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ɸʅʆʊɸʎɯʗ 

 ʄʘʨʽʷʰ ʖ.ɯ. ʄʦʜʝʣʴʥʦ ï ʧʨʦʛʥʦʟʫʶʯʝ ʘʚʪʦʤʘʪʠʯʥʝ ʢʝʨʫʚʘʥʥʷ ʨʝʞʠʤʦʤ 

ʜʫʪʪʷ ʢʠʩʥʝʚʦʛʦ ʢʦʥʚʝʨʪʝʨʘ ʟ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʤ ʟʘʩʚʦʻʥʥʷʤ ʪʝʧʣʘ. ï 

ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

 ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʬʽʣʦʩʦʬʽʾ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 151 çɸʚʪʦʤʘʪʠʟʘʮʽʷ ʪʘ ʢʦʤʧôʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʽ ʪʝʭʥʦʣʦʛʽʾè ï 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ 

ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè, ʂʠʾʚ, 2022.  

ɼʠʩʝʨʪʘʮʽʷ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʨʦʟʨʦʙʢʫ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ, ʷʢʽ ʧʦʚʠʥʥʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʚʠʩʦʢʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʨʦʙʦʪʠ ʚ ʫʤʦʚʘʭ 

ʟʤʽʥʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʧʨʦʤʠʩʣʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʝʬʝʢʪʠʚʥʠʭ 

ʩʪʨʫʢʪʫʨ ʪʘ ʘʣʛʦʨʠʪʤʽʚ ʢʝʨʫʚʘʥʥʷ. 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʛʘʻ ʫ ʟʥʠʞʝʥʽ ʩʦʙʽʚʘʨʪʦʩʪʽ ʢʠʩʥʝʚʦ-ʢʦʥʚʝʨʪʝʨʥʦʾ 

ʩʪʘʣʽ, ʱʦ ʻ ʥʘʩʣʽʜʢʦʤ ʧʽʜʚʠʱʝʥʥʷ ʯʘʩʪʢʠ ʤʝʪʘʣʦʙʨʫʭʪʫ ʟʘ ʨʘʭʫʥʦʢ ʧʽʜʚʠʱʝʥʥʷ 

ʩʪʫʧʝʥʷ ʜʦʧʘʣʶʚʘʥʥʷ ʉʆ ʜʦ ʉʆ2 ʚ ʧʦʨʦʞʥʠʥʽ ʢʦʥʚʝʨʪʝʨʘ, ʰʣʷʭʦʤ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʘʤʠ ʜʫʪʪʴʦʚʦʛʦ ʨʝʞʠʤʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʤʦʜʝʣʴʥʦ-ʧʨʦʛʥʦʟʫʶʯʦʛʦ ʢʝʨʫʚʘʥʥʷ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʧʨʦʮʝʩʠ ʢʝʨʫʚʘʥʥʷ ʜʫʪʪʻʚʠʤ ʨʝʞʠʤʦʤ ʢʠʩʥʝʚʦ-

ʢʦʥʚʝʨʪʝʨʥʦʾ ʧʣʘʚʢʠ.  

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʤʦʜʝʣʴʥʦ-ʧʨʦʛʥʦʟʫʶʯʘ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ 

ʧʘʨʘʤʝʪʨʘʤʠ ʜʫʪʪʴʦʚʦʛʦ ʨʝʞʠʤʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʥʷ ʩʪʫʧʝʥʷ 

ʜʦʧʘʣʶʚʘʥʥʷ ʉʆ ʜʦ ʉʆ2 ʚ ʧʦʨʦʞʥʠʥʽ ʢʦʥʚʝʨʪʝʨʘ. 

ʋ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʤʝʪʦʜʠ ʪʝʦʨʽʾ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ, 

ʘʧʘʨʘʪ ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʬʫʥʢʮʽʡ, ʤʦʜʝʣʴ ʚ ʧʨʦʩʪʦʨʽ ʩʪʘʥʽʚ, ʽʤʽʪʘʮʽʡʥʝ 

ʢʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ, ʤʝʪʦʜ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʩʠʥʪʝʟʫ, 

ʤʝʪʦʜʠ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʤʝʪʦʜ ʧʦʩʣʽʜʦʚʥʠʭ ʥʘʙʣʠʞʝʥʴ, ʯʠʩʝʣʴʥʽ 

ʤʝʪʦʜʠ ʨʽʰʝʥʥʷ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ. 

ʋ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʚʜʦʩʢʦʥʘʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʜʫʪʪʴʦʚʦʛʦ 

ʨʝʞʠʤʫ ʢʠʩʥʝʚʦ-ʢʦʥʚʝʨʪʝʨʥʦʾ ʧʣʘʚʢʠ, ʟʘ ʨʘʭʫʥʦʢ ʚʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʜʫʪʪʷ ʥʘ ʧʨʦʮʝʩ ʟʥʝʚʫʛʣʝʮʶʚʘʥʥʷ ʚʘʥʥʠ, ʱʦ ʜʦʟʚʦʣʠʣʦ 
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ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʪʘ ʷʢʽʩʪʴ ʢʝʨʫʚʘʥʥʷ ʜʫʪʪʷʤ ʚ ʫʤʦʚʘʭ ʟʤʽʥʠ ʚʠʪʨʘʪʠ ʢʠʩʥʶ 

ʧʽʜ ʯʘʩ ʧʨʦʜʫʚʢʠ, ʫʚʽʚʰʠ ʟʘʧʨʦʧʦʥʦʚʘʥʫ ʤʦʜʝʣʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʦ ʢʦʥʪʫʨʫ 

ʢʝʨʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʘʤʠ ʜʫʪʪʴʦʚʦʛʦ ʨʝʞʠʤʫ. 

ɺʧʝʨʰʝ ʩʠʥʪʝʟʦʚʘʥʦ ʦʧʪʠʤʘʣʴʥʫ ʩʠʩʪʝʤʫ ʢʝʨʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʘʤʠ 

ʜʫʪʪʻʚʦʛʦ ʨʝʞʠʤʫ ʢʠʩʥʝʚʦ-ʢʦʥʚʝʨʪʝʨʥʦʾ ʧʣʘʚʢʠ ʟʘ ʧʨʠʥʮʠʧʦʤ ʟʚʦʨʦʪʥʦʛʦ 

ʟʚôʷʟʢʫ ʥʘ ʙʘʟʽ ʤʦʜʝʣʴʥʦ-ʧʨʦʛʥʦʟʫʶʯʦʛʦ ʢʝʨʫʚʘʥʥʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʣʽʥʽʡʥʦ-

ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʬʫʥʢʮʽʦʥʘʣʫ, ʷʢʘ ʜʦʟʚʦʣʠʣʘ ʦʜʥʦʯʘʩʥʦ ʢʝʨʫʚʘʪʠ ʽʥʪʝʥʩʠʚʥʽʩʪʶ 

ʜʫʪʪʷ ʪʘ ʧʦʣʦʞʝʥʥʷʤ ʬʫʨʤʠ ʧʨʠ ʧʨʦʛʨʘʤʥʽʡ ʟʤʽʥʽ ʟʘʚʜʘʥʥʷ ʥʘ ʚʠʪʨʘʪʫ ʢʠʩʥʶ 

ʪʘ ʚʤʽʩʪʫ ʉʆ2, ʘ ʪʘʢʦʞ ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ ʢʝʨʫʚʘʥʥʷ ʪʘ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʧʨʠ 

ʧʣʘʚʮʽ, ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʩʪʫʧʝʥʷ ʜʦʧʘʣʶʚʘʥʥʷ ʉʆ ʜʦ ʉʆ2, ʱʦ ʻ 

ʥʘʩʣʽʜʢʦʤ ʧʽʜʚʠʱʝʥʥʷ ʯʘʩʪʢʠ ʤʝʪʘʣʦʙʨʫʭʪʫ. 

ʇʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʦʪʨʠʤʘʣʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʤʢʥʫʪʠʭ ʩʠʩʪʝʤ 

ʢʝʨʫʚʘʥʥʷ ʩʪʝʧʝʥʝʤ ʜʦʧʘʣʶʚʘʥʥʷ ʉʆ ʜʦ ʉʆ2 ʰʣʷʭʦʤ ʩʠʥʪʝʟʫ ʤʦʜʝʣʴʥʦ-

ʧʨʦʛʥʦʟʫʶʯʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʙʤʝʞʝʥʴ ʰʚʠʜʢʦʩʪʽ 

ʧʝʨʝʤʽʱʝʥʥʷ ʨʝʛʫʣʶʶʯʠʭ ʦʨʛʘʥʽʚ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ ʢʝʨʫʚʘʥʥʷ 

ʧʨʦʮʝʩʦʤ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʦʙʤʝʞʝʥʴ. ɿʘʧʨʦʧʦʥʦʚʘʥʝ ʨʽʰʝʥʥʷ ʜʦʟʚʦʣʷʻ 

ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʚ ʫʤʦʚʘʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʙʤʝʞʝʥʴ. 

ʋ ʨʦʙʦʪʽ ʚʠʨʽʰʫʚʘʣʠʩʴ ʥʘʩʪʫʧʥʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ: ʜʦʩʣʽʜʞʝʥʦ 

ʦʩʦʙʣʠʚʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʨʝʞʠʤʫ ʧʨʦʜʫʚʢʠ ʢʠʩʥʝʚʦ-ʢʦʥʚʝʨʪʝʨʥʦʾ 

ʧʣʘʚʢʠ, ʚʧʣʠʚ ʧʘʨʘʤʝʪʨʽʚ ʜʫʪʪʷ ʥʘ ʩʦʙʽʚʘʨʪʽʩʪʴ ʩʪʘʣʽ; ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʽʩʥʫʶʯʽ 

ʧʽʜʭʦʜʠ ʜʦ ʢʝʨʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʘʤʠ ʨʝʞʠʤʫ ʧʨʦʜʫʚʢʠ ʢʠʩʥʝʚʦ-ʢʦʥʚʝʨʪʝʨʥʦʾ 

ʧʣʘʚʢʠ; ʚʩʪʘʥʦʚʣʝʥʦ ʢʣʶʯʦʚʽ ʬʘʢʪʦʨʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʨʦʮʝʩ ʧʨʦʜʫʚʢʠ ʪʘ 

ʧʨʦʚʝʜʝʥʦ ʽʜʝʥʪʠʬʽʢʘʮʽʶ ʤʦʜʝʣʽ ʜʫʪʪʴʦʚʦʛʦ ʨʝʞʠʤʫ; ʜʦʩʣʽʜʞʝʥʦ ʧʽʜʭʦʜʠ ʜʦ 

ʩʠʥʪʝʟʫ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʪʘ ʨʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʩʠʩʪʝʤʠ 

ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʧʨʦʜʫʚʢʠ ʢʠʩʥʝʚʦ-ʢʦʥʚʝʨʪʝʨʥʦʾ ʧʣʘʚʢʠ; ʩʠʥʪʝʟʦʚʘʥʦ 

ʤʦʜʝʣʴʥʦ-ʧʨʦʛʥʦʟʫʶʯʠʡ ʨʝʛʫʣʷʪʦʨ ʪʘ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʩʠʩʪʝʤʠ 

ʢʝʨʫʚʘʥʥʷ ʜʫʪʪʴʦʚʦʛʦ ʨʝʞʠʤʫ ʢʠʩʥʝʚʦ-ʢʦʥʚʝʨʪʝʨʥʦʾ ʧʣʘʚʢʠ; ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʪʝʭʥʽʯʥʫ ʨʝʘʣʽʟʘʮʽʶ ʥʘ ʙʘʟʽ ʩʫʯʘʩʥʠʭ ʟʘʩʦʙʽʚ ʘʚʪʦʤʘʪʠʟʘʮʽʾ.  

ɹʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʜʫʪʪʻʚʠʡ ʨʝʞʠʤ ʢʠʩʥʝʚʦ-ʢʦʥʚʝʨʪʝʨʥʦʾ ʧʣʘʚʢʠ ʷʢ 

ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʦʙôʻʢʪ ʢʝʨʫʚʘʥʥʷ, ʚʠʢʦʥʘʥʦ ʘʥʘʣʽʟ ʧʨʦʙʣʝʤʘʪʠʢʠ ʨʝʛʫʣʶʚʘʥʥʷ 
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ʧʘʨʘʤʝʪʨʽʚ ʜʫʪʪʷ ʚ ʫʤʦʚʘʭ ʥʝʩʪʘʮʽʦʥʘʨʥʦʩʪʽ ʰʚʠʜʢʦʩʪʽ ʟʥʝʚʫʛʣʝʮʶʚʘʥʥʷ 

ʤʝʪʘʣʫ. ʇʽʜ ʯʘʩ ʧʨʦʜʫʚʢʠ ʢʦʥʚʝʨʪʝʨʥʦʾ ʚʘʥʥʠ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʚʠʨʽʰʫʻ 

ʟʘʚʜʘʥʥʷ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʨʘʬʽʥʫʚʘʥʥʷ ʪʘ ʥʘʛʨʽʚʫ ʤʝʪʘʣʫ ʧʨʠ ʥʘʜʽʡʥʦʤʫ 

ʜʫʪʪʴʦʚʦʤʫ ʨʝʞʠʤʽ, ʘ ʚ ʢʽʥʮʽ ʧʨʦʜʫʚʢʠ ï ʟʘʚʜʘʥʥʷ ʚʠʟʥʘʯʝʥʥʷ ʤʦʤʝʥʪʫ ʾʾ 

ʧʨʠʧʠʥʝʥʥʷ. ɿʘʚʜʘʥʥʷ ʥʘ ʚʠʪʨʘʪʫ ʜʫʪʪʷ  ʧʽʜ ʯʘʩ ʧʨʦʜʫʚʘʥʥʷ ʚʠʙʠʨʘʻʪʴʩʷ ʟ ʛʘʤʠ 

ʧʨʦʪʠʣʝʞʥʠʭ ʚʠʤʦʛ, ʧʨʠʤʠʨʠʪʠ ʷʢʽ ʥʝʤʦʞʣʠʚʦ ʙʝʟ ʚʟʘʻʤʥʠʭ ʧʦʩʪʫʧʦʢ. ʋ 

ʪʨʘʜʠʮʽʡʥʠʭ ʩʧʦʩʦʙʘʭ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʧʨʦʜʫʚʢʠ ʢʝʨʫʶʪʴ ʟʘ ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ 

ʧʦʯʘʪʢʦʚʽ ʫʤʦʚʠ ʽ ʰʚʠʜʢʦʩʪʽ ʜʝʢʘʨʙʦʥʽʟʘʮʽʾ ʘʙʦ ʧʦ ʪʝʤʧʝʨʘʪʫʨʽ ʢʦʥʚʝʨʪʝʨʥʠʭ 

ʛʘʟʽʚ. ʆʜʥʘʢ ʜʦʪʨʠʤʘʥʥʷ ʮʽʻʾ ʫʤʦʚʠ ʟʥʠʞʫʻ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʘʛʨʝʛʘʪʫ ʽ 

ʥʘʜʽʡʥʽʩʪʴ ʢʝʨʫʚʘʥʥʷ ʯʝʨʝʟ ʧʝʨʝʛʨʽʚ ʝʣʝʤʝʥʪʽʚ ʚʦʜʦʦʭʦʣʦʜʞʫʶʯʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ. ʇʨʠ ʩʪʘʪʠʯʥʦʤʫ ʢʝʨʫʚʘʥʥʽ ʧʣʘʚʢʦʶ ʧʨʘʛʥʫʪʴ ʟʘʙʝʟʧʝʯʠʪʠ 

ʦʪʨʠʤʘʥʥʷ ʟʘʜʘʥʠʭ ʟʥʘʯʝʥʴ ʤʘʩʦʚʦʾ ʯʘʩʪʢʠ ʚʫʛʣʝʮʶ ʽ ʪʝʤʧʝʨʘʪʫʨʠ, ʟʘʜʘʶʯʠʩʴ 

ʫʩʝʨʝʜʥʝʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʤʘʩʦʚʠʭ ʯʘʩʪʦʢ ʚʫʛʣʝʮʶ ʚʘʥʥʠ, ʱʦ ʦʢʠʩʣʶʻʪʴʩʷ ʜʦ 

ʉʆ ʚ ʧʦʨʦʞʥʠʥʽ ʢʦʥʚʝʨʪʝʨʘ ʟʘ ʨʘʭʫʥʦʢ ʢʠʩʥʝʚʦʛʦ ʜʫʪʪʷ, ʦʢʩʠʜʽʚ ʟʘʣʽʟʘ ʽ 

ʤʘʨʛʘʥʮʶ ʚ ʢʽʥʮʝʚʦʤʫ ʰʣʘʢʫ. ɺʠʩʦʪʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʬʫʨʤʠ ʤʘʻ ʦʧʪʠʤʘʣʴʥʽ 

ʤʝʞʽ. ʇʨʠ ʥʘʜʤʽʨʥʦ ʚʠʩʦʢʦʤʫ ʨʦʟʪʘʰʫʚʘʥʥʽ ʬʫʨʤʠ ʢʽʥʝʪʠʯʥʘ ʝʥʝʨʛʽʷ 

ʩʪʨʫʤʝʥʽʚ ʚʪʨʘʯʘʻʪʴʩʷ ʥʘ ʰʣʷʭʫ ʜʦ ʟʫʩʪʨʽʯʽ ʟ ʚʘʥʥʦʶ, ʪʦʤʫ ʢʠʩʥʝʚʽ ʩʪʨʫʤʝʥʽ 

ʥʝ ʚʩʪʫʧʘʪʠʤʫʪʴ ʚ ʨʝʘʢʮʽʶ ("ʧʦʚʝʨʭʥʝʚʠʡ ʦʙʜʫʚ"); ʧʨʠ ʥʘʜʤʽʨʥʦ ʥʠʟʴʢʦʤʫ 

ʧʦʣʦʞʝʥʥʽ ("ʞʦʨʩʪʢʝ ʧʨʦʜʫʚʘʥʥʷ") ʧʦʩʠʣʶʶʪʴʩʷ ʚʠʢʠʜʠ ʢʨʘʧʝʣʴ ʤʝʪʘʣʫ 

ʛʘʟʘʤʠ ʽ ʧʦʰʢʦʜʞʫʻʪʴʩʷ  ʬʫʨʤʘ, ʽʩʪʦʪʥʦ ʩʧʦʚʽʣʴʥʶʻʪʴʩʷ ʰʣʘʢʦʫʪʚʦʨʝʥʥʷ 

ʯʝʨʝʟ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ FeO ʚ ʰʣʘʢʫ.  

ʅʘʷʚʥʽ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʥʝ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʚ ʧʦʚʥʽʡ 

ʤʽʨʽ ʚʠʤʦʛʘʤ, ʱʦ ʚʠʩʫʚʘʶʪʴʩʷ ʜʦ ʷʢʦʩʪʽ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʧʨʠ ʧʨʦʛʨʘʤʥʦʤʫ 

ʢʝʨʫʚʘʥʥʽ ʧʘʨʘʤʝʪʨʘʤʠ ʨʝʞʠʤʫ ʜʫʪʪʷ ʪʘ ʩʪʘʙʽʣʽʟʘʮʽʾ ʟʙʫʨʝʥʴ. ʋ ʧʝʨʰʫ ʯʝʨʛʫ 

ʧʨʠʯʠʥʦʶ ʮʴʦʛʦ ʻ ʩʢʣʘʜʥʽʩʪʴ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʦʙôʻʢʪʫ ʢʝʨʫʚʘʥʥʷ. ɿʥʘʯʥʘ 

ʥʝʩʪʘʮʽʦʥʘʨʥʽʩʪʴ ʰʚʠʜʢʦʩʪʽ ʟʥʝʚʫʛʣʝʮʶʚʘʥʥʷ ʤʝʪʘʣʫ, ʩʪʦʭʘʩʪʠʯʥʽʩʪʴ 

ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʚʟʘʻʤʦʧʦʚôʷʟʘʥʽʩʪʴ ʢʦʥʪʫʨʽʚ ʻ 

ʧʨʠʯʠʥʘʤʠ ʪʘʢʦʾ ʩʠʪʫʘʮʽʾ. ɹʘʛʘʪʦ ʤʝʪʦʜʽʚ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ, 

ʱʦ ʧʨʦʧʦʥʫʶʪʴʩʷ ʢʣʘʩʠʯʥʦʶ ʪʝʦʨʽʻʶ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ, ʥʝ ʤʦʞʫʪʴ 

ʟʘʙʝʟʧʝʯʠʪʠ ʷʢʽʩʥʦʾ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʨʝʛʫʣʶʚʘʥʥʷ ʧʨʠ ʧʨʦʛʨʘʤʥʦʤʫ ʢʝʨʫʚʘʥʥʽ 
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ʧʘʨʘʤʝʪʨʘʤʠ ʨʝʞʠʤʫ ʜʫʪʪʷ ʪʘ ʩʪʘʙʽʣʽʟʘʮʽʾ ʟʙʫʨʝʥʴ. ɿʚʽʜʩʠ ʚʠʧʣʠʚʘʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫʜʦʩʢʦʥʘʣʝʥʠʭ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʨʝʛʫʣʶʚʘʥʥʷ, ʜʦ ʷʢʠʭ ʚʽʜʥʦʩʠʪʴʩʷ ʤʦʜʝʣʴʥʦ-ʧʨʦʛʥʦʟʫʶʯʝ ʢʝʨʫʚʘʥʥʷ. 

ʇʦʨʽʚʥʷʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʙʦʪʠ ʤʦʜʝʣʴʥʦ-ʧʨʦʛʥʦʟʫʶʯʦʛʦ ʨʝʛʫʣʷʪʦʨʘ 

ʪʘ ʢʦʤʙʽʥʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʨʝʛʫʣʶʚʘʥʥʷ ʟ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʘʤʠ ʧʦʢʘʟʘʣʦ, ʱʦ 

ʦʪʨʠʤʘʥʽ ʧʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʨʝʞʠʤʫ 

ʜʫʪʪʷ ʢʠʩʥʝʚʦ-ʢʦʥʚʝʨʪʝʨʥʦʾ ʧʣʘʚʢʠ ʟ ʤʦʜʝʣʴʥʦ-ʧʨʦʛʥʦʟʫʶʯʦʛʦ ʨʝʛʫʣʷʪʦʨʘ 

ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʟʘʙʝʟʧʝʯʠʣʠ  ISE ʜʣʷ ʢʦʥʪʫʨʫ ʚʠʪʨʘʪʠ ʢʠʩʥʶ ï 

5577 ʪʘ ʚʤʽʩʪʫ ʉʆ2 ʫ ʢʦʥʚʝʨʪʝʨʥʠʭ ʛʘʟʘʭ ï 43; ʤʘʢʩʠʤʘʣʴʥʝ ʜʠʥʘʤʽʯʥʝ 

ʚʽʜʭʠʣʝʥʥʷ ʚʤʽʩʪʫ ʉʆ2 ʫ ʢʦʥʚʝʨʪʝʨʥʠʭ ʛʘʟʘʭ ʩʢʣʘʣʦ 0,95%. ɿʘʩʪʦʩʫʚʘʥʥʷ 

ʤʦʜʝʣʴʥʦ-ʧʨʦʛʥʦʟʫʶʯʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʜʦʟʚʦʣʠʣʦ ʧʦʢʨʘʱʠʪʠ ʷʢʽʩʪʴ 

ʨʝʛʫʣʶʚʘʥʥʷ ʜʣʷ ʢʦʥʪʫʨʫ ʚʠʪʨʘʪʠ ʢʠʩʥʶ ʫ 1,63 ʨʘʟʠ ʪʘ ʜʣʷ ʢʦʥʪʫʨʫ 

ʨʝʛʫʣʶʚʘʥʥʷ ʚʤʽʩʪʫ ʉʆ2 ʫ ʢʦʥʚʝʨʪʝʨʥʠʭ ʛʘʟʘʭ ʫ 32,5 ʨʘʟ; ʤʘʢʩʠʤʘʣʴʥʝ 

ʜʠʥʘʤʽʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʚʤʽʩʪʫ ʉʆ2 ʫ ʢʦʥʚʝʨʪʝʨʥʠʭ ʛʘʟʘʭ ʙʫʣʦ ʟʥʠʞʝʥʦ ʥʘ 

16,55%  ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʦʤʙʽʥʦʚʘʥʦʶ ʩʠʩʪʝʤʦʶ ʨʝʛʫʣʶʚʘʥʥʷ ʟ ʇɯɼ-

ʨʝʛʫʣʷʪʦʨʘʤʠ. 

ʈʦʟʛʣʷʥʫʪʦ ʨʝʘʣʽʟʘʮʽʶ ʧʨʦʛʨʘʤʥʦ-ʘʧʘʨʘʪʥʦʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʝʣʴʥʦ-ʧʨʦʛʥʦʟʫʶʯʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʥʘ ʙʘʟʽ ʧʨʦʛʨʘʤʦʚʘʥʦʛʦ 

ʣʦʛʽʯʥʦʛʦ ʢʦʥʪʨʦʣʝʨʫ. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʤʦʜʝʣʴʥʦ-ʧʨʦʛʥʦʟʫʶʯʦʛʦ ʨʝʛʫʣʷʪʦʨʘ 

ʙʫʣʦ ʦʙʨʘʥʦ ʧʨʦʚʽʜʥʝ, ʥʝʟʘʣʝʞʥʝ ʚʽʜ ʚʠʨʦʙʥʠʢʘ ʧʨʦʛʨʘʤʥʝ ʽʥʪʝʛʨʦʚʘʥʝ 

ʩʝʨʝʜʦʚʠʱʝ ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʽʾ 

CODESYS V3.5, ʱʦ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʝ ʟʛʽʜʥʦ ʤʽʞʥʘʨʦʜʥʦʛʦ ʩʪʘʥʜʘʨʪʫ IEC 

61131-3. ɹʫʚ ʟʘʧʨʦʛʨʘʤʦʚʘʥʠʡ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʙʣʦʢ ʧʨʦʛʥʦʟʫʶʯʦʾ ʤʦʜʝʣʽ, 

ʩʧʦʩʪʝʨʽʛʘʯʘ ʩʪʘʥʫ ʦʙôʻʢʪʫ, ʣʽʥʽʡʥʦ-ʢʚʘʜʨʘʪʠʯʥʠʡ ʬʫʥʢʮʽʦʥʘʣ ʪʘ ʨʝʘʣʽʟʦʚʘʥʠʡ 

ʤʝʪʦʜ ʦʧʪʠʤʽʟʘʮʽʾ ʍʫʢʘ-ɼʞʠʚʩʘ ʥʘ ʤʦʚʽ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʧʨʦʛʨʘʤʦʚʘʥʠʭ 

ʣʦʛʽʯʥʠʭ ʢʦʥʪʨʦʣʝʨʽʚ (ʇʃʂ) ʩʪʨʫʢʪʫʨʦʚʘʥʠʡ ʪʝʢʩʪ (Structured Text) ʪʘ 

ʬʫʥʢʮʽʦʥʘʣʴʥʘ ʙʣʦʢ-ʩʭʝʤʘ (Function Block Diagram).  ʇʨʦʮʝʜʫʨʘ ʽʤʽʪʘʮʽʡʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʢʦʥʫʚʘʣʘʩʴ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʚ ʩʝʨʝʜʦʚʠʱʽ Matlab 

Simulink (ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ) ʪʘ SoftPLC CODESYS V3.5 (ʤʦʜʝʣʴʥʦ-

ʧʨʦʛʥʦʟʫʶʯʠʡ ʨʝʛʫʣʷʪʦʨ). ʂʦʤʫʥʽʢʘʮʽʷ ʤʽʞ  Matlab Simulink ʪʘ CODESYS 
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V3.5  ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʪʦʢʦʣʫ OPC UA. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʽʜʪʚʝʨʜʠʣʠ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ ʚ ʧʦʨʽʚʥʷʥʽ ʟ ʢʦʤʙʽʥʦʚʘʥʦʶ ʩʠʩʪʝʤʦʶ ʨʝʛʫʣʶʚʘʥʥʷ ʟ ʇɯɼ-

ʨʝʛʫʣʷʪʦʨʘʤʠ, ʟʚʽʜʢʠ ʚʠʧʣʠʚʘʻ ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫʜʦʩʢʦʥʘʣʝʥʦʾ 

ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʝʣʴʥʦ-

ʧʨʦʛʥʦʟʫʶʯʦʛʦ ʢʝʨʫʚʘʥʥʷ. 

ʈʦʟʨʦʙʣʝʥʽ ʚ ʭʦʜʽ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ ʩʪʨʫʢʪʫʨʘ ʪʘ ʘʣʛʦʨʠʪʤʠ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʘʤʠ ʜʫʪʪʴʦʚʦʛʦ ʨʝʞʠʤʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʤʦʜʝʣʴʥʦ-ʧʨʦʛʥʦʟʫʶʯʦʛʦ ʢʝʨʫʚʘʥʥʷ ʟʘʙʝʟʧʝʯʘʪʴ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʢʝʨʫʚʘʥʥʷ 

ʧʘʨʘʤʝʪʨʘʤʠ ʜʫʪʪʷ, ʩʧʨʠʷʪʠʤʫʪʴ ʟʤʝʥʰʝʥʥʶ ʝʥʝʨʛʦʚʠʪʨʘʪ ʪʘ ʧʽʜʚʠʱʝʥʥʶ 

ʝʢʦʣʦʛʽʯʥʦʩʪʽ ʧʨʦʜʫʚʢʠ ʟʘ ʨʘʭʫʥʦʢ ʧʽʜʚʠʱʝʥʥʷ ʩʪʫʧʝʥʷ ʜʦʧʘʣʶʚʘʥʥʷ ʉʆ ʜʦ 

ʉʆ2, ʘ ʩʘʤʝ ʟʥʠʞʝʥʥʷ ʩʦʙʽʚʘʨʪʦʩʪʽ ʢʠʩʥʝʚʦ-ʢʦʥʚʝʨʪʝʨʥʦʾ ʩʪʘʣʽ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʟʘʤʢʥʫʪʠʭ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʩʪʝʧʝʥʝʤ ʜʦʧʘʣʶʚʘʥʥʷ ʉʆ ʜʦ ʉʆ2 ʽ ʦʢʠʩʥʝʥʥʷ 

ʟʘʣʽʟʘ, ʰʣʷʭʦʤ ʚʨʘʭʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʙʤʝʞʝʥʴ ʥʘ ʯʘʩʪʢʫ ʦʢʠʩʽʚ ʟʘʣʽʟʘ ʚ 

ʰʣʘʢʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʣʽʥʽʡʥʦ-ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʬʫʥʢʮʽʦʥʘʣʫ, ʧʨʠ ʢʝʨʫʚʘʥʥʽ 

ʚʤʽʩʪʫ ʉʆ2 ʫ ʢʦʥʚʝʨʪʝʨʥʠʭ ʛʘʟʘʭ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ ʢʝʨʫʚʘʥʥʷ 

ʧʘʨʘʤʝʪʨʘʤʠ ʜʫʪʪʴʦʚʦʛʦ ʨʝʞʠʤʫ. ʂʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ ʜʦ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʧʨʦʜʫʚʢʠ ʚʘʥʥʠ ʟʘʙʝʟʧʝʯʠʪʴ 

ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʪʢʠ ʙʨʫʭʪʫ ʧʽʜ ʯʘʩ ʧʣʘʚʢʠ ʙʝʟ ʟʤʽʥʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, 

ʪʠʤ ʩʘʤʠʤ ʜʦʟʚʦʣʠʪʴ ʽʥʪʝʥʩʠʬʽʢʫʚʘʪʠ ʚʠʨʦʙʥʠʮʪʚʦ ʩʪʘʣʽ ʪʘ ʟʥʠʟʠʪʠ ʾʾ 

ʚʘʨʪʽʩʪʴ. ʋ ʤʘʩʰʪʘʙʘʭ ʢʨʘʾʥʠ ʮʝ ʩʧʨʠʷʪʠʤʝ ʚʠʢʦʥʘʥʥʶ ʩʪʨʘʪʝʛʽʯʥʦʾ ʜʝʨʞʘʚʥʦʾ 

ʧʨʦʛʨʘʤʠ ʧʦ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʶ. ɸʣʛʦʨʠʪʤʽʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʛʥʦʟʫʶʯʠʭ 

ʨʝʛʫʣʷʪʦʨʽʚ ʤʦʞʝ ʙʫʪʠ ʧʝʨʝʜʘʥʦ ʚ ʢʦʥʚʝʨʪʝʨʥʽ ʮʝʭʠ. ʈʦʟʨʦʙʣʝʥʽ ʤʝʪʦʜʠ, 

ʩʪʨʫʢʪʫʨʠ ʪʘ ʘʣʛʦʨʠʪʤʠ ʢʝʨʫʚʘʥʥʷ ʤʦʞʫʪʴ ʜʘʪʠ ʧʦʰʪʦʚʭ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ 

ʨʦʟʚʠʪʢʫ ʪʝʦʨʽʾ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʪʘ ʾʾ ʧʨʠʢʣʘʜʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʦʜʝʣʴʥʦ-ʧʨʦʛʥʦʟʫʶʯʝ ʢʝʨʫʚʘʥʥʷ, ʦʧʪʠʤʘʣʴʥʝ 

ʢʝʨʫʚʘʥʥʷ, ʣʽʥʽʡʥʦ-ʢʚʘʜʨʘʪʠʯʥʠʡ ʬʫʥʢʮʽʦʥʘʣ, ʢʠʩʥʝʚʦ-ʢʦʥʚʝʨʪʝʨʥʠʡ ʧʨʦʮʝʩ, 

ʤʦʜʝʣʴ ʚ ʧʨʦʩʪʦʨʽ ʩʪʘʥʽʚ, ʘʣʛʦʨʠʪʤ ʢʝʨʫʚʘʥʥʷ, ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ, ʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 
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ABSTRACT 

Mariiash Yurii I. A model predictive controller of the blowing mode during 

basic oxygen furnace process with energy-efficient heat absorption. ï The 

manuscript.  

The dissertation for a Doctor of Philosophy on the specialty 151 ñAutomation 

and computer integrated technologiesò ï National Technical University of Ukraine 

ñIgor Sikorsky Kyiv Polytechnic Instituteò, Kyiv, 2022. 

The dissertation is aimed at the development of modern automatic control 

systems, which should provide high performance quality indicators in the conditions 

of variable operating modes of industrial equipment due to effective control 

structures and algorithms.  

The purpose of the study is to reduce the cost of oxygen-converter steel, which 

is a consequence of the increase in the share of scrap metal due to the increase in the 

degree of post-burning of CO to CO2 in the converter cavity, by optimal control of 

the parameters of the duty mode using model predictive control. 

The object of research is the processes of control the blowing mode during 

basic oxygen furnace process. 

The subject of the study is a model predictive control system of the parameters 

of the blowing mode, which ensures an increase in the degree of afterburning of CO 

to CO2 in the converter cavity. 

The work used the methods of the theory of automatic control, the apparatus 

of transfer functions, a state space model, simulated computer modelling, the method 

of optimal parametric synthesis, methods of linear programming, the method of 

successive approximations, numerical methods of solving differential equations. 

In the dissertation, the mathematical model of the blowing mode of basic 

oxygen furnace process was improved, taking into account the influence of the 

intensity of blasting on the process of decarburization of the bath, which made it 

possible to increase the accuracy and quality of blasting control in the conditions of 

changes in the oxygen consumption during purging. 
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For the first time, an optimal control system for the parameters of blowing 

mode during basic oxygen furnace process was synthesized based on the principle 

of feedback with model-predictive control using a linear-quadratic functional, which 

allowed simultaneous control of the blowing intensity and the position of the lance, 

as well as to improve the quality of control and energy saving during melting, due 

to the increase in the degree of post-burning of CO to CO2, which is a consequence 

of the increase in the proportion of scrap metal. 

Further development was achieved by the use of closed control systems for 

the degree of post-burning of CO to CO2, through the synthesis of a model predictive 

controller taking into account the technological saturation of the speed of movement 

of regulatory bodies, which allowed to improve the quality of process control in the 

presence of saturation. 

The following research tasks were solved in the work: the study of the 

technological process of the blowing mode of the basic oxygen furnace, the 

influence of blowing parameters on the cost of steel were investigated; the existing 

approaches to controlling the parameters of the purging regime of the basic oxygen 

furnace are analysed; the key parameters affecting the purging process were 

established and the model of the dust regime was identified; approaches to the 

synthesis of control systems were investigated and a mathematical model of the 

control system for the purging process of the basic oxygen furnace was developed; 

a model predictive controller was synthesized and simulations were carried out in 

the control system of the blowing mode of basic oxygen furnace. 

The blowing mode of basic oxygen furnace as a technological control object 

was considered, and the problem of control blowing parameters in conditions of 

nonstationary of the metal decarburization rate was analysed. During the purging of 

the converter bath, the control system solves the task of synchronizing the processes 

of refining and heating the metal in a reliable jet mode, and at the end of the purging 

ï the task of determining the moment of its termination. The automated control 

system of the technological process of basic oxygen furnace provides automated 

control of the object in real time according to the target criterion, which covers the 
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main technological and technical and economic aspects of production. During the 

blow-out task, the blow-out is chosen from a range of opposing demands that cannot 

be reconciled without mutual concessions. In traditional methods, the intensity of 

purging is controlled by information about the initial conditions and the rate of 

decarbonization or the temperature of the converter gases. The management criterion 

is the prevention of emissions. However, compliance with this condition reduces 

unit productivity and control reliability due to overheating of elements of water-

cooling structures. With the static control of the smelter, they strive to ensure that 

the given values of the mass fraction of carbon and temperature are obtained, given 

by the average values of the mass fractions of carbon of the bath, which is oxidized 

to CO in the basic oxygen furnace cavity due to oxygen blowing, iron and 

manganese oxides in the final slag. The height of the lance has optimal limits. If the 

nozzle is positioned too high, the kinetic energy of the jets is lost on the way to 

meeting the bath, so the oxygen jets will not react ("surface blowing"); at an 

excessively low position ("hard blowing"), the emission of metal droplets with gases 

increases and the tuyere is damaged, the formation of slag is significantly slowed 

down due to a decrease in the amount of FeO in the slag. 

The existing automatic control systems do not fully satisfy the requirements 

for the quality of the system's operation during software control of the parameters of 

the blowing mode and stabilization of disturbances. First of all, the reason for this is 

the difficulty of identifying the control object. Significant nonstationary of the rate 

of metal decarburization, stochasticity of measurement of technological parameters, 

interconnectedness of contours are the reasons for this situation. Many methods of 

improving the quality of functioning offered by the classical theory of automatic 

control cannot ensure the high-quality operation of the control system during 

software control of the parameters of the blowing mode and stabilization of 

disturbances. This implies the need to use advanced automatic control systems, 

which include model predictive control. 

A comparative study of the operation of the model predictive controller and 

the combined regulation system with PID controller showed that the obtained 
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transient processes of the system of automatic control of the blowing mode of the 

basic oxygen furnace from the model predictive controller provided ISE for the 

circuit of oxygen consumption - 5577 and the content of CO2 - 43; the maximum 

dynamic deviation of the CO2 content in converted gases was 0.95%. The use of a 

model predictive control made it possible to improve the quality of control for the 

oxygen consumption by 1.63 times and for the control of CO2 content by 32.5 times; 

the maximum dynamic deviation of CO2 content was reduced by 16.55% in 

comparison with the combined control system with PID controller. 

The implementation of a software-hardware control system using a model 

predictive controller based on a programmable logic controller is considered. The 

leading, manufacturer-independent IEC 61131-3 automation software for 

engineering control systems CODESYS V3.5 SP18 was chosen to implement the 

model predictive controller. The functional block of the predictive model, the object 

state observer, the linear-quadratic functional and the Hooke-Jives optimization 

method were programmed in the programming language of programmable logic 

controllers (PLC), Structured Text and a Function Block Diagram. The simulation 

procedure was performed in real time in the MATLAB Simulink environment 

(process model) and Soft PLC CODESYS V3.5 SP18 (model predictive controller). 

Communication between MATLAB Simulink and CODESYS V3.5 SP18 is 

performed using the OPC UA protocol. The obtained simulation results confirmed 

the improvement of the quality of the automatic control system in comparison with 

the combined control system with PID controllers, which suggests the feasibility of 

using an improved automatic control system using model predictive control. 

The structure and algorithms for optimal control of the parameters of the 

blowing mode developed during the work using model predictive control will ensure 

the improvement of the quality of control of the blowing parameters, contribute to 

the reduction of energy consumption and increase the environmental friendliness of 

blowing due to the increase in the degree of afterburning of CO to CO2, namely, the 

reduction of the cost of basic oxygen furnace steel. The use of closed systems for 

controlling the degree of CO afterburning to ʉʆ2 and iron oxidation, by taking into 
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account technological limitations on the share of iron oxides in slag using a linear-

quadratic functional, when controlling the content of ʉʆ2 in basic oxygen furnace 

gases allows to improve the quality of controlling of the blowing parameters. A 

comprehensive approach to solving the problem of intelligent management of the 

bath purging process will ensure an increase in the proportion of scrap during 

melting without changing the technological process, thereby allowing to intensify 

steel production and reduce its cost. On a national scale, this will contribute to the 

implementation of the strategic state program on energy conservation. The 

developed methods, structures and control algorithms can give impetus to the further 

development of the theory of automatic control and its practical application. 

Keywords: model predictive control, optimal control, linear-quadratic 

functional, basic oxygen furnace, state space model, control algorithm, performance 

indicators, dynamic characteristics. 
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ʇɽʈɽʃɯʂ ʋʄʆɺʅʀʍ ʇʆɿʅɸʏɽʅʔ 

ɸʉʂ ï ʘʚʪʦʤʘʪʠʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ; 

ɸʉʋʊʇ ï ɸʚʪʦʤʘʪʠʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʨʦʮʝʩʦʤ; 

ɯ ï ʽʥʪʝʛʨʘʣʴʥʠʡ; 

ʂʂ ï ʢʠʩʥʝʚʠʡ-ʢʦʥʚʝʨʪʝʨ; 

ʂʂɼ ï ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʩʪʽ ʜʽʾ; 

ʂʂʇ ï ʢʠʩʥʝʚʦ-ʢʦʥʚʝʨʪʝʨʥʠʡ ʧʨʦʮʝʩ; 

ʄʇ ï ʤʦʜʝʣʴʥʦ-ʧʨʦʛʥʦʟʫʶʯʠʡ; 

ʄʇʂ ï ʤʦʜʝʣʴʥʦ-ʧʨʦʛʥʦʟʫʶʯʦʛʦ ʢʝʨʫʚʘʥʥʷ; 

ʄʇʈ ï ʤʦʜʝʣʴʥʦ-ʧʨʦʛʥʦʟʫʶʯʠʡ ʨʝʛʫʣʷʪʦʨ; 

ʅʏ ï ʥʝʯʽʪʢʘ ʣʦʛʽʢʘ; 

ʆʂɻ ï ʦʭʦʣʦʜʞʫʚʘʯʘ ʢʦʥʚʝʨʪʝʨʥʠʭ ʛʘʟʽʚ; 

ʇ ï ʧʨʦʧʦʨʮʽʡʥʠʡ; 

ʇɼ ï ʧʨʦʧʦʨʮʽʡʥʦ-ʜʠʬʝʨʝʥʮʽʡʥʠʡ; 

ʇɯ ï ʧʨʦʧʦʨʮʽʡʥʦ-ʽʥʪʝʛʨʘʣʴʥʠʡ; 

ʇɯɼ ï ʧʨʦʧʦʨʮʽʡʥʦ-̔ ʥʪʝʛʨʘʣʴʥʦ-ʜʠʬʝʨʝʥʮʽʡʥʠʡ; 

ʇʃʂ ï ʧʨʦʛʨʘʤʦʚʘʥʠʡ ʣʦʛʽʯʥʠʡ ʢʦʥʪʨʦʣʝʨ; 

ʈɼ ï ʨʝʘʣʴʥʦ-ʜʠʬʝʨʝʥʮʽʡʥʠʡ; 

ʉɸʈ ï ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ; 

ʊʆʋ ï ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʦʙôʻʢʪ ʫʧʨʘʚʣʽʥʥʷ; 

DMC ï Dynamics Matrix Control; 

IDCOM ï Identification and Command; 

ISA ï International Society of Automation; 

ISE ï Integral of the square error; 

LQ ï Liner-Quadratic; 

MAC ï Model Algorithmic Control; 

MPC ï Model Predictive Control; 

ST ï Structured text. 
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ɺʉʊʋʇ 

ɺʠʨʦʙʥʠʮʪʚʦ ʩʪʘʣʽ ï ʮʝ ʩʢʣʘʜʥʠʡ ʧʨʦʮʝʩ, ʷʢʠʡ ʧʦʪʨʝʙʫʻ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʢʦʤʧʣʝʢʩʫ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ, ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʪʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ, 

ʢʦʞʥʝ ʟ ʷʢʠʭ ʚʠʤʘʛʘʻ ʚʽʜʧʦʚʽʜʥʦʾ ʘʚʪʦʤʘʪʠʟʘʮʽʾ. ɼʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʩʪʘʣʽ ʟ 

ʨʽʜʢʦʛʦ ʯʘʚʫʥʫ ʪʘ ʩʪʘʣʝʚʦʛʦ ʙʨʫʭʪʫ ʧʨʠ ʧʨʦʜʫʚʘʥʥʽ ʢʠʩʥʝʤ ʧʨʠʟʥʘʯʝʥʠʡ 

ʢʠʩʥʝʚʠʡ ʢʦʥʚʝʨʪʝʨ (ʂʂ). ʉʴʦʛʦʜʥʽ ʦʪʨʠʤʘʥʥʷ ʩʪʘʣʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʠʩʥʝʚʦ-

ʢʦʥʚʝʨʪʝʨʥʦʛʦ ʧʨʦʮʝʩʫ (ʂʂʇ) ʻ ʥʘʡʧʦʧʫʣʷʨʥʽʰʠʤ ʫ ʩʚʽʪʽ ʪʘ ʥʘʙʫʚʘʻ ʚʩʝ 

ʙʽʣʴʰʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ. ɿʛʽʜʥʦ ʜʘʥʠʭ Steel Statistical Yearbook 2020 [1] 

ʯʘʩʪʢʘ ʂʂʇ ʫ ʩʚʽʪʽ ʩʢʣʘʜʘʻ 71.6% ʩʪʘʥʦʤ ʥʘ ʢʽʥʝʮʴ 2019 ʨ.  

ɺ ʋʢʨʘʾʥʽ ʥʘʡʨʦʟʧʦʚʩʶʜʞʝʥʽʰʠʤʠ ʩʧʦʩʦʙʘʤʠ ʚʠʨʦʙʥʠʮʪʚʘ ʩʪʘʣʽ ʻ ʂʂʇ 

ʪʘ ʤʘʨʪʝʥʽʚʩʴʢʝ ʚʠʨʦʙʥʠʮʪʚʦ, ʯʘʩʪʢʘ ʷʢʦʛʦ ʟ ʢʦʞʥʠʤ ʨʦʢʦʤ ʟʥʠʞʫʻʪʴʩʷ ʯʝʨʝʟ 

ʥʝʨʝʥʪʘʙʝʣʴʥʽʩʪʴ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʝʬʽʮʠʪʥʦʛʦ ʧʨʠʨʦʜʥʴʦʛʦ ʛʘʟʫ [2]. ʄʽʩʮʝ 

ʤʘʨʪʝʥʽʚʩʴʢʠʭ ʧʝʯʝʡ ʟʘʡʤʘʶʪʴ ʢʠʩʥʝʚʽ ʢʦʥʚʝʨʪʝʨʠ, ʷʢʽ ʤʘʶʪʴ ʧʝʨʝʚʘʛʫ ʚ 

ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʘʭ (ʚʠʱʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʥʘ ʦʜʠʥʠʮʶ 

ʚʠʧʣʘʚʣʝʥʦʾ ʩʪʘʣʽ ʪʘ ʤʝʥʰʽ ʚʠʪʨʘʪʠ).  ɿʛʽʜʥʦ ʜʘʥʠʭ ʆʇ çʋʢʨʤʝʪʘʣʫʨʛʧʨʦʤè [3] 

ʟ ʦʩʥʦʚʥʠʭ ʜʽʶʯʠʭ ʚʠʨʦʙʥʠʯʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʋʢʨʘʾʥʠ 

ʟʥʘʭʦʜʠʪʴʩʷ 14 ʟ 16 ʢʦʥʚʝʨʪʝʨʽʚ ʩʪʘʥʦʤ ʥʘ 2021 ʨʽʢ.   

ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʘʢʪʫʘʣʴʥʠʤʠ ʤʝʪʦʜʘʤʠ ʟʥʠʞʝʥʥʷ ʚʘʨʪʦʩʪʽ ʢʠʩʥʝʚʦ-

ʢʦʥʚʝʨʪʝʨʥʦʾ ʩʪʘʣʽ ʻ ʟʘʩʚʦʻʥʥʷ ʧʨʦʝʢʪʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʘʛʨʝʛʘʪʽʚ, ʧʽʜʚʠʱʝʥʥʷ 

ʩʪʽʡʢʦʩʪʽ ʬʫʪʝʨʽʚʢʠ ʢʦʥʚʝʨʪʝʨʽʚ, ʦʧʪʠʤʽʟʘʮʽʷ ʪʘ ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ.  

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʚ ʋʢʨʘʾʥʽ ʪʘ ʫ ʩʚʽʪʽ 

ʘʢʪʫʘʣʴʥʦʶ ʻ ʧʨʦʙʣʝʤʘ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʪʘ ʟʥʠʞʝʥʥʷ ʚʘʨʪʦʩʪʽ ʚʠʧʣʘʚʣʝʥʦʾ 

ʩʪʘʣʽ. ʄʝʪʘʣʫʨʛʽʡʥʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʨʦʟʚʠʚʘʶʪʴʩʷ ʚ ʫʤʦʚʘʭ ʞʦʨʩʪʢʦʾ 

ʢʦʥʢʫʨʝʥʮʽʾ, ʦʩʥʦʚʥʘ ʧʨʠʯʠʥʘ ï ʫʢʨʘʾʥʩʴʢʘ ʧʨʦʜʫʢʮʽʷ ʥʘʜʟʚʠʯʘʡʥʦ 

ʝʥʝʨʛʦʤʽʩʪʢʘ ʯʝʨʝʟ ʟʥʦʰʝʥʽʩʪʴ ʦʩʥʦʚʥʠʭ ʬʦʥʜʽʚ ʪʘ ʟʘʩʪʘʨʽʣʽ ʪʝʭʥʦʣʦʛʽʯʥʽ 

ʧʨʦʮʝʩʠ. ʆʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʂʂʇ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʥʘʜʘʥʥʷ ʧʦʯʘʪʢʦʚʦʾ 

ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʘ (ʫ ʚʠʛʣʷʜʽ ʨʽʜʢʦʛʦ ʯʘʚʫʥʫ) ʽ ʷʢ ʥʘʩʣʽʜʦʢ ï ʦʙʤʝʞʝʥʥʷ ʚ 

ʧʝʨʝʨʦʙʮʽ ʤʝʪʘʣʝʚʦʛʦ ʙʨʫʭʪʫ. ɼʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʩʪʘʣʽ, ʚ ʂʂ ʟʘʚʘʥʪʘʞʫʶʪʴ 

ʤʝʪʘʣʦʙʨʫʭʪ ʦʙôʻʤʦʤ ʜʦ 30% ʚʽʜ ʤʝʪʘʣʝʚʦʾ ʯʘʩʪʠʥʠ. ʈʝʰʪʘ ï ʨʽʜʢʠʡ ʯʘʚʫʥ, 



19 

 

ʷʢʠʡ ʻ ʜʦʨʦʞʯʠʤ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʤʝʪʘʣʦʙʨʫʭʪʦʤ [4] ʪʘ ʧʦʪʨʝʙʫʻ ʜʦʤʝʥʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ. ʊʦʤʫ ʘʢʪʫʘʣʴʥʦʶ ʧʨʦʙʣʝʤʦʶ ʂʂʇ ʻ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʪʢʠ ʣʦʤʫ ʧʨʠ 

ʚʠʧʣʘʚʮʽ ʢʦʥʚʝʨʪʝʨʥʦʾ ʩʪʘʣʽ.  

ʅʘʨʘʟʽ ʚʽʜʦʤʦ ʢʽʣʴʢʘ ʩʧʦʩʦʙʽʚ ʧʽʜʚʠʱʝʥʥʷ ʯʘʩʪʢʠ ʙʨʫʭʪʫ ʫ ʰʠʭʪʽ: 

ʧʦʧʝʨʝʜʥʽʡ ʧʽʜʽʛʨʽʚ ʤʝʪʘʣʝʚʦʛʦ ʙʨʫʭʪʫ ʧʦʟʘ ʢʦʥʚʝʨʪʝʨʦʤ ʪʘ ʜʦʧʘʣʶʚʘʥʥʷ 

ʤʦʥʦʦʢʩʠʜʫ ʜʦ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ ʫ ʧʦʨʦʞʥʠʥʽ ʢʦʥʚʝʨʪʝʨʘ [5]. ɻʘʟʠ, ʷʢʽ 

ʚ̔ ʜʭʦʜʷʪʴ ʟ ʢʦʥʚʝʨʪʝʨʘ, ʚ ʦʩʥʦʚʥʦʤʫ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʉʆ, ʪʦʤʫ ʝʬʝʢʪʠʚʥʠʤ 

ʤʝʪʦʜʦʤ ʻ ʜʦʧʘʣʶʚʘʥʥʷ ʉʆ ʜʦ ʉʆ2, ʪʘʢ ʷʢ ʚʽʥ ʥʝ ʧʦʪʨʝʙʫʻ ʜʦʜʘʪʢʦʚʦʛʦ 

ʫʩʪʘʪʢʫʚʘʥʥʷ, ʘ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʙʘʞʘʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʜʦʩʪʘʪʥʴʦ ʢʝʨʫʚʘʪʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʜʫʪʪʴʦʚʦʛʦ ʨʝʞʠʤʫ, ʪʘʢʠʤʠ ʷʢ ʧʦʣʦʞʝʥʥʷ ʬʫʨʤʠ ʽ ʚʠʪʨʘʪʠ 

ʢʠʩʥʶ.  

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

ʚʠʢʦʥʫʚʘʣʘʩʴ ʟʘ ʧʽʜʪʨʠʤʢʠ ʄʽʥʽʩʪʝʨʩʪʚʘ ʦʩʚʽʪʠ ʪʘ ʥʘʫʢʠ ʋʢʨʘʾʥʠ ʚ ʤʝʞʘʭ 

ʥʘʫʢʦʚʦʾ ʪʝʤʘʪʠʢʠ: çʈʦʟʨʦʙʣʝʥʥʷ ʪʝʭʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʭʝʤ ʪʘ ʩʠʩʪʝʤ 

ʢʝʨʫʚʘʥʥʷ ʪʝʧʣʦʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ ʥʘ ʦʩʥʦʚʽ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ 

ʧʽʜʭʦʜʽʚè ï ʜʝʨʞʘʚʥʠʡ ʨʝʻʩʪʨʘʮʽʡʥʠʡ ʥʦʤʝʨ 0120U102168 ʪʘ çɽʢʩʝʨʛʝʪʠʯʥʝ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʨʝʞʠʤʽʚ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʙʽʥʦʚʘʥʦʛʦ 

ʪʝʧʣʦ- ʪʘ ʭʦʣʦʜʦʟʘʙʝʟʧʝʯʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʙʫʜʽʚʝʣʴ ʥʘ ʦʩʥʦʚʽ 

ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʩʠʩʪʝʤè ï ʜʝʨʞʘʚʥʠʡ ʨʝʻʩʪʨʘʮʽʡʥʠʡ ʥʦʤʝʨ 0120U001750  ʚ 

ʅʘʮʽʦʥʘʣʴʥʦʤʫ ʪʝʭʥʽʯʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ ʋʢʨʘʾʥʠ ñʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ 

ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦò. 

ʄʝʪʘ ʨʦʙʦʪʠ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʟʥʠʞʝʥʥʷ 

ʩʦʙʽʚʘʨʪʦʩʪʽ ʢʠʩʥʝʚʦ-ʢʦʥʚʝʨʪʝʨʥʦʾ ʩʪʘʣʽ, ʱʦ ʻ ʥʘʩʣʽʜʢʦʤ ʧʽʜʚʠʱʝʥʥʷ ʯʘʩʪʢʠ 

ʤʝʪʘʣʦʙʨʫʭʪʫ ʟʘ ʨʘʭʫʥʦʢ ʧʽʜʚʠʱʝʥʥʷ ʩʪʫʧʝʥʷ ʜʦʧʘʣʶʚʘʥʥʷ ʉʆ ʜʦ ʉʆ2 ʚ 

ʧʦʨʦʞʥʠʥʽ ʢʦʥʚʝʨʪʝʨʘ, ʰʣʷʭʦʤ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʘʤʠ 

ʜʫʪʪʴʦʚʦʛʦ ʨʝʞʠʤʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʝʣʴʥʦ-ʧʨʦʛʥʦʟʫʶʯʦʛʦ ʢʝʨʫʚʘʥʥʷ 

(ʄʇʂ). 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʚʠʨʽʰʫʚʘʣʠʩʴ ʥʘʩʪʫʧʥʽ ʟʘʚʜʘʥʥʷ 

ʜʦʩʣʽʜʞʝʥʥʷ:  
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1. ʜʦʩʣʽʜʞʝʥʦ ʦʩʦʙʣʠʚʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʨʝʞʠʤʫ ʧʨʦʜʫʚʢʠ 

ʢʠʩʥʝʚʦ-ʢʦʥʚʝʨʪʝʨʥʦʾ ʧʣʘʚʢʠ, ʚʧʣʠʚ ʧʘʨʘʤʝʪʨʽʚ ʜʫʪʪʷ ʥʘ 

ʩʦʙʽʚʘʨʪʽʩʪʴ ʩʪʘʣʽ; 

2. ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʽʩʥʫʶʯʽ ʧʽʜʭʦʜʠ ʜʦ ʢʝʨʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʘʤʠ ʨʝʞʠʤʫ 

ʧʨʦʜʫʚʢʠ ʢʠʩʥʝʚʦ-ʢʦʥʚʝʨʪʝʨʥʦʾ ʧʣʘʚʢʠ; 

3. ʚʩʪʘʥʦʚʣʝʥʦ ʢʣʶʯʦʚʽ ʧʘʨʘʤʝʪʨʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʨʦʮʝʩ ʧʨʦʜʫʚʢʠ 

ʪʘ ʧʨʦʚʝʜʝʥʦ ʽʜʝʥʪʠʬʽʢʘʮʽʶ ʤʦʜʝʣʽ ʜʫʪʪʴʦʚʦʛʦ ʨʝʞʠʤʫ; 

4. ʜʦʩʣʽʜʞʝʥʦ ʧʽʜʭʦʜʠ ʜʦ ʩʠʥʪʝʟʫ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʪʘ ʨʦʟʨʦʙʣʝʥʦ 

ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʧʨʦʜʫʚʢʠ ʢʠʩʥʝʚʦ-

ʢʦʥʚʝʨʪʝʨʥʦʾ ʧʣʘʚʢʠ; 

5. ʩʠʥʪʝʟʦʚʘʥʦ ʤʦʜʝʣʴʥʦ-ʧʨʦʛʥʦʟʫʶʯʠʡ ʢʦʥʪʨʦʣʝʨ ʪʘ ʧʨʦʚʝʜʝʥʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʜʫʪʪʴʦʚʦʛʦ ʨʝʞʠʤʫ ʢʠʩʥʝʚʦ-

ʢʦʥʚʝʨʪʝʨʥʦʾ ʧʣʘʚʢʠ.  

ʆʙ'ʻʢʪ ʽ ʧʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ. ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʧʨʦʮʝʩʠ 

ʢʝʨʫʚʘʥʥʷ ʜʫʪʪʻʚʠʤ ʨʝʞʠʤʦʤ ʢʠʩʥʝʚʦ-ʢʦʥʚʝʨʪʝʨʥʦʾ ʧʣʘʚʢʠ. ʇʨʝʜʤʝʪ 

ʜʦʩʣʽʜʞʝʥʥʷ ï ʤʦʜʝʣʴʥʦ-ʧʨʦʛʥʦʟʫʶʯʘ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʘʤʠ 

ʜʫʪʪʴʦʚʦʛʦ ʨʝʞʠʤʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʥʷ ʩʪʫʧʝʥʷ ʜʦʧʘʣʶʚʘʥʥʷ ʉʆ ʜʦ 

ʉʆ2 ʚ ʧʦʨʦʞʥʠʥʽ ʢʦʥʚʝʨʪʝʨʘ.  

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʋ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʤʝʪʦʜʠ ʪʝʦʨʽʾ 

ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ, ʘʧʘʨʘʪ ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʬʫʥʢʮʽʡ, ʤʦʜʝʣʴ ʚ ʧʨʦʩʪʦʨʽ 

ʩʪʘʥʽʚ, ʽʤʽʪʘʮʽʡʥʝ ʢʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ, ʤʝʪʦʜ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʩʠʥʪʝʟʫ, ʤʝʪʦʜʠ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʤʝʪʦʜ ʧʦʩʣʽʜʦʚʥʠʭ 

ʥʘʙʣʠʞʝʥʴ, ʯʠʩʝʣʴʥʽ ʤʝʪʦʜʠ ʨʽʰʝʥʥʷ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ: 

1. ʚʜʦʩʢʦʥʘʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʜʫʪʪʴʦʚʦʛʦ ʨʝʞʠʤʫ ʢʠʩʥʝʚʦ-

ʢʦʥʚʝʨʪʝʨʥʦʾ ʧʣʘʚʢʠ ʟʘ ʨʘʭʫʥʦʢ ʚʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʜʫʪʪʷ ʥʘ ʧʨʦʮʝʩ ʟʥʝʚʫʛʣʝʮʶʚʘʥʥʷ ʚʘʥʥʠ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʧʽʜʚʠʱʠʪʠ 

ʪʦʯʥʽʩʪʴ ʪʘ ʷʢʽʩʪʴ ʢʝʨʫʚʘʥʥʷ ʜʫʪʪʷʤ ʚ ʫʤʦʚʘʭ ʟʤʽʥʠ ʚʠʪʨʘʪʠ ʢʠʩʥʶ 

ʧʽʜ ʯʘʩ ʧʨʦʜʫʚʢʠ; 
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2. ʚʧʝʨʰʝ ʩʠʥʪʝʟʦʚʘʥʦ ʦʧʪʠʤʘʣʴʥʫ ʩʠʩʪʝʤʫ ʢʝʨʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʘʤʠ 

ʜʫʪʪʻʚʦʛʦ ʨʝʞʠʤʫ ʢʠʩʥʝʚʦ-ʢʦʥʚʝʨʪʝʨʥʦʾ ʧʣʘʚʢʠ ʟʘ ʧʨʠʥʮʠʧʦʤ 

ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ ʥʘ ʙʘʟʽ ʤʦʜʝʣʴʥʦ-ʧʨʦʛʥʦʟʫʶʯʦʛʦ ʢʝʨʫʚʘʥʥʷ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʣʽʥʽʡʥʦ-ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʬʫʥʢʮʽʦʥʘʣʫ, ʷʢʘ ʜʦʟʚʦʣʠʣʘ 

ʦʜʥʦʯʘʩʥʦ ʢʝʨʫʚʘʪʠ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʜʫʪʪʷ ʪʘ ʧʦʣʦʞʝʥʥʷʤ ʬʫʨʤʠ ʧʨʠ 

ʧʨʦʛʨʘʤʥʽʡ ʟʤʽʥʽ ʟʘʚʜʘʥʥʷ ʥʘ ʚʠʪʨʘʪʫ ʢʠʩʥʶ ʪʘ ʚʤʽʩʪʫ ʉʆ2, ʘ ʪʘʢʦʞ 

ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ ʢʝʨʫʚʘʥʥʷ ʪʘ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʧʨʠ ʧʣʘʚʮʽ ʟʘ 

ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʩʪʫʧʝʥʷ ʜʦʧʘʣʶʚʘʥʥʷ ʉʆ ʜʦ ʉʆ2, ɦʦ ʻ 

ʥʘʩʣʽʜʢʦʤ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʪʢʠ ʤʝʪʘʣʦʙʨʫʭʪʫ; 

3. ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʦʪʨʠʤʘʣʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʤʢʥʫʪʠʭ ʩʠʩʪʝʤ 

ʢʝʨʫʚʘʥʥʷ ʩʪʝʧʝʥʝʤ ʜʦʧʘʣʶʚʘʥʥʷ ʉʆ ʜʦ ʉʆ2, ʣhʷʭʦʤ ʩʠʥʪʝʟʫ 

ʤʦʜʝʣʴʥʦ-ʧʨʦʛʥʦʟʫʶʯʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʦʙʤʝʞʝʥʴ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʤʽʱʝʥʥʷ ʨʝʛʫʣʶʶʯʠʭ ʦʨʛʘʥʽʚ, ʱʦ 

ʜʦʟʚʦʣʠʣʦ ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʧʨʠ ʥʘʷʚʥʦʩʪʽ 

ʦʙʤʝʞʝʥʴ. ɿʘʧʨʦʧʦʥʦʚʘʥʝ ʨʽʰʝʥʥʷ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ 

ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʚ ʫʤʦʚʘʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʙʤʝʞʝʥʴ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʈʦʟʨʦʙʣʝʥʽ ʚ ʭʦʜʽ 

ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ ʩʪʨʫʢʪʫʨʘ ʪʘ ʘʣʛʦʨʠʪʤʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ 

ʧʘʨʘʤʝʪʨʘʤʠ ʜʫʪʪʴʦʚʦʛʦ ʨʝʞʠʤʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʝʣʴʥʦ-ʧʨʦʛʥʦʟʫʶʯʦʛʦ 

ʢʝʨʫʚʘʥʥʷ ʟʘʙʝʟʧʝʯʘʪʴ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʢʝʨʫʚʘʥʥʷ ʂʂʇ, ʩʧʨʠʷʪʠʤʫʪʴ 

ʟʤʝʥʰʝʥʥʶ ʝʥʝʨʛʦʚʠʪʨʘʪ ʪʘ ʧʽʜʚʠʱʝʥʥʶ ʝʢʦʣʦʛʽʯʥʦʩʪʽ ʧʨʦʜʫʚʢʠ ʟʘ ʨʘʭʫʥʦʢ 

ʧʽʜʚʠʱʝʥʥʷ ʩʪʫʧʝʥʷ ʜʦʧʘʣʶʚʘʥʥʷ ʉʆ ʜʦ ʉʆ2, ʘ ʩʘʤʝ ʟʥʠʞʝʥʥʷ ʩʦʙʽʚʘʨʪʦʩʪʽ 

ʢʠʩʥʝʚʦ-ʢʦʥʚʝʨʪʝʨʥʦʾ ʩʪʘʣʽ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʟʘʤʢʥʫʪʠʭ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ 

ʩʪʝʧʝʥʝʤ ʜʦʧʘʣʶʚʘʥʥʷ ʉʆ ʜʦ ʉʆ2 ̔  ʦʢʠʩʥʝʥʥʷ ʟʘʣʽʟʘ, ʰʣʷʭʦʤ ʚʨʘʭʫʚʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʙʤʝʞʝʥʴ ʥʘ ʯʘʩʪʢʫ ʦʢʠʩʽʚ ʟʘʣʽʟʘ ʚ ʰʣʘʢʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʣʽʥʽʡʥʦ-ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʬʫʥʢʮʽʦʥʘʣʫ, ʧʨʠ ʢʝʨʫʚʘʥʥʽ ʚʤʽʩʪʫ ʉʆ2 ʫ ʢʦʥʚʝʨʪʝʨʥʠʭ 

ʛʘʟʘʭ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ ʢʝʨʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʘʤʠ ʜʫʪʪʴʦʚʦʛʦ ʨʝʞʠʤʫ. 

ʂʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ ʜʦ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ 

ʧʨʦʮʝʩʦʤ ʧʨʦʜʫʚʢʠ ʚʘʥʥʠ ʟʘʙʝʟʧʝʯʠʪʴ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʪʢʠ ʙʨʫʭʪʫ ʧʽʜ ʯʘʩ 

ʧʣʘʚʢʠ ʙʝʟ ʟʤʽʥʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʪʠʤ ʩʘʤʠʤ ʜʦʟʚʦʣʠʪʴ 



22 

 

ʽʥʪʝʥʩʠʬʽʢʫʚʘʪʠ ʚʠʨʦʙʥʠʮʪʚʦ ʩʪʘʣʽ ʪʘ ʟʥʠʟʠʪʠ ʾʾ ʚʘʨʪʽʩʪʴ. ʋ ʤʘʩʰʪʘʙʘʭ ʢʨʘʾʥʠ 

ʮʝ ʩʧʨʠʷʪʠʤʝ ʚʠʢʦʥʘʥʥʶ ʩʪʨʘʪʝʛʽʯʥʦʾ ʜʝʨʞʘʚʥʦʾ ʧʨʦʛʨʘʤʠ ʧʦ 

ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʶ. ɸʣʛʦʨʠʪʤʽʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʛʥʦʟʫʶʯʠʭ ʨʝʛʫʣʷʪʦʨʽʚ 

ʤʦʞʝ ʙʫʪʠ ʧʝʨʝʜʘʥʦ ʚ ʢʦʥʚʝʨʪʝʨʥʽ ʮʝʭʠ. ʈʦʟʨʦʙʣʝʥʽ ʤʝʪʦʜʠ, ʩʪʨʫʢʪʫʨʠ ʪʘ 

ʘʣʛʦʨʠʪʤʠ ʢʝʨʫʚʘʥʥʷ ʤʦʞʫʪʴ ʜʘʪʠ ʧʦʰʪʦʚʭ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʪʝʦʨʽʾ 

ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʪʘ ʾʾ ʧʨʠʢʣʘʜʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ (ʜʦʜʘʪʦʢ 10) ʅʘʮʽʦʥʘʣʴʥʦʛʦ 

ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ 

ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè ʥʘ ʢʘʬʝʜʨʽ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ.   

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ʆʩʥʦʚʥʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʾ 

ʥʘʣʝʞʘʪʴ ʟʜʦʙʫʚʘʯʫ. ɸʚʪʦʨ ʩʘʤʦʩʪʽʡʥʦ ʩʬʦʨʤʫʚʘʚ ʟʘʚʜʘʥʥʷ ʽ ʤʝʪʫ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ, ʚʠʢʦʥʘʚ ʪʝʦʨʝʪʠʯʥʫ ʽ ʧʨʘʢʪʠʯʥʫ ʯʘʩʪʠʥʠ 

ʜʠʩʝʨʪʘʮʽʾ. ɺ ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ, ʱʦ ʥʘʧʠʩʘʥʽ ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ, 

ʦʩʦʙʠʩʪʦ ʟʜʦʙʫʚʘʯʫ ʥʘʣʝʞʘʪʴ ʪʘʢʽ ʚʥʝʩʢʠ: ʚʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʜʫʪʪʷ ʥʘ ʧʨʦʮʝʩ ʟʥʝʚʫʛʣʝʮʶʚʘʥʥʷ ʚʘʥʥʠ ʧʽʜ ʯʘʩ ʢʠʩʥʝʚʦ-ʢʦʥʚʝʨʪʝʨʥʦʾ ʧʣʘʚʢʠ 

ʜʣʷ ʧʦʙʫʜʦʚʠ  ʤʦʜʝʣʴʥʦ-ʧʨʦʛʥʦʟʫʶʯʦʛʦ ʢʝʨʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʘʤʠ ʜʫʪʪʴʦʚʦʛʦ 

ʨʝʞʠʤʫ [6]; ʩʠʥʪʝʟʦʚʘʥʦ ʦʧʪʠʤʘʣʴʥʫ ʩʠʩʪʝʤʫ ʢʝʨʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʘʤʠ 

ʜʫʪʪʻʚʦʛʦ ʨʝʞʠʤʫ ʢʠʩʥʝʚʦ-ʢʦʥʚʝʨʪʝʨʥʦʾ ʧʣʘʚʢʠ ʟʘ ʧʨʠʥʮʠʧʦʤ ʟʚʦʨʦʪʥʦʛʦ 

ʟʚôʷʟʢʫ ʥʘ ʙʘʟʽ ʤʦʜʝʣʴʥʦ-ʧʨʦʛʥʦʟʫʶʯʦʛʦ ʢʝʨʫʚʘʥʥʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʣʽʥʽʡʥʦ-

ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʬʫʥʢʮʽʦʥʘʣʫ [7, 8]; ʩʪʚʦʨʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʪʘ ʤʦʜʝʣʝʡ ʟʘʤʢʥʫʪʠʭ 

ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʩʪʝʧʝʥʝʤ ʜʦʧʘʣʶʚʘʥʥʷ ʉʆ ʜʦ ʉʆ2 ̔  ʚʠʪʨʘʪʠ ʢʠʩʥʶ, ʰʣʷʭʦʤ 

ʚʨʘʭʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʙʤʝʞʝʥʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʣʽʥʽʡʥʦ-ʢʚʘʜʨʘʪʠʯʥʦʛʦ 

ʬʫʥʢʮʽʦʥʘʣʫ [9]; ʧʽʜʭʽʜ ʤʦʜʝʣʴʥʦ-ʧʨʦʛʥʦʟʫʶʯʦʛʦ ʢʝʨʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʜʫʪʪʷ 

ʢʠʩʥʝʚʦ-ʢʦʥʚʝʨʪʝʨʥʦʾ ʧʣʘʚʢʠ (ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʜʫʪʪʷ ʢʠʩʥʶ ʪʘ ʚʠʩʦʪʦʶ ʬʫʨʤʠ), 

ʱʦ ʩʧʨʷʤʦʚʘʥʝ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʫʪʠʣʽʟʘʮʽʾ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʧʨʦʮʝʩʫ [10].   

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ, ʚʠʢʣʘʜʝʥʠʭ 

ʫ ʜʠʩʝʨʪʘʮʽʾ, ʙʫʣʦ ʚʠʩʚʽʪʣʝʥʦ ʥʘ ʥʘʩʪʫʧʥʠʭ ʥʘʫʢʦʚʠʭ ʟ'ʾʟʜʘʭ, ʢʦʥʬʝʨʝʥʮʽʷʭ:  

1. ʉʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ ʥʘʫʢʦʚʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʥʝʨʛʝʪʠʢʠ: ʤʽʞʥʘʨʦʜʥʘ 

ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ ʪʘ ʩʪʫʜʝʥʪʽʚ (ʤ. ʂʠʾʚ 

-  2018, 2019, 2020, 2021); 
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2. Modelling, control and information technologies: International scientific 

and practical conference (ʤ. ʈʽʚʥʝ - 2019, 2021); 

3. ɸʢʪʫʘʣʴʥʽ ʧʠʪʘʥʥʷ ʤʝʭʘʥʽʯʥʦʾ ʪʘ ʝʣʝʢʪʨʠʯʥʦʾ ʽʥʞʝʥʝʨʽʾ, 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʝʣʝʢʪʨʦʥʽʢʠ, ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʘ ɯʊ: 

ʤʽʞʥʘʨʦʜʥʘ ʩʧʝʮʽʘʣʽʟʦʚʘʥʘ ʥʘʫʢʦʚʘ ʢʦʥʬʝʨʝʥʮʽʷ (ʤ. ʍʤʝʣʴʥʠʮʴʢʠʡ - 

2021); 

4. ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ: ʌʽʣʦʩʦʬʩʴʢʽ ʟʘʩʘʜʠ 

ʢʨʝʘʪʦʩʬʝʨʠ ʫ ʢʦʥʪʝʢʩʪʽ ʪʚʦʨʯʦʩʪʽ (ʤ. ʂʠʾʚ - 2019); 

5. ʅʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ ʽ ʬʘʭʽʚʮʽʚ ʟ 

ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ: ʉʫʯʘʩʥʽ ʘʩʧʝʢʪʠ ʨʦʟʨʦʙʢʠ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ (ʤ. ʏʝʨʢʘʩʠ - 2016). 

ʇʫʙʣʽʢʘʮʽʾ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʦʧʫʙʣʽʢʦʚʘʥʦ 17 ʥʘʫʢʦʚʠʭ 

ʨʦʙʽʪ, ʟ ʷʢʠʭ 3 ʩʪʘʪʪʽ ʫ ʬʘʭʦʚʠʭ ʫʢʨʘʾʥʩʴʢʠʭ ʚʠʜʘʥʥʷʭ; 1 ʩʪʘʪʪʷ ʚ ʫʢʨʘʾʥʩʴʢʦʤʫ 

ʚʠʜʘʥʥʽ, ʱʦ ʚʭʦʜʠʪʴ ʜʦ ʧʝʨʰʦʛʦ ╖ ʪʨʝʪʴʦʛʦ ʢʚʘʨʪʠʣʽʚ (Q1-Q3) ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʢʣʘʩʠʬʽʢʘʮʽʾ SC Imago Journal and Country Rank ʘʙʦ Journal Citation Reports 

ʥʘʫʢʦʤʝʪʨʠʯʥʦʾ ʙʘʟʠ Scopus; 1 ʽʥʦʟʝʤʥʘ ʩʪʘʪʪʷ, ʱʦ ʚʭʦʜʠʪʴ ʜʦ ʥʘʫʢʦʤʝʪʨʠʯʥʦʾ 

ʙʘʟʠ Index Copernicus; 12 ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʪʝʟ ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʠʭ 

ʢʦʥʬʝʨʝʥʮʽʡ.  

ʉʪʨʫʢʪʫʨʘ ʽ ʦʙʩʷʛ ʨʦʙʦʪʠ.  ɼʠʩʝʨʪʘʮʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʚʩʪʫʧʫ, 4 ʨʦʟʜʽʣʽʚ, 

ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ (80) ʪʘ 10 ʜʦʜʘʪʢʽʚ. ʇʦʚʥʠʡ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ 

ʩʢʣʘʜʘʻ 161 ʩʪʦʨʽʥʢʫ, ʟ ʥʠʭ ʦʩʥʦʚʥʠʡ ʟʤʽʩʪ ʨʦʙʦʪʠ ʚʠʢʣʘʜʝʥʦ ʥʘ 113 ʩʪʦʨʽʥʢʘʭ 

ʜʨʫʢʦʚʘʥʦʛʦ ʪʝʢʩʪʫ, ʫ ʪʦʤʫ ʯʠʩʣʽ 63 ʨʠʩʫʥʢʽʚ, 9 ʪʘʙʣʠʮʴ ʪʘ 79 ʬʦʨʤʫʣ. 
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ʈʆɿɼɯʃ 1 ɸʅɸʃɯʊʀʏʅʀʁ ʆɻʃʗɼ ʉʀʉʊɽʄ ʂɽʈʋɺɸʅʅʗ 

ʇɸʈɸʄɽʊʈɸʄʀ ʈɽɾʀʄʋ ʇʈʆɼʋɺʂʀ ʂʀʉʅɽɺʆ 

ʂʆʅɺɽʈʊɽʈʅʆɻʆ ʇʈʆʎɽʉʋ 

1.1 ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʙôʻʢʪʘ ʢʝʨʫʚʘʥʥʷ 

ɺʠʨʦʙʥʠʮʪʚʦ ʩʪʘʣʽ ʚ ʩʚʽʪʽ ʟʨʦʩʪʘʻ ʟ ʢʦʞʥʠʤ ʨʦʢʦʤ ʪʘ ʩʪʘʥʦʤ ʥʘ 2019 ʨʽʢ 

ʩʪʘʥʦʚʠʪʴ ʙʽʣʴʰʝ 1,875 ʤʣʨʜ ʪʦʥ [1]. ɹʽʣʴʰʝ ʧʦʣʦʚʠʥʠ ʚʩʽʻʾ ʩʪʘʣʽ ʫ ʩʚʽʪʽ 

ʚʠʧʣʘʚʣʷʻʪʴʩʷ ʚ ʂʠʪʘʾ. ʅʘʡʙʽʣʴʰʽ ʢʨʘʾʥʠ-ʚʠʨʦʙʥʠʢʠ ʮʝ ï ɯʥʜʽʷ, ʗʧʦʥʽʷ, ʉʐɸ, 

ʇʽʚʜʝʥʥʘ ʂʦʨʝʷ, ʊʫʨʝʯʯʠʥʘ ʪʘ ʋʢʨʘʾʥʘ (ʨʠʩ. 1.1). 

 

ʈʠʩ. 1.1 ɺʠʨʦʙʥʠʮʪʚʦ ʩʪʘʣʽ ʫ ʩʚʽʪʽ 

ɻʽʨʥʠʯʦ-ʤʝʪʘʣʫʨʛʽʡʥʠʡ ʢʦʤʧʣʝʢʩ ʋʢʨʘʾʥʠ ʦʙôʻʜʥʫʻ ʧʽʜʧʨʠʻʤʩʪʚʘ ʯʦʨʥʦʾ 

ʽ ʢʦʣʴʦʨʦʚʦʾ ʤʝʪʘʣʫʨʛʽʾ, ʛʽʨʥʠʯʦ-ʟʙʘʛʘʯʫʚʘʣʴʥʽ ʢʦʤʙʽʥʘʪʠ, ʬʝʨʦʩʧʣʘʚʥʽ ʪʘ 

ʢʦʢʩʦʭʽʤʽʯʥʽ ʟʘʚʦʜʠ ʡ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʱʦ ʚʠʧʫʩʢʘʶʪʴ ʚʠʨʦʙʠ ʟ ʤʝʪʘʣʽʚ. ɺ 

ʋʢʨʘʾʥʽ ʩʬʦʨʤʫʚʘʣʠʩʷ ʪʨʠ ʛʦʣʦʚʥʠʭ ʨʝʛʽʦʥʠ ʯʦʨʥʦʾ ʤʝʪʘʣʫʨʛʽʾ: ɼʦʥʝʮʴʢʠʡ, 

ʇʨʠʘʟʦʚʩʴʢʠʡ ʪʘ ʇʨʠʜʥʽʧʨʦʚʩʴʢʠʡ. ʊʘʤ ʟʦʩʝʨʝʜʞʝʥʽ ʟʘʧʘʩʠ ʧʘʣʠʚʘ ʽ ʟʘʣʽʟʥʠʭ 

ʨʫʜ, ʪʘʤ ʞʝ ʚʠʨʦʙʣʷʶʪʴ ʟʘʣʽʟʦʨʫʜʥʫ ʩʠʨʦʚʠʥʫ ʡ ʤʝʪʘʣʦʧʨʦʜʫʢʮʽʶ. ɻʽʨʥʠʯʦ-

ʟʙʘʛʘʯʫʚʘʣʴʥʽ ʢʦʤʙʽʥʘʪʠ (ɻɿʂ) ʨʦʟʪʘʰʦʚʘʥʽ ʧʝʨʝʚʘʞʥʦ ʚ ʂʨʠʚʦʤʫ ʈʦʟʽ. ʎʝ 

çʉʫʭʘ ʙʘʣʢʘè, ɯʥʛʫʣʝʮʴʢʠʡ, ʇʽʚʥʽʯʥʠʡ, ʇʽʚʜʝʥʥʠʡ ʽ ʎʝʥʪʨʘʣʴʥʠʡ ɻɿʂ. 

ʄʝʪʘʣʫʨʛʽʡʥʝ ʚʠʨʦʙʥʠʮʪʚʦ ʧʝʨʝʚʘʞʘʻ ʚ ʄʘʨʽʫʧʦʣʽ (ʄʘʨʽʫʧʦʣʴʩʴʢʠʡ 

ʤʝʪʘʣʫʨʛʽʡʥʠʡ ʢʦʤʙʽʥʘʪ ʽʤʝʥʽ ɯʣʣʽʯʘ ʪʘ çɸʟʦʚʩʪʘʣʴè), ɿʘʧʦʨʽʞʞʽ 

(çɿʘʧʦʨʽʞʩʪʘʣʴè, çɼʥʽʧʨʦʩʧʝʮʩʪʘʣʴè, ɿʘʧʦʨʽʟʴʢʠʡ ʟʘʚʦʜ ʬʝʨʦʩʧʣʘʚʽʚ), ɼʥʽʧʨʽ 

(ɼʥʽʧʨʦʚʩʴʢʠʡ ʤʝʪʘʣʫʨʛʽʡʥʠʡ ʟʘʚʦʜ ʪʘ çɯʥʪʝʨʧʘʡʧ ð ʉʪʘʣʴè) ʽ ʂʨʠʚʦʤʫ ʈʦʟʽ 

(ʤʝʪʘʣʫʨʛʽʡʥʠʡ ʢʦʤʙʽʥʘʪ çɸʢʩʝʣʦʨʄʽʪʪʘʣ ʂʨʠʚʠʡ ʈʽʛè) ʪʘ ʽʥʰʠʭ ʤʽʩʪʘʭ [11]. 
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ʉʴʦʛʦʜʥʽ ʦʪʨʠʤʘʥʥʷ ʩʪʘʣʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʠʩʥʝʚʦ-ʢʦʥʚʝʨʪʝʨʥʦʛʦ ʧʨʦʮʝʩʫ 

(ʂʂʇ) ʻ ʥʘʡʧʦʧʫʣʷʨʥʽʰʠʤ ʫ ʩʚʽʪʽ ʪʘ ʥʘʙʫʚʘʻ ʚʩʝ ʙʽʣʴʰʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ. 

ɿʛʽʜʥʦ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ ʯʘʩʪʢʘ ʂʂʇ ʫ ʩʚʽʪʽ ʩʢʣʘʜʘʻ 71.6% ʩʪʘʥʦʤ ʥʘ ʢʽʥʝʮʴ 

2019 ʨ. (70.8% ʩʪʘʥʦʤ ʥʘ 2018 ʨ.) [1]. ʇʦʧʠʪ ʥʘ ʩʪʘʣʴ ʫ ʩʚʽʪʽ ʪʽʣʴʢʠ ʟʨʦʩʪʘʻ, ʱʦ 

ʩʧʨʠʷʻ ʧʦʜʘʣʴʰʦʤʫ ʟʨʦʩʪʘʥʥʶ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʟʘʩʪʫʚʘʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ. ʄʠʥʫʣʦʛʦ ʨʦʢʫ ʝʢʩʧʦʨʪ ʩʢʣʘʚ 78,5 % ʦʙʩʷʛʫ ʚʠʨʦʙʣʝʥʦʾ 

ʤʝʪʘʣʦʧʨʦʜʫʢʮʽʾ, ʘʣʝ ʮʝ ʧʝʨʝʚʘʞʥʦ ʧʨʦʜʫʢʮʽʷ ʟ ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʦʶ ʜʦʜʘʥʦʶ 

ʚʘʨʪʽʩʪʶ (ʥʘʧʽʚʬʘʙʨʠʢʘʪʠ). ʏʘʩʪʢʘ ʪʘʢʠʭ ʚʠʨʦʙʽʚ ʫ 2018 ʨ. ï 43 % ʚʽʜ 

ʟʘʛʘʣʴʥʦʛʦ ʝʢʩʧʦʨʪʫ ʤʝʪʘʣʦʚʠʨʦʙʽʚ  [12]. 

ʂʠʩʥʝʚʠʡ ʢʦʥʚʝʨʪʝʨ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʩʪʘʣʽ ʟ ʨʽʜʢʦʛʦ ʯʘʚʫʥʫ 

ʪʘ ʩʪʘʣʝʚʦʛʦ ʙʨʫʭʪʫ ʧʨʠ ʧʨʦʜʫʚʘʥʥʽ ʢʠʩʥʝʤ (ʨʠʩ. 1.3). ʂʠʩʥʝʚʦ-ʢʦʥʚʝʨʪʝʨʥʠʡ 

ʧʨʦʮʝʩ (ʂʂʇ) ï ʮʝ ʧʨʦʮʝʩ ʚʠʨʦʙʥʠʮʪʚʘ ʩʪʘʣʽ ʟ ʨʽʜʢʦʛʦ ʯʘʚʫʥʫ ʟ ʜʦʜʘʚʘʥʥʷʤ 

ʩʪʘʣʝʚʦʛʦ ʙʨʫʭʪʫ ʚ ʢʦʥʚʝʨʪʝʨ ʽ ʧʨʦʜʫʚʢʦʶ ʢʠʩʥʝʤ ʟʚʝʨʭʫ ʢʨʽʟʴ 

ʚʦʜʦʦʭʦʣʦʜʞʫʚʘʣʴʥʫ ʬʫʨʤʫ [13].  ʇʝʨʰʽ ʥʘʧʽʚʧʨʦʤʠʩʣʦʚʽ ʜʦʩʣʽʜʠ ʟ ʧʨʦʜʫʚʢʠ 

ʯʘʚʫʥʫ ʢʠʩʥʝʤ ʟʚʝʨʭʫ (ʫ ʢʦʚʰʽ) ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʚ 1939 ʨ. ʽʥʞʝʥʝʨʦʤ ʄ. ɯ. 

ʄʦʟʛʦʚʠʤ. ʋ ʧʨʦʤʠʩʣʦʚʦʤʫ ʤʘʩʰʪʘʙʽ ʂʂʇ ï ʚ 1952 ʨ. ʚ ɸʚʩʪʨʽʾ. ʅʘ ʦʩʥʦʚʽ 

ʧʨʦʚʝʜʝʥʠʭ ʫ 1954-1955 ʨʨ. ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʫ ʢʦʥʚʝʨʪʝʨʘʭ ʽ ʢʦʚʰʘʭ ʤʽʩʪʢʽʩʪʶ 

8-15 ʪ ʙʫʣʦ ʩʧʨʦʝʢʪʦʚʘʥʦ ʽ ʚʚʝʜʝʥʦ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ ʚ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ 

ʢʠʩʥʝʚʦ-ʢʦʥʚʝʨʪʝʨʥʽ ʮʝʭʠ ʥʘ ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʟʘʚʦʜʘʭ ʽʤ. ʇʝʪʨʦʚʩʴʢʦʛʦ (1956ʨ., 

ʟʘʨʘʟ ʤ. ɼʥʽʧʨʦ) ʽ ʂʨʠʚʦʨʽʞʩʪʘʣʴ (1957 ʨ.). ʅʘʧʨʠʢʽʥʮʽ 70-ʭ ʨʦʢʽʚ ʍʍ ʩʪ. 

ʩʪʚʦʨʝʥʦ ʢʦʤʙʽʥʦʚʘʥʽ ʢʦʥʚʝʨʪʝʨʥʽ ʧʨʦʮʝʩʠ ʜʦʥʥʦ-ʚʝʨʭʥʴʦʛʦ ʜʫʪʪʷ. ɿʘ 

ʢʦʤʙʽʥʦʚʘʥʦʾ ʧʨʦʜʫʚʢʠ ʜʦʩʷʛʘʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʝ ʡ ʨʽʚʥʦʤʽʨʥʝ ʚ ʨʽʟʥʠʭ ʯʘʩʪʠʥʘʭ 

ʚʘʥʥʠ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʤʝʪʘʣʫ, ʨʦʟʦʩʝʨʝʜʞʝʥʥʷ ʜʫʪʪʷ, ʙʽʣʴʰʝ ʥʘʙʣʠʞʝʥʥʷ 

ʩʠʩʪʝʤʠ ʰʣʘʢ ï ʤʝʪʘʣ ʜʦ ʨʽʚʥʦʚʘʛʠ, ʩʧʦʢʽʡʥʠʡ ʧʝʨʝʙʽʛ ʧʨʦʮʝʩʫ ʧʨʦʜʫʚʢʠ, 

ʚʠʩʦʢʠʡ ʚʠʭʽʜ ʧʨʠʜʘʪʥʦʾ ʩʪʘʣʽ, ʤʝʥʰʝ ʧʠʣʦʚʠʜʽʣʝʥʥʷ, ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʨʦʙʢʠ 

ʚʝʣʠʢʠʭ ʰʤʘʪʢʽʚ ʙʨʫʭʪʫ, ʨʝʛʫʣʶʚʘʥʥʷ ʦʢʠʩʥʝʥʥʷ ʰʣʘʢʫ, ʰʚʠʜʢʝ ʨʦʟʯʠʥʝʥʥʷ 

ʟʚʠʯʘʡʥʦʛʦ ʢʫʩʢʦʚʦʛʦ ʚʘʧʥʘ. ʉʪʘʥʦʤ ʥʘ 2021 ʨʽʢ ʟʛʽʜʥʦ ʜʘʥʠʭ ʆʇ 

çʋʢʨʤʝʪʘʣʫʨʛʧʨʦʤè ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʋʢʨʘʾʥʠ (ʨʠʩ. 1.2) ʟʥʘʭʦʜʠʣʦʩʷ 16 

ʢʦʥʚʝʨʪʝʨʽʚ. 
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ʈʠʩ. 1.2 ʉʪʘʪʫʩ ʦʩʥʦʚʥʠʭ ʚʠʨʦʙʥʠʯʠʭ ʧʦʪʫʞʥʦʩʪʝʡ 

ʇʨʦʮʝʩ ʧʣʘʚʢʠ ʩʪʘʣʽ ʚ ʢʠʩʥʝʚʠʭ ʢʦʥʚʝʨʪʝʨʘʭ ʧʦʜʽʣʷʶʪʴ ʥʘ ʪʘʢʽ ʝʪʘʧʠ [14]:  

1. ʟʘʚʘʥʪʘʞʝʥʥʷ ʤʝʪʘʣʝʚʦʛʦ ʙʨʫʭʪʫ; 

2. ʟʘʣʠʚʢʘ ʨʽʜʢʦʛʦ ʯʘʚʫʥʫ, ʧʨʦʜʫʚʘʥʥʷ ʚʘʥʥʠ ʢʠʩʥʝʤ;  

3. ʚʚʝʜʝʥʥʷ ʩʠʧʫʯʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʫʪʚʦʨʶʶʪʴ ʰʣʘʢ;  

4. ʢʦʥʪʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʠ ʤʝʪʘʣʫ ʪʘ ʚʽʜʙʽʨ ʧʨʦʙ; 

5. ʟʣʠʚ ʤʝʪʘʣʫ ʽ ʰʣʘʢʫ; 

6. ʦʛʣʷʜ ʬʫʪʝʨʫʚʘʥʥʷ ʢʦʥʚʝʨʪʝʨʘ ʽ ʧʽʜʛʦʪʦʚʢʘ ʜʦ ʥʘʩʪʫʧʥʦʾ ʧʣʘʚʢʠ.  

ɿʘʚʘʥʪʘʞʝʥʥʷ ʤʝʪʘʣʝʚʦʛʦ ʙʨʫʭʪʫ (ʨʠʩ. 1.4). ʂʽʣʴʢʽʩʪʴ ʩʪʘʣʝʚʦʛʦ ʙʨʫʭʪʫ 

ʜʦʩʷʛʘʻ 25% ʚʽʜ ʤʘʩʠ ʰʠʭʪʠ. ɼʦ ʤʝʪʘʣʫ, ʷʢ ʽ ʧʨʠ ʟʚʠʯʘʡʥʠʭ ʩʪʘʣʝʧʣʘʚʠʣʴʥʠʭ 

ʧʨʦʮʝʩʘʭ, ʚʠʩʫʚʘʶʪʴʩʷ ʪʘʢʽ ʚʠʤʦʛʠ: ʚʽʜʩʫʪʥʽʩʪʴ ʚʠʩʦʢʦʛʦ ʚʤʽʩʪʫ ʬʦʩʬʦʨʫ, 

ʩʽʨʢʠ, ʜʦʙʘʚʦʢ ʢʦʣʴʦʨʦʚʠʭ ʤʝʪʘʣʽʚ ʪʘ ʽʨʞʽ. ʂʨʽʤ ʪʦʛʦ, ʦʙʤʝʞʫʶʪʴ 

ʤʘʢʩʠʤʘʣʴʥʠʡ ʨʦʟʤʽʨ ʰʤʘʪʢʽʚ ʙʨʫʭʪʫ, ʙʦ ʜʫʞʝ ʚʝʣʠʢʽ ʤʦʞʫʪʴ ʥʝ ʚʩʪʠʛʥʫʪʠ 

ʨʦʟʯʠʥʠʪʠʩʷ ʚ ʤʝʪʘʣʽ ʟʘ ʯʘʩ ʧʨʦʜʫʚʢʠ, ʘ ʧʽʜ ʯʘʩ ʟʘʚʘʥʪʘʞʝʥʥʷ ʤʦʞʫʪʴ 

ʧʦʰʢʦʜʠʪʠ ʬʫʪʝʨʦʚʢʫ ʢʦʥʚʝʨʪʝʨʘ. ɼʣʷ ʢʦʥʚʝʨʪʝʨʽʚ ʻʤʥʽʩʪʶ 100-350 ʪ ʨʦʟʤʽʨ 

ʰʤʘʪʢʽʚ ʙʨʫʭʪʫ ʥʝ ʧʦʚʠʥʝʥ ʙʫʪʠ ʙʽʣʴʰʝ ʪʘʢʠʭ ʛʘʙʘʨʠʪʽʚ: 0,3 Ĭ 0,3 Ĭ 1,0 ʤ, ʘ ʜʣʷ 

ʧʘʢʝʪʽʚ ʣʦʤʘ ʥʝ ʙʽʣʴʰʝ 0,7 Ĭ 1,0 Ĭ 2,0 ʤ.  ɿʘʚʘʥʪʘʞʝʥʥʷ ʙʨʫʭʪʫ ʽ ʟʘʣʠʚʢʘ ʯʘʚʫʥʫ 

ʚ ʢʦʥʚʝʨʪʝʨ ʜʦʟʚʦʣʷʻʪʴʩʷ ʧʦʯʠʥʘʪʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʬʫʪʝʨʦʚʢʠ ʥʝ ʥʠʞʯʝ 

1000Áʉ ʧʦ ʢʦʤʘʥʜʽ ʤʘʡʩʪʨʘ (ʩʪʘʣʝʚʘʨʘ) ʢʦʥʚʝʨʪʝʨʘ [15]. 

ɿʘʣʠʚʢʘ ʨʽʜʢʦʛʦ ʯʘʚʫʥʫ. ʆʩʥʦʚʥʠʤ ʰʠʭʪʦʚʠʤ ʤʘʪʝʨʽʘʣʦʤ ʜʣʷ ʢʠʩʥʝʚʦ-

ʢʦʥʚʝʨʪʝʨʥʦʛʦ ʮʝʭʫ ʻ ʨʽʜʢʠʡ ʯʘʚʫʥ. ʈʽʜʢʠʡ ʯʘʚʫʥ ʧʦʪʨʘʧʣʷʻ ʚ ʢʦʥʚʝʨʪʝʨ ʟ 

ʤʽʢʩʝʨʥʦʛʦ ʚʽʜʜʽʣʝʥʥʷ ʘʙʦ ʟ ʯʘʚʫʥʦʚʽʟʥʦʛʦ ʚʽʜʜʽʣʝʥʥʷ (ʨʠʩ.1.5). ʏʘʚʫʥʦʚʽʟʥʠʠʡ 

ʢʽʚʰ ʧʦʜʘʶʪʴ ʜʦ ʤʦʤʝʥʪʫ ʚʠʧʫʩʢʫ ʧʦʧʝʨʝʜʥʴʦʾ ʧʣʘʚʢʠ. ʂʦʥʚʝʨʪʦʨ ʟʥʘʭʦʜʠʪʴʩʷ 

ʚ ʧʦʭʠʣʦʤʫ ʧʦʣʦʞʝʥʥʽ, ʷʢ ʽ ʧʽʜ ʯʘʩ ʦʧʝʨʘʮʽʾ ʟ ʟʘʚʘʣʢʠ ʤʝʪʘʣʦʙʨʫʭʪʫ. 
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ʈʠʩ. 1.3 ʂʦʥʚʝʨʪʝʨʥʝ ʚʠʨʦʙʥʠʮʪʚʦ ʩʪʘʣʽ  

ʅʝ ʨʦʙʣʷʯʠ ʚʝʣʠʢʦʾ ʧʝʨʝʨʚʠ, ʚ ʢʦʥʚʝʨʪʝʨ ʥʘ ʩʢʨʘʧ ʟʘʣʠʚʘʶʪʴ ʨʽʜʢʠʡ 

ʯʘʚʫʥ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʘʣʠʚʥʦʛʦ ʢʨʘʥʘ ʟ ʯʘʚʫʥʦʚʽʟʥʠʤ ʢʽʚʰʦʤ, ʷʢʠʡ 

ʧʝʨʝʩʫʚʘʻʪʴʩʷ ʧʦ ʨʦʙʦʯʦʤʫ ʤʘʡʜʘʥʯʠʢʫ ʚʟʜʦʚʞ ʬʨʦʥʪʫ ʢʦʥʚʝʨʪʝʨʽʚ. ʄʘʩʫ 

ʯʘʚʫʥʫ, ʱʦ ʟʘʣʠʚʘʻʪʴʩʷ ʚ ʢʦʥʚʝʨʪʝʨ, ʨʦʟʨʘʭʦʚʫʶʪʴ ʟʘʣʝʞʥʦ ʚʽʜ ʟʘʜʘʥʦʾ ʤʘʨʢʠ 

ʩʪʘʣʽ, ʤʘʩʠ ʚʠʣʠʚʢʽʚ, ʢʽʣʴʢʦʩʪʽ ʦʭʦʣʦʜʞʫʚʘʯʽʚ (ʙʨʫʭʪʫ, ʦʢʘʪʠʰʽʚ, ʨʫʜʠ). 

ɿʘʚʘʥʪʘʞʝʥʠʡ ʢʦʥʚʝʨʪʝʨ ʚʩʪʘʥʦʚʣʶʶʪʴ ʫ ʚʝʨʪʠʢʘʣʴʥʝ ʧʦʣʦʞʝʥʥʷ. 
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ʈʠʩ. 1.4 ɿʘʚʘʣʢʘ ʙʨʫʭʪʫ 

ʊʝʤʧʝʨʘʪʫʨʘ ʨʽʜʢʦʛʦ ʯʘʚʫʥʫ, ʷʢʠʡ ʧʝʨʝʨʦʙʣʷʶʪʴ ʫ ʢʦʥʚʝʨʪʝʨʘʭ ʥʘ ʩʪʘʣʴ, 

ʟʘʟʚʠʯʘʡ ʩʪʘʥʦʚʠʪʴ 1300-1450 Áʉ [15]. ɺʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʯʘʚʫʥ ʟ ʙʽʣʴʰ ʥʠʟʴʢʦʶ 

ʪʝʤʧʝʨʘʪʫʨʦʶ ʥʝʙʘʞʘʥʦ, ʦʩʢʽʣʴʢʠ ʮʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʭʦʣʦʜʥʦʛʦ ʧʦʯʘʪʢʫ 

ʧʨʦʜʫʚʢʠ ʽ ʫʧʦʚʽʣʴʥʝʥʥʷ ʫʪʚʦʨʝʥʥʷ ʰʣʘʢʫ. ʇʽʩʣʷ ʜʦʣʠʚʘʥʥʷ ʯʘʚʫʥʫ ʢʦʥʚʝʨʪʝʨ 

ʧʦʚʝʨʪʘʶʪʴ ʫ ʚʝʨʪʠʢʘʣʴʥʝ ʨʦʙʦʯʝ ʧʦʣʦʞʝʥʥʷ. 

ʇʨʦʜʫʚʢʘ. ʋ ʧʦʨʦʞʥʠʥʫ ʢʦʥʚʝʨʪʝʨʘ ʚʚʦʜʷʪʴ ʬʫʨʤʫ ʽ ʚʤʠʢʘʶʪʴ ʧʦʜʘʯʫ 

ʢʠʩʥʶ (ʨʠʩ.1.6). ʇʝʨʝʜ ʧʦʯʘʪʢʦʤ ʧʨʦʜʫʚʘʥʥʷ ʧʝʨʝʚʽʨʷʶʪʴ ʛʦʪʦʚʥʽʩʪʴ ʩʠʩʪʝʤ, 

ʤʝʭʘʥʽʟʤʽʚ ʪʘ ʦʙʣʘʜʥʘʥʥʷ. ʅʘʩʘʤʧʝʨʝʜ ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʢʦʪʣʘ-ʦʭʦʣʦʜʞʫʚʘʯʘ ʪʘ 

ʛʘʟʦʦʯʠʱʝʥʥʷ. ʆʩʦʙʣʠʚʦ ʚʝʣʠʢʫ ʫʚʘʛʫ ʧʨʠʜʽʣʷʶʪʴ ʨʦʙʦʪʽ ʪʨʘʢʪʫ ʜʣʷ ʚʽʜʚʦʜʫ 

ʢʦʥʚʝʨʪʝʨʥʠʭ ʛʘʟʽʚ ʟʘ ʩʭʝʤʦʶ ʙʝʟ ʜʦʛʦʨʘʥʥʷ ʉʆ. ʇʝʨʝʚʽʨʷʶʪʴ ʨʦʙʦʪʫ 

ʜʠʤʦʩʦʩʘ, ʛʘʟʦʚʽ ʧʘʣʴʥʠʢʠ ʽ ʧʨʠʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʩʠʩʪʝʤ ʛʘʟʦʚʽʜʚʽʜʥʦʛʦ ʪʨʘʢʪʫ, 

ʚʠʪʨʘʪʘ ʚʦʜʠ. ɸʚʪʦʤʘʪʠʯʥʦ ʚʢʣʶʯʘʻʪʴʩʷ ʨʝʛʫʣʷʪʦʨ, ʚʠʩʪʘʚʣʷʻʪʴʩʷ ʟʘʜʘʥʝ 

ʨʦʟʨʽʜʞʝʥʥʷ 6-10 ʇʘ [16] ʚ ʛʠʨʣʽ ʢʝʩʦʥʘ ʦʭʦʣʦʜʞʫʚʘʯʘ ʢʦʥʚʝʨʪʝʨʥʠʭ ʛʘʟʽʚ. 
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ʈʠʩ. 1.5 ɿʘʣʠʚʢʘ ʯʘʚʫʥʫ 

ɿʘ ʨʘʭʫʥʦʢ ʢʠʩʥʶ, ʷʢʠʤ ʧʨʦʜʫʚʘʶʪʴ ʯʘʚʫʥ, ʦʢʠʩʣʶʻʪʴʩʷ ʥʘʜʣʠʰʢʦʚʠʡ 

ʚʫʛʣʝʮʴ, ʘ ʪʘʢʦʞ ʢʨʝʤʥʽʡ, ʤʘʨʛʘʥʝʮʴ ʽ ʥʝʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʟʘʣʽʟʘ, ʧʨʠʯʦʤʫ 

ʦʢʠʩʣʝʥʥʷ ʢʨʝʤʥʽʶ ʽ ʤʘʨʛʘʥʮʶ ʟʘʢʽʥʯʫʻʪʴʩʷ ʚ ʧʝʨʰʽ 3-4 ʭʚʠʣʠʥʠ ʧʨʦʜʫʚʢʠ. ɿ 

ʦʢʠʩʣʽʚ, ʷʢʽ ʫʪʚʦʨʠʣʠʩʷ (ʟʘ ʚʠʥʷʪʢʦʤ ʉʆ), ʚʘʧʥʘ ʪʘ ʽʥʰʠʭ ʩʠʧʫʯʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʫʪʚʦʨʶʻʪʴʩʷ ʰʣʘʢ. ʇʽʜ ʯʘʩ ʧʨʦʜʫʚʢʠ ʚ ʰʣʘʢ ʟ ʤʝʪʘʣʫ ʚʠʜʽʣʷʶʪʴʩʷ ʬʦʩʬʦʨ ʽ 

ʩʽʨʢʘ. ɹʫʣʴʙʘʰʢʠ ʉʆ, ʷʢʽ ʫʪʚʦʨʠʣʠʩʷ ʧʨʠ ʦʢʠʩʣʝʥʥʽ ʚʫʛʣʝʮʶ, ʩʧʽʥʶʶʪʴ ʤʝʪʘʣ 

ʽ ʰʣʘʢ ʽ ʟʥʘʯʥʦ ʧʦʩʠʣʶʶʪʴ ʮʠʨʢʫʣʷʮʽʶ ʰʣʘʢʫ ʽ ʤʝʪʘʣʫ, ʱʦ ʧʨʠʩʢʦʨʶʻ ʧʨʦʮʝʩʠ 

ʦʢʠʩʣʝʥʥʷ, ʜʝʬʦʩʬʦʨʘʮʽʾ, ʥʘʛʨʽʚʫ ʤʝʪʘʣʫ ʪʘ ʽʥ. ʈʘʟʦʤ ʟ ʙʫʣʴʙʘʰʢʘʤʠ ʦʢʠʩʫ 

ʚʫʛʣʝʮʶ ʟ ʤʝʪʘʣʫ ʚʠʜʘʣʷʶʪʴʩʷ ʨʦʟʯʠʥʝʥʽ ʚ ʥʴʦʤʫ ʰʢʽʜʣʠʚʽ ʛʘʟʠ ï ʚʦʜʝʥʴ ʽ ʘʟʦʪ. 

ɼʦʙʘʚʢʘ ʢʦʤʧʦʥʝʥʪʽʚ, ʱʦ ʫʪʚʦʨʶʶʪʴ ʰʣʘʢ. ʉʠʧʫʯʽ ʢʦʤʧʦʥʝʥʪʠ, ʱʦ 

ʫʪʚʦʨʶʶʪʴ ʰʣʘʢ, ʟʘʚʘʥʪʘʞʫʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʙʫʥʢʝʨʽʚ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ, ʞʠʚʠʣʴʥʠʢʽʚ, ʚʘʛ ʽ ʣʦʪʢʽʚ, ʟʘ 

ʷʢʠʤʠ ʤʘʪʝʨʽʘʣʠ ʟʩʠʧʘʶʪʴʩʷ ʚ ʛʦʨʣʦʚʠʥʫ ʢʦʥʚʝʨʪʝʨʘ. ʉʠʩʪʝʤʘ ʟʘʙʝʟʧʝʯʫʻ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʩʠʧʫʯʠʭ ʤʘʪʝʨʽʘʣʽʚ ʙʝʟ ʟʫʧʠʥʢʠ ʧʨʦʜʫʚʢʠ ʟʘ ʧʨʦʛʨʘʤʦʶ, 

ʟʘʜʘʥʦʶ ʦʧʝʨʘʪʦʨʦʤ ʟ ʧʫʣʴʪʘ ʫʧʨʘʚʣʽʥʥʷ ʢʦʥʚʝʨʪʝʨʦʤ [17]. 
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ʈʠʩ. 1.6 ʇʨʦʜʫʚʢʘ ʢʠʩʥʝʤ ʤʝʪʘʣʫ 

ɿʘʚʘʥʪʘʞʝʥʥʷ ʜʦʙʘʚʦʢ ʚ ʢʦʥʚʝʨʪʝʨ ʤʦʞʥʘ ʚʠʢʦʥʫʚʘʪʠ ʟʘ ʪʘʢʠʤʠ ʩʭʝʤʘʤʠ [18]: 

1. ʜʦ ʟʘʣʠʚʢʠ ʯʘʚʫʥʫ ʚ ʢʦʥʚʝʨʪʝʨ 100% ʥʘ ʩʢʨʘʧ; 

2. ʜʦ ʟʘʣʠʚʢʠ ʯʘʚʫʥʫ ʚ ʢʦʥʚʝʨʪʝʨ 50% ʧʽʜ ʯʘʚʫʥ ʘʙʦ ʩʢʨʘʧ, ʟʘʣʠʰʦʢ 

ʜʘʶʪʴ ʚ ʭʦʜʽ ʧʨʦʜʫʚʢʠ; 

3. ʨʝʞʠʤ ʟʘʚʘʣʶʚʘʥʥʷ ï çʜʦʚʝʜʝʥʥʷè ʚ ʧʨʦʮʝʩʽ ʧʨʦʜʫʚʢʠ (ʧʝʨʰʫ 

ʥʘʡʙʽʣʴʰʫ ʧʦʨʮʽʶ ʟʘʚʘʥʪʘʞʫʶʪʴ ʥʘ ʧʦʯʘʪʢʫ ʧʨʦʜʫʚʢʠ, ʟʘʣʠʰʦʢ 

ʧʦʨʮʽʡ (2-3) ï ʧʽʜ ʯʘʩ ʧʨʦʜʫʚʢʠ); 

4. ʟʘʚʘʥʪʘʞʝʥʥʷ ʜʨʽʙʥʠʤʠ ʨʽʚʥʦʤʽʨʥʠʤʠ ʧʦʨʮʽʷʤʠ ʧʦ ʭʦʜʫ ʧʨʦʜʫʚʢʠ 

(ʨʝʞʠʤ çʧʦʩʠʧʘʥʥʷè); ʢʽʣʴʢʽʩʪʴ ʧʦʨʮʽʡ ʤʦʞʝ ʙʫʪʠ ʜʦ 10, ʮʝ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʢʣʘʜʦʤ ʫʩʪʘʪʢʫʚʘʥʥʷ ʽ ʯʠʩʣʦʤ ʘʚʪʦʤʘʪʠʯʥʠʭ ʚʘʛ-

ʜʦʟʘʪʦʨʽʚ ʪʨʘʢʪʫ ʧʦʜʘʯʽ ʰʠʭʪʦʚʠʭ ʩʠʧʫʯʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʋ ʮʝʭʘʭ ʩʪʘʨʦʾ ʩʪʨʫʢʪʫʨʠ ʤʦʞʣʠʚʽ ʪʽʣʴʢʠ ʧʝʨʰʽ ʜʚʽ ʩʭʝʤʠ. ʉʠʧʫʯʽ 

ʤʘʪʝʨʽʘʣʠ ʜʦʜʘʶʪʴ ʚ ʢʦʥʚʝʨʪʝʨ ʚ ʧʦʜʨʽʙʥʝʥʦʤʫ ʚʠʛʣʷʜʽ (ʜʦ ʬʨʘʢʮʽʾ 20-25 ʤʤ). 

ʂʦʥʪʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʠ ʤʝʪʘʣʫ ʪʘ ʚʽʜʙʽʨ ʧʨʦʙ (ʨʠʩ. 1.7). ɼʣʷ ʪʦʛʦ ʱʦʙ 

ʦʪʨʠʤʘʪʠ ʥʘ ʤʦʤʝʥʪ ʟʘʢʽʥʯʝʥʥʷ ʧʨʦʜʫʚʢʠ ʟʘʜʘʥʠʡ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʽ 

ʪʝʤʧʝʨʘʪʫʨʫ, ʧʦ ʭʦʜʫ ʧʣʘʚʢʠ ʤʦʞʥʘ ʟʜʽʡʩʥʶʚʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʤʝʪʘʣʫ, ʘ ʪʘʢʦʞ ʚʠʢʦʥʫʚʘʪʠ ʚʽʜʙʽʨ ʧʨʦʙ ʤʝʪʘʣʫ ʽ ʰʣʘʢʫ. ɿ ʮʽʻʶ ʤʝʪʦʶ 

ʢʦʥʚʝʨʪʝʨʥʽ ʧʝʯʽ ʦʙʣʘʜʥʘʶʪʴ ʩʧʝʮʽʘʣʴʥʠʤʠ ʪʝʨʤʦʟʦʥʜʘʤʠ [19]. ɺʦʥʠ ʻ 

ʥʝʚʽʜ'ʻʤʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʦʙʣʘʜʥʘʥʥʷ ʩʫʯʘʩʥʦʛʦ ʢʠʩʥʝʚʦʛʦ ʢʦʥʚʝʨʪʝʨʘ. 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʴ, ʚʠʢʦʥʘʥʠʭ ʟʘ 2-3 ʭʚʠʣʠʥʠ ʜʦ ʟʘʚʝʨʰʝʥʥʷ ʧʨʦʜʫʚʢʠ, 
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ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʟʫʧʠʥʢʠ ʧʨʦʜʫʚʢʠ ʧʨʠ ʧʝʚʥʦʤʫ ʩʢʣʘʜʽ ʽ ʪʝʤʧʝʨʘʪʫʨʽ 

ʤʝʪʘʣʫ [20].  

ʇʨʦʮʝʩ ʧʣʘʚʢʠ. ʊʨʠʚʘʣʽʩʪʴ ʧʣʘʚʢʠ ʚ ʩʫʯʘʩʥʦʤʫ ʢʦʥʚʝʨʪʝʨʽ ʩʢʣʘʜʘʻ 30-45 

ʭʚʠʣʠʥ. ʋ ʪʘʙʣ. 1.1 ʧʨʝʜʩʪʘʚʣʝʥʦ ʭʨʦʥʦʤʝʪʨʘʞ ʦʜʥʽʻʾ ʽʟ ʧʣʘʚʦʢ ʫ 160-ʪ 

ʢʦʥʚʝʨʪʝʨʽ ʧʨʠ ʚʠʧʣʘʚʮʽ ʩʪʘʣʽ ʽʟ ʚʤʽʩʪʦʤ ʥʝ ʙʽʣʴʰʝ 0,1 % ʉ [21].  

ʊʘʙʣʠʮʷ 1.1 ʍʨʦʥʦʤʝʪʨʘʞ ʦʜʥʽʻʾ ʽʟ ʧʣʘʚʦʢ ʫ 160-ʪ ʢʦʥʚʝʨʪʝʨʽ 

ʆʧʝʨʘʮʽʷ ʏʘʩ, ʭʚ ï ʩ 

ʂʽʥʝʮʴ ʚʠʧʫʩʢʫ ʧʦʧʝʨʝʜʥʴʦʾ ʧʣʘʚʢʠ 00 ï 00 

ɿʘʚʘʥʪʘʞʝʥʥʷ ʫ ʢʦʥʚʝʨʪʝʨ 3 ʪ ʚʘʧʥʘ (ʥʘ ʜʥʦ) 01 ï 20 

ʇʦʯʘʪʦʢ ʟʘʚʘʣʢʠ ʙʨʫʭʪʫ ʫ ʢʽʣʴʢʦʩʪʽ 27 ʪ 02 ï 05 

ʂʽʥʝʮʴ ʟʘʚʘʣʢʠ ʙʨʫʭʪʫ 04 ï 37 

ʇʦʯʘʪʦʢ ʟʣʠʚʫ ʫ ʢʦʥʚʝʨʪʝʨ ʯʘʚʫʥʫ ʫ ʢʽʣʴʢʦʩʪʽ 141 ʪ 05 ï 05 

ʂʽʥʝʮʴ ʟʣʠʚʫ ʯʘʚʫʥʫ 06 ï 02 

ʇʦʯʘʪʦʢ ʧʨʦʜʫʚʢʠ (ʚʠʪʨʘʪʠ ʢʠʩʥʶ 400 ʤ3/ʭʚ, ʚʠʩʦʪʘ ʬʫʨʤʠ ʥʘʜ 

ʨʽʚʥʝʤ ʚʘʥʥʠ 1,2 ʤ) 
06 ï 15 

ʂʽʥʝʮʴ ʧʨʦʜʫʚʢʠ 27 ï 29 

ɺʽʜʙʽʨ ʧʨʦʙʠ ʟ ʨʦʟʧʣʘʚʫ, ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ (ʩʢʣʘʜ 

ʤʝʪʘʣʫ: 0,12 % ʉ; 0,26 % Mn, ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʪʘʣʫ 1626 ęʉ).  

29 ï 23 

 

ʇʦʯʘʪʦʢ ʜʦʜʫʚʢʠ (ʚʠʪʨʘʪʠ ʢʠʩʥʶ 370 ʤ3/ʭʚ; ʚʠʩʦʪʘ ʬʫʨʤʠ 1,1 

ʤ; ʟʘʚʘʥʪʘʞʝʥʥʷ 1ʪ ʚʘʧʥʷʢʫ) 

32 ï 46 

ʂʽʥʝʮʴ ʜʦʜʫʚʢʠ 34 ï 07 

ɺʽʜʙʽʨ ʧʨʦʙʠ ʤʝʪʘʣʫ, ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ (0,08 % ʉ; 0,16 

% Mn; 1610 ęʉ)  

36 ï 12 

 

ʇʦʯʘʪʦʢ ʚʠʧʫʩʢʫ ʩʪʘʣʽ 41 ï 56 

ʂʽʥʝʮʴ ʚʠʧʫʩʢʫ ʩʪʘʣʽ 44 ï 04 

ʂʽʥʝʮʴ ʚʠʧʫʩʢʫ ʰʣʘʢʫ 46 ï 00 

ɿʣʠʚ ʤʝʪʘʣʫ ʽ ʰʣʘʢʫ. ʇʽʩʣʷ ʦʪʨʠʤʘʥʥʷ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʽ ʟʘʜʘʥʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʦʜʫʚʢʫ ʧʨʠʧʠʥʷʶʪʴ, ʬʫʨʤʫ ʧʽʜʥʽʤʘʶʪʴ ʽ ʢʦʥʚʝʨʪʝʨ ʥʘʭʠʣʷʶʪʴ 

ʜʣʷ ʟʣʠʚʫ ʤʝʪʘʣʫ.  
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ʈʠʩ. 1.7 ʂʦʥʪʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʠ ʤʝʪʘʣʫ ʪʘ ʚʽʜʙʽʨ ʧʨʦʙ 

ɺʠʧʫʩʢ ʩʪʘʣʽ ʟ ʢʦʥʚʝʨʪʝʨʘ ʚʠʢʦʥʫʶʪʴ ʯʝʨʝʟ ʩʪʘʣʝʚʠʧʫʩʢʥʠʡ ʦʪʚʽʨ (ʣʝʪʢʫ) 

ʧʦ ʢʦʤʘʥʜʽ ʦʧʝʨʘʪʦʨʘ ʟ ʛʦʣʦʚʥʦʛʦ ʧʦʩʪʘ ʢʝʨʫʚʘʥʥʷ ʘʙʦ ʟ ʜʦʧʦʤʽʞʥʦʛʦ ʧʦʩʪʘ ʥʘ 

ʨʦʙʦʯʦʤʫ ʤʘʡʜʘʥʯʠʢʫ. ʇʽʜ ʯʘʩ ʟʣʠʚʫ ʧʽʜ ʩʪʨʫʤʽʥʴ ʤʝʪʘʣʫ ʜʦʜʘʶʪʴ ʣʝʛʫʶʯʽ 

ʜʦʙʘʚʢʠ. ʇʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʟʣʠʚʫ ʩʪʘʣʽ ʢʦʥʚʝʨʪʝʨ ʥʘʭʠʣʷʶʪʴ ʚ ʧʨʦʪʠʣʝʞʥʫ 

ʩʪʦʨʦʥʫ ʜʣʷ ʚʠʧʫʩʢʫ ʨʽʜʢʦʛʦ ʰʣʘʢʫ, ʷʢʠʡ ʟʣʠʚʘʶʪʴ ʚ ʰʣʘʢʦʚʠʡ ʢʽʚʰ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʯʝʨʝʟ ʛʦʨʣʦʚʠʥʫ ʢʦʥʚʝʨʪʝʨʘ.  

1.2 ʆʛʣʷʜ ʽ ʘʥʘʣʽʟ ʤʝʪʦʜʽʚ ʢʝʨʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʘʤʠ ʜʫʪʪʻʚʦʛʦ ʨʝʞʠʤʫ 

ʉʫʯʘʩʥʠʡ ʢʠʩʥʝʚʦ-ʢʦʥʚʝʨʪʝʨʥʠʡ ʧʨʦʮʝʩ ʻ ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʠʤ ʽ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʤ ʚʠʨʦʙʥʠʮʪʚʦʤ, ʷʢʝ ʟʘʙʝʟʧʝʯʝʥʝ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ 

ʢʦʥʪʨʦʣʴʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʪʘ ʨʝʛʫʣʶʶʯʦʾ ʘʧʘʨʘʪʫʨʦʶ. ʋ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ 

ʨʦʟʚʠʪʢʫ ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʘʢʪʫʘʣʴʥʠʤʠ ʷʚʣʷʶʪʴʩʷ ʟʘʚʜʘʥʥʷ ʧʦ 

ʨʦʟʨʦʙʮʽ ʨʝʩʫʨʩʦʟʙʝʨʽʛʘʶʯʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʝʞʠʤʽʚ ʚʠʧʣʘʚʢʠ ʩʪʘʣʽ, 

ʪʝʦʨʝʪʠʯʥʠʭ ʽ ʧʨʘʢʪʠʯʥʠʭ ʘʩʧʝʢʪʽʚ ʥʦʚʠʭ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʩʧʦʩʦʙʽʚ 

ʧʨʦʜʫʚʢʠ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʚʦʻʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ. ɺʠʧʣʘʚʢʘ 

ʩʪʘʣʽ ʻ ʽʥʪʝʥʩʠʚʥʠʤ ʧʨʦʮʝʩʦʤ (ʪʘʙʣ. 1.1), ʪʦʤʫ ʦʧʝʨʘʪʦʨ ʢʦʥʚʝʨʪʝʨʘ ʬʽʟʠʯʥʦ ʥʝ 

ʤʘʻ ʤʦʞʣʠʚʦʩʪʽ ʦʧʨʘʮʶʚʘʪʠ ʚʝʣʠʢʠʡ ʦʙôʻʤ ʽʥʬʦʨʤʘʮʽʾ, ʚʠʙʨʘʪʠ ʥʘʡʢʨʘʱʠʡ 

ʨʝʞʠʤ ʪʘ ʦʧʝʨʘʪʠʚʥʦ ʚʪʨʫʪʠʪʠʩʴ ʫ ʭʽʜ ʪʝʭʥʦʣʦʛʽʯʥʦ ʧʨʦʮʝʩʫ ʧʣʘʚʢʠ. ʇʨʠ 

ʨʫʯʥʦʤʫ ʫʧʨʘʚʣʽʥʥʽ ʭʽʜ ʧʨʦʜʫʚʢʠ ʯʘʩʪʦ ʚʽʜʭʠʣʷʻʪʴʩʷ ʚʽʜ ʦʧʪʠʤʘʣʴʥʦʛʦ, 

ʧʦʨʫʰʫʻʪʴʩʷ ʧʨʦʮʝʩ ʰʣʘʢʦʫʪʚʦʨʝʥʥʷ, ʫ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʰʣʘʢ ʘʙʦ ʟʚʝʨʪʘʻʪʴʩʷ, 
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ʘʙʦ ʩʧʽʥʶʻʪʴʩʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʥʦʩʽʚ ʪʘ ʚʠʢʠʜʽʚ. ʊʽʣʴʢʠ 45 ï 50 % ʧʣʘʚʦʢ, 

ʘ ʽʥʦʜʽ ʽ ʤʝʥʰʝ, ʚʠʧʫʩʢʘʶʪʴ ʧʨʠ ʨʫʯʥʦʤʫ ʫʧʨʘʚʣʽʥʥʽ ʟ ʧʝʨʰʦʾ ʩʧʨʦʙʠ [15]. 

ɺʘʞʣʠʚʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʨʝʞʠʤʫ ʜʫʪʪʷ ʻ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʨʦʜʫʚʢʠ, ʚʠʩʦʪʘ 

ʬʫʨʤʠ ʥʘʜ ʨʽʚʥʝʤ ʩʧʦʢʽʡʥʦʾ ʚʘʥʥʠ, ʛʣʠʙʠʥʘ ʧʨʦʥʠʢʥʝʥʥʷ, ʪʠʩʢ ʪʘ ʢʽʣʴʢʽʩʪʴ 

ʩʪʨʫʤʝʥʽʚ ʢʠʩʥʶ [21].  

 ɿʘʚʜʘʥʥʷ ʢʝʨʫʚʘʥʥʷ ʂʂʇ ï ʦʪʨʠʤʘʥʥʷ ʥʘʧʨʠʢʽʥʮʽ ʧʨʦʜʫʚʢʠ ʤʝʪʘʣʫ ʟ 

ʧʝʚʥʠʤ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ ʽ ʪʝʤʧʝʨʘʪʫʨʦʶ. ʆʜʥʘʢ ʧʨʷʤʝ ʚʠʤʽʨʶʚʘʥʥʷ ʮʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʫʧʨʦʜʦʚʞ ʧʨʦʜʫʚʢʠ ʥʝʤʦʞʣʠʚʦ ʚʥʘʩʣʽʜʦʢ ʚʽʜʩʫʪʥʦʩʪʽ ʚʽʜʧʦʚʽʜʥʠʭ 

ʜʘʪʯʠʢʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʚ ʫʤʦʚʘʭ ʂʂʇ [18]. ɿʘ ʪʘʢʠʭ ʫʤʦʚ ʘʢʪʫʘʣʴʥʠʤ 

ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʢʝʨʫʚʘʥʥʷ, ʱʦ ʜʘʶʪʴ ʟʤʦʛʫ ʚʝʩʪʠ ʧʨʦʮʝʩ ʟʘ 

ʦʧʪʠʤʘʣʴʥʠʤ ʨʝʞʠʤʦʤ. ʉʪʚʦʨʝʥʥʷ ɸʉʂ ʢʦʥʚʝʨʪʝʨʥʦʶ ʧʣʘʚʢʦʶ ʚʠʨʽʰʫʻ ʪʘʢʽ 

ʟʘʚʜʘʥʥʷ: 

1. ʜʠʥʘʤʽʯʥʘ ʩʪʘʙʽʣʽʟʘʮʽʷ, ʤʝʪʦʶ ʷʢʦʾ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʣʦʛʦ ʭʦʜʫ 

ʧʨʦʮʝʩʫ ʟʘ ʦʩʥʦʚʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ; 

2. ʢʝʨʫʚʘʥʥʷ ʩʝʨʝʜʥʴʦʪʨʘʻʢʪʦʨʥʦʶ ʟʤʽʥʦʶ ʧʘʨʘʤʝʪʨʽʚ ʩʪʘʙʽʣʽʟʦʚʘʥʦʛʦ 

ʧʨʦʮʝʩʫ, ʱʦ ʚʢʣʶʯʘʻ ʢʦʥʪʨʦʣʴ ʜʠʥʘʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʢʝʨʫʚʘʥʥʷ 

ʧʨʦʜʫʚʢʦʶ ʫ ʟʘʤʢʥʝʥʦʤʫ ʨʝʞʠʤʽ;  

3. ʘʥʘʣʽʟ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʢʝʨʫʚʘʥʥʷ ʥʠʤ ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʦʧʪʠʤʘʣʴʥʠʭ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʨʦʮʝʩʫ. 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ (ɸʉʂ) ʂʂʇ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʦʤʘʥʽʪʥʽ ʧʽʜʭʦʜʠ: ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʪʘʪʠʯʥʠʭ ʽ ʜʠʥʘʤʽʯʥʠʭ 

ʧʨʦʛʥʦʟʦʚʘʥʠʭ ʤʦʜʝʣʝʡ [10] (ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʜʦʚʝʜʝʥʥʷ ʧʣʘʚʢʠ ʟʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʤʽʞʥʠʭ ʚʠʤʽʨʽʚ ʪʘ ʽʩʪʦʨʽʾ çʚʜʘʣʠʭè ʧʣʘʚʦʢ); ʢʦʥʪʨʦʣʴ 

ʚʠʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʣʘʚʢʠ [14]; ʜʠʥʘʤʽʯʥʝ ʢʝʨʫʚʘʥʥʷ ʧʨʦʜʫʚʢʦʶ [5]. 

ʅʘʧʨʠʢʣʘʜ, ʫ ʩʪʘʪʪʽ [23] ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʟʽ ʟʚʦʨʦʪʥʽʤ 

ʧʦʰʠʨʝʥʥʷʤ ʜʦʟʚʦʣʷʻ ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʚʝʣʠʢʠʭ ʥʘʙʦʨʽʚ ʜʘʥʠʭ, ʱʦʙ 

ʟʘʙʝʟʧʝʯʠʪʠ ʦʧʪʠʤʽʟʘʮʽʶ ʧʨʦʮʝʩʫ ʧʣʘʚʢʠ. ʆʧʪʠʤʘʣʴʥʝ ʜʠʥʘʤʽʯʥʝ ʢʝʨʫʚʘʥʥʷ 

ʨʝʞʠʤʦʤ ʜʫʪʪʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʥʦʟʫʶʯʠʭ ʤʦʜʝʣʝʡ [24] ʜʦʟʚʦʣʠʣʦ 

ʘʚʪʦʨʘʤ ʧʦʢʨʘʱʠʪʠ ʦʪʨʠʤʘʥʥʷ ʥʘʧʨʠʢʽʥʮʽ ʧʨʦʜʫʚʢʠ ʤʝʪʘʣʫ ʟ ʧʝʚʥʠʤ ʭʽʤʽʯʥʠʤ 

ʩʢʣʘʜʦʤ ʽ ʪʝʤʧʝʨʘʪʫʨʦʶ, ʱʦ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʷʢʦʩʪʽ ʩʪʘʣʽ, ʦʜʥʘʢ 
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ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʤʝʪʘʣʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʝʨʝʛʨʽʚʫ ʝʣʝʤʝʥʪʽʚ 

ʚʦʜʦʦʭʦʣʦʜʞʫʶʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʟʥʠʞʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʘʛʨʝʛʘʪʫ. 

 ʇʦ ʭʦʜʫ ʧʨʦʜʫʚʢʠ ʢʦʥʚʝʨʪʝʨʥʦʾ ʚʘʥʥʠ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʚʠʨʽʰʫʻ 

ʟʘʚʜʘʥʥʷ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʨʘʬʽʥʫʚʘʥʥʷ ʪʘ ʥʘʛʨʽʚʫ ʤʝʪʘʣʫ ʧʨʠ ʥʘʜʽʡʥʦʤʫ 

ʜʫʪʪʴʦʚʦʤʫ ʨʝʞʠʤʽ, ʘ ʚ ʢʽʥʮʽ ʧʨʦʜʫʚʢʠ ï ʟʘʚʜʘʥʥʷ ʚʠʟʥʘʯʝʥʥʷ ʤʦʤʝʥʪʫ ʾʾ 

ʧʨʠʧʠʥʝʥʥʷ [25]. ɸʚʪʦʤʘʪʠʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤ 

ʧʨʦʮʝʩʦʤ (ɸʉʋʊʇ) ʢʠʩʥʝʚʦ-ʢʦʥʚʝʨʪʝʨʥʦʾ ʧʣʘʚʢʠ ʟʘʙʝʟʧʝʯʫʻ ʘʚʪʦʤʘʪʠʟʦʚʘʥʝ 

ʫʧʨʘʚʣʽʥʥʷ ʦʙ'ʻʢʪʦʤ ʚ ʨʝʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʽ ʯʘʩʫ ʟʘ ʮʽʣʴʦʚʠʤ ʢʨʠʪʝʨʽʻʤ, ʷʢʠʡ 

ʦʭʦʧʣʶʻ ʦʩʥʦʚʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʽ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʘʩʧʝʢʪʠ ʚʠʨʦʙʥʠʮʪʚʘ. 

ʂʝʨʫʶʯʠʤʠ ʟʙʫʨʝʥʥʷʤʠ ʻ ʤʘʩʘ ʙʨʫʭʪʫ ʽ ʯʘʚʫʥʫ, ʚʠʪʨʘʪʘ ʢʠʩʥʶ, ʚʠʩʦʪʘ ʬʫʨʤʠ 

ʥʘʜ ʨʽʚʥʝʤ ʚʘʥʥʠ, ʤʘʩʘ ʜʦʙʘʚʦʢ ʽ ʨʦʟʢʠʩʣʶʚʘʯʽʚ. ɺʩʽ ʢʝʨʫʶʯʽ ʚʧʣʠʚʠ 

ʨʝʛʣʘʤʝʥʪʫʶʪʴʩʷ ʢʽʣʴʢʽʩʥʠʤʠ ʦʙʤʝʞʝʥʥʷʤʠ, ʚ ʷʢʦʩʪʽ ʷʢʠʭ ʧʨʠʡʤʘʶʪʴʩʷ 

ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʜʘʥʽ ʢʦʥʚʝʨʪʝʨʘ, ʬʫʨʤʠ ʽ ʛʘʟʦʭʦʜʫ ʦʭʦʣʦʜʞʫʚʘʯʘ ʢʦʥʚʝʨʪʝʨʥʠʭ 

ʛʘʟʽʚ (ʆʂɻ), ʝʥʝʨʛʦʨʝʩʫʨʩʠ, ʚʘʥʪʘʞʦʧʦʪʦʢʠ, ʪʝʭʥʦʣʦʛʽʷ ʧʨʦʜʫʚʢʠ ʬʽʟʠʯʥʦ ʽ 

ʭʽʤʽʯʥʦ ʟʙʘʣʘʥʩʦʚʘʥʦʾ ʰʠʭʪʠ [18]. ɺ ʷʢʦʩʪʽ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʦʙʣʘʩʪʽ ʜʦʧʫʩʪʠʤʠʭ ʨʝʞʠʤʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʙôʻʢʪʽʚ 

ʫʧʨʘʚʣʽʥʥʷ (ʊʆʋ).  

ʇʽʜ ʯʘʩ ʧʨʦʜʫʚʘʥʥʷ ʟʘʚʜʘʥʥʷ ʥʘ ʚʠʪʨʘʪʫ ʜʫʪʪʷ ʚʠʙʠʨʘʻʪʴʩʷ ʟ ʛʘʤʠ 

ʧʨʦʪʠʣʝʞʥʠʭ ʚʠʤʦʛ, ʧʨʠʤʠʨʠʪʠ ʷʢʽ ʥʝʤʦʞʣʠʚʦ ʙʝʟ ʚʟʘʻʤʥʠʭ ʧʦʩʪʫʧʦʢ. ʋ 

ʪʨʘʜʠʮʽʡʥʠʭ ʩʧʦʩʦʙʘʭ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʧʨʦʜʫʚʢʠ ʢʝʨʫʶʪʴ ʟʘ ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ 

ʧʦʯʘʪʢʦʚʽ ʫʤʦʚʠ ʽ ʰʚʠʜʢʦʩʪʽ ʜʝʢʘʨʙʦʥʽʟʘʮʽʾ ʘʙʦ ʪʝʤʧʝʨʘʪʫʨʽ ʢʦʥʚʝʨʪʝʨʥʠʭ 

ʛʘʟʽʚ. ʂʨʠʪʝʨʽʻʤ ʫʧʨʘʚʣʽʥʥʷ ʻ ʟʘʧʦʙʽʛʘʥʥʷ ʚʠʢʠʜʽʚ. ʆʜʥʘʢ ʜʦʪʨʠʤʘʥʥʷ ʮʽʻʾ 

ʫʤʦʚʠ ʟʥʠʞʫʻ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʘʛʨʝʛʘʪʫ ʽ ʥʘʜʽʡʥʽʩʪʴ ʫʧʨʘʚʣʽʥʥʷ ʯʝʨʝʟ ʧʝʨʝʛʨʽʚ 

ʝʣʝʤʝʥʪʽʚ ʚʦʜʦʦʭʦʣʦʜʞʫʶʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ [26]. ʇʨʠ ʩʪʘʪʠʯʥʦʤʫ ʫʧʨʘʚʣʽʥʥʽ 

ʧʣʘʚʢʦʶ ʧʨʘʛʥʫʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʦʪʨʠʤʘʥʥʷ ʟʘʜʘʥʠʭ ʟʥʘʯʝʥʴ ʤʘʩʦʚʦʾ ʯʘʩʪʢʠ 

ʚʫʛʣʝʮʶ ʽ ʪʝʤʧʝʨʘʪʫʨʠ, ʟʘʜʘʶʯʠʩʴ ʫʩʝʨʝʜʥʝʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʤʘʩʦʚʠʭ ʯʘʩʪʦʢ 

ʚʫʛʣʝʮʶ ʚʘʥʥʠ, ʱʦ ʦʢʠʩʣʶʻʪʴʩʷ ʜʦ ʉʆ ʚ ʧʦʨʦʞʥʠʥʽ ʢʦʥʚʝʨʪʝʨʘ ʟʘ ʨʘʭʫʥʦʢ 

ʢʠʩʥʝʚʦʛʦ ʜʫʪʪʷ, ʦʢʩʠʜʽʚ ʟʘʣʽʟʘ ʽ ʤʘʨʛʘʥʮʶ ʚ ʢʽʥʮʝʚʦʤʫ ʰʣʘʢʫ [27]. ʎʽ 

ʧʘʨʘʤʝʪʨʠ ʚ ʦʩʥʦʚʥʦʤʫ ʟʘʣʝʞʘʪʴ ʚʽʜ ʜʫʪʪʴʦʚʦʛʦ ʨʝʞʠʤʫ. ɼʣʷ ʚʨʘʭʫʚʘʥʥʷ 

ʩʪʫʧʝʥʷ ʟʘʩʚʦʻʥʥʷ ʢʠʩʥʶ ʚʘʥʥʦʶ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʨʦʜʫʚʢʠ ʧʦ ʾʾ ʭʦʜʫ ʢʦʨʠʛʫʶʪʴ 
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ʥʘ ʦʩʥʦʚʽ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ ʥʘ ʚʦʜʦʦʭʦʣʦʜʞʫʶʯʠʭ ʝʣʝʤʝʥʪʘʭ [20]. 

ʅʘ ʧʨʘʢʪʠʮʽ ʚʠʪʨʘʪʫ ʢʠʩʥʶ ʥʘ ʧʨʦʜʫʚʢʫ ʧʽʜʪʨʠʤʫʶʪʴ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦ 

ʚʠʩʦʢʦʤʫ ʨʽʚʥʽ ʧʽʜ ʯʘʩ ʧʨʦʜʫʚʢʠ. ʎʝ ʚʠʢʣʠʢʘʥʦ ʙʘʞʘʥʥʷʤ ʟʥʠʟʠʪʠ ʪʨʠʚʘʣʽʩʪʴ 

ʧʨʦʜʫʚʢʠ, ʱʦ ʧʦʚʠʥʥʦ ʟʙʽʣʴʰʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʢʦʥʚʝʨʪʝʨʘ. ʆʜʥʘʢ ʚʠʩʦʢʘ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʨʦʜʫʚʢʠ ʤʦʞʝ ʥʝ ʟʘʙʝʟʧʝʯʠʪʠ ʨʦʟʧʣʘʚʣʝʥʥʷ ʣʦʤʫ ʜʦ ʢʽʥʮʷ 

ʨʝʞʠʤʫ ʜʫʪʪʷ, ʘ ʪʘʢʦʞ ʫʩʢʣʘʜʥʠʪʠ ʬʦʨʤʫʚʘʥʥʷ ʰʣʘʢʫ [14].  

ʇʨʠ ʜʠʥʘʤʽʯʥʦʤʫ ʫʧʨʘʚʣʽʥʥʽ ʚʠʪʨʘʪʦʶ ʜʫʪʪʷ ʚʠʤʽʨʶʶʪʴ ʧʦʯʘʪʢʦʚʽ 

ʫʤʦʚʠ (ʯʠʩʣʦ ʟʤʽʥ ʬʫʪʝʨʫʚʘʥʥʷ ʢʦʥʚʝʨʪʝʨʘ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʆʂɻ, ʥʘʩʠʧʥʫ 

ʱʽʣʴʥʽʩʪʴ ʙʨʫʭʪʫ, ʤʘʩʦʚʫ ʯʘʩʪʢʫ ʢʨʝʤʥʽʶ ʚ ʯʘʚʫʥʽ ʽ ʡʦʛʦ ʪʝʤʧʝʨʘʪʫʨʫ), 

ʪʝʤʧʝʨʘʪʫʨʥʝ ʨʦʟʰʠʨʝʥʥʷ ʝʢʨʘʥʥʠʭ ʪʨʫʙ ʧʽʜʡʦʤʥʦʛʦ ʛʘʟʦʭʦʜʫ ʆʂɻ ʽ ʚ 

ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʴ ʚʚʦʜʷʪʴ ʢʦʨʝʢʮʽʶ, ʱʦ ʚʨʘʭʦʚʫʻ ʧʝʨʝʭʽʜʥʠʡ ʨʝʞʠʤ 

ʪʝʧʣʦʚʦʾ ʨʦʙʦʪʠ ʝʣʝʤʝʥʪʽʚ ʚʦʜʦʦʭʦʣʦʜʞʫʶʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʫ ʚʠʛʣʷʜʽ ʧʦʭʽʜʥʦʾ 

ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʣʽʥʽʡʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʝʣʝʤʝʥʪʽʚ [20]. ɺ ʭʦʜʽ ʧʨʦʜʫʚʢʠ 

ʤʦʞʣʠʚʽ ʟʤʽʥʠ ʚʠʪʨʘʪʠ ʜʫʪʪʷ ʚ ʨʘʟʽ ʥʝʟʘʜʦʚʽʣʴʥʦʛʦ ʰʣʘʢʦʫʪʚʦʨʝʥʥʷ. ʅʘʜʤʽʨʥʦ 

ʛʫʩʪʽ ʰʣʘʢʠ ʨʦʟʨʽʜʞʫʶʪʴ ʚʚʝʜʝʥʥʷʤ ʧʣʘʚʠʢʦʚʦʛʦ ʰʧʘʪʫ, ʧʽʜʡʦʤʦʤ ʬʫʨʤʠ ʟ 

ʦʜʥʦʯʘʩʥʠʤ ʟʥʠʞʝʥʥʷʤ ʚʠʪʨʘʪʠ ʜʫʪʪʷ. ʅʘʜʤʽʨʥʦ ʨʽʜʢʽ ʰʣʘʢʠ ʚʠʧʨʘʚʣʷʶʪʴ 

ʚʚʝʜʝʥʥʷʤ ʚʘʧʥʘ, ʦʧʫʩʢʘʥʥʷʤ ʬʫʨʤʠ ʟ ʦʜʥʦʯʘʩʥʠʤ ʟʙʽʣʴʰʝʥʥʷʤ ʚʠʪʨʘʪ ʜʫʪʪʷ. 

ɺʠʪʨʘʪʫ ʜʫʪʪʷ ʟʤʽʥʶʶʪʴ ʥʘ 10 ... 15%. 

ɺʠʩʦʪʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʬʫʨʤʠ ʤʘʻ ʦʧʪʠʤʘʣʴʥʽ ʤʝʞʽ. ʇʨʠ ʥʘʜʤʽʨʥʦ 

ʚʠʩʦʢʦʤʫ ʨʦʟʪʘʰʫʚʘʥʥʽ ʬʫʨʤʠ ʢʽʥʝʪʠʯʥʘ ʝʥʝʨʛʽʷ ʩʪʨʫʤʝʥʽʚ ʚʪʨʘʯʘʻʪʴʩʷ ʥʘ 

ʰʣʷʭʫ ʜʦ ʟʫʩʪʨʽʯʽ ʟ ʚʘʥʥʦʶ, ʪʦʤʫ ʢʠʩʥʝʚʽ ʩʪʨʫʤʝʥʽ ʥʝ ʚʩʪʫʧʘʪʠʤʫʪʴ ʚ ʨʝʘʢʮʽʶ 

("ʧʦʚʝʨʭʥʝʚʠʡ ʦʙʜʫʚ"); ʧʨʠ ʥʘʜʤʽʨʥʦ ʥʠʟʴʢʦʤʫ ʧʦʣʦʞʝʥʥʽ ("ʞʦʨʩʪʢʝ 

ʧʨʦʜʫʚʘʥʥʷ") ʧʦʩʠʣʶʶʪʴʩʷ ʚʠʢʠʜʠ ʢʨʘʧʝʣʴ ʤʝʪʘʣʫ ʛʘʟʘʤʠ ʽ ʧʦʰʢʦʜʞʫʻʪʴʩʷ  

ʬʫʨʤʘ, ʽʩʪʦʪʥʦ ʩʧʦʚʽʣʴʥʶʻʪʴʩʷ ʰʣʘʢʦʫʪʚʦʨʝʥʥʷ ʯʝʨʝʟ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ 

FeO ʚ ʰʣʘʢʫ [28]. ʆʧʪʠʤʘʣʴʥʘ ʚʠʩʦʪʘ ʟʘʟʚʠʯʘʡ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 1,0 ʜʦ 

2,5 ʤ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʽʜʩʪʘʥʽ ʜʦ ʨʽʚʥʷ ʚʘʥʥʠ ʚ ʩʧʦʢʽʡʥʦʤʫ ʩʪʘʥʽ ʚʠʩʦʪʘ 

ʟʘʟʚʠʯʘʡ ʟʨʦʩʪʘʻ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʤʽʩʪʢʦʩʪʽ ʢʦʥʚʝʨʪʝʨʘ ʽ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʨʠʡʥʷʪʦʾ ʚ ʮʝʭʫ ʪʝʭʥʦʣʦʛʽʾ. ʋ ʧʫʙʣʽʢʘʮʽʾ [29] ʆʭʦʪʩʴʢʠʡ ɺ. ɹ. 

ʟʘʟʥʘʯʘʻ, ʱʦ ʥʝ ʟʤʽʥʶʶʯʠ ʚʽʜʩʪʘʥʴ ʬʫʨʤʠ ʧʽʜ ʯʘʩ ʧʨʦʜʫʚʢʠ ʥʝ ʤʦʞʣʠʚʦ 

ʜʦʩʷʛʪʠ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ. ɿʤʽʥʫ ʚʠʩʦʪʠ ʧʦʣʦʞʝʥʥʷ ʬʫʨʤʠ 
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ʧʽʜ ʯʘʩ ʧʨʦʜʫʚʢʠ, ʟʘʟʚʠʯʘʡ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʨʝʛʫʣʶʚʘʥʥʷ ʦʢʠʩʣʝʥʥʷ 

ʰʣʘʢʫ ʽ ʧʨʠʩʢʦʨʝʥʥʷ ʡʦʛʦ ʬʦʨʤʫʚʘʥʥʷ. ɺʝʣʠʢʠʡ ʨʦʟʚʠʪʦʢ ʦʪʨʠʤʘʣʦ ʥʝʯʽʪʢʝ 

ʢʝʨʫʚʘʥʥʷ ʧʦʣʦʞʝʥʥʷʤ ʬʫʨʤʠ [26], ʤʝʪʦʶ ʷʢʦʛʦ ʻ ʧʽʜʚʠʱʝʥʥʷ ʯʘʩʪʢʠ ʉʆ2 ʫ 

ʛʘʟʘʭ, ʱʦ ʚʽʜʭʦʜʷʪʴ. ʇʨʠ ʚʝʣʠʢʦʤʫ ʟʘʛʣʠʙʣʝʥʥʽ ʢʠʩʥʝʚʠʭ ʩʪʨʫʤʝʥʽʚ ʚ ʤʝʪʘʣʝʚʫ 

ʚʘʥʥʫ ʚʝʩʴ ʢʠʩʝʥʴ ʙʫʜʝ ʟʘʩʚʦʶʚʘʪʠʩʷ ʤʝʪʘʣʦʤ. ɿʤʝʥʰʝʥʥʷ ʟʘʛʣʠʙʣʝʥʥʷ 

ʩʪʨʫʤʝʥʽʚ ʥʘʙʣʠʞʘʻ ʟʦʥʫ ʧʨʷʤʦʛʦ ʦʢʠʩʣʝʥʥʷ ʜʦ ʰʣʘʢʫ, ʚ ʰʣʘʢ ʙʫʜʝ ʧʝʨʝʭʦʜʠʪʠ 

ʙʽʣʴʰʝ ʦʢʩʠʜʽʚ ʟʘʣʽʟʘ. ɿʙʘʛʘʯʝʥʥʷ ʰʣʘʢʫ ʦʢʩʠʜʘʤʠ ʟʘʣʽʟʘ ʽʩʪʦʪʥʦ ʧʨʠʩʢʦʨʶʻ 

ʨʦʟʯʠʥʝʥʥʷ ʚʘʧʥʘ, ʪʦʙʪʦ ʰʣʘʢʦʫʪʚʦʨʝʥʥʷ. ɿʙʽʣʴʰʫʶʯʠ ʚʽʜʩʪʘʥʴ ʬʫʨʤʠ ʥʘʜ 

ʨʽʚʥʝʤ ʩʧʦʢʽʡʥʦʾ ʚʘʥʥʠ, ʤʦʞʥʘ ʧʽʜʚʠʱʠʪʠ ʩʪʫʧʽʥʴ ʟʛʦʨʷʥʥʷ ʉʆ ʚ ʧʦʨʦʞʥʠʥʽ 

ʢʦʥʚʝʨʪʝʨʘ. 

1.3 ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʝʣʴʥʦ-ʧʨʦʛʥʦʟʫʶʯʦʛʦ ʢʝʨʫʚʘʥʥʷ 

ʆʜʥʠʤ ʽʟ ʩʫʯʘʩʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʘʥʘʣʽʟʫ ʽ ʩʠʥʪʝʟʫ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ, ʱʦ 

ʙʘʟʫʶʪʴʩʷ ʥʘ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʝʪʦʜʘʭ ʦʧʪʠʤʽʟʘʮʽʾ, ʻ ʪʝʦʨʽʷ ʫʧʨʘʚʣʽʥʥʷ 

ʜʠʥʘʤʽʯʥʠʤʠ ʦʙ'ʻʢʪʘʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʥʦʟʫʶʯʠʭ ʤʦʜʝʣʝʡ ï ʤʦʜʝʣʴʥʦ-

ʧʨʦʛʥʦʟʫʶʯʝ ʢʝʨʫʚʘʥʥʷ (ʘʥʛʣ. Model Predictive Control, MPC). ʈʦʟʚʠʪʦʢ ʽʜʝʡ 

ʫʧʨʘʚʣʽʥʥʷ ʟ ʧʨʦʛʥʦʟʫʶʯʠʤʠ ʤʦʜʝʣʷʤʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʥʘʧʨʷʤʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʥʝʣʽʥʽʡʥʠʭ ʤʦʜʝʣʝʡ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʢʝʨʫʶʯʦʛʦ ʚʧʣʠʚʫ, ʥʘʜʘʥʥʷ 

ʨʦʙʘʩʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʘʤʢʥʫʪʽʡ ʩʠʩʪʝʤʽ ʫʧʨʘʚʣʽʥʥʷ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ 

ʤʝʪʦʜʽʚ ʦʧʪʠʤʽʟʘʮʽʾ. ɯʜʝʷ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʛʥʦʟʦʚʘʥʦʾ ʢʝʨʫʶʯʦʾ ʜʽʾ, ʷʢʘ ʩʢʣʘʜʘʻ 

ʦʩʥʦʚʫ ʄʇʂ-ʤʝʪʦʜʽʚ, ʚʠʥʠʢʣʘ ʚ ʨʘʤʢʘʭ ʜʚʦʭ ʥʝʟʘʣʝʞʥʠʭ, ʧʨʦʪʝ ʙʣʠʟʴʢʠʭ ʧʦ 

ʩʫʪʽ ʧʽʜʭʦʜʽʚ [30]. ʇʝʨʰʠʡ, Dynamics Matrix Control (DMC), ʨʦʟʚʠʚʘʚʩʷ 

ʟʫʩʠʣʣʷʤʠ ʬʘʭʽʚʮʽʚ ʢʦʤʧʘʥʽʾ Shell Oil [31], ʘ ʜʨʫʛʠʡ - Model Algorithmic Control 

(MAC) - ʙʫʚ ʨʦʟʨʦʙʣʝʥʠʡ ʬʨʘʥʮʫʟʴʢʠʤʠ ʽʥʞʝʥʝʨʘʤʠ ʭʽʤʽʯʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ 

[32]. ʅʘ ʙʘʟʽ ʦʩʪʘʥʥʴʦʛʦ ʧʽʜʭʦʜʫ ʚʧʝʨʰʝ ʙʫʚ ʩʪʚʦʨʝʥʠʡ ʢʦʤʝʨʮʽʡʥʠʡ ʧʘʢʝʪ 

ʧʨʦʛʨʘʤ IDCOM (Identification and Command), ʷʢʠʡ ʧʝʚʥʦʶ ʤʽʨʦʶ ʧʦʩʣʫʞʠʚ 

ʧʨʦʦʙʨʘʟʦʤ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʫʧʨʘʚʣʽʥʥʷ ʟ ʧʨʦʛʥʦʟʦʤ. 

ɯʜʝʦʣʦʛʽʷ ʤʦʜʝʣʴʥʦ-ʧʨʦʛʥʦʟʫʶʯʦʛʦ (ʄʇ)-ʧʽʜʭʦʜʫ ʧʦʣʷʛʘʻ ʫ ʥʘʩʪʫʧʥʽʡ 

ʩʭʝʤʽ ʫʧʨʘʚʣʽʥʥʷ (ʨʠʩ. 1.8) ʜʠʥʘʤʽʯʥʠʤʠ ʦʙ'ʻʢʪʘʤʠ ʟʘ ʧʨʠʥʮʠʧʦʤ ʟʚʦʨʦʪʥʦʛʦ 

ʟʚ'ʷʟʢʫ [33]: ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʦʙ'ʻʢʪʘ (ʚʽʜʥʦʩʥʦ ʧʨʦʩʪʘ), 

ʧʦʯʘʪʢʦʚʠʤʠ ʫʤʦʚʘʤʠ ʜʣʷ ʷʢʦʾ ʩʣʫʞʠʪʴ ʾʾ ʧʦʪʦʯʥʠʡ ʩʪʘʥ; ʧʨʠ ʟʘʜʘʥʦʤʫ 



37 

 

ʫʧʨʘʚʣʽʥʥʽ ʚʠʢʦʥʫʻʪʴʩʷ ʧʨʦʛʥʦʟ ʨʫʭʫ ʦʙôʻʢʪʘ ʥʘ ʜʝʷʢʦʤʫ ʢʽʥʮʝʚʦʤʫ ʚʽʜʨʽʟʢʫ 

ʯʘʩʫ (ʛʦʨʠʟʦʥʪʽ ʧʨʦʛʥʦʟʫ); ʚʠʢʦʥʫʻʪʴʩʷ ʦʧʪʠʤʽʟʘʮʽʷ ʢʝʨʫʚʘʥʥʷ, ʤʝʪʦʶ ʷʢʦʛʦ 

ʩʣʫʞʠʪʴ ʥʘʙʣʠʞʝʥʥʷ ʧʨʦʛʥʦʟʫ ʧʨʦʛʥʦʟʫʶʯʦʾ ʤʦʜʝʣʽ ʜʦ ʚʽʜʧʦʚʽʜʥʦʛʦ ʟʘʜʘʥʦʛʦ 

ʟʥʘʯʝʥʥʷ (ʫʩʪʘʚʢʠ) ʥʘ ʛʦʨʠʟʦʥʪʽ ʢʝʨʫʚʘʥʥʷ; ʨʝʘʣʽʟʫʻʪʴʩʷ ʟʥʘʡʜʝʥʝ ʦʧʪʠʤʘʣʴʥʝ 

ʢʝʨʫʚʘʥʥʷ ʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʠʤʽʨ (ʘʙʦ ʚʽʜʥʦʚʣʝʥʥʷ ʧʦ ʚʠʤʽʨʷʥʠʤ ʟʤʽʥʥʠʤ) 

ʬʘʢʪʠʯʥʦʛʦ ʩʪʘʥʫ ʦʙôʻʢʪʘ ʥʘ ʢʽʥʝʮʴ ʢʨʦʢʫ; ʛʦʨʠʟʦʥʪ ʧʨʦʛʥʦʟʫ ʟʩʫʚʘʻʪʴʩʷ ʥʘ 

ʢʨʦʢ ʚʧʝʨʝʜ, ʽ ʜʘʥʠʡ ʘʣʛʦʨʠʪʤ ʧʦʚʪʦʨʶʶʪʴʩʷ. 

  

ʈʠʩ. 1.8 ʉʭʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʜʠʥʘʤʽʯʥʠʤʠ ʦʙôʻʢʪʘʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʤʦʜʝʣʴʥʦ-ʧʨʦʛʥʦʟʫʶʯʦʛʦ ʧʽʜʭʦʜʫ 

ɿʘʟʚʠʯʘʡ ʧʨʦʛʥʦʟʫʶʯʫ ʤʦʜʝʣʴ ʦʙôʻʢʪʘ ʫʧʨʘʚʣʽʥʥʷ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʫ ʚʠʜʽ ʤʦʜʝʣʽ 

ʚ ʧʨʦʩʪʦʨʽ ʩʪʘʥʽʚ (1.1):  
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 (1.1)                                          

ʇʨʦʛʥʦʟʫʶʯʘ ʤʦʜʝʣʴ (1.1) ʦʧʠʩʫʻ ʧʦʚʝʜʽʥʢʫ ʦʙôʻʢʪʘ. ʗʢʽʩʪʴ ʫʧʨʘʚʣʽʥʥ ̫(1.2) 

ʦʧʠʩʫʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʽʥʽʡʥʦ-ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʬʫʥʢʮʽʦʥʘʣʫ [34]: 
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ʜʝ k jR +  ʪʘ k jQ +  ī ʜʦʜʘʪʥʦ ʚʠʟʥʘʯʝʥʽ ʩʠʤʝʪʨʠʯʥʽ ʤʘʪʨʠʮʽ.  

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʨʫʭ ʦʙôʻʢʪʘ (1.1) ʥʘ ʪʘʢʪʘʭ ,  1,2...k j j ʈ+ =  ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʪʽʣʴʢʠ u, ʪʦ ( ( ), ) ( )k k kJ J y u u J u= = . ʄʝʪʘ ʤʦʜʝʣʴʥʦ-ʧʨʦʛʥʦʟʫʶʯʦʛʦ 

ʢʝʨʫʚʘʥʥʷ ʧʦʰʫʢ ʦʧʪʠʤʘʣʴʥʦʾ ʢʝʨʫʶʯʦʾ ʜʽʾ (1.3), ʪʦʤʫ ʩʬʦʨʤʫʣʴʦʚʘʥʘ ʟʘʜʘʯʘ 

ʦʧʪʠʤʽʟʘʮʽʾ ʧʦ ʚʽʜʥʦʰʝʥʥʽ ʜʦ ʬʫʥʢʮʽʦʥʘʣʫ (1.2): 

 ( ) min .
mPk

u E
J u

Í
­  (1.3)                                           

ʍʦʯʘ 90% ʫʩʽʭ ʢʦʥʪʨʦʣʝʨʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʦʧʦʨʮʽʡʥʦ-̔ ʥʪʝʛʨʘʣʴʥʦ-

ʜʠʬʝʨʝʥʮʽʡʥʠʡ (ʇɯɼ) ʟʘʢʦʥ ʫ ʨʽʟʥʠʭ ʡʦʛʦ ʚʘʨʽʘʮʽʷʭ [35], ʄʇʂ ʰʚʠʜʢʦ ʩʪʘʣʦ 

ʧʦʧʫʣʷʨʥʠʤ, ʦʩʦʙʣʠʚʦ ʚ ʭʽʤʽʯʥʽʡ ʪʘ ʥʘʬʪʦʧʝʨʝʨʦʙʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʟʘʚʜʷʢʠ 

ʧʨʦʩʪʦʪʽ ʘʣʛʦʨʠʪʤʫ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʶ ʤʦʜʝʣʽ ʚ ʧʨʦʩʪʦʨʽ ʩʪʘʥʽʚ ʽ ʧʝʨʝʜʘʚʘʣʴʥʠʭ 

ʬʫʥʢʮʽʡ. ʄʦʜʝʣʽ ʧʨʦʮʝʩʽʚ ʤʦʞʫʪʴ ʙʫʪʠ ʷʢ ʣʽʥʽʡʥʠʤʠ, ʪʘʢ ʽ ʥʝʣʽʥʽʡʥʠʤʠ, ʘʙʦ 

ʥʘʚʽʪʴ ʥʘʙʦʨʦʤ ʢʦʤʙʽʥʘʮʽʡ ʤʦʜʝʣʝʡ [36, 37] ʟ ʦʙʤʝʞʝʥʥʷʤʠ ʥʘ ʚʭʽʜʥʽ ʪʘ/ʘʙʦ 

ʚʠʭʽʜʥʽ ʟʤʽʥʥʽ. P. Tatjewski, M. Lawrynczuk ʫ [38] ʥʘʚʦʜʷʪʴ, ʱʦ ʟʦʚʥʽʰʥʽ 

ʟʙʫʨʝʥʥʷ ʧʨʠʩʫʪʥʽ ʚ ʧʨʦʮʝʩʘʭ ʢʝʨʫʚʘʥʥʷ, ʪʦʤʫ ʾ ʭ ʤʦʜʝʣʽ ʥʝ ʻ ʪʦʯʥʠʤʠ.  

ɯʻʨʘʨʭʽʯʥʽ ʩʪʨʫʢʪʫʨʠ ʄʇʂ ʯʝʨʝʟ ʩʢʣʘʜʥʽʩʪʴ ʧʨʦʮʝʩʽʚ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʚ [39]. 

ɼʝʷʢʽ ʜʦʩʣʽʜʥʠʢʠ ʧʦʻʜʥʫʶʪʴ ʄʇʂ ʟ ʽʥʰʠʤʠ ʧʽʜʭʦʜʘʤʠ ʜʣʷ ʛʝʥʝʨʘʮʽʾ ʟʘʚʜʘʥʴ 

ʣʦʢʘʣʴʥʠʤ ʢʦʥʪʨʦʣʝʨʘʤ, ʪʘʢʠʤʠ ʷʢ ʥʝʯʽʪʢʘ ʣʦʛʽʢʘ [40], ʰʪʫʯʥʽ ʥʝʡʨʦʥʥʽ 

ʤʝʨʝʞʽ [41] ʪʘ ʽʥʰʽ. ʂʦʤʧʨʦʤʽʩ ʤʽʞ ʜʦʩʷʛʥʫʪʦʶ ʪʦʯʥʽʩʪʶ ʪʘ ʷʢʽʩʪʶ ʢʝʨʫʚʘʥʥʷ 

ʽ ʩʢʣʘʜʥʽʩʪʶ ʨʝʘʣʽʟʘʮʽʾ ʘʣʛʦʨʠʪʤʫ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʘʤʠ ʜʦʩʣʽʜʞʝʥʦ ʚ [42]. ʅʘ 

ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʄʇʂ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʜʣʷ ʧʨʷʤʦʛʦ ʢʝʨʫʚʘʥʥʷ 

ʘʙʦ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ, ʘ ʡ ʷʢ ʥʘʛʣʷʜʦʚʠʡ ʧʨʠʩʪʨʽʡ ʜʣʷ ʽʥʰʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʢʝʨʫʚʘʥʥʷ. ʅʘʧʨʠʢʣʘʜ, Hewing ʟ ʢʦʣʝʛʘʤʠ [43] ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʄʇʂ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʧʽʜʭʦʜʫ ʜʦ ʢʝʨʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʧʽʜ ʯʘʩ ʬʘʟʠ 

ʩʘʤʦʥʘʚʯʘʥʥʷ. ɯʩʥʫʻ ʙʘʛʘʪʦ ʩʧʦʩʦʙʽʚ, ʷʢ ʩʧʨʦʝʢʪʫʚʘʪʠ ʤʦʜʝʣʴʥʦ-ʧʨʦʛʥʦʟʫʶʯʠʡ 

ʨʝʛʫʣʷʪʦʨ ʟʘʣʝʞʥʦ ʚʽʜ ʮʽʣʝʡ, ʦʙʨʘʥʠʭ ʤʦʜʝʣʝʡ, ʽʩʥʫʶʯʠʭ ʦʙʤʝʞʝʥʴ, ʦʯʽʢʫʚʘʥʦʾ 

ʧʦʚʝʜʽʥʢʠ ʩʠʩʪʝʤʠ.  
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ʆʪʞʝ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʝʣʴʥʦ-ʧʨʦʛʥʦʟʫʶʯʦʛʦ ʢʝʨʫʚʘʥʥʷ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʤʦʞʝ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʡʦʛʦ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʪʦʤʫ ʮʝ 

ʻ ʘʢʪʫʘʣʴʥʦʶ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʶ ʧʨʦʙʣʝʤʦʶ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ. ʄʇʂ 

ʟʘʨʝʢʦʤʝʥʜʫʚʘʚ ʩʝʙʝ ʷʢ ʧʨʦʚʽʜʥʘ ʪʘ ʰʠʨʦʢʦ ʨʦʟʧʦʚʩʶʜʞʝʥʘ ʪʝʭʥʦʣʦʛʽʷ 

ʢʝʨʫʚʘʥʥʷ, ʟ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʧʨʦʤʠʩʣʦʚʠʭ ʟʘʩʪʦʩʫʚʘʥʴ, ʱʦ ʥʘʨʘʭʦʚʫʻ ʧʦʥʘʜ 

5800 ʫʩʧʽʰʥʠʭ ʚʧʨʦʚʘʜʞʝʥʴ ʫ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ [34]. ʂʝʨʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʘʤʠ 

ʜʫʪʪʴʦʚʦʛʦ ʨʝʞʠʤʫ ʧʦʪʨʝʙʫʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʻ ʧʦʢʘʟʦʚʠʤ 

ʜʣʷ ʄʇʂ ʧʽʜʭʦʜʫ ʯʝʨʝʟ ʥʝʩʪʘʮʽʦʥʘʨʥʽʩʪʴ ʧʨʦʮʝʩʫ ʟʥʝʚʫʛʣʝʮʶʚʘʥʥʷ, ʪʦʤʫ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʝʣʴʥʦ-ʧʨʦʛʥʦʟʫʶʯʦʛʦ ʢʝʨʫʚʘʥʥʷ, ʻ ʚʠʧʨʘʚʜʘʥʠʤ. ʆʩʥʦʚʥʦʶ 

ʧʝʨʝʚʘʛʦʶ ʄʇ-ʧʽʜʭʦʜʫ, ʱʦ ʚʠʟʥʘʯʘʻ ʡʦʛʦ ʫʩʧʽʰʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʧʨʘʢʪʠʮʽ 

ʧʦʙʫʜʦʚʠ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ, ʩʣʫʞʠʪʴ ʚʽʜʥʦʩʥʘ ʧʨʦʩʪʦʪʘ ʙʘʟʦʚʦʾ 

ʩʭʝʤʠ ʬʦʨʤʫʚʘʥʥʷ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ, ʱʦ ʧʦʻʜʥʫʻʪʴʩʷ ʟ ʚʠʩʦʢʠʤʠ 

ʘʜʘʧʪʠʚʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʆʩʪʘʥʥʷ ʦʙʩʪʘʚʠʥʘ ʜʦʟʚʦʣʷʻ ʫʧʨʘʚʣʷʪʠ 

ʙʘʛʘʪʦʚʠʤʽʨʥʠʤʠ ʽ ʙʘʛʘʪʦʟʚôʷʟʥʠʤʠ ʦʙ'ʻʢʪʘʤʠ ʟʽ ʩʢʣʘʜʥʦʶ ʩʪʨʫʢʪʫʨʦʶ, ʱʦ 

ʚʢʣʶʯʘʻ ʥʝʣʽʥʽʡʥʽʩʪʴ, ʦʧʪʠʤʽʟʫʚʘʪʠ ʧʨʦʮʝʩʠ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʚ ʨʘʤʢʘʭ 

ʦʙʤʝʞʝʥʴ ʥʘ ʢʝʨʫʶʯʽ ʽ ʢʝʨʦʚʘʥʽ ʟʤʽʥʥʽ, ʚʨʘʭʦʚʫʚʘʪʠ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʚ ʟʘʚʜʘʥʥʽ 

ʦʙ'ʻʢʪʽʚ ̔  ʟʙʫʨʝʥʴ. ʈʘʟʦʤ ʟ ʪʠʤ, ʢʦʨʝʢʪʥʦʤʫ ʡ ʫʩʧʽʰʥʦʤʫ ʟʘʩʪʦʩʫʚʘʥʥʶ ʄʇʂ 

ʦʙʦʚôʷʟʢʦʚʦ ʧʝʨʝʜʫʻ ʛʣʠʙʦʢʝ ʚʠʚʯʝʥʥʷ ʦʙôʻʢʪʘ ʢʝʨʫʚʘʥʥʷ ʡ ʩʠʥʪʝʟ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʩʘʤʝ ʚʠʚʯʝʥʦʤʫ ʦʙôʻʢʪʫ ʨʝʛʫʣʷʪʦʨʘ. 

 ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 

ɸʥʘʣʽʪʠʯʥʠʡ ʦʛʣʷʜ ʨʦʙʽʪ, ʱʦ ʧʨʠʩʚʷʯʝʥʽ ʧʠʪʘʥʥʷʤ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ 

ʧʘʨʘʤʝʪʨʘʤʠ ʜʫʪʪʷ ʢʠʩʥʝʚʦ-ʢʦʥʚʝʨʪʝʨʥʦʛʦ ʧʨʦʮʝʩʫ ʧʦʢʘʟʘʚ, ʱʦ: 

1. ʚ ʋʢʨʘʾʥʽ ʥʘʡʨʦʟʧʦʚʩʶʜʞʝʥʽʰʠʤʠ ʩʧʦʩʦʙʘʤʠ ʚʠʨʦʙʥʠʮʪʚʘ ʩʪʘʣʽ ʻ 

ʂʂʇ, ʯʘʩʪʢʘ ʷʢʦʛʦ ʟ ʢʦʞʥʠʤ ʨʦʢʦʤ ʟʥʠʞʫʻʪʴʩʷ ʚ ʩʠʣʫ 

ʥʝʨʝʥʪʘʙʝʣʴʥʦʩʪʽ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʝʬʽʮʠʪʥʦʛʦ ʧʨʠʨʦʜʥʴʦʛʦ ʛʘʟʫ. ʋ 

ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʨʦʟʚʠʪʢʫ ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʘʢʪʫʘʣʴʥʠʤʠ 

ʷʚʣʷʶʪʴʩʷ ʟʘʜʘʯʽ ʧʦ ʨʦʟʨʦʙʮʽ ʨʝʩʫʨʩʦʟʙʝʨʽʛʘʶʯʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʨʝʞʠʤʽʚ ʚʠʧʣʘʚʢʠ ʩʪʘʣʽ, ʪʝʦʨʝʪʠʯʥʠʭ ʽ ʧʨʘʢʪʠʯʥʠʭ ʘʩʧʝʢʪʽʚ ʥʦʚʠʭ 

ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʩʧʦʩʦʙʽʚ ʧʨʦʜʫʚʢʠ ʩʪʘʣʝʧʣʘʚʠʣʴʥʦʾ ʚʘʥʥʠ 
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ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʛʘʟʦʤ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʝʧʣʦʚʦʾ ʨʦʙʦʪʠ 

ʧʝʯʝʡ; 

2. ʦʜʥʠʤ ʽʟ ʰʣʷʭʽʚ ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʻ ʫʪʠʣʽʟʘʮʽʷ ʬʽʟʠʯʥʦʾ 

ʪʘ ʭʽʤʽʯʥʦʾ ʝʥʝʨʛʽʾ ʛʘʟʽʚ, ʷʢʽ ʚʽʜʭʦʜʷʪʴ ʽʟ ʢʦʥʚʝʨʪʝʨʘ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʯʘʩʪʠʥʠ ʫʪʚʦʨʝʥʦʛʦ ʢʦʥʚʝʨʪʝʨʥʦʛʦ ʛʘʟʫ, ʚ ʷʢʦʩʪʽ ʧʘʣʠʚʘ ʚ ʧʦʨʦʞʥʠʥʽ 

ʢʦʥʚʝʨʪʝʨʘ ʜʣʷ ʥʘʛʨʽʚʫ ʤʝʪʘʣʝʚʦʛʦ ʙʨʫʭʪʫ ʜʦʟʚʦʣʠʪʴ ʟʙʽʣʴʰʠʪʠ ʯʘʩʪʢʫ 

ʙʨʫʭʪʫ ʫ ʰʠʭʪʽ, ʱʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʨʠʚʝʜʝ ʜʦ ʟʥʠʞʝʥʥʷ ʩʦʙʽʚʘʨʪʦʩʪʽ 

ʢʠʩʥʝʚʦ-ʢʦʥʚʝʨʪʝʨʥʦʾ ʩʪʘʣʽ. ʅʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤ ʩʧʦʩʦʙʦʤ 

ʟʙʽʣʴʰʝʥʥʷ ʩʪʫʧʝʥʷ ʜʦʧʘʣʶʚʘʥʥʷ ʉʆ ʫ ʧʦʨʦʞʥʠʥʽ ʢʦʥʚʝʨʪʝʨʘ ʻ 

ʨʝʛʫʣʶʚʘʥʥʷ ʚʽʜʩʪʘʥʽ ʬʫʨʤʠ ʥʘʜ ʨʽʚʥʝʤ ʩʧʦʢʽʡʥʦʾ ʚʘʥʥʠ;  

3. ʢʝʨʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʘʤʠ ʜʫʪʪʴʦʚʦʛʦ ʨʝʞʠʤʫ ʧʦʪʨʝʙʫʻ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ, ʘ ʩʘʤʝ ʤʦʜʝʣʴʥʦ-ʧʨʦʛʥʦʟʫʶʯʦʛʦ ʨʝʛʫʣʷʪʦʨʘ. ɿʛʽʜʥʦ 

ʩʪʨʘʪʝʛʽʾ ʄʇʈ ï ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʨʦʛʥʦʟ ʧʦʚʝʜʽʥʢʠ ʦʙôʻʢʪʘ, ʚʠʢʦʥʫʻʪʴʩʷ 

ʦʧʪʠʤʽʟʘʮʽʾ ʦʪʨʠʤʘʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʷʢʦʾ ʙʫʜʝ ʟʥʘʡʜʝʥʦ 

ʦʧʪʠʤʘʣʴʥʝ ʫʧʨʘʚʣʽʥʥʷ ʢʠʩʥʝʚʦ-ʢʦʥʚʝʨʪʝʨʥʠʤ ʧʨʦʮʝʩʦʤ. ʋ ʤʦʜʝʣʴʥʦ-

ʧʨʦʛʥʦʟʫʶʯʦʤʫ ʢʝʨʫʚʘʥʥʽ ʚ ʷʢʦʩʪʽ ʧʨʦʛʥʦʟʫʶʯʦʾ ʤʦʜʝʣʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʠʩʪʝʤʠ ʟʚʠʯʘʡʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ. 

ʇʽʜʭʽʜ ʧʝʨʝʜʙʘʯʘʻ ʤʽʥʽʤʽʟʘʮʽʶ ʣʽʥʽʡʥʦ-ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʬʫʥʢʮʽʦʥʘʣʫ ʚ 

ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻ ʷʢʽʩʪʴ ʧʨʦʮʝʩʫ 

ʨʝʛʫʣʶʚʘʥʥʷ; 

4.  ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʝʣʴʥʦ-ʧʨʦʛʥʦʟʫʶʯʦʛʦ ʢʝʨʫʚʘʥʥʷ 

ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʤʦʞʝ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʡʦʛʦ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʪʦʤʫ ʮʝ ʻ ʘʢʪʫʘʣʴʥʦʶ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʶ 

ʧʨʦʙʣʝʤʦʶ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ. ʄʇʂ ʟʘʨʝʢʦʤʝʥʜʫʚʘʚ ʩʝʙʝ ʷʢ 

ʧʨʦʚʽʜʥʘ ʪʘ ʰʠʨʦʢʦ ʨʦʟʧʦʚʩʶʜʞʝʥʘ ʪʝʭʥʦʣʦʛʽʷ ʢʝʨʫʚʘʥʥʷ, ʟ ʰʠʨʦʢʠʤ 

ʩʧʝʢʪʨʦʤ ʧʨʦʤʠʩʣʦʚʠʭ ʟʘʩʪʦʩʫʚʘʥʴ, ʱʦ ʥʘʨʘʭʦʚʫʻ ʧʦʥʘʜ 5800 

ʫʩʧʽʰʥʠʭ ʚʧʨʦʚʘʜʞʝʥʴ ʫ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ. ʂʝʨʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʘʤʠ 

ʜʫʪʪʴʦʚʦʛʦ ʨʝʞʠʤʫ ʧʦʪʨʝʙʫʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʻ 

ʧʦʢʘʟʦʚʠʤ ʜʣʷ ʄʇʂ ʧʽʜʭʦʜʫ ʯʝʨʝʟ ʥʝʩʪʘʮʽʦʥʘʨʥʽʩʪʴ ʧʨʦʮʝʩʫ 
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ʟʥʝʚʫʛʣʝʮʶʚʘʥʥʷ, ʪʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʝʣʴʥʦ-ʧʨʦʛʥʦʟʫʶʯʦʛʦ 

ʢʝʨʫʚʘʥʥʷ, ʻ ʚʠʧʨʘʚʜʘʥʠʤ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʱʝʟʘʟʥʘʯʝʥʠʭ ʚʠʩʥʦʚʢʽʚ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʤʝʪʫ 

ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʘ ʩʘʤʝ ʟʥʠʞʝʥʥʷ ʩʦʙʽʚʘʨʪʦʩʪʽ ʢʠʩʥʝʚʦ-

ʢʦʥʚʝʨʪʝʨʥʦʾ ʩʪʘʣʽ, ʱʦ ʻ ʥʘʩʣʽʜʢʦʤ ʧʽʜʚʠʱʝʥʥʷ ʯʘʩʪʢʠ ʤʝʪʘʣʦʙʨʫʭʪʫ ʟʘ 

ʨʘʭʫʥʦʢ ʧʽʜʚʠʱʝʥʥʷ ʩʪʫʧʝʥʷ ʜʦʧʘʣʶʚʘʥʥʷ ʉʆ ʜʦ ʉʆ2 ʚ ʧʦʨʦʞʥʠʥʽ ʢʦʥʚʝʨʪʝʨʘ, 

ʰʣʷʭʦʤ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʘʤʠ ʜʫʪʪʴʦʚʦʛʦ ʨʝʞʠʤʫ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʝʣʴʥʦ-ʧʨʦʛʥʦʟʫʶʯʦʛʦ ʢʝʨʫʚʘʥʥʷ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʥʘʩʪʫʧʥʽ ʟʘʚʜʘʥʥʷ 

ʜʦʩʣʽʜʞʝʥʥʷ:  

1. ʜʦʩʣʽʜʠʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʨʝʞʠʤʫ ʧʨʦʜʫʚʢʠ 

ʢʠʩʥʝʚʦ-ʢʦʥʚʝʨʪʝʨʥʦʾ ʧʣʘʚʢʠ, ʚʧʣʠʚ ʧʘʨʘʤʝʪʨʽʚ ʜʫʪʪʷ ʥʘ 

ʩʦʙʽʚʘʨʪʽʩʪʴ ʩʪʘʣʽ; 

2. ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ̔ ʩʥʫʶʯʽ ʧʽʜʭʦʜʠ ʜʦ ʢʝʨʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʘʤʠ ʨʝʞʠʤʫ 

ʧʨʦʜʫʚʢʠ ʢʠʩʥʝʚʦ-ʢʦʥʚʝʨʪʝʨʥʦʾ ʧʣʘʚʢʠ; 

3. ʚʩʪʘʥʦʚʠʪʠ ʢʣʶʯʦʚʽ ʧʘʨʘʤʝʪʨʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʨʦʮʝʩ ʧʨʦʜʫʚʢʠ ʪʘ 

ʧʨʦʚʝʩʪʠ ̔ʜʝʥʪʠʬʽʢʘʮʽʶ ʤʦʜʝʣʽ ʜʫʪʪʴʦʚʦʛʦ ʨʝʞʠʤʫ; 

4. ʜʦʩʣʽʜʠʪʠ ʧʽʜʭʦʜʠ ʜʦ ʩʠʥʪʝʟʫ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʪʘ ʨʦʟʨʦʙʠʪʠ 

ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʧʨʦʜʫʚʢʠ ʢʠʩʥʝʚʦ-

ʢʦʥʚʝʨʪʝʨʥʦʾ ʧʣʘʚʢʠ; 

5. ʩʠʥʪʝʟʫʚʘʪʠ ʤʦʜʝʣʴʥʦ-ʧʨʦʛʥʦʟʫʶʯʠʡ ʢʦʥʪʨʦʣʝʨ ʪʘ ʧʨʦʚʝʩʪʠ 

ʤʦʜʝʣʶʚʘʥʥʷ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʜʫʪʪʴʦʚʦʛʦ ʨʝʞʠʤʫ ʢʠʩʥʝʚʦ-

ʢʦʥʚʝʨʪʝʨʥʦʾ ʧʣʘʚʢʠ.  
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ʈʆɿɼɯʃ 2 ɼʆʉʃɯɼɾɽʅʅʗ ʆɹôɭʂʊɸ ʂɽʈʋɺɸʅʅʗ 

2.1 ʊʝʭʥʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʢʝʨʫʚʘʥʥʷ ʨʝʞʠʤʦʤ ʜʫʪʪʷ ʂʂʇ 

ʂʠʩʥʝʚʦ-ʢʦʥʚʝʨʪʝʨʥʘ ʧʣʘʚʢʘ ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʩʢʣʘʜʥʽʩʪʶ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ, ʧʨʦʪʽʢʘʻ ʟ ʚʝʣʠʢʦʶ ʰʚʠʜʢʽʩʪʶ ʽ ʧʨʠ ʚʠʩʦʢʽʡ ʪʝʤʧʝʨʘʪʫʨʽ, 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʙʘʛʘʪʦʨʝʞʠʤʥʽʩʪʶ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʡ ʚʝʣʠʢʦʶ ʨʦʟʤʽʨʥʽʩʪʶ 

ʨʦʟʚôʷʟʫʚʘʣʴʥʠʭ ʟʘʜʘʯ. ʗʢʽʩʪʴ ʦʜʝʨʞʫʚʘʥʦʾ ʩʪʘʣʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʾʾ ʩʢʣʘʜʦʤ ʽ 

ʪʝʤʧʝʨʘʪʫʨʦʶ. ʂʦʥʚʝʨʪʝʨ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʭʽʤʽʯʥʠʡ ʨʝʘʢʪʦʨ, ʫ ʷʢʦʤʫ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʨʝʘʢʮʽʾ ʦʢʠʩʥʝʥʥʷ ʨʽʟʥʠʭ ʝʣʝʤʝʥʪʽʚ ʽ ʧʨʦʮʝʩʠ ʧʝʨʝʨʦʟʧʦʜʽʣʫ 

ʜʦʤʽʰʦʢ ʽ ʪʝʧʣʦʪʠ ʤʽʞ ʤʝʪʘʣʦʤ ʪʘ ʰʣʘʢʦʤ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ. ɼʦʩʣʽʜʞʝʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʧʨʦʚʦʜʠʣʠ ʟʘ ʜʘʥʠʤʠ ʢʦʥʚʝʨʪʝʨʥʦʛʦ ʮʝʭʫ ʇɸʊ 

ñɸʨʩʝʣʦʨ-ʄʽʪʘʣʣò ʂʨʠʚʠʡ ʈʽʛ (ʂʄɿ) ʟ ʢʦʥʚʝʨʪʝʨʘʤʠ ʻʤʥʽʩʪʶ 160 ʪʦʥ [26]. ʋ 

ʢʦʥʚʝʨʪʝʨʘʭ ʧʝʨʝʧʣʘʚʣʷʣʠ ʧʝʨʝʨʦʙʥʠʡ ʯʘʚʫʥ ʟ ʚʤʽʩʪʦʤ (%) ʩʠʣʽʮʽʶ 0,4»1,0; 

ʤʘʥʛʘʥʫ 0,3»0,6; ʩʽʨʢʠ 0,02»0,07; ʬʦʩʬʦʨʫ 0,02»0,15. ʊʝʤʧʝʨʘʪʫʨʘ ʯʘʚʫʥʫ 

ʢʦʣʠʚʘʣʘʩʴ ʚ ʜʽʘʧʘʟʦʥʽ 1200»1400 ęʉ. ɺ ʟʘʚʘʣʢʫ ʟʘʚʘʥʪʘʞʫʚʘʣʠ ʤʝʪʘʣʝʚʠʡ 

ʙʨʫʭʪ ʫ ʢʽʣʴʢʦʩʪʽ 0»30 % ʚʽʜ ʤʘʩʠ ʯʘʚʫʥʫ. ʈʽʜʢʠʡ ʯʘʚʫʥ ʽʟ ʤʽʢʩʝʨʘ ʧʦʜʘʚʘʣʠ ʫ 

140 ʪ ʢʦʚʰʘʭ. ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʧʦʜʘʥʥʷ ʢʠʩʥʶ ʩʪʘʥʦʚʠʣʘ 2,5...3,0 ʤ3/(ʪĬʭʚ). 

ʉʦʨʪʘʤʝʥʪ ʤʘʨʦʢ ʩʪʘʣʽ ʭʘʨʘʢʪʝʨʠʟʫʚʘʚʩʷ ʚʤʽʩʪʦʤ ʚʫʛʣʝʮʶ 0,09»0,40 % ʽ 

ʪʝʤʧʝʨʘʪʫʨʦʶ ʚʠʧʫʩʢʫ 1580» 1630 ęʉ. ɺʠʧʣʘʚʢʘ ʩʪʘʣʽ ʻ ʽʥʪʝʥʩʠʚʥʠʤ 

ʧʨʦʮʝʩʦʤ (ʪʘʙʣ. 1.1), ʪʦʤʫ ʦʧʝʨʘʪʦʨ ʢʦʥʚʝʨʪʝʨʘ ʬʽʟʠʯʥʦ ʥʝ ʤʘʻ ʤʦʞʣʠʚʦʩʪʽ 

ʦʧʨʘʮʶʚʘʪʠ ʚʝʣʠʢʠʡ ʦʙôʻʤ ʽʥʬʦʨʤʘʮʽʾ, ʚʠʙʨʘʪʠ ʥʘʡʢʨʘʱʠʡ ʨʝʞʠʤ ʪʘ 

ʦʧʝʨʘʪʠʚʥʦ ʚʪʨʫʪʠʪʠʩʴ ʫ ʭʽʜ ʪʝʭʥʦʣʦʛʽʯʥʦ ʧʨʦʮʝʩʫ ʧʣʘʚʢʠ. ʇʨʠ ʨʫʯʥʦʤʫ 

ʫʧʨʘʚʣʽʥʥʽ ʭʽʜ ʧʨʦʜʫʚʢʠ ʯʘʩʪʦ ʚʽʜʭʠʣʷʻʪʴʩʷ ʚʽʜ ʦʧʪʠʤʘʣʴʥʦʛʦ, ʧʦʨʫʰʫʻʪʴʩʷ 

ʧʨʦʮʝʩ ʰʣʘʢʦʫʪʚʦʨʝʥʥʷ, ʫ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʰʣʘʢ ʘʙʦ ʟʚʝʨʪʘʻʪʴʩʷ, ʘʙʦ 

ʩʧʽʥʶʻʪʴʩʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʥʦʩʽʚ ʪʘ ʚʠʢʠʜʽʚ. ʊʽʣʴʢʠ 45 ï 50 % ʧʣʘʚʦʢ, ʘ 

ʽʥʦʜʽ ʽ ʤʝʥʰʝ, ʚʠʧʫʩʢʘʶʪʴ ʧʨʠ ʨʫʯʥʦʤʫ ʫʧʨʘʚʣʽʥʥʽ ʟ ʧʝʨʰʦʾ ʩʧʨʦʙʠ [15].   

ʆʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʝʞʠʤʫ ʜʫʪʪʷ ʻ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʨʦʜʫʚʢʠ, 

ʚʽʜ ʷʢʦʾ ʟʘʣʝʞʠʪʴ ʭʽʜ ʧʨʦʮʝʩʽʚ ʦʢʠʩʥʝʥʥʷ ʜʦʤʽʰʦʢ ʽ ʰʣʘʢʦʫʪʚʦʨʝʥʥʷ. ʆʜʥʘʢ 

ʧʽʜʚʠʱʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʨʦʜʫʚʢʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʦʢʠʩʥʝʥʥʷ 

ʟʘʣʽʟʘ ʽ ʧʝʨʝʭʦʜʫ ʡʦʛʦ ʚ ʰʣʘʢ (ʨʠʩ. 2.1), ʱʦ ʧʦʚôʷʟʘʥʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 
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ʤʝʭʘʥʽʯʥʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʚʘʥʥʠ ʪʘ ʧʨʠʩʢʦʨʝʥʥʷʤ ʨʦʟʚʠʪʢʫ ʚʪʦʨʠʥʥʠʭ 

ʨʝʘʢʮʽʡ ʦʢʠʩʥʝʥʥʷ ʜʦʤʽʰʦʢ ʟʘ ʨʘʭʫʥʦʢ ʦʢʩʠʜʽʚ ʟʘʣʽʟʘ. ʆʩʦʙʣʠʚʦ ʮʝ 

ʚʠʷʚʣʷʻʪʴʩʷ ʥʘʧʨʠʢʽʥʮʽ ʧʨʦʜʫʚʢʠ ʟʘ ʥʠʟʴʢʦʾ ʰʚʠʜʢʦʩʪʽ ʟʥʝʚʫʛʣʝʮʶʚʘʥʥʷ. 

ʉʪʫʧʽʥʴ ʜʦʧʘʣʶʚʘʥʥʷ ʦʢʩʠʜʫ ʢʘʨʙʦʥʫ (II) ʚ ʧʦʨʦʞʥʠʥʽ ʢʦʥʚʝʨʪʝʨʘ (ʨʠʩ. 2.2) 

ʧʽʜʚʠʱʫʻʪʴʩʷ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʨʦʜʫʚʘʥʥʷ, ʱʦ ʧʦʚôʷʟʘʥʦ ʟ 

ʧʝʨʝʨʦʟʧʦʜʽʣʦʤ ʧʦʪʦʢʫ ʢʠʩʥʶ, ʷʢʠʡ ʚʠʚʽʣʴʥʷʻʪʴʩʷ ʚʽʜ ʟʤʝʥʰʝʥʥʷ ʦʢʠʩʥʝʥʥʷ 

ʟʘʣʽʟʘ [44].  

 

ʈʠʩ. 2.1 ɺʧʣʠʚ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʨʦʜʫʚʘʥʥʷ ʥʘ ʧʠʪʦʤʫ ʤʘʩʫ ʦʢʩʠʜʽʚ ʟʘʣʽʟʘ ʚ 

ʢʽʥʮʝʚʦʤʫ ʰʣʘʮʽ 

ɿʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ ʜʣʷ 160-ʪʦʥʥʦʛʦ ʢʠʩʥʝʚʦʛʦ ʢʦʥʚʝʨʪʝʨʘ 

ʩʢʣʘʜʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʧʨʦʜʫʚʢʠ ʽ ʟʤʽʥʦʶ ʦʩʥʦʚʥʦʩʪʽ 

ʢʽʥʮʝʚʦʛʦ ʰʣʘʢʫ (ʨʠʩ. 2.3). 

ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʨʦʜʫʚʢʠ ʦʩʥʦʚʥʽʩʪʴ ʰʣʘʢʫ ʟʤʝʥʰʫʻʪʴʩʷ. 

ʇʨʠʨʦʜʫ ʮʽʻʾ ʟʘʣʝʞʥʦʩʪʽ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʟʥʠʞʝʥʥʷʤ ʤʘʩʦʚʦʾ ʯʘʩʪʢʠ ʦʢʩʠʜʽʚ 

ʟʘʣʽʟʘ ʚ ʰʣʘʢʫ ʧʽʩʣʷ ʧʽʜʚʠʱʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʨʦʜʫʚʢʠ. ɿ ʧʽʜʚʠʱʝʥʥʷʤ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʨʦʜʫʚʢʠ, ʟʥʠʞʫʻʪʴʩʷ ʤʘʩʦʚʘ ʯʘʩʪʢʘ ʦʢʩʠʜʽʚ ʟʘʣʽʟʘ ʚ ʰʣʘʢʫ, 

ʦʪʞʝ, ʧʽʜʚʠʱʫʻʪʴʩʷ ʚʤʽʩʪ ʤʘʥʛʘʥʫ ʚ ʤʝʪʘʣʽ. 
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ʈʠʩ. 2.2 ɺʧʣʠʚ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʨʦʜʫʚʘʥʥʷ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʧʠʪʦʤʦʛʦ ʦʙôʻʤʫ 

ʉʆ2 ʫ ʧʦʨʦʞʥʠʥʽ ʢʦʥʚʝʨʪʝʨʘ 

 

ʈʠʩ. 2.3 ɺʧʣʠʚ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʨʦʜʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʥʽʩʪʴ ʢʽʥʮʝʚʦʛʦ ʰʣʘʢʫ 

ɿʘʣʝʞʥʽʩʪʴ ʤʽʞ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʧʨʦʜʫʚʢʠ ʽ ʟʤʽʥʦʶ ʤʘʩʦʚʦʾ ʯʘʩʪʢʠ 

ʤʘʥʛʘʥʫ ʚ ʢʽʥʮʝʚʦʤʫ ʤʝʪʘʣʽ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 2.4.  
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ʈʠʩ. 2.4 ɺʧʣʠʚ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʨʦʜʫʚʘʥʥʷ ʥʘ ʧʨʠʨʦʱʝʥʥʷ ʤʘʩʦʚʦʾ ʯʘʩʪʢʠ 

ʤʘʥʛʘʥʫ ʚ ʢʽʥʮʝʚʦʤʫ ʤʝʪʘʣʽ 

ɿʘʣʝʞʥʽʩʪʴ ʟʥʦʰʝʥʥʷ ʬʫʪʝʨʽʚʢʠ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʩʢʣʘʜʦʤ ʦʢʩʠʜʫ 

ʤʘʛʥʽʶ ʚ ʢʽʥʮʝʚʦʤʫ ʰʣʘʢʫ (ʦʩʪʘʥʥʽʡ ʧʝʨʝʭʦʜʠʪʴ ʫ ʰʣʘʢ ʣʠʰʝ ʽʟ ʬʫʪʝʨʽʚʢʠ), ʚʽʜ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʨʦʜʫʚʢʠ ʜʣʷ 130-ʪʦʥʥʦʛʦ ʢʦʥʚʝʨʪʝʨʘ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 2.5.  

 

ʈʠʩ. 2.5 ɺʧʣʠʚ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʨʦʜʫʚʘʥʥʷ ʥʘ ʤʘʩʦʚʫ ʯʘʩʪʢʫ ʦʢʩʠʜʫ ʤʘʛʥʽʶ ʚ 

ʢʽʥʮʝʚʦʤʫ ʰʣʘʮʽ 



46 

 

ɿ ʧʽʜʚʠʱʝʥʥʷʤ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʨʦʜʫʚʢʠ ʟʥʦʰʝʥʥʷ ʬʫʪʝʨʽʚʢʠ 

ʟʤʝʥʰʫʻʪʴʩʷ, ʱʦ ʧʦʚôʷʟʘʥʦ ʟʽ ʩʢʦʨʦʯʝʥʥʷʤ ʷʢ ʪʨʠʚʘʣʦʩʪʽ ʧʨʦʜʫʚʢʠ, ʪʘʢ ʽ 

ʢʦʥʪʘʢʪʫʚʘʥʥʷ ʚʦʛʥʝʪʨʠʚʽʚ ʟ ʘʛʨʝʩʠʚʥʠʤ ʰʣʘʢʦʤ ʽ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʤ 

ʬʘʢʝʣʦʤ. ʍʘʨʘʢʪʝʨ ʟʘʣʝʞʥʦʩʪʽ ʟʤʽʥʠ ʧʠʪʦʤʦʾ ʥʘ 1ʪ ʚʠʧʣʘʚʣʝʥʦʾ ʩʪʘʣʽ ʤʘʩʠ 

ʧʣʘʚʠʢʦʚʦʛʦ ʰʧʘʪʫ ʚʽʜ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʨʦʜʫʚʢʠ (ʨʠʩ. 2.6) ʟʫʤʦʚʣʶʻʪʴʩʷ 

ʨʦʟʨʽʜʞʫʚʘʣʴʥʠʤ ʚʧʣʠʚʦʤ ʥʘ ʢʽʥʮʝʚʠʡ ʰʣʘʢ ʬʣʶʩʫ. ɸʥʘʣʦʛʽʯʥʦ ʚʧʣʠʚʘʻ ʥʘ 

ʢʽʥʮʝʚʠʡ ʰʣʘʢ ʧʽʜʚʠʱʝʥʥʷ ʚ ʥʴʦʤʫ ʚʤʽʩʪʫ ʦʢʩʠʜʽʚ ʟʘʣʽʟʘ.  

 

ʈʠʩ. 2.6 ɺʧʣʠʚ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʨʦʜʫʚʘʥʥʷ ʥʘ ʧʠʪʦʤʫ ʤʘʩʫ ʥʘ 1 ʪ ʚʠʧʣʘʚʣʝʥʦʾ 

ʩʪʘʣʽ ʧʣʘʚʠʢʦʚʦʛʦ ʰʧʘʪʫ 

ʆʜʥʘʢ ʟʥʘʯʝʥʥʷ ʦʩʪʘʥʥʴʦʛʦ ʟʤʝʥʰʫʻʪʴʩʷ ʫ ʨʘʟʽ ʟʙʽʣʴʰʝʥʥʷ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʨʦʜʫʚʢʠ, ʱʦ ʢʦʤʧʝʥʩʫʻʪʴʩʷ ʫʚʝʜʝʥʥʷʤ ʧʣʘʚʥʠʢʦʚʦʛʦ ʰʧʘʪʫ. 

ʊʦʤʫ ʧʽʜʚʠʱʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʨʦʜʫʚʢʠ ʟʫʤʦʚʣʶʻ ʟʙʽʣʴʰʝʥʥʷ ʩʪʫʧʝʥʷ 

ʜʦʧʘʣʶʚʘʥʥʷ ʉʆ ʚ ʧʦʨʦʞʥʠʥʽ ʢʦʥʚʝʨʪʝʨʘ, ʤʘʩʦʚʦʾ ʯʘʩʪʢʠ ʤʘʥʛʘʥʫ ʚ ʤʝʪʘʣʽ 

ʥʘʧʨʠʢʽʥʮʽ ʧʨʦʜʫʚʢʠ ʽ ʚʠʪʨʘʪ ʧʣʘʚʠʢʦʚʦʛʦ ʰʧʘʪʫ ʪʘ ʟʤʝʥʰʝʥʥʷ ʦʢʩʠʜʽʚ ʟʘʣʽʟʘ 

ʚ ʢʽʥʮʝʚʦʤʫ ʰʣʘʢʫ, ʡʦʛʦ ʦʩʥʦʚʥʦʩʪʽ ʪʘ ʟʥʦʰʝʥʥʷ ʬʫʪʝʨʽʚʢʠ.  

ɺʠʩʦʪʘ ʨʦʟʤʽʱʝʥʥʷ ʬʫʨʤʠ ʥʘʜ ʨʽʚʥʝʤ ʩʧʦʢʽʡʥʦʾ ʚʘʥʥʠ ʪʘʢʦʞ ʚʧʣʠʚʘʻ ʥʘ 

ʭʽʜ ʧʨʦʮʝʩʽʚ ʦʢʠʩʥʝʥʥʷ ʜʦʤʽʰʦʢ ʽ ʰʣʘʢʦʫʪʚʦʨʝʥʥʷ. ɿʙʽʣʴʰʝʥʥʷ ʤʘʩʦʚʦʾ ʯʘʩʪʢʠ 

ʦʢʩʠʜʽʚ ʟʘʣʽʟʘ ʚ ʢʽʥʮʝʚʦʤʫ ʰʣʘʢʫ, ʱʦ ʧʝʨʝʨʘʭʦʚʘʥʽ ʚ ʝʢʚʽʚʘʣʝʥʪʥʝ ʟʥʘʯʝʥʥʷ 
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ʦʢʩʠʜʫ ʟʘʣʽʟʘ (II), ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʠʩʦʪʠ ʨʦʟʤʽʱʝʥʥʷ ʬʫʨʤʠ ʥʘʜ ʨʽʚʥʝʤ 

ʩʧʦʢʽʡʥʦʾ ʚʘʥʥʠ (ʨʠʩ. 2.7) ʟʫʤʦʚʣʝʥʝ ʟʥʠʞʝʥʥʷʤ ʰʚʠʜʢʦʩʪʽ ʤʘʩʦʧʝʨʝʥʝʩʝʥʥʷ 

ʧʨʠ ʟʤʝʥʰʝʥʽ ʛʣʠʙʠʥʠ ʨʝʘʢʮʽʡʥʦʾ ʟʦʥʠ.  

 

ʈʠʩ. 2.7 ɺʧʣʠʚ ʚʠʩʦʪʠ ʨʦʟʤʽʱʝʥʥʷ ʬʫʨʤʠ ʥʘʜ ʨʽʚʥʝʤ ʩʧʦʢʽʡʥʦʾ ʚʘʥʥʠ ʥʘ 

ʦʢʠʩʥʝʥʽʩʪʴ ʢʽʥʮʝʚʦʛʦ ʰʣʘʢʫ 

ʉʪʫʧʝʥʴ ʜʦʧʘʣʶʚʘʥʥʷ ʉʆ ʜʦ ʉʆ2 ʚ ʧʦʨʦʞʥʠʥʽ ʢʦʥʚʝʨʪʝʨʘ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʚʠʩʦʪʠ ʨʦʟʤʽʱʝʥʥʷ ʬʫʨʤʠ ʥʘʜ ʨʽʚʥʝʤ ʩʧʦʢʽʡʥʦʾ ʚʘʥʥʠ (ʨʠʩ. 2.8, ʜʝ ʰʪʨʠʭʦʚʘ 

ʣʽʥʽʷ ï ʦʙʣʘʩʪʴ ʥʝʪʝʭʥʦʣʦʛʽʯʥʦʾ ʧʨʦʜʫʚʢʠ). ɽʬʝʢʪʠʚʥʽʩʪʴ ʜʦʧʘʣʶʚʘʥʥʷ ʦʢʩʠʜʫ 

ʢʘʨʙʦʥʫ (II) ʚ ʧʦʨʦʞʥʠʥʽ ʢʦʥʚʝʨʪʝʨʘ ʟʙʽʣʴʰʫʻʪʴʩʷ ʫ ʨʘʟʽ ʧʽʜʚʠʱʝʥʥʷ ʚʠʩʦʪʠ 

ʨʦʟʤʽʱʝʥʥʷ ʬʫʨʤʠ ʥʘʜ ʨʽʚʥʝʤ ʩʧʦʢʽʡʥʦʾ ʚʘʥʥʠ, ʱʦ ʧʦʚôʷʟʘʥʦ ʟ ʚʝʣʠʢʠʤ 

ʧʦʪʦʢʦʤ ʢʠʩʥʶ ʫ ʚʝʨʭʥʽʡ ʟʦʥʽ ʘʛʨʝʛʘʪʫ [45].  

ɿʘʣʝʞʥʽʩʪʴ æɺʢ = f(H) (ʨʠʩ. 2.9) ʧʦʷʩʥʶʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷʤ ʤʘʩʦʚʦʾ 

ʯʘʩʪʢʠ ʦʢʩʠʜʽʚ ʟʘʣʽʟʘ ʫ ʰʣʘʢʫ ʚ ʨʘʟʽ ʟʨʦʩʪʘʥʥʷ ʚʠʩʦʪʠ ʨʦʟʤʽʱʝʥʥʷ ʬʫʨʤʠ ʥʘʜ 

ʨʽʚʥʝʤ ʩʧʦʢʽʡʥʦʾ ʚʘʥʥʠ, ʱʦ ʩʧʨʠʷʻ ʧʦʣʽʧʰʝʥʥʶ ʫʤʦʚ ʰʣʘʢʦʫʪʚʦʨʝʥʥʷ. 

ʅʘʙʣʠʞʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʜʦ ʨʽʚʥʷ ʥʘʩʠʯʝʥʥʷ ʧʦʚôʷʟʘʥʦ ʟ ʧʦʚʥʠʤ ʟʘʩʚʦʻʥʥʷʤ 

ʜʦʙʘʚʦʢ ʚʘʧʥʘ ʟʘ ʧʽʜʚʠʱʝʥʥʷ ʟʥʘʯʝʥʴ ʚʠʩʦʪʠ ʨʦʟʤʽʱʝʥʥʷ ʬʫʨʤʠ. 
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ʈʠʩ. 2.8 ɺʧʣʠʚ ʚʠʩʦʪʠ ʨʦʟʤʽʱʝʥʥʷ ʬʫʨʤʠ ʥʘʜ ʨʽʚʥʝʤ ʩʧʦʢʽʡʥʦʾ ʚʘʥʥʠ ʥʘ 

ʩʪʫʧʽʥʴ ʜʦʧʘʣʶʚʘʥʥʷ ʉʆ ʜʦ ʉʆ2 ʫ ʧʦʨʦʞʥʠʥʽ ʢʦʥʚʝʨʪʝʨʘ 

 

ʈʠʩ. 2.9 ɺʧʣʠʚ ʚʠʩʦʪʠ ʨʦʟʤʽʱʝʥʥʷ ʬʫʨʤʠ ʥʘʜ ʨʽʚʥʝʤ ʩʧʦʢʽʡʥʦʾ ʚʘʥʥʠ ʥʘ 

ʟʤʽʥʫ ʦʩʥʦʚʥʦʩʪʽ ʢʽʥʮʝʚʦʛʦ ʰʣʘʢʫ 

ʌʽʟʠʢʦ-ʭʽʤʽʯʥʘ ʧʨʠʨʦʜʘ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʟʤʽʥʦʶ ʤʘʩʠ ʧʣʘʚʠʢʦʚʦʛʦ ʰʧʘʪʫ 

ʥʘ ʧʣʘʚʢʫ ʽ ʚʠʩʦʪʦʶ ʨʦʟʤʽʱʝʥʥʷ ʬʫʨʤʠ ʥʘʜ ʨʽʚʥʝʤ ʩʧʦʢʽʡʥʦʾ ʚʘʥʥʠ (ʨʠʩ. 2.10) 

ʧʦʷʩʥʶʻʪʴʩʷ ʧʨʦʮʝʩʦʤ ʬʦʨʤʫʚʘʥʥʷ ʨʽʜʢʦʪʝʢʫʯʦʩʪʽ ʰʣʘʢʫ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ, 
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ʢʨʽʤ ʜʦʙʘʚʦʢ ʧʣʘʚʠʢʦʚʦʛʦ ʰʧʘʪʫ, ʪʘʢʦʞ ʟʨʦʩʪʘʥʥʷʤ ʤʘʩʦʚʦʾ ʯʘʩʪʢʠ ʦʢʩʠʜʽʚ 

ʟʘʣʽʟʘ ʚ ʰʣʘʢʫ. ʑʦ ʚʠʱʘ ʚʠʩʦʪʘ ʨʦʟʤʽʱʝʥʥʷ ʬʫʨʤʠ, ʪʦ ʙʽʣʴʰʝ ʤʽʩʪʠʪʴʩʷ 

ʦʢʩʠʜʽʚ ʟʘʣʽʟʘ ʚ ʰʣʘʢʫ, ʪʦʙʪʦ ʜʣʷ ʧʽʜʪʨʠʤʘʥʥʷ ʪʘʢʦʾ ʩʘʤʦʾ ʨʽʜʢʦʪʝʢʫʯʦʩʪʽ 

ʰʣʘʢʫ ʧʦʪʨʽʙʥʘ ʤʝʥʰʘ ʚʠʪʨʘʪʘ ʧʣʘʚʠʢʦʚʦʛʦ ʰʧʘʪʫ. 

 

ʈʠʩ. 2.10 ɺʧʣʠʚ ʚʠʩʦʪʠ ʨʦʟʤʽʱʝʥʥʷ ʬʫʨʤʠ ʥʘʜ ʨʽʚʥʝʤ ʩʧʦʢʽʡʥʦʾ ʚʘʥʥʠ ʥʘ 

ʟʤʽʥʫ ʧʠʪʦʤʦʾ ʤʘʩʠ ʧʣʘʚʠʢʦʚʦʛʦ ʰʧʘʪʫ 

  ɿʨʦʩʪʘʥʥʷ ʤʘʩʦʚʦʾ ʯʘʩʪʢʠ ʦʢʩʠʜʽʚ ʟʘʣʽʟʘ ʚ ʰʣʘʢʫ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʚʠʩʦʪʠ 

ʨʦʟʤʽʱʝʥʥʷ ʬʫʨʤʠ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʮʠʤ ʧʘʨʘʤʝʪʨʦʤ ʽ ʟʤʽʥʦʶ 

ʤʘʩʦʚʦʾ ʯʘʩʪʢʠ ʤʘʥʛʘʥʫ ʚ ʤʝʪʘʣʽ ʥʘʧʨʠʢʽʥʮʽ ʧʨʦʜʫʚʢʠ (ʨʠʩ. 2.11). ʗʢ ʫʞʝ 

ʟʘʟʥʘʯʘʣʦʩʴ, ʩʪʽʡʢʽʩʪʴ ʬʫʪʝʨʽʚʢʠ ʤʦʞʥʘ ʦʮʽʥʶʚʘʪʠ ʟʘ ʤʘʩʦʶ ʦʢʩʠʜʫ ʤʘʛʥʽʶ ʚ 

ʰʣʘʢʫ. ɿʘʣʝʞʥʽʩʪʴ ʟʤʽʥʠ ʤʘʩʦʚʦʾ ʯʘʩʪʢʠ ʦʢʩʠʜʫ ʤʘʛʥʽʶ ʚ ʢʽʥʮʝʚʦʤʫ ʰʣʘʢʫ ʚʽʜ 

ʚʠʩʦʪʠ ʨʦʟʤʽʱʝʥʥʷ ʬʫʨʤʠ ʥʘʜ ʨʽʚʥʝʤ ʩʧʦʢʽʡʥʦʾ ʚʘʥʥʠ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 2.12. 

ʑʦ ʥʠʞʯʘ ʚʠʩʦʪʘ ʨʦʟʤʽʱʝʥʥʷ ʬʫʨʤʠ, ʪʦ ʙʽʣʴʰʝ ʟʥʦʰʝʥʥʷ ʬʫʪʝʨʽʚʢʠ 

ʢʦʥʚʝʨʪʝʨʘ, ʦʩʢʽʣʴʢʠ ʩʪʨʫʤʝʥʽ ʜʫʪʪʷ ʨʦʟʤʠʚʘʶʪʴ ʜʥʠʱʝ. ʂʨʽʤ ʪʦʛʦ, ʚʠʥʠʢʘʶʪʴ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʪʨʫʜʥʦʱʽ ʥʘʚʝʜʝʥʥʷ ʚʠʩʦʢʦʦʩʥʦʚʥʦʛʦ ʰʣʘʢʫ. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʚʠʩʦʪʠ ʨʦʟʤʽʱʝʥʥʷ ʬʫʨʤʠ ʥʘʜ ʨʽʚʥʝʤ ʩʧʦʢʽʡʥʦʾ ʚʘʥʥʠ ʧʦʣʽʧʰʫʶʪʴʩʷ ʫʤʦʚʠ 
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ʧʨʦʮʝʩʫ ʰʣʘʢʦʫʪʚʦʨʝʥʥʷ, ʧʽʜʚʠʱʫʻʪʴʩʷ ʦʩʥʦʚʥʽʩʪʴ ʰʣʘʢʫ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, 

ʟʥʠʞʫʻʪʴʩʷ ʟʥʦʰʝʥʥʷ ʬʫʪʝʨʽʚʢʠ. 

 

ʈʠʩ. 2.11 ɺʧʣʠʚ ʚʠʩʦʪʠ ʨʦʟʤʽʱʝʥʥʷ ʬʫʨʤʠ ʥʘʜ ʨʽʚʥʝʤ ʩʧʦʢʽʡʥʦʾ ʚʘʥʥʠ ʥʘ 

ʟʤʽʥʫ ʤʘʩʦʚʦʾ ʯʘʩʪʢʠ ʤʘʥʛʘʥʫ ʥʘʧʨʠʢʽʥʮʽ ʧʨʦʜʫʚʢʠ 

ʆʪʞʝ, ʧʽʜʚʠʱʝʥʥʷ ʨʦʟʤʽʱʝʥʥʷ ʬʫʨʤʠ ʥʘʜ ʨʽʚʥʝʤ ʩʧʦʢʽʡʥʦʾ ʚʘʥʥʠ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʦʩʥʦʚʥʦʩʪʽ ʪʘ ʦʢʠʩʥʝʥʥʷ ʢʽʥʮʝʚʦʛʦ ʰʣʘʢʫ, ʩʪʫʧʝʥʷ 

ʜʦʧʘʣʶʚʘʥʥʷ ʉʆ ʚ ʧʦʨʦʞʥʠʥʽ ʢʦʥʚʝʨʪʝʨʘ, ʟʤʝʥʰʝʥʥʷ ʤʘʩʦʚʦʾ ʯʘʩʪʢʠ ʤʘʥʛʘʥʫ 

ʚ ʤʝʪʘʣʽ ʥʘʧʨʠʢʽʥʮʽ ʧʨʦʜʫʚʢʠ, ʚʠʪʨʘʪ ʧʣʘʚʠʢʦʚʦʛʦ ʰʧʘʪʫ ʡ ʟʥʦʰʝʥʥʷ 

ʬʫʪʝʨʽʚʢʠ.  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʯʘʩʪʠʥʠ ʫʪʚʦʨʝʥʦʛʦ ʢʦʥʚʝʨʪʝʨʥʦʛʦ ʛʘʟʫ ʚ ʷʢʦʩʪʽ ʧʘʣʠʚʘ ʚ 

ʧʦʨʦʞʥʠʥʽ ʢʦʥʚʝʨʪʝʨʘ ʜʣʷ ʨʦʟʧʣʘʚʣʝʥʥʷ ʤʝʪʘʣʝʚʦʛʦ ʙʨʫʭʪʫ ʜʦʟʚʦʣʠʪʴ 

ʟʙʽʣʴʰʠʪʠ ʯʘʩʪʢʫ ʙʨʫʭʪʫ (ʨʠʩ. 2.13) ʫ ʰʠʭʪʽ, ʱʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʨʠʟʚʝʜʝ ʜʦ 

ʟʥʠʞʝʥʥʷ ʩʦʙʽʚʘʨʪʦʩʪʽ ʢʠʩʥʝʚʦ-ʢʦʥʚʝʨʪʝʨʥʦʾ ʩʪʘʣʽ. ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʛʘʟʠ, ʷʢʽ 

ʚʽʜʭʦʜʷʪʴ ʟ ʢʦʥʚʝʨʪʝʨʘ, ʩʢʣʘʜʘʶʪʴʩʷ ʧʨʠʙʣʠʟʥʦ ʟ 90 % ʉʆ ʽ 10 % ʉʆ2, ʘ ʧʠʪʦʤʘ 

ʪʝʧʣʦʪʘ ʟʛʦʨʷʥʥʷ ʉʆ ʩʪʘʥʦʚʠʪʴ 12,7 ʄɼʞ/ʤ3 [18], ʚʝʣʠʢʽ ʨʝʟʝʨʚʠ ʚ ʟʙʽʣʴʰʝʥʥʽ 

ʯʘʩʪʢʠ ʙʨʫʭʪʫ ʢʨʠʶʪʴʩʷ ʚ ʧʽʜʚʠʱʝʥʥʽ ʩʪʫʧʝʥʷ ʟʛʦʨʷʥʥʷ ʉʆ ʚ ʧʦʨʦʞʥʠʥʽ 

ʢʦʥʚʝʨʪʝʨʘ. ʈʝʘʢʮʽʷ ʛʦʨʽʥʥʷ ʉʆ ʚ ʧʦʨʦʞʥʠʥʽ ʢʦʥʚʝʨʪʝʨʘ (ʩʧʘʣʘʭʫʻ ʧʨʠ 

t>700 ÁC) ʝʢʟʦʪʝʨʤʽʯʥʘ ὅὕ ὕ ὅὕ ὗ, ʪʝʧʣʦʚʘ ʝʥʝʨʛʽʾ ʷʢʦʾ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʧʣʘʚʠʪʠ ʙʽʣʴʰʝ ʤʝʪʘʣʦʙʨʫʭʪʫ ʪʘ ʟʥʠʟʠʪʠ ʯʘʩʪʢʫ ʯʘʚʫʥʫ [46].  
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ʈʠʩ. 2.12 ɺʧʣʠʚ ʚʠʩʦʪʠ ʨʦʟʤʽʱʝʥʥʷ ʬʫʨʤʠ ʥʘʜ ʨʽʚʥʝʤ ʩʧʦʢʽʡʥʦʾ ʚʘʥʥʠ ʥʘ 

ʟʤʽʥʫ ʤʘʩʦʚʦʾ ʯʘʩʪʢʠ ʦʢʩʠʜʫ ʤʘʛʥʽʶ ʚ ʢʽʥʮʝʚʦʤʫ ʰʣʘʮʽ 

 

ʈʠʩ. 2.13 ɿʘʣʝʞʥʽʩʪʴ ʧʠʪʦʤʦʾ (ʥʘ ʪʦʥʥʫ ʩʪʘʣʽ) ʤʘʩʠ ʨʽʜʢʦʛʦ ʯʘʚʫʥʫ ʚʽʜ 

ʧʠʪʦʤʦʾ ʤʘʩʠ ʣʦʤʫ 

ʅʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤ ʩʧʦʩʦʙʦʤ ʟʙʽʣʴʰʝʥʥʷ ʩʪʫʧʝʥʷ ʜʦʧʘʣʶʚʘʥʥʷ 

ʉʆ ʫ ʧʦʨʦʞʥʠʥʽ ʢʦʥʚʝʨʪʝʨʘ ʻ ʨʝʛʫʣʶʚʘʥʥʷ ʚʽʜʩʪʘʥʽ ʬʫʨʤʠ ʥʘʜ ʨʽʚʥʝʤ 
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ʩʧʦʢʽʡʥʦʾ ʚʘʥʥʠ. ʉʪʫʧʽʥʴ ʟʛʦʨʷʥʥʷ ʉʆ ʚ ʧʦʨʦʞʥʠʥʽ ʢʦʥʚʝʨʪʝʨʘ ʚʠʟʥʘʯʘʶʪʴ 

ʧʘʨʘʤʝʪʨʠ ʨʝʞʠʤʫ ʜʫʪʪʷ, ʟʦʢʨʝʤʘ ʚʽʜʩʪʘʥʴ ʬʫʨʤʠ ʚʽʜ ʨʽʚʥʷ ʩʧʦʢʽʡʥʦʾ ʚʘʥʥʠ. 

ʈʝʛʫʣʶʶʯʠ ʚʽʜʩʪʘʥʴ, ʤʦʞʥʘ ʟʘʙʝʟʧʝʯʠʪʠ ʦʧʪʠʤʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʘ, ʱʦ 

ʚʠʜʽʣʷʻʪʴʩʷ ʚ ʢʦʥʚʝʨʪʝʨʽ ʚʽʜ ʦʢʠʩʥʝʥʥʷ ʉʆ ʜʦ ʉʆ2. ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ 

ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʜʣʷ ʦʜʥʦʷʨʫʩʥʦʾ ʬʫʨʤʠ, ʷʢʘ ʩʧʨʷʤʦʚʘʥʘ 

ʥʘ ʨʝʛʫʣʶʚʘʥʥʷ ʉʆ2, ʡʦʛʦ ʚʤʽʩʪ ʚ ʩʝʨʝʜʥʴʦʤʫ ʤʦʞʥʘ ʧʽʜʚʠʱʠʪʠ ʜʦ 12,7 %, ʱʦ 

ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʙʽʣʴʰʠʪʠ ʯʘʩʪʢʫ ʙʨʫʭʪʫ ʫ ʰʠʭʪʽ ʥʘ 2,7 %. ʅʘʡʢʨʘʱʽ ʞ 

ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʜʚʦʷʨʫʩʥʦʾ ʬʫʨʤʠ, ʚ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʤʦʞʥʘ ʤʘʢʩʠʤʘʣʴʥʦ ʧʽʜʚʠʱʠʪʠ ʢʽʣʴʢʽʩʪʴ ʉʆ2 ʜʦ 25 %, ʪʘ ʚʽʜʧʦʚʽʜʥʦ 

ʙʨʫʭʪʫ ʫ ʰʠʭʪʽ ʥʘ 5,3 %, ʥʝ ʧʦʨʫʰʫʶʯʠ ʫʤʦʚʠ ʰʣʘʢʦʫʪʚʦʨʝʥʥʷ. 

2.2 ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʨʝʞʠʤʫ ʧʨʦʜʫʚʢʠ ʢʠʩʥʝʚʦ-

ʢʦʥʚʝʨʪʝʨʥʦʛʦ ʧʨʦʮʝʩʫ  

ʋ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʨʦʟʚʠʪʢʫ ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʘʢʪʫʘʣʴʥʠʤʠ 

ʷʚʣʷʶʪʴʩʷ ʟʘʜʘʯʽ ʧʦ ʨʦʟʨʦʙʮʽ ʨʝʩʫʨʩʦʟʙʝʨʽʛʘʶʯʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʝʞʠʤʽʚ 

ʚʠʧʣʘʚʢʠ ʩʪʘʣʽ, ʪʝʦʨʝʪʠʯʥʠʭ ʽ ʧʨʘʢʪʠʯʥʠʭ ʘʩʧʝʢʪʽʚ ʥʦʚʠʭ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ 

ʩʧʦʩʦʙʽʚ ʧʨʦʜʫʚʢʠ ʩʪʘʣʝʧʣʘʚʠʣʴʥʦʾ ʚʘʥʥʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʛʘʟʦʤ ʪʘ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʝʧʣʦʚʦʾ ʨʦʙʦʪʠ ʧʝʯʝʡ. ʆʜʥʠʤ ʽʟ ʰʣʷʭʽʚ ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʻ ʫʪʠʣʽʟʘʮʽʷ ʬʽʟʠʯʥʦʾ ʪʘ ʭʽʤʽʯʥʦʾ ʝʥʝʨʛʽʾ ʛʘʟʽʚ, ʷʢʽ ʚʽʜʭʦʜʷʪʴ ʽʟ 

ʢʦʥʚʝʨʪʝʨʘ, ʘ ʩʘʤʝ ʜʦʧʘʣʶʚʘʥʥʷ ʉʆ ʜʦ ʉʆ2. ʂʝʨʫʚʘʥʥʷ ʨʝʞʠʤʦʤ ʧʨʦʜʫʚʢʠ 

ʂʂʇ ʧʦʪʨʝʙʫʻ ʚʠʤʽʨʶʚʘʥʥʷ ʤʘʩʦʚʦʾ ʯʘʩʪʢʠ ʉʆ2 ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʨʦʜʫʚʢʠ. ɺ 

ʩʠʣʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʨʦʮʝʩʫ ʚʤʽʩʪ ʉʆ2 ʨʦʟʨʘʭʦʚʫʶʪʴ ʧʦ 

ʙʘʣʘʥʩʦʚʦʤʫ ʨʽʚʥʷʥʥʶ ʚʤʽʩʪʫ ʛʘʟʽʚ ʫ ʜʫʪʪʽ, ʧʦʚʽʪʨʽ ʪʘ ʛʘʟʦʭʦʜʽ [47]. ʂʽʣʴʢʽʩʪʴ 

ʛʘʟʽʚ ʫ ʛʘʟʦʭʦʜʽ (2.1) ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦ ʙʘʣʘʥʩʦʚʦʤʫ ʨʽʚʥʷʥʥʶ [48] ʚʤʽʩʪʫ ʘʨʛʦʥʫ 

ʪʘ ʘʟʦʪʫ:  
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 (2.1)                                           

ʜʝ v ï ʚʠʪʨʘʪʠ ʛʘʟʽʚ, ʤ3/ʭʚ; ñʛò, ñʧò, ñʜò ï ʽʥʜʝʢʩʠ ʚʽʜʧʦʚʽʜʥʦ ʛʘʟʦʭʦʜʫ, ʧʦʚʽʪʨʷ 

ʽ ʜʫʪʪʷ. 

ɿ (2.1) ʚʠʨʘʟʠʤʦ ʚʠʪʨʘʪʠ ʛʘʟʽʚ ʫ ʛʘʟʦʭʦʜʽ (2.2) ʪʘ ʧʦʚʽʪʨʷ (2.3):  
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-
=

-
 (2.2) 

 ʛ 2ʜ ʜ 2ʛ

ʧ ʜ

ʧ 2ʛ ʛ 2ʧ

Ar N Ar N
.

Ar N Ar N
v v

-
=

-
 (2.3) 

ɻʘʟʠ, ʱʦ ʚʽʜʭʦʜʷʪʴ ʽʟ ʢʦʥʚʝʨʪʝʨʘ, ʷʢʽ ʩʢʣʘʜʘʶʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ ʽʟ ʉʆ ʽ 

ʉʆ2, ʚ ʛʘʟʦʭʦʜʽ ʟʤʽʰʫʶʪʴʩʷ ʟ ʧʦʚʽʪʨʷʤ. ʈʝʘʢʮʽʷ ʦʢʠʩʥʝʥʥʷ ʉʆ ʜʦ ʉʆ2 ʻ 

ʝʢʟʦʪʝʨʤʽʯʥʦʶ ʨʝʘʢʮʽʻʶ ὅὕ ὕ ὅὕ ὗ. ʇʨʠ ʮʴʦʤʫ ʯʘʩʪʢʦʚʦ 

ʚʠʪʨʘʯʘʻʪʴʩʷ ʢʠʩʝʥʴ (2.4) ʧʦʚʽʪʨʷ, ʧʽʜʩʤʦʢʪʘʥʠʡ ʫ ʛʘʟʦʭʽʜ. ʉʢʣʘʜʝʤʦ ʙʘʣʘʥʩ ʧʦ 

ʢʠʩʥʶ: 

 
22ʧ ʧ 2ʛ ʛ O ʨO O ,v v v= +  (2.4)                                                

ʜʝ 
2pOv ï ʚʠʪʨʘʪʠ ʢʠʩʥʶ ʥʘ ʨʝʘʢʮʽʶ ʦʢʠʩʥʝʥʥʷ ʉʆ, ʤ3/ʭʚ. 

ɺʠʪʨʘʪʠ ʢʠʩʥʶ (2.5) ʥʘ ʨʝʘʢʮʽʶ ʦʢʠʩʥʝʥʥʷ (2.6) ʧʨʠ ʮʴʦʤʫ ʩʢʣʘʜʘʶʪʴ:  

 
2ʨCOp O 2ʧ ʧ 2ʛ ʛ2 2(ʆ O ).v v v v= = -  (2.5)                                                

 
2 pCO CO 2ʛ ʛ

CO COp ʛ ʛ

CO

CO .

v v v

v v v

+ =ëî
ì
- =îí

 (2.6)                                                

ɯʟ ʩʠʩʪʝʤʠ (2.6) ʟʥʘʭʦʜʠʤʦ (2.7): 

 
2

p

CO 2ʛ ʛ COp

CO ʛ ʛ CO

CO

CO .

v v v

v v v

= -ëî
ì

= +îí

 (2.7)                                                

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ (2.1) ï (2.7), ʟʥʘʭʦʜʠʤʦ ʢʦʝʬʽʮʽʻʥʪ (2.8) ʜʦʧʘʣʶʚʘʥʥʷ ʉʆ ʚ 

ʉʆ2 ʫ ʧʦʨʦʞʥʠʥʽ ʢʦʥʚʝʨʪʝʨʘ: 

  
( )

2

2

CO 2ʛ ʛ COp

COʢ CO ʛ 2ʛ ʛ

CO
.

CO CO

ʢ

ʢ

v v v

v v v
g

-
= =

+ + ³
 (2.8)                                                

ʇʽʜʩʪʘʚʣʷʶʯʠ (2.2) ʚ (2.8) ʦʪʨʠʤʫʻʤʦ (2.9): 

 

( )

ʧ 2ʜ ʜ 2ʧ

2ʛ ʜ COp

ʧ 2ʛ ʛ 2ʧ

ʧ 2ʜ ʜ 2ʧ

ʛ 2ʛ ʜ

ʧ 2ʛ ʛ 2ʧ

Ar N Ar N
CO

Ar N Ar N
.

Ar N Ar N
CO CO

Ar N Ar N

v v

v

g

å õ-
³ -æ ö

-ç ÷=
å õ-

+ ³æ ö
-ç ÷

 (2.9)
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ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʜʠʥʘʤʽʯʥʦʛʦ ʢʦʥʪʨʦʣʶ ʧʨʦʜʫʚʢʠ, ʟʘʩʥʦʚʘʥʘ ʥʘ 

ʚʨʘʭʫʚʘʥʥʽ ʨʦʟʧʦʜʽʣʫ ʜʫʪʪʴʦʚʦʛʦ ʢʠʩʥʶ ʤʽʞ ʤʝʪʘʣʦʤ, ʰʣʘʢʦʤ ʽ ʢʦʥʚʝʨʪʝʨʥʠʤ 

ʛʘʟʦʤ ï ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʩʠʩʪʝʤʫ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ 

ʤʘʪʝʨʽʘʣʴʥʠʡ ʽ ʪʝʧʣʦʚʠʡ ʙʘʣʘʥʩ ʚ ʢʦʥʚʝʨʪʝʨʽ ʽ ʛʘʟʦʭʦʜʽ ʆʂɻ.  ʇʨʠ ʩʪʚʦʨʝʥʥʽ 

ʜʠʥʘʤʽʯʥʦʾ ʤʦʜʝʣʽ ʧʨʦʮʝʩʫ ʥʝʭʪʫʻʤʦ ʛʨʘʜʽʻʥʪʘʤʠ ʢʝʨʫʶʯʠʭ ʧʘʨʘʤʝʪʨʽʚ, 

ʚʚʘʞʘʶʯʠ, ʱʦ ʧʨʦʩʪʦʨʦʚʘ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʚ ʚʘʥʥʽʡ ʷʢ ʧʦ ʭʽʤʽʯʥʦʤʫ ʩʢʣʘʜʽ, ʪʘʢ 

ʽ ʧʦ ʪʝʤʧʝʨʘʪʫʨʽ ʚʥʘʩʣʽʜʦʢ ʽʥʪʝʥʩʠʚʥʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʚʽʜʩʫʪʥʷ. ʆʩʥʦʚʥʠʡ 

ʚʢʣʘʜ ʚ ʤʘʩʦʦʙʤʽʥ ʽ ʝʥʝʨʛʝʪʠʢʫ ʧʨʦʮʝʩʫ ʚʥʦʩʷʪʴ ʪʝʨʤʦʭʽʤʽʯʥʽ ʨʝʘʢʮʽʾ 

ʦʢʠʩʥʝʥʥʷ ʚʫʛʣʝʮʶ ʽ ʟʘʣʽʟʘ ʚʘʥʥʠ. ɺʚʘʞʘʻʤʦ, ʱʦ ʢʦʥʚʝʨʪʝʨʥʠʡ ʛʘʟ ʷʢ ʧʨʦʜʫʢʪ 

ʟʥʝʚʫʛʣʝʮʶʚʘʥʥʷ ʚʘʥʥʠ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʉʆ ʪʘ ʉʆ2. ʋ ʨʦʙʦʯʦʤʫ ʧʨʦʩʪʦʨʽ 

ʢʦʥʚʝʨʪʝʨʘ ʦʢʩʠʜ ʚʫʛʣʝʮʶ ʯʘʩʪʢʦʚʦ ʩʧʘʣʶʻʪʴʩʷ ʚ ʜʽʦʢʩʠʜ. ʎʷ ʨʝʘʢʮʽʷ, ʷʢ ʽ 

ʨʝʘʢʮʽʷ ʛʦʨʽʥʥʷ ʟʘʣʽʟʘ, ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʩʚʦʻʥʥʷ ʢʠʩʥʶ 

ʚʫʛʣʝʮʝʤ ʚʘʥʥʠ ʽ ʟʥʠʞʫʻ ʡʦʛʦ ʰʚʠʜʢʽʩʪʴ ʚʠʛʦʨʷʥʥʷ. ɿ ʚʨʘʭʫʚʘʥʥʷʤ ʚʠʱʝ 

ʩʢʘʟʘʥʦʛʦ ʚʠʨʘʟʠʤʦ ʰʚʠʜʢʽʩʪʴ ʟʥʝʚʫʛʣʝʮʶʚʘʥʥʷ ʚʘʥʥʠ ʯʝʨʝʟ ʦʙôʻʤʥʫ ʚʠʪʨʘʪʫ 

ʢʠʩʥʶ ʜʫʪʪʷ (2.10): 

             ( ) ( )3 3 3

1 2

2 12 22,4 22,4
10 1 10 1 10 ,

22,4 2 12 2 56

c c Fe
CO

dG dG dG
v

d d d
g g g

t t t

- Ö è ø
= Ö - - - -é ùÖ Öê ú

 (2.10) 

ʜʝ cdG

dt
 ï ʤʘʩʦʚʘ ʰʚʠʜʢʽʩʪʴ ʟʥʝʚʫʛʣʝʮʶʚʘʥʥʷ ʚʘʥʥʠ, ʪ/ʭʚ; v  ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʧʦʜʘʯʽ ʜʫʪʪʷ, ʤ3/ʭʚ;  
1g ï ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʯʠʩʪʦʪʫ ʜʫʪʪʷ; 

2g ï 

ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʚʪʨʘʪʠ ʜʫʪʪʷ; 
ʉʆg  ï ʤʘʩʦʚʘ ʜʦʣʷ ʢʘʨʙʦʥʫ ʚʘʥʥʠ, 

ʱʦ ʦʢʠʩʣʶʻʪʴʩʷ ʜʦ ʉʆ ʚ ʧʦʨʦʞʥʠʥʽ ʢʦʥʚʝʨʪʝʨʘ ʟʘ ʨʘʭʫʥʦʢ ʢʠʩʥʶ ʜʫʪʪʷ; FedG

dt
 

ï ʤʘʩʦʚʘ ʰʚʠʜʢʽʩʪʴ ʦʢʠʩʥʝʥʥʷ ʟʘʣʽʟʘ ʚʘʥʥʠ, ʪ/ʭʚ.  

ɺʠʨʘʟʠʤʦ ʰʚʠʜʢʽʩʪʴ ʟʥʝʚʫʛʣʝʮʶʚʘʥʥʷ (2.11), ʚʨʘʭʦʚʫʶʯʠ, ʱʦ 
2

1ʉʆ ʉʆg g= -  ʪʘ 

2

3 22,4
10

2 56

Fe
O Fe

dG
v

dt
=

Ö
: 
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2

2

1 23
12 12

10 ,
22,4 1

O Fec

CO

v vdG

d

g g

t g

-
- -Ö

=
+

 (2.11) 
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ʜʝ 
2O Fev  ï ̔ ʥʪʝʥʩʠʚʥʽʩʪʴ ʚʠʪʨʘʪʠ ʢʠʩʥʶ ʥʘ ʦʢʠʩʥʝʥʥʷ ʟʘʣʽʟʘ ʚʘʥʥʠ, ʤ

3/ʭʚ; 
2ʉʆg  ï 

ʤʘʩʦʚʘ ʜʦʣʷ ʢʘʨʙʦʥʫ ʚʘʥʥʠ, ʱʦ ʦʢʠʩʣʶʻʪʴʩʷ ʜʦ ʉʆ2 ʚ ʧʦʨʦʞʥʠʥʽ ʢʦʥʚʝʨʪʝʨʘ 

ʟʘ ʨʘʭʫʥʦʢ ʢʠʩʥʶ ʜʫʪʪʷ.  

ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʚʠʪʨʘʪʠ ʢʠʩʥʶ ʥʘ ʦʢʠʩʥʝʥʥʷ ʟʘʣʽʟʘ ʚʘʥʥʠ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʟʘʣʝʞʥʽʩʪʶ (2.12): 

  
2

116 22,4
10 ,

72 32
O Fe ʯ ʰʣ FeO ʧv mg g t-=  (2.12) 

ʜʝ 
ʯm  ï ʤʘʩʘ ʯʘʚʫʥʫ, ʪ; 

ʰʣg  ï ʯʘʩʪʢʘ ʰʣʘʢʫ ʚʽʜ ʤʘʩʠ ʤʝʪʘʣʫ; 
FeOg  ï ʚʤʽʩʪ ʦʢʠʩʫ 

ʟʘʣʽʟʘ ʚ ʰʣʘʢʫ, %;  
ʧt ï ʩʝʨʝʜʥʷ ʪʨʠʚʘʣʽʩʪʴ ʧʨʦʜʫʚʢʠ, ʭʚ.  

ɺʝʣʠʯʠʥʠ 
FeOg  (2.13) ʪʘ 

2ʉʆg  (2.14) ʻ ʬʫʥʢʮʽʷʤʠ ʚʽʜ ʚʽʜʩʪʘʥʽ ʬʫʨʤʠ ʜʦ ʨʽʚʥʷ 

ʩʧʦʢʽʡʥʦʾ ʚʘʥʥʠ:  

 16,34 5,63FeO Hg = -  (2.13) 

 ( )
2

2 210,2 1,5 3,1 10 ,ʉʆ Hg -è ø= - +
ê ú

 (2.14) 

ʜʝ H  ï ʧʦʣʦʞʝʥʥʷ ʬʫʨʤʠ ʥʘʜ ʨʽʚʥʝʤ ʩʧʦʢʽʡʥʦʾ ʚʘʥʥʠ, ʤ.   

ɼʣʷ 160 ʪʦʥʥʦʛʦ ʢʦʥʚʝʨʪʝʨʘ ʧʨʠ ʯʘʩʪʮʽ ʰʣʘʢʫ 0.1 ʪʘ ʩʝʨʝʜʥʴʦʶ ʪʨʠʚʘʣʽʩʪʶ 

ʧʨʦʜʫʚʢʠ 20 ʭʚ 
2

16 22,4 1
10 160 0,1 1,244

72 32 20
O Fe FeO FeOv g g= Ö Ö Ö = . ʇʽʜʩʪʘʚʠʤʦ (2.13) 

ʽ (2.14) ʚ (2.11). ɼʣʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʦʜʘʯʽ ʜʫʪʪʷ 400 ʤ3/ʭʚ, ʯʠʩʪʦʪʽ ʜʫʪʪʷ ʢʠʩʥʶ 

0.99 ʪʘ ʚʪʨʘʪʘʭ 0.01 ʦʪʨʠʤʘʻʤʦ ʟʘʣʝʞʥʽʩʪʴ ʰʚʠʜʢʦʩʪʽ ʟʥʝʚʫʛʣʝʮʶʚʘʥʥʷ 

(ʨʠʩ. 2.14) ʚʽʜ ʧʦʣʦʞʝʥʥʷ ʬʫʨʤʠ ʥʘʜ ʨʽʚʥʝʤ ʩʧʦʢʽʡʥʦʾ ʚʘʥʥʠ (2.15):  

 

( )
2

427,55 21,78
.

102 1,5 1031

cdG ʅ

d Ht

-
=

- +
 (2.15) 



56 

 

 

ʈʠʩ. 2.14 ɺʧʣʠʚ ʚʠʩʦʪʠ ʨʦʟʤʽʱʝʥʥʷ ʬʫʨʤʠ ʥʘʜ ʨʽʚʥʝʤ ʩʧʦʢʽʡʥʦʾ ʚʘʥʥʠ ʥʘ 

ʟʤʽʥʫ ʰʚʠʜʢʦʩʪʽ ʟʥʝʚʫʛʣʝʮʶʚʘʥʥʷ 

ʇʝʨʝʭʽʜʥʠʡ ʧʨʦʮʝʩ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ ʟʥʝʚʫʛʣʝʮʶʚʘʥʥʷ c
c

dG
v

dt
=  ʚʽʜ ʟʤʽʥʠ 

ʚʽʜʩʪʘʥʽ ʬʫʨʤʠ ʜʦ ʨʽʚʥʷ ʩʧʦʢʽʡʥʦʾ ʚʘʥʥʠ H  ʦʧʠʩʫʻʪʴʩʷ ʜʠʬʝʨʝʥʮʽʡʥʠʤ 

ʨʽʚʥʷʥʥʷʤ (2.16):  

 
()

() (),
c c

H Hc

v c v

dv t
T v t k H t

dt
+ =  (2.16) 

ʜʝ  
c

H

vk ī  ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ ʧʦ ʢʘʥʘʣʫ ʚʽʜʩʪʘʥʴ ʬʫʨʤʠ ʜʦ ʨʽʚʥʷ ʩʧʦʢʽʡʥʦʾ 

ʚʘʥʥʠ ï h ʚʠʜʢʽʩʪʴ ʟʥʝʚʫʛʣʝʮʶʚʘʥʥʷ,  ʪ
ʭʚ ʤÖ

;  
c

H

vT ī  ʩʪʘʣʘ ʯʘʩʫ, c. ɿʥʘʯʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʘ ʧʝʨʝʜʘʯʽ ʟʥʘʡʜʝʤʦ ʟʽ ʟʘʣʝʞʥʦʩʪʽ (2.15) 

( )

( )

0,329 0,383
 = 0,054 .

2.5 1.5c

H c
v

ʪ
v ʭʚ ʪk

ʭʚ ʤH ʤ

-D
= º-

ÖD -
 ʇʨʠ ʟʥʘʭʦʜʞʝʥʥʽ 

c

H

vT  

ʚʠʥʠʢʘʶʪʴ ʪʨʫʜʥʦʱʽ, ʱʦ ʧʦʚôʷʟʘʥʽ ʟ ʧʝʨʝʭʽʜʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʫ ʚʠʤʽʨʶʚʘʯʽ 

ʰʚʠʜʢʦʩʪʽ ʟʥʝʚʫʛʣʝʮʶʚʘʥʥʷ. ʊʦʤʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʩʪʽʡʥʦʾ ʯʘʩʫ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʽʤʧʫʣʴʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʘʥʘʣʽʟ ʘʢʫʩʪʠʯʥʠʭ ʢʦʣʠʚʘʥʴ 



57 

 

ʯʝʨʝʟ ʚʠʤʽʨʶʚʘʥʥʷ ʪʠʩʢʫ ʛʘʟʽʚ ʫ ʧʝʨʝʭʽʜʥʦʤʫ ʛʘʟʦʭʦʜʽ ʢʦʥʚʝʨʪʝʨʘ [49]. 

ɺʝʣʠʯʠʥʘ ʧʦʩʪʽʡʥʦʾ ʯʘʩʫ ʥʝʩʪʘʮʽʦʥʘʨʥʘ (ʨʠʩ. 2.15) ʪʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʝʨʽʦʜʫ 

ʧʣʘʚʢʠ, ʟʘʣʝʞʥʽʩʪʴ ʦʧʠʩʘʥʘ ʬʫʥʢʮʽʻʶ ɻʘʫʩʘ ʪʨʝʪʴʦʛʦ ʧʦʨʷʜʢʫ (R2 = 0.989) 

(2.17): 

 

2 2 2
3,47 15,57 9,73

2,9 2,6 6,0( ) 7,05 6,61 11,48 ,
c

H

vT e e e

t t t

t

- - -å õ å õ å õ
- - -æ ö æ ö æ ö
ç ÷ ç ÷ ç ÷= Ö + Ö + Ö  (2.17) 

ʜʝ t ï ʯʘʩ ʚʽʜ ʧʦʯʘʪʢʫ ʧʨʦʜʫʚʢʠ, ʭʚ. 

 

ʈʠʩ. 2.15 ɿʘʣʝʞʥʽʩʪʴ ʩʪʘʣʦʾ ʯʘʩʫ 
c

H

vT  ʚʽʜ ʯʘʩʫ ʟ ʧʦʯʘʪʢʫ ʧʨʦʜʫʚʢʠ 

ɿʤʽʥʘ ʰʚʠʜʢʦʩʪʽ ʟʥʝʚʫʛʣʝʮʶʚʘʥʥʷ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʩʪʫʧʝʥʷ 

ʦʢʠʩʥʝʥʥʷ ʚʫʛʣʝʮʶ ʜʦ ʉʆ2 ʫ ʧʦʨʦʞʥʠʥʽ ʢʦʥʚʝʨʪʝʨʘ. ʎʝʡ ʧʨʦʮʝʩ ʪʘʢʦʞ ʤʦʞʥʘ 

ʦʧʠʩʘʪʠ ʜʠʬʝʨʝʥʮʽʡʥʠʤ ʨʽʚʥʷʥʥʷʤ ʧʝʨʰʦʛʦ (2.18) ʧʦʨʷʜʢʫ ʚʠʜʫ: 

 
()

() ()2

22 2

,c c

ʉʆ ʉʆ

ʉʆv v

ʉʆ c

d t
T t k v t

dt
g g

g
g+ =  (2.18) 

ʜʝ  
2

c

ʉʆ

v
kg  ī  ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ ʧʦ ʢʘʥʘʣʫ ʰʚʠʜʢʽʩʪʴ ʟʥʝʚʫʛʣʝʮʶʚʘʥʥʷ ï ʩʪʫʧʽʥʴ 

ʦʢʠʩʥʝʥʥʷ ʚʫʛʣʝʮʶ ʜʦ ʉʆ2,  ʭʚʪ
;  

2

c

ʉʆ

v
Tg  ī  ʩʪʘʣʘ ʯʘʩʫ, c. ɿʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ 

ʧʝʨʝʜʘʯʽ ʟʥʘʡʜʝʤʦ ʟʽ ʟʘʣʝʞʥʦʩʪʽ (2.11):   
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( )
2

2

0,133 0,0565
 = 2,25 ,

0,329 0,363

c

ʉʆ

ʉʆv

c

ʭʚk
ʪʪv

ʭʚ

g

gD -
= º-

D -
 ʟʛʽʜʥʦ ʨʝʟʫʣʴʪʘʪʽʚ 

ʜʦʩʣʽʜʞʝʥʥʷ [49] ʦʪʨʠʤʘʥʦ 
2

2,15 .c

ʉʆ

v
T ʩg º  ʇʝʨʝʭʽʜʥʠʡ ʧʨʦʮʝʩ ʟʤʽʥʠ ʩʪʫʧʝʥʷ 

ʦʢʠʩʥʝʥʥʷ ʚʫʛʣʝʮʶ ʜʦ ʉʆ2 ʚʽʜ ʟʤʽʥʠ ʚʽʜʩʪʘʥʽ ʬʫʨʤʠ ʜʦ ʨʽʚʥʷ ʩʧʦʢʽʡʥʦʾ ʚʘʥʥʠ 

H ʫʪʚʦʨʝʥʠʡ ʧʦʩʣʽʜʦʚʥʠʤ ʟôʻʜʥʘʥʥʷʤ (2.16) ʪʘ (2.18) ʪʘ ʦʧʠʩʫʻʪʴʩʷ 

ʜʠʬʝʨʝʥʮʽʡʥʠʤ ʨʽʚʥʷʥʥʷʤ (2.19):  

 
() ()

() ()2 2

22 2 2

2

1 22
( ) ( ) ,

ʉʆ ʉʆ ʉʆ

ʉʆ ʉʆʅ ʅ H

ʉʆ

d t d t
T T t k H t

d t dt
g g g

g g
t t g+ + =  (2.19) 

ʜʝ ( )( )
2 2

%0,054 2,25 100% 12,15 ;c

ʉʆ c ʉʆ

vʅ H

v
ʪ ʭʚk k k
ʭʚ ʤ ʪ ʤg g= Ö = - Ö - Ö =
Ö

 

[]

2 2 2

2 2

3,47 15,57 9,73

2,9 2,6 6,0

1 ( ) 15,16 14,21 24,68 ;c

ʉʆ c ʉʆ

vʅ H

vT T T e e e c

t t t

g gt

- - -å õ å õ å õ
- - -æ ö æ ö æ ö
ç ÷ ç ÷ ç ÷= = Ö + Ö + Ö

[]

2 2 2

2 2

3,47 15,57 9,73

2,9 2,6 6,0

2 ( ) 7,05 6,61 11,48 2,15 .c

ʉʆ c ʉʆ

vʅ H

vT T T e e e c

t t t

g gt

- - -å õ å õ å õ
- - -æ ö æ ö æ ö
ç ÷ ç ÷ ç ÷= + = Ö + Ö + Ö + 

ʇʨʝʜʩʪʘʚʠʤʦ ʧʨʦʮʝʩ (2.19) ʫ ʚʠʛʣʷʜʽ ʢʝʨʦʚʘʥʦʾ ʢʘʥʦʥʽʯʥʦʾ ʬʦʨʤʠ ʤʦʜʝʣʽ ʚ 

ʧʨʦʩʪʦʨʽ ʩʪʘʥʽʚ (2.20):  

 ()

()

() ()
2

22 2

2 2

1 1
2

2 2
11 1

1

2

0, 1 0
( ) ( )

1 ( ),1
,( ) ( )

( )
( ) 0 . 

( )

ʉʆ

ʉʆʉʆ ʉʆ

ʉʆ

ʅ

ʅʅ ʅ

ʅ

ʉʆ

x t x t
T H t

x t x t
TT T

x t
t k

x t

g

gg g

g

t

tt t

g

ë è ø è ø
¡î é ùè ø è øé ù

= +î é ùé ù é ùé ù¡ - -îê ú ê úé ù é ùì ê úê ú
î

è øî è ø= é ùî ê ú
ê úí

 (2.20) 

ɺʽʜʦʤʦ, ʱʦ ʰʚʠʜʢʽʩʪʴ ʟʥʝʚʫʛʣʝʮʶʚʘʥʥʷ ʤʝʪʘʣʫ ʪʘʢʦʞ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʧʦʜʘʯʽ ʜʫʪʪʷ. ɿ ʽʩʥʫʶʯʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʦʧʠʩʽʚ 

ʟʥʝʚʫʛʣʝʮʶʚʘʥʥʷ ʡʦʛʦ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʫ ʧʨʠʨʦʜʫ ʥʘʡʜʦʩʪʦʚʽʨʥʽʰʝ ʚʽʜʦʙʨʘʞʘʻ 

ʤʦʜʝʣʴ ʉ. ɯ. ʌʽʣʽʧʧʦʚʘ [18]. ʅʘ ʧʦʯʘʪʢʫ ʧʨʦʜʫʚʢʠ ʧʨʠ ʚʠʩʦʢʽʡ ʤʘʩʦʚʽʡ ʜʦʣʽ 

ʚʫʛʣʝʮʶ ʰʚʠʜʢʽʩʪʴ ʡʦʛʦ ʦʢʠʩʥʝʥʥʷ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ ʟʤʽʥʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʦʜʘʯʽ 

ʢʠʩʥʶ ʚ ʟʦʥʫ ʨʝʘʢʮʽʾ, ʪʘʢ ʷʢ ʟʥʝʚʫʛʣʝʮʶʚʘʥʥʷ ʧʨʦʪʽʢʘʻ ʚ ʦʩʥʦʚʥʦʤʫ ʚ ʟʦʥʽ 

ʢʦʥʪʘʢʪʫ ʜʫʪʪʴʦʚʦʾ ʩʪʨʫʾ ʟ ʚʘʥʥʦʶ. ɺ ʢʽʥʮʽ ʧʨʦʜʫʚʢʠ, ʢʦʣʠ ʤʘʩʦʚʘ ʜʦʣʷ 

ʚʫʛʣʝʮʶ ʫ ʚʘʥʥʽʡ ʜʦʩʷʛʘʻ ʪʘʢ ʟʚʘʥʦʛʦ çʢʨʠʪʠʯʥʦʛʦè ʨʽʚʥʷ, ʰʚʠʜʢʽʩʪʴ 
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ʟʥʝʚʫʛʣʝʮʶʚʘʥʥʷ ʟʥʠʞʫʻʪʴʩʷ, ʦʩʢʽʣʴʢʠ ʣʽʤʽʪʫʶʯʦʶ ʣʘʥʢʦʶ ʧʨʦʮʝʩʫ ʩʪʘʻ 

ʜʠʬʫʟʽʷ ʦʢʠʩʥʶʚʘʥʦʛʦ ʝʣʝʤʝʥʪʘ ʚ ʟʦʥʽ ʨʝʘʢʮʽʾ. ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʫʷʚʣʝʥʥʷʤʠ 

ʧʨʦ ʜʚʘ ʢʽʥʝʪʠʯʥʽ ʧʝʨʽʦʜʠ ʧʨʦʮʝʩʫ ʦʢʠʩʥʝʥʥʷ ʚʫʛʣʝʮʶ, ʧʝʨʰʠʡ ʦʧʠʩʫʻʪʴʩʷ 

ʨʚ̔ʥʷʥʥʷʤ (2.21): 

 
1 ,
ʤ

dʉ K v

d G

h

t

Ö Ö
- =  (2.21) 

ʜʝ 
dʉ

dt
 ï ʰʚʠʜʢʽʩʪʴ ʟʥʝʚʫʛʣʝʮʶʚʘʥʥʷ ʚʘʥʥʠ, %/ʭʚ; 1ʂ ï ʢʦʝʬʽʮʽʻʥʪ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʧʝʨʰʠʡ ʢʽʥʝʪʠʯʥʠʡ ʧʝʨʽʦʜ, 3
% ʪ
ʤ

Ö ; h ï ʢʦʝʬʽʮʽʻʥʪ, ʱʦ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʦʙôʻʤʥʦʾ ʜʦʣʽ ʢʠʩʥʶ ʚ ʜʫʪʪʽ ʽ ʩʪʫʧʝʥʽ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘ 

ʟʥʝʚʫʛʣʝʮʶʚʘʥʥʷ; v  ï ʦʙôʻʤʥʘ ʚʠʪʨʘʪʘ ʢʠʩʥʝʚʦʛʦ ʜʫʪʪʷ, ʤ3/ʭʚ; 
ʤG  ï ʤʘʩʘ 

ʤʝʪʘʣʝʚʦʾ ʚʘʥʥʠ, ʪ. 

ʋ ʜʨʫʛʦʤʫ ʢʽʥʝʪʠʯʥʦʤʫ ʧʝʨʽʦʜʽ, ʷʢʠʡ ʥʘʩʪʫʧʘʻ ʧʨʠ ʨʽʚʥʦʤʽʨʥʦʩʪʽ 

ʜʠʬʫʟʽʡʥʠʭ ʧʦʪʦʢʽʚ ʚʫʛʣʝʮʶ ʽ ʢʠʩʥʶ, ʰʚʠʜʢʽʩʪʴ ʟʥʝʚʫʛʣʝʮʶʚʘʥʥʷ ʦʧʠʩʫʻʪʴʩʷ 

ʨʽʚʥʷʥʥʷʤ (2.22):  

  ,
ʤ

dʉ SC

d V

b

t
- =  (2.22) 

ʜʝ b ï ʢʦʝʬʽʮʽʻʥʪ ʤʘʩʦʧʝʨʝʥʦʩʫ ʚʫʛʣʝʮʶ ʫ ʚʘʥʥʽʡ, ʤ/ʭʚ; S ï ʧʦʚʝʨʭʥʷ, ʥʘ ʷʢʽʡ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʮʝʩ ʦʢʠʩʥʝʥʥʷ ʚʫʛʣʝʮʶ, ʤ2; ʉ ï ʤʘʩʦʚʘ ʜʦʣʷ ʚʫʛʣʝʮʶ ʚ ʚʘʥʥʽʡ, 

%; 
ʤV  ï ʦʙôʻʤ ʤʝʪʘʣʝʚʦʾ ʚʘʥʥʠ, ʤ3. 

ɸʚʪʦʨʘʤʠ [18] ʚʩʪʘʥʦʚʣʝʥʘ ʟʘʣʝʞʥʽʩʪʴ ʩʪʫʧʝʥʷ ʟʘʩʚʦʻʥʥʷ ʢʠʩʥʶ ʚʘʥʥʠ 

ʚʽʜ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʜʫʪʪʷ. ɼʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʥʘ 130-ʪʦʥʦʤʫ 

ʢʦʥʚʝʨʪʝʨʽ ʧʨʠ ʧʨʦʜʫʚʮʽ ʯʝʨʝʟ ʯʦʪʠʨʴʦʭʩʦʧʣʦʚʫ ʬʫʨʤʫ ʟ ʢʫʪʦʤ ʥʘʭʠʣʫ ʦʩʽ 

ʩʦʧʣʘ ʜʦ ʚʝʨʪʠʢʘʣʽ 130. ɿʘʣʝʞʥʽʩʪʴ ʩʝʨʝʜʥʴʦʾ ʰʚʠʜʢʦʩʪʽ ʦʢʠʩʥʝʥʥʷ ʚʫʛʣʝʮʶ 

ʚʽʜ ʧʠʪʦʤʦʾ ʚʠʪʨʘʪʠ ʢʠʩʥʶ (%0,012 ,  R>0.95
ʭʚ

s= ) ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 2.16.  
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ʈʠʩ. 2.16 ɺʧʣʠʚ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʨʦʜʫʚʘʥʥʷ ʥʘ ʰʚʠʜʢʽʩʪʴ ʟʥʝʚʫʛʣʝʮʶʚʘʥʥʷ 

ʚʘʥʥʠ 

ʇʝʨʝʭʽʜʥʠʡ ʧʨʦʮʝʩ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ ʟʥʝʚʫʛʣʝʮʶʚʘʥʥʷ 
cv  ʚʽʜ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʜʫʪʪʷ ʢʠʩʥʶ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʜʠʬʝʨʝʥʮʽʡʥʠʤ ʨʽʚʥʷʥʥʷʤ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʚʠʜʫ 

(2.23): 

 
()

() (),
c c

v vc

v c v

dv t
T v t k v t

dt
+ =  (2.23) 

ʜʝ 
c

v

vk  ī  ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ ʧʦ ʢʘʥʘʣʫ ʚʠʪʨʘʪʘ ʢʠʩʥʶ ï h ʚʠʜʢʽʩʪʴ 

ʟʥʝʚʫʛʣʝʮʶʚʘʥʥʷ, 3 ʪ
ʤ
;  

c

v

vT  ī  ʩʪʘʣʘ ʯʘʩʫ, c. ɿʥʘʯʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʥʘʡʜʝʤʦ ʽʟ ʜʦʩʣʽʜʞʝʥʴ ʦʧʠʩʘʥʠʭ ʚʠʱʝ (ʨʠʩ. 2.14). ɼʣʷ 160ʪ 

ʢʦʥʚʝʨʪʝʨʘ ʦʪʨʠʤʫʻʤʦ 
( )

( )
33

0,367 0,322
 = 0,56 ;

480 400
c

v c
v

ʪ
v ʭʚ ʢʛk

ʤʤv
ʭʚ

-D
= º

D -
 3,7 .

c

v

vT ʩº  

ʇʝʨʝʭʽʜʥʠʡ ʧʨʦʮʝʩ ʟʤʽʥʠ ʩʪʫʧʝʥʷ ʦʢʠʩʥʝʥʥʷ ʚʫʛʣʝʮʶ ʜʦ ʉʆ2 ʚʽʜ ʟʤʽʥʠ 
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ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʜʫʪʪʷ ʢʠʩʥʶ ʫʪʚʦʨʝʥʠʡ ʧʦʩʣʽʜʦʚʥʠʤ ʟôʻʜʥʘʥʥʷʤ (2.18) ʪʘ (2.23) 

ʪʘ ʦʧʠʩʫʻʪʴʩʷ ʜʠʬʝʨʝʥʮʽʡʥʠʤ ʨʽʚʥʷʥʥʷʤ (2.24):  

 
()

( )
()

() ()2 2

22 2 2

2

2
,c c

c ʉʆ c ʉʆ ʉʆ

ʉʆ ʉʆv vv v v

v v ʉʆ

d t d t
T T T T t k v t

d t dt
g g g

g g
g+ + + =  (2.24) 

ʜʝ ( )( ) ( )
2 2

3
3 3

%
0,56 2,25 10 100% 0,126c

ʉʆ c ʉʆ

vv v

v

ʭʚʢʛ ʭʚk k k
ʢʛʤ ʤg g

- Ö
= Ö = Ö - Ö Ö =- . 

ʊʆʋ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʜʫʪʪʷ ʢʠʩʥʶ ʢʠʩʥʝʚʦʛʦ ʢʦʥʚʝʨʪʝʨʘ ʫʪʚʦʨʝʥʠʡ 

ʬʽʟʠʯʥʠʤ ʟôʻʜʥʘʥʥʷʤ ʧʥʝʚʤʦʢʣʘʧʘʥʘ ʪʘ ʚʠʪʨʘʪʦʤʽʨʘ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʻʤʢʽʩʪʴ 

ʢʠʩʥʶ, ʷʢʘ ʩʪʚʦʨʶʻ ʦʧʽʨ ʧʦʪʦʢʫ ʨʝʯʦʚʠʥʠ.  ʆʙôʻʢʪ, ʚʭʽʜʥʦʶ ʚʝʣʠʯʠʥʦʶ ʷʢʦʛʦ 

ʻ ʧʦʣʦʞʝʥʥʷ ʧʥʝʚʤʦʢʣʘʧʘʥʫ, ʘ ʚʠʭʽʜʥʦʶ ï ʚʠʪʨʘʪʘ ʢʠʩʥʶ, ʦʧʠʩʫʻʪʴʩʷ 

ʜʠʬʝʨʝʥʮʽʡʥʠʤ ʨʽʚʥʷʥʥʷʤ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ (2.25):  

 
()

() ()2 2

2
,O Ou u

v v vo

dv t
T v t k u t

dt
+ =  (2.25) 

ʜʝ  
2vou ī ʧʦʣʦʞʝʥʥʷ ʧʥʝʚʤʦʢʣʘʧʘʥʫ, %; 2Ou

vk  ī ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ ʧʦ ʢʘʥʘʣʫ 

ʧʦʣʦʞʝʥʥʷ ʧʥʝʚʤʦʢʣʘʧʘʥʫ ï ̔ ʥʪʝʥʩʠʚʥʽʩʪʴ ʜʫʪʪʷ, 
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; 2Ou

vT  ī ʩʪʘʣʘ ,c.  
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. ɿ ʜʦʚʽʜʥʠʢʘ [50] 

ʩʪʘʣʘ ʯʘʩʫ  ʦʙ'ʻʢʪʫ 2 1,2 Ou

vT ʩ= .  

ʇʨʝʜʩʪʘʚʠʤʦ ʧʨʦʮʝʩ (2.25) ʫ ʚʠʛʣʷʜʽ ʢʝʨʦʚʘʥʦʾ ʢʘʥʦʥʽʯʥʦʾ ʬʦʨʤʠ ʤʦʜʝʣʽ 

ʚ ʧʨʦʩʪʦʨʽ ʩʪʘʥʽʚ (2.26):  
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 (2.26) 

ʇʝʨʝʭʽʜʥʠʡ ʧʨʦʮʝʩ ʟʤʽʥʠ ʩʪʫʧʝʥʷ ʦʢʠʩʥʝʥʥʷ ʚʫʛʣʝʮʶ ʜʦ ʉʆ2 ʚʽʜ ʟʤʽʥʠ 

ʧʦʣʦʞʝʥʥʷ ʧʥʝʚʤʦʢʣʘʧʘʥʫ ʜʫʪʪʷ ʢʠʩʥʶ ʫʪʚʦʨʝʥʠʡ ʧʦʩʣʽʜʦʚʥʠʤ ʟôʻʜʥʘʥʥʷʤ 

(2.24) ʪʘ (2.25) ʪʘ ʦʧʠʩʫʻʪʴʩʷ ʜʠʬʝʨʝʥʮʽʡʥʠʤ ʨʽʚʥʷʥʥʷʤ (2.27):  
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ʇʨʝʜʩʪʘʚʠʤʦ ʧʨʦʮʝʩ (2.27) ʫ ʚʠʛʣʷʜʽ ʢʝʨʦʚʘʥʦʾ ʢʘʥʦʥʽʯʥʦʾ ʬʦʨʤʠ ʤʦʜʝʣʽ ʚ 

ʧʨʦʩʪʦʨʽ ʩʪʘʥʽʚ (2.28):  
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 (2.28) 

ʄʦʜʝʣʴ ʨʝʞʠʤʫ ʧʨʦʜʫʚʢʠ ʢʠʩʥʝʚʦ-ʢʦʥʚʝʨʪʝʨʥʦʛʦ ʧʨʦʮʝʩʫ ʧʨʝʜʩʪʘʚʠʤʦ 

ʫ ʚʠʛʣʷʜʽ ʢʝʨʦʚʘʥʦʾ ʢʘʥʦʥʽʯʥʦʾ ʬʦʨʤʠ ʤʦʜʝʣʽ ʚ ʧʨʦʩʪʦʨʽ ʩʪʘʥʽʚ (2.29): 

  



63 

 

 

()

()

()

2

2 2

2 2

2 2 2

2 2 2

2

2 2

1

2

3
3 2

4
1 1 1

5

6

2

1 1

1
0 0 0 0 0

( ) 0 0 1 0 0 0

( ) 0 0 0 1 0 0

( )
1

0 0 0( )

( )
0 0 0 0 0 1

( )

1
0 0 0 0

O

O O

ʉʆ ʉʆ

O O O

ʉʆ ʉʆ ʉʆ

ʉʆ

ʉʆ ʉʆ

u

v

u u

u u u

ʅ

ʅ ʅ

T

x t

x t

x t T T

x t
T T T

x t

x t
T

T T

g g

g g g

g

g g

t

t t

è ø
-é ù
é ù

¡ é ùè ø
é ùé ù¡
é ùé ù

¡ é ùé ù
= ³é ùé ù - - -¡ é ùé ù
é ùé ù¡
é ùé ù

¡ê úé ù
é ù

- -é ù
ê ú

³

()

()

()

()

()

2

2

2

2

2

2

2

2
2 2

1

2

3

4
1

5

6

1

1

2

3

4

1
0

( )
0 0

( )
0 0

( )
1

0( )

( )
0 0

( )
1

0

( )

( )

0 0 0 0 0 ( )

( )0 0 0 0

O

O

ʉʆ

ʉʆ

O

O

ʉʆ ʉʆ

u

v

vo

u

ʅ

u

v

u ʅ
ʉʆ

T
x t

x t

u tx t

x t H tT
x t

x t

T

x t

x t

kv t x t

t x tk k

g

g

g g

t

g

è ø
é ù
é ù

è øé ù
é ùé ù
é ùé ù

è øé ùé ù+ Öé ùé ùé ùé ùé ù ê úé ù
é ùé ù
é ùé ù
ê úé ù

é ù
é ùê ú

è øè ø
é ù= Öé ù
é ùê úê ú

5

6

   (2.29)

( )

( )

 

x t

x t

ë
î
î
î
î
î
î
î
î
î
î
î
î
î
î
î
î
î
î
î
ì
î
î
î
î
î
î
î
î
î
î è ø
î é ù
î é ù
î é ù
î é ù
î é ù
î é ù
î é ù
î ê ú
î
í

  

ɺʠʢʦʥʘʻʤʦ ʤʦʜʝʣʶʚʘʥʥʷ ʨʝʞʠʤʫ ʧʨʦʜʫʚʢʠ ʢʠʩʥʝʚʦ-ʢʦʥʚʝʨʪʝʨʥʦʛʦ 

ʧʨʦʮʝʩʫ (ʨʠʩ. 2.19-2.22) ʚ ʩʝʨʝʜʦʚʠʱʽ Matlab Simulink. ɹʫʣʦ ʦʙʨʘʥʦ ʘʣʛʦʨʠʪʤ 

ʚʠʨʽʰʝʥʥʷ ʨʽʚʥʷʥʴ ode23s (stiff/mod. Rosenbrock) ʟʽ ʟʤʽʥʦʶ ʚʝʣʠʯʠʥʦʶ ʢʨʦʢʫ 

(variable-step). ɸʙʩʦʣʶʪʥʘ ʽ ʚʽʜʥʦʩʥʘ ʪʦʯʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʽʚ ï 0,00001. ʄʝʭʘʥʽʟʤ 

ʧʝʨʝʤʽʱʝʥʥʷ ʬʫʨʤʠ ʦʧʠʰʝʤʦ ʽʥʪʝʛʨʘʣʴʥʦʶ ʣʘʥʢʦʤ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ, 
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ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ʬʫʨʤʠ ʩʪʘʥʦʚʠʪʴ 0,2 ʤ/ʩ. ʄʦʜʝʣʴ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʫ 

Matlab Simulink ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 2.17. ʈʝʛʫʣʷʪʦʨ ʧʦʣʦʞʝʥʥʷ ʬʫʨʤʠ (ʨʠʩ. 

2.18) ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ ʪʨʠʧʦʟʠʮʽʡʥʦʛʦ ʝʣʝʤʝʥʪʫ ʽʟ ʟʦʥʦʶ 

ʥʝʯʫʪʣʠʚʦʩʪʽ 0,01ʥD =  ʪʘ ʟʦʥʦʶ ʧʦʚʝʨʥʝʥʥʷ 0,005ʧD = . 

 

ʈʠʩ. 2.17 ʄʦʜʝʣʴ ʧʝʨʝʤʽʱʝʥʥʷ ʬʫʨʤʠ 

 

ʈʠʩ. 2.18 ʄʦʜʝʣʴ ʨʝʛʫʣʷʪʦʨʘ ʧʦʣʦʞʝʥʥʷ ʬʫʨʤʠ 

 

ʈʠʩ. 2.19 ʇʝʨʝʭʽʜʥʠʡ ʧʨʦʮʝʩ ʤʦʜʝʣʽ ʧʝʨʝʤʽʱʝʥʥʷ ʬʫʨʤʠ 
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ʈʠʩ. 2.20 ʇʝʨʝʭʽʜʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʠʩʪʝʤʠ ʧʦ ʢʘʥʘʣʫ ʟʤʽʥʘ ʧʦʣʦʞʝʥʥʷ 

ʧʥʝʚʤʦʢʣʘʧʘʥʫ ʢʠʩʥʶ ï ʚʤʽʩʪ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ 

 

ʈʠʩ. 2.21 ʇʝʨʝʭʽʜʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʠʩʪʝʤʠ ʧʦ ʢʘʥʘʣʫ ʟʤʽʥʘ ʧʦʣʦʞʝʥʥʷ 

ʧʥʝʚʤʦʢʣʘʧʘʥʫ ʢʠʩʥʶ ï ʚʠʪʨʘʪʘ ʢʠʩʥʶ 
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ʈʠʩ. 2.22 ʇʝʨʝʭʽʜʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʠʩʪʝʤʠ ʧʦ ʢʘʥʘʣʫ ʟʤʽʥʘ ʧʦʣʦʞʝʥʥʷ 

ʬʫʨʤʠ ï ʚʤʽʩʪ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ 

ɺʠʢʦʥʘʻʤʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʝʧʝʨʝʨʚʥʦʾ ʤʦʜʝʣʽ (2.29) ʚ ʜʠʩʢʨʝʪʥʫ ʤʦʜʝʣʴ 

ʚ ʧʨʦʩʪʦʨʽ ʩʪʘʥʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʝʪʦʜ ɽʡʣʝʨʘ [51]. ɺʽʥ ˇʨʫʥʪʫʻʪʴʩʷ 

ʘʧʨʦʢʩʠʤʘʮʽʾ ʧʝʨʰʦʾ ʧʦʭʽʜʥʦʾ ʚ ʤʦʤʝʥʪ ʯʘʩʫ 
0t kT= (2.30): 

 ( )0 0

0

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

dx t
x t x k T x kT

dt T
¡ = º + -  (2.30) 
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ʜʝ 
0ʊ  ī  ʯʘʩ ʢʚʘʥʪʫʚʘʥʥʷ, ʩ; k  ī  ʥʦʤʝʨ ʪʘʢʪʫ. ɿʘʩʪʦʩʫʚʘʚʰʠ ʮʶ ʬʦʨʤʫʣʫ ʜʦ 

ʨʽʚʥʷʥʥʷ ʩʠʩʪʝʤʠ ʚ ʧʨʦʩʪʦʨʽ ʩʪʘʥʽʚ, ʦʪʨʠʤʘʻʤʦ (2.31): 

 
0 0, ,d dA I T A B T B= + Ö = Ö (2.31) 

ʜʝ 
dA   ī  ʜʠʩʢʨʝʪʠʟʦʚʘʥʘ ʤʘʪʨʠʮʷ ʜʠʥʘʤʽʢʠ ʩʠʩʪʝʤʠ; 

dB   ī  ʜʠʩʢʨʝʪʠʟʦʚʘʥʘ 

ʤʘʪʨʠʮʷ ʚʭʦʜʫ ʩʠʩʪʝʤʠ. ʆʪʨʠʤʘʻʤʦ ʤʘʪʨʠʮʽ 
dA  ʪʘ 

dB  (2.31) ʜʣʷ ʥʝʧʝʨʝʨʚʥʦʾ 

ʤʦʜʝʣʽ (2.32):  
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  (2.32)
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ʄʦʜʝʣʴ ʨʝʞʠʤʫ ʧʨʦʜʫʚʢʠ ʢʠʩʥʝʚʦ-ʢʦʥʚʝʨʪʝʨʥʦʛʦ ʧʨʦʮʝʩʫ ʫ ʚʠʛʣʷʜʽ 

ʢʝʨʦʚʘʥʦʾ ʢʘʥʦʥʽʯʥʦʾ ʬʦʨʤʠ ʜʠʩʢʨʝʪʥʦʾ ʤʦʜʝʣʽ ʚ ʧʨʦʩʪʦʨʽ ʩʪʘʥʽʚ (2.33) ʤʘʻ ʚʠʜ: 
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ʆʪʨʠʤʘʥʘ ʤʦʜʝʣʴ ʨʝʞʠʤʫ ʧʨʦʜʫʚʢʠ ʢʠʩʥʝʚʦ-ʢʦʥʚʝʨʪʝʨʥʦʛʦ ʧʨʦʮʝʩʫ ʫ 

ʚʠʛʣʷʜʽ ʢʝʨʦʚʘʥʦʾ ʢʘʥʦʥʽʯʥʦʾ ʬʦʨʤʠ ʜʠʩʢʨʝʪʥʦʾ ʤʦʜʝʣʽ ʚ ʧʨʦʩʪʦʨʽ ʩʪʘʥʽʚ (2.33) 

ʚ ʧʦʜʘʣʴʰʦʤʫ ʙʫʜʝ ʚʠʢʦʨʠʩʪʘʥʘ ʧʽʜ ʯʘʩ ʨʦʟʨʦʙʢʠ ʧʨʦʛʥʦʟʫʶʯʦʾ ʤʦʜʝʣʽ 

ʧʨʦʮʝʩʫ, ʩʢʣʘʜʦʚʦʾ ʄʇʈ.  

 ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 

ɹʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʢʝʨʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʘʤʠ 

ʨʝʞʠʤʫ ʜʫʪʪʷ ʂʂʇ ʪʘ ʨʦʟʨʦʙʣʝʥʦ ʤʦʜʝʣʴ ʚ ʧʨʦʩʪʦʨʽ ʩʪʘʥʽʚ ʜʘʥʦʛʦ ʧʨʦʮʝʩʫ: 

1. ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʝʞʠʤʫ ʜʫʪʪʷ ʻ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʨʦʜʫʚʢʠ, ʚʽʜ ʷʢʦʾ ʟʘʣʝʞʠʪʴ ʭʽʜ ʧʨʦʮʝʩʽʚ ʦʢʠʩʥʝʥʥʷ 

ʜʦʤʽʰʦʢ ʽ ʰʣʘʢʦʫʪʚʦʨʝʥʥʷ. ʆʜʥʘʢ ʧʽʜʚʠʱʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʧʨʦʜʫʚʢʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʦʢʠʩʥʝʥʥʷ ʟʘʣʽʟʘ ʽ ʧʝʨʝʭʦʜʫ ʡʦʛʦ 

ʚ ʰʣʘʢ ʪʘ ʟʥʦʰʝʥʥʷ ʬʫʪʝʨʽʚʢʠ ʟʤʝʥʰʫʻʪʴʩʷ, ʱʦ ʧʦʚôʷʟʘʥʦ ʟʽ 

ʩʢʦʨʦʯʝʥʥʷʤ ʷʢ ʪʨʠʚʘʣʦʩʪʽ ʧʨʦʜʫʚʢʠ, ʪʘʢ ʽ ʢʦʥʪʘʢʪʫʚʘʥʥʷ 

ʚʦʛʥʝʪʨʠʚʽʚ ʟ ʘʛʨʝʩʠʚʥʠʤ ʰʣʘʢʦʤ ʽ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʤ ʬʘʢʝʣʦʤ; 

2. ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʚʧʣʠʚ ʨʦʟʤʽʱʝʥʥʷ ʬʫʨʤʠ ʥʘʜ ʨʽʚʥʝʤ ʩʧʦʢʽʡʥʦʾ 

ʚʘʥʥʠ, ʘ ʩʘʤʝ ʧʽʜʚʠʱʝʥʥʷ ʨʦʟʤʽʱʝʥʥʷ ʬʫʨʤʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʙʽʣʴʰʝʥʥʷ ʦʩʥʦʚʥʦʩʪʽ ʪʘ ʦʢʠʩʥʝʥʥʷ ʢʽʥʮʝʚʦʛʦ ʰʣʘʢʫ, ʩʪʫʧʝʥʷ 

ʜʦʧʘʣʶʚʘʥʥʷ ʉʆ ʚ ʧʦʨʦʞʥʠʥʽ ʢʦʥʚʝʨʪʝʨʘ, ʟʤʝʥʰʝʥʥʷ ʤʘʩʦʚʦʾ ʯʘʩʪʢʠ 

ʤʘʥʛʘʥʫ ʚ ʤʝʪʘʣʽ ʥʘʧʨʠʢʽʥʮʽ ʧʨʦʜʫʚʢʠ, ʚʠʪʨʘʪ ʧʣʘʚʠʢʦʚʦʛʦ ʰʧʘʪʫ ʡ 

ʟʥʦʰʝʥʥʷ ʬʫʪʝʨʽʚʢʠ. ʈʝʛʫʣʶʶʯʠ ʚʽʜʩʪʘʥʴ, ʤʦʞʥʘ ʟʘʙʝʟʧʝʯʠʪʠ 

ʦʧʪʠʤʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʘ, ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ ʚ ʢʦʥʚʝʨʪʝʨʽ ʚʽʜ 

ʦʢʠʩʥʝʥʥʷ ʉʆ ʜʦ ʉʆ2. ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ, ʷʢʘ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʨʝʛʫʣʶʚʘʥʥʷ ʉʆ2, ʡʦʛʦ ʚʤʽʩʪ 

ʚ ʩʝʨʝʜʥʴʦʤʫ ʤʦʞʥʘ ʧʽʜʚʠʱʠʪʠ ʜʦ 12,7%, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʟʙʽʣʴʰʠʪʠ ʯʘʩʪʢʫ ʙʨʫʭʪʫ ʫ ʰʠʭʪʽ ʥʘ 2,7 %; 

3. ʚʩʪʘʥʦʚʣʝʥʦ, ʟʤʽʥʘ ʩʪʫʧʝʥʷ ʦʢʠʩʥʝʥʥʷ ʚʫʛʣʝʮʶ ʜʦ ʉʆ2 ʫ ʧʦʨʦʞʥʠʥʽ 

ʢʦʥʚʝʨʪʝʨʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ ʟʥʝʚʫʛʣʝʮʶʚʘʥʥʷ ʷʢʘ, ʚ 

ʩʚʦʶ ʯʝʨʛʫ, ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʽʜʩʪʘʥʽ ʬʫʨʤʠ ʜʦ ʨʽʚʥʷ ʩʧʦʢʽʡʥʦʾ ʚʘʥʥʠ. 

ʇʨʦʮʝʩ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ ʟʥʝʚʫʛʣʝʮʶʚʘʥʥʷ ʚʽʜ ʟʤʽʥʠ ʚʽʜʩʪʘʥʽ ʬʫʨʤʠ 

ʜʦ ʨʽʚʥʷ ʩʧʦʢʽʡʥʦʾ ʚʘʥʥʠ ʻ ʥʝʩʪʘʮʽʦʥʘʨʥʠʤ, ʦʧʠʩʫʻʪʴʩʷ 
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ʜʠʬʝʨʝʥʮʽʡʥʠʤ ʨʽʚʥʷʥʥʷʤ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ, ʩʪʘʣʘ ʯʘʩʫ ʷʢʦʛʦ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʝʨʽʦʜʫ ʧʨʦʜʫʚʢʠ;  

4. ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʦʜʘʯʽ ʜʫʪʪʷ ʥʘ hʚʠʜʢʽʩʪʴ 

ʟʥʝʚʫʛʣʝʮʶʚʘʥʥʷ ʤʝʪʘʣʫ. ʇʝʨʝʭʽʜʥʠʡ ʧʨʦʮʝʩ ʟʤʽʥʠ ʩʪʫʧʝʥʷ 

ʦʢʠʩʥʝʥʥʷ ʚʫʛʣʝʮʶ ʜʦ ʉʆ2 ʚʽʜ ʟʤʽʥʠ ʧʦʣʦʞʝʥʥʷ ʧʥʝʚʤʦʢʣʘʧʘʥʫ ʜʫʪʪʷ 

ʢʠʩʥʶ ʦʧʠʩʫʻʪʴʩʷ ʜʠʬʝʨʝʥʮʽʡʥʠʤ ʨʽʚʥʷʥʥʷʤ ʪʨʝʪʴʦʛʦ ʧʦʨʷʜʢʫ; 

5. ʦʪʨʠʤʘʥʘ ʤʦʜʝʣʴ ʨʝʞʠʤʫ ʧʨʦʜʫʚʢʠ ʢʠʩʥʝʚʦ-ʢʦʥʚʝʨʪʝʨʥʦʛʦ ʧʨʦʮʝʩʫ 

ʫ ʚʠʛʣʷʜʽ ʢʝʨʦʚʘʥʦʾ ʢʘʥʦʥʽʯʥʦʾ ʬʦʨʤʠ ʜʠʩʢʨʝʪʥʦʾ ʤʦʜʝʣʽ ʚ ʧʨʦʩʪʦʨʽ 

ʩʪʘʥʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʤʽʥʠ ʚʽʜʩʪʘʥʽ ʬʫʨʤʠ ʜʦ ʨʽʚʥʷ ʩʧʦʢʽʡʥʦʾ ʚʘʥʥʠ 

ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʜʫʪʪʷ, ʷʢʘ ʚʠʢʦʨʠʩʪʘʥʘ ʚ ʷʢʦʩʪʽ ʧʨʦʛʥʦʟʫʶʯʦʾ ʤʦʜʝʣʽ 

ʄʇʈ. ʅʘʚʝʜʝʥʽ ʯʠʩʝʣʴʥʽ ʟʥʘʯʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʦʪʨʠʤʘʥʦʾ ʤʦʜʝʣʽ.    

  



71 

 

ʈʆɿɼɯʃ 3 ʈʆɿʈʆɹʂɸ ɯ ʈɽɸʃɯɿɸʎɯʗ ʉʀʉʊɽʄʀ ɸɺʊʆʄɸʊʀʏʅʆɻʆ 

ʈɽɻʋʃʖɺɸʅʅʗ 

3.1 ɯʜʝʦʣʦʛʽʷ ʤʦʜʝʣʴʥʦ-ʧʨʦʛʥʦʟʫʶʯʦʛʦ ʢʝʨʫʚʘʥʥʷ  

ʆʜʥʠʤ ʽʟ ʩʫʯʘʩʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʘʥʘʣʽʟʫ ʽ ʩʠʥʪʝʟʫ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ, ʱʦ 

ʙʘʟʫʶʪʴʩʷ ʥʘ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʝʪʦʜʘʭ ʦʧʪʠʤʽʟʘʮʽʾ, ʻ ʪʝʦʨʽʷ ʫʧʨʘʚʣʽʥʥʷ 

ʜʠʥʘʤʽʯʥʠʤʠ ʦʙ'ʻʢʪʘʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʥʦʟʫʶʯʠʭ ʤʦʜʝʣʝʡ ï ʤʦʜʝʣʴʥʦ-

ʧʨʦʛʥʦʟʫʶʯʝ ʢʝʨʫʚʘʥʥʷ. ʈʦʟʚʠʪʦʢ ʽʜʝʡ ʢʝʨʫʚʘʥʥʷ ʟ ʧʨʦʛʥʦʟʫʶʯʠʤʠ ʤʦʜʝʣʷʤʠ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʥʘʧʨʷʤʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʣʽʥʽʡʥʠʭ ʤʦʜʝʣʝʡ, ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʩʪʽʡʢʦʩʪʽ ʢʝʨʫʶʯʦʛʦ ʚʧʣʠʚʫ, ʥʘʜʘʥʥʷ ʨʦʙʘʩʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʘʤʢʥʫʪʽʡ 

ʩʠʩʪʝʤʽ ʫʧʨʘʚʣʽʥʥʷ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʦʧʪʠʤʽʟʘʮʽʾ. ɯʜʝʷ 

ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʛʥʦʟʦʚʘʥʦʾ ʢʝʨʫʶʯʦʾ ʜʽʾ, ʷʢʘ ʩʢʣʘʜʘʻ ʦʩʥʦʚʫ ʄʇʂ-ʤʝʪʦʜʽʚ, 

ʚʠʥʠʢʣʘ ʚ ʨʘʤʢʘʭ ʜʚʦʭ ʥʝʟʘʣʝʞʥʠʭ, ʧʨʦʪʝ ʙʣʠʟʴʢʠʭ ʧʦ ʩʫʪʽ ʧʽʜʭʦʜʽʚ [30]. 

ʇʝʨʰʠʡ, DMC, ʨʦʟʚʠʚʘʚʩʷ ʟʫʩʠʣʣʷʤʠ ʬʘʭʽʚʮʽʚ ʢʦʤʧʘʥʽʾ Shell Oil [31], ʘ ʜʨʫʛʠʡ 

- MAC - ʙʫʚ ʨʦʟʨʦʙʣʝʥʠʡ ʬʨʘʥʮʫʟʴʢʠʤʠ ʽʥʞʝʥʝʨʘʤʠ ʭʽʤʽʯʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ 

[32]. ʅʘ ʙʘʟʽ ʦʩʪʘʥʥʴʦʛʦ ʧʽʜʭʦʜʫ ʚʧʝʨʰʝ ʙʫʚ ʩʪʚʦʨʝʥʠʡ ʢʦʤʝʨʮʽʡʥʠʡ ʧʘʢʝʪ 

ʧʨʦʛʨʘʤ IDCOM, ʷʢʠʡ ʧʝʚʥʦʶ ʤʽʨʦʶ ʧʦʩʣʫʞʠʚ ʧʨʦʦʙʨʘʟʦʤ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ 

ʫʧʨʘʚʣʽʥʥʷ ʟ ʧʨʦʛʥʦʟʦʤ. 

ɯʜʝʦʣʦʛʽʷ ʄʇ-ʧʽʜʭʦʜʫ ʧʦʣʷʛʘʻ ʫ ʥʘʩʪʫʧʥʽʡ ʩʭʝʤʽ ʢʝʨʫʚʘʥʥʷ (ʨʠʩ. 3.1) 

ʜʠʥʘʤʽʯʥʠʤʠ ʦʙ'ʻʢʪʘʤʠ ʟʘ ʧʨʠʥʮʠʧʦʤ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ [33]: 

1. ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʦʙ'ʻʢʪʘ (ʚʽʜʥʦʩʥʦ ʧʨʦʩʪʘ), 

ʧʦʯʘʪʢʦʚʠʤʠ ʫʤʦʚʘʤʠ ʜʣʷ ʷʢʦʾ ʩʣʫʞʠʪʴ ʾʾ ʧʦʪʦʯʥʠʡ ʩʪʘʥ. ʇʨʠ ʟʘʜʘʥʦʤʫ 

ʫʧʨʘʚʣʽʥʥʽ ʚʠʢʦʥʫʻʪʴʩʷ ʧʨʦʛʥʦʟ ʨʫʭʫ ʦʙ'ʻʢʪʘ ʥʘ ʜʝʷʢʦʤʫ ʢʽʥʮʝʚʦʤʫ 

ʚʽʜʨʽʟʢʫ ʯʘʩʫ (ʛʦʨʠʟʦʥʪʽ ʧʨʦʛʥʦʟʫ); 

2. ʚʠʢʦʥʫʻʪʴʩʷ ʦʧʪʠʤʽʟʘʮʽʷ ʫʧʨʘʚʣʽʥʥʷ, ʤʝʪʦʶ ʷʢʦʛʦ ʩʣʫʞʠʪʴ ʥʘʙʣʠʞʝʥʥʷ 

ʨʝʛʫʣʶʶʯʠʭ ʟʤʽʥʥʠʭ ʧʨʦʛʥʦʟʫʶʯʦʾ ʤʦʜʝʣʽ ʜʦ ʚʽʜʧʦʚʽʜʥʦʛʦ ʟʘʜʘʥʦʛʦ 

ʟʥʘʯʝʥʥʷ (ʫʩʪʘʚʢʠ) ʥʘ ʛʦʨʠʟʦʥʪʽ ʢʝʨʫʚʘʥʥʷ; 

3. ʨʝʘʣʽʟʫʻʪʴʩʷ ʟʥʘʡʜʝʥʝ ʦʧʪʠʤʘʣʴʥʝ ʫʧʨʘʚʣʽʥʥʷ ʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʠʤʽʨ (ʘʙʦ 

ʚʽʜʥʦʚʣʝʥʥʷ ʧʦ ʚʠʤʽʨʷʥʠʤ ʟʤʽʥʥʠʤ) ʬʘʢʪʠʯʥʦʛʦ ʩʪʘʥʫ ʦʙ'ʻʢʪʘ ʥʘ ʢʽʥʝʮʴ 

ʢʨʦʢʫ;  
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4. ʛʦʨʠʟʦʥʪ ʧʨʦʛʥʦʟʫ ʟʩʫʚʘʻʪʴʩʷ ʥʘ ʢʨʦʢ ʚʧʝʨʝʜ, ʽ ʧʦʚʪʦʨʶʶʪʴʩʷ ʧʫʥʢʪʠ 1-

3 ʜʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ. 

 

ʈʠʩ. 3.1 ʉʭʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʜʠʥʘʤʽʯʥʠʤʠ ʦʙôʻʢʪʘʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʤʦʜʝʣʴʥʦ-ʧʨʦʛʥʦʟʫʶʯʦʛʦ ʧʽʜʭʦʜʫ 

ʆʩʥʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ ʄʇʂ, ʱʦ ʚʠʟʥʘʯʘʻ ʡʦʛʦ ʫʩʧʽʰʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ 

ʧʨʘʢʪʠʮʽ ʧʦʙʫʜʦʚʠ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ, ʩʣʫʞʠʪʴ ʚʽʜʥʦʩʥʘ 

ʧʨʦʩʪʦʪʘ ʙʘʟʦʚʦʾ ʩʭʝʤʠ ʬʦʨʤʫʚʘʥʥʷ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ, ʱʦ ʧʦʻʜʥʫʻʪʴʩʷ ʟ 

ʚʠʩʦʢʠʤʠ ʘʜʘʧʪʠʚʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ [52]. ʆʩʪʘʥʥʷ ʦʙʩʪʘʚʠʥʘ ʜʦʟʚʦʣʷʻ 

ʫʧʨʘʚʣʷʪʠ ʙʘʛʘʪʦʚʠʤʽʨʥʠʤʠ ʽ ʙʘʛʘʪʦʟʚ'ʷʟʥʠʤʠ ʦʙ'ʻʢʪʘʤʠ ʟʽ ʩʢʣʘʜʥʦʶ 

ʩʪʨʫʢʪʫʨʦʶ, ʱʦ ʚʢʣʶʯʘʻ ʥʝʣʽʥʽʡʥʽʩʪʴ, ʦʧʪʠʤʽʟʫʚʘʪʠ ʧʨʦʮʝʩʠ ʚ ʨʝʞʠʤʽ 

ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʚ ʨʘʤʢʘʭ ʦʙʤʝʞʝʥʴ ʥʘ ʢʝʨʫʶʯʽ ʽ ʢʝʨʦʚʘʥʽ ʟʤʽʥʥʽ, ʚʨʘʭʦʚʫʚʘʪʠ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʚ ʟʘʚʜʘʥʥʽ ʦʙ'ʻʢʪʽʚ ʽ ʟʙʫʨʝʥʴ [53]. ʂʨʽʤ ʪʦʛʦ, ʤʦʞʣʠʚʝ 

ʚʨʘʭʫʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʧʽʟʥʝʥʥʷ, ʟʤʽʥ ʢʨʠʪʝʨʽʾʚ ʷʢʦʩʪʽ ʨʝʛʫʣʶʚʘʥʥʷ ʽ 

ʚʽʜʤʦʚ ʜʘʪʯʠʢʽʚ. 

ʈʦʟʛʣʷʥʝʤʦ ʙʘʟʦʚʫ ʟʘʜʘʯʫ ʤʦʜʝʣʴʥʦ-ʧʨʦʛʥʦʟʫʶʯʦʛʦ ʢʝʨʫʚʘʥʥʷ. ʅʝʭʘʡ 

ʧʦʚʝʜʽʥʢʘ ʦʙôʻʢʪʘ ʢʝʨʫʚʘʥʥʷ ʦʧʠʩʫʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʶ (3.1): 

 

 
0( ) ( , ( )),   (0) ,x t f t u t x x= =  (3.1) 

ʜʝ nx EÍ  ī ʚʝʢʪʦʨ ʩʪʘʥʫ, mu EÍ  ī ʚʝʢʪʦʨ ʢʝʨʫʶʯʦʾ ʜʽʾ, [ )t 0,Í ¤. 
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ɺʚʝʜʝʤʦ ʧʦʥʷʪʪʷ ʦʙʣʘʩʪʽ ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ ʩʪʘʥʫ nʍ EÌ  ʪʘ ʢʝʨʫʶʯʦʾ ʜʽʾ 

mU EÌ , ʪʘʢʽ ʱʦ ʜʣʷ [ )t 0, ( ) ,  ( )ʭ t ʍ u t U" Í ¤ ­ Í Í. ʅʘʧʨʠʢʣʘʜ, ʦʙʣʘʩʪʴ 

ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ (3.2) :  

 

{ }

{ }

min max

min max

min max min max

: , 1,

: , 1,

ʜʝ , , ,  ʟʘʜʘʥʽ ʜʽʡʩʥʽ ʯʠʩʣʘ

m

i

n

j

U u E u u u ʽ m

X x E x x x j n

u u x x

= Í ¢ ¢ =

= Í ¢ ¢ =

-

 (3.2) 

ɹʫʜʝʤʦ ʚʚʘʞʘʪʠ, ʱʦ ʤʝʪʦʶ ʢʝʨʫʚʘʥʥʷ ʦʙôʻʢʪʘ (3.1) ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʢʦʥʘʥʥʷ 

ʨʽʚʥʦʩʪʽ (3.3):  

 lim ( ) ( ) 0;lim ( ) ( ) 0,ʭ u
t t
ʭ t r t u t r t

­¤ ­¤
- = - = (3.3) 

ʜʝ ( )xr t  ʪʘ ( )ur t  ʟʘʜʘʥʘ ʚʝʢʪʦʨʥʘ ʬʫʥʢʮʽʷ, ʱʦ ʚʠʟʥʘʯʘʻ ʙʘʞʘʥʠʡ ʨʫʭ ʦʙôʻʢʪʘ 

(3.1).  ʗʢʽʩʪʴ ʫʧʨʘʚʣʽʥʥʷ ʦʭʘʨʘʢʪʝʨʠʟʫʻʤʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʦʥʘʣʫ (3.4) 

ʚʠʜʫ: 

 
0 0( ( ), ( )).J J x t u t=  (3.4) 

ɹʫʜʴ-̫ ʢʘ ʟʘʜʘʯʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʧʦʣʷʛʘʻ ʫ ʧʦʰʫʢʫ ʪʘʢʦʾ ʢʝʨʫʶʯʦʾ ʜʽʡ 

ʟ ʦʙʣʘʩʪʽ ʾʾ ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ U, ʷʢʘ ʟʘʙʝʟʧʝʯʠʪʴ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ 

ʤʝʪʠ (3.3) ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʦʙʤʝʞʝʥʴ (3.2) ʽ ʜʦʩʷʛʘʻ ʤʽʥʽʤʫʤʫ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ 

(3.4). ʈʦʟʛʣʷʥʝʤʦ ʧʦʣʦʞʝʥʥʷ ʽ ʧʨʠʥʮʠʧʠ, ʱʦ ʧʨʠʡʥʷʪʽ ʚ ʟʘʜʘʯʽ ʤʦʜʝʣʴʥʦ-

ʧʨʦʛʥʦʟʫʶʯʦʛʦ ʢʝʨʫʚʘʥʥʷ ʟ ʣʽʥʽʡʥʦʶ ʤʦʜʝʣʣʶ. ɺʚʝʜʝʤʦ ʧʦʥʷʪʪʷ ʣʽʥʽʡʥʦʾ 

ʧʨʦʛʥʦʟʫʶʯʦʾ ʤʦʜʝʣʽ (3.5) ʦʙôʻʢʪʘ ʫʧʨʘʚʣʽʥʥʷ ʫ ʚʠʜʽ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ:  

 

1 ,

,  

,  0,1,2...,

ʜʝ k - ʥʦʤʝʨ ʪʘʢʪʫ;  ʩʪʘʥ ʦʙ'ʻʢʪʘ;

  ʚʠʤʽʨʠ;  ʢʝʨʫʶʯʘ ʜʽʷ;

i i i

i i

n

i

r m

i i

ʭ Aʭ Bu

y Cʭ

i k j j

ʭ E

y E u E

+= +

=

= + =

Í -

Í - Í -

 (3.5)                                           

ɹʫʜʝʤʦ ʚʚʘʞʘʪʠ, ʱʦ ʟʘ ʜʠʥʘʤʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʧʨʦʛʥʦʟʫʶʯʘ ʤʦʜʝʣʴ (3.5)  

ʚ ʷʢʦʤʫʩʴ ʩʝʥʩʽ ʙʣʠʟʴʢʘ ʜʦ ʨʝʘʣʴʥʦʛʦ ʦʙôʻʢʪʘ (3.1). ʅʝʭʘʡ ʧʨʦʛʥʦʟʫʶʯʘ ʤʦʜʝʣʴ 

(3.5) ʫ ʧʦʪʦʯʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ (j=0) ʽʥʽʮʽʘʣʽʟʫʻʪʴʩʷ ʩʪʘʥʦʤ 
kʭ ʨʝʘʣʴʥʦʛʦ ʦʙ'ʻʢʪʘ 

ʢʝʨʫʚʘʥʥʷ ʪʘ ʚʠʢʦʥʫʻʪʴʩʷ ʨʽʚʥʽʩʪʴ 
i iu u=  ʜʣʷ , 1...,i k k k P" = + +. ʊʦʜʽ 
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ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʝʢʪʦʨʽʚ {}( )1,...,ʭ̔ i k k P= + +, ʷʢʘ ʦʪʨʠʤʫʻʪʴʩʷ ʟ ʤʦʜʝʣʽ (3.5) 

ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʧʨʦʛʥʦʟ ʨʫʭʫ { }kʭ  ʨʝʘʣʴʥʦʛʦ ʦʙ'ʻʢʪʘ ʟ ʛʦʨʠʟʦʥʪʦʤ ʧʨʦʛʥʦʟʫ 

P (ʨʠʩ. 3.1). ʗʢʽʩʪʴ ʫʧʨʘʚʣʽʥʥʷ ʦʭʘʨʘʢʪʝʨʠʟʫʻʤʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʽʥʽʡʥʦ-

ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʬʫʥʢʮʽʦʥʘʣʫ (3.6): 

 ( ) ( ) 1 1

1

( , ) ,
P

T
T

k k k j k j k j k j k j k j k j k j

j

J J y u y r R y r u Q u+ + + + + + - + + -

=

è ø= = - - +
é ùê úä  (3.6)                                                                     

ʜʝ k jR + ʪʘ k jQ + ī ʜʦʜʘʪʥʦ ʚʠʟʥʘʯʝʥʽ ʩʠʤʝʪʨʠʯʥʽ ʤʘʪʨʠʮʽ.  

ʈʦʟʛʣʷʥʝʤʦ ʜʦʧʦʤʽʞʥʽ ʚʝʢʪʦʨʠ (3.7): 

 1 2

1 1

 (   ... ) ,

 (   ... ) .

ʊ rP

k k k P

ʊ mP

k k k P

y y y y E

u u u u E

+ + +

+ + -

= Í

= Í
 (3.7)                                                                     

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʨʫʭ ʦʙôʻʢʪʘ (3.5) ʥʘ ʪʘʢʪʘʭ ,  1,2...k j j ʈ+ =  ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʪʽʣʴʢʠ  u, ʪʦ ( ( ), ) ( )k k kJ J y u u J u= = . ʇʨʠ ʮʴʦʤʫ ʤʦʞʝ ʙʫʪʠ ʩʬʦʨʤʫʣʴʦʚʘʥʘ 

ʟʘʜʘʯʘ ʦʧʪʠʤʽʟʘʮʽʾ (3.8) ʧʦ ʚʽʜʥʦʰʝʥʥʽ ʜʦ ʬʫʥʢʮʽʦʥʘʣʫ (3.6): 

 ( ) min .
mPk

u E
J u

Í
­  (3.8)                                                                     

ɿʥʘʡʜʝʤʦ ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ (3.8). ɺʨʘʭʦʚʫʶʯʠ (3.7) ʧʨʝʜʩʪʘʚʠʤʦ ʬʫʥʢʮʽʦʥʘʣ (3.6) 

ʚ ʚʠʜʽ (3.9): 

 

 

 

( ) ( )
1 1

2

2 2 1 1 1

1

1

( )

ʽ ʪʜ. 

T T

k k

k k k k

k k k k k k k

P P

k P k P k k k

J J u y r R y r u Qu

y ʉʭ ʉɸʭ ʉBu

y ʉʭ ʉɸʭ ʉBu ʉɸ ʭ ʉABu ʉBu

y ʉʭ ʉɸ ʭ ʉA Bu ʉBu

+ +

+ + + + +

-

+ + +

= = - - +

= = +

= = + = + +

= = + +

 (3.9)                                           

ɿʚʽʜʩʠ ʦʪʨʠʤʫʻʤʦ (3.10): 
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( ) ( )

( ) ( )

2

1 2

 , ʜʝ

0      0

    M=      0
.......

.... ....

  

( )

0.

k

P

P P

T T

k k k k

T T
k

k k

y Lʭ Mu

ʉɸ
ʉB

ʉɸ
L ʉAB ʉB

ʉɸ
ʉBʉɸ B ʉɸ B

J J u Lʭ Mu r R Lʭ Mu r u Qu

J
Lʭ Mu r R Lʭ Mu r u Qu

u u

- -

Ý = +

å õ
å õ æ ö
æ ö æ ö
æ ö æ ö= Ý
æ ö æ ö
æ ö æ öæ ö
ç ÷ æ ö

ç ÷

= = + - + - +

µ µè ø= + - + - + =
é ùê úµ µ

 (3.10)                                                                     

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ( ) 2Tʭ Sx Sx
ʭ

µ
=

µ
, ʜʝ Sī ʩʠʤʝʪʨʠʯʥʘ ʤʘʪʨʠʮʷ ʤʘʻʤʦ (3.11): 

 

( )
*

1 1

0

( ) , ( ) .

Tk
k

k

T T T T

J
M R Lʭ Mu r Qu

u

u Kʭ Tr

K M RM Q M RL T M RM Q M R- -

µ
= + - + =

µ

Ý = +

=- + = +

 (3.11)                                                                     

ɿʛʽʜʥʦ ʩʪʨʘʪʝʛʽʾ MPC-ʧʽʜʭʦʜʫ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʢʝʨʫʶʯʘ ʜʽʷ (3.12) ï ʧʝʨʰʠʡ 

ʝʣʝʤʝʥʪ ʦʪʨʠʤʘʥʦʛʦ ʚʝʢʪʦʨʫ 
*

u : 

 * ,ku Kʭ Tr= +  (3.12)                                                                     

ʜʝ K ī ʧʝʨʰʽ m ʩʪʨʦʢ ʤʘʪʨʠʮʽ K, T ī ʚʝʨʭʥʽʡ ʙʣʦʢ ʨʦʟʤʽʨʫ m r³  ʤʘʪʨʠʮʽ .T  

ɿ (3.12) ʚʠʧʣʠʚʘʻ, ʱʦ ʜʣʷ ʣʽʥʽʡʥʦ-ʢʚʘʜʨʘʪʠʯʥʦʾ ʟʘʜʘʯʽ ʫʧʨʘʚʣʽʥʥʷ MPC-

ʩʪʨʘʪʝʛʽʷ ʬʦʨʤʫʚʘʥʥʷ ʢʝʨʫʶʯʦʛʦ ʚʧʣʠʚʫ ʟʚʦʜʠʪʴʩʷ ʜʦ ʟʚʠʯʘʡʥʦʛʦ 

ʧʨʦʧʦʨʮʽʡʥʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ (ʨʝʛʫʣʷʪʦʨʫ) ʧʦ ʩʪʘʥʫ ʦʙôʻʢʪʘ.  

ɸʣʛʦʨʠʪʤ ʧʦʰʫʢʫ ʤʘʪʨʠʮʴ K  ̔  T: 

1. ʤʘʶʯʠ ʤʘʪʨʠʮʽ ,  ,  ,  ɸ B C D ̔  ʛʦʨʠʟʦʥʪʫ ʧʨʦʛʥʦʟʫ P ʩʬʦʨʤʫʚʘʪʠ 

ʤʘʪʨʠʮʽ L ̔  M;  

2. ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʭʽʜʥʽ ʜʘʥʽ ʫ ʚʠʛʣʷʜʽ ʤʘʪʨʠʮʴ R ʪʘ Q ʦʙʨʘʭʫʚʘʪʠ 

ʜʦʜʘʪʢʦʚʽ ʤʘʪʨʠʮʽ K ʽ T ʧʦ ʬʦʨʤʫʣʘʤ 

1 1( ) , ( )T T T TK M RM Q M RL T M RM Q M R- -=- + = + ; 
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3. ʚʠʜʽʣʠʪʠ ʚʝʨʭʥʽ ʙʣʦʢʠ ʨʦʟʤʽʨʦʤ m n³  ʪʘ m r³  ʚʽʜʧʦʚʽʜʥʦ ʟ ʤʘʪʨʠʮʴ 

K  ̔  T. 

ɿʚʝʨʥʝʤʦ ʫʚʘʛʫ ʥʘ ʪʝ, ʱʦ ʢʦʣʠ ʚʩʽ ʚʠʭʽʜʥʽ ʤʘʪʨʠʮʽ ʥʝ ʟʤʽʥʶʶʪʴʩʷ ʚ ʯʘʩʽ, 

ʘ ʛʦʨʠʟʦʥʪ ʧʨʦʛʥʦʟʫ ʟʘʣʠʰʘʻʪʴʩʷ ʧʦʩʪʽʡʥʠʤ, ʪʦ ʰʫʢʘʥʽ ʤʘʪʨʠʮʽ K  ̔  T ʚ 

ʩʪʨʘʪʝʛʽʾ (3.12) ʪʘʢ ʩʘʤʦ ʥʝ ʟʤʽʥʶʶʪʴʩʷ ʚ ʯʘʩʽ, ʪʦʙʪʦ ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʟʤʽʥʥʠʤʠ 

ʥʘ ʢʦʞʥʽʡ ʽʪʝʨʘʮʽʾ. ʎʝ ʜʦʟʚʦʣʷʻ ʽʩʪʦʪʥʦ ʩʧʨʦʩʪʠʪʠ ʨʝʘʣʽʟʘʮʽʶ ʄʇʈ ʟʘ ʨʘʭʫʥʦʢ 

ʦʜʥʦʨʘʟʦʚʦʛʦ ʨʦʟʨʘʭʫʥʢʫ (ʥʘʧʨʠʢʣʘʜ, ʧʽʩʣʷ ʚʠʢʦʥʘʥʥʷ ʯʝʨʛʦʚʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ 

ʤʦʜʝʣʽ) ʟʘʟʥʘʯʝʥʠʭ ʤʘʪʨʠʮʴ. ʊʨʘʜʠʮʽʡʥʦ ʘʥʘʣʽʪʠʯʥʠʡ ʧʦʰʫʢ ʤʘʪʨʠʮʽ K ʚ 

ʟʘʢʦʥʽ (3.12) ʜʣʷ ʩʪʘʮʽʦʥʘʨʥʦʾ ʟʘʜʘʯʽ ʥʘʡʙʽʣʴʰ ʯʘʩʪʦ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘ ʙʘʟʽ ʜʚʦʭ 

ʧʽʜʭʦʜʽʚ: ʪʝʦʨʽʾ ʤʦʜʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʽ ʣʽʥʽʡʥʦ-ʢʚʘʜʨʘʪʠʯʥʦʾ (Liner-

Quadratic), (LQ)-ʦʧʪʠʤʽʟʘʮʽʾ. ɺʽʜʥʦʩʥʦ ʮʠʭ ʧʽʜʭʦʜʽʚ ʨʦʟʛʣʷʥʫʪʘ ʩʭʝʤʘ 

ʨʝʘʣʽʟʘʮʽʾ ʢʝʨʫʚʘʥʥʷ ʷʚʣʷʻ ʩʦʙʦʶ ʘʣʴʪʝʨʥʘʪʠʚʥʠʡ ʰʣʷʭ ʧʦʙʫʜʦʚʠ LQ-

ʨʝʛʫʣʷʪʦʨʘ. ɹʽʣʴʰ ʪʦʛʦ, ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʫʤʦʚʠ, ʧʨʠ ʷʢʠʭ ʄʇʂ-ʩʪʨʘʪʝʛʽʷ ʽ LQ-

ʩʪʨʘʪʝʛʽʷ ʟʙʽʛʘʶʪʴʩʷ. ʗʢ ʙʫʣʦ ʟʘʟʥʘʯʝʥʦ ʚʠʱʝ, ʙʘʟʦʚʘ ʟʘʜʘʯʘ ʄʇʂ ʟʚʦʜʠʪʴʩʷ ʜʦ 

ʟʚʠʯʘʡʥʦʛʦ ʧʨʦʧʦʨʮʽʡʥʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ (ʨʝʛʫʣʷʪʦʨʫ) ʧʦ ʩʪʘʥʫ ʦʙôʻʢʪʘ, 

ʷʢʠʡ ʧʨʠʥʮʠʧʦʚʦ ʥʝ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ LQ-ʦʧʪʠʤʘʣʴʥʠʭ ʨʝʛʫʣʷʪʦʨʽʚ. ɸʣʝ 

ʩʠʪʫʘʮʽʷ ʧʨʠʥʮʠʧʦʚʦ ʟʤʽʥʶʻʪʴʩʷ, ʷʢʱʦ ʚʨʘʭʦʚʫʚʘʪʠ ʦʙʤʝʞʝʥʥʷ ʥʘ ʢʝʨʫʶʯʠʡ 

ʚʧʣʠʚ ʪʘ ʩʪʘʥ ʦʙôʻʢʪʘ, ʱʦ ʩʫʪʪʻʚʦ ʦʙʤʝʞʫʻ ʤʥʦʞʠʥʫ ʨʝʛʫʣʷʪʦʨʽʚ ʫ ʟʘʜʘʯʽ LQ-

ʦʧʪʠʤʽʟʘʮʽʾ. ʆʪʨʠʤʘʥʥʷ ʪʦʯʥʦʛʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ 

ʜʦʩʠʪʴ ʧʨʦʙʣʝʤʘʪʠʯʥʝ, ʱʦ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʫʻ ʦʙˇʨʫʥʪʦʚʘʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʄʇʂ. ʈʦʟʛʣʷʥʝʤʦ ʟʘʜʘʯʫ ʄʇʂ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʦʙʤʝʞʝʥʴ.  

ʊʘʢ ʷʢ ʽ ʜʣʷ ʙʘʟʦʚʦʾ ʟʘʜʘʯʽ, ʥʝʭʘʡ ʧʦʚʝʜʽʥʢʘ ʦʙôʻʢʪʘ ʦʧʠʩʫʻʪʴʩʷ 

ʟʘʣʝʞʥʽʩʪʶ (3.1) ʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷ ʧʨʦʛʥʦʟʫʶʯʦʾ ʤʦʜʝʣʽ (3.5). 

ɹʫʜʝʤʦ ʚʚʘʞʘʪʠ, ʱʦ ʟʘ ʜʠʥʘʤʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʧʨʦʛʥʦʟʫʶʯʘ ʤʦʜʝʣʴ (3.5)  

ʚ ʷʢʦʤʫʩʴ ʩʝʥʩʽ ʙʣʠʟʴʢʘ ʜʦ ʨʝʘʣʴʥʦʛʦ ʦʙôʻʢʪʘ (3.1). ʅʝʭʘʡ ʧʨʦʛʥʦʟʫʶʯʘ ʤʦʜʝʣʴ 

(3.5) ʫ ʧʦʪʦʯʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ (j=0) ʽʥʽʮʽʘʣʽʟʫʻʪʴʩʷ ʩʪʘʥʦʤ 
kʭ ʨʝʘʣʴʥʦʛʦ ʦʙ'ʻʢʪʘ 

ʢʝʨʫʚʘʥʥʷ ʪʘ ʚʠʢʦʥʫʻʪʴʩʷ ʨʽʚʥʽʩʪʴ 
i iu u=  ʜʣʷ , 1...,i k k k P" = + +. ʗʢʽʩʪʴ 

ʫʧʨʘʚʣʽʥʥʷ ʦʭʘʨʘʢʪʝʨʠʟʫʻʤʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʽʥʽʡʥʦ-ʢʚʘʜʨʘʪʠʯʥʦʛʦ 

ʬʫʥʢʮʽʦʥʘʣʫ (3.13): 
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            ( ) ( ) 1 1
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J y u y r R y r u Q u+ + + + + + - + + -

=

è øD = - - +D D
é ùê úä  (3.13)                                                                     

ʜʝ k jR + ʪʘ k jQ + ī ʜʦʜʘʪʥʦ ʚʠʟʥʘʯʝʥʽ ʩʠʤʝʪʨʠʯʥʽ ʤʘʪʨʠʮʽ.  

ʈʦʟʛʣʷʥʝʤʦ ʜʦʧʦʤʽʞʥʽ ʚʝʢʪʦʨʠ (3.14): 

 1 2

1 1

 (   ... ) ,

 (   ... ) .

ʊ rP

k k k P

ʊ mP

k k k P

y y y y E

u u u u E

+ + +

+ + -

= Í

= D D D Í
 (3.14)                                                                     

ɺʠʢʦʨʠʩʪʘʥʥʷ ʬʫʥʢʮʽʦʥʘʣʫ (3.13) ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʘʩʪʘʪʠʟʤ ʟʘʤʢʥʫʪʦʾ 

ʩʠʩʪʝʤʠ.  ʈʦʟʛʣʷʥʝʤʦ ʟʘʜʘʯʫ ʦʧʪʠʤʽʟʘʮʽʾ (3.15): 

  ( )( ) ( ), min
mPk k k

u E
J J y u u J u

D Í
= D D = D ­  (3.15)                                                                     

ʧʨʦ ʧʦʰʫʢ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚʝʢʪʦʨʽʚ uD , ʷʢʘ ʤʽʥʽʤʽʟʫʻ ʬʫʥʢʮʽʦʥʘʣ (3.13) ʙʝʟ 

ʚʨʘʭʫʚʘʥʥʷ ʦʙʤʝʞʝʥʴ. ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʧʽʜʭʦʜʫ, ʧʨʠʡʥʷʪʦʛʦ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʩʪʘʪʠʟʤʫ, ʩʬʦʨʤʫʻʤʦ ʜʦʜʘʪʢʦʚʫ (3.16) ʧʨʦʛʥʦʟʫʶʯʫ ʤʦʜʝʣʴ: 

 

1 ,

,  

,  0,1,2...,

i i i

i i

p Ap Bv

z Cp

i k j j

+= +

=

= + =

 (3.16)                                           

ʜʣʷ ʷʢʦʾ 1k k
k

k

x x
p

Cx

-
å õ-
=æ ö
ç ÷

, ʘ ʤʘʪʨʠʮʽ A, B, C ʬʦʨʤʫʶʪʴʩʷ ʷʢ (3.17):  

 ( )
0

, , 0 .
n r

r n r r

r r

ɸ B
A B C E

ʉɸ E CB

³

³ ³

³

å õ å õ
= = =æ ö æ ö

ç ÷ç ÷
 (3.17)                                           

ɺʭʽʜʥʦʶ ʟʤʽʥʥʦʶ ʜʣʷ ʤʦʜʝʣʽ (3.16) ʩʣʫʞʠʪʴ ʚʝʢʪʦʨ 
iv u=D, ʘ ʚʠʭʽʜʥʦʶ .i iz y=  

ɺʨʘʭʦʚʫʶʯʠ (3.16), ʬʫʥʢʮʽʦʥʘʣ (3.13) ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʚ ʝʢʚʽʚʘʣʝʥʪʥʦʤʫ 

ʚʠʛʣʷʜʽ (3.18): 

        
()( ) ( ) ( )

( ) ( )

1 1

1

,

,

P
T

T

k k k j k j k j k j k j k j k j k j

j

T T

J J z v v z r R z r v Q v

z r R z r v Qv

+ + + + + + - + + -

=

è ø= = - - + =
é ùê ú

= - - +

ä
 (3.18)                                                                     

ʜʝ 1 2 1 1 (  z  ... z ) ,  (  v  ... v ) .ʊ rP ʊ mP

k k k P k k k Pz z E v v E+ + + + + -= Í = Í  

ɺʨʘʭʦʚʫʶʯʠ ʟʘʣʝʞʥʽʩʪʴ kz Lp M v= + , ʤʘʪʨʠʮʽ ,  L M  ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʬʦʨʤʫʣʘʤʠ (3.19): 
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 (3.19)                                           

ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʘʥʦ ʬʫʥʢʮʽʦʥʘʣ (3.20): 

 ( ) 2 ,T T

k kJ J v v Hv f v g= = + + (3.20)                                           

ʜʝ ,   f= ,   2 .
k k

T T T T T T T T

k kH M RM Q M RLp M Rr g p L RLp r Rr p L Rr= + - = + -  

ʊʝʧʝʨ ʥʘʢʣʘʜʝʤʦ ʫʤʦʚʫ (3.21) ʚʠʢʦʥʘʥʥʷ ʦʙʤʝʞʝʥʴ: 
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,

i i i

i i i

i i i

u u u

u u u

y y y

- +

- +

- +

ë ¢ ¢
î
D ¢D ¢Dì
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 (3.21)                                           

ʜʝ ,  ,  ,  ,  ,  i i i i i iu u u u y y- + - + - +D D  ī ʟʘʜʘʥʽ ʚʝʢʪʦʨʠ. ɺʨʘʭʦʚʫʶʯʠ (3.21), ʚʚʝʜʝʤʦ 

ʥʘʩʪʫʧʥʽ ʧʦʟʥʘʯʝʥʥʷ (3.22):  

           

1 2 1 2min max

min max1 1 1 1

min max1 1 1

 (   ... ),           (   ... ),

 (   ... ),            (   ... ),

(   ... ),   (   ... 

k k k P k k k P

k k k P k k k P

k k k P k k

y y y y y y y y

u u u u u u u u

u u u u u u u u

- - - + + +

+ + + + + +

- - - + + +

+ + - + + -

- - - + + +

+ + - +

= =

= =

D = D D D D = D D D1).k P+ -

 (3.22)                                           

ɹʫʜʝʤʦ ʚʚʘʞʘʪʠ, ʱʦ ʢʝʨʫʶʯʘ ʜʽʷ 
1ʢu -
 ʚʽʜʦʤʘ. ʊʦʜʽ ʜʣʷ ʢʨʦʢʫ k ʩʧʨʘʚʝʜʣʠʚʦ 

1ʢ ʢ ʢu u u-= +D. ɿʚʽʜʩʠ ʦʪʨʠʤʘʻʤʦ ʨʽʚʥʷʥʥʷ (3.23): 

 
0 1 ,k uu M u M u-= + D (3.23)                                           
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ɺʨʘʭʦʚʫʶʯʠ kz Lp M v= +  ʪʘ (3.22), ʦʙʤʝʞʝʥʥʷ (3.21) ʤʦʞʫʪʴ ʙʫʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʥʽ ʚ ʚʠʜʽ ʩʠʩʪʝʤʠ ʣʽʥʽʡʥʠʭ ʥʝʨʽʚʥʦʩʪʝʡ (3.24):  

 
1.v im p k u kɸv ɸ ɸ p ɸ p-¢ + +  (3.24)                                           

ʊʝʧʝʨ ʟʘʤʽʩʪʴ ʟʘʜʘʯʽ (3.15) ʤʦʞʥʘ ʧʽʜʩʪʘʚʠʪʠ ʟʘʜʘʯʫ ʟ ʦʙʤʝʞʝʥʥʷʤʠ (3.25): 

 ( ) 2 min
mP

T T

k k
v V E

J J v v Hv f v g
Í Ë

= = + + ­  (3.25)                                           

ʥʘ ʜʦʧʫʩʪʠʤʽʡ ʤʥʦʞʠʥʽ { }1:mP

v im p k u kV v E ɸv ɸ ɸ p ɸ p-= Í ¢ + + . ʈʝʟʫʣʴʪʘʪ 

ʚʠʨʽʰʝʥʥʷ ʜʘʥʦʾ ʟʘʜʘʯʽ ʚʠʟʥʘʯʠʪʴ ʦʧʪʠʤʘʣʴʥʦ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʝʢʪʦʨʽʚ  

,  , 1,..., 1.i iv u i k k k P=D = + + - ʇʦ ʬʦʨʤʫʣʽ 
1k k ku u u-= +D ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʢʝʨʫʶʯʘ ʜʽʷ ʥʘ ʧʦʪʦʯʥʦʤʫ ʢʨʦʮʽ ʪʘ, ʟʛʽʜʥʦ ʩʪʨʘʪʝʛʽʾ ʄʇʂ, ʧʨʦʮʝʩ ʚʠʟʥʘʯʝʥʥʷ 

ʦʧʪʠʤʘʣʴʥʦʾ ʪʨʘʻʢʪʦʨʽʾ ʧʦʚʪʦʨʶʻʪʴʩʷ.  ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʷʢʱʦ ʤʘʪʨʠʮʷ H ʚ 

ʬʫʥʢʮʽʦʥʘʣʽ (3.20) ʚʠʟʥʘʯʝʥʘ ʜʦʜʘʪʥʦ, ʪʦ ʤʽʥʽʤʽʟʘʮʽʷ ʬʫʥʢʮʽʦʥʘʣʫ ʧʨʠ 

ʥʘʷʚʥʦʩʪʽ ʦʙʤʝʞʝʥʴ ʟʚʦʜʠʪʴʩʷ ʜʦ ʩʪʘʥʜʘʨʪʥʦʾ ʟʘʜʘʯʽ ʯʠʩʝʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ï 

ʚʠʧʫʢʣʦʛʦ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ.  

3.2 ʈʦʟʨʦʙʢʘ ʢʦʤʙʽʥʦʚʘʥʦʾ ʉɸʈ ʧʘʨʘʤʝʪʨʘʤʠ ʜʫʪʪʷ ʂʂʇ  

ɺ ʫʤʦʚʘʭ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ, ʤʘʢʩʠʤʽʟʘʮʽʾ ʨʝʥʪʘʙʝʣʴʥʦʩʪʽ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʚʠʨʦʙʥʠʮʪʚʘ ʚʠʥʠʢʘʻ ʧʨʦʙʣʝʤʘ ʥʘʣʘʰʪʫʚʘʥʥʷ, 

ʦʧʪʠʤʽʟʘʮʽʾ, ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ. 

ʇʦʨʷʜ ʟ ʪʠʤ, ʱʦ ʟôʷʚʣʷʶʪʴʩʷ ʪʘ ʥʘʙʫʚʘʶʪʴ ʧʦʧʫʣʷʨʥʦʩʪʽ ʧʝʨʝʜʦʚʽ ʤʝʪʦʜʠ 

ʫʧʨʘʚʣʽʥʥʷ, ʷʢ-ʪʦ ʄʇʂ, ʥʝʯʽʪʢʘ ʣʦʛʽʢʘ (ʅʃ), ʥʘʡʧʦʧʫʣʷʨʥʽʰʠʤ ʥʘ ʩʴʦʛʦʜʥʽ, ʟ 

ʜʦʣʝʶ ʜʦ 90 % [35] ʻ ʨʝʛʫʣʷʪʦʨʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʇɯɼ ʟʘʢʦʥ ʨʝʛʫʣʶʚʘʥʥʷ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʜʦʚʛʫ ʽʩʪʦʨʽʶ ʨʦʟʚʠʪʢʫ ʪʘ ʥʘʷʚʥʽʩʪʴ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʧʘʪʝʥʪʽʚ, 

ʨʦʟʨʦʙʦʢ, ʧʫʙʣʽʢʘʮʽʡ [54], ʟʘʣʠʰʘʻʪʴʩʷ ʙʘʛʘʪʦ ʧʨʦʙʣʝʤ ʧʦʚôʷʟʘʥʠʭ ʽʟ 

ʧʨʘʢʪʠʯʥʦʶ ʨʝʘʣʽʟʘʮʽʻʶ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʘ. ʆʩʥʦʚʥʽ ʧʨʦʙʣʝʤʠ ï ʫʥʽʬʽʢʘʮʽʷ 

ʩʪʨʫʢʪʫʨʠ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʘ, ʨʝʘʣʽʟʘʮʽʷ ʜʠʬʝʨʝʥʮʽʡʥʦʾ ʩʢʣʘʜʦʚʦʾ [55], 
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ʽʥʪʝʛʨʘʣʴʥʝ ʥʘʩʠʯʝʥʥʷ [56], ʙʝʟʫʜʘʨʥʘ ʧʝʨʝʜʘʯʘ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʨʝʞʠʤʽʚ 

ʨʝʛʫʣʶʚʘʥʥʷ [57].  

ʇɯɼ-ʨʝʛʫʣʷʪʦʨʠ ʷʢ ʥʘʡʧʦʰʠʨʝʥʽʰʠʡ ʚʠʜ ʘʚʪʦʤʘʪʠʯʥʠʭ ʨʝʛʫʣʷʪʦʨʽʚ 

ʤʘʶʪʴ ʚʝʣʠʯʝʟʥʫ ʢʽʣʴʢʽʩʪʴ ʚʘʨʽʘʮʽʡ [58] ʪʘ ʜʦʩʣʽʜʞʝʥʴ ʚʣʘʩʪʠʚʦʩʪʝʡ [57, 59]. 

ʗʢ ʧʨʘʚʠʣʦ, ʚʦʥʠ ʩʪʦʩʫʶʪʴʩʷ ʦʢʨʝʤʠʭ ʧʠʪʘʥʴ ʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʚ ʘʢʘʜʝʤʽʯʥʦʤʫ 

ʽʜʝʘʣʽʟʦʚʘʥʦʤʫ ʦʪʦʯʝʥʥʽ. ʎʝ ʩʧʨʘʚʝʜʣʠʚʦ ʟʘ ʚʠʢʦʥʘʥʥʷ ʨʷʜʫ ʫʤʦʚ, ʷʢ-ʦʪ 

ʣʽʥʽʡʥʽʩʪʴ ʦʙôʻʢʪʘ ʢʝʨʫʚʘʥʥʷ, ʥʝʟʥʘʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʟʤʽʥʥʦʾ ʚʽʜ 

ʨʦʙʦʯʦʾ ʪʦʯʢʠ, ʽʜʝʘʣʴʥʠʡ ʚʠʢʦʥʘʚʯʠʡ ʤʝʭʘʥʽʟʤ ʪʦʱʦ. ɯʩʥʫʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ 

ʨʽʟʥʦʚʠʜʽʚ ʩʪʨʫʢʪʫʨ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʘ [60]. ʊʘʢʝ ʨʽʟʥʦʤʘʥʽʪʪʷ ʧʦʚôʷʟʘʥʦ ʽʟ 

ʩʢʣʘʜʥʽʩʪʶ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʪʘ ʙʘʞʘʥʥʷ ʨʦʟʨʦʙʥʠʢʽʚ ʧʨʠʭʦʚʘʪʠ ʩʪʨʫʢʪʫʨʫ 

ʽ ʧʨʠʥʮʠʧʠ ʨʦʙʦʪʠ ʨʝʛʫʣʷʪʦʨʽʚ [61]. ʅʘʚʽʪʴ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʬʦʨʤ ʟʘʧʠʩʫ 

ʇɯɼ-ʟʘʢʦʥʫ ʨʝʛʫʣʶʚʘʥʥʷ ʽʩʥʫʻ ʘʞ ʪʨʠ [62]. 

ʇʦʩʣʽʜʦʚʥʠʡ [35] ʘʙʦ ʢʣʘʩʠʯʥʠʡ ʘʣʛʦʨʠʪʤ (3.26) ï ʥʘʡʩʪʘʨʽʰʘ 

ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʥʘ ʨʝʘʣʽʟʘʮʽʷ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟ ʯʘʩʽʚ ʧʝʨʰʠʭ 

ʧʥʝʚʤʘʪʠʯʥʠʭ ʪʘ ʝʣʝʢʪʨʠʯʥʠʭ ʘʧʘʨʘʪʥʠʭ ʨʝʛʫʣʷʪʦʨʽʚ ʷʢ ʥʘʩʣʽʜʦʢ ʪʝʭʥʽʯʥʠʭ 

ʤʦʞʣʠʚʦʩʪʝʡ ʘʧʘʨʘʪʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʩʢʣʘʜʦʚʠʭ ʟʘʢʦʥʫ ʨʝʛʫʣʶʚʘʥʥʷ. 
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 (3.26)                                           

ʜʝ Wc(s) ï ʧʝʨʝʜʘʪʦʯʥʘ ʬʫʥʢʮʽʷ ʟʘʢʦʥʫ ʨʝʛʫʣʶʚʘʥʥʷ ʫ ʧʨʦʩʪʦʨʽ ʃʘʧʣʘʩʘ, s ï 

ʢʦʤʧʣʝʢʩʥʘ ʟʤʽʥʥʘ ʧʝʨʝʪʚʦʨʝʥʥʷ ʃʘʧʣʘʩʘ, Kp ï ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ, Ti ï 

ʩʪʘʣʘ ʯʘʩʫ ʽʥʪʝʛʨʫʚʘʥʥʷ, Td ï ʩʪʘʣʘ ʯʘʩʫ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ. 

ʇʘʨʘʣʝʣʴʥʘ ʬʦʨʤʘ ʟʘʧʠʩʫ (3.27) ʇɯɼ-ʟʘʢʦʥʫ ʨʝʛʫʣʶʚʘʥʥʷ, ʥʝʟʚʘʞʘʶʯʠ 

ʥʘ ʚʠʜʠʤʫ ʦʯʝʚʠʜʥʽʩʪʴ ʩʪʨʫʢʪʫʨʠ, ʥʝ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʝʷʢʠʤʠ 

ʜʦʩʣʽʜʥʠʢʘʤʠ [63] ʯʝʨʝʟ ʥʘʷʚʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ ʧʽʜʩʠʣʝʥʥʷ ʨʝʛʫʣʷʪʦʨʘ, ʷʢʠʡ 

ʨʦʟʙʠʪʦ ʥʘ 3 ʩʢʣʘʜʦʚʽ ʯʘʩʪʠʥʠ: 

 
1
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= + +  (3.27)                                           

ʄʽʞʥʘʨʦʜʥʘ ʦʨʛʘʥʽʟʘʮʽʷ International Society of Automation (ISA), ɦʦ ʻ 

ʤʽʞʥʘʨʦʜʥʠʤ ʣʽʜʝʨʦʤ ʚ ʨʦʟʨʦʙʮʽ ʩʪʘʥʜʘʨʪʽʚ ʚ ʛʘʣʫʟʽ ʘʚʪʦʤʘʪʠʟʘʮʽʾ, ʨʝʢʦʤʝʥʜʫʻ 
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[55] ʷʢ ʩʪʘʥʜʘʨʪ ʩʪʨʫʢʪʫʨʠ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʬʦʨʤʫ (3.28), ʫ 

ʷʢʽʡ ʯʽʪʢʦ ʚʠʨʘʞʝʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ: 
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 (3.28)                                           

ʈʽʟʥʽ ʬʦʨʤʠ ʟʘʢʦʥʠ ʨʝʛʫʣʶʚʘʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʠʚʝʜʝʥʽ ʦʜʥʘ ʜʦ ʽʥʰʦʾ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʘʪʝʤʘʪʠʯʥʠʭ ʬʦʨʤʫʣ ʪʘ ʨʷʜʫ ʧʨʠʧʫʱʝʥʴ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ 

ʧʝʨʝʨʘʭʦʚʫʚʘʪʠ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ. ʋ ʯʘʩʪʢʦʚʠʭ ʚʠʧʘʜʢʘʭ ʧʨʦʧʦʨʮʽʡʥʘ, 

ʽʥʪʝʛʨʘʣʴʥʘ ʪʘ ʜʠʬʝʨʝʥʮʽʡʥʘ ʩʢʣʘʜʦʚʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʽʜʩʫʪʥʽ, ʫʪʚʦʨʶʶʯʠ 

ʦʢʨʝʤʽ ʚʠʧʘʜʢʠ ʇɯɼ-ʟʘʢʦʥʫ ʨʝʛʫʣʶʚʘʥʥʷ: ʧʨʦʧʦʨʮʽʡʥʠʡ (ʇ)-, ʧʨʦʧʦʨʮʽʡʥʦ-

ʽʥʪʝʛʨʘʣʴʥʠʡ (ʇɯ)-, ʧʨʦʧʦʨʮʽʡʥʦ-ʜʠʬʝʨʝʥʮʽʡʥʠʡ (ʇɼ)-, ʽʥʪʝʛʨʘʣʴʥʠʡ (ɯ)-

ʨʝʛʫʣʷʪʦʨ. 

ɼʫʞʝ ʯʘʩʪʦ, ʟʛʘʜʫʶʯʠ ʧʨʦ ʧʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʝʛʫʣʷʪʦʨʽʚ, 

ʦʙʤʝʞʫʶʪʴʩʷ ʢʦʥʩʪʘʪʘʮʽʻʶ ʬʘʢʪʽʚ [64ī66] ʥʘʷʚʥʦʩʪʽ ʢʽʣʴʢʦʭ ʚʘʨʽʘʥʪʽʚ ʘʙʦ 

ʩʧʦʩʦʙʽʚ ʨʝʘʣʽʟʘʮʽʾ ʧʨʘʢʪʠʯʥʠʭ ʬʫʥʢʮʽʡ. ɸʢʮʝʥʪʫʻʪʴʩʷ ʫʚʘʛʘ ʥʘ ʢʦʥʢʨʝʪʥʝ 

ʨʽʰʝʥʥʷ, ʙʝʟ ʧʦʨʽʚʥʷʥʥʷ ʟ ʽʩʥʫʶʯʠʤʠ ʤʝʪʦʜʘʤʠ. ʇʽʜ ʯʘʩ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ 

ʇɯɼ-ʨʝʛʫʣʷʪʦʨʽʚ ʥʝ ʟʘʚʞʜʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʬʽʣʴʪʨʠ ʘʙʦ ʚʦʥʠ ʥʘʣʘʰʪʦʚʘʥʽ 

ʥʝʧʨʘʚʠʣʴʥʦ. ɼʠʬʝʨʝʥʮʽʡʥʘ ʩʢʣʘʜʦʚʘ ʨʝʛʫʣʷʪʦʨʘ ʧʽʜʩʠʣʶʻ ʚʠʩʦʢʦʯʘʩʪʦʪʥʽ 

ʧʝʨʝʰʢʦʜʠ, ʢʦʨʦʪʢʦʪʨʠʚʘʣʽ ʟʙʫʨʝʥʥʷ ʽ ʰʫʤ. ɼʘʥʽ ʧʨʦʙʣʝʤʠ ʧʽʜʩʠʣʶʻʪʴʩʷ ʪʠʤ, 

ʱʦ ʜʠʥʘʤʽʢʘ ʧʨʦʮʝʩʽʚ ʥʝʚʽʜʦʤʘ ʘʧʨʽʦʨʽ, ʽʩʥʫʻ ʚʟʘʻʤʥʠʡ ʚʧʣʠʚ ʨʽʟʥʠʭ ʩʠʩʪʝʤ 

ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ. ʌʽʣʴʪʨʘʮʽʷ ʰʫʤʽʚ ʪʘ ʚʧʣʠʚʫ ʜʠʬʝʨʝʥʮʽʡʥʦʾ 

ʩʢʣʘʜʦʚʦʾ ʨʝʛʫʣʷʪʦʨʘ ʻ ʧʨʝʜʤʝʪʦʤ ʽʥʪʝʨʝʩʫ ʙʘʛʘʪʴʦʭ ʜʦʩʣʽʜʥʠʢʽʚ [67, 68], ʱʦ 

ʧʨʦʧʦʥʫʶʪʴ ʚʣʘʩʥʽ ʧʽʜʭʦʜʠ ʪʘ ʢʨʠʪʝʨʽʾ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ, ʘʣʝ 

ʦʜʥʦʟʥʘʯʥʦʾ ʨʝʢʦʤʝʥʜʘʮʽʾ ʜʦʩʽ ʥʝʤʘʻ. ʌʽʣʴʪʨʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ 

ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ, ʘʣʝ, ʯʝʨʝʟ ʧʝʨʝʨʘʭʦʚʘʥʽ ʚʠʱʝ 

ʬʘʢʪʦʨʠ, ʥʝ ʟʘʚʞʜʠ ʻ ʤʦʞʣʠʚʠʤ ʪʘ ʚʥʦʩʠʪʴ ʫ ʩʠʩʪʝʤʫ ʜʦʜʘʪʢʦʚʫ ʽʥʝʨʮʽʡʥʽʩʪʴ.  

ʇʽʜ ʯʘʩ ʧʨʦʮʝʩʫ ʨʝʛʫʣʶʚʘʥʥʷ ʧʨʘʢʪʠʯʥʦ ʟʘʚʞʜʠ ʧʦʪʨʽʙʥʦ ʚʨʘʭʫʚʘʪʠ 

ʥʝʣʽʥʽʡʥʦʩʪʽ ʪʠʧʫ çʦʙʤʝʞʝʥʥʷè. ʎʷ ʥʝʣʽʥʽʡʥʽʩʪʴ ʧʦʚ'ʷʟʘʥʘ ʟ ʧʨʠʨʦʜʥʠʤʠ 

ʦʙʤʝʞʝʥʥʷʤʠ ʥʘ ʧʦʪʫʞʥʽʩʪʴ, ʰʚʠʜʢʽʩʪʴ, ʯʘʩʪʦʪʫ ʦʙʝʨʪʘʥʥʷ, ʚʽʜʢʨʠʪʪʷ ʢʣʘʧʘʥ 

ʪʘ ʽʥ. ʅʘʡʙʽʣʴʰ ʪʠʧʦʚʠʤ ʧʨʦʷʚʦʤ ʨʝʞʠʤʫ ʦʙʤʝʞʝʥʥʷ ʻ ʪʘʢ ʟʚʘʥʝ çʽʥʪʝʛʨʘʣʴʥʝ 
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ʥʘʩʠʯʝʥʥʷè. ʄʝʪʦʜʠ ʫʩʫʥʝʥʥʷ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʥʘʩʠʯʝʥʥʷ ʻ ʧʨʝʜʤʝʪʦʤ ʜʠʩʢʫʩʽʡ, 

ʧʫʙʣʽʢʘʮʽʡ, ʚʠʥʘʭʦʜʽʚ ʪʘ ʢʦʤʝʨʮʽʡʥʦʾ ʪʘʻʤʥʠʮʽ ʙʘʛʘʪʴʦʭ ʬʽʨʤ ʨʦʟʨʦʙʥʠʢʽʚ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʥʪʨʦʣʝʨʽʚ [57]. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʥʝ ʽʩʥʫʻ 

ʻʜʠʥʦʾ ʤʝʪʦʜʠʢʠ, ʷʢʘ ʙ ʜʦʟʚʦʣʷʣʘ ʧʦʚʥʽʩʪʶ ʫʩʫʥʫʪʠ ʧʨʦʙʣʝʤʫ ʽʥʪʝʛʨʘʣʴʥʦʛʦ 

ʥʘʩʠʯʝʥʥʷ [35, 57]. ʋ ʨʦʙʦʪʽ [69] ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʩʧʦʩʦʙʠ ʚʨʘʭʫʚʘʥʥʷ ʦʙʤʝʞʝʥʴ 

ʪʠʧʫ çʥʘʩʠʯʝʥʥʷè ʚ ʩʠʩʪʝʤʘʭ ʢʝʨʫʚʘʥʥʷ, ʘʣʝ ʥʝ ʜʘʥʦ ʦʩʪʘʪʦʯʥʦʾ ʨʝʢʦʤʝʥʜʘʮʽʾ 

ʧʦ ʚʠʢʦʨʠʩʪʘʥʥʶ. ɯʥʢʦʣʠ, ʟʘʣʝʞʥʦ ʚʽʜ ʚʠʤʦʛ ʜʦ ʧʦʚʝʜʽʥʢʠ ʦʙôʻʢʪʘ, ʧʦʜʽʙʥʠʡ 

ʧʽʜʭʽʜ ʤʦʞʝ ʥʘʚʽʪʴ ʨʦʟʚʠʥʫʪʠʩʷ ʫ ʩʢʣʘʜʥʽ ʩʪʨʫʢʪʫʨʠ [70] ʟ ʚʣʘʩʥʠʤʠ 

ʨʝʛʫʣʷʪʦʨʘʤʠ ʦʙʤʝʞʝʥʴ. ʎʝ ʚʞʝ ʫʥʽʢʘʣʴʥʽ ʚʠʧʘʜʢʠ, ʤʘʣʦʧʨʠʜʘʪʥʽ ʜʦ ʤʘʩʦʚʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ʇʽʜ ʯʘʩ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ 

ʚʠʥʠʢʘʶʪʴ ʩʠʪʫʘʮʽʾ ʟʤʽʥʠ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʦʙʣʘʜʥʘʥʥʷ, ʩʪʨʫʢʪʫʨʠ ʩʠʩʪʝʤʠ ʽ 

ʧʦʪʨʝʙ ʚʠʨʦʙʥʠʮʪʚʘ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʪʨʝʙʠ ʚʽʜʩʣʽʜʢʦʚʫʚʘʥʥʷ ʨʝʞʠʤʽʚ 

ʨʦʙʦʪʠ ʪʘ ʙʝʟʫʜʘʨʥʦʛʦ ʧʝʨʝʤʠʢʘʥʥʷ [35, 57]. ʈʽʟʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʘʚʪʦʨʽʚ 

ʫʩʢʣʘʜʥʶʶʪʴ ʧʨʦʮʝʩ ʚʠʙʦʨʫ ʧʦʪʨʽʙʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ʜʣʷ ʧʨʘʢʪʠʯʥʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ɼʣʷ ʮʠʬʨʦʚʦʾ ʨʝʘʣʽʟʘʮʽʾ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʘ, ʷʢʘ ʚ ʝʨʫ ʢʦʤʧôʶʪʝʨʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʻ ʧʘʥʫʶʯʦʶ, ʤʘʻ ʟʥʘʯʝʥʥʷ ʪʘʢʦʞ ʢʦʨʝʢʪʥʠʡ ʚʠʙʽʨ ʧʝʨʽʦʜʫ 

ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʨʦʟʨʘʭʫʥʢʫ ʘʣʛʦʨʠʪʤʫ. ʋ ʨʦʙʦʪʽ [71] ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ 

ʜʦʩʣʽʜʞʝʥʴ ʚʧʣʠʚʫ ʮʴʦʛʦ ʬʘʢʪʦʨʫ ʥʘ ʧʦʚʝʜʽʥʢʫ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʪʘ 

ʚʽʜʤʽʥʥʦʩʪʽ ʚ ʟʥʘʯʝʥʥʷʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʣʘʰʪʫʚʘʥʴ. ʈʘʟʦʤ ʟ ʪʠʤ, ʯʝʨʝʟ ʚʠʩʦʢʫ 

ʰʚʠʜʢʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʩʫʯʘʩʥʠʭ ʧʨʦʛʨʘʤ, ʮʝʡ ʬʘʢʪʦʨ ʤʘʻ ʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ ʥʘ 

ʚʠʙʽʨ ʯʠʩʣʦʚʠʭ ʤʝʪʦʜʽʚ ʨʝʘʣʽʟʘʮʽʾ ʽʥʪʝʛʨʫʚʘʥʥʷ ʪʘ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ, ʥʽʞ ʥʘ 

ʜʠʥʘʤʽʢʫ ʦʙôʻʢʪʘ ʢʝʨʫʚʘʥʥʷ.  

ʂʦʨʝʢʪʥʝ ʥʘʣʘʰʪʫʚʘʥʥʷ ʘʚʪʦʤʘʪʠʯʥʠʭ ʨʝʛʫʣʷʪʦʨʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʚʠʤʦʛ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʻ ʦʜʥʽʻʶ ʟ ʢʣʶʯʦʚʠʭ ʧʨʦʮʝʜʫʨ ʧʫʩʢʦ-

ʥʘʣʘʛʦʜʞʫʚʘʣʴʥʠʭ ʨʦʙʽʪ [72]. ɰʾ ʨʝʟʫʣʴʪʘʪ ʧʨʷʤʦ ʚʧʣʠʚʘʻ ʥʘ ʷʢʽʩʪʴ ʧʨʦʜʫʢʮʽʾ, 

ʱʦ ʚʠʧʫʩʢʘʻʪʴʩʷ, ʯʠ ʥʘ ʧʨʦʪʽʢʘʥʥʷ ʧʨʦʮʝʩʽʚ. ʆʩʥʦʚʥʠʡ ʧʘʨʢ ʘʚʪʦʤʘʪʠʯʥʠʭ 

ʨʝʛʫʣʷʪʦʨʽʚ ï ʙʣʠʟʴʢʦ 90% [35] ï ʨʝʘʣʽʟʫʶʪʴ ʧʨʦʧʦʨʮʽʡʥʦ-̔ ʥʪʝʛʨʘʣʴʥʦ-

ʜʠʬʝʨʝʥʮʽʡʥʠʡ (ʇɯɼ) ʟʘʢʦʥ ʨʝʛʫʣʶʚʘʥʥʷ. ʇʨʠ ʮʴʦʤʫ 30% ʟ ʥʠʭ ʥʘʣʘʰʪʦʚʘʥʽ 
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ʥʝʧʨʘʚʠʣʴʥʦ [73]. ʊʘʢ, ʙʘʛʘʪʴʦʭ ʇɯɼ-ʢʦʥʪʨʦʣʝʨʘʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʘ ʩʢʣʘʜʦʚʘ 

ʚʽʜʢʣʶʯʝʥʘ ʪʽʣʴʢʠ ʪʦʤʫ, ʱʦ ʾʾ ʚʘʞʢʦ ʧʨʘʚʠʣʴʥʦ ʥʘʣʘʰʪʫʚʘʪʠ. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ 

ʥʝʜʦʩʪʘʪʥʴʦ ʛʣʠʙʦʢʠʤʠ ʟʥʘʥʥʷʤʠ ʜʠʥʘʤʽʢʠ ʧʨʦʮʝʩʫ ʨʝʛʫʣʶʚʘʥʥʷ ʪʘ ʪʝʦʨʽʾ 

ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʧʝʨʩʦʥʘʣʫ, ʱʦ ʟʜʽʡʩʥʶʻ ʧʫʩʢʦʥʘʣʘʛʦʜʞʫʚʘʣʴʥʽ 

ʨʦʙʦʪʠ. ʈʝʟʫʣʴʪʘʪ ï ʥʝʢʦʨʝʢʪʥʽ ʧʘʨʘʤʝʪʨʠ ʥʘʣʘʰʪʫʚʘʥʥʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʥʠʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʪʘ ʢʦʝʬʽʮʽʻʥʪʫ 

ʢʦʨʠʩʥʦʩʪʽ ʜʽʾ (ʂʂɼ) ʫʩʪʘʥʦʚʢʠ ʚ ʮʽʣʦʤʫ. ʊʦʤʫ ʚʝʣʠʢʽ ʟʫʩʠʣʣʷ ʜʦʩʣʽʜʥʠʢʽʚ ʚ 

ʜʘʥʠʡ ʯʘʩ ʢʦʥʮʝʥʪʨʫʶʪʴʩʷ ʥʘ ʧʦʰʫʢʫ ʩʧʦʩʦʙʽʚ ʤʽʥʽʤʽʟʘʮʽʾ ʚʧʣʠʚʫ ʣʶʜʩʴʢʦʛʦ 

ʬʘʢʪʦʨʫ ʚ ʧʨʦʮʝʩʽ ʥʘʣʘʰʪʫʚʘʥʥʷ ʨʝʛʫʣʷʪʦʨʽʚ ï ʘʣʛʦʨʠʪʤʽʚ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʝʛʫʣʷʪʦʨʘ [72]. 

ʇʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ʩʧʦʩʦʙʽʚ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʥʘʣʘʰʪʫʚʘʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʨʠ ʧʨʠʥʮʠʧʦʚʦ ʚʘʞʣʠʚʠʭ ʝʪʘʧʠ: ʽʜʝʥʪʠʬʽʢʘʮʽʷ, ʨʦʟʨʘʭʫʥʦʢ 

ʧʘʨʘʤʝʪʨʽʚ ʨʝʛʫʣʷʪʦʨʘ, ʚʚʝʜʝʥʥʷ ʟʥʘʯʝʥʴ ʦʪʨʠʤʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʫ ʨʝʛʫʣʷʪʦʨ 

[73]. ʋ ʨʦʙʦʪʘʭ [57] ʥʘʚʝʜʝʥʦ ʤʝʪʦʜʠ ʘʚʪʦʥʘʣʘʰʪʫʚʘʥʥʷ, ʚ ʦʩʥʦʚʽ ʘʣʛʦʨʠʪʤʫ 

ʷʢʠʭ ʣʝʞʠʪʴ ʘʥʘʣʽʪʠʯʥʘ ʤʦʜʝʣʴ ʦʪʨʠʤʘʥʘ ʟ ʧʝʨʝʭʽʜʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙôʻʢʪʘ 

ʫʧʨʘʚʣʽʥʥʷ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʘʥʘʣʽʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʧʦʪʨʝʙʫʻ ʧʨʠʡʥʷʪʪʷ ʨʷʜʫ 

ʧʨʠʧʫʱʝʥʴ, ʥʘʧʨʠʢʣʘʜ, ʦʙôʻʢʪ ʦʧʠʩʫʻʪʴʩʷ ʤʦʜʝʣʣʶ ʧʝʨʰʦʛʦ ʘʙʦ ʜʨʫʛʦʛʦ 

ʧʦʨʷʜʢʫ, ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ ʥʝʣʽʥʽʡʥʽʩʪʴ ʦʙ'ʻʢʪʘ, ʟʦʢʨʝʤʘ, ʟʘʚʞʜʠ ʧʨʠʩʫʪʥʷ 

ʥʝʣʽʥʽʡʥʽʩʪʴ ʪʠʧʫ "ʦʙʤʝʞʝʥʥʷ", ʟʘʪʨʠʤʢʘ ʚ ʩʠʩʪʝʤʽ ʻ ʪʨʘʥʩʧʦʨʪʥʦʶ, 

ʚʽʜʩʫʪʥʽʩʪʴ ʧʦʭʠʙʦʢ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ. ɺʥʘʩʣʽʜʦʢ ʧʨʠʡʥʷʪʠʭ ʧʨʠʧʫʱʝʥʴ 

ʟôʷʚʣʷʻʪʴʩʷ ʧʦʭʠʙʢʘ ʽʜʝʥʪʠʬʽʢʘʮʽʾ, ʘ ʪʦʤʫ ʥʘʣʘʰʪʫʚʘʥʥʷ ʨʝʛʫʣʷʪʦʨʘ ʥʝ ʤʦʞʥʘ 

ʚʚʘʞʘʪʠ ʦʧʪʠʤʘʣʴʥʠʤʠ. ɸʚʪʦʥʘʣʘʰʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʨʝʛʫʣʷʪʦʨʘ, ʷʢʝ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʦʪʨʠʤʘʥʽ ʘʥʘʣʽʪʠʯʥʦʾ ʤʦʜʝʣʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʥʷʪʪʷ ʧʝʨʝʭʽʜʥʦʾ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʨʝʘʣʽʟʦʚʘʥʦ ʫ ʇɯɼ-ʢʦʥʪʨʦʣʝʨʘʭ ʬʽʨʤʠ Honeywell UDC6000 

[58]. ɯʥʰʠʤ ʩʧʦʩʦʙʦʤ ʚʠʢʦʥʘʥʥʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ̒  ʦʪʨʠʤʘʥʥʷ ʯʘʩʪʦʪʥʦʾ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙôʻʢʪʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʝʣʝʡʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ. ɼʘʥʠʡ 

ʤʝʪʦʜ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʻ ʥʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤ ʜʣʷ ʘʚʪʦʥʘʣʘʰʪʫʚʘʥʥʷ ʇɯɼ-

ʨʝʛʫʣʷʪʦʨʘ [35], ʚ ʡʦʛʦ ʦʩʥʦʚʽ ʣʝʞʠʪʴ ʨʝʞʠʤ ʘʚʪʦʢʦʣʠʚʘʥʴ ʫ ʩʠʩʪʝʤʽ.    

ʇʝʨʝʚʘʛʠ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ̔ ʜʝʥʪʠʬʽʢʘʮʽʾ ï ʦʪʨʠʤʘʥʥʷ ʯʘʩʪʦʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʦʙôʻʢʪʘ ʙʫʜʴ-̫ ʢʦʛʦ ʧʦʨʷʜʢʫ ʪʘ ʧʨʦʩʪʦʪʘ ʨʝʘʣʽʟʘʮʽʾ.  ɯʩʥʫʶʪʴ ʩʪʚʝʨʜʞʝʥʥʷ, ʱʦ 
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ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʝʞʠʤʫ ʘʚʪʦʢʦʣʠʚʘʥʴ ʻ ʥʝʙʝʟʧʝʯʥʠʤʠ ʜʣʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʽ ʾʭ ʧʦʪʨʽʙʥʦ ʫʥʠʢʘʪʠ. ʇʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʧʦʪʨʽʙʥʦ 

ʦʙʤʝʞʠʪʠ ʘʤʧʣʽʪʫʜʫ ʘʚʪʦʢʦʣʠʚʘʥʴ, ʪʦʜʽ ʜʘʥʠʡ ʨʝʞʠʤ ʻ ʥʘʩʪʽʣʴʢʠ ʞ ʙʝʟʧʝʯʥʠʤ, 

ʷʢ ʽ ʙʫʜʴ-̫ ʢʠʡ ʽʥʰʠʡ ʪʝʩʪʦʚʠʡ ʩʠʛʥʘʣ. ʊʘʢʦʞ ʽʩʥʫʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ 

ʢʦʤʝʨʮʽʡʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ ʥʘʩʪʨʦʡʢʠ ʨʝʛʫʣʷʪʦʨʽʚ [54]. ʊʠʧʦʚʘ ʩʠʩʪʝʤʘ 

ʜʣʷ ʥʘʩʪʨʦʡʢʠ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʦʤʧôʶʪʝʨʘ ʟʽ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʤ, 

ʷʢ ʧʨʘʚʠʣʦ ʢʦʰʪʦʚʥʠʤ, ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʧʽʜ ʢʝʨʫʚʘʥʥʷʤ 

ʦʧʝʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ Windows, ʢʦʤʧʣʝʢʪʫ ʤʦʜʫʣʽʚ ʚʚʦʜʫ-ʚʠʚʦʜʫ ʽ ʩʧʦʣʫʯʥʠʭ 

ʢʘʙʝʣʽʚ. ʆʙôʻʢʪ ʚʢʣʶʯʘʻʪʴʩʷ ʚ ʢʦʥʪʫʨ ʨʝʛʫʣʶʚʘʥʥʷ, ʩʠʩʪʝʤʘ ʥʘʣʘʰʪʦʚʫʻʪʴʩʷ 

ʙʘʞʘʥʠʤ ʩʧʦʩʦʙʦʤ, ʧʦʪʽʤ ʦʪʨʠʤʘʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʨʝʛʫʣʷʪʦʨʘ ʟʘʧʠʩʫʶʪʴʩʷ ʚ 

ʇɯɼ-ʢʦʥʪʨʦʣʝʨ. ɿʘʚʜʷʢʠ ʟʨʫʯʥʦʤʫ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ ʽʥʪʝʨʬʝʡʩʫ, ʟʥʘʯʥʽʡ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʢʦʤʧôʶʪʝʨʘ ʽ ʚʽʜʩʫʪʥʦʩʪʽ ʦʙʤʝʞʝʥʴ ʥʘ ʘʣʛʦʨʠʪʤʠ ʽʜʝʥʪʠʬʽʢʘʮʽʾ 

ʩʠʩʪʝʤʠ, ʚʜʘʻʪʴʩʷ ʦʪʨʠʤʘʪʠ ʧʘʨʘʤʝʪʨʠ ʨʝʛʫʣʷʪʦʨʘ, ʙʣʠʟʴʢʽ ʜʦ ʦʧʪʠʤʘʣʴʥʠʭ. 

ʈʽʟʥʽ ʜʦʩʣʽʜʥʠʢʠ ʚʝʜʫʪʴ ʧʦʰʫʢ ʪʘʢʦʞ ʫ ʥʘʧʨʷʤʢʫ ʤʦʜʝʨʥʽʟʘʮʽʾ ʇɯɼ-

ʨʝʛʫʣʷʪʦʨʽʚ, ʥʘʜʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ʅʘʧʨʠʢʣʘʜ [74], ʚʚʝʜʝʥʥʷ 

ʢʦʨʝʢʮʽʾ ʩʠʛʥʘʣʫ ʢʝʨʫʚʘʥʥʷ ʥʘ ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ 

ʜʦʟʚʦʣʷʻ ʧʦʢʨʘʱʠʪʠ ʷʢʽʩʪʴ ʢʝʨʫʚʘʥʥʷ, ʘʣʝ ʟʘʨʘʟʦʤ ʽ ʫʩʢʣʘʜʥʶʻ ʩʪʨʫʢʪʫʨʫ 

ʨʝʛʫʣʷʪʦʨʘ. ʉʧʝʮʽʘʣʽʩʪʠ-ʧʨʘʢʪʠʢʠ ʙʝʟ ʝʥʪʫʟʽʘʟʤʫ ʩʧʨʠʡʤʘʶʪʴ ʥʦʚʽ ʧʽʜʭʦʜʠ ʜʦ 

ʢʝʨʫʚʘʥʥʷ, ʪʘʢ ʷʢ ʚʦʥʠ ʚʠʤʘʛʘʶʪʴ ʥʘʙʫʪʪʷ ʥʦʚʠʭ ʢʦʤʧʝʪʝʥʮʽʡ ʪʘ ʯʘʩʪʦ ʙʫʚʘʶʪʴ 

ʥʝʧʨʦʟʦʨʽ ʜʣʷ ʽʥʪʫʾʪʠʚʥʦʛʦ ʩʧʨʠʡʥʷʪʪʷ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʧʨʠʡʥʷʪʪʷ ʦʧʝʨʘʪʠʚʥʠʭ 

ʨʽʰʝʥʴ ʧʽʜ ʯʘʩ ʧʫʩʢʦʥʘʣʘʛʦʜʞʫʚʘʣʴʥʠʭ ʨʦʙʽʪ. ɺʽʜʥʦʩʥʦ ʥʦʚʠʡ ʧʽʜʭʽʜ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʥʫʪʨʽʰʥʴʦʾ ʤʦʜʝʣʽ ʦʙôʻʢʪʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʫ ʩʪʨʫʢʪʫʨʽ 

ʨʝʛʫʣʷʪʦʨʘ [75], ʷʢʠʡ ʥʘʙʫʚʘʻ ʧʦʰʠʨʝʥʥʷ ʯʝʨʝʟ ʜʦʩʪʫʧʥʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ ʤʦʜʝʣʽ 

ʟʘʜʘʥʦʾ ʩʢʣʘʜʥʦʩʪʽ ʥʘ ʩʫʯʘʩʥʠʭ ʇʃʂ, ʪʘʢʦʞ ʥʝ ʤʦʞʝ ʩʪʘʪʠ ʟʘʤʽʥʦʶ ʇɯɼ-

ʨʝʛʫʣʷʪʦʨʽʚ. ɿʘ ʥʘʷʚʥʦʩʪʽ ʟʥʘʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʧʽʟʥʶʚʘʥʥʷ 

ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʟʙʫʨʝʥʴ ʤʦʞʝ ʙʫʪʠ ʥʝʝʬʝʢʪʠʚʥʠʤ ʪʘ ʧʦʪʨʝʙʫʻ ʱʝ ʙʽʣʴʰʦʛʦ 

ʫʩʢʣʘʜʥʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʨʝʛʫʣʷʪʦʨʘ [76]. ʊʦʙʪʦ ʚʽʥ ʚʠʤʘʛʘʻ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ 

ʧʽʜʭʦʜʫ ʜʦ ʢʦʞʥʦʛʦ ʦʙôʻʢʪʘ ʯʝʨʝʟ ʥʝʦʙʭʽʜʥʽʩʪʴ ʪʦʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʤʦʜʝʣʽ, ʫ 

ʪʦʡ ʯʘʩ ʷʢ ʇɯɼ ʫʟʘʛʘʣʴʥʶʻ ʜʠʥʘʤʽʢʫ ʢʣʘʩʫ ʦʙôʻʢʪʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʘʨʘʤʝʪʨʽʚ 

ʥʘʣʘʰʪʫʚʘʥʴ.  
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ʄʘʪʝʤʘʪʠʯʥʠʡ ʇɯɼ-ʨʝʛʫʣʷʪʦʨ ʻ ʪʝʦʨʝʪʠʯʥʠʤ çʽʜʝʘʣʦʤè ʨʝʘʣʴʥʦʛʦ 

ʨʝʛʫʣʷʪʦʨʘ, ʪʦʤʫ ʜʣʷ ʡʦʛʦ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʫʚʘʪʠ 

ʦʩʦʙʣʠʚʦʩʪʽ, ʚʠʢʣʠʢʘʥʽ ʨʝʘʣʴʥʠʤʠ ʫʤʦʚʘʤʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. ʂʽʥʮʝʚʠʡ 

ʜʽʘʧʘʟʦʥ ʟʤʽʥʠ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚ ʩʠʩʪʝʤʽ; ʦʙʤʝʞʝʥʘ ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʽʚ ʪʘ 

ʥʘʷʚʥʽʩʪʴ ʰʫʤʽʚ; ʟʤʽʥʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʙʝʟʧʝʨʝʨʚʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ; ʚʟʘʻʤʥʠʡ ʚʧʣʠʚ ʧʨʦʮʝʩʽʚ ʨʝʛʫʣʶʚʘʥʥʷ; ʥʘʷʚʥʽʩʪʴ ʧʨʘʢʪʠʯʥʦ ʫ ʚʩʽʭ 

ʩʠʩʪʝʤʘʭ ʥʝʣʽʥʽʡʥʦʩʪʝʡ ʪʠʧʫ ʥʘʩʠʯʝʥʥʷ, ʦʙʤʝʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ, ʛʽʩʪʝʨʝʟʠʩ ʽ 

ʣʶʬʪ; ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʣʘʚʥʦʛʦ (ʙʝʟʫʜʘʨʥʦʛʦ) ʧʝʨʝʤʠʢʘʥʥʷ ʨʝʞʠʤʽʚ ʨʝʛʫʣʶʚʘʥʥʷ 

ʪʘ ʙʘʛʘʪʦ ʽʥʰʦʛʦ ʚʧʣʠʚʘʻ ʥʘ ʧʨʘʢʪʠʯʥʫ ʨʝʘʣʽʟʘʮʽʶ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʘ [56]. 

ʅʘʡʧʦʰʠʨʝʥʽʰʠʤ ʧʨʠʥʮʠʧʦʤ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʥʘ 

ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʻ ʧʨʠʥʮʠʧ ʢʝʨʫʚʘʥʥʷ ʧʦ ʚʽʜʭʠʣʝʥʥʶ (ʨʠʩ. 3.2) ʥʘ ʙʘʟʽ ʇɯɼ 

ʟʘʢʦʥʫ ʨʝʛʫʣʶʚʘʥʥʷ.  

ʈʠʩ. 3.2 ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʟʽ ʟʚʦʨʦʪʥʽʤ 

ʟʚôʷʟʢʦʤ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʟʦʚʥʽʰʥʽʭ ʟʙʫʨʝʥʴ ʪʘ ʰʫʤʽʚ 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʦʙʨʘʥʦ ʩʪʘʥʜʘʨʪʥʫ ʩʪʨʫʢʪʫʨʫ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʘ, ʟʛʽʜʥʦ 

ʨʝʢʦʤʝʥʜʘʮʽʡ ISA [35]. ʗʢʽʩʪʴ ʨʝʛʫʣʶʚʘʥʥʷ ʫ ʧʨʦʮʝʩʽ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ 

ʇɯɼ-ʨʝʛʫʣʷʪʦʨʘ ʦʮʽʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ (3.29) ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʢʚʘʜʨʘʪʠʯʥʦʛʦ 

ʧʦʢʘʟʥʠʢʘ (Integral of the square error  ï ISE): 
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ʗʢʽʩʪʴ ʧʨʦʮʝʩʫ ʨʝʛʫʣʶʚʘʥʥʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʽ ISE ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʚʘʜʨʘʪʠʯʥʠʤ 

ʨʦʟʙʘʣʘʥʩʦʤ ʫ ʯʘʩʽ. ʅʘʣʘʰʪʫʚʘʥʥʷ ʥʘ ʜʘʥʠʡ ʧʦʢʘʟʥʠʢ ʷʢʦʩʪʽ ʜʦʟʚʦʣʷʻ 

ʜʦʩʷʛʥʫʪʠ ʤʽʥʽʤʘʣʴʥʦʛʦ ʯʘʩʫ ʨʝʛʫʣʶʚʘʥʥʷ, ʦʩʢʽʣʴʢʠ ʟʥʘʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ 

ʟʘʚʜʘʥʥʷ ʨʝʛʫʣʶʶʯʦʾ ʟʤʽʥʥʦʾ ʧʽʜʥʝʩʝʥʝ ʜʦ ʢʚʘʜʨʘʪʫ. ʊʦʤʫ ISE ʻ ʧʦʢʘʟʦʚʠʤ 

ʢʨʠʪʝʨʽʻʤ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʙʘʛʘʪʴʦʭ ʤʝʪʦʜʘʭ ʥʘʣʘʰʪʫʚʘʥʥʷ ʨʝʛʫʣʷʪʦʨʽʚ. 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ʥʘʣʘʰʪʫʚʘʥʥʷ ʇɯɼïʨʝʛʫʣʷʪʦʨʽʚ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ 

ʙʫʣʦ ʦʙʨʘʥʦ ʝʢʩʧʨʝʩ ʤʝʪʦʜ Minimum ISE Zhuang and Atherton [58]. ɺʠʢʦʥʘʻʤʦ 

ʨʦʟʨʘʭʫʥʦʢ ʇɯɼïʨʝʛʫʣʷʪʦʨʘ (3.30) ʧʨʦʮʝʩʫ ʟʤʽʥʠ ʩʪʫʧʝʥʷ ʦʢʠʩʥʝʥʥʷ ʚʫʛʣʝʮʶ 

ʜʦ ʉʆ2 ʚʽʜ ʟʤʽʥʠ ʚʽʜʩʪʘʥʽ ʬʫʨʤʠ ʜʦ ʨʽʚʥʷ ʩʧʦʢʽʡʥʦʾ ʚʘʥʥʠ H: 
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 (3.30)                                           

ɺʠʢʦʥʘʻʤʦ ʨʦʟʨʘʭʫʥʦʢ ʇɯɼ ʨʝʛʫʣʷʪʦʨʘ (3.31) ʧʨʦʮʝʩʫ ̔ ʥʪʝʥʩʠʚʥʦʩʪʽ ʜʫʪʪʷ 

ʢʠʩʥʶ ʢʠʩʥʝʚʦʛʦ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʣʦʞʝʥʥʷ ʧʥʝʚʤʦʢʣʘʧʘʥʫ: 
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 (3.31)                                           

ɿʤʽʥʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʜʫʪʪʷ ʢʠʩʥʶ ʚʧʣʠʚʘʻ ʥʘ ʟʤʽʥʫ ʩʪʫʧʝʥʷ ʦʢʠʩʥʝʥʥʷ ʚʫʛʣʝʮʶ 

ʜʦ ʉʆ2 ʪʘ ʦʧʠʩʫʻʪʴʩʷ ʜʠʬʝʨʝʥʮʽʡʥʠʤ ʨʽʚʥʷʥʥʷʤ (2.24). ʉʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ 

ʟʤʽʥʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʜʫʪʪʷ ʻ ʟʙʫʨʝʥʥʷʤ ʜʣʷ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʚʤʽʩʪʫ ʉʆ2. 
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ʆʪʨʠʤʘʥʽ ʜʠʥʘʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ (3.32) ʨʝʘʣʴʥʦ-ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ (ʈɼ) 

ʢʦʤʧʝʥʩʘʪʦʨʘ: 

 ()
8,9

0,35 .
1 8,9 1

ʂ k k
ʈɼ k

k k

T s s
W s K

T s s
= =

+ +
 (3.32)   

ɺ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʨʘʭʫʥʢʽʚ ʨʝʛʫʣʷʪʦʨʽʚ (3.30, 3.31) ʪʘ ʈɼ ʢʦʤʧʝʥʩʘʪʦʨʘ ʦʪʨʠʤʘʥʦ 

ʢʦʤʙʽʥʦʚʘʥʫ ʩʠʩʪʝʤʫ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ (ʨʠʩ. 4.1) ʨʝʞʠʤʫ ʜʫʪʪʷ 

ʢʠʩʥʝʚʦ-ʢʦʥʚʝʨʪʝʨʥʦʛʦ ʧʨʦʮʝʩʫ. 

3.3 ʈʦʟʨʦʙʢʘ ʄʇʂ ʧʘʨʘʤʝʪʨʘʤʠ ʜʫʪʪʷ ʂʂʇ   

ɺʠʢʦʥʘʻʤʦ ʩʠʥʪʝʟ ʤʦʜʝʣʴʥʦ-ʧʨʦʛʥʦʟʫʶʯʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʟ ʢʚʘʜʨʘʪʠʯʥʠʤ 

ʬʫʥʢʮʽʦʥʘʣʦʤ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʦʙʤʝʞʝʥʴ ʨʝʞʠʤʫ ʜʫʪʪʷ ʢʠʩʥʝʚʦ-ʢʦʥʚʝʨʪʝʨʥʦʾ 

ʧʣʘʚʢʠ. ʈʦʟʨʦʙʢʘ ʤʦʜʝʣʴʥʦ-ʧʨʦʛʥʦʟʫʶʯʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʘʢʠʭ 

ʦʩʥʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ: ʧʦʙʫʜʦʚʘ ʧʨʦʛʥʦʟʫʶʯʦʾ ʤʦʜʝʣʽ; ʚʠʟʥʘʯʝʥʥʷ 

ʬʫʥʢʮʽʦʥʘʣʫ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʷʢʽʩʪʴ ʨʝʛʫʣʶʚʘʥʥʷ; ʨʽʰʝʥʥʷ ʦʧʪʠʤʽʟʘʮʽʡʥʦʾ 

ʟʘʜʘʯʽ ï ʧʦʰʫʢ ʦʧʪʠʤʘʣʴʥʦʾ ʩʪʨʘʪʝʛʽʾ ʢʝʨʫʚʘʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʤʽʥʽʤʫʤ 

ʬʫʥʢʮʽʦʥʘʣʫ. ɼʣʷ ʧʦʙʫʜʦʚʠ ʧʨʦʛʥʦʟʫʶʯʦʾ ʤʦʜʝʣʽ ʄʇʈ ʚʠʢʦʨʠʩʪʘʻʤʦ 

ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʨʝʞʠʤʫ ʜʫʪʪʷ ʢʠʩʥʝʚʦ-ʢʦʥʚʝʨʪʝʨʥʦʛʦ ʧʨʦʮʝʩʫ, ʷʢʘ 

ʦʧʠʩʘʥʘ ʫ ʨʦʟʜʽʣʽ 2.  ɼʣʷ ʩʠʩʪʝʤʠ  ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʧʨʦʜʫʚʢʠ 

ʢʠʩʥʝʚʦ-ʢʦʥʚʝʨʪʝʨʥʦʛʦ ʧʨʦʮʝʩʫ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʟʘʜʘʯʘ ʧʨʦʛʨʘʤʥʦʛʦ ʢʝʨʫʚʘʥʥʷ 

ʪʘ ʩʪʘʙʽʣʽʟʘʮʽʾ ʧʨʠ ʚʠʥʠʢʥʝʥʥʽ ʟʙʫʨʝʥʴ, ʪʦʤʫ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʡʪʠ ʜʦ 

ʽʥʢʨʝʤʝʥʪʥʦʾ ʬʦʨʤʠ (3.33) ʧʨʦʛʥʦʟʫʶʯʦʾ ʤʦʜʝʣʽ ʚ ʧʨʦʩʪʦʨʽ ʩʪʘʥʽʚ: 

 
() () () ()

() () ()

( 1) ( 1)

( 1) .

u t u t u t u t u t u t

x t Ax t Bu t B u t

D = - - Ý = - +D

¡ = + - + D
 (3.33)   

ɼʣʷ ʮʴʦʛʦ ʚʚʝʜʝʤʦ ʥʦʚʠʡ ʩʪʘʥ () ( )1ux t u t= - ʪʘ ʨʦʟʰʠʨʠʤʦ (3.34) ʩʠʩʪʝʤʫ: 

 
() () ()

() () ()

( 1)

.u u

x t Ax t Bu t B u t

x t x t u t

¡ = + - + Dëî
ì
¡ = +Dîí

 (3.34)   

ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʘʥʦ ʧʨʦʛʥʦʟʫʶʯʫ ʤʦʜʝʣʴ (3.35) ʨʝʞʠʤʫ ʧʨʦʜʫʚʢʠ ʢʠʩʥʝʚʦ-

ʢʦʥʚʝʨʪʝʨʥʦʛʦ ʧʨʦʮʝʩʫ ʫ ʚʠʛʣʷʜʽ ʢʝʨʦʚʘʥʦʾ ʢʘʥʦʥʽʯʥʦʾ ʬʦʨʤʠ ʤʦʜʝʣʽ ʚ 

ʧʨʦʩʪʦʨʽ ʩʪʘʥʽʚ:  
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 (3.35)   

ɺʠʢʦʥʘʻʤʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʝʧʝʨʝʨʚʥʦʾ ʤʦʜʝʣʽ (3.35) ʚ ʜʠʩʢʨʝʪʥʫ ʤʦʜʝʣʴ 

(3.36) ʚ ʧʨʦʩʪʦʨʽ ʩʪʘʥʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʝʪʦʜ ɽʡʣʝʨʘ (2.30): 
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ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʘʥʦ ʥʦʚʽ ʤʘʪʨʠʮʽ (,  , d d dA B C ) ʢʝʨʦʚʘʥʦʾ ʢʘʥʦʥʽʯʥʦʾ 

ʜʠʩʢʨʝʪʥʦʾ ʬʦʨʤʠ ʤʦʜʝʣʽ ʚ ʧʨʦʩʪʦʨʽ ʩʪʘʥʽʚ:  
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ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʤʦʜʝʣʴʥʦ-ʧʨʦʛʥʦʟʫʶʯʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʙʫʣʦ ʦʙʨʘʥʦ 

ʧʨʦʚʽʜʥʝ, ʥʝʟʘʣʝʞʥʝ ʚʽʜ ʚʠʨʦʙʥʠʢʘ IEC 61131-3 ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʜʣʷ ʽʥʞʝʥʝʨʥʠʭ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ CODESYS V3.5. ɹʫʚ 

ʟʘʧʨʦʛʨʘʤʦʚʘʥʠʡ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʙʣʦʢ ʧʨʦʛʥʦʟʫʶʯʦʾ ʤʦʜʝʣʽ ʄʇʈ (ʨʠʩ. 3.3) ʥʘ 

ʤʦʚʽ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʧʨʦʛʨʘʤʦʚʘʥʠʭ ʣʦʛʽʯʥʠʭ ʢʦʥʪʨʦʣʝʨʽʚ (ʇʃʂ) 

ʩʪʨʫʢʪʫʨʦʚʘʥʠʡ ʪʝʢʩʪ (structured text, ST). ʂʦʜ ʚʽʜʧʦʚʽʜʥʦʛʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ 

ʙʣʦʢʫ ʥʘʚʝʜʝʥʠʡ ʚ ʜʦʜʘʪʢʫ 3.  
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ʈʠʩ. 3.3 ʌʫʥʢʮʽʦʥʘʣʴʥʠʡ ʙʣʦʢ ʧʨʦʛʥʦʟʫʶʯʦʾ ʤʦʜʝʣʽ ʄʇʈ  

ʇʨʦʛʥʦʟʫʶʯʘ ʤʦʜʝʣʴ ʜʣʷ ʧʨʦʛʥʦʟʫ ʫ ʷʢʦʩʪʽ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚʠ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʦʪʦʯʥʠʡ ʩʪʘʥ ʩʠʩʪʝʤʠ. ʆʩʢʽʣʴʢʠ ʧʦʪʦʯʥʠʡ ʩʪʘʥ ʩʠʩʪʝʤʠ 

ʚʠʤʽʨʷʪʠ ʥʝ ʻ ʤʦʞʣʠʚʠʤ, ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʩʧʦʩʪʝʨʽʛʘʯ ʩʪʘʥʫ.  

ʇʝʨʰ ʥʽʞ ʧʝʨʝʡʪʠ ʜʦ ʨʦʟʨʦʙʢʠ ʩʧʦʩʪʝʨʽʛʘʯʘ ʩʪʘʥʫ ʧʦʪʨʽʙʥʦ ʨʦʟʛʣʷʥʫʪʠ 

ʧʦʥʷʪʪʷ ʩʧʦʩʪʝʨʝʞʫʚʘʥʦʩʪʽ. ʉʠʩʪʝʤʫ ʥʘʟʠʚʘʶʪʴ ʩʧʦʩʪʝʨʝʞʫʚʘʥʦʶ, ʷʢʱʦ ʟʘ 

ʜʘʥʠʤʠ ʚʠʤʽʨʶʚʘʥʥʷ ʘʙʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʚʝʢʪʦʨʽʚ ʚʠʭʦʜʫ (Ù) ʪʘ ʢʝʨʫʶʯʦʾ ʜʽʾ (Õ) 

ʥʘ ʢʽʥʮʝʚʦʤʫ ʽʥʪʝʨʚʘʣʽ ʯʘʩʫ ʤʦʞʥʘ ʦʜʥʦʟʥʘʯʥʦ ʚʠʟʥʘʯʠʪʠ ʧʦʯʘʪʢʦʚʠʡ ʩʪʘʥ 

ʩʠʩʪʝʤʠ (Ø). ʉʠʩʪʝʤʫ ʥʘʟʠʚʘʶʪʴ ʧʦʚʥʽʩʪʶ ʩʧʦʩʪʝʨʝʞʫʚʘʥʦʶ, ʷʢʱʦ 

ʩʧʦʩʪʝʨʝʞʫʚʘʥʽ ʚʩʽ ʾʾ ʩʪʘʥʠ ʫ ʙʫʜʴ-̫ ʢʽ ʤʦʤʝʥʪʠ ʯʘʩʫ. ʂʨʠʪʝʨʽʡ ʂʘʣʤʘʥʘ [77]: 

ʥʝʦʙʭʽʜʥʘ ʪʘ ʜʦʩʪʘʪʥʷ ʫʤʦʚʘ ʜʣʷ ʧʦʚʥʦʾ ʩʧʦʩʪʝʨʝʞʫʚʘʥʦʩʪʽ ʧʦʣʷʛʘʶʪʴ ʫ ʪʦʤʫ, 

ʘʙʠ ʧʘʨʘ ʤʘʪʨʠʮʴ ὃ ʪʘ ὅ ʙʫʣʘ ʥʝʚʠʨʦʜʞʝʥʦʶ. ʊʦʙʪʦ ʤʘʪʨʠʮʷ Ὓ ʤʘʣʘ ʨʘʥʛ, 

ʱʦ ʜʦʨʽʚʥʶʻ n. ɼʘʣʽ ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʤʘʪʨʠʮʶ ʩʧʦʩʪʝʨʝʞʣʠʚʦʩʪʽ Ὓ (3.37) ʪʘ 

ʚʠʟʥʘʯʠʤʦ ʯʠ ʩʠʩʪʝʤʘ ʤʦʞʝ ʙʫʪʠ ʩʧʦʩʪʝʨʝʞʫʚʘʥʦʶ:  
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ʆʩʢʽʣʴʢʠ ʨʘʥʛ ʤʘʪʨʠʮʽ ʩʧʦʩʪʝʨʝʞʣʠʚʦʩʪʽ ʜʦʨʽʚʥʶʻ ʢʽʣʴʢʦʩʪʽ ʩʪʘʥʽʚ, ʪʦ ʩʠʩʪʝʤʘ 

ʻ ʩʧʦʩʪʝʨʝʞʫʚʘʥʦʶ ʽ ʚʽʜʧʦʚʽʜʥʦ ʤʦʞʣʠʚʦ ʨʦʟʨʦʙʠʪʠ ʩʧʦʩʪʝʨʽʛʘʯ ʩʪʘʥʫ. ɼʘʣʽ 

ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʥʘ ʢʝʨʦʚʘʥʽʩʪʴ (ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʨʦʙʠʪʠ 

ʨʝʛʫʣʷʪʦʨ). ʉʠʩʪʝʤʫ ʥʘʟʠʚʘʶʪʴ ʧʦʚʥʽʩʪʶ ʢʝʨʦʚʘʥʦʶ, ʷʢʱʦ ʜʣʷ ʙʫʜʴ-̫ ʢʠʭ 

ʤʦʤʝʥʪʽʚ ʯʘʩʫ Ô ʪʘ Ô Ô Ô, ʪʘ ʙʫʜʴ-̫ ʢʠʭ ʟʘʜʘʥʠʭ ʩʪʘʥʽʚ Ø ʪʘ Ø ̔ ʩʥʫʻ 

ʢʝʨʫʶʯʘ ʜʽʷ) Õὸ Ô Ô Ô, ʱʦ ʧʝʨʝʚʦʜʠʪʴ ʩʠʩʪʝʤʫ ʟ ʧʦʯʘʪʢʦʚʦʛʦ ʩʪʘʥʫ 

Ø ʚ ʢʽʥʮʝʚʠʡ ʩʪʘʥ Ø. ʂʨʠʪʝʨʽʡ ʂʘʣʤʘʥʘ [77]: ʥʝʦʙʭʽʜʥʘ ʪʘ ʜʦʩʪʘʪʥʷ ʫʤʦʚʘ ʜʣʷ 

ʢʝʨʦʚʘʥʦʩʪʽ ʩʠʩʪʝʤʠ ʧʦʣʷʛʘʶʪʴ ʫ ʪʦʤʫ, ʘʙʠ ʧʘʨʘ ʤʘʪʨʠʮʴ ὃ ʪʘ ὄ ʙʫʣʘ 

ʥʝʚʠʨʦʜʞʝʥʦʶ. ʊʦʙʪʦ ʤʘʪʨʠʮʷ Ὓ ʤʘʣʘ ʨʘʥʛ, ʤʘʣʘ ʨʘʥʛ, ʱʦ ʜʦʨʽʚʥʶʻ n.  ɼʘʣʽ 

ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʤʘʪʨʠʮʶ ʢʝʨʦʚʘʥʦʩʪʽ Ὓ̒ (3.38) ʪʘ ʚʠʟʥʘʯʠʤʦ ʯʠ ʩʠʩʪʝʤʘ ʤʦʞʝ 

ʙʫʪʠ ʢʝʨʦʚʘʥʦʶ:  
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 (3.38)   

ʆʩʢʽʣʴʢʠ ʤʘʪʨʠʮʽ ʩʧʦʩʪʝʨʝʞʫʚʘʥʦʩʪʽ ʪʘ ʢʝʨʦʚʘʥʦʩʪʽ ʤʘʶʪʴ ʨʘʥʛ 6, ʪʦʙʪʦ 

ʢʨʠʪʝʨʽʡ ʂʘʣʤʘʥʘ ʚʠʢʦʥʫʻʪʴʩʷ, ʪʦ ʩʠʩʪʝʤʘ ʻ ʩʧʦʩʪʝʨʝʞʫʚʘʥʦʶ ʪʘ ʢʝʨʦʚʘʥʦʶ, 

ʘ, ʦʪʞʝ, ʤʦʞʝ ʙʫʪʠ ʨʦʟʨʦʙʣʝʥʠʡ ʩʧʦʩʪʝʨʽʛʘʯ ʩʪʘʥʫ ʪʘ ʨʝʛʫʣʷʪʦʨ. ʉʪʨʫʢʪʫʨʥʘ 

ʩʭʝʤʘ ʩʧʦʩʪʝʨʽʛʘʯʘ ʩʪʘʥʫ ʩʠʩʪʝʤʠ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 3.4, ʚ ʷʢʦʩʪʽ 

ʩʧʦʩʪʝʨʽʛʘʯʘ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʩʧʦʩʪʝʨʽʛʘʯ ʃʫʝʥʙʝʨʛʝʨʘ (ʨʠʩ. 3.5).   
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ʈʠʩ. 3.4 ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʩʧʦʩʪʝʨʽʛʘʯʘ ʩʪʘʥʫ ʩʠʩʪʝʤʠ 

ʇʝʨʝʚʘʛʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʦʩʪʝʨʽʛʘʯʘ ʃʫʝʥʙʝʨʛʝʨʘ ï ʥʘʷʚʥʽʩʪʴ ʜʦʜʘʪʢʦʚʦʛʦ 

ʢʦʥʪʫʨʫ ʢʦʨʝʢʮʽʾ ʩʪʘʥʫ ʧʨʠ ʚʠʥʠʢʥʝʥʥʽ ʨʦʟʙʽʞʥʦʩʪʽ ʤʽʞ ʤʦʜʝʣʣʶ ʪʘ ʨʝʘʣʴʥʦʶ 

ʧʦʚʝʜʽʥʢʦʶ ʦʙôʻʢʪʫ [78].    

 

ʈʠʩ. 3.5 ʄʦʜʝʣʴ ʩʧʦʩʪʝʨʽʛʘʯʘ ʩʪʘʥʫ ʃʫʝʥʙʝʨʛʝʨʘ 
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ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʩʧʦʩʪʝʨʽʛʘʯʘ ʃʫʝʥʙʝʨʛʝʨʘ (3.39) ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʚʠʛʣʷʜʽ 

ʨʽʚʥʷʥʥʷ: 

 () ()
()

()

()

()
()2

2

,
vo

e e e

ʉʆ

u k v k
x k A x k B L C x k

kH k g

å õè ø è ø
¡ = Ö + Ö + Ö - Öæ öé ù é ùæ öé ù ê úê ú ç ÷

 (3.39)   
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é ù
é ù
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  ī  ʜʠʩʢʨʝʪʠʟʦʚʘʥʘ ʤʘʪʨʠʮʷ ʢʦʤʧʝʥʩʘʪʦʨʘ ʩʧʦʩʪʝʨʽʛʘʯʘ. 

ɼʠʟʘʡʥ ʢʦʤʧʝʥʩʘʪʦʨʘ ʩʧʦʩʪʝʨʽʛʘʯʘ L ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʞʘʥʦʛʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛʦ ʨʽʚʥʷʥʥʷ: ( )( ) ( )1 2 0ns s sb b b- Ö - ÖÖÖ - =. ʇʦʣʶʩʠ 

ʩʧʦʩʪʝʨʽʛʘʯʘ ʧʦʚʠʥʥʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʰʚʠʜʢʫ ʟʙʽʞʥʽʩʪʴ ʧʦʤʠʣʢʠ ʩʧʦʩʪʝʨʽʛʘʥʥʷ 

()

()
()

2

e

ʉʆ

v k
C x k

kg

å õè ø
- Öæ öé ùæ ö

ê úç ÷

 ʜʦ 0.  ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʧʦʭʠʙʢʘ ʦʮʽʥʢʠ ʩʧʦʩʪʝʨʽʛʘʯʘ 

ʧʦʚʠʥʥʘ ʟʤʝʥʰʫʚʘʪʠʩʴ ʚ 2-5 ʨʘʟʽʚ ʰʚʠʜʰʝ, ʥʽʞ ʩʪʘʥ ʩʘʤʦʛʦ ʦʙôʻʢʪʫ [78].  

ʈʦʟʛʣʷʥʝʤʦ ʤʦʜʝʣʴ (3.36) ʪʘ ʟʥʘʡʜʝʤʦ 
1l  ʢʦʤʧʝʥʩʘʪʦʨʘ ʩʧʦʩʪʝʨʽʛʘʯʘ.  

ɺʨʘʭʦʚʫʶʯʠ ʜʠʥʘʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʙôʻʢʪʫ ʜʣʷ ʩʠʥʪʝʟʫ ʩʧʦʩʪʝʨʽʛʘʯʘ, ʚʣʘʩʥʽ 

ʟʥʘʯʝʥʥʷ ʤʘʪʨʠʮʽ ʻ 
1 2.5b=- . ɼʣʷ ʧʦʰʫʢʫ 1l  ʚʠʢʦʨʠʩʪʘʻʤʦ ʬʦʨʤʫʣʫ ɸʢʢʝʨʤʘʥʘ 

[79]. ʆʙʨʘʭʫʥʢʠ ʚʠʢʦʥʘʻʤʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʘʢʝʪʫ ʧʨʠʢʣʘʜʥʠʭ ʧʨʦʛʨʘʤ ʜʣʷ 

ʯʠʩʣʦʚʦʛʦ ʘʥʘʣʽʟʫ MATLAB:  

T0=0.1; Tv_uo2=1.2; kv_uo2=6;  

A1=[1 - T0/Tv_uo2];  

B1=[T0/Tv_uo2];  

C1=[kv_uo2];  

S0=obsv(A1, C1);  

C0=ctrb(A1, B1);  

rank(S0);  

rank(C0);  

l1=acker(A1', C1', exp ([ - 2.5].*T0))  

 



94 

 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʥʘʥʥʷ ʬʫʥʢʮʽʾ acker  ʧʘʢʝʪʫ MATLAB, ʱʦ ʨʝʘʣʽʟʦʚʫʻ 

ʬʦʨʤʫʣʫ ɸʢʢʝʨʤʘʥʘ, 
1 0.023l = . ɸʥʘʣʦʛʽʯʥʦ ʜʣʷ 

2 4 0.75b- =-  ʪʘ 
5,6 1b =- 

ʦʪʨʠʤʘʥʦ 
2 3 40.01; 0.0019; 0.0001;l l l= =- = 5 60.0081; 0.0017.l l= =-  

ɹʫʚ ʟʘʧʨʦʛʨʘʤʦʚʘʥʠʡ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʙʣʦʢ (ʨʠʩ. 3.6) ʩʧʦʩʪʝʨʽʛʘʯʘ ʩʪʘʥʫ 

ʃʫʝʥʙʝʨʛʝʨʘ ʥʘ ʤʦʚʽ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʧʨʦʛʨʘʤʦʚʘʥʠʭ ʣʦʛʽʯʥʠʭ ʢʦʥʪʨʦʣʝʨʽʚ ST. 

ʂʦʜ ʚʽʜʧʦʚʽʜʥʦʛʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʙʣʦʢʫ ʥʘʚʝʜʝʥʠʡ ʚ ʜʦʜʘʪʢʫ 4.  

 

ʈʠʩ. 3.6 ʌʫʥʢʮʽʦʥʘʣʴʥʠʡ ʙʣʦʢ ʩʧʦʩʪʝʨʽʛʘʯʘ ʩʪʘʥʫ ʃʫʝʥʙʝʨʛʝʨʘ 

ʅʘʩʪʫʧʥʠʤ ʚʘʞʣʠʚʠʤ ʝʣʝʤʝʥʪʦʤ ʄʇʈ ʻ ʬʫʥʢʮʽʦʥʘʣ. ʗʢʽʩʪʴ ʫʧʨʘʚʣʽʥʥʷ 

ʦʭʘʨʘʢʪʝʨʠʟʫʻʤʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʽʥʽʡʥʦ-ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʬʫʥʢʮʽʦʥʘʣʫ (3.40): 

            ( ) ( ) 1 1

1

( , ) ,
P

T
T

k k j k j k j k j k j k j

j

J y u y r R y r u Q u+ + + + + - + -

=

è øD = - - +D D
é ùê úä  (3.40)                                                                     

ʜʝ R ʪʘ Q ī ʜʦʜʘʪʥʦ ʚʠʟʥʘʯʝʥʽ ʩʠʤʝʪʨʠʯʥʽ ʤʘʪʨʠʮʽ; P ïʢʽʣʴʢʽʩʪʴ ʢʨʦʢʽʚ 

ʛʦʨʠʟʦʥʪʫ ʧʨʦʛʥʦʟʫ. ɺʠʢʦʥʘʻʤʦ ʚʠʙʽʨ ʛʦʨʠʟʦʥʪʫ ʧʨʦʛʥʦʟʫ ʚʠʭʦʜʷʯʠ ʟ ʜʠʥʘʤʽʢʠ 

ʧʨʦʮʝʩʫ ʪʘ ʢʦʝʬʽʮʽʻʥʪʽʚ ʤʘʪʨʠʮʴ R ʪʘ Q ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʷʢʦʩʪʽ ʙʘʞʘʥʦʛʦ 

ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ: 
0.2 0 0.2 0

; ; 35.
0 1.5 0 0.03

R Q P
è ø è ø
= = =é ù é ù
ê ú ê ú

  

ɻʦʨʠʟʦʥʪ ʢʝʨʫʚʘʥʥʷ ʉ ï ʛʦʨʠʟʦʥʪ, ʚ ʤʝʞʘʭ ʷʢʦʛʦ ʢʝʨʫʶʯʘ ʜʽʷ ʤʦʞʝ 

ʟʤʽʥʶʚʘʪʠʩʴ. ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 3.7, ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʛʦʨʠʟʦʥʪʫ ʧʨʦʛʥʦʟʫ ʷʢʽʩʪʴ 

ʨʝʛʫʣʶʚʘʥʥʷ ʟʨʦʩʪʘʻ ʜʦ ʢʨʠʪʠʯʥʦʾ ʪʦʯʢʠ (35 ʢʨʦʢʽʚ), ʧʽʩʣʷ ʷʢʦʾ ʷʢʽʩʪʴ ʚʞʝ ʥʝ 

ʟʨʦʩʪʘʻ, ʘʣʝ ʩʢʣʘʜʥʽʩʪʴ ʦʙʯʠʩʣʝʥʴ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚ ʛʝʦʤʝʪʨʠʯʥʽʡ ʧʨʦʛʨʝʩʽʾ. ɼʣʷ 
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ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʷʢʦʩʪʽ ʨʝʛʫʣʶʚʘʥʥʷ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʙʫʣʦ ʦʙʨʘʥʦ 

ʛʦʨʠʟʦʥʪ ʢʝʨʫʚʘʥʥʷ ʚ 5 ʢʨʦʢʽʚ.     

  

ʈʠʩ. 3.7 ɿʘʣʝʞʥʽʩʪʴ ʩʢʣʘʜʥʦʩʪʽ ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ ʷʢʦʩʪʽ ʨʝʛʫʣʶʚʘʥʥʷ ʚʽʜ 

ʛʦʨʠʟʦʥʪʫ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ɹʫʚ ʟʘʧʨʦʛʨʘʤʦʚʘʥʠʡ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʙʣʦʢ (ʨʠʩ. 3.8) ʬʫʥʢʮʽʦʥʘʣʫ ʥʘ ʤʦʚʽ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ST ʧʨʦʛʨʘʤʦʚʘʥʠʭ ʣʦʛʽʯʥʠʭ ʢʦʥʪʨʦʣʝʨʽʚ. ʂʦʜ ʚʽʜʧʦʚʽʜʥʦʛʦ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʙʣʦʢʫ ʥʘʚʝʜʝʥʠʡ ʚ ʜʦʜʘʪʢʫ 7.  

ɼʣʷ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʦʾ ʩʪʨʘʪʝʛʽʾ ʢʝʨʫʚʘʥʥʷ ʙʫʣʦ ʩʬʦʨʤʦʚʘʥʫ ʟʘʜʘʯʫ 

ʦʧʪʠʤʽʟʘʮʽʾ ʬʫʥʢʮʽʦʥʘʣʫ (3.40) ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʦʙʤʝʞʝʥʴ (3.41):  
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 (3.41)                                                                     
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ʈʠʩ. 3.8 ʌʫʥʢʮʽʦʥʘʣʴʥʠʡ ʙʣʦʢ ʬʫʥʢʮʽʦʥʘʣʫ ʄʇʈ 

ɿʘʜʘʯʫ ʟ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʦʙʤʝʞʝʥʴ ʚʠʨʽʰʠʤʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ 

ʰʪʨʘʬʥʠʭ ʬʫʥʢʮʽʡ (ʰʪʨʘʬʥʘ ʬʫʥʢʮʽʷ ï ʢʚʘʜʨʘʪʠʯʥʘ). ʄʽʥʽʤʽʟʘʮʽʷ 

ʬʫʥʢʮʽʦʥʘʣʫ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʦʙʤʝʞʝʥʴ ʟʚʦʜʠʪʴʩʷ ʜʦ ʩʪʘʥʜʘʨʪʥʦʾ ʟʘʜʘʯʽ 

ʙʘʛʘʪʦʚʠʤʽʨʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ. ʐʪʨʘʬʥʘ ʬʫʥʢʮʽʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʦʤ (3.42): 

 

( ) ( ) ( )( )

( )

,

ʰʪʨʘʬʥʠʡ ʧʘʨʘʤʝʪʨ,

ʦʙʤʝʞʝʥʥʷ.

kF u J u P r l u

r

l u

D = D + D

-

D -

 (3.42)   

ʌʨʘʛʤʝʥʪ ʢʦʜʫ ʨʝʘʣʽʟʘʮʽʾ ʤʝʪʦʜʫ ʰʪʨʘʬʥʠʭ ʬʫʥʢʮʽʡ ʥʘ ʤʦʚʽ ST ʩʝʨʝʜʦʚʠʱʘ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʇʃʂ: 

IF ABS(dUO2[P])>dUO2_Max THEN  

  Cost:=Cost+Penalti*(dUO2[P]-dUO2_Max)*(dUO2[P]-dUO2_Max)+Penalti; 

 END_IF; 

 IF ABS(dH[P])>dH_Max  THEN 

  Cost:=Cost+Penalti*(dH[P]-dH_Max)*(dH[P]-dH_Max)+Penalti; 

 END_IF; 

 IF Hk>H_Max THEN  

  Cost:=Cost+Penalti*(Hk-H_Max)*(Hk-H_Max)+Penalti; 
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 END_IF; 

 IF Hk<H_Min THEN 

  Cost:=Cost+Penalti*Hk*Hk+Penalti; 

 END_IF; 

 IF UO2k>UO2_Max THEN  

  Cost:=Cost+Penalti*(UO2k-UO2_Max)*(UO2k-UO2_Max)+Penalti; 

 END_IF; 

 IF UO2k<UO2_Min THEN 

  Cost:=Cost+Penalti*UO2k*UO2k+Penalti; 

 END_IF; 

ʆʙʨʘʥʠʡ ʣʽʥʽʡʥʦ-ʢʚʘʜʨʘʪʠʯʥʠʡ ʬʫʥʢʮʽʦʥʘʣ ʻ ʦʧʫʢʣʦʶ ʬʫʥʢʮʽʻʶ, ʪʦʤʫ 

ʤʘʻ ʤʽʩʮʝ ʟʘʜʘʯʘ ʦʧʫʢʣʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. ʃʽʥʽʡʥʦ-ʢʚʘʜʨʘʪʠʯʥʠʡ ʬʫʥʢʮʽʦʥʘʣ 

ʟʘʜʘʥʠʡ ʘʣʛʦʨʠʪʤʽʯʥʦ, ʪʦʤʫ ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʤʝʪʦʜʠ ʥʫʣʴʦʚʦʛʦ ʧʦʨʷʜʢʫ. ɰʭ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʫ ʪʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʟ ʷʢʠʭʦʩʴ ʧʨʠʯʠʥ ʚʠʟʥʘʯʝʥʥʷ ʛʨʘʜʽʻʥʪʘ 

ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʥʝʤʦʞʣʠʚʝ, ʘ ʪʘʢʦʞ ʫ ʪʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʬʫʥʢʮʽʷ ʟʘʜʘʥʘ 

ʘʣʛʦʨʠʪʤʽʯʥʦ, ʟʦʢʨʝʤʘ, ʢʦʣʠ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʟʥʘʯʝʥʴ ʬʫʥʢʮʽʾ ʟʘ ʪʠʭ ʯʠ ʽʥʰʠʭ 

ʟʥʘʯʝʥʥʷʭ ʘʨʛʫʤʝʥʪʫ ʧʦʪʨʽʙʥʦ ʧʨʦʚʝʩʪʠ ʥʘʪʫʨʥʠʡ ʘʙʦ ʯʠʩʣʦʚʠʡ ʝʢʩʧʝʨʠʤʝʥʪ. 

ʎʽ ʤʝʪʦʜʠ ʧʨʠʜʘʪʥʽ, ʢʦʣʠ ʬʫʥʢʮʽʷ ʥʝʜʠʬʝʨʝʥʮʽʡʦʚʘʥʘ ʘʙʦ ʾʾ ʟʥʘʯʝʥʥʷ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʟ ʧʦʭʠʙʢʦʶ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʝʣʠʢʠʭ ʥʝʪʦʯʥʦʩʪʝʡ ʧʨʠ 

ʦʙʯʠʩʣʝʥʥʽ ʧʦʭʽʜʥʠʭ. ʄʝʪʦʜʠ ʧʨʷʤʦʛʦ ʧʦʰʫʢʫ ʻ ʤʝʪʦʜʘʤʠ, ʫ ʷʢʠʭ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʣʠʰʝ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ. ʋ ʷʢʦʩʪʽ ʤʝʪʦʜʫ ʦʧʪʠʤʽʟʘʮʽʾ ʙʫʣʦ 

ʦʙʨʘʥʦ ʤʝʪʦʜ ʍʫʢʘ-ɼʞʠʚʩʘ (ʨʠʩ. 3.9), ʷʢʠʡ ʧʦʢʘʟʘʚ ʦʧʪʠʤʘʣʴʥʝ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʢʽʣʴʢʽʩʪʶ ʢʨʦʢʽʚ ʪʘ ʦʙʨʘʭʫʥʢʽʚ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʧʨʠ 

ʚʠʨʽʰʝʥʥʽ ʦʧʪʠʤʽʟʘʮʽʡʥʦʾ ʟʘʜʘʯʽ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʩʠʤʧʣʝʢʩʥʠʤ ʤʝʪʦʜʦʤ ʪʘ 

ʤʝʪʦʜʦʤ ʥʘʡʰʚʠʜʰʦʛʦ ʩʧʫʩʢʫ.  ʇʦʰʫʢ ʟʛʽʜʥʦ ʮʴʦʛʦ ʤʝʪʦʜʫ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʢʨʦʢʽʚ ʧʦʰʫʢʫ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʬʫʥʢʮʽʾ ʥʘʚʢʦʣʦ ʙʘʟʠʩʥʦʾ ʪʦʯʢʠ 

(ʨʠʩ. 3.10), ʟ ʷʢʦʾ ʫ ʚʠʧʘʜʢʫ ʫʩʧʽʭʫ ʨʦʙʠʪʴʩʷ ʧʦʰʫʢ ʟʘ ʟʨʘʟʢʦʤ. ʆʧʠʩ ʮʽʻʾ 

ʧʨʦʮʝʜʫʨʠ ʥʘʚʝʜʝʥʦ ʥʠʞʯʝ: 
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A. ɺʠʙʨʘʪʠ ʧʦʯʘʪʢʦʚʫ ʙʘʟʠʩʥʫ ʪʦʯʢʫ b1 ̔  ʢʨʦʢ ʜʦʚʞʠʥʦʶ hj ʜʣʷ ʢʦʞʥʦʾ 

ʟʤʽʥʥʦʾ xj,  j=1,2,é,n. ɼʦʚʞʠʥʘ ʢʨʦʢʫ ʤʦʞʝ ʙʫʪʠ ʦʙʨʘʥʘ ʦʜʥʘʢʦʚʦʶ 

ʜʣʷ ʚʩʽʭ ʟʤʽʥʥʠʭ.  

B. ɼʦʩʣʽʜʞʫʚʘʪʠ f(X) ʥʘʚʢʦʣʦ ʙʘʟʠʩʥʦʾ ʪʦʯʢʠ b1 ʟ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ 

ʜʘʥʠʭ ʧʨʦ ʣʦʢʘʣʴʥʝ ʧʦʚʦʜʞʝʥʥʷ ʬʫʥʢʮʽʾ f(X). ʎʽ ʜʘʥʽ ʙʫʜʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʧʦʪʨʽʙʥʦʛʦ ʥʘʧʨʷʤʢʫ ʧʦʰʫʢʫ 

ʟʘ ʟʨʘʟʢʦʤ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ ʤʦʞʥʘ ʩʧʦʜʽʚʘʪʠʩʷ ʜʦʩʷʛʪʠ 

ʙʽʣʴʰʦʛʦ ʩʧʘʜʘʥʥʷ ʬʫʥʢʮʽʾ. ʇʦʰʫʢ, ʱʦ ʜʦʩʣʽʜʞʫʻ, ʥʘʚʢʦʣʦ ʙʘʟʠʩʥʦʾ 

ʪʦʯʢʠ b1 ʚʠʢʦʥʫʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ:  

1. ʦʙʯʠʩʣʠʪʠ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ f(b1) ʫ ʙʘʟʠʩʥʽʡ ʪʦʯʮʽ b1; 

2. ʢʦʞʥʘ ʟʤʽʥʥʘ ʧʦ ʯʝʨʟʽ ʟʤʽʥʶʻʪʴʩʷ ʜʦʜʘʚʘʥʥʷʤ ʜʦʚʞʠʥʠ ʢʨʦʢʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʠ ʦʙʯʠʩʣʶʻʤʦ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ f(b1+h1e1), ʜʝ 

e1 ï ʦʜʠʥʠʯʥʠʡ ʚʝʢʪʦʨ ʫ ʥʘʧʨʷʤʢʫ ʦʩʽ x1. ʗʢʱʦ ʮʝ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʟʤʝʥʰʝʥʥʷ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ, ʪʦ b1 ʟʘʤʽʥʷʻʪʴʩʷ ʥʘ b1+h1e1. 

ʋ ʧʨʦʪʠʣʝʞʥʦʤʫ ʚʠʧʘʜʢʫ ʦʙʯʠʩʣʶʻʤʦ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ f(b1-

h1e1), ʽ ʷʢʱʦ ʾʾ ʟʥʘʯʝʥʥʷ ʟʤʝʥʰʫʻʪʴʩʷ, ʪʦ b1 ʟʘʤʽʥʷʻʤʦ ʥʘ (b1-

h1e1). ʗʢʱʦ ʞʦʜʝʥ ʽʟ ʚʠʢʦʥʘʥʠʭ ʢʨʦʢʽʚ ʥʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʤʝʥʰʝʥʥʷ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ, ʪʦ ʪʦʯʢʘ b1 ʟʘʣʠʰʘʻʪʴʩʷ 

ʥʝʟʤʽʥʥʦʶ ʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʟʤʽʥʠ ʚ ʥʘʧʨʷʤʢʫ ʦʩʽ x2, ʪʦʙʪʦ 

ʟʥʘʭʦʜʠʪʴʩʷ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ f(b1+h2e2) ʽ ʪ.ʜ. ʂʦʣʠ ʙʫʜʫʪʴ 

ʨʦʟʛʣʷʥʫʪʽ ʚʩʽ n ʟʤʽʥʥʠʭ, ʤʠ ʙʫʜʝʤʦ ʤʘʪʠ ʥʦʚʫ ʙʘʟʠʩʥʫ ʪʦʯʢʫ 

b2; 

3.  ̫ ʢʱʦ b2=b1, ʪʦʙʪʦ ʟʤʝʥʰʝʥʥʷ ʬʫʥʢʮʽʾ ʥʝ ʙʫʣʦ ʜʦʩʷʛʥʫʪʦ, ʪʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʚʪʦʨʶʻʪʴʩʷ ʥʘʚʢʦʣʦ ʪʽʻʾ ʞ ʙʘʟʠʩʥʦʾ ʪʦʯʢʠ b1, 

ʘʣʝ ʽʟ ʟʤʝʥʰʝʥʦʶ ʜʦʚʞʠʥʦʶ ʢʨʦʢʫ. ʅʘ ʧʨʘʢʪʠʮʽ ʟʘʜʦʚʽʣʴʥʠʤ ʻ 

ʟʤʝʥʰʝʥʥʷ ʢʨʦʢʫ (ʢʨʦʢʽʚ) ʫ ʜʝʩʷʪʴ ʨʘʟʽʚ ʚʽʜ ʧʦʯʘʪʢʦʚʦʾ 

ʜʦʚʞʠʥʠ; 

4. ʢ̫ʱʦ b2  ̧b1, ʪʦ ʚʠʢʦʥʫʻʪʴʩʷ ʧʦʰʫʢ ʟʘ ʟʨʘʟʢʦʤ.  
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C. ʇʨʠ ʧʦʰʫʢʫ ʟʘ ʟʨʘʟʢʦʤ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʽʥʬʦʨʤʘʮʽʷ, ʦʪʨʠʤʘʥʘ ʚ 

ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʽ ʤʽʥʽʤʽʟʘʮʽʷ ʬʫʥʢʮʽʾ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦʰʫʢʦʤ 

ʫ ʥʘʧʨʷʤʢʫ, ʟʘʜʘʥʦʤʫ ʟʨʘʟʢʦʤ. ʎʷ ʧʨʦʮʝʜʫʨʘ ʚʠʢʦʥʫʻʪʴʩʷ ʚ ʪʘʢʠʡ 

ʩʧʦʩʽʙ: 

1. ʨʦʟʫʤʥʦ ʨʫʭʘʪʠʩʷ ʽʟ ʙʘʟʠʩʥʦʾ ʪʦʯʢʠ b2 ʫ ʥʘʧʨʷʤʢʫ (b2-b1), 

ʦʩʢʽʣʴʢʠ ʧʦʰʫʢ ʫ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ ʚʞʝ ʧʨʠʚʽʚ ʜʦ ʟʤʝʥʰʝʥʥʷ 

ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ. ʊʦʤʫ ʦʙʯʠʩʣʠʤʦ ʬʫʥʢʮʽʶ ʚ ʪʦʯʮʽ ʟʨʘʟʢʫ: P1 

= b1 + 2(b2 ï b1). ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ: Pi = bi + 2 (bi+1 ï bi); 

2. ʧʦʪʽʤ ʜʦʩʣʽʜʞʝʥʥʷ ʚʘʨʪʦ ʧʨʦʜʦʚʞʫʚʘʪʠ ʥʘʚʢʦʣʦ ʪʦʯʢʠ P1 (Pi);  

3. ʢ̫ʱʦ ʥʘʡʤʝʥʰʝ ʟʥʘʯʝʥʥʷ ʥʘ ʢʨʦʮʽ C.2 ʤʝʥʰʝ ʟʥʘʯʝʥʥʷ ʚ 

ʙʘʟʠʩʥʽʡ ʪʦʯʮʽ b2 (ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ bi+1), ʪʦ ʦʪʨʠʤʫʶʪʴ 

ʥʦʚʫ ʙʘʟʠʩʥʫ ʪʦʯʢʫ b3 (ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ bi+2), ʧʽʩʣʷ ʯʦʛʦ 

ʚʘʨʪʦ ʧʦʚʪʦʨʠʪʠ ʢʨʦʢ C.1. ʋ ʧʨʦʪʠʣʝʞʥʦʤʫ ʚʠʧʘʜʢʫ ʥʝ ʨʦʙʠʪʠ 

ʧʦʰʫʢ ʟʘ ʟʨʘʟʢʦʤ ʽʟ ʪʦʯʢʠ b2 (bi+1), ʘ ʧʨʦʜʦʚʞʠʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʚ ʪʦʯʮʽ b2 (bi+1); 

4. ʟʘʚʝʨʰʠʪʠ ʮʝʡ ʧʨʦʮʝʩ, ʢʦʣʠ ʜʦʚʞʠʥʘ ʢʨʦʢʫ (ʜʦʚʞʠʥʠ ʢʨʦʢʽʚ) 

ʙʫʜʝ ʟʤʝʥʰʝʥʘ ʜʦ ʟʘʜʘʥʦʛʦ ʤʘʣʦʛʦ ʟʥʘʯʝʥʥʷ. 
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ʈʠʩ. 3.9 ɯʥʬʦʨʤʘʮʽʡʥʘ ʩʭʝʤʘ ʤʝʪʦʜʫ ʍʫʢʘ-ɼʞʠʚʩʘ 

ɹʫʚ ʟʘʧʨʦʛʨʘʤʦʚʘʥʠʡ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʙʣʦʢ (ʨʠʩ. 3.11) ʤʝʪʦʜʫ 

ʦʧʪʠʤʽʟʘʮʽʾ ʍʫʢʘ-ɼʞʠʚʩʘ ʥʘ ʤʦʚʽ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ST ʧʨʦʛʨʘʤʦʚʘʥʠʭ ʣʦʛʽʯʥʠʭ 

ʢʦʥʪʨʦʣʝʨʽʚ. ʂʦʜ ʚʽʜʧʦʚʽʜʥʦʛʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʙʣʦʢʫ ʥʘʚʝʜʝʥʠʡ ʚ ʜʦʜʘʪʢʫ 5.  
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ʈʠʩ. 3.10 ɯʥʬʦʨʤʘʮʽʡʥʘ ʩʭʝʤʘ ʜʦʩʣʽʜʞʫʶʯʦʛʦ ʧʦʰʫʢʫ 
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ʈʠʩ. 3.11 ʌʫʥʢʮʽʦʥʘʣʴʥʠʡ ʙʣʦʢ ʤʝʪʦʜʫ ʦʧʪʠʤʽʟʘʮʽʾ ʍʫʢʘ-ɼʞʠʚʩʘ 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʙʫʣʦ ʩʠʥʪʝʟʦʚʘʥʦ ʩʠʩʪʝʤʫ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ (ʨʠʩ. 4.7) 

ʨʝʞʠʤʫ ʜʫʪʪʷ ʢʠʩʥʝʚʦ-ʢʦʥʚʝʨʪʝʨʥʦʛʦ ʧʨʦʮʝʩʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʝʣʴʥʦ-

ʧʨʦʛʥʦʟʫʶʯʦʛʦ ʨʝʛʫʣʷʪʦʨʘ. 

 ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 

ɹʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʩʠʩʪʝʤʫ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ  ʧʘʨʘʤʝʪʨʘʤʠ 

ʨʝʞʠʤʫ ʜʫʪʪʷ ʂʂʇ ʽ ʚʠʢʦʥʘʥʦ ʾʾ ʘʥʘʣʽʟ: 

1. ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʦʜʝʣʴ ʚ ʧʨʦʩʪʦʨʽ ʩʪʘʥʽʚ ʨʝʞʠʤʫ ʜʫʪʪʷ ʂʂʇ  ʙʫʣʦ 

ʨʦʟʨʘʭʦʚʘʥʦ ʥʘʣʘʰʪʫʚʘʥʥʷ  ʇɯɼïʨʝʛʫʣʷʪʦʨʽʚ ʉɸʈ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʜʫʪʪʷ ʪʘ ʩʪʫʧʝʥʷ ʦʢʠʩʥʝʥʥʷ ʚʫʛʣʝʮʶ ʜʦ ʉʆ2. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʟʤʽʥʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʜʫʪʪʷ ʻ ʟʙʫʨʝʥʥʷʤ ʜʣʷ 

ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʚʤʽʩʪʫ ʉʆ2 ʫ ʢʦʥʚʝʨʪʝʨʥʠʭ ʛʘʟʘʭ;  

2. ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʚʧʣʠʚ ʟʘʣʝʞʥʦʩʪʽ ʟʤʽʥʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʜʫʪʪʷ ʢʠʩʥʶ 

ʥʘ ʟʤʽʥʫ ʩʪʫʧʝʥʷ ʦʢʠʩʥʝʥʥʷ ʚʫʛʣʝʮʶ ʜʦ ʉʆ2, ʱʦ ʦʧʠʩʫʻʪʴʩʷ 

ʜʠʬʝʨʝʥʮʽʡʥʠʤ ʨʽʚʥʷʥʥʷʤ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ ʚʠʢʦʥʘʥʦ ʩʠʥʪʝʟ 

ʢʦʤʙʽʥʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʨʝʛʫʣʶʚʘʥʥʷ ʟ ʈɼ-ʢʦʤʧʝʥʩʘʪʦʨʦʤ;  

3. ʩʠʥʪʝʟʦʚʘʥʦ ʩʧʦʩʪʝʨʽʛʘʯ ʩʪʘʥʫ ʃʫʝʥʙʝʨʛʝʨʘ ʨʝʞʠʤʫ ʜʫʪʪʷ ʂʂʇ. 

ɺʨʘʭʦʚʫʶʯʠ ʜʠʥʘʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʙôʻʢʪʫ ʨʦʟʨʘʭʦʚʘʥʦ ʢʦʤʧʝʥʩʘʪʦʨ 

ʩʧʦʩʪʝʨʽʛʘʯʘ L ʥʘ ʙʘʞʘʥʝ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʝ ʨʽʚʥʷʥʥʷ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʬʦʨʤʫʣʫ ɸʢʢʝʨʤʘʥʘ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʜʠʥʘʤʽʯʥʽ 



103 

 

ʚʣʘʩʪʠʚʦʩʪʽ ʜʦʜʘʪʢʦʚʦʛʦ ʢʦʥʪʫʨʫ ʢʦʨʝʢʮʽʾ ʩʪʘʥʫ ʧʨʠ ʚʠʥʠʢʥʝʥʥʽ 

ʨʦʟʙʽʞʥʦʩʪʽ ʤʽʞ ʤʦʜʝʣʣʶ ʪʘ ʨʝʘʣʴʥʦʶ ʧʦʚʝʜʽʥʢʦʶ ʦʙôʻʢʪʫ. 

4. ʜʦʩʣʽʜʞʝʥʦ ʤʦʜʝʣʴ ʨʝʞʠʤʫ ʜʫʪʪʷ ʂʂʇ ʥʘ ʩʧʦʩʪʝʨʝʞʣʠʚʽʩʪʴ ʪʘ 

ʢʝʨʦʚʘʥʽʩʪʴ ʟʛʽʜʥʦ ʢʨʠʪʝʨʽʷ ʂʘʣʤʘʥʘ. ʆʩʢʽʣʴʢʠ ʤʘʪʨʠʮʽ 

ʩʧʦʩʪʝʨʝʞʫʚʘʥʦʩʪʽ ʪʘ ʢʝʨʦʚʘʥʦʩʪʽ ʤʘʶʪʴ ʨʘʥʛ, ʱʦ ʨʽʚʥʠʡ ʢʽʣʴʢʦʩʪʽ 

ʩʪʘʥʽʚ ʦʙôʻʢʪʫ, ʪʦʙʪʦ ʢʨʠʪʝʨʽʡ ʂʘʣʤʘʥʘ ʚʠʢʦʥʫʻʪʴʩʷ, ʪʦ ʩʠʩʪʝʤʘ ʻ 

ʩʧʦʩʪʝʨʝʞʫʚʘʥʦʶ ʪʘ ʢʝʨʦʚʘʥʦʶ, ʘ, ʦʪʞʝ, ʤʦʞʝ ʙʫʪʠ ʨʦʟʨʦʙʣʝʥʠʡ 

ʩʧʦʩʪʝʨʽʛʘʯ ʩʪʘʥʫ ʪʘ ʨʝʛʫʣʷʪʦʨ. 

5. ʦʪʨʠʤʘʥʠʡ ʣʽʥʽʡʥʦ-ʢʚʘʜʨʘʪʠʯʥʠʡ ʬʫʥʢʮʽʦʥʘʣ ʻ ʦʧʫʢʣʦʶ ʬʫʥʢʮʽʻʶ, 

ʪʦʤʫ ʤʘʻ ʤʽʩʮʝ ʟʘʜʘʯʘ ʦʧʫʢʣʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. ʃʽʥʽʡʥʦ-

ʢʚʘʜʨʘʪʠʯʥʠʡ ʬʫʥʢʮʽʦʥʘʣ ʟʘʜʘʥʠʡ ʘʣʛʦʨʠʪʤʽʯʥʦ, ʪʦʤʫ ʙʫʣʦ 

ʟʘʩʪʦʩʦʚʘʥʦ ʤʝʪʦʜ ʦʧʪʠʤʽʟʘʮʽʾ ʥʫʣʴʦʚʦʛʦ ʧʦʨʷʜʢʫ ï ʍʫʢʘ-ɼʞʠʚʩʘ. 
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ʈʆɿɼɯʃ 4 ɼʆʉʃɯɼɾɽʅʅʗ ʉʀʉʊɽʄʀ ɸɺʊʆʄɸʊʀʏʅʆɻʆ 

ʈɽɻʋʃʖɺɸʅʅʗ 

4.1 ɯʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʢʦʤʙʽʥʦʚʘʥʦʾ ʉɸʈ ʧʘʨʘʤʝʪʨʘʤʠ ʜʫʪʪʷ ʂʂʇ   

ʇʨʦʮʝʜʫʨʘ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ [80] ʢʦʤʙʽʥʦʚʘʥʦʾ ʉɸʈ 

ʧʘʨʘʤʝʪʨʘʤʠ ʜʫʪʪʷ ʂʂʇ (ʨʠʩ. 4.1) ʚʠʢʦʥʫʚʘʣʘʩʴ ʫ ʩʝʨʝʜʦʚʠʱʽ Matlab Simulink. 

ɹʫʣʦ ʦʙʨʘʥʦ ʘʣʛʦʨʠʪʤ ʚʠʨʽʰʝʥʥʷ ʨʽʚʥʷʥʴ ode23s (stiff/mod. Rosenbrock) ʟʽ 

ʟʤʽʥʦʶ ʚʝʣʠʯʠʥʦʶ ʢʨʦʢʫ (variable-step). ɸʙʩʦʣʶʪʥʘ ʽ ʚʽʜʥʦʩʥʘ ʪʦʯʥʽʩʪʴ 

ʨʦʟʨʘʭʫʥʢʽʚ ï 0,001.  

ʈʝʛʫʣʷʪʦʨ

2

ɺʠʤʽʨʷʥʝ ʟʥʯʝʥʥʷ
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1

ɺʠʤʽʨʷʥʝ ʟʥʯʝʥʥʷ

ɿʘʚʜʘʥʥʷ 1 ʆʙô̒ ʢʪ

1

ʇʦʤʠʣʢʘ ɼʽʷ

+

_

+

ʐʫʤ

+

ʌʽʣʴʪʨ

ʈɼ

ʢʦʤʧʝʥʩʘʪʦʨ

 

ʈʠʩ. 4.1 ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʢʦʤʙʽʥʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ  

ʄʦʜʝʣʴ ʢʦʤʙʽʥʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʨʝʞʠʤʫ 

ʜʫʪʪʷ ʢʠʩʥʝʚʦ-ʢʦʥʚʝʨʪʝʨʥʦʛʦ ʧʨʦʮʝʩʫ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 4.2.  
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ʈʠʩ. 4.2 ʄʦʜʝʣʴ ʢʦʤʙʽʥʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʨʝʛʫʣʶʚʘʥʥʷ ʨʝʞʠʤʫ ʜʫʪʪʷ ʢʠʩʥʝʚʦ-

ʢʦʥʚʝʨʪʝʨʥʦʛʦ ʧʨʦʮʝʩʫ 

ʈʦʟʨʘʭʫʥʦʢ ʧʘʨʘʤʝʪʨʽʚ ʥʘʣʘʰʪʫʚʘʥʥʷ ʇɯɼïʨʝʛʫʣʷʪʦʨʽʚ ʪʘ ʢʦʤʧʝʥʩʘʪʦʨʘ  

ʢʦʤʙʽʥʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʚʠʢʦʥʘʥʠʡ ʫ ʨʦʟʜʽʣʽ 3, ʙʫʣʦ ʦʙʨʘʥʦ ʝʢʩʧʨʝʩ 

ʤʝʪʦʜ Minimum ISE Zhuang and Atherton ʪʘ ʈɼ-ʢʦʤʧʝʥʩʘʪʦʨ. ɺʠʢʦʥʘʻʤʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʭʽʜʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʦʧʠʩʘʥʠʭ ʚʠʱʝ ʩʠʩʪʝʤ 

ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʨʝʞʠʤʫ ʜʫʪʪʷ ʢʠʩʥʝʚʦ-ʢʦʥʚʝʨʪʝʨʥʦʛʦ ʧʨʦʮʝʩʫ. 

ʈʦʟʛʣʷʥʝʤʦ ʧʝʨʝʭʽʜʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʩʠʩʪʝʤʠ ʨʝʛʫʣʶʚʘʥʥʷ ʽʥʪʝʥʩʠʚʥʽʩʪʶ 

ʜʫʪʪʷ ʢʠʩʥʝʚʦʛʦ ʢʦʥʚʝʨʪʝʨʘ (ʨʠʩ. 4.3). ʆʪʨʠʤʘʥʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʩʠʩʪʝʤʠ 

ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ 4.1.  
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ʈʠʩ. 4.3 ʇʝʨʝʭʽʜʥʠʡ ʧʨʦʮʝʩ ʩʠʩʪʝʤʠ ʨʝʛʫʣʶʚʘʥʥʷ ʧʨʦʜʫʚʢʠ ʢʠʩʥʝʤ ʧʦ ʢʘʥʘʣʫ 

ʧʦʣʦʞʝʥʥʷ ʢʣʘʧʘʥʫ ʧʦʜʘʯʽ ʢʠʩʥʶ-ʚʠʪʨʘʪʘ ʢʠʩʥʶ 

ʊʘʙʣʠʮʷ 4.1 ʇʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʉɸʈ ʚʠʪʨʘʪʠ ʢʠʩʥʶ  

ʇʦʢʘʟʥʠʢʠ  ʷʢʦʩʪʽ ɿʘʚʜʘʥʥʷ ï ʚʠʭʽʜ 

ʉʪʘʪʠʯʥʘ ʧʦʭʠʙʢʘ 0 

ɼʠʥʘʤʽʯʥʘ ʧʦʭʠʙʢʘ 0,025 

ʏʘʩ ʨʝʛʫʣʶʚʘʥʥʷ, ʩ 4,35 

ʇʦʢʘʟʥʠʢ ʟʘʪʫʭʘʥʥʷ  1 

ʇʝʨʝʨʝʛʫʣʶʚʘʥʥʷ, % 2,5 

Integral of the square error (ISE) 0,085 

 

ɼʣʷ ʩʠʩʪʝʤʠ ʨʝʛʫʣʶʚʘʥʥʷ ʚʤʽʩʪʫ ʉʆ2 ʧʽʜ ʯʘʩ ʧʨʦʜʫʚʢʠ ʢʠʩʥʝʚʦ-

ʢʦʥʚʝʨʪʝʨʥʦʛʦ ʧʨʦʮʝʩʫ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʟʘʜʘʯʘ ʧʨʦʛʨʘʤʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʪʘ 

ʩʪʘʙʽʣʽʟʘʮʽʾ ʧʨʠ ʚʠʥʠʢʥʝʥʥʽ ʟʙʫʨʝʥʴ: ʟʤʽʥʠ ʚʠʪʨʘʪʠ ʢʠʩʥʶ ʥʘ ʧʨʦʜʫʚʢʫ, ʟʤʽʥʘ 

ʰʚʠʜʢʦʩʪʽ ʟʥʝʚʫʛʣʝʮʶʚʘʥʥʷ, ʚʚʝʜʝʥʥʷ ʩʠʧʫʯʠʭ ʽ ʪʜ. ʇʝʨʝʭʽʜʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʦ ʢʘʥʘʣʫ ʟʘʚʜʘʥʥʷ-ʚʠʭʽʜ (ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʚʠʪʨʘʪʘ ʢʠʩʥʶ ʥʝ ʟʤʽʥʶʚʘʣʘʩʴ) ʪʘ 
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ʟʙʫʨʝʥʥʷ-ʚʠʭʽʜ (ʚʧʣʠʚ ʟʤʽʥʠ ʟʘʚʜʘʥʥʷ ʟʙʦʢʫ ʩʠʩʪʝʤʠ ʨʝʛʫʣʶʚʘʥʥʷ ʚʠʪʨʘʪʠ 

ʢʠʩʥʶ) ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 4.4 ʪʘ 4.5 ʚʽʜʧʦʚʽʜʥʦ. ʆʪʨʠʤʘʥʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ 

ʩʠʩʪʝʤʠ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ 4.2.  
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ʈʠʩ. 4.4 ʇʝʨʝʭʽʜʥʠʡ ʧʨʦʮʝʩ ʩʠʩʝʤʠ ʨʝʛʫʣʶʚʘʥʥʷ ʧʦ ʢʘʥʘʣʫ ʧʦʣʦʞʝʥʥʷ 

ʬʫʨʤʠ-ʚʤʽʩʪ ʉʆ2 ʫ ʜʠʤʦʚʠʭ ʛʘʟʘʭ 
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ʈʠʩ. 4.5 ʇʝʨʝʭʽʜʥʠʡ ʧʨʦʮʝʩ ʢʦʤʽʙʥʦʚʘʥʦʾ ʩʠʩʝʤʠ ʨʝʛʫʣʶʚʘʥʥʷ ʟ ʈɼ-

ʢʦʤʧʝʥʩʘʪʦʨʦʤ ʧʦ ʢʘʥʘʣʫ ʟʤʽʥʘ ʟʘʚʜʘʥʥʷ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʚʠʪʨʘʪʠ ʢʠʩʥʶ - 

ʚʤʽʩʪ ʉʆ2 ʫ ʜʠʤʦʚʠʭ ʛʘʟʘʭ 

ʊʘʙʣʠʮʷ 4.2 ʇʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʉɸʈ ʚʤʽʩʪʫ ʉʆ2  

ʇʦʢʘʟʥʠʢʠ  ʷʢʦʩʪʽ ɿʘʚʜʘʥʥʷ ï ʚʠʭʽʜ ɿʙʫʨʝʥʥʷ ï ʚʠʭʽʜ 

ʉʪʘʪʠʯʥʘ ʧʦʭʠʙʢʘ 0 0 

ɼʠʥʘʤʽʯʥʘ ʧʦʭʠʙʢʘ 0,13 -0,805 

ʏʘʩ ʨʝʛʫʣʶʚʘʥʥʷ, ʩ 18,4 51 

ʇʦʢʘʟʥʠʢ ʟʘʪʫʭʘʥʥʷ  0,84 1 

ʇʝʨʝʨʝʛʫʣʶʚʘʥʥʷ, % 13 25 

Integral of the square 

error (ISE) 

1,87 2,5 

 

ɺʠʢʦʥʘʻʤʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ (ʨʠʩ. 4.6) ʨʝʞʠʤʫ ʜʫʪʪʷ 

ʪʨʠʚʘʣʽʩʪʶ 20 ʭʚ ʜʣʷ 160 ʪʦʥʥʦʛʦ ʢʦʥʚʝʨʪʝʨʘ ʟ ʢʦʤʙʽʥʦʚʘʥʦʶ ʩʠʩʪʝʤʦʶ 
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ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʚʤʽʩʪʫ ʉʆ2 ʫ ʜʠʤʦʚʠʭ ʛʘʟʘʭ ʪʘ ʚʠʪʨʘʪʠ ʢʠʩʥʶ ʜʣʷ 

ʟʘʜʘʯʽ ʧʨʦʛʨʘʤʥʦʛʦ ʢʝʨʫʚʘʥʥʷ.  

 

ʈʠʩ. 4.6 ʇʝʨʝʜʥʽ ʧʨʦʮʝʩʠ ʢʦʤʙʽʥʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ 

ʨʝʞʠʤʫ ʜʫʪʪʷ ʢʠʩʥʝʚʦ-ʢʦʥʚʝʨʪʝʨʥʦʾ ʧʣʘʚʢʠ 

ʆʪʨʠʤʘʥʽ ʧʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ 

ʨʝʞʠʤʫ ʜʫʪʪʷ ʢʠʩʥʝʚʦ-ʢʦʥʚʝʨʪʝʨʥʦʾ ʧʣʘʚʢʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʤʙʽʥʦʚʘʥʦʾ 

ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʟʘʙʝʟʧʝʯʠʣʠ  ISE ʜʣʷ ʢʦʥʪʫʨʫ ʚʠʪʨʘʪʠ 

ʢʠʩʥʶ ï 9075 ʪʘ ʚʤʽʩʪʫ ʉʆ2 ʫ ʢʦʥʚʝʨʪʝʥʠʭ ʛʘʟʘʭ ï 1397; ʤʘʢʩʠʤʘʣʴʥʝ 

ʜʠʥʘʤʽʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʚʤʽʩʪʫ ʉʆ2 ʫ ʢʦʥʚʝʨʪʝʥʠʭ ʛʘʟʘʭ ʩʢʣʘʣʦ 17,5%. ʆʪʨʠʤʘʥʽ 

ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʨʦʙʦʪʠ ʉɸʈ ʥʝ ʟʘʜʦʚʽʣʴʥʷʶʪʴ ʚʠʤʦʛ ʧʦʩʪʘʚʣʝʥʠʭ ʜʦ ʷʢʦʩʪʽ 

ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ, ʟʚʽʜʢʠ ʚʠʧʣʠʚʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫʜʦʩʢʦʥʘʣʝʥʦʾ 

ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ, ʘ ʩʘʤʝ ʤʦʜʝʣʴʥʦ-ʧʨʦʛʥʦʟʫʶʯʦʛʦ 

ʢʝʨʫʚʘʥʥʷ. 

4.2 ɯʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʄʇʂ ʧʘʨʘʤʝʪʨʘʤʠ ʜʫʪʪʷ ʂʂʇ   

ʇʨʦʮʝʜʫʨʘ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʄʇʂ ʧʘʨʘʤʝʪʨʘʤʠ ʜʫʪʪʷ ʂʂʇ 

(ʨʠʩ. 4.7) ʚʠʢʦʥʫʚʘʣʘʩʴ ʫ ʩʝʨʝʜʦʚʠʱʽ Matlab Simulink (ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ) ʪʘ Soft 

PLC CODESYS V3.5  (ʄʇʈ). ʋ ʩʝʨʝʜʦʚʠʱʽ Matlab Simulink (ʨʠʩ. 4.8) ʙʫʣʦ 

ʦʙʨʘʥʦ ʘʣʛʦʨʠʪʤ ʚʠʨʽʰʝʥʥʷ ʨʽʚʥʷʥʴ Euler ʟʽ ʧʦʩʪʽʡʥʦʶ ʚʝʣʠʯʠʥʦʶ ʢʨʦʢʫ 

(fixed-step) ʚ 0.1 ʩʝʢʫʥʜʫ. ɸʙʩʦʣʶʪʥʘ ʽ ʚʽʜʥʦʩʥʘ ʪʦʯʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʽʚ ï 0,001. 
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ʋ ʩʝʨʝʜʦʚʠʱʽ ʧʨʦʛʨʘʤʫʚʘʥʥʷ CODESYS V3.5  ʪʠʧ ʚʠʢʦʥʘʥʥʷ ʦʩʥʦʚʥʦʾ ʟʘʜʘʯʽ 

ʟʘʜʘʥʠʡ ʮʠʢʣʽʯʥʠʡ ʟ ʢʨʦʢʦʤ 0.1 ʩʝʢʫʥʜʘ (ʨʠʩ. 4.9). ʂʦʤʫʥʽʢʘʮʽʷ ʤʽʞ  Matlab 

Simulink ʪʘ CODESYS V3.5 ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʪʦʢʦʣʫ OPC UA (ʢʦʜ 

ʥʘʚʝʜʝʥʠʡ ʫ ʜʦʜʘʪʢʫ 9).  

 

ʈʠʩ. 4.7 ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʩʠʩʪʝʤʫ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʨʝʞʠʤʫ ʜʫʪʪʷ 

ʢʠʩʥʝʚʦ-ʢʦʥʚʝʨʪʝʨʥʦʛʦ ʧʨʦʮʝʩʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʝʣʴʥʦ-ʧʨʦʛʥʦʟʫʶʯʦʛʦ 

ʨʝʛʫʣʷʪʦʨʘ 

 

ʈʠʩ. 4.8 ʄʦʜʝʣʴ ʨʝʞʠʤʫ ʜʫʪʪʷ ʢʠʩʥʝʚʦ-ʢʦʥʚʝʨʪʝʨʥʦʛʦ ʧʨʦʮʝʩʫ ʫ ʩʝʨʝʜʦʚʠʱʽ 

Matlab Simulink 
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ʈʠʩ. 4.9 ʂʦʜ ʤʦʜʝʣʴʥʦ-ʧʨʦʛʥʦʟʫʶʯʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʫ ʩʝʨʝʜʦʚʠʱʽ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ CODESYS V3.5 

ɺʠʢʦʥʘʻʤʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʭʽʜʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʦʧʠʩʘʥʠʭ ʚʠʱʝ 

ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʨʝʞʠʤʫ ʜʫʪʪʷ ʢʠʩʥʝʚʦ-ʢʦʥʚʝʨʪʝʨʥʦʛʦ 

ʧʨʦʮʝʩʫ. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʄʇʈ ʨʦʟʛʣʷʥʝʤʦ ʜʚʘ ʚʠʧʘʜʢʠ: ʟʤʽʥʘ 

ʟʘʚʜʘʥʥʷ ʚʠʟʥʘʯʝʥʘ ʥʘʧʝʨʝʜ ʪʘ ʟʘʚʜʘʥʥʷ ʚʽʜʦʤʝ ʪʽʣʴʢʠ ʫ ʜʘʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ.  

ʈʦʟʛʣʷʥʝʤʦ ʧʝʨʝʭʽʜʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʩʠʩʪʝʤʠ ʨʝʛʫʣʶʚʘʥʥʷ ̔ ʥʪʝʥʩʠʚʥʽʩʪʶ 

ʜʫʪʪʷ ʢʠʩʥʝʚʦʛʦ ʢʦʥʚʝʨʪʝʨʘ ʟ ʥʘʧʝʨʝʜ ʚʠʟʥʘʯʝʥʦʶ ʟʤʽʥʦʶ ʟʘʚʜʘʥʥʷ (ʨʠʩ. 4.10). 

ʆʪʨʠʤʘʥʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʩʠʩʪʝʤʠ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ 4.3.     
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ʈʠʩ. 4.10 ʇʝʨʝʭʽʜʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʠʩʪʝʤʠ ʨʝʛʫʣʶʚʘʥʥʷ ʧʨʦʜʫʚʢʠ ʢʠʩʥʝʤ ʟ 

ʥʘʧʝʨʝʜ ʚʠʟʥʘʯʝʥʦʶ ʟʤʽʥʦʶ ʟʘʚʜʘʥʥʷ 

ʊʘʙʣʠʮʷ 4.3 ʇʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʉɸʈ ʚʠʪʨʘʪʠ ʢʠʩʥʶ  

ʇʦʢʘʟʥʠʢʠ  ʷʢʦʩʪʽ ɿʘʚʜʘʥʥʷ ï ʚʠʭʽʜ 

ʉʪʘʪʠʯʥʘ ʧʦʭʠʙʢʘ 0 

ɼʠʥʘʤʽʯʥʘ ʧʦʭʠʙʢʘ 0 

ʏʘʩ ʨʝʛʫʣʶʚʘʥʥʷ, ʩ 5 

ʇʦʢʘʟʥʠʢ ʟʘʪʫʭʘʥʥʷ  1 

ʇʝʨʝʨʝʛʫʣʶʚʘʥʥʷ, % 0 

Integral of the square error (ISE) 0.53 

 

ʈʦʟʛʣʷʥʝʤʦ ʧʝʨʝʭʽʜʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʩʠʩʪʝʤʠ ʨʝʛʫʣʶʚʘʥʥʷ 

ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʜʫʪʪʷ ʢʠʩʥʝʚʦʛʦ ʢʦʥʚʝʨʪʝʨʘ, ʷʢʱʦ ʟʘʚʜʘʥʥʷ ʚʽʜʦʤʝ ʪʽʣʴʢʠ ʫ 

ʜʘʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ (ʨʠʩ. 4.11). ʆʪʨʠʤʘʥʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʩʠʩʪʝʤʠ ʥʘʚʝʜʝʥʽ ʫ 

ʪʘʙʣʠʮʽ 4.4.  
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ʈʠʩ. 4.11 ʇʝʨʝʭʽʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʠʩʪʝʤʠ ʨʝʛʫʣʶʚʘʥʥʷ ʧʨʦʜʫʚʢʠ ʢʠʩʥʝʤ, 

ʷʢʱʦ ʟʘʚʜʘʥʥʷ ʚʽʜʦʤʝ ʪʽʣʴʢʠ ʫ ʜʘʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ 

ʊʘʙʣʠʮʷ 4.4 ʇʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʉɸʈ ʚʠʪʨʘʪʠ ʢʠʩʥʶ  

ʇʦʢʘʟʥʠʢʠ  ʷʢʦʩʪʽ ɿʘʚʜʘʥʥʷ ï ʚʠʭʽʜ 

ʉʪʘʪʠʯʥʘ ʧʦʭʠʙʢʘ 0 

ɼʠʥʘʤʽʯʥʘ ʧʦʭʠʙʢʘ 0 

ʏʘʩ ʨʝʛʫʣʶʚʘʥʥʷ, ʩ 2,5 

ʇʦʢʘʟʥʠʢ ʟʘʪʫʭʘʥʥʷ  1 

ʇʝʨʝʨʝʛʫʣʶʚʘʥʥʷ, % 0 

Integral of the square error (ISE) 0.47 

 

ʈʦʟʛʣʷʥʝʤʦ ʧʝʨʝʭʽʜʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʩʠʩʪʝʤʠ ʨʝʛʫʣʶʚʘʥʥʷ 

ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʜʫʪʪʷ ʢʠʩʥʝʚʦʛʦ ʢʦʥʚʝʨʪʝʨʘ ʧʦ ʢʘʥʘʣʫ ʟʙʫʨʝʥʥʷ ʟʙʦʢʫ 

ʨʝʛʫʣʶʶʯʦʛʦ ʦʨʛʘʥʫ ï ʚʠʪʨʘʪʘ ʢʠʩʥʶ (ʨʠʩ. 4.12). ʆʪʨʠʤʘʥʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ 

ʩʠʩʪʝʤʠ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ 4.5.  
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ʈʠʩ. 4.12 ʇʝʨʝʭʽʜʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʠʩʪʝʤʠ ʨʝʛʫʣʶʚʘʥʥʷ ʧʨʦʜʫʚʢʠ ʢʠʩʥʝʤ 

ʧʦ ʢʘʥʘʣʫ ʟʙʫʨʝʥʥʷ ʟʙʦʢʫ ʨʝʛʫʣʶʶʯʦʛʦ ʦʨʛʘʥʫ ï ʚʠʪʨʘʪʘ ʢʠʩʥʶ  

ʊʘʙʣʠʮʷ 4.5 ʇʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʉɸʈ ʚʠʪʨʘʪʠ ʢʠʩʥʶ  

ʇʦʢʘʟʥʠʢʠ  ʷʢʦʩʪʽ ɿʙʫʨʝʥʥʷ ï ʚʠʭʽʜ 

ʉʪʘʪʠʯʥʘ ʧʦʭʠʙʢʘ 0 

ɼʠʥʘʤʽʯʥʘ ʧʦʭʠʙʢʘ 1,1 

ʏʘʩ ʨʝʛʫʣʶʚʘʥʥʷ, ʩ 28 

ʇʦʢʘʟʥʠʢ ʟʘʪʫʭʘʥʥʷ  1 

ʇʝʨʝʨʝʛʫʣʶʚʘʥʥʷ, % 0 

Integral of the square error (ISE) 4.434 
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ɼʣʷ ʩʠʩʪʝʤʠ ʨʝʛʫʣʶʚʘʥʥʷ ʚʤʽʩʪʫ ʉʆ2 ʧʽʜ ʯʘʩ ʧʨʦʜʫʚʢʠ ʢʠʩʥʝʚʦ-

ʢʦʥʚʝʨʪʝʨʥʦʛʦ ʧʨʦʮʝʩʫ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʟʘʜʘʯʘ ʧʨʦʛʨʘʤʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʪʘ 

ʩʪʘʙʽʣʽʟʘʮʽʾ ʧʨʠ ʚʠʥʠʢʥʝʥʥʽ ʟʙʫʨʝʥʴ: ʟʤʽʥʠ ʚʠʪʨʘʪʠ ʢʠʩʥʶ ʥʘ ʧʨʦʜʫʚʢʫ, ʟʤʽʥʘ 

ʰʚʠʜʢʦʩʪʽ ʟʥʝʚʫʛʣʝʮʶʚʘʥʥʷ, ʚʚʝʜʝʥʥʷ ʩʠʧʫʯʠʭ ʪʘ ʽʥ. ʇʝʨʝʭʽʜʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦ ʢʘʥʘʣʫ ʟʘʚʜʘʥʥʷ-ʚʠʭʽʜ ʟ ʥʘʧʝʨʝʜ ʚʠʟʥʘʯʝʥʦʶ ʟʤʽʥʦʶ 

ʟʘʚʜʘʥʥʷ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 4.13. ʆʪʨʠʤʘʥʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʩʠʩʪʝʤʠ ʥʘʚʝʜʝʥʽ ʫ 

ʪʘʙʣʠʮʽ 4.6.   

 

ʈʠʩ. 4.13 ʇʝʨʝʭʽʜʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʠʩʝʤʠ ʨʝʛʫʣʶʚʘʥʥʷ ʚʤʽʩʪʫ ʉʆ2 ʫ 

ʜʠʤʦʚʠʭ ʛʘʟʘʭ ʟ ʥʘʧʝʨʝʜ ʚʠʟʥʘʯʝʥʦʶ ʟʤʽʥʦʶ ʟʘʚʜʘʥʥʷ 

ʊʘʙʣʠʮʷ 4.6 ʇʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʉɸʈ ʚʤʽʩʪʫ ʉʆ2 

ʇʦʢʘʟʥʠʢʠ  ʷʢʦʩʪʽ ɿʘʚʜʘʥʥʷ ï ʚʠʭʽʜ 

ʉʪʘʪʠʯʥʘ ʧʦʭʠʙʢʘ 0 

ɼʠʥʘʤʽʯʥʘ ʧʦʭʠʙʢʘ 0,005 

ʏʘʩ ʨʝʛʫʣʶʚʘʥʥʷ, ʩ 7 

ʇʦʢʘʟʥʠʢ ʟʘʪʫʭʘʥʥʷ  1 

ʇʝʨʝʨʝʛʫʣʶʚʘʥʥʷ, % 0,5 

Integral of the square error (ISE) 0.293 

 



116 

 

ʈʦʟʛʣʷʥʝʤʦ ʧʝʨʝʭʽʜʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʩʠʩʪʝʤʠ ʨʝʛʫʣʶʚʘʥʥʷ ʚʤʽʩʪʫ ʉʆ2 

ʜʫʪʪʷ ʢʠʩʥʝʚʦʛʦ ʢʦʥʚʝʨʪʝʨʘ, ʷʢʱʦ ʟʘʚʜʘʥʥʷ ʚʽʜʦʤʝ ʪʽʣʴʢʠ ʫ ʜʘʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ 

(ʨʠʩ. 3.25). ʆʪʨʠʤʘʥʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʩʠʩʪʝʤʠ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ 3.7.             

 

ʈʠʩ. 4.14 ʇʝʨʝʭʽʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʠʩʝʤʠ ʨʝʛʫʣʶʚʘʥʥʷ ʚʤʽʩʪʫ ʉʆ2, ̫ ʢʱʦ 

ʟʘʚʜʘʥʥʷ ʚʽʜʦʤʝ ʪʽʣʴʢʠ ʫ ʜʘʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ 

ʊʘʙʣʠʮʷ 4.7 ʇʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʉɸʈ ʚʤʽʩʪʫ ʉʆ2 

ʇʦʢʘʟʥʠʢʠ  ʷʢʦʩʪʽ ɿʘʚʜʘʥʥʷ ï ʚʠʭʽʜ 

ʉʪʘʪʠʯʥʘ ʧʦʭʠʙʢʘ 0 

ɼʠʥʘʤʽʯʥʘ ʧʦʭʠʙʢʘ 0,01 

ʏʘʩ ʨʝʛʫʣʶʚʘʥʥʷ, ʩ 7,5 

ʇʦʢʘʟʥʠʢ ʟʘʪʫʭʘʥʥʷ  1 

ʇʝʨʝʨʝʛʫʣʶʚʘʥʥʷ, % 1 

Integral of the square error (ISE) 1.996 

 

ʗʢʱʦ ʟʤʽʥʘ ʟʘʚʜʘʥʥʷ ʚʠʟʥʘʯʝʥʘ ʥʘʧʝʨʝʜ (ʟʘʟʜʘʣʝʛʽʜʴ ʚʽʜʦʤʝ), ʪʦ ʜʣʷ  ʩʠʩʪʝʤʠ 

ʨʝʛʫʣʶʚʘʥʥʷ ʚʤʽʩʪʫ ʉʆ2 ʫ ʜʠʤʦʚʠʭ ʛʘʟʘʭ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʧʦʢʨʘʱʝʥʥʷ ISE ʫ 

1.996/0.293=6.8 ʨʘʟ ʪʘ ʟʤʝʥʰʝʥʠʡ ʯʘʩ ʨʝʛʫʣʶʚʘʥʥʷ ʥʘ 6.7%. 
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ʈʦʟʛʣʷʥʝʤʦ ʧʝʨʝʭʽʜʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʩʠʩʪʝʤʠ ʨʝʛʫʣʶʚʘʥʥʷ ʚʤʽʩʪʫ ʉʆ2 

ʜʫʪʪʷ ʢʠʩʥʝʚʦʛʦ ʢʦʥʚʝʨʪʝʨʘ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʟʙʫʨʝʥʥʷ  ï  ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ 

ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʜʫʪʪʷ (ʨʠʩ. 4.15). ʆʪʨʠʤʘʥʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʩʠʩʪʝʤʠ ʥʘʚʝʜʝʥʽ 

ʫ ʪʘʙʣʠʮʽ 4.8.  

 

ʈʠʩ. 4.15 ʇʝʨʝʭʽʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʠʩʝʤʠ ʨʝʛʫʣʶʚʘʥʥʷ ʚʤʽʩʪʫ ʉʆ2 ʧʨʠ 

ʥʘʷʚʥʦʩʪʽ ʟʙʫʨʝʥʥʷ  ï  ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʜʫʪʪʷ 

ɺʠʢʦʥʘʻʤʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ (ʨʠʩ. 4.16) ʨʝʞʠʤʫ ʜʫʪʪʷ 

ʪʨʠʚʘʣʽʩʪʶ 20 ʭʚ ʜʣʷ 160 ʪʦʥʥʦʛʦ ʢʦʥʚʝʨʪʝʨʘ ʟ ʤʦʜʝʣʴʥʦ-ʧʨʦʛʥʦʟʫʶʯʠʤ 

ʨʝʛʫʣʶʚʘʥʥʷʤ ʚʤʽʩʪʫ ʉʆ2 ʫ ʜʠʤʦʚʠʭ ʛʘʟʘʭ ʪʘ ʚʠʪʨʘʪʠ ʢʠʩʥʶ ʜʣʷ ʟʘʜʘʯʽ 

ʧʨʦʛʨʘʤʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʪʘ ʧʦʨʽʚʥʷʻʤʦ ʄʇʂ ʟ ʢʦʤʙʽʥʦʚʘʥʦʶ ʩʠʩʪʝʤʦʶ 

ʨʝʛʫʣʶʚʘʥʥʷ (ʨʠʩ. 4.17).  
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 ʊʘʙʣʠʮʷ 4.8 ʇʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʉɸʈ ʚʤʽʩʪʫ ʉʆ2 

ʇʦʢʘʟʥʠʢʠ  ʷʢʦʩʪʽ ɿʙʫʨʝʥʥʷ ï ʚʠʭʽʜ 

ʉʪʘʪʠʯʥʘ ʧʦʭʠʙʢʘ 0 

ɼʠʥʘʤʽʯʥʘ ʧʦʭʠʙʢʘ -0,058 

ʏʘʩ ʨʝʛʫʣʶʚʘʥʥʷ, ʩ 38 

ʇʦʢʘʟʥʠʢ ʟʘʪʫʭʘʥʥʷ  1 

ʇʝʨʝʨʝʛʫʣʶʚʘʥʥʷ, % 0 

Integral of the square error (ISE) 0.031 

 

 

ʈʠʩ. 4.16 ʇʝʨʝʜʥʽ ʧʨʦʮʝʩʠ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʨʝʞʠʤʫ 

ʜʫʪʪʷ ʢʠʩʥʝʚʦ-ʢʦʥʚʝʨʪʝʨʥʦʾ ʧʣʘʚʢʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʝʣʴʥʦ-

ʧʨʦʛʥʦʟʫʶʯʦʛʦ ʨʝʛʫʣʷʪʦʨʘ 

ʆʪʨʠʤʘʥʽ ʧʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ 

ʨʝʞʠʤʫ ʜʫʪʪʷ ʢʠʩʥʝʚʦ-ʢʦʥʚʝʨʪʝʨʥʦʾ ʧʣʘʚʢʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʝʣʴʥʦ-

ʧʨʦʛʥʦʟʫʶʯʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʟʘʙʝʟʧʝʯʠʣʠ  ISE ʜʣʷ ʢʦʥʪʫʨʫ ʚʠʪʨʘʪʠ ʢʠʩʥʶ ï 5577 

ʪʘ ʚʤʽʩʪʫ ʉʆ2 ʫ ʢʦʥʚʝʨʪʝʥʠʭ ʛʘʟʘʭ ï 43; ʤʘʢʩʠʤʘʣʴʥʝ ʜʠʥʘʤʽʯʥʝ ʚʽʜʭʠʣʝʥʥʷ 

ʚʤʽʩʪʫ ʉʆ2 ʫ ʢʦʥʚʝʨʪʝʥʠʭ ʛʘʟʘʭ ʩʢʣʘʣʦ 0,95%. 
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ʈʠʩ. 4.17 ʇʝʨʝʜʥʽ ʧʨʦʮʝʩʠ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʨʝʞʠʤʫ 

ʜʫʪʪʷ ʢʠʩʥʝʚʦ-ʢʦʥʚʝʨʪʝʨʥʦʾ ʧʣʘʚʢʠ 

 ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʝʣʴʥʦ-ʧʨʦʛʥʦʟʫʶʯʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʜʦʟʚʦʣʠʣʦ 

ʧʦʢʨʘʱʠʪʠ ʷʢʽʩʪʴ ʨʝʛʫʣʶʚʘʥʥʷ ʜʣʷ ʢʦʥʪʫʨʫ ʚʠʪʨʘʪʠ ʢʠʩʥʶ ʫ 9075/5577=1,63 

ʨʘʟʠ ʪʘ ʜʣʷ  ʢʦʥʪʫʨʫ ʨʝʛʫʣʶʚʘʥʥʷ ʚʤʽʩʪʫ ʉʆ2 ʫ ʢʦʥʚʝʨʪʝʥʠʭ ʛʘʟʘʭ ʫ 

1397/43=32,5 ʨʘʟ; ʤʘʢʩʠʤʘʣʴʥʝ ʜʠʥʘʤʽʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʚʤʽʩʪʫ ʉʆ2 ʫ 

ʢʦʥʚʝʨʪʝʥʠʭ ʛʘʟʘʭ ʙʫʣʦ ʟʥʠʞʝʥʦ ʥʘ 17,5% - 0,95% = 16,55%  ʫ ʧʦʨʽʥʷʥʥʽ ʟ 

ʢʦʤʙʽʥʦʚʘʥʦʶ ʩʠʩʪʝʤʦʶ ʨʝʛʫʣʶʚʘʥʥʷ ʟ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʘʤʠ ʦʧʠʩʘʥʽʡ ʫ ʨʦʟʜʽʣʽ 

3.2. ʆʪʨʠʤʘʥʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʨʦʙʦʪʠ ʉɸʈ ʟʘʜʦʚʽʣʴʥʷʶʪʴ ʚʠʤʦʛ ʧʦʩʪʘʚʣʝʥʠʭ 

ʜʦ ʷʢʦʩʪʽ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ, ʟʚʽʜʢʠ ʚʠʧʣʠʚʘʻ ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʫʜʦʩʢʦʥʘʣʝʥʦʾ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʤʦʜʝʣʴʥʦ-ʧʨʦʛʥʦʟʫʶʯʦʛʦ ʢʝʨʫʚʘʥʥʷ.  

4.3 ɼʦʩʣʽʜʞʝʥʥʷ ʯʫʪʣʠʚʦʩʪʽ ʄʇʂ 

ɼʦʩʣʽʜʞʝʥʥʷ ʯʫʪʣʠʚʦʩʪʽ ʩʠʩʪʝʤʠ ʄʇʂ ʧʘʨʘʤʝʪʨʘʤʠ ʨʝʞʠʤʫ ʜʫʪʪʷ 

ʢʠʩʥʝʚʦ-ʢʦʥʚʝʨʪʦʨʥʦʛʦ ʧʨʦʮʝʩʫ ʙʫʜʝ ʧʨʦʚʦʜʠʪʠʩʷ ʥʘ ʜʽʘʧʘʟʦʥʽ ʟʤʽʥʠ 

ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ ʟʤʽʥʠ ʩʪʫʧʝʥʷ ʦʢʠʩʥʝʥʥʷ ʚʫʛʣʝʮʶ ʜʦ ʉʆ2 ʫ ʧʦʨʦʞʥʠʥʽ 

ʢʦʥʚʝʨʪʝʨʘ ʚʽʜ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ ʟʥʝʚʫʛʣʝʮʶʚʘʥʥʷ, ʱʦ ʦʧʠʩʫʻʪʴʩʷ 

ʜʠʬʝʨʝʥʮʽʡʥʠʤ ʨʽʚʥʷʥʥʷʤ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ (2.18). ʏʫʪʣʠʚʽʩʪʴ ʄʇʂ ʙʫʜʝ 
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ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘ ʽʥʪʝʛʨʘʣʴʥʠʡ ʢʚʘʜʨʘʪʠʯʥʠʡ ʧʦʢʘʟʥʠʢ ʷʢʦʩʪʽ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʯʫʪʣʠʚʦʩʪʽ [57] ʉɸʈ ʙʫʜʝ ʚʠʢʦʨʠʩʪʘʥʦ ʚʽʜʥʦʩʥʠʡ ʧʦʢʘʟʥʠʢ (4.1), ʷʢʠʡ 

ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʥʘʩʪʫʧʥʦʶ ʬʦʨʤʫʣʦʶ: 

 ,

opt

opt

opt

opt

X X

X

Y Y

Y

d

-

=
-

 (4.1)   

ʜʝ ʍʦʨt ï ʟʥʘʯʝʥʥʷ ʦʙʨʘʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʷʢʦʩʪʽ ʚ ʥʦʤʽʥʘʣʴʥʦʤʫ ʨʝʞʠʤʽ, ʍ ï 

ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʷʢʦʩʪʽ ʧʨʠ ʥʝʚʠʟʥʘʯʝʥʦʩʪʷʭ (ʥʘʧʨʠʢʣʘʜ, ʧʨʠ ʟʤʽʥʽ 

ʧʘʨʘʤʝʪʨʘ ʦʙôʻʢʪʘ), Yʦʨt ï ʦʧʪʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ ʦʙôʻʢʪʘ, Y ï ʟʤʽʥʝʥʝ 

ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ ʦʙôʻʢʪʘ. ʉʠʩʪʝʤʘ ʚʚʘʞʘʻʪʴʩʷ ʛʨʫʙʦʶ, ʷʢʱʦ ʚʽʜʥʦʩʥʠʡ 

ʢʦʝʬʽʮʽʻʥʪ ʯʫʪʣʠʚʦʩʪʽ ʥʝ ʧʝʨʝʚʠʱʫʻ ʟʥʘʯʝʥʥʷ ʦʜʠʥʠʮʽ [57].  

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ISE ʷʢʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʢʦʨʠʩʪʘʻʤʦʩʷ ʤʦʜʝʣʣʶ 

Simulink 'BOF_MPC_System.mdl'  (ʨʠʩ. 4.18).  

 
ʈʠʩ. 4.18 ʄʦʜʝʣʴ ʄʇʂ ʨʝʞʠʤʫ ʜʫʪʪʷ ʂʂʇ 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʽʜʥʦʩʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʯʫʪʣʠʚʦʩʪʽ ʙʫʣʦ ʥʘʧʠʩʘʥʦ Matlab-

ʬʫʥʢʮʽʶ, ʫ ʷʢʽʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʤʦʜʝʣʶʚʘʥʥʷ (ʬʫʥʢʮʽʷ  sim) ʜʘʥʦʾ ʤʦʜʝʣʽ (ʨʠʩ. 

4.18). ʊʨʝʪʽʡ ʘʨʛʫʤʝʥʪ ʨʝʟʫʣʴʪʘʪʫ ʚʠʢʦʥʘʥʥʷ sim( 'BOF_MPC_System.mdl' ) 



121 

 

ʤʘʩʠʚ ʟʥʘʯʝʥʴ ʚʠʭʦʜʫ (ISE) ʚʽʜ ʯʘʩʫ ʤʦʜʝʣʶʚʘʥʥʷ. ɺʠʟʥʘʯʠʤʦ ʟʤʽʥʫ 

ʚʽʜʥʦʩʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʯʫʪʣʠʚʦʩʪʽ (ʨʠʩ. 4.19) ʧʨʠ ʟʤʽʥʽ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ ʧʦ 

ʢʘʥʘʣʫ ʰʚʠʜʢʽʩʪʴ ʟʥʝʚʫʛʣʝʮʶʚʘʥʥʷ ï ʩʪʫʧʽʥʴ ʦʢʠʩʥʝʥʥʷ ʚʫʛʣʝʮʶ ʜʦ ʉʆ2. 

kvc= - 2. 25;  

Tvc= 2. 15;  
d=0;  
i=1;  
j=1;  
while  (d<1)  

kvc=kvc+0.05;  
[t, x, I] = sim( 'BOF_MPC_System.mdl' );  
d=((I(length(I)) -  0.293)/  0.293)/((kvc - ( - 2. 25) )/ ( -

2. 25) );  
d=abs(d);  
f(i)=d;  
e(j)=kvc/ ( - 2. 25) ;  
i=i+1;  
j=j+1;  

end  

 

ʈʠʩ. 4.19 ɿʘʣʝʞʥʽʩʪʴ ʟʤʽʥʠ ʚʽʜʥʦʩʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʯʫʪʣʠʚʦʩʪʽ ʚʽʜ ʟʤʽʥʠ 

ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ 
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ʆʪʨʠʤʘʥʠʡ ʜʽʘʧʘʟʦʥ ʟʤʽʥʠ: 2.25; var; ; [1.62...2.75]vc vc vc vcʂ ʂ T const ʂ=- = = Ý = . 

ɺʠʟʥʘʯʠʤʦ ʟʤʽʥʫ ʚʽʜʥʦʩʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʯʫʪʣʠʚʦʩʪʽ (ʨʠʩ. 4.20) ʧʨʠ ʟʤʽʥʽ ʩʪʘʣʦʾ 

ʯʘʩʫ ʧʨʦʮʝʩʫ ʟʤʽʥʠ ʩʪʫʧʝʥʶ ʦʢʠʩʥʝʥʥʷ ʚʫʛʣʝʮʶ ʜʦ ʉʆ2 ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʰʚʠʜʢʦʩʪʽ ʟʥʝʚʫʛʣʝʮʶʚʘʥʥʷ.   

 

 

ʈʠʩ. 4.20 ɿʘʣʝʞʥʽʩʪʴ ʚʽʜʥʦʩʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʯʫʪʣʠʚʦʩʪʽ ʚʽʜ ʟʤʽʥʠ ʊvc 

ʆʪʨʠʤʘʥʠʡ ʜʽʘʧʘʟʦʥ ʟʤʽʥʠ: 2,15; ; var; [1,55...2,58].vc vc vc vcT ʂ const T T= = = Ý =  

ɺʠʟʥʘʯʠʤʦ ʟʤʽʥʫ ʚʽʜʥʦʩʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʯʫʪʣʠʚʦʩʪʽ (ʨʠʩ. 4.21, 4.22) ʧʨʠ 

ʦʜʥʦʯʘʩʥʽʡ ʟʤʽʥʽ ʢʦʝʬʽʮʽʻʥʪʫ ʧʝʨʝʜʘʯʽ ʪʘ ʩʪʘʣʦʾ ʯʘʩʫ ʧʨʦʮʝʩʫ ʟʤʽʥʠ ʩʪʫʧʝʥʶ 

ʦʢʠʩʥʝʥʥʷ ʚʫʛʣʝʮʶ ʜʦ ʉʆ2 ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʟʥʝʚʫʛʣʝʮʶʚʘʥʥʷ. 
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ʈʠʩ. 4.21 ʇʦʚʝʨʭʥʷ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜʥʦʩʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʯʫʪʣʠʚʦʩʪʽ ʚʽʜ 

ʦʜʥʦʯʘʩʥʦʾ ʟʤʽʥʠ ʢʦʝʬʽʮʽʻʥʪʫ ʧʝʨʝʜʘʯʽ ʪʘ ʩʪʘʣʦʾ ʯʘʩʫ 

 

ʈʠʩ. 4.22 ʃʽʥʽʾ ʨʽʚʥʷ ʧʦʚʝʨʭʥʽ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜʥʦʩʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʯʫʪʣʠʚʦʩʪʽ 
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 ʏʫʪʣʠʚʽʩʪʴ ʚʠʟʥʘʯʘʣʘʩʴ ʟʘ ISE ʧʦʢʘʟʥʠʢʦʤ ʷʢʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. ɼʣʷ 

ʦʮʽʥʢʠ ʛʨʫʙʦʩʪʽ ɸʉʂ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʚʽʜʥʦʩʥʠʡ ʧʦʢʘʟʥʠʢ ʯʫʪʣʠʚʦʩʪʽ. 

ʉʠʩʪʝʤʘ ʚʚʘʞʘʻʪʴʩʷ ʛʨʫʙʦʶ, ʷʢʱʦ ʚʽʜʥʦʩʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʯʫʪʣʠʚʦʩʪʽ ʥʝ 

ʧʝʨʝʚʠʱʫʻ ʟʥʘʯʝʥʥʷ ʦʜʠʥʠʮʽ. ʆʪʨʠʤʘʥʽ ʜʽʘʧʘʟʦʥʠ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʦʙôʻʢʪʽʚ: 

1. 2.25; var; ; [1.62...2.75]vc vc vc vcʂ ʂ T const ʂ=- = = Ý =  (ʨʠʩ. 4.19); 

2. 2,15; ; var; [1,55...2,58].vc vc vc vcT ʂ const T T= = = Ý =  (ʨʠʩ. 4.20). 

ʊʘʢʦʞ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʟʤʽʥʫ ʚʽʜʥʦʩʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʯʫʪʣʠʚʦʩʪʽ ʧʨʠ 

ʦʜʥʦʯʘʩʥʽʡ ʟʤʽʥʽ  ,vc vcʂ T (ʨʠʩ. 4.21, 4.22).  ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ 

ʚʠʷʚʣʝʥʦ, ʱʦ ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ ʟʙʽʣʴʰʝʥʥʶ vcʂ  ʪʘ ʟʤʝʥʰʝʥʽ vcT  ʚʽʜʥʦʩʥʠʡ 

ʧʦʢʘʟʥʠʢ ʯʫʪʣʠʚʦʩʪʽ ʩʪʨʽʤʢʦ ʟʨʦʩʪʘʻ. 

 ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 

ɹʫʣʦ ʚʠʢʦʥʘʥʦ ʽʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʜʣʷ 

ʦʧʠʩʘʥʠʭ ʚʠʱʝ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʨʝʞʠʤʫ ʜʫʪʪʷ ʢʠʩʥʝʚʦ-

ʢʦʥʚʝʨʪʝʨʥʦʛʦ ʧʨʦʮʝʩʫ ʽ ʚʠʢʦʥʘʥʦ ʧʦʨʽʚʥʷʥʥʷ ʄʇʂ ʪʘ ʢʦʤʙʽʥʦʚʘʥʦʾ ʉɸʈ: 

1. ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʧʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʢʦʤʙʽʥʦʚʘʥʦʾ ʩʠʩʪʝʤʠ 

ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʨʝʞʠʤʫ ʜʫʪʪʷ ʢʠʩʥʝʚʦ-ʢʦʥʚʝʨʪʝʨʥʦʾ 

ʧʣʘʚʢʠ. ʂʦʤʙʽʥʦʚʘʥʘ ʉɸʈ ʟʘʙʝʟʧʝʯʠʣʘ  ISE ʜʣʷ ʢʦʥʪʫʨʫ ʚʠʪʨʘʪʠ 

ʢʠʩʥʶ ï 9075 ʪʘ ʚʤʽʩʪʫ ʉʆ2 ʫ ʢʦʥʚʝʨʪʝʨʥʠʭ ʛʘʟʘʭ ï 1397; 

ʤʘʢʩʠʤʘʣʴʥʝ ʜʠʥʘʤʽʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʚʤʽʩʪʫ ʉʆ2 ʫ ʢʦʥʚʝʨʪʝʨʥʠʭ ʛʘʟʘʭ 

ʩʢʣʘʣʦ 17,5%. ʆʪʨʠʤʘʥʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʨʦʙʦʪʠ ʢʦʤʙʽʥʦʚʘʥʦʾ ʉɸʈ 

ʥʝ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʚʠʤʦʛ ʧʦʩʪʘʚʣʝʥʠʭ ʜʦ ʷʢʦʩʪʽ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ, 

ʟʚʽʜʢʠ ʚʠʧʣʠʚʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫʜʦʩʢʦʥʘʣʝʥʦʾ ʩʠʩʪʝʤʠ 

ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ, ʘ ʩʘʤʝ ʤʦʜʝʣʴʥʦ-ʧʨʦʛʥʦʟʫʶʯʦʛʦ 

ʢʝʨʫʚʘʥʥʷ; 

2. ʨʦʟʛʣʷʥʫʪʦ ʨʝʘʣʽʟʘʮʽʶ ʧʨʦʛʨʘʤʥʦ-ʘʧʘʨʘʪʥʦʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʝʣʴʥʦ-ʧʨʦʛʥʦʟʫʶʯʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʥʘ ʙʘʟʽ 

ʧʨʦʛʨʘʤʦʚʘʥʦʛʦ ʣʦʛʽʯʥʦʛʦ ʢʦʥʪʨʦʣʝʨʫ. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʤʦʜʝʣʴʥʦ-

ʧʨʦʛʥʦʟʫʶʯʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʙʫʣʦ ʦʙʨʘʥʦ ʩʝʨʝʜʦʚʠʱʝ ʨʦʟʨʦʙʢʠ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʽʾ CODESYS V3.5, ʱʦ 
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ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʝ ʟʛʽʜʥʦ ʤʽʞʥʘʨʦʜʥʦʛʦ ʩʪʘʥʜʘʨʪʫ IEC 61131-3. 

ɿʘʧʨʦʛʨʘʤʦʚʘʥʦ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʙʣʦʢ ʧʨʦʛʥʦʟʫʶʯʦʾ ʤʦʜʝʣʽ, 

ʩʧʦʩʪʝʨʽʛʘʯʘ ʩʪʘʥʫ ʦʙôʻʢʪʫ, ʣʽʥʽʡʥʦ-ʢʚʘʜʨʘʪʠʯʥʠʡ ʬʫʥʢʮʽʦʥʘʣ ʪʘ 

ʨʝʘʣʽʟʦʚʘʥʠʡ ʤʝʪʦʜ ʦʧʪʠʤʽʟʘʮʽʾ ʍʫʢʘ-ɼʞʠʚʩʘ ʥʘ ʤʦʚʽ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

ʇʃʂ ST ʪʘ FBD.  ʇʨʦʮʝʜʫʨʘ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʢʦʥʫʚʘʣʘʩʴ 

ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʚ ʩʝʨʝʜʦʚʠʱʽ Matlab Simulink ʪʘ SoftPLC 

CODESYS V3.5. ʂʦʤʫʥʽʢʘʮʽʷ ʤʽʞ  Matlab Simulink ʪʘ CODESYS V3.5 

ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʪʦʢʦʣʫ OPC UA; 

3. ʨʦʟʛʣʷʥʫʪʦ ʧʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ 

ʨʝʞʠʤʫ ʜʫʪʪʷ ʢʠʩʥʝʚʦ-ʢʦʥʚʝʨʪʝʨʥʦʾ ʧʣʘʚʢʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʤʦʜʝʣʴʥʦ-ʧʨʦʛʥʦʟʫʶʯʦʛʦ ʨʝʛʫʣʷʪʦʨʘ. ʆʪʨʠʤʘʥʦ ISE ʜʣʷ ʢʦʥʪʫʨʫ 

ʚʠʪʨʘʪʠ ʢʠʩʥʶ ï 5577 ʪʘ ʚʤʽʩʪʫ ʉʆ2 ʫ ʢʦʥʚʝʨʪʝʨʥʠʭ ʛʘʟʘʭ ï 43; 

ʤʘʢʩʠʤʘʣʴʥʝ ʜʠʥʘʤʽʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʚʤʽʩʪʫ ʉʆ2 ʫ ʢʦʥʚʝʨʪʝʨʥʠʭ ʛʘʟʘʭ 

ʩʢʣʘʣʦ 0,95%. ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʝʣʴʥʦ-ʧʨʦʛʥʦʟʫʶʯʦʛʦ ʨʝʛʫʣʷʪʦʨʘ 

ʜʦʟʚʦʣʠʣʦ ʧʦʢʨʘʱʠʪʠ ʷʢʽʩʪʴ ʨʝʛʫʣʶʚʘʥʥʷ ʜʣʷ ʢʦʥʪʫʨʫ ʚʠʪʨʘʪʠ 

ʢʠʩʥʶ ʫ 1,63 ʨʘʟʠ ʪʘ ʜʣʷ  ʢʦʥʪʫʨʫ ʨʝʛʫʣʶʚʘʥʥʷ ʚʤʽʩʪʫ ʉʆ2 ʫ 

ʢʦʥʚʝʨʪʝʨʥʠʭ ʛʘʟʘʭ ʫ 32,5 ʨʘʟ; ʤʘʢʩʠʤʘʣʴʥʝ ʜʠʥʘʤʽʯʥʝ ʚʽʜʭʠʣʝʥʥʷ 

ʚʤʽʩʪʫ ʉʆ2 ʫ ʢʦʥʚʝʨʪʝʨʥʠʭ ʛʘʟʘʭ ʙʫʣʦ ʟʥʠʞʝʥʦ ʥʘ 16,55%  ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʦʤʙʽʥʦʚʘʥʦʶ ʩʠʩʪʝʤʦʶ ʨʝʛʫʣʶʚʘʥʥʷ; 

4. ɼʦʩʣʽʜʞʝʥʦ ʯʫʪʣʠʚʽʩʪ ɹʩʠʩʪʝʤʠ ʄʇʂ ʧʘʨʘʤʝʪʨʘʤʠ ʨʝʞʠʤʫ ʜʫʪʪʷ 

ʢʠʩʥʝʚʦ-ʢʦʥʚʝʨʪʦʨʥʦʛʦ ʧʨʦʮʝʩʫ. ʏʫʪʣʠʚʽʩʪʴ ʚʠʟʥʘʯʘʣʘʩʴ ʟʘ ISE 

ʧʦʢʘʟʥʠʢʦʤ ʷʢʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. ʆʪʨʠʤʘʥʦ ʜʽʘʧʘʟʦʥʠ ʟʤʽʥʠ 

ʧʘʨʘʤʝʪʨʽʚ ʦʙôʻʢʪʽʚ: [1.62...2.75]vcʂ =  ʪʘ [1,55...2,58]vcT =  ʧʨʠ ʷʢʦʤʫ 

ʚʽʜʥʦʩʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʯʫʪʣʠʚʦʩʪʽ ʥʝ ʧʝʨʝʚʠʱʫʻ ʦʜʠʥʠʮʽ. ʊʘʢʦʞ ʙʫʣʦ 

ʜʦʩʣʽʜʞʝʥʦ ʟʤʽʥʫ ʚʽʜʥʦʩʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʯʫʪʣʠʚʦʩʪʽ ʧʨʠ ʦʜʥʦʯʘʩʥʽʡ 

ʟʤʽʥʽ vcʂ  ʪʘ vcT  (ʨʠʩ. 4.21, 4.22).  ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ 

ʟʙʽʣʴʰʝʥʥʶ vcʂ  ʪʘ ʟʤʝʥʰʝʥʽ vcT  ʚʽʜʥʦʩʥʠʡ ʧʦʢʘʟʥʠʢ ʯʫʪʣʠʚʦʩʪʽ 

ʧʦʯʠʥʘʻ ʩʪʨʽʤʢʦ ʟʨʦʩʪʘʪʠ. 
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ɿɸɻɸʃʔʅɯ ɺʀʉʅʆɺʂʀ 

ʋ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʚʠʨʽʰʝʥʘ ʚʘʞʣʠʚʘ ʥʘʫʢʦʚʘ ʽ ʪʝʭʥʽʯʥʘ ʟʘʜʘʯʘ ï 

ʟʥʠʞʝʥʥʷ ʩʦʙʽʚʘʨʪʦʩʪʽ ʢʠʩʥʝʚʦ-ʢʦʥʚʝʨʪʝʨʥʦʾ ʩʪʘʣʽ, ʱʦ ʻ ʥʘʩʣʽʜʢʦʤ 

ʧʽʜʚʠʱʝʥʥʷ ʯʘʩʪʢʠ ʤʝʪʘʣʦʙʨʫʭʪʫ ʟʘ ʨʘʭʫʥʦʢ ʧʽʜʚʠʱʝʥʥʷ ʩʪʫʧʝʥʷ 

ʜʦʧʘʣʶʚʘʥʥʷ ʉʆ ʜʦ ʉʆ2 ʚ ʧʦʨʦʞʥʠʥʽ ʢʦʥʚʝʨʪʝʨʘ, ʰʣʷʭʦʤ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʘʤʠ ʜʫʪʪʴʦʚʦʛʦ ʨʝʞʠʤʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʝʣʴʥʦ-

ʧʨʦʛʥʦʟʫʶʯʦʛʦ ʢʝʨʫʚʘʥʥʷ.  

1. ɸʥʘʣʽʪʠʯʥʠʡ ʦʛʣʷʜ ʧʦʢʘʟʘʚ, ʱʦ ʦʜʥʠʤ ʽʟ ʰʣʷʭʽʚ ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʻ ʫʪʠʣʽʟʘʮʽʷ ʬʽʟʠʯʥʦʾ ʪʘ ʭʽʤʽʯʥʦʾ ʝʥʝʨʛʽʾ ʛʘʟʽʚ, ʷʢʽ 

ʚʽʜʭʦʜʷʪʴ ʽʟ ʢʦʥʚʝʨʪʝʨʘ. ʅʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤ ʩʧʦʩʦʙʦʤ 

ʟʙʽʣʴʰʝʥʥʷ ʩʪʫʧʝʥʷ ʜʦʧʘʣʶʚʘʥʥʷ ʉʆ ʫ ʧʦʨʦʞʥʠʥʽ ʢʦʥʚʝʨʪʝʨʘ ʻ 

ʨʝʛʫʣʶʚʘʥʥʷ ʚʽʜʩʪʘʥʽ ʬʫʨʤʠ ʥʘʜ ʨʽʚʥʝʤ ʩʧʦʢʽʡʥʦʾ ʚʘʥʥʠ. 

ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʚʧʣʠʚ ʨʦʟʤʽʱʝʥʥʷ ʬʫʨʤʠ ʥʘʜ ʨʽʚʥʝʤ ʩʧʦʢʽʡʥʦʾ 

ʚʘʥʥʠ ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʜʫʪʪʷ ʥʘ ʨʝʞʠʤ ʧʨʦʜʫʚʘʥʥʷ ʂʂʇ, ʱʦ 

ʜʦʟʚʦʣʠʣʦ ʷʢʽʩʥʦ ʩʠʥʪʝʟʫʚʘʪʠ ʉɸʈ. ʈʝʛʫʣʶʶʯʠ ʚʽʜʩʪʘʥʴ, ʤʦʞʥʘ 

ʟʘʙʝʟʧʝʯʠʪʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʝ ʟʘʩʚʦʻʥʥʷ ʪʝʧʣʘ, ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ ʚ 

ʢʦʥʚʝʨʪʝʨʽ ʚʽʜ ʦʢʠʩʥʝʥʥʷ ʉʆ ʜʦ ʉʆ2.  

2. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʤʽʥʘ ʩʪʫʧʝʥʷ ʦʢʠʩʥʝʥʥʷ ʚʫʛʣʝʮʶ ʜʦ ʉʆ2 ʫ 

ʧʦʨʦʞʥʠʥʽ ʢʦʥʚʝʨʪʝʨʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ 

ʟʥʝʚʫʛʣʝʮʶʚʘʥʥʷ ʷʢʘ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʽʜʩʪʘʥʽ ʬʫʨʤʠ ʜʦ 

ʨʽʚʥʷ ʩʧʦʢʽʡʥʦʾ ʚʘʥʥʠ. ʇʨʦʮʝʩ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ ʟʥʝʚʫʛʣʝʮʶʚʘʥʥʷ ʚʽʜ 

ʟʤʽʥʠ ʚʽʜʩʪʘʥʽ ʬʫʨʤʠ ʜʦ ʨʽʚʥʷ ʩʧʦʢʽʡʥʦʾ ʚʘʥʥʠ ʻ ʥʝʩʪʘʮʽʦʥʘʨʥʠʤ. 

ɼʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʦʜʘʯʽ ʜʫʪʪʷ ʥʘ ʰʚʠʜʢʽʩʪʴ 

ʟʥʝʚʫʛʣʝʮʶʚʘʥʥʷ ʤʝʪʘʣʫ. ʆʪʨʠʤʘʥʦ ʜʠʥʘʤʽʯʥʫ ʤʦʜʝʣʴ ʨʝʞʠʤʫ 

ʧʨʦʜʫʚʢʠ ʢʠʩʥʝʚʦ-ʢʦʥʚʝʨʪʝʨʥʦʛʦ ʧʨʦʮʝʩʫ ʫ ʚʠʛʣʷʜʽ ʢʝʨʦʚʘʥʦʾ 

ʢʘʥʦʥʽʯʥʦʾ ʬʦʨʤʠ ʜʠʩʢʨʝʪʥʦʾ ʤʦʜʝʣʽ ʚ ʧʨʦʩʪʦʨʽ ʩʪʘʥʽʚ, ʱʦ ʚʨʘʭʦʚʫʻ 

ʦʜʥʦʯʘʩʥʫ ʟʤʽʥʫ ʚʽʜʩʪʘʥʽ ʬʫʨʤʠ ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʜʫʪʪʷ ʪʘ 

ʚʠʢʦʨʠʩʪʘʪʠ ʾʾ ʜʣʷ ʨʦʟʨʦʙʢʠ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʩʪʫʧʝʥʷ 

ʜʦʧʘʣʶʚʘʥʥʷ ʉʆ ʜʦ ʉʆ2 ʚ ʧʦʨʦʞʥʠʥʽ ʢʦʥʚʝʨʪʝʨʘ.  
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3. ɼʦ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʧʨʦʮʝʩʫ ʜʫʪʪʷ ʂʂʇ ʟʘʩʪʦʩʦʚʘʥʦ ʪʠʧʦʚʫ ʩʠʩʪʝʤʫ 

ʨʝʛʫʣʶʚʘʥʥʷ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʜʫʪʪʷ ʪʘ ʢʦʤʙʽʥʦʚʘʥʫ ʩʠʩʪʝʤʫ 

ʨʝʛʫʣʶʚʘʥʥʷ ʩʪʫʧʝʥʷ ʦʢʠʩʥʝʥʥʷ ʉʆ ʜʦ ʉʆ2 ʟ ʈɼ-ʢʦʤʧʝʥʩʘʪʦʨʦʤ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʢʦʤʧʝʥʩʫʚʘʪʠ ʟʙʫʨʝʥʥʷ ʟʤʽʥʠ ʚʠʪʨʘʪʠ ʜʫʪʪʷ ʧʽʜ ʯʘʩ 

ʨʝʛʫʣʶʚʘʥʥʷ. ʇʦʢʘʟʘʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʠʧʦʚʦʛʦ ʨʽʰʝʥʥʷ ʥʝ 

ʟʘʜʦʚʦʣʴʥʷʻ ʚʠʤʦʛʘʤ ʜʦ ʷʢʦʩʪʽ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ, ʟʚʽʜʢʠ ʚʠʧʣʠʚʘʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʜʘʣʴʰʦʛʦ ʫʜʦʩʢʦʥʘʣʝʥʥ ̫ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ. 

4. ʉʠʥʪʝʟʦʚʘʥʦ ʤʦʜʝʣʴʥʦ-ʧʨʦʛʥʦʟʫʶʯʠʡ ʨʝʛʫʣʷʪʦʨ ʜʫʪʪʴʦʚʦʛʦ ʨʝʞʠʤʫ 

ʂʂʇ, ʩʢʣʘʜʦʚʠʤʠ ʷʢʦʛʦ ʻ ʩʧʦʩʪʝʨʽʛʘʯ ʩʪʘʥʫ ʃʫʝʥʙʝʨʛʝʨʘ, 

ʘʣʛʦʨʠʪʤʽʯʥʦ ʟʘʜʘʥʠʡ ʣʽʥʽʡʥʦ-ʢʚʘʜʨʘʪʠʯʥʠʡ ʬʫʥʢʮʽʦʥʘʣ ̔  ʤʝʪʦʜ 

ʦʧʪʠʤʽʟʘʮʽʾ ʥʫʣʴʦʚʦʛʦ ʧʦʨʷʜʢʫ, ʷʢʠʡ ʚʠʨʽʰʫʻ ʟʘʜʘʯʫ ʧʦʰʫʢʫ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ 

ʨʦʟʨʦʙʣʝʥʠʡ  ʤʦʜʝʣʴʥʦ-ʧʨʦʛʥʦʟʫʶʯʦʛʦ ʨʝʛʫʣʷʪʦʨ ʟʘʙʝʟʧʝʯʠʚ ISE 

ʜʣʷ ʢʦʥʪʫʨʫ ʚʠʪʨʘʪʠ ʢʠʩʥʶ ï 5577 ʪʘ ʚʤʽʩʪʫ ʉʆ2 ʫ ʢʦʥʚʝʨʪʝʨʥʠʭ 

ʛʘʟʘʭ ï 43; ʤʘʢʩʠʤʘʣʴʥʝ ʜʠʥʘʤʽʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʚʤʽʩʪʫ ʉʆ2 ʫ 

ʢʦʥʚʝʨʪʝʨʥʠʭ ʛʘʟʘʭ ʩʢʣʘʣʦ 0,95%. ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʝʣʴʥʦ-

ʧʨʦʛʥʦʟʫʶʯʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʜʦʟʚʦʣʠʣʦ ʧʦʢʨʘʱʠʪʠ ʷʢʽʩʪʴ 

ʨʝʛʫʣʶʚʘʥʥʷ ʜʣʷ ʢʦʥʪʫʨʫ ʚʠʪʨʘʪʠ ʢʠʩʥʶ ʫ 1,63 ʨʘʟʠ ʪʘ ʜʣʷ  ʢʦʥʪʫʨʫ 

ʨʝʛʫʣʶʚʘʥʥʷ ʚʤʽʩʪʫ ʉʆ2 ʫ ʢʦʥʚʝʨʪʝʨʥʠʭ ʛʘʟʘʭ ʫ 32,5 ʨʘʟʽʚ; 

ʤʘʢʩʠʤʘʣʴʥʝ ʜʠʥʘʤʽʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʚʤʽʩʪʫ ʉʆ2 ʫ ʢʦʥʚʝʨʪʝʨʥʠʭ ʛʘʟʘʭ 

ʙʫʣʦ ʟʥʠʞʝʥʦ ʥʘ 16,55%  ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʦʤʙʽʥʦʚʘʥʦʶ ʩʠʩʪʝʤʦʶ 

ʨʝʛʫʣʶʚʘʥʥʷ. 

5. ɺʠʢʦʥʘʥʦ ʨʝʘʣʽʟʘʮʽʶ ʧʨʦʛʨʘʤʥʦ-ʘʧʘʨʘʪʥʦʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʝʣʴʥʦ-ʧʨʦʛʥʦʟʫʶʯʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʥʘ ʙʘʟʽ 

ʧʨʦʛʨʘʤʦʚʘʥʦʛʦ ʣʦʛʽʯʥʦʛʦ ʢʦʥʪʨʦʣʝʨʫ. ʇʦʢʘʟʘʥʦ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʝ 

ʄʇʂ ʤʦʞʥʘ ʨʝʘʣʽʟʫʚʘʪʠ ʚ ʥʘ ʪʠʧʦʚʠʭ ʧʨʦʛʨʘʤʥʦ-ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʘʭ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʥʘ ʧʨʠʢʣʘʜʽ SoftPLC CODESYS V3.5.  

6. ɿʘʩʪʦʩʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʤʦʜʝʣʴʥʦ-ʧʨʦʛʥʦʟʫʶʯʦʛʦ ʢʝʨʫʚʘʥʥʷ, ʷʢʘ 

ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʝ ʟʘʩʚʦʻʥʥʷ ʪʝʧʣʘ ʟʘ ʨʘʭʫʥʦʢ 
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ʧʦʢʨʘʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʪʘ ʷʢʦʩʪʽ ʨʝʛʫʣʶʚʘʥʥʷ, ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʥʷ 

ʩʪʫʧʝʥʷ ʜʦʧʘʣʶʚʘʥʥʷ ʉʆ ʜʦ ʉʆ2 ʚ ʧʦʨʦʞʥʠʥʽ ʢʦʥʚʝʨʪʝʨʘ ʰʣʷʭʦʤ 

ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʬʫʨʤʠ ʥʘʜ ʨʽʚʥʝʤ ʩʧʦʢʽʡʥʦʾ ʚʘʥʥʠ 

ʪʘ ʧʥʝʚʤʦʢʣʘʧʘʥʫ ʚʠʪʨʘʪʠ ʢʠʩʥʶ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʟʙʽʣʴʰʠʪʠ ʯʘʩʪʢʫ 

ʙʨʫʭʪʫ ʫ ʰʠʭʪʽ ʥʘ 2.7% ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʥʠʞʝʥʥʷ 

ʩʦʙʽʚʘʨʪʦʩʪʽ ʢʠʩʥʝʚʦ-ʢʦʥʚʝʨʪʝʨʥʦʾ ʩʪʘʣʽ. 
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ʝʣʝʢʪʨʠʯʥʦʾ ʽʥʞʝʥʝʨʽʾ, ʪʨʘʥʩʧʦʨʪʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, 

ʝʣʝʢʪʨʦʥʽʢʠ, ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʘ IT / chair ʆ. ɺ. 

ʉʪʝʧʘʥʝʮʴ. 2021. 

ISBN 978-617-7991-19-8 

2021 ʤʦʜʝʣʴʥʦ-ʧʨʦʛʥʦʟʫʶʯʝ 

ʢʝʨʫʚʘʥʥʷ; ʣʽʥʽʡʥʦ-

ʢʚʘʜʨʘʪʠʯʥʠʡ ʬʫʥʢʮʽʦʥʘʣ; 

ʢʠʩʥʝʚʦ-ʢʦʥʚʝʨʪʝʨʥʠʡ ʧʨʦʮʝʩ; 

ʦʧʪʠʤʘʣʴʥʝ ʢʝʨʫʚʘʥʥʷ 

https://doi.org/1

0.36074/mcnd-

05.03.2021.engi

neering.03 

 

 

https://ojs.ukrlogos.i

n.ua/index.php/mcnd

/article/view/9797 

 

  

https://doi.org/10.20998/2413-4295.2021.04.08
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ʬʘʭʦʚʦʤʫ 

ʚʠʜʘʥʥʽ 

ʋʢʨʘʾʥʠ 

ʢʘʪʝʛʦʨʽʾ ɹ 

Stepanets O. V., Mariiash Y. I. MODEL PREDICTIVE 

CONTROL TOOLBOX DESIGN FOR 

NONSTATIONARY PROCESS. KPI Science News. 

2021. No. 1. 

ISSN 2617-5509 (print) ISSN 2663-7472 (online) 

2021 model predictive control; linear-

quadratic cost functional; state 

space model; control system 

https://doi.org/1

0.20535/kpisn.2

021.1.217992 

 

http://scinews.kpi.ua/

article/view/217992 

 

ʊʝʟʠ ʄʘʨʽʷʰ ʖ.ɯ., ʉʪʝʧʘʥʝʮʴ ʆ. ɺ. ʆʧʪʠʤʘʣʴʥʝ 

ʢʝʨʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʘʤʠ ʜʫʪʪʴʦʚʦʛʦ ʨʝʞʠʤʫ 

ʢʠʩʥʝʚʦʛʦ ʢʦʥʚʝʨʪʝʨʘ. ʉʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ ʥʘʫʢʦʚʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʥʝʨʛʝʪʠʢʠ: XɯX ʤʽʞʥʘʨ. ʥʘʫʢ.-ʧʨʘʢ. 

ʢʦʥʬ. ʄʦʣʦʜʠʭ ʚʯʝʥʠʭ ʪʘ ʩʪʫʜʝʥʪʽʚ, 20 ʢʚ. 2021ʨ.: 

ʤʘʪ.ʢʦʥʬ. ð ʂ.: ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, 2021. 

ʊ.2. ʉ. 14-15. ISBN 978-966-990-027-2 

2021 ʢʠʩʥʝʚʦ-ʢʦʥʚʝʨʪʝʨʥʠʡ ʧʨʦʮʝʩ; 

ʤʦʜʝʣʴʥʦ-ʧʨʦʛʥʦʟʫʶʯʝ 

ʢʝʨʫʚʘʥʥʷ; ʣʽʥʽʡʥʦ-

ʢʚʘʜʨʘʪʠʯʥʠʡ ʬʫʥʢʮʽʦʥʘʣ; 

ʧʨʦʛʥʦʟʫʶʯʘ ʤʦʜʝʣʴ 

ð http://tef.kpi.ua/files/

pdf/2021-tom2-

tezy.pdf 

 

ʉʪʘʪʪʷ ʫ 

Index 

Copernicus 

Stepanets O., Mariiash Y. Model predictive control 

application in the energy saving technology of basic 

oxygen furnace. Informatyka, Automatyka, Pomiary w 

Gospodarce i Ochronie środowiska. 2020. Vol. 10, no. 

2. P. 70ï74. 

ISSN 2083-0157 (print), ISSN 2391-6761 (online) 

2020 model predictive control, basic 

oxygen furnace, optimal control, 

energy saving 

https://doi.org/1

0.35784/iapgos.

931 

 

https://ph.pollub.pl/i

ndex.php/iapgos/arti

cle/view/931 

 

ʊʝʟʠ ʄʘʨʽʷʰ ʖ.ɯ., ʉʪʝʧʘʥʝʮʴ ʆ. ɺ. ʂʣʶʯʦʚʠʡ ʧʦʢʘʟʥʠʢ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʢʠʩʥʝʚʦʛʦ ʢʦʥʚʝʨʪʝʨʘ ʷʢ 

ʢʨʠʪʝʨʽʡ ʷʢʦʩʪʽ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ. ʉʫʯʘʩʥʽ 

ʧʨʦʙʣʝʤʠ ʥʘʫʢʦʚʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʥʝʨʛʝʪʠʢʠ: XVɯɯɯ 

ʤʽʞʥʘʨ. ʥʘʫʢ.-ʧʨʘʢ. ʢʦʥʬ. ʄʦʣʦʜʠʭ ʚʯʝʥʠʭ ʪʘ 

ʩʪʫʜʝʥʪʽʚ, 29 ʢʚ. 2020ʨ.: ʤʘʪ.ʢʦʥʬ. ð ʂ.: ʂʇɯ ʽʤ. 

ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, 2021. ʊ.2. ʉ. 7. 

ISBN 978-966-622-999-4 

2020 ʢʣʶʯʦʚʠʡ ʧʦʢʘʟʥʠʢ 

ʝʬʝʢʪʠʚʥʦʩʪʽ; ʢʠʩʥʝʚʦ-

ʢʦʥʚʝʨʪʝʨʥʠʡ ʧʨʦʮʝʩ; ʩʠʩʪʝʤʘ 

ʢʝʨʫʚʘʥʥʷ; ʬʫʥʢʮʽʦʥʘʣ; 

ʦʧʪʠʤʘʣʴʥʝ ʢʝʨʫʚʘʥʥʷ 

ð https://tef.kpi.ua/files

/pdf/tom2-tezy-

fin_2080.pdf 

 

ʊʝʟʠ Mariiash Y., Stepanets O. Model predictive control 

application in the energy saving technology of basic 

oxygen furnace. Modelling, Control and Information 

Technologies. 2019. No. 3. P. 124ï126. 

ISSN 2707-1030 (print) ISSN 2707-1049 (online) 

2019 Model Predictive Control, Basic 

Oxygen Furnace, Predictive 

Model, Linear-Quadratic 

Functional, Optimal Control, 

Energy Saving 

https://doi.org/1

0.31713/mcit.20

19.33 

 

https://itconfdoc.nuw

m.edu.ua/index.php/I

TConf/article/view/5

0 
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ʊʝʟʠ ʄʘʨʽʷʰ ʖ.ɯ., ʈʫʙʘʥʝʮʴ ʆ.ʄ. ʅʦʚʽ ʧʽʜʭʦʜʠ ʫ 

ʧʨʦʛʥʦʟʫʚʘʥʥʽ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ. XV ʤʽʞʥʘʨ. ʥʘʫʢ.-

ʧʨʘʢ. ʢʦʥʬ. ʌʽʣʦʩʦʬʩʴʢʽ ʟʘʩʘʜʠ ʢʨʝʘʪʦʩʬʝʨʠ ʫ 

ʢʦʥʪʝʢʩʪʽ ʪʚʦʨʯʦʩʪʽ, 30 ʪʨʘʚʥʷ. 2019ʨ. : ʤʘʪ.ʢʦʥʬ. ð 

ʂ.: ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, 2019. 91-94 ʩʪ. 

ISBN 978-617-696-963-1 

2019 ʤʦʜʝʣʴʥʦ-ʧʨʦʛʥʦʟʫʶʯʝ 

ʢʝʨʫʚʘʥʥʷ; 

ʧʨʦʛʥʦʟʫʶʯʘ ʤʦʜʝʣʴ; 

ʦʧʪʠʤʘʣʴʥʝ ʢʝʨʫʚʘʥʥʷ; 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ; ʤʦʜʝʣʴ 

ð https://fsp.kpi.ua/ua/

xv-mizhnarodna-

naukovo-praktichna-

konferentsiya-

kafedri-filosofiyi -

filosofski-zasadi-

kreatosferi-u-

konteksti-tvorchosti/ 

ʊʝʟʠ ʄʘʨʽʷʰ ʖ.ɯ., ʉʪʝʧʘʥʝʮʴ ʆ. ɺ. ɽʥʝʨʛʦʟʙʝʨʽʛʘʶʯʝ 

ʢʝʨʫʚʘʥʥʷ ʧʨʦʜʫʚʢʦʶ ʢʠʩʥʝʚʦʛʦ ʢʦʥʚʝʨʪʝʨʘ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ MPC-ʧʽʜʭʦʜʫ. ʉʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ 

ʥʘʫʢʦʚʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʥʝʨʛʝʪʠʢʠ : XVɯɯ ʤʽʞʥʘʨ. 

ʥʘʫʢ.-ʧʨʘʢ. ʢʦʥʬ. ʄʦʣʦʜʠʭ ʚʯʝʥʠʭ ʪʘ ʩʪʫʜʝʥʪʽʚ, 23 

26 ʢʚ. 2019ʨ. : ʤʘʪ.ʢʦʥʬ. ð ʂ.: ʂʇɯ ʽʤ. ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦ, 2019. ʊ.2. ʉ. 9. 

2019 ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ; ʢʠʩʥʝʚʦ-

ʢʦʥʚʝʨʪʝʨʥʠʡ ʧʨʦʮʝʩ; 

ʤʦʜʝʣʴʥʦ-ʧʨʦʛʥʦʟʫʶʯʝ 

ʢʝʨʫʚʘʥʥʷ; ʦʧʪʠʤʘʣʴʥʝ 

ʢʝʨʫʚʘʥʥʷ; 

ʧʨʦʛʥʦʟʫʶʯʘ ʤʦʜʝʣʴ 

ð https://tef.kpi.ua/files

/pdf/tezi-

tom2_2022.pdf 

 

ʉʪʘʪʪʷ ʫ 

ʬʘʭʦʚʦʤʫ 

ʚʠʜʘʥʥʽ 

ʋʢʨʘʾʥʠ 

ʢʘʪʝʛʦʨʽʾ ɸ, 

Scopus Q3 

Stepanets O., Mariiash Y. Analysis of influence of 

technical features of a pidcontroller implementation on 

the dynamics of automated control system. Eastern-

European Journal of Enterprise Technologies. 2018. 

Vol. 3, no. 2 (93). P. 60ï69. ISSN 1729-3774 

2018 ʇIɼ-ʨʝʛʫʣʷʪʦʨ, ʽʥʪʝʛʨʘʣʴʥʝ 

ʥʘʩʠʯʝʥʥʷ, ʬʽʣʴʪʨʘʮʽʷ ʰʫʤʽʚ, 

ʜʠʬʝʨʝʥʮʽʘʪʦʨ, ʙʝʟʫʜʘʨʥʘ 

ʧʝʨʝʜʘʯʘ 

https://doi.org/1

0.15587/1729-

4061.2018.1322

29 

 

http://journals.uran.u

a/eejet/article/view/1

32229 

 

ʊʝʟʠ ʄʘʨʽʷʰ ʖ.ɯ., ʉʪʝʧʘʥʝʮʴ ʆ. ɺ. ʋʧʨʘʚʣʽʥʥʷ 

ʜʠʥʘʤʽʯʥʠʤʠ ʦʙ'ʻʢʪʘʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʧʨʦʛʥʦʟʫʶʯʠʭ ʤʦʜʝʣʝʡ - Model Predictive Control. 

ʉʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ ʥʘʫʢʦʚʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʝʥʝʨʛʝʪʠʢʠ : XVɯ ʤʽʞʥʘʨ. ʥʘʫʢ.-ʧʨʘʢ. ʢʦʥʬ. 

ʘʩʧʽʨʘʥʪʽʚ, ʤʘʛʽʩʪʨʘʥʪʽʚ ʽ ʩʪʫʜʝʥʪʽʚ, 24 27 ʢʚ. 2018ʨ. : 

ʤʘʪ.ʢʦʥʬ. ð ʂ.: ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, 2018. 

ʊ.2. ʉ. 13. ISBN 978-966-622-888-1 

2018 ʤʦʜʝʣʴʥʦ-ʧʨʦʛʥʦʟʫʶʯʝ 

ʢʝʨʫʚʘʥʥʷ; 

ʧʨʦʛʥʦʟʫʶʯʘ ʤʦʜʝʣʴ; 

ʦʧʪʠʤʘʣʴʥʝ ʢʝʨʫʚʘʥʥʷ; 

ʣʽʥʽʡʥʦ-ʢʚʘʜʨʘʪʠʯʥʠʡ 

ʬʫʥʢʮʽʦʥʘʣ; ʤʦʜʝʣʴ ʚ ʧʨʦʩʪʦʨʽ 

ʩʪʘʥʽʚ 

ð https://tef.kpi.ua/files

/pdf/1tezi_tom2_152

4728034.pdf 
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http://journals.uran.ua/eejet/article/view/132229
http://journals.uran.ua/eejet/article/view/132229
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ʉʪʝʧʘʥʝʮʴ ʆ. ɺ., ʄʘʨʽʷʰ ʖ.ɯ. ɸʚʪʦʥʘʣʘʰʪʫʚʘʥʥʷ 

ʇɯɼ-ʨʝʛʫʣʷʪʦʨʘ ʥʘ ʤʽʥʽʤʫʤ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʟʚʘʞʝʥʦʛʦ 

ʚ ʯʘʩʽ ʤʦʜʫʣʴʥʦʛʦ ʢʨʠʪʝʨʽʶ ʷʢʦʩʪʽ ʨʦʙʦʪʠ. ɺʯʝʥʽ 

ʟʘʧʠʩʢʠ ʊʅʋ ʽʤʝʥʽ ɺ.ɯ. ɺʝʨʥʘʜʩʴʢʦʛʦ. ʉʝʨʽʷ: 

ʊʝʭʥʽʯʥʽ ʥʘʫʢʠ. 2018. ʊ.29(68).  ˉ1. C. 31-36. 

ISBN 1606-3721 

2018 ʘʚʪʦʥʘʣʘʰʪʫʚʘʥʥʷ, ITAE, 
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ɼʆɼɸʊʆʂ 2 

ʂʦʜ ʦʩʥʦʚʥʦʾ ʧʨʦʛʨʘʤʠ ʄʇʈ 
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ɼʆɼɸʊʆʂ 3 

ʂʦʜ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʙʣʦʢʫ ʧʨʦʛʥʦʟʫʶʯʦʾ ʤʦʜʝʣʽ 
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ɼʆɼɸʊʆʂ 4 

ʂʦʜ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʙʣʦʢʫ ʩʧʦʩʪʝʨʽʛʘʯʘ ʩʪʘʥʫ 
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ɼʆɼɸʊʆʂ 5 

ʂʦʜ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʙʣʦʢʫ ʤʝʪʦʜʫ ʦʧʪʠʤʽʟʘʮʽʾ ʍʫʢʘ-ɼʞʠʚʩʘ 
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ɼʆɼɸʊʆʂ 6 

ʂʦʜ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʙʣʦʢʫ ʜʦʩʣʽʜʞʝʥʥʷ ʪʦʯʢʠ ʤʝʪʦʜʫ ʍʫʢʘ-ɼʞʠʚʩʘ 
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ɼʆɼɸʊʆʂ 7 

ʂʦʜ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʙʣʦʢʫ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ 
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ɼʆɼɸʊʆʂ 8 

ʂʦʜ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʙʣʦʢʽʚ:1. ʇʝʨʝʚʽʨʢʠ ʜʦʩʷʛʥʝʥʥʷ ʙʘʞʘʥʦʾ ʪʦʯʥʦʩʪʽ ʤʝʪʦʜʫ 

ʦʧʪʠʤʽʟʘʮʽʾ; 2. ʈʦʟʨʘʭʫʥʦʢ ʩʪʘʣʠʭ ʯʘʩ ʤʦʜʝʣʽ. 
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ɼʆɼɸʊʆʂ 9 

ʂʦʜ MATLAB  ʢʦʤʫʥʽʢʘʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ OPC UA 
 
 

function [out] = RW_YCO2_OPCUA(input) 
persistent init_Server;  
persistent init_Nodes;  
persistent uaClient;  
persistent ReadVal;  
˧ ɟɠɖɚ ɔɧɹɖɟɚɧ əɞɹɟɟɚɧ 
persistent Var_Node_SP_CO2; 
 
˧ ɟɠɖɚ ɔɚɧɹɖɟɚɧ əɞɹɟɟɚɧ 
persistent Var_Node_YCO2; 
 
˧ ɹɟɹɨɹɒɝɹəɒɨɹɱ əɞɹɟɟɚɧ  
if (isempty(init_Server))  
    ReadVal = 0;  
    init_Server = 0;  
    init_Nodes  = 0;  
end 
˧ /0# 5! ÓÅÒÖÅÒ ƽ0,#ƾ ɒɖɢɗɣɒƗ ɡɹɖɜɝɰɩɗɟɟɱ ɜɝɹɵɟɤɒ ƽ3ÉÍÕÌÉÎËƾ ɖɠ 
ɣɗɢɔɗɢɥ 
if (init_Server == 0) || (uaClient.Status== "Disconnected" ) || 
isempty( uaClient)  
   init_Server = 1;  
    uaClient = opcua( 'Mariiash' ,4840);                 
    connect(uaClient);                                     
end 
˧ ɔɚəɟɒɩɗɟɟɱ ɟɠɖɹɔ əɞɹɟɚɧ ɔ ɣɗɢɔɗɢɹ 
if uaClient.isConnected == 1 && init_Nodes == 0  
    init_Nodes  = 1;  
    Var_Node_SP_CO2 = opcuanode(4, '|var|CODESYS Control Win V3 
x64.Application.PLC_PRG.SP_CO2' ,uaClient);  
    Var_Node_YCO2 = opcuanode(4, '|var|CODESYS Control Win V3 
x64.Application.PLC_PRG.YCO2' ,uaClient);  
end 
˧ əɩɚɤɥɔɒɟɟɱ ɤɒ əɒɡɚɣ əɞɹɟɟɚɧ ɣɗɢɔɗɢɥ 
if uaClient.isConnected == 1 && init_Nodes == 1  
    [SP_CO2, ~, ~] = readValue(uaClient, Var_Node_SP_CO2);  
    writeValue(uaClient, Var_Node_YCO2, input);  
    ReadVal = SP_CO2;  
end 
 
out = double(ReadVal);  
end 
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ɼʆɼɸʊʆʂ 10 

 


