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ɸʅʆʊɸʎɯʗ 

ɻʦʣʽʥʢʦ ɯ.ʄ. ʄʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʪʘ ʦʧʪʠʤʽʟʘʮʽʷ ʩʠʩʪʝʤ ʰʪʫʯʥʦʛʦ 

ʤʽʢʨʦʢʣʽʤʘʪʫ ʢʽʙʝʨʬʽʟʠʯʥʠʭ ʦʙôʻʢʪʽʚ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ï 

ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 01.05.02 ï ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʽ 

ʤʝʪʦʜʠ. ï ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ ñʂʠʾʚʩʴʢʠʡ 

ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦò, ʄʽʥʽʩʪʝʨʩʪʚʦ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ 

ʋʢʨʘʾʥʠ, ʂʠʾʚ, 2026. 

ɼʠʩʝʨʪʘʮʽʡʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʩʧʨʷʤʦʚʘʥʝ ʥʘ ʨʦʟʨʦʙʣʝʥʥʷ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʯʠʩʝʣʴʥʦʛʦ 

ʘʥʘʣʽʟʫ ʩʠʩʪʝʤʠ ʰʪʫʯʥʦʛʦ ʤʽʢʨʦʢʣʽʤʘʪʫ ʢʽʙʝʨʬʽʟʠʯʥʠʭ ʦʙ'ʻʢʪʽʚ ʢʨʠʪʠʯʥʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʱʦ ʦʙʫʤʦʚʣʝʥʦ ʟʨʦʩʪʘʶʯʦʶ ʧʦʪʨʝʙʦʶ ʧʽʜʧʨʠʻʤʩʪʚ ʪʘ 

ʫʩʪʘʥʦʚ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʧʘʨʘʤʝʪʨʽʚ ʰʪʫʯʥʦʛʦ 

ʤʽʢʨʦʢʣʽʤʘʪʫ ʜʣʷ ʩʪʘʣʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʣʶʜʩʴʢʠʭ, ʪʝʭʥʽʯʥʠʭ ʪʘ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʚ ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʨʝʞʠʤʽʚ. ʇʨʦʙʣʝʤʘʪʠʢʘ ʜʦʩʣʽʜʞʝʥʥʷ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʘʪʝʤʘʪʠʯʥʠʭ ʧʽʜʭʦʜʽʚ, ʱʦ ʧʦʻʜʥʫʶʪʴ ʘʥʘʣʽʪʠʯʥʝ ʪʘ ʯʠʩʝʣʴʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʤʝʪʦʜʠ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʧʨʦʮʝʩʽʚ 

ʪʝʧʣʦ- ʪʘ ʤʘʩʦʦʙʤʽʥʫ ʜʣʷ ʘʥʘʣʽʟʫ ʬʽʟʠʯʥʦʛʦ ʧʨʦʮʝʩʫ ʧʽʜʛʦʪʦʚʢʠ ʧʦʚʽʪʨʷʥʦʾ 

ʩʫʤʽʰʽ ʥʘ ʦʙʣʘʜʥʘʥʥʽ ʢʦʥʜʠʮʽʦʥʝʨʽʚ ʨʽʟʥʦʾ ʪʝʭʥʽʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ. 

ʆʙʤʝʞʝʥʽʩʪʴ ʥʘʷʚʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, 

ʚ̔ ʜʩʫʪʥʽʩʪʴ ʩʠʩʪʝʤʥʦʩʪʽ ʚ ʾʭ ʧʦʙʫʜʦʚʽ, ʘ ʪʘʢʦʞ ʬʨʘʛʤʝʥʪʘʨʥʽʩʪʴ ʥʦʨʤʘʪʠʚʥʦ-

ʧʨʘʚʦʚʦʾ ʙʘʟʠ ʟʫʤʦʚʣʶʶʪʴ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʫ ʧʨʦʙʣʝʤʫ ʫʧʨʘʚʣʽʥʥʷ 

ʩʠʩʪʝʤʘʤʠ ʰʪʫʯʥʦʛʦ ʤʽʢʨʦʢʣʽʤʘʪʫ ʢʽʙʝʨʬʽʟʠʯʥʠʭ ʦʙôʻʢʪʽʚ ʢʨʠʪʠʯʥʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ɰʾ ʨʦʟʚôʷʟʘʥʥʷ ʧʦʪʨʝʙʫʻ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʽʜʭʦʜʫ ʥʘ ʦʩʥʦʚʽ 

ʟʘʣʫʯʝʥʥʷ ʘʧʘʨʘʪʫ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʤʝʪʦʜʽʚ 

ʨʦʟʚôʷʟʘʥʥʷ ʩʢʣʘʜʥʠʭ ʟʘʜʘʯ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʪʘ 

ʩʠʤʫʣʷʮʽʡ. 
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ʋ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʽ ʤʘʪʝʤʘʪʠʯʥ ̔ ʤʦʜʝʣ,̔ 

ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠ ʯʠʩʝʣʴʥʦ ʾʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʩʠʩʪʝʤ ʰʪʫʯʥʦʛʦ 

ʤʽʢʨʦʢʣʽʤʘʪʫ ʢʽʙʝʨʬʽʟʠʯʥʠʭ ʦʙôʻʢʪʽʚ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ʉʪʚʦʨʝʥʽ 

ʤʦʜʝʣʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʘʪʝʤʘʪʠʯʥʠʡ ʦʧʠʩ ʥʝʩʪʘʮʽʦʥʘʨʥʦʾ ʜʠʥʘʤʽʢʠ ʧʨʦʮʝʩʽʚ 

ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʧʦʚʽʪʨʷ ʚ ʬʦʨʤʽ ʩʠʩʪʝʤ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ ʫ ʧʨʦʩʪʦʨʽ 

ʩʪʘʥʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʙʘʛʘʪʦʚʠʤʽʨʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʟʘʻʤʦʜʽʡ, 

ʥʘʷʚʥʠʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ ʪʘ ʥʝʣʽʥʽʡʥʦʩʪʝʡ. ʈʦʟʨʦʙʣʝʥʽ ʯʠʩʝʣʴʥʽ ʤʝʪʦʜʠ 

ʩʧʨʷʤʦʚʘʥʦ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʤʽʢʨʦʢʣʽʤʘʪʫ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʢʨʠʪʝʨʽʾʚ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤ ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʧʦʚʽʪʨʷ. ʆʪʨʠʤʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʬʦʨʤʫʶʪʴ ʥʘʫʢʦʚʝ ʧʽʜˇʨʫʥʪʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ 

ʤʝʪʦʜʽʚ ʪʘ ʘʣʛʦʨʠʪʤʽʚ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʜʘʧʪʠʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʤʽʢʨʦʢʣʽʤʘʪʦʤ 

ʫ ʩʫʯʘʩʥʠʭ ʢʽʙʝʨʬʽʟʠʯʥʠʭ ʦʙôʻʢʪʘʭ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 

ʋ ʜʠʩʝʨʪʘʮʽʾ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʬʽʟʠʯʥʦʛʦ ʧʨʦʮʝʩʫ ʬʦʨʤʫʚʘʥʥʷ ʰʪʫʯʥʦʛʦ 

ʤʽʢʨʦʢʣʽʤʘʪʫ ʜʣʷ ʢʽʙʝʨʬʽʟʠʯʥʠʭ ʦʙôʻʢʪʽʚ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʰʪʫʯʥʦʛʦ ʤʽʢʨʦʢʣʽʤʘʪʫ 

ʤʘʻ ʪʝʭʥʽʯʥʝ ʪʘ ʩʦʮʽʘʣʴʥʝ ʩʧʨʷʤʫʚʘʥʥʷ, ʦʩʢʽʣʴʢʠ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʤʽʢʨʦʢʣʽʤʘʪʫ 

ʟʘʣʝʞʠʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚʘʞʣʠʚʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʘ ʪʘʢʦʞ ʬʽʟʠʯʥʝ 

ʟʜʦʨʦʚôʷ ʪʘ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʧʝʨʩʦʥʘʣʫ, ʱʦ ʧʝʨʝʙʫʚʘʻ ʫ ʫʩʪʘʥʦʚʘʭ ʢʨʠʪʠʯʥʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ʇʨʦʚʝʜʝʥʦ ʦʛʣʷʜ ʤʽʞʥʘʨʦʜʥʠʭ ʩʪʘʥʜʘʨʪʽʚ, ʱʦ ʨʝʛʣʘʤʝʥʪʫʶʪʴ 

ʚʠʤʦʛʠ ʜʦ ʰʪʫʯʥʦʛʦ ʤʽʢʨʦʢʣʽʤʘʪʫ ʢʽʙʝʨʬʽʟʠʯʥʠʭ ʦʙôʻʢʪʽʚ ʢʨʠʪʠʯʥʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʫʟʘʛʘʣʴʥʝʥʦ ʦʩʥʦʚʥʽ 

ʧʘʨʘʤʝʪʨʠ ʰʪʫʯʥʦʛʦ ʤʽʢʨʦʢʣʽʤʘʪʫ, ʜʦ ʷʢʠʭ ʥʘʣʝʞʘʪʴ ʪʝʤʧʝʨʘʪʫʨʘ, ʚʦʣʦʛʽʩʪʴ, 

ʢʦʥʮʝʥʪʨʘʮʽʷ CO , ʚʠʪʨʘʪʘ ʧʨʠʧʣʠʚʥʦʛʦ ʧʦʚʽʪʨʷ ʥʘ ʦʜʥʫ ʦʩʦʙʫ, ʤʽʥʽʤʘʣʴʥʘ 

ʧʣʦʱʘ ʞʠʪʪʻʚʦʛʦ ʧʨʦʩʪʦʨʫ ʥʘ ʦʜʥʫ ʦʩʦʙʫ ʪʘ ʪʨʠʚʘʣʽʩʪʴ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʘʚʪʦʥʦʤʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʙôʻʢʪʘ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʥʦʨʤʘʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʰʪʫʯʥʦʛʦ ʤʽʢʨʦʢʣʽʤʘʪʫ ʻ ʩʫʪʪʻʚʦ 

ʚʘʞʣʠʚʠʤ ʜʣʷ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʪʘ ʫʩʪʘʥʦʚ ʩʦʮʽʘʣʴʥʦʾ ʩʬʝʨʠ 

ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʟʦʢʨʝʤʘ ʟʘʢʣʘʜʽʚ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚôʷ, ʧʽʜʟʝʤʥʦʾ 

ʟʘʙʫʜʦʚʠ, ʮʝʥʪʨʽʚ ʩʦʮʽʘʣʴʥʠʭ ʧʦʩʣʫʛ ʪʘ ʽʥʰʠʭ ʛʨʦʤʘʜʩʴʢʠʭ ʫʩʪʘʥʦʚ. ʋ 
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ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚʘʭ ʩʠʩʪʝʤʠ ʰʪʫʯʥʦʛʦ ʤʽʢʨʦʢʣʽʤʘʪʫ ʩʧʨʠʷʶʪʴ ʩʪʘʙʽʣʴʥʦʩʪʽ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʽ ʧʽʜʚʠʱʝʥʥ ʁ ʾʭ ʝʢʦʥʦʤʽʯʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ. ʋ ʩʦʮʽʘʣʴʥʽʡ ʩʬʝʨʽ ʩʠʩʪʝʤʠ ʰʪʫʯʥʦʛʦ ʤʽʢʨʦʢʣʽʤʘʪʫ ʚʧʣʠʚʘʶʪʴ 

ʥʘ ʙʝʟʧʝʢʫ, ʢʦʤʬʦʨʪ ʽ ʞʠʪʪʻʟʜʘʪʥʽʩʪʴ ʩʝʨʝʜʦʚʠʱʘ ʜʣʷ ʣʶʜʝʡ. ʆʮʽʥʢʘ ʚʧʣʠʚʫ 

ʰʪʫʯʥʦʛʦ ʤʽʢʨʦʢʣʽʤʘʪʫ ʥʘ ʷʢʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ ʪʘ ʫʤʦʚʠ 

ʧʝʨʝʙʫʚʘʥʥʷ ʣʶʜʝʡ ʻ ʩʢʣʘʜʥʠʤ ʟʘʚʜʘʥʥʷʤ, ʱʦ ʥʦʩʠʪʴ ʤʫʣʴʪʠʜʠʩʮʠʧʣʽʥʘʨʥʠʡ 

ʭʘʨʘʢʪʝʨ ʪʘ ʧʦʪʨʝʙʫʻ ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ 

ʚ ʫʤʦʚʘʭ ʢʦʥʮʝʧʪʫʘʣʴʥʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʪʘ ʟʨʦʩʪʘʶʯʠʭ ʚʠʤʦʛ ʜʦ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤ ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʧʦʚʽʪʨʷ. 

ʋ ʜʠʩʝʨʪʘʮʽʾ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʩʠʩʪʝʤʥʠʡ ʧʽʜʭʽʜ ʜʦ ʫʧʨʘʚʣʽʥʥʷ ʩʠʩʪʝʤʘʤʠ 

ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʧʦʚʽʪʨʷ, ʷʢʽ ʽʥʪʝʛʨʫʶʪʴʩʷ ʫ ʢʽʙʝʨʬʽʟʠʯʥʽ ʦʙôʻʢʪʠ ʢʨʠʪʠʯʥʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʩʠʩʪʝʤʥʠʡ ʧʽʜʭʜ̔ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ 

ʦʩʥʦʚʥʠʭ ʝʪʘʧʽʚ ʪʘ ʦʭʦʧʣʶʻ: ʧʦʛʣʠʙʣʝʥʠʡ ʘʥʘʣʽʟ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ 

ʧʽʜʛʦʪʦʚʢʠ ʧʦʚʽʪʨʷ ʷʢ ʦʙôʻʢʪʘ ʤʦʜʝʣʶʚʘʥʥʷ; ʧʦʙʫʜʦʚʫ ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʥʘʷʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʧʦʚʽʪʨʷ ʪʘ 

ʨʦʟʨʦʙʢʫ ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʝʡ; ʦʧʪʠʤʽʟʘʮʽʷ ʪʘ 

ʘʜʘʧʪʘʮʽʷ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʢʦʥʜʠʮʽʦʥʝʨʘʤʠ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʦʟʧʦʜʽʣʝʥʦʾ 

ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʽʥʪʝʛʨʘʮʽʶ ʩʠʩʪʝʤ 

ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʧʦʚʽʪʨʷ ʫ ʢʽʙʝʨʬʽʟʠʯʥ ̔ʦʙôʻʢʪʠ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 

ɽʪʘʧʠ ʚʠʢʦʥʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ ʧʦʩʣʽʜʦʚʥʦ 

ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʫ ʨʦʟʜʽʣʘʭ ʜʠʩʝʨʪʘʮʽʾ. 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʝʨʰʦʛʦ ʝʪʘʧʫ ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ ʫ ʜʠʩʝʨʪʘʮʽʾ ʧʨʦʚʝʜʝʥʦ 

ʘʥʘʣʽʟ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʩʠʩʪʝʤ ʢʦʥʜʠʮʽʶʚʘʥʥʷ 

ʧʦʚʽʪʨʷ. ʅʘ ʦʩʥʦʚʽ ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ ʪʠʧʦʚʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ 

ʽʜʝʥʪʠʬʽʢʦʚʘʥʦ ʜʝʢʽʣʴʢʘ ʜʝʩʷʪʢʽʚ ʚʘʨʽʘʥʪʽʚ ʪʝʭʥʦʣʦʛʽʡ ʧʽʜʛʦʪʦʚʢʠ ʧʦʚʽʪʨʷʥʦʾ 

ʩʫʤʽʰʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʨʦʟʛʣʷʜʘʪʠ ʩʠʩʪʝʤʠ ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʧʦʚʽʪʨʷ ʷʢ ʦʢʨʝʤʠʡ 

ʢʣʘʩ ʦʙôʻʢʪʽʚ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʚʠʩʦʢʠʤ ʩʪʫʧʝʥʝʤ ʩʪʨʫʢʪʫʨʥʦʾ 

ʚʘʨʽʘʪʠʚʥʦʩʪʽ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʠʩʪʝʤʠ ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʧʦʚʽʪʨʷ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʤʥʦʞʠʥʥʽʩʪʶ, ʮʽʣʽʩʥʽʩʪʶ, ʝʤʝʨʜʞʝʥʪʥʽʩʪʶ, 

ʝʢʚʽʧʦʪʝʥʮʽʡʥʽʩʪʶ ʪʘ ʩʠʥʝʨʛʽʟʤʦʤ, ʱʦ ʜʦʟʚʦʣʷʻ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʾʭ ʷʢ ʩʢʣʘʜʥʽ 
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ʪʝʭʥʽʯʥʽ ʩʠʩʪʝʤʠ. ʂʨʠʪʠʯʥʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʽʩʥʫʶʯʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ 

ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʫʧʨʘʚʣʽʥʥʷ 

ʢʣʽʤʘʪʠʯʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ ʪʘ ʟʘʢʦʥʽʚ ʢʝʨʫʚʘʥʥʷ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ 

ʩʠʩʪʝʤ ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʧʦʚʽʪʨʷ. ɼʣʷ ʧʦʜʦʣʘʥʥʷ ʥʘʷʚʥʠʭ ʦʙʤʝʞʝʥʴ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʫ ʢʦʥʮʝʧʮʽʶ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʘʤʠ ʢʦʥʜʠʮʽʶʚʘʥʥʷ 

ʧʦʚʽʪʨʷ, ʷʢʘ ʧʝʨʝʜʙʘʯʘʻ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʦʧʪʠʤʽʟʘʮʽʾ ʚ ʢʦʦʨʜʠʥʘʪʘʭ 

ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʚʦʣʦʛʦʚʤʽʩʪʫ ʧʦʚʽʪʨʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʟʘʻʤʦʜʽʾ ʢʣʽʤʘʪʠʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ. ɼʣʷ ʥʝʧʨʷʤʦʛʦ ʢʦʥʪʨʦʣʶ ʚʦʣʦʛʦʚʤʽʩʪʫ ʨʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ 

ʟʘʣʝʞʥʽʩʪʴ, ʱʦ ʥʘ ʦʩʥʦʚʽ ʚʠʤʽʨʶʚʘʥʴ ʪʝʤʧʝʨʘʪʫʨʠ, ʚʽʜʥʦʩʥʦʾ ʚʦʣʦʛʦʩʪʽ ʪʘ 

ʙʘʨʦʤʝʪʨʠʯʥʦʛʦ ʪʠʩʢʫ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ ʚʦʣʦʛʦʚʤʽʩʪ ʧʦʚʽʪʨʷ. 

ʋ ʤʝʞʘʭ ʜʨʫʛʦʛʦ ʝʪʘʧʫ ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʘʪʝʤʘʪʠʯʥʽ 

ʤʦʜʝʣʽ ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʋ ʨʦʙʦʪʽ ʨʦʟʨʦʙʣʝʥʦ ʩʽʤ ʘʥʘʣʽʪʠʯʥʠʭ 

ʤʦʜʝʣʝʡ: ʝʣʝʢʪʨʠʯʥʦʛʦ ʪʘ ʚʦʜʷʥʦʛʦ ʢʘʣʦʨʠʬʝʨʽʚ; ʚʦʜʷʥʦʛʦ ʦʭʦʣʦʜʞʫʚʘʯʘ; 

ʬʦʨʩʫʥʦʯʥʦʛʦ ʪʘ ʧʘʨʦʚʦʛʦ ʟʚʦʣʦʞʫʚʘʯʽʚ; ʢʘʤʝʨʠ ʟʤʽʰʫʚʘʥʥʷ ʧʦʚʽʪʨʷ; 

ʧʨʠʤʽʱʝʥʥʷ. ʎʽ ʤʦʜʝʣʽ ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʚʦʜʠʪʠ ʢʽʣʴʢʽʩʥʠʡ ʪʘ ʷʢʽʩʥʠʡ ʘʥʘʣʽʟ 

ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʣʘʜʥʘʥʥʷ ʢʦʥʜʠʮʽʦʥʝʨʘ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʽʩʥʫʶʯʠʭ, ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʤʦʜʝʣʽ ʚʨʘʭʦʚʫʶʪʴ ʪʝʧʣʦ- ʪʘ ʤʘʩʦʦʙʤʽʥʽ ʧʨʦʮʝʩʠ 

ʧʽʜʛʦʪʦʚʢʠ ʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ. ʄʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʥʘʚʝʜʝʥʦ ʫ ʩʪʘʥʜʘʨʪʥʽʡ 

ʬʦʨʤʽ ʧʨʦʩʪʦʨʫ ʩʪʘʥʽʚ ʽ ʤʘʪʨʠʯʥʠʭ ʧʝʨʝʜʘʪʥʠʭ ʬʫʥʢʮʽʡ. 

ɼʣʷ ʨʦʟʨʦʙʣʝʥʠʭ ʘʥʘʣʽʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

ʚʠʢʦʥʘʥʦ ʢʣʘʩʠʬʽʢʘʮʽʶ ʾʭ ʧʘʨʘʤʝʪʨʽʚ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʯʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦ- ʪʘ ʤʘʩʦʚʽʜʜʘʯʽ ʤʦʜʝʣʝʡ ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

ʢʦʥʜʠʮʽʦʥʝʨʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʠʟʢʠ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʩʪʘʥʦʚʣʷʪʴ ʻʜʠʥʠʡ ʢʦʤʧʣʝʢʩ 

ʚʟʘʻʤʦʟʘʣʝʞʥʠʭ ʚʝʣʠʯʠʥ ʪʘ ʤʘʁʪʴ ʥʝʦʜʥʦʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʜʠʥʘʤʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ. ɼʣʷ ʫʩʫʥʝʥʥʷ ʢʦʥʮʝʧʪʫʘʣʴʥʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʘʥʘʣʽʪʠʯʥʠʭ 

ʤʦʜʝʣʝʡ ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʘʣʛʦʨʠʪʤ ʧʘʩʠʚʥʦʾ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ, ʷʢʠʡ ʨʝʘʣʽʟʫʻʪʴʩʷ ʽʥʩʪʨʫʤʝʥʪʘʨʽʻʤ ʮʠʬʨʦʚʦʛʦ ʜʚʽʡʥʠʢʘ ʪʘ 

ʟʘʙʝʟʧʝʯʫʻ ʘʜʘʧʪʠʚʥʽʩʪʴ ʤʦʜʝʣʝʡ ʜʦ ʨʝʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʢʦʥʜʠʮʽʶʚʘʥʥʷ 

ʧʦʚʽʪʨʷ. ʅʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜʠ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʮʠʬʨʦʚʦʛʦ ʜʚʽʡʥʠʢʘ ʜʣʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʪʘ ʚʦʜʷʥʦʛʦ ʢʘʣʦʨʠʬʝʨʽʚ. ʇʽʜ ʯʘʩ 
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ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚʽʜʥʦʩʥʘ ʧʦʭʠʙʢʘ ʧʦʰʫʢʫ ʥʝʚʠʟʥʘʯʝʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʥʝ ʧʝʨʝʚʠʱʠʣʘ 5%. ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʘʛʨʝʛʫʚʘʥʥʷ ʤʦʜʝʣʝʡ ʢʣʽʤʘʪʠʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʫ ʻʜʠʥʫ ʙʘʛʘʪʦʚʠʤʽʨʥʫ ʤʦʜʝʣʴ ʩʠʩʪʝʤʠ ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʧʦʚʽʪʨʷ. 

ʆʪʨʠʤʘʥʦ ʯʦʪʠʨʠ ʢʦʤʧʣʝʢʩʥʽ ʤʦʜʝʣʽ ʜʣʷ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʧʦʚʽʪʨʷ. 

ʅʘ ʪʨʝʪʴʦʤʫ ʝʪʘʧʽ ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʩʠʩʪʝʤʫ 

ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʫʧʨʘʚʣʽʥʥʷ ʰʪʫʯʥʠʤ ʤʽʢʨʦʢʣʽʤʘʪʦʤ 

ʢʽʙʝʨʬʽʟʠʯʥʠʭ ʦʙôʻʢʪʽʚ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʥʘʩʪʫʧʥʠʭ ʢʣʶʯʦʚʠʭ ʧʨʠʥʮʠʧʽʚ: ʽʻʨʘʨʭʽʯʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʬʫʥʢʮʽʦʥʫʶʯʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʩʠʩʪʝʤʠ; ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ; 

ʘʜʘʧʪʠʚʥʦʩʪʽ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʜʦ ʟʤʽʥ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ; 

ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʘʥʘʣʽʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʪʘ ʤʽʥʽʤʽʟʘʮʽʾ ʚʧʣʠʚʫ 

ʢʦʥʮʝʧʪʫʘʣʴʥʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ. 

ʉʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʨʝʘʣʽʟʦʚʘʥʘ ʫ ʚʠʛʣʷʜʽ 

ʪʨʠʨʽʚʥʝʚʦʾ ʤʦʜʝʣʽ, ʢʦʤʧʦʥʝʥʪʠ ʷʢʦʾ ʽʥʪʝʛʨʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʨʝʞʝʚʠʭ 

ʟʚôʷʟʢʽʚ. ʅʘ ʥʠʞʥʴʦʤʫ ʨʽʚʥʽ ʬʫʥʢʮʽʦʥʫʶʪʴ ʛʨʘʥʠʯʥʽ ʧʨʠʩʪʨʦʾ ʢʽʙʝʨʬʽʟʠʯʥʦʾ 

ʩʠʩʪʝʤʠ, ʷʢʽ ʟʜʽʡʩʥʶʶʪʴ ʧʝʨʚʠʥʥʫ ʦʙʨʦʙʢʫ ʩʝʥʩʦʨʥʠʭ ʜʘʥʠʭ ʪʘ ʣʦʢʘʣʴʥʝ 

ʢʝʨʫʚʘʥʥʷ ʢʦʥʜʠʮʽʦʥʝʨʘʤʠ. ʋ ʤʝʞʘʭ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʯʠʩʝʣʴʥʽ 

ʤʝʪʦʜʠ ʦʧʪʠʤʽʟʘʮʽʾ ʪʨʘʜʠʮʽʡʥʠʭ ʽ ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ 

ʣʦʢʘʣʴʥʠʤʠ ʢʦʥʜʠʮʽʦʥʝʨʘʤʠ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʘʜʘʧʪʘʮʽʶ ʘʣʛʦʨʠʪʤʽʚ 

ʢʝʨʫʚʘʥʥʷ ʜʦ ʟʤʽʥʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ʅʘ ʩʝʨʝʜʥʴʦʤʫ ʨʽʚʥʽ ʩʠʩʪʝʤʠ ʬʫʥʢʮʽʦʥʫʶʪʴ ʭʤʘʨʥʽ ʩʝʨʚʽʩʠ ʮʠʬʨʦʚʠʭ 

ʜʚʽʡʥʠʢʽʚ ʢʦʥʜʠʮʽʦʥʝʨʽʚ, ʷʢʽ ʨʝʧʨʝʟʝʥʪʫʶʪʴ ʮʠʬʨʦʚʽ ʢʦʧʽʾ ʬʫʥʢʮʽʦʥʫʶʯʠʭ 

ʢʦʥʜʠʮʽʦʥʝʨʽʚ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. ʎʝʡ ʨʽʚʝʥʴ ʟʘʙʝʟʧʝʯʫʻ ʽʥʪʝʛʨʘʮʽʶ ʙʘʟ 

ʜʘʥʠʭ, ʱʦ ʤʽʩʪʷʪʴ ʧʦʪʦʯʥʽ ʪʘ ʘʨʭʽʚʥʽ ʪʨʝʥʜʠ ʟʤʽʥʥʠʭ ʢʦʥʜʠʮʽʦʥʝʨʽʚ, 

ʢʦʥʬʽʛʫʨʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʽʥʰʽ ʜʘʥʽ, ʘ ʪʘʢʦʞ ʧʽʜʩʠʩʪʝʤʠ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ. ʅʘ ʮʴʦʤʫ ʨʽʚʥʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʤʝʪʦʜʠ 

ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʤʦʜʝʣʝʡ ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʤʝʪʦʜʠ 

ʘʜʘʧʪʘʮʽʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʜʦ ʟʦʚʥʽʰʥʽʭ ʽ ʚʥʫʪʨʽʰʥʽʭ ʟʙʫʨʝʥʴ ʟʘ ʧʨʠʡʥʷʪʠʤʠ 

ʢʨʠʪʝʨʽʷʤʠ ʝʬʝʢʪʠʚʥʦʩʪʽ. ʋ ʤʝʞʘʭ ʮʴʦʛʦ ʨʽʚʥʷ ʨʝʘʣʽʟʫʶʪʴʩʷ ʯʠʩʝʣʴʥʽ 
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ʘʣʛʦʨʠʪʤʠ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ: ʦʧʪʠʤʽʟʘʮʽʾ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ; 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ; ʘʜʘʧʪʘʮʽʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʜʦ 

ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ɺʝʨʭʥʽʡ ʨʽʚʝʥʴ ʩʠʩʪʝʤʠ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʧʨʦʮʝʩʫ ʧʨʠʡʥʷʪʪʷ 

ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʩʪʨʘʪʝʛʽʯʥʝ ʫʟʛʦʜʞʝʥʥʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʧʽʜʩʠʩʪʝʤ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʤʝʪʠ ʫʧʨʘʚʣʽʥʥʷ ʤʽʢʨʦʢʣʽʤʘʪʦʤ 

ʢʽʙʝʨʬʽʟʠʯʥʠʭ ʦʙôʻʢʪʽʚ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʝʢʩʧʨʝʩ-ʤʝʪʦʜʠ ʦʧʪʠʤʽʟʘʮʽʾ ʪʨʘʜʠʮʽʡʥʠʭ ʩʠʩʪʝʤ 

ʢʝʨʫʚʘʥʥʷ, ʜʝ ʚʣʘʩʪʠʚʦʩʪʽ ʦʙôʻʢʪʘ ʢʝʨʫʚʘʥʥʷ ʦʧʠʩʫʶʪʴʩʷ ʥʘʙʣʠʞʝʥʦʶ 

ʤʦʜʝʣʣʶ. ɽʢʩʧʨʝʩ-ʤʝʪʦʜʠ ʨʦʟʨʦʙʣʷʣʠʩʷ ʜʣʷ ʰʠʨʦʢʦʛʦ ʜʽʘʧʘʟʦʥʫ ʜʠʥʘʤʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʙôʻʢʪʘ ʢʝʨʫʚʘʥʥʷ ʟʘ ʢʘʥʘʣʘʤʠ ʨʝʛʫʣʶʚʘʥʥʷ ʪʘ ʟʙʫʨʝʥʥʷ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʫ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʪʚʦʨʝʥʦ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʝ 

ʤʘʪʝʤʘʪʠʯʥʝ ʪʘ ʘʣʛʦʨʠʪʤʽʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ 

ʪhʫʯʥʠʤ ʤʽʢʨʦʢʣʽʤʘʪʦʤ ʢʽʙʝʨʬʽʟʠʯʥʠʭ ʦʙ'ʻʢʪʽʚ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ, ʤʝʪʦʜʠ ʪʘ ʘʣʛʦʨʠʪʤʠ ʢʝʨʫʚʘʥʥʷ 

ʢʦʥʜʠʮʽʦʥʝʨʘʤʠ ʜʦʚʝʜʝʥʦ ʜʦ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʫ ʩʪʚʦʨʝʥʥʽ ʥʘʫʢʦʚʦ 

ʦʙˇʨʫʥʪʦʚʘʥʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʪʘ ʘʣʛʦʨʠʪʤʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ 

ʨʦʟʨʦʙʣʝʥʥʷ, ʘʥʘʣʽʟʫ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʩʠʩʪʝʤ ʰʪʫʯʥʦʛʦ 

ʤʽʢʨʦʢʣʽʤʘʪʫ. ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʘʥʘʣʽʪʠʯʥʽ ʤʦʜʝʣʽ ʪʘ ʮʠʬʨʦʚʽ ʜʚʽʡʥʠʢʠ 

ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʢʦʤʧʣʝʢʩʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʧʨʦʤʠʩʣʦʚʠʭ ʽ 

ʧʨʝʮʠʟʽʡʥʠʭ ʢʦʥʜʠʮʽʦʥʝʨʽʚ ʧʨʦʮʝʩʽʚ ʪʝʧʣʦ- ʽ ʤʘʩʦʦʙʤʽʥʫ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʽʥʞʝʥʝʨʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ, ʧʽʜʪʨʠʤʢʫ ʨʝʞʠʤʽʚ ʢʝʨʫʚʘʥʥʷ, 

ʘ ʪʘʢʦʞ ʤʦʞʣʠʚʽʩʪʴ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ, ʜʽʘʛʥʦʩʪʠʢʠ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ 

ʨʦʙʦʪʠ ʢʣʽʤʘʪʠʯʥʠʭ ʩʠʩʪʝʤ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. ʈʦʟʨʦʙʣʝʥʽ ʯʠʩʝʣʴʥʽ ʤʝʪʦʜʠ 

ʪʨʘʜʠʮʽʡʥʦʾ ʪʘ ʙʘʛʘʪʦʚʠʤʽʨʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʨʝʛʫʣʷʪʦʨʽʚ ʻ ʫʥʽʚʝʨʩʘʣʴʥʠʤʠ ʽ 

ʤʦʞʫʪʴ ʙʫʪʠ ʽʥʪʝʛʨʦʚʘʥʽ ʚ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʥʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ 

ʢʝʨʫʚʘʥʥʷ, ʱʦ ʩʧʨʠʷʻ ʟʥʠʞʝʥʥʶ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʠʪʨʘʪ, ʧʽʜʚʠʱʝʥʥʶ 
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ʥʘʜʽʡʥʦʩʪʽ, ʘʜʘʧʪʠʚʥʦʩʪʽ ʪʘ ʘʚʪʦʥʦʤʥʦʩʪʽ ʽʥʞʝʥʝʨʥʠʭ ʨʽʰʝʥʴ ʜʣʷ ʧʨʦʤʠʩʣʦʚʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ, ʜʘʪʘ-ʮʝʥʪʨʽʚ, ʤʝʜʠʯʥʠʭ ʫʩʪʘʥʦʚ ʪʘ ʽʥʰʠʭ ʦʙôʻʢʪʽʚ ʟ ʧʽʜʚʠʱʝʥʠʤʠ 

ʚʠʤʦʛʘʤʠ ʜʦ ʧʘʨʘʤʝʪʨʽʚ ʤʽʢʨʦʢʣʽʤʘʪʫ. 

ʆʪʨʠʤʘʥʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʚʧʨʦʚʘʜʞʝʥʦ ʜʣʷ: ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ 

ʢʦʥʜʠʮʽʦʥʝʨʦʤ AERMEC NCT 22 (ʘʢʪ ʚʠʧʨʦʙʦʚʫʚʘʥʥʷ, ʧʽʜʧʠʩʘʥʠʡ 

ʜʠʨʝʢʪʦʨʦʤ ʊʆɺ çʊɽʇʃʆɯʅʌʆʈʄè ʆ.ʅ. ɭʨʦʭʽʥʦʶ ʚʽʜ 25.09.2025 ʪʘ 

ʛʦʣʦʚʥʠʤ ʽʥʞʝʥʝʨʦʤ ɹʄɼ ʅɹ ʋʢʨʘʾʥʠ ʖ.ɺ. ʊʘʣʽʤʦʥʦʚʠʤ ʚʽʜ 29.09.2025); 

ʫʯʙʦʚʦ-ʪʨʝʥʘʞʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʩʠʩʪʝʤʠ ʰʪʫʯʥʦʛʦ ʤʽʢʨʦʢʣʽʤʘʪʫ, (ʘʢʪ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʋʊʂ ʉʐʄ, ʧʽʜʧʠʩʘʥʠʡ ʜʠʨʝʢʪʦʨʦʤ ʊʆɺ çʊɽʇʃʆɯʅʌʆʈʄè 

ʆ.ʅ. ɭʨʦʭʽʥʦʶ ʚʽʜ 25.09.2025); ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʽʥʞʝʥʝʨʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ 

(ʘʢʪ ʚʧʨʦʚʘʜʞʝʥʥʷ, ʧʽʜʧʠʩʘʥʠʡ ʜʠʨʝʢʪʦʨʦʤ ʊʆɺ çʂʆɺʏɽɻè ɺ.ɺ. ɻʝʨʘʩʠʤʯʫʢ 

ʚʽʜ 15.05.2013); ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʽʥʞʝʥʝʨʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ ʪʝʧʣʦʧʫʥʢʪʫ 

ʧʨʦʤʠʩʣʦʚʦʾ ʙʫʜʽʚʣʽ ʅɺʇ ñɯʂʄò (ʘʢʪ ʚʧʨʦʚʘʜʞʝʥʥʷ, ʧʽʜʧʠʩʘʥʠʡ ʜʠʨʝʢʪʦʨʦʤ 

ʅɺʇ çɯʂʄè ʆ.ɺ. ʃʷʭʦʚʝʮʴʢʠʡ ʚʽʜ 11.04.2012).  

ʋ ʨʦʙʦʪʽ ʟʜʽʡʩʥʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ ʧʝʨʝʚʽʨʢʫ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʨʦʟʨʦʙʣʝʥʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʪʘ ʘʣʛʦʨʠʪʤʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʠʩʪʝʤʠ 

ʢʝʨʫʚʘʥʥʷ ʰʪʫʯʥʠʤ ʤʽʢʨʦʢʣʽʤʘʪʦʤ ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʠʤʽʱʝʥʥʷ ʜʨʫʢʘʨʩʴʢʦʛʦ 

ʮʝʭʫ ɹʘʥʢʥʦʪʥʦ-ʤʦʥʝʪʥʦʛʦ ʜʚʦʨʫ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʙʘʥʢʫ ʋʢʨʘʾʥʠ. ʉʪʘʙʽʣʴʥʽʩʪʴ 

ʧʘʨʘʤʝʪʨʽʚ ʤʽʢʨʦʢʣʽʤʘʪʫ ʦʮʽʥʶʚʘʣʘʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʥʪʨʦʣʴʥʠʭ ʢʘʨʪ 

ʐʫʭʘʨʪʘ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʦʮʝʩ ʩʪʘʙʽʣʽʟʘʮʽʾ ʪʝʤʧʝʨʘʪʫʨʠ ʫ ʧʨʠʤʽʱʝʥʥʽ ʧʝʨʝʙʫʚʘʻ ʫ 

ʩʪʘʪʠʩʪʠʯʥʦ ʢʝʨʦʚʘʥʦʤʫ ʩʪʘʥʽ. ɺʦʜʥʦʯʘʩ ʧʨʦʮʝʩ ʨʝʛʫʣʶʚʘʥʥʷ ʚʽʜʥʦʩʥʦʾ 

ʚʦʣʦʛʦʩʪʽ ʧʦʚʽʪʨʷ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʫʤʦʚʘʤ ʩʪʘʪʠʩʪʠʯʥʦ ʢʝʨʦʚʘʥʦʛʦ ʩʪʘʥʫ, ʱʦ 

ʟʫʤʦʚʣʝʥʦ ʥʘʷʚʥʽʩʪʶ ʟʥʘʯʥʠʭ ʧʨʦʤʠʩʣʦʚʠʭ ʟʙʫʨʝʥʴ ʫ ʚʠʨʦʙʥʠʯʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʢʦʥʜʠʮʽʦʥʝʨʦʤ 

AERMEC NCT 22 ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʪʨʠʤʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʨʽʚʥʽ 20 ± 1,5 ÁC ʪʘ 

ʚʽʜʥʦʩʥʦʾ ʚʦʣʦʛʦʩʪʽ 52,5 ± 2 %, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʧʦʨʠ ʨʦʢʫ ʪʘ ʟʦʚʥʽʰʥʽʭ ʪʝʧʣʦʚʠʭ 

ʚʧʣʠʚʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʜʨʫʢʘʨʩʴʢʦʛʦ ʮʝʭʫ. 
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ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʤʠʩʣʦʚʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʧʽʜʪʚʝʨʜʠʣʠ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʽ ʥʘʜʽʡʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʝʨʫʶʯʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ 

ʢʦʥʜʠʮʽʦʥʝʨʘʤʠ, ʩʠʥʪʝʟʦʚʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʨʦʟʨʦʙʣʝʥʠʭ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʤʝʪʦʜʽʚ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʯʠʩʝʣʴʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʽʜʚʠʱʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ ʰʪʫʯʥʦʛʦ ʤʽʢʨʦʢʣʽʤʘʪʫ ʚ 

ʫʤʦʚʘʭ ʨʝʘʣʴʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʠʩʪʝʤʘ ʰʪʫʯʥʦʛʦ ʤʽʢʨʦʢʣʽʤʘʪʫ, ʢʨʠʪʠʯʥʘ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʢʽʙʝʨʬʽʟʠʯʥʠʡ ʦʙôʻʢʪ, ʢʽʙʝʨʬʽʟʠʯʥʘ ʩʠʩʪʝʤʘ, ʩʠʩʪʝʤʘ 

ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʧʦʚʽʪʨʷ, ʢʣʽʤʘʪʠʯʥʝ ʦʙʣʘʜʥʘʥʥʷ, ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ, 

ʽʜʝʥʪʠʬʽʢʘʮʽʷ, ʦʧʪʠʤʽʟʘʮʽʷ, ʘʜʘʧʪʘʮʽʷ, ʢʨʠʪʝʨʽʡ ʷʢʦʩʪʽ, ʩʠʩʪʝʤʘ ʧʽʜʪʨʠʤʢʠ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. 

 

ABSTRACT 

Golinko I.  M. Mathematical models and artificial microclimate systems 

optimization for critical infrastructure cyber -physical facilities. Qualifying 

scientific work as a manuscript. 

Thesis for scientific Technical Sciences Doctor degree on the specialty 

01.05.02 ï Mathematical Modelling and Computational Methods. ï National 

Technical University of Ukraine ñIgor Sikorsky Kyiv Polytechnic Instituteò, 

Ministry of Education and Science of Ukraine, Kyiv, 2026. 

The dissertation is aimed at developing a comprehensive scientific and applied 

approach to the mathematical modelling and numerical analysis of the artificial 

microclimate system of critical infrastructure cyber physical facilities, motivated by 

the growing need of critical infrastructure enterprises and institutions to ensure 

microclimate parameters for the stable operation of human, technical and 

information components under conditions of external environmental uncertainty 

and variable operating regimes. The research is grounded on the application of 

mathematical methods that combine analytical and numerical modelling, 

identification and optimization techniques for non stationary heat and mass transfer 
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processes, used to analyze the physical process of air mixture preparation on 

air conditioning equipment of various technical realizations. 

The limited adequacy of climate equipment existing mathematical models, the 

lack of systematicity in their construction, and fragmentation of the regulatory legal 

framework lead to a scientific applied problem in the management of 

artificial microclimate systems of critical infrastructure cyber-physical facilities. Its 

solution requires a comprehensive approach based on mathematical modelling and 

computational methods for solving complex problems, using experimental data and 

simulations. 

The dissertation proposes new mathematical models and develops numerical 

methods of identification and multi criterion optimization of artificial microclimate 

systems of critical infrastructure cyber-physical facilities. The created models 

provide a mathematical description of the non stationary dynamics of 

air conditioning processes in the state space form differential equations system, 

taking into account the multidimensional nature of technological interactions, 

existing uncertainties and nonlinearities. The numerical methods developed are 

directed at increasing the accuracy of computational modelling, predicting 

microclimate parameters, and optimizing criteria of efficiency for the operation of 

dynamic air conditioning systems. The obtained results form a scientific basis for 

the development of computational methods and algorithms of intelligent adaptive 

control of microclimate in modern critical infrastructure cyber-physical facilities. 

The dissertation analyses the physical process of forming an artificial 

microclimate for critical infrastructure cyber-physical facilities. The research shows 

that ensuring artificial microclimate has both technical and social orientations, since 

the performance of critical technical equipment as well as the physical health and 

work capacity of personnel depend on microclimate parameters in 

critical infrastructure facilities. An overview is given of international standards that 

regulate requirements for the artificial microclimate of critical infrastructure cyber-

physical facilities. Based on the literature analysis, the main microclimate 

parameters are generalized, including temperature, humidity, CO  concentration, 
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supply air flow per person, minimum living space area per person, and the duration 

of a critical infrastructure facilities autonomous operation. 

Compliance with normative microclimate parameters is critically important 

for industrial enterprises and social sector institutions of critical infrastructure, in 

particular healthcare facilities, underground built up areas, social service centers 

and other public institutions. In industrial conditions, artificial microclimate systems 

contribute to the stability of technological processes and to the improvement of their 

economic efficiency. In the social sphere, such systems affect safety, comfort and 

habitability for people. The assessment of the artificial microclimateôs influence on 

the quality of manufactured products and on the conditions of peopleôs presence is 

a complex, multidisciplinary task that requires a systematic approach to supporting 

management decisions under conceptual uncertainty and increasing demands for the 

efficiency of air conditioning systems. 

The dissertation proposes a systematic approach to the control of 

air conditioning systems integrated into critical infrastructure cyber physical 

facilities. The proposed approach consists of three main stages, covering: an in depth 

analysis of the technological process of air preparation as the modelling object; the 

construction of multidimensional mathematical models for existing air conditioning 

technologies and the development of numerical identification methods for model 

parameters; optimization and adaptation of the control system for air conditioners, 

along with the  distributed decision support system implementation that ensures 

integration of air conditioning systems into critical infrastructure cyber physical 

facilities. The stages of the proposed systematic approach are treated sequentially in 

the dissertation chapters. 

For the implementation of the first stage of the systematic approach, the 

dissertation analyses the current state of mathematical modelling of air conditioning 

systems. By systematizing typical technical solutions, several dozen variants of 

air mixture preparation technologies are identified, enabling air conditioning 

systems to be considered as a separate class of mathematical modelling objects with 

a high degree of structural variability. It is established that air conditioning systems 
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are characterized by multiplicity, wholeness, emergence, equipotentiality and 

synergy, permitting their classification as complex technical systems. Existing 

mathematical models of climate equipment are critically analysed, and current 

methods of climate equipment control and control laws for air conditioning systems 

are examined. To overcome the existing limitations, a new concept for control 

air conditioning processes is proposed, involving the solution of optimization 

problems in the coordinates of air temperature and moisture content, taking into 

account the interaction of climate equipment. For indirect measurement of moisture 

content, a mathematical relationship is developed that, based on measurements of 

temperature, relative humidity and barometric pressure, allows determination of the 

air moisture content. 

Within the second stage of the systematic approach, mathematical models of 

climate equipment are proposed. Seven analytical models are developed: electric 

and water based heaters; water cooler; spray and steam humidifiers; air mixing 

chamber; and room. These models enable both quantitative and qualitative analysis 

of the dynamic characteristics of air conditioning equipment. In contrast to existing 

models, the proposed models explicitly account for heat and mass transfer processes 

in air mixture preparation. The mathematical models are presented in the standard 

state space form and as matrix transfer functions. 

For the developed analytical models of climate equipment, a classification of 

their parameters is carried out. It is established that the numerical values of heat and 

mass transfer coefficients of climate equipment models depend on a number of 

factors that form a single complex of interdependent quantities, exerting an 

ambiguous influence on the dynamic properties. To eliminate conceptual uncertainty 

in the analytical models, an algorithm of passive identification is proposed, realized 

with the aid of digital twin tool and ensuring model adaptability to the real 

air conditioning process. Examples of computational experiments using the digital 

twin for electric and water heaters are presented; in numerical modelling, the relative 

error of determining uncertain parameters did not exceed 5%. A methodology for 

aggregating climate equipment models into a single multidimensional model of the 
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air conditioning system is developed, and four integral models are obtained for the 

most widespread technologies of central air conditioning. 

At the third stage of the systematic approach, a decision support system for 

managing the artificial microclimate of critical infrastructure cyber-physical 

facilities is proposed, based on the following key principles: hierarchical 

organization of the systemôs functioning components; multi criterion optimization 

of management decisions; adaptability of mathematical models to changing external 

conditions; parametric identification of analytical models and minimization of the 

impact of conceptual uncertainty. 

The structure of the decision support system is implemented as a three level 

model, whose components are integrated using network connections. At the lower 

level, boundary devices of the cyber physical system perform primary processing of 

sensor data and local control of air conditioners. Within the study, numerical 

methods of optimization of conventional and multidimensional control systems for 

local air conditioners are proposed, providing adaptation of control algorithms to 

changes in the external environment. 

At the middle level, cloud services of digital twins of air conditioners operate, 

representing digital copies of functioning air conditioners in real time. This level 

ensures integration of databases containing current and historical trends of 

air conditioner variables, equipment configuration characteristics and other data, as 

well as modelling and problem solving subsystems. At this level, parameter 

identification methods for climate equipment models and adaptation methods of the 

control system to external and internal disturbances, according to predefined 

efficiency criteria, are applied. Within this level, numerical algorithms of operational 

control are realized: energy consumption optimization, energy consumption 

forecasting, and adaptation of the control system to external conditions. 

The upper level of the system is designed to support the management decision-

making process, ensuring strategic coordination of subsystem operations to achieve 

the overall goal of managing the microclimate of critical infrastructure cyber-

physical facilities. 
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Express methods for optimizing traditional control systems are proposed, 

where the properties of the control plant are described by an approximate model. 

The express methods were developed for a wide range of dynamic properties of the 

control plant across control and disturbance channels, which allows them to be used 

for optimizing control systems in various industries. 

Based on the research results, a multifunctional mathematical and algorithmic 

support has been created for the realization of an artificial microclimate 

management system for critical infrastructure cyber-physical facilities. The 

proposed mathematical models, methods and control algorithms for air conditioners 

have been brought to practical implementation. 

The practical value of the obtained results lies in the creation of scientifically 

grounded mathematical and algorithmic support for the development, analysis and 

optimization of energy efficient artificial microclimate systems of critical 

infrastructure cyber-physical facilities. The proposed comprehensive mathematical 

models of industrial and precision air conditioners, digital twins of climate 

equipment, and analytical models of heat and mass transfer processes ensure higher 

accuracy of engineering calculations, support of control modes, and the possibility 

of remote monitoring, diagnostics and real time optimization of climate systems. 

The developed numerical methods of conventional and multidimensional regulator 

optimization are universal and can be embedded into microcontroller based 

automation systems, contributing to reduced energy consumption, increased 

reliability, adaptability and autonomy of engineering solutions for industrial plants, 

data centers, medical facilities and other objects with enhanced requirements for 

microclimate parameters. 

The obtained scientific results have been implemented in: the control system 

of the air conditioner AERMEC NCT 22 (testing report signed by the General 

Director of LLC ñTEPLOINFORMò O.N. Yerokhina on 25.09.2025 and by the 

Chief Engineer of the Banknote Minting Yard of the National Bank of Ukraine 

Yu.V. Talimonov on 29.09.2025); the training and simulation complex of an 

artificial microclimate system (introduction report of the simulator complex signed 
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by the Director of LLC ñTEPLOINFORMò O.N. Yerokhina on 25.09.2025); the 

control system of engineering equipment (introduction report signed by the Director 

of LLC ñKOVCHEHò V.V. Herasymchuk on 15.05.2013); and the control system 

of engineering equipment of the boiler house of the industrial building of the 

enterprise development company ñIKMò (introduction report signed by the Director 

of NPP ñIKMò O.V. Lyakhovetskyi on 11.04.2012). 

An experimentally tested the effectiveness of the developed mathematical and 

algorithmic support for the artificial microclimate control system of the production 

premises of the printing shop of the Banknote Mint of the National Bank of Ukraine. 

The stability of the microclimate parameters was assessed using Shewhart control 

charts. 

According to the results of statistical processing of experimental data, it was 

established that the process of temperature stabilization in the room is in a 

statistically controlled state. At the same time, the process of regulating relative air 

humidity does not correspond to the conditions of a statistically controlled state, 

which is due to the presence of significant industrial disturbances in the production 

environment. The proposed AERMEC NCT 22 air conditioning control system 

maintains a temperature of 20 ± 1.5 °C and a relative humidity of 52.5 ± 2 %, 

regardless of the season and external thermal influences from the printing shop's 

technological equipment. 

The results of industrial tests have confirmed the high efficiency and 

reliability of the proposed information and management systems for air conditioner 

control, synthesized on the basis of the developed multifunctional mathematical 

models, identification methods and numerical optimization, which ensure improved 

stability of artificial microclimate parameters under real world production 

conditions. 

Keywords: artificial microclimate system, critical infrastructure, 

cyber physical facilities, cyber physical system, air conditioning system, climate 

equipment, mathematical model, identification, optimization, adaptation, quality 

criterion, decision support system.   
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ʇʈʀʁʅʗʊɯ ʉʂʆʈʆʏɽʅʅʗ 

 

ɸʈʄ ï ʘʚʪʦʤʘʪʠʟʦʚʘʥʝ ʨʦʙʦʯʝ ʤʽʩʮʝ; 

ɸʉʂ ï ʘʚʪʦʤʘʪʠʯʥʘ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ; 

ɹɼ ï ʙʘʟʘ ʜʘʥʠʭ; 

ɭʉ ï ɭʚʨʦʧʝʡʩʴʢʠʡ ʉʦʶʟ 

ɯʉʇʇʈ ï ʽʥʬʦʨʤʘʮʽʡʥʘ ʩʠʩʪʝʤʘ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ; 

ʂ1 ï ʢʘʣʦʨʠʬʝʨ ʧʝʨʰʦʛʦ ʧʽʜʽʛʨʽʚʫ; 

ʂ2 ï ʢʘʣʦʨʠʬʝʨ ʜʨʫʛʦʛʦ ʧʽʜʽʛʨʽʚʫ; 

ʂɿ ï ʢʘʤʝʨʘ ʟʤʽʰʫʚʘʥʥʷ; 

ʂɯ ï ʢʨʠʪʠʯʥʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ 

ʂʂʐ ï ʢʦʥʪʨʦʣʴʥʽ ʢʘʨʪʠ ʐʫʭʘʨʪʘ; 

ʂʌʆ ï ʢʽʙʝʨʬʽʟʠʯʥʠʡ ʦʙ'ʻʢʪ; 

ʂʌʉ ï ʢʽʙʝʨʬʽʟʠʯʥʘ ʩʠʩʪʝʤʘ; 

ʃʂʎʈ ï ʣʽʥʽʡʥʦ-ʢʚʘʜʨʘʪʠʯʥʠʡ ʮʠʬʨʦʚʠʡ ʨʝʛʫʣʷʪʦʨ; 

ʆ ï ʦʭʦʣʦʜʞʫʚʘʯ; 

ʆɽʉʈ ï ʆʨʛʘʥʽʟʘʮʽʾ ʝʢʦʥʦʤʽʯʥʦʛʦ ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʘ ʪʘ ʨʦʟʚʠʪʢʫ 

ʆʂ ï ʦʙôʻʢʪ ʢʝʨʫʚʘʥʥʷ; 

ʇʃʂ ï ʧʨʦʛʨʘʤʥʦ ʣʦʛʽʯʥʠʡ ʢʦʥʪʨʦʣʝʨ; 

ʇʉʎʂ ï ʧʨʠʧʣʠʚʥʘ ʩʠʩʪʝʤʘ ʮʝʥʪʨʘʣʴʥʦʛʦ ʢʦʥʜʠʮʽʦʥʝʨʘ; 

ʉɿ ï ʩʦʪʦʚʠʡ ʟʚʦʣʦʞʫʚʘʯ; 

ʉʂʇ ï  ʩʠʩʪʝʤʘ ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʧʦʚʽʪʨʷ; 

ʊʇ ï ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ; 

ʋʊʂ ï ʫʯʙʦʚʦ-ʪʨʝʥʘʞʝʨʥʠʡ ʢʦʤʧʣʝʢʩ; 

ʌɿ ï ʬʦʨʩʫʥʦʯʥʠʡ ʟʚʦʣʦʞʫʚʘʯ; 

ʎɼ ï ʮʠʬʨʦʚʠʡ ʜʚʽʡʥʠʢ; 

ʎʈ ï ʮʠʬʨʦʚʠʡ ʨʝʛʫʣʷʪʦʨ; 

ERP ï Enterprise Resource Planning; 

IIoT ï Industrial Internet of Things; 

MES ï Manufacturing Execution System; 

SCADA ï Supervisory Control and Data Acquisition. 
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ʆʉʅʆɺʅɯ ʋʄʆɺʅɯ ʇʆɿʅɸʏɽʅʅʗ 

 

c ï ʪʝʧʣʦʻʤʢʽʩʪʴ ʧʦʚʽʪʨʷ, ɼʞ/(ʢʛ ʦʉ); 

D ï ʘʙʩʦʣʶʪʥʘ ʚʦʣʦʛʽʩʪʴ ʧʦʚʽʪʨʷ, ʢʛ/ʤ3; 

d ï ʚʦʣʦʛʦʚʤʽʩʪ ʧʦʚʽʪʨʷ, ʛ/ʢʛ; 

F ï ʧʣʦʱʘ ʧʦʚʝʨʭʥʽ, ʤ2; 

G ï ʚʠʪʨʘʪʘ, ʢʛ/ʩʝʢ; 

h ï ʝʥʪʘʣʴʧʽʷ ʚʦʣʦʛʦʛʦ ʧʦʚʽʪʨʷ, ɼʞ/ʢʛ; 

L, C, H, ï ʛʣʠʙʠʥʘ, ʰʠʨʠʥʘ ʪʘ ʚʠʩʦʪʘ ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʤ; 

M ï ʤʘʩʘ, ʛ, ʢʛ; 

n ï ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʦʙʤʽʥʥʠʭ ʪʨʫʙʦʢ, ʰʪ.; 

N ï ʧʦʪʫʞʥʽʩʪʴ, ɺʪ; 

P ï ʪʠʩʢ, ʇʘ; 

r ï ʪʝʧʣʦʪʘ ʧʘʨʦʫʪʚʦʨʝʥʥʷ, ɼʞ/ʢʛ; 

V ï ʦʙôʻʤ, ʤ3; 

Ŭ ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ, ɺʪ/(ʤ2 ʦʉ); 

ɓ ï ʢʦʝʬʽʮʽʻʥʪ ʤʘʩʦʚʽʜʜʘʯʽ, ʢʛ/(ʤ2 ʩʝʢ); 

ɗ ï ʪʝʤʧʝʨʘʪʫʨʘ, ʦʉ; 

ɟ ï ʱʽʣʴʥʽʩʪʴ, ʢʛ/ʤ3; 

ű ï ʚʽʜʥʦʩʥʘ ʚʦʣʦʛʽʩʪʴ ʧʦʚʽʪʨʷ, %; 

ʽʥʜʝʢʩʠ ʫʤʦʚʥʠʭ ʧʦʟʥʘʯʝʥʴ: ɸ ï ʧʦʚʽʪʨʷ, E ï ʝʣʝʢʪʨʠʯʥʠʡ ʥʘʛʨʽʚʘʯ,  

M ï ʤʝʪʘʣʝʚʘ ʧʦʚʝʨʭʥʷ ʪʝʧʣʦʦʙʤʽʥʫ, P ï ʧʘʨʘ, S ï ʩʪʽʥʢʘ ʧʨʠʤʽʱʝʥʥʷ,  

W ï ʚʦʜʘ. 
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ɺʉʊʋʇ 

ʋ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʦʩʠʣʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʩʫʩʧʽʣʴʩʪʚʘ 

ʚʽʜ ʥʘʜʽʡʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ (ʂɯ). 

ʆʩʦʙʣʠʚʦʾ ʘʢʪʫʘʣʴʥʦʩʪʽ ʥʘʙʫʚʘʻ ʧʠʪʘʥʥʷ ʨʦʟʨʦʙʢʠ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʪʘ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʰʪʫʯʥʠʤ ʤʽʢʨʦʢʣʽʤʘʪʦʤ 

ʢʽʙʝʨʬʽʟʠʯʥʠʭ ʦʙôʻʢʪʽʚ (ʂʌʆ) ʂɯ, ʱʦ ʦʙʫʤʦʚʣʝʥʦ ʧʦʪʨʝʙʦʶ ʫʩʪʘʥʦʚ ʪʘ 

ʧʽʜʧʨʠʻʤʩʪʚ ʂɯ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʧʘʨʘʤʝʪʨʽʚ ʤʽʢʨʦʢʣʽʤʘʪʫ ʜʣʷ ʩʪʘʣʦʛʦ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʣʶʜʩʴʢʠʭ, ʪʝʭʥʽʯʥʠʭ ʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʚ ʫʤʦʚʘʭ 

ʢʦʥʮʝʧʪʫʘʣʴʥʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ. ʇʨʦʙʣʝʤʘʪʠʢʘ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʻ 

ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʡ ʭʘʨʘʢʪʝʨ, ʱʦ ʧʦʻʜʥʫʻ ʧʽʜʭʦʜʠ ʪʘ ʤʝʪʦʜʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʤʘʪʝʤʘʪʠʢʠ, ʽʥʞʝʥʝʨʽʾ, ʝʥʝʨʛʝʪʠʢʠ ʪʘ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

ʉʠʩʪʝʤʠ ʰʪʫʯʥʦʛʦ ʤʽʢʨʦʢʣʽʤʘʪʫ ʚʽʜʽʛʨʘʶʪʴ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʧʽʜʪʨʠʤʘʥʥʽ 

ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʚʠʩʦʢʦʯʫʪʣʠʚʦʛʦ ʝʣʝʢʪʨʦʥʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʦʙ'ʻʢʪʘʭ ʟʚôʷʟʢʫ, 

ʝʥʝʨʛʝʪʠʢʠ, ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʪʘ ʫʧʨʘʚʣʽʥʥʷ. ʆʢʨʽʤ ʪʦʛʦ, ʩʠʩʪʝʤʠ 

ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʧʦʚʽʪʨʷ (ʉʂʇ) ʩʪʚʦʨʶʶʪʴ ʢʦʤʬʦʨʪʥʽ ʫʤʦʚʠ ʤʽʢʨʦʢʣʽʤʘʪʫ ʜʣʷ 

ʟʘʢʣʘʜʽʚ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚôʷ, ʬʽʥʘʥʩʦʚʦʾ ʩʬʝʨʠ, ʮʝʥʪʨʽʚ ʩʦʮʽʘʣʴʥʠʭ ʧʦʩʣʫʛ, 

ʧʽʜʟʝʤʥʦʾ ʟʘʙʫʜʦʚʠ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʧʝʨʩʦʥʘʣʫ ʪʘ ʥʘʩʝʣʝʥʥʷ ʚ 

ʫʤʦʚʘʭ ʧʽʜʚʠʱʝʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʘʙʦ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ. ʉʴʦʛʦʜʥʽ 

ʧʨʘʢʪʠʯʥʦ ʥʝʤʦʞʣʠʚʦ ʫʷʚʠʪʠ ʩʫʯʘʩʥʝ ʽʩʥʫʚʘʥʥʷ ʩʫʩʧʽʣʴʩʪʚʘ ʙʝʟ ʉʂʇ, ʷʢʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʪʝʭʥʦʣʦʛʽʯʥʽ ʪʘ ʛʽʛʽʻʥʽʯʥʽ ʚʠʤʦʛʠ ʜʦ ʧʦʚʽʪʨʷ ʫ ʧʨʠʤʽʱʝʥʥʷʭ. 

ʉʧʝʢʪʨ ʩʠʩʪʝʤ ʰʪʫʯʥʦʛʦ ʤʽʢʨʦʢʣʽʤʘʪʫ ʜʫʞʝ ʨʽʟʥʦʤʘʥʽʪʥʠʡ ï ʚʽʜ ʧʦʙʫʪʦʚʠʭ ʜʦ 

ʧʨʦʤʠʩʣʦʚʠʭ ʢʦʥʜʠʮʽʦʥʝʨʽʚ ʽʟ ʚʠʩʦʢʠʤʠ ʚʠʤʦʛʘʤʠ ʜʦ ʩʪʘʙʽʣʴʥʦʩʪʽ 

ʪʝʤʧʝʨʘʪʫʨʠ, ʚʦʣʦʛʦʩʪʽ ʪʘ ʥʠʟʢʠ ʽʥʰʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʦʚʽʪʨʷ. 

ɸʜʘʧʪʘʮʽʷ ʰʪʫʯʥʦʛʦ ʤʽʢʨʦʢʣʽʤʘʪʫ ʜʣʷ ʧʨʦʤʠʩʣʦʚʠʭ ʧʦʪʨʝʙ ʦʙôʻʢʪʽʚ ʂɯ 

ʥʘʙʫʚʘʻ ʦʩʦʙʣʠʚʦʾ ʘʢʪʫʘʣʴʥʦʩʪʽ, ʦʩʢʽʣʴʢʠ ʚʽʜ ʮʴʦʛʦ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʟʘʣʝʞʠʪʴ 

ʷʢʽʩʪʴ ʧʨʦʜʫʢʮʽʾ, ʟʤʝʥʰʝʥʥʷ ʚʽʜʭʦʜʽʚ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʧʨʘʮʽʚʥʠʢʽʚ. 

ʂʦʥʪʨʦʣʴ ʤʽʢʨʦʢʣʽʤʘʪʫ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʨʽʚʥʷ ʬʽʟʠʯʥʦʾ ʪʘ ʢʽʙʝʨʙʝʟʧʝʢʠ, 

ʟʘʧʦʙʽʛʘʶʯʠ ʘʚʘʨʽʷʤ ʚʽʜ ʧʝʨʝʛʨʽʚʫ ʦʙʣʘʜʥʘʥʥʷ ʘʙʦ ʢʦʥʜʝʥʩʘʮʽʾ ʚʦʣʦʛʠ. ʊʘʢʠʤ 
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ʯʠʥʦʤ, ʩʠʩʪʝʤʠ ʰʪʫʯʥʦʛʦ ʤʽʢʨʦʢʣʽʤʘʪʫ ʂʌʆ ʂɯ ʩʣʽʜ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʨʝʘʣʴʥʠʡ 

ʽʥʩʪʨʫʤʝʥʪ ʩʫʧʨʦʚʦʜʞʝʥʥʷ ʥʘʜʽʡʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʂɯ. 

ʆʜʥʽʻʶ ʽʟ ʚʘʞʣʠʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʉʂʇ ʻ ʾʾ  ʧʠʪʦʤʝ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ. 

ɿ ʮʠʭ ʧʨʠʯʠʥ ʨʦʟʨʦʙʥʠʢʠ ʉʂʇ ʽʥʪʝʥʩʠʬʽʢʫʶʪʴ ʧʨʦʮʝʩʠ ʪʝʧʣʦ- ʪʘ 

ʤʘʩʦʧʝʨʝʜʘʯʽ ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʚʜʦʩʢʦʥʘʣʶʶʪʴ ʪʝʭʥʦʣʦʛʽʯʥʠʡ 

ʧʨʦʮʝʩ (ʊʇ) ʧʽʜʛʦʪʦʚʢʠ ʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ. ʈʝʟʫʣʴʪʘʪʦʤ ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʧʨʦʮʝʩʫ ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʧʦʚʽʪʨʷ ʻ ʙʽʣʴʰʝ ʜʝʢʽʣʴʢʦʭ ʜʝʩʷʪʢʽʚ ʪʝʭʥʦʣʦʛʽʡ 

ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʧʦʚʽʪʨʷ, ʢʦʞʥʘ ʽʟ ʷʢʠʭ ʚʠʤʘʛʘʻ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʫʧʨʘʚʣʽʥʥʷ, ʦʩʢʽʣʴʢʠ 

ʚʽʜʩʫʪʥʽ ʫʥʽʬʽʢʦʚʘʥ ̔ʤʝʪʦʜʠʢʠ ʫʧʨʘʚʣʽʥʥʷ ʉʂʇ. 

ɼʦʩʷʛʥʝʥʥʷ ʚʠʩʦʢʠʭ ʧʦʢʘʟʥʠʢʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʫʯʘʩʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʪʘ 

ʫʩʪʘʥʦʚ ʂɯ ʤʦʞʣʠʚʝ ʟʘ ʫʤʦʚʠ ʽʥʪʝʛʨʫʚʘʥʥʷ ʉʂʇ ʫ ʢʽʙʝʨʬʽʟʠʯʥʫ ʩʠʩʪʝʤʫ 

(ʂʌʉ), ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʘʥʘʣʽʟ ʩʪʨʫʢʪʫʨʠ ʪʘ ʨʦʟʨʦʙʢʫ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ 

ʜʣʷ ʥʘʷʚʥʠʭ ʤʦʜʠʬʽʢʘʮʽʡ ʢʦʥʜʠʮʽʦʥʝʨʽʚ, ʧʨʦʻʢʪʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʠʭ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ. ʉʂʇ ʧʨʝʜʩʪʘʚʣʷʻ 

ʩʦʙʦʶ ʩʧʝʮʠʬʽʯʥʠʡ ʦʙ'ʻʢʪ ʢʝʨʫʚʘʥʥʷ (ʆʂ), ʫ ʷʢʦʤʫ ʜʽʘʧʘʟʦʥ ʟʤʽʥʠ ʚʭʽʜʥʠʭ ʪʘ 

ʚʠʭʽʜʥʠʭ ʚʝʣʠʯʠʥ (ʥʘʚʘʥʪʘʞʝʥʴ, ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, 

ʚʽʜʭʠʣʝʥʴ ʨʝʛʫʣʴʦʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʽʥʰʝ) ʜʫʞʝ ʰʠʨʦʢʠʡ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʚʠʢʦʨʠʩʪʘʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʉʂʇ ʷʢ ʆʂ ʻ ʩʢʣʘʜʥʠʤ ʙʘʛʘʪʦʚʠʤʽʨʥʠʤ 

ʜʠʥʘʤʽʯʥʠʤ ʦʙôʻʢʪʦʤ, ʱʦ ʧʦʪʨʝʙʫʻ ʨʦʟʨʦʙʢʠ ʢʦʤʧʣʝʢʩʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʤʦʜʝʣʝʡ. 

ʅʘ ʩʴʦʛʦʜʥʽ ʧʠʪʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʉʂʇ 

ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʜʦʩʪʘʪʥʴʦ ʜʦʩʣʽʜʞʝʥʠʤʠ. ɯʩʥʫʶʯʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ, ʷʢ 

ʧʨʘʚʠʣʦ, ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ ʜʦʩʣʽʜʞʝʥʥʷ ʦʢʨʝʤʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʢʦʥʜʠʮʽʦʥʝʨʘ, ʱʦ 

ʥʝ ʦʭʦʧʣʶʻ ʧʨʦʮʝʩ ʧʽʜʛʦʪʦʚʢʠ ʧʦʚʽʪʨʷ ʷʢ ʻʜʠʥʦʛʦ ʙʘʛʘʪʦʚʠʤʽʨʥʦʛʦ ʆʂ. 

ɺʽʜʩʫʪʥʽʩʪʴ ʢʦʤʧʣʝʢʩʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʢʦʥʜʠʮʽʦʥʝʨʘ ʚ ʧʨʦʩʪʦʨʽ 

ʩʪʘʥʽʚ ʫʩʢʣʘʜʥʶʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʽʚ, ʱʦ ʚʨʘʭʦʚʫʶʪʴ ʩʧʝʮʠʬʽʢʫ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʉʂʇ ʚ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʈʦʟʨʦʙʢʘ ʝʬʝʢʪʠʚʥʠʭ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʦʧʪʠʤʽʟʘʮʽʾ ʉʂʇ ʧʦʪʨʝʙʫʻ ʩʪʚʦʨʝʥʥʷ ʘʜʝʢʚʘʪʥʠʭ 
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ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʮʽʻʾ ʩʢʣʘʜʥʦʾ ʪʝʭʥʽʯʥʦʾ ʩʠʩʪʝʤʠ ʽʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʩʧʝʮʠʬʽʢʠ ʾʾ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚ ʢʦʥʢʨʝʪʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ɺʘʞʣʠʚʠʡ ʚʠʢʣʠʢ ʩʴʦʛʦʜʝʥʥʷ ʜʣʷ ʋʢʨʘʾʥʠ ʧʦʣʷʛʘʻ ʫ ʨʦʟʙʫʜʦʚ ̔ʩʠʩʪʝʤʠ 

ʫʧʨʘʚʣʽʥʥʷ ʘʢʪʠʚʘʤʠ ʂɯ ʚ ʫʤʦʚʘʭ ʩʫʯʘʩʥʠʭ ʟʘʛʨʦʟ ʪʘ ʪʨʘʥʩʬʦʨʤʘʮʽʡ. ʅʘ 

ʟʘʛʘʣʴʥʦʜʝʨʞʘʚʥʦʤʫ ʨʽʚʥʽ ʬʫʥʢʮʽʾ ʫʧʨʘʚʣʽʥʥʷ ʦʙôʻʢʪʘʤʠ ʂɯ ʥʦʨʤʘʪʠʚʥʦ 

ʟʘʢʨʽʧʣʝʥʽ ʟʘ ʚʽʜʧʦʚʽʜʥʠʤʠ ʩʝʢʪʦʨʘʣʴʥʠʤʠ ʦʨʛʘʥʘʤʠ. ʅʘ ʨʽʚʥʽ ʦʢʨʝʤʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ ʪʘ ʫʩʪʘʥʦʚ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʟʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʨʝʨʚʥʦʛʦ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʂɯ ʧʦʢʣʘʜʘʻʪʴʩʷ ʥʘ ʶʨʠʜʠʯʥʠʭ ʦʩʽʙ ʘʙʦ ʬʽʟʠʯʥʠʭ 

ʦʩʽʙ-ʧʽʜʧʨʠʻʤʮʽʚ, ʷʢʽ ʟʜʽʡʩʥʶʶʪʴ ʛʦʩʧʦʜʘʨʩʴʢʫ ʜʽʷʣʴʥʽʩʪʴ ʫ ʚʽʜʧʦʚʽʜʥʠʭ 

ʩʬʝʨʘʭ. ɿʘʢʦʥʦʜʘʚʯʦ ʚ ʋʢʨʘʾʥʽ ʘʢʪʠʚʠ ʂɯ ʤʘʶʪʴ ʯʦʪʠʨʠ ʨʽʚʥʽ ʫʧʨʘʚʣʽʥʥʷ: 

ʟʘʛʘʣʴʥʦʜʝʨʞʘʚʥʠʡ; ʛʘʣʫʟʝʚʠʡ; ʤʽʩʮʝʚʠʡ; ʦʙôʻʢʪʦʚʠʡ. ʇʨʦʪʝ, ʩʴʦʛʦʜʥʽ 

ʟʘʟʥʘʯʝʥʽ ʨʽʚʥʽ ʤʘʶʪʴ ʧʝʨʝʚʘʞʥʦ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʡ ʭʘʨʘʢʪʝʨ ʫʧʨʘʚʣʽʥʥʷ ʽʟ 

ʦʙʤʝʞʝʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ 

ʤʝʪʦʜʽʚ ʪʘ ʮʠʬʨʦʚʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʱʦ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʻ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ, ʟʥʠʞʫʶʯʠ ʾʭ ʦʧʝʨʘʪʠʚʥʽʩʪʴ, ʘʜʘʧʪʠʚʥʽʩʪʴ ʪʘ ʷʢʽʩʪʴ. 

ʋ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ ʘʥʘʣʽʟ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʠʩʦʢʠʡ 

ʧʦʪʝʥʮʽʘʣ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʩʠʩʪʝʤ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʫʧʨʘʚʣʽʥʥʷ ʰʪʫʯʥʠʤ 

ʤʽʢʨʦʢʣʽʤʘʪʦʤ ʂʌʆ ʂɯ. ʄʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʟʜʘʪʥʽ ʽʥʪʝʛʨʫʚʘʪʠ ʨʽʟʥʦʨʽʜʥʽ 

ʘʩʧʝʢʪʠ, ʚʽʜʦʙʨʘʞʘʪʠ ʤʫʣʴʪʠʜʠʩʮʠʧʣʽʥʘʨʥʠʡ ʭʘʨʘʢʪʝʨ ʧʨʦʙʣʝʤʘʪʠʢʠ ʪʘ 

ʚʨʘʭʦʚʫʚʘʪʠ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ. 

ɰʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʚʦʨʶʻ ʦʩʥʦʚʫ ʜʣʷ ʨʦʟʨʦʙʣʝʥʥʷ ʩʪʽʡʢʠʭ ʪʘ ʘʜʘʧʪʠʚʥʠʭ 

ʩʪʨʘʪʝʛʽʡ ʫʧʨʘʚʣʽʥʥʷ, ʱʦ ʚʠʟʥʘʯʘʻ ʘʢʪʫʘʣʴʥʽʩʪʴ ʦʙʨʘʥʦʾ ʪʝʤʠ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʙʝʨʫʯʠ ʜʦ ʫʚʘʛʠ ʚʠʢʣʘʜʝʥʽ ʧʦʣʦʞʝʥʥʷ, ʽʩʥʫʻ ʦʙ'ʻʢʪʠʚʥʘ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʚʠʪʢʫ ʤʝʪʦʜʽʚ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʧʽʜʭʦʜʽʚ ʫʧʨʘʚʣʽʥʥʷ ʜʣʷ ʩʠʩʪʝʤ ʰʪʫʯʥʦʛʦ ʤʽʢʨʦʢʣʽʤʘʪʫ ʂʌʆ 

ʂɯ. 

ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʚʠʢʦʥʫʚʘʣʘʩʴ ʟʛʽʜʥʦ ʽʟ ʧʣʘʥʘʤʠ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ 
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ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ ʪʘ ʄʽʥʽʩʪʝʨʩʪʚʘ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ ʫ ʨʘʤʢʘʭ 

ʜʝʨʞʙʶʜʞʝʪʥʠʭ ʪʝʤ: 

¶  ̄2539-ʧ ñʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʫʩʪʘʪʢʫʚʘʥʥʷ ʊɽʉ ʪʘ ʤʘʣʦʾ ʝʥʝʨʛʝʪʠʢʠ ʚ ʟʤʽʥʥʠʭ ʨʝʞʠʤʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾò 

(2012ï2013 ʨ., ʥʦʤʝʨ ʜʝʨʞʘʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ 0112U001751); 

¶  ̄2716-ʧ ñʈʦʟʨʦʙʢʘ ʟʘʩʦʙʽʚ ʽʟ ʧʨʦʜʦʚʞʝʥʥʷ ʥʘʜʽʡʥʦʾ ʪʘ ʝʢʦʥʦʤʽʯʥʦʾ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʝʥʝʨʛʦʛʝʥʝʨʫʶʯʠʭ ʦʙôʻʢʪʽʚ ʫ ʤʘʥʝʚʨʝʥʠʭ ʨʝʞʠʤʘʭò (2014ï

2015 ʨ., ʥʦʤʝʨ ʜʝʨʞʘʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ 0114U000564); 

¶  ̄2009-ʧ ñʋʧʨʘʚʣʽʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷʤ ʦʙôʻʢʪʽʚ ʢʦʤʫʥʘʣʴʥʦʾ 

ʝʥʝʨʛʝʪʠʢʠò (2017ï2018 ʨ., ʥʦʤʝʨ ʜʝʨʞʘʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ 0117U000469); 

¶  ̄2313-ʧ ñʇʦʙʫʜʦʚʘ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʘʥʘʣʽʪʠʯʥʦʾ ʧʣʘʪʬʦʨʤʠ ʜʣʷ 

ʩʫʧʨʦʚʦʜʞʝʥʥʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʢʽʙʝʨʬʽʟʠʯʥʠʭ ʩʠʩʪʝʤò (2020ï2022 ʨ., 

ʥʦʤʝʨ ʜʝʨʞʘʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ 0120U102298). 

ɺ ʟʘʟʥʘʯʝʥʠʭ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʨʦʙʦʪʘʭ ʘʚʪʦʨ ʙʨʘʚ ʫʯʘʩʪʴ ʷʢ 

ʚʠʢʦʥʘʚʝʮʴ. 

ʄʝʪʘ ʽ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʣʝʥʥʷ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʮʠʬʨʦʚʠʭ ʜʚʽʡʥʠʢʽʚ ʪʘ ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ ʦʧʪʠʤʽʟʘʮʽʾ 

ʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʝʧʣʦ- ʪʘ ʤʘʩʦʦʙʤʽʥʫ ʜʣʷ ʩʠʩʪʝʤ ʰʪʫʯʥʦʛʦ ʤʽʢʨʦʢʣʽʤʘʪʫ 

ʂʌʆ ʂɯ, ʱʦ ʟʘʙʝʟʧʝʯʠʪʴ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʠʡ ʘʥʘʣʽʟ, ʩʠʥʪʝʟ ʪʘ ʦʧʪʠʤʘʣʴʥʝ 

ʢʝʨʫʚʘʥʥʷ ʢʣʽʤʘʪʠʯʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʚ ʫʤʦʚʘʭ ʧʘʨʘʤʝʪʨʠʯʥʦʾ, ʩʪʨʫʢʪʫʨʥʦʾ ʪʘ 

ʩʪʦʭʘʩʪʠʯʥʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʩʧʨʠʷʪʠʤʝ ʧʽʜʚʠʱʝʥʥʶ ʾʭ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ, ʩʪʽʡʢʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ. ɼʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ 

ʧʝʨʝʜʙʘʯʘʻ ʩʪʚʦʨʝʥʥʷ ʻʜʠʥʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ ʜʣʷ ʦʧʠʩʫ, ʘʥʘʣʽʟʫ, 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʧʽʜʛʦʪʦʚʢʠ ʧʦʚʽʪʨʷ ʜʣʷ ʩʢʣʘʜʥʠʭ 

ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ ʰʪʫʯʥʦʛʦ ʤʽʢʨʦʢʣʽʤʘʪʫ. 

ʆʩʥʦʚʥʽ ʟʘʜʘʯʽ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʥʘʩʪʫʧʥʽ. 

1. ɿʘʧʨʦʧʦʥʫʚʘʪʠ ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʧʽʜʭʜ̔ ʜʦ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷ 

ʩʠʩʪʝʤʘʤʠ ʰʪʫʯʥʦʛʦ ʤʽʢʨʦʢʣʽʤʘʪʫ ʂʌʆ ʂɯ, ʘ ʩʘʤʝ: 
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¶ ʩʬʦʨʤʫʣʶʚʘʪʠ ʢʦʥʮʝʧʮʽʶ ʢʝʨʫʚʘʥʥʷ ʉʂʇ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʧʽʜʛʦʪʦʚʢʠ ʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ ʥʘ ʢʣʽʤʘʪʠʯʥʦʤʫ 

ʦʙʣʘʜʥʘʥʥʽ; 

¶ ʨʦʟʨʦʙʠʪʠ ʩʠʩʪʝʤʥʠʡ ʧʽʜʭʜ̔ ʜʦ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʉʂʇ. 

2. ʇʦʙʫʜʫʚʘʪʠ ʜʠʥʘʤʽʯʥ ̔ ʤʦʜʝʣʽ ʪʝʧʣʦ- ʪʘ ʤʘʩʦʦʙʤʽʥʥʠʭ ʧʨʦʮʝʩʽʚ ʚ 

ʽʥʞʝʥʝʨʥʠʭ ʝʣʝʤʝʥʪʘʭ ʢʣʽʤʘʪʠʯʥʠʭ ʩʠʩʪʝʤ, ʱʦ ʚʨʘʭʦʚʫʶʪʴ 

ʙʘʛʘʪʦʚʠʤʽʨʥʽʩʪʴ ʬʽʟʠʯʥʦʛʦ ʧʨʦʮʝʩʫ ʧʽʜʛʦʪʦʚʢʠ ʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ ʥʘ 

ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ ʢʦʥʜʠʮʽʦʥʝʨʘ. 

3. ʈʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ 

ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ ʮʠʬʨʦʚʠʭ 

ʜʚʽʡʥʠʢʽʚ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʪʘ ʩʠʤʫʣʷʮʽʡ. 

4. ʇʦʙʫʜʫʚʘʪʠ ʢʦʤʧʣʝʢʩʥʽ ʤʦʜʝʣʽ ʩʠʩʪʝʤ ʰʪʫʯʥʦʛʦ ʤʽʢʨʦʢʣʽʤʘʪʫ ʫ ʧʨʦʩʪʦʨʽ 

ʩʪʘʥʽʚ, ʘʜʘʧʪʦʚʘʥʽ ʜʣʷ ʧʨʦʤʠʩʣʦʚʠʭ ʪʘ ʧʨʝʮʠʟʽʡʥʠʭ ʢʦʥʜʠʮʽʦʥʝʨʽʚ. 

5. ʈʦʟʨʦʙʠʪʠ ʤʝʪʦʜ ʥʝʧʨʷʤʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʚʤʽʩʪʫ ʧʦʚʽʪʨʷ ʥʘ ʦʩʥʦʚʽ 

ʧʘʨʘʤʝʪʨʽʚ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʚʽʜʥʦʩʥʦʾ ʚʦʣʦʛʦʩʪʽ ʧʦʚʽʪʨʷ, ʱʦ ʚʠʤʽʨʶʶʪʴʩʷ. 

6. ɺʜʦʩʢʦʥʘʣʠʪʠ ʤʝʪʦʜʠ ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʦʜʥʦʤʽʨʥʠʭ ʜʠʥʘʤʯ̔ʥʠʭ 

ʩʠʩʪʝʤ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʝʛʫʣʷʪʦʨʽʚ (ʇɯ-, ʇɯɼ- ʪʘ ʾʭ ʤʦʜʠʬʽʢʘʮʽʡ), ʱʦ 

ʜʦʟʚʦʣʷʻ ʤʽʥʽʤʽʟʫʚʘʪʠ ʢʝʨʫʶʯʽ ʚʧʣʠʚʠ ʪʘ ʧʦʭʠʙʢʠ ʫ ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ. 

7. ɿʘʧʨʦʧʦʥʫʚʘʪʠ ʯʠʩʝʣʴʥ ̔ʤʝʪʦʜʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʙʘʛʘʪʦʚʠʤʽʨʥʠʤʠ 

ʜʠʥʘʤʽʯʥʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʟʦʢʨʝʤʘ ʥʘ ʦʩʥʦʚʽ ʣʽʥʽʡʥʦ-ʢʚʘʜʨʘʪʠʯʥʠʭ, 

ʽʥʪʝʛʨʘʣʴʥʠʭ ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʭ ʢʨʠʪʝʨʽʾʚ. 

8. ʇʨʦʚʝʩʪʠ ʯʠʩʝʣʴʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ, ʚʝʨʠʬʽʢʘʮʽʶ ʨʦʟʨʦʙʣʝʥʠʭ ʤʦʜʝʣʝʡ ʪʘ 

ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʩʠʩʪʝʤʠ, ʦʮʽʥʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ 

ʤʝʪʦʜʽʚ ʦʧʪʠʤʽʟʘʮʽʾ ʪʘ ʢʝʨʫʚʘʥʥʷ ʚ ʫʤʦʚʘʭ ʨʦʟʚôʷʟʘʥʥʷ ʧʨʠʢʣʘʜʥʠʭ ʟʘʜʘʯ 

ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʧʦʚʽʪʨʷ. 

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ  ̒ʜʠʥʘʤʽʯʥʽ ʧʨʦʮʝʩʠ ʪʝʧʣʦ- ʪʘ ʤʘʩʦʦʙʤʽʥʫ ʚ 

ʩʠʩʪʝʤʘʭ ʰʪʫʯʥʦʛʦ ʤʽʢʨʦʢʣʽʤʘʪʫ ʢʽʙʝʨʬʽʟʠʯʥʠʭ ʦʙôʻʢʪʽʚ ʢʨʠʪʠʯʥʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 

ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ 

ʪʝʧʣʦ- ʪʘ ʤʘʩʦʦʙʤʽʥʫ ʚ ʩʠʩʪʝʤʘʭ ʰʪʫʯʥʦʛʦ ʤʽʢʨʦʢʣʽʤʘʪʫ, ʯʠʩʝʣʴʥʽ ʤʝʪʦʜʠ ʾʭ 
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ʘʥʘʣʽʟʫ, ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʘʣʛʦʨʠʪʤʽʯʥʽ ʟʘʩʦʙʠ 

ʧʦʙʫʜʦʚʠ ʮʠʬʨʦʚʠʭ ʜʚʽʡʥʠʢʽʚ ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ, ʟʘʩʪʦʩʦʚʘʥʽ ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ, ˇʨʫʥʪʫʶʪʴʩʷ 

ʥʘ: ʘʧʘʨʘʪʽ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʪʘ ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʫ 

ʧʨʦʩʪʦʨʽ ʩʪʘʥʽʚ ʜʣʷ ʧʦʙʫʜʦʚʠ ʜʠʥʘʤʽʯʥʠʭ ʤʦʜʝʣʝʡ ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

ʉʂʇ; ʤʝʪʦʜʘʭ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ 

ʪʝʧʣʦ- ʪʘ ʤʘʩʦʦʙʤʽʥʫ ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥ ̫ ʢʦʥʜʠʮʽʦʥʝʨʽʚ; ʤʝʪʦʜʘʭ 

ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʽʜ ʯʘʩ ʨʦʟʨʦʙʣʝʥʥʷ ʪʘ ʩʠʤʫʣʷʮʽʾ 

ʮʠʬʨʦʚʠʭ ʜʚʽʡʥʠʢʽʚ ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ; ʤʝʪʦʜʘʭ ʯʠʩʝʣʴʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ 

ʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤ ʜʣʷ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʽʚ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʉʂʇ ʪʘ 

ʜʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʟʨʦʙʣʝʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʢʝʨʫʚʘʥʥʷ. 

ʋ ʜʠʩʝʨʪʘʮʽʾ ʦʪʨʠʤʘʥʦ ʥʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʚ ʛʘʣʫʟʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʽʥʞʝʥʝʨʽʾ  ʦʧʪʠʤʽʟʘʮʽʾ ʩʠʩʪʝʤ ʰʪʫʯʥʦʛʦ 

ʤʽʢʨʦʢʣʽʤʘʪʫ ʢʽʙʝʨʬʽʟʠʯʥʠʭ ʦʙ'ʻʢʪʽʚ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʘʢʠʤʠ 

ʪʝʦʨʝʪʠʯʥʠʤʠ ʽ ʧʨʘʢʪʠʯʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʘʚʪʦʨʦʤ. 

ɺʧʝʨʰʝ: 

1) ʜʣʷ ʧʨʦʤʠʩʣʦʚʠʭ ʪʘ ʧʨʝʮʠʟʽʡʥʠʭ ʢʦʥʜʠʮʽʦʥʝʨʽʚ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʤʧʣʝʢʩʥʽ 

ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʚ ʧʨʦʩʪʦʨʽ ʩʪʘʥʽʚ, ʦʪʨʠʤʘʥʽ ʰʣʷʭʦʤ ʘʛʨʝʛʫʚʘʥʥʷ 

ʤʦʜʝʣʝʡ ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʽʩʥʫʶʯʠʭ 

ʚʨʘʭʫʚʘʥʥʷʤ ʤʘʩʦʦʙʤʽʥʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʦʙʨʦʙʢʠ ʧʦʚʽʪʨʷʥʦʾ 

ʩʫʤʽʰʽ ʥʘ ʢʣʽʤʘʪʠʯʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ 

ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʯʠʭ ʨʝʞʠʤʽʚ ʢʦʥʜʠʮʽʦʥʝʨʘ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ; 

2) ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘ ʨʦʟʨʦʙʣʝʥʥʷ ʧʽʜʭʦʜʫ ʜʦ ʧʦʙʫʜʦʚʠ 

ʮʠʬʨʦʚʦʛʦ ʜʚʽʡʥʠʢʘ ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʠʡ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ 

ʢʦʤʧʣʝʢʩʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʘʥʘʣʽʪʠʯʥʦʾ ʤʦʜʝʣʽ, ʚʠʤʽʨʷʥʠʭ ʜʘʥʠʭ ʪʘ ʤʝʪʦʜʫ 

ʧʘʩʠʚʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ, ʷʢʽ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʚʽʜʦʤʠʭ ʽʥʪʝʛʨʘʮʽʻʶ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʯʠʩʝʣʴʥʦʾ ʧʨʦʮʝʜʫʨʠ ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʽʟ 

ʘʜʘʧʪʘʮʽʻʶ ʮʠʬʨʦʚʦʾ ʤʦʜʝʣʽ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʚʽʜʪʚʦʨʝʥʥʷ 



34 
 

ʜʠʥʘʤʽʢʠ ʩʪʘʥʫ ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʥʘ 

ʧʨʦʪʷʟʽ ʚʩʴʦʛʦ ʪʝʨʤʽʥʫ ʝʢʩʧʣʫʘʪʘʮʽʾ; 

3) ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʥʝʧʨʷʤʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʚʤʽʩʪʫ ʧʦʚʽʪʨʷ ʥʘ ʦʩʥʦʚʽ 

ʧʩʠʭʨʦʤʝʪʨʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʤʽʞ ʪʝʤʧʝʨʘʪʫʨʦʶ, ʚʽʜʥʦʩʥʦʶ ʚʦʣʦʛʽʩʪʶ ʪʘ 

ʘʪʤʦʩʬʝʨʥʠʤ ʪʠʩʢʦʤ, ʷʢʠʡ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʨʘʜʠʮʽʡʥʦʛʦ ʧʽʜʭʦʜʫ ʧʨʷʤʦʛʦ 

ʚʠʤʽʨʶʚʘʥʥʷ, ʟʘʙʝʟʧʝʯʫʻ ʬʫʥʢʮʽʦʥʘʣʴʥʝ ʨʦʟʚ'ʷʟʘʥʥʷ ʢʦʥʪʫʨʽʚ ʩʪʘʙʽʣʽʟʘʮʽʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʚʦʣʦʛʦʩʪʽ, ʱʦ ʧʽʜʚʠʱʫʻ ʪʦʯʥʽʩʪʴ ʥʦʨʤʦʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʰʪʫʯʥʦʛʦ ʤʽʢʨʦʢʣʽʤʘʪʫ; 

4) ʜʣʷ ʩʠʩʪʝʤ ʰʪʫʯʥʦʛʦ ʤʽʢʨʦʢʣʽʤʘʪʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜʠʢʫ ʨʦʟʨʦʙʢʠ 

ʢʦʤʧʣʝʢʩʥʦʾ ʜʠʥʘʤʽʯʥʦʾ ʤʦʜʝʣʽ ʽʟ ʘʛʨʝʛʫʚʘʥʥʷʤ ʨʦʟʨʦʙʣʝʥʠʭ 

ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʤʦʜʝʣʝʡ ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʘ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʪʨʘʜʠʮʽʡʥʦʛʦ ʧʽʜʭʦʜʫ ʜʣʷ ʥʘʷʚʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʭʝʤ ʧʽʜʛʦʪʦʚʢʠ ʧʦʚʽʪʨʷ 

ʟʘʙʝʟʧʝʯʫʻ ʦʪʨʠʤʘʥʥʷ ʙʘʛʘʪʦʚʠʤʽʨʥʦʾ ʤʦʜʝʣʽ ʉʂʇ ʚ ʧʨʦʩʪʦʨʽ ʩʪʘʥʽʚ; 

5) ʨʦʟʨʦʙʣʝʥʦ ʯʠʩʝʣʴʥʫ ʧʨʦʮʝʜʫʨʫ ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʪʨʘʜʠʮʽʡʥʠʭ 

ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʫ ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ, ʟʘʩʥʦʚʘʥʫ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʽʥʪʝʛʨʘʣʫ 

ʟʛʦʨʪʢʠ, ʷʢʘ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʯʘʩʪʦʪʥʠʭ ʪʘ ʢʦʨʝʥʝʚʠʭ ʤʝʪʦʜʽʚ ʩʠʥʪʝʟʫ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʯʘʩʦʚʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʦʙôʻʢʪʘ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ 

ʧʦʭʠʙʢʫ ʤʦʜʝʣʶʚʘʥʥʷ ʩʠʩʪʝʤʠ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʣʶʯʝʥʥʷ ʝʪʘʧʫ ʘʧʨʦʢʩʠʤʘʮʽʾ 

ʦʙôʻʢʪʘ ʢʝʨʫʚʘʥʥʷ. 

ʋʜʦʩʢʦʥʘʣʝʥʦ ʪʘ ʨʦʟʚʠʥʫʪʦ: 

6) ʘʥʘʣʽʪʠʯʥʽ ʤʦʜʝʣʽ ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʽʩʥʫʶʯʠʭ 

ʫʨʘʭʫʚʘʥʥʷʤ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʤʘʩʦʦʙʤʽʥʫ ʪʘ ʚʚʝʜʝʥʥʷʤ 

ʥʝʣʽʥʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦ- ʪʘ ʤʘʩʦʦʙʤʽʥʫ ʚʽʜ ʨʦʙʦʯʠʭ 

ʨʝʞʠʤʽʚ ʢʦʥʜʠʮʽʦʥʝʨʘ, ʱʦ ʧʽʜʚʠʱʠʣʦ ʪʦʯʥʽʩʪʴ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ 

ʟʘʙʝʟʧʝʯʠʣʦ ʚʨʘʭʫʚʘʥʥʷ ʚʦʣʦʛʦʩʪʽ ʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ; 

7) ʤʝʪʦʜ ʧʘʩʠʚʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʥʝʚʠʟʥʘʯʝʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʤʦʜʝʣʝʡ ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʯʠʩʝʣʴʥʦʤʫ ʧʦʰʫʢʫ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦ- ʪʘ ʤʘʩʦʦʙʤʽʥʫ, ʱʦ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʘʥʘʣʽʪʠʯʥʦʛʦ ʤʝʪʦʜʫ 

ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ ʫʩʫʚʘʻ ʦʙʤʝʞʝʥʥʷ ʣʽʥʽʡʥʦʩʪʽ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʚʽʜʥʦʩʥʫ 

ʧʦʭʠʙʢʫ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʥʝʚʠʟʥʘʯʝʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʝ ʙʽʣʴʰʝ 5%; 
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8) ʯʠʩʝʣʴʥʫ ʧʨʦʮʝʜʫʨʫ ʦʧʪʠʤʽʟʘʮʽʾ ʙʘʛʘʪʦʚʠʤʽʨʥʦʛʦ ʣʽʥʽʡʥʦ-ʢʚʘʜʨʘʪʠʯʥʦʛʦ 

ʨʝʛʫʣʷʪʦʨʘ ʜʣʷ ʉʂʇ, ʷʢʘ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʢʣʘʩʠʯʥʦʾ ʧʨʦʮʝʜʫʨʠ ʚʨʘʭʦʚʫʻ 

ʣʦʛʽʢʫ ʚʠʙʦʨʫ ʦʙʣʘʜʥʘʥʥʷ ʢʦʥʜʠʮʽʦʥʝʨʘ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʩʠʩʪʝʤʽ ʢʝʨʫʚʘʥʥʷ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʟʤʽʥʠ 

ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ; 

9) ʤʝʪʦʜʠ ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʪʨʘʜʠʮʽʡʥʠʭ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʟʘ 

ʽʥʪʝʛʨʘʣʴʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ, ʷʢʽ ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʽʩʥʫʶʯʠʤʠ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʚʠʩʦʢʫ ʧʨʘʢʪʠʯʥʫ ʪʦʯʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ ʟʨʫʯʥʽʩʪʴ ʜʣʷ ʧʨʦʛʨʘʤʥʦʾ 

ʨʝʘʣʽʟʘʮʽʾ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʟʤʽʥʠ ʜʠʥʘʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʙôʻʢʪʘ 

ʢʝʨʫʚʘʥʥʷ. 

ʇʨʘʢʪʠʯʥʘ ʮʽʥʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʤʘʻ ʽʩʪʦʪʥʝ ʧʨʘʢʪʠʯʥʝ 

ʟʥʘʯʝʥʥʷ ʜʣʷ ʨʦʟʨʦʙʣʝʥʥʷ, ʘʥʘʣʽʟʫ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʩʠʩʪʝʤ ʰʪʫʯʥʦʛʦ 

ʤʽʢʨʦʢʣʽʤʘʪʫ ʂʌʆ ʂɯ. ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʧʽʜʭʦʜʠ ʪʘ ʤʘʪʝʤʘʪʠʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ, ʥʘʜʽʡʥʠʭ ʽ ʪʝʭʥʦʣʦʛʽʯʥʦ 

ʘʜʘʧʪʠʚʥʠʭ ʽʥʞʝʥʝʨʥʠʭ ʨʽʰʝʥʴ. ʊʝʦʨʝʪʠʯʥʽ ʧʦʣʦʞʝʥʥʷ ʪʘ ʚʠʩʥʦʚʢʠ ʨʦʙʦʪʠ 

ʜʦʚʝʜʝʥʦ ʜʦ ʨʽʚʥʷ ʢʦʥʢʨʝʪʥʠʭ ʪʝʭʥʽʯʥʠʭ ʧʨʦʧʦʟʠʮʽʡ ʽ ʧʨʘʢʪʠʯʥʠʭ ʨʽʰʝʥʴ, 

ʧʨʠʜʘʪʥʠʭ ʜʣʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ ʽʥʞʝʥʝʨʥʫ ʧʨʘʢʪʠʢʫ. ɼʦ 

ʨʝʟʫʣʴʪʘʪʽʚ, ʱʦ ʤʘʶʪʴ ʥʘʡʙʽʣʴʰʝ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ, ʥʘʣʝʞʘʪʴ: 

1) ʢʦʤʧʣʝʢʩʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʧʨʦʤʠʩʣʦʚʠʭ ʪʘ ʧʨʝʮʠʟʽʡʥʠʭ ʢʦʥʜʠʮʽʦʥʝʨʽʚ, 

ʷʢʽ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʧʽʜ ʯʘʩ ʧʨʦʻʢʪʫʚʘʥʥʷ ʽ ʤʦʜʝʨʥʽʟʘʮʽʾ 

ʽʥʞʝʥʝʨʥʠʭ ʢʣʽʤʘʪʠʯʥʠʭ ʩʠʩʪʝʤ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʾʭ ʜʠʥʘʤʽʢʠ, 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʝʞʠʤʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʘ ʦʙˇʨʫʥʪʦʚʘʥʦʛʦ ʚʠʙʦʨʫ ʩʪʨʫʢʪʫʨ 

ʽ ʟʘʢʦʥʽʚ ʢʝʨʫʚʘʥʥʷ; 

2) ʮʠʬʨʦʚ ̔ ʜʚʽʡʥʠʢʠ ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʤʦʞʥʘ ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʚ 

ʩʠʩʪʝʤʠ ʪʝʭʥʽʯʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ, ʢʝʨʫʚʘʥʥʷ ʪʘ ʤʦʥʽʪʦʨʠʥʛʫ ʦʙôʻʢʪʽʚ, ʜʣʷ ʷʢʠʭ 

ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʻ ʦʧʝʨʘʪʠʚʥʝ ʚʽʜʩʪʝʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʤʽʢʨʦʢʣʽʤʘʪʫ; 

ʨʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʬʦʨʤʫʻ ʧʽʜˇʨʫʥʪʷ ʜʣʷ ʨʦʟʚʠʪʢʫ ʡ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʪʝʭʥʦʣʦʛʽʡ Smart Building ʽ Smart Infrastructure, ʟʦʢʨʝʤʘ ʜʣʷ ʜʠʩʪʘʥʮʽʡʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ, ʜʽʘʛʥʦʩʪʠʢʠ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʙʦʪʠ ʽʥʞʝʥʝʨʥʠʭ ʢʣʽʤʘʪʠʯʥʠʭ 

ʩʠʩʪʝʤ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ; 



36 
 

3) ʤʝʪʦʜ ʥʝʧʨʷʤʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʚʤʽʩʪʫ ʧʦʚʽʪʨʷ ʜʘʻ ʟʤʦʛʫ ʽʩʪʦʪʥʦ 

ʧʦʢʨʘʱʠʪʠ ʷʢʽʩʪʴ ʢʝʨʫʚʘʥʥʷ ʰʪʫʯʥʠʤ ʤʽʢʨʦʢʣʽʤʘʪʦʤ; ʤʝʪʦʜ ʤʦʞʥʘ 

ʽʥʪʝʛʨʫʚʘʪʠ ʚ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʥʽ, SCADA ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʽ 

ʩʠʩʪʝʤʠ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʚʦʣʦʛʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫ 

ʧʨʦʤʠʩʣʦʚʠʭ, ʩʢʣʘʜʩʴʢʠʭ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʠʤʽʱʝʥʥʷʭ; 

4) ʘʥʘʣʽʪʠʯʥʽ ʤʦʜʝʣʽ ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʽʜʚʠʱʝʥʥʷ 

ʪʦʯʥʦʩʪʽ ʽʥʞʝʥʝʨʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʧʽʜ ʯʘʩ ʧʨʦʻʢʪʫʚʘʥʥʷ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʩʠʩʪʝʤ ʥʘʛʨʽʚʘʥʥʷ, ʦʭʦʣʦʜʞʝʥʥʷ ʪʘ ʟʚʦʣʦʞʝʥʥʷ ʧʦʚʽʪʨʷ, ʱʦ ʜʘʻ ʟʤʦʛʫ 

ʦʧʪʠʤʽʟʫʚʘʪʠ ʚʠʙʽʨ ʦʙʣʘʜʥʘʥʥʷ, ʨʘʮʽʦʥʘʣʽʟʫʚʘʪʠ ʨʝʞʠʤʠ ʡʦʛʦ ʨʦʙʦʪʠ ʪʘ 

ʟʤʝʥʰʫʚʘʪʠ ʝʥʝʨʛʝʪʠʯʥʽ ʚʪʨʘʪʠ; 

5) ʯʠʩʝʣʴʥʽ ʤʝʪʦʜʠ ʪʨʘʜʠʮʽʡʥʦʾ ʪʘ ʙʘʛʘʪʦʚʠʤʽʨʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʮʠʬʨʦʚʦʛʦ 

ʢʝʨʫʚʘʥʥʷ ʩʠʩʪʝʤʘʤʠ ʤʽʢʨʦʢʣʽʤʘʪʫ ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʘʚʪʦʤʘʪʠʟʘʮʽʾ 

ʧʨʦʮʝʩʽʚ ʢʝʨʫʚʘʥʥʷ ʩʢʣʘʜʥʠʤʠ ʪʝʭʥʽʯʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʪʘ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʧʨʦʚʘʜʞʝʥʽ ʚ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ, 

ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʪʘ ʚʝʥʪʠʣʷʮʽʡʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʩʪʚʦʨʶʶʪʴ ʫʤʦʚʠ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤ ʰʪʫʯʥʦʛʦ ʤʽʢʨʦʢʣʽʤʘʪʫ ʥʘ ʚʩʽʭ ʝʪʘʧʘʭ ʾʭ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ 

ï ʚʽʜ ʧʨʦʻʢʪʫʚʘʥʥʷ, ʘʥʘʣʽʟʫ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʜʦ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɿʘʧʨʦʧʦʥʦʚʘʥʽ 

ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʪʘ ʯʠʩʝʣʴʥʽ ʤʝʪʦʜʠ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʢʣʘʜʝʥʽ ʚ ʦʩʥʦʚʫ 

ʨʦʟʨʦʙʣʝʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʤʽʢʨʦʢʣʽʤʘʪʦʤ, ʮʠʬʨʦʚʠʭ 

ʜʚʽʡʥʠʢʽʚ ʽʥʞʝʥʝʨʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʪʘ ʘʜʘʧʪʠʚʥʠʭ ʩʠʩʪʝʤ ʤʦʥʽʪʦʨʠʥʛʫ, ʱʦ ʻ 

ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʠʤ ʜʣʷ ʦʙôʻʢʪʽʚ ʂɯ ʟ ʧʽʜʚʠʱʝʥʠʤʠ ʚʠʤʦʛʘʤʠ ʜʦ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ, ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʘʚʪʦʥʦʤʥʦʩʪʽ. 

ʆʪʨʠʤʘʥʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʚʧʨʦʚʘʜʞʝʥʦ ʜʣʷ: 

1) ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʢʦʥʜʠʮʽʦʥʝʨʦʤ AERMEC NCT 22 ʚʠʨʦʙʥʠʯʦʛʦ 

ʧʨʠʤʽʱʝʥʥʷ ʜʨʫʢʘʨʩʴʢʦʛʦ ʮʝʭʫ ɹʘʥʢʥʦʪʥʦ-ʤʦʥʝʪʥʦʛʦ ʜʚʦʨʫ ʅʘʮʽʦʥʘʣʴʥʦʛʦ 

ʙʘʥʢʫ ʋʢʨʘʾʥʠ, ʱʦ ʟʘʙʝʟʧʝʯʠʣʦ ʩʪʘʙʽʣʽʟʘʮʽʶ ʪʝʤʧʝʨʘʪʫʨʠ 20 ± 1,5 oʉ ʪʘ 

ʚʦʣʦʛʦʩʪʽ 52,5 ± 2 % ʫ ʧʨʠʤʽʱʝʥʥʽ ʮʝʭʫ ʥʝʟʘʣʝʞʥʦ ʧʦʨʠ ʨʦʢʫ ʪʘ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʟʙʫʨʝʥʴ ʜʨʫʢʘʨʩʴʢʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, (ʘʢʪ ʚʠʧʨʦʙʦʚʫʚʘʥʥʷ 

ʘʣʛʦʨʠʪʤʫ ʢʝʨʫʚʘʥʥʷ ʧʨʦʤʠʩʣʦʚʠʤ ʢʦʥʜʠʮʽʦʥʝʨʦʤ ʂ6, ʧʽʜʧʠʩʘʥʠʡ 
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ʜʠʨʝʢʪʦʨʦʤ ʊʆɺ çʊɽʇʃʆɯʅʌʆʈʄè ʆ.ʅ. ɭʨʦʭʽʥʦʶ ʚʽʜ 25.09.2025 ʪʘ 

ʛʦʣʦʚʥʠʤ ʽʥʞʝʥʝʨʦʤ ɹʄɼ ʅɹ ʋʢʨʘʾʥʠ ʖ.ɺ ʊʘʣʽʤʦʥʦʚʠʤ ʚʽʜ 29.09.2025); 

2) ʫʯʙʦʚʦ-ʪʨʝʥʘʞʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʩʠʩʪʝʤʠ ʰʪʫʯʥʦʛʦ ʤʽʢʨʦʢʣʽʤʘʪʫ, (ʘʢʪ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʋʊʂ ʉʐʄ, ʧʽʜʧʠʩʘʥʠʡ ʜʠʨʝʢʪʦʨʦʤ ʊʆɺ çʊɽʇʃʆɯʅʌʆʈʄè 

ʆ.ʅ. ɭʨʦʭʽʥʦʶ ʚʽʜ 25.09.2025); 

3) ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʽʥʞʝʥʝʨʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ ʪʝʧʣʦʧʫʥʢʪʫ ʧʨʦʤʠʩʣʦʚʦʾ 

ʙʫʜʽʚʣʽ, ʱʦ ʟʘʙʝʟʧʝʯʠʣʦ ʩʪʘʙʽʣʽʟʘʮʽʶ ʪʝʤʧʝʨʘʪʫʨʠ ʟʚʦʨʦʪʥʦʛʦ ʪʝʧʣʦʥʦʩʽʷ ʟʘ 

ʤʝʨʝʞʝʚʠʤ ʛʨʘʬʽʢʦʤ ʽʟ ʪʦʯʥʽʩʪʶ Ñ 1,4 ʦʉ ʪʘ ʧʦʜʘʯʫ ʛʘʨʷʯʦʾ ʚʦʜʠ 60 ± 1,3 ʦʉ; 

ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʦʧʘʣʶʚʘʣʴʥʠʤ ʩʝʟʦʥʦʤ 2009 ï 2010 ʨʦʢʫ ʪʝʧʣʦʩʧʦʞʠʚʘʥʥʷ 

ʙʫʜʽʚʣʽ ʟʤʝʥʰʠʣʦʩʷ ʥʘ 52,7 ɻʢʘʣ., ʱʦ ʩʢʣʘʜʘʻ 15,7 % ʜʦ ʤʦʜʝʨʥʽʟʘʮʽʾ; (ʘʢʪ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ, ʧʽʜʧʠʩʘʥʠʡ ʜʠʨʝʢʪʦʨʦʤ ʊʆɺ çʂʆɺʏɽɻ» 

ɺ.ɺ. ɻʝʨʘʩʠʤʯʫʢ ʚʽʜ 15.05.2013); 

4) ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʽʥʞʝʥʝʨʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ ʪʝʧʣʦʧʫʥʢʪʫ ʧʨʦʤʠʩʣʦʚʦʾ 

ʙʫʜʽʚʣʽ ʅɺʇ ñɯʂʄò, ʱʦ ʟʘʙʝʟʧʝʯʠʣʦ ʩʪʘʙʽʣʽʟʘʮʽʶ ʪʝʤʧʝʨʘʪʫʨʠ ʟʚʦʨʦʪʥʦʛʦ 

ʪʝʧʣʦʥʦʩʽʷ ʟʘ ʤʝʨʝʞʝʚʠʤ ʛʨʘʬʽʢʦʤ ʽʟ ʪʦʯʥʽʩʪʶ Ñ 1,5 ʦʉ; ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ 

ʦʧʘʣʶʚʘʣʴʥʠʤ ʩʝʟʦʥʦʤ ʜʦ ʤʦʜʝʨʥʽʟʘʮʽʾ ʪʝʧʣʦʩʧʦʞʠʚʘʥʥʷ ʟʤʝʥʰʠʣʦʩʷ ʥʘ 

47,2 ɻʢʘʣ., ʱʦ ʩʢʣʘʜʘʻ ʝʢʦʥʦʤʽʶ 17,3 %, (ʘʢʪ ʚʧʨʦʚʘʜʞʝʥʥʷ, ʧʽʜʧʠʩʘʥʠʡ 

ʜʠʨʝʢʪʦʨʦʤ ʅɺʇ çɯʂʄè ʆ.ɺ. ʃʷʭʦʚʝʮʴʢʠʡ ʚʽʜ 11.04.2012).  

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ʅʘʫʢʦʚʽ ʧʦʣʦʞʝʥʥʷ, ʨʦʟʨʦʙʢʠ ʪʘ 

ʚʠʩʥʦʚʢʠ, ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʫ ʜʠʩʝʨʪʘʮʽʾ ʪʘ ʫ ʧʫʙʣʽʢʘʮʽʷʭ [8, 9, 12, 15, 23, 29, 35, 

36, 43] ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʩʘʤʦʩʪʽʡʥʦ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʘʚʪʦʨʘ. 

ɺ ʨʦʙʦʪʘʭ, ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ, ʟʜʦʙʫʚʘʯʝʚʽ ʥʘʣʝʞʘʪʴ ʨʷʜ 

ʥʘʫʢʦʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʧʦʣʦʞʝʥʴ: [1] ï ʨʦʟʜʽʣ 5, ʜʝ ʨʦʟʛʣʷʥʫʪʦ ʧʽʜʭʽʜ ʜʦ 

ʯʠʩʝʣʴʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʪʨʘʜʠʮʽʡʥʠʭ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʫ ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ; [2, 50, 

51] ï ʧʽʜʭʽʜ ʜʦ ʨʦʟʨʦʙʢʠ ʤʦʜʝʣʽ ʮʠʬʨʦʚʦʛʦ ʜʚʽʡʥʠʢʘ ʚ ʫʤʦʚʘʭ ʢʦʥʮʝʧʪʫʘʣʴʥʦʾ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʪʘ ʤʦʜʝʣʴ ʮʠʬʨʦʚʦʛʦ ʜʚʽʡʥʠʢʘ ʝʣʝʢʪʨʠʯʥʦʛʦ ʢʘʣʦʨʠʬʝʨʘ ʚ 

ʧʨʦʩʪʦʨʽ ʃʘʧʣʘʩʘ; [3, 52] ï ʘʨʭʽʪʝʢʪʫʨʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ 

ʤʽʢʨʦʢʣʽʤʘʪʦʤ ʧʨʦʤʠʩʣʦʚʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ; [4, 32] ï ʨʦʟʧʦʜʽʣʝʥʘ ʤʦʜʝʣʴ 

ʚʦʜ̫ʥʦʛʦ ʢʘʣʦʨʠʬʝʨʘ; [5] ï ʨʦʟʨʦʙʢʘ ʜʠʩʢʨʝʪʥʦʾ ʤʦʜʝʣʽ ʪʝʧʣʦʦʙʤʽʥʥʦʛʦ 

ʘʧʘʨʘʪʫ; [6, 48] ï ʧʨʦʮʝʜʫʨʘ ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʮʠʬʨʦʚʦʾ ʩʠʩʪʝʤʠ 

ʢʝʨʫʚʘʥʥʷ ʫ ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ; [7] ï ʨʦʟʨʦʙʢʘ ʩʪʨʫʢʪʫʨʠ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ 

ʢʦʥʜʠʮʽʦʥʝʨʦʤ ʟʘ ʤʝʪʦʜʦʤ ñʪʦʯʢʠ ʨʦʩʠò; [10, 34] ï ʨʦʟʨʦʙʢʘ ʩʪʨʫʢʪʫʨʠ 
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ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʢʦʥʜʠʮʽʦʥʝʨʦʤ ʟʘ ʤʝʪʦʜʦʤ ñʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʫò; [11] ï 

ʽʥʞʝʥʝʨʥʠʡ ʤʝʪʦʜ ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʟʘ ʢʘʥʘʣʦʤ 

ʟʙʫʨʝʥʥʷ; [13, 37, 47] ï ʜʠʥʘʤʽʯʥʘ ʤʦʜʝʣʴ ʢʘʤʝʨʠ ʬʦʨʩʫʥʦʯʥʦʛʦ ʟʚʦʣʦʞʫʚʘʯʘ; 

[14, 39] ï ʢʦʤʧʣʝʢʩʥʘ ʤʦʜʝʣʴ ʉʂʇ ʽʟ ʧʘʨʦʚʠʤ ʟʚʦʣʦʞʫʚʘʯʝʤ ʪʘ ʧʨʦʮʝʜʫʨʘ 

ʩʠʥʪʝʟʫ ʣʽʥʽʡʥʦ-ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʜʣʷ ʉʂʇ ʽʟ ʧʘʨʦʚʠʤ 

ʟʚʦʣʦʞʫʚʘʯʝʤ; [16, 38] ï ʤʝʪʦʜʠʢʘ ʨʦʟʨʦʙʢʠ ʢʦʤʧʣʝʢʩʥʦʾ ʤʦʜʝʣʽ ʉʂʇ ʫ 

ʧʨʦʩʪʦʨʽ ʩʪʘʥʽʚ ʪʘ ʧʨʦʮʝʜʫʨʘ ʩʠʥʪʝʟʫ ʣʽʥʽʡʥʦ-ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʮʠʬʨʦʚʦʛʦ 

ʨʝʛʫʣʷʪʦʨʘ ʜʣʷ ʉʂʇ ʽʟ ʬʦʨʩʫʥʦʯʥʠʤ ʟʚʦʣʦʞʫʚʘʯʝʤ; [17, 40] ï ʢʦʤʧʣʝʢʩʥʘ 

ʤʦʜʝʣʴ ʧʨʝʮʠʟʽʡʥʦʛʦ ʢʦʥʜʠʮʽʦʥʝʨʘ ʽʟ ʧʘʨʦʚʠʤ ʟʚʦʣʦʞʫʚʘʯʝʤ ʪʘ ʧʨʦʮʝʜʫʨʘ 

ʩʠʥʪʝʟʫ ʣʽʥʽʡʥʦ-ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʜʣʷ ʧʨʝʮʠʟʽʡʥʦʛʦ 

ʢʦʥʜʠʮʽʦʥʝʨʘ ʽʟ ʧʘʨʦʚʠʤ ʟʚʦʣʦʞʫʚʘʯʝʤ; [18, 42] ï ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ 

ʤʽʢʨʦʢʣʽʤʘʪʫ ʧʨʦʤʠʩʣʦʚʦʛʦ ʧʨʠʤʽʱʝʥʥʷ; [19, 46] ï ʩʪʨʫʢʪʫʨʘ, ʢʨʠʪʝʨʽʾ ʪʘ 

ʘʣʛʦʨʠʪʤʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʉʇʇʈ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʢʦʥʜʠʮʽʶʚʘʥʥʷ 

ʧʦʚʽʪʨʷ; [20] ï ʢʦʤʧʣʝʢʩʥʘ ʤʦʜʝʣʴ ʧʨʝʮʠʟʽʡʥʦʛʦ ʢʦʥʜʠʮʽʦʥʝʨʘ ʽʟ ʬʦʨʩʫʥʦʯʥʠʤ 

ʟʚʦʣʦʞʫʚʘʯʝʤ ʪʘ ʧʨʦʮʝʜʫʨʘ ʩʠʥʪʝʟʫ ʣʽʥʽʡʥʦ-ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʮʠʬʨʦʚʦʛʦ 

ʨʝʛʫʣʷʪʦʨʘ ʜʣʷ ʧʨʝʮʠʟʽʡʥʦʛʦ ʢʦʥʜʠʮʽʦʥʝʨʘ ʽʟ ʬʦʨʩʫʥʦʯʥʠʤ ʟʚʦʣʦʞʫʚʘʯʝʤ; [21, 

41] ï ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʝʣʝʢʪʨʠʯʥʦʛʦ ʢʘʣʦʨʠʬʝʨʘ; [22] ï ʧʽʜʭʽʜ ʜʦ ʨʦʟʨʦʙʢʠ 

ʢʽʙʝʨʬʽʟʠʯʥʠʭ ʩʠʩʪʝʤ ʟ ʛʘʨʘʥʪʦʚʘʥʦʶ ʞʠʚʫʯʽʩʪʶ ʪʘ ʙʝʟʧʝʢʦʶ; [24] ï 

ʘʥʘʣʽʪʠʯʥʠʡ ʤʝʪʦʜ ʦʧʪʠʤʽʟʘʮʽʾ ʮʠʬʨʦʚʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ 

ʩʪʦʭʘʩʪʠʯʥʠʭ ʟʙʫʨʝʥʴ; [25, 44] ï ʜʠʥʘʤʽʯʥʘ ʤʦʜʝʣʴ ʧʘʨʦʚʦʛʦ ʟʚʦʣʦʞʫʚʘʯʘ; [26, 

49] ï ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʮʠʬʨʦʚʦʛʦ ʜʚʽʡʥʠʢʘ ʝʣʝʢʪʨʠʯʥʦʛʦ ʢʘʣʦʨʠʬʝʨʘ ʚ 

ʧʨʦʩʪʦʨʽ ʩʪʘʥʽʚ ʪʘ ʘʣʛʦʨʠʪʤ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʢʘʣʦʨʠʬʝʨʘ; [27] ï ʝʢʩʧʨʝʩ-ʤʝʪʦʜ 

ʦʧʪʠʤʽʟʘʮʽʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʟʘ ʢʘʥʘʣʦʤ ʨʝʛʫʣʶʚʘʥʥʷ; [28] ï ʽʥʞʝʥʝʨʥʠʡ 

ʤʝʪʦʜ ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʮʠʬʨʦʚʦʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ; [30] ï ʨʦʟʨʦʙʢʘ 

ʘʣʛʦʨʠʪʤʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʦʛʦ ʢʦʥʪʨʦʣʝʨʘ; [31] ï 

ʨʦʟʨʦʙʢʘ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʦʛʦ ʢʦʥʪʨʦʣʝʨʘ; [33] 

ï ʤʝʪʦʜ ʯʠʩʝʣʴʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʢʝʨʫʶʯʦʛʦ 

ʚʧʣʠʚʫ; [45] ï ʜʠʥʘʤʽʯʥʘ ʤʦʜʝʣʴ ʚʦʜʷʥʦʛʦ ʢʘʣʦʨʠʬʝʨʘ ʫ ʧʨʦʩʪʦʨʽ ʩʪʘʥʽʚ. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʄʘʪʝʨʽʘʣʠ ʜʠʩʝʨʪʘʮʽʾ ʙʫʣʠ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʪʘ ʦʧʨʠʣʶʜʥʝʥʽ ʥʘ ʥʘʫʢʦʚʠʭ, ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʽ ʥʘʫʢʦʚʦ-

ʧʨʘʢʪʠʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ: 
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Å VIIïXII ʄʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ ñʉʫʯʘʩʥʽ 

ʧʨʦʙʣʝʤʠ ʥʘʫʢʦʚʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʥʝʨʛʝʪʠʢʠò (ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, 

ʤ. ʂʠʾʚ, 2009 ï 2014); 

Å XXI ʄʽʞʥʘʨʦʜʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʟ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ñɸʚʪʦʤʘʪʠʢʘï

2014ò (ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, ʤ. ʂʠʾʚ, 2014); 

Å ʍ ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽ ʾñɻʽʨʦʪʝʭʥʦʣʦʛʽʾ, ʥʘʚʽʛʘʮʽʷ, 

ʢʝʨʫʚʘʥʥʷ ʨʫʭʦʤ ʽ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʘʚʽʘʮʽʡʥʦ-ʢʦʩʤʽʯʥʦʾ ʪʝʭʥʽʢʠò (ʂʇɯ ʽʤ. 

ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, ʤ. ʂʠʾʚ, 2015); 

Å V ɺʩʝʫʢʨʘʾʥʩʴʢʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʩʪʫʜʝʥʪʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʪʘ 

ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ ʟ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ (ʍʅʊʋ, ʤ. ʍʝʨʩʦʥ: 2017); 

Å ɯɯɯïVɯ ʄʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ ñʄʘʪʝʤʘʪʠʢʘ ʚ 

ʩʫʯʘʩʥʦʤʫ ʪʝʭʥʽʯʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽò (ʅʊʋʋ ñʂʇɯò, ʤ. ʂʠʾʚ, 2014 ï 2017); 

Å ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ñʄʽʢʨʦ- ʪʘ ʥʘʥʦʥʝʦʜʥʦʨʽʜʥʽ ʤʘʪʝʨʽʘʣʠ: 

ʤʦʜʝʣʽ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪò (ʎʄʄɯʇʇʄʄ ʽʤ. ʗ.ʉ. ʇʽʜʩʪʨʠʛʘʯʘ, ʤ. ʃʴʚʽʚ, 2018); 

Å ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʽ ʢʦʥʬʝʨʝʥʮʽʾ ñModeling, Control and Information 

Technologiesò (ʅʊɺɻʇ, ʤ. ʈʽʚʥʝ, 2019); 

Å International Conference on Computer Science, Engineering and Education 

Applications 2019 ï 2021 (Igor Sikorsky Kyiv Polytechnic Institute, Kyiv, 2019 

ï 2021); 

Å International Workshop on Computer Modelling and Intelligent Systems 2020, 

2023 (National University "Zaporizhzhia Polytechnic", Zaporizhzhia, 2020, 

2023); 

Å IEEE 3rd International Conference on System Analysis and Intelligent 

Computing (Igor Sikorsky Kyiv Polytechnic Institute, Kyiv, 2023); 

Å Xʍɯ, Xʍɯɯ ʄʽʞʥʘʨʦʜʥʽ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽ ʢʦʥʬʝʨʝʥʮʽʾ ñʄʘʪʝʤʘʪʠʯʥʝ ʪʘ 

ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤò (ɼʅʋ, ʤ. ɼʥʽʧʨʦ, 2023, 

2024). 

ʇʫʙʣʽʢʘʮʽʾ. ɿʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʾ ʦʧʫʙʣʽʢʦʚʘʥʦ 52 ʜʨʫʢʦʚʘʥʠʭ ʧʨʘʮ:̔ 

¶ ʤʦʥʦʛʨʘʬʽʷ [1]; 

¶ 2 ʨʦʟʜʽʣʠ ʫ ʢʦʣʝʢʪʠʚʥʠʭ ʤʦʥʦʛʨʘʬʽʷʭ [2, 3], ʱʦ ʽʥʜʝʢʩʫʶʪʴʩʷ SCOPUS; 
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¶ 20 ʩʪʘʪʝʡ ʫ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ ʋʢʨʘʾʥʠ, ʚ ʪʦʤʫ ʯʠʩʣʽ 17 ʩʪʘʪʝʡ ʫ ʬʘʭʦʚʠʭ 

ʚʠʜʘʥʥʷʭ [4 ï 20], ʩʪʘʪʪʷ ʫ ʬʘʭʦʚʦʤʫ ʚʠʜʘʥʥʽ ʢʘʪʝʛʦʨʽʾ çɸè [21], 2 ʩʪʘʪʪʽ ʫ 

ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ ʢʘʪʝʛʦʨʽʾ çɹè [22, 23]; 

¶ 6 ʩʪʘʪʝʡ ʫ ʟʘʢʦʨʜʦʥʥʠʭ ʚʠʜʘʥʥʷʭ, ̫ ʢʽ ʽʥʜʝʢʩʫʻʪʴʩʷ SCOPUS [24 ï 29];  

¶ 2 ʧʘʪʝʥʪʠ ʥʘ ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ [30, 31]; 

¶ 21 ʧʫʙʣʽʢʘʮʽʷ ʫ ʤʘʪʝʨʽʘʣʘʭ ʢʦʥʬʝʨʝʥʮʽʡ, ʚ ʪʦʤʫ ʯʠʩʣʽ 6 ʧʫʙʣʽʢʘʮʽʡ, ʱʦ 

ʽʥʜʝʢʩʫʻʪʴʩʷ SCOPUS [45 ï 50]. 

 

ɸʚʪʦʨ ʚʠʩʣʦʚʣʶʻ ʱʠʨʫ ʧʦʜʷʢʫ ʜ.ʪ.ʥ., ʧʨʦʬ., ʯʣ.-ʢʦʨ. ʅɸʅ ʋʢʨʘʾʥʠ 

ʇʘʥʢʨʘʪʦʚʽʡ ʅʘʪʘʣʽʾ ɼʤʠʪʨʽʚʥʽ ʟʘ ʥʘʫʢʦʚʝ ʢʦʥʩʫʣʴʪʫʚʘʥʥʷ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ 

ʜʦʩʣʽʜʞʝʥʴ ʽ ʚʠʢʦʥʘʥʥʽ ʨʦʙʦʪʠ. 

  



41 
 

ʈʆɿɼɯʃ 1  

ɸʅɸʃɯɿ ʉʀʉʊɽʄ ʐʊʋʏʅʆɻʆ ʄɯʂʈʆʂʃɯʄɸʊʋ  

ʂɯɹɽʈʌɯɿʀʏʅʀʍ ʆɹ'ɭʂʊɯɺ ʂʈʀʊʀʏʅʆɰ ɯʅʌʈɸʉʊʈʋʂʊʋʈʀ 

 

1.1 ʂʽʙʝʨʬʽʟʠʯʥʽ ʦʙôʻʢʪʠ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ ʩʬʝʨʠ ʾʭ 

ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʋ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʩʪʨʽʤʢʦʛʦ ʨʦʟʚʠʪʢʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, 

ʛʣʦʙʘʣʽʟʘʮʽʾ ʪʘ ʟʨʦʩʪʘʥʥʷ ʛʝʦʧʦʣʽʪʠʯʥʠʭ ʟʘʛʨʦʟ ʛʨʦʤʘʜʷʥʠ ʪʘ ʧʽʜʧʨʠʻʤʩʪʚʘ 

ʩʪʘʶʪʴ ʚʩʝ ʙʽʣʴʰʝ ʟʘʣʝʞʥʠʤʠ ʚʽʜ ʚʝʣʠʢʦʛʦ ʥʘʙʦʨʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨ, ʱʦ 

ʦʭʦʧʣʶʶʪʴ ʝʥʝʨʛʝʪʠʯʥʽ ʤʝʨʝʞʽ, ʙʘʥʢʽʚʩʴʢʠʡ ʩʝʢʪʦʨ, ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʾ, ɯʥʪʝʨʥʝʪ 

ʪʦʱʦ. ʋ ʉʐɸ ʥʘʮʽʦʥʘʣʴʥʘ ʧʨʦʛʨʘʤʘ ʟʘʭʠʩʪʫ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ 

ʟʘʧʦʯʘʪʢʦʚʘʥʘ ʚ 1998 ʨʦʮʽ ʟʘ ʘʜʤʽʥʽʩʪʨʘʮʽʾ ʂʣʽʥʪʦʥʘ, ʘ ʚ 2003 ʨʦʮʽ ʦʥʦʚʣʝʥʘ ʟʘ 

ʘʜʤʽʥʽʩʪʨʘʮʽʾ ɹʫʰʘ. ɭʚʨʦʧʝʡʩʴʢʘ ʈʘʜʘ ʚ ʯʝʨʚʥʽ 2004 ʨʦʢʫ ʟʘʢʣʠʢʘʣʘ 

ɭʚʨʦʧʝʡʩʴʢʫ ʂʦʤʽʩʽʶ ʧʽʜʛʦʪʫʚʘʪʠ ʟʘʛʘʣʴʥʫ ʩʪʨʘʪʝʛʽʶ ʟʘʭʠʩʪʫ ʢʨʠʪʠʯʥʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ʂʦʤʽʩʽʷ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʉʦʶʟʫ (ɭʉ) 20 ʞʦʚʪʥʷ 2004 ʨʦʢʫ 

ʧʨʠʡʥʷʣʘ ʂʦʤʶʥʽʢʝ ʧʨʦ ʟʘʭʠʩʪ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ (ʂɯ) ʚ ʙʦʨʦʪʴʙʽ ʟ 

ʪʝʨʦʨʠʟʤʦʤ. ɺʠʢʣʠʢ ʟʘʭʠʩʪʫ ʂɯ ʙʫʚ ʚʠʟʥʘʥʠʡ ʤʘʡʞʝ ʚʩʽʤʘ ʜʝʨʞʘʚʘʤʠ ɭʉ. 

ʅʦʚʘ ʜʠʨʝʢʪʠʚʘ ʧʨʦ ʩʪʽʡʢʽʩʪʴ ʦʙôʻʢʪʽʚ ʂɯ ɭʉ ʚʩʪʫʧʠʣʘ ʚ ʜʽʶ ʟ 14 ʛʨʫʜʥʷ 2022 

ʨʦʢʫ. ʇʦʣʽʪʠʢʠ ʜʝʜʘʣʽ ʙʽʣʴʰʝ ʫʩʚʽʜʦʤʣʶʶʪʴ ʟʘʛʨʦʟʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚʽʜ 

ʨʘʜʠʢʘʣʴʥʠʭ ʧʦʣʽʪʠʯʥʠʭ ʨʫʭʽʚ ʪʘ ʪʝʨʦʨʠʩʪʠʯʥʠʭ ʘʪʘʢ, ʘ ʪʘʢʦʞ ʫʩʚʽʜʦʤʣʶʶʪʴ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʚʠʪʢʫ ʩʧʨʦʤʦʞʥʦʩʪʽ ʨʝʘʛʫʚʘʥʥʷ ʫ ʨʘʟʽ ʩʪʠʭʽʡʥʠʭ ʣʠʭ [1]. 

ɹʝʟʧʝʢʘ ʦʙôʻʢʪʽʚ ʂɯ ʪʘ ʟʙʝʨʝʞʝʥʥʷ ʾʭ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʩʪʘʻ ʦʜʥʠʤ ʽʟ 

ʧʨʽʦʨʠʪʝʪʥʠʭ ʟʘʚʜʘʥʴ ʚ ʩʬʝʨʽ ʥʘʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ ʜʝʨʞʘʚ ʚʩʴʦʛʦ ʩʚʽʪʫ.  

ʇʦʥʷʪʪʷ ʦʙôʻʢʪʘ ʢʨʠʪʠʯʥʦ ʾʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʦʭʦʧʣʶʻ ʩʠʩʪʝʤʠ, ʤʝʨʝʞʽ 

ʘʙʦ ʾʭ ʯʘʩʪʠʥʠ, ʧʦʨʫʰʝʥʥʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʘʙʦ ʨʫʡʥʫʚʘʥʥʷ ʷʢʠʭ ʧʨʠʟʚʝʜʝ ʜʦ 

ʥʘʡʩʝʨʡʦʟʥʽʰʠʭ ʥʘʩʣʽʜʢʽʚ ʜʣʷ ʩʦʮʽʘʣʴʥʦʾ ʪʘ ʝʢʦʥʦʤʽʯʥʦʾ ʩʬʝʨʠ ʜʝʨʞʘʚʠ, 

ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʥʝ ʥʘ ʨʽʚʝʥʴ ʾʾ ʦʙʦʨʦʥʦʟʜʘʪʥʦʩʪʽ ʪʘ ʥʘʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ [2]. 

ʇʝʨʝʭʽʜ ʚʽʜ ʦʙ'ʻʢʪʽʚ ʂɯ ʜʦ ʢʽʙʝʨʬʽʟʠʯʥʠʭ ʦʙ'ʻʢʪʽʚ ʂɯ ʧʦʣʷʛʘʻ ʚ ʽʥʪʝʛʨʘʮʽʾ 

ʮʠʬʨʦʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʬʽʟʠʯʥʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʙ'ʻʢʪʽʚ. 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʢ̔ ʙʝʨʬʽʟʠʯʥʽ ʦʙôʻʢʪʠ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ï ʮʝ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʩʦʮʽʦʪʝʭʥʽʯʥʽ ʩʠʩʪʝʤʠ, ʷʢʽ ʽʥʪʝʛʨʫʶʪʴ ʬʽʟʠʯʥʽ ʩʧʦʨʫʜʠ, 

ʽʥʞʝʥʝʨʥʦ-ʪʝʭʥʽʯʥʽ ʢʦʤʧʣʝʢʩʠ ʪʘ ʮʠʬʨʦʚʽ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʝʨʫʶʯʽ ʤʦʜʫʣʽ ʟ 

ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʢʣʶʯʦʚʠʭ ʩʦʮʽʘʣʴʥʠʭ, 

ʦʙʦʨʦʥʥʠʭ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʰʪʘʪʥʠʭ ʪʘ ʥʘʜʟʚʠʯʘʡʥʠʭ ʫʤʦʚʘʭ. ɺʦʥʠ 

ʤʦʞʫʪʴ ʨʦʟʪʘʰʦʚʫʚʘʪʠʩʷ ʫ ʨʽʟʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ï ʥʘʟʝʤʥʦʤʫ, ʧʽʜʚʦʜʥʦʤʫ, 

ʧʽʜʟʝʤʥʦʤʫ, ʧʦʚʽʪʨʷʥʦʤʫ ʯʠ ʢʦʩʤʽʯʥʦʤʫ, ʱʦ ʟʫʤʦʚʣʶʻ ʩʧʝʮʠʬʽʢʫ ʾʭʥʽʭ 

ʘʨʭʽʪʝʢʪʫʨʥʠʭ ʨʽʰʝʥʴ, ʨʽʚʥʷ ʟʘʭʠʱʝʥʦʩʪʽ ʪʘ ʚʠʤʦʛ ʜʦ ʘʚʪʦʥʦʤʥʦʩʪʽ. 

ʅʝʟʘʣʝʞʥʦ ʚʽʜ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ, ʮʽ ʦʙôʻʢʪʠ ʧʦʻʜʥʫʶʪʴ ʬʽʟʠʯʥʝ 

ʩʝʨʝʜʦʚʠʱʝ ʟ ʢʽʙʝʨʧʨʦʩʪʦʨʦʤ, ʬʦʨʤʫʶʯʠ ʻʜʠʥʫ ʘʜʘʧʪʠʚʥʫ ʝʢʦʩʠʩʪʝʤʫ, ʟʜʘʪʥʫ 

ʧʽʜʪʨʠʤʫʚʘʪʠ ʞʠʪʪʻʟʘʙʝʟʧʝʯʝʥʥʷ ʣʶʜʝʡ, ʩʪʘʙʽʣʴʥʽʩʪʴ ʨʦʙʦʪʠ ʦʙʣʘʜʥʘʥʥʷ ʪʘ 

ʩʪʽʡʢʽʩʪʴ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʧʨʦʮʝʩʽʚ. ɺʠʟʥʘʯʘʣʴʥʦʶ ʨʠʩʦʶ ʢʽʙʝʨʬʽʟʠʯʥʠʭ 

ʦʙôʻʢʪʽʚ ʂɯ ̒ ʧʦʻʜʥʘʥʥʷ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʟʘʭʠʱʝʥʦʩʪʽ ʟ ʧʽʜʚʠʱʝʥʠʤʠ ʚʠʤʦʛʘʤʠ 

ʜʦ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ, ʥʘʜʽʡʥʦʩʪʽ ʩʠʩʪʝʤ ʤʽʢʨʦʢʣʽʤʘʪʫ, ʙʝʟʧʝʢʠ ʜʘʥʠʭ ʽ 

ʢʦʛʥʽʪʠʚʥʦʾ ʩʪʽʡʢʦʩʪʽ ʧʝʨʩʦʥʘʣʫ, ʱʦ ʚʠʟʥʘʯʘʻ ʾʭ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʛʘʨʘʥʪʫʚʘʥʥʽ 

ʥʘʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ ʪʘ ʩʫʩʧʽʣʴʥʦʾ ʩʪʽʡʢʦʩʪʽ. 

ʇʨʠ ʮʴʦʤʫ ʢʽʙʝʨʬʽʟʠʯʥʽ ʩʠʩʪʝʤʠ (ʂʌʉ), ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʩʦʮʽʦʪʝʭʥʽʯʥʽ 

ʩʠʩʪʝʤʠ, ʻ ʢʣʶʯʦʚʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʫʯʘʩʥʦʾ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 

ʂʌʉ ʽʥʪʝʛʨʫʶʪʴ ʦʙʯʠʩʣʶʚʘʣʴʥʽ, ʢʦʤʫʥʽʢʘʮʽʡʥʽ ʪʘ ʬʽʟʠʯʥʽ ʧʨʦʮʝʩʠ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚ ʢʨʠʪʠʯʥʠʭ ʩʬʝʨʘʭ. 

ɺ ʋʢʨʘʾʥʽ ʽʤʧʣʝʤʝʥʪʦʚʘʥʦ ʢʦʥʮʝʧʮʽʶ ɭʉ, ʥʘʨʘʟʽ ʧʠʪʘʥʥʷ ʦʙôʻʢʪʽʚ ʂɯ 

ʨʝʛʫʣʶʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʠʤʠ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʠʤʠ ʘʢʪʘʤʠ [3 ï 6]. ɺ ʫʤʦʚʘʭ 

ʟʨʦʩʪʘʥʥʷ ʟʦʚʥʽʰʥʽʭ ʟʘʛʨʦʟ, ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʛʣʦʙʘʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʠʟʠʢʽʚ ʦʙôʻʢʪʠ ʂɯ ʩʪʘʶʪʴ ʦʩʥʦʚʦʶ ʙʝʟʧʝʢʠ, ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ 

ʪʘ ʝʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʜʝʨʞʘʚʦʶ. ɼʦ ʪʘʢʠʭ ʦʙôʻʢʪʽʚ ʤʦʞʫʪʴ ʥʘʣʝʞʘʪʠ 

ʩʠʩʪʝʤʠ ʧʦʜʘʯʽ ʚʦʜʠ, ʧʽʜʧʨʠʻʤʩʪʚʘ ʟ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʟʙʝʨʽʛʘʥʥʷ ʭʘʨʯʦʚʠʭ 

ʧʨʦʜʫʢʪʽʚ, ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ, ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʽ ʤʝʨʝʞʽ, ʪʨʘʥʩʧʦʨʪʥʽ 

ʧʽʜʧʨʠʻʤʩʪʚʘ, ʟʘʢʣʘʜʠ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚôʷ, ʘ ʪʘʢʦʞ ʙʘʛʘʪʦ ʽʥʰʠʭ ʦʙôʻʢʪʽʚ, ʱʦ 

ʤʘʶʪʴ ʩʪʨʘʪʝʛʽʯʥʝ ʟʥʘʯʝʥʥʷ.  
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ʉʬʝʨʠ ʂɯ ʪʽʩʥʦ ʧʝʨʝʧʣʝʪʝʥʽ ʤʽʞ ʩʦʙʦʶ. ɺʠʚʝʜʝʥʥʷ ʟ ʣʘʜʫ ʦʜʥʦʛʦ ʦʙôʻʢʪʘ 

ʤʦʞʝ ʩʧʨʠʯʠʥʠʪʠ ʟʙʦʾ ʚ ʨʦʙʦʪʽ ʽʥʰʠʭ ʝʣʝʤʝʥʪʽʚ ʮʽʻʾ ʩʠʩʪʝʤʠ. ɺʘʨʪʦ 

ʧʽʜʢʨʝʩʣʠʪʠ ʛʣʠʙʦʢʫ ʽ ʩʢʣʘʜʥʫ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʢʨʠʪʠʯʥʦʶ ʽʥʬʨʘʩʪʨʫʢʪʫʨʦʶ ʪʘ 

ʩʝʢʪʦʨʦʤ ʦʙʦʨʦʥʠ. ʅʘʚʽʪʴ ʦʜʠʥʠʯʥʝ ʧʦʰʢʦʜʞʝʥʥʷ ʘʙʦ ʟʥʠʱʝʥʥʷ ʝʣʝʤʝʥʪʘ ʂɯ 

ʤʦʞʝ ʤʘʪʠ ʬʘʪʘʣʴʥʽ ʥʘʩʣʽʜʢʠ. ʗʩʢʨʘʚʠʤ ʧʨʠʢʣʘʜʦʤ ʮʴʦʛʦ ʻ ʪʝʨʘʢʪ ʥʘ 

ʂʘʭʦʚʩʴʢʽʡ ʛʽʜʨʦʝʣʝʢʪʨʦʩʪʘʥʮʽʾ, ʱʦ ʩʧʨʠʯʠʥʠʚ ʚʝʣʠʢʽ ʣʶʜʩʴʢʽ ʞʝʨʪʚʠ ʪʘ 

ʤʘʩʰʪʘʙʥʫ ʪʝʭʥʦʛʝʥʥʫ ʢʘʪʘʩʪʨʦʬʫ. ʅʘʩʣʽʜʢʠ ʮʽʻʾ ʪʨʘʛʝʜʽʾ ʱʝ ʜʦʚʛʦ 

ʟʘʣʠʰʘʪʠʤʫʪʴʩʷ ʚʽʜʯʫʪʥʠʤʠ [7]. 

ɼʦ ʩʬʝʨ ʂɯ ʚ ʋʢʨʘʾʥʽ ʥʘʣʝʞʘʪʴ ʧʽʜʧʨʠʻʤʩʪʚʘ ʪʘ ʫʩʪʘʥʦʚʠ ʨʽʟʥʦʾ ʬʦʨʤʠ 

ʚʣʘʩʥʦʩʪʽ, ʱʦ ʧʨʘʮʶʶʪʴ ʫ ʥʘʩʪʫʧʥʠʭ ʛʘʣʫʟʷʭ [8]: ʝʥʝʨʛʝʪʠʯʥʘ; ʭʽʤʽʯʥʘ; 

ʧʨʦʜʦʚʦʣʴʯʘ; ʪʨʘʥʩʧʦʨʪʥʘ; ʬʽʥʘʥʩʦʚʘ ʪʘ ʙʘʥʢʽʚʩʴʢʘ; ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʪʝʭʥʦʣʦʛʽʯʥʘ ʪʘ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʘ; ʢʦʤʫʥʘʣʴʥʝ ʛʦʩʧʦʜʘʨʩʪʚʦ: ʚʦʜʦ-, ʪʝʧʣʦ-, 

ʛʘʟʦʧʦʩʪʘʯʘʥʥʷ; ʦʭʦʨʦʥʘ ʟʜʦʨʦʚôʷ ʪʦʱʦ. ʈ̔ ʰʝʥʥʷ ʱʦʜʦ ʚʠʟʥʘʥʥʷ ʥʘʣʝʞʥʦʩʪʽ 

ʦʙôʻʢʪʘ ʜʦ ʘʢʪʠʚʽʚ ʂɯ ʧʨʠʡʤʘʶʪʴ ʩʝʢʪʦʨʘʣʴʥʽ ʦʨʛʘʥʠ ï ʜʝʨʞʘʚʥʽ ʦʨʛʘʥʠ, 

ʚʽʜʧʦʚʽʜʘʣʴʥʽ ʟʘ ʟʘʭʠʩʪ ʩʝʢʪʦʨʽʚ ʂɯ. ʇʝʨʝʣʽʢ ʩʝʢʪʦʨʽʚ ʂɯ ʨʝʛʣʘʤʝʥʪʫʻʪʴʩʷ 

ʧʦʩʪʘʥʦʚʦ  ʁˉ 1109 ʂʘʙʽʥʝʪʫ ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ [4]. ɺ ʋʢʨʘʾʥʽ ʬʫʥʢʮʽʦʥʫʻ 

ʩʠʩʪʝʤʘ ʢʣʘʩʠʬʽʢʘʮʽʾ ʦʙôʻʢʪʽʚ ʟʘ ʨʽʚʥʝʤ ʾʭ ʢʨʠʪʠʯʥʦʩʪʽ. ʂʣʘʩʠʬʽʢʘʮʽʷ ʟʘ 

ʢʨʠʪʠʯʥʽʩʪʶ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʦ ʨʦʟʧʦʜʽʣʷʪʠ ʨʝʩʫʨʩʠ ʜʣʷ 

ʟʘʭʠʩʪʫ ʦʙôʻʢʪʽʚ ʚʽʜ ʤʦʞʣʠʚʠʭ ʨʠʟʠʢʽʚ. ʇʦʩʪʘʥʦʚʘ ˉ 1109 ʧʦʜʽʣʷʻ ʦʙôʻʢʪʠ ʂɯ 

ʥʘ ʯʦʪʠʨʠ ʢʘʪʝʛʦʨʽʾ [4]. ʂʨʠʪʠʯʥʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ ʢʣʘʩʠʬʽʢʫʻʪʴʩʷ ʟʘ 

ʨʦʟʛʘʣʫʞʝʥʦʶ ʩʪʨʫʢʪʫʨʦʶ, ʱʦ ʦʭʦʧʣʶʻ ʨʽʟʥʽ ʪʠʧʠ ʦʙôʻʢʪʽʚ. 

ɻʘʨʤʦʥʽʡʥʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʘ ʚʟʘʻʤʦʜʽʷ ʩʝʢʪʦʨʽʚ ʂɯ ʤʘʻ ʚʠʨʽʰʘʣʴʥʝ 

ʟʥʘʯʝʥʥʷ ʫ ʧʦʚʩʷʢʜʝʥʥʦʤʫ ʞʠʪʪʽ ʩʫʩʧʽʣʴʩʪʚʘ ʪʘ ʚ ʫʤʦʚʘʭ ʥʘʜʟʚʠʯʘʡʥʠʭ 

ʩʠʪʫʘʮʽʡ. ʇʦʨʫʰʝʥʥʷ ʘʙʦ ʟʥʠʱʝʥʥʷ ʦʙôʻʢʪʽʚ ʂɯ ʤʦʞʝ ʤʘʪʠ ʩʝʨʡʦʟʥʽ ʥʘʩʣʽʜʢʠ 

ʜʣʷ ʙʝʟʧʝʢʠ ʪʘ ʟʜʦʨʦʚôʷ ʛʨʦʤʘʜʷʥ, ʝʢʦʥʦʤʽʯʥʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ ʜʝʨʞʘʚʠ, 

ʚʠʥʠʢʥʝʥʥʷ ʢʨʠʟʦʚʠʭ ʩʠʪʫʘʮʽʡ ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʘʙʦ ʥʘʚʽʪʴ ʥʘʮʽʦʥʘʣʴʥʦʛʦ 

ʤʘʩʰʪʘʙʫ. 

ʅʘʫʢʦʚʝ ʦʩʤʠʩʣʝʥʥʷ ʧʨʦʙʣʝʤ ʟʘʭʠʩʪʫ ʦʙ'ʻʢʪʽʚ ʂɯ ʻ ʚʘʞʣʠʚʠʤ ʢʨʦʢʦʤ ʜʦ 

ʬʦʨʤʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʜʝʨʞʘʚʥʦʾ ʧʦʣʽʪʠʢʠ ʫ ʩʬʝʨʽ ʙʝʟʧʝʢʠ. ʋ ʬʘʭʦʚʽʡ 

ʣʽʪʝʨʘʪʫʨʽ ʥʘʛʦʣʦʰʫʻʪʴʩʷ ʥʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʫʧʨʘʚʣʽʥʥʷ 
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ʦʙ'ʻʢʪʘʤʠ ʂɯ, ʱʦ ʚʢʣʶʯʘʻ ʥʝ ʣʠʰʝ ʪʝʭʥʽʯʥʽ ʘʩʧʝʢʪʠ ʙʝʟʧʝʢʠ, ʘ ʪʘʢʦʞ 

ʽʥʩʪʠʪʫʮʽʡʥʽ, ʧʨʘʚʦʚʽ ʪʘ ʩʦʮʽʘʣʴʥʽ ʤʝʭʘʥʽʟʤʠ ʨʝʘʛʫʚʘʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʨʦʟʨʦʙʢʘ ʧʽʜʭʦʜʽʚ ʜʦ ʫʧʨʘʚʣʽʥʥʷ ʦʙôʻʢʪʘʤʠ ʂɯ ʩʧʨʠʷʻ ʨʦʟʫʤʽʥʥʶ ʚʠʢʣʠʢʽʚ, ʟ 

ʷʢʠʤʠ ʩʪʠʢʘʶʪʴʩʷ ʩʫʯʘʩʥʽ ʜʝʨʞʘʚʠ, ʪʘ ʧʦʰʫʢʫ ʝʬʝʢʪʠʚʥʠʭ ʰʣʷʭʽʚ ʾʭ 

ʧʦʜʦʣʘʥʥʷ. 

ʋ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʛʣʦʙʘʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʠʟʠʢʽʚ ʙʝʟʧʝʢʘ ʦʙôʻʢʪʽʚ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʩʪʘʻ 

ʧʨʽʦʨʠʪʝʪʥʠʤ ʟʘʚʜʘʥʥʷʤ ʨʦʟʚʠʪʢʫ ʜʝʨʞʘʚ ʚʩʴʦʛʦ ʩʚʽʪʫ. ʅʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ 

ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʘʢʪʠʚʘʤʠ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʚ ʋʢʨʘʾʥʽ 

ʨʦʟʙʫʜʦʚʫʻʪʴʩʷ, ʾʾ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʝ ʨʝʛʫʣʶʚʘʥʥʷ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 

ʚʽʜʧʦʚʽʜʥʠʤʠ ʟʘʢʦʥʦʜʘʚʯʠʤʠ ʘʢʪʘʤʠ. ɺʦʜʥʦʯʘʩ, ʭʘʨʘʢʪʝʨ ʫʧʨʘʚʣʽʥʥʷ 

ʟʘʣʠʰʘʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʤ ʽʟ ʦʙʤʝʞʝʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʪʘ ʮʠʬʨʦʚʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ. ɼʦ ʩʢʣʘʜʫ ʘʢʪʠʚʽʚ 

ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʥʘʣʝʞʘʪʴ ʧʽʜʧʨʠʻʤʩʪʚʘ ʪʘ ʫʩʪʘʥʦʚʠ, ʱʦ 

ʬʫʥʢʮʽʦʥʫʶʪʴ ʚ ʢʣʶʯʦʚʠʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʩʬʝʨʽ ʩʦʮʽʘʣʴʥʠʭ ʧʦʩʣʫʛ. 

ʇʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ʦʙôʻʢʪʽʚ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʧʦʪʨʝʙʫʻ ʩʪʘʙʽʣʴʥʦʛʦ 

ʤʽʢʨʦʢʣʽʤʘʪʫ ʫ ʚʠʨʦʙʥʠʯʠʭ ʪʘ ʛʨʦʤʘʜʩʴʢʠʭ ʧʨʠʤʽʱʝʥʥʷʭ, ʩʪʚʦʨʶʶʯʠ ʫʤʦʚʠ 

ʜʣʷ ʥʘʜʽʡʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʟʘʙʝʟʧʝʯʫʶʯʠ 

ʢʦʤʬʦʨʪʥʽ ʫʤʦʚʠ ʤʽʢʨʦʢʣʽʤʘʪʫ ʜʣʷ ʟʘʢʣʘʜʽʚ ʩʦʮʽʘʣʴʥʦʾ ʩʬʝʨʠ. ʉʠʩʪʝʤʠ 

ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʧʦʚʽʪʨʷ ʷʢ ʜʦʧʦʤʽʞʥʘ ʪʝʭʥʦʣʦʛʽʷ ʥʘʙʫʣʘ ʰʠʨʦʢʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʝʥʝʨʛʝʪʠʯʥʽʡ, ʭʘʨʯʦʚʽʡ, ʭʽʤʽʯʥʽʡ, ʬʘʨʤʘʮʝʚʪʠʯʥʽʡ, 

ʤʘʰʠʥʦʙʫʜʽʚʥʽʡ ʪʘ ʽʥʰʠʭ ʢʨʠʪʠʯʥʠʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ɼʣʷ ʥʠʟʢʠ 

ʧʽʜʧʨʠʻʤʩʪʚ ʩʠʩʪʝʤʠ ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʧʦʚʽʪʨʷ ʩʪʘʣʠ ʨʝʘʣʴʥʠʤ ʚʘʞʝʣʝʤ 

ʧʨʠʙʫʪʢʫ. 

 

1.2 ʆʩʦʙʣʠʚʦʩʪʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʰʪʫʯʥʦʛʦ ʤʽʢʨʦʢʣʽʤʘʪʫ 

ʢʽʙʝʨʬʽʟʠʯʥʠʭ ʦʙôʻʢʪʽʚ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʰʪʫʯʥʦʛʦ ʤʽʢʨʦʢʣʽʤʘʪʫ ʜʣʷ ʂʌʆ ʂɯ ʥʘʙʫʚʘʶʪʴ 

ʦʩʦʙʣʠʚʦʛʦ ʟʥʘʯʝʥʥʷ ʫ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʟʨʦʩʪʘʥʥʷ ʙʝʟʧʝʢʦʚʠʭ, ʩʦʮʽʘʣʴʥʠʭ ʽ 

ʪʝʭʥʽʯʥʠʭ ʚʠʢʣʠʢʽʚ. ɰʭʥʻ ʚʠʨʽʰʝʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʥʝ ʣʠʰʝ ʧʽʜʪʨʠʤʘʥʥʷ 
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ʬʽʟʽʦʣʦʛʽʯʥʦ ʧʨʠʡʥʷʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʝʨʝʜʦʚʠʱʘ, ʘʣʝ ʡ ʩʪʚʦʨʶʻ ʫʤʦʚʠ ʜʣʷ 

ʟʙʝʨʝʞʝʥʥʷ ʧʩʠʭʦʝʤʦʮʽʡʥʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ ʣʶʜʝʡ, ʱʦ ʧʝʨʝʙʫʚʘʶʪʴ ʫ 

ʟʘʤʢʥʝʥʦʤʫ ʧʨʦʩʪʦʨʽ, ʥʘʧʨʠʢʣʘʜ ʧʽʜ ʟʝʤʣʝʶ. ʅʘʡʙʽʣʴʰ ʦʯʝʚʠʜʥʦʶ ʩʬʝʨʦʶ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʻ ʙʦʤʙʦʩʭʦʚʠʱʘ, ʜʝ ʚʽʜ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ 

ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʪʘ ʨʽʚʥʷ CO  ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘʣʝʞʠʪʴ ʟʜʘʪʥʽʩʪʴ ʚʝʣʠʢʦʾ 

ʢʽʣʴʢʦʩʪʽ ʣʶʜʝʡ ʚʠʪʨʠʤʫʚʘʪʠ ʪʨʠʚʘʣʝ ʧʝʨʝʙʫʚʘʥʥʷ ʧʽʜ ʟʝʤʣʝʶ. ʋ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʩʠʩʪʝʤʘ ʚʠʢʦʥʫʻ ʞʠʪʪʻʚʦ ʚʘʞʣʠʚʫ ʬʫʥʢʮʽʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʽʟʠʯʥʦʛʦ 

ʚʠʞʠʚʘʥʥʷ, ʦʜʥʦʯʘʩʥʦ ʧʽʜʪʨʠʤʫʶʯʠ ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʪʘ ʩʦʮʽʘʣʴʥʠʡ ʙʘʣʘʥʩ. 

ʅʝ ʤʝʥʰ ʚʘʞʣʠʚʠʤ ʥʘʧʨʷʤʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʻ ʩʣʫʞʙʦʚʽ ʧʫʥʢʪʠ 

ʫʧʨʘʚʣʽʥʥʷ, ʜʝ ʟʘʚʜʘʥʥʷ ʧʦʣʷʛʘʻ ʥʝ ʪʽʣʴʢʠ ʫ ʟʙʝʨʝʞʝʥʥʽ ʞʠʪʪʻʟʜʘʪʥʦʩʪʽ 

ʧʝʨʩʦʥʘʣʫ, ʘ ʪʘʢʦʞ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʾʭʥʴʦʾ ʟʜʘʪʥʦʩʪʽ ʜʦ ʧʨʠʡʥʷʪʪʷ ʩʪʨʘʪʝʛʽʯʥʠʭ 

ʨʽʰʝʥʴ ʫ ʥʘʜʟʚʠʯʘʡʥʠʭ ʫʤʦʚʘʭ. ʊʫʪ ʩʠʩʪʝʤʠ ʤʽʢʨʦʢʣʽʤʘʪʫ ʚʠʩʪʫʧʘʶʪʴ ʷʢ 

ʢʨʠʪʠʯʥʠʡ ʯʠʥʥʠʢ ʟʙʝʨʝʞʝʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʢʝʨʽʚʥʦʛʦ ʩʢʣʘʜʫ, ʘʜʞʝ ʥʘʚʽʪʴ 

ʥʝʟʥʘʯʥʽ ʚʽʜʭʠʣʝʥʥʷ ʫ ʧʘʨʘʤʝʪʨʘʭ ʩʝʨʝʜʦʚʠʱʘ ʤʦʞʫʪʴ ʟʥʠʞʫʚʘʪʠ ʢʦʛʥʽʪʠʚʥʽ 

ʟʜʽʙʥʦʩʪʽ, ʢʦʥʮʝʥʪʨʘʮʽʶ ʪʘ ʰʚʠʜʢʽʩʪʴ ʨʝʘʢʮʽʾ ʧʝʨʩʦʥʘʣʫ. 

ʆʩʦʙʣʠʚʝ ʟʥʘʯʝʥʥʷ ʩʠʩʪʝʤʠ ʰʪʫʯʥʦʛʦ ʤʽʢʨʦʢʣʽʤʘʪʫ ʤʘʶʪʴ ʫ ʩʦʮʽʘʣʴʥʠʭ 

ʪʘ ʤʝʜʠʯʥʠʭ ʟʘʢʣʘʜʘʭ, ʷʢʽ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʪʨʠʚʘʣʦʛʦ ʧʝʨʝʙʫʚʘʥʥʷ ʚʨʘʟʣʠʚʠʭ 

ʛʨʫʧ ʥʘʩʝʣʝʥʥʷ: ʜʽʪʝʡ; ʣʽʪʥʽʭ ʣʶʜʝʡ; ʧʘʮʽʻʥʪʽʚ ʽʟ ʭʨʦʥʽʯʥʠʤʠ ʟʘʭʚʦʨʶʚʘʥʥʷʤʠ. 

ʋ ʪʘʢʠʭ ʦʙôʻʢʪʘʭ ʩʠʩʪʝʤʘ ʤʽʢʨʦʢʣʽʤʘʪʫ ʧʦʚʠʥʥʘ ʚʨʘʭʦʚʫʚʘʪʠ ʥʝ ʣʠʰʝ 

ʩʪʘʥʜʘʨʪʥʽ ʧʘʨʘʤʝʪʨʠ ʰʪʫʯʥʦʛʦ ʤʽʢʨʦʢʣʽʤʘʪʫ, ʘʣʝ ʟʘ ʧʦʪʨʝʙʠ ʚ ʘʜʘʧʪʠʚʥʦʤʫ 

ʢʝʨʫʚʘʥʥʽ ʦʩʚʽʪʣʝʥʥʷʤ, ʰʫʤʦʚʠʤ ʬʦʥʦʤ, ʝʨʛʦʥʦʤʽʢʦʶ ʧʨʦʩʪʦʨʫ ʪʘ 

ʧʩʠʭʦʝʤʦʮʽʡʥʦʶ ʧʽʜʪʨʠʤʢʦʶ. ʎʝ ʧʽʜʢʨʝʩʣʶʻ ʛʫʤʘʥʽʪʘʨʥʠʡ ʚʠʤʽʨ 

ʽʥʪʝʛʨʦʚʘʥʠʭ ʩʠʩʪʝʤ, ʜʝ ʪʝʭʥʽʯʥʽ ʟʘʩʦʙʠ ʧʦʻʜʥʫʶʪʴʩʷ ʟ ʩʦʮʽʘʣʴʥʠʤʠ ʪʘ 

ʢʦʛʥʽʪʠʚʥʠʤʠ ʧʽʜʭʦʜʘʤʠ. 

ʆʢʨʝʤʫ ʛʨʫʧʫ ʩʪʘʥʦʚʣʷʪʴ ʘʚʪʦʥʦʤʥʽ ʪʝʭʥʽʯʥʽ ʦʙôʻʢʪʠ, ʩʝʨʝʜ ʷʢʠʭ: 

ʩʭʦʚʠʱʘ ʜʘʥʠʭ, ʝʥʝʨʛʝʪʠʯʥʽ ʚʫʟʣʠ ʘʙʦ ʪʨʘʥʩʧʦʨʪʥʽ ʢʦʤʫʥʽʢʘʮʽʾ. ɼʣʷ ʪʘʢʠʭ 

ʦʙôʻʢʪʽʚ ʢʨʠʪʠʯʥʠʤ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʨʦʙʦʪʠ ʦʙʣʘʜʥʘʥʥʷ, ʟʘʭʠʩʪʫ 

ʚʽʜ ʧʝʨʝʛʨʽʚʫ ʯʠ ʥʘʜʤʽʨʥʦʾ ʚʦʣʦʛʦʩʪʽ, ʘ ʪʘʢʦʞ ʩʪʚʦʨʝʥʥʷ ʫʤʦʚ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʙʩʣʫʛʦʚʫʶʯʦʛʦ ʧʝʨʩʦʥʘʣʫ. ʋ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ ʩʠʩʪʝʤʠ 

ʰʪʫʯʥʦʛʦ ʤʽʢʨʦʢʣʽʤʘʪʫ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʝʣʝʤʝʥʪ ʢʽʙʝʨʬʽʟʠʯʥʦʛʦ ʟʘʭʠʩʪʫ, ʱʦ 
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ʧʦʻʜʥʫʻ ʽʥʞʝʥʝʨʥʽ ʨʽʰʝʥʥʷ ʟ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ 

ʫʧʨʘʚʣʽʥʥʷ. 

ʅʘʚʝʜʝʥʽ ʚʠʱʝ ʩʠʩʪʝʤʠ ʧʦʢʣʠʢʘʥʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʥʝ ʣʠʰʝ ʙʘʟʦʚʫ 

ʞʠʪʪʻʟʜʘʪʥʽʩʪʴ ʣʶʜʝʡ ʽ ʪʝʭʥʽʢʠ, ʘ ʪʘʢʦʞ ʢʝʨʦʚʘʥʽʩʪʴ ʩʦʮʽʦʪʝʭʥʽʯʥʠʭ ʧʨʦʮʝʩʽʚ 

ʫ ʟʘʤʢʥʝʥʦʤʫ ʧʨʦʩʪʦʨʽ. ʋ ʙʦʤʙʦʩʭʦʚʠʱʘʭ ʧʨʽʦʨʠʪʝʪʦʤ ʻ ʧʽʜʪʨʠʤʘʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʧʦʚʽʪʨʷ, ʱʦ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʧʝʨʝʙʫʚʘʥʥʷ ʣʶʜʝʡ 

ʫ ʟʘʤʢʥʝʥʦʤʫ ʧʨʦʩʪʦʨʽ ʚʽʜ 24 ʜʦ 72 ʛʦʜʠʥ. ʅʘ ʪʘʢʽ ʘʚʪʦʥʦʤʥʽ ʽʥʪʝʨʚʘʣʠ 

ʦʨʽʻʥʪʫʶʪʴʩʷ ʢʝʨʽʚʥʠʮʪʚʘ ʟ ʧʨʦʝʢʪʫʚʘʥʥʷ ʫʢʨʠʪʪʽʚ (ʜʣʷ ʟʘʭʠʩʪʫ ʚʽʜ ʫʨʘʛʘʥʽʚ 

ʜʦ 36 ʛʦʜʠʥ, ʜʣʷ ʟʘʭʠʩʪʫ ʚʽʜ ʪʨʦʧʽʯʥʠʭ ʫʨʘʛʘʥʽʚ ʜʦ 72 ʛʦʜʠʥʠ) [9, 10]. 

ʇʨʦʩʪʦʨʦʚʘ ʧʣʦʱʘ ʦʙôʻʢʪʘ ʂɯ ʚʠʟʥʘʯʘʻ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʠʩʪʝʤʫ 

ʧʦʚʽʪʨʦʦʙʤʽʥʫ, ʛʫʤʘʥʽʪʘʨʥʽ ʩʪʘʥʜʘʨʪʠ ʤʽʥʽʤʫʤʫ ʞʠʪʪʻʚʦʛʦ ʧʨʦʩʪʦʨʫ 

ʩʪʘʥʦʚʣʷʪʴ Ó 3.5 ʤ2/(ʥʘ ʦʩʦʙʫ), ʱʦ ʟʤʝʥʰʫʻ ʨʠʟʠʢʠ ʧʝʨʝʛʨʽʚʫ, ʟʨʦʩʪʘʥʥʷ 

ʚʤʽʩʪʫ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ (CO ) ʪʘ ʢʦʥʬʣʽʢʪʥʦʩʪʽ ʜʣʷ ʛʨʫʧʠ ʣʶʜʝʡ [11, 12]. ɼʣʷ 

ʫʧʨʘʚʣʽʥʥʷ ʢʽʣʴʢʽʩʥʠʤ ʩʢʣʘʜʦʤ CO ʧʦʚʽʪʨ ̫ʧʨʘʢʪʠʯʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʮʽʣʴʦʚʽ ʨʽʚʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ CO Ò ~1000 ppm (parts per million) ʷʢ ʨʦʙʦʯʠʡ 

ʦʨʽʻʥʪʠʨ ʢʦʤʬʦʨʪʫ. Cʣʽʜ ʧʘʤôʷʪʘʪʠ, ʱʦ ʩʪʘʥʜʘʨʪʠ ɸʤʝʨʠʢʘʥʩʴʢʦʛʦ ʪʦʚʘʨʠʩʪʚʘ 

ʽʥʞʝʥʝʨʽʚ ʟ ʦʧʘʣʝʥʥʷ, ʦʭʦʣʦʜʞʝʥʥʷ ʪʘ ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʧʦʚʽʪʨʷ (ASHRAE ï 

American Society of Heating, Refrigerating and Air-Conditioning Engineers) ʥʝ 

ʚʩʪʘʥʦʚʣʶʶʪʴ ʬʦʨʤʘʣʴʥʦʾ ʛʨʘʥʠʮʽ ʥʘ ʨʽʚʝʥʴ CO , ʥʘʪʦʤʽʩʪʴ ʨʝʛʣʘʤʝʥʪʫʶʪʴ 

ʤʽʥʽʤʘʣʴʥʽ ʦʙôʻʤʥʽ ʚʠʪʨʘʪʠ ʩʚʽʞʦʛʦ ʧʦʚʽʪʨʷ. ʇʨʘʢʪʠʯʥʠʡ ʽʥʜʠʢʘʪʦʨ ~700 ppm 

ʚʠʱʝ ʬʦʥʫ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʠʤ ʧʽʚʽʪʨʦʦʙʤʽʥʦʤ ʫ ʧʨʠʤʽʱʝʥʥʽ ʽ ʩʢʨʘʜʘʻ 

ʙʣʠʟʴʢʦ 7.5 ʣ/ʩ ʥʘ ʣʶʜʠʥʫ [13 ï 16]. 

ɿʘ ʨʝʢʦʤʝʥʜʘʮʽʻ  ʁ ɺʩʝʩʚʽʪʥʴʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚôʷ 

(ɺʆʆɿ/WHO) ʜʣʷ ʧʦʤʽʨʥʦʛʦ ʪʘ ʭʦʣʦʜʥʦʛʦ ʢʣʽʤʘʪʫ ʪʝʧʣʦʚʠʡ ʢʦʤʬʦʨʪ ʫ 

ʭʦʣʦʜʥʦʤʫ ʩʝʟʦʥʽ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʪʝʤʧʝʨʘʪʫʨ ʥʝ ʥʠʞʯʝ 18 °C, ʨʦʙʦʯ ̔ʜʽʘʧʘʟʦʥʠ 

ʪʝʤʧʝʨʘʪʫʨ ʩʪʘʥʦʚʣʷʪʴ 18 ï 24 °C ʟʘʣʝʞʥʦ ʚʽʜ ʘʢʪʠʚʥʦʩʪʽ ʪʘ ʦʜʷʛʫ, 

ʢʦʤʬʦʨʪʥʠʡ ʜʽʘʧʘʟʦʥ ʚʽʜʥʦʩʥʦ ʾʚʦʣʦʛʦʩʪ̔ ʩʪʘʥʦʚʠʪʴ 40 ï 60% RH (Relative 

Humidity). ɿʘʟʥʘʯʝʥʽ ʽʥʪʝʨʚʘʣʠ ʧʦʚôʷʟʫʶʪʴ ʟʽ ʟʥʠʞʝʥʥʷʤ ʨʝʩʧʽʨʘʪʦʨʥʠʭ 

ʨʠʟʠʢʽʚ ʽ ʢʨʘʱʠʤ ʩʘʤʦʧʦʯʫʪʪʷʤ ʥʘʩʝʣʝʥʥʷ [17, 18, 21, 22]. 
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ɼʣʷ ʩʣʫʞʙʦʚʠʭ ʢʦʤʘʥʜʥʠʭ ʧʫʥʢʪʽʚ ʚʢʨʘʡ ʚʘʞʣʠʚʦ ʫʥʠʢʘʪʠ ʢʦʛʥʽʪʠʚʥʦʛʦ 

ʚʠʩʥʘʞʝʥʥʷ, ʷʢʝ ʰʚʠʜʢʦ ʟʨʦʩʪʘʻ ʧʨʠ ʧʽʜʚʠʱʝʥʦʤʫ CO  ʽ ʪʝʧʣʦʚʦʤʫ ʩʪʨʝʩʽ. 

ʇʨʘʢʪʠʢʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʨʠʤʽʱʝʥʴ ʫʧʨʘʚʣʽʥʥʷ ʦʨʽʻʥʪʫʻʪʴʩʷ ʥʘ ʩʝʨʝʜʥʽʡ ʨʽʚʝʥʴ 

ʢʦʥʮʝʥʪʨʘʮʽʾ CO Ò 800 ï 1000 ppm ʷʢ ʦʨʽʻʥʪʠʨ ʘʜʝʢʚʘʪʥʦʾ ʚʝʥʪʠʣʷʮʽʾ (ʧʨʠ 

ʪʦʤʫ, ʱʦ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʠʡ ʚʠʨʦʙʥʠʯʠʡ 8-ʛʦʜʠʥʥʠʡ ʨʽʚʝʥʴ ʩʪʘʥʦʚʠʪʴ 

5000 ppm) [19, 20]. ɺʠʪʨʘʪʠ ʩʚʽʞʦʛʦ ʧʦʚʽʪʨʷ ʟʘʜʘʶʪʴ ñ̔ ʟ ʟʘʧʘʩʦʤò, ʥʝ ʥʠʞʯʝ 

ʪʠʧʦʚʠʭ 7.5 ʣ/ʩ·ʥʘ ʦʩʦʙʫ (ʘʙʦ ʙʽʣʴʰʝ ʧʨʠ ʚʠʩʦʢʽʡ ʱʽʣʴʥʦʩʪʽ ʨʦʙʦʯʠʭ ʤʽʩʮʴ ʘʙʦ 

ʦʙʣʘʜʥʘʥʥʷ ʫ ʧʨʠʤʽʱʝʥʥʽ), ʧʽʜʪʨʠʤʫʶʯʠ ʚʦʣʦʛʽʩʪʴ 40 ï 60% RH ʪʘ ʨʦʙʦʯʽ 

ʪʝʤʧʝʨʘʪʫʨʠ ʙʣʠʟʴʢʦ 20 ï 24 °C; ʮʽ ʧʘʨʘʤʝʪʨʠ ʤʽʥʽʤʽʟʫʶʪʴ ʩʢʘʨʛʠ ʥʘ 

ʩʦʥʣʠʚʽʩʪʴ, ʛʦʣʦʚʥʠʡ ʙʽʣʴ ʽ ʜʦʧʦʤʘʛʘʶʪʴ ʫʪʨʠʤʫʚʘʪʠ ʩʪʘʙʽʣʴʥʫ ʰʚʠʜʢʽʩʪʴ 

ʤʠʩʣʝʥʥʷ ʪʘ ʪʦʯʥʽʩʪʴ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ [13, 15, 18; 21, 22]. 

ɼʣʷ ʩʦʮʽʘʣʴʥʠʭ ʪʘ ʤʝʜʠʯʥʠʭ ʟʘʢʣʘʜʽʚ (ʜʽʪʠ, ʣʽʪʥʽ ʣʶʜʠ, ʧʘʮʽʻʥʪʠ ʟ 

ʭʨʦʥʽʯʥʠʤʠ ʟʘʭʚʦʨʶʚʘʥʥʷʤʠ) ʚʠʤʦʛʠ ʻ ʩʫʚʦʨʽʰʠʤʠ. ʊʫʪ, ʦʢʨʽʤ 

ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʧʨʦʩʪʦʨʫ Ó 3.5 ʤĮ/(ʥʘ ʦʩʦʙʫ), ʷʢ ʛʫʤʘʥʽʪʘʨʥʦʛʦ ʤʽʥʽʤʫʤʫ, 

ʜʦʮʽʣʴʥʦ ʟʘʢʣʘʜʘʪʠ ʜʦʜʘʪʢʦʚʠʡ ʨʝʟʝʨʚ ʧʣʦʱʽ ʜʣʷ ʣʽʞʦʢ, ʢʦʣʷʩʦʢ ʪʘ 

ʧʨʦʮʝʜʫʨʥʠʭ ʟʦʥ. ɼʣʷ ʚʨʘʟʣʠʚʠʭ ʛʨʫʧ ʥʘʩʝʣʝʥʥʷ ʢʦʤʬʦʨʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʩʪʘʥʦʚʠʪʴ ʧʝʨʝʚʘʞʥʦ 20 ï 22 °C, ʘ ʚʦʣʦʛʽʩʪʴ 40 ï 60% RH ʷʢ ʢʦʤʧʨʦʤʽʩ ʤʽʞ 

ʨʠʟʠʢʦʤ ʩʫʭʦʩʪʽ ʩʣʠʟʦʚʠʭ ʽ ʨʦʩʪʦʤ ʭʚʦʨʦʙʦʪʚʦʨʥʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʱʦ 

ʩʢʣʘʜʘʻ ʧʦʥʘʜ 60 ï 70% RH [17, 18]. ʉʠʩʪʝʤʘ ʧʦʚʽʪʨʦʦʙʤʽʥʫ ʤʘʻ ʘʚʪʦʤʘʪʠʯʥʦ 

ʟʙʽʣʴʰʫʚʘʪʠ ʚʠʪʨʘʪʫ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʧʨʠ ʥʘʙʣʠʞʝʥʥʽ CO  ʜʦ 1000 ppm ʪʘ 

ʫʪʨʠʤʫʶʯʠʩʴ ʥʠʞʯʝ ʨʝʛʫʣʷʪʦʨʥʠʭ ʤʝʞ 5000 ppm. ɼʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʚʥʫʪʨʽʰʥʽʤ 

ʣʽʢʘʨʥʷʥʠʤ ʽʥʬʝʢʮʽʷʤ ʚʘʞʣʠʚʽ ʯʽʪʢʽ ʤʘʨʰʨʫʪʠ ʧʦʚʽʪʨʷ, ʬʽʣʴʪʨʘʮʽʷ ʪʘ ʢʦʥʪʨʦʣʴ 

ʚʦʣʦʛʦʩʪʽ [19, 18; 21, 22]. 

ɼʣʷ ʘʚʪʦʥʦʤʥʠʭ ʪʝʭʥʽʯʥʠʭ ʦʙôʻʢʪʽʚ (ʜʘʪʘ-ʮʝʥʪʨʠ, ʝʥʝʨʛʝʪʠʯʥʽ ʚʫʟʣʠ, 

ʪʨʘʥʩʧʦʨʪʥʽ ʢʘʤʝʨʠ) ʢʦʤʙʽʥʫʶʪʴ ʧʨʦʝʢʪʥʽ ʟʘʚʜʘʥʥʷ ʰʪʫʯʥʦʛʦ ʤʽʢʨʦʢʣʽʤʘʪʫ 

ʜʣʷ ʧʝʨʩʦʥʘʣʫ, ʚʨʘʭʦʚʫʶʯʠ ʪʝʧʣʦʚʽ ʙʘʣʘʥʩʠ ʦʙʣʘʜʥʘʥʥʷ. ʃʶʜʩʴʢʘ ʟʦʥʘ 

ʧʦʚʠʥʥʘ ʚʽʜʧʦʚʽʜʘʪʠ ʥʘʚʝʜʝʥʠʤ ʚʠʱʝ ʜʽʘʧʘʟʦʥʘʤ ʪʝʤʧʝʨʘʪʫʨ, ʚʦʣʦʛʦʩʪʽ ʪʘ 

ʧʦʚʽʪʨʦʦʙʤʽʥʫ, ʪʦʜʽ ʷʢ ʤʘʰʠʥʥʽ ʟʦʥʠ ʯʘʩʪʦ ʧʦʪʨʝʙʫʶʪʴ ʧʽʜʚʠʱʝʥʦʾ ʚʝʥʪʠʣʷʮʽʾ 

ʪʘ ʦʩʫʰʝʥʥʷ ʧʦʚʽʪʨʷ. ɿʘ ʫʤʦʚ ʘʚʘʨʽʡ ʯʠ ʙʣʦʢʫʚʘʥʥʷ ʜʦʩʪʫʧʫ ʦʨʽʻʥʪʠʨʦʤ ʩʣʫʛʫʻ 

ʘʚʪʦʥʦʤʥʽʩʪʴ 24 ï 72 ʛʦʜʠʥʠ, ʟ ʣʦʢʘʣʴʥʠʤ ʨʝʟʝʨʚʦʤ ʝʥʝʨʛʽʾ ʜʣʷ ʙʝʟʧʝʨʝʨʚʥʦʾ 
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ʚʝʥʪʠʣʷʮʽʾ ʪʘ ʧʽʜʪʨʠʤʘʥʥʷ ʥʦʨʤʘʪʠʚʽʚ CO , ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʚʦʣʦʛʦʩʪʽ [9, 10]. 

ʗʢ ʙʘʟʦʚʫ ñʧʣʘʥʢʫ ʪʽʩʥʦʪʠò ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʤʽʥʽʤʘʣʴʥʽ ʧʣʦʱʽ ʟ̔ FEMA 

(Federal Emergency Management Agency ï ʌʝʜʝʨʘʣʴʥʝ ʘʛʝʥʪʩʪʚʦ ʉʐɸ ʟ 

ʫʧʨʘʚʣʽʥʥʷ ʫ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʷʭ) ʜʣʷ ʢʦʨʦʪʢʦʯʘʩʥʠʭ ʫʢʨʠʪʪʽʚ. 

ʅʘʧʨʠʢʣʘʜ, ʫ ʩʮʝʥʘʨʽʷʭ ʜʫʞʝ ʢʦʨʦʪʢʦʾ ʪʨʠʚʘʣʦʩʪʽ ʟʘ ʨʝʢʦʤʝʥʜʘʮʽʷʤʠ 

ʤʽʥʽʤʘʣʴʥʠʡ ʦʩʦʙʦʚʠʡ ʧʨʦʩʪʽʨ ʩʪʘʥʦʚʠʪʴ å0.46 ʤĮ/(ʥʘ ʦʩʦʙʫ), ʦʜʥʘʢ ʜʣʷ 

ʪʨʠʚʘʣʦʛʦ ʧʝʨʝʙʫʚʘʥʥʷ ʧʝʨʝʚʘʛʘ ʟʘ ʛʫʤʘʥʽʪʘʨʥʠʤʠ ʥʦʨʤʘʤʠ ʩʪʘʥʦʚʠʪʴ 

Ó3.5 ʤĮ/(ʥʘ ʦʩʦʙʫ), ʱʦ ʢʨʘʱʝ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ̔ ʪʝʧʣʦʚʠʤʠ ʪʘ 

ʧʩʠʭʦʬʽʟʽʦʣʦʛʽʯʥʠʤʠ ʧʦʪʨʝʙʘʤʠ ʣʶʜʠʥʠ [9, 12]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʫʟʘʛʘʣʴʥʝʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʰʪʫʯʥʦʛʦ 

ʤʽʢʨʦʢʣʽʤʘʪʫ ʜʣʷ ʂʌʆ ʂɯ: 

¶ ʨʦʙʦʯʘ ʮʽʣʴ ʧʽʜʪʨʠʤʢʠ ʢʦʥʮʝʥʪʨʘʮʽʾ CO ʩʪʘʥʦʚʠʪʴ Ò 800 ï 1000 ppm; 

¶ ʚʠʪʨʘʪʘ ʚʝʥʪʠʣʷʮʽʡʥʦʛʦ ʧʦʚʽʪʨʷ ʥʝ ʤʝʥʰʝ ~7.5 ʣ/ʩ ʥʘ ʦʩʦʙʫ; 

¶ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ Ó18 °C, ʢʦʤʬʦʨʪʥʠʡ ʜʽʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ 18 ï 24 °C; 

¶ ʚʦʣʦʛʽʩʪʴ ʧʦʚʽʪʨʷ 40 ï 60% RH; 

¶ ʧʣʦʱʘ ʦʩʦʙʦʚʦʛʦ ʧʨʦʩʪʦʨʫ ʥʘ ʦʩʦʙʫ Ó 3,5 ʤĮ; 

¶ ʘʚʪʦʥʦʤʥʽʩʪʴ ʧʝʨʝʙʫʚʘʥʥʷ 24 ï 72 ʛʦʜ ʟʘʣʝʞʥʦ ʚʽʜ ʩʮʝʥʘʨʽʶ ʨʠʟʠʢʫ. 

ɸʜʘʧʪʘʮʽʷ ʩʠʩʪʝʤʠ ʰʪʫʯʥʦʛʦ ʤʽʢʨʦʢʣʽʤʘʪʫ ʜʦ ʦʙôʻʢʪʽʚ ʂɯ ʤʘʻ 

ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʚʥʦʮʽʥʥʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʣʶʜʝʡ ʫ ʩʢʣʘʜʥʠʭ ʦʙʩʪʘʚʠʥʘʭ, 

ʟʙʝʨʝʛʪʠ ʾʭʥʽʡ ʧʩʠʭʦʝʤʦʮʽʡʥʠʡ ʩʪʘʥ, ʧʽʜʪʨʠʤʘʪʠ ʤʦʨʘʣʴʥʫ ʩʪʽʡʢʽʩʪʴ ʽ 

ʟʘʙʝʟʧʝʯʠʪʠ ʝʬʝʢʪʠʚʥʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʂɯ ʫ ʢʨʠʪʠʯʥʠʭ ʩʠʪʫʘʮʽʷʭ. ʎʝ 

ʨʦʙʠʪʴ ʨʦʟʨʦʙʢʫ ʥʘʜʟʚʠʯʘʡʥʦ ʮʽʥʥʦʶ ʟ ʧʦʟʠʮʽʡ ʩʫʯʘʩʥʦʾ ʦʙʦʨʦʥʦʟʜʘʪʥʦʩʪʽ ʪʘ 

ʥʘʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʰʪʫʯʥʦʛʦ ʤʽʢʨʦʢʣʽʤʘʪʫ ʂʌʆ ʂɯ 

ʚʠʟʥʘʯʝʥʦ ʫʟʘʛʘʣʴʥʝʥʽ ʧʘʨʘʤʝʪʨʠ ʤʽʢʨʦʢʣʽʤʘʪʫ ʪʘ ʾʭ ʜʦʧʫʩʪʠʤʽ ʜʽʘʧʘʟʦʥʠ 

ʧʽʜʪʨʠʤʢʠ. ɯʥʪʝʛʨʘʮʽʷ ʉʂʇ ʽʟ ʤʦʜʫʣʝʤ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ 

ʟʘʙʝʟʧʝʯʫʻ ʛʝʥʝʨʘʮʽʶ ʦʧʪʠʤʘʣʴʥʠʭ ʩʮʝʥʘʨʽʾʚ ʫʧʨʘʚʣʽʥʥʷ, ʷʢʽ ʚ ʧʽʜʩʫʤʢʫ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʬʽʟʠʯʥʝ ʩʝʨʝʜʦʚʠʱʝ, ʧʽʜʪʨʠʤʫʶʯʠ ʡʦʛʦ ʩʪʘʙʽʣʴʥʽʩʪʴ, 

ʢʦʤʬʦʨʪʥʽʩʪʴ ʽ ʙʝʟʧʝʢʫ ʜʣʷ ʣʶʜʝʡ ʪʘ ʦʙʣʘʜʥʘʥʥʷ.   
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1.3 ʄʽʞʥʘʨʦʜʥʽ ʩʪʘʥʜʘʨʪʠ ʰʪʫʯʥʦʛʦ ʤʽʢʨʦʢʣʽʤʘʪʫ ʜʣʷ 

ʢʽʙʝʨʬʽʟʠʯʥʠʭ ʦʙôʻʢʪʽʚ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ 

ʐʪʫʯʥʠʡ ʤʽʢʨʦʢʣʽʤʘʪ ʫ ʂʌʆ ʂɯ ʨʦʟʛʣʷʜʘʶʪʴ ʷʢ ʨʝʟʫʣʴʪʘʪ ʽʥʪʝʛʨʘʮʽʾ 

ʪʝʭʥʽʯʥʠʭ, ʝʢʦʣʦʛʽʯʥʠʭ, ʩʦʮʽʘʣʴʥʠʭ ʽ ʢʦʛʥʽʪʠʚʥʠʭ ʧʽʜʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ, ʜʝ 

ʥʦʨʤʘʪʠʚʠ ʷʢʦʩʪʽ ʧʦʚʽʪʨʷ, ʪʝʧʣʦʚʦʛʦ ʢʦʤʬʦʨʪʫ ʪʘ ʞʠʪʪʻʟʘʙʝʟʧʝʯʝʥʥʷ 

ʽʥʪʝʛʨʫʶʪʴʩʷ ʟ ʝʥʝʨʛʝʪʠʯʥʠʤʠ, ʝʨʛʦʥʦʤʽʯʥʠʤʠ ʪʘ ʦʨʛʘʥʽʟʘʮʽʡʥʠʤʠ 

ʦʙʤʝʞʝʥʥʷʤʠ [14, 17, 75, 76]. 

ʊʘʢ, ʙʘʟʦʚʽ ʚʠʤʦʛʠ ʜʦ ʤʽʥʽʤʘʣʴʥʦʾ ʚʝʥʪʠʣʷʮʽʾ ʡ ʧʨʠʡʥʷʪʥʦʾ ʷʢʦʩʪʽ 

ʧʦʚʽʪʨʷ ʟʘʢʨʽʧʣʝʥʽ ʚ ʩʪʘʥʜʘʨʪʽ ASHRAE 62.1 (American Society of Heating, 

Refrigerating and Air-Conditioning Engineers ï ɸʤʝʨʠʢʘʥʩʴʢʝ ʪʦʚʘʨʠʩʪʚʦ 

ʽʥʞʝʥʝʨʽʚ ʟ ʦʧʘʣʝʥʥʷ, ʦʭʦʣʦʜʞʝʥʥʷ ʪʘ ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʧʦʚʽʪʨʷ), ʷʢʠʡ ʚʠʟʥʘʯʘʻ 

ʧʨʦʮʝʜʫʨʠ ʦʮʽʥʢʠ ʟʦʚʥʽʰʥʴʦʾ ʷʢʦʩʪʽ ʧʦʚʽʪʨʷ, ʨʦʟʨʘʭʫʥʢʠ ʧʦʜʘʯʽ ʟʦʚʥʽʰʥʴʦʛʦ 

ʧʦʚʽʪʨʷ ʪʘ ʚʠʤʦʛʠ ʜʦ ʜʦʢʫʤʝʥʪʘʮʽʾ, ʱʦ ʧʨʷʤʦ ʩʪʦʩʫʻʪʴʩʷ ʧʨʦʻʢʪʫʚʘʥʥʷ ʂʌʆ 

ʂɯ ʚ ʨʽʟʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʨʦʟʤʽʱʝʥʥʷ [14].  

ʄʽʞʥʘʨʦʜʥʽ ʩʪʘʥʜʘʨʪʠ ASHRAE 55 ʽ ISO 7730 (International Organization 

for Standardization ï ʄʽʞʥʘʨʦʜʥʘ ʦʨʛʘʥʽʟʘʮʽʷ ʟʽ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ) ʟʘʜʘʶʪʴ 

ʢʨʠʪʝʨʽʾ ʪʝʧʣʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʪʘʢʽ ʷʢ PMV (Predicted Mean Vote ï 

ʧʝʨʝʜʙʘʯʝʥʝ ʩʝʨʝʜʥʻ ʪʝʧʣʦʚʝ ʚʽʜʯʫʪʪʷ) ʪʘ PPD (Predicted Percentage of 

Dissatisfied ï ʧʨʦʛʥʦʟʦʚʘʥʠʡ ʚʽʜʩʦʪʦʢ ʥʝʟʘʜʦʚʦʣʝʥʠʭ), ʷʢʽ ʫ ʧʦʻʜʥʘʥʥʽ 

ʚʠʟʥʘʯʘʶʪʴ ʜʦʧʫʩʪʠʤʽ ʜʽʘʧʘʟʦʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʚʦʣʦʛʦʩʪʽ ʪʘ ʤʝʪʦʜʠ ʾʭ 

ʧʝʨʝʚʽʨʢʠ ʜʣʷ ʫʤʦʚ ʪʨʠʚʘʣʦʛʦ ʧʝʨʝʙʫʚʘʥʥʷ ʧʝʨʩʦʥʘʣʫ [75, 76]. 

ʇʽʜʭʽʜ WHO Housing and Health Guidelines (World Health Organization ï 

ɺʩʝʩʚʽʪʥʷ ʦʨʛʘʥʽʟʘʮʽʷ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚôʷ) ʧʽʜʩʠʣʶʻ ʮʽ ʽʥʞʝʥʝʨʥʽ ʥʦʨʤʠ 

ʜʦʢʘʟʦʚʦʶ ʙʘʟʦʶ ʚʧʣʠʚʫ ʞʠʪʣʦʚʠʭ ʘʙʦ ʫʢʨʠʪʪʻʚʠʭ ʫʤʦʚ ʥʘ ʟʜʦʨʦʚôʷ, ʟʦʢʨʝʤʘ 

ʱʽʣʴʥʽʩʪʴ ʨʦʟʤʽʱʝʥʥʷ, ʚʦʣʦʛʽʩʥʠʡ ʨʝʞʠʤ ʽ ʟʘʭʦʜʠ ʟʽ ʟʥʠʞʝʥʥʷ ʨʠʟʠʢʽʚ [17]. 

ɼʣʷ ʧʽʜʟʝʤʥʠʭ ʦʙôʻʢʪʽʚ (ʙʦʤʙʦʩʭʦʚʠʱʘ, ʢʦʤʘʥʜʥʽ ʧʫʥʢʪʠ, ʤʝʜʠʯʥʽ 

ʫʢʨʠʪʪʷ) ʢʨʠʪʠʯʥʠʤʠ ʻ ʩʪʘʙʽʣʽʟʘʮʽʷ CO  (Carbon Dioxide ð ʚʫʛʣʝʢʠʩʣʠʡ ʛʘʟ), 

ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʚʦʣʦʛʦʩʪʽ ʟʘ ʫʤʦʚ ʛʝʨʤʝʪʠʟʘʮʽʾ ʡ ʦʙʤʝʞʝʥʠʭ ʨʝʩʫʨʩʽʚ ʝʥʝʨʛʽʾ ʪʘ 

ʧʦʚʽʪʨʷ. ʋ ʧʨʘʢʪʠʮʽ ʮʠʚʽʣʴʥʦʛʦ ʟʘʭʠʩʪʫ ʥʘʩʪʘʥʦʚʠ FEMA P-361 (Federal 

Emergency Management Agency ï ʌʝʜʝʨʘʣʴʥʝ ʘʛʝʥʪʩʪʚʦ ʉʐɸ ʟ ʫʧʨʘʚʣʽʥʥʷ ʫ 
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ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʷʭ) ʜʣʷ ʙʝʟʧʝʯʥʠʭ ʧʨʠʤʽʱʝʥʴ (safe rooms) ʽ ʩʫʤʽʞʥʽ 

ʩʪʘʥʜʘʨʪʠ ICC 500 (International Code Council ï ʄʽʞʥʘʨʦʜʥʘ ʨʘʜʘ ʟ ʢʦʜʝʢʩʽʚ) 

ʟʘʜʘʶʪʴ ʮʽʣʴʦʚʽ ʨʽʚʥʽ ʩʪʽʡʢʦʩʪʽ ʩʠʩʪʝʤ ʜʦ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʚʧʣʠʚʽʚ ʽ 

ʘʚʪʦʥʦʤʥʦʩʪʽ, ʱʦ ʧʨʷʤʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʠʤʦʛʠ ʜʦ HVAC (Heating, Ventilation 

and Air  Conditioning ï ʩʠʩʪʝʤ ʦʧʘʣʝʥʥʷ, ʚʝʥʪʠʣʷʮʽʾ ʪʘ ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʧʦʚʽʪʨʷ), 

ʬʽʣʴʪʨʘʮʽʾ ʪʘ ʨʝʟʝʨʚʫʚʘʥʥʷ ʞʠʚʣʝʥʥʷ [9]. 

ɼʣʷ ʛʫʤʘʥʽʪʘʨʥʠʭ ʫʢʨʠʪʪʽʚ Sphere Handbook (Humanitarian Charter and 

Minimum Standards in Humanitarian Response ï ɻʫʤʘʥʽʪʘʨʥʘ ʭʘʨʪʽʷ ʪʘ 

ʤʽʥʽʤʘʣʴʥʽ ʩʪʘʥʜʘʨʪʠ ʫ ʛʫʤʘʥʽʪʘʨʥʦʤʫ ʨʝʘʛʫʚʘʥʥʽ) ʥʘʚʦʜʠʪʴ ʤʽʥʽʤʘʣʴʥʽ ʥʦʨʤʠ 

ʧʣʦʱʽ ʪʘ ʞʠʪʪʻʟʘʙʝʟʧʝʯʝʥʥʷ (ʟʘʟʚʠʯʘʡ å3,5 ʤĮ ʥʘ ʦʩʦʙʫ ʷʢ ʦʨʽʻʥʪʠʨ ʜʣʷ 

ʧʣʘʥʫʚʘʥʥʷ), ʷʢʽ, ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʛʽʛʽʻʥʽʯʥʠʤʠ ʨʝʢʦʤʝʥʜʘʮʽʷʤʠ ɺʆʆɿ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʷʢ ʚʠʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʧʨʦʻʢʪʫʚʘʥʥʷ ʤʽʢʨʦʢʣʽʤʘʪʫ ʫ ʧʨʠʪʫʣʢʘʭ ʽ 

ʩʭʦʚʠʱʘʭ [17, 77]. 

ɿ ʪʦʯʢʠ ʟʦʨʫ ʛʨʘʥʠʯʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ CO  ʫ ʧʦʚʽʪʨʽ ʜʣʷ ʪʨʠʚʘʣʦʛʦ 

ʧʝʨʝʙʫʚʘʥʥʷ ʧʝʨʩʦʥʘʣʫ, NIOSH (National Institute for Occupational Safety and 

Health ï ʅʘʮʽʦʥʘʣʴʥʠʡ ʽʥʩʪʠʪʫʪ ʦʭʦʨʦʥʠ ʧʨʘʮʽ ʪʘ ʟʜʦʨʦʚôʷ ʉʐɸ) ʫ ʩʚʦʻʤʫ 

Pocket Guide to Chemical Hazards (ɼʦʚʽʜʥʠʢʫ ʟ ʭʽʤʽʯʥʠʭ ʥʝʙʝʟʧʝʢ) ʬʽʢʩʫʻ 

ʨʝʢʦʤʝʥʜʦʚʘʥʝ ʩʝʨʝʜʥʴʦʟʤʽʥʥʝ ʟʥʘʯʝʥʥʷ TWA (Time-Weighted Average ï 

ʩʝʨʝʜʥʴʦʟʤʽʥʥʝ ʟʚʘʞʝʥʝ ʟʘ ʯʘʩʦʤ ʟʥʘʯʝʥʥʷ) 5000 ppm ʽ STEL (Short-Term 

Exposure Limit  ï ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʝ ʛʨʘʥʠʯʥʝ ʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ) 30 000 ppm, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʚʝʨʭʥʷ ʤʝʞʘ ʜʣʷ ʩʮʝʥʘʨʽʾʚ ʘʚʘʨʽʡʥʦʾ ʘʙʦ ʪʠʤʯʘʩʦʚʦʾ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. ʋ ʩʠʩʪʝʤʥʦʤʫ ʧʨʦʻʢʪʫʚʘʥʥʽ ʂʌʆ ʂɯ ʮʝ ʪʨʘʥʩʬʦʨʤʫʻʪʴʩʷ ʚ 

ʨʦʙʦʯʽ ʮʽʣʽ Ò800ï1000 ppm ʷʢ ʢʨʠʪʝʨʽʡ ʷʢʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ ʜʣʷ ʧʽʜʪʨʠʤʢʠ 

ʢʦʛʥʽʪʠʚʥʦʾ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ [78]. 

ɼʣʷ ʧʽʜʚʦʜʥʠʭ ʽʥʬʨʘʩʪʨʫʢʪʫʨ (ʦʬʰʦʨʥʽ ʘʙʦ ʤʦʨʩʴʢʽ ʤʦʜʫʣʽ, ʧʽʜʚʦʜʥʽ 

ʣʘʙʦʨʘʪʦʨʽʾ) ʜʦ ʚʠʤʦʛ ʜʦʜʘʪʢʦʚʦ ʚʭʦʜʷʪʴ ʩʫʚʦʨʘ ʛʝʨʤʝʪʠʯʥʽʩʪʴ, ʢʦʥʪʨʦʣʴ 

ʢʦʥʜʝʥʩʘʮʽʾ ʪʘ ʢʦʨʦʟʽʡʥʽ ʨʠʟʠʢʠ. ɻʘʣʫʟʝʚʽ ʛʽʜʠ ʟ habitability (ʞʠʪʪʻʧʨʠʜʘʪʥʦʩʪʽ 

ʩʝʨʝʜʦʚʠʱʘ) ʚʽʜ ABS (American Bureau of Shipping ð ɸʤʝʨʠʢʘʥʩʴʢʝ ʙʶʨʦ 

ʩʫʜʥʦʧʣʘʚʩʪʚʘ) ʚʩʪʘʥʦʚʣʶʶʪʴ ʚʠʤʦʛʠ ʜʦ ʰʫʤʫ, ʚʽʙʨʘʮʽʾ, ʦʩʚʽʪʣʝʥʥʷ ʡ indoor 

climate (ʚʥʫʪʨʽʰʥʴʦʛʦ ʢʣʽʤʘʪʫ), ʷʢʽ ʥʘʧʨʷʤʫ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʘʨʘʤʝʪʨʠ HVAC ʽ 
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ʤʝʪʦʜʠʢʠ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʫ ʞʠʪʣʦʚʠʭ ʽ ʨʦʙʦʯʠʭ ʟʦʥʘʭ [79]. 

ʊʘʢʽ ʜʦʢʫʤʝʥʪʠ ʟʘʜʘʶʪʴ ʧʝʨʝʚʽʨʝʥʽ ʧʽʜʭʦʜʠ ʜʦ ʦʮʽʥʶʚʘʥʥʷ ʩʝʨʝʜʦʚʠʱʘ ʽ 

ʤʦʞʫʪʴ ʙʫʪʠ ʽʤʧʣʝʤʝʥʪʦʚʘʥʽ ʚ ʢʽʙʝʨʬʽʟʠʯʥʽ ʢʦʥʪʫʨʠ ʢʝʨʫʚʘʥʥʷ ʷʢ ʮʽʣʴʦʚʽ 

ʬʫʥʢʮʽʾ ʦʧʪʠʤʽʟʘʮʽʾ (ʢʦʤʬʦʨʪ ź ʝʥʝʨʛʦʚʠʪʨʘʪʠ ź ʥʘʜʽʡʥʽʩʪʴ). 

ɼʣʷ ʢʦʩʤʽʯʥʠʭ ʦʙôʻʢʪʽʚ ʘʨʭʽʪʝʢʪʫʨʘ ECLSS (Environmental Control and 

Life Support System ï ʩʠʩʪʝʤʘ ʝʢʦʣʦʛʽʯʥʦʛʦ ʢʦʥʪʨʦʣʶ ʪʘ ʞʠʪʪʻʟʘʙʝʟʧʝʯʝʥʥʷ) ʻ 

ʧʨʠʢʣʘʜʦʤ ʚʠʩʦʢʦʨʽʚʥʝʚʦʾ ʽʥʪʝʛʨʘʮʽʾ ʧʽʜʩʠʩʪʝʤ ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ, ʨʝʚʽʪʘʣʽʟʘʮʽʾ 

ʧʦʚʽʪʨʷ, ʛʝʥʝʨʘʮʽʾ ʢʠʩʥʶ, ʚʠʣʫʯʝʥʥʷ CO  ʪʘ ʚʽʜʚʝʜʝʥʥʷ ʪʝʧʣʘ ï ʟ ʞʦʨʩʪʢʠʤʠ 

ʚʠʤʦʛʘʤʠ ʜʦ ʘʚʪʦʥʦʤʥʦʩʪʽ, ʤʦʥʽʪʦʨʠʥʛʫ ʽ ʚʽʜʤʦʚʦʩʪʽʡʢʦʩʪʽ. ʇʦʪʦʯʥʽ ʪʝʭʥʽʯʥʽ 

ʙʨʠʬʽʥʛʠ NASA OCHMO (Office of the Chief Health and Medical Officer ï ʆʬʽʩ 

ʛʦʣʦʚʥʦʛʦ ʣʽʢʘʨʷ ʅɸʉɸ) ʽ ʬʘʢʪ-ʣʠʩʪʠ NASA MSFC (Marshall Space Flight 

Center ï ʎʝʥʪʨ ʢʦʩʤʽʯʥʠʭ ʧʦʣʴʦʪʽʚ ʽʤʝʥʽ ɼʞʦʨʜʞʘ ʄʘʨʰʘʣʣʘ) ʦʧʠʩʫʶʪʴ ʩʢʣʘʜ 

ʽ ʚʠʤʦʛʠ ʜʦ ʚʝʥʪʠʣʷʮʽʾ, ʚʦʣʦʛʦʩʪʽ, ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʤʝʞ ʪʠʩʢʫ ʪʘ ʛʘʟʦʚʦʛʦ 

ʩʢʣʘʜʫ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ çʟʘʤʢʥʝʥʠʭ ʮʠʢʣʽʚè (ʨʝʛʝʥʝʨʘʮʽʷ ʚʦʜʠ/ʢʠʩʥʶ), ʱʦ ʻ 

ʤʝʪʦʜʦʣʦʛʽʯʥʠʤ ʝʪʘʣʦʥʦʤ ʜʣʷ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʽ ʧʽʜʟʝʤʥʠʭ ʩʮʝʥʘʨʽʾʚ [42, 43]. 

ʋʟʘʛʘʣʴʥʶʶʯʠ, ʢʦʨʧʫʩ ʤʽʞʥʘʨʦʜʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ʽ ʢʝʨʽʚʥʠʮʪʚ ʬʦʨʤʫʻ 

ʩʧʽʣʴʥʫ ʤʝʪʦʜʦʣʦʛʽʶ ʜʣʷ ʚʩʽʭ ʩʝʨʝʜʦʚʠʱ ʨʦʟʪʘʰʫʚʘʥʥʷ: 

¶ ʥʦʨʤʘʪʠʚʠ ʚʝʥʪʠʣʷʮʽʾ ʪʘ ʪʝʧʣʦʚʦʛʦ ʢʦʤʬʦʨʪʫ (ASHRAE 62.1, ASHRAE 55, 

ISO 7730); 

¶ ʜʦʢʘʟʦʚʽ ʩʘʥʽʪʘʨʥʦ-ʛʽʛʽʻʥʽʯʥʽ ʨʘʤʢʠ ʜʣʷ ʞʠʪʣʘ ʘʙʦ ʫʢʨʠʪʪʽʚ (WHO, Sphere); 

¶ ʢʨʠʪʝʨʽʾ ʩʪʽʡʢʦʩʪʽ ʡ ʙʝʟʧʝʢʠ ʜʣʷ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʚʧʣʠʚʽʚ (FEMA P-361); 

¶ ʛʘʣʫʟʝʚʽ ʚʠʤʦʛʠ ʜʦ ʞʠʪʪʻʧʨʠʜʘʪʥʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ (ABS Habitability Guide); 

¶ ʝʪʘʣʦʥʥʽ ʽʥʪʝʛʨʦʚʘʥʽ ʞʠʪʪʻʟʘʙʝʟʧʝʯʫʚʘʣʴʥʽ ʩʠʩʪʝʤʠ ʜʣʷ ʟʘʤʢʥʝʥʠʭ ʦʙôʻʤʽʚ 

(NASA ECLSS). 

ʈʘʟʦʤ ʚʦʥʠ ʧʽʜʪʨʠʤʫʶʪʴ ʩʠʩʪʝʤʥʠʡ ʧʽʜʭʽʜ ʜʦ ʂʌʆ ʂɯ: ʚʽʜ ʩʝʥʩʦʨʠʢʠ ʪʘ 

ʮʠʬʨʦʚʠʭ ʜʚʽʡʥʠʢʽʚ (digital twins) ï ʜʦ ʽʻʨʘʨʭʽʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʤʽʢʨʦʢʣʽʤʘʪʦʤ 

ʽ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʣʶʜʩʴʢʦʛʦ ʬʘʢʪʦʨʘ ʪʘ ʦʙʤʝʞʝʥʴ 

ʘʚʪʦʥʦʤʥʦʩʪʽ [9, 14, 17, 42, 43, 75, 76, 79].   
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1.4 ʂʦʥʜʠʮʽʶʚʘʥʥʷ ʧʦʚʽʪʨʷ ʚ ʢʨʠʪʠʯʥʽʡ ʽʥʬʨʘʩʪʨʫʢʪʫʨ:̔ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʪʘ ʢʣʘʩʠʬʽʢʘʮʽʷ 

ɺ ʫʤʦʚʘʭ ʟʨʦʩʪʘʶʯʦʾ ʟʘʣʝʞʥʦʩʪʽ ʩʫʩʧʽʣʴʩʪʚʘ ʚʽʜ ʩʪʘʙʽʣʴʥʦʛʦ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʙ'ʻʢʪʽʚ ʂɯ ʩʠʩʪʝʤʠ ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʧʦʚʽʪʨʷ (ʉʂʇ) ʥʘʙʫʚʘʶʪʴ 

ʦʩʦʙʣʠʚʦʾ ʘʢʪʫʘʣʴʥʦʩʪʽ. ɺʦʥʠ ʥʝ ʣʠʰʝ ʟʘʙʝʟʧʝʯʫʶʪʴ ʢʦʤʬʦʨʪʥʽ ʫʤʦʚʠ 

ʤʽʢʨʦʢʣʽʤʘʪʫ ʜʣʷ ʣʶʜʝʡ, ʘ ʡ ʚʽʜʽʛʨʘʶʪʴ ʢʣʶʯʦʚʫ ʨʦʣʴ ʥʘ ʧʨʦʤʠʩʣʦʚʠʭ 

ʦʙôʻʢʪʘʭ ʂɯ ʧʽʜʚʠʱʫʶʯʠ ʩʪʘʙʽʣʴʥʽʩʪʴ ʨʦʙʦʪʠ ʦʙʣʘʜʥʘʥʥʷ, ʟʘʧʦʙʽʛʘʶʯʠ ʡʦʛʦ 

ʧʝʨʝʛʨʽʚʫ, ʥʘʢʦʧʠʯʝʥʥʶ ʚʦʣʦʛʠ, ʧʠʣʫ ʘʙʦ ʢʦʨʦʟʽʡʥʠʭ ʜʦʤʽʰʦʢ. 

ʅʠʞʯʝ ʥʘʚʝʜʝʥʦ ʦʩʥʦʚʥʽ ʧʨʦʤʠʩʣʦʚʽ ʛʘʣʫʟʽ ʂɯ, ʜʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʉʂʇ. ʈʦʟʛʣʷʥʝʤʦ ʧʨʠʯʠʥʠ, ʱʦ ʚʠʢʣʠʢʘʶʪʴ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʧʽʜʪʨʠʤʢʠ ʤʽʢʨʦʢʣʽʤʘʪʫ ʫ ʧʨʦʤʠʩʣʦʚʠʭ ʧʨʠʤʽʱʝʥʥʷʭ [24, 26]. 

1. ʆʙʦʨʦʥʥʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ (ʪʦʯʥʝ ʧʨʠʣʘʜʦʙʫʜʫʚʘʥʥʷ, ʝʣʝʢʪʨʠʢʘ ʪʘ 

ʨʘʜʽʦʝʣʝʢʪʨʦʥʽʢʘ) [23]: 

¶ ʟʤʽʥʘ ʨʦʟʤʽʨʽʚ ʤʘʪʝʨʽʘʣʽʚ ʧʨʠ ʢʦʣʠʚʘʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ; 

¶ ʢʦʨʦʟʽʷ ʤʝʪʘʣʽʚ ʧʨʠ ʧʽʜʚʠʱʝʥʽʡ ʚʦʣʦʛʦʩʪʽ ʧʦʚʽʪʨʷ; 

¶ ʚʧʣʠʚ ʧʽʜʚʠʱʝʥʦʾ ʚʦʣʦʛʦʩʪʽ ʧʦʚʽʪʨʷ ʥʘ ʜʽʝʣʝʢʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʛʽʛʨʦʩʢʦʧʽʯʥʠʭ ʽʟʦʣʷʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ; 

¶ ʚʧʣʠʚ ʧʠʣʫ ʧʦʚʽʪʨʷ ʥʘ ʷʢʽʩʪʴ ʢʽʥʮʝʚʦʾ ʧʨʦʜʫʢʮʽʾ. 

2. ʌʘʨʤʘʮʝʚʪʠʯʥʘ ʪʘ ʭʽʤʽʯʥʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ: 

¶ ʚʪʨʘʪʘ ʩʠʧʢʦʩʪʽ ʧʦʨʦʰʢʦʚʠʭ ʨʝʯʦʚʠʥ ʧʨʠ ʧʽʜʚʠʱʝʥʽʡ ʚʦʣʦʛʦʩʪʽ ʧʦʚʽʪʨʷ; 

¶ ʟʤʽʥʘ ʬʦʨʤʠ ʪʘ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʛʽʛʨʦʩʢʦʧʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʨʠ 

ʢʦʣʠʚʘʥʥʽ ʚʦʣʦʛʦʩʪʽ ʧʦʚʽʪʨʷ; 

¶ ʟʤʽʥʘ ʢʦʥʩʠʩʪʝʥʮʽʾ ʢʦʣʦʾʜʥʠʭ ʧʣʽʚʦʢ ʽ ʪʽʣ ʧʨʠ ʢʦʣʠʚʘʥʥʷʭ ʪʝʤʧʝʨʘʪʫʨʠ ʽ 

ʚʽʜʥʦʩʥʦʾ ʚʦʣʦʛʦʩʪʽ ʧʦʚʽʪʨʷ; 

¶ ʟʤʽʥʘ ʰʚʠʜʢʦʩʪʽ ʧʨʦʪʽʢʘʥʥʷ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʧʨʠ ʢʦʣʠʚʘʥʥʷʭ 

ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʚʦʣʦʛʦʩʪʽ ʧʦʚʽʪʨʷ; 

¶ ʚʧʣʠʚ ʧʠʣʫ ʧʦʚʽʪʨʷ ʥʘ ʷʢʽʩʪʴ ʢʽʥʮʝʚʦʾ ʧʨʦʜʫʢʮʽʾ. 

3. ʍʘʨʯʦʚʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ [27]: 

¶ ʚʪʨʘʪʘ ʩʠʧʢʦʩʪʽ ʧʦʨʦʰʢʦʚʠʭ ʨʝʯʦʚʠʥ ʧʨʠ ʧʽʜʚʠʱʝʥʽʡ ʚʦʣʦʛʦʩʪʽ ʧʦʚʽʪʨʷ; 
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¶ ʫʧʦʚʽʣʴʥʝʥʥʷ ʙʽʦʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʽ ʜʽʷʣʴʥʦʩʪʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʧʨʠ 

ʟʥʠʞʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ; 

¶ ʟʘʣʝʞʥʽʩʪʴ ʰʚʠʜʢʦʩʪʽ ʚʠʩʠʭʘʥʥʷ ʚʦʣʦʛʠʭ ʛʽʛʨʦʩʢʦʧʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʽʜ 

ʚʦʣʦʛʦʩʪʽ ʧʦʚʽʪʨʷ. 

4. ʊʚʘʨʠʥʥʠʮʪʚʦ [28]: ʢʦʤʬʦʨʪʥʽ ʫʤʦʚʠ ʤʽʢʨʦʢʣʽʤʘʪʫ ʜʣʷ ʚʠʨʦʱʫʚʘʥʥʷ 

ʪʚʘʨʠʥ. 

ʅʘ ʦʙôʻʢʪʘʭ ʂɯ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʢʦʤʬʦʨʪʥʽ ʉʂʇ. ʂʦʤʬʦʨʪʥʽ 

ʉʂʇ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʧʽʜʪʨʠʤʘʥʥʷ ʰʪʫʯʥʦʛʦ ʤʽʢʨʦʢʣʽʤʘʪʫ (ʪʝʤʧʝʨʘʪʫʨʠ, 

ʚʦʣʦʛʦʩʪʽ, ʯʠʩʪʦʪʠ ʪʘ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʧʦʚʽʪʨʷ), ̫ ʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʧʪʠʤʘʣʴʥʠʤ 

ʩʘʥʽʪʘʨʥʦ-ʛʽʛʽʻʥʽʯʥʠʤ ʥʦʨʤʘʤ [29]: 

¶ ʢʦʤʬʦʨʪʥʽ ʢʣʽʤʘʪʠʯʥʽ ʫʤʦʚʠ ʜʣʷ ʧʝʨʝʙʫʚʘʥʥʷ ʣʶʜʠʥʠ; 

¶ ʚʽʣʴʥʝ ʚʽʜ ʙʘʢʪʝʨʽʡ ʪʘ ʧʠʣʫ ʩʝʨʝʜʦʚʠʱʝ (ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʭʚʦʨʦʙ). 

ɼʦ ʦʩʥʦʚʥʠʭ ʘʢʪʠʚʽʚ ʂɯ, ʜʝ ʧʽʜʪʨʠʤʫʶʪʴʩʷ ʢʦʤʬʦʨʪʥʽ ʫʤʦʚʠ ʤʽʢʨʦʢʣʽʤʘʪʫ 

ʚʽʜʥʦʩʷʪʴʩʷ ʥʘʩʪʫʧʥʽ. 

1. ʆʭʦʨʦʥʘ ʟʜʦʨʦʚôʷ (ʜʽʘʛʥʦʩʪʠʯʥʽ ʤʝʜʠʯʥʽ ʮʝʥʪʨʠ, ʢʣʽʥʽʢʠ ʪʘ ʛʦʩʧʽʪʘʣʽ). 

2. ʊʨʘʥʩʧʦʨʪ ʪʘ ʧʦʰʪʘ (ʤʝʪʨʦʧʦʣʽʪʝʥ ʚʝʣʠʢʠʭ ʤʽʩʪ, ʧʽʜʟʝʤʥʽ ʪʨʘʥʩʧʦʨʪʥʽ 

ʩʧʦʣʫʯʝʥʥʷ, ʧʨʠʤʽʱʝʥʥʷ ʜʝʨʞʘʚʥʠʭ ʫʩʪʘʥʦʚ). 

3. ʎʠʚʽʣʴʥʠʡ ʟʘʭʠʩʪ ʥʘʩʝʣʝʥʥʷ ʪʘ ʪʝʨʠʪʦʨʽʡ (ʦʙôʻʢʪʠ ʧʽʜʟʝʤʥʦʾ ʫʨʙʘʥʽʩʪʠʢʠ 

ʤʽʩʪ, ʙʦʤʙʦʩʭʦʚʠʱʘ, ʧʨʠʤʽʱʝʥʥʷ ʜʝʨʞʘʚʥʠʭ ʫʩʪʘʥʦʚ). 

ʉʧʝʢʪʨ ʉʂʇ ʜʫʞʝ ʨʽʟʥʦʤʘʥʽʪʥʠʡ ʪʘ ʤʘʻ ʨʦʟʛʘʣʫʞʝʥʫ ʢʣʘʩʠʬʽʢʘʮʽʶ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʨʠʟʥʘʯʝʥʥʷ ʢʦʥʜʠʮʽʦʥʝʨʘ [30 ï 33]. ʅʘ ʩʴʦʛʦʜʥʽ ʥʦʨʤʘʪʠʚʥʦʾ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʉʂʇ ʥʝ ʽʩʥʫʻ, ʘʣʝ ʥʘ ʧʨʘʢʪʠʮʽ ʪʘ ʫ ʪʝʭʥʽʯʥʽʡ ʣʽʪʝʨʘʪʫʨʽ ʽʩʪʦʨʠʯʥʦ 

ʩʢʣʘʣʘʩʷ ʪʝʨʤʽʥʦʣʦʛʽʷ. ʉʧʝʮʽʘʣʽʩʪʠ ʧʨʦʚʦʜʷʪʴ ʢʣʘʩʠʬʽʢʘʮʽʶ ʉʂʇ ʟʘ ʨʽʟʥʠʤʠ 

ʦʟʥʘʢʘʤʠ ʢʦʥʜʠʮʽʦʥʝʨʘ. ɺ ʦʩʥʦʚʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʉʂʇ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʬʽʟʠʯʥʠʡ 

ʧʨʦʮʝʩ ʦʙʨʦʙʢʠ ʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ ʥʘ ʦʙʣʘʜʥʘʥʥʽ ʢʦʥʜʠʮʽʦʥʝʨʘ [35]. ɿʘʣʝʞʥʦ 

ʚʽʜ ʨʦʟʪʘʰʫʚʘʥʥʷ ʢʦʥʜʠʮʽʦʥʝʨʘ ʚʽʜʥʦʩʥʦ ʧʨʠʤʽʱʝʥʴ, ʱʦ ʦʙʩʣʫʛʦʚʫʶʪʴʩʷ, 

ʉʂʇ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʮʝʥʪʨʘʣʴʥʽ ʪʘ ʤʽʩʮʝʚʽ. ɿʘ ʪʠʩʢʦʤ, ʱʦ ʩʪʚʦʨʶʶʪʴ 

ʚʝʥʪʠʣʷʪʦʨʠ ʢʦʥʜʠʮʽʦʥʝʨʽʚ ʨʦʟʨʽʟʥʷʶʪʴ ʉʂʇ ʽʟ ʥʠʟʴʢʠʤ ʪʠʩʢʦʤ, ʩʝʨʝʜʥʽʤ ʪʘ 

ʚʠʩʦʢʠʤ ʪʠʩʢʦʤ. ɿʘ ʥʘʷʚʥʦʩʪʽ ʚʣʘʩʥʦʛʦ ʜʞʝʨʝʣʘ ʪʝʧʣʦʪʠ ʽ ʭʦʣʦʜʫ ʨʦʟʨʽʟʥʷʶʪʴ 
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ʘʚʪʦʥʦʤʥʽ ʪʘ ʥʝʘʚʪʦʥʦʤʥʽ ʢʦʥʜʠʮʽʦʥʝʨʠ. ɿʘ ʧʨʠʥʮʠʧʦʤ ʦʙʨʦʙʢʠ ʧʦʚʽʪʨʷ ʉʂʇ 

ʧʦʜʽʣʷʶʪʴ ʥʘ ʧʨʷʤʦʪʦʯʥʽ, ʨʝʮʠʨʢʫʣʷʮʽʡʥʽ ʪʘ ʢʦʤʙʽʥʦʚʘʥʽ. 

ʎʝʥʪʨʘʣʴʥʽ ʉʂʇ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʥʝʘʚʪʦʥʦʤʥʽ ʢʦʥʜʠʮʽʦʥʝʨʠ, ʚ ʷʢʠʭ 

ʧʨʦʚʦʜʠʪʴʩʷ ʧʽʜʛʦʪʦʚʢʘ ʧʦʚʽʪʨʷ ʟ ʧʦʜʘʣʴʰʠʤ ʡʦʛʦ ʨʦʟʧʦʜʽʣʦʤ ʧʦ 

ʧʨʠʤʽʱʝʥʥʷʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʚʽʪʨʦʚʦʜʽʚ. ʉʘʤʽ ʢʦʥʜʠʮʽʦʥʝʨʠ ʟʥʘʭʦʜʷʪʴʩʷ ʧʦʟʘ 

ʧʨʠʤʽʱʝʥʥʷʤʠ, ʱʦ ʦʙʩʣʫʛʦʚʫʶʪʴʩʷ. 

ʄʽʩʮʝʚʽ ʉʂʇ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʥʘ ʙʘʟʽ ʘʚʪʦʥʦʤʥʠʭ ʽ ʥʝʘʚʪʦʥʦʤʥʠʭ 

ʢʦʥʜʠʮʽʦʥʝʨʽʚ ʪʘ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʚ ʧʨʠʤʽʱʝʥʥʷʭ, ʱʦ ʦʙʩʣʫʛʦʚʫʻʪʴʩʷ. 

ɸʚʪʦʥʦʤʥʽ ʢʦʥʜʠʮʽʦʥʝʨʠ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʤʘʶʪʴ ʚʝʩʴ ʢʦʤʧʣʝʢʩ 

ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʨʦʚʝʩʪʠ ʥʝʦʙʭʽʜʥʫ ʦʙʨʦʙʢʫ ʧʦʚʽʪʨʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʥʦʨʤʘʪʠʚʥʠʭ ʚʠʤʦʛ ʧʦ ʦʯʠʱʝʥʥʶ, ʥʘʛʨʽʚʘʥʥʶ, ʦʭʦʣʦʜʞʝʥʥʶ, ʦʩʫʰʝʥʥʶ, 

ʟʚʦʣʦʞʝʥʥʶ ʪʘ ʨʦʟʧʦʜʽʣʫ ʧʦʚʽʪʨʷ, ʘ ʪʘʢʦʞ ʟʘʩʦʙʠ ʢʝʨʫʚʘʥʥʷ ʪʘ ʜʠʩʪʘʥʮʽʡʥʦʛʦ 

ʢʦʥʪʨʦʣʶ. ɼʣʷ ʨʦʙʦʪʠ ʘʚʪʦʥʦʤʥʦʾ ʉʂʇ ʥʝʦʙʭʽʜʥʦ ʧʦʜʘʪʠ ʣʠʰʝ ʝʣʝʢʪʨʠʯʥʫ 

ʝʥʝʨʛʽʶ. ɼʦ ʘʚʪʦʥʦʤʥʠʭ ʉʂʇ ʚʽʜʥʦʩʷʪʴʩʷ ʤʦʥʦʙʣʦʯʥʽ ʚʽʢʦʥʥʽ, ʰʘʬʦʚʽ 

ʢʦʥʜʠʮʽʦʥʝʨʠ, ʩʧʣʽʪ-ʩʠʩʪʝʤʠ. ʅʝʘʚʪʦʥʦʤʥʽ ʢʦʥʜʠʮʽʦʥʝʨʠ ʥʝ ʤʘʶʪʴ 

ʚʙʫʜʦʚʘʥʠʭ ʘʛʨʝʛʘʪʽʚ, ʷʢʽ ʻ ʜʞʝʨʝʣʘʤʠ ʪʝʧʣʘ ʽ ʭʦʣʦʜʫ. ɼʦ ʪʘʢʠʭ ʢʦʥʜʠʮʽʦʥʝʨʽʚ 

ʚʽʜ ʜʞʝʨʝʣ ʪʝʧʣʦ- ʪʘ ʭʦʣʦʜʦʧʦʩʪʘʯʘʥʥʷ ʧʦʜʘʶʪʴʩʷ ʪʝʧʣʦʚʽ ʘʛʝʥʪʠ (ʚʦʜʘ, 

ʬʨʝʦʥ). 

ʅʘʡʙʽʣʴʰʝ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʦʪʨʠʤʘʣʠ ʮʝʥʪʨʘʣʴʥʽ ʉʂʇ. 

ɿʘ ʢʽʣʴʢʽʩʪʶ ʧʨʠʤʽʱʝʥʴ, ʱʦ ʦʙʩʣʫʛʦʚʫʶʪʴʩʷ ʮʝʥʪʨʘʣʴʥʽ ʉʂʇ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ: 

ʦʜʥʦʟʦʥʘʣʴʥʽ, ʙʘʛʘʪʦʟʦʥʘʣʴʥʽ. ʆʜʥʦʟʦʥʘʣʴʥʽ ʉʂʇ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʦʜʥʦʛʦ ʧʨʠʤʽʱʝʥʥʷ ʟ ʨʽʚʥʦʤʽʨʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʪʝʧʣʦ- ʽ 

ʚʦʣʦʛʦʚʠʜʽʣʝʥʥʷ. ɹʘʛʘʪʦʟʦʥʘʣʴʥʽ ʉʂʇ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʜʝʢʽʣʴʢʦʭ ʧʨʠʤʽʱʝʥʴ ʘʙʦ ʧʨʠʤʽʱʝʥʥʷ ʟ ʥʝʨʽʚʥʦʤʽʨʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʪʝʧʣʦ- ʽ 

ʚʦʣʦʛʦʚʠʜʽʣʝʥʥʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʢʣʽʤʘʪʠʯʥʘ ʪʝʭʥʽʢʘ ʤʘʻ ʨʦʟʛʘʣʫʞʝʥʫ ʢʣʘʩʠʬʽʢʘʮʽʶ. 

ɺʠʥʘʡʜʝʥʥʷ ʢʦʥʜʠʮʽʦʥʝʨʘ ʦʙʫʤʦʚʣʝʥʦ ʧʨʦʤʠʩʣʦʚʠʤʠ ʧʦʪʨʝʙʘʤʠ. ɸʢʪʠʚʠ ʂɯ 

ʙʫʜʴ-ʷʢʦʾ ʜʝʨʞʘʚʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʦʩʦʙʣʠʚʠʤʠ ʚʠʤʦʛʘʤʠ ʱʦʜʦ 

ʧʽʜʪʨʠʤʘʥʥʷ ʰʪʫʯʥʦʛʦ ʤʽʢʨʦʢʣʽʤʘʪʫ, ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʩʪʘʙʽʣʴʥʦʛʦ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʧʨʦʤʠʩʣʦʚʠʭ ʦʙôʻʢʪʘʭ, ʘ ʪʘʢʦʞ 



55 
 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʤʬʦʨʪʥʠʭ ʫʤʦʚ ʧʝʨʝʙʫʚʘʥʥʷ ʣʶʜʝʡ ʫ ʩʦʮʽʘʣʴʥʦ ʟʥʘʯʫʱʠʭ 

ʧʨʠʤʽʱʝʥʥʷʭ ʂɯ. ʉʂʇ ʚʽʜʽʛʨʘʶʪʴ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʩʪʽʡʢʦʩʪʽ ʪʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚ ʪʘ ʫʩʪʘʥʦʚ, ʷʢʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ 

ʦʙôʻʢʪʽʚ ʂɯ. 

 

1.5 ʍʘʨʘʢʪʝʨʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʦʮʝʩʫ ʧʽʜʛʦʪʦʚʢʠ ʧʦʚʽʪʨʷ ʥʘ 

ʢʣʽʤʘʪʠʯʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ 

ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʉʂʇ (ʜʣʷ ʧʦʣʝʛʰʝʥʥʷ ʘʥʘʣʽʟʫ ʪʝʧʣʦʤʘʩʦʦʙʤʽʥʥʠʭ 

ʧʨʦʮʝʩʽʚ ʥʘ ʦʙʣʘʜʥʘʥʥʽ ʢʦʥʜʠʮʽʦʥʝʨʘ) ʜʦʩʣʽʜʥʠʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʛʨʘʬʽʯʥʽ 

ʥʦʤʦʛʨʘʤʠ [23, 30 ï 32]. ʅʘʡʙʽʣʴʰʝ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʦʪʨʠʤʘʣʠ h ï d ʜʽʘʛʨʘʤʘ 

ʈʘʤʟʽʥʘ, ʜʽʘʛʨʘʤʠ ʄʦʣʴʝ ʪʘ ʂʝʨʨʽʻʨʘ. ʋ ʢʨʘʾʥʘʭ ʟʘʭʽʜʥʦʾ ɭʚʨʦʧʠ ʜʣʷ ʘʥʘʣʽʟʫ 

ʧʨʦʮʝʩʽʚ ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʧʦʚʽʪʨʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʽʘʛʨʘʤʠ ʄʦʣʴʝ ʪʘ 

ʂʝʨʨʽʻʨʘ [38]. ɯʩʪʦʨʠʯʥʦ ʩʢʣʘʣʦʩʷ, ʱʦ ʚ ʋʢʨʘʾʥʽ ʪʘ ʢʨʘʾʥʘʭ ʉʅɼ 

ʨʦʟʧʦʚʩʶʜʞʝʥʘ h ï d ʜʽʘʛʨʘʤʘ, ʷʢʫ ʟʘʧʨʦʧʦʥʫʚʘʚ ʫ 1918 ʨ. ʧʨʦʬʝʩʦʨ 

ʧʝʪʝʨʙʫʨʟʴʢʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʃ.ʂ. ʈʘʤʟʽʥ. ɼʽʘʛʨʘʤʘ ʦʜʥʦʟʥʘʯʥʦ ʚʽʜʦʙʨʘʞʘʻ 

ʚʟʘʻʤʦʟʚôʷʟʦʢ ʧʘʨʘʤʝʪʨʽʚ ʚʦʣʦʛʦʛʦ ʧʦʚʽʪʨʷ ʟʘ ʧʝʚʥʦʛʦ ʘʪʤʦʩʬʝʨʥʦʛʦ ʪʠʩʢʫ 

ʧʦʚʽʪʨʷ. H ï d ʜʽʘʛʨʘʤʘ ʻ ʥʦʨʤʘʪʠʚʥʠʤ ʜʦʢʫʤʝʥʪʦʤ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ɼʝʨʞʘʚʥʦʛʦ 

ʩʪʘʥʜʘʨʪʫ ʋʢʨʘʾʥʠ ɼʉʊʋ 3651.1-97 [39]. 

ɼʽʘʛʨʘʤʘ ʈʘʤʟʽʥʘ ʙʫʜʫʻʪʴʩʷ ʚ ʢʦʩʦʢʫʪʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ [30, 31]. ʋ 

ɼʦʜʘʪʢʫ ɸ ʧʨʝʜʩʪʘʚʣʝʥʘ h ï d ʜʽʘʛʨʘʤʘ, ʱʦ ʚʠʟʥʘʯʘʻ ʟʘʣʝʞʥʽʩʪʴ ʦʩʥʦʚʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ ʜʣʷ ʟʘʜʘʥʦʛʦ ʙʘʨʦʤʝʪʨʠʯʥʦʛʦ ʪʠʩʢʫ. ʇʦ ʦʩʽ 

ʘʙʩʮʠʩ ʚʽʜʢʣʘʜʘʻʪʴʩʷ ʚʦʣʦʛʦʚʤʽʩʪ ʧʦʚʽʪʨʷ d 

ʉ

ʇ

ʄ

ʄ
d 1000= ,       (1.1) 

ʪʫʪ ʄʇ ï ʤʘʩʘ ʧʘʨʠ ʫ ʧʦʚʽʪʨʷʥʽʡ ʩʫʤʽʰʽ, ʛ; ʄʉ ï ʤʘʩʘ ʩʫʭʦʛʦ ʧʦʚʽʪʨʷ ʫ 

ʧʦʚʽʪʨʷʥʽʡ ʩʫʤʽʰʽ, ʢʛ.  

ʇʦ ʦʩʽ ʦʨʜʠʥʘʪ ʧʽʜ ʢʫʪʦʤ 135ʦ ʚʽʜʢʣʘʜʘʻʪʴʩʷ ʝʥʪʘʣʴʧʽʷ h ʚʦʣʦʛʦʛʦ 

ʧʦʚʽʪʨʷ. ʊʘʢʦʞ, ʥʘʥʦʩʷʪʴʩʷ ʢʨʠʚʽ ʚʽʜʥʦʩʥʦʾ ʚʦʣʦʛʦʩʪʽ j 

ʇ ʇ

ʅ ʅ

P

P

r
j
r
= º ,       (1.2) 
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ʪʫʪ 
ʇr  ï ʘʙʩʦʣʶʪʥʘ ʚʦʣʦʛʽʩʪʴ ʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ, ʢʛ/ʤ3; 

ʅr  ï ʤʘʢʩʠʤʘʣʴʥʦ 

ʤʦʞʣʠʚʘ ʛʫʩʪʠʥʘ ʚʦʜʷʥʦʾ ʧʘʨʠ ʫ ʚʦʣʦʛʦʤʫ ʧʦʚʽʪʨʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʛʫʩʪʠʥʽ 

ʥʘʩʠʯʝʥʦʾ ʚʦʜʷʥʦʾ ʧʘʨʠ, ʢʛ/ʤ3; ʈʅ ï ʪʠʩʢ ʥʘʩʠʯʝʥʦʾ ʧʘʨʠ, ʇʘ; ʈʇ ï ʧʘʨʮʽʘʣʴʥʠʡ 

ʪʠʩʢ ʧʘʨʽʚ ʚʦʜʠ, ʇʘ. 

ʇʘʨʮʽʘʣʴʥʠʡ ʪʠʩʢ ʚʦʜʷʥʦʾ ʧʘʨʠ ʚʦʣʦʛʦʛʦ ʧʦʚʽʪʨʷ ʦʜʥʦʟʥʘʯʥʦ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʦʣʦʛʦʚʤʽʩʪʦʤ ʪʘ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ [30, 37] 

d

dP
P ʙ
ʇ

+
=

623
.       (1.3) 

ʊʠʩʢ ʥʘʩʠʯʝʥʦʾ ʧʘʨʠ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ ʟʘʣʝʞʥʽʩʪʶ, ʷʢʫ ʟʘʧʨʦʧʦʥʫʚʘʚ 

ʄ. ɯ. ʌʽʣʴʥʝʻʤ [40] 

q

q

+

+

Ö= 236

12.8156

103.133HP ,      (1.4) 

ʘʙʦ ʟʘ ʜʦʚʽʜʢʦʚʠʤʠ ʪʘʙʣʠʮʷʤʠ [41]. ʗʢʱʦ ʚʽʜʦʤʦ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʽʪʨʷ ɗ ʪʘ 

ʡʦʛʦ ʚʽʜʥʦʩʥʫ ʚʦʣʦʛʽʩʪʴ j ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʟʘʣʝʞʥʦʩʪʽ (1.2) ï (1.4) ʤʦʞʥʘ 

ʨʦʟʨʘʭʫʚʘʪʠ ʚʦʣʦʛʦʚʤʽʩʪ d ʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ. 

ɺ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʤʝʪʦʜʠ ʦʙʨʦʙʢʠ ʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ ʤʦʞʥʘ 

ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʽ ʦʩʥʦʚʥʽ ʛʨʫʧʠ: ʩʫʭʽ ʪʘ ʚʦʣʦʛʽ ʤʝʪʦʜʠ [35]. ɺʠʙʽʨ ʤʝʪʦʜʫ 

ʜʠʢʪʫʻʪʴʩʷ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʤ ʦʙˇʨʫʥʪʫʚʘʥʥʷʤ ʪʘ ʤʦʞʣʠʚʠʤʠ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʩʧʦʩʦʙʘʤʠ ʨʝʘʣʽʟʘʮʽʾ ʥʝʦʙʭʽʜʥʦʛʦ ʤʽʢʨʦʢʣʽʤʘʪʫ ʫ ʧʨʠʤʽʱʝʥʥʽ. 

ʉʫʭʽ ʤʝʪʦʜʠ ʦʙʨʦʙʢʠ ʧʦʚʽʪʨʷ ʨʝʘʣʽʟʫʶʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʚʟʘʻʤʦʜʽʾ ʧʦʚʽʪʨʷ ʟ 

ʧʦʚʝʨʭʥʝʶ ʪʝʧʣʦʦʙʤʽʥʥʠʭ ʘʧʘʨʘʪʽʚ. ɺʦʣʦʛʽ ʤʝʪʦʜʠ ʦʙʨʦʙʢʠ ʧʦʚʽʪʨʷ 

ʨʝʘʣʽʟʫʶʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʢʦʥʪʘʢʪʫ ʤʽʞ ʧʦʚʽʪʨʷʤ ʽ ʚʦʜʦʶ ʫ 

ʢʘʤʝʨʘʭ ʟʨʦʰʫʚʘʥʥʷ. ʈʦʟʛʣʷʥʝʤʦ ʜʝʪʘʣʴʥʽʰʝ ʦʩʦʙʣʠʚʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʉʂʇ. 

ɼʣʷ ʥʘʛʨʽʚʘʥʥʷ ʧʦʚʽʪʨʷ ʚ ʢʦʥʜʠʮʽʦʥʝʨʘʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʪʝʧʣʦʦʙʤʽʥʥʽ ʘʧʘʨʘʪʠ, ʯʘʩʪʦ ʾʭ ʥʘʟʠʚʘʶʪʴ ʢʘʣʦʨʠʬʝʨʘʤʠ. ɿʘʛʘʣʴʥʦʶ ʦʟʥʘʢʦʶ 

ʢʘʣʦʨʠʬʝʨʽʚ ʻ ʥʘʷʚʥʽʩʪʴ ʪʝʧʣʦʦʙʤʽʥʥʦʾ ʧʦʚʝʨʭʥʽ ʤʽʞ ʧʦʚʽʪʨʷʤ ʪʘ ʪʝʧʣʦʥʦʩʽʻʤ. 

ʅʘʛʨʽʚʘʥʥʷ ʧʦʚʽʪʨʷ ʧʦʚʝʨʭʥʝʚʠʤ ʪʝʧʣʦʦʙʤʽʥʥʠʤ ʘʧʘʨʘʪʦʤ ʥʘ h ï d ʜʽʘʛʨʘʤʽ 

ʟʦʙʨʘʞʫʻʪʴʩʷ ʚʝʨʪʠʢʘʣʴʥʦʶ ʣʽʥʽʻʶ (ʜʠʚ. ɼʦʜʘʪʢ ɸ). ɺʦʣʦʛʦʚʤʽʩʪ ʧʦʚʽʪʨʷ ʧʨʠ 

ʢʦʥʪʘʢʪʽ ʟ ʩʫʭʦʶ ʛʘʨʷʯʦʶ ʧʦʚʝʨʭʥʝʶ ʢʘʣʦʨʠʬʝʨʘ ʥʝ ʟʤʽʥʶʻʪʴʩʷ. ʊʝʤʧʝʨʘʪʫʨʘ 

ʪʘ ʝʥʪʘʣʴʧʽʷ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʟʙʽʣʴʰʫʶʪʴʩʷ, ʘ ʚʽʜʥʦʩʥʘ ʚʦʣʦʛʽʩʪʴ  ʟʤʝʥʰʫʻʪʴʩʷ. 
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ɼʣʷ ʦʭʦʣʦʜʞʝʥʥʷ ʪʘ ʚʠʩʫʰʫʚʘʥʥʷ ʧʦʚʽʪʨʷ ʫ ʉʂʇ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʪʝʧʣʦʦʙʤʽʥʥʽ ʘʧʘʨʘʪʠ, ʷʢʽ ʥʘʟʠʚʘʶʪʴ ʦʭʦʣʦʜʞʫʚʘʯʘʤʠ ʧʦʚʽʪʨʷ. ʂʦʥʩʪʨʫʢʮʽʷ 

ʦʭʦʣʦʜʞʫʚʘʯʽʚ ʘʥʘʣʦʛʽʯʥʘ ʚʦʜʷʥʠʤ ʢʘʣʦʨʠʬʝʨʘʤ. ɺ ʧʨʦʮʝʩʽ ʦʭʦʣʦʜʞʝʥʥʷ 

ʧʦʚʽʪʨʷ ʤʦʞʝ ʢʦʥʜʝʥʩʫʚʘʪʠʩʷ ʚʦʣʦʛʘ. ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʧʦʚʽʪʨʷʥʘ ʩʫʤʽʰ 

ʦʭʦʣʦʜʞʫʻʪʴʩʷ ʽʟ ʧʦʩʪʽʡʥʠʤ ʚʦʣʦʛʦʚʤʽʩʪʦʤ. ʅʘ ʮʴʦʤʫ ʝʪʘʧʽ ʧʨʦʮʝʩ 

ʦʭʦʣʦʜʞʝʥʥʷ ʟʚʦʨʦʪʥʠʡ ʥʘʛʨʽʚʫ, ʷʢʠʡ ʨʦʟʛʣʷʥʫʪʦ ʚʠʱʝ. ɼʘʣʽ, ʧʨʦʮʝʩ 

ʦʭʦʣʦʜʞʝʥʥʷ ʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʢʦʥʜʝʥʩʘʮʽʻʶ ʚʦʣʦʛʠ. ʅʘ 

ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʚʽʜʥʦʩʥʘ ʚʦʣʦʛʽʩʪʴ ʟʘʣʠʰʘʻʪʴʩʷ ʧʦʩʪʽʡʥʦʶ %
BC

98ºj . ʇʨʠ 

ʧʦʜʘʣʴʰʦʤʫ ʦʭʦʣʦʜʞʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʘ, ʝʥʪʘʣʴʧʽʷ ʪʘ ʚʦʣʦʛʦʚʤʽʩʪ ʧʦʚʽʪʨʷʥʦʾ 

ʩʫʤʽʰʽ ʟʤʝʥʰʫʻʪʴʩʷ. 

ʈʝʞʠʤ ʟʚʦʣʦʞʝʥʥʷ ʚ ʉʂʇ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʨʦʰʝʥʥʷ ʧʨʠʧʣʠʚʥʦʛʦ 

ʧʦʚʽʪʨʷ ʜʦ ʥʝʦʙʭʽʜʥʦʾ ʚʦʣʦʛʦʩʪʽ. ʅʘʡʙʽʣʴʰʝ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʦʪʨʠʤʘʣʠ ʜʚʘ 

ʤʝʪʦʜʘ ʟʚʦʣʦʞʝʥʥʷ ʧʦʚʽʪʨʷ: ʘʜʽʘʙʘʪʥʝ ʪʘ ʽʟʦʪʝʨʤʽʯʥʝ [44]. ɸʜʽʘʙʘʪʥʝ 

ʟʚʦʣʦʞʝʥʥʷ ʨʝʘʣʽʟʫʻʪʴʩʷ ʫ ʢʘʤʝʨʘʭ ʬʦʨʩʫʥʦʯʥʦʛʦ ʪʘ ʩʦʪʦʚʦʛʦ ʟʚʦʣʦʞʝʥʥʷ 

ʧʦʚʽʪʨʷ, ʽʟʦʪʝʨʤʽʯʥʝ ï ʫ ʢʘʤʝʨʘʭ ʧʘʨʦʚʦʛʦ ʟʚʦʣʦʞʝʥʥʷ. ʂʦʥʩʪʨʫʢʪʠʚʥʦ 

ʧʝʨʝʨʘʭʦʚʘʥʽ ʢʘʤʝʨʠ ʟʚʦʣʦʞʝʥʥʷ ʪʘ ʤʝʪʦʜʠ ʢʝʨʫʚʘʥʥʷ ʥʠʤʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ. 

ʈʦʟʛʣʷʥʝʤʦ ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʦʪʽʢʘʥʥʷ ʧʨʦʮʝʩʽʚ ʟʚʦʣʦʞʝʥʥʷ ʫ ʜʘʥʠʭ ʢʘʤʝʨʘʭ. 

ɸʜʽʘʙʘʪʥʝ ʟʚʦʣʦʞʝʥʥʷ. ɺ ʢʘʤʝʨʽ ʬʦʨʩʫʥʦʯʥʦʛʦ ʟʨʦʰʫʚʘʥʥʷ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʘʜʽʘʙʘʪʥʝ ʟʚʦʣʦʞʝʥʥʷ ʧʦʚʽʪʨʷ (ʜʠʚ. ɼʦʜʘʪʢ ɸ). ʇʨʦʮʝʩ 

ʘʜʽʘʙʘʪʥʦʛʦ ʟʚʦʣʦʞʝʥʥʷ ʫ ʢʦʦʨʜʠʥʘʪʘʭ h - d ʜʽʘʛʨʘʤʠ ʟʦʙʨʘʞʘʪʴʩʷ ʧʨʷʤʦʶ 

ʥʘʭʠʣʝʥʦʶ ʧʽʜ ʢʫʪʦʤ ʧʨʠʙʣʠʟʥʦ 45Á ʜʦ ʦʩʽ d (h = const). ʌʘʟʦʚʠʡ ʧʝʨʝʭʽʜ ʚʦʜʠ 

ʽʟ ʨʽʜʢʦʛʦ ʩʪʘʥʫ ʫ ʧʘʨʫ ʧʨʦʭʦʜʠʪʴ ʰʣʷʭʦʤ ʚʽʣʴʥʦʛʦ ʚʠʧʘʨʦʚʫʚʘʥʥʷ. ʇʨʠ ʮʴʦʤʫ 

ʤʘʻ ʤʽʩʮʝ ʧʝʨʝʭʽʜ ʯʘʩʪʠʥʠ ʷʚʥʦʛʦ ʪʝʧʣʘ ʫ ʧʨʠʭʦʚʘʥʝ. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ 

ʚʦʣʦʛʦʚʤʽʩʪʫ ʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ ʟʤʝʥʰʫʻʪʴʩʷ ʾʾ ʪʝʤʧʝʨʘʪʫʨʘ. ʂʦʥʩʪʨʫʢʪʠʚʥʦ 

ʬʦʨʩʫʥʦʯʥʽ ʟʚʦʣʦʞʫʚʘʯʽ ʧʨʦʝʢʪʫʶʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ 

ʚʽʜʥʦʩʥʫ ʚʦʣʦʛʽʩʪʴ 100 % ʚ ʪʦʯʮʽ ʨʦʩʠ. ʅʘ ʧʨʘʢʪʠʮʽ ʚʜʘʻʪʴʩʷ ʜʦʩʷʛʥʫʪʠ 

%
B

98ºj . 

ɹʽʣʴʰʽʩʪʴ ʥʝʜʦʣʽʢʽʚ ʬʦʨʩʫʥʦʯʥʠʭ ʢʘʤʝʨ ʟʨʦʰʝʥʥʷ ʧʦʚʽʪʨʷ ʫʩʫʥʝʥʦ ʫ 

ʢʘʤʝʨʘʭ ʩʦʪʦʚʦʛʦ ʟʚʦʣʦʞʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʦʪʦʚʽ ʥʘʩʘʜʢʠ, ʱʦ 

ʟʙʠʨʘʶʪʴʩʷ ʟ ʛʦʬʨʦʚʘʥʠʭ ʛʽʛʨʦʩʢʦʧʽʯʥʠʭ ʣʠʩʪʽʚ. ʋ ʩʦʪʦʚʠʭ ʢʘʤʝʨʘʭ 
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ʨʝʘʣʽʟʫʻʪʴʩʷ ʘʜʽʘʙʘʪʥʝ ʟʚʦʣʦʞʝʥʥʷ ʧʦʚʽʪʨʷ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʘʜʽʘʙʘʪʥʦʛʦ 

ʟʚʦʣʦʞʝʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʛʣʠʙʠʥʠ ʥʘʩʘʜʢʠ ʟʘ ʭʦʜʦʤ ʧʦʚʽʪʨʷ ʽ ʰʚʠʜʢʦʩʪʽ 

ʧʨʠʧʣʠʚʥʦʛʦ ʧʦʚʽʪʨʷ. ɺʠʪʨʘʪʘ ʟʨʦʰʫʶʯʦʾ ʚʦʜʠ ʧʦʚʠʥʥʘ ʙʫʪʠ ʜʦʩʪʘʪʥʴʦʶ ʜʣʷ 

ʧʽʜʪʨʠʤʢʠ ʚʦʣʦʛʦʩʪʽ ʛʽʛʨʦʩʢʦʧʽʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʥʘʩʘʜʢʠ ʩʦʪʦʚʦʛʦ ʰʘʨʫ ʚ ʩʪʘʥʽ 

ʛʽʨʦʩʢʦʧʽʯʥʦʛʦ ʥʘʩʠʯʝʥʥʷ. 

ɯʟʦʪʝʨʤʽʯʥʝ ʟʚʦʣʦʞʝʥʥʷ. ʇʨʦʮʝʩ ʽʟʦʪʝʨʤʽʯʥʦʛʦ ʟʚʦʣʦʞʝʥʥʷ ʧʨʦʭʦʜʠʪʴ 

ʧʨʠ ʧʦʩʪʽʡʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʧʦʚʽʪʨʷ ʫ ʢʘʤʝʨʘʭ ʧʘʨʦʚʦʛʦ ʟʚʦʣʦʞʝʥʥʷ. ʋ ʧʦʚʽʪʨʷ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʥʦʩʠʪʴʩʷ ʥʘʩʠʯʝʥʘ ʧʘʨʘ. ʌʘʟʦʚʠʡ ʧʝʨʝʭʽʜ ʚʦʜʠ ʽʟ ʨʽʜʠʥʠ ʫ ʧʘʨʫ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʧʘʨʦʛʝʥʝʨʘʪʦʨʘ. ʅʘʡʯʘʩʪʽʰʝ ʫ ʉʂʇ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʝʣʝʢʪʨʠʯʥʽ ʧʘʨʦʛʝʥʝʨʘʪʦʨʠ.  

ʇʨʦʮʝʩ ʧʘʨʦʚʦʛʦ ʟʚʦʣʦʞʝʥʥʷ ʟʦʙʨʘʞʫʻʪʴʩʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʶ ʧʨʷʤʦʶ ʥʘ 

h ï d ʜʽʘʛʨʘʤʽ, ʱʦ ʧʘʨʘʣʝʣʴʥʘ ʦʩʽ d . ɽʥʪʘʣʴʧʽʷ ʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ ʨʦʩʪʝ ʟʘ 

ʨʘʭʫʥʦʢ ʪʝʧʣʘ ʧʘʨʦʫʪʚʦʨʝʥʥʷ. ʊʘʢʦʞ, ʨʦʩʪʝ ʚʦʣʦʛʦʚʤʽʩʪ ʪʘ ʚʽʜʥʦʩʥʘ ʚʦʣʦʛʽʩʪʴ 

ʧʦʚʽʪʨʷ. ʗʢʱʦ ʟʥʝʭʪʫʚʘʪʠ ʪʝʧʣʦʪʦʶ ʧʘʨʠ, ʱʦ ʚʥʦʩʠʪʴʩʷ ʚ ʧʦʪʽʢ ʧʦʚʽʪʨʷ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ ʟʘʣʠʰʘʻʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʥʝʟʤʽʥʥʦʶ. ɺʘʞʣʠʚʦʶ 

ʧʝʨʝʚʘʛʦʶ ʤʝʪʦʜʫ ʧʘʨʦʚʦʛʦ ʟʚʦʣʦʞʝʥʥʷ ʻ ʛʘʨʘʥʪʽʷ ʚʽʜʩʫʪʥʦʩʪʽ 

ʭʚʦʨʦʙʦʪʚʦʨʥʠʭ ʙʘʢʪʝʨʽʡ ʚ ʟʚʦʣʦʞʫʶʯʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʷʢʠʤ ʻ ʧʘʨʘ. ʊʦʤʫ, 

ʤʝʪʦʜʠ ʧʘʨʦʚʦʛʦ ʟʚʦʣʦʞʝʥʥʷ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʩʠʩʪʝʤʘʭ 

ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʧʨʠʤʽʱʝʥʴ: ʨʝʘʥʽʤʘʮʽʡ ʪʘ ʦʧʝʨʘʮʽʡʥʠʭ; ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ, 

ʬʘʩʫʚʘʥʥʷ ʪʘ ʧʘʢʫʚʘʥʥʷ ʯʠʩʪʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʽʥ. 

ɿ ʤʝʪʦʶ ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪʠ ʪʝʧʣʦʪʠ ʥʘ ʦʙʨʦʙʢʫ ʧʨʠʧʣʠʚʥʦʛʦ ʧʦʚʽʪʨʷ ʫ 

ʉʂʇ ʫʪʠʣʽʟʫʻʪʴʩʷ ʪʝʧʣʦʪʘ ʚʠʪʷʞʥʦʛʦ ʧʦʚʽʪʨʷ. ɼʣʷ ʫʪʠʣʽʟʘʮʽʾ ʪʝʧʣʘ ʚʠʪʷʞʥʦʛʦ 

ʧʦʚʽʪʨʷ ʫ ʢʦʥʜʠʮʽʦʥʝʨʘʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʝʮʠʨʢʫʣʷʮʽʶ ʧʦʚʽʪʨʷ ʪʘ 

ʪʝʧʣʦʦʙʤʽʥʥʽ ʘʧʘʨʘʪʠ ʨʽʟʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ. 

ʇʦʚʝʨʥʝʥʥʷ ʯʘʩʪʠʥʠ ʧʦʚʽʪʨʷ ʚ ʧʨʠʤʽʱʝʥʥʷ ʚ ʧʦʯʘʪʢʦʚʫ ʜʽʣʷʥʢʫ ʉʂʇ 

ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʩʢʦʨʦʪʠʪʠ ʚʠʪʨʘʪʫ ʪʝʧʣʘ ʪʘ ʭʦʣʦʜʫ ʥʘ ʦʙʨʦʙʢʫ ʧʦʚʽʪʨʷ. ʊʘʢʽ 

ʩʭʝʤʠ ʟʥʘʡʰʣʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʪʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʫ ʧʨʠʤʽʱʝʥʥʽ ʥʝ 

ʚʠʜʽʣʷʶʪʴʩʷ ʰʢʽʜʣʠʚʽ ʛʘʟʠ. ɼʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʨʝʮʠʨʢʫʣʷʮʽʾ ʧʦʚʽʪʨʷ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʟʤʽʰʫʚʘʣʴʥʽ ʙʣʦʢʠ. ʋ ʢʘʤʝʨʫ ʟʤʽʰʫʚʘʥʥʷ ʥʘʜʭʦʜʠʪʴ 

ʧʨʠʧʣʠʚʥʝ ʧʦʚʽʪʨʷ ʽʟ ʚʠʪʨʘʪʦʶ GA (ʧʘʨʘʤʝʪʨʘʤʠ ʧʦʚʽʪʨʷ ʽʟ ʚʠʪʨʘʪʦʶ GA: ɗA ï 
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ʪʝʤʧʝʨʘʪʫʨʘ, dA ï ʚʦʣʦʛʦʚʤʽʩʪ, hɸ ï ʝʥʪʘʣʴʧʽʷ) ʪʘ ʧʦʚʽʪʨʷ ʨʝʮʠʨʢʫʣʷʮʽʾ ʽʟ 

ʚʠʪʨʘʪʦʶ Gɺ (ɗɺ, dɺ, hɺ). ɺʽʜʥʦʰʝʥʥʷ AB GGn=  ʥʘʟʠʚʘʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʦʤ 

ʨʝʮʠʨʢʫʣʷʮʽʾ ʪʘ ʧʦʢʘʟʫʻ, ʷʢʘ ʢʽʣʴʢʽʩʪʴ ʧʦʚʽʪʨʷ ʽʟ ʧʘʨʘʤʝʪʨʘʤʠ ʪʦʯʢʠ ɺ 

ʧʨʠʧʘʜʘʻ ʥʘ 1 ʢʛ ʧʦʚʽʪʨʷ ʽʟ ʩʪʘʥʦʤ ʪʦʯʢʠ ɸ. ɼʣʷ ʧʨʠʧʣʠʚʥʦʛʦ ʧʦʚʽʪʨʷ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʘʨʘʤʝʪʨʘʤʠ ʪʦʯʢʠ ɸ, ɺ ʪʘ ʉ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʙʘʣʘʥʩʠ 

ʪʝʧʣʦʪʠ ʽ ʚʦʣʦʛʠ ʟʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ [24, 30]: 
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     (1.5) 

ʪʫʪ hC, dC ï ʝʥʪʘʣʴʧʽʷ ʪʘ ʚʦʣʦʛʦʚʤʽʩʪ ʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ ʫ ʢʘʤʝʨʽ ʟʤʽʰʫʚʘʥʥʷ.  

ʋ ʪʝʧʣʦʦʙʤʽʥʥʠʭ ʢʘʤʝʨʘʭ ʨʝʢʫʧʝʨʘʮʽʾ ʧʝʨʝʜʘʯʘ ʪʝʧʣʘ ʚʽʜ ʚʠʪʷʞʥʦʛʦ 

ʧʦʚʽʪʨʷ ʜʦ ʧʨʠʧʣʠʚʥʦʛʦ ʟʜʽʡʩʥʶʻʪʴʩʷ ʯʝʨʝʟ ʧʣʘʩʪʠʥʠ ʨʝʢʫʧʝʨʘʪʦʨʘ, ʷʢʽ 

ʚʠʢʦʥʫʶʪʴʩʷ ʽʟ ʤʝʪʘʣʽʯʥʠʭ ʘʙʦ ʥʝʤʝʪʘʣʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɺ ʢʘʤʝʨʘʭ 

ʨʝʢʫʧʝʨʘʮʽʾ ʽʟ ʥʝʤʝʪʘʣʽʯʥʠʤʠ ʧʣʘʩʪʠʥʘʤʠ ʦʢʨʽʤ ʪʝʧʣʘ ʧʝʨʝʜʘʻʪʴʩʷ ʧʦʪʽʢ 

ʚʦʣʦʛʠ. ʊʝʧʣʦʦʙʤʽʥʥʽ ʧʦʪʦʢʠ ʚ ʧʣʘʩʪʠʥʯʘʪʠʭ ʨʝʢʫʧʝʨʘʪʦʨʘʭ ʤʦʞʫʪʴ 

ʦʨʛʘʥʽʟʦʚʫʚʘʪʠʩʷ ʟʘ ʧʨʷʤʦʪʦʯʥʦʶ, ʧʨʦʪʠʪʦʯʥʦʶ ʪʘ ʧʝʨʝʭʨʝʩʥʦʶ ʩʭʝʤʘʤʠ. 

ʄʝʪʘʣʝʚʽ ʧʣʘʩʪʠʥʯʘʪʽ ʨʝʢʫʧʝʨʘʪʦʨʠ ʢʣʘʩʠʬʽʢʫʶʪʴʩʷ ʷʢ ʧʦʚʝʨʭʥʝʚʽ 

ʪʝʧʣʦʦʙʤʽʥʥʽ ʘʧʘʨʘʪʠ, ʜʣʷ ʷʢʠʭ ʧʨʦʮʝʩ ʪʝʧʣʦʦʙʤʽʥʫ ʚ ʢʦʦʨʜʠʥʘʪʘʭ h - d 

ʜʽʘʛʨʘʤʠ ʘʥʘʣʦʛʽʯʥʠʡ ʢʘʣʦʨʠʬʝʨʘʤ ʥʘʛʨʽʚʫ ʧʦʚʽʪʨʷ. 

 

1.6 ɼʠʥʘʤʽʯʥʽ ʤʦʜʝʣ ̔ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʢʦʥʜʠʮʽʦʥʝʨʘ: 

ʘʥʘʣʽʟ ʽ ʩʠʩʪʝʤʘʪʠʟʘʮʽʷ 

ʉʂʇ ̒ ʩʢʣʘʜʥʦʶ ʪʝʭʥʽʯʥʦʶ ʩʠʩʪʝʤʦʶ, ʜʝ ʧʝʨʝʧʣʽʪʘʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ 

ʨʦʙʦʪʠ ʜʦʩʣʽʜʥʠʢʽʚ ʨʽʟʥʠʭ ʪʝʭʥʽʯʥʠʭ ʩʧʝʮʽʘʣʴʥʦʩʪʝʡ. ʊʫʪ ʜʦʩʣʽʜʞʫʶʪʴʩʷ 

ʧʦʚʽʪʨʦʦʙʤʽʥʥʽ ʧʨʦʮʝʩʠ [52ï58], ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʪʝʭʥʦʣʦʛʽʾ 

ʰʪʫʯʥʦʛʦ ʤʽʢʨʦʢʣʽʤʘʪʫ [59ï66], ʧʽʜʚʠʱʫʻʪʴʩʷ ʝʬʝʢʪʠʚʥʽʩʪʴ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʦʙʣʘʜʥʘʥʥʷ ʢʦʥʜʠʮʽʦʥʝʨʽʚ [67ï74] ʪʘ ʽʥʰʝ. ʋʩʽ ʥʘʧʨʷʤʢʠ ʜʦʩʣʽʜʞʝʥʴ 

ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʥʘʷʚʥʦʩʪʽ ʩʘʤʦʛʦ ʦʙôʻʢʪʫ ʜʦʩʣʽʜʞʝʥʥʷ ï ʉʂʇ. ʇʽʜˇʨʫʥʪʷʤ ʜʣʷ 

ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʦʙʨʦʙʢʠ ʧʦʚʽʪʨʷ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʪʝʧʣʦ- ʪʘ ʤʘʩʦʦʙʤʽʥʫ 

ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʢʦʥʜʠʮʽʦʥʝʨʘ. 
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ɿʥʘʯʥʠʡ ʚʢʣʘʜ ʚ ʨʦʟʚʠʪʦʢ ʪʝʦʨʝʪʠʯʥʠʭ ʦʩʥʦʚ ʧʨʦʝʢʪʫʚʘʥʥʷ ʉʂʇ, 

ʨʦʟʨʦʙʢʠ ʥʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʩʭʝʤʥʠʭ ʨʽʰʝʥʴ ʚʥʝʩʣʠ 

ʫʢʨʘʾʥʩʴʢʽ ʜʦʩʣʽʜʥʠʢʠ ɺ.ɺ. ɼʞʝʜʞʫʣʘ [32], ʆ.ʄ. ɻʦʨʽʥ [61], ɺ.ɺ. ɺʠʯʫʞʘʥʽʥ 

[67], ʅ.ɺ. ɾʠʭʘʨʻʚʘ [124], ʆ.ɯ. ʃʠʧʘ [125], ʄ.ʌ. ɼʨʫʢʦʚʘʥʠʡ [126], ɺ.ʉ. 

ʂʨʘʚʯʝʥʢʦ [127] ʪʘ ʟʘʢʦʨʜʦʥʥʽ ʩʧʝʮʽʘʣʽʩʪʠ W. Carrier [128], S.N. Nuggenhalli 

[129], S.K. Wang [130], W.F. Stoecker [131], R. McDowall [132]. ɼʦʩʣʽʜʞʝʥʥʷ 

ʜʠʥʘʤʽʯʥʠʭ ʨʝʞʠʤʽʚ ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʨʦʟʨʦʙʢʘ ʪʝʦʨʝʪʠʯʥʠʭ ʦʩʥʦʚ 

ʫʧʨʘʚʣʽʥʥʷ ʉʂʇ ʨʦʟʛʣʷʥʫʪʦ ʚ ʨʦʙʦʪʘʭ ɽ.ʉ. ɹʦʥʜʘʨʷ [31, 39], ʉ.ɺ. ʅʝʬʻʣʦʚʘ 

[133], ʆ.ʆ. ʈʠʤʢʝʚʠʯʘ [134], ʆ.ɻ. ʉʦʪʥʽʢʦʚʘ [135], R.J. Auvil  [136], R.W. Haines 

ʪʘ D.C. Hittle [137], F. Shadpour [138] ʪʘ ʽʥʰʠʭ ʥʘʫʢʦʚʮʽʚ. 

ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʢʦʤ ʜʦʩʣʽʜʞʝʥʴ ʽʟ ʨʦʟʨʦʙʢʠ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʤʦʜʝʣʝʡ ʉʂʇ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʘʪʠʩʪʠʯʥʠʠʭ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʪʘ ʤʘʰʠʥʥʦʛʦ 

ʥʘʚʯʘʥʥʷ. ʎʝ ʜʘʻ ʟʤʦʛʫ ʦʮʽʥʶʚʘʪʠ ʜʠʥʘʤʽʯʥʫ ʧʦʚʝʜʽʥʢʫ ʩʠʩʪʝʤʠ ʤʽʢʨʦʢʣʽʤʘʪʫ 

ʥʘ ʦʩʥʦʚʽ ʽʩʪʦʨʠʯʥʠʭ ʜʘʥʠʭ. ʉʝʨʝʜ ʥʘʷʚʥʠʭ ʧʫʙʣʽʢʘʮʽʡ ʩʣʽʜ ʚʠʜʽʣʠʪʠ ʥʘʫʢʦʚʮʽʚ 

ʽʟ ʫʥʽʚʝʨʩʠʪʝʪʫ ʇʝʨʜʴʶ [104] (ʉʐɸ), ʪʘʾʣʘʥʜʩʴʢʠʭ ʥʘʫʢʦʚʮʽʚ ʽʟ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ʊʘʤʤʘʩʘʪ [105], ʢʠʪʘʡʩʴʢʠʭ ʥʘʫʢʦʚʮʽʚ ʽʟ ʨʽʟʥʠʭ ʫʥʽʚʝʨʩʠʪʝʪʽʚ [106 ï 110]. ʋ 

ʩʚʦʾʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʥʘʫʢʦʚʮʽ ʟʘʩʪʦʩʦʚʫʶʪʴ ʤʦʜʝʣʽ ʄʘʨʢʦʚʘ, ʘʚʪʦʨʝʛʨʝʩʽʾ, 

ʥʝʡʨʦʥʥ ̔ʤʝʨʝʞʽ ʪʘ ʜʠʥʘʤʽʯʥʽ ʤʝʨʝʞʽ ɹʘʡʻʩʘ. ɺʘʨʪʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʙʽʣʴʰʽʩʪʴ 

ʧʫʙʣʽʢʘʮʽʡ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʪʦʜʦʣʦʛʽʶ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ, ʟʦʩʝʨʝʜʞʝʥʽ 

ʥʘ ʤʽʩʮʝʚʠʭ ʢʦʥʜʠʮʽʦʥʝʨʘʭ, ʱʦ ʨʝʘʣʽʟʫʶʪʴ ʩʫʭʽ ʤʝʪʦʜʠ ʦʙʨʦʙʢʠ ʧʦʚʽʪʨʷ. ʊʘʢʽ 

ʩʠʩʪʝʤʠ ʻ ʪʝʭʥʦʣʦʛʽʯʥʦ ʧʨʦʩʪʽʰ ̔ ʫ ʨʝʘʣʽʟʘʮʽʾ ʧʦʨʽʚʥʷʥʦ ʟ ʮʝʥʪʨʘʣʴʥʠʤʠ 

ʢʦʥʜʠʮʽʦʥʝʨʘʤʠ. 

ʉʫʯʘʩʥʘ ʤʝʪʦʜʦʣʦʛʽʷ ʜʦʩʣʽʜʞʝʥʥʷ ʩʢʣʘʜʥʠʭ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʨʠʥʮʠʧ ʜʝʢʦʤʧʦʟʠʮʽʾ, ʟʛʽʜʥʦ ʷʢʦʛʦ ʉʂʇ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʧʽʜʩʠʩʪʝʤʠ ʜʣʷ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʾʭʥʽʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ 

ʚʧʣʠʚʫ ʥʘ ʩʠʩʪʝʤʫ ʟʘʛʘʣʦʤ. ɺʦʜʥʦʯʘʩ ʘʥʘʣʽʟ ʉʂʇ ʥʝ ̒ ʩʘʤʦʜʦʩʪʘʪʥʴʦʶ ʤʝʪʦʶ, 

ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʚʠʢʦʥʫ ̒ ʨʦʣʴ ʜʦʧʦʤʽʞʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʫ ʧʨʦʤʠʩʣʦʚʦʤʫ 

ʚʠʨʦʙʥʠʮʪʚʽ. ʇʫʙʣʽʢʘʮʽʾ ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ [111ï114] ʧʝʨʝʢʦʥʣʠʚʦ ʩʚʽʜʯʘʪʴ, ʱʦ 

ʢʦʥʮʝʧʪʫʘʣʴʥʽ ʪʝʥʜʝʥʮʽʾ ʚ ʫʧʨʘʚʣʽʥʥʽ ʩʢʣʘʜʥʠʤʠ ʪʝʭʥʽʯʥʠʤʠ ʩʠʩʪʝʤʘʤʠ 
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ˇʨʫʥʪʫʶʪʴʩʷ ʟʘ ʧʨʠʥʮʠʧʦʤ ʘʛʨʝʛʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʽ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ 

ʚʠʨʦʙʥʠʮʪʚʦʤ ʚ ʻʜʠʥʫ ʢʽʙʝʨʬʽʟʠʯʥʫ ʩʠʩʪʝʤʫ [16, 109, 114, 115]. 

ɯʟ ʟʘʟʥʘʯʝʥʠʭ ʤʽʨʢʫʚʘʥʴ ʩʠʩʪʝʤʥʠʡ ʧʽʜʭʽʜ ʷʢ ʤʝʪʦʜʦʣʦʛʽʷ ʥʘʫʢʦʚʠʭ 

ʜʦʩʣʽʜʞʝʥʴ [46, 116] ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʝʩʪʠ ʚʩʝʙʽʯʥʠʡ ʘʥʘʣʽʟ ʉʂʇ 

ʚʨʘʭʫʚʘʚʰʠ ʩʢʣʘʜʥʽʩʪʴ ʧʨʦʮʝʩʫ ʧʽʜʛʦʪʦʚʢʠ ʧʦʚʽʪʨʷ ʜʣʷ ʦʙôʻʢʪʽʚ ʂɯ, ʚʠʢʦʥʘʚʰʠ 

ʛʣʠʙʠʥʥʠʡ ʘʥʘʣʽʟ ʚʩʽʭ ʩʪʦʨʽʥ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʘʢʦʾ ʩʠʩʪʝʤʠ. ʄʝʪʦʜʦʣʦʛʽʷ 

ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ ʨʦʟʨʦʙʣʝʥʘ ʽ ʚʠʢʣʘʜʝʥʘ ʫ ʨʦʙʦʪʘʭ ʄ.ɿ. ɿʛʫʨʦʚʩʴʢʦʛʦ ʪʘ 

ʅ.ɼ. ʇʘʥʢʨʘʪʦʚʦʾ [46], ɺ.ʄ. ʂʫʥʮʝʚʠʯʘ [117], ʇ.ɯ. ɹʽʜʶʢʘ [118], ɺ.ʗ. ɼʘʥʠʣʦʚʘ 

[119] ʪʘ ʙʘʛʘʪʴʦʭ ʽʥʰʠʭ ʫʢʨʘʾʥʩʴʢʠʭ ʪʘ ʟʘʢʦʨʜʦʥʥʠʭ ʘʚʪʦʨʽʚ. ʗʢ ʟʘʟʥʘʯʘʣʦʩʷ 

ʚʠʱʝ, ʥʘ ʩʴʦʛʦʜʥʽ ʜʦʩʣʽʜʥʠʢʠ ʧʨʦʚʦʜʷʪʴ ʜʝʢʦʤʧʦʟʠʮʽʶ ʢʦʥʜʠʮʽʦʥʝʨʘ ʥʘ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʙʣʦʢʠ, ʨʦʟʨʦʙʣʷʶʪʴ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʮʠʭ ʝʣʝʤʝʥʪʽʚ ʉʂʇ ʪʘ 

ʦʧʪʠʤʽʟʫʶʪʴ ʾʭ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. ʇʨʦʚʝʜʝʤʦ ʦʛʣʷʜ ʽʩʥʫʶʯʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʤʦʜʝʣʝʡ ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʉʂʇ. 

ʋ ʨʦʙʦʪʽ ɺ.ɺ. ʂʘʬʘʨʦʚʘ [120] ʨʦʟʛʣʷʥʫʪʦ ʤʦʜʝʣʶʚʘʥʥʷ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ 

ʧʨʦʮʝʩʽʚ ʪʝʧʣʦʦʙʤʽʥʫ ʜʣʷ ʧʦʚʝʨʭʥʝʚʠʭ ʪʝʧʣʦʦʙʤʽʥʥʠʭ ʘʧʘʨʘʪʽʚ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʪʝʧʣʦʦʙʤʽʥʫ ʧʨʝʜʩʪʘʚʣʷʶʪʴʩʷ ʩʠʩʪʝʤʦʶ 

ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ ʚ ʯʘʩʪʢʦʚʠʭ ʧʦʭʽʜʥʠʭ ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʪʝʧʣʦʘʢʫʤʫʣʷʮʽʾ 

ʫ ʪʨʫʙʢʘʭ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʪʘ ʽʟ ʚʨʘʭʫʚʘʥʥʷ ʪʝʧʣʦʘʢʫʤʫʣʷʮʽʾ ʪʨʫʙʯʘʪʢʠ. 

ʄʦʜʝʣʴ ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʪʝʧʣʦʘʢʫʤʫʣʷʮʽʾ ʫ ʪʨʫʙʢʘʭ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ  ̒

ʥʝʧʨʠʡʥʷʪʥʦʶ ʜʣʷ ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʨʦʟʛʣʷʥʫʪʦʛʦ, ʦʩʢʽʣʴʢʠ 

ʪʝʧʣʦʘʢʫʤʫʣʷʮʽʷ ʪʨʫʙʯʘʪʢʠ ʻ ʩʫʪʪʻʚʦʶ.  

ʈʦʟʛʣʷʥʫʪʽ ʥʝʜʦʣʽʢʠ ʜʠʥʘʤʽʯʥʠʭ ʤʦʜʝʣʝʡ ʪʝʧʣʦʦʙʤʽʥʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

ʚʨʘʭʦʚʘʥʦ ʫ ʨʦʙʦʪʘʭ [121, 122]. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʦʜʝʣʴ ʤʽʩʪʠʪʴ ʜʠʬʝʨʝʥʮʽʡʥʝ 

ʨʽʚʥʷʥʥʷ, ʱʦ ʦʧʠʩʫʻ ʪʝʧʣʦʘʢʫʤʫʣʷʮʽʶ ʢʦʨʧʫʩʫ ʪʝʧʣʦʦʙʤʽʥʥʦʛʦ ʘʧʘʨʘʪʫ. 

ɼʘʥʠʡ ʜʠʥʘʤʽʯʥʠʡ ʝʣʝʤʝʥʪ ʥʝ ʩʫʪʪʻʚʠʡ, ʚʨʘʭʦʚʫʶʯʠ ʪʝʧʣʦʽʟʦʣʷʮʽʶ ʢʦʨʧʫʩʘ ʪʘ 

ʡʦʛʦ ʥʝʟʥʘʯʥʫ ʧʣʦʱʫ ʪʝʧʣʦʦʙʤʽʥʫ, ʷʢʘ ʥʘ ʧʦʨʷʜʦʢ ʤʝʥʰʘ ʧʦʨʽʚʥʷʥʦ ʽʟ ʧʣʦʱʝʶ 

ʦʨʝʙʨʝʥʦʾ ʪʨʫʙʯʘʪʢʠ. ʅʘʷʚʥʽʩʪʴ ʯʝʪʚʝʨʪʦʛʦ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ 

ʫʩʢʣʘʜʥʶʻ ʤʦʜʝʣʴ. ɼʦ ʥʝʜʦʣʽʢʽʚ ʨʦʟʛʣʷʥʫʪʠʭ ʤʦʜʝʣʝʡ ʩʣʽʜ ʚʽʜʥʝʩʪʠ 

ʦʜʥʦʬʘʟʥʽʩʪʴ ʩʝʨʝʜʦʚʠʱʘ ʤʘʪʝʨʽʘʣʴʥʠʭ ʧʦʪʦʢʽʚ, ʦʩʢʽʣʴʢʠ ʧʨʠ ʦʭʦʣʦʜʞʝʥʥʽ ʪʘ 

ʦʩʫʰʝʥʥʽ ʧʦʚʽʪʨʷ ʯʘʩʪʠʥʘ ʚʦʣʦʛʠ ʽʟ ʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ ʤʦʞʝ ʢʦʥʜʝʥʩʫʚʘʪʠʩʷ. 
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ɺ ʨʦʙʦʪʽ ɺ.ɯ. ʌʝʜʦʨʦʚʘ [123] ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ ʽʟ ʟʤʽʥʦʶ ʘʛʨʝʛʘʪʥʦʛʦ ʩʪʘʥʫ ʤʘʪʝʨʽʘʣʴʥʠʭ ʧʦʪʦʢʽʚ ʧʨʠ 

ʢʦʥʜʝʥʩʘʮʽʾ ʧʘʨʠ. ɯʜʝʶ ʤʝʪʦʜʫ ʝʣʝʤʝʥʪʘʨʥʠʭ ʙʘʣʘʥʩʽʚ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʌʝʜʦʨʦʚʠʤ, ʩʣʽʜ ʚʠʢʦʨʠʩʪʘʪʠ ʧʨʠ ʨʦʟʨʦʙʮʽ ʤʦʜʝʣʽ ʪʝʧʣʦ- ʪʘ ʤʘʩʦʦʙʤʽʥʫ ʜʣʷ 

ʨʽʜʠʥʥʠʭ ʦʭʦʣʦʜʞʫʚʘʯʽʚ ʪʘ ʢʘʣʦʨʠʬʝʨʽʚ. 

ʊʝʦʨʝʪʠʯʥʽ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʚ ʽʥʞʝʥʝʨʥʠʭ 

ʨʦʟʨʘʭʫʥʢʘʭ ʜʠʥʘʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʪʠʧʫ ñʨʽʜʠʥʘïʧʦʚʽʪʨʷò 

ʦʧʠʩʫʶʪʴ ʣʘʥʢʦʶ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʢʘʥʘʣʫ ʚʧʣʠʚʫ [39, 135, 

139]. ʇʨʠ ʮʴʦʤʫ ʚʠʷʚʣʷʻʪʴʩʷ, ʱʦ ʩʪʘʣʘ ʯʘʩʫ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʘʥʘʣʫ ʚʧʣʠʚʫ. 

ʉʪʘʣʫ ʯʘʩʫ ʪʘ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʰʣʷʭʦʤ, 

ʥʘ ʧʨʘʢʪʠʮʽ ʪʘʢʦʞ ʢʦʨʠʩʪʫʶʪʴʩʷ ʛʨʘʬʦʘʥʘʣʽʪʠʯʥʠʤ ʤʝʪʦʜʦʤ [135]. 

ɺ ʨʦʙʦʪʽ [134] ʘʥʘʣʽʪʠʯʥʘ ʤʦʜʝʣʴ ʪʝʧʣʦʦʙʤʽʥʥʦʛʦ ʘʧʘʨʘʪʘ ʦʧʠʩʫʻʪʴʩʷ 

ʩʠʩʪʝʤʦʶ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʚ ʯʘʩʪʢʦʚʠʭ ʧʦʭʽʜʥʠʭ. ʈʦʟʚôʷʟʦʢ 

ʘʥʘʣʽʪʠʯʥʦʾ ʤʦʜʝʣʽ ʘʚʪʦʨʠ ʧʨʦʧʦʥʫʶʪʴ ʧʨʦʚʦʜʠʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʃʘʧʣʘʩʘ, ʚ ʧʫʙʣʽʢʘʮʽʾ ʢʘʥʘʣ ʨʝʛʫʣʶʚʘʥʥʷ ʪʝʧʣʦʦʙʤʽʥʥʦʛʦ 

ʘʧʘʨʘʪʫ ʧʨʝʜʩʪʘʚʣʝʥʦ ʘʧʝʨʽʦʜʠʯʥʦʶ ʣʘʥʢʦʶ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʽʟ ʟʘʧʽʟʥʝʥʥʷʤ. 

ɺ ʨʦʙʦʪʽ [140] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʨʦʟʧʦʜʽʣʝʥʫ ʤʦʜʝʣʴ, ʷʢʘ ʦʧʠʩʫʻ ʧʨʦʮʝʩ 

ʪʝʧʣʦʦʙʤʽʥʫ ʜʣʷ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʣʽʚ ʨʽʜʠʥʠ, ʪʝʧʣʦʦʙʤʽʥʥʦʾ 

ʩʪʽʥʢʠ ʪʘ ʧʦʚʽʪʨʷ. ɿʘʜʘʯʘ ʟʚʦʜʠʪʴʩʷ ʜʦ ʨʦʟʚôʷʟʘʥʥʷ ʜʚʦʭ ʨʽʚʥʷʥʴ ʫ ʯʘʩʪʠʥʥʠʭ 

ʧʦʭʽʜʥʠʭ ʽ ʦʜʥʦʛʦ ʟʚʠʯʘʡʥʦʛʦ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ. ʗʢ ʥʝʜʦʣʽʢ, ʩʣʽʜ 

ʚʽʜʟʥʘʯʠʪʠ ʦʙʤʝʞʝʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʝʣʽ ʜʣʷ ʨʽʜʠʥʥʠʭ ʦʭʦʣʦʜʞʫʚʘʯʽʚ, 

ʦʩʢʽʣʴʢʠ ʤʦʜʝʣʴ ʥʝ ʚʨʘʭʦʚʫʻ ʤʘʩʦʦʙʤʽʥʽ ʧʨʦʮʝʩʠ ʧʨʠ ʦʭʦʣʦʜʞʝʥʥʽ ʪʘ ʦʩʫʰʝʥʥʽ 

ʧʦʚʽʪʨʷ. ɿʘʟʥʘʯʝʥʠʡ ʥʝʜʦʣʽʢ ʚʨʘʭʦʚʘʥʦ ʫ ʩʪʘʪʪʽ [141], ʜʝ ʩʠʩʪʝʤʘ 

ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ ʪʝʧʣʦʦʙʤʽʥʫ ʜʦʧʦʚʥʶʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ ʤʘʩʦʦʙʤʽʥʫ, ʷʢʝ 

ʚʨʘʭʦʚʫʻ ʢʦʥʜʝʥʩʘʮʽʶ ʚʦʣʦʛʠ ʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ ʧʽʜ ʯʘʩ ʦʭʦʣʦʜʞʝʥʥʷ. 

ɸʚʪʦʨʠ ʨʦʙʦʪʠ [102] ʟʘʧʨʦʧʦʥʫʚʘʣʠ ʥʝʣʽʥʽʡʥʫ ʜʠʥʘʤʽʯʥʫ ʤʦʜʝʣʴ ʜʣʷ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ (ʦʭʦʣʦʜʞʫʚʘʯʘ), ʷʢʘ ʧʦʻʜʥʫʻ ʤʝʪʦʜ ʟʛʨʫʧʦʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

(Lumped Parameter Method, LPM) ʽ ʤʝʪʦʜ ʨʫʭʦʤʦʾ ʤʝʞʽ (Moving Boundary 

Method, MBM). ɺʜʦʩʢʦʥʘʣʝʥʠʡ ʤʝʪʦʜ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʥʘʧʨʷʤʢʫ LMTD (Log 

Mean Temperature Difference) ʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʪʝʧʣʦʦʙʤʽʥʫ 
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ʚ ʫʤʦʚʘʭ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʦʜʝʣʴ ʻ ʢʦʤʧʨʦʤʽʩʥʦ ʁʤʽʞ 

ʪʦʯʥʽʩʪʶ, ʰʚʠʜʢʦʜʽʻʶ ʪʘ ʩʪʽʡʢʽʩʪʶ, ɺʦʥʘ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʚʝʣʠʢʠʭ ʩʠʩʪʝʤ, ʜʝ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʚʠʪʨʘʪʠ ʻ ʢʨʠʪʠʯʥʠʤ 

ʬʘʢʪʦʨʦʤ. 

ʋ ʨʦʙʦʪʽ [107] ʘʚʪʦʨʠ ʧʦʻʜʥʫʁ ʪʴ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʩʪʠʯʥʠʡ ʧʽʜʭʽʜ ʟ̔ 

ʤʝʪʦʜʘʤʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. ʆʩʥʦʚʥʘ ʽʜʝʷ ʩʪʘʪʪʽ ï ʽʜʝʥʪʠʬʽʢʘʮʽʷ 

ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʝʨʝʜʘʯʽ K ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʪʝʧʣʦʦʙʤʽʥʥʠʢʦʤ. 

ɼʣʷ ʪʦʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ K ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʪʦʜ ʛʣʠʙʦʢʦʛʦ 

ʧʽʜʢʨʽʧʣʝʥʦʛʦ ʥʘʚʯʘʥʥʷ (Deep Deterministic Policy Gradient, DDPG). 

ɺʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʜʚʦʭ ʥʘʙʦʨʘʭ ʨʝʘʣʴʥʠʭ ʜʘʥʠʭ ʧʽʜʪʚʝʨʜʠʣʠ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʤʝʪʦʜʫ ʥʘʚʽʪʴ ʧʨʠ ʟʤʽʥʽ ʚʠʪʨʘʪʠ ʨʽʜʠʥʠ. ʉʝʨʝʜʥʷ ʚʽʜʥʦʩʥʘ ʧʦʭʠʙʢʘ ʤʽʞ 

ʧʨʦʛʥʦʟʦʚʘʥʠʤʠ ʪʘ ʨʝʘʣʴʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʩʢʣʘʣʘ ʤʝʥʰʝ 5%. 

ʉʢʣʘʜʥʽʩʪʴ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʪʝʧʣʦʤʘʩʦʦʙʤʽʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʟʨʦʰʫʚʘʣʴʥʠʭ 

ʢʘʤʝʨʘʭ ʫʩʢʣʘʜʥʶʻ ʦʪʨʠʤʘʥʥʷ ʦʜʥʦʟʥʘʯʥʠʭ ʜʠʥʘʤʽʯʥʠʭ ʪʘ ʩʪʘʪʠʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʋ ʜʦʩʣʽʜʥʠʢʽʚ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʨʦʟʨʘʭʫʥʢʦʚʽ 

ʟʘʣʝʞʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʽ ʚʠʜʠ ʧʝʨʝʜʘʪʥʠʭ ʬʫʥʢʮʽʡ. ʅʘʡʙʽʣʴʰ ʥʘʦʯʥʦʶ 

ʽʥʪʝʨʧʨʝʪʘʮʽʻʶ ʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʟʨʦʰʫʚʘʣʴʥʽʡ ʢʘʤʝʨʽ ʻ ʾʾ ʧʦʜʘʥʥʷ ʫ 

ʚʠʛʣʷʜʽ ʜʚʦʭ ʜʠʥʘʤʽʯʥʠʭ ʣʘʥʦʢ [39, 135]. ʇʝʨʰʘ ʣʘʥʢʘ ï ʩʘʤ ʧʨʦʩʪʽʨ ʢʘʤʝʨʠ 

ʟʨʦʰʫʚʘʥʥʷ ʜʝ ʧʨʦʭʦʜʷʪʴ ʪʝʧʣʦʤʘʩʦʦʙʤʽʥʽ ʧʨʦʮʝʩʠ. ɼʨʫʛʘ ʣʘʥʢʘ ï ʧʽʜʜʦʥ 

ʬʦʨʩʫʥʦʯʥʦʾ (ʘʙʦ ʩʦʪʦʚʦʾ) ʢʘʤʝʨʠ ʟʨʦʰʫʚʘʥʥʷ ʘʙʦ ʧʘʨʦʛʝʥʝʨʘʪʦʨ ʜʣʷ ʧʘʨʦʚʦʛʦ 

ʟʚʦʣʦʞʫʚʘʯʘ. ʗʢ ʧʨʘʚʠʣʦ, ʢʘʤʝʨʫ ʟʨʦʰʫʚʘʥʥʷ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʧʽʜʩʠʣʶʚʘʣʴʥʦʶ 

ʣʘʥʢʦʶ ʽʟ ʟʤʽʥʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʝʨʝʜʘʯʽ, ʷʢʠʡ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʯʘʪʢʦʚʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʧʨʠʧʣʠʚʥʦʛʦ ʧʦʚʽʪʨʷ ʪʘ ʚʠʙʨʘʥʦʛʦ ʢʘʥʘʣʫ ʢʝʨʫʚʘʥʥʷ 

ʟʨʦʰʫʚʘʣʴʥʦʶ ʢʘʤʝʨʦʶ. ɼʨʫʛʫ ʣʘʥʢʫ (ʧʽʜʜʦʥ ʬʦʨʩʫʥʦʯʥʦʾ ʢʘʤʝʨʠ ʘʙʦ 

ʧʘʨʦʛʝʥʝʨʘʪʦʨ) ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʘʧʝʨʽʦʜʠʯʥʦʶ ʣʘʥʢʦʶ ʽʟ ʩʪʘʣʦʶ ʯʘʩʫ, ʷʢʘ 

ʧʨʦʧʦʨʮʽʡʥʘ ʦʙôʻʤʫ ʚʦʜʠ ʥʘ ʟʨʦʰʝʥʥʷ. 

ʈʦʟʨʘʭʫʥʢʦʚʽ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʝʨʝʜʘʪʥʠʭ 

ʬʫʥʢʮʽʡ ʬʦʨʩʫʥʦʯʥʠʭ ʢʘʤʝʨ ʟʚʦʣʦʞʝʥʥʷ ʤʦʞʥʘ ʟʥʘʡʪʠ ʚ ʨʦʙʦʪ ̔

ʆ.ɺ. ʉʪʝʧʘʥʦʚʘ [142]. ʆʩʥʦʚʥʠʡ ʥʝʜʦʣʽʢ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʤʦʜʝʣʝʡ ï ʣʽʥʽʡʥʠʡ 

ʤʘʪʝʤʘʪʠʯʥʠʡ ʦʧʠʩ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʢʘʤʝʨʽ ʟʚʦʣʦʞʝʥʥʷ. ɸʚʪʦʨʠ 
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ʨʦʙʦʪʠ [139] ʧʨʦʧʦʥʫʶʪʴ ʤʘʪʝʤʘʪʠʯʥʠʡ ʦʧʠʩ ʢʘʤʝʨʠ ʟʚʦʣʦʞʝʥʥʷ ʫ ʚʠʛʣʷʜʽ 

ʘʧʝʨʽʦʜʠʯʥʦʾ ʣʘʥʢʠ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ. 

ʋ ʨʦʙʦʪʘʭ [143, 144] ɺʠʯʫʞʘʥʽʥ ɺ.ɺ. ʟʘʧʨʦʧʦʥʫʚʘʚ ʤʦʜʝʣʴ ʧʘʨʦʚʦʛʦ 

ʟʚʦʣʦʞʫʚʘʯʘ ʫ ʚʠʛʣʷʜʽ ʩʠʩʪʝʤʠ ʟʚʠʯʘʡʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ. ʗʢ 

ʥʝʜʦʣʽʢ, ʩʣʽʜ ʚʽʜʟʥʘʯʠʪʠ ʚʽʜʩʫʪʥʽʩʪʴ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʚʦʾ ʘʢʫʤʫʣʷʮʽʾ ʫ 

ʻʤʥʦʩʪʽ ʧʘʨʦʛʝʥʝʨʘʪʦʨʘ, ʷʢʘ ʙʫʜʝ ʩʫʪʪʻʚʦʶ ʚʨʘʭʦʚʫʶʯʠ ʤʘʩʫ ʧʘʨʦʛʝʥʝʨʘʪʦʨʘ. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʧʣʦ- ʪʘ ʤʘʩʦʦʙʤʽʥʫ ʫ ʨʦʙʦʪʘʭ ʃ.ʄ. ɿʫʩʤʘʥʦʚʠʯʘ 

[145, 146] ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʙʝʟʨʦʟʤʽʨʥʽ ʟʘʣʝʞʥʦʩʪʽ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ 

ʟʤʽʥʫ ʝʥʪʘʣʴʧʽʾ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ ʧʨʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦʤʫ 

ʢʦʥʪʘʢʪʽ ʧʦʚʽʪʨʷ ʽʟ ʚʦʜʦʶ. ɹʝʟʨʦʟʤʽʨʥʽ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʤʽʥʠ 

ʝʥʪʘʣʴʧʽʾ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ʦʪʨʠʤʘʥʽ ʥʘ ʦʩʥʦʚʽ ʨʦʟʚôʷʟʢʫ ʩʠʩʪʝʤʠ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʧʦʚʥʦʛʦ ʪʘ ʷʚʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ. 

ʋ ʨʦʙʦʪʽ [147] ʇ.ɺ. ʋʯʘʩʪʢʽʥ ʟʘʧʨʦʧʦʥʫʚʘʚ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʫ 

ʬʦʨʩʫʥʦʯʥʠʭ ʟʚʦʣʦʞʫʚʘʯʘʭ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʦʥʷʪʪʷ ʦʙôʻʤʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʪʝʧʣʦ- ʪʘ ʤʘʩʦʦʙʤʽʥʫ. ɿʘ ʩʫʪʪʶ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʧʠʩʫ ʧʨʦʮʝʩʽʚ ʤʦʜʝʣʽ 

ʃ.ʄ. ɿʫʩʤʘʥʦʚʠʯʘ ʪʘ ʇ.ɺ. ʋʯʘʩʪʢʽʥ ʥʝ ʚʽʜʨʽʟʥʷʶʪʴʩʷ.  

ʇʨʦʚʝʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʪʝʧʣʦʤʘʩʦʦʙʤʽʥʫ ʥʘ 

ʧʦʚʝʨʭʥʽ ʦʢʨʝʤʠʭ ʚʽʣʴʥʦ ʧʘʜʘʶʯʠʭ ʢʨʘʧʣʠʥ ʜʦʟʚʦʣʠʣʠ ʫʟʘʛʘʣʴʥʠʪʠ 

ʨʝʟʫʣʴʪʘʪʠ ʫ ʢʨʠʪʝʨʽʘʣʴʥʽʡ ʬʦʨʤʽ [148, 149]. ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʚʢʘʟʘʥʽ 

ʢʨʠʪʝʨʽʘʣʴʥʽ ʟʘʣʝʞʥʦʩʪʽ ʥʝ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʧʨʘʢʪʠʯʥʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦ- ʪʘ ʤʘʩʦʦʙʤʽʥʫ ʫ ʬʦʨʩʫʥʦʯʥʠʭ ʢʘʤʝʨʘʭ 

ʢʦʥʜʠʮʽʦʥʝʨʽʚ ʽʟ-ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʜʘʥʠʭ ʧʨʦ ʜʽʘʤʝʪʨʠ ʢʨʘʧʣʠʥ ʪʘ ʚʝʣʠʯʠʥʠ 

ʨʝʟʫʣʴʪʫʶʯʦʾ ʰʚʠʜʢʦʩʪʽ ʧʦʚʽʪʨʷ, ʱʦ ʦʙʪʽʢʘʻ ʢʨʘʧʣʠʥʠ. 

ʂʘʤʝʨʠ ʟʤʽʰʫʚʘʥʥʷ ʧʦʚʽʪʨʷ ʷʢ ʦʙôʻʢʪ ʢʝʨʫʚʘʥʥʷ ʧʨʠʡʥʷʪʦ ʨʦʟʛʣʷʜʘʪʠ ʷʢ 

ʙʝʟʽʥʝʨʮʽʡʥʫ ʧʨʦʧʦʨʮʽʡʥʫ ʣʘʥʢʫ [31, 68, 135], ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʷʢʦʾ 

ʟʥʘʭʦʜʠʪʴʩʷ ʽʟ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʪʝʧʣʦʚʦʛʦ ʪʘ ʤʘʩʦʚʦʛʦ ʙʘʣʘʥʩʽʚ (1.5). 

ɺʘʞʣʠʚʠʤ ʜʠʥʘʤʽʯʥʠʤ ʝʣʝʤʝʥʪʦʤ ʫ ʩʠʩʪʝʤʽ ʢʝʨʫʚʘʥʥʷ ʰʪʫʯʥʠʤ 

ʤʽʢʨʦʢʣʽʤʘʪʦʤ ʻ ʧʨʠʤʽʱʝʥʥʷ. ɿʘʟʚʠʯʘʡ ʫ ʧʨʠʤʽʱʝʥʥʷʭ, ʜʝ ʧʨʦʭʦʜʠʪʴ 

ʢʦʥʜʠʮʽʶʚʘʥʥʷ, ʟʤʽʥʥʝ ʪʝʧʣʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʚʦʣʦʛʽʩʪʴ ï ʚʽʜʥʦʩʥʦ ʩʪʘʣʘ, ʘ 

ʧʦʚʽʪʨʷʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦʪʨʝʙʫʻ ʜʝʷʢʦʾ ʤʽʥʽʤʘʣʴʥʦʾ ʚʠʪʨʘʪʠ ʟʦʚʥʽʰʥʴʦʛʦ 
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ʧʦʚʽʪʨʷ. ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʪʝʧʣʦ- ʪʘ ʧʦʚʽʪʨʦʦʙʤʽʥʫ ʫ ʧʨʠʤʽʱʝʥʥʷʭ ʽʟ 

ʜʞʝʨʝʣʘʤʠ ʪʝʧʣʘ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚ ʙʘʛʘʪʴʦʭ ʨʦʙʦʪʘʭ, ʟʦʢʨʝʤʘ ʚ [47, 54, 

150 ï 152]. ʆʨʛʘʥʽʟʘʮʽʶ ʧʦʚʽʪʨʦʦʙʤʽʥʫ ʚ ʧʨʦʤʠʩʣʦʚʠʭ ʮʝʭʘʭ ʨʦʟʛʣʷʥʫʪʦ ʚ 

ʨʦʙʦʪʘʭ ʄ.ʁ. ɻʨʠʤʽʪʣʽʥʘ, ɻ.ʄ. ʇʦʟʽʥʘ, ɸ.ʗ. ʊʢʘʯʫʢʘ, ɺ.ʇ. ʂʦʨʙʫʪʘ, 

ɺ.ɹ. ɼʦʚʛʘʣʶʢʘ ʪʘ ʙʘʛʘʪʴʦʭ ʽʥʰʠʭ. ʇʨʠ ʯʠʩʝʣʴʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʧʨʦʮʝʩʽʚ 

ʪʝʧʣʦ- ʪʘ ʧʦʚʽʪʨʦʦʙʤʽʥʫ ʜʦʩʣʽʜʥʠʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʟʦʩʝʨʝʜʞʝʥʽ ʪʘ 

ʨʦʟʧʦʜʽʣʝʥʽ ʤʦʜʝʣʽ ʧʨʦʤʠʩʣʦʚʠʭ ʧʨʠʤʽʱʝʥʴ. ʈʦʟʧʦʜʽʣʝʥʽ ʤʦʜʝʣʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʚʝʢʪʠʚʥʠʭ ʩʪʨʫʤʝʥʽʚ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ 

ʪʘ ʨʦʟʨʦʙʮʽ ʧʨʠʪʦʯʥʦ-ʚʠʪʷʞʥʠʭ ʩʠʩʪʝʤ ʧʦʚʽʪʨʦʦʙʤʽʥʫ ʫ ʧʨʦʤʠʩʣʦʚʠʭ 

ʧʨʠʤʽʱʝʥʥʷʭ, ʱʦ ʜʦʟʚʦʣʷʻ ʢʦʤʧʝʥʩʫʚʘʪʠ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʪʘ 

ʫʩʫʥʫʪʠ ʪʝʤʧʝʨʘʪʫʨʥʽ ʨʦʟʧʦʜʽʣʝʥʥʷ ʟʘ ʧʨʦʩʪʦʨʦʚʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ 

ʧʨʠʤʽʱʝʥʥʷ. ʂʦʨʝʢʪʥʦ ʟʘʧʨʦʝʢʪʦʚʘʥʘ ʩʠʩʪʝʤʘ ʧʦʚʽʪʨʦʦʙʤʽʥʫ ʧʨʠʤʽʱʝʥʥʷ (ʽʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʪʝʧʣʦʚʠʭ ʟʙʫʨʝʥʴ ʦʙʣʘʜʥʘʥʥʷ) ʜʦʟʚʦʣʷʻ ʩʫʪʪʻʚʦ ʟʤʝʥʰʠʪʠ 

ʧʨʦʩʪʦʨʦʚʝ ʨʦʟʧʦʜʽʣʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʫ ʧʨʠʤʽʱʝʥʥʽ, ʘ ʩʘʤʝ 

ʧʨʠʤʽʱʝʥʥʷ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʜʠʥʘʤʽʯʥʠʡ ʝʣʝʤʝʥʪ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʽʟ 

ʟʦʩʝʨʝʜʞʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 

ɯʟ ʨʦʟʛʣʷʥʫʪʠʭ ʤʽʨʢʫʚʘʥʴ, ʧʨʠ ʨʦʟʨʦʙʮʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʜʣʷ ʉʂʇ 

ʧʨʠʤʽʱʝʥʥʷ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʜʠʥʘʤʽʯʥʠʡ ʝʣʝʤʝʥʪ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʽʟ 

ʟʦʩʝʨʝʜʞʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ [29]. ʊʘʢʽ ʦʙôʻʢʪʠ ʨʝʛʫʣʶʚʘʥʥʷ ʜʦʩʪʘʪʥʴʦ 

ʜʦʩʣʽʜʞʝʥʽ: ʘʥʘʣʽʪʠʯʥʦ ʦʪʨʠʤʘʥʽ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʽʜʪʚʝʨʜʞʝʥʽ ʟʥʘʯʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʝʨʝʜʘʯʽ ʪʘ ʩʪʘʣʽ ʯʘʩʫ ʜʣʷ ʧʝʨʝʜʘʪʥʠʭ ʬʫʥʢʮʽʡ. 

ʋ ʨʦʙʦʪʽ [135] ʘʥʘʣʽʪʠʯʥʦ ʦʪʨʠʤʘʥʘ ʧʝʨʝʜʘʪʥʘ ʬʫʥʢʮʽʷ ʧʨʠʤʽʱʝʥʥʷ ʟʘ 

ʢʘʥʘʣʦʤ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠʧʣʠʚʥʦʛʦ ʧʦʚʽʪʨʷ ʷʢ ʘʧʝʨʽʦʜʠʯʥʘ ʣʘʥʢʘ ʽʟ 

ʢʦʨʝʢʮʽʻʶ. ʇʘʨʘʤʝʪʨʠ ʤʦʜʝʣʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ ʢʨʘʪʥʦʩʪʽ 

ʧʦʚʽʪʨʦʦʙʤʽʥʫ, ʫʟʘʛʘʣʴʥʝʥʠʤ ʨʦʟʤʽʨʦʤ ʧʨʠʤʽʱʝʥʥʷ ʪʘ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʜʣʷ ʦʛʦʨʦʜʞʫʶʯʠʭ ʩʪʽʥ. 

ʋ ʤʦʥʦʛʨʘʬʽʾ [122] ʘʚʪʦʨʠ ʨʦʟʛʣʷʜʘʶʪʴ ʤʦʜʝʣʴ ʧʨʦʪʦʯʥʦʾ ʻʤʥʦʩʪʽ ʽʟ 

ʪʦʚʩʪʠʤʠ ʩʪʽʥʘʤʠ, ʷʢ ʩʠʩʪʝʤʫ ʽʟ ʜʚʦʭ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ, ʷʢʘ ʚʨʘʭʦʚʫʻ 

ʪʝʤʧʝʨʘʪʫʨʥʝ ʨʦʟʧʦʜʽʣʝʥʥʷ ʟʘ ʪʦʚʱʠʥʦʶ ʦʛʦʨʦʜʞʫʶʯʦʾ ʩʪʽʥʢʠ. 
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1.7 ɸʥʘʣʽʟ ʧʨʦʮʝʩʽʚ ʢʝʨʫʚʘʥʥʷ ʜʣʷ ʩʠʩʪʝʤ ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʧʦʚʽʪʨʷ 

ɺʠʩʦʢʦʷʢʽʩʥʘ ʨʦʙʦʪʘ ʉʂʇ, ʪʦʯʥʽʩʪʴ ʩʪʘʙʽʣʽʟʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʧʦʚʽʪʨʷ, 

ʟʥʠʞʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʪʨʘʪ ʪʘ ʩʪʨʦʢʽʚ ʦʢʫʧʥʦʩʪʽ ʢʣʽʤʘʪʠʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʘʣʛʦʨʠʪʤʽʚ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʦʾ 

ʨʝʘʣʽʟʘʮʽʾ ʢʦʥʜʠʮʽʦʥʝʨʘ. ɯʩʪʦʨʽʷ ʨʦʟʚʠʪʢʫ ʉʂʇ ʥʝʨʦʟʨʠʚʥʦ ʧʦʚôʷʟʘʥʘ ʽʟ 

ʨʦʟʨʦʙʢʦʶ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʢʦʥʜʠʮʽʦʥʝʨʘʤʠ [39, 128]. ʂʦʥʜʠʮʽʦʥʝʨ ʤʦʞʝ 

ʧʨʘʮʶʚʘʪʠ ʪʽʣʴʢʠ ʚ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ, ʜʣʷ ʉʂʇ ʨʫʯʥʦʛʦ ʨʝʞʠʤʫ 

ʢʝʨʫʚʘʥʥʷ ʥʝ ʽʩʥʫʻ, ʱʦ ʻ ʦʩʦʙʣʠʚʽʩʪʶ ʜʘʥʦʛʦ ʊʇ. 

ɸʥʘʣʽʟ ʧʨʦʮʝʩʽʚ ʢʝʨʫʚʘʥʥʷ ʧʦʢʘʟʘʚ, ʱʦ ʜʣʷ ʉʂʇ ʚʽʜʦʤʽ ʨʽʟʥʽ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʨʽʰʝʥʥʷ ʢʦʥʪʫʨʽʚ ʨʝʛʫʣʶʚʘʥʥʷ. ʎʝ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʝʭʥʦʣʦʛʽʻʶ 

ʧʽʜʛʦʪʦʚʢʠ ʧʦʚʽʪʨʷ ʪʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʧʫ ʪʘ ʢʽʣʴʢʽʩʥʦʛʦ ʩʢʣʘʜʫ ʢʣʽʤʘʪʠʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʢʦʥʜʠʮʽʦʥʝʨʘ. ʅʘ ʩʴʦʛʦʜʥʽ, ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʉʂʇ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʦʜʥʦʢʦʥʪʫʨʥʽ ʩʠʩʪʝʤʠ ʨʝʛʫʣʶʚʘʥʥʷ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʘʚʪʦʤʘʪʠʯʥʫ 

ʩʪʘʙʽʣʽʟʘʮʽʶ ʧʘʨʘʤʝʪʨʽʚ ʚʽʜʦʩʦʙʣʝʥʠʭ ʘʧʘʨʘʪʽʚ ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ 

ʧʦʚôʷʟʘʥʽ ʫ ʻʜʠʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʧʽʜʛʦʪʦʚʢʠ ʧʦʚʽʪʨʷ. 

ʋ ʥʦʨʤʘʪʠʚʥʦʤʫ ʜʦʢʫʤʝʥʪʽ ɼɹʅ ɺ.2.5-67:2013 [154] ʨʝʛʣʘʤʝʥʪʫʶʪʴʩʷ 

ʟʘʛʘʣʴʥʽ ʚʠʤʦʛʠ ʜʦ ʢʝʨʫʚʘʥʥʷ ʉʂʇ. ɼʣʷ ʢʝʨʫʚʘʥʥʷ ʉʂʇ ʜʽʘʧʘʟʦʥ ʟʤʽʥʥʠʭ 

(ʥʘʚʘʥʪʘʞʝʥʴ, ʨʝʛʫʣʴʦʚʘʥʠʭ ʚʝʣʠʯʠʥ, ʟʦʚʥʽʰʥʽʭ ʪʘ ʚʥʫʪʨʽʰʥʽʭ ʟʙʫʨʝʥʴ) ʜʫʞʝ 

ʰʠʨʦʢʠʡ. ʈʷʜ ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʽʚ ʦʙʤʝʞʝʥʠʡ, ʘ ʜʝʷʢʽ ʝʣʝʤʝʥʪʠ ʧʦʢʠ ʱʦ 

ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʢʝʨʦʚʘʥʠʤʠ. ʊʦʤʫ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ 

ʢʦʥʜʠʮʽʦʥʝʨʘʤʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʥʝʪʨʘʜʠʮʽʡʥʽ ʨʽʰʝʥʥʷ, ʽʥʢʦʣʠ ʽʟ ʧʦʟʠʮʽʡʥʠʤ 

ʨʝʛʫʣʶʚʘʥʥʷʤ, ʱʦ ʚ ʮʽʣʦʤʫ ʥʝʛʘʪʠʚʥʦ ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʥʘ ʷʢʦʩʪʽ ʢʝʨʫʚʘʥʥʷ [39, 

155 ï 159]. 

ʉʴʦʛʦʜʥʽ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʩʢʣʘʜʥʠʤʠ ʥʝʣʽʥʽʡʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʥʘʫʢʦʚʮʽ 

ʚʧʨʦʚʘʜʞʫʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ ʥʝʯʽʪʢʦʛʦ ʪʘ ʥʝʡʨʦʥʥʦʛʦ ʢʝʨʫʚʘʥʥʷ 

[160 ï 166]. ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʠʭ ʤʝʪʦʜʽʚ ʜʣʷ ʉʂʇ ʤʘʻ ʩʚʦʾ ʦʙʤʝʞʝʥʥʷ. ʇʦ-

ʧʝʨʰʝ, ʤʝʪʦʜʠ ʥʝʡʨʦʥʥʦʛʦ ʪʘ ʥʝʯʽʪʢʦʛʦ ʢʝʨʫʚʘʥʥʷ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʜʣʷ 

ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʘʤʠ, ʷʢʽ ʧʦʛʘʥʦ ʚʠʚʯʝʥʽ ʪʘ ʥʝ ʤʘʶʪʴ ʘʜʝʢʚʘʪʥʠʭ ʤʦʜʝʣʝʡ ʊʇ 

[162]. ʇʨʦʮʝʩʠ ʪʝʧʣʦ- ʪʘ ʤʘʩʦʦʙʤʽʥʫ ʚʠʚʯʝʥʽ ʪʘ ʦʧʠʩʫʶʪʴʩʷ ʘʥʘʣʽʪʠʯʥʠʤʠ 

ʟʘʣʝʞʥʦʩʪʷʤʠ. ʗʢʱʦ ʜʦʩʣʽʜʥʠʢ ʫ ʩʚʦʻʤʫ ʨʦʟʧʦʨʷʜʞʝʥʥʽ ʤʘʻ ʘʜʝʢʚʘʪʥʫ ʤʦʜʝʣʴ 
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ʬʽʟʠʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʪʦ ʢʣʘʩʠʯʥʽ ʤʝʪʦʜʠ ʦʧʪʠʤʽʟʘʮʽʾ ʩʠʩʪʝʤʠ ʜʘʶʪʴ ʢʨʘʱʽ 

ʨʝʟʫʣʴʪʘʪʠ. ʇʦ-ʜʨʫʛʝ, ʜʣʷ ʥʝʡʨʦʥʥʠʭ ʨʝʛʫʣʷʪʦʨʽʚ ʚʠʥʠʢʘʻ ʟʘʜʘʯʘ ʨʦʟʨʦʙʢʠ 

ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʪʘ ʾʾ ʥʘʚʯʘʥʥʷ, ʘ ʜʣʷ ʩʠʩʪʝʤ ʥʝʯʽʪʢʦʛʦ ʢʝʨʫʚʘʥʥʷ ï ʟʘʜʘʯʘ 

ʬʘʟʠʬʽʢʘʮʽʾ ʪʘ ʜʝʬʘʟʠʬʽʢʘʮʽʾ ʟʥʘʯʝʥʴ ʟʤʽʥʥʠʭ ʢʝʨʫʚʘʥʥʷ ʫ ʥʝʯʽʪʢʠʡ ʬʦʨʤʘʪ 

[161, 163, 166]. ʂʦʞʥʘ ʽʟ ʟʘʜʘʯ ʤʘʻ ʩʚʦʾ ʩʢʣʘʜʥʦʩʪʽ, ʷʢʽ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʽ ʽʟ 

ʜʠʥʘʤʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʊʇ. ʉʢʣʘʜʥʽʩʪʴ ʜʘʥʠʭ ʟʘʜʘʯ ʩʧʽʚʤʽʨʥʘ ʽʟ 

ʩʢʣʘʜʥʽʩʪʶ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʧʠʩʫ ʊʇ. ʇʦ-ʪʨʝʪʻ, ʚʨʘʭʦʚʫʶʯʠ ʪʝʦʨʝʪʠʯʥʽ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʋʢʨʘʾʥʽ ʪʘ ʟʘ ʾʾ ʤʝʞʘʤʠ, ʨʦʟʨʦʙʥʠʢʠ ʉʂʇ 

ʚʽʜʜʘʶʪʴ ʧʝʨʝʚʘʛʫ ʢʣʘʩʠʯʥʠʤ ʤʝʪʦʜʘʤ ʢʝʨʫʚʘʥʥʷ. ʃʽʪʝʨʘʪʫʨʥʠʡ ʦʛʣʷʜ ʥʝ 

ʚʠʷʚʠʚ ʧʦʩʠʣʘʥʴ ʥʘ ʧʨʦʤʠʩʣʦʚʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʜʣʷ 

ʢʝʨʫʚʘʥʥʷ ʉʂʇ, ʱʦ ʤʦʞʝ ʩʚʽʜʯʠʪʠ ʧʨʦ ʩʢʣʘʜʥʽʩʪʴ ʘʙʦ ʥʝʝʬʝʢʪʠʚʥʽʩʪʴ 

ʥʝʡʨʦʥʥʠʭ ʤʝʪʦʜʽʚ ʢʝʨʫʚʘʥʥʷ ʧʨʦʤʠʩʣʦʚʠʤʠ ʢʦʥʜʠʮʽʦʥʝʨʘʤʠ. ʋ ʨʦʙʦʪʘʭ [167, 

168] ʘʚʪʦʨʠ ʧʨʦʚʝʣʠ ʜʦʩʣʽʜʞʝʥʥʷ ʦʢʨʝʤʠʭ ʢʦʥʪʫʨʽʚ ʨʝʛʫʣʶʚʘʥʥʷ ʉʂʇ ʽʟ 

ʥʝʯʽʪʢʦʶ ʣʦʛʽʢʦʶ. ɸʚʪʦʨʘʤʠ ʚʽʜʤʽʯʝʥʦ, ʱʦ ʦʩʥʦʚʥʦʶ ʩʢʣʘʜʥʽʩʪʶ ʻ ʢʦʨʝʢʪʥʝ 

ʚʠʟʥʘʯʝʥʥʷ fuzzy-ʧʨʘʚʠʣ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʧʨʦʮʝʩ ʨʝʛʫʣʶʚʘʥʥʷ. 

ʗʢ ʧʨʘʚʠʣʦ, ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʢʝʨʫʚʘʥʥʷ ʉʂʇ ʦʙʤʝʞʫʻʪʴʩʷ 

ʨʝʢʦʤʝʥʜʘʮʽʷʤʠ ʽʟ ʚʠʙʦʨʫ ʟʘʢʦʥʫ ʨʝʛʫʣʶʚʘʥʥʷ ʜʣʷ ʪʠʧʦʚʠʭ ʢʦʥʪʫʨʽʚ [39, 139]. 

ʇʨʠ ʨʦʟʨʦʙʮʽ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʢʦʥʜʠʮʽʦʥʝʨʘʤʠ, ʥʘʣʘʜʯʠʢʠ ʚʽʜʜʘʶʪʴ 

ʧʝʨʝʚʘʛʫ ʇɯ- ʪʘ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʘʤ [31, 39, 134]. ʅʘ ʩʴʦʛʦʜʥʽ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʠ 

ʥʘʣʽʯʫʶʪʴ ʙʽʣʴʰʝ ʜʝʩʷʪʢʘ ʩʪʨʫʢʪʫʨ, ʩʝʨʝʜ ʷʢʠʭ ʫ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤʘʭ 

ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘʩʪʫʧʥʽ: ʢʣʘʩʠʯʥʘ (ʽʜʝʘʣʴʥʘ) [172]; ʧʦʩʣʽʜʦʚʥʘ 

[171], ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʧʥʝʚʤʘʪʠʯʥʠʭ ʪʘ ʝʣʝʢʪʨʦʥʥʠʭ ʨʝʛʫʣʷʪʦʨʘʭ; ʽʟ 

ʬʽʣʴʪʨʦʤ ʜʣʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ [170, 172]; ʨʝʛʫʣʷʪʦʨʠ ʽʟ 

ʤʦʜʠʬʽʢʦʚʘʥʦʶ ʩʪʨʫʢʪʫʨʦʶ [170, 171]. ʇɯ-ɼ- ʪʘ ɯ-ʇɼ-ʨʝʛʫʣʷʪʦʨʠ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʟʘʢʦʨʜʦʥʥʽ ʬʽʨʤʠ ABB, Honeywell, Fisher-Rosemount, 

Foxboro, SATT Instruments, Toshiba ʪʘ ʽʥʰʽ [173]. ʉʴʦʛʦʜʥʽ ʇɯ-ɼ- ʪʘ ɯ-ʇɼ-

ʨʝʛʫʣʷʪʦʨʠ ʨʦʟʛʣʷʜʘʶʪʴ ʷʢ ʦʢʨʝʤʠʡ ʪʠʧ ʨʝʘʣʽʟʘʮʽʾ ʟʘʢʦʥʫ ʢʝʨʫʚʘʥʥʷ [170, 173] 

ʪʘ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʥʝʧʝʨʝʨʚʥʠʤʠ ʝʥʝʨʛʦʻʤʥʠʤʠ 

ʧʨʦʮʝʩʘʤʠ [174 ï 176]. 
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ɸʥʘʣʽʟ ʧʨʦʮʝʩʽʚ ʢʝʨʫʚʘʥʥʷ ʉʂʇ ʜʦʟʚʦʣʷʻ ʚʠʦʢʨʝʤʠʪʠ ʧʨʠʥʮʠʧʠ 

ʢʽʣʴʢʽʩʥʦʛʦ ʪʘ ʷʢʽʩʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ [39, 133 ï 139, 156, 160, 180 ï 182]. ʇʨʠ 

ʢʽʣʴʢʽʩʥʦʤʫ ʨʝʛʫʣʶʚʘʥʥʽ ʥʝʦʙʭʽʜʥʽ ʧʘʨʘʤʝʪʨʠ ʤʽʢʨʦʢʣʽʤʘʪʫ ʫ ʧʨʠʤʽʱʝʥʥʽ 

ʜʦʩʷʛʘʶʪʴʩʷ ʰʣʷʭʦʤ ʟʤʽʥʠ ʚʠʪʨʘʪʠ ʧʦʚʽʪʨʷ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʫ ʧʨʠʤʽʱʝʥʥʷ. 

ʂʽʣʴʢʽʩʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʪʽʣʴʢʠ ʫ ʙʘʛʘʪʦʟʦʥʘʣʴʥʠʭ ʉʂʇ. 

ʗʢʽʩʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʦʜʥʦ- ʪʘ ʙʘʛʘʪʦʟʦʥʘʣʴʥʠʭ ʉʂʇ ʪʘ 

ʚʠʜʽʣʷʻ ʪʠʧʦʚʽ ʤʝʪʦʜʠ ʢʝʨʫʚʘʥʥʷ ʢʦʥʜʠʮʽʦʥʝʨʘʤʠ: ʢʝʨʫʚʘʥʥʷ ʟʘ ʪʝʤʧʝʨʘʪʫʨʦʶ 

ñʪʦʯʢʠ ʨʦʩʠò; ʢʝʨʫʚʘʥʥʷ ʟʘ ʤʝʪʦʜʦʤ ñʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʫò. 

ʉʝʨʝʜ ʥʘʟʚʘʥʠʭ ʥʘʡʙʽʣʴʰʝ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʦʪʨʠʤʘʚ ʤʝʪʦʜ ʢʝʨʫʚʘʥʥʷ 

ʉʂʇ ʟʘ ʪʝʤʧʝʨʘʪʫʨʦʶ ñʪʦʯʢʠ ʨʦʩʠò [39]. ɼʣʷ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʢʝʨʫʚʘʥʥʷ 

ʢʦʥʜʠʮʽʦʥʝʨʦʤ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʬʦʨʩʫʥʦʯʥʠʡ ʘʙʦ ʩʦʪʦʚʠʡ 

ʟʚʦʣʦʞʫʚʘʯ. ɼʣʷ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʨʝʛʫʣʶʚʘʥʥʷ ʧʦʚʽʪʨʷ ʧʦʩʣʽʜʦʚʥʦ ʧʨʦʭʦʜʠʪʴ 

ʦʙʨʦʙʢʫ ʥʘ ʢʘʣʦʨʠʬʝʨʽ ʧʝʨʰʦʛʦ ʧʽʜʽʛʨʽʚʫ, ʦʭʦʣʦʜʞʫʚʘʯʽ, ʟʚʦʣʦʞʫʚʘʯʽ ʽ ʜʘʣʽ 

ʥʘʜʭʦʜʠʪʴ ʥʘ ʢʘʣʦʨʠʬʝʨ ʜʨʫʛʦʛʦ ʧʽʜʽʛʨʽʚʫ. ʋ ʭʦʣʦʜʥʫ ʧʦʨʫ ʨʦʢʫ ʨʝʛʫʣʷʪʦʨ 

ʪʝʤʧʝʨʘʪʫʨʠ ñʪʦʯʢʠ ʨʦʩʠò ʚʧʣʠʚʘʻ ʥʘ ʢʣʘʧʘʥ ʪʝʧʣʦʥʦʩʽʷ ʢʘʣʦʨʠʬʝʨʘ ʧʝʨʰʦʛʦ 

ʧʽʜʽʛʨʽʚʫ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʧʦʚʽʪʨʷ ʥʘʛʨʽʣʦʩʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ñʪʦʯʢʠ ʨʦʩʠò ʟʘ 

ʟʚʦʣʦʞʫʚʘʯʝʤ. ʋ ʢʘʤʝʨʽ ʟʚʦʣʦʞʝʥʥʷ ʧʦʚʽʪʨʷ ʘʜʽʘʙʘʪʥʦ ʦʭʦʣʦʜʞʫʻʪʴʩʷ ʪʘ 

ʟʚʦʣʦʞʫʻʪʴʩʷ ʜʦ ñʪʦʯʢʠ ʨʦʩʠò. ɺ ʪʝʧʣʫ ʧʦʨʫ ʨʦʢʫ ʪʝʤʧʝʨʘʪʫʨʘ ñʪʦʯʢʠ ʨʦʩʠò ʟʘ 

ʟʚʦʣʦʞʫʚʘʯʝʤ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʨʝʛʫʣʷʪʦʨʦʤ ʚʧʣʠʚʦʤ ʥʘ ʢʣʘʧʘʥ ʭʦʣʦʜʦʥʦʩʽʷ 

ʦʭʦʣʦʜʞʫʚʘʯʘ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʧʦʪʦʯʥʠʭ ʟʥʘʯʝʥʴ ʟʦʚʥʽʰʥʴʦʛʦ 

ʤʽʢʨʦʢʣʽʤʘʪʫ, ʧʽʩʣʷ ʟʚʦʣʦʞʫʚʘʯʘ ʧʦʚʽʪʨʷ ʟʘʚʞʜʠ ʤʘʻ ʦʜʥʘʢʦʚʽ ʧʘʨʘʤʝʪʨʠ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ñʪʦʯʢʦʶ ʨʦʩʠò. ɼʘʣʽ, ʧʦʚʽʪʨʷ ʥʘʛʨʽʚʘʻʪʴʩʷ ʜʦ ʟʘʜʘʥʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʫ ʧʨʠʤʽʱʝʥʥʽ ʥʘ ʢʘʣʦʨʠʬʝʨʽ ʜʨʫʛʦʛʦ ʧʽʜʽʛʨʽʚʫ. ɿʘ ʩʪʘʙʽʣʽʟʘʮʽʶ 

ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʚʠʭʦʜʽ ʢʦʥʜʠʮʽʦʥʝʨʘ (ʘʙʦ ʫ ʧʨʠʤʽʱʝʥʥʽ) ʚʽʜʧʦʚʽʜʘʻ ʢʦʥʪʫʨ 

ʩʪʘʙʽʣʽʟʘʮʽʾ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘ ʢʘʣʦʨʠʬʝʨʦʤ ʜʨʫʛʦʛʦ ʧʽʜʽʛʨʽʚʫ, ʷʢʠʡ ʚʧʣʠʚʘʻ ʥʘ 

ʧʦʪʫʞʥʽʩʪʴ ʢʘʣʦʨʠʬʝʨʘ. ɺʦʣʦʛʽʩʪʴ ʧʨʠʤʽʱʝʥʥʷ ʩʪʘʙʽʣʽʟʫʻʪʴʩʷ ʥʝʧʨʷʤʠʤ 

ʩʧʦʩʦʙʦʤ, ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ñʪʦʯʢʠ ʨʦʩʠò ʻ ʥʝʧʨʷʤʠʤ ʧʦʢʘʟʥʠʢʦʤ 

ʚʦʣʦʛʦʩʪʽ ʫ ʧʨʠʤʽʱʝʥʥʽ. 
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ʋ ʨʦʙʦʪʘʭ [156, 180, 184] ʤʦʞʥʘ ʜʝʪʘʣʴʥʽʰʝ ʦʟʥʘʡʦʤʠʪʠʩʷ ʽʟ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷʤ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʜʣʷ ʢʦʥʜʠʮʽʦʥʝʨʘ ʟʘ ʤʝʪʦʜʦʤ ñʪʦʯʢʠ 

ʨʦʩʠò. ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʛʣʷʥʫʪʦʛʦ ʤʝʪʦʜʫ ʢʝʨʫʚʘʥʥʷ ʤʦʞʣʠʚʝ ʪʽʣʴʢʠ ʫ ʉʂʇ 

ʽʟ ʬʦʨʩʫʥʦʯʥʠʤ ʘʙʦ ʩʦʪʦʚʠʤ ʟʚʦʣʦʞʫʚʘʯʝʤ. ɼʦ ʧʝʨʝʚʘʛ ʢʦʥʜʠʮʽʦʥʝʨʽʚ ʜʝ 

ʨʝʘʣʽʟʫʻʪʴʩʷ ʤʝʪʦʜ ñʪʦʯʢʠ ʨʦʩʠò ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʾʭ ʚʠʩʦʢʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʘ 

ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʪʦʯʥʦ ʩʪʘʙʽʣʽʟʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʤʽʢʨʦʢʣʽʤʘʪʫ. 

ʂʝʨʫʚʘʥʥʷ ʉʂʇ ʟʘ ʤʝʪʦʜʦʤ ñʪʦʯʢʠ ʨʦʩʠò ʧʝʨʝʜʙʘʯʘʻ ʤʽʥʽʤʘʣʴʥʽ ʚʠʪʨʘʪʠ ʥʘ 

ʪʝʭʥʽʯʥʽ ʟʘʩʦʙʠ ʢʝʨʫʚʘʥʥʷ ʪʘ ʾʭ ʥʘʣʘʛʦʜʞʝʥʥʷ. ʅʝʜʦʣʽʢʦʤ ʤʝʪʦʜʫ ʢʝʨʫʚʘʥʥʷ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʦʶ ñʪʦʯʢʠ ʨʦʩʠò ʻ ʡʦʛʦ ʥʝʝʢʦʥʦʤʽʯʥʽʩʪʴ. ʇʨʠ ʘʜʽʘʙʘʪʥʦʤʫ 

ʟʚʦʣʦʞʝʥʥʽ ʧʦʚʽʪʨʷ ʧʝʨʝʦʭʦʣʦʜʞʫʻʪʴʩʷ, ʱʦ ʧʦʪʨʝʙʫʻ ʜʦʜʘʪʢʦʚʦʛʦ ʥʘʛʨʽʚʘʥʥʷ. 

ʋ ʤʝʪʦʜʽ ʢʝʨʫʚʘʥʥʷ ʟʘ ñʦʧʪʠʤʘʣʴʥʠʤ ʨʝʞʠʤʦʤò ʜʘʥʠʡ ʥʝʜʦʣʽʢ ʚʽʜʩʫʪʥʽʡ. 

ʇʨʦʮʝʩ ʢʝʨʫʚʘʥʥʷ ʉʂʇ ʟʘ ʤʝʪʦʜʦʤ ñʪʦʯʢʠ ʨʦʩʠò ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʟʥʘʯʥʦʶ ʧʝʨʝʚʠʪʨʘʪʦʶ ʭʦʣʦʜʦ- ʪʘ ʪʝʧʣʦʥʦʩʽʷ [39], ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ 

ʦʭʦʣʦʜʞʝʥʥʷʤ ʧʦʚʽʪʨʷ ʜʦ ñʪʦʯʢʠ ʨʦʩʠò ʽ ʧʦʚʪʦʨʥʠʤ ʥʘʛʨʽʚʘʥʥʷʤ ʥʘ 

ʢʘʣʦʨʠʬʝʨʽ ʜʨʫʛʦʛʦ ʧʽʜʽʛʨʽʚʫ. ʑʦʙ ʫʥʠʢʥʫʪʠ ʜʦʜʘʪʢʦʚʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ʪʘ 

ʧʦʚʪʦʨʥʦʛʦ ʥʘʛʨʽʚʘʥʥʷ ʧʦʚʽʪʨʷ ʨʝʘʣʽʟʫʶʪʴ ʧʨʦʮʝʩ ʢʝʨʫʚʘʥʥʷ ʟʘ ʤʝʪʦʜʦʤ 

ñʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʫò [24, 133 ï 135, 157, 158, 184]. ɼʣʷ ʮʴʦʛʦ ʚʠʧʘʜʢʫ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʘ ʤʦʜʝʣʴ ʉʂʇ ʚ ʢʦʦʨʜʠʥʘʪʘʭ h ï d ʜʽʘʛʨʘʤʠ ʥʝʧʝʨʝʨʚʥʦ 

ʟʤʽʥʶʻʪʴʩʷ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʤʽʥʽʤʘʣʴʥʫ ʚʠʪʨʘʪʫ ʪʝʧʣʘ ʪʘ ʭʦʣʦʜʫ. ɺ ʪʘʢʠʭ 

ʩʠʩʪʝʤʘʭ ʢʝʨʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʚʟʘʻʤʥʠʡ ʚʧʣʠʚ ʢʦʥʪʫʨʽʚ 

ʩʪʘʙʽʣʽʟʘʮʽʾ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʚʽʜʥʦʩʥʦʾ ʚʦʣʦʛʦʩʪʽ. ɺʟʘʻʤʦʧʦʚôʷʟʘʥʽ ʩʠʩʪʝʤʠ 

ʨʝʛʫʣʶʚʘʥʥʷ ʽʟ ʜʚʦʤʘ ʩʪʘʙʽʣʽʟʫʶʯʠʤʠ ʢʦʥʪʫʨʘʤʠ ʦʧʠʩʫʶʪʴʩʷ ʩʢʣʘʜʥʠʤʠ 

ʟʘʣʝʞʥʦʩʪʷʤʠ, ʘ ʾʭ ʘʧʘʨʘʪʥʘ ʨʝʘʣʽʟʘʮʽʷ ʤʘʻ ʚʠʩʦʢʫ ʚʘʨʪʽʩʪʴ. 

ɼʣʷ ʤʝʪʦʜʫ ʢʝʨʫʚʘʥʥʷ ʟʘ ñʦʧʪʠʤʘʣʴʥʠʤ ʨʝʞʠʤʦʤò ʧʦʚʽʪʨʷ ʧʦʩʣʽʜʦʚʥʦ 

ʧʨʦʭʦʜʠʪʴ ʦʙʨʦʙʢʫ ʥʘ ʢʘʣʦʨʠʬʝʨʽ ʧʝʨʰʦʛʦ ʧʽʜʽʛʨʽʚʫ, ʦʭʦʣʦʜʞʫʚʘʯʽ, 

ʢʘʣʦʨʠʬʝʨʽ ʜʨʫʛʦʛʦ ʧʽʜʽʛʨʽʚʫ ʽ ʥʘʜʭʦʜʠʪʴ ʥʘ ʧʘʨʦʚʠʡ ʟʚʦʣʦʞʫʚʘʯ. ʈʝʛʫʣʷʪʦʨʠ 

ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʚʽʜʥʦʩʥʦʾ ʚʦʣʦʛʦʩʪʽ ʟʜʽʡʩʥʶʶʪʴ ʧʨʷʤʠʡ ʚʧʣʠʚ ʥʘ ʦʙʣʘʜʥʘʥʥʷ 

ʢʦʥʜʠʮʽʦʥʝʨʘ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʧʦʚʽʪʨʷ ʥʘ ʚʠʭʦʜʽ ʢʦʥʜʠʮʽʦʥʝʨʘ ʪʘ 

ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɸʣʛʦʨʠʪʤ ʢʝʨʫʚʘʥʥʷ ʉʂʇ ʽʟ ʧʘʨʦʟʚʦʣʦʞʫʚʘʯʝʤ ʟʘ 

ñʦʧʪʠʤʘʣʴʥʠʤ ʨʝʞʠʤʦʤò ʧʨʦʛʨʘʤʫʻʪʴʩʷ ʥʘ ʇʃʂ. ʇʝʨʝʤʠʢʘʥʥʷ ʧʨʦʛʨʘʤʥʠʭ 
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ʨʝʛʫʣʷʪʦʨʽʚ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʚʦʣʦʛʦʩʪʽ ʥʘ ʥʝʦʙʭʽʜʥʠʡ ʚʠʢʦʥʫʶʯʠʡ ʤʝʭʘʥʽʟʤ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʨʦʛʨʘʤʥʠʤ ʚʠʙʦʨʦʤ ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʋ ʣʽʪʝʨʘʪʫʨʽ 

ʧʨʦʧʦʥʫʶʪʴʩʷ ʨʽʟʥʽ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʘʣʛʦʨʠʪʤʫ ʢʝʨʫʚʘʥʥʷ ʟʘ ñʦʧʪʠʤʘʣʴʥʠʤ 

ʨʝʞʠʤʦʤò, ʧʨʦʪʝ ʽʥʩʪʘʣʷʪʦʨʠ ʉʂʇ ʥʝ ʨʦʟʧʦʚʩʶʜʞʫʶʪʴ ʪʦʥʢʦʱʽ ʩʚʦʾʭ 

ʥʘʧʨʘʮʶʚʘʥʴ, ʘʧʝʣʶʶʯʠ ʜʦ ʢʦʤʝʨʮʽʡʥʦʾ ʪʘʻʤʥʠʮʽ. 

ɼʦ ʥʝʜʦʣʽʢʽʚ ʉʂʇ ʽʟ ʧʘʨʦʟʚʦʣʦʞʫʚʘʯʝʤ ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʾʭ ʥʝʚʠʩʦʢʫ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʷʢʘ ʦʙʤʝʞʫʻʪʴʩʷ ʧʦʪʫʞʥʽʩʪʶ ʧʘʨʦʛʝʥʝʨʘʪʦʨʽʚ. ɼʦ ʧʝʨʝʚʘʛ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʘʤʝʨ ʧʘʨʦʚʦʛʦ ʟʚʦʣʦʞʝʥʥʷ ʚʽʜʥʦʩʷʪʴʩʷ ʾʭ ʩʪʝʨʠʣʴʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ, ʱʦ ʟʘʧʦʙʽʛʘʻ ʨʦʟʤʥʦʞʝʥʥʶ ʙʘʢʪʝʨʽʡ ʪʘ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʫ ʤʝʜʠʯʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ [29, 186]. 

ʅʘʡʯʘʩʪʽʰʝ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʉʂʇ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʪʦʜ ñʪʦʯʢʠ ʨʦʩʠò, 

ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʥʘʯʥʦʶ ʧʝʨʝʚʠʪʨʘʪʦʶ ʭʦʣʦʜʦ- ʪʘ ʪʝʧʣʦʥʦʩʽʷ ʟʘ 

ʨʘʭʫʥʦʢ ʦʭʦʣʦʜʞʝʥʥʷʤ ʧʦʚʽʪʨʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ñʪʦʯʢʠ ʨʦʩʠò ʽ ʧʦʚʪʦʨʥʠʤ 

ʥʘʛʨʽʚʘʥʥʷʤ ʥʘ ʢʘʣʦʨʠʬʝʨʽ ʜʨʫʛʦʛʦ ʧʽʜʽʛʨʽʚʫ. ɿʘ ʦʩʪʘʥʥʽ ʜʝʩʷʪʠʣʽʪʪʷ ʫ ʉʂʇ 

ʧʦʯʘʣʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʧʘʨʦʛʝʥʝʨʘʪʦʨʠ, ʫʣʴʪʨʘʟʚʫʢʦʚʽ, ʧʣʽʚʢʦʚʽ, 

ʢʘʧʽʣʷʨʥʦ-ʧʦʨʠʩʪʽ ʪʘ ʽʥʰʽ ʪʠʧʠ ʟʚʦʣʦʞʫʚʘʯʽʚ. ʅʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʟʚʦʣʦʞʝʥʥʷ 

ʜʦʟʚʦʣʷʶʪʴ ʫʥʠʢʥʫʪʠ ʦʭʦʣʦʜʞʝʥʥʷ ʧʦʚʽʪʨʷ ʽʟ ʧʦʚʪʦʨʥʠʤ ʥʘʛʨʽʚʘʥʥʷʤ. ʇʨʠ 

ʮʴʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʪʦʜ ʢʝʨʫʚʘʥʥʷ ʟʘ ñʦʧʪʠʤʘʣʴʥʠʤ ʨʝʞʠʤʦʤò. ɼʣʷ 

ʮʴʦʛʦ ʚʠʧʘʜʢʫ ʪʝʨʤʦʜʠʥʘʤʽʯʥʘ ʤʦʜʝʣʴ ʉʂʇ ʥʝʧʝʨʝʨʚʥʦ ʟʤʽʥʶʻʪʴʩʷ, 

ʟʘʙʝʟʧʝʯʫʶʯʠ ʤʽʥʽʤʘʣʴʥʫ ʚʠʪʨʘʪʫ ʪʝʧʣʘ ʪʘ ʭʦʣʦʜʫ. ɺ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ 

ʢʝʨʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʚʟʘʻʤʥʠʡ ʚʧʣʠʚ ʢʦʥʪʫʨʽʚ ʩʪʘʙʽʣʽʟʘʮʽʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʚʽʜʥʦʩʥʦʾ ʚʦʣʦʛʦʩʪʽ. 

ʅʘ ʩʴʦʛʦʜʥʽ ʨʦʟʨʦʙʢʘ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʢʦʥʜʠʮʽʦʥʝʨʘʤʠ ʽʟ 

ʚʟʘʻʤʦʧʦʚôʷʟʘʥʠʤʠ ʢʦʥʪʫʨʘʤʠ ʢʝʨʫʚʘʥʥʷ ʜʦʩʣʽʜʞʝʥʦ ʥʝʜʦʩʪʘʪʥʴʦ, ʘ ʢʦʥʪʫʨʠ 

ʨʝʛʫʣʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʚʦʣʦʛʦʩʪʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʾʭ 

ʚʟʘʻʤʦʜʽʾ. 

ɸʥʘʣʽʟ ʥʘʷʚʥʠʭ ʤʦʜʝʣʝʡ ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʧʦʢʘʟʘʚ, ʱʦ ʽʩʥʫʶʯʽ 

ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʚʨʘʭʦʚʫʶʪʴ ʣʠʰʝ ʧʨʦʮʝʩʠ ʪʝʧʣʦʦʙʤʽʥʫ, ʦʩʢʽʣʴʢʠ ʜʣʷ 

ʫʧʨʘʚʣʽʥʥʷ ʢʦʥʜʠʮʽʦʥʝʨʘʤʠ ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʪʦʜ ñʪʦʯʢʠ ʨʦʩʠò, 

ʜʝ ʪʝʤʧʝʨʘʪʫʨʘ ʻ ʥʝʧʨʷʤʠʤ ʧʦʢʘʟʥʠʢʦʤ ʚʦʣʦʛʦʩʪʽ. ɺʽʜʩʫʪʥʽʩʪʴ ʤʦʜʝʣʝʡ 
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ʤʘʩʦʦʙʤʽʥʫ ʟʚʫʞʫʻ ʢʦʣʦ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʘʜʘʯ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʷʢʽʩʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ. ɯʥʰʦʶ ʩʣʘʙʢʦʶ ʩʪʦʨʦʥʦʶ ʽʩʥʫʶʯʠʭ 

ʤʦʜʝʣʝʡ ʻ ʚʽʜʩʫʪʥʽʩʪʴ ʢʦʤʧʣʝʢʩʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʩʠʩʪʝʤʥʦʛʦ ʪʠʧʫ 

ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ ʧʦʚʽʪʨʷ ʷʢ ʻʜʠʥʦʛʦ ʙʘʛʘʪʦʚʠʤʽʨʥʦʛʦ ʦʙôʻʢʪʘ ʢʝʨʫʚʘʥʥʷ. 

ʈʦʟʨʦʙʢʘ ʝʬʝʢʪʠʚʥʦʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʩʝʙʽʯʥʦʛʦ 

ʘʥʘʣʽʟʫ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʠʩʪʝʤʠ, ʦʩʦʙʣʠʚʦʩʪʝʡ ʾʾ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʩʠʥʪʝʟʫʚʘʪʠ ʢʦʨʝʢʪʥʽ ʢʝʨʫʶʯʽ ʚʧʣʠʚʠ. ɸʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʨʽʰʝʥʴ ʥʝ ʚʠʷʚʠʚ 

ʥʘʫʢʦʚʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʽʥʪʝʛʨʫʚʘʥʥʷ ʉʂʇ ʫ ̔ʥʪʝʣʝʢʪʫʘʣʴʥʫ ʩʠʩʪʝʤʫ 

ʰʪʫʯʥʦʛʦ ʤʽʢʨʦʢʣʽʤʘʪʫ ʦʙôʻʢʪʽʚ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ʊʘʢʘ ʩʠʩʪʝʤʘ ʤʘʻ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʩʪʘʣʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʣʶʜʩʴʢʠʭ, ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʘ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʚ ʫʤʦʚʘʭ ʘʚʪʦʥʦʤʥʦʩʪʽ ʪʘ ʧʽʜʚʠʱʝʥʦʾ 

ʢʦʥʮʝʧʪʫʘʣʴʥʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ. ʅʘʚʝʜʝʥʽ ʥʝʜʦʣʽʢʠ ʦʙôʻʢʪʠʚʥʦ ʩʚʽʜʯʘʪʴ ʧʨʦ 

ʚʽʜʩʫʪʥʽʩʪʴ ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʩʪʚʦʨʝʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʩʠʩʪʝʤʠ 

ʰʪʫʯʥʦʛʦ ʤʽʢʨʦʢʣʽʤʘʪʫ ʢʽʙʝʨʬʽʟʠʯʥʠʭ ʦʙôʻʢʪʽʚ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 
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ʈʆɿɼɯʃ 2  

ʉʀʉʊɽʄʅʀʁ ʇɯɼʍɯɼ ɼʆ ʋʇʈɸɺʃɯʅʅʗ ʐʊʋʏʅʀʄ 

ʄɯʂʈʆʂʃɯʄɸʊʆʄ ʆɹ'ɭʂʊɯɺ ʂʈʀʊʀʏʅʆɰ ɯʅʌʈɸʉʊʈʋʂʊʋʈʀ 

 

2.1 ʊʝʭʥʦʣʦʛʽʯʥʘ ʧʽʜʛʦʪʦʚʢʘ ʧʦʚʽʪʨʷ ʥʘ ʦʙʣʘʜʥʘʥʥʽ ʮʝʥʪʨʘʣʴʥʠʭ 

ʢʦʥʜʠʮʽʦʥʝʨʽʚ 

ʇʨʦʚʝʜʝʤʦ ʘʥʘʣʽʟ ʦʩʥʦʚʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʭʝʤ ʦʙʨʦʙʢʠ ʧʦʚʽʪʨʷ ʥʘ 

ʦʙʣʘʜʥʘʥʥʽ ʮʝʥʪʨʘʣʴʥʠʭ ʢʦʥʜʠʮʽʦʥʝʨʽʚ ʟ ʤʝʪʦʶ ʧʦʜʘʣʴʰʦʾ ʜʝʢʦʤʧʦʟʠʮʽʾ 

ʪʝʭʥʯ̔ʥʦʾ ʩʢʣʘʜʦʚʦʾ ʩʠʩʪʝʤʠ ʰʪʫʯʥʦʛʦ ʤʽʢʨʦʢʣʽʤʘʪʫ. ʗʢ ʟʘʟʥʘʯʘʣʦʩʷ ʚ ʧ.1.4, 

ʥʘ ʦʙôʻʢʪʘʭ ʂɯ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʮʝʥʪʨʘʣʴʥʽ ʪʘ ʤʽʩʮʝʚʽ ʉʂʇ. ɿʘ ʩʚʦʾʤ 

ʩʢʣʘʜʦʤ ʢʣʽʤʘʪʠʯʥʝ ʦʙʣʘʜʥʘʥʥʷ ʧʨʠʧʣʠʚʥʦʾ ʩʠʩʪʝʤʠ ʮʝʥʪʨʘʣʴʥʦʛʦ 

ʢʦʥʜʠʮʽʦʥʝʨʘ (ʇʉʎʂ) ʩʫʪʪʻʚʦ ʥʝ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʤʽʩʮʝʚʠʭ ʉʂʇ [24, 33, 37, 45]. 

ʅʘ ʨʠʩ. 2.1 ʟʦʙʨʘʞʝʥʦ ʦʩʥʦʚʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʩʭʝʤʠ ʜʣʷ ʦʙʨʦʙʢʠ ʧʦʚʽʪʨʷ 

ʥʘ ʮʝʥʪʨʘʣʴʥʦʤʫ ʢʦʥʜʠʮʽʦʥʝʨʽ. ʊʫʪ ʧʨʠʡʥʷʪʦ ʥʘʩʪʫʧʥʽ ʧʦʟʥʘʯʝʥʥʷ: ʂ1, ʂ2 ï 

ʢʘʣʦʨʠʬʝʨʠ ʧʝʨʰʦʛʦ ʪʘ ʜʨʫʛʦʛʦ ʧʽʜʽʛʨʽʚʫ; ʆ ï ʦʭʦʣʦʜʞʫʚʘʯ; ʌɿ ï 

ʬʦʨʩʫʥʦʯʥʠʡ ʟʚʦʣʦʞʫʚʘʯ; ʉɿ ï ʩʦʪʦʚʠʡ ʟʚʦʣʦʞʫʚʘʯ; ʇɿ ï ʧʘʨʦʟʚʦʣʦʞʫʚʘʯ. ɼʦ 

ʩʢʣʘʜʫ ʇʉʎʂ ʚʭʦʜʠʪʴ ʢʣʽʤʘʪʠʯʥʝ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʨʦʟʛʣʷʥʫʪʦ ʚ ʧ.1.5. 

ʂʣʽʤʘʪʠʯʥʝ ʦʙʣʘʜʥʘʥʥʷ ʮʝʥʪʨʘʣʴʥʦʛʦ ʢʦʥʜʠʮʽʦʥʝʨʘ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʩʫʭʽ ʪʘ ʚʦʣʦʛʽ ʤʝʪʦʜʠ ʦʙʨʦʙʢʠ ʧʦʚʽʪʨʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʤʽʥʶʚʘʪʠ 

ʪʝʤʧʝʨʘʪʫʨʫ ʪʘ ʚʦʣʦʛʽʩʪʴ ʧʦʚʽʪʨʷ ʫ ʧʨʠʤʽʱʝʥʥʽ ʜʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʮʝʥʪʨʘʣʴʥʠʡ ʢʦʥʜʠʮʽʦʥʝʨ. 

ʅʘ ʉʂʇ ʧʦʚʽʪʨʷ ʧʦʩʣʽʜʦʚʥʦ ʧʨʦʭʦʜʠʪʴ ʦʙʨʦʙʢʫ ʪʘ ʟʤʽʥʶʻ ʩʚʦʾ 

ʚʣʘʩʪʠʚʦʩʪʽ ʟʘ ʟʘʢʦʥʦʤʽʨʥʦʩʪʷʤʠ ʪʝʧʣʦʤʘʩʦʦʙʤʽʥʫ ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

ʆʩʦʙʣʠʚʽʩʪʶ ʪʝʭʥʦʣʦʛʽʾ ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʻ ʩʪʨʦʛʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʦʙʨʦʙʢʠ 

ʧʦʚʽʪʨʷ ʥʘ ʚʽʜʧʦʚʽʜʥʦʤʫ ʢʣʽʤʘʪʠʯʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ, ʱʦ ʦʙʫʤʦʚʣʝʥʦ ʬʽʟʠʯʥʠʤʠ 

ʟʘʢʦʥʘʤʠ ʪʝʧʣʦʚʦʾ ʪʘ ʚʦʣʦʛʦʾ ʦʙʨʦʙʢʠ ʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ. ʉʘʤʝ ʟ ʮʠʭ ʧʨʠʯʠʥ 

ʥʘ ʨʠʩ. 2.1 ʟʦʙʨʘʞʝʥʦ ʯʦʪʠʨʠ ʤʦʞʣʠʚʽ ʨʝʘʣʽʟʘʮʽʾ ʇʉʎʂ. ɼʣʷ ʙʫʜʴ-ʷʢʦʾ 

ʟʦʙʨʘʞʝʥʦʾ ʚʠʱʝ ʩʭʝʤʠ ʥʝʧʨʠʧʫʩʪʠʤʦ ʤʽʥʷʪʠ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʦʙʣʘʜʥʘʥʥʷ. ɿ 

ʪʦʯʢʠ ʟʦʨʫ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ ʮʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʠʪʠ 

ʚʘʞʣʠʚʫ ʚʣʘʩʪʠʚʽʩʪʴ ʮʝʥʪʨʘʣʴʥʦʛʦ ʢʦʥʜʠʮʽʦʥʝʨʘ ʷʢ ʩʢʣʘʜʥʦʾ ʩʠʩʪʝʤʠ, ʘ ʩʘʤʝ ï 
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ʡʦʛʦ ʤʥʦʞʠʥʥʽʩʪʴ [187]. ʆʜʥʘ ʽ ʪʘ ʞ ʩʫʢʫʧʥʽʩʪʴ ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

(ʢʘʣʦʨʠʬʝʨ, ʦʭʦʣʦʜʞʫʚʘʯ ʪʘ ʟʚʦʣʦʞʫʚʘʯ) ʻ ʤʥʦʞʠʥʦʶ ʩʠʩʪʝʤ. 

 

 
 

ʈʠʩ. 2.1. ʆʩʥʦʚʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʩʭʝʤʠ ʇʉʎʂ: ʘ) ʽʟ ʬʦʨʩʫʥʦʯʥʠʤ 

ʟʚʦʣʦʞʫʚʘʯʝʤ; ʙ) ʽʟ ʬʦʨʩʫʥʦʯʥʠʤ ʟʚʦʣʦʞʫʚʘʯʝʤ ʪʘ ʦʙʚʽʜʥʠʤ ʢʘʥʘʣʦʤ;  

ʚ) ʽʟ ʩʦʪʦʚʠʤ ʟʚʦʣʦʞʫʚʘʯʝʤ; ʛ) ʽʟ ʧʘʨʦʚʠʤ ʟʚʦʣʦʞʫʚʘʯʝʤ 

 

ɼʣʷ ʨʦʟʛʣʷʥʫʪʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʭʝʤ ʭʘʨʘʢʪʝʨʥʽ ʣʽʥʽʡʥʘ ʪʘ ʧʘʨʘʣʝʣʴʥʘ 

ʘʙʩʪʨʘʢʪʥʽ ʤʦʜʝʣʽ ʩʪʨʫʢʪʫʨ, ʱʦ ʟʦʙʨʘʞʝʥʽ ʥʘ ʨʠʩ. 2.2. ʃʽʥʽʡʥʘ ʩʪʨʫʢʪʫʨʘ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʧʦʩʣʽʜʦʚʥʫ ʦʙʨʦʙʢʫ ʧʦʚʽʪʨʷ ʥʘ ʦʙʣʘʜʥʘʥʥʽ ʢʦʥʜʠʮʽʦʥʝʨʘ. 

ʆʙʚʽʜʥʠʡ ʢʘʥʘʣ, ʷʢʠʡ ʧʨʠʩʫʪʥʽʡ ʥʘ ʨʠʩ. 2.1 (ʙ) ʻ ʨʽʟʥʦʚʠʜʦʤ ʧʘʨʘʣʝʣʴʥʦʾ 

ʦʙʨʦʙʢʠ ʧʦʚʽʪʨʷ, ʷʢʝ ʟʤʽʰʫʻʪʴʩʷ ʧʽʩʣʷ ʌɿ. ɺ ʣʽʥʽʡʥʠʭ ʪʘ ʧʘʨʘʣʝʣʴʥʠʭ 

ʂ1 ʌɿ ʂ2 

ʘ) 

ʌɿ 

ʙ) 

ʂ2 ʂ1 

ʂ1 ʆ ʉɿ ʂ2 

ʚ) 

ʂ1 ʆ ʂ2 ʇɿ 

ʛ) 
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ʩʪʨʫʢʪʫʨʘʭ ʚʩʽ ʟʚôʷʟʢʠ ʚʚʘʞʘʶʪʴʩʷ ʨʽʚʥʦʮʽʥʥʠʤʠ, ʦʩʢʽʣʴʢʠ ʪʫʪ ʚʽʜʩʫʪʥʽ 

ʧʽʜʣʝʛʣʽ ʝʣʝʤʝʥʪʠ. 

 

 
ʈʠʩ. 2.2. ʈʽʟʥʦʚʠʜʠ ʘʙʩʪʨʘʢʪʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʩʪʨʫʢʪʫʨʠ ʇʉʎʂ:  

ʘ) ʣʽʥʽʡʥʘ ʩʪʨʫʢʪʫʨʘ; ʙ) ʧʘʨʘʣʝʣʴʥʘ ʩʪʨʫʢʪʫʨʘ 

 

ʑʦʙ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʮʝʥʪʨʘʣʴʥʦʛʦ ʢʦʥʜʠʮʽʦʥʝʨʘ ʥʘ 

ʚʠʨʦʙʥʠʮʪʚʽ ʫʪʠʣʽʟʫʶʪʴ ʪʝʧʣʦ ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ (ʚʠʪʷʞʥʦʛʦ) ʧʦʚʽʪʨʷ. ʅʘ 

ʨʠʩ. 2.3 ʟʦʙʨʘʞʝʥʽ ʤʦʞʣʠʚʽ ʚʘʨʽʘʥʪʠ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʭʝʤ ʫʪʠʣʽʟʘʮʽʾ ʪʝʧʣʦʪʠ 

ʚʠʪʷʞʥʦʛʦ ʧʦʚʽʪʨʷ ʜʣʷ ʇʉʎʂ. ɺ ʮʝʥʪʨʘʣʴʥʠʭ ʢʦʥʜʠʮʽʦʥʝʨʘʭ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ  

 

 
 

ʈʠʩ. 2.3. ʊʝʭʥʦʣʦʛʽʯʥʽ ʩʭʝʤʠ ʫʪʠʣʽʟʘʮʽʾ ʪʝʧʣʦʪʠ ʚʠʪʷʞʥʦʛʦ ʧʦʚʽʪʨʷ:  

ʘ) ʨʝʮʠʨʢʫʣʷʮʽʷ ʧʦʚʽʪʨʷ; ʙ) ʨʝʢʫʧʝʨʘʮʽʷ ʥʘ ʧʣʘʩʪʠʥʯʘʪʦʤʫ ʪʝʧʣʦʦʙʤʽʥʥʠʢʫ; 

ʚ) ʨʝʢʫʧʝʨʘʮʽʷ ʽʟ ʦʙʝʨʪʦʚʠʤ ʨʝʛʝʥʝʨʘʪʠʚʥʠʤ ʪʝʧʣʦʦʙʤʽʥʥʠʢʦʤ 

 

ʘ) ʙ) 

 

 

ʇʨʠʤʽʱʝʥʥʷ 
 

ʇʉʎʂ 

ʘ) 

 

 

ʇʨʠʤʽʱʝʥʥʷ 
 

ʇʉʎʂ 

ʙ) 

 

 

ʇʨʠʤʽʱʝʥʥʷ 
 

ʇʉʎʂ 

ʚ) 
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ʨʝʮʠʨʢʫʣʷʮʽʷ (ʨʠʩ. 2.3, ʘ) ʪʘ ʨʝʢʫʧʝʨʘʮʽʷ (ʨʠʩ. 2.3, ʙ, ʚ) ʪʝʧʣʘ ʚʠʪʷʞʥʦʛʦ 

ʧʦʚʽʪʨʷ. ɯʥʢʦʣʠ ʫ ʉʂʇ ʪʝʧʣʦ ʚʠʪʷʞʥʦʛʦ ʧʦʚʽʪʨʷ ʥʝ ʫʪʠʣʽʟʫʶʪʴ, ʪʘʢʽ 

ʧʨʦʤʠʩʣʦʚʽ ʉʂʇ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʧʨʠʧʣʠʚʥʦ-ʚʠʪʷʞʥʠʭ ʩʠʩʪʝʤ ʙʝʟ ʫʪʠʣʽʟʘʮʽʾ 

ʪʝʧʣʦʪʠ, ʚʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘ ʭʽʤʽʯʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚ ̔̔ ʟ ʚʠʧʘʨʦʚʫʚʘʥʥʷʤ 

ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ. 

ʑʦʙ ʟʘʦʱʘʜʠʪʠ ʤʘʪʝʨʽʘʣʴʥʽ ʨʝʩʫʨʩʠ ʥʘ ʧʨʠʜʙʘʥʥʷ ʢʣʽʤʘʪʠʯʥʦʾ ʪʝʭʥʽʢʠ 

ʪʘ ʾʾ ʝʢʩʧʣʫʘʪʘʮʽʶ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʦʜʠʥ ʮʝʥʪʨʘʣʴʥʠʡ ʢʦʥʜʠʮʽʦʥʝʨ, 

ʷʢʠʡ ʦʙʩʣʫʛʦʚʫʻ ʜʝʢʽʣʴʢʘ ʧʨʠʤʽʱʝʥʴ [24, 33, 39]. ʊʝʭʥʦʣʦʛʽʯʥʫ ʩʭʝʤʫ ʪʘʢʦʾ 

ʉʂʇ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 2.4. 

 

 

ʈʠʩ. 2.4. ʊʝʭʥʦʣʦʛʽʯʥʘ ʩʭʝʤʘ ʙʘʛʘʪʦʟʦʥʘʣʴʥʦʾ ʉʂʇ 

 

ɺʽʜʦʤʽ ʨʽʟʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʨʽʰʝʥʥʷ ʜʣʷ ʙʘʛʘʪʦʟʦʥʘʣʴʥʠʭ ʉʂʇ. ɯʥʢʦʣʠ 

ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʙʘʛʘʪʦʟʦʥʘʣʴʥʽ ʉʂʇ ʽʟ ʜʚʦʢʘʥʘʣʴʥʠʤ ʧʦʚʽʪʨʦʚʦʜʦʤ 

ʧʨʠʧʣʠʚʥʦʛʦ ʧʦʚʽʪʨʷ ʫ ʧʨʠʤʽʱʝʥʥʷ [47]. ʏʘʩʪʦ ʙʘʛʘʪʦʟʦʥʘʣʴʥʽ ʉʂʇ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʟʦʥʘʣʴʥʝ ʜʦʚʝʜʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʟʘ ʤʽʩʮʝʤ ʡʦʛʦ 

ʧʦʜʘʯʽ [31, 39]. ɼʣʷ ʮʽʻʾ ʤʝʪʠ ʥʘ ʧʦʚʽʪʨʦʚʦʜʽ ʫ ʧʨʠʤʽʱʝʥʥʷ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ 

ʤʽʩʮʝʚʠʡ ʢʘʣʦʨʠʬʝʨ, ʷʢʠʡ ʜʦʚʦʜʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʧʨʠʤʽʱʝʥʥʷ ʜʦ ʥʝʦʙʭʽʜʥʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ. ʆʢʨʽʤ ʮʴʦʛʦ, ʽʩʥʫʶʪʴ ʪʝʭʥʦʣʦʛʽʯʥ ̔ ʩʭʝʤʠ ʮʝʥʪʨʘʣʴʥʦʛʦ 

ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʽʟ ʧʦʜʚʽʡʥʦʶ ʨʝʮʠʨʢʫʣʷʮʽʻʶ [24, 48]. ʊʝʭʥʦʣʦʛʽʯʥʽ ʩʭʝʤʠ ʽʟ 

ʧʦʜʚʽʡʥʦʶ ʨʝʮʠʨʢʫʣʷʮʽʻʶ ʧʦʚʽʪʨʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚʢʨʘʡ ʨʽʜʢʦ ʽʟ-ʟʘ 

ʥʘʷʚʥʦʩʪʽ ʚ ʪʘʢʠʭ ʩʭʝʤʘʭ ʥʝʩʪʘʥʜʘʨʪʥʦʛʦ ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ɿʘ 
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ʢʣʘʩʠʬʽʢʘʮʽʻʶ ʪʝʦʨʽʾ ʩʠʩʪʝʤ [49] ʜʣʷ ʜʚʦʭ ʦʩʪʘʥʥʽʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʭʝʤ ʉʂʇ 

(ʦʢʨʽʤ ʣʽʥʽʡʥʦʾ ʪʘ ʧʘʨʘʣʝʣʴʥʦ ʾʩʪʨʫʢʪʫʨ) ʭʘʨʘʢʪʝʨʥʘ ʩʪʨʫʢʪʫʨʘ ʽʟ ʟʚʦʨʦʪʥʽʤ 

ʟʚôʷʟʢʦʤ, ʱʦ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 2.5. 

 

 
ʈʠʩ. 2.5. ʉʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʠ ʽʟ ʟʚʦʨʦʪʥʽʤ ʟʚôʷʟʢʦʤ 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʇʉʎʂ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʝʢʦʥʦʤʽʯʥʦʾ ʜʦʮʽʣʴʥʦʩʪʽ ʪʘ ʚʠʤʦʛ 

ʟʘʤʦʚʥʠʢʘ ʤʦʞʝ ʽʥʪʝʛʨʫʚʘʪʠʩʷ ʫ ʩʠʩʪʝʤʫ ʰʪʫʯʥʦʛʦ ʤʽʢʨʦʢʣʽʤʘʪʫ ʂʌʆ ʂɯ ʟʘ 

ʨʽʟʥʠʤʠ ʩʭʝʤʘʤʠ. ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʨʦʟʛʣʷʥʫʪʠʭ ʩʭʝʤ ʤʦʞʥʘ ʥʘʨʘʭʫʚʘʪʠ 

ʜʝʢʽʣʴʢʘ ʜʝʩʷʪʢʽʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʭʝʤ ʮʝʥʪʨʘʣʴʥʦʛʦ ʢʦʥʜʠʮʽʶʚʘʥʥʷ. ʊʦʧʦʣʦʛʽʷ 

ʘʙʩʪʨʘʢʪʥʠʭ ʤʦʜʝʣʝʡ ʮʝʥʪʨʘʣʴʥʠʭ ʢʦʥʜʠʮʽʦʥʝʨʽʚ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ ʚʽʜ 

ʧʨʦʩʪʦʾ ʣʽʥʽʡʥʦʾ ʩʪʨʫʢʪʫʨʠ ʜʦ ʩʪʨʫʢʪʫʨʠ ʽʟ ʟʚʦʨʦʪʥʽʤ ʟʚôʷʟʢʦʤ. ʅʘʡʯʘʩʪʽʰʝ 

ʩʫʯʘʩʥʽ ʩʠʩʪʝʤʠ ʮʝʥʪʨʘʣʴʥʦʛʦ ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʤʽʩʪʷʪʴ ʟʤʽʰʘʥʫ ʩʪʨʫʢʪʫʨʫ, ʷʢʘ 

ʧʦʻʜʥʫʻ ʣʽʥʽʡʥʫ, ʧʘʨʘʣʝʣʴʥʫ ʪʘ ʟʫʩʪʨʽʯʥʦ-ʧʘʨʘʣʝʣʴʥʫ ʪʦʧʦʣʦʛʽʾ. 

 

2.2 ʊʝʭʥʦʣʦʛʽʯʥʘ ʧʽʜʛʦʪʦʚʢʘ ʧʦʚʽʪʨʷ ʥʘ ʦʙʣʘʜʥʘʥʥʽ ʤʽʩʮʝʚʠʭ 

ʢʦʥʜʠʮʽʦʥʝʨʽʚ 

ɼʝʷʢʽ ʧʨʦʤʠʩʣʦʚʽ ʦʙôʻʢʪʠ ʂɯ ʤʦʞʫʪʴ ʤʘʪʠ ʢʽʣʴʢʘ ʚʠʨʦʙʥʠʯʠʭ ʟʦʥ ʘʙʦ 

ʦʜʥʫ ʚʝʣʠʢʫ ʻʜʠʥʫ ʟʦʥʫ, ʷʢʘ ʧʦʪʨʝʙʫʻ ʮʝʥʪʨʘʣʴʥʦ ʾʩʠʩʪʝʤʠ ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʨʦʙʥʠʯʠʭ ʧʦʪʨʝʙ [41, 50]. ɯʥʢʦʣʠ, ʚ ʧʨʦʮʝʩʽ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʣʽʥʽʡ ʥʘ ʚʠʨʦʙʥʠʮʪʚʽ ʂɯ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʝ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʧʦʪʨʝʙʫʻ ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʨʦʟʪʘʰʦʚʘʥʦʛʦ ʚʩʝʨʝʜʠʥʽ 

ʣʦʢʘʣʴʥʦʾ ʟʦʥʠ ʧʨʦʤʠʩʣʦʚʦʛʦ ʧʨʠʤʽʱʝʥʥʷ. ʊʘʢʠʡ ʪʠʧ ʩʠʩʪʝʤʠ ʢʦʥʜʠʮʽʶʚʘʥʥʷ 

ʢʣʘʩʠʬʽʢʫʻʪʴʩʷ ʷʢ ʤʽʩʮʝʚʘ ʉʂʇ. 

ʄʽʩʮʝʚʽ ʩʠʩʪʝʤʠ ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʩʢʦʥʩʪʨʫʡʦʚʘʥʽ ʟʘ 

ʦʜʥʽʻʶ ʟ̔ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʭʝʤ ʮʝʥʪʨʘʣʴʥʠʭ ʢʦʥʜʠʮʽʦʥʝʨʽʚ, ʜʠʚ. ʨʠʩ. 2.1. ɸʣʝ 

ʥʘʡʯʘʩʪʽʰʝ ʪʝʭʥʦʣʦʛʽʯʥʘ ʩʭʝʤʘ ʤʽʩʮʝʚʠʭ ʢʦʥʜʠʮʽʦʥʝʨʽʚ ʩʧʨʦʱʫʶʪʴʩʷ. ʗʢ 

ʧʨʘʚʠʣʦ, ʤʽʩʮʝʚʽ ʉʂʇ ʦʙʣʘʜʥʘʥʽ ʪʽʣʴʢʠ ʪʝʧʣʦʦʙʤʽʥʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ, ʷʢʝ 

ʜʦʟʚʦʣʷʻ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʩʫʭʠʡ ʤʝʪʦʜ ʦʙʨʦʙʢʠ ʧʦʚʽʪʨʷ [35]. ʆʙʣʘʜʥʘʥʥʷ ʪʘʢʦʛʦ 
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ʢʦʥʜʠʮʽʦʥʝʨʘ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʠʪʠ ʪʨʠ ʽʟ ʯʦʪʠʨʴʦʭ ʤʦʞʣʠʚʠʭ ʧʨʦʮʝʩʽʚ: ʦʩʫʰʢʘ, 

ʥʘʛʨʽʚ ʘʙʦ ʦʭʦʣʦʜʞʝʥʥʷ. ʅʘʡʧʨʦʩʪʽʰʫ ʢʦʥʩʪʨʫʢʮʽʶ ʘʚʪʦʥʦʤʥʦʛʦ ʤʽʩʮʝʚʦʛʦ 

ʢʦʥʜʠʮʽʦʥʝʨʘ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 2.6. 

ʅʘʚʝʜʝʥʘ ʚʠʱʝ ʢʦʥʩʪʨʫʢʮʽʷ ʚʽʢʦʥʥʦʛʦ ʢʦʥʜʠʮʽʦʥʝʨʘ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ 

ʥʘʛʨʽʚ ʘʙʦ ʦʭʦʣʦʜʞʝʥʥʷ ʧʦʚʽʪʨʷ ʫ ʧʨʠʤʽʱʝʥʥʽ, ʦʩʢʽʣʴʢʠ ʚʥʫʪʨʽʰʥʷ ʯʘʩʪʠʥʘ 

ʢʦʥʜʠʮʽʦʥʝʨʘ ʤʽʩʪʠʪʴ ʦʜʠʥ ʪʝʧʣʦʦʙʤʽʥʥʠʡ ʘʧʘʨʘʪ (ʚʠʧʘʨʥʠʢ). ɿʦʚʥʽʰʥʽʡ ʪʘ 

ʚʥʫʪʨʽʰʥʽʡ ʪʝʧʣʦʦʙʤʽʥʥʽ ʙʣʦʢʠ ʟôʻʜʥʘʥʽ ʤʽʞ ʩʦʙʦʶ. ɺʥʫʪʨʽʰʥʽʡ 

ʪʝʧʣʦʦʙʤʽʥʥʠʡ ʘʧʘʨʘʪ ʤʦʞʝ ʧʨʘʮʶʚʘʪʠ ʫ ʨʝʚʝʨʩʥʦʤʫ ʨʝʞʠʤʽ ʷʢ ʥʘ ʥʘʛʨʽʚ ʪʘʢ 

ʽ ʥʘ ʦʭʦʣʦʜʞʝʥʥʷ ʧʦʚʽʪʨʷ ʫ ʧʨʠʤʽʱʝʥʥʽ. ʂʦʣʠ ʚʽʢʦʥʥʠʡ ʢʦʥʜʠʮʽʦʥʝʨ ʧʨʘʮʶʻ 

ʥʘ ʦʭʦʣʦʜʞʝʥʥʷ ʧʦʚʽʪʨʷ ʫ ʧʨʠʤʽʱʝʥʥʽ (ʣʽʪʥʷ ʧʦʨʘ ʨʦʢʫ), ʥʘ ʚʠʧʘʨʥʠʢʫ ʤʦʞʝ 

ʢʦʥʜʝʥʩʫʚʘʪʠʩʷ ʥʘʜʤʽʨʥʘ ʚʦʣʦʛʽʩʪʴ, ʘʣʝ ʪʘʢʘ ʢʦʥʩʪʨʫʢʮʽʷ ʥʝ ʟʘʙʝʟʧʝʯʫʻ 

ʥʝʦʙʭʽʜʥʫ ʚʦʣʦʛʽʩʪʴ ʫ ʧʨʠʤʽʱʝʥʥʽ. 

 

 
ʈʠʩ. 2.6. ʂʦʥʩʪʨʫʢʮʽʷ ʚʽʢʦʥʥʦʛʦ ʢʦʥʜʠʮʽʦʥʝʨʘ 

 

ɼʣʷ ʦʩʫʰʝʥʥʷ ʧʦʚʽʪʨʷ ʫ ʧʨʠʤʽʱʝʥʥʽ ʤʽʩʮʝʚʠʡ ʢʦʥʜʠʮʽʦʥʝʨ ʧʦʚʠʥʝʥ 

ʤʽʩʪʠʪʠ ʜʚʘ ʪʝʧʣʦʦʙʤʽʥʥʽ ʘʧʘʨʘʪʠ ï ʦʭʦʣʦʜʞʫʚʘʯ ʪʘ ʢʘʣʦʨʠʬʝʨ (ʽ ʦʙʦʚôʷʟʢʦʚʦ 

ʚ ʪʘʢʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ). ʉʧʦʯʘʪʢʫ ʦʭʦʣʦʜʞʫʚʘʯ ʢʦʥʜʝʥʩʫʻ ʥʘʜʤʽʨʥʫ ʚʦʣʦʛʽʩʪʴ ʫ 

ʧʨʠʤʽʱʝʥʥʽ ʜʦ ʟʘʜʘʥʦʾ, ʘ ʢʘʣʦʨʠʬʝʨ ï ʥʘʛʨʽʚʘʻ ʧʦʚʽʪʨʷ ʜʦ ʥʝʦʙʭʽʜʥʦʛʦ 

ʟʥʘʯʝʥʥʷ. ʅʘʡʯʘʩʪʽʰʝ ʜʣʷ ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʩʪʦʩʦʚʫʶʪʴ ʤʽʩʮʝʚʽ 
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ʥʝʘʚʪʦʥʦʤʥʽ ʢʦʥʜʠʮʽʦʥʝʨʠ ʽʟ ʦʭʦʣʦʜʞʫʚʘʯʝʤ ʪʘ ʢʘʣʦʨʠʬʝʨʦʤ. ɼʣʷ ʨʦʙʦʪʠ 

ʪʝʧʣʦʦʙʤʽʥʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʜʦ ʤʽʩʮʝʚʦʛʦ ʢʦʥʜʠʮʽʦʥʝʨʘ ʧʽʜʚʦʜʷʪʴ ʪʨʘʩʠ ʪʝʧʣʦ- 

ʪʘ ʭʦʣʦʜʦʧʦʩʪʘʯʘʥʥʷ. ɺ ʨʽʜʢʠʭ ʚʠʧʘʜʢʘʭ ʜʦ ʩʢʣʘʜʫ ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

ʤʽʩʮʝʚʠʭ ʉʂʇ ʚʭʦʜʠʪʴ ʧʘʨʦʟʚʦʣʦʞʫʚʘʯ. ʊʘʢʽ ʤʽʩʮʝʚʽ ʢʦʥʜʠʮʽʦʥʝʨʠ 

ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʰʘʬʦʚʦʛʦ ʚʠʢʦʥʘʥʥʷ ʽ ʤʦʞʫʪʴ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʧʽʜʚʠʜ ʩʫʯʘʩʥʠʭ 

ʩʧʣʽʪ-ʩʠʩʪʝʤ. ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʮʝ ʦʙʣʘʜʥʘʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ 

ʚʝʨʪʠʢʘʣʴʥʦʾ ʩʪʽʡʢʠ, ʩʭʦʞʦʾ ʥʘ ʰʘʬʫ. ʐʘʬʦʚʽ ʢʦʥʜʠʮʽʦʥʝʨʠ ʤʘʶʪʴ ʚʠʩʦʢʫ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʭʦʣʦʜʫ (ʜʦ 100 ʢɺʪ), ʘ ʪʘʢʦʞ ʚʝʣʠʢʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʦ 

ʨʝʮʠʨʢʫʣʷʮʽʾ ʧʦʚʽʪʨʷ [51]. 

ʆʩʥʦʚʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʩʭʝʤʠ ʰʘʬʥʠʭ ʢʦʥʜʠʮʽʦʥʝʨʽʚ ʟʦʙʨʘʞʝʥʦ ʥʘ 

ʨʠʩ. 2.7. ʊʫʪ ʧʨʠʡʥʷʪʦ ʥʘʩʪʫʧʥʽ ʧʦʟʥʘʯʝʥʥʷ: ʂ ï ʢʘʣʦʨʠʬʝʨ; ʆ ï ʦʭʦʣʦʜʞʫʚʘʯ; 

ʊʆ ï ʪʝʧʣʦʦʙʤʽʥʥʠʢ; ʇɿ ï ʧʘʨʦʟʚʦʣʦʞʫʚʘʯ. ʐʘʬʥʠʡ ʢʦʥʜʠʮʽʦʥʝʨ, ʱʦ 

ʟʦʙʨʘʞʝʥʠʡ ʥʘ ʨʠʩ. 2.7 (ʘ) ʨʝʘʣʽʟʫʻ ʪʽʣʴʢʠ ʩʫʭʠʡ ʤʝʪʦʜ ʦʙʨʦʙʢʠ ʧʦʚʽʪʨʷ, ʡʦʛʦ 

ʧʨʠʥʮʠʧ ʦʙʨʦʙʢʠ ʧʦʚʽʪʨʷ ʘʥʘʣʦʛʽʯʥʠʡ ʨʦʟʛʣʷʥʫʪʦʤʫ ʥʘ ʨʠʩ. 2.6, ʘ 

ʢʦʥʩʪʨʫʢʪʠʚʥʘ ʚʽʜʤʽʥʥʽʩʪʴ ʧʦʣʷʛʘʻ ʫ ʧʽʜʢʣʶʯʝʥʥʽ ʜʦ ʟʦʚʥʽʰʥʴʦʛʦ ʜʞʝʨʝʣʘ 

ʪʝʧʣʦ- ʪʘ ʭʦʣʦʜʦʧʦʩʪʘʯʘʥʥʷ. ʅʘʩʪʫʧʥʽ ʜʚʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʩʭʝʤʠ (ʜʠʚ. ʨʠʩ. 2.7 ʙ, 

ʚ) ʨʝʘʣʽʟʫʶʪʴ ʩʫʭʽ ʪʘ ʚʦʣʦʛʽ ʤʝʪʦʜʠ ʦʙʨʦʙʢʠ ʧʦʚʽʪʨʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʘʪʠ 

 

 
ʈʠʩ. 2.7. ʊʝʭʥʦʣʦʛʽʯʥʘ ʩʭʝʤʘ ʰʘʬʥʦʛʦ ʢʦʥʜʠʮʽʦʥʝʨʘ: ʘ) ʽʟ ʦʭʦʣʦʜʞʫʚʘʯʝʤ ʆ 

ʪʘ ʢʘʣʦʨʠʬʝʨʦʤ ʂ; ʙ) ʽʟ ʧʘʨʦʚʠʤ ʟʚʦʣʦʞʫʚʘʯʝʤ ʇɿ, ʦʭʦʣʦʜʞʫʚʘʯʝʤ ʆ ʪʘ 

ʢʘʣʦʨʠʬʝʨʦʤ ; ʚ) ʽʟ ʧʘʨʦʚʠʤ ʟʚʦʣʦʞʫʚʘʯʝʤ ʪʘ ʪʝʧʣʦʦʙʤʽʥʥʠʢʦʤ ʊʆ, ʷʢʠʡ 

ʬʫʥʢʮʽʦʥʫʻ ʫ ʨʝʞʠʤʽ ʢʘʣʦʨʠʬʝʨʘ ʪʘ ʦʭʦʣʦʜʞʫʚʘʯʘ 
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ʇɿ 

ʙ) 
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ʧʦʚʥʠʡ ʮʠʢʣ ʧʽʜʛʦʪʦʚʢʠ ʧʦʚʽʪʨʷ ʫ ʧʨʠʤʽʱʝʥʥʽ. ʆʩʥʦʚʥʘ ʚʽʜʤʽʥʥʽʩʪʴ ʤʽʞ ʜʚʦʤʘ 

ʦʩʪʘʥʥʽʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʩʭʝʤʘʤʠ ʧʦʣʷʛʘʻ ʫ ʩʫʤʽʩʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʊʆ ʥʘ ʥʘʛʨʽʚ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ ʜʣʷ ʚʠʧʘʜʢʫ ʥʘ ʨʠʩ. 2.7 (ʚ). 

ʈʦʟʛʣʷʥʫʪ ̔ʪʝʭʥʦʣʦʛʽʯʥʽ ʩʭʝʤʠ ʤʽʩʮʝʚʦʛʦ ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʧʦʚʽʪʨʷ ʤʘʶʪʴ 

ʣ̔ ʥʽʡʥʫ ʩʪʨʫʢʪʫʨʫ (ʜʠʚ. ʨʠʩ. 2.2 ʘ), ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻ ʧʦʩʣʽʜʦʚʥʫ ʦʙʨʦʙʢʫ 

ʧʦʚʽʪʨʷ. ʆʩʢʽʣʴʢʠ ʤʽʩʮʝʚʽ ʉʂʇ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʫ ʧʨʠʤʽʱʝʥʥʽ, 

ʜʝ ʧʨʦʭʦʜʠʪʴ ʮʠʢʣʽʯʥʘ ʨʝʮʠʨʢʫʣʷʮʽʷ ʧʦʚʽʪʨʷ, ʪʦ ʜʣʷ ʤʽʩʮʝʚʠʭ ʢʦʥʜʠʮʽʦʥʝʨʽʚ 

ʭʘʨʘʢʪʝʨʥʘ ʩʪʨʫʢʪʫʨʘ ʽʟ ʟʚʦʨʦʪʥʽʤ ʟʚôʷʟʢʦʤ (ʜʠʚ. ʨʠʩ. 2.5). ʊʘʢʦʞ ʧʦʪʨʽʙʥʦ 

ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʽʥʢʦʣʠ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʤʽʢʨʦʢʣʽʤʘʪʫ ʫ ʧʨʠʤʽʱʝʥʥʽ 

ʚʩʪʘʥʦʚʣʶʶʪʴ ʜʝʢʽʣʴʢʘ ʰʘʬʥʠʭ ʢʦʥʜʠʮʽʦʥʝʨʽʚ, ʪʦʤʫ ʜʣʷ ʤʽʩʮʝʚʠʭ ʉʂʇ ʪʘʢʦʞ 

ʭʘʨʘʢʪʝʨʥʘ ʧʘʨʘʣʝʣʴʥʘ ʩʪʨʫʢʪʫʨʘ ʤʦʜʝʣʽ (ʜʠʚ. ʨʠʩ. 2.2, ʙ). ʊʘʢʠʤ ʯʠʥʦʤ, 

ʪʦʧʦʣʦʛʽʷ ʘʙʩʪʨʘʢʪʥʠʭ ʤʦʜʝʣʝʡ ʤʽʩʮʝʚʠʭ ʢʦʥʜʠʮʽʦʥʝʨʽʚ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ. 

ʅʘʡʯʘʩʪʽʰʝ ʤʽʩʮʝʚʽ ʉʂʇ ʤʽʩʪʷʪʴ ʟʤʽʰʘʥʫ ʩʪʨʫʢʪʫʨʫ, ʷʢʘ ʧʦʻʜʥʫʻ ʣʽʥʽʡʥʫ, 

ʧʘʨʘʣʝʣʴʥʫ ʪʘ ʟʫʩʪʨʽʯʥʦ-ʧʘʨʘʣʝʣʴʥʫ ʪʦʧʦʣʦʛʽʾ.  

 

2.3 ʍʘʨʘʢʪʝʨʥʽ ʩʠʩʪʝʤʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʢʦʥʜʠʮʽʦʥʝʨʘ ʷʢ ʩʢʣʘʜʥʦʾ 

ʪʝʭʥʽʯʥʦʾ ʩʠʩʪʝʤʠ 

ɿʘʟʚʠʯʘʡ, ʪʝʭʥʽʯʥʽ ʩʠʩʪʝʤʠ ʢʣʘʩʠʬʽʢʫʶʪʴʩʷ ʟʘ ʨʽʟʥʠʤʠ ʦʟʥʘʢʘʤʠ, 

ʥʘʧʨʠʢʣʘʜ: ʤʝʪʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ (ʧʨʠʟʥʘʯʝʥʥʷ); ʚʟʘʻʤʦʜʽʷ ʽʟ ʟʦʚʥʽʰʥʽʤ 

ʩʝʨʝʜʦʚʠʱʝʤ; ʩʧʦʩʽʙ ʦʨʛʘʥʽʟʘʮʽʾ; ʭʘʨʘʢʪʝʨ ʟʚôʷʟʢʽʚ ʤʽʞ ʝʣʝʤʝʥʪʘʤʠ; ʩʧʦʩʽʙ 

ʢʝʨʫʚʘʥʥʷ; ʬʫʥʢʮʽʾ ʪʘ ʽʥʰʝ. ɿʘ ʯʠʩʣʦʤ ʝʣʝʤʝʥʪʽʚ, ʭʘʨʘʢʪʝʨʦʤ ʪʘ ʪʠʧʦʤ ʟʚôʷʟʢʽʚ 

ʩʠʩʪʝʤʠ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʚʝʣʠʢʽ (ʧʨʦʩʪʽ) ʽ ʩʢʣʘʜʥʽ [116 ï 119, 187, 188]. ʇʦʥʷʪʪʷ 

ñʩʢʣʘʜʥʽʩʪʴ ʩʠʩʪʝʤʠò ʥʝ ʤʘʻ ʯʽʪʢʦ ʦʢʨʝʩʣʝʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ, ʬʘʭʽʚʮʽ ʨʽʟʥʠʭ 

ʛʘʣʫʟʝʡ ʟʥʘʥʴ ʨʦʟʫʤʽʶʪʴ ʡʦʛʦ ʧʦ-ʨʽʟʥʦʤʫ. ʅʘ ʩʴʦʛʦʜʥʽ, ʩʠʩʪʝʤʥʽ ʘʥʘʣʽʪʠʢʠ 

ʩʭʠʣʷʶʪʴʩʷ ʜʦ ʜʫʤʢʠ, ʱʦ ʩʢʣʘʜʥʽʩʪʴ ʩʠʩʪʝʤ, ʷʚʠʱ ʽ ʧʨʦʮʝʩʽʚ ʥʝ ʤʦʞʝ ʙʫʪʠ 

ʚʽʜʦʙʨʘʞʝʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʧʦʢʘʟʥʠʢʘ. ʋ ʨʽʟʥʠʭ ʩʠʩʪʝʤʘʭ 

ʩʢʣʘʜʦʚʽ ʧʨʦʙʣʝʤʥʠʭ ʷʚʠʱ ʧʨʦʷʚʣʷʶʪʴʩʷ ʧʦ ʨʽʟʥʦʤʫ. ʇʦʥʷʪʪʷ ʩʢʣʘʜʥʦʩʪʽ 

ʩʠʩʪʝʤʠ ʚʠʚʯʘʻʪʴʩʷ ʥʘʫʢʦʚʮʷʤʠ ʷʢ ʽʟ ʷʢʽʩʥʦʛʦ ʙʦʢʫ ʪʘʢ ʽ ʢʽʣʴʢʽʩʥʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ. ɯʩʥʫʶʪʴ ʮʽʣʽ ʢʦʥʮʝʧʮʽʾ ʚʠʟʥʘʯʝʥʥʷ ʩʢʣʘʜʥʦʩʪʽ ʩʠʩʪʝʤʠ, 

ʥʘʧʨʘʚʣʝʥʽ ʥʘ ʚʠʤʽʨʶʚʘʥʥʷ ʾʾ ʩʢʣʘʜʥʦʩʪʽ ʢʽʣʴʢʽʩʥʠʤ ʩʧʦʩʦʙʦʤ. ʅʘʧʨʠʢʣʘʜ, 
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ɺ.ʈ. ɽʰʙʽ ʟʘʧʨʦʧʦʥʫʚʘʚ ʦʮʽʥʶʚʘʪʠ ʩʢʣʘʜʥʽʩʪʴ ʢʽʣʴʢʽʩʪʶ ʤʦʞʣʠʚʠʭ ʩʪʘʥʽʚ 

ʩʠʩʪʝʤʠ, ʘ ʜʣʷ ʚʨʘʭʫʚʘʥʥʷ ʡʤʦʚʨ̔ʥʦʩʪʽ ʟʥʘʭʦʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʫ i-ʤʫ ʩʪʘʥʽ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʟʘʣʝʞʥʽʩʪʴ ʂ. ʐʝʥʥʦʥʘ [188]. 

ʉʢʣʘʜʥʽ ʪʝʭʥʽʯʥʽ ʩʠʩʪʝʤʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʠʟʢʦʶ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʷʢʽ 

ʚʠʟʥʘʯʘʶʪʴ ʾʭʥʶ ʩʪʨʫʢʪʫʨʫ ʪʘ ʧʦʚʝʜʽʥʢʫ. ɿ ʧʦʟʠʮʽʾ ʤʝʪʦʜʦʣʦʛʽʾ ʩʠʩʪʝʤʥʦʛʦ 

ʘʥʘʣʽʟʫ, ʦʩʥʦʚʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʪʘʢʠʭ ʩʠʩʪʝʤ ʻ: ʤʥʦʞʠʥʥʽʩʪʴ; ʮʽʣʽʩʥʽʩʪʴ; 

ʝʤʝʨʜʞʝʥʪʥʽʩʪʴ; ʝʢʚʽʧʦʪʝʥʮʽʡʥʽʩʪʴ; ʩʠʥʝʨʛʽʟʤ ʪʘ ʽʥʰʽ [187, 188]. ʅʘ ʦʩʥʦʚʽ 

ʦʛʣ̫ʜʫ ʧ.2.3 ʪʘ ʧ.2.4 ʨʦʟʛʣʷʥʝʤʦ ʭʘʨʘʢʪʝʨʥʽ ʩʠʩʪʝʤʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʉʂʇ. 

ʄʥʦʞʠʥʥʽʩʪʴ ï ʦʜʥʘ ʽ ʪʘ ʞ ʩʫʢʫʧʥʽʩʪʴ ʝʣʝʤʝʥʪʽʚ ʻ ʤʥʦʞʠʥʦʶ ʩʠʩʪʝʤ, 

ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʩʠʩʪʝʤʦʪʚʦʨʯʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʪʘ ʢʦʥʢʨʝʪʥʠʤʠ 

ʚʽʜʥʦʰʝʥʥʷʤʠ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ ʫ ʩʠʩʪʝʤʽ. ʊʝʭʥʦʣʦʛʽʷ ʦʙʨʦʙʢʠ ʧʦʚʽʪʨʷ ʜʣʷ 

ʮʝʥʪʨʘʣʴʥʠʭ ʪʘ ʤʽʩʮʝʚʠʭ  ʉʂʇ ʤʽʩʪʠʪʴ ʥʘʩʪʫʧʥʝ ʢʣʽʤʘʪʠʯʥʝ ʦʙʣʘʜʥʘʥʥʷ: 

¶ ʢʘʣʦʨʠʬʝʨʝʨ ʜʣʷ ʥʘʛʨʽʚʘʥʥʷ ʧʦʚʽʪʨʷ; 

¶ ʦʭʦʣʦʜʞʫʚʘʯ ʜʣʷ ʦʭʦʣʦʜʞʝʥʥʷ ʘʙʦ ʦʩʫʰʝʥʥʷ ʧʦʚʽʪʨʷ; 

¶ ʟʚʦʣʦʞʫʚʘʯ ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ʧʦʚʽʪʨʷ; 

¶ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʫʪʠʣʽʟʘʮʽʾ ʪʝʧʣʘ (ʪʝʧʣʦʦʙʤʽʥʥʠʢʠ, ʢʘʤʝʨʠ ʟʤʽʰʫʚʘʥʥʷ, 

ʽʥʰʝ). 

ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʧʽʜʛʦʪʦʚʢʠ ʧʦʚʽʪʨʷ ʧʨʦʭʦʜʠʪʴ ʫ ʧʦʩʣʽʜʦʚʥʦʩʪʽ, ʷʢʘ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʷʚʥʠʤ ʢʣʽʤʘʪʠʯʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ. ʗʢ ʟʘʟʥʘʯʘʣʦʩʷ ʫ ʧ.2.2 ʪʘ 

ʧ.2.3, ʪʦʧʦʣʦʛʽʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʭʝʤ ʉʂʇ ʤʽʩʪʠʪʴ ʣʽʥʽʡʥʫ, ʧʘʨʘʣʝʣʴʥʫ, 

ʢʽʣʴʮʝʚʫ ʪʘ ʟʤʽʰʘʥʽ ʩʪʨʫʢʪʫʨʠ. ʅʘ ʦʩʥʦʚʽ ʮʠʭ ʪʦʧʦʣʦʛʽʡ ʧʨʦʝʢʪʫʚʘʣʴʥʠʢʘʤʠ 

ʨʦʟʨʦʙʣʝʥʦ ʙʽʣʷ ʜʝʢʽʣʴʢʦʭ ʜʝʩʷʪʢʽʚ ʨʽʟʥʦʚʠʜʽʚ ʪʘ ʚʘʨʽʘʮʽʡ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʭʝʤ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʪʘ ʤʽʩʮʝʚʦʛʦ ʢʦʥʜʠʮʽʶʚʘʥʥʷ, ʱʦ ʜʝʤʦʥʩʪʨʫʻ ʚʣʘʩʪʠʚʽʩʪʴ 

ʤʥʦʞʠʥʥʦʩʪʽ ʉʂʇ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʤʽʢʨʦʢʣʽʤʘʪʫ ʫ ʧʨʠʤʽʱʝʥʥ ̔

(ʘʙʦ ʛʨʫʧʽ ʧʨʠʤʽʱʝʥʴ). ɺʣʘʩʪʠʚʽʩʪʴ ʤʥʦʞʠʥʥʦʩʪʽ ʻ ʭʘʨʘʢʪʝʨʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ 

ʢʦʥʜʠʮʽʦʥʝʨʽʚ ʧʦʚʽʪʨʷ, ʱʦ ʚʠʜʽʣʷʻ ʮʽ ʩʠʩʪʝʤʠ ʚ ʦʢʨʝʤʠʡ ʢʣʘʩ ʦʙôʻʢʪʽʚ 

ʜʦʩʣʽʜʞʝʥʥʷ. 

ʎʽʣʽʩʥʽʩʪʴ ï ʚʣʘʩʪʠʚʽʩʪʴ ʩʠʩʪʝʤʠ, ʢʦʣʠ ʩʠʩʪʝʤʘ ʬʫʥʢʮʽʦʥʫʻ ʷʢ ʻʜʠʥʝ 

ʥʝʧʦʜʽʣʴʥʝ ʮʽʣʝ, ʘ ʾʾ ʚʣʘʩʪʠʚʦʩʪʽ ʥʝ ʟʚʦʜʷʪʴʩʷ ʜʦ ʧʨʦʩʪʦʾ ʩʫʤʠ ʚʣʘʩʪʠʚʦʩʪʝʡ ʾʾ 

ʦʢʨʝʤʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. ʆʩʥʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʙʫʜʴ-ʷʢʦʾ ʉʂʇ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ 
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ʥʝʦʙʭʽʜʥʦʛʦ ʤʽʢʨʦʢʣʽʤʘʪʫ ʫ ʩʝʨʝʜʦʚʠʱʽ. ʉʂʇ ʟʜʘʪʥʘ ʟʙʝʨʽʛʘʪʠ ʩʚʦʶ ʮʽʣʽʩʥʽʩʪʴ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʨʠ ʟʤʽʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʚʦʣʦʛʦʩʪʽ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʟʙʫʨʝʥʴ ʧʨʦʤʠʩʣʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʂʦʞʥʦʤʫ 

ʢʦʤʧʦʥʝʥʪʫ ʉʂʇ ʧʨʠʪʘʤʘʥʥʘ ʚʽʜʧʦʚʽʜʥʘ ʬʫʥʢʮʽʷ (ʥʘʛʨʽʚʘʥʥʷ, ʟʚʦʣʦʞʝʥʥʷ, 

ʦʩʫʰʝʥʥʷ ʘʙʦ ʦʭʦʣʦʜʞʝʥʥʷ ʧʦʚʽʪʨʷ), ʷʢʫ ʥʝ ʟʜʘʪʥʠʡ ʚʠʢʦʥʘʪʠ ʽʥʰʠʡ 

ʢʦʤʧʦʥʝʥʪ. ɼʣʷ ʘʥʘʣʽʟʫ ʚʟʘʻʤʦʜʽʾ ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʜʦʩʣʽʜʥʠʢʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʽʘʛʨʘʤʠ ʈʘʤʟʽʥʘ, ʘʙʦ ʄʦʣʴʝ [23, 30 ï 32]. ʅʘ ʦʩʥʦʚʽ 

ʥʘʚʝʜʝʥʦʛʦ ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʙʫʜʴ-ʷʢʘ ʉʂʇ ʚʦʣʦʜʽʻ ʚʣʘʩʪʠʚʽʩʪʶ 

ʮʽʣʽʩʥʦʩʪʽ ʷʢ ʩʢʣʘʜʥʦʾ ʩʠʩʪʝʤʠ, ʜʝ ʢʦʞʥʠʡ ʝʣʝʤʝʥʪ ʚʠʢʦʥʫʻ ʩʚʦʾ ʽʥʜʠʚʽʜʫʘʣʴʥʽ 

ʬʫʥʢʮʽʾ. 

ɽʤʝʨʜʞʝʥʪʥʽʩʪʴ ï ʚʣʘʩʪʠʚʽʩʪʴ ʩʠʩʪʝʤʠ, ʢʦʣʠ ʾʾ ʧʦʚʝʜʽʥʢʘ ʘʙʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʷʩʥʝʥʽ ʚʠʢʣʶʯʥʦ ʯʝʨʝʟ ʚʣʘʩʪʠʚʦʩʪʽ ʾʾ 

ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ, ʘ ʚʠʥʠʢʘʶʪʴ ʫ ʨʝʟʫʣʴʪʘʪʽ ʾʭʥʴʦʾ ʚʟʘʻʤʦʜʽʾ. ʗʢ ʟʘʟʥʘʯʘʣʦʩʷ 

ʚʠʱʝ, ʉʂʇ ʤʽʩʪʠʪʴ ʢʣʽʤʘʪʠʯʥʝ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ 

ʧʨʦʮʝʩʫ ʧʽʜʛʦʪʦʚʢʠ ʧʦʚʽʪʨʷ. ʇʽʜʪʨʠʤʢʘ ʥʝʦʙʭʽʜʥʦʛʦ ʤʽʢʨʦʢʣʽʤʘʪʫ ʫ 

ʧʨʠʤʽʱʝʥʥʽ ï ʥʝ ʻ ʧʨʦʩʪʦʶ ʩʫʤʦʶ ʬʫʥʢʮʽʡ ʢʦʞʥʦʛʦ ʦʢʨʝʤʦʛʦ ʢʦʤʧʦʥʝʥʪʘ 

ʉʂʇ. ʆʢʨʽʤ ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʢʦʥʜʠʮʽʦʥʝʨ ʜʦʧʦʚʥʶʻʪʴʩʷ ʩʠʩʪʝʤʦʶ 

ʢʝʨʫʚʘʥʥʷ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʩʪʘʙʽʣʽʟʘʮʽʶ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʚʦʣʦʛʦʩʪʽ. ʆʢʨʝʤʝ 

ʢʣʽʤʘʪʠʯʥʝ ʦʙʣʘʜʥʘʥʥʷ ʥʝ ʟʜʘʪʥʝ ʧʽʜʪʨʠʤʫʚʘʪʠ ʩʪʘʙʽʣʴʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʪʘ 

ʚʦʣʦʛʽʩʪʴ. ʃʠʰʝ ʟʘʚʜʷʢʠ ʚʟʘʻʤʦʜʽʾ ʩʝʥʩʦʨʽʚ, ʇʃʂ ʪʘ ʚʧʣʠʚʫ ʚʠʢʦʥʘʚʯʠʭ 

ʤʝʭʘʥʽʟʤʽʚ ʥʘ ʦʙʣʘʜʥʘʥʥʷ ʢʦʥʜʠʮʽʦʥʝʨʘ ï ʪʘʢʘ ʩʠʩʪʝʤʘ ʟʜʘʪʥʘ ʧʽʜʪʨʠʤʫʚʘʪʠ 

ʟʘʜʘʥʽ ʧʘʨʘʤʝʪʨʠ ʤʽʢʨʦʢʣʽʤʘʪʫ. ɿʘʚʜʷʢʠ ʚʟʘʻʤʦʜʽʾ ʇʃʂ ʽʟ ʢʦʥʜʠʮʽʦʥʝʨʦʤ ʯʝʨʝʟ 

ʩʝʥʩʦʨʠ ʪʘ ʚʠʢʦʥʘʚʯʽ ʤʝʭʘʥʽʟʤʠ ʜʦʨʦʛʽ ʢʦʤʧʦʥʝʥʪʠ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ 

ʟʘʭʠʩʪʦʤ ʚʽʜ ʧʝʨʝʚʘʥʪʘʞʝʥʴ, ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʇʃʂ ʟʜʽʡʩʥʶʻ 

ʩʘʤʦʜʽʘʛʥʦʩʪʠʢʫ ʩʠʩʪʝʤʠ, ʟʘʙʝʟʧʝʯʫʻ ʾʾ ʝʨʝʥʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʯʝʨʝʟ ʦʧʪʠʤʽʟʘʮʽʶ 

ʨʦʙʦʪʠ ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʉʂʇ ʜʝʤʦʥʩʪʨʫʻ ʝʤʝʨʜʞʝʥʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, 

ʦʩʢʽʣʴʢʠ ʾʾ ʟʘʛʘʣʴʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʚʠʭʦʜʠʪʴ ʟʘ ʤʝʞʽ ʤʦʞʣʠʚʦʩʪʝʡ ʦʢʨʝʤʠʭ 

ʝʣʝʤʝʥʪʽʚ. ɸʜʘʧʪʘʮʽʷ ʜʦ ʟʤʽʥ ʫ ʩʝʨʝʜʦʚʠʱʽ, ʦʧʪʠʤʽʟʘʮʽʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʪʘ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʤʽʢʨʦʢʣʽʤʘʪʫ ʫ ʧʨʠʤʽʱʝʥʥʽ ï ʮʝ ʨʝʟʫʣʴʪʘʪ ʚʟʘʻʤʦʜʽʾ 

ʾʾ ʫʩʽʭ ʢʦʤʧʦʥʝʥʪʽʚ ʽ ʥʝ ʻ ʚʣʘʩʪʠʚʽʩʪʶ ʞʦʜʥʦʛʦ ʟ̔ ʥʠʭ ʦʢʨʝʤʦ. ʊʘʢʠʤ ʯʠʥʦʤ, 
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ʉʂʇ ï ʮʝ ʥʝ ʧʨʦʩʪʦ ʥʘʙʽʨ ʚʟʘʻʤʦʟʚôʷʟʘʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʘ ʩʢʣʘʜʥʘ ʪʝʭʥʽʯʥʘ 

ʩʠʩʪʝʤʘ, ʱʦ ʥʘʙʫʚʘʻ ʥʦʚʠʭ ʷʢʦʩʪʝʡ ʟʘʚʜʷʢʠ ʚʟʘʻʤʦʜʽʾ ʩʚʦʾʭ ʢʦʤʧʦʥʝʥʪʽʚ. 

ʇʦʥʷʪʪʷ ʝʢʚʽʧʦʪʝʥʮʽʡʥʦʩʪʽ ʫ ʩʠʩʪʝʤʥʦʤʫ ʘʥʘʣʽʟʽ ʧʦʚôʷʟʘʥʝ ʽʟ 

ʽʥʪʝʛʨʦʚʘʥʽʩʪʶ ʧʽʜʧʦʨʷʜʢʦʚʘʥʦ ʾʩʠʩʪʝʤʠ ʫ ʩʠʩʪʝʤʫ ʚʠʱʦʛʦ ʨʽʚʥʷ. ʊʦʙʪʦ, 

ʢʦʞʥʫ ʩʠʩʪʝʤʫ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʧʽʜʩʠʩʪʝʤʫ ʚʠʱʦʛʦ ʨʽʚʥʷ, ʽ ʥʘʚʧʘʢʠ ï 

ʧʽʜʩʠʩʪʝʤʘ ʤʦʞʝ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʩʠʩʪʝʤʘ ʟʽ ʩʚʦʻʶ ʩʪʨʫʢʪʫʨʦʶ, ʬʫʥʢʮʽʷʤʠ ʪʘ 

ʟʚËʷʟʢʘʤʠ ʤʽʞ ʾʾ ʢʦʤʧʦʥʝʥʪʘʤʠ. ʉʂʇ ʤʘʻ ʫʩʽ ʦʟʥʘʢʠ ʝʢʚʽʧʦʪʝʥʮʽʡʥʦʩʪʽ, 

ʦʩʢʽʣʴʢʠ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʥʘ ʚʠʨʦʙʥʠʮʪʚʽ ʷʢ ʜʦʧʦʤʽʞʥʘ ʪʝʭʥʦʣʦʛʽʷ. 

ʄʽʢʨʦʢʣʽʤʘʪ ʧʨʦʤʠʩʣʦʚʠʭ ʧʨʠʤʽʱʝʥ ɹʻ ʥʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ ʜʣʷ ʩʪʘʙʽʣʴʥʦʾ ʪʘ 

ʷʢʽʩʥʦʾ ʨʦʙʦʪʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʦʙôʻʢʪʘʭ ʂɯ (ʜʠʚ. ʧ.1.4). ʋʩʽ 

ʥʘʷʚʥʽ ʥʘ ʦʙôʻʢʪʘʭ ʂɯ ʉʂʇ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʧʽʜʩʠʩʪʝʤʠ ʽʟ ʽʻʨʘʨʭʽʯʥʦʶ 

ʩʠʩʪʝʤʦʶ ʫʧʨʘʚʣʽʥʥʷ. ʈʘʮʽʦʥʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʉʂʇ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʂɯ 

ʧʽʜʚʠʱʫʻ ʷʢʽʩʪʴ ʧʨʦʜʫʢʮʽʾ, ʟʙʽʣʴʰʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʨʦʚʠʥʠ ʪʘ 

ʥʘʜʽʡʥʽʩʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʚ ʫʤʦʚʘʭ ʟʦʚʥʽʰʥʴʦʛʦ 

ʚʧʣʠʚʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ ʧʨʦʜʫʢʮʽʾ. 

ʉʠʥʝʨʛʽʟʤ ʚʠʟʥʘʯʘʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʟʘʻʤʦʜʽʾ ʢʦʤʧʦʥʝʥʪʽʚ ʩʢʣʘʜʥʦʾ 

ʩʠʩʪʝʤʠ, ʢʦʣʠ ʩʫʤʽʩʥʘ ʚʟʘʻʤʦʜʽʷ ʢʦʤʧʦʥʝʥʪʽʚ ʩʢʣʘʜʥʦʾ ʩʠʩʪʝʤʠ ʜʘʻ ʙʽʣʴʰʠʡ 

ʝʬʝʢʪ, ʥʽʞ ʧʨʦʩʪʘ ʩʫʤʘ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʝʬʝʢʪʽʚ ʚʽʜ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ 

ʩʠʩʪʝʤʠ. ʉʂʇ ʜʝʤʦʥʩʪʨʫʻ ʧʝʚʥʠʡ ʨʽʚʝʥʴ ʩʠʥʝʨʛʽʟʤʫ, ʦʩʢʽʣʴʢʠ ʚʟʘʻʤʦʜʽʷ ʾʾ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʽʟ ʩʠʩʪʝʤʦʶ ʢʝʨʫʚʘʥʥʷ ʢʦʥʜʠʮʽʦʥʝʨʘ ʟʘʙʝʟʧʝʯʫʻ 

ʧʽʜʪʨʠʤʢʫ ʥʝʦʙʭʽʜʥʦʛʦ ʤʽʢʨʦʢʣʽʤʘʪʫ ʫ ʧʨʠʤʽʱʝʥʥʽ. ʇʨʦʪʝ, ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʦʶ ʪʘ ʚʽʜʥʦʩʥʦʶ ʚʦʣʦʛʽʩʪʶ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʾʭ 

ʚʟʘʻʤʦʜʽʾ ʜʣʷ ʻʜʠʥʦʛʦ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʧʦʪʦʢʫ ʧʦʚʽʪʨʷ. ʇʽʜ ʢʝʨʫʚʘʥʥʷʤ ʉʂʇ 

ʨʦʟʫʤʽʶʪʴ ʘʚʪʦʤʘʪʠʯʥʫ ʩʪʘʙʽʣʽʟʘʮʽʶ ʧʘʨʘʤʝʪʨʽʚ ʚʽʜʦʩʦʙʣʝʥʠʭ ʘʧʘʨʘʪʽʚ, 

ʦʙôʻʜʥʘʥʠʭ ʫ ̒ʜʠʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ. ʃʽʪʝʨʘʪʫʨʥʠʡ ʦʛʣʷʜ ʥʝ ʚʠʷʚʠʚ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʽʥʪʝʛʨʘʮʽʾ ʥʘʷʚʥʠʭ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ ʢʦʥʜʠʮʽʦʥʝʨʽʚ ʫ 

ʻʜʠʥʫ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʝʨʫʶʯʫ ʩʠʩʪʝʤʫ. ʅʘ ʜʫʤʢʫ ʘʚʪʦʨʘ, ʩʠʥʝʨʛʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʉʂʇ ʧʦʪʨʝʙʫʶʪʴ ʧʦʜʘʣʴʰʦʛʦ ʧʦʢʨʘʱʝʥʥʷ, ʱʦ ʽ ʻ ʤʝʪʦʶ 

ʜʦʩʣʽʜʞʝʥʥʷ ʮʽʻʾ ʨʦʙʦʪʠ. 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʉʂʇ ʩʣʽʜ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʩʢʣʘʜʥʫ ʪʝʭʥʽʯʥʫ ʩʠʩʪʝʤʫ, ʱʦ 

ʦʙôʻʜʥʫʻ ʚ ʩʦʙʽ ʤʝʭʘʥʽʯʥʽ, ʪʝʨʤʦʜʠʥʘʤʽʯʥʽ, ʝʣʝʢʪʨʦʥʥʽ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʽ 

ʧʨʦʮʝʩʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʤʽʢʨʦʢʣʽʤʘʪʫ ʥʘ ʢʽʙʝʨʬʽʟʠʯʥʠʭ 

ʦʙôʻʢʪʘʭ ʂɯ. ʉʂʇ ʤʽʩʪʷʪʴ ʢʣʶʯʦʚ ̔ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ, ʱʦ 

ʧʽʜʪʚʝʨʜʞʫʻ ʾʭ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʦʨʛʘʥʽʟʘʮʽʾ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʩʢʣʘʜʥʦʩʪʽ. 

ʉʢʣʘʜʥʽʩʪʴ ʉʂʇ ʦʙʫʤʦʚʣʝʥʘ ʥʝ ʣʠʰʝ ʥʘʷʚʥʽʩʪʶ ʯʠʩʣʝʥʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʘʣʝ 

ʡ ʾʭʥʴʦʶ ʚʟʘʻʤʦʜʽʻʶ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʜʠʥʘʤʽʯʥʫ ʘʜʘʧʪʘʮʽʶ ʜʦ ʟʦʚʥʽʰʥʽʭ ʫʤʦʚ ʽ 

ʧʦʪʨʝʙ ʦʙôʻʢʪʽʚ ʂɯ. ʉʫʯʘʩʥʽ ʪʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ ʂʌʆ ʂɯ ʩʧʨʷʤʦʚʘʥʽ ʥʘ 

ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʾ ʪʘʢʠʭ ʩʠʩʪʝʤ. 

 

2.4 ʂʣʘʩʠʬʽʢʘʮʽʷ ʩʠʩʪʝʤʠ ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʧʦʚʽʪʨʷ ʷʢ ʦʙôʻʢʪʘ 

ʢʝʨʫʚʘʥʥʷ 

ʋʟʘʛʘʣʴʥʝʥʥʷ ʚʽʜʦʤʦʩʪʝʡ ʧʨʦ ʬʽʟʠʯʥʽ ʧʨʦʮʝʩʠ ʧʽʜʛʦʪʦʚʢʠ ʧʦʚʽʪʨʷʦʾ 

ʩʫʤʽʰʽ ʻ ʩʢʣʘʜʥʠʤ ʟʘʚʜʘʥʥʷʤ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʚʽʜʩʫʪʥʽʩʪʶ ʜʦ ʪʝʧʝʨʽʰʥʴʦʛʦ 

ʯʘʩʫ ʻʜʠʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʉʂʇ (ʜʠʚ. ʧ.1.4). ɺʽʜʦʤʽ ʘʚʪʦʨʠ, ʪʘʢʽ ʷʢ ʖ.ʉ ɹʦʥʜʘʨ, 

ʆ.ɯ. ʃʠʧʘ, ʆ.ʄ. ɹʻʣʦʚʘ, ɺ.ʄ. ɹʦʛʦʩʣʦʚʩʴʢʠʡ, ʆ.ʆ. ɻʦʣʦʣʽʥ, ʆ.ɺ. ʅʝʩʪʝʨʝʥʢʦ, 

ʖ.ɺ. ʉʪʝʬʘʥʦʚ, ʇ.ɺ. ʋʯʘʩʪʢʽʥ ʪʘ ʽʥʰʽ ʧʨʦʧʦʥʫʶʪʴ ʨʽʟʥʽ ʤʝʪʦʜʠʢʠ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʩʠʩʪʝʤ ʢʦʥʜʠʮʽʶʚʘʥʥʷ. ɺʽʜʜʘʪʠ ʧʝʨʝʚʘʛʫ ʦʜʥʽʡ ʽʟ ʽʩʥʫʶʯʠʭ 

ʢʣʘʩʠʬʽʢʘʮʽʡ ʜʦʩʪʘʪʥʴʦ ʚʘʞʢʦ, ʦʩʢʽʣʴʢʠ ʢʦʞʥʘ ʟ ʢʣʘʩʠʬʽʢʘʮʽʡ ʧʦ-ʩʚʦʻʤʫ 

ʚʽʜʦʙʨʘʞʫʻ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ ʢʦʥʜʠʮʽʶʚʘʥʥʷ. 

ɹʽʣʴʰʽʩʪʴ ʢʣʘʩʠʬʽʢʘʮʽʡ [24, 31, 37, 39] ʦʙʫʤʦʚʣʶʻ ʪʽʩʥʠʡ ʟʚôʷʟʦʢ ʩʠʩʪʝʤ 

ʢʝʨʫʚʘʥʥʷ ʽʟ ʪʝʭʥʦʣʦʛʽʯʥʦʶ ʨʝʘʣʽʟʘʮʽʻʶ ʉʂʇ. ɿ ʥʘʚʝʜʝʥʠʭ ʤʽʨʢʫʚʘʥʴ ʫ ʨʦʙʦʪʽ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʣʘʩʠʬʽʢʘʮʽʶ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʦʩʦʙʣʠʚʦʩʪʽ 

ʢʝʨʫʚʘʥʥʷ ʉʂʇ ʜʣʷ ʦʙôʻʢʪʽʚ ʂɯ ʟʘ ʥʘʩʪʫʧʥʠʤʠ ʦʟʥʘʢʘʤʠ:  

1) ʢʽʣʴʢʽʩʪʶ ʟʦʥ ʧʨʦʤʠʩʣʦʚʦʛʦ ʢʦʥʜʠʮʽʶʚʘʥʥʷ (ʦʜʥʦʟʦʥʘʣʴʥʽ ʘʙʦ 

ʙʘʛʘʪʦʟʦʥʘʣʴʥʽ); 

2) ʧʨʠʥʮʠʧʦʤ ʨʦʙʦʪʠ ʦʙʣʘʜʥʘʥʥʷ ʟʚʦʣʦʞʝʥʥʷ ʧʦʚʽʪʨʷ (ʘʜʽʘʙʘʪʥʝ, ʽʟʦʪʝʨʤʽʯʥʝ 

ʘʙʦ ʧʦʣʽʪʨʦʧʥʝ ʟʚʦʣʦʞʝʥʥʷ); 



84 
 

3) ʧʨʠʥʮʠʧʦʤ ʫʪʠʣʽʟʘʮʽʾ ʪʝʧʣʘ ʚʠʪʷʞʥʦʛʦ ʧʦʚʽʪʨʷ (ʙʝʟ ʫʪʠʣʽʟʘʮʽʾ, ʽʟ 

ʨʝʮʠʨʢʫʣʷʮʽʻʶ ʧʦʚʽʪʨʷ, ʽʟ ʨʝʢʫʧʝʨʘʮʽʻʶ ʧʦʚʽʪʨʷ ʥʘ ʧʣʘʩʪʠʥʯʘʪʦʤʫ, 

ʦʙʝʨʪʦʚʦʤʫ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘʭ ʪʘ ʽʥʰʝ); 

4) ʦʩʦʙʣʠʚʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʂɯ: 

¶ ʭʘʨʘʢʪʝʨ ʟʙʫʨʝʥʴ ʫ ʧʨʠʤʽʱʝʥʥʽ (ʪʝʧʣʦʚʽ ʪʘ/ʘʙʦ ʚʦʣʦʛʦʚʽ ʟʦʚʥʽʰʥʽ ʪʘ/ʘʙʦ 

ʚʥʫʪʨʽʰʥʽ ʟʙʫʨʝʥʥʷ); 

¶ ʭʘʨʘʢʪʝʨ ʨʦʙʦʪʠ ʢʝʨʫʚʘʥʥʷ ʢʦʥʜʠʮʽʦʥʝʨʦʤ (ʩʪʘʙʽʣʽʟʫʶʯʘ ʩʠʩʪʝʤʘ 

ʢʝʨʫʚʘʥʥʷ ʜʣʷ ʧʨʦʤʠʩʣʦʚʠʭ ʦʙôʻʢʪʽʚ ʂɯ ʘʙʦ ʘʜʘʧʪʠʚʥʘ ʩʠʩʪʝʤʘ 

ʢʝʨʫʚʘʥʥʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʢʦʤʬʦʨʪʥʠʭ ʫʤʦʚ ʧʝʨʝʙʫʚʘʥʥʷ ʣʶʜʝʡ). 

ʂʣʘʩʠʬʽʢʘʮʽ ̫ʉʂʇ ʷʢ ʦʙôʻʢʪʘ ʫʧʨʘʚʣʽʥʥʷ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 2.8. ɹʣʦʢʠ 

1 ï 3 ʢʣʘʩʠʬʽʢʘʮʽʾ ʷʚʣʷʶʪʴʩʷ ʩʫʪʦ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʪʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ 

ʪʝʭʥʦʣʦʛʽʶ ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʧʦʚʽʪʨʷ. ɿʘ ʜʘʥʠʤʠ ʙʣʦʢʘʤʠ ʢʣʘʩʠʬʽʢʘʮʽʾ ʤʦʞʥʘ 

ʚʠʜʽʣʠʪʠ ʙʽʣʴʰʝ ʜʚʦʭ ʜʝʩʷʪʢʽʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʭʝʤ ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʧʦʚʽʪʨʷ, 

ʢʦʞʥʘ ʽʟ ʷʢʠʭ ʤʘʻ ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʨʝʘʣʽʟʘʮʽʾ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʪʨʝʙ 

 

 

 

ʟʘʤʦʚʥʠʢʘ. ʏʝʪʚʝʨʪʠʡ ʙʣʦʢ ʢʣʘʩʠʬʽʢʘʮʽʾ ʭʘʨʘʢʪʝʨʠʟʫʻ ʨʝʞʠʤ ʫʧʨʘʚʣʽʥʥʷ ʉʂʇ. 

ɼʣʷ ʧʨʦʤʠʩʣʦʚʠʭ ʦʙôʻʢʪʽʚ ʂɯ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʢʦʥʜʠʮʽʦʥʝʨʘ ʧʨʘʮʶʻ ʚ 

ʨʝʞʠʤʽ ʩʪʘʙʽʣʽʟʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʤʽʢʨʦʢʣʽʤʘʪʫ ʫ ʧʨʠʤʽʱʝʥʥʽ, ʢʦʤʧʝʥʩʫʶʯʠ 

 

ʆʩʦʙʣʠʚʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ  

ʦʙôʻʢʪʽʚ ʂɯ 

 

ʂʽʣʴʢʽʩʪʴ ʟʦʥ 

ʢʦʥʜʠʮʽʶʚʘʥʥʷ 

 

ʇʨʠʥʮʠʧ 

ʟʚʦʣʦʞʝʥʥʷ 

 

ʇʨʠʥʮʠʧʦʤ 

ʫʪʠʣʽʟʘʮʽʾ ʪʝʧʣʘ 

ʅʘʷʚʥʽ  

ʟʙʫʨʝʥʥʷ  

ʍʘʨʘʢʪʝʨ 

ʢʝʨʫʚʘʥʥʷ 

 

ʉʂʇ ʷʢ ʦʙôʻʢʪ ʢʝʨʫʚʘʥʥʷ 

ʆʜʥʦʟʦʥʘʣʴʥʽ 

ʉʂʇ 

ɹʘʛʘʪʦʟʦʥʘ-

ʣʴʥʽ ʉʂʇ 

ɸʜʽʘʙʘʪʥʝ 

ʟʚʦʣʦʞʝʥʥʷ 

ɯʟʦʪʝʨʤʽʯʥʝ 

ʟʚʦʣʦʞʝʥʥʷ 

ʇʦʣʽʪʨʦʧʥʝ 

ʟʚʦʣʦʞʝʥʥʷ 

ɯʟ ʨʝʢʫʧʝ-

ʨʘʮʽʻʶ 

ɯʟ ʨʝʮʠʨʢʫ-

ʣʷʮʽʻʶ 

ɹʝʟ ʫʪʠʣʽʟʘʮʽʾ 

ʪʝʧʣʘ 

ʉʪʘʙʽʣʽʟʫʶʯʘ  

ʩʠʩʪʝʤʘ 

ʢʝʨʫʚʘʥʥʷ 

ɸʜʘʧʪʠʚʥʘ 

ʩʠʩʪʝʤʘ 

ʢʝʨʫʚʘʥʥʷ 

ɿʦʚʥʽʰʥʽ 

ʟʙʫʨʝʥʥʷ 

ɺʥʫʪʨʽʰʥʽ 

ʟʙʫʨʝʥʥʷ 

1 2 3 4 

ʈʠʩ. 2.8. ʂʣʘʩʠʬʽʢʘʮʽʷ ʉʂʇ ʷʢ ʦʙôʻʢʪ ʫʧʨʘʚʣʽʥʥʷ 
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ʧʨʠʨʦʜʥʽ ʪʘ ʚʠʨʦʙʥʠʯʽ ʟʙʫʨʝʥʥʷ. ɼʣʷ ʦʙôʻʢʪʽʚ ʂɯ ʩʦʮʽʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ 

ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʢʦʥʜʠʮʽʦʥʝʨʦʤ ʘʜʘʧʪʫʻ ʤʽʢʨʦʢʣʽʤʘʪ ʜʦ ʢʦʤʬʦʨʪʥʦʛʦ 

ʩʧʨʠʡʥʷʪʪʷ ʣʶʜʠʥʦʶ. 

ʅʘʷʚʥʽ ʟʙʫʨʝʥʥʷ ʥʦʩʷʪʴ ʩʪʦʭʘʩʪʠʯʥʠʡ ʪʘ ʜʝʪʝʨʤʽʥʦʚʘʥʠʡ ʭʘʨʘʢʪʝʨ. 

ɿʙʫʨʝʥʥʷ ʤʦʞʥʘ ʢʦʥʪʨʦʣʶʚʘʪʠ ʪʘ ʚʨʘʭʦʚʫʚʘʪʠ ʫ ʩʠʩʪʝʤʽ ʫʧʨʘʚʣʽʥʥʷ. ʉʝʨʝʜ 

ʬʘʢʪʦʨʽʚ ʟʙʫʨʝʥʥʷ ʦʩʥʦʚʥʠʤʠ ʻ: ʟʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʚʦʣʦʛʦʩʪʽ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ; ʚʧʣʠʚ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ 

ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʪʘ ʚʦʣʦʛʽʩʪʴ ʧʨʦʤʠʩʣʦʚʦʛʦ ʧʨʠʤʽʱʝʥʥʷ; ʧʦʭʠʙʢʠ ʚʠʤʽʨʽʚ 

ʜʘʪʯʠʢʽʚ ʪʘ ʽʥʰʝ. ɿʙʫʨʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʦʩʷʪʴ ʧʝʨʽʦʜʠʯʥʠʡ 

ʭʘʨʘʢʪʝʨ, ʱʦ ʤʦʞʥʘ ʧʨʦʩʣʽʜʢʫʚʘʪʠ ʥʘ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʨʝʩʫʨʩʘʭ [191]. ɺʥʫʪʨʽʰʥʽ ʟʙʫʨʝʥʥʷ ʟʘʣʝʞʘʪʴ ʚʽʜ ʭʘʨʘʢʪʝʨʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʦʙôʻʢʪʫ ʂɯ, ʜʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʉʂʇ. ɿʘ ʚʢʘʟʘʥʦʶ ʚʠʱʝ ʢʣʘʩʠʬʽʢʘʮʽʻʶ ʉʂʇ 

ʩʣʽʜ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʦʢʨʝʤʠʡ ʢʣʘʩ ʩʢʣʘʜʥʠʭ ʦʙôʻʢʪʽʚ ʫʧʨʘʚʣʽʥʥʷ, ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ 

ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʨʦʟʨʦʙʢʠ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ 

ʢʦʥʜʠʮʽʦʥʝʨʦʤ. 

 

2.5 ʂʦʥʮʝʧʪʫʘʣʴʥʽ ʦʩʥʦʚʠ ʢʝʨʫʚʘʥʥʷ ʩʠʩʪʝʤʘʤʠ ʢʦʥʜʠʮʽʦʥʝʨʘʤʠ 

ɿʥʘʯʥʠʡ ʚʢʣʘʜ ʚ ʨʦʟʨʦʙʢʫ ʪʝʦʨʝʪʠʯʥʠʭ ʦʩʥʦʚ ʢʝʨʫʚʘʥʥʷ ʉʂʇ ʚʥʝʩʣʠ 

ʨʦʙʦʪʠ ɻ.ɺ. ɸʨʭʽʧʦʚʘ, ɹ.ɺ. ɹʘʨʢʘʣʦʚʘ, ʖ.ʉ. ɹʦʥʜʘʨʷ, ɺ.ʅ. ɹʦʛʦʩʣʦʚʩʴʢʦʛʦ, 

ɸ.ʗ. ʂʨʝʩʣʠʥʷ, ʉ.ɺ. ʅʝʬʝʣʦʚʘ, ʄ.ɹ. ʍʘʣʘʤʘʡʟʝʨʘ, R.W. Haines, J.I. Levenhagen, 

Z. Falko, H. Zhang, F. Ziller ʪʘ ʽʥʰʠʭ. ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ (ʜʠʚ. ʧ.1.7) 

ʚʠʜʽʣʷʻ ʷʢʽʩʥʝ ʽ ʢʽʣʴʢʽʩʥʝ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʢʦʥʜʠʮʽʶʚʘʥʥʷ, ʜʝ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʝʪʦʜʠ ñʪʦʯʢʠ ʨʦʩʠò ʪʘ ñʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʫò. 

ʅʘ ʩʴʦʛʦʜʥʽ ʚʩʝʙʽʯʥʦ ʜʦʩʣʽʜʞʝʥʦ ʩʧʦʩʽʙ ʢʝʨʫʚʘʥʥʷ ʉʂʇ ʟʘ ʤʝʪʦʜʦʤ 

ñʪʦʯʢʠ ʨʦʩʠò, ʷʢʠʡ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʪʝʨʤʦʜʠʥʘʤʽʯʥʽʡ ʤʦʜʝʣʽ ʩʠʩʪʝʤʠ 

ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʚʽʜʥʦʩʥʦʾ ʚʦʣʦʛʦʩʪʽ h ï d 

ʜʽʘʛʨʘʤʠ. ɼʘʥʠʡ ʩʧʦʩʽʙ ʢʝʨʫʚʘʥʥʷ ʧʝʨʝʜʙʘʯʘʻ ʩʪʘʙʽʣʽʟʘʮʽʶ ʪʝʤʧʝʨʘʪʫʨʠ 

ñʪʦʯʢʠ ʨʦʩʠò ʧʽʩʣʷ ʟʚʦʣʦʞʫʚʘʯʘ (ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʧʦʨʠ ʨʦʢʫ) ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʦʚʽʪʨʷ ʥʘ ʚʠʭʦʜʽ ʉʂʇ. ʇʨʠ ʮʴʦʤʫ, ʪʝʤʧʝʨʘʪʫʨʘ ñʪʦʯʢʠ ʨʦʩʠò ʻ ʥʝʧʨʷʤʠʤ 

ʧʦʢʘʟʥʠʢʦʤ ʚʽʜʥʦʩʥʦʾ ʚʦʣʦʛʦʩʪʽ, ʱʦ ʨʝʛʫʣʶʻʪʴʩʷ. ʆʩʢʽʣʴʢʠ ʩʪʘʙʽʣʽʟʫʻʪʴʩʷ ʜʚʘ 
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ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʘʨʘʤʝʪʨʠ, ʨʦʟʨʦʙʢʘ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʢʦʥʜʠʮʽʦʥʝʨʦʤ 

ʧʨʦʚʦʜʠʪʴʩʷ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʜʠʥʘʤʽʢʠ ʪʝʧʣʦʦʙʤʽʥʥʠʭ ʧʨʦʮʝʩʽʚ ʦʙʣʘʜʥʘʥʥʷ. 

ʂʝʨʫʚʘʥʥʷ ʟʘ ʤʝʪʦʜʦʤ ñʪʦʯʢʠ ʨʦʩʠò ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʝʨʝʚʠʪʨʘʪʦʶ ʭʦʣʦʜʦ- 

ʪʘ ʪʝʧʣʦʥʦʩʽʷ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʦʭʦʣʦʜʞʝʥʥʷʤ ʧʦʚʽʪʨʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ñʪʦʯʢʠ 

ʨʦʩʠò ʽʟ ʧʦʚʪʦʨʥʠʤ ʥʘʛʨʽʚʘʥʥʷʤ ʥʘ ʢʘʣʦʨʠʬʝʨʽ ʜʨʫʛʦʛʦ ʧʽʜʽʛʨʽʚʫ. 

ɿʘ ʦʩʪʘʥʥʽ ʜʝʩʷʪʠʣʽʪʪʷ ʫ ʢʦʥʜʠʮʽʦʥʝʨʘʭ ʧʦʯʘʣʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ 

ʧʘʨʦʛʝʥʝʨʘʪʦʨʠ, ʫʣʴʪʨʘʟʚʫʢʦʚʽ, ʧʣʽʚʢʦʚʽ, ʢʘʧʽʣʷʨʥʦ-ʧʦʨʠʩʪʽ ʪʘ ʽʥʰʽ ʪʠʧʠ 

ʟʚʦʣʦʞʫʚʘʯʽʚ [125]. ʅʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʟʚʦʣʦʞʝʥʥʷ ʜʦʟʚʦʣʷʶʪʴ ʫʥʠʢʥʫʪʠ 

ʦʭʦʣʦʜʞʝʥʥʷ ʧʦʚʽʪʨʷ ʽʟ ʧʦʚʪʦʨʥʠʤ ʥʘʛʨʽʚʘʥʥʷʤ. ʇʨʠ ʮʴʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʤʝʪʦʜ ʢʝʨʫʚʘʥʥʷ ʟʘ ñʦʧʪʠʤʘʣʴʥʠʤ ʨʝʞʠʤʦʤò. ʊʫʪ ʪʝʨʤʦʜʠʥʘʤʽʯʥʘ ʤʦʜʝʣʴ 

ʉʂʇ ʥʝʧʝʨʝʨʚʥʦ ʟʤʽʥʶʻʪʴʩʷ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʤʽʥʽʤʘʣʴʥʫ ʚʠʪʨʘʪʫ ʪʝʧʣʘ ʪʘ 

ʭʦʣʦʜʫ [160]. 

ɼʣʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʚʟʘʻʤʥʠʡ ʚʧʣʠʚ 

ʢʦʥʪʫʨʽʚ ʩʪʘʙʽʣʽʟʘʮʽʾ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʚʽʜʥʦʩʥʦʾ ʚʦʣʦʛʦʩʪʽ. ʅʘʷʚʥʽ ʥʘ ʩʴʦʛʦʜʥʽ 

ʧʽʜʭʦʜʠ ʜʦ ʨʦʟʚôʷʟʘʥʥʷ ʥʘʚʝʜʝʥʠʭ ʟʘʜʘʯ ʢʝʨʫʚʘʥʥʷ ʉʂʇ ʟʘ ʤʝʪʦʜʦʤ 

ñʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʫò ʥʝ ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʫʯʘʩʥʠʤ ʚʠʤʦʛʘʤ. ʃʽʪʝʨʘʪʫʨʥʠʡ 

ʘʥʘʣʽʟ ʧʽʜʪʚʝʨʜʞʫʻ, ʱʦ ʧʠʪʘʥʥʷ ʩʠʥʪʝʟʫ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʠʭ ʢʦʥʪʫʨʽʚ ʢʝʨʫʚʘʥʥʷ 

ʜʣʷ ʉʂʇ ʨʦʟʛʣʷʥʫʪʦ ʥʝʜʦʩʪʘʪʥʴʦ ʧʦʚʥʦ. ɯʩʥʫʶʯʽ ʨʽʰʝʥʥʷ ʽʟ ʫʧʨʘʚʣʽʥʥʷ ʉʂʇ 

ʦʙʤʝʞʫʶʪʴʩʷ ʥʘ ʨʽʚʥʽ ʧʦʙʫʜʦʚʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʩʭʝʤ ʪʘ ʚʠʙʦʨʫ ʪʠʧʫ 

ʨʝʛʫʣʷʪʦʨʘ [143, 181]. ɼʣʷ ʉʂʇ ʥʝʜʦʩʪʘʪʥʴʦ ʜʦʩʣʽʜʞʝʥʽ ʟʘʜʘʯʽ ʧʦʙʫʜʦʚʠ 

ʢʦʤʧʣʝʢʩʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʧʦʚʽʪʨʷ ʷʢ ʻʜʠʥʦʛʦ 

ʙʘʛʘʪʦʚʠʤʽʨʥʦʛʦ ʆʂ. ɿʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ ʢʦʥʜʠʮʽʦʥʝʨʦʤ 

ʚʠʤʘʛʘʻ ʩʫʪʪʻʚʦ ʟʤʽʥʠʪʠ ʧʽʜʭʽʜ ʷʢ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ 

ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʪʘʢ ʽ ʜʦ ʩʠʥʪʝʟʫ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʢʦʥʜʠʮʽʦʥʝʨʦʤ. 

ɺʽʜʦʤʦ, ʱʦ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʢʦʥʜʠʮʽʦʥʝʨʦʤ ʩʪʘʙʽʣʽʟʫʻ ʪʝʤʧʝʨʘʪʫʨʫ ʪʘ 

ʚʽʜʥʦʩʥʫ ʚʦʣʦʛʽʩʪʴ ʧʦʚʽʪʨʷ ʥʘ ʚʠʭʦʜʽ ʉʂʇ ʘʙʦ ʫ ʧʨʠʤʽʱʝʥʥʽ. ʇʨʦʪʝ, 

ʪʝʧʣʦʪʝʭʥʽʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʚʠʙʽʨ ʢʦʥʜʠʮʽʦʥʝʨʘ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ 

ʪʠʧʫ ʧʨʠʤʽʱʝʥʥʷ ʧʨʦʚʦʜʷʪʴ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʘʨʘʤʝʪʨʽʚ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ 

ʚʦʣʦʛʦʚʤʽʩʪʫ ʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ [24, 30]. ʊʘʢʠʡ ʧʽʜʭʽʜ ʤʘʻ ʣʦʛʽʯʥʝ ʧʦʷʩʥʝʥʥʷ. 

ʇʨʠ ʧʦʩʪʽʡʥʦʤʫ ʟʥʘʯʝʥʥʽ ʚʦʣʦʛʦʚʤʽʩʪʫ ʚʽʜʥʦʩʥʘ ʚʦʣʦʛʽʩʪʴ ʥʝʣʽʥʽʡʥʦ ʟʘʣʝʞʠʪʴ 
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ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ. ɿʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʥʘ 1 ʆʉ ʧʨʠʚʦʜʠʪʴ ʜʦ 

ʟʤʽʥʠ ʚʽʜʥʦʩʥʦʾ ʚʦʣʦʛʦʩʪʽ ʙʣʠʟʴʢʦ 3 %. ɿ ʮʠʭ ʧʨʠʯʠʥ ʢʣʽʤʘʪʠʯʥʝ ʦʙʣʘʜʥʘʥʥʷ 

ʇʉʎʂ ʜʣʷ ʨʝʛʫʣʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚʧʣʠʚʘʻ ʥʘ ʚʽʜʥʦʩʥʫ ʚʦʣʦʛʽʩʪʴ ʥʘ ʚʠʭʦʜʽ 

ʢʦʥʜʠʮʽʦʥʝʨʘ. 

ɿʥʘʯʝʥʥʷ ʚʦʣʦʛʦʚʤʽʩʪʫ ʟʘʣʠʰʘʻʪʴʩʷ ʧʦʩʪʽʡʥʠʤ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʧʦʚʽʪʨʷ ʥʘ 

ʢʘʣʦʨʠʬʝʨʘʭ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʚʽʜʥʦʩʥʘ ʚʦʣʦʛʽʩʪʴ ʟʤʝʥʰʫʻʪʴʩʷ. ʇʨʠ ʦʭʦʣʦʜʞʝʥʽ 

ʧʦʚʽʪʨʷ ʜʦ ʤʦʤʝʥʪʫ ʢʦʥʜʝʥʩʘʮʽʾ ʚʦʣʦʛʦʚʤʽʩʪ ʪʝʞ ʟʘʣʠʰʘʻʪʴʩʷ ʧʦʩʪʽʡʥʠʤ ʽ 

ʣʠʰʝ ʟ ʤʦʤʝʥʪʫ ʢʦʥʜʝʥʩʘʮʽʾ ʧʘʨʠ ʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʚʤʽʩʪʫ ʟʤʝʥʰʫʻʪʴʩʷ. ɿ ʮʠʭ 

ʤʽʨʢʫʚʘʥʴ ʧʽʜˇʨʫʥʪʷʤ ʜʣʷ ʥʦʚʦʾ ʢʦʥʮʝʧʮʽʾ ʢʝʨʫʚʘʥʥʷ ʉʂʇ ʻ ʩʪʘʙʽʣʽʟʘʮʽʷ 

ʚʦʣʦʛʦʚʤʽʩʪʫ ʧʦʚʽʪʨʷ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʘʨʘʤʝʪʨʫ ʚʦʣʦʛʦʚʤʽʩʪʫ ʟʘʤʽʩʪʴ 

ʚʽʜʥʦʩʥʦʾ ʚʦʣʦʛʦʩʪʽ ʧʦʚʽʪʨʷ ʫ ʩʠʩʪʝʤʽ ʫʧʨʘʚʣʽʥʥʷ ʢʦʥʜʠʮʽʦʥʝʨʦʤ ʜʦʟʚʦʣʠʪʴ 

ʟʤʝʥʰʠʪʠ ʚʧʣʠʚ ʤʽʞ ʢʦʥʪʫʨʘʤʠ ʨʝʛʫʣʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʚʦʣʦʛʦʩʪʽ, ʘ ʚ 

ʜʝʷʢʠʭ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ ʢʦʥʪʫʨʠ ʨʝʛʫʣʶʚʘʥʥʷ ʙʫʜʫʪʴ ʬʫʥʢʮʽʦʥʫʚʘʪʠ 

ʥʝʟʘʣʝʞʥʦ. 

ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʦʙʣʘʜʥʘʥʥʷ 

ʢʦʥʜʠʮʽʦʥʝʨʘ (ʜʠʚ. ʧ.1.6) ʪʘ ʚʨʘʭʦʚʫʶʯʠ ʩʫʯʘʩʥʠʡ ʩʪʘʥ ʢʝʨʫʚʘʥʥʷ ʉʂʇ (ʜʠʚ. 

ʧ.1.7), ʩʬʦʨʤʫʣʶʻʤʦ ʥʦʚʽ ʢʦʥʮʝʧʪʫʘʣʴʥʽ ʦʩʥʦʚʠ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʫʧʨʘʚʣʷʥʥʷ 

ʦʙʣʘʜʥʘʥʥʷʤ ʢʦʥʜʠʮʽʦʥʝʨʽʚ. ʅʦʚʘ ʢʦʥʮʝʧʮʽʷ ʦʧʪʠʤʽʟʘʮʽʾ ʫʧʨʘʚʣʽʥʥʷ ʉʂʇ 

ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʧʨʠʥʮʠʧʦʚʽ ʘʛʨʝʛʘʪʫʚʘʥʥʷ ʪʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʪʨʘʜʠʮʽʡʥʦʛʦ 

ʧʽʜʭʦʜʫ ʟʘ ʪʘʢʠʤʠ ʥʘʩʪʫʧʥʠʤʠ ʦʟʥʘʢʘʤʠ: 

1) ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʥʘʤʽʢʠ ʪʝʧʣʦ- ʪʘ ʤʘʩʦʦʙʤʽʥʫ ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʚ 

ʢʦʦʨʜʠʥʘʪʘʭ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʚʦʣʦʛʦʚʤʽʩʪʫ ʧʦʚʽʪʨʷ ʽʟ ʧʦʜʘʣʴʰʠʤ ʩʪʚʦʨʝʥʥʷʤ 

ʢʦʤʧʣʝʢʩʥʠʭ ʤʦʜʝʣʝʡ ʉʂʇ ʷʢ ʻʜʠʥʦʛʦ ʙʘʛʘʪʦʚʠʤʽʨʥʦʛʦ ʦʙôʻʢʪʘ ʢʝʨʫʚʘʥʥʷ 

(ʆʂ); 

2) ʨʦʟʤʝʞʫʚʘʥʥʷ ʚʟʘʻʤʥʦʛʦ ʚʧʣʠʚʫ ʤʽʞ ʢʦʥʪʫʨʘʤʠ ʩʪʘʙʽʣʽʟʘʮʽʾ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ 

ʚʦʣʦʛʦʩʪʽ; 

3) ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʩʠʥʪʝʟʫ ʦʧʪʠʤʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʙʘʛʘʪʦʚʠʤʽʨʥʦʾ ʩʠʩʪʝʤʠ; 

4) ̔ ʥʪʝʛʨʘʮʽʷ ʉʂʇ ʚ ʘʨʭʽʪʝʢʪʫʨʫ ʂʌʆ ʂɯ. 
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2.6 ɺʠʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʚʤʽʩʪʫ ʧʦʚʽʪʨʷ ʟʘ ʟʤʽʥʥʠʤʠ, ʱʦ 

ʚʠʤʽʨʶʶʪʴʩʷ 

ʋʧʨʘʚʣʽʥʥʷ ʉʂʇ ʧʝʨʝʜʙʘʯʘʻ ʢʦʥʪʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʚʽʜʥʦʩʥʦʾ 

ʚʦʣʦʛʦʩʪʽ ʧʦʚʽʪʨʷ ʥʘ ʚʠʭʦʜʽ ʢʦʥʜʠʮʽʦʥʝʨʘ. ʂʦʥʪʨʦʣʴ ʜʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʜʘʪʯʠʢʘʤʠ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʚʽʜʥʦʩʥʦʾ ʚʦʣʦʛʦʩʪʽ, ʘʙʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʧʽʣʴʥʠʡ ʜʘʪʯʠʢ. ʋ ʨʘʤʢʘʭ ʥʦʚʦʾ ʢʦʥʮʝʧʮʽʾ ʢʝʨʫʚʘʥʥʷ ʉʂʇ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʨʦʚʦʜʠʪʠ ʩʪʘʙʽʣʽʟʘʮʽʶ ʤʽʢʨʦʢʣʽʤʘʪʫ ʟʘ ʥʝʧʨʷʤʠʤ ʧʦʢʘʟʥʠʢʦʤ 

ʚʦʣʦʛʦʚʤʽʩʪʫ ʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ. ʅʘ ʦʩʥʦʚʽ ʚʽʜʦʤʠʭ ʟʘʣʝʞʥʦʩʪʝʡ (1.1) ï (1.4) 

ʚʦʣʦʛʦʚʤʽʩʪ ʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ ʤʦʞʥʘ ʚʠʟʥʘʯʘʪʠ ʷʢ 

q

q

q

q

j

j

+

+

+

+

ÖÖ-

ÖÖ
=

236

12.8156

236

12.8156

103.133

1083045.9

ʙP

d ,     (2.1) 

ʜʝ d ï ʚʦʣʦʛʦʚʤʽʩʪ ʧʦʚʽʪʨʷ, ʛ/ʢʛ; ű ï ʚʽʜʥʦʩʥʘ ʚʦʣʦʛʽʩʪʴ ʧʦʚʽʪʨʷ ʚ ʜʦʣʷʭ ʦʜʠʥʠʮʽ; 

ɗ ï ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʣʦʛʦʛʦ ʧʦʚʽʪʨʷ, ʦʉ; Pʙ ï ʙʘʨʦʤʝʪʨʠʯʥʠʡ ʪʠʩʢ, ʇʘ. 

ɿʘ (2.1) ʧʨʦʚʝʜʝʤʦ ʽʤʽʪʘʮʽʡʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʚʦʣʦʛʦʚʤʽʩʪʫ ʧʦʚʽʪʨʷ. 

ɺʠʟʥʘʯʠʤʦ ʚʦʣʦʛʦʚʤʽʩʪ ʧʦʚʽʪʨʷ, ʷʢʱʦ ʚʽʜʦʤʦ ʚʽʜʥʦʩʥʫ ʚʦʣʦʛʽʩʪʴ ű = 40 %, 

ʪʝʤʧʝʨʘʪʫʨʫ ɗ = ï 5 ʦʉ ʪʘ ʙʘʨʦʤʝʪʨʠʯʥʠʡ ʪʠʩʢ Pʙ = 99000 ʇʘ ʧʦʚʽʪʨʷ. ɿʘ 

ʟʘʣʝʞʥʽʩʪʶ (2.1) ʤʘʻʤʦ 

( )

( ) ʢʛ

ʛ
d 06.1

104.03.13399000

104.083045.9

5236

512.8156

5236

512.8156

=

ÖÖ-

ÖÖ
=

-

-Ö+

-

-Ö+

, 

ʨʝʟʫʣʴʪʘʪ ʨʦʟʨʘʭʫʥʢʫ ʩʧʽʚʧʘʜʘʻ ʽʟ ʟʥʘʯʝʥʥʷʤ ʚʠʟʥʘʯʝʥʠʤ ʟʘ hïd ʜʽʘʛʨʘʤʦʶ, 

ʜʠʚ. ɼʦʜʘʪʦʢ ɸ. 

ɿʘʣʝʞʥʽʩʪʴ (2.1) ʣʝʛʢʦ ʨʝʘʣʽʟʫʻʪʴʩʷ ʥʘ ʇʃʂ. ʇʨʦʛʨʘʤʥʠʤ ʰʣʷʭʦʤ ʤʦʞʥʘ 

ʚʠʟʥʘʯʠʪʠ ʚʦʣʦʛʦʚʤʽʩʪ ʧʦʚʽʪʨʷ d ʟʘ ʚʠʤʽʨʷʥʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ɗ, ʚʽʜʥʦʩʥʦʶ 

ʚʦʣʦʛʽʩʪʶ ű ʪʘ ʙʘʨʦʤʝʪʨʠʯʥʠʤ ʪʠʩʢʦʤ Pʙ. ɿʥʘʯʝʥʥʷ ʙʘʨʦʤʝʪʨʠʯʥʦʛʦ ʪʠʩʢʫ Pʙ 

ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʽʟ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʩʣʫʞʙ. 

ɯʥʢʦʣʠ, ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʧʨʦʮʝʩʽʚ ʪʝʧʣʦ- ʪʘ ʤʘʩʦʦʙʤʽʥʫ ʜʣʷ ʦʙʣʘʜʥʘʥʥʷ 

ʢʦʥʜʠʮʽʦʥʝʨʘ ʜʦʚʦʜʠʪʴʩʷ ʨʦʟʚôʷʟʫʚʘʪʠ ʟʘʜʘʯʽ ʟʚʦʨʦʪʥʽ ʜʦ (2.1). ʇʨʠ ʮʴʦʤʫ, 

ʪʘʢʦʞ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʟʘʣʝʞʥʦʩʪʽ (1.1) ï (1.4), ʧʽʩʣʷ ʥʝʩʢʣʘʜʥʠʭ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʦʪʨʠʤʫʻʤʦ 
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( ) q

q
j

+

+

+

=

236

12.8156

106233.133 d

dPʙ
,     (2.2) 

ʜʝ ű ï ʚʽʜʥʦʩʥʘ ʚʦʣʦʛʽʩʪʴ ʧʦʚʽʪʨʷ ʚ ʜʦʣʷʭ ʦʜʠʥʠʮʽ; Pʙ ï ʙʘʨʦʤʝʪʨʠʯʥʠʡ ʪʠʩʢ, 

ʇʘ; d ï ʚʦʣʦʛʦʚʤʽʩʪ ʧʦʚʽʪʨʷ, ʛ/ʢʛ; ɗ ï ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʣʦʛʦʛʦ ʧʦʚʽʪʨʷ, ʦʉ. 

ɿʘ (2.2) ʧʨʦʚʝʜʝʤʦ ʽʤʽʪʘʮʽʡʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʚʽʜʥʦʩʥʦʾ ʚʦʣʦʛʦʩʪʽ ʧʦʚʽʪʨʷ. 

ɺʠʟʥʘʯʠʤʦ ʚʽʜʥʦʩʥʫ ʚʦʣʦʛʽʩʪʴ ʧʦʚʽʪʨʷ, ʷʢʱʦ ʚʽʜʦʤʠʡ ʚʦʣʦʛʦʚʤʽʩʪ 

d = 1.06 ʛʨ/ʢʛ, ʪʝʤʧʝʨʘʪʫʨʘ ɗ = ï 5 ʦʉ ʪʘ ʙʘʨʦʤʝʪʨʠʯʥʠʡ ʪʠʩʢ Pʙ = 99000 ʇʘ 

ʧʦʚʽʪʨʷ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʟʘʣʝʞʥʽʩʪʴ (2.2), ʦʪʨʠʤʘʤ̒ʦ 

( )
( ) 4.0

1006.16233.133

06.199000

5236

512.8156
=

Ö+

Ö
=

-

-Ö+
j , ʘʙʦ 40 %. 

ʇʨʦʚʝʜʝʤʦ ʘʥʘʣʽʟ ʧʦʭʠʙʢʠ ʥʝʧʨʷʤʦʛʦ ʢʦʥʪʨʦʣʶ ʚʦʣʦʛʦʚʤʽʩʪʫ ʚʽʜ 

ʧʦʛʨʽʰʥʦʩʪʝʡ ʚʠʤʽʨʽʚ ʜʘʪʯʠʢʽʚ ʤʽʢʨʦʢʣʽʤʘʪʫ. ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʜʣʷ ʢʦʥʪʨʦʣʶ 

ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʚʽʜʥʦʩʥʦʾ ʚʦʣʦʛʦʩʪʽ ʧʦʚʽʪʨʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʫʤʽʩʥʠʡ 

ʜʘʪʯʠʢ, ʚ ʷʢʦʤʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʽʜʥʦʩʥʦʾ ʚʦʣʦʛʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʻʤʥʽʩʥʠʡ ʘʙʦ ʨʝʟʠʩʪʠʚʥʠʡ ʤʝʪʦʜʠ [39]. ʈʦʟʛʣʷʥʝʤʦ ʩʧʨʦʱʝʥʫ ʩʪʨʫʢʪʫʨʥʫ 

ʩʭʝʤʫ ʨʝʛʫʣʶʚʘʥʥʷ ʚʦʣʦʛʦʩʪʽ ʧʦʚʽʪʨʷ, ʷʢʫ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 2.9. 

 

 
ʈʠʩ. 2.9. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤ ʨʝʛʫʣʶʚʘʥʥʷ ʚʦʣʦʛʦʚʤʽʩʪʫ ʧʦʚʽʪʨʷ 

 

ʅʘ ʩʭʝʤʽ ʢʦʤʫʪʘʪʦʨ S1 ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʝʨʝʤʠʢʘʥʥʷ ʨʝʛʫʣʷʪʦʨʘ 

ʚʦʣʦʛʦʩʪʽ ʈ1 ʥʘ ʫʧʨʘʚʣʽʥʥʷ ʟʚʦʣʦʞʫʚʘʯʝʤ (ʟʙʽʣʴʰʝʥʥʷ ʚʦʣʦʛʦʩʪʽ, ʢʘʥʘʣ W1), 

ʘʙʦ ʥʘ ʦʭʦʣʦʜʞʫʚʘʯ (ʢʦʥʜʝʥʩʘʮʽʷ ʥʘʜʤʽʨʥʦʾ ʚʦʣʦʛʠ, ʢʘʥʘʣ W2). ɼʣʷ ʩʧʨʦʱʝʥʥʷ 

 

 
(2.1) 

ɼɺɺ ɼʊʇ 
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ʈ1 
ï  
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ʘʥʘʣʽʟʫ ʟʙʫʨʶʶʯʽ ʢʘʥʘʣʠ ʚʧʣʠʚʫ W3 ï W7 ʉʂʇ ʨʦʟʛʣʷʜʘʪʠ ʥʝ ʙʫʜʝʤʦ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ (2.1) ñʪʨʘʥʩʣʶʻò ʧʦʛʨʽʰʥʽʩʪʴ ʜʘʪʯʠʢʽʚ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ (ɼʊʇ), ʚʽʜʥʦʩʥʦʾ ʚʦʣʦʛʦʩʪʽ (ɼɺɺ) ʪʘ ʪʠʩʢʫ ʧʦʚʽʪʨʷ (ɼʊ) ʥʘ 

ʇɯ-ʨʝʛʫʣʷʪʦʨ ʚʦʣʦʛʦʚʤʽʩʪʫ ʈ1 ʫ ʚʠʛʣʷʜʽ ʨʦʟʨʘʭʦʚʘʥʦʛʦ ʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʚʤʽʩʪʫ 

ʧʦʚʽʪʨʷ d. ɯʟ ʢʫʨʩʫ ʪʝʦʨʽʾ ʢʝʨʫʚʘʥʥʷ ʚʽʜʦʤʦ, ʱʦ ʷʢʱʦ ʚ ʩʠʩʪʝʤʽ ʢʝʨʫʚʘʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʇɯ-ʟʘʢʦʥ ʨʝʛʫʣʶʚʘʥʥʷ, ʪʦ ʪʘʢʘ ʩʠʩʪʝʤʘ ʤʘʻ ʥʫʣʴʦʚʫ 

ʩʪʘʪʠʯʥʫ ʧʦʛʨʽʰʥʽʩʪʴ, ʧʨʠ ʫʤʦʚʽ ʷʢʱʦ ʜʘʪʯʠʢ ʥʝ ʚʥʦʩʠʪʴ ʜʦʜʘʪʢʦʚʦʾ ʧʦʭʠʙʢʠ 

[172]. ʗʢʱʦ ʜʘʪʯʠʢ ʤʘʻ ʧʦʛʨʽʰʥʽʩʪʴ, ʪʦ ʩʪʘʪʠʯʥʘ ʧʦʭʠʙʢʘ ʨʝʛʫʣʶʚʘʥʥʷ ʙʫʜʝ 

ʨʽʚʥʦʶ ʚʝʣʠʯʠʥ ̔ʧʦʭʠʙʢʠ ʜʘʪʯʠʢʘ ʫ ʩʠʩʪʝʤʽ ʢʝʨʫʚʘʥʥʷ ʽʟ ʇɯ-ʨʝʛʫʣʷʪʦʨʦʤ. 

ʆʩʢʽʣʴʢʠ ñʜʞʝʨʝʣʘʤʠ ʧʦʭʠʙʢʠò ʫ ʨʦʟʛʣʷʥʫʪʽʡ ʩʠʩʪʝʤʽ ʢʝʨʫʚʘʥʥʷ ʻ 

ʜʘʪʯʠʢʠ ɼʊʇ, ɼɺɺ, ɼʊ ʪʘ ʚʨʘʭʦʚʫʶʯʠ ʧʦʩʪʫʣʘʪʠ ʪʝʦʨʽʾ ʢʝʨʫʚʘʥʥʷ ʤʦʞʥʘ 

ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʨʠʥʮʠʧ ʨʝʛʫʣʶʚʘʥʥʷ ʟʘ ʚʦʣʦʛʦʚʤʽʩʪʦʤ ʥʝ 

ʚʥʦʩʠʪʴ ʜʦʜʘʪʢʦʚʦʾ ʧʦʭʠʙʢʠ. ʇʦʭʠʙʢʘ ʚ ʩʠʩʪʝʤʽ ʩʪʘʙʽʣʽʟʘʮʽʾ ʚʦʣʦʛʦʚʤʽʩʪʫ 

ʧʦʚʥʽʩʪʶ ʟʘʣʝʞʠʪʴ ʚʽʜ ʷʢʦʩʪʽ ʜʘʪʯʠʢʽʚ ʤʽʢʨʦʢʣʽʤʘʪʫ. ʆʢʨʽʤ ʮʴʦʛʦ, 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʨʠʥʮʠʧ ʧʽʜʚʠʱʫʻ ʪʦʯʥʽʩʪʴ ʨʝʛʫʣʶʚʘʥʥʷ ʚʦʣʦʛʦʩʪʽ ʟʘ 

ʨʘʭʫʥʦʢ ʚʨʘʭʫʚʘʥʥʷ ʙʘʨʦʤʝʪʨʠʯʥʦʛʦ ʪʠʩʢʫ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ, ʷʢʠʡ ʫ 

ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʧʦʩʪʽʡʥʦ ʢʦʣʠʚʘʻʪʴʩʷ. ɺʽʜʦʤʦ, ʱʦ ʧʨʠ 

ʧʩʠʭʦʤʝʪʨʠʯʥʦʤʫ ʢʦʥʪʨʦʣʽ ʚʽʜʥʦʩʥʦʾ ʚʦʣʦʛʦʩʪʽ ʧʦʪʨʽʙʥʦ ʚʨʘʭʦʚʫʚʘʪʠ 

ʙʘʨʦʤʝʪʨʠʯʥʠʡ ʪʠʩʢ ʧʦʚʽʪʨʷ. ʇʨʦʪʝ ʙʘʨʦʤʝʪʨʠʯʥʠʡ ʪʠʩʢ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʉʂʇ 

ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ  ̔ʚʚʘʞʘʻʪʴʩʷ ʩʪʘʣʠʤ, ʱʦ ʚʥʦʩʠʪʴ ʜʦʜʘʪʢʦʚʫ ʧʦʛʨʽʰʥʽʩʪʴ. 

 

2.7 ʉʠʩʪʝʤʥʠʡ ʧʽʜʭʽʜ ʜʦ ʫʧʨʘʚʣʽʥʥʷ ʤʽʢʨʦʢʣʽʤʘʪʦʤ ʦʙôʻʢʪʽʚ 

ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ 

ʅʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʨʦʟʚʠʪʢʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚʩʝ ʙʽʣʴʰʦʛʦ 

ʟʥʘʯʝʥʥʷ ʥʘʙʫʚʘʶʪʴ ʽʥʪʝʣʝʢʪʫʘʣʴʥʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ. ɺʦʥʠ ʜʦʟʚʦʣʷʶʪʴ 

ʟʜʽʡʩʥʶʚʘʪʠ ʩʠʩʪʝʤʥʝ ʨʘʮʽʦʥʘʣʴʥʝ ʫʧʨʘʚʣʽʥʥʷ ʤʽʢʨʦʢʣʽʤʘʪʦʤ ʫ ʨʝʘʣʴʥʦʤʫ 

ʯʘʩʽ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʽʟ ʯʠʩʣʝʥʥʠʭ ʩʝʥʩʦʨʽʚ, ʘʥʘʣʽʟʫ ʪʨʝʥʜʽʚ ʪʘ ʧʨʦʛʥʦʟʥʠʭ 

ʤʦʜʝʣʝʡ. ʊʘʢʽ ʩʠʩʪʝʤʠ ʽʥʪʝʛʨʫʶʪʴʩʷ ʟ ʽʥʰʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʫʧʨʘʚʣʽʥʥʷ 

ʦʙʣʘʜʥʘʥʥʷʤ ʙʫʜʽʚʝʣʴ, ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʫʩʪʘʥʦʚʢʘʤʠ, ʩʠʩʪʝʤʘʤʠ ʦʭʦʨʦʥʠ ʪʘ 

ʧʦʞʝʞʥʦʾ ʙʝʟʧʝʢʠ, ʪʠʤ ʩʘʤʠʤ ʦʙôʻʜʥʫʶʯʠ ʢʽʙʝʨʬʽʟʠʯʥʽ ʦʙôʻʢʪʠ ʫ ʩʢʣʘʜʥʽ 



91 
 

ʂʌʉ. ʄʘʢʩʠʤʘʣʴʥʠʡ ʝʬʝʢʪ ʚʽʜ ʚʧʨʦʚʘʜʞʝʥʥʷ ʉʂʇ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʾʭ 

ʽʥʪʝʛʨʫʚʘʥʥʷ ʚ ʂʌʉ. 

ɸʥʘʣʽʟ ʩʚʽʪʦʚʦʾ ʧʨʘʢʪʠʢʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʂʌʉ ʚʢʘʟʫʻ ʥʘ ʟʥʘʯʥʝ 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʧʽʜʧʨʠʻʤʩʪʚʘ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ: 

ʝʥʝʨʛʦʚʠʪʨʘʪ, ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʩʪʦʾʚ, ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʤʘʪʝʨʽʘʣʴʥʠʭ ʪʘ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʪʦʢʽʚ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʭʦʚʘʥʠʭ ʨʝʟʝʨʚʽʚ ʚʠʨʦʙʥʠʮʪʚʘ, ʪʦʱʦ. 

ʊʦʤʫ ʽʥʪʝʛʨʫʚʘʥʥʷ ʉʂʇ ʫ ʂʌʆ ʂɯ ʻ ʦʜʥʠʤ ʽʟ ʧʨʽʦʨʠʪʝʪʥʠʭ ʥʘʧʨʷʤʽʚ ʥʘʫʢʦʚʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʙʦʪʠ. 

ʋ ʧʝʨʰʦʤʫ ʨʦʟʜʽʣʽ ʨʦʙʦʪʠ ʧʨʦʚʝʜʝʥʦ ʣʽʪʝʨʘʪʫʨʥʠʡ ʦʛʣʷʜ ʟʘ ʪʝʤʘʪʠʢʦʶ 

ʜʠʩʝʨʪʘʮʽʾ ʪʘ ʩʧʦʨʽʜʥʝʥʠʤʠ ʥʘʧʨʷʤʘʤʠ, ʚʠʩʚʽʪʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ, ʷʢʽ 

ʦʪʨʠʤʘʥʽ ʥʘʫʢʦʚʮʷʤʠ. ɿʦʢʨʝʤʘ, ʥʘʚʝʜʝʥʦ ʘʥʘʣʽʟ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʪʝʭʥʦʣʦʛʽʾ 

ʧʽʜʛʦʪʦʚʢʠ ʧʦʚʽʪʨʷ, ʦʩʚʽʪʣʝʥʽ ʩʫʯʘʩʥʽ ʧʽʜʭʦʜʠ ʜʦ ʫʧʨʘʚʣʽʥʥʷ ʉʂʇ, ʧʨʦʚʝʜʝʥʦ 

ʘʥʘʣʽʟ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

ʢʦʥʜʠʮʽʦʥʝʨʘ, ʨʦʟʛʣʷʥʫʪʦ ʤʝʪʦʜʠ ʽ ʟʘʢʦʥʠ ʢʝʨʫʚʘʥʥʷ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʜʣʷ ʉʂʇ, ʚʠʜʽʣʝʥʽ ʥʝʚʠʨʽʰʝʥʽ ʟʘʜʘʯʽ. ʅʘ ʧʽʜʩʪʘʚʽ ʘʥʘʣʽʟʫ ʧʨʦʙʣʝʤʘʪʠʢʠ 

ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʨʦʙʣʝʥʦ ʪʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʩʠʩʪʝʤʥʠʡ ʧʽʜʭʜ̔ ʜʦ ʫʧʨʘʚʣʽʥʥʷ 

ʉʂʇ ʂʌʆ ʂɯ. ʉʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʫʧʨʘʚʣʽʥʥʷ ʉʂʇ 

ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2.10. 

ʉʠʩʪʝʤʥʠʡ ʧʽʜʭʽʜ ʜʦ ʫʧʨʘʚʣʽʥʥʷ ʉʂʇ ʂʌʆ ʂɯ ʩʢʣʘʜʘʻʪʴʩʷ ʟ̔ ʪʨʴʦʭ 

ʦʩʥʦʚʥʠʭ ʝʪʘʧʽʚ. ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʘʥʘʣʽʟʫʻʪʴʩʷ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ 

ʧʽʜʛʦʪʦʚʢʠ ʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ. ʅʘʷʚʥʽ ʪʝʭʥʦʣʦʛʽʾ ʧʽʜʛʦʪʦʚʢʠ ʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ 

ʨʦʟʛʣʷʥʫʪʦ ʫ ʧ.2.1 ʪʘ ʧ.2.2, ʜʣʷ ʧʦʣʝʛʰʝʥʥʷ ʘʥʘʣʽʟʫ ʧʝʨʰʦʛʦ ʝʪʘʧʫ ʫ ʧ.2.4 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʣʘʩʠʬʽʢʘʮʽ ʁʉʂʇ ̫ʢ ʦʙôʻʢʪʘ ʫʧʨʘʚʣʽʥʥʷ. 

ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʘʥʘʣʽʟ ʪʝʧʣʦ- ʪʘ ʤʘʩʦʦʙʤʽʥʥʠʭ ʧʨʦʮʝʩʽʚ 

ʦʙʨʦʙʢʠ ʧʦʚʽʪʨʷ ʥʘ ʢʣʽʤʘʪʠʯʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ ʢʦʥʜʠʮʽʦʥʝʨʘ, ʧʨʦʚʦʜʠʪʴʩʷ 

ʜʝʢʦʤʧʦʟʠʮʽʷ ʉʂʇ ʥʘ ʦʢʨʝʤʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʙʣʦʢʠ, ʷʢʽ ʜʘʣʽ ʦʧʠʩʫʶʪʴʩʷ 

ʤʘʪʝʤʘʪʠʯʥʠʤʠ ʟʘʣʝʞʥʦʩʪʷʤʠ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʧʘʨʘʪʫ ʜʠʬʝʨʝʥʮʽʡʥʠʭ 

ʨʽʚʥʷʥʴ. ʆʪʨʠʤʘʥʽ ʜʠʥʘʤʽʯʥʽ ʤʦʜʝʣʽ ʧʦʚʠʥʥʽ ʤʘʪʠ ʦʜʥʘʢʦʚʫ ʩʪʨʫʢʪʫʨʫ ʪʘ 

ʢʦʥʮʝʧʮʽʶ ʨʝʘʣʽʟʘʮʽʾ ʜʣʷ ʾʭ ʧʦʜʘʣʴʰʦʛʦ ʘʛʨʝʛʫʚʘʥʥʷ ʫ ʢʦʤʧʣʝʢʩʥʫ ʤʦʜʝʣʴ 
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ʢʦʥʜʠʮʽʦʥʝʨʘ. ɼʨʫʛʠʡ ʝʪʘʧ ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʠʤ, ʦʩʢʽʣʴʢʠ ʚʠʟʥʘʯʘʻ 

ʤʝʪʦʜʠ ʫʧʨʘʚʣʽʥʥʷ ʉʂʇ. ʈʦʟʨʦʙʢʫ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʢʣʽʤʘʪʠʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʨʦʟʛʣʷʥʫʪʦ ʫ ʪʨʝʪʴʦʤʫ ʨʦʟʜʽʣʽ ʜʠʩʝʨʪʘʮʽʾ, ʥʘʚʝʜʝʥʦ ʫʟʘʛʘʣʴʥʝʥʫ 

ʩʪʨʫʢʪʫʨʫ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʋ ʯʝʪʚʝʨʪʦʤʫ 

ʨʦʟʜʽʣʽ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʧʘʨʘʤʝʪʨʽʚ ʘʥʘʣʽʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʢʣʽʤʘʪʠʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʨʽʟʥʠʭ ʬʘʢʪʦʨʽʚ, ʨʦʟʛʣʷʥʫʪʦ ʤʝʪʦʜʠ 

ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜʠʢʫ ʨʦʟʨʦʙʢʠ 

ʢʦʤʧʣʝʢʩʥʦʾ ʤʦʜʝʣʽ ʉʂʇ. 

ɿʘʢʣʶʯʥʠʡ, ʪʨʝʪʽʡ ʝʪʘʧ, ʩʪʦʩʫʻʪʴʩʷ ʽʥʪʝʛʨʫʚʘʥʥʷ ʉʂʇ ʫ ʂʌʆ ʂɯ. ʅʘ 

ʮʴʦʤʫ ʝʪʘʧʽ ʨʦʟʚôʷʟʫʻʪʴʩʷ ʧʦʪʫʞʥʘ ʥʠʟʢʘ ʟʘʜʘʯ, ʷʢʽ ʩʪʦʩʫʶʪʴʩʷ: ʩʪʘʪʠʩʪʠʯʥʦʾ 

ʦʙʨʦʙʢʠ ʚʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ; ʬʽʣʴʪʨʘʮʽʾ ʟʘʚʘʜ; ʦʮʽʥʢʠ ʧʘʨʘʤʝʪʨʽʚ ʪʝʧʣʦ- ʪʘ 

ʤʘʩʦʧʝʨʝʥʦʩʫ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʢʣʽʤʘʪʠʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ; ʦʧʪʠʤʽʟʘʮʽʾ ʪʘ ʘʜʘʧʪʘʮʽʾ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ 

ʢʦʥʜʠʮʽʦʥʝʨʦʤ, ʪʦʱʦ. ɼʣʷ ʽʥʪʝʛʨʫʚʘʥʥʷ ʉʂʇ ʫ ʂʌʆ ʂɯ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʮʠʬʨʦʚʦʛʦ ʜʚʽʡʥʠʢʘ (ʎɼ). ʎʽ ʟʘʜʘʯʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʫ 

ʯʝʪʚʝʨʪʦʤʫ ʪʘ ʧôʷʪʦʤʫ ʨʦʟʜʽʣʽ. ʋ ʰʦʩʪʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʦʧʪʠʤʽʟʘʮʽ ̫

ʪʨʘʜʠʮʽʡʥʠʭ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʜʣʷ ʟʘʜʘʯ ʤʘʣʦʚʠʪʨʘʪʥʦʾ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʉʂʇ, ʜʝ 

ʜʠʥʘʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʆʂ ʦʧʠʩʫʶʪʴʩʷ ʥʘʙʣʠʞʝʥʦʶ ʤʦʜʝʣʣʶ.  

ʋ ʩʴʦʤʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʛʣʷʥʫʪʦ ʧʨʠʢʣʘʜʠ ʨʝʘʣʽʟʦʚʘʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʢʝʨʫʶʯʠʭ ʩʠʩʪʝʤ ʰʪʫʯʥʦʛʦ ʤʽʢʨʦʢʣʽʤʘʪʫ. 

 

2.8 ɺʠʩʥʦʚʢʠ ʜʦ ʜʨʫʛʦʛʦ ʨʦʟʜʽʣʫ 

1. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʧʦʚʽʪʨʷ ʥʘ ʦʙʣʘʜʥʘʥʥʽ 

ʮʝʥʪʨʘʣʴʥʠʭ ʪʘ ʤʽʩʮʝʚʠʭ ʉʂʇ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʪʝʭʥʦʣʦʛʽʯʥʘ ʢʦʥʬʽʛʫʨʘʮʽʷ 

ʢʦʥʜʠʮʽʦʥʝʨʘ ʤʦʞʝ ʚʘʨʽʶʚʘʪʠʩʷ ʚʽʜ ʧʨʦʩʪʦʾ ʣʽʥʽʡʥʦʾ ʩʪʨʫʢʪʫʨʠ ʜʦ ʩʢʣʘʜʥʠʭ 

ʩʭʝʤ ʽʟ ʟʚʦʨʦʪʥʠʤ ʟʚôʷʟʢʦʤ. ʅʘʡʧʦʰʠʨʝʥʽʰʠʤʠ ʻ ʟʤʽʰʘʥʽ ʪʦʧʦʣʦʛʽʾ, ʷʢʽ 

ʧʦʻʜʥʫʶʪʴ ʝʣʝʤʝʥʪʠ ʣʽʥʽʡʥʦʾ, ʧʘʨʘʣʝʣʴʥʦʾ ʪʘ ʟʫʩʪʨʽʯʥʦ-ʧʘʨʘʣʝʣʴʥʦʾ 

ʦʨʛʘʥʽʟʘʮʽʾ. ʅʘ ʦʩʥʦʚʽ ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ ʪʠʧʦʚʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ 

ʽʜʝʥʪʠʬʽʢʦʚʘʥʦ ʜʝʢʽʣʴʢʘ ʜʝʩʷʪʢʽʚ ʚʘʨʽʘʥʪʽʚ ʪʝʭʥʦʣʦʛʽʡ ʢʦʥʜʠʮʽʶʚʘʥʥʷ, ʱʦ 
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ʜʦʟʚʦʣʷʻ ʨʦʟʛʣʷʜʘʪʠ ʢʦʥʜʠʮʽʦʥʝʨʠ ʷʢ ʦʢʨʝʤʠʡ ʢʣʘʩ ʦʙôʻʢʪʽʚ ʢʝʨʫʚʘʥʥʷ ʟ 

ʚʠʩʦʢʠʤ ʩʪʫʧʝʥʝʤ ʩʪʨʫʢʪʫʨʥʦʾ ʚʘʨʽʘʪʠʚʥʦʩʪʽ. 

2. ɺʠʢʦʥʘʥʦ ʘʥʘʣʽʟ ʩʠʩʪʝʤʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʦʥʜʠʮʽʦʥʝʨʽʚ ʧʦʚʽʪʨʷ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʉʂʇ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʤʥʦʞʠʥʥʽʩʪʶ, ʮʽʣʽʩʥʽʩʪʶ, 

ʝʤʝʨʜʞʝʥʪʥʽʩʪʶ, ʝʢʚʽʧʦʪʝʥʮʽʡʥʽʩʪʶ ʪʘ ʩʠʥʝʨʛʽʟʤʦʤ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʾʭ ʷʢ ʩʢʣʘʜʥʽ ʪʝʭʥʽʯʥʽ ʩʠʩʪʝʤʠ. 

3. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʢʣʘʩʠʬʽʢʘʮʽʶ ʩʠʩʪʝʤ ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʧʦʚʽʪʨʷ ʷʢ ʦʙôʻʢʪʘ 

ʢʝʨʫʚʘʥʥʷ. 

4. ʈʦʟʨʦʙʣʝʥʦ ʥʦʚʫ ʢʦʥʮʝʧʮʽʶ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʘʤʠ 

ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʧʦʚʽʪʨʷ ʜʣʷ ʦʙôʻʢʪʽʚ ʂɯ, ʚ ʦʩʥʦʚʫ ʷʢʦʾ ʧʦʢʣʘʜʝʥʦ ʫʧʨʘʚʣʽʥʥʷ 

ʉʂʇ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʚʦʣʦʛʦʚʤʽʩʪʫ ʧʦʚʽʪʨʷ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ 

ʚʟʘʻʤʦʜʽʾ ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

5. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʟʘʣʝʞʥʽʩʪʴ ʜʣʷ ʥʝʧʨʷʤʦʛʦ ʢʦʥʪʨʦʣʶ 

ʚʦʣʦʛʦʚʤʽʩʪʫ ʧʦʚʽʪʨʷ (2.1), ʷʢʘ ʦʙʝʨʥʝʥʦ ʧʨʦʧʦʨʮʽʡʥʘ ʙʘʨʦʤʝʪʨʠʯʥʦʤʫ 

ʪʠʩʢʫ ʪʘ ʥʝʣʽʥʽʡʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʚʽʜʥʦʩʥʦʾ ʚʦʣʦʛʦʩʪʽ 

ʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ. ʅʝʧʨʷʤʠʡ ʢʦʥʪʨʦʣʴ ʚʦʣʦʛʦʚʤʽʩʪʫ ʧʦʚʽʪʨʷ ʜʦʟʚʦʣʷʻ ʜʣʷ 

ʻʜʠʥʦʛʦ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʧʦʪʦʢʫ ʧʦʚʽʪʨʷ ʨʦʟʤʝʞʫʚʘʪʠ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ 

ʟʤʽʥʥʠʤʠ ʤʽʢʨʦʢʣʽʤʘʪʫ ʧʦʚʽʪʨʷ, ʱʦ ʨʝʛʫʣʶʶʪʴʩʷ. 

6. ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʦʣʦʛʦʚʤʽʩʪʫ ʧʦʚʽʪʨʷ ʚ ʢʦʥʪʫʨʽ ʩʪʘʙʽʣʽʟʘʮʽʾ ʚʦʣʦʛʦʩʪʽ ʩʪʚʦʨʶʻ 

ʧʝʨʝʜʫʤʦʚʠ ʥʝʟʘʣʝʞʥʦʾ ʨʦʙʦʪʠ ʢʦʥʪʫʨʽʚ ʨʝʛʫʣʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ 

ʚʦʣʦʛʦʩʪʽ, ʦʩʢʽʣʴʢʠ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʚʽʜʥʦʩʥʦʾ ʚʦʣʦʛʦʩʪʽ ʟʤʽʥʥʘ ʚʦʣʦʛʦʚʤʽʩʪʫ 

ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ. ʇʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ, ʟʘ 

ʟʘʣʝʞʥʽʩʪʶ (2.2) ʚʦʣʦʛʦʚʤʽʩʪ ʧʦʚʽʪʨʷ ʤʦʞʥʘ ʧʝʨʝʨʘʭʫʚʘʪʠ ʫ ʟʥʘʯʝʥʥʷ 

ʚʽʜʥʦʩʥʦʾ ʚʦʣʦʛʦʩʪʽ. 

7. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʩʠʩʪʝʤʥʠʡ ʧʽʜʭʽʜ ʜʦ ʫʧʨʘʚʣʽʥʥʷ ʉʂʇ ʂʌʆ ʢʨʠʪʠʯʥʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʝʪʘʧʠ ʚʠʢʦʥʘʥʥʷ ʷʢʦʛʦ ʧʦʩʣʽʜʦʚʥʦ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʫ 

ʨʦʟʜʽʣʘʭ ʜʠʩʝʨʪʘʮʽʾ. 
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ʈʆɿɼɯʃ 3  

ʄɸʊɽʄɸʊʀʏʅɯ ʄʆɼɽʃɯ ʂʃɯʄɸʊʀʏʅʆɻʆ  

ʆɹʃɸɼʅɸʅʅʗ ʂʆʅɼʀʎɯʆʅɽʈɯɺ 

ʋ ʪʨʝʪʴʦʤʫ ʨʦʟʜʽʣʽ ʨʦʙʦʪʠ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʧʠʪʘʥʥʷ ʜʨʫʛʦʛʦ ʝʪʘʧʫ 

ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʫʧʨʘʚʣʽʥʥʷ ʉʂʇ (ʜʠʚ. ʧ.2.9). ʋ ʨʦʟʜʽʣʽ ʨʦʟʛʣʷʥʫʪʽ 

ʜʠʥʘʤʽʯʥʽ ʤʦʜʝʣʽ ʪʝʧʣʦ- ʪʘ ʤʘʩʦʦʙʤʽʥʫ ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʉʂʇ. ʉʣʽʜ 

ʟʘʫʚʘʞʠʪʠ, ʱʦ ʧʨʠʟʥʘʯʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʱʦ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʚ 

ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ï ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʢʣʽʤʘʪʠʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʘʥʘʣʽʟʫ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʢʦʥʜʠʮʽʦʥʝʨʘʤʠ. ʆʪʨʠʤʘʥʽ ʤʦʜʝʣʽ ʥʝ 

ʧʨʠʩʪʦʩʦʚʘʥʽ ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʢʦʥʜʠʮʽʦʥʝʨʘ, ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ 

ʪʘʢʠʭ ʟʘʜʘʯ ʥʝ ʨʦʟʛʣʷʜʘʻʪʴʩʷ. 

 

3.1 ɼʠʥʘʤʽʯʥʽ ʤʦʜʝʣʽ ʪʝʧʣʦʦʙʤʽʥʥʠʭ ʘʧʘʨʘʪʽʚ 

ʗʢ ʟʘʟʥʘʯʘʣʦʩʷ ʫ ʧʝʨʰʦʤʫ ʨʦʟʜʽʣʽ ʧʦʚʝʨʭʥʝʚʽ ʪʝʧʣʦʦʙʤʽʥʥʽ ʘʧʘʨʘʪʠ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʥʘʛʨʽʚʫ, ʦʭʦʣʦʜʞʝʥʥʷ ʪʘ ʦʩʫʰʝʥʥʷ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ. 

ʇʨʠ ʥʘʛʨʽʚʘʥʥʽ ʧʦʚʽʪʨʷ ʢʘʣʦʨʠʬʝʨʦʤ (ʜʠʚ. ʧ.1.3.1) ʤʽʞ ʪʝʧʣʦʥʦʩʽʻʤ ʪʘ 

ʧʦʚʽʪʨʷʤ ʤʘʶʪʴ ʤʽʩʮʝ ʪʝʧʣʦʦʙʤʽʥʥʽ ʧʨʦʮʝʩʠ (ʚʦʣʦʛʦʚʤʽʩʪ ʧʦʚʽʪʨʷ ʥʝ 

ʟʤʽʥʶʻʪʴʩʷ). ʗʢʱʦ ʧʦʚʽʪʨʷ ʦʭʦʣʦʜʞʫʻʪʴʩʷ ʪʘ ʦʩʫʰʫʻʪʴʩʷ, ʦʢʨʽʤ ʪʝʧʣʦʦʙʤʽʥʫ, 

ʤʘʶʪʴ ʤʽʩʮʝ ʤʘʩʦʦʙʤʽʥʥʽ ʧʨʦʮʝʩʠ (ʢʦʥʜʝʥʩʘʮʽʷ ʚʦʣʦʛʠ), ʱʦ ʥʝʦʙʭʽʜʥʦ 

ʚʨʘʭʦʚʫʚʘʪʠ. ʑʦʙ ʫʥʠʢʥʫʪʠ ʧʦʚʪʦʨʝʥʴ ʪʘ ʩʢʦʨʦʪʠʪʠ ʤʘʪʝʤʘʪʠʯʥʽ ʚʠʢʣʘʜʢʠ, ʫ 

ʧʽʜʨʦʟʜʽʣʽ ʩʧʦʯʘʪʢʫ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʪʝʧʣʦʦʙʤʽʥʥʽ ʧʨʦʮʝʩʠ ʜʣʷ ʢʘʣʦʨʠʬʝʨʽʚ, ʜʘʣʽ 

ï ʜʠʥʘʤʽʯʥʽ ʤʦʜʝʣʽ ʫʩʢʣʘʜʥʶʶʪʴʩʷ ʤʘʩʦʦʙʤʽʥʦʤ ʜʣʷ ʚʦʜʷʥʠʭ ʦʭʦʣʦʜʞʫʚʘʯʽʚ. 

 

3.1.1 ɼʠʥʘʤʽʯʥʘ ʤʦʜʝʣʴ ʝʣʝʢʪʨʠʯʥʦʛʦ ʢʘʣʦʨʠʬʝʨʘ 

ʇʨʠ ʨʦʟʨʦʙʮʽ ʜʠʥʘʤʽʯʥʦʾ ʤʦʜʝʣʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʢʘʣʦʨʠʬʝʨʘ ʧʨʠʡʥʷʪʦ 

ʥʘʩʪʫʧʥʽ ʩʧʨʦʱʝʥʥʷ: ʪʝʧʣʦʦʙʤʽʥ ʽʟ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ ʚʽʜʩʫʪʥʽʡ; 

ʤʦʜʝʣʴ ʤʽʩʪʠʪʴ ʜʚʘ ʜʠʥʘʤʽʯʥʽ ʝʣʝʤʝʥʪʠ (ʧʦʚʽʪʨʷ ʪʘ ʝʣʝʤʝʥʪʠ ʊɽʅʽʚ) ʽʟ 

ʟʦʩʝʨʝʜʞʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ; ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʴʥʠʭ ʧʦʪʦʢʽʚ ʪʘ 

ʪʝʧʣʦʦʙʤʽʥʥʦʾ ʧʦʚʝʨʭʥʽ ʧʨʠʚʝʜʝʥʽ ʜʦ ʫʩʝʨʝʜʥʝʥʠʭ ʟʥʘʯʝʥʴ ʨʦʙʦʯʦʛʦ ʜʽʘʧʘʟʦʥʫ 

ʘʧʘʨʘʪʫ [195, 196]. 
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ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʝʣʝʢʪʨʠʯʥʦʛʦ ʢʘʣʦʨʠʬʝʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 3.1. 

ɼʣʷ ʥʘʛʨʽʚʘʥʥʷ ʧʦʚʽʪʨʷ ʫ ʢʘʣʦʨʠʬʝʨʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʊɽʅʠ, ʷʢʽ 

ʧʨʠʻʜʥʫʶʪʴʩʷ ʜʦ ʝʣʝʢʪʨʦʤʝʨʝʞʽ ʯʝʨʝʟ ʩʠʤʽʩʪʦʨʥʠʡ ʝʣʝʢʪʨʠʯʥʠʡ 

ʧʝʨʝʪʚʦʨʶʚʘʯ. ɽʣʝʢʪʨʠʯʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ ʧʨʦʧʦʨʮʽʡʥʦ ʩʠʛʥʘʣʫ ʨʝʛʫʣʷʪʦʨʘ 

ʟʤʽʥʶʻ ʝʣʝʢʪʨʠʯʥʫ ʧʦʪʫʞʥʽʩʪʴ NE(t), ʟʘ ʨʘʭʫʥʦʢ ʯʦʛʦ ʊɽʅʠ ʥʘʛʨʽʚʘʶʪʴʩʷ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʠ ɗɽ(t). ʋʩʷ ʝʣʝʢʪʨʠʯʥʘ ʧʦʪʫʞʥʽʩʪʴ ʡʜʝ ʥʘ ʥʘʛʨʽʚʘʥʥʷ ʧʦʚʽʪʨʷ. 

ʇʝʨʝʭʨʝʩʥʦ ʜʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʊɽʅʽʚ ʧʦʜʘʻʪʴʩʷ ʧʦʚʽʪʨʷ ʟ ʚʠʪʨʘʪʦʶ GA(t). ɗA0(t), 

ɗA(t) ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ ʥʘ ʚʭʦʜʽ ʽ ʚʠʭʦʜʽ ʢʘʣʦʨʠʬʝʨʫ; dA0(t), dA(t) ï 

ʚʦʣʦʛʦʚʤʽʩʪ ʥʘ ʚʭʦʜʽ ʽ ʚʠʭʦʜʽ ʘʧʘʨʘʪʫ. ɻʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ ʢʘʣʦʨʠʬʝʨʘ: L, C, 

H, ï ʛʣʠʙʠʥʘ, ʰʠʨʠʥʘ ʪʘ ʚʠʩʦʪʘ ʢʘʣʦʨʠʬʝʨʘ. ʇʨʦʚʝʜʝʤʦ ʘʥʘʣʽʟ ʪʝʧʣʦʚʦʛʦ 

ʙʘʣʘʥʩʫ ʫ ʜʠʥʘʤʽʮʽ ʜʣʷ ʢʦʞʥʦʛʦ ʜʠʥʘʤʽʯʥʦʛʦ ʝʣʝʤʝʥʪʘ ʢʘʣʦʨʠʬʝʨʘ. 

 

 
ʈʠʩ. 3.1. ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʝʣʝʢʪʨʠʯʥʦʛʦ ʢʘʣʦʨʠʬʝʨʘ  

C 

H 

L 

NE(t) 

ɗA; dA; GA 

 

ɗA0; dA0; GA 
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ʊʝʧʣʦʚʠʡ ʙʘʣʘʥʩ ʜʣʷ ʊɽʅʽʚ: 

( )
dt

d
cMFN E

EEAEE

q
qqa =-- 00 ,    (3.1) 

ʪʫʪ 
Ec  ï ʧʨʠʚʝʜʝʥʘ ʪʝʧʣʦʻʤʢʽʩʪʴ ʊɽʅʘ (ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʊɽʅ ʤʽʩʪʠʪʴ ʤʝʪʘʣʽʯʥʽ 

ʪʘ ʜʽʝʣʝʢʪʨʠʯʥʽ ʤʘʪʝʨʽʘʣʠ, ʪʝʧʣʦʻʤʥʽʩʪʴ ʷʢʠʭ ʦʩʝʨʝʜʥʶʻʪʴʩʷ ʧʨʦʧʦʨʮʽʡʥʦ ʜʦʣʽ 

ʤʘʩʠ ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʫ); 
EM  ï ʟʘʛʘʣʴʥʘ ʤʘʩʘ ʊɽʅʽʚ; 

0a  ï ʢʦʝʬʽʮʽʻʥʪ 

ʪʝʧʣʦʚʽʜʜʘʯʽ ʤʽʞ ʧʦʚʽʪʨʷʤ ʫ ʢʘʣʦʨʠʬʝʨʽ ʪʘ ʟʦʚʥʽʰʥʴʦʶ ʧʦʚʝʨʭʥʝʶ ʊɽʅʽʚ; 
0F  

ï ʟʘʛʘʣʴʥʘ ʧʣʦʱʘ ʦʨʝʙʨʝʥʦʾ ʧʦʚʝʨʭʥʽ ʊɽʅʽʚ. ʇʽʩʣʷ ʩʧʨʦʱʝʥʥʷ ʨʽʚʥʷʥʥʷ (3.1) ʫ 

ʧʨʠʨʦʩʪʘʭ ʧʨʠʡʤʝ ʚʠʛʣʷʜ: 

AEE
E

E kNk
dt

d
T qq

q
D+D=D+

D
10 ,    (3.2) 

ʜʝ 
00FKE a= ; 

E

EE
E

K

Mc
T = ; 

EK
k

1
0= ; 11=k .  

ʊʝʧʣʦʚʠʡ ʙʘʣʘʥʩ ʜʣʷ ʧʦʚʽʪʨʷʥʦʛʦ ʧʨʦʩʪʦʨʫ ʢʘʣʦʨʠʬʝʨʘ ʟʘʧʠʩʫʻʪʴʩʷ ʫ 

ʚʠʛʣʷʜʽ: 

( ) ( )
dt

d
cMFcG A

AAAEAAAA

q
qqaqq =-+- 000 ,  (3.3) 

ʪʫʪ 
Ac  ï ʪʝʧʣʦʻʤʢʽʩʪʴ ʧʦʚʽʪʨʷ; 

AM  ï ʤʘʩʘ ʧʦʚʽʪʨʷ ʫ ʦʙôʻʤʽ L×C×H ʢʘʣʦʨʠʬʝʨʘ. 

ʇʽʩʣʷ ʩʧʨʦʱʝʥʥʷ ʪʘ ʣʽʥʝʘʨʠʟʘʮʽʾ ʨʽʚʥʷʥʥʷ (3.3) ʧʨʠʡʤʝ ʚʠʛʣʷʜ: 

AAEA
A

A Gkkk
dt

d
T D+D+D=D+
D

4032 qqq
q

,  (3.4) 

ʜʝ 
00FGcK AAA a+= ; 

A

AA
A

K

Mc
T = ; 

AK

F
k 00

2

a
= ; 

23 1 kk -= ; 
( )

A

AAA

K

c
k

qq -
= 0

4 . 

ɼʣʷ ʩʠʩʪʝʤ ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʧʦʚʽʪʨʷ ʚʘʞʣʠʚʦ ʤʦʜʝʣʶʚʘʪʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʣʦʛʦʛʦ ʧʦʚʽʪʨʷ, ʱʦ ʥʘʛʨʽʚʘʻʪʴʩʷ. ɿ ʪʝʧʣʦʪʝʭʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʚʽʪʨʷ ʚʽʜʦʤʦ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʧʘʨʦʧʦʚʽʪʨʷʥʦʾ 

ʩʫʤʽʰʽ ʾʾ ʚʽʜʥʦʩʥʘ ʚʦʣʦʛʽʩʪʴ ʟʤʝʥʰʫʻʪʴʩʷ (ʟʙʽʣʴʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ 1 ʦʉ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʚʦʣʦʛʠ ʧʨʠʙʣʠʟʥʦ ʥʘ 3%), ʧʨʠ ʮʴʦʤʫ ʚʤʽʩʪ ʚʦʣʦʛʠ 

ʟʘʣʠʰʘʻʪʴʩʷ ʧʦʩʪʽʡʥʠʤ [39]. ʆʢʨʽʤ ʮʴʦʛʦ, ʥʘ ʚʦʣʦʛʽʩʪʴ ʚʧʣʠʚʘʻ ʘʪʤʦʩʬʝʨʥʠʡ 

ʪʠʩʢ. ɿ ʮʠʭ ʧʨʠʯʠʥ, ʤʘʪʝʨʽʘʣʴʥʠʡ ʙʘʣʘʥʩ ʜʣʷ ʛʘʟʦʚʦʛʦ ʧʨʦʩʪʦʨʫ ʢʘʣʦʨʠʬʝʨʫ 

ʧʦʜʘʥʦ ʫ ʟʤʽʥʥʠʭ ʚʦʣʦʛʦʚʤʽʩʪʫ: 
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( )0
1000

A A
A A A

G dɟ
d d V

dt
- = ,     (3.5) 

ʪʫʪ dA0(t), dA(t) ï ʚʦʣʦʛʦʚʤʽʩʪ ʥʘ ʚʭʦʜʽ ʽ ʚʠʭʦʜʽ ʘʧʘʨʘʪʫ; Aɟ ï ʛʫʩʪʠʥʘ ʧʦʚʽʪʨʷ; 

AV  ï ʦʙôʻʤ ʛʘʟʦʚʦʛʦ ʧʨʦʩʪʦʨʫ ʢʘʣʦʨʠʬʝʨʘ. ɻʫʩʪʠʥʘ ʚʦʣʦʛʦʛʦ ʧʦʚʽʪʨʷ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ̔ ʨʽʚʥʷʥʥʷ [24] 

1
1000

A
A

d
r w

å õ
= +æ ö
ç ÷

,       (3.6) 

ʜʝ  ï ʛʫʩʪʠʥʘ ʩʫʭʦʛʦ ʧʦʚʽʪʨʷ ʟʘ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚ. ɺʨʘʭʦʚʫʶʯʠ (3.6), ʨʽʚʥʷʥʥʷ 

(3.5) ʧʽʩʣʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʥʘʙʫʜʝ ʚʠʛʣʷʜʫ: 

5 0 6
A

d A A A

d d
T d k d k G

dt

D
+D = D + D,    (3.7) 

ʜʝ 
A

A
d

G

V
T
w
= ; 

5 1k = ; 0
6

A A

A

d d
k

G

-
= . 

ʈʽʚʥʷʥʥʷ (3.2), (3.4) ʪʘ (3.7) ʦʧʠʩʫʶʪʴ ʜʠʥʘʤʽʢʫ ʪʝʧʣʦ- ʪʘ ʤʘʩʦʦʙʤʽʥʫ ʜʣʷ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʢʘʣʦʨʠʬʝʨʘ: 

0 1

2 3 0 4

5 0 6

;

;

.

E
E E E A

A
A A E A A

A
d A A A

d
T k N k

dt

d
T k k k G

dt

d d
T d k d k G

dt

q
q q

q
q q q

Dë
+D = D + Dî

î
Dî
+D = D + D + Dì

î
Dî
+D = D + Dî

í

  (3.8) 

ɼʣʷ ʟʨʫʯʥʦʩʪʽ ʘʥʘʣʽʟʫ ʦʪʨʠʤʘʻʤʦ ʤʘʪʨʠʯʥʠʡ ʚʠʛʣʷʜ ʩʠʩʪʝʤʠ (3.8) ʫ 

ʧʨʦʩʪʦʨʽ ʩʪʘʥʽʚ [197]: 

BUAXX +=¡ ,       (3.9) 

ʪʫʪ 
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¡Dè ø
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X ; 

3 4

5 6
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0 0
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0 0 0

A A
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E

k T k T

k T k T

k T

è ø
é ù
=
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D
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=
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A

A
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G

d 0

0q

U . 

ɼʦʙʫʪʦʢ BU  (3.9) ʨʦʟʢʣʘʜʝʥʦ ʥʘ ʢʝʨʫʶʯʫ (U1) ʪʘ ʟʙʫʨʶʶʯʫ (F2, F3) ʩʢʣʘʜʦʚʽ, 

ʱʦ ʫ ʧʦʜʘʣʴʰʦʤʫ ʩʧʨʦʩʪʠʪʴ ʦʪʨʠʤʘʥʥʷ ʢʦʤʧʣʝʢʩʥʠʭ ʤʦʜʝʣʝʡ: 

w
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332211 FBFBUBBU ++= , 
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d

q
F ; 

AGD=3F . 

ʇʨʝʜʩʪʘʚʠʤʦ (3.8) ʩʠʩʪʝʤʦʶ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ ʚ ʦʙʣʘʩʪʽ ʃʘʧʣʘʩʘ. 

( ) ( )

( ) ( )

( ) ( )

0 1

2 3 0 4

5 0 6

1 ; 3.10

1 ; 3.11

1 . 3.12

E E E A
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T p k N k

T p k k k G

d T p k d k G

q q

q q q

ëD + = D + D
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ɯʟ (3.10) ʟʥʘʭʦʜʠʤʦ ()pEqD , ʟʥʘʡʜʝʥʝ ʧʽʜʩʪʘʚʣʷʻʤʦ ʫ (3.11), ʧʽʩʣʷ ʛʨʫʧʫʚʘʥʥʷ 

ʧʦʜʽʙʥʠʭ ʪʘ ʩʧʨʦʱʝʥʥʷ ʦʪʨʠʤʘʻʤʦ: 

( ) ( )[ ]EAAA NbGbpbbpb
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qq , (3.13) 
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ɿ (3.12) ʦʪʨʠʤʫʻʤʦ ʨʽʰʝʥʥʷ ʜʣʷ ʟʤʽʥʥʦʾ AdD  

[ ]5 0 6

1

1
A A A

d

d k d k G
T p

D = D + D
+

.    (3.14) 

ɿʘʩʪʦʩʦʚʫʶʯʠ ʟʚʦʨʦʪʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʃʘʧʣʘʩʘ [172], ʤʦʞʥʘ ʟʥʘʡʪʠ 

ʘʥʘʣʽʪʠʯʥʠʡ ʨʦʟʚôʷʟʦʢ (3.13), (3.14) ʟʘ ʢʘʥʘʣʘʤʠ ʚʧʣʠʚʫ. ʇʨʝʜʩʪʘʚʠʤʦ (3.13) ʪʘ 

(3.14) ʙʘʛʘʪʦʚʠʤʽʨʥʦ ʁʤʦʜʝʣʣ  ʁʫ ʦʙʣʘʩʪʽ ʃʘʧʣʘʩʘ [178] 

=Y WU .        (3.15) 
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T p
=

+
. 

ɼʣʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʢʘʣʦʨʠʬʝʨʘ ʅɽ 36/2 ʇʉʎʂ CV-P 2L N-63B/F-N [198] 

ʧʨʦʚʝʜʝʥʦ ʽʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʟʘ ʢʘʥʘʣʘʤʠ ʚʧʣʠʚʫ. 

ʋ ɼʦʜʘʪʢʫ ɹ.1 ʧʨʝʜʩʪʘʚʣʝʥʦ ʜʦʚʽʜʢʦʚʫ ʪʘʙʣʠʮʶ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʚʝʣʠʯʠʥ 
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ʢʘʣʦʨʠʬʝʨʘ ʅɽ 36/2, ʨʦʟʨʘʭʫʥʢʠ ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʤʦʜʝʣʽ. ʅʘ ʨʠʩ. 3.2 ʥʘʚʝʜʝʥʦ 

ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ. 

 

 
ʘ) 

 
ʙ) 

 
ʚ) 

 
ʛ) 

ʈʠʩ. 3.2. ʄʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʜʣʷ ʅɽ 36/2 ʟʘ ʢʘʥʘʣʘʤʠ ʚʧʣʠʚʫ: 

ʘ)
0AqD ­X , 10=D Aq

ʦʉ;  ʙ)
0AdD ­X , 

0 1AdD = ʛ/ʢʛ; 

ʚ)
0AGD ­X , 1.00=D AG  ʢʛ/ʩʝʢ; ʛ)

END ­X , 1000=D EN ɺʪ 

 

ʆʪʨʠʤʘʥʽ ʧʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʤʘʶʪʴ ʤʘʣʫ ʽʥʝʨʮʽʡʥʽʩʪʴ ʪʘ ʘʧʝʨʽʦʜʠʯʥʠʡ 

ʭʘʨʘʢʪʝʨ. ɯʥʝʨʮʽʡʥʽʩʪʴ ʢʘʥʘʣʫ ʨʝʛʫʣʶʚʘʥʥʷ ʙʽʣʴʰʘ ʟʘ ʽʥʝʨʮʽʡʥʽʩʪʴ ʢʘʥʘʣʽʚ 

ʟʙʫʨʝʥʥʷ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʥʝʚʝʣʠʢʠʤ ʦʙôʻʤʦʤ ʧʦʚʽʪʨʷʥʦʛʦ ʧʨʦʩʪʦʨʫ 

ʢʘʣʦʨʠʬʝʨʘ VA=0.152 ʤ3 ̔ ʟ ʚʽʜʥʦʩʥʦ ʟʥʘʯʥʦʶ ʚʠʪʨʘʪʦʶ ʧʦʚʽʪʨʷ GA=0.43 ʢʛ/ʩʝʢ, 

ʱʦ ʥʘʛʨʽʚʘʻʪʴʩʷ. 
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3.1.2 ɼʠʥʘʤʽʯʥʘ ʤʦʜʝʣʴ ʚʦʜʷʥʦʛʦ ʢʘʣʦʨʠʬʝʨʘ 

ʇʨʠ ʨʦʟʨʦʙʮʽ ʜʠʥʘʤʽʯʥʦʾ ʤʦʜʝʣʽ ʚʦʜʷʥʦʛʦ ʢʘʣʦʨʠʬʝʨʘ ʧʨʠʡʥʷʪʦ 

ʥʘʩʪʫʧʥʽ ʩʧʨʦʱʝʥʥʷ: ʪʝʧʣʦʦʙʤʽʥ ʽʟ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ ʚʽʜʩʫʪʥʽʡ; 

ʤʦʜʝʣʴ ʤʽʩʪʠʪʴ ʪʨʠ ʜʠʥʘʤʽʯʥʽ ʝʣʝʤʝʥʪʠ ʽʟ ʟʦʩʝʨʝʜʞʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ (ʚʦʜʘ, 

ʪʝʧʣʦʦʙʤʽʥʥʘ ʧʦʚʝʨʭʥʷ ʪʘ ʧʦʚʽʪʨʷ); ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʴʥʠʭ ʧʦʪʦʢʽʚ 

ʪʘ ʧʦʚʝʨʭʥʽ ʪʝʧʣʦʦʙʤʽʥʫ ʧʨʠʚʝʜʝʥʽ ʜʦ ʫʩʝʨʝʜʥʝʥʠʭ ʟʥʘʯʝʥʴ ʨʦʙʦʯʦʛʦ 

ʜʽʘʧʘʟʦʥʫ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʫʙʣʽʢʦʚʘʥʦ ʫ [201 ï 203]. ʈʦʟʨʘʭʫʥʢʦʚʘ 

ʩʭʝʤʘ ʚʦʜʷʥʦʛʦ ʢʘʣʦʨʠʬʝʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 3.3. 

 

 
ʈʠʩ. 3.3. ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʢʘʣʦʨʠʬʝʨʘ 

 

ɻʨʽʶʯʠʤ ʪʝʧʣʦʥʦʩʽʻʤ ʻ ʚʦʜʘ ʽʟ ʚʠʪʨʘʪʦʶ GW(t), ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʥʦʩʽʷ 

ʥʘ ʚʭʦʜʽ ʫ ʢʘʣʦʨʠʬʝʨ ɗW0(t), ʥʘ ʚʠʭʦʜʽ ï ɗW(t). ʂʘʣʦʨʠʬʝʨ ʤʽʩʪʠʪʴ n ʪʨʫʙʦʢ 

C 

H 

L 

ɗW0(t); GW(t) 

ɗA(t); dA; GA(t) 

ɗA0(t); dA0; GA(t) 

ɗW(t); GW(t) 



102 
 

ʜʦʚʞʠʥʦʶ H. ʊʝʧʣʦʥʦʩʽʡ ʥʘʛʨʽʚʘʻ ʪʝʧʣʦʦʙʤʽʥʥʽ ʪʨʫʙʢʠ ʫʩʝʨʝʜʥʝʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʷʢʠʭ ɗM(t). ʇʝʨʝʭʨʝʩʥʦ ʜʦ ʨʫʭʫ ʪʝʧʣʦʥʦʩʽʷ ʫ ʢʘʣʦʨʠʬʝʨ ʥʘʜʭʦʜʠʪʴ 

ʧʦʚʽʪʨʷ ʽʟ ʚʠʪʨʘʪʦʶ GA(t). ɺʭʽʜʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ ï ɗA0(t), ʚʭʽʜʥʘ ï ɗA(t). 

ɺʦʣʦʛʦʚʤʽʩʪ ʧʦʚʽʪʨʷ ʥʘ ʚʭʦʜʽ ï dA0(t), ʥʘ ʚʠʭʦʜʽ ï dA(t). ɻʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ: L, C, H, ï ʛʣʠʙʠʥʘ, ʰʠʨʠʥʘ ʪʘ ʚʠʩʦʪʘ ʢʘʣʦʨʠʬʝʨʘ. ʈʦʟʛʣʷʥʝʤʦ 

ʪʝʧʣʦʚʠʡ ʙʘʣʘʥʩ ʫ ʜʠʥʘʤʽʮʽ ʜʣʷ ʢʦʞʥʦʛʦ ʜʠʥʘʤʽʯʥʦʛʦ ʝʣʝʤʝʥʪʘ. 

ʊʝʧʣʦʚʠʡ ʙʘʣʘʥʩ ʜʣʷ ʪʝʧʣʦʥʦʩʽʷ, ʱʦ ʧʨʦʪʽʢʘʻ ʫ ʪʨʫʙʢʘʭ: 

( ) ( )
dt

d
cMFcG W

WWMWWWWW

q
qqaqq =--- 000 ,  (3.16) 

ʪʫʪ Wc  ï ʪʝʧʣʦʻʤʢʽʩʪʴ ʪʝʧʣʦʥʦʩʽʷ; 0a  ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ ʤʽʞ 

ʪʝʧʣʦʥʦʩʽʻʤ ʪʘ ʚʥʫʪʨʽʰʥʴʦʶ ʧʦʚʝʨʭʥʝʶ ʪʨʫʙ; 0F  ï ʧʣʦʱʘ ʚʥʫʪʨʽʰʥʴʦʾ 

ʧʦʚʝʨʭʥʽ ʫʩʽʭ ʪʨʫʙ, 00 dLnF p= , 0d  ï ʚʥʫʪʨʽʰʥʽʡ ʜʽʘʤʝʪʨ ʪʨʫʙ; WM ï ʤʘʩʘ 

ʪʝʧʣʦʥʦʩʽʷ ʚ ʫʩʽʭ ʪʨʫʙʘʭ ʢʘʣʦʨʠʬʝʨʘ, 42

0dLnM WW pr= , Wr  ï ʛʫʩʪʠʥʘ 

ʪʝʧʣʦʥʦʩʽʷ. ʇʽʩʣʷ ʩʧʨʦʱʝʥʥʷ ʪʘ ʣʽʥʝʘʨʠʟʘʮʽʾ ʨʽʚʥʷʥʥʷ (3.16) ʧʨʠʡʤʝ ʚʠʛʣʷʜ: 

WMWW
W

W Gkkk
dt

d
T D+D+D=D+

D
2100 qqq

q
,  (3.17) 

ʜʝ 00FGcK WWW a+= ; 
W

WW
W

K

Mc
T = ; 

W

WW

K

Gc
k =0 ; 01 1 kk -= ;

( )

W

WWW

K

c
k

qq -
= 0

2 . 

ʊʝʧʣʦʚʠʡ ʙʘʣʘʥʩ ʜʣʷ ʪʝʧʣʦʦʙʤʽʥʥʦʾ ʧʦʚʝʨʭʥʽ ʢʘʣʦʨʠʬʝʨʘ: 

( ) ( )
dt

d
cMFF M

MMAMMW

q
qqaqqa =--- 1100 ,  (3.18) 

ʪʫʪ Mc  ï ʪʝʧʣʦʻʤʢʽʩʪʴ ʤʝʪʘʣʫ; 1a ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ ʤʽʞ ʟʦʚʥʽʰʥʴʦʶ 

ʧʦʚʝʨʭʥʝʶ ʪʨʫʙ ʪʘ ʧʦʚʽʪʨʷʤ; 1F  ï ʧʣʦʱʘ ʟʦʚʥʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʪʝʧʣʦʦʙʤʽʥʫ 

ʢʘʣʦʨʠʬʝʨʘ; MM  ï ʤʘʩʘ ʤʝʪʘʣʫ ʪʝʧʣʦʦʙʤʽʥʥʦʾ ʧʦʚʝʨʭʥʽ. ʇʽʩʣʷ ʩʧʨʦʱʝʥʥʷ 

ʨʽʚʥʷʥʥʷ (3.18) ʦʪʨʠʤʘʻʤʦ ʜʠʬʝʨʝʥʮʽʡʥʝ ʨʽʚʥʷʥʥʷ ʫ ʧʨʠʨʦʩʪʘʭ: 

AWM
M

M kk
dt

d
T qqq

q
D+D=D+

D
43 ,    (3.19) 

ʜʝ 1100 FFKM aa += ; 
M

MM
M

K

Mc
T = ; 

MK

F
k 00

3

a
= ; 34 1 kk -= . 

ʊʝʧʣʦʚʠʡ ʙʘʣʘʥʩ ʜʣʷ ʧʦʚʽʪʨʷʥʦʛʦ ʧʨʦʩʪʦʨʫ ʢʘʣʦʨʠʬʝʨʘ: 
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( ) ( )
dt

d
cMFcG A

AAAMAAAA

q
qqaqq =--- 110 ,  (3.20) 

ʪʫʪ Ac  ï ʪʝʧʣʦʻʤʢʽʩʪʴ ʧʦʚʽʪʨʷ; AM  ï ʤʘʩʘ ʧʦʚʽʪʨʷ ʫ ʦʙôʻʤʽ H×L×C ʢʘʣʦʨʠʬʝʨʘ. 

ʇʽʩʣʷ ʩʧʨʦʱʝʥʥʷ ʪʘ ʣʽʥʝʘʨʠʟʘʮʽʾ ʨʽʚʥʷʥʥʷ (3.20) ʤʘʻʤʦ: 

AMAA
A

A Gkkk
dt

d
T D+D+D=D+
D

7605 qqq
q

,  (3.21) 

ʜʝ 11FGcK AAA a+= ; 
A

AA
A

K

Mc
T = ; 

A

AA

K

Gc
k =5 ; 

56 1 kk -= ; 
( )

A

AAA

K

c
k

qq -
= 0

7 . 

ɼʣʷ ʦʧʠʩʫ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʙʘʣʘʥʩʫ ʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ ʚʦʜʷʥʦʛʦ 

ʢʘʣʦʨʠʬʝʨʫ ʚʠʢʦʨʠʩʪʘʻʤʦ ʟʘʣʝʞʥʽʩʪʴ (3.5), ʦʩʢʽʣʴʢʠ ʮʽ ʧʨʦʮʝʩʠ ʽʜʝʥʪʠʯʥʽ. 

ɺʨʘʭʦʚʫʶʯʠ (3.6), ʦʪʨʠʤʘʻʤʦ: 

8 0 9
A

d A A A

d d
T d k d k G

dt

D
+D = D + D,    (3.22) 

ʜʝ 
A

A
d

G

V
T
w
= ; 

8 1k = ; 0
9

A A

A

d d
k

G

-
= . 

ʈʽʚʥʷʥʥʷ (3.17), (3.29), (3.21) ʪʘ (3.22) ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʜʠʥʘʤʽʯʥʫ ʤʦʜʝʣʴ 

ʪʝʧʣʦʦʙʤʽʥʫ ʜʣʷ ʚʦʜʷʥʦʛʦ ʢʘʣʦʨʠʬʝʨʘ. ʇʨʝʜʩʪʘʚʠʤʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ 

ʩʠʩʪʝʤʦʶ ʟʚʠʯʘʡʥʠʭ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ: 

0 0 1 2

3 4

5 0 6 7

8 0 9

;

;

;

.

W
W W W M W

M
M M W A

A
A A A M A

A
d A A A

d
T k k k G

dt

d
T k k

dt

d
T k k k G

dt

d d
T d k d k G

dt

q
q q q

q
q q q

q
q q q

Dë
+D = D + D + Dî

î
Dî +D = D + D

î
ì

Dî +D = D + D + D
î
î D
î +D = D + D
í

  (3.23) 

ʆʪʨʠʤʘʻʤʦ ʤʘʪʨʠʯʥʠʡ ʚʠʛʣʷʜ ʩʠʩʪʝʤʠ (3.23) ʫ ʧʨʦʩʪʦʨʽ ʩʪʘʥʽʚ: 

BUAXX +=¡ ,       (3.24) 

ʜʝ 

A

A

M

W

d

q

q

q

¡Dè ø
é ù¡D
é ù¡=
¡é ùD

é ù
¡Dê ú

X ; 

6

34

1

01 0

01/ 00

10

100

AA

d

MMM

WW

k TT

T

k TTk T

Tk T

-è ø
é ù

-
é ù=
é ù-
é ù

-ê ú

A ; 

ù
ù
ù
ù

ú

ø

é
é
é
é

ê

è

D

D

D

D

=

W

M

A

A

d

q

q

q

X ; 
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75

8 9

0 2

0 0 0

0 00

0 00 0 0

0 0 0

AA

d d

W W

k Tk T

k T k T

k T k T

è ø
é ù
é ù=
é ù
é ù
ê ú

B ; 

ù
ù
ù
ù
ù
ù

ú

ø

é
é
é
é
é
é

ê

è

D

D

D

D

D

=

W

W

A

A

A

G

G

d

0

0

0

q

q

U . 

ɼʦʙʫʪʦʢ BU  (3.24) ʨʦʟʢʣʘʜʝʥʦ ʥʘ ʟʙʫʨʶʶʯʫ ʪʘ ʢʝʨʫʶʯʫ ʩʢʣʘʜʦʚʽ: 

332211 FBFBUBBU ++= , 

ʜʝ 

ù
ù
ù
ù

ú

ø

é
é
é
é

ê

è

=

WTk0

1
0

0

0

B ; 

5

8

2

0

0

0 0

0 0

A

d

k T

k T

è ø
é ù
é ù=
é ù
é ù
ê ú

B ; 

7

9

3
0

0

A

d

k T

k T

è ø
é ù
é ù=
é ù
é ù
ê ú

B ; 
01 WqD=U ; ù

ú

ø
é
ê

è

D

D
=

0

0

2

A

A

d

q
F ; 

AGD=3F . 

ɼʘʣʽ, ʧʦʜʘʤʦ ʩʠʩʪʝʤʫ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ (3.23) ʷʢ ʩʠʩʪʝʤʫ 

ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ ʚ ʦʙʣʘʩʪʽ ʃʘʧʣʘʩʘ. 

( ) ( )

( ) ( )

( ) ( )

( ) ( )

0 0 1 2

3 4

5 0 6 7

8 0 9

1 ; 3.25

1 ; 3.26

1 . 3.27

1 . 3.28

W W W M W

M M W A

A A A M A

A d A A

T p k k k G

T p k k

T p k k k G

d T p k d k G

q q q

q q q

q q q

ëD + = D + D + D
î
D + = D + Dî
ì
D + = D + D + Dî
îD + = D + Dí

 

ɿ (3.25) ʟʥʘʭʦʜʠʤʦ ()pWqD ; ʟ (3.26) ʚʠʟʥʘʯʠʤʦ ()pMqD , ʚʨʘʭʦʚʫʶʯʠ ()pWqD ; 

ʟʥʘʡʜʝʥʝ ()pMqD  ʧʽʜʩʪʘʚʣʷʻʤʦ ʫ (3.27), ʧʽʩʣʷ ʛʨʫʧʫʚʘʥʥʷ ʧʦʜʽʙʥʠʭ ʪʘ 

ʩʧʨʦʱʝʥʥʷ ʦʪʨʠʤʘʻʤʦ: 

( )[

( ) ],
1

1

70634
2

5

001
2

2

1
2

2
3

3

WWA

AA

GbbGbpbpb

bpbpb
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ɿ (3.28) ʦʪʨʠʤʫʻʤʦ ʨʽʰʝʥʥʷ ʜʣʷ ʟʤʽʥʥʦʾ AdD  
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ɿʘʩʪʦʩʦʚʫʶʯʠ ʟʚʦʨʦʪʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʃʘʧʣʘʩʘ, ʤʦʞʥʘ ʟʥʘʡʪʠ ʘʥʘʣʽʪʠʯʥʠʡ 

ʨʦʟʚôʷʟʦʢ (3.29), (3.30) ʟʘ ʢʘʥʘʣʘʤʠ ʨʝʛʫʣʶʚʘʥʥʷ ʪʘ ʟʙʫʨʝʥʥʷ.  

ʇʨʝʜʩʪʘʚʠʤʦ (3.29), (3.30) ʙʘʛʘʪʦʚʠʤʽʨʥʦ ʁʤʦʜʝʣʣ  ʁʫ ʦʙʣʘʩʪʽ ʃʘʧʣʘʩʘ: 
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ɿʘ ʤʦʜʝʣʣʶ (3.24) ʧʨʦʚʝʜʝʤʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʜʣʷ 

ʢʘʣʦʨʠʬʝʨʘ CVP2-HW2 ʇʉʎʂ CV-P 2L N-63B/F-N ʚʠʨʦʙʥʠʮʪʚʘ ʬʽʨʤʠ 

VTS CLIMA  [198]. ʋ ɼʦʜʘʪʢʫ ɹ.2 ʧʨʝʜʩʪʘʚʣʝʥʦ ʪʘʙʣʠʮʶ ʪʝʧʣʦʬʽʟʠʯʥʠʭ 

ʚʝʣʠʯʠʥ ʢʘʣʦʨʠʬʝʨʘ CVP2-HW2 ʪʘ ʨʦʟʨʘʭʫʥʢʠ ʢʦʝʬʽʮʽʻʥʪʽʚ ʘʥʘʣʽʪʠʯʥʦʾ 

ʤʦʜʝʣʽ. ʅʘ ʨʠʩ. 3.4 ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘ ʢʘʥʘʣʘʤʠ ʚʧʣʠʚʫ. ʗʢ 

ʽ ʜʣʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʢʘʣʦʨʠʬʝʨʘ, ʧʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʜʣʷ ʚʦʜʷʥʦʛʦ ʢʘʣʦʨʠʬʝʨʘ 

ʥʦʩʷʪʴ ʘʧʝʨʽʦʜʠʯʥʠʡ ʭʘʨʘʢʪʝʨ, ʘ ʟʤʽʥʥʽ ʩʪʘʥʫ ʪʝʤʧʝʨʘʪʫʨʠ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʚʦʣʦʛʦʚʤʽʩʪʫ ʧʦʚʽʪʨʷ, ʱʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʧʨʦʮʝʩʫ ʥʘʛʨʽʚʫ ʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ. 

ʋ ʧ.1.4 ʚ̔ʜʤʽʯʝʥʦ, ʱʦ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʦʙʤʽʥʥʠʭ ʧʨʦʮʝʩʽʚ ʫ 

ʢʘʣʦʨʠʬʝʨʘʭ ʜʦʩʣʽʜʥʠʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʘʥʘʣʽʪʠʯʥʽ ʤʦʜʝʣʽ ʽʟ ʟʦʩʝʨʝʜʞʝʥʠʤʠ 

ʪʘ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʧʦʜʽʣʝʥʠʭ ʤʦʜʝʣʝʡ 

ʧʦʢʨʘʱʫʻ ʪʦʯʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʽʚ, ʧʨʦʪʝ, ʩʘʤʘ ʤʦʜʝʣʴ ʩʪʘʻ ʜʝʱʦ ʩʢʣʘʜʥʽʰʦʶ. ɯʟ 

ʽʥʰʦʾ ʩʪʦʨʦʥʠ ʥʝ ʟʘʚʞʜʠ ʫʩʢʣʘʜʥʝʥʥʷ ʤʦʜʝʣʽ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ 

ʪʦʯʥʦʩʪʽ. 
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ʘ) 

 
ʙ) 

 
ʚ) 

 
ʛ) 

 
ʜ) 

 

ʈʠʩ. 3.4. ʇʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʫ 

ʢʘʣʦʨʠʬʝʨ ̔CVP2-HW2 ʟʘ ʢʘʥʘʣʘʤʠ 

ʚʧʣʠʚʫ: 

ʘ) 
0AqD ­X , 10=D Aq  ʦʉ; 

ʙ) 
0AdD ­X , 

0 1AdD = ʛ/ʢʛ; 

ʚ) 
0AGD ­X , 05.00=D AG  ʢʛ/ʩʝʢ; 

ʛ) 
0WqD ­X , 10=DWq  ʦʉ; 

ʜ) 
0WGD ­X , 05.00=DWG  ʢʛ/ʩʝʢ 

 

 

ʅʘ ʦʩʥʦʚʽ ʤʦʜʝʣʽ ʢʦʞʫʭʦʪʨʫʙʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ [204, 205] ʘʚʪʦʨʦʤ 

ʦʪʨʠʤʘʥʦ ʜʠʥʘʤʽʯʥʫ ʤʦʜʝʣʴ ʜʣʷ ʚʦʜʷʥʦʛʦ ʢʘʣʦʨʠʬʝʨʘ ʽʟ ʨʦʟʧʦʜʽʣʝʥʠʤʠ 
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ʧʘʨʘʤʝʪʨʘʤʠ [121, 206]. ʋ ʤʦʜʝʣʽ ʢʘʣʦʨʠʬʝʨʘ ʧʦʚʽʪʨʷʥʠʡ ʧʨʦʩʪʽʨ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʟʦʩʝʨʝʜʞʝʥʘ ʻʤʢʽʩʪʴ (ʚʨʘʭʦʚʫʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʝ 

ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʧʦʚʽʪʨʷ ʚʝʥʪʠʣʷʪʦʨʦʤ), ʘ ʪʝʧʣʦʥʦʩʽʡ ʪʘ ʪʝʧʣʦʦʙʤʽʥʥʘ 

ʪʨʫʙʯʘʪʢʘ ï ̫ ʢ ʝʣʝʤʝʥʪ ʽʟ ʨʦʟʧʦʜʽʣʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘ ʜʦʚʞʠʥʦʶ ʪʨʫʙʯʘʪʢʠ. 

ʇʨʦʛʨʘʤʥʫ ʨʝʘʣʽʟʘʮʽʶ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʢʘʣʦʨʠʬʝʨʘ ʽʟ ʨʦʟʧʦʜʽʣʝʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ [122]. ɯʟ ɼʦʜʘʪʢʫ ɹ.2 ʫ ʨʦʟʨʦʙʣʝʥʫ ʧʨʦʛʨʘʤʫ 

ʚʚʦʜʠʣʠʩʷ ʧʘʨʘʤʝʪʨʠ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʚʝʣʠʯʠʥ ʢʘʣʦʨʠʬʝʨʘ CVP2-HW2. 

ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʟʘ ʢʘʥʘʣʘʤʠ ʚʧʣʠʚʫ ʜʣʷ 

ʚʦʜʷʥʦʛʦ ʢʘʣʦʨʠʬʝʨʘ ʽʟ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʘʢʪʠʯʥʦ ʧʦʚʪʦʨʶʚʘʣʠ 

ʨʝʟʫʣʴʪʘʪʠ ʟʦʙʨʘʞʝʥʽ ʥʘ ʨʠʩ. 3.4, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʟʦʩʝʨʝʜʞʝʥʦʾ 

ʻʤʢʦʩʪʽ ʧʦʚʽʪʨʷʥʦʛʦ ʧʨʦʩʪʦʨʫ ʢʘʣʦʨʠʬʝʨʘ, ʷʢʘ ñʦʩʝʨʝʜʥʠʣʘò ʨʝʟʫʣʴʪʘʪʠ 

ʨʦʟʨʘʭʫʥʢʽʚ ʨʦʟʧʦʜʽʣʝʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʪʨʫʙʯʘʪʢʠ ʪʘ ʪʝʧʣʦʥʦʩʽʷ. ʉʭʦʞʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʝʜʝʥʦ ʫ ʨʦʙʦʪʽ [207] ʽʟ ʘʥʘʣʦʛʽʯʥʠʤʠ ʚʠʩʥʦʚʢʘʤʠ. 

ɸʥʘʣʽʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʦʙʤʽʥʥʠʭ ʧʨʦʮʝʩʽʚ ʽʟ ʨʦʟʧʦʜʽʣʝʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʜʦʩʪʘʪʥʴʦ ʩʢʣʘʜʥʝ ʟʘʚʜʘʥʥʷ, ʚ ʨʦʟʚôʷʟʢʫ ʟôʷʚʣʷʶʪʴʩʷ 

ʪʨʘʥʩʮʝʥʜʝʥʪʥʽ ʬʫʥʢʮʽʾ [122]. ɼʣʷ ʪʘʢʠʭ ʟʘʜʘʯ ʨʝʢʦʤʝʥʜʫʚʘʪʠ ʘʥʘʣʽʪʠʯʥʽ 

ʨʦʟʚôʷʟʢʠ, ʥʝ ʚʘʨʪʦ. ʅʘ ʧʨʘʢʪʠʮʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʯʠʩʝʣʴʥʽ ʤʝʪʦʜʠ. 

ʈʦʟʛʣʷʜʘʶʯʠ ʧʦʚʝʨʭʥʝʚʽ ʪʝʧʣʦʦʙʤʽʥʥʽ ʘʧʘʨʘʪʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ 

ʇʂʐʄ, ʤʦʞʥʘ ʢʦʥʩʪʘʪʫʚʘʪʠ, ʱʦ ʜʦʚʞʠʥʘ ʪʝʧʣʦʦʙʤʽʥʥʠʭ ʪʨʫʙ (> 2 ʤ) 

ʧʦʨʽʚʥʷʥʦ ʽʟ ʩʝʨʝʜʥʴʦʶ ʰʚʠʜʢʽʩʪʶ ʪʝʧʣʦʥʦʩʽʷ ʫ ʪʨʫʙʘʭ (1.5 ï 2 ʤ/ʩʝʢ) 

ʥʝʩʫʪʪʻʚʘ. ʊʘʢʦʞ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʧʦʚʽʪʨʷ ʽʥʪʝʥʩʠʚʥʦ 

ʧʝʨʝʤʽʰʫʻʪʴʩʷ ʚʝʥʪʠʣʷʪʦʨʘʤʠ ʢʦʥʜʠʮʽʦʥʝʨʘ. ʇʨʘʢʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʧʨʦʮʝʩ ʷʢ ʷʚʥʦ ʘʧʝʨʽʦʜʠʯʥʠʡ 

(ʜʠʚ. ʧ.1.4). ʋ [134] ʈʠʤʢʝʚʠʯ ʧʨʠʚʦʜʠʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʪʨʠʤʘʥʽ 

ʧʝʨʝʜʘʪʥʽ ʬʫʥʢʮʽʾ ʜʣʷ ʨʽʜʠʥʥʠʭ ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ, ʷʢʽ ʦʧʠʩʫʶʪʴʩʷ ʧʝʨʝʜʘʪʥʠʤʠ 

ʬʫʥʢʮʽʷʤʠ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʙʝʟ ʟʘʧʽʟʥʝʥʥʷ. ʋ ʜʘʥʦʤʫ ʧʽʜʨʦʟʜʽʣʽ ʦʪʨʠʤʘʥʘ 

ʜʠʥʘʤʽʯʥʘ ʤʦʜʝʣʴ ʢʘʣʦʨʠʬʝʨʘ (3.31) ʦʧʠʩʫʻʪʴʩʷ ʘʧʝʨʽʦʜʠʯʥʠʤʠ ʣʘʥʢʘʤʠ 

ʪʨʝʪʴʦʛʦ ʧʦʨʷʜʢʫ. ɺʨʘʭʦʚʫʶʯʠ ʚʠʢʣʘʜʝʥʝ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʧʦʜʽʣʝʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʦʙʤʽʥʥʠʭ 

ʘʧʘʨʘʪʽʚ ʧʨʦʤʠʩʣʦʚʠʭ ʢʦʥʜʠʮʽʦʥʝʨʽʚ ʥʝʜʦʮʽʣʴʥʦ. 
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3.1.3 ɼʠʥʘʤʽʯʥʘ ʤʦʜʝʣʴ ʦʭʦʣʦʜʞʫʚʘʯʘ 

ʇʨʠ ʨʦʟʨʦʙʮʽ ʜʠʥʘʤʽʯʥʦʾ ʤʦʜʝʣʽ ʤʘʩʦ- ʪʘ ʪʝʧʣʦʦʙʤʽʥʫ ʫ ʚʦʜʷʥʦʤʫ 

ʦʭʦʣʦʜʞʫʚʘʯʽ ʧʨʠʡʥʷʪʦ ʥʘʩʪʫʧʥʽ ʩʧʨʦʱʝʥʥʷ [208, 209]: ʪʝʧʣʦʦʙʤʽʥ ʽʟ 

ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ ʚʽʜʩʫʪʥʽʡ; ʤʦʜʝʣʴ ʤʽʩʪʠʪʴ ʪʨʠ ʜʠʥʘʤʽʯʥʽ ʝʣʝʤʝʥʪʠ 

ʽʟ ʟʦʩʝʨʝʜʞʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ (ʚʦʜʘ, ʪʝʧʣʦʦʙʤʽʥʥʘ ʧʦʚʝʨʭʥʷ ʪʘ ʧʦʚʽʪʨʷʥʘ 

ʩʫʤʽʰ); ʢʨʠʪʝʨʽʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ʤʘʩʦʦʙʤʽʥʫ ʧʦʜʽʙʥʽ ʢʨʠʪʝʨʽʘʣʴʥʠʤ ʨʽʚʥʷʥʥʷʤ 

ʪʝʧʣʦʧʝʨʝʜʘʯʽ, ʪʦʙʪʦ ʩʧʨʘʚʝʜʣʠʚʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʃʶʽʩʘ 1=abc ; ʧʨʦʮʝʩ 

ʢʦʥʜʝʥʩʘʮʽʾ ʚʦʣʦʛʠ ʧʨʦʭʦʜʠʪʴ ʥʘ ʚʩʽʡ ʧʦʚʝʨʭʥʽ ʦʭʦʣʦʜʞʫʚʘʯʘ (ʽʟ ʩʪʦʨʦʥʠ 

ʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ) ʜʣʷ ʙʫʜʴ-ʷʢʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ; ʪʝʨʤʽʯʥʠʡ ʦʧʽʨ ʧʣʽʚʢʠ 

ʢʦʥʜʝʥʩʘʪʫ ʥʘ ʧʦʚʝʨʭʥʽ ʪʝʧʣʦʦʙʤʽʥʫ ʽʟ ʧʦʚʽʪʨʷʤ ʥʝʭʪʦʚʥʦ ʤʘʣʠʡ; ʣʽʥʽʷ 

ʥʘʩʠʯʝʥʥʷ ʥʘ h ï d ʜʽʘʛʨʘʤʽ ( )%100=j  ʥʘʙʣʠʞʝʥʦ ʦʧʠʩʫʻʪʴʩʷ ʧʨʷʤʦʶ ʚ 

ʜʽʘʧʘʟʦʥʽ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʩʪʽʥʢʠ 

BAd MM += q ,       (3.32) 

ʜʝ dM ï ʚʦʣʦʛʦʚʤʽʩʪ ʥʘ ʣʽʥʽʾ ʥʘʩʠʯʝʥʥʷ, Mq  ï ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʦʙʤʽʥʥʦʾ 

ʩʪʽʥʢʠ, ɸ ʽ ɺ ï ʢʦʝʬʽʮʽʻʥʪʠ; ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʴʥʠʭ ʧʦʪʦʢʽʚ ʪʘ 

ʧʦʚʝʨʭʥʽ ʪʝʧʣʦʦʙʤʽʥʫ ʧʨʠʚʝʜʝʥʽ ʜʦ ʫʩʝʨʝʜʥʝʥʠʭ ʟʥʘʯʝʥʴ, ʱʦ ʚʠʧʨʘʚʜʦʚʫʻʪʴʩʷ 

ʾʭ ʥʝʟʥʘʯʥʦʶ ʟʤʽʥʦʶ ʫ ʤʝʞʘʭ ʨʦʙʦʯʦʛʦ ʜʽʘʧʘʟʦʥʫ. ʗʢ ʧʨʘʚʠʣʦ, ʪʝʤʧʝʨʘʪʫʨʘ 

ʚʭʽʜʥʦʛʦ ʭʦʣʦʜʦʥʦʩʽʷ ʫ ʦʭʦʣʦʜʞʫʚʘʯʽ ʩʪʘʥʦʚʠʪʴ 6ï8 ʆʉ, ʧʨʠ ʮʴʦʤʫ 

ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʦʙʤʽʥʥʦʾ ʧʦʚʝʨʭʥʽ ʥʝ ʧʝʨʝʚʠʱʫʻ 15 ʆʉ. ɯʟ ʜʦʩʪʘʪʥʴʦʶ 

ʽʥʞʝʥʝʨʥʦʶ ʪʦʯʥʽʩʪʶ [140] ʜʣʷ ʜʽʘʧʘʟʦʥʫ ʪʝʤʧʝʨʘʪʫʨ 6ï15 ʆʉ ʫ ʨʽʚʥʷʥʥʽ (3.32) 

ʤʦʞʥʘ ʧʨʠʡʥʷʪʠ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ɸ = 0.58 ʛ/(ʆʉ ʢʛ) ʽ ɺ = 2.2 ʛ/ʢʛ. 

ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʚʦʜʷʥʦʛʦ ʦʭʦʣʦʜʞʫʚʘʯʘ, ʱʦ ʤʦʜʝʣʶʻʪʴʩʷ, 

ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 3.5. ʍʦʣʦʜʦʥʦʩʽʻʤ ʻ ʚʦʜʘ ʽʟ ʚʠʪʨʘʪʦʶ GW(t), ʪʝʤʧʝʨʘʪʫʨʘ 

ʭʦʣʦʜʦʥʦʩʽʷ ʥʘ ʚʭʦʜʽ ʫ ʦʭʦʣʦʜʞʫʚʘʯ ɗW0(t), ʥʘ ʚʠʭʦʜʽ ï ɗW(t). ʆʭʦʣʦʜʞʫʚʘʯ 

ʤʽʩʪʠʪʴ n ʪʨʫʙʦʢ ʜʦʚʞʠʥʦʶ L. ʍʦʣʦʜʦʥʦʩʽʡ ʦʭʦʣʦʜʞʫʻ ʪʝʧʣʦʦʙʤʽʥʥʽ ʪʨʫʙʢʠ 

ʫʩʝʨʝʜʥʝʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʷʢʠʭ ɗM(t). ʇʝʨʝʭʨʝʩʥʦ ʨʫʭʫ ʭʦʣʦʜʦʥʦʩʽʷ ʫ 

ʦʭʦʣʦʜʞʫʚʘʯ ʧʦʜʘʻʪʴʩʷ ʧʦʚʽʪʨʷʥʘ ʩʫʤʽʰ ʽʟ ʚʠʪʨʘʪʦʶ GA(t). ɺʭʽʜʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ ï ɗA0(t), ʧʦʯʘʪʢʦʚʠʡ ʚʦʣʦʛʦʚʤʽʩʪ ï dA0; ʚʠʭʽʜʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ ï ɗA(t), ʚʦʣʦʛʦʚʤʽʩʪ ï dA. ɻʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ 
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ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ: L, C, H, ï ʛʣʠʙʠʥʘ, ʰʠʨʠʥʘ ʪʘ ʚʠʩʦʪʘ ʦʭʦʣʦʜʞʫʚʘʯʘ. 

ʊʝʧʣʦʚʠʡ ʙʘʣʘʥʩ ʜʣʷ ʭʦʣʦʜʦʥʦʩʽʷ ʫ ʪʨʫʙʢʘʭ ʪʘ ʪʝʧʣʦʦʙʤʽʥʥʦʾ ʧʦʚʝʨʭʥʽ 

ʦʭʦʣʦʜʞʫʚʘʯʘ ʘʥʘʣʦʛʽʯʥʠʡ ʢʘʣʦʨʠʬʝʨʫ (ʜʠʚ. ʧ.3.1.2), ʪʦʤʫ ʥʝ ʨʦʟʛʣʷʜʘʻʪʴʩʷ. 

 

 
ʈʠʩ. 3.5. ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʦʭʦʣʦʜʞʫʚʘʯʘ  

d1 

  ; dA d0 

    
  

  
  

ʙ) 

  

ʘ) 

C 

H 

L 

ɗW0(t); 

GW(t) 

ɗA(t); 

GA(t); 

dA(t) 

ɗA0(t); 

GA(t); 

dA0(t) 

ɗW(t); GW(t) 
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ʊʝʧʣʦʦʙʤʽʥ ʜʣʷ ʭʦʣʦʜʦʥʦʩʽʷ ʦʧʠʩʫʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʶ (3.17), ʘ ʜʣʷ 

ʪʝʧʣʦʦʙʤʽʥʥʦʾ ʧʦʚʝʨʭʥʽ ï (3.19). ʇʨʦʚʝʜʝʤʦ ʘʥʘʣʽʟ ʪʝʧʣʦʚʦʛʦ ʪʘ ʤʘʪʝʨʽʘʣʴʥʦʛʦ 

ʙʘʣʘʥʩʽʚ ʜʣʷ ʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ ʦʭʦʣʦʜʞʫʚʘʯʘ, ʨʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʟʦʙʨʘʞʝʥʘ 

ʥʘ ʨʠʩ. 3.5, ʙ. 

ʊʝʧʣʦʚʠʡ ʙʘʣʘʥʩ ʜʣʷ ʚʦʣʦʛʦʛʦ ʧʦʚʽʪʨʷ ʽʟ ʦʟʥʘʯʝʥʠʤʠ ʧʨʠʧʫʱʝʥʥʷʤʠ 

ʧʨʠʡʤʝ ʚʠʜ 

( ) ( )

( ) ( ) .
1000

1000

1111

00

dt

d
Mcdd

r
FF

dd
r

cG

A
AAMAMA

AAAAAA

q
bqqa

qq

=----

-ù
ú

ø
é
ê

è
-+-

          (3.33) 

ʊʫʪ, ʩɸ ï ʪʝʧʣʦʻʤʥʽʩʪʴ ʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ; r ï ʪʝʧʣʦʪʘ ʢʦʥʜʝʥʩʘʮʽʾ ʧʘʨʠ (ʪʝʧʣʦʪʘ 

ʧʘʨʦʫʪʚʦʨʝʥʥʷ); dM ï ʚʦʣʦʛʦʚʤʽʩʪ ʧʦʚʽʪʨʷ ʽʟ ʥʘʩʠʯʝʥʦʶ ʧʘʨʦʶ ( )%100=j , ʱʦ 

ʢʦʥʪʘʢʪʫʻ ʽʟ ʪʝʧʣʦʦʙʤʽʥʥʦʶ ʧʦʚʝʨʭʥʝʶ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ Mq ; 1a  ï ʢʦʝʬʽʮʽʻʥʪ 

ʪʝʧʣʦʚʽʜʜʘʯʽ ʤʽʞ ʧʦʚʽʪʨʷʥʦʶ ʩʫʤʽʰʰʶ ʪʘ ʟʦʚʥʽʰʥʴʦʶ ʧʦʚʝʨʭʥʝʶ ʪʨʫʙ; ɓ1 ï 

ʢʦʝʬʽʮʽʻʥʪ ʤʘʩʦʚʽʜʜʘʯʽ ʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ, ʟʘ ʧʨʠʧʫʱʝʥʥʷʤ ʤʘʩʦʦʙʤʽʥʥʽ 

ʧʨʦʮʝʩʠ ʧʨʦʪʽʢʘʶʪʴ ʟʘ ʟʘʢʦʥʦʤ ʃʶʽʩʘ 1=abc ; 1F  ï ʧʣʦʱʘ ʟʦʚʥʽʰʥʴʦʾ 

ʧʦʚʝʨʭʥʽ ʪʝʧʣʦʦʙʤʽʥʫ ʦʭʦʣʦʜʞʫʚʘʯʘ; AM  ï ʤʘʩʘ ʧʦʚʽʪʨʷ ʫ ʦʭʦʣʦʜʞʫʚʘʯʽ. 

ʇʨʘʚʘ ʯʘʩʪʠʥʘ ʨʽʚʥʷʥʥʷ (3.33) ʭʘʨʘʢʪʝʨʠʟʫʻ ʘʢʫʤʫʣʷʮʽʶ ʪʝʧʣʦʪʠ ʫ 

ʧʦʚʽʪʨʷʥʦʤʫ ʧʨʦʩʪʦʨʽ ʦʭʦʣʦʜʞʫʚʘʯʘ. ʋ ʣʽʚʽʡ ʯʘʩʪʠʥʽ ʧʝʨʰʠʡ ʯʣʝʥ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʷʢʘ ʚʥʦʩʠʪʴʩʷ ʪʘ ʚʠʥʦʩʠʪʴʩʷ ʚʦʣʦʛʠʤ 

ʧʦʚʽʪʨʷʤ; ʜʨʫʛʠʡ ï ʢʽʣʴʢʽʩʪʴ ʷʚʥʦʾ ʪʝʧʣʦʪʠ, ʷʢʘ ʚʽʜʚʦʜʠʪʴʩʷ ʯʝʨʝʟ ʧʦʚʝʨʭʥʶ 

ʪʝʧʣʦʦʙʤʽʥʥʫ; ʪʨʝʪʽʡ ï ʢʽʣʴʢʽʩʪʴ ʧʨʠʭʦʚʘʥʦʾ ʪʝʧʣʦʪʠ ʚʠʜʽʣʝʥʦʾ ʚʽʜ 

ʩʢʦʥʜʝʥʩʦʚʘʥʦʾ ʧʘʨʠ, ʷʢʘ ʚʽʜʚʦʜʠʪʴʩʷ ʯʝʨʝʟ ʧʦʚʝʨʭʥʶ ʪʝʧʣʦʦʙʤʽʥʥʫ. 

ʇʽʩʣʷ ʣʽʥʝʘʨʠʟʘʮʽʾ ʪʘ ʛʨʫʧʫʚʘʥʥʷ (3.33) ̔ ʟ ʚʨʘʭʫʚʘʥʥʷʤ (3.32) ʦʪʨʠʤʘʻʤʦ: 

AAAMAA
A

A dkdkGkkk
dt

d
T D+D+D+D+D=D+
D

9087605 qqq
q

,      (3.34) 
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ʈʦʟʛʣʷʥʝʤʦ ʤʘʪʝʨʽʘʣʴʥʠʡ ʙʘʣʘʥʩ ʜʣʷ ʧʦʚʽʪʨʷʥʦʛʦ ʧʨʦʩʪʦʨʫ 

ʦʭʦʣʦʜʞʫʚʘʯʘ. ʄʘʩʘ ʚʦʣʦʛʠ, ʱʦ ʘʢʫʤʫʣʶʻʪʴʩʷ ʫ ʧʦʚʽʪʨʷʥʦʤʫ ʧʨʦʩʪʦʨ ̔

ʦʭʦʣʦʜʞʫʚʘʯʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʨʽʟʥʠʮʷ ʤʘʩʦʚʠʭ ʚʠʪʨʘʪ ʚʭʽʜʥʦʾ, ʚʠʭʽʜʥʦʾ ʧʘʨʠ 

ʪʘ ʩʢʦʥʜʝʥʩʦʚʘʥʦʾ ʚʦʣʦʛʠ 

( ) ( )
dt

d
Vdd

F
dd

G A
AMAAA

A rb
=---

10001000

11
0 .  (3.35) 

ɻʫʩʪʠʥʘ ʚʦʣʦʛʦʛʦ ʧʦʚʽʪʨʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ (3.6). ɺʨʘʭʦʚʫʶʯʠ (3.6) ʪʘ (3.32) 

ʧʨʦʚʝʜʝʤʦ ʣʽʥʝʘʨʠʟʘʮʽʶ (3.35)  

MAAA
A

d kGkdkd
dt

dd
T qD+D+D=D+
D

1211010 ,  (3.36) 
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ɼʠʬʝʨʝʥʮʽʡʥʽ ʨʽʚʥʷʥʥʷ (3.17), (3.19), (3.34) ʪʘ (3.36) ʧʨʝʜʩʪʘʚʣʷʶʪʴ 

ʥʝʩʪʘʮʽʦʥʘʨʥʫ ʤʦʜʝʣʴ ʪʝʧʣʦ- ʪʘ ʤʘʩʦʦʙʤʽʥʫ ʜʣʷ ʚʦʜʷʥʦʛʦ ʦʭʦʣʦʜʞʫʚʘʯʘ, ʷʢʫ 

ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʩʠʩʪʝʤʦʶ ʟʚʠʯʘʡʥʠʭ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ: 
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 (3.37) 

ʆʪʨʠʤʘʻʤʦ ʤʘʪʨʠʯʥʠʡ ʚʠʛʣʷʜ ʩʠʩʪʝʤʠ (3.37) ʫ ʧʨʦʩʪʦʨʽ ʩʪʘʥʽʚ: 

BUAXX +=¡ ,       (3.38) 
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ɼʦʙʫʪʦʢ BU  (3.38) ʨʦʟʢʣʘʜʝʥʦ ʥʘ ʟʙʫʨʶʶʯʫ ʪʘ ʢʝʨʫʶʯʫ ʩʢʣʘʜʦʚʽ: 
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ʜʝ 

ù
ù
ù
ù

ú

ø

é
é
é
é

ê

è

=

WTk2

1
0

0

0

B ; 

ù
ù
ù
ù

ú

ø

é
é
é
é

ê

è

=

0

0

0

0

0 10

85

2

d

AA

Tk

TkTk

B ; 

ù
ù
ù
ù

ú

ø

é
é
é
é

ê

è

=

0

0

11

7

3

d

A

Tk

Tk

B ; 
WGD=1U ; 

ù
ú

ø
é
ê

è

D

D
=

0

0

2

A

A

d

q
F ; AGD=3F . 

ʇʨʝʜʩʪʘʚʠʤʦ ʩʠʩʪʝʤʫ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ (3.34) ʘʣʛʝʙʨʘʾʯʥʠʤʠ ʚ 

ʦʙʣʘʩʪʽ ʃʘʧʣʘʩʘ. 

( ) ( )

( ) ( )
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( ) ( )
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ʆʪʨʠʤʘʻʤʦ ʨʦʟʚôʷʟʦʢ (3.39) ï (3.42) ʚʽʜʥʦʩʥʦ ʟʤʽʥʥʦʾ ()pAqD . ɿ (3.40) 

ʟʥʘʭʦʜʠʤʦ ()pMqD , ʟ (3.42) ï ()pdAD . ɿʥʘʡʜʝʥʥʽ ʟʘʣʝʞʥʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ 

ʫ (3.41) ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ AqD , ʧʽʩʣʷ ʛʨʫʧʫʚʘʥʥʷ ʧʦʜʽʙʥʠʭ ʦʪʨʠʤʘʻʤʦ: 
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ɸʥʘʣʦʛʽʯʥʦ ʟʥʘʭʦʜʠʤʦ ʨʦʟʚôʷʟʦʢ (3.39) ï (3.42) ʚʽʜʥʦʩʥʦ ʟʤʽʥʥʦʾ AdD : 
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ɿʘʣʝʞʥʦʩʪʽ (3.43), (3.44) ʧʦʜʘʤʦ ʙʘʛʘʪʦʚʠʤʽʨʥʦ ʁʤʦʜʝʣʣ  ʁʫ ʦʙʣʘʩʪʽ 

ʃʘʧʣʘʩʘ: 
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ɼʣʷ ʦʭʦʣʦʜʞʫʚʘʯʘ CVP2-ʉW4 ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʭʽʜʥʠʭ 

ʧʨʦʮʝʩʽʚ ʟʘ ʢʘʥʘʣʘʤʠ ʚʧʣʠʚʫ. ʋ ɼʦʜʘʪʢʫ ɹ.3 ʧʨʝʜʩʪʘʚʣʝʥʦ ʪʘʙʣʠʮʶ 

ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʚʝʣʠʯʠʥ ʦʭʦʣʦʜʞʫʚʘʯʘ CVP2-ʉW4, ʨʦʟʨʘʭʫʥʢʠ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʤʦʜʝʣʽ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʪʨʠʤʘʥʽ ʜʘʥʽ. ʅʘ ʨʠʩ. 3.6 ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʟʘ ʢʘʥʘʣʘʤʠ ʨʝʛʫʣʶʚʘʥʥʷ, 

ʘ ʥʘ ʨʠʩ. 3.7 ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘ ʢʘʥʘʣʘʤʠ ʟʙʫʨʝʥʥʷ. ʆʪʨʠʤʘʥʽ 

ʧʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʤʘʶʪʴ ʘʧʝʨʽʦʜʠʯʥʠʡ ʭʘʨʘʢʪʝʨ. ɯʥʝʨʮʽʡʥʽʩʪʴ ʢʘʥʘʣʫ 

ʨʝʛʫʣʶʚʘʥʥʷ ʜʝʱʦ ʙʽʣʴʰʘ ʟʘ ʽʥʝʨʮʽʡʥʽʩʪʴ ʢʘʥʘʣʽʚ ʟʙʫʨʝʥʥʷ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ 

ʥʘʷʚʥʽʩʪʶ ʪʝʧʣʦʦʙʤʽʥʥʦʾ ʧʦʚʝʨʭʥʽ ʦʭʦʣʦʜʞʫʚʘʯʘ ʽʟ ʚʣʘʩʥʦʶ ʪʝʧʣʦʚʦʶ 

ʽʥʝʨʮʽʡʥʽʩʪʶ. 
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ʘ) 

 
ʙ) 

ʈʠʩ. 3.6. ʇʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʫ ʦʭʦʣʦʜʞʫʚʘʯʽ CVP2-ʉW4 ʟʘ ʢʘʥʘʣʘʤʠ 

ʨʝʛʫʣʶʚʘʥʥʷ: ʘ) 
0WqD ­X , 10 =DWq  ʦʉ; ʙ) 

0WGD ­X , 1.00 =D WG  ʢʛ/ʩʝʢ 

 

 
ʘ) 

 
ʙ) 

 

ʈʠʩ. 3.7. ʇʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʫ 

ʦʭʦʣʦʜʞʫʚʘʯʽ CVP2-ʉW4 ʟʘ ʢʘʥʘʣʘʤʠ 

ʟʙʫʨʝʥʥʷ: 

ʘ) 
0AqD ­X , Co

A 10 =Dq ; 

ʙ) 
0AdD ­X , ʢʛʛdA /10 =D ; 

ʚ) 
0AGD ­X , ʩʝʢʢʛGA /1.00 =D  

 
ʚ) 
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3.2 ɼʠʥʘʤʽʯʥʽ ʤʦʜʝʣʽ ʢʘʤʝʨ ʟʚʦʣʦʞʝʥʥʷ 

ʂʣʽʤʘʪʠʯʥʝ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʟʚʦʣʦʞʝʥʥʷ ʧʦʚʽʪʨʷ ʜʦʚʦʣʽ ʨʽʟʥʦʤʘʥʽʪʥʝ. 

ʆʪʨʠʤʘʪʠ ʜʠʥʘʤʽʯʥʽ ʤʦʜʝʣʽ ʜʣʷ ʚʩʴʦʛʦ ʩʧʝʢʪʨʫ ʧʦʚʽʪʨʷʥʠʭ ʟʚʦʣʦʞʫʚʘʯʽʚ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʨʦʤʠʩʣʦʚʠʭ ʩʠʩʪʝʤ ʤʽʢʨʦʢʣʽʤʘʪʫ, ʜʦʩʠʪʴ ʩʢʣʘʜʥʘ ʪʘ 

ʦʙôʻʤʥʘ ʟʘʜʘʯʘ. ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʥʘʡʙʽʣʴʰʝ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʦʪʨʠʤʘʣʠ 

ʘʜʽʘʙʘʪʥʽ ʪʘ ʽʟʦʪʝʨʤʽʯʥʠʡ ʤʝʪʦʜʠ ʟʚʦʣʦʞʝʥʥʷ (ʧ. 1.4.2), ʫ ʧʽʜʨʦʟʜʽʣʽ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʝʧʣʦ- ʪʘ 

ʤʘʩʦʦʙʤʽʥʫ ʜʣʷ ʢʘʤʝʨ ʬʦʨʩʫʥʦʯʥʦʛʦ ʪʘ ʧʘʨʦʚʦʛʦ ʟʚʦʣʦʞʝʥʥʷ ñʢʣʘʩʠʯʥʦʾò 

ʪʝʭʥʽʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ. 

 

3.2.1 ɼʠʥʘʤʽʯʥʘ ʤʦʜʝʣʴ ʢʘʤʝʨʠ ʬʦʨʩʫʥʦʯʥʦʛʦ ʟʚʦʣʦʞʝʥʥʷ 

ʇʨʠ ʨʦʟʨʦʙʮʽ ʘʥʘʣʽʪʠʯʥʦʾ ʤʦʜʝʣʽ ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʪʝʧʣʦ- ʪʘ ʤʘʩʦʦʙʤʽʥʫ 

ʫ ʢʘʤʝʨʽ ʬʦʨʩʫʥʦʯʥʦʛʦ ʟʚʦʣʦʞʝʥʥʷ ʧʨʠʡʥʷʪʦ ʥʘʩʪʫʧʥʽ ʩʧʨʦʱʝʥʥʷ [210 ï 212]: 

ʪʝʧʣʦʦʙʤʽʥ ʽʟ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ ʚʽʜʩʫʪʥʽʡ; ʤʦʜʝʣʴ ʤʽʩʪʠʪʴ ʜʚʘ 

ʜʠʥʘʤʽʯʥʽ ʝʣʝʤʝʥʪʠ (ʧʦʚʽʪʨʷʥʠʡ ʧʨʦʩʪʽʨ ʢʘʤʝʨʠ ʟʚʦʣʦʞʝʥʥʷ ʪʘ ʧʽʜʜʦʥ ʽʟ 

ʚʦʜʦʶ) ʽʟ ʟʦʩʝʨʝʜʞʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ; ʢʦʝʬʽʮʽʻʥʪʠ ʪʝʧʣʦ- ʪʘ ʤʘʩʦʦʙʤʽʥʫ 

ʫʩʝʨʝʜʥʝʥʽ ʪʘ ʾʭ ʟʥʘʯʝʥʥʷ ʧʨʠʚʝʜʝʥʽ ʜʦ ʚʽʜʧʦʚʽʜʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʦʪʨʠʤʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ E  ï ʢʦʝʬʽʮʽʻʥʪʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʘʜʽʘʙʘʪʥʦʛʦ ʟʚʦʣʦʞʝʥʥʷ 

ʪʘ m ï ʢʦʝʬʽʮʽʻʥʪʫ ʟʨʦʰʝʥʥʷ ʧʦʚʽʪʨʷ [24]; ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʴʥʠʭ 

ʧʦʪʦʢʽʚ ʧʨʠʚʝʜʝʥʽ ʜʦ ʫʩʝʨʝʜʥʝʥʠʭ ʟʥʘʯʝʥʴ ʨʦʙʦʯʦʛʦ ʜʽʘʧʘʟʦʥʫ ʘʧʘʨʘʪʫ. 

ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʢʘʤʝʨʠ ʬʦʨʩʫʥʦʯʥʦʛʦ ʟʚʦʣʦʞʝʥʥʷ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ 

ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 3.8. ʊʫʪ ʧʨʠʡʥʷʪʦ ʪʘʢʽ ʧʦʟʥʘʯʝʥʥʷ. ʋ ʧʦʚʽʪʨʷʥʠʡ ʧʨʦʩʪʽʨ 

ʢʘʤʝʨʠ ʟʚʦʣʦʞʝʥʥʷ ʦʙôʻʤʦʤ VA = H×L×C ʥʘʜʭʦʜʠʪʴ ʧʦʚʽʪʨʷ ʽʟ ʪʝʤʧʝʨʘʪʫʨʦʶ 

ɗA0(t) ʪʘ ʚʦʣʦʛʦʚʤʽʩʪʦʤ dA0(t), ʚʠʪʨʘʪʘ ʧʦʚʽʪʨʷ GA(t). ʏʝʨʝʟ ʬʦʨʩʫʥʢʠ 

ʨʦʟʧʦʨʦʰʫʻʪʴʩʷ ʚʦʜʘ ʽʟ ʤʘʩʦʚʦʶ ʚʠʪʨʘʪʦʶ GW(t) ʪʘ ʧʦʯʘʪʢʦʚʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ 

ɗW(t). ʂʨʘʧʣʠʥʠ ʚʦʜʠ ʥʘʛʨʽʚʘʶʪʴʩʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ɗW1(t), ʦʭʦʣʦʜʞʫʶʯʠ ʪʘ 

ʟʚʦʣʦʞʫʶʯʠ ʧʦʚʽʪʨʷ ʜʦ ʧʘʨʘʤʝʪʨʽʚ ɗA(t), dA(t). ʏʘʩʪʠʥʘ ʢʨʘʧʣʠʥ ʚʦʜʠ 

ʚʠʧʘʨʦʚʫʻʪʴʩʷ ʪʘ ʚʠʥʦʩʠʪʴʩʷ ʧʦʚʽʪʨʷʤ ʷʢ ʧʘʨʘ. ʄʘʩʦʚʘ ʚʠʪʨʘʪʘ ʧʘʨʠ ʩʪʘʥʦʚʠʪʴ 

ʤʝʥʰʝ 1.5 % ʚʽʜ ʤʘʩʦʚʦʾ ʚʠʪʨʘʪʠ ʚʦʜʠ GW(t), ʱʦ ʧʝʨʝʢʘʯʫʻʪʴʩʷ ʬʦʨʩʫʥʦʯʥʠʤ 

ʥʘʩʦʩʦʤ. 
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ʈʠʩ. 3.8. ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʢʘʤʝʨʠ ʬʦʨʩʫʥʦʯʥʦʛʦ ʟʚʦʣʦʞʝʥʥʷ 

 

ɼʣʷ ʩʧʨʦʱʝʥʥʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʠʡʤʝʤʦ, ʱʦ ʤʘʩʦʚʘ ʚʠʪʨʘʪʘ ʚʦʜʠ ʥʘ 

ʨʦʟʙʨʠʟʢʫʚʘʥʥʷ ʪʘ ʚʠʪʨʘʪʘ ʢʨʘʧʣʠʥ, ʱʦ ʧʦʚʝʨʪʘʶʪʴʩʷ ʫ ʧʽʜʜʦʥ ʢʘʤʝʨʠ 

ʟʚʦʣʦʞʝʥʥʷ, ʨʽʚʥʽ. ʋ ʧʽʜʜʦʥʽ ʦʙôʻʤʦʤ VW = HW×L×C ʟʥʘʭʦʜʠʪʴʩʷ ʚʦʜʘ ʽʟ 

ʩʝʨʝʜʥʴʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ɗW(t), ʤʘʩʘ ʚʦʜʠ ʫ ʧʽʜʜʦʥʽ MW = const, ʫ ʧʽʜʜʦʥʽ 

ʚʣʘʰʪʦʚʘʥʠʡ ʧʝʨʝʣʠʚʥʠʡ ʟʘʧʦʙʽʞʥʠʢ. ʗʢʱʦ ʨʝʛʫʣʶʚʘʥʥʷ ʢʘʤʝʨʦʶ 

ʟʚʦʣʦʞʝʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʠʪʨʘʪʦʶ GW0(t), ʘʙʦ ʪʝʤʧʝʨʘʪʫʨʦʶ ʞʠʚʠʣʴʥʦʾ ʚʦʜʠ 

ɗW0(t), ʚʽʜʧʨʘʮʴʦʚʘʥʘ ʚʦʜʘ ʯʝʨʝʟ ʧʝʨʝʣʠʚʥʠʡ ʟʘʧʦʙʽʞʥʠʢ ʟʣʠʚʘʻʪʴʩʷ ʫ 

ʢʘʥʘʣʽʟʘʮʽʶ. ʇʨʠ ʮʴʦʤʫ, ʥʝʭʪʫʶʯʠ ʚʠʪʨʘʪʦʶ ʚʦʜʠ ʥʘ ʧʘʨʦʫʪʚʦʨʝʥʥʷ ʤʘʻʤʦ 

C 

H 

L 

ɗA(t); 

GA(t); 

dA(t) 

ɗA0(t); 

GA(t); 

dA0(t) 

ɗW(t); 

GW(t) 

ɗW(t); 

GW2(t) 

ɗW0(t); 

GW0(t) 

ɗW(t); 

MW(t) 

ɗW1(t) 

HW 
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() ()tGtG WW 02 º . ʇʨʦʘʥʘʣʽʟʫʻʤʦ ʪʝʧʣʦʚ ̔ʽ ʤʘʪʝʨʽʘʣʴʥʠʡ ʙʘʣʘʥʩʠ ʜʣʷ ʜʘʥʦʾ 

ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʠʩʪʝʤʠ. 

ʊʝʧʣʦʚʠʡ ʙʘʣʘʥʩ ʜʣʷ ʚʦʣʦʛʦʛʦ ʧʦʚʽʪʨʷ ʢʘʤʝʨʠ ʟʚʦʣʦʞʝʥʥʷ ʽʟ 

ʟʘʟʥʘʯʝʥʠʤʠ ʚʠʱʝ ʧʨʠʧʫʱʝʥʥʷʤʠ ʧʨʠʡʤʝ ʚʠʜ: 

( ) ( ) ( ) .
1000

100
dt

d
MccGdd

r
cG A

AAWWWWAAAAAA

q
qqqq =--ù

ú

ø
é
ê

è
-+-    (3.46) 

ʪʫʪ ʩɸ, ʩW ï ʪʝʧʣʦʻʤʥʽʩʪʴ ʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ ʪʘ ʚʦʜʠ ʥʘ ʟʨʦʰʝʥʥʷ; r ï ʪʝʧʣʦʪʘ 

ʧʘʨʦʫʪʚʦʨʝʥʥʷ; dW1 ï ʚʦʣʦʛʦʚʤʽʩʪ ʧʦʚʽʪʨʷ ʽʟ ʥʘʩʠʯʝʥʦʶ ʧʘʨʦʶ ( )%100=j  ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨ ̔ʥʘʩʠʯʝʥʥʷ 1Wq ; AM  ï ʤʘʩʘ ʧʦʚʽʪʨʷ ʫ ʦʙôʻʤʽ H×L×C ʢʘʤʝʨʽ 

ʟʨʦʰʝʥʥʷ. 

ʇʨʘʚʘ ʯʘʩʪʠʥʘ ʨʽʚʥʷʥʥʷ (3.46) ʭʘʨʘʢʪʝʨʠʟʫʻ ʘʢʫʤʫʣʷʮʽʶ ʪʝʧʣʦʪʠ ʫ 

ʧʦʚʽʪʨʷʥʦʤʫ ʧʨʦʩʪʦʨʽ ʬʦʨʩʫʥʦʯʥʦʛʦ ʟʚʦʣʦʞʫʚʘʯʘ. ʋ ʣʽʚʽʡ ʯʘʩʪʠʥʽ ʧʝʨʰʠʡ 

ʯʣʝʥ ʭʘʨʘʢʪʝʨʠʟʫʻ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʷʢʘ ʚʽʜʜʘʻʪʴʩʷ ʚʦʣʦʛʠʤ ʧʦʚʽʪʨʷʤ ʧʨʠ 

ʦʭʦʣʦʜʞʝʥʥʽ ʫ ʢʘʤʝʨʽ ʟʚʦʣʦʞʝʥʥʷ; ʜʨʫʛʠʡ ï ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʷʢʘ ʚʽʜʜʘʻʪʴʩʷ 

ʚʦʜʦʶ ʫ ʧʦʚʽʪʨʷ. ʊʝʤʧʝʨʘʪʫʨʫ ʨʝʮʠʨʢʫʣʷʮʽʡʥʦʾ ʚʦʜʠ 1Wq  ʥʘʙʣʠʞʝʥʦ ʤʦʞʥʘ 

ʚʠʟʥʘʯʠʪʠ ʟʥʘʶʯʠ ʢʦʝʬʽʮʽʻʥʪ ʝʬʝʢʪʠʚʥʦʩʪʽ ʘʜʽʘʙʘʪʥʦʛʦ ʟʚʦʣʦʞʝʥʥʷ 

( )( )100 WAAAE qqqq --º  [13]: 

AAW
EE
qqq

11
1 01 +ö

÷

õ
æ
ç

å
-= .      (3.47) 

ɺʨʘʭʫʚʘʚʰʠ (3.47) ʫ (3.46) ʤʘʻʤʦ 

( ) ( )

.
11

1

1000

0

00

dt

d
Mc

EE
cG

dd
r

cG

A
AAWAAWW

AAAAAA

q
qqq

qq

=ù
ú

ø
é
ê

è
-+ö

÷

õ
æ
ç

å
--

-ù
ú

ø
é
ê

è
-+-

     (3.48) 

ʇʽʩʣʷ ʣʽʥʝʘʨʠʟʘʮʽʾ ʪʘ ʛʨʫʧʫʚʘʥʥʷ ʧʦʜʽʙʥʠʭ (3.48) ʦʪʨʠʤʘʻʤʦ 

AAWAAA
A

A dkdkkGkk
dt

d
T D+D+D+D+D=D+
D

4032100 qqq
q

, (3.49) 

ʜʝ 
E

cG
cGK WW

AAA += ; 
A

AA
A

K

Mc
T = ; ù

ú

ø
é
ê

è
ö
÷

õ
æ
ç

å
--= WWAA

A

Gc
E

Gc
K

k
1

1
1

0 ; 
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( ) ( )ù
ú

ø
é
ê

è
-+-= AAAAA

A

dd
r

c
K

k 001
1000

1
qq ; 

A

WW

K

Gc
k =2 ; 

A

A

K

Gr
k

1000
3= ; 34 kk -= .

 ʈʦʟʛʣʷʥʝʤʦ ʤʘʪʝʨʽʘʣʴʥʠʡ ʙʘʣʘʥʩ ʜʣʷ ʧʦʚʽʪʨʷʥʦʛʦ ʧʨʦʩʪʦʨʫ ʢʘʤʝʨʠ 

ʟʚʦʣʦʞʝʥʥʷ. ʄʘʩʘ ʚʦʣʦʛʠ, ʱʦ ʘʢʫʤʫʣʶʻʪʴʩʷ ʫ ʧʦʚʽʪʨʷʥʦʤʫ ʧʨʦʩʪʦʨʽ 

ʟʚʦʣʦʞʫʚʘʯʘ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʨʽʟʥʠʮʷ ʤʘʩʦʚʠʭ ʚʠʪʨʘʪ ʚʭʽʜʥʦʾ/ʚʠʭʽʜʥʦʾ ʧʘʨʠ ʪʘ 

ʧʘʨʠ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʧʽʜ ʯʘʩ ʘʜʽʘʙʘʪʥʦʛʦ ʟʚʦʣʦʞʝʥʥʷ ʧʦʚʽʪʨʷ 

( ) ( )
dt

d
Vdd

G
dd

G A
AAW

A
AA

A r
=-+- 010

10001000
.  (3.50) 

ɻʫʩʪʠʥʘ ʚʦʣʦʛʦʛʦ ʧʦʚʽʪʨʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʟʘʣʝʞʥʽʩʪʶ (3.6), ʚʦʣʦʛʦʚʤʽʩʪ dW1 ʟʘ 

(3.32). ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʚʤʽʩʪʫ dW1 ʩʢʦʨʠʩʪʘʻʤʦʩʷ ʟʘʣʝʞʥʽʩʪʶ (3.32) ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ 1Wq . ɺʨʘʭʫʚʘʚʰʠ (3.6) ʪʘ (3.32) ʫ (3.50), ʧʽʩʣʷ ʣʽʥʝʘʨʠʟʘʮʽʾ ʪʘ 

ʛʨʫʧʫʚʘʥʥʷ ʧʦʜʽʙʥʠʭ ʦʪʨʠʤʘʻʤʦ 

AAAA
A

d kkGkd
dt

dd
T qq D+D+D=D+
D

7065 ,  (3.51) 

ʜʝ 
A

A
d

G

V
T
w
= ; ù

ú

ø
é
ê

è
-++ö

÷

õ
æ
ç

å
-= AAA

A

dB
E

A
A

EG
k qq05

1
1

1
; ö

÷

õ
æ
ç

å
-=

E
Ak

1
16 ; 

E

A
k =7 . 

ʅʝʭʪʫʶʯʠ ʚʠʪʨʘʪʦʶ ʚʦʜʠ ʥʘ ʧʘʨʦʫʪʚʦʨʝʥʥʷ ʤʘʪʝʨʽʘʣʴʥʠʡ ʙʘʣʘʥʩ ʜʣʷ 

ʧʽʜʜʦʥʫ ʽʟ ʚʦʜʦʶ ʟʚʦʜʠʤʦ ʜʦ ʚʠʛʣʷʜʫ 

() () 020 º- tGtG WW .      (3.52) 

ʈʦʟʛʣʷʥʝʤʦ ʪʝʧʣʦʚʠʡ ʙʘʣʘʥʩ ʧʽʜʜʦʥʫ ʢʘʤʝʨʠ ʟʚʦʣʦʞʝʥʥʷ ʽʟ ʚʦʜʦʶ 

ʚʨʘʭʦʚʫʶʯʠ (3.52) 

( ) ( )
dt

d
MccGcG W

WWWWWWWWWW

q
qqqq =-+- 100 , (3.53) 

ʪʫʪ ʩW ï ʪʝʧʣʦʻʤʥʽʩʪʴ ʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ ʪʘ ʚʦʜʠ ʥʘ ʟʨʦʰʝʥʥʷ; WM  ï ʤʘʩʘ ʚʦʜʠ 

ʫ ʧʽʜʜʦʥʽ ʦʙôʻʤʦʤ HW×L×C ʢʘʤʝʨʠ ʟʨʦʰʝʥʥʷ. ʇʽʩʣʷ ʣʽʥʝʘʨʠʟʘʮʽʾ ʪʘ ʛʨʫʧʫʚʘʥʥʷ 

ʧʦʜʽʙʥʠʭ ʫ (3.53) ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ (3.47) ʦʪʨʠʤʘʻʤʦ 

AAWWW
W

W kkGkk
dt

d
T qqqq

q
D+D+D+D=D+

D
110100908 , (3.54) 

ʪʫʪ WWW GGK += 0 ; 
W

W
W

K

M
T = ; 

W

W

K

G
k 0

8= ; 
W

WW

K
k

qq -
= 0

9 ; 
W

W

K

G

E
k ö

÷

õ
æ
ç

å
-=

1
110 ; 
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W

W

KE

G
k =11 . 

ɼʠʬʝʨʝʥʮʽʡʥʽ ʨʽʚʥʷʥʥʷ (3.49), (3.51) ʪʘ (3.54) ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʜʠʥʘʤʽʯʥʫ 

ʤʦʜʝʣʴ ʪʝʧʣʦ- ʪʘ ʤʘʩʦʦʙʤʽʥʫ ʜʣʷ ʬʦʨʩʫʥʦʯʥʦʾ ʢʘʤʝʨʠ ʟʚʦʣʦʞʝʥʥʷ: 

î
î
î

í

î
î
î

ì

ë

D+D+D+D=D+
D

D+D+D=D+
D

D+D+D+D+D=D+
D

.

;

;

110100908

7065

4032100

AAWWW
W

W

AAAA
A

d

AAWAAA
A

A

kkGkk
dt

d
T

kkGkd
dt

dd
T

dkdkkGkk
dt

d
T

qqqq
q

qq

qqq
q

   (3.55) 

ʇʦʜʘʤʦ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ (3.55) ʫ ʧʨʦʩʪʦʨʽ ʩʪʘʥʽʚ: 

BUAXX +=¡ ,       (3.56) 
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q

U . 

ɼʦʙʫʪʦʢ BU  (3.56) ʨʦʟʢʣʘʜʝʥʦ ʥʘ ʟʙʫʨʶʶʯʫ ʪʘ ʢʝʨʫʶʯʫ ʩʢʣʘʜʦʚʽ: 

332211 FBFBUBBU ++= , 

ʜʝ 

ù
ù
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é
é
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WTk8
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ù
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1

3 d

A

Tk

Tk

B ; 
01 WqD=U ; 

ù
ú

ø
é
ê

è

D

D
=

0

0

2

A

A

d

q
F ; AGD=3F . ɼʣʷ ʚʠʧʘʜʢʫ ʢʝʨʫʚʘʥʥʷ ʟʘ ʟʤʽʥʦʶ ʚʠʪʨʘʪʠ ʚʦʜʠ ʥʘ 

ʟʨʦʰʝʥʥʷ 
0WGD  ï ʤʘʪʨʠʮʽ ʢʝʨʫʶʯʦʾ ʩʢʣʘʜʦʚʦʾ ʧʨʠʡʤʫʪʴ ʚʠʛʣʷʜ: 

[ ]WTk9
T
1 00=B ; 

01 WGD=U . 

ʈʦʟʛʣʷʥʝʤʦ (3.55) ʚ ʦʙʣʘʩʪʽ ʃʘʧʣʘʩʘ. 
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( ) ( )

( ) ( )

( ) ( )

0 0 1 2 3 0 4

5 6 0 7

8 0 9 0 10 0 11

1 ; 3.57

1 ; 3.58

1 . 3.59

A A A A W A A

A d A A A

W W W W A A

T p k k G k k d k d

d T p k G k k

T p k k G k k

q q q

q q

q q q q

ëD + = D + D + D + D + D
î
D + = D + D + Dì
î
D + = D + D + D + Dí

 

ʆʪʨʠʤʘʻʤʦ ʨʦʟʚôʷʟʦʢ (3.57) ï (3.59) ʚʽʜʥʦʩʥʦ ʟʤʽʥʥʦʾ AqD . ɿ (3.59) 
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ɿʘʣʝʞʥʦʩʪʽ (3.60), (3.61) ʧʦʜʘʤʦ ʙʘʛʘʪʦʚʠʤʽʨʥʦ ʁʤʦʜʝʣʣ  ʁʫ ʦʙʣʘʩʪʽ 

ʃʘʧʣʘʩʘ: 
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ʆʪʨʠʤʘʥʫ ʤʦʜʝʣʴ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʘʜʽʘʙʘʪʥʦʛʦ 

ʟʚʦʣʦʞʝʥʥʷ ʫ ʩʦʪʦʚʠʭ ʢʘʤʝʨʘʭ ʧʨʠ ʫʤʦʚʽ, ʱʦ ʪʝʧʣʦʻʤʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʩʦʪʦʚʦʾ 

ʥʘʩʘʜʢʠ ʥʝʟʥʘʯʥʘ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʚʦʜʠ. ʊʝʧʣʦʘʢʫʤʫʣʷʮʽʶ ʫ ʩʦʪʘʭ ʤʦʞʥʘ 

ʚʨʘʭʫʚʘʪʠ ʫ ʧʨʘʚʽʡ ʯʘʩʪʠʥʽ (3.53), ʧʨʠʡʥʷʚʰʠ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʘ 

ʩʦʪʦʚʦʾ ʥʘʩʘʜʢʠ ʨʽʚʥʘ ʪʝʤʧʝʨʘʪʫʨʽ ʚʦʜʠ ʥʘ ʟʚʦʣʦʞʝʥʥʷ ɗW (ʥʘʩʘʜʢʘ ʥʝ 

ʷʚʣʷʻʪʴʩʷ ʜʞʝʨʝʣʦʤ ʪʝʧʣʦʪʠ). 

ʇʨʦʚʝʜʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʟʘ ʦʩʥʦʚʥʠʤʠ ʢʘʥʘʣʘʤʠ 

ʚʧʣʠʚʫ ʜʣʷ ʬʦʨʩʫʥʦʯʥʦʛʦ ʟʚʦʣʦʞʫʚʘʯʘ ʇʉʎʂ ʂʎʂʇ-80 ʚʠʨʦʙʥʠʮʪʚʘ ʬʽʨʤʠ 

ɺɽɿɸ. ʋ ɼʦʜʘʪʢʫ ɹ.4 ʧʨʝʜʩʪʘʚʣʝʥʦ ʪʘʙʣʠʮʶ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʚʝʣʠʯʠʥ ʜʣʷ 

ʬʦʨʩʫʥʦʯʥʦʛʦ ʟʚʦʣʦʞʫʚʘʯʘ ʪʘ ʨʦʟʨʘʭʫʥʢʠ ʢʦʝʬʽʮʽʻʥʪʽʚ ʤʦʜʝʣʽ. ʅʘ ʨʠʩ. 3.9 

ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘ ʦʩʥʦʚʥʠʤʠ ʢʘʥʘʣʘʤʠ ʚʧʣʠʚʫ. ɯʟ ʘʥʘʣʽʟʫ 

ʛʨʘʬʽʢʽʚ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʽʥʝʨʮʽʡʥʽʩʪʴ ʢʘʥʘʣʫ ʨʝʛʫʣʶʚʘʥʥʷ 

(ʨʠʩ. 3.9, ʛ) ʥʘ ʜʚʘ ʧʦʨʷʜʢʠ ʚʠʱʘ ʟʘ ʢʘʥʘʣʠ ʟʙʫʨʝʥʥʷ (ʨʠʩ. 3.9, ʘ ï ʚ), ʱʦ 

ʧʦʷʩʥʶʻʪʴʩʷ ʟʥʘʯʥʦʶ ʪʝʧʣʦʚʦʶ ʘʢʫʤʫʣʷʮʽʻʶ ʚʦʜʠ ʫ ʧʽʜʜʦʥʽ ʧʦʨʽʚʥʷʥʦ ʽʟ 

ʪʝʧʣʦʚʦʶ ʘʢʫʤʫʣʷʮʽʻʶ ʧʦʚʽʪʨʷʥʦʛʦ ʧʨʦʩʪʦʨʫ ʟʚʦʣʦʞʫʚʘʯʘ. ɿ ʮʠʭ ʧʨʠʯʠʥ, ʧʨʠ 

ʢʝʨʫʚʘʥʥʽ ʬʦʨʩʫʥʦʯʥʠʤʠ ʟʚʦʣʦʞʫʚʘʯʘʤʠ ʚʽʜʤʦʚʠʣʠʩʷ ʚʽʜ ʨʝʛʫʣʶʶʯʠʭ 

ʚʧʣʠʚʽʚ ʟʘ ʟʤʽʥʦʶ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʚʠʪʨʘʪʠ ʚʦʜʠ ʥʘ ʟʚʦʣʦʞʝʥʥʷ. ʅʘʡʯʘʩʪʽʰʝ 



123 
 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʪʦʜ ʘʜʽʘʙʘʪʥʦʛʦ ʟʚʦʣʦʞʝʥʥʷ, ʜʣʷ ʯʦʛʦ ʧʦʚʽʪʨʷ ʥʘʛʨʽʚʘʶʪʴ 

ʘʙʦ ʦʭʦʣʦʜʞʫʶʪʴ ʪʝʧʣʦʦʙʤʽʥʥʠʢʦʤ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʧʝʨʝʜ ʟʚʦʣʦʞʫʚʘʯʝʤ 

(ʜʠʚ. ʨʠʩ. 1.1). 

 

 

 
ʘ) 

 
ʙ) 

 
ʚ) 

 
ʛ) 

ʈʠʩ. 3.9. ʄʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʟʚʦʣʦʞʫʚʘʯʽ ʂʎʂʇ-80: 

ʘ) 
0AqD ­X , Co

A 10=Dq ;  ʙ) 
0AdD ­X , ʢʛʛdA /10=D ; 

ʚ) 
0AGD ­X , ʩʝʢʢʛGA /10=D ; ʛ) 

0WqD ­X , Co

W 10=Dq  
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ʅʘ ʨʠʩ. 3.10, ʘ ï ʚ ʧʦʢʘʟʘʥʦ ʟʘʚʝʨʰʝʥʽ ʧʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʜʣʷ ʢʘʥʘʣʽʚ ʚʧʣʠʚʫ.  

 
ʘ) 

 
ʙ) 

 
ʚ) 

 
ʛ) 

ʈʠʩ. 3.10. ʄʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʟʚʦʣʦʞʫʚʘʯʽ ʂʎʂʇ-80: 

ʘ) 
0AqD ­X , Co

A 10=Dq ;  ʙ) 
0AdD ­X , ʢʛʛdA /10=D ; 

ʚ) 
0AGD ­X , ʩʝʢʢʛGA /10=D ; ʛ) 

0WGD ­X , ʩʝʢʢʛGW /10=D
 

 

ɸʥʘʣʽʟ ʛʨʘʬʽʢʽʚ ʨʠʩ 3.9, ʨʠʩ 3.10, ʛ ʧʽʜʪʚʝʨʜʞʫ ̒ ʥʝʝʬʝʢʪʠʚʥʽʩʪʴ 

ʨʝʛʫʣʶʶʯʠʭ ʚʧʣʠʚʽʚ ʜʣʷ ʟʚʦʣʦʞʫʚʘʯʘ. ʅʘ ʨʠʩ. 3.9, ʘ ï ʚ ʧʦʢʘʟʘʥʦ ʰʚʠʜʢʦʜʽʶʯʫ 

ʯʘʩʪʠʥʫ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʧʦʚʽʪʨʷʥʦʛʦ ʧʨʦʩʪʦʨʫ, ʱʦ ʚʧʣʠʚʘ ̒ ʥʘ 

ʥʘʣʘʰʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ. ɺʨʘʭʦʚʫʶʯʠ ʪʝʧʣʦʘʢʫʤʫʣʷʮʽʶ ʚʦʜʠ ʫ ʧʽʜʜʦʥʽ, 

ʷʢʘ ʥʘ ʜʚʘ ʧʦʨʷʜʢʠ ʚʠʱʘ ʟʘ ʪʝʧʣʦʘʢʫʤʫʣʷʮʽʶ ʧʦʚʽʪʨʷʥʦʛʦ ʧʨʦʩʪʦʨʫ, ʧʝʨʝʭʽʜʥʽ 

ʧʨʦʮʝʩʠ ʧʦʚʽʪʨʷʥʦʛʦ ʧʨʦʩʪʦʨʫ ʟʚʦʣʦʞʫʚʘʯʘ ʧʨʦʜʦʚʞʫʶʪʴ ʧʨʦʭʦʜʠʪʠ ʽʟ 

ʰʚʠʜʢʽʩʪʶ ʪʝʧʣʦʦʙʤʽʥʫ ʫ ʧʽʜʜʦʥʽ.  
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3.2.2 ɼʠʥʘʤʽʯʥʘ ʤʦʜʝʣʴ ʢʘʤʝʨʠ ʧʘʨʦʚʦʛʦ ʟʚʦʣʦʞʝʥʥʷ 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʢʘʤʝʨ ʬʦʨʩʫʥʦʯʥʦʛʦ ʪʘ ʩʦʪʦʚʦʛʦ ʟʚʦʣʦʞʝʥʥʷ (ʧʨʦʮʝʩ 

ʘʜʽʘʙʘʪʥʦʛʦ ʟʚʦʣʦʞʝʥʥʷ), ʧʨʠ ʧʘʨʦʚʦʤʫ ʟʚʦʣʦʞʝʥʥʽ (ʧʨʦʮʝʩ ʽʟʦʪʝʨʤʽʯʥʦʛʦ 

ʟʚʦʣʦʞʝʥʥʷ) ʚʽʜʩʫʪʥʷ ʧʦʪʨʝʙʘ ʜʦʜʘʪʢʦʚʦʛʦ ʥʘʛʨʽʚʘʥʥʷ ʧʦʚʽʪʨʷ ʧʽʩʣʷ 

ʟʚʦʣʦʞʝʥʥʷ. ʂʝʨʫʚʘʥʥʷ ʢʘʤʝʨʘʤʠ ʧʘʨʦʚʦʛʦ ʟʚʦʣʦʞʝʥʥʷ ʧʨʦʩʪʽʰʘ ʧʦʨʽʚʥʷʥʦ ʽʟ 

ʢʘʤʝʨʘʤʠ ʩʦʪʦʚʦʛʦ ʪʘ ʬʦʨʩʫʥʦʯʥʦʛʦ ʟʚʦʣʦʞʝʥʥʷ [157]. ʇʨʠ ʨʦʟʨʦʙʮʽ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʘʨʦʟʚʦʣʦʞʫʚʘʯʘ ʟʘ ʦʩʥʦʚʫ ʚʟʷʪʦ ʨʦʙʦʪʠ ʘʚʪʦʨʘ [214 ï 

217]. ɼʣʷ ʤʦʜʝʣʽ ʧʘʨʦʟʚʦʣʦʞʫʚʘʯʘ ʧʨʠʡʥʷʪʦ ʥʘʩʪʫʧʥʽ ʩʧʨʦʱʝʥʥʷ: ʪʝʧʣʦʦʙʤʽʥ 

ʽʟ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ ʚʽʜʩʫʪʥʽʡ; ʤʦʜʝʣʴ ʤʽʩʪʠʪʴ ʜʚʘ ʜʠʥʘʤʽʯʥʽ 

ʝʣʝʤʝʥʪʠ (ʧʦʚʽʪʨʷʥʠʡ ʧʨʦʩʪʽʨ ʢʘʤʝʨʠ ʟʚʦʣʦʞʝʥʥʷ ʪʘ ʧʘʨʦʛʝʥʝʨʘʪʦʨ ʽʟ ʚʦʜʦʶ) 

ʽʟ ʟʦʩʝʨʝʜʞʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ; ʧʘʨʘ, ʱʦ ʛʝʥʝʨʫʻʪʴʩʷ ʧʘʨʦʛʝʥʝʨʘʪʦʨʦʤ 

ʧʦʚʥʽʩʪʶ ʘʩʠʤʽʣʶʻʪʴʩʷ ʫ ʧʦʚʽʪʨʽ; ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʴʥʠʭ ʧʦʪʦʢʽʚ 

ʧʨʠʚʝʜʝʥʽ ʜʦ ʫʩʝʨʝʜʥʝʥʠʭ ʟʥʘʯʝʥʴ ʨʦʙʦʯʦʛʦ ʜʽʘʧʘʟʦʥʫ ʘʧʘʨʘʪʫ. 

ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʧʘʨʦʟʚʦʣʦʞʫʚʘʯʘ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 3.11. ʋ 

ʧʦʚʽʪʨʷʥʠʡ ʧʨʦʩʪʽʨ ʢʘʤʝʨʠ ʟʚʦʣʦʞʝʥʥʷ ʦʙôʻʤʦʤ VA = H×L×C ʥʘʜʭʦʜʠʪʴ 

ʧʦʚʽʪʨʷ ʽʟ ʪʝʤʧʝʨʘʪʫʨʦʶ ɗA0(t) ʪʘ ʚʦʣʦʛʦʚʤʽʩʪʦʤ dA0(t), ʚʠʪʨʘʪʘ ʧʦʚʽʪʨʷ GA(t). 

ʏʝʨʝʟ ʧʘʨʦʧʨʦʚʽʜ ʫ ʢʘʤʝʨʫ ʟʚʦʣʦʞʝʥʥʷ ʧʦʜʘʻʪʴʩʷ ʧʘʨʘ ʽʟ ʤʘʩʦʚʦʶ ʚʠʪʨʘʪʦʶ 

GP(t). ʇʘʨʦʧʨʦʚʽʜ ʧʨʠʻʜʥʘʥʠʡ ʜʦ ʧʘʨʦʛʝʥʝʨʘʪʦʨʘ. ʋ ʧʘʨʦʛʝʥʝʨʘʪʦʨʽ ʤʽʩʪʠʪʴʩʷ 

ʚʦʜʘ, ʨʽʚʝʥʴ ʷʢʦʾ ʘʚʪʦʤʘʪʠʯʥʦ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʩʠʩʪʝʤʦʶ ʩʪʘʙʽʣʽʟʘʮʽʾ ʨʽʚʥʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʞʠʚʠʣʴʥʦʾ ʚʦʜʠ ʽʟ ʪʝʤʧʝʨʘʪʫʨʦʶ ɗW0(t) ʪʘ ʚʠʪʨʘʪʦʶ GW0(t). ʋ 

ʧʘʨʦʛʝʥʝʨʘʪʦʨʽ ʟʥʘʭʦʜʷʪʴʩʷ ʝʣʝʢʪʨʦʜʠ ʯʝʨʝʟ ʷʢʽ ʧʨʦʧʫʩʢʘʶʪʴ ʝʣʝʢʪʨʠʯʥʠʡ 

ʩʪʨʫʤ ʧʦʪʫʞʥʽʩʪʶ NE(t), ʟʘ ʨʘʭʫʥʦʢ ʯʦʛʦ ʛʝʥʝʨʫʻʪʴʩʷ ʧʘʨʘ. ʇʘʨʘ ʘʩʠʤʽʣʶʻʪʴʩʷ 

ʫ ʧʦʚʽʪʨʽ, ʟʚʦʣʦʞʫʶʯʠ ʡʦʛʦ ʜʦ ʚʠʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ ɗA(t), 

dA(t). ʈʦʟʛʣʷʥʝʤʦ ʪʝʧʣʦʚʠʡ ʽ ʤʘʪʝʨʽʘʣʴʥʠʡ ʙʘʣʘʥʩʠ ʜʣʷ ʧʦʚʽʪʨʷʥʦ ʾʩʫʤʽʰʽ 

ʢʘʤʝʨʠ ʟʚʦʣʦʞʝʥʥʷ ʪʘ ʧʘʨʦʛʝʥʝʨʘʪʦʨʘ. 

ʊʝʧʣʦʚʠʡ ʙʘʣʘʥʩ ʜʣʷ ʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ ʢʘʤʝʨʠ ʟʚʦʣʦʞʝʥʥʷ ʽʟ 

ʟʘʟʥʘʯʝʥʠʤʠ ʚʠʱʝ ʧʨʠʧʫʱʝʥʥʷʤʠ ʧʨʠʡʤʝ ʚʠʜ: 

( ) ( )
dt

d
McGrdd

r
cG A

AAPAAAAAA

q
qq =+ù

ú

ø
é
ê

è
-+- 00

1000
, (3.63) 
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ʪʫʪ ʩɸ ï ʪʝʧʣʦʻʤʥʽʩʪʴ ʧʦʚʽʪʨʷ; r ï ʪʝʧʣʦʪʘ ʧʘʨʦʫʪʚʦʨʝʥʥʷ; AM  ï ʤʘʩʘ ʚʦʣʦʛʦʛʦ 

ʧʦʚʽʪʨʷ ʫ ʦʙôʻʤʽ VA. ʇʨʘʚʘ ʯʘʩʪʠʥʘ (3.63) ʭʘʨʘʢʪʝʨʠʟʫʻ ʘʢʫʤʫʣʷʮʽʶ ʪʝʧʣʦʪʠ ʫ 

ʧʦʚʽʪʨʷʥʦʤʫ ʧʨʦʩʪʦʨʽ ʢʘʤʝʨʠ ʟʚʦʣʦʞʝʥʥʷ. ʋ ʣʽʚʽʡ ʯʘʩʪʠʥʽ ʧʝʨʰʠʡ ʯʣʝʥ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʷʢʘ ʚʥʦʩʠʪʴʩʷ ʪʘ ʚʠʥʦʩʠʪʴʩʷ ʚʦʣʦʛʠʤ ʧʦʚʽʪʨʷʤ 

ʫ ʢʘʤʝʨʽ ʟʚʦʣʦʞʝʥʥʷ; ʜʨʫʛʠʡ ï ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʷʢʘ ʚʥʦʩʠʪʴʩʷ ʧʘʨʦʶ ʧʨʠ 

ʽʟʦʪʝʨʤʽʯʥʦʤʫ ʟʨʦʰʫʚʘʥʥʽ ʧʦʚʽʪʨʷ. 

 

 
ʈʠʩ. 3.11. ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʢʘʤʝʨʠ ʧʘʨʦʚʦʛʦ ʟʚʦʣʦʞʝʥʥʷ  

C 

H 

L 

ɗA(t); 

GA(t); 

dA(t) 

ɗA0(t); 

GA(t); 

dA0(t) 
NE(t) 

ɗW0(t); 

GW0(t) 

GP(t) 

GP(t) 

ɗW(t); 

MW(t) 
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ʈʦʟʛʣʷʥʝʤʦ ʤʘʪʝʨʽʘʣʴʥʠʡ ʙʘʣʘʥʩ ʜʣʷ ʧʦʚʽʪʨʷʥʦʛʦ ʧʨʦʩʪʦʨʫ ʢʘʤʝʨʠ 

ʟʚʦʣʦʞʝʥʥʷ. ʄʘʩʘ ʚʦʣʦʛʠ, ʱʦ ʘʢʫʤʫʣʶʻʪʴʩʷ ʫ ʧʦʚʽʪʨʷʥʦʤʫ ʧʨʦʩʪʦʨʽ 

ʟʚʦʣʦʞʫʚʘʯʘ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʨʽʟʥʠʮʷ ʤʘʩʦʚʠʭ ʚʠʪʨʘʪ ʚʭʽʜʥʦʾ/ʚʠʭʽʜʥʦʾ ʧʘʨʠ ʪʘ 

ʧʘʨʠ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʟ ʧʘʨʦʛʝʥʝʨʘʪʦʨʘ 

( )
dt

d
VGdd

G A
APAA

A r
=+-0

1000
.    (3.64) 

ʊʝʧʣʦʚʠʡ ʪʘ ʤʘʪʝʨʽʘʣʴʥʠʡ ʙʘʣʘʥʩʠ ʜʣʷ ʧʘʨʦʛʝʥʝʨʘʪʦʨʘ ʧʨʝʜʩʪʘʚʣʷʶʪʴʩʷ 

ʚʽʜʧʦʚʽʜʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ: 

dt

dM
cGrNcG WW

WPEWWW

q
q =-+0 ;    (3.65) 

dt

dM
GG W

PW =- ,       (3.66) 

ʜʝ ɗW0 ï ʪʝʤʧʝʨʘʪʫʨʘ ʞʠʚʠʣʴʥʦʾ ʚʦʜʠ; ɗW ï ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʠ ʚ ʧʘʨʦʛʝʥʝʨʘʪʦʨʽ 

(ʫ ʨʦʙʦʯʦʤʫ ɗW = 100 ʦʉ ) GP, GW ï ʤʘʩʦʚʽ ʚʠʪʨʘʪʠ ʧʘʨʠ ʪʘ ʚʦʜʠ; ʩW  ï 

ʪʝʧʣʦʻʤʥʽʩʪʴ ʚʦʜʠ; r ï ʪʝʧʣʦʪʘ ʧʘʨʦʫʪʚʦʨʝʥʥʷ; NE ï ʧʦʪʫʞʥʽʩʪʴ 

ʧʘʨʦʛʝʥʝʨʘʪʦʨʘ; ʄW ï ʤʘʩʘ ʚʦʜʠ ʚ ʧʘʨʦʛʝʥʝʨʘʪʦʨʽ. ʂʦʥʩʪʨʫʢʮʽʷ 

ʧʘʨʦʛʝʥʝʨʘʪʦʨʘ ʚʢʣʶʯʘʻ ʩʠʩʪʝʤʫ ʩʪʘʙʽʣʽʟʘʮʽʾ ʨʽʚʥʷ ʚʦʜʠ. ɿ ʮʠʭ ʤʽʨʢʫʚʘʥʴ 

0º¡WM , ʘ ʜʠʬʝʨʝʥʮʽʡʥʝ ʨʽʚʥʷʥʥʷ (3.66) ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʫ ʘʣʛʝʙʨʘʾʯʥʝ 

0º- PW GG . ʊʘʢʦʞ, ʧʨʠʡʤʝʤʦ ʜʦ ʫʚʘʛʠ ʧʦʩʪʽʡʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʚʦʜʠ ʫ 

ʧʘʨʦʛʝʥʝʨʘʪʦʨʽ 100ºWq  ʦʉ, ʟʚʽʜʢʠ ʜʣʷ ʨʽʚʥʷʥʥʷ (3.65) 0ºdtdM WWq , ̔ ʟ ʷʢʦʛʦ 

ʣʝʛʢʦ ʚʠʟʥʘʯʠʪʠ GP 

E

WW

P N
cr

G
0

1

q-
= .              (3.67) 

ʇʽʩʣʷ ʣʽʥʝʘʨʠʟʘʮʽʾ ʪʘ ʛʨʫʧʫʚʘʥʥʷ ʧʦʜʽʙʥʠʭ (3.63), (3.64) ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ 

(3.6) ʪʘ (3.67) ʦʪʨʠʤʘʻʤʦ ʜʠʥʘʤʽʯʥʫ ʤʦʜʝʣʴ ʧʘʨʦʛʝʥʝʨʘʪʦʨʘ: 

0 0 1 2 3 0 4

5 0 6 7

;

;

A
A A A A E A A

A
d A A A E

d
T k k G k N k d k d

dt

d d
T d k d k G k N

dt

q
q q

Dë
+D = D + D + D + D + Dîî

ì
Dî +D = D + D + D

îí

 (3.68) 

ʜʝ 
A

A
A

G

M
T = , 10=k , 

( )
ù
ú

ø
é
ê

è -
+-=

A

AA
AA

A c

ddr

G
k

1000

1 0
01 qq , 

( )0
2

WWAA crGc

r
k

q-
= ; 

Ac

r
k

1000
3= , 34 kk -= ; 

A

A
d

G

V
T
w
= , 15=k , 

A

AA

G

dd
k

-
= 0

6 , 
( )0

7

1000

WWA crG
k

q-
= .  
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ʇʨʝʜʩʪʘʚʠʤʦ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ (3.68) ʫ ʧʨʦʩʪʦʨʽ ʩʪʘʥʽʚ: 

BUAXX +=¡ ,       (3.69) 

ʜʝ ù
ú

ø
é
ê

è

¡D

¡D
=¡

A

A

d

q
X ; ù

ú

ø
é
ê

è

-

-
=

d

AA

T

TkT

10

1 4
A ; ù

ú

ø
é
ê

è

D

D
=

A

A

d

q
X ;  

ù
ú

ø
é
ê

è
=

d

A

d

A

d

AA

Tk

Tk

Tk

Tk

Tk

TkTk

7

2

6

1

5

30

0
B ; 

ù
ù
ù
ù

ú

ø

é
é
é
é

ê

è

D

D

D

D

=

E

A

A

A

N

G

d 0

0q

U . 

ɼʦʙʫʪʦʢ BU  (3.69) ʨʦʟʢʣʘʜʝʥʦ ʥʘ ʟʙʫʨʶʶʯʫ ʪʘ ʢʝʨʫʶʯʫ ʩʢʣʘʜʦʚʽ: 

332211 FBFBUBBU ++= , 

ʜʝ ù
ú

ø
é
ê

è
=

d

A

Tk

Tk

7

2

1B ; ù
ú

ø
é
ê

è
=

d

AA

Tk

TkTk

5

30

2
0

B ; ù
ú

ø
é
ê

è
=

d

A

Tk

Tk

6

1

3B ;  

END=1U ; ù
ú

ø
é
ê

è

D

D
=

0

0

2

A

A

d

q
F ; AGD=3F . 

ʇʨʝʜʩʪʘʚʠʤʦ ʩʠʩʪʝʤʫ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ (3.68) ʩʠʩʪʝʤʦʶ 

ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ ʚ ʦʙʣʘʩʪʽ ʃʘʧʣʘʩʘ. 

( ) ( )

( ) ( )

0 0 1 2 3 0 4

5 0 6 7

1 ; 3.70

1 . 3.71

A A A A E A A

A d A A E

T p k k G k N k d k d

d T p k d k G k N

q qD + = D + D + D + D + Dëî
ì
D + = D + D + Dîí

 

ɯʟ (3.71) ʦʪʨʠʤʘʻʤʦ ʨʦʟʚôʷʟʦʢ ʚʽʜʥʦʩʥʦ ʟʤʽʥʥʦʾ AdD .  

[ ]EAA

d

A NkGkdk
pT

d D+D+D
+

=D 7605
1

1
.   (3.72) 

ɿ (3.70) ʟʥʘʭʦʜʠʤʦ AqD , ʚʨʘʭʦʚʫʶʯʠ (3.71) ʦʪʨʠʤʘʻʤʦ: 

( ) ( )

( ) ( ) ( )

1 0 0 3 2 02

2 1

5 4 7 6

1

1

, 3.73

A A A

A E

b p b b p b d
a p a p

b p b G b p b N

q qèD = + D + + D +ê+ +

ø+ + D + + Dú

 

ʪʫʪ dA TTa +=1 ; dATTa =2 ; 10=b ; dTkb 01= ; 
5432 kkkb += ; dTkb 33= ; 

6414 kkkb += ; dTkb 15= ; 7426 kkkb += ; dTkb 27= . 

ɿʘʣʝʞʥʦʩʪʽ (3.72), (3.73) ʧʦʜʘʤʦ ʙʘʛʘʪʦʚʠʤʽʨʥʦ ʁʤʦʜʝʣʣ  ʁʫ ʦʙʣʘʩʪʽ 

ʃʘʧʣʘʩʘ: 

=Y W U ,        (3.74) 
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+
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bpb
W ; 
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2
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++

+
=
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bpb
W ; 
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++

+
=

papa

bpb
W ; 

1

5
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+
=

pT

k
W

d

; 
1

6
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+
=

pT

k
W

d

; 
1

7
24

+
=

pT

k
W

d

. 

ʇʨʦʚʝʜʝʤʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʟʘ ʦʩʥʦʚʥʠʤʠ ʢʘʥʘʣʘʤʠ 

ʚʧʣʠʚʫ ʜʣʷ ʢʘʤʝʨʠ ʧʘʨʦʚʦʛʦ ʟʚʦʣʦʞʝʥʥʷ ʽʟ ʧʘʨʦʛʝʥʝʨʘʪʦʨʦʤ humiSteam UE005 

ʬʽʨʤʠ Carel. ʋ ɼʦʜʘʪʢʫ ɹ.5 ʧʨʝʜʩʪʘʚʣʝʥʦ ʪʘʙʣʠʮʶ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʚʝʣʠʯʠʥ, 

ʨʦʟʨʘʭʫʥʢʠ ʢʦʝʬʽʮʽʻʥʪʽʚ ʤʦʜʝʣʽ ʪʘ ʜʘʥʽ ʦʪʨʠʤʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. ʅʘ 

ʨʠʩ. 3.12 ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʜʣʷ ʦʩʥʦʚʥʠʭ ʢʘʥʘʣʽʚ ʚʧʣʠʚʫ. 

ʇʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʟʘ ʢʘʥʘʣʘʤʠ ʚʧʣʠʚʫ ʥʦʩʷʪʴ ʘʧʝʨʽʦʜʠʯʥʠʡ ʭʘʨʘʢʪʝʨ. 

 
ʘ) 

 
ʙ) 

 

 

ʈʠʩ. 3.12. ʄʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʭʽʜʥʠʭ 

ʧʨʦʮʝʩʽʚ ʫ ʧʘʨʦʚʦʤʫ ʟʚʦʣʦʞʫʚʘʯʽ: 

ʘ) 
0AqD ­X , Co

A 10=Dq ;  

ʙ) 
0AdD ­X , ʢʛʛdA /10=D ; 

ʚ) 
END ­X , ɺʪNE 3700=D  

 
ʚ) 
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3.3 ɼʠʥʘʤʽʯʥʘ ʤʦʜʝʣʴ ʢʘʤʝʨʠ ʟʤʽʰʫʚʘʥʥʷ ʧʦʚʽʪʨʷ 

ʈʦʟʨʘʭʫʥʢʦʚʫ ʩʭʝʤʫ ʢʘʤʝʨʠ ʟʤʽʰʫʚʘʥʥʷ ʧʦʚʽʪʨʷ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 3.13. 

ʂʘʤʝʨʘ ʟʤʽʰʫʚʘʥʥʷ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʧʨʦʧʦʨʮʽʡʥʘ ʣʘʥʢʘ ʚʥʘʩʣʽʜʦʢ ʤʠʪʪʻʚʦʛʦ 

ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʜʚʦʭ ʤʘʪʝʨʽʘʣʴʥʠʭ ʧʦʪʦʢʽʚ ʫ ʦʙʤʝʞʝʥʦʤʫ ʦʙôʻʤʽ. 

 

 
ʈʠʩ. 3.13. ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʢʘʤʝʨʠ ʟʤʽʰʫʚʘʥʥʷ 

 

ʋ ʧʦʚʽʪʨʷʥʠʡ ʧʨʦʩʪʽʨ ʢʘʤʝʨʠ ʟʤʽʰʫʚʘʥʥʷ ʥʘʜʭʦʜʠʪʴ ʜʚʘ ʤʘʪʝʨʽʘʣʴʥʠʭ 

ʧʦʪʦʢʠ ʽʟ ʧʘʨʘʤʝʪʨʘʤʠ: ʪʝʤʧʝʨʘʪʫʨʘ ɗA0(t), ʚʦʣʦʛʦʚʤʽʩʪ dA0(t) ʪʘ ʚʠʪʨʘʪʘ GA0(t) 

ʜʣʷ ʧʝʨʰʦʛʦ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʧʦʪʦʢʫ; ʪʝʤʧʝʨʘʪʫʨʘ ɗA1(t), ʚʦʣʦʛʦʚʤʽʩʪ dA1(t) ʪʘ 

ʚʠʪʨʘʪʘ GA1(t) ʜʣʷ ʜʨʫʛʦʛʦ ʧʦʪʦʢʫ. ɺ ʧʨʦʮʝʩʽ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʴʥʠʭ 

ʧʦʪʦʢʽʚ ʫʪʚʦʨʶʻʪʴʩʷ ʧʦʚʽʪʨʷʥʘ ʩʫʤʽʰ ʽʟ ʚʠʭʽʜʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: ʪʝʤʧʝʨʘʪʫʨʘ 

ɗA(t); ʚʦʣʦʛʦʚʤʽʩʪ dA(t); ʚʠʪʨʘʪʘ GA(t) (GA = GA0 + GA1). 

ɗA(t); 

GA(t); 

dA(t) 

ɗA0(t); 

GA0(t); 

dA0(t) 

ɗA1(t); GA1(t); dA1(t) 
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ʊʝʧʣʦʚʠʡ ʽ ʤʘʪʝʨʽʘʣʴʥʠʡ ʙʘʣʘʥʩʠ ʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ ʢʘʤʝʨʠ ʟʤʽʰʫʚʘʥʥʷ 

ʨʦʟʛʣʷʥʫʪʦ ʫ ʧ.1.3.3, ʜʠʚ. ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ (1.5), ʜʣʷ ʧʨʠʡʥʷʪʦʾ ʩʠʩʪʝʤʠ 

ʧʦʟʥʘʯʝʥʴ ʤʘʻʤʦ: 
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  (3.75) 

ʜʝ ʩɸ ï ʪʝʧʣʦʻʤʥʽʩʪʴ ʧʦʚʽʪʨʷ; r ï ʪʝʧʣʦʪʘ ʧʘʨʦʫʪʚʦʨʝʥʥʷ. ʉʠʩʪʝʤʫ ʨʽʚʥʷʥʴ 

(3.75) ʨʦʟʚôʷʟʘʥʦ ʚʽʜʥʦʩʥʦ ɗA(t), dA(t). ʇʽʩʣʷ ʩʧʨʦʱʝʥʥʷ ʪʘ ʛʨʫʧʫʚʘʥʥʷ ʤʘʻʤʦ 
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==  ï ʜʦʣʷ ʨʝʮʠʨʢʫʣʷʮʽʡʥʦʛʦ ʧʦʚʽʪʨʷ, ʷʢʘ ʤʦʞʝ 

ʟʤʽʥʶʚʘʪʠʩʷ ʚ ʧʨʦʮʝʩʽ ʨʝʛʫʣʶʚʘʥʥʷ (ʂ =0é1; ʂ = 0 ­ GA1 = 0; ʂ = 0.5 ­ 

GA0 = GA1; ʂ = 1 ­ GA0 = 0). ʃʽʥʝʘʨʠʟʘʮʽʷ ʧʨʦʤʽʞʥʦʾ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʜʘʩʪʴ 
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AAA qqq
    (3.76) 

ʜʝ Kk -=10 ; Kk =1 ; 012 AAk qq -= ; 013 AA ddk -= . 

ʇʨʝʜʩʪʘʚʠʤʦ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ (3.76) ʫ ʧʨʦʩʪʦʨʽ ʩʪʘʥʽʚ: 

BUAXX +=¡ ,       (3.77) 
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ɼʦʙʫʪʦʢ BU  ʨʦʟʢʣʘʜʝʥʦ ʥʘ ʢʝʨʫʶʯʫ ʪʘ ʟʙʫʨʶʶʯʫ ʩʢʣʘʜʦʚʽ: 
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ʉʠʩʪʝʤʫ (3.76) ʧʨʝʜʩʪʘʚʠʤʦ ʤʘʪʝʤʘʪʠʯʥʦʶ ʤʦʜʝʣʣ  ʁʫ ʦʙʣʘʩʪʽ ʃʘʧʣʘʩʘ: 
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=Y W U ,        (3.78) 
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3.4 ɼʠʥʘʤʽʯʥʘ ʤʦʜʝʣʴ ʧʨʠʤʽʱʝʥʥʷ 

ʇʨʠ ʨʦʟʨʦʙʮʽ ʩʠʩʪʝʤ ʧʨʝʮʠʟʽʡʥʦʛʦ ʤʽʢʨʦʢʣʽʤʘʪʫ ʜʦʚʦʜʠʪʴʩʷ 

ʚʨʘʭʦʚʫʚʘʪʠ ʜʠʥʘʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʨʠʤʽʱʝʥʥʷ. ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ 

ʧʨʠʤʽʱʝʥʥʷ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 3.14. ʋ ʧʦʚʽʪʨʷʥʠʡ ʧʨʦʩʪʽʨ ʧʨʠʤʽʱʝʥʥʷ 

ʦʙôʻʤʦʤ VA = H×L×C ʽʟ ʇʉʎʂ ʥʘʜʭʦʜʠʪʴ ʧʽʜʛʦʪʦʚʣʝʥʝ ʧʦʚʽʪʨʷ, ʪʝʤʧʝʨʘʪʫʨʘ 

ʷʢʦʛʦ ɗA0(t), ʚʦʣʦʛʦʚʤʽʩʪ dA0(t), ʚʠʪʨʘʪʘ GA(t). ɺ ʧʨʦʮʝʩʽ ʪʝʧʣʦʦʙʤʽʥʫ ʤʽʞ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ (ʧʦʪʫʞʥʽʩʪʴ ʦʙʣʘʜʥʘʥʥʷ NE) ʪʘ ʩʪʽʥʘʤʠ 

(ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʽʥʠ ɗS) ʫ ʧʨʠʤʽʱʝʥʥʽ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ ɗA(t) 

ʽʟ ʚʦʣʦʛʦʚʤʽʩʪʦʤ dA(t). ɺʠʪʷʞʥʘ ʩʠʩʪʝʤʘ ʢʦʥʜʠʮʽʦʥʝʨʘ ʟʘʙʝʟʧʝʯʫʻ ʚʽʜʚʽʜ 

ʧʦʚʽʪʨʷ. ʊʝʤʧʝʨʘʪʫʨʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ï ɗN(t). ɿʘ ʦʩʥʦʚʫ ʤʦʜʝʣʽ 

ʧʨʠʤʽʱʝʥʥʷ ʚʟʷʪʦ ʧʨʦʪʦʯʥʫ ʻʤʥʽʩʪʴ [122]. ʇʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʧʨʠʡʥʷʪʦ 

ʥʘʩʪʫʧʥʽ ʩʧʨʦʱʝʥʥʷ [219, 220]: ʚ ʧʨʠʤʽʱʝʥʥʽ ʚʽʜʩʫʪʥʽ ʜʞʝʨʝʣʘ 

ʚʦʣʦʛʦʚʠʜʽʣʝʥʥʷ; ʧʨʠʚʝʜʝʥʘ ʪʝʧʣʦʚʘ ʧʦʪʫʞʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʪʘ 

ʪʝʧʣʦʪʝʭʥʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ NE(t) ʚʨʘʭʦʚʫʻ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ ʦʙʩʣʫʛʦʚʫʶʯʦʛʦ 

ʧʝʨʩʦʥʘʣʫ; ʤʦʜʝʣʴ ʤʽʩʪʠʪʴ ʜʚʘ ʜʠʥʘʤʽʯʥʽ ʝʣʝʤʝʥʪʠ ʽʟ ʟʦʩʝʨʝʜʞʝʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ (ʧʦʚʽʪʨʷʥʠʡ ʧʨʦʩʪʽʨ ʪʘ ʩʪʽʥʠ ʧʨʠʤʽʱʝʥʥʷ); ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʤʘʪʝʨʽʘʣʴʥʠʭ ʧʦʪʦʢʽʚ ʪʘ ʧʦʚʝʨʭʥʽ ʪʝʧʣʦʦʙʤʽʥʫ ʧʨʠʚʝʜʝʥʽ ʜʦ ʫʩʝʨʝʜʥʝʥʠʭ 

ʟʥʘʯʝʥʴ ʨʦʙʦʯʦʛʦ ʜʽʘʧʘʟʦʥʫ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʟʦʩʝʨʝʜʞʝʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ 

ʧʨʠʤʽʱʝʥʥʷ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʪʝʧʣʦ- ʪʘ ʤʘʩʦʦʙʤʽʥʫ ʦʙˇʨʫʥʪʦʚʘʥʦ ʫ 

ʧ.1.5.3. 
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ʈʠʩ. 3.14. ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʧʨʠʤʽʱʝʥʥʷ 

 

ʊʝʧʣʦʚ ̔ʪʘ ʤʘʪʝʨʽʘʣʴʥʠʡ ʙʘʣʘʥʩʠ ʜʣʷ ʜʠʥʘʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʤʦʜʝʣʽ 

ʧʨʠʤʽʱʝʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʠʩʪʝʤʦʶ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ 
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ʪʫʪ ʩɸ, ʩS ï ʚʽʜʧʦʚʽʜʥʦ ʪʝʧʣʦʻʤʥʽʩʪʴ ʧʦʚʽʪʨʷ ʪʘ ʤʘʪʝʨʽʘʣʫ ʩʪʽʥʠ; 0a , 1a ï 

ʚʽʜʧʦʚʽʜʥʦ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ ʚʩʝʨʝʜʠʥʽ ʧʨʠʤʽʱʝʥʥʷ (ʤʽʞ ʧʦʚʽʪʨʷʤ ʪʘ 

ʚʥʫʪʨʽʰʥʴʦʶ ʧʦʚʝʨʭʥʝʶ ʩʪʽʥʠ F0) ʪʘ ʟʟʦʚʥʽ (ʤʽʞ ʟʦʚʥʽʰʥʴʦʶ ʧʦʚʝʨʭʥʝʶ ʩʪʽʥʠ 

F1 ʪʘ ʥʘʚʢʦʣʠʰʥʽʤ ʧʦʚʽʪʨʷʤ ʽʟ ʪʝʤʧʝʨʘʪʫʨʦʶ ɗS); AM  ï ʤʘʩʘ ʧʦʚʽʪʨʷ ʚ ʦʙôʻʤʽ 

VA; SM ï ʟʘʛʘʣʴʥʘ ʤʘʩʘ ʤʘʪʝʨʽʘʣʫ ʩʪʽʥ; Ar  ï ʛʫʩʪʠʥʘ ʧʦʚʽʪʨʷ. ʈʽʚʥʷʥʥʷ (3.79) 

ʪʘ (3.80) ʦʧʠʩʫʶʪʴ ʪʝʧʣʦʚʽ ʙʘʣʘʥʩʠ ʜʣʷ ʧʦʚʽʪʨʷʥʦʛʦ ʧʨʦʩʪʦʨʫ ʪʘ 
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dA(t) 

ɗA0(t); 
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ʪʝʧʣʦʽʟʦʣʶʶʯʦʾ ʩʪʽʥʠ ʧʨʠʤʽʱʝʥʥʷ, ʨʽʚʥʷʥʥʷ (3.81) ʚʽʜʪʚʦʨʶʻ ʤʘʪʝʨʽʘʣʴʥʠʡ 

ʙʘʣʘʥʩ ʜʣʷ ʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ. 

ʇʽʩʣʷ ʛʨʫʧʫʚʘʥʥʷ ʧʦʜʽʙʥʠʭ ʪʘ ʣʽʥʝʘʨʠʟʘʮʽʾ (3.79) ï (3.81) ʟ ʚʨʘʭʫʚʘʥʥʷʤ 
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ʇʨʝʜʩʪʘʚʠʤʦ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ (3.82) ʫ ʧʨʦʩʪʦʨʽ ʩʪʘʥʽʚ: 

BUAXX +=¡ ,       (3.83) 

ʜʝ 

ù
ù
ù

ú

ø

é
é
é

ê

è

¡D

¡D

¡D

=¡

S

A

A

d

q

q

X ; 

ù
ù
ù

ú

ø

é
é
é

ê

è

-

-

-

=

SS

d

AA

TTk

T

TkT

10

010

01

4

2

A ; 

ù
ù
ù

ú

ø

é
é
é

ê

è

D

D

D

=

S

A

A

d

q

q

X ; 

ù
ù
ù

ú

ø

é
é
é

ê

è

=

S

A

d

A

d

A

Tk

Tk

Tk

Tk

Tk

Tk

5

3

7

1

6

0

0

0

0

0

00

0

0

0B ; 

ù
ù
ù
ù
ù
ù

ú

ø

é
é
é
é
é
é

ê

è

D

D

D

D

D

=

N

E

A

A

A

N

G

d

q

q

0

0

U . 

ɼʦʙʫʪʦʢ BU  (3.83) ʨʦʟʢʣʘʜʝʥʦ ʥʘ ʟʙʫʨʶʶʯʫ ʪʘ ʢʝʨʫʶʯʫ ʩʢʣʘʜʦʚʽ: 
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=
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=
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=
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q
F ; 

AGD=3F . 
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ʇʨʝʜʩʪʘʚʠʤʦ ʩʠʩʪʝʤʫ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ (3.82) ʩʠʩʪʝʤʦʶ 

ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ ʚ ʦʙʣʘʩʪʽ ʃʘʧʣʘʩʘ. 

( ) ( )

( ) ( )

( ) ( )

0 0 1 2 3

4 5

6 0 7

1 ; 3.84

1 ; 3.85

1 . 3.86

A A A A S E

S S A N

A d A A

T p k k G k k N

T p k k

d T p k d k G

q q q

q q q

ëD + = D + D + D + D
î
D + = D + Dì
î
D + = D + Dí

 

ɯʟ (3.86) ʦʪʨʠʤʘʻʤʦ ʨʦʟʚôʷʟʦʢ ʚʽʜʥʦʩʥʦ ʟʤʽʥʥʦʾ AdD .  

[ ]AA

d

A Gkdk
pT

d D+D
+

=D 706
1

1
.    (3.87) 

ɿ (3.84) ʟʥʘʭʦʜʠʤʦ AqD , ʚʨʘʭʦʚʫʶʯʠ (3.85). ʇ̔ ʩʣʷ ʛʨʫʧʫʚʘʥʥʷ ʤʘʻʤʦ: 

( )
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-
= . 

ɿʘʣʝʞʥʦʩʪʽ (3.87) ʪʘ (3.88) ʧʨʝʜʩʪʘʚʠʤʦ ʤʘʪʨʠʯʥʦʶ ʤʦʜʝʣʣʶ ʫ ʦʙʣʘʩʪʽ 

ʃʘʧʣʘʩʘ: 

=Y W U ,        (3.89) 
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T
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=
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1

6
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+
=
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1

7
23

+
=

pT

k
W

d

. 

ʇʨʦʚʝʜʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʟʘ ʦʩʥʦʚʥʠʤʠ ʢʘʥʘʣʘʤʠ 

ʚʧʣʠʚʫ ʜʣʷ ʧʨʦʤʠʩʣʦʚʦʛʦ ʧʨʠʤʽʱʝʥʥʷ ʦʙôʻʤʦʤ VA = 3 ʤ2×120 ʤ2. ʋ 

ɼʦʜʘʪʢʫ ɹ.6 ʧʨʝʜʩʪʘʚʣʝʥʦ ʪʘʙʣʠʮʶ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʚʝʣʠʯʠʥ ʜʣʷ ʤʘʪʝʤʘʪʠʯʥʦʾ 

ʤʦʜʝʣʽ ʧʨʠʤʽʱʝʥʥʷ, ʪʘ ʨʦʟʨʘʭʫʥʢʠ ʢʦʝʬʽʮʽʻʥʪʽʚ ʤʦʜʝʣʽ. ʅʘ ʨʠʩ. 3.15 

ʟʦʙʨʘʞʝʥʦ ʧʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʫ ʧʨʠʤʽʱʝʥʥʽ ʟʘ ʢʘʥʘʣʘʤʠ ʚʧʣʠʚʫ. 
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ʘ) 

 
ʙ) 

 
ʚ) 

 
ʛ) 

 
ʜ) 

ʈʠʩ. 3.15. ʇʝʨʝʭʽʜʥ ̔ʧʨʦʮʝʩʠ ʫ ʧʨʠʤʽʱʝʥʥʽ ʟʘ ʢʘʥʘʣʘʤʠ ʚʧʣʠʚʫ: 

ʘ) 
0AqD ­X , Co

A 10=Dq ;  ʙ) 
0AdD ­X , ʢʛʛdA /10=D ;  

ʚ) 
0AGD ­X , ʩʝʢʢʛGA /1.00 =D ; ʛ) 

END ­X , ɺʪNE 1000=D ;  

ʜ) 
NqD ­X , Co

N 1=Dq  
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ɿʤʦʜʝʣʴʦʚʘʥʘ ʜʠʥʘʤʽʯʥʘ ʧʦʚʝʜʽʥʢʘ ʧʨʦʮʝʩʽʚ ʪʝʧʣʦ- ʪʘ ʤʘʩʦʦʙʤʽʥʫ ʫ 

ʧʨʠʤʽʱʝʥʥʽ ʚʽʜʧʦʚʽʜʘʻ ʦʧʠʩʫ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʧʨʠʤʽʱʝʥʥʽ, ʷʢʠʡ 

ʨʦʟʛʣʷʥʫʪʦ ʫ ʧ.1.4.3. ʊʝʧʣʦʦʙʤʽʥʥʽ ʧʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʚ ʛʘʟʦʚʦʤʫ ʧʨʦʩʪʦʨʽ 

ʤʽʩʪʷʪʴ ʤʘʣʦʽʥʝʨʮʽʡʥʫ ʩʢʣʘʜʦʚʫ ʨʠʩ. 3.15 ʘ, ʛ, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻ ʧʦʚʽʪʨʷʥʠʡ 

ʧʨʦʩʪʽʨ ʧʨʠʤʽʱʝʥʥʷ ʪʘ ʽʥʝʨʮʽʡʥʫ ʩʢʣʘʜʦʚʫ, ʱʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʪʝʧʣʦʦʙʤʽʥʥʠʭ 

ʧʨʦʮʝʩʽʚ ʩʪʽʥ ʧʨʠʤʽʱʝʥʥʷ. ʄʘʩʦʦʙʤʽʥʥʽ ʧʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʫ ʧʨʠʤʽʱʝʥʥʽ 

ʤʘʶʪʴ ʘʧʝʨʽʦʜʠʯʥʠʡ ʭʘʨʘʢʪʝʨ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʣʦʛʦʚʤʽʩʪʫ 

ʜʦʟʚʦʣʠʣʦ ʨʦʟʜʽʣʠʪʠ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʟʤʽʥʥʠʤʠ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʚʦʣʦʛʦʩʪʽ 

ʜʣʷ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʧʦʪʦʢʫ ʧʦʚʽʪʨʷ, ʱʦ ʤʦʜʝʣʶʻʪʴʩʷ. 

 

3.5 ɸʥʘʣʽʟ ʩʪʨʫʢʪʫʨʠ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʢʣʽʤʘʪʠʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ 

ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʜʠʥʘʤʽʯʥʽ ʤʦʜʝʣʽ ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʚʝʩʪʠ ʢʽʣʴʢʽʩʥʫ ʦʮʽʥʢʫ 

ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʜʣʷ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʋ ʨʦʟʜʽʣʽ 

ʥʝ ʩʪʘʚʠʣʦʩʷ ʟʘʚʜʘʥʥʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʨʦʟʨʦʙʣʝʥʠʭ ʘʥʘʣʽʪʠʯʥʠʭ ʤʦʜʝʣʝʡ 

ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʉʂʇ. ɿʘʚʜʘʥʥʷ ʨʦʟʜʽʣʫ ï ʫʥʽʬʽʢʘʮʽʷ ʪʘ 

ʩʠʩʪʝʤʘʪʠʟʘʮʽʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

ʢʦʥʜʠʮʽʦʥʝʨʽʚ ʽʟ ʾʭ ʧʦʜʘʣʴʰʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʣʷ ʂʌʉ ʂɯ. ʄʝʪʦʜʠ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʫ ʥʘʩʪʫʧʥʦʤʫ ʨʦʟʜʽʣʽ. 

ʅʘ ʨʠʩ. 3.16 ʥʘʚʝʜʝʥʘ ʫʟʘʛʘʣʴʥʝʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʪʠʧʦʚʦʛʦ 

ʜʠʥʘʤʽʯʥʦʛʦ ʝʣʝʤʝʥʪʫ ʦʙʣʘʜʥʘʥʥʷ ʢʦʥʜʠʮʽʦʥʝʨʘ. ɹʫʜʴ-ʷʢʫ ʽʟ ʜʠʥʘʤʽʯʥʠʭ 

ʤʦʜʝʣʝʡ ʜʘʥʦʛʦ ʨʦʟʜʽʣʫ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʪʠʧʦʚʠʡ ʜʠʥʘʤʽʯʥʠʡ ʝʣʝʤʝʥʪ 

ʦʙʣʘʜʥʘʥʥʷ ʢʦʥʜʠʮʽʦʥʝʨʘ ʽʟ ʧôʷʪʴʤʘ ʚʭʦʜʘʤʠ [ ]
T

W 1 2 3 4 5u u u u u=U  ʪʘ ʜʚʦʤʘ 

ʚʠʭʦʜʘʤʠ [ ]
T

1 2y y=Y . ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʨʠʟʥʘʯʝʥʥʷ ʢʣʽʤʘʪʠʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʥʘʷʚʥʘ ʢʽʣʴʢʽʩʪʴ ʢʝʨʫʶʯʠʭ ʪʘ ʟʙʫʨʶʶʯʠʭ ʚʭʦʜʽʚ ʨʽʟʥʘ. ʇʨʠ ʮʴʦʤʫ, 

ʷʢʱʦ ʫ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʷʭ ʢʝʨʫʶʯʠʡ ʚʧʣʠʚ ʥʘ ʢʣʽʤʘʪʠʯʥʝ 

ʦʙʣʘʜʥʘʥʥʷ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʟʘ ʜʚʦʤʘ ʢʝʨʫʶʯʠʤʠ ʟʤʽʥʥʠʤʠ ï ʥʘ ʧʨʘʢʪʠʮʽ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʽʣʴʢʠ ʦʜʠʥ. ʅʘʧʨʠʢʣʘʜ, ʢʝʨʫʚʘʥʥʷ ʚʦʜʷʥʠʤ ʦʭʦʣʦʜʞʫʚʘʯʝʤ 

ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʟʤʽʥʦʶ ʚʠʪʨʘʪʠ, ʘʙʦ ʟʤʽʥʦʶ ʪʝʤʧʝʨʘʪʫʨʠ ʭʦʣʦʜʦʥʦʩʽʷ. ʅʘ 
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ʧʨʘʢʪʠʮʽ ʥʘʡʯʘʩʪʽʰʝ ʢʝʨʫʶʯʠʡ ʚʧʣʠʚ ʥʘ ʦʭʦʣʦʜʞʫʚʘʯ ʟʜʽʡʩʥʶʶʪʴ ʟʘ ʨʘʭʫʥʦʢ 

ʟʤʽʥʠ ʚʠʪʨʘʪʠ ʭʦʣʦʜʦʥʦʩʽʷ. 

 

ʈʠʩ. 3.16. ʋʟʘʛʘʣʴʥʝʥʘ ʧʘʨʘʤʝʪʨʠʯʥʘ ʩʭʝʤʘ ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʉʂʇ 

 

ɼʣʷ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʘʥʘʣʽʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʫ ʪʘʙʣ. 3.1 ʥʘʚʝʜʝʥʦ ʥʘʷʚʥʽ 

ʚʭʽʜʥʽ ʪʘ ʚʠʭʽʜʥʽ ʟʤʽʥʥʽ. ɿʛʽʜʥʦ ʘʥʘʣʽʟʫ ʪʘʙʣ. 3.1, ʜʣʷ ʚʩʽʭ ʤʦʜʝʣʝʡ ʚʭʽʜʥʠʤʠ 

ʟʤʽʥʥʠʤʠ u1 ʪʘ u2 ʻ ʧʦʯʘʪʢʦʚʘ ʪʝʤʧʝʨʘʪʫʨʘ 0AqD  ʪʘ ʚʦʣʦʛʦʚʤʽʩʪ 0AdD  ʧʦʚʽʪʨʷ, 

ʱʦ ʥʘʜʭʦʜʠʪʴ ʥʘ ʦʙʣʘʜʥʘʥʥʷ, ʚʠʭʽʜʥʠʤʠ ʫ1 ʪʘ ʫ2 ï ʢʽʥʮʝʚʘ ʪʝʤʧʝʨʘʪʫʨʘ AqD  ʪʘ 

ʚʦʣʦʛʦʚʤʽʩʪ AdD . ʄʘʡʞʝ ʜʣʷ ʚʩʽʭ ʤʦʜʝʣʝʡ (ʢʨʽʤ ʤʦʜʝʣʽ ʢʘʤʝʨʠ ʟʤʽʰʫʚʘʥʥʷ) 

ʟʙʫʨʶʶʯʠʤ ʬʘʢʪʦʨʦʤ v3 ʻ ʚʠʪʨʘʪʘ ʧʦʚʽʪʨʷ AGD .  
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ʊʘʙʣʠʮʷ 3.1. ɸʥʘʣʽʪʠʯʥʽ ʤʦʜʝʣʽ ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʉʂʇ 

ʂʣʽʤʘʪʠʯʥʝ 

ʦʙʣʘʜʥʘʥʥʷ 

(ʧʽʜʨʦʟʜʽʣ) 

ʄʦʜʝʣʴ ʦʙʣʘʜʥʘʥʥʷ ɺʭʦʜʠ, U 
ɺʠʭʦʜʠ, 

Y  

BUAXX +=¡  

=Y WU  u1 u2 u3 u4 u5 y1 y2 

ɽʣʝʢʪʨʠʯʥʠʡ 

ʢʘʣʦʨʠʬʝʨ, 

(ʧ.3.1.1) 

(3.9) (3.15) 0AqD  0AdD  AGD  END  
ï 

AqD  AdD  

ɺʦʜʷʥʠʡ 

ʢʘʣʦʨʠʬʝʨ, 

(ʧ.3.1.2) 

(3.24) (3.31) 
0AqD  0AdD  AGD  0WqD  WGD  AqD  AdD  

ɺʦʜʷʥʠʡ 

ʦʭʦʣʦʜʞʫʚʘʯ, 

(ʧ.3.1.3) 

(3.38) (3.45) 
0AqD  0AdD  AGD  0WqD  WGD  AqD  AdD  

ʌʦʨʩʫʥʦʯʥʠʡ 

ʟʚʦʣʦʞʫʚʘʯ, 

(ʧ.3.2.1) 

(3.56) (3.62) 0AqD  0AdD  AGD  0WqD  0WGD  AqD  AdD  

ʇʘʨʦʚʠʡ 

ʟʚʦʣʦʞʫʚʘʯ, 

(ʧ.3.2.2) 

(3.69) (3.74) 0AqD  0AdD  AGD  END  
ï 

AqD  AdD  

ʂʘʤʝʨʘ 

ʟʤʽʰʫʚʘʥʥʷ, 

(ʧ.3.3) 

(3.77) (3.78) 
0AqD  0AdD  1AqD  1AdD  KD  AqD  AdD  

ʇʨʠʤʽʱʝʥʥʷ,  

(ʧ.3.4) 
(3.83) (3.89) 

0AqD  0AdD  AGD  END  NqD  AqD  AdD  
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3.6 ɺʠʩʥʦʚʢʠ ʜʦ ʪʨʝʪʴʦʛʦ ʨʦʟʜʽʣʫ 

1. ʋ ʨʦʟʜʽʣʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʘʥʘʣʽʪʠʯʥʽ ʤʦʜʝʣʽ ʪʝʧʣʦ- ʪʘ ʤʘʩʦʦʙʤʽʥʫ ʜʣʷ 

ʦʩʥʦʚʥʦʛʦ ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʄʦʜʝʣʽ ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʚʦʜʠʪʠ 

ʢʽʣʴʢʽʩʥʠʡ ʪʘ ʷʢʽʩʥʠʡ ʘʥʘʣʽʟ ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʥʘʷʚʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʢʦʥʜʠʮʽʦʥʝʨʘ. ʄʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʚʨʘʭʦʚʫʶʪʴ ʚʦʣʦʛʦʚʤʽʩʪ 

ʧʦʚʽʪʨʷ ʫ ʚʠʛʣʷʜʽ ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ ʨʽʚʥʷʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ 

ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʝʧʣʦ- ʪʘ ʤʘʩʦʦʙʤʽʥʫ ʪʘ ʚʠʨʽʟʥʷʻ 

ʦʪʨʠʤʘʥʽ ʤʦʜʝʣʽ ʚʽʜ ʽʩʥʫʶʯʠʭ. 

2. ɸʥʘʣʽʪʠʯʥʽ ʤʦʜʝʣʽ ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʜʦʚʝʜʝʥʦ ʜʦ ʧʨʦʛʨʘʤʥʦʾ 

ʨʝʘʣʽʟʘʮʽʾ ʚ ʩʝʨʝʜʦʚʠʱʽ MatLab. ɼʣʷ ʦʩʥʦʚʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʢʦʥʜʠʮʽʦʥʝʨʘ 

ʧʨʦʚʝʜʝʥʦ ʽʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ ʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ. 

3. ɼʠʥʘʤʽʯʥʽ ʤʦʜʝʣʽ ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʽʚʥʦʮʽʥʥʠʤʠ 

ʟʘʣʝʞʥʦʩʪʷʤʠ: 

¶ ʫ ʚʠʛʣʷʜʽ ʩʠʩʪʝʤʠ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ (3.8), (3.23), (3.37), (3.55), (3.68), 

(3.76), (3.82); 

¶ ʫ ʧʨʦʩʪʦʨʽ ʩʪʘʥʽʚ (3.9), (3.24), (3.38), (3.56), (3.69), (3.77), (3.83); 

¶ ʫ ʚʠʛʣʷʜʽ ʤʘʪʨʠʯʥʠʭ ʧʝʨʝʜʘʪʥʠʭ ʬʫʥʢʮʽʡ (3.15), (3.31), (3.45), (3.62), 

(3.74), (3.78), (3.89). 

ɺʠʙʽʨ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʤʦʜʝʣʝʡ ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʝʪʦʜʘʤʠ, ʱʦ ʧʣʘʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʪʠ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʉʂʇ. 

4. ʇʨʦʚʝʜʝʥʦ ʩʪʨʫʢʪʫʨʥʠʡ ʘʥʘʣʽʟ ʪʠʧʦʚʦʛʦ ʜʠʥʘʤʽʯʥʦʛʦ ʝʣʝʤʝʥʪʫ ʜʣʷ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʤʦʜʝʣʝʡ ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

  



141 
 

ʈʆɿɼɯʃ 4  

ɯɼɽʅʊʀʌɯʂɸʎɯʗ ʄʆɼɽʃɽʁ ʂʃɯʄɸʊʀʏʅʆɻʆ ʆɹʃɸɼʅɸʅʅʗ ʊɸ 

ʈʆɿʈʆɹʂɸ ʂʆʄʇʃɽʂʉʅʀʍ ʄʆɼɽʃɽʁ ʂʆʅɼʀʎɯʆʅɽʈɯɺ 

ʋ ʯʝʪʚʝʨʪʦʤʫ ʨʦʟʜʽʣʽ ʧʨʦʜʦʚʞʫʻʪʴʩʷ ʨʦʟʛʣʷʜʘʪʠʩʷ ʟʘʚʜʘʥʥ ̫ʜʨʫʛʦʛʦ 

ʝʪʘʧʫ ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʫ ʨʦʙʦʪʽ. ɺʘʞʣʠʚʦʶ ʚʣʘʩʪʠʚʽʩʪʶ 

ʧʨʦʮʝʩʽʚ ʥʘ ʚʠʨʦʙʥʠʮʪʚʽ ʻ ʾʭ ʰʪʫʯʥʽʩʪʴ. ɼʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʠʨʦʚʠʥʠ ʥʘ 

ʢʽʥʮʝʚʫ ʧʨʦʜʫʢʮʽʶ ʚʠʨʦʙʥʠʯʽ ʧʨʦʮʝʩʠ ʚʜʦʩʢʦʥʘʣʶʶʪʴʩʷ ʧʨʦʪʷʛʦʤ ʜʝʩʷʪʠʣʽʪʴ. 

ʗʢ ʧʨʘʚʠʣʦ, ʩʫʯʘʩʥʽ ʊʇ ʥʘ ʚʠʨʦʙʥʠʮʪʚʽ ʻ ʩʢʣʘʜʥʠʤʠ, ʘʣʝ ʜʦʙʨʝ ʚʠʚʯʝʥʠʤʠ ʟ 

ʘʥʘʣʽʪʠʯʥʦʶ ʬʦʨʤʘʣʽʟʘʮʽʻʶ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʧʠʩʫ [221]. ʇʨʘʢʪʠʢʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʥʘʣʽʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʩʚʽʜʯʠʪʴ, ʱʦ ʘʜʝʢʚʘʪʥʽ ʤʦʜʝʣʽ ʬʽʟʠʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʪʨʘʧʣʷʶʪʴʩʷ ʨʽʜʢʦ [118], ʦʩʢʽʣʴʢʠ ʪʘʢʽ ʤʦʜʝʣʽ ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʚ 

ʫʤʦʚʘʭ ʢʦʥʮʝʧʪʫʘʣʴʥʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ. ʂʦʥʮʝʧʪʫʘʣʴʥʘ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʻ 

ʢʦʤʧʣʝʢʩʥʦʶ, ʱʦ ʧʦʻʜʥʫʻ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ: ʮʽʣʝʡ; ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʨʦʮʝʩʫ; 

ʩʪʨʫʢʪʫʨʠ ʩʠʩʪʝʤʠ, ʱʦ ʤʦʜʝʣʶʻʪʴʩʷ; ʚʟʘʻʤʦʜʽʾ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ, ʘʙʦ 

ʚʟʘʻʤʦʜʽʾ ʟ ʟʦʚʥʽʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ ʪʘ ʽʥʰʝ [46]. ʉʂʇ ʦʙôʻʜʥʫʶʪʴ ʚ ʩʦʙʽ 

ʤʝʭʘʥʽʯʥʽ, ʪʝʨʤʦʜʠʥʘʤʽʯʥʽ, ʝʣʝʢʪʨʦʥʥʽ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʽ ʧʨʦʮʝʩʠ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʤʽʢʨʦʢʣʽʤʘʪʫ ʦʙôʻʢʪʽʚ ʂɯ, ʪʦʤʫ ʘʥʘʣʽʪʠʯʥ ̔ʤʦʜʝʣʽ 

ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʫʩʢʣʘʜʥʷʶʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʘ 

ʤʝʪʦʜʠʯʥʦ ʾʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ, ʘ ʪʘʢʦʞ ʽʥʰʠʤʠ ʯʠʥʥʠʢʘʤʠ. 

ʇʨʦʙʣʝʤʘ ʢʦʥʮʝʧʪʫʘʣʴʥʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʘʥʘʣʽʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʉʂʇ 

ʚʢʣʶʯʘʻ: ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʜʝʷʢʠʭ ʬʽʟʠʯʥʠʭ ʪʘ ʪʝʧʣʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʤʘʪʝʨʽʘʣʴʥʠʭ ʧʦʪʦʢʽʚ ʜʣʷ ʬʫʥʢʮʦ̔ʥʫʶʯʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʢʦʥʜʠʮʽʦʥʝʨʘ, ʱʦ 

ʚʧʣʠʚʘʻ ʥʘ: ʢʽʣʴʢʽʩʥʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʚʠʭʽʜʥʠʭ ʟʤʽʥʥʠʭ ʤʦʜʝʣʝʡ 

ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ; ʩʧʦʩʽʙ ʘʛʨʝʛʫʚʘʥʥʷ ʤʦʜʝʣʝʡ ʢʣʽʤʘʪʠʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʫ ʧʨʦʮʝʩ ʧʽʜʛʦʪʦʚʢʠ ʧʦʚʽʪʨʷ; ʩʠʪʫʘʮʽʡʥʫ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʨʠʟʠʢʽʚ ʫ 

ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʽʥʰʝ. ʊʘʢʘ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ 

ʢʦʥʮʝʧʪʫʘʣʴʥʦʾ [222], ʦʩʢʽʣʴʢʠ ʷʚʣʷʻ ʩʦʙʦʶ ʻʜʠʥʠʡ ʢʦʤʧʣʝʢʩ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʽ 

ʪʘ ʩʫʧʝʨʝʯʣʠʚʦʩʪʽ ʚʟʘʻʤʦʟʘʣʝʞʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟʘʜʘʥʦʾ ʩʫʢʫʧʥʦʩʪʽ ʧʦʣʽʪʠʧʦʚʠʭ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ. ʈʦʟʛʣʷʥʝʤʦ ʩʧʦʩʦʙʠ ʨʦʟʢʨʠʪʪʷ ʢʦʥʮʝʧʪʫʘʣʴʥʦʾ 

ʥʝʚʠʟʥʘʯʝʥʥʦʩʪʽ ʜʣʷ ʤʦʜʝʣʝʡ ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʉʂʇ.  
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4.1 ɸʥʘʣʽʟ ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʘʥʘʣʽʪʠʯʥʠʭ ʤʦʜʝʣʝʡ 

ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

ʂʣʘʩʠʬʽʢʘʮʽʶ ʧʘʨʘʤʝʪʨʽʚ ʘʥʘʣʽʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʢʣʽʤʘʪʠʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʪʘʙʣ. 3.1 ʤʦʞʥʘ ʧʦʜʘʪʠ ʫ ʚʠʛʣʷʜʽ ʙʣʦʢ-ʩʭʝʤʠ, ʱʦ ʟʦʙʨʘʞʝʥʘ ʥʘ 

ʨʠʩ. 4.1. ʇʘʨʘʤʝʪʨʠ ʘʥʘʣʽʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʱʦ ʦʪʨʠʤʘʥʽ ʫ ʪʨʝʪʴʦʤʫ ʨʦʟʜʽʣʽ 

ʫʤʦʚʥʦ ʧʦʜʽʣʝʥʽ ʥʘ ʥʘʩʪʫʧʥʽ ʛʨʫʧʠ: 

¶ ʛʘʙʘʨʠʪʥʽ ʨʦʟʤʽʨʠ (ʙʣʦʢ 1); 

¶ ʪʝʧʣʦʬʽʟʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʙʣʦʢ 2); 

¶ ʪʝʧʣʦʬʽʟʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʤʘʪʝʨʽʘʣʴʥʠʭ ʧʦʪʦʢʽʚ (ʙʣʦʢ 3); 

¶ ʧʘʨʘʤʝʪʨʠ ʪʝʧʣʦ- ʪʘ ʤʘʩʦʦʙʤʽʥʫ ʤʽʞ ʤʘʪʝʨʽʘʣʴʥʠʤʠ ʧʦʪʦʢʘʤʠ (ʙʣʦʢ 4). 

 

 

ʈʠʩ. 4.1. ʋʟʘʛʘʣʴʥʝʥʘ ʙʣʦʢ-ʩʭʝʤʘ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ 

ʘʥʘʣʽʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

 

ɼʣʷ ʙʣʦʢʽʚ 1 ï 3 ʜʘʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʯʠʩʝʣʴʥʽ ʟʥʘʯʝʥʥʷ ʪʝʧʣʦʬʽʟʠʯʥʠʭ 

ʚʝʣʠʯʠʥ, ɦ ʦ ʤʽʩʪʷʪʴʩʷ ʫ ɼʦʜʘʪʢʘʭ ɹ.1 ï ɼʦʜʘʪʢʘʭ ɹ.6 ʚʠʟʥʘʯʝʥʦ ʽʟ ʜʦʩʪʘʪʥʴʦʶ 

 

ʇʘʨʘʤʝʪʨʠ ʪʝʧʣʦ- ʪʘ 

ʤʘʩʦʦʙʤʽʥʫ ʤʽʞ 

ʤʘʪʝʨʽʘʣʴʥʠʤʠ 

ʧʦʪʦʢʘʤʠ 

 

ɻʘʙʘʨʠʪʥʽ  

ʨʦʟʤʽʨʠ  

ʘʧʘʨʘʪʫ 

 

ʊʝʧʣʦʬʽʟʠʯʥʽ 

ʧʘʨʘʤʝʪʨʠ 

ʤʘʪʝʨʽʘʣʽʚ 

ʢʦʥʩʪʨʫʢʮʽʾ  

ʘʧʘʨʘʪʫ 

 

ʊʝʧʣʦʬʽʟʠʯʥʽ 

ʧʘʨʘʤʝʪʨʠ 

ʤʘʪʝʨʽʘʣʴʥʠʭ 

ʧʦʪʦʢʽʚ 

 

ʇʘʨʘʤʝʪʨʠ ʘʥʘʣʽʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

ɺʠʩʦʪʘ,  

ʅ 

ʐʠʨʠʥʘ, 

C 

ʊʝʧʣʦʻʤʥʽʩʪʴ 

ʤʘʪʝʨʽʘʣʫ, 

ʩʄ 

ʄʘʩʘ 

ʢʦʥʩʪʨʫʢʮʽʾ,  

ʄʄ 

ʇʣʦʱʘ 

ʪʝʧʣʦʦʙʤʽʥʫ,  

Fi 

ɺʭʽʜʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ, 

 

ɻʫʩʪʠʥʘ ʤʘʪ. 

ʧʦʪʦʢʫ, 

 

ʊʝʧʣʦʻʤʥʽʩʪʴ 

ʤʘʪ. ʧʦʪʦʢʫ, 

ʩ̔ 

 

ɺʠʪʨʘʪʘ ʤʘʪ. 

ʧʦʪʦʢʫ, 

Gi 

ɻʣʠʙʠʥʘ,  

L 

ʂʦʝʬʽʮʽʻʥʪʠ 

ʪʝʧʣʦʚʽʜʜʘʯʽ, 

 

ʂʦʝʬʽʮʽʻʥʪ 

ʟʚʦʣʦʞʝʥʥʷ, 

E 

1 2 3 4 
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ʽʥʞʝʥʝʨʥʦʶ ʪʦʯʥʽʩʪʶ ʽʟ ʜʦʚʽʜʥʠʢʽʚ [41, 201, 213, 218, 223 ï 225]. ɿʘʫʚʘʞʠʤʦ, 

ʱʦ ʢʦʝʬʽʮʽʻʥʪʠ ʪʝʧʣʦ- ʪʘ ʤʘʩʦʚʽʜʜʘʯʽ (ʙʣʦʢ 4) ʟʘʣʝʞʥʽ ʚʽʜ ʙʘʛʘʪʴʦʭ ʬʘʢʪʦʨʽʚ, ʘ 

ʜʘʪʯʠʢʠ ʜʣʷ ʾʭ ʢʦʥʪʨʦʣʶ ʚʽʜʩʫʪʥʽ. 

ʂʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ ʚʠʟʥʘʯʘʻ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʝʨʝʜʘʯʽ ʪʝʧʣʦʪʠ ʤʽʞ 

ʩʪʽʥʢʦʶ ʽ ʨʫʭʦʤʠʤ ʩʝʨʝʜʦʚʠʱʝʤ (ʛʘʟʦʤ ʯʠ ʨʽʜʠʥʦʶ) ʪʘ ʟʘʣʝʞʠʪʴ ʚʽʜ: 

¶ ʬ̔ ʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʝʨʝʜʦʚʠʱʘ (ʱʽʣʴʥʽʩʪʴ, ʚ'ʷʟʢʽʩʪʴ, ʪʝʧʣʦʻʤʥʽʩʪʴ, 

ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ); 

¶ ʪʠʧʫ ʪʝʧʣʦʦʙʤʽʥʫ (ʢʦʥʚʝʢʮʽʷ, ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ); 

¶ ʨʝʞʠʤʫ ʪʝʯʽʾ ʩʝʨʝʜʦʚʠʱʘ (ʣʘʤʽʥʘʨʥʠʡ ʘʙʦ ʪʫʨʙʫʣʝʥʪʥʠʡ); 

¶ ʬʦʨʤʠ ʪʘ ʨʦʟʤʽʨʽʚ ʧʦʚʝʨʭʥʽ (ʛʣʘʜʢʘ ʯʠ ʰʦʨʩʪʢʘ, ʥʘʷʚʥʽʩʪʴ ʨʝʙʝʨ); 

¶ ʛʨʘʜʽʻʥʪʫ ʪʝʤʧʝʨʘʪʫʨ ʤʽʞ ʧʦʚʝʨʭʥʝʶ ʪʘ ʩʝʨʝʜʦʚʠʱʝʤ ʪʘ ʽʥʰʝ; 

ɼʣʷ ʦʮʽʥʢʠ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʽʜʜʘʯʽ ʩʫʯʘʩʥʘ ʪʝʦʨʽʷ ʪʝʧʣʦʪʝʭʥʽʢʠ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʪʝʦʨʽʶ ʧʦʜʽʙʥʦʩʪʽ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʨʠʪʝʨʽʾʚ ʧʦʜʽʙʥʦʩʪʽ (Nu, Pr, 

Re), ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʚʧʣʠʚ ʨʽʟʥʠʭ ʬʘʢʪʦʨʽʚ [226 ï 229]. ɿʘʣʝʞʥʽʩʪʴ ʜʣʷ ʦʮʽʥʢʠ 

ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʽʜʜʘʯʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ: 

m nNu C Re Pr= ,       (4.1) 

ʜʝ Nu ï ʯʠʩʣʦ ʅʫʩʩʝʣʴʪʘ; Re ï ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ; Pr ï ʯʠʩʣʦ ʇʨʘʥʜʪʣʷ; C, m, n 

ï ʢʦʝʬʽʮʽʻʥʪʠ, ʷʢʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʜʣʷ ʨʽʟʥʠʭ ʨʝʞʠʤʽʚ 

ʪʝʧʣʦʦʙʤʽʥʫ. 

ʂʦʝʬʽʮʽʻʥʪ ʤʘʩʦʚʽʜʜʘʯʽ ʚʠʟʥʘʯʘʻ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʝʨʝʥʝʩʝʥʥʷ ʤʘʩʠ 

(ʥʘʧʨʠʢʣʘʜ, ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʨʽʜʠʥʠ ʘʙʦ ʜʠʬʫʟʽʾ ʛʘʟʽʚ) ʽ ʟʘʣʝʞʠʪʴ ʚʽʜ: 

¶ ʜʠʬʬʫʟʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʝʯʦʚʠʥʠ (ʢʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ); 

¶ ʪʠʧʫ ʤʘʩʦʦʙʤʽʥʫ (ʢʦʥʚʝʢʮʽʷ, ʜʠʬʫʟʽʷ); 

¶ ʚhʠʜʢʦʩʪʽ ʧʦʪʦʢʫ (ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ ʤʘʩʦʚʽʜʜʘʯʘ ʟʨʦʩʪʘʻ); 

¶ ʛʝʦʤʝʪʨʽʾ ʧʦʚʝʨʭʥʽ (ʧʣʦʱʘ, ʥʘʷʚʥʽʩʪʴ ʧʦʨʠʩʪʦʾ ʩʪʨʫʢʪʫʨʠ) ʪʘ ʽʥʰʝ. 

ɼʣʷ ʦʮʽʥʢʠ ʢʦʝʬʽʮʽʻʥʪʘ ʤʘʩʦʚʽʜʜʘʯʽ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʝʤʧʽʨʠʯʥʘ 

ʟʘʣʝʞʥʽʩʪʴ: 

m nSh C Re Sc= ,       (4.2) 
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ʪʫʪ Sh ï ʯʠʩʣʦ ʐʝʨʚʫʜʘ; Sc ï ʯʠʩʣʦ ʐʤʽʜʪʘ. ɿʘʣʝʞʥʦʩʪʽ (4.1) ʪʘ (4.2) 

ʜʦʟʚʦʣʷʶʪʴ ʥʘʙʣʠʞʝʥʦ ʦʮʽʥʠʪʠ ʯʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦ- ʪʘ 

ʤʘʩʦʚʽʜʜʘʯʽ. ʊʦʯʥʝ ʚʠʟʥʘʯʝʥʥʷ ʮʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʤʦʞʣʠʚʝ ʥʘ ʦʩʥʦʚʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʬʽʟʠʯʥʦʛʦ ʧʨʦʮʝʩʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʯʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦ- ʪʘ ʤʘʩʦʚʽʜʜʘʯʽ ʜʣʷ 

ʘʥʘʣʽʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʠʟʢʠ ʬʘʢʪʦʨʽʚ, 

ʟʦʢʨʝʤʘ: ʪʝʤʧʝʨʘʪʫʨʠ, ʚʦʣʦʛʦʩʪʽ ʪʘ ʚʠʪʨʘʪʠ ʧʦʚʽʪʨʷ; ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʚʠʪʨʘʪʠ 

ʪʝʧʣʦ- ʘʙʦ ʭʦʣʦʜʦʥʦʩʽʷ ʘʧʘʨʘʪʫ; ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʦʚʝʨʭʥʽ 

ʪʝʧʣʦʦʙʤʽʥʫ ʪʘ ʥʠʟʢʠ ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ. ɿ ʦʛʣʷʜʫ ʥʘ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʯʠʥʥʠʢʽʚ, 

ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʯʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦ- ʪʘ ʤʘʩʦʚʽʜʜʘʯʽ, ʮʽ 

ʧʘʨʘʤʝʪʨʠ ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʜʦ ʢʦʥʮʝʧʪʫʘʣʴʥʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʘʥʘʣʽʪʠʯʥʠʭ 

ʤʦʜʝʣʝʡ ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ɺʦʥʠ ʩʪʘʥʦʚʣʷʪʴ ʻʜʠʥʠʡ ʢʦʤʧʣʝʢʩ 

ʚʟʘʻʤʦʟʘʣʝʞʥʠʭ ʚʝʣʠʯʠʥ, ʷʢʽ ʤʘʶʪʴ ʥʝʦʜʥʦʟʥʘʯʥʠʡ ʪʘ ʩʫʧʝʨʝʯʣʠʚʠʡ ʚʧʣʠʚ ʥʘ 

ʜʠʥʘʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

 

4.2 ʇʽʜʭʽʜ ʜʦ ʨʦʟʢʨʠʪʪʷ ʢʦʥʮʝʧʪʫʘʣʴʥʦʾ ʥʝʚʠʟʥʘʯʝʥʥʦʩʪʽ 

ʘʥʘʣʽʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦ- ʪʘ ʤʘʩʦʦʙʤʽʥʫ ʤʦʞʝ 

ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʥʘ ʦʩʥʦʚʽ ʘʢʪʠʚʥʦʛʦ ʘʙʦ ʧʘʩʠʚʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ [94]. 

ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʢʦʤ ʜʣʷ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ 

ʧʘʩʠʚʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ, ʦʩʢʽʣʴʢʠ ʚ ʭʦʜʽ ʝʢʩʧʝʨʠʤʝʥʪʫ ʥʝ ʧʦʪʨʽʙʥʦ ʚʠʪʨʘʯʘʪʠ 

ʜʦʜʘʪʢʦʚʽ ʚʠʨʦʙʥʠʯʽ ʨʝʩʫʨʩʠ ʽ ʪʘʢʠʡ ʧʽʜʭʽʜ ʚʠʧʨʘʚʜʘʥʠʡ ʩʚʦʻʶ ʝʢʦʥʦʤʽʯʥʽʩʪʶ. 

ɼʣʷ ʨʦʟʨʦʙʣʝʥʠʭ ʤʦʜʝʣʝʡ ʧʨʦʧʦʥʫʻʪʴʩʷ ʧʨʦʚʦʜʠʪʠ ʽʜʝʥʪʠʬʽʢʘʮʽʶ 

ʧʘʨʘʤʝʪʨʠʯʥʠʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ ʥʘ ʦʩʥʦʚʽ ʧʘʩʠʚʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ ʮʠʬʨʦʚʦʛʦ ʜʚʽʡʥʠʢʘ (ʎɼ). 

ʎɼ ʷʢ ʩʫʯʘʩʥʘ ʙʘʟʦʚʘ ʪʝʭʥʦʣʦʛʽʷ ʂʌʉ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʨʦʟʰʠʨʝʥʦʛʦ ʩʠʩʪʝʤʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʘʥʘʣʽʟʫ, ʱʦ ʨʦʙʠʪʴ 

ʡʦʛʦ ʝʬʝʢʪʠʚʥʠʤ ʨʽʰʝʥʥʷʤ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ ʬʽʟʠʯʥʠʤʠ 

ʧʨʦʮʝʩʘʤʠ [230, 231]. ɺʧʨʦʚʘʜʞʝʥʥʷ ʭʤʘʨʥʠʭ ʧʣʘʪʬʦʨʤ ʥʘʜʘʻ ʎɼ ʚʝʣʠʢʽ 

ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʨʝʩʫʨʩʠ ʪʘ ʟʥʘʯʥʽ ʤʦʞʣʠʚʦʩʪʽ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ [232]. ʆʜʥʽʻʶ 
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ʽʟ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʨʦʙʽʪ ʽʟ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ ʎɼ ̒ ʝʪʘʣʦʥʥʘ ʤʦʜʝʣʴ IIRA 

(Industrial Internet Reference Architecture), ʷʢʘ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʧʨʦʤʠʩʣʦʚʠʤ 

ʢʦʥʩʦʨʮʽʫʤʦʤ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ (Industry IoT Consortium, ʘʙʦ IIC) [233]. ʋ 

ʜʦʢʫʤʝʥʪʽ ʦʧʠʩʘʥʦ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʨʦʟʨʦʙʢʠ ʩʠʩʪʝʤ, ʨʽʰʝʥʴ ʪʘ ʜʦʜʘʪʢʽʚ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ (IoT) ʚ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʠʭ ʨʽʰʝʥʥʷʭ ʪʘ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ɺʠʭʦʜʷʯʠ ʟ ʤʦʜʝʣʽ IIRA, ʽʥʬʦʨʤʘʮʽʷ ʎɼ ʚʢʣʶʯʘʻ ʢʦʤʙʽʥʘʮʽʶ 

ʪʘʢʠʭ ʢʘʪʝʛʦʨʽʡ (ʘʣʝ ʥʝ ʦʙʤʝʞʫʻʪʴʩʷ ʮʠʤ): ʬʽʟʠʯʥʘ ʤʦʜʝʣʴ ʪʘ ʜʘʥʽ; ʘʥʘʣʽʪʠʯʥʘ 

ʤʦʜʝʣʴ ʪʘ ʜʘʥʽ; ʪʠʤʯʘʩʦʚʽ ʘʨʭʽʚʠ ʟʤʽʥʥʠʭ; ʪʨʘʥʟʘʢʮʽʡʥʽ ʜʘʥʽ; ʦʩʥʦʚʥʽ ʜʘʥʽ; 

ʚʽʟʫʘʣʴʥʽ ʤʦʜʝʣʽ ʪʘ ʨʦʟʨʘʭʫʥʢʠ [234]. ʆʩʥʦʚʥʽ ʢʦʤʧʦʥʝʥʪʠ ʎɼ ʟʦʙʨʘʞʝʥʦ ʥʘ 

ʨʠʩ. 4.2. 

 

 
ʈʠʩ. 4.2. ʆʩʥʦʚʥʽ ʢʦʤʧʦʥʝʥʪʠ ʮʠʬʨʦʚʦʛʦ ʜʚʽʡʥʠʢʘ 

 

ʎɼ ʩʪʚʦʨʶʶʪʴʩʷ ʜʣʷ ʰʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʙʘʟ 

ʜʘʥʠʭ, ʤʝʪʦʜʽʚ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʦʧʪʠʤʽʟʘʮʽʾ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ. ɺʽʥ 

ʟʘʙʝʟʧʝʯʫʻ ʨʘʮʽʦʥʘʣʴʥʝ ʫʧʨʘʚʣʽʥʥʷ ʬʽʟʠʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ 

ʯʘʩʫ ʪʘ ʧʽʜʪʨʠʤʢʫ ʧʨʠʡʥʷʪʪʷ ʩʪʨʘʪʝʛʽʯʥʠʭ ʪʘ ʦʧʝʨʘʪʠʚʥʠʭ ʨʽʰʝʥʴ. ʎɼ 

ʜʦʟʚʦʣʷʻ ʚʠʷʚʣʷʪʠ ʚʫʟʴʢʽ ʤʽʩʮʷ ʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʽ ʩʠʩʪʝʤ, ʦʧʪʠʤʽʟʫʚʘʪʠ ʾʾ 

ʩʪʨʫʢʪʫʨʫ, ʧʽʜʚʠʱʫʚʘʪʠ ʷʢʽʩʪʴ ʧʨʦʜʫʢʮʽʾ, ʚʠʷʚʣʷʪʠ ʥʝʩʧʨʘʚʥʦʩʪʽ ʦʙʣʘʜʥʘʥʥʷ 

ʪʘ ʨʦʟʚôʷʟʫʚʘʪʠ ʽʥʰʽ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʽ ʟʘʚʜʘʥʥʷ [235]. ɿʘʚʜʷʢʠ ʩʚʦʾʤ 

ʫʥʽʚʝʨʩʘʣʴʥʠʤ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʎɼ ʽʜʝʘʣʴʥʦ 

ʉʧʝʮʠʬʽʢʘʮʽʾ, ʤʦʜʝʣʽ, 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʪʘ ʪʝʭʥʽʯʥʽ ʜʘʥʽ 

ʈʦʟʨʦʙʢʘ 

ʃʶʜʠ, ʤʘʰʠʥʠ, ʤʘʪʝʨʽʘʣʠ, 

ʩʧʦʩʦʙʠ, ʜʘʥʽ ʧʨʦ ʷʢʽʩʪʴ 

ɺʠʨʦʙʥʠʮʪʚʦ 

ʇʦʪʦʯʥʽ ʜʘʥʽ, ʘʨʭʽʚʥʽ ʜʘʥʽ, 

ʟʘʧʠʩʠ ʧʨʦ ʢʦʥʬʽʛʫʨʘʮʽʶ 

ʦʙʣʘʜʥʘʥʥʷ 

ɽʢʩʧʣʫʘʪʘʮʽʷ 

ɿʘʧʠʩʠ ʪʨʘʥʟʘʢʮʽʡ 

ɹʽʟʥʝʩ 

ʆʧʠʩ ɼʽʘʛʥʦʩʪʠʢʘ ʇʨʦʛʥʦʟ ʈʝʢʦʤʝʥʜʘʮʽʾ ɺʽʟʫʘʣʽʟʘʮʽʷ ɼʈ      

ʌʽʟʠʢʘ, ʭʽʤʽʷ, 

ʽʥʞʝʥʝʨʽʷ, ʩʠʤʫʣʷʮʽʷ 

ɸʥʘʣʽʪʠʢʘ 

ʉʪʘʪʠʩʪʠʢʘ, ʤʘʰʠʥʥʝ 

ʥʘʚʯʘʥʥʷ, ʰʪʫʯʥʠʡ 

ʽʥʪʝʣʝʢʪ 

ɼʘʥʽ 

3-D ʤʦʜʝʣʽ 

ɺʽʟʫʘʣʽʟʘʮʽʷ 

ɼʦʧʦʚʥʝʥʘ ʨʝʘʣʴʥʽʩʪʴ 

ɼʈ 

ɼʘʥʽ ʄʦʜʝʣʽ 

ʉʝʨʚʽʩʠ 
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ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʘʥʘʣʽʪʠʯʥʠʭ 

ʤʦʜʝʣʝʡ ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

ɼʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʤʦʜʝʣʝʡ ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʫ ʧʨʦʩʪʦʨʽ ʩʪʘʥʽʚ 

ʥʘʡʯʘʩʪʽʰʝ ʟʘʩʪʦʩʦʚʫʶʪʴ ʬʽʣʴʪʨ ʂʘʣʤʘʥʘ, ʘ ʜʣʷ ʤʦʜʝʣʝʡ ̔ʟ ʧʝʨʝʜʘʪʥʠʤʠ 

ʬʫʥʢʮʽʷʤʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʪʦʜ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ (ʄʅʂ) ʪʘ ʡʦʛʦ 

ʤʦʜʠʬʽʢʘʮʽʾ [118]. ɼʣʷ ʥʘʰʦʛʦ ʚʠʧʘʜʢʫ ʟʘʩʪʦʩʫʻʤʦ ʄʅʂ ʟ ʦʛʣʷʜʫ ʥʘ ʡʦʛʦ 

ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ. 

ʋ ʨʦʟʜʽʣʽ 3 ʘʥʘʣʽʪʠʯʥ ̔ʤʦʜʝʣʽ ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʦʪʨʠʤʘʥʦ ʟ̔ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʽʜʦʤʠʭ ʟʘʢʦʥʽʚ ʪʝʧʣʦʤʘʩʦʦʙʤʽʥʫ, ʪʦʤʫ ʾʭʥʷ ʩʪʨʫʢʪʫʨʘ 

ʚʠʟʥʘʯʝʥʘ ʽ ʦʧʠʩʫʻʪʴʩʷ ʣʽʥʽʡʥʠʤʠ ʜʠʬʝʨʝʥʮʽʡʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ. ɿʘʣʫʯʝʥʥʷ 

ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ ʎɼ ʜʣʷ ʧʘʩʠʚʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʽʩʪʦʨʠʯʥʠʭ ʜʘʥʠʭ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʢʦʥʜʠʮʽʦʥʝʨʘ, ʷʢʽ 

ʢʦʥʪʨʦʣʶʶʪʴʩʷ ʜʘʪʯʠʢʘʤʠ ʂʌʉ. ʄʘʪʝʤʘʪʠʯʥʠʡ ʦʧʠʩ ʮʴʦʛʦ ʧʨʦʮʝʩʫ 

ʩʢʣʘʜʥʽʰʠʡ, ʦʩʢʽʣʴʢʠ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʢʦʥʮʝʧʪʫʘʣʴʥʫ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ 

ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ ʧʦʚʽʪʨʷ ʥʘ ʢʣʽʤʘʪʠʯʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ, ʘ ʪʘʢʦʞ ʥʘʷʚʥʽʩʪʴ 

ʟʦʚʥʽʰʥʽʭ ʟʙʫʨʝʥʴ ʪʘ ʧʦʭʠʙʦʢ ʚʠʤʽʨʶʚʘʥʴ ʜʘʪʯʠʢʘʤʠ. ɺʨʘʭʦʚʫʶʯʠ ʥʘʷʚʥʽ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʧʨʠʡʤʝʤʦ, ʱʦ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʤʘʪʝʤʘʪʠʯʥʠʡ ʦʧʠʩ 

ʧʨʦʮʝʩʫ ʧʽʜʛʦʪʦʚʢʠ ʧʦʚʽʪʨʷ ʥʘ ʢʣʽʤʘʪʠʯʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ ʜʦʧʦʚʥʶʻʪʴʩʷ 

ʩʪʦʭʘʩʪʠʯʥʦʶ ʩʢʣʘʜʦʚʦʶ ʪʘ ʤʘʻ ʚʠʛʣʷʜ: 

ʘ) ʜʣʷ ʧʨʦʩʪʦʨʫ ʩʪʘʥʽʚ 

¡= + +X AX BU DF ;      (4.3) 

ʙ) ʜʣʷ ʦʧʠʩʫ ʧʝʨʝʜʘʪʥʠʤʠ ʬʫʥʢʮʽʷʤʠ 

= +Y WU DF ;       (4.4) 

ʜʝ D ï ʤʘʪʨʠʮʷ ʚʠʟʥʘʯʘʻ ʥʘʷʚʥʽʩʪʴ ʜʘʪʯʠʢʽʚ ʜʣʷ ʢʦʥʪʨʦʣʶ ʟʤʽʥʥʠʭ, F ï ʚʝʢʪʦʨ 

ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʚʠʤʽʨʶʚʘʥʥʷ ʜʘʪʯʠʢʽʚ; ʜʣʷ ʤʦʜʝʣʝʡ (4.3) ʪʘ (4.4) 

ʤʘʪʨʠʮʽ D, F ʤʘʶʪʴ ʨʽʟʥʝ ʥʘʧʦʚʥʝʥʥʷ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʦʨʤʘʣʽʟʘʮʽʻʶ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʧʠʩʫ ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ ʧʦʚʽʪʨʷ ʥʘ ʦʙʣʘʜʥʘʥʥʽ ʢʦʥʜʠʮʽʦʥʝʨʘ. 

ɼʣʷ ʤʦʜʝʣʝʡ (4.3) ʘʙʦ (4.4) ʥʝʦʙʭʽʜʥʦ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʢʦʝʬʽʮʽʻʥʪʠ ʪʝʧʣʦ- 

ʪʘ ʤʘʩʦʦʙʤʽʥʫ ʤʽʞ ʤʘʪʝʨʽʘʣʴʥʠʤʠ ʧʦʪʦʢʘʤʠ ʧʦʚʽʪʨʷ ʪʘ ʪʝʧʣʦ- ʘʙʦ ʭʦʣʦʜʦʥʦʩʽʷ. 

ɺʠʭʽʜʥʽ ʟʤʽʥʥʽ ʧʨʦʮʝʩʫ X (Y) ʪʘ ʢʝʨʫʶʯʠʡ ʚʧʣʠʚ U ʤʦʞʥʘ ʢʦʥʪʨʦʣʶʚʘʪʠ ʟʘ 
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ʜʦʧʦʤʦʛʦʶ ʜʘʪʯʠʢʽʚ ʂʌʉ ʥʘ ʚʠʨʦʙʥʠʮʪʚʽ. ʗʢ ʢʨʠʪʝʨʽʡ ʽʜʝʥʪʠʬʽʢʘʮʽʾ 

ʟʘʩʪʦʩʫʻʤʦ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ, ʱʦ ʤʽʥʽʤʽʟʫʻ ʢʚʘʜʨʘʪ ʧʦʤʠʣʢʠ 

ʚʠʤʽʨʷʥʠʭ ʟʥʘʯʝʥʴ ʟʤʽʥʥʠʭ ʬʽʟʠʯʥʦʛʦ ʧʨʦʮʝʩʫ ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʧʦʚʽʪʨʷ X (Y) 

ʪʘ ʦʮʽʥʦʢ ʚʠʭʽʜʥʦʛʦ ʚʝʢʪʦʨʘ ()X Y  ʜʣʷ ʘʥʘʣʽʪʠʯʥʦʾ ʤʦʜʝʣʽ, ʱʦ 

ʽʜʝʥʪʠʬʽʢʫʻʪʴʩʷ ʧʨʠ ʦʜʥʘʢʦʚʦʤʫ ʚʭʽʜʥʦʤʫ ʚʧʣʠʚʽ U. ɼʣʷ ʤʦʜʝʣʽ (4.3) ʢʨʠʪʝʨʽʡ 

ʷʢʦʩʪʽ ʤʘʻ ʚʠʛʣʷʜ: 

( ) ( )
0

0

T

min

ft t

t

I M dt

+ë ûî î
= - - ­ì ü
î îí ý
ñX X Q X X ;   (4.5) 

ʘ ʜʣʷ ʤʦʜʝʣʽ (4.4) 

( ) ( )
0

0

T

min

ft t

t

I M dt

+ë ûî î
= - - ­ì ü
î îí ý
ñY Y Q Y Y ;   (4.6) 

ʪʫʪ t0 ï ʧʦʯʘʪʢʦʚʠʡ ʯʘʩ ʪʨʝʥʜʫ, tf ï ʪʨʠʚʘʣʽʩʪʴ ʚʠʙʽʨʢʠ ʪʨʝʥʜʫ, Q ï ʦʜʠʥʠʯʥʘ 

ʢʚʘʜʨʘʪʥʘ ʤʘʪʨʠʮʷ, ʊ ï ʦʧʝʨʘʪʦʨ ʪʨʘʥʩʧʦʥʫʚʘʥʥʷ ʤʘʪʨʠʮʴ, M ï ʦʧʝʨʘʪʦʨ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʯʽʢʫʚʘʥʥʷ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʧʨʦʤʠʩʣʦʚʽ ʟʙʫʨʝʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʟʘʩʪʦʩʦʚʫʶʯʠ ʄʅʂ, ʫʟʘʛʘʣʴʥʝʥʫ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʜʣʷ 

ʘʥʘʣʽʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4.3. 

 

 

ʈʠʩ. 4.3. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʘʥʘʣʽʪʠʯʥʦʾ ʤʦʜʝʣʽ  

ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

 

ʂʦʝʬʽʮʽʻʥʪʠ ʪʝʧʣʦ- ʪʘ ʤʘʩʦʦʙʤʽʥʫ ʚʭʦʜʷʪʴ ʜʦ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʝʡ (4.3) 

ʪʘ (4.4) ʥʝʣʽʥʽʡʥʦ (ʜʠʚ. ʨʦʟʜʽʣ 3), ʪʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʥʘʣʽʪʠʯʥʦʛʦ ʄʅʂ ʜʣʷ 

ʤʽʥʽʤʽʟʘʮʽʾ ʢʨʠʪʝʨʽʾʚ (4.5) ʘʙʦ (4.6) ʫʩʢʣʘʜʥʝʥʦ. ɼʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ 

ʘʥʘʣʽʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʪʠ ʯʠʩʝʣʴʥʽ ʤʝʪʦʜʠ ʦʧʪʠʤʽʟʘʮʽʾ 

ʂʣʽʤʘʪʠʯʥʝ 

ʦʙʣʘʜʥʘʥʥʷ 

ɸʥʘʣʽʪʠʯʥʘ 

ʤʦʜʝʣʴ 

min, ʧʦʰʫʢ 

ʢʦʝʬʽʮʽʻʥʪʽʚ  

U X, (Y) 

ἦ, (ἧ) 
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ʥʫʣʴʦʚʦʛʦ ʧʦʨʷʜʢʫ [236]. ɺʽʜʦʤʦ, ʱʦ ʯʠʩʝʣʴʥʽ ʤʝʪʦʜʠ ʚʠʤʘʛʘʶʪʴ ʩʫʪʪʻʚʠʭ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ, ʪʦʤʫ ʘʣʛʦʨʠʪʤ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʤʦʞʥʘ ʨʝʘʣʽʟʫʚʘʪʠ ʷʢ 

ʭʤʘʨʥʠʡ ʩʝʨʚʽʩ ʎɼ. 

ɸʣʛʦʨʠʪʤ ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʢʨʦʢʽʚ: 

1) ʜʘʪʯʠʢʠ ʂʌʉ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʢʦʥʪʨʦʣʶʶʪʴ ʚʝʢʪʦʨ ʚʭʽʜʥʦʛʦ ʚʧʣʠʚʫ U ʪʘ 

ʚʠʭʽʜʥʦʛʦ ʩʪʘʥʫ X (Y) ʬʽʟʠʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʚʠʭʽʜʥʽ ʜʘʥʽ ʦʙʨʦʙʣʷʶʪʴʩʷ ʚ ʂʌʉ 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʪʘ ʬʦʨʤʫʻʪʴʩʷ ʙʘʟʘ ʜʘʥʠʭ ʚʭʽʜʥʠʭ ʪʘ ʚʠʭʽʜʥʠʭ ʩʪʘʥʽʚ ʜʣʷ 

ʬʽʟʠʯʥʦʛʦ ʧʨʦʮʝʩʫ; 

2) ʟʘ ʯʘʩʦʚʠʤʠ ʪʨʝʥʜʘʤʠ ʚʭʽʜʥʦʛʦ ʚʧʣʠʚʫ U ʦʮʽʥʶʻʪʴʩʷ ʚʠʭʽʜʥʠʡ ʩʪʘʥ ()X Y  

ʘʥʘʣʽʪʠʯʥʦʾ ʤʦʜʝʣʽ ʟ̔ ʧʦʯʘʪʢʦʚʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦ- ʪʘ 

ʤʘʩʦʚʽʜʜʘʯʽ; 

3) ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʨʠʪʝʨʽʡ ʽʜʝʥʪʠʬʽʢʘʮʽʾ (4.5) ʜʣʷ ʤʦʜʝʣʽ (4.3), ʘʙʦ (4.6) ʜʣʷ 

ʤʦʜʝʣʽ (4.4), ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʟʤʦʜʝʣʴʦʚʘʥʽ ʚʠʭ̔ʜʥʽ ʟʤʽʥʥʽ ()X Y  ʪʘ ʚʠʤʽʨʷʥʽ 

ʟʥʘʯʝʥʥʷ ʟʤʽʥʥʠʭ X (Y) ʜʣʷ ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ; 

4) ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʢʨʠʪʝʨʽʡ (4.5) ʘʙʦ (4.6) ʯʠʩʝʣʴʥʦ ʦʧʪʠʤʽʟʫʶʪʴʩʷ ʧʘʨʘʤʝʪʨʠ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦ- ʪʘ ʤʘʩʦʚʽʜʜʘʯʽ ʜʣʷ ʤʦʜʝʣʽ (4.3) ʘʙʦ (4.4); 

5) ̫ ʢʱʦ ʟʥʘʡʜʝʥʦ ʤʽʥʽʤʫʤ ʢʨʠʪʝʨʽʶ (4.3) ʘʙʦ (4.4), ʪʦ ʧʝʨʝʭʦʜʠʤʦ ʜʦ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʎɼ, ʽʥʘʢʰʝ ʧʨʦʜʦʚʞʫʻʤʦ ʤʽʥʽʤʽʟʫʚʘʪʠ ʢʨʠʪʝʨʽʡ ʽʜʝʥʪʠʬʽʢʘʮʽʾ 

ʪʘ ʧʝʨʝʭʦʜʠʤʦ ʜʦ ʢʨʦʢʫ 2. 

ɺ ʧʨʦʮʝʩʽ ʧʦʰʫʢʫ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʯʠʩʝʣʴʥʦʛʦ 

ʤʝʪʦʜʫ ʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʢʨʠʪʝʨʽʶ ʽʜʝʥʪʠʬʽʢʘʮʽʾ. ɼʣʷ ʷʢʽʩʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʯʘʩʦʚʽ 

ʪʨʝʥʜʠ tf  ʚʭʽʜʥʦʛʦ ʪʘ ʚʠʭʽʜʥʦʛʦ ʩʪʘʥʽʚ ʧʦʚʠʥʥʽ ʙʫʪʠ ʚ ʜʝʢʽʣʴʢʘ ʨʘʟʽʚ ʙʽʣʴʰʠʤʠ 

ʟʘ ʪʨʠʚʘʣʽʩʪʴ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʅʘʙʣʠʞʝʥʦ ʮʶ 

ʚʝʣʠʯʠʥʫ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʫʪʦʯʥʠʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʘʥʘʣʽʪʠʯʥʽ ʤʦʜʝʣʽ 

ʪʨʝʪʴʦʛʦ ʨʦʟʜʽʣʫ. ɼʣʷ ʫʩʫʥʝʥʥʷ ʝʬʝʢʪʫ ʧʝʨʝʧʦʚʥʝʥʥʷ ʘʣʛʦʨʠʪʤʫ ʯʠʩʝʣʴʥʦʾ 

ʤʽʥʽʤʽʟʘʮʽʾ ʢʨʠʪʝʨʽʶ ʜ̔ʝʥʪʠʬʢ̔ʘʮ̔ʾ  ʥʝʦʙʭʽʜʥʦ ʚʩʪʘʥʦʚʠʪʠ ʤʝʞʽ ʧʦʰʫʢʫ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦ- ʪʘ ʤʘʩʦʚʽʜʜʘʯʽ, ʚʠʭʦʜʷʯʠ ʟ ʬʽʟʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ.  
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4.3 ʇʽʜʭʽʜ ʜʦ ʨʦʟʨʦʙʢʠ ʮʠʬʨʦʚʦʛʦ ʜʚʽʡʥʠʢʘ ʢʣʽʤʘʪʠʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ 

ɸʨʭʽʪʝʢʪʫʨʘ ʎɼ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʫ [233] ʻ ʘʙʩʪʨʘʢʪʥʦʶ ʽ ʤʽʩʪʠʪʴ 

ʟʘʛʘʣʴʥʽ ʚʠʟʥʘʯʝʥʥʷ ʜʣʷ ʨʽʟʥʠʭ ʟʘʮʽʢʘʚʣʝʥʠʭ ʩʪʦʨʽʥ (Stakeholders), ʧʦʨʷʜʦʢ 

ʜʝʢʦʤʧʦʟʠʮʽʾ ʩʠʩʪʝʤʠ, ʰʘʙʣʦʥʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʛʣʦʩʘʨʽʡ ʪʝʨʤʽʥʽʚ. 

ɸʨʭʽʪʝʢʪʫʨʘ ʎɼ ʟʘ ʚʝʨʩʽʻʶ ʢʦʥʩʦʨʮʽʫʤʫ IIC ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 4.4, ʚʦʥʘ 

ʚʠʟʥʘʯʘʻ ʱʦʥʘʡʤʝʥʰʝ ʯʦʪʠʨʠ ʥʘʧʨʷʤʢʠ ʜʣʷ ʟʘʮʽʢʘʚʣʝʥʠʭ ʩʪʦʨʽʥ: ʙʽʟʥʝʩ; 

ʚʠʢʦʨʠʩʪʘʥʥʷ; ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ; ʚʧʨʦʚʘʜʞʝʥʥʷ. ʂʦʞʝʥ ʥʘʧʨʷʤʦʢ ʬʦʢʫʩʫʻʪʴʩʷ 

ʥʘ ʨʝʘʣʽʟʘʮʽʾ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʤʦʜʝʣʽ ʎɼ, ʩʪʨʫʢʪʫʨʽ, ʽʥʪʝʨʬʝʡʩʘʭ ʪʘ ʚʟʘʻʤʦʜʽʾ 

ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ ʎɼ, ʘ ʪʘʢʦʞ ʥʘ ʚʟʘʻʤʦʜʽʾ ʩʠʩʪʝʤʠ ʤʦʜʝʣʝʡ ʎɼ ̔ʟ 

ʟʦʚʥʽʰʥʽʤʠ ʝʣʝʤʝʥʪʘʤʠ ʩʝʨʝʜʦʚʠʱʘ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʂʌʉ. 

 

 

ʈʠʩ. 4.4. ɸʨʭʽʪʝʢʪʫʨʘ ʤʦʜʝʣʽ ʮʠʬʨʦʚʦʛʦ ʜʚʽʡʥʠʢʘ ʟʘ ʚʝʨʩʽʻʶ IIC 

 

ʅʘ ʦʩʥʦʚʽ ʪʝʤʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʫ ʧʫʙʣʽʢʘʮʽ ʾ [237] ʨʦʟʛʣʷʜʘʶʪʴʩʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʎɼ, ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʨʦʛʘʣʠʥʠ ʚ ʟʥʘʥʥʷʭ ʪʘ ʥʝʦʙʭʽʜʥʽ ʥʘʧʨʷʤʢʠ 

ʤʘʡʙʫʪʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʋ ʨʦʙʦʪʽ ʦʙʛʦʚʦʨʝʥʦ ʩʪʘʥ ʢʦʥʮʝʧʮʽʾ ʎɼ, ʚʠʟʥʘʯʝʥʦ 

ʢʣʶʯʦʚʫ ʪʝʨʤʽʥʦʣʦʛʽʶ ʪʘ ʧʦʚ'ʷʟʘʥʽ ʟ ʥʝʶ ʧʨʦʮʝʩʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 13 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʬʽʟʠʯʥʠʡ ʦʙ'ʻʢʪ/ʜʚʽʡʥʠʢ; ʚʽʨʪʫʘʣʴʥʠʡ ʦʙ'ʻʢʪ/ʜʚʽʡʥʠʢ; ʬʽʟʠʯʥʝ 

ʊʦʯʢʠ ʟʦʨʫ ʟʘʮʽʢʘʚʣʝʥʠʭ ʩʪʦʨʽʥ 

ɺʧʨʦʚʘʜʞʝʥʥʷ: 

¶̔ ʥʪʝʨʝʩʠ; 

¶ʪʠʧʠ ʤʦʜʝʣʝʡ. 

ʌʫʥʢʮʽʦʥʫʚʘʥʥʷ: 

¶̔ ʥʪʝʨʝʩʠ; 

¶ʪʠʧʠ ʤʦʜʝʣʝʡ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ: 

¶̔ ʥʪʝʨʝʩʠ; 

¶ʪʠʧʠ ʤʦʜʝʣʝʡ. 

ɹʽʟʥʝʩ: 

¶̔ ʥʪʝʨʝʩʠ; 

¶ʪʠʧʠ ʤʦʜʝʣʝʡ. 

 

ʄʦʜʝʣʽ ʚʧʨʦʚʘʜʞʝʥʥʷ 
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ʄʦʜʝʣʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 
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ʩʝʨʝʜʦʚʠʱʝ; ʚʽʨʪʫʘʣʴʥʝ ʩʝʨʝʜʦʚʠʱʝ; ʩʪʘʥ; ʨʝʘʣʽʟʘʮʽʷ; ʤʝʪʨʦʣʦʛʽʷ; ʜʚʽʡʥʠʮʪʚʦ; 

ʰʚʠʜʢʽʩʪʴ ʜʚʽʡʥʠʮʪʚʘ; ʬʽʟʠʢʦ-ʚʽʨʪʫʘʣʴʥʠʡ ʟʚ'ʷʟʦʢ/ʜʚʽʡʥʠʢ; ʚʽʨʪʫʘʣʴʥʠʡ-

ʬʽʟʠʯʥʠʡ ʟʚ'ʷʟʦʢ/ʜʚʽʡʥʠʢ; ʬʽʟʠʯʥʽ ʧʨʦʮʝʩʠ; ʚʽʨʪʫʘʣʴʥʽ ʧʨʦʮʝʩʠ), ʘ ʪʘʢʦʞ 

ʨʦʟʛʣʷʥʫʪʦ ʩʭʝʤʠ ʎɼ ʪʘ ʧʨʦʮʝʩ ʡʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. 

ʋ ʧʫʙʣʽʢʘʮʽʾ [238] ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʩʫʯʘʩʥʠʡ ʩʪʘʥ ʤʝʪʦʜʦʣʦʛʽʾ ʽ ʤʝʪʦʜʽʚ, 

ʧʦʚ'ʷʟʘʥʠʭ ʟ ʨʦʟʨʦʙʢʦʶ ʎɼ, ʥʘʩʘʤʧʝʨʝʜ ʟ ʪʦʯʢʠ ʟʦʨʫ ʤʦʜʝʣʶʚʘʥʥʷ. ʊʘʢʦʞ 

ʜʝʪʘʣʴʥʦ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʧʦʪʦʯʥʽ ʚʠʢʣʠʢʠ ʪʘ ʥʘʡʢʨʘʱʽ ʧʨʘʢʪʠʢʠ, ʘ ʪʘʢʦʞ 

ʨʝʢʦʤʝʥʜʘʮʽʾ ʪʘ ʤʽʨʢʫʚʘʥʥʷ ʜʣʷ ʨʽʟʥʠʭ ʟʘʮʽʢʘʚʣʝʥʠʭ ʩʪʦʨʽʥ. 

ʊʝʨʤʽʥ "ʮʠʬʨʦʚʠʡ ʜʚʽʡʥʠʢ" ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʫ ʥʘʡʨʽʟʥʦʤʘʥʽʪʥʽʰʠʭ 

ʟʥʘʯʝʥʥʷʭ. ɼʝʷʢʽ ʚʽʜʤʽʥʥʦʩʪʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʩʝʢʪʦʨʫ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʘʣʝ 

ʚʠʟʥʘʯʝʥʥʷ ʚ ʤʝʞʘʭ ʦʜʥʦʛʦ ʩʝʢʪʦʨʫ ʪʘʢʦʞ ʤʦʞʫʪʴ ʩʠʣʴʥʦ ʚʽʜʨʽʟʥʷʪʠʩʷ. ɺ 

ʽʥʞʝʥʝʨʽʾ ʩʪʚʝʨʜʞʫʶʪʴ ʧʨʦ ʧʝʨʝʚʘʛʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʎɼ ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ, 

ʦʧʪʠʤʽʟʘʮʽʾ, ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʘʤʠ, ʚʽʨʪʫʘʣʴʥʦʛʦ ʪʝʩʪʫʚʘʥʥʷ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʦʮʽʥʢʠ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ. ʋ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ 

ʨʽʟʥʠʮʷ ʤʽʞ ʤʦʜʝʣʣʶ ʽ ʎɼ ʥʝ ʻ ʯʽʪʢʦʶ. 

ʋ ʢʦʥʮʝʧʮʽʾ ʧʨʦʝʢʪʫʚʘʥʥʷ ʎɼ ʙʘʛʘʪʦ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʥʘʧʨʷʤʢʽʚ ʽ ʟʘʜʘʯ. 

ɹʘʛʘʪʦ ʽʟ ʮʠʭ ʥʘʧʨʷʤʢʽʚ ʩʪʦʩʫʶʪʴʩʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʭʤʘʨʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ 

ʽʤʧʣʝʤʝʥʪʘʮʽʾ ʎɼ. ɺ̔ ʜʦʤʽ ʢʦʨʧʦʨʘʮʽʾ ʽʟ ʩʚʽʪʦʚʠʤ ʽʤôʷʤ ʩʪʚʦʨʶʶʪʴ ʧʨʦʛʨʘʤʥʽ 

ʧʣʘʪʬʦʨʤʠ ʜʣʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʎɼ. ʆʩʴ ʥʝʚʝʣʠʢʽʡ ʧʝʨʝʣʽʢ ʪʘʢʠʭ ʧʨʠʢʣʘʜʽʚ: 

¶ Siemens Digital Twin ï ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʎɼ ʜʣʷ ʦʙʣʘʜʥʘʥʥʷ ʪʘ 

ʧʨʦʤʠʩʣʦʚʠʭ ʧʨʦʮʝʩʽʚ [239]; 

¶ ANSYS Twin Builder ï ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʎɼ ʜʣʷ ʨʽʟʥʠʭ ʧʨʦʤʠʩʣʦʚʠʭ 

ʩʠʩʪʝʤ, ʚʢʣʶʯʘʶʯʠ ʘʚʪʦʤʦʙʽʣʴʥʫ, ʝʣʝʢʪʨʦʥʥʫ ʪʘ ʝʥʝʨʛʝʪʠʯʥʫ ʛʘʣʫʟʽ [240]; 

¶ Microsoft Azure Digital Twins ï ʭʤʘʨʥʝ ʨʽʰʝʥʥʷ, ʷʢʝ ʦʨʽʻʥʪʦʚʘʥʝ ʥʘ 

ʩʪʚʦʨʝʥʥʷ ʎɼ ʜʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʙʫʜʽʚʝʣʴ ʽ ʤʽʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ [241]; 

¶ Predix Digital Twin ï ʮʝ ʨʽʰʝʥʥʷ ʚʽʜ General Electric, ʷʢʝ ʜʦʟʚʦʣʷʻ 

ʩʪʚʦʨʶʚʘʪʠ ʎɼ ʜʣʷ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʚ ʝʥʝʨʛʝʪʠʮʽ ʪʘ 

ʪʨʘʥʩʧʦʨʪʽ [242]. 

ʅʘʧʨʷʤʢʽʚ ʽ ʘʢʪʫʘʣʴʥʠʭ ʟʘʚʜʘʥʴ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʎɼ ʜʫʞʝ 

ʙʘʛʘʪʦ, ʦʩʢʽʣʴʢʠ ʫ ʢʦʞʥʽʡ ʧʨʠʢʣʘʜʥʽʡ ʦʙʣʘʩʪʽ ʻ ʩʚʦʾ ʦʩʦʙʣʠʚʦʩʪʽ. ʋ ʜʘʥʽʡ 
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ʨʦʙʦʪʽ ʩʪʘʚʠʪʴʩʷ ʟʘʜʘʯʘ ʨʦʟʨʦʙʢʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʎɼ ʜʣʷ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʢʦʥʜʠʮʽʦʥʝʨʽʚ ʨʽʟʥʦʾ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ. ɯʟ 

ʟʘʟʥʘʯʝʥʠʭ ʤʽʨʢʫʚʘʥʴ ʨʦʟʨʦʙʢʘ ʎɼ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʨʽʚʥʷ ʙʫʜʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ 

ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʪʠʯʥʠʭ ʤʦʜʝʣʝʡ (4.3) ʪʘ (4.4). ɺʠʙʽʨ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ (4.3) 

ʘʙʦ (4.4) ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʝʪʦʜʽʚ ʫʧʨʘʚʣʽʥʩʴʢʦʾ ʩʪʨʘʪʝʛʽʾ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʥʘ 

ʚʠʨʦʙʥʠʮʪʚʽ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʘʜʝʢʚʘʪʥʠʭ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʜʘʥʠʭ ʥʘ ʧʝʨʰʦʤʫ 

ʝʪʘʧʽ ʨʦʟʨʦʙʢʠ ʎɼ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ ʽʜʝʥʪʠʬʽʢʘʮʽʶ ʘʥʘʣʽʪʠʯʥʦʾ ʤʦʜʝʣʽ 

ʦʙʣʘʜʥʘʥʥʷ ʢʦʥʜʠʮʽʦʥʝʨʘ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʘʣʛʦʨʠʪʤ ʧʘʩʠʚʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ 

ʨʦʟʛʣʷʥʫʪʠʡ ʫ ʧ. 4.2. ʊʘʢʦʞ, ʜʫʞʝ ʙʘʞʘʥʦ ʟʤʝʥʰʠʪʠ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʨʝʩʫʨʩʠ 

ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣʽ ʎɼ. ɿ ʪʝʦʨʽʾ ʤʦʜʝʣʶʚʘʥʥʷ ʚʽʜʦʤʦ, ʱʦ ʦʙʯʠʩʣʶʚʘʣʴʥʽ 

ʨʝʩʫʨʩʠ ʥʘ ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ ʙʽʣʴʰ,̔ ʥʽʞ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʾʭ ʜʠʩʢʨʝʪʥʠʭ ʘʥʘʣʦʛʽʚ ʥʘ ʦʩʥʦʚʽ ʨʽʟʥʠʮʝʚʠʭ ʨʽʚʥʷʥʴ. ʈʦʟʛʣʷʥʝʤʦ ʜʠʩʢʨʝʪʥʝ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʜʣʷ ʥʝʧʝʨʝʨʚʥʠʭ ʤʦʜʝʣʝʡ (4.3), (4.4) [243]. 

ʄʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ (4.3) ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʚ ʜʠʩʢʨʝʪʥʦʤʫ ʚʠʛʣʷʜʽ 

= + +
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ɼʣʷ ʧʨʠʚʝʜʝʥʥʷ ʤʦʜʝʣʽ (4.4) ʜʦ ʜʠʩʢʨʝʪʥʦʛʦ ʚʠʛʣʷʜʫ ʜʦʩʪʘʪʥʴʦ 

ʚʠʢʦʨʠʩʪʘʪʠ ʰʣʷʭ ʬʦʨʤʘʣʴʥʦʛʦ ʧʝʨʝʭʦʜʫ ʚʽʜ ʥʝʧʝʨʝʨʚʥʦʾ ʤʦʜʝʣʽ ʚ ʦʙʣʘʩʪʽ 

ʃʘʧʣʘʩʘ ʜʦ ʾʾ ʜʠʩʢʨʝʪʥʦʛʦ ʘʥʘʣʦʛʘ ʚ z-ʦʙʣʘʩʪʽ 
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ʥʝʧʝʨʝʨʚʥʦʾ ʤʦʜʝʣʽ ʤʝʪʦʜʦʤ ʪʨʘʧʝʮʽʡ. ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʮʝ ʥʝ ʤʘʻ 
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ʧʨʠʥʮʠʧʦʚʦʛʦ ʟʥʘʯʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʮʽ ʧʽʜʭʦʜʠ ʚʠʚʯʝʥʽ ʽ ʨʝʘʣʽʟʦʚʘʥʽ ʫ ʚʠʛʣʷʜʽ 

ʬʫʥʢʮʽʡ MatLAB [98, 199, 200]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʝʪʦʜʠʢʘ ʨʦʟʨʦʙʢʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʨʽʚʝʥʴ ʎɼ ʜʣʷ ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

ʢʦʥʜʠʮʽʦʥʝʨʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ̔ ʢʨʦʢʽʚ: 

1) ̔ ʜʝʥʪʠʬʽʢʘʮʽʷ ʥʝʚʠʟʥʘʯʝʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ (4.3) ʘʙʦ 

(4.4) ʟʘ ʘʣʛʦʨʠʪʤʦʤ ʨʦʟʛʣʷʥʫʪʠʤ ʫ ʧ. 4.2; 

2) ʧʝʨʝʭʽʜ ʚʽʜ ʥʝʧʝʨʝʨʚʥʦʾ ʤʦʜʝʣʽ (4.3) ʘʙʦ (4.4) ʜʦ ʜʠʩʢʨʝʪʥʦʛʦ ʘʥʘʣʦʛʫ (4.7) 

ʘʙʦ (4.8) ʚʽʜʧʦʚʽʜʥʦ, ʷʢʘ ʻ ʎɼ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ; 

3) ̫ ʢʱʦ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʪʦʯʥʽʩʪʴ ʎɼ ʧʦʛʽʨʰʠʣʘʩʷ (ʯʝʨʝʟ ʥʝʩʪʘʮʽʦʥʘʨʥʽʩʪʴ 

ʧʨʦʮʝʩʫ), ʪʦ ʧʝʨʝʭʦʜʠʤʦ ʜʦ ʢʨʦʢʫ 1 ʜʣʷ ʫʪʦʯʥʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ. 

ʋʟʘʛʘʣʴʥʝʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʧʽʜʭʦʜʫ ʜʦ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʽ ʎɼ ʥʘ ʦʩʥʦʚʽ 

ʘʥʘʣʽʪʠʯʥʦʾ ʤʦʜʝʣʽ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 4.5, [244]. ʉʧʦʯʘʪʢʫ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ 

ʘʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʠ ʚ ʧʨʠʢʣʘʜʥʽʡ ʛʘʣʫʟʽ ʜʦʩʣʽʜʞʝʥʥʷ ʬʽʟʠʯʥʦʛʦ ʧʨʦʮʝʩʫ. ʎʝ 

ʜʦʧʦʤʦʞʝ ʚʠʟʥʘʯʠʪʠ ʩʪʨʫʢʪʫʨʫ ʤʦʜʝʣʽ, ʽʩʥʫʶʯʽ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ. 

ʇʨʘʢʪʠʢʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʥʘʣʽʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʧʦʢʘʟʫʻ, ʱʦ ʛʦʪʦʚʽ ʜʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʝʣʽ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʚʢʨʘʡ ʨʽʜʢʦ. ʅʘʚʽʪʴ ʘʧʨʦʙʦʚʘʥʽ ʤʦʜʝʣʽ 

ʧʦʪʨʝʙʫʶʪʴ ʢʦʨʠʛʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʟ ʤʝʪʦʶ ʾʭ ʘʜʘʧʪʘʮʽʾ ʜʦ ʢʦʥʢʨʝʪʥʠʭ ʫʤʦʚ 

ʚʠʢʦʨʠʩʪʘʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʢʦʣʠ ʨʦʟʨʦʙʣʷʻʪʴʩʷ ʤʦʜʝʣʴ ʎɼ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ 

ʨʽʚʥʷ, ʜʦʩʣʽʜʥʠʢʫ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ "ʬʽʟʠʯʥʽ ʤʝʞʽ ʮʴʦʛʦ ʧʨʦʮʝʩʫ" ʫ ʚʠʛʣʷʜʽ 

ʯʠʩʣʦʚʠʭ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ. ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ 

ʧʨʦʚʝʩʪʠ ʧʘʩʠʚʥʫ ʽʜʝʥʪʠʬʽʢʘʮʽʶ ʧʘʨʘʤʝʪʨʽʚ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ. ɼʫʞʝ 

ʚʘʞʣʠʚʫ ʨʦʣʴ ʥʘ ʮʴʦʤʫ ʝʪʘʧʽ ʚʽʜʽʛʨʘʻ ʷʢʽʩʪʴ ʜʘʥʠʭ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʤʦʜʝʣʽ, 

ʪʦʤʫ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʙʘʟʠ ʜʘʥʠʭ ʩʣʽʜ ʢʝʨʫʚʘʪʠʩʷ ʚʽʜʦʤʠʤʠ ʚʠʤʦʛʘʤʠ 

ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ, ʩʠʥʭʨʦʥʥʦʩʪʽ ʪʘ ʢʦʨʝʢʪʥʦʩʪʽ [118]. 

ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʻ ʜʠʩʢʨʝʪʠʟʘʮʽʷ ʽʜʝʥʪʠʬʽʢʦʚʘʥʦʾ ʤʦʜʝʣʽ. ʊʫʪ 

ʥʝʦʙʭʽʜʥʦ ʧʨʘʚʠʣʴʥʦ ʚʩʪʘʥʦʚʠʪʠ ʯʘʩ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʘʥʘʣʽʪʠʯʥʦʾ ʤʦʜʝʣʽ. ɿ 

ʦʜʥʦʛʦ ʙʦʢʫ, ʯʘʩ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʥʝ ʧʦʚʠʥʝʥ ʙʫʪʠ ʤʘʣʠʤ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʦ ʤʝʨʝʞʽ ʂʌʉ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʚʝʣʠʢʠʡ ʯʘʩ  
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ʈʠʩ. 4.5. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʧʨʦʮʝʜʫʨʠ ʨʦʟʨʦʙʢʠ ʎɼ 

 

ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʧʨʠʟʚʝʜʝ ʜʦ ʚʪʨʘʪʠ ʧʨʦʤʽʞʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʠʭ 

ʧʨʦʛʥʦʟʽʚ. ʆʪʨʠʤʘʥʘ ʯʠʩʝʣʴʥʘ ʤʦʜʝʣʴ, ʥʘʚʽʪʴ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʦʛʦ ʩʪʫʧʝʥʷ 

ʘʜʝʢʚʘʪʥʦʩʪʽ, ʱʝ ʥʝ ʛʘʨʘʥʪʫʻ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ ʧʨʦʛʥʦʟʥʠʭ ʦʮʽʥʦʢ, ʷʢʱʦ ʥʝ 

ʚʨʘʭʦʚʘʥʽ ʙʘʟʦʚʽ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʬʽʟʠʯʥʦʛʦ ʧʨʦʮʝʩʫ. ʊʦʤʫ ʧʽʩʣʷ ʧʦʙʫʜʦʚʠ 

ʤʦʜʝʣʽ ʎɼ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʚʽʨʠʪʠ ʤʦʞʣʠʚʽʩʪʴ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʨʦʟʚ'ʷʟʘʥʥʷ 

ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʜʘʯ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. 

  

ʅ ̔

ʅ ̔ ʏʠ ʘʜʝʢʚʘʪʥʘ 

ʘʥʘʣʽʪʠʯʥʘ ʤʦʜʝʣʴ? 

ɸʥʘʣʽʟ ʬʽʟʠʯʥʦʛʦ ʧʨʦʮʝʩʫ 

ʈʦʟʨʦʙʢʘ ʘʥʘʣʽʪʠʯʥʦʾ ʤʦʜʝʣʽ 

ʬʽʟʠʯʥʦʛʦ ʧʨʦʮʝʩʫ 

ɸʥʘʣʽʟ ʤʦʜʠʬʽʢʦʚʘʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ 

ɯʜʝʥʪʠʬʽʢʘʮʽʷ ʧʘʨʘʤʝʪʨʽʚ 

ʥʝʧʝʨʝʨʚʥʦʾ ʤʦʜʝʣʽ 

ʅʘʢʦʧʠʯʝʥʥʷ ʪʘ ʦʙʨʦʙʢʘ ʜʘʥʠʭ 

ʧʨʦ ʬʽʟʠʯʥʽ ʧʨʦʮʝʩʠ 

ʂʨʠʪʝʨʽʡ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ 

ʈʦʟʨʦʙʢʘ ʤʦʜʝʣʽ ʮʠʬʨʦʚʦʛʦ 

ʜʚʽʡʥʠʢʘ 

ʏʠ ʘʜʝʢʚʘʪʥʘ 

ʤʦʜʝʣʴ ʎɼ? 
ʂʨʠʪʝʨʽʡ 

ʘʜʝʢʚʘʪʥʦʩʪʽ 

ʊʘʢ 

ʊʘʢ 
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4.3.1 ʇʨʠʢʣʘʜ ʨʦʟʨʦʙʢʠ ʮʠʬʨʦʚʦʛʦ ʜʚʽʡʥʠʢʘ ʜʣʷ ʧʨʦʮʝʩʫ 

ʥʘʛʨʽʚʘʥʥʷ ʧʦʚʽʪʨʷ ʝʣʝʢʪʨʦʢʘʣʦʨʠʬʝʨʦʤ 

ʈʦʟʛʣʷʥʝʤʦ ʧʨʦʮʝʩ ʥʘʛʨʽʚʘʥʥʷ ʧʦʚʽʪʨʷ ʥʘ ʝʣʝʢʪʨʦʢʘʣʦʨʠʬʝʨʽ, ʷʢʠʡ ʚ 

ʧʨʦʩʪʦʨʽ ʩʪʘʥʽʚ ʦʧʠʩʫʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʶ (3.9), ʘʙʦ ʤʘʪʨʠʯʥʠʤ ʨʽʚʥʷʥʥʷʤ (3.15) 

ʚ ʦʙʣʘʩʪʽ ʃʘʧʣʘʩʘ. ʇʘʨʘʤʝʪʨʠʯʥʠʡ ʘʥʘʣʽʟ ʤʦʜʝʣʽ ʝʣʝʢʪʨʦʢʘʣʦʨʠʬʝʨʘ ʜʦʟʚʦʣʷʻ 

ʚʠʟʥʘʯʠʪʠ ʰʽʩʪʴ ʟʤʽʥʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 
0a, GA, ɗA0, ɗA, dA0, dA, ʚʽʜ ʷʢʠʭ ʟʘʣʝʞʘʪʴ 

ʚʩʽ ʢʦʝʬʽʮʽʻʥʪʠ ʤʦʜʝʣʝʡ (3.9), (3.15) [244 ï 247]. ʎ̔  ʧʘʨʘʤʝʪʨʠ ʧʦʚ'ʷʟʘʥʽ ʚ 

ʻʜʠʥʠʡ ʢʦʤʧʣʝʢʩ ʚʟʘʻʤʦʧʦʚ'ʷʟʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ ʝʣʝʢʪʨʦʢʘʣʦʨʠʬʝʨʘ. 

ʅʘʧʨʠʢʣʘʜ, ʟʙʽʣʴʰʝʥʥʷ ʚʠʪʨʘʪʠ ʧʦʚʽʪʨʷ GA ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʽʜʜʘʯʽ 
0a, ʪʦʯʥʦ ʪʘʢʦʛʦ ʞ ʝʬʝʢʪʫ ʤʦʞʥʘ ʜʦʩʷʛʪʠ 

ʟʙʽʣʴʰʝʥʥʷʤ ʚʦʣʦʛʦʩʪʽ ʧʦʚʽʪʨʷ dA0. ʆʜʥʝ ʽ ʪʝ ʞ ʯʠʩʣʦʚʝ ʟʥʘʯʝʥʥʷ 0a ʤʘʻ 

ʥʝʩʢʽʥʯʝʥʥʫ ʢʽʣʴʢʽʩʪʴ ʢʦʤʙʽʥʘʮʽʡ ʨʦʟʛʣʷʥʫʪʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʏʠʩʝʣʴʥʝ ʟʥʘʯʝʥʥʷ 

0a  ʟʘʣʝʞʠʪʴ ʚʽʜ: ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʘʣʴʥʦʛʦ ʝʣʝʤʝʥʪʫ 
Eq; ʪʝʤʧʝʨʘʪʫʨʠ Aq , 

ʚʦʣʦʛʦʩʪʽ 
Ad  ʪʘ ʚʠʪʨʘʪʠ ʧʦʚʽʪʨʷ 

AG ; ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʦʚʝʨʭʥʽ 

ʪʝʧʣʦʦʙʤʽʥʫ ʪʘ ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ [227, 229]. ɿʤʽʥʥʽ GA, ɗA0, ɗA, dA0, dA ʤʦʞʥʘ 

ʚʠʤʽʨʷʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʘʪʯʠʢʽʚ ʂʌʉ, ʘʣʝ ʥʝ ʽʩʥʫʻ ʜʘʪʯʠʢʘ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ 

ʚʝʣʠʯʠʥʠ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʽʜʜʘʯʽ 
0a. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʤʦʜʝʣʝʡ (3.9), (3.15) 

ʥʝʦʙʭʽʜʥʦ ʨʦʟʢʨʠʪʠ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʽʜʜʘʯʽ 
0a, ʱʦ ʟʥʘʯʥʦ 

ʩʧʨʦʱʫʻ ʟʘʜʘʯʫ ʧʦʰʫʢʫ. ʄʘʩʦʦʙʤʽʥʽ ʧʨʦʮʝʩʠ ʫ ʝʣʝʢʪʨʦʢʘʣʦʨʠʬʝʨʽ ʚʽʜʩʫʪʥʽ, 

ʦʩʢʽʣʴʢʠ ʥʝʤʘ ʜʞʝʨʝʣ ʚʦʣʦʛʦʚʠʜʽʣʝʥʥʷ, ʘ ʢʦʥʜʝʥʩʘʮʽʷ ʚʦʣʦʛʠ ʥʝʤʦʞʣʠʚʘ 

ʚʥʘʩʣʽʜʦʢ ʥʘʛʨʽʚʘʥʥʷ ʧʦʚʽʪʨʷ. 

ʇʨʠʢʣʘʜ ʨʦʟʨʦʙʢʠ ʎɼ ʫ ʧʨʦʩʪʦʨʽ ʩʪʘʥʽʚ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʫ ʧ. 4.2 

ʘʣʛʦʨʠʪʤ ʯʠʩʝʣʴʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ MatLAB. 

ɽʪʘʣʦʥʥʘ ʤʦʜʝʣʴ ʟ ʯʠʩʣʦʚʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʤʘʪʨʠʮʴ A ʽ B ʽʟ ɼʦʜʘʪʢʫ ɹ.1 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʯʘʩʦʚʠʭ ʪʨʝʥʜʽʚ ʬʫʥʢʮʽʦʥʫʶʯʦʛʦ 

ʝʣʝʢʪʨʦʥʘʛʨʽʚʘʯʘ X(t). ɼʣʷ ʽʤʽʪʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʟʙʫʨʝʥʴ ʜʦ ʝʪʘʣʦʥʥʠʭ 

ʚʠʭʽʜʥʠʭ ʟʤʽʥʥʠʭ ʚʝʢʪʦʨʘ X(t) ʧʽʜʤʽʰʫʚʘʚʩʷ ʚʠʧʘʜʢʦʚʠʡ ʩʠʛʥʘʣ ʟ ʘʤʧʣʽʪʫʜʦʶ 

±0.2, ʱʦ ʽʤʽʪʫʻ ʩʪʦʭʘʩʪʠʯʥʫ ʧʦʭʠʙʢʫ ʚʠʤʽʨʶʚʘʥʥʷ ʜʘʪʯʠʢʦʤ ʪʝʤʧʝʨʘʪʫʨʠ. 
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ɼʣʷ ̔ʜʝʥʪʠʬʽʢʦʚʘʥʦ ʾʤʦʜʝʣʽ (4.3) ʧʨʠʡʥʷʪʦ, ʱʦ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ 

ʚʠʪʨʘʪʠ ʥʘʛʨʽʪʦʛʦ ʧʦʚʽʪʨʷ ʟ 0.43AG ʢʛ ʩ=  ʜʦ 0.15AG ʢʛ ʩ=  (ʥʦʚʠʡ 

ʥʦʤʽʥʘʣʴʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ ʧʦʚʽʪʨʦʥʘʛʨʽʚʘʯʘ ʟʘ ʽʥʰʠʭ ʨʽʚʥʠʭ ʫʤʦʚ) ʢʦʝʬʽʮʽʻʥʪ 

ʪʝʧʣʦʚʽʜʜʘʯʽ ʟʤʽʥʠʚʩʷ ʟ ( )2

0 161 ʦɺʪ ʤ ʉa=  ʜʦ ( )2

0 110 ʦɺʪ ʤ ʉa= . ɺ 

ʽʜʝʥʪʠʬʽʢʦʚʘʥʽʡ ʤʦʜʝʣʽ ʧʦʯʘʪʢʦʚʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 0a , AG  ʩʫʪʪʻʚʦ 

ʚʽʜʨʽʟʥʷʣʠʩʷ ʚʽʜ ʝʪʘʣʦʥʥʠʭ ʟʥʘʯʝʥʴ 0a, AG , ʧʨʠ ʮʴʦʤʫ ʩʫʪʪʻʚʦ ʟʤʽʥʠʣʠʩʷ 

ʯʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ ʤʘʪʨʠʮʴ A  ʽ B, ʮʝ ʜʦʩʣʽʜʞʝʥʥʷ ʜʝʪʘʣʴʥʦ ʨʦʟʛʣʷʥʫʪʦ ʫ [244, 

245]. ɼʣʷ ʯʠʩʝʣʴʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ 0a ʪʘ AG  ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʬʫʥʢʮʽʷ 

MatLAB fminsearch(...), ʚ ʷʢʽʡ ʟʘʩʪʦʩʦʚʘʥʦ ʩʠʤʧʣʝʢʩʥʠʡ ʤʝʪʦʜ ʦʧʪʠʤʽʟʘʮʽʾ 

ʅʝʣʜʝʨʘ-ʄʽʜʘ. ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʯʠʩʝʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ 

ʨʠʩ. 4.6 ʪʘ ʨʠʩ. 4.7. 

ʅʘ ʨʠʩ. 4.6 ʧʦʢʘʟʘʥʦ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʧʦʯʘʪʢʦʚʽ ʫʤʦʚʠ ʝʪʘʣʦʥʥʦʾ ʤʦʜʝʣʽ 

()[ ]
T

0 2 1 15=X  ʪʘ ʽʜʝʥʪʠʬʽʢʦʚʘʥʦʾ ʤʦʜʝʣʽ ()[ ]
T

0 0 0 0=X  ʩʫʪʪʻʚʦ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ. ʊʘʢʦʞ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʧʘʨʘʤʝʪʨʠ ʽʜʝʥʪʠʬʽʢʘʮʽʾ: 
0 161,a=  

0.43AG = ; 
0 110a= , 0.15AG = . ʇʨʠ ʩʪʫʧʽʥʯʘʩʪʦʤʫ ʚʧʣʠʚʽ ʚʭʽʜʥʦʛʦ ʚʝʢʪʦʨʘ 

()[ ]
T

1 1 0.2 1t = -U  ʦʪʨʠʤʘʥʽ ʧʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ, ʷʢʽ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 4.4, ʘ. 

ʈʽʟʥʠʮʷ ʤʽʞ ʚʠʭʽʜʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʝʪʘʣʦʥʥʦʾ X(t) ʪʘ ʽʜʝʥʪʠʬʽʢʦʚʘʥʦʾ ʤʦʜʝʣʽ 

()tX  ʻ ʜʦʩʠʪʴ ʩʫʪʪʻʚʦʶ. ʅʘ ʨʠʩ. 4.6, ʙ ʧʦʢʘʟʘʥʦ ʧʦʚʝʨʭʥʶ ʽʟʦʣʽʥʽʡ ʢʨʠʪʝʨʽʶ 

(4.5) ʪʘ ʪʨʘʻʢʪʦʨʽʶ ʡʦʛʦ ʤʽʥʽʤʽʟʘʮʽʾ. ɺʠʜʥʦ, ʱʦ ʬʫʥʢʮʽʦʥʘʣ ʤʘʻ ʦʜʠʥ 

ʝʢʩʪʨʝʤʫʤ ʚ ʦʙʣʘʩʪʽ ʬʽʟʠʯʥʦʾ ʨʝʘʣʽʩʪʠʯʥʦʩʪʽ ʤʦʜʝʣʽ, ʪʦʤʫ ʚ ʷʢʦʩʪʽ ʤʝʪʦʜʫ 

ʦʧʪʠʤʽʟʘʮʽʾ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʙʫʜʴ-ʷʢʠʡ ʤʝʪʦʜ ʯʠʩʝʣʴʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ. 

ɿʘ ʟʘʧʨʦʧʦʥʦʚʘʥʠʤ ʘʣʛʦʨʠʪʤʦʤ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʚʠʟʥʘʯʝʥʦ 
0 160.54a= , 0.41AG = . 

ɿʥʘʡʜʝʥʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʻ ʜʦʩʠʪʴ ʙʣʠʟʴʢʠʤʠ ʜʦ ʝʪʘʣʦʥʥʠʭ 
0 161a= ,  

0.43AG = , ʚʽʜʥʦʩʥʘ ʧʦʭʠʙʢʘ ʽʜʝʥʪʠʬʽʢʘʮʽʾ < 5 %. ʅʘ ʨʠʩ. 4.6 (ʚ) ʥʘʚʝʜʝʥʦ ʯʘʩʦʚʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʤʽʥʥʠʭ ʩʪʘʥʫ ʝʪʘʣʦʥʥʦʾ X(t) ʪʘ ʽʜʝʥʪʠʬʽʢʦʚʘʥʦʾ ()tX  ʤʦʜʝʣʽ 

ʧʽʩʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʨʠ ʚʭʽʜʥʦʤʫ ʚʧʣʠʚʽ ()[ ]
T

1 1 0.2 1t = -U  ʥʘ ʦʙʠʜʚʽ ʤʦʜʝʣʽ. 
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ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ 

ʘʣʛʦʨʠʪʤ ʧʘʩʠʚʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʝʣʝʢʪʨʦʥʘʛʨʽʚʘʯʘ ʤʘʻ ʭʦʨʦʰʫ ʟʙʽʞʥʽʩʪʴ ʫ 

ʚʠʧʘʜʢʫ ʨʽʟʥʠʭ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ ʪʘ ʥʘʷʚʥʦʩʪʽ ʚʠʧʘʜʢʦʚʠʭ ʟʙʫʨʝʥʴ. 

 

 
a) 

 
ʙ) 

 
ʚ) 

 

ʈʠʩ. 4.6. ʇʘʨʘʤʝʪʨʠʯʥʘ ʽʜʝʥʪʠʬʽʢʘʮʽʷ 

0a ʪʘ AG  ʧʨʠ ʩʪʫʧʽʥʯʘʩʪʦʤʫ ʚʧʣʠʚʽ

()[ ]
T

1 1 0.2 1t = -U : 

ʘ) ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ 

ʜʦ ʽʜʝʥʪʠʬʽʢʘʮʽʾ; 

ʙ) ʪʨʘʻʢʪʦʨʽʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ

0a ʪʘ AG  ʟʘ ʢʨʠʪʝʨʽʻʤ (4.5); 

ʚ) ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ 

ʧʽʩʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ 
0a ʪʘ

AG  

 

ʅʘ ʨʠʩ. 4.7, ʘ ʧʦʢʘʟʘʥʦ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʝʪʘʣʦʥʥʘ ʤʦʜʝʣʴ ʧʝʨʝʙʫʚʘʻ ʫ 

ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʩʪʘʥʽ ()[ ]
T

0 2.3 0 22.5=X  ʟʘ ʥʘʷʚʥʦʩʪʽ ʚʠʧʘʜʢʦʚʠʭ ʟʙʫʨʝʥʴ. 

ʎʝʡ ʩʪʘʥ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚʭʽʜʥʠʤ ʚʝʢʪʦʨʦʤ ʚʧʣʠʚʫ ()[ ]
T

0 0 0 1t =U . 

ʇʦʯʘʪʢʦʚʽ ʫʤʦʚʠ ʤʦʜʝʣʽ, ʱʦ ʽʜʝʥʪʠʬʽʢʫʻʪʴʩʷ, ʜʦʨʽʚʥʶʶʪʴ ʥʫʣʶ 

()[ ]
T

0 0 0 0=X . ɿʛʽʜʥʦ ʫʤʦʚʠ ʤʦʜʝʣʶʚʘʥʥʷ, ʧʘʨʘʤʝʪʨʠ ʽʜʝʥʪʠʬʽʢʦʚʘʥʦʾ 

ʤʦʜʝʣʽ 
0 250a= , 0.8AG =  ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʝʪʘʣʦʥʥʦʾ ʤʦʜʝʣʽ 

0 161,a=  
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0.43AG = . ʅʘ ʨʠʩ. 4.7, ʙ ʧʦʢʘʟʘʥʦ ʽʟʦʣʽʥʽ ʾʧʦʚʝʨʭʥ ̔ʢʨʠʪʝʨʽʶ (4.5) ʪʘ ʪʨʘʻʢʪʦʨʽʶ 

 

 
ʘ) 

 
ʙ) 

 
ʚ) 

 

ʈʠʩ. 4.7. ʇʘʨʘʤʝʪʨʠʯʥʘ ʽʜʝʥʪʠʬʽʢʘʮʽʷ 

0a ʪʘ AG  ʧʨʠ ʩʪʫʧʽʥʯʘʩʪʦʤʫ ʚʧʣʠʚʽ 

()[ ]
T

0 0 0 1t =U : 

ʘ) ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ 

ʜʦ ʽʜʝʥʪʠʬʽʢʘʮʽʾ; 

ʙ) ʪʨʘʻʢʪʦʨʽʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ

0a ʪʘ AG  ʟʘ ʢʨʠʪʝʨʽʻʤ (4.5); 

ʚ) ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ 

ʧʽʩʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ 
0a ʪʘ

AG  

 

 

ʡʦʛʦ ʤʽʥʽʤʽʟʘʮʽʾ. ɺ ʧʨʦʮʝʩʽ ʯʠʩʝʣʴʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʦʪʨʠʤʘʥʦ ʟʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ 
0 157.28a= , 0.42AG = . ʗʢ ʽ ʚ ʧʝʨʰʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ, ʟʥʘʡʜʝʥʽ ʟʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʻ ʜʦʩʠʪʴ ʙʣʠʟʴʢʠʤʠ ʜʦ ʝʪʘʣʦʥʥʠʭ, ʚʽʜʥʦʩʥʘ ʧʦʭʠʙʢʘ ʽʜʝʥʪʠʬʽʢʘʮʽʾ 

< 3 %. ʅʘ ʨʠʩ. 4.7, ʚ ʟʦʙʨʘʞʝʥʦ ʯʘʩʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʤʽʥʥʠʭ ʩʪʘʥʫ ʝʪʘʣʦʥʥʦʾ 

X(t) ʪʘ ʽʜʝʥʪʠʬʽʢʦʚʘʥʦʾ ()tX  ʤʦʜʝʣʝʡ ʧʽʩʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʨʠ ʚʭʽʜʥʦʤʫ ʚʧʣʠʚʽ 

()[ ]
T

0 0 0 1t =U . ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ ʧʘʩʠʚʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʤʘʻ ʭʦʨʦʰʫ ʟʙʽʞʥʽʩʪʴ ʫ 

ʚʠʧʘʜʢʫ ʩʪʘʮʽʦʥʘʨʥʦʩʪʽ ʦʙ'ʻʢʪʘ ʪʘ ʥʘʷʚʥʦʩʪʽ ʚʠʧʘʜʢʦʚʠʭ ʟʙʫʨʝʥʴ. 



158 
 

ɼʘʣʽ, ʨʦʟʛʣʷʥʝʤʦ ʧʨʠʢʣʘʜ ʨʦʟʨʦʙʢʠ ʎɼ ʝʣʝʢʪʨʦʢʘʨʦʨʠʬʝʨʘ HE 36/2 ʟʘ 

ʤʝʪʦʜʠʢʦʶ ʧ. 4.3 ʧʨʠ ʫʤʦʚʽ ʟʤʽʥʥʦʛʦ ʚʭʽʜʥʦʛʦ ʚʧʣʠʚʫ ()tU . ʈʝʟʫʣʴʪʘʪʠ 

ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.8. 

 
ʘ) 

 
ʙ) 

 
ʚ) 

 

ʈʠʩ. 4.8. ʈʦʟʨʦʙʢʘ ʎɼ ʜʣʷ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʚʦʜʦʥʘʛʨʽʚʘʯʘ HE 36/2: 

a) ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ 

ʜʦ ʽʜʝʥʪʠʬʽʢʘʮʽʾ; 

ʙ) ʪʨʘʻʢʪʦʨʽʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ 

0a  ʽ AG  ʟʘ ʧ. 4.2; 

ʚ) ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ 

ʜʣʷ ʘʥʘʣʽʪʠʯʥʦʾ ʤʦʜʝʣʽ (4.3) ʪʘ ʎɼ 

(4.7) ʧʽʩʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ 

 

ʅʘ ʨʠʩ. 4.8, ʘ ʟʦʙʨʘʞʝʥʦ ʧʨʦʮʝʩ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʜʣʷ ʘʥʘʣʽʪʠʯʥʦʾ ʤʦʜʝʣʽ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʚʦʜʦʥʘʛʨʽʚʘʯʘ HE 36/2 ʽʟ ʚʭʽʜʥʠʤ ʚʧʣʠʚʦʤ 

() ( ) ( ) ( ) ( )
T

1 0.5sin 0.15 1 0.2sin 0.15 0.2 0.1sin 0.3 0.5 0.2sin 0.05t t t t t= + + - + +è øê úU  ʽ 

ʧʦʯʘʪʢʦʚʠʤʠ ʫʤʦʚʘʤʠ ʜʣʷ ʬʽʟʠʯʥʦʾ ʤʦʜʝʣʽ ()[ ]
T

0 2 1 15=X , 
0 161a= ,  

0.43AG = , ʪʘ ʽʜʝʥʪʠʬʽʢʦʚʘʥʦʾ ʤʦʜʝʣʽ ()[ ]
T

0 0 0 0=kX , 
0 250a= , 0.8AG = . 

ʅʘ ʨʠʩ. 4.8, ʙ ʧʦʢʘʟʘʥʦ ʧʦʚʝʨʭʥʝʚʽ ʽʟʦʣʽʥʽʾ ʢʨʠʪʝʨʽʶ (4.5) ʪʘ ʪʨʘʻʢʪʦʨʽ ʁ

ʤʽʥʽʤʽʟʘʮʽʾ ʡʦʛʦ ʧʘʨʘʤʝʪʨʽʚ 
0a, AG , ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʟʥʘʡʜʝʥʦ 0 160.3a= , 0.41.AG =  
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ʇʽʩʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʤʦʜʝʣʽ (4.3) ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʾ MatLAB c2d(...) 

ʨʦʟʨʘʭʦʚʘʥʦ ʯʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ ʤʘʪʨʠʮʴ ʎɼ ʤʦʜʝʣʽ (4.7) ʜʣʷ ʧʝʨʽʦʜʫ 

ʜʠʩʢʨʝʪʠʟʘʮʽʾ 2KVT = : 

0.0133 0 0.0829

0 0.0125 0

0.0552 0 0.7238

è ø
é ù
=
é ù
é ùê ú

d
A ; 

0.9037 0 9.0374 0.547

0 0.9875 0 0

0.221 0 2.2097 6.1755

-è ø
é ù
=
é ù
é ù-ê ú

d
B . 

ʅʘ ʨʠʩ. 4.8, ʚ ʧʦʢʘʟʘʥʦ ʯʘʩʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʤʽʥʥʠʭ ʩʪʘʥʫ ʜʣʷ ʝʪʘʣʦʥʥʦʾ 

ʤʦʜʝʣʽ X ʪʘ ʎɼ 
k

X  ʝʣʝʢʪʨʦʥʘʛʨʽʚʘʯʘ. 

ʇʨʠʢʣʘʜ ʨʦʟʨʦʙʢʠ ʎɼ ʜʣʷ ʤʦʜʝʣʽ ʚ ʦʙʣʘʩʪʽ ʃʘʧʣʘʩʘ. ʅʠʞʯʝ ʥʘʚʝʜʝʥʦ 

ʧʨʠʢʣʘʜ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʚ ʦʙʣʘʩʪʽ ʃʘʧʣʘʩʘ. 

ɼʣʷ ʬʦʨʤʫʚʘʥʥʷ ʯʘʩʦʚʠʭ ʪʨʝʥʜʽʚ Y(t) ʬʫʥʢʮʽʦʥʫʶʯʦʛʦ ʝʣʝʢʪʨʦʥʘʛʨʽʚʘʯʘ 

HE 36/2 ʚʠʢʦʨʠʩʪʘʥʘ ʝʪʘʣʦʥʥʘ ʤʦʜʝʣʴ (4.4) ʽʟ ʧʝʨʝʜʘʪʦʯʥʦʶ ʤʘʪʨʠʮʝʶ  

()
2 2 2

5.6 1 52.1 9.3 0.002
0

2.4 6.7 1 2.4 6.7 1 2.4 6.7 1

1
0 0 0

0.42 1

p p

p p p p p p

p

p

+ +

+ + + + + +

+

è ø
-é ù

é ù=
é ù
é ù
ê ú

W . 

ɼʣʷ ʽʜʝʥʪʠʬʽʢʦʚʘʥʦʾ ʤʦʜʝʣʽ ʧʦʯʘʪʢʦʚʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 
0a, AG  ʩʫʪʪʻʚʦ 

ʚʽʜʨʽʟʥʷʣʠʩʷ ʚʽʜ ʝʪʘʣʦʥʥʠʭ ʟʥʘʯʝʥʴ 
0a, 

AG , ʧʨʠ ʮʴʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ 

ʯʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ ʧʝʨʝʜʘʪʦʯʥʦʾ ʤʘʪʨʠʮʽ 

()
2 2 2

9 1 180.4 20 0.005
0

8.2 11.3 1 8.2 11.3 1 8.2 11.3 1

1
0 0 0

10.91

p p

p p p p p p

p

p

+ +

+ + + + + +

+

è ø
-é ù

é ù=
é ù
é ù
ê ú

W . 

ʋ ʧʨʠʢʣʘʜʽ ʚʭʽʜʥʠʡ ʩʠʛʥʘʣ U(t) ʤʘʻ ʛʘʨʤʦʥʽʡʥʫ ʩʢʣʘʜʦʚʫ 

()[ ]
T

1 1 0.2sin(0.2 ) 0.2 0.1sin(0.3 ) 0.5 0.5sin(0.1)t t t t= + - + +U . 

ʅʘ ʨʠʩ. 4.9, ʘ ʟʦʙʨʘʞʝʥʦ ʚʠʧʘʜʦʢ ʤʦʜʝʣʶʚʘʥʥʷ, ʢʦʣʠ ʧʘʨʘʤʝʪʨʠ 

ʽʜʝʥʪʠʬʽʢʦʚʘʥʦʾ ʤʦʜʝʣʽ 
0 300a= , 0.25AG =  ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʝʪʘʣʦʥʥʠʭ 

0 161,a=  0.43AG = . ʅʘ ʨʠʩ. 4.9, ʙ ʧʦʢʘʟʘʥʦ ʽʟʦʣʽʥʽʾ ʧʦʚʝʨʭʥʽ ʢʨʠʪʝʨʽʶ (4.6) ʪʘ 

ʪʨʘʻʢʪʦʨʽʶ ʡʦʛʦ ʤʽʥʽʤʽʟʘʮʽʾ. ɺ ʧʨʦʮʝʩʽ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʦʧʪʠʤʽʟʫʶʪʴʩʷ ʟʥʘʯʝʥʥʷ 
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ʧʘʨʘʤʝʪʨʽʚ 
0 161.9a= , 0.426AG = . ɿʥʘʡʜʝʥʽ ʯʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʜʦʩʠʪʴ ʙʣʠʟʴʢʽ ʜʦ ʝʪʘʣʦʥʥʠʭ, ʧʦʭʠʙʢʘ ʽʜʝʥʪʠʬʽʢʘʮʽʾ < 1 %. 

 

 
ʘ) 

 
ʙ) 

 
ʚ) 

 

ʈʠʩ. 4.9. ʇʘʨʘʤʝʪʨʠʯʥʘ ʽʜʝʥʪʠʬʽʢʘʮʽʷ 

0a ʪʘ AG  ʧʨʠ ʛʘʨʤʦʥʽʯʥʦʤʫ ʚʧʣʠʚʽ 

U(t): 

ʘ) ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ 

ʜʦ ʽʜʝʥʪʠʬʽʢʘʮʽʾ; 

ʙ) ʪʨʘʻʢʪʦʨʽʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ

0a ʪʘ AG  ʟʘ ʢʨʠʪʝʨʽʻʤ (4.6); 

ʚ) ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ 

ʧʽʩʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ 
0a ʪʘ

AG  

 

ʅʘ ʨʠʩ. 4.9, ʚ ʥʘʚʝʜʝʥʦ ʯʘʩʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʤʽʥʥʠʭ ʚʝʢʪʦʨʘ ʚʠʭʦʜʫ 

ʝʪʘʣʦʥʥʦʾ Y(t) ʪʘ ʽʜʝʥʪʠʬʽʢʦʚʘʥʦʾ ()tY  ʤʦʜʝʣʝʡ ʧʽʩʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʨʠ 

ʛʘʨʤʦʥʽʡʥʽʡ ʟʤʽʥʽ U(t). ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʤʦʞʥʘ ʟʨʦʙʠʪʠ 

ʚʠʩʥʦʚʦʢ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ ʧʘʩʠʚʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʤʘʻ ʭʦʨʦʰʫ 

ʟʙʽʞʥʽʩʪʴ ʟʘ ʥʘʷʚʥʦʩʪʽ ʛʘʨʤʦʥʽʡʥʦʾ ʩʢʣʘʜʦʚʦʾ ʚʝʢʪʦʨʘ U(t) ʪʘ ʚʠʧʘʜʢʦʚʠʭ 

ʟʙʫʨʝʥʴ. 

ʅʘʩʪʫʧʥʠʡ ʧʨʠʢʣʘʜ ʜʝʤʦʥʩʪʨʫʻ ʨʦʟʨʦʙʢʫ ʎɼ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʥʘʣʽʪʠʯʥʦʾ 

ʤʦʜʝʣʽ (4.4). ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 4.10.  
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ʅʘ ʨʠʩ. 4.10, ʘ ʟʦʙʨʘʞʝʥʦ ʚʠʧʘʜʦʢ ʽʟ ʚʭʽʜʥʠʤ ʚʧʣʠʚʦʤ 

()[ ]
T

1 0.5sin(0.15 ), 1 0.2sin(0.15 ), 0.2 0.1sin(0.3 ), 0.2 0.8sin(0.05 )t t t t t= + + - + +U , ʪʘ 

ʧʦʯʘʪʢʦʚʠʤʠ ʫʤʦʚʘʤʠ ʜʣʷ ʝʪʘʣʦʥʥʦʾ ʤʦʜʝʣʽ 
0 161a= , 0.43AG =  ʪʘ ʽʜʝʥʪʠʬʽʢʦʚʘʥʦʾ 

ʤʦʜʝʣʽ 
0 120a= , 0.22AG = . ʅʘ ʨʠʩ. 4.10, ʙ ʟʦʙʨʘʞʝʥʦ ʽʟʦʣʽʥʽʾ ʧʦʚʝʨʭʥʽ ʢʨʠʪʝʨʽʶ 

(4.6) ʪʘ ʪʨʘʻʢʪʦʨʽʶ ʤʽʥʽʤʽʟʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ 
0a, AG , ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʟʥʘʡʜʝʥʦ 

0 154a= , 0.428AG = . ʆʪʨʠʤʘʥʦ ʟʘʜʦʚʽʣʴʥʫ ʟʙʽʞʥʽʩʪʴ, ʧʦʭʠʙʢʘ ʽʜʝʥʪʠʬʽʢʘʮʽʾ < 5 %. 

 

 
ʘ) 

 
ʙ) 

 
ʚ) 

 

 

ʈʠʩ. 4.10. ʈʦʟʨʦʙʢʘ ʎɼ ʜʣʷ 

ʝʣʝʢʪʨʦʢʘʣʦʨʠʬʝʨʘ HE 36/2: 

a) ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ 

ʜʦ ʽʜʝʥʪʠʬʽʢʘʮʽʾ; 

ʙ) ʪʨʘʻʢʪʦʨʽʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ 

0a  ʽ AG  ʟʘ ʢʨʠʪʝʨʽʻʤ (4.6); 

ʚ) ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ 

ʜʣʷ ʬʽʟʠʯʥʦʾ ʤʦʜʝʣʽ (4.4) ʪʘ ʎɼ (4.8) 
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4.3.2 ʇʨʠʢʣʘʜ ʨʦʟʨʦʙʢʠ ʮʠʬʨʦʚʦʛʦ ʜʚʽʡʥʠʢʘ ʜʣʷ ʥʘʛʨʽʚʘʥʥʷ 

ʧʦʚʽʪʨʷ ʚʦʜʷʥʠʤ ʢʘʣʦʨʠʬʝʨʦʤ 

ʈʦʟʛʣʷʥʝʤʦ ʧʨʠʢʣʘʜ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ ʜʣʷ ʚʦʜʷʥʦʛʦ 

ʢʘʣʦʨʠʬʝʨʘ, ʷʢʠʡ ʚ ʧʨʦʩʪʦʨʽ ʩʪʘʥʽʚ ʦʧʠʩʫʻʪʴʩʷ ʘʥʘʣʽʪʠʯʥʦʶ ʤʦʜʝʣʣʶ (3.24). 

ɼʣʷ ʜʘʥʦʾ ʤʦʜʝʣʽ ʢʦʝʬʽʮʽʻʥʪʠ ʪʝʧʣʦʚʽʜʜʘʯʽ 
0a, 

1a ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ 

ʬʘʢʪʦʨʽʚ ʽ ʤʦʞʫʪʴ ʩʫʪʪʻʚʦ ʟʤʽʥʶʚʘʪʠ ʩʚʦʻ ʟʥʘʯʝʥʥʷ ʟʘʣʝʞʥʦ ʚʽʜ: ʪʝʤʧʝʨʘʪʫʨ 

ʤʘʪʝʨʽʘʣʴʥʠʭ ʧʦʪʦʢʽʚ 
Wq , 

Aq; ʚʠʪʨʘʪʠ ʤʘʪʝʨʽʘʣʴʥʠʭ ʧʦʪʦʢʽʚ WG , 
AG ; ʚʦʣʦʛʦʩʪʽ 

ʧʦʚʽʪʨʷ 
Ad ; ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʦʚʝʨʭʥʽ ʪʝʧʣʦʦʙʤʽʥʫ ʪʘ ʽʥʰʠʭ 

ʬʘʢʪʦʨʽʚ [222]. ɯʟ ʟʘʟʥʘʯʝʥʠʭ ʤʽʨʢʫʚʘʥʴ ʢʦʝʬʽʮʽʻʥʪʠ ʪʝʧʣʦʚʽʜʜʘʯʽ 
0a , 

1a ʩʣʽʜ 

ʚʽʜʥʝʩʪʠ ʜʦ ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʤʦʜʝʣʽ (3.24), ʷʢʽ ʩʫʪʪʻʚʦ ʟʘʣʝʞʘʪʴ 

ʚʽʜ ʚʠʪʨʘʪ ʤʘʪʝʨʽʘʣʴʥʠʭ ʧʦʪʦʢʽʚ 
WG , 

AG . ɺʽʜ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʽʜʜʘʯʽ 0a ʪʘ 

1a ʟʘʣʝʞʘʪʴ ʧʘʨʘʤʝʪʨʠ TW, TM, TA, k0ék7 ʤʦʜʝʣʝʡ (3.24) ʽ (3.31), ʦʩʢʽʣʴʢʠ 

ʢʦʝʬʽʮʽʻʥʪʠ ʪʝʧʣʦʚʽʜʜʘʯʽ ʚʭʦʜʷʪʴ ʚ ʨʦʟʨʘʭʫʥʢʦʚʽ ʟʘʣʝʞʥʦʩʪʽ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

ʌʦʨʤʘʣʴʥʦ ʜʣʷ ʜʠʥʘʤʽʯʥʦʾ ʤʦʜʝʣʽ (3.24) ʤʘʻʤʦ ʚʽʩʽʤ ʥʝʚʠʟʥʘʯʝʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

0a, 
1a, GW, ɗW0, ɗW, GA, ɗA0, ɗA. ʇʨʠʡʤʝʤʦ, ʱʦ ʧʘʨʘʤʝʪʨʠ ɗW0, ɗW, ɗA0, ɗA 

ʢʦʥʪʨʦʣʶʶʪʴʩʷ ʜʘʪʯʠʢʘʤʠ ʂʌʉ. ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʚ ʧʨʦʮʝʩʽ ʧʘʨʘʤʝʪʨʠʯʥʦʾ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ (3.24) ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʯʦʪʠʨʠ ʧʘʨʘʤʝʪʨʠ 
0a , 

1a, GW, GA. 

ʋ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʧʦʧʝʨʝʜʥʽʤ ʧʨʠʢʣʘʜʦʤ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʤʦʜʝʣʽ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʢʘʣʦʨʠʬʝʨʘ ʧ. 4.3.1, ʢʽʣʴʢʽʩʪʴ ʥʝʚʠʟʥʘʯʝʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʟʙʽʣʴʰʠʣʘʩʷ ʚʜʚʽʯʽ, ʱʦ ʫʩʢʣʘʜʥʠʣʦ ʟʘʜʘʯʫ. ʗʢʱʦ ʜʣʷ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʢʘʣʦʨʠʬʝʨʘ ʽʜʝʥʪʠʬʽʢʫʚʘʣʠʩʷ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ 
0a  ʪʘ 

ʚʠʪʨʘʪʘ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ GA, ʪʦ ʜʣʷ ʚʦʜʷʥʦʛʦ ʢʘʣʦʨʠʬʝʨʘ ʽʜʝʥʪʠʬʽʢʘʮʽʾ 

ʧʽʜʣʷʛʘʶʪʴ ʪʝʧʣʦʬʽʟʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʚʦʭ ʤʘʪʝʨʽʘʣʴʥʠʡ ʧʦʪʦʢʽʚ: ʚʦʜʷʥʦʛʦ 

ʪʝʧʣʦʥʦʩʽʷ (ʚʠʪʨʘʪʘ ʚʦʜʠ GW ʪʘ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ 
0a); ʧʦʚʽʪʨʷ, ʱʦ 

ʥʘʛʨʽʚʘʻʪʴʩʷ (ʚʠʪʨʘʪʘ ʧʦʚʽʪʨʷ GA ʪʘ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ 
1a). 

ɼʣʷ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʯʘʩʦʚʠʭ ʪʨʝʥʜʽʚ U(t) ʪʘ X(t) ʨʦʙʦʯʦʛʦ 

ʚʦʜʷʥʦʛʦ ʢʘʣʦʨʠʬʝʨʘ (ʝʪʘʣʦʥʥʘ ʤʦʜʝʣʴ) ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʤʦʜʝʣʴ (3.24), ʜʝ 

ʜʦ ʚʝʢʪʦʨʽʚ ʝʪʘʣʦʥʥʠʭ ʟʤʽʥʥʠʭ ʧʽʜʤʽʰʫʚʘʚʩʷ ʚʠʧʘʜʢʦʚʠʡ ʩʠʛʥʘʣ ʟ ʘʤʧʣʽʪʫʜʦʶ 

Ñ0.2, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʽʤʽʪʘʮʽʾ ʧʨʦʤʠʩʣʦʚʠʭ ʟʘʚʘʜ ʫ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʢʘʥʘʣʘʭ 
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ʩʝʥʩʦʨʽʚ. ɼʣʷ ʽʜʝʥʪʠʬʽʢʦʚʘʥʦʾ ʤʦʜʝʣʽ ʧʦʯʘʪʢʦʚʽ ʟʥʘʯʝʥʥʷ ʥʝʚʠʟʥʘʯʝʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ 
0 1, , ,W AG Ga a , ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʣʠʩʷ ʚʽʜ ʝʪʘʣʦʥʥʠʭ ʟʥʘʯʝʥʴ 

0 1, , ,W AG Ga a . ɼʣʷ ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʚʠʢʦʨʠʩʪʘʥʦ ʬʫʥʢʮʽʶ 

MatLAB fminsearch(...), ʚ ʷʢʽʡ ʥʘʣʘʰʪʦʚʘʥʦ ʨʝʘʣʽʟʘʮʽʶ ʤʝʪʦʜʫ ʦʧʪʠʤʽʟʘʮʽʾ 

ʅʝʣʜʝʨʘ-ʄʽʜʘ. ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʯʠʩʝʣʴʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 

4.11. 

ʅʘ ʨʠʩ. 4.11 ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʘʢʽ ʧʦʟʥʘʯʝʥʥʷ: X ʚʝʢʪʦʨ ʩʪʘʥʫ ʤʦʜʝʣʽ 

(3.24) ʽʟ ʝʪʘʣʦʥʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʧʘʨʘʤʝʪʨʽʚ 
0 1, , ,W AG Ga a ; ʚʝʢʪʦʨ ʩʪʘʥʫ X  ʜʣʷ 

ʤʦʜʝʣʽ, ʱʦ ʽʜʝʥʪʠʬʽʢʫʻʪʴʩʷ ʽʟ ʟʥʘʯʝʥʥʷʤʠ ʢʦʝʬʽʮʽʻʥʪʽʚ 
0 1, , ,W AG Ga a . ɺʝʢʪʦʨʠ 

ʩʪʘʥʫ X ʽ X  ʚʢʣʶʯʘʶʪʴ ʟʤʽʥʥʽ: 
AqD  ʽ AqD  ï ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʛʨʽʪʦʛʦ ʧʦʚʽʪʨʷ; 

MqD  ʽ MqD  ï ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʦʙʤʽʥʥʦʾ ʧʦʚʝʨʭʥʽ; 
WqD  ʽ WqD  ï ʪʝʤʧʝʨʘʪʫʨʘ 

ʚʦʜʷʥʦʛʦ ʪʝʧʣʦʥʦʩʽʷ. ʇʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʚʠʢʦʨʠʩʪʘʥʦ ʪʝʧʣʦʬʽʟʠʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʜʷʥʦʛʦ ʢʘʣʦʨʠʬʝʨʘ CVP2-HW2 (ʜʠʚ. ɼʦʜʘʪʦʢ ɹ.2). ɺʝʢʪʦʨ 

ʢʝʨʫʶʯʦʛʦ ʚʧʣʠʚʫ U ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʤʽʩʪʠʪʴ ʟʤʽʥʥʽ: 
0AqD  ï ʚʭʽʜʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ, 
AGD  ï ʚʠʪʨʘʪʘ ʧʦʚʽʪʨʷ; 

0WqD  ï ʚʭʽʜʥʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʪʝʧʣʦʥʦʩʽʷ; 
WGD  ï ʚʠʪʨʘʪʘ ʚʦʜʷʥʦʛʦ ʪʝʧʣʦʥʦʩʽʷ. 

ɼʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʚʠʢʦʨʠʩʪʘʥʦ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʧʦʯʘʪʢʦʚʽ 

ʫʤʦʚʠ ʚʝʢʪʦʨʽʚ ʩʪʘʥʫ ʝʪʘʣʦʥʥʦʾ ʤʦʜʝʣʽ ʪʘ ʤʦʜʝʣʽ, ʱʦ ʽʜʝʥʪʠʬʽʢʫʻʪʴʩʷ, 

ʩʧʽʚʧʘʜʘʶʪʴ () ()[ ]
T

0 0 1 2 3= =X X , ʦʩʢʽʣʴʢʠ ʟʤʽʥʥʽ ʚʝʢʪʦʨʫ ʩʪʘʥʫ 

ʚʠʤʽʨʶʶʪʴʩʷ. ʇʨʦʪʝ, ʫ ʜʦʩʣʽʜʞʝʥʥʽ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʧʘʨʘʤʝʪʨʠ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ 
0 1200a= , 0.1WG = , 

1 220a= , 0.2AG =  ʚʽʜ ʝʪʘʣʦʥʥʠʭ ʟʥʘʯʝʥʴ 

0 800a= , 0.15WG = , 
1 120a= , 0.3AG = . ʇʨʠ ʩʪʫʧʽʥʯʘʩʪʽʡ ʟʤʽʥʽ ʚʝʢʪʦʨʘ 

ʚʭʽʜʥʦʛʦ ʚʧʣʠʚʫ ()[ ]
T

1 0.1 1 0.15t =U , ʦʪʨʠʤʘʥʦ ʯʘʩʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʜʣʷ ʝʪʘʣʦʥʥʦʾ ʤʦʜʝʣʽ X (ʛʨʘʬʽʢʠ ʢʨʠʚʠʭ ʽʟ ʚʠʧʘʜʢʦʚʦʶ ʩʢʣʘʜʦʚʦʶ) ʪʘ 

ʽʜʝʥʪʠʬʽʢʘʮʽʡʥʦʾ ʤʦʜʝʣʽ X  (ʛʨʘʬʽʢʠ ʧʫʥʢʪʠʨʥʠʤʠ ʢʨʠʚʠʤʠ), ʱʦ ʧʦʢʘʟʘʥʽ ʥʘ 

ʨʠʩ. 4.11, ʘ. ʈʽʟʥʠʮʷ ʤʽʞ ʯʘʩʦʚʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʨʦʩʪʦʨʫ ʩʪʘʥʽʚ 

ʝʪʘʣʦʥʥʦʾ ʪʘ ʽʜʝʥʪʠʬʽʢʦʚʘʥʦʾ ʤʦʜʝʣʽ ʟʥʘʯʥʘ. 
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ʘ) 

 
ʙ) 

 
ʚ) 

ʈʠʩ. 4.11. ɯʜʝʥʪʠʬʽʢʘʮʽʷ ʧʘʨʘʤʝʪʨʽʚ 

0a  ʪʘ 1a ʧʨʠ ʩʪʫʧʽʥʯʘʪʦʤʫ ʚʧʣʠʚʽ

()[ ]
T

1 0.1 1 0.15t =U : 

a) ʤʦʜʝʣʶʚʘʥʥʷ ʯʘʩʦʚʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦ ʽʜʝʥʪʠʬʽʢʘʮʽʾ 

0 1, , ,W AG Ga a ; 

ʙ) ʪʨʘʻʢʪʦʨʽʷ ʦʧʪʠʤʽʟʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ 

0a  ʪʘ 1a ʜʣʷ ʢʨʠʪʝʨʽʷ (4.5); 

ʚ) ʤʦʜʝʣʶʚʘʥʥʷ ʯʘʩʦʚʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʽʩʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ 

0 1, , ,W AG Ga a  

 

ʅʘ ʨʠʩ. 4.11, ʙ ʧʦʢʘʟʘʥʦ ʽʟʦʣʽʥʽʾ ʧʦʚʝʨʭʥʽ ʢʨʠʪʝʨʽʶ (4.5) ʪʘ ʪʨʘʻʢʪʦʨʽʷ 

ʡʦʛʦ ʤʽʥʽʤʽʟʘʮʽʾ ʧʨʠ ʫʤʦʚʽ, ʱʦ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ WG , AG  ʫʞʝ ʽʜʝʥʪʠʬʽʢʦʚʘʥʦ. 

ʊʘʢʠʡ ʧʽʜʭʽʜ ʟʘʩʪʦʩʦʚʘʥʦ, ʦʩʢʽʣʴʢʠ ʥʝʤʘʻ ʤʦʞʣʠʚʦʩʪʽ ʛʨʘʬʽʯʥʦ 

ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʪʠ ʦʧʪʠʤʽʟʘʮʽʶ ʢʨʠʪʝʨʽʷ (4.5) ʟʘ ʯʦʪʠʨʤʘ ʧʘʨʘʤʝʪʨʘʤʠ. ʋ 

ʨʦʙʦʪʽ ʽʜʝʥʪʠʬʽʢʫʚʘʣʠʩʷ ʫʩʽ ʯʦʪʠʨʠ ʥʝʚʠʟʥʘʯʝʥʽ ʧʘʨʘʤʝʪʨʠ ʧʨʠ ʨʽʟʥʠʭ 

ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚʘʭ. ʏʠʩʝʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʪʚʝʨʜʠʣʠ, ʱʦ ʬʫʥʢʮʽʦʥʘʣ (4.5) 

ʤʘʻ ʦʜʠʥ ʝʢʩʪʨʝʤʫʤ ʚ ʦʙʣʘʩʪʽ ʬʽʟʠʯʥʦʾ ʨʝʘʣʽʩʪʠʯʥʦʩʪʽ ʤʦʜʝʣʽ, ʘʣʛʦʨʠʪʤ 

ʯʠʩʝʣʴʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʤʘʻ ʜʦʙʨʫ ʟʙʽʞʥʽʩʪʴ ʧʨʠ ʨʽʟʥʠʭ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚʘʭ ʪʘ 

ʥʘʷʚʥʦʩʪʽ ʚʠʧʘʜʢʦʚʠʭ ʟʙʫʨʝʥʴ. ʅʘ ʨʠʩ. 4.11, ʚ ʥʘʚʝʜʝʥʦ ʯʘʩʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʟʤʽʥʥʠʭ ʩʪʘʥʫ ʝʪʘʣʦʥʥʦʾ ʤʦʜʝʣʽ X ʪʘ ʽʜʝʥʪʠʬʽʢʦʚʘʥʦʾ ʤʦʜʝʣʽ X  ʧʽʩʣʷ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʥʝʚʠʟʥʘʯʝʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʠ ʚʭʽʜʥʽʡ ʜʽʾ U(t) ʥʘ ʦʙʠʜʚʽ ʤʦʜʝʣʽ. 
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ɿʥʘʡʜʝʥʽ ʟʥʘʯʝʥʥʷ ʽʜʝʥʪʠʬʽʢʦʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʻ ʜʦʩʠʪʴ ʙʣʠʟʴʢʠʤʠ ʜʦ 

ʝʪʘʣʦʥʥʠʭ 
0 777.7a= , 0.15WG = , 

1 117.7a= , 0.31AG = . ʆʪʨʠʤʘʥʦ ʟʘʜʦʚʽʣʴʥʫ 

ʟʙʽʞʥʽʩʪʴ, ʧʦʭʠʙʢʘ ʽʜʝʥʪʠʬʽʢʘʮʽʾ < 3.3 %. 

ɼʘʣʽ, ʨʦʟʛʣʷʥʝʤʦ ʽʤʽʪʘʮʽʡʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʨʦʙʢʠ ʪʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʎɼ ʜʣʷ ʚʦʜʦʥʘʛʨʽʚʘʯʘ CVP2-HW2. ʄʦʜʝʣʶʚʘʥʥʷ ʚʠʢʦʥʘʥʦ ʚ MatLAB, ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ ʨʦʟʨʘʭʦʚʘʥʦ ʤʘʪʨʠʮʽ ʘʥʘʣʽʪʠʯʥʦʾ ʤʦʜʝʣʽ (4.3) ʪʘ ʎɼ (4.7). 

ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4.12. 

 

 
ʘ) 

 
ʙ) 

 
ʚ) 

 

ʈʠʩ. 4.12. ɽʪʘʧʠ ʨʦʟʨʦʙʢʠ ʎɼ ʜʣʷ 

ʚʦʜ̫ʥʦʛʦ ʥʘʛʨʽʚʘʯʘ CVP2-HW2: 

a) ʤʦʜʝʣʶʚʘʥʥʷ ʯʘʩʦʚʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦ ʽʜʝʥʪʠʬʽʢʘʮʽʾ 

0 1, , ,W AG Ga a ; 

ʙ) ʪʨʘʻʢʪʦʨʽʷ ʦʧʪʠʤʽʟʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ 

0a  ʪʘ 1a ʜʣʷ ʢʨʠʪʝʨʽʷ (4.5); 

ʚ) ʤʦʜʝʣʶʚʘʥʥʷ ʯʘʩʦʚʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʝʪʘʣʦʥʥʦʾ 

ʤʦʜʝʣʽ (4.3) ʪʘ ʚʦʜʦʥʘʛʨʽʚʘʯʘ ʎɼ 

(4.7) 

 

ʅʘ ʨʠʩ. 4.12, a ʟʤʦʜʝʣʴʦʚʘʥʠʡ ʚʠʧʘʜʦʢ ʜʣʷ ʚʭʽʜʥʦʛʦ ʚʧʣʠʚʫ 

() ( ) ( ) ( ) ( )
T

1 0.5sin 0.15 0.1 0.025sin 0.1 1 0.05sin 0.3 0.150.05sin 0.05t t t t tè= + + + + øúê
U
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ʪʘ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ ʜʣʷ ʬʽʟʠʯʥʦʾ ʤʦʜʝʣʽ ()[ ]
T

0 7 10 15=X , 
0 800a= , 

0.15WG = , 
1 120a= , 0.3AG =  ʪʘ ʽʜʝʥʪʠʬʽʢʦʚʘʥʦʾ ʤʦʜʝʣʽ ()[ ]

T
0 7 10 15=X , 

0 1100a= , 0.1WG = , 1 300a= , 0.2AG = . ʅʘ ʨʠʩ. 4.12, ʙ ʥʘʚʝʜʝʥʦ ʧʦʚʝʨʭʥ ʁ

ʽʟʦʣʽʥʽʡ ʢʨʠʪʝʨʽʶ (4.5) ʽ ʪʨʘʻʢʪʦʨʽʶ ʤʽʥʽʤʽʟʘʮʽʾ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ʧʘʨʘʤʝʪʨʽʚ 0a ʽ 

1a, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʠʩʝʣʴʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʟʥʘʡʜʝʥʦ 0 794.4a= , 0.152WG = , 

1 118.9a= , 0.3AG = , ʧʦʭʠʙʢʘ ʽʜʝʥʪʠʬʽʢʘʮʽʾ < 1.3 %. ʇʽʩʣʷ ʧʘʨʘʤʝʪʨʠʯʥʦʾ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʤʦʜʝʣʽ (4.3) ʙʫʣʠ ʨʦʟʨʘʭʦʚʘʥʽ ʯʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ ʎɼ ʚʦʜʷʥʦʛʦ 

ʢʘʣʦʨʠʬʝʨʘ (4.7) ʜʣʷ ʧʝʨʽʦʜʫ ʚʠʙʽʨʢʠ 2KVT = : 

0.0254    0.2215    0.3130

0.0323    0.2824    0.4518

0.0086    0.0852    0.7258

è ø
é ù
=
é ù
é ùê ú

d
A ; 

0.4043  -12.0798    0.0358    4.7011

0.1761   -5.2620    0.0573    7.5293

0.0171   -0.5105    0.1633   21.4392

è ø
é ù
=
é ù
é ùê ú

d
B . 

ʅʘ ʨʠʩ. 4.12 ʚ ʧʦʢʘʟʘʥʽ ʯʘʩʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʤʽʥʥʠʭ ʩʪʘʥʫ ʜʣʷ 

ʝʪʘʣʦʥʥʦʾ ʤʦʜʝʣʽ X ʽ ʎɼ ʚʦʜʦʥʘʛʨʽʚʘʯʘ 
k

X . ʅʘ ʧʽʜʩʪʘʚʽ ʨʝʟʫʣʴʪʘʪʽʚ 

ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʧʽʜʭʽʜ ʜʦ ʨʦʟʨʦʙʢʠ 

ʎɼ, ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʩʢʣʘʜʥʠʭ ʘʥʘʣʽʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʢʣʽʤʘʪʠʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʫ ʧʨʦʩʪʦʨʽ ʩʪʘʥʽʚ. 

 

4.4 ʈʦʟʨʦʙʢʘ ʢʦʤʧʣʝʢʩʥʦʾ ʤʦʜʝʣ ̔ʩʠʩʪʝʤʠ ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʧʦʚʽʪʨʷ 

ʫ ʧʨʦʩʪʦʨʽ ʩʪʘʥʽʚ 

ʇʨʝʜʩʪʘʚʣʝʥʥʷ ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ ʆʂ ʚ ʧʨʦʩʪʦʨʽ ʩʪʘʥʽʚ (4.3) ʤʘʻ ʨʷʜ 

ʧʝʨʝʚʘʛ ʧʦʨʽʚʥʷʥʦ ʽʟ ʟʘʧʠʩʦʤ ʫ ʚʠʛʣʷʜʽ ʧʝʨʝʜʘʪʥʠʭ ʬʫʥʢʮʽʡ (4.4). ʅʘʧʨʠʢʣʘʜ, 

(4.3) ʜʦʟʚʦʣʷʻ ʦʧʠʩʘʪʠ ʜʦʚʽʣʴʥʽ ʚʥʫʪʨʽʰʥʽ ʩʪʨʫʢʪʫʨʠ, ʥʝʢʝʨʦʚʘʥʽ ʪʘ 

ʥʝʩʧʦʩʪʝʨʝʞʝʥʽ ʧʘʨʘʤʝʪʨʠ ʆʂ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʽʥʽʤʘʣʴʥʦʛʦ ʯʠʩʣʘ ʧʘʨʘʤʝʪʨʽʚ. 

ʗʢʱʦ ʤʘʪʝʤʘʪʠʯʥʠʡ ʦʧʠʩ ʆʂ ʩʢʣʘʜʝʥʦ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʧʨʠʩʫʪʥʦʩʪʽ ʩʧʽʣʴʥʠʭ 

ʟʤʽʥʥʠʭ ʩʪʘʥʫ, ʪʦ ʪʘʢʘ ʤʦʜʝʣʴ ʤʽʩʪʠʪʴ ʤʽʥʽʤʘʣʴʥʝ ʯʠʩʣʦ ʟʤʽʥʥʠʭ ʩʪʘʥʫ, ʘ 

ʬʦʨʤʘ ʦʧʠʩʫ ʚʽʜʧʦʚʽʜʘʻ ʤʽʥʽʤʘʣʴʥʽʡ ʨʝʘʣʽʟʘʮʽʾ ʆʂ. ʄʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʜʣʷ 

ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʉʂʇ ʫ ʧʨʦʩʪʦʨʽ ʩʪʘʥʽʚ ʨʦʟʨʦʙʣʝʥʦ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ 
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ʩʧʽʣʴʥʠʭ ʟʤʽʥʥʠʭ ʩʪʘʥʫ, ʱʦ ʚʢʘʟʫʻ ʥʘʷʚʥʽʩʪʴ ʥʝʜʽʘʛʦʥʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʤʘʪʨʠʮʽ ʩʪʘʥʫ A  (4.3). 

ɼʦʜʘʪʢʦʚʠʤ ʘʨʛʫʤʝʥʪʦʤ ʥʘ ʢʦʨʠʩʪʴ ʚʝʢʪʦʨʥʠʭ ʤʦʜʝʣʝʡ ʻ ʚʝʣʠʢʘ 

ʢʽʣʴʢʽʩʪʴ ʤʘʪʝʤʘʪʠʯʥʠʭ ʧʘʢʝʪʽʚ ʜʣʷ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʘʥʘʣʽʟʫ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ 

ʫ ʧʨʦʩʪʦʨʽ ʩʪʘʥʽʚ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʽʟ ʥʝʟʥʘʯʥʠʤʠ ʯʘʩʦʚʠʤʠ ʚʠʪʨʘʪʘʤʠ 

ʧʨʦʚʦʜʠʪʠ ʩʢʣʘʜʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ. 

 

4.4.1 ʄʝʪʦʜʠʢʘ ʨʦʟʨʦʙʢʠ ʢʦʤʧʣʝʢʩʥʦʾ ʤʦʜʝʣʽ ʢʦʥʜʠʮʽʦʥʝʨʘ ʫ 

ʧʨʦʩʪʦʨʽ ʩʪʘʥʽʚ 

ʂʽʣʴʢʽʩʪʴ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʭʝʤ ʉʂʇ ʥʝ ʦʙʤʝʞʫʻʪʴʩʷ ʨʦʟʛʣʷʥʫʪʠʤʠ ʫ ʧ.1.4 

(ʜʠʚ. ʨʠʩ. 1.10, ʨʠʩ. 1.12, ʨʠʩ. 1.13, ʨʠʩ. 1.16). ɺ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʨʦʟʨʦʙʥʠʢʫ 

ʉʂʇ ʟʥʘʜʦʙʠʪʴʩʷ ʩʘʤʦʩʪʽʡʥʦ ʦʪʨʠʤʘʪʠ ʢʦʤʧʣʝʢʩʥʫ ʤʦʜʝʣʴ ʢʦʥʜʠʮʽʦʥʝʨʘ ʫ 

ʧʨʦʩʪʦʨʽ ʩʪʘʥʽʚ ɼʣʷ ʨʦʟʨʦʙʢʠ ʢʦʤʧʣʝʢʩʥʦʾ ʜʠʥʘʤʽʯʥʦʾ ʤʦʜʝʣʽ ʢʦʥʜʠʮʽʦʥʝʨʘ ʚ 

ʧʨʦʩʪʦʨʽ ʩʪʘʥʽʚ ʥʝʦʙʭʽʜʥʦ ʜʦʪʨʠʤʫʚʘʪʠʩʷ ʪʘʢʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʜʽʡ. 

1. ɺʠʟʥʘʯʠʪʠ ʢʽʣʴʢʽʩʥʠʡ ʩʢʣʘʜ ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ N ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ 

ʢʦʥʜʠʮʽʦʥʝʨʘ, ʜʝ N ï ʢʽʣʴʢʽʩʪʴ ʦʜʠʥʠʮʴ ʦʙʣʘʜʥʘʥʥʷ. 

2. ɼʣʷ ʥʘʷʚʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʟʘ ʪʘʙʣ. 3.1 ʚʠʙʨʘʪʠ ʥʝʦʙʭʽʜʥʽ ʤʦʜʝʣʽ 

ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʫ ʧʨʦʩʪʦʨʽ ʩʪʘʥʽʚ. 

3. ɺʠʟʥʘʯʠʪʠ ʟʙʫʨʶʶʯʽ ʪʘ ʨʝʛʫʣʶʶʯʽ ʢʘʥʘʣʠ ʚʧʣʠʚʫ ʜʣʷ ʪʝʭʥʦʣʦʛʽʯʥʦʾ 

ʩʠʩʪʝʤʠ ʢʦʥʜʠʮʽʦʥʝʨʘ 
iii , 321, FFU , ʜʝ i = 1éN, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʘʪʝʤʘʪʠʯʥʽ 

ʤʦʜʝʣʽ ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʽʟ ʨʦʟʜʽʣʫ 3. 

4. ɼʣʷ ʢʦʤʧʣʝʢʩʥʦʾ ʤʦʜʝʣʽ ʉʂʇ ʩʬʦʨʤʫʚʘʪʠ ʚʝʢʪʦʨ ʢʝʨʫʚʘʥʥʷ U  ʪʘ ʟʙʫʨʝʥʥʷ 

F  ʽʟ ʥʘʷʚʥʠʭ ʚʧʣʠʚʽʚ 
i
1U  ʪʘ 

i
2F  ʥʘ ʢʣʽʤʘʪʠʯʥʝ ʦʙʣʘʜʥʘʥʥʷ. 

5. ʉʬʦʨʤʫʚʘʪʠ ʤʘʪʨʠʮʶ ʩʪʘʥʫ A ʢʦʤʧʣʝʢʩʥʦʾ ʤʦʜʝʣʽ ʢʦʥʜʠʮʽʦʥʝʨʘ, 

ʜʽʘʛʦʥʘʣʴʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʷʢʦʾ ʻ ʤʘʪʨʠʮʽ ʩʪʘʥʫ 
i

A  ʥʘʷʚʥʦʛʦ ʢʣʽʤʘʪʠʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ. 

6. ʉʬʦʨʤʫʚʘʪʠ ʤʘʪʨʠʮʽ i
C  ʽʟ ʚʽʜʧʦʚʽʜʥʠʭ ʤʘʪʨʠʮʴ 

i
2B , ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʧʝʨʝʜʘʯʫ ʚʝʢʪʦʨʫ ʚʠʭʽʜʥʠʭ ʟʤʽʥʥʠʭ ʩʪʘʥʫ ʧʦʧʝʨʝʜʥʴʦʾ ʤʦʜʝʣʽ 
1-i

X  ʥʘ 

ʚʽʜʧʦʚʽʜʥʽ ʟʤʽʥʥʽ ʩʪʘʥʫ ʧʦʪʦʯʥʦʾ ʤʦʜʝʣʽ 
i

X  ʦʙʣʘʜʥʘʥʥʷ ʢʦʥʜʠʮʽʦʥʝʨʘ. 
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7. ʉʬʦʨʤʫʚʘʪʠ ʤʘʪʨʠʮʽ B  ʪʘ D  ʽʟ ʚʽʜʧʦʚʽʜʥʠʭ ʤʘʪʨʠʮʴ 
i
1B  ʪʘ 

i
2B . 

ʇʨʠ ʨʦʟʨʦʙʮʽ ʢʦʤʧʣʝʢʩʥʦʾ ʤʦʜʝʣʽ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʦʨʷʜʦʢ 

ʜʠʥʘʤʽʯʥʠʭ ʤʦʜʝʣʝʡ ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʋ ʥʘʩʪʫʧʥʠʭ ʧʽʜʧʫʥʢʪʘʭ 

ʨʦʟʛʣʷʥʫʪʦ ʢʦʤʧʣʝʢʩʥʽ ʤʦʜʝʣʽ ʜʣʷ ʉʂʇ, ʷʢ ̔ʦʪʨʠʤʘʣʠ ʰʠʨʦʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ ʧʦʚʽʪʨʷ ʦʙôʻʢʪʽʚ ʂɯ. ɼʣʷ ʩʧʨʦʱʝʥʥʷ ʽʥʪʝʨʧʨʝʪʘʮʽʾ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʫ ʧʦʜʘʣʴʰʦʤʫ ʚʝʨʭʥʽʡ ʽʥʜʝʢʩ ʤʘʪʨʠʮʴ  ̔ʫ ʧʨʦʩʪʦʨʽ 

ʩʪʘʥʽʚ ʙʫʜʝ ʟʘʤʽʥʝʥʦ ʥʘ ʘʙʨʝʚʽʘʪʫʨʫ ʦʙʣʘʜʥʘʥʥʷ ʢʦʥʜʠʮʽʦʥʝʨʘ. 

 

4.4.2 ʄʦʜʝʣʴ ʢʦʥʜʠʮʽʦʥʝʨʘ ʽʟ ʬʦʨʩʫʥʦʯʥʠʤ ʟʚʦʣʦʞʫʚʘʯʝʤ 

ʈʦʟʛʣʷʥʝʤʦ ʪʝʭʥʦʣʦʛʽʯʥʫ ʩʭʝʤʫ ʇʉʎʂ ʨʠʩ. 2.1, ʚ [248]. ʊʫʪ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʥʘʩʪʫʧʥʝ ʢʣʽʤʘʪʠʯʥʝ ʦʙʣʘʜʥʘʥʥʷ: ʚʦʜʷʥʠʡ ʢʘʣʦʨʠʬʝʨ ʧʝʨʰʦʛʦ 

ʧʽʜʽʛʨʽʚʫ ʂ1; ʚʦʜʷʥʠʡ ʦʭʦʣʦʜʞʫʚʘʯ ʆ; ʩʦʪʦʚʠʡ ʟʚʦʣʦʞʫʚʘʯ Cɿ (ʤʦʞʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʬʦʨʩʫʥʦʯʥʠʡ ʟʚʦʣʦʞʫʚʘʯ ʌɿ); ʚʦʜʷʥʠʡ ʢʘʣʦʨʠʬʝʨ ʜʨʫʛʦʛʦ 

ʧʽʜʽʛʨʽʚʫ ʂ2. ɺʠʢʦʨʠʩʪʘʚʰʠ ʫʟʘʛʘʣʴʥʝʥʫ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ ʢʣʽʤʘʪʠʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʢʦʥʜʠʮʽʦʥʝʨʘ (ʜʠʚ. ʨʠʩ. 3.16), ʦʪʨʠʤʘʥʦ ʧʘʨʘʤʝʪʨʠʯʥʫ ʩʭʝʤʫ 

ʢʦʥʜʠʮʽʦʥʝʨʘ ʽʟ ʬʦʨʩʫʥʦʯʥʠʤ ʟʚʦʣʦʞʫʚʘʯʝʤ, ʷʢʘ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 4.13. ɿʣʽʚʘ 

ʩʭʝʤʠ ʧʦʢʘʟʘʥʦ ʟʙʫʨʶʶʯʽ ʯʠʥʥʠʢʠ, ʽʟ ʥʠʟʫ ï ʢʝʨʫʶʯʽ, ʚʠʪʨʘʪʘ ʧʨʠʧʣʠʚʥʦʛʦ 

ʧʦʚʽʪʨʷ AGD  ʻ ʟʙʫʨʶʶʯʠʤ ʚʧʣʠʚʦʤ, ʧʨʦʪʝ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʉʂʇ ʮʝʡ ʧʘʨʘʤʝʪʨ ʻ 

ʥʝʟʤʽʥʥʠʤ, ʪʦʙʪʦ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʨʦʙʦʪʫ ʇʉʎʂ. ɺʝʨʭʥʽʡ ʽʥʜʝʢʩ ʫ ʧʦʟʥʘʯʝʥʥʽ 

ʟʤʽʥʥʠʭ ʚʢʘʟʫʻ ʥʘ ʦʙʣʘʜʥʘʥʥʷ. ʂʘʥʘʣʠ ʚʧʣʠʚʫ ʜʣʷ ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʟ̔ ʪʘʙʣ. 3.1. ʇʫʥʢʪʠʨʥʠʤʠ ʩʪʨʽʣʢʘʤʠ ʥʘ ʩʭʝʤʽ ʧʦʢʘʟʘʥʦ ʢʘʥʘʣʠ 

ʚʧʣʠʚʫ, ʷʢ̔ ʥʝ ʧʨʠʡʤʘʶʪʴ ʫʯʘʩʪʴ ʫ ʢʝʨʫʚʘʥʥ ̔ʟʘ ʤʝʪʦʜʦʤ ñʪʦʯʢʠ ʨʦʩʠò. 

ʇʨʦʤʠʩʣʦʚʠʡ ʢʦʥʜʠʮʽʦʥʝʨ ʤʘʻ 6 ʟʤʽʥʥʠʭ ʟʙʫʨʝʥʥʷ: 
1
0

K
AqD , 

1
0

K
AdD , 

1K
WGD , 

O
W0qD , 

Cɿ
W0qD , 

2K
WGD  ʪʘ 3 ʟʤʽʥʥʽ ʢʝʨʫʶʯʦʛʦ ʚʧʣʠʚʫ: 

1
0

K
WqD , 

O
WG 0D , 

2
0

K
WqD . ɼʣʷ 

ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʩʭʝʤʠ ʨʠʩ. 4.13 ʥʝʦʙʭʽʜʥʦ ʦʪʨʠʤʘʪʠ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ 

ʢʦʥʜʠʮʽʦʥʝʨʘ ʫ ʧʨʦʩʪʦʨʽ ʩʪʘʥʽʚ. 
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ʈʠʩ. 4.13. ʇʘʨʘʤʝʪʨʠʯʥʘ ʩʭʝʤʘ ʧʨʦʤʠʩʣʦʚʦʛʦ ʢʦʥʜʠʮʽʦʥʝʨʘ, ʱʦ ʨʝʘʣʽʟʫ ̒

ʢʝʨʫʚʘʥʥʷ ʟʘ ʤʝʪʦʜʦʤ ñʪʦʯʢʠ ʨʦʩʠò 

 

ʇʨʠ ʨʦʟʨʦʙʮʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʨʠʡʥʷʪʦ, ʱʦ ʬʦʨʩʫʥʦʯʥʠʡ (ʩʦʪʦʚʠʡ) 

ʟʚʦʣʦʞʫʚʘʯ ʫʯʘʩʪʴ ʫ ʨʝʛʫʣʶʚʘʥʥʽ ʥʝ ʧʨʠʡʤʘʻ, ʡʦʛʦ ʬʫʥʢʮʽʾ ʚʠʢʦʥʫʻ 

ʦʭʦʣʦʜʞʫʚʘʯ. ɿʘ ʤʝʪʦʜʠʢʦʶ ʦʧʠʩʘʥʦʶ ʫ ʧ.4.4.1 ʨʦʟʨʦʙʣʝʥʦ ʢʦʤʧʣʝʢʩʥʫ 

ʤʦʜʝʣʴ ʧʨʦʤʠʩʣʦʚʦʛʦ ʢʦʥʜʠʮʽʦʥʝʨʘ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʧʘʨʘʤʝʪʨʠʯʥʽʡ ʩʭʝʤʽ 

ʨʠʩ. 4.13: 
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ʈʦʟʤʽʨʥʽʩʪʴ ʤʘʪʨʠʮʴ ʤʦʜʝʣʽ (4.9): ɸ ï [15×15], B ï [15×3]. ʗʢʱʦ ʫ ʉʂʇ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʝʣʝʢʪʨʠʯʥʠʡ ʢʘʣʦʨʠʬʝʨ ʜʨʫʛʦʛʦ ʧʽʜʽʛʨʽʚʫ ʂ2, ʤʘʪʝʤʘʪʠʯʥʘ 
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ʤʦʜʝʣʴ ʷʢʦʛʦ ʤʘʻ ʪʨʝʪʽʡ ʧʦʨʷʜʦʢ, ʟʘʛʘʣʴʥʘ ʨʦʟʤʽʨʥʽʩʪʴ ʤʦʜʝʣʽ (4.9) 

ʟʤʝʥʰʠʪʴʩʷ ʥʘ 1. 

ʗʢʱʦ ʧʨʦʝʢʪʫʻʪʴʩʷ ʧʨʝʮʠʟʽʡʥʘ ʉʂʇ, ʘʙʦ ʫ ʢʦʥʜʠʮʽʦʥʝʨʽ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʨʝʮʠʨʢʫʣʷʮʽʷ ʧʦʚʽʪʨʷ ï ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʜʠʥʘʤʽʯʥʽ 

ʧʨʦʮʝʩʠ ʧʨʠʤʽʱʝʥʥʷ [249]. ʇʘʨʘʤʝʪʨʠʯʥʘ ʩʭʝʤʘ ʪʘʢʦʾ ʉʂʇ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩ. 4.14. ʋ ʷʢʦʩʪʽ ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʝʣʝʤʝʥʪʘ ʇʉʎʂ 1 ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ 

ʧʘʨʘʤʝʪʨʠʯʥʘ ʩʭʝʤʘ ʇʉʎʂ, ʷʢʫ ʨʦʟʛʣʷʥʫʪʦ ʥʘ ʨʠʩ. 4.13. ʇʦʨʽʚʥʷʥʦ ʽʟ 

ʨʠʩ. 4.13, ʜʘʥʘ ʧʘʨʘʤʝʪʨʠʯʥʘ ʩʭʝʤʘ ʜʦʜʘʪʢʦʚʦ ʜʦʧʦʚʥʝʥʘ ʜʠʥʘʤʽʯʥʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ: ʂɿ ï ʢʘʤʝʨʘ ʟʤʽʰʫʚʘʥʥʷ; ʇ ï ʧʨʠʤʽʱʝʥʥʷ. 

 

 
ʈʠʩ. 4.14. ʇʘʨʘʤʝʪʨʠʯʥʘ ʩʭʝʤʘ ʧʨʝʮʠʟʽʡʥʦʛʦ ʢʦʥʜʠʮʽʦʥʝʨʘ, ʱʦ ʨʝʘʣʽʟʫ ̒

ʢʝʨʫʚʘʥʥʷ ʟʘ ʤʝʪʦʜʦʤ ñʪʦʯʢʠ ʨʦʩʠò 

 

ɿʘ ʧʘʨʘʤʝʪʨʠʯʥʦ  ʁʩʭʝʤʦ  ʁʨʠʩ. 4.14 ʆʂ ʤʘʻ 8 ʟʤʽʥʥʠʭ ʟʙʫʨʝʥʥʷ: 
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ʇ
NqD  ʪʘ 4 ʟʤʽʥʥʽ ʢʝʨʫʶʯʦʛʦ ʚʧʣʠʚʫ: 
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W0qD , 

1
0

K
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ʂɿKD . ɼʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʝʥʝʨʛʦʚʠʪʨʘʪ ʫ ʧʨʦʮʝʩ ̔ʧʽʜʛʦʪʦʚʢʠ 

ʧʦʚʽʪʨʷ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʜʙʘʯʠʪʠ ʟʤʽʥʫ ʢʦʝʬʽʮʽʻʥʪʘ ʨʝʮʠʨʢʫʣʷʮʽʾ 
ʂɿKD  ʥʘ ʨʽʚʥʽ 

ʂʌʉ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 

ɿʘ ʤʝʪʦʜʠʢʦʶ ʧ.4.4.1 ʦʪʨʠʤʘʥʦ ʢʦʤʧʣʝʢʩʥʫ ʤʦʜʝʣʴ ʧʨʝʮʠʟʽʡʥʦʛʦ 

ʢʦʥʜʠʮʽʦʥʝʨʘ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʧʘʨʘʤʝʪʨʠʯʥʽʡ ʩʭʝʤʽ ʥʘ ʨʠʩ. 4.14: 
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C . 

ʂʦʤʧʣʝʢʩʥʘ ʤʦʜʝʣʴ ʧʨʝʮʠʟʽʡʥʦʛʦ ʢʦʥʜʠʮʽʦʥʝʨʘ (4.10) ʤʽʩʪʠʪʴ ʜʠʥʘʤʽʯʥʽ 

ʤʦʜʝʣʽ ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ: ʢʘʤʝʨʠ ʟʤʽʰʫʚʘʥʥʷ ʂɿ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ; 

ʚʦʜʷʥʠʭ ʢʘʣʦʨʠʬʝʨʽʚ ʂ1, ʂ2 ʪʘ ʦʭʦʣʦʜʞʫʚʘʯʘ ʆ ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʫ; 

ʬʦʨʩʫʥʦʯʥʦʛʦ ʟʚʦʣʦʞʫʚʘʯʘ ʌɿ ʪʘ ʧʨʠʤʽʱʝʥʥʷ ʪʨʝʪʴʦʛʦ ʧʦʨʷʜʫ. ɺʢʘʟʘʥʽ 

ʦʩʦʙʣʠʚʦʩʪʽ ʢʦʤʧʣʝʢʩʥʦʾ ʤʦʜʝʣʽ ʚʽʜʦʙʨʘʞʝʥʦ ʫ ʤʘʪʨʠʮʷʭ ʉ1 ï ʉ6. ʆʪʨʠʤʘʥʘ 

ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʧʨʝʮʠʟʽʡʥʦʛʦ ʢʦʥʜʠʮʽʦʥʝʨʘ (4.10) ʤʘʻ ʜʚʘʜʮʷʪʠʡ 

ʧʦʨʷʜʦʢ, ʨʦʟʤʽʨʥʽʩʪʴ ʤʘʪʨʠʮʴ: ɸ ï [20×20], B ï [20×3]. 

 

4.4.3 ʄʦʜʝʣʴ ʢʦʥʜʠʮʽʦʥʝʨʘ ʽʟ ʧʘʨʦʚʠʤ ʟʚʦʣʦʞʫʚʘʯʝʤ 

ʈʦʟʛʣʷʥʝʤʦ ʪʝʭʥʦʣʦʛʽʯʥʫ ʩʭʝʤʫ ʇʉʎʂ ʨʠʩ. 2.1, ʛ [250]. ʂʝʨʫʚʘʥʥʷ 

ʦʙʣʘʜʥʘʥʥʷʤ ʢʦʥʜʠʮʽʦʥʝʨʘ ʽʟ ʧʘʨʦʚʠʤ ʟʚʦʣʦʞʫʚʘʯʝʤ ʧʨʦʚʦʜʠʪʴʩʷ 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʝʪʦʜ ñʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʫò. ʅʘ ʨʠʩ. 4.15. ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʧʘʨʘʤʝʪʨʠʯʥʘ ʩʭʝʤʘ ʧʨʠʧʣʠʚʥʦʾ ʩʠʩʪʝʤʠ ʢʦʥʜʠʮʽʦʥʝʨʘ, ʷʢʫ ʦʪʨʠʤʘʥʦ ʽʟ 
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ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʘʛʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ ʦʙʣʘʜʥʘʥʥʷ (ʨʠʩ. 3.16). ɺʝʨʭʥʽʡ ʽʥʜʝʢʩ ʫ 

ʧʦʟʥʘʯʝʥʥʽ ʟʤʽʥʥʠʭ ʚʢʘʟʫʻ ʥʘ ʦʙʣʘʜʥʘʥʥʷ: ʂ1, ʂ2 ï ʢʘʣʦʨʠʬʝʨʠ ʧʝʨʰʦʛʦ ʪʘ 

ʜʨʫʛʦʛʦ ʧʽʜʽʛʨʽʚʫ; ʆ ï ʦʭʦʣʦʜʞʫʚʘʯ; ʇɿ ï ʧʘʨʦʚʠʡ ʟʚʦʣʦʞʫʚʘʯ. ʇʫʥʢʪʠʨʥʠʤʠ 

ʩʪʨʽʣʢʘʤʠ ʥʘ ʩʭʝʤʽ ʧʦʢʘʟʘʥʦ ʢʘʥʘʣʠ ʚʧʣʠʚʫ ʜʣʷ ʟʤʽʥʥʠʭ, ʷʢʽ ʥʝ ʧʨʠʡʤʘʶʪʴ 

ʫʯʘʩʪʽ ʫ ʢʝʨʫʚʘʥʥ ̔ʟʘ ʤʝʪʦʜʦʤ ñʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʫò. ɺʠʭʦʜʷʯʠ ʽʟ ʨʠʩ. 4.15 

ʉʂʇ ʤʘʻ 5 ʟʤʽʥʥʠʭ ʟʙʫʨʝʥʥʷ: 
1
0

K
AqD , 

1
0

K
AdD , 

1K

WGD , 
O
W0qD , 

2
0
ʂ
WGD  ʪʘ 4 ʟʤʽʥʥʽ 

ʢʝʨʫʶʯʦʛʦ ʚʧʣʠʚʫ: 
1K

WGD , 0

O

WGD , 
1
0

K
AdD , 

ʇɿ

END . 

 

 
ʈʠʩ. 4.15. ʇʘʨʘʤʝʪʨʠʯʥʘ ʩʭʝʤʘ ʧʨʦʤʠʩʣʦʚʦʛʦ ʢʦʥʜʠʮʽʦʥʝʨʘ, ʱʦ ʨʝʘʣʽʟʫ ̒

ʢʝʨʫʚʘʥʥʷ ʟʘ ʤʝʪʦʜʦʤ ñʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʫò 

 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʝʪʦʜʠʢʫ ʧ.4.4.1, ʦʪʨʠʤʘʥʦ ʢʦʤʧʣʝʢʩʥʫ ʤʦʜʝʣʴ 

ʧʨʦʤʠʩʣʦʚʦʛʦ ʢʦʥʜʠʮʽʦʥʝʨʘ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʧʘʨʘʤʝʪʨʠʯʥʽʡ ʩʭʝʤʽ ʥʘ ʨʠʩ. 4.15: 
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C . 

ʂʦʤʧʣʝʢʩʥʘ ʤʦʜʝʣʴ ʢʦʥʜʠʮʽʦʥʝʨʘ (4.11) ʤʽʩʪʠʪʴ ʜʠʥʘʤʽʯʥʽ ʤʦʜʝʣʽ 

ʦʙʣʘʜʥʘʥʥʷ: ʚʦʜʷʥʠʭ ʢʘʣʦʨʠʬʝʨʽʚ ʂ1, ʂ2 ʪʘ ʦʭʦʣʦʜʞʫʚʘʯʘ ʆ ʯʝʪʚʝʨʪʦʛʦ 

ʧʦʨʷʜʢʫ; ʧʘʨʦʚʦʛʦ ʟʚʦʣʦʞʫʚʘʯʘ ʇɿ ʜʨʫʛʦʛʦ ʧʦʨʷʜʫ, ʚʽʜʧʦʚʽʜʥʦ ʤʦʜʝʣʴ ʤʘʻ 

ʯʦʪʠʨʥʘʜʮʷʪʠʡ ʧʦʨʷʜʦʢ, ʨʦʟʤʽʨʥʽʩʪʴ ʤʘʪʨʠʮʴ: ɸ ï [14×14], B ï [14×4]. 

ʋ ʚʠʧʘʜʢʫ ʨʦʟʨʦʙʢʠ ʧʨʝʮʠʟʽʡʥʦ ʾ ʉʂʇ ʽʟ ʨʝʮʠʨʢʫʣʷʮʽʻʶ ʧʦʚʽʪʨʷ ï 

ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʜʠʥʘʤʽʯʥʽ ʧʨʦʮʝʩʠ ʧʨʠʤʽʱʝʥʥ ̫ [251]. ʇʘʨʘʤʝʪʨʠʯʥʘ 

ʩʭʝʤʘ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʤʽʢʨʦʢʣʽʤʘʪʫ ʽʟ ʧʘʨʦʚʠʤ ʟʚʦʣʦʞʫʚʘʯʝʤ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩ. 4.16. ɼʘʥʘ ʧʘʨʘʤʝʪʨʠʯʥʘ ʩʭʝʤʘ ʽʜʝʥʪʠʯʥʘ ʨʠʩ. 4.14, ʧʨʦʪʝ, ʜʣʷ ʜʘʥʦʛʦ 

ʚʠʧʘʜʢʫ, ʫ ʷʢʦʩʪʽ ʩʪʨʫʢʪʫʨʠ ʇʉʎʂ 2 ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʩʪʨʫʢʪʫʨʘ ʇʉʎʂ 

ʨʠʩ. 4.15. 

 

 
ʈʠʩ. 4.16. ʇʘʨʘʤʝʪʨʠʯʥʘ ʩʭʝʤʘ ʧʨʝʮʠʟʽʡʥʦʛʦ ʢʦʥʜʠʮʽʦʥʝʨʘ, ʱʦ ʨʝʘʣʽʟʫ ̒

ʢʝʨʫʚʘʥʥʷ ʟʘ ʤʝʪʦʜʦʤ ñʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʫò 

 

ɺʠʭʦʜʷʯʠ ʽʟ ʩʪʨʫʢʪʫʨʠ ʨʠʩ. 4.16 ʆʂ ʤʘʻ 7 ʟʤʽʥʥʠʭ ʟʙʫʨʝʥʥʷ: 
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ʂʌʉ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ.  
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ɿʘ ʤʝʪʦʜʠʢʦʶ ʧ.4.4.1 ʦʪʨʠʤʘʥʦ ʢʦʤʧʣʝʢʩʥʫ ʤʦʜʝʣʴ ʧʨʝʮʠʟʽʡʥʦʛʦ 

ʢʦʥʜʠʮʽʦʥʝʨʘ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʧʘʨʘʤʝʪʨʠʯʥʽʡ ʩʭʝʤʽ ʥʘ ʨʠʩ. 4.16: 
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ʂʦʤʧʣʝʢʩʥʘ ʤʦʜʝʣʴ ʧʨʝʮʠʟʽʡʥʦʛʦ ʢʦʥʜʠʮʽʦʥʝʨʘ (4.12) ʤʽʩʪʠʪʴ ʜʠʥʘʤʽʯʥʽ 

ʤʦʜʝʣʽ ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ: ʢʘʤʝʨʠ ʟʤʽʰʫʚʘʥʥʷ ʂɿ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ; 

ʚʦʜʷʥʠʭ ʢʘʣʦʨʠʬʝʨʽʚ ʂ1, ʂ2 ʪʘ ʦʭʦʣʦʜʞʫʚʘʯʘ ʆ ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʫ; ʧʘʨʦʚʦʛʦ 

ʟʚʦʣʦʞʫʚʘʯʘ ʌɿ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ; ʧʨʠʤʽʱʝʥʥʷ ʇ ʪʨʝʪʴʦʛʦ ʧʦʨʷʜʫ. 

ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʧʨʝʮʠʟʽʡʥʦʛʦ ʢʦʥʜʠʮʽʦʥʝʨʘ (4.12) ʤʘʻ ʜʝʚôʷʪʥʘʜʮʷʪʠʡ 

ʧʦʨʷʜʦʢ, ʨʦʟʤʽʨʥʽʩʪʴ ʤʘʪʨʠʮʴ: ɸ ï [19×19], B ï [19×4].   
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4.5 ɺʠʩʥʦʚʢʠ ʜʦ ʯʝʪʚʝʨʪʦʛʦ ʨʦʟʜʽʣʫ 

1. ɺʠʢʦʥʘʥʦ ʢʣʘʩʠʬʽʢʘʮʽʶ ʧʘʨʘʤʝʪʨʽʚ ʘʥʘʣʽʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʢʣʽʤʘʪʠʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ, ʦʪʨʠʤʘʥʠʭ ʫ ʪʨʝʪʴʦʤʫ ʨʦʟʜʽʣʽ ʪʘ ʦʙˇʨʫʥʪʦʚʘʥʦ ʾʭ ʧʘʨʘʤʝʪʨʠʯʥʽ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ. ʇʦʢʘʟʘʥʦ, ʱʦ ʯʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦ- ʪʘ 

ʤʘʩʦʚʽʜʜʘʯʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʠʟʢʠ ʬʘʢʪʦʨʽʚ. ʇʘʨʘʤʝʪʨʠ ʪʝʧʣʦ- ʪʘ ʤʘʩʦʦʙʤʽʥʫ 

ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʢʦʥʮʝʧʪʫʘʣʴʥʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʘʥʘʣʽʪʠʯʥʠʭ ʤʦʜʝʣʝʡ 

ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʦʩʢʽʣʴʢʠ ʤʘʶʪʴ ʥʝʦʜʥʦʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ 

ʜʠʥʘʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ.  

2. ɼʣʷ ʨʦʟʢʨʠʪʪʷ ʢʦʥʮʝʧʪʫʘʣʴʥʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʘʥʘʣʽʪʠʯʥʠʭ ʤʦʜʝʣʝʡ 

ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʘʣʛʦʨʠʪʤ ʧʘʩʠʚʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ, 

ʷʢʠʡ ʨʝʘʣʽʟʫʻʪʴʩʷ ʽʥʩʪʨʫʤʝʥʪʘʤʠ ʎɼ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʧʽʜʭʽʜ ʜʦ ʨʦʟʨʦʙʢʠ ʎɼ 

ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʢʦʥʜʠʮʽʦʥʝʨʘ. ʅʘ ʦʩʥʦʚʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ 

ʧʽʜʭʦʜʫ ʥʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜʠ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʎɼ ʝʣʝʢʪʨʠʯʥʦʛʦ ʪʘ 

ʚʦʜʷʥʦʛʦ ʢʘʣʦʨʠʬʝʨʘ. ʇʽʜ ʯʘʩ ʩʠʤʫʣʷʮʽʾ ʚʽʜʥʦʩʥʘ ʧʦʭʠʙʢʘ ʧʦʰʫʢʫ 

ʥʝʚʠʟʥʘʯʝʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʝ ʧʝʨʝʚʠʱʠʣʘ 5%.  

3. ɺʧʝʨʰʝ ʜʣʷ ʩʠʩʪʝʤʠ ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʧʦʚʽʪʨʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜʠʢʫ 

ʨʦʟʨʦʙʢʠ ʢʦʤʧʣʝʢʩʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʷʢ ʙʘʛʘʪʦʚʠʤʽʨʥʦʛʦ ʆʂ. 

ʄʝʪʦʜʠʢʘ ʜʦʟʚʦʣʷʻ ʨʦʟʨʦʙʠʪʠ ʢʦʤʧʣʝʢʩʥʫ ʤʦʜʝʣʴ ʩʠʩʪʝʤʠ ʢʦʥʜʠʮʽʶʚʘʥʥʷ 

ʧʦʚʽʪʨʷ ʫ ʧʨʦʩʪʦʨʽ ʩʪʘʥʽʚ ʜʣʷ ʚʽʜʦʤʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʭʝʤ ʢʦʥʜʠʮʽʶʚʘʥʥʷ 

ʧʦʚʽʪʨʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʩʫʯʘʩʥʫ ʪʝʦʨʽʶ ʢʝʨʫʚʘʥʥʷ ʚ ʧʨʦʩʪʦʨʽ 

ʩʪʘʥʽʚ ʪʘ ʧʨʦʚʦʜʠʪʠ ʩʠʥʪʝʟ ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ ɸʉʂ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ 

ʢʦʥʜʠʮʽʦʥʝʨʘʤʠ ʨʽʟʥʠʭ ʤʦʜʠʬʽʢʘʮʽʡ. 

4. ɿʘ ʨʦʟʨʦʙʣʝʥʦʶ ʤʝʪʦʜʠʢʦʶ ʜʣʷ ʮʝʥʪʨʘʣʴʥʠʭ ʢʦʥʜʠʮʽʦʥʝʨʽʚ, ʷʢʽ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʥʘ ʦʙôʻʢʪʘʭ ʂɯ, ʦʪʨʠʤʘʥʦ 4 

ʢʦʤʧʣʝʢʩʥʽ ʤʦʜʝʣʽ ʉʂʇ ʫ ʧʨʦʩʪʦʨʽ ʩʪʘʥʽʚ: (4.9) ï (4.12). ɿʘʧʨʦʧʦʥʦʚʘʥʽ 

ʜʠʥʘʤʽʯʥʽ ʤʦʜʝʣʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʽʩʥʫʶʯʠʭ ʚʨʘʭʫʚʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʚʟʘʻʤʦʟʚôʷʟʢʽʚ ʧʨʠ ʧʦʩʣʽʜʦʚʥʽʡ ʦʙʨʦʙʮʽ ʧʨʠʧʣʠʚʥʦʛʦ ʧʦʚʽʪʨʷ ʥʘ 

ʢʣʽʤʘʪʠʯʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʘʨʘʤʝʪʨʫ ʚʦʣʦʛʦʚʤʽʩʪʫ ʜʣʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʤʘʩʦʦʙʤʽʥʫ ʫ ʧʨʦʮʝʩʽ ʧʽʜʛʦʪʦʚʢʠ ʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ. 
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ʈʆɿɼɯʃ 5  

ɯʅʌʆʈʄɸʎɯʁʅɸ ʉʀʉʊɽʄɸ ʐʊʋʏʅʆɻʆ ʄɯʂʈʆʂʃɯʄɸʊʋ 

ʂɯɹɽʈʌɯɿʀʏʅʀʍ ʆɹ'ɭʂʊɯɺ ʂʈʀʊʀʏʅʆɰ ɯʅʌʈɸʉʊʈʋʂʊʋʈʀ 

ʋʧʨʘʚʣʽʥʥʷ ʦʙôʻʢʪʘʤʠ ʂɯ ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʩʢʣʘʜʥʠʤ ʧʨʦʮʝʩʦʤ, ʱʦ 

ʦʙʫʤʦʚʣʝʥʦ ʪʝʭʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ, ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʧʨʘʚʦʚʠʤʠ ʪʘ ʩʦʮʽʘʣʴʥʦ-

ʝʢʦʥʦʤʽʯʥʠʤʠ ʬʘʢʪʦʨʘʤʠ. ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʂɯ ʦʭʦʧʣʶʻ ʧʽʜʧʨʠʻʤʩʪʚʘ ʪʘ 

ʫʩʪʘʥʦʚʠ ʨʽʟʥʠʭ ʛʘʣʫʟʝʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʝʥʝʨʛʝʪʠʢʠ, ʪʨʘʥʩʧʦʨʪʫ, ʟʚôʷʟʢʫ, 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, ʦʭʦʨʦʥʠ ʟʜʦʨʦʚôʷ, ʜʝʨʞʘʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʬʽʥʘʥʩʽʚ (ʜʠʚ. 

ʧ.1.1). ɺʽʜʧʦʚʽʜʥʦ, ʩʪʨʫʢʪʫʨʘ ʫʧʨʘʚʣʽʥʥʷ ʪʘʢʠʤʠ ʦʙôʻʢʪʘʤʠ ʻ ʙʘʛʘʪʦʨʽʚʥʝʚʦʶ. 

ʅʘ ʥʠʞʥʴʦʤʫ (ʦʧʝʨʘʮʽʡʥʦʤʫ) ʨʽʚʥʽ ʫʧʨʘʚʣʽʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʯʝʨʝʟ ʛʘʣʫʟʝʚʽ, 

ʢʦʨʧʦʨʘʪʠʚʥʽ ʘʙʦ ʤʫʥʽʮʠʧʘʣʴʥʽ ʦʨʛʘʥʠ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʙʝʟʧʦʩʝʨʝʜʥʻ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʂɯ. ɺʦʜʥʦʯʘʩ, ʥʘ ʚʝʨʭʥʴʦʤʫ ʨʽʚʥʽ ʬʫʥʢʮʽʦʥʫʶʪʴ 

ʜʝʨʞʘʚʥʽ ʦʨʛʘʥʠ ʫʧʨʘʚʣʽʥʥʷ (ʩʝʢʪʦʨʘʣʴʥʽ ʦʨʛʘʥʠ), ʷʢʽ ʢʦʦʨʜʠʥʫʶʪʴ ʧʦʣʽʪʠʢʫ 

ʜʝʨʞʘʚʠ ʫ ʚʽʜʧʦʚʽʜʥʽʡ ʩʬʝʨʽ (ʥʘʧʨʠʢʣʘʜ, ʄʽʥʝʥʝʨʛʦ, ʄʽʥʮʠʬʨʘ, ʄʆɿ, 

ʄʽʥʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʪʦʱʦ). 

ʊʘʢʠʡ ñʩʝʢʪʦʨʘʣʴʥʦ-ʽʻʨʘʨʭʽʯʥʠʡò ʭʘʨʘʢʪʝʨ ʫʧʨʘʚʣʽʥʥʷ ʟʥʘʯʥʦ 

ʫʩʢʣʘʜʥʶʻ ʢʦʦʨʜʠʥʘʮʽʶ ʜʽʡ ʤʽʞ ʨʽʟʥʠʤʠ ʩʫʙôʻʢʪʘʤʠ ʂɯ ʚ ʫʤʦʚʘʭ ʢʨʠʟʦʚʠʭ 

ʩʠʪʫʘʮʽʡ ʘʙʦ ʟʘʛʨʦʟ. ɹʘʛʘʪʦʛʘʣʫʟʝʚʽʩʪʴ ʂɯ ʩʪʚʦʨʶʻ ʜʦʜʘʪʢʦʚʽ ʚʠʢʣʠʢʠ ʜʣʷ 

ʫʥʽʬʽʢʘʮʽʾ ʧʽʜʭʦʜʽʚ ʜʦ ʙʝʟʧʝʢʠ, ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ, ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ ʪʝʭʥʽʯʥʠʭ 

ʨʽʰʝʥʴ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʶ. ɿʦʢʨʝʤʘ, ʦʜʥʘʢʦʚʽ 

ʪʝʭʥʽʯʥʽ ʚʠʤʦʛʠ ʱʦʜʦ ʤʽʢʨʦʢʣʽʤʘʪʫ ʤʦʞʫʪʴ ʧʦ-ʨʽʟʥʦʤʫ ʨʝʘʣʽʟʦʚʫʚʘʪʠʩʴ ʫ 

ʤʝʜʠʯʥʠʭ ʟʘʢʣʘʜʘʭ, ʜʘʪʘ-ʮʝʥʪʨʘʭ ʘʙʦ ʪʨʘʥʩʧʦʨʪʥʠʭ ʚʫʟʣʘʭ. ʂʣʘʩʠʯʥʘ 

ʽʻʨʘʨʭʽʯʥʘ ʤʦʜʝʣʴ ʫʧʨʘʚʣʽʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚʦʤ ʥʝ ʚ ʟʤʦʟʽ ʧʦʚʥʦʶ ʤʽʨʦʶ 

ʟʘʙʝʟʧʝʯʠʪʠ ʝʬʝʢʪʠʚʥʝ ʚʠʨʽʰʝʥʥʷ ʙʘʛʘʪʦʛʨʘʥʥʠʭ ʟʘʜʘʯ ʫʧʨʘʚʣʽʥʥʷ ʦʙôʻʢʪʘʤʠ 

ʂɯ. ɿʘʟʥʘʯʝʥʽ ʟʘʜʘʯʽ ʤʦʞʫʪʴ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʽ ʚ ʤʝʞʘʭ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʝʨʚʽʩʽʚ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʥʮʝʧʮʽʾ ʂʌʉ, ʱʦ ʧʨʠʡʰʣʘ ʥʘ 

ʟʤʽʥʫ ʪʨʘʜʠʮʽʡʥʽʡ ʫʧʨʘʚʣʽʥʩʴʢʽʡ ʧʘʨʘʜʠʛʤʽ. ʇʽʜʭʦʜʠ ʽ ʧʨʠʥʮʠʧʠ ʫʧʨʘʚʣʽʥʥʷ 

ʉʂʇ ʚ ʨʘʤʢʘʭ ʢʣʘʩʠʯʥʦ ʾʽʻʨʘʨʭʽ ʾʫʧʨʘʚʣʽʥʥʷ ʨʦʟʛʣʷʥʫʪʦ ʫ ʨʦʙʦʪʘʭ [252, 253]. 

ʆʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰʠʭ ʧʨʦʙʣʝʤ ʫ ʨʦʟʨʦʙʮʽ ʂʌʉ ʻ ʾʾ ʚʥʫʪʨʽʰʥʷ ʩʢʣʘʜʥʽʩʪʴ, 

ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʪʘ ʤʫʣʴʪʠʜʠʩʮʠʧʣʽʥʘʨʥʠʡ ʭʘʨʘʢʪʝʨ. ʈʦʟʧʦʜʽʣʝʥʽ ʂʌʉ 
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ʽʥʪʝʛʨʫʶʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʨʽʟʥʦʨʜ̔ʥʠʭ ʘʩʧʝʢʪʽʚ, ʪʘʢʠʭ ʷʢ ʘʥʘʣʽʟ ʪʘ 

ʤʦʜʝʣʶʚʘʥʥʷ ʊʇ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʝʨʝʙʽʛʫ ʬʽʟʠʯʥʦʛʦ ʧʨʦʮʝʩʫ ʥʘ ʚʠʟʥʘʯʝʥʠʡ 

ʚʽʜʨʽʟʦʢ ʯʘʩʫ, ʫʧʨʘʚʣʽʥʥʷ ʊʇ ʚ ʫʤʦʚʘʭ ʥʘʷʚʥʠʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ ʪʘ ʨʠʟʠʢʽʚ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ, ʤʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ, ʦʙʨʦʙʢʘ ʤʦʞʣʠʚʠʭ ʧʦʟʘʰʪʘʪʥʠʭ 

ʩʠʪʫʘʮʽʡ ʪʘ ʽʥʰʝ. ʂʦʤʧʦʥʝʥʪʠ ʂʌʉ ʯʘʩʪʦ ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʤʽʞ ʨʽʟʥʠʤʠ 

ʛʝʦʛʨʘʬʽʯʥʠʤʠ ʣʦʢʘʮʽʷʤʠ, ʘʧʘʨʘʪʥʠʤʠ ʧʣʘʪʬʦʨʤʘʤʠ ʪʘ ʤʝʨʝʞʘʤʠ ʟʚôʷʟʢʫ. 

ʉʴʦʛʦʜʥʽ ʂʌʉ ʚʠʤʘʛʘʶʪʴ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʦʙʯʠʩʣʝʥʴ 

ʪʠʧʫ ʢʚʘʟʽʧʘʨʘʣʝʣʴʥʠʭ ʦʙʯʠʩʣʝʥʴ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʂʌʉ ʤʦʞʥʘ 

ʧʦʨʽʚʥʷʪʠ ʟ ʝʬʝʢʪʠʚʥʽʩʪʶ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʘʨʘʣʝʣʴʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ, 

ʷʢʽ ʝʬʝʢʪʠʚʥʽ ʜʣʷ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʽʥʬʦʨʤʘʮʽʾ ʽʟ ʤʦʞʣʠʚʽʩʪʶ 

ʨʦʟʧʘʨʘʣʝʣʶʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ [254]. 

ʋ ʧôʷʪʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʟʘʢʣʶʯʥʠʡ, ʪʨʝʪʽʡ ʝʪʘʧ ʩʠʩʪʝʤʥʦʛʦ 

ʧʽʜʭʦʜʫ ʜʦ ʫʧʨʘʚʣʽʥʥʷ ʰʪʫʯʥʠʤ ʤʽʢʨʦʢʣʽʤʘʪʦʤ ʦʙ'ʻʢʪʽʚ ʂɯ ʥʘ ʦʩʥʦʚʽ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʫ ʧʦʧʝʨʝʜʥʽʭ ʨʦʟʜʽʣʘʭ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. ʅʘ 

ʮʴʦʤʫ ʝʪʘʧʽ ʚʠʨʽʰʫʻʪʴʩʷ ʟʘʚʜʘʥʥʷ ʽʥʪʝʛʨʫʚʘʥʥʷ ʉʂʇ ʫ ʂʌʆ ʂɯ. ʋ ʨʦʟʜʽʣʽ 

ʨʦʟʛʣʷʥʫʪʦ ʩʪʨʫʢʪʫʨʫ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ 

(ɯʉʇʇʈ), ʦʢʨʝʩʣʝʥʦ ʢʦʣʦ ʟʘʚʜʘʥʴ ʽʟ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʤʽʢʨʦʢʣʽʤʘʪʦʤ 

ʦʙôʻʢʪʽʚ ʂɯ ʟʘ ʧʨʠʡʥʷʪʠʤʠ ʢʨʠʪʝʨʽʷʤʠ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜʠ ʣʦʢʘʣʴʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ ʉʂʇ ʽʟ ʘʜʘʧʪʘʮʽʻʶ ʜʦ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʨʦʮʝʩʫ ʧʽʜʛʦʪʦʚʢʠ ʧʦʚʽʪʨʷ ʪʘ 

ʧʨʦʚʝʜʝʥʦ ʽʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʦʮʽʥʢʠ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʤʝʪʦʜʽʚ. 

 

5.1 ɯʥʬʦʨʤʘʮʽʡʥʘ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʤʽʢʨʦʢʣʽʤʘʪʦʤ 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ 

ʆʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʤʦʜʝʨʥʽʟʘʮʽʾ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ ʂɯ ʻ 

ʨʦʟʨʦʙʢʘ ʂʌʆ ʂɯ, ʜʝ ʛʘʨʤʦʥʽʡʥʦ ʫʟʛʦʜʞʫʻʪʴʩʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʬʽʟʠʯʥʠʭ ʪʘ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʨʘʤʢʘʭ ʻʜʠʥʦʾ ʩʠʩʪʝʤʠ. ʋʨʷʜʠ ʙʘʛʘʪʴʦʭ ʟʘʨʫʙʽʞʥʠʭ 

ʢʨʘʾʥ ʚʢʣʶʯʠʣʠ ʂʌʉ ʫ ʧʨʽʦʨʠʪʝʪʥʠʡ ʥʘʧʨʷʤʦʢ ʨʦʟʚʠʪʢʫ ʩʚʦʾʭ ʥʘʮʽʦʥʘʣʴʥʠʭ 

ʽʥʪʝʨʝʩʽʚ [255]. ɿʘ ʚʠʟʥʘʯʝʥʥʷʤ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʽʥʩʪʠʪʫʪʫ ʩʪʘʥʜʘʨʪʽʚ ʽ 

ʪʝʭʥʦʣʦʛʽʡ (ʉʐɸ), ʂʌʉ ʤʦʞʫʪʴ ʙʫʪʠ ʦʧʠʩʘʥʽ ʷʢ ʨʦʟʫʤʥʽ ʩʠʩʪʝʤʠ, ʷʢʽ 
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ʚʢʣʶʯʘʶʪʴ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʽ ʬʽʟʠʯʥʽ ʢʦʤʧʦʥʝʥʪʠ, ʽʥʪʝʛʨʦʚʘʥʽ ʪʘ ʱʽʣʴʥʦ 

ʚʟʘʻʤʦʜʽʶʯʽ ʤʽʞ ʩʦʙʦʶ, ʱʦʙ ʚʽʜʦʙʨʘʞʘʪʠ ʟʤʽʥʥʠʡ ʩʪʘʥ ʨʝʘʣʴʥʦʛʦ ʩʚʽʪʫ. 

ʂʦʤʧʦʥʝʥʪʠ ʂʌʉ ʚʟʘʻʤʦʜʽʶʪʴ ʥʘ ʨʽʟʥʠʭ ʯʘʩʦʚʠʭ ʪʘ ʧʨʦʩʪʦʨʦʚʠʭ ʨʽʚʥʷʭ ʪʘ 

ʤʦʞʫʪʴ ʤʘʪʠ ʨʽʟʥʽ, ʚʽʜʤʽʥʥʽ ʦʜʥʘ ʚʽʜ ʦʜʥʦʾ ʤʦʜʝʣʽ ʧʦʚʝʜʽʥʢʠ ʪʘ ʚʟʘʻʤʦʜʽʷʪʠ 

ʦʜʥʘ ʟ ʦʜʥʦʶ ʨʽʟʥʠʤʠ ʰʣʷʭʘʤʠ, ʷʢʽ ʤʦʞʫʪʴ ʟʤʽʥʶʚʘʪʠʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʢʦʥʪʝʢʩʪʫ [256]. ʉʴʦʛʦʜʥʽ ʂʌʉ ʽʩʥʫʶʪʴ ʚʩʶʜʠ ʚ ʨʽʟʥʠʭ ʨʦʟʤʽʨʘʭ, ʟ ʨʽʟʥʠʤʠ 

ʬʫʥʢʮʽʷʤʠ ʪʘ ʤʦʞʣʠʚʦʩʪʷʤʠ [257]. ʊʘʢʽ ʩʠʩʪʝʤʠ ʯʘʩʪʦ ʧʽʜʪʨʠʤʫʶʪʴ ʢʨʠʪʠʯʥʽ 

ʨʽʰʝʥʥʷ, ʱʦ ʤʘʶʪʴ ʩʫʪʪʻʚʝ ʝʢʦʥʦʤʽʯʥʝ ʪʘ ʩʫʩʧʽʣʴʥʝ ʟʥʘʯʝʥʥʷ. 

ʂʌʉ ʤʘʻ ʨʦʟʧʦʜʽʣʝʥʫ ʘʨʭʽʪʝʢʪʫʨʫ, ʱʦ ʤʽʩʪʠʪʴ ʽʥʪʝʣʝʢʪʫʘʣʴʥʽ 

ʚʠʤʽʨʶʚʘʣʴʥʦ-ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʚʫʟʣʠ, ʷʢʽ ʦʙôʻʜʥʘʥʽ ʤʝʨʝʞʝʚʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ʽʟ 

ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʠʤʠ ʮʝʥʪʨʘʤʠ ʟʙʦʨʫ ʪʘ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ [258]. ɺ ʷʢʦʩʪʽ 

ʢʦʤʫʥʽʢʘʮʽʡʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ɯʥʪʝʨʥʝʪ-ʤʝʨʝʞʘ. ʉʪʘʥʜʘʨʪʥʽ 

ʧʨʦʪʦʢʦʣʠ ɯʥʪʝʨʥʝʪʫ ʥʝʦʧʪʠʤʘʣʴʥʽ ʜʣʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ IoT-ʧʨʠʩʪʨʦʾʚ. 

ʌʘʭʽʚʮʽ ʚʽʜʟʥʘʯʘʶʪʴ [259], ʱʦ ʥʘʡʙʽʣʴʰʽ ʩʢʣʘʜʥʦʩʪʽ ʜʣʷ ʽʥʪʝʛʨʫʚʘʥʥʷ IoT-

ʧʨʠʩʪʨʦʾʚ ʫ ʂʌʉ ʚʠʢʣʠʢʘʻ: 

¶ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʤʦʙʽʣʴʥʠʭ IoT-ʧʨʠʩʪʨʦʾʚ; 

¶ ʯʘʩʪʠʡ ʦʙʤʽʥ ʜʘʥʠʤʠ ʧʦ ʤʝʨʝʞʽ ʽʟ ʚʪʨʘʪʦʶ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʘʢʝʪʽʚ; 

¶ ʜʠʩʙʘʣʘʥʩ ʤʽʞ ʚʝʣʠʯʝʟʥʦʶ ʢʽʣʴʢʽʩʪʶ IoT-ʧʨʠʩʪʨʦʾʚ, ʱʦ ʛʝʥʝʨʫʶʪʴ ʜʘʥʽ ʟ 

ʚʝʣʠʢʦʶ ʰʚʠʜʢʽʩʪʶ ʪʘ ʭʤʘʨʥʠʭ ʩʝʨʚʝʨʽʚ, ʷʢʽ ʟʙʝʨʽʛʘʶʪʴ ʚʝʣʠʯʝʟʥʽ ʦʙʩʷʛʠ 

ʜʘʥʠʭ ʧʨʠ ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʽʡ ʰʚʠʜʢʦʩʪʽ ʦʥʦʚʣʝʥʥʷ ʜʘʥʠʭ. 

ɺʘʞʣʠʚʠʤ ʽʥʩʪʨʫʤʝʥʪʘʨʽʻʤ ʜʣʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʂʌʉ ʻ ʮʠʬʨʦʚʠʡ ʎɼ, 

ʷʢʠʡ ʬʫʥʢʮʽʦʥʫʻ ʫ ʭʤʘʨʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ʈʽʚʝʥʴ ʭʤʘʨʥʠʭ ʧʣʘʪʬʦʨʤ ʥʘʜʘʻ ʎɼ 

ʟʥʘʯʥʽ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʨʝʩʫʨʩʠ ʪʘ ʤʦʞʣʠʚʦʩʪʽ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ [232]. 

ʊʝʭʥʦʣʦʛʽʷ ʎɼ ʜʦʟʚʦʣʷʻ ʪʨʘʥʩʬʦʨʤʫʚʘʪʠ ʚʝʣʠʢʠʡ ʦʙôʻʤ ʽʩʪʦʨʠʯʥʠʭ ʜʘʥʠʭ ʫ 

ʤʘʪʝʤʘʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʧʨʦʛʥʦʩʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʬʫʥʢʮʽʾ 

ʤʦʥʽʪʦʨʠʥʛʫ, ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʘʥʘʣʽʟʫ ʨʽʰʝʥʴ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ 

ʧʨʦʮʝʩʘʤʠ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ [260, 261]. ɯʥʩʪʨʫʤʝʥʪʘʨʽʡ ʎɼ ʜʣʷ ʂʌʉ ʟʘʙʝʟʧʝʯʫʻ 

ʝʬʝʢʪʠʚʥʫ ʪʘ ʥʘʜʽʡʥʫ ʨʦʙʦʪʫ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʠʩʪʝʤʠ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʾʾ 

ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ. ʎɼ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʩʪʨʘʪʝʛʽʾ ʫʧʨʘʚʣʽʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ, ʜʦʟʚʦʣʷʻ ʘʜʝʢʚʘʪʥʦ ʚʽʜʦʙʨʘʞʘʪʠ ʜʠʥʘʤʽʢʫ 
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ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʦʮʝʩʫ, ʧʨʦʛʥʦʟʫʚʘʪʠ ʡʦʛʦ ʧʦʚʝʜʽʥʢʫ ʽ ʚʠʷʚʣʷʪʠ ʥʝʩʧʨʘʚʥʦʩʪʽ 

ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʠʩʪʝʤʠ ʚ ʦʥʣʘʡʥ ʨʝʞʠʤʽ, ʦʧʪʠʤʽʟʫʚʘʪʠ ʩʪʨʫʢʪʫʨʫ 

ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʙʘʛʘʪʦ ʽʥʰʦʛʦ [262]. 

ʅʘ ʦʩʥʦʚʽ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʘʥʘʣʽʟʫ ʘʨʭʽʪʝʢʪʫʨʠ ʂʌʉ ʨʦʟʛʣʷʥʝʤʦ ʧʽʜʭʽʜ ʜʦ 

ʨʦʟʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ (ɯʉʇʇʈ) ʜʣʷ 

ʫʧʨʘʚʣʽʥʥʷ ʉʂʇ ʂʌʆ ʂɯ. ʅʘ ʨʠʩ. 5.1 ʟʦʙʨʘʞʝʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ɯʉʇʇʈ, ʱʦ 

ʚʭʦʜʠʪʴ ʜʦ ʂʌʆ ʂɯ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʩʭʝʤʘ ʟʘʧʨʦʢ̒ʪʦʚʘʥʘ ʪʘ ʨʝʘʣʽʟʦʚʘʥʘ ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘʩʪʫʧʥʠʭ ʧʨʠʥʮʠʧʽʚ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ: ʽʻʨʘʨʭʽʯʥʦʩʪʽ, 

ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʨʽʰʝʥʴ, ʘʜʘʧʪʠʚʥʦʩʪʽ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʘ 

ʤʽʥʽʤʽʟʘʮʽʾ ʚʧʣʠʚʫ ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʉʂʇ; 

ʧʨʠʥʮʠʧ ̔ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʽ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʨʘʮʽʦʥʘʣʴʥʫ 

ʨʝʘʣʽʟʘʮʽʶ ʚʩʽʭ ʦʩʥʦʚʥʠʭ ʬʫʥʢʮʽʡ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʚʠʢʣʶʯʝʥʥʷ ʾʭ 

ʜʫʙʣʶʚʘʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʥʮʠʧʽʚ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ ʧʨʠ 

ʧʨʦʝʢʪʫʚʘʥʥʽ ʂʌʆ ʂɯ ʜʘʻ ʟʤʦʛʫ ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʤʽʞʥʠʭ 

ʦʙʯʠʩʣʝʥʴ ʪʘ ʷʢʽʩʪʴ ʫʧʨʘʚʣʽʥʥʷ ʟʘʛʘʣʦʤ. 

ɸʨʭʽʪʝʢʪʫʨʘ ɯʉʇʇʈ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʉʂʇ ʧʦʙʫʜʦʚʘʥʘ ʟʘ ʽʻʨʘʨʭʽʯʥʠʤ 

ʧʨʠʥʮʠʧʦʤ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʥʘʷʚʥʽʩʪʴ ʢʽʣʴʢʦʭ ʨʽʚʥʽʚ ʫʧʨʘʚʣʽʥʥʷ, ʦʙ'ʻʜʥʘʥʠʭ 

ʤʝʨʝʞʝʚʠʤʠ ʟʚ'ʷʟʢʘʤʠ. ɯʉʇʇʈ ʤʘʻ ʪʨʠ ʨʽʚʥʷ. ʅʘ ʥʠʞʥʴʦʤʫ ʨʽʚʥʽ ʨʝʘʣʽʟʫʻʪʴʩʷ 

ʢʣʘʩʠʯʥʘ ʘʚʪʦʤʘʪʠʯʥʘ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ (ɸʉʂ) ʢʣʽʤʘʪʠʯʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ 

ʉʂʇ (ʜʣʷ ʂʌʉ ʮʝ ʨʽʚʝʥʴ ʛʨʘʥʠʯʥʠʭ ʧʨʠʩʪʨʦʾʚ). ɸʉʂ ʚʠʢʦʥʫʻ ʮʠʢʣʽʯʥʠʡ 

ʢʦʥʪʨʦʣʴ ʚʩʽʭ ʟʤʽʥʥʠʭ ʉʂʇ, ʚʢʣʶʯʘʶʯʠ ʤʽʢʨʦʢʣʽʤʘʪ ʫ ʧʨʠʤʽʱʝʥʴ ʪʘ ʟʜʽʡʩʥʶʻ 

ʣʦʢʘʣʴʥʝ ʢʝʨʫʚʘʥʥʷ ʢʣʽʤʘʪʠʯʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ ʉʂʇ. 

ʅʘ ʩʝʨʝʜʥʴʦʤʫ ʨʽʚʥʽ ʬʫʥʢʮʽʦʥʫʶʪʴ ʭʤʘʨʥʽ ʩʝʨʚʽʩʠ ʂʌʆ ʂɯ. ɺ 

ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʪʫʪ ʨʝʘʣʽʟʫʶʪʴʩʷ ʪʝʭʥʦʣʦʛʽʾ ʚʝʣʠʢʠʭ ʜʘʥʠʭ ʪʘ ʎɼ. ɺ 

ʨʘʤʢʘʭ ɯʉʇʇʈ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʉʂʇ ʘʛʨʝʛʦʚʘʥʽ ʜʘʥʽ ʚʽʜ ʇʃʂ ʟʘ IoT-

ʧʨʦʪʦʢʦʣʘʤʠ ʥʘʜʭʦʜʷʪʴ ʫ ʧʽʜʩʠʩʪʝʤʫ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ. ʇʽʜʩʠʩʪʝʤʘ ʦʙʨʦʙʢʠ 

ʽʥʬʦʨʤʘʮʽʾ ʚʠʢʦʥʫʻ ʘʥʘʣʽʟ ʚʭʽʜʥʠʭ ʜʘʥʠʭ (ʬʽʣʴʪʨʘʮʽʷ, ʥʦʨʤʫʚʘʥʥʷ, ʟʘʧʦʚʥʝʥʥʷ 

ʧʨʦʧʫʩʢʽʚ, ʘʛʨʝʛʫʚʘʥʥʷ ʜʘʥʠʭ), ʧʦʧʦʚʥʶʻ ʙʘʟʫ ʜʘʥʠʭ (ɹɼ) ʥʦʚʦʶ ʽʥʬʦʨʤʘʮʽʻʶ 

ʪʘ ʥʘʜʘʻ ʦʧʝʨʘʪʠʚʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʪʘʥ ʉʂʇ: ʚʝʣʠʯʠʥʫ ʟʙʫʨʶʶʯʠʭ ʚʧʣʠʚʽʚ; 
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ʈʠʩ. 5.1. ɸʨʭʽʪʝʢʪʫʨʘ ɯʉʇʇʈ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʉʂʇ 

 

ʈ̔ ʚʝʥʴ ʛʨʘʥʠʯʥʠʭ ʧʨʠʩʪʨʦʾʚ ɸʉʂ ʉʂʇ 

é 

ʌʽʟʠʯʥʝ ʩʝʨʝʜʦʚʠʱʝ ʧʽʜʧʨʠʻʤʩʪʚʘ ʂɯ 

ɼʘʪʯʠʢʠ ʇʃʂ 1 ɼʘʪʯʠʢʠ ʇʃʂ N ɼʦʜʘʪʢʦʚʽ ʜʘʪʯʠʢʠ 

ʉʂʇ 1 ʉʂʇ N 

 

ʈʽʚʝʥʴ ʎɼ ʉʂʇ 

ɹɼ ʂʌʉ 

ʈʽʚʝʥʴ ʜʦʜʘʪʢʽʚ ʢʦʨʠʩʪʫʚʘʯʽʚ 

ɹɼ ʟʦʚʥʽʰʥʽʭ 

ʫʤʦʚ 

ɹɼ ʚʥʫʪʨʽʰʥʽʭ 

ʟʙʫʨʝʥʴ 

ɹɼ ʜʦʧʫʩʪʠʤʦʛʦ 

ʤʽʢʨʦʢʣʽʤʘʪʫ 

ʜʣʷ ʊʇ 

ʇʽʜʩʠʩʪʝʤʘ ʤʦʜʝʣʶʚʘʥʥʷ 

ɯʤʽʪʘʮʽʡʥʘ ʤʦʜʝʣʴ ʉʂʇ (4.9) ï (4.12) 

ʇʽʜʩʠʩʪʝʤʘ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ɹɼ ʟʤʽʥʥʠʭ ʪʘ 

ʧʘʨʘʤʝʪʨʽʚ ʊʇ 

ʆʧʪʠʤʽʟʘʮʽʷ 

ʉʂʇ, 

(5.1) 

ɸʜʘʧʪʘʮʽʷ 

ɸʉʂ ʉʂʇ, 

(5.4) 

ɹʣʦʢ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ 

ʆʮʽʥʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʉʂʇ ʟʘ ʢʨʠʪʝʨʽʷʤʠ 

ʆʧʝʨʘʪʠʚʥʘ 

ʽʥʬʦʨʤʘʮʽʷ 

ʇʽʜʩʠʩʪʝʤʘ 

ʦʙʨʦʙʢʠ 

ʽʥʬʦʨʤʘʮʽʾ 

ʇʨʦʛʥʦʟ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥ

ʥ ̫ʉʂʇ, 

(5.3) 
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ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʢʘʤʝʨ ʨʝʮʠʨʢʫʣʷʮʽʾ ʧʦʚʽʪʨʷ, ʚʦʜʷʥʠʭ ʢʘʣʦʨʠʬʝʨʽʚ, 

ʦʭʦʣʦʜʞʫʚʘʯʽʚ, ʧʘʨʦʟʚʦʣʦʞʫʚʘʯʽʚ, ʧʨʠʤʽʱʝʥʴ ʪʘ ʽʥʰʝ. ɹɼ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʫʩʽʤʘ ʭʤʘʨʥʠʤʠ ʩʝʨʚʽʩʘʤʠ ʜʣʷ ʘʥʘʣʽʟʫ ʪʘ ʧʽʜʪʨʠʤʢʠ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʥʘ 

ʧʽʜʧʨʠʻʤʩʪʚʽ. ɼʣʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

ʤʽʢʨʦʢʣʽʤʘʪʦʤ ʧʽʜʧʨʠʻʤʩʪʚʘ ʂɯ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʎɼ ʉʂʇ. 

ʎɼ ʉʂʇ ʤʽʩʪʠʪʴ ʜʚʽ ʧʽʜʩʠʩʪʝʤʠ: ʧʽʜʩʠʩʪʝʤʫ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʧʽʜʩʠʩʪʝʤʫ 

ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ. 

ʇʽʜʩʠʩʪʝʤʘ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʤʽʥʽʤʽʟʘʮʽ ʁ ʩʪʦʭʘʩʪʠʯʥʠʭ 

ʟʦʚʥʽʰʥʽʭ ʟʙʫʨʝʥʴ ʪʘ ʧʦʤʠʣʦʢ ʚʠʤʽʨʶʚʘʥʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ 

ʂʘʣʤʘʥʽʚʩʴʢʦʾ ʦʧʪʠʤʘʣʴʥʦʾ ʬʽʣʴʪʨʘʮʽʾ ʚʠʤʽʨʶʚʘʥʴ ʥʘ ʝʪʘʧʽ ʧʽʜʛʦʪʦʚʢʠ ʜʘʥʠʭ 

ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ [263]. ɯʩʥʫʶʯʘ ʧʘʨʘʤʝʪʨʠʯʥʘ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʘʥʘʣʽʪʠʯʥʠʭ 

ʤʦʜʝʣʝʡ ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʤʽʥʽʤʽʟʫʻʪʴʩʷ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʥʘʷʚʥʠʭ ʽʩʪʦʨʠʯʥʠʭ ʜʘʥʠʭ ʪʘ ʤʝʪʦʜʽʚ ʧʘʩʠʚʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʤʦʜʝʣʝʡ 

ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ (ʜʠʚ. ʧ. 4.2), ʯʠʤ ʜʦʩʷʛʘʻʪʴʩʷ ʾʭ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ 

ʘʜʝʢʚʘʪʥʦʩʪʽ ʧʨʦʮʝʩʫ ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʧʦʚʽʪʨʷ. ɼʣʷ ʥʘʷʚʥʠʭ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ ʂɯ 

ʢʦʥʜʠʮʽʦʥʝʨʽʚ ʧʨʦʝʢʪʫʶʪʴʩʷ ʽʤʽʪʘʮʽʡʥʽ ʤʦʜʝʣʽ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʠʢʠ 

ʨʦʟʨʦʙʢʠ ʢʦʤʧʣʝʢʩʥʦʾ ʤʦʜʝʣʽ ʉʂʇ ʫ ʧʨʦʩʪʦʨʽ ʩʪʘʥʽʚ (ʜʠʚ. ʧ. 4.4.1). 

ʇʽʜʩʠʩʪʝʤʘ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʟʘʙʝʟʧʝʯʫʻ: ʦʧʪʠʤʽʟʘʮʽʶ ʜʦʧʫʩʪʠʤʠʭ ʤʝʞ 

ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʚʦʣʦʛʦʩʪʽ ʫ ʧʨʠʤʽʱʝʥʥʷʭ ʦʙôʻʢʪʫ ʂɯ; ʦʧʪʠʤʽʟʘʮʽʶ ʢʦʝʬʽʮʽʻʥʪʘ 

ʨʝʮʠʨʢʫʣʷʮʽʾ ʉʂʇ ʜʣʷ ʝʢʦʥʦʤʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ 

ʩʠʩʪʝʤʦʶ ʤʽʢʨʦʢʣʽʤʘʪʫ; ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʠʪʨʘʪ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʤʽʢʨʦʢʣʽʤʘʪʫ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ ʂɯ; ʘʜʘʧʪʘʮʽʶ ɸʉʂ 

ʢʦʥʜʠʮʽʦʥʝʨʘ ʜʦ ʟʦʚʥʽʰʥʽʭ ʟʙʫʨʝʥʴ ʥʘ ʩʠʩʪʝʤʫ ʰʪʫʯʥʦʛʦ ʤʽʢʨʦʢʣʽʤʘʪʫ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʤʽʢʨʦʢʣʽʤʘʪʦʤ ʧʽʜʧʨʠʻʤʩʪʚʘ ʂɯ 

ʦʮʽʥʶʻʪʴʩʷ ʟʘ ʚʽʜʧʦʚʽʜʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ. ɼʘʣʽ, ʽʥʬʦʨʤʘʮʽʷ ʥʘʜʘʻʪʴʩʷ ʥʘ 

ʟʘʩʪʦʩʫʥʢʠ ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʦʩʽʙ ʜʣʷ ʫʭʚʘʣʝʥʥʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ.  
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5.1.1 ʆʧʝʨʘʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ ʟ ʦʧʪʠʤʽʟʘʮʽʾ ʩʠʩʪʝʤʠ ʢʦʥʜʠʮʽʶʚʘʥʥʷ 

ʧʦʚʽʪʨʷ 

ɿʘʚʜʘʥʥʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʟ ʦʧʪʠʤʽʟʘʮʽʾ ʉʂʇ ʥʝʦʙʭʽʜʥʝ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʜʦʧʫʩʪʠʤʠʭ ʤʝʞ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʚʦʣʦʛʦʩʪʽ ʫ ʧʨʠʤʽʱʝʥʥʽ ʦʙôʻʢʪʘ ʂɯ, 

ʘ ʪʘʢʦʞ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʨʝʮʠʨʢʫʣʷʮʽʾ (ʜʣʷ ʉʂʇ ʽʟ ʨʝʮʠʨʢʫʣʷʮʽʻʶ), 

ʱʦ ʚʧʣʠʚʘʻ ʝʢʦʥʦʤʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ. ʐʪʫʯʥʠʡ 

ʤʽʢʨʦʢʣʽʤʘʪ ʬʽʟʠʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʘʚʜʘʥʴ, ʷʢʽ ʚʠʢʦʥʫʻ 

ʧʽʜʧʨʠʻʤʩʪʚʦ ʂɯ. ɼʣʷ ʧʨʦʤʠʩʣʦʚʠʭ ʦʙôʻʢʪʽʚ ʂɯ ʦʧʪʠʤʽʟʘʮʽʷ ʨʦʙʦʪʠ ʉʂʇ ʚ 

ʧʝʨʰʫ ʯʝʨʛʫ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʽʩʥʦʾ ʨʦʙʦʪʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ. ɼʣʷ ʦʙôʻʢʪʽʚ ʂɯ ʩʦʮʽʘʣʴʥʦʛʦ ʩʧʨʷʤʫʚʘʥʥʷ (ʤʝʜʠʯʥʽ 

ʟʘʢʣʘʜʠ, ʤʝʪʨʦʧʦʣʽʪʝʥ, ʙʦʤʙʦʩʭʦʚʠʱʘ, ʽʥʰʝ) ʦʧʪʠʤʽʟʘʮʽʷ ʨʦʙʦʪʠ ʉʂʇ 

ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʧʽʜʪʨʠʤʘʥʥʷ ʢʦʤʬʦʨʪʥʠʭ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ ʧʝʨʝʙʫʚʘʥʥʷ 

ʣʶʜʠʥʠ. ʈʦʟʛʣʷʥʝʤʦ ʦʙʠʜʚʘ ʚʘʨʽʘʥʪʠ ʦʧʪʠʤʽʟʘʮʽʾ ʉʂʇ ʽʟ ʬʦʨʩʫʥʦʯʥʠʤ 

ʟʚʦʣʦʞʫʚʘʯʝʤ (ʌɿ) ʪʘ ʨʝʮʠʨʢʫʣʷʮʽʻʶ. 

ɼʣʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ (4.10) ʉʂʇ ʥʘ ʨʠʩ. 5.2 ʟʦʙʨʘʞʝʥʘ h ï d ʜʽʘʛʨʘʤʘ 

ʧʽʜʛʦʪʦʚʢʠ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʟ ʚʭʽʜʥʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ 
min max

0 0A Aq q-  ʪʘ 

ʚʦʣʦʛʦʚʤʽʩʪʦʤ 
min max

0 0A Ad d- . 

ʆʙʣʘʩʪʴ IV ʭʘʨʘʢʪʝʨʠʟʫʻ ʧʨʠʧʫʩʪʠʤʠʡ ʤʽʢʨʦʢʣʽʤʘʪ ʫ ʧʨʠʤʽʱʝʥʥʽ ʟ 

ʜʽʘʧʘʟʦʥʦʤ ʟʘʜʘʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 
min max

R Rq q- ʪʘ ʚʦʣʦʛʦʚʤʽʩʪʫ
min max

R Rd d- . ʑʦ 

ʤʝʥʰʝ ʧʣʦʱʘ ʦʙʣʘʩʪ ̔IV ï ʪʦ ʚʠʱʝ ʚʠʤʦʛʠ ʜʦ ʤʽʢʨʦʢʣʽʤʘʪʫ ʧʨʠʤʽʱʝʥʥʷ. 

ʇʨʠ ʦʙʨʦʙʮʽ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ (ʪʦʯʢʘ ɸ, ɸ*) ʜʦ ʟʘʜʘʥʦʛʦ ʟʥʘʯʝʥʥʷ 

(ʪʦʯʢʘ D, D*) ʤʽʥʽʤʘʣʴʥʘ ʚʠʪʨʘʪʘ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʢʦʥʜʠʮʽʦʥʝʨʘ ʙʫʜʝ ʥʘ ʨʝʙʨʘʭ 

ʤʝʞʽ ʦʙʣʘʩʪʽ IV. ʊʦʤʫ ʯʠʤ ʙʽʣʴʰʝ ʧʣʦʱʘ ʦʙʣʘʩʪ ̔IV, ʪʠʤ ʤʝʥʰʝ ʝʥʝʨʛʦʥʦʩʽʾʚ 

ʥʝʦʙʭʽʜʥʦ ʥʘ ʧʽʜʛʦʪʦʚʢʫ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʦʙʣʘʩʪʴ IV 

ʦʙʤʝʞʝʥʘ ʚʠʤʦʛʘʤʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚʠʨʦʙʥʠʮʪʚʘ ʜʦ ʤʽʢʨʦʢʣʽʤʘʪʫ ʫ 

ʧʨʦʤʠʩʣʦʚʦʤʫ ʧʨʠʤʽʱʝʥʥʽ. ɼʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʦʙʣʘʩʪʽ ʜʦʧʫʩʪʠʤʦʛʦ 

ʤʽʢʨʦʢʣʽʤʘʪʫ ɹɼ ʂʌʉ ʤʽʩʪʠʪ ɹ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʜʦʧʫʩʪʠʤʽ ʧʘʨʘʤʝʪʨʠ 

ʤʽʢʨʦʢʣʽʤʘʪʫ ʜʣʷ ʚʩʽʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ. 
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ʈʠʩ. 5.2. H ï d ʜʽʘʛʨʘʤʘ ʧʽʜʛʦʪʦʚʢʠ ʧʦʚʽʪʨʷ ʜʣʷ ʢʦʥʜʠʮʽʦʥʝʨʘ ʟ̔ ʌɿ  

 

ɼʣʷ ʧʨʦʤʠʩʣʦʚʠʭ ʦʙôʻʢʪʽʚ ʂɯ ʦʧʪʠʤʽʟʘʮʽʷ ʜʦʧʫʩʪʠʤʦʛʦ ʤʽʢʨʦʢʣʽʤʘʪʫ ʚ 

ʧʨʠʤʽʱʝʥʥʷʭ ʚʠʨʦʙʥʠʮʪʚʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʨʠ ʧʝʨʝʭʦʜʽ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʣʽʥʽʾ ʥʘ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʽ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʝʪʘʧʽʚ: 

1) ʧ̔ ʜʩʠʩʪʝʤʘ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʽʥʽʮʽʶʻ ʜʽʘʣʦʛ ʟ̔ ʦʧʝʨʘʪʦʨʦʤ ʪʘ ʧʨʦʧʦʥʫʻ 

ʜʦʧʫʩʪʠʤʽ ʤʝʞʽ ʤʽʢʨʦʢʣʽʤʘʪʫ ʫ ʧʨʠʤʽʱʝʥʥʽ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʦʚʦʾ 

ʧʨʦʜʫʢʮʽʾ; 

2) ʬʦʨʤʫʻʪʴʩʷ ʽʤʽʪʘʮʽʡʥʘ ʤʦʜʝʣʴ ʉʂʇ ʟʘ ʤʝʪʦʜʠʢʦʶ ʧ. 4.1.1 ʽʟ ʜʦʧʫʩʪʠʤʠʤʠ 

ʤʝʞʘʤʠ ʤʽʢʨʦʢʣʽʤʘʪʫ ʫ ʧʨʠʤʽʱʝʥʥʽ; 

3) ʧʽʜʩʠʩʪʝʤʘ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʚʦʜʠʪʴ ʽʤʽʪʘʮʽʡʥʽ ʨʦʟʨʘʭʫʥʢʠ ʧʽʜʛʦʪʦʚʢʠ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʦʚʽʪʨʷ - ʧʝʨʝʭʽʜ ʽʟ ʪʦʯʢʠ ɸ(ɸ*) ʜʦ ʪʦʯʢʠ D(D*) ; 

4) ʜʘʣʽ, ʧʨʦʚʦʜʠʪʴʩʷ ʦʮʽʥʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʨʦʤʠʩʣʦʚʦʛʦ 

ʢʦʥʜʠʮʽʦʥʝʨʘ ʥʘ ʦʩʥʦʚʽ ʢʨʠʪʝʨʽʶ ʤʽʥʽʤʽʟʘʮʽʾ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ 

min
N

i

i

Q ­ä ,      (5.1) 

ʜʝ 
iQ  ï ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ -̔ʛʦ ʘʧʘʨʘʪʫ ʢʦʥʜʠʮʽʦʥʝʨʘ, ʜʣʷ ʚʦʜʷʥʦʛʦ 

ʪʝʧʣʦʥʦʩʽʷ 

( )0i i i i iQ G c q q= - ,      (5.2) 

ʍ 

j =100 % 
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G ,̔ ʩ̔ ï ʚʽʜʧʦʚʽʜʥʦ ʚʠʪʨʘʪʘ ʪʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʪʝʧʣʦʥʦʩʽʷ; ɗ̔0, ɗ̔ ï ʪʝʤʧʝʨʘʪʫʨʘ 

ʪʝʧʣʦʥʦʩʽʷ ʥʘ ʚʭʦʜʽ ʪʘ ʚʠʭʦʜʽ ʘʧʘʨʘʪʫ; 

5) ʣʘʙʦʨʘʪʦʨʥʠʡ ʚʽʜʜʽʣ ʧʽʜʧʨʠʻʤʩʪʚʘ ʘʥʘʣʽʟʫʻ ʚʧʣʠʚ ʤʽʢʨʦʢʣʽʤʘʪʫ 

ʧʨʦʤʠʩʣʦʚʦʛʦ ʧʨʠʤʽʱʝʥʥʷ ʥʘ ʷʢʽʩʪʴ ʧʨʦʜʫʢʮʽʾ; 

6) ʦʧʝʨʘʪʦʨ ʘʥʘʣʽʟʫʻ ʥʘʢʦʧʠʯʝʥʫ ʩʪʘʪʠʩʪʠʯʥʫ ʽʥʬʦʨʤʘʮʽʶ ʪʘ ʧʨʠʡʤʘʻ 

ʨʽʰʝʥʥʷ ʧʨʦ ʟʤʽʥʫ ʟʘʜʘʥʦʾ ʝʪʘʣʦʥʥʦʾ ʟʦʥʠ ʤʽʢʨʦʢʣʽʤʘʪʫ; 

7) ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʜʽʘʧʘʟʦʥ ʜʦʧʫʩʪʠʤʠʭ ʤʝʞ IV ʦʙʣʘʩʪʽ ʟʤʽʥʶʻʪʴʩʷ 

ʦʧʝʨʘʪʦʨʦʤ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʢʨʦʢʽʚ 1 ï 6. 

ɼʣʷ ʦʙôʻʢʪʽʚ ʂɯ ʩʦʮʽʘʣʴʥʦʛʦ ʪʠʧʫ ʧʦʪʨʽʙʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʢʦʤʬʦʨʪʥʽ ʫʤʦʚʠ 

ʤʽʢʨʦʢʣʽʤʘʪʫ ʜʣʷ ʧʝʨʝʙʫʚʘʥʥʷ ʣʶʜʝʡ ʫ ʧʨʠʤʽʱʝʥʥʽ. ɼʣʷ ʮʴʦʛʦ ʚʠʧʘʜʢʫ 

ʦʧʪʠʤʽʟʘʮʽʶ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʉʂʇ ʚʠʢʦʥʫʶʪʴ ʟʛʽʜʥʦ ʤʽʞʥʘʨʦʜʥʦʛʦ ʩʪʘʥʜʘʨʪʫ 

EN ISO 7730 [264], ʜʝ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʤʝʪʦʜ PMV (Predicted Mean Vote) ï 

ʧʨʦʛʥʦʟ ʩʝʨʝʜʥʴʦʾ ʛʦʣʦʩʦʚʦʾ ʦʮʽʥʢʠ ʪʝʧʣʦʚʦʛʦ ʚʽʜʯʫʪʪʷ ʥʘ ʰʢʘʣʽ ʚʽʜ ī3 (ʜʫʞʝ 

ʭʦʣʦʜʥʦ) ʜʦ +3 (ʜʫʞʝ ʞʘʨʢʦ). ʂʦʤʬʦʨʪʥʠʡ ʩʪʘʥ ʣʶʜʠʥʠ ʟʥʘʭʦʜʠʪʴʩʷ ʚ 

ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ 18 ï 24 ʦʉ ʪʘ ʚʽʜʥʦʩʥʦʾ ʚʦʣʦʛʦʩʪʽ 40 ï 70 % ʦʪʦʯʫʶʯʦʛʦ 

ʧʦʚʽʪʨʷ [265] ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʽʟʥʠʭ ʬʘʢʪʦʨʽʚ. ʄʝʪʦʜ PMV ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʙʘʣʘʥʩʽ ʣʶʜʠʥʠ. ʇʦʚʥʠʡ ʘʥʘʣʽʪʠʯʥʠʡ ʚʠʨʘʟ PMV ʜʦʩʠʪʴ 

ʛʨʦʤʽʟʜʢʠʡ. ʇʨʘʢʪʠʯʥʦ PMV ʦʙʯʠʩʣʶʶʪʴ ʟʘ ʩʪʘʥʜʘʨʪʥʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ ʘʙʦ 

ʥʘʷʚʥʠʤʠ ʧʨʦʛʨʘʤʥʠʤʠ ʩʝʨʚʽʩʘʤʠ [266, 267]. ɿʘ ʤʝʪʦʜʦʤ PMV ʢʦʤʬʦʨʪʥʠʡ 

ʩʪʘʥ ʣʶʜʠʥʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʩʪʫʧʥʠʭ ʦʩʥʦʚʥʠʭ ʯʠʥʥʠʢʽʚ: 

( ), , , , ,cl a r aPMV f M I T T RHu= , 

ʜʝ M ï ʤʝʪʘʙʦʣʽʟʤ ʣʶʜʠʥʠ ʟʘ ʪʠʧʦʤ ʾʾ ʘʢʪʠʚʥʦʩʪʽ, ɺʪ/ʤ²; Icl ï ʪʝʧʣʦʽʟʦʣʷʮʽʷ 

ʦʜʷʛʫ, ʤ2 oʂ/ɺʪ; Ta ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ, ÁC; Tr ï ʩʝʨʝʜʥʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʜ ʧʦʚʝʨʭʦʥʴ, °C; 
au ï ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʧʦʚʽʪʨʷ, ʤ/ʩ; RH ï 

ʚʽʜʥʦʩʥʘ ʚʦʣʦʛʽʩʪʴ ʧʦʚʽʪʨʷ, %. ʈʦʟʨʘʭʫʥʦʢ ʤʝʪʘʙʦʣʽʟʤʫ ʣʶʜʠʥʠ (M) ʪʘ 

ʪʝʧʣʦʚʦʾ ʽʟʦʣʷʮʽ ʾ ʦʜʷʛʫ (Icl) ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʪʘʙʣʠʯʥʠʤʠ ʨʝʢʦʤʝʥʜʘʮʽʷʤʠ 

ʩʪʘʥʜʘʨʪʫ EN ISO 7730, ʜʝ ʟʘ ʪʠʧʦʚʠʤʠ ʚʠʜʘʤʠ ʨʫʭʣʠʚʦ ʾ ʘʢʪʠʚʥʦʩʪʽ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʝʪʘʙʦʣʽʟʤ ʣʶʜʠʥʠ, ʘ ʪʝʨʤʽʯʥʠʡ ʦʧʽʨ ʾʾ ʦʜʷʛʫ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ ʜʘʥʠʭ ʪʘʙʣʠʮʽ ʪʠʧʦʚʠʭ ʢʦʤʙʽʥʘʮʽʡ ʦʜʷʛʫ. 
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ʆʧʪʠʤʽʟʘʮʽʷ ʉʂʇ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʤʬʦʨʪʥʠʭ ʫʤʦʚ ʧʝʨʝʙʫʚʘʥʥʷ 

ʣʶʜʠʥʠ ʤʽʩʪʠʪʴ ʥʘʩʪʫʧʥʽ ʢʨʦʢʠ: 

1) ʧ̔ ʜʩʠʩʪʝʤʘ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʽʥʽʮʽʶʻ ʜʽʘʣʦʛ ʟ̔ ʦʧʝʨʘʪʦʨʦʤ ʪʘ ʧʨʦʧʦʥʫʻ ʟʘʜʘʪʠ 

ʜʦʧʫʩʪʠʤʽ ʤʝʞʽ ʢʨʠʪʝʨʽʶ PMV; ʟʘʟʚʠʯʘʡ ʨʝʢʦʤʝʥʜʦʚʘʥʠʡ ʜʽʘʧʘʟʦʥ

ï 0.5    0.5PMV¢ ¢  ï ʮʝ ʤʝʞʘ ʧʨʠʡʥʷʪʥʦʾ ʟʦʥʠ ʢʦʤʬʦʨʪʥʦʩʪʽ (ʙʣʠʟʴʢʦ 10% 

ʣʶʜʝʡ ʤʦʞʫʪʴ ʙʫʪʠ ʥʝʟʘʜʦʚʦʣʝʥʠʤʠ ʤʽʢʨʦʢʣʽʤʘʪʦʤ ʫ ʧʨʠʤʽʱʝʥʥʽ) [264]; 

2) ʟʘ ʨʝʢʦʤʝʥʜʘʮʽʷʤʠ EN ISO 7730 [264] ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʝʪʘʙʦʣʽʟʤ M ʪʘ 

ʪʝʧʣʦʽʟʦʣʷʮʽʷ ʦʜʷʛʫ Icl ʜʣʷ ʪʠʧʦʚʦʾ ʘʢʪʠʚʥʦʩʪʽ ʧʨʘʮʽʚʥʠʢʽʚ ʧʽʜʧʨʠʻʤʩʪʚʘ ʂɯ; 

3) ʟʘ ʨʝʢʦʤʝʥʜʘʮʽʷʤʠ ɼɹʅ ɺ.2.5-67 [154] ʟʘʜʘʻʪʴʩʷ ʜʽʘʧʘʟʦʥ ʰʚʠʜʢʦʩʪ̔ ʨʫʭʫ 

ʧʦʚʽʪʨʷ ʫ ʧʨʠʤʽʱʝʥʥʽ 
min max

a au u- ; 

4) ʜʣʷ ʟʘʜʘʥʦʾ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʧʦʚʽʪʨʷ ʫ ʧʨʠʤʽʱʝʥʥʽ 
au ʟʘ ʤʝʪʦʜʠʢʦʶ 

EN ISO 7730 ʽʪʝʨʘʪʠʚʥʠʤ ʩʧʦʩʦʙʦʤ ʟʥʘʭʦʜʠʪʴʩʷ ʜʽʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ 

min max

R Rq q-  ʪʘ ʚʦʣʦʛʦʩʪʽ ʧʦʚʽʪʨʷ 
min max

R Rd d- , ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʨʠʡʥʷʪʠʡ 

ʜʽʘʧʘʟʦʥ PMV 

5) ʬʦʨʤʫʻʪʴʩʷ ʽʤʽʪʘʮʽʡʥʘ ʤʦʜʝʣʴ ʉʂʇ (ʜʠʚ. ʧ. 4.1.1) ʽʟ ʜʦʧʫʩʪʠʤʠʤʠ ʤʝʞʘʤʠ 

ʤʽʢʨʦʢʣʽʤʘʪʫ (
min max

R Rq q- , 
min max

R Rd d- ) ʫ ʧʨʠʤʽʱʝʥʥʽ; 

6) ʧʽʜʩʠʩʪʝʤʘ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʚʦʜʠʪʴ ʽʤʽʪʘʮʽʡʥʽ ʨʦʟʨʘʭʫʥʢʠ ʧʽʜʛʦʪʦʚʢʠ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʦʚʽʪʨʷ - ʧʝʨʝʭʽʜ ʽʟ ʪʦʯʢʠ ɸ(ɸ*) ʜʦ ʪʦʯʢʠ D(D*) ; 

7) ʜʘʣʽ, ʧʨʦʚʦʜʠʪʴʩʷ ʦʮʽʥʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʉʂʇ ʥʘ ʦʩʥʦʚʽ 

ʢʨʠʪʝʨʽʶ ʤʽʥʽʤʽʟʘʮʽʾ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ (5.1), ʷʢʱʦ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʥʝ 

ʟʘʜʦʚʦʣʴʥʷʶʪʴ ï ʟʘʜʘʻʪʴʩʷ ʥʦʚʝ ʟʥʘʯʝʥʥʷ 
au ʚ ʜʽʘʧʘʟʦʥʽ 

min max

a au u-  ʪʘ 

ʧʨʦʚʦʜʠʪʴʩʷ ʧʦʚʪʦʨʥʝ ʦʙʯʠʩʣʝʥʥʷ ʢʨʦʢʽʚ 4 ï 7; 

8) ʦʧʝʨʘʪʦʨ ʘʥʘʣʽʟʫʻ ʥʘʢʦʧʠʯʝʥʫ ʩʪʘʪʠʩʪʠʯʥʫ ʽʥʬʦʨʤʘʮʽʶ, ʘ ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ ʧʨʦ ʟʤʽʥʫ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʷ PMV. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʙʠʨʘʻʪʴʩʷ ʩʪʘʪʠʩʪʠʯʥʘ ʽʥʬʦʨʤʘʮʽʷ, ʷʢʘ ʜʦʟʚʦʣʷʻ 

ʦʧʪʠʤʽʟʫʚʘʪʠ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʢʦʥʜʠʮʽʦʥʝʨʘ ʟʘ ʨʘʭʫʥʦʢ ʜʦʧʫʩʪʠʤʦʛʦ 

ʜʽʘʧʘʟʦʥʫ ʧʘʨʘʤʝʪʨʽʚ ʤʽʢʨʦʢʣʽʤʘʪʫ ʫ ʧʨʠʤʽʱʝʥʥʷʭ ʦʙôʻʢʪʽʚ ʂɯ. 

ɿʥʘʯʥʝ ʟʤʝʥʰʝʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʢʦʥʜʠʮʽʦʥʝʨʦʤ ʤʦʞʣʠʚʝ ʟʘ 

ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʮʠʨʢʫʣʷʮʽʾ ʚʠʪʷʞʥʦʛʦ ʧʦʚʽʪʨʷ. ʋʪʠʣʽʟʘʮʽʷ ʪʝʧʣʦʪʠ 
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ʚʠʪʷʞʥʦʛʦ ʧʦʚʽʪʨʷ ʜʦʟʚʦʣʷʻ ʧʨʠʚʝʩʪʠ ʧʘʨʘʤʝʪʨʠ ʤʽʢʨʦʢʣʽʤʘʪʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʧʦʚʽʪʨʷ ʟ ʪʦʯʢʠ ɸ ʚ ʪʦʯʢʫ ɺ ʜʣʷ ʟʠʤʦʚʦʾ ʧʦʨʠ ʨʦʢʫ, ʽ ʟ ʪʦʯʢʠ ɸ* ʚ ʪʦʯʢʫ ɺ* ʜʣʷ 

ʣʽʪʥʴʦʾ ʧʦʨʠ ʨʦʢʫ (ʜʠʚ. ʨʠʩ. 5.2), ʧʨʠ ʮʴʦʤʫ ʚʠʪʨʘʪʠ ʝʥʝʨʛʦʥʦʩʽʾʚ ʥʘ ʦʙʨʦʙʢʫ 

ʧʦʚʽʪʨʷ ʟʥʘʯʥʦ ʟʤʝʥʰʫʶʪʴʩʷ. ʇʨʠ 100% ʨʝʮʠʨʢʫʣʷʮʽʾ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ 

ʢʦʥʜʠʮʽʦʥʝʨʘ ʤʘʢʩʠʤʘʣʴʥʘ. ʆʜʥʘʢ, ʟʘ ʩʘʥʽʪʘʨʥʠʤʠ ʥʦʨʤʘʤʠ ʪʘ ʧʨʘʚʠʣʘʤʠ 

ʽʩʥʫʶʪʴ ʥʦʨʤʘʪʠʚʠ ʧʦʚʽʪʨʦʦʙʤʽʥʫ ʽʟ ʟʦʚʥʽʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ 

ʚʠʪʨʠʤʫʚʘʪʠ ʫ ʧʨʠʤʽʱʝʥʥʷʭ ʟʘ ʥʘʷʚʥʦʩʪʽ ʧʨʘʮʽʚʥʠʢʽʚ [154]. ɼʣʷ ʦʧʪʠʤʽʟʘʮʽʾ 

ʢʦʝʬʽʮʽʻʥʪʘ ʨʝʮʠʨʢʫʣʷʮʽʾ ʢʦʥʜʠʮʽʦʥʝʨʘ ɹɼ ʂʌʉ ʤʘʻ ʤʽʩʪʠʪʠ ʥʦʨʤʘʪʠʚʥʫ 

ʽʥʬʦʨʤʘʮʽʶ ʱʦʜʦ ʧʦʚʽʪʨʦʦʙʤʽʥʫ ʜʣʷ ʧʨʠʤʽʱʝʥʴ ʽʟ ʢʽʣʴʢʽʩʪʶ ʧʨʘʮʽʚʥʠʢʽʚ. 

ʆʧʪʠʤʽʟʘʮʽʷ ʢʦʝʬʽʮʽʻʥʪʘ ʨʝʮʠʨʢʫʣʷʮʽʾ ʢʦʥʜʠʮʽʦʥʝʨʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʨʠ 

ʟʤʽʥʽ ʢʽʣʴʢʦʩʪʽ ʧʨʘʮʽʚʥʠʢʽʚ ʫ ʧʨʠʤʽʱʝʥʽ, ʘ ʪʘʢʦʞ ʧʝʨʝʭʦʜʽ ʉʂʇ ̔ʟ ʟʠʤʦʚʦʛʦ 

ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʥʘ ʣʽʪʥʽʡ ʪʘ ʥʘʚʧʘʢʠ. ɸʣʛʦʨʠʪʤ ʦʧʪʠʤʽʟʘʮʽʾ ʢʦʝʬʽʮʽʻʥʪʘ 

ʨʝʮʠʨʢʫʣʷʮʽʾ ʘʥʘʣʦʛʽʯʥʠʡ ʦʧʪʠʤʽʟʘʮʽʾ ʉʂʇ ʜʣʷ ʧʨʦʤʠʩʣʦʚʠʭ ʦʙôʻʢʪʽʚ ʂɯ. 

ɺʽʜʤʽʥʥʽʩʪʴ ʤʽʩʪʠʪʴʩʷ ʫ 2 ʢʨʦʮʽ, ʜʝ ʦʧʝʨʘʪʦʨ ʟʤʽʥʶʻ ʯʠʩʣʦʚʝ ʟʥʘʯʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʫ ʨʝʮʠʨʢʫʣʷʮʽʾ ʜʣʷ ʤʦʜʝʣʽ ʉʂʇ, ʧʨʠ ʮʴʦʤʫ ʜʦʧʫʩʪʠʤ ̔ ʤʝʞ̔ 

ʤʽʢʨʦʢʣʽʤʘʪʫ ʧʨʠʤʽʱʝʥʥʷ (
min max

R Rq q- , 
min max

R Rd d- ) ʥʝ ʟʤʽʥʶʶʪʴʩʷ. 

 

5.1.2 ʆʧʝʨʘʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ ʟ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ 

ɺʘʞʣʠʚʦʶ ʬʫʥʢʮʽʻʶ ʧʣʘʥʫʚʘʥʥʷ ʻ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʽʢʨʦʢʣʽʤʘʪʫ ʦʙôʻʢʪʽʚ ʂɯ. ʎʷ ʬʫʥʢʮʽʷ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʎɼ 

ʉʂʇ ʚʨʘʭʦʚʫʶʯʠ, ʱʦ ʎɼ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ 

ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʧʦʚʽʪʨʷ ʫ ʜʠʥʘʤʽʮʽ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʟʙʫʨʝʥʴ ʪʘ ʥʝʦʙʭʽʜʥʦʾ 

ʩʧʦʞʠʪʦʾ ʝʥʝʨʛʽʾ (5.2) ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʘʥʦʛʦ ʤʽʢʨʦʢʣʽʤʘʪʫ. ɸʜʝʢʚʘʪʥʽʩʪʴ 

ʧʨʦʛʥʦʟʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʘʩʠʚʥʦʶ ʽʜʝʥʪʠʬʽʢʘʮʽʻʶ ʤʦʜʝʣʝʡ 

ʉʂʇ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʜʽʶʯʠʭ ʢʦʥʜʠʮʽʦʥʝʨʽʚ (ʜʠʚ. ʧ. 4.2, ʧ. 4.3). 

ɯʤʽʪʘʮʽʡʥʘ ʤʦʜʝʣʴ ʉʂʇ ʚʨʘʭʦʚʫʻ ʟʦʚʥʽʰʥʽ ʽ ʚʥʫʪʨʽʰʥʽ ʟʙʫʨʝʥʥʷ. ɼʦ 

ʟʦʚʥʽʰʥʽʭ ʟʙʫʨʝʥʴ ʉʂʇ ʚʽʜʥʦʩʠʪʴʩʷ ʟʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʚʦʣʦʛʦʩʪʽ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʇʦʛʦʜʠʥʥʠʡ ʧʨʦʛʥʦʟ ʟʦʚʥʽʰʥʽʭ ʟʙʫʨʝʥʴ ʽʟ 

ʛʣʠʙʠʥʦʶ ʜʦ 30 ʜʥʽʚ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʯʝʨʝʟ ʢʦʤʧʝʪʝʥʪʥʽ ʩʝʨʚʽʩʠ ʧʨʦʛʥʦʟʫ 

ʧʦʛʦʜʠ, ʥʘʧʨʠʢʣʘʜ [191]. ɼʦ ʚʥʫʪʨʽʰʥʽʭ ʟʙʫʨʝʥʴ ʉʂʇ ʚʽʜʥʦʩʷʪʴʩʷ ʪʝʧʣʦʚʽ 
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ʟʙʫʨʝʥʥʷ ʚʽʜ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʨʦʤʠʩʣʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʟʤʽʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʧʣʦ- ʪʘ ʭʦʣʦʜʦʥʦʩʽʷ. ʇʨʦʛʥʦʩʪʠʯʥʽ ʤʦʜʝʣʽ ʮʠʭ ʟʙʫʨʝʥʴ ʤʦʞʥʘ 

ʦʪʨʠʤʘʪʠ ʚ ʢʣʘʩʽ ʘʚʪʦʨʝʛʨʝʩʽʡʥʠʭ ʤʦʜʝʣʝʡ [118] ʥʘ ʦʩʥʦʚʽ ʽʩʪʦʨʠʯʥʠʭ ʜʘʥʠʭ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʨʦʤʠʩʣʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

ʆʧʝʨʘʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ ʽʟ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʩʢʣʘʜʘʻʪʴʩʷ 

ʟ ʥʘʩʪʫʧʥʠʭ ʝʪʘʧʽʚ: 

1) ʧ̔ ʜʩʠʩʪʝʤʘ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʽʥʽʮʽʶʻ ʜʽʘʣʦʛ ʟ̔ ʦʧʝʨʘʪʦʨʦʤ ʪʘ ʧʨʦʧʦʥʫʻ 

ʟʘʜʘʪʠ ʛʣʠʙʠʥʫ ʧʨʦʛʥʦʟʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʉʂʇ; 

2) ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʨʦʛʥʦʟʥʠʡ ʚʝʢʪʦʨ ʟʦʚʥʽʰʥʽʭ ʽ ʚʥʫʪʨʽʰʥʽʭ ʟʙʫʨʝʥʴ, ʷʢʠʡ 

ʚʭʦʜʠʪʴ ʜʦ ʚʝʢʪʦʨʫ U ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ (4.10); 

3) ʬʦʨʤʫʻʪʴʩʷ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʉʂʇ (4.10); 

4) ʧʽʜʩʠʩʪʝʤʘ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʚʦʜʠʪʴ ʽʤʽʪʘʮʽʡʥʽ ʨʦʟʨʘʭʫʥʢʠ ʩʪʘʙʽʣʽʟʘʮʽʾ 

ʤʽʢʨʦʢʣʽʤʘʪʫ ʫ ʧʨʠʤʽʱʝʥʥʽ ʥʘ ʛʣʠʙʠʥʫ ʧʨʦʛʥʦʟʫ ʽ ʚʨʘʭʫʚʘʥʥʷʤ ʟʦʚʥʽʰʥʽʭ 

ʪʘ ʚʥʫʪʨʽʰʥʽʭ ʟʙʫʨʝʥʴ; 

5) ʜʣʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ (4.10) ʽʥʪʝʛʨʫʶʪʴʩʷ ʚʠʪʨʘʪʠ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ 

ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʉʂʇ ʜʣʷ ʩʪʘʙʽʣʽʟʘʮʽʾ ʤʽʢʨʦʢʣʽʤʘʪʫ ʢʦʞʥʦʛʦ 

ʧʨʠʤʽʱʝʥʥʷ ʂɯ 

N

i

i

E Q=ä ,      (5.3) 

ʜʝ 
iQ  ï ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ -̔ʛʦ ʘʧʘʨʘʪʫ ʢʦʥʜʠʮʽʦʥʝʨʘ, ʜʠʚ. (5.2); 

6) ʽʥʞʝʥʝʨ ʽʟ ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʠʡʤʘʻ ʜʦ ʚʽʜʦʤʘ ʦʪʨʠʤʘʥʫ ʽʥʬʦʨʤʘʮʽʶ 

ʜʣʷ ʧʣʘʥʫʚʘʥʥʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʉʂʇ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʩʪʘʪʠʩʪʠʯʥʘ ʽʥʬʦʨʤʘʮʽʷ, ʷʢʘ ʜʦʟʚʦʣʷʻ 

ʦʧʪʠʤʽʟʫʚʘʪʠ ʨʦʙʦʪʫ ʧʽʜʧʨʠʻʤʩʪʚʘ ʥʘ ʤʘʡʙʫʪʥʻ. 

 

5.1.3 ʆʧʝʨʘʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ ʟ ʘʜʘʧʪʘʮʽʾ ɸʉʂ ʢʦʥʜʠʮʽʦʥʝʨʦʤ 

ɸʜʘʧʪʘʮʽʷ ɸʉʂ ʢʦʥʜʠʮʽʦʥʝʨʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʨʠ ʧʝʨʝʭʦʜʽ ʉʂʇ ̔ʟ 

ʟʠʤʦʚʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʥʘ ʣʽʪʥʽʡ ʘʙʦ ʥʘʚʧʘʢʠ, ʦʩʢʽʣʴʢʠ ʚ ʧʽʜʛʦʪʦʚʮʽ 

ʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʽʥʰʝ ʢʣʽʤʘʪʠʯʥʝ ʦʙʣʘʜʥʘʥʥʷ. ɿʘʚʜʘʥʥʷ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʽʟ ʘʜʘʧʪʘʮʽʾ ɸʉʂ ʢʦʥʜʠʮʽʦʥʝʨʘ ʥʝʦʙʭʽʜʥʦ ʜʣʷ 
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ʢʦʨʠʛʫʚʘʥʥʷ ʥʘʣʘʰʪʫʚʘʥʴ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʥʠʞʥʴʦʛʦ ʨʽʚʥʷ ʟʘ ʟʤʽʥʠ 

ʜʠʥʘʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʦʥʜʠʮʽʦʥʝʨʘ. ɸʜʘʧʪʠʚʥʘ ʩʠʩʪʝʤʘ ʤʘʻ ʜʚʘ ʨʽʚʥʽ: 

ʥʠʞʥʽʡ ï ʨʽʚʝʥʴ ʛʨʘʥʠʯʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʷʢʠʡ ʨʝʘʣʽʟʦʚʘʥʠʡ ʥʘ ʇʃʂ ʜʣʷ 

ʫʧʨʘʚʣʽʥʥʷ ʉʂʇ; ʨʽʚʝʥʴ ʎɼ ʉʂʇ ʜʣʷ ʦʮʽʥʢʠ ʧʘʨʘʤʝʪʨʽʚ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ 

ʢʦʥʜʠʮʽʦʥʝʨʘ ʪʘ ʘʜʘʧʪʘʮʽʾ ɸʉʂ (ʜʠʚ. ʨʠʩ. 5.1). 

ɺ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ, ʘʣʛʦʨʠʪʤ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʽʟ ʘʜʘʧʪʘʮʽʾ 

ɸʉʂ ʢʦʥʜʠʮʽʦʥʝʨʦʤ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʝʪʘʧʽʚ: 

1) ʧʽʜʩʠʩʪʝʤʘ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʽʥʽʮʽʶʻ ʜʽʘʣʦʛ ʟ ʦʧʝʨʘʪʦʨʦʤ ʪʘ ʧʨʦʧʦʥʫʻ 

ʦʮʽʥʠʪʠ ʧʘʨʘʤʝʪʨʠ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ; ʜʣʷ 

ʤʦʜʝʣʝʡ ʦʮʽʥʶʶʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʠ ʪʝʧʣʦʚʽʜʜʘʯʽ ʪʘ ʤʘʩʦʧʝʨʝʥʦʩʫ ʟʘ 

ʘʣʛʦʨʠʪʤʦʤ ʧʘʩʠʚʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ (ʨʠʩ. 4.3); ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘʢʦʧʠʯʝʥ ̔ ʩ̔ʪʦʨʠʯʥʽ ʜʘʥʽ ʉʂʇ, ʷʢʽ ʤʽʩʪʷʪʴʩʷ ʚ ɹɼ ʂʌʉ; 

2) ʬʦʨʤʫʻʪʴʩʷ ʽʤʽʪʘʮʽʡʥʘ ʤʦʜʝʣʴ ʉʂʇ; 

3) ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʧʘʨʘʤʝʪʨʠ ɸʉʂ ʢʦʥʜʠʮʽʦʥʝʨʘ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʦʜʥʦʤʽʨʥʽ, 

ʘʙʦ ʙʘʛʘʪʦʚʠʤʽʨʥʽ ʤʝʪʦʜʠ ʥʘʣʘʰʪʫʚʘʥʥʷ (ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʦʜʥʦ- ʪʘ 

ʙʘʛʘʪʦʚʠʤʽʨʥʽ ʤʝʪʦʜʠ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʥʠʞʯʝ); 

4) ʧʨʦʚʦʜʠʪʴʩʷ ʦʮʽʥʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ɸʉʂ ʢʦʥʜʠʮʽʦʥʝʨʘ ʟʘ 

ʢʚʘʜʨʘʪʠʯʥʠʤ ʢʨʠʪʝʨʽʻʤ ʷʢʦʩʪʽ 

( )
0

0

T T min

ft t

t

I M dt

+ë ûî î
= + ­ì ü
î îí ý
ñX QX U R U ,   (5.4) 

ʜʝ Q, R ʚʘʛʦʚʽ ʤʘʪʨʠʮʽ ʜʣʷ ʚʝʢʪʦʨʽʚ ʩʪʘʥʫ X ʪʘ ʫʧʨʘʚʣʽʥʥʷ U ʉʂʇ; 

5) ʦʧʝʨʘʪʦʨ ʟʤʽʥʶʻ ʧʘʨʘʤʝʪʨʠ ʥʘʣʘʰʪʫʚʘʥʥʷ ɸʉʂ ʢʦʥʜʠʮʽʦʥʝʨʘ, ʷʢʱʦ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ɸʉʂ ʟ̔ ʦʧʪʠʤʽʟʦʚʘʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚʠʱʘ ʟʘ ʽʩʥʫʶʯ;̔ 

6) ʝʪʘʧʠ 1Áï°5 ̔ ʟ ʘʜʘʧʪʘʮʽʾ ɸʉʂ ʢʦʥʜʠʮʽʦʥʝʨʘ ʧʦʚʪʦʨʶʶʪʴʩʷ ʧʨʠ ʟʤʽʥʽ ʨʝʞʠʤʫ 

ʨʦʙʦʪʠ ʉʂʇ (ʣʽʪʥʽʡ, ʟʠʤʦʚʠʡ, ʧʝʨʝʭʽʜʥʠʡ ʨʝʞʠʤʠ ʨʦʙʦʪʠ). 

ɸʉʂ ʢʦʥʜʠʮʽʦʥʝʨʘ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʘ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʜʥʦʤʽʨʥʠʭ 

ʪʘ ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ ʤʝʪʦʜʽʚ ʢʝʨʫʚʘʥʥʷ. ʗʢʱʦ ʤʦʜʝʨʥʽʟʫʻʪʴʩʷ ʽʩʥʫʶʯʘ ʥʘ 

ʧʽʜʧʨʠʻʤʩʪʚʽ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʰʪʫʯʥʠʤ ʤʽʢʨʦʢʣʽʤʘʪʦʤ ʽʟ ʪʨʘʜʠʮʽʡʥʠʤʠ 

ʢʦʥʪʫʨʘʤʠ ʨʝʛʫʣʶʚʘʥʥʷ, ʪʦ ʜʣʷ ʤʘʣʦʚʠʪʨʘʪʥʦʾ ʤʦʜʝʨʥʽʟʘʮʽʾ ɸʉʂ 

ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʜʥʦʤʽʨʥʽ ʤʝʪʦʜʠ ʦʧʪʠʤʽʟʘʮʽʾ ʩʠʩʪʝʤʠ 
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ʢʝʨʫʚʘʥʥʷ. ʋ ʚʠʧʘʜʢʫ ʽʥʩʪʘʣʷʮʽʾ ʥʦʚʦʾ ʉʂʇ, ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʧʽʜʭʦʜʦʤ ʙʫʜʝ 

ʩʠʥʪʝʟ ʪʘ ʦʧʪʠʤʽʟʘʮʽʷ ʙʘʛʘʪʦʚʠʤʽʨʥʦʾ ɸʉʂ ʥʠʞʥʴʦʛʦ ʨʽʚʥʷ. 

 

5.2 ɸʜʘʧʪʘʮʽʷ ʪʨʘʜʠʮʽʡʥʠʭ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʜʣʷ ʢʦʤʧʣʝʢʩʽʚ 

ʰʪʫʯʥʦʛʦ ʤʽʢʨʦʢʣʽʤʘʪʫ 

ʇʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ʽʩʥʫʶʯʠʭ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʢʦʥʜʠʮʽʦʥʝʨʘʤʠ 

ʨʝʘʣʽʟʦʚʫʻʪʴʩʷ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʜʥʦʢʦʥʪʫʨʥʠʭ ɸʉʂ. ʗʢ ʧʨʘʚʠʣʦ, ʪʘʢʽ 

ʩʠʩʪʝʤʠ ʨʝʘʣʽʟʫʶʪʴ ʧʨʦʮʝʩ ʢʝʨʫʚʘʥʥʷ ʢʦʥʜʠʮʽʦʥʝʨʦʤ ʟʘ ʤʝʪʦʜʦʤ ñʪʦʯʢʠ ʨʦʩʠò 

ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʠʬʽʢʘʮʽʡ ʇɯɼ-ʟʘʢʦʥʫ ʢʝʨʫʚʘʥʥʷ (ʜʠʚ. ʧ.1.6). ɺ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʚʠʥʠʢʘʻ ʟʘʚʜʘʥʥʷ ʩʠʥʪʝʟʫ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʦʜʥʦʢʦʥʪʫʨʥʦʾ ɸʉʂ. ɺ 

ʜʘʥʦʤʫ ʧʽʜʨʦʟʜʽʣʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʨʦʟʨʦʙʣʝʥʠʡ ʯʠʩʝʣʴʥʠʡ ʤʝʪʦʜ ʦʧʪʠʤʽʟʘʮʽʾ 

ɸʉʂ ʽʟ ʮʠʬʨʦʚʠʤ ʨʝʛʫʣʷʪʦʨʦʤ (ʎʈ). 

 

5.2.1 ɸʥʘʣʽʟ ʮʠʬʨʦʚʦʾ ʩʠʩʪʝʤʠ ʨʝʛʫʣʶʚʘʥʥʷ ʫ ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ 

ɼʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ ʦʜʥʦʢʦʥʪʫʨʥʠʭ ɸʉʂ ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʚ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʜʠʥʘʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʆʂ. ʊʨʘʜʠʮʽʡʥʦ ʽʜʝʥʪʠʬʽʢʘʮʽʷ 

ʟʚʦʜʠʪʴʩʷ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʧʝʨʝʜʘʪʥʦʾ ʬʫʥʢʮʽʾ ʢʘʥʘʣʫ ʨʝʛʫʣʶʚʘʥʥʷ. ɸ ʚʣʘʩʥʝ, ʯʠ 

ʪʨʝʙʘ, ʟʘʮʠʢʣʶʚʘʪʠʩʷ ʥʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʦʪʨʠʤʘʥʥʷ ʧʝʨʝʜʘʪʦʯʥʦʾ ʬʫʥʢʮʽʾ? 

ʉɹ ʦʛʦʜʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧôʶʪʝʨʥʦʾ ʪʝʭʥʽʢʠ ʚʽʜʢʨʠʚʘʶʪʴ ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʽ 

ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʘʥʘʣʽʟʫ ʜʠʥʘʤʽʯʥʦʾ ʧʦʚʝʜʽʥʢʠ ɸʉʂ. ɿʦʢʨʝʤʘ, ʚ ʷʢʦʩʪʽ ʙʘʟʦʚʦʾ 

ʤʦʜʝʣʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʧʝʨʝʭʽʜʥʫ ʘʙʦ ʽʤʧʫʣʴʩʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʆʂ ʫ 

ʚʠʛʣʷʜʽ ʤʘʩʠʚʫ ʾʾ ʦʨʜʠʥʘʪ, ʷʢʫ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʽʟ ɹɼ ʂʌʉ. 

ɭʜʠʥʘ ʫʤʦʚʘ ï ʮʝʡ ʤʘʩʠʚ ʧʦʚʠʥʝʥ ʙʫʪʠ ʜʦʩʪʘʪʥʴʦ ʜʝʪʘʣʴʥʠʤ, ʱʦʙ ʚʽʜʦʙʨʘʟʠʪʠ 

ʦʩʦʙʣʠʚʦʩʪʽ ʜʠʥʘʤʽʯʥʦʾ ʧʦʚʝʜʽʥʢʠ ʆʂ. ʏʠʩʝʣʴʥʦ ʧʝʨʝʭʽʜʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʣʝʛʢʦ ʧʝʨʝʨʘʭʦʚʫʻʪʴʩʷ ʫ ʽʤʧʫʣʴʩʥʫ ʪʘ ʥʘʚʧʘʢʠ. 

ʈʦʟʛʣʷʥʝʤʦ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ ʪʨʘʜʠʮʽʡʥʦʾ ʮʠʬʨʦʚʦʾ ɸʉʂ ʨʠʩ. 5.3, ʷʢʘ 

ʚʢʣʶʯʘʻ ʮʠʬʨʦʚʫ ʤʦʜʝʣʴ ʆʂ, ʩʫʤʘʪʦʨ ʪʘ ʎʈ. ʅʘ ʩʭʝʤʽ ʧʨʠʡʥʷʪʦ ʟs ï ʩʠʛʥʘʣ 

ʟʘʚʜʘʥʥʷ, ʝs ï ʩʠʛʥʘʣ ʨʦʟʙʘʣʘʥʩʫ, us ï ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʎʈ, ʫs ï ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ 

ʆʂ. ɸʥʘʣʽʟ ʮʠʬʨʦʚʦʾ ɸʉʂ ʧʝʨʝʜʙʘʯʘʻ ʚʠʙʽʨ ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ ʤʦʜʝʣʶʚʘʥʥʷ 

ʨʝʘʢʮʽʾ ʎʈ ʪʘ ʆʂ ʥʘ ʚʽʜʧʦʚʽʜʥʽ ʚʭʽʜʥʽ ʩʠʛʥʘʣʠ ʜʦʚʽʣʴʥʦʾ ʬʦʨʤʠ.  
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ʈʠʩ. 5.3. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʮʠʬʨʦʚʦʾ ɸʉʂ 

 

ʄʘʪʝʤʘʪʠʯʥʘ ʨʝʘʣʽʟʘʮʽʷ ʇɯ-ɼï ʪʘ ɯ-ʇɼïʨʝʛʫʣʷʪʦʨʽʚ ʜʝʱʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ 

ʚʽʜ ʇɯɼïʨʝʛʫʣʷʪʦʨʘ. ɺʽʜʧʦʚʽʜʥʽ ʨʽʚʥʷʥʥʷ ʜʣʷ ʇɯ-ɼï, ɯ-ʇɼï ʪʘ ʇɯɼïʨʝʛʫʣʷʪʦʨʽʚ 

ʚ ʦʧʝʨʘʪʦʨʥʽʡ ʬʦʨʤʽ ʤʘʶʪʴ ʚʠʛʣʷʜ [268]: 

() () ()py

p
K

T

pT
Kpe

pT
Kpu

F

D

D
R

I

R

1

1
1

+

-öö
÷

õ
ææ
ç

å
+= ;  (5.5) 

() () ()py

p
K

T

pT
Kpe

pT
Kpu

F

D

D
R

I

R

ö
ö
ö
ö

÷

õ

æ
æ
æ
æ

ç

å

+

+-=

1

1
1

;  (5.6) 

() ()pe

p
K

T

pT

pT
Kpu

F

D

D

I

R

ö
ö
ö
ö

÷

õ

æ
æ
æ
æ

ç

å

+

++=

1

1
1 ,    (5.7) 

ʜʝ KR, TI, TD ï ʧʘʨʘʤʝʪʨʠ ʥʘʣʘʰʪʫʚʘʥʥʷ ʨʝʛʫʣʷʪʦʨʘ; KF ï ʢʦʝʬʽʮʽʻʥʪ, ʱʦ 

ʚʠʟʥʘʯʘʻ ʛʨʘʥʠʯʥʫ ʯʘʩʪʦʪʫ ʬʽʣʴʪʨʘ ɼïʩʢʣʘʜʦʚʦʾ ʨʝʛʫʣʷʪʦʨʘ ( )202...KF =  

[170], 
F

D

K

T
 ï ʩʪʘʣʘ ʯʘʩʫ ʬʽʣʴʪʨʘ; p ï ʦʧʝʨʘʪʦʨ ʃʘʧʣʘʩʘ. ɼʣʷ (5.5) ï (5.7) 

ʦʪʨʠʤʘʻʤʦ ʾʭ ʜʠʩʢʨʝʪʥʽ ʘʥʘʣʦʛʠ, ʟʘʩʪʦʩʦʚʫʶʯʠ ʤʝʪʦʜ ʩʢʽʥʯʝʥʥʠʭ ʨʽʟʥʠʮʴ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʦʪʨʠʤʘʻʤʦ ʨʝʢʫʨʝʥʪʥʽ ʟʘʣʝʞʥʦʩʪʽ ʎʈ ʜʣʷ 

ʤʦʜʠʬʽʢʘʮʽʡ ʇɯɼïʟʘʢʦʥʫ ʢʝʨʫʚʘʥʥʷ: 
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ʜʝ TKV  ï ʯʘʩ ʢʚʘʥʪʫʚʘʥʥʷ; 
KVFD

D
d

TKT

T
a

+
= ; 

d d Fb a K= . ʈʝʘʣʽʟʘʮʽʷ ʇɯ-ɼï ʘʙʦ 

ɯ-ʇɼïʟʘʢʦʥʫ ʢʝʨʫʚʘʥʥʷ ʥʘ ʩʪʨʫʢʪʫʨʥʽʡ ʩʭʝʤʽ (ʜʠʚ. ʨʠʩ. 5.3) ʚʨʘʭʦʚʘʥʦ 

ʧʫʥʢʪʠʨʥʦʶ ʣʽʥʽʻʶ ʟʚôʷʟʢʫ. 

ʄʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʆʂ ʙʫʜʝʤʦ ʚʠʟʥʘʯʘʪʠ ʥʘ ʦʩʥʦʚʽ ʩʫʤʠ ʜʠʩʢʨʝʪʥʦʾ 

ʟʛʦʨʪʢʠ, ʱʦ ʻ ʜʠʩʢʨʝʪʥʠʤ ʘʥʘʣʦʛʦʤ ʽʥʪʝʛʨʘʣʘ ɼʶʘʤʝʣʷ [269] 

,       (5.11) 

ʪʫʪ gs ï ʽʤʧʫʣʴʩʥʘ (ʚʘʛʦʚʘ) ʧʦʩʣʽʜʦʚʥʽʩʪʴ, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻ ʜʠʥʘʤʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʆʂ. 

ʈʦʟʛʣʷʥʝʤʦ ʦʩʦʙʣʠʚʦʩʪʽ ʯʠʩʝʣʴʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ gs ʟʘ ʧʝʨʝʭʽʜʥʦʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ h(t) ʥʝʧʝʨʝʨʚʥʦʛʦ ʆʂ [268]. ɼʠʩʢʨʝʪʥʫ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ 

ʆʂ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ ʩʠʩʪʝʤʠ ʧʦʩʣʽʜʦʚʥʦ ʟôʻʜʥʘʥʠʭ ʜʠʥʘʤʽʯʥʠʭ 

ʣʘʥʦʢ: ʬ̔ ʢʩʘʪʦʨʘ ʥʫʣʴʦʚʦʛʦ ʧʦʨʷʜʢʫ (ʌʅʇ); ʥʝʧʝʨʝʨʚʥʦʛʦ ʆʂ, ʜʣʷ ʷʢʦʛʦ ʽʩʥʫʻ 

ʧʝʨʝʜʘʪʥʘ ʬʫʥʢʮʽʷ WOK(p); ʢʚʘʥʪʫʚʘʯʽʚ S1, S2, ʷʢʽ ʧʨʘʮʶʶʪʴ ʩʠʥʭʨʦʥʥʦ ʽʟ 

ʧʝʨʽʦʜʦʤ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʊKV. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʜʣʷ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʟʦʙʨʘʞʝʥʘ ʥʘ 

ʨʠʩ. 5.4. 

 

 

ʈʠʩ. 5.4. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʧʦʩʣʽʜʦʚʥʦʛʦ ʟôʻʜʥʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʜʠʩʢʨʝʪʥʦʾ 

ʤʦʜʝʣʽ ʆʂ 

 

ɺ ʦʙʣʘʩʪʽ ʃʘʧʣʘʩʘ ʌʅʇ ʤʘʻ ʧʝʨʝʜʘʪʥʫ ʬʫʥʢʮʽʶ 

()( )pepW KVpT
ʌʅʇ -=1 .      (5.12) 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʜʠʥʘʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʆʂ ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʝʨʝʭʽʜʥʦʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ h(t). ʌʅʇ ʫ ʯʘʩʦʚʽ ʦʙʣʘʩʪʽ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʷʢ ʨʽʟʥʠʮʶ 
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ʦʜʠʥʠʯʥʠʭ ʩʠʛʥʘʣʽʚ, ʷʢʽ ʟʩʫʥʫʪʽ ʥʘ ʧʝʨʽʦʜ ʢʚʘʥʪʫʚʘʥʥʷ ʊKV 

, ʛʨʘʬʽʯʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 5.5, ʘ. 

ʈʝʘʢʮʽʶ ʧʨʠʚʝʜʝʥʦʾ ʥʝʧʝʨʝʨʚʥʦʾ ʯʘʩʪʠʥʠ (ʇʅʏ) ʩʠʩʪʝʤʠ ʽʟ ʌʅʇ ʪʘ 

ʥʝʧʝʨʝʨʚʥʠʤ ʆʂ ʥʘ ʦʜʠʥʠʯʥʠʡ ʽʤʧʫʣʴʩ  

ʫ ʯʘʩʦʚʽ ʦʙʣʘʩʪʽ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʷʢ (ʜʠʚ. ʨʠʩ. 5.5, ʙ) 

, 

ʜʝ g(t) ï ʨʝʘʢʮʽʷ ʇʅʏ ʥʘ ʽʤʧʫʣʴʩ ʦʜʠʥʠʯʥʦʾ ʚʝʣʠʯʠʥʠ ʪʨʠʚʘʣʽʩʪʶ ʊKV. 

 

 

ʈʠʩ. 5.5. ɻʨʘʬʽʯʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʬʦʨʤʫʚʘʥʥʷ ʨʝʘʢʮʽʾ ʥʝʧʝʨʝʨʚʥʦʛʦ ʆʂ ʥʘ 

ʽʤʧʫʣʴʩ ʦʜʠʥʠʯʥʦʾ ʚʝʣʠʯʠʥʠ ʪʨʠʚʘʣʽʩʪʶ ʊKV 

 

ʗʢʱʦ ʥʘ ʚʭʽʜ ʇʅʏ ʥʘʜʭʦʜʠʪʴ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʽʤʧʫʣʴʩʽʚ u*(t), ʪʦʜʽ 

ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʷʢ 

, 

ʘʙʦ ʜʣʷ  (s = 0, 1, 2, é ) ʦʩʪʘʥʥʷ ʟʘʣʝʞʥʽʩʪʴ ʧʨʠʡʤʝ ʚʠʛʣʷʜ 
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,   (5.13) 

ʷʢʘ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʨʝʘʢʮʽʶ ʮʠʬʨʦʚʦʛʦ ʆʂ ʫs ʷʢ ʩʫʤʫ ʨʝʘʢʮʽʡ gs ʥʘ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʭʽʜʥʠʭ ʽʤʧʫʣʴʩʽʚ us. ʆʪʞʝ, ʟʘʣʝʞʥʦʩʪʽ (5.11) ʪʘ (5.13) ʪʦʪʦʞʥʽ. 

 

 

ʈʠʩ. 5.6. ʉʭʝʤʘ ʬʦʨʤʫʚʘʥʥʷ ʤʘʩʠʚʫ ʦʨʜʠʥʘʪ ʨʝʘʢʮʽʾ ʫs ʮʠʬʨʦʚʦʛʦ ʆʂ 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘ h(t) ʯʠʩʝʣʴʥʦ ʚʠʟʥʘʯʘʻʪʴʩʷ g(t) ʆʂ (ʜʠʚ. ʨʠʩ. 5.5, ʙ), 

ʜʘʣʽ, ʱʦʙ ʦʪʨʠʤʘʪʠ ʽʤʧʫʣʴʩʥʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ gs ï ʥʝʦʙʭʽʜʥʦ ñʦʮʠʬʨʫʚʘʪʠò g(t) 

ʽʟ ʧʝʨʽʦʜʦʤ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʊKV. ɻʨʘʬʽʯʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ñʦʮʠʬʨʦʚʢʠò g(t) ʪʘ 
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