, ʪʘʢʽ ʷʢ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ, ʤʦʞʥʘ ʚʠʟʥʘʯʘʪʠ ʦʧʦʩʝʨʝʜʢʦʚʘʥʦ ʥʘ ʦʩʥʦʚʽ 

ʩʫʧʨʦʚʽʜʥʠʭ ʜʘʥʠʭ ʧʨʦ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʽʪʨʷ, ʪʠʩʢ ʪʘ ʚʦʣʦʛʽʩʪʴ, ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʦʨʝʣʷʮʽʡʥʦʛʦ ʘʥʘʣʽʟʫ. 

 ʊʘʢʦʞ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʦʙôʻʤʫ ʦʙʯʠʩʣʝʥʴ ʜʦʮʽʣʴʥʦ, ʚʨʘʭʦʚʫʶʯʠ ʧʦʜʚʽʡʥʫ 

ʩʪʨʫʢʪʫʨʫ ʧʨʦʮʝʩʽʚ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʥʝʦʙʭʽʜʥʦ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʘʣʛʦʨʠʪʤʽʚ 

ʢʝʨʫʚʘʥʥʷ ʨʦʟʜʽʣʠʪʠ ʾʭ ʥʘ: 

- ʪʨʝʥʜʦʩʪʽʡʢʽ ʧʨʦʮʝʩʠ, ʟ ʢʝʨʫʚʘʥʥʷʤ ʥʘ ʙʘʟʦʚʦʤʫ ʽʥʪʝʨʚʘʣʽ ʟʘ ʩʝʨʝʜʥʽʤ 

ʟʥʘʯʝʥʥʷʤ ʝʥʝʨʛʽʾ ʥʘ ʥʴʦʤʫ; 

- ʬʣʫʢʪʫʘʮʽʾ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ɺʽʥʝʨʦʚʩʴʢʦʤʫ ʧʨʦʮʝʩʫ, ʟ ʢʝʨʫʚʘʥʥʷʤ ʥʘ 

ʽʥʪʝʨʚʘʣʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʥʘʷʚʥʠʤʠ ʚʽʜʭʠʣʝʥʥʷʤʠ. 

ʈʦʟʨʦʙʢʘ ʩʧʦʩʦʙʽʚ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʘʤʠ ʛʝʥʝʨʘʮʽʾ, 

ʥʘʢʦʧʠʯʝʥʥʷ ʪʘ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʫ ʣʦʢʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ 

ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʧʦʪʨʝʙʫʻ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤ 

ʢʝʨʫʚʘʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʥʘʯʥʦʾ ʨʦʟʤʽʨʥʦʩʪʽ ʧʨʦʩʪʦʨʫ ʜʘʥʠʭ, ʨʽʟʥʦʨʽʜʥʦʩʪʽ ʾʭ 

ʧʦʪʦʢʽʚ, ʘ ʪʘʢʦʞ ï ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʛʘʨʘʥʪʦʚʘʥʦʛʦ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʧʨʦʪʷʛʦʤ ʥʘʧʝʨʝʜ ʚʠʟʥʘʯʝʥʦʛʦ ʽʥʪʝʨʚʘʣʫ ʯʘʩʫ. 
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1.4. ʄʘʪʝʤʘʪʠʯʥʽ ʟʘʩʘʜʠ ʢʝʨʫʚʘʥʥʷ ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ 

 

ʈʦʟʛʣʷʜʘʶʯʠ ʧʨʦʮʝʩʠ ʛʝʥʝʨʘʮʽʾ, ʩʧʦʞʠʚʘʥʥʷ ʪʘ ʥʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ, ʱʦ 

ʧʨʦʪʽʢʘʶʪʴ ʫ ʣʦʢʘʣʴʥʽʡ ʩʠʩʪʝʤʽ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ, ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʥʘʩʪʫʧʥʽ 

ʦʩʥʦʚʥʽ ʟʘʜʘʯʽ, ʚʠʢʦʥʘʥʥʷ ʷʢʠʭ ʧʦʚʠʥʥʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʟʘʛʘʣʴʥʘ ʩʠʩʪʝʤʘ 

ʢʝʨʫʚʘʥʥʷ: 

1. ʈʝʘʣʽʟʘʮʽʷ ʽʥʪʝʨʚʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ ʫ ʣʦʢʘʣʴʥʠʭ 

ʩʠʩʪʝʤʘʭ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʧʦʪʦʢʽʚ 

ʧʝʨʚʠʥʥʦʾ ʝʥʝʨʛʽʾ. 

2. ʈʦʟʨʦʙʢʘ ʘʣʛʦʨʠʪʤʽʚ ʢʝʨʫʚʘʥʥʷ ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ ʫ ʣʦʢʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ 

ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʟʘ ʬʣʫʢʪʫʘʮʽʷʤʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ɺʽʥʝʨʦʚʩʴʢʦʤʫ ʧʨʦʮʝʩʫ. 

3. ʄʽʥʽʤʽʟʘʮʽʷ ʨʦʟʙʽʞʥʦʩʪʽ ʧʦʪʦʢʫ ʧʝʨʚʠʥʥʦʾ ʝʥʝʨʛʽʾ ʥʘ ʚʭʦʜʽ ʩʠʩʪʝʤʠ ʪʘ 

ʧʦʪʦʢʫ ʝʥʝʨʛʽʾ, ʱʦ ʩʧʦʞʠʚʘʻʪʴʩʷ ʥʘʚʘʥʪʘʞʝʥʥʷʤ, ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ ʨʦʟʨʘʭʫʥʢʫ ʝʥʪʨʦʧʽʡʥʦʾ ʜʠʚʝʨʛʝʥʮʽʾ. 

4. ɺʠʟʥʘʯʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦʾ ʥʝʦʙʭʽʜʥʦʾ ʻʤʥʦʩʪʽ ʪʘ ʪʨʠʚʘʣʦʩʪʽ ʽʥʪʝʨʚʘʣʫ 

ʘʢʪʠʚʥʦʾ ʨʦʙʦʪʠ ʥʘʢʦʧʠʯʫʚʘʯʘ ʫ ʩʠʩʪʝʤʽ, ʥʘ ʷʢʦʤʫ ʥʘʢʦʧʠʯʫʚʘʯ ʥʝ ʟʘʨʷʜʞʘʻʪʴʩʷ 

ʽ ʥʝ ʨʦʟʨʷʜʞʘʻʪʴʩʷ ʧʦʚʥʽʩʪʶ. 

5. ʈʦʟʨʦʙʢʘ ʘʣʛʦʨʠʪʤʽʚ ʧʨʦʛʥʦʟʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ ʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʬʨʘʢʪʘʣʴʥʦʾ ʧʨʠʨʦʜʠ ʧʨʦʮʝʩʽʚ ʛʝʥʝʨʘʮʽʾ ʪʘ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ. 

6. ʆʨʛʘʥʽʟʘʮʽʷ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʦʢʨʝʤʠʤʠ ʧʨʠʩʪʨʦʷʤʠ ʫ ʩʢʣʘʜʽ ʣʦʢʘʣʴʥʦʾ 

ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ. 

ʇʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʦʩʥʦʚʥʠʭ ʟʘʜʘʯ ʢʝʨʫʚʘʥʥʷ ʚʠʥʠʢʘʻ ʜʦʜʘʪʢʦʚʘ ʟʘʜʘʯʘ 

ʘʧʨʦʢʩʠʤʘʮʽʾ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ ʜʘʥʠʭ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʮʽʾ ʪʘ ʩʧʦʞʠʚʘʥʥʷ ʧʨʠ ʾʭ 

ʧʦʧʝʨʝʜʥʽʡ ʦʙʨʦʙʮʽ. 

ʈʦʟʧʦʜʽʣ ʟʘʜʘʯ, ʧʽʜʟʘʜʘʯ ʢʝʨʫʚʘʥʥʷ ʪʘ ʤʘʪʝʤʘʪʠʯʥʽ ʤʝʪʦʜʠ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʾʭ ʚʠʢʦʥʘʥʥʷ, ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣʠʮʽ 1.9. 

  



 

 

ʊʘʙʣʠʮʷ 1.9. ʈʦʟʧʦʜʽʣ ʟʘʜʘʯ ʢʝʨʫʚʘʥʥʷ ʪʘ ʤʘʪʝʤʘʪʠʯʥʽ ʤʝʪʦʜʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʢʦʥʘʥʥʷ ʮʠʭ ʟʘʜʘʯ 

ˉ 

ʟ/ʧ 
ɿʘʜʘʯʘ ʢʝʨʫʚʘʥʥʷ ʇʽʜʟʘʜʘʯʽ ʢʝʨʫʚʘʥʥʷ ʄʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ 

1. ʈʝʘʣʽʟʘʮʽʷ ʽʥʪʝʨʚʘʣʴʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ ʟ ʚʨʘʭʫʚʘʥʥʷʤ 

ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʧʦʪʦʢʽʚ 

ʧʝʨʚʠʥʥʦʾ ʝʥʝʨʛʽʾ. 

1. ɺʠʟʥʘʯʝʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʪʨʠʚʘʣʦʩʪʝʡ 

ʙʘʟʦʚʦʛʦ ʽʥʪʝʨʚʘʣʫ ʪʘ ʽʥʪʝʨʚʘʣʫ ʩʧʦʩʪʝʨʝʞʝʥʥʷ. 

 

1. ɸʥʘʣʦʛ ʧʨʠʥʮʠʧʫ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ 

ɻʝʡʟʝʥʙʝʨʛʘ. 

2. ʊʝʦʨʽʷ ʽʤʦʚʽʨʥʦʩʪʝʡ. 

2. ʈʦʟʨʦʙʢʘ ʘʣʛʦʨʠʪʤʽʚ ʢʝʨʫʚʘʥʥʷ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ ʟʘ 

ʬʣʫʢʪʫʘʮʽʷʤʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ɺʽʥʝʨʦʚʩʴʢʦʤʫ ʧʨʦʮʝʩʫ. 

1. ɺʠʟʥʘʯʝʥʥʷ ʫʤʦʚ ʩʪʽʡʢʦʾ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʬʣʫʢʪʫʘʮʽʡ ʧʨʦʮʝʩʽʚ 

ʛʝʥʝʨʘʮʽʾ ʪʘ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ɺʽʥʝʨʦʚʩʴʢʦʤʫ 

ʧʨʦʮʝʩʫ. 

1. ʄʝʪʦʜ ʪʦʯʢʦʚʠʭ 

ʚʽʜʦʙʨʘʞʝʥʴ. 

2. ɿʘʢʦʥ ʧʦʚʪʦʨʥʦʛʦ 

ʣʦʛʘʨʠʬʤʘ. 

3. ʄʽʥʽʤʽʟʘʮʽʷ ʨʦʟʙʽʞʥʦʩʪʽ ʧʦʪʦʢʽʚ 

ʝʥʝʨʛʽʾ ʥʘ ʚʭʦʜʽ ʪʘ ʚʠʭʦʜʽ ʩʠʩʪʝʤʠ 

ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʘʧʘʨʘʪʫ ʨʦʟʨʘʭʫʥʢʫ ʝʥʪʨʦʧʽʡʥʦʾ 

ʜʠʚʝʨʛʝʥʮʽʾ. 

1. ʈʦʟʨʘʭʫʥʦʢ ʨʽʟʥʠʭ ʚʠʜʽʚ ʝʥʪʨʦʧʽʡ. 

2. ʈʦʟʨʘʭʫʥʦʢ ʝʥʪʨʦʧʽʡʥʠʭ ʜʠʚʝʨʛʝʥʮʽʡ ʧʦʪʦʢʽʚ 

ʝʥʝʨʛʽʾ ʛʝʥʝʨʘʮʽʾ, ʩʧʦʞʠʚʘʥʥʷ ʪʘ ʥʘʢʦʧʠʯʝʥʥʷ. 

1. ʄʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ 

ʝʥʪʨʦʧʽʡ ʨʽʟʥʠʭ ʚʠʜʽʚ. 

2. ɽʥʪʨʦʧʽʡʥʠʡ ʘʥʘʣʽʟ. 

4. ɺʠʟʥʘʯʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦʾ 

ʥʝʦʙʭʽʜʥʦʾ ʻʤʥʦʩʪʽ ʪʘ ʪʨʠʚʘʣʦʩʪʽ 

ʽʥʪʝʨʚʘʣʫ ʘʢʪʠʚʥʦʾ ʨʦʙʦʪʠ 

ʥʘʢʦʧʠʯʫʚʘʯʘ. 

1. ʆʮʽʥʢʘ ʨʽʚʥʷ ʤʽʥʽʤʘʣʴʥʦʛʦ ʟʘʨʷʜʫ 

ʥʘʢʦʧʠʯʫʚʘʯʘ ʫ ʩʠʩʪʝʤʽ ʪʘ ʡʦʛʦ ʥʝʦʙʭʽʜʥʦʾ 

ʻʤʥʦʩʪʽ. 

2. ʈʦʟʨʘʭʫʥʦʢ ʽʤʦʚʽʨʥʦʩʪʽ ʧʝʨʝʟʘʨʷʜʫ ʪʘ 

ʥʘʜʤʽʨʥʦʛʦ ʨʦʟʨʷʜʫ ʥʘʢʦʧʠʯʫʚʘʯʘ. 

3. ɺʠʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʟʦʥʠ ʢʝʨʦʚʘʥʦʾ ʨʦʙʦʪʠ 

ʥʘʢʦʧʠʯʫʚʘʯʘ. 

4. ɿʤʝʥʰʝʥʥʷ ʪʨʠʚʘʣʦʩʪʝʡ ʽʥʪʝʨʚʘʣʽʚ ʯʘʩʫ, ʢʦʣʠ 

ʥʘʢʦʧʠʯʫʚʘʯ ʧʝʨʝʟʘʨʷʜʞʝʥʠʡ ʘʙʦ ʧʦʚʥʽʩʪʶ 

ʨʦʟʨʷʜʞʝʥʠʡ. 

1. ʊʝʦʨʽʷ ʤʘʨʪʠʥʛʘʣʽʚ. 

2. ʈʝʛʨʝʩʽʡʥʠʡ ʘʥʘʣʽʟ. 

5. ʈʦʟʨʦʙʢʘ ʘʣʛʦʨʠʪʤʽʚ ʧʨʦʛʥʦʟʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ ʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʬʨʘʢʪʘʣʴʥʦʾ 

1. ʈʦʟʨʘʭʫʥʦʢ ʤʦʤʝʥʪʽʚ ʬʫʥʢʮʽʾ ʟʤʽʥʠ ʧʦʪʫʞʥʦʩʪʽ. 

2. ʈʦʟʨʘʭʫʥʦʢ ʬʨʘʢʪʘʣʴʥʦʾ ʨʦʟʤʽʨʥʦʩʪʽ ʛʨʘʬʽʢʽʚ 

ʛʝʥʝʨʘʮʽʾ ʪʘ ʩʧʦʞʠʚʘʥʥʷ. 

1. ʄʝʪʦʜʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʯʘʩʦʚʠʭ ʨʷʜʽʚ. 

2. ʄʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ 

ʬʨʘʢʪʘʣʴʥʦʾ ʨʦʟʤʽʨʥʦʩʪʽ. 
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ʧʨʠʨʦʜʠ ʧʨʦʮʝʩʽʚ ʛʝʥʝʨʘʮʽʾ ʪʘ 

ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ. 

3. ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʚʠʭʦʜʽ 

ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʪʘ ʧʦʪʫʞʥʦʩʪʽ 

ʩʧʦʞʠʚʘʥʥʷ. 

3. ʇʨʷʤʝ ʪʘ ʟʚʦʨʦʪʥʻ 

ʤʦʤʝʥʪʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ. 

6. ʆʨʛʘʥʽʟʘʮʽʷ ʚʟʘʻʤʦʜʽʾ ʤʽʞ 

ʦʢʨʝʤʠʤʠ ʧʨʠʩʪʨʦʷʤʠ. 

1. ʈʝʘʣʽʟʘʮʽʷ ʧʨʠʥʮʠʧʫ ʢʦʥʪʝʢʩʪʥʦ-ʟʘʣʝʞʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ. 

2. ʈʝʘʣʽʟʘʮʽʷ ʧʨʠʥʮʠʧʫ ʧʨʝʝʤʧʪʠʚʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ. 

1. ʆʥʪʦʣʦʛʽʯʥʠʡ ʘʥʘʣʽʟ. 

6
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ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʟʘʜʘʯ ʢʝʨʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ 

ʪʝʦʨʝʪʠʯʥʽ ʟʘʩʘʜʠ ʢʝʨʫʚʘʥʥʷ ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ, ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʘʥʘʣʦʛʦʚʽ 

ʧʨʠʥʮʠʧʫ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ɻʝʡʟʝʥʙʝʨʛʘ, ʝʥʪʨʦʧʽʡʥʦʤʫ ʘʥʘʣʽʟʽ ʧʦʪʦʢʽʚ ʧʝʨʚʠʥʥʦʾ 

ʝʥʝʨʛʽʾ ʪʘ ʝʥʝʨʛʽʾ ʩʧʦʞʠʚʘʥʥʷ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʾʭ ʧʦʜʚʽʡʥʦʾ ʩʪʨʫʢʪʫʨʠ ʪʘ 

ʬʨʘʢʪʘʣʴʥʦʾ ʧʨʠʨʦʜʠ, ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʧʝʨʚʠʥʥʦʛʦ ʧʦʪʦʢʫ ʫ ʣʦʢʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ 

ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ. 

ɸʥʘʣʦʛ ʧʨʠʥʮʠʧʫ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ɻʝʡʟʝʥʙʝʨʛʘ. ʈʽʟʥʦʨʽʜʥʽ ʜʘʥʽ, ʱʦ 

ʥʘʜʭʦʜʷʪʴ ʚʽʜ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʤʘʶʪʴ ʧʦʜʚʽʡʥʫ ʩʪʨʫʢʪʫʨʫ (ʮʝ ʪʨʝʥʜʦʩʪʽʡʢʽ ʧʨʦʮʝʩʠ ʟ ʥʘʷʚʥʠʤʠ 

ʬʣʫʢʪʫʘʮʽʷʤʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ɺʽʥʝʨʦʚʩʴʢʦʤʫ ʧʨʦʮʝʩʫ), ʷʢʫ ʥʝʦʙʭʽʜʥʦ 

ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʧʦʙʫʜʦʚʽ ʘʣʛʦʨʠʪʤʽʚ ʢʝʨʫʚʘʥʥʷ ʣʦʢʘʣʴʥʦʶ ʩʠʩʪʝʤʦʶ 

ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ, ʘʜʞʝ ʨʘʮʽʦʥʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʥʘʢʦʧʠʯʫʚʘʯʘ 

ʨʝʘʣʽʟʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʚʠʭʦʜʽ ʫʩʪʘʥʦʚʦʢ ʥʘ 

ʦʩʥʦʚʽ ɺɼɽ ʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʘ ʧʦʣʦʞʝʥʥʷ ʨʦʙʦʯʦʾ ʪʦʯʢʠ ʥʘ ʟʦʚʥʽʰʥʽʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʮʽ ʚʽʜʥʦʚʣʶʚʘʥʦʛʦ ʜʞʝʨʝʣʘ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʡʦʛʦ ʨʦʙʦʪʠ ʚ ʨʝʞʠʤʽ 

ʚʽʜʙʦʨʫ ʤʘʢʩʠʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʝʣʠʯʠʥʦʶ ʬʣʫʢʪʫʘʮʽʡ ʧʨʦʮʝʩʽʚ 

ʛʝʥʝʨʘʮʽʾ ʪʘ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ. 

ɺʨʘʭʦʚʫʶʯʠ ʘʥʘʣʦʛ ʧʨʠʥʮʠʧʫ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ɻʝʡʟʝʥʙʝʨʛʘ, ʧʦʢʘʟʘʥʦ, ʱʦ 

ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʝʬʝʢʪʠʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʩʠʩʪʝʤʦʶ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʥʝʦʙʭʽʜʥʦ 

ʤʘʪʠ ʜʚʘ ʢʘʥʘʣʠ ʢʝʨʫʚʘʥʥʷ ï ʟʘ ʤʘʢʩʠʤʘʣʴʥʦʶ ʪʨʠʚʘʣʽʩʪʶ ʙʘʟʦʚʦʛʦ ʽʥʪʝʨʚʘʣʫ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʨʽʚʥʷ ʝʥʝʨʛʽʾ ʜʣʷ ʟʘʨʷʜʫ ʥʘʢʦʧʠʯʫʚʘʯʘ ʪʘ ʟʘ 

ʤʽʥʽʤʘʣʴʥʦʶ ʪʨʠʚʘʣʽʩʪʶ ʽʥʪʝʨʚʘʣʫ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ 

ʨʽʚʥʷ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʦʾ ʝʥʝʨʛʽʾ, ʱʦ ʦʪʨʠʤʫʻʪʴʩʷ ʚʽʜ ʫʩʪʘʥʦʚʦʢ ʥʘ ʦʩʥʦʚʽ 

ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ. 

ʅʘʷʚʥʽʩʪʴ ʬʣʫʢʪʫʘʮʽʡ ʧʨʦʮʝʩʽʚ ʛʝʥʝʨʘʮʽʾ ʪʘ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ, ʱʦ 

ʦʧʠʩʫʶʪʴʩʷ ɺʽʥʝʨʦʚʩʴʢʠʤ ʧʨʦʮʝʩʦʤ, ʚʠʢʣʠʢʘʻ ʢʦʣʠʚʘʥʥʷ ʩʠʩʪʝʤʠ 

ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʚ ʦʢʦʣʽ ʪʦʯʢʠ ʨʽʚʥʦʚʘʛʠ, ʽ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʚʠʭʦʜʫ ʩʠʩʪʝʤʠ 

ʽʟ ʟʦʥʠ ʩʪʽʡʢʦʾ ʨʦʙʦʪʠ. ɼʣʷ ʧʽʜʪʨʠʤʘʥʥʷ ʩʪʽʡʢʦʾ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʪʘ ʟʤʝʥʰʝʥʥʷ 

ʚʧʣʠʚʫ ʧʨʦʮʝʩʫ ʟʤʽʥʠ ʝʥʝʨʛʽʾ, ʰʦ ʚʽʜʧʦʚʽʜʘʻ ɺʽʥʝʨʦʚʩʴʢʦʤʫ ʧʨʦʮʝʩʫ, ʥʝʦʙʭʽʜʥʦ 

ʤʘʪʠ ʜʝʷʢʠʡ ʟʘʟʜʘʣʝʛʽʜʴ ʚʽʜʦʤʠʡ ʜʦʜʘʪʢʦʚʠʡ ʟʘʧʘʩ ʚʝʣʠʯʠʥʠ ʝʥʝʨʛʽʾ ʚ 
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ʥʘʢʦʧʠʯʫʚʘʯʽ, ʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ ʧʽʜʢʣʶʯʝʥʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʘʙʦ ʟʤʽʥʽ 

ʧʦʪʫʞʥʦʩʪʽ ʚʭʽʜʥʦʛʦ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ. 

ɿʘʢʦʥ ʧʦʚʪʦʨʥʦʛʦ ʣʦʛʘʨʠʬʤʘ ʜʦʟʚʣʷʻ ʚʠʟʥʘʯʠʪʠ, ʱʦ ʟ ʽʤʦʚʽʨʥʽʩʪʶ, ʱʦ 

ʜʦʨʽʚʥʶʻ ʦʜʠʥʠʮʽ, ʤʘʡʞʝ ʚʩʽ ʪʨʘʻʢʪʦʨʽʾ ʧʨʦʮʝʩʫ ɺʽʥʝʨʘ ( )W t  ʟʘʣʠʰʘʶʪʴʩʷ 

ʚʩʝʨʝʜʠʥʽ çʪʨʫʙʠè, ʱʦ ʨʦʟʰʠʨʶʻʪʴʩʷ ʤʽʞ ʢʨʠʚʠʤʠ ( )1 2 LogLogt t° +e  (ʜʣʷ 

ʙʫʜʴ-ʷʢʦʛʦ 0>e , ʧʦʯʠʥʘʶʯʠ ʟ ʜʝʷʢʦʛʦ ( )0 ,t e w). ɺ ʪʦʡ ʞʝ ʯʘʩ ʟ ʽʤʦʚʽʨʥʽʩʪʶ, ʱʦ 

ʜʦʨʽʚʥʶʻ ʦʜʠʥʠʮʽ, ʚʦʥʠ ʥʝʩʢʽʥʯʝʥʥʦ ʯʘʩʪʦ çʚʠʩʢʘʢʫʶʪʴè ʟ çʪʨʫʙʠè ʟ ʛʨʘʥʠʮʝʶ 

( )1 2 LogLogt t° -e  (ʨʠʩ. 1.14) [91]: 
( )

limsup 1
2 LogLogt

W t

t t­¤

= , 

( )
liminf 1

2 LogLogt

W t

t t­¤
=-. 

 

ʈʠʩ. 1.14. ɻʨʘʥʠʮʽ ʪʨʘʻʢʪʦʨʽʡ ʧʨʦʮʝʩʫ ɺʽʥʝʨʘ 

 

 ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʘʢʦʥʫ ʧʦʚʪʦʨʥʦʛʦ ʣʦʛʘʨʠʬʤʫ ʤʦʞʥʘ ʦʮʽʥʠʪʠ 

ʚʝʣʠʯʠʥʫ ʤʽʥʽʤʘʣʴʥʦʛʦ ʪʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʧʦʣʦʞʝʥʥʷ ʣʦʢʘʣʴʥʦʾ 

ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʚʽʜ ʪʦʯʢʠ ʩʧʦʢʦʶ. 

ɽʥʪʨʦʧʽʡʥʠʡ ʘʥʘʣʽʟ. ʆʢʨʽʤ ʚʠʢʦʥʘʥʥʷ ʫʤʦʚ ʙʘʣʘʥʩʫ ʝʥʝʨʛʽʾ, ʫ ʣʦʢʘʣʴʥʠʭ 

ʩʠʩʪʝʤʘʭ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʧʦʚʠʥʥʽ ʚʠʢʦʥʫʚʘʪʠʩʴ ʫʤʦʚʠ ʙʘʣʘʥʩʫ ʩʪʘʪʠʩʪʠʯʥʠʭ 
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ʤʦʤʝʥʪʽʚ: ʟʥʘʯʝʥʥʷ ʽʤʦʚʽʨʥʽʩʥʠʭ ʤʦʤʝʥʪʽʚ, ʟʦʢʨʝʤʘ ʝʥʪʨʦʧʽʾ, ʯʘʩʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ 

ʧʦʪʦʢʽʚ ʧʝʨʚʠʥʥʦʾ ʝʥʝʨʛʽʾ ʥʘ ʚʭʦʜʽ ʩʠʩʪʝʤʠ ʧʦʚʠʥʥʽ ʜʦʨʽʚʥʶʚʘʪʠ ʟʥʘʯʝʥʥʷʤ 

ʯʘʩʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʧʦʪʦʢʽʚ ʝʥʝʨʛʽʾ ʩʧʦʞʠʚʘʥʥʷ ʥʘ ʚʠʭʦʜʽ ʩʠʩʪʝʤʠ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʝʥʪʨʦʧʽʾ ʷʢ ʤʽʨʠ ʥʝʧʦʚʥʦʪʠ ʽʥʬʦʨʤʘʮʽʾ ʣʦʢʘʣʴʥʦʾ ʩʠʩʪʝʤʠ 

ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʜʦʟʚʦʣʷʻ ʥʝ ʪʽʣʴʢʠ ʜʝʪʘʣʴʥʽʰʝ ʟʨʦʟʫʤʽʪʠ ʩʧʝʮʠʬʽʯʥʽ 

ʦʩʦʙʣʠʚʦʩʪʽ ʪʽʻʾ ʯʠ ʽʥʰʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤʠ, ʘ ʡ ʦʮʽʥʠʪʠ ʘʜʝʢʚʘʪʥʽʩʪʴ 

ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ ʧʨʦʛʥʦʟʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ. ɺʝʣʠʯʠʥʘ 

ʟʥʘʯʝʥʥʷ ʝʥʪʨʦʧʽʾ ʭʘʨʘʢʪʝʨʠʟʫʻ ʪʝ, ʷʢ ʜʘʣʝʢʦ ʩʠʩʪʝʤʘ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ, 

ʚʽʜʭʠʣʠʣʘʩʷ ʚʽʜ ʫʧʦʨʷʜʢʦʚʘʥʦʛʦ, ʩʪʨʫʢʪʫʨʦʚʘʥʦʛʦ ʩʪʘʥʫ ʽ ʷʢ ʥʘʙʣʠʟʠʣʘʩʷ ʚʦʥʘ ʜʦ 

ʙʝʟʣʘʜʥʦʛʦ, ʧʦʚʥʽʩʪʶ ʭʘʦʪʠʯʥʦʛʦ, ʙʝʟʩʪʨʫʢʪʫʨʥʦʛʦ, ʦʜʥʦʨʽʜʥʦʛʦ ʚʠʛʣʷʜʫ 

[92, 93]. 

ɽʥʪʨʦʧʽʷ, ʷʢ ʤʽʨʘ ʧʦʨʷʜʢʫ/ʭʘʦʩʫ, ʚʠʚʯʘʣʘʩʷ ʚ ʩʠʩʪʝʤʘʭ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ: ʮʝ ʽ 

ʝʥʪʨʦʧʽʷ ʂʣʘʫʟʽʫʩʘ ʚ ʪʝʨʤʦʜʠʥʘʤʽʮʽ, ʽ ʝʥʪʨʦʧʽʷ ɹʦʣʴʮʤʘʥʘ ʚ ʩʪʘʪʠʩʪʠʯʥʽʡ ʬʽʟʠʮʽ, 

ʽ ʝʥʪʨʦʧʽʷ ʐʝʥʥʦʥʘ ʚ ʪʝʦʨʽʾ ʽʥʬʦʨʤʘʮʽʾ, ʽ ʝʥʪʨʦʧʽʷ ʂʦʣʤʦʛʦʨʦʚʘ ʚ ʪʝʦʨʽʾ 

ʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤ, ʽ ʝʥʪʨʦʧʽʷ ʬʦʥ ʅʝʡʤʘʥʘ ʚ ʢʚʘʥʪʦʚʽʡ ʤʝʭʘʥʽʮʽ [94]. ʋ ʪʘʙʣʠʮʽ 

1.10 ʥʘʚʝʜʝʥʦ ʤʘʪʝʤʘʪʠʯʥʠʡ ʦʧʠʩ ʪʘ ʦʩʦʙʣʠʚʦʩʪʽ ʨʽʟʥʠʭ ʚʠʜʽʚ ʝʥʪʨʦʧʽʾ. 

ʆʩʦʙʣʠʚʽʩʪʶ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ 

ʨʦʙʦʪʠ ʣʦʢʘʣʴʥʠʭ ʩʠʩʪʝʤ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ, ʷʢ ʚʽʜʢʨʠʪʠʭ ʩʠʩʪʝʤ, ʟʘ ʨʘʭʫʥʦʢ 

ʜʦʩʷʛʥʝʥʥʷ ʝʚʦʣʶʮʽʾ ʜʦ ʨʽʚʥʦʚʘʞʥʦʛʦ ʩʪʘʥʫ, ʻ ʚʠʟʥʘʯʝʥʥʷ ʝʥʪʨʦʧʽʡʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʮʝʩʽʚ ʛʝʥʝʨʘʮʽʾ ʪʘ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ. ɼʣʷ ʘʥʘʣʽʟʫ 

ʩʪʘʪʠʩʪʠʯʥʦʾ ʚʟʘʻʤʦʜʽʾ ʝʣʝʤʝʥʪʽʚ ʪʘʢʠʭ ʩʠʩʪʝʤ ʚʠʢʦʥʫʻʪʴʩʷ ʨʦʟʨʘʭʫʥʦʢ 

ʝʥʪʨʦʧʽʡʥʦʾ ʜʠʚʝʨʛʝʥʮʽʾ, ʱʦ ʚʨʘʭʦʚʫʻ ʥʝ ʪʽʣʴʢʠ ʨʽʚʥʦʤʽʨʥʠʡ, ʘʣʝ ʡ ʜʦʚʽʣʴʥʠʡ 

ʭʘʨʘʢʪʝʨ ʨʦʟʧʦʜʽʣʫ ʽʤʦʚʽʨʥʦʩʪʝʡ. 

  



 

 

ʊʘʙʣʠʮʷ 1.10. ʄʘʪʝʤʘʪʠʯʥʠʡ ʦʧʠʩ ʪʘ ʦʩʦʙʣʠʚʦʩʪʽ ʨʽʟʥʠʭ ʚʠʜʽʚ ʝʥʪʨʦʧʽʾ 

ˉ 

ʟ/ʧ 
ɺʠʜ ʝʥʪʨʦʧʽʾ ʄʘʪʝʤʘʪʠʯʥʠʡ ʦʧʠʩ ʆʩʦʙʣʠʚʦʩʪʽ 

1. ɽʥʪʨʦʧʽʷ ʂʣʘʫʟʽʫʩʘ ( )1S k dQ T= ñ , 

ʜʝ [ ]231,38 10 /k ɼʞ ʂ-= Ö  ï 

ʩʪʘʣʘ ɹʦʣʴʮʤʘʥʘ. 

ʇʨʠʨʽʩʪ ʝʥʪʨʦʧʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʟʤʽʥʘ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ 

dQ, ʚʽʜʥʝʩʝʥʘ ʜʦ ʘʙʩʦʣʶʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ T, ʽ ʽʥʪʝʛʨʘʣ 

( ) ( )1 1 1 2 2 2 1 1 2 2, , 0S V T S V T dQ T Q T Q T- = = - =ñ  ʥʝ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʰʣʷʭʫ ʽʥʪʝʛʨʫʚʘʥʥʷ ʚ ʧʨʦʩʪʦʨʽ ʟʤʽʥʥʠʭ 

( ),V T . ɯʥʪʝʛʨʘʣ ʂʣʘʫʟʽʫʩʘ S  ʻ ʬʫʥʢʮʽʻʶ ʩʪʘʥʫ ʩʠʩʪʝʤʠ. 

2. ɽʥʪʨʦʧʽʷ 

ɹʦʣʴʮʤʘʥʘ 
logS k P= , 

ʜʝ P  ï ʩʪʘʪʠʩʪʠʯʥʘ ʚʘʛʘ 

ʤʘʢʨʦʩʪʘʥʫ ʩʠʩʪʝʤʠ, ʱʦ 

ʜʦʨʽʚʥʶʻ ʯʠʩʣʫ ʩʧʦʩʦʙʽʚ, ʷʢʠʤ 

ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʠʡ ʜʘʥʠʡ 

ʤʘʢʨʦʩʪʘʥ. 

ʃʦʛʘʨʠʬʤ ʯʠʩʣʘ P  ʨʽʚʥʦʡʤʦʚʽʨʥʠʭ ʤʽʢʨʦʩʪʘʥʽʚ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ ʤʘʻ ʚʩʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʝʥʪʨʦʧʽʾ ʂʣʘʫʟʽʫʩʘ. ɽʥʪʨʦʧʽʷ ɹʦʣʴʮʤʘʥʘ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʠʩʪʝʤʫ, ʷʢʦʾ ʙʨʘʢʫʻ. 

3. ɽʥʪʨʦʧʽʷ ɻʽʙʙʩʘ 
0( )log ( )S k F X F X d S

G

=- G+ñ , 

ʜʝ ( )F X  ï ʛʫʩʪʠʥʘ ʡʤʦʚʽʨʥʦʩʪʽ 

ʩʪʘʥʽʚ ʧʦ ʬʘʟʦʚʦʤʫ 6N-

ʤʽʨʥʦʤʫ ũ-ʧʨʦʩʪʦʨʫ 

ʩʪʘʪʠʩʪʠʢʦ-ʬʽʟʠʯʥʦʾ ʩʠʩʪʝʤʠ; 

6X N-  ï ʢʦʦʨʜʠʥʘʪʘ ʮʴʦʛʦ 

ʧʨʦʩʪʦʨʫ. 

ɽʥʪʨʦʧʽʷ ɻʽʙʙʩʘ ʥʦʩʠʪʴ ʙʽʣʴʰ ʟʘʛʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʝʥʪʨʦʧʽʻʶ ɹʦʣʴʮʤʘʥʘ, ʦʩʢʽʣʴʢʠ ʬʦʨʤʘʣʴʥʦ 

ʚʨʘʭʦʚʫʻ ʢʦʨʝʣʷʮʽʶ ʩʪʘʥʽʚ. 
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4. ɽʥʪʨʦʧʽʷ ʐʝʥʥʦʥʘ 
2

1

log
n

i i

i

H p p
=

=-ä , 

ʜʝ n  ï ʢʽʣʴʢʽʩʪʴ ʩʠʤʚʦʣʽʚ, ʟ 

ʷʢʠʭ ʤʦʞʝ ʩʢʣʘʜʘʪʠʩʴ 

ʧʦʚʽʜʦʤʣʝʥʥʷ (ʘʣʬʘʚʽʪ). ʗʢʱʦ 

N  ï ʢʽʣʴʢʽʩʪʴ ʚʩʽʭ ʧʝʨʝʜʘʥʠʭ ʽ 

ʧʨʠʡʥʷʪʠʭ ʩʠʤʚʦʣʽʚ ʫ 

ʧʦʚʽʜʦʤʣʝʥʥʽ, ʪʦ i ip m N=  ï 

ʡʤʦʚʽʨʥʽʩʪʴ ʧʦʷʚʠ -̔ʛʦ ʩʠʤʚʦʣʘ 

ʫ ʧʦʚʽʜʦʤʣʝʥʥʽ, 
im  ï ʢʽʣʴʢʽʩʪʴ 

ʟʫʩʪʨʽʯʝʡ -̔ʛʦ ʩʠʤʚʦʣʘ ʚ 

ʧʦʚʽʜʦʤʣʝʥʥʽ. 

ɽʥʪʨʦʧʽʷ ʐʝʥʥʦʥʘ ï ʮʝ ʢʽʣʴʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʧʨʠʧʘʜʘʻ 

ʥʘ ʦʜʥʝ ʝʣʝʤʝʥʪʘʨʥʝ ʧʦʚʽʜʦʤʣʝʥʥʷ ʜʞʝʨʝʣʘ, ʷʢʝ ʚʠʨʦʙʣʷʻ 

ʩʪʘʪʠʩʪʠʯʥʦ ʥʝʟʘʣʝʞʥʽ ʧʦʚʽʜʦʤʣʝʥʥʷ. 

5. ɽʥʪʨʦʧʽʷ 

ʂʦʣʤʦʛʦʨʦʚʘ 0 0

( )
limlimlim
dt n

K n
K

ndte­ ­ ­¤
= , 

ʜʝ 

( ) ( )
0

( ) ( ) ln ( )
n

i n i n

i

K n f u t f u t
=

=-ä  

ï ʤʽʨʘ ʘʧʨʽʦʨʥʦʾ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʟʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʫ ʩʠʩʪʝʤʠ, ( )( )i nf u t  

ï ʩʫʤʽʩʥʘ ʽʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʚ 

ʤʦʤʝʥʪ ʯʘʩʫ 0t  ʟʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʫ ʩʠʩʪʝʤʠ 

ʟʥʘʭʦʜʠʣʦʩʴ ʫ ʢʦʤʽʨʮʽ e ʟ 

ʥʦʤʝʨʦʤ 0, ʚ ʢʦʤʽʨʮʽ 1 ï ʚ 

ʤʦʤʝʥʪ ʯʘʩʫ 1 0t t dt= +, ʽ ʪ.ʜ. ʜʦ 

ʤʦʤʝʥʪʫ ʯʘʩʫ 0nt t ndt= + . 

ɽʥʪʨʦʧʽʷ ʂʦʣʤʦʛʦʨʦʚʘ (ʂ-ʝʥʪʨʦʧʽʷ) ï ʮʝ ʝʥʪʨʦʧʽʷ 

ʝʨʛʦʜʠʯʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ ʟ ʛʨʘʥʠʯʥʠʤ ʨʦʟʧʦʜʽʣʦʤ 

ʽʤʦʚʽʨʥʦʩʪʽ ʟ ʛʫʩʪʠʥʦʶ ( )f x . ɺʦʥʘ ʜʘʻ ʦʮʽʥʢʫ ʰʚʠʜʢʦʩʪʽ 
ʚʪʨʘʪʠ ʽʥʬʦʨʤʘʮʽʾ ʽ ʤʦʞʝ ʨʦʟʛʣʷʜʘʪʠʩʴ ʷʢ ʤʽʨʘ çʧʘʤôʷʪʽè 

ʩʠʩʪʝʤʠ, ʘʙʦ ʤʽʨʘ ʰʚʠʜʢʦʩʪʽ çʟʘʙʫʚʘʥʥʷè ʧʦʯʘʪʢʦʚʠʭ 

ʫʤʦʚ. ɰʾ ʪʘʢʦʞ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʤʽʨʫ ʭʘʦʪʠʯʥʦʩʪʽ 

ʩʠʩʪʝʤʠ. ɼʣʷ ʧʨʦʮʝʩʫ çʙʝʟ ʧʘʤôʷʪʽè K­¤, ʘ ʫ ʚʠʧʘʜʢʫ 

ʨʝʛʫʣʷʨʥʦʛʦ ʧʨʦʮʝʩʫ 0K­ . ʏʠʤ ʤʝʥʰʝ ʟʥʘʯʝʥʥʷ K , 

ʪʠʤ ʙʽʣʴʰʝ ʜʝʪʝʨʤʽʥʦʚʘʥʦʶ ʻ ʩʠʩʪʝʤʘ. 
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6. ɽʥʪʨʦʧʽʷ ʈʝʥʴʾ ( )

1

1
( ) ln

1

N
q

i

i

R q p
q

e

=

å õ
= æ ö
- ç ÷
ä ,

( )

1

1
N

q

i

i

p
e

=

=ä , 

ʜʝ ( )i ip N Ne= , 
iN  ï ʢʽʣʴʢʽʩʪʴ 

ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ, ʫ -̔ʤʫ 

ʝʣʝʤʝʥʪʽ e-ʨʦʟʙʠʪʪʷ, ( )Ne  ï 

ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ 

ʟʘʜʘʥʦʛʦ e-ʨʦʟʙʠʪʪʷ, ʢʦʥʩʪʘʥʪʘ 
q  ʤʦʞʝ ʧʨʠʡʤʘʪʠ ʙʫʜʴ-ʷʢʽ 

ʟʥʘʯʝʥʥʷ. 

ɽʥʪʨʦʧʽʷ ʈʝʥʴʾ ï q -ʤʦʤʝʥʪ ʤʽʨʠ e-ʨʦʟʙʠʪʪʷ (ʧʦʢʨʠʪʪʷ). 

7. ɽʥʪʨʦʧʽʷ ʊʩʘʣʣʽʩʘ 

1

1

1

N
q

i

i
q

p

T k
q
=

-

=
-

ä
, 

1

1
N

i

i

p
=

=ä , 

q RÍ , 0k> , 

ʜʝ ( )i ip N Ne= ; iN  ï ʢʽʣʴʢʽʩʪʴ 

ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ, ʱʦ 

ʤʽʩʪʷʪʴʩʷ ʫ -̔ʤʫ ʝʣʝʤʝʥʪʽ e-
ʨʦʟʙʠʪʪʷ; ( )Ne  ï ʟʘʛʘʣʴʥʘ 

ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ ʟʘʜʘʥʦʛʦ e-
ʨʦʟʙʠʪʪʷ; k  ï ʨʦʟʤʽʨʥʘ 

ʢʦʥʩʪʘʥʪʘ. 

ɽʥʪʨʦʧʽʷ ʊʩʘʣʣʽʩʘ ʥʝ ʻ ʘʜʠʪʠʚʥʦʶ. ʗʢʱʦ ʜʚʽ ʩʠʩʪʝʤʠ ɸ ʪʘ 

ɺ ʥʝʟʘʣʝʞʥʽ, ʪʦ: 

2
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q q q

q q
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8. ɽʥʪʨʦʧʽʷ ʬʦʥ 

ʅʝʡʤʘʥʘ 

( )
1

log

log

n

i i

i

i i

S

Tr

r r

r r

=

=- =

=-

ä
, 

ʜʝ 
ir  ï ʤʘʪʨʠʮʷ ʛʫʩʪʠʥʠ 

ʡʤʦʚʽʨʥʦʩʪʽ, ( )iTr r  ï 

ʦʧʝʨʘʪʦʨ ʛʫʩʪʠʥʠ ï 

ʥʝʚʽʜôʻʤʥʠʡ ʝʨʤʽʪʽʚ ʦʧʝʨʘʪʦʨ ʟ 

ʦʜʠʥʠʯʥʠʤ ʩʣʽʜʦʤ ʚ ʧʨʦʩʪʦʨʽ 

ʩʪʘʥʽʚ. 

ɽʥʪʨʦʧʽʷ ʬʦʥ ʅʝʡʤʘʥʘ ʧʦʚôʷʟʘʥʘ ʟ ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ 

ʢʚʘʥʪʦʚʫ ʩʠʩʪʝʤʫ, ʱʦ ʦʧʠʩʫʻʪʴʩʷ ʤʘʪʨʠʮʝʶ ʛʫʩʪʠʥʠ. 
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ʌʨʘʢʪʘʣʴʥʠʡ ʘʥʘʣʽʟ. ʇʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ 

ʛʝʥʝʨʘʮʽʾ ʪʘ ʩʧʦʞʠʚʘʥʥʷ ʜʦʩʷʛʘʻʪʴʩʷ ʰʣʷʭʦʤ ʚʨʘʭʫʚʘʥʥʷ ʬʨʘʢʪʘʣʴʥʦʾ ʧʨʠʨʦʜʠ 

ʧʨʦʮʝʩʽʚ ʛʝʥʝʨʘʮʽʾ ʪʘ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʚ ʯʘʩʽ, ʘʜʞʝ ʧʦʨʫʯ ʽʟ ʢʨʠʪʠʯʥʦʶ ʪʦʯʢʦʶ 

ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʬʣʫʢʪʫʘʮʽʾ ʨʽʟʥʦʾ ʘʤʧʣʽʪʫʜʠ ʩʪʘʶʪʴ ʨʽʚʥʦʽʤʦʚʽʨʥʠʤʠ. 

ʈʦʟʨʘʭʫʥʦʢ ʬʨʘʢʪʘʣʴʥʦʾ ʨʦʟʤʽʨʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʘʥʘʣʽʟ 

ʩʪʘʙʽʣʴʥʦʩʪʽ ʪʘ ʩʪʽʡʢʦʩʪʽ ʣʦʢʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʪʘ ʧʨʦʛʥʦʟʫʚʘʪʠ 

ʥʘʙʣʠʞʝʥʥʷ ʟʤʽʥʠ ʪʨʝʥʜʽʚ ʮʠʭ ʧʨʦʮʝʩʽʚ. ɯʩʥʫʻ ʜʝʢʽʣʴʢʘ ʤʝʪʦʜʽʚ ʬʨʘʢʪʘʣʴʥʦʛʦ 

ʘʥʘʣʽʟʫ, ʷʢʽ ʨʘʥʽʰʝ ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʷ ʜʣʷ ʝʢʦʥʦʤʽʯʥʠʭ ʩʠʩʪʝʤ [95 ï 99], ʽ 

ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʦʮʽʥʢʫ ʩʪʘʙʽʣʴʥʦʩʪʽ ʪʘ ʩʪʽʡʢʦʩʪʽ ʘʥʘʣʽʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ. 

ʌʨʘʢʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ï ʮʝ ʤʝʪʦʜ ʚʠʷʚʣʝʥʥʷ ʻʜʠʥʦʛʦ ʯʠʩʝʣʴʥʦʛʦ ʧʘʨʘʤʝʪʨʘ 

ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʯʘʩʦʚʦʛʦ ʨʷʜʫ ï ʬʨʘʢʪʘʣʴʥʦʾ ʨʦʟʤʽʨʥʦʩʪʽ D  ʘʙʦ fD  

(ʨʦʟʤʽʨʥʽʩʪʴ ʍʘʫʩʜʦʨʬʘ) [100 ï 102]: 

 
0

ln
lim

ln

N
D

­
=
d d

, (1.6) 

ʜʝ N  ï ʧʘʨʘʤʝʪʨ ʩʪʨʫʢʪʫʨʠ (ʤʽʨʘ); d ï ʧʘʨʘʤʝʪʨ ʤʘʩʰʪʘʙʫ. ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ 

ln ( )Nd ʚʽʜ lnd ï ʧʨʷʤʘ ʣʽʥʽʷ ʟ ʢʫʪʦʚʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ï D . 

ɿʘ ʄʘʥʜʝʣʴʙʨʦʪʦʤ [103], ʜʣʷ ʬʨʘʢʪʘʣʴʥʠʭ ʦʙôʻʢʪʽʚ ʬʨʘʢʪʘʣʴʥʘ ʨʦʟʤʽʨʥʽʩʪʴ 

ʤʘʻ ʙʫʪʠ ʙʽʣʴʰʝ ʪʦʧʦʣʦʛʽʯʥʦʾ: tD d> , ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʫʩʢʣʘʜʥʝʥʥʷ ʤʥʦʞʠʥʠ. 

ʗʢʱʦ ʮʝ ʢʨʠʚʘ, ʟ ʪʦʧʦʣʦʛʽʯʥʦʶ ʨʦʟʤʽʨʥʽʩʪʶ ʨʽʚʥʦʶ 1, ʪʦ ʢʨʠʚʫ ʤʦʞʥʘ 

ʫʩʢʣʘʜʥʠʪʠ ʰʣʷʭʦʤ ʥʝʩʢʽʥʯʝʥʥʦʛʦ ʯʠʩʣʘ ʟʛʠʥʘʥʴ ʽ ʨʦʟʛʘʣʫʞʝʥʴ ʥʘʩʪʽʣʴʢʠ, ʱʦ ʾʾ 

ʬʨʘʢʪʘʣʴʥʘ ʨʦʟʤʽʨʥʽʩʪʴ ʥʘʙʣʠʟʠʪʴʩʷ ʜʦ ʜʚʦʭ. ʊʦʙʪʦ ʢʨʠʚʘ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʣʽʥʽʡ 

ʨʦʟʤʽʨʥʽʩʪʶ 1, ʷʢ ʮʽʣʽʩʥʠʡ ʦʙôʻʢʪ ʥʝ ʟʤʦʞʝ ʽʩʥʫʚʘʪʠ ʧʦʟʘ ʧʣʦʱʠʥʦʶ. ʇʦ ʩʫʪʽ 

ʚʠʟʥʘʯʝʥʥʷ ʬʨʘʢʪʘʣʴʥʦʾ ʨʦʟʤʽʨʥʦʩʪʽ ʚʽʜʦʙʨʘʞʘʻ ʚʣʘʩʪʠʚʽʩʪʴ ʤʘʩʰʪʘʙʥʦʾ 

ʽʥʚʘʨʽʘʥʪʥʦʩʪʽ ʨʦʟʛʣʷʥʫʪʦʾ ʤʥʦʞʠʥʠ. 

ɿʘ ʫʤʦʚʠ, ʱʦ ʬʨʘʢʪʘʣʴʥʘ ʨʦʟʤʽʨʥʽʩʪʴ ʣʝʞʠʪʴ ʚ ʤʝʞʘʭ 1 1,5D< <  ʯʘʩʦʚʽ 

ʨʷʜʠ ʧʨʦʮʝʩʽʚ ʛʝʥʝʨʘʮʽʾ ʝʥʝʨʛʽʾ ʤʘʶʪʴ ʜʦʚʛʦʪʨʠʚʘʣʫ ʢʦʨʝʣʷʮʽʶ, ʾʭ ʪʨʝʥʜ ʻ 

ʩʪʽʡʢʠʤ [104]. ɹʣʠʟʴʢʝ ʜʦ ʦʜʠʥʠʮʽ ʟʥʘʯʝʥʥʷ ʬʨʘʢʪʘʣʴʥʦʾ ʨʦʟʤʽʨʥʦʩʪʽ ʚʢʘʟʫʻ ʥʘ 

ʰʚʠʜʢʝ ʟʘʢʽʥʯʝʥʥʷ ʧʦʪʦʯʥʦʛʦ ʪʨʝʥʜʫ. ʇʨʠ 1,5D=  ʧʦʚʝʜʽʥʢʘ ʣʦʢʘʣʴʥʦʾ 

ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʻ ʩʪʦʭʘʩʪʠʯʥʦʶ, ʽ ʜʦʙʨʝ ʦʧʠʩʫʻʪʴʩʷ ʢʣʘʩʠʯʥʠʤʠ 
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ʩʪʘʪʠʩʪʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ [105]. ʇʨʠ 1,5 2D< < ʟ ʥʘʙʣʠʞʝʥʥʷʤ ʟʥʘʯʝʥʥʷ ʜʦ 2, 

ʯʘʩʦʚʽ ʨʷʜʠ ʩʪʘʶʪʴ ʥʝʣʽʥʽʡʥʠʤʠ, ʩʠʩʪʝʤʘ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʧʝʨʝʭʦʜʠʪʴ ʫ 

ʥʝʩʪʽʡʢʠʡ ʩʪʘʥ [106]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʨʘʭʦʚʫʶʯʠ ʬʨʘʢʪʘʣʴʥʫ ʨʦʟʤʽʨʥʽʩʪʴ, ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ 

ʢʨʠʪʠʯʥʽ ʪʦʯʢʠ ʨʦʙʦʪʠ ʣʦʢʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ, ʱʦ ʧʝʨʝʜʫʶʪʴ ʟʤʽʥʽ 

ʪʨʝʥʜʫ, ʨʽʟʢʦʤʫ ʩʪʨʠʙʢʫ ʘʙʦ ʦʙʚʘʣʫ ʧʦʢʘʟʥʠʢʽʚ ʯʘʩʦʚʠʭ ʨʷʜʽʚ ʧʨʦʮʝʩʽʚ ʛʝʥʝʨʘʮʽʾ 

ʪʘ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ. 

ʊʝʦʨʽʷ ʤʦʤʝʥʪʽʚ. ɺ ʢʣʘʩʠʯʥʽʡ ʧʨʦʙʣʝʤʽ ʤʦʤʝʥʪʽʚ ʥʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ 

ʬʫʥʢʮʽʶ ( )ts , ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦʩʣʽʜʦʚʥʽʩʪʶ ʯʠʩʝʣ ( )k

km t d t
¤

-¤

=ñs , 

( ) ( ) ( )d t t dt f t¡= =s s , 0,1,2,...k=  [107, 108]. ʇʨʦʙʣʝʤʘ ʤʦʤʝʥʪʽʚ, ʱʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 

ʫ ʟʘʜʘʯʘʭ ʘʥʘʣʽʟʫ, ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʪʘ ʢʝʨʫʚʘʥʥʷ ʜʠʥʘʤʽʯʥʠʤʠ ʦʙôʻʢʪʘʤʠ [109] 

ʬʦʨʤʫʣʶʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

 { }( ) ( ) ( )
b

k k k

a

m m f t h t f t dt= =ñ , (1.7) 

ʜʝ ( )kh t  ï ʤʦʤʝʥʪʥʽ ʬʫʥʢʮʽʾ k-ʛʦ ʧʦʨʷʜʢʫ, ʽ ʜʦʟʚʦʣʷʻ ʚʠʨʽʰʫʚʘʪʠ ʣʽʥʽʡʥʽ 

ʩʪʘʮʽʦʥʘʨʥʽ ʪʘ ʥʝʩʪʘʮʽʦʥʘʨʥʽ ʜʠʬʝʨʝʥʮʽʡʥʽ ʨʽʚʥʷʥʥʷ, ʚʽʜʥʦʚʣʶʚʘʪʠ ʦʨʠʛʽʥʘʣ 

ʬʫʥʢʮʽʾ ʧʦ ʾʾ ʟʦʙʨʘʞʝʥʥʶ, ʘʥʘʣʽʟʫʚʘʪʠ ʩʠʩʪʝʤʠ ʟ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

[110]. ʊʘʢʦʞ ʤʦʤʝʥʪʠ ʤʘʶʪʴ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʧʨʠ ʧʦʙʫʜʦʚʽ ʧʨʦʛʥʦʟʫʶʯʠʭ 

ʧʨʠʩʪʨʦʾʚ [111]. 

ʌʫʥʢʮʽʾ ( )f t , ( , )t a bÍ , ʱʦ ʧʨʝʜʩʪʘʚʣʷʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʚʝʢʪʦʨʘ 

[ ]0,...,N Nm m m= , ʝʣʝʤʝʥʪʠ ʷʢʦʛʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ (1.7), ʫʪʚʦʨʶʶʪʴ 

ʤʦʤʝʥʪʥʠʡ ʧʨʦʩʪʽʨ 
( , )a b

Nm , ʽʥʜʫʢʦʚʘʥʠʡ ʩʠʩʪʝʤʦʶ ʏʝʙʠʰʝʚʘ {}
N

n

O
t  [112]. 

ʇʨʷʤʠʤ ʤʦʤʝʥʪʥʠʤ ʧʝʨʝʪʚʦʨʝʥʥʷʤ N-ʛʦ ʧʦʨʷʜʢʫ { }1( )N fQ t  ʬʫʥʢʮʽʡ 

( )1( ) ( )f f b a a= - +t t , ʜʝ (0,1)Ít , ʥʘʟʠʚʘʻʪʴʩʷ ʦʧʝʨʘʮʽʷ ʚʠʟʥʘʯʝʥʥʷ ʩʢʣʘʜʦʚʠʭ 

ʚʝʢʪʦʨʘ: 

 { } { } { } { }1 0 1 1 1( ) ( ) ,..., ( ) ,..., ( )N n Nm f m f m f m f=è øê út t t t, (1.8) 
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ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʨʘʟʫ { }
( )

0

( ) ( )

b a

n

n nm m f t f t a t dt

-

= = +ñ , ʜʝ 

{ } { } 1

1( ) ( ) ( )n

n nm f m f t b a += -t , ʱʦ ʚʢʘʟʫʻ ʥʘ ʚʟʘʻʤʦʦʜʥʦʟʥʘʯʥʽʩʪʴ ʽʥʪʝʨʚʘʣʽʚ 

(0, 1) ʪʘ ( , )a b . 

 ɿʚʦʨʦʪʥʠʤ ʤʦʤʝʥʪʥʠʤ ʧʝʨʝʪʚʦʨʝʥʥʷʤ { }1

N Nm-Q  ʥʘʟʠʚʘʻʪʴʩʷ ʦʧʝʨʘʮʽʷ 

ʚʽʜʥʦʚʣʝʥʥʷ ʬʫʥʢʮʽʾ 
1( )f t ʟʘ ʾʾ ʚʝʢʪʦʨʦʤ { }1( )Nm f t  ʥʘ ʦʩʥʦʚʽ ʨʷʜʫ: 

 
1

0

( ) ( )
K

k k

k

f c
=

ºät j t, K N¢ , (1.9) 

ʜʝ kc  ï ʚʽʜʧʦʚʽʜʥʽ ʯʠʩʣʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ, { }( ) ( )
K

k k ʆ
Íj t j t ï ʙʘʟʦʚʽ ʬʫʥʢʮʽʾ, ʱʦ 

ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʫʤʦʚʫ { }
0, 0,

( ), (0,1) ( )k n k
k K n N

m
= =
" Í $ <¤j t t j t . ɼʣʷ ʚʽʜʥʦʚʣʝʥʥʷ 

ʬʫʥʢʮʽʾ 
1( )f t  ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʝʧʝʥʝʚʠʭ ʧʦʣʽʥʦʤʽʚ ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ 

ʦʨʪʦʛʦʥʘʣʴʥʽ ʩʠʩʪʝʤʠ ʧʦʣʽʥʦʤʽʚ ʃʝʞʘʥʜʨʘ [113], ʋʦʣʰʘ ʪʘ ʍʘʘʨʘ [114, 115]. 

 ɿʘʩʪʦʩʦʚʫʶʯʠ ʤʦʤʝʥʪʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʦ ʣʦʢʘʣʴʥʦʾ ʩʠʩʪʝʤʠ 

ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ, ʤʦʞʥʘ ʚʽʜʥʦʚʠʪʠ ʽʤʦʚʽʨʥʽʩʥʠʡ ʨʦʟʧʦʜʽʣ ʧʨʦʮʝʩʽʚ ʛʝʥʝʨʘʮʽʾ ʪʘ 

ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʚʠʢʦʥʘʪʠ ʡʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘ ʥʘʩʪʫʧʥʠʡ ʽʥʪʝʨʚʘʣ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ. 

ʊʝʦʨʽʷ ʤʘʨʪʠʥʛʘʣʽʚ ʦʧʠʩʫʻ ʧʨʦʮʝʩʠ ʢʦʣʠʚʘʥʥʷ ʨʽʚʥʷ ʝʥʝʨʛʽʾ ʥʘ ʚʠʭʦʜʽ 

ʫʩʪʘʥʦʚʦʢ ʥʘ ʦʩʥʦʚʽ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʚʽʜʥʦʩʥʦ ʾʾ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʽ, 

ʚʽʜʧʦʚʽʜʥʦ, ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʽʜʭʠʣʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʝʥʝʨʛʽʾ, ʱʦ 

ʧʦʪʨʘʧʣʷʻ ʥʘ ʟʘʨʷʜ ʘʙʦ ʨʦʟʨʷʜ ʥʘʢʦʧʠʯʫʚʘʯʘ, ʱʦ ʻ ʚʠʧʘʜʢʦʚʠʤʠ, ʽ ʾʭ ʤʘʪʝʤʘʪʠʯʥʝ 

ʦʯʽʢʫʚʘʥʥʷ ʥʘ ʥʘʩʪʫʧʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʜʦʨʽʚʥʶʻ ʟʥʘʯʝʥʥʶ ʧʨʦʮʝʩʫ 

ʥʘ ʧʦʪʦʯʥʦʤʫ ʽʥʪʝʨʚʘʣʽ [116, 117]. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʚ ʢʽʥʮʽ ʽʥʪʝʨʚʘʣʫ ʢʝʨʫʚʘʥʥʷ 

çʚʠʛʨʘʰè ʧʦ ʝʥʝʨʛʽʾ ʙʫʜʝ ʤʽʥʽʤʘʣʴʥʠʤ, ʘʙʦ ʚʽʜʩʫʪʥʽʤ, ʷʢʠʤʠ ʙ ʝʬʝʢʪʠʚʥʠʤʠ ʥʝ 

ʙʫʣʠ ʩʪʨʘʪʝʛʽʾ ʢʝʨʫʚʘʥʥʷ. ʇʨʦʪʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʦʨʽʾ ʤʘʨʪʠʥʛʘʣʽʚ ʜʦʟʚʦʣʷʻ 

ʨʦʟʨʘʭʫʚʘʪʠ ʽʤʦʚʽʨʥʦʩʪʽ ʦʪʨʠʤʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʝʥʝʨʛʽʾ, ʱʦ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʟʘʨʷʜ 

ʥʘʢʦʧʠʯʫʚʘʯʘ, ʪʘ ʢʽʣʴʢʦʩʪʽ ʝʥʝʨʛʽʾ, ʱʦ ʦʪʨʠʤʫʻʪʴʩʷ ʧʨʠ ʡʦʛʦ ʨʦʟʨʷʜʽ, ʷʢʽ ʚ 

ʧʦʜʘʣʴʰʦʤʫ ʚʨʘʭʦʚʫʶʪʴʩʷ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʛʥʦʟʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʣʦʢʘʣʴʥʦʶ 

ʩʠʩʪʝʤʦʶ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ. 
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ɸʧʨʦʢʩʠʤʘʮʽʷ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ ʜʘʥʠʭ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʮʽʾ ʪʘ 

ʩʧʦʞʠʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʨʪʦʛʦʥʘʣʴʥʠʭ ʬʫʥʢʮʽʡ. ʅʦʨʤʘʣʽʟʘʮʽʷ ʜʘʥʠʭ 

ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʮʽʾ ʪʘ ʩʧʦʞʠʚʘʥʥʷ ʧʨʠ ʾʭ ʧʦʧʝʨʝʜʥʽʡ ʦʙʨʦʙʮʽ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʷʢʦʾ 

ʜʘʥʽ ʧʨʠʚʦʜʷʪʴʩʷ ʜʦ ʥʝʦʙʭʽʜʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʪʘ ʨʦʟʧʦʜʽʣʫ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʾʭ ʘʧʨʦʢʩʠʤʘʮʽʾ, ʝʢʩʪʨʘʧʦʣʷʮʽʾ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ ʥʘ ʽʥʪʝʨʚʘʣʘʭ ʩʧʦʩʪʝʨʝʞʝʥʥʷ. 

ʉʝʨʝʜ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʘʧʨʦʢʩʠʤʘʮʽʾ ʥʘʡʙʽʣʴʰ ʯʘʩʪʦ ʚʞʠʚʘʥʠʤʠ ʧʨʠ 

ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʚ ʣʦʢʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʻ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ, 

ʋʦʣʰʘ ʪʘ ʍʘʘʨʘ, ʢʦʞʥʝ ʟ ʷʢʠʭ ʤʘʻ ʥʠʟʢʫ ʧʝʨʝʚʘʛ. ʅʘʧʨʠʢʣʘʜ, ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʧʝʨʝʪʚʦʨʝʥʴ ʋʦʣʰʘ ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʩʧʨʦʩʪʠʪʠ ʽ ʧʨʠʩʢʦʨʠʪʠ ʦʙʨʦʙʢʫ ʽʥʬʦʨʤʘʮʽʾ. 

ʐʠʨʦʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʝʪʚʦʨʝʥʴ ʋʦʣʰʘ ʚ ʧʨʠʢʣʘʜʥʠʭ ʟʘʜʘʯʘʭ ʩʧʠʨʘʻʪʴʩʷ ʥʘ 

ʤʦʞʣʠʚʽʩʪʴ ʾʭ ʦʙʯʠʩʣʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʰʚʠʜʢʠʭ ʘʣʛʦʨʠʪʤʽʚ, ʱʦ ʤʘʶʪʴ ʽʩʪʦʪʥʦ 

ʤʝʥʰʫ ʦʙʯʠʩʣʶʚʘʣʴʥʦʶ ʩʢʣʘʜʥʽʩʪʴ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʣʘʩʠʯʥʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ 

ʧʝʨʝʪʚʦʨʝʥʴ. 

ʉʠʩʪʝʤʘ ʥʝʧʝʨʝʨʚʥʠʭ ʬʫʥʢʮʽʡ ʋʦʣʰʘ ʚ ʦʨʠʛʽʥʘʣʴʥʽʡ ʥʫʤʝʨʘʮʽʾ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ [118]: 

 

()

0

1

0

( ) 1;

( ) ,

gray
inm

n i
i

wal x

wal x r x
-

=

=

=Ô
 (1.10) 

ʜʝ gray

in  ï ʟʥʘʯʝʥʥʷ -̔ʛʦ ʨʦʟʨʷʜʫ ʥʦʤʝʨʘ ʬʫʥʢʮʽʾ ʋʦʣʰʘ n ʚ ʢʦʜʽ ɻʨʝʷ, m ï ʨʽʚʝʥʴ 

ʩʠʛʥʘʣʫ. 

ʅʘ ʨʠʩ. 1.15 ʟʦʙʨʘʞʝʥʦ ʩʠʩʪʝʤʫ ʥʝʧʝʨʝʨʚʥʠʭ ʬʫʥʢʮʽʡ ʋʦʣʰʘ ʨʦʟʤʽʨʥʽʩʪʶ 

8N=  ʚ ʦʨʠʛʽʥʘʣʴʥʽʡ ʥʫʤʝʨʘʮʽʾ, ʘʥʘʣʽʪʠʯʥʽ ʚʠʨʘʟʠ ʷʢʠʭ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 1.11. 

 

ʈʠʩ. 1.15. ɻʨʘʬʽʢʠ ʬʫʥʢʮʽʡ ʋʦʣʰʘ ʚ ʫʧʦʨʷʜʢʫʚʘʥʥʽ ʋʦʣʰʘ ʧʨʠ 8N=  
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ʊʘʙʣʠʮʷ 1.11. ɺʠʨʘʟʠ ʜʣʷ ʬʫʥʢʮʽʡ ʋʦʣʰʘ ʧʨʠ 8N=  

ʅʦʤʝʨ n 

ʬʫʥʢʮʽʾ ʋʦʣʰʘ 
bin

n  
gray

n  
ʌʦʨʤʫʣʘ ʬʫʥʢʮʽʾ 

ʋʦʣʰʘ 

0 000 000 0( ) 1wal x =  

1 001 001 1 0( ) ( )wal x r x=  

2 010 011 2 0 1( ) ( ) ( )wal x r x r x=  

3 011 010 3 1( ) ( )wal x r x=  

4 100 110 4 1 2( ) ( ) ( )wal x r x r x=  

5 101 111 5 0 1 2( ) ( ) ( ) ( )wal x r x r x r x=  

6 110 101 6 0 2( ) ( ) ( )wal x r x r x=  

7 111 100 6 2( ) ( )wal x r x=  

 

ʈʦʟʛʣʷʥʫʪʽ ʬʫʥʢʮʽʾ ʚʧʦʨʷʜʢʦʚʘʥʽ ʟʘ ʢʽʣʴʢʽʩʪʶ ʟʥʘʢʦʟʤʽʥ, ʧʨʦʪʝ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʘʥʠʭ ʬʫʥʢʮʽʡ ʚ ʝʣʝʢʪʨʦʥʥʦ-ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʤʘʰʠʥʘʭ ʟʜʦʙʫʣʠ 

ʧʦʰʠʨʝʥʥʷ ʽʥʰʽ ʩʧʦʩʦʙʠ ʚʧʦʨʷʜʢʫʚʘʥʥʷ. 

ɼʠʩʢʨʝʪʥʽ ʬʫʥʢʮʽʾ ʋʦʣʰʘ ʻ ʜʠʩʢʨʝʪʠʟʦʚʘʥʠʤʠ ʧʦ ʯʘʩʫ ʥʝʧʝʨʝʨʚʥʠʤʠ 

ʬʫʥʢʮʽʷʤʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 

 ( )
1

0

1

0

( ) 1 ( 1)

m

i i i i
i

m
n k n k

n
i

W k

-

=

-

=

ä= - = -Ô , (1.11) 

ʜʝ n ï ʥʦʤʝʨ ʬʫʥʢʮʽʾ, 0,1,2..., 1k m= - ï ʥʦʤʝʨ ʚʽʜʣʽʢʫ, m ï ʨʽʚʝʥʴ ʩʠʛʥʘʣʫ, in  ï i

-ʡ ʨʦʟʨʷʜ ʫ ʜʚʽʡʢʦʚʦʤʫ ʟʘʧʠʩʽ ʥʦʤʝʨʫ ʬʫʥʢʮʽʾ n, ik  ï i -ʡ ʨʦʟʨʷʜ ʫ ʜʚʽʡʢʦʚʦʤʫ 

ʟʘʧʠʩʽ ʥʦʤʝʨʫ ʚʽʜʣʽʢʫ k . 

ʅʘ ʨʠʩ. 1.16 ʥʘʚʝʜʝʥʦ ʛʨʘʬʽʢʠ ʦʪʨʠʤʘʥʠʭ ʜʠʩʢʨʝʪʥʠʭ ʬʫʥʢʮʽʡ ʋʦʣʰʘ ʧʨʠ 

ʜʦʚʞʠʥʽ ʩʠʛʥʘʣʫ 
32 8N= =  ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʢʫʨʝʥʪʥʦʛʦ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʱʦ ʟʥʘʯʥʦ ʩʢʦʨʦʯʫʻ ʢʽʣʴʢʽʩʪʴ ʨʦʟʨʘʭʫʥʢʽʚ. 
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ʈʠʩ. 1.16. ɻʨʘʬʽʢʠ ʜʠʩʢʨʝʪʥʠʭ ʬʫʥʢʮʽʡ ʋʦʣʰʘ ʧʨʠ ʜʦʚʞʠʥʽ ʩʠʛʥʘʣʫ 
32 8N= = 

 

ʆʜʥʘʢ ʬʫʥʢʮʽʾ ʋʦʣʰʘ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʣʽʥʽʡʥʦʾ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʜʞʝʨʝʣʘ 

ʝʥʝʨʛʽʾ, ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʫʩʪʘʥʦʚʮʽ ʟ ɺɼɽ, ʪʦʤʫ ʜʣʷ ʘʧʨʦʢʩʠʤʘʮʽʾ ʛʨʘʬʽʢʫ ʟʤʽʥʠ 

ʧʦʪʦʢʫ ʧʝʨʚʠʥʥʦʾ ʝʥʝʨʛʽʾ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʣʽʥʽʡʥʽ ʥʘʙʣʠʞʝʥʥʷ, 

ʥʘʧʨʠʢʣʘʜ, ʬʫʥʢʮʽʾ ʌʨʘʥʢʣʽʥʘ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʥʝʦʙʭʽʜʥʫ ʪʦʯʥʽʩʪʴ ʪʘ 

ʟʤʝʥʰʠʪʠ ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ ʨʦʟʨʘʭʫʥʢʽʚ. 

ʌʫʥʢʮʽʾ ʌʨʘʥʢʣʽʥʘ [119] ʙʫʜʫʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʘʚʝʜʝʥʠʭ ʥʠʞʯʝ ʚʠʨʘʟʽʚ: 
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, (1.12) 

ʜʝ i  ï ʥʦʤʝʨ ʬʫʥʢʮʽʾ ʌʨʘʥʢʣʽʥʘ; iu ï ʥʘʙʽʨ ʬʫʥʢʮʽʡ, ʚʠʟʥʘʯʝʥʠʭ ʥʘ ʽʥʪʝʨʚʘʣʽ 

ʟʤʽʥʠ ʟʤʽʥʥʦʾ 0 1t¢ ¢: 
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ʜʝ ( )2 1 2 2k k

ia i= - - , k  ï ʥʘʡʙʽʣʴʰʠʡ ʩʪʝʧʽʥʴ 2 ʫ 2 1i-. ʊʘʢʠʤ ʯʠʥʦʤ ia  
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 ɼʠʩʢʨʝʪʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʬʫʥʢʮʽʡ ʌʨʘʥʢʣʽʥʘ ʤʘʻ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 
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ʜʝ j  ï ʥʦʤʝʨ ʚʽʜʣʽʢʫ; ( )i nu  ï ʥʘʙʽʨ ʜʠʩʢʨʝʪʥʠʭ ʬʫʥʢʮʽʡ, ʚʠʟʥʘʯʝʥʠʭ ʥʘ ʽʥʪʝʨʚʘʣʽ 

ʟʤʽʥʠ ʟʤʽʥʥʦʾ 0 1n N¢ ¢ -, ʧʦʜʽʙʥʠʭ ʥʝʧʝʨʝʨʚʥʠʤ ʬʫʥʢʮʽʷʤ ʫ ʚʠʨʘʟʽ (1.10). 

ɼʠʩʢʨʝʪʥʽ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʡ ʌʨʘʥʢʣʽʥʘ ʤʦʞʫʪʴ ʥʝ ʩʧʽʚʧʘʜʘʪʠ ʟ ʪʦʯʢʘʤʠ ʨʦʟʨʠʚʫ 

ʥʝʧʝʨʝʨʚʥʠʭ ʬʫʥʢʮʽʡ. 

ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʬʫʥʢʮʽʷ ʟʤʽʥʠ ʧʦʪʦʢʫ ʧʝʨʚʠʥʥʦʾ ʝʥʝʨʛʽʾ ʻ ʧʝʨʽʦʜʠʯʥʦʶ, 

ʜʣʷ ʢʫʩʢʦʚʦ-ʣʽʥʽʡʥʦʾ ʘʧʨʦʢʩʠʤʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʣʽʥʽʡʥʽ ʬʫʥʢʮʽʾ ʥʘ ʙʘʟʽ 

ʬʫʥʢʮʽʡ ʋʦʣʰʘ, ʦʩʢʽʣʴʢʠ ʬʫʥʢʮʽʾ ʌʨʘʥʢʣʽʥʘ ʻ ʥʝʧʝʨʽʦʜʠʯʥʠʤʠ ʪʘ 

ʥʝʩʠʤʝʪʨʠʯʥʠʤʠ. 

ɺʽʜʥʦʚʣʝʥʥʷ ʜʘʥʠʭ ʫ ʣʦʢʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʤʝʪʦʜʘʤʠ ʽʥʪʝʨʧʦʣʷʮʽʾ, ʨʝʛʨʝʩʽʾ ʪʘ ʫʩʝʨʝʜʥʝʥʥʷ, ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʥʝ ʚʨʘʭʦʚʫʶʪʴʩʷ 

ʬʽʟʠʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʜʘʥʠʭ [120]. ɼʣʷ ʚʨʘʭʫʚʘʥʥʷ ʮʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ, ʚ ʷʢʠʭ ʜʘʥʽ ʚʽʜʥʦʚʣʶʶʪʴʩʷ 

ʤʘʪʝʤʘʪʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ ʧʽʩʣʷ ʧʽʜʩʪʘʥʦʚʢʠ ʜʘʥʠʭ ʧʨʦ ʦʙôʻʢʪ ʫ ʬʽʟʠʯʥʫ ʤʦʜʝʣʴ, 
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ʷʢ ʮʝ ʨʦʙʠʪʴʩʷ, ʥʘʧʨʠʢʣʘʜ, ʚ ʤʝʪʦʜʽ ʩʠʥʪʝʟʫ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʜʘʥʠʭ [121]. ʇʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʚʦʚʠʤʽʨʥʠʭ ʤʘʩʠʚʽʚ ï ʤʘʪʨʠʮʴ ʜʣʷ ʦʧʠʩʫ ʜʘʥʠʭ, ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʝʪʦʜʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʘʪʨʠʮʴ, ʥʘʧʨʠʢʣʘʜ, ʤʝʪʦʜ ʥʘ ʦʩʥʦʚʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʤʧʽʨʠʯʥʠʭ ʦʨʪʦʛʦʥʘʣʴʥʠʭ ʬʫʥʢʮʽʡ [122, 123]. 

ʂʦʤʙʽʥʘʮʽʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʧʦʣʦʞʝʥʴ ʪʝʦʨʽʾ ʽʤʦʚʽʨʥʦʩʪʝʡ, ʤʘʨʪʠʥʛʘʣʽʚ, 

ʤʦʤʝʥʪʽʚ, ʝʥʪʨʦʧʽʡʥʦʛʦ, ʬʨʘʢʪʘʣʴʥʦʛʦ, ʢʦʨʝʣʷʮʽʡʥʦʛʦ ʪʘ ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ, 

ʘʧʨʦʢʩʠʤʘʮʽʾ ʦʨʪʦʛʦʥʘʣʴʥʠʤʠ ʬʫʥʢʮʽʷʤʠ, ʤʝʪʦʜʽʚ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʯʘʩʦʚʠʭ ʨʷʜʽʚ, 

ʦʥʪʦʣʦʛʽʯʥʦʛʦ ʘʥʘʣʽʟʫ, ʪʘ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʧʦʙʫʜʦʚʠ ʘʣʛʦʨʠʪʤʽʚ ʢʝʨʫʚʘʥʥʷ 

ʜʦʟʚʦʣʠʪʴ ʩʪʚʦʨʠʪʠ ʻʜʠʥʫ ʝʬʝʢʪʠʚʥʫ ʩʠʩʪʝʤʫ ʢʝʨʫʚʘʥʥʷ ʣʦʢʘʣʴʥʦʶ ʩʠʩʪʝʤʦʶ 

ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠʤʝ ʾʾ ʥʘʜʽʡʥʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʟ ʨʝʘʣʽʟʘʮʽʻʶ 

ʚʽʜʙʦʨʫ ʤʘʢʩʠʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʚʽʜ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʪʘ ʝʬʝʢʪʠʚʥʠʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʥʝʨʛʽʾ ʥʘʢʦʧʠʯʫʚʘʯʘ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ. 
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ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 1 

 

ɿʚʘʞʘʶʯʠ ʥʘ ʚʽʜʤʽʯʝʥʝ ʚʠʱʝ ʪʘ ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ, 

ʚʨʘʭʦʚʫʶʯʠ ʩʫʪʪʻʚʝ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʪʢʠ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʦʾ ʛʝʥʝʨʘʮʽʾ ʚ ʣʦʢʘʣʴʥʠʭ 

ʩʠʩʪʝʤʘʭ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʟ ʫʩʪʘʥʦʚʢʘʤʠ ʥʘ ʦʩʥʦʚʽ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ 

ʝʥʝʨʛʽʾ ʪʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʢʝʨʫʚʘʥʥʷ 

ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʨʝʩʫʨʩʘʤʠ ʪʘ ʾʭ ʩʠʩʪʝʤʥʦʾ ʽʥʪʝʛʨʘʮʽʾ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʪʘ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʥʝʦʙʭʽʜʥʦ 

ʚʠʨʽʰʠʪʠ ʥʘʩʪʫʧʥʽ ʟʘʜʘʯʽ ʜʘʥʦʛʦ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ: 

- ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʣʦʢʘʣʴʥʠʭ ʩʠʩʪʝʤ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʟ 

ʫʩʪʘʥʦʚʢʘʤʠ ʥʘ ʦʩʥʦʚʽ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʪʘ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʤʠ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ ʟ ʪʦʯʢʠ ʟʦʨʫ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʝʥʝʨʛʽʾ ʤʽʞ 

ʥʘʢʦʧʠʯʫʚʘʯʘʤʠ ʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷʤ; 

- ʨʝʘʣʽʟʫʚʘʪʠ ʽʥʪʝʨʚʘʣʴʥʝ ʢʝʨʫʚʘʥʥʷ ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ ʫ ʣʦʢʘʣʴʥʠʭ 

ʩʠʩʪʝʤʘʭ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʘʥʘʣʦʛʫ ʧʨʠʥʮʠʧʫ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ 

ɻʝʡʟʝʥʙʝʨʛʘ; 

- ʨʦʟʨʦʙʠʪʠ ʘʣʛʦʨʠʪʤʠ ʢʝʨʫʚʘʥʥʷ ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ ʫ ʣʦʢʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ 

ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʜʣʷ ʨʦʟʧʦʜʽʣʫ ʧʦʪʦʢʽʚ ʝʥʝʨʛʽʾ ʟʘ ʬʣʫʢʪʫʘʮʽʷʤʠ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ɺʽʥʝʨʦʚʩʴʢʦʤʫ ʧʨʦʮʝʩʫ; 

- ʨʝʘʣʽʟʫʚʘʪʠ ʢʝʨʫʚʘʥʥʷ ʨʝʞʠʤʘʤʠ ʨʦʙʦʪʠ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʟʘ ʧʨʠʥʮʠʧʦʤ 

ʝʥʪʨʦʧʽʡʥʦʾ ʜʠʚʝʨʛʝʥʮʽʾ ʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʨʦʟʙʽʞʥʦʩʪʽ ʧʦʪʦʢʫ ʧʝʨʚʠʥʥʦʾ ʝʥʝʨʛʽʾ ʥʘ 

ʚʭʦʜʽ ʩʠʩʪʝʤʠ ʪʘ ʧʦʪʦʢʫ ʝʥʝʨʛʽʾ, ʱʦ ʩʧʦʞʠʚʘʻʪʴʩʷ ʥʘʚʘʥʪʘʞʝʥʥʷʤ; 

- ʨʦʟʨʦʙʠʪʠ ʘʣʛʦʨʠʪʤʠ ʧʨʦʛʥʦʟʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ ʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʬʨʘʢʪʘʣʴʥʦʾ ʧʨʠʨʦʜʠ ʧʨʦʮʝʩʽʚ ʛʝʥʝʨʘʮʽʾ ʪʘ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ; 

- ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʝʡ ʪʘ ʧʨʦʚʝʜʝʥʥʷ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ 

ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʩʪʦʭʘʩʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʦʪʦʢʽʚ 

ʝʥʝʨʛʽʾ ʛʝʥʝʨʘʮʽʾ ʪʘ ʩʧʦʞʠʚʘʥʥʷ ʜʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʘʜʝʢʚʘʪʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ 

ʤʦʜʝʣʝʡ ʪʘ ʧʨʘʚʦʯʠʥʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʪʝʦʨʽʾ; 
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- ʨʦʟʨʦʙʠʪʠ ʪʘ ʨʝʘʣʽʟʫʚʘʪʠ ʘʣʛʦʨʠʪʤʠ ʽʥʪʝʨʚʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ ʣʦʢʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ 

ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ. 
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ʈʆɿɼɯʃ 2. ʄɸʊɽʄɸʊʀʏʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ʉʊʈʋʂʊʋʈʀ ʇʆʊʆʂɯɺ 

ʇɽʈɺʀʅʅʆɰ ɽʅɽʈɻɯɰ 

 

2.1. ʆʩʦʙʣʠʚʦʩʪʽ ʨʝʘʣʽʟʘʮʽʾ ʽʥʪʝʨʚʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ 

 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʣʦʢʘʣʴʥʠʭ ʩʠʩʪʝʤ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ, ʧʦʙʫʜʦʚʘʥʠʭ ʥʘ 

ʦʩʥʦʚʽ ʫʩʪʘʥʦʚʦʢ ʟ ʚʽʜʥʦʚʣʶʚʘʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʝʥʝʨʛʽʾ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ 

ʬʘʢʪʦʨʽʚ, ʩʝʨʝʜ ʷʢʠʭ ʥʘʡʙʽʣʴʰ ʟʥʘʯʫʱʠʤʠ ʻ: ʧʦ-ʧʝʨʰʝ, ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜʙʦʨʫ ʤʘʢʩʠʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʚʽʜ ʫʩʪʘʥʦʚʦʢ ʥʘ ʦʩʥʦʚʽ 

ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʜʞʝʨʝʣ ʚ ʢʦʞʥʠʡ ʢʦʥʢʨʝʪʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ; ʧʦ-ʜʨʫʛʝ, 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʝʥʝʨʛʽʾ, ʱʦ ʛʝʥʝʨʫʻʪʴʩʷ 

ʫʩʪʘʥʦʚʢʘʤʠ ʥʘ ʦʩʥʦʚʽ ɺɼɽ, ʥʘ ʜʝʷʢʦʤʫ ʙʘʟʦʚʦʤʫ ʽʥʪʝʨʚʘʣʽ [124]. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʩʧʝʮʽʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʘʣʛʦʨʠʪʤʽʚ ʧʦʰʫʢʫ ʢʦʦʨʜʠʥʘʪ ʨʦʙʦʯʦʾ ʪʦʯʢʠ ʥʘ ʢʨʠʚʽʡ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʚʽʜʙʽʨ ʤʘʢʩʠʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʚʽʜ ʫʩʪʘʥʦʚʦʢ ʥʘ 

ʦʩʥʦʚʽ ɺɼɽ [125, 126], ʘ ʨʘʮʽʦʥʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʥʘʢʦʧʠʯʫʚʘʯʘ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʰʣʷʭʦʤ ʥʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ ʥʘ ʽʥʪʝʨʚʘʣʘʭ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʥʘ 

ʷʢʠʭ ʨʽʚʝʥʴ ʝʥʝʨʛʽʾ, ʱʦ ʛʝʥʝʨʫʻʪʴʩʷ ʫʩʪʘʥʦʚʢʘʤʠ ʥʘ ʦʩʥʦʚʽ ɺɼɽ, ʧʝʨʝʚʠʱʫʻ 

ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ, ʽ ʧʦʚʝʨʥʝʥʥʷ ʝʥʝʨʛʽʾ ʚ ʩʠʩʪʝʤʫ ʥʘ ʽʥʪʝʨʚʘʣʘʭ, ʢʦʣʠ ʨʽʚʝʥʴ 

ʝʥʝʨʛʽʾ, ʱʦ ʛʝʥʝʨʫʻʪʴʩʷ, ʥʠʞʯʠʡ ʟʘ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ [127, 128]. 

ʈʦʙʦʪʘ ʫʩʪʘʥʦʚʦʢ ʥʘ ʦʩʥʦʚʽ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʚ ʨʝʞʠʤʽ ʚʽʜʙʦʨʫ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʥʘʢʦʧʠʯʫʚʘʯʝʤ ʟʘ ʨʘʭʫʥʦʢ ʧʽʜʪʨʠʤʘʥʥʷ 

ʨʽʚʥʦʩʪʽ ʚʥʫʪʨʽʰʥʴʦʛʦ ʦʧʦʨʫ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʜʞʝʨʝʣʘ ʪʘ ʦʧʦʨʫ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʅʘʷʚʥʽʩʪʴ ʬʣʫʢʪʫʘʮʽʡ ʧʨʦʮʝʩʽʚ ʛʝʥʝʨʘʮʽʾ ʪʘ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʧʦʨʫʰʫʻ ʮʶ 

ʨʽʚʥʽʩʪʴ, ʱʦ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʨʦʟʨʦʙʮʽ ʘʣʛʦʨʠʪʤʽʚ ʢʝʨʫʚʘʥʥʷ. 

ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ, ʥʘʚʽʪʴ ʧʨʠ ʨʽʚʥʦʤʽʨʥʦʤʫ ʩʧʦʞʠʚʘʥʥʽ ʝʥʝʨʛʽʾ ʚʠʥʠʢʘʻ 

ʟʘʜʘʯʘ ʦʜʥʦʯʘʩʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʷʢ ʚʽʜʙʦʨʫ ʤʘʢʩʠʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ, ʪʘʢ ʽ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʫʤʦʚʠ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʥʘʢʦʧʠʯʫʚʘʯʘ. ʆʜʥʘʢ, ʟʘʩʪʦʩʦʚʫʶʯʠ 

ʘʥʘʣʦʛ ʧʨʠʥʮʠʧʫ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ɻʝʡʟʝʥʙʝʨʛʘ ʜʦ ʣʦʢʘʣʴʥʠʭ ʩʠʩʪʝʤ 

ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ (ʜʠʚ. ʨʦʟʜʽʣ 1.4), ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʧʨʠʥʮʠʧʦʚʦ 

ʥʝʤʦʞʣʠʚʦ ʥʘ ʦʙʨʘʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʦʜʥʦʯʘʩʥʦ ʟ ʤʽʥʽʤʘʣʴʥʦʶ 
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ʧʦʭʠʙʢʦʶ ʚʠʟʥʘʯʘʪʠ: 1) ʧʦʣʦʞʝʥʥʷ ʨʦʙʦʯʦʾ ʪʦʯʢʠ ʥʘ ʟʦʚʥʽʰʥʽʡ ʭʘʨʘʢʪʝʨʠʩʪʠʮʽ 

ʫʩʪʘʥʦʚʢʠ ʥʘ ʦʩʥʦʚʽ ʚʽʜʥʦʚʣʶʚʘʥʦʛʦ ʜʞʝʨʝʣʘ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʦʙʦʪʠ ʚ ʨʝʞʠʤʽ 

ʚʽʜʙʦʨʫ ʤʘʢʩʠʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ; 2) ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʝʥʝʨʛʽʾ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ ʥʘʢʦʧʠʯʫʚʘʯʘ [129]. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ ʩʠʩʪʝʤ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʘʪʠ 

ʪʨʠʚʘʣʽʩʪʴ ʽʥʪʝʨʚʘʣʫ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʪʘ ʢʽʣʴʢʽʩʪʴ ʽʥʪʝʨʚʘʣʽʚ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʥʘ 

ʙʘʟʦʚʦʤʫ ʽʥʪʝʨʚʘʣʽ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʜʚʦʢʘʥʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʧʨʠ ʟʤʽʥʽ ʧʦʪʦʢʫ 

ʧʝʨʚʠʥʥʦʾ ʝʥʝʨʛʽʾ: ʷʢ ʟʘ ʚʽʜʙʦʨʦʤ ʤʘʢʩʠʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʚʽʜ ʫʩʪʘʥʦʚʦʢ ʥʘ ʦʩʥʦʚʽ 

ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ, ʪʘʢ ʽ ʟʘ ʨʝʘʣʽʟʘʮʽʻʶ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ 

ʥʘʢʦʧʠʯʫʚʘʯʘ. 

ɿ ʤʝʪʦʶ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʤʽʥʽʤʘʣʴʥʦ ʥʝʦʙʭʽʜʥʦʾ ʯʘʩʪʢʠ ʝʥʝʨʛʽʾ, ʱʦ 

ʟʙʝʨʽʛʘʻʪʴʩʷ ʚ ʥʘʢʦʧʠʯʫʚʘʯʽ ʪʘ ʚʽʜʜʘʻʪʴʩʷ ʚ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʜʦʮʽʣʴʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʝʷʢʠʡ ʙʘʟʦʚʠʡ ʽʥʪʝʨʚʘʣ ʯʘʩʫ, ʚ ʷʢʦʩʪʽ ʷʢʦʛʦ ʜʦʮʽʣʴʥʦ ʦʙʠʨʘʪʠ 

ʜʦʙʫ, ʪʠʞʜʝʥʴ, ʤʽʩʷʮʴ ʪʘ ʽʥ. ʅʘʧʨʠʢʣʘʜ, ʤʘʩʠʚ ʜʘʥʠʭ ʜʦʙʦʚʠʭ ʯʘʩʦʚʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʦʪʨʠʤʘʥʠʭ ʟ ʤʝʪʝʦʩʪʘʥʮʽʾ, ʨʦʟʪʘʰʦʚʘʥʦʾ ʫ ʘʝʨʦʧʦʨʪʫ ɹʦʨʠʩʧʽʣʴ, 

ʤ. ʂʠʾʚ, ʤʽʩʪʠʪʴ 49 ʟʥʘʯʝʥʴ ʰʚʠʜʢʦʩʪʽ n ʚʽʪʨʦʚʦʛʦ ʧʦʪʦʢʫ, ʱʦ ʟʥʽʤʘʶʪʴʩʷ ʢʦʞʥʽ 

30 ʭʚʠʣʠʥ [130]. ʇʝʨʝʭʽʜ ʜʦ ʝʥʝʨʛʽʾ ʚʽʪʨʦʚʦʛʦ ʧʦʪʦʢʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʚʠʨʘʟʫ: 
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ʜʝ r ï ʛʫʩʪʠʥʘ ʧʦʚʽʪʨʷ; ɺʂR  ï ʨʘʜʽʫʩ ʚʽʪʨʦʢʦʣʝʩʘ; PC  ï ʢʦʝʬʽʮʽʻʥʪ ʧʦʪʫʞʥʦʩʪʽ, N 

ï ʢʽʣʴʢʽʩʪʴ ʚʽʜʣʽʢʽʚ ʥʘ ʙʘʟʦʚʦʤʫ ʽʥʪʝʨʚʘʣʽ. 

 ʇʨʠ ʧʦʙʫʜʦʚʽ ʝʬʝʢʪʠʚʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʢʝʨʫʚʘʥʥʷ ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ 

ʣʦʢʘʣʴʥʠʭ ʩʠʩʪʝʤʘʤ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʥʝʦʙʭʽʜʥʦ ʧʦʧʝʨʝʜʥʴʦ ʧʨʦʚʦʜʠʪʠ 

ʫʧʝʨʝʜʞʫʚʘʣʴʥʫ ʦʮʽʥʢʫ ʨʽʚʥʽʚ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʫʩʪʘʥʦʚʦʢ ʥʘ ʦʩʥʦʚʽ 

ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʘ ʫʤʦʚʠ ʟʤʽʥʠ ʧʦʪʦʢʽʚ ʧʝʨʚʠʥʥʦʾ 

ʝʥʝʨʛʽʾ, ʱʦ ʧʦʪʨʝʙʫʻ ʘʧʨʦʢʩʠʤʘʮʽʾ ʬʫʥʢʮʽʡ ʟʤʽʥʠ ʮʠʭ ʧʦʪʦʢʽʚ. 

 ʇʨʠ ʘʧʨʦʢʩʠʤʘʮʽʾ ʜʠʩʢʨʝʪʥʠʭ ʬʫʥʢʮʽʡ ʥʘʡʙʽʣʴʰ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʘʙʦ ʢʫʩʢʦʚʦ-ʧʦʩʪʽʡʥʽ ʥʘʙʣʠʞʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʨʪʦʥʦʨʤʦʚʘʥʠʭ ʩʠʩʪʝʤ 

ʋʦʣʰʘ ʪʘ ʍʘʘʨʘ, ʘʙʦ ʥʝʣʽʥʽʡʥʽ ʥʘʙʣʠʞʝʥʥʷ ʏʝʙʠʰʝʚʘ, ʃʝʞʘʥʜʨʘ ʪʘ ʽʥ., ʦʜʥʘʢ 
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ʢʫʩʢʦʚʦ-ʧʦʩʪʽʡʥʽ ʥʘʙʣʠʞʝʥʥʷ ʻ ʥʝʜʦʩʪʘʪʥʴʦ ʪʦʯʥʠʤʠ, ʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʫʩʢʦʚʦ-

ʥʝʣʽʥʽʡʥʠʭ ʥʘʙʣʠʞʝʥʴ ʧʦʚôʷʟʘʥʝ ʟ ʜʦʜʘʪʢʦʚʦʶ ʩʢʣʘʜʥʽʩʪʶ ʧʨʠ ʚʠʚʝʜʝʥʥʽ 

ʘʥʘʣʽʪʠʯʥʠʭ ʚʠʨʘʟʽʚ. 

 ɸʧʨʦʢʩʠʤʘʮʽʷ ʦʨʪʦʛʦʥʘʣʴʥʠʤʠ ʬʫʥʢʮʽʷʤʠ. ɸʧʨʦʢʩʠʤʘʮʽʷ ʢʫʩʢʦʚʦ-

ʣʽʥʽʡʥʠʤʠ ʥʘʙʣʠʞʝʥʥʷʤʠ, ʥʘʧʨʠʢʣʘʜ ʬʫʥʢʮʽʷʤʠ ʌʨʘʥʢʣʽʥʘ, ʜʦʟʚʦʣʷʻ 

ʟʘʙʝʟʧʝʯʠʪʠ ʥʝʦʙʭʽʜʥʫ ʪʦʯʥʽʩʪʴ ʪʘ ʟʤʝʥʰʠʪʠ ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ ʨʦʟʨʘʭʫʥʢʽʚ. 

ʌʦʨʤʫʣʠ, ʱʦ ʦʧʠʩʫʶʪʴ ʧʝʨʰʽ 9 ʬʫʥʢʮʽʡ ʧʦʚʥʦʾ ʦʨʪʦʥʦʨʤʦʚʘʥʦʾ ʥʝʧʝʨʝʨʚʥʦʾ 

{ }( )iR t  ʪʘ ʜʠʩʢʨʝʪʥʦʾ { }( )iR n  ʩʠʩʪʝʤ ʌʨʘʥʢʣʽʥʘ ʥʘ ʽʥʪʝʨʚʘʣʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ t  = 

24 ʛʦʜ, ʪʘ ʾʭ ʛʨʘʬʽʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. ɹ. 1 ʪʘ ɹ.2 ʜʦʜʘʪʢʫ ɹ [131]. 

 ʇʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʥʘʙʣʠʞʝʥʥʷ ʟ ʦʜʥʦʯʘʩʥʠʤ ʟʤʝʥʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ 

ʘʧʨʦʢʩʠʤʫʶʯʠʭ ʬʫʥʢʮʽʡ ʤʦʞʣʠʚʝ ʥʘ ʦʩʥʦʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʧʝʨʘʮʽʾ m-ʟʩʫʚʫ, 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʢʦʾ ʜʦ ʢʦʥʢʨʝʪʥʦʾ ʬʫʥʢʮʽʾ ʽʩʪʦʪʥʦ ʟʤʽʥʶʻ ʾʾ ʚʠʛʣʷʜ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʧʽʜʽʙʨʘʪʠ ʪʘʢʫ ʬʫʥʢʮʽʶ, ʷʢʘ ʥʘʡʢʨʘʱʝ ʧʽʜʭʦʜʠʪʴ ʜʦ ʨʷʜʫ, ʱʦ ʘʧʨʦʢʩʠʤʫʻʪʴʩʷ 

[132]. ʇʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʦʧʝʨʘʮʽʾ m-ʟʩʫʚʫ 9 ʟʥʘʯʝʥʴ ʘʨʛʫʤʝʥʪʫ ʧʨʝʜʩʪʘʚʣʷʶʪʴʩʷ 

ʯʠʩʣʦʤ 32 ʽ ʟʥʘʯʝʥʥʷ ʘʨʛʫʤʝʥʪʫ ʨʦʟʙʠʚʘʶʪʴʩʷ ʥʘ 3 ʙʣʦʢʠ ʟʽ ʟʥʘʯʝʥʥʷʤʠ 0, 1, 2. 

ʇʨʠ m-ʟʩʫʚʽ ʥʘ 0, 1, 2 ʚʽʜʣʽʢʠ ʟʩʫʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʤʝʞʘʭ ʢʦʞʥʦʛʦ ʙʣʦʢʫ, ʧʨʠ ʟʩʫʚʽ 

ʥʘ 4 ʚʽʜʣʽʢʠ ʟʩʫʚʘʶʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʚʩʝʨʝʜʠʥʽ ʙʣʦʢʫ, ʘ ʡ ʩʘʤʽ 

ʙʣʦʢʠ [133]. ʎʷ ʚʣʘʩʪʠʚʽʩʪʴ ʜʦʟʚʦʣʷʻ ʧʽʜʽʙʨʘʪʠ ʬʫʥʢʮʽʾ, ʷʢʽ ʨʝʘʣʽʟʫʶʪʴ ʥʘʙʣʠʞʝʥʥʷ 

ʟ ʤʝʥʰʦʶ ʧʦʭʠʙʢʦʶ. ʋ ʪʘʙʣ. ɹ.3 ʥʘʚʝʜʝʥʽ ʤʽʥʽʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʧʦʭʠʙʦʢ 

ʘʧʨʦʢʩʠʤʘʮʽʾ ʜʣʷ ʨʽʟʥʠʭ ʬʫʥʢʮʽʡ ʌʨʘʥʢʣʽʥʘ ʟ ʨʽʟʥʦʶ ʚʝʣʠʯʠʥʦʶ m-ʟʩʫʚʫ. ʋ 

ʜʨʫʛʦʤʫ ʩʪʦʚʧʮʽ ʪʘʙʣ. ɹ.3 ʥʘʚʝʜʝʥʦ ʧʦʨʷʜʦʢ ʟʤʽʥʠ ʘʨʛʫʤʝʥʪʫ ʧʨʠ ʦʧʝʨʘʮʽʾ m-

ʟʩʫʚʫ. 

ʃʽʥʽʡʥʝ ʥʘʙʣʠʞʝʥʥʷ ʬʫʥʢʮʽʡ ʟʤʽʥʠ ʧʦʪʦʢʽʚ ʧʝʨʚʠʥʥʦʾ ʝʥʝʨʛʽʾ 

ʦʨʪʦʛʦʥʘʣʴʥʠʤʠ ʬʫʥʢʮʽʷʤʠ ʌʨʘʥʢʣʽʥʘ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ m-ʟʩʫʚʫ ʜʦʟʚʦʣʷʻ 

ʤʽʥʽʤʽʟʫʚʘʪʠ ʧʦʭʠʙʢʫ ʪʘ ʢʽʣʴʢʽʩʪʴ ʘʧʨʦʢʩʠʤʫʶʯʠʭ ʬʫʥʢʮʽʡ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ 

ʢʝʨʫʚʘʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʟʙʽʣʴʰʝʥʥʷ ʨʽʚʥʷ ʝʥʝʨʛʽʾ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʘ ʚʽʜ 

ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ. 

ʋ ʟʚôʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʘʧʨʦʢʩʠʤʘʮʽʷ ʧʨʦʚʦʜʠʪʴʩʷ ʜʣʷ ʢʽʥʮʝʚʦʛʦ ʥʘʙʦʨʫ ʜʘʥʠʭ 

ʥʘ ʢʽʥʮʝʚʦʤʫ ʽʥʪʝʨʚʘʣʽ ʜʦʮʽʣʴʥʦ ʚʠʢʦʥʘʪʠ ʧʝʨʝʭʽʜ ʜʦ ʬʫʥʢʮʽʡ ʌʨʘʥʢʣʽʥʘ ʥʘ 



 

89 

ʢʽʥʮʝʚʦʤʫ ʽʥʪʝʨʚʘʣʽ [134]. ɿʘʛʘʣʴʥʘ ʬʦʨʤʫʣʘ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʜʠʩʢʨʝʪʥʠʭ ʬʫʥʢʮʽʡ 

ʌʨʘʥʢʣʽʥʘ ʥʘ ʢʽʥʮʝʚʦʤʫ ʽʥʪʝʨʚʘʣʽ ʤʘʻ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 

0 1,f =  
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ʜʝ i  ï ʥʦʤʝʨ ʬʫʥʢʮʽʾ ʌʨʘʥʢʣʽʥʘ; j  ï ʥʦʤʝʨ ʚʽʜʣʽʢʫ; N  ï ʢʽʣʴʢʽʩʪʴ ʚʽʜʣʽʢʽʚ ʥʘ 

ʽʥʪʝʨʚʘʣʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ; Ã ï ʟʥʘʢ ʤʥʦʞʝʥʥʷ ʟʘ ʤʦʜʫʣʝʤ; iu ï ʥʘʙʽʨ ʜʠʩʢʨʝʪʥʠʭ 

ʬʫʥʢʮʽʡ, ʚʠʟʥʘʯʝʥʠʭ ʥʘ ʽʥʪʝʨʚʘʣʽ ʟʤʽʥʠ ʟʤʽʥʥʦʾ 0 1n N¢ ¢ -: 
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 (2.2) 

ʜʝ ( )2 1 2 2k k

ia i= - - , k  ï ʥʘʡʙʽʣʴʰʠʡ ʩʪʝʧʽʥʴ 2 ʫ 2 1i-. ʊʘʢʠʤ ʯʠʥʦʤ 
ia  ʷʚʣʷʻ 

ʩʦʙʦʶ -̔ʡ ʯʣʝʥ ʧʦʩʣʽʜʦʚʥʦʩʪʽ 0 , ( )1 2N- , ( )1 4N- , ( )3 1 4N- , ( )1 8N- , 

( )3 1 8N- , ( )5 1 8N- , ( )7 1 8N- , ( )1 16N- é 

ɿʦʙʨʘʞʝʥʥʷ ( )N RF  ʧʨʷʤʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʨʘʥʢʣʽʥʘ ʜʠʩʢʨʝʪʥʦʾ ʬʫʥʢʮʽʾ, 

ʚʠʟʥʘʯʝʥʦʾ ʥʘ ʢʽʥʮʝʚʦʤʫ ʽʥʪʝʨʚʘʣʽ N  ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ: 

 
1

( ) ( )N NR F y n
N

F = , (2.3) 

ʜʝ 
NF  ï ʤʘʪʨʠʮʷ ʙʘʟʠʩʥʠʭ ʬʫʥʢʮʽʡ ʨʦʟʤʽʨʥʦʩʪʽ N N³ ; ( )y n  ï ʚʝʢʪʦʨ-ʩʪʦʚʧʝʮʴ 

ʟʥʘʯʝʥʴ ʜʠʩʢʨʝʪʥʦʾ ʬʫʥʢʮʽʾ ʟʤʽʥʠ ʧʦʪʦʢʫ ʧʝʨʚʠʥʥʦʾ ʝʥʝʨʛʽʾ ʨʦʟʤʽʨʥʦʩʪʽ 1N³ . 

ɿʚʦʨʦʪʥʻ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʨʘʥʢʣʽʥʘ ʜʠʩʢʨʝʪʥʦʾ ʬʫʥʢʮʽʾ, ʚʠʟʥʘʯʝʥʦʾ ʥʘ 

ʢʽʥʮʝʚʦʤʫ ʽʥʪʝʨʚʘʣʽ N  ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ: 

 1( ) ( )N Ny n F R-= F , (2.4) 
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ʜʝ 1NF-  ï ʟʚʦʨʦʪʥʷ ʤʘʪʨʠʮʷ ʙʘʟʠʩʥʠʭ ʬʫʥʢʮʽʡ. 

ʊʦʯʥʽʩʪʴ ʘʧʨʦʢʩʠʤʘʮʽʾ ʧʽʜʚʠʱʫʻʪʴʩʷ ʷʢ ʰʣʷʭʦʤ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʘʧʨʦʢʩʠʤʫʶʯʠʭ ʬʫʥʢʮʽʡ, ʪʘʢ ʽ ʰʣʷʭʦʤ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʚʽʜʣʽʢʽʚ ʚʠʭʽʜʥʦʾ 

ʬʫʥʢʮʽʾ. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʽʣʴʢʦʩʪʽ ʘʧʨʦʢʩʠʤʫʶʯʠʭ ʬʫʥʢʮʽʡ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʥʘʙʣʠʞʝʥʥʷ ʪʘ ʟʤʝʥʰʝʥʥʷ ʧʦʭʠʙʢʠ ʘʧʨʦʢʩʠʤʘʮʽʾ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʮʽ 

ʦʩʦʙʣʠʚʦʩʪʽ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʫʥʢʮʽʡ ʌʨʘʥʢʣʽʥʘ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʥʝʦʙʭʽʜʥʝ ʣʽʥʽʡʥʝ 

ʥʘʙʣʠʞʝʥʥʷ. 

ʐʠʨʦʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʝʪʚʦʨʝʥʴ ʋʦʣʰʘ ʚ ʧʨʠʢʣʘʜʥʠʭ ʟʘʜʘʯʘʭ, 

ʟʘʩʥʦʚʘʥʝ ʚ ʤʦʞʣʠʚʦʩʪʽ ʾʭ ʦʙʯʠʩʣʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʰʚʠʜʢʠʭ ʘʣʛʦʨʠʪʤʽʚ, ʷʢʽ 

ʤʘʶʪʴ ʽʩʪʦʪʥʦ ʤʝʥʰʫ ʦʙʯʠʩʣʶʚʘʣʴʥʦʶ ʩʢʣʘʜʥʽʩʪʴ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʣʘʩʠʯʥʠʤʠ 

ʘʣʛʦʨʠʪʤʘʤʠ ʧʝʨʝʪʚʦʨʝʥʴ. ɺʨʘʭʦʚʫʶʯʠ ʥʝʧʝʨʽʦʜʠʯʥʽʩʪʴ ʪʘ ʥʝʩʠʤʝʪʨʽʶ ʬʫʥʢʮʽʡ 

ʌʨʘʥʢʣʽʥʘ, ʜʦʮʽʣʴʥʦ ʜʣʷ ʫʥʠʢʥʝʥʥʷ ʮʠʭ ʥʝʜʦʣʽʢʽʚ ʧʦʙʫʜʫʚʘʪʠ ʩʠʩʪʝʤʫ 

ʦʨʪʦʥʦʨʤʦʚʘʥʠʭ ʣʽʥʽʡʥʠʭ ʬʫʥʢʮʽʡ ʥʘ ʙʘʟʽ ʬʫʥʢʮʽʡ ʋʦʣʰʘ: 
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ʜʝ n  ï ʥʦʤʝʨ ʬʫʥʢʮʽʾ; nkwal  ï ʟʥʘʯʝʥʥʷ ʧ-ʦʾ ʬʫʥʢʮʽʾ ʋʦʣʰʘ ʥʘ k-ʤʫ ʽʥʪʝʨʚʘʣʽ 

ʨʦʟʙʠʪʪʷ, { }, 0...2 1mn k = -. 

ɼʣʷ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ, ʦʪʨʠʤʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʰʣʷʭʦʤ, 

ʥʘʡʙʽʣʴʰʠʡ ʽʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʜʠʩʢʨʝʪʥʽ ʬʫʥʢʮʽʾ ʥʘ ʦʩʥʦʚʽ ʥʘ ʣʽʥʽʡʥʠʭ 

ʬʫʥʢʮʽʡ ʥʘ ʙʘʟʽ ʬʫʥʢʮʽʡ ʋʦʣʰʘ [135]: 
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ʜʝ ( )lnW k  ï ʟʥʘʯʝʥʥʷ ʣʽʥʽʡʥʦʾ ʬʫʥʢʮʽʾ ʋʦʣʰʘ ʧʽʜ ʥʦʤʝʨʦʤ ʧ ʥʘ k-ʤʫ ʽʥʪʝʨʚʘʣʽ 

ʨʦʟʙʠʪʪʷ. 
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ɺʠʭʦʜʷʯʠ ʟ ʚʠʨʘʟʫ (2.6) ʜʠʩʢʨʝʪʥʽ ʣʽʥʽʡʥʽ ʬʫʥʢʮʽʾ ʋʦʣʰʘ ʤʘʪʠʤʫʪʴ ʚʠʜ 

ʟʚʠʯʘʡʥʠʭ ʜʠʩʢʨʝʪʥʠʭ ʬʫʥʢʮʽʡ ʋʦʣʰʘ. ʂʦʞʝʥ ʚʽʜʣʽʢ ʜʠʩʢʨʝʪʥʦʾ ʬʫʥʢʮʽʾ ʙʫʜʝ 

ʨʦʟʪʘʰʦʚʘʥʠʡ ʥʘ ʧʦʯʘʪʢʫ ʟʚôʷʟʘʥʦʛʦ ʟ ʥʠʤ ʝʣʝʤʝʥʪʫ ʥʝʧʝʨʝʨʚʥʦʾ ʬʫʥʢʮʽʾ. 

ɺʠʨʘʟ (2.6) ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʧʦʙʫʜʦʚʠ ʜʠʩʢʨʝʪʥʠʭ ʬʫʥʢʮʽʡ, ʫʧʦʨʷʜʢʦʚʘʥʠʭ ʟʘ ʙʫʜʴ-

ʷʢʦʶ ʩʠʩʪʝʤʦʶ: ʋʦʣʰʘ, ʇʝʣʽ, ɸʜʘʤʘʨʘ. 

 ɸʥʘʣʽʪʠʯʥʽ ʬʦʨʤʫʣʠ ʪʘ ʛʨʘʬʽʢʠ ʧʝʨʰʠʭ 8 ʬʫʥʢʮʽʡ ʩʠʩʪʝʤʠ ʥʝʧʝʨʝʨʚʥʠʭ 

ʬʫʥʢʮʽʡ ʥʘ ʙʘʟʽ ʬʫʥʢʮʽʡ ʋʦʣʰʘ, ʫʧʦʨʷʜʢʦʚʘʥʠʭ ʟʘ ʢʽʣʴʢʽʩʪʶ ʟʥʘʢʦʟʤʽʥ, ʥʘʚʝʜʝʥʽ 

ʫ ʪʘʙʣ. ɹ.4. 

ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʬʫʥʢʮʽʾ, ʥʘʙʣʠʞʝʥʦʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʡ ʋʦʣʰʘ: 
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å õ
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ç ÷
ñ  ï ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʢʣʘʜʘʥʥʷ ʜʣʷ -̔ʦ ʾ ʬʫʥʢʮʽʾ ʋʦʣʰʘ  

()liW x . 

ʆʪʨʠʤʘʥʫ ʣʽʥʽʡʥʫ ʩʠʩʪʝʤʫ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʠ ʘʧʨʦʢʩʠʤʘʮʽʾ 

ʧʨʦʮʝʩʽʚ, ʷʢʽ ʤʘʶʪʴ ʣʽʥʽʡʥʠʡ ʘʙʦ ʙʣʠʟʴʢʠʡ ʜʦ ʣʽʥʽʡʥʦʛʦ ʭʘʨʘʢʪʝʨ, ʥʘʧʨʠʢʣʘʜ, 

ʬʫʥʢʮʽʶ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʘʙʦ ʬʫʥʢʮʽʶ ʟʤʽʥʠ ʚʝʣʠʯʠʥʠ ʩʦʥʷʯʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʊʘʢʦʞ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʽʣʴʢʦʩʪʽ ʬʫʥʢʮʽʡ ʚ ʩʧʝʢʪʨʽ 

ʘʧʨʦʢʩʠʤʫʶʯʦʾ ʬʫʥʢʮʽʾ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚʤʽʩʪ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ ʛʘʨʤʦʥʽʢ. ʊʦʤʫ ʧʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ʯʘʩʪʦʪʠ ʩʠʛʥʘʣʫ, ʷʢʠʡ ʧʽʜʣʷʛʘʻ ʘʧʨʦʢʩʠʤʘʮʽʾ, ʜʦʮʽʣʴʥʦ ʟʙʽʣʴʰʫʚʘʪʠ 

ʨʦʟʤʽʨʥʽʩʪʴ ʩʠʩʪʝʤʠ. ɿʤʽʥʘ ʨʦʟʤʽʨʥʦʩʪʽ ʩʠʩʪʝʤʠ ʬʫʥʢʮʽʡ ʚʧʣʠʚʘʻ ʥʘ ʯʘʩʪʦʪʥʠʡ 

ʩʧʝʢʪʨ ʘʧʨʦʢʩʠʤʫʶʯʦʛʦ ʩʠʛʥʘʣʫ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʪʘʢʦʞ ʚʧʣʠʚʘʻ ʥʘ ʧʦʭʠʙʢʫ 

ʘʧʨʦʢʩʠʤʘʮʽʾ. 

ʗʢ ʧʨʠ ʘʧʨʦʢʩʠʤʘʮʽʾ ʬʫʥʢʮʽʾ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʬʫʥʢʮʽʷʤʠ ʌʨʘʥʢʣʽʥʘ 

(ʨʠʩ. 2.1, ʘ), ʪʘʢ ʽ ʧʨʠ ʘʧʨʦʢʩʠʤʘʮʽʾ ʬʫʥʢʮʽʷʤʠ ʥʘ ʙʘʟʽ ʬʫʥʢʮʽʡ ʋʦʣʰʘ (ʨʠʩ. 2.1, ʙ), ʥʘ 

ʢʽʥʮʷʭ ʽʥʪʝʨʚʘʣʫ ʚʽʜʭʠʣʝʥʥʷ ʘʧʨʦʢʩʠʤʫʶʯʠʭ ʟʥʘʯʝʥʴ ʻ ʥʘʡʙʽʣʴʰʠʤ, ʱʦ ʻ ʧʦʜʽʙʥʠʤ 

ʷʚʠʱʫ ɻʽʙʙʩʘ [136]. ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʧʦʭʠʙʢʠ ʘʧʨʦʢʩʠʤʘʮʽʾ ʜʦʮʽʣʴʥʦ ʚʽʜʢʠʜʘʪʠ 

ʟʥʘʯʝʥʥʷ ʥʘ ʢʽʥʮʷʭ ʽʥʪʝʨʚʘʣʫ. ʇʨʠ ʚʨʘʭʫʚʘʥʥʽ ʟʥʘʯʝʥʴ ʟ 2-ʛʦ ʧʦ 6-ʝ 

ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʘ ʧʦʭʠʙʢʘ ʟʥʘʯʥʦ ʟʤʝʥʰʫʻʪʴʩʷ ï ʧʨʠ ʘʧʨʦʢʩʠʤʘʮʽʾ ʬʫʥʢʮʽʷʤʠ ʥʘ 

ʙʘʟʽ ʬʫʥʢʮʽʡ ʋʦʣʰʘ ï ʟ 88% ʜʦ 33%. 
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ʈʠʩ. 2.1. ʈʝʟʫʣʴʪʘʪ ʨʦʟʢʣʘʜʘʥʥʷ ʬʫʥʢʮʽʾ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ: ʫ ʜʠʩʢʨʝʪʥʠʡ 

ʨʷʜ ʌʨʘʥʢʣʽʥʘ (ʘ); ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʽʥʽʡʥʠʭ ʬʫʥʢʮʽʡ ʥʘ ʙʘʟʽ ʬʫʥʢʮʽʡ ʋʦʣʰʘ (ʙ) 

 

ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʬʫʥʢʮʽʷ ʟʤʽʥʠ ʧʦʪʦʢʫ ʧʝʨʚʠʥʥʦʾ ʝʥʝʨʛʽʾ ʻ ʧʝʨʽʦʜʠʯʥʦʶ, 

ʜʣʷ ʢʫʩʢʦʚʦ-ʣʽʥʽʡʥʦʾ ʘʧʨʦʢʩʠʤʘʮʽʾ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʣʽʥʽʡʥʽ ʬʫʥʢʮʽʾ ʥʘ 

ʙʘʟʽ ʬʫʥʢʮʽʡ ʋʦʣʰʘ. ɺ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ ï ʬʫʥʢʮʽʾ ʌʨʘʥʢʣʽʥʘ. 

ɺ ʪʘʙʣʠʮʽ 2.1 ʥʘʚʝʜʝʥʦ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʷʜʫ ʧʨʠ ʨʦʟʢʣʘʜʘʥʥʽ ʬʫʥʢʮʽʾ 

( )ɺʇW k  ʚ ʜʠʩʢʨʝʪʥʠʡ ʨʷʜ ʌʨʘʥʢʣʽʥʘ. 

 

ʊʘʙʣʠʮʷ 2.1. ɿʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʷʜʫ ʧʨʠ ʨʦʟʢʣʘʜʘʥʥʽ ʬʫʥʢʮʽʾ ( )ɺʇW t  

ʉ0 ʉ1 ʉ2 ʉ3 ʉ4 ʉ5 ʉ6 ʉ7 ʉ8 

3,51 -0,531 -0,286 0,212 0,224 0,266 -0,16 -0,101 0,181 

 

 ʅʘ ʨʠʩ. 2.2 ʧʦʢʘʟʘʥʦ ʨʝʟʫʣʴʪʘʪ ʨʦʟʢʣʘʜʘʥʥʷ ʬʫʥʢʮʽʾ ( )ɺʇW t  ʫ ʜʠʩʢʨʝʪʥʠʡ 

ʨʷʜ ʌʨʘʥʢʣʽʥʘ ʟʘ 9-ʤʘ ʬʫʥʢʮʽʷʤʠ (ʢʨʠʚʘ 1), ʾʾ ʪʨʝʥʜ (ʢʨʠʚʘ 2) ʪʘ ʾʾ ʩʝʨʝʜʥʻ 

ʟʥʘʯʝʥʥʷ (ʢʨʠʚʘ 3) ʟ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʶ ʧʦʭʠʙʢʦʶ ʘʧʨʦʢʩʠʤʘʮʽʾ 

( )
1

2

0

1
( ) ( ) 12,5%

N

ɺʇ ɺʇ

n

W t t
N

-

=

D= -Y =ä . ɿʚʠʯʘʡʥʦ, ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʽʣʴʢʦʩʪʽ 

ʬʫʥʢʮʽʡ ʨʷʜʫ ʌʨʘʥʢʣʽʥʘ ʪʦʯʥʽʩʪʴ ʘʧʨʦʢʩʠʤʘʮʽʾ ʧʽʜʚʠʱʫʻʪʴʩʷ. 
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ʈʠʩ. 2.2. ʈʝʟʫʣʴʪʘʪ ʨʦʟʢʣʘʜʘʥʥʷ ʬʫʥʢʮʽʾ ( )ɺʇW t  ʫ ʜʠʩʢʨʝʪʥʠʡ ʨʷʜ ʌʨʘʥʢʣʽʥʘ ʟʘ 

9-ʤʘ ʬʫʥʢʮʽʷʤʠ (ʢʨʠʚʘ 1), ʾʾ ʪʨʝʥʜ (ʢʨʠʚʘ 2) ʪʘ ʾʾ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ (ʢʨʠʚʘ 3) 

 

ʆʩʢʽʣʴʢʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʽʚ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʦʾ ʝʥʝʨʛʽʾ, ʷʢʫ ʤʦʞʥʘ 

ʚʽʜʽʙʨʘʪʠ ʚʽʜ ʫʩʪʘʥʦʚʢʠ ʥʘ ʦʩʥʦʚʽ ʚʽʜʥʦʚʣʶʚʘʥʦʛʦ ʜʞʝʨʝʣʘ, ʪʘ ʝʥʝʨʛʽʾ ʜʣʷ ʟʘʨʷʜʫ 

ʥʘʢʦʧʠʯʫʚʘʯʘ ʥʝʦʙʭʽʜʥʦ ʨʦʟʛʣʷʜʘʪʠ ʚʝʩʴ ʽʥʪʝʨʚʘʣ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʽ ʚʨʘʭʦʚʫʶʯʠ, 

ʱʦ ʪʨʝʥʜ ʬʫʥʢʮʽʾ ( )ɺʇW t  ʻ ʣʽʥʽʡʥʠʤ, ʧʨʠʧʫʩʪʠʤʦ, ʱʦ ʧʦʪʫʞʥʽʩʪʴ ʧʝʨʚʠʥʥʦʛʦ 

ʧʦʪʦʢʫ ʟʤʽʥʶʻʪʴʩʷ ʟʘ ʣʽʥʽʡʥʠʤ ʟʘʢʦʥʦʤ 0( )ɺʇ PP t P k t= + , ʜʝ ( )0P ʊk P P T= - , ʟ 

ʩʝʨʝʜʥʽʤ ʟʥʘʯʝʥʥʷʤ ( )0 2ʩʨ ʊP P P= - , ʜʝ 0P , ʊP  ï ʟʥʘʯʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʫ ʤʦʤʝʥʪʠ 

ʯʘʩʫ 0t= , t T= . ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʠʪʴ ʧʦʨʽʚʥʷʪʠ ʨʽʚʥʽ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʦʾ 

ʝʥʝʨʛʽʾ, ʷʢʫ ʤʦʞʥʘ ʚʽʜʽʙʨʘʪʠ ʚʽʜ ʫʩʪʘʥʦʚʢʠ ʥʘ ʦʩʥʦʚʽ ʚʽʜʥʦʚʣʶʚʘʥʦʛʦ ʜʞʝʨʝʣʘ, ʪʘ 

ʝʥʝʨʛʽʾ ʜʣʷ ʟʘʨʷʜʫ ʥʘʢʦʧʠʯʫʚʘʯʘ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʪʨʠʚʘʣʦʩʪʽ ʽʥʪʝʨʚʘʣʫ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟ 1 (ʪʨʠʚʘʣʽʩʪʴ ʽʥʪʝʨʚʘʣʫ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʜʦʨʽʚʥʶʻ ʪʨʠʚʘʣʦʩʪʽ 

ʙʘʟʦʚʦʛʦ ʽʥʪʝʨʚʘʣʫ) ʜʦ 1/48 ʜʣʷ ʧʨʠʢʣʘʜʫ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ. 

ɿʘ ʫʤʦʚʠ, ʱʦ ʪʨʠʚʘʣʽʩʪʴ ʽʥʪʝʨʚʘʣʫ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʜʦʨʽʚʥʶʻ ʪʨʠʚʘʣʦʩʪʽ 

ʙʘʟʦʚʦʛʦ ʽʥʪʝʨʚʘʣʫ T, ʝʥʝʨʛʽʷ 
2TW  ʟʘʨʷʜʫ ʥʘʢʦʧʠʯʫʚʘʯʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʦʶ: 

 ( )
2

2

2 0

0

( ) 2 2 2

T

T ɺʇ PW P t dt P T k T= = +ñ . (2.8) 



 

94 

 ʄʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʘ ʧʦʪʫʞʥʽʩʪʴ ʫʩʪʘʥʦʚʢʠ ʥʘ ʦʩʥʦʚʽ ʚʽʜʥʦʚʣʶʚʘʥʦʛʦ 

ʜʞʝʨʝʣʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʫʤʦʚʠ, ʱʦ ʫʩʪʘʥʦʚʢʘ ʧʨʘʮʶʻ ʚ ʨʝʞʠʤʽ ʚʽʜʙʦʨʫ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ: 

 
( )

2

max 2

( ) ( )
( )

( )

H

i H

E t R t
P t

R R t

Ö
=

+
, (2.9) 

ʜʝ 0( ) EE t E k t= +  ï ʥʘʧʨʫʛʘ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʫʩʪʘʥʦʚʢʠ ʥʘ ʦʩʥʦʚʽ 

ʚʽʜʥʦʚʣʶʚʘʥʦʛʦ ʜʞʝʨʝʣʘ, ʜʝ ( )0E ʊk E E T= - , 
0ɽ , ʊɽ  ï ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ ʫ 

ʤʦʤʝʥʪʠ ʯʘʩʫ 0t= , t T= ; iR  ï ʚʥʫʪʨʽʰʥʽʡ ʦʧʽʨ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ 

ʫʩʪʘʥʦʚʢʠ ʥʘ ʦʩʥʦʚʽ ʚʽʜʥʦʚʣʶʚʘʥʦʛʦ ʜʞʝʨʝʣʘ, ʟʥʘʯʝʥʥʷ ʷʢʦʛʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʫ 

ʤʦʤʝʥʪʠ ʨʽʚʥʦʩʪʽ ʧʦʪʫʞʥʦʩʪʽ ʧʝʨʚʠʥʥʦʛʦ ʚʽʪʨʦʚʦʛʦ ʧʦʪʦʢʫ ʪʘ ʩʝʨʝʜʥʴʦʛʦ 

ʟʥʘʯʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʥʘʚʘʥʪʘʞʝʥʥʷ; 0( )HR t R T t=  ï ʦʧʽʨ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʜʝ 
0R  ï 

ʧʦʯʘʪʢʦʚʝ ʟʥʘʯʝʥʥʷ ʦʧʦʨʫ ʫ ʤʦʤʝʥʪ ʯʘʩʫ 0t= . 

ʊʦʜʽ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʘ ʝʥʝʨʛʽʷ 
maxW , ʱʦ ʦʪʨʠʤʫʻʪʴʩʷ ʚʽʜ ʫʩʪʘʥʦʚʢʠ ʥʘ 

ʦʩʥʦʚʽ ʚʽʜʥʦʚʣʶʚʘʥʦʛʦ ʜʞʝʨʝʣʘ, ʥʘ ʽʥʪʝʨʚʘʣʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʊ ʜʦʨʽʚʥʶʻ: 

 
( )

( )

213
0

max 2

0 0 2 1

EE T kT
W d

R

t t
t

t

+
=

+
ñ , (2.10) 

ʜʝ t Tt=  ï ʙʝʟʨʦʟʤʽʨʥʘ ʟʤʽʥʥʘ. 

 ɿʽ ʟʤʝʥʰʝʥʥʷʤ ʪʨʠʚʘʣʦʩʪʽ ʽʥʪʝʨʚʘʣʫ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʜʦ T n  (ʜʣʷ 

ʩʧʨʦʱʝʥʥʷ ʧʨʠʡʤʝʤʦ, ʱʦ ʙʘʟʦʚʠʡ ʽʥʪʝʨʚʘʣ ʜʽʣʠʪʴʩʷ ʥʘ ʨʽʚʥʽ ʯʘʩʪʠʥʠ) ʝʥʝʨʛʽʷ 

T nW  ʟʘʨʷʜʫ ʥʘʢʦʧʠʯʫʚʘʯʘ ʥʘ n ʽʥʪʝʨʚʘʣʘʭ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 ( )
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¤
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= +ä , (2.11) 

ʘ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʘ ʝʥʝʨʛʽʷ maxn
W  ʫʩʪʘʥʦʚʢʠ ʥʘ ʦʩʥʦʚʽ ʚʽʜʥʦʚʣʶʚʘʥʦʛʦ 

ʜʞʝʨʝʣʘ ʟʘ ʬʦʨʤʫʣʦʶ: 
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ääñ , (2.12) 

ʜʝ i  ï ʥʦʤʝʨ ʽʥʪʝʨʚʘʣʫ ʩʧʦʩʪʝʨʝʞʝʥʥʷ. 
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 ʅʘ ʨʠʩ. 2.3 ʧʦʢʘʟʘʥʦ ʟʘʣʝʞʥʦʩʪʽ ʚʝʣʠʯʠʥ ʝʥʝʨʛʽʾ ʟʘʨʷʜʫ ʥʘʢʦʧʠʯʫʚʘʯʘ 

(ʢʨʠʚʘ 1) ʪʘ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʦʾ ʝʥʝʨʛʽʾ, ʷʢʫ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʚʽʜ ʫʩʪʘʥʦʚʢʠ 

ʥʘ ʦʩʥʦʚʽ ʚʽʜʥʦʚʣʶʚʘʥʦʛʦ ʜʞʝʨʝʣʘ (ʢʨʠʚʘ 2), ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʽʥʪʝʨʚʘʣʽʚ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʧ ʥʘ ʙʘʟʦʚʦʤʫ ʽʥʪʝʨʚʘʣʽ. 

 

ʈʠʩ. 2.3. ɿʘʣʝʞʥʦʩʪʽ ʚʝʣʠʯʠʥ ʝʥʝʨʛʽʾ ʟʘʨʷʜʫ ʥʘʢʦʧʠʯʫʚʘʯʘ (ʢʨʠʚʘ 1) ʪʘ 

ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʦʾ ʝʥʝʨʛʽʾ, ʷʢʫ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʚʽʜ ʫʩʪʘʥʦʚʢʠ ʥʘ ʦʩʥʦʚʽ 

ʚʽʜʥʦʚʣʶʚʘʥʦʛʦ ʜʞʝʨʝʣʘ (ʢʨʠʚʘ 2), ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʽʥʪʝʨʚʘʣʽʚ ʩʧʦʩʪʝʨʝʞʝʥʥʷ n ʥʘ 

ʙʘʟʦʚʦʤʫ ʽʥʪʝʨʚʘʣʽ 

 

ɺʨʘʭʫʚʘʥʥʷ ʘʥʘʣʦʛʫ ʧʨʠʥʮʠʧʫ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ɻʝʡʟʝʥʙʝʨʛʘ ʧʨʠ ʢʝʨʫʚʘʥʥʽ 

ʣʦʢʘʣʴʥʦʶ ʩʠʩʪʝʤʦʶ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʚʢʘʟʫʻ ʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʛʣʷʜʘʥʥʷ ʷʢ 

ʙʘʟʦʚʦʛʦ ʽʥʪʝʨʚʘʣʫ, ʪʘʢ ʽ ʤʽʥʽʤʘʣʴʥʦʛʦ ʽʥʪʝʨʚʘʣʫ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʧʦʣʦʞʝʥʥʷ ʨʦʙʦʯʦʾ ʪʦʯʢʠ, ʦʩʢʽʣʴʢʠ, ʨʦʟʛʣʷʜʘʶʯʠ ʙʘʟʦʚʠʡ ʽʥʪʝʨʚʘʣ T, ʩʝʨʝʜʥʻ 

ʟʥʘʯʝʥʥʷ ʝʥʝʨʛʽʾ ʥʘ ʮʴʦʤʫ ʽʥʪʝʨʚʘʣʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʦʯʥʦ, ʽ ʻ ʤʦʞʣʠʚʽʩʪʴ ʪʦʯʥʦ 

ʚʠʟʥʘʯʠʪʠ ʨʽʚʝʥʴ ʝʥʝʨʛʽʾ ʜʣʷ ʟʘʨʷʜʫ ʥʘʢʦʧʠʯʫʚʘʯʘ, ʦʜʥʘʢ ʥʝʤʦʞʣʠʚʦ ʪʦʯʥʦ 

ʚʠʟʥʘʯʠʪʠ ʧʦʣʦʞʝʥʥʷ ʨʦʙʦʯʦʾ ʪʦʯʢʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʦʙʦʪʠ ʫʩʪʚʥʦʚʢʠ ʥʘ 

ʦʩʥʦʚʽ ʚʽʜʥʦʚʣʶʚʘʥʦʛʦ ʜʞʝʨʝʣʘ ʚ ʨʝʞʠʤʽ ʚʽʜʙʦʨʫ ʤʘʢʩʠʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ. ɯ 

ʥʘʚʧʘʢʠ, ʟʥʘʶʯʠ ʟ ʜʦʩʪʘʪʥʴʦʶ ʪʦʯʥʽʩʪʶ ʧʦʣʦʞʝʥʥʷ ʨʦʙʦʯʦʾ ʪʦʯʢʠ (ʤʽʥʽʤʘʣʴʥʫ 

ʪʨʠʚʘʣʽʩʪʴ ʽʥʪʝʨʚʘʣʫ ʩʧʦʩʪʝʨʝʞʝʥʥʷ), ʥʝʤʦʞʣʠʚʦ ʪʦʯʥʦ ʚʠʟʥʘʯʠʪʠ ʩʝʨʝʜʥʻ 

ʟʥʘʯʝʥʥʷ ʝʥʝʨʛʽʾ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʨʽʚʝʥʴ ʝʥʝʨʛʽʾ ʜʣʷ ʟʘʨʷʜʫ ʥʘʢʦʧʠʯʫʚʘʯʘ. ʊʦʤʫ 

ʽʥʪʝʨʚʘʣʴʥʝ ʢʝʨʫʚʘʥʥʷ ʻ ʧʨʠʥʮʠʧʦʚʦ ʥʝʦʙʭʽʜʥʠʤ. 
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ʅʘ ʨʠʩ. 2.4 ʥʘʚʝʜʝʥʦ ʩʭʝʤʫ ʤʦʜʝʣʽ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ, ʱʦ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʩʦʥʷʯʥʦʾ ʙʘʪʘʨʝʾ, ʧʨʝʜʩʪʘʚʣʝʥʦʾ ʝʢʚʽʚʘʣʝʥʪʥʠʤ ʢʝʨʦʚʘʥʠʤ 

ʜʞʝʨʝʣʦʤ ʥʘʧʨʫʛʠ, ʥʘʢʦʧʠʯʫʚʘʯʘ ʟ ʟʘʨʷʜʥʦ-ʨʦʟʨʷʜʥʠʤ ʧʨʠʩʪʨʦʻʤ ʪʘ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʚ ʷʢʽʡ ʨʝʘʣʽʟʦʚʘʥʦ ʧʨʠʥʮʠʧ ʽʥʪʝʨʚʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ. ʐʠʨʦʪʥʦ-

ʽʤʧʫʣʴʩʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ ʥʘ ʚʠʭʦʜʽ ʩʦʥʷʯʥʦʾ ʙʘʪʘʨʝʾ ʧʨʘʮʶʻ ʥʘ 

ʢʦʨʦʪʢʦʪʨʠʚʘʣʦʤʫ ʽʥʪʝʨʚʘʣʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟ ʯʘʩʪʦʪʦʶ 15 ʢɻʮ, ʘ ʟʘʨʷʜʥʦ-

ʨʦʟʨʷʜʥʠʡ ʧʨʠʩʪʨʽʡ ʥʘʢʦʧʠʯʫʚʘʯʘ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʦʥʠʞʫʶʯʦʛʦ ʪʘ 

ʧʽʜʚʠʱʫʶʯʦʛʦ ʰʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ, ʧʨʘʮʶʻ ʥʘ ʜʦʚʛʦʪʨʠʚʘʣʦʤʫ 

ʽʥʪʝʨʚʘʣʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟ ʯʘʩʪʦʪʦʶ 1,5 ʢɻʮ. 

 

ʈʠʩ. 2.4. ʉʭʝʤʘ ʤʦʜʝʣʽ ʣʦʢʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ 

 

 ʅʘ ʨʠʩ. 2.5 ʥʘʚʝʜʝʥʦ ʯʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ʟʤʽʥʠ ʥʘʧʨʫʛʠ ʥʘ ʥʘʚʘʥʪʘʞʝʥʥʽ, ʘ 

ʪʘʢʦʞ ʩʠʛʥʘʣʽʚ ʢʝʨʫʚʘʥʥʷ ʐɯʇ ʩʦʥʷʯʥʦʾ ʙʘʪʘʨʝʾ ʪʘ ʟʘʨʷʜʥʦ-ʨʦʟʨʷʜʥʦʛʦ 

ʧʨʠʩʪʨʦʶ ʥʘʢʦʧʠʯʫʚʘʯʘ. 
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ʙ) 

 

ʚ) 

ʈʠʩ. 2.5. ʏʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ʟʤʽʥʠ ʥʘʧʨʫʛʠ ʥʘ ʥʘʚʘʥʪʘʞʝʥʥʽ (ʘ), ʩʠʛʥʘʣʽʚ ʢʝʨʫʚʘʥʥʷ 

ʐɯʇ ʩʦʥʷʯʥʦʾ ʙʘʪʘʨʝʾ (ʙ) ʪʘ ʟʘʨʷʜʥʦ-ʨʦʟʨʷʜʥʦʛʦ ʧʨʠʩʪʨʦʶ ʥʘʢʦʧʠʯʫʚʘʯʘ (ʚ) 

 

ɺʠʜʥʦ, ʱʦ ʦʧʠʩʘʥʠʡ ʤʝʪʦʜ ʽʥʪʝʨʚʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʫʚʘʪʠ 

ʩʪʘʙʽʣʽʟʘʮʽʶ ʥʘʧʨʫʛʠ ʥʘ ʥʘʚʘʥʪʘʞʝʥʥʽ ʟ ʦʜʥʦʯʘʩʥʠʤ ʚʠʢʦʥʘʥʥʷʤ ʫʤʦʚʠ ʚʽʜʙʦʨʫ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʚʽʜ ʫʩʪʘʥʦʚʢʠ ʥʘ ʦʩʥʦʚʽ ʚʽʜʥʦʚʣʶʚʘʥʦʛʦ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ ʥʘ 

ʽʥʪʝʨʚʘʣʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʝʥʝʨʛʽʾ ʜʣʷ 

ʢʝʨʫʚʘʥʥʷ ʥʘʢʦʧʠʯʫʚʘʯʝʤ ʥʘ ʙʘʟʦʚʦʤʫ ʽʥʪʝʨʚʘʣʽ. 

ɺʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʯʠʩʣʘ ʽʥʪʝʨʚʘʣʽʚ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʪʘ 

ʢʽʣʴʢʦʩʪʽ ʘʧʨʦʢʩʠʤʫʶʯʠʭ ʬʫʥʢʮʽʡ ʥʘ ʽʥʪʝʨʚʘʣʽ. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʢʝʨʫʚʘʥʥʷ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ ʣʦʢʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ ʬʫʥʢʮʽʶ ʟʤʽʥʠ ʧʦʪʦʢʫ 

ʧʝʨʚʠʥʥʦʾ ʝʥʝʨʛʽʾ ʫ ʯʘʩʽ, ʱʦ ʙʫʜʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʤʝʪʝʦʧʨʦʛʥʦʟʫ ʪʘ ʦʙʨʦʙʢʠ 

ʙʽʙʣʽʦʪʝʢʠ ʤʝʪʝʦʜʘʥʠʭ ʜʣʷ ʽʥʪʝʨʚʘʣʫ ʯʘʩʫ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ. ʅʘʙʣʠʞʝʥʥʷ 

ʬʫʥʢʮʽʾ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʴ ʷʢ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʢʩʠʤʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʽʥʪʝʨʚʘʣʽʚ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʪʘʢ ʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʢʩʠʤʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʘʧʨʦʢʩʠʤʫʶʯʠʭ ʬʫʥʢʮʽʡ, ʦʜʥʘʢ ʜʣʷ ʩʧʨʦʱʝʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʢʝʨʫʚʘʥʥʷ ʙʘʞʘʥʦ 

ʟʤʝʥʰʫʚʘʪʠ ʢʽʣʴʢʽʩʪʴ ʷʢ ʽʥʪʝʨʚʘʣʽʚ ʪʘʢ ʽ ʬʫʥʢʮʽʡ ʟʽ ʟʙʝʨʝʞʝʥʥʷʤ ʟʘʜʘʥʦʾ 

ʪʦʯʥʦʩʪʽ, ʪʦʤʫ ʚʠʥʠʢʘʻ ʟʘʜʘʯʘ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ 



 

98 

ʚʢʘʟʘʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ. ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʥʝʦʙʭʽʜʥʦʾ ʢʽʣʴʢʦʩʪʽ ʬʫʥʢʮʽʡ ʌʨʘʥʢʣʽʥʘ 

ʪʘ ʽʥʪʝʨʚʘʣʽʚ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʧʨʠ ʘʧʨʦʢʩʠʤʘʮʽʾ ʛʨʘʬʽʢʫ ʟʤʽʥʠ ʝʥʝʨʛʽʾ ʧʝʨʚʠʥʥʦʛʦ 

ʧʦʪʦʢʫ ʩʢʦʨʠʩʪʘʻʤʦʩʷ ʥʘʩʪʫʧʥʠʤ ʧʽʜʭʦʜʦʤ: ʚʚʘʞʘʶʯʠ, ʱʦ ʬʫʥʢʮʽʷ ( )ɺʇW t  

ʚʽʜʦʤʘ ʟ ʙʽʙʣʽʦʪʝʢʠ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʜʘʥʠʭ, ʾʾ ʘʧʨʦʢʩʠʤʘʮʽʶ ʬʫʥʢʮʽʷʤʠ 

ʌʨʘʥʢʣʽʥʘ ʥʘ ʧ ̔ ʥʪʝʨʚʘʣʘʭ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ ʩʫʤʠ ʣʽʥʽʡʥʠʭ ʩʢʣʘʜʦʚʠʭ 

ʚʠʛʣʷʜʫ: 

 
1 1

( ) ( )
n m

ɺʇ ij ij

i j

t C R t
= =

Y =ää , (2.13) 

ʜʝ m ï ʢʽʣʴʢʽʩʪʴ ʘʧʨʦʢʩʠʤʫʶʯʠʭ ʬʫʥʢʮʽʡ ʥʘ n ʽʥʪʝʨʚʘʣʘʭ, j  ï ʥʦʤʝʨ ʙʘʟʠʩʥʦʾ 

ʬʫʥʢʮʽʾ. 

 ʆʧʪʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ n  ʪʘ m ʚʠʙʝʨʝʤʦ ʚʠʭʦʜʷʯʠ ʟ 

ʫʤʦʚʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦʛʦ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ id 

ʥʘʙʣʠʞʝʥʥʷ ʬʫʥʢʮʽʾ ( )ɺʇW t , ʷʢʝ ʥʘ -̔ʤʫ ʽʥʪʝʨʚʘʣʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ 

ʚʠʨʘʟʫ: 

 ( )
1

2
2 2

1

( ) ( )
i

i

t m

i ɺʇ ij ij

jt

W t C R t dtd

-
=

è ø
= -é ù
ê ú

äñ . (2.14) 

 ʌʫʥʢʮʽʶ ( )ɺʇW t  ʫ ʚʠʨʘʟʽ (2.14) ʟʘʤʽʥʠʤʦ ʾʾ ʣʽʥʽʡʥʠʤ ʥʘʙʣʠʞʝʥʥʷʤ ʚ ʪʦʯʮʽ 

1it -. ʊʦʜʽ 

 ( )1 1 2( )ɺʇ iW t W t t W-= + - , (2.15) 

ʜʝ 
1

1 ( )
i

ɺʇ t t
W W t

-=
= , 

1
2 ( )

i
ɺʇ t t

W dW t dt
-=

= . ʇʦʭʽʜʥʫ ʬʫʥʢʮʽʾ ( )ɺʇdW t dt  ʙʫʜʝʤʦ 

ʚʠʟʥʘʯʘʪʠ ʷʢ ʢʽʥʮʝʚʫ ʨʽʟʥʠʮʶ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʫ ʚʫʟʣʽ it : 

1
1( ) ( ) ( )

i
ɺʇ ɺʇ i ɺʇ it t

dW t dt W t W t
-

+=
= - . 

 ʇʝʨʝʥʝʩʝʤʦ ʧʦʯʘʪʦʢ ʢʦʦʨʜʠʥʘʪ ʚ ʪʦʯʢʫ ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ ( )1 1, iW t- . ɿʘʤʽʥʠʤʦ 

ʬʫʥʢʮʽʶ 2( )ij ijC R t Wè ø-ê ú ʜʝʷʢʠʤ ʩʝʨʝʜʥʽʤ ʟʥʘʯʝʥʥʷʤ ʉʈijW , ʘ ʩʫʤʫ 
1

m

ʉʈij

j

W
=

ä  

ʧʨʝʜʩʪʘʚʠʤʦ ʫ ʚʠʛʣʷʜʽ: 

 2

1

m

ʉʈij

j

mW W
=

=ä , (2.16) 
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ʟʚʽʜʢʠ 2

1

m

ʉʈij

j

W W m
=

=ä . ɺʨʘʭʦʚʫʶʯʠ ʧʝʨʝʥʝʩʝʥʥʷ ʧʦʯʘʪʢʫ ʢʦʦʨʜʠʥʘʪ ʚ ʪʦʯʢʫ

( )1 1, iW t- , ʧʽʜʩʪʘʚʣʷʶʯʠ ʚʠʨʘʟʠ (2.15) ʪʘ (2.16) ʚ (2.14) ʽ ʧʨʠʧʫʩʢʘʶʯʠ, ʱʦ 

1it t T n-- º , ʟʥʘʭʦʜʠʤʦ 

 

3
2 1 2

33
i

WT mW T

n n
d= - . (2.17) 

ʇʦʢʣʘʜʝʤʦ, ʱʦ ʚʽʜʭʠʣʝʥʥʷ ʘʧʨʦʢʩʠʤʘʮʽʾ ʬʫʥʢʮʽʾ ʥʘ ʙʘʟʦʚʦʤʫ ʽʥʪʝʨʚʘʣʽ 

ʧʨʦʧʦʨʮʽʡʥʝ ʩʫʤʽ ʚʽʜʭʠʣʝʥʴ ʘʧʨʦʢʩʠʤʘʮʽʾ ʥʘ ʚʩʽʭ ʽʥʪʝʨʚʘʣʘʭ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, 

ʪʦʙʪʦ 2 2

ind dº . 

 ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʚʠʙʦʨʫ ʯʠʩʣʘ ʘʧʨʦʢʩʠʤʫʶʯʠʭ ʬʫʥʢʮʽʡ m  ʪʘ 

ʽʥʪʝʨʚʘʣʽʚ n  ʧʨʠ ʫʤʦʚʽ nm N¢ , ʘʙʦ 0nm N- =, ʜʝ N  ï ʥʘʧʝʨʝʜ ʟʘʜʘʥʝ ʯʠʩʣʦ, 

ʩʢʦʨʠʩʪʘʻʤʦʩʷ ʤʝʪʦʜʦʤ ʃʘʛʨʘʥʞʘ [135] ʽ ʦʪʨʠʤʘʻʤʦ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ 

 

3 3

1

2

2 3 0;

0,

WT n m

W T n

l

l

ë- + =
ì
- + =í

 (2.18) 

ʟ ʷʢʦʾ ʟʥʘʡʜʝʤʦ 

 

2

1

2

2

3

T W
n

N W
= . (2.19) 

 ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʯʠʩʣʘ ʽʥʪʝʨʚʘʣʽʚ ʪʘ ʘʧʨʦʢʩʠʤʫʶʯʠʭ ʬʫʥʢʮʽʡ ʌʨʘʥʢʣʽʥʘ ʟʘ 

ʫʤʦʚʠ, ʱʦ ʬʫʥʢʮʽʷ 1W  ʧʨʠʡʤʘʻ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ 
1

1 1

1

1 N

ʉʈ n

n

W W
N

-

=

= ä , ʘ ʬʫʥʢʮʽʷ 2W  

ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 
[ ]

2min 2
0;

min
T

W W=  ʥʘ ʙʘʟʦʚʦʤʫ ʽʥʪʝʨʚʘʣʽ ʊ = 24 ʛʦʜ ʟ ʢʽʣʴʢʽʩʪʶ 

ʚʽʜʣʽʢʽʚ N  = 48, ʦʪʨʠʤʘʻʤʦ 28n= , 2m= . ɿʘ ʫʤʦʚʠ ʨʽʚʥʦʤʽʨʥʦʛʦ ʧʦʜʽʣʫ ʥʘ 

ʽʥʪʝʨʚʘʣʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ( 24n= ) ʟ ʢʽʣʴʢʽʩʪ ʁ ʘʧʨʦʢʩʠʤʫʶʯʠʭ ʬʫʥʢʮʽʡ ʥʘ 

ʢʦʞʥʦʤʫ ʽʥʪʝʨʚʘʣʽ 2m= , ʦʪʨʠʤʘʻʤʦ ʨʝʟʫʣʴʪʘʪ ʨʦʟʢʣʘʜʘʥʥʷ ʬʫʥʢʮʽʾ ( )ɺʇW t  ʫ ʨʷʜ 

ʌʨʘʥʢʣʽʥʘ ( )ɺʇt¡Y , ʟʦʙʨʘʞʝʥʠʡ ʥʘ ʨʠʩ. 2.6. 
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ʈʠʩ. 2.6. ʈʝʟʫʣʴʪʘʪ ʨʦʟʢʣʘʜʘʥʥʷ ʬʫʥʢʮʽʾ ( )ɺʇW t  ʫ ʨʷʜ ʌʨʘʥʢʣʽʥʘ ʟʘ ʫʤʦʚʠ 

ʨʽʚʥʦʤʽʨʥʦʛʦ ʧʦʜʽʣʫ ʥʘ ʽʥʪʝʨʚʘʣʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷ 

 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʬʦʨʤʫʣʠ (2.11) ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʢʽʣʴʢʦʩʪʽ n ʽʥʪʝʨʚʘʣʽʚ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ (ti ï ti-1)ʚ k ʨʘʟʽʚ ʢʽʣʴʢʽʩʪʴ ʘʧʨʦʢʩʠʤʫʶʯʠʭ ʬʫʥʢʮʽʡ m ʥʘ ʢʦʞʥʦʤʫ 

ʽʥʪʝʨʚʘʣʽ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚ k2 ʨʘʟʽʚ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʽʥʪʝʨʚʘʣʽʚ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʚ ʜʚʘ ʨʘʟʠ, ʥʘ ʢʦʞʥʦʤʫ ʟ ʷʢʠʭ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚʽʜʙʽʨ ʤʘʢʩʠʤʘʣʴʥʦʾ 

ʝʥʝʨʛʽʾ ʚʽʜ ʫʩʪʘʥʦʚʦʢ ʥʘ ʦʩʥʦʚʽ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ, ʘ ʨʽʚʝʥʴ ʝʥʝʨʛʽʾ ʟʘʨʷʜʫ 

ʥʘʢʦʧʠʯʫʚʘʯʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘ ʙʘʟʦʚʦʤʫ ʽʥʪʝʨʚʘʣʽ. ɿʣʘʤʠ ʥʘ ʢʦʞʥʦʤʫ ʟ ʽʥʪʝʨʚʘʣʽʚ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʘʧʨʦʢʩʠʤʫʶʯʦʾ ʢʨʠʚʦʾ ʩʚʽʜʯʘʪʴ ʧʨʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʤʽʥʠ ʨʝʞʠʤʫ 

ʨʦʙʦʪʠ ʫʩʪʘʥʦʚʦʢ ʥʘ ʦʩʥʦʚʽ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ, ʱʦ ʧʦʪʨʝʙʫʻ ʚʽʜʧʦʚʽʜʥʠʭ 

ʨʝʘʢʮʽʡ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ. 

 

2.2. ɯʜʝʥʪʠʬʽʢʘʮʽʷ ʤʦʜʝʣʽ ʧʦʪʦʢʫ ʧʝʨʚʠʥʥʦʾ ʝʥʝʨʛʽʾ 

 

ʇʨʠ ʨʦʟʨʦʙʮʽ ʘʣʛʦʨʠʪʤʽʚ ʢʝʨʫʚʘʥʥʷ ʧʦʪʦʢʘʤʠ ʝʥʝʨʛʽʾ ʛʝʥʝʨʘʮʽʾ ʪʘ 

ʩʧʦʞʠʚʘʥʥʷ ʫ ʣʦʢʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʦʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʟʘʜʘʯ ʻ 

ʤʦʥʽʪʦʨʠʥʛ ʧʘʨʘʤʝʪʨʽʚ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʦʪʦʢʽʚ, ʘ ʩʘʤʝ ï ʚʠʦʢʨʝʤʣʝʥʥʷ ʪʘ ʦʧʠʩ 

ʦʩʥʦʚʥʠʭ ʭʘʨʘʢʪʝʨʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʯʘʩʦʚʠʭ ʨʷʜʽʚ ʟʤʽʥʠ ʝʥʝʨʛʽʾ; ʧʽʜʙʽʨ 
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ʚʽʜʧʦʚʽʜʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ; ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʤʘʡʙʫʪʥʽʭ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ 

ʧʦʪʦʢʽʚ ʟʘ ʧʦʧʝʨʝʜʥʽʤʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷʤʠ; ʘ ʪʘʢʦʞ ʘʥʘʣʽʟ ʯʘʩʦʚʠʭ ʨʷʜʽʚ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʘʥʘʣʦʛʫ ʧʨʠʥʮʠʧʫ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ɻʝʡʟʝʥʙʝʨʛʘ ʜʦ ʢʝʨʫʚʘʥʥʷ 

ʧʦʪʦʢʘʤʠ ʝʥʝʨʛʽʾ ʫ ʣʦʢʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ ʜʦʟʚʦʣʷʻ ʟʘʧʠʩʘʪʠ ʥʘʩʪʫʧʥʝ ʦʙʤʝʞʝʥʥʷ 

ʚʠʜʫ [138]: 

 
W

W t CD ÖD ¢, (2.20) 

ʜʝ WD  ï ʜʝʷʢʽ (ʥʘʧʨʠʢʣʘʜ, ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʽ) ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥ ʝʥʝʨʛʽʾ 

ʛʝʥʝʨʘʮʽʾ ʯʠ ʩʧʦʞʠʚʘʥʥʷ, ʷʢʽ ʚʠʤʽʨʶʶʪʴʩʷ ʘʙʦ ʬʽʢʩʫʶʪʴʩʷ ʟ ʧʝʚʥʦʶ ʪʦʯʥʽʩʪʶ, ʽ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʢʝʨʫʚʘʥʥʷ; tD  ï ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʽʥʪʝʨʚʘʣʫ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʜʣʷ ʷʢʦʛʦ ʚʠʤʽʨʶʻʪʴʩʷ ʟʥʘʯʝʥʥʷ ʝʥʝʨʛʽʡ; ʚʝʣʠʯʠʥʠ 
W

C  ï ʜʝʷʢʽ 

ʢʦʥʩʪʘʥʪʠ, ʱʦ ʤʘʶʪʴ ʨʦʟʤʽʨʥʽʩʪʴ ʤʦʤʝʥʪʫ ʽʤʧʫʣʴʩʫ ï [ʝʥʝʨʛʽʷ]Ĭ[ʯʘʩ] (ɼʞĿʩ) 

(ʘʥʘʣʦʛʽʯʥʦ ʩʪʘʣʽʡ ʇʣʘʥʢʘ), ʽ ʻ ʬʫʥʢʮʽʦʥʘʣʦʤ ʜʽʾ, ʱʦ ʚʠʟʥʘʯʘʻ ʪʨʘʻʢʪʦʨʽʶ 

ʩʠʩʪʝʤʠ. ɿʥʘʢ ¢ ʦʙʫʤʦʚʣʝʥʠʡ ʦʙʤʝʞʝʥʽʩʪʶ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʽʚʥʷ ʝʥʝʨʛʽʾ, ʷʢʫ 

ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʚʽʜ ʜʞʝʨʝʣʘ, ʜʦ 50% ʟʘ ʫʤʦʚʠ ʨʽʚʥʦʩʪʽ ʚʥʫʪʨʽʰʥʴʦʛʦ ʦʧʦʨʫ 

ʜʞʝʨʝʣʘ ʪʘ ʦʧʦʨʫ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

 ʅʘ ʨʠʩ. 2.7 ʟʦʙʨʘʞʝʥʦ ʯʘʩʦʚʽ ʟʘʣʝʞʥʦʩʪʽ ʟʤʽʥʠ ʝʥʝʨʛʽʾ ʛʝʥʝʨʘʮʽʾ ʪʘ 

ʩʧʦʞʠʚʘʥʥʷ. ɿʥʘʶʯʠ ʪʦʯʥʝ ʟʥʘʯʝʥʥʷ ʝʥʝʨʛʽ ʾ ʛʝʥʝʨʘʮʽʾ 1ɻW , 2ɻW  ʪʘ ʝʥʝʨʛʽʾ 

ʩʧʦʞʠʚʘʥʥʷ 1ʉW , 2ʉW  ʫ ʤʦʤʝʥʪʠ ʯʘʩʫ 1t  ʪʘ 2t  ʧʨʘʢʪʠʯʥʦ ʥʝʤʦʞʣʠʚʦ ʚʠʟʥʘʯʠʪʠ 

ʚʝʣʠʯʠʥʫ ʜʽʾ ʮʠʭ ʝʥʝʨʛʽʡ ʥʘ ʽʥʪʝʨʚʘʣʽ tD, ʽ ʥʘʚʧʘʢʠ ʟʥʘʶʯʠ ʟ ʜʦʩʪʘʪʥʴʦʶ 

ʪʦʯʥʽʩʪʶ ʚʝʣʠʯʠʥʫ ʜʽʾ ʮʠʭ ʝʥʝʨʛʽʡ ʥʘ ʽʥʪʝʨʚʘʣʽ tD  ʥʝʤʦʞʣʠʚʦ ʪʦʯʥʦ ʚʠʟʥʘʯʠʪʠ 

ʟʥʘʯʝʥʥʷ ʝʥʝʨʛʽʾ ʛʝʥʝʨʘʮʽʾ 1ɻW , 2ɻW  ʪʘ ʝʥʝʨʛʽʾ ʩʧʦʞʠʚʘʥʥʷ 1ʉW , 2ʉW  ʫ ʤʦʤʝʥʪʠ 

ʯʘʩʫ 1t  ʪʘ 2t . 
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ʈʠʩ. 2.7. ʏʘʩʦʚʽ ʟʘʣʝʞʥʦʩʪʽ ʟʤʽʥʠ ʝʥʝʨʛʽʾ ʛʝʥʝʨʘʮʽʾ ʪʘ ʩʧʦʞʠʚʘʥʥʷ 

 

ʇʨʦʮʝʩ ʟʤʽʥʠ ʝʥʝʨʛʽʾ ʫ ʣʦʢʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʤʘʻ ʧʦʜʚʽʡʥʫ 

ʩʪʨʫʢʪʫʨʫ ʽ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʩʥʦʚʥʦʛʦ ʪʨʝʥʜʫ ʪʘ ʬʣʫʢʪʫʘʮʽʡ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ɺʽʥʝʨʦʚʩʴʢʦʤʫ ʧʨʦʮʝʩʫ ʟ ʤʘʪʝʤʘʪʠʯʥʠʤ ʦʯʽʢʫʚʘʥʥʷʤ, ʨʽʚʥʠʤ ʥʫʣʶ, ʪʘ 

ʜʠʩʧʝʨʩʽʻʶ, ʨʽʚʥʦʶ ʦʜʠʥʠʮʽ [139]: 

 W t=eÖ, (2.21) 

ʜʝ e ï ʥʝʟʘʣʝʞʥʽ ʥʦʨʤʘʣʴʥʦ ʨʦʟʧʦʜʽʣʝʥʽ ʚʠʧʘʜʢʦʚʽ ʚʝʣʠʯʠʥʠ (ʨʠʩ. 2.8), ʪʘʢʽ, ʱʦ 

( )1 0 0 1 1
, , ,W f W t t= e , ( )2 1 1 2 2

, , ,W f W t t= e , ( )3 2 2 3 3
, , ,W f W t t= e, é., ʜʝ ʽʥʪʝʨʚʘʣʠ ʯʘʩʫ 

1i it t +-  ʻ ʜʦʚʽʣʴʥʠʤʠ. 

 

ʈʠʩ. 2.8. ʆʜʠʥ ʟ ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʽʚ ʚʠʛʣʷʜʫ ɺʽʥʝʨʦʚʩʴʢʦʛʦ ʧʨʦʮʝʩʫ 

 

ʅʘ ʨʠʩ. 2.9, ʘ ʟʦʙʨʘʞʝʥʦ ʛʨʘʬʽʢ ʟʤʽʥʠ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʚʠʭʦʜʽ ʩʦʥʷʯʥʠʭ 

ʙʘʪʘʨʝʡ ʜʣʷ 18  ʢʚʽʪʥʷ 2018 ʨʦʢʫ (ʩʠʥʷ ʢʨʠʚʘ), ʜʘʥʽ ʜʣʷ ʧʦʙʫʜʦʚʠ ʷʢʦʾ ʦʪʨʠʤʘʥʽ ʟ 

ʣʘʙʦʨʘʪʦʨʽʾ LARES ɿʘʛʨʝʙʩʴʢʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ, ʤ. ɿʘʛʨʝʙ, ʍʦʨʚʘʪʽʷ 
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[140], ʪʘ ʾʾ ʧʦʣʽʥʦʤʽʘʣʴʥʠʡ ʪʨʝʥʜ (ʯʝʨʚʦʥʘ ʢʨʠʚʘ), ʦʪʨʠʤʘʥʠʡ ʟʘ ʧʦʣʽʥʦʤʦʤ 4-ʛʦ 

ʧʦʨʷʜʢʫ, ʘ ʥʘ ʨʠʩ. 2.9, ʙ ï ʬʣʫʢʪʫʘʮʽʾ ʧʨʦʮʝʩʫ ʟʤʽʥʠ ʧʦʪʫʞʥʦʩʪʽ ʚʽʜʥʦʩʥʦ ʣʽʥʽʾ 

ʪʨʝʥʜʫ ʜʣʷ ʯʘʩʦʚʦʛʦ ʽʥʪʝʨʚʘʣʫ 04:10 ï 17:42. 

 

ʘ) 

 

ʙ) 

ʈʠʩ. 2.9. ɻʨʘʬʽʢ ʟʤʽʥʠ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʚʠʭʦʜʽ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ: ʘ) ʪʨʝʥʜ; 

ʙ) ʬʣʫʢʪʫʘʮʽʾ 
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ʗʢ ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʫ, ʯʘʩʪʠʥʘ ʝʥʝʨʛʽʾ, ʱʦ ʧʨʠʧʘʜʘʻ ʥʘ ʬʣʫʢʪʫʘʮʽʾ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ɺʽʥʝʨʦʚʩʴʢʦʤʫ ʧʨʦʮʝʩʫ, ʜʣʷ ʽʥʪʝʨʚʘʣʫ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ, 

ʩʪʘʥʦʚʠʪʴ 4,5%, ʱʦ ʧʨʠ ʢʝʨʫʚʘʥʥʽ ʟʘ ʬʣʫʢʪʫʘʮʽʷʤʠ ʜʦʟʚʦʣʷʻ ʥʘ ʚʢʘʟʘʥʫ ʚʝʣʠʯʠʥʫ 

ʧʽʜʚʠʱʠʪʠ ʨʽʚʝʥʴ ʝʥʝʨʛʽʾ ʧʝʨʚʠʥʥʦʛʦ ʧʦʪʦʢʫ. ɺʽʜʩʫʪʥʽʩʪʴ ʚʨʘʭʫʚʘʥʥʷ ʬʣʫʢʪʫʘʮʽʡ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʩʠʩʪʝʤʠ, ʱʦ ʻ ʝʢʦʥʦʤʽʯʥʦ 

ʥʝʜʦʮʽʣʴʥʠʤ. 

ʆʩʢʽʣʴʢʠ ɺʽʥʝʨʦʚʩʴʢʠʡ ʧʨʦʮʝʩ ʻ ʤʘʩʰʪʘʙʥʦ ʽʥʚʘʨʽʘʥʪʥʠʤ ʪʘ 

ʩʘʤʦʧʦʜʽʙʥʠʤ, ʪʦ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʚʝʜʽʥʢʠ ʣʦʢʘʣʴʥʦʾ ʩʠʩʪʝʤʠ 

ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʫ ʪʦʯʮʽ ʨʽʚʥʦʚʘʛʠ ɸ ʨʦʟʽʙôʻʤʦ ʽʥʪʝʨʚʘʣ ʩʧʦʩʪʝʨʝʞʝʥʥʷ tD  ʥʘ 

minn t t= D Dè øé ù ʧʽʜʽʥʪʝʨʚʘʣʽʚ, ʜʝ è øé ù ï ʮʽʣʘ ʯʘʩʪʠʥʘ ʚʽʜ ʜʽʣʝʥʥʷ, mintD  ï 

ʤʽʥʽʤʘʣʴʥʘ ʪʨʠʚʘʣʽʩʪʴ ʽʥʪʝʨʚʘʣʫ ʩʧʦʩʪʝʨʝʞʝʥʥʷ; ʘ ʚʽʜ ʚʝʣʠʯʠʥʠ WD  ʧʝʨʝʡʜʝʤʦ 

ʜʦ ʙʝʟʨʦʟʤʽʨʥʦʾ ʚʝʣʠʯʠʥʠ maxW W WD =D , ʜʝ maxW  ï ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 

ʝʥʝʨʛʽʾ ʚ ʣʦʢʘʣʴʥʽʡ ʩʠʩʪʝʤʽ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ. 

ɺʠʨʘʟʠ ʜʣʷ ʚʝʣʠʯʠʥʠ ʝʥʝʨʛʽʾ ʥʘ n-ʤʫ ʪʘ 1n+ -ʤʫ ʽʥʪʝʨʚʘʣʘʭ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʚʠʨʘʟʫ (2.21) ʟʘʧʠʩʫʶʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

 ( )W Wn C nD = , ( ) ( )1 1W Wn C nD + = +. (2.22) 

ɿʥʘʡʜʝʤʦ ʧʝʨʰʫ ʨʽʟʥʠʮʶ ʤʽʞ ʮʠʤʠ ʚʠʨʘʟʘʤʠ 

 ( ) ( ) ( )1 ( ) 1 1 1
W W W W

n n C n nD D =D + -D = + -. (2.23) 

ɼʦʜʘʚʰʠ ʧʝʨʰʫ ʨʽʟʥʠʮʶ ( )W
D D  ʜʦ ( )

W
nD  ʦʪʨʠʤʘʻʤʦ 

( )1 ( ) 1
W W

n n nD + =D +, ʪʦʙʪʦ ʟʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʚʠʨʘʟʫ (2.23) ʚʽʜʧʦʚʽʜʘʻ 

ɺʽʥʝʨʦʚʩʴʢʦʤʫ ʧʨʦʮʝʩʫ, ʧʨʝʜʩʪʘʚʣʝʥʦʤʫ ʫ ʜʠʩʢʨʝʪʥʽʡ ʬʦʨʤʽ ʟʘʧʠʩʫ. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʢʦʣʠʚʘʥʥʷ ʪʦʯʢʠ ʨʽʚʥʦʚʘʛʠ ʩʠʩʪʝʤʠ ʟʘ ʥʘʷʚʥʦʩʪʽ 

ɺʽʥʝʨʦʚʩʴʢʦʛʦ ʧʨʦʮʝʩʫ ʩʢʦʨʠʩʪʘʻʤʦʩʷ ʜʽʘʛʨʘʤʦʶ ʃʘʤʝʨʝʷ [141] ʪʘ ʧʦʙʫʜʫʻʤʦ 

ʜʠʩʢʨʝʪʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʮʴʦʛʦ ʧʨʦʮʝʩʫ (ʨʠʩ. 2.10 ʘ, ʙ). 
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ʙ) 

ʈʠʩ. 2.10. ɼʠʩʢʨʝʪʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ɺʽʥʝʨʦʚʩʴʢʦʛʦ ʧʨʦʮʝʩʫ: ʘ ï ʧʨʦʮʝʩ ʩʪʽʡʢʠʡ; 

ʙ ï ʧʨʦʮʝʩ ʥʝʩʪʽʡʢʠʡ 
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ʅʘ ʨʠʩ. 2.10 ʘ, ʙ ʢʨʠʚʘ 1 ʚʽʜʧʦʚʽʜʘʻ ʧʨʦʮʝʩʫ, ʱʦ ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ 

( )1 ( ) 1
W W

n n nD + =D +, ʘ ʢʨʠʚʘ 2 ï ʧʨʦʧʦʨʮʽʡʥʽʡ ʟʤʽʥʽ ʝʥʝʨʛʽʾ ʧʨʠ ʟʤʽʥʽ 

ʪʨʠʚʘʣʦʩʪʽ ʽʥʪʝʨʚʘʣʫ ʩʧʦʩʪʝʨʝʞʝʥʥʷ. 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 2.10, ʧʨʦʮʝʩ ʟʤʽʥʠ ʝʥʝʨʛʽʾ ʻ ʩʪʽʡʢʠʤ ʟʣʽʚʘ ʚʽʜ ʪʦʯʢʠ ɸ 

(ʧʝʨʝʭʦʜʠ B-C-D-E-F-G-H-I -J-K-A, ʧʦʟʥʘʯʝʥʽ ʩʫʮʽʣʴʥʦʶ ʣʽʥʽʻʶ) (ʘ), ʽ ʥʝʩʪʽʡʢʠʤ 

ʩʧʨʘʚʘ ʚʽʜ ʪʦʯʢʠ ɸ (ʧʝʨʝʭʦʜʠ Bô-Cô-Dô-Eô-Fô, ʧʦʟʥʘʯʝʥʽ ʰʪʨʠʭʦʚʦʶ ʣʽʥʽʻʶ) (ʙ). 

ʋʤʦʚʘ ʩʪʽʡʢʦʩʪʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʥʘʢʫ ʧʦʭʽʜʥʦʾ ʫ ʪʦʯʮʽ ɸ ʧʨʦʮʝʩʫ ʟʤʽʥʠ ʝʥʝʨʛʽʾ, 

ʷʢʠʡ ʻ ɺʽʥʝʨʦʚʩʴʢʠʤ, ʽ ʚʠʢʣʠʢʘʻ ʢʦʣʠʚʘʥʥʷ ʩʠʩʪʝʤʠ ʚ ʦʢʦʣʽ ʮʽʻʾ ʪʦʯʢʠ, ʱʦ ʤʦʞʝ 

ʚʠʚʦʜʠʪʠ ʩʠʩʪʝʤʫ ʽʟ ʟʦʥʠ ʩʪʽʡʢʦʾ ʨʦʙʦʪʠ. ɺʨʘʭʦʚʫʶʯʠ ʚʪʨʘʪʠ ʝʥʝʨʛʽʾ ʟʘ ʨʘʭʫʥʦʢ 

ʾʾ ʜʠʩʠʧʘʮʽʾ, ʪʦʯʢʘ ɸ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʜʝʷʢʫ ʦʙʣʘʩʪʴ ʆɸ, ʽ ʩʠʩʪʝʤʘ ʤʦʞʝ ʥʝ 

ʥʘʙʫʚʘʪʠ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʝʩʪʽʡʢʦʩʪʽ, ʷʢʱʦ ʢʦʣʠʚʘʥʥʷ, ʦʙʫʤʦʚʣʝʥʽ ɺʽʥʝʨʦʚʩʴʢʠʤ 

ʧʨʦʮʝʩʦʤ, ʥʝ ʚʠʭʦʜʷʪʴ ʟʘ ʦʙʣʘʩʪʴ ʆɸ. 

ɼʣʷ ʦʮʽʥʢʠ ʩʪʽʡʢʦʩʪʽ ʣʦʢʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʥʝʦʙʭʽʜʥʦ 

ʦʮʽʥʠʪʠ ʧʦʭʽʜʥʫ ʧʨʦʮʝʩʫ ʟʤʽʥʠ ʝʥʝʨʛʽʾ ʫ ʩʠʩʪʝʤʽ. ɼʣʷ ʮʴʦʛʦ ʩʢʦʨʠʩʪʘʻʤʦʩʴ 

ʧʨʘʚʠʣʦʤ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʩʪʦʭʘʩʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ. ʆʩʢʽʣʴʢʠ ʮʝʡ ʧʨʦʮʝʩ 

ʚʚʘʞʘʻʤʦ ɺʽʥʝʨʦʚʩʴʢʠʤ, ʪʦ ʜʣʷ ʡʦʛʦ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʬʦʨʤʫʣʫ 

ɯʪʦ [142]: 

 ( ) ( ) ( )
2

2

2

1
, , ,

2
W W W t

W W W

F aF F F
dF a t b t dt b t dw

t

µ µ µ µ
= + D + D + D
µ µD µD µD

è ø
é ù
ê ú

, (2.24) 

ʜʝ ( ),WF tD  ï ʜʝʷʢʘ ʩʪʦʭʘʩʪʠʯʥʘ ʬʫʥʢʮʽʷ ʟʤʽʥʠ ʝʥʝʨʛʽʾ; WD  ï ʚʠʧʘʜʢʦʚʠʡ ʧʨʦʮʝʩ 

ʟʤʽʥʠ ʝʥʝʨʛʽʾ; tdw dt=e  ï ʥʝʩʢʽʥʯʝʥʥʦ ʤʘʣʠʡ ɺʽʥʝʨʦʚʴʢʠʡ ʰʫʤ; ʬʫʥʢʮʽʷ 

( ),Wa tD  ï ʢʦʝʬʽʮʽʻʥʪ ʟʥʦʩʫ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʚʽʜʭʠʣʝʥʥʷ ʮʝʥʪʨʫ ʨʦʟʧʦʜʽʣʫ 

ʧʨʦʮʝʩʫ; ʬʫʥʢʮʽʷ ( ),Wb tD  ï ʢʦʝʬʽʮʽʻʥʪ ʚʦʣʘʪʠʣʴʥʦʩʪʽ, ʢʚʘʜʨʘʪ ʷʢʦʛʦ ( )2 ,Wb tD  

ʥʘʟʠʚʘʶʪʴ ʜʠʬʫʟʽʻʶ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʰʚʠʜʢʽʩʪʴ ʟʤʽʥʠ ʜʠʩʧʝʨʩʽʾ ʧʨʦʮʝʩʫ. 

 ʗʢʱʦ ʨʦʟʨʘʭʫʥʢʠ ʧʨʦʚʦʜʠʪʠ ʣʠʰʝ ʜʣʷ ʦʩʥʦʚʥʦʛʦ ʪʨʝʥʜʫ ʧʨʦʮʝʩʫ ʟʤʽʥʠ 

ʝʥʝʨʛʽʾ ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʬʣʫʢʪʫʘʮʽʡ, ʪʦ ʜʠʬʝʨʝʥʮʽʘʣ ʬʫʥʢʮʽʾ ( ),WF tD , ʚ ʷʢʫ 

ʧʽʜʩʪʘʚʠʣʠ ʨʽʰʝʥʥʷ ()W W tD =D  ʨʽʚʥʷʥʥʷ ( ),W Wd a t dtD = D , ʤʘʻ ʚʠʛʣʷʜ: 
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 ( ),
W W

W W

F F F F
dF dt d a t dt

t t

µ µ µ µ
= + D = + D
µ µD µ µD

å õ
æ ö
ç ÷

. (2.25) 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʮʴʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʚ ʜʝʪʝʨʤʽʥʦʚʘʥʫ ʯʘʩʪʠʥʫ ʨʽʚʥʷʥʥʷ 

(2.24) ʚʭʦʜʠʪʴ ʬʫʥʢʮʽʷ ʜʠʬʫʟʽʾ ʪʘ ʜʨʫʛʘ ʧʦʭʽʜʥʘ ʧʦ WD . ʎʽ ʜʦʜʘʥʢʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʢʦʣʠʚʘʥʥʷ ʧʨʦʮʝʩʫ ʟʤʽʥʠ ʝʥʝʨʛʽʾ, ʽ ʦʟʥʘʯʘʶʪʴ ʚʠʭʽʜ ʩʠʩʪʝʤʠ ʟ 

ʟʦʥʠ ʩʪʽʡʢʦʾ ʨʦʙʦʪʠ. ʊʦʙʪʦ ʟʤʽʥʘ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʪʘ 

ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʴ ɺʽʥʝʨʦʚʩʴʢʦʛʦ ʧʨʦʮʝʩʫ ʫ ʯʘʩʽ ʚʧʣʠʚʘʻ ʥʘ ʩʪʽʡʢʽʩʪʴ ʩʠʩʪʝʤʠ. 

ʆʩʢʽʣʴʢʠ ʧʦʭʽʜʥʘ ʧʨʦʮʝʩʫ ʟʤʽʥʠ ʝʥʝʨʛʽʾ ʚ ʪʦʯʮʽ ɸ ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʤʽʥʥʠʭ 

ɺʽʥʝʨʦʚʩʴʢʦʛʦ ʧʨʦʮʝʩʫ, ʪʦ ʜʦʮʽʣʴʥʦ ʦʮʽʥʠʪʠ ʚʝʣʠʯʠʥʫ ʤʽʥʽʤʘʣʴʥʦʛʦ ʪʘ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʩʠʩʪʝʤʠ ʚʽʜ ʪʦʯʢʠ ʩʧʦʢʦʶ. ɿʘ ʚʣʘʩʪʠʚʽʩʪʶ 

ɺʽʥʝʨʦʚʩʴʢʦʛʦ ʧʨʦʮʝʩʫ, ʚʽʥ ʻ ʥʝʜʠʬʝʨʝʥʮʽʡʦʚʘʥʠʤ, ʘʣʝ ʜʣʷ ʦʧʠʩʫ ʡʦʛʦ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ ʟʘʢʦʥ ʧʦʚʪʦʨʥʦʛʦ ʣʦʛʘʨʠʬʤʫ, ʽ 

ʚʠʟʥʘʯʠʪʠ ʚʝʨʭʥʶ 
1F  ʪʘ ʥʠʞʥʶ 

2F  ʛʨʘʥʠʮʽ ʜʣʷ ʪʨʘʻʢʪʦʨʽʡ ʧʨʦʮʝʩʫ [143]: 

 ( )( )
1/2

1
1 2 lnln

t t t
F w

-
= +x D D, ( )( )

1/2

2
1 2 lnln

t t t
F w

-
= -x D D (2.26) 

 ʊʨʘʻʢʪʦʨʽʷ ɺʽʥʝʨʦʚʩʴʢʦʛʦ ʧʨʦʮʝʩʫ ʧʦʯʠʥʘʶʯʠ ʟ ʜʝʷʢʦʛʦ ʤʦʤʝʥʪʫ ʯʘʩʫ ʥʘ 

ʜʝʷʢʦʤʫ ʽʥʪʝʨʚʘʣʽ tD  ʤʘʡʞʝ ʥʘʧʝʚʥʦ ʟ ʽʤʦʚʽʨʥʽʩʪʶ, ʱʦ ʜʦʨʽʚʥʶʻ ʦʜʠʥʠʮʽ, 

ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʦʙʣʘʩʪʽ, ʷʢʘ ʦʙʤʝʞʝʥʘ ʢʨʠʚʠʤʠ ( )1 1
,F F- , ʽ ʚ ʪʦʡ ʞʝ ʯʘʩ ʚʠʭʦʜʠʪʴ 

ʟʘ ʤʝʞʽ ʦʙʣʘʩʪʽ ( )2 2
,F F- . ɺ ʦʢʦʣʽ ʥʫʣʷ ɺʽʥʝʨʦʚʩʴʢʠʡ ʧʨʦʮʝʩ ʚʝʜʝ ʩʝʙʝ ʩʭʦʞʠʤ 

ʯʠʥʦʤ ʟʘ ʣʦʢʘʣʴʥʠʤ ʟʘʢʦʥʦʤ ʧʦʚʪʦʨʥʦʛʦ ʣʦʛʘʨʠʬʤʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʨʦʟʤʽʱʝʥʥʷ ʡʦʛʦ ʪʨʘʻʢʪʦʨʽʡ ʟ ʟʦʥʘʭ ( )1 1
,F F¡ ¡-  ʪʘ ( )2 2

,F F¡ ¡-  ʪʘ ʧʝʨʝʭʦʜʫ ʜʦ 

ʟʤʽʥʥʦʾ ( )
1

t

-
D : 

 ( )( )
1/2

1
1 2 lnln(1/ )

t t t
F w

-¡= +x D D, ( )( )
1/2

2
1 2 lnln(1/ )

t t t
F w

-¡= -x D D. (2.27) 

ʊʘʢʠʤ ʯʠʥʦʤ ʥʘ ʽʥʪʝʨʚʘʣʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ tD  ʤʘʢʩʠʤʘʣʴʥʝ ʪʘ ʤʽʥʽʤʘʣʴʥʝ 

ʚʽʜʭʠʣʝʥʥʷ ʢʦʣʠʚʘʥʴ ɺʽʥʝʨʦʚʩʴʢʦʛʦ ʧʨʦʮʝʩʫ ʦʧʠʩʫʻʪʴʩʷ ʧʨʷʤʠʤʠ 
1 1
,F F¡ ¡-  ʪʘ 

2 2
,F F¡ ¡-  (ʨʠʩ. 2.11). 
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ʈʠʩ. 2.11. ʄʘʢʩʠʤʘʣʴʥʝ ʪʘ ʤʽʥʽʤʘʣʴʥʝ ʚʽʜʭʠʣʝʥʥʷ ʢʦʣʠʚʘʥʴ ɺʽʥʝʨʦʚʩʴʢʦʛʦ 

ʧʨʦʮʝʩʫ 

 

ɿ ʽʤʦʚʽʨʥʽʩʪʶ, ʱʦ ʜʦʨʽʚʥʶʻ ʦʜʠʥʠʮʽ, ʢʦʣʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʚ ʩʠʩʪʝʤʽ 

ʧʝʨʝʚʠʱʫʶʪʴ ʨʽʚʝʥʴ minW°D , ʘʣʝ ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ ʨʽʚʝʥʴ maxW°D . ʇʨʠ 

ʚʽʜʭʠʣʝʥʥʽ ʙʽʣʴʰʝ ʥʽʞ ʥʘ 
maxW+D , 

minW+D  ʩʠʩʪʝʤʘ ʩʪʘʻ ʥʝʩʪʽʡʢʦʶ (ʜʠʚ. 

ʨʠʩ. 2.10). ʇʘʨʘʤʝʪʨ x ʪʨʘʢʪʫʻʪʴʩʷ ʷʢ ʜʦʚʽʨʯʠʡ ʽʥʪʝʨʚʘʣ ʟʤʽʥʠ ʨʽʚʥʷ ʝʥʝʨʛʽʾ, 

ʥʘʧʨʠʢʣʘʜ 3s ʧʨʠ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʽ ʨʦʟʧʦʜʽʣʫ. ɿ ʨʠʩ. 2.10 ʚʠʜʥʦ, ʱʦ ʧʨʦʮʝʩ 

ʟʤʽʥʠ ʝʥʝʨʛʽʾ ʫ ʣʦʢʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʥʘ ʚʩʴʦʤʫ ʽʥʪʝʨʚʘʣʽ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʻ ʥʝʩʪʽʡʢʠʤ, ʘʙʩʦʣʶʪʥʦʛʦ ʙʘʣʘʥʩʫ ʝʥʝʨʛʽʾ ʚ ʩʠʩʪʝʤʽ ʥʝʤʘʻ, ʘ 

ʩʠʩʪʝʤʘ ʤʦʞʝ ʧʝʨʝʭʦʜʠʪʠ ʟʽ ʩʪʽʡʢʦʛʦ ʩʪʘʥʫ ʫ ʥʝʩʪʽʡʢʠʡ ʭʘʦʪʠʯʥʠʤ ʯʠʥʦʤ. 

ɿʘʩʪʦʩʦʚʫʶʯʠ ʦʧʠʩʘʥʽ ʤʽʨʢʫʚʘʥʥʷ ʜʦ ʜʘʥʠʭ ʟʤʽʥʠ ʝʥʝʨʛʽʾ ʥʘ ʚʠʭʦʜʽ 

ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ, ʦʪʨʠʤʘʥʠʭ ʟ ʣʘʙʦʨʘʪʦʨʽʾ LARES, ʙʘʯʠʤʦ, ʱʦ 67% ʜʘʥʠʭ 

ʙʽʣʴʰʝ ʥʫʣʷ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʤʝʞʘʭ (4õ7) ʚʽʜʥʦʩʥʠʭ ʦʜʠʥʠʮʴ ʝʥʝʨʛʽʾ, ʽ 53% ʜʘʥʠʭ 

ʤʝʥʰʝ ʥʫʣʷ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʤʝʞʘʭ (-2÷-5) ʚʽʜʥʦʩʥʠʭ ʦʜʠʥʠʮʴ ʝʥʝʨʛʽʾ (ʨʠʩ. 2.12), 

ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʤʽʨʢʫʚʘʥʥʷ ʧʨʦ ʟʥʘʭʦʜʞʝʥʥʷ ʪʨʘʻʢʪʦʨʽʡ ɺʽʥʝʨʦʚʩʴʦʛʦ ʧʨʦʮʝʩʫ ʟ 

ʽʤʦʚʽʨʥʽʩʪʶ ʙʣʠʟʴʢʦʶ ʜʦ ʦʜʠʥʠʮʽ ʫ ʧʝʚʥʠʭ ʟʦʥʘʭ, ʽ ʜʦʟʚʦʣʷʻ ʮʝ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ 

ʬʦʨʤʫʚʘʥʥʽ ʘʣʛʦʨʠʪʤʽʚ ʢʝʨʫʚʘʥʥʷ ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ ʣʦʢʘʣʴʥʦʾ ʩʠʩʪʝʤʠ 

ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ. 
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ʈʠʩ. 2.12. ʄʘʢʩʠʤʘʣʴʥʝ ʪʘ ʤʽʥʽʤʘʣʴʥʝ ʚʽʜʭʠʣʝʥʥʷ ʢʦʣʠʚʘʥʴ ɺʽʥʝʨʦʚʩʴʢʦʛʦ 

ʧʨʦʮʝʩʫ ʜʣʷ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʟ ʣʘʙʦʨʘʪʦʨʽʾ LARES 

 

ʆʩʢʽʣʴʢʠ ʚ ʦʩʪʘʥʥʽ ʜʝʩʷʪʠʣʽʪʪʷ ʟʥʠʞʫʶʪʴʩʷ ʚʪʨʘʪʠ ʝʥʝʨʛʽʾ ʫ ʣʦʢʘʣʴʥʠʭ 

ʩʠʩʪʝʤʘʭ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʪʘ ʧʽʜʚʠʱʫʻʪʴʩʷ ʾʭʥʷ ʝʬʝʢʪʠʚʥʽʩʪʴ, ʱʦ ʟʤʝʥʰʫʻ 

ʨʘʜʽʫʩ ʦʙʣʘʩʪʽ ʆɸ, ʟʨʦʩʪʘʻ ʽʤʦʚʽʨʥʽʩʪʴ ʚʠʭʦʜʫ ʪʘʢʠʭ ʩʠʩʪʝʤ ʟ ʟʦʥʠ ʩʪʽʡʢʦʾ ʨʦʙʦʪʠ 

ʪʘ ʚʠʥʠʢʥʝʥʥʷ ʘʚʘʨʽʡʥʠʭ ʨʝʞʠʤʽʚ. ɼʣʷ ʟʥʠʞʝʥʥʷ ʚʧʣʠʚʫ ʬʣʫʢʪʫʘʮʽʡ ʧʨʦʮʝʩʫ 

ʟʤʽʥʠ ʝʥʝʨʛʽʾ, ʱʦ ʧʦʚôʷʟʘʥʽ ʟʽ ʟʤʽʥʦʶ ʥʘʚʘʥʪʘʞʝʥʥʷ ʘʙʦ ʟʤʽʥʦʶ ʨʽʚʥʷ ʝʥʝʨʛʽʾ, ʱʦ 

ʛʝʥʝʨʫʻʪʴʩʷ ʫʩʪʘʥʦʚʢʘʤʠ ʥʘ ʦʩʥʦʚʽ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ, ʥʝʦʙʭʽʜʥʦ ʫ 

ʣʦʢʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʥʘʢʦʧʠʯʫʚʘʯʽ ʝʥʝʨʛʽʾ, ʷʢʽ ʙ ʢʦʤʧʝʥʩʫʚʘʣʠ 

ʟʤʽʥʫ ʝʥʝʨʛʽʾ ʚ ʜʽʘʧʘʟʦʥʽ min maxW WD ·D  ʜʦ ʚʝʣʠʯʠʥʠ, ʤʝʥʰʦʾ ʥʽʞ ʨʘʜʽʫʩ ʦʙʣʘʩʪʽ 

ʆɸ (ʨʠʩ. 2.10). 

ʇʨʠ ʮʴʦʤʫ ʰʚʠʜʢʽʩʪʴ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʥʘʢʦʧʠʯʫʚʘʯʝʤ 

ʧʦʚʠʥʥʘ ʙʫʪʠ ʭʦʯʘ ʙ ʥʘ ʦʜʠʥ ʧʦʨʷʜʦʢ ʚʠʱʝ, ʥʽʞ ʯʘʩʪʦʪʘ ʬʣʫʢʪʫʘʮʽʡ. ʅʝʭʪʫʚʘʥʥʷ 

ʥʝʦʙʭʽʜʥʽʩʪʶ ʟʤʝʥʰʝʥʥʷ ʬʣʫʢʪʫʘʮʽʡ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ ʛʝʥʝʨʘʮʽʾ ʪʘ 

ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʫ ʣʦʢʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, 

ʱʦ ʫ ʩʠʩʪʝʤʘʭ ʢʝʨʫʚʘʥʥʷ ʟʘʟʜʘʣʝʛʽʜʴ ʧʨʠʩʫʪʥʽʡ ʥʝʩʪʽʡʢʠʡ ʙʣʦʢ, ʱʦ, ʷʢ ʧʨʘʚʠʣʦ, 

ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʩʪʽʡʢʦʩʪʽ ʟʘʛʘʣʴʥʦʾ ʟʘʤʢʥʝʥʦʾ ʩʠʩʪʝʤʠ. 

ɼʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ ʚʠʢʣʘʜʦʢ, ʜʦʩʣʽʜʞʝʥʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ 

ʧʨʦʮʝʩʠ ʫ ʣʦʢʘʣʴʥʽʡ ʩʠʩʪʝʤʽ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʩʦʥʷʯʥʦʾ 

ʙʘʪʘʨʝʾ, ʷʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʝʢʚʽʚʘʣʝʥʪʥʠʤ ʜʞʝʨʝʣʦʤ ʥʘʧʨʫʛʠ ʟ ʚʥʫʪʨʽʰʥʽʤ ʦʧʦʨʦʤ 

(ʨʠʩ. 2.13), ʪʘ ʰʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ (ʐɯʇ), ʱʦ ʚʢʣʶʯʝʥʠʡ ʥʘ ʾʾ 
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ʚʠʭʦʜʽ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʦʙʦʪʠ ʫ ʨʝʞʠʤʽ ʚʽʜʙʦʨʫ ʤʘʢʩʠʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ, ʟʘ ʫʤʦʚʠ 

ʧʽʜʢʣʶʯʝʥʥʷ ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ ʜʦʜʘʪʢʦʚʦʛʦ ʘʢʪʠʚʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʝʜʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʧʘʢʝʪʫ Matlab R2020a 

Simulink© ʫ ʪʦʯʮʽ, ʙʣʠʟʴʢʽʡ ʜʦ ʪʦʯʢʠ ʨʽʚʥʦʚʘʛʠ, ʚ ʷʢʽʡ Rʚʥ å Rʥ = 0,975 ʆʤ. 

ɿʘʟʥʘʯʠʤʦ, ʱʦ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʜʦʜʘʪʢʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʠʩʪʝʤʘ ʻ ʩʪʽʡʢʦʶ ʽ 

ʘʚʪʦʢʦʣʠʚʘʥʥʷ ʚʽʜʩʫʪʥʽ. 

 

ʈʠʩ. 2.13. ʄʦʜʝʣʴ ʣʦʢʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ 

 

ʄʦʜʝʣʴ, ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 2.13, ʤʽʩʪʠʪʴ ʥʘʩʪʫʧʥʽ ʝʣʝʤʝʥʪʠ: ɽ = 10 ɺ ï 

ʝʢʚʽʚʘʣʝʥʪʥʝ ʜʞʝʨʝʣʦ ʥʘʧʨʫʛʠ ʟ ʚʥʫʪʨʽʰʥʽʤ ʦʧʦʨʦʤ Rʚʥ = 1 ʆʤ; Ideal Switch ï 

ʢʣʶʯ ʐɯʇ; Rʥ = 0,975 ʆʤ ï ʘʢʪʠʚʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ; Ideal Switch1 ï ʢʣʶʯ, ʱʦ 

ʧʽʜʢʣʶʯʘʻ ʜʦʜʘʪʢʦʚʝ ʘʢʪʠʚʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ Rʥ1 = 0,05 ʆʤ ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ; 

Diode ï ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʡ ʜʽʦʜ; Lʬ =1 ʤɻʥ, Cʬ =1 ʤʌ ï ʽʥʜʫʢʪʠʚʥʽʩʪʴ ʪʘ 

ʻʤʥʽʩʪʴ ʬʽʣʴʪʨʘ; PWM Control System ï ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʰʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʠʤ 

ʧʝʨʝʪʚʦʨʶʚʘʯʝʤ ʟʽ ʩʪʘʙʽʣʽʟʘʮʽʻʶ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ, ʩʭʝʤʫ ʤʦʜʝʣʽ ʷʢʦʾ ʟʦʙʨʘʞʝʥʦ 

ʥʘ ʨʠʩ. 2.14; Uniform Random Number ï ʛʝʥʝʨʘʪʦʨ ʚʠʧʘʜʢʦʚʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ; 

Relay ï ʨʝʣʝʡʥʠʡ ʙʣʦʢ; ʚʠʤʽʨʶʚʘʯʽ ʤʠʪʪʻʚʠʭ ʟʥʘʯʝʥʴ ʩʪʨʫʤʫ (Iʥ) ʪʘ ʥʘʧʨʫʛʠ (Uʥ) 

ʥʘ ʥʘʚʘʥʪʘʞʝʥʥʽ; Scope ï ʙʣʦʢ ʜʣʷ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʤʽʥʠ ʥʘʧʨʫʛʠ ʥʘ ʥʘʚʘʥʪʘʞʝʥʥʽ 

ʪʘ ʽʤʧʫʣʴʩʽʚ ʢʝʨʫʚʘʥʥʷ ʢʣʶʯʝʤ ʜʦʜʘʪʢʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. 
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ʈʠʩ. 2.14. ʄʦʜʝʣʴ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʰʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʠʤ ʧʝʨʝʪʚʦʨʶʚʘʯʝʤ ʟʽ 

ʩʪʘʙʽʣʽʟʘʮʽʻʶ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ 

 

ʄʦʜʝʣʴ ʨʝʘʣʽʟʫʻ ʐɯʄ ɯɯ ʨʦʜʫ ʟ ʦʧʦʨʥʦʶ ʧʠʣʢʦʧʦʜʽʙʥʦʶ ʥʘʧʨʫʛʦʶ. ʅʘ 

ʨʠʩ. 2.14 ʧʦʟʥʘʯʝʥʦ: Uʟʘʜ = 5ï ʟʘʜʘʶʯʝ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ; In1 ï ʩʠʛʥʘʣ 

ʟʚʦʨʦʪʥʴʦʛʦ ʟʚôʷʟʢʫ; Out1 ï ʢʝʨʫʶʯʠʡ ʩʠʛʥʘʣ; Subtract ï ʝʣʝʤʝʥʪ ʚʽʜʥʽʤʘʥʥʷ; 

Gain ï ʣʘʥʢʘ ʧʽʜʩʠʣʝʥʥʷ; Repeating Sequence ï ʛʝʥʝʨʘ--ʪʦʨ ʧʠʣʢʦʧʦʜʽʙʥʦʾ 

ʥʘʧʨʫʛʠ ʟ ʘʤʧʣʽʪʫʜʥʠʤ ʟʥʘʯʝʥʥʷʤ Uɻʇʅ=2,5 ɺ ʪʘ ʧʝʨʽʦʜʦʤ T=10 ʤʢʩ; Control 

System Scope ï ʙʣʦʢ ʜʣʷ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʤʽʥʠ ʥʘʧʨʫʛʠ ɻʇʅ, ʩʠʛʥʘʣʫ ʧʦʭʠʙʢʠ ʪʘ 

ʨʝʟʫʣʴʪʘʪʫ ʧʦʨʽʚʥʷʥʥʷ. 

 ʏʘʩʦʚʽ ʟʘʣʝʞʥʦʩʪʽ ʥʘʧʨʫʛʠ ʪʘ ʩʪʨʫʤʫ ʚ ʥʘʚʘʥʪʘʞʝʥʥʽ ʧʨʠ ʟʥʘʯʝʥʥʽ 

ʢʦʝʬʽʮʽʻʥʪʘ ʧʽʜʩʠʣʝʥʥʷ ʫ ʢʦʣʽ ʟʚʦʨʦʪʥʴʦʛʦ ʟʚôʷʟʢʫ K = 1, ʦʪʨʠʤʘʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʪʘ ʽʤʧʫʣʴʩʠ ʢʝʨʫʚʘʥʥʷ ʢʣʶʯʝʤ ʜʦʜʘʪʢʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 2.15. 

 

 

ʈʠʩ. 2.15. ʏʘʩʦʚʽ ʟʘʣʝʞʥʦʩʪʽ ʥʘʧʨʫʛʠ ʪʘ ʩʪʨʫʤʫ ʚ ʥʘʚʘʥʪʘʞʝʥʥʽ ʧʨʠ ʟʥʘʯʝʥʥʽ 

ʢʦʝʬʽʮʽʻʥʪʘ ʧʽʜʩʠʣʝʥʥʷ ʫ ʢʦʣʽ ʟʚʦʨʦʪʥʴʦʛʦ ʟʚôʷʟʢʫ K = 1 
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ɺʠʜʥʦ, ʱʦ ʟ ʧʽʜʢʣʶʯʝʥʥʷʤ ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ ʜʦʜʘʪʢʦʚʦʛʦ ʘʢʪʠʚʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʩʠʩʪʝʤʘ ʧʝʨʝʭʦʜʠʪʴ ʜʦ ʨʝʞʠʤʫ ʥʝʩʪʽʡʢʦʾ ʨʦʙʦʪʠ. ʇʝʨʝʚʝʜʝʥʥʷ 

ʩʠʩʪʝʤʠ ʫ ʨʝʞʠʤ ʩʪʽʡʢʦʾ ʨʦʙʦʪʠ ʤʦʞʣʠʚʝ ʰʣʷʭʦʤ ʧʽʜʢʣʶʯʝʥʥʷ ʧʘʨʘʣʝʣʴʥʦ 

ʥʘʚʘʥʪʘʞʝʥʥʶ ʥʘʢʦʧʠʯʫʚʘʯʘ ʟ ʟʘʨʷʜʥʦ-ʨʦʟʨʷʜʥʠʤ ʧʨʠʩʪʨʦʻʤ. 

 

2.3. ʇʨʠʨʦʜʥʠʯʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʢʣʘʜʦʚʠʭ ʩʪʨʫʢʪʫʨʠ ʧʦʪʦʢʫ 

 

ʈʦʟʛʣʷʜʘʶʯʠ ʩʪʨʫʤ ʥʘ ʚʠʭʦʜʽ ʫʩʪʘʥʦʚʦʢ ʥʘ ʦʩʥʦʚʽ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ 

ʝʥʝʨʛʽʾ, ʟʦʢʨʝʤʘ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ, ʷʢ ʢʽʥʮʝʚʠʡ ʨʝʟʫʣʴʪʘʪ ʧʨʦʭʦʜʞʝʥʥʷ ʧʦʪʦʢʫ 

ʧʝʨʚʠʥʥʦʾ ʝʥʝʨʛʽʾ ʯʝʨʝʟ ʟʦʚʥʽʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, ʜʦʮʽʣʴʥʦ ʦʮʽʥʠʪʠ ʚʧʣʠʚ ʮʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʥʘ ʚʝʣʠʯʠʥʫ ʝʥʝʨʛʽʾ ʛʝʥʝʨʘʮʽʾ. ʆʜʥʠʤ ʟ ʢʨʦʢʽʚ ʪʘʢʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʻ 

ʚʠʟʥʘʯʝʥʥʷ ʱʽʣʴʥʦʩʪʽ ʪʘ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ ʭʤʘʨ, ʚʽʜ ʚʝʣʠʯʠʥʠ ʷʢʠʭ 

ʟʘʣʝʞʠʪʴ ʚʝʣʠʯʠʥʘ ʝʥʝʨʛʽʾ, ʱʦ ʧʦʪʨʘʧʣʷʻ ʥʘ ʧʦʚʝʨʭʥʶ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ (ʜʠʚ. 

ʨʦʟʜʽʣ 1.3). 

ɺʝʣʠʯʠʥʘ ʝʥʝʨʛʽʾ, ʷʢʫ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʚʽʜ ʩʦʥʷʯʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ, 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘʛʘʣʴʥʦʶ ʧʣʦʱʝʶ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ, ʢʦʝʬʽʮʽʻʥʪʦʤ ʢʦʨʠʩʥʦʾ ʜʽʾ ʪʘ 

ʩʝʨʝʜʥʴʦʤʽʩʷʯʥʦʶ ʧʠʪʦʤʦʶ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʱʦ 

ʧʦʪʨʘʧʣʷʻ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫ ʧʦʚʝʨʭʥʶ. ɯʥʪʝʥʩʠʚʥʽʩʪʴ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʩʫʪʪʻʚʦ ʟʘ-

ʣʝʞʠʪʴ ʚʽʜ ʛʝʦʛʨʘʬʽʯʥʦʾ ʰʠʨʦʪʠ ʤʽʩʮʝʚʦʩʪʽ, ʧʦʨʠ ʨʦʢʫ ʪʘ ʯʘʩʫ ʜʦʙʠ, ʧʨʦʟʦʨʦʩʪʽ 

ʘʪʤʦʩʬʝʨʠ, ʥʘʷʚʥʦʩʪʽ ʭʤʘʨ, ʭʘʨʘʢʪʝʨʫ ʧʽʜʩʪʠʣʘʶʯʦʾ ʧʦʚʝʨʭʥʽ ʪʘ ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ. 

ɺʠʟʥʘʯʝʥʥʷ ʚʽʨʪʫʘʣʴʥʦʾ ʱʽʣʴʥʦʩʪʽ ʭʤʘʨ. ʉʦʥʷʯʥʘ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷ ʻ 

ʥʘʙʦʨʦʤ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ ï ʜʠʩʢʨʝʪʥʠʭ ʢʦʤʽʨʦʢ, ʢʽʣʴʢʽʩʪʴ ʷʢʠʭ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʧʦʪʫʞʥʦʩʪʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ, ʪʦʤʫ ʜʦʮʽʣʴʥʦ ʙʫʣʦ ʙ ʧʨʦʚʦʜʠʪʠ ʨʦʟʨʘʭʫʥʢʠ ʜʣʷ 

ʜʠʩʢʨʝʪʥʦʾ ʤʦʜʝʣʽ. ʆʜʥʘʢ ʢʦʣʠ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʚʝʣʠʢʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ, ʪʘʢʽ, ʷʢ, 

ʥʘʧʨʠʢʣʘʜ, ʝʣʝʢʪʨʦʩʪʘʥʮʽʷ Talatan Solar Park [144], ʧʣʦʱʘ ʷʢʦʾ ʩʢʣʘʜʘʻ 420 ʢʤ2, 

ʚʨʘʭʦʚʫʶʯʠ, ʱʦ ʧʣʦʱʘ ʧʨʦʝʢʮʽʾ ʭʤʘʨʠ (ʥʘʧʨʠʢʣʘʜ, ʢʫʧʯʘʩʪʦʾ) ʚ ʩʝʨʝʜʥʴʦʤʫ 

ʩʷʛʘʻ 100000 ʤ2, ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʝʧʝʨʝʨʚʥʫ ʤʦʜʝʣʴ. ʇʽʜ ʧʣʦʱʝʶ 

ʧʨʦʝʢʮʽʾ ʭʤʘʨʠ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʨʦʟʫʤʽʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʟʘʪʽʥʝʥʠʭ ʭʤʘʨʦʶ 

ʢʦʤʽʨʦʢ. 
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ʆʩʢʽʣʴʢʠ ʧʦʧʝʨʝʯʥʽ ʨʦʟʤʽʨʠ ʩʦʥʷʯʥʦʛʦ ʧʨʦʤʝʥʶ ʟʥʘʯʥʦ ʤʝʥʰʽ ʟʘ 

ʧʦʚʟʜʦʚʞʥʽ, ʧʨʦʤʽʥʴ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʽʩʪʶ (z)I  ʚ ʢʦʞʥʽʡ ʢʦʥʢʨʝʪʥʽʡ 

ʪʦʯʮʽ ʥʘ ʧʨʦʤʝʥʽ. ʇʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʢʚʘʥʪʽʚ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʯʝʨʝʟ 

ʭʤʘʨʫ ʩʫʤʘʨʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ I, ʱʦ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʥʘ ʦʜʠʥʠʮʶ 

ʧʣʦʱʽ ʧʦʚʝʨʭʥʽ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʾ ʥʘʧʨʷʤʢʫ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, 

ʟʤʝʥʰʫʻʪʴʩʷ ʟʘ ʟʘʢʦʥʦʤ ɹʝʨʘ [145]: 
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ʜʝ z  ï ʢʦʦʨʜʠʥʘʪʘ ʪʦʯʢʠ ʥʘ ʧʨʷʤʽʡ, ʚʟʜʦʚʞ ʷʢʦʾ ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ; 
0I  ï ʧʦʯʘʪʢʦʚʝ ʟʥʘʯʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ, ʪʦʙʪʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʱʦ ʧʦʪʨʘʧʣʷʻ ʚ ʘʪʤʦʩʬʝʨʫ ɿʝʤʣʽ; ( )zm  ï ʢʦʝʬʽʮʽʻʥʪ ʣʽʥʽʡʥʦʛʦ 

ʧʦʛʣʠʥʘʥʥʷ, ʱʦ ʻ ʬʫʥʢʮʽʻʶ ʪʨʴʦʭ ʧʨʦʩʪʦʨʦʚʠʭ ʢʦʦʨʜʠʥʘʪ ( , , )x y z , ʷʢʽ 

ʫʪʚʦʨʶʶʪʴ ʨʘʜʽʫʩ-ʚʝʢʪʦʨ z . ɿʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ( )zm  ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʚ 

ʪʦʯʢʘʭ ʥʘ ʧʨʷʤʽʡ, ʧʘʨʘʣʝʣʴʥʽʡ ʦʩʽ Oz  ʽ ʢʦʨʝʣʶʶʪʴ ʟʽ ʟʥʘʯʝʥʥʷʤʠ ʱʽʣʴʥʦʩʪʽ 

ʭʤʘʨʠ ʚ ʪʦʯʢʘʭ ʚʝʢʪʦʨʘ z  [146]. ɺʝʣʠʯʠʥʘ ʘʤʧʣʽʪʫʜʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʦʥʷʯʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʱʦ ʧʨʦʡʰʣʦ ʢʨʽʟʴ ʭʤʘʨʫ, ʦʙʝʨʥʝʥʦ ʧʨʦʧʦʨʮʽʡʥʘ ʱʽʣʴʥʦʩʪʽ 

ʭʤʘʨʠ. 

ʃʦʛʘʨʠʬʤ ʚʽʜʥʦʰʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʱʦ ʧʦʪʨʘʧʣʷʻ ʥʘ 

ʩʦʥʷʯʥʫ ʙʘʪʘʨʝʶ, ʜʦ ʧʦʯʘʪʢʦʚʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʙʫʜʝʤʦ ʥʘʟʠʚʘʪʠ ʧʨʦʝʢʮʽʻʶ ʭʤʘʨʠ 

ʚʟʜʦʚʞ ʣʽʥʽʾ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ: 

 
0

( )
( ) ln

I z
p z

I
=- , (2.29) 

ʘʙʦ, ʚʨʘʭʦʚʫʶʯʠ ʬʦʨʤʫʣʫ (2.28): 

 
0

( ) ( )
z

p z z dx= mñ . (2.30) 

ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʱʽʣʴʥʦʩʪʽ ʭʤʘʨʠ ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʥʘʙʽʨ ʾʾ ʧʨʦʝʢʮʽʡ ʜʣʷ 

ʚʩʽʭ ʤʦʞʣʠʚʠʭ ʧʦʣʦʞʝʥʴ ʭʤʘʨʠ ʚ ʢʦʦʨʜʠʥʘʪʘʭ x, y , z. 

ʇʽʜʢʣʶʯʝʥʥʷ ʧʝʨʝʪʚʦʨʶʚʘʯʘ (ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ï ʽʤʧʫʣʴʩʥʦʛʦ 

ʨʝʛʫʣʷʪʦʨʘ) ʜʦ ʢʦʞʥʦʾ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ ʩʦʥʷʯʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ (ʧʽʜ 



 

114 

ʝʣʝʤʝʥʪʘʨʥʦʶ ʢʦʤʽʨʢʦʶ ʙʫʜʝʤʦ ʨʦʟʫʤʽʪʠ ʦʢʨʝʤʫ ʩʦʥʷʯʥʫ ʙʘʪʘʨʝʶ) ʟʘʙʝʟʧʝʯʫʻ 

ʨʝʘʣʽʟʘʮʽʶ 2-ʛʦ ʪʘ 3-ʛʦ ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ ʨʽʚʥʷ ʝʥʝʨʛʽʾ, ʱʦ ʧʦʪʨʘʧʣʷʻ ʥʘ ʧʦʚʝʨʭʥʶ 

ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ ʟ ʧʦʜʘʣʴʰʠʤ ʧʽʜʩʫʤʦʚʫʚʘʥʥʷʤ ʝʥʝʨʛʽʾ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʫʟʣʽ 

[147, 148]. ʇʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʭʤʘʨʠ ʥʘʜ ʩʦʥʷʯʥʦʶ ʝʣʝʢʪʨʦʩʪʘʥʮʽʻʶ ʯʘʩʪʠʥʘ 

ʙʘʪʘʨʝʡ ʟʘʪʽʥʷʻʪʴʩʷ, ʽ ʟʘʛʘʣʴʥʠʡ ʨʽʚʝʥʴ ʝʥʝʨʛʽʾ ʟʤʝʥʰʫʻʪʴʩʷ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʣʽʥʽʡʥʦʾ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʭʤʘʨ ʭʤV  ʪʘ ʰʚʠʜʢʦʩʪʽ ʟʤʽʱʝʥʥʷ ʉʦʥʮʷ 

ʩV , ʤʦʞʣʠʚʽ ʪʘʢʽ ʚʠʧʘʜʢʠ: 

1. ʣʽʥʽʡʥʘ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʭʤʘʨʠ ʟʥʘʯʥʦ ʙʽʣʴʰʘ ʟʘ ʰʚʠʜʢʽʩʪʴ ʟʤʽʱʝʥʥʷ 

ʉʦʥʮʷ: ʭʤ ʩV V>>. ʊʦʜʽ ʥʘ ʜʝʷʢʦʤʫ ʽʥʪʝʨʚʘʣʽ (ʥʘʧʨʠʢʣʘʜ, 1 ʛʦʜ) ʧʦʣʦʞʝʥʥʷ ʉʦʥʮʷ 

ʚʚʘʞʘʻʪʴʩʷ ʬʽʢʩʦʚʘʥʠʤ (ʨʠʩ. 2.16, ʘ), ʪʦʙʪʦ ʣʽʥʽʾ ʧʨʦʤʝʥʽʚ ɸ ï ɸ, ɸô ï Aô, Aò ï Aò 

ʟʙʝʨʽʛʘʶʪʴ ʩʚʦʶ ʢʦʣʽʥʝʘʨʥʽʩʪʴ, ʪʦʜʽ ʷʢ ʧʨʦʝʢʮʽʷ ʭʤʘʨʠ ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʥʘ 

ʚʽʜʩʪʘʥʴ h; 

2. ʣʽʥʽʡʥʘ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʭʤʘʨʠ ʟʥʘʯʥʦ ʤʝʥʰʘ ʟʘ ʰʚʠʜʢʽʩʪʴ ʟʤʽʱʝʥʥʷ 

ʉʦʥʮʷ: 
ʭʤ ʩV V<<. ʊʦʜʽ ʣʽʥʽʾ ʧʨʦʤʝʥʽʚ ʟʤʽʥʶʶʪʴʩʷ ʟ ɸ ï ɸ ʥʘ ɺ ï ɺ ʟ ʢʫʪʦʤ 

ʟʤʽʱʝʥʥʷ ʉʦʥʮʷ q, ʷʢʠʡ ʟʤʽʥʶʻʪʴʩʷ ʚ ʟʘʟʜʘʣʝʛʽʜʴ ʚʠʟʥʘʯʝʥʠʭ ʤʝʞʘʭ 

min maxq <q<q (ʨʠʩ. 2.16, ʙ); 

3. ʣʽʥʽʡʥʘ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʭʤʘʨ ʪʘ ʰʚʠʜʢʽʩʪʴ ʟʤʽʱʝʥʥʷ ʉʦʥʮʷ, ʻ ʚʝʣʠʯʠʥʘʤʠ 

ʦʜʥʦʛʦ ʧʦʨʷʜʢʫ: ʭʤ ʩV Vº . ʎʝʡ ʚʠʧʘʜʦʢ ʧʦʻʜʥʫʻ ʚ ʩʦʙʽ ʦʩʦʙʣʠʚʦʩʪʽ ʧʦʧʝʨʝʜʥʽʭ 

ʜʚʦʭ ʚʠʧʘʜʢʽʚ. 

 

ʘ) 
 

ʙ) 

ʈʠʩ. 2.16. ʇʨʦʝʢʮʽʾ ʭʤʘʨʠ ʥʘ ʩʦʥʷʯʥʫ ʙʘʪʘʨʝʶ: ʘ) ʟʘ ʫʤʦʚʠ ʭʤ ʩV V>>; ʙ) ʟʘ ʫʤʦʚʠ 

ʭʤ ʩV V<<  
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ɼʣʷ ʩʧʨʦʱʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʬʦʨʤʫ ʧʨʦʝʢʮʽʾ ʭʤʘʨʠ ʘʧʨʦʢʩʠʤʫʻʤʦ ʢʦʣʦʤ 

ʜʝʷʢʦʛʦ ʨʘʜʽʫʩʫ R ʟ ʮʝʥʪʨʦʤ ʚ ʪʦʯʮʽ ʆ. 

ʆʩʢʽʣʴʢʠ ʩʫʤʘʨʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʧʦʪʦʢʦʤ ʧʨʷʤʦʛʦ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʭʤʘʨʫ; 

ʧʦʛʣʠʥʝʥʠʤ ʧʦʪʦʢʦʤ; ʧʦʪʦʢʦʤ, ʚʽʜʙʠʪʠʤ ʧʦʚʝʨʭʥʝʶ ɿʝʤʣʽ; ʧʦʪʦʢʦʤ, 

ʧʝʨʝʚʽʜʙʠʪʠʤ ʚʽʜ ʧʦʚʝʨʭʥʽ ʭʤʘʨʠ, ʘ ʪʘʢʦʞ ʥʘʚʝʜʝʥʠʤ ʧʦʪʦʢʦʤ ʚʽʜ ʽʥʰʠʭ ʦʙôʻʢʪʽʚ 

ʥʘ ʧʦʚʝʨʭʥʽ, ʪʦ ʜʣʷ ʩʧʨʦʱʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʙʫʜʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʝʷʢʫ 

ʝʢʚʽʚʘʣʝʥʪʥʫ ʚʽʨʪʫʘʣʴʥʫ ʱʽʣʴʥʽʩʪʴ ʭʤʘʨ, ʷʢʘ ʙʫʜʝ ʚʨʘʭʦʚʫʚʘʪʠ ʷʢ ʚʝʣʠʯʠʥʫ 

ʧʨʷʤʦʛʦ, ʪʘʢ ʽ ʚʝʣʠʯʠʥʫ ʚʽʜʙʠʪʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʽʨʪʫʘʣʴʥʦʾ 

ʱʽʣʴʥʦʩʪʽ ʽʩʥʫʻ ʜʝʢʽʣʴʢʘ ʤʝʪʦʜʽʚ, ʦʜʥʠʤ ʟ ʷʢʠʭ ʻ ʤʝʪʦʜ ʟʚʦʨʦʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ, 

ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʱʽʣʴʥʽʩʪʴ ʦʙôʻʢʪʫ ʟʘ ʥʘʙʦʨʦʤ ʡʦʛʦ ʧʨʦʝʢʮʽʡ ʥʘ ʜʝʷʢʫ 

ʧʣʦʱʠʥʫ [149]. 

ɸʜʘʧʪʘʮʽʷ ʤʝʪʦʜʫ ʟʚʦʨʦʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ. ɿʘ ʫʤʦʚʠ, ʱʦ ʣʽʥʽʡʥʘ 

ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʭʤʘʨʠ ʟʥʘʯʥʦ ʙʽʣʴʰʘ ʟʘ ʰʚʠʜʢʽʩʪʴ ʟʤʽʱʝʥʥʷ ʉʦʥʮʷ ʩʭʝʤʘ 

ʨʦʟʨʘʭʫʥʢʫ ʚʽʨʪʫʘʣʴʥʦʾ ʱʽʣʴʥʦʩʪʽ ʭʤʘʨʠ ʟʘ ʥʘʙʦʨʦʤ ʾʾ ʧʨʦʝʢʮʽʡ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ 

ʤʝʪʦʜʫ ʟʚʦʨʦʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʦʣʷʛʘʻ ʫ ʥʘʩʪʫʧʥʦʤʫ. 

ʅʘ ʩʦʥʷʯʥʽʡ ʙʘʪʘʨʝʾ ʦʙʠʨʘʻʤʦ ʧʦʯʘʪʢʦʚʫ ʜʝʢʘʨʪʦʚʫ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ 

Oxyz ʟ ʮʝʥʪʨʦʤ ʆ. ʉʦʥʷʯʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ ʚʟʜʦʚʞ ʚʽʩʽ Oz. 

ʇʨʠ 0z=  ʧʦʯʘʪʢʦʚʘ ʧʨʦʝʢʮʽʷ ʭʤʘʨʠ 1 ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʧʣʦʱʠʥʽ Oxy, ʧʨʠ ʯʦʤʫ 

ʮʝʥʪʨ ʢʦʦʨʜʠʥʘʪ ʩʧʽʚʧʘʜʘʻ ʟ ʮʝʥʪʨʦʤ ʧʨʦʝʢʮʽʾ (ʨʠʩ. 2.17). ʆʩʢʽʣʴʢʠ ʧʦʣʦʞʝʥʥʷ 

ʉʦʥʮʷ ʚʚʘʞʘʻʪʴʩʷ ʬʽʢʩʦʚʘʥʠʤ, ʪʦʙʪʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʧʫʯʦʢ ʢʦʣʽʥʝʘʨʥʠʭ ʧʨʦʤʝʥʽʚ 

ʽ ʢʫʪ ʟʤʽʱʝʥʥʷ ʉʦʥʮʷ 0q=, ʥʘʩʪʫʧʥʘ ʧʨʦʝʢʮʽʷ ʭʤʘʨʠ 1ô ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʫ ʩʠʩʪʝʤʽ 

ʢʦʦʨʜʠʥʘʪ Ocg, ʮʝʥʪʨ ʷʢʦʾ ʧʝʨʝʥʦʩʠʪʴʩʷ ʫ ʪʦʯʢʫ ʆô ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ (a, b), 

ʥʘʧʨʷʤ ʚʽʩʽ Oc ʩʧʽʚʧʘʜʘʻ ʟ ʥʘʧʨʷʤʦʤ ʚʽʩʽ Ox, ʥʘʧʨʷʤ ʚʽʩʽ Og ʩʧʽʚʧʘʜʘʻ ʟ 

ʥʘʧʨʷʤʦʤ ʚʽʩʽ Oy. ʇʦʣʦʞʝʥʥʷ ʥʦʚʦʾ ʩʠʩʪʝʤʠ ʚʽʜʥʦʩʥʦ ʧʦʯʘʪʢʦʚʦʾ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʥʘʩʪʫʧʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ: 

x a

y b

c= -ë
ì
g= -í

. 
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ʈʠʩ. 2.17. ʉʭʝʤʘ ʨʦʟʨʘʭʫʥʢʫ ʚʽʨʪʫʘʣʴʥʦʾ ʱʽʣʴʥʦʩʪʽ ʭʤʘʨʠ ʟʘ ʫʤʦʚʠ, ʱʦ ʭʤ ʩV V>>  

 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʬʦʨʤʫʣʠ (2.33), ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʥʘ ʧʣʦʱʠʥʽ ʩʦʥʷʯʥʦʾ ʙʘʪʘʨʝʾ ʧʨʠ 0z=  ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

 0 0

( , )

0( , )

yx

x y d d

I x y I e
- m -c -g c gññ

= . (2.31) 

ʇʨʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʨʘʭʫʥʢʘʭ ʧʨʠʡʤʘʻʤʦ, ʱʦ ʧʦʟʘ ʭʤʘʨʦʶ 0m=, ʽ ʽʥʪʝʛʨʘʣ 

ʫ ʬʦʨʤʫʣʽ (2.31) ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʣʠʰʝ ʧʦ ʚʽʜʨʽʟʢʫ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʠʡ ʚʩʝʨʝʜʠʥʽ 

ʧʣʦʱʠʥʠ ʢʦʣʘ. 

ɿʘʧʠʰʝʤʦ ʚʠʨʘʟ ʜʣʷ ʧʨʦʝʢʮʽʾ ʭʤʘʨʠ ʥʘ ʩʦʥʷʯʥʫ ʙʘʪʘʨʝʶ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

 
0 0

( , ) ( , )

yx

p x y x y d d= m -c -g c gññ . (2.32) 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʟʤʽʥʘ ʬʫʥʢʮʽʾ ( , , )x y zm  ʥʘ ʦʜʠʥʠʮʶ ʚʽʜʩʪʘʥʽ ʧʦ ʦʩʽ Oz 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʦʧʝʨʘʪʦʨʦʤ 
z

d
p

dz
= , ʽ ʟʘʩʪʦʩʦʚʫʶʯʠ ʟʚʦʨʦʪʥʻ ʧʝʨʝʪʚʦʨʝʥʥʷ [150], 

ʦʪʨʠʤʘʻʤʦ ʥʘʩʪʫʧʥʠʡ ʚʠʨʘʟ ʜʣʷ ʢʦʝʬʽʮʽʻʥʪʘ ʣʽʥʽʡʥʦʛʦ ʧʦʛʣʠʥʘʥʥʷ ʭʤʘʨʠ: 

 ( )( )

0

( , , ) , z zj p x p y

zx y z p x y e dp
¤

+
m =ñ , (2.33) 

ʷʢʠʡ ʽ ʚʠʟʥʘʯʘʻ ʾʾ ʱʽʣʴʥʽʩʪʴ. 

ʉʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʣʽʥʽʡʥʦʛʦ ʧʦʛʣʠʥʘʥʥʷ ʥʘ ʽʥʪʝʨʚʘʣʘʭ 0 X· , 

0 Y· , ʜʝ X  ʪʘ Y  ï ʛʨʘʥʠʯʥʽ ʨʦʟʤʽʨʠ ʧʨʦʝʢʮʽʾ ʭʤʘʨʠ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ 

ʯʠʥʦʤ: 

 ( )( )

0 0 0

1 1
( , , ) , z z

X Y
j p x p y

zx y z p x y e dxdydp
X Y

¤
+

m = ñññ . (2.34) 
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ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʪʨʝʥʜʫ ʟʤʽʥʠ ʚʽʨʪʫʘʣʴʥʦʾ ʱʽʣʴʥʦʩʪʽ ʭʤʘʨʠ ʥʘ ʙʘʟʦʚʦʤʫ 

ʽʥʪʝʨʚʘʣʽ ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʤʘʪʝʤʘʪʠʯʥʝ ʦʯʽʢʫʚʘʥʥʷ ʚʝʣʠʯʠʥʠ 

ʚʽʨʪʫʘʣʴʥʦʾ ʱʽʣʴʥʦʩʪʽ ʪʘ ʡʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʥʘ ʢʦʞʥʦʤʫ ʟ ʦʙʨʘʥʠʭ ʽʥʪʝʨʚʘʣʽʚ 

ʬʽʢʩʘʮʽʾ ʧʦʣʦʞʝʥʥʷ ʭʤʘʨʠ. 

ɼʣʷ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʣʽʥʽʡʥʘ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʭʤʘʨʠ ʟʥʘʯʥʦ ʤʝʥʰʘ ʟʘ 

ʰʚʠʜʢʽʩʪʴ ʟʤʽʱʝʥʥʷ ʉʦʥʮʷ ʧʨʠʡʤʝʤʦ, ʱʦ ʟʤʽʱʝʥʥʷ ʉʦʥʮʷ ʚʟʜʦʚʞ ʚʽʩʽ Oy  ʻ 

ʥʝʟʥʘʯʥʠʤ. ʊʦʜʽ ʚʽʜʥʦʩʥʦ ʥʝʨʫʭʦʤʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ Oxz ʚʚʝʜʝʤʦ ʨʫʭʦʤʫ 

ʩʠʩʪʝʤʫ Ozx, ʚʽʩʴ OV ʷʢʦʾ ʥʘʧʨʘʚʣʝʥʘ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.18. 

 

ʈʠʩ. 2.18. ʉʭʝʤʘ ʨʦʟʨʘʭʫʥʢʫ ʚʽʨʪʫʘʣʴʥʦʾ ʱʽʣʴʥʦʩʪʽ ʭʤʘʨʠ ʟʘ ʫʤʦʚʠ, ʱʦ ʭʤ ʩV V<<  

 

ʇʦʣʦʞʝʥʥʷ ʨʫʭʦʤʦʾ ʩʠʩʪʝʤʠ ʚʽʜʥʦʩʥʦ ʥʝʨʫʭʦʤʦʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʫʪʦʤ q: 

 
cos sin

sin cos

z x

z x

z= q+ që
ì
x=- q+ qí

. (2.35) 

ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʣʷ ʜʝʷʢʦʛʦ ʟʥʘʯʝʥʥʷ 

ʢʦʦʨʜʠʥʘʪʠ y  ʧʨʦʝʢʮʽʾ ʭʤʘʨʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʫʪʦʤ ʟʤʽʱʝʥʥʷ q ʧʦʪʦʯʥʦʛʦ 

ʧʨʦʤʝʥʶ ʚʽʜʥʦʩʥʦ ʧʦʯʘʪʢʦʚʦʛʦ: 

 0

0

( , , ) exp ( , , )
Z

I y I x y z d
å õ

x q = - m Væ ö
ç ÷
ñ , (2.36) 

ʜʝ Z  ï ʚʝʨʭʥʷ ʛʨʘʥʠʮʷ ʭʤʘʨʠ. 

ʂʫʪ ʧʦʚʦʨʦʪʫ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ q ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʫʪʦʚʦʛʦ ʧʦʣʦʞʝʥʥʷ 

ʉʦʥʮʷ (ʯʘʩʫ ʜʦʙʠ), ʢʫʪʘ ʥʘʭʠʣʫ ʩʦʥʷʯʥʦʾ ʙʘʪʘʨʝʾ ʪʘ ʚʽʜ ʛʝʦʛʨʘʬʽʯʥʠʭ ʢʦʦʨʜʠʥʘʪ 



 

118 

ʩʦʥʷʯʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ, ʘʜʞʝ ʘʪʤʦʩʬʝʨʘ ɿʝʤʣʽ ʢʨʘʱʝ ʚʽʜʙʠʚʘʻ ʢʦʩʽ ʩʦʥʷʯʥʽ 

ʧʨʦʤʝʥʽ, ʪʦʤʫ ʟʥʘʯʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʝʢʚʘʪʦʨʽ ʽ ʚ ʩʝʨʝʜʥʽʭ 

ʰʠʨʦʪʘʭ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʽ ʥʽʞ ʚ ʚʠʩʦʢʠʭ, ʽ ʪʦʤʫ ʚ ʝʢʚʘʪʦʨʽʘʣʴʥʠʭ ʨʝʛʽʦʥʘʭ ʢʫʪ 

ʥʘʭʠʣʫ ʙʘʪʘʨʝʡ ʙʫʜʝ ʟʥʘʯʥʦ ʤʝʥʰʠʤ, ʥʽʞ ʫ ʨʝʛʽʦʥʘʭ, ʙʣʠʞʯʠʭ ʜʦ ʧʦʣʶʩʽʚ. 

ʅʘʙʽʨ ʧʨʦʝʢʮʽʡ ʭʤʘʨʠ ʥʘ ʚʽʩʴ Ox ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

 
0

( , , ) ( , , )
Z

p y x y z dx q = m Vñ . (2.37) 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʚʽʩʴ Ox ʧʦʚʝʨʥʝʥʘ ʚʽʜʥʦʩʥʦ ʚʽʩʽ Ox  ʥʘ ʢʫʪ 
2

p
-q, ʨʽʚʥʷʥʥʷ 

ʧʨʦʝʢʮʽʾ 
xx ʚʽʩʽ Ox ʥʘ ʚʽʩʴ Ox ʟʘʧʠʩʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

 ctgx z xx =- + q. (2.38) 

ʊʦʜʽ, ʧʦʟʥʘʯʠʚʰʠ ʥʘʙʽʨ ʧʨʦʝʢʮʽʡ ʭʤʘʨʠ ʯʝʨʝʟ ( , , )xp yx q ʽ ʚʨʘʭʦʚʫʶʯʠ, ʱʦ 

ʭ

d

dx

q
=w ï ʟʤʽʥʘ ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʥʘ ʦʜʠʥʠʮʶ ʚʽʜʩʪʘʥʽ ʧʦ ʦʩʽ Ox

, ʦʪʨʠʤʘʻʤʦ ʥʘʩʪʫʧʥʠʡ ʚʠʨʘʟ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʢʦʝʬʽʮʽʻʥʪʘ ʣʽʥʽʡʥʦʛʦ ʧʦʛʣʠʥʘʥʥʷ: 

 
0

( , , ) ( , , ) x xj

x xx y z p y e d
¤

w xm = x q wñ , (2.39) 

ʷʢʠʡ ʷʢ ʽ ʫ ʧʦʧʝʨʝʜʥʴʦʤʫ ʚʠʧʘʜʢʫ ʚʠʟʥʘʯʘʻ ʚʽʨʪʫʘʣʴʥʫ ʱʽʣʴʥʽʩʪʴ ʭʤʘʨʠ. 

ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʣʽʥʽʡʥʘ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʭʤʘʨʠ ʪʘ ʰʚʠʜʢʽʩʪʴ ʟʤʽʱʝʥʥʷ 

ʉʦʥʮʷ ʻ ʚʝʣʠʯʠʥʘʤʠ ʦʜʥʦʛʦ ʧʦʨʷʜʢʫ, ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʦʩʦʙʣʠʚʦʩʪʽ, 

ʧʨʠʪʘʤʘʥʥʽ ʧʦʧʝʨʝʜʥʽʤ ʜʚʦʤ ʚʠʧʘʜʢʘʤ. ɿʘ ʫʤʦʚʠ, ʱʦ ʟʤʽʱʝʥʥʷ ʉʦʥʮʷ ʚʟʜʦʚʞ 

ʚʽʩʽ Oy ʻ ʥʝʟʥʘʯʥʠʤ, ʘʥʘʣʦʛʽʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʜʦʮʽʣʴʥʦ ʧʨʦʚʦʜʠʪʠ ʫ ʥʦʚʽʡ ʩʠʩʪʝʤʽ 

ʢʦʦʨʜʠʥʘʪ: 

 

cos sin

sin cos

z x

z x

y b

z= q+ që
î
x=- q+ qì
îg= -í

 (2.40) 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʧʝʨʘʪʦʨʽʚ 
d

dz
 ʪʘ 

d

dʭ
. 
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ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʜʦʟʚʦʣʷʻ ʥʘ ʦʩʥʦʚʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ 

ʟʚʦʨʦʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʠʟʥʘʯʠʪʠ ʢʦʝʬʽʮʽʻʥʪ ʣʽʥʽʡʥʦʛʦ ʧʦʛʣʠʥʘʥʥʷ ʽ, 

ʚʽʜʧʦʚʽʜʥʦ, ʚʽʨʪʫʘʣʴʥʫ ʱʽʣʴʥʽʩʪʴ ʭʤʘʨʠ ʟʘ ʜʘʥʠʤʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʦʥʷʯʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʱʦ ʧʦʪʨʘʧʣʷʻ ʥʘ ʧʦʚʝʨʭʥʶ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ. 

ʈʦʟʨʘʭʫʥʦʢ ʚʽʨʪʫʘʣʴʥʦʾ ʱʽʣʴʥʦʩʪʽ ʭʤʘʨʠ ʥʘ ʦʩʥʦʚʽ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʌʫʨôʻ. ʌʽʢʩʘʮʽʷ ʟʤʝʥʰʝʥʥʷ ʚʝʣʠʯʠʥʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʘʚʘʯʘʤʠ ʦʩʚʽʪʣʝʥʦʩʪʽ, ʚʩʪʘʥʦʚʣʝʥʠʤʠ ʫ ʰʘʭʦʚʦʤʫ ʧʦʨʷʜʢʫ ʟ 

ʜʝʷʢʠʤ ʢʨʦʢʦʤ lD  (ʨʠʩ. 2.19) [151]. ʅʝʭʘʡ ʧʨʦʝʢʮʽʷ ʭʤʘʨʠ ʆ ʟʘʪʽʥʷʻ ʜʝʷʢʫ 

ʯʘʩʪʠʥʫ ʩʦʥʷʯʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ. ʅʘ ʜʘʚʘʯʘʭ ʦʩʚʽʪʣʝʥʦʩʪʽ 11, 21, 22, 31, 32, 33, 

41, 42, 51 ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, 

ʧʨʦʧʦʨʮʽʡʥʝ ʱʽʣʴʥʦʩʪʽ ʭʤʘʨʠ. ʗʢʱʦ ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ Vʭʤ ʚʽʜʦʤʘ, ʤʦʞʥʘ 

ʦʙʯʠʩʣʠʪʠ ʯʘʩ ʧʝʨʝʤʽʱʝʥʥʷ T ʭʤʘʨʠ ʥʘʜ ʧʣʦʱʠʥʦʶ ʩʦʥʷʯʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʽ 

ʚʽʜʧʦʚʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʢʽʣʴʢʽʩʪʴ ʜʘʚʘʯʽʚ ʨʦʟʪʘʰʦʚʘʥʠʭ ʚʟʜʦʚʞ ʚʝʢʪʦʨʘ z  ʾʾ 

ʧʝʨʝʤʽʱʝʥʥʷ, ʷʢʽ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʱʽʣʴʥʦʩʪʽ ʭʤʘʨʠ. 

 

ʈʠʩ. 2.19. ʉʭʝʤʘ ʧʦʣʦʞʝʥʥʷ ʜʘʚʘʯʽʚ ʦʩʚʽʪʣʝʥʦʩʪʽ ʚʽʜʥʦʩʥʦ ʭʤʘʨʠ ʥʘ ʧʣʦʱʠʥʽ 

ʩʦʥʷʯʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ 

 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʥʘʧʨʷʤ ʚʽʪʨʫ ʚʽʜʦʤʠʡ, ʽ ʯʝʨʝʟ ʜʝʷʢʠʡ ʯʘʩ tD  ʪʽ ʞ ʩʘʤʽ 

ʟʥʘʯʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟôʷʚʣʷʪʴʩʷ ʥʘ ʥʘʩʪʫʧʥʽʡ 

ʛʨʫʧʽ ʜʘʚʘʯʽʚ, ʧʦʟʥʘʯʝʥʠʭ ʥʘ ʨʠʩ. 2.19 ʯʝʨʚʦʥʠʤ ʢʦʣʴʦʨʦʤ. ʎʝ ʜʘʻ ʟʤʦʛʫ 

ʩʧʨʦʛʥʦʟʫʚʘʪʠ ʤʦʞʣʠʚʠʡ ʨʽʚʝʥʴ ʝʥʝʨʛʽʾ ʛʝʥʝʨʘʮʽʾ ʩʦʥʷʯʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʪʘ 

ʩʬʦʨʤʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥʽ ʩʠʛʥʘʣʠ ʢʝʨʫʚʘʥʥʷ ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ 
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ʨʦʙʦʪʫ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ ʚ ʨʝʞʠʤʽ ʚʽʜʙʦʨʫ ʤʘʢʩʠʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ. ʆʜʥʦʯʘʩʥʦ 

ʚʠʢʦʥʫʻʪʴʩʷ ʢʦʨʝʢʮʽʷ ʨʦʟʨʘʭʫʥʢʫ ʚʽʨʪʫʘʣʴʥʦʾ ʱʽʣʴʥʦʩʪʽ ʭʤʘʨʠ ʥʘ ʜʘʥʦʤʫ ʢʨʦʮʽ. 

ʇʨʠ ʨʦʟʨʘʭʫʥʢʫ ʚʽʨʪʫʘʣʴʥʦʾ ʱʽʣʴʥʦʩʪʽ ʭʤʘʨʠ ʧʨʝʜʩʪʘʚʠʤʦ ʭʤʘʨʫ ʷʢ ʬʽʣʴʪʨ, 

ʯʝʨʝʟ ʷʢʠʡ ʧʨʦʭʦʜʠʪʴ ʩʦʥʷʯʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʊʦʜʽ ʬʫʥʢʮʽʷ ʟʤʽʥʠ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʢʦʞʥʦʤʫ ʟ n ʜʘʚʘʯʽʚ ( )nf t  ʟʘʜʘʻʪʴʩʷ 

ʬʦʨʤʫʣʦʶ: 

 
0

( ) ( ) ( )
t

n n nf t h t s dt t t= - Öñ , (2.41) 

ʜʝ ( )nh t t-  ï ʬʫʥʢʮʽʷ ʟʤʽʥʠ ʱʽʣʴʥʦʩʪʽ ʭʤʘʨʠ, ʱʦ ʯʠʩʝʣʴʥʦ ʜʦʨʽʚʥʶʻ ʢʽʣʴʢʦʩʪʽ 

ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʱʦ ʧʨʦʡʰʣʦ ʢʨʽʟʴ ʭʤʘʨʫ; ( )ns t  ï ʬʫʥʢʮʽʷ ʟʤʽʥʠ 

ʚʝʣʠʯʠʥʠ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

 ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʨʠʛʽʥʘʣʫ ʬʫʥʢʮʽʾ ʱʽʣʴʥʦʩʪʽ ʭʤʘʨʠ ʚʠʢʦʨʠʩʪʘʻʤʦ ʟʚʦʨʦʪʥʝ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ [150]: 
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= ä , (2.42) 

ʜʝ 
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S k
=  ï ʟʦʙʨʘʞʝʥʥʷ ʬʫʥʢʮʽʾ ʟʤʽʥʠ ʱʽʣʴʥʦʩʪʽ ʭʤʘʨʠ; 
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n

F k f t e
p- -

=

=ä  ï ʟʦʙʨʘʞʝʥʥʷ ʬʫʥʢʮʽʾ ʟʤʽʥʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ; k ï ʥʦʤʝʨ ʚʠʤʽʨʶʚʘʥʥʷ ʟʥʘʯʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʦʥʷʯʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ([0, 1]k NÍ - ); N ï ʢʽʣʴʢʽʩʪʴ ʜʘʚʘʯʽʚ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʚʟʜʦʚʞ 

ʚʝʢʪʦʨʘ z . 

ʅʝʭʘʡ ʚ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʧʨʦʝʢʮʽʷ ʭʤʘʨʠ ʟʘʪʽʥʷʻ ʜʘʚʘʯ 11, ʷʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.19. ɿʥʘʶʯʠ ʚʽʜʩʪʘʥʴ ʤʽʞ ʜʘʚʘʯʘʤʠ ȹl = 100 ʤ ʪʘ ʰʚʠʜʢʽʩʪʴ 

ʚʽʪʨʫ Vʭʤ = 0,17 ʤ/ʩ, ʨʦʟʨʘʭʫʻʤʦ ʯʘʩ , ʟʘ ʷʢʠʡ ʧʨʦʝʢʮʽʷ ʭʤʘʨʠ ʧʝʨʝʡʜʝ ʟ ʜʘʚʘʯʘ 11 

ʥʘ ʜʘʚʘʯ 32: 
100

600
0,17

t cD = = . 

ʆʩʢʽʣʴʢʠ ʜʘʚʘʯʽ ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʰʘʭʦʚʦʤʫ ʧʦʨʷʜʢʫ, ʥʘʩʪʫʧʥʽ ʙʫʜʫʪʴ 

ʦʪʨʠʤʘʥʽ ʯʝʨʝʟ 300 ʩ, ʙʦ ʚʽʜʩʪʘʥʴ ʜʦ ʣʽʥʽʾ ʜʘʚʘʯʽʚ 21-22 ʩʪʘʥʦʚʠʪʴ 
2

lD
. ɿʥʘʶʯʠ 
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ʯʘʩ tD  ʪʘ ʧʨʠʡʤʘʶʯʠ, ʱʦ ʨʘʜʽʫʩ ʧʨʦʝʢʮʽʾ ʭʤʘʨʠ R = 250 ʤ, ʦʪʨʠʤʫʻʤʦ, ʱʦ 

ʢʽʣʴʢʽʩʪʴ ʜʘʚʘʯʽʚ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʚʟʜʦʚʞ ʚʝʢʪʦʨʘ z , N = 5. ɿʥʘʶʯʠ ʢʽʣʴʢʽʩʪʴ 

ʚʠʤʽʨʶʚʘʥʴ ʟʥʘʯʝʥʴ ʽʥʪʝʥʩʠʚʥʦʩʪʽ, ʟʘʧʠʰʝʤʦ ʚʠʨʘʟ ʜʣʷ ʧʨʷʤʦʛʦ ʜʠʩʢʨʝʪʥʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ ʬʫʥʢʮʽʾ ʟʤʽʥʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ 

ʜʘʚʘʯʘʭ, ʩʢʦʨʠʩʪʘʚʰʠʩʴ ʬʦʨʤʫʣʦʶ ɽʡʣʝʨʘ ʜʣʷ (2.41), ʦʪʨʠʤʫʻʤʦ: 

11 2

3 4

51

2 2
( ) (cos(0) sin(0)) (cos( ) sin( ))

5 5

4 4 6 6
(cos( ) sin( )) (cos( ) sin( ))

5 5 5 5

8 8
(cos( ) sin( ))

5 5

k k
F k x j x j

k k k k
x j x j

k k
x j

p p

p p p p

p p

= - + - +

+ - + - +

+ -

, 

ʜʝ x11, x51 ï ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʟʤʽʥʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘ ʜʘʚʘʯʘʭ 11 ʪʘ 51; x2, x3 ʪʘ x4 

ï ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʛʨʫʧ ʜʘʚʘʯʽʚ (21-22), (31-32-33) ʽ (41-42) ʚʽʜʧʦʚʽʜʥʦ. 

ʇʽʜʩʪʘʚʠʚʰʠ ʚ ʜʘʥʠʡ ʚʠʨʘʟ [0,4]kÍ , ʦʪʨʠʤʫʻʤʦ ʪʘʙʣʠʮʶ ʟʥʘʯʝʥʴ ʬʫʥʢʮʽʾ 

F(k). ʋ ʪʘʙʣʠʮʽ 2.2 ʥʘʚʝʜʝʥʦ ʧʝʨʰʽ 5 ʟʥʘʯʝʥʴ ʬʫʥʢʮʽʾ F(k). 

ʊʘʙʣʠʮʷ 2.2. ʇʝʨʰʽ 5 ʟʥʘʯʝʥʴ ʬʫʥʢʮʽʾ F(k) 

k F(k) 

0 1217 1233 1250 1271 1278 

1 -39,9 -33 -40,7 -48,4 -36,5 

2 -7,69 -9,09 -8,54 -12,83 -9,12 

3 -16,9 -10,5 -5,23 -2,81 -7,13 

4 -82,3 -80 -80,3 -81,7 -69,7 

 

ʅʘ ʽʥʪʝʨʚʘʣʽ ʧʨʦʭʦʜʞʝʥʥʷ ʭʤʘʨʠ ʥʘʜ ʧʣʦʱʠʥʦʶ ʩʦʥʷʯʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ 

ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʟʤʽʥʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ( )st 

ʧʨʠʡʤʘʻʤʦ ʧʦʩʪʽʡʥʠʤ ʽ ʨʽʚʥʠʤ ʩʝʨʝʜʥʴʦʤʫ ʟʥʘʯʝʥʥʶ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘ ʜʘʥʦʤʫ 

ʽʥʪʝʨʚʘʣʽ, 
2( ) 690 /s ɺʪ ʤt= . ɺ ʦʙʣʘʩʪʽ ʟʦʙʨʘʞʝʥʴ S(k)=690. 

ɺ ʪʘʙʣʠʮʽ 2.3 ʥʘʚʝʜʝʥʦ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʟʤʽʥʠ ʱʽʣʴʥʦʩʪʽ ʭʤʘʨʠ H(k). 

ʊʘʙʣʠʮʷ 2.3. ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʟʤʽʥʠ ʱʽʣʴʥʦʩʪʽ ʭʤʘʨʠ H(k) 

ˉ ʟ/ʧ 1 2 3 4 5 

H(k) 1,55 1,59 1,62 1,63 1,67 
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ɿʘʩʪʦʩʦʚʫʶʯʠ ʟʚʦʨʦʪʥʝ ʜʠʩʢʨʝʪʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ, ʟʥʘʡʜʝʤʦ ʦʨʠʛʽʥʘʣ 

ʬʫʥʢʮʽʾ ʟʤʽʥʠ ʱʽʣʴʥʦʩʪʽ ʭʤʘʨʠ h(t) ʟʘ ʬʦʨʤʫʣʦʶ (2.42): 

1
( ) ( (0)(cos(0) sin(0))).

5
h t H j= +  

ʆʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ ʟʘʥʦʩʠʤʦ ʜʦ ʪʘʙʣ. 2.4. 

ʊʘʙʣʠʮʷ 2.4. ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʟʤʽʥʠ ʱʽʣʴʥʦʩʪʽ ʭʤʘʨʠ h(t) 

ˉ ʟ/ʧ 1 2 3 4 5 

h(t) 0,31 0,32 0,32 0,33 0,33 

 

ʅʘ ʨʠʩ. 2.20 ʟʦʙʨʘʞʝʥʦ 3D ʤʦʜʝʣʴ ʚʽʨʪʫʘʣʴʥʦʾ ʱʽʣʴʥʦʩʪʽ ʭʤʘʨʠ ʚʽʜʧʦʚʽʜʥʦ 

ʜʦ ʧʣʦʱʽ ʾʾ ʧʨʦʝʢʮʽʾ ʥʘ ʜʘʚʘʯʽ ʩʦʥʷʯʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ. ʈʽʟʥʠʤ ʚʽʜʪʽʥʢʦʤ ʩʠʥʴʦʛʦ 

ʢʦʣʴʦʨʫ ʧʦʢʘʟʘʥʽ ʢʦʞʥʽ 10% ʱʽʣʴʥʦʩʪʽ, ʷʢʽ ʥʘ ʩʘʤʦʤʫ ʨʠʩʫʥʢʫ ʧʦʟʥʘʯʝʥʽ 

ʜʝʩʷʪʢʦʚʠʤ ʜʨʦʙʦʤ. 

 

ʈʠʩ. 2.20. 3D ʤʦʜʝʣʴ ʚʽʨʪʫʘʣʴʥʦʾ ʱʽʣʴʥʦʩʪʽ ʭʤʘʨʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʣʦʱʽ ʾʾ 

ʧʨʦʝʢʮʽʾ ʥʘ ʜʘʚʘʯʽ ʩʦʥʷʯʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ 

 

 ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 2.20, ʱʽʣʴʥʽʩʪʴ ʭʤʘʨʠ ʟʤʽʥʶʻʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 0,6 ʜʦ 0,7, ʱʦ 

ʧʨʠ ʙʽʣʴʰ ʪʦʯʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ ʩʢʣʘʜʘʻ ʚʽʜ 59% ʜʦ 68%. ʆʩʢʽʣʴʢʠ ʬʫʥʢʮʽʶ ʟʤʽʥʠ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʚʘʞʘʻʤʦ ʧʝʨʽʦʜʠʯʥʦʶ, ʪʦ ʬʫʥʢʮʽʷ ʟʤʽʥʠ 

ʱʽʣʴʥʦʩʪʽ ʭʤʘʨʠ ʥʘ ʥʘʩʪʫʧʥʽʡ ʯʘʩʪʠʥʽ ʧʦʚʝʨʭʥʽ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ ʙʫʜʝ ʧʨʠʡʤʘʪʠ 

ʟʥʘʯʝʥʥʷ, ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣ. 2.4. ʎʝ ʧʝʨʝʜʙʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʟʤʽʥʠ ʱʽʣʴʥʦʩʪʽ ʭʤʘʨʠ 

ʜʦʟʚʦʣʷʻ ʩʧʨʦʛʥʦʟʫʚʘʪʠ ʧʦʪʫʞʥʽʩʪʴ ʥʘ ʚʠʭʦʜʽ ʩʦʥʷʯʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʪʘ 
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ʚʠʨʦʙʠʪʠ ʚʽʜʧʦʚʽʜʥʽ ʩʠʛʥʘʣʠ ʢʝʨʫʚʘʥʥʷ ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʨʦʙʦʪʫ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ ʚ ʨʝʞʠʤʽ ʚʽʜʙʦʨʫ ʤʘʢʩʠʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ, ʟʘʣʝʞʥʦ ʚʽʜ 

ʫʤʦʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʜʦʟʚʦʣʷʻ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʟʚʦʨʦʪʥʦʛʦ 

ʜʠʩʢʨʝʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ ʚʠʟʥʘʯʘʪʠ ʚʽʨʪʫʘʣʴʥʫ ʱʽʣʴʥʽʩʪʴ ʭʤʘʨʠ ʟʘ 

ʜʘʥʠʤʠ ʚʝʣʠʯʠʥʠ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʷʢʝ ʧʦʪʨʘʧʣʷʻ ʥʘ ʩʦʥʷʯʥʽ ʙʘʪʘʨʝʾ. 

ɺʠʟʥʘʯʝʥʥʷ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ ʭʤʘʨʠ. ʇʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʩʦʥʷʯʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʯʝʨʝʟ ʭʤʘʨʫ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʤʝʥʰʫʻʪʴʩʷ ʟʘ 

ʟʘʢʦʥʦʤ ɹʝʨʘ, ʜʝ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʣʽʥʽʡʥʦʛʦ ʧʦʛʣʠʥʘʥʥʷ ʢʦʨʝʣʶʶʪʴ ʟʽ 

ʟʥʘʯʝʥʥʷʤʠ ʱʽʣʴʥʦʩʪʽ ʭʤʘʨʠ ʚ ʪʦʯʢʘʭ ʧʨʷʤʦʾ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

ʍʤʘʨʥʠʡ ʧʦʢʨʠʚ ʤʦʞʝ ʙʫʪʠ ʦʜʥʦhʘʨʦʚʠʤ ʘʙʦ ʙʘʛʘʪʦʰʘʨʦʚʠʤ ʟ ʨʦʟʪʘʰʫʚʘʥʥʷʤ 

ʭʤʘʨ ʥʘ ʨʽʟʥʽʡ ʚʠʩʦʪʽ ï ʚʽʜ ʜʝʩʷʪʢʽʚ ʤʝʪʨʽʚ ʜʦ ʜʝʩʷʪʢʽʚ ʢʽʣʦʤʝʪʨʽʚ ï ʟ ʨʽʟʥʦ ʁ

ʬʦʨʤʦʶ. ɼʣʷ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʤʥʦʞʠʥʠ ʨʽʟʥʦʨʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʭʤʘʨʥʦʛʦ ʧʦʢʨʠʚʫ 

ʥʘ ʚʝʣʠʯʠʥʫ ʝʥʝʨʛʽʾ ʥʘ ʚʠʭʦʜʽ ʩʦʥʷʯʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʽʥʪʝʛʨʘʣʴʥʠʡ ʧʘʨʘʤʝʪʨ ï ʝʢʚʽʚʘʣʝʥʪʥʘ ʚʽʨʪʫʘʣʴʥʘ ʱʽʣʴʥʩ̔ʪɹ ʭʤʘʨʠ, ʱʦ ʚʨʘʭʦʚʫʻ 

ʷʢ ʚʝʣʠʯʠʥʫ ʧʨʷʤʦʛʦ, ʪʘʢ ʽ ʚʝʣʠʯʠʥʫ ʚʽʜʙʠʪʦʛʦ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

[152, 153]. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʽʨʪʫʘʣʴʥʦʾ ʱʽʣʴʥʦʩʪʽ ʭʤʘʨʠ ʧʨʝʜʩʪʘʚʠʤʦ ʭʤʘʨʫ ʷʢ ʬʽʣʴʪʨ 

ʟ ʜʝʷʢʦʶ ʧʝʨʝʜʘʚʘʣʴʥʦʶ ʬʫʥʢʮʽʻʶ, ʯʝʨʝʟ ʷʢʠʡ ʧʨʦʭʦʜʠʪʴ ʩʦʥʷʯʥʝ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʇʝʨʝʜʘʚʘʣʴʥʘ ʬʫʥʢʮʽʷ ʭʤʘʨʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʜʥʦʰʝʥʥʷʤ 

ʚʝʣʠʯʠʥʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʚʠʭʦʜʽ ʭʤʘʨʠ ʜʦ 

ʚʝʣʠʯʠʥʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʚʭʦʜʽ. ɺʝʣʠʯʠʥʠ 

ʽʥʪʝʥʩʠʚʥʦʩʪʝʡ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʚʠʭʦʜʽ ʪʘ ʥʘ ʚʭʦʜʽ ʭʤʘʨʠ ʻ 

ʬʫʥʢʮʽʷʤʠ ʧʨʦʩʪʦʨʦʚʠʭ ʢʦʦʨʜʠʥʘʪ ( , )x y  ʪʘ ʯʘʩʫ. ʏʘʩ ʚʠʤʽʨʶʚʘʥʥʷ ʚʭʽʜʥʦʾ 

0( , , )I x y t  ʪʘ ʚʠʭʽʜʥʦʾ ( , , )I x y t  ʽʥʪʝʥʩʠʚʥʦʩʪʝʡ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ tD  ʦʙʠʨʘʻʪʴʩʷ ʟ 

ʥʘʩʪʫʧʥʠʭ ʫʤʦʚ: 

 
ʭʤ

ʭʤ

t V X

t V Y

D Ö <<ë
ì
D Ö <<í

, (2.43) 
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ʧʨʠ ʯʦʤʫ 
xt TD <<, 

yt TD <<, ʜʝ xT  ʪʘ 
yT  ï ʯʘʩ, ʟʘ ʷʢʠʡ ʧʨʦʝʢʮʽʾ ʭʤʘʨʠ ʧʨʦʭʦʜʷʪʴ 

ʚʽʜʩʪʘʥʽ X  ʪʘ Y  ʚʽʜʧʦʚʽʜʥʦ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʠʤʠ ʨʦʟʤʽʨʘʤʠ 

ʩʦʥʷʯʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ. 

ɿʘʩʪʦʩʦʚʫʶʯʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʃʘʧʣʘʩʘ, ʧʝʨʝʭʦʜʷʯʠ ʟ ʦʙʣʘʩʪʽ ʦʨʠʛʽʥʘʣʽʚ ʚ 

ʦʙʣʘʩʪʴ ʟʦʙʨʘʞʝʥʴ, ʦʪʨʠʤʘʻʤʦ: 

 
{ }

{ }

0 0( , , ) ( , , )

( , , ) ( , , )

x y

x y

L I x y t I p p p

L I x y t I p p p

Ý

Ý
, (2.44) 

ʜʝ xp , yp , p  ï ʦʧʝʨʘʪʦʨʠ d dx, d dy ʪʘ d dt ʚʽʜʧʦʚʽʜʥʦ. 

ʇʝʨʝʜʘʚʘʣʴʥʘ ʬʫʥʢʮʽʷ ʭʤʘʨʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

 
0

( , , )
( , , )

( , , )

x y

x y

x y

I p p p
W p p p

I p p p
= . (2.45) 

ʆʩʢʽʣʴʢʠ ʚʝʣʠʯʠʥʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʚʭʦʜʽ ʭʤʘʨʠ 

0( )I ʨ ʧʦ ʚʩʽʡ ʧʣʦʱʠʥʽ ʻ ʨʽʚʥʦʤʽʨʥʦʶ ʽ ʧʦʩʪʽʡʥʦʶ, ʪʦ ʚʚʘʞʘʪʠʤʝʤʦ, ʱʦ ʟʘ ʯʘʩʦʤ: 

 0max
0( )

I
I p

p
= . (2.46) 

ɿʘ ʧʨʦʩʪʦʨʦʚʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ x  ʪʘ y  ʚʝʣʠʯʠʥʫ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʦʥʷʯʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʚʭʦʜʽ ʭʤʘʨʠ ʚʚʘʞʘʪʠʤʝʤʦ ʨʽʚʥʦʶ ʾʾ ʩʝʨʝʜʥʴʦʤʫ ʟʥʘʯʝʥʥʶ ʥʘ 

ʽʥʪʝʨʚʘʣʽ tD . 

ɸʥʘʣʦʛʽʯʥʦ ʚʝʣʠʯʠʥʫ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʚʠʭʦʜʽ 

ʭʤʘʨʠ ( )I ʨ ʚʚʘʞʘʪʠʤʝʤʦ ʧʦʩʪʽʡʥʦʶ: 

 max( )
I

I p
p

= . (2.47) 

 ʊʦʜʽ ʧʝʨʝʜʘʚʘʣʴʥʘ ʬʫʥʢʮʽʷ ʭʤʘʨʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

 
max

0max

( , )
( , )

( , )

x y

x y

x y

I p p
W p p

I p p
= . (2.48) 

ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʦʨʠʛʽʥʘʣʫ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ( , )x y  

ʟʘʩʪʦʩʫʻʤʦ ʜʦ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ ( , )x yW p p  ʟʚʦʨʦʪʥʻ ʧʝʨʝʪʚʦʨʝʥʥʷ ʃʘʧʣʘʩʘ: 
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 { }1 1 1
( , ) ( , ) ( , ) x yp x p y

x y x y x yw x y L W p p W p p e dp dp
X Y

¤ ¤
+-

-¤-¤

= = ññ . (2.49) 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʩʦʥʷʯʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʚʭʦʜʽ ʭʤʘʨ 
0I  ʻ ʧʦʩʪʽʡʥʦʶ 

ʚʝʣʠʯʠʥʦʶ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ( , )x y , ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʚʘʛʦʚʦʾ ʬʫʥʢʮʽʾ ʜʦʩʪʘʪʥʴʦ 

ʚʟʷʪʠ ʧʦʭʽʜʥʫ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ ( , )x y  ʚʽʜ ʬʫʥʢʮʽʾ ( , )w x y . 

ʆʩʢʽʣʴʢʠ ʩʦʥʷʯʥʽ ʙʘʪʘʨʝʾ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʦʢʨʝʤʠʭ ʢʦʤʽʨʦʢ, ʪʦ ʧʨʠ 

ʨʦʟʨʘʭʫʥʢʘʭ ʜʦʮʽʣʴʥʦ ʧʝʨʝʡʪʠ ʜʦ ʜʠʩʢʨʝʪʥʠʭ ʟʥʘʯʝʥʴ. 

ʄʽʥʽʤʘʣʴʥʽ ʣʽʥʽʡʥʽ ʨʦʟʤʽʨʠ ʧʨʦʝʢʮʽʾ ʭʤʘʨʠ ʥʘ ʧʣʦʱʠʥʫ ʩʦʥʷʯʥʦʾ ʙʘʪʘʨʝʾ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʟ ʢʨʦʢʦʤ xn x x= Dé ùê ú, 1x xn N= , yn y y= Dé ùê ú, 1y yn N= , ʜʝ xD  

ʪʘ yD  ï ʣʽʥʽʡʥʽ ʨʦʟʤʽʨʠ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ, xN X x= Dé ùê ú ʪʘ yN Y y= Dé ùê ú ï 

ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʘʨʥʠʭ ʢʦʤʽʨʦʢ ʩʦʥʷʯʥʦʾ ʙʘʪʘʨʝʾ ʧʦ ʦʩʷʤ Ox ʪʘ Oy ʚʽʜʧʦʚʽʜʥʦ; 

é ùê ú ï ʮʽʣʘ ʯʘʩʪʠʥʘ ʚʽʜ ʜʽʣʝʥʥʷ. ɿʛʽʜʥʦ ʟ ʪʝʦʨʝʤʦʶ ʂʦʪʝʣʴʥʠʢʦʚʘ, ʧʦʭʠʙʢʘ 

ʚʠʟʥʘʯʝʥʥʷ ʣʽʥʽʡʥʠʭ ʨʦʟʤʽʨʽʚ ʩʦʥʷʯʥʦʾ ʙʘʪʘʨʝʾ ʥʝ ʧʝʨʝʚʠʱʫʚʘʪʠʤʝ ʟʥʘʯʝʥʴ 2 xn  

ʪʘ 2 yn . 

ʆʩʢʽʣʴʢʠ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ ʭʤʘʨʠ ʥʝʦʙʭʽʜʥʦ 

ʚʠʢʦʥʫʚʘʪʠ ʦʙʨʦʙʢʫ ʜʚʦʤʽʨʥʦʛʦ ʤʘʩʠʚʫ ʜʘʥʠʭ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʦʥʷʯʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʨʦʟʛʣʷʥʝʤʦ ʜʚʦʤʽʨʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ɺʽʣʝʥʢʽʥʘ-ʂʨʝʩʪʝʥʩʦʥʘ 

(ɺʂʌ) ʜʣʷ ʬʫʥʢʮʽʾ ʜʚʦʭ ʟʤʽʥʥʠʭ xn  ʪʘ yn , ʚʠʟʥʘʯʝʥʠʭ ʥʘ ʽʥʪʝʨʚʘʣʘʭ 1

1

n

xN m@ , 

2

2

n

yN m@  ʚʽʜʧʦʚʽʜʥʦ, ʜʝ 1m , 1n , 2m , 2n  ï ʜʝʷʢʽ ʮʽʣʽ ʯʠʩʣʘ. ʇʨʠ ʪʘʢʠʭ ʜʦʚʞʠʥʘʭ 

ʽʥʪʝʨʚʘʣʽʚ ʢʽʣʴʢʽʩʪʴ ʩʠʥʫʩʥʠʭ ʪʘ ʢʦʩʠʥʫʩʥʠʭ ʩʢʣʘʜʦʚʠʭ ʙʘʟʠʩʥʠʭ ʬʫʥʢʮʽʡ ʨʽʚʥʘ 

1m  ʪʘ 2m  ʚʽʜʧʦʚʽʜʥʦ, ʱʦ ʟʤʝʥʰʫʻ ʦʙôʻʤ ʦʙʯʠʩʣʝʥʴ, ʷʢʽ ʥʝʦʙʭʽʜʥʽ ʧʨʠ ʧʝʨʝʭʦʜʽ 

ʚʽʜ ʦʨʠʛʽʥʘʣʘ ʜʦ ʟʦʙʨʘʞʝʥʥʷ ʽ ʥʘʚʧʘʢʠ. 

ʇʨʷʤʝ ɺʂʌ-ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʘ ʽʥʪʝʨʚʘʣʽ x yN N N=  ʤʘʪʠʤʝ ʚʠʛʣʷʜ: 

 

11

0 0

1
( , ) ( , ) ( , , , )

yx

x y

NN

x y x y W x y x y

n n

W w n n f n n
N

--

= =

n n = Ö ³ n nää , (2.50) 

ʜʝ ( , )x yw n n  ʪʘ ( , )x yW n n  ï ʜʠʩʢʨʝʪʥʽ ʟʥʘʯʝʥʥʷ ʦʨʠʛʽʥʘʣʫ ʪʘ ʟʦʙʨʘʞʝʥʥʷ 

ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ ʭʤʘʨʠ; ʚʝʣʠʯʠʥʠ xn  ʪʘ yn  ʤʦʞʥʘ ʪʨʘʢʪʫʚʘʪʠ ʷʢ ʯʠʩʣʦ 
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ʦʙʝʨʪʽʚ, ʷʢʝ ʚʠʢʦʥʘʶʪʴ ʚʝʢʪʦʨʠ ʜʠʩʢʨʝʪʥʠʭ ʝʢʩʧʦʥʝʥʮʽʡʥʠʭ ʬʫʥʢʮʽʡ ʥʘ 

ʽʥʪʝʨʚʘʣʘʭ 
xN  ʪʘ yN  ʚʽʜʧʦʚʽʜʥʦ [134]. 

ɹʘʟʠʩʥʽ ʬʫʥʢʮʽʾ ʜʚʦʤʽʨʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ɺʽʣʝʥʢʽʥʘ-ʂʨʝʩʪʝʥʩʦʥʘ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʠʨʘʟʦʤ: 

 
1 2

( ) ( )( ) ( )

1 11 2

( , , , ) exp 2 exp 2

s ss sn n
y yx x

W x y x y
m

s s

nn
f n n j j

m m= =

å õnå õn
n n = p ³ pæ öæ ö æ ö

ç ÷ ç ÷
ä ä , (2.51) 

ʜʝ ( )s

xn , 
( )s

xn  ï ʨʦʟʨʷʜʥʽ ʢʦʤʧʦʥʝʥʪʠ ʚ 1m -ʽʯʥʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʥʽ ʚʝʣʠʯʠʥ xn  ʪʘ xn

; ( )s

yn , ( )s

yn  ï ʨʦʟʨʷʜʥʽ ʢʦʤʧʦʥʝʥʪʠ ʚ 
2m -ʽʯʥʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʥʽ ʚʝʣʠʯʠʥ yn  ʪʘyn; 

m
³ ï ʟʥʘʢ m-ʢʨʦʥʝʢʝʨʽʚʩʴʢʦʛʦ ʜʦʙʫʪʢʫ ʤʘʪʨʠʮʴ. 

ɹʘʟʠʩʥʽ ʬʫʥʢʮʽʾ ( , , , )W x y x yf n nn n  ʧʨʝʜʩʪʘʚʣʷʶʪʴʩʷ ʫ ʤʘʪʨʠʯʥʦʤʫ ʚʠʛʣʷʜʽ: 

 
x yW N W N W N

m
f f f= ³ , (2.52) 

ʜʝ 
xW Nf  ʪʘ 

yW Nf  ï ʤʘʪʨʠʮʽ ʙʘʟʠʩʥʠʭ ʬʫʥʢʮʽʡ ʦʜʥʦʤʽʨʥʦʛʦ ɺʂʌ-ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʘ 

ʽʥʪʝʨʚʘʣʘʭ xN  ʪʘ yN  ʚʽʜʧʦʚʽʜʥʦ. 

 

 

xW Nf = 

 

 

xn ® 

xn
­

 

 0 1 é 1

1 1nm -  
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yW Nf = 

 

 

yn ® 

 

yn
­

 

 0 1 é 2
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n

m  

0 (0,0)Wf  (0,1)Wf  é 2
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Wf m -  
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ɿʚʦʨʦʪʥʻ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʘʧʠʩʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 
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1 1

*

0 0

( , ) ( , ) ( , , , )
x x

x y

N N

x y x y W x y x yw n n W f n n
- -

n = n =

= Ö n n ³ n nää , (2.53) 

ʜʝ * ( , , , )W x y x yf n nn n  ï ʢʦʤʧʣʝʢʩʥʦ-ʩʧʨʷʞʝʥʽ ʙʘʟʠʩʥʽ ʬʫʥʢʮʽʾ. 

ʂʦʤʧʣʝʢʩʥʠʡ ʭʘʨʘʢʪʝʨ ʬʫʥʢʮʽʡ ɺʂʌ-ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʘ ʥʝʦʜʥʘʢʦʚʠʡ ʚʠʛʣʷʜ 

ʧʨʷʤʦʛʦ ʪʘ ʟʚʦʨʦʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʴ ʫʩʢʣʘʜʥʶʶʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʴʦʛʦ ʤʝʪʦʜʫ, 

ʦʜʥʘʢ ʧʨʠ ʮʴʦʤʫ ʟʙʝʨʽʛʘʻʪʴʩʷ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʬʘʟʫ, ʪʦʙʪʦ ʥʘʧʨʷʤ ʨʫʭʫ ʭʤʘʨʠ. 

ʗʢʱʦ ʮʷ ʽʥʬʦʨʤʘʮʽʷ ʥʝ ʻ ʚʘʞʣʠʚʦʶ, ʪʦʜʽ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʩʠʤʝʪʨʠʯʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʘ ʢʽʥʮʝʚʠʭ ʽʥʪʝʨʚʘʣʘʭ (ʉʂɯ-ʧʝʨʝʪʚʦʨʝʥʥʷ) [152], 

ʙʘʟʠʩʥʽ ʬʫʥʢʮʽʾ ʷʢʦʛʦ ʜʣʷ ʚʠʧʘʜʢʫ ʜʚʦʭ ʟʤʽʥʥʠʭ ʦʧʠʩʫʶʪʴʩʷ ʥʘʩʪʫʧʥʠʤ 

ʨʽʚʥʷʥʥʷʤ: 

 
1 2

( ) ( ) ( ) ( )

1 11 2

2 2
( , , , ) cas cas

n n
s s s s

x y x y x x y y

s s

n n n n
m m= =

å õ å õp p
jn n = n næ ö æ ö

ç ÷ ç ÷
ä ä , (2.54) 

ʜʝ  ï ʟʥʘʢ ʦʧʝʨʘʮʽʾ çʦʩʥʦʚʥʘ ʜʽʷè. 

 ʊʘʢʠʤ ʯʠʥʦʤ, ʟʥʘʭʦʜʞʝʥʥʷ ʚʽʨʪʫʘʣʴʥʦʾ ʱʽʣʴʥʦʩʪʽ (ʤʝʪʦʜʘʤʠ ʟʚʦʨʦʪʥʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʘ ʌʫʨôʻ) ʪʘ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ ʭʤʘʨʠ (ʤʝʪʦʜʘʤʠ ɺʂʌ ʪʘ ʉʂɯ) 

ʜʦʟʚʦʣʷʻ ʚʠʨʽʰʠʪʠ ʟʘʚʜʘʥʥʷ ʦʮʽʥʢʠ ʪʨʝʥʜʫ ʟʤʽʥʠ ʧʦʪʦʢʫ ʧʝʨʚʠʥʥʦʾ ʩʦʥʷʯʥʦʾ 

ʝʥʝʨʛʽʾ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʚʠʭʦʜʽ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ 

ʥʘ ʦʩʥʦʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʘʢʪʠʚʥʦʩʪʽ ʉʦʥʮʷ. ʇʨʠ ʮʴʦʤʫ ɺʂʌ-

ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʥʘʧʨʷʤ 

ʨʫʭʫ ʭʤʘʨʠ, ʘ ʉʂɯ-ʧʝʨʝʪʚʦʨʝʥʥʷ ʫ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʨʦʟʤʽʨ ʧʨʦʻʢʮʽʾ ʭʤʘʨʠ ʟʥʘʯʥʦ 

ʧʝʨʝʚʠʱʫʻ ʨʦʟʤʽʨ ʩʦʥʷʯʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ, ʘʙʦ ʭʤʘʨʥʠʡ ʧʦʢʨʠʚ ʻ ʩʫʮʽʣʴʥʠʤ. 

 ʆʮʽʥʢʘ ʨʽʚʥʽʚ ʧʦʪʦʢʽʚ ʧʝʨʚʠʥʥʦʾ ʝʥʝʨʛʽʾ ʟʘ ʩʫʧʨʦʚʽʜʥʠʤʠ ʜʘʥʠʤʠ. ʋ 

ʣʦʢʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ, ʚ ʷʢʠʭ ʚ ʷʢʦʩʪʽ ʜʞʝʨʝʣ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ ʦʮʽʥʢʫ ʪʨʝʥʜʫ ʬʫʥʢʮʽʾ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ 

ʜʦʮʽʣʴʥʦ ʧʨʦʚʦʜʠʪʠ ʥʘ ʦʩʥʦʚʽ ʩʫʧʨʦʚʽʜʥʠʭ ʜʘʥʠʭ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, 

ʟʦʢʨʝʤʘ ʪʠʩʢʫ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ [155], ʥʘʷʚʥʽʩʪʴ ʣʽʥʽʡʥʦʾ ʩʪʘʪʠʩʪʠʯʥʦʾ ʟʘʣʝʞʥʦʩʪʽ 

ʤʽʞ ʷʢʠʤʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʦʤ ʢʦʨʝʣʷʮʽʾ ʇʽʨʩʦʥʘ [156]. 

ɺʨʘʭʦʚʫʶʯʠ ʘʥʘʣʦʛ ʧʨʠʥʮʠʧʫ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ɻʝʡʟʝʥʙʝʨʛʘ, ʨʦʟʤʽʨ ʚʠʙʽʨʢʠ 

ʤʘʻ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʚʧʣʠʚ ʷʢ ʥʘ ʾʾ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʪʘ ʚʽʜʪʚʦʨʶʚʘʥʽʩʪʴ, ʪʘʢ ʽ ʥʘ 
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ʩʪʘʪʠʩʪʠʯʥʠʡ ʟʚôʷʟʦʢ ʚʝʣʠʯʠʥ ʫ ʥʽʡ ʪʘ ʟʥʘʯʫʱʽʩʪʴ ʮʴʦʛʦ ʟʚôʷʟʢʫ. ɿʥʘʯʫʱʽʩʪʴ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʢʦʨʝʣʷʮʽʾ ʦʮʽʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ tïʢʨʠʪʝʨʽʶ ʉʪʴʶʜʝʥʪʘ [157]: 

ʩʪʘʪʠʩʪʠʯʥʠʡ ʟʚôʷʟʦʢ ʤʽʞ ʚʝʣʠʯʠʥʘʤʠ ʚʚʘʞʘʻʪʴʩʷ ʟʥʘʯʫʱʠʤ, ʷʢʱʦ ʨʦʟʨʘʭʦʚʘʥʝ 

ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ tʨʦʟ ʙʽʣʴʰʝ ʟʘ ʪʘʙʣʠʯʥʝ tʪʘʙ, ʽ ʥʝ ʚʚʘʞʘʻʪʴʩʷ ʟʥʘʯʫʱʠʤ, ʷʢʱʦ 

ʨʦʟʨʘʭʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʤʝʥʰʝ ʟʘ ʪʘʙʣʠʯʥʝ. ʇʦʨʽʚʥʶʶʯʠ ʨʦʟʨʘʭʦʚʘʥʝ ʽ ʪʘʙʣʠʯʥʝ 

ʟʥʘʯʝʥʥʷ, ʤʦʞʥʘ ʟ ʽʤʦʚʽʨʥʽʩʪʶ ( )1 100%P= - Öa  ʩʪʚʝʨʜʞʫʚʘʪʠ ʧʨʦ ʽʩʥʫʚʘʥʥʷ ʯʠ 

ʚʽʜʩʫʪʥʽʩʪʴ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʚʟʘʻʤʦʟʚôʷʟʢʫ.  

ʋ ʪʘʙʣ. ɺ.1 ʜʦʜʘʪʢʫ ɺ ʥʘʚʝʜʝʥʦ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʢʦʨʝʣʷʮʽʾ ʪʘ tï

ʢʨʠʪʝʨʽʶ ʉʪʴʶʜʝʥʪʘ ʜʣʷ ʜʘʥʠʭ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ 

ʟʘ 19.02.2019 ï 27.02.2019 ʫ ʤ. ʂʠʾʚ [158]. ɼʣʷ ʧʨʠʢʣʘʜʫ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ, 

ʪʘʙʣʠʯʥʝ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʉʪʴʶʜʝʥʪʘ ʜʦʨʽʚʥʶʻ 2,0739ʪʘʙt = . ɿ ʪʘʙʣʠʮʽ ʚʠʜʥʦ, 

ʱʦ ʫʩʽ ʢʦʝʬʽʮʽʻʥʪʠ, ʟʘ ʚʠʥʷʪʢʦʤ ʛʦʣʦʚʥʦʾ ʜʽʘʛʦʥʘʣʽ, ʻ ʟʥʘʯʫʱʠʤʠ, ʟ ʯʦʛʦ ʤʦʞʥʘ 

ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʪʝʤʧʝʨʘʪʫʨʦʶ, ʪʠʩʢʦʤ ʪʘ ʰʚʠʜʢʽʩʪʶ 

ʚʽʪʨʫ ʽʩʥʫʻ. 

ʅʘ ʨʠʩ. ɺ.1 ʘ, ʙ, ʚ ʟʦʙʨʘʞʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʨʝʣʷʮʽʾ ʤʽʞ 

ʪʝʤʧʝʨʘʪʫʨʦʶ ʪʘ ʰʚʠʜʢʽʩʪʶ ʚʽʪʨʫ ʚʽʜ ʯʘʩʫ ʜʣʷ ʨʦʟʤʽʨʽʚ ʚʠʙʽʨʢʠ 8, 16 ʪʘ 32. 

ʆʧʪʠʤʘʣʴʥʠʤʠ ʚʚʘʞʘʪʠʤʝʤʦ ʨʦʟʤʽʨʠ ʚʠʙʽʨʢʠ 24-38, ʦʩʢʽʣʴʢʠ ʧʨʠ ʪʘʢʦʤʫ ʨʦʟʤʽʨʽ 

ʚʠʙʽʨʢʠ ʛʨʘʬʽʢ ʟʤʽʥʠ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʨʝʣʷʮʽʾ ʥʝ ʻ ʧʝʨʽʦʜʠʯʥʠʤ. 

ʇʨʠʧʫʩʢʘʶʯʠ, ʱʦ ʯʘʩʦʚʽ ʨʷʜʠ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ, ʪʠʩʢʫ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ʻ 

ʩʪʘʮʽʦʥʘʨʥʠʤʠ, ʘ ʾʭ ʥʦʨʤʦʚʘʥʽ ʘʚʪʦʢʦʨʝʣʷʮʽʡʥʽ ʬʫʥʢʮʽʾ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. ɺ.2, 

ʦʪʨʠʤʫʻʤʦ, ʱʦ ʾʭ ʽʤʦʚʽʨʥʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝ ʟʤʽʥʶʶʪʴʩʷ ʫ ʯʘʩʽ.  

ʈʝʟʫʣʴʪʘʪʠ ʘʧʨʦʢʩʠʤʘʮʽʾ ʢʦʨʝʣʷʮʽʡʥʠʭ ʬʫʥʢʮʽʡ ʤʽʞ ʰʚʠʜʢʽʩʪʶ ʚʽʪʨʫ ʪʘ 

ʪʝʤʧʝʨʘʪʫʨʦʶ ʪʘ ʤʽʞ ʰʚʠʜʢʽʩʪʶ ʚʽʪʨʫ ʪʘ ʪʠʩʢʦʤ ʨʷʜʦʤ ʌʫʨôʻ ʥʘʚʝʜʝʥʽ ʥʘ 

ʨʠʩ. ɺ.3 ʘ, ʙ, ʘ ʘʤʧʣʽʪʫʜʠ ʛʘʨʤʦʥʽʢ ʨʷʜʫ ʌʫʨôʻ ï ʫ ʪʘʙʣ. ɺ.2 ʪʘ ɺ.3. 

 ʅʘ ʨʠʩ. 2.21 ʥʘʚʝʜʝʥʦ ʛʨʘʬʽʢ ʯʘʩʦʚʦʾ ʟʘʣʝʞʥʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʘ ʟʚôʷʟʢʫ ʤʽʞ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʢʦʨʝʣʷʮʽʾ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʪʘ ʯʘʩʫ ʽ ʢʦʝʬʽʮʽʻʥʪʦʤ ʢʦʨʝʣʷʮʽʾ ʪʠʩʢʫ ʪʘ 

ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ, ʟ ʷʢʦʛʦ ʚʠʜʥʦ, ʱʦ ʚʽʥ ʧʨʦʪʷʛʦʤ ʚʩʴʦʛʦ ʽʥʪʝʨʚʘʣʫ ʩʧʦʩʪʝʨʝʞʝʥʥʷ 

ʙʣʠʟʴʢʠʡ ʜʦ 1, ʱʦ ʛʦʚʦʨʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʟʥʘʯʝʥʥʷ ʟʚôʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ ʧʨʠʙʣʠʟʥʦ 

ʣʽʥʽʡʥʦʶ ʟʘʣʝʞʥʽʩʪʶ. 
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ʈʠʩ. 2.21. ɻʨʘʬʽʢ ʢʦʝʬʽʮʽʻʥʪʘ ʟʚôʷʟʢʫ ʤʽʞ ʢʦʝʬʽʮʽʻʥʪʦʤ ʢʦʨʝʣʷʮʽʾ ʰʚʠʜʢʦʩʪʽ 

ʚʽʪʨʫ ʪʘ ʢʦʝʬʽʮʽʻʥʪʦʤ ʢʦʨʝʣʷʮʽʾ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʪʘ ʪʠʩʢʫ ʚʽʜ ʯʘʩʫ 

 

ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʟʥʘʯʝʥʴ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʧʨʦʚʦʜʠʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: ʫ 

ʪʦʯʢʘʭ, ʜʝ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ (ʨʠʩ. ɺ.3, ʘ, ʙ) ʤʘʻ ʟʥʘʯʫʱʝ ʟʥʘʯʝʥʥʷ 0,5 ʘʙʦ 

ʚʠʱʝ [159], ʘʧʨʦʢʩʠʤʦʚʘʥʽ ʛʨʘʬʽʢʠ ʝʢʩʪʨʘʧʦʣʶʶʪʴʩʷ ʥʘ ʟʘʜʘʥʠʡ ʯʘʩ ʚʧʝʨʝʜ, 

ʧʽʩʣʷ ʯʦʛʦ ʦʪʨʠʤʫʻʪʴʩʷ 2 ʝʢʩʪʨʘʧʦʣʴʦʚʘʥʠʭ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʢʦʨʝʣʷʮʽʾ ï ʤʽʞ 

ʰʚʠʜʢʽʩʪʶ ʚʽʪʨʫ ʪʘ ʪʠʩʢʦʤ ʪʘ ʤʽʞ ʰʚʠʜʢʽʩʪʶ ʚʽʪʨʫ ʪʘ ʪʝʤʧʝʨʘʪʫʨʦʶ, ʽ ʰʚʠʜʢʽʩʪʴ 

ʚʽʪʨʫ ʧʽʜʙʠʨʘʻʪʴʩʷ ʟ ʟʘʜʘʥʦʶ ʪʦʯʥʽʩʪʶ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʦʪʨʠʤʘʪʠ 

ʝʢʩʪʨʘʧʦʣʴʦʚʘʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʢʦʨʝʣʷʮʽʾ. 

ɼʘʥʠʡ ʧʽʜʭʽʜ ʧʝʨʝʜʙʘʯʘʻ ʚʠʙʽʨ ʢʦʥʢʨʝʪʥʠʭ ʩʫʧʨʦʚʽʜʥʠʭ ʤʝʪʝʦʜʘʥʠʭ ʥʘ 

ʧʝʚʥʦʤʫ ʽʥʪʝʨʚʘʣ ̔ʧʨʦʛʥʦʟʫʚʘʥʥʷ t, ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʟ 

ʷʢʠʤʠ ʥʘ ʜʘʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʤʦʞʝ ʚʚʘʞʘʪʠʩʷ ʟʥʘʯʠʤʠʤ ʪʘ ʙʫʜʝ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʠʤ, 

ʪʘ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʥʘʥʠʡ ʫ ʚʠʛʣʷʜʽ ʮʠʬʨʦʚʦʾ ʩʭʝʤʠ ʘʙʦ ʫ ʚʠʛʣʷʜʽ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ. 

 

2.4. ɺʨʘʭʫʚʘʥʥʷ ʬʨʘʢʪʘʣʴʥʦʾ ʧʨʠʨʦʜʠ ʧʦʪʦʢʽʚ ʝʥʝʨʛʽʾ 

 

 ɿʘʩʪʦʩʫʚʘʥʥʷ ʧʦʥʷʪʪʷ ʬʨʘʢʪʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʬʫʥʢʮʽʾ 

ʟʤʽʥʠ ʧʦʪʦʢʽʚ ʧʝʨʚʠʥʥʦʾ ʝʥʝʨʛʽʾ ʫ ʣʦʢʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʜʦʟʚʦʣʷʻ 

ʦʧʠʩʘʪʠ ʜʠʥʘʤʽʢʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʨʦʮʝʩʽʚ, ʚʠʷʚʠʪʠ ʟʚôʷʟʦʢ ʤʽʞ ʦʙôʻʢʪʘʤʠ ʪʘ 

ʷʚʠʱʘʤʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʧʦʚʝʜʽʥʢʫ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʩʠʩʪʝʤʠ, ʽ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ 

ʟ ʜʦʩʪʘʪʥʴʦʶ ʪʦʯʥʽʩʪʶ ʩʧʨʦʛʥʦʟʫʚʘʪʠ ʤʦʞʣʠʚʽ ʪʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ ʪʘʢʠʭ ʩʠʩʪʝʤ. 
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ʌʨʘʢʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʩʫʢʫʧʥʽʩʪʴ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʚʝʜʽʥʢʠ 

ʣʦʢʘʣʴʥʠʭ ʩʠʩʪʝʤ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʥʘʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʦ 

ʬʨʘʢʪʘʣʴʥʫ ʧʨʠʨʦʜʫ ʦʢʨʝʤʠʭ ʾʭ ʝʣʝʤʝʥʪʽʚ. 

 ʅʝ ʟʚʘʞʘʶʯʠ ʥʘ ʭʘʦʪʠʯʥʽʩʪʴ ʽ ʙʝʟʣʘʜʥʽʩʪʴ ʭʘʨʘʢʪʝʨʫ, ʧʦʚʝʜʽʥʢʫ ʬʨʘʢʪʘʣʫ 

ʤʦʞʣʠʚʦ ʧʝʨʝʜʙʘʯʠʪʠ, ʙʝʨʫʯʠ ʜʦ ʫʚʘʛʠ ʩʘʤʦʧʦʜʽʙʥʽʩʪʴ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʠʭ 

ʷʚʠʱ. ʉʘʤʦʧʦʜʽʙʥʽʩʪʴ ʦʟʥʘʯʘʻ, ʱʦ ʯʘʩʪʠʥʠ ʦʜʥʦʛʦ ʚʝʣʠʢʦʛʦ ʬʨʘʢʪʘʣʫ ʧʦʚôʷʟʘʥʽ 

ʟ ʮʽʣʠʤ, ʪʦʙʪʦ, ʷʢʱʦ ʟʤʝʥʰʫʚʘʪʠ ʬʨʘʢʪʘʣ, ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ, ʱʦ ʢʦʞʥʘ ʡʦʛʦ 

ʦʢʨʝʤʦ ʚʟʷʪʘ ʯʘʩʪʠʥʘ ʧʦʚʪʦʨʶʻ ʩʘʤʘ ʩʝʙʝ ʽ ʚʝʩʴ ʬʨʘʢʪʘʣ ʚ ʮʽʣʦʤʫ. ʊʦʙʪʦ, ʨʽʟʥʽ 

ʯʘʩʦʚʽ ʽʥʪʝʨʚʘʣʠ ʙʫʜʫʪʴ ʩʘʤʦʧʦʜʽʙʥʠʤʠ. ɿ ʚʣʘʩʪʠʚʦʩʪʽ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ ʬʨʘʢʪʘʣʫ 

ʚʠʧʣʠʚʘʻ ʚʠʩʥʦʚʦʢ, ʱʦ ʝʥʝʨʛʝʪʠʯʥʽ ʬʨʘʢʪʘʣʠ ʚʦʣʦʜʽʶʪʴ çʧʘʤôʷʪʪʶè ʧʨʦ ʩʚʦʾ 

çʧʦʯʘʪʢʦʚʽ ʫʤʦʚʠè. ʊʘʢʠʤ ʯʠʥʦʤ, ʬʨʘʢʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʩʪʚʝʨʜʞʫʻ, ʱʦ ʤʘʡʙʫʪʥʽ 

ʟʥʘʯʝʥʥʷ ʝʥʝʨʛʽʾ ʪʘ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʮʽʾ, ʩʧʦʞʠʚʘʥʥʷ ʪʘ ʥʘʢʦʧʠʯʝʥʥʷ ʟʘʣʝʞʘʪʴ 

ʚʽʜ ʧʦʧʝʨʝʜʥʽʭ ʟʤʽʥ. 

 ʌʨʘʢʪʘʣʴʥʘ ʨʦʟʤʽʨʥʽʩʪʴ ʭʤʘʨ. ʆʩʢʽʣʴʢʠ ʧʨʦʝʢʮʽʾ ʭʤʘʨ ʥʘ ʧʣʦʱʠʥʫ 

ʩʦʥʷʯʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʻ ʩʘʤʦʧʦʜʽʙʥʠʤʠ ʬʨʘʢʪʘʣʴʥʠʤʠ ʦʙôʻʢʪʘʤʠ ʟ ʩʠʣʴʥʦ 

çʧʦʨʽʟʘʥʦʶè ʬʦʨʤʦʶ, ʨʦʟʛʣʷʥʝʤʦ ʤʝʪʦʜʠʢʫ ʚʠʟʥʘʯʝʥʥʷ ʬʨʘʢʪʘʣʴʥʦʾ ʨʦʟʤʽʨʥʦʩʪʽ 

ʪʘʢʠʭ ʦʙôʻʢʪʽʚ. ʇʨʠʧʫʩʪʠʤʦ, ʱʦ: ʧʦ-ʧʝʨʰʝ, ʥʘʜ ʩʦʥʷʯʥʦʶ ʝʣʝʢʪʨʦʩʪʘʥʮʽʻʶ 

ʧʦʪʫʞʥʽʩʪʶ ʚʽʜ ʩʦʪʝʥʴ ʄɺʪ ʜʦ ʦʜʠʥʠʮʴ ɻɺʪ, ʱʦ ʚʢʘʟʫʻ ʥʘ ʾʾ ʟʥʘʯʥʫ ʧʣʦʱʫ, 

ʽʩʥʫʶʪʴ ʥʝʚʝʣʠʢʽ ʟʘ ʚʽʜʥʦʩʥʠʤʠ ʨʦʟʤʽʨʘʤʠ ʢʫʧʯʘʩʪʽ ʭʤʘʨʠ; ʧʦ-ʜʨʫʛʝ, ʫ ʧʨʦʩʪʦʨʽ 

ʤʽʞ ʭʤʘʨʘʤʠ ʟʥʘʭʦʜʠʪʴʩʷ ʥʝʨʽʚʥʦʤʽʨʥʘ ʽʤʣʘ. ʇʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʭʤʘʨ ʥʘʜ 

ʩʦʥʷʯʥʦʶ ʝʣʝʢʪʨʦʩʪʘʥʮʽʻʶ ʜʝʷʢʘ ʯʘʩʪʠʥʘ ʙʘʪʘʨʝʡ ʟʘʪʽʥʷʻʪʴʩʷ ʭʤʘʨʦʶ, ʘ ʽʥʰʘ 

ʯʘʩʪʠʥʘ ʥʝʨʽʚʥʦʤʽʨʥʦʶ ʽʤʣʦʶ, ʽ ʥʘ ʧʦʚʝʨʭʥʽ ʩʦʥʷʯʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ 

ʫʪʚʦʨʶʻʪʴʩʷ ʧʨʦʝʢʮʽʷ ʭʤʘʨʠ (ʨʠʩ. 2.22). ʆʩʢʽʣʴʢʠ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚʠʧʘʜʦʢ, ʢʦʣʠ 

ʣʽʥʽʡʥʘ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʭʤʘʨ ʟʥʘʯʥʦ ʙʽʣʴʰʘ ʟʘ ʰʚʠʜʢʽʩʪʴ ʟʤʽʱʝʥʥʷ ʉʦʥʮʷ, ʷʢʘ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʡʦʛʦ ʢʫʪʦʚʠʤ ʧʝʨʝʤʽʱʝʥʥʷʤ, ʪʦ ʥʘ ʜʝʷʢʦʤʫ ʽʥʪʝʨʚʘʣʽ ʧʦʣʦʞʝʥʥʷ 

ʉʦʥʮʷ ʧʨʠʡʤʘʻʪʴʩʷ ʬʽʢʩʦʚʘʥʠʤ, ʫ ʪʦʡ ʯʘʩ, ʷʢ ʭʤʘʨʠ ʪʘ ʾʭ ʧʨʦʝʢʮʽʾ ʧʝʨʝʤʽʱʫʶʪʴʩʷ 

ʥʘ ʜʝʷʢʫ ʚʽʜʩʪʘʥʴ. 
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ʈʠʩ. 2.22. ʉʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʧʨʦʝʢʮʽʡ ʭʤʘʨʠ ʥʘ ʩʦʥʷʯʥʫ ʝʣʝʢʪʨʦʩʪʘʥʮʽʶ 

 

ʄʝʞʘ ʤʽʞ ʦʢʨʝʤʠʤʠ ʧʨʦʝʢʮʽʷʤʠ ʢʫʧʯʘʩʪʠʭ ʭʤʘʨ ʫ ʽʤʣʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ 

ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʚʽʜʩʪʘʥʽ ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʧʨʦʝʢʮʽʷʤʠ ʭʤʘʨ. ɺ ʦʪʨʠʤʘʥʠʭ ʤʝʞʘʭ 

ʯʘʩʪʠʥʘ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ ʛʝʥʝʨʫʻ ʙʽʣʴʰʫ ʝʥʝʨʛʽʶ, ʘ ʯʘʩʪʠʥʘ ʙʘʪʘʨʝʡ ʟʥʘʯʥʦ 

ʤʝʥʰʫ, ʱʦ ʚʢʘʟʫʻ ʥʘ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʥʷʪʪʷ ʬʨʘʢʪʘʣʴʥʦʾ ʨʦʟʤʽʨʥʦʩʪʽ 

0D  ʧʨʦʝʢʮʽʾ ʦʙʣʘʩʪʽ ʭʤʘʨʥʦʛʦ ʧʦʢʨʠʚʫ ʥʘ ʦʢʨʝʤʽ ʜʽʣʷʥʢʠ ʩʦʥʷʯʥʦʾ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ: 
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= , (2.55) 

ʜʝ 0N  ï ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʘʨʥʠʭ ʢʦʤʽʨʦʢ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ, ʟʘʪʽʥʝʥʠʭ ʭʤʘʨʦʶ; N  

ï ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʘʨʥʠʭ ʢʦʤʽʨʦʢ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ ʫ ʢʦʞʥʽʡ ʟ 

ʚʠʦʢʨʝʤʣʝʥʠʭ ʜʽʣʷʥʦʢ ʩʦʥʷʯʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ. 

ɺʝʣʠʯʠʥʘ ʬʨʘʢʪʘʣʴʥʦʾ ʨʦʟʤʽʨʥʦʩʪʽ ʧʨʠʡʤʘʻ ʮʽʣʽ ʟʥʘʯʝʥʥʷ ʜʣʷ ʧʨʦʩʪʠʭ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʦʙôʻʢʪʽʚ (ʜʣʷ ʛʣʘʜʢʦʾ ʜʚʦʤʽʨʥʦʾ ʧʦʚʝʨʭʥʽ 0 2D = ), ʽ ʥʝʮʽʣʽ ʟʥʘʯʝʥʥʷ 

ʜʣʷ ʩʘʤʦʧʦʜʽʙʥʠʭ ʬʨʘʢʪʘʣʴʥʠʭ ʦʙôʻʢʪʽʚ ʟ ʩʠʣʴʥʦ çʧʦʨʽʟʘʥʦʶè ʬʦʨʤʦʶ. 

ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʧʦʚʝʨʭʥʷ ʜʽʣʷʥʢʠ ʩʦʥʷʯʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʧʦʚʥʽʩʪʶ ʧʦʢʨʠʪʘ 

ʭʤʘʨʘʤʠ, ʘʙʦ ʭʤʘʨ ʥʘʜ ʧʦʚʝʨʭʥʝʶ ʥʝʤʘʻ, ʬʨʘʢʪʘʣʴʥʘ ʨʦʟʤʽʨʥʽʩʪʴ ʜʽʣʷʥʢʠ   

0 2D = . ʋ ʚʩʽʭ ʽʥʰʠʭ ʚʠʧʘʜʢʘʭ 0 2D < . ɼʽʣʷʥʢʠ ʩʦʥʷʯʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ, ʜʣʷ ʷʢʠʭ 

ʟʥʘʯʝʥʥʷ ʬʨʘʢʪʘʣʴʥʦʾ ʨʦʟʤʽʨʥʦʩʪʽ ʻ ʙʣʠʟʴʢʠʤʠ, ʚʚʘʞʘʪʠʤʝʤʦ ʩʘʤʦʧʦʜʽʙʥʠʤʠ. 



 

132 

ɿʥʘʯʝʥʥʷ ʬʨʘʢʪʘʣʴʥʦʾ ʨʦʟʤʽʨʥʦʩʪʽ ʧʨʦʝʢʮʽʾ ʦʙʣʘʩʪʽ ʭʤʘʨʥʦʛʦ ʧʦʢʨʠʚʫ ʥʘ 

ʦʢʨʝʤʽ ʜʽʣʷʥʢʠ ʩʦʥʷʯʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʟʘʣʝʞʘʪʴ ʚʽʜ ʜʚʦʭ ʬʘʢʪʦʨʽʚ. ʇʦ-ʧʝʨʰʝ, 

ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, 

ʱʦ ʧʨʦʭʦʜʠʪʴ ʤʽʞ ʭʤʘʨʘʤʠ. ʎʷ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʦʟʦʨʦʩʪʽ ʧʦʚʽʪʨʷ, 

ʷʢʘ ʧʨʠ ʽʤʣʽ ʯʠ ʪʫʤʘʥʽ ʟʤʝʥʰʫʻʪʴʩʷ, ʽ ʚʽʜʧʦʚʽʜʥʦ ʟʤʝʥʰʫʻʪʴʩʷ ʨʽʟʥʠʮʷ ʤʽʞ 

ʽʥʪʝʥʩʠʚʥʦʩʪʷʤʠ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʦ ʭʤʘʨʠ ʪʘ ʧʽʩʣʷ ʥʝʾ. ʇʦ-ʜʨʫʛʝ, ʚʽʜ ʦʙʨʘʥʦʛʦ 

ʟʥʘʯʝʥʥʷ ʨʽʟʥʠʮʽ ʤʽʞ ʽʥʪʝʥʩʠʚʥʦʩʪʷʤʠ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʦ ʽ ʧʽʩʣʷ ʭʤʘʨʠ. ɼʣʷ 

ʦʜʥʦʛʦ ʽ ʪʦʛʦ ʞ ʬʽʟʠʯʥʦʛʦ ʩʪʘʥʫ ʭʤʘʨʠ ʟʥʘʯʝʥʥʷ ʬʨʘʢʪʘʣʴʥʦʾ ʨʦʟʤʽʨʥʦʩʪʽ ʜʽʣʷʥʢʠ 

ʩʦʥʷʯʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʤʦʞʫʪʴ ʙʫʪʠ ʨʽʟʥʠʤʠ. 

ʆʩʢʽʣʴʢʠ ʦʜʥʠʤ ʟ ʢʨʦʢʽʚ ʚʠʟʥʘʯʝʥʥʷ ʬʨʘʢʪʘʣʴʥʦʾ ʨʦʟʤʽʨʥʦʩʪʽ ʧʨʦʝʢʮʽʾ 

ʦʙʣʘʩʪʽ ʭʤʘʨʥʦʛʦ ʧʦʢʨʠʚʫ ʥʘ ʦʢʨʝʤʽ ʜʽʣʷʥʢʠ ʩʦʥʷʯʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʻ 

ʧʽʜʨʘʭʫʥʦʢ ʢʽʣʴʢʦʩʪʽ ʟʘʪʽʥʝʥʠʭ ʝʣʝʤʝʥʪʘʨʥʠʭ ʢʦʤʽʨʦʢ, ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ 

ʤʝʪʦʜʠʢʫ ʚʠʟʥʘʯʝʥʥʷ ʩʪʘʥʫ ʢʦʤʽʨʢʠ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʦʛʦ, ʯʠ ʟʘʪʽʥʝʥʘ ʢʦʤʽʨʢʘ ʩʦʥʷʯʥʦʾ ʙʘʪʘʨʝʾ, ʚʠʢʦʨʠʩʪʘʻʤʦ 

ʬʫʥʢʮʽʶ ʥʘʣʝʞʥʦʩʪʽ, ʘʙʦ S-ʧʦʜʽʙʥʫ ʢʨʠʚʫ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʩʪʘʥ ʢʦʤʽʨʢʠ 

ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʝʣʠʯʠʥʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (ʨʠʩ. 2.23) ʽ 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 
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, (2.56) 

ʜʝ * 0I I I=  ï ʚʽʜʥʦʩʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, *

max0...I IÍ ; I  

ʪʘ 
0I  ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʱʦ ʧʦʪʨʘʧʣʷʻ ʥʘ ʩʦʥʷʯʥʫ ʙʘʪʘʨʝʶ ʪʘ ʚ 

ʘʪʤʦʩʬʝʨʫ ɿʝʤʣʽ ʚʽʜʧʦʚʽʜʥʦ; *

ʧʦʨI  ï ʧʦʨʦʛʦʚʝ ʟʥʘʯʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ; maxI  ï 

ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘ ʧʦʚʝʨʭʥʽ ʩʦʥʷʯʥʦʾ ʙʘʪʘʨʝʾ. ʗʢʱʦ 

ʚʝʣʠʯʠʥʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʱʦ ʧʦʪʨʘʧʣʷʻ ʥʘ ʢʦʤʽʨʢʫ 

ʩʦʥʷʯʥʦʾ ʙʘʪʘʨʝʾ, ʤʝʥʰʘ ʟʘ ʜʝʷʢʝ ʧʦʨʦʛʦʚʝ ʟʥʘʯʝʥʥʷ *

1ʧʦʨI , *

2ʧʦʨI , ʢʦʤʽʨʢʘ 

ʚʚʘʞʘʻʪʴʩʷ ʟʘʪʽʥʝʥʦʶ. ɺ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ ï ʥʝ ʟʘʪʽʥʝʥʦʶ. ɺʠʙʽʨ ʧʦʨʦʛʦʚʦʛʦ 

ʟʥʘʯʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʜʣʷ ʢʦʥʢʨʝʪʥʦʾ ʩʦʥʷʯʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʤʘʢʩʠʤʘʣʴʥʠʤ ʨʽʚʥʝʤ ʝʥʝʨʛʽʾ, ʱʦ ʧʦʪʨʘʧʣʷʻ ʥʘ ʧʦʚʝʨʭʥʶ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ, ʪʘ 

ʘʣʛʦʨʠʪʤʘʤʠ ʨʦʙʦʪʠ. 
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ʈʠʩ. 2.23. ʌʫʥʢʮʽʷ ʚʠʟʥʘʯʝʥʥʷ ʩʪʘʥʫ ʢʦʤʽʨʢʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʝʣʠʯʠʥʠ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ: ʢʨʠʚʘ 1 ï ʧʦʚʽʪʨʷ ʻ ʧʨʦʟʦʨʠʤ; ʢʨʠʚʘ 

2, 2ô ï ʧʦʚʽʪʨʷ ʻ ʥʝʧʨʦʟʦʨʠʤ, ʥʘʷʚʥʠʡ ʪʫʤʘʥ ʯʠ ʽʤʣʘ; 
*

0 1 (1 )ʧʦʨI
f e

-
= +  ï 

ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʥʘʣʝʞʥʦʩʪʽ ʧʨʠ 
* 0I =  

 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 2.23, ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʧʦʚʽʪʨʷ ʻ ʥʝʧʨʦʟʦʨʠʤ, ʤʦʞʝ 

ʟʤʽʥʶʚʘʪʠʩʴ ʘʙʦ ʚʝʣʠʯʠʥʘ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, 

ʷʢʘ ʧʦʚôʷʟʘʥʘ ʟ ʚʝʣʠʯʠʥʦʶ ʩʪʨʫʤʫ, ʱʦ ʛʝʥʝʨʫʻ ʩʠʩʪʝʤʘ (ʢʨʠʚʘ 2), ʘʙʦ ʜʽʘʧʘʟʦʥ 

ʟʥʘʯʝʥʴ ʬʫʥʢʮʽʾ *( )sf I , ʷʢʽ ʚʽʜʥʦʩʷʪʴʩʷ, ʥʘʧʨʠʢʣʘʜ, ʜʦ ʩʪʘʥʫ ʟʘʪʽʥʝʥʦʾ ʢʦʤʽʨʢʠ, 

ʧʨʠ ʯʦʤʫ ʚʝʣʠʯʠʥʘ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ *

2ʧʦʨI  ʟʘʣʠʰʘʻʪʴʩʷ 

ʥʝʟʤʽʥʥʦʶ (ʢʨʠʚʘ 2ô). 

S-ʧʦʜʽʙʥʘ ʢʨʠʚʘ ʤʦʞʝ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʜʣʷ ʦʮʽʥʢʠ ʤʝʞ ʧʨʦʝʢʮʽʡ 

ʭʤʘʨ ʟʘ ʛʨʘʜʽʻʥʪʦʤ ʽʤʣʠ ʤʽʞ ʭʤʘʨʘʤʠ. 

ʌʨʘʢʪʘʣʴʥʘ ʨʦʟʤʽʨʥʽʩʪʴ ʛʨʘʬʽʢʽʚ ʟʤʽʥʠ ʝʥʝʨʛʽʾ. ʆʩʢʽʣʴʢʠ ʯʘʩʦʚʠʡ ʨʷʜ 

ʟʤʽʥʠ ʧʦʪʫʞʥʦʩʪʽ ʩʧʦʞʠʚʘʥʥʷ ( )LW t  ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʛʨʘʬʽʢʦʤ ʥʘ ʧʣʦʱʠʥʽ, ʪʦ 

ʧʨʦʩʪʦʨʦʤ ʡʦʛʦ ʚʢʣʘʜʝʥʥʷ ʻ ʧʦʚʝʨʭʥʷ ï ʜʝʢʘʨʪʦʚʘ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ. 

ʌʨʘʢʪʘʣʴʥʫ ʨʦʟʤʽʨʥʽʩʪʴ D  ʛʨʘʬʽʢʘ ʪʘʢʦʛʦ ʨʷʜʫ ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʣʽʪʠʥʢʦʚʦʛʦ ʤʝʪʦʜʫ [160]. ʉʫʪʴ ʮʴʦʛʦ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ 

ʨʦʟʤʽʨʥʦʩʪʽ ʍʘʫʩʜʦʨʬʘ ʟʘʤʽʩʪʴ ʢʫʣʴ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʘʙʽʨ ʧʨʷʤʦʢʫʪʥʠʭ ʩʽʪʦʢ ʟ 

ʨʽʟʥʠʤʠ ʨʦʟʤʽʨʘʤʠ ʢʣʽʪʠʥʦʢ ʧʝʨʝʚʘʞʥʦ ʫ ʬʦʨʤʽ ʢʚʘʜʨʘʪʘ. ɼʣʷ ʢʦʞʥʦʾ ʩʽʪʢʠ 
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ʧʽʜʨʘʭʦʚʫʶʪʴ ʢʽʣʴʢʽʩʪʴ ʢʣʽʪʠʥʦʢ, ʱʦ ʧʦʢʨʠʚʘʶʪʴ ʭʦʯʘ ʙ ʦʜʥʫ ʪʦʯʢʫ ʣʘʤʘʥʦʾ ʣʽʥʽʾ 

ʛʨʘʬʽʢʘ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʬʦʨʤʫʣʫ: 

 
0

log ( )
lim

1
log

n
D

e

e

e

­
=

å õ
æ ö
ç ÷

 (2.57) 

ʜʣʷ ʢʦʞʥʦʛʦ ʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʢʣʽʪʠʥʦʢ ʟʘʜʘʥʦʛʦ ʨʦʟʤʽʨʫ, ʙʫʜʫʶʪʴ ʫ 

ʣʦʛʘʨʠʬʤʽʯʥʦʤʫ ʤʘʩʰʪʘʙʽ ʛʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʢʽʣʴʢʦʩʪʽ ( )̔ne  ʚʽʜ ʨʦʟʤʽʨʫ 

ʢʣʽʪʠʥʢʠ e̔, ʜʝ i = 1, 2, é ʚʽʜʧʦʚʽʜʘʻ ʨʦʟʤʽʨʫ ʩʽʪʢʠ. ɼʘʣʽ, ʜʣʷ ʮʽʻʾ ʟʘʣʝʞʥʦʩʪʽ 

ʙʫʜʫʶʪʴ ʛʨʘʬʽʢ ʬʫʥʢʮʽʾ ( )log ( ) log( )ʽ ʽn fe e=  ʚ ʣʦʛʘʨʠʬʤʽʯʥʦʤʫ ʤʘʩʰʪʘʙʽ. 

ɺʽʜʟʥʘʯʝʥʽ ʥʘ ʛʨʘʬʽʢʫ ʪʦʯʢʠ ʘʧʨʦʢʩʠʤʫʶʪʴ ʧʨʷʤʦʶ ʣʽʥʽʻʶ ʤʝʪʦʜʦʤ ʥʘʡʤʝʥʰʠʭ 

ʢʚʘʜʨʘʪʽʚ. ʆʪʨʠʤʘʥʝ ʨʽʚʥʷʥʥʷ ʧʨʷʤʦʾ ʤʘʻ ʚʠʛʣʷʜ: 

 log logy k x b=- +, (2.58) 

ʜʝ x ʪʘ y ʻ ʣʦʛʘʨʠʬʤʽʯʥʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ, ʘ ʜʦʜʘʪʥʝ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ k 

ʚʽʜʧʦʚʽʜʘʻ ʟʥʘʯʝʥʥʶ ʬʨʘʢʪʘʣʴʥʦʾ ʨʦʟʤʽʨʥʦʩʪʽ D ʜʘʥʦʛʦ ʯʘʩʦʚʦʛʦ ʨʷʜʫ ( )LW t . 

 ʉʫʪʴ ʘʣʛʦʨʠʪʤʫ ʢʣʽʪʠʥʢʦʚʦʛʦ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʥʘ ʛʨʘʬʽʢ 

ʯʘʩʦʚʦʛʦ ʨʷʜʫ ʟʤʽʥʠ ʧʦʪʫʞʥʦʩʪʽ ʩʧʦʞʠʚʘʥʥʷ ʥʘʢʣʘʜʘʻʪʴʩʷ ʥʘʙʽʨ ʩʽʪʦʢ ʟ 

ʢʣʽʪʠʥʢʘʤʠ ʨʦʟʤʽʨʦʤ 
ʭ ʫe e³ , ʧʨʠʯʦʤʫ ʚʽʟʫʘʣʴʥʦ ʚʘʨʪʦ ʟʘʙʝʟʧʝʯʠʪʠ ʜʣʷ ʥʠʭ 

ʢʚʘʜʨʘʪʥʫ ʬʦʨʤʫ, ʪʦʙʪʦ 
ʭ ʫe e@ , ʘ ʨʦʟʤʽʨ ʢʣʽʪʠʥʦʢ e ʥʝ ʧʦʚʠʥʝʥ ʙʫʪʠ ʤʝʥʰʠʤ ʟʘ 

ʥʘʡʤʝʥʰʫ ʚʽʜʩʪʘʥʴ ʤʽʞ ʜʚʦʤʘ ʩʫʩʽʜʥʽʤʠ ʨʽʚʥʷʤʠ ʯʘʩʦʚʦʛʦ ʨʷʜʫ, ʪʦʤʫ ʰʢʘʣʘ 

ʟʥʘʯʝʥʴ ʥʦʤʝʨʽʚ ʚʝʨʪʠʢʘʣʴʥʠʭ ʣʽʥʽʡ ʩʽʪʢʠ ʥʘ ʦʩʽ ʘʙʩʮʠʩ ʜʣʷ ʚʢʣʶʯʝʥʥʷ ʜʚʦʭ 

ʟʥʘʯʝʥʴ ʨʽʚʥʽʚ ʤʘʻ ʧʦʟʥʘʯʢʠ 1, 3, 5, é., ʜʣʷ ʪʨʴʦʭ ʟʥʘʯʝʥʴ ï 1, 4, 7, é , ʜʣʷ 

ʯʦʪʠʨʴʦʭ ʚʽʜʧʦʚʽʜʥʦ, 1, 5, 9, é ʽ ʪ.ʜ. ʈʦʟʤʽʨʠ ʢʣʽʪʠʥʦʢ ʧʽʜʙʠʨʘʶʪʴʩʷ ʪʘʢ, ʱʦʙ 

ʚʦʥʠ ʚʠʛʣʷʜʘʣʠ ʢʚʘʜʨʘʪʘʤʠ ʽ ʚʢʣʘʜʘʣʠʩʷ ʤʽʞ ʧʦʜʽʣʢʘʤʠ ʰʢʘʣʠ ʦʨʜʠʥʘʪ ʽ, ʪʘʢʠʤ 

ʯʠʥʦʤ ʨʦʟʤʽʨ ʢʣʽʪʠʥʢʠ ʧʨʠʚʦʜʠʪʴʩʷ ʜʦ ʦʜʠʥʠʮʴ ʟʥʘʯʝʥʴ ʨʽʚʥʽʚ ʯʘʩʦʚʦʛʦ ʨʷʜʫ. 

 ʆʩʢʽʣʴʢʠ ʨʦʟʤʽʨ ʢʣʽʪʠʥʦʢ e ʧʦ ʦʩʽ ʦʨʜʠʥʘʪ ʚʽʜʦʤʠʡ ʽ ʚʽʜʧʦʚʽʜʘʻ ʚʽʜʩʪʘʥʽ 

ʤʽʞ ʜʚʦʤʘ ʩʫʩʽʜʥʽʤʠ ʥʦʤʝʨʘʤʠ ʧʦ ʦʩʽ ʘʙʩʮʠʩ, ʘ ʰʢʘʣʘ ʦʨʜʠʥʘʪ ʧʦʯʠʥʘʻʪʴʩʷ ʟ 

ʥʫʣʷ, ʪʦ ʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʮʽʣʠʭ ʢʣʽʪʠʥʦʢ ʥʘ ʽʥʪʝʨʚʘʣʽ ʘʙʩʮʠʩʠ, ʱʦ ʜʦʨʽʚʥʶʻ 

ʪʘʢʦʞ e, ʜʦʨʽʚʥʶʻ max
max

y
k

e
= , ʟʘʦʢʨʫʛʣʝʥʦʤʫ ʜʦ ʥʘʡʙʣʠʞʯʦʛʦ ʙʽʣʴʰʦʛʦ ʮʽʣʦʛʦ. 
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ʅʘʪʦʤʽʩʪʴ, ʢʽʣʴʢʽʩʪʴ ʮʽʣʠʭ ʢʣʽʪʠʥʦʢ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʥʠʞʯʝ ʚʽʜ ʢʣʽʪʠʥʢʠ ʟʽ 

ʟʥʘʯʝʥʥʷʤ miny , ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ min
min

y
k

e
= , ʟʘʦʢʨʫʛʣʝʥʝ ʜʦ ʥʘʡʙʣʠʞʯʦʛʦ 

ʥʘʡʤʝʥʰʦʛʦ ʮʽʣʦʛʦ. ʆʪʞʝ, ʢʽʣʴʢʽʩʪʴ ʢʣʽʪʠʥʦʢ ʫ ʩʪʦʚʧʮʽ ʜʦʨʽʚʥʶʻ ʨʽʟʥʠʮʽ 

ʟʘʦʢʨʫʛʣʝʥʠʭ ʟʥʘʯʝʥʴ max mink k- . ʊʘʢʠʤ ʯʠʥʦʤ ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʢʣʽʪʠʥʦʢ ( )̔ne  

ʢʦʞʥʦʾ ʩʽʪʢʠ, ʚ ʷʢʠʭ ʣʦʢʘʣʽʟʦʚʘʥʝ ʛʨʘʬʽʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʯʘʩʦʚʦʛʦ ʨʷʜʫ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʘʢ: 

 ( )max min

1

( )
in

i i i

i

n k k
e

e
=

= -ä . (2.59) 

ʗʢʱʦ ʚ ʪʘʢʦʤʫ ʩʪʦʚʧʮʽ ʙʽʣʴʰʝ ʥʽʞ ʜʚʘ ʟʥʘʯʝʥʥʷ, ʪʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʣʠʰʝ ʾʭ 

ʨʦʟʤʘʭ, ʪʦʙʪʦ ʤʘʢʩʠʤʘʣʴʥʝ ʽ ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ. 

 ʅʘ ʨʠʩ. 2.24, ʘ ï ʛ ʥʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜ ʥʘʢʣʘʜʘʥʥʷ ʩʽʪʢʠ ʟ ʢʣʽʪʠʥʢʘʤʠ ʨʽʟʥʦʛʦ 

ʨʦʟʤʽʨʫ ʥʘ ʛʨʘʬʽʢ ʟʤʽʥʠ ʧʦʪʫʞʥʦʩʪʽ ʩʧʦʞʠʚʘʥʥʷ ʜʣʷ 13 ʪʨʘʚʥʷ 2022 ʨʦʢʫ. 

ʇʦʯʘʪʢʦʚʠʡ ʤʽʥʽʤʘʣʴʥʠʡ ʨʦʟʤʽʨ ʢʣʽʪʠʥʢʠ ʦʙʠʨʘʻʪʴʩʷ ʥʝ ʤʝʥʰʠʤ ʟʘ ʥʘʡʤʝʥʰʫ 

ʚʽʜʩʪʘʥʴ ʤʽʞ ʜʚʦʤʘ ʩʫʩʽʜʥʽʤʠ ʯʠʩʣʦʚʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʯʘʩʦʚʦʛʦ ʨʷʜʫ. ɼʣʷ ʦʙʨʘʥʦʾ 

ʜʘʪʠ ʤʽʥʽʤʘʣʴʥʘ ʨʽʟʥʠʮʷ ʤʽʞ ʜʚʦʤʘ ʟʥʘʯʝʥʥʷʤʠ ʩʪʘʥʦʚʠʪʴ 68. ɼʘʣʽ ʟʥʘʭʦʜʠʤʦ 

ʨʦʟʤʽʨ ʢʣʽʪʠʥʢʠ ï ʜʣʷ ʮʴʦʛʦ ʛʦʜʠʥʠ ʧʝʨʝʚʦʜʠʤʦ ʚ ʭʚʠʣʠʥʠ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʤʘʻʤʦ 

ʧʦ ʦʩʽ ʘʙʩʮʠʩ ʟʥʘʯʝʥʥʷ ʯʘʩʫ ʚ ʭʚʠʣʠʥʘʭ ʚʽʜ 0 ʜʦ 1440 ʭʚ, ʘ ʧʦ ʦʩʽ ʦʨʜʠʥʘʪ ʟʥʘʯʝʥʥʷ 

ʧʦʪʫʞʥʦʩʪʽ ʩʧʦʞʠʚʘʥʥʷ. ʇʽʩʣʷ ʯʦʛʦ ʧʦ ʦʩʽ ʦʨʜʠʥʘʪ ʦʙʠʨʘʻʤʦ ʨʦʟʤʽʨ ʥʝ ʤʝʥʰʠʡ 

ʥʽʞ 68, ʽ ʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʟʥʘʭʦʜʠʤʦ ʨʦʟʤʽʨ ʧʦ ʦʩʽ ʘʙʩʮʠʩ, ʱʦʙ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʦʪʨʠʤʘʪʠ ʩʽʪʢʫ ʫ ʚʠʛʣʷʜʽ ʢʣʽʪʠʥʢʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʤʘʻʤʦ ʨʦʟʤʽʨ ʢʣʽʪʠʥʢʠ ʧʦ ʦʩʽ 

ʦʨʜʠʥʘʪ 
ʫe  = 100, ʘ ʧʦ ʦʩʽ ʘʙʩʮʠʩ ʭe = 10. ɼʘʣʽ ʧʽʜʙʠʨʘʻʤʦ ʟʥʘʯʝʥʥʷ ʢʨʦʢʫ 

ʚʟʜʦʚʞ ʦʩʽ ʘʙʩʮʠʩ, ʜʝ ʚʘʨʪʦ ʦʙʠʨʘʪʠ ʟʘ ʢʽʣʴʢʽʩʪʶ ʨʽʚʥʽʚ, ʱʦ ʦʭʦʧʣʶʶʪʴʩʷ 

ʢʣʽʪʠʥʢʘʤʠ ʩʽʪʦʢ, ʪʦʙʪʦ ʢʽʣʴʢʽʩʪʶ ʟʥʘʯʝʥʴ ʱʦ ʧʦʪʨʘʧʣʷʶʪʴ ʚ ʦʜʠʥ ʨʽʚʝʥʴ. 

ʄʽʥʽʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʟʥʘʯʝʥʴ ʱʦ ʦʭʦʧʣʶʶʪʴʩʷ  ʨʽʚʥʷʤʠ ʜʦʨʽʚʥʶʻ ʜʚʦʤ. ʆʪʞʝ, 

ʱʦʙ ʟʘʜʦʚʽʣʴʥʠʪʠ ʤʽʥʽʤʘʣʴʥʠʡ ʨʦʟʤʽʨ ʢʨʦʢʫ, ʢʣʽʪʠʥʢʘ ʧʦʚʠʥʥʘ ʤʘʪʠ ʨʦʟʤʽʨʠ 
ʫe 

= 200 ʥʘ ʭe = 20, ʜʣʷ ʧʦʪʨʘʧʣʷʥʥʷ ʜʚʦʭ ʪʦʯʦʢ ʚ ʦʜʠʥ ʨʽʚʝʥʴ. 
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ʘ) 

 

ʙ) 

 

ʚ) 

 

ʛ) 

ʈʠʩ. 2.24. ʇʨʠʢʣʘʜ ʥʘʢʣʘʜʘʥʥʷ ʥʘ ʛʨʘʬʽʢ ʟʤʽʥʠ ʧʦʪʫʞʥʦʩʪʽ ʩʧʦʞʠʚʘʥʥʷ ʩʽʪʢʠ ʟ 

ʢʣʽʪʠʥʢʘʤʠ ʨʽʟʥʦʛʦ ʨʦʟʤʽʨʫ: ʘ) ʫe = 30; ʙ) ʫe = 60; ʚ) ʫe = 90; ʛ) ʫe = 120 
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 ʋ ʪʘʙʣ. 2.5 ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʢʽʣʴʢʦʩʪʽ ʢʣʽʪʠʥʦʢ ʜʣʷ ʢʦʞʥʦʛʦ 

ʢʨʦʢʫ (ʫe = 30, 60, 90, 120, 150) ʪʘ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʽʩʪʴ ʢʣʽʪʠʥʦʢ (ʟʘ ʬʦʨʤʫʣʦʶ 

2.31), ʘ ʪʘʢʦʞ ʣʦʛʘʨʠʬʤʠ ʮʠʭ ʟʥʘʯʝʥʴ. 

ʊʘʙʣ. 2.5. ɿʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʢʣʽʪʠʥʦʢ ʜʣʷ ʢʦʞʥʦʛʦ ʢʨʦʢʫ ʟʤʽʥʠ ʨʦʟʤʽʨʫ 

ʢʣʽʪʠʥʢʠ 

ʈʦʟʤʽʨ ʢʣʽʪʠʥʢʠ ʂʽʣʴʢʽʩʪʴ ʢʣʽʪʠʥʦʢ 

ie log( )ie  ( )ine  log( ( ))ine  

30 5,704 139 4,935 

60 6,397 59 4,078 

90 6,802 40 3,689 

120 7,09 26 3,258 

150 7,313 19 2,944 

 

ʅʘ ʨʠʩ. 2.25 ʟʦʙʨʘʞʝʥʦ ʫ ʣʦʛʘʨʠʬʤʽʯʥʠʭ ʢʦʦʨʜʠʥʘʪʘʭ ʛʨʘʬʽʢ, ʧʦʙʫʜʦʚʘʥʠʡ 

ʧʦ ʜʘʥʠʤ ʪʘʙʣ. 2.5 (ʜʨʫʛʠʡ ʪʘ ʯʝʪʚʝʨʪʠʡ ʩʪʦʚʧʯʠʢ), ʪʘ ʡʦʛʦ ʘʧʨʦʢʩʠʤʘʮʽʷ ʧʨʷʤʦʶ 

ʣʽʥʽʻʶ ʤʝʪʦʜʦʤ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ. 

 

 

ʈʠʩ. 2.25. ʈʝʛʨʝʩʽʷ ʢʽʣʴʢʦʩʪʽ ʢʣʽʪʠʥʦʢ ʫ ʣʦʛʘʨʠʬʤʽʯʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ 

 

y = -1,2166x + 11,885

R² = 0,9963
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ʈʦʟʤʽʨ ʢʣʽʪʠʥʢʠ log(e)

ʌʨʘʢʪʘʣʴʥʘ ʨʦʟʤʽʨʥʽʩʪʴ ʯʘʩʦʚʦʛʦ ʨʷʜʫ
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ʈʽʚʥʷʥʥʷ ʘʧʨʦʢʩʠʤʘʮʽʾ ʤʘʻ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 

 1,2166 11,885ʫ ʭ=- Ö + , 

ʜʝ ʜʦʜʘʪʥʽʡ ʢʫʪʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʚʽʜʧʦʚʽʜʘʻ ʟʥʘʯʝʥʥʶ ʬʨʘʢʪʘʣʴʥʦʾ ʨʦʟʤʽʨʥʦʩʪʽ, ʘ 

ʚʠʩʦʢʘ ʷʢʽʩʪʴ ʘʧʨʦʢʩʠʤʘʮʽʾ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʙʣʠʟʴʢʠʤ ʜʦ ʦʜʠʥʠʮʽ ʟʥʘʯʝʥʥʷʤ 

ʢʦʝʬʽʮʽʻʥʪʘ ʜʝʪʝʨʤʽʥʘʮʽʾ 2R  = 0,9963. 

ɺʨʘʭʫʚʘʥʥʷ ʬʨʘʢʪʘʣʴʥʦʾ ʧʨʠʨʦʜʠ ʧʨʦʮʝʩʽʚ ʛʝʥʝʨʘʮʽʾ ʪʘ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ 

ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʫ ʣʦʢʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ 

ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ. 
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ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 2 

 

1. ʅʘ ʦʩʥʦʚʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʣʽʥʽʡʥʦʛʦ ʥʘʙʣʠʞʝʥʥʷ ʛʨʘʬʽʢʫ ʟʤʽʥʠ ʝʥʝʨʛʽʾ 

ʧʝʨʚʠʥʥʦʛʦ ʧʦʪʦʢʫ ʬʫʥʢʮʽʷʤʠ ʌʨʘʥʢʣʽʥʘ ʪʘ ʚʨʘʭʫʚʘʥʥʷ ʘʥʘʣʦʛʫ ʧʨʠʥʮʠʧʫ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ɻʝʡʟʝʥʙʝʨʛʘ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʣʦʢʘʣʴʥʦʶ ʩʠʩʪʝʤʦʶ 

ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʜʚʘ ʢʘʥʘʣʠ ʢʝʨʫʚʘʥʥʷ: ʟʘ ʙʘʟʦʚʠʤ ʽʥʪʝʨʚʘʣʦʤ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʨʽʚʥʷ ʝʥʝʨʛʽʾ ʜʣʷ ʟʘʨʷʜʫ ʥʘʢʦʧʠʯʫʚʘʯʘ ʪʘ ʟʘ 

ʤʽʥʽʤʘʣʴʥʦʶ ʪʨʠʚʘʣʽʩʪʶ ʽʥʪʝʨʚʘʣʫ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ 

ʨʽʚʥʷ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʦʾ ʝʥʝʨʛʽʾ, ʱʦ ʦʪʨʠʤʫʻʪʴʩʷ ʚʽʜ ʫʩʪʘʥʦʚʦʢ ʥʘ ʦʩʥʦʚʽ 

ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ. 

2. ɸʧʨʦʢʩʠʤʘʮʽʷ ʢʫʩʢʦʚʦ-ʣʽʥʽʡʥʠʤʠ ʥʘʙʣʠʞʝʥʥʷʤʠ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ 

ʥʝʦʙʭʽʜʥʫ ʪʦʯʥʽʩʪʴ ʪʘ ʟʤʝʥʰʠʪʠ ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ ʨʦʟʨʘʭʫʥʢʽʚ. ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ 

ʬʫʥʢʮʽʷ ʟʤʽʥʠ ʧʦʪʦʢʫ ʧʝʨʚʠʥʥʦʾ ʝʥʝʨʛʽʾ ʻ ʧʝʨʽʦʜʠʯʥʦʶ, ʜʣʷ ʢʫʩʢʦʚʦ-ʣʽʥʽʡʥʦʾ 

ʘʧʨʦʢʩʠʤʘʮʽʾ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʣʽʥʽʡʥʽ ʬʫʥʢʮʽʾ ʥʘ ʙʘʟʽ ʬʫʥʢʮʽʡ ʋʦʣʰʘ. 

ɺ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ ï ʬʫʥʢʮʽʾ ʌʨʘʥʢʣʽʥʘ. 

3. ɺʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ ʷʚʠʱʘ ɻʽʙʙʩʘ ʧʨʠ ʘʧʨʦʢʩʠʤʘʮʽʾ ʷʢ ʬʫʥʢʮʽʷʤʠ 

ʌʨʘʥʢʣʽʥʘ, ʪʘʢ ʽ ʬʫʥʢʮʽʷʤʠ ʥʘ ʙʘʟʽ ʬʫʥʢʮʽʡ ʋʦʣʰʘ ʚʢʘʟʫʻ ʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʚʽʜʢʠʜʘʥʥʷ ʟʥʘʯʝʥʴ ʥʘ ʢʽʥʮʷʭ ʽʥʪʝʨʚʘʣʫ. ʎʝ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ 

ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʫ ʧʦʭʠʙʢʫ ʘʧʨʦʢʩʠʤʘʮʽʾ ʫ 5 ʨʘʟʽʚ ʧʨʠ ʘʧʨʦʢʩʠʤʘʮʽʾ 

ʬʫʥʢʮʽʷʤʠ ʌʨʘʥʢʣʽʥʘ ʪʘ ʤʘʡʞʝ ʫ 3 ʨʘʟʠ ʧʨʠ ʘʧʨʦʢʩʠʤʘʮʽʾ ʬʫʥʢʮʽʷʤʠ ʥʘ ʙʘʟʽ 

ʬʫʥʢʮʽʡ ʋʦʣʰʘ. 

4. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʯʠʩʣʘ ʽʥʪʝʨʚʘʣʽʚ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʪʘ ʢʽʣʴʢʦʩʪʽ ʘʧʨʦʢʩʠʤʫʶʯʠʭ ʬʫʥʢʮʽʡ ʥʘ ʽʥʪʝʨʚʘʣʽ ʜʦʟʚʦʣʷʻ 

ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʽʥʪʝʨʚʘʣʽʚ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʚ ʜʚʘ ʨʘʟʠ, ʥʘ ʢʦʞʥʦʤʫ ʟ ʷʢʠʭ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚʽʜʙʽʨ ʤʘʢʩʠʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʚʽʜ ʫʩʪʘʥʦʚʦʢ ʥʘ ʦʩʥʦʚʽ 

ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ, ʘ ʨʽʚʝʥʴ ʝʥʝʨʛʽʾ ʟʘʨʷʜʫ ʥʘʢʦʧʠʯʫʚʘʯʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘ 

ʙʘʟʦʚʦʤʫ ʽʥʪʝʨʚʘʣʽ. ɿʣʘʤʠ ʥʘ ʢʦʞʥʦʤʫ ʟ ʽʥʪʝʨʚʘʣʽʚ ʩʧʦʩʪʝʨʝʞʝʥʥʷ 

ʘʧʨʦʢʩʠʤʫʶʯʦʾ ʢʨʠʚʦʾ ʩʚʽʜʯʘʪʴ ʧʨʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʤʽʥʠ ʨʝʞʠʤʫ ʨʦʙʦʪʠ 

ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ, ʱʦ ʧʦʪʨʝʙʫʻ ʚʽʜʧʦʚʽʜʥʠʭ ʨʝʘʢʮʽʡ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ. 
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5. ɼʣʷ ʧʽʜʪʨʠʤʘʥʥʷ ʩʪʽʡʢʦʾ ʨʦʙʦʪʠ ʩʠʩʪʝʤ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ, ʬʣʫʢʪʫʘʮʽʾ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʷʢʠʭ ʚʽʜʧʦʚʽʜʘʶʪʴ ɺʽʥʝʨʦʚʩʴʢʦʤʫ ʧʨʦʮʝʩʫ, 

ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʜʝʷʢʠʡ ʟʘʟʜʘʣʝʛʽʜʴ ʚʽʜʦʤʠʡ ʜʦʜʘʪʢʦʚʠʡ ʟʘʧʘʩ ʚʝʣʠʯʠʥʠ ʝʥʝʨʛʽʾ, 

ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʢʦʥʫ ʧʦʚʪʦʨʥʦʛʦ ʣʦʛʘʨʠʬʤʫ, ʽ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ ʧʽʜʢʣʶʯʝʥʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʘʙʦ ʟʤʽʥʽ ʧʦʪʫʞʥʦʩʪʽ ʚʭʽʜʥʦʛʦ 

ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ. ɺʩʪʘʥʦʚʣʝʥʥʷ ʙʫʜʴ-ʷʢʦʛʦ ʥʘʢʦʧʠʯʫʚʘʯʘ ʧʦʚʥʽʩʪʶ ʥʝ ʢʦʤʧʝʥʩʫʻ 

ʧʨʦʮʝʩ ʟʤʽʥʠ ʝʥʝʨʛʽʾ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ɺʽʥʝʨʦʚʩʴʢʦʤʫ ʧʨʦʮʝʩʫ, ʘʣʝ ʩʫʪʪʻʚʦ ʟʤʝʥʰʫʻ 

ʡʦʛʦ ʚʧʣʠʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʝʥʝʨʛʽʶ 

ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ. 

6. ɿʥʘʭʦʜʞʝʥʥʷ ʚʽʨʪʫʘʣʴʥʦʾ ʱʽʣʴʥʦʩʪʽ ʤʝʪʦʜʦʤ ʟʚʦʨʦʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʪʘ ʤʝʪʦʜʦʤ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ ʪʘ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ ʭʤʘʨ ʤʝʪʦʜʘʤʠ ɺʂʌ ʪʘ 

ʉʂɯ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʪʨʝʥʜ ʟʤʽʥʠ ʧʦʪʦʢʫ ʧʝʨʚʠʥʥʦʾ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ ʜʣʷ 

ʧʦʜʘʣʴʰʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʚʠʭʦʜʽ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ ʥʝ ʪʽʣʴʢʠ ʟʘ 

ʚʝʣʠʯʠʥʦʶ ʧʦʪʫʞʥʦʩʪʽ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʘ ʽ ʟ ʚʨʘʭʫʚʘʥʥʷʤ 

ʽʥʪʝʛʨʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʭʤʘʨʥʦʛʦ ʧʦʢʨʠʚʫ. 

7. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʚʠʭʦʜʽ 

ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ ʟʘ ʩʫʧʨʦʚʽʜʥʠʤʠ ʜʘʥʠʤʠ ʥʝʦʙʭʽʜʥʦ ʦʙʠʨʘʪʠ ʨʦʟʤʽʨ ʚʠʙʽʨʢʠ 

ʤʝʪʝʦʜʘʥʠʭ ʟ ʽʥʪʝʨʚʘʣʫ 14ï18 ʘʙʦ 28ï38, ʦʩʢʽʣʴʢʠ ʧʨʠ ʪʘʢʽʡ ʢʽʣʴʢʦʩʪʽ 

ʩʧʦʩʪʝʨʝʞʝʥʴ ʭʘʨʘʢʪʝʨ ʟʘʣʝʞʥʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʢʦʨʝʣʷʮʽʾ ʤʝʪʝʦʜʘʥʠʭ ʚʽʜ ʯʘʩʫ 

ʤʘʻ ʥʘʡʤʝʥʰ ʚʠʧʘʜʢʦʚʠʡ ʭʘʨʘʢʪʝʨ. 

8. ʈʦʟʨʘʭʫʥʦʢ ʬʨʘʢʪʘʣʴʥʦʾ ʨʦʟʤʽʨʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʛʝʥʝʨʘʮʽʾ ʪʘ ʩʧʦʞʠʚʘʥʥʷ 

ʝʥʝʨʛʽʾ ʚʧʦʜʘʣʴʰʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʩʪʘʪʠʩʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʣʦʢʘʣʴʥʠʭ ʩʠʩʪʝʤ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ. 
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ʈʆɿɼɯʃ 3. ʂɽʈʋɺɸʅʅʗ ʇɽʈɽʊɺʆʈʖɺɸʏɸʄʀ ʅɸ ʆʉʅʆɺɯ 

ɽʅʊʈʆʇɯʁʅʆɰ ɼʀɺɽʈɻɽʅʎɯɰ 

 

ʆʢʨʽʤ ʚʠʢʦʥʘʥʥʷ ʫʤʦʚ ʙʘʣʘʥʩʫ ʝʥʝʨʛʽʾ, ʫ ʣʦʢʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ 

ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʟ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʤʠ ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ ʧʦʚʠʥʥʽ 

ʚʠʢʦʥʫʚʘʪʠʩʴ ʫʤʦʚʠ ʙʘʣʘʥʩʫ ʩʪʘʪʠʩʪʠʯʥʠʭ ʤʦʤʝʥʪʽʚ: ʟʥʘʯʝʥʥʷ ʽʤʦʚʽʨʥʽʩʥʠʭ 

ʤʦʤʝʥʪʽʚ ʯʘʩʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʧʦʪʦʢʽʚ ʧʝʨʚʠʥʥʦʾ ʝʥʝʨʛʽʾ ʥʘ ʚʭʦʜʽ ʩʠʩʪʝʤʠ ʤʘʶʪʴ 

ʜʦʨʽʚʥʶʚʘʪʠ ʟʥʘʯʝʥʥʷʤ ʯʘʩʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʧʦʪʦʢʽʚ ʝʥʝʨʛʽʾ ʩʧʦʞʠʚʘʥʥʷ ʥʘ ʚʠʭʦʜʽ 

ʩʠʩʪʝʤʠ. 

ʆʩʦʙʣʠʚʽʩʪʶ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ 

ʨʦʙʦʪʠ ʣʦʢʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ, ʷʢ ʚʽʜʢʨʠʪʠʭ ʩʠʩʪʝʤ, ʟʘ ʨʘʭʫʥʦʢ 

ʜʦʩʷʛʥʝʥʥʷ ʝʚʦʣʶʮʽʾ ʜʦ ʨʽʚʥʦʚʘʞʥʦʛʦ ʩʪʘʥʫ, ʻ ʚʠʟʥʘʯʝʥʥʷ ʝʥʪʨʦʧʽʡʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʮʝʩʽʚ ʛʝʥʝʨʘʮʽʾ ʪʘ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ. ɼʣʷ ʘʥʘʣʽʟʫ 

ʩʪʘʪʠʩʪʠʯʥʦʾ ʚʟʘʻʤʦʜʽʾ ʝʣʝʤʝʥʪʽʚ ʪʘʢʠʭ ʩʠʩʪʝʤ ʚʠʢʦʥʫʻʪʴʩʷ ʨʦʟʨʘʭʫʥʦʢ 

ʝʥʪʨʦʧʽʡʥʦʾ ʜʠʚʝʨʛʝʥʮʽʾ, ʱʦ ʚʨʘʭʦʚʫʻ ʥʝ ʪʽʣʴʢʠ ʨʽʚʥʦʤʽʨʥʠʡ, ʘʣʝ ʡ ʜʦʚʽʣʴʥʠʡ 

ʭʘʨʘʢʪʝʨ ʨʦʟʧʦʜʽʣʫ ʽʤʦʚʽʨʥʦʩʪʝʡ. 

 

3.1. ɺʠʙʽʨʢʦʚʽ ʝʥʪʨʦʧʽʾ ʧʦʪʦʢʽʚ ʧʝʨʚʠʥʥʦʾ ʝʥʝʨʛʽʾ 

 

ɺʠʟʥʘʯʠʪʠ ʩʪʫʧʽʥʴ ʚʘʨʽʘʙʝʣʴʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʛʝʥʝʨʘʮʽʾ, ʩʧʦʞʠʚʘʥʥʷ ʪʘ 

ʥʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ ʚ ʣʦʢʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʪʘ ʜʦʩʣʽʜʠʪʠ ʾʭ 

ʝʚʦʣʶʮʽʶ ʤʦʞʥʘ ʰʣʷʭʦʤ ʦʮʽʥʢʠ ʨʦʟʧʦʜʽʣʫ ʡʤʦʚʽʨʥʦʩʪʝʡ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ 

[161, 162]. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʴʦʛʦ ʟʘʚʜʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʝʥʪʨʦʧʽʡʥʠʡ ʘʥʘʣʽʟ, 

ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʽʟʥʠʭ ʚʠʜʽʚ ʝʥʪʨʦʧʽʡ [163, 164]: ʝʥʪʨʦʧʽʾ 

ɹʦʣʴʮʤʘʥʘ, ʝʥʪʨʦʧʽʾ ʐʝʥʦʥʘ, ʝʥʪʨʦʧʽʾ ʂʦʣʤʦʛʦʨʦʚʘ, ʝʥʪʨʦʧʽʾ ʊʩʘʣʣʝʩʘ ʪʘ ʽʥ., ʚ 

ʦʩʥʦʚʽ ʷʢʠʭ ʣʝʞʠʪʴ ʧʦʥʷʪʪʷ ʝʣʝʤʝʥʪʘʨʥʦʾ ʝʥʪʨʦʧʽʾ ʚʠʙʽʨʢʠ, ʘʙʦ ʚʠʙʽʨʢʦʚʦʾ 

ʝʥʪʨʦʧʽʾ (ʧʝʨʰʦʾ ï ʜʣʷ ʨʦʟʧʦʜʽʣʫ ʘʤʧʣʽʪʫʜ; ʜʨʫʛʦʾ ï ʜʣʷ ʯʘʩʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ). 

ʆʩʢʽʣʴʢʠ ʩʝʨʝʜʥʷ ʧʦʪʫʞʥʽʩʪʴ ʚ ʟʘʤʢʥʝʥʽʡ ʩʠʩʪʝʤʽ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟʤʽʥʥʦʶ ʧʨʠ 

ʝʚʦʣʶʮʽʾ ʩʠʩʪʝʤʠ ʜʦ ʩʪʘʥʫ ʨʽʚʥʦʚʘʛʠ, ʘ ʾʾ ʝʥʪʨʦʧʽʷ ʟʨʦʩʪʘʻ ʽ ʟʘʣʠʰʘʻʪʴʩʷ 

ʥʝʟʤʽʥʥʦʶ ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ ʨʽʚʥʦʚʘʞʥʦʛʦ ʩʪʘʥʫ, ʧʦʪʫʞʥʽʩʪʴ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 
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ʝʥʪʨʦʧʽʾ, ʥʝ ʤʦʞʝ ʩʣʫʞʠʪʠ ʤʽʨʦʶ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʩʠʩʪʝʤ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ. ʊʦʤʫ 

ʚʠʟʥʘʯʝʥʥʷ ʪʨʝʥʜʫ ʟʤʽʥʠ ʝʥʪʨʦʧʽʾ, ʪʦʙʪʦ ʟʤʽʥʠ ʩʪʘʥʫ ʨʽʚʥʦʚʘʛʠ (ʥʝʨʽʚʥʦʚʘʛʠ) 

ʩʠʩʪʝʤʠ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ ʧʦʢʘʟʥʠʢ ʤʦʞʣʠʚʦʾ ʦʯʽʢʫʚʘʥʦʾ ʧʦʪʫʞʥʦʩʪʽ 

ʥʘ ʚʠʭʦʜʽ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʫ ʩʠʩʪʝʤʘʭ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ. ʆʩʢʽʣʴʢʠ 

ʨʦʟʨʘʭʫʥʦʢ ʧʝʨʰʦʾ ʚʠʙʽʨʢʦʚʦʾ ʝʥʪʨʦʧʽʾ ʻ ʙʽʣʴʰ ʧʨʦʩʪʠʤ ʪʘ ʥʘʦʯʥʠʤ, ʘʢʪʫʘʣʴʥʦʶ 

ʻ ʟʘʜʘʯʘ ʾʾ ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʢ ʧʘʨʘʤʝʪʨʫ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʧʨʦʮʝʩʠ ʛʝʥʝʨʘʮʽʾ, 

ʩʧʦʞʠʚʘʥʥʷ ʪʘ ʥʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʝʨʫʚʘʥʥʷ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ ʣʦʢʘʣʴʥʠʭ ʩʠʩʪʝʤ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʾʭ ʝʬʝʢʪʠʚʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ 

[165]. 

ʇʝʨʰʘ ʚʠʙʽʨʢʦʚʘ ʝʥʪʨʦʧʽʷ, ʷʢ ʨʽʟʥʦʚʠʜ ʝʥʪʨʦʧʽʾ ʐʝʥʦʥʘ H [166], ʢʽʣʴʢʽʩʥʦ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʜʦʚʽʣʴʥʠʡ ʨʦʟʧʦʜʽʣ ʙʫʜʴ-ʷʢʦʛʦ ʧʘʨʘʤʝʪʨʫ ʩʠʩʪʝʤʠ. 

ʗʢʱʦ ʫ ʩʠʩʪʝʤʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʙʫʜʴ-ʷʢʽ ʟʤʽʥʠ, ʪʦ ʟʤʽʥʶʶʪʴʩʷ ʨʦʟʧʦʜʽʣʠ ʾʾ 

ʧʘʨʘʤʝʪʨʽʚ. ɺʽʜʧʦʚʽʜʥʦ, ʟʤʽʥʶʻʪʴʩʷ ʚʝʣʠʯʠʥʘ ʝʥʪʨʦʧʽʾ. ʊʦʙʪʦ, ʧʝʨʰʘ ʚʠʙʽʨʢʦʚʘ 

ʝʥʪʨʦʧʽʷ ʻ ʬʫʥʢʮʽʻʶ ʩʪʘʥʫ ʩʠʩʪʝʤʠ, ʦʩʢʽʣʴʢʠ ʢʽʣʴʢʽʩʥʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʤʽʨʫ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ. ɼʣʷ ʣʦʢʘʣʴʥʠʭ ʩʠʩʪʝʤ 

ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʧʝʨʰʫ ʚʠʙʽʨʢʦʚʫ ʝʥʪʨʦʧʽʶ ʚʠʢʦʨʠʩʪʘʻʤʦ ʜʣʷ ʦʮʽʥʢʠ 

ʚʽʜʭʠʣʝʥʥʷ ʜʘʥʠʭ ʨʦʟʧʦʜʽʣʽʚ ʘʤʧʣʽʪʫʜ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʚʠʭʦʜʽ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ ʪʘ 

ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚʽʜ ʽʜʝʘʣʴʥʠʭ. 

ʇʝʨʰʘ ʚʠʙʽʨʢʦʚʘ ʝʥʪʨʦʧʽʷ ʭʘʨʘʢʪʝʨʠʟʫʻ ʚʘʨʽʘʙʝʣʴʥʽʩʪʴ ʧʨʦʮʝʩʫ ʟʤʽʥʠ 

ʧʦʪʫʞʥʦʩʪʽ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ ʪʘ ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʇʨʠ 

ʥʫʣʴʦʚʽʡ ʚʘʨʽʘʙʝʣʴʥʦʩʪʽ (ʘʤʧʣʽʪʫʜʘ ʥʝ ʟʤʽʥʶʻʪʴʩʷ ʟ ʯʘʩʦʤ) ʝʥʪʨʦʧʽʷ ʜʦʨʽʚʥʶʻ 

ʥʫʣʶ, ʘ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʽʡ ʚʘʨʽʘʙʝʣʴʥʦʩʪʽ ʚʠʙʽʨʢʠ (ʚʩʽ ʨʽʚʥʽ ʨʽʚʥʦʤʽʨʥʦ 

ʟʘʧʦʚʥʝʥʽ) ʝʥʪʨʦʧʽʷ ʜʦʩʷʛʘʻ ʩʚʦʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ log2(n) , ʜʝ n ï ʯʠʩʣʦ 

ʨʽʚʥʽʚ. ɺʠʩʦʢʘ ʚʘʨʽʘʙʝʣʴʥʽʩʪʴ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʧʨʦʮʝʩʫ ʟʤʽʥʠ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʪʠʩʢʫ, ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ, 

ʚʦʣʦʛʦʩʪʽ, ʰʚʠʜʢʦʩʪʽ ʪʘ ʥʘʧʨʷʤʫ ʚʽʪʨʫ. ɿʥʘʢ ʪʨʝʥʜʫ ʧʝʨʰʦʾ ʚʠʙʽʨʢʦʚʦʾ ʝʥʪʨʦʧʽʾ, 

ʷʢʱʦ ʪʨʝʥʜ ʯʽʪʢʦ ʧʨʦʛʣʷʜʘʻʪʴʩʷ, ʚʢʘʟʫʻ ʥʘ ʥʘʧʨʷʤ ʝʚʦʣʶʮʽʾ ʧʨʦʮʝʩʫ, ʽ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʢʦʨʦʪʢʦʪʨʠʚʘʣʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ. 

ɺʠʟʥʘʯʠʤʦ ʧʝʨʰʫ ʚʠʙʽʨʢʦʚʫ ʝʥʪʨʦʧʽʶ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʚʠʭʦʜʽ ʩʦʥʷʯʥʠʭ 

ʙʘʪʘʨʝʡ, ʚʚʘʞʘʶʯʠ ʽʥʰʽ ʧʘʨʘʤʝʪʨʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʝʟʤʽʥʥʠʤʠ. ɼʣʷ 
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ʮʴʦʛʦ ʟ N  ʟʥʘʯʝʥʴ ʚʝʣʠʯʠʥʠ ʧʦʪʫʞʥʦʩʪʽ, ʱʦ ʨʦʟʛʣʷʜʘʶʪʴʩʷ, ʟʥʘʭʦʜʠʤʦ 

ʤʽʥʽʤʘʣʴʥʝ minP  ʪʘ ʤʘʢʩʠʤʘʣʴʥʝ maxP  ʟʥʘʯʝʥʥʷ. ʎʝʡ ʜʽʘʧʘʟʦʥ ʘʤʧʣʽʪʫʜ                            

( min maxP P· ) ʨʦʟʙʠʚʘʻʤʦ ʥʘ n  ʧʽʜʽʥʪʝʨʚʘʣʽʚ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʚʝʣʠʯʠʥʘ 

ʽʥʪʝʨʚʘʣʫ PD  ʙʫʣʘ ʥʝ ʤʝʥʰʘ ʥʽʞ ʜʦʚʽʨʯʠʡ ʽʥʪʝʨʚʘʣ ʜʘʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ, ʽ ʦʜʠʥ 

ʝʣʝʤʝʥʪ d  ʮʴʦʛʦ ʧʦʢʨʠʪʪʷ ʜʦʨʽʚʥʶʚʘʚ ( )max mind ʈ ʈ n= - . ɼʘʣʽ ʟʥʘʭʦʜʠʤʦ ʯʠʩʣʦ 

ʟʥʘʯʝʥʴ ʧʦʪʫʞʥʦʩʪʽ {}kP , ʱʦ ʧʦʪʨʘʧʠʣʠ ʚ ʢʦʞʥʠʡ ʟ ʧʽʜʽʥʪʝʨʚʘʣʽʚ, ʽ ʚʠʟʥʘʯʘʻʤʦ 

ʽʤʦʚʽʨʥʽʩʪʴ ip  ʧʦʪʨʘʧʣʷʥʥʷ ʟʥʘʯʝʥʥʷ ʟ ʚʠʙʽʨʢʠ ʚ ʧʽʜʽʥʪʝʨʚʘʣ i : ʽ ʽʨ ʈ ɸ= , ʜʝ 

0

N

i

ʽ

ɸ P
=

=ä  ï ʥʦʨʤʘ ʚʠʙʽʨʢʠ. ɿʨʦʟʫʤʽʣʦ, ʱʦ 
1

1
n

ʽ

i

ʨ
=

=ä . ʇʝʨʰʘ ʚʠʙʽʨʢʦʚʘ ʝʥʪʨʦʧʽʷ 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 2

1

log
n

ʽ i

i

H ʨ p
=

=-ä . (3.1) 

ʇʝʨʰʫ ʚʠʙʽʨʢʦʚʫ ʝʥʪʨʦʧʽʶ ʨʦʟʨʘʭʫʻʤʦ ʜʣʷ ʽʜʝʘʣʴʥʦʾ ʪʘ ʨʝʘʣʴʥʦʾ ʜʦʙʦʚʠʭ 

ʢʨʠʚʠʭ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʚʠʭʦʜʽ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ çʝʪʘʣʦʥʥʫè 

ʝʥʪʨʦʧʽʶ. ʗʢ çʝʪʘʣʦʥʥʫè ʙʫʜʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʝʨʰʫ ʚʠʙʽʨʢʦʚʫ ʝʥʪʨʦʧʽʶ 

çʽʜʝʘʣʴʥʦʾè ʜʦʙʦʚʦʾ ʢʨʠʚʦʾ ʧʦʪʫʞʥʦʩʪʽ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʋ ʚʠʧʘʜʢʫ, 

ʢʦʣʠ ʚ ʷʢʦʩʪʽ ʚʽʜʥʦʚʣʶʚʘʥʦʛʦ ʜʞʝʨʝʣʘ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʩʦʥʷʯʥʘ ʙʘʪʘʨʝʷ, ʘ 

ʽʥʪʝʨʚʘʣʦʤ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʻ ʜʦʙʘ, ʛʨʘʥʠʯʥʠʡ ʟʘʢʦʥ ʨʦʟʧʦʜʽʣʫ ʧʦʪʦʢʫ ʩʦʥʷʯʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʦʙʦʚʦʶ ʽʜʝʘʣʴʥʦʶ ʢʨʠʚʦʶ ʩʦʥʷʯʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ [167], ʜʣʷ ʧʦʙʫʜʦʚʠ ʷʢʦʾ ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʘʭʫʚʘʪʠ ʚʝʣʠʯʠʥʫ 

ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ɿʝʤʣʽ ʉɺW : 

 0

2
(sin sin cos cos cos )ʉɺ

J
W d j d j w

r
= Ö Ö + Ö Ö, (3.2) 

ʜʝ ʉɺW  ï ʧʦʪʽʢ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʫ ʩʦʥʷʯʥʠʤ 

ʧʨʦʤʝʥʷʤ ʧʣʦʱʫ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ; 2

0 1367J ɺʪ ʤ=  ï ʩʦʥʷʯʥʘ ʩʪʘʣʘ; r ï 

ʚʽʜʥʦʩʥʘ ʚʽʜʩʪʘʥʴ ʜʦ ʉʦʥʮʷ; j ï ʛʝʦʛʨʘʬʽʯʥʘ ʰʠʨʦʪʘ ɿʝʤʣʽ; w ï ʯʘʩʦʚʠʡ ʢʫʪ 

ʉʦʥʮʷ, ʷʢʠʡ ʚʽʜʨʘʭʦʚʫʻʪʴʩʷ ʚʽʜ ʦʧʽʚʜʥʷ; d ï ʢʫʪ ʥʘʭʠʣʫ ʉʦʥʮʷ. 
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 ʅʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʪʝ, ʱʦ ʬʫʥʢʮʽʷ (3.2) ʟʘʜʘʥʘ ʘʥʘʣʽʪʠʯʥʦ ʽ ʻ ʜʝʪʝʨʤʽʥʦʚʘʥʦʶ, 

ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʚʚʘʞʘʪʠʤʝʤʦ, ʱʦ ʜʘʥʽ ʜʣʷ ʧʦʙʫʜʦʚʠ 

ʽʜʝʘʣʴʥʦʾ ʜʦʙʦʚʦʾ ʢʨʠʚʦʾ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʦʪʨʠʤʘʥʽ ʰʣʷʭʦʤ 

ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʚʠʭʦʜʽ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ ʟʘ ʽʜʝʘʣʴʥʠʭ ʫʤʦʚ ï ʚ ʷʩʥʠʡ 

ʩʦʥʷʯʥʠʡ ʜʝʥʴ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʨʦʟʩʽʶʚʘʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʘʪʤʦʩʬʝʨʽ. 

 ʅʘ ʨʠʩ. 3.1, ʘ ʟʦʙʨʘʞʝʥʦ ʽʜʝʘʣʴʥʫ ʜʦʙʦʚʫ ʢʨʠʚʫ ʩʦʥʷʯʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʘ ʥʘ ʨʠʩ. 3.1., ʙ ï ʨʝʘʣʴʥʫ ʢʨʠʚʫ ʜʣʷ 02 ʪʨʘʚʥʷ 2019 ʨʦʢʫ ʜʣʷ 

ʤ.   ɿʘʛʨʝʙ, ʈʝʩʧʫʙʣʽʢʘ ʍʦʨʚʘʪʽʷ (45Á 815Ë ʧʽʚʥʽʯʥʦʾ ʰʠʨʦʪʠ, 15Á 983Ë ʩʭʽʜʥʦʾ 

ʜʦʚʛʦʪʠ) ʟ ʜʠʩʢʨʝʪʥʽʩʪʶ ʚ 1 ʭʚʠʣʠʥʫ. 

ɿʥʘʯʝʥʥʷ ʧʝʨʰʦʾ ʚʠʙʽʨʢʦʚʦʾ ʝʥʪʨʦʧʽʾ ʽʜʝʘʣʴʥʦʾ ʢʨʠʚʦʾ ʧʦʪʫʞʥʦʩʪʽ 

ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʧʽʜʽʥʪʝʨʚʘʣʽʚ ʨʦʟʙʠʪʪʷ 

ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ 3.1. 

 

ʊʘʙʣʠʮʷ 3.1. ɿʥʘʯʝʥʥʷ ʧʝʨʰʦʾ ʚʠʙʽʨʢʦʚʦʾ ʝʥʪʨʦʧʽʾ ʽʜʝʘʣʴʥʦʾ ʢʨʠʚʦʾ ʧʦʪʫʞʥʦʩʪʽ 

ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʧʽʜʽʥʪʝʨʚʘʣʽʚ ʨʦʟʙʠʪʪʷ 

ʂʽʣʴʢʽʩʪʴ ʧʽʜʽʥʪʝʨʚʘʣʽʚ, 

ʧ 
86400 17280 8640 2880 1440 960 720 

ʇʝʨʰʘ ʚʠʙʽʨʢʦʚʘ 

ʝʥʪʨʦʧʽʷ ʽʜʝʘʣʴʥʦʾ 

ʢʨʠʚʦʾ ʧʦʪʫʞʥʦʩʪʽ 

6,591 4.982 4,289 3,219 2,542 2,126 1,846 

 

ʗʢ ʚʠʭʽʜʥʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʝʥʪʨʦʧʽʾ ʟʽ ʩʪʦʨʦʥʠ ʜʞʝʨʝʣʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʜʘʥʽ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʚʠʭʦʜʽ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ, ʦʪʨʠʤʘʥʽ ʟ ʣʘʙʦʨʘʪʦʨʽʾ LARES 

ɿʘʛʨʝʙʩʴʢʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ, ʤ. ɿʘʛʨʝʙ, ʍʦʨʚʘʪʽʷ [140]. ɼʘʥʽ 

ʦʪʨʠʤʫʶʪʴʩʷ ʟ ʜʠʩʢʨʝʪʥʽʩʪʶ ʚ 1 ʭʚʠʣʠʥʫ, ʽ ʟʘ ʜʦʙʫ ʦʪʨʠʤʫʻʪʴʩʷ 86400 ʟʥʘʯʝʥʴ 

ʧʦʪʫʞʥʦʩʪʽ.  
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ʙ) 

ʈʠʩ. 3.1. ɼʦʙʦʚʽ ʢʨʠʚʽ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ: ʘ) ʽʜʝʘʣʴʥʘ ʢʨʠʚʘ; ʙ) ʢʨʠʚʘ, ʧʦʙʫʜʦʚʘʥʘ ʜʣʷ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʟ 

ʣʘʙʦʨʘʪʦʨʽʾ LARES 
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ʅʘ ʨʠʩ. 3.2 ʥʘʚʝʜʝʥʦ ʛʨʘʬʽʢ ʟʤʽʥʠ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʚʠʭʦʜʽ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ 

ʜʣʷ ʪʠʞʥʷ ʟ 27 ʢʚʽʪʥʷ ʧʦ 03 ʪʨʘʚʥʷ 2019 ʨʦʢʫ, ʘ ʫ ʪʘʙʣʠʮʽ 3.2 ï ʯʘʩʪʠʥʫ ʜʘʥʠʭ ʜʣʷ 

02 ʪʨʘʚʥʷ ʜʣʷ ʽʥʪʝʨʚʘʣʫ ʯʘʩʫ ʟ 11:29 ʜʦ 11:38. 

 

ʊʘʙʣʠʮʷ 3.2. ʏʘʩʪʠʥʘ ʜʘʥʠʭ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʚʠʭʦʜʽ ʩʦʥʷʯʥʦʾ ʙʘʪʘʨʝʾ ʜʣʷ 02 

ʪʨʘʚʥʷ 2019 ʨʦʢʫ 

ɼʘʪʘ 02 ʪʨʘʚʥʷ 2019 ʨʦʢʫ 

ʏʘʩ 11:29 11:30 11:31 11:32 11:33 11:34 11:35 11:36 11:37 11:38 

ɿʥʘʯʝʥʥʷ 

ʧʦʪʫʞʥʦʩʪʽ, 

ɺʪ 

837 839 841 843 840 840 844 848 847 844 

 

 ɿʥʘʯʝʥʥʷ ʧʝʨʰʦʾ ʚʠʙʽʨʢʦʚʦʾ ʝʥʪʨʦʧʽʾ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʚʠʭʦʜʽ ʩʦʥʷʯʥʦʾ 

ʙʘʪʘʨʝʾ ʜʣʷ 2 ʪʨʘʚʥʷ 2019 ʨʦʢʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʧʽʜʽʥʪʝʨʚʘʣʽʚ ʨʦʟʙʠʪʪʷ 

ʧ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ 3.3. çʅʝʽʜʝʘʣʴʥʽʩʪʴè ʢʨʠʚʦʾ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʚʠʭʦʜʽ ʩʦʥʷʯʥʠʭ 

ʙʘʪʘʨʝʡ (ʨʽʟʥʠʮʷ ʤʽʞ ʟʥʘʯʝʥʥʷʤʠ ʧʝʨʰʦʾ ʚʠʙʽʨʢʦʚʦʾ ʝʥʪʨʦʧʽʾ ʨʝʘʣʴʥʦʾ ʪʘ 

ʽʜʝʘʣʴʥʦʾ ʢʨʠʚʠʭ ʥʘʚʝʜʝʥʘ ʫ ʪʘʙʣʠʮʽ 3.3) ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʧʝʨʰʦʾ 

ʚʠʙʽʨʢʦʚʦʾ ʝʥʪʨʦʧʽʾ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʙʽʣʴʰʝʥʥʷ ʚʘʨʽʘʙʝʣʴʥʦʩʪʽ ʧʨʦʮʝʩʫ 

ʛʝʥʝʨʘʮʽʾ ʝʥʝʨʛʽʾ. 

 

ʊʘʙʣʠʮʷ 3.3. ɿʥʘʯʝʥʥʷ ʧʝʨʰʦʾ ʚʠʙʽʨʢʦʚʦʾ ʝʥʪʨʦʧʽʾ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʽʣʴʢʦʩʪʽ 

ʧʽʜʽʥʪʝʨʚʘʣʽʚ ʨʦʟʙʠʪʪʷ 

ʂʽʣʴʢʽʩʪʴ ʧʽʜʽʥʪʝʨʚʘʣʽʚ, 

ʧ 
86400 17280 8640 2880 1440 960 720 

ʇʝʨʰʘ ʚʠʙʽʨʢʦʚʘ 

ʝʥʪʨʦʧʽʷ ʥʘ ʚʠʭʦʜʽ 

ʩʦʥʷʯʥʦʾ ʙʘʪʘʨʝʾ 

6,442 4,917 4,233 3,154 2,469 2,08 1,804 

  



 

 

 

ʈʠʩ. 3.2. ɻʨʘʬʽʢ ʟʤʽʥʠ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʚʠʭʦʜʽ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ 
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ʑʝ ʦʜʥʠʤ ʤʝʪʦʜʦʤ ʦʮʽʥʢʠ çʥʝʽʜʝʘʣʴʥʦʩʪʽè ʢʨʠʚʦʾ ʧʦʪʫʞʥʦʩʪʽ ʻ 

ʟʥʘʭʦʜʞʝʥʥʷ ʨʽʟʥʠʮʽ ʤʽʞ ʜʘʥʠʤʠ ʧʦʪʫʞʥʦʩʪʽ ʨʝʘʣʴʥʦʾ ʪʘ ʽʜʝʘʣʴʥʦʾ ʢʨʠʚʠʭ ʟ 

ʧʦʜʘʣʴʰʠʤ ʨʦʟʨʘʭʫʥʢʦʤ ʝʥʪʨʦʧʽʾ (ʪʘʙʣʠʮʷ 3.4). 

 

ʊʘʙʣʠʮʷ 3.4. ɿʥʘʯʝʥʥʷ ʨʽʟʥʠʮʽ ʝʥʪʨʦʧʽʡ ʪʘ ʝʥʪʨʦʧʽʾ ʨʽʟʥʠʮʽ ʤʽʞ ʟʥʘʯʝʥʥʷʤʠ 

ʧʦʪʫʞʥʦʩʪʽ ʨʝʘʣʴʥʦʾ ʪʘ ʽʜʝʘʣʴʥʦʾ ʢʨʠʚʠʭ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʽʣʴʢʦʩʪʽ 

ʧʽʜʽʥʪʝʨʚʘʣʽʚ ʨʦʟʙʠʪʪʷ 

ʂʽʣʴʢʽʩʪʴ 

ʧʽʜʽʥʪʝʨʚʘʣʽʚ, 

ʧ 

86400 17280 8640 2880 1440 960 720 

ʈʽʟʥʠʮʷ 

ʝʥʪʨʦʧʽʡ 

0,149 

(2.26%) 

0,065 

(1,3%) 

0,056 

(1,3%) 

0,065 

(2,02%) 

0,073 

(2,87%) 

0,046 

(2,16%) 

0,042 

(2,27%) 

ɽʥʪʨʦʧʽʷ 

ʨʽʟʥʠʮʽ 
1,343 4,714 4,033 2,879 2,158 1,664 1,483 

 

ɼʣʷ ʢʦʨʝʢʮʽʾ ʨʝʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʚʠʭʦʜʽ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ 

ʽ ʥʘʙʣʠʞʝʥʥʷ ʡʦʛʦ ʜʦ ʽʜʝʘʣʴʥʦʛʦ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘʢʦʧʠʯʫʚʘʯ 

ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʟ ʝʥʪʨʦʧʽʻʶ, ʨʽʚʥʦʶ ʟʘ ʤʦʜʫʣʝʤ ʝʥʪʨʦʧʽʾ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ, 

ʘʣʝ ʚʟʷʪʦʶ ʟ ʧʨʦʪʠʣʝʞʥʠʤ ʟʥʘʢʦʤ. ʎʝ ʥʝʦʙʭʽʜʥʦ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʫ ʤʦʤʝʥʪʠ ʯʘʩʫ, 

ʢʦʣʠ ʨʽʚʝʥʴ ʝʥʝʨʛʽʾ, ʱʦ ʛʝʥʝʨʫʶʪʴ ʩʦʥʷʯʥʽ ʙʘʪʘʨʝʾ ʤʝʥʰʠʡ ʟʘ ʨʽʚʝʥʴ ʝʥʝʨʛʽʾ 

ʽʜʝʘʣʴʥʦʾ ʢʨʠʚʦʾ, ʥʘʢʦʧʠʯʫʚʘʯ ʨʦʟʨʷʜʞʘʚʩʷ ʽ ʚʠʩʪʫʧʘʚ ʜʦʜʘʪʢʦʚʠʤ ʛʝʥʝʨʘʪʦʨʦʤ; 

ʘ ʫ ʤʦʤʝʥʪʠ ʯʘʩʫ, ʢʦʣʠ ʨʽʚʝʥʴ ʝʥʝʨʛʽʾ, ʱʦ ʛʝʥʝʨʫʶʪʴ ʩʦʥʷʯʥʽ ʙʘʪʘʨʝʾ ʙʽʣʴʰʠʡ ʟʘ 

ʨʽʚʝʥʴ ʝʥʝʨʛʽʾ ʽʜʝʘʣʴʥʦʾ ʢʨʠʚʦʾ, ʥʘʢʦʧʠʯʫʚʘʯ ʟʘʨʷʜʞʘʚʩʷ ʽ ʚʠʩʪʫʧʘʚ ʜʦʜʘʪʢʦʚʠʤ 

ʩʧʦʞʠʚʘʯʝʤ. 

ʈʦʟʨʘʭʫʻʤʦ ʟʥʘʯʝʥʥʷ ʧʝʨʰʦʾ ʚʠʙʽʨʢʦʚʦʾ ʝʥʪʨʦʧʽʾ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʚʠʭʦʜʽ 

ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ ʜʣʷ ʪʠʞʥʷ ʟ 27 ʢʚʽʪʥʷ ʧʦ 03 ʪʨʘʚʥʷ 2019 ʨʦʢʫ (ʜʠʚ. ʨʠʩ. 3.2). 

ɿʤʽʥʘ ʚʝʣʠʯʠʥʠ ʧʝʨʰʦʾ ʚʠʙʽʨʢʦʚʦʾ ʝʥʪʨʦʧʽʾ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 3.3. 



 

150 

 

ʈʠʩ. 3.3. ɿʤʽʥʘ ʚʝʣʠʯʠʥʠ ʧʝʨʰʦʾ ʚʠʙʽʨʢʦʚʦʾ ʝʥʪʨʦʧʽʾ ʟʘ ʪʠʞʜʝʥʴ 

 

 ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʦʧʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʽʥʽʡʥʦʾ ʽʥʪʝʨʧʦʣʷʮʽʾ 

ʅʴʶʪʦʥʘ ʚʧʝʨʝʜ ʪʘ ʥʘʟʘʜ, ʩʧʨʦʛʥʦʟʫʻʤʦ ʟʥʘʯʝʥʥʷ ʧʝʨʰʦʾ ʚʠʙʽʨʢʦʚʦʾ ʝʥʪʨʦʧʽʾ ʥʘ 

8ʠʡ ʜʝʥʴ (04 ʪʨʘʚʥʷ 2019 ʨʦʢʫ) ʪʘ 2ʠʡ ʜʝʥʴ (28 ʢʚʽʪʥʷ 2019 ʨʦʢʫ) (ʯʝʨʚʦʥʽ ʪʦʯʢʠ 

ʥʘ ʨʠʩ. 3.2). ʇʦʭʠʙʢʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʝʨʰʦʾ ʚʠʙʽʨʢʦʚʦʾ ʝʥʪʨʦʧʽʾ ʜʣʷ 8-ʛʦ ʜʥʷ 

ʩʢʣʘʜʘʻ 4%, ʘ ʜʣʷ 2-ʛʦ ʜʥʷ ï 7%. ʋ ʚʠʧʘʜʢʫ ʟʥʘʯʥʠʭ ʚʽʜʭʠʣʝʥʴ ʜʘʥʠʭ ʚʽʜ ʪʨʝʥʜʫ, 

ʧʦʭʠʙʢʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʨʦʩʪʘʻ ʤʘʡʞʝ ʫ 2 ʨʘʟʠ, ʦʜʥʘʢ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʚʝʣʠʯʠʥʠ 

ʧʦʭʠʙʢʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʤʦʞʥʘ ʚʠʢʦʥʫʚʘʪʠ ʧʦʩʣʽʜʦʚʥʦ ʟ ʢʦʨʝʢʮʽʻʶ ʥʘ ʢʦʞʥʦʤʫ 

ʽʥʪʝʨʚʘʣʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ. 

 ʈʝʘʣʽʟʘʮʽʷ ʧʨʦʛʥʦʟʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʣʦʢʘʣʴʥʦʶ ʩʠʩʪʝʤʦʶ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʝʨʰʦʾ ʚʠʙʽʨʢʦʚʦʾ ʝʥʪʨʦʧʽʾ, ʷʢ ʽʥʪʝʛʨʘʣʴʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʪʘʥʫ ʩʠʩʪʝʤʠ, ʜʦʟʚʦʣʷʻ ʦʮʽʥʶʚʘʪʠ ʪʘ ʧʦʨʽʚʥʶʚʘʪʠ ʚʠʧʘʜʢʦʚʽ ʧʨʦʮʝʩʠ ʛʝʥʝʨʘʮʽʾ, 

ʩʧʦʞʠʚʘʥʥʷ ʪʘ ʥʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ, ʥʝ ʟʥʘʭʦʜʷʯʠ ʟʘʢʦʥʽʚ ʾʭ ʨʦʟʧʦʜʽʣʫ. ɸ 

ʚʠʟʥʘʯʝʥʥʷ ʪʨʝʥʜʫ ʟʤʽʥʠ ʝʥʪʨʦʧʽʾ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ ʧʦʢʘʟʥʠʢ 

ʤʦʞʣʠʚʦʾ ʦʯʽʢʫʚʘʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʚʠʭʦʜʽ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ. 
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3.2. ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʝʥʪʨʦʧʽʡʥʦʛʦ ʘʥʘʣʽʟʫ 

 

ʂʦʤʧʘʥʽʾ, ʱʦ ʟʘʡʤʘʶʪʴʩʷ ʧʦʩʪʘʯʘʥʥʷʤ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʟʦʙʦʚôʷʟʘʥʽ 

ʟʚʽʪʫʚʘʪʠ ʧʨʦ ʧʣʘʥʦʚʝ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ ʥʘ ʜʦʙʫ ʚʧʝʨʝʜ [168 ï 170]. 

ʈʝʟʫʣʴʪʘʪʦʤ ʪʘʢʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʻ ʧʣʘʥʦʚʠʡ ʧʦʛʦʜʠʥʥʠʡ ʛʨʘʬʽʢ 

ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ. ɺʽʜʭʠʣʝʥʥʷ ʧʣʘʥʦʚʦʛʦ ʛʨʘʬʽʢʫ ʚ ʙʽʣʴʰʫ ʘʙʦ ʤʝʥʰʫ ʩʪʦʨʦʥʫ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʢʦʤʧʘʥʽʷ ʥʝʩʝ ʜʦʜʘʪʢʦʚʽ ʬʽʥʘʥʩʦʚʽ ʚʪʨʘʪʠ ʥʘ ʟʘʢʫʧʽʚʣʶ 

ʦʙôʻʤʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʷʢʠʭ ʥʝ ʚʠʩʪʘʯʘʻ ʧʦ ʙʽʣʴʰ ʚʠʩʦʢʠʭ ʮʽʥʘʤ, ʘʙʦ ʞ ʧʨʦʜʘʞʫ 

ʥʘʜʣʠʰʢʦʚʠʭ ʦʙôʻʤʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʧʦ ʙʽʣʴʰ ʥʠʟʴʢʽʡ ʮʽʥʽ. 

ʏʘʩʦʚʘ ʟʘʣʝʞʥʽʩʪʴ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʫ ʣʦʢʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ 

ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ çʧʽʢʦʚʠʭè ʽʥʪʝʨʚʘʣʽʚ ʟ 

ʧʝʨʝʚʠʱʝʥʥʷʤ ʜʝʷʢʦʛʦ ʛʨʘʥʠʯʥʦʛʦ ʨʽʚʥʷ ʩʧʦʞʠʚʘʥʥʷ, ʪʘ ʽʥʪʝʨʚʘʣʽʚ 

çʥʝʜʦʚʘʥʪʘʞʝʥʦʩʪʽè, ʢʦʣʠ ʟʥʘʯʝʥʥʷ ʝʥʝʨʛʽʾ ʩʧʦʞʠʚʘʥʥʷ ʟʥʘʯʥʦ ʥʠʞʯʝ 

ʛʨʘʥʠʯʥʦʛʦ. ʊʘʢ, ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʧʨʠʚʘʪʥʠʭ ʙʫʜʠʥʢʽʚ, ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʧʽʢʠ 

ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʫ ʨʘʥʢʦʚʽ [t1, t2] ʪʘ ʚʝʯʽʨʥʽ [t3, t4] ʛʦʜʠʥʠ, ʘ ʫ ʜʝʥʥʠʡ ʪʘ ʥʽʯʥʠʡ 

ʯʘʩ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʤʽʥʽʤʘʣʴʥʝ (ʜʠʚ. ʨʠʩ. 3.4) [171 ï 173]. 

 

 

ʈʠʩ. 3.4. ʍʘʨʘʢʪʝʨʥʠʡ ʛʨʘʬʽʢ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ ʫ ʧʨʠʚʘʪʥʦʤʫ ʙʫʜʠʥʢʫ, 

ʨʦʟʪʘʰʦʚʘʥʦʛʦ ʫ ʅʽʜʝʨʣʘʥʜʘʭ, ʜʣʷ 13 ʪʨʘʚʥʷ 2010 ʨʦʢʫ [174] 
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ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʚʠʥʥʦʾ ʝʥʝʨʛʽʾ ʫ 

ʣʦʢʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʥʝʦʙʭʽʜʥʦ, ʱʦʙ ʚʩʪʘʥʦʚʣʝʥʘ ʻʤʥʽʩʪʴ 

ʥʘʢʦʧʠʯʫʚʘʯʘ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʙʫʣʘ ʜʦʩʪʘʪʥʴʦʶ ʷʢ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʩʧʦʞʠʚʘʥʥʷ, ʪʘʢ ʽ ʜʣʷ ʙʘʣʘʥʩʫʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ 

ʥʘ ʽʥʪʝʨʚʘʣʘʭ ʧʽʢʦʚʦʛʦ ʩʧʦʞʠʚʘʥʥʷ, ʱʦ ʧʦʪʨʝʙʫʻ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʷʢ 

ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʦʛʦ (ʥʘ ʽʥʪʝʨʚʘʣʘʭ ʩʧʦʩʪʝʨʝʞʝʥʥʷ jtD ) ʪʘʢ ʽ ʜʦʚʛʦʩʪʨʦʢʦʚʦʛʦ (ʥʘ 

ʙʘʟʦʚʦʤʫ ʽʥʪʝʨʚʘʣʽ T) ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʩʧʦʞʠʚʘʥʥʷ [175]. 

ɻʨʘʬʽʢʠ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʫ ʣʦʢʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ 

ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʢʣʘʩʫ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ, 

ʩʪʘʪʠʩʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʢʠʭ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʦʢʨʝʤʠʤʠ ʨʝʘʣʽʟʘʮʽʷʤʠ, ʷʢʽ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʟʘʛʘʣʴʥʠʤ ʜʝʪʝʨʤʽʥʦʚʘʥʠʤ ʪʨʝʥʜʦʤ [176, 177]. 

ʅʘʡʧʦʰʠʨʝʥʽʰʠʤ ʧʽʜʭʦʜʦʤ ʧʨʠ ʧʨʦʛʥʦʟʫʚʘʥʥʽ ʛʨʘʬʽʢʽʚ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ ʻ 

ʜʝʢʦʤʧʦʟʠʮʽʷ ʧʨʦʮʝʩʫ ʟʤʽʥʠ ʧʦʪʫʞʥʦʩʪʽ ʩʧʦʞʠʚʘʥʥʷ ( )P t  ʥʘ ʜʚʽ ʩʢʣʘʜʦʚʽ 

ʪʨʝʥʜʦʚʫ ( )DP t  (ʜʝʪʝʨʤʽʥʦʚʘʥʫ ʽ ʥʝʩʪʘʮʽʦʥʘʨʥʫ) ʽ ʟʘʣʠʰʢʦʚʫ ( )RP t  (ʚʠʧʘʜʢʦʚʫ ʽ 

ʩʪʘʮʽʦʥʘʨʥʫ) [178 ï 180]: 

 ( ) ( ) ( )D RP t P t P t= + . (3.3) 

ɿʘʚʜʘʥʥʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʛʨʘʬʽʢʫ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ ʟʚʦʜʠʪʴʩʷ ʜʦ ʨʦʟʜʽʣʴʥʦʛʦ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʨʝʥʜʦʚʦʾ ʽ ʚʠʧʘʜʢʦʚʦʾ ʩʢʣʘʜʦʚʠʭ, ʘ ʧʦʪʽʤ ʧʦʜʘʣʴʰʦʛʦ ʦʙôʻʜʥʘʥʥʷ 

ʮʠʭ ʧʨʦʛʥʦʟʽʚ. 

 ʇʨʠ ʧʨʦʛʥʦʟʫʚʘʥʥʽ ʜʝʪʝʨʤʽʥʦʚʘʥʦʾ ʩʢʣʘʜʦʚʦʾ ʛʨʘʬʽʢʫ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ 

ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʝʪʦʜʠ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʦʨʪʦʛʦʥʘʣʴʥʠʭ ʨʦʟʢʣʘʜʘʥʥʷʭ: 

ʨʦʟʢʣʘʜʘʥʥʷ ʚ ʨʷʜ ʌʫʨôʻ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʫʥʢʮʽʡ ʋʦʣʰʘ, ʍʘʘʨʘ ʪʘ ʧʦʣʽʥʦʤʽʚ 

ʃʝʞʘʥʜʨʘ, ʤʝʪʦʜ ʃ-ʬʫʥʢʮʽʡ ʪʘ ʛʦʣʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪ [181, 182]. 

ʄʦʤʝʥʪʠ ʟʘ ʉʪʽʣʴʻʩʦʤ [183] ʥʘ i-ʤʫ ̔ʥʪʝʨʚʘʣʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʽtD  

(ʜʠʚ. ʨʠʩ. 3.4) ʚʠʟʥʘʯʘʶʪʴʩʷ ʷʢ ʬʫʥʢʮʽʦʥʘʣʠ: 

 
0

( )i k

km t d ts
¤

=ñ , 0,1, 2,k= , (3.4) 

ʜʝ 
i

km  ï ʤʦʤʝʥʪ k-ʛʦ ʧʦʨʷʜʢʫ ʜʣʷ ʬʫʥʢʮʽʾ ( )ts , ( ) ( ) ( )d t t dt f ts s¡= = . ɺ 

ʢʣʘʩʠʯʥʽʡ ʧʨʦʙʣʝʤʽ ʤʦʤʝʥʪʽʚ ʥʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ ʬʫʥʢʮʽʶ ( )ts , ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ 
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ʧʦʩʣʽʜʦʚʥʽʩʪʶ ʯʠʩʝʣ j

km , 0,1, 2,k=  ʗʢʱʦ ʬʫʥʢʮʽʷ ( )ts  ʻ ʜʠʩʢʨʝʪʥʦʶ, ʪʦ 

ʬʦʨʤʫʣʘ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʤʦʤʝʥʪʽʚ ʥʘʩʪʫʧʥʘ: 

 ()
0

( )
ni

k

i

m i f it t
¤

=

=ä , (3.5) 

ʜʝ ( )0iÍ ¤ ï ʥʦʤʝʨ ʚʽʜʣʽʢʫ. 

ɿʘʩʪʦʩʦʚʫʶʯʠ ʤʦʤʝʥʪʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʽʤʦʚʽʨʥʽʩʥʠʭ 

ʧʨʦʮʝʩʽʚ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʫ ʣʦʢʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʥʘ 

ʙʘʟʦʚʦʤʫ ʽʥʪʝʨʚʘʣʽ T r t= ÖD (ʜʠʚ. ʨʠʩ. 3.4) ʪʘ ʨʦʟʛʣʷʜʘʶʯʠ ʚ ʷʢʦʩʪʽ ʬʫʥʢʮʽʾ ( )f it 

ʝʥʪʨʦʧʽʶ ʐʝʥʥʦʥʘ, ʦʪʨʠʤʫʻʤʦ ʚʠʨʘʟ, ʱʦ ʦʧʠʩʫʻ ʯʘʩʦʚʠʡ ʨʦʟʧʦʜʽʣ ʽʤʦʚʽʨʥʽʩʥʠʭ 

ʤʦʤʝʥʪʽʚ { }( )T

km f p : 

 ( )
0 0

( , ) ln ( , )
qr

kT n

k

j ʽ

m T jT ʨ i jT ʨ i jTt t
= =

å õ
= ³ -æ ö

ç ÷
ä ä , 0,1, 2,k=  (3.6) 

ʜʝ ( ) lnf p p=  ï ʬʫʥʢʮʽʷ ʜʠʩʢʨʝʪʥʦʛʦ ʘʨʛʫʤʝʥʪʫ; ( )ʨit ï ʨʦʟʧʦʜʽʣ ʽʤʦʚʽʨʥʦʩʪʽ 

ʧʨʦʮʝʩʫ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʫ ʯʘʩʽ ʥʘ ʢʦʞʥʦʤʫ ʟ  ̔ʽʥʪʝʨʚʘʣʽʚ ʩʧʦʩʪʝʨʝʞʝʥʥʷ tD ; 

q  ï ʢʽʣʴʢʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ ʧʦʪʫʞʥʦʩʪʽ ʩʧʦʞʠʚʘʥʥʷ ʥʘ ʢʦʞʥʦʤʫ ʽʥʪʝʨʚʘʣʽ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ tD ; 0 lnm ʨ ʨ=  ï ʽʤʦʚʽʨʥʽʩʥʠʡ ʤʦʤʝʥʪ ʥʫʣʴʦʚʦʛʦ ʧʦʨʷʜʢʫ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʽʥʬʦʨʤʘʮʽʡʥʽʡ ʝʥʪʨʦʧʽʾ ʐʝʥʥʦʥʘ. ʊʦʙʪʦ, ʝʥʪʨʦʧʽʷ ʐʝʥʥʦʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʦʮʝʩʽʚ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʫ ʣʦʢʘʣʴʥʠʭ 

ʩʠʩʪʝʤʘʭ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʥʘ ʙʘʟʦʚʦʤʫ ʽʥʪʝʨʚʘʣʽ ʊ. 

 ɼʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʬʫʥʢʮʽʾ ( )f ʨ  ʘʨʛʫʤʝʥʪʫ ʨ ʟʘ ʾʾ ʚʝʢʪʦʨʦʤ { }( )T

km f ʨ  

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʚʦʨʦʪʥʻ ʤʦʤʝʥʪʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ { }1

N Nm-Q : 

 
0

( ) ( )
K

k k

k

f p c pj
=

ºä , K N¢ , (3.7) 

ʜʝ kc  ï ʚʽʜʧʦʚʽʜʥʽ ʯʠʩʣʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ, { }( ) ( )
K

k k ʆ
p pj jÍ  ï ʙʘʟʦʚʽ ʬʫʥʢʮʽʾ, ʱʦ 

ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʫʤʦʚʫ { }
0, 0,

( ), (0,1) ( )k n k
k K n N

p p m pj j
= =
" Í $ <¤. 

ɼʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʬʫʥʢʮʽʾ ( )f p  ʥʘ ʢʦʞʥʦʤʫ ʟ  ̔ʽʥʪʝʨʚʘʣʽʚ ʩʧʦʩʪʝʨʝʞʝʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʦʨʪʦʛʦʥʘʣʴʥʘ ʩʠʩʪʝʤʘ ʧʦʣʽʥʦʤʽʚ ʃʝʞʘʥʜʨʘ, ʝʣʝʤʝʥʪʠ ʷʢʦʾ 

ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʨʘʟʫ [182]: 
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()
( )21

( )
!

k

k k

d
P p p p

k d p

å õ
= -æ ö
ç ÷

, (0,1)pÍ , 0,1,2...k=  (3.8) 

ʜʝ ( )kP p  ï k -ʡ ʝʣʝʤʝʥʪ ʩʠʩʪʝʤʠ ʧʦʣʽʥʦʤʽʚ ʃʝʞʘʥʜʨʘ, ʧʨʠʚʝʜʝʥʠʡ ʜʦ ʽʥʪʝʨʚʘʣʫ 

(0,1). ɺʽʜʤʽʪʠʤʦ, ʱʦ ʧʦʤʥʦʞʠʚʰʠ ʢʦʞʥʠʡ ʝʣʝʤʝʥʪ ( )kP p  ʥʘ 1/ 2 1k+ , 

ʦʪʨʠʤʘʻʤʦ ʦʨʪʦʛʦʥʘʣʴʥʫ ʩʠʩʪʝʤʫ { }
0

( ) , ( ) ( ) / 2 1k k kP p P p P p k
¤

¡ ¡= +, ʝʣʝʤʝʥʪʠ 

ʷʢʦʾ ʜʣʷ k = 0, 1, 2, 3, 4 ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 3.5, ʘ ʤʘʪʨʠʮʶ ʟʦʙʨʘʞʝʥʴ 4

kW  ï ʚ 

ʪʘʙʣ. 3.6. 

 

ʊʘʙʣʠʮʷ 3.5. ʇʦʣʽʥʦʤʠ ʃʝʞʘʥʜʨʘ ʊʘʙʣʠʮʷ 3.6. ʄʘʪʨʠʮʷ ʟʦʙʨʘʞʝʥʴ 

ɽʣʝʤʝʥ

ʪ 

ʩʠʩʪʝʤʠ 

ʈʽʚʥʷʥʥʷ 

0( )P p¡  1 

1( )P p¡  (2 1) / 3p-  

2( )P p¡  2(6 6 1) / 5p p- +  

3( )P p¡  3 2(20 30 12 1) / 7p p p- + -  

4( )P p¡  4 3 2(70 140 90 20 1) / 9p p p p- + - +  
 

1 0 0 0 0 

1

2
 

1

2 3
 0 0 0 

1

3
 

1

2 3
 

1

6 5
 0 0 

1

4
 

3 3

20
 

1

4 5
 

1

20 7
 0 

1

5
 

2

5 3
 

2

7 5
 

1

10 7
 

1

70 9
 

 

 

ʅʘʚʝʜʝʥʘ ʤʘʪʨʠʮʷ ʟʦʙʨʘʞʝʥʴ ʜʦʟʚʦʣʷʻ ʚʽʜʥʦʚʠʪʠ ʬʫʥʢʮʽʶ ʱʦ ʦʧʠʩʫʻ ʟʤʽʥʫ 

ʝʥʪʨʦʧʽʾ ʐʝʥʥʦʥʘ ( )f p  ʟʘ ʚʝʢʪʦʨʦʤ ʤʦʤʝʥʪʽʚ ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʫ (){ }4m f p  ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʦʨʤʫʣʠ 3.7, ʜʝ ( ) ( )k kp P pj ¡ ¡= . 

ɺʽʜʥʦʚʣʝʥʥʷ ʯʘʩʦʚʦʾ ʟʘʣʝʞʥʦʩʪʽ ʤʦʤʝʥʪʽʚ ʥʘ ʽʥʪʝʨʚʘʣʘʭ ʩʧʦʩʪʝʨʝʞʝʥʥʷ 

ʜʣʷ ʚʩʴʦʛʦ ʙʘʟʦʚʦʛʦ ʽʥʪʝʨʚʘʣʫ ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʘʪʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘ ʜʝʷʢʠʡ 

ʙʘʟʦʚʠʡ ʽʥʪʝʨʚʘʣ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʚʠʥʥʦʾ ʝʥʝʨʛʽʾ 

ʟʘ ʨʘʭʫʥʦʢ ʢʦʨʝʢʮʽʾ ʻʤʥʦʩʪʽ ʥʘʢʦʧʠʯʫʚʘʯʘ. 

ɼʝʤʦʥʩʪʨʘʮʽʶ ʦʧʠʩʘʥʦʛʦ ʧʽʜʭʦʜʫ ʨʦʟʛʣʷʥʝʤʦ ʥʘ ʢʦʥʢʨʝʪʥʦʤʫ ʧʨʠʢʣʘʜʽ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʩʧʦʞʠʚʘʥʥʷ. ɺ ʷʢʦʩʪʽ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʘʥʽ ʧʦʪʫʞʥʦʩʪʽ ʩʧʦʞʠʚʘʥʥʷ ʧʨʠʚʘʪʥʦʛʦ ʙʫʜʠʥʢʫ, ʦʪʨʠʤʘʥʽ ʟ 

2007 ʧʦ 2010 ʨʽʢ ʟ ʜʠʩʢʨʝʪʥʽʩʪʶ ʚ 10 ʭʚ [174]. ɹʘʟʦʚʠʡ ʽʥʪʝʨʚʘʣ ʜʦʨʽʚʥʶʻ ʜʦʙʽ. 
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ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʽʤʦʚʽʨʥʽʩʥʠʭ ʤʦʤʝʥʪʽʚ, ʥʝʦʙʭʽʜʥʦ ʦʪʨʠʤʘʪʠ ʨʦʟʧʦʜʽʣ 

ʽʤʦʚʽʨʥʦʩʪʝʡ ʨ̔ ʧʨʦʮʝʩʫ ʩʧʦʞʠʚʘʥʥʷ ʫ ʯʘʩʽ, ʜʣʷ ʯʦʛʦ ʧʨʦʚʦʜʠʪʴʩʷ ʦʮʽʥʢʘ 

ʱʽʣʴʥʦʩʪʽ ʽʤʦʚʽʨʥʦʩʪʽ ʫ ʚʠʛʣʷʜʽ ʛʽʩʪʦʛʨʘʤʠ ʟʘ ʪʘʢʠʤ ʘʣʛʦʨʠʪʤʦʤ: 

1. ɺʠʟʥʘʯʘʶʪʴʩʷ ʤʽʥʽʤʘʣʴʥʠʡ minx  ʪʘ ʤʘʢʩʠʤʘʣʴʥʠʡ maxx  ʝʣʝʤʝʥʪʠ 

ʨʝʘʣʽʟʘʮʽʾ ʚʠʙʽʨʢʠ. 

2. ɺʠʟʥʘʯʘʻʪʴʩʷ ʨʦʟʤʘʭ ʚʘʨʽʶʚʘʥʥʷ 
max minx xD= - . 

3. ɺʠʟʥʘʯʘʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʽʥʪʝʨʚʘʣʽʚ ʛʽʩʪʦʛʨʘʤʠ ʟʘ ʬʦʨʤʫʣʦʶ ʉʪʝʨʜʞʝʩʩʘ 

[182] 1 3,32lgK Nº + , ʜʝ N  ï ʦʙôʻʤ ʚʠʙʽʨʢʠ. 

4. ɺʠʟʥʘʯʘʻʪʴʩʷ ʢʨʦʢ ʛʽʩʪʦʛʨʘʤʠ x
K

D
D = . 

5. ʇʽʜʨʘʭʦʚʫʶʪʴʩʷ ʯʘʩʪʦʪʠ ʧʦʪʨʘʧʣʷʥʥʷ ( )N xD  ʝʣʝʤʝʥʪʽʚ ʨʝʘʣʽʟʘʮʽʾ 

ʚʠʙʽʨʢʠ ʚ ʢʦʞʝʥ ʟ ʽʥʪʝʨʚʘʣʽʚ ʛʽʩʪʦʛʨʘʤʠ. 

6. ɼʣʷ ʢʦʞʥʦʛʦ ʽʥʪʝʨʚʘʣʫ ʛʽʩʪʦʛʨʘʤʠ ʙʫʜʫʶʪʴʩʷ ʩʪʦʚʧʯʠʢʠ ʚʠʩʦʪʦʶ 

( )
Ĕ( )

N x
p x

N x

D
=
ÖD

. 

ʊʦʜʽ ʽʤʦʚʽʨʥʽʩʪʴ ʧʦʪʨʘʧʣʷʥʥʷ ʝʣʝʤʝʥʪʘ ʨʝʘʣʽʟʘʮʽʾ ʚʠʙʽʨʢʠ ʭ̔ ʫ ʚʽʜʧʦʚʽʜʥʠʡ 

ʽʥʪʝʨʚʘʣ ʛʽʩʪʦʛʨʘʤʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 
( )

( ) ʽ
ʽ

N x
p ʭ

N

D
= , (3.9) 

ʘ ʝʥʪʨʦʧʽʷ ʐʝʥʥʦʥʘ ʟʘ ʬʦʨʤʫʣʦʶ: 

 ( )ln ( )ʽ ʽ

i

H p ʭ p ʭ=-ä , (3.10) 

ʜʝ ʟʥʘʯʝʥʥʷ ʝʥʪʨʦʧʽʾ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʚ ʢʽʥʮʽ ʢʦʞʥʦʾ ʛʦʜʠʥʠ. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʟʥʘʯʝʥʴ ʽʤʦʚʽʨʥʦʩʪʝʡ ʪʘ ʝʥʪʨʦʧʽʾ ʐʝʥʥʦʥʘ ʜʣʷ 13 

ʪʨʘʚʥʷ 2010 ʨʦʢʫ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. ɻ.1 ɼʦʜʘʪʢʫ ɻ. 

ɿʥʘʯʝʥʥʷ ʧʝʨʰʠʭ ʧôʷʪʠ ʽʤʦʚʽʨʥʽʩʥʠʭ ʤʦʤʝʥʪʽʚ 0

ʊm , 1

ʊm , 2

ʊm , 3

ʊm , 
4

ʊm , 

ʨʦʟʨʘʭʦʚʘʥʠʭ ʥʘ ʙʘʟʦʚʦʤʫ ʽʥʪʝʨʚʘʣʽ ʟʘ ʬʦʨʤʫʣʦʶ (3.6), ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 3.7. 
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ʊʘʙʣʠʮʷ 3.7. ʈʦʟʨʘʭʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ʽʤʦʚʽʨʥʽʩʥʠʭ ʤʦʤʝʥʪʽʚ ʐʝʥʥʦʥʘ 

ʄʦʤʝʥʪ ɿʥʘʯʝʥʥʷ 

0

ʊm  40,986 

1

ʊm  484,088 

2

ʊm  7433,809 

3

ʊm  128663,896 

4

ʊm  2384076,562 

 

ʄʝʪʦʜʠʢʘ ʚʽʜʥʦʚʣʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʝʥʪʨʦʧʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʠʩʪʝʤʠ 

ʧʦʣʽʥʦʤʽʚ ʃʝʞʘʥʜʨʘ ʻ ʥʘʩʪʫʧʥʦʶ. 

1. ʆʙʯʠʩʣʶʶʪʴʩʷ ʯʠʩʣʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ ʨʷʜʫ kc  ʰʣʷʭʦʤ ʤʥʦʞʝʥʥʷ ʤʘʪʨʠʮʽ 

ʟʦʙʨʘʞʝʥʴ 4

kW  ʥʘ ʚʝʢʪʦʨ ʤʦʤʝʥʪʽʚ ( ){ }ʊm f mt : 

( ) ( )

3

1
4

4

6

8

40,986

1,606 10

9,333 10

6,233 10

4,486 10

T
k T

k kc W m
-

å õ
æ ö

Öæ ö
æ ö= Ö = Ö
æ ö
æ öÖ
æ ö

Öç ÷

. 

2. ɿʥʘʡʜʝʥʠʡ ʚʝʢʪʦʨ ʯʠʩʣʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʤʥʦʞʠʪʴʩʷ ʥʘ ʩʠʩʪʝʤʫ 

ʧʦʣʽʥʦʤʽʚ ʃʝʞʘʥʜʨʘ, ʽ ʦʪʨʠʤʫʻʪʴʩʷ ʚʽʜʥʦʚʣʶʶʯʠʡ ʧʦʣʽʥʦʤ: 

10 4 10 3 10 2

9 8

( ) 1,1116 10 2,2183 10 1,4217448 10

3,146336 10 1,56349 10

f p p p p

p

= Ö Ö - Ö Ö + Ö Ö -

- Ö Ö + Ö
. 

3. ʐʣʷʭʦʤ ʧʽʜʩʪʘʥʦʚʢʠ ʚ ʦʪʨʠʤʘʥʠʡ ʧʦʣʽʥʦʤ ʟʥʘʯʝʥʥʷ ʽʤʦʚʽʨʥʦʩʪʝʡ ʟʘ 

ʦʙʨʘʥʫ ʜʦʙʫ, ʦʪʨʠʤʫʻʪʴʩʷ ʚʽʜʥʦʚʣʝʥʠʡ ʯʘʩʦʚʠʡ ʨʦʟʧʦʜʽʣ ʝʥʪʨʦʧʽʾ. 

ʅʘ ʨʠʩ. 3.5 ʥʘʚʝʜʝʥʦ ʨʦʟʨʘʭʦʚʘʥʽ (ʩʫʮʽʣʴʥʽ ʢʨʠʚʽ), ʚʽʜʥʦʚʣʝʥʠʡ (ʰʪʨʠʭʦʚʘ 

ʢʨʠʚʘ) ʪʘ ʧʨʦʛʥʦʟʦʚʘʥʠʡ (ʰʪʨʠʭ-ʧʫʥʢʪʠʨʥʘ ʢʨʠʚʘ) ʯʘʩʦʚʽ ʨʦʟʧʦʜʽʣʠ ʝʥʪʨʦʧʽʾ 

ʐʝʥʥʦʥʘ ʜʣʷ ʧʦʪʫʞʥʦʩʪʽ ʩʧʦʞʠʚʘʥʥʷ ʜʣʷ 13 ʪʘ 14 ʪʨʘʚʥʷ 2022 ʨ. ʇʨʦʛʥʦʟʫʚʘʥʥʷ 

ʥʘ ʥʘʩʪʫʧʥʫ ʜʦʙʫ ʚʠʢʦʥʘʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʘʥʠʭ ʧʦʪʫʞʥʦʩʪʽ ʟʘ ʧʦʧʝʨʝʜʥʶ 

ʜʦʙʫ. 
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ʈʠʩ. 3.5. ʏʘʩʦʚʽ ʨʦʟʧʦʜʽʣʠ ʝʥʪʨʦʧʽʾ ʐʝʥʥʦʥʘ: ʨʦʟʨʘʭʦʚʘʥʽ (ʩʫʮʽʣʴʥʽ ʢʨʠʚʽ); 

ʚʽʜʥʦʚʣʝʥʠʡ (ʰʪʨʠʭʦʚʘ ʢʨʠʚʘ); ʧʨʦʛʥʦʟʦʚʘʥʠʡ (ʰʪʨʠʭ-ʧʫʥʢʪʠʨʥʘ ʢʨʠʚʘ) 

 

ʉʝʨʝʜʥʷ ʘʙʩʦʣʶʪʥʘ ʧʦʭʠʙʢʘ ʚʽʜʥʦʚʣʝʥʥʷ ʯʘʩʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʝʥʪʨʦʧʽʾ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʦʤʝʥʪʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʜʣʷ ʧʨʠʢʣʘʜʫ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ, ʩʢʣʘʜʘʻ 

9,08%, ʘ ʩʝʨʝʜʥʷ ʘʙʩʦʣʶʪʥʘ ʧʦʭʠʙʢʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ï 22,53%. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʭʠʙʢʘ ʚʽʜʥʦʚʣʝʥʥʷ ʯʘʩʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʝʥʪʨʦʧʽʾ ʐʝʥʥʦʥʘ 

ʜʣʷ ʧʦʪʫʞʥʦʩʪʽ ʩʧʦʞʠʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʦʨʽʾ ʤʦʤʝʥʪʽʚ ʥʝ ʧʝʨʝʚʠʱʫʻ 10%, 

ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʧʠʩʘʥʠʡ ʧʽʜʭʽʜ ʜʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʯʘʩʦʚʦʛʦ 

ʨʦʟʧʦʜʽʣʫ ʝʥʪʨʦʧʽʾ ʧʦʪʫʞʥʦʩʪʽ ʩʧʦʞʠʚʘʥʥʷ. 

ɺʨʘʭʫʚʘʥʥʷ ʬʨʘʢʪʘʣʴʥʦʾ ʧʨʠʨʦʜʠ ʧʨʦʮʝʩʫ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʦʢʨʘʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ 

ʩʧʦʞʠʚʘʥʥʷ ʜʦʩʷʛʘʻʪʴʩʷ ʰʣʷʭʦʤ ʚʨʘʭʫʚʘʥʥʷ ʬʨʘʢʪʘʣʴʥʦʾ ʧʨʠʨʦʜʠ ʧʨʦʮʝʩʫ 

ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ, ʱʦ ʧʦʪʨʝʙʫʻ ʧʝʨʝʡʪʠ ʚʽʜ ʨʦʟʨʘʭʫʥʢʫ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʝʥʪʨʦʧʽʾ 

ʐʝʥʥʦʥʘ ʜʦ ʨʦʟʨʘʭʫʥʢʫ ʝʥʪʨʦʧʽʾ ʈʝʥʴʾ. 

ɺʨʘʭʦʚʫʶʯʠ ʬʨʘʢʪʘʣʴʥʫ ʨʦʟʤʽʨʥʽʩʪʴ ʢʨʠʚʦʾ ʧʦʪʫʞʥʦʩʪʽ ʩʧʦʞʠʚʘʥʥʷ, 

ʟʥʘʯʝʥʥʷ ʝʥʪʨʦʧʽʾ ʈʝʥʴʾ ʜʣʷ ʧʦʪʫʞʥʦʩʪʽ ʩʧʦʞʠʚʘʥʥʷ, ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʦʶ: 
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ʜʝ D  ï ʬʨʘʢʪʘʣʴʥʘ ʨʦʟʤʽʨʥʽʩʪʴ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʢʨʠʚʦʾ ʧʦʪʫʞʥʦʩʪʽ ʩʧʦʞʠʚʘʥʥʷ 

(ʜʠʚ. ʪʘʙʣ. ɻ.1, 4 ʩʪʦʚʧʯʠʢ), ʨʦʟʨʘʭʦʚʘʥʘ ʟʘ ʬʦʨʤʫʣʦʶ (2.30); e ï ʨʦʟʤʽʨ 

ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ, ʘ ( )ne ï ʢʽʣʴʢʽʩʪʴ ʪʘʢʠʭ ʢʦʤʽʨʦʢ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʧʦʢʨʠʪʪʷ 

ʢʨʠʚʦʾ ʟʤʽʥʠ ʧʦʪʫʞʥʦʩʪʽ. 
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ʌʨʘʢʪʘʣʴʥʘ ʨʦʟʤʽʨʥʽʩʪʴ ʢʨʠʚʦʾ ʧʦʪʫʞʥʦʩʪʽ ʜʣʷ 13 ʪʨʘʚʥʷ 2010 ʨʦʢʫ, 

ʨʦʟʨʘʭʦʚʘʥʘ ʢʣʽʪʠʥʢʦʚʠʤ ʤʝʪʦʜʦʤ, ʜʦʨʽʚʥʶʻ 1,2166. 

 ɺʽʜʥʦʚʣʶʶʯʠʡ ʧʦʣʽʥʦʤ ʨʦʟʧʦʜʽʣʫ ʝʥʪʨʦʧʽʾ ʈʝʥʴʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʽʤʦʚʽʨʥʽʩʥʠʭ ʤʦʤʝʥʪʽʚ, ʨʦʟʨʘʭʦʚʘʥʠʭ ʟʘ ʬʦʨʤʫʣʦʶ: 
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ʤʘʻ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 
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ʇʽʜʩʪʘʚʣʷʶʯʠ ʚ ʦʪʨʠʤʘʥʠʡ ʧʦʣʽʥʦʤ ʟʥʘʯʝʥʥʷ ʽʤʦʚʽʨʥʦʩʪʝʡ, ʦʪʨʠʤʫʻʤʦ 

ʚʽʜʥʦʚʣʝʥʠʡ ʪʘ ʧʨʦʛʥʦʟʦʚʘʥʠʡ ʯʘʩʦʚʽ ʨʦʟʧʦʜʽʣʠ ʝʥʪʨʦʧʽʾ ʈʝʥʴʾ (ʨʠʩ. 3.6). 

 

ʈʠʩ. 3.6. ʏʘʩʦʚʽ ʨʦʟʧʦʜʽʣʠ ʝʥʪʨʦʧʽʾ ʈʝʥʴʾ: ʨʦʟʨʘʭʦʚʘʥʽ (ʩʫʮʽʣʴʥʽ ʢʨʠʚʽ); 

ʚʽʜʥʦʚʣʝʥʠʡ (ʰʪʨʠʭʦʚʘ ʢʨʠʚʘ); ʧʨʦʛʥʦʟʦʚʘʥʠʡ (ʰʪʨʠʭ-ʧʫʥʢʪʠʨʥʘ ʢʨʠʚʘ) 

 

ʉʝʨʝʜʥʷ ʘʙʩʦʣʶʪʥʘ ʧʦʭʠʙʢʘ ʚʽʜʥʦʚʣʝʥʥʷ ʯʘʩʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʝʥʪʨʦʧʽʾ 

ʈʝʥʴʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʤʝʥʪʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʜʣʷ ʧʨʠʢʣʘʜʫ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ, 

ʩʢʣʘʜʘʻ 8,35%, ʘ ʧʦʭʠʙʢʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ï 20,12%, ʱʦ ʧʦʢʨʘʱʫʻ ʪʦʯʥʽʩʪʴ 

ʧʨʦʛʥʦʟʫ ʥʘ 11% ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʥʪʨʦʧʽʾ ʐʝʥʥʦʥʘ. 

ʇʦʰʫʢ ʩʪʘʪʠʩʪʠʯʥʦ ʩʭʦʞʠʭ ʽʥʪʝʨʚʘʣʽʚ. ɼʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʥʫʚʘʪʠ ʧʦʰʫʢ ʩʪʘʪʠʩʪʠʯʥʦ ʩʭʦʞʠʭ 

ʽʥʪʝʨʚʘʣʽʚ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʦʙʨʘʪʠ ʥʘʩʪʫʧʥʠʡ ʽʥʪʝʨʚʘʣ ʟ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʪʘ ʚʚʘʞʘʪʠ, 

ʱʦ ʯʘʩʦʚʠʡ ʨʦʟʧʦʜʽʣ ʧʦʪʫʞʥʦʩʪʽ ʩʧʦʞʠʚʘʥʥʷ ʻ ʘʥʘʣʦʛʽʯʥʠʤ. ɺʨʘʭʦʚʫʶʯʠ 

ʥʝʨʽʚʥʦʤʽʨʥʠʡ ʭʘʨʘʢʪʝʨ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʧʦ ʛʦʜʠʥʘʤ ʜʦʙʠ, ʜʦʮʽʣʴʥʦ 

ʚʠʢʦʥʫʚʘʪʠ ʨʦʟʙʠʪʪʷ ʜʦʙʠ ʥʘ ʜʝʢʽʣʴʢʘ ʽʥʪʝʨʚʘʣʽʚ, ʽ ʧʨʦʛʥʦʟʫʚʘʪʠ 
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ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʥʘ ʢʦʞʥʦʤʫ ʟ ʽʥʪʝʨʚʘʣʽʚ ʦʢʨʝʤʦ. ʇʨʠʨʦʜʥʽʤ ʻ ʨʦʟʙʠʪʪʷ ʥʘ 4 

ʽʥʪʝʨʚʘʣʠ: ʥʽʯʥʠʡ, ʨʘʥʢʦʚʠʡ, ʜʝʥʥʠʡ ʪʘ ʚʝʯʽʨʥʽʡ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʨʘʭʫʚʘʪʠ ʷʢ 

ʽʥʪʝʨʚʘʣʠ ʧʽʢʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʪʘʢ ʽ ʽʥʪʝʨʚʘʣʠ, ʥʘ ʷʢʠʭ ʧʦʪʫʞʥʽʩʪʴ ʩʧʦʞʠʚʘʥʥʷ 

ʻ ʧʨʘʢʪʠʯʥʦ ʥʝʟʤʽʥʥʦʶ. 

ʇʨʠʢʣʘʜ ʨʦʟʙʠʪʪʷ ʜʦʙʠ 14 ʪʨʘʚʥʷ 2010 ʨʦʢʫ ʥʘ 4 ʨʽʚʥʽ ʽʥʪʝʨʚʘʣʠ ʧʦ 6 ʛʦʜʠʥ 

ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.7. ɼʣʷ ʢʦʞʥʦʛʦ ʧʨʦʤʽʞʢʫ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʬʨʘʢʪʘʣʴʥʘ 

ʨʦʟʤʽʨʥʽʩʪʴ, ʪʘ ʟʥʘʯʝʥʥʷ ʝʥʪʨʦʧʽʾ ʈʝʥʴʾ, ʧʽʩʣʷ ʯʦʛʦ ʟʥʘʭʦʜʷʪʴʩʷ ʽʤʦʚʽʨʥʽʩʥʽ 

ʤʦʤʝʥʪʠ ʪʘ ʙʫʜʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʠʡ ʚʽʜʥʦʚʣʶʶʯʠʡ ʧʦʣʽʥʦʤ. 

 

ʈʠʩ. 3.7. ʇʨʠʢʣʘʜ ʨʦʟʙʠʪʪʷ ʜʦʙʠ ʥʘ ʨʽʚʥʽ ʯʘʩʦʚʽ ʽʥʪʝʨʚʘʣʠ 

 

ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʟʥʘʯʝʥʴ ʯʘʩʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʝʥʪʨʦʧʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: ʜʣʷ ʢʦʞʥʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʯʘʩʦʚʦʛʦ ʧʨʦʤʽʞʢʫ ʦʙʨʘʥʦʾ ʜʦʙʠ 

ʟʥʘʭʦʜʠʪʴʩʷ ʩʪʘʪʠʩʪʠʯʥʦ ʩʭʦʞʠʡ ʽʥʪʝʨʚʘʣ, ʚʽʜʥʦʚʣʶʶʯʠʡ ʧʦʣʽʥʦʤ ʷʢʦʛʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ. ʇʦʰʫʢ ʩʪʘʪʠʩʪʠʯʥʦ ʩʭʦʞʠʭ ʽʥʪʝʨʚʘʣʽʚ 

ʨʝʘʣʽʟʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʥʘʭʦʜʞʝʥʥʷ ʪʘ ʧʦʨʽʚʥʷʥʥʷ ʚʽʜʩʦʪʢʦʚʦʾ ʨʽʟʥʠʮʽ ʜʣʷ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʯʽʢʫʚʘʥʥʷ ʪʘ ʜʠʩʧʝʨʩʽʾ ʜʘʥʠʭ ʧʦʪʫʞʥʦʩʪʽ ʩʧʦʞʠʚʘʥʥʷ ʜʣʷ 

ʦʙʨʘʥʦʛʦ ʽʥʪʝʨʚʘʣʫ ʦʙʨʘʥʦʾ ʜʦʙʠ ʪʘ ʽʥʪʝʨʚʘʣʽʚ ʜʽʙ, ʦʙʨʘʥʠʭ ʟ ʙʘʟʠ ʜʘʥʠʭ ʜʣʷ 

ʧʦʨʽʚʥʷʥʥʷ [185]. ɺ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʩʪʘʥʦʚʣʝʥʘ ʜʦʧʫʩʪʠʤʘ ʚʽʜʩʦʪʢʦʚʘ ʨʽʟʥʠʮʷ 

ʤʽʞ ʟʥʘʯʝʥʥʷʤʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʯʽʢʫʚʘʥʥʷ ʪʘ ʜʠʩʧʝʨʩʽʾ ʜʘʥʠʭ ʦʙʨʘʥʦʾ ʪʘ ʩʭʦʞʠʭ 

ʜʽʙ ʩʪʘʥʦʚʠʪʴ 14%. 

 ɺ ʪʘʙʣ. 3.8 ʥʘʚʝʜʝʥʦ ʟʥʘʯʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʯʽʢʫʚʘʥʥʷ ʪʘ ʜʠʩʧʝʨʩʽʾ ʜʣʷ 

ʽʥʪʝʨʚʘʣʽʚ 14 ʪʨʘʚʥʷ 2010 ʨʦʢʫ. 
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ʊʘʙʣʠʮʷ 3.8. ɿʥʘʯʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʯʽʢʫʚʘʥʥʷ ʪʘ ʜʠʩʧʝʨʩʽʾ 

ˉ ʽʥʪʝʨʚʘʣʫ ʏʘʩ ʄʘʪʝʤʘʪʠʯʥʝ ʦʯʽʢʫʚʘʥʥʷ ɼʠʩʧʝʨʩʽʷ 

1 00:00-06:00 356,057 11569,105 

2 06:00-12:00 1699,289 722799,041 

3 12:00-18:00 1584,922 79461,951 

4 18:00-00:00 1096,378 441362,549 

 

ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʧʦʨʽʚʥʶʶʪʴʩʷ ʟ ʙʘʟʦʶ ʜʘʥʠʭ ʪʘ ʟʥʘʭʦʜʷʪʴʩʷ ʽʥʪʝʨʚʘʣʠ ʟ 

ʽʥʰʠʭ ʜʽʙ, ʱʦ ʻ ʧʦʜʽʙʥʠʤʠ ʜʦ ʽʥʪʝʨʚʘʣʽʚ ʦʙʨʘʥʦʾ ʜʦʙʠ: ʜʣʷ ʧʝʨʰʦʛʦ ʽʥʪʝʨʚʘʣʫ 

14.05.2010 ʧʦʜʽʙʥʠʤ ʻ ʧʝʨʰʠʡ ʽʥʪʝʨʚʘʣ 14.03.2007; ʜʣʷ ʜʨʫʛʦʛʦ ï ʜʨʫʛʠʡ 

ʽʥʪʝʨʚʘʣ 12.05.2010; ʜʣʷ ʪʨʝʪʴʦʛʦ ï ʪʨʝʪʽʡ ʽʥʪʝʨʚʘʣ 14.02.2010; ʜʣʷ ʯʝʪʚʝʨʪʦʛʦ ï 

ʯʝʪʚʝʨʪʠʡ ʽʥʪʝʨʚʘʣ 19.11.2010. ɿʥʘʯʝʥʥʷ ʬʨʘʢʪʘʣʴʥʦʾ ʨʦʟʤʽʨʥʦʩʪʽ, ʚʠʛʣʷʜ 

ʚʽʜʥʦʚʣʶʶʯʠʭ ʧʦʣʽʥʦʤʽʚ, ʘ ʪʘʢʦʞ ʟʥʘʯʝʥʥʷ ʤʦʤʝʥʪʥʠʭ ʬʫʥʢʮʽʡ ʜʣʷ ʟʥʘʡʜʝʥʠʭ 

ʽʥʪʝʨʚʘʣʽʚ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. ɻ.2 ɼʦʜʘʪʢʫ ɻ. 

ʅʘ ʨʠʩ. 3.8 ʟʦʙʨʘʞʝʥʦ ʨʝʟʫʣʴʪʘʪ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʯʘʩʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ 

ʝʥʪʨʦʧʽʾ ʈʝʥʴʾ ʜʣʷ ʧʦʪʫʞʥʦʩʪʽ ʩʧʦʞʠʚʘʥʥʷ ʜʣʷ 14 ʪʨʘʚʥʷ 2022 ʨʦʢʫ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʣʛʦʨʠʪʤʫ ʧʦʰʫʢʫ ʩʪʘʪʠʩʪʠʯʥʦ ʩʭʦʞʠʭ ʽʥʪʝʨʚʘʣʽʚ. 

 

ʈʠʩ. 3.8. ʏʘʩʦʚʽ ʨʦʟʧʦʜʽʣʠ ʝʥʪʨʦʧʽʾ ʈʝʥʴʾ: ʨʦʟʨʘʭʦʚʘʥʠʡ (ʩʫʮʽʣʴʥʘ ʢʨʠʚʘ); 

ʧʨʦʛʥʦʟʦʚʘʥʠʡ ʜʣʷ ʽʥʪʝʨʚʘʣʫ 1 (ʰʪʨʠʭʦʚʘ ʢʨʠʚʘ), ʜʣʷ ʽʥʪʝʨʚʘʣʫ 2 (ʧʫʥʢʪʠʨʥʘ 

ʢʨʠʚʘ), ʜʣʷ ʽʥʪʝʨʚʘʣʫ 3 (ʰʪʨʠʭ-ʧʫʥʢʪʠʨʥʘ ʢʨʠʚʘ), ʜʣʷ ʽʥʪʝʨʚʘʣʫ 4 (ʪʦʯʢʦʚʘ 

ʢʨʠʚʘ) 

 

ʉʝʨʝʜʥʷ ʘʙʩʦʣʶʪʥʘ ʧʦʭʠʙʢʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʧʠʩʘʥʦʛʦ 

ʘʣʛʦʨʠʪʤʫ ʩʢʣʘʜʘʻ 19,1%, ʱʦ ʜʦʟʚʦʣʷʻ ʥʘ 5% ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʨʦʛʥʦʟʫʚʘʥʥʷʤ ʙʝʟ ʨʦʟʙʠʪʪʷ ʥʘ ʦʢʨʝʤʽ ʽʥʪʝʨʚʘʣʠ. 
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ɼʣʷ ʪʦʛʦ, ʱʦʙ ʚʠʢʦʥʘʪʠ ʧʝʨʝʭʽʜ ʚʽʜ ʯʘʩʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʝʥʪʨʦʧʽʾ ʜʦ 

ʯʘʩʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʧʦʪʫʞʥʦʩʪʽ ʩʧʦʞʠʚʘʥʥʷ ʥʘ ʢʦʥʢʨʝʪʥʦʤʫ ʯʘʩʦʚʦʤʫ ʽʥʪʝʨʚʘʣʽ, 

ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʘʭʫʚʘʪʠ ʽʤʦʚʽʨʥʽʩʥʽ ʤʦʤʝʥʪʠ ʜʣʷ ʟʘʜʘʥʦʛʦ ʯʘʩʦʚʦʛʦ ʽʥʪʝʨʚʘʣʫ, ʟʘ 

ʾʭ ʟʥʘʯʝʥʥʷʤʠ ʟʥʘʡʪʠ ʩʭʦʞʠʡ ʽʥʪʝʨʚʘʣ, ʪʘ ʚʚʘʞʘʪʠ, ʱʦ ʯʘʩʦʚʠʡ ʨʦʟʧʦʜʽʣ 

ʧʦʪʫʞʥʦʩʪʽ ʩʧʦʞʠʚʘʥʥʷ ʻ ʘʥʘʣʦʛʽʯʥʠʤ ʟ ʜʝʷʢʦʶ ʧʦʭʠʙʢʦʶ. 

ʅʘ ʨʠʩ. 3.9 ʟʦʙʨʘʞʝʥʦ ʛʨʘʬʽʢʠ ʟʤʽʥʠ ʧʦʪʫʞʥʦʩʪʽ ʩʧʦʞʠʚʘʥʥʷ ʜʣʷ ʧʝʨʰʦʛʦ 

ʽʥʪʝʨʚʘʣʫ ʜʦʙʠ 14 ʪʨʘʚʥʷ 2010 ʨʦʢʫ (ʩʠʥʷ ʢʨʠʚʘ) ʪʘ ʩʭʦʞʦʛʦ ʟʘ ʽʤʦʚʽʨʥʽʩʥʠʤʠ 

ʤʦʤʝʥʪʘʤʠ ʽʥʪʝʨʚʘʣʫ 04 ʪʨʘʚʥʷ 2010 ʨʦʢʫ (ʧʦʤʘʨʘʥʯʝʚʘ ʢʨʠʚʘ). ʎʷ ʩʭʦʞʽʩʪʴ ʟʘ 

ʽʤʦʚʽʨʥʽʩʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʦʟʚʦʣʷʻ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʛʨʘʬʽʢʠ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʫ ʮʽ ʜʥʽ ʙʫʜʫʪʴ ʧʦʜʽʙʥʠʤʠ, ʥʝ ʟʚʘʞʘʶʯʠ ʥʘ ʥʘʷʚʥʽʩʪʴ ʧʽʢʫ 

ʧʦʪʫʞʥʦʩʪʽ ʩʧʦʞʠʚʘʥʥʷ ʜʣʷ 14 ʪʨʘʚʥʷ 2010 ʨʦʢʫ, ʽ ʡʦʛʦ ʚʽʜʩʫʪʥʽʩʪʴ ʜʣʷ 04 ʪʨʘʚʥʷ 

2010 ʨʦʢʫ. 

 

ʈʠʩ. 3.9. ɻʨʘʬʽʢʠ ʟʤʽʥʠ ʧʦʪʫʞʥʦʩʪʽ ʩʧʦʞʠʚʘʥʥʷ ʜʣʷ ʧʝʨʰʦʛʦ ʽʥʪʝʨʚʘʣʫ 14 

ʪʨʘʚʥʷ 2010 ʨʦʢʫ (ʩʫʮʽʣʴʥʘ ʢʨʠʚʘ) ʪʘ 04 ʪʨʘʚʥʷ 2010 ʨʦʢʫ (ʧʫʥʢʪʠʨʥʘ ʢʨʠʚʘ) 

 

ʉʝʨʝʜʥʷ ʘʙʩʦʣʶʪʥʘ ʧʦʭʠʙʢʘ ʚʽʜʥʦʚʣʝʥʥʷ ʯʘʩʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʧʦʪʫʞʥʦʩʪʽ 

ʩʧʦʞʠʚʘʥʥʷ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʧʽʢʫ ʩʢʣʘʜʘʻ 18,7%, ʘ ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʧʽʢʫ ï 16,9%, 

ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ɦ ʦ ʧʨʦʛʥʦʟ ʻ ʜʦʩʪʘʪʥʴʦ ʪʦʯʥʠʤ. ʇʨʠ ʮʴʦʤʫ ʥʘ ʧʽʢ ʧʦʪʫʞʥʦʩʪʽ 

ʧʨʠʧʘʜʘʻ 11% ʝʥʝʨʛʽʾ ʩʧʦʞʠʚʘʥʥʷ. ʆʪʞʝ, ʥʘʷʚʥʽʩʪʴ ʧʽʢʽʚ ʩʧʦʞʠʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ 

ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʧʦʜʘʣʴʰʦʤʫ ʘʥʘʣʽʟʽ ʰʣʷʭʦʤ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʽʤʦʚʽʨʥʽʩʥʠʭ 

ʤʦʤʝʥʪʽʚ, ʱʦ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ. 
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ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʚʽʜʥʦʚʣʝʥʥʷ ʯʘʩʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʧʦʪʫʞʥʦʩʪʽ 

ʩʧʦʞʠʚʘʥʥʷ ʨʝʘʣʽʟʫʻʪʴʩʷ ʨʦʟʨʦʙʣʝʥʠʤ ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ, ʱʦ ʧʨʘʮʶʻ 

ʟʛʽʜʥʦ ʘʣʛʦʨʠʪʤʫ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʦʩʥʦʚʥʠʭ ʝʪʘʧʽʚ: 

1. ɿʘʚʘʥʪʘʞʝʥʥʷ ʜʘʥʠʭ ʧʦʪʫʞʥʦʩʪʽ ʩʧʦʞʠʚʘʥʥʷ. 

2. ɺʠʟʥʘʯʝʥʥʷ ʜʦʙʠ, ʜʣʷ ʷʢʦʾ ʧʦʪʨʽʙʥʦ ʚʠʢʦʥʘʪʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ. 

3. ʈʦʟʙʠʪʪʷ ʜʦʙʠ ʥʘ ʯʘʩʦʚʽ ʽʥʪʝʨʚʘʣʠ. 

4. ʈʦʟʨʘʭʫʥʦʢ ʬʨʘʢʪʘʣʴʥʦʾ ʨʦʟʤʽʨʥʦʩʪʽ ʢʣʽʪʠʥʢʦʚʠʤ ʤʝʪʦʜʦʤ, ʝʥʪʨʦʧʽʾ 

ʈʝʥʴʾ ʟʘ ʬʦʨʤʫʣʦʶ (5) ʪʘ ʽʤʦʚʽʨʥʽʩʥʠʭ ʤʦʤʝʥʪʽʚ ʟʘ ʬʦʨʤʫʣʦʶ (6) ʜʣʷ ʦʙʨʘʥʠʭ 

ʯʘʩʦʚʠʭ ʽʥʪʝʨʚʘʣʽʚ. 

5. ɺʠʟʥʘʯʝʥʥʷ ʬʨʘʢʪʘʣʴʥʦʶ ʨʦʟʤʽʨʥʽʩʪʶ, ʝʥʪʨʦʧʽʻʶ ʈʝʥʴʾ ʪʘ 

ʽʤʦʚʽʨʥʽʩʥʠʤʠ ʤʦʤʝʥʪʘʤʠ ʧʦʜʽʙʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʽʥʪʝʨʚʘʣʽʚ, ʱʦ ʧʝʨʝʜʫʶʪʴ 

ʽʥʪʝʨʚʘʣʘʤ ʦʙʨʘʥʦʾ ʜʦʙʠ. 

6. ɺʠʙʽʨ ʩʪʘʪʠʩʪʠʯʥʦ ʩʭʦʞʠʭ ʽʥʪʝʨʚʘʣʽʚ. 

7. ʇʦʙʫʜʦʚʘ ʛʨʘʬʽʢʽʚ ʟʤʽʥʠ ʧʦʪʫʞʥʦʩʪʽ ʩʧʦʞʠʚʘʥʥʷ ʚ ʯʘʩʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʨʦʙʣʝʥʠʡ ʧʽʜʭʽʜ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʨʦʟʨʘʭʫʥʢʫ ʝʥʪʨʦʧʽʾ ʈʝʥʴʾ ʚ ʦʙʨʘʥʫ ʜʦʙʫ ʜʦʟʚʦʣʷʻ 

ʦʪʨʠʤʘʪʠ ʛʨʘʬʽʢ ʟʤʽʥʠ ʢʨʠʚʦʾ ʧʦʪʫʞʥʦʩʪʽ ʩʧʦʞʠʚʘʥʥʷ. 

 

3.3. ʇʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʮʽʾ ʧʨʠ 

ʦʙôʻʜʥʘʥʥʽ ʤʝʪʦʜʫ ʥʘʡʙʣʠʞʯʠʭ ʩʫʩʽʜʽʚ ʪʘ ʢʣʘʩʪʝʨʠʟʘʮʽʾ 

 

 ʆʩʢʽʣʴʢʠ ʧʦʪʫʞʥʽʩʪʴ ʥʘ ʚʠʭʦʜʽ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ ʷʢ ʫʩʪʘʥʦʚʦʢ ʥʘ ʦʩʥʦʚʽ 

ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʤʘʻ ʽʤʦʚʽʨʥʽʩʥʠʡ ʭʘʨʘʢʪʝʨ, ʪʦ ʜʣʷ ʽʥʪʝʛʨʘʮʽʾ 

ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʫ ʟʘʛʘʣʴʥʫ ʤʝʨʝʞʫ ʪʘ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ 

ʧʝʨʚʠʥʥʦʛʦ ʧʦʪʦʢʫ, ʥʝʦʙʭʽʜʥʦ ʧʽʜʚʠʱʫʚʘʪʠ ʪʦʯʥʽʩʪʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ 

ʟ ʛʦʨʠʟʦʥʪʦʤ ʧʨʦʛʥʦʟʫ ʚ 24 ʛʦʜʠʥʠ ʟ ʚʽʜʥʦʩʥʦʶ ʧʦʭʠʙʢʦʶ, ʱʦ ʥʝ ʧʝʨʝʚʠʱʫʻ 5% 

[186]. 

ʄʝʪʦʜ ʥʘʡʙʣʠʞʯʠʭ ʩʫʩʽʜʽʚ, ʷʢ ʤʝʪʦʜ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʚʠʭʦʜʽ 

ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ, ʥʝ ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ, ʻ ʧʨʦʩʪʠʤ ʫ 
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ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʘ ʤʦʞʝ ʧʨʘʮʶʚʘʪʠ ʟ ʥʝʧʦʩʣʽʜʦʚʥʠʤʠ ʯʘʩʦʚʠʤʠ ʨʷʜʘʤʠ, ʱʦ ʻ 

ʩʫʪʪʻʚʠʤʠ ʧʝʨʝʚʘʛʘʤʠ ʥʘʜ ʧʦʧʫʣʷʨʥʠʤʠ ʚ ʦʩʪʘʥʥʽʡ ʯʘʩ ʥʝʡʨʦʥʥʠʤʠ ʤʝʨʝʞʘʤʠ 

ʪʘ ʧʨʦʛʥʦʟʥʠʤʠ ʤʦʜʝʣʷʤʠ ʛʨʫʧʠ ARɯMA [187]. 

ʄʦʜʝʣʽ ʩʪʚʦʨʝʥʽ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʧʨʦ ʧʦʛʦʜʥʽ ʫʤʦʚʠ ʪʘ ʚʽʜʧʦʚʽʜʥʽ ʟʥʘʯʝʥʥʷ 

ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʟ ʩʦʥʷʯʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʚ ʂʠʪʘʾ [188]. ʎʽ ʜʘʥʽ ʤʽʩʪʷʪʴ 

ʧʘʨʘʤʝʪʨʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʪʘʢʽ ʷʢ: ʟʘʛʘʣʴʥʘ ʩʦʥʷʯʥʘ ʨʘʜʽʘʮʽʷ (ʘʥʛʣ. 

total solar irradiance), ʧʨʷʤʘ ʥʦʨʤʘʣʴʥʘ ʩʦʥʷʯʥʘ ʨʘʜʽʘʮʽʷ (ʘʥʛʣ. direct normal 

irradiance), ʩʫʤʘʨʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʩʦʥʷʯʥʘ ʨʘʜʽʘʮʽʷ (ʘʥʛʣ.global horizontal 

irradiance), ʪʝʤʧʝʨʘʪʫʨʘ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʪʠʩʢ ʪʘ ʚʦʣʦʛʽʩʪʴ ʧʦʚʽʪʨʷ ʽ 

ʚʽʜʧʦʚʽʜʥʽ ʮʠʤ ʫʤʦʚʘʤ ʟʥʘʯʝʥʥʷ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʫ ʄɺʪ. ʋ [188] ʥʘʷʚʥʽ ʜʘʥʽ 

ʧʨʦ 8 ʩʦʥʷʯʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʪʘ 6 ʚʽʪʨʦʚʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʟ 01.01.2019 ʜʦ 

31.12.2020 ʟ ʜʠʩʢʨʝʪʥʽʩʪʶ 15 ʭʚʠʣʠʥ. ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʝʡ ʦʙʨʘʥʘ ʩʦʥʷʯʥʘ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʷ ʧʦʪʫʞʥʽʩʪʶ 50 ʄɺʪ ʱʦ ʤʘʻ ʥʘʡʤʝʥʰʫ ʢʽʣʴʢʽʩʪʴ ʚʪʨʘʯʝʥʠʭ ʜʘʥʠʭ. 

ɿʘʛʘʣʦʤ, ʧʝʨʰʘ ʩʦʥʷʯʥʘ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷ ʤʽʩʪʠʪʴ 70176 ʪʦʯʦʢ ʧʘʨʘʤʝʪʨʽʚ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʚʽʜʧʦʚʽʜʥʠʭ ʟʥʘʯʝʥʴ ʚʠʨʦʙʣʝʥʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. 

ɼʣʷ ʚʩʽʭ ʤʦʜʝʣʝʡ ʚʘʞʣʠʚʠʤ ʝʪʘʧʦʤ ʻ ʦʯʠʱʝʥʥʷ ʜʘʥʠʭ ʚʽʜ ʪʦʯʦʢ, ʱʦ ʩʠʣʴʥʦ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʚʠʙʽʨʢʠ, ʷʢʽ ʱʝ ʥʘʟʠʚʘʶʪʴ ʚʠʢʠʜʘʤʠ. ʊʘʢʽ ʪʦʯʢʠ 

ʙʫʜʫʪʴ ʧʝʨʝʰʢʦʜʞʘʪʠ ʝʬʝʢʪʠʚʥʦʤʫ ʥʘʚʯʘʥʥʶ ʤʦʜʝʣʝʡ ʪʘ ʟʥʠʞʫʚʘʪʠ ʾʭ ʪʦʯʥʽʩʪʴ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ. ʋ ʩʪʘʪʪʽ ʚʠʢʦʨʠʩʪʘʥʽ ʚʞʝ ʦʙʨʦʙʣʝʥʽ ʜʘʥʽ ʟ [188], ʜʝ 

ʟʘʩʪʦʩʦʚʫʚʘʚʩʷ ʩʪʘʥʜʘʨʪʥʠʡ ʤʽʞʢʚʘʨʪʠʣʴʥʠʡ ʨʦʟʤʘʭ, ʜʝ ʚʩʝ ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ 

ʚʠʱʝ ʟʘ 1,5 ʤʽʞʢʚʘʨʪʠʣʴʥʠʭ ʨʦʟʤʘʭʠ ʚʽʜ 75-ʛʦ ʧʨʦʮʝʥʪʠʣʶ ʪʘ ʥʠʞʯʝ ʟʘ 1,5 

ʤʽʞʢʚʘʨʪʠʣʴʥʠʭ ʨʦʟʤʘʭʠ ʚʽʜ 25-ʛʦ ʧʨʦʮʝʥʪʠʣʶ ʚʚʘʞʘʻʪʴʩʷ ʚʠʢʠʜʘʤʠ. 

ʇʝʨʝʜ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʘʥʠʭ ʫ ʤʦʜʝʣʽ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ ʾʭ ʧʦʧʝʨʝʜʥʶ 

ʦʙʨʦʙʢʫ. ɼʣʷ ʤʝʪʦʜʽʚ ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʚʽʜʩʪʘʥʷʭ ʤʽʞ ʪʦʯʢʘʤʠ, ʪʘʢʠʤʠ ʷʢ ʤʝʪʦʜ 

ʥʘʡʙʣʠʞʯʠʭ ʩʫʩʽʜʽʚ ʪʘ ʤʝʪʦʜ ʢ-ʩʝʨʝʜʥʽʭ, ʥʝʦʙʭʽʜʥʦ ʟʘʩʪʦʩʫʚʘʪʠ ʤʘʩʰʪʘʙʫʚʘʥʥʷ 

ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʢʦʨʝʢʪʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʚʽʜʩʪʘʥʝʡ ʤʽʞ ʪʦʯʢʘʤʠ. 

ʄʘʩʰʪʘʙʫʚʘʥʥʷ ʙʫʜʝ ʧʨʦʚʦʜʠʪʠʩʷ ʤʝʪʦʜʦʤ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ, ʷʢʘ ʧʨʠʚʦʜʠʪʴ ʜʘʥʽ 

ʜʦ ʜʽʘʧʘʟʦʥʫ ʚʽʜ -1 ʜʦ 1, ʜʝ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʜʘʥʠʭ ʧʨʠʡʥʷʪʝ ʟʘ 0 ʽ ʩʝʨʝʜʥʻ 

ʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʤʘʻ ʟʥʘʯʝʥʥʷ 1. ʉʪʘʥʜʘʨʪʠʟʘʮʽʷ ʧʨʦʚʦʜʠʪʴʩʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘʩʪʫʧʥʦʾ ʬʦʨʤʫʣʠ: 
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ʜʝ 
ix  ï ʧʘʨʘʤʝʪʨʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʚʠʭʽʜʥʘ ʧʦʪʫʞʥʽʩʪʴ ʩʦʥʷʯʥʦʾ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʧʝʨʝʜ ʤʘʩʰʪʘʙʫʚʘʥʥʷʤ, x¡  ï ʧʘʨʘʤʝʪʨʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʚʠʭʽʜʥʘ ʧʦʪʫʞʥʽʩʪʴ ʩʦʥʷʯʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʧʽʩʣʷ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ; m ï ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʜʘʥʠʭ 
ix  ʧʝʨʝʜ ʤʘʩʰʪʘʙʫʚʘʥʥʷʤ, s ï 

ʩʝʨʝʜʥʻ ʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʜʘʥʠʭ 
ix  ʧʝʨʝʜ ʤʘʩʰʪʘʙʫʚʘʥʥʷʤ. 

ɼʣʷ ʦʮʽʥʢʠ ʪʦʯʥʦʩʪʽ ʧʨʦʛʥʦʟʽʚ ʤʦʜʝʣʝʡ ʥʝʦʙʭʽʜʥʦ ʨʦʟʜʽʣʠʪʠ ʜʘʥʽ ʥʘ 

ʪʨʝʥʫʚʘʣʴʥʽ ʪʘ ʪʝʩʪʦʚʽ ʛʨʫʧʠ, ʜʝ ʪʨʝʥʫʚʘʣʴʥʽ ʤʘʶʪʴ ʙʽʣʴʰʠʡ ʦʙôʻʤ ʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʥʘʚʯʘʥʥʷ ʤʦʜʝʣʝʡ, ʘ ʪʝʩʪʦʚʽ ʤʘʶʪʴ ʥʝʚʝʣʠʢʠʡ ʦʙôʻʤ ʪʘ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʤʦʜʝʣʝʡ. ʋ ʮʽʡ ʩʪʘʪʪʽ ʪʝʩʪʦʚʽ ʛʨʫʧʠ ʤʘʶʪʴ 

ʢʽʣʴʢʽʩʪʴ ʜʘʥʠʭ ʥʘ 3 ʜʥʽ, 7 ʜʥʽʚ ʪʘ 70 ʜʥʽʚ ʜʣʷ ʦʮʽʥʢʠ ʤʦʞʣʠʚʦʩʪʝʡ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʥʘ ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʦʤʫ ʪʘ ʩʝʨʝʜʥʴʦʩʪʨʦʢʦʚʦʤʫ ʛʦʨʠʟʦʥʪʘʭ ʧʨʦʛʥʦʟʫ. 

ʄʝʪʦʜ ʥʘʡʙʣʠʞʯʠʭ ʩʫʩʽʜʽʚ ʻ ʥʝʧʘʨʘʤʝʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ ʢʝʨʦʚʘʥʦʛʦ 

ʥʘʚʯʘʥʥʷ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʚʽʜʩʪʘʥʽ ʤʽʞ ʪʦʯʢʘʤʠ ʪʝʩʪʦʚʦʾ ʛʨʫʧʠ ʪʘ ʥʘʡʙʣʠʞʯʠʤʠ 

ʜʦ ʥʠʭ ʪʦʯʢʘʤʠ ʪʨʝʥʫʚʘʣʴʥʦʾ ʛʨʫʧʠ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʢʣʘʩʠʬʽʢʘʮʽʾ ʯʠ ʨʝʛʨʝʩʽʾ. 

ʅʝʜʦʣʽʢʦʤ ʮʴʦʛʦ ʤʝʪʦʜʫ ʻ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʫ k, ʱʦ ʚʠʟʥʘʯʘʻ ʢʽʣʴʢʽʩʪʴ ʩʫʩʽʜʽʚ, 

ʪʦʙʪʦ ʢʽʣʴʢʦʩʪʽ ʪʦʯʦʢ ʪʨʝʥʫʚʘʣʴʥʦʾ ʛʨʫʧʠ, ʜʦ ʷʢʦʾ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʚʽʜʩʪʘʥʽ. 

ɿʘʟʚʠʯʘʡ ʮʝʡ ʧʘʨʘʤʝʪʨ ʚʠʟʥʘʯʘʻʪʴʩʷ ʝʤʧʽʨʠʯʥʦ ʘʙʦ ʦʙʠʨʘʻʪʴʩʷ ʪʘʢʠʤ, ʱʦʙ ʜʣʷ 

ʧʝʨʝʚʽʨʦʯʥʦʾ ʛʨʫʧʠ ʟʥʘʯʝʥʥʷ ʧʦʭʠʙʢʠ ʙʫʣʦ ʤʽʥʽʤʘʣʴʥʠʤ, ʽ ʮʝ ʟʥʘʯʝʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʨʦʙʦʪʠ ʤʝʪʦʜʫ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʪʦʯʥʦʾ 

ʤʦʜʝʣʽ ʧʨʦʛʥʦʟʫ, ʙʦ ʢʽʣʴʢʽʩʪʴ ʩʫʩʽʜʽʚ ʜʣʷ ʨʽʟʥʠʭ ʛʨʫʧ ʪʝʩʪʦʚʠʭ ʪʦʯʦʢ ʙʫʜʝ ʨʽʟʥʦʶ. 

ʇʨʦʙʣʝʤʘ ʚʠʙʦʨʫ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʫ k ʧʦʣʷʛʘʻ ʫ ʥʝʤʦʞʣʠʚʦʩʪʽ ʚʠʟʥʘʯʠʪʠ 

ʧʦʭʠʙʢʫ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʙʝʟ ʥʘʷʚʥʠʭ ʨʝʘʣʴʥʠʭ ʪʘ ʧʨʦʛʥʦʟʦʚʘʥʠʭ ʟʥʘʯʝʥʴ. ɼʣʷ 

ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʚʠʙʦʨʫ ʟʥʘʯʝʥʥʷ k, ʧʨʠ ʷʢʦʤʫ ʧʦʭʠʙʢʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʤʽʥʽʤʘʣʴʥʘ, ʫ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʩʪʘʪʪʽ ʥʘʚʝʜʝʥʦ ʘʣʛʦʨʠʪʤ ʚʠʙʦʨʫ ʢʽʣʴʢʦʩʪʽ ʩʫʩʽʜʽʚ, 

ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʟʥʘʯʝʥʥʽ ʟʤʽʥʠ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʚʽʜʩʪʘʥʝʡ ʤʽʞ ʪʦʯʢʘʤʠ 

ʪʝʩʪʦʚʦʾ ʪʘ ʪʨʝʥʫʚʘʣʴʥʦʾ ʛʨʫʧ ʘ, ʪʘʢʦʞ ʥʘʚʝʜʝʥʦ ʤʝʪʦʜ ʟʤʝʥʰʝʥʥʷ ʧʦʭʠʙʢʠ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʧʝʨʝʜʥʴʦʾ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʪʨʝʥʫʚʘʣʴʥʠʭ ʪʘ 

ʪʝʩʪʦʚʠʭ ʜʘʥʠʭ ʤʝʪʦʜʦʤ k-ʩʝʨʝʜʥʽʭ (ʘʥʛʣ. k-means clustering). 
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ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʢʣʘʩʠʯʥʦʛʦ ʤʝʪʦʜʫ ʥʘʡʙʣʠʞʯʠʭ ʩʫʩʽʜʽʚ ʟ ʤʝʪʦʜʦʤ 

ʦʙôʻʜʥʘʥʥʷ ʥʘʡʙʣʠʞʯʠʭ ʩʫʩʽʜʽʚ ʪʘ ʢʣʘʩʪʝʨʠʟʘʮʽʾ k-ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʥʷ k, ʪʦʙʪʦ 

ʢʽʣʴʢʽʩʪʴ ʩʫʩʽʜʽʚ, ʙʫʜʝ ʦʙʨʘʥʦ ʪʘʢʠʤ, ʱʦ ʧʦʭʠʙʢʘ ʧʨʦʛʥʦʟʫ ʙʫʜʝ ʤʽʥʽʤʘʣʴʥʦʶ. 

ʉʧʦʯʘʪʢʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʜʩʪʘʥʴ ʤʽʞ ʪʦʯʢʘʤʠ ʪʝʩʪʦʚʦʾ ʛʨʫʧʠ ʪʘ ʪʦʯʢʘʤʠ 

ʪʨʝʥʫʚʘʣʴʥʦʾ ʛʨʫʧʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʦʨʤʫʣʠ ɽʚʢʣʽʜʦʚʦʾ ʚʽʜʩʪʘʥʽ: 
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¡ ¡ ¡ ¡= -ä , (3.14) 

ʜʝ x¡ ï ʤʘʩʰʪʘʙʦʚʘʥʘ ʪʦʯʢʘ ʟ ʪʨʝʥʫʚʘʣʴʥʦʾ ʛʨʫʧʠ, y¡ ï ʤʘʩʰʪʘʙʦʚʘʥʘ ʪʦʯʢʘ ʟ 

ʪʝʩʪʦʚʦʾ ʛʨʫʧʠ, n  ï ʯʠʩʣʦ ʚʠʤʽʨʽʚ ʪʦʯʢʠ ʜʘʥʠʭ. ɽʚʢʣʽʜʦʚʘ ʚʽʜʩʪʘʥʴ ʜʦʟʚʦʣʷʻ 

ʚʠʟʥʘʯʠʪʠ ʥʘʡʢʦʨʦʪʰʠʡ ʰʣʷʭ ʤʽʞ ʜʚʦʤʘ ʪʦʯʢʘʤʠ, ʪʠʤ ʩʘʤʠʤ ʚʠʟʥʘʯʘʶʯʠ 

ʩʭʦʞʽʩʪʴ ʜʚʦʭ ʪʦʯʦʢ ʤʽʞ ʩʦʙʦʶ. ʈʦʟʨʘʭʫʥʦʢ ʟʘʣʝʞʥʦʾ ʟʤʽʥʥʦʾ, ʷʢʘ ʫ ʥʘʰʦʤʫ 

ʚʠʧʘʜʢʫ ʻ ʟʤʽʥʥʦʶ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʩʦʥʷʯʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ, ʧʨʦʚʦʜʠʪʴʩʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʦʨʤʫʣʠ ʩʝʨʝʜʥʴʦʾ ʘʨʠʬʤʝʪʠʯʥʦʾ ʟʚʘʞʝʥʦʾ ʟʥʘʯʝʥʴ ʧʦʪʫʞʥʦʩʪʽ 

ʩʫʩʽʜʽʚ ʪʝʩʪʦʚʦʾ ʪʦʯʢʠ. ɺʘʛʘ ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʥʘʩʪʫʧʥʦʶ ʬʦʨʤʫʣʦʶ: 
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w= , (3.15) 

ʜʝ id  ï ɽʚʢʣʽʜʦʚʘ ʚʽʜʩʪʘʥʴ ʤʽʞ ʪʝʩʪʦʚʦʶ ʪʦʯʢʦʶ ʽ ʾʾ ʩʫʩʽʜʦʤ. ʊʦʜʽ ʬʦʨʤʫʣʘ 

ʩʝʨʝʜʥʴʦʾ ʘʨʠʬʤʝʪʠʯʥʦʾ ʟʚʘʞʝʥʦʾ ʥʘʙʫʚʘʻ ʚʠʛʣʷʜ: 
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, (3.16) 

ʜʝ iP  ï ʟʥʘʯʝʥʥʷʤ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʩʦʥʷʯʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʩʫʩʽʜʘ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʯʠʤ ʜʘʣʽ ʩʫʩʽʜ ʟʥʘʭʦʜʠʪʴʩʷ ʚʽʜ ʪʝʩʪʦʚʦʾ ʪʦʯʢʠ, ʪʠʤ ʤʝʥʰʝ ʡʦʛʦ ʚʢʣʘʜ ʚ 

ʦʙʯʠʩʣʝʥʥʷ ʟʘʣʝʞʥʦʾ ʟʤʽʥʥʦʾ ʪʝʩʪʦʚʦʾ ʪʦʯʢʠ. 

ʅʘ ʨʠʩ. 3.10 ʟʦʙʨʘʞʝʥʦ ʧʨʠʢʣʘʜ ʚʠʟʥʘʯʝʥʥʷ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʪʦʯʢʠ ɸ. 
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ʈʠʩ. 3.10. ʇʨʠʢʣʘʜ ʚʠʟʥʘʯʝʥʥʷ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʪʦʯʢʠ ɸ 

 

ʊʦʯʢʘ ɸ ʻ ʪʦʯʢʦʶ ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟ ʪʝʩʪʦʚʦʾ ʛʨʫʧʠ 

ʟ ʢʽʣʴʢʽʩʪʶ ʩʫʩʽʜʽʚ 3, ʪʦʯʢʠ B, C, D ʻ ʩʫʩʽʜʘʤʠ ʽ ʪʦʯʢʘʤʠ ʧʘʨʘʤʝʪʨʽʚ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟ ʪʨʝʥʫʚʘʣʴʥʦʾ ʛʨʫʧʠ. ʉʠʥʽ ʣʽʥʽʾ ʤʽʞ ʪʦʯʢʘʤʠ 

ʧʦʟʥʘʯʘʶʪʴ ɽʚʢʣʽʜʦʚʫ ʚʽʜʩʪʘʥʴ ʤʽʞ ʪʦʯʢʘʤʠ. ɿʥʘʯʝʥʥʷ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ 

ʪʦʯʢʠ ɸ ʟʘʧʠʩʫʻʪʴʩʷ ʷʢ: 

 B B C C D D
A

B C D

P P P
P

w w w

w w w

+ +
=

+ +
. (3.17) 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʤʝʪʦʜʦʤ k-ʩʝʨʝʜʥʽʭ, ʱʦ ʩʪʚʦʨʶʻ ʢʣʘʩʪʝʨʠ 

ʪʨʝʥʫʚʘʣʴʥʦʾ ʛʨʫʧʠ, ʪʦʯʢʠ ʷʢʠʭ ʩʭʦʞʽ ʟʘ ʟʥʘʯʝʥʥʷʤʠ ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʧʦʭʠʙʢʫ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʚʠʭʦʜʽ 

ʩʦʥʷʯʥʦʾ ʙʘʪʘʨʝʾ. ɸʣʛʦʨʠʪʤ ʨʦʙʦʪʠ ʤʝʪʦʜʫ k-ʩʝʨʝʜʥʽʭ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.11. 
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ʈʠʩ. 3.11. ɸʣʛʦʨʠʪʤ ʨʦʙʦʪʠ ʤʝʪʦʜʫ k-ʩʝʨʝʜʥʽʭ 

 

ʊʦʯʢʠ ʪʝʩʪʦʚʦʾ ʛʨʫʧʠ ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʧʦ ʢʣʘʩʪʝʨʘʤ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʠʟʥʘʯʝʥʥʷ ɽʚʢʣʽʜʦʚʦʾ ʚʽʜʩʪʘʥʽ ʚʽʜ ʪʝʩʪʦʚʦʾ ʪʦʯʢʠ ʜʦ ʢʦʞʥʦʾ ʟ ʮʝʥʪʨʦʾʜ ʢʣʘʩʪʝʨʽʚ, 

ʪʦʯʢʘ ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʫ ʢʣʘʩʪʝʨ, ʚʽʜʩʪʘʥʴ ʜʦ ʮʝʥʪʨʦʾʜʠ ʷʢʦʛʦ ʻ ʥʘʡʤʝʥʰʦʶ. ɼʘʣʽ 

ʧʨʦʚʦʜʠʪʴʩʷ ʘʣʛʦʨʠʪʤ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʢʽʣʴʢʦʩʪʽ ʩʫʩʽʜʽʚ ʟ 

ʤʽʥʽʤʘʣʴʥʠʤʠ ʧʦʭʠʙʢʘʤʠ ʧʨʦʛʥʦʟʫ ʚ ʨʘʤʢʘʭ ʢʦʞʥʦʛʦ ʢʣʘʩʪʝʨʫ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʧʨʦʚʝʩʪʠ ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ ʚʠʙʽʨ ʢʽʣʴʢʦʩʪʽ ʩʫʩʽʜʽʚ ʜʣʷ ʢʦʞʥʦʛʦ ʢʣʘʩʪʝʨʫ ʽ 

ʚʠʢʣʶʯʠʪʠ ʚʧʣʠʚ ʪʦʯʦʢ ʦʜʥʦʛʦ ʢʣʘʩʪʝʨʫ ʥʘ ʢʽʣʴʢʽʩʪʴ ʩʫʩʽʜʽʚ ʽʥʰʦʛʦ ʢʣʘʩʪʝʨʫ. 

ʈʝʛʨʝʩʽʷ ʤʝʪʦʜʦʤ ʥʘʡʙʣʠʞʯʠʭ ʩʫʩʽʜʽʚ ʧʨʦʚʦʜʠʪʴʩʷ ʚ ʨʘʤʢʘʭ ʢʦʞʥʦʛʦ ʢʣʘʩʪʝʨʫ ʟ 

ʧʦʜʘʣʴʰʠʤ ʚʽʜʥʦʚʣʝʥʥʷʤ ʯʘʩʦʚʦʛʦ ʨʷʜʫ ʪʝʩʪʦʚʦʾ ʛʨʫʧʠ ʪʦʯʦʢ ʽ ʩʪʚʦʨʝʥʥʷʤ 

ʧʨʦʛʥʦʟʫ ʟʘʣʝʞʥʦʾ ʟʤʽʥʥʦʾ ʟʘ ʘʣʛʦʨʠʪʤʦʤ ʢʣʘʩʠʯʥʦʛʦ ʤʝʪʦʜʫ ʥʘʡʙʣʠʞʯʠʭ 

ʩʫʩʽʜʽʚ. 

ʂʣʘʩʪʝʨ ʦʙʠʨʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʝʬʽʮʽʻʥʪʫ ʩʠʣʫʝʪʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʷʢʦʩʪʽ ʧʨʦʚʝʜʝʥʦʾ ʢʣʘʩʪʝʨʠʟʘʮʽʶ. ʏʠʤ ʚʠʱʠʡ ʢʦʝʬʽʮʽʻʥʪ ʩʠʣʫʝʪʫ, ʪʠʤ ʙʽʣʴʰʝ 

ʪʦʯʢʘ ʜʘʥʠʭ ʩʭʦʞʘ ʥʘ ʩʚʽʡ ʢʣʘʩʪʝʨ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʢʣʘʩʪʝʨʘʤʠ. ɿʥʘʯʝʥʥʷ 

ʩʠʣʫʝʪʫ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ -1 ʜʦ 1, ʜʝ 1 ʦʟʥʘʯʘʻ ʱʦ ʦʙôʻʢʪ ʜʦʙʨʝ 

ʧʽʜʭʦʜʠʪʴ ʧʽʜ ʩʚʽʡ ʢʣʘʩʪʝʨ, -1 ʦʟʥʘʯʘʻ ʱʦ ʚʟʘʛʘʣʽ ʥʝ ʧʽʜʭʦʜʠʪʴ ʚ ʩʚʽʡ ʢʣʘʩʪʝʨ. 

ʌʦʨʤʫʣʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʩʠʣʫʝʪʫ ʥʘʩʪʫʧʥʘ: 
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( ) ( )

( )
max{ ( ), ( )}

b i a i
s i

a i b i

-
= , (3.18) 

ʜʝ i ï ʥʦʤʝʨ ʪʦʯʢʠ ʜʘʥʠʭ, ( )a i  ï ʩʝʨʝʜʥʷ ʚʽʜʩʪʘʥʴ ʤʽʞ ʪʦʯʢʦʶ ʜʘʥʠʭ ʪʘ ʽʥʰʠʤʠ 

ʪʦʯʢʘʤʠ ʫ ʚʣʘʩʥʦʤʫ ʢʣʘʩʪʝʨʽ, ( )b i  ï ʩʝʨʝʜʥʷ ʚʽʜʩʪʘʥʴ ʚʽʜ ʪʦʯʢʠ ʜʘʥʠʭ ʜʦ ʪʦʯʦʢ ʚ 

ʽʥʰʦʤʫ ʥʘʡʙʣʠʞʯʦʤʫ ʢʣʘʩʪʝʨʽ. 

ʅʘ ʨʠʩ. 3.12 ʟʦʙʨʘʞʝʥʦ ʨʝʟʫʣʴʪʘʪ ʦʙʯʠʩʣʝʥʴ ʟʥʘʯʝʥʴ ʩʠʣʫʝʪʫ ʜʣʷ ʰʝʩʪʠ 

ʢʣʘʩʪʝʨʽʚ. 

 

ʈʠʩ. 3.12. ɻʨʘʬʽʢ ʟʤʽʥʠ ʢʦʝʬʽʮʽʻʥʪʫ ʩʠʣʫʝʪʫ ʜʣʷ ʢʦʞʥʦʛʦ ʢʣʘʩʪʝʨʫ ʧʘʨʘʤʝʪʨʽʚ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

 

ʐʽʩʪʴ ʢʣʘʩʪʝʨʽʚ ʤʘʶʪʴ ʥʘʡʙʽʣʴʰʝ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʩʠʣʫʝʪʫ, ʪʦʤʫ ʪʘʢʘ 

ʢʽʣʴʢʽʩʪʴ ʢʣʘʩʪʝʨʽʚ ʦʙʨʘʥʘ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʢʣʘʩʪʝʨʠʟʘʮʽʾ. 

ɻʦʨʠʟʦʥʪ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʙʫʚ ʦʙʨʘʥʠʡ ʷʢ ʧʝʨʰʽ 1, 3 ʪʘ 7 ʜʥʽʚ, ʱʦ ʚʠʜʽʣʝʥʽ ʟ 

ʟʘʛʘʣʴʥʦʛʦ ʥʘʙʦʨʫ ʜʘʥʠʭ ʚ ʷʢʦʩʪʽ ʪʝʩʪʦʚʦʾ ʛʨʫʧʠ, ʚʩʽ ʽʥʰʽ ʜʘʥʽ ʚʠʢʦʨʠʩʪʘʥʽ ʷʢ 

ʪʨʝʥʫʚʘʣʴʥʘ ʛʨʫʧʘ. 

ʋ ʷʢʦʩʪʽ ʧʦʭʠʙʦʢ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʘʥʽ ʢʦʨʽʥʴ ʟ 

ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʾ ʧʦʭʠʙʢʠ: 

 2

1

1
( )

N

i i

i

RMSE A F
N =

= -ä , (3.19) 

ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʫ ʧʦʭʠʙʢʫ: 
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MSE A F
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= -ä , (3.20) 
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ʩʝʨʝʜʥʶ ʘʙʩʦʣʶʪʥʫ ʧʦʭʠʙʢʫ: 

 
1

1 N

i i

i

MAE A F
N =

= -ä  (3.21) 

ʪʘ ʩʝʨʝʜʥʶ ʚʽʜʥʦʩʥʫ ʧʦʭʠʙʢʫ: 

 
1

1
100%
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i i

i i

A F
MAPE

N A=

-
= ³ä , (3.22) 

ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʮʽʥʢʠ ʪʦʯʥʦʩʪʽ ʧʨʦʛʥʦʟʫ [189 ï 191], ʜʝ 
iA  ï ʨʝʘʣʴʥʽ 

ʟʥʘʯʝʥʥʷ, ʘ iF  ï ʧʨʦʛʥʦʟʦʚʘʥʽ ʟʥʘʯʝʥʥʷ, N  ï ʢʽʣʴʢʽʩʪʴ ʪʦʯʦʢ ʧʨʦʛʥʦʟʫ. 

ʂʽʣʴʢʽʩʪʴ ʩʫʩʽʜʽʚ ʦʙʠʨʘʣʘʩʴ ʪʘʢʦʶ, ʱʦʙ ʧʦʭʠʙʢʘ MAPE ʙʫʣʘ ʤʽʥʽʤʘʣʴʥʦʶ, 

ʫʩʽ ʽʥʰʽ ʧʦʭʠʙʢʠ ʨʦʟʨʘʭʦʚʫʚʘʣʠʩʴ ʧʨʠ ʮʴʦʤʫ ʞ ʟʥʘʯʝʥʥʽ ʢʽʣʴʢʦʩʪʽ ʩʫʩʽʜʽʚ. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʧʦʭʠʙʦʢ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ 3.9. 

 

ʊʘʙʣʠʮʷ 3.9. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʧʦʭʠʙʦʢ 

ʄʝʪʦʜ 

ɻʦʨʠʟʦʥʪ 

ʧʨʦʛʥʦʟʫ, 

ʜʥʽ 

MSE RMSE MAPE, %  MAE  

ʥʘʡʙʣʠʞʯʠʭ 

ʩʫʩʽʜʽʚ 

1 1,67 1,29 4,6 % 0,58 

3 1,49 1,22 5,80 % 0,57 

7 6,82 2,61 8,14% 1,21 

ʥʘʡʙʣʠʞʯʠʭ 

ʩʫʩʽʜʽʚ + k-

ʩʝʨʝʜʥʽʭ 

1 1,14 1,07 4,22 % 0,43 

3 1,50 1,23 5,75 % 0,56 

7 6,62 2,57 8,04 % 1,19 

 

ʅʘ ʨʠʩ. 3.13 ʘ, ʙ, ʚ ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʧʨʦʛʥʦʟʫ ʤʝʪʦʜʦʤ ʥʘʡʙʣʠʞʯʠʭ 

ʩʫʩʽʜʽʚ ʪʘ ʤʝʪʦʜʦʤ ʥʘʡʙʣʠʞʯʠʭ ʩʫʩʽʜʽʚ + k-ʩʝʨʝʜʥʽʭ ʜʣʷ ʛʦʨʠʟʦʥʪʽʚ ʧʨʦʛʥʦʟʫ 1, 3 

ʪʘ 7 ʜʥʽʚ ʚʽʜʧʦʚʽʜʥʦ. 
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ʘ) ʙ) 

 
ʚ) 

ʈʠʩ. 3.13. ʏʘʩʦʚʽ ʟʘʣʝʞʥʦʩʪʽ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʦʪʨʠʤʘʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʤʝʪʦʜʘʤʠ KNN ʪʘ KNN+k-means ʜʣʷ ʛʦʨʠʟʦʥʪʫ ʧʨʦʛʥʦʟʫ: ʥʘ 

ʜʦʙʫ (ʘ); ʥʘ ʪʨʠ ʜʦʙʠ (ʙ); ʥʘ ʩʽʤ ʜʽʙ (ʚ) 

 

ʄʝʪʦʜ ʦʙôʻʜʥʘʥʥʷ ʥʘʡʙʣʠʞʯʠʭ ʩʫʩʽʜʽʚ ʪʘ ʢʣʘʩʪʝʨʠʟʘʮʽʾ k-ʩʝʨʝʜʥʽʭ ʜʦʟʚʦʣʷʻ 

ʜʦʩʷʛʪʠ ʙʽʣʴʰʦʾ ʪʦʯʥʦʩʪʽ ʧʦʨʽʚʥʷʥʦ ʟ ʢʣʘʩʠʯʥʠʤ ʤʝʪʦʜʦʤ ʥʘʡʙʣʠʞʯʠʭ ʩʫʩʽʜʽʚ: 

ʧʦʭʠʙʢʠ MSE, RMSE, MAPE, MAE ʟʤʝʥʰʠʣʠʩʴ ʥʘ 0,5348, 0,2265, 0,38%, 0,1448 

ʚʽʜʧʦʚʽʜʥʦ ʧʨʠ ʧʨʦʛʥʦʟʽ ʥʘ 24 ʛʦʜʠʥʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʘʥʦ ʤʦʜʝʣʴ ʧʨʦʛʥʦʟʫ, 

ʷʢʘ ʤʘʻ ʧʦʭʠʙʢʠ MSE = 1,1396, RMSE = 1,0675, MAPE = 4,22%, MAE = 0,4332 

ʚʽʜʧʦʚʽʜʥʦ ʧʨʠ ʛʦʨʠʟʦʥʪʽ ʧʨʦʛʥʦʟʫ 24 ʛʦʜʠʥʠ. 

ɼʣʷ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʤʝʪʦʜʫ ʦʙôʻʜʥʘʥʥʷ ʥʘʡʙʣʠʞʯʠʭ ʩʫʩʽʜʽʚ ʪʘ 

ʢʣʘʩʪʝʨʠʟʘʮʽʾ k-ʩʝʨʝʜʥʽʭ ʩʪʚʦʨʝʥʫ ʤʦʜʝʣʴ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʟ ʩʦʥʷʯʥʦʶ 
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ʙʘʪʘʨʝʻʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʧʘʢʝʪʫ Matlab R2020a Simulink®, ʩʭʝʤʘ ʷʢʦʾ 

ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 3.14. 

 

ʈʠʩ. 3.14. ʉʭʝʤʘ ʤʦʜʝʣʽ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʟ ʩʦʥʷʯʥʦʶ ʙʘʪʘʨʝʻʶ 

 

ʅʘ ʚʭʽʜ ʩʦʥʷʯʥʦʾ ʙʘʪʘʨʝʾ ʧʦʜʘʶʪʴʩʷ ʟʥʘʯʝʥʥʷ ʧʦʛʦʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʟʘʛʘʣʴʥʦʛʦ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʯʝʨʝʟ ʙʣʦʢʠ Scenario. ɹʣʦʢ ʩʦʥʷʯʥʦʾ ʙʘʪʘʨʝʾ ʤʘʻ ʥʘʩʪʫʧʥʽ ʧʘʨʘʤʝʪʨʠ, 

ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 3.15. 

 

ʈʠʩ. 3.15. ʇʘʨʘʤʝʪʨʠ ʩʦʥʷʯʥʦʾ ʙʘʪʘʨʝʾ 

 

ʄʦʜʝʣʴ ʩʭʝʤʠ ʙʣʦʢʫ ʢʝʨʫʚʘʥʥʷ ʢʣʶʯʝʤ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʧʦʩʪʽʡʥʦʾ ʥʘʧʨʫʛʠ 

ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 3.15. ɼʣʷ ʚʽʜʙʦʨʫ ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʟ ʩʦʥʷʯʥʦʾ ʧʘʥʝʣʽ 
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ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʘʣʛʦʨʠʪʤ ʢʝʨʫʚʘʥʥʷ ʢʣʶʯʝʤ ʱʦ ʤʘʻ ʥʘʟʚʫ ʟʙʫʨʝʥʥʷ ʪʘ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ (ʘʥʛʣ. Perturb and Observe). 

 

ʈʠʩ. 3.16. ʄʦʜʝʣʴ ʩʭʝʤʠ ʙʣʦʢʫ ʢʝʨʫʚʘʥʥʷ ʢʣʶʯʝʤ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʧʦʩʪʽʡʥʦʾ 

ʥʘʧʨʫʛʠ 

 

ʅʘ ʨʠʩ. 3.17 ʧʦʢʘʟʘʥʦ ʯʘʩʦʚʽ ʟʘʣʝʞʥʦʩʪʽ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʚʭʦʜʽ ʪʘ ʚʠʭʦʜʽ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʷʢ ʨʝʟʫʣʴʪʘʪ ʤʦʜʝʣʶʚʘʥʥʷ ʡʦʛʦ ʨʦʙʦʪʠ ʚʧʨʦʜʦʚʞ ʦʜʥʦʛʦ ʜʥʷ. 

ɺʽʜʥʦʰʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʚʠʭʦʜʽ ʜʦ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʚʭʦʜʽ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʩʢʣʘʜʘʻ 

0,985. 

 

ʈʠʩ. 3.17. ʏʘʩʦʚʽ ʟʘʣʝʞʥʦʩʪʽ ʚʭʽʜʥʦʾ ʪʘ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʧʝʨʝʪʚʦʨʶʚʘʯʘ 

 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʦʯʥʦʩʪʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʠʤ ʤʝʪʦʜʦʤ 

ʦʙôʻʜʥʘʥʥʷ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʪʘ ʤʝʪʦʜʫ ʥʘʡʙʣʠʞʯʠʭ ʩʫʩʽʜʽʚ ʥʘ ʚʭʽʜ ʙʣʦʢʫ ʩʦʥʷʯʥʦʾ 

ʙʘʪʘʨʝʾ ʧʦʜʘʥʦ ʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʧʽʩʣʷ ʯʦʛʦ ʟʥʘʯʝʥʥʷ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʪʘ 
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ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʜʠʩʢʨʝʪʠʟʫʚʘʣʠʩʷ. ɺ ʨʝʟʫʣʴʪʘʪʽ 

ʥʘ ʢʦʞʥʽ 24 ʛʦʜʠʥʠ ʦʪʨʠʤʫʻʪʴʩʷ 276 ʩʧʦʩʪʝʨʝʞʝʥʴ. ɹʫʣʦ ʥʘʢʦʧʠʯʝʥʦ 

ʩʧʦʩʪʝʨʝʞʝʥʥ ̫ʟʘ 30 ʜʥʽʚ, ʘ ʪʘʢʦʞ ʟʙʝʨʝʞʝʥʦ ʪʨʠ ʜʥʽ ʚ ʷʢʦʩʪʽ ʢʦʥʪʨʦʣʴʥʦʾ ʛʨʫʧʠ, 

ʜʝ ʢʦʞʝʥ ʜʝʥʴ ʚʽʜʧʦʚʽʜʘʻ ʦʜʥʽʡ ʟ ʪʨʴʦʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ: ʷʩʥʠʡ ʜʝʥʴ ʙʝʟ ʭʤʘʨʥʦʩʪʽ, 

ʥʝʚʝʣʠʢʽ ʭʤʘʨʠ, ʚʝʣʠʢʽ ʧʝʨʝʰʢʦʜʠ ʜʣʷ ʧʨʦʭʦʜʞʝʥʥʷ ʩʦʥʷʯʥʠʭ ʧʨʦʤʝʥʽʚ. ɻʨʘʬʽʢʠ 

ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʩʦʥʷʯʥʦʾ ʙʘʪʘʨʝʾ ʜʣʷ ʢʦʥʪʨʦʣʴʥʠʭ ʜʥʽʚ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 3.18. 

  
ʘ) ʙ) 

 
ʚ) 

ʈʠʩ. 3.18. ɻʨʘʬʽʢʠ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʚʠʭʦʜʽ ʩʦʥʷʯʥʦʾ ʙʘʪʘʨʝʾ ʜʣʷ: ʷʩʥʦʛʦ ʜʥ ̫(ʘ); 

ʜʥʷ ʟ ʥʝʚʝʣʠʢʠʤ ʭʤʘʨʘʤʠ (ʙ); ʜʥʷ ʟ ʚʝʣʠʢʠʤʠ ʧʝʨʝʰʢʦʜʘʤʠ ʜʣʷ ʧʨʦʭʦʜʞʝʥʥʷ 

ʩʦʥʷʯʥʠʭ ʧʨʦʤʝʥʽʚ (ʚ) 

 

ʇʽʩʣʷ ʥʘʢʦʧʠʯʝʥʥʷ ʜʘʥʠʭ ʙʫʣʦ ʧʦʩʪʫʧʦʚʦ ʧʨʦʚʝʜʝʥʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʧʝʨʝʪʚʦʨʶʚʘʯʘ, ʜʝ ʪʨʝʥʫʚʘʣʴʥʘ ʛʨʫʧʘ ʙʫʣʘ ʧʦʩʪʫʧʦʚʦ 

ʟʙʽʣʴʰʝʥʘ ʟ ʢʨʦʢʦʤ ʚ ʦʜʠʥ ʜʝʥʴ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʙʨʦʙʢʠ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʙʫʣʦ 

ʚʠʚʝʜʝʥʦ ʥʘʩʪʫʧʥʫ ʟʘʣʝʞʥʽʩʪʴ, ʱʦ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 3.19 ʤʽʞ ʪʦʯʥʽʩʪʶ 



 

174 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʦʙôʻʜʥʘʥʥʷ ʥʘʡʙʣʠʞʯʠʭ ʩʫʩʽʜʽʚ ʪʘ 

ʢʣʘʩʪʝʨʠʟʘʮʽʾ k-ʩʝʨʝʜʥʽʭ ʽ ʢʽʣʴʢʽʩʪʶ ʜʥʽʚ ʚ ʪʨʝʥʫʚʘʣʴʥʽʡ ʛʨʫʧʽ. 

  
ʘ) ʙ) 

 
ʚ) 

ʈʠʩ. 3.19. ɻʨʘʬʽʢʠ ʟʘʣʝʞʥʦʩʪʽ ʘʙʩʦʣʶʪʥʦʾ ʧʦʭʠʙʢʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʽʜ 

ʢʽʣʴʢʦʩʪʽ ʜʥʽʚ ʜʣʷ ʷʩʥʦʛʦ ʜʥʷ (ʘ); ʜʥʷ ʟ ʥʝʚʝʣʠʢʠʤ ʭʤʘʨʘʤʠ (ʙ); ʜʥʷ ʟ 

ʚʝʣʠʢʠʤʠ ʧʝʨʝʰʢʦʜʘʤʠ ʜʣʷ ʧʨʦʭʦʜʞʝʥʥʷ ʩʦʥʷʯʥʠʭ ʧʨʦʤʝʥʽʚ (ʚ) 

 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 3.19, ʧʽʩʣʷ ʧʝʚʥʦʾ ʢʽʣʴʢʦʩʪʽ ʜʥʽʚ ʚ ʪʨʝʥʫʚʘʣʴʥʽʡ ʛʨʫʧʽ 

ʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʾ ʚʽʜʥʦʩʥʦʾ ʧʦʭʠʙʢʠ ʥʝ ʟʤʽʥʶʻʪʴʩʷ. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ 

ʢʦʣʠ ʙʽʣʷ ʪʦʯʢʠ, ʜʣʷ ʷʢʦʾ ʨʦʙʠʪʴʩʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʟôʷʚʣʷʶʪʴʩʷ ʩʫʩʽʜʠ, ʱʦ ʜʘʶʪʴ 

ʤʽʥʽʤʘʣʴʥʫ ʧʦʭʠʙʢʫ, ʩʢʽʣʴʢʠ ʙ ʥʝ ʙʫʣʦ ʜʦʜʘʥʦ ʜʥʽʚ ʜʦ ʪʨʝʥʫʚʘʣʴʥʦʾ ʛʨʫʧʠ, ʧʦʢʠ 

ʥʝ ʟôʷʚʣʷʪʴʩʷ ʩʫʩʽʜʠ ʙʣʠʞʯʽ ʟʘ ʧʦʧʝʨʝʜʥʽ, ʟʥʘʯʝʥʥʷ ʧʦʭʠʙʠ ʥʝ ʟʤʽʥʠʪʴʩʷ. ʗʢ 

ʧʨʠʢʣʘʜ, ʥʘ ʨʠʩ. 3.19, ʘ ʟʥʘʯʝʥʥʷ ʧʦʭʠʙʢʠ ʥʝʟʤʽʥʥʝ ʧʽʩʣʷ 5 ʜʥʽʚ ʚ ʪʨʝʥʫʚʘʣʴʥʽʡ 

ʛʨʫʧʽ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʢʦʞʝʥ ʜʝʥʴ ʧʽʩʣʷ ʚʦʩʴʤʦʛʦ ʥʝ ʜʦʜʘʚ ʜʦ ʪʨʝʥʫʚʘʣʴʥʦʾ ʛʨʫʧʠ 

ʙʣʠʞʯʠʭ ʩʫʩʽʜʽʚ ʜʦ ʪʦʯʦʢ ʧʨʦʛʥʦʟʫʚʘʥʥʷ. ɼʣʷ ʚʠʧʘʜʢʫ ʨʠʩ 3.19, ʙ ʮʷ ʢʽʣʴʢʽʩʪʴ 

ʜʥʽʚ ʙʫʣʘ 8. ɼʣʷ ʜʥʷ ʟ ʟʥʘʯʥʠʤʠ ʧʝʨʝʰʢʦʜʘʤʠ ʜʣʷ ʩʦʥʷʯʥʦʛʦ ʩʚʽʪʣʘ ʥʘ ʝʪʘʧʽ 
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ʢʽʣʴʢʦʩʪʽ ʜʥʽʚ ʚʽʜ 6 ʜʦ 9 ʧʦʭʠʙʢʘ ʙʫʣʘ ʥʝʟʤʽʥʥʦʶ, ʘʣʝ ʧʦʪʽʤ ʤʽʥʽʤʘʣʴʥʘ ʧʦʭʠʙʢʘ 

ʙʫʣʘ ʧʽʩʣʷ 12-ʛʦ ʜʥʷ. ʉʝʨʝʜʥʷ ʚʽʜʥʦʩʥʘ ʧʦʭʠʙʢʘ ʜʣʷ ʷʩʥʦʛʦ ʜʥʷ ʩʢʣʘʜʘʻ 3.9%, ʜʣʷ 

ʜʥʷ ʟ ʥʝʚʝʣʠʢʠʤʠ ʭʤʘʨʘʤʠ 5.1%, ʜʣʷ ʜʥʷ ʟ ʟʥʘʯʥʠʤʠ ʧʝʨʝʰʢʦʜʘʤʠ ʜʣʷ ʩʦʥʷʯʥʦʛʦ 

ʩʚʽʪʣʘ ʧʦʭʠʙʢʘ ʩʢʣʘʣʘ 9.41%. 

 

3.4. ʇʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʨʦʟʨʘʭʫʥʢʫ 

ʝʥʪʨʦʧʽʡʥʦʾ ʜʠʚʝʨʛʝʥʮʽʾ 

 

 ʃʦʢʘʣʴʥʘ ʩʠʩʪʝʤʘ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʷʢ ʩʢʣʘʜʥʘ ʩʪʘʪʠʩʪʠʯʥʘ ʚʽʜʢʨʠʪʘ 

ʤʘʢʨʦʩʠʩʪʝʤʘ [192 ï 196] ʻ ʘʧʨʽʦʨʥʦ ʥʝʦʜʥʦʨʽʜʥʦʶ ʟʘ ʽʤʦʚʽʨʥʽʩʪʶ, ʪʦʙʪʦ ʩʪʘʥʠ, 

ʚ ʷʢʽ ʚʦʥʘ ʧʝʨʝʭʦʜʠʪʴ ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʥʠ ʟʘʜʘʶʯʠʭ ʚʧʣʠʚʽʚ ʪʘ ʟʘ ʨʘʭʫʥʦʢ ʢʝʨʫʚʘʥʥʷ 

ʟʤʽʥʦʶ ʩʪʘʥʽʚ ʧʨʠʩʪʨʦʾʚ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʻ 

ʥʝʨʽʚʥʦʽʤʦʚʽʨʥʠʤʠ, ʽ ʦʢʨʝʤʦ ʚʟʷʪʠʡ ʝʣʝʤʝʥʪ ʤʦʞʝ ʤʘʪʠ ʨʽʟʥʫ ʚʠʭʽʜʥʫ ʽʤʦʚʽʨʥʽʩʪʴ 

ʟʘʩʝʣʝʥʥʷ ʙʫʜʴ-ʷʢʦʾ ʢʦʤʽʨʢʠ ʬʘʟʦʚʦʛʦ ʧʨʦʩʪʦʨʫ. ʇʨʠʯʠʥʘʤʠ ʥʝʩʠʤʝʪʨʠʯʥʦʩʪʽ 

ʫʤʦʚ ʨʦʟʤʽʱʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʻ ʥʘʷʚʥʽʩʪʴ ʜʝʢʽʣʴʢʦʭ ʽʩʥʫʶʯʠʭ ʧʘʨʘʣʝʣʴʥʦ 

ʨʦʟʧʦʜʽʣʽʚ (ʛʝʥʝʨʘʮʽʾ ʘʙʦ ʩʧʦʞʠʚʘʥʥʷ), ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʨʦʮʝʩ, ʱʦ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ [197]. ʆʩʢʽʣʴʢʠ ʜʣʷ ʩʠʩʪʝʤ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʦʩʥʦʚʥʠʡ ʧʦʩʪʫʣʘʪ 

ʩʪʘʪʠʩʪʠʯʥʦʾ ʤʝʭʘʥʽʢʠ ï ʧʦʩʪʫʣʘʪ ʨʽʚʥʦʾ ʘʧʨʽʦʨʥʦʾ ʽʤʦʚʽʨʥʦʩʪʽ ʤʽʢʨʦʩʪʘʥʽʚ ï ʥʝ 

ʜʽʻ, ʪʦʤʫ ʨʦʣʴ ʝʥʪʨʦʧʽʾ, ʷʢ ʬʫʥʢʮʽʾ, ʱʦ ʦʜʥʦʟʥʘʯʥʦ ʚʽʜʦʙʨʘʞʘʻ ʽʤʦʚʽʨʥʽʩʪʴ 

ʤʘʢʨʦʩʪʘʥʫ, ʚʠʢʦʥʫʻ ʙʽʣʴʰ ʟʘʛʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ï ʝʥʪʨʦʧʽʡʥʘ ʜʠʚʝʨʛʝʥʮʽʷ 

[198], ʱʦ ʻ ʟʨʫʯʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʘʥʘʣʽʟʫ ʩʪʘʪʠʩʪʠʯʥʦʾ ʚʟʘʻʤʦʜʽʾ ʝʣʝʤʝʥʪʽʚ 

ʩʠʩʪʝʤ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ. 

ʇʨʠʥʮʠʧ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʥʷʪʪʷ ʝʥʪʨʦʧʽʡʥʦʾ ʜʠʚʝʨʛʝʥʮʽʾ ʫʩʧʽʰʥʦ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʘʥʘʣʽʟʫ ʬʽʟʠʯʥʠʭ ʤʘʢʨʦʩʠʩʪʝʤ, ʽ ʤʦʞʝ ʙʫʪʠ ʧʦʰʠʨʝʥʠʡ ʜʣʷ 

ʝʥʪʨʦʧʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʣʦʢʘʣʴʥʠʭ ʩʠʩʪʝʤ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ, ʨʦʟʛʣʷʜʘʶʯʠ 

ʝʥʪʨʦʧʽʡʥʫ ʜʠʚʝʨʛʝʥʮʽʶ ʷʢ ʬʫʥʢʮʽʶ, ʱʦ ʚʨʘʭʦʚʫʻ ʥʝ ʪʽʣʴʢʠ ʨʽʚʥʦʤʽʨʥʠʡ (ʷʢ 

ʝʥʪʨʦʧʽʷ ɹʦʣʴʮʤʘʥʘ), ʘʣʝ ʡ ï ʜʦʚʽʣʴʥʠʡ ʭʘʨʘʢʪʝʨ ʨʦʟʧʦʜʽʣʫ ʘʧʨʽʦʨʥʦʾ 

ʽʤʦʚʽʨʥʦʩʪʽ. 

ʈʦʟʧʦʜʽʣ ʥʦʩʽʾʚ ʪʘ ʨʝʩʫʨʩʽʚ ʚ ʣʦʢʘʣʴʥʽʡ ʩʠʩʪʝʤʽ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ. 

ʅʝʭʘʡ ʣʦʢʘʣʴʥʘ ʩʠʩʪʝʤʘ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʧʽʜʩʠʩʪʝʤ: 
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ʧʽʜʩʠʩʪʝʤʠ ʛʝʥʝʨʘʮʽʾ ʟ ʢʽʣʴʢʽʩʪʶ çʥʦʩʽʾʚè-ʛʝʥʝʨʘʪʦʨʽʚ 
GN ; ʪʘ ʧʽʜʩʠʩʪʝʤʠ 

ʩʧʦʞʠʚʘʥʥʷ ʟ ʢʽʣʴʢʽʩʪʶ çʥʦʩʽʾʚè-ʩʧʦʞʠʚʘʯʽʚ 
LN  (ʨʠʩ. 3.20). ɺ ʢʦʞʥʽʡ ʧʽʜʩʠʩʪʝʤʽ 

ʥʝʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʘ ʢʽʣʴʢʽʩʪʴ E  çʨʝʩʫʨʩʽʚè ï ʝʥʝʨʛʽʾ. ʆʢʨʝʤʦ ʚʟʷʪʦʤʫ 

ʥʦʩʽʶ ʚʣʘʩʪʠʚʘ ʽʥʜʠʚʽʜʫʘʣʴʥʘ ʧʦʨʮʽʷ ʨʝʩʫʨʩʽʚ e , ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ 

ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ ʩʪʘʥ ʥʦʩʽʷ: ʦʢʨʝʤʠʡ ʛʝʥʝʨʘʪʦʨ ʛʝʥʝʨʫʻ ʢʽʣʴʢʽʩʪʴ ʝʥʝʨʛʽʾ Ge, ʘ 

ʦʢʨʝʤʠʡ ʩʧʦʞʠʚʘʯ ï ʩʧʦʞʠʚʘʻ ʢʽʣʴʢʽʩʪʴ ʝʥʝʨʛʽʾ 
Le. ʄʥʦʞʠʥʘ ʚʩʽʭ ʤʦʞʣʠʚʠʭ 

ʩʪʘʥʽʚ ʥʦʩʽʷ ʫʪʚʦʨʶʻ ʧʨʦʩʪʽʨ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʩʪʘʥʽʚ. ʗʢʱʦ ʚʽʥ ʜʠʩʢʨʝʪʥʠʡ, ʪʦ 

ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ ʩʪʘʥ ʷʚʣʷʻ ʩʦʙʦʶ ʢʦʤʽʨʢʫ ʜʘʥʦʛʦ ʧʨʦʩʪʦʨʫ. ɼʣʷ ʛʝʥʝʨʘʪʦʨʽʚ 

ʝʥʝʨʛʽʾ ʜʽʘʧʘʟʦʥ ʟʤʽʥʠ ʢʦʦʨʜʠʥʘʪʠ Ge  ʨʦʟʽʙôʻʤʦ ʥʘ GM  ʽʥʪʝʨʚʘʣʽʚ (ʢʦʤʽʨʦʢ) 

ʤʘʣʦʛʦ ʨʦʟʤʽʨʫ ȹGe  ʟʽ ʟʥʘʯʝʥʥʷʤʠ 1Ge , 2Ge , é, 
GGMe . ɼʝʷʢʽʡ -̔ʡ ʢʦʤʽʨʮʽ 

ʚʽʜʧʦʚʽʜʘʻ ʢʽʣʴʢʽʩʪʴ 
Gin  çʥʦʩʽʾʚ-ʛʝʥʝʨʘʪʦʨʽʚè ʟ ʦʜʥʘʢʦʚʦʶ ʽʥʜʠʚʽʜʫʘʣʴʥʦʶ 

ʧʦʨʮʽʻʶ çʨʝʩʫʨʩʫ ʛʝʥʝʨʘʮʽʾè Gie  ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʦʙôʻʤ çʨʝʩʫʨʩʽʚ ʛʝʥʝʨʘʮʽʾè 

Gi Gi GiE n e= Ö . ɸʥʘʣʦʛʽʯʥʦ ʜʣʷ ʩʧʦʞʠʚʘʯʽʚ ʜʽʘʧʘʟʦʥ ʟʤʽʥʠ ʢʦʦʨʜʠʥʘʪʠ Le 

ʨʦʟʽʙôʻʤʦ ʥʘ 
LM  ʽʥʪʝʨʚʘʣʽʚ (ʢʦʤʽʨʦʢ) ʤʘʣʦʛʦ ʨʦʟʤʽʨʫ ȹ Le ʟʽ ʟʥʘʯʝʥʥʷʤʠ 

1Le , 
2Le

, é, 
LLMe . ɼʝʷʢʽʡ j-ʡ ʢʦʤʽʨʮʽ ʚʽʜʧʦʚʽʜʘʻ ʢʽʣʴʢʽʩʪʴ 

Ljn  çʥʦʩʽʾʚ-ʩʧʦʞʠʚʘʯʽʚè ʟ 

ʦʜʥʘʢʦʚʦʶ ʽʥʜʠʚʽʜʫʘʣʴʥʦʶ ʧʦʨʮʽʻʶ çʨʝʩʫʨʩʫ ʩʧʦʞʠʚʘʥʥʷè 
Lje  ʽ, ʚʽʜʧʦʚʽʜʥʦ, 

ʦʙôʻʤ çʨʝʩʫʨʩʽʚ ʩʧʦʞʠʚʘʥʥʷè 
Lj Lj LjE n e= Ö. 

ɿ ʚʨʘʭʫʚʘʥʥʷʤ ʧʨʠʡʥʷʪʠʭ ʧʦʟʥʘʯʝʥʴ ʟʘʧʠʰʝʤʦ ʨʽʚʥʷʥʥʷ ʙʘʣʘʥʩʽʚ çʥʦʩʽʾʚè 

ʪʘ çʨʝʩʫʨʩʽʚè ʜʣʷ ʧʽʜʩʠʩʪʝʤ ʣʦʢʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ: 

1) ʙʘʣʘʥʩ çʥʦʩʽʾʚè 

 
1

GM

Gi G

i

n N
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=ä , 
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j

n N
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=ä , 

 2) ʙʘʣʘʥʩ çʨʝʩʫʨʩʽʚè 

 
1 1

G GM M

Gi Gi Gi G

i i

E n Ee
= =

= Ö =ä ä , 
1 1

L LM M

Lj Lj Lj L

j j

E n Ee
= =

= Ö =ä ä , G LE E= , 

ʜʝ 
GG GM GM e e= D  ï ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʢʦʤʽʨʦʢ ʛʝʥʝʨʘʮʽʾ, GeD  ï ʦʙʨʘʥʠʡ 

ʬʽʢʩʦʚʘʥʠʡ ʨʦʟʤʽʨ ʢʦʤʽʨʢʠ ʛʝʥʝʨʘʮʽʾ; 
GGMe  ï ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʢʦʦʨʜʠʥʘʪʠ 

ʫ ʧʨʦʩʪʦʨʽ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʩʪʘʥʽʚ ʛʝʥʝʨʘʮʽʾ; 
LL LM LM e e= D  ï ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ 
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ʢʦʤʽʨʦʢ ʩʧʦʞʠʚʘʥʥʷ, 
LeD  ï ʦʙʨʘʥʠʡ ʬʽʢʩʦʚʘʥʠʡ ʨʦʟʤʽʨ ʢʦʤʽʨʢʠ ʩʧʦʞʠʚʘʥʥʷ; 

LLMe  ï ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʢʦʦʨʜʠʥʘʪʠ ʫ ʧʨʦʩʪʦʨʽ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʩʪʘʥʽʚ 

ʩʧʦʞʠʚʘʥʥʷ. 

 

ʈʠʩ. 3.20. ʈʦʟʧʦʜʽʣ çʥʦʩʽʾʚè ʪʘ çʨʝʩʫʨʩʽʚè ʫ ʧʽʜʩʠʩʪʝʤʘʭ ʛʝʥʝʨʘʮʽʾ ʪʘ 

ʩʧʦʞʠʚʘʥʥʷ ʣʦʢʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ 

 

 ɽʬʝʢʪʠʚʥʘ ʨʦʙʦʪʘ ʣʦʢʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 

ʰʣʷʭʦʤ ʚʠʢʦʥʘʥʥʷ ʙʘʣʘʥʩʽʚ çʥʦʩʽʾʚè, çʨʝʩʫʨʩʽʚè ʪʘ ʝʥʝʨʛʽʾ ʫ ʢʦʞʥʠʡ ʢʦʥʢʨʝʪʥʠʡ 

ʤʦʤʝʥʪ ʯʘʩʫ. ʇʨʠ ʮʴʦʤʫ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʚ ʣʦʢʘʣʴʥʽʡ ʩʠʩʪʝʤʽ 

ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʟ ʜʦʚʽʣʴʥʦʶ ʢʽʣʴʢʽʩʪʶ ʜʞʝʨʝʣ ʪʘ ʥʘʚʘʥʪʘʞʝʥʴ ʨʦʟʧʦʜʽʣ ʷʢ 

ʨʝʩʫʨʩʽʚ ʛʝʥʝʨʘʮʽʾ, ʪʘʢ ʽ ʨʝʩʫʨʩʽʚ ʩʧʦʞʠʚʘʥʥʷ ʻ ʟʤʽʥʥʠʤ ʫ ʯʘʩʽ. 

ɯʤʦʚʽʨʥʦʩʪʽ ʤʽʢʨʦ- ʪʘ ʤʘʢʨʦʩʪʘʥʽʚ ʣʦʢʘʣʴʥʦʾ ʩʠʩʪʝʤʠ 

ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ. ɿʘ ʨʘʭʫʥʦʢ ʟʤʽʥʠ ʟʘʜʘʶʯʠʭ ʚʧʣʠʚʽʚ ʪʘ ʢʝʨʫʚʘʥʥʷ ʟʤʽʥʦʶ 
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ʩʪʘʥʽʚ ʧʨʠʩʪʨʦʾʚ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʾʭ ʪʝʭʥʽʯʥʠʭ 

ʩʠʩʪʝʤ ʟʘ: 1) ʨʝʞʠʤʘʤʠ ʨʦʙʦʪʠ; 2) ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʠʩʪʨʦʾʚ; 3) ʩʪʽʡʢʽʩʪʶ; 

4) ʧʨʠʡʥʷʪʪʷʤ ʨʽʰʝʥʴ ʱʦʜʦ ʨʽʚʥʷ ʢʦʤʬʦʨʪʫ, ʣʦʢʘʣʴʥʘ ʩʠʩʪʝʤʘ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ 

ʧʝʨʝʭʦʜʠʪʴ ʫ ʥʦʚʠʡ ʤʽʢʨʦʩʪʘʥ ï ʤʦʞʣʠʚʫ ʢʦʤʙʽʥʘʮʽʶ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʩʪʘʥʽʚ 

ʧʦʚʥʦʾ ʤʥʦʞʠʥʠ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ. ʇʨʠ ʟʤʽʥʽ ʩʪʘʥʽʚ ʣʦʢʘʣʴʥʠʭ ʩʠʩʪʝʤ 

ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʟʘ: 1) ʧʨʠʡʥʷʪʪʷʤ ʨʽʰʝʥʴ ʱʦʜʦ ʩʪʘʥʽʚ ʚʫʟʣʽʚ, ʟʚôʷʟʢʽʚ, ʪʘʨʠʬʽʚ; 

2) ʢʝʨʫʚʘʥʥʷʤ ʩʪʘʥʦʤ ʚʫʟʣʽʚ, ʟʚôʷʟʢʽʚ, ʪʘʨʠʬʽʚ; 3) ʟʘʙʦʨʦʥʦʶ ʥʘ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʴ, ʣʦʢʘʣʴʥʘ ʩʠʩʪʝʤʘ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʧʝʨʝʭʦʜʠʪʴ ʫ ʥʦʚʠʡ ʤʘʢʨʦʩʪʘʥ ï 

ʤʥʦʞʠʥʫ ʚʽʜʤʽʥʥʠʭ ʤʽʢʨʦʩʪʘʥʽʚ, ʱʦ ʚʽʜʪʚʦʨʶʶʪʴ ʽʜʝʥʪʠʯʥʽ ʢʦʥʪʨʦʣʴʦʚʘʥʽ 

ʤʘʢʨʦʩʢʦʧʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤʠ. 

ʅʝʭʘʡ Gkʈ : { }1 2, , ,
GG k G k Gʄ kʨ ʨ ʨ» , 

1

1
Gʄ

Gʽk

ʽ

ʨ
=

=ä  ï ʤʥʦʞʠʥʘ ʘʧʨʽʦʨʥʠʭ 

ʽʤʦʚʽʨʥʦʩʪʝʡ ʨʦʟʤʽʱʝʥʥʷ ʦʜʥʦʛʦ (ʧʝʨʰʦʛʦ) ʛʝʥʝʨʘʪʦʨʘ ʟ 
GN  ʛʝʥʝʨʘʪʦʨʽʚ ʩʝʨʝʜ 

GM  ʢʦʤʽʨʦʢ ʥʘ k-ʤʫ ʽʥʪʝʨʚʘʣʽ. ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʚʚʘʞʘʻʤʦ, ʱʦ ʨʦʟʤʽʱʝʥʥʷ 

ʢʦʞʥʦʛʦ ʥʘʩʪʫʧʥʦʛʦ ʝʣʝʤʝʥʪʘ ʻ ʥʝʟʘʣʝʞʥʦʶ ʧʦʜʽʻʶ. ɼʝʢʘʨʪʦʚʠʡ ʜʦʙʫʪʦʢ 

G

G

N

N

Gk Gk Gk Gkʈ ʈ ʈ P³ ³ ³ = ʤʽʩʪʠʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʽʤʦʚʽʨʥʽʩʪʴ ʙʫʜʴ-ʷʢʦʾ ʟ GN

GM  

ʢʦʤʙʽʥʘʮʽʡ ʩʫʤʽʩʥʦʛʦ ʨʦʟʤʽʱʝʥʥʷ GN  ʛʝʥʝʨʘʪʦʨʽʚ ʩʝʨʝʜ GM  ʢʦʤʽʨʦʢ. ɰʭ ʧʦʚʥʠʡ 

ʥʘʙʽʨ ʚʠʟʥʘʯʘʻ ʤʥʦʞʠʥʫ ʽʤʦʚʽʨʥʦʩʪʝʡ ʚʩʽʭ ʤʦʞʣʠʚʠʭ ʤʽʢʨʦʩʪʘʥʽʚ ʧʽʜʩʠʩʪʝʤʠ 

ʛʝʥʝʨʘʮʽʾ ʝʥʝʨʛʽʾ. 

ɸʥʘʣʦʛʽʯʥʦ ʽ ʜʣʷ ʧʽʜʩʠʩʪʝʤʠ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʥʘ l-ʤʫ ʽʥʪʝʨʚʘʣʽ: ʧʦʚʥʠʡ 

ʥʘʙʽʨ ʜʝʢʘʨʪʦʚʠʭ ʜʦʙʫʪʢʽʚ 

L

L

N

N

Ll Ll Ll Llʈ ʈ ʈ P³ ³ ³ =, ʜʝ Llʈ : { }1 2, , ,
LL l L l Lʄ lʨ ʨ ʨ» , 

1
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Lʄ

Ljl

j

ʨ
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=ä  ï ʤʥʦʞʠʥʘ ʘʧʨʽʦʨʥʠʭ ʽʤʦʚʽʨʥʦʩʪʝʡ ʨʦʟʤʽʱʝʥʥʷ ʦʜʥʦʛʦ (ʧʝʨʰʦʛʦ) 

ʩʧʦʞʠʚʘʯʘ ʟ LN  ʩʧʦʞʠʚʘʯʽʚ ʩʝʨʝʜ LM  ʢʦʤʽʨʦʢ, ʚʠʟʥʘʯʘʻ ʤʥʦʞʠʥʫ ʽʤʦʚʽʨʥʦʩʪʝʡ 

ʚʩʽʭ ʤʦʞʣʠʚʠʭ ʤʽʢʨʦʩʪʘʥʽʚ ʧʽʜʩʠʩʪʝʤʠ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ. 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ GN  ʝʣʝʤʝʥʪʽʚ ʛʝʥʝʨʘʮʽʾ (1 2, ,
GG G GMn n n , 

1

GM

i G

i

n N
=

=ä ) ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʧʦ GM  ʢʦʤʽʨʢʘʤ, ʘ LN  ʝʣʝʤʝʥʪʽʚ ʩʧʦʞʠʚʘʥʥʷ                
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( 1 2, ,
LL L LMn n n , 

1

LM

j L

j

n N
=

=ä ) ï ʧʦ LM  ʢʦʤʽʨʢʘʤ, ʯʠʩʣʦ ʢʦʤʙʽʥʘʮʽʡ ʨʝʘʣʽʟʘʮʽʾ 

ʪʘʢʦʛʦ ʨʦʟʧʦʜʽʣʫ, ʪʦʙʪʦ ʩʪʘʪʠʩʪʠʯʥʘ ʚʘʛʘ ʢʦʞʥʦʛʦ ʤʘʢʨʦʩʪʘʥʫ ʧʽʜʩʠʩʪʝʤʠ 

ʛʝʥʝʨʘʮʽʾ ʪʘ ʩʧʦʞʠʚʘʥʥʷ, ʚʽʜʧʦʚʽʜʥʦ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

 ( )1

1

!
,

! !G

G

G
G G GM

G GM

N
W n n

n n
= , (3.23) 

 ( )1

1

!
,

! !L

L

L
L L LM

L LM

N
W n n

n n
= . (3.24) 

ɯʤʦʚʽʨʥʦʩʪʽ ʮʠʭ ʤʘʢʨʦʩʪʘʥʽʚ, ʚʽʜʧʦʚʽʜʥʦ, ʜʦʨʽʚʥʶʶʪʴ: 

 ( ) 1

1 1 1

1

!
, ; ,

! !

GMG G

G G G

G

nnG
G G GM G k GM k G k GM k

G GM

N
Q n n p p p p

n n
= Ö , (3.25) 

 ( ) 1

1 1 1

1

!
, ; ,

! !

LML L

L L L

L

nnL
L L LM L l LM l L l LM l

L LM

N
Q n n p p p p

n n
= Ö . (3.26) 

 ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʘʧʨʽʦʨʥʽ ʽʤʦʚʽʨʥʦʩʪʽ ʨʦʟʤʽʱʝʥʥʷ ʛʝʥʝʨʘʪʦʨʽʚ ʪʘ 

ʩʧʦʞʠʚʘʯʽʚ ʻ ʦʜʥʘʢʦʚʠʤʠ, 
1

Gik

G

p const
M

= = , 
1

Ljl

L

p const
M

= = , ʽʤʦʚʽʨʥʦʩʪʽ 

ʤʘʢʨʦʩʪʘʥʽʚ ʚʠʟʥʘʯʘʪʁʴʩʷ ʪʘʢ: 

 ( )1

1

! 1
,

! !G G

G

G
G G GM N

G GM G

N
Q n n

n n M
= Ö , (3.27) 

 ( )1

1

! 1
,

! !L L

L

L
L L LM N

L LM L

N
Q n n

n n M
= Ö . (3.28) 

ɯʤʦʚʽʨʥʦʩʪʽ ʤʽʢʨʦ- ʪʘ ʤʘʢʨʦʩʪʘʥʽʚ ʧʽʜʩʠʩʪʝʤ ʛʝʥʝʨʘʮʽʾ ʪʘ ʩʧʦʞʠʚʘʥʥʷ 

ʣʦʢʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʜʦʟʚʦʣʷʶʪʴ ʦʮʽʥʠʪʠ ʩʪʫʧʽʥʴ ʚʘʨʽʘʙʝʣʴʥʦʩʪʽ 

ʧʨʦʮʝʩʽʚ ʛʝʥʝʨʘʮʽʾ, ʩʧʦʞʠʚʘʥʥʷ ʪʘ ʥʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ. 

ɽʥʪʨʦʧʽʡʥʘ ʜʠʚʝʨʛʝʥʮʽʷ ʷʢ ʽʥʪʝʛʨʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʘʢʨʦʩʪʘʥʫ 

ʩʠʩʪʝʤʠ. ʗʢ ʜʣʷ çʥʦʩʽʾʚè-ʛʝʥʝʨʘʪʦʨʽʚ ʪʘʢ ʽ ʜʣʷ çʥʦʩʽʾʚè-ʩʧʦʞʠʚʘʯʽʚ ʟʘʧʠʰʝʤʦ 

ʚʠʨʘʟʠ ʝʥʪʨʦʧʽʡʥʦʾ ʜʠʚʝʨʛʝʥʮʽʾ dD  ʟʘ ɼʝʣʘʩʦʤ: 
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( )

( )1 1

1 1

1

ln , ; ,
, ; ,

ln ,

G G

G G

G

G GM G k GM k

dG G GM G k GM k

G

M

Gi G
Gik

i G G

Q n n p p
D n n p p

N

n S
p

N N=

-
= =

=- -ä

 (3.29) 

 
( )

( )1 1

1 1

1

ln , ; ,
, ; ,

ln ,

L L

L L

L

L LM L l LM l

dL L LM L l LM l

L

M
Lj L

Ljl

j L L

Q n n p p
D n n p p

N

n S
p

N N=

-
= =

=- -ä

 (3.30) 

1

ln
GM

G Gi Gi

iG G G

S n n

N N N=

=-ä , 
1

ln
LM

Lj LjL

jL L L

n nS

N N N=

=-ä , ʜʝ GS  ʪʘ LS  ï ʝʥʪʨʦʧʽʷ ɹʦʣʴʮʤʘʥʘ ʜʣʷ 

ʛʝʥʝʨʘʪʦʨʽʚ ʪʘ ʩʧʦʞʠʚʘʯʽʚ, ʚʽʜʧʦʚʽʜʥʦ. 

ʅʘʚʝʜʝʥʽ ʚʠʨʘʟʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʝʥʪʨʦʧʽʡʥʠʭ ʜʠʚʝʨʛʝʥʮʽʡ ʩʧʽʚʧʘʜʘʶʪʴ ʟ 

ʚʠʨʘʟʦʤ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʜʠʚʝʨʛʝʥʮʽʾ ʂʫʣʴʙʘʢʘ-ʃʝʡʙʣʝʨʘ [199], ʽ ʯʠʩʝʣʴʥʦ 

ʜʦʨʽʚʥʶʶʪʴ ʩʪʘʪʠʩʪʠʯʥʽʡ ʚʽʜʩʪʘʥʽ ʤʽʞ ʧʦʪʦʯʥʠʤʠ ʪʘ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʠʤʠ 

ʨʦʟʧʦʜʽʣʘʤʠ ʧʦʪʦʢʽʚ ʝʥʝʨʛʽʾ ʛʝʥʝʨʘʮʽʾ ʪʘ ʩʧʦʞʠʚʘʥʥʷ. 

ɼʣʷ ʚʠʧʘʜʢʫ ʨʽʚʥʠʭ ʘʧʨʽʦʨʥʠʭ ʽʤʦʚʽʨʥʦʩʪʝʡ ʝʥʪʨʦʧʽʡʥʽ ʜʠʚʝʨʛʝʥʮʽʾ ndD  

ʛʝʥʝʨʘʪʦʨʽʚ ʪʘ ʩʧʦʞʠʚʘʯʽʚ ï ʮʝ ʨʽʟʥʠʮʽ ʤʽʞ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʠʤʠ ʟʥʘʯʝʥʥʷʤʠ 

ʝʥʪʨʦʧʽʡ ʛʝʥʝʨʘʮʽʾ ln GM  ʪʘ ʩʧʦʞʠʚʘʥʥʷ ln LM , ʪʘ ʾʭ ʧʦʪʦʯʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ 

G
S N  ʪʘ L

S N : 

 ( )1 1, ; , ln
G G

G
ndG G GM G k GM k G

G

S
D n n p p M

N
= - , (3.31) 

 ( )1 1, ; , ln
L L

L
ndL L LM L l LM l L

L

S
D n n p p M

N
= - . (3.32) 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʘʢʩʠʤʫʤ ʝʥʪʨʦʧʽʡ ʛʝʥʝʨʘʮʽʾ ʪʘ ʩʧʦʞʠʚʘʥʥʷ ʚʽʜʧʦʚʽʜʘʻ 

ʤʽʥʽʤʫʤʫ ʝʥʪʨʦʧʽʡʥʠʭ ʜʠʚʝʨʛʝʥʮʽʡ. 

ʗʢʱʦ ʨʦʟʧʦʜʽʣ ʘʧʨʽʦʨʥʠʭ ʽʤʦʚʽʨʥʦʩʪʝʡ ʨʦʟʤʽʱʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʛʝʥʝʨʘʮʽʾ ʪʘ 

ʩʧʦʞʠʚʘʥʥʷ ʟʘʜʘʻʪʴʩʷ ʤʥʦʞʠʥʘʤʠ Gkʈ : { }1 2, , ,
GG k G k Gʄ kʨ ʨ ʨ»  ʪʘ Llʈ : 

{ }1 2, , ,
LL l L l Lʄ lʨ ʨ ʨ»  ʚʽʜʧʦʚʽʜʥʦ, ʪʦ ʟʘ ʫʤʦʚ 

1

GM

Gi G

i

n N
=

=ä , 
1

LM

Lj L

j

n N
=

=ä  ʤʘʢʩʠʤʫʤ 
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ʽʤʦʚʽʨʥʦʩʪʝʡ ʤʘʢʨʦʩʪʘʥʽʚ ʧʽʜʩʠʩʪʝʤ ʣʦʢʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ 

( )1 1, ; ,
G GG G GM G k GM kQ n n p p , ( )1 1, ; ,

L LL L LM L l LM lQ n n p p  ʚʽʜʧʦʚʽʜʘʻ ʪʘʢʠʤ 

ʨʦʟʧʦʜʽʣʘʤ ʯʠʩʣʘ ʝʣʝʤʝʥʪʽʚ ( )1 2
max

, ,
GG G GMn n n , ( )1 2

max
, ,

LL L LMn n n  ʧʨʠ ʷʢʠʭ 

ʜʣʷ ʢʦʞʥʦʾ ʢʦʤʽʨʢʠ ʛʝʥʝʨʘʮʽʾ ʪʘ ʢʦʞʥʦʾ ʢʦʤʽʨʢʠ ʩʧʦʞʠʚʘʥʥʷ ʚʠʢʦʥʫʶʪʴʩʷ 

ʨʽʚʥʦʩʪʽ max( )Gi Gik Gn p N= , max( )Lj Ljl Ln p N= . 

 ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʤʘʢʩʠʤʘʣʴʥ ̔ ʟʥʘʯʝʥʥʷ, ʷʢ ̔ ʧʨʠʡʤʘʶʪʴ ʩʪʘʪʠʩʪʠʯʥ ̔

ʝʥʪʨʦʧʽ ʾɹʦʣʴʮʤʘʥʘ ʜʦʨʽʚʥʶʶʪʴ: 

 max

1

ln
GM

G G Gik Gik

i

S N p p
=

=- Öä , (3.33) 

 max

1

ln
LM

L L Ljl Ljl

j

S N p p
=

=- Öä . (3.34) 

ʋ ʚʠʧʘʜʢʫ ʨʽʚʥʠʭ ʘʧʨʽʦʨʥʠʭ ʽʤʦʚʽʨʥʦʩʪʝʡ, ʢʦʣʠ 1Gik Gp const M= = , 

1Ljl Lp const M= = , ʤʘʢʩʠʤʫʤ ʝʥʪʨʦʧʽʡ ɹʦʣʴʮʤʘʥʘ ʨʽʚʥʠʡ: 

 max lnG G GS N M= Ö , (3.35) 

 max lnL L LS N M= Ö . (3.36) 

ʋʤʦʚʥʠʡ ʤʘʢʩʠʤʫʤ ʽʤʦʚʽʨʥʦʩʪʝʡ ʤʘʢʨʦʩʪʘʥʽʚ maxGQ  ʪʘ maxLQ  ʟʘ ʥʘʷʚʥʦʩʪʽ 

ʫʤʦʚ 
1

GM

Gi G

i

n N
=

=ä , 
1

LM

Lj L

j

n N
=

=ä  ʜʦʩʷʛʘʻʪʴʩʷ ʫ ʚʠʧʘʜʢʫ ʨʽʚʥʦʩʪʽ ʥʫʣʶ ʝʥʪʨʦʧʽʡʥʦʾ 

ʜʠʚʝʨʛʝʥʮʽʾ ( )
min

0dD = . 

ʋ ʢʦʞʝʥ ʤʦʤʝʥʪ ʯʘʩʫ ʦʢʨʽʤ ʙʘʣʘʥʩʫ çʥʦʩʽʾʚè ʪʘ çʨʝʩʫʨʩʽʚè ʫ ʩʠʩʪʝʤʽ 

ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʧʦʚʠʥʝʥ ʚʠʢʦʥʫʚʘʪʠʩʴ ʙʘʣʘʥʩ ʩʪʘʪʠʩʪʠʯʥʠʭ ʤʦʤʝʥʪʽʚ ï 

ʝʥʪʨʦʧʽʡʥʘ ʜʠʚʝʨʛʝʥʮʽʷ ʟʘ ɼʝʣʘʩʦʤ ʟʽ ʩʪʦʨʦʥʠ ʛʝʥʝʨʘʪʦʨʽʚ ʧʦʚʠʥʥʘ ʜʦʨʽʚʥʶʚʘʪʠ 

ʝʥʪʨʦʧʽʡʥʽʡ ʜʠʚʝʨʛʝʥʮʽʾ ʟʘ ɼʝʣʘʩʦʤ ʟʽ ʩʪʦʨʦʥʠ ʩʧʦʞʠʚʘʯʽʚ: 

 ( ) ( )1 1 1 1, ; , , ; ,
G G G L L Ld G GM G k GM k d L LM L l LM lD n n p p D n n p p= . (3.37) 

 ɺʠʢʦʥʘʥʥʷ ʮʴʦʛʦ ʙʘʣʘʥʩʫ ʟʘʙʝʟʧʝʯʫʻ ʥʘʢʦʧʠʯʫʚʘʯ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ (ʜʠʚ. 

ʨʠʩ. 3.20), ʬʫʥʢʮʽʷ ʢʝʨʫʚʘʥʥʷ ʟʘʨʷʜʥʠʤ ʩʪʨʫʤʦʤ ʷʢʦʛʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʨʽʟʥʠʮʷ 
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ʝʥʪʨʦʧʽʡʥʠʭ ʜʠʚʝʨʛʝʥʮʽʡ ʟʘ ɼʝʣʘʩʦʤ ʟʽ ʩʪʦʨʦʥʠ ʛʝʥʝʨʘʪʦʨʽʚ ʪʘ ʩʧʦʞʠʚʘʯʽʚ ʜʣʷ 

ʚʠʧʘʜʢʽʚ ʨʽʟʥʠʭ ʪʘ ʦʜʥʘʢʦʚʠʭ ʘʧʨʽʦʨʥʠʭ ʽʤʦʚʽʨʥʦʩʪʝʡ: 

 

( ) ( )1 1 1 1

1 1

, ; , , ; ,

ln ln ,

G G G L L L

G L

ʢʝʨd d G GM G k GM k d L LM L l LM l

M M
LjGi G L

Gik Ljl

i jG G L L

f D n n p p D n n p p

nn S S
p p

N N N N= =

= - =

å õ
=- - - - -æ ö

ç ÷
ä ä

(3.38) 

 

( ) ( )1 1 1 1= , ; , , ; ,

ln ln .

G G L Lʢʝʨnd ndG G GM G k GM k ndL L LM L l LM l

G L
G L

G L

f D n n p p D n n p p

S S
M M

N N

- =

å õ
= - - -æ ö

ç ÷

(3.39) 

ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʩʠʩʪʝʤʽ ʩʪʘʮʽʦʥʘʨʥʝ, ʽ ʝʥʪʨʦʧʽʡʥʘ 

ʜʠʚʝʨʛʝʥʮʽʷ ʟʽ ʩʪʦʨʦʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʦʨʽʚʥʶʻ ʥʫʣʶ, ʜʣʷ ʢʦʨʝʢʮʽʾ ʨʝʘʣʴʥʦʛʦ 

ʨʦʟʧʦʜʽʣʫ ʝʥʝʨʛʽʾ ʥʘ ʚʠʭʦʜʽ ʫʩʪʘʥʦʚʢʠ ʥʘ ʦʩʥʦʚʽ ʚʽʜʥʦʚʣʶʚʘʥʦʛʦ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ 

ʽ ʥʘʙʣʠʞʝʥʥʷ ʡʦʛʦ ʜʦ ʽʜʝʘʣʴʥʦʛʦ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘʢʦʧʠʯʫʚʘʯ 

ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʟ ʬʫʥʢʮʽʻʶ ʟʘʨʷʜʥʦʛʦ ʩʪʨʫʤʫ, ɦ ʦ ʟʤʽʥʶʻʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ 

ʜʦ ʝʥʪʨʦʧʽʡʥʦʾ ʜʠʚʝʨʛʝʥʮʽʾ ʧʦʪʦʢʫ ʧʝʨʚʠʥʥʦʾ ʝʥʝʨʛʽʾ, ʚʟʷʪʦʾ ʟ ʧʨʦʪʠʣʝʞʥʠʤ 

ʟʥʘʢʦʤ. ʎʝ ʥʝʦʙʭʽʜʥʦ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʫ ʤʦʤʝʥʪʠ ʯʘʩʫ, ʢʦʣʠ ʨʽʚʝʥʴ ʝʥʝʨʛʽʾ, ʱʦ 

ʛʝʥʝʨʫʻ ʫʩʪʘʥʦʚʢʘ ʥʘ ʦʩʥʦʚʽ ʚʽʜʥʦʚʣʶʚʘʥʦʛʦ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ ʤʝʥʰʠʡ ʟʘ ʨʽʚʝʥʴ 

ʝʥʝʨʛʽʾ ʽʜʝʘʣʴʥʦʾ ʢʨʠʚʦʾ, ʥʘʢʦʧʠʯʫʚʘʯ ʨʦʟʨʷʜʞʘʚʩʷ ʽ ʚʠʩʪʫʧʘʚ ʜʦʜʘʪʢʦʚʠʤ 

ʛʝʥʝʨʘʪʦʨʦʤ; ʘ ʫ ʤʦʤʝʥʪʠ ʯʘʩʫ, ʢʦʣʠ ʨʽʚʝʥʴ ʝʥʝʨʛʽʾ, ʱʦ ʛʝʥʝʨʫʻ ʫʩʪʘʥʦʚʢʘ ʥʘ 

ʦʩʥʦʚʽ ʚʽʜʥʦʚʣʶʚʘʥʦʛʦ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ ʙʽʣʴʰʠʡ ʟʘ ʨʽʚʝʥʴ ʝʥʝʨʛʽʾ ʽʜʝʘʣʴʥʦʾ 

ʢʨʠʚʦʾ, ʥʘʢʦʧʠʯʫʚʘʯ ʟʘʨʷʜʞʘʚʩʷ ʽ ʚʠʩʪʫʧʘʚ ʜʦʜʘʪʢʦʚʠʤ ʩʧʦʞʠʚʘʯʝʤ. 

ʇʨʠʢʣʘʜ ʨʦʟʨʘʭʫʥʢʫ ʝʥʪʨʦʧʽʡʥʦʾ ʜʠʚʝʨʛʝʥʮʽʾ ʚ ʩʠʩʪʝʤʽ 

ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ. ʈʦʟʛʣʷʥʝʤʦ ʣʦʢʘʣʴʥʫ ʩʠʩʪʝʤʫ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ, ʷʢʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʫʩʪʘʥʦʚʢʠ ʥʘ ʦʩʥʦʚʽ ʚʽʜʥʦʚʣʶʚʘʥʦʛʦ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ, 

ʥʘʢʦʧʠʯʫʚʘʯʘ ʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʂʦʞʝʥ ʟ ʦʙôʻʢʪʽʚ ʤʦʞʝ ʟʥʘʭʦʜʠʪʠʩʴ ʣʠʰʝ ʫ ʜʚʦʭ 

ʩʪʘʥʘʭ: ʜʞʝʨʝʣʦ ʘʙʦ ʛʝʥʝʨʫʻ ʘʙʦ ʥʝ ʛʝʥʝʨʫʻ ʝʥʝʨʛʽʶ; ʥʘʢʦʧʠʯʫʚʘʯ, ʷʢʱʦ ʚʠʩʪʫʧʘʻ 

ʚ ʨʦʣʽ ʛʝʥʝʨʘʪʦʨʘ, ʘʙʦ ʨʦʟʨʷʜʞʘʻʪʴʩʷ ʘʙʦ ʥʝ ʨʦʟʨʷʜʞʘʻʪʴʩʷ; ʥʘʢʦʧʠʯʫʚʘʯ, ʷʢʱʦ 

ʚʠʩʪʫʧʘʻ ʚ ʨʦʣʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʘʙʦ ʟʘʨʷʜʞʘʻʪʴʩʷ ʘʙʦ ʥʝ ʟʘʨʷʜʞʘʻʪʴʩʷ; 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʘʙʦ ʩʧʦʞʠʚʘʻ ʘʙʦ ʥʝ ʩʧʦʞʠʚʘʻ ʝʥʝʨʛʽʶ (ʪʘʙʣ. 3.10). ʈʦʟʧʦʜʽʣ 

çʥʦʩʽʾʚè ʚ ʦʧʠʩʘʥʽʡ ʩʠʩʪʝʤʽ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.21. 
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ʘ) 

  
ʙ) ʚ) 

ʈʠʩ. 3.21. ʈʦʟʧʦʜʽʣ çʥʦʩʽʾʚè ʫ ʩʠʩʪʝʤʽ ʟ ʦʜʥʠʤ ʛʝʥʝʨʘʪʦʨʦʤ ʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷʤ: ʘ 

ï ʥʘʢʦʧʠʯʫʚʘʯ ʥʝ ʧʽʜʢʣʶʯʝʥʠʡ ʜʦ ʩʠʩʪʝʤʠ; ʙ ï ʥʘʢʦʧʠʯʫʚʘʯ ʚʠʩʪʫʧʘʻ ʚ ʨʦʣʽ 

ʛʝʥʝʨʘʪʦʨʘ; ʚ ï ʥʘʢʦʧʠʯʫʚʘʯ ʚʠʩʪʫʧʘʻ ʚ ʨʦʣʽ ʥʘʚʘʥʪʘʞʝʥʥʷ 

 

ʊʘʙʣʠʮʷ 3.10. ɯʤʦʚʽʨʥʦʩʪʽ ʩʪʘʥʽʚ ʦʙôʻʢʪʽʚ ʣʦʢʘʣʴʥʦʾ ʩʠʩʪʝʤʠ 

ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ 

ʆʙôʻʢʪ ʉʪʘʥ ɯʤʦʚʽʨʥʽʩʪʴ 

ʋʩʪʘʥʦʚʢʘ ʥʘ ʦʩʥʦʚʽ 

ʚʽʜʥʦʚʣʶʚʘʥʦʛʦ ʜʞʝʨʝʣʘ 

ʛʝʥʝʨʫʻ 
1Gp  

ʥʝ ʛʝʥʝʨʫʻ 
0Gp  

ʅʘʢʦʧʠʯʫʚʘʯ ʚ ʨʦʣʽ 

ʛʝʥʝʨʘʪʦʨʘ 

ʨʦʟʨʷʜʞʘʻʪʴʩʷ 
1Gp  

ʥʝ ʨʦʟʨʷʜʞʘʻʪʴʩʷ 
0Gp  

ʅʘʢʦʧʠʯʫʚʘʯ ʚ ʨʦʣʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʟʘʨʷʜʞʘʻʪʴʩʷ 
1Lp  

ʥʝ ʟʘʨʷʜʞʘʻʪʴʩʷ 
0Lp  

ʅʘʚʘʥʪʘʞʝʥʥʷ 
ʩʧʦʞʠʚʘʻ 

1Lp  

ʥʝ ʩʧʦʞʠʚʘʻ 
0Lp  

 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʧʝʨʝʜʥʴʦ ʥʘʚʝʜʝʥʠʭ ʤʽʨʢʫʚʘʥʴ, ʧʨʦʩʪʽʨ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ 

ʩʪʘʥʽʚ ʧʽʜʩʠʩʪʝʤʠ ʛʝʥʝʨʘʮʽʾ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʢʦʤʽʨʦʢ 2Gʄ =  ʟ ʘʧʨʽʦʨʥʠʤʠ 

ʽʤʦʚʽʨʥʦʩʪʷʤʠ { }0 1: ,G G Gʈ ʨ ʨ, ʚ ʷʢʽ ʧʦʚʠʥʥʽ ʜʦʚʽʣʴʥʠʤ ʯʠʥʦʤ ʟʘʩʝʣʠʪʠʩʷ ʘʙʦ 

ʦʜʠʥ (ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʥʘʢʦʧʠʯʫʚʘʯ ʚʠʩʪʫʧʘʻ ʚ ʨʦʣʽ ʥʘʚʘʥʪʘʞʝʥʥʷ) ( 1GN =), ʘʙʦ 

ʜʚʘ (ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʥʘʢʦʧʠʯʫʚʘʯ ʚʠʩʪʫʧʘʻ ʚ ʨʦʣʽ ʛʝʥʝʨʘʪʦʨʘ ʝʥʝʨʛʽʾ) ʥʦʩʽʷ-

ʛʝʥʝʨʘʪʦʨʘ (2GN = ). 
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ɸʥʘʣʦʛʽʯʥʦ, ʧʨʦʩʪʽʨ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʩʪʘʥʽʚ ʧʽʜʩʠʩʪʝʤʠ ʩʧʦʞʠʚʘʥʥʷ ʪʘʢʦʞ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʢʦʤʽʨʦʢ 2Lʄ =  ʟ ʘʧʨʽʦʨʥʠʤʠ ʽʤʦʚʽʨʥʦʩʪʷʤʠ { }0 1: ,L L Lʈ ʨ ʨ, ʚ 

ʷʢʽ ʧʦʚʠʥʥʽ ʜʦʚʽʣʴʥʠʤ ʯʠʥʦʤ ʟʘʩʝʣʠʪʠʩʷ ʘʙʦ ʜʚʘ (ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʥʘʢʦʧʠʯʫʚʘʯ 

ʚʠʩʪʫʧʘʻ ʚ ʨʦʣʽ ʥʘʚʘʥʪʘʞʝʥʥʷ) ( 2LN = ), ʘʙʦ ʦʜʠʥ (ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʥʘʢʦʧʠʯʫʚʘʯ 

ʚʠʩʪʫʧʘʻ ʚ ʨʦʣʽ ʛʝʥʝʨʘʪʦʨʘ ʝʥʝʨʛʽʾ) ʥʦʩʽʡ-ʩʧʦʞʠʚʘʯ (1LN = ). 

 ʉʧʦʯʘʪʢʫ ʨʦʟʛʣʷʥʝʤʦ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʥʘʢʦʧʠʯʫʚʘʯ ʚ ʩʠʩʪʝʤʽ ʚʠʩʪʫʧʘʻ ʷʢ 

ʛʝʥʝʨʘʪʦʨ ʝʥʝʨʛʽʾ. ʊʦʜʽ ʜʝʢʘʨʪʦʚʠʡ ʜʦʙʫʪʦʢ 2 1

G L
N N

G G L G Lʈ ʈ ʈ P P³ ³ = ³ ʜʦʟʚʦʣʷʻ 

ʚʠʟʥʘʯʠʪʠ ʟʥʘʯʝʥʥʷ ʽʤʦʚʽʨʥʦʩʪʽ ʤʽʢʨʦʩʪʘʥʽʚ ʩʠʩʪʝʤʠ 2 12 2 8³ =: 

( )

( )

0 0 0

3,0

0 0 1 0 1 0 1 0 0

2,1

0 1 1 1 0 1 1 1 0

;

, , ;

, ,

ʤʽʢʨʦʩʪʘʥ

G G L

ʤʘʢʨʦʩʪʘʥ

ʤʽʢʨʦʩʪʘʥ ʤʽʢʨʦʩʪʘʥ ʤʽʢʨʦʩʪʘʥ

G G L G G L G G L

ʤʘʢʨʦʩʪʘʥ

ʤʽʢʨʦʩʪʘʥ ʤʽʢʨʦʩʪʘʥ ʤʽʢ

G G L G G L G G L

ʨ ʨ ʨ

ʨ ʨ ʨ ʨ ʨ ʨ ʨ ʨ ʨ

ʨ ʨ ʨ ʨ ʨ ʨ ʨ ʨ ʨ

( )

( )

1,2

1 1 1

0,3

;

.

ʨʦʩʪʘʥ

ʤʘʢʨʦʩʪʘʥ

ʤʽʢʨʦʩʪʘʥ

G G L

ʤʘʢʨʦʩʪʘʥ

ʨ ʨ ʨ

 

ɻʨʫʧʠ ʨʽʚʥʦʽʤʦʚʽʨʥʠʭ ʤʽʢʨʦʩʪʘʥʽʚ ʩʢʣʘʜʘʶʪʴ 4 ʤʘʢʨʦʩʪʘʥʠ ʩʠʩʪʝʤʠ. 

ʂʽʣʴʢʽʩʪʴ ʤʽʢʨʦʩʪʘʥʽʚ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʢʦʞʥʦʾ ʛʨʫʧʠ, ʚʠʟʥʘʯʘʻ ʩʪʘʪʠʩʪʠʯʥʫ ʚʘʛʫ 

ʤʘʢʨʦʩʪʘʥʫ: 

( )3,0 1W = , ( )2,1 3W = , ( )1,2 3W = , ( )0,3 1W = . 

ʗʢʱʦ ʧʨʠʡʥʷʪʠ, ʱʦ ʘʧʨʽʦʨʥʽ ʽʤʦʚʽʨʥʦʩʪʽ ʨʦʟʤʽʱʝʥʥʷ ʛʝʥʝʨʘʪʦʨʽʚ ʪʘ 

ʥʘʚʘʥʪʘʞʝʥʴ ʦʜʥʘʢʦʚʽ (0 0 0G Lp p p= = , 1 1 1G Lp p p= =), ʪʦ ʽʤʦʚʽʨʥʦʩʪʽ ʤʘʢʨʦʩʪʘʥʽʚ 

ï ʩʫʤʘ ʽʤʦʚʽʨʥʦʩʪʝʡ ʤʥʦʞʠʥʠ ʚʩʽʭ ʤʽʢʨʦʩʪʘʥʽʚ, ʱʦ ʤʦʞʫʪʴ ʚʽʜʪʚʦʨʠʪʠ 

ʤʘʢʨʦʩʪʘʥ, ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

( ) 3

03,0Q p= , ( ) 2 1

0 12,1 3Q p p= , ( ) 1 2

0 11,2 3Q p p= , ( ) 3

10,3Q p= , 

ʽ ʥʦʨʤʫʶʪʴʩʷ ʚ ʦʜʠʥʠʮʶ. 
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ʂʦʣʠ ʥʘʢʦʧʠʯʫʚʘʯ ʚ ʩʠʩʪʝʤʽ ʚʠʩʪʫʧʘʻ ʷʢ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʜʝʢʘʨʪʦʚʠʡ 

ʜʦʙʫʪʦʢ 1 2

LG
NN

G L L G Lʈ ʈ ʈ P P³ ³ = ³  ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʟʥʘʯʝʥʥʷ ʽʤʦʚʽʨʥʦʩʪʽ 

ʤʽʢʨʦʩʪʘʥʽʚ ʩʠʩʪʝʤʠ 1 22 2 8³ =: 

( )

( )

0 0 0

3,0

0 0 1 0 1 0 1 0 0

2,1

0 1 1 1 0 1 1 1 0

;

, , ;

, ,

ʤʽʢʨʦʩʪʘʥ

G L L

ʤʘʢʨʦʩʪʘʥ

ʤʽʢʨʦʩʪʘʥ ʤʽʢʨʦʩʪʘʥ ʤʽʢʨʦʩʪʘʥ

G L L G L L G L L

ʤʘʢʨʦʩʪʘʥ

ʤʽʢʨʦʩʪʘʥ ʤʽʢʨʦʩʪʘʥ ʤʽʢ

G L L G L L G L L

ʨ ʨ ʨ

ʨ ʨ ʨ ʨ ʨ ʨ ʨ ʨ ʨ

ʨ ʨ ʨ ʨ ʨ ʨ ʨ ʨ ʨ

( )

( )

1,2

1 1 1

0,3

;

.

ʨʦʩʪʘʥ

ʤʘʢʨʦʩʪʘʥ

ʤʽʢʨʦʩʪʘʥ

G L L

ʤʘʢʨʦʩʪʘʥ

ʨ ʨ ʨ

 

ɻʨʫʧʠ ʨʽʚʥʦʽʤʦʚʽʨʥʠʭ ʤʽʢʨʦʩʪʘʥʽʚ ʪʘʢʦʞ ʩʢʣʘʜʘʶʪʴ 4 ʤʘʢʨʦʩʪʘʥʠ ʩʠʩʪʝʤʠ 

ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʩʪʘʪʠʩʪʠʯʥʠʤʠ ʚʘʛʘʤʠ: ( )3,0 1W = , ( )2,1 3W = , ( )1,2 3W = , 

( )0,3 1W = , ʪʘ ʽʤʦʚʽʨʥʦʩʪʷʤʠ ʤʘʢʨʦʩʪʘʥʽʚ ( ) 3

03,0Q p= , ( ) 2 1

0 12,1 3Q p p= , 

( ) 1 2

0 11,2 3Q p p= , ( ) 3

10,3Q p= , ʷʢʽ ʪʝʞ ʥʦʨʤʫʶʪʴʩʷ ʚ ʦʜʠʥʠʮʶ. 

ʆʩʢʽʣʴʢʠ ʤʘʢʨʦʩʪʘʥʠ ʩʠʩʪʝʤʠ ʤʘʶʪʴ ʦʜʥʘʢʦʚʽ ʽʤʦʚʽʨʥʦʩʪʽ, ʪʦ ʟʥʘʯʝʥʥʷ 

ʟʘʛʘʣʴʥʦʾ ʝʥʪʨʦʧʽʡʥʦʾ ʜʠʚʝʨʛʝʥʮʽʾ ʚ ʩʠʩʪʝʤʽ ʜʣʷ ʚʩʽʭ ʾʾ ʤʘʢʨʦʩʪʘʥʽʚ, ʨʦʟʨʘʭʦʚʘʥʽ 

ʟʘ ʬʦʨʤʫʣʘʤʠ (3.29), (3.30) ʟʚʝʜʝʥʽ ʚ ʪʘʙʣ. 3.11. 

ʊʘʙʣʠʮʷ 3.11. ɿʥʘʯʝʥʥʷ ʝʥʪʨʦʧʽʡʥʦʾ ʜʠʚʝʨʛʝʥʮʽʾ ʜʣʷ ʨʽʟʥʠʭ ʤʘʢʨʦʩʪʘʥʽʚ ʟʘ ʫʤʦʚ 

ʨʽʟʥʠʭ ʪʘ ʦʜʥʘʢʦʚʠʭ ʘʧʨʽʦʨʥʠʭ ʽʤʦʚʽʨʥʦʩʪʝʡ 

ʄʘʢʨʦʩʪʘʥ 

ɯʤʦʚʽʨʥʽʩʪʴ 

ʤʘʢʨʦʩʪʘʥʫ 
Q  

ɿʥʘʯʝʥʥʷ 

ʝʥʪʨʦʧʽʡʥʦʾ 

ʜʠʚʝʨʛʝʥʮʽʾ dD  

ɿʥʘʯʝʥʥʷ 

ʝʥʪʨʦʧʽʡʥʦʾ 

ʜʠʚʝʨʛʝʥʮʽʾ ndD  

ʤʘʢʨʦʩʪʘʥ (3,0) 3

0p  ( )30ln 3p-  ( )3ln 3p-  

ʤʘʢʨʦʩʪʘʥ (2,1) 2 1

0 13p p  ( )2 1

0 1ln 3 3p p-  ( )3ln 3 3p-  

ʤʘʢʨʦʩʪʘʥ (1,2) 1 2

0 13p p  ( )1 2

0 1ln 3 3p p-  ( )3ln 3 3p-  

ʤʘʢʨʦʩʪʘʥ (0,3) 3

1p  ( )31ln 3p-  ( )3ln 3p-  
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ɿʥʘʯʝʥʥʷ ʝʥʪʨʦʧʽʡʥʦʾ ʜʠʚʝʨʛʝʥʮʽʾ, ʨʦʟʨʘʭʦʚʘʥʽ ʟʘ ʨʽʚʥʷʥʥʷʤʠ (3.29), (3.30), 

ʜʣʷ ʨʽʟʥʠʭ ʤʘʢʨʦʩʪʘʥʽʚ ʣʦʢʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ, ʱʦ ʨʦʟʛʣʷʜʘʣʘʩʷ, ʟʘ 

ʫʤʦʚ ʨʽʟʥʠʭ (ʨ0 = 0,4, ʨ1 = 0,6) ʪʘ ʦʜʥʘʢʦʚʠʭ (ʨ0 = ʨ1 = 0,5) ʘʧʨʽʦʨʥʠʭ ʽʤʦʚʽʨʥʦʩʪʝʡ, 

ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣ. 3.12. 

ʊʘʙʣʠʮʷ 3.12. ɿʥʘʯʝʥʥʷ ʝʥʪʨʦʧʽʡʥʦʾ ʜʠʚʝʨʛʝʥʮʽʾ ʜʣʷ ʨʽʟʥʠʭ ʤʘʢʨʦʩʪʘʥʽʚ 

ʣʦʢʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʟʘ ʫʤʦʚ ʨʽʟʥʠʭ ʪʘ ʦʜʥʘʢʦʚʠʭ ʘʧʨʽʦʨʥʠʭ 

ʽʤʦʚʽʨʥʦʩʪʝʡ 

ʄʘʢʨʦʩʪʘʥ 

ɯʤʦʚʽʨʥʽʩʪʴ 

ʤʘʢʨʦʩʪʘʥʫ 
Q  

ɿʥʘʯʝʥʥʷ 

ʝʥʪʨʦʧʽʡʥʦʾ 

ʜʠʚʝʨʛʝʥʮʽʾ dD  

ɿʥʘʯʝʥʥʷ 

ʝʥʪʨʦʧʽʡʥʦʾ 

ʜʠʚʝʨʛʝʥʮʽʾ ndD  

ʤʘʢʨʦʩʪʘʥ (3,0) 0,064 0,916 0,693 

ʤʘʢʨʦʩʪʘʥ (2,1) 0,288 0,144 0,057 

ʤʘʢʨʦʩʪʘʥ (1,2) 0,432 0,01 0,057 

ʤʘʢʨʦʩʪʘʥ (0,3) 0,216 0,51 0,693 

  

ʅʝʦʙʭʽʜʥʦʶ ʽ ʜʦʩʪʘʪʥʴʦʶ ʫʤʦʚʦʶ ʤʘʢʩʠʤʫʤʘ ʽʤʦʚʽʨʥʦʩʪʽ ʤʘʢʨʦʩʪʘʥʫ 

maxQ Q=  ʻ ʤʽʥʽʤʫʤ ʝʥʪʨʦʧʽʡʥʦʾ ʜʠʚʝʨʛʝʥʮʽʾ ( )
mind dD D= . ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ 

ʣʦʢʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʥʘʡʤʝʥʰ ʽʤʦʚʽʨʥʠʤ ʻ ʤʘʢʨʦʩʪʘʥ (3,0), ʚ 

ʷʢʦʤʫ ʞʦʜʝʥ ʟ ʛʝʥʝʨʘʪʦʨʽʚ ʥʝ ʛʝʥʝʨʫʻ, ʘ ʞʦʜʝʥ ʟʽ ʩʧʦʞʠʚʘʯʽʚ ʥʝ ʩʧʦʞʠʚʘʻ 

ʝʥʝʨʛʽʶ; ʘ ʥʘʡʙʽʣʴʰ ʽʤʦʚʽʨʥʠʤ ï ʤʘʢʨʦʩʪʘʥ (1,2), ʚ ʷʢʦʤʫ ʭʦʯʘ ʙ ʦʜʠʥ ʛʝʥʝʨʘʪʦʨ 

ʛʝʥʝʨʫʻ, ʽ ʭʦʯʘ ʙ ʦʜʠʥ ʩʧʦʞʠʚʘʯ ʩʧʦʞʠʚʘʻ ʝʥʝʨʛʽʶ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʫ ʤʝʪʦʜʠʢʫ ʨʦʟʨʘʭʫʥʢʫ ʝʥʪʨʦʧʽʡʥʠʭ ʜʠʚʝʨʛʝʥʮʽʡ ʫ ʣʦʢʘʣʴʥʽʡ 

ʩʠʩʪʝʤʽ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʟʘʩʪʦʩʫʻʤʦ ʜʣʷ ʩʠʩʪʝʤʠ ʟ ʜʦʚʽʣʴʥʦʶ ʢʽʣʴʢʽʩʪʶ 

ʛʝʥʝʨʘʪʦʨʽʚ p, ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʥʝʨʛʽʾ q  ʪʘ ʥʘʚʘʥʪʘʞʝʥʴ r, ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ 

ʷʢʦʾ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 3.22. 
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ʈʠʩ. 3.22. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʟ ʜʦʚʽʣʴʥʦʶ ʢʽʣʴʢʽʩʪʶ 

ʝʣʝʤʝʥʪʽʚ 

 

 ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʝʥʝʨʛʽʡ ʛʝʥʝʨʘʮʽʾ ʪʘ ʩʧʦʞʠʚʘʥʥʷ ʚ ʩʠʩʪʝʤʽ 

ʤʦʞʣʠʚʽ ʥʘʩʪʫʧʥʽ ʨʝʞʠʤʠ ʾʾ ʨʦʙʦʪʠ (ʨʠʩ. 3.23): 

 1) ʚʩʽ q  ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʚʠʩʪʫʧʘʶʪʴ ʚ ʨʦʣʽ ʩʧʦʞʠʚʘʯʽʚ ʝʥʝʨʛʽʾ, ʽ ʻ ʯʘʩʪʠʥʦʶ 

ʧʽʜʩʠʩʪʝʤʠ ʩʧʦʞʠʚʘʥʥʷ (ʨʠʩ. 3.23, ʘ); 

 2) ʚʩʽ q  ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʚʠʩʪʫʧʘʶʪʴ ʚ ʨʦʣʽ ʛʝʥʝʨʘʪʦʨʽʚ ʝʥʝʨʛʽʾ, ʽ ʻ ʯʘʩʪʠʥʦʶ 

ʧʽʜʩʠʩʪʝʤʠ ʛʝʥʝʨʘʮʽʾ (ʨʠʩ. 3.23, ʙ); 

3) ʚʩʽ ʥʘʢʦʧʠʯʫʚʘʯʽ ʦʙôʻʜʥʘʥʽ ʚ ʦʜʠʥ ʥʘʢʦʧʠʯʫʚʘʯ ʟ ʝʢʚʽʚʘʣʝʥʪʥʦʶ 

ʩʫʤʘʨʥʦʶ ʻʤʥʽʩʪʶ, ʷʢʠʡ ʚʠʩʪʫʧʘʻ ʚ ʨʦʣʽ ʩʧʦʞʠʚʘʯʘ ʝʥʝʨʛʽʾ, ʽ ʻ ʯʘʩʪʠʥʦʶ 

ʧʽʜʩʠʩʪʝʤʠ ʩʧʦʞʠʚʘʥʥʷ (ʨʠʩ. 3.23, ʚ); 

4) ʚʩʽ ʥʘʢʦʧʠʯʫʚʘʯʽ ʦʙôʻʜʥʘʥʽ ʚ ʦʜʠʥ ʥʘʢʦʧʠʯʫʚʘʯ ʟ ʝʢʚʽʚʘʣʝʥʪʥʦʶ 

ʩʫʤʘʨʥʦʶ ʻʤʥʽʩʪʶ, ʷʢʠʡ ʚʠʩʪʫʧʘʻ ʚ ʨʦʣʽ ʛʝʥʝʨʘʪʦʨʘ ʝʥʝʨʛʽʾ, ʽ ʻ ʯʘʩʪʠʥʦʶ 

ʧʽʜʩʠʩʪʝʤʠ ʛʝʥʝʨʘʮʽʾ (ʨʠʩ. 3.23, ʛ); 

5) ʯʘʩʪʠʥʘ s ( s q< ) ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʚʠʩʪʫʧʘʻ ʚ ʨʦʣʽ ʩʧʦʞʠʚʘʯʽʚ ʝʥʝʨʛʽʾ, ʽ ʻ 

ʯʘʩʪʠʥʦʶ ʧʽʜʩʠʩʪʝʤʠ ʩʧʦʞʠʚʘʥʥʷ, ʘ ʯʘʩʪʠʥʘ ( )q s-  ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʚʠʩʪʫʧʘʻ ʚ 

ʨʦʣʽ ʛʝʥʝʨʘʪʦʨʽʚ ʝʥʝʨʛʽʾ, ʽ ʻ ʯʘʩʪʠʥʦʶ ʧʽʜʩʠʩʪʝʤʠ ʛʝʥʝʨʘʮʽʾ (ʨʠʩ. 3.23, ˇ); 

6) ʯʘʩʪʠʥʘ s  ( s q< ) ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʦʙôʻʜʥʘʥʽ ʚ ʦʜʠʥ ʥʘʢʦʧʠʯʫʚʘʯ ʟ 

ʝʢʚʽʚʘʣʝʥʪʥʦʶ ʩʫʤʘʨʥʦʶ ʻʤʥʽʩʪʶ, ʷʢʠʡ ʚʠʩʪʫʧʘʻ ʚ ʨʦʣʽ ʩʧʦʞʠʚʘʯʘ ʝʥʝʨʛʽʾ, ʽ ʻ 



 

188 

ʯʘʩʪʠʥʦʶ ʧʽʜʩʠʩʪʝʤʠ ʩʧʦʞʠʚʘʥʥʷ, ʘ ʯʘʩʪʠʥʘ ( )q s-  ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʚʠʩʪʫʧʘʻ ʚ 

ʨʦʣʽ ʛʝʥʝʨʘʪʦʨʽʚ ʝʥʝʨʛʽʾ, ʽ ʻ ʯʘʩʪʠʥʦʶ ʧʽʜʩʠʩʪʝʤʠ ʛʝʥʝʨʘʮʽʾ (ʨʠʩ. 3.23, ʜ); 

7) ʯʘʩʪʠʥʘ s ( s q< ) ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʚʠʩʪʫʧʘʻ ʚ ʨʦʣʽ ʩʧʦʞʠʚʘʯʽʚ ʝʥʝʨʛʽʾ, ʽ ʻ 

ʯʘʩʪʠʥʦʶ ʧʽʜʩʠʩʪʝʤʠ ʩʧʦʞʠʚʘʥʥʷ, ʘ ʯʘʩʪʠʥʘ ( )q s-  ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʦʙôʻʜʥʘʥʽ ʚ 

ʦʜʠʥ ʥʘʢʦʧʠʯʫʚʘʯ ʟ ʝʢʚʽʚʘʣʝʥʪʥʦʶ ʩʫʤʘʨʥʦʶ ʻʤʥʽʩʪʶ, ʷʢʠʡ ʚʠʩʪʫʧʘʻ ʚ ʨʦʣʽ 

ʛʝʥʝʨʘʪʦʨʘ ʝʥʝʨʛʽʾ, ʽ ʻ ʯʘʩʪʠʥʦʶ ʧʽʜʩʠʩʪʝʤʠ ʛʝʥʝʨʘʮʽʾ (ʨʠʩ. 3.23, ʝ). 

ʌʦʨʤʫʣʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʩʪʘʪʠʩʪʠʯʥʦʾ ʚʘʛʠ ʢʦʞʥʦʛʦ ʤʘʢʨʦʩʪʘʥʫ, ʡʦʛʦ 

ʽʤʦʚʽʨʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʝʥʪʨʦʧʽʡʥʠʭ ʜʠʚʝʨʛʝʥʮʽʡ ʛʝʥʝʨʘʪʦʨʽʚ ʪʘ ʩʧʦʞʠʚʘʯʽʚ ʟʘ 

ɼʝʣʘʩʦʤ ʜʣʷ ʢʦʞʥʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʥʘʚʝʜʝʥʽ ʚ 

ʪʘʙʣ. 3.13. 

ʆʧʠʩʘʥʘ ʤʝʪʦʜʠʢʘ ʜʦʟʚʦʣʷʻ ʨʦʟʨʘʭʫʚʘʪʠ ʩʪʘʪʠʩʪʠʯʥʫ ʚʘʛʫ ʢʦʞʥʦʛʦ 

ʤʘʢʨʦʩʪʘʥʫ, ʡʦʛʦ ʽʤʦʚʽʨʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʝʥʪʨʦʧʽʡʥ ̔ʜʠʚʝʨʛʝʥʮʽ ʾʛʝʥʝʨʘʪʦʨʽʚ ʪʘ 

ʩʧʦʞʠʚʘʯʽʚ ʟʘ ɼʝʣʘʩʦʤ ʜʣʷ ʢʦʞʥʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʟ 

ʜʦʚʽʣʴʥʦʶ ʢʽʣʴʢʽʩʪʶ ʛʝʥʝʨʘʪʦʨʽʚ, ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʥʝʨʛʽʾ ʪʘ ʥʘʚʘʥʪʘʞʝʥʴ. 
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ʈʠʩ. 3.23. ʉʪʨʫʢʪʫʨʥʽ ʩʭʝʤʠ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʝʥʝʨʛʽʡ ʛʝʥʝʨʘʮʽʾ ʪʘ 

ʩʧʦʞʠʚʘʥʥʷ

1
9
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ʊʘʙʣʠʮʷ 3.13. ʌʦʨʤʫʣʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʩʪʘʪʠʩʪʠʯʥʦʾ ʚʘʛʠ ʤʘʢʨʦʩʪʘʥʽʚ, ʾ ʭ ʽʤʦʚʽʨʥʦʩʪʝʡ, ʝʥʪʨʦʧʽʡʥʠʭ ʜʠʚʝʨʛʝʥʮʽʡ ʛʝʥʝʨʘʪʦʨʽʚ 

ʪʘ ʩʧʦʞʠʚʘʯʽʚ ʟʘ ɼʝʣʘʩʦʤ 

ʈʝʞʠʤ ʨʦʙʦʪʠ ʌʦʨʤʫʣʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 

1. ɺʩʽ ʥʘʢʦʧʠʯʫʚʘʯʽ 

ʚʠʩʪʫʧʘʶʪʴ ʚ ʨʦʣʽ 

ʩʧʦʞʠʚʘʯʽʚ ʝʥʝʨʛʽʾ 

- ʩʪʘʪʠʩʪʠʯʥʘ ʚʘʛʘ ʤʘʢʨʦʩʪʘʥʫ 
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- ʽʤʦʚʽʨʥʽʩʪʴ ʤʘʢʨʦʩʪʘʥʫ ʜʣʷ ʨʽʟʥʠʭ ʘʧʨʽʦʨʥʠʭ ʽʤʦʚʽʨʥʦʩʪʝʡ 
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- ʽʤʦʚʽʨʥʽʩʪʴ ʤʘʢʨʦʩʪʘʥʫ ʜʣʷ ʦʜʥʘʢʦʚʠʭ ʘʧʨʽʦʨʥʠʭ ʽʤʦʚʽʨʥʦʩʪʝʡ 
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- ʝʥʪʨʦʧʽʡʥʘ ʜʠʚʝʨʛʝʥʮʽʷ ʛʝʥʝʨʘʪʦʨʽʚ ʜʣʷ ʨʽʟʥʠʭ ʘʧʨʽʦʨʥʠʭ ʽʤʦʚʽʨʥʦʩʪʝʡ 
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- ʝʥʪʨʦʧʽʡʥʘ ʜʠʚʝʨʛʝʥʮʽʷ ʛʝʥʝʨʘʪʦʨʽʚ ʜʣʷ ʦʜʥʘʢʦʚʠʭ ʘʧʨʽʦʨʥʠʭ ʽʤʦʚʽʨʥʦʩʪʝʡ 
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- ʝʥʪʨʦʧʽʡʥʘ ʜʠʚʝʨʛʝʥʮʽʷ ʩʧʦʞʠʚʘʯʽʚ ʜʣʷ ʨʽʟʥʠʭ ʘʧʨʽʦʨʥʠʭ ʽʤʦʚʽʨʥʦʩʪʝʡ 
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7. ʏʘʩʪʠʥʘ 

ʥʘʢʦʧʠʯʫʚʘʯʽʚ 

ʚʠʩʪʫʧʘʻ ʚ ʨʦʣʽ 

ʩʧʦʞʠʚʘʯʽʚ 

ʝʥʝʨʛʽʾ, ʘ 

ʯʘʩʪʠʥʘ 

ʥʘʢʦʧʠʯʫʚʘʯʽʚ 

ʦʙôʻʜʥʘʥʽ ʚ 

ʦʜʠʥ 

ʥʘʢʦʧʠʯʫʚʘʯ, 
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ʂʦʤʧôʶʪʝʨʥʘ ʦʮʽʥʢʘ ʝʥʪʨʦʧʽʡʥʦʾ ʜʠʚʝʨʛʝʥʮʽʾ ʧʦʪʦʢʫ ʝʥʝʨʛʽʾ 

ʥʘʢʦʧʠʯʫʚʘʯʘ. ɼʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ ʚʠʢʣʘʜʦʢ ʧʨʦʚʝʜʝʥʦ 

ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ ʣʦʢʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ, ʱʦ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʫʩʪʘʥʦʚʢʠ ʥʘ ʦʩʥʦʚʽ ʚʽʜʥʦʚʣʶʚʘʥʦʛʦ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ, 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʾ ʝʢʚʽʚʘʣʝʥʪʥʠʤ ʢʝʨʦʚʘʥʠʤ ʜʞʝʨʝʣʦʤ ʥʘʧʨʫʛʠ, ʥʘʢʦʧʠʯʫʚʘʯʘ ʟ 

ʟʘʨʷʜʥʦ-ʨʦʟʨʷʜʥʠʤ ʧʨʠʩʪʨʦʻʤ ʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʨʠʩ. 3.25), ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʦʛʨʘʤʥʦʛʦ ʧʘʢʝʪʫ Matlab R2020a Simulink®. 

ʄʦʜʝʣʴ ʣʦʢʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʤʘʻ ʥʘʩʪʫʧʥʽ ʧʘʨʘʤʝʪʨʠ: 

ɽ = 12 ɺ ï ʝʢʚʽʚʘʣʝʥʪʥʝ ʢʝʨʦʚʘʥʝ ʜʞʝʨʝʣʦ ʥʘʧʨʫʛʠ ʟ ʚʥʫʪʨʽʰʥʽʤ ʦʧʦʨʦʤ 

Rʚʥ = 1 ʆʤ; Ideal Switch ï ʢʣʶʯ ʟʘʨʷʜʥʦʛʦ ʧʨʠʩʪʨʦʶ; Diode ï 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʡ ʜʽʦʜ; Lʬ = 1 ʤɻʥ ï ʽʥʜʫʢʪʠʚʥʽʩʪʴ ʬʽʣʴʪʨʘ; Charger ï 

ʟʘʨʷʜʥʠʡ ʧʨʠʩʪʨʽʡ ʥʘʢʦʧʠʯʫʚʘʯʘ, ʩʭʝʤʘ ʤʦʜʝʣʽ ʷʢʦʛʦ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 3.26; 

Battery ï ʥʘʢʦʧʠʯʫʚʘʯ, ʧʘʨʘʤʝʪʨʠ ʷʢʦʛʦ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 3.27; Current 

measurement ï ʚʠʤʽʨʶʚʘʯ ʤʠʪʪʻʚʦʛʦ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ ʥʘʢʦʧʠʯʫʚʘʯʘ; Selector ï 

ʙʣʦʢ ʜʣʷ ʚʠʜʽʣʝʥʥʷ ʩʠʛʥʘʣʫ ʩʪʘʥʫ ʟʘʨʷʜʫ ʥʘʢʦʧʠʯʫʚʘʯʘ (State of charge); Battery 

Scope ï ʙʣʦʢ ʜʣʷ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʤʽʥʠ ʩʪʘʥʫ ʟʘʨʷʜʫ ʥʘʢʦʧʠʯʫʚʘʯʘ; Ideal Switch1 

ï ʢʣʶʯ, ʱʦ ʧʽʜʢʣʶʯʘʻ ʘʢʪʠʚʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ Rʥ1 = 6 ʆʤ ʜʣʷ ʟʘʨʷʜʫ 

ʥʘʢʦʧʠʯʫʚʘʯʘ; Ideal Switch2 ï ʢʣʶʯ, ʱʦ ʧʽʜʢʣʶʯʘʻ ʜʦʜʘʪʢʦʚʝ ʘʢʪʠʚʥʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ Rʥ11 = 2,5 ʆʤ ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ; Ideal Switch3 ï ʢʣʶʯ, ʱʦ 

ʧʽʜʢʣʶʯʘʻ ʘʢʪʠʚʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ Rʥ2 = 0,5 ʆʤ ʜʣʷ ʨʦʟʨʷʜʫ ʥʘʢʦʧʠʯʫʚʘʯʘ; Ideal 

Switch4, Ideal Switch5 ï ʢʣʶʯʽ, ʱʦ ʧʽʜʢʣʶʯʘʶʪʴ ʜʦʜʘʪʢʦʚʝ ʘʢʪʠʚʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ 

Rʥ21 = 1,5 ʆʤ ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ; Uniform Random Number, Uniform Random 

Number1 ï ʛʝʥʝʨʘʪʦʨʠ ʚʠʧʘʜʢʦʚʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʟ ʨʽʚʥʦʤʽʨʥʠʤ ʟʘʢʦʥʦʤ 

ʨʦʟʧʦʜʽʣʫ; Relay ï ʨʝʣʝʡʥʠʡ  ʙʣʦʢ; Pulse generator ï ʛʝʥʝʨʘʪʦʨ ʥʘʧʨʫʛʠ ʪʠʧʫ 

çʤʝʘʥʜʨè ʜʣʷ ʧʝʨʝʚʝʜʝʥʥʷ ʥʘʢʦʧʠʯʫʚʘʯʘ ʟ ʨʝʞʠʤʫ ʟʘʨʷʜʫ ʜʦ ʨʝʞʠʤʫ ʨʦʟʨʷʜʫ; 

Logical Operator, Logical Operator1 ï ʙʣʦʢʠ ʣʦʛʽʯʥʦʛʦ ʟʘʧʝʨʝʯʝʥʥʷ. 



 

 

 

ʈʠʩ. 3.25. ʉʭʝʤʘ ʤʦʜʝʣʽ ʣʦʢʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ 

 

 

ʈʠʩ. 3.26. ʉʭʝʤʘ ʤʦʜʝʣʽ ʟʘʨʷʜʥʦʛʦ 

ʧʨʠʩʪʨʦʶ ʥʘʢʦʧʠʯʫʚʘʯʘ 

ʈʠʩ. 3.27. ɿʥʽʤʦʢ ʚʽʢʥʘ ʥʘʣʘʰʪʫʚʘʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʥʘʢʦʧʠʯʫʚʘʯʘ 
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ʄʦʜʝʣʴ ʟʘʨʷʜʥʦʛʦ ʧʨʠʩʪʨʦʶ ʨʝʘʣʽʟʫʻ ʐɯʄ ɯɯ ʨʦʜʫ ʟ ʦʧʦʨʥʦʶ 

ʧʠʣʢʦʧʦʜʽʙʥʦʶ ʥʘʧʨʫʛʦʶ. ʅʘ ʨʠʩ. 3.26 ʧʦʟʥʘʯʝʥʦ: Iʟʘʜ = 2 ɸ ï ʟʘʜʘʶʯʝ ʟʥʘʯʝʥʥʷ 

ʩʪʨʫʤʫ; In1 ï ʩʠʛʥʘʣ ʟʚʦʨʦʪʥʴʦʛʦ ʟʚôʷʟʢʫ; Out1 ï ʢʝʨʫʶʯʠʡ ʩʠʛʥʘʣ; Subtract ï 

ʝʣʝʤʝʥʪ ʚʽʜʥʽʤʘʥʥʷ; Gain ï ʣʘʥʢʘ ʧʽʜʩʠʣʝʥʥʷ; Repeating Sequence ï ʛʝʥʝʨʘʪʦʨ 

ʧʠʣʢʦʧʦʜʽʙʥʦʾ ʥʘʧʨʫʛʠ (ɻʇʅ) ʟ ʘʤʧʣʽʪʫʜʥʠʤ ʟʥʘʯʝʥʥʷʤ 2,5 ɺ ʪʘ ʧʝʨʽʦʜʦʤ 1 ʤʩ; 

Relational operator ï ʦʧʝʨʘʪʦʨ ʧʦʨʽʚʥʷʥʥʷ; Charger Scope ï ʙʣʦʢ ʜʣʷ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʤʽʥʠ ʥʘʧʨʫʛʠ ɻʇʅ ʪʘ ʨʝʟʫʣʴʪʘʪʫ ʧʦʨʽʚʥʷʥʥʷ ʟ ʩʠʛʥʘʣʦʤ 

ʧʦʭʠʙʢʠ. 

ʏʘʩʦʚʘ ʟʘʣʝʞʥʽʩʪʴ ʟʤʽʥʠ ʩʪʘʥʫ ʟʘʨʷʜʫ ʥʘʢʦʧʠʯʫʚʘʯʘ (SOC, %), ʦʪʨʠʤʘʥʘ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʤʦʜʝʣʶʚʘʥʥʷ ʣʦʢʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ, ʟʦʙʨʘʞʝʥʘ ʥʘ 

ʨʠʩ. 3.28 (ʢʨʠʚʘ 1). ɺʠʜʥʦ, ʱʦ ʟʘ ʯʘʩ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʢʦʧʠʯʫʚʘʯ ʧʦʚʥʽʩʪʶ 

ʟʘʨʷʜʞʝʥʠʡ (ʫ ʧʝʨʽʦʜ ʟ t1 = 800 ʩʝʢʫʥʜ ʜʦ t2 = 1600 ʩʝʢʫʥʜ), ʽ ʧʦʚʥʽʩʪʶ 

ʨʦʟʨʷʜʞʝʥʠʡ (ʫ ʧʝʨʽʦʜ ʟ t3 = 2900 ʩʝʢʫʥʜ ʜʦ t4 = 3400 ʩʝʢʫʥʜ). 

 

ʈʠʩ. 3.28. ʏʘʩʦʚʘ ʟʘʣʝʞʥʽʩʪʴ ʟʤʽʥʠ ʩʪʘʥʫ ʟʘʨʷʜʫ ʥʘʢʦʧʠʯʫʚʘʯʘ 

  

ɽʥʪʨʦʧʽʷ ʧʦʪʦʢʫ ʝʥʝʨʛʽʾ ʥʘ ʚʠʭʦʜʽ ʥʘʢʦʧʠʯʫʚʘʯʘ, ʨʦʟʨʘʭʦʚʘʥʘ ʟʘ 

ʟʥʘʯʝʥʥʷʤʠ ʧʦʪʫʞʥʦʩʪʽ (ʪʘʙʣ. 3.14, ʫ ʪʘʢʽʡ ʩʭʝʤʽ ʜʦʨʽʚʥʶʻ: ʜʣʷ ʨʝʞʠʤʫ ʟʘʨʷʜʫ 

1 2,751chargeS = , ʜʣʷ ʨʝʞʠʤʫ ʨʦʟʨʷʜʫ 1 3,073dischargeS = . ɻʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʠʤ 

ʚʚʘʞʘʪʠʤʝʤʦ ʨʦʟʧʦʜʽʣ ʽʤʦʚʽʨʥʦʩʪʽ, ʧʨʠ ʷʢʽʡ ʥʘʢʦʧʠʯʫʚʘʯ ʥʝ ʚʭʦʜʠʪʴ ʚ ʨʝʞʠʤʠ 

ʧʦʚʥʦʛʦ ʟʘʨʷʜʫ ʘʙʦ ʨʦʟʨʷʜʫ (ʢʨʠʚʘ 2, ʨʠʩ. 3.28), ʧʨʠ ʮʴʦʤʫ ʡʦʛʦ ʝʢʚʽʚʘʣʝʥʪʥʘ 

ʻʤʥʽʩʪʴ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚ 10 ʨʘʟʽʚ. ɽʥʪʨʦʧʽʷ ʧʦʪʦʢʫ ʝʥʝʨʛʽʾ ʥʘ ʚʠʭʦʜʽ ʥʘʢʦʧʠʯʫʚʘʯʘ 
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ʧʨʠ ʪʘʢʦʤʫ ʛʨʘʥʠʯʥʦʤʫ ʨʦʟʧʦʜʽʣʽ ʜʦʨʽʚʥʶʻ: ʜʣʷ ʨʝʞʠʤʫ ʟʘʨʷʜʫ 2 3,024chargeS = , 

ʜʣʷ ʨʝʞʠʤʫ ʨʦʟʨʷʜʫ 2 2,638dischargeS = . ʊʦʜʽ, ʝʥʪʨʦʧʽʡʥʘ ʜʠʚʝʨʛʝʥʮʽʷ ʧʦʪʦʢʫ 

ʝʥʝʨʛʽʾ ʥʘ ʚʠʭʦʜʽ ʥʘʢʦʧʠʯʫʚʘʯʘ ʜʦʨʽʚʥʶʻ 

2 1 2 1 0,708d d charge d discharge charge charge discharge dischargeD D D S S S S= + = - + - =. 

ʊʘʙʣʠʮʷ 3.14. ɿʥʘʯʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʚʠʭʦʜʽ ʥʘʢʦʧʠʯʫʚʘʯʘ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʝʥʪʨʦʧʽʾ ʧʦʪʦʢʫ ʝʥʝʨʛʽʾ 

ˉ ʯʘʩʦʚʦʛʦ 

ʽʥʪʝʨʚʘʣʫ 

ʈʝʘʣʴʥʠʡ 

ʨʦʟʧʦʜʽʣ 

ɻʨʘʥʠʯʥʦ 

ʜʦʧʫʩʪʠʤʠʡ 

ʨʦʟʧʦʜʽʣ 

ʈʦʟʧʦʜʽʣ ʟ 

ʢʦʨʝʢʮʽʻʶ 

ʻʤʥʦʩʪʽ 

1 8,3 ɺʪ 13 ɺʪ 15,3 ɺʪ 

2 15,8 ɺʪ 13 ɺʪ 14,4 ɺʪ 

3 19,7 ɺʪ 44 ɺʪ 1,6 ɺʪ 

é 

80 31 ɺʪ 44 ɺʪ 15,5 ɺʪ 

  

 ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʚʝʣʠʯʠʥʠ ʝʥʪʨʦʧʽʡʥʦʾ ʜʠʚʝʨʛʝʥʮʽʾ, ʪʦʙʪʦ ʥʘʙʣʠʞʝʥʥʷ 

ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʥʘʢʦʧʠʯʫʚʘʯʘ ʜʦ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʦʛʦ, ʥʝʦʙʭʽʜʥʦ ʫ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʝʥʪʨʦʧʽʡʥʦʾ ʜʠʚʝʨʛʝʥʮʽʾ ʧʦʪʦʢʫ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, 

ʚʟʷʪʦʾ ʟ ʧʨʦʪʠʣʝʞʥʠʤ ʟʥʘʢʦʤ, ʟʤʽʥʶʚʘʪʠ ʬʫʥʢʮʽʶ ʟʘʨʷʜʥʦʛʦ ʩʪʨʫʤʫ 

ʥʘʢʦʧʠʯʫʚʘʯʘ, ʥʝ ʟʙʽʣʴʰʫʶʯʠ ʧʨʠ ʮʴʦʤʫ ʚʝʣʠʯʠʥʫ ʘʙʩʦʣʶʪʥʦʾ ʻʤʥʦʩʪʽ. ʋ ʪʘʢʦʤʫ 

ʚʠʧʘʜʢʫ, ʝʥʪʨʦʧʽʷ ʧʦʪʦʢʫ ʝʥʝʨʛʽʾ ʥʘ ʚʠʭʦʜʽ ʥʘʢʦʧʠʯʫʚʘʯʘ, ʨʦʟʨʘʭʦʚʘʥʘ ʟʘ 

ʟʥʘʯʝʥʥʷʤʠ ʧʦʪʫʞʥʦʩʪʽ (ʢʨʠʚʘ 3, ʨʠʩ. 3.28) ʜʦʨʽʚʥʶʻ: ʜʣʷ ʨʝʞʠʤʫ ʟʘʨʷʜʫ 

3,073chargeS = , ʜʣʷ ʨʝʞʠʤʫ ʨʦʟʨʷʜʫ 2,784dischargeS = , ʽ ʝʥʪʨʦʧʽʡʥʘ ʜʠʚʝʨʛʝʥʮʽʷ 

ʧʦʪʦʢʫ ʝʥʝʨʛʽʾ ʥʘ ʚʠʭʦʜʽ ʥʘʢʦʧʠʯʫʚʘʯʘ 0,195dD = . ʇʨʠ ʮʴʦʤʫ ʟʤʝʥʰʫʶʪʴʩʷ 

ʪʨʠʚʘʣʦʩʪʽ ʽʥʪʝʨʚʘʣʽʚ ʯʘʩʫ, ʢʦʣʠ ʥʘʢʦʧʠʯʫʚʘʯ ʧʦʚʥʽʩʪʶ ʟʘʨʷʜʞʝʥʠʡ (ʟ 1200 ʜʦ 

1600 ʩʝʢʫʥʜ) ʪʘ ʧʦʚʥʽʩʪʶ ʨʦʟʨʷʜʞʝʥʠʡ (ʟ 2900 ʜʦ 3000 ʩʝʢʫʥʜ, ʟ 3350 ʜʦ 3400 

ʩʝʢʫʥʜ), ʦʜʥʘʢ ʙʘʣʘʥʩ ʝʥʝʨʛʽʾ ʫ ʩʠʩʪʝʤʽ ʟʙʝʨʽʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ 

ʝʥʝʨʛʽʾ ʥʘ ʽʥʪʝʨʚʘʣʽ 1600 ï 2500 ʩʝʢʫʥʜ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʝʥʝʨʛʽʾ ʥʘ ʽʥʪʝʨʚʘʣʽ 2500 ï 

5000 ʩʝʢʫʥʜ. 

ʇʨʝʜʩʪʘʚʠʚʰʠ ʥʘ ʽʥʪʝʚʘʣʘʭ t1 ï t2 ʪʘ t3 ï t4 ʟʤʽʥʫ ʩʪʘʥʫ ʟʘʨʷʜʫ ʥʘʢʦʧʠʯʫʚʘʯʘ 

ʣʽʥʽʡʥʦʶ ʬʫʥʢʮʽʻʶ (ʨʠʩ. 3.29) ʪʘ ʨʦʟʨʘʭʫʚʘʚʰʠ ʧʣʦʱʽ, ʦʙʤʝʞʝʥʽ ʢʨʠʚʠʤʠ 1 ʪʘ 2, 
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ʦʪʨʠʤʘʻʤʦ ʨʽʟʥʠʮʶ SD  ʤʽʞ ʨʽʚʥʷʤʠ ʜʽʾ (ʤʦʤʝʥʪ ʢʽʣʴʢʦʩʪʽ ʨʫʭʫ), ʷʢ ʬʫʥʢʮʽʦʥʘʣʫ 

ʽʟ ʨʦʟʤʽʨʥʽʩʪʶ [ʝʥʝʨʛʽʷ]Ĭ[ʯʘʩ] (ɼʞĿʩ): 

 
1 2

1

ȹ 6%
S S

S
S

-
= º .  

ʇʝʨʝʭʦʜʷʯʠ ʚʽʜ ʨʽʟʥʠʮʽ SD  ʤʽʞ ʨʽʚʥʷʤʠ ʜʽʾ ʜʦ ʨʽʟʥʠʮʽ WD  ʤʽʞ ʨʽʚʥʷʤʠ 

ʝʥʝʨʛʽʡ ʥʘ ʚʽʜʧʦʚʽʜʥʠʭ ʯʘʩʦʚʠʭ ʽʥʪʝʨʚʘʣʘʭ, ʦʪʨʠʤʫʻʤʦ: 

 
1 2

1

ȹ 3%
W W

W
W

-
= º .  

 

ʈʠʩ. 3.29. ʏʘʩʦʚʘ ʟʘʣʝʞʥʽʩʪʴ ʟʤʽʥʠ ʩʪʘʥʫ ʟʘʨʷʜʫ ʥʘʢʦʧʠʯʫʚʘʯʘ, ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʣʽʥʽʡʥʠʤʠ ʬʫʥʢʮʽʷʤʠ 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʩʧʽʚʨʦʟʤʽʨʥʠʭ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʥʷʭ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʚʠʭʦʜʽ 

ʫʩʪʘʥʦʚʢʠ ʥʘ ʦʩʥʦʚʽ ʚʽʜʥʦʚʣʶʚʘʥʦʛʦ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ ʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʧʦʩʦʙʫ ʢʝʨʫʚʘʥʥʷ ʬʫʥʢʮʽʻʶ ʟʘʨʷʜʥʦʛʦ ʩʪʨʫʤʫ ʥʘʢʦʧʠʯʫʚʘʯʘ ʫ 

ʣʦʢʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʝʥʪʨʦʧʽʡʥʦʾ ʜʠʚʝʨʛʝʥʮʽʾ 

ʧʦʪʦʢʫ ʧʝʨʚʠʥʥʦʾ ʝʥʝʨʛʽʾ, ʚʟʷʪʦʾ ʟ ʧʨʦʪʠʣʝʞʥʠʤ ʟʥʘʢʦʤ, ʜʦʟʚʦʣʷʻ ʥʘ 3% 

ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʧʝʨʚʠʥʥʦʛʦ ʧʦʪʦʢʫ ʚ ʩʠʩʪʝʤʽ ʟʘ 

ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʥʘ 50% ʪʨʠʚʘʣʦʩʪʽ ̔ʥʪʝʨʚʘʣʫ ʯʘʩʫ, ʢʦʣʠ ʥʘʢʦʧʠʯʫʚʘʯ ʻ 

ʧʦʚʥʽʩʪʶ ʟʘʨʷʜʞʝʥʠʤ ʪʘ ʥʘ 20% ʪʨʠʚʘʣʦʩʪʽ ̔ʥʪʝʨʚʘʣʫ ʯʘʩʫ, ʢʦʣʠ ʥʘʢʦʧʠʯʫʚʘʯ ʻ 

ʧʦʚʥʽʩʪʶ ʨʦʟʨʷʜʞʝʥʠʤ.  
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ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 3 

 

 1. ʈʝʘʣʽʟʘʮʽʷ ʧʨʦʛʥʦʟʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʣʦʢʘʣʴʥʦʶ ʩʠʩʪʝʤʦʶ 

ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʝʨʰʦʾ ʚʠʙʽʨʢʦʚʦʾ ʝʥʪʨʦʧʽʾ, ʷʢ ʽʥʪʝʛʨʘʣʴʥʦʾ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʘʥʫ ʩʠʩʪʝʤʠ, ʜʦʟʚʦʣʷʻ ʦʮʽʥʶʚʘʪʠ ʪʘ ʧʦʨʽʚʥʶʚʘʪʠ ʚʠʧʘʜʢʦʚʽ 

ʧʨʦʮʝʩʠ ʛʝʥʝʨʘʮʽʾ, ʩʧʦʞʠʚʘʥʥʷ ʪʘ ʥʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ, ʥʝ ʟʥʘʭʦʜʷʯʠ ʟʘʢʦʥʽʚ ʾʭ 

ʨʦʟʧʦʜʽʣʫ. ɸ ʚʠʟʥʘʯʝʥʥʷ ʪʨʝʥʜʫ ʟʤʽʥʠ ʝʥʪʨʦʧʽʾ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ 

ʧʦʢʘʟʥʠʢ ʤʦʞʣʠʚʦʾ ʦʯʽʢʫʚʘʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʚʠʭʦʜʽ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ. 

2. ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʝʦʨʽʾ ʤʦʤʝʥʪʽʚ ʜʣʷ ʧʦʙʫʜʦʚʠ ʚʽʜʥʦʚʣʶʶʯʦʛʦ ʪʘ 

ʧʨʦʛʥʦʟʫʶʯʦʛʦ ʧʦʣʽʥʦʤʫ ʜʦʟʚʦʣʷʻ ʟ ʧʦʭʠʙʢʦʶ, ʱʦ ʥʝ ʧʝʨʝʚʠʱʫʻ 23% 

ʚʠʢʦʥʫʚʘʪʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʯʘʩʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʝʥʪʨʦʧʽʾ ʐʝʥʥʦʥʘ ʜʣʷ ʧʦʪʫʞʥʦʩʪʽ 

ʩʧʦʞʠʚʘʥʥʷ. ʇʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘ 11% ʜʦʩʷʛʘʻʪʴʩʷ ʰʣʷʭʦʤ 

ʚʨʘʭʫʚʘʥʥʷ ʬʨʘʢʪʘʣʴʥʦʾ ʧʨʠʨʦʜʠ ʧʨʦʮʝʩʫ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʝʥʪʨʦʧʽʾ ʈʝʥʴʾ. 

3. ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʠʢʠ ʨʦʟʙʠʪʪʷ ʜʦʙʠ ʥʘ ʯʘʩʦʚʽ ʽʥʪʝʨʚʘʣʠ ʪʘ ʧʦʰʫʢ 

ʩʪʘʪʠʩʪʠʯʥʦ ʩʭʦʞʠʭ ʽʥʪʝʨʚʘʣʽʚ ʜʦʟʚʦʣʷʻ ʥʘ 6% ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʯʘʩʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʝʥʪʨʦʧʽʾ ʧʦʪʫʞʥʦʩʪʽ ʩʧʦʞʠʚʘʥʥʷ ʫ ʣʦʢʘʣʴʥʠʭ 

ʩʠʩʪʝʤʘʭ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ, ʽ ʟ ʧʦʭʠʙʢʦʶ, ʱʦ ʥʝ ʧʝʨʝʚʠʱʫʻ 20% ʚʠʢʦʥʫʚʘʪʠ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʤʽʥʠ ʧʦʪʫʞʥʦʩʪʽ ʩʧʦʞʠʚʘʥʥʷ. 

4. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʦʙôʻʜʥʘʥʥʷ ʥʘʡʙʣʠʞʯʠʭ ʩʫʩʽʜʽʚ ʪʘ ʢʣʘʩʪʝʨʠʟʘʮʽʾ 

k-ʩʝʨʝʜʥʽʭ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ ʙʽʣʴʰʦʾ ʪʦʯʥʦʩʪʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ 

ʛʝʥʝʨʘʮʽʾ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ ʧʦʨʽʚʥʷʥʦ ʟ ʢʣʘʩʠʯʥʠʤ ʤʝʪʦʜʦʤ ʥʘʡʙʣʠʞʯʠʭ ʩʫʩʽʜʽʚ, 

ʽ ʟʤʝʥʰʠʪʠ ʩʝʨʝʜʥʶ ʘʙʩʦʣʶʪʥʫ ʧʦʭʠʙʢʫ ʫ ʚʽʜʩʦʪʢʘʭ ʜʦ 4%. 

5. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʨʠʥʮʠʧ ʝʥʪʨʦʧʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʣʦʢʘʣʴʥʠʭ ʩʠʩʪʝʤ 

ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʫʥʢʮʽʾ ʝʥʪʨʦʧʽʡʥʦʾ ʜʠʚʝʨʛʝʥʮʽʾ, ʷʢʘ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʤʘʢʨʦʩʪʘʥ ʩʠʩʪʝʤʠ ʽ ʜʦʟʚʦʣʷʻ ʚʨʘʭʦʚʫʚʘʪʠ ʥʝʨʽʚʥʽʩʪʴ ʘʧʨʽʦʨʥʠʭ 

ʽʤʦʚʽʨʥʦʩʪʝʡ ʤʽʢʨʦʩʪʘʥʽʚ ʩʠʩʪʝʤʠ, ʜʦʟʚʦʣʷʻ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʦʚʘʞʥʦʛʦ ʩʪʘʥʫ 

ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʪʠʩʷ ʥʝ ʫʤʦʚʦʶ ʤʘʢʩʠʤʫʤʫ ʝʥʪʨʦʧʽʾ, ʘ ʫʤʦʚʦʶ ʫʤʦʚʥʦʛʦ 

ʤʽʥʽʤʫʤʘ ʝʥʪʨʦʧʽʡʥʦʾ ʜʠʚʝʨʛʝʥʮʽʾ. 

6. ɼʣʷ ʢʦʨʝʢʮʽʾ ʨʝʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʝʥʝʨʛʽʾ ʥʘ ʚʠʭʦʜʽ ʩʦʥʷʯʥʦʾ ʙʘʪʘʨʝʾ ʽ 

ʥʘʙʣʠʞʝʥʥʷ ʡʦʛʦ ʜʦ ʽʜʝʘʣʴʥʦʛʦ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘʢʦʧʠʯʫʚʘʯ 
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ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʟ ʬʫʥʢʮʽʻʶ ʟʘʨʷʜʥʦʛʦ ʩʪʨʫʤʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʝʥʪʨʦʧʽʡʥʽʡ 

ʜʠʚʝʨʛʝʥʮʽʾ ʧʦʪʦʢʫ ʧʝʨʚʠʥʥʦʾ ʝʥʝʨʛʽʾ, ʚʟʷʪʽʡ ʟ ʧʨʦʪʠʣʝʞʥʠʤ ʟʥʘʢʦʤ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʥʘ 3% ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʧʝʚʠʥʥʦʛʦ ʧʦʪʦʢʫ ʚ ʩʠʩʪʝʤʽ 

ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʪʨʠʚʘʣʦʩʪʝʡ ʽʥʪʝʨʚʘʣʽʚ ʯʘʩʫ, ʢʦʣʠ ʥʘʢʦʧʠʯʫʚʘʯ ʧʦʚʥʽʩʪʶ 

ʟʘʨʷʜʞʝʥʠʡ ʪʘ ʧʦʚʥʽʩʪʶ ʨʦʟʨʷʜʞʝʥʠʡ. 
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ʈʆɿɼɯʃ 4. ɺʇʃʀɺ ʇʆɼɺɯʁʅʆɰ ʉʊʈʋʂʊʋʈʀ ʇʆʊʆʂɯɺ ɽʅɽʈɻɯɰ ʅɸ 

ʈʆɿʈɸʍʋʅʆʂ ɽʅʊʈʆʇɯʁʅʆɰ ɼʀɺɽʈɻɽʅʎɯɰ 

 

 ʅʘʢʦʧʠʯʫʚʘʯʽ ʚ ʣʦʢʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʟ ʫʩʪʘʥʦʚʢʘʤʠ ʥʘ 

ʦʩʥʦʚʽ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʧʦʚʠʥʥʽ ʚʽʜʧʦʚʽʜʘʪʠ ʨʝʞʠʤʫ ʨʦʙʦʪʠ 

ʩʠʩʪʝʤʠ ʱʦʜʦ ʦʙʩʷʛʫ ʪʘ ʯʘʩʫ ʥʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ. ʐʚʠʜʢʽ ʟʤʽʥʠ ʨʽʚʥʽʚ 

ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʮʽʾ ʪʘ ʩʧʦʞʠʚʘʥʥʷ ʩʧʨʠʯʠʥʷʶʪʴ ʧʦʨʫʰʝʥʥʷ ʨʝʞʠʤʽʚ ʟʘʨʷʜʫ ʯʠ 

ʨʦʟʨʷʜʫ ʥʘʢʦʧʠʯʫʚʘʯʽʚ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʾʭ ʧʦʰʢʦʜʞʝʥʥʷ [200], ʪʦʤʫ 

ʘʢʪʫʘʣʴʥʠʤ ʧʨʠ ʚʠʙʦʨʽ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʥʝʨʛʽʾ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʥʘʤʽʢʠ 

ʩʪʦʭʘʩʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʟʤʽʥʠ ʧʦʪʦʢʽʚ ʧʝʨʚʠʥʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʝʥʝʨʛʽʾ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʷʢ ʥʘ ʢʦʨʦʪʢʦʪʨʠʚʘʣʠʭ ʽʥʪʝʨʚʘʣʘʭ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʪʘʢ ʽ ʥʘ ʜʦʚʛʦʪʨʠʚʘʣʠʭ 

ʙʘʟʦʚʠʭ ʽʥʪʝʨʚʘʣʘʭ. 

ʋ ʟʚôʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʧʦʪʽʢ ʧʝʨʚʠʥʥʦʾ ʝʥʝʨʛʽʾ ʫ ʣʦʢʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ 

ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʟ ʫʩʪʘʥʦʚʢʘʤʠ ʥʘ ʦʩʥʦʚʽ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʻ 

ʥʝʨʽʚʥʦʤʽʨʥʠʤ, ʜʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʮʽʻʾ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʥʘʢʦʧʠʯʫʚʘʯ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ 

ʟ ʧʨʠʩʪʨʦʻʤ ʟʘʨʷʜʫ/ʨʦʟʨʷʜʫ ʟʘʟʚʠʯʘʡ ʽʥʪʝʛʨʫʻʪʴʩʷ ʚ ʩʠʩʪʝʤʫ (ʨʠʩ. 4.1, 

ʥʘʢʦʧʠʯʫʚʘʯ ʅ1) [199], ʦʜʥʘʢ ʦʢʨʝʤʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʘʙʦ ʛʨʫʧʠ ʥʘʚʘʥʪʘʞʝʥʴ 

ʧʽʜʢʣʶʯʘʶʪʴʩʷ ʩʫʤʽʩʥʦ ʟ ʜʞʝʨʝʣʘʤʠ ʙʝʟʧʝʨʝʙʽʡʥʦʛʦ ʞʠʚʣʝʥʥʷ, ʷʢʽ ʤʽʩʪʷʪʴ 

ʥʘʢʦʧʠʯʫʚʘʯʽ (ʅ2 ï ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʥʘʢʦʧʠʯʫʚʘʯ ʜʞʝʨʝʣ ʙʝʟʧʝʨʝʙʽʡʥʦʛʦ 

ʞʠʚʣʝʥʥʷ). ʅʘ ʨʠʩ. 4.1 ʧʦʟʥʘʯʝʥʦ: E(t) ï ʝʢʚʽʚʘʣʝʥʪʥʝ ʜʞʝʨʝʣʦ ʥʘʧʨʫʛʠ; r(t) ï 

ʚʥʫʪʨʽʰʥʽʡ ʦʧʽʨ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʜʞʝʨʝʣʘ; ʅ1 ʪʘ ʅ2 ï ʥʘʢʦʧʠʯʫʚʘʯʽ ʝʣʝʢʪʨʠʯʥʦʾ 

ʝʥʝʨʛʽʾ ʟ ʟʘʨʷʜʥʦ-ʨʦʟʨʷʜʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ ɿʈ1 ʪʘ ɿʈ2; ʇ ï ʧʝʨʝʪʚʦʨʶʚʘʯ ʜʣʷ 

ʩʪʘʙʽʣʽʟʘʮʽʾ ʥʘʧʨʫʛʠ ʥʘ ʚʠʭʦʜʽ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʜʞʝʨʝʣʘ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʚʽʜʙʽʨ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ; RH(t) ï ʦʧʽʨ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʋ ʟʘʛʘʣʴʥʽʡ ʩʠʩʪʝʤʽ ʤʦʞʝ ʙʫʪʠ 

ʧʨʠʩʫʪʥʽʡ ʷʢ ʦʜʠʥ, ʪʘʢ ʽ ʜʝʢʽʣʴʢʘ ʥʘʢʦʧʠʯʫʚʘʯʽʚ, ʢʽʣʴʢʽʩʪʴ ʷʢʠʭ ʦʙʫʤʦʚʣʶʻʪʴʩʷ 

ʧʦʪʨʝʙʘʤʠ ʩʧʦʞʠʚʘʯʽʚ. 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʨʝʘʣʽʟʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʚʠʭʦʜʽ ʫʩʪʚʥʦʚʦʢ ʟ ɺɼɽ ʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʟʘ 

ʫʤʦʚʠ, ʱʦ ʥʘʢʦʧʠʯʫʚʘʯ ʥʝ ʟʘʨʷʜʞʘʻʪʴʩʷ ʙʽʣʴʰʝ ʥʽʞ ʥʘ 85%, ʽ ʥʝ ʨʦʟʨʷʜʞʘʻʪʴʩʷ 

ʤʝʥʰʝ ʥʽʞ ʥʘ 15%, ʧʨʠ ʮʴʦʤʫ ʛʣʠʙʠʥʘ ʨʦʟʨʷʜʫ ʥʝ ʧʝʨʝʚʠʱʫʻ 70% ʽ 

ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʚ ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʜʽʘʧʘʟʦʥʫ ʟʤʽʥʠ ʩʪʘʥʫ ʟʘʨʷʜʫ ʥʘʢʦʧʠʯʫʚʘʯʘ. 



 

206 

( )r t

( )E t

ɿʈ1

( )HR tʇ

ɺɼɽ

ʅ1

ɿʈ2

ʅ2

 

ʈʠʩ. 4.1. ʉʧʨʦʱʝʥʘ ʝʢʚʽʚʘʣʝʥʪʥʘ ʩʭʝʤʘ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʟ 

ʥʘʢʦʧʠʯʫʚʘʯʘʤʠ 

 

ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʦʛʦ, ʥʘ ʷʢʦʤʫ ʟ ʽʥʪʝʨʚʘʣʽʚ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʧʨʦʮʝʩʠ ʟʤʽʥʠ 

ʧʦʪʦʢʽʚ ʧʝʨʚʠʥʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʝʥʝʨʛʽʾ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʢʝʨʫʚʘʥʥʷ ʥʘʢʦʧʠʯʫʚʘʯʝʤ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʘʙʦ ʟʘ ʪʨʝʥʜʦʤ ʮʠʭ ʧʨʦʮʝʩʽʚ, ʘʙʦ ʟʘ ʾʭ ʬʣʫʢʪʫʘʮʽʷʤʠ, ʷʢʽ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʨʦʮʝʩʫ ɺʽʥʝʨʘ. ʆʩʢʽʣʴʢʠ ʚʽʜʩʦʪʦʢ ʝʥʝʨʛʽʾ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʬʣʫʢʪʫʘʮʽʷʤ ʟʥʘʯʥʦ ʤʝʥʰʠʡ ʟʘ ʚʽʜʩʦʪʦʢ ʝʥʝʨʛʽʾ, ʱʦ ʧʝʨʝʥʦʩʠʪʴʩʷ ʪʨʝʥʜʦʤ, 

ʚʠʤʦʛʠ ʜʦ ʘʣʛʦʨʠʪʤʽʚ ʢʝʨʫʚʘʥʥʷ ʙʫʜʫʪʴ ʨʽʟʥʠʤʠ. 

ʇʨʠ ʮʴʦʤʫ ʬʦʨʤʫʚʘʥʥʷ ʩʠʛʥʘʣʽʚ ʢʝʨʫʚʘʥʥʷ ʥʘʢʦʧʠʯʫʚʘʯʝʤ ʫ ʣʦʢʘʣʴʥʽʡ 

ʩʠʩʪʝʤʽ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʟ ʫʩʪʘʥʦʚʢʘʤʠ ʥʘ ʦʩʥʦʚʽ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʨʦʟʨʘʭʫʥʢʫ ʝʥʪʨʦʧʽʡʥʦʾ ʜʠʚʝʨʛʝʥʮʽʾ ʧʦʪʦʢʽʚ ʝʥʝʨʛʽʾ 

ʛʝʥʝʨʘʮʽʾ ʪʘ ʩʧʦʞʠʚʘʥʥʷ. 

 

4.1. ʆʮʽʥʢʘ ʝʥʪʨʦʧʽʡʥʦʾ ʜʠʚʝʨʛʝʥʮʽʾ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʫʤʦʚʥʦʾ ʝʥʪʨʦʧʽʾ ʟʽ 

ʩʪʦʨʦʥʠ ʫʩʪʘʥʦʚʢʠ ʥʘ ʦʩʥʦʚʽ ʚʽʜʥʦʚʣʶʚʘʥʦʛʦ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ ʪʘ 

ʥʘʚʘʥʪʘʞʝʥʥʷ 

 

ʇʨʠ ʨʦʙʦʪʽ ʥʘʢʦʧʠʯʫʚʘʯʘ ʫ ʣʦʢʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʟʤʽʥʘ 

ʩʪʘʥʫ ʡʦʛʦ ʟʘʨʷʜʫ ʧʨʦʪʷʛʦʤ ʜʦʙʠ ʟʤʽʥʶʻʪʴʩʷ, ʥʘʧʨʠʢʣʘʜ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4.2. 

ʅʘ ʜʝʷʢʠʭ ʽʥʪʝʨʚʘʣʘʭ ʯʘʩʫ ʥʘʢʦʧʠʯʫʚʘʯ ʻ ʥʝʢʝʨʦʚʘʥʠʤ: ʚʽʥ ʧʦʚʥʽʩʪʶ ʟʘʨʷʜʞʝʥʠʡ 

ʥʘ ʽʥʪʝʨʚʘʣʽ t1 ï t2 ʪʘ ʧʦʚʥʽʩʪʶ ʨʦʟʨʷʜʞʝʥʠʡ ʥʘ ʽʥʪʝʨʚʘʣʽ t3 ï t4. ʅʘ ʽʥʪʝʨʚʘʣʘʭ 
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ʯʘʩʫ 0 ï t1, t2 ï t3, t4 ï Ð (ʜʠʚ. ʨʠʩ. 4.2) ʟʤʽʥʫ ʩʪʘʥʫ ʟʘʨʷʜʫ ʥʘʢʦʧʠʯʫʚʘʯʘ ʟ ʜʝʷʢʦʶ 

ʧʦʭʠʙʢʦʶ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʣʽʥʽʡʥʦʶ ʪʘ ʘʧʨʦʢʩʠʤʫʚʘʪʠ ʣʽʥʽʡʥʦʶ ʬʫʥʢʮʽʻʶ, ʱʦ 

ʚʚʘʞʘʻʪʴʩʷ ʝʢʚʽʚʘʣʝʥʪʦʤ ʣʽʥʽʡʥʦʾ ʟʤʽʥʠ ʥʘʧʨʫʛʠ ʪʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʦʧʦʨʫ 

ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʜʞʝʨʝʣʘ ʫʩʪʘʥʦʚʢʠ ʥʘ ʦʩʥʦʚʽ ʚʽʜʥʦʚʣʶʚʘʥʦʛʦ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ. 

 

 

ʈʠʩ. 4.2. ɼʦʙʦʚʠʡ ʛʨʘʬʽʢ ʟʤʽʥʠ ʩʪʘʥʫ ʟʘʨʷʜʫ ʥʘʢʦʧʠʯʫʚʘʯʘ 

 

ʇʦʢʨʘʱʝʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʚʽʜʙʦʨʫ ʤʘʢʩʠʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʚʽʜ ʫʩʪʘʥʦʚʦʢ ʟ ɺɼɽ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʥʘʢʦʧʠʯʫʚʘʯ ʫ ʩʠʩʪʝʤʽ ʟʘʨʷʜʞʘʻʪʴʩʷ ʪʘ ʨʦʟʨʷʜʞʘʻʪʴʩʷ 

ʰʚʠʜʰʝ, ʘ ʦʪʞʝ ʟôʷʚʣʷʶʪʴʩʷ ʽʥʪʝʨʚʘʣʠ ʯʘʩʫ, ʜʝ ʚʽʥ ʩʪʘʻ ʧʦʚʥʽʩʪʶ ʟʘʨʷʜʞʝʥʠʤ ʘʙʦ 

ʨʦʟʨʷʜʞʝʥʠʤ (ʽʥʪʝʨʚʘʣʠ t1 ï t2, t3 ï t4, ʨʠʩ. 4.2), ʱʦ ʧʦʜʽʙʥʝ ʜʦ ʷʚʠʱʘ 

çʜʝʢʘʧʣʽʥʛʫè, ʢʦʣʠ ʜʚʘ ʧʨʦʮʝʩʠ, ʷʢʽ ʧʦʚʠʥʥʽ ʙ ʤʘʪʠ ʚʠʟʥʘʯʝʥʫ ʟʘʣʝʞʥʽʩʪʴ, ʥʘ 

ʧʨʘʢʪʠʮʽ ʨʫʭʘʶʪʴʩʷ ʫ ʨʽʟʥʠʭ ʥʘʧʨʷʤʘʭ, ʱʦ ʜʦʟʚʦʣʷʻ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʫʟʛʦʜʠʪʠ 

ʪʝʤʧ ʟʘʨʷʜʞʘʥʥʷ ʥʘʢʦʧʠʯʫʚʘʯʘ, ʘ ʟ ʽʥʰʦʛʦ, ʨʝʛʫʣʶʚʘʪʠ ʧʨʦʮʝʩ ʚʽʜʙʦʨʫ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʚʽʜ ʫʩʪʘʥʦʚʦʢ ʟ ɺɼɽ. 

ʇʨʠ ʚʨʘʭʫʚʘʥʥʽ ʣʽʥʽʡʥʦʾ ʟʤʽʥʠ ʷʢ ʥʘʧʨʫʛʠ ( )E t  ʪʘʢ ʽ ʚʥʫʪʨʽʰʥʴʦʛʦ ʦʧʦʨʫ 

( )r t  ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʜʞʝʨʝʣʘ ʧʝʨʝʪʚʦʨʶʚʘʯ ʩʧʽʣʴʥʦ ʟ ʧʨʠʩʪʨʦʻʤ ʟʘʨʷʜʫ/ʨʦʟʨʷʜʫ 

1ɿʈ ʥʘʢʦʧʠʯʫʚʘʯʘ 1H  ʬʦʨʤʫʶʪʴ ʩʪʨʫʤ ʫ ʚʠʭʽʜʥʦʤʫ ʢʦʣʽ ɺɼɽ ʟʘ ʚʠʨʘʟʦʤ: 

 ( )( ) erf 2II t k t tp b bè ø= -
ê ú

 (4.1) 

ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʭʘʨʘʢʪʝʨʫ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʜʝ Ik , [ ]ɸ ʩ  ï ʢʦʝʬʽʮʽʻʥʪ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ, ʷʢʠʡ ʯʠʩʝʣʴʥʦ ʜʦʨʽʚʥʶʻ ʪʘʥʛʝʥʩʫ ʢʫʪʘ ʥʘʭʠʣʫ ʧʨʠ ʣʽʥʽʡʥʽʡ ʟʤʽʥʽ 
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ʩʪʨʫʤʫ ʫ ʯʘʩʽ; b, 
2

1ʩè ø
ê ú ï ʚʝʣʠʯʠʥʘ, ʦʙʝʨʥʝʥʘ ʢʚʘʜʨʘʪʫ ʩʪʘʣʦʾ ʯʘʩʫ, ʽ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʠʩʧʝʨʩʽʻʶ ɻʘʫʩʽʚʩʴʢʦʛʦ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʦʨʤʫʚʘʥʥʷ ʪʘʢʦʛʦ ʩʪʨʫʤʫ ʥʝʦʙʭʽʜʥʦ ʨʝʘʣʽʟʫʚʘʪʠ 

ʫʧʝʨʝʜʞʫʚʘʣʴʥʝ ʢʝʨʫʚʘʥʥʷ ʧʦʪʫʞʥʽʩʪʶ ( )ɺɼɽP t  ʥʘ ʚʠʭʦʜʽ ʫʩʪʘʥʦʚʢʠ ʥʘ ʦʩʥʦʚʽ 

ʚʽʜʥʦʚʣʶʚʘʥʦʛʦ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ ʚ ʥʘʩʪʫʧʥʠʡ 1kt +  ʤʦʤʝʥʪ ʯʘʩʫ, ʜʣʷ ʯʦʛʦ 

ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʚ kt  ʤʦʤʝʥʪ ʯʘʩʫ ʧʦʪʫʞʥʽʩʪʴ 1( )ɺɼɽ kP t +  ʟʘ ʬʦʨʤʫʣʦʶ [202]: 

 1 1( ) ( ) ( )ɺɼɽ k ɺɼɽ k ɺɼɽ kP t P t P t+ += +D . (4.2.) 

ɿʘ ʨʦʟʨʘʭʦʚʘʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ 1( )ɺɼɽ kP t +  ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʝʣʠʯʠʥʠ 

1 1( )k E kE t k t+ +=  ʪʘ 1 1( )k r kr t k t+ += , Ek  ʪʘ rk  ï ʢʦʝʬʽʮʽʻʥʪʠ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʟ 

ʨʦʟʤʽʨʥʦʩʪʷʤʠ [ ]ɺ ʩ ʪʘ [ ]ʆʤ ʩ ʚʽʜʧʦʚʽʜʥʦ. 

 ʋʤʦʚʘ ʚʽʜʙʦʨʫ ʤʘʢʩʠʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʚʽʜ ʫʩʪʘʥʦʚʢʠ ʥʘ ʦʩʥʦʚʽ 

ʚʽʜʥʦʚʣʶʚʘʥʦʛʦ ʜʞʝʨʝʣʘ ( ) ( )HR t r t=  ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʦʧʦʨʫ ʥʘʚʘʥʪʘʞʝʥʥʷ 

( )HR t  ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʰʣʷʭʦʤ ʢʝʨʫʚʘʥʥʷ ʩʪʨʫʤʦʤ ʟʘʨʷʜʫ ʥʘʢʦʧʠʯʫʚʘʯʘ 1H . 

ɺʝʣʠʯʠʥʠ ʩʪʨʫʤʫ ʟʘʨʷʜʫ, ʤʽʥʽʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʟʘʨʷʜʫ ʪʘ ʥʝʦʙʭʽʜʥʦʾ ʻʤʥʦʩʪʽ 

ʥʘʢʦʧʠʯʫʚʘʯʘ ʟʘʣʝʞʘʪʴ ʚʽʜ ʩʪʘʪʠʩʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʦʟʧʦʜʽʣʫ ʧʦʪʫʞʥʦʩʪʽ ʥʘ 

ʚʠʭʦʜʽ ʫʩʪʘʥʦʚʢʠ ʥʘ ʦʩʥʦʽʚ ʚʽʜʥʦʚʣʶʚʘʥʦʛʦ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ ʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷ: 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʦʯʽʢʫʚʘʥʴ ( )ɺɼɽM P tè øê ú
 ʪʘ [ ]( )ʅM P t ; ʜʠʩʧʝʨʩʽʡ ( )ɺɼɽD P tè øê ú

 ʪʘ 

[ ]( )ʅD P t ; ʪʘ ʢʦʨʝʣʷʮʽʡʥʦʛʦ ʤʦʤʝʥʪʫ ,ɺɼɽ ʅK  ʤʽʞ ʧʦʪʫʞʥʦʩʪʷʤʠ ʥʘ ʚʠʭʦʜʽ 

ʫʩʪʘʥʦʚʢʠ ʥʘ ʦʩʥʦʚʽ ʚʽʜʥʦʚʣʶʚʘʥʦʛʦ ʜʞʝʨʝʣʘ ʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʆʩʢʽʣʴʢʠ ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʦʚʦʛʦ ʧʦʪʦʢʫ, ʷʢ ʽ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʦʥʷʯʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʻ ʚʠʧʘʜʢʦʚʦʶ ʚʝʣʠʯʠʥʦʶ ʚ ʢʦʞʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ, ʪʦ ʧʦʪʫʞʥʽʩʪʴ 

ʥʘ ʚʠʭʦʜʽ ʫʩʪʘʥʦʚʢʠ ʥʘ ʦʩʥʦʚʽ ʚʽʜʥʦʚʣʶʚʘʥʦʛʦ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ 

(ʚʽʪʨʦʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʘʙʦ ʩʦʥʷʯʥʦʾ ʙʘʪʘʨʝʾ) ( )ɺɼɽP t  ʚʚʘʞʘʪʠʤʝʤʦ ʚʠʧʘʜʢʦʚʦʶ 

ʬʫʥʢʮʽʻʶ ʟ ʧʝʚʥʠʤ ʥʘʙʦʨʦʤ ʚʠʧʘʜʢʦʚʠʭ ʨʝʘʣʽʟʘʮʽʡ ( )ɺɼɽiʨ t. 

ɼʣʷ ʚʠʧʘʜʢʦʚʦʾ ʬʫʥʢʮʽʾ ʩʪʘʪʠʩʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʻ ʚʠʧʘʜʢʦʚʠʤʠ 

ʚʝʣʠʯʠʥʘʤʠ, ʷʢʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʯʘʩʫ ʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 
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1) ʤʘʪʝʤʘʪʠʯʥʝ ʦʯʽʢʫʚʘʥʥʷ 

 
1

( ) ( )
n

ɺɼɽ k ɺɼɽi k

i

M ʈ t ʨ t n
=

è ø=ê úä ; (4.3) 

2) ʜʠʩʧʝʨʩʽʷ 

 ( )
2

1

( ) ( ) ( ) 1
n

ɺɼɽ k ɺɼɽi k ɺɼɽ k

i

D ʈ t ʨ t M ʈ t n
=

è øè ø è ø= - -ê ú ê úê úä ; (4.4) 

3) ʢʦʨʝʣʷʮʽʡʥʠʡ ʤʦʤʝʥʪ 

 ( )
1

( , ) ( ) ( ) ( ) ( ) 1
n

ɺɼɽ k l ɺɼɽi k ɺɼɽ k ɺɼɽi l ɺɼɽ l

i

K t t ʨ t M ʈ t ʨ t M ʈ t n
=

è øè øè ø è ø= - - -ê ú ê úê úê úä ,(4.5) 

ʟʘ ʟʥʘʯʝʥʥʷʤʠ ʷʢʦʛʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʠʡ ʽʥʪʝʨʚʘʣ ( )l kt t- , ʥʘ ʷʢʦʤʫ 

ʬʫʥʢʮʽʷ ʚʚʘʞʘʻʪʴʩʷ ʩʪʘʮʽʦʥʘʨʥʦʶ; n  ï ʢʽʣʴʢʽʩʪʴ ʟʥʘʯʝʥʴ ʚʠʧʘʜʢʦʚʦʾ ʬʫʥʢʮʽʾ. 

ʋ ʪʘʙʣʠʮʽ 4.1 ʥʘʚʝʜʝʥʦ ʜʝʢʽʣʴʢʘ ʨʝʘʣʽʟʘʮʽʡ ʚʠʧʘʜʢʦʚʦʾ ʬʫʥʢʮʽʾ ( )ɺɽʋP t  ʥʘ 

ʚʠʭʦʜʽ ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ WindElectric WE10, ʧʦʪʫʞʥʽʩʪʶ 10 ʢɺʪ, ʱʦʜʥʷ ʫ ʛʨʫʜʥʽ 

2016 ʨʦʢʫ (ʧ = 31), ʤʘʪʝʤʘʪʠʯʥʝ ʦʯʽʢʫʚʘʥʥʷ, ʜʠʩʧʝʨʩʽʶ ʪʘ ʟʥʘʯʝʥʥʷ 

ʢʦʨʝʣʷʮʽʡʥʦʛʦ ʤʦʤʝʥʪʫ ( , )ɺɽʋ k lK t t  ʜʣʷ ʽʥʪʝʨʚʘʣʫ ( )1lt t- , 1,l m= ; ʘ ʫ ʪʘʙʣʠʮʽ 4.2 

ï ʜʝʢʽʣʴʢʘ ʨʝʘʣʽʟʘʮʽʡ ʚʠʧʘʜʢʦʚʦʾ ʬʫʥʢʮʽʾ ( )ʉɹP t  ʥʘ ʚʠʭʦʜʽ ʙʣʦʢʫ ʟ 10 ʩʦʥʷʯʥʠʭ 

ʙʘʪʘʨʝʡ SOLVIS SV 48-190, ʧʦʪʫʞʥʽʩʪʶ 190 ɺʪ ʢʦʞʥʘ, ʱʦʜʥʷ ʫ ʛʨʫʜʥʽ 2018 ʨʦʢʫ 

(ʧ = 31), ʤʘʪʝʤʘʪʠʯʥʝ ʦʯʽʢʫʚʘʥʥʷ, ʜʠʩʧʝʨʩʽʶ ʪʘ ʟʥʘʯʝʥʥʷ ʢʦʨʝʣʷʮʽʡʥʦʛʦ ʤʦʤʝʥʪʫ 

( , )ʉɹ k lK t t  ʜʣʷ ʽʥʪʝʨʚʘʣʫ ( )1lt t- , 1,l m= . 

ʅʘ ʨʠʩ. 4.3 ʘ, ʙ ʟʦʙʨʘʞʝʥʦ ʛʨʘʬʽʢʠ ʟʤʽʥʠ ʬʫʥʢʮʽʡ [ ]( )ɺɽʋ kM ʈ t  ʪʘ 

[ ]( )ʉɹ kM ʈ t , ʷʢʽ ʧʨʠ ʢʦʞʥʦʤʫ ʟʥʘʯʝʥʥʽ ʘʨʛʫʤʝʥʪʘ kt  ʨʽʚʥʽ ʤʘʪʝʤʘʪʠʯʥʦʤʫ 

ʦʯʽʢʫʚʘʥʥʶ ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʝʨʝʨʽʟʫ ʚʠʧʘʜʢʦʚʠʭ ʬʫʥʢʮʽʡ ( )ɺɽʋP t  ʪʘ ( )ʉɹP t . 
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ʘ) 

 

ʙ) 

ʈʠʩ. 4.3. ɻʨʘʬʽʢʠ ʟʤʽʥʠ ʬʫʥʢʮʽʡ [ ]( )ɺɽʋ kM ʈ t  (ʘ) ʪʘ [ ]( )ʉɹ kM ʈ t (ʙ) 

 

ɿʥʘʶʯʠ ʛʨʘʬʽʢ ʟʤʽʥʠ ʬʫʥʢʮʽʾ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʯʽʢʫʚʘʥʥʷ ( )ɺɼɽ kM ʈ tè øê ú
 

ʚʠʜʽʣʷʻʤʦ ʽʥʪʝʨʚʘʣʠ ʩʪʘʮʽʦʥʘʨʥʦʩʪʽ ʬʫʥʢʮʽʾ ( )ɺɼɽP t , ʥʘ ʷʢʠʭ ʬʫʥʢʮʽʶ 

ʚʚʘʞʘʪʠʤʝʤʦ ʦʜʥʦʨʽʜʥʦʶ ʟ ʥʝʟʥʘʯʥʠʤʠ ʚʠʧʘʜʢʦʚʠʤʠ ʢʦʣʠʚʘʥʥʷʤʠ ʚ ʦʢʦʣʽ 

ʜʝʷʢʦʛʦ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ. ʇʨʠ ʯʦʤʫ ʥʽ ʩʝʨʝʜʥʷ ʘʤʧʣʽʪʫʜʘ, ʥʽ ʭʘʨʘʢʪʝʨ ʮʠʭ 

ʢʦʣʠʚʘʥʴ ʥʝ ʟʘʟʥʘʶʪʴ ʩʫʪʪʻʚʠʭ ʟʤʽʥ ʥʘ ʦʙʨʘʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʩʪʘʮʽʦʥʘʨʥʦʩʪʽ. 

ʅʘʧʨʠʢʣʘʜ, ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʚ ʷʢʦʩʪʽ ʚʽʜʥʦʚʣʶʚʘʥʦʛʦ ʜʞʝʨʝʣʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʽʪʨʦʫʩʪʘʥʦʚʢʘ, ʥʘ ʽʥʪʝʨʚʘʣʽ ( )19 14t t-  ʬʫʥʢʮʽʷ ( )ɺɽʋP t  ʣʽʥʽʡʥʦ 

ʟʨʦʩʪʘʶʯʘ, ʘ ʥʘ ʽʥʪʝʨʚʘʣʽ ( )30 25t t-  ï ʣʽʥʽʡʥʦ ʩʧʘʜʥʘ. ʗʢʱʦ ʙ ʢʝʨʫʚʘʥʥʷ 
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ʧʨʦʚʦʜʠʣʦʩʴ ʜʣʷ ʤʦʤʝʥʪʫ ʯʘʩʫ 15t , ʪʦ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ ( )I t  ʫ ʚʠʭʽʜʥʦʤʫ 

ʢʦʣʽ ʚʽʪʨʦʛʝʥʝʨʘʪʦʨʘ, ʷʢʠʡ ʧʦʚʠʥʝʥ ʙʫʪʠ ʩʬʦʨʤʦʚʘʥʠʡ ʚ ʤʦʤʝʥʪ 16t , ʥʝʦʙʭʽʜʥʦ 

ʚʠʟʥʘʯʠʪʠ ʧʦʪʫʞʥʽʩʪʴ 16( )ɺɽʋʈ t, ʽ ʚʽʜʧʦʚʽʜʥʦ ʥʘʧʨʫʛʫ 16( )E t  ʪʘ ʚʥʫʪʨʽʰʥʽʡ ʦʧʽʨ 

16( )r t . ʆʩʢʽʣʴʢʠ ʟʥʘʯʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ 15( )ɺɽʋʈ t ʚʽʜʦʤʝ, ʜʦʩʪʘʪʥʴʦ ʨʦʟʨʘʭʫʚʘʪʠ 

ʧʨʠʨʽʩʪ ʧʦʪʫʞʥʦʩʪʽ 16( )ɺɽʋʈ tD  ʥʘ ʽʥʪʝʨʚʘʣʽ ( )16 15t t tD ¢ - , ʪʦʙʪʦ 

( )16 15
15 15 15( ) ( ) ( )ɺɽʋ ɺɽʋ ɺɽʋ t t t

ʈ t t ʈ t ʈ t t
D¢ -

+D = +D +D . 

ʆʩʢʽʣʴʢʠ ʚʽʜʭʠʣʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʚʽʜ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʻ ɺʽʥʝʨʦʚʩʴʢʠʤ 

ʧʨʦʮʝʩʦʤ [203], ʧʨʠʨʽʩʪ ʧʦʪʫʞʥʦʩʪʽ 15( )ɺɽʋʈ t tD +D  ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ 

[ ] [ ]15 15 15 15( ) ( ) ( ) ( )ɺɽʋ ɺɽʋ ɺɽʋ ɺɽʋʈ t t M ʈ t t ʈ t D ʈ t t+D = + . ɿʘ ʜʘʥʠʤʠ 

ʨʦʟʨʘʭʫʥʢʫ 15( )ɺɽʋʈ t t+D  ʚʠʟʥʘʯʘʻʤʦ ʧʨʠʨʦʩʪʠ ʥʘʧʨʫʛʠ 15( )E t t+D  ʪʘ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʦʧʦʨʫ 15( )r t t+D, ʽ ʚʽʜʧʦʚʽʜʥʦ ʧʨʠʨʽʩʪ ʩʪʨʫʤʫ 15( )I t tD +D. 

ɸʥʘʣʦʛʽʯʥʦ, ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʚ ʷʢʦʩʪʽ ʚʽʜʥʦʚʣʶʚʘʥʦʛʦ ʜʞʝʨʝʣʘ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʦʥʷʯʥʽ ʙʘʪʘʨʝʾ, ʥʘ ʽʥʪʝʨʚʘʣʽ ( )24 21t t-  ʬʫʥʢʮʽʷ ( )ʉɹP t  ʣʽʥʽʡʥʦ 

ʟʨʦʩʪʘʶʯʘ, ʘ ʥʘ ʽʥʪʝʨʚʘʣʽ ( )29 25t t-  ï ʣʽʥʽʡʥʦ ʩʧʘʜʥʘ. ʗʢʱʦ ʙ ʢʝʨʫʚʘʥʥʷ 

ʧʨʦʚʦʜʠʣʦʩʴ ʜʣʷ ʤʦʤʝʥʪʫ ʯʘʩʫ 15t , ʪʦ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ ( )I t  ʫ ʚʠʭʽʜʥʦʤʫ 

ʢʦʣʽ ʩʦʥʷʯʥʦʾ ʙʘʪʘʨʝʾ, ʷʢʠʡ ʧʦʚʠʥʝʥ ʙʫʪʠ ʩʬʦʨʤʦʚʘʥʠʡ ʚ ʤʦʤʝʥʪ 16t , ʥʝʦʙʭʽʜʥʦ 

ʚʠʟʥʘʯʠʪʠ ʧʦʪʫʞʥʽʩʪʴ 16( )ʉɹʈ t, ʽ ʚʽʜʧʦʚʽʜʥʦ ʥʘʧʨʫʛʫ 16( )E t  ʪʘ ʚʥʫʪʨʽʰʥʽʡ ʦʧʽʨ 

16( )r t . 



 

 

ʊʘʙʣʠʮʷ 4.1. ɼʝʢʽʣʴʢʘ ʨʝʘʣʽʟʘʮʽʡ ʚʠʧʘʜʢʦʚʦʾ ʬʫʥʢʮʽʾ ( )ɺɽʋP t , ʤʘʪʝʤʘʪʠʯʥʝ ʦʯʽʢʫʚʘʥʥʷ, ʜʠʩʧʝʨʩʽʷ ʪʘ ʟʥʘʯʝʥʥʷ 

ʢʦʨʝʣʷʮʽʡʥʦʛʦ ʤʦʤʝʥʪʫ ( , )ɺɽʋ k lK t t  ʜʣʷ ʽʥʪʝʨʚʘʣʫ ( )1lt t-  
 

t  

( )ɺɽʋP t  1t  2t  3t  4t   45t  46t  47t  48t  

1( )ɺɽʋʨ t 640 1250 640 270  270 640 270 270 

2( )ɺɽʋʨ t 270 270 270 270  3430 2160 3430 3430 

3( )ɺɽʋʨ t 3430 5120 5120 5120  1250 2160 1250 1250 

4( )ɺɽʋʨ t 640 1250 640 270  640 640 640 270 

5( )ɺɽʋʨ t 640 640 270 270  1250 1250 2160 2160 

6( )ɺɽʋʨ t 2160 2160 2160 2160  2160 2160 1250 3430 

7( )ɺɽʋʨ t 2160 2160 2160 1250  270 640 640 640 

          

25( )ɺɽʋʨ t 2160 1250 1250 1250  80 80 80 80 

26( )ɺɽʋʨ t 80 10 80 80  5120 3430 3430 3430 

27( )ɺɽʋʨ t 2160 3430 3430 2160  3430 5120 3430 3430 

28( )ɺɽʋʨ t 2160 2160 2160 2160  1250 1250 1250 1250 

29( )ɺɽʋʨ t 2160 2160 1250 640  1250 1250 640 640 

30( )ɺɽʋʨ t 640 640 270 270  270 270 270 270 

31( )ɺɽʋʨ t 270 270 80 270  80 80 80 80 

[ ]( )ɺɽʋ kM ʈ t  1036,452 1132,581 1070,645 1115,484  1101,29 1181,613 1131,29 1207,742 

[ ]( )ɺɽʋ kD ʈ t 2069236 2665546 2588179 3692465  2866665 3125288 2738221 3085102 

( , )ɺɽʋ k lK t t  2069236 1063653 1023066 1225834  25901,53 262756,2 31978,2 116292,1 

2
1

2 



 

 

ʊʘʙʣʠʮʷ 4.2. ɼʝʢʽʣʴʢʘ ʨʝʘʣʽʟʘʮʽʡ ʚʠʧʘʜʢʦʚʦʾ ʬʫʥʢʮʽʾ ( )ʉɹP t , ʤʘʪʝʤʘʪʠʯʥʝ ʦʯʽʢʫʚʘʥʥʷ, ʜʠʩʧʝʨʩʽʷ ʪʘ ʟʥʘʯʝʥʥʷ 

ʢʦʨʝʣʷʮʽʡʥʦʛʦ ʤʦʤʝʥʪʫ ( , )ʉɹ k lK t t  ʜʣʷ ʽʥʪʝʨʚʘʣʫ ( )1lt t- , 1,l m=  

 
t  

( )ʉɹP t  1t   18t  19t   34t  35t   48t  

1( )ʉɹʨ t 0  0 7  36 0  0 

2( )ʉɹʨ t 0  0 17  376 69  0 

3( )ʉɹʨ t 0  0 7  757 195  0 

4( )ʉɹʨ t 0  0 7  614 101  0 

5( )ʉɹʨ t 0  142 922  21 0  0 

6( )ʉɹʨ t 0  0 14  15 3  0 

7( )ʉɹʨ t 0  0 104  746 262  0 

          

25( )ʉɹʨ t 0  0 0  341 16  0 

26( )ʉɹʨ t 0  0 8  609 157  0 

27( )ʉɹʨ t 0  8 88  792 277  0 

28( )ʉɹʨ t 0  0 72  241 12  0 

29( )ʉɹʨ t 0  0 378  130 26  0 

30( )ʉɹʨ t 0  0 7  26 0  0 

31( )ʉɹʨ t 0  0 0  782 277  0 

[ ]( )ʉɹ kM ʈ t 0  12,3871 126,5484  231,7419 55,1613  0 

[ ]( )ʉɹ kD ʈ t  0  1504,178 70492,86  90660,86 8169,5398  0 

( , )ʉɹ k lK t t  0  0 8845,281  -2429,1634 -566,9645  0 

2
1

3 
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ʆʩʢʽʣʴʢʠ ʟʥʘʯʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ 
15( )ʉɹʈ t  ʚʽʜʦʤʝ, ʜʦʩʪʘʪʥʴʦ ʨʦʟʨʘʭʫʚʘʪʠ 

ʧʨʠʨʽʩʪ ʧʦʪʫʞʥʦʩʪʽ 16( )ʉɹʈ tD  ʥʘ ʽʥʪʝʨʚʘʣʽ ( )16 15t t tD ¢ - , ʪʦʙʪʦ 

( )16 15
15 15 15( ) ( ) ( )ʉɹ ʉɹ ʉɹ t t t

ʈ t t ʈ t ʈ t t
D¢ -

+D = +D +D . ʇʨʠʨʽʩʪ ʧʦʪʫʞʥʦʩʪʽ 

15( )ʉɹʈ t tD +D  ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ 

[ ] [ ]15 15 15 15( ) ( ) ( ) ( )ʉɹ ʉɹ ʉɹ ʉɹʈ t t M ʈ t t ʈ t D ʈ t t+D = + . ɿʘ ʜʘʥʠʤʠ ʨʦʟʨʘʭʫʥʢʫ 

15( )ʉɹʈ t t+D  ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʨʠʨʦʩʪʠ ʥʘʧʨʫʛʠ 
15( )E t t+D  ʪʘ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʦʧʦʨʫ 
15( )r t t+D, ʽ ʚʽʜʧʦʚʽʜʥʦ ʧʨʠʨʽʩʪ ʩʪʨʫʤʫ 15( )I t tD +D. 

 ʈʝʘʣʽʟʘʮʽʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʫ ʘʣʛʦʨʠʪʤʽ ʢʝʨʫʚʘʥʥʷ ʩʪʨʫʤʦʤ ʫ 

ʚʠʭʽʜʥʦʤʫ ʢʦʣʽ ʫʩʪʘʥʦʚʢʠ ʥʘ ʦʩʥʦʚʽ ʚʽʜʥʦʚʣʶʚʘʥʦʛʦ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ ʜʦʟʚʦʣʷʻ 

ʟʘʙʝʟʧʝʯʠʪʠ ʚʽʜʙʽʨ ʤʘʢʩʠʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʟ ʚʠʟʥʘʯʝʥʠʤʠ ʤʘʪʝʤʘʪʠʯʥʠʤ 

ʦʯʽʢʫʚʘʥʥʷʤ ʪʘ ʜʠʩʧʝʨʩʽʻʶ. 

 ʇʦʧʝʨʝʜʥʽ ʤʽʨʢʫʚʘʥʥʷ ʩʧʨʘʚʝʜʣʠʚʽ ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʩʪʘʪʠʩʪʠʯʥʦʛʦ 

ʭʘʨʘʢʪʝʨʫ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɼʣʷ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʧʦʪʫʞʥʽʩʪʴ ʥʘʚʘʥʪʘʞʝʥʥʷ ( )Hʈ t ʻ 

ʪʘʢʦʞ ʚʠʧʘʜʢʦʚʦʶ ʬʫʥʢʮʽʻʶ ʟ ʧʝʚʥʠʤ ʥʘʙʦʨʦʤ ʚʠʧʘʜʢʦʚʠʭ ʨʝʘʣʽʟʘʮʽʡ ( )Hiʨ t, 

ʥʝʦʙʭʽʜʥʦ ʨʦʟʛʣʷʜʘʪʠ ʩʫʤʽʩʥʠʡ ʚʧʣʠʚ ʜʚʦʭ ʚʠʧʘʜʢʦʚʠʭ ʬʫʥʢʮʽʡ ʪʘ ʚʠʟʥʘʯʠʪʠ ʾʭ 

ʩʪʘʪʠʩʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʇʨʠ ʮʴʦʤʫ ʤʽʥʽʤʘʣʴʥʘ ʥʝʦʙʭʽʜʥʘ ʝʥʝʨʛʽʷ ʟʘʨʷʜʫ 

ʥʘʢʦʧʠʯʫʚʘʯʘ 1H  ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʠʞʥʴʦʶ ʛʨʘʥʠʮʝʶ ʜʦʚʽʨʯʦʛʦ ʽʥʪʝʨʚʘʣʫ ʟʘʢʦʥʫ 

ʨʦʟʧʦʜʽʣʫ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʚʠʭʦʜʽ ʚʽʜʥʦʚʣʶʚʘʥʦʛʦ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ, ʘ ʥʝʦʙʭʽʜʥʘ 

ʻʤʥʽʩʪʴ ʥʘʢʦʧʠʯʫʚʘʯʘ ï ʚʝʨʭʥʴʦʶ ʛʨʘʥʠʮʝʶ ʜʦʚʽʨʯʦʛʦ ʽʥʪʝʨʚʘʣʫ. 

 ʄʘʪʝʤʘʪʠʯʥʝ ʦʯʽʢʫʚʘʥʥʷ ʩʫʤʠ ʜʚʦʭ ʚʠʧʘʜʢʦʚʠʭ ʬʫʥʢʮʽʡ ʧʦʪʫʞʥʦʩʪʽ ʥʘ 

ʚʠʭʦʜʽ ʚʽʜʥʦʚʣʶʚʘʥʦʛʦ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ ( )ɺɼɽP t  ʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ( )Hʈ t ʟ 

ʚʽʜʧʦʚʽʜʥʠʤʠ ʚʠʧʘʜʢʦʚʠʤʠ ʨʝʘʣʽʟʘʮʽʷʤʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʫʤʦʶ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʦʯʽʢʫʚʘʥʴ ʢʦʞʥʦʾ ʬʫʥʢʮʽʾ: 

 [ ]( ) ( ) ( ) ( )ɺɼɽ H ɺɼɽ HM ʈ t ʈ t M ʈ t M ʈ tè ø è ø+ = +ê ú ê ú , (4.6) 

ʘ ʜʠʩʧʝʨʩʽʷ ï ʩʫʤʦʶ ʾʭ ʜʠʩʧʝʨʩʽʡ ʧʣʶʩ ʧʦʜʚʦʻʥʠʡ ʢʦʨʝʣʷʮʽʡʥʠʡ ʤʦʤʝʥʪ: 

 [ ] ,( ) ( ) ( ) ( ) 2ɺɼɽ H ɺɼɽ H ɺɼɽ HD ʈ t ʈ t D ʈ t D ʈ t Kè ø è ø+ = + +ê ú ê ú . (4.7) 

 ʅʘʷʚʥʽʩʪʴ ʜʦʜʘʥʢʘ ʫ ʚʠʛʣʷʜʽ ʧʦʜʚʽʡʥʦʛʦ ʢʦʨʝʣʷʮʽʡʥʦʛʦ ʤʦʤʝʥʪʫ ʟʙʽʣʴʰʫʻ 

ʚʝʣʠʯʠʥʫ ʜʦʚʽʨʯʦʛʦ ʽʥʪʝʨʚʘʣʫ, ʱʦ ʚʢʘʟʫʻ ʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʙʽʣʴʰʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ 
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ʻʤʥʦʩʪʽ ʥʘʢʦʧʠʯʫʚʘʯʘ ʅ1. ʋʩʫʥʝʥʥʷ ʜʦʜʘʥʢʘ ʫ ʚʠʛʣʷʜʽ ʧʦʜʚʽʡʥʦʛʦ ʢʦʨʝʣʷʮʽʡʥʦʛʦ 

ʤʦʤʝʥʪʫ ʤʦʞʣʠʚʝ ʰʣʷʭʦʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʝʪʝʨʤʽʥʦʚʘʥʦʛʦ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʬʦʨʤʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʩʪʨʫʤʫ ʟʘʨʷʜʫ 

ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʥʘʢʦʧʠʯʫʚʘʯʘ 
2H , ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʜʝʪʝʨʤʽʥʦʚʘʥʝ ʟʥʘʯʝʥʥʷ 

ʧʦʪʫʞʥʦʩʪʽ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʷʢʝ ʚʠʟʥʘʯʘʻʪʴʩʷ ʘʙʦ ʟʥʘʯʝʥʥʷʤ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʦʯʽʢʫʚʘʥʥʷ ʘʙʦ ʤʘʢʩʠʤʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ ʜʦʚʽʨʯʦʛʦ ʽʥʪʝʨʚʘʣʫ) ʪʘ ʥʫʣʴʦʚʠʡ 

ʢʦʨʝʣʷʮʽʡʥʠʡ ʤʦʤʝʥʪ 
,ɺɼɽ HK . 

ɼʣʷ ʥʘʚʝʜʝʥʦʛʦ ʧʨʠʢʣʘʜʫ ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʚ ʷʢʦʩʪʽ ʚʽʜʥʦʚʣʶʚʘʥʦʛʦ ʜʞʝʨʝʣʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʽʪʨʦʛʝʥʝʨʘʪʦʨ, ([ ]48( ) 1,2ɺɽʋM ʈ t ʢɺʪº , 

[ ]48( ) 1,7ɺɽʋʈ t ʢɺʪs º ) ʟʘ ʧʨʘʚʠʣʦʤ 3s  ʚʨʘʭʫʚʘʥʥʷ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʭʘʨʘʢʪʝʨʫ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʢʘʟʫʻ ʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʙʽʣʴʰʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʻʤʥʦʩʪʽ 

ʥʘʢʦʧʠʯʫʚʘʯʘ 1H  ʥʘ 50% (ʟ 2500ɸ ʛʦʜÖ  ʜʦ 5000ɸ ʛʦʜÖ ), ʘ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʜʝʪʝʨʤʽʥʦʚʘʥʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʥʘʢʦʧʠʯʫʚʘʯʘ ʜʞʝʨʝʣ ʙʝʟʧʝʨʝʙʽʡʥʦʛʦ ʞʠʚʣʝʥʥʷ 

2H  ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʥʘ 20% ʥʝʦʙʭʽʜʥʫ ʻʤʥʽʩʪʴ ʥʘʢʦʧʠʯʫʚʘʯʘ 1H  (ʜʦ 

4000ɸ ʛʦʜÖ ). ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʚ ʷʢʦʩʪʽ ʚʽʜʥʦʚʣʶʚʘʥʦʛʦ ʜʞʝʨʝʣʘ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʦʥʷʯʥʽ ʙʘʪʘʨʝʾ, ( [ ]30( ) 0,8ʉɹM ʈ t ʢɺʪº , 

[ ]30( ) 0,75ʉɹʈ t ʢɺʪs º ) ʟʘ ʧʨʘʚʠʣʦʤ 3s ʚʨʘʭʫʚʘʥʥʷ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʭʘʨʘʢʪʝʨʫ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʢʘʟʫʻ ʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʙʽʣʴʰʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʻʤʥʦʩʪʽ 

ʥʘʢʦʧʠʯʫʚʘʯʘ 1H  ʥʘ 45% (ʟ 1600ɸ ʛʦʜÖ  ʜʦ 3000ɸ ʛʦʜÖ ), ʘ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʜʝʪʝʨʤʽʥʦʚʘʥʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʥʘʢʦʧʠʯʫʚʘʯʘ ʜʞʝʨʝʣ ʙʝʟʧʝʨʝʙʽʡʥʦʛʦ ʞʠʚʣʝʥʥʷ 

2H  ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʥʘ 17% ʥʝʦʙʭʽʜʥʫ ʻʤʥʽʩʪʴ ʥʘʢʦʧʠʯʫʚʘʯʘ 1H  (ʜʦ 

2500ɸ ʛʦʜÖ ). 

 ʇʨʠ ʢʝʨʫʚʘʥʥʽ ʟʘʛʘʣʴʥʠʤ ʩʪʨʫʤʦʤ ʟʘʨʷʜʫ ʥʘʢʦʧʠʯʫʚʘʯʽʚ 1H  ʪʘ 
2H  

ʜʝʪʝʨʤʽʥʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʬʦʨʤʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʠʤ 

ʩʪʨʫʤʦʤ ʟʘʨʷʜʫ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʥʘʢʦʧʠʯʫʚʘʯʘ 2H , ʤʦʞʝ ʙʫʪʠ ʧʝʨʝʥʝʩʝʥʝ ʥʘ 

ʥʘʢʦʧʠʯʫʚʘʯ 1H . 

 ɺʚʘʞʘʶʯʠ, ʱʦ ʚʽʜʭʠʣʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʚʠʭʦʜʽ ʚʽʜʥʦʚʣʶʚʘʥʦʛʦ ʜʞʝʨʝʣʘ 

ʝʥʝʨʛʽʾ ʚʽʜ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘ ʽʥʪʝʨʚʘʣʽ tD  ʻ ɺʽʥʝʨʦʚʩʴʢʠʤ ʧʨʦʮʝʩʦʤ, 
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ʨʝʘʣʽʟʫʻʪʴʩʷ ʫʧʝʨʝʜʞʫʚʘʣʴʥʝ ʢʝʨʫʚʘʥʥʷ ʚʽʜʙʦʨʦʤ ʤʘʢʩʠʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʚʽʜ 

ʚʽʜʥʦʚʣʶʚʘʥʦʛʦ ʜʞʝʨʝʣʘ, ʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦʜʘʪʢʦʚʦʛʦ ʥʘʢʦʧʠʯʫʚʘʯʘ, ʷʢʠʡ 

ʟʘʙʝʟʧʝʯʫʻ ʜʝʪʝʨʤʽʥʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʝʥʝʨʛʽʾ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʟʤʝʥʰʫʻ ʚʝʣʠʯʠʥʫ 

ʜʦʚʽʨʯʦʛʦ ʽʥʪʝʨʚʘʣʫ ʪʘ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʤʽʥʽʤʘʣʴʥʫ ʥʝʦʙʭʽʜʥʫ ʝʥʝʨʛʽʶ ʟʘʨʷʜʫ 

ʪʘ ʜʦʟʚʦʣʷʻ ʦʙʨʘʪʠ ʤʝʥʰʫ ʻʤʥʽʩʪʴ ʦʩʥʦʚʥʦʛʦ ʥʘʢʦʧʠʯʫʚʘʯʘ. 

 ʅʘʷʚʥʽʩʪʴ ʜʦʜʘʥʢʘ ʫ ʚʠʛʣʷʜʽ ʧʦʜʚʽʡʥʦʛʦ ʢʦʨʝʣʷʮʽʡʥʦʛʦ ʤʦʤʝʥʪʫ ʩʚʽʜʯʠʪʴ 

ʧʨʦ ʩʪʘʪʠʩʪʠʯʥʫ ʟʘʣʝʞʥʽʩʪʴ ʬʫʥʢʮʽʡ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʚʠʭʦʜʽ ʚʽʜʥʦʚʣʶʚʘʥʦʛʦ 

ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ 
ɺɼɽP  ʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷ 

Hʈ  ʽ ʚʢʘʟʫʻ ʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʝʥʪʨʦʧʽʡʥʦʾ ʜʠʚʝʨʛʝʥʮʽʾ, ʟʘʤʽʩʪʴ ʝʥʪʨʦʧʽʾ ɹʦʣʴʮʤʘʥʘ ʯʠ 

ʐʝʥʥʦʥʘ, ʫʤʦʚʥʦʾ ʝʥʪʨʦʧʽʾ ʜʣʷ ʧʦʪʦʯʥʠʭ ʨʦʟʧʦʜʽʣʽʚ ʧʦʪʦʢʽʚ ʝʥʝʨʛʽʾ ʛʝʥʝʨʘʮʽʾ ʪʘ 

ʩʧʦʞʠʚʘʥʥʷ (ʜʠʚ. ʬʦʨʤʫʣʫ (3.23)): 
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, (4.8) 

ʜʝ ( )|j ɺɼɽ Hp ʈ ʈ  ï ʫʤʦʚʥʘ ʽʤʦʚʽʨʥʽʩʪʴ. 

 ʆʩʢʽʣʴʢʠ ʟʘ ʦʟʥʘʯʝʥʥʷʤ ʫʤʦʚʥʘ ʝʥʪʨʦʧʽʷ ʤʝʥʰʘ ʟʘ ʙʝʟʫʤʦʚʥʫ, ʪʦ ʟʥʘʯʝʥʥʷ 

ʝʥʪʨʦʧʽʡʥʦʾ ʜʠʚʝʨʛʝʥʮʽʾ, ʷʢ ʟʽ ʩʪʦʨʦʥʠ ʚʽʜʥʦʚʣʶʚʘʥʦʛʦ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ, ʪʘʢ ʽ ʟʽ 

ʩʪʦʨʦʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʟʙʽʣʴʰʫʶʪʴʩʷ, ʱʦ ʚ ʧʦʜʘʣʴʰʦʤʫ ʚʧʣʠʚʘʻ ʥʘ ʪʦʯʥʽʩʪʴ 

ʢʝʨʫʚʘʥʥʷ. 

 

4.2. ɺʧʣʠʚ ʚʝʣʠʯʠʥʠ ʟʦʥʠ ʢʝʨʦʚʘʥʦʾ ʨʦʙʦʪʠ ʥʘʢʦʧʠʯʫʚʘʯʘ ʥʘ ʟʦʥʫ 

ʨʦʟʨʘʭʫʥʢʫ ʜʠʚʝʨʛʝʥʮʽʾ 

 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʝʬʝʢʪʠʚʥʦʛʦ ʧʨʦʛʥʦʟʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʣʦʢʘʣʴʥʦʶ ʩʠʩʪʝʤʦʶ 

ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʥʝʦʙʭʽʜʥʦ ʟʘ ʧʨʦʛʥʦʟʦʚʘʥʠʤʠ ʟʥʘʯʝʥʥʷʤ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʚʠʭʦʜʽ 

ʫʩʪʘʥʦʚʦʢ ʥʘ ʦʩʥʦʚʽ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʚʠʟʥʘʯʘʪʠ ʨʽʚʝʥʴ 

ʥʘʜʣʠʰʢʦʚʦʾ (ʘʙʦ ʥʝʜʦʩʪʘʪʥʴʦʾ) ʝʥʝʨʛʽʾ ʜʣʷ ʟʘʨʷʜʫ (ʘʙʦ ʨʦʟʨʷʜʫ) ʥʘʢʦʧʠʯʫʚʘʯʘ. 

ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʚ ʷʢʦʩʪʽ ʫʩʪʘʥʦʚʢʠ ʥʘ ʦʩʥʦʚʽ ʚʽʜʥʦʚʣʶʚʘʥʦʛʦ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚʽʪʨʦʫʩʪʘʥʦʚʢʘ, ʰʠʨʠʥʘ ʟʦʥʠ ʢʝʨʦʚʘʥʦʾ ʨʦʙʦʪʠ ʥʘʢʦʧʠʯʫʚʘʯʘ 
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ʩʠʩʪʝʤʠ ʙʘʣʘʥʩʫʚʘʥʥʷ ʝʥʝʨʛʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦʭʠʙʢʦʶ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ 

ʚʽʪʨʫ. 

ɼʣʷ ʦʮʽʥʢʠ ʨʽʚʥʷ ʝʥʝʨʛʽʾ ʜʣʷ ʟʘʨʷʜʫ/ʨʦʟʨʷʜʫ ʥʘʢʦʧʠʯʫʚʘʯʘ ʥʝʦʙʭʽʜʥʦ 

ʨʦʟʨʘʭʫʚʘʪʠ ʚʝʣʠʯʠʥʫ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʚʠʭʦʜʽ ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ ʟʘ ʧʨʦʛʥʦʟʦʚʘʥʠʤʠ 

ʟʥʘʯʝʥʥʷʤʠ ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ [204]. 

ɼʣʷ ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ ʉɺ-3,1 [205], ʧʦʪʫʞʥʽʩʪʴ ʥʘ ʚʠʭʦʜʽ ʷʢʦʛʦ 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ (1.1) ʟʘ ʫʤʦʚʠ, ʱʦ ʱʽʣʴʥʽʩʪʴ ʧʦʚʽʪʨʷ 1,25r= , ʘ 

ʢʦʝʬʽʮʽʻʥʪ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʪʨʫ 0,5pʉ = , ʧʦʪʫʞʥʽʩʪʴ ʥʘ ʚʠʭʦʜʽ ʜʦʨʽʚʥʶʻ 

33,77P v= Ö [ɺʪ]. ʗʢʱʦ ʫʤʦʚʥʦ ʧʨʠʡʥʷʪʠ, ʱʦ ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ 1v=  ʥ.ʦ., ʪʦ 

ʧʦʪʫʞʥʽʩʪʴ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʘ ʚʽʜ ʚʽʪʨʦʫʩʪʘʥʦʚʢʠ 3,77P=  ʥ.ʦ. ʅʘʧʨʠʢʣʘʜ, 

ʷʢʱʦ ʧʦʭʠʙʢʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʩʢʣʘʜʘʻ 10%vD = , ʪʦʙʪʦ, 

0,9v=  ʥ.ʦ., ʪʦ ʧʦʪʫʞʥʽʩʪʴ ʥʘ ʚʠʭʦʜʽ ʚʽʪʨʦʛʝʥʝʨʘʪʦʨʘ 2,75P=  ʥ.ʦ., ʽ ʧʦʭʠʙʢʘ 

ʨʦʟʨʘʭʫʥʢʫ ʧʦʪʫʞʥʦʩʪʽ ʩʢʣʘʜʘʻ 27%ʈD = . ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʫ ʤʝʞʘʭ Ñ36% ʚʽʜ 

ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʝʥʝʨʛʽʾ ʤʦʞʥʘ ʢʝʨʦʚʘʥʦ ʟʘʨʷʜʞʘʪʠ ʘʙʦ ʨʦʟʨʷʜʞʘʪʠ 

ʥʘʢʦʧʠʯʫʚʘʯ (ʨʠʩ. 4.4, ʘ). 

ʇʨʠ ʜʦʩʷʛʥʝʥʥʽ ʧʦʭʠʙʢʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʟʥʘʯʝʥʥʷ ʫ 20%, 

ʟʦʥʘ ʢʝʨʦʚʘʥʦʾ ʨʦʙʦʪʠ ʥʘʢʦʧʠʯʫʚʘʯʘ ʟʥʠʢʘʻ (ʨʠʩ 4.4, ʙ). ʗʢʱʦ ʥʝʦʙʭʽʜʥʦ 

ʟʘʙʝʟʧʝʯʠʪʠ ʢʝʨʦʚʘʥʫ ʦʙʣʘʩʪʴ ʨʦʙʦʪʠ ʥʘʢʦʧʠʯʫʚʘʯʘ ʫ 80%, ʥʝʦʙʭʽʜʥʦ, ʱʦʙ 

ʧʦʭʠʙʢʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʘ 7% (ʨʠʩ. 4.4, ʚ). 

ɼʦʮʽʣʴʥʦ ʨʦʟʛʣʷʥʫʪʠ ʪʘ ʧʦʨʽʚʥʷʪʠ ʽʩʥʫʶʯʽ ʤʝʪʦʜʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ, 

ʚʠʟʥʘʯʠʪʠ ʚʧʣʠʚ ʜʠʩʢʨʝʪʥʦʩʪʽ ʜʘʥʠʭ ʥʘ ʧʦʭʠʙʢʫ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʦʙʨʘʪʠ ʤʝʪʦʜ, 

ʷʢʠʡ ʟʘʙʝʟʧʝʯʠʪʴ ʤʽʥʽʤʘʣʴʥʦ ʤʦʞʣʠʚʫ ʧʦʭʠʙʢʫ. 

ɺ ʷʢʦʩʪʽ ʧʦʯʘʪʢʦʚʠʭ ʜʘʥʠʭ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟ ʤʝʪʝʦʩʪʘʥʮʽʾ ʫ ʤ. ʂʠʾʚ [158] ʟ ʜʠʩʢʨʝʪʥʽʩʪʶ ʚ 1 ʛʦʜʠʥʫ, ʜʣʷ ʷʢʠʭ 

ʧʨʦʚʦʜʠʪʴʩʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟ ʛʦʨʠʟʦʥʪʦʤ ʧʨʦʛʥʦʟʫ ʚ 1 ï 6 ʽʥʪʝʨʚʘʣʽʚ 

(1 ï 6 ʛʦʜʠʥ); ʘ ʪʘʢʦʞ ʜʘʥʽ ʟ ʤ. ɸʣʝʛʥʘʛʽʢ [206] ʟ ʜʠʩʢʨʝʪʥʽʩʪʶ ʚ 5 ʭʚʠʣʠʥ, ʜʣʷ 

ʷʢʠʭ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘʢʦʞ ʧʨʦʚʦʜʠʪʴʩʷ ʟ ʛʦʨʠʟʦʥʪʦʤ ʧʨʦʛʥʦʟʫ ʚ 1 ï 6 ʽʥʪʝʨʚʘʣʽʚ 

(5 ï 30 ʭʚʠʣʠʥ). ʇʨʠ ʮʴʦʤʫ ʧʨʠʡʤʘʻʤʦ, ʱʦ ʜʘʥʽ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʚʠʤʽʨʶʶʪʴʩʷ ʫ 

ʧʣʦʱʠʥʽ ʥʦʨʤʘʣʽ ʜʦ ʧʣʦʱʠʥʠ ʚʽʪʨʦʢʦʣʝʩʘ. 
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ʘ) 

 

ʙ) 

 

ʚ) 

ʈʠʩ. 4.4. ɻʨʘʬʽʢʠ ʟʤʽʥʠ ʚʝʣʠʯʠʥʠ ʟʦʥʠ ʢʝʨʦʚʘʥʦʾ ʨʦʙʦʪʠ ʥʘʢʦʧʠʯʫʚʘʯʘ 

 

ʇʝʨʝʜ ʧʨʦʛʥʦʟʫʚʘʥʥʷʤ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʧʦʧʝʨʝʜʥʶ ʦʙʨʦʙʢʫ ʜʘʥʠʭ ʜʣʷ 

ʦʯʠʱʝʥʥʷ ʨʷʜʫ. ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʜʘʥʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʦʨʠʚʘʤ 

ʚʽʪʨʫ. ʇʦʨʠʚʘʤʠ ʚʚʘʞʘʪʠʤʝʤʦ ʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ, ʱʦ ʚʠʭʦʜʷʪʴ ʟʘ ʤʝʞʽ 

2M s° , ʜʝ M  ï ʤʘʪʝʤʘʪʠʯʥʝ ʦʯʽʢʫʚʘʥʥʷ, s ï ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ 

ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʜʘʥʠʭ ʟ ʤ. ɸʣʝʛʥʘʛʽʢ ʟ ʜʠʩʢʨʝʪʥʽʩʪʶ 5 ʭʚ                  

( 2,23M=  ʤ/ʩ, 0,41s=  ʤ/ʩ) ʧʦʨʠʚʠ ʚʽʪʨʫ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ 1 ʨʘʟ ʟ 65 (1,5%). ɼʣʷ 

ʜʘʥʠʭ ʟ ʤ. ʂʠʾʚ ʟ ʜʠʩʢʨʝʪʥʽʩʪʶ 1 ʛʦʜ (4,96M=  ʤ/ʩ ʪʘ 1,89s=  ʤ/ʩ) ʧʦʨʠʚʠ ʚʽʪʨʫ 
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ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ 6 ʨʘʟʽʚ ʟ 162 (3,7%). ɿʥʘʯʝʥʥʷ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʦʨʠʚʘʤ ʚʽʪʨʫ, 

ʟʘʤʽʥʷʻʤʦ ʥʘ ʟʥʘʯʝʥʥʷ 2M s° . 

ʌʦʨʤʫʣʠ ʧʨʝʜʠʢʪʦʨʘ ʪʘ ʢʦʨʝʢʪʦʨʘ ʜʣʷ ʤʝʪʦʜʫ ɸʜʘʤʩʘ, ʤʝʪʦʜʫ ɻʝʤʽʥʛʘ, 

ʤʝʪʦʜʫ ʄʽʣʥʘ, ʘ ʪʘʢʦʞ ʜʣʷ ʽʥʪʝʨʧʦʣʷʮʽʡʥʠʭ ʧʦʣʽʥʦʤʽʚ ʅʴʶʪʦʥʘ, ʷʢʽ ʣʝʞʘʪʴ ʚ 

ʦʩʥʦʚʽ ʤʝʪʦʜʽʚ ɸʜʘʤʩʘ, ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣ. 4.3 [207]. ɿʘʟʚʠʯʘʡ ʧʽʜ ʜʘʥʠʤʠ ʤʝʪʦʜʘʤʠ 

ʤʘʶʪʴ ʥʘ ʫʚʘʟʽ ʾʭ 4-ʢʨʦʢʦʚʽ ʚʘʨʽʘʥʪʠ. ʋ ʪʘʙʣʠʮʽ 4.3 ʧʦʟʥʘʯʝʥʦ: Ĕ
iv  ï ʧʨʦʛʥʦʟʦʚʘʥʝ 

ʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʥʘ i-ʤʫ ʽʥʪʝʨʚʘʣʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ; 
iv  ï ʦʩʪʘʥʥʻ ʚʽʜʦʤʝ 

ʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʫ ʚʠʙʽʨʮʽ; tD  ï ʜʠʩʢʨʝʪʥʽʩʪʴ ʚʠʙʽʨʢʠ, ʨʽʟʥʠʮʷ ʯʘʩʫ ʤʽʞ 

ʜʚʦʤʘ ʚʠʤʽʨʘʤʠ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ. ʇʝʨʝʣʽʯʝʥʽ ʯʠʩʝʣʴʥʽ ʤʝʪʦʜʠ ʻ ʧʨʦʩʪʠʤʠ ʚ 

ʪʝʭʥʽʯʥʽʡ ʨʝʘʣʽʟʘʮʽʾ, ʱʦ ʜʦʟʚʦʣʷʻ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʘʣʛʦʨʠʪʤʽʚ 

ʢʝʨʫʚʘʥʥʷ ʫ ʩʠʩʪʝʤʘʭ ʟ ʫʩʪʘʥʦʚʢʘʤʠ ʥʘ ʦʩʥʦʚʽ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ. 

 

ʊʘʙʣʠʮʷ 4.3. ʌʦʨʤʫʣʠ ʧʨʝʜʠʢʪʦʨʘ ʪʘ ʢʦʨʝʢʪʦʨʘ ʜʣʷ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ 
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ʇʨʠ ʧʨʦʛʥʦʟʫʚʘʥʥʽ ʽʥʪʝʨʧʦʣʷʮʽʡʥʠʤʠ ʧʦʣʽʥʦʤʘʤʠ ʅʴʶʪʦʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʨʫʛʘ ʽʥʪʝʨʧʦʣʷʮʽʡʥʘ ʬʦʨʤʫʣʘ ʅʴʶʪʦʥʘ ʜʣʷ 

ʽʥʪʝʨʧʦʣʷʮʽʾ/ʝʢʩʪʨʘʧʦʣʷʮʽʾ: 
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= + D + D + + D, (4.9) 
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 ï ʬʘʟʘ ʽʥʪʝʨʧʦʣʷʮʽʾ, ʧʨʠʯʦʤʫ ʫ ʚʠʧʘʜʢʫ ʝʢʩʪʨʘʧʦʣʷʮʽʾ 

0q> . 

ʇʨʠ ʛʦʨʠʟʦʥʪʽ ʧʨʦʛʥʦʟʫ ʙʽʣʴʰʝ ʦʜʥʦʛʦ ʽʥʪʝʨʚʘʣʫ ʧʨʦʛʥʦʟ ʚʠʢʦʥʫʻʪʴʩʷ 

ʧʦʩʣʽʜʦʚʥʦ ʟ ʢʦʨʝʢʮʽʻʶ ʥʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ. ʊʦʙʪʦ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟ 
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ʛʦʨʠʟʦʥʪʦʤ ʫ ʜʚʘ ʽʥʪʝʨʚʘʣʠ ʩʧʦʯʘʪʢʫ ʧʨʦʛʥʦʟʫʶʪʴʩʷ ʜʘʥʽ ʥʘ ʧʝʨʰʠʡ ʽʥʪʝʨʚʘʣ, 

ʧʦʪʽʤ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʬʦʨʤʫʣʘ ʢʦʨʝʢʮʽʾ, ʧʽʩʣʷ ʯʦʛʦ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʦʪʨʠʤʘʥʦʛʦ 

ʟʥʘʯʝʥʥʷ ʧʨʦʛʥʦʟʫʶʪʴʩʷ ʜʘʥʽ ʥʘ ʜʨʫʛʠʡ ʽʥʪʝʨʚʘʣ. ɼʣʷ ʢʦʨʝʢʮʽʾ ʧʨʦʛʥʦʟʦʚʘʥʦʛʦ 

ʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʬʦʨʤʫʣʘ ʢʦʨʝʢʪʦʨʘ ʤʝʪʦʜʫ ʍʦʡʥʘ 

(ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʫ ɽʡʣʝʨʘ) [207]: 
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i i i iv v t v v+= + D D +D, (4.10) 

ʜʝ 1i i iv v v+D = -, 1
Ĕ Ĕ Ĕ
i i iv v v+D = - ï ʧʝʨʰʽ ʢʽʥʮʝʚʽ ʨʽʟʥʠʮʽ ʨʝʘʣʴʥʠʭ ʪʘ ʧʨʦʛʥʦʟʦʚʘʥʠʭ 

ʟʥʘʯʝʥʴ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʫ ʪʦʯʮʽ .̔ 

ʅʘ ʨʠʩ. 4.5 ʧʦʢʘʟʘʥʦ ʚʧʣʠʚ ʜʦʜʘʪʢʦʚʦʾ ʢʦʨʝʢʮʽʾ ʥʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ ʧʨʠ 

ʧʨʦʛʥʦʟʫʚʘʥʥʽ ʜʘʥʠʭ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʟ ʥʝʦʜʠʥʠʯʥʠʤ ʛʦʨʠʟʦʥʪʦʤ ʧʨʦʛʥʦʟʫ (ʩʠʥʷ 

ʢʨʠʚʘ ï ʨʝʘʣʴʥʽ ʜʘʥʽ, ʯʝʨʚʦʥʘ ʢʨʠʚʘ ï ʧʨʦʛʥʦʟʦʚʘʥʽ ʜʘʥʽ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʢʦʨʝʢʮʽʾ, ʟʝʣʝʥʘ ʢʨʠʚʘ ï ʜʘʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʨʝʢʮʽʾ). ɸʣʛʦʨʠʪʤ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʻ ʥʘʩʪʫʧʥʠʤ: ʥʘ -̔ʤʫ ʢʨʦʮʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʥʘʯʝʥʥʷ 

ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ 1
Ĕ
iv+  ʪʘ ʡʦʛʦ ʧʦʜʘʣʴʰʘ ʢʦʨʝʢʮʽʷ ʟʘ ʬʦʨʤʫʣʦʶ (4.10): 
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i i i i i iv v t v v v v+ + + += + D - + -. ɸʥʘʣʦʛʽʯʥʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʜʘʣʴʰʝ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʢʦʨʝʢʮʽʷ ʥʘ ʥʘʩʪʫʧʥʠʭ ʽʥʪʝʨʚʘʣʘʭ 1+̔  ï 3+̔ . 

 

ʈʠʩ. 4.5. ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʟ ʢʦʨʝʢʮʽʻʶ ʪʘ ʙʝʟ ʢʦʨʝʢʮʽʾ ʥʘ 

ʢʦʞʥʦʤʫ ʢʨʦʮʽ ʧʨʠ ʧʨʦʛʥʦʟʫʚʘʥʥʽ ʟ ʥʝʦʜʠʥʠʯʥʠʤ ʛʦʨʠʟʦʥʪʦʤ ʧʨʦʛʥʦʟʫ 

 

 


