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ɸʅʆʊɸʎɯʗ 

ɾʝʣʜʘʢ ʊ.ɸ. ɯʥʪʝʛʨʦʚʘʥʘ ʩʠʩʪʝʤʘ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ 

ʢʝʨʫʚʘʥʥʽ ʚʠʨʦʙʥʠʮʪʚʦʤ ʧʨʦʢʘʪʫ ʥʘ ʦʩʥʦʚʽ ʜʚʦʨʽʚʥʝʚʠʭ ʪʝʭʥʽʢʦ-

ʝʢʦʥʦʤʽʯʥʠʭ ʤʦʜʝʣʝʡ. ï ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 05.13.07 ï ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʧʨʦʮʝʩʽʚ ʢʝʨʫʚʘʥʥʷ. ï ʅʘʮʽʦʥʘʣʴʥʠʡ 

ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè. ʋʢʨʘʾʥʘ. ɼʥʽʧʨʦ. 2025. 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʨʦʟʚôʷʟʘʥʥʶ ʘʢʪʫʘʣʴʥʦʾ ʥʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʦʾ ʧʨʦʙʣʝʤʠ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʧʨʠʥʮʠʧʽʚ ʪʘ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʽʚ ʽ ʟʘʩʦʙʽʚ 

ʩʪʚʦʨʝʥʥʷ ʽʥʪʝʛʨʦʚʘʥʠʭ ʩʠʩʪʝʤ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʘʥʘʣʽʪʠʯʥʦʾ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʴ ʚ ʟʘʜʘʯʘʭ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʘʤʠ ʙʘʛʘʪʦʝʪʘʧʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʩʦʨʪʦʚʦʛʦ ʧʨʦʢʘʪʫ ʰʣʷʭʦʤ ʨʦʟʨʦʙʢʠ ʢʦʤʧʣʝʢʩʫ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʤʦʜʝʣʝʡ ʮʠʭ ʧʨʦʮʝʩʽʚ, ʤʝʪʦʜʽʚ ʩʘʤʦʥʘʚʯʘʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʢʦʥʘʥʥʷ 

ʟʘʤʦʚʣʝʥʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʫʟʘʛʘʣʴʥʝʥʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʢʨʠʪʝʨʽʾʚ. 

ɹʽʣʴʰʽʩʪʴ ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʚʠʨʦʙʥʠʮʪʚ ʬʫʥʢʮʽʦʥʫʶʪʴ ʥʘ ʦʩʥʦʚʽ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʮʠʢʣʫ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʽʣʴʢʦʭ ʦʧʝʨʘʮʽʡ, ʨʦʟʜʽʣʝʥʠʭ ʫ ʯʘʩʽ, 

ʪʝʨʠʪʦʨʽʘʣʴʥʦ, ʘ ʪʘʢʦʞ ʟʘ ʚʠʢʦʥʘʚʮʷʤʠ. ɺʠʨʦʙʥʠʮʪʚʦ ʧʨʦʢʘʪʫ ʧʝʨʝʜʙʘʯʘʻ ʚʝʣʠʢʫ 

ʢʽʣʴʢʽʩʪʴ ʧʦʩʣʽʜʦʚʥʠʭ ʦʧʝʨʘʮʽʡ, ʦʧʪʠʤʘʣʴʥʽ ʨʽʰʝʥʥʷ, ʧʨʠʡʥʷʪʽ ʥʘ ʨʽʚʥʽ ʦʢʨʝʤʦʾ 

ʦʧʝʨʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ ʜʦʩʷʛʥʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ ʚ ʮʽʣʦʤʫ. ʗʢ ʥʘʩʣʽʜʦʢ, ʦʩʥʦʚʥʽ ʬʘʢʪʦʨʠ, ʷʢʽ 

ʧʦʪʨʝʙʫʶʪʴ ʧʦʢʨʘʱʝʥʥʷ: ʧʦʢʘʟʥʠʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʙʦʯʦʛʦ ʯʘʩʫ, ʟʘʚʘʥʪʘʞʝʥʥʷ 

ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʰʚʠʜʢʦʩʪʽ ʦʙʽʛʫ ʢʦʰʪʽʚ, ʚʢʣʘʜʝʥʠʭ ʫ ʚʠʨʦʙʥʠʮʪʚʦ. ɺʩʽ ʧʝʨʝʣʽʯʝʥʽ 

ʬʘʢʪʦʨʠ ʻ ʝʢʦʥʦʤʽʯʥʠʤʠ, ʫ ʪʦʡ ʯʘʩ ʷʢ ʧʨʠ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʙʦʪʠ ʚʠʨʦʙʥʠʯʠʭ ʩʠʩʪʝʤ 

ʦʨʽʻʥʪʫʶʪʴʩʷ, ʟʘʟʚʠʯʘʡ, ʥʘ ʪʘʢʽ ʧʦʢʘʟʥʠʢʠ ʨʦʙʦʪʠ ʷʢ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʡ, 

ʚʠʪʨʘʪʠ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʝʥʝʨʛʽʾ, ʢʽʣʴʢʽʩʪʴ ʚʠʢʦʥʘʥʠʭ ʦʧʝʨʘʮʽʡ, ʪʦʱʦ. ʅʘ ʧʨʘʢʪʠʮʽ 

ʝʢʦʥʦʤʽʯʥʽ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʢʨʠʪʝʨʽʾ ʥʝ ʣʠʰʝ ʧʦʚôʷʟʘʥʽ ʦʜʠʥ ʟ ʦʜʥʠʤ, ʘ ʯʘʩʪʦ 

ʩʫʧʝʨʝʯʘʪʴ ʦʜʠʥ ʦʜʥʦʤʫ. 

ɹʽʣʴʰʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ 

ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʧʨʦʢʘʪʫ, ʨʦʟʛʣʷʜʘʶʪʴ ʫ ʷʢʦʩʪʽ ʦʙôʻʢʪʫ 

ʤʦʜʝʣʶʚʘʥʥʷ ʦʢʨʝʤʫ ʦʧʝʨʘʮʽʶ, ʱʦ ʻ ʯʘʩʪʠʥʦʶ ʟʘʛʘʣʴʥʦʛʦ ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʦʮʝʩʫ. 
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ɸʢʪʫʘʣʴʥʠʤ ʙʘʯʠʪʴʩʷ ʧʝʨʝʭʽʜ ʥʘ ʚʠʱʠʡ ʨʽʚʝʥʴ ʘʙʩʪʨʘʢʮʽʾ ʜʣʷ ʧʦʙʫʜʦʚʠ ʨʷʜʫ 

ʤʦʜʝʣʝʡ ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʦʢʘʪʫ ʥʘ ʨʽʚʥʽ ʚʩʴʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʫʟʘʛʘʣʴʥʝʥʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʢʨʠʪʝʨʽʾʚ. ʅʝʦʙʭʽʜʥʦ ʪʘʢʦʞ 

ʩʠʥʪʝʟʫʚʘʪʠ ʢʨʠʪʝʨʽʾ ʪʘ ʦʙʤʝʞʝʥʥʷ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʷʢ ʚʩʴʦʛʦ ʧʨʦʮʝʩʫ, ʪʘʢ ʽ 

ʡʦʛʦ ʯʘʩʪʠʥ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʟʘʜʘʯ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʘʛʘʪʦʝʪʘʧʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ 

ʧʨʦʢʘʪʫ ʰʣʷʭʦʤ ʨʦʟʨʦʙʢʠ ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʧʨʦʮʝʩʽʚ 

ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʢʝʨʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʨʦʟʨʦʙʢʠ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʤʝʪʦʜʫ ʜʣʷ 

ʨʦʟʚôʷʟʘʥʥʷ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʠʭ ʟʘʜʘʯ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʠ ʧʣʘʥʫʚʘʥʥʽ ʡ ʢʝʨʫʚʘʥʥʽ 

ʮʠʤʠ ʧʨʦʮʝʩʘʤʠ ʚ ʩʢʣʘʜʽ ʽʥʪʝʛʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ.  

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʧʨʦʮʝʩʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʢʝʨʫʚʘʥʥʷ ʪʘ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʴ ʚ ʙʘʛʘʪʦʝʪʘʧʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʩʦʨʪʦʚʦʛʦ ʧʨʦʢʘʪʫ.  

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʧʨʦʮʝʩʽʚ ʧʨʦʛʥʦʟʫʚʘʥʥʷ, 

ʢʝʨʫʚʘʥʥʷ ʪʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʚ ʙʘʛʘʪʦʝʪʘʧʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʩʦʨʪʦʚʦʛʦ 

ʧʨʦʢʘʪʫ, ʘ ʪʘʢʦʞ ʦʙʯʠʩʣʶʚʘʣʴʥʠʡ ʤʝʪʦʜ ʦʧʪʠʤʽʟʘʮʽʾ ʮʠʭ ʧʨʦʮʝʩʽʚ ʫ ʩʢʣʘʜʽ 

ʽʥʪʝʛʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. 

ʆʩʥʦʚʥʽ ʥʘʫʢʦʚʽ ʧʦʣʦʞʝʥʥʷ, ʱʦ ʚʠʥʦʩʷʪʴʩʷ ʥʘ ʟʘʭʠʩʪ: 

1. ʇʣʘʥ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʥʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʩʦʨʪʦʚʦʛʦ ʧʨʦʢʘʪʫ 

ʰʠʨʦʢʦʛʦ ʩʦʨʪʘʤʝʥʪʫ ʩʠʥʪʝʟʫʻʪʴʩʷ (ʚ ʨʘʤʢʘʭ ʚʠʨʽʰʝʥʥʷ ʥʝʟʘʤʢʥʝʥʦʾ ʟʘʜʘʯʽ 

ʢʦʤʽʚʦʷʞʝʨʘ ʫ ʤʘʢʩʠʤʘʣʴʥʽʡ ʤʝʪʨʠʮʽ) ʥʘ ʦʩʥʦʚʽ ʟʛʦʨʪʢʠ ʢʨʠʪʝʨʽʾʚ ʤʘʢʩʠʤʽʟʘʮʽʾ 

ʯʘʩʪʢʠ ʚʯʘʩʥʦ ʚʠʢʦʥʘʥʠʭ ʟʘʤʦʚʣʝʥʴ ʪʘ ʤʽʥʽʤʽʟʘʮʽʾ ʦʙʩʷʛʽʚ ʥʝʟʘʚʝʨʰʝʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ, ʯʘʩʫ ʥʝʨʦʙʦʯʦʛʦ ʩʪʘʥʫ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʢʽʣʴʢʦʩʪʽ ʚʽʜʭʠʣʝʥʠʭ 

ʟʘʤʦʚʣʝʥʴ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʫʚʘʪʠ ʪʠʞʥʝʚʽ ʪʘ ʤʽʩʷʯʥʽ ʟʘʤʦʚʣʝʥʥʷ ʟʘ 

ʤʽʥʽʤʘʣʴʥʠʡ ʯʘʩ. 

2. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʛʽʙʨʠʜʥʠʡ ʤʝʪʦʜ ʦʧʪʠʤʽʟʘʮʽʾ ʥʘ ʙʘʟʽ ʰʪʫʯʥʠʭ ʽʤʫʥʥʠʭ 

ʩʠʩʪʝʤ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻ ʘʜʘʧʪʠʚʥʽ ʦʧʝʨʘʪʦʨʠ ʢʨʦʩʠʥʛʦʚʝʨʘ, ʤʫʪʘʮʽʾ ʪʘ 

ʩʪʠʩʥʝʥʥʷ ʧʦʧʫʣʷʮʽʾ, ʟʘʙʝʟʧʝʯʫʻ ʟʥʘʭʦʜʞʝʥʥʷ ʛʣʦʙʘʣʴʥʦʛʦ ʦʧʪʠʤʫʤʫ 

ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ ʟʘʜʘʯ ʫʤʦʚʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʟ ʚʠʱʦʶ ʡʤʦʚʽʨʥʽʩʪʶ, ʥʽʞ ʫ ʚʽʜʦʤʠʭ 

ʝʚʦʣʶʮʽʡʥʠʭ ʘʣʛʦʨʠʪʤʽʚ, ʱʦ ʧʽʜʚʠʱʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʟʚôʷʟʘʥʥʷ ʮʠʭ ʟʘʜʘʯ ʚ 

ʧʨʦʮʝʩʘʭ ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʢʝʨʫʚʘʥʥʷ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʧʨʦʢʘʪʫ. 
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3. ɺʠʢʦʨʠʩʪʘʥʥʷ ʚ ʨʝʛʨʝʩʽʡʥʠʭ ʤʦʜʝʣʷʭ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʦʨʪʦʚʦʛʦ ʧʨʦʢʘʪʫ ʚʽʜôʻʤʥʠʭ ʩʪʫʧʝʥʽʚ ʧʨʝʜʠʢʪʦʨʽʚ ʪʘ ʰʪʨʘʬʫ ʥʘ ʨʦʟʤʽʨʥʽʩʪʴ 

ʧʦʣʽʥʦʤʫ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʤʦʜʝʣʽ ʟ ʦʜʥʦʯʘʩʥʠʤ ʟʤʝʥʰʝʥʥʷʤ 

ʢʽʣʴʢʦʩʪʽ ʾʾ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʘʤʽʥʠʪʠ ʙʝʟʧʦʩʝʨʝʜʥʽ ʚʠʤʽʨʶʚʘʥʥʷ 

ʩʪʘʪʠʩʪʠʯʥʠʤʠ ʧʨʦʛʥʦʟʘʤʠ ʪʘ ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʽ ʚʘʨʪʽʩʪʴ ʩʝʨʪʠʬʽʢʘʮʽʾ ʛʦʪʦʚʦʾ 

ʧʨʦʜʫʢʮʽʾ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʅʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ, ʷʢʽ 

ʚʠʟʥʘʯʘʶʪʴ ʥʦʚʠʟʥʫ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʧʦʣʷʛʘʶʪʴ ʫ ʥʘʩʪʫʧʥʦʤʫ: 

1. ʈʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʧʦʙʫʜʦʚʠ ʧʣʘʥʫ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ 

ʥʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʢʘʪʫ ʰʠʨʦʢʦʛʦ ʩʦʨʪʘʤʝʥʪʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʯʘʩʫ 

ʧʝʨʝʥʘʣʘʰʪʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʦʜʥʦʯʘʩʥʝ ʟʚʘʞʝʥʝ ʚʨʘʭʫʚʘʥʥʷ 

ʢʨʠʪʝʨʽʾʚ, ʷʢ ʥʝʟʘʤʢʥʝʥʦʾ ʟʘʜʘʯʽ ʢʦʤʽʚʦʷʞʝʨʘ ʫ ʤʘʢʩʠʤʘʣʴʥʽʡ ʤʝʪʨʠʮʽ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʦʾ ʤʦʜʝʣʽ ʜʦʟʚʦʣʠʣʦ ʙʫʜʫʚʘʪʠ ʚ ʨʝʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʽ ʯʘʩʫ ʧʣʘʥʠ, 

ʝʬʝʢʪʠʚʥʽʰʽ, ʥʽʞ ʦʪʨʠʤʘʥʽ ʟʘ ʪʨʘʜʠʮʽʡʥʦʶ ʤʝʪʦʜʠʢʦʶ. 

2. ʈʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʤʽʥʽʤʽʟʘʮʽʾ ʢʽʣʴʢʦʩʪʽ ʤʝʪʘʣʫ, 

ʚʠʢʦʨʠʩʪʘʥʦʛʦ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʝʚʥʦʛʦ ʟʘʤʦʚʣʝʥʥʷ, ʱʦ ʩʧʠʨʘʻʪʴʩʷ ʥʘ ʥʘʧʝʨʝʜ 

ʚʽʜʦʤʠʡ ʦʧʪʠʤʘʣʴʥʠʡ ʨʦʟʤʽʨ ʧʝʨʝʜʽʣʴʥʦʾ ʟʘʛʦʪʦʚʢʠ ʪʘ ʚʠʤʦʛʠ ʜʦ ʨʦʟʢʨʦʶʚʘʥʥʷ 

ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʤʦʜʝʣʽ ʚ ʙʘʛʘʪʦʝʪʘʧʥʦʤʫ 

ʤʝʪʘʣʫʨʛʽʡʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʤʝʪʘʣʫ ʪʘ 

ʟʘʛʘʣʴʥʠʡ ʦʙʩʷʛ ʦʙʨʽʟʢʽʚ. 

3. ʈʦʟʨʦʙʣʝʥʦ ʛʽʙʨʠʜʥʠʡ ʘʜʘʧʪʠʚʥʠʡ ʤʝʪʦʜ ʦʧʪʠʤʽʟʘʮʽʾ ʥʘ ʦʩʥʦʚʽ 

ʤʦʜʝʣʶʚʘʥʥʷ ʰʪʫʯʥʠʭ ʽʤʫʥʥʠʭ ʩʠʩʪʝʤ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻ ʘʜʘʧʪʠʚʥʽ ʦʧʝʨʘʪʦʨʠ 

ʢʨʦʩʠʥʛʦʚʝʨʘ, ʤʫʪʘʮʽʾ ʪʘ ʩʪʠʩʥʝʥʥʷ ʧʦʧʫʣʷʮʽʾ ʪʘ ʦʙˇʨʫʥʪʦʚʘʥʽ ʤʝʪʦʜʠ ʘʜʘʧʪʘʮʽʾ 

ʟʛʘʜʘʥʠʭ ʦʧʝʨʘʪʦʨʽʚ. ʁʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʟʘʜʘʯ ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʢʝʨʫʚʘʥʥʷ ʚ 

ʙʘʛʘʪʦʝʪʘʧʥʠʭ ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʚʠʨʦʙʥʠʮʪʚʘʭ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʥʘʜʽʡʥʽʩʪʴ ʪʘ 

ʪʦʯʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʨʦʟʚôʷʟʢʽʚ. 

4. ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʧʨʦʛʥʦʟʫʶʯʠʭ 

ʤʦʜʝʣʝʡ ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʚʠʨʦʙʥʠʮʪʚ ʚʽʜ ʭʽʤʽʯʥʠʭ ʪʘ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʦʪʨʠʤʘʥʥʷ ʩʪʘʣʽ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʨʝʛʨʝʩʽʡʥʠʭ ʤʦʜʝʣʷʭ ʚʽʜôʻʤʥʠʭ 

ʩʪʫʧʝʥʽʚ ʧʨʝʜʠʢʪʦʨʽʚ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʰʪʨʘʬʫ ʥʘ ʨʦʟʤʽʨʥʽʩʪʴ ʘʧʨʦʢʩʠʤʘʮʽʡʥʦʛʦ 
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ʧʦʣʽʥʦʤʫ. ʎʝ ʜʦʟʚʦʣʠʣʦ ʧʽʜʚʠʱʠʪʠ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʤʦʜʝʣʝʡ ʩʫʪʥʦʩʪʽ ʬʽʟʠʯʥʠʭ 

ʧʨʦʮʝʩʽʚ, ʪʘ ʦʪʨʠʤʘʪʠ ʧʨʦʛʥʦʩʪʠʯʥʽ ʤʦʜʝʣʽ ʦʧʪʠʤʘʣʴʥʦʾ ʩʢʣʘʜʥʦʩʪʽ ʰʣʷʭʦʤ 

ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ. 

5. ʅʘʙʫʚ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʤʝʪʦʜ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʪʽʡʢʦʩʪʽ ʬʫʪʝʨʦʚʢʠ 

ʩʪʘʣʝʧʣʘʚʠʣʴʥʦʛʦ ʘʛʨʝʛʘʪʫ ʟʘ ʪʝʭʥʽʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʪʘ ʩʪʘʪʠʩʪʠʯʥʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ ʚʝʜʝʥʥʷ ʧʣʘʚʢʠ ʟ ʜʚʦʝʪʘʧʥʦʶ ʢʣʘʩʠʬʽʢʘʮʽʻʶ ʧʦʪʦʯʥʦʛʦ ʧʨʦʮʝʩʫ ʥʘ 

ʦʩʥʦʚʽ ʥʘʚʯʘʥʥʷ. ʁʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦʟʚʦʣʠʣʦ ʙʫʜʫʚʘʪʠ ʧʨʦʛʥʦʟʫʶʯʽ ʤʦʜʝʣʽ 

ʩʪʽʡʢʦʩʪʽ ʬʫʪʝʨʦʚʢʠ ʪʘ ʥʘʜʘʚʘʪʠ ʦʧʝʨʘʪʦʨʫ ʧʦʨʘʜʠ ʱʦʜʦ ʟʙʽʣʴʰʝʥʥʷ ʨʝʩʫʨʩʫ ʚ 

ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. 

6. ʉʬʦʨʤʫʣʴʦʚʘʥʦ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ 

ʙʘʛʘʪʦʝʪʘʧʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʩʦʨʪʦʚʦʛʦ ʧʨʦʢʘʪʫ ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʟʘʜʘʯ ʧʣʘʥʫʚʘʥʥʷ 

ʪʘ ʢʝʨʫʚʘʥʥʷ, ʦʩʥʦʚʘʥʠʡ ʥʘ ʧʘʨʘʣʝʣʴʥʽʡ ʦʙʨʦʙʮʽ ʟʘʤʦʚʣʝʥʥʷ ʥʘ ʨʽʟʥʠʭ ʝʪʘʧʘʭ. ʎʝ 

ʜʦʟʚʦʣʠʣʦ ʧʽʜʚʠʱʠʪʠ ʟʘʛʘʣʴʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ 

ʚʠʪʨʘʪʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ ʤʝʪʘʣʫ, ʢʽʣʴʢʦʩʪʽ ʥʝʤʽʨʥʦʾ ʧʨʦʜʫʢʮʽʾ ʪʘ ʥʝʟʘʚʝʨʰʝʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ. 

7. ʆʪʨʠʤʘʣʠ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʤʝʪʦʜʠ ʥʘʚʯʘʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡʥʠʭ 

ʧʽʜʩʠʩʪʝʤʠ ʦʧʝʨʘʪʦʨʘ ʢʦʥʚʝʨʪʝʨʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʦʩʥʦʚʘʥʽ ʥʘ ʘʥʘʣʽʟʽ 

ʧʦʧʝʨʝʜʥʴʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʰʘʙʣʦʥʠ ʚʜʘʣʦʛʦ ʧʦʧʝʨʝʜʥʴʦʛʦ 

ʜʦʩʚʽʜʫ ʟ ʢʦʨʝʢʮʽʻʶ ʥʘ ʧʦʚʝʜʽʥʢʫ ʣʶʜʠʥʠ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʮʠʭ ʤʝʪʦʜʽʚ ʚ ʧʨʦʮʝʩʘʭ 

ʨʘʬʽʥʘʮʽʾ ʪʘ ʨʦʟʢʠʩʣʝʥʥʷ ʩʪʘʣʽ ʜʦʟʚʦʣʠʣʦ ʩʫʪʪʻʚʦ ʟʤʝʥʰʠʪʠ ʚʣʠʚ çʣʶʜʩʴʢʦʛʦ 

ʬʘʢʪʦʨʫè ʥʘ ʚʝʜʝʥʥʷ ʧʣʘʚʢʠ ʪʘ ʩʢʦʨʦʪʠʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʝʨʦʩʧʣʘʚʽʚ. 

8. ʋʜʦʩʢʦʥʘʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ ʢʦʥʚʝʨʪʝʨʥʦʾ 

ʧʣʘʚʢʠ ʟʘ ʟʚʝʜʝʥʠʤ ʝʢʦʥʦʤʽʯʥʠʤ ʢʨʠʪʝʨʽʻʤ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʘʪʝʨʽʘʣʴʥʦï

ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ ʷʢ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʾ ʟʘʜʘʯʽ ʟ ʥʝʯʽʪʢʠʤʠ ʦʙʤʝʞʝʥʥʷʤʠ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʦʪʨʠʤʘʥʦʾ ʤʦʜʝʣʽ ʜʦʟʚʦʣʷʻ ʧʽʜʪʨʠʤʫʚʘʪʠ ʩʦʙʽʚʘʨʪʽʩʪʴ ʩʪʘʣʽ ʥʘ 

ʤʽʥʽʤʘʣʴʥʦʤʫ ʨʽʚʥʽ ʧʨʠ ʢʦʣʠʚʘʥʥʷʭ ʮʽʥ ʥʘ ʤʘʪʝʨʽʘʣʠ, ʟʥʘʯʥʽʡ ʟʤʽʥʽ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʯʘʚʫʥʫ ʘʙʦ ʞ ʧʨʠ ʟʘʤʽʥʽ ʦʜʥʠʭ ʦʭʦʣʦʜʞʫʚʘʯʽʚ ʽʥʰʠʤʠ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʫ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ 

ʨʦʟʨʦʙʣʝʥʽ ʫ ʜʠʩʝʨʪʘʮʽʡʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʧʨʠʥʮʠʧʠ, ʤʦʜʝʣʽ ʽ ʤʝʪʦʜʠ ʜʦʚʝʜʝʥʽ ʜʦ 

ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʫ ʚʠʛʣʷʜʽ ʧʨʦʪʦʪʠʧʫ ʽʥʪʝʛʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ 
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ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʩʦʨʪʦʚʦʛʦ ʧʨʦʢʘʪʫ ʪʘ ʤʦʞʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʚ ʫʧʨʘʚʣʽʥʥʽ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʪʘʢʠʭ ʚʠʨʦʙʥʠʮʪʚ. 

ʈʝʟʫʣʴʪʘʪʠ ʪʝʦʨʝʪʠʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʚʠʩʥʦʚʢʠ ʽ ʨʝʢʦʤʝʥʜʘʮʽʾ, ʱʦ 

ʤʽʩʪʷʪʴʩʷ ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ, ʚʠʢʦʨʠʩʪʘʥʦ ʫ ʚʠʨʦʙʥʠʯʦʤʫ ʧʨʦʮʝʩʽ ʨʷʜʫ 

ʧʽʜʧʨʠʻʤʩʪʚ ɼʥʽʧʨʦʧʝʪʨʦʚʱʠʥʠ, ʘ ʪʘʢʦʞ ʚ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ʥʘ ʬʘʢʫʣʴʪʝʪʽ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʅʊʋ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè ʧʨʠ ʚʠʢʣʘʜʘʥʥʽ 

ʜʠʩʮʠʧʣʽʥ çʉʠʩʪʝʤʠ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫè, çʉʘʤʦʥʘʚʯʘʥʥʷ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤè, 

çɯʥʪʝʣʝʢʪʫʘʣʴʥʠʡ ʘʥʘʣʽʟ ʜʘʥʠʭè ʪʘ çɽʚʦʣʶʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʚ 

ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽè, ʧʨʠ ʧʽʜʛʦʪʦʚʮʽ ʢʫʨʩʦʚʠʭ ʽ ʢʚʘʣʽʬʽʢʘʮʽʡʥʠʭ ʨʦʙʽʪ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʢʝʨʫʚʘʥʥʷ, ʚʠʨʦʙʥʠʮʪʚʦ ʧʨʦʢʘʪʫ, ʉʇʇʈ, 
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ABSTRACT 

Zheldak T.A. Integrated decision support system for managing rolled steel 

production based on two-level technical and economic models. ï Qualification: 

scientific work in the form of a manuscript. 

Dissertation for the degree of Doctor of Technical Sciences in the specialty 

05.13.07 ï Automation of control processes. ï National Technical University ñDnipro 

Polytechnicò. Ukraine. Dnipro. 2025. 

The dissertation is devoted to solving the current scientific and technical problem 

of substantiating the principles and developing methods and means of creating 

integrated information and analytical decision support systems in the tasks of 

forecasting and controlling the processes of multi-stage production of rolled steel by 

developing a complex of mathematical models of these processes, self-learning 

methods, and optimizing order fulfillment using generalized economic criteria. 

Most metallurgical productions operate according to a technological cycle 

consisting of several operations, separated in time, space, and by performers. Rolled 

steel production involves a large number of sequential operations; optimal decisions 

made at the level of a single technological process operation do not ensure the 

achievement of maximum overall production efficiency. As a result, the main factors 

that need improvement are indicators of working time use, equipment utilization, and 

the speed of turnover of funds invested in production. All of the above factors are 

economic, whereas, when optimizing the operation of production systems, they are 

usually focused on performance indicators such as execution time, material and energy 

consumption, number of operations performed, etc. In practice, economic and 

technological criteria are not only related to each other, but often contradict each other.  

Most studies on the automation and modeling of production processes in rolled 

steel production treat a separate operation within the overall process as the object of 

modeling. It is considered relevant to move to a higher level of abstraction to build 

several models for optimizing rolled steel production at the enterprise level using 

generalized economic criteria. It is also necessary to synthesize criteria and constraints 

when modeling both the entire process and its parts to solve optimization problems. 
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The purpose of the work is to increase the efficiency of multi-stage rolled steel 

production by developing and improving mathematical models for planning and 

control processes, and by creating a computational method for solving multi-criteria 

optimization problems when planning and controlling these processes within an 

integrated decision support system. 

The object of the study is the processes of forecasting, control, and decision-

making in multi-stage rolled steel production. 

The study examines mathematical models for forecasting, control, and 

decision-making in multi-stage rolled steel production, along with a computational 

method for optimizing these processes within an integrated decision support system. 

The main scientific provisions submitted for defense: 

1. The order fulfillment plan for the production of wide-range rolled products is 

synthesized (within the framework of solving the open-ended traveling salesperson 

problem in the maximum metric) based on the convolution of criteria for maximizing 

the share of orders completed on time and minimizing the volume of unfinished 

production, equipment downtime and the number of rejected orders, which allows 

fulfilling weekly and monthly orders in the minimum time. 

2. The proposed hybrid optimization method based on artificial immune systems, 

which uses adaptive crossover, mutation, and population compression operators, 

provides a higher probability of finding the global optimum of multidimensional 

conditional optimization problems than known evolutionary algorithms, which 

increases the efficiency of solving these problems in the planning and control processes 

in rolled products production. 

3. The use of negative degrees of predictors and a penalty for the dimension of 

the polynomial in regression models of mechanical characteristics of long-rolled 

products provides an increase in the accuracy of the model with a simultaneous 

reduction in the number of its parameters, which allows replacing direct measurements 

with statistical forecasts and reducing the time and cost of certification of finished 

products. 
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Scientific novelty of the obtained results. The scientific results that determine 

the novelty of the dissertation work are as follows: 

1. A mathematical model for building a plan for fulfilling orders for the 

manufacture of wide-range rolled products has been developed, taking into account the 

time of equipment reconfiguration, which involves simultaneous weighted 

consideration of criteria as an open-ended traveling salesperson problem in the 

maximum metric. The use of such a model enabled the creation of building plans in 

real time that are more effective than those produced by the traditional method. 

2. A mathematical model for minimizing the amount of metal used to 

manufacture a particular order has been developed, which is based on the optimal size 

of the reworked workpiece, and the requirements for cutting the finished product are 

known in advance. The use of the developed model in multi-stage metallurgical 

production allows for reducing the metal consumption coefficient and the total volume 

of scrap. 

3. A hybrid adaptive optimization method based on modeling artificial immune 

systems has been developed, which uses adaptive operators of crossover, mutation, and 

population compression and substantiated methods for adapting the aforementioned 

operators. Its application to planning and control problems in multi-stage metallurgical 

production increases the reliability and accuracy of the solutions obtained. 

4. A method has been developed for determining the mathematical dependencies 

of predictive models of metallurgical production on the chemical and physical 

parameters of steel production by using negative degrees of predictors in regression 

models and applying a penalty on the dimension of the approximation polynomial. This 

allowed for greater correspondence between models and the essence of physical 

processes and for the emergence of predictive models of optimal complexity through 

self-organization. 

5. The method of predicting the lining stability of a steelmaking unit based on 

technical parameters and statistical indicators of smelting with a two-stage 

classification of the current process based on training has been further developed. Its 
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application has enabled the development of predictive models of lining stability and 

provided the operator with real-time advice on increasing the resource. 

6. The principle of operation of the decision support system for multi-stage 

production of long-rolled products when solving planning and control problems has 

been formulated, based on parallel processing of orders at different stages. This has 

increased the overall production efficiency by reducing metal consumption, 

unmeasured products, and work in progress. 

7. The methods of training the recommender subsystem of the converter 

production operator have been further developed, based on the analysis of previous 

activities, using templates of successful prior experience with correction for human 

behavior. The use of these methods in the refining and deoxidation processes of steel 

has significantly reduced the influence of the "human factor" on the smelting process 

and reduced the need for ferroalloys. 

8. The mathematical model of the converter smelting optimization problem 

according to the combined economic criterion, taking into account the material and 

heat balance as a multi-criteria problem with fuzzy constraints, has been improved. The 

application of the resulting model allows maintaining steel costs at a minimum during 

fluctuations in material prices, significant changes in cast iron properties, or when 

replacing some coolers with others. 

The practical significance of the results obtained is that the principles, models, 

and methods developed in the dissertation research have been brought to practical 

implementation in the form of a prototype of an integrated decision support system in 

the production of long-rolled products and can be used to support decision-making in 

the management of technological processes of such productions. 

The results of theoretical research, conclusions and recommendations contained 

in the dissertation work were used in the production process of several enterprises in 

the Dnipropetrovsk region, as well as in the educational process at the Faculty of 

Information Technologies of the Dnipro University of Technology when teaching the 

disciplines "Artificial Intelligence Systems", "Self-learning of Complex Systems", 
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"Intelligent Data Analysis" and "Evolutionary Decision-Making Technologies under 

Uncertainty", in the preparation of course and qualification papers. 

Keywords: forecasting, control, rolled steel production, DSS, retrospective 

learning, integrated system, criterion, optimality, regression models, parametric 

methods, multi-criteria, mathematical models, conditional optimization, evolutionary 

process, adaptive algorithm, artificial immune systems, technical and economic 

models. 
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ʇɽʈɽʃɯʂ ʋʄʆɺʅʀʍ ʉʂʆʈʆʏɽʅʔ 

 

AIS ï artificial immune system 

HINO ï hybrid immune network optimization 

ɺʂʄ ï ʚʠʪʨʘʪʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʤʝʪʘʣʫ 

ʄɻɺɸ ï ʤʝʪʦʜ ʛʨʫʧʦʚʦʛʦ ʚʨʘʭʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ 

ʄʅʂ ï ʤʝʪʦʜ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ 

ʆʇʈ ï ʦʩʦʙʘ, ʱʦ ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ 

ʇɻʅ ï ʧʘʨʦʛʽʜʨʘʚʣʽʯʥʠʡ ʥʽʞ 

ʇɻʈ ï ʧʠʣʠ ʛʘʨʷʯʦʛʦ ʨʽʟʘʥʥʷ 

ʉʇʇʈ ï ʩʠʩʪʝʤʘ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ 

ʐɯʉ ï ʰʪʫʯʥʘ ʽʤʫʥʥʘ ʩʠʩʪʝʤʘ 
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ɺʉʊʋʇ 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɹʽʣʴʰʽʩʪʴ ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʚʠʨʦʙʥʠʮʪʚ 

ʬʫʥʢʮʽʦʥʫʶʪʴ ʥʘ ʦʩʥʦʚʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʮʠʢʣʫ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʽʣʴʢʦʭ 

ʦʧʝʨʘʮʽʡ, ʨʦʟʜʽʣʝʥʠʭ ʫ ʯʘʩʽ, ʪʝʨʠʪʦʨʽʘʣʴʥʦ, ʘ ʪʘʢʦʞ ʟʘ ʚʠʢʦʥʘʚʮʷʤʠ. ɼʦʩʚʽʜ 

ʨʦʙʦʪʠ ʚʽʪʯʠʟʥʷʥʠʭ ʪʘ ʟʘʨʫʙʽʞʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʧʦʢʘʟʫʻ, ʱʦ ʥʘʚʽʪʴ ʦʧʪʠʤʘʣʴʥʝ 

ʥʘʣʘʰʪʫʚʘʥʥʷ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʢʦʞʥʦʶ ʪʝʭʥʦʣʦʛʽʯʥʦʶ ʦʧʝʨʘʮʽʻʶ ʯʠ ʣʘʥʢʦʶ 

ʥʝ ʟʘʙʝʟʧʝʯʫʻ ʦʧʪʠʤʘʣʴʥʽʩʪʴ ʟʘʛʘʣʴʥʦʛʦ ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʦʮʝʩʫ. ʇʦʷʩʥʶʻʪʴʩʷ ʮʝ, 

ʥʘʩʘʤʧʝʨʝʜ, ʥʝʩʫʤʽʩʥʽʩʪʶ ʦʧʪʠʤʘʣʴʥʠʭ ʨʽʰʝʥʴ ʜʣʷ ʦʢʨʝʤʠʭ ʩʠʩʪʝʤ ʪʘ 

ʚʽʜʩʫʪʥʽʩʪʶ ʛʣʦʙʘʣʴʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ, ʷʢʠʡ ʙʠ ʢʝʨʫʚʘʚ ʨʦʙʦʪʦʶ ʚʩʴʦʛʦ 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʟ ʪʦʯʢʠ ʟʦʨʫ ʢʽʥʮʝʚʦʾ ʤʝʪʠ ʡʦʛʦ ʽʩʥʫʚʘʥʥʷ. 

ɿʘ ʦʧʠʩʘʥʠʭ ʽʩʥʫʶʯʠʭ ʫʤʦʚ ʦʨʛʘʥʽʟʘʮʽʾ ʚʠʨʦʙʥʠʮʪʚʘ, ʟʦʢʨʝʤʘ 

ʤʝʪʘʣʦʧʨʦʢʘʪʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʧʦʚʥʦʛʦ ʮʠʢʣʫ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ 

ʧʦʩʣʽʜʦʚʥʠʭ ʦʧʝʨʘʮʽʡ, ʦʧʪʠʤʘʣʴʥʽ ʨʽʰʝʥʥʷ, ʧʨʠʡʥʷʪʽ ʥʘ ʨʽʚʥʽ ʦʢʨʝʤʦʾ ʦʧʝʨʘʮʽʾ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ ʜʦʩʷʛʥʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʚʠʨʦʙʥʠʮʪʚʘ ʚ ʮʽʣʦʤʫ. ʗʢ ʥʘʩʣʽʜʦʢ, ʧʨʦʷʚʣʷʶʪʴʩʷ ʦʩʥʦʚʥʽ ʬʘʢʪʦʨʠ, ʷʢʽ 

ʧʦʪʨʝʙʫʶʪʴ ʧʦʢʨʘʱʝʥʥʷ: ʧʦʢʘʟʥʠʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʙʦʯʦʛʦ ʯʘʩʫ, ʟʘʚʘʥʪʘʞʝʥʥʷ 

ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʰʚʠʜʢʦʩʪʽ ʦʙʽʛʫ ʢʦʰʪʽʚ, ʚʢʣʘʜʝʥʠʭ ʫ ʚʠʨʦʙʥʠʮʪʚʦ. ɺʩʽ ʧʝʨʝʣʽʯʝʥʽ 

ʬʘʢʪʦʨʠ ʻ ʝʢʦʥʦʤʽʯʥʠʤʠ, ʫ ʪʦʡ ʯʘʩ ʷʢ ʧʨʠ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʙʦʪʠ ʚʠʨʦʙʥʠʯʠʭ ʩʠʩʪʝʤ 

ʽʥʞʝʥʝʨʠ ʪʘ ʪʝʭʥʦʣʦʛʠ ʦʨʽʻʥʪʫʶʪʴʩʷ ʟʘʟʚʠʯʘʡ ʥʘ ʪʝʭʥʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʨʦʙʦʪʠ, ʘ 

ʩʘʤʝ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʡ, ʚʠʪʨʘʪʠ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʝʥʝʨʛʽʾ, ʢʽʣʴʢʽʩʪʴ ʚʠʢʦʥʘʥʠʭ 

ʦʧʝʨʘʮʽʡ, ʪʦʱʦ. ʅʘ ʧʨʘʢʪʠʮʽ ʝʢʦʥʦʤʽʯʥʽ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʢʨʠʪʝʨʽʾ ʥʝ ʣʠʰʝ 

ʧʦʚôʷʟʘʥʽ ʦʜʠʥ ʟ ʦʜʥʠʤ, ʘ ʯʘʩʪʦ ʩʫʧʝʨʝʯʘʪʴ ʦʜʠʥ ʦʜʥʦʤʫ. 

ɹʽʣʴʰʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ 

ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʧʨʦʢʘʪʫ, ʨʦʟʛʣʷʜʘʶʪʴ ʫ ʷʢʦʩʪʽ ʦʙôʻʢʪʫ 

ʤʦʜʝʣʶʚʘʥʥʷ ʦʢʨʝʤʫ ʦʧʝʨʘʮʽʶ, ʱʦ ʻ ʯʘʩʪʠʥʦʶ ʟʘʛʘʣʴʥʦʛʦ ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʦʮʝʩʫ. 

ɸʢʪʫʘʣʴʥʠʤ ʙʘʯʠʪʴʩʷ ʧʝʨʝʭʽʜ ʥʘ ʚʠʱʠʡ ʨʽʚʝʥʴ ʘʙʩʪʨʘʢʮʽʾ ʜʣʷ ʧʦʙʫʜʦʚʠ ʨʷʜʫ 

ʤʦʜʝʣʝʡ ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʦʢʘʪʫ ʥʘ ʨʽʚʥʽ ʚʩʴʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʫʟʘʛʘʣʴʥʝʥʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʢʨʠʪʝʨʽʾʚ. ʅʝʦʙʭʽʜʥʦ ʪʘʢʦʞ 
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ʩʠʥʪʝʟʫʚʘʪʠ ʢʨʠʪʝʨʽʾ ʪʘ ʦʙʤʝʞʝʥʥʷ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʷʢ ʚʩʴʦʛʦ ʧʨʦʮʝʩʫ, ʪʘʢ ʽ 

ʡʦʛʦ ʯʘʩʪʠʥ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʟʘʜʘʯ. 

ɺʠʚʯʝʥʥʶ ʟʘʜʘʯ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʚʠʨʦʙʥʠʮʪʚʘ 

ʧʨʦʢʘʪʫ ʪʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ ʢʝʨʫʚʘʥʥʽ ʥʠʤʠ ʧʨʠʩʚʷʯʝʥʽ ʨʦʙʦʪʠ ɺ.ʄ. 

ʂʫʚʘʻʚʘ, ʆ.ʇ. ɭʛʦʨʦʚʘ, D. Dering, D.A. Sala, ɺ.ɸ. ɹʽʛʻʻʚʘ, ɺ.ʉ. ɹʦʛʫʰʝʚʩʴʢʦʛʦ, 

ʗ.ʃ. ɸʣʴʧʝʨʦʚʠʯʘ, ʉ.ʇ. ʇʘʥʪʝʡʢʦʚʘ ʪʘ ʽʥ.. ʈʽʟʥʽ ʚʠʜʠ ʝʢʩʧʝʨʪʥʠʭ ʽ 

ʨʝʢʦʤʝʥʜʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʫ ʤʝʪʘʣʫʨʛʽʡʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʜʦʩʣʽʜʞʫʚʘʣʠʩʷ ʚ 

ʨʦʙʦʪʘʭ Y. Zhao, ɻ.ɻ. ɻʨʘʙʦʚʩʴʢʦʛʦ, ɼ.ʅ. ʊʦʛʦʙʠʮʴʢʦʾ, ɸ.ɺ. ʐʠʙʢʘ ʪʘ ʽʥ. 

ʈʦʟʚʠʪʢʫ ʝʚʦʣʶʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʦʧʪʠʤʽʟʘʮʽʾ ʜʣʷ ʜʚʽʡʢʦʚʠʭ ʪʘ ʙʝʟʧʝʨʝʨʚʥʠʭ ʟʘʜʘʯ 

ʧʨʠʩʚʷʯʝʥʽ ʧʨʘʮʽ M. Dorigo, L.N., De Castro, ɺ.ɭ ʉʥʠʪʶʢʘ, ʃ.ʌ. ɻʫʣʷʥʠʮʴʢʦʛʦ, 

ʉ.ʆ. ʉʫʙʙʦʪʽʥʘ, ɸ.ʇ. ʂʘʨʧʝʥʢʘ, ɺ.ʉ. ʉʪʝʧʘʰʢʘ, ʖ.ʇ. ɿʘʡʯʝʥʢʘ, ɺ.ɯ. ʃʠʪʚʠʥʝʥʢʘ 

ʪʘ ʽʥ. ɺʦʜʥʦʯʘʩ ʧʠʪʘʥʥʷ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʝʡ ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʥʘ ʨʽʚʥʽ 

ʚʩʴʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʫʟʘʛʘʣʴʥʝʥʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʢʨʠʪʝʨʽʾʚ ʚ 

ʥʘʫʢʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ ʤʘʡʞʝ ʥʝ ʧʨʝʜʩʪʘʚʣʝʥʽ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʨʦʟʚôʷʟʫʻʪʴʩʷ ʘʢʪʫʘʣʴʥʘ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʘ 

ʧʨʦʙʣʝʤʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʧʨʠʥʮʠʧʽʚ ʪʘ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʽʚ ʽ ʟʘʩʦʙʽʚ ʩʪʚʦʨʝʥʥʷ 

ʽʥʪʝʛʨʦʚʘʥʠʭ ʩʠʩʪʝʤ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʘʥʘʣʽʪʠʯʥʦʾ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʚ 

ʟʘʜʘʯʘʭ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʘʤʠ ʙʘʛʘʪʦʝʪʘʧʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ 

ʩʦʨʪʦʚʦʛʦ ʧʨʦʢʘʪʫ ʰʣʷʭʦʤ ʨʦʟʨʦʙʢʠ ʢʦʤʧʣʝʢʩʫ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʮʠʭ 

ʧʨʦʮʝʩʽʚ, ʤʝʪʦʜʽʚ ʩʘʤʦʥʘʚʯʘʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʫʟʘʛʘʣʴʥʝʥʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʢʨʠʪʝʨʽʾʚ.  

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

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʻ ʩʢʣʘʜʦʚʦʶ ʯʘʩʪʠʥʦʶ ʜʦʩʣʽʜʞʝʥʴ, ʧʨʦʚʝʜʝʥʠʭ ʚ 

ʅʘʮʽʦʥʘʣʴʥʦʤʫ ʪʝʭʥʽʯʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè ʟʘ 

ʜʝʨʞʙʶʜʞʝʪʥʠʤʠ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʤʠ ʨʦʙʦʪʘʤʠ: çɿʘʜʘʯʽ ʤʦʜʝʣʶʚʘʥʥʷ, 

ʦʧʪʠʤʽʟʘʮʽʾ ʪʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʚ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤʘʭ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠè 

(ˉ0121U109788) ʪʘ çɿʘʜʘʯʽ ʘʥʘʣʽʟʫ, ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʫ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤʘʭ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠè (ˉ0123U100011), ʫ ʷʢʠʭ ʘʚʪʦʨ 

ʙʫʚ ʢʝʨʽʚʥʠʢʦʤ, ʘ ʪʘʢʦʞ çɯʥʪʝʣʝʢʪʫʘʣʴʥʽ ʢʦʤʧ'ʶʪʝʨʥʽ ʪʝʭʥʦʣʦʛʽʾ ʦʙʨʦʙʢʠ ʜʘʥʠʭ, 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷè (ˉ 0108U000538), çʈʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʩʠʥʪʝʟʫ 
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ʤʦʜʝʣʝʡ ʢʦʨʠʩʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ, ʘʢʫʩʪʠʯʥʠʭ ʪʘ ʚʽʙʨʘʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ ʜʣʷ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʨʦʮʝʩʽʚ ʛʽʨʥʠʯʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘè (ˉ 0113U000402), çʈʽʰʝʥʥʷ 

ʟʘʜʘʯʽ ʛʝʥʝʨʘʮʽʾ ʧʨʦʝʢʪʽʚ ʦʧʝʨʘʪʠʚʥʠʭ ʧʣʘʥʽʚ ʙʦʡʦʚʠʭ ʜʽʡ ʧʨʠ ʣʽʢʚʽʜʘʮʽʾ ʧʦʞʝʞ 

ʥʘ ʰʘʭʪʘʭ ʥʘ ʦʩʥʦʚʽ ʦʥʪʦʣʦʛʽʯʥʠʭ ʙʘʟ ʟʥʘʥʴè (ˉ 0113U003913), çʈʦʟʨʦʙʢʘ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʨʦʟʧʫʰʫʚʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʟʩʠʧʥʠʭ 

ʟʤʝʨʟʣʠʭ ʚʘʥʪʘʞʽʚè (ˉ 0116U006739), ʫ ʷʢʠʭ ʘʚʪʦʨ ʙʫʚ ʩʧʽʚʚʠʢʦʥʘʚʮʝʤ.  

ɯʜʝʷ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʩʪʚʦʨʝʥʥʽ ʤʝʪʦʜʦʣʦʛʽʾ ʧʦʙʫʜʦʚʠ ʽʥʪʝʛʨʦʚʘʥʠʭ 

ʙʘʛʘʪʦʨʽʚʥʝʚʠʭ ʩʠʩʪʝʤ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʫ ʙʘʛʘʪʦʝʪʘʧʥʦʤʫ 

ʚʠʨʦʙʥʠʮʪʚʽ ʩʦʨʪʦʚʦʛʦ ʧʨʦʢʘʪʫ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʢʦʤʧʣʝʢʩʫ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʤʦʜʝʣʝʡ ʽ ʤʝʪʦʜʽʚ ʩʘʤʦʥʘʚʯʘʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʟʘ 

ʟʚʝʜʝʥʠʤʠ ʝʢʦʥʦʤʽʯʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ ʝʬʝʢʪʠʚʥʦʩʪʽ. 

ʄʝʪʘ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʙʘʛʘʪʦʝʪʘʧʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʦʢʘʪʫ ʰʣʷʭʦʤ ʨʦʟʨʦʙʢʠ ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʥʷ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʧʨʦʮʝʩʽʚ ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʢʝʨʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʨʦʟʨʦʙʢʠ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʤʝʪʦʜʫ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʠʭ ʟʘʜʘʯ ʦʧʪʠʤʽʟʘʮʽʾ 

ʧʨʠ ʧʣʘʥʫʚʘʥʥʽ ʡ ʢʝʨʫʚʘʥʥʽ ʮʠʤʠ ʧʨʦʮʝʩʘʤʠ ʚ ʩʢʣʘʜʽ ʽʥʪʝʛʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ 

ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ.  

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʽʻʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʪʘʢʽ ʦʩʥʦʚʥʽ ʟʘʜʘʯʽ: 

1. ʇʨʦʚʝʩʪʠ ʦʛʣʷʜ ʪʘ ʘʥʘʣʽʟ ʩʪʘʥʫ ʜʦʩʣʽʜʞʝʥʴ ʟ ʧʨʦʙʣʝʤʠ ʤʦʜʝʣʶʚʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʙʘʛʘʪʦʝʪʘʧʥʦʛʦ ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʤʝʪʦʜʽʚ 

ʦʧʪʠʤʽʟʘʮʽʾ ʪʘ ʩʘʤʦʥʘʚʯʘʥʥʷ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʩʠʩʪʝʤʘʭ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʚ 

ʤʝʪʘʣʫʨʛʽʾ.  

2. ʈʦʟʨʦʙʠʪʠ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ  

- ʟʘʜʘʯʽ ʧʦʙʫʜʦʚʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʢʣʘʜʫ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʥʘ 

ʧʨʦʜʫʢʮʽʶ ʤʝʪʘʣʫʨʛʽʡʥʠʤ ʧʽʜʧʨʠʻʤʩʪʚʦʤ ʧʦʚʥʦʛʦ ʮʠʢʣʫ ʧʨʠ ʰʠʨʦʢʦʤʫ 

ʩʦʨʪʘʤʝʥʪʽ, ʷʢʘ ʙ ʚʨʘʭʦʚʫʚʘʣʘ ʷʢ ʪʝʭʥʦʣʦʛʽʯʥʽ, ʪʘʢ ʽ ʝʢʦʥʦʤʽʯʥʽ ʢʨʠʪʝʨʽʾ ʫ ʚʠʛʣʷʜʽ 

ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʾ ʟʘʜʘʯʽ ʫʤʦʚʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ; 

- ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ ʰʠʭʪʠ ʧʨʠ ʢʦʥʚʝʨʪʝʨʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʟ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷʤ ʚʠʛʣʷʜʫ ʢʨʠʪʝʨʽʶ ʦʧʪʠʤʽʟʘʮʽʾ ʩʦʙʽʚʘʨʪʦʩʪʽ ʩʪʘʣʽ ʥʘ ʝʪʘʧʽ ʾʾ 
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ʚʠʧʣʘʚʢʠ, ʚʨʘʭʦʚʫʶʯʠ ʜʦʜʘʪʢʦʚʽ ʚʠʪʨʘʪʠ ʥʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʪʘ 

ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʙʘʣʘʥʩʫ; 

- ʟʘʜʘʯʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʡʙʫʪʥʴʦʾ ʛʦʪʦʚʦʾ 

ʧʨʦʜʫʢʮʽʾ ʥʘ ʨʘʥʥʽʭ ʝʪʘʧʘʭ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʫʛʣʝʮʝʚʦʾ ʩʪʘʣʽ ʟ ʤʝʪʦʶ ʬʦʨʤʫʚʘʥʥʷ 

ʪʘʢʠʭ ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʽʚ, ʷʢʽ ʙ ʤʦʛʣʠ ʩʢʦʨʠʛʫʚʘʪʠ ʧʨʦʮʝʩ, ʱʦ ʚʞʝ ʚʽʜʙʫʚʘʻʪʴʩʷ;  

- ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ ʚʘʛʠ ʟʣʠʚʢʫ ʟ ʦʛʣʷʜʫ ʥʘ ʧʝʨʝʙʽʛ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ 

ʚ ʤʘʡʙʫʪʥʽʭ ʧʝʨʝʜʽʣʘʭ; 

- ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʟʢʨʦʶʚʘʥʥʷ ʟʘʛʦʪʦʚʦʢ ʫ ʙʘʛʘʪʦʝʪʘʧʥʦʤʫ ʧʨʦʢʘʪʥʦʤʫ 

ʚʠʨʦʙʥʠʮʪʚʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʨʠʪʝʨʽʶ ʤʽʥʽʤʫʤʫ ʟʘʣʠʰʢʽʚ ʜʣʷ ʟʘʟʜʘʣʝʛʽʜʴ 

ʥʝʚʽʜʦʤʦʾ ʜʦʚʞʠʥʠ ʟʘʛʦʪʦʚʢʠ. 

3. ɿʘʧʨʦʧʦʥʫʚʘʪʠ ʤʝʪʦʜʠ ʥʘʚʯʘʥʥʷ ʪʘ ʧʦʙʫʜʦʚʠ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʧʽʜʩʠʩʪʝʤ 

ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʦʧʝʨʘʪʦʨʦʤ ʢʦʥʚʝʨʪʝʨʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʚ 

ʧʨʦʮʝʩʘʭ ʨʘʬʽʥʘʮʽʾ, ʨʦʟʢʠʩʣʝʥʥʷ ʪʘ ʨʦʟʣʠʚʢʠ ʩʪʘʣʽ, ʥʘ ʦʩʥʦʚʽ ʚʠʙʦʨʫ ʽ 

ʫʩʝʨʝʜʥʝʥʥʷ ʢʨʘʱʠʭ ʧʨʝʮʝʜʝʥʪʽʚ ʟ ʽʩʪʦʨʽʾ ʚʠʢʦʥʘʥʥʷ ʧʦʧʝʨʝʜʥʽʭ ʟʘʤʦʚʣʝʥʴ, 

ʥʘʡʙʣʠʞʯʠʭ ʟʘ ʥʦʨʤʘʣʽʟʦʚʘʥʦʶ ʤʝʪʨʠʢʦʶ. 

4. ʈʦʟʨʦʙʠʪʠ ʝʬʝʢʪʠʚʥʠʡ ʤʝʪʦʜ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʧʨʦʮʝʩʫ 

ʚʠʛʦʨʷʥʥʷ ʬʫʪʝʨʦʚʢʠ ʚʽʜ ʪʝʭʥʽʯʥʠʭ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ ʪʘ ʩʠʥʪʝʟʫʚʘʪʠ 

ʩʠʩʪʝʤʫ ʤʘʪʝʤʘʪʠʯʥʠʭ ʡ ʣʦʛʽʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ, ʱʦ ʾʭ ʦʧʠʩʫʶʪʴ.  

5. ʈʦʟʨʦʙʠʪʠ ʘʜʘʧʪʠʚʥʠʡ ʝʚʦʣʶʮʽʡʥʠʡ ʤʝʪʦʜ ʦʧʪʠʤʽʟʘʮʽʾ ʥʘ ʦʩʥʦʚʽ 

ʤʦʜʝʣʶʚʘʥʥʷ ʰʪʫʯʥʦʾ ʽʤʫʥʥʦʾ ʩʠʩʪʝʤʠ, ʱʦ ʫʥʠʢʘʻ ʥʝʜʦʣʽʢʽʚ ʽʩʥʫʶʯʠʭ ʨʝʘʣʽʟʘʮʽʡ 

ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʘʜʘʧʪʠʚʥʽ ʜʦ ʟʘʜʘʯʽ ʦʧʝʨʘʪʦʨʠ ʤʫʪʘʮʽʾ, ʩʭʨʝʱʫʚʘʥʥʷ ʪʘ 

ʩʪʠʩʥʝʥʥʷ ʧʦʧʫʣʷʮʽʾ. ɿʘʩʪʦʩʫʚʘʪʠ ʨʦʟʨʦʙʣʝʥʠʡ ʤʝʪʦʜ ʷʢ ʩʢʣʘʜʦʚʫ ʽʥʪʝʛʨʦʚʘʥʦʾ 

ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʤʝʪʘʣʫʨʛʽʡʥʠʤ 

ʚʠʨʦʙʥʠʮʪʚʦʤ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʫʤʦʚʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʫ ʨʽʟʥʠʭ ʧʨʦʩʪʦʨʘʭ. 

6. ʆʙˇʨʫʥʪʫʚʘʪʠ ʩʪʨʫʢʪʫʨʫ ʪʘ ʟʘʛʘʣʴʥʽ ʧʨʠʥʮʠʧʠ ʨʦʙʦʪʠ ʽ ʥʘʚʯʘʥʥʷ 

ʽʥʪʝʛʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʙʘʛʘʪʦʝʪʘʧʥʠʤ 

ʤʝʪʘʣʫʨʛʽʡʥʠʤ ʚʠʨʦʙʥʠʮʪʚʦʤ. ɺʠʟʥʘʯʠʪʠ ʩʪʨʫʢʪʫʨʫ ʚʭʽʜʥʦʾ ʪʘ ʚʠʭʽʜʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ, ʧʝʨʝʣʽʢ ʟʘʜʘʯ, ʱʦ ʚʠʢʦʥʫʶʪʴʩʷ ʽʥʪʝʛʨʦʚʘʥʦʶ ʩʠʩʪʝʤʦʶ. ʈʦʟʨʦʙʠʪʠ 

ʩʧʦʩʽʙ ʚʟʘʻʤʦʜʽʾ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʪʘ ʦʧʝʨʘʪʦʨʽʚ ʚʠʧʣʘʚʢʠ ʪʘ 
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ʨʦʟʣʠʚʢʠ ʩʪʘʣʽ, ʘ ʪʘʢʦʞ ʨʦʟʢʨʦʶʚʘʥʥʷ ʟʘʛʦʪʦʚʦʢ ʥʘ ʨʽʟʥʠʭ ʧʝʨʝʜʽʣʘʭ ʟ 

ʤʝʭʘʥʽʟʤʦʤ ʥʘʚʯʘʥʥʷ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʢʝʨʫʶʯʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ. 

7. ʈʝʘʣʽʟʫʚʘʪʠ ʧʨʦʪʦʪʠʧ ʽʥʪʝʛʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ 

ʜʣʷ ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʢʝʨʫʚʘʥʥʷ ʚʠʨʦʙʥʠʮʪʚʦʤ ʧʨʦʢʘʪʫ ʪʘ ʚʠʢʦʥʘʪʠ ʾʾ ʘʧʨʦʙʘʮʽʶ ʥʘ 

ʨʝʘʣʴʥʠʭ ʜʘʥʠʭ, ʱʦ ʦʧʠʩʫʶʪʴ ʚʠʨʦʙʥʠʯʽ ʧʨʦʮʝʩʠ ʥʘ ʤʝʪʘʣʫʨʛʽʡʥʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚʘʭ. ʇʨʦʘʥʘʣʽʟʫʚʘʪʠ ʨʝʟʫʣʴʪʘʪʠ ʯʠʩʝʣʴʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʚʠʟʥʘʯʠʪʠ 

ʘʜʝʢʚʘʪʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʤʦʜʝʣʝʡ ʪʘ ʘʣʛʦʨʠʪʤʽʚ, ʦʙʤʝʞʝʥʥʷ ʥʘ ʾʭ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʤʦʞʣʠʚʽ ʰʣʷʭʠ ʚʜʦʩʢʦʥʘʣʝʥʥʷ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʧʨʦʮʝʩʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʢʝʨʫʚʘʥʥʷ ʪʘ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʴ ʚ ʙʘʛʘʪʦʝʪʘʧʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʩʦʨʪʦʚʦʛʦ ʧʨʦʢʘʪʫ.  

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʧʨʦʮʝʩʽʚ ʧʨʦʛʥʦʟʫʚʘʥʥʷ, 

ʢʝʨʫʚʘʥʥʷ ʪʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʚ ʙʘʛʘʪʦʝʪʘʧʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʩʦʨʪʦʚʦʛʦ 

ʧʨʦʢʘʪʫ, ʘ ʪʘʢʦʞ ʦʙʯʠʩʣʶʚʘʣʴʥʠʡ ʤʝʪʦʜ ʦʧʪʠʤʽʟʘʮʽʾ ʮʠʭ ʧʨʦʮʝʩʽʚ ʫ ʩʢʣʘʜʽ 

ʽʥʪʝʛʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʜʘʯ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ 

ʤʝʪʦʜʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʪʘ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʙʘʛʘʪʦʨʽʚʥʝʚʠʭ ʩʠʩʪʝʤ, ʘ ʪʘʢʦʞ: ʤʝʪʦʜʠ 

ʩʢʽʥʯʝʥʥʦʚʠʤʽʨʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ï ʜʣʷ ʧʦʙʫʜʦʚʠ ʪʘ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʬʦʨʤʫʚʘʥʥʷ 

ʦʧʪʠʤʘʣʴʥʠʭ ʨʽʰʝʥʴ, ʚʨʘʭʫʚʘʥʥʷ ʦʙʤʝʞʝʥʴ ʽ ʘʥʘʣʽʟʫ ʤʦʜʝʣʝʡ; ʤʝʪʦʜʠ 

ʨʝʛʨʝʩʽʡʥʦʛʦ, ʢʦʨʝʣʷʮʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʤʝʪʦʜ ʛʨʫʧʦʚʦʛʦ ʚʨʘʭʫʚʘʥʥʷ ʘʨʛʫʤʝʥʪʽʚ 

ï ʜʣʷ ʧʦʙʫʜʦʚʠ ʙʘʛʘʪʦʬʘʢʪʦʨʥʠʭ ʧʨʦʛʥʦʟʫʶʯʠʭ ʤʦʜʝʣʝʡ ʪʘ ʬʦʨʤʫʚʘʥʥʷ 

ʦʧʪʠʤʘʣʴʥʠʭ ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʽʚ; ʤʝʪʦʜʠ ʤʦʜʝʣʶʚʘʥʥʷ ʤʫʨʘʰʠʥʦʾ ʢʦʣʦʥʽʾ, 

ʰʪʫʯʥʠʭ ʽʤʫʥʥʠʭ ʩʠʩʪʝʤ, ʛʝʥʝʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʪʘ ʦʙʤʝʞʝʥʦʛʦ ʣʦʢʘʣʴʥʦʛʦ 

ʧʦʰʫʢʫ ï ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʟʘʜʘʯ ʚ ʧʨʦʩʪʦʨʽ ʧʝʨʝʩʪʘʥʦʚʦʢ, 

ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʪʘ ʜʚʽʡʢʦʚʦʤʫ ʧʨʦʩʪʦʨʘʭ. 

ʆʩʥʦʚʥʽ ʥʘʫʢʦʚʽ ʧʦʣʦʞʝʥʥʷ, ʱʦ ʚʠʥʦʩʷʪʴʩʷ ʥʘ ʟʘʭʠʩʪ: 

1.ʇʣʘʥ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʥʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʩʦʨʪʦʚʦʛʦ ʧʨʦʢʘʪʫ ʰʠʨʦʢʦʛʦ 

ʩʦʨʪʘʤʝʥʪʫ ʩʠʥʪʝʟʫʻʪʴʩʷ (ʚ ʨʘʤʢʘʭ ʚʠʨʽʰʝʥʥʷ ʥʝʟʘʤʢʥʝʥʦʾ ʟʘʜʘʯʽ ʢʦʤʽʚʦʷʞʝʨʘ ʫ 

ʤʘʢʩʠʤʘʣʴʥʽʡ ʤʝʪʨʠʮʽ) ʥʘ ʦʩʥʦʚʽ ʟʛʦʨʪʢʠ ʢʨʠʪʝʨʽʾʚ ʤʘʢʩʠʤʽʟʘʮʽʾ ʯʘʩʪʢʠ ʚʯʘʩʥʦ 
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ʚʠʢʦʥʘʥʠʭ ʟʘʤʦʚʣʝʥʴ ʪʘ ʤʽʥʽʤʽʟʘʮʽʾ ʦʙʩʷʛʽʚ ʥʝʟʘʚʝʨʰʝʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʯʘʩʫ 

ʥʝʨʦʙʦʯʦʛʦ ʩʪʘʥʫ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʢʽʣʴʢʦʩʪʽ ʚʽʜʭʠʣʝʥʠʭ ʟʘʤʦʚʣʝʥʴ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʚʠʢʦʥʫʚʘʪʠ ʪʠʞʥʝʚʽ ʪʘ ʤʽʩʷʯʥʽ ʟʘʤʦʚʣʝʥʥʷ ʟʘ ʤʽʥʽʤʘʣʴʥʠʡ ʯʘʩ. 

2.ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʛʽʙʨʠʜʥʠʡ ʤʝʪʦʜ ʦʧʪʠʤʽʟʘʮʽʾ ʥʘ ʙʘʟʽ ʰʪʫʯʥʠʭ ʽʤʫʥʥʠʭ 

ʩʠʩʪʝʤ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻ ʘʜʘʧʪʠʚʥʽ ʦʧʝʨʘʪʦʨʠ ʢʨʦʩʠʥʛʦʚʝʨʘ, ʤʫʪʘʮʽʾ ʪʘ 

ʩʪʠʩʥʝʥʥʷ ʧʦʧʫʣʷʮʽʾ, ʟʘʙʝʟʧʝʯʫʻ ʟʥʘʭʦʜʞʝʥʥʷ ʛʣʦʙʘʣʴʥʦʛʦ ʦʧʪʠʤʫʤʫ 

ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ ʟʘʜʘʯ ʫʤʦʚʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʟ ʚʠʱʦʶ ʡʤʦʚʽʨʥʽʩʪʶ, ʥʽʞ ʫ ʚʽʜʦʤʠʭ 

ʝʚʦʣʶʮʽʡʥʠʭ ʘʣʛʦʨʠʪʤʽʚ, ʱʦ ʧʽʜʚʠʱʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʟʚôʷʟʘʥʥʷ ʮʠʭ ʟʘʜʘʯ ʚ 

ʧʨʦʮʝʩʘʭ ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʢʝʨʫʚʘʥʥʷ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʧʨʦʢʘʪʫ. 

3. ɺʠʢʦʨʠʩʪʘʥʥʷ ʚ ʨʝʛʨʝʩʽʡʥʠʭ ʤʦʜʝʣʷʭ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʦʨʪʦʚʦʛʦ ʧʨʦʢʘʪʫ ʚʽʜôʻʤʥʠʭ ʩʪʫʧʝʥʽʚ ʧʨʝʜʠʢʪʦʨʽʚ ʪʘ ʰʪʨʘʬʫ ʥʘ ʨʦʟʤʽʨʥʽʩʪʴ 

ʧʦʣʽʥʦʤʫ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʤʦʜʝʣʽ ʟ ʦʜʥʦʯʘʩʥʠʤ ʟʤʝʥʰʝʥʥʷʤ 

ʢʽʣʴʢʦʩʪʽ ʾʾ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʘʤʽʥʠʪʠ ʙʝʟʧʦʩʝʨʝʜʥʽ ʚʠʤʽʨʶʚʘʥʥʷ 

ʩʪʘʪʠʩʪʠʯʥʠʤʠ ʧʨʦʛʥʦʟʘʤʠ ʪʘ ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʽ ʚʘʨʪʽʩʪʴ ʩʝʨʪʠʬʽʢʘʮʽʾ ʛʦʪʦʚʦʾ 

ʧʨʦʜʫʢʮʽʾ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʅʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ, ʷʢʽ 

ʚʠʟʥʘʯʘʶʪʴ ʥʦʚʠʟʥʫ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʧʦʣʷʛʘʶʪʴ ʫ ʥʘʩʪʫʧʥʦʤʫ: 

1. ʈʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʧʦʙʫʜʦʚʠ ʧʣʘʥʫ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ 

ʥʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʢʘʪʫ ʰʠʨʦʢʦʛʦ ʩʦʨʪʘʤʝʥʪʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʯʘʩʫ 

ʧʝʨʝʥʘʣʘʰʪʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʦʜʥʦʯʘʩʥʝ ʟʚʘʞʝʥʝ ʚʨʘʭʫʚʘʥʥʷ 

ʢʨʠʪʝʨʽʾʚ, ʷʢ ʥʝʟʘʤʢʥʝʥʦʾ ʟʘʜʘʯʽ ʢʦʤʽʚʦʷʞʝʨʘ ʫ ʤʘʢʩʠʤʘʣʴʥʽʡ ʤʝʪʨʠʮʽ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʦʾ ʤʦʜʝʣʽ ʜʦʟʚʦʣʠʣʦ ʙʫʜʫʚʘʪʠ ʚ ʨʝʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʽ ʯʘʩʫ ʧʣʘʥʠ, 

ʝʬʝʢʪʠʚʥʽʰʽ, ʥʽʞ ʦʪʨʠʤʘʥʽ ʟʘ ʪʨʘʜʠʮʽʡʥʦʶ ʤʝʪʦʜʠʢʦʶ. 

2. ʈʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʤʽʥʽʤʽʟʘʮʽʾ ʢʽʣʴʢʦʩʪʽ ʤʝʪʘʣʫ, 

ʚʠʢʦʨʠʩʪʘʥʦʛʦ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʝʚʥʦʛʦ ʟʘʤʦʚʣʝʥʥʷ, ʱʦ ʩʧʠʨʘʻʪʴʩʷ ʥʘ ʥʘʧʝʨʝʜ 

ʚʽʜʦʤʠʡ ʦʧʪʠʤʘʣʴʥʠʡ ʨʦʟʤʽʨ ʧʝʨʝʜʽʣʴʥʦʾ ʟʘʛʦʪʦʚʢʠ ʪʘ ʚʠʤʦʛʠ ʜʦ ʨʦʟʢʨʦʶʚʘʥʥʷ 

ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʤʦʜʝʣʽ ʚ ʙʘʛʘʪʦʝʪʘʧʥʦʤʫ 

ʤʝʪʘʣʫʨʛʽʡʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʤʝʪʘʣʫ ʪʘ 

ʟʘʛʘʣʴʥʠʡ ʦʙʩʷʛ ʦʙʨʽʟʢʽʚ. 

3. ʈʦʟʨʦʙʣʝʥʦ ʛʽʙʨʠʜʥʠʡ ʘʜʘʧʪʠʚʥʠʡ ʤʝʪʦʜ ʦʧʪʠʤʽʟʘʮʽʾ ʥʘ ʦʩʥʦʚʽ 
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ʤʦʜʝʣʶʚʘʥʥʷ ʰʪʫʯʥʠʭ ʽʤʫʥʥʠʭ ʩʠʩʪʝʤ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻ ʘʜʘʧʪʠʚʥʽ ʦʧʝʨʘʪʦʨʠ 

ʢʨʦʩʠʥʛʦʚʝʨʘ, ʤʫʪʘʮʽʾ ʪʘ ʩʪʠʩʥʝʥʥʷ ʧʦʧʫʣʷʮʽʾ ʪʘ ʦʙˇʨʫʥʪʦʚʘʥʽ ʤʝʪʦʜʠ ʘʜʘʧʪʘʮʽʾ 

ʟʛʘʜʘʥʠʭ ʦʧʝʨʘʪʦʨʽʚ. ʁʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʟʘʜʘʯ ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʢʝʨʫʚʘʥʥʷ ʚ 

ʙʘʛʘʪʦʝʪʘʧʥʠʭ ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʚʠʨʦʙʥʠʮʪʚʘʭ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʥʘʜʽʡʥʽʩʪʴ ʪʘ 

ʪʦʯʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʨʦʟʚôʷʟʢʽʚ. 

4. ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʧʨʦʛʥʦʟʫʶʯʠʭ 

ʤʦʜʝʣʝʡ ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʚʠʨʦʙʥʠʮʪʚ ʚʽʜ ʭʽʤʽʯʥʠʭ ʪʘ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʦʪʨʠʤʘʥʥʷ ʩʪʘʣʽ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʨʝʛʨʝʩʽʡʥʠʭ ʤʦʜʝʣʷʭ ʚʽʜôʻʤʥʠʭ 

ʩʪʫʧʝʥʽʚ ʧʨʝʜʠʢʪʦʨʽʚ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʰʪʨʘʬʫ ʥʘ ʨʦʟʤʽʨʥʽʩʪʴ ʘʧʨʦʢʩʠʤʘʮʽʡʥʦʛʦ 

ʧʦʣʽʥʦʤʫ. ʎʝ ʜʦʟʚʦʣʠʣʦ ʧʽʜʚʠʱʠʪʠ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʤʦʜʝʣʝʡ ʩʫʪʥʦʩʪʽ ʬʽʟʠʯʥʠʭ 

ʧʨʦʮʝʩʽʚ, ʪʘ ʦʪʨʠʤʘʪʠ ʧʨʦʛʥʦʩʪʠʯʥʽ ʤʦʜʝʣʽ ʦʧʪʠʤʘʣʴʥʦʾ ʩʢʣʘʜʥʦʩʪʽ ʰʣʷʭʦʤ 

ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ. 

5. ʅʘʙʫʚ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʤʝʪʦʜ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʪʽʡʢʦʩʪʽ ʬʫʪʝʨʦʚʢʠ 

ʩʪʘʣʝʧʣʘʚʠʣʴʥʦʛʦ ʘʛʨʝʛʘʪʫ ʟʘ ʪʝʭʥʽʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʪʘ ʩʪʘʪʠʩʪʠʯʥʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ ʚʝʜʝʥʥʷ ʧʣʘʚʢʠ ʟ ʜʚʦʝʪʘʧʥʦʶ ʢʣʘʩʠʬʽʢʘʮʽʻʶ ʧʦʪʦʯʥʦʛʦ ʧʨʦʮʝʩʫ ʥʘ 

ʦʩʥʦʚʽ ʥʘʚʯʘʥʥʷ. ʁʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦʟʚʦʣʠʣʦ ʙʫʜʫʚʘʪʠ ʧʨʦʛʥʦʟʫʶʯʽ ʤʦʜʝʣʽ 

ʩʪʽʡʢʦʩʪʽ ʬʫʪʝʨʦʚʢʠ ʪʘ ʥʘʜʘʚʘʪʠ ʦʧʝʨʘʪʦʨʫ ʧʦʨʘʜʠ ʱʦʜʦ ʟʙʽʣʴʰʝʥʥʷ ʨʝʩʫʨʩʫ ʚ 

ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. 

6. ʉʬʦʨʤʫʣʴʦʚʘʥʦ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ 

ʙʘʛʘʪʦʝʪʘʧʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʩʦʨʪʦʚʦʛʦ ʧʨʦʢʘʪʫ ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʟʘʜʘʯ ʧʣʘʥʫʚʘʥʥʷ 

ʪʘ ʢʝʨʫʚʘʥʥʷ, ʦʩʥʦʚʘʥʠʡ ʥʘ ʧʘʨʘʣʝʣʴʥʽʡ ʦʙʨʦʙʮʽ ʟʘʤʦʚʣʝʥʥʷ ʥʘ ʨʽʟʥʠʭ ʝʪʘʧʘʭ. ʎʝ 

ʜʦʟʚʦʣʠʣʦ ʧʽʜʚʠʱʠʪʠ ʟʘʛʘʣʴʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ 

ʚʠʪʨʘʪʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ ʤʝʪʘʣʫ, ʢʽʣʴʢʦʩʪʽ ʥʝʤʽʨʥʦʾ ʧʨʦʜʫʢʮʽʾ ʪʘ ʥʝʟʘʚʝʨʰʝʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ. 

7. ʆʪʨʠʤʘʣʠ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʤʝʪʦʜʠ ʥʘʚʯʘʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡʥʠʭ 

ʧʽʜʩʠʩʪʝʤʠ ʦʧʝʨʘʪʦʨʘ ʢʦʥʚʝʨʪʝʨʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʦʩʥʦʚʘʥʽ ʥʘ ʘʥʘʣʽʟʽ 

ʧʦʧʝʨʝʜʥʴʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʰʘʙʣʦʥʠ ʚʜʘʣʦʛʦ ʧʦʧʝʨʝʜʥʴʦʛʦ 

ʜʦʩʚʽʜʫ ʟ ʢʦʨʝʢʮʽʻʶ ʥʘ ʧʦʚʝʜʽʥʢʫ ʣʶʜʠʥʠ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʮʠʭ ʤʝʪʦʜʽʚ ʚ ʧʨʦʮʝʩʘʭ 

ʨʘʬʽʥʘʮʽʾ ʪʘ ʨʦʟʢʠʩʣʝʥʥʷ ʩʪʘʣʽ ʜʦʟʚʦʣʠʣʦ ʩʫʪʪʻʚʦ ʟʤʝʥʰʠʪʠ ʚʣʠʚ çʣʶʜʩʴʢʦʛʦ 

ʬʘʢʪʦʨʫè ʥʘ ʚʝʜʝʥʥʷ ʧʣʘʚʢʠ ʪʘ ʩʢʦʨʦʪʠʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʝʨʦʩʧʣʘʚʽʚ. 
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8. ʋʜʦʩʢʦʥʘʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ ʢʦʥʚʝʨʪʝʨʥʦʾ 

ʧʣʘʚʢʠ ʟʘ ʟʚʝʜʝʥʠʤ ʝʢʦʥʦʤʽʯʥʠʤ ʢʨʠʪʝʨʽʻʤ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʘʪʝʨʽʘʣʴʥʦï

ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ ʷʢ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʾ ʟʘʜʘʯʽ ʟ ʥʝʯʽʪʢʠʤʠ ʦʙʤʝʞʝʥʥʷʤʠ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʦʪʨʠʤʘʥʦʾ ʤʦʜʝʣʽ ʜʦʟʚʦʣʷʻ ʧʽʜʪʨʠʤʫʚʘʪʠ ʩʦʙʽʚʘʨʪʽʩʪʴ ʩʪʘʣʽ ʥʘ 

ʤʽʥʽʤʘʣʴʥʦʤʫ ʨʽʚʥʽ ʧʨʠ ʢʦʣʠʚʘʥʥʷʭ ʮʽʥ ʥʘ ʤʘʪʝʨʽʘʣʠ, ʟʥʘʯʥʽʡ ʟʤʽʥʽ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʯʘʚʫʥʫ ʘʙʦ ʞ ʧʨʠ ʟʘʤʽʥʽ ʦʜʥʠʭ ʦʭʦʣʦʜʞʫʚʘʯʽʚ ʽʥʰʠʤʠ. 

ʅʘʫʢʦʚʝ ʟʥʘʯʝʥʥʷ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʩʪʚʦʨʝʥʥʽ ʤʝʪʦʜʦʣʦʛʽʾ ʘʚʪʦʤʘʪʠʟʘʮʽʾ 

ʧʨʦʮʝʩʽʚ ʢʝʨʫʚʘʥʥʷ ʚʠʨʦʙʥʠʮʪʚʦʤ ʩʦʨʪʦʚʦʛʦ ʧʨʦʢʘʪʫ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʟʚʝʜʝʥʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʢʨʠʪʝʨʽʾʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʥʘ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʟʘʤʽʩʪʴ ʪʝʭʥʦʣʦʛʽʯʥʠʭ, ʧʦʙʫʜʦʚʠ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʤʦʜʝʣʝʡ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ, ʘ ʪʘʢʦʞ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʩʘʤʦʥʘʚʯʘʥʥʷ ʜʣʷ 

ʛʝʥʝʨʘʮʽʾ ʘʣʴʪʝʨʥʘʪʠʚ ʫ ʧʨʦʮʝʩʘʭ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ ʧʣʘʥʫʚʘʥʥʽ ʪʘ ʢʝʨʫʚʘʥʥʽ 

ʪʘʢʠʤʠ ʚʠʨʦʙʥʠʮʪʚʘʤʠ ʱʦ ʜʦʟʚʦʣʠʣʦ ʧʽʜʚʠʱʠʪʠ ʟʘʛʘʣʴʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʚʠʨʦʙʥʠʮʪʚʘ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ ʤʝʪʘʣʘ, ʢʽʣʴʢʦʩʪʽ 

ʥʝʤʽʨʥʦʾ ʧʨʦʜʫʢʮʽʾ ʪʘ ʥʝʟʘʚʝʨʰʝʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ 

ʨʦʟʨʦʙʣʝʥʽ ʫ ʜʠʩʝʨʪʘʮʽʡʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʧʨʠʥʮʠʧʠ, ʤʦʜʝʣʽ ʽ ʤʝʪʦʜʠ ʜʦʚʝʜʝʥʽ ʜʦ 

ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʫ ʚʠʛʣʷʜʽ ʧʨʦʪʦʪʠʧʫ ʽʥʪʝʛʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʩʦʨʪʦʚʦʛʦ ʧʨʦʢʘʪʫ ʪʘ ʤʦʞʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʚ ʫʧʨʘʚʣʽʥʥʽ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʪʘʢʠʭ ʚʠʨʦʙʥʠʮʪʚ.  

ʈʝʘʣʽʟʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʦʪʠ. ʈʝʟʫʣʴʪʘʪʠ ʪʝʦʨʝʪʠʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, 

ʚʠʩʥʦʚʢʠ ʽ ʨʝʢʦʤʝʥʜʘʮʽʾ, ʱʦ ʤʽʩʪʷʪʴʩʷ ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ, ʚʠʢʦʨʠʩʪʘʥʦ ʫ 

ʚʠʨʦʙʥʠʯʦʤʫ ʧʨʦʮʝʩʽ ʨʷʜʫ ʧʽʜʧʨʠʻʤʩʪʚ ʇʨʠʜʥʽʧʨʦʚʩʴʢʦʛʦ ʨʝʛʽʦʥʫ, ʱʦ 

ʧʽʜʪʚʝʨʜʞʝʥʦ ʚʽʜʧʦʚʽʜʥʠʤʠ ʘʢʪʘʤʠ, ʥʘʚʝʜʝʥʠʤ ʫ ʜʦʜʘʪʢʫ ɹ. ɿʦʢʨʝʤʘ, ʤʝʪʦʜʠʢʘ 

ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʥʘ ʦʩʥʦʚʽ ʨʦʟʨʦʙʣʝʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ 

ʚʧʨʦʚʘʜʞʝʥʦ ʫ ʚʠʨʦʙʥʠʯʫ ʧʨʘʢʪʠʢʫ ʊʆɺ çɯʥʪʝʨʧʘʡʧ ʋʢʨʘʾʥʘè ʪʘ ɯʥʦʟʝʤʥʦʛʦ 

ʇʽʜʧʨʠʻʤʩʪʚʘ çʉʘʡʪʢʦʨ ʋʢʨʘʾʥʘè. ɻʽʙʨʠʜʥʠʡ ʘʜʘʧʪʠʚʥʠʡ ʤʝʪʦʜ ʥʘ ʦʩʥʦʚʽ 

ʤʦʜʝʣʶʚʘʥʥʷ ʰʪʫʯʥʠʭ ʽʤʫʥʥʠʭ ʩʠʩʪʝʤ ʟʘʩʪʦʩʦʚʘʥʦ ʫ ʧʨʘʢʪʠʮʽ ʊʆɺ çʗʣʘʥʪʽʩ 

ʋʢʨʘʾʥʘè. ʄʝʪʦʜʠʢʘ ʨʦʟʧʦʜʽʣʫ ʤʝʪʘʣʫ ʧʦ ʟʣʠʚʢʘʭ ʥʘ ʦʩʥʦʚʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ 
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ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʚʧʨʦʚʘʜʞʝʥʘ ʫ ʜʽʷʣʴʥʽʩʪʴ ɸʊ çʅʽʢʦʧʦʣʴʩʴʢʠʡ ʟʘʚʦʜ 

ʬʝʨʦʩʧʣʘʚʽʚè. ʄʝʪʦʜʠʢʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʪʽʡʢʦʩʪʽ ʧʣʘʚʠʣʴʥʦʛʦ ʘʛʨʝʛʘʪʫ ʥʘ ʦʩʥʦʚʽ 

ʨʦʟʨʦʙʣʝʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ï ʚ ʨʦʙʦʪʽ ʊʆɺ ɯʥʪʝʨʧʘʡʧ ʅʽʢʦ ʊʴʶʙè. 

ʄʝʪʦʜ ʩʘʤʦʥʘʚʯʘʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡʥʦʾ ʧʽʜʩʠʩʪʝʤʠ ʦʧʝʨʘʪʦʨʘ ʣʠʚʘʨʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʚʧʨʦʚʘʜʞʝʥʦ ʥʘ ɸʊ çʅʽʢʦʧʦʣʴʩʴʢʠʡ ʟʘʚʦʜ ʬʝʨʦʩʧʣʘʚʽʚè. 

ɺʦʜʥʦʯʘʩ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ, ʚʠʩʥʦʚʢʠ ʽ ʨʝʢʦʤʝʥʜʘʮʽʾ, ʱʦ ʤʽʩʪʷʪʴʩʷ 

ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ, ʚʠʢʦʨʠʩʪʘʥʦ ʚ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ʥʘ ʬʘʢʫʣʴʪʝʪʽ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʅʊʋ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè ʧʨʠ ʚʠʢʣʘʜʘʥʥʽ 

ʜʠʩʮʠʧʣʽʥ çʉʠʩʪʝʤʠ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫè, çʉʘʤʦʥʘʚʯʘʥʥʷ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤè, 

çɯʥʪʝʣʝʢʪʫʘʣʴʥʠʡ ʘʥʘʣʽʟ ʜʘʥʠʭè ʪʘ çɽʚʦʣʶʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʚ 

ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽè, ʘ ʪʘʢʦʞ ʧʨʠ ʧʽʜʛʦʪʦʚʮʽ ʢʫʨʩʦʚʠʭ ʽ ʤʘʛʽʩʪʝʨʩʴʢʠʭ 

ʜʠʧʣʦʤʥʠʭ ʨʦʙʽʪ ʩʪʫʜʝʥʪʘʤʠ ʩʧʝʮʽʘʣʴʥʦʩʪʽ ç124 ʉʠʩʪʝʤʥʠʡ ʘʥʘʣʽʟè, ʱʦ 

ʧʽʜʪʚʝʨʜʞʝʥʦ ʚʽʜʧʦʚʽʜʥʠʤ ʘʢʪʦʤ ʫ ʜʦʜʘʪʢʫ ɹ. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʻ ʩʘʤʦʩʪʽʡʥʦ 

ʚʠʢʦʥʘʥʠʤ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʠʤ ʜʦʩʣʽʜʞʝʥʥʷʤ. ɺʩʽ ʦʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ, 

ʪʝʦʨʝʪʠʯʥʽ ʪʘ ʧʨʘʢʪʠʯʥʽ ʧʦʣʦʞʝʥʥʷ ʽ ʚʠʩʥʦʚʢʠ, ʷʢʽ ʚʠʥʦʩʷʪʴʩʷ ʜʦ ʟʘʭʠʩʪʫ, 

ʦʜʝʨʞʘʥʽ ʪʘ ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʘʚʪʦʨʦʤ ʩʘʤʦʩʪʽʡʥʦ. ɿ ʨʦʙʽʪ, ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʫ 

ʩʧʽʚʘʚʪʦʨʩʪʚʽ, ʚʠʢʦʨʠʩʪʘʥʽ ʪʽ ʽʜʝʾ ʪʘ ʨʦʟʨʦʙʢʠ, ʷʢʽ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʘʚʪʦʨʦʤ 

ʦʩʦʙʠʩʪʦ. ɿʦʢʨʝʤʘ, ʘʚʪʦʨʫ ʥʘʣʝʞʘʪʴ: ʧʨʠʥʮʠʧ ʧʘʨʘʣʝʣʴʥʦʛʦ ʚʠʢʦʥʘʥʥʷ 

ʟʘʤʦʚʣʝʥʴ ʥʘ ʨʽʟʥʠʭ ʝʪʘʧʘʭ ʙʘʛʘʪʦʝʪʘʧʥʦʛʦ ʧʨʦʢʘʪʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ [1, 16]; 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʤʦʜʫʣʴʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʴ ʚ ʙʘʛʘʪʦʝʪʘʧʥʦʤʫ ʧʨʦʢʘʪʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ [10, 31]; ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ 

ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʪʨʘʪ ʤʝʪʘʣʫ ʥʘ ʚʠʢʦʥʘʥʥʷ ʧʝʚʥʦʛʦ ʟʘʤʦʚʣʝʥʥʷ ʰʣʷʭʦʤ 

ʨʝʛʫʣʶʚʘʥʥʷ ʚʠʩʦʪʠ ʥʘʣʠʚʫ ʟʣʠʪʢʽʚ ʟʘʤʽʩʪʴ ʢʦʤʙʽʥʘʮʽʾ ʜʦʚʞʠʥʠ ʨʦʟʢʨʦʶʚʘʥʥʷ 

ʛʦʪʦʚʦʛʦ ʟʣʠʪʢʘ [3, 19, 33, 49, 52]; ʽʜʝʷ ʧʦʙʫʜʦʚʠ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʩʠʩʪʝʤʠ 

ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʥʘ ʦʩʥʦʚʽ ʤʦʜʝʣʶʚʘʥʥʷ ʜʽʡ ʨʝʘʣʴʥʦʛʦ ʦʧʝʨʘʪʦʨʘ 

ʢʦʥʚʝʨʪʝʨʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʝʟʫʣʴʪʘʪʽʚ ʡʦʛʦ ʜʽʡ [2, 4, 13, 43] ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʝʪʦʜʽʚ ʩʘʤʦʥʘʚʯʘʥʥʷ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʙʘʟ ʟʥʘʥʴ ʪʘʢʠʭ ʩʠʩʪʝʤ [6, 8, 22]; 

ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʤʘʪʝʨʽʘʣʴʥʦ-ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ ʧʣʘʚʢʠ ʚ ʢʠʩʥʝʚʦʤʫ 

ʢʦʥʚʝʨʪʝʨʽ ʪʘ ʢʨʠʪʝʨʽʡ ʾʾ ʦʧʪʠʤʽʟʘʮʽʾ, ʤʦʜʝʣʴ ʦʧʪʠʤʽʟʘʮʽʾ ʰʠʭʪʫʚʘʥʥʷ [17, 26, 35]; 
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ʽʜʝʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʨʝʛʨʝʩʽʡʥʠʭ ʤʦʜʝʣʷʭ ʚʽʜôʻʤʥʠʭ ʩʪʫʧʝʥʽʚ ʧʨʝʜʠʢʪʦʨʽʚ ʪʘ 

ʟʘʩʪʦʩʫʚʘʥʥʽ ʰʪʨʘʬʥʦʾ ʬʫʥʢʮʽʾ ʥʘ ʨʦʟʤʽʨʥʽʩʪʴ ʘʧʨʦʢʩʠʤʘʮʽʡʥʦʛʦ ʧʦʣʽʥʦʤʫ [21, 

45] ʪʘ ʤʝʪʦʜʠʢʘ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʚʽʜʥʦʚʣʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ 

ʢʝʨʫʶʯʠʭ ʬʫʥʢʮʽʡ ʨʦʟʢʠʩʣʝʥʥʷ ʪʘ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ 

[43, 47]; ʘʥʘʣʽʟ ʧʨʦʙʣʝʤʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʚ ʙʘʛʘʪʦʝʪʘʧʥʦʤʫ ʧʨʦʢʘʪʥʦʤʫ 

ʚʠʨʦʙʥʠʮʪʚʽ [7, 27, 28]; ʘʥʘʣʽʟ ʧʨʦʙʣʝʤʠ ʤʽʥʽʤʽʟʘʮʽʾ ʚʠʪʨʘʪ ʤʝʪʘʣʫ ʥʘ ʚʠʢʦʥʘʥʥʷ 

ʟʘʤʦʚʣʝʥʥʷ [9, 11, 25]; ʤʝʪʦʜʠʢʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʝʚʦʣʶʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʜʦ ʟʘʜʘʯ 

ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʘʣʫ [12, 34]; ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʽʜʭʦʜʫ ʥʘ ʦʩʥʦʚʽ 

ʘʛʨʝʛʦʚʘʥʠʭ ʜʘʥʠʭ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʪʽʡʢʦʩʪʽ ʬʫʪʝʨʦʚʢʠ [44]; ʧʦʩʪʘʥʦʚʢʘ 

ʟʘʜʘʯʽ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʤʦʜʝʣʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʪʽʡʢʦʩʪʽ ʬʫʪʝʨʦʚʢʠ ʪʘ ʢʨʠʪʝʨʽʾʚ ʾʾ 

ʦʮʽʥʶʚʘʥʥʷ [5, 46, 48]; ʤʝʪʦʜ ʦʧʪʠʤʽʟʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʤʦʜʝʣʶʚʘʥʥʷ ʰʪʫʯʥʠʭ 

ʽʤʫʥʥʠʭ ʩʠʩʪʝʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʦʧʝʨʘʪʦʨʫ ʩʝʣʝʢʮʽʾ [18]; ʤʝʪʦʜ 

ʘʜʘʧʪʘʮʽʾ ʦʧʝʨʘʪʦʨʽʚ ʢʨʦʩʠʥʛʦʚʝʨʘ ʪʘ ʤʫʪʘʮʽʾ ʝʚʨʠʩʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ [51]; 

ʤʝʪʦʜʠ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʝʪʦʜʫ ʦʧʪʠʤʽʟʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʤʦʜʝʣʶʚʘʥʥʷ 

ʰʪʫʯʥʦʾ ʽʤʫʥʥʦʾ ʩʠʩʪʝʤʠ [24, 50]; ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʛʦ ʤʝʪʦʜʫ ʜʦ 

ʧʨʠʢʣʘʜʥʠʭ ʢʦʤʙʽʥʘʪʦʨʥʠʭ ʟʘʜʘʯ [14, 23, 37, 40]; ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʦʧʝʨʘʪʦʨʽʚ 

ʢʨʦʩʠʥʛʦʚʝʨʫ, ʤʫʪʘʮʽʾ ʪʘ ʩʝʣʝʢʮʽʾ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʦʰʫʢʦʚʠʭ ʘʣʛʦʨʠʪʤʽʚ ʧʨʠ 

ʨʦʟʚôʷʟʘʥʥʽ ʢʦʤʙʽʥʘʪʦʨʥʠʭ ʟʘʜʘʯ [20]. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʆʩʥʦʚʥʽ ʥʘʫʢʦʚʽ, ʪʝʦʨʝʪʠʯʥʽ ʧʦʣʦʞʝʥʥʷ 

ʪʘ ʧʨʘʢʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʜʦʧʦʚʽʜʘʣʠʩʷ ʽ ʦʙʛʦʚʦʨʶʚʘʣʠʩʷ ʥʘ: 

18 ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʽ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ:  

çɸʚʪʦʤʘʪʠʢʘ 2008è (ʤ. ʆʜʝʩʘ, 2008); çɸʚʪʦʤʘʪʠʢʘ 2010è (ʤ. ʍʘʨʢʽʚ, 2010); 

çʉʠʩʪʝʤʥʠʡ ʘʥʘʣʽʟ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ (SAIT)è (ʂʠʾʚ, 2009, 2011 ʪʘ 2013 

ʨʨ.); çʄʘʪʝʤʘʪʠʯʥʝ ʪʘ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤ (MPZIS)è 

(ɼʥʽʧʨʦ, 2011, 2012 ʪʘ 2013 ʨʨ.);  çʉʠʩʪʝʤʥʠʡ ʘʥʘʣʽʟ. ɯʥʬʦʨʤʘʪʠʢʘ. ʋʧʨʘʚʣʽʥʥʷ 

(ʉɸɯʋ)è (ɿʘʧʦʨʽʞʞʷ, 2012 ʪʘ 2013 ʨʨ.);  çɯʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚ ʤʝʪʘʣʫʨʛʽʾ ʪʘ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽè ITMM - 2020, ɯʊʄʄ - 2021 ʪʘ ITMM - 2023 (ʤ. ɼʥʽʧʨʦ, 2020 

- 2023 ʨʦʢʠ); çʆʙʯʠʩʣʶʚʘʣʴʥʠʡ ʽʥʪʝʣʝʢʪ (ʨʝʟʫʣʴʪʘʪʠ, ʧʨʦʙʣʝʤʠ, ʧʝʨʩʧʝʢʪʠʚʠ)è 

(ʏʝʨʢʘʩʠ, 2013); çɯʅʌʆʊɽʍ-2011è (ʉʝʚʘʩʪʦʧʦʣʴ, 2011); çɸʚʪʦʤʘʪʠʟʘʮʽʷ: 

ʧʨʦʙʣʝʤʠ, ʽʜʝʾ, ʨʽʰʝʥʥʷè (ʉʝʚʘʩʪʦʧʦʣʴ, 2011); çɯʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚ ʦʩʚʽʪʽ, 
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ʥʘʫʮʽ ʡ ʪʝʭʥʽʮʽ (ɯʊʆʅʊ)è (ʏʝʨʢʘʩʠ, 2012); çʂʦʤʧôʶʪʝʨʥʠʡ ʽʥʪʝʣʝʢʪ (ʨʝʟʫʣʴʪʘʪʠ, 

ʧʨʦʙʣʝʤʠ ʽ ʧʝʨʩʧʝʢʪʠʚʠ)è (ʂʠʾʚ, 2017);  

ï ɯɯ ʄʽʞʥʘʨʦʜʥʦʤʫ ʥʘʫʢʦʚʦʤʫ ʩʠʤʧʦʟʽʫʤʽ Intelligent Solutions, çIntSol 2021è 

(ʂʠʾʚ-ʋʞʛʦʨʦʜ, 2021);  

ï 3 ʄʽʞʥʘʨʦʜʥʠʭ ʰʢʦʣʘʭ-ʩʝʤʽʥʘʨʘʭ çʊʝʦʨʽʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴè (ʋʞʛʦʨʦʜ, 

2012, 2014 ʪʘ 2016 ʨʨ.); 

ï 5 ɺʩʝʫʢʨʘʾʥʩʴʢʠʭ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ: çʂʦʤʧôʶʪʝʨʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʷ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ ʂʄʆʉʉ-2020è (ʤ. ɼʥʽʧʨʦ, 2020);  

 çɯʥʬʦʨʤʘʪʠʢʘ ʪʘ ʩʠʩʪʝʤʥʽ ʥʘʫʢʠ (ɯʉʅ-2013)è (ʤ. ʇʦʣʪʘʚʘ, 2013 ʨ.); IIɯ, V ʪʘ 

VI ɺʩʝʫʢʨʘʾʥʩʴʢʠʭ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ çɯʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ: 

ʪʝʦʨʽʷ ʽ ʧʨʘʢʪʠʢʘè (ʤ. ʍʘʨʢʽʚ, 2020, ʤ. ɼʥʽʧʨʦ, 2022, ʤ. ɿʘʧʦʨʽʞʞʷ, 2023);  

ï ʥʘʫʢʦʚʠʭ ʩʝʤʽʥʘʨʘʭ ʢʘʬʝʜʨʠ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʫʧʨʘʚʣʽʥʥʷ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè ʄʆʅ ʋʢʨʘʾʥʠ 

ʪʘ ʢʘʬʝʜʨʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʽ ʩʠʩʪʝʤ ʋʢʨʘʾʥʩʴʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ʥʘʫʢʠ ʽ ʪʝʭʥʦʣʦʛʽʡ ʄʆʅ ʋʢʨʘʾʥʠ. 

ʇʫʙʣʽʢʘʮʽʾ. ɿʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʾ ʦʧʫʙʣʽʢʦʚʘʥʦ 52 ʥʘʫʢʦʚʠʭ ʨʦʙʽʪ, ʫ ʪʦʤʫ 

ʯʠʩʣʽ 12 ʧʫʙʣʽʢʘʮʽʡ ʫ ʟʘʢʦʨʜʦʥʥʠʭ ʧʝʨʽʦʜʠʯʥʠʭ ʚʠʜʘʥʥʷʭ ʪʘ ʫ ʚʠʜʘʥʥʷʭ, ʷʢʽ 

ʚʭʦʜʷʪʴ ʜʦ ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟ: 4 ï ʫ Scopus ʪʘ Web of Science, 8 ï 

Index Copernicus; 16 ʥʘʫʢʦʚʠʭ ʩʪʘʪʝʡ ʫ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ ʋʢʨʘʾʥʠ, 25 ʤʘʪʝʨʽʘʣʽʚ 

ʢʦʥʬʝʨʝʥʮʽʡ ʽ ʪʝʟ ʜʦʧʦʚʽʜʝʡ. 

ʉʪʨʫʢʪʫʨʘ ʪʘ ʦʙʩʷʛ ʨʦʙʦʪʠ. ɼʠʩʝʨʪʘʮʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʚʩʪʫʧʫ, ʩʝʤʠ 

ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʽʟ 272 ʥʘʡʤʝʥʫʚʘʥʴ ʥʘ 32 

ʩʪʦʨʽʥʢʘʭ ʪʘ 2 ʜʦʜʘʪʢʽʚ ʥʘ 8 ʩʪʦʨʽʥʢʘʭ. ɿʘʛʘʣʴʥʠʡ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ ʩʪʘʥʦʚʠʪʴ 290 

ʩʪʦʨʽʥʦʢ, ʟ ʥʠʭ 240 ʩʪʦʨʽʥʦʢ ʦʩʥʦʚʥʦʛʦ ʪʝʢʩʪʫ (ʙʝʟ ʘʥʦʪʘʮʽʡ 218 ʩʪʦʨʽʥʦʢ), 45 

ʨʠʩʫʥʢʽʚ, 41 ʪʘʙʣʠʮ.̫ 
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ʈʆɿɼɯʃ 1. ɸʅɸʃɯɿ ʇʈʆʎɽʉɯɺ ʇʈʀʁʅʗʊʊʗ ʈɯʐɽʅʔ ɺ 

ɹɸɻɸʊʆɽʊɸʇʅʆʄʋ ɺʀʈʆɹʅʀʎʊɺɯ ʇʈʆʂɸʊʋ ʊɸ ʉʊɸʅʋ ɰʍ 

ɸɺʊʆʄɸʊʀɿɸʎɯɰ 

 

 

1.1 ɺʠʨʦʙʥʠʮʪʚʦ ʧʨʦʢʘʪʫ ʷʢ ʦʙôʻʢʪ ʢʝʨʫʚʘʥʥʷ (ʆʂ) 

 

ʄʝʪʘʣʫʨʛʽʡʥʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ ï ʦʜʥʘ ʟ ʙʘʟʦʚʠʭ ʛʘʣʫʟʝʡ ʝʢʦʥʦʤʽʢʠ ʋʢʨʘʾʥʠ, 

ʦʩʥʦʚʥʠʤʠ ʛʘʣʫʟʷʤʠ ʷʢʦʾ ʻ ʯʦʨʥʘ ʡ ʢʦʣʴʦʨʦʚʘ ʤʝʪʘʣʫʨʛʽʷ. ʏʘʩʪʢʘ ʤʝʪʘʣʫʨʛʽʾ ʫ 

ɺɺʇ ʢʨʘʾʥʠ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 38%, ʫ ʧʨʦʤʠʩʣʦʚʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ī 27,3%, 

ʝʢʩʧʦʨʪʽ ï 34,2%. ʏʘʩʪʢʘ ʤʝʪʘʣʫʨʛʽʾ ʚ ʧʦʜʘʪʢʦʚʠʭ ʧʣʘʪʝʞʘʭ ʫ ʚʩʽ ʨʽʚʥʽ ʙʶʜʞʝʪʽʚ 

ʩʪʘʥʦʚʠʪʴ 38%. ʗʢ ʩʧʦʞʠʚʘʯ ʧʨʦʜʫʢʮʽʾ ʪʘ ʧʦʩʣʫʛ ʩʫʙ'ʻʢʪʽʚ ʧʨʠʨʦʜʥʠʭ ʤʦʥʦʧʦʣʽʡ 

ʤʝʪʘʣʫʨʛʽʷ ʚʠʢʦʨʠʩʪʦʚʫʻ ʚʽʜ ʟʘʛʘʣʴʥʦʧʨʦʤʠʩʣʦʚʦʛʦ ʨʽʚʥʷ 32% ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, 

25% ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ, 10% ʥʘʬʪʠ ʽ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ, ʾʾ ʯʘʩʪʢʘ ʫ ʚʘʥʪʘʞʥʠʭ 

ʟʘʣʽʟʥʠʯʥʠʭ ʧʝʨʝʚʝʟʝʥʥʷʭ ï 20%. [1] 

ʋʢʨʘʾʥʘ ʻ ʦʜʥʠʤ ʟ ʣʽʜʝʨʽʚ ʩʝʨʝʜ ʢʨʘʾʥ-ʚʠʨʦʙʥʠʢʽʚ ʯʦʨʥʠʭ ʤʝʪʘʣʽʚ ʫ ʩʚʽʪʽ. 

ɿʦʢʨʝʤʘ, ʚ 2017 ʨʦʮʽ ʚʠʧʣʘʚʢʘ ʯʘʚʫʥʫ ʩʢʣʘʣʘ 20,035 ʤʣʥ. ʪʦʥ; ʚʠʧʣʘʚʢʘ ʩʪʘʣʽ - 

21,284 ʤʣʥ. ʪʦʥʥ; ʚʠʨʦʙʥʠʮʪʚʦ ʤʝʪʘʣʦʧʨʦʢʘʪʫ - 18,439 ʤʣʥ. ʪʦʥ [2]. ʋ 1 ʧʽʚʨʽʯʯʽ 

2018 ʨʦʢʫ ʩʚʽʪʦʚʘ ʚʠʧʣʘʚʢʘ ʩʪʘʣʽ ʟʙʽʣʴʰʠʣʘʩʷ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʘʥʘʣʦʛʽʯʥʠʤ 

ʧʝʨʽʦʜʦʤ ʤʠʥʫʣʦʛʦ ʨʦʢʫ ʥʘ 4,6%, ʜʦ 881,455 ʤʣʥ. ʪʦʥ. ɿʛʽʜʥʦ ʟ ʜʘʥʠʤʠ worldsteel, 

ʚ ʯʝʨʚʥʽ 2018 ʨʦʢʫ ʋʢʨʘʾʥʘ ʧʽʜʥʷʣʘʩʷ ʟ 14-ʛʦ ʥʘ 12-ʪʝ ʤʽʩʮʝ ʚ ʨʝʡʪʠʥʛʫ ʩʚʽʪʦʚʠʭ 

ʚʠʨʦʙʥʠʢʽʚ ʩʪʘʣʽ, ʚʠʧʝʨʝʜʠʚʰʠ ʊʘʡʚʘʥʴ ʽ ʄʝʢʩʠʢʫ [3]. ʗʢ ʚʠʜʥʦ ʟ ʥʘʚʝʜʝʥʠʭ, 

ʩʪʘʪʠʩʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ ʧʨʦʢʘʪʥʫ ʧʨʠʧʘʜʘʻ ʣʝʚʦʚʘ ʯʘʩʪʢʘ 

ʤʝʪʘʣʫʨʛʽʡʥʦʾ ʧʨʦʜʫʢʮʽʾ ʋʢʨʘʾʥʠ. 

ʄʝʪʘʣʫʨʛʽʡʥʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʚ ʋʢʨʘʾʥʽ ʥʘʣʝʞʘʪʴ ʜʦ ʦʜʥʦʛʦ ʟ ʜʚʦʭ ʚʠʜʽʚ: ʟ 

ʧʦʚʥʠʤ ʤʝʪʘʣʫʨʛʽʡʥʠʤ ʮʠʢʣʦʤ (ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʚʩʽ ʪʨʠ ʦʩʥʦʚʥʽ 

ʚʠʜʠ ʧʨʦʜʫʢʮʽʾ: ʯʘʚʫʥ, ʩʪʘʣʴ ʪʘ ʧʨʦʢʘʪ) ʽ ʟ ʥʝʧʦʚʥʠʤ ʮʠʢʣʦʤ ʘʙʦ çʤʽʥʽ-ʟʘʚʦʜʠè 

(ʚʠʨʦʙʣʷʻ ʦʜʠʥ ʘʙʦ ʜʚʘ ʚʠʜʠ ʧʨʦʜʫʢʮʽʾ) [166].  

ʄʝʪʘʣʫʨʛʽʡʥʝ ʧʽʜʧʨʠʻʤʩʪʚʦ ʟ ʧʦʚʥʠʤ ʤʝʪʘʣʫʨʛʽʡʥʠʤ ʮʠʢʣʦʤ ʟʘʟʚʠʯʘʡ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʠʟʢʠ ʦʩʥʦʚʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʮʝʭʽʚ, ʟʦʢʨʝʤʘ, ʜʦʤʝʥʥʦʛʦ, 
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ʩʪʘʣʝʧʣʘʚʠʣʴʥʦʛʦ, ʢʽʣʴʢʦʭ ʧʨʦʢʘʪʥʠʭ ʪʘ ʜʦʧʦʤʽʞʥʠʭ ʮʝʭʽʚ, ʜʦ ʷʢʠʭ ʚʽʜʥʦʩʷʪʴ 

ʨʝʤʦʥʪʥʽ ʡ ʝʥʝʨʛʝʪʠʯʥʽ, ʮʝʭ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʽ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʠʡ ʮʝʭ ʪʘ 

ʽʥʰʽ ʜʦʧʦʤʽʞʥʽ ʩʣʫʞʙʠ [267]. ʊʠʧʦʚʠʡ ʩʢʣʘʜ ʪʘʢʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʽʣʶʩʪʨʫʻ 

ʨʠʩʫʥʦʢ 1.1, ʜʝ ʪʘʢʦʞ ʧʦʢʘʟʘʥʦ ʨʝʯʦʚʠʥʥʽ ʧʦʪʦʢʠ ʤʽʞ ʦʩʥʦʚʥʠʤʠ ʮʝʭʘʤʠ, ʚʭʽʜʥʽ 

ʪʘ ʚʠʭʽʜʥʽ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʩʠʩʪʝʤʠ. 

ʇʦʯʘʪʢʦʚʠʤ ʚʠʨʦʙʥʠʯʠʤ ʧʨʦʮʝʩʦʤ ʥʘ ʟʘʚʦʜʽ ʟ ʧʦʚʥʠʤ ʤʝʪʘʣʫʨʛʽʡʥʠʤ 

ʮʠʢʣʦʤ ʻ ʜʦʤʝʥʥʠʡ ï ʚʠʧʣʘʚʢʘ ʯʘʚʫʥʫ. ɺ ʜʦʤʝʥʥʦʤʫ ʮʝʭʫ ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʨʦʟʤʽʱʫʶʪʴ ʢʽʣʴʢʘ ʜʦʤʝʥʥʠʭ ʧʝʯʝʡ. ʅʘ ʜʦʤʝʥʥʠʭ ʧʝʯʘʭ ʟ 

ʤʝʪʘʣʫʨʛʽʡʥʦʾ ʩʠʨʦʚʠʥʠ (ʘʛʣʦʤʝʨʘʪ, ʟʙʘʛʘʯʝʥʘ ʟʘʣʽʟʥʘ ʨʫʜʘ) ʚʠʧʣʘʚʣʷʶʪʴ 

ʧʝʨʝʨʦʙʥʠʡ, ʣʠʚʘʨʥʠʡ ʪʘ ʩʧʝʮʽʘʣʴʥʽ ʯʘʚʫʥʠ. ʇʦ ʪʦʤʫ ʧʝʨʝʨʦʙʥʠʡ ʯʘʚʫʥ 

ʟʣʠʚʘʻʪʴʩʷ ʫ ʢʽʚʰʽ ʪʘ ʫ ʨʽʜʢʦʤʫ ʩʪʘʥʽ ʪʨʘʥʩʧʦʨʪʫʻʪʴʩʷ ʫ ʩʪʘʣʝʧʣʘʚʠʣʴʥʽ ʮʝʭʠ. 

ʇʦʙʽʯʥʠʤ ʧʨʦʜʫʢʪʦʤ ʜʦʤʝʥʥʦʛʦ ʧʨʦʮʝʩʫ ʻ ʰʣʘʢ, ʷʢʠʡ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ 

ʟʦʢʨʝʤʘ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ [167].  

 

ʈʠʩ. 1.1. ʈʝʯʦʚʠʥʥʽ ʧʦʪʦʢʠ ʚ ʤʝʪʘʣʫʨʛʽʡʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʧʦʚʥʦʛʦ ʮʠʢʣʫ 

 

ʋ ʩʪʘʣʝʧʣʘʚʠʣʴʥʠʭ ʮʝʭʘʭ ʯʘʚʫʥ ʧʝʨʝʨʦʙʣʷʶʪʴ ʥʘ ʩʪʘʣʴ, ʷʢʫ ʨʦʟʣʠʚʘʶʪʴ ʫ 

ʩʪʘʣʝʚʽ ʟʣʠʚʢʠ, ʱʦ ʧʦʪʽʤ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʧʨʦʢʘʪʥʠʭ ʮʝʭʘʭ. ʆʪʨʠʤʘʥʽ ʩʪʘʣʝʚʽ 

ʟʣʠʚʢʠ ʪʨʘʥʩʧʦʨʪʫʶʪʴ ʫ ʦʙʪʠʩʢʥʠʡ ʮʝʭ, ʜʝ ʥʘʛʨʽʪʽ ʟʣʠʚʢʠ ʥʘ ʦʙʪʠʩʢʥʠʭ  ʽ 

ʟʘʛʦʪʦʚʦʯʥʠʭ ʩʪʘʥʘʭ ʧʨʦʢʘʪʫʶʪʴ ʫ ʟʘʛʦʪʦʚʢʠ.  

ɼʦʤʝʥʥʠʡ ʮʝʭ 

ʉʪʘʣʝʧʣʘʚʠʣʴʥʠʡ ʮʝʭ 

ʇʨʦʢʘʪʥʠʡ ʮʝʭ 1 

ʇʨʦʢʘʪʥʠʡ ʮʝʭ N 

ɿʙʘʛʘʯʝʥʘ ʨʫʜʘ ʂʦʢʩ 

ʏʘʚʫʥ ɹʨʫʭʪ 

ʉʪʘʣʴ (ʟʣʠʚʢʠ) ʐʣʘʢ 

ʉʪʘʣʴ (ʟʘʛʦʪʦʚʢʘ) é 

ɻʦʪʦʚʘ ʧʨʦʜʫʢʮʽʷ 

ʆʙʨʽʟʢʠ 

ʆʙʨʽʟʢʠ 
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ʅʘʡʧʦʰʠʨʝʥʽʰʠʤ ʚ ʋʢʨʘʾʥʽ ʩʧʦʩʦʙʦʤ ʚʠʧʣʘʚʢʠ ʩʪʘʣʽ ʻ ʢʦʥʚʝʨʪʝʨʥʠʡ [91]. 

ɿʘ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʜʢʠʡ ʯʘʚʫʥ ʽ ʪʚʝʨʜʫ ʤʝʪʘʣʝʚʫ ʰʠʭʪʫ ʟʘʚʘʥʪʘʞʫʶʪʴ ʚ 

ʢʦʥʚʝʨʪʝʨ, ʯʝʨʝʟ ʚʝʨʭʥʶ ʬʫʨʤʫ ʧʨʦʜʫʚʘʶʪʴ ʢʠʩʥʝʤ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʜʫʚʢʠ 

ʦʢʠʩʣʶʶʪʴʩʷ ʽ ʚʠʜʘʣʷʶʪʴʩʷ ʟ ʨʦʟʧʣʘʚʫ ʚʫʛʣʝʮʴ, ʢʨʝʤʥʽʡ, ʤʘʨʛʘʥʝʮʴ ʽ ʬʦʩʬʦʨ. 

ʆʪʨʠʤʘʥʠʡ ʨʦʟʧʣʘʚ ʧʽʜʜʘʻʪʴʩʷ ʧʦʜʘʣʴʰʽʡ ʦʙʨʦʙʮʽ ʚ ʩʪʘʣʝʨʦʟʣʠʚʥʠʭ ʢʽʚʰʘʭ. 

ʅʘʡʧʦʪʫʞʥʽʰʠʤ ʧʨʝʜʩʪʘʚʥʠʢʦʤ ʢʦʥʚʝʨʪʝʨʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʚ ʋʢʨʘʾʥʽ ʻ ʇʨɸʊ 

çɸʨʩʦʣʦʨ-ʄʽʪʪʘʣ ʂʨʠʚʠʡ ʈʽʛè.  

ɯʥʰʠʡ ʧʦʰʠʨʝʥʠʡ ʩʧʦʩʽʙ ʦʪʨʠʤʘʥʥʷ ʩʪʘʣʽ ï ʝʣʝʢʪʨʦʜʫʛʦʚʝ ʚʠʨʦʙʥʠʮʪʚʦ, 

ʧʨʠʢʣʘʜʦʤ ʷʢʦʛʦ ʻ ʟʘʚʦʜ çɯʥʪʝʨʧʘʡʧ-ʩʪʘʣʴè ʚ ʤ. ɼʥʽʧʨʽ [168]. ʆʩʥʦʚʥʦʶ 

ʩʠʨʦʚʠʥʦʶ ʜʣʷ ʚʠʧʣʘʚʢʠ ʩʪʘʣʽ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʻ ʙʨʫʭʪ ʯʦʨʥʠʭ ʤʝʪʘʣʽʚ. ɺ 

ʝʣʝʢʪʨʦʜʫʛʦʚʽʡ ʧʝʯʽ ʩʪʘʣʝʚʠʡ ʙʨʫʭʪ ʧʣʘʚʠʪʴʩʷ ʪʘ ʧʝʨʝʨʦʙʣʷʻʪʴʩʷ ʫ ʚʠʩʦʢʦʷʢʽʩʥʫ 

ʩʪʘʣʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʪʫʞʥʦʾ ʝʣʝʢʪʨʠʯʥʦʾ ʜʫʛʠ.  

ɺ ʩʚʽʪʽ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤ ʻ ʢʦʥʚʝʨʪʝʨʥʠʡ ʪʠʧ ʚʠʨʦʙʥʠʮʪʚʘ ʩʪʘʣʽ 

(ʙʣʠʟʴʢʦ 70% ʥʘ 2018 ʨʽʢ), ʥʘ ʜʨʫʛʦʤʫ ʤʽʩʮʽ ï ʝʣʝʢʪʨʦʜʫʛʦʚʽ ʧʝʯʽ (ʙʣʠʟʴʢʦ 29%), 

ʨʝʰʪʘ ʩʪʘʣʽ (ʙʣʠʟʴʢʦ 1%) ʚʠʧʣʘʚʣʷʶʪʴ ʤʘʨʪʝʥʽʚʩʴʢʠʤ ʩʧʦʩʦʙʦʤ [169].  

ʂʽʥʮʝʚʠʤ ʚʠʨʦʙʥʠʯʠʤ ʧʨʦʮʝʩʦʤ ʥʘ ʤʝʪʘʣʫʨʛʽʡʥʦʤʫ ʟʘʚʦʜʽ ʻ ʧʨʦʢʘʪʫʚʘʥʥʷ 

ʩʪʘʣʝʚʠʭ ʟʣʠʚʢʽʚ ï ʧʣʘʩʪʠʯʥʘ ʜʝʬʦʨʤʘʮʽʷ ʾʭ ʤʽʞ ʦʙʝʨʪʦʚʠʤʠ ʚʘʣʢʘʤʠ ʧʨʦʢʘʪʥʠʭ 

ʩʪʘʥʽʚ ʫ ʧʨʦʢʘʪʥʠʭ ʮʝʭʘʭ [261]. ʅʘ ʙʘʛʘʪʴʦʭ ʟʘʚʦʜʘʭ ʻ ʱʝ ʡ ʘʛʣʦʤʝʨʘʮʽʡʥʘ 

ʬʘʙʨʠʢʘ ʪʘ ʢʦʢʩʦʭʽʤʽʯʥʝ ʚʠʨʦʙʥʠʮʪʚʦ ʪʘ ʮʝʭʠ, ʜʝ ʚʠʛʦʪʦʚʣʷʶʪʴ ʚʦʛʥʝʪʨʠʚʠ, 

ʤʝʪʘʣʝʚʽ ʚʠʨʦʙʠ ʪʦʱʦ. ʇʨʠʢʣʘʜʦʤ ʪʘʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʤʦʞʝ ʩʣʫʛʫʚʘʪʠ ʢʦʤʙʽʥʘʪ 

çɸʟʦʚʩʪʘʣʴè (ʤ. ʄʘʨʽʫʧʦʣʴ).  

ʇʦʜʘʣʴʰʘ ʜʝʢʦʤʧʦʟʠʮʽʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʩʧʦʩʦʙʫ 

ʦʪʨʠʤʘʥʥʷ ʩʪʘʣʽ ʽʣʶʩʪʨʫʻ ʦʜʥʫ ʟ ʢʣʶʯʦʚʠʭ ʧʨʦʙʣʝʤ ʚʩʽʻʾ ʛʘʣʫʟʽ: ʨʝʩʫʨʩʦ- ʪʘ 

ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ. ʋ ʚʠʨʦʙʥʠʮʪʚʽ ʩʦʨʪʦʚʦʛʦ ʧʨʦʢʘʪʫ ʮʷ ʧʨʦʙʣʝʤʘ ʤʘʻ ʚʠʢʣʶʯʥʝ 

ʟʥʘʯʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʟʥʘʯʥʘ ʯʘʩʪʠʥʘ ʚʪʨʘʪ ʤʝʪʘʣʫ ʧʨʠʭʦʜʠʪʴʩʷ ʥʘ ʟʘʢʣʶʯʥʽ 

ʦʧʝʨʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʮʠʢʣʫ, ʢʦʣʠ ʫ ʚʠʛʦʪʦʚʣʝʥʠʡ ʤʝʪʘʣ ʚʞʝ ʟʘʢʣʘʜʝʥʽ ʟʥʘʯʥʽ 

ʝʥʝʨʛʦʨʝʩʫʨʩʠ. ʇʨʠ ʮʴʦʤʫ, ʷʢ ʩʚʽʜʯʠʪʴ ʘʥʘʣʽʟ [170], ʙʽʣʴʰʽʩʪʴ ʬʘʢʪʦʨʽʚ, ʱʦ 

ʚʠʟʥʘʯʘʶʪʴ ʷʢʽʩʪʴ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ, ʾʾ ʤʽʨʥʽʩʪʴ ʪʘ, ʚ ʨʝʟʫʣʴʪʘʪʽ, ʩʦʙʽʚʘʨʪʽʩʪʴ, 

ʤʘʶʪʴ ʤʽʩʮʝ ʩʘʤʝ ʥʘ ʧʦʯʘʪʢʦʚʠʭ ʝʪʘʧʘʭ ʚʠʨʦʙʥʠʮʪʚʘ, ʘ ʩʘʤʝ ʧʨʠ ʨʦʟʣʠʚʮʽ ʤʝʪʘʣʫ, 

ʥʘʛʨʽʚʘʥʥʽ ʟʣʠʚʢʽʚ, ʚʠʛʦʪʦʚʣʝʥʥʽ ʽ ʨʦʟʢʨʦʶʚʘʥʥʽ ʟʘʛʦʪʦʚʦʢ. 
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ʋʟʘʛʘʣʴʥʝʥʦ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ 

ʩʦʨʪʦʚʦʛʦ ʧʨʦʢʘʪʫ ʟʘ [6] ʪʘ ʙʝʟʰʦʚʥʠʭ ʪʨʫʙ ʟʘ [5] ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 1.2.  

 

 

ʈʠʩ. 1.2 ï ɽʪʘʧʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚʠʨʦʙʥʠʮʪʚʘ: 

ʘ) ʩʦʨʪʦʚʦʛʦ ʧʨʦʢʘʪʫ; ʙ) ʙʝʟʰʦʚʥʠʭ ʪʨʫʙ 
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ʇʨʠ ʮʴʦʤʫ ʚʠʢʦʥʘʥʥʷ ʚʩʽʭ ʥʘʚʝʜʝʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʝʚʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ, ʷʢʽ ʧʨʦʚʦʜʷʪʴ ʢʦʥʪʨʦʣʴ ʧʨʦʪʽʢʘʥʥʷ 

ʧʨʦʮʝʩʫ. ɿʜʝʙʽʣʴʰʦʛʦ ʮʝ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ (ʉɸʋ) ʪʘ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ (ɸʉʋ ʇʊ). 

ɺʦʜʥʦʯʘʩ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʘʥʘʣʽʪʠʯʥʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʚʠʨʦʙʥʠʯʠʤʠ 

ʧʨʦʮʝʩʘʤʠ, ʱʦ ʚʠʢʦʥʫʶʪʴ ʟʘʚʜʘʥʥʷ ʩʠʥʭʨʦʥʽʟʘʮʽʾ, ʢʦʦʨʜʠʥʘʮʽʾ, ʘʥʘʣʽʟʫ ʪʘ 

ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʧʫʩʢʫ ʧʨʦʜʫʢʮʽʾ ʚ ʨʘʤʢʘʭ ʚʩʴʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʚʧʨʦʚʘʜʞʝʥʽ 

ʥʝʜʦʩʪʘʪʥʴʦ. 

ʆʩʪʘʥʥʻ ʧʦʨʦʜʞʫʻ ʧʨʦʙʣʝʤʥʫ ʩʠʪʫʘʮʽʶ, ʘʜʞʝ ʟʛʘʜʘʥʽ ʚʠʱʝ ʮʽʣʽ ʜʽʷʣʴʥʦʩʪʽ, 

ʚʠʨʘʞʝʥʽ ʝʢʦʥʦʤʽʯʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ, ʥʘʧʨʷʤʫ ʯʠ ʦʧʦʩʝʨʝʜʢʦʚʘʥʦ ʢʦʥʬʣʽʢʪʫʶʪʴ 

ʟ ʢʨʠʪʝʨʽʷʤʠ ʷʢʦʩʪʽ ʧʨʦʮʝʩʽʚ ʫʧʨʘʚʣʽʥʥʷ ʥʠʞʥʽʭ ʨʽʚʥʽʚ. ʅʘ ʨʽʚʥʽ ʉɸʋ ʪʘ ɸʉʋ ʊʇ 

ʽʥʞʝʥʝʨʠ ʪʘ ʪʝʭʥʦʣʦʛʠ ʦʨʽʻʥʪʫʶʪʴʩʷ ʟʘʟʚʠʯʘʡ ʥʘ ʪʝʭʥʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʨʦʙʦʪʠ, ʘ 

ʩʘʤʝ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʡ, ʚʠʪʨʘʪʠ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʝʥʝʨʛʽʾ, ʢʽʣʴʢʽʩʪʴ ʚʠʢʦʥʘʥʠʭ 

ʦʧʝʨʘʮʽʡ, ʪʦʱʦ. ɺʦʜʥʦʯʘʩ ʧʨʠ ʧʝʨʝʭʦʜʽ ʜʦ ʟʘʛʘʣʴʥʦʟʘʚʦʜʩʴʢʦʛʦ ʨʽʚʥʷ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʴ ʩʪʘʻ ʷʚʥʠʤ ʟʚôʷʟʦʢ ʤʽʞ ʝʢʦʥʦʤʽʯʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʜʽʷʣʴʥʦʩʪʽ 

ʧʽʜʧʨʠʻʤʩʪʚʘ, ʧʦʪʦʢʦʤ ʚʭʽʜʥʠʭ ʟʘʤʦʚʣʝʥʴ ʪʘ ʦʙʩʷʛʘʤʠ ʽ ʷʢʽʩʪʶ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ. 

ɹʫʜʴ-ʷʢʘ ʚʠʨʦʙʥʠʯʘ ʩʠʩʪʝʤʘ ʤʦʞʝ ʨʦʟʛʣʷʜʘʪʠʩʷ ʥʘ ʢʽʣʴʢʦʭ ʨʽʚʥʷʭ 

ʘʙʩʪʨʘʢʮʽʾ: ʪʝʭʥʽʯʥʦʤʫ, ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ, ʝʢʦʥʦʤʽʯʥʦʤʫ ʪʘ ʦʨʛʘʥʽʟʘʮʽʡʥʦʤʫ [159]. 

ʉʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʚʠʨʦʙʥʠʮʪʚʦʤ ʧʨʦʢʘʪʫ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ 

ʦʭʦʧʣʶʻ ʝʢʦʥʦʤʽʯʥʠʡ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʨʽʚʝʥʴ. ɰʾ ʤʝʪʘ ï ʟʘ ʨʘʭʫʥʦʢ ʦʧʪʠʤʽʟʘʮʽʾ 

ʧʝʚʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʜʦʩʷʛʪʠ ʧʦʢʨʘʱʝʥʥʷ ʟʘʛʘʣʴʥʠʭ ʝʢʦʥʦʤʽʯʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʜʽʷʣʴʥʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚʘ. ʅʝʦʙʭʽʜʥʽʩʪʴ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ 

ʦʙʫʤʦʚʣʝʥʘ ʚʽʜʩʫʪʥʽʩʪʶ ʥʘ ʨʷʜʽ ʧʽʜʧʨʠʻʤʩʪʚ ʽʥʪʝʛʨʦʚʘʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʘʥʘʣʽʪʠʯʥʠʭ ʩʠʩʪʝʤ, ʷʢʘ ʙ ʦʭʦʧʣʶʚʘʣʘ ʚʩʽ ʦʧʝʨʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʮʠʢʣʫ 

ʚʠʨʦʙʥʠʮʪʚʘ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ. 

ʂʦʥʪʝʢʩʪʥʘ ʜʽʘʛʨʘʤʘ ʧʨʦʮʝʩʫ ʚʠʨʦʙʥʠʮʪʚʘ ʩʦʨʪʦʚʦʛʦ ʧʨʦʢʘʪʫ ʟʘ 

ʤʝʪʦʜʦʣʦʛʽʻʶ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ IDEF [160] ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ 

ʨʠʩʫʥʢʫ 1.3.  
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ʈʠʩ. 1.3. ʄʝʪʘʣʫʨʛʽʡʥʝ ʧʽʜʧʨʠʻʤʩʪʚʦ ʷʢ ʩʢʣʘʜʥʘ ʩʠʩʪʝʤʘ (ʥʦʪʘʮʽʷ IDEF) 

 

ɺʭʦʜʘʤʠ ʜʣʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚʠʩʪʫʧʘʶʪʴ ʩʠʨʦʚʠʥʘ (ʨʫʜʘ ʯʠ 

ʘʛʣʦʤʝʨʘʪ, ʢʦʢʩ, ʬʝʨʦʩʧʣʘʚʠ, ʩʠʧʫʯʽ ʤʘʪʝʨʽʘʣʠ, ʪʦʱʦ), ʝʥʝʨʛʦʥʦʩʽʾ (ʧʨʠʨʦʜʥʠʡ 

ʛʘʟ, ʝʣʝʢʪʨʦʝʥʝʨʛʽʷ, ʚʫʛʽʣʣʷ) ʪʘ ʧʦʪʽʢ ʟʘʤʦʚʣʝʥʴ ʥʘ ʛʦʪʦʚʫ ʧʨʦʜʫʢʮʽʶ, ʱʦ ʻ 

ʨʫʰʽʡʥʦʶ ʩʠʣʦʶ ʜʘʥʦʛʦ ʧʨʦʮʝʩʫ. ʂʝʨʫʶʯʠʤʠ ʚʧʣʠʚʘʤʠ ʜʣʷ ʧʨʦʮʝʩʫ ʻ ʩʪʘʥʜʘʨʪʠ 

ʪʘ ʪʝʭʥʽʯʥʽ ʫʤʦʚʠ, ʱʦ ʜʽʶʪʴ ʚ ʛʘʣʫʟʽ (ʥʘ ʛʦʪʦʚʫ ʧʨʦʜʫʢʮʽʶ, ʥʘ ʦʢʨʝʤʽ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʧʝʨʘʮʽʾ ʪʘ ʾʭ ʧʘʨʘʤʝʪʨʠ), ʘ ʪʘʢʦʞ ʮʽʣʽ ʚʝʜʝʥʥʷ ʙʽʟʥʝʩʫ 

ʧʽʜʧʨʠʻʤʩʪʚʦʤ. ʆʩʪʘʥʥʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʨʘʞʝʥʽ ʯʝʨʝʟ ʧʝʚʥʽ ʢʨʠʪʝʨʽʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ, ʩʝʨʝʜ ʷʢʠʭ ʤʘʶʪʴ ʤʽʩʮʝ ʷʢ ʪʝʭʥʦʣʦʛʽʯʥʽ ʪʘʢ ʽ ʝʢʦʥʦʤʽʯʥʽ. 

ɼʦ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʪʨʘʜʠʮʽʡʥʦ ʚʽʜʥʦʩʷʪʴ [161]: 

- ʦʙʩʷʛ ʚʠʨʦʙʥʠʮʪʚʘ ʧʝʚʥʦʛʦ ʚʠʜʫ ʧʨʦʜʫʢʮʽʾ ʚ ʪʦʥʘʭ; 

- ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʜʽʣʷʥʢʠ (ʮʝʭʫ) ʚ ʦʜʠʥʠʮʷʭ ʧʨʦʜʫʢʮʽʾ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ; 

- ʟʘʚʘʥʪʘʞʝʥʽʩʪʴ ʘʛʨʝʛʘʪʽʚ ʪʘ ʧʝʨʩʦʥʘʣʫ ʫ ʚʽʜʥʦʩʥʠʭ ʦʜʠʥʠʮʷʭ; 

- ̫ ʢʽʩʪʴ ʧʨʦʜʫʢʮʽʾ (ʥʘʡʯʘʩʪʽʰʝ ʚʠʤʽʨʶʻʪʴʩʷ ʫ ʚʽʜʩʦʪʢʘʭ ʙʨʘʢʫ) ʪʦʱʦ. 

ɺʦʜʥʦʯʘʩ ʛʦʣʦʚʥʽ ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʟʘ [162, 163], ʮʝ 

- ʚʘʣʦʚʠʡ ʜʦʭʽʜ ʫ ʛʨʥ; 

- ʚʘʣʦʚʠʡ ʧʨʠʙʫʪʦʢ ʚ ʛʨʥ; 

- ʨʝʥʪʘʙʝʣʴʥʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ (ʫ ʚʽʜʥʦʩʥʠʭ ʦʜʠʥʠʮʷʭ); 

- ʪʝʤʧʠ ʧʨʠʨʦʩʪʫ ʦʙʩʷʛʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʫ ʥʘʪʫʨʘʣʴʥʦʤʫ ʯʠ ʛʨʦʰʦʚʦʤʫ 

ʚʠʤʽʨʽ. 

ʄʝʪʘʣʫʨʛʽʡʥʝ ʚʠʨʦʙʥʠʮʪʚʦ 

ɽʥʝʨʛʦʥʦʩʽʾ 

ʉʠʨʦʚʠʥʘ  

ɿʘʤʦʚʣʝʥʥʷ 

ʃʶʜʩʴʢʽ 

ʨʝʩʫʨʩʠ 

ɯʥʬʦʨʤʘʮʽʡʥʦ-

ʘʥʘʣʽʪʠʯʥʽ ʩʠʩʪʝʤʠ 

ʊʝʭʥʽʯʥʽ 

ʨʝʩʫʨʩʠ 

ʎʽʣʽ ʚʝʜʝʥʥʷ 

ʙʽʟʥʝʩʫ 

ʉʪʘʥʜʘʨʪʠ, 

ʪʝʭʥʽʯʥʽ ʫʤʦʚʠ 

ɻʦʪʦʚʘ 

ʧʨʦʜʫʢʮʽʷ 

ʉʝʨʪʠʬʽʢʘʪʠ, 

ʧʘʩʧʦʨʪʠ 
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ʈʝʟʫʣʴʪʘʪʦʤ ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʦʮʝʩʫ ʧʽʜʧʨʠʻʤʩʪʚʘ ʱʦ ʚʠʛʦʪʦʚʣʷʻ ʩʦʨʪʦʚʠʡ 

ʧʨʦʢʘʪ, ʻ ʛʦʪʦʚʘ ʧʨʦʜʫʢʮʽʷ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʟ ʦʜʥʦʛʦ ʙʦʢʫ ʟʘʤʦʚʣʝʥʥʶ, ʟ ʽʥʰʦʛʦ ï 

ʽʩʥʫʶʯʠʤ ʩʪʘʥʜʘʨʪʘʤ ʪʘ ʚʠʤʦʛʘʤ, ʱʦ ʽʣʶʩʪʨʫʻ ʜʽʘʛʨʘʤʘ 1.3. ʆʩʪʘʥʥʶ 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʟʘʢʨʽʧʣʝʥʦ ʫ ʩʫʧʫʪʥʽʡ ʜʦʢʫʤʝʥʪʘʮʽʾ ʜʦ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ 

(ʩʝʨʪʠʬʽʢʘʪʽ ʷʢʦʩʪʽ, ʧʘʩʧʦʨʪʠ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʪʦʱʦ).  

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʽʣʝʡ ʜʽʷʣʴʥʦʩʪʽ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʤʦʚʣʝʥʥʷ ʪʘ ʩʪʘʥʜʘʨʪʽʚ ʧʽʜʧʨʠʻʤʩʪʚʦ ʟ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʦʢʘʪʫ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʣʶʜʩʴʢʽ, ʪʝʭʥʽʯʥʽ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʽ ʨʝʩʫʨʩʠ. ʆʩʪʘʥʥʽ ï ʫ ʚʠʛʣʷʜʽ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʢʝʨʫʶʯʠʭ ʩʠʩʪʝʤ ʨʽʟʥʦʛʦ ʨʽʚʥʷ ï ʻ ʨʝʩʫʨʩʦʤ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ ʚ ʮʽʣʦʤʫ, ʘ ʪʘʢʦʞ ʧʦʣʽʧʰʝʥʥʷ ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ. 

ɹʽʣʴʰʽʩʪʴ ʧʨʦʘʥʘʣʽʟʦʚʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ 

ʧʨʦʮʝʩʽʚ ʚʠʛʦʪʦʚʣʝʥʥʷ ʩʦʨʪʦʚʦʛʦ ʧʨʦʢʘʪʫ [28, 35, 261-267], ʨʦʟʛʣʷʜʘʶʪʴ ʫ ʷʢʦʩʪʽ 

ʦʙôʻʢʪʫ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʦʢʨʝʤʫ ʦʧʝʨʘʮʽʶ, ʱʦ ʻ ʯʘʩʪʠʥʦʶ ʟʘʛʘʣʴʥʦʛʦ ʚʠʨʦʙʥʠʯʦʛʦ 

ʧʨʦʮʝʩʫ. ɸʢʪʫʘʣʴʥʠʤ ʙʘʯʠʪʴʩʷ ʧʝʨʝʭʽʜ ʥʘ ʚʠʱʠʡ ʨʽʚʝʥʴ ʘʙʩʪʨʘʢʮʽʾ ʜʣʷ ʧʦʙʫʜʦʚʠ 

ʩʽʤʝʡʩʪʚʘ ʩʠʩʪʝʤ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʥʘ ʨʽʚʥʽ ʚʩʴʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʫʟʘʛʘʣʴʥʝʥʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʢʨʠʪʝʨʽʾʚ. ʅʝʦʙʭʽʜʥʦ ʪʘʢʦʞ 

ʩʠʥʪʝʟʫʚʘʪʠ ʢʨʠʪʝʨʽʾ ʪʘ ʦʙʤʝʞʝʥʥʷ ʚ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʷʭ ʷʢ ʚʩʴʦʛʦ ʧʨʦʮʝʩʫ, 

ʪʘʢ ʽ ʡʦʛʦ ʯʘʩʪʠʥ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʟʘʜʘʯ. 

 

 

1.2 ɸʥʘʣʽʟ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʤʝʪʘʣʫʨʛʽʡʥʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ 

 

ʊʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʯʦʨʥʦʾ ʤʝʪʘʣʫʨʛʽʾ ʤʘʶʪʴ ʜʦʩʪʘʪʥʴʦ ʩʧʨʠʷʪʣʠʚʽ 

ʫʤʦʚʠ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʾ ʘʚʪʦʤʘʪʠʟʘʮʽʾ. ʇʝʨʝʜʫʤʦʚʘʤʠ ʜʣʷ ʧʦʙʫʜʦʚʠ ʢʦʤʧʣʝʢʩʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʦ-ʘʥʘʣʽʪʠʯʥʠʭ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʚʠʨʦʙʥʠʯʠʤʠ ʧʨʦʮʝʩʘʤʠ ʻ 

ʽʩʥʫʶʯʠʡ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʤʝʭʘʥʽʟʘʮʽʾ ʪʘ ʽʥʬʦʨʤʘʪʠʟʘʮʽʾ ʥʘ ʦʢʨʝʤʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʜʽʣʷʥʢʘʭ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʤʝʭʘʥʽʟʤʘʤʠ, 

ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʦʩʥʘʱʝʥʥʷ ʘʛʨʝʛʘʪʽʚ ʢʦʥʪʨʦʣʴʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʠʤʠ ʧʨʠʣʘʜʘʤʠ 

[8]. ɿʛʽʜʥʦ ʟ [164] ʽʩʥʫʶʯʽ ʪʘ ʪʽ ʱʦ ʚʧʨʦʚʘʜʞʫʶʪʴʩʷ ʽʥʬʦʨʤʘʮʽʡʥʦ ʘʥʘʣʽʪʠʯʥʽ 
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ʩʠʩʪʝʤʠ ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʚʠʨʦʙʥʠʮʪʚ ʽʥʪʝʛʨʫʶʪʴʩʷ ʜʦ ʪʘʢ ʟʚʘʥʦʾ ʙʘʛʘʪʦʨʽʚʥʝʚʦʾ 

ʧʽʨʘʤʽʜʠ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʤʠʩʣʦʚʠʤ ʧʽʜʧʨʠʻʤʩʪʚʦʤ, ʷʢʫ ʽʣʶʩʪʨʫʻ ʜʽʘʛʨʘʤʘ ʥʘ 

ʨʠʩʫʥʢʫ 1.4. ɸʚʪʦʨʠ ʚʠʜʽʣʷʶʪʴ ʧôʷʪʴ ʨʽʚʥʽʚ ʢʝʨʫʚʘʥʥʷ: 

- ʧʝʨʰʠʡ, ʥʘʡʥʠʞʯʠʡ ï ʨʽʚʝʥʴ ʜʘʪʯʠʢʽʚ ʪʘ ʚʠʢʦʥʘʚʯʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʷʢʽ 

ʧʦʪʨʝʙʫʶʪʴ ʢʝʨʫʚʘʥʥʷ ʩʠʩʪʝʤʦʶ ʚʠʱʦʛʦ ʨʽʚʥʷ ʘʙʦ ʣʶʜʠʥʦʶ; 

- ʜʨʫʛʠʡ ï ʨʽʚʝʥʴ ʘʚʪʦʤʘʪʠʯʥʠʭ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʥʘ PLC ʪʘ PAC 

(Programmable Logic Controller ʪʘ Programmable Automation Controller); 

- ʪʨʝʪʽʡï ʨʽʚʝʥʴ ʮʝʭʦʚʠʭ ʩʠʩʪʝʤ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʘʙʦ ʩʠʩʪʝʤ 

SCADA (Supervisory Control And Data Acquisition) ï ʜʠʩʧʝʪʯʝʨʩʴʢʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

ʽ ʟʙʽʨʫ ʜʘʥʠʭ; 

- ʯʝʪʚʝʨʪʠʡ ï ʨʽʚʝʥʴ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʘʥʘʣʽʪʠʯʥʠʭ ʩʠʩʪʝʤ ʧʽʜʧʨʠʻʤʩʪʚʘ MES 

(Manufacturing execution system) ï ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʚʠʨʦʙʥʠʯʠʤʠ ʧʨʦʮʝʩʘʤʠ, 

ʱʦ ʚʠʢʦʥʫʻ ʟʘʚʜʘʥʥʷ ʩʠʥʭʨʦʥʽʟʘʮʽʾ, ʢʦʦʨʜʠʥʘʮʽʾ, ʘʥʘʣʽʟʫ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʧʫʩʢʫ 

ʧʨʦʜʫʢʮʽʾ ʚ ʨʘʤʢʘʭ ʚʩʴʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. 

- ʧôʷʪʠʡ ï ʨʽʚʝʥʴ ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ (ʂɯʉ), 

ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʦʙʣʽʢʫ ʡ ʢʝʨʫʚʘʥʥʷ ʚ ʤʝʞʘʭ ʭʦʣʜʠʥʛʫ ʯʠ 

ʚʝʨʪʠʢʘʣʴʥʦ-ʦʨʛʘʥʽʟʦʚʘʥʦʾ ʢʦʤʧʘʥʽʾ [165]. 

 

 

ʈʠʩ. 1.4. ɹʘʛʘʪʦʨʽʚʥʝʚʘ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʤʠʩʣʦʚʠʤ ʧʽʜʧʨʠʻʤʩʪʚʦʤ 

ɺʠʢʦʥʘʚʯʠʡ 

ʨʽʚʝʥʴ 

ʈʽʚʝʥʴ ɸʉʋ 

ʦʢʨʝʤʠʭ ʜʽʣʷʥʦʢ 

ʈʽʚʝʥʴ ʮʝʭʦʚʠʭ ʉʇʇʈ 

ʈʽʚʝʥʴ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʩʠʩʪʝʤ ʧʽʜʧʨʠʻʤʩʪʚʘ 

ʈ̔ ʚʝʥʴ ʢʦʨʧʦʨʘʪʠʚʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ 

ɼʘʪʯʠʢʠ, 

ʚʠʢʦʥʘʚʯʽ 

ʤʝʭʘʥʽʟʤʠ 

ʇʨʦʛʨʘʤʦʚʘʥʽ 

ʢʦʥʪʨʦʣʝʨʠ 

ɼʠʩʧʝʪʯʝʨʩʴʢʽ 

SCADA ʩʠʩʪʝʤʠ 

ɯʥʬʦʨʤʘʮʽʡʥʦ-ʘʥʘʣʽʪʠʯʥʽ 

ʩʠʩʪʝʤʠ ʧʽʜʧʨʠʻʤʩʪʚ (MES) 

ʂʦʨʧʦʨʘʪʠʚʥʽ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʘʥʘʣʽʪʠʯʥʽ ʩʠʩʪʝʤʠ (ERP) 
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ɸʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʘʥʘʣʽʪʠʯʥʠʭ ʩʠʩʪʝʤ ʥʘ ʥʠʟʮʽ ʧʽʜʧʨʠʻʤʩʪʚ 

ʇʨʠʜʥʽʧʨʦʚʩʴʢʦʛʦ ʨʝʛʽʦʥʫ ʧʦʢʘʟʘʚ, ʱʦ ʟʘ ʫʤʦʚʠ ʚʠʩʦʢʦʛʦ ʦʩʥʘʱʝʥʥʷ ʟʘʩʦʙʘʤʠ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʝʨʰʦʛʦ ʪʘ ʜʨʫʛʦʛʦ ʨʽʚʥʷ, ʚʽʜʥʦʩʥʦ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤʘʭ SCADA ʪʘ 

ʦʙʤʝʞʝʥʦ ʧʨʠʩʫʪʥʽʭ ʩʠʩʪʝʤʘʭ ʂɯʉ, ʧʨʘʢʪʠʯʥʦ ʥʝ ʥʘʙʫʣʠ ʨʦʟʚʠʪʢʫ ʩʘʤʝ ʩʠʩʪʝʤʠ 

ʯʝʪʚʝʨʪʦʛʦ ʨʽʚʥʷ, ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʢʝʨʫʚʘʥʥʷ ʥʘ ʨʽʚʥʽ ʧʽʜʧʨʠʻʤʩʪʚʘ. ʎʝ ʤʦʞʝ ʙʫʪʠ 

ʧʦʷʩʥʝʥʦ ʷʢ ʧʨʠʩʫʪʥʽʩʪʶ ʟʘʚʦʜʽʚ ʟ ʥʝʧʦʚʥʠʤ ʤʝʪʘʣʫʨʛʽʡʥʠʤ ʮʠʢʣʦʤ 

(çɯʥʪʝʨʧʘʡʧ-ʩʪʘʣʴè, çɼʥʽʧʨʦʚʩʴʢʠʡ ʧʨʦʢʘʪʥʠʡ ʟʘʚʦʜè), ʪʘʢ ʽ ʥʘʣʝʞʥʽʩʪʶ 

ʧʽʜʧʨʠʻʤʩʪʚ ʜʦ ʚʝʣʠʢʠʭ ʭʦʣʜʠʥʛʽʚ, ʦʨʽʻʥʪʦʚʘʥʠʭ ʥʘ ʂɯʉ-ʩʠʩʪʝʤʠ (ʄʝʪʽʥʚʝʩʪ, 

ɯʉɼ, ʋɻʄʂ). ɺʽʜʧʦʚʽʜʥʦ, ʥʘʡʤʝʥʰ ʜʦʩʣʽʜʞʝʥʠʤʠ ʽ ʨʦʟʚʠʥʫʪʠʤʠ ʻ 

ʽʥʬʦʨʤʘʮʽʡʥʦ-ʘʥʘʣʽʪʠʯʥʽ ʩʠʩʪʝʤʠ ʨʽʚʥʷ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʷʢʽ ʻ ʧʨʝʜʤʝʪʦʤ ʜʘʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ. 

ɺʦʜʥʦʯʘʩ ʚ [164] ʥʘʛʦʣʦʰʝʥʦ, ʱʦ ʯʦʨʥʘ ʤʝʪʘʣʫʨʛʽʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʚʠʨʦʙʥʠʯʦʛʦ ʧʝʨʩʦʥʘʣʫ, ʷʢʠʡ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʦʙʩʣʫʛʦʚʫʻ ʦʩʥʦʚʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʘʛʨʝʛʘʪʠ. ʗʢ ʥʘʩʣʽʜʦʢ, ʚʚʝʜʝʥʥʷ ʪʘ ʤʦʜʝʨʥʽʟʘʮʽʷ 

ʽʩʥʫʶʯʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʥʝ ʧʨʠʚʦʜʠʪʴ, ʷʢ ʧʨʘʚʠʣʦ, ʜʦ ʩʢʦʨʦʯʝʥʥʷ 

ʪʨʫʜʦʚʠʭ ʨʝʩʫʨʩʽʚ, ʘ ʥʘʚʧʘʢʠ, ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚ ʜʦʜʘʪʢʦʚʦʤʫ ʟʘʣʫʯʝʥʥʽ 

ʚʠʩʦʢʦʢʚʘʣʽʬʽʢʦʚʘʥʠʭ ʧʨʘʮʽʚʥʠʢʽʚ ʜʣʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʶ ʽ 

ʫʧʨʘʚʣʽʥʥʷ.  

ɺʽʜʪʘʢ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʩʠʩʪʝʤ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʘʥʘʣʽʪʠʯʥʦʛʦ ʩʫʧʨʦʚʦʜʫ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʚ ʧʨʦʢʘʪʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʩʣʽʜ ʜʦʩʷʛʘʪʠ ʧʦʣʽʧʰʝʥʥʷ 

ʦʨʛʘʥʽʟʘʮʽʾ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. ʉʘʤʝ ʮʽ ʯʠʥʥʠʢʠ ʤʘʶʪʴ 

ʢʦʤʧʝʥʩʫʚʘʪʠ ʤʦʞʣʠʚʽ ʜʦʜʘʪʢʦʚʽ ʚʠʪʨʘʪʠ.  

ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʦʢʘʪʥʦʾ ʧʨʦʜʫʢʮʽʾ ʟʘ ʩʚʦʻʶ 

ʧʨʠʨʦʜʦʶ ʻ ʙʘʛʘʪʦʝʪʘʧʥʠʤ. ʅʝʟʘʣʝʞʥʦ ʚʽʜ ʚʠʛʣʷʜʫ ʢʽʥʮʝʚʦʾ ʧʨʦʜʫʢʮʽʾ (ʣʠʩʪ, 

ʪʨʫʙʘ, ʩʦʨʪʦʚʠʡ ʧʨʦʢʘʪ, ʢʦʣʝʩʦ ʯʠ ʧʨʦʚʦʣʦʢʘ), ʤʝʪʘʣ ʧʨʦʭʦʜʠʪʴ ʜʝʢʽʣʴʢʘ 

ʨʦʟʜʽʣʝʥʠʭ ʫ ʯʘʩʽ ʦʧʝʨʘʮʽʡ, ʚʠʢʦʥʫʚʘʥʠʭ ʥʘ ʦʢʨʝʤʠʭ ʜʽʣʷʥʢʘʭ. ʇʨʦʢʘʪʫʚʘʥʥʷ 

(ʚʘʣʴʮʶʚʘʥʥʷ) ï ʟʘʢʣʶʯʥʠʡ ʝʪʘʧ ʧʦʚʥʦʛʦ ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʮʠʢʣʫ. [4]. ɿʦʢʨʝʤʘ, 

ʘʙʠ ʩʪʘʪʠ ʙʝʟʰʦʚʥʦʶ ʪʨʫʙʦʶ, ʩʪʘʣʴ ʧʨʦʭʦʜʠʪʴ ʧʦʩʣʽʜʦʚʥʦ ʢʽʣʴʢʘ ʩʪʘʜʽʡ: ʟʣʠʚʦʢ, 
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ʟʘʛʦʪʦʚʢʘ, ʥʝʟʘʚʝʨʰʝʥʝ ʚʠʨʦʙʥʠʮʪʚʦ, ʛʦʪʦʚʘ ʪʨʫʙʘ [5]. ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʦʧʝʨʘʮʽʡ 

ʜʣʷ ʬʘʩʦʥʥʠʭ ʧʨʦʬʽʣʽʚ ʽʣʶʩʪʨʫʻ ʨʠʩʫʥʦʢ 1.5. 

 

 

ʈʠʩ. 1.5 ï ʆʧʝʨʘʮʽʾ, ʨʝʯʦʚʠʥʥʽ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʽ ʧʦʪʦʢʠ ʚ ʤʝʪʘʣʫʨʛʽʡʥʦʤʫ 

ʚʠʨʦʙʥʠʮʪʚʽ 

 

ʅʘ ʨʠʩʫʥʢʫ 1.5 ʧʨʝʜʩʪʘʚʣʝʥʽ ʙʣʦʢʘʤʠ ʦʢʨʝʤʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʧʝʨʘʮʽʾ, ʱʦ ʻ 

ʝʪʘʧʘʤʠ ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʦʮʝʩʫ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʢʘʪʥʦʾ ʧʨʦʜʫʢʮʽʾ, ʧʨʠ ʮʴʦʤʫ 
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ʙʝʟʧʝʨʝʨʚʥʠʤʠ ʣʽʥʽʷʤʠ ʧʦʢʘʟʘʥʽ ʤʘʪʝʨʽʘʣʴʥʽ ʧʦʪʦʢʠ, ʘ ʧʫʥʢʪʠʨʥʠʤʠ ï 

ʽʥʬʦʨʤʘʮʽʡʥʽ. ʉʣʽʜ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ, ʱʦ ʭʦʯʘ ʦʧʦʩʝʨʝʜʢʦʚʘʥʦ ʚʩʽ ʦʧʝʨʘʮʽʾ 

ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʚʠʢʦʥʘʥʥʷ ʧʝʚʥʠʭ ʧʦʪʦʯʥʠʭ ʟʘʤʦʚʣʝʥʴ, ʢʦʥʢʨʝʪʥʽ ʚʠʤʦʛʠ 

ʥʘʜʘʶʪʴʩʷ ʣʠʰʝ ʜʦ ʟʘʢʣʶʯʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʚʠʛʦʪʦʚʣʝʥʥʷ ʛʦʪʦʚʦʾ 

ʧʨʦʜʫʢʮʽʾ, ʨʝʰʪʘ ʨʝʛʫʣʶʶʪʴʩʷ ʜʝʨʞʘʚʥʠʤʠ ʩʪʘʥʜʘʨʪʘʤʠ ʘʙʦ ʛʘʣʫʟʝʚʠʤʠ 

ʪʝʭʥʽʯʥʠʤʠ ʫʤʦʚʘʤʠ ʥʘ ʧʝʚʥʽ ʚʠʜʠ ʦʧʝʨʘʮʽʡ. ɺʦʜʥʦʯʘʩ ʟʘʢʣʶʯʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ 

ʦʧʝʨʘʮʽʾ ʥʘʢʣʘʜʘʶʪʴ ʧʝʚʥʽ ʚʠʤʦʛʠ ʥʘ ʧʦʧʝʨʝʜʥʽ. ʆʜʥʠʤ ʟ ʥʘʡʛʦʣʦʚʥʽʰʠʭ ʪʘʢʠʭ 

ʧʨʠʢʣʘʜʽʚ ʻ ʚʠʤʦʛʠ ʱʦʜʦ ʧʝʨʝʪʠʥʫ ʽ ʨʦʟʢʨʦʶʚʘʥʥʷ ʧʝʨʝʜʽʣʴʥʠʭ ʟʘʛʦʪʦʚʦʢ, ʘʜʞʝ 

ʧʝʚʥʠʡ ʚʠʜ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʤʦʞʝ ʙʫʪʠ ʚʠʛʦʪʦʚʣʝʥʠʡ ʣʠʰʝ ʟ ʧʝʚʥʦʛʦ ʪʠʧʫ 

ʟʘʛʦʪʦʚʢʠ. ʅʘ ʧʦʪʦʯʥʠʡ ʤʦʤʝʥʪ ʪʘʢʽ ʚʠʤʦʛʠ ʟʘʢʨʽʧʣʝʥʽ ʘʙʦ ʫ ʚʠʛʣʷʜʽ ʧʘʧʝʨʦʚʠʭ 

ʥʦʩʽʾʚ, ʘʙʦ ʫ ʚʠʛʣʷʜʽ ʣʦʢʘʣʽʟʦʚʘʥʠʭ ʙʘʟ ʜʘʥʠʭ ʟʽ ʩʪʘʥʜʘʨʪʘʤʠ ʥʘ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʧʨʦʜʫʢʮʽʾ, ʷʢʽ ʥʝ ʟʘʜʽʷʥʽ ʚ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ ʢʦʥʪʨʦʣʶ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ 

ʽʥʬʦʨʤʘʮʽʡʥʦʤʫ ʩʫʧʨʦʚʦʜʽ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʥʘ ʚʩʽʭ ʝʪʘʧʘʭ [265]. 

ʗʢ ʧʦʢʘʟʘʚ ʘʥʘʣʽʟ ʜʽʷʣʴʥʦʩʪʽ ʨʷʜʫ ʧʽʜʧʨʠʻʤʩʪʚ ʇʨʠʜʥʽʧʨʦʚʩʴʢʦʛʦ ʨʝʛʽʦʥʫ 

[10, 51, 165], ʙʽʣʴʰʽʩʪʴ ʟʘʢʽʥʯʝʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʻ ʟʘʤʢʥʝʥʠʤʠ 

ʩʠʩʪʝʤʘʤʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʫ ʷʢʠʭ ʟʘʚʜʘʥʥʷʤ ʻ ʜʦʙʦʚʠʡ ʯʠ ʟʤʽʥʥʠʡ ʧʣʘʥ, 

ʤʘʪʝʨʽʘʣ (ʟʣʠʚʢʠ, ʟʘʛʦʪʦʚʢʠ, ʰʪʘʥʛʠ ʯʠ ʥʝʟʘʚʝʨʰʝʥʽ ʪʨʫʙʠ) ʧʦʩʪʫʧʘʶʪʴ ʫ ʚʠʛʣʷʜʽ 

ʟʦʚʥʽʰʥʴʦʾ ʟʤʽʥʥʦʾ, ʘ ʢʝʨʫʶʯʠʤ ʚʧʣʠʚʦʤ ʻ ʨʽʰʝʥʥʷ ʧʝʚʥʦʾ ʦʩʦʙʠ ʱʦʜʦ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʥʷ ʚ ʫʤʦʚʘʭ, ʷʢʽ ʩʢʣʘʣʠʩʷ. ɯʥʬʦʨʤʘʮʽʡʥʘ 

ʚʟʘʻʤʦʜʽʷ ʪʘ ʦʜʥʦʯʘʩʥʘ ʨʦʙʦʪʘ ʮʠʭ ʩʠʩʪʝʤ ʽʣʶʩʪʨʫʻʪʴʩʷ ʩʭʝʤʦʶ ʥʘ ʨʠʩʫʥʢʫ 1.6. 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʫ, ʢʦʞʥʘ ʪʝʭʥʦʣʦʛʽʯʥʘ ʦʧʝʨʘʮʽʷ ʨʽʚʥʷ  ̔ʻ ʚʠʢʦʥʘʥʥʷʤ 

ʚʣʘʩʥʦʛʦ -̔ʪʦʛʦ ʟʘʚʜʘʥʥʷ, ʷʢʝ ʫ ʟʥʘʯʥʽʡ ʤʽʨʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʝʟʫʣʴʪʘʪʽʚ ʜʽʷʣʴʥʦʩʪʽ 

ʧʦʧʝʨʝʜʥʽʭ ʩʠʩʪʝʤ (-̔1). ʇʨʠ ʮʴʦʤʫ ʨʝʟʫʣʴʪʘʪʠ ʚʠʢʦʥʘʥʥʷ ʧʝʚʥʦʾ ʪʝʭʥʦʣʦʛʽʯʥʦʾ 

ʦʧʝʨʘʮʽʾ ʧʝʨʝʜʘʶʪʴʩʷ ʥʘʩʪʫʧʥʠʢʘʤ (ʦʧʝʨʘʮʽʷ ʽ+1) ʷʢ ʤʘʪʝʨʽʘʣʴʥʽ ʥʦʩʽʾ, ʱʦ 

ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʝʣʝʢʪʨʦʥʥʠʤ ʘʙʦ ʧʘʧʝʨʦʚʠʤ ʥʦʩʽʻʤ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʥʝ 

ʧʝʨʝʜʙʘʯʘʻ ʽʥʪʝʛʨʘʮʽʶ ʮʠʭ ʦʧʝʨʘʮʽʡ. 
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ʈʠʩ. 1.6 ï ɺʠʢʦʥʘʥʥʷ ʦʢʨʝʤʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʚ ʤʝʪʘʣʫʨʛʽʡʥʦʤʫ 

ʚʠʨʦʙʥʠʮʪʚʽ 

 

ʊʘʢʦʞ ʥʘ ʨʠʩ. 1.6 ʧʦʢʘʟʘʥʠʡ ʥʝʧʨʷʤʠʡ ʚʧʣʠʚ ʥʘ ʧʨʠʡʥʷʪʪʷ ʢʝʨʫʶʯʠʭ 

ʨʽʰʝʥʴ ʚ ʧʦʪʦʯʥʽʡ ʪʝʭʥʦʣʦʛʽʯʥʽʡ ʦʧʝʨʘʮʽʾ ʽ ʥʘʩʪʫʧʥʠʭ ʦʧʝʨʘʮʽʡ ʽ+1, ʜʣʷ ʷʢʠʭ 

ʨʝʟʫʣʴʪʘʪ -̔ʪʦʾ ʦʧʝʨʘʮʽʾ ʻ ʟʦʚʥʽʰʥʴʦʶ ʟʤʽʥʥʦʶ (ʧʫʥʢʪʠʨʥʽ ʩʪʨʽʣʢʠ). ɺʦʜʥʦʯʘʩ, 

ʟʘʤʦʚʣʝʥʥʷ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ï ʟʘʚʜʘʥʥʷ ʜʣʷ ʚʩʴʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʚʠʢʦʥʘʥʥʷʤ 

ʷʢʦʛʦ ʟʘʡʤʘʻʪʴʩʷ, ʯʘʩʪʽʰʝ ʟʘ ʚʩʝ ʣʠʰʝ ʦʩʪʘʥʥʽʡ ʮʝʭ ʯʠ ʜʽʣʷʥʢʘ. ɿʚʘʞʘʶʯʠ ʥʘ ʮʝ  

ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ [5, 6], ʱʦ ʦʙʨʦʙʢʘ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʝʨʝʙʽʛ ʧʨʦʮʝʩʫ 

ʧʨʦʭʦʜʞʝʥʥʷ ʤʝʪʘʣʦʤ ʨʽʟʥʠʭ ʝʪʘʧʽʚ ʜʦʜʘʪʢʦʚʦ ʫʩʢʣʘʜʥʝʥʘ ʥʘʷʚʥʽʩʪʶ ʧʘʧʝʨʦʚʠʭ 

ʥʦʩʽʾʚ, ʚ ʷʢʠʭ ʬʽʢʩʫʶʪʴʩʷ ʧʝʚʥʽ ʧʦʢʘʟʥʠʢʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. ʎʷ ʩʠʪʫʘʮʽʷ 

ʫʥʝʤʦʞʣʠʚʣʶʻ ʦʧʝʨʘʪʠʚʥʠʡ ʢʦʥʪʨʦʣʴ ʟʘ ʧʝʨʝʙʽʛʦʤ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʪʘ 

ʡʦʛʦ ʢʦʨʠʛʫʚʘʥʥʷ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʧʣʘʥʫ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʥʷ. 

ʉʫʯʘʩʥʦʶ ʩʚʽʪʦʚʦʶ ʪʝʥʜʝʥʮʽʻʶ ʨʦʟʚʠʪʢʫ ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʻ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ, ʷʢʽ ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʧʽʜʨʦʟʜʽʣʷʶʪʴʩʷ ʥʘ ʯʦʪʠʨʠ 

ʫʤʦʚʥʽ ʨʽʚʥʽ [7]: 

- ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʥʘ ʨʽʚʥʽ ʫʩʴʦʛʦ ʙʽʟʥʝʩʫ; 

- ʽʥʬʦʨʤʘʮʽʡʥʽ ʢʝʨʫʶʯʽ ʩʠʩʪʝʤʠ ʚʠʨʦʙʥʠʮʪʚʘ; 

- ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʯʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ; 

- ʩʠʩʪʝʤʠ ʙʝʟʧʦʩʝʨʝʜʥʽʭ ʚʠʤʽʨʶʚʘʥʴ ʽ ʜʘʪʯʠʢʽʚ. 
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ɺʪʽʤ, ʚ ʭʦʜʽ ʘʥʘʣʽʟʫ ʚʠʨʦʙʥʠʯʦʾ ʜʽʷʣʴʥʦʩʪʽ ʨʷʜʫ ʧʽʜʧʨʠʻʤʩʪʚ 

ʇʨʠʜʥʽʧʨʦʚʩʴʢʦʛʦ ʨʝʛʽʦʥʫ, ʱʦ ʧʨʘʮʶʶʪʴ ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ ʢʽʣʴʢʦʭ ʧʦʩʣʽʜʦʚʥʠʭ 

ʧʝʨʝʜʽʣʽʚ, ʟôʷʩʦʚʘʥʦ, ʽʩʥʫʶʯʽ ʢʝʨʫʶʯʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʥʝ ʚʠʭʦʜʷʪʴ ʟʘ 

ʨʽʚʝʥʴ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʝʭʥʦʣʦʛʽʯʥʽ ʢʨʠʪʝʨʽʾ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ (ʤʘʢʩʠʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʤʝʪʘʣʫ, ʤʽʥʽʤʘʣʴʥʠʡ ʯʘʩ ʧʣʘʚʢʠ, 

ʤʽʥʽʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʦʙʨʽʟʢʽʚ ʪʦʱʦ). 

ʊʘʢʦʞ ʙʫʣʦ ʟôʷʩʦʚʘʥʦ, ʱʦ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʥʘ ʚʩʽʭ ʚʠʨʦʙʥʠʯʠʭ ʜʽʣʷʥʢʘʭ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʫʤʦʚʘʭ ʩʫʪʪʻʚʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ, ʧʦʜʝʢʫʜʠ ï ʚ ʫʤʦʚʘʭ ʙʨʘʢʫ ʯʘʩʫ 

ʪʘ ʥʝʧʦʚʥʦʪʠ ʽʥʬʦʨʤʘʮʽʾ. ʎʝ ʦʙʫʤʦʚʣʝʥʦ ʨʷʜʦʤ ʚʠʧʘʜʢʦʚʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʥʝ 

ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʦʛʥʦʟʦʚʘʥʽ ʪʘ ʤʘʶʪʴ ʚ ʦʩʥʦʚʽ ʷʢ ʧʨʠʨʦʜʥʽ ʪʘ ʪʝʭʥʽʯʥʽ ʟʙʫʨʝʥʥʷ, 

ʪʘʢ ʽ çʣʶʜʩʴʢʠʡ ʬʘʢʪʦʨè.  

ʗʢ ʥʘʩʣʽʜʦʢ ï ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʢʦʞʥʦʶ ʦʢʨʝʤʦʶ ʜʽʣʷʥʢʦʶ ʯʠ ʥʘʚʽʪʴ ʮʝʭʦʤ 

ʧʣʘʥʫ (ʟʤʽʥʥʦʛʦ, ʜʦʙʦʚʦʛʦ, ʤʽʩʷʯʥʦʛʦ), ʪʠʤ ʥʝ ʤʝʥʰʝ, ʟʘʛʘʣʴʥʦʝʢʦʥʦʤʽʯʥʽ 

ʧʦʢʘʟʥʠʢʠ ʜʽʷʣʴʥʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʟʘʣʠʰʘʶʪʴʩʷ ʥʘ ʜʦʩʪʘʪʥʴʦ ʥʠʟʴʢʦʤʫ ʨʽʚʥʽ. 

ʆʩʦʙʣʠʚʦ ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʭ ʧʦʢʘʟʥʠʢʽʚ: 

- ʦʙôʻʤ ʥʝʟʘʚʝʨʰʝʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ; 

- ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʥʷ; 

- ʚʠʪʨʘʪʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʤʝʪʘʣʫ (ʥʘʜʘʣʽ ɺʂʄ). 

ʄʘʶʯʠ ʬʽʟʠʯʥʫ, ʘ ʪʦʯʥʽʰʝ, ʪʝʭʥʦʣʦʛʽʯʥʫ ʧʨʠʨʦʜʫ, ʚʩʽ ʮʽ ʧʦʢʘʟʥʠʢʠ ʥʦʩʷʪʴ 

ʝʢʦʥʦʤʽʯʥʠʡ ʭʘʨʘʢʪʝʨ. ɸʜʞʝ ʥʝʟʘʚʝʨʰʝʥʝ ʚʠʨʦʙʥʠʮʪʚʦ ï ʮʝ ʚʪʽʣʝʥʽ ʫ ʤʝʪʘʣʽ 

ʢʦʰʪʠ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʷʢʽ ʤʘʣʠ ʙ ʧʨʘʮʶʚʘʪʠ ʥʘ ʧʨʠʙʫʪʦʢ, ʚʠʩʦʢʠʡ ʯʘʩ ʚʠʢʦʥʘʥʥʷ 

ʟʘʤʦʚʣʝʥʥʷ ʯʘʩʪʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʽʜʤʦʚʠ ʚʽʜ ʪʝʨʤʽʥʦʚʠʭ ʟʘʤʦʚʣʝʥʴ, ʥʘʚʽʪʴ, ʷʢʱʦ 

ʚʦʥʠ ʝʢʦʥʦʤʽʯʥʦ ʚʠʛʽʜʥʽ, ʘ ʟʙʽʣʴʰʝʥʠʡ ʧʦʢʘʟʥʠʢ ʚʠʪʨʘʪʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ 

ʧʽʜʚʠʱʫʻ ʩʦʙʽʚʘʨʪʽʩʪʴ ʧʨʦʜʫʢʮʽʾ. 

ʗʢ ʧʦʢʘʟʫʻ ʧʨʘʢʪʠʢʘ, ʚ ʩʠʣʫ ʥʘʷʚʥʦʩʪʽ ʜʝʢʽʣʴʢʦʭ ʢʨʠʪʝʨʽʾʚ (ʝʢʦʥʦʤʽʯʥʠʭ ʪʘ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ) ʫ ʧʨʦʮʝʩʽ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʥʘ ʪʦʚʘʨʥʫ ʧʨʦʜʫʢʮʽʶ ʥʘ 

ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʯʘʩʪʦ ʚʠʥʠʢʘʶʪʴ ʩʠʪʫʘʮʽʾ, ʫ ʷʢʠʭ ʥʝʤʦʞʣʠʚʦ 

ʧʨʠʡʥʷʪʠ ʦʜʥʦʟʥʘʯʥʝ ʨʽʰʝʥʥʷ, ʷʢʝ ʙʫʣʦ ʙ ʦʧʪʠʤʘʣʴʥʠʤ ʟʘ ʙʘʛʘʪʴʤʘ ʢʨʠʪʝʨʽʷʤʠ 

ʦʜʥʦʯʘʩʥʦ [8]. ʎʝ ʦʙʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʧʦʪʦʯʥʦʛʦ ʟʘʤʦʚʣʝʥʥʷ ʥʝ 

ʚʨʘʭʦʚʫʻʪʴʩʷ ʚʝʩʴ ʢʦʤʧʣʝʢʩ ʟʘʤʦʚʣʝʥʴ, ʷʢʽ ʚʠʢʦʥʫʶʪʴʩʷ ʧʽʜʧʨʠʻʤʩʪʚʦʤ ʥʘ 
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ʧʦʪʦʯʥʠʡ ʯʘʩ, ʘ ʪʘʢʦʞ ʽʟ ʥʝʩʪʦʭʘʩʪʠʯʥʠʤʠ ʚʠʧʘʜʢʦʚʠʤʠ ʟʙʫʨʝʥʥʷʤʠ ʚ 

ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʨʦʮʝʩʽ, ʷʢʽ ʫʩʢʣʘʜʥʶʶʪʴ ʷʢ ʜʦʚʛʦʪʝʨʤʽʥʦʚʝ, ʪʘ ʽ ʢʦʨʦʪʢʦʯʘʩʥʝ 

ʧʣʘʥʫʚʘʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ [9].  

ɺʘʞʣʠʚʠʤ ʯʠʥʥʠʢʦʤ, ʷʢʠʡ ʥʝ ʬʦʨʤʘʣʽʟʫʻʪʴʩʷ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʻ çʣʶʜʩʴʢʠʡ 

ʬʘʢʪʦʨè, ʷʢʠʡ ʥʘʙʫʚʘʻ ʦʩʦʙʣʠʚʦʾ ʚʘʛʠ ʫ ʤʝʪʘʣʫʨʛʽʾ, ʜʝ ʯʘʩʪʦ ʜʦʩʚʽʜ ʧʨʘʮʽʚʥʠʢʘ 

ʤʘʻ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ, ʥʽʞ ʪʦʯʥʽʩʪʴ ʪʘ ʩʢʣʘʜʥʽʩʪʴ ʙʫʜʴ-ʷʢʦʾ ʢʝʨʫʶʯʦʾ 

ʘʧʘʨʘʪʫʨʠ. ɿʦʢʨʝʤʘ, ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʨʦʟʢʨʦʶʚʘʥʥʷ ʧʝʨʝʜʽʣʴʥʦʾ ʟʘʛʦʪʦʚʢʠ ʥʘ 

ʰʪʘʥʛʠ, ʱʦ ʚʽʜʧʨʘʚʣʷʶʪʴʩʷ ʥʘ ʩʦʨʪʦʚʠʡ ʩʪʘʥ, ʚʠʛʽʜʥʽʰʝ ʚʠʢʦʥʫʚʘʪʠ ʟʘ 

ʙʝʟʟʘʣʠʰʢʦʚʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʝʤʽʨʥʠʭ ʜʦʚʞʠʥ, ʘ ʫ ʜʝʷʢʠʭ ï 

ʚʽʜʪʠʥʘʪʠ ʟʘʣʠʰʦʢ, ʱʦ ʟʥʠʞʫʻ ʧʦʢʘʟʥʠʢ ɺʂʄ, ʧʨʦʪʝ ʧʦʢʨʘʱʫʻ ʪʝʭʥʦʣʦʛʽʯʥʽ 

ʧʦʢʘʟʥʠʢʠ ʚʠʨʦʙʥʠʮʪʚʘ [10]. 

ɹʽʣʴʰʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʤʦʜʝʣʶʚʘʥʥʷ ʤʝʪʘʣʫʨʛʽʡʥʠʭ 

ʧʨʦʮʝʩʽʚ, ʨʦʟʛʣʷʜʘʶʪʴ ʫ ʷʢʦʩʪʽ ʦʙôʻʢʪʫ ʤʦʜʝʣʶʚʘʥʥʷ ʦʢʨʝʤʫ ʦʧʝʨʘʮʽʶ, ʱʦ ʻ 

ʯʘʩʪʠʥʦʶ ʟʘʛʘʣʴʥʦʛʦ ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʦʮʝʩʫ. ɺʦʜʥʦʯʘʩ ʧʠʪʘʥʥʷ ʧʦʙʫʜʦʚʠ 

ʤʦʜʝʣʝʡ ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʥʘ ʨʽʚʥʽ ʚʩʴʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʫʟʘʛʘʣʴʥʝʥʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʢʨʠʪʝʨʽʾʚ ʚ ʥʘʫʢʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ ʤʘʡʞʝ ʥʝ 

ʧʨʝʜʩʪʘʚʣʝʥʽ. ɸʢʪʫʘʣʴʥʠʤ ʙʘʯʠʪʴʩʷ ʧʝʨʝʭʽʜ ʥʘ ʚʠʱʠʡ ʨʽʚʝʥʴ ʘʙʩʪʨʘʢʮʽʾ ʜʣʷ 

ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʽ ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʥʘ ʨʽʚʥʽ ʚʩʴʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʫʟʘʛʘʣʴʥʝʥʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʢʨʠʪʝʨʽʾʚ. ʅʝʦʙʭʽʜʥʦ ʪʘʢʦʞ 

ʩʠʥʪʝʟʫʚʘʪʠ ʢʨʠʪʝʨʽʾ ʪʘ ʦʙʤʝʞʝʥʥʷ ʚ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʷʭ ʷʢ ʚʩʴʦʛʦ ʧʨʦʮʝʩʫ, 

ʪʘʢ ʽ ʡʦʛʦ ʯʘʩʪʠʥ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʟʘʜʘʯ. 

 

 

 

1.3 ɸʥʘʣʽʟ ʤʦʜʝʣʝʡ ʪʘ ʤʝʪʦʜʽʚ ʚ ʩʠʩʪʝʤʘʭ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ 

ʚ ʙʘʛʘʪʦʝʪʘʧʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʧʨʦʢʘʪʫ 

 

ʇʨʦʙʣʝʤʘʤ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʘʥʘʣʽʪʠʯʥʦʾ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʪʘ 

ʽʥʪʝʛʨʘʮʽʾ ʉʇʇʈ ʢʽʣʴʢʦʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʘʙʦ ʥʘʚʽʪʴ ʧʨʦʮʝʩʽʚ ʫ 
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ʤʝʪʘʣʫʨʛʽʡʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʧʨʠʩʚʷʯʝʥʘ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʨʦʙʽʪ, ʷʢ ʚʽʪʯʠʟʥʷʥʠʭ 

ʜʦʩʣʽʜʥʠʢʽʚ [14-20], ʪʘʢ ʽ ʟʘʢʦʨʜʦʥʥʠʭ [21-37].  

ɺ [14] ʥʘʛʦʣʦʰʝʥʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʘʨʘʣʝʣʴʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʥʷ ʚʩʽʤʘ 

ʣʘʥʢʘʤʠ ʙʘʛʘʪʦʝʪʘʧʥʦʛʦ ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʦʮʝʩʫ ʽ ʘʢʪʫʘʣʴʥʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʪʘʢʠʭ 

ʩʠʩʪʝʤ, ʷʢʽ ʙ ʥʝ ʪʽʣʴʢʠ ʦʧʪʠʤʘʣʴʥʠʤ ʯʠʥʦʤ ʚʠʢʦʥʫʚʘʣʠ ʙ ʥʘʷʚʥʽ ʧʦʪʦʯʥʽ 

ʟʘʤʦʚʣʝʥʥʷ, ʘ ʡ ʧʨʦʛʥʦʟʫʚʘʣʠ ʟʘʤʦʚʣʝʥʥʷ ʤʘʡʙʫʪʥʽʭ ʧʝʨʽʦʜʽʚ. ʆʩʪʘʥʥʻ ʜʦʟʚʦʣʷʻ 

ʫʚʝʩʪʠ ʚ ʘʣʛʦʨʠʪʤʠ ʧʣʘʥʫʚʘʥʥʷ ʜʽʷʣʴʥʦʩʪʽ ʪʘ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʚʠʨʦʙʥʠʯʦʛʦ 

ʧʨʦʮʝʩʫ ʧʨʦʮʝʜʫʨʠ ʧʨʦʛʥʦʩʪʠʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ, ʯʠʤ ʟʥʘʯʥʦ ʧʦʢʨʘʱʠʪʠ 

ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʦʮʝʩʫ, ʘ ʩʘʤʝ ʪʝʨʤʽʥ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʥʷ ʪʘ 

ʢʽʣʴʢʽʩʪʴ ʥʝʟʘʚʝʨʰʝʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. 

ʅʘ ʜʝʷʢʠʭ ʚʠʨʦʙʥʠʮʪʚʘʭ ʚ ʋʢʨʘʾʥʽ ʽʥʪʝʛʨʦʚʘʥʽ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ ʚʧʨʦʚʘʜʞʝʥʽ ʫʞʝ ʧʦʥʘʜ 10 ʨʦʢʽʚ [15, 17, 18]. ʋ ʬʫʥʢʮʽʾ ʽʥʪʝʛʨʦʚʘʥʠʭ 

ʩʠʩʪʝʤ ʚʢʣʶʯʝʥʦ ʘʚʪʦʤʘʪʠʟʘʮʽʶ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʽʥʬʦʨʤʘʮʽʡʥʝ 

ʧʨʦʩʪʝʞʫʚʘʥʥʷ ʟʘʛʦʪʽʚʦʢ ʽ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ, ʤʦʥʽʪʦʨʠʥʛ, ʜʠʩʧʝʪʯʝʨʠʟʘʮʽʷ ʪʘ 

ʘʥʘʣʽʟ ʚʠʨʦʙʥʠʮʪʚʘ, ʘ ʪʘʢʦʞ ʦʧʝʨʘʪʠʚʥʝ ʧʣʘʥʫʚʘʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ. 

ɸʚʪʦʨʘʤʠ [16] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʨʦʮʝʩʥʫ ʤʦʜʝʣʴ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚʝʨʪʠʢʘʣʴʥʦ-ʽʥʪʝʛʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʤʝʪʘʣʫʨʛʽʡʥʦʾ 

ʢʦʤʧʘʥʽʾ ʧʦʚʥʦʛʦ ʮʠʢʣʫ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʽʡʢʽʩʪʴ ʜʦ ʥʝʛʘʪʠʚʥʠʭ ʬʘʢʪʦʨʽʚ 

ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʇʨʠ ʮʴʦʤʫ ʩʠʩʪʝʤʘ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʥʘ ʥʘʡʚʠʱʦʤʫ 

ʝʢʦʥʦʤʽʯʥʦʤʫ ʨʽʚʥʽ, ʙʝʟ ʜʝʪʘʣʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʧʨʠʡʥʷʪʽ 

ʜʝʪʝʨʤʽʥʦʚʘʥʠʤʠ.  

ʋʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʦʞʣʠʚʦʩʪʽ ʪʝʭʥʽʯʥʦʛʦ ʩʧʦʣʫʯʝʥʥʷ ʦʢʨʝʤʠʭ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʽʜʩʠʩʪʝʤ ʜʦ ʻʜʠʥʦʾ ʤʦʜʝʣʽ ʢʝʨʫʶʯʦʛʦ ʢʦʤʧʣʝʢʩʫ 

ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ ʥʘʩʪʫʧʥʠʤʠ ʚʟʘʻʤʥʦ-ʽʥʪʝʛʨʦʚʘʥʠʤʠ ʩʠʩʪʝʤʘʤʠ: ʧʣʘʥʫʚʘʥʥʷ 

ʚʠʨʦʙʥʠʯʠʭ ʨʝʩʫʨʩʽʚ ʧʽʜʧʨʠʻʤʩʪʚʘ ʘʙʦ ʮʝʭʫ, ʢʝʨʫʚʘʥʥʷ ʚʠʨʦʙʥʠʮʪʚʦʤ, 

ʚʽʜʢʨʠʪʦʶ ʩʠʩʪʝʤʦʶ ʢʝʨʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʪʘ ʨʝʛʫʣʶʚʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ [18].  

ʋ [19] ʚʠʢʦʥʘʥʦ ʜʦʩʪʘʪʥʴʦ ʜʦʢʣʘʜʥʠʡ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʩʠʩʪʝʤ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʥʘ ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʋʢʨʘʾʥʠ, 

ʥʘʛʦʣʦʰʝʥʦ ʥʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʨʝʘʣʽʟʘʮʽʾ ʚ ʩʢʣʘʜʽ ʟʘʛʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ 
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ʢʝʨʫʚʘʥʥʷ ʤʝʪʘʣʫʨʛʽʡʥʠʤ ʧʽʜʧʨʠʻʤʩʪʚʦʤ ʝʣʝʤʝʥʪʽʚ ʨʝʻʩʪʨʘʮʽʾ, ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ ʪʘ 

ʘʥʘʣʽʟʫ ʜʘʥʠʭ. ɺʦʜʥʦʯʘʩ, ʷʢ ʽ ʚ [20], ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʱʦ ʚʩʶ ʜʽʷʣʴʥʽʩʪʴ ʱʦʜʦ 

ʧʨʠʡʥʷʪʪʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʤʘʻ ʚʠʢʦʥʫʚʘʪʠ ʚʽʜʧʦʚʽʜʘʣʴʥʠʡ ʬʘʭʽʚʝʮʴ: 

ʤʝʥʝʜʞʝʨ, ʪʝʭʥʦʣʦʛ, ʦʧʝʨʘʪʦʨ, ʪʦʱʦ. ʇʨʠ ʮʴʦʤʫ ʥʘʛʦʣʦʰʝʥʦ ʥʘ ʚʘʞʣʠʚʦʩʪʽ ʩʘʤʝ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʚôʷʟʢʫ ʤʽʞ ʦʢʨʝʤʠʤʠ ʩʠʩʪʝʤʘʤʠ ʪʘ ʢʦʤʧʣʝʢʩʘʤʠ. 

ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ, ʟʘ ʢʦʨʜʦʥʦʤ ʥʘ ʙʽʣʴʰʦʩʪʽ ʚʝʣʠʢʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʽʥʪʝʛʨʘʮʽʷ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ, ʩʪʚʦʨʝʥʠʭ 10-20 ʨʦʢʽʚ ʪʦʤʫ, ʚʠʢʦʥʫʻʪʴʩʷ ʥʘ ʨʽʚʥʽ 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʪʘʥʜʘʨʪʥʠʭ ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʩʠʩʪʝʤ [21, 22], ʱʦ ʥʘʢʣʘʜʘʻ ʧʝʚʥʽ ʦʙʤʝʞʝʥʥʷ. ɸʜʞʝ ʙʫʜʴ-ʷʢʠʡ ʫʥʽʚʝʨʩʘʣʴʥʠʡ 

ʤʝʭʘʥʽʟʤ ʥʝ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʥʘʥʥʷ ʪʘ ʘʩʧʝʢʪʠ ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʦʮʝʩʫ 

ʩʘʤʝ ʪʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʜʝ ʧʦʜʽʙʥʘ ʩʠʩʪʝʤʘ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ. 

ʅʝʟʘʣʝʞʥʦ ʘʣʝ ʤʘʡʞʝ ʚʦʜʥʦʯʘʩ ʘʚʪʦʨʘʤʠ [23, 24] ʥʘʛʦʣʦʰʫʻʪʴʩʷ ʥʘ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʽʥʪʝʛʨʘʮʽʾ ʦʢʨʝʤʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʣʘʥʦʢ 

ʙʘʛʘʪʦʝʪʘʧʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʦʢʘʪʫ. ɼʣʷ ʮʴʦʛʦ ʧʨʦʧʦʥʫʻʪʴʩʷ ʨʦʟʨʦʙʢʘ ʽ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʢʦʨʧʦʨʘʪʠʚʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʥʘ ʦʩʥʦʚʽ 

ʩʭʦʚʠʱʘ ʜʘʥʠʭ ʪʘ ʪʝʨʤʽʥʘʣʽʚ ʜʣʷ ʦʧʝʨʘʪʦʨʽʚ ʽ ʤʝʥʝʜʞʝʨʽʚ, ʟʘʜʽʷʥʠʭ ʫ ʧʨʦʮʝʩʘʭ. 

ɸʚʪʦʨʠ [25, 26] ʘʥʘʣʽʟʫʶʪʴ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ, ʟʦʢʨʝʤʘ 

ʧʨʦʢʘʪʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʫ ɯʥʜʽʾ ʪʘ ʂʠʪʘʾ ï ʢʨʘʾʥʘʭ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʣʽʜʝʨʽʚ ʫ 

ʚʠʨʦʙʥʠʮʪʚʽ ʧʨʦʢʘʪʫ. ɸʚʪʦʨʠ ʥʘʛʦʣʦʰʫʶʪʴ ʥʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʽʥʪʝʛʨʦʚʘʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʪʘ ʧʽʜʚʠʱʝʥʥʶ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ 

ʩʘʤʝ ʟʘ ʝʢʦʥʦʤʽʯʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ, ʩʝʨʝʜ ʷʢʠʭ ʚʠʪʨʘʪʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʤʝʪʘʣʫ ʪʘ 

ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ. ʊʘʢʦʞ ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʘʤʽʥʶʚʘʪʠ ʪʨʘʜʠʮʽʡʥʠʡ 

ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʧʽʜʭʽʜ ʜʦ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʪʘ ʩʝʨʪʠʬʽʢʘʮʽʾ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ ʟ ʤʝʪʦʶ ʧʨʠʩʢʦʨʝʥʥʷ ʪʘ ʟʜʝʰʝʚʣʝʥʥʷ ʮʠʭ 

ʧʨʦʮʝʩʽʚ. 

ɸʚʪʦʨʠ [27] ʧʨʦʧʦʥʫʶʪʴ ʪʨʠ ʢʝʨʦʚʘʥʽ ʜʘʥʠʤʠ ʤʦʜʝʣʽ, ʧʦʩʣʽʜʦʚʥʠʭ 

ʧʨʦʮʝʩʽʚ ʨʘʬʽʥʘʮʽʾ, ʨʦʟʢʠʩʣʝʥʥʷ ʪʘ ʨʦʟʣʠʚʢʠ ʩʪʘʣʽ. ɿʛʝʥʝʨʦʚʘʥʽ ʤʦʜʝʣʽ 

ʜʦʟʚʦʣʷʶʪʴ ʦʧʪʠʤʽʟʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʧʨʦʮʝʩʫ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʨʽʚʥʽʚ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʷʢʦʩʪʽ. ɿʘʩʪʦʩʦʚʘʥʦ ʥʦʚʠʡ ʧʽʜʭʽʜ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʘʥʩʘʤʙʣʷʭ 
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ʜʣʷ ʚʠʙʦʨʫ ʦʟʥʘʢ ʽ ʧʦʙʫʜʦʚʠ ʨʝʛʨʝʩʽʾ. ʅʘʡʢʨʘʱʠʡ ʨʝʟʫʣʴʪʘʪ ʟʘʙʝʟʧʝʯʫʻ 

ʚʠʧʘʜʢʦʚʠʡ ʣʽʩ, ʷʢʠʡ ʨʦʙʠʪʴ ʧʨʦʛʥʦʟʠ ʙʽʣʴʰ ʩʪʘʙʽʣʴʥʠʤʠ ʽ ʤʝʥʰ ʟʤʽʱʝʥʠʤʠ. 

ɺ ʨʷʜʽ ʜʦʩʣʽʜʞʝʥʴ [28-30] ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ 

ʧʨʠʡʥʷʪʪʷ ʦʧʪʠʤʘʣʴʥʠʭ ʨʽʰʝʥʴ ʩʢʦʥʮʝʥʪʨʦʚʘʥʦ ʥʘ ʧʨʦʮʝʩʽ ʨʘʬʽʥʘʮʽʾ ʩʪʘʣʽ. ɼʣʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʫ ʚʘʥʥʽ ʢʦʥʚʝʨʪʝʨʘ ʘʚʪʦʨʠ [28] ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʠʩʪʝʤʫ 

ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʪʘ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ, ʪʦʜʽ ʷʢ ʚ [29] ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʦʜʝʣʴ ʥʘ 

ʦʩʥʦʚʽ ʧʨʷʤʦʟʚ'ʷʟʘʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʟʽ ʟʚʦʨʦʪʥʠʤ ʧʦʰʠʨʝʥʥʷʤ ʧʦʤʠʣʢʠ. 

ɸʣʴʪʝʨʥʘʪʠʚʦʶ ʻ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʫ [30] ʧʽʜʭʽʜ ʥʘ ʦʩʥʦʚʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʢʝʨʫʶʯʦʛʦ ʚʧʣʠʚʫ ʥʘʾʚʥʦʾ ɹʘʡʻʩʽʚʩʴʢʦʾ ʤʝʨʝʞʽ, ʥʘʚʯʝʥʦʾ ʥʘ 

ʧʦʧʝʨʝʜʥʽʭ ʧʨʠʢʣʘʜʘʭ ʟ ʚʽʜʩʽʚʦʤ ʧʦʤʠʣʦʢ. ʆʩʪʘʥʥʽʡ ʤʦʞʝ ʙʫʪʠ ʚ ʧʦʜʘʣʴʰʦʤʫ 

ʟʘʩʪʦʩʦʚʘʥʠʡ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʨʦʟʢʠʩʣʝʥʥʷ ʚ ʨʘʤʢʘʭ ʧʨʦʧʦʥʦʚʘʥʦʾ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ. 

ɺ [31ï35] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʽ ʟʦʢʨʝʤʘ 

ʧʨʦʢʘʪʥʠʭ ʚʠʨʦʙʥʠʮʪʚʘʭ ʤʝʪʦʜʦʣʦʛʽʾ ʝʢʩʧʝʨʪʥʠʭ ʩʠʩʪʝʤ. ʊʘʢ, ʘʚʪʦʨʠ [31] 

ʧʨʦʧʦʥʫʶʪʴ ʝʢʩʧʝʨʪʥʫ ʩʠʩʪʝʤʫ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʦʧʝʨʘʪʦʨʦʤ 

ʜʦʤʝʥʥʦʾ ʧʝʯʽ, ʱʦ ʚʠʛʦʪʦʚʣʷʻ ʯʘʚʫʥ. ʅʘʪʦʤʽʩʪʴ ʚ [32] ʚʠʢʦʥʘʥʘ ʩʧʨʦʙʘ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʧʦʣʦʞʝʥʥʷʤ ʬʫʨʤʠ ʧʽʜ ʯʘʩ ʧʨʦʜʫʚʢʠ ʢʦʥʚʝʨʪʝʨʘ 

ʢʠʩʥʝʤ ʟ ʤʝʪʦʶ ʤʘʢʩʠʤʽʟʫʚʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʟʘ ʝʢʦʥʦʤʽʯʥʠʤ ʢʨʠʪʝʨʽʻʤ. 

ʋ [33] ʡʜʝʪʴʩʷ ʧʨʦ ʢʦʤʧʣʝʢʩʥʫ ʝʢʩʧʝʨʪʥʫ ʩʠʩʪʝʤʫ, ʱʦ ʦʭʦʧʣʶʻ ʩʚʦʾʤʠ ʧʦʨʘʜʘʤʠ 

ʚʩʽ ʜʽʾ ʦʧʝʨʘʪʦʨʘ ʧʣʘʚʠʣʴʥʦʛʦ ʮʝʭʫ ʚʽʜ ʟʘʚʘʥʪʘʞʝʥʥʷ ʰʠʭʪʠ ʜʦ ʨʦʟʣʠʚʢʠ ʛʦʪʦʚʦʾ 

ʩʪʘʣʽ, ʚʧʨʦʚʘʜʞʝʥʫ ʥʘ ʦʜʥʦʤʫ ʟ ʧʽʜʧʨʠʻʤʩʪʚ ʫ ʅʽʜʝʨʣʘʥʜʘʭ. ɺʪʽʤ, ʦʧʠʩʘʥʘ 

ʩʠʩʪʝʤʘ ʥʝ ʦʭʦʧʣʶʻ ʧʦʧʝʨʝʜʥʽ ʦʧʝʨʘʮʽʾ ʽ ʦʨʽʻʥʪʦʚʘʥʘ ʥʘ ʭʽʤʽʯʥʽ ʡ ʤʝʭʘʥʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʨʽʜʢʦʾ ʩʪʘʣʽ, ʘ ʥʝ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ. ɰʾ ʜʦʧʦʚʥʝʥʥʷʤ ʤʦʞʫ ʩʣʫʞʠʪʠ 

ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʚ [34] ʝʢʩʧʝʨʪʥʘ ʩʠʩʪʝʤʘ ʦʪʨʠʤʘʥʥʷ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʫ 

ʚʠʛʦʪʦʚʣʝʥʥʽ ʪʠʪʘʥʫ, ʷʢʱʦ ʾʾ ʘʜʘʧʪʫʚʘʪʠ ʜʦ ʫʤʦʚ ʚʠʛʦʪʦʚʣʝʥʥʷ ʩʪʘʣʽ. 

ɹʘʛʘʪʦʘʛʝʥʪʥʘ ʝʢʩʧʝʨʪʥʘ ʩʠʩʪʝʤʘ, ʦʧʠʩʘʥʘ ʚ [35], ʚʠʨʽʰʫʻ ʦʜʥʫ ʟ ʛʦʣʦʚʥʠʭ 

ʝʢʦʥʦʤʽʯʥʠʭ ʟʘʜʘʯ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚʠʧʣʘʚʢʠ ʩʪʘʣʽ ʚ ʢʦʥʚʝʨʪʝʨʽ ï 

ʤʽʥʽʤʽʟʘʮʽʾ ʩʦʙʽʚʘʨʪʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʠʭ ʨʦʟʢʠʩʣʶʚʘʯʽʚ ʜʣʷ ʚʠʚʝʜʝʥʥʷ ʛʘʟʦʚʠʭ 

ʜʦʤʽʰʦʢ ʧʽʩʣʷ ʨʘʬʽʥʘʮʽʾ. ʇʦʙʫʜʦʚʘʥʘ ʥʘ ʥʘʚʯʘʥʥʽ ʥʝʯʽʪʢʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ 
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ANFIS, ʜʘʥʘ ʩʠʩʪʝʤʘ ʤʘʻ ʭʘʨʘʢʪʝʨʥʠʡ ʥʝʜʦʣʽʢ ï ʥʝʤʦʞʣʠʚʽʩʪʴ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʘ 

ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʚʠʧʘʜʢʽʚ, ʷʢʽ ʥʝ ʟʫʩʪʨʽʯʘʣʠʩʷ ʚ ʥʘʚʯʘʣʴʥʽʡ ʚʠʙʽʨʮʽ. 

ɸʚʪʦʨʠ [36] ʧʨʦʧʦʥʫʶʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʫ 

ʩʢʣʘʜʽ ʝʢʩʧʝʨʪʥʠʭ ʩʠʩʪʝʤ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʷʢʦʩʪʽ ʛʦʪʦʚʦʾ ʩʪʘʣʽ. ɸʥʘʣʦʛʽʯʥʠʡ 

ʧʽʜʭʽʜ, ʘʣʝ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ 

ʧʨʦʢʘʪʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʧʨʦʧʦʥʫʻʪʴʩʷ ʚ [37]. ɺ ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʽʥʬʦʨʤʘʮʽʡʥʘ 

ʪʝʭʥʦʣʦʛʽʷ ʦʭʦʧʣʶʻ ʣʠʰʝ ʜʚʽ ʧʦʩʣʽʜʦʚʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʧʝʨʘʮʽʾ. 

ʈʝʟʶʤʫʶʯʠ ʚʠʢʣʘʜʝʥʝ, ʩʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʦʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʧʽʜʭʦʜʫ 

ʙʽʣʴʰʦʩʪʽ ʚʠʢʦʥʘʚʮʽʚ ʻ ʦʙʤʝʞʝʥʥʷ ʢʦʣʘ ʨʦʟʚôʷʟʫʚʘʥʠʭ ʟʘʜʘʯ ʨʽʚʥʝʤ ʢʝʨʫʚʘʥʥʷ 

ʦʜʥʽʻʶ (ʽʥʦʜʽ ʜʚʦʤʘ) ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʦʧʝʨʘʮʽʷʤʠ. ʇʨʦʙʣʝʤʠ ʧʣʘʥʫʚʘʥʥʷ ʽ 

ʢʝʨʫʚʘʥʥʷ ʚʠʨʦʙʥʠʮʪʚʦʤ, ʘ ʪʘʢʦʞ ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʚʟʘʻʤʦʜʽʾ ʨʽʟʥʠʭ ʨʽʚʥʽʚ ʩʠʩʪʝʤʠ 

(ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʪʘ ʝʢʦʥʦʤʽʯʥʦʛʦ) ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ çʣʶʜʩʴʢʦʛʦ ʬʘʢʪʦʨʫè 

ʧʨʘʢʪʠʯʥʦ ʥʝ ʜʦʩʣʽʜʞʝʥʽ ʽ ʥʝ ʦʜʝʨʞʘʣʠ ʚʽʜʧʦʚʽʜʥʦʾ ʧʨʦʤʠʩʣʦʚʦʾ ʨʝʘʣʽʟʘʮʽʾ. 

ʊʘʢʦʞ ʩʣʽʜ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʙʫʜʦʚʠ ʨʷʜʫ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʩʢʣʘʜʦʚʠʭ ʧʨʦʮʝʩʫ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʢʘʪʥʦʾ ʧʨʦʜʫʢʮʽʾ ʜʣʷ 

ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʦʧʪʠʤʽʟʘʮʽʾ ʮʠʭ ʧʨʦʮʝʩʽʚ ʟʘ ʟʘʧʨʦʧʦʥʦʚʘʥʠʤʠ ʪʝʭʥʽʢʦ-

ʝʢʦʥʦʤʽʯʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ, ʘ ʪʘʢʦʞ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʫ ʨʦʟʚôʷʟʘʥʥʷ ʮʠʭ ʟʘʜʘʯ. 

 

 

1.3.1 ʄʦʜʝʣʽ ʽ ʤʝʪʦʜʠ ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ 

ʄʝʪʘʣʫʨʛʽʡʥʝ ʧʽʜʧʨʠʻʤʩʪʚʦ, ʦʨʽʻʥʪʦʚʘʥʝ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ ʛʦʪʦʚʦʾ 

ʧʨʦʜʫʢʮʽʾ, ʤʘʻ ʜʦʚʦʣʽ ʟʥʘʯʥʠʡ ʾʾ ʩʦʨʪʘʤʝʥʪ. ʊʨʫʙʦʧʨʦʢʘʪʥʽ ʪʘ ʩʦʨʪʦʧʨʦʢʘʪʥʽ 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʚ ʮʴʦʤʫ ʚʽʜʥʦʰʝʥʥʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʦʩʦʙʣʠʚʠʤ ʨʽʟʥʦʤʘʥʽʪʪʷʤ: 

ʪʠʧʦʨʦʟʤʽʨʠ ʧʨʦʜʫʢʮʽʾ ʚʠʤʽʨʶʶʪʴʩʷ ʩʦʪʥʷʤʠ, ʘ ʽʥʦʜʽ ʡ ʪʠʩʷʯʘʤʠ, ʘ ʢʽʣʴʢʽʩʪʴ 

ʤʘʨʦʢ ʩʪʘʣʽ ï ʜʝʩʷʪʢʘʤʠ [130-132]. ʅʘʚʽʪʴ ʪʘʢʽ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʷʢ 

ʩʪʘʣʝʣʠʚʘʨʥʠʡ ʟʘʚʦʜ çɯʥʪʝʨʧʘʡʧïʩʪʘʣʴè, ʱʦ ʙʫʚ ʫʚʝʜʝʥʠʡ ʫ ʝʢʩʧʣʫʘʪʘʮʽʶ ʚ 2012 

ʨʦʮʽ ʽ ʩʧʝʮʽʘʣʽʟʫʻʪʴʩʷ ʥʘ ʚʠʛʦʪʦʚʣʝʥʥʽ ʮʠʣʽʥʜʨʠʯʥʦʾ ʪʨʫʙʥʦʾ ʪʘ ʢʦʣʽʩʥʦʾ 

ʟʘʛʦʪʦʚʢʠ ʤʝʪʦʜʦʤ ʙʝʟʧʝʨʝʨʚʥʦʾ ʨʦʟʣʠʚʢʠ ʩʪʘʣʽ, ʤʦʞʝ ʚʠʧʫʩʢʘʪʠ ʧʨʦʜʫʢʮʽʶ 

ʜʝʚôʷʪʠ ʜʽʘʤʝʪʨʽʚ ʟ ʧʦʥʘʜ 30 ʤʘʨʦʢ ʩʪʘʣʽ [171]. ʉʪʘʪʠʩʪʠʯʥʽ ʜʘʥʽ ʦʙʨʦʙʢʠ 

ʟʘʤʦʚʣʝʥʴ ʪʠʧʦʚʠʤ ʧʨʝʜʩʪʘʚʥʠʢʦʤ ʛʘʣʫʟʽ ʩʚʽʜʯʘʪʴ, ʱʦ ʢʽʣʴʢʽʩʪʴ ʢʣʽʻʥʪʽʚ ʥʘ 
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ʤʽʩʷʮʴ, ʘ ʪʠʤ ʙʽʣʴʰʝ ʨʽʯʥʘ, ʤʦʞʝ ʚʠʤʽʨʶʚʘʪʠʩʴ ʩʦʪʥʷʤʠ, ʢʽʣʴʢʽʩʪʴ ʟʘʤʦʚʣʝʥʴ ï 

ʪʠʩʷʯʘʤʠ ʘʙʦ ʡ ʜʝʩʷʪʢʘʤʠ ʪʠʩʷʯ [172].  

ʉʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʟʛʽʜʥʦ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʽʥʩʪʨʫʢʮʽʡ ʛʦʣʦʚʥʘ ʚʠʨʦʙʥʠʯʘ 

ʣʘʥʢʘ ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ï ʧʣʘʚʠʣʴʥʠʡ ʘʛʨʝʛʘʪ ï ʤʘʻ ʧʨʘʮʶʚʘʪʠ ʟʘ 

ʤʦʞʣʠʚʽʩʪʶ ʫ ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʨʝʞʠʤʽ, ʚʠʜʘʶʯʠ ʩʪʘʣʴ ʧʦʨʮʽʷʤʠ ʯʝʨʝʟ ʧʨʠʙʣʠʟʥʦ 

ʨʽʚʥʽ ʧʨʦʤʽʞʢʠ ʯʘʩʫ ʜʣʷ ʥʘʩʪʫʧʥʦʾ ʦʙʨʦʙʢʠ. ɺʦʜʥʦʯʘʩ ʟʘʤʦʚʣʝʥʥʷ ʥʘ ʛʦʪʦʚʫ 

ʧʨʦʜʫʢʮʽʶ ʥʘʜʭʦʜʷʪʴ ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ, ʾʭ ʦʙʩʷʛʠ ʪʘʢʦʞ ʥʦʩʷʪʴ ʡʤʦʚʽʨʥʽʩʥʠʡ 

ʭʘʨʘʢʪʝʨ. ʆʪʞʝ, ʽʩʥʫʻ ʥʝʙʝʟʧʝʢʘ ʚʠʥʠʢʥʝʥʥʷ ʜʚʦʭ ʥʝʙʘʞʘʥʠʭ ʩʠʪʫʘʮʽʡ: ʚʽʜʤʦʚʠ 

ʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ ʟʘʤʦʚʣʝʥʥʷ ʯʝʨʝʟ ʥʝʤʦʞʣʠʚʽʩʪʴ ʡʦʛʦ ʚʠʢʦʥʘʥʥʷ ʫ ʟʘʟʥʘʯʝʥʠʡ 

ʪʝʨʤʽʥ ʪʘ ʥʘʢʦʧʠʯʝʥʥʷ ʪʘʢ ʟʚʘʥʠʭ ʚʥʫʪʨʽʰʥʽʭ ʟʘʧʘʩʽʚ [173], ʘʙʦ ʥʝʟʘʚʝʨʰʝʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ. ʌʘʢʪʠʯʥʦ ʮʽ ʟʘʧʘʩʠ ʻ ʟʘʤʦʨʦʞʝʥʠʤʠ ʫ ʦʯʽʢʫʚʘʥʽ ʤʘʡʙʫʪʥʽʭ 

ʟʘʤʦʚʣʝʥʴ ʢʦʰʪʘʤʠ ʧʽʜʧʨʠʻʤʩʪʚʘ.  

ʂʨʠʪʠʯʥʽ ʩʠʪʫʘʮʽʾ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʚʠʜʫ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʷʢ ʜʣʷ ʦʢʨʝʤʠʭ 

ʚʠʜʽʚ ʧʨʦʜʫʢʮʽʾ, ʪʘʢ ʽ ʜʣʷ ʢʽʣʴʢʦʭ ʦʜʥʦʯʘʩʥʦ, ʚʨʘʭʦʚʫʶʯʠ ʰʠʨʦʢʠʡ ʩʦʨʪʘʤʝʥʪ 

ʧʨʦʜʫʢʮʽʾ. ɺʽʜʪʘʢ, ʘʢʪʫʘʣʴʥʦʶ ʜʣʷ ʢʦʞʥʦʛʦ ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʻ 

ʟʘʜʘʯʘ ʧʦʙʫʜʦʚʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʣʘʥʫ ʦʙʨʦʙʢʠ ʟʘʤʦʚʣʝʥʴ ʟ ʤʝʪʦʶ ʤʽʥʽʤʽʟʘʮʽʾ 

ʥʝʟʘʚʝʨʰʝʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʚʠʧʘʜʢʽʚ ʚʽʜʤʦʚʠ ʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ ʪʘ ʤʘʢʩʠʤʽʟʘʮʽʾ 

ʧʨʠʙʫʪʢʫ ʧʽʜʧʨʠʻʤʩʪʚʘ [174]. 

ɺ ʜʝʷʢʠʭ ʜʞʝʨʝʣʘʭ ʥʝ ʚʚʦʜʷʪʴ ʨʽʟʥʠʮʶ ʤʽʞ ʯʘʩʦʤ, ʧʽʩʣʷ ʷʢʦʛʦ ʟʘʤʦʚʣʝʥʥʷ 

ʩʪʘʻ ʥʝʘʢʪʫʘʣʴʥʠʤ (ʚʪʨʘʯʝʥʠʤ) Ὕὼ ʪʘ ʯʘʩʦʤ ʱʦ ʧʣʘʥʦʚʦ ʚʽʜʚʦʜʠʪʴʩʷ ʥʘ 

ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʥʷ Ὕ, ʚʚʘʞʘʶʯʠ Ὕ ʪʘʢ ʟʚʘʥʠʤ ʜʠʨʝʢʪʠʚʥʠʤ ʯʘʩʦʤ [175], ʧʽʩʣʷ 

ʷʢʦʛʦ ʟʘʤʦʚʣʝʥʥʷ ʚʪʨʘʯʘʻ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʉʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʨʦʙʦʪʦʶ 

ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʟʦʢʨʝʤʘ, ɼʥʽʧʨʦʧʝʪʨʦʚʱʠʥʠ, ʚ ʫʤʦʚʘʭ ʦʙʤʝʞʝʥʠʭ 

ʣʦʛʽʩʪʠʯʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʧʦʢʘʟʘʣʠ, ʱʦ ʚʝʣʠʯʠʥʘ ʟʘʧʘʩʫ ʯʘʩʫ ῳὸ Ὕὼ Ὕ 

ʩʪʘʥʦʚʠʪʴ ʢʽʣʴʢʘ ʜʽʙ ʽ ʜʦʟʚʦʣʷʻ ʚ ʨʘʟʽ ʚʚʝʜʝʥʥʷ ʧʝʚʥʠʭ ʚʝʣʠʯʠʥ ʰʪʨʘʬʫ Ὀὼ 

ʚʽʜʪʝʨʤʽʥʫʚʘʪʠ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʟ ʤʝʥʰʠʤ ʧʨʠʙʫʪʢʦʤ ʟʘʤʽʩʪʴ ʚʽʜʤʦʚʠ ʚʽʜ ʾʭ 

ʚʠʢʦʥʘʥʥʷ. 

ʉʝʨʝʜ ʥʝʜʦʣʽʢʽʚ ʚʽʜʦʤʠʭ ʤʦʜʝʣʝʡ ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ 

ʤʝʪʘʣʫʨʛʽʡʥʠʤ ʧʽʜʧʨʠʻʤʩʪʚʦʤ, ʚʠʢʣʘʜʝʥʠʭ ʫ ʧʝʨʰʦʤʫ ʨʦʟʜʽʣʽ, ʩʣʽʜ ʚʠʜʽʣʠʪʠ 

ʥʝʚʨʘʭʫʚʘʥʥʷ ʚʪʨʘʪ ʨʦʙʦʯʦʛʦ ʯʘʩʫ ʥʘ ʧʝʨʝʥʘʣʘʰʪʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʟ ʚʠʧʫʩʢʫ 



54 

ʦʜʥʦʛʦ ʚʠʜʫ ʧʨʦʜʫʢʮʽʾ ʥʘ ʽʥʰʠʡ [52]. ʆʩʦʙʣʠʚʦ ʚʧʣʠʚ ʚʪʨʘʪ ʯʘʩʫ ʥʘ ʧʝʨʝʭʽʜ ʟ 

ʦʜʥʦʛʦ ʚʠʜʫ ʧʨʦʜʫʢʮʽʾ ʥʘ ʽʥʰʠʡ ʧʦʤʽʪʥʠʡ ʫ ʪʨʫʙʦʧʨʦʢʘʪʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ, ʢʦʣʠ 

ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʦʩʣʽʜʦʚʥʠʭ ʦʧʝʨʘʮʽʡ, ʱʦ ʽʣʶʩʪʨʫʻʪʴʩʷ 

ʪʘʙʣʠʮʝʶ 1.1.  

 

ʊʘʙʣʠʮʷ 1.1 ï ʊʝʭʥʦʣʦʛʽʯʥʽ ʦʧʝʨʘʮʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʙʝʟʰʦʚʥʠʭ ʪʨʫʙ ʪʘ ʾʭ 

ʚʘʨʽʘʪʠʚʥʽ ʧʘʨʘʤʝʪʨʠ 

ˉ 

ʟ/ʧ 

ʅʘʟʚʘ ʪʝʭʥʦʣʦʛʽʯʥʦʾ 

ʦʧʝʨʘʮʽʾ 

ʇʘʨʘʤʝʪʨʠ, ʱʦ ʟʤʽʥʶʶʪʴʩʷ ʟʘʣʝʞʥʦ 

ʚʽʜ ʟʘʤʦʚʣʝʥʥʷ 

1 ɺʠʨʦʙʥʠʮʪʚʦ ʩʪʘʣʽ ʚ ʧʝʯʽ 

(ʢʦʥʚʝʨʪʝʨʽ) 

 

2 ʈʦʟʢʠʩʣʝʥʥʷ ʪʘ ʣʝʛʫʚʘʥʥʷ ʄʘʨʢʘ ʩʪʘʣʽ 

3 ʈʦʟʣʠʚʢʘ ʟʘʛʦʪʦʚʦʢ ɼʽʘʤʝʪʨ ʟʘʛʦʪʦʚʢʠ 

4 ʈʦʟʢʨʦʶʚʘʥʥʷ ʧʝʨʝʜʽʣʴʥʠʭ 

ʟʘʛʦʪʦʚʦʢ 

ɼʦʚʞʠʥʘ ʟʘʛʦʪʦʚʢʠ, ʤʽʨʥʽʩʪʴ ʛʦʪʦʚʦʾ 

ʧʨʦʜʫʢʮʽʾ 

5 ʅʘʛʨʽʚʘʥʥʷ ʟʘʛʦʪʦʚʦʢ  

6 ʇʨʦʰʠʚʢʘ ʟʘʛʦʪʦʚʢʠ ɼʽʘʤʝʪʨ ʪʨʫʙʠ 

7 ʇʨʦʢʘʪʢʘ ʟʘʛʦʪʦʚʢʠ ʊʦʚʱʠʥʘ ʩʪʽʥʢʠ ʪʨʫʙʠ 

8 ʈʦʟʢʨʦʶʚʘʥʥʷ ʪʨʫʙ ɼʦʚʞʠʥʘ ʽ ʤʽʨʥʽʩʪʴ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ 

9 ɿʘʛʘʨʪʦʚʫʚʘʥʥʷ ʡ 

ʚʽʜʧʫʩʢʘʥʥʷ ʪʨʫʙ 

ʄʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

10 ʌʽʥʘʣʴʥʘ ʦʙʨʦʙʢʘ ʪʨʫʙ ʅʘʷʚʥʽʩʪʴ ʨʽʟʴʙʠ, ʤʫʬʪ, ʧʦʢʨʠʪʪʷ ʩʪʽʥʦʢ, 

ʧʘʢʫʚʘʥʥʷ, ʤʘʨʢʫʚʘʥʥʷ 

 

ʇʦʜʽʙʥʽ ʪʘʙʣʠʮʽ, ʱʦ ʤʘʶʪʴ ʥʘʟʚʫ ʤʘʨʰʨʫʪʽʚ ʧʨʦʢʘʪʢʠ, ʤʽʩʪʷʪʴ ʚʠʤʦʛʠ ʜʦ 

ʧʘʨʘʤʝʪʨʽʚ ʛʦʪʦʚʦʛʦ ʚʠʨʦʙʫ. ɺʦʥʠ ʧʦʚôʷʟʫʶʪʴ ʚʠʜ ʧʨʦʜʫʢʮʽʾ ʟ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ 

ʦʧʝʨʘʮʽʷʤʠ ʧʦ ʾʾ ʚʠʛʦʪʦʚʣʝʥʥʶ ʪʘ ʢʦʥʢʨʝʪʥʠʤ ʟʘʤʦʚʣʝʥʥʷʤ. ʄʘʨʰʨʫʪʠ 

ʧʨʦʢʘʪʢʠ, ʜʦ ʷʢʠʭ ʚʢʣʶʯʘʶʪʴ ʧʦʚʥʠʡ ʧʝʨʝʣʽʢ ʥʘʣʘʰʪʫʚʘʥʴ ʦʙʣʘʜʥʘʥʥʷ, ʙʫʜʫʶʪʴ 

ʧʨʠ ʧʣʘʥʫʚʘʥʥʽ ʚʠʨʦʙʥʠʮʪʚʘ [175]. 

ɿʨʦʟʫʤʽʣʦ, ʱʦ ʧʦʧʝʨʝʜʥʽ ʦʧʝʨʘʮʽʾ ʻ ʚʠʟʥʘʯʘʣʴʥʠʤʠ ʜʣʷ ʪʠʭ, ʱʦ ʡʜʫʪʴ ʟʘ 

ʥʠʤʠ. ɸʣʝ ʻ ʽ ʟʚʦʨʦʪʥʽʡ ʚʧʣʠʚ: ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʚʠʤʦʛʠ ʽ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʙʽʣʴʰ ʧʽʟʥʽʭ ʦʧʝʨʘʮʽʡ ʧʨʠ ʧʣʘʥʫʚʘʥʥʽ ʨʘʥʥʽʭ. ɿʦʢʨʝʤʘ, ʜʦʩʣʽʜʞʝʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʦʙôʻʢʪʘʭ, ʱʦ ʨʦʟʛʣʷʜʘʣʠʩʷ, ʧʦʢʘʟʘʣʠ, ʱʦ ʧʝʨʝʭʽʜ ʟ 

ʦʜʥʦʛʦ ʜʽʘʤʝʪʨʫ ʟʘʛʦʪʦʚʢʠ ʥʘ ʽʥʰʠʡ (ʦʧʝʨʘʮʽʷ 3 ʪʘʙʣ. 1.1) ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʦ 
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ʙʽʣʴʰʝ ʯʘʩʫ (ʜʦ 480 ʭʚʠʣʠʥ), ʥʽʞ ʧʝʨʝʭʽʜ ʜʦ ʽʥʰʠʭ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʯʠ 

ʧʦʢʨʠʪʪʷ (ʚ ʤʝʞʘʭ ʢʽʣʴʢʦʭ ʭʚʠʣʠʥ). 

 ɺʽʜʪʘʢ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʤʝʞʘʭ ʟʘʛʘʣʴʥʦʾ ʧʨʦʙʣʝʤʠ 

ʽʥʬʦʨʤʘʮʽʡʥʦ-ʘʥʘʣʽʪʠʯʥʦ ʾʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʚʙʘʯʘʻʪʴʩʷ ʨʦʟʨʦʙʢʘ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʙʘʛʘʪʦʝʪʘʧʥʠʤ ʚʠʨʦʙʥʠʮʪʚʦʤ 

ʩʦʨʪʦʚʦʛʦ ʧʨʦʢʘʪʫ, ʷʢʘ ʙ ʚʨʘʭʦʚʫʚʘʣʘ ʤʦʞʣʠʚʽ ʚʪʨʘʪʠ ʥʘ ʧʝʨʝʥʘʣʘʰʪʫʚʘʥʥʷ 

ʦʙʣʘʜʥʘʥʥʷ ʧʨʠ ʰʠʨʦʢʦʤʫ ʩʦʨʪʘʤʝʥʪʽ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʽ ʜʦʟʚʦʣʷʣʘ ʙ 

ʦʧʪʠʤʽʟʫʚʘʪʠ ʧʨʦʮʝʩ ʦʙʨʦʙʢʠ ʚʩʽʻʾ ʤʥʦʞʠʥʠ ʧʦʪʦʯʥʠʭ ʟʘʤʦʚʣʝʥʴ ʟʘ ʟʚʝʜʝʥʠʤ 

ʝʢʦʥʦʤʽʯʥʠʤ ʢʨʠʪʝʨʽʻʤ. 

ʐʠʨʦʢʠʡ ʩʦʨʪʘʤʝʥʪ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʦʢʘʪʫ ʦʙʫʤʦʚʣʶʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʩʢʣʘʜʘʥʥʷ ʤʽʩʷʯʥʠʭ, ʪʠʞʥʝʚʠʭ, ʜʦʙʦʚʠʭ ʧʣʘʥʽʚ ʚʠʧʫʩʢʫ ʧʨʦʜʫʢʮʽʾ, 

ʘ ʽʥʢʦʣʠ ï ʧʨʠ ʜʨʽʙʥʦʩʝʨʽʡʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ï ʥʘʚʽʪʴ ʧʦʟʤʽʥʥʠʭ. ʉʪʘʪʠʩʪʠʯʥʽ 

ʜʘʥʽ ʩʚʽʜʯʘʪʴ, ʱʦ ʢʽʣʴʢʽʩʪʴ ʢʣʽʻʥʪʽʚ ʥʘ ʤʽʩʷʮʴ ʘʙʦ ʥʘ ʨʽʢ ʤʦʞʝ ʚʠʤʽʨʶʚʘʪʠʩʴ 

ʩʦʪʥʷʤʠ, ʢʽʣʴʢʽʩʪʴ ʟʘʤʦʚʣʝʥʴ ï ʪʠʩʷʯʘʤʠ ʘʙʦ ʡ ʜʝʩʷʪʢʘʤʠ ʪʠʩʷʯ [38].  

ɼʦʢʣʘʜʥʫ ʢʣʘʩʠʬʽʢʘʮʽʶ ʟʘʜʘʯ ʪʝʦʨʽʾ ʨʦʟʢʣʘʜʽʚ ʥʘʚʝʜʝʥʦ ʫ [39]. ɸʚʪʦʨʠ 

ʨʦʟʛʣʷʜʘʶʪʴ ʥʘʩʪʫʧʥʫ ʢʣʘʩʠʬʽʢʘʮʽʶ ʟʘʜʘʯ:  

1) ʟʘ ʢʽʣʴʢʽʩʪʶ ʦʙʩʣʫʛʦʚʫʶʯʠʭ ʧʨʠʩʪʨʦʾʚ: ʦʜʥʦʢʘʥʘʣʴʥʽ, ʟ ʢʽʣʴʢʦʤʘ 

ʽʜʝʥʪʠʯʥʠʤʠ ʢʘʥʘʣʘʤʠ, ʟ ʢʽʣʴʢʦʤʘ ʨʽʟʥʠʤʠ ʢʘʥʘʣʘʤʠ ʪʘ ʟ ʦʙʤʝʞʝʥʠʤʠ ʢʘʥʘʣʘʤʠ; 

2) ʟʘ ʢʨʠʪʝʨʽʻʤ ʦʧʪʠʤʘʣʴʥʦʩʪʽ: ʤʽʥʽʤʘʣʴʥʠʡ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʚʩʽʭ ʟʘʚʜʘʥʴ, 

ʤʽʥʽʤʘʣʴʥʝ ʟʚʘʞʝʥʝ ʟʘʧʽʟʥʝʥʥʷ, ʤʽʥʽʤʘʣʴʥʘ ʚʘʨʪʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʴ, 

ʤʽʥʽʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʥʘʚʘʥʪʘʞʝʥʠʭ ʢʘʥʘʣʽʚ ʪʦʱʦ; 

3) ʟʘ ʭʘʨʘʢʪʝʨʦʤ ʥʘʜʭʦʜʞʝʥʥʷ ʟʘʤʦʚʣʝʥʴ: ʜʝʪʝʨʤʽʥʦʚʘʥʠʡ, ʩʪʦʭʘʩʪʠʯʥʠʡ, 

ʥʝʩʪʦʭʘʩʪʠʯʥʠʡ).  

ɿ ʦʛʣʷʜʫ ʥʘ ʥʘʷʚʥʽʩʪʴ ʫ ʙʫʜʴï̫ ʢʦʤʫ ʤʝʪʘʣʫʨʛʽʡʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʟʛʘʜʘʥʦʛʦ 

ʚʠʱʝ ʧʣʘʚʠʣʴʥʦʛʦ ʘʛʨʝʛʘʪʫ, ʟʘʟʚʠʯʘʡ ʻʜʠʥʦʛʦ ʥʘ ʚʩʝ ʧʽʜʧʨʠʻʤʩʪʚʦ, ʥʘʡʙʽʣʴʰʫ 

ʫʚʘʛʫ ʧʨʠʚʝʨʪʘʶʪʴ ʤʦʜʝʣʽ ʦʜʥʦʢʘʥʘʣʴʥʠʭ ʨʦʟʢʣʘʜʽʚ ʟ ʤʽʥʽʤʽʟʘʮʽʻʶ ʩʫʤʘʨʥʦʛʦ 

ʘʙʦ ʟʚʘʞʝʥʦʛʦ ʟʘʧʽʟʥʝʥʥʷ ʚʠʢʦʥʘʥʥʷ ʚʩʽʭ ʟʘʚʜʘʥʴ, ʱʦ ʧʦʟʥʘʯʘʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ 

ρȿȿВὝ ʪʘ ρȿȿВύὝ.  

ʅʘʡʧʦʚʥʽʰʝ ʟʘʜʘʯʽ ʟʛʘʜʘʥʠʭ ʢʣʘʩʽʚ ʨʦʟʛʣʷʥʫʪʽ ʚ [40], ʜʝ ʧʝʨʝʣʽʯʝʥʽ ʚʽʜʦʤʽ 

ʤʝʪʦʜʠ ʪʦʯʥʦʛʦ ʟʥʘʭʦʜʞʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʚôʷʟʢʫ, ʟôʷʩʦʚʘʥʽ ʾʭ ʦʙʤʝʞʝʥʥʷ ʪʘ 
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ʥʝʜʦʣʽʢʠ, ʘ ʪʘʢʦʞ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʇɼʉïʘʣʛʦʨʠʪʤ (ʪʦʯʥʠʡ ʘʣʛʦʨʠʪʤ ʟ 

ʧʦʣʽʥʦʤʽʘʣʴʥʦʶ ʪʘ ʜʝʢʦʤʧʦʟʠʮʽʡʥʦʶ ʝʢʩʧʦʥʝʥʮʽʡʥʦʶ ʩʢʣʘʜʦʚʠʤʠ), ʷʢʠʡ 

ʜʦʟʚʦʣʷʻ ʚʠʨʽʰʫʚʘʪʠ ʚ ʨʝʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʽ ʯʘʩʫ ʟʘʜʘʯʽ ʨʦʟʤʽʨʥʽʩʪʶ ʜʦ 103. 

ʄʝʪʦʜʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʧʝʨʝʜʙʘʯʘʶʪʴ ʬʦʨʤʫʣʶʚʘʥʥʷ 

ʦʧʪʠʤʽʟʘʮʽʡʥʦʾ ʟʘʜʘʯʽ ʨʦʟʢʣʘʜʽʚ ʷʢ ʢʦʤʙʽʥʘʪʦʨʥʦʾ ʟʘʜʘʯʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʷʜʫ 

ʦʙʤʝʞʝʥʴ, ʷʢʽ ʟʘʟʚʠʯʘʡ ʚʠʟʥʘʯʘʶʪʴʩʷ ʷʢ ʥʘʙʽʨ ʥʝʨʽʚʥʦʩʪʝʡ ʪʘ/ʘʙʦ ʨʽʚʥʷʥʴ 

ʨʦʟʚôʷʟʘʥʥʷ ʧʦʜʽʙʥʠʭ ʟʘʜʘʯ ʚʝʣʠʢʦʾ ʨʦʟʤʽʨʥʦʩʪʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʝʢʩʧʦʥʝʥʮʽʡʥʦʛʦ 

ʟʨʦʩʪʘʥʥʷ ʯʘʩʫ ʦʪʨʠʤʘʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ ʘʙʦ ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʮʴʦʛʦ 

ʨʝʩʫʨʩʽʚ [41]. ɿʘʩʪʦʩʫʚʘʥʥʷ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʚ ʦʙʤʝʞʝʥʥʷʭ [42] ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ 

ʦʧʪʠʤʘʣʴʥʝ ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ, ʩʬʦʨʤʫʣʴʦʚʘʥʦʾ ʣʠʰʝ ʷʢ ʥʘʙʽʨ ʦʙʤʝʞʝʥʴ ʜʦʚʦʣʽ 

ʰʚʠʜʢʦ. ɺʪʽʤ, ʧʦʪʨʝʙʫʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʟʘʩʦʙʽʚ ʜʣʷ 

ʨʦʟʚ'ʷʟʫʚʘʥʥʷ ʟʘʜʘʯ ʽʟ ʦʙʤʝʞʝʥʥʷʤʠ, ʷʢʽ ʻ ʦʢʨʝʤʠʤʠ ʙʽʙʣʽʦʪʝʢʘʤʠ ʜʣʷ ʽʩʥʫʶʯʠʭ 

ʽʤʧʝʨʘʪʠʚʥʠʭ ʤʦʚ [43]. ɺʠʩʦʢʫ ʷʢʽʩʪʴ ʨʽʰʝʥʴ ʟʘʜʘʯ ʥʘ ʧʝʨʝʩʪʘʥʦʚʢʘʭ ʟʘʙʝʟʧʝʯʫʻ 

ʤʝʪʦʜ ʃʽʥʘ-ʂʝʨʥʽʛʘʥʘ [44], ʷʢʠʡ ʧʝʨʝʜʙʘʯʘʻ ʦʪʨʠʤʘʥʥʷ ʚʠʧʘʜʢʦʚʦ ʨʽʰʝʥʥʷ 

(ʧʦʩʣʽʜʦʚʥʦʩʪʽ) ʟ ʥʘʩʪʫʧʥʠʤʠ ʦʙʤʽʥʘʤʠ 2 ʘʙʦ 3 ʥʝʩʫʤʽʞʥʠʭ ʨʝʙʝʨ (ʧʝʨʝʭʦʜʽʚ).  

ɽʬʝʢʪʠʚʥʠʤ ʧʽʜʭʦʜʦʤ ʜʦ ʧʣʘʥʫʚʘʥʥʷ ʨʦʟʢʣʘʜʽʚ ʻ ʧʽʜʭʽʜ ʟ ʤʦʜʝʣʶʚʘʥʥʷʤ 

ʘʛʝʥʪʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʦʧʝʨʘʮʽʡ ʷʢ ʦʙʭʽʜ ʥʝʦʨʽʻʥʪʦʚʘʥʦʛʦ 

ʛʨʘʬʘ [45]. ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʮʽʣʦʯʠʩʝʣʴʥʠʭ ʟʘʜʘʯ ʪʘ ʟʘʜʘʯ ʥʘ ʧʝʨʝʩʪʘʥʦʚʢʘʭ ʮʝʡ 

ʧʽʜʭʽʜ ʤʦʞʝ ʜʦʩʷʛʪʠ ʭʦʨʦʰʦʛʦ ʙʘʣʘʥʩʫ ʤʽʞ ʝʬʝʢʪʠʚʥʽʩʪʶ ʨʽʰʝʥʥʷ ʪʘ ʰʚʠʜʢʽʩʪʶ 

ʡʦʛʦ ʦʪʨʠʤʘʥʥʷ [46].  

ʆʜʥʠʤ ʟ ʥʘʡʝʬʝʢʪʠʚʥʽʰʠʭ ʤʝʪʦʜʽʚ ʦʧʪʠʤʽʟʘʮʽʾ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʥʘ 

ʧʝʨʝʩʪʘʥʦʚʢʘʭ ʻ ʪʘʢ ʟʚʘʥʠʡ ʤʝʪʦʜ ʦʧʪʠʤʽʟʘʮʽʾ ʢʦʣʦʥʽʻʶ ʤʫʨʘʭ (ʘʥʛʣ. ant colony 

optimization, ACO) [47]. ʎʝʡ ʧʽʜʭʽʜ ʧʦʣʷʛʘʻ ʚ ʘʥʘʣʽʟʽ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʦʜʝʣʽ 

ʧʦʚʝʜʽʥʢʠ ʤʫʨʘʭ, ʱʦ ʰʫʢʘʶʪʴ ʜʦʨʦʛʠ ʚʽʜ ʢʦʣʦʥʽʾ ʜʦ ʾʞʽ. ʋ ʦʩʥʦʚʽ ʤʝʪʦʜʫ ʣʝʞʠʪʴ 

ʧʦʚʝʜʽʥʢʘ ʤʫʨʘʰʠʥʦʾ ʢʦʣʦʥʽʾ ï ʤʘʨʢʫʚʘʥʥʷ ʚʜʘʣʠʭ ʧʝʨʝʭʦʜʽʚ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ 

ʬʝʨʦʤʦʥʫ. ʈʦʙʦʪʘ ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʨʦʟʤʽʱʝʥʥʷ ʤʫʨʘʭ ʫ ʚʝʨʰʠʥʘʭ ʛʨʘʬʫ (ʥʦʤʝʨʠ 

ʟʘʤʦʚʣʝʥʴ), ʧʦʪʽʤ ʧʦʯʠʥʘʻʪʴʩʷ ʨʫʭ ʤʫʨʘʰʦʢ ï ʧʦʙʫʜʦʚʘ ʥʦʚʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ 

ʡʤʦʚʽʨʥʽʩʥʠʤ ʤʝʪʦʜʦʤ [48]. ʅʘʡʙʽʣʴʰ ʚʜʘʣʦʶ ʨʝʘʣʽʟʘʮʽʻʶ ʜʘʥʦʛʦ ʧʽʜʭʦʜʫ ʜʣʷ 

ʟʥʘʭʦʜʞʝʥʥʷ ʥʘʙʣʠʞʝʥʠʭ ʨʦʟʚ'ʷʟʢʽʚ ʟʘʜʘʯʽ ʧʣʘʥʫʚʘʥʥʷ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚʠʢʦʥʘʥʥʷ 



57 

ʟʘʤʦʚʣʝʥʴ, ʘ ʪʘʢʦʞ ʘʥʘʣʦʛʽʯʥʠʭ ʟʘʜʘʯ ʥʘ ʧʝʨʝʩʪʘʥʦʚʢʘʭ ʻ ʤʽʥʽʤʘʢʩʥʠʡ ʤʝʪʦʜ 

ʤʫʨʘʰʠʥʦʾ ʢʦʣʦʥʽʾ (MMAS) [49]. 

ʆʩʪʘʥʥʽ ʜʦʩʷʛʥʝʥʥʷ ʚ ʦʙʣʘʩʪʽ ʧʣʘʥʫʚʘʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ʧʝʨʝʜʙʘʯʘʶʪʴ 

ʩʧʽʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʫʣʴʪʠʘʛʝʥʪʥʦʛʦ ʤʝʪʦʜʫ ʣʦʢʘʣʴʥʦʛʦ ʧʦʰʫʢʫ ʨʘʟʦʤ ʟ 

ʛʣʦʙʘʣʴʥʦʶ ʧʦʰʫʢʦʚʦʶ ʩʪʨʘʪʝʛʽʻʶ, ʦʩʥʦʚʘʥʦʶ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʝʢʩʧʝʨʪʥʠʭ 

ʟʥʘʥʴ ʫ ʚʠʛʣʷʜʽ ʧʨʦʜʫʢʮʽʡʥʠʭ ʧʨʘʚʠʣ [50]. 

ɺʦʜʥʦʯʘʩ, ʦʧʠʩ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʫ [40-43, 51] ʥʝ ʚ ʧʦʚʥʽ ʚʽʜʦʙʨʘʞʘʻ 

ʩʫʪʥʽʩʪʴ ʧʨʦʮʝʩʽʚ ʚ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʨʦʮʝʩʽ ʙʘʛʘʪʦʝʪʘʧʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ 

ʧʨʦʢʘʪʫ ʟ ʰʠʨʦʢʠʤ ʘʩʦʨʪʠʤʝʥʪʦʤ ʧʨʦʜʫʢʮʽʾ. ɺʝʣʠʢʫ ʨʦʣʴ ʚʽʜʽʛʨʘʶʪʴ ʚʪʨʘʪʠ 

ʨʦʙʦʯʦʛʦ ʯʘʩʫ ʥʘ ʧʝʨʝʥʘʣʘʰʪʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʟ ʚʠʧʫʩʢʫ ʦʜʥʦʛʦ ʚʠʜʫ ʧʨʦʜʫʢʮʽʾ 

ʥʘ ʽʥʰʠʡ [52]. ɺʽʜʪʘʢ ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʤʘʻ ʚʠʢʦʥʫʚʘʪʠʩʴ 

ʚʠʢʣʶʯʥʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʮʴʦʛʦ ʚʠʜʫ ʚʪʨʘʪ. ɿʘʩʪʦʩʫʚʘʥʥʶ ʜʦ ʧʨʦʮʝʩʽʚ 

ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʤʝʪʘʣʫʨʛʽʡʥʠʤ ʧʽʜʧʨʠʻʤʩʪʚʦʤ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʪʝʭʥʦʣʦʛʽʾ ʝʢʩʧʝʨʪʥʠʭ ʩʠʩʪʝʤ ʧʨʠʩʚʷʯʝʥʘ ʨʦʙʦʪʘ [53], ʜʝ ʥʘʛʦʣʦʰʫʻʪʴʩʷ 

ʚʠʢʣʘʜʝʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ.  

ɺ [54] ʧʦʢʘʟʘʥʦ, ʱʦ ʜʣʷ ʟʘʜʘʯ ʧʣʘʥʫʚʘʥʥʷ ʚʝʣʠʢʦʾ ʨʦʟʤʽʨʥʦʩʪʽ ʨʽʰʝʥʥʷ, ʷʢʽ 

ʟʘʙʝʟʧʝʯʫʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʥʘ ʦʩʥʦʚʽ ʤʫʣʴʪʠʘʛʝʥʪʥʦʛʦ 

ʧʦʰʫʢʫ ʨʽʰʝʥʴ ʪʘ ʝʢʩʧʝʨʪʥʠʭ ʩʠʩʪʝʤ ʚʠʷʚʣʷʻʪʴʩʷ ʥʝ ʛʽʨʰʠʤ ʟʘ ʝʢʦʥʦʤʽʯʥʠʤ 

ʢʨʠʪʝʨʽʻʤ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʨʦʟʢʣʘʜʘʤʠ, ʷʢʽ ʩʪʚʦʨʶʶʪʴ ʥʘʡʜʦʩʚʽʜʯʝʥʽʰʽ ʝʢʩʧʝʨʪʠ-

ʣʶʜʠ (ʥʝʭʪʫʶʯʠ ʾʭʥʽʤʠ ʧʦʤʠʣʢʘʤʠ). ʇʨʠ ʮʴʦʤʫ ʪʘʢʽ ʨʽʰʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ 

ʦʪʨʠʤʘʥʽ ʟʘ ʟʥʘʯʥʦ ʤʝʥʰʠʡ ʯʘʩ ʽ ʫʙʝʟʧʝʯʝʥʽ ʚʽʜ ʚʠʧʘʜʢʦʚʦʾ ʧʦʤʠʣʢʠ, ʚʣʘʩʪʠʚʦʾ 

ʣʶʜʷʤ-ʝʢʩʧʝʨʪʘʤ. 

ɺʽʜʪʘʢ ʘʢʪʫʘʣʴʥʠʤ ʚʙʘʯʘʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʧʣʘʥʽʚ 

ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʫ ʤʝʪʘʣʫʨʛʽʡʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ, 

ʟʘʩʥʦʚʘʥʦʾ ʥʘ ʤʘʪʝʤʘʪʠʯʥʽʡ ʤʦʜʝʣʽ ʧʨʦʮʝʩʫ ʥʘ ʦʩʥʦʚʽ ʝʢʦʥʦʤʽʯʥʦʛʦ ʢʨʠʪʝʨʽʶ ʟ 

ʫʨʘʭʫʚʘʥʥʷ ʯʘʩʫ ʧʝʨʝʥʘʣʘʰʪʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʤʫʣʴʪʠʘʛʝʥʪʥʦʤʫ ʤʝʪʦʜʽ 

ʦʧʪʠʤʽʟʘʮʽʾ ʮʴʦʛʦ ʧʨʦʮʝʩʫ. 
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1.3.2 ɿʘʜʘʯʽ ʫʤʦʚʥʦʾ ʪʘ ʙʝʟʫʤʦʚʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʧʨʦʢʘʪʫ ʪʘ 

ʤʝʪʦʜʠ ʾʭ ʨʦʟʚôʷʟʘʥʥʷ 

ʆʜʥʽʻʶ ʟ ʚʘʞʣʠʚʠʭ ʟʘʜʘʯ, ʷʢʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʚ ʤʝʞʘʭ ʧʨʦʙʣʝʤʠ ʧʽʜʪʨʠʤʢʠ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʩʦʨʪʦʚʦʛʦ ʧʨʦʢʘʪʫ, ʻ ʟʘʜʘʯʘ ʧʦʜʽʣʫ ʟʣʠʚʢʘ ʥʘ 

ʧʝʨʝʜʽʣʴʥʽ ʟʘʛʦʪʦʚʢʠ, ʘ ʪʠʭ ʫ ʩʚʦʶ ʯʝʨʛʫ ï ʥʘ ʰʪʘʥʛʠ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ. ɿʛʘʜʘʥʘ 

ʟʘʜʘʯʘ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʜʚʦʝʪʘʧʥʠʭ ʟʘʜʘʯ ʦʜʥʦʚʠʤʽʨʥʦʛʦ ʨʦʟʢʨʦʶʚʘʥʥʷ [55], ʱʦ ʚ 

ʩʚʦʶ ʯʝʨʛʫ ʻ ʦʢʨʝʤʠʤ ʚʠʧʘʜʢʦʤ ʢʦʤʙʽʥʘʪʦʨʥʦʾ ʟʘʜʘʯʽ ʫʤʦʚʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ [56]. 

ɺ ʨʦʙʦʪʽ [57] ʥʘʛʦʣʦʰʫʻʪʴʩʷ ʥʘ ʜʠʥʘʤʽʯʥʦʤʫ ʭʘʨʘʢʪʝʨʽ ʟʘʜʘʯʽ ʨʦʟʢʨʦʶʚʘʥʥʷ ʜʣʷ 

ʧʨʦʢʘʪʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʢʦʣʠ ʢʦʞʝʥ ʧʦʪʦʯʥʠʡ ʟʣʠʚʦʢ ʪʠ ʧʝʨʝʜʽʣʴʥʘ ʟʘʛʦʪʦʚʢʘ 

ʤʦʞʫʪʴ ʨʦʟʢʨʦʶʚʘʪʠʩʴ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʥʝ ʦʜʥʦʛʦ, ʘ ʢʽʣʴʢʦʭ ʧʘʨʘʣʝʣʴʥʠʭ 

ʟʘʤʦʚʣʝʥʴ. 

ɺ ʭʦʜʽ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ [181] ʟôʷʩʦʚʘʥʦ, ʱʦ ʜʦʚʞʠʥʘ ʧʝʨʝʜʽʣʴʥʦʾ 

ʟʘʛʦʪʦʚʢʠ, ʷʢʘ ʧʦʩʪʫʧʘʻ ʥʘ ʜʽʣʷʥʢʫ ʨʦʟʢʨʦʶʚʘʥʥʷ ʧʨʠ ʩʦʨʪʦʧʨʦʢʘʪʥʦʤʫ 

ʚʠʨʦʙʥʠʮʪʚʽ ʚ ʩʴʦʤʽʡ ʦʧʝʨʘʮʽʾ ʥʘ ʨʠʩ. 1.2, ʘ), ʤʘʻ ʚʠʧʘʜʢʦʚʠʡ ʭʘʨʘʢʪʝʨ ʽ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʚʠʢʦʥʘʥʥʷ ʧʦʧʝʨʝʜʥʽʭ ʦʧʝʨʘʮʽʡ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʡ ʚʽʜ ʧʦʤʠʣʦʢ, ʜʦʧʫʱʝʥʠʭ ʫ 

ʭʦʜʽ ʮʠʭ ʦʧʝʨʘʮʽʡ ʪʘ ʧʨʠ ʢʦʥʪʨʦʣʽ ʾʭ ʯʠʩʣʦʚʠʭ ʧʦʢʘʟʥʠʢʽʚ. ʗʢ ʚʠʜʥʦ, ʟ ʨʠʩ. 1.2 

ʙ), ʨʦʟʢʨʦʶʚʘʥʥʷ ʟʘʛʦʪʦʚʦʢ ʫ ʪʨʫʙʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘʟʜʘʣʝʛʽʜʴ ï 

ʜʦ ʧʨʦʰʠʚʢʠ ʡ ʧʨʦʢʘʪʢʠ ʪʨʫʙʠ (ʦʧʝʨʘʮʽʷ 3). ɺʪʽʤ, ʦʜʨʘʟʫ ʧʽʩʣʷ ʧʨʦʰʠʚʢʠ 

ʟôʷʚʣʷʶʪʴʩʷ ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʙʨʽʟʢʠ. ɰʾ ʢʽʣʴʢʽʩʪʴ, ʘ ʪʘʢʦʞ ʢʨʘʪʥʽʩʪʴ ʦʪʨʠʤʘʥʦʾ ʚ ʭʦʜʽ 

ʧʨʦʢʘʪʢʠ ʪʨʫʙʠ ï ʦʜʥʝ ʟ ʛʦʣʦʚʥʠʭ ʬʘʢʪʦʨʽʚ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʧʨʠ ʦʧʪʠʤʽʟʘʮʽʾ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʚʠʙʦʨʫ ʽʥʩʪʨʫʤʝʥʪʫ ʡ ʧʦʙʫʜʦʚʽ ʪʘʢ ʟʚʘʥʠʭ ʤʘʨʰʨʫʪʽʚ 

ʧʨʦʢʘʪʢʠ [175]. ɻʦʣʦʚʥʦʶ ʟʘʜʘʯʝʶ, ʷʢʘ ʚʠʨʽʰʫʻʪʴʩʷ ʚ ʪʨʫʙʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʻ 

ʥʝ ʧʨʦʩʪʦ ʤʽʥʽʤʽʟʘʮʽʷ ʚʪʨʘʪ ʤʝʪʘʣʫ, ʘ ʱʝ ʡ ʟʘʙʝʟʧʝʯʝʥʥʷ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʩʘʤʝ 

ʟʘʜʘʥʦʾ ʤʽʨʥʦʾ ʜʦʚʞʠʥʠ, ʘʜʞʝ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʟʘʤʦʚʣʝʥʴ ʤʽʨʥʽʩʪʴ ʧʨʦʜʫʢʮʽʾ 

ʥʘʡʯʘʩʪʽʰʝ ʤʘʻ ʢʣʶʯʦʚʠʡ ʚʧʣʠʚ ʥʘ ʮʽʥʫ. ɸʙʠ ʟʘʙʝʟʧʝʯʠʪʠ ʤʽʨʥʽʩʪʴ ʛʦʪʦʚʦʾ 

ʧʨʦʜʫʢʮʽʾ ʽʥʦʜʽ ʧʨʦʧʦʥʫʶʪʴ ʚʠʢʦʥʫʚʘʪʠ ʨʦʟʨʘʭʫʥʦʢ ʫʩʽʭ ʝʪʘʧʽʚ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʪʨʫʙʠ ʘʞ ʜʦ ʨʦʟʢʨʦʶʚʘʥʥʷ ʟʘʛʦʪʦʚʢʠ, ʚʠʭʦʜʷʯʠ ʥʝ ʽʟ ʟʘʜʘʥʦʾ ʜʦʚʞʠʥʠ, ʘ ʟ 

ʚʝʨʭʥʴʦʛʦ ʜʦʧʫʩʢʫ [182]. 

ʈʦʟʢʨʦʶʚʘʥʥʷ ʩʦʨʪʦʚʦʛʦ, ʧʨʫʪʢʦʚʦʛʦ ʧʨʦʢʘʪʫ, ʩʤʫʛ ʪʘ ʪʨʫʙ ï ʦʜʥʘ ʟ 

ʧʦʰʠʨʝʥʠʭ ʽ ʜʦʙʨʝ ʜʦʩʣʽʜʞʝʥʠʭ ʟʘʜʘʯ, ʱʦ ʚʽʜʥʦʩʠʪʴ ʜʦ ʢʣʘʩʫ ʮʽʣʦʯʠʩʝʣʴʥʦʛʦ 
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ʧʨʦʛʨʘʤʫʚʘʥʥʷ [56-66]. ɺ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʢʨʽʤ ʦʩʥʦʚʥʦʛʦ ʢʨʠʪʝʨʽʶ ï ʤʽʥʽʤʽʟʘʮʽʾ 

ʚʠʪʨʘʪ ʤʘʪʝʨʽʘʣʫ ʥʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ï ʧʣʘʥ 

ʨʦʟʢʨʦʶʚʘʥʥʷ ʧʦʚʠʥʝʥ ʟʘʜʦʚʦʣʴʥʷʪʠ ʡ ʽʥʰʠʤ ʚʠʤʦʛʘʤ [183]: 

- ʟ ʦʜʥʦʾ ʟʘʛʦʪʦʚʢʠ ʚʠʢʨʦʶʶʪʴʩʷ ʤʽʥʽʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʨʽʟʥʠʭ ʟʘ ʜʦʚʞʠʥʦʶ 

ʰʪʘʥʛ; 

- h ʪʘʥʛʠ ʦʜʥʽʻʾ ʜʦʚʞʠʥʠ ʤʘʶʪʴ ʚʠʛʦʪʦʚʣʷʪʠʩʷ ʟ ʷʢʦʤʦʛʘ ʤʝʥʰʦʾ ʢʽʣʴʢʦʩʪʽ 

ʟʘʛʦʪʦʚʦʢ; 

- ʧʨʠ ʨʦʟʢʨʦʶʚʘʥʥʽ ʢʦʞʥʦʾ ʟʘʛʦʪʦʚʢʠ ʨʽʟʥʠʢ ʤʘʻ ʷʢʦʤʦʛʘ ʤʝʥʰʝ ʨʘʟʽʚ 

ʧʝʨʝʥʘʣʘʰʪʦʚʫʚʘʪʠ ʽʥʩʪʨʫʤʝʥʪ ʥʘ ʥʦʚʫ ʜʦʚʞʠʥʫ; 

- ʧʦ ʤʦʞʣʠʚʦʩʪʽ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʩʚʽʡ ʧʣʘʥ ʨʦʟʢʨʦʶʚʘʥʥʷ ʜʦ ʢʦʞʥʦʾ 

ʟʘʛʦʪʦʚʢʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʾʾ ʜʦʚʞʠʥʠ ʪʘ ʤʦʞʣʠʚʠʭ ʚʽʜʭʠʣʝʥʴ ʟʘʛʦʪʦʚʢʠ ʚʽʜ 

ʟʘʜʘʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

ʇʠʪʘʥʥʷ ʬʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʦʧʪʠʤʽʟʘʮʽʾ ʫ ʧʨʦʢʘʪʥʦʤʫ 

ʚʠʨʦʙʥʠʮʪʚʽ ʘʚʪʦʨʠ ʨʦʟʛʣʷʜʘʶʪʴ ʥʝʦʜʥʦʟʥʘʯʥʦ. ʊʘʢ, ʚ ʨʦʙʦʪʘʭ [55, 57-62] ʤʦʚʘ 

ʡʜʝ ʧʨʦ ʤʽʥʽʤʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʦʙʨʽʟʢʽʚ (ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʪʨʘʪ) ʥʘ ʦʜʠʥʠʮʶ 

ʜʦʚʞʠʥʠ ʧʨʦʢʘʪʥʦʾ ʧʨʦʜʫʢʮʽʾ, ʪʦʜʽ ʷʢ ʽʥʰʽ [52, 63-69, 183] ʨʦʟʛʣʷʜʘʶʪʴ ʫ ʷʢʦʩʪʽ 

ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ, ʱʦ ʤʽʥʽʤʽʟʫʻʪʴʩʷ, ʢʽʣʴʢʽʩʪʴ ʤʝʪʘʣʫ (ʚ ʢʽʣʴʢʦʩʪʽ ʟʣʠʚʢʽʚ, 

ʧʝʨʝʜʽʣʴʥʠʭ ʟʘʛʦʪʦʚʦʢ ʯʠ ʧʦ ʤʘʩʽ), ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʧʦʪʦʯʥʦʛʦ ʟʘʤʦʚʣʝʥʥʷ. 

ʗʢ ʧʦʢʘʟʘʥʦ ʚ [52], ʮʝ ʤʦʞʣʠʚʦ ʣʠʰʝ ʟʘ ʫʤʦʚʠ, ʱʦ ʟʘʤʦʚʣʝʥʥʷ ʥʘ ʛʦʪʦʚʫ 

ʧʨʦʜʫʢʮʽʶ, ʷʢʝ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚ ʷʢʦʩʪʽ ʧʦʪʦʯʥʦʛʦ ʟʘʚʜʘʥʥʷ, ʥʝ ʧʝʨʝʚʠʱʫʻ ʟʘ 

ʚʘʛʦʶ ʤʝʪʘʣʫ ʦʜʥʫ ʧʣʘʚʢʫ. ʊʘʢʠʡ ʧʽʜʭʽʜ, ʱʦ, ʟʜʘʚʘʣʦʩʷ ʙ, ʻ ʥʘʜʪʦ ʦʙʤʝʞʫʶʯʠʤ, 

ʘʣʝ ʟʘ ʫʤʦʚʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʣʦʩʪʽ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʪʘ ʽʥʰʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʪʘʣʽ 

ʚ ʧʦʩʣʽʜʦʚʥʠʭ ʧʣʘʚʢʘʭ, ʘ ʪʘʢʦʞ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʰʠʥ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʣʠʪʪʷ 

ʟʘʛʦʪʦʚʦʢ ʤʦʞʥʘ ʟʘʙʝʟʧʝʯʠʪʠ ʪʘʢʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʧʣʘʚʦʢ, ʷʢʘ ʟʘ ʦʙʩʷʛʦʤ ʛʦʪʦʚʦʛʦ 

ʤʝʪʘʣʫ ʧʝʨʝʚʠʱʫʚʘʪʠʤʝ ʙʫʜʴ-ʷʢʝ ʟʘʤʦʚʣʝʥʥʷ. ɺʽʜʪʘʢ, ʥʘʜʘʣʽ ʨʦʟʛʣʷʜʘʻʤʦ ʚ 

ʷʢʦʩʪʽ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʩʘʤʝ ʤʽʥʽʤʫʤ ʤʝʪʘʣʫ, ʚʠʢʦʨʠʩʪʘʥʦʛʦ ʥʘ ʚʠʢʦʥʘʥʥʷ 

ʧʦʪʦʯʥʦʛʦ ʟʘʤʦʚʣʝʥʥʷ, ʷʢʝ ʥʝ ʧʝʨʝʚʠʱʫʻ ʟʘ ʤʘʩʦʶ ʤʘʩʫ ʧʦʪʦʯʥʦʾ ʧʣʘʚʢʠ. 

ɺ [57] ʪʘ [58], ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʩʠʪʫʘʮʽʷ, ʧʦʚôʷʟʘʥʘ ʟ ʚʠʢʦʥʘʥʥʷʤ ʪʘʢ ʟʚʘʥʠʭ 

çʪʝʨʤʽʥʦʚʠʭè ʟʘʤʦʚʣʝʥʴ, ʷʢʽ ʟʤʫʰʫʶʪʴ ʟʤʽʥʶʚʘʪʠ ʧʣʘʥ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ 
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(ʟʘʟʚʠʯʘʡ ʪʠʞʥʝʚʠʡ ʟ ʜʦʙʦʚʠʤ ʪʘ ʟʤʽʥʥʠʤ ʫʪʦʯʥʝʥʥʷʤ) ʧʨʦʩʪʦ ʧʽʜ ʯʘʩ ʟʤʽʥʠ. 

ʈʦʟʛʣʷʜʘʶʪʴʩʷ ʩʠʪʫʘʮʽʾ, ʢʦʣʠ ʧʝʚʥʝ çʪʝʨʤʽʥʦʚʝè ʟʘʤʦʚʣʝʥʥʷ ʤʘʻ ʧʦʯʠʥʘʪʠ 

ʚʠʢʦʥʫʚʘʪʠʩʷ ʧʨʦʩʪʦ ʟ ʧʦʪʦʯʥʦʾ ʧʣʘʚʢʠ, ʧʘʨʘʣʝʣʴʥʦ ʽʟ ʟʘʤʦʚʣʝʥʥʷʤ, 

ʧʨʠʟʥʘʯʝʥʠʤ ʟʘ ʧʣʘʥʦʤ ʥʘ ʟʤʽʥʫ ʯʠ ʥʘʚʽʪʴ ʩʢʦʨʽʰʝ ʟʘ ʥʴʦʛʦ. ʋʤʦʚʦʶ 

ʧʘʨʘʣʝʣʴʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʢʽʣʴʢʦʭ ʟʘʤʦʚʣʝʥʴ ʘʙʦ ʧʝʨʝʭʦʜʫ ʟ ʚʠʢʦʥʘʥʥʷ ʦʜʥʦʛʦ 

ʟʘʤʦʚʣʝʥʥʷ ʜʦ ʽʥʰʦʛʦ, ʢʨʽʤ ʦʜʥʘʢʦʚʦʾ ʤʘʨʢʠ ʩʪʘʣʽ, ʻ ʦʜʥʘʢʦʚʽʩʪʴ ʧʦʧʝʨʝʯʥʦʛʦ 

ʧʝʨʝʜʽʣʫ (ʪʠʧʫ) ʙʣʶʤʘ, ʫ ʷʢʠʡ ʨʦʟʢʘʪʫʻʪʴʩʷ ʟʣʠʪʦʢ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʚʠʢʣʘʜʝʥʠʭ ʚ 

[57-59, 184] ʧʽʜʭʦʜʽʚ ʥʝ ʤʦʞʣʠʚʝ ʥʘ ʙʽʣʴʰʦʩʪʽ ʚʽʪʯʠʟʥʷʥʠʭ ʤʝʪʘʣʫʨʛʽʡʥʠʭ 

ʚʠʨʦʙʥʠʮʪʚ ʪʝʭʥʦʣʦʛʽʯʥʦ. ɺʪʽʤ, ʨʘʮʽʦʥʘʣʴʥʠʤ ʙʘʯʠʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʚʽʡʢʦʚʦ-

ʮʽʣʦʯʠʩʝʣʴʥʦʛʦ ʧʽʜʭʦʜʫ, ʢʦʣʠ ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʢʨʦʶʚʘʥʥʷ ʢʦʞʥʦʾ ʦʢʨʝʤʦʾ 

ʧʝʨʝʜʽʣʴʥʦʾ ʟʘʛʦʪʦʚʢʠ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʦʜʠʥ ʘʙʦ ʜʝʢʽʣʴʢʘ ʦʧʪʠʤʘʣʴʥʠʭ ʰʘʙʣʦʥʽʚ 

ʨʦʟʢʨʦʶʚʘʥʥʷ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʥʘ ʦʩʪʘʥʥʴʦʤʫ ʝʪʘʧʽ.  

ʊʘʢʦʞ ʩʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʫ ʙʽʣʴʰʦʩʪʽ ʜʞʝʨʝʣ [55, 57-62, 185], ʚʘʛʘ ʟʣʠʚʢʘ, 

ʘ ʚʽʜʪʘʢ ʜʦʚʞʠʥʘ, ʥʘ ʷʢʫ ʚʽʥ ʨʦʟʢʘʪʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʙʣʶʤʫ, ʻ ʥʝʢʝʨʦʚʘʥʦʶ 

ʚʝʣʠʯʠʥʦʶ. ʊʦʙʪʦ ʟʣʠʚʢʠ ʥʘʜʭʦʜʷʪʴ ʫ ʧʨʦʢʘʪ ʪʘʢʠʤʠ, ʷʢ ʾʭ ʨʦʟʣʠʣʠ, ʥʝ 

ʧʝʨʝʜʙʘʯʘʶʯʠ ʪʦʡ ʯʠ ʽʥʰʠʡ ʚʘʨʽʘʥʪ ʨʦʟʢʨʦʶ ʥʘʧʝʨʝʜ. ɸʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ ʚ 

ʤʝʞʘʭ ʟʘʛʘʣʴʥʦʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʧʨʦʙʣʝʤʠ ʚʙʘʯʘʻʪʴʩʷ ʨʦʟʨʦʙʢʘ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʨʦʮʝʩʫ ʧʦʜʽʣʫ ʚʠʧʣʘʚʣʝʥʦʛʦ ʤʝʪʘʣʫ ʥʘ ʦʜʠʥʠʮʽ ʛʦʪʦʚʦʾ 

ʧʨʦʜʫʢʮʽʾ ʫ ʚʠʛʣʷʜʽ ʢʨʠʪʝʨʽʶ ʤʽʥʽʤʽʟʘʮʽʾ ʚʠʪʨʘʪʠ ʤʝʪʘʣʫ ʥʘ ʚʠʢʦʥʘʥʥʷ ʢʦʞʥʦʛʦ 

ʟʘʤʦʚʣʝʥʥ,̫ ʘ ʪʘʢʦʞ ʚʠʙʦʨʫ ʪʘʢʦʛʦ ʘʣʛʦʨʠʪʤʫ, ʷʢʠʡ ʙʠ ʜʦʟʚʦʣʷʚ ʚʠʨʽʰʫʚʘʪʠ 

ʟʘʜʘʯʫ ʦʧʪʠʤʽʟʘʮʽʾ ʚ ʨʝʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʽ ʯʘʩʫ ʜʣʷ ʥʝʚʽʜʦʤʦʾ ʟʘʟʜʘʣʝʛʽʜʴ ʜʦʚʞʠʥʠ 

ʟʘʛʦʪʦʚʢʠ. ʊʘʢʠʡ ʢʨʠʪʝʨʽʡ ʤʽʥʽʤʽʟʘʮʽʾ ʨʘʮʽʦʥʘʣʴʥʦ ʩʧʨʷʤʫʚʘʪʠ ʩʘʤʝ ʥʘ 

ʬʦʨʤʫʚʘʥʥʷ ʟʣʠʪʢʽʚ ʟʘʜʘʥʦʾ ʚʘʛʠ ʚ ʤʝʞʘʭ ʢʦʞʥʦʾ ʧʣʘʚʢʠ, ʘʙʠ ʥʘ ʧʦʜʘʣʴʰʠʭ 

ʝʪʘʧʘʭ ʦʪʨʠʤʘʪʠ ʧʨʦʜʫʢʮʽʶ ʥʘʧʝʨʝʜ ʟʘʜʘʥʦʾ ʦʧʪʠʤʘʣʴʥʦʾ ʜʦʚʞʠʥʠ, ʫʟʛʦʜʞʫʶʯʠ 

ʧʨʠ ʮʴʦʤʫ ʧʘʨʘʣʝʣʴʥʝ ʚʠʢʦʥʘʥʥʷ ʜʝʢʽʣʴʢʦʭ ʟʘʤʦʚʣʝʥʴ [186]. 

ɺ [58] ʥʘʚʝʜʝʥʠʡ ʦʛʣʷʜ ʤʝʪʦʜʽʚ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʦʜʥʦʚʠʤʽʨʥʦʛʦ 

ʨʦʟʢʨʦʶʚʘʥʥʷ, ʱʦ ʦʭʦʧʣʶʻ ʷʢ ʦʜʥʦʝʪʘʧʥʽ, ʪʘʢ ʽ ʜʚʦʝʪʘʧʥʽ ʚʠʨʦʙʥʠʯʽ ʧʨʦʮʝʩʠ. 

ʅʘʛʦʣʦʰʫʻʪʴʩʷ, ʱʦ ʚʘʨʽʶʚʘʥʥʷ ʜʦʚʞʠʥʘʤʠ ʨʦʟʢʨʦʶʚʘʥʥʷ ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ 

ʤʦʞʝ ʩʫʪʪʻʚʦ ʟʥʠʟʠʪʠ ʘʙʦ ʚʟʘʛʘʣʽ ʚʠʢʣʶʯʠʪʠ (ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʧʦʨʫʰʝʥʴ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ) ʚʪʨʘʪʠ ʤʝʪʘʣʫ ʥʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ. ɼʘʥʠʡ ʧʽʜʭʽʜ 
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ʨʦʟʚʠʥʫʪʠʡ ʚ [59], ʜʝ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʢʦʤʙʽʥʦʚʘʥʘ ʜʚʽʡʢʦʚʦ-ʮʽʣʦʯʠʩʝʣʴʥʘ 

ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʨʦʟʢʨʦʶʚʘʥʥʷ ʙʣʶʤʘ ʥʘ ʧʝʨʝʜʽʣʴʥʽ ʟʘʛʦʪʦʚʢʠ ʪʘ ʛʦʪʦʚʦʾ 

ʧʨʦʜʫʢʮʽʾ ʥʘ ʰʪʘʥʛʠ ʟʘ ʫʤʦʚʠ ʩʪʘʥʜʘʨʪʥʠʭ (ʤʽʨʥʠʭ) ʜʦʚʞʠʥ ʰʪʘʥʛ.  

ʊʘʢʦʞ ʩʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʫ [59], ʷʢ ʽ ʫ ʙʽʣʴʰʦʩʪʽ ʽʥʰʠʭ ʜʞʝʨʝʣ, ʚʘʛʘ ʟʣʠʪʘ, 

ʘ ʚʽʜʪʘʢ ʜʦʚʞʠʥʘ, ʥʘ ʷʢʫ ʚʽʥ ʨʦʟʢʘʪʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʙʣʶʤʫ, ʻ ʥʝʢʝʨʦʚʘʥʦʶ 

ʚʝʣʠʯʠʥʦʶ. ʊʦʙʪʦ ʟʣʠʚʢʠ ʥʘʜʭʦʜʷʪʴ ʫ ʧʨʦʢʘʪ ʪʘʢʠʤʠ, ʷʢ ʾʭ ʨʦʟʣʠʣʠ, ʥʝ 

ʧʝʨʝʜʙʘʯʘʶʯʠ ʪʦʡ ʯʠ ʽʥʰʠʡ ʚʘʨʽʘʥʪ ʨʦʟʢʨʦʶ ʥʘʧʝʨʝʜ. 

ɺʽʜʦʤʽ ʨʷʜ ʨʦʙʽʪ ʱʦʜʦ ʨʦʟʢʨʦʶʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ, ʚ ʷʢʠʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʤʝʪʦʜ ʽʥʜʝʢʩʽʚ ʂʘʥʪʦʨʦʚʠʯʘ [60] ʘʙʦ ʩʠʤʧʣʝʢʩ-ʤʝʪʦʜ ɼ. ɼʘʥʮʠʛʘ [61], ʘ ʪʘʢʦʞ 

ʡʦʛʦ ʤʦʜʠʬʽʢʘʮʽʾ [62, 63]. ʎʽ ʤʝʪʦʜʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʣʘʥʫ ʨʦʟʢʨʦʶʚʘʥʥʷ, ʢʦʣʠ ʚʽʜʦʤʽ ʚʩʽ ʤʦʞʣʠʚʽ ʡʦʛʦ ʚʘʨʽʘʥʪʠ. ʉʣʽʜ 

ʟʘʟʥʘʯʠʪʠ, ʱʦ ʨʦʙʦʪʘ ʟʽ ʩʢʣʘʜʘʥʥʷ ʚʩʽʭ ʚʘʨʽʘʥʪʽʚ ʨʦʟʢʨʦʶʚʘʥʥʷ (ʦʩʦʙʣʠʚʦ ʢʦʣʠ 

ʜʦʚʞʠʥʘ ʟʘʛʦʪʦʚʦʢ ʨʽʟʥʠʪʴʩʷ, ʘ ʩʦʨʪʘʤʝʥʪ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʰʠʨʦʢʠʡ) 

ʪʨʫʜʦʤʽʩʪʢʘ ʪʘ ʪʨʠʚʘʣʘ. ɺ ʧʽʜʩʫʤʢʫ ʙʫʜʫʻʪʴʩʷ ʟʘʜʘʯʘ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʟ 

ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʥʝʚʽʜʦʤʠʭ, ʨʦʟʚôʷʟʦʢ ʷʢʦʾ ʥʘ ʇʂ ʩʪʘʻ ʜʦʩʠʪʴ ʩʢʣʘʜʥʠʤ. 

ɯʥʰʠʡ ʪʦʯʥʠʡ ʤʝʪʦʜ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʧʦʙʫʜʦʚʠ ʧʣʘʥʫ ʦʜʥʦʚʠʤʽʨʥʦʛʦ 

ʨʦʟʢʨʦʶʚʘʥʥʷ, ʱʦ ʨʦʟʚʠʚʘʻ ʽʜʝʶ ʤʝʪʦʜʫ ʛʽʣʦʢ ʪʘ ʤʝʞ [64] ʤʘʻ ʜʦʚʦʣʽ ʦʙʤʝʞʝʥʝ 

ʢʦʣʦ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʦʩʢʽʣʴʢʠ ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʫʞʝ ʧʨʠ 

ʜʝʩʷʪʢʘʭ ʚʘʨʽʘʥʪʽʚ ʰʪʘʥʛ. 

ɽʚʨʠʩʪʠʯʥʠʡ ʧʽʜʭʽʜ ʟ ʛʝʥʝʨʘʮʽʻʶ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʟʘʛʦʪʦʚʦʢ ʽ ʾʭ ʦʙʤʽʥʘʤʠ 

ʟʘ ʩʭʝʤʦʶ ɻʦʤʦʨʽ, ʥʘʚʝʜʝʥʠʡ ʫ [65], ʨʦʟʛʣʷʜʘʻ ʟʘʜʘʯʫ ʨʦʟʢʨʦʶʚʘʥʥʷ ʷʢ 

ʦʜʥʦʚʠʤʽʨʥʫ ʟʘʜʘʯʫ ʦʧʪʠʤʽʟʘʮʽʾ ʚ ʜʽʡʩʥʦʤʫ ʧʨʦʩʪʦʨʽ ʟ ʥʘʩʪʫʧʥʠʤ ʦʢʨʫʛʣʝʥʥʷʤ 

ʨʝʟʫʣʴʪʘʪʽʚ. ʇʦʧʨʠ ʟʘʷʚʣʝʥʽ ʘʚʪʦʨʘʤʠ ʚʠʩʦʢʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʽ ʪʦʯʥʽʩʪʴ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʤʝʪʦʜʦʤ ʛʽʣʦʢ ʪʘ ʤʝʞ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ ʥʝ ʧʝʨʝʜʙʘʯʘʻ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʽʣʴʢʦʭ ʚʠʜʽʚ ʧʨʦʜʫʢʮʽʾ ʟ ʦʜʥʦʛʦ ʚʠʜʫ ʟʘʛʦʪʦʚʦʢ. 

ɺ [66] ʚʠʨʽʰʫʻʪʴʩʷ ʟʘʜʘʯʘ ʤʽʥʽʤʽʟʘʮʽʾ ʢʽʣʴʢʦʩʪʽ ʟʣʠʚʢʽʚ ʥʘ ʚʠʢʦʥʘʥʥʷ 

ʥʘʧʝʨʝʜ ʚʽʜʦʤʦʛʦ ʟʘʤʦʚʣʝʥʥʷ, ʧʨʠ ʮʴʦʤʫ ʦʜʥʠʤ ʟ ʝʣʝʤʝʥʪʽʚ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʩʢʣʘʜʦʚʘ, ʚʽʜʧʦʚʽʜʘʣʴʥʘ ʟʘ ʤʽʥʽʤʫʤ ʧʝʨʝʥʘʣʘʰʪʫʚʘʥʴ ʨʽʟʘʣʴʥʦʛʦ 

ʤʝʭʘʥʽʟʤʫ (ʤʽʥʽʤʫʤ ʨʽʟʥʠʭ ʜʦʚʞʠʥ ʧʝʨʝʜʽʣʴʥʠʭ ʟʘʛʦʪʦʚʦʢ, ʷʢʽ ʚʠʢʨʦʶʶʪʴʩʷ ʟ 

ʦʜʥʦʛʦ ʙʣʶʤʘ). ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʤʝʪʦʜ ʛʽʣʦʢ ʪʘ ʤʝʞ. 
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ɼʦ ʽʥʰʦʛʦ ʪʠʧʫ ʟʘʜʘʯ ʚʽʜʥʦʩʠʪʴʩʷ ʦʧʪʠʤʽʟʘʮʽʡʥʘ ʧʨʦʙʣʝʤʘ ʰʠʭʪʫʚʘʥʥʷ, 

ʪʦʙʪʦ ʩʪʚʦʨʝʥʥʷ ʪʘʢʦʾ ʩʫʤʽʰʽ ʨʽʜʢʠʭ ʪʘ ʩʠʧʫʯʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʙ ʜʦʟʚʦʣʷʣʠ ʚ 

ʧʨʦʮʝʩʽ ʨʘʬʽʥʘʮʽʾ ʦʪʨʠʤʘʪʠ ʩʪʘʣʴ ʟ ʧʦʪʨʽʙʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʇʦʜʽʙʥʘ 

ʟʘʜʘʯʘ ʚʠʨʽʰʫʻʪʴʩʷ ʚ ʜʽʡʩʥʦʤʫ ʧʨʦʩʪʦʨʽ ʤʘʻ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʦʙʤʝʞʝʥʴ [67] ʪʘ 

ʤʦʞʝ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʘ, ʜʝ ʨʘʟʦʤ ʟ ʢʨʠʪʝʨʽʻʤ ʤʽʥʽʤʫʤʫʤ 

ʩʦʙʽʚʘʨʪʦʩʪʽ ʛʦʪʦʚʦʾ ʩʪʘʣʽ ʤʦʞʫʪʴ ʚʞʠʚʘʪʠʩʷ ʦʜʨʘʟʫ ʢʽʣʴʢʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ [68]. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʪʘʢʦʛʦ ʢʣʘʩʫ ʟʘʜʘʯ ʪʘʢʦʞ ʽʩʥʫʶʪʴ ʷʢ ʪʦʯʥʽ ʤʝʪʦʜʠ, ʪʘʢ ʽ 

ʥʘʙʣʠʞʝʥʽ ʯʠʩʝʣʴʥʽ ʤʝʪʦʜʠ [69]. ʉʝʨʝʜ ʪʦʯʥʠʭ ʤʝʪʦʜʽʚ ʚʠʨʽʰʝʥʥʷ ʜʘʥʦʛʦ ʢʣʘʩʫ 

ʟʘʜʘʯ ʥʘʡʙʽʣʴʰ ʚʞʠʚʘʥʽ ʤʝʪʦʜʠ ʤʥʦʞʥʠʢʽʚ ʃʘʛʨʘʥʞʘ ʪʘ ʤʝʪʦʜʠ, ʟʘʩʥʦʚʘʥʽ ʥʘ 

ʧʦʭʽʜʥʠʭ [70].  

ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʦʯʥʠʭ ʤʝʪʦʜʽʚ ʚ ʤʝʞʘʭ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ, ʱʦ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ, ʦʙʤʝʞʝʥʝ ʨʝʩʫʨʩʘʤʠ ʯʘʩʫ ʽ ʧʨʠʨʦʜʦʶ ʩʘʤʦʾ ʟʘʜʘʯʽ. ɸʜʞʝ ʧʨʠ 

ʮʽʣʦʯʠʩʝʣʴʥʦʩʪʽ ʨʷʜʫ ʟʤʽʥʥʠʭ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ ʙʝʟ ʾʾ ʚʨʘʭʫʚʘʥʥʷ 

ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ ʨʝʟʫʣʴʪʘʪʽʚ, ʜʘʣʝʢʠʭ ʚʽʜ ʦʧʪʠʤʫʤʫ [71]. ɺʦʜʥʦʯʘʩ ʜʣʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʦʯʥʠʭ ʤʝʪʦʜʽʚ ʥʝʦʙʭʽʜʥʦ ʧʨʠʚʝʜʝʥʥʷ ʟʘʜʘʯʽ ʜʦ ʦʜʥʦʢʨʠʪʝʨʽʘʣʴʥʦʾ, 

ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʧʝʨʝʜʙʘʯʘʻ ʧʦʧʝʨʝʜʥʻ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʥʘ ʧʦʰʫʢ ʤʽʥʽʤʫʤʫ ʽ 

ʤʘʢʩʠʤʫʤʫ ʟʘ ʢʦʞʥʠʤ ʢʨʠʪʝʨʽʻʤ ʽ ʚʠʢʦʥʘʥʥʷ ʟʛʦʨʪʢʠ, ʱʦ ʥʝʧʨʠʧʫʩʪʠʤʦ 

ʟʙʽʣʴʰʫʻ ʩʢʣʘʜʥʽʩʪʴ ʟʘʜʘʯʽ [72]. ɺʽʜʪʘʢ, ʜʣʷ ʨʦʟʚ'ʷʟʘʥʥʷ ʟʘʜʘʯʽ ʥʝʣʽʥʽʡʥʦʾ 

ʙʘʛʘʪʦʚʠʤʽʨʥʦʾ ʫʤʦʚʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʥʘʜʘʣʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʝʚʦʣʶʮʽʡʥʽ ʙʘʛʘʪʦʘʛʝʥʪʥʽ ʤʝʪʦʜʠ, ʙʘʛʘʪʦ ʟ ʷʢʠʭ ʨʦʟʛʣʷʥʫʪʽ ʚ [73], ʟʦʢʨʝʤʘ 

ʛʝʥʝʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤ ʪʘ ʝʚʦʣʶʮʽʡʥʘ ʩʪʨʘʪʝʛʽʷ. 

ʉʝʨʝʜ ʚʝʣʠʢʦʛʦ ʢʣʘʩʫ ʝʚʦʣʶʮʽʡʥʠʭ ʯʠʩʣʦʚʠʭ ʤʝʪʦʜʽʚ ʦʧʪʠʤʽʟʘʮʽʾ ʜʦ 

ʨʦʟʚôʷʟʘʥʥʷ ʨʦʟʛʣʷʥʫʪʠʭ ʟʘʜʘʯ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʠʡ ʤʝʪʦʜ ʤʦʜʝʣʶʚʘʥʥʷ 

ʚʽʜʧʘʣʫ (ʘʥʛʣ. Simulated annealing, SA) [74], ʷʢʠʡ ʦʜʥʘʢʦʚʦ ʜʦʙʨʝ ʧʦʢʘʟʫʻ ʩʝʙʝ 

ʧʨʠ ʨʦʟʚôʷʟʘʥʥʽ ʽ ʙʝʟʧʝʨʝʨʚʥʠʭ ʟʘʜʘʯ ʥʝʣʽʥʽʡʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʪʘ ʚʦʜʥʦʯʘʩ ʧʨʠ 

ʨʦʟʚôʷʟʘʥʥʽ ʢʦʤʙʽʥʘʪʦʨʥʠʭ ʟʘʜʘʯʽ ï ʷʢ ʜʚʽʡʢʦʚʠʭ, ʪʘʢ ʽ ʟʘʜʘʯ ʥʘ ʧʝʨʝʩʪʘʥʦʚʢʘʭ. 

ɯʥʰʠʤ ʝʬʝʢʪʠʚʥʠʤ ʤʝʪʦʜʦʤ ʦʧʪʠʤʽʟʘʮʽʾ ʜʣʷ ʜʽʡʩʥʦʛʦ ʧʨʦʩʪʦʨʫ ʻ ʤʝʪʦʜ ʨʦʶ 

ʯʘʩʪʦʢ (ʘʥʛʣ. Particle Smarm Optimization, PSO) [75], ʝʬʝʢʪʠʚʥʠʡ ʧʨʠ ʚʠʨʽʰʝʥʥʽ 

ʙʘʛʘʪʦʝʩʪʨʝʤʘʣʴʥʠʭ ʟʘʜʘʯ. ʆʜʥʘʢ, ʮʽ ʤʝʪʦʜʠ ʧʝʨʝʜʙʘʯʘʶʪʴ ʛʣʦʙʘʣʴʥʫ ʙʝʟʫʤʦʚʥʫ 

ʦʧʪʠʤʽʟʘʮʽʶ ʽ ʜʦʚʦʣʽ ʩʢʣʘʜʥʠʡ ʤʝʭʘʥʽʟʤ ʚʨʘʭʫʚʘʥʥʷ ʦʙʤʝʞʝʥʴ, ʘ ʪʘʢʦʞ ʤʘʶʪʴ 
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ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʤʘʶʪʴ ʚʩʪʘʥʦʚʣʶʚʘʪʠʩʴ ʝʤʧʽʨʠʯʥʦ ʽ ʜʫʞʝ 

ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʦʰʫʢʫ ʨʽʰʝʥʥʷ [76]. 

ɺʝʣʠʢʠʡ ʢʣʘʩ ʽʪʝʨʘʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʯʠʩʝʣʴʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ, ʱʦ ʤʘʶʪʴ ʥʘʟʚʫ 

ʰʪʫʯʥʽ ʽʤʫʥʥʽ ʩʠʩʪʝʤʠ (ʐɯʉ) ʽʤʽʪʫʶʪʴ ʚʣʘʩʪʠʚʦʩʪʽ ʧʨʠʨʦʜʥʦʾ ʽʤʫʥʥʦʾ ʩʠʩʪʝʤʠ ʽ 

ʟʘʩʥʦʚʘʥʽ ʥʘ ʧʨʠʥʮʠʧʘʭ ʩʦʤʘʪʠʯʥʦʾ ʪʝʦʨʽʾ [77] ʽ ʤʝʨʝʞʝʚʦʾ ʛʽʧʦʪʝʟʠ [78]. 

ʉʦʤʘʪʠʯʥʘ ʪʝʦʨʽʷ ʩʪʚʝʨʜʞʫʻ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ ʘʥʪʠʪʽʣ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʩʦʤʘʪʠʯʥʦʾ ʨʝʢʦʤʙʽʥʘʮʽʾ ʽ ʤʫʪʘʮʽʾ ʛʝʥʽʚ. ɺ ʨʘʤʢʘʭ 

ʤʝʨʝʞʝʚʦʾ ʛʽʧʦʪʝʟʠ ʦʙˇʨʫʥʪʦʚʫʻʪʴʩʷ ʧʨʠʧʫʱʝʥʥʷ, ʟʛʽʜʥʦ ʟ ʷʢʠʤ ʢʦʥʪʨʦʣʴ 

ʨʦʟʤʥʦʞʝʥʥʷ ʢʣʦʥʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʟʘʻʤʥʦʛʦ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʘʥʪʠʪʽʣ, 

ʱʦ ʬʫʥʢʮʽʦʥʫʶʪʴ ʷʢ ʻʜʠʥʘ ʤʝʨʝʞʘ [77, 79 - 82]. ɺ ʯʠʩʣʝʥʥʠʭ ʩʫʯʘʩʥʠʭ 

ʜʦʩʣʽʜʞʝʥʥʷʭ ʥʘʛʦʣʦʰʫʻʪʴʩʷ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʽʜʭʦʜʫ ʥʘ ʦʩʥʦʚʽ ʐɯʉ ʜʦ 

ʨʦʟʚôʷʟʘʥʥʷ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʠʭ ʟʘʜʘʯ ʦʧʪʠʤʽʟʘʮʽʾ ʫ ʜʽʡʩʥʦʤʫ ʪʘ ʜʚʽʡʢʦʚʦʤʫ 

ʧʨʦʩʪʦʨʘʭ [83-87]. ʊʘʢʦʞ ʦʙʯʠʩʣʶʚʘʣʴʥʠʡ ʤʝʪʦʜ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʐɯʉ, ʜʦʙʨʝ 

ʩʧʦʣʫʯʘʻʪʴʩʷ ʟ ʽʥʰʠʤʠ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʤʝʪʦʜʘʤʠ ʣʦʢʘʣʴʥʦʾ ʪʘ ʛʣʦʙʘʣʴʥʦʾ 

ʦʧʪʠʤʽʟʘʮʽʾ [83, 88, 89]. ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʢʦʤ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʚʚʘʞʘʻʪʴʩʷ ʨʦʟʨʦʙʢʘ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʤʝʪʦʜʫ ʥʘ ʦʩʥʦʚʽ ʤʦʜʝʣʶʚʘʥʥʷ ʰʪʫʯʥʦʾ 

ʽʤʫʥʥʦʾ ʩʠʩʪʝʤʠ ʟ ʤʝʭʘʥʽʟʤʦʤ ʘʜʘʧʪʘʮʽʾ ʜʦ ʚʠʨʽʰʫʚʘʥʦʾ ʟʘʜʘʯʽ [90], ʦʜʥʘʢʦʚʦ 

ʝʬʝʢʪʠʚʥʦʛʦ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʠʭ ʟʘʜʘʯ ʫʤʦʚʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʫ 

ʜʚʽʡʢʦʚʦʤʫ ʪʘ ʜʽʡʩʥʦʤʫ ʧʨʦʩʪʦʨʘʭ. 

 

 

 

1.3.3 ʄʦʜʝʣʽ ʪʘ ʤʝʪʦʜʠ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʚ ʧʨʦʮʝʩʘʭ ʚʠʧʣʘʚʢʠ 

ʪʘ ʨʦʟʢʠʩʣʝʥʥʷ ʩʪʘʣʽ 

ʆʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʭ ʩʧʦʩʦʙʽʚ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʫʛʣʝʮʝʚʦʾ 

ʩʪʘʣʽ ʚ ʋʢʨʘʾʥʽ ʻ ʜʚʦʧʝʨʝʜʽʣʴʥʠʡ, ʟʛʽʜʥʦ ʟ ʷʢʠʤ ʩʧʦʯʘʪʢʫ ʟʽ ʟʙʘʛʘʯʝʥʦʾ ʨʫʜʠ 

ʚʠʧʣʘʚʣʷʶʪʴ ʯʘʚʫʥ, ʘ ʧʦʪʽʤ ʟʤʝʥʰʫʶʪʴ ʚʤʽʩʪ ʫ ʨʦʟʧʣʘʚʽ ʚʫʛʣʝʮʶ ʪʘ ʽʥʰʠʭ 

ʜʦʤʽʰʦʢ ʜʦ ʟʘʜʘʥʦʛʦ ʨʽʚʥʷ ʰʣʷʭʦʤ ʧʨʦʜʫʚʢʠ ʯʝʨʝʟ ʤʝʪʘʣ ʢʠʩʥʶ ʧʽʜ ʪʠʩʢʦʤ [91, 

92]. ʊʘʢʠʡ ʧʨʦʮʝʩ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʥʚʝʨʪʝʨʽʚ ʟ ʚʝʨʭʥʴʦʶ ʧʨʦʜʫʚʢʦʶ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘ ɺɸʊ çʄʝʪʘʣʫʨʛʽʡʥʠʡ ʢʦʤʙʽʥʘʪ çɸʟʦʚʩʪʘʣʴè (ʄʘʨʽʫʧʦʣʴ), 
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ʇɸʊ çɸʨʩʝʣʦʨ-ʄʽʪʪʘʣ ʂʨʠʚʠʡ ʈʽʛè, ʇʨɸʊ çʂɸʄɽʊ-ʉʊɸʃʔè (ʂʘʤôʷʥʩʴʢʝ), 

ɭʥʘʢʽʾʚʩʴʢʦʤʫ ʤʝʪʘʣʫʨʛʽʡʥʦʤʫ ʢʦʤʙʽʥʘʪʽ, ʇɸʊ çɼʄɿè (ɼʥʽʧʨʦ) ʽ ʥʘ ʙʘʛʘʪʴʦʭ 

ʽʥʰʠʭ ʚʠʨʦʙʥʠʮʪʚʘʭ [93 - 95]. 

ʊʝʤʧʝʨʘʪʫʨʘ ʪʘ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʯʘʚʫʥʫ, ʟʘʣʠʪʦʛʦ ʚ ʤʽʢʩʝʨ ʧʝʨʝʜ ʧʦʜʘʯʝʶ ʚ 

ʢʦʥʚʝʨʪʝʨ, ʘ ʪʘʢʦʞ ʜʦʩʪʫʧʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʨʫʭʪʫ, ʩʢʨʘʧʫ, ʚʘʧʥʷʢʫ ʪʘ ʨʫʜʠ 

(ʷʢʱʦ ʦʩʪʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ) ʯʘʩʪʽʰʝ ʟʘ ʚʩʝ ʤʘʶʪʴ ʥʝʯʽʪʢʠʡ ʭʘʨʘʢʪʝʨ. 

ʇʨʠʨʦʜʘ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʥʘʩʪʫʧʥʘ [177]. ʏʘʚʫʥ ʧʦʜʘʻʪʴʩʷ ʚ 

ʢʦʥʚʝʨʪʝʨ ʯʝʨʝʟ ʤʽʢʩʝʨ, ʷʢʠʡ ʚʠʨʽʚʥʶʻ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʢʽʣʴʢʦʭ ʨʽʟʥʠʭ ʚʠʧʫʩʢʽʚ 

ʜʦʤʝʥʥʦʾ ʧʝʯʽ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʥʝʦʙʭʽʜʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʜʘʯʽ. ʆʙôʻʤ ʤʽʢʩʝʨʘ 

ʟʘʟʚʠʯʘʡ ʟʥʘʯʥʦ ʙʽʣʴʰʠʡ ʟʘ ʚʝʣʠʯʠʥʫ ʧʦʨʮʽʡ, ʷʢʠʤʠ ʡʦʛʦ ʧʦʧʦʚʥʶʶʪʴ ʽ ʟ ʷʢʠʭ 

ʙʝʨʫʪʴ ʧʨʦʙʠ ʥʘ ʭʽʤʽʯʥʠʡ ʘʥʘʣʽʟ. ʋ ʢʦʞʥʦʾ ʟ ʧʦʨʮʽʡ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ 

ʢʦʥʪʨʦʣʶʻʪʴʩʷ ʦʢʨʝʤʦ, ʧʨʠ ʮʴʦʤʫ ʨʽʚʝʥʴ ʰʣʘʢʫ ʥʝ ʦʮʽʥʶʶʪʴ. ɺ ʙʽʣʴʰʦʩʪʽ 

ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʤʦʜʝʣʝʡ, ʧʨʦʘʥʘʣʽʟʦʚʘʥʠʭ ʫ ʧʝʨʰʦʤʫ ʨʦʟʜʽʣʽ, ʜʣʷ ʩʧʨʦʱʝʥʥʷ, 

ʧʨʠʡʤʘʶʪʴ ʫʩʝʨʝʜʥʝʥʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʤʘʶʪʴ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʫ ʩʝʥʩʽ ʾʭ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʯʽʢʫʚʘʥʥʷ.  

ʆʩʢʽʣʴʢʠ ʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʙʨʫʭʪʫ, ʦʩʦʙʣʠʚʦ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʭʦʜʞʝʥʥʷ, ʥʝ 

ʚʠʢʦʥʫʻʪʴʩʷ, ʘ ʨʫʜʘ, ʚʘʧʥʷʢ ʪʘ ʽʥʰʽ ʩʠʧʫʯʽ ʤʘʪʝʨʽʘʣʠ ʤʦʞʫʪʴ ʤʘʪʠ ʩʫʪʪʻʚʦ ʨʽʟʥʠʡ 

ʩʢʣʘʜ ʫ ʨʽʟʥʠʭ ʤʽʨʘʭ ʦʙôʻʤʫ, ʾʭ ʧʘʨʘʤʝʪʨʠ ʪʘʢʦʞ ʦʮʽʥʶʶʪʴʩʷ ʚʽʟʫʘʣʴʥʦ. ɸʣʝ ʩʣʽʜ 

ʨʦʟʫʤʽʪʠ, ʱʦ ʧʘʨʘʤʝʪʨʠ ʙʨʫʭʪʫ ʤʦʞʫʪʴ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʪʠʩʷ ʜʣʷ ʢʦʞʥʦʾ ʧʣʘʚʢʠ. 

ʆʩʪʘʥʥʽʤʠ ʨʦʢʘʤʠ ʧʦʯʘʩʪʽʰʘʣʠ ʚʠʧʘʜʢʠ çʥʝʜʦʙʨʦʩʦʚʽʩʥʦʛʦè ʟʙʠʨʘʥʥʷ 

ʤʝʪʘʣʦʙʨʫʭʪʫ, ʢʦʣʠ ʫ ʤʘʪʝʨʽʘʣʽ, ʱʦ ʧʦʩʪʘʯʘʻʪʴʩʷ ʫ ʧʝʨʝʨʦʙʢʫ, ʚʤʽʩʪ ʚʣʘʩʥʝ ʟʘʣʽʟʘ 

ʥʝ ʧʝʨʝʚʠʱʫʻ 30ï50%.  

ʆʧʝʨʘʪʦʨ ʢʦʥʚʝʨʪʝʨʘ ʚʠʢʦʥʫʻ ʰʠʭʪʫʚʘʥʥʷ ʧʣʘʚʢʠ ʪʘ ʨʘʬʽʥʘʮʽʻʶ ʩʪʘʣʽ 

ʚʠʢʣʶʯʥʦ çʥʘ ʜʦʩʚʽʜʽè. ʇʽʩʣʷ ʟʘʚʘʥʪʘʞʝʥʥʷ ʰʠʭʪʠ ʚ ʢʦʥʚʝʨʪʝʨ ʚʽʥ ʤʦʞʝ 

ʢʝʨʫʚʘʪʠ ʣʠʰʝ ʜʚʦʤʘ ʧʘʨʘʤʝʪʨʘʤʠ: ʚʠʩʦʪʦʶ ʬʫʨʤʠ, ʯʝʨʝʟ ʷʢʫ ʧʦʜʘʻʪʴʩʷ ʢʠʩʝʥʴ, 

ʪʘ ʰʚʠʜʢʽʩʪʶ ʧʦʜʘʯʽ ʢʠʩʥʶ. ɿʘʜʘʯʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʦʧʝʨʘʪʦʨʦʤ ʧʝʨʝʜʙʘʯʘʻ 

ʚʠʢʦʥʘʥʥʷ ʦʜʨʘʟʫ ʢʽʣʴʢʦʭ ʢʨʠʪʝʨʽʾʚ: ʟʨʦʙʠʚʰʠ ʰʠʭʪʫ ʷʢʦʤʦʛʘ ʜʝʰʝʚʰʦʶ, 

ʷʢʦʤʦʛʘ ʰʚʠʜʰʝ (ʟ ʤʝʪʦʶ ʝʢʦʥʦʤʽʾ ʢʠʩʥʶ) ʦʪʨʠʤʘʪʠ ʨʦʟʯʠʥ, ʢʽʣʴʢʽʩʪʴ ʜʦʤʽʰʦʢ 

ʫ ʷʢʦʤʫ ʥʝ ʚʠʱʘ ʟʘ ʧʨʠʧʫʩʪʠʤʫ, ʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʝ ʚʠʭʦʜʠʪʴ ʟʘ ʤʝʞʽ 

ʨʝʢʦʤʝʥʜʦʚʘʥʦʾ ʜʣʷ ʨʦʟʣʠʚʢʠ. 
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ʆʜʥʠʤ ʟ ʬʘʢʪʦʨʽʚ, ʚʣʘʩʪʠʚʠʭ ʢʦʥʚʝʨʪʝʨʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʫ, ʻ ʚʝʣʠʢʠʡ ʚʤʽʩʪ 

ʫ ʨʦʟʧʣʘʚʽ ʚʽʣʴʥʦʛʦ ʢʠʩʥʶ ʪʘ ʡʦʛʦ ʩʧʦʣʫʢʠ ʟ ʚʫʛʣʝʮʝʤ ʫ ʚʠʛʣʷʜʽ ʛʘʟʦʚʠʭ 

ʚʢʨʘʧʣʝʥʴ (ʜʠʩʧʝʨʩʽʾ). ɿʘʜʣʷ ʟʚôʷʟʫʚʘʥʥʷ ʮʠʭ ʤʦʣʝʢʫʣ ʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʘ ʨʽʜʢʠʡ 

ʰʣʘʢ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʧʝʮʽʘʣʴʥʽ ʧʨʠʩʘʜʢʠ ï ʬʝʨʦʩʧʣʘʚʠ. ɯʩʥʫʻ ʜʝʢʽʣʴʢʘ 

ʨʽʟʥʦʚʠʜʽʚ ʬʝʨʦʩʧʣʘʚʽʚ ʥʘ ʦʩʥʦʚʽ ʤʘʨʛʘʥʮʶ, ʘʣʶʤʽʥʽʶ ʪʘ ʢʨʝʤʥʽʶ, ʱʦ ʤʘʶʪʴ 

ʨʽʟʥʫ ʚʘʨʪʽʩʪʴ ʪʘ ʨʽʟʥʽ ʟʚôʷʟʫʶʯʠ ʚʣʘʩʪʠʚʦʩʪʽ. ʂʦʤʙʽʥʫʶʯʠ ʚʤʽʩʪ ʦʢʨʝʤʠʭ 

ʬʝʨʦʩʧʣʘʚʽʚ, ʱʦ ʜʦʜʘʶʪʴʩʷ ʜʦ ʢʠʧʣʷʯʦʾ ʩʪʘʣʽ ʥʘ ʟʘʢʣʶʯʥʦʤʫ ʝʪʘʧʽ ʾʾ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ ʾʭ ʟʘʛʘʣʴʥʠʡ ʦʙôʻʤ, ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʙʘʞʘʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ 

ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ. ʇʨʠ ʮʴʦʤʫ ʩʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʧʠʪʦʤʘ ʚʘʨʪʽʩʪʴ ʬʝʨʦʩʧʣʘʚʽʚ 

ʟʥʘʯʥʦ ʚʠʱʘ ʟʘ ʚʩʽ ʽʥʰʽ ʚʠʭʽʜʥʽ ʤʘʪʝʨʽʘʣʠ, ʪʦʤʫ ʛʦʣʦʚʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʟʘʜʘʯʘ, ʷʢʘ 

ʚʠʨʽʰʫʻʪʴʩʷ ʧʨʠ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʽ ï ʦʧʪʠʤʽʟʘʮʽʷ ʩʦʙʽʚʘʨʪʦʩʪʽ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ, 

ʜʣʷ ʷʢʦʾ ʥʝʦʙʭʽʜʥʠʡ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʩʪʘʣʽ ʙʫʜʝ ʧʨʠʨʦʜʥʠʤ ʙʘʛʘʪʦʚʠʤʽʨʥʠʤ 

ʦʙʤʝʞʝʥʥʷʤ. 

ʆʧʝʨʘʪʦʨ ʢʦʥʚʝʨʪʝʨʘ ʚʠʢʦʥʫʻ ʧʨʦʮʝʩ ʧʣʘʚʢʠ ʚʠʢʣʶʯʥʦ ʥʘ ʜʦʩʚʽʜʽ, 

ʢʝʨʫʶʯʠ ʜʚʦʤʘ ʛʦʣʦʚʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ï ʚʠʩʦʪʦʶ ʬʫʨʤʠ, ʯʝʨʝʟ ʷʢʫ ʧʦʜʘʻʪʴʩʷ 

ʢʠʩʝʥʴ, ʪʘ ʰʚʠʜʢʽʩʪʶ ʧʦʜʘʯʽ ʢʠʩʥʶ. ʁʦʛʦ ʟʘʜʘʯʘ ï ʷʢʦʤʦʛʘ ʰʚʠʜʰʝ (ʟ ʤʝʪʦʶ 

ʝʢʦʥʦʤʽʾ ʢʠʩʥʶ) ʦʪʨʠʤʘʪʠ ʨʦʟʯʠʥ, ʢʽʣʴʢʽʩʪʴ ʜʦʤʽʰʦʢ ʫ ʷʢʦʤʫ ʥʝ ʚʠʱʘ ʟʘ 

ʧʨʠʧʫʩʪʠʤʫ, ʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʝ ʚʠʭʦʜʠʪʴ ʟʘ ʤʝʞʽ ʨʝʢʦʤʝʥʜʦʚʘʥʦʾ ʜʣʷ ʨʦʟʣʠʚʢʠ. 

ʇʽʩʣʷ ʮʴʦʛʦ ʚʘʥʥʫ ʥʘʭʠʣʷʶʪʴ ʽ ʟʣʠʚʘʶʪʴ ʤʝʪʘʣ ʫ ʢʽʚʰ, ʜʝ ʽ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʨʦʟʢʠʩʣʝʥʥʷ. ʇʽʜ ʯʘʩ ʨʦʟʣʠʚʘʥʥʷ ʙʝʨʝʪʴʩʷ ʝʢʩʧʨʝʩïʘʥʘʣʽʟ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ, ʟʘ 

ʷʢʠʤ ʪʝʭʥʦʣʦʛ ʤʘʻ ʰʚʠʜʢʦ (ʜʦ 1 ʭʚʠʣʠʥʠ) ʧʨʠʡʥʷʪʠ ʨʽʰʝʥʥʷ ʧʨʦ ʢʽʣʴʢʽʩʪʴ 

ʬʝʨʦʩʧʣʘʚʽʚ ʪʘ ʾʭ ʧʨʦʧʦʨʮʽʶ, ʘʙʠ ʜʦʩʷʛʪʠ ʙʘʞʘʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʪʘʣʽ. 

ɺʽʜʩʫʪʥʽʩʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʥʝ ʜʘʻ ʟʤʦʛʠ ʦʮʽʥʠʪʠ ʚʟʘʻʤʥʠʡ 

ʚʧʣʠʚ ʧʘʨʘʤʝʪʨʽʚ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʢʽʣʴʢʦʩʪʽ ʨʦʟʢʠʩʣʶʚʘʯʽʚ ʧʦ ʚʠʜʘʭ. 

ʄʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ, ʱʦ ʦʧʠʩʫʶʪʴ ʧʨʦʮʝʩʠ ʨʘʬʽʥʘʮʽʾ ʩʪʘʣʽ ʪʘ ʾʾ 

ʨʦʟʢʠʩʣʝʥʥʷ ʧʦʚôʷʟʫʶʪʴ ʧʦʯʘʪʢʦʚʽ ʫʤʦʚʠ (ʭʽʤʽʯʥʠʡ ʪʘ ʚʘʛʦʚʠʡ ʩʢʣʘʜ ʰʠʭʪʠ, 

ʥʘʷʚʥʽʩʪʴ ʪʘ ʷʢʽʩʪʴ ʤʘʪʝʨʽʘʣʽʚ ʪʦʱʦ) ʪʘ ʢʝʨʫʶʯʽ ʚʧʣʠʚʠ (ʤʦʞʣʠʚʽ ʜʽʾ ʦʧʝʨʘʪʦʨʘ) ʟ 

ʚʠʤʦʛʘʤʠ ʜʦ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʫ, ʩʝʨʝʜ ʷʢʠʭ ʚʽʜʩʦʪʢʦʚʠʡ ʫʤʽʩʪ ʚʫʛʣʝʮʶ, ʩʽʨʢʠ, 

ʬʦʩʬʦʨʫ, ʤʘʨʛʘʥʮʶ, ʪʘ ʽʥʰʠʭ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ, ʘ ʪʘʢʦʞ ʪʝʤʧʝʨʘʪʫʨʠ, ʷʢʘ ʤʘʻ 

ʦʙʤʝʞʝʥʥʷ ʟʛʦʨʠ ʽ ʟʥʠʟʫ [96 - 100]. 
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Cʫʯʘʩʥʠʡ ʧʽʜʭʽʜ ʜʦ ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʢʝʨʫʚʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʨʦʮʝʩʦʤ ʧʣʘʚʢʠ ʧʝʨʝʜʙʘʯʘʻ ʚʠʜʽʣʝʥʥʷ ʷʢ ʤʽʥʽʤʫʤ ʪʨʴʦʭ ʟʘʜʘʯ 

ʢʝʨʫʚʘʥʥʷ, ʢʦʞʥʘ ʟ ʷʢʠʭ ʦʧʠʩʫʻʪʴʩʷ ʦʢʨʝʤʦʶ ʤʦʜʝʣʣʶ ʡ ʦʧʪʠʤʽʟʫʻʪʴʩʷ ʟʘ 

ʦʢʨʝʤʠʤ ʢʨʠʪʝʨʽʻʤ ʷʢʦʩʪʽ [101, 102]. ɼʦ ʧʦʯʘʪʢʫ ʧʣʘʚʢʠ ʚʠʢʦʥʫʻʪʴʩʷ ʩʪʘʪʠʯʥʠʡ 

ʨʦʟʨʘʭʫʥʦʢ ʧʣʘʚʢʠ, ʚ ʭʦʜʽ ʦʢʠʩʣʝʥʥʷ ʨʦʟʧʣʘʚʫ (ʨʘʬʽʥʫʚʘʥʥʷ ʩʪʘʣʽ) 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʠʥʘʤʽʯʥʘ ʢʦʨʝʛʫʶʯʠ ʤʦʜʝʣʴ, ʽ, ʥʘʨʝʰʪʽ, ʧʽʩʣʷ ʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ 

ʡ ʢʦʥʪʨʦʣʶ ʪʝʤʧʝʨʘʪʫʨʠ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʜʦʜʘʪʢʦʚʘ ʢʦʨʠʛʫʶʯʘ ʧʨʦʜʫʚʢʘ ʽʟ 

ʜʦʜʘʚʘʥʥʷʤ ʪʠʭ ʯʠ ʽʥʰʠʭ ʨʝʯʦʚʠʥ [103 ï 105]. 

ʉʪʘʪʠʯʥʘ ʤʦʜʝʣʴ ʢʝʨʫʚʘʥʥʷ ʧʣʘʚʢʦʶ ʜʦʟʚʦʣʷʻ ʨʦʟʨʘʭʫʚʘʪʠ ʤʝʪʘʣʝʚʫ 

ʯʘʩʪʠʥʫ ʰʠʭʪʠ, ʦʮʽʥʠʪʠ ʢʽʣʴʢʽʩʪʴ ʦʭʦʣʦʜʞʫʚʘʯʽʚ ʪʘ ʟʘʛʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʢʠʩʥʶ ʜʣʷ 

ʧʨʦʜʫʚʢʠ ʧʣʘʚʢʠ [106 ï 109]. ʇʨʠ ʮʴʦʤʫ ʟʘ ʜʦʚʦʣʽ ʢʦʨʦʪʢʠʡ ʪʝʨʤʽʥ (2-5 ʭʚʠʣʠʥ) 

ʧʽʩʣʷ ʟʣʠʚʫ ʧʦʧʝʨʝʜʥʴʦʾ ʧʣʘʚʢʠ ʟ ʢʦʥʚʝʨʪʝʨʘ ʫ ʢʽʚʰ, ʦʧʝʨʘʪʦʨ ʢʦʥʚʝʨʪʝʨʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʤʘʻ ʩʬʦʨʤʫʚʘʪʠ ʰʠʭʪʦʚʫ ʩʫʤʽʰ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʥʘʩʪʫʧʥʦʾ ʧʣʘʚʢʠ 

[107]. ɸʢʪʫʘʣʴʥʽʩʪʴ ʦʧʪʠʤʽʟʘʮʽʾ ʩʢʣʘʜʫ ʰʠʭʪʠ, ʘ ʩʘʤʝ ʤʘʩʦʚʦʾ ʯʘʩʪʢʠ ʯʘʚʫʥʫ, 

ʤʝʪʘʣʦʙʨʫʭʪʫ, ʽʥʰʦʛʦ ʩʢʨʘʧʫ, ʚʘʧʥʘ, ʨʫʜʠ ʪʘ ʽʥʰʠʭ ʤʘʪʝʨʽʘʣʽʚ ʦʙʫʤʦʚʣʝʥʘ 

ʚʠʩʦʢʠʤ ʩʪʫʧʝʥʝʤ ʢʦʥʢʫʨʝʥʮʽʾ ʥʘ ʨʠʥʢʫ ʤʝʪʘʣʦʧʨʦʜʫʢʮʽʾ. ʇʨʠ ʮʴʦʤʫ, ʷʢ 

ʥʘʛʦʣʦʰʝʥʦ ʨʘʥʽʰʝ, ʥʝʜʦʩʪʘʪʥʴʦ ʟʨʦʙʠʪʠ ʰʠʭʪʫ ʤʽʥʽʤʘʣʴʥʦʾ ʩʦʙʽʚʘʨʪʦʩʪʽ, 

ʚʘʞʣʠʚʦ ʪʘʢʦʞ ʚʨʘʭʫʚʘʪʠ ʜʦʩʷʛʥʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʪʘ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʙʘʣʘʥʩʫ 

ʧʣʘʚʢʠ, ʘʜʞʝ ʾʭ ʧʦʨʫʰʝʥʥʷ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʩʫʪʪʻʚʠʭ ʜʦʜʘʪʢʦʚʠʭ ʚʪʨʘʪ ʥʘ 

ʦʭʦʣʦʜʞʝʥʥʷ ʯʠ ʧʽʜʽʛʨʽʚ ʛʦʪʦʚʦʾ ʩʪʘʣʽ, ʥʘ ʜʦʜʘʪʢʦʚʝ ʨʦʟʢʠʩʣʝʥʥʷ ʪʘ 

ʚʠʨʽʚʥʶʚʘʥʥʷ ʨʽʚʥʶ ʚʫʛʣʝʮʶ. ʗʢ ʧʦʢʘʟʘʣʠ ʜʦʩʣʽʜʞʝʥʥʷ, ʜʦʜʘʪʢʦʚʽ ʚʠʪʨʘʪʠ ʚʽʜ 

ʧʝʨʝʣʽʯʝʥʠʭ ʬʘʢʪʦʨʽʚ ʩʪʘʥʦʚʣʷʪʴ ʚʽʜ 1 ʜʦ 3% ʩʦʙʽʚʘʨʪʦʩʪʽ ʨʦʟʣʠʪʦʾ ʩʪʘʣʽ [176]. 

ʗʢ ʧʦʢʘʟʫʻ ʧʦʪʦʯʥʘ ʚʽʪʯʠʟʥʷʥʘ ʪʘ ʟʘʨʫʙʽʞʥʘ ʧʨʘʢʪʠʢʘ [107, 109], ʩʪʘʪʠʯʥʘ 

ʤʦʜʝʣʴ ʽ ʨʦʟʨʘʭʫʥʦʢ ʥʘ ʾʾ ʦʩʥʦʚʽ ʤʦʞʫʪʴ ʤʘʪʠ ʣʠʰʝ ʦʮʽʥʦʯʥʠʡ ʭʘʨʘʢʪʝʨ ʯʝʨʝʟ 

ʩʫʪʪʻʚʫ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʫ ʧʦʯʘʪʢʦʚʠʭ ʧʘʨʘʤʝʪʨʘʭ. ʇʨʠʨʦʜʘ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ 

ʜʦʢʣʘʜʥʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʘ ʚ [110], ʘ ʤʝʪʦʜʘʤ ʾʾ ʚʨʘʭʫʚʘʥʥʷ ʧʨʠʩʚʷʯʝʥʽ ʨʦʙʦʪʠ [111 

ï 116]. ʊʘʢ, ʘʚʪʦʨʠ [111] ʧʨʦʧʦʥʫʶʪʴ ʩʪʘʪʠʩʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ 

ʢʦʥʚʝʨʪʝʨʘ ʟ ʚʠʙʦʨʦʤ ʥʘʡʙʽʣʴʰ ʡʤʦʚʽʨʥʦʛʦ ʡʦʛʦ ʩʪʘʥʫ, ʫ [112] ʥʘʪʦʤʽʩʪʴ 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʯʽʪʢʠʭ ʤʥʦʞʠʥ ʜʣʷ ʦʮʽʥʢʠ ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʘ ʫ 

[113] ï ʜʦʧʦʚʥʶʚʘʪʠ ʢʣʘʩʠʯʥʽ ʬʽʟʠʯʥʽ ʤʦʜʝʣʽ ʭʽʤʽʯʥʠʭ ʪʘ ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʫ 
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ʢʦʥʚʝʨʪʝʨʽ ʧʨʷʤʦʟʚ'ʷʟʘʥʦʶ ʥʝʡʨʦʥʥʦʶ ʤʝʨʝʞʝʶ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ 

ʧʣʘʚʢʠ. ɿʘʛʘʣʦʤ ʪʝʭʥʦʣʦʛʽʾ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʜʦʚʦʣʽ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ 

ʩʚʽʪʦʚʽʡ ʧʨʘʢʪʠʮʽ, ʜʝ ʧʦʨʫʯ ʟ ʥʝʡʨʦʥʥʠʤʠ ʤʝʨʝʞʘʤʠ ʨʽʟʥʠʭ ʪʠʧʽʚ [114, 115] ʜʣʷ 

ʬʦʨʤʫʚʘʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʝʨʫʶʯʦʛʦ ʚʧʣʠʚʫ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʛʝʥʝʪʠʯʥʽ 

ʘʣʛʦʨʠʪʤʠ [116]. 

ʏʝʨʝʟ ʚʠʢʣʘʜʝʥʝ, ʙʽʣʴʰʽʩʪʴ [106ï111, 117, 118] ʜʦʩʣʽʜʥʠʢʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʦʜʘʪʢʦʚʦ ʜʠʥʘʤʽʯʥʫ ʤʦʜʝʣʴ ʢʝʨʫʚʘʥʥʷ ʢʦʥʚʝʨʪʝʨʥʦʾ ʧʣʘʚʢʦʶ. 

ʆʩʥʦʚʥʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ, ʷʢʠʤʠ ʦʧʝʨʫʶʪʴ ʧʨʠ ʮʴʦʤʫ, ʻ ʚʠʩʦʪʘ ʬʫʨʤʠ ʥʘ 

ʧʦʚʝʨʭʥʝʶ ʨʦʟʧʣʘʚʣʝʥʦʛʦ ʤʝʪʘʣʫ ʪʘ ʢʽʣʴʢʽʩʪʴ ʡ ʧʝʨʽʦʜʠʯʥʽʩʪʴ ʜʦʜʘʚʘʥʥʷ 

ʦʭʦʣʦʜʞʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɺ [117] ʨʦʟʨʦʙʣʝʥʘ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʫ 

ʢʦʥʚʝʨʪʝʨʽ ʫ ʩʢʣʘʜʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʨʦʮʝʩʦʤ 

ʢʦʥʚʝʨʪʝʨʥʦʾ ʧʣʘʚʢʠ, ʱʦ ʨʝʘʣʽʟʫʻ ʩʪʘʪʠʯʥʝ, ʜʠʥʘʤʽʯʥʝ ʽ ʟʘʤʢʥʝʥʝ ʢʝʨʫʚʘʥʥʷ. ʇʨʠ 

ʮʴʦʤʫ ʜʠʥʘʤʽʯʥʘ ʤʦʜʝʣʴ ʚʢʣʶʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʝʪʝʨʤʽʥʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ, 

ʩʪʘʪʠʩʪʠʯʥʠʭ ʧʦʧʨʘʚʦʢ ʽ ʧʦʟʠʪʠʚʥʦʛʦ ʜʦʩʚʽʜʫ ʢʝʨʫʚʘʥʥʷ ʥʘ ʧʦʧʝʨʝʜʥʽʭ ʧʣʘʚʢʘʭ.  

ʑʝ ʦʜʥʽʻʶ ʩʫʯʘʩʥʦʶ ʪʝʥʜʝʥʮʽʻʶ ʚ ʤʦʜʝʣʶʚʘʥʥʽ ʧʣʘʚʦʢ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʪʘ ʩʘʤʦʥʘʚʯʘʥʥʷ [118ï124]. ɿʘʩʪʦʩʫʚʘʥʥʷ ʥʝʡʨʦ-ʥʝʯʽʪʢʠʭ 

ʤʦʜʝʣʝʡ ʟ ʩʘʤʦʥʘʚʯʘʥʥʷʤ ʪʠʧʫ ANFIS [118] ʪʘ ʥʘʚʯʘʥʥʷ ʥʘ ʧʨʠʢʣʘʜʘʭ [119] 

ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʪʨʠʤʢʫ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʜʣʷ ʧʨʦʮʝʩʽʚ ʨʘʬʽʥʘʮʽʾ ʩʪʘʣʽ. ɺʦʜʥʦʯʘʩ 

ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʧʣʘʚʢʠ ʪʘ ʤʦʞʣʠʚʠʭ ʘʥʦʤʘʣʴʥʠʭ ʚʽʜʭʠʣʝʥʴ 

ʨʽʟʥʠʤʠ ʘʚʪʦʨʘʤʠ ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʘʜʽʘʣʴʥʦ-ʙʘʟʠʩʥʠʭ ʥʝʡʨʦʥʥʠʭ 

ʤʝʨʝʞ [120, 121], ʧʨʝʜʠʢʘʪʠʚʥʠʭ ʤʦʜʝʣʝʡ [122, 123], ʝʢʩʧʝʨʪʥʠʭ ʦʮʽʥʦʢ [124] ʽ 

ʥʘʚ̔ʪʴ ʙʘʛʘʪʦʚʘʨʽʘʥʪʥʠʭ ʯʘʩʦʚʠʭ ʨʷʜʽʚ [125]. ʗʢ ʘʣʴʪʝʨʥʘʪʠʚʘ ʜʘʥʦʤʫ ʧʽʜʭʦʜʫ 

ʘʚʪʦʨʘʤʠ [126] ʧʨʦʧʦʥʫʻʪʴʩʷ ʛʝʥʝʨʘʮʽʷ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʤʦʞʣʠʚʠʭ ʩʮʝʥʘʨʽʾʚ 

ʢʝʨʫʚʘʥʥʷ ʧʣʘʚʢʦʶ ʟ ʚʠʙʦʨʦʤ ʢʨʘʱʦʛʦ ʟʘ ʩʠʥʪʝʪʠʯʥʠʤ ʢʨʠʪʝʨʽʻʤ. 

ʈʦʟʛʣʷʥʫʪʽ ʧʽʜʭʦʜʠ ʤʘʶʪʴ ʩʫʪʪʻʚʠʡ ʥʝʜʦʣʽʢ, ʘʜʞʝ ʚ ʙʽʣʴʰʦʩʪʽ 

ʧʝʨʝʜʙʘʯʘʶʪʴ ʦʧʪʠʤʽʟʘʮʽʶ ʟʘ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ, ʘ ʥʝ ʝʢʦʥʦʤʽʯʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ 

ʷʢʦʩʪʽ, ʟʦʢʨʝʤʘ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʜʦʩʷʛʥʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʡ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʙʘʣʘʥʩʫ 

ʧʣʘʚʢʠ. ʇʨʠ ʧʦʙʫʜʦʚʽ ʡ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʦʜʝʣʽ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ ʦʙʤʝʞʝʥʠʡ ʨʝʩʫʨʩ 

ʯʘʩʫ (ʚʽʜ ʟʣʠʚʫ ʧʦʧʝʨʝʜʥʴʦʾ ʩʪʘʣʽ ʜʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʥʘʩʪʫʧʥʦʾ ʰʠʭʪʠ ʫ ʦʧʝʨʘʪʦʨʘ 

ʻ ʚʽʜ 2 ʜʦ 5 ʭʚʠʣʠʥ) ʪʘ ʩʫʪʪʻʚʫ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ. 
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ɸʢʪʫʘʣʴʥʠʤ ʙʘʯʠʪʴʩʷ ʨʦʟʨʦʙʢʘ ʪʘʢʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʦʧʪʠʤʽʟʘʮʽʾ 

ʰʠʭʪʠ ʧʨʠ ʢʦʥʚʝʨʪʝʨʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ, ʷʢʘ ʙ ʚʨʘʭʦʚʫʚʘʣʘ ʫʤʦʚʫ ʤʘʪʝʨʽʘʣʴʥʦʛʦ 

ʪʘ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʙʘʣʘʥʩʫ ʧʣʘʚʢʠ, ʘ ʪʘʢʦʞ ʤʽʥʽʤʽʟʘʮʽʶ ʩʦʙʽʚʘʨʪʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʠʭ 

ʬʝʨʦʩʧʣʘʚʽʚ, ʷʢ ʥʘʡʜʦʨʦʞʯʦʾ ʩʢʣʘʜʦʚʦʾ ʰʠʭʪʠ. ʇʨʠ ʮʴʦʤʫ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʚ ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʽ ʩʫʪʪʻʚʠʭ 

ʟʦʚʥʽʰʥʽʭ ʟʙʫʨʝʥʴ ʘʢʪʫʘʣʴʥʠʤ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʘʣʛʦʨʠʪʤʽ ʉʇʇʈ ʢʝʨʫʚʘʥʥʷ 

ʧʣʘʚʢʦʶ ʩʠʩʪʝʤ ʩʘʤʦʥʘʚʯʘʥʥʷ, ʦʨʽʻʥʪʦʚʘʥʠʭ ʥʘ ʥʘʡʙʽʣʴʰ ʚʜʘʣʽ ʧʨʠʢʣʘʜʠ 

ʧʦʧʝʨʝʜʥʴʦʛʦ ʚʝʜʝʥʥʷ ʧʣʘʚʦʢ. 

 

 

1.3.4 ʄʝʪʦʜʠ ʩʪʨʫʢʪʫʨʥʦʾ ʪʘ ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʥʝʚʽʜʦʤʠʭ 

ʟʘʣʝʞʥʦʩʪʝʡ ʫ ʟʘʜʘʯʘʭ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ 

ʋ ʧʨʦʮʝʩʘʭ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʩʦʨʪʦʚʦʛʦ ʧʨʦʢʘʪʫ ʽʩʥʫʶʪʴ 

ʩʠʪʫʘʮʽʾ, ʫ ʷʢʠʭ ʥʝʦʙʭʽʜʥʦ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʟʘʣʝʞʥʦʩʪʽ ʮʽʣʴʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʚʽʜ ʨʷʜʫ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʟ ʦʜʥʦʛʦ ʙʦʢʫ ʚʠʟʥʘʯʘʶʪʴ ʮʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʘ ʟ ʽʥʰʦʛʦ ʻ ʥʘʩʣʽʜʢʦʤ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʚ ʧʦʧʝʨʝʜʥʽʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʷʭ [127 ï 129]. ʉʦʨʪʦʚʠʡ ʧʨʦʢʘʪ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʨʷʜʦʤ 

ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʱʦ ʨʝʛʣʘʤʝʥʪʫʶʪʴʩʷ ʜʝʨʞʘʚʥʠʤʠ ʯʠ ʤʽʞʥʘʨʦʜʥʠʤʠ 

ʩʪʘʥʜʘʨʪʘʤʠ ʜʣʷ ʚʠʨʦʙʽʚ ʟ ʪʦʾ ʯʠ ʽʥʰʦʾ ʤʘʨʢʠ ʩʪʘʣʽ [130 ï 132]: ʛʨʘʥʠʮʷ ʪʝʢʫʯʦʩʪʽ, 

ʛʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ, ʫʜʘʨʥʘ ʧʨʫʞʥʽʩʪʴ, ʛʨʘʥʠʮʷ ʚʠʪʨʠʚʘʣʦʩʪʽ ʪʘ ʚʽʜʥʦʩʥʝ 

ʟʜʦʚʞʝʥʥʷ ʟʨʘʟʢʫ ʧʨʠ ʬʽʢʩʦʚʘʥʦʤʫ ʤʝʭʘʥʽʯʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ. ɺʩʽ ʮʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʭʦʜʷʪʴ ʜʦ ʩʝʨʪʠʬʽʢʘʪʫ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ, ʷʢʠʡ ʥʘʜʩʠʣʘʻʪʴʩʷ 

ʟʘʤʦʚʥʠʢʫ ʨʘʟʦʤ ʟ ʛʦʪʦʚʦʶ ʧʨʦʜʫʢʮʽʻʶ [178], ʱʦ ʽʣʶʩʪʨʫʻ ʨʠʩʫʥʦʢ 1.7.  
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ʈʠʩ. 1.7 ï ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʚʠʨʦʙʥʠʮʪʚʘ ʩʦʨʪʦʚʦʛʦ ʧʨʦʢʘʪʫ ʢʦʥʚʝʨʪʝʨʥʠʤ 

ʩʧʦʩʦʙʦʤ 

 

ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʜʦ ʤʦʤʝʥʪʫ, ʢʦʣʠ ʙʝʟʧʦʩʝʨʝʜʥʽʤʠ ʚʠʤʽʨʶʚʘʥʥʷʤʠ ʯʠ 

ʩʪʘʪʠʩʪʠʯʥʦ ʚʠʢʦʥʫʻʪʴʩʷ ʝʢʩʧʝʨʪʠʟʘ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ, ʚʠʢʦʥʘʥʥʷ ʙʫʜʴï̫ ʢʠʭ 

ʚʠʤʽʨʽʚ ʫʩʢʣʘʜʥʝʥʝ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ ï ʯʝʨʝʟ ʚʠʩʦʢʽ ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʟʧʣʘʚʫ ʪʘ 

ʟʣʠʚʢʽʚ, ʘ ʟ ʽʥʰʦʛʦ ï ʪʘʢʽ ʚʠʤʽʨʠ ʥʝ ʜʘʜʫʪʴ ʧʦʚʥʦʾ ʢʘʨʪʠʥʠ ʤʝʭʘʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ. ʈʽʯ ʫ ʪʽʤ, ʱʦ ʩʦʨʪʦʚʠʡ ʧʨʦʢʘʪ ʥʘʙʫʚʘʻ ʚʣʘʩʪʠʚʦʩʪʝʡ ʫ ʪʦʤʫ ʯʠʩʣʽ 

ʡ ʧʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʫʩʽʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ï ʧʽʜ ʯʘʩ ʦʭʦʣʦʜʞʝʥʥʷ. ʊʦʤʫ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʡʙʫʪʥʴʦʾ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʥʘ ʨʘʥʥʽʭ 

ʝʪʘʧʘʭ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʫʛʣʝʮʝʚʦʾ ʩʪʘʣʽ ʟ ʤʝʪʦʶ ʬʦʨʤʫʚʘʥʥʷ ʪʘʢʠʭ ʢʝʨʫʶʯʠʭ 

ʚʧʣʠʚʽʚ, ʷʢʽ ʙ ʤʦʛʣʠ ʩʢʦʨʠʛʫʚʘʪʠ ʧʨʦʮʝʩ, ʱʦ ʚʞʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ï ʩʢʣʘʜʥʘ 

ʘʢʪʫʘʣʴʥʘ ʟʘʜʘʯʘ, ʱʦ ʧʦʢʠ ʱʦ ʥʝ ʦʪʨʠʤʘʣʘ ʧʨʘʢʪʠʯʥʦʛʦ ʨʽʰʝʥʥʷ [179].  

ɺʦʜʥʦʯʘʩ, ʷʢ ʧʦʢʘʟʫʶʪʴ ʧʦʧʝʨʝʜʥʽ ʜʦʩʣʽʜʞʝʥʥʷ [133, 134], ʮʽ ʚʝʣʠʯʠʥʠ 

ʤʦʞʥʘ ʩʧʨʦʛʥʦʟʫʚʘʪʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʘʥʽ ʧʨʦ ʭʽʤʽʯʥʠʡ ʘʥʘʣʽʟ ʨʦʟʣʠʪʦʾ ʩʪʘʣʽ 

ʪʘ ʾʾ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʤʦʤʝʥʪ ʨʦʟʣʠʚʢʠ. ɺ [180] ʧʦʢʘʟʘʥʦ, ʱʦ ʤʘʡʙʫʪʥʷ ʤʘʨʢʘ ʩʪʘʣʽ 

ʟ ʥʘʜʽʡʥʽʩʪʶ 0,9624 ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤʠ ʦʜʠʥʘʜʮʷʪʴʤʘ ʚʠʤʽʨʘʤʠ: ʚʤʽʩʪ 

ʚʫʛʣʝʮʶ, ʤʘʨʛʘʥʮʶ, ʢʨʝʤʥʽʶ, ʩʽʨʢʠ, ʬʦʩʬʦʨʫ, ʭʨʦʤʫ, ʥʽʢʝʣʶ, ʤʽʜʽ, ʪʠʪʘʥʘ ʪʘ 

ʘʣʶʤʽʥʽʶ ʚ ʨʦʟʯʠʥʽ ʧʨʠ ʨʦʟʣʠʚʮʽ ʪʘ ʪʝʤʧʝʨʘʪʫʨʦʶ ʨʦʟʣʠʚʢʠ. ʊʘʢʦʞ ʦʪʨʠʤʘʥʘ 

ʥʝʡʨʦʥʥʦïʤʝʨʝʞʝʚʘ ʤʦʜʝʣʴ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʨʦʛʥʦʟʫʚʘʪʠ ʤʘʨʢʫ ʩʪʘʣʽ ʟʘ 

ʚʠʱʝʟʛʘʜʘʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ɺʪʽʤ, ʪʘʢʘ ʤʦʜʝʣʴ ʥʝ ʜʦʟʚʦʣʷʻ ʩʬʦʨʤʫʚʘʪʠ 
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ʢʝʨʫʶʯʠʡ ʚʧʣʠʚ ʫ ʨʘʟʽ, ʷʢʱʦ ʚʠʧʣʘʚʣʷʻʪʴʩʷ ʥʦʚʘ ʤʘʨʢʘ ʩʪʘʣʽ, ʥʘ ʧʨʠʢʣʘʜʘʭ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʠʨʦʙʽʚ ʟ ʷʢʦʾ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ ʥʝ ʥʘʚʯʘʣʘʩʷ. 

ʆʜʥʽʻʶ ʟ ʘʢʪʫʘʣʴʥʠʭ ʟʘʜʘʯ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʻ ʟʘʜʘʯʘ ʟʙʽʣʴʰʝʥʥʷ 

ʪʨʠʚʘʣʦʩʪʽ ʤʽʞʨʝʤʦʥʪʥʦʛʦ ʧʝʨʽʦʜʫ ʟʘ ʨʘʭʫʥʦʢ ʪʦʯʥʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʪʘʥʫ 

ʬʫʪʝʨʦʚʢʠ [187]. ʊʦʤʫ ʪʨʘʜʠʮʽʡʥʦ ʚʝʣʠʢʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʧʽʜʚʠʱʝʥʥʶ 

ʪʝʨʤʽʥʫ ʤʽʞ ʭʦʣʦʜʥʠʤʠ ʨʝʤʦʥʪʘʤʠ ʬʫʪʝʨʦʚʢʠ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥ ʁʮʴʦʛʦ ʪʝʨʤʽʥʫ 

[188].  

ʗʢ ʧʦʢʘʟʘʣʠ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʥʘ ʙʘʟʦʚʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚʘʭ, ʱʝ ʥʘ ʧʦʯʘʪʢʫ ʩʪʦʣʽʪʪʷ ʩʝʨʝʜʥʷ ʩʪʽʡʢʽʩʪʴ ʬʫʪʝʨʦʚʢʠ ʢʦʥʚʝʨʪʝʨʽʚ 

ʚ ʋʢʨʘʾʥʽ ʣʝʜʴ ʧʝʨʝʚʠʱʫʚʘʣʘ 1000 ʧʣʘʚʦʢ [135], ʫ ʪʦʡ ʯʘʩ ʷʢ ʥʘ ʧʦʪʫʞʥʠʭ 

ʢʦʥʚʝʨʪʝʨʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʢʨʘʾʥ ʉʅɼ ʩʝʨʝʜʥʷ ʩʪʽʡʢʽʩʪʴ ʩʢʣʘʜʘʣʘ ʙʽʣʴʰʝ 2000 

ʧʣʘʚʦʢ [136], ʘ ʩʚʽʪʦʚʠʡ ʨʽʚʝʥʴ, ʷʢʠʡ ʚʚʘʞʘʚʩʷ ʦʧʪʠʤʘʣʴʥʠʤ ʟ ʝʢʦʥʦʤʽʯʥʦʾ ʪʦʯʢʠ 

ʟʦʨʫ, ʱʝ ʥʘ ʢʽʥʝʮʴ 1990-ʭ ʨʦʢʽʚ ʩʪʘʥʦʚʠʚ 3000-4000 ʧʣʘʚʦʢ [189]. ʇʨʠ ʮʴʦʤʫ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʥʘʯʥʦ ʜʦʨʦʞʯʠʭ ʬʫʪʝʨʦʚʦʢ ʘʚʩʪʨʽʡʩʴʢʦʛʦ ʘʙʦ ʥʽʤʝʮʴʢʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʥʝ ʟʘʙʝʟʧʝʯʫʻ ʚʠʱʠʭ ʧʦʢʘʟʥʠʢʽʚ ʪʨʠʚʘʣʦʩʪʽ, ʥʽʞ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʬʫʪʝʨʦʚʢʠ ʫʢʨʘʾʥʩʴʢʦʛʦ ʯʠ ʢʠʪʘʡʩʴʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ [190]. 

ʌʫʪʝʨʦʚʢʘ ʧʣʘʚʠʣʴʥʦʛʦ ʘʛʨʝʛʘʪʫ ʟʥʦʰʫʻʪʴʩʷ ʧʽʜ ʜʽʻʶ ʮʽʣʦʛʦ ʨʷʜʫ 

ʬʘʢʪʦʨʽʚ, ʷʢʽ ʚ ʙʽʣʴʰʦʩʪʽ ʦʙʫʤʦʚʣʝʥʽ ʜʽʷʣʴʥʽʩʪʶ ʦʧʝʨʘʪʦʨʘ, ʱʦ ʢʝʨʫʻ ʧʨʦʮʝʩʦʤ 

ʧʣʘʚʢʠ [135, 136]. ɺ ʨʽʟʥʠʭ ʜʞʝʨʝʣʘʭ [137 ï 140] ʟʛʘʜʫʶʪʴʩʷ ʚʽʜ 12 ʜʦ 26 

ʬʘʢʪʦʨʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʩʪʽʡʢʽʩʪʴ ʬʫʪʝʨʦʚʢʠ, ʪʦʙʪʦ ʯʘʩ ʾʾ ʨʦʙʦʪʠ ʜʦ ʧʣʘʥʦʚʦʾ 

ʙʝʟʘʚʘʨʽʡʥʦʾ ʟʘʤʽʥʠ. ʇʦʧʝʨʝʜʥʽʡ ʘʥʘʣʽʟ ʧʨʦʙʣʝʤʥʦʾ ʦʙʣʘʩʪʽ [135, 136] ʧʦʢʘʟʘʚ, 

ʱʦ ʚʩʽ ʬʘʢʪʦʨʠ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʪʽʡʢʽʩʪʴ ʬʫʪʝʨʦʚʢʠ ʢʦʥʚʝʨʪʝʨʘ, ʤʦʞʥʘ 

ʧʦʜʽʣʠʪʠ ʥʘ ʪʝʭʥʽʯʥʽ (ʷʢʽʩʪʴ ʟʘʩʪʦʩʦʚʘʥʠʭ ʚʦʛʥʝʪʨʠʚʢʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʩʭʝʤʘ 

ʢʣʘʜʢʠ) ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʽ (ʷʢʽʩʪʴ ʯʘʚʫʥʫ, ʦʩʥʦʚʥʽʩʪʴ ʧʣʘʚʢʠ, ʚʠʢʦʥʘʥʥʷ ʜʦʜʫʚʦʢ ʪʘ 

ʩʧʦʩʦʙʠ ʜʦʛʣʷʜʫ ʟʘ ʬʫʪʝʨʽʚʢʦʶ ʧʨʦʪʷʛʦʤ ʢʘʤʧʘʥʽʾ). 

ʉʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʜʦʟʚʦʣʷʶʪʴ ʟʜʽʡʩʥʶʚʘʪʠ ʟʘʭʠʩʪ ʬʫʪʝʨʦʚʢʠ ʢʦʥʚʝʨʪʝʨʽʚ 

ʤʝʪʦʜʦʤ ʬʘʢʝʣʴʥʦʛʦ ʽ ʥʘʧʽʚʩʫʭʦʛʦ ʪʦʨʢʨʝʪʫʚʘʥʥʷ, ʦʪʨʠʤʘʥʥʷʤ ʢʦʥʚʝʨʪʝʨʥʠʭ 

ʰʣʘʢʽʚ ʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʤʘʛʥʽʶ, ʰʣʘʢʦʚʠʤ ʛʘʨʥʽʩʘʞʝʤ, ʰʣʷʭʦʤ ʨʦʟʜʫʚʘʥʥʷ 

ʢʽʥʮʝʚʦʛʦ ʢʦʥʚʝʨʪʝʨʥʦʛʦ ʰʣʘʢʫ ʽʥʝʨʪʥʠʤ ʛʘʟʦʤ (ʘʟʦʪʦʤ) [191]. 



71 

ʂʦʣʦ ʬʘʢʪʦʨʽʚ, ʱʦ ʥʘʡʙʽʣʴʰʝ ʩʢʦʨʦʯʫʶʪʴ ʩʪʽʡʢʽʩʪʴ ʬʫʪʝʨʦʚʢʠ ʢʦʥʚʝʨʪʝʨʘ, 

ʦʢʨʝʩʣʝʥʦ ʱʝ ʫ ʤʠʥʫʣʦʤʫ ʩʪʦʣʽʪʪʽ [192, 193]. ɺʦʜʥʦʯʘʩ, ʚʽʜʦʤʽ ʡ ʦʩʥʦʚʥʽ ʰʣʷʭʠ 

ʫʧʦʚʽʣʴʥʝʥʥʷ ʨʦʟʯʠʥʝʥʥʷ ʬʫʪʝʨʦʚʢʠ. ʆʩʥʦʚʥʠʤ ʪʝʭʥʽʯʥʠʤ ʤʝʪʦʜʦʤ ʻ 

ʟʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ ʚ ʰʣʘʢʫ MgO [194]. ʆʩʪʘʥʥʻ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʨʠ 

ʰʣʘʢʦʫʪʚʦʨʝʥʥʽ ʦʭʦʣʦʜʞʫʚʘʯʽʚ, ʱʦ ʤʽʩʪʷʪʴ ʦʢʩʠʜ ʤʘʛʥʽʶ (ʜʦʣʦʤʽʪ, ʜʦʣʦʤʽʪʦʚʝ 

ʚʘʧʥʦ). ʉʝʨʝʜ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʝʪʦʜʽʚ ʧʽʜʚʠʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʬʫʪʝʨʦʚʢʠ ʩʣʽʜ 

ʚʨʘʭʫʚʘʪʠ ʪʦʨʢʨʝʪʫʚʘʥʥʷ [195, 196] ʪʘ ʰʣʘʢʫʚʘʥʥʷ [197]. ʊʦʨʢʨʝʪʫʚʘʥʥʷ 

ʬʫʪʝʨʦʚʢʠ - ʮʝ ʤʝʪʦʜ ʛʘʨʷʯʦʛʦ ʨʝʤʦʥʪʫ ʰʣʷʭʦʤ ʥʘʥʝʩʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʪʦʨʢʨʝʪ-ʤʘʰʠʥ ʚʦʛʥʝʪʨʠʚʢʦʾ ʤʘʩʠ ʥʘ ʟʥʦʰʝʥʽ ʜʽʣʷʥʢʠ ʬʫʪʝʨʦʚʢʠ. ʉʪʽʡʢʽʩʪʴ 

ʬʫʪʝʨʦʚʢʠ ʤʦʞʝ ʙʫʪʠ ʧʦʜʦʚʞʝʥʘ ʪʘʢʠʤ ʯʠʥʦʤ ʥʘ 1000-2500 ʧʣʘʚʦʢ [196]. 

ʐʣʘʢʫʚʘʥʥʷ ʬʫʪʝʨʦʚʢʠ ï ʥʘʙʘʛʘʪʦ ʧʨʦʩʪʽʰʠʡ ʩʧʦʩʽʙ ʟʤʽʮʥʝʥʥʷ ʧʦʚʝʨʭʥʽ ʨʦʙʦʯʦʾ 

ʟʦʥʠ, ʷʢʠʡ ʧʦʣʷʛʘʻ ʫ ʨʦʟʙʨʠʟʢʫʚʘʥʥʽ ʰʣʘʢʫ, ʱʦ ʟʘʣʠʰʘʻʪʴʩʷ ʧʽʩʣʷ ʨʦʟʣʠʚʢʠ 

ʧʣʘʚʢʠ, ʥʘ ʩʪʽʥʢʠ ʢʦʥʚʝʨʪʝʨʘ. ʅʘʥʝʩʝʥʠʡ ʰʣʘʢʦʚʠʡ ʰʘʨ ʚʠʪʨʠʤʫʻ ʥʝ ʤʝʥʰʝ ʜʚʦʭ 

ʧʣʘʚʦʢ [197]. 

ɼʦʜʘʪʢʦʚʠʤ ʬʘʢʪʦʨʦʤ, ʱʦ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʪʨʠʚʘʣʽʩʪʴ ʨʦʙʦʪʠ 

ʬʫʪʝʨʦʚʢʠ, ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʧʦʚʥʦʛʦ ʮʠʢʣʫ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʜʢʠʡ ʯʘʚʫʥ 

ʜʣʷ ʚʠʧʣʘʚʢʠ ʩʪʘʣʽ, ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʩʢʘʯʫʚʘʥʥʷ ʰʣʘʢʫ ʧʽʜ ʯʘʩ ʧʣʘʚʢʠ [198]. ɺʦʥʘ 

ʦʙʫʤʦʚʣʝʥʘ ʥʝʜʦʩʢʦʥʘʣʽʩʪʶ ʯʘʚʫʥʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʷʢʝ ʥʝ ʚ ʟʤʦʟʽ ʟʘʙʝʟʧʝʯʠʪʠ 

ʩʪʘʙʽʣʴʥʽʩʪʴ ʧʦʢʘʟʥʠʢʫ ʚʤʽʩʪʫ ʢʨʝʤʥʽʶ ʚ ʤʝʞʘʭ 0,6-0,9% ʪʘ ʥʝʙʝʟʧʝʢʦʶ ʚʠʢʠʜʽʚ 

ʟ ʢʦʥʚʝʨʪʝʨʘ ʤʘʩ ʰʣʘʢʫ.  

ɺʪʽʤ, ʥʘʚʽʪʴ ʤʘʶʯʠ ʧʦʚʥʠʡ ʧʝʨʝʣʽʢ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʪʨʠʚʘʣʽʩʪʴ 

ʨʦʙʦʪʠ ʬʫʪʝʨʦʚʢʠ, ʧʦʙʫʜʦʚʘ ʧʨʦʛʥʦʟʫʶʯʦʾ ʤʦʜʝʣʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʮʴʦʛʦ ʪʝʨʤʽʥʫ, 

ʟʘʣʠʰʘʻʪʴʩʷ ʜʦʚʦʣʽ ʩʢʣʘʜʥʦʶ ʟʘʜʘʯʝʶ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʧʘʨʥʠʭ ʢʦʨʝʣʷʮʽʡ 

ʚʩʪʘʥʦʚʣʝʥʦ [136], ʱʦ ʟ ʫʩʽʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘʡʙʽʣʴʰʠʡ ʚʧʣʠʚ ʥʘ 

ʩʪʽʡʢʽʩʪʴ ʧʝʨʠʢʣʘʟʦʚʫʛʣʠʮʝʚʦʾ ʬʫʪʝʨʦʚʢʠ ʤʘʶʪʴ ʚʤʽʩʪ MgO ʚ ʰʣʘʢʫ ʽ ʯʘʩʪʢʘ 

ʧʣʘʚʦʢ ʟ ʜʦʜʫʚʢʦʶ ʢʦʥʚʝʨʪʝʨʘ. ɼʝʱʦ ʤʝʥʰʝ ʢʦʨʝʣʶʶʪʴ ʟ ʪʨʠʚʘʣʽʩʪʶ ʨʦʙʦʪʠ 

ʬʫʪʝʨʦʚʢʠ ʚʤʽʩʪ ʢʨʝʤʥʽʶ ʚ ʯʘʚʫʥʽ ʪʘ ʚʤʽʩʪ FeO ʚ ʰʣʘʢʫ. ʇʨʠ ʮʴʦʤʫ ʙʽʣʴʰʽʩʪʴ 

ʘʚʪʦʨʽʚ ʩʭʦʜʷʪʴʩʷ ʥʘ ʥʝʣʽʥʽʡʥʦʤʫ ʭʘʨʘʢʪʝʨʽ ʟʘʣʝʞʥʦʩʪʝʡ, ʱʦ ʜʦʩʣʽʜʞʫʶʪʴʩʷ. 

ɿʦʢʨʝʤʘ, ʫ [195, 197] ʚʢʘʟʫʻʪʴʩʷ ʥʘ ʥʘʷʚʥʦʩʪʽ ʪʦʯʦʢ ʧʝʨʝʛʠʥʫ ʚ ʟʘʣʝʞʥʦʩʪʷʭ 

ʩʪʽʡʢʦʩʪʽ ʬʫʪʝʨʦʚʢʠ ʚʽʜ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʯʘʚʫʥʫ ʪʘ ʦʭʦʣʦʜʞʫʚʘʯʽʚ, ʘ ʫ [199] ï ʥʘ 
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ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʩʪʘʥʦʚʣʝʥʥʷ ʨʘʮʽʦʥʘʣʴʥʦʾ ʤʝʞʽ ʢʽʣʴʢʦʩʪʽ ʪʦʨʢʨʝʪʫʚʘʥʴ, ʷʢʽ ʥʝ 

ʤʘʶʪʴ ʚʠʢʦʥʫʚʘʪʠʩʷ ʧʽʩʣʷ ʢʦʞʥʦʾ ʧʣʘʚʢʠ. 

ʆʪʞʝ, ʟʘʜʘʯʘ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʧʨʦʮʝʩʫ ʚʠʛʦʨʷʥʥʷ ʬʫʪʝʨʦʚʢʠ 

ʚʽʜ ʪʝʭʥʽʯʥʠʭ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ ʪʘ ʟʘʣʝʞʥʦʩʪʝʡ, ʱʦ ʾʭ ʦʧʠʩʫʶʪʴ, 

ʟʘʣʠʰʘʻʪʴʩʷ ʘʢʪʫʘʣʴʥʦʶ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʦʢʘʪʫ ʤʘʶʪʴ ʙʫʪʠ ʧʘʨʘʤʝʪʨʠʯʥʽ ʤʦʜʝʣʽ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʩʢʣʘʜʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʱʦʜʦ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʦʪʦʚʦʾ 

ʧʨʦʜʫʢʮʽʾ ʪʘ ʩʪʽʡʢʦʩʪʽ ʬʫʪʝʨʦʚʢʠ ʧʣʘʚʠʣʴʥʦʛʦ ʘʛʨʝʛʘʪʫ. 

ʉʪʨʫʢʪʫʨʥʽʡ ʪʘ ʧʘʨʘʤʝʪʨʠʯʥʽ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʤʦʜʝʣʝʡ ʟʛʘʜʘʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ 

ʧʨʠʩʚʷʯʝʥʦ ʨʷʜ ʨʦʙʽʪ [141 ï 143]. ʋʤʦʚʥʦ ʚʩʽ ʤʝʪʦʜʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʦʟʜʽʣʷʶʪʴ 

ʥʘ ʽʥʪʫʾʪʠʚʥʽ ʪʘ ʬʦʨʤʘʣʽʟʦʚʘʥʽ. ɼʦ ʽʥʪʫʾʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʚʽʜʥʦʩʷʪʴ ʤʝʪʦʜʠ 

ʝʢʩʧʝʨʪʥʠʭ ʦʮʽʥʦʢ [144], ʤʝʪʦʜ ʽʩʪʦʨʠʯʥʠʭ ʘʥʘʣʦʛʽʡ, ʥʝʯʽʪʢʽ ʤʝʪʦʜʠ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ [145, 146]. ʐʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʛʝʥʝʪʠʯʥʽ ʤʝʪʦʜʠ ʪʘ 

ʤʝʪʦʜʠ ʥʝʡʨʦʤʘʪʝʤʘʪʠʢʠ [147, 148]. ʌʦʨʤʘʣʽʟʦʚʘʥʽ ʤʝʪʦʜʠ, ʚ ʩʚʦʶ ʯʝʨʛʫ, 

ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʩʪʘʪʠʩʪʠʯʥʽ (ʥʘʩʘʤʧʝʨʝʜ ʨʝʛʨʝʩʽʡʥʽ ʤʦʜʝʣʽ) [149] ʪʘ ʩʪʨʫʢʪʫʨʥʽ 

(ʥʝʡʨʦʤʝʨʝʞʝʚʽ ʤʦʜʝʣʽ, ʤʦʜʝʣʽ ʥʘ ʦʩʥʦʚʽ ʢʣʘʩʠʬʽʢʘʮʽʡʥʦ-ʨʝʛʨʝʩʽʡʥʠʭ ʜʝʨʝʚ 

ʪʦʱʦ) [150, 151]. ʇʨʠ ʨʦʟʚôʷʟʫʚʘʥʥʽ ʢʦʥʢʨʝʪʥʦʾ ʧʨʠʢʣʘʜʥʦʾ ʟʘʜʘʯʽ ʚʘʞʣʠʚʦ 

ʧʽʜʽʙʨʘʪʠ ʝʬʝʢʪʠʚʥʠʡ ʤʝʪʦʜ ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʷʢʦʛʦ ʤʦʞʥʘ ʙʫʣʦ 

ʙ ʦʪʨʠʤʘʪʠ ʥʘʡʙʽʣʴʰ ʪʦʯʥʽ ʨʝʟʫʣʴʪʘʪʠ.  

ɿʘʜʘʯʫ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʥʝʚʽʜʦʤʦʾ ʟʘʣʝʞʥʦʩʪʽ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʥʘ 

ʩʬʦʨʤʫʣʶʚʘʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ 

ώ Ὂὃȟὢ ‐ (1.1) 

ʜʝ ὢ ὼȟὼȟȣȟὼ  ï ʚʭʽʜʥʽ ʟʤʽʥʥʽ (ʬʘʢʪʦʨʠ), Ὧ  ʢʽʣʴʢʽʩʪʴ ʬʘʢʪʦʨʽʚ, 

ʚʢʣʶʯʝʥʠʭ ʜʦ ʤʦʜʝʣʽ; ὃ ὥȟὥȟȣȟὥ  ï ʜʝʷʢʽ ʧʘʨʘʤʝʪʨʠ ʤʦʜʝʣʽ, ʷʢʽ 

ʥʝʦʙʭʽʜʥʦ ʚʽʜʥʦʚʠʪʠ, ὲ  ʢʽʣʴʢʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ; ‐  ʧʦʤʠʣʢʘ ʤʦʜʝʣʽ.  

ʋ ʥʘʫʢʦʚʠʭ ʜʞʝʨʝʣʘʭ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʨʽʟʥʠʭ ʪʠʧʽʚ 

ʨʝʛʨʝʩʽʡʥʠʭ ʤʦʜʝʣʝʡ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʣʽʥʽʡʥʘ ʤʦʜʝʣʴ ʤʥʦʞʠʥʥʦʾ ʨʝʛʨʝʩʽʾ 

ʦʧʠʩʫʻʪʴʩʷ ʚʠʨʘʟʦʤ:  



73 

ώ ὥ ẗὼ ȟ (1.2) 

ʜʝ Ὧ  ʢʽʣʴʢʽʩʪʴ ʟʤʽʥʥʠʭ; ὓ  ʢʽʣʴʢʽʩʪʴ ʯʣʝʥʽʚ ʧʦʣʽʥʦʤʘ; ὥ  ʢʦʝʬʽʮʽʻʥʪʠ ʧʨʠ 

ʩʢʣʘʜʦʚʠʭ ʧʦʣʽʥʦʤʘ; Ὓ  ʩʪʫʧʝʥʽ ʘʨʛʫʤʝʥʪʽʚ.  

ʅʝʜʦʣʽʢ ʧʦʜʽʙʥʦʛʦ ʧʽʜʭʦʜʫ ʦʙʫʤʦʚʣʝʥʠʡ ʪʠʤ, ʱʦ ʟʘ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʩʽ 

ʧʘʨʘʤʝʪʨʠ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʧʦʚʥʽʩʪʶ ʥʝʢʦʨʝʣʴʦʚʘʥʽ, ʪʦʙʪʦ ʢʦʞʥʘ ʟ ʬʫʥʢʮʽʡ 

Ὢ ὥὼȟ Ὦ ρȣὯȟ (1.3) 

ʻ ʥʝʟʘʣʝʞʥʦʶ ʚʽʜ ʫʩʽʭ ʽʥʰʠʭ. ʈʝʟʫʣʴʪʫʶʯʠʡ ʬʫʥʢʮʽʦʥʘʣ (1.2) ʙʫʜʫʻʪʴʩʷ 

ʬʘʢʪʠʯʥʦ ʷʢ ʩʫʤʘ ʬʫʥʢʮʽʡ (1.3), ʦʪʨʠʤʘʥʠʭ ʢʦʞʥʘ ʤʝʪʦʜʦʤ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ 

(ʄʅʂ) [152].  

ʆʩʢʽʣʴʢʠ ʧʦʯʘʪʢʦʚʦ ʘʥʘʣʽʪʠʯʥʠʡ ʚʠʜ ʟʘʣʝʞʥʦʩʪʽ (1.1) ʥʝʚʽʜʦʤʠʡ, ʪʦ ʚ 

ʧʨʦʮʝʩʽ ʾʾ ʚʠʟʥʘʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦ ʨʦʟʚôʷʟʫʚʘʪʠ ʟʘʜʘʯʽ ʩʪʨʫʢʪʫʨʥʦʾ ʪʘ 

ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʢʣʘʩʠʯʥʦʛʦ ʤʝʪʦʜʫ, ʟʘʩʥʦʚʘʥʦʛʦ ʥʘ 

ʄʅʂ ʤʘʻ ʜʦʜʘʪʢʦʚʠʡ ʥʝʜʦʣʽʢ. ʆʩʢʽʣʴʢʠ ʙʽʣʴʰʽʩʪʴ ʰʫʢʘʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʻ 

ʩʫʪʪʻʚʦ ʥʝʣʽʥʽʡʥʠʤʠ, ʨʝʟʫʣʴʪʫʶʯʽ ʤʦʜʝʣʽ ʤʘʪʠʤʫʪʴ ʧʦ 30ï50 ʢʦʝʬʽʮʽʻʥʪʽʚ. ɼʣʷ 

ʚʽʜʥʦʚʣʝʥʥʷ ʪʘʢʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʟ ʚʠʩʦʢʦʶ ʥʘʜʽʡʥʽʩʪʶ ʪʘ ʤʘʣʠʤ ʜʦʚʽʨʯʠʤ 

ʽʥʪʝʨʚʘʣʦʤ ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʚʠʙʽʨʢʠ ʜʘʥʠʭ ʧʨʦ ʪʠʩʷʯʽ, ʘ ʽʥʦʜʽ ʡ ʜʝʩʷʪʢʠ ʪʠʩʷʯ 

ʧʣʘʚʦʢ, ʚʨʘʭʦʚʫʶʯʠ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʪʠʧʽʚ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ, ʱʦ ʩʝʨʪʠʬʽʢʫʻʪʴʩʷ. 

ʆʜʥʠʤ ʟ ʚʽʜʦʤʠʭ ʤʝʪʦʜʽʚ, ʷʢʠʡ ʫʩʧʽʰʥʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ 

ʨʦʟʚôʷʟʫʚʘʥʥʽ ʟʘʜʘʯ ʩʪʨʫʢʪʫʨʥʦ-ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʩʢʣʘʜʥʠʭ ʦʙôʻʢʪʽʚ, 

ʧʨʦʮʝʩʽʚ ʪʘ ʩʠʩʪʝʤ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʚ ʫʤʦʚʘʭ ʥʝʧʦʚʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, 

ʻ ʤʝʪʦʜ ʛʨʫʧʦʚʦʛʦ ʫʨʘʭʫʚʘʥʥʷ ʘʨʛʫʤʝʥʪʽʚ (ʄɻʋɸ), ʨʦʟʨʦʙʣʝʥʠʡ ɯʚʘʭʥʝʥʢʦʤ ʆ.ɻ. 

[153]. ʇʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʄɻʋɸ ʦʪʨʠʤʘʚ ʚ ʨʦʙʦʪʘʭ ʉʪʝʧʘʰʢʘ ɺ.ʉ. [154, 155], 

ɿʘʡʯʝʥʢʘ ʖ.ʇ. [156] ʪʘ ʽʥʰʠʭ ʚʯʝʥʠʭ. ɿʘ ʩʚʦʻʶ ʧʨʠʨʦʜʦʶ ʄɻʋɸ ʻ ʤʝʪʦʜʦʤ 

ʽʥʜʫʢʪʠʚʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʚ ʦʩʥʦʚʽ ʷʢʦʛʦ ʣʝʞʠʪʴ ʧʨʠʥʮʠʧ ʘʚʪʦʤʘʪʠʯʥʦʾ 

ʛʝʥʝʨʘʮʽʾ ʚʘʨʽʘʥʪʽʚ, ʧʦʩʣʽʜʦʚʥʦʾ ʩʝʣʝʢʮʽʾ ʤʦʜʝʣʝʡ ʽ ʟʦʚʥʽʰʥʽʭ ʢʨʠʪʝʨʽʾʚ ʜʣʷ 

ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʝʡ ʦʧʪʠʤʘʣʴʥʦʾ ʩʢʣʘʜʥʦʩʪʽ [157, 158].  
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ʆʙʽʡʪʠ ʥʝʜʦʣʽʢʠ ʤʦʜʝʣʽ, ʱʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ, ʜʦʟʚʦʣʷʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ 

ʘʧʨʦʢʩʠʤʘʮʽʾ ʢʝʨʦʚʘʥʦʾ ʟʤʽʥʥʦʾ ʚʽʜ ʧʝʚʥʦʛʦ ʥʘʙʦʨʫ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ 

ʫʟʘʛʘʣʴʥʝʥʠʭ ʧʨʦʛʥʦʟʫʶʯʠʭ ʧʦʣʽʥʦʤʽʚ ʚʠʛʣʷʜʫ  

ώ ὥẗ ὼ  (1.4) 

ɺ (1.4), ʷʢ ʽ ʚ (1.2), ʩʪʫʧʝʥʽ, ʫ ʷʢʠʭ ʧʨʝʜʠʢʪʦʨʠ ʚʭʦʜʷʪʴ ʜʦ ʤʦʜʝʣʽ, ï 

ʥʘʪʫʨʘʣʴʥʽ ʯʠʩʣʘ, ʘʣʝ ʚʦʜʥʦʯʘʩ ʧʨʠʩʫʪʥʽ ʡ ʜʦʙʫʪʢʠ ʧʘʨʘʤʝʪʨʽʚ. 

ɺʽʜʦʤʽ ʨʷʜ ʤʝʪʦʜʽʚ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ ʢʦʝʬʽʮʽʻʥʪʠ ʧʦʣʽʥʦʤʘ ʜʣʷ 

ʙʫʜʴï̫ ʢʦʛʦ ʟʘʜʘʥʦʛʦ ʢʨʠʪʝʨʽʶ ʷʢʦʩʪʽ ʘʧʨʦʢʩʠʤʘʮʽʾ, ʥʘʧʨʠʢʣʘʜ, ʢʨʠʪʝʨʽʶ 

ʨʝʛʫʣʷʨʥʦʩʪʽ ʘʙʦ ʤʽʥʽʤʘʣʴʥʦʛʦ ʟʤʽʱʝʥʥʷ [151]. ɿʦʢʨʝʤʘ, ʢʦʤʙʽʥʘʪʦʨʥʠʡ 

ʘʣʛʦʨʠʪʤ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʪʠ ʟʘʧʠʩ ʰʣʷʭʦʤ ʚʠʢʨʝʩʣʶʚʘʥʥʷ ʧʝʚʥʠʭ 

ʩʢʣʘʜʦʚʠʭ ʟ ʧʦʚʥʦʛʦ ʧʦʣʽʥʦʤʫ, ʘ ʟʛʘʜʘʥʠʡ ʤʝʪʦʜ ʛʨʫʧʦʚʦʛʦ ʫʨʘʭʫʚʘʥʥʷ 

ʘʨʛʫʤʝʥʪʽʚï ʥʘʚʧʘʢʠ, ʧʦʩʪʫʧʦʚʦ ʫʩʢʣʘʜʥʶʻ ʤʦʜʝʣʴ ʥʘ ʦʩʥʦʚʽ ʝʣʝʤʝʥʪʘʨʥʠʭ 

ʧʦʣʽʥʦʤʽʚ ʧʝʨʰʦʛʦïʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ [153]. 

ʇʨʦʙʣʝʤʘ ʢʦʤʙʽʥʘʪʦʨʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʚ ʟʘʩʪʦʩʫʚʘʥʥʽ ʜʦ ʨʦʟʛʣʷʥʫʪʦʾ ʟʘʜʘʯʽ 

ʧʦʣʷʛʘʻ ʫ ʪʘʢ ʟʚʘʥʦʤʫ çʧʨʦʢʣʷʪʪʽ ʨʦʟʤʽʨʥʦʩʪʽè: ʜʣʷ Ὧ ʟʤʽʥʥʠʭ, ʢʦʞʥʘ ʟ ʷʢʠʭ ʤʦʞʝ 

ʚʠʩʪʫʧʘʪʠ ʫ ʩʪʫʧʝʥʷʭ ʚʽʜ 0 ʜʦ ά, ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʛʣʷʥʫʪʠ ά ρ ʨʽʟʥʠʭ 

ʧʦʣʽʥʦʤʽʚ, ʚʽʜʥʦʚʠʚʰʠ ʜʣʷ ʢʦʞʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʠ ʤʝʪʦʜʦʤ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ. 

ʆʩʪʘʥʥʻ ʥʝʨʝʘʣʴʥʦ ʥʝ ʪʽʣʴʢʠ ʟ ʪʦʯʢʠ ʟʦʨʫ ʯʘʩʫ, ʘ ʡ ʚʠʭʦʜʷʯʠ ʟ ʪʦʛʦ, ʱʦ 

ʧʦʯʠʥʘʶʯʠ ʟ ʧʝʚʥʦʛʦ ʧʦʨʷʜʢʫ ʤʘʪʨʠʮʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʩʪʘʥʫʪʴ ʧʦʛʘʥʦ 

ʦʙʫʤʦʚʣʝʥʠʤʠ ʽ ʙʝʟʧʦʩʝʨʝʜʥʻ ʨʽʰʝʥʥʷ ʩʠʩʪʝʤʠ ʤʘʪʨʠʯʥʠʭ ʨʽʚʥʷʥʴ ʚ ʄʅʂ 

ʚʠʷʚʠʪʴʩʷ ʥʝʝʬʝʢʪʠʚʥʠʤ. 

ɿ ʪʦʯʢʠ ʟʦʨʫ ʰʚʠʜʢʦʩʪʽ ʡ ʧʨʦʩʪʦʪʠ ʩʠʥʪʝʟʫ ʤʦʜʝʣʝʡ ʄɻʋɸ, ʟʚʠʯʘʡʥʦ, ʤʘʻ 

ʧʝʨʝʚʘʛʫ. ɺʪʽʤ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʜʘʥʦʾ ʟʘʜʘʯʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʴʦʛʦ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ 

ʤʝʪʦʜʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʽʟʢʦʛʦ ʟʨʦʩʪʘʥʥʷ ʩʪʫʧʝʥʽʚ ʧʦʣʽʥʦʤʽʚ. ɿʦʢʨʝʤʘ, ʧʨʠ 

ʟʘʩʪʦʩʫʚʘʥʥʽ ʥʘʡʧʨʦʩʪʽʰʦʾ ʬʦʨʤʠ ʙʘʟʦʚʦʾ ʤʦʜʝʣʽ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ  

Ὢὼȟὼ ὥ ὥὼ ὥὼ ὥὼὼ (1.5) 

ʚʞʝ ʥʘ ʪʨʝʪʴʦʤʫ ʢʨʦʮʽ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ ʩʝʨʝʜ ʢʨʘʱʠʭ ʤʦʜʝʣʝʡ ʦʧʠʥʷʶʪʴʩʷ ʪʘʢʽ 

ʱʦ ʤʽʩʪʷʪʴ ʩʢʣʘʜʦʚʽ ʧôʷʪʦʛʦ, ʰʦʩʪʦʛʦ ʽ ʪʘʢ ʜʘʣʽ ʧʦʨʷʜʢʽʚ, ʢʦʝʬʽʮʽʻʥʪʠ ʧʨʠ ʷʢʠʭ, 
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ʚʽʜʧʦʚʽʜʥʦ ʤʘʶʪʴ ʨʦʟʤʽʨʥʽʩʪʴ ʪʠʩʷʯ ʽ ʜʝʩʷʪʢʽʚ ʪʠʩʷʯ, ʱʦ ʩʧʦʪʚʦʨʶʶʪʴ ʨʝʘʣʴʥʽ 

ʬʽʟʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʘʥʘʣʽʟ ʤʝʪʦʜʽʚ ʩʪʨʫʢʪʫʨʥʦʾ ʪʘ ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ 

ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ ʧʨʦ ʽʩʥʫʶʯʽ ʜʚʘ ʧʽʜʭʦʜʠ ʜʦ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʝʡ: 

ʽʥʪʫʾʪʠʚʥʠʡ ʽ ʬʦʨʤʘʣʽʟʦʚʘʥʠʡ. ʇʝʨʰʠʡ ʜʦʟʚʦʣʷʻ ʜʦʜʘʪʢʦʚʦ ʜʦ ʥʝʚʽʜʦʤʠʭ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʩʪʨʫʢʪʫʨʥʦ ʚʠʟʥʘʯʝʥʦʾ ʤʦʜʝʣʽ ʪʘʢʦʞ ʧʽʜʽʙʨʘʪʠ ʾʾ ʦʧʪʠʤʘʣʴʥʫ 

ʩʪʨʫʢʪʫʨʫ ʥʘ ʦʩʥʦʚʽ ʟʦʚʥʽʰʥʴʦʛʦ ʢʨʠʪʝʨʽʶ ʷʢʦʩʪʽ. ɺ ʜʨʫʛʦʤʫ ʚʠʧʘʜʢʫ ʟʘʜʘʯʽ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʩʪʨʫʢʪʫʨʠ ʤʦʜʝʣʽ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ ʾʾ ʧʘʨʘʤʝʪʨʽʚ ʤʦʞʫʪʴ 

ʚʠʢʦʥʫʚʘʪʠʩʴ ʦʢʨʝʤʦ ʚʽʜʦʤʠʤʠ ʤʝʪʦʜʘʤʠ, ʥʝʦʜʥʦʨʘʟʦʚʦ ʨʝʘʣʽʟʦʚʘʥʠʤʠ ʫ 

ʩʫʯʘʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ ʢʝʨʫʚʘʥʥʷ ʚʠʨʦʙʥʠʮʪʚʦʤ. 

ɺʽʜʪʘʢ, ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ ʚ ʤʝʞʘʭ ʟʘʛʘʣʴʥʦʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ 

ʧʨʦʙʣʝʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʙʘʯʘʻʪʴʩʷ ʧʦʙʫʜʦʚʘ ʤʦʜʝʣʝʡ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽ ʩʝʨʪʠʬʽʢʘʮʽʾ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ, ʷʢʽ ʙ ʜʦʟʚʦʣʷʣʠ ʙʝʟ ʚʪʨʘʪʠ 

ʪʦʯʥʦʩʪʽ ʤʽʥʽʤʽʟʫʚʘʪʠ ʧʦʨʷʜʦʢ ʽ ʩʢʣʘʜʥʽʩʪʴ ʤʦʜʝʣʽ. 

 

 

1.4. ʈʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʫʤʦʚʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ 

ʤʦʜʝʣʶʚʘʥʥʷ ʰʪʫʯʥʠʭ ʽʤʫʥʥʠʭ ʩʠʩʪʝʤ (ʐɯʉ) 

 

ɿ ʚʠʢʣʘʜʝʥʦʛʦ ʨʘʥʽʰʝ ʩʣʽʜʫʻ, ʱʦ ʟʘʜʘʯʘ ̔ ʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʧʽʜʪʨʠʤʢʠ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʚ ʙʘʛʘʪʦʝʪʘʧʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʧʨʦʢʘʪʫ ʧʝʨʝʜʙʘʯʘʻ ʚʠʨʽʰʝʥʥʷ 

ʮʽʣʦʛʦ ʨʷʜʫ ʟʘʜʘʯ ʚʽʜʥʦʩʥʦ ʦʢʨʝʤʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʟʘʜʘʯ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʦʧʪʠʤʽʟʘʮʽʾ, ʬʦʨʤʫʚʘʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ. ʋʟʘʛʘʣʴʥʝʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʟʘʜʘʯʽ, ʾʭ ʪʠʧ ʪʘ 

ʢʣʘʩʠʬʽʢʘʮʽʶ ʥʘʚʝʜʝʥʘ ʫ ʪʘʙʣʠʮʽ 1.2. 

ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣʠʮʽ 1.2, ʚ ʙʽʣʴʰʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʚʠʨʽʰʫʶʪʴʩʷ 

ʦʜʥʦ- ʘʙʦ ʙʘʛʘʪʦʬʘʢʪʦʨʥʽ ʟʘʜʘʯʽ ʫʤʦʚʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ. ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʮʠʭ ʟʘʜʘʯ 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʘʜʘʧʪʠʚʥʠʡ ʤʝʪʦʜ ʦʧʪʠʤʽʟʘʮʽʾ ʥʘ ʦʩʥʦʚʽ 

ʤʦʜʝʣʶʚʘʥʥʷ ʰʪʫʯʥʦʾ ʽʤʫʥʥʦʾ ʩʠʩʪʝʤʠ (ʐɯʉ) ʣʶʜʠʥʠ.  

 



76 

ʊʘʙʣʠʮʷ 1.2 ï ʂʣʘʩʠʬʽʢʘʮʽʷ ʟʘʜʘʯ, ʱʦ ʚʠʨʽʰʫʶʪʴʩʷ ʚ ʨʘʤʢʘʭ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʪʝʭʥʦʣʦʛʽʾ 

ˉ 

ʟ/ʧ 
ɿʘʜʘʯʘ (ʧʨʦʮʝʩ) ʊʠʧ ʟʘʜʘʯʽ ʂʣʘʩʠʬʽʢʘʮʽʷ ʟʘʜʘʯʽ 

1 
ʇʣʘʥʫʚʘʥʥʷ 

ʟʘʤʦʚʣʝʥʴ 
ʆʧʪʠʤʽʟʘʮʽʷ 

ɹʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʘ ʢʦʤʙʽʥʘʪʦʨʥʘ 

ʟʘʜʘʯʘ ʫʤʦʚʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʥʘ 

ʧʝʨʝʩʪʘʥʦʚʢʘʭ 

2 ʐʠʭʪʫʚʘʥʥʷ ʆʧʪʠʤʽʟʘʮʽʷ 
ɹʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʘ ʜʽʡʩʥʦʯʠʩʝʣʴʥʘ 

ʟʘʜʘʯʘ ʫʤʦʚʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ 

3 ʈʘʬʽʥʘʮʽʷ ʩʪʘʣʽ 
ʇʽʜʪʨʠʤʢʘ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʴ 

ʉʘʤʦʥʘʚʯʘʥʥʷ ʥʘ ʧʨʠʢʣʘʜʘʭ ʟ 

ʬʦʨʤʫʚʘʥʥʷʤ ʨʝʢʦʤʝʥʜʘʮʽʡ ʫ ʚʠʛʣʷʜʽ 

ʩʮʝʥʘʨʽʾʚ-ʟʨʘʟʢʽʚ 

4 ʈʦʟʢʠʩʣʝʥʥʷ ʩʪʘʣʽ 
ʇʽʜʪʨʠʤʢʘ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʴ 

ʉʘʤʦʥʘʚʯʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʙʘʡʻʩʦʚʩʴʢʦʾ 

ʤʝʨʝʞʽ ʟ ʥʘʩʪʫʧʥʦʶ 

ʦʜʥʦʢʨʠʪʝʨʽʘʣʴʥʦʶ ʫʤʦʚʥʦʶ 

ʦʧʪʠʤʽʟʘʮʽʻʶ 

5 ʈʦʟʣʠʚʢʘ ʩʪʘʣʽ  ʆʧʪʠʤʽʟʘʮʽʷ 

ʆʜʥʦʢʨʠʪʝʨʽʘʣʴʥʘ ʢʦʤʙʽʥʘʪʦʨʥʘ 

ʟʘʜʘʯʘ ʦʧʪʠʤʽʟʘʮʽʾ ʥʘ ʜʚʽʡʢʦʚʠʭ 

ʤʘʪʨʠʮʷʭ 

6 

ʈʦʟʢʨʦʶʚʘʥʥʷ 

ʟʘʛʦʪʦʚʦʢ ʽ ʢʽʥʮʝʚʦʾ 

ʧʨʦʜʫʢʮʽʾ 

ʆʧʪʠʤʽʟʘʮʽʷ 

ɹʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʘ ʮʽʣʦʯʠʩʝʣʴʥʘ 

ʢʦʤʙʽʥʘʪʦʨʥʘ ʟʘʜʘʯʘ ʫʤʦʚʥʦʾ 

ʦʧʪʠʤʽʟʘʮʽʾ 

7 
ʂʦʥʪʨʦʣʴ ʩʪʘʥʫ 

ʬʫʪʝʨʦʚʢʠ 

ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʽ 

ʧʽʜʪʨʠʤʢʘ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʴ 

ʌʦʨʤʫʚʘʥʥʷ ʟʚʦʨʦʪʥʦʛʦ ʚʠʩʥʦʚʢʫ ʟʘ 

ʬʘʢʪʦʨʥʦʶ ʨʝʛʨʝʩʽʡʥʦʶ ʤʦʜʝʣʣʶ  

 

 

1.4.1 ʉʫʪʥʽʩʪʴ ʤʝʪʦʜʫ ʤʦʜʝʣʶʚʘʥʥʷ ʐɯʉ 

ʇʨʠʨʦʜʥʘ ʽʤʫʥʥʘ ʩʠʩʪʝʤʘ ʚʠʱʠʭ ʩʩʘʚʮʽʚ ʤʘʻ ʨʷʜ ʮʽʢʘʚʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽ 

ʤʦʞʣʠʚʦʩʪʝʡ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ, ʚʢʣʶʯʘʶʯʠ ʟʜʘʪʥʽʩʪʴ ʜʦ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʘʥʪʠʛʝʥʽʚ, ʚʠʨʦʙʣʝʥʥʷ ʘʥʪʠʪʽʣ ʽ ʥʘʚʯʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʢʣʽʪʠʥ ʧʘʤ'ʷʪʽ. ʆʩʢʽʣʴʢʠ  

ʩʪʨʫʢʪʫʨʘ ʘʥʪʠʛʝʥʽʚ, ʷʢʽ ʧʦʪʨʘʧʣʷʶʪʴ ʚ ʦʨʛʘʥʽʟʤ, ʟʘʟʜʘʣʝʛʽʜʴ ʥʝ ʚʽʜʦʤʘ, ʚ 

ʦʨʛʘʥʽʟʤʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʠʧʘʜʢʦʚʦʛʦ ʧʝʨʝʛʨʫʧʫʚʘʥʥʷ ʛʝʥʽʚ ʫʪʚʦʨʶʻʪʴʩʷ ʚʝʣʠʯʝʟʥʘ 

ʢʽʣʴʢʽʩʪʴ ʨʽʟʥʠʭ ʪʠʧʽʚ ʘʥʪʠʪʽʣ. ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʙʽʦʭʽʤʽʯʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʘʥʪʠʛʝʥʫ ʽ ʘʥʪʠʪʽʣ ʟ ʮʽʻʾ ʤʥʦʞʠʥʠ ʚʘʨʽʘʥʪʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʽʜʙʽʨ 

ʻʜʠʥʦʛʦ ʪʠʧʫ ʘʥʪʠʪʽʣ, ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʫʩʧʽʰʥʦʛʦ ʟʥʠʱʝʥʥʷ ʘʥʪʠʛʝʥʫ. ɿʘʚʜʘʥʥʷ 

ʽʤʫʥʥʦʾ ʩʠʩʪʝʤʠ ʧʦʣʷʛʘʻ ʫ ʚʠʙʦʨʽ ʩʝʨʝʜ ʤʥʦʞʠʥʠ ʚʘʨʽʘʥʪʽʚ ʪʘʢʦʛʦ ʪʠʧʫ ʘʥʪʠʪʽʣ, 

ʷʢʠʡ ʢʨʘʱʝ ʚʩʴʦʛʦ ʚʽʜʧʦʚʽʜʘʻ ʜʘʥʦʤʫ ʘʥʪʠʛʝʥʫ. ʆʪʞʝ, ʽʤʫʥʥʘ ʚʽʜʧʦʚʽʜʴ ʤʦʞʥʘ 

ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʧʨʦʮʝʩ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʥʷ ʢʦʤʙʽʥʘʪʦʨʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ [200]. 
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ɿ ʤʘʪʝʤʘʪʠʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʧʽʜʪʨʠʤʘʥʥʷ ʨʽʟʥʦʤʘʥʽʪʪʷ ʚ ʽʤʫʥʥʽʡ ʩʠʩʪʝʤʽ 

ʤʦʞʥʘ ʪʨʘʢʪʫʚʘʪʠ ʷʢ ʟʘʜʘʯʫ ʦʧʪʠʤʽʟʘʮʽʾ ʤʫʣʴʪʠʤʦʜʘʣʴʥʽʡ ʬʫʥʢʮʽʾ, ʱʦ ʤʘʻ ʢʨʘʪʥʝ 

(ʥʝ ʻʜʠʥʝ) ʨʽʰʝʥʥʷ. ɺ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʛʣʷʥʫʪʦ ʤʝʪʦʜ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ 

ʤʦʞʣʠʚʽʩʪʴ ʦʜʥʦʯʘʩʥʦʛʦ ʟʙʝʨʽʛʘʥʥʷ ʢʽʣʴʢʦʭ ʚʝʢʪʦʨʽʚ ʧʦʰʫʢʫ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ 

ʢʨʘʪʥʠʭ ʨʽʰʝʥʴ. ɸʥʪʠʛʝʥ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʟʘʜʘʯʫ, ʷʢʫ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ, 

ʘ ʘʥʪʠʪʽʣʦ - ʷʢ ʚʝʢʪʦʨ, ʥʘʡʢʨʘʱʠʤ ʯʠʥʦʤ ʚʽʜʧʦʚʽʜʥʠʡ ʾʾ ʨʽʰʝʥʥʷʤ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʥʠʞʯʝ ʽʤʫʥʥʠʡ ʘʣʛʦʨʠʪʤ (ɯɸ) ʽʤʽʪʫʻ ʚʣʘʩʪʠʚʦʩʪʽ ʧʨʠʨʦʜʥʦʾ 

ʽʤʫʥʥʦʾ ʩʠʩʪʝʤʠ ʽ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʧʨʠʥʮʠʧʘʭ ʩʦʤʘʪʠʯʥʦʾ ʪʝʦʨʽʾ [77] ʽ ʤʝʨʝʞʝʚʦʾ 

ʛʽʧʦʪʝʟʠ [78]. 

ʉʦʤʘʪʠʯʥʘ ʪʝʦʨʽʷ ʩʪʚʝʨʜʞʫʻ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ ʘʥʪʠʪʽʣ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʩʦʤʘʪʠʯʥʦʾ ʨʝʢʦʤʙʽʥʘʮʽʾ ʽ ʤʫʪʘʮʽʾ ʛʝʥʽʚ. ɺ ʨʘʤʢʘʭ 

ʤʝʨʝʞʝʚʦʾ ʛʽʧʦʪʝʟʠ ʦʙˇʨʫʥʪʦʚʫʻʪʴʩʷ ʧʨʠʧʫʱʝʥʥʷ, ʟʛʽʜʥʦ ʟ ʷʢʠʤ ʢʦʥʪʨʦʣʴ 

ʨʦʟʤʥʦʞʝʥʥʷ ʢʣʦʥʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʟʘʻʤʥʦʛʦ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʘʥʪʠʪʽʣ, 

ʱʦ ʬʫʥʢʮʽʦʥʫʶʪʴ ʷʢ ʻʜʠʥʘ ʤʝʨʝʞʘ [77, 201-205]. 

ʅʘ ʨʠʩʫʥʢʫ 1.8 ʧʦʢʘʟʘʥʘ ʨʦʙʦʪʘ ʽʤʫʥʥʦʾ ʩʠʩʪʝʤʠ ʟ ʪʦʯʢʠ ʟʦʨʫ ʧʨʦʮʝʩʽʚ 

ʦʙʨʦʙʢʠ ʽ ʫʧʨʘʚʣʽʥʥʷ ʽʥʬʦʨʤʘʮʽʻʶ. ʂʦʨʠʩʪʫʶʯʠʩʴ ʮʽʻʶ ʩʭʝʤʦʶ, ʽʥʬʦʨʤʘʮʽʡʥʽ 

ʧʨʦʮʝʩʠ ʚ ʽʤʫʥʥʽʡ ʩʠʩʪʝʤʽ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ ʘʣʛʦʨʠʪʤʫ, ʷʢʠʡ 

ʚʢʣʘʜʘʻʪʴʩʷ ʫ ʥʘʩʪʫʧʥʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʬʦʨʤʘʣʽʟʦʚʘʥʠʭ ʢʨʦʢʽʚ [206]: 

ʂʨʦʢ 1. ʈʦʟʧʽʟʥʘʚʘʥʥʷ ʘʥʪʠʛʝʥʫ. ʎʝʡ ʧʨʦʮʝʩ ʚʽʜʧʦʚʽʜʘʻ ʚʩʪʘʥʦʚʣʝʥʥʶ 

ʚʠʛʣʷʜʫ ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ. 

ʂʨʦʢ 2. ɻʝʥʝʨʘʮʽʷ ʘʥʪʠʪʽʣ ʢʣʽʪʠʥʘʤʠ ʧʘʤ'ʷʪʽ. ʎʝ ʚʽʜʧʦʚʽʜʘʻ ʚʠʢʦʨʠʩʪʘʥʥʶ 

ʫʩʧʽʰʥʦʛʦ ʚʠʨʽʰʝʥʥʷ ʘʥʘʣʦʛʽʯʥʦʾ ʟʘʜʘʯʽ (ʥʝʭʘʡ, ʽ ʜʣʷ ʽʥʰʦʛʦ ʘʥʪʠʛʝʥʫ) ʚ 

ʤʠʥʫʣʦʤʫ. 

ʂʨʦʢ 3. ʆʙʯʠʩʣʝʥʥʷ ʘʬʽʥʥʦʩʪʽ (ʧʨʠʩʪʦʩʦʚʘʥʦʩʪʽ). ʅʘ ʦʩʥʦʚʽ ʚʝʣʠʯʠʥʠ 

ʧʨʠʩʪʦʩʦʚʘʥʦʩʪʽ ʚʽʜʙʠʨʘʶʪʴʩʷ ʪʘʢʽ ʘʥʪʠʪʽʣʘ, ʷʢʽ ʥʘʡʙʽʣʴʰʝ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʘʥʪʠʛʝʥʫ, ʱʦ ʝʢʚʽʚʘʣʝʥʪʥʦ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ. 

ʂʨʦʢ 4. ɼʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʣʽʤʬʦʮʠʪʽʚ. ʏʘʩʪʠʥʘ ʘʥʪʠʪʽʣ ʩʪʘʶʪʴ ʢʣʽʪʠʥʘʤʠ 

ʧʘʤ'ʷʪʽ, ʨʝʰʪʘ ï ʩʫʧʨʝʩʦʨʘʤʠ (ʥʘʱʘʜʢʘʤʠ ʧʦʪʦʯʥʦʛʦ ʧʦʢʦʣʽʥʥʷ). ʎʝ ʤʦʞʥʘ 

ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ ʷʢ ʟʙʝʨʝʞʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʨʽʰʝʥʥʷ ʜʣʷ ʥʘʩʪʫʧʥʦʛʦ ʢʨʦʢʫ 

ʧʦʰʫʢʫ.  
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ʈʠʩ. 1.8 ï ʄʝʭʘʥʽʟʤ ʬʦʨʤʫʚʘʥʥʷ ʘʥʪʠʪʽʣ ʚ ʽʤʫʥʥʽʡ ʩʠʩʪʝʤʽ 

 

ʂʨʦʢ 5. ʉʪʠʤʫʣʶʚʘʥʥʷ ʽ ʧʨʠʜʫʰʝʥʥʷ ʘʥʪʠʪʽʣ. ɸʥʪʠʪʽʣʘ ʢʣʦʥʫʶʪʴʩʷ ʽ 

ʤʫʪʫʶʪʴ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʨʠʩʪʦʩʦʚʘʥʦʩʪʽ. ʇʦʨʷʜ ʟ ʚʽʜʩʪʝʞʝʥʥʷʤ ʣʦʢʘʣʴʥʠʭ 

ʤʘʢʩʠʤʫʤʽʚ ʮʝ ʚʽʜʧʦʚʽʜʘʻ ʧʽʜʪʨʠʤʘʥʥʶ ʨʦʟʤʘʾʪʪʷ ʥʘʧʨʷʤʽʚ ʧʦʰʫʢʫ. 

ʂʨʦʢ 6. ʈʦʟʤʥʦʞʝʥʥʷ ʘʥʪʠʪʽʣ. ʅʦʚʝ ʧʦʢʦʣʽʥʥʷ ʜʦʧʦʚʥʶʻʪʴʩʷ ʘʥʪʠʪʽʣʘʤʠ, 

ʟʛʝʥʝʨʦʚʘʥʠʤʠ ʥʘ ʦʩʥʦʚʽ ʢʣʽʪʠʥ ʧʘʤôʷʪʽ. 

ʋ ʧʨʠʨʦʜʽ ʦʧʠʩʘʥʠʡ ʧʨʦʮʝʩ ʻ ʙʝʟʧʝʨʝʨʚʥʠʤ - ʘʥʪʠʪʽʣʘ ʚʠʨʦʙʣʷʶʪʴʩʷ 

ʦʨʛʘʥʽʟʤʦʤ ʷʢ ʜʦ ʟʫʩʪʨʽʥʫʪʦʛʦ ʘʥʪʠʛʝʥʫ, ʪʘʢ ʽ ʜʦ ʤʦʞʣʠʚʠʭ ʡʦʛʦ ʚʘʨʽʘʥʪʽʚ 

(ʤʫʪʘʮʽʡ) [200]. ʇʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʧʨʦʮʝʩʫ ʥʘ ʢʦʤʧ'ʶʪʝʨʽ ʨʦʙʦʪʫ ʘʣʛʦʨʠʪʤʫ 

ʤʦʞʥʘ ʟʫʧʠʥʷʪʠ ʧʽʩʣʷ ʧʝʚʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʦʢʦʣʽʥʴ [202], ʯʝʨʝʟ ʟʘʜʘʥʠʡ ʥʘʧʝʨʝʜ ʯʘʩ 

[205] ʘʙʦ ʧʽʩʣʷ ʧʝʚʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʦʢʦʣʽʥʴ, ʧʨʦʪʷʛʦʤ ʷʢʠʭ ʧʨʠʩʪʦʩʦʚʘʥʽʩʪʴ ʘʥʪʠʪʽʣ 

ʥʝ ʧʽʜʚʠʱʫʻʪʴʩʷ [203, 204]. 

ɸʙʠ ʫʥʠʢʥʫʪʠ ʥʝʧʦʨʦʟʫʤʽʥʴ, ʚʚʝʜʝʤʦ ʧʦʟʥʘʯʝʥʥʷ ʪʘ ʜʘʤʦ ʚʠʟʥʘʯʝʥʥʷ 

ʜʝʢʽʣʴʢʦʭ ʩʧʝʮʽʘʣʴʥʠʭ ʪʝʨʤʽʥʽʚ, ʷʢʽ ʨʘʥʽʰʝ ʥʝ ʟʫʩʪʨʽʯʘʣʠʩʷ. 

ɯʜʝʥʪʠʬʽʢʘʮʽʷ  

ʘʥʪʠʛʝʥʫ 

ɻʝʥʝʨʘʮʽʷ  

ʘʥʪʠʪʽʣ 

ʆʙʯʠʩʣʝʥʥʷ  

ʘʬʽʥʥʦʩʪʽ 

ɼʠʬʝʨʝʥʮʽʘʮʽʷ ʥʘ ʢʣʽʪʠʥʠ 

ʧʘʤôʷʪʽ ʪʘ ʩʫʧʨʝʩʦʨʠ 

ʂʣʽʪʠʥʥʘ 

ʧʘʤôʷʪʴ 

ʉʪʠʤʫʣʷʮʽʷ ʽ ʩʫʧʨʝʩʽʷ  

ʨʦʟʤʥʦʞʝʥʥʷ ʘʥʪʠʪʽʣ 

ʈʦʟʤʥʦʞʝʥʥʷ  

ʘʥʪʠʪʽʣ 
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ʅʘʩʘʤʧʝʨʝʜ, ʧʦʚʪʦʨʠʤʦʩʷ, ʱʦ ʥʘʜʘʣʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʟʘʜʘʯʘ ʫʤʦʚʥʦʾ 

ʦʧʪʠʤʽʟʘʮʽʾ ʩʢʘʣʷʨʥʦʾ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ()Xf  ʜʽʡʩʥʠʭ ʟʤʽʥʥʠʭ XxiÍ , ʟʘʜʘʥʠʭ 

ʥʘ ʦʙʣʘʩʪʽ ʧʨʠʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ D  

 ( ) ()XfXff
nRDX ÌÍ

== min** , (1.6) 

ʜʝ -n  ʨʦʟʤʽʨʥʽʩʪʴ ʚʝʢʪʦʨʘ X . 

ɿʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʦʙʤʝʞʝʥʴ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʦʙʣʘʩʪʴ D  ʧʦʟʥʘʯʠʤʦ ʯʝʨʝʟ 

DN . ʅʘʜʘʣʽ, ʷʢʱʦ ʥʝ ʟʘʟʥʘʯʝʥʦ ʧʨʦʪʠʣʝʞʥʝ, ʫʤʦʚʘ Å=DN  ʬʘʢʪʠʯʥʦ ʦʟʥʘʯʘʻ 

ʚʠʢʦʥʘʥʥʷ ʙʝʟʫʤʦʚʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ï ʦʢʨʝʤʠʡ ʚʠʧʘʜʦʢ ʟʘʛʘʣʴʥʦʾ ʧʦʩʪʘʥʦʚʢʠ (1.6), 

ʫ ʷʢʦʤʫ 
nRD= . 

ʋʟʘʛʘʣʴʥʝʥʦ ʥʘʜʘʣʽ ʧʨʠʡʤʘʻʤʦ, ʱʦ ʦʙʣʘʩʪʴ ʧʦʰʫʢʫ ʚʠʟʥʘʯʝʥʘ ʫ ʚʠʛʣʷʜʽ 

ʧʘʨʘʣʝʣʝʧʽʧʝʜʫ  

 [ ]{ }nixxxxD iiii :1,| max,min, Í¢¢= , (1.7) 

ʜʝ min,ix  ʪʘ max,ix  - ʥʘʧʝʨʝʜ ʟʘʜʘʥʽ ʢʦʥʩʪʘʥʪʠ, ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ 

ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʜʣʷ ʢʦʞʥʦʛʦ ʚʠʤʽʨʫ i . 

ʅʘʜʘʣʽ ʩʧʝʮʠʬʽʯʥʽ ʪʝʨʤʽʥʠ, ʟʘʧʦʟʠʯʝʥʽ ʟ ʙʽʦʣʦʛʽʾ, ʧʨʠʡʤʘʻʤʦ ʫ ʥʘʩʪʫʧʥʦʤʫ 

ʩʝʥʩʽ [77]: 

ï ʢʣʽʪʢʘ (ʘʥʪʠʪʽʣʦ) ï ʨʽʰʝʥʥʷ 
nRXÍ ; 

ï ʘʬʽʥʥʽʩʪʴ ï ʚʝʣʠʯʠʥʘ, ʱʦ ʧʦʟʥʘʯʘʻ ʢʦʨʠʩʥʽʩʪʴ ʢʣʽʪʠʥʠ ʡ ʦʙʨʘʭʦʚʫʻʪʴʩʷ 

ʷʢ ʚʝʣʠʯʠʥʘ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ, ʚʟʷʪʘ ʟ ʧʨʦʪʠʣʝʞʥʠʤ ʟʥʘʢʦʤ; 

ï ʧʦʧʫʣʷʮʽʷ ï ʤʥʦʞʠʥʘ ʢʣʽʪʠʥ, ʱʦ ʧʨʠʡʤʘʶʪʴ ʫʯʘʩʪʴ ʫ ʧʨʦʮʝʩʽ ʦʧʪʠʤʽʟʘʮʽʾ 

ʥʘ ʜʘʥʦʤʫ ʝʪʘʧʽ; 

ï ʢʣʦʥ ï ʢʣʽʪʠʥʘ, ʫʪʚʦʨʝʥʘ ʟ ʽʥʰʦʾ, ʰʣʷʭʦʤ ʾʾ ʧʦʚʥʦʛʦ ʜʫʙʣʶʚʘʥʥʷ; 

ï ʤʫʪʘʮʽʷ ï ʚʠʧʘʜʢʦʚʘ ʟʤʽʥʘ ʢʦʤʧʦʥʝʥʪʽʚ ʚʝʢʪʦʨʘ X  ʟʘ ʧʝʚʥʠʤ ʟʘʢʦʥʦʤ. 

ʅʘʜʘʣʽ ʚ ʬʦʨʤʫʣʘʭ ʪʘ ʦʧʠʩʽ ʤʝʪʦʜʫ ʦʧʪʠʤʽʟʘʮʽʾ ʟʘʩʪʦʩʦʚʘʥʦ ʥʘʩʪʫʧʥʽ 

ʧʦʟʥʘʯʝʥʥʷ: 

X  ï ʢʣʽʪʠʥʘ; 

()Xf  ï ʟʥʘʯʝʥʥʷ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʢʣʽʪʠʥʽ X ; 
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[ ]{ }pj NjXP :1, Í=  ï ʧʦʧʫʣʷʮʽʷ ʢʣʽʪʠʥ ʧʦʪʫʞʥʽʩʪʶ pN ; 

njijjj xxxx ,,2,1, ,...,,...,,  ï ʢʦʤʧʦʥʝʥʪʠ ʢʣʽʪʠʥʠ PX jÍ , ʱʦ ʽʩʥʫʻ ʫ ʧʨʦʩʪʦʨʽ 

n  ʚʠʤʽʨʽʚ (ʢʦʦʨʜʠʥʘʪ);  

( )jj Xf-=j  ï ʘʬʽʥʥʽʩʪʴ (ʢʦʨʠʩʥʽʩʪʴ) ʢʣʽʪʠʥʠ jX ; 

M  ï ʧʦʧʫʣʷʮʽʷ ʢʣʽʪʠʥ ʧʘʤôʷʪʽ (ʥʝ ʻ ʯʘʩʪʠʥʦʶ ʧʦʧʫʣʷʮʽʾ P ); 

jC  ï ʤʥʦʞʠʥʘ ʢʣʦʥʽʚ (ʥʘʱʘʜʢʽʚ) ʢʣʽʪʠʥʠ jX , ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʥʘ 

ʧʦʪʦʯʥʽʡ ʽʪʝʨʘʮʽʾ ʤʝʪʦʜʫ; 

[ ]{ }pj NjCC :1, Í=  ï ʤʥʦʞʠʥʘ ʢʣʦʥʽʚ (ʥʘʱʘʜʢʽʚ) ʫʩʽʭ ʢʣʽʪʠʥ, ʱʦ ʩʪʚʦʨʝʥʽ 

ʥʘ ʧʦʪʦʯʥʽʡ ʽʪʝʨʘʮʽʾ ʤʝʪʦʜʫ; 

jX

iC  ï -i ʪʠʡ ʢʣʦʥ (ʥʘʱʘʜʦʢ) -j ʪʦʾ ʢʣʽʪʠʥʠ; 

jX

bestC  ï ʥʘʡʢʨʘʱʠʡ ʫ ʧʦʢʦʣʽʥʥʽ ʢʣʦʥ ʢʣʽʪʠʥʠ jX  (ʪʦʡ, ʷʢʦʤʫ ʚʽʜʧʦʚʽʜʘʻ 

ʥʘʡʤʝʥʰʝ ʟʥʘʯʝʥʥʷ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʪʘ, ʚʽʜʧʦʚʽʜʥʦ, ʥʘʡʙʽʣʴʰʘ ʘʬʽʥʥʽʩʪʴ); 

cn  ï ʢʽʣʴʢʽʩʪʴ ʢʣʦʥʽʚ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʟ ʢʦʞʥʦʾ ʢʣʽʪʠʥʠ ʧʦʧʫʣʷʮʽʾ; 

*f  ï ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ, ʟʥʘʡʜʝʥʝ ʤʝʪʦʜʦʤ; 

*~
f  ï ʩʪʘʪʠʩʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʮʽʥʢʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʯʽʢʫʚʘʥʥʷ 

ʤʽʥʽʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʧʨʠ ʚʠʧʘʜʢʦʚʦʤʫ ʟʘʧʫʩʢʫ; 

*~n ï ʩʪʘʪʠʩʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʮʽʥʢʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʯʽʢʫʚʘʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʚʠʢʣʠʢʽʚ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʜʦ ʟʘʚʝʨʰʝʥʥʷ ʘʣʛʦʨʠʪʤʫ ʧʨʠ ʚʠʧʘʜʢʦʚʦʤʫ ʟʘʧʫʩʢʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʝʪʦʜ ʤʦʜʝʣʶʚʘʥʥʷ ʰʪʫʯʥʦʾ ʽʤʫʥʥʦʾ ʩʠʩʪʝʤʠ ʥʝʟʘʣʝʞʥʦ ʚʽʜ 

ʡʦʛʦ ʨʝʘʣʽʟʘʮʽʾ ʧʝʨʝʜʙʘʯʘʻ ʨʦʙʦʪʫ ʟ ʧʦʧʫʣʷʮʽʻʶ ʢʣʽʪʠʥ, ʢʦʞʥʘ ʟ ʷʢʠʭ ʻ ʚʝʢʪʦʨʦʤ 

ʫ ʧʨʦʩʪʦʨʽ ʥʝʟʘʣʝʞʥʠʭ ʟʤʽʥʥʠʭ. 

ʆʩʥʦʚʥʠʤʠ (ʙʘʟʦʚʠʤʠ) ʦʧʝʨʘʪʦʨʘʤʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʻ ʤʝʪʦʜ ʤʦʜʝʣʶʚʘʥʥʷ 

ʰʪʫʯʥʦʾ ʽʤʫʥʥʦʾ ʩʠʩʪʝʤʠ ʻ ʦʧʝʨʘʪʦʨʠ ʢʣʦʥʫʚʘʥʥʷ, ʤʫʪʘʮʽʾ, ʢʣʦʥʘʣʴʥʦʛʦ ʚʽʜʙʦʨʫ 

ʪʘ ʩʪʠʩʥʝʥʥʷ ʧʦʧʫʣʷʮʽʾ.  

ʂʣʦʥʫʚʘʥʥʷ ʻ ʩʪʚʦʨʝʥʥʷʤ ʜʣʷ ʢʦʞʥʦʾ ʟ ʢʣʽʪʠʥ ʧʦʪʦʯʥʦʛʦ ʧʦʢʦʣʽʥʥʷ 

ʤʥʦʞʠʥʠ ʾʾ ʢʦʧʽʡ 
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 [ ]{ }cj
C
j

C
jj niXXXC ii :1,: Í== . (1.9) 

ɺ ʩʚʦʶ ʯʝʨʛʫ ʤʫʪʘʮʽʷ ʻ ʟʤʽʥʦʶ ʢʣʽʪʠʥʠ ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ 

 [ ]nkXX kj
C

kj
C

kj
ii :1,,,, ÍD+= , (1.10) 

ʜʝ kj ,D  - ʢʨʦʢ ʤʫʪʘʮʽʾ, ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ ʜʣʷ ʢʦʞʥʦʛʦ ʚʠʤʽʨʫ 

k. ɺʠʙʽʨ ʢʨʦʢʫ ʡ ʭʘʨʘʢʪʝʨʫ ʤʫʪʘʮʽʾ ʚʠʟʥʘʯʘʻ ʦʩʦʙʣʠʚʦʩʪʽ ʨʽʟʥʠʭ ʨʝʘʣʽʟʘʮʽʡ 

ʤʝʪʦʜʫ ʤʦʜʝʣʶʚʘʥʥʷ ʰʪʫʯʥʠʭ ʽʤʫʥʥʠʭ ʩʠʩʪʝʤ. 

ʆʧʝʨʘʪʦʨ ʢʣʦʥʘʣʴʥʦʛʦ ʚʽʜʙʦʨʫ ʧʝʨʝʜʙʘʯʘʻ ʟʘʤʽʱʝʥʥʷ ʧʦʪʦʯʥʦʾ ʧʦʧʫʣʷʮʽʾ 

ʢʨʘʱʠʤʠ ʟ ʥʘʱʘʜʢʽʚ, ʷʢʽ ʧʨʦʡʰʣʠ ʧʨʦʮʝʜʫʨʠ ʢʣʦʥʫʚʘʥʥʷ ʪʘ ʤʫʪʘʮʽʾ 
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ʆʧʝʨʘʪʦʨ ʩʪʠʩʥʝʥʥʷ ʧʦʧʫʣʷʮʽʾ ʚʠʣʫʯʘʻ ʥʘʜʣʠʰʢʦʚʽʩʪʴ ʧʦʧʫʣʷʮʽʾ, 

ʚʠʢʣʶʯʘʶʯʠ ʛʽʨʰʝ ʟ ʙʣʠʟʴʢʠʭ ʨʽʰʝʥʴ, ʱʦ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʚʠʤʦʟʽ 

 [ ]pba NbabarXX :1,,, Í¸<- . (1.12) 

ʜʝ r  ï ʧʝʚʥʠʡ ʧʦʨʽʛ ʙʣʠʟʴʢʦʩʪʽ (ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʽʨʥʽʩʪʶ ʧʨʦʩʪʦʨʫ ʪʘ 

ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʨʝʘʣʽʟʘʮʽʾ ʘʣʛʦʨʠʪʤʫ); *  ï ʩʠʤʚʦʣ ʥʦʨʤʠ, ʷʢʘ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʤʝʪʨʠʢʠ ʧʨʦʩʪʦʨʫ ʤʦʞʝ ʦʙʯʠʩʣʶʚʘʪʠʩʴ ʪʠʤ ʯʠ ʽʥʰʠʤ ʰʣʷʭʦʤ (ʜʣʷ ʜʽʡʩʥʦʛʦ 

ʧʨʦʩʪʦʨʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʝʚʢʣʽʜʦʚʫ ʚʽʜʩʪʘʥʴ). 

ʄʥʦʞʠʥʘ ʧʘʤôʷʪʽ M  ʤʽʩʪʠʪʴ ʧʝʚʥʫ ʬʽʢʩʦʚʘʥʫ ʢʽʣʴʢʽʩʪʴ ʨʽʟʥʠʭ ʢʨʘʱʠʭ 

ʨʽʰʝʥʴ, ʟʥʘʡʜʝʥʠʭ ʟʘ ʚʝʩʴ ʯʘʩ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ. ʂʣʽʪʠʥʠ ʟ ʧʘʤôʷʪʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʩʣʫʞʙʦʚʽ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ. 

ʆʧʝʨʘʪʦʨʠ ʢʣʦʥʫʚʘʥʥʷ ʪʘ ʤʫʪʘʮʽʾ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʧʘʜʢʦʚʠʡ ʣʦʢʘʣʴʥʠʡ 

ʧʦʰʫʢ ʚ ʦʢʦʣʽ ʢʦʞʥʦʾ ʟ ʢʣʽʪʠʥ ʧʦʜʽʙʥʦ ʜʦ ʚʽʜʦʤʠʭ ʨʘʥʽʰʝ ʝʚʦʣʶʮʽʡʥʠʭ ʩʪʨʘʪʝʛʽʡ. 

ʆʧʝʨʘʪʦʨ ʩʪʠʩʥʝʥʥʷ ʧʦʧʫʣʷʮʽʾ ʜʦʟʚʦʣʷʻ ʧʨʠʩʢʦʨʠʪʠ ʩʭʦʜʞʝʥʥʷ ʤʝʪʦʜʫ ʽ 

ʩʢʦʨʦʯʝʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʟʘʪʨʘʪ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʢʣʽʪʠʥ ʧʘʤôʷʪʽ ʜʦʟʚʦʣʷʻ ʥʝ 

ʚʪʨʘʪʠʪʠ ʦʙʣʘʩʪʴ ʛʣʦʙʘʣʴʥʦʛʦ ʦʧʪʠʤʫʤʫ ʧʨʠ ʚʠʧʘʜʢʦʚʦʤʫ ʧʦʰʫʢʫ. 

 



82 

 

1.4.2 ɺʽʜʦʤʽ ʨʝʘʣʽʟʘʮʽʾ ʤʝʪʦʜʫ ʤʦʜʝʣʶʚʘʥʥʷ ʐɯʉ, ʾʭ ʦʩʦʙʣʠʚʦʩʪʽ ʪʘ 

ʦʙʤʝʞʝʥʥʷ 

ɯʩʪʦʨʠʯʥʦ ʧʝʨʰʦʶ ʨʝʘʣʽʟʘʮʽʻʶ ʤʦʜʝʣʶʚʘʥʥʷ ʰʪʫʯʥʠʭ ʽʤʫʥʥʠʭ ʩʠʩʪʝʤ 

ʙʫʣʘ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʫ [203] ʽʜʝʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʭʘʥʽʟʤ ʽʤʫʥʥʦʛʦ ʚʽʜʙʦʨʫ ʜʣʷ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʨʘʟʽʚ. ʇʽʟʥʽʰʝ ʪʫ ʞ ʽʜʝʶ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʡ ʜʣʷ ʨʽʰʝʥʥʷ ʟʘʜʘʯ 

ʦʧʪʠʤʽʟʘʮʽʾ. ʅʘʡʙʽʣʴʰ ʧʦʚʥʠʡ ʘʥʘʣʽʟ ʪʝʦʨʽʾ ʙʘʟʦʚʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʧʦʙʫʜʦʚʠ 

ʦʧʪʠʤʽʟʘʮʽʡʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʪʘ ʡʦʛʦ ʛʽʙʨʠʜʠʟʘʮʽʾ ʟ ʽʥʰʠʤʠ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ 

ʩʭʝʤʘʤʠ ʚʠʢʣʘʜʝʥʠʡ ʚ [207, 208]. 

ʄʝʪʦʜ CLONALG [203] ʚʠʢʦʨʠʩʪʦʚʫʻ ʚʩʽ ʦʩʥʦʚʥʽ ʧʨʠʥʮʠʧʠ ʤʦʜʝʣʶʚʘʥʥʷ 

ʰʪʫʯʥʠʭ ʽʤʫʥʥʠʭ ʩʠʩʪʝʤ: ʥʘʷʚʥʽʩʪʴ ʢʣʽʪʠʥ ʧʘʤ'ʷʪʽ, ʩʝʣʝʢʮʽʶ ʽ ʢʣʦʥʫʚʘʥʥʷ 

ʥʘʡʙʽʣʴʰ ʢʦʨʠʩʥʠʭ ʘʥʪʠʪʽʣ, ʤʫʪʘʮʽʶ, ʚʠʢʣʶʯʝʥʥʷ ʥʘʡʤʝʥʰ ʢʦʨʠʩʥʠʭ ʘʥʪʠʪʽʣ, 

ʚʠʙʽʨ ʢʣʦʥʽʚ ʧʨʦʧʦʨʮʽʡʥʦ ʾʭ ʢʦʨʠʩʥʦʩʪʽ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʙʝʨʝʞʝʥʥʷ ʢʨʘʱʠʭ 

ʨʽʰʝʥʴ. ɺʦʜʥʦʯʘʩ CLONALG ʤʘʻ ʨʷʜ ʥʝʜʦʣʽʢʽʚ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʦʙʤʝʞʝʥʥʷ ʚ 

ʡʦʛʦ ʨʦʙʦʪʽ. ʅʘʩʘʤʧʝʨʝʜ, ʤʝʪʦʜ ʚʢʨʘʡ ʟʘʣʝʞʥʠʡ ʚʽʜ ʚʠʙʦʨʫ ʧʘʨʘʤʝʪʨʽʚ t  ʪʘ r, 

ʚʠʙʽʨ ʷʢʠʭ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʛʣʷʜʫ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʪʘ ʤʽʨʥʦʩʪʽ 

ʧʨʦʩʪʦʨʫ ʟʘʜʘʯʽ. ʇʦ-ʜʨʫʛʝ, ʤʝʪʦʜ CLONALG, ʭʦʯ ʽ ʚʠʢʦʨʠʩʪʦʚʫʻ ʢʣʽʪʠʥʠ ʧʘʤôʷʪʽ 

ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʢʨʘʱʠʭ ʨʽʰʝʥʴ, ʚʪʽʤ ʥʝ ʧʝʨʝʜʙʘʯʘʻ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʛʝʥʝʨʘʮʽʾ 

ʥʦʚʠʭ ʘʥʪʠʪʽʣ. ʅʘʨʝʰʪʽ, ʤʝʪʦʜ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻ ʦʧʝʨʘʪʦʨ ʩʪʠʩʥʝʥʥʷ ʧʦʧʫʣʷʮʽʾ, 

ʯʝʨʝʟ ʱʦ ʚʠʢʦʥʫʻʪʴʩʷ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʟʚʝʨʥʝʥʴ ʜʦ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʜʣʷ 

ʦʙʨʘʭʫʥʢʫ ʩʭʦʞʠʭ ʨʽʰʝʥʴ. 

ɼʝʷʢʽ ʥʝʜʦʣʽʢʠ CLONALG ʜʦʣʘʻ ʤʝʪʦʜ opt-AiNet, ʛʦʣʦʚʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ 

ʷʢʦʛʦ ʻ ʟʙʝʨʝʞʝʥʥʷ ʚʩʽʭ ʟʥʘʡʜʝʥʠʭ ʣʦʢʘʣʴʥʠʭ ʽ ʛʣʦʙʘʣʴʥʠʭ ʦʧʪʠʤʫʤʽʚ ʮʽʣʴʦʚʦʾ 

ʬʫʥʢʮʽʾ. ʄʝʪʦʜ ʚʠʢʦʨʠʩʪʦʚʫʻ ʜʠʥʘʤʽʯʥʠʡ ʨʦʟʤʽʨ ʧʦʧʫʣʷʮʽʾ, ʢʝʨʦʚʘʥʠʡ 

ʤʝʭʘʥʽʟʤʦʤ ʩʪʠʩʥʝʥʥʷ [205]. ɺ ʨʦʙʦʪʽ [209] ʨʝʢʦʤʝʥʜʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ʚʽʣʴʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʤʝʪʦʜʫ opt-AiNet ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʟʘʜʘʯ ʤʘʣʦʾ ʽ ʩʝʨʝʜʥʴʦʾ ʨʦʟʤʽʨʥʦʩʪʽ 

ʪʘ ʧʦʢʘʟʘʥʦ ʡʦʛʦ ʟʥʘʯʥʫ ʧʝʨʝʚʘʛʫ ʥʘʜ CLONALG ʫ ʰʚʠʜʢʦʩʪʽ ʦʪʨʠʤʘʥʥʷ 

ʧʦʨʽʚʥʷʥʦʛʦ ʟʘ ʘʬʽʥʥʽʩʪʶ ʨʽʰʝʥʥʷ.  

ɯʥʰʠʤ ʚʽʜʦʤʠʤ ʨʦʟʚʠʪʢʦʤ ʤʝʪʦʜʫ CLONALG ʻ ʘʣʛʦʨʠʪʤ BCA (B-cell 

algorithm), ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʧʨʠʥʮʠʧʽ ʢʣʦʥʘʣʴʥʦʛʦ ʚʽʜʙʦʨʫ [206]. ɸʣʛʦʨʠʪʤ 
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ʦʨʽʻʥʪʦʚʘʥʠʡ ʥʘ ʧʦʰʫʢ ʛʣʦʙʘʣʴʥʦʛʦ ʦʧʪʠʤʫʤʫ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ, ʱʦ ʤʘʻ 

ʩʢʣʘʜʥʠʡ ʣʘʥʜʰʘʬʪ, ʽ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʦʰʫʢʫ ʧʨʠ 

ʥʝʚʝʣʠʢʠʭ ʨʦʟʤʽʨʘʭ ʧʦʯʘʪʢʦʚʦʾ ʧʦʧʫʣʷʮʽʾ 53·=pN . ʆʩʦʙʣʠʚʽʩʪʶ ʤʝʪʦʜʫ ʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʧʝʨʘʪʦʨʘ ʪʘʢ ʟʚʘʥʦʾ ʩʫʤʽʞʥʦʾ ʛʽʧʝʨʤʫʪʘʮʽʾ (continuous somatic 

hypermutation), ʷʢʠʡ ʧʨʠʧʫʩʢʘʻ ʤʫʪʘʮʽʶ ʥʝ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʦʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ 

ʢʣʽʪʠʥʠ, ʘ ʢʦʤʧʣʝʢʩʥʦ ï ʦʜʥʦʯʘʩʥʦ ʧʦ ʢʽʣʴʢʦʭ ʢʦʦʨʜʠʥʘʪʘʭ. ɸʥʘʣʽʟ ʨʦʙʦʪʠ 

ʘʣʛʦʨʠʪʤʫ BCA ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʥʘʚʝʜʝʥʠʤʠ ʚʠʱʝ ʘʣʛʦʨʠʪʤʘʤʠ ʧʦʢʘʟʫʻ ʡʦʛʦ ʚʠʱʫ 

ʥʘʜʽʡʥʽʩʪʴ ʩʭʦʜʞʝʥʥʷ ʜʦ ʛʣʦʙʘʣʴʥʦʛʦ ʦʧʪʠʤʫʤʫ ʙʘʛʘʪʦʚʠʤʽʨʥʦʾ ʙʘʛʘʪʦ 

ʝʢʩʪʨʝʤʘʣʴʥʦʾ ʬʫʥʢʮʽʾ. ʆʜʥʘʢ, ʯʘʩʦʚʽ ʚʠʪʨʘʪʠ ʥʘ ʦʪʨʠʤʘʥʥʷ ʷʢʽʩʥʦʛʦ ʨʽʰʝʥʥʷ 

ʜʝʱʦ ʙʽʣʴʰʽ ʥʽʞ ʚ ʧʦʧʝʨʝʜʥʽʭ ʘʣʛʦʨʠʪʤʘʭ ʽ ʥʝ ʧʦʨʽʚʥʷʥʦ ʚʠʱʽ, ʥʽʞ ʫ ʢʣʘʩʠʯʥʠʭ 

ʘʣʛʦʨʠʪʤʽʚ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʛʦ ʧʦʰʫʢʫ [202]. 

ʇʨʠ ʚʠʨʽʰʝʥʥʽ ʙʘʛʘʪʴʦʭ ʧʨʠʢʣʘʜʥʠʭ ʟʘʜʘʯ ʟʽ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʦʜʝʣʶʚʘʥʥʷ 

ʽʤʫʥʥʠʭ ʩʠʩʪʝʤ ʟʥʘʡʰʦʚ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜ HIA (Hybrid Immune Algorithm), 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʚ [206] ʚ ʫʜʦʩʢʦʥʘʣʝʥʠʡ ʚ [209]. ʁʦʛʦ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ 

ʤʦʜʠʬʽʢʘʮʽʶ ʤʝʪʦʜʫ opt-AiNet. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʦʩʪʘʥʥʴʦʛʦ, ʨʦʟʤʽʨ ʧʦʧʫʣʷʮʽʾ ʚ 

ʤʝʪʦʜʽ HIA ʟʘʣʠʰʘʻʪʴʩʷ ʧʦʩʪʽʡʥʠʤ ʚ ʧʨʦʮʝʩʽ ʚʩʴʦʛʦ ʽʪʝʨʘʮʽʡʥʦʛʦ ʧʨʦʮʝʩʫ, ʢʦʞʥʘ 

ʟ ʢʣʽʪʠʥ ʤʘʻ ʜʦʜʘʪʢʦʚʠʡ ʘʪʨʠʙʫʪ, ʟʚʘʥʠʡ ʚʽʢʦʤ ʢʣʽʪʠʥʠ, ʘ ʤʫʪʘʮʽʶ ʢʣʦʥʽʚ 

ʟʜʽʡʩʥʶʶʪʴ ʜʚʦʤʘ ʩʧʦʩʦʙʘʤʠ ʥʝʟʘʣʝʞʥʦ ʜʣʷ ʢʦʞʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʢʣʽʪʠʥʠ, ʘʙʦ 

ʪʽʣʴʢʠ ʜʣʷ ʦʜʥʽʻʾ ʾʾ ʢʦʤʧʦʥʝʥʪʠ. ʄʝʪʦʜ ʅɯɸ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʦʧʝʨʝʜʥʽʤʠ 

ʜʝʤʦʥʩʪʨʫʻ ʥʘʜʽʡʥʽʩʪʴ ʧʦʰʫʢʫ ʛʣʦʙʘʣʴʥʦʛʦ ʦʧʪʠʤʫʤ ʙʘʛʘʪʦʝʢʩʪʨʝʤʘʣʴʥʠʭ 

ʬʫʥʢʮʽʡ ʟʘ ʜʦʚʦʣʽ ʦʙʤʝʞʝʥʠʡ ʯʘʩ. ɺʽʥ ʧʦʪʨʝʙʫʻ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʦʜʥʘʢʦʚʦʾ 

ʪʦʯʥʦʩʪʽ ʚ ʨʘʟʠ ʤʝʥʰʝ ʯʘʩʫ ʡ ʥʘ ʧʦʨʷʜʦʢ ʤʝʥʰʝ ʽʪʝʨʘʮʽʡ, ʥʽʞ opt-AiNet.  

ʑʝ ʦʜʠʥ ʘʜʘʧʪʠʚʥʠʡ ʤʝʪʦʜ ʦʧʪʠʤʽʟʘʮʽʾ I-opt-AiNet ʷʚʣʷʻ ʩʦʙʦʶ 

ʤʦʜʠʬʽʢʘʮʽʶ ʤʝʪʦʜʫ opt-AiNet [210]. ʎʝʥʪʨʘʣʴʥʠʤ ʧʦʥʷʪʪʷʤ ʤʝʪʦʜʫ ʻ çʢʨʘʱʘ 

ʩʝʨʝʜʥʷ ʢʦʨʠʩʥʽʩʪʴ ʟʘ ʚʩʽ ʧʦʧʝʨʝʜʥʽ ʽʪʝʨʘʮʽʾè. ɼʣʷ ʪʦʛʦ, ʘʙʠ ʟʘʧʦʙʽʛʪʠ ʧʦʚʪʦʨʥʠʤ 

ʨʝʩʫʨʩʦʤʽʩʪʢʠʤ ʦʙʯʠʩʣʝʥʥʷʤ ʢʦʨʠʩʥʦʩʪʽ ʢʣʽʪʠʥ, ʚ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ, ʪʽ 

ʢʣʽʪʠʥʠ, ʟʥʘʯʝʥʥʷ ʢʦʨʠʩʥʦʩʪʽ ʷʢʠʭ ʦʜʥʦʛʦ ʨʘʟʫ ʚʞʝ ʙʫʣʦ ʦʙʯʠʩʣʝʥʦ, ʧʦʟʥʘʯʘʶʪʴ 

ʷʢ çʦʙʯʠʩʣʝʥʽè. ʂʣʦʥʫʚʘʥʥʷ ʢʣʽʪʠʥ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʨʦʧʦʨʮʽʡʥʦ ʾʭ ʥʦʨʤʦʚʘʥʽʡ ʟʘ 

ʉʝʚʽʜʞʝʤ ʢʦʨʠʩʥʦʩʪʽ. ʄʫʪʘʮʽʷ ʢʣʦʥʽʚ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʩʭʝʤʦʶ ʘʣʛʦʨʠʪʤʫ opt-

AiNet ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʧʦʜʽʣʫ ɻʘʫʩʩʘ. ʆʪʨʠʤʘʥʠʡ ʢʣʦʥ ʧʦʤʠʨʘʻ ʦʜʨʘʟʫ, ʷʢʱʦ 
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ʥʝ ʣʝʞʠʪʴ ʫ ʟʘʜʘʥʽʡ ʦʙʣʘʩʪʽ ʧʦʰʫʢʫ. ɿ ʦʪʨʠʤʘʥʦʾ ʧʦʧʫʣʷʮʽʾ ʚʠʢʣʶʯʘʶʪʴʩʷ ʪʽ 

ʢʣʽʪʠʥʠ, ʢʦʨʠʩʥʽʩʪʴ ʷʢʠʭ ʥʠʞʯʝ ʢʨʘʱʦʛʦ ʩʝʨʝʜʥʴʦʛʦ ʅʦʚʝ ʧʦʢʦʣʽʥʥʷ 

ʜʦʧʦʚʥʶʻʪʴʩʷ ʚʠʧʘʜʢʦʚʦ ʟʛʝʥʝʨʦʚʘʥʠʤʠ ʢʣʽʪʠʥʘʤʠ, ʱʦ ʣʝʞʘʪʴ ʚ ʫʩʽʡ ʦʙʣʘʩʪʽ 

ʧʦʰʫʢʫ. ɿʘʛʘʣʴʥʠʡ ʨʦʟʤʽʨ ʧʦʧʫʣʷʮʽʾ ʧʨʠ ʮʴʦʤʫ ʥʝ ʬʽʢʩʦʚʘʥʠʡ. ʗʢ ʽ ʚ ʽʥʰʠʭ 

ʤʝʪʦʜʘʭ, ʱʦ ʨʝʘʣʽʟʫʶʪʴ ʟʘʛʘʣʴʥʫ ʩʭʝʤʫ ʧʽʜʭʦʜʫ ʤʦʜʝʣʶʚʘʥʥʷ ʽʤʫʥʥʠʭ ʩʠʩʪʝʤ, 

ʧʝʨʝʚʘʛʦʶ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʻ ʦʪʨʠʤʘʥʥʷ ʥʝ ʦʜʥʦʛʦ, ʘ ʦʜʨʘʟʫ ʢʽʣʴʢʦʭ ʨʽʰʝʥʴ, ʱʦ 

ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʚ ʧʦʜʘʣʴʰʠʭ ʧʨʦʮʝʩʘʭ ʫʧʨʘʚʣʽʥʥʷ, ʘ ʪʘʢʦʞ ʦʮʽʥʦʢ 

ʷʢʦʩʪʽ ʮʠʭ ʨʽʰʝʥʴ. ʋ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ ʐɯʉ I-opt-AiNet ʥʘ ʧʦʨʷʜʦʢ 

ʤʝʥʰʝ ʨʘʟʽʚ ʟʚʝʨʪʘʻʪʴʩʷ ʜʦ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʟʘ ʨʘʭʫʥʦʢ ʚʽʜʢʠʜʘʥʥʷ ʨʽʰʝʥʴ, ʱʦ 

ʥʝ ʥʘʣʝʞʘʪʴ ʦʙʣʘʩʪʽ ʧʦʰʫʢʫ, ʘ ʪʘʢʦʞ çʧʦʤʽʪʢʠè ʨʘʥʽʰʝ ʦʙʯʠʩʣʝʥʠʭ ʪʦʯʦʢ 

ʧʨʦʩʪʦʨʫ. ɻʦʣʦʚʥʠʡ ʥʝʜʦʣʽʢ ʜʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ï ʥʝʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʷʚʥʦʤʫ 

ʚʠʛʣʷʜʽ ʤʥʦʞʠʥʠ ʧʘʤôʷʪʽ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʢʦʨʠʩʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʚʞʝ ʟʥʘʡʜʝʥʽ 

ʚʜʘʣʽ ʨʽʰʝʥʥʷ. ɸʣʛʦʨʠʪʤ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʽʤʫʥʥʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ ʤʘʻ 

ʥʘʜʤʽʨʥʫ ʩʪʦʭʘʩʪʠʯʥʽʩʪʴ, ʷʢʘ ʟʚʦʜʠʪʴ ʥʘʥʽʚʝʮʴ ʧʝʨʝʚʘʛʫ ʡʦʛʦ ʰʚʠʜʢʦʩʪʽ. 

ʑʝ ʦʜʥʽʻʶ ʚʽʜʦʤʦʶ ʨʝʘʣʽʟʘʮʽʻʶ ʐɯʉ ʻ ʤʝʪʦʜ T-Cell Model. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʨʦʟʛʣʷʥʫʪʠʭ ʚʠʱʝ ʘʣʛʦʨʠʪʤʽʚ, ʚʽʥ ʚʽʜ ʧʦʯʘʪʢʫ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʣʠʰʝ 

ʟʘʜʘʯ ʫʤʦʚʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ [211]. ɸʙʠ ʧʽʜʚʠʱʠʪʠ ʡʤʦʚʽʨʥʽʩʪʴ ʣʦʢʘʣʽʟʘʮʽʾ 

ʛʣʦʙʘʣʴʥʦʛʦ ʝʢʩʪʨʝʤʫʤʫ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ, ʤʝʪʦʜ T-Cell Model ʚʠʢʦʨʠʩʪʦʚʫʻ ʪʘʢ 

ʟʚʘʥʠʡ ʜʠʥʘʤʽʯʥʠʡ ʜʦʧʫʩʢ, ʩʝʥʩ ʷʢʦʛʦ ʧʦʣʷʛʘʻ ʫ ʚʠʟʥʘʯʝʥʥʽ ʚʽʜʥʦʩʥʦʾ ʚʝʣʠʯʠʥʠ 

ʧʨʠʧʫʩʪʠʤʦʛʦ ʧʦʨʫʰʝʥʥʷ ʦʙʤʝʞʝʥʴ. ɼʠʥʘʤʽʯʥʠʡ ʜʦʧʫʩʢ ʜʦʟʚʦʣʷʻ ʷʢʦʤʦʛʘ 

ʪʦʯʥʽʰʝ ʦʙʩʪʝʞʠʪʠ ʦʙʣʘʩʪʴ ʥʘ ʾʾ ʛʨʘʥʠʮʷʭ, ʘʜʞʝ ʫ ʟʘʜʘʯʘʭ ʫʤʦʚʥʦʛʦ ʥʝʣʽʥʽʡʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʩʘʤʝ ʪʘʤ ʥʘʡʯʘʩʪʽʰʝ ʟʥʘʭʦʜʷʪʴʩʷ ʝʢʩʪʨʝʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʡ 

[212]. ʊʦ ʪʦʛʦ ʞ, ʚ ʨʷʜʽ ʚʠʧʘʜʢʽʚ ʜʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ ʥʘʙʘʛʘʪʦ ʟʨʫʯʥʽʰʝ 

çʧʽʜʽʡʪʠè ʩʘʤʝ ʽʟ ʟʘʙʦʨʦʥʝʥʦʾ ʦʙʣʘʩʪʽ, ʫ ʪʦʡ ʯʘʩ ʢʦʣʠ ʥʘʚʽʪʴ ʩʫʪʪʻʚʝ ʥʘʙʣʠʞʝʥʥʷ 

ʚʽʜ ʮʝʥʪʨʫ ʦʙʣʘʩʪʽ ʧʨʠʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ ʥʝ ʚʢʘʟʫʻ ʥʘ ʤʦʞʣʠʚʫ ʥʘʷʚʥʽʩʪʴ 

ʝʢʩʪʨʝʤʫʤʫ. ʆʧʝʨʘʪʦʨ ʤʫʪʘʮʽʾ ʚ ʟʛʘʜʘʥʦʤʫ ʘʣʛʦʨʠʪʤʽ ʤʘʻ ʜʦʚʦʣʽ ʩʢʣʘʜʥʫ ʬʦʨʤʫ 

ʽ ʚʠʢʦʨʠʩʪʦʚʫʻ ʜʠʥʘʤʽʯʥʫ ʡʤʦʚʽʨʥʽʩʪʴ ʤʫʪʘʮʽʾ ʜʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʢʣʽʪʠʥ. ɸʚʪʦʨʘʤʠ 

[211] ʧʨʦʧʦʥʫʶʪʴʩʷ ʥʘʣʘʰʪʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʫ, ʟʘ ʷʢʠʭ ʟʘ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʠʡ ʯʘʩ 

1000max¢T  ʧʦʢʦʣʽʥʴ ʜʦʩʷʛʘʻʪʴʩʷ ʨʽʰʝʥʥʷ ʥʘʚʽʪʴ ʥʘʡʩʢʣʘʜʥʽʰʠʭ ʟʘʜʘʯ ʟ 

ʢʽʣʴʢʦʤʘ ʥʝʣʽʥʽʡʥʠʤʠ ʦʙʤʝʞʝʥʥʷʤʠ. ʆʩʥʦʚʥʽ ʥʝʜʦʣʽʢʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ 
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ʘʣʛʦʨʠʪʤʫ ï ʧʝʨʝʭʽʜ ʚʽʜ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʧʨʦʩʪʦʨʫ ʨʽʰʝʥʴ ʜʦ ʜʠʩʢʨʝʪʥʦʛʦ ʛʝʥʦʪʠʧʫ 

ʢʣʽʪʠʥ ʪʘ ʥʠʟʴʢʘ ʚʘʨʽʘʪʠʚʥʽʩʪʴ ʦʧʝʨʘʪʦʨʘ ʤʫʪʘʮʽʾ (ʢʦʞʥʘ ʢʣʽʪʠʥʘ ʥʘ ʢʦʞʥʽʡ 

ʽʪʝʨʘʮʽʾ ʥʘʨʦʜʞʫʻ ʣʠʰʝ ʦʜʥʦʛʦ ʢʣʦʥʘ, ʟ ʷʢʠʤ ʽ ʟʤʘʛʘʻʪʴʩʷ ʚ ʭʦʜʽ ʥʘʩʪʫʧʥʦʛʦ ʢʨʦʢʫ 

ʩʪʠʩʥʝʥʥʷ).  

ʊʘʢʦʞ ʤʝʪʦʜʘʤ ʤʦʜʝʣʶʚʘʥʥʷ ʰʪʫʯʥʠʭ ʽʤʫʥʥʠʭ ʩʠʩʪʝʤ ʪʘ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʶ 

ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ ʧʨʠʩʚʷʯʝʥʽ ʨʦʙʦʪʠ [213-217], ʫ ʷʢʠʭ 

ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʨʽʟʥʽ ʤʝʪʦʜʠʢʠ ʚʠʨʽʰʝʥʥʷ ʢʦʤʙʽʥʘʪʦʨʥʠʭ ʧʨʦʙʣʝʤ ʪʘ ʟʘʜʘʯ 

ʫʤʦʚʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʫ ʜʽʡʩʥʦʤʫ ʧʨʦʩʪʦʨʽ. ɺʦʜʥʦʯʘʩ ʘʢʪʫʘʣʴʥʦʶ ʟʘʣʠʰʘʻʪʴʩʷ 

ʟʘʜʘʯʘ ʨʦʟʨʦʙʢʠ ʪʘʢʦʛʦ ʤʝʪʦʜʫ ʦʧʪʠʤʽʟʘʮʽʾ, ʷʢʠʡ ʦʜʥʦʯʘʩʥʦ ʙʫʚ ʙʠ ʝʬʝʢʪʠʚʥʠʡ 

ʜʣʷ ʦʙʦʭ ʪʠʧʽʚ ʟʘʜʘʯ ʪʘ  ʨʝʘʣʽʟʦʚʫʚʘʚ ʙʠ ʦʜʥʦʯʘʩʥʦ ʚʟʘʻʤʦʜʽʶ ʤʽʞ ʧʦʰʫʢʦʚʠʤʠ 

ʘʛʝʥʪʘʤʠ, ʢʣʦʥʘʣʴʥʫ ʩʝʣʝʢʮʽʶ ʽ ʩʪʠʩʥʝʥʥʷ ʧʦʧʫʣʷʮʽʾ, ʘ ʪʘʢʦʞ ʙʫʚ ʙʠ ʘʜʘʧʪʠʚʥʠʤ 

ʜʦ ʨʝʣʴʻʬʫ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʪʘ ʤʽʨʥʦʩʪʽ ʧʨʦʩʪʦʨʫ. 

 

 

1.5 ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 1 

 

ʋʟʘʛʘʣʴʥʶʶʯʠ ʚʠʱʝ ʚʠʢʣʘʜʝʥʝ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ: 

1. ɹʘʛʘʪʦʝʪʘʧʥʝ ʚʠʨʦʙʥʠʮʪʚʦ ʩʦʨʪʦʚʦʛʦ ʧʨʦʢʘʪʫ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ 

ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʮʠʢʣʽ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʽʣʴʢʦʭ ʦʧʝʨʘʮʽʡ, ʨʦʟʜʽʣʝʥʠʭ ʫ ʯʘʩʽ, 

ʪʝʨʠʪʦʨʽʘʣʴʥʦ, ʘ ʪʘʢʦʞ ʟʘ ʚʠʢʦʥʘʚʮʷʤʠ. ɼʦʩʚʽʜ ʨʦʙʦʪʠ ʚʽʪʯʠʟʥʷʥʠʭ ʪʘ 

ʟʘʨʫʙʽʞʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʧʦʢʘʟʫʻ, ʱʦ ʦʧʪʠʤʘʣʴʥʝ ʥʘʣʘʰʪʫʚʘʥʥʷ ʩʠʩʪʝʤ 

ʢʝʨʫʚʘʥʥʷ ʢʦʞʥʦʶ ʪʝʭʥʦʣʦʛʽʯʥʦʶ ʦʧʝʨʘʮʽʻʶ ʯʠ ʣʘʥʢʦʶ ʥʝ ʟʘʙʝʟʧʝʯʫʻ 

ʦʧʪʠʤʘʣʴʥʽʩʪʴ ʟʘʛʘʣʴʥʦʛʦ ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʦʮʝʩʫ. ʎʝ ʟʫʤʦʚʣʝʥʦ ʥʝʩʫʤʽʩʥʽʩʪʶ 

ʦʧʪʠʤʘʣʴʥʠʭ ʨʽʰʝʥʴ ʜʣʷ ʦʢʨʝʤʠʭ ʩʠʩʪʝʤ ʪʘ ʚʽʜʩʫʪʥʽʩʪʶ ʽʥʪʝʛʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ, 

ʷʢʘ ʙ ʢʝʨʫʚʘʣʘ ʨʦʙʦʪʦʶ ʚʩʴʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʟʘ ʛʣʦʙʘʣʴʥʠʤ ʝʢʦʥʦʤʽʯʥʠʤ 

ʢʨʠʪʝʨʽʻʤ. 

2. ɼʦʩʣʽʜʞʝʥʥʷ, ʷʢʽ ʩʪʦʩʫʶʪʴʩʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʙʘʛʘʪʦʝʪʘʧʥʠʭ ʧʨʦʮʝʩʽʚ 

ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʦʢʘʪʫ, ʨʦʟʛʣʷʜʘʶʪʴ ʫ ʷʢʦʩʪʽ ʦʙôʻʢʪʫ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʦʢʨʝʤʫ 

ʦʧʝʨʘʮʽʶ, ʱʦ ʻ ʯʘʩʪʠʥʦʶ ʟʘʛʘʣʴʥʦʛʦ ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʦʮʝʩʫ. ɺʠʢʦʥʘʥʠʡ 

ʘʥʘʣʽʪʠʯʥʠʡ ʦʛʣʷʜ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʥʝʦʙʭʽʜʥʠʡ ʧʝʨʝʭʽʜ ʥʘ ʚʠʱʠʡ 
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ʨʽʚʝʥʴ ʘʙʩʪʨʘʢʮʽʾ ʜʣʷ ʧʦʙʫʜʦʚʠ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʦʜʝʣʝʡ ʽ ʤʝʪʦʜʽʚ ʧʣʘʥʫʚʘʥʥʷ 

ʪʘ ʢʝʨʫʚʘʥʥʷ ʚʠʨʦʙʥʠʮʪʚʦʤ ʧʨʦʢʘʪʫ ʥʘ ʨʽʚʥʽ ʚʩʴʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʫʟʘʛʘʣʴʥʝʥʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʢʨʠʪʝʨʽʾʚ. ʅʝʦʙʭʽʜʥʦ ʪʘʢʦʞ 

ʩʠʥʪʝʟʫʚʘʪʠ ʢʨʠʪʝʨʽʾ ʪʘ ʦʙʤʝʞʝʥʥʷ ʚ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʷʭ ʷʢ ʚʩʴʦʛʦ ʧʨʦʮʝʩʫ, 

ʪʘʢ ʽ ʡʦʛʦ ʯʘʩʪʠʥ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʨʷʜʫ ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʟʘʜʘʯ. 

3. ʇʽʜʪʨʠʤʢʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʚ ʙʘʛʘʪʦʝʪʘʧʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʧʨʦʢʘʪʫ 

ʧʦʪʨʝʙʫʻ ʚʠʨʽʰʝʥʥʷ ʨʷʜʫ ʦʜʥʦ- ʘʙʦ ʙʘʛʘʪʦʬʘʢʪʦʨʥʠʭ ʟʘʜʘʯ ʫʤʦʚʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ, 

ʝʬʝʢʪʠʚʥʠʤ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʷʢʠʭ ʻ ʦʙʯʠʩʣʶʚʘʣʴʥʠʡ ʧʽʜʭʽʜ ʥʘ ʦʩʥʦʚʽ 

ʤʦʜʝʣʶʚʘʥʥʷ ʰʪʫʯʥʦʾ ʽʤʫʥʥʦʾ ʩʠʩʪʝʤʠ ʣʶʜʠʥʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʦʪʨʠʤʘʥʥʷ 

ʩʽʤʝʡʩʪʚʘ ʩʫʙʦʧʪʠʤʘʣʴʥʠʭ ʨʽʰʝʥʴ ʟʘ ʛʘʨʘʥʪʦʚʘʥʠʡ ʯʘʩ. ɺʽʜʪʘʢ ʧʝʨʩʧʝʢʪʠʚʥʠʤ 

ʥʘʧʨʷʤʢʦʤ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʚʘʞʘʻʪʴʩʷ ʨʦʟʨʦʙʢʘ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ 

ʤʝʪʦʜʫ ʥʘ ʦʩʥʦʚʽ ʤʦʜʝʣʶʚʘʥʥʷ ʰʪʫʯʥʦʾ ʽʤʫʥʥʦʾ ʩʠʩʪʝʤʠ ʟ ʤʝʭʘʥʽʟʤʦʤ ʘʜʘʧʪʘʮʽʾ 

ʜʦ ʚʠʨʽʰʫʚʘʥʦʾ ʟʘʜʘʯʽ, ʦʜʥʘʢʦʚʦ ʝʬʝʢʪʠʚʥʦʛʦ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʙʝʟʧʝʨʝʨʚʥʠʭ ʪʘ 

ʢʦʤʙʽʥʘʪʦʨʥʠʭ ʟʘʜʘʯ ʫʤʦʚʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ. 

4. ʇʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʚ ʢʦʥʚʝʨʪʝʨʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʧʨʠ ʢʝʨʫʚʘʥʥʽ 

ʧʨʦʮʝʩʘʤʠ ʨʘʬʽʥʘʮʽʾ ʪʘ ʨʦʟʢʠʩʣʝʥʥʷ ʩʪʘʣʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ 

ʪʘ ʩʫʪʪʻʚʠʭ ʟʦʚʥʽʰʥʽʭ ʟʙʫʨʝʥʴ ʽ ʤʘʻ ʟʥʘʯʥʠʡ ʚʣʠʚ çʣʶʜʩʴʢʦʛʦ ʬʘʢʪʦʨʫè. ɼʣʷ 

ʤʽʥʽʤʽʟʘʮʽʾ ʚʧʣʠʚʫ ʮʠʭ ʥʝʛʘʪʠʚʥʠʭ ʯʠʥʥʠʢʽʚ ʚ ʩʢʣʘʜʽ ʽʥʪʝʛʨʦʚʘʥʦʾ ʉʇʇʈ 

ʢʝʨʫʚʘʥʥʷ ʪʘ ʧʣʘʥʫʚʘʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʦʢʘʪʫ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʚʙʘʯʘʻʪʴʩʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʩʘʤʦʥʘʚʯʘʥʥʷ, ʦʨʽʻʥʪʦʚʘʥʠʭ ʥʘ ʥʘʡʙʽʣʴʰ ʚʜʘʣʽ ʧʨʠʢʣʘʜʠ 

ʧʦʧʝʨʝʜʥʽʭ ʨʽʰʝʥʴ. 

5. ɯʩʥʫʶʯʘ ʤʝʪʦʜʠʢʘ ʧʨʷʤʦʾ ʩʝʨʪʠʬʽʢʘʮʽʾ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʦʢʘʪʫ ʧʝʨʝʜʙʘʯʘʻ ʪʨʠʚʘʣʽ, ʚʘʨʪʽʩʥʽ ʪʘ ʝʥʝʨʛʦʻʤʥʽ 

ʦʧʝʨʘʮʽʾ ʡ ʚʠʢʦʥʫʻʪʴʩʷ ʧʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʚʩʽʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ. ɺʦʜʥʦʯʘʩ 

ʽʩʥʫʶʯʽ ʤʝʪʦʜʠ ʩʪʨʫʢʪʫʨʥʦ-ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʨʦʮʝʩʽʚ ʧʨʠ 

ʩʝʨʪʠʬʽʢʘʮʽʾ ʧʨʦʜʫʢʮʽʾ ʫ ʧʨʦʢʘʪʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʧʝʨʝʜʙʘʯʘʶʪʴ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʥʝʚʽʜʦʤʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʩʪʨʫʢʪʫʨʥʦ ʚʠʟʥʘʯʝʥʠʭ ʤʦʜʝʣʝʡ. ʎʝ ʦʙʫʤʦʚʣʶʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʩʢʣʘʜʽ ʽʥʪʝʛʨʦʚʘʥʦʾ ʉʇʇʈ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʦʢʘʪʫ 

ʧʨʦʮʝʩʫ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʦʧʪʠʤʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ ʤʦʜʝʣʽ ʪʘ ʾʾ ʧʘʨʘʤʝʪʨʽʚ ʦʜʥʦʯʘʩʥʦ 

ʥʘ ʦʩʥʦʚʽ ʟʦʚʥʽʰʥʴʦʛʦ ʢʨʠʪʝʨʽʶ ʷʢʦʩʪʽ.  
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6. ʊʘʢʠʤ ʯʠʥʦʤ, ʥʝʚʠʨʽʰʝʥʦʶ ʥʘʫʢʦʚʦʶ ʧʨʦʙʣʝʤʦʶ ʻ ʦʙˇʨʫʥʪʫʚʘʥʥʷ 

ʧʨʠʥʮʠʧʽʚ ʪʘ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʽ ʟʘʩʦʙʽʚ ʩʪʚʦʨʝʥʥʷ ʽʥʪʝʛʨʦʚʘʥʠʭ ʩʠʩʪʝʤ 

ʽʥʬʦʨʤʘʮʽʡʥʦ-ʘʥʘʣʽʪʠʯʥʦʾ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʚ ʟʘʜʘʯʘʭ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʪʘ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʘʤʠ ʙʘʛʘʪʦʝʪʘʧʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʩʦʨʪʦʚʦʛʦ ʧʨʦʢʘʪʫ ʰʣʷʭʦʤ 

ʨʦʟʨʦʙʢʠ ʢʦʤʧʣʝʢʩʫ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʮʠʭ ʧʨʦʮʝʩʽʚ, ʤʝʪʦʜʽʚ ʩʘʤʦʥʘʚʯʘʥʥʷ 

ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʫʟʘʛʘʣʴʥʝʥʠʭ ʝʢʦʥʦʤʽʯʥʠʭ 

ʢʨʠʪʝʨʽʾʚ. 

ɿ ʨʘʭʫʚʘʥʥʷʤ ʚʠʢʣʘʜʝʥʦʛʦ, ʥʘʜʘʣʽ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʥʘʩʪʫʧʥʽ ʟʘʜʘʯʽ 

ʜʦʩʣʽʜʞʝʥʥʷ: 

1. ʈʦʟʨʦʙʠʪʠ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʨʦʟʚôʷʟʘʥʥʷ: 

-- ʟʘʜʘʯʽ ʧʦʙʫʜʦʚʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʢʣʘʜʫ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʥʘ 

ʧʨʦʜʫʢʮʽʶ ʤʝʪʘʣʫʨʛʽʡʥʠʤ ʧʽʜʧʨʠʻʤʩʪʚʦʤ ʧʦʚʥʦʛʦ ʮʠʢʣʫ ʧʨʠ ʰʠʨʦʢʦʤʫ 

ʩʦʨʪʘʤʝʥʪʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʝʢʦʥʦʤʽʯʥʦʛʦ ʢʨʠʪʝʨʽʶ ʫ ʚʠʛʣʷʜʽ 

ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʾ ʟʘʜʘʯʽ ʫʤʦʚʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ; 

-- ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ ʰʠʭʪʠ ʧʨʠ ʢʦʥʚʝʨʪʝʨʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʟ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷʤ ʚʠʛʣʷʜʫ ʢʨʠʪʝʨʽʶ ʦʧʪʠʤʽʟʘʮʽʾ ʩʦʙʽʚʘʨʪʦʩʪʽ ʩʪʘʣʽ ʥʘ ʝʪʘʧʽ ʾʾ 

ʚʠʧʣʘʚʢʠ, ʚʨʘʭʦʚʫʶʯʠ ʜʦʜʘʪʢʦʚʽ ʚʠʪʨʘʪʠ ʥʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʪʘ 

ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʙʘʣʘʥʩʫ; 

-- ʟʘʜʘʯʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʡʙʫʪʥʴʦʾ ʛʦʪʦʚʦʾ 

ʧʨʦʜʫʢʮʽʾ ʥʘ ʨʘʥʥʽʭ ʝʪʘʧʘʭ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʫʛʣʝʮʝʚʦʾ ʩʪʘʣʽ ʟ ʤʝʪʦʶ ʬʦʨʤʫʚʘʥʥʷ 

ʪʘʢʠʭ ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʽʚ, ʷʢʽ ʙ ʤʦʛʣʠ ʩʢʦʨʠʛʫʚʘʪʠ ʧʨʦʮʝʩ, ʱʦ ʚʞʝ ʚʽʜʙʫʚʘʻʪʴʩʷ;  

-- ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ ʚʘʛʠ ʟʣʠʚʢʫ ʟ ʦʛʣʷʜʫ ʥʘ ʧʝʨʝʙʽʛ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ ʚ ʤʘʡʙʫʪʥʽʭ ʧʝʨʝʜʽʣʘʭ; 

-- ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʟʢʨʦʶʚʘʥʥʷ ʟʘʛʦʪʦʚʦʢ ʫ ʙʘʛʘʪʦʝʪʘʧʥʦʤʫ 

ʧʨʦʢʘʪʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʨʠʪʝʨʽʶ ʤʽʥʽʤʫʤʫ ʟʘʣʠʰʢʽʚ ʜʣʷ 

ʟʘʟʜʘʣʝʛʽʜʴ ʥʝʚʽʜʦʤʦʾ ʜʦʚʞʠʥʠ ʟʘʛʦʪʦʚʢʠ. 

2. ɿʘʧʨʦʧʦʥʫʚʘʪʠ ʤʝʪʦʜʠ ʥʘʚʯʘʥʥʷ ʪʘ ʧʦʙʫʜʦʚʠ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʧʽʜʩʠʩʪʝʤ 

ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʦʧʝʨʘʪʦʨʦʤ ʢʦʥʚʝʨʪʝʨʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʚ 

ʧʨʦʮʝʩʘʭ ʨʘʬʽʥʘʮʽʾ, ʨʦʟʢʠʩʣʝʥʥʷ ʪʘ ʨʦʟʣʠʚʢʠ ʩʪʘʣʽ, ʥʘ ʦʩʥʦʚʽ ʚʠʙʦʨʫ ʽ 
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ʫʩʝʨʝʜʥʝʥʥʷ ʢʨʘʱʠʭ ʧʨʝʮʝʜʝʥʪʽʚ ʟ ʽʩʪʦʨʽʾ ʚʠʢʦʥʘʥʥʷ ʧʦʧʝʨʝʜʥʽʭ ʟʘʤʦʚʣʝʥʴ, 

ʥʘʡʙʣʠʞʯʠʭ ʟʘ ʥʦʨʤʘʣʽʟʦʚʘʥʦʶ ʤʝʪʨʠʢʦʶ. 

3. ʈʦʟʨʦʙʠʪʠ ʝʬʝʢʪʠʚʥʠʡ ʤʝʪʦʜ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʧʨʦʮʝʩʫ 

ʚʠʛʦʨʷʥʥʷ ʬʫʪʝʨʦʚʢʠ ʚʽʜ ʪʝʭʥʽʯʥʠʭ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ ʪʘ ʩʠʥʪʝʟʫʚʘʪʠ 

ʩʠʩʪʝʤʫ ʤʘʪʝʤʘʪʠʯʥʠʭ ʡ ʣʦʛʽʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ, ʱʦ ʾʭ ʦʧʠʩʫʶʪʴ.  

4. ʈʦʟʨʦʙʠʪʠ ʘʜʘʧʪʠʚʥʠʡ ʝʚʦʣʶʮʽʡʥʠʡ ʤʝʪʦʜ ʦʧʪʠʤʽʟʘʮʽʾ ʥʘ ʦʩʥʦʚʽ 

ʤʦʜʝʣʶʚʘʥʥʷ ʰʪʫʯʥʦʾ ʽʤʫʥʥʦʾ ʩʠʩʪʝʤʠ, ʱʦ ʫʥʠʢʘʻ ʥʝʜʦʣʽʢʽʚ ʽʩʥʫʶʯʠʭ ʨʝʘʣʽʟʘʮʽʡ 

ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʘʜʘʧʪʠʚʥʽ ʜʦ ʟʘʜʘʯʽ ʦʧʝʨʘʪʦʨʠ ʤʫʪʘʮʽʾ, ʩʭʨʝʱʫʚʘʥʥʷ ʪʘ 

ʩʪʠʩʥʝʥʥʷ ʧʦʧʫʣʷʮʽʾ. ɿʘʩʪʦʩʫʚʘʪʠ ʨʦʟʨʦʙʣʝʥʠʡ ʤʝʪʦʜ ʷʢ ʩʢʣʘʜʦʚʫ ʽʥʪʝʛʨʦʚʘʥʦʾ 

ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʤʝʪʘʣʫʨʛʽʡʥʠʤ 

ʚʠʨʦʙʥʠʮʪʚʦʤ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʫʤʦʚʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʫ ʨʽʟʥʠʭ ʧʨʦʩʪʦʨʘʭ. 

5. ʆʙˇʨʫʥʪʫʚʘʪʠ ʩʪʨʫʢʪʫʨʫ ʪʘ ʟʘʛʘʣʴʥʽ ʧʨʠʥʮʠʧʠ ʨʦʙʦʪʠ ʽ ʥʘʚʯʘʥʥʷ 

ʽʥʪʝʛʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʙʘʛʘʪʦʝʪʘʧʥʠʤ 

ʤʝʪʘʣʫʨʛʽʡʥʠʤ ʚʠʨʦʙʥʠʮʪʚʦʤ. ɺʠʟʥʘʯʠʪʠ ʩʪʨʫʢʪʫʨʫ ʚʭʽʜʥʦʾ ʪʘ ʚʠʭʽʜʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ, ʧʝʨʝʣʽʢ ʟʘʜʘʯ, ʱʦ ʚʠʢʦʥʫʶʪʴʩʷ ʽʥʪʝʛʨʦʚʘʥʦʶ ʩʠʩʪʝʤʦʶ. ʈʦʟʨʦʙʠʪʠ 

ʩʧʦʩʽʙ ʚʟʘʻʤʦʜʽʾ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʪʘ ʦʧʝʨʘʪʦʨʽʚ ʚʠʧʣʘʚʢʠ ʪʘ 

ʨʦʟʣʠʚʢʠ ʩʪʘʣʽ, ʘ ʪʘʢʦʞ ʨʦʟʢʨʦʶʚʘʥʥʷ ʟʘʛʦʪʦʚʦʢ ʥʘ ʨʽʟʥʠʭ ʧʝʨʝʜʽʣʘʭ ʟ 

ʤʝʭʘʥʽʟʤʦʤ ʥʘʚʯʘʥʥʷ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʢʝʨʫʶʯʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ. 

6. ʈʝʘʣʽʟʫʚʘʪʠ ʧʨʦʪʦʪʠʧ ʽʥʪʝʛʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ 

ʜʣʷ ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʢʝʨʫʚʘʥʥʷ ʚʠʨʦʙʥʠʮʪʚʦʤ ʧʨʦʢʘʪʫ ʪʘ ʚʠʢʦʥʘʪʠ ʾʾ ʘʧʨʦʙʘʮʽʶ ʥʘ 

ʨʝʘʣʴʥʠʭ ʜʘʥʠʭ, ʱʦ ʦʧʠʩʫʶʪʴ ʚʠʨʦʙʥʠʯʽ ʧʨʦʮʝʩʠ ʥʘ ʤʝʪʘʣʫʨʛʽʡʥʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚʘʭ. ɺʠʟʥʘʯʠʪʠ ʘʜʝʢʚʘʪʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʤʦʜʝʣʝʡ ʪʘ ʘʣʛʦʨʠʪʤʽʚ, 

ʦʙʤʝʞʝʥʥʷ ʥʘ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʤʦʞʣʠʚʽ ʰʣʷʭʠ ʚʜʦʩʢʦʥʘʣʝʥʥʷ. 
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ʈʆɿɼɯʃ 2. ʈʆɿʈʆɹʂɸ ʂʆʄɹɯʅɸʊʆʈʅʀʍ ʊɽʍʅɯʂʆ-ɽʂʆʅʆʄɯʏʅʀʍ 

ʄʆɼɽʃɽʁ ɹɸɻɸʊʆɽʊɸʇʅʀʍ ʇʈʆʎɽʉɯɺ ɺʀʈʆɹʅʀʎʊɺɸ ʇʈʆʂɸʊʋ 

 

 

ʗʢ ʟʘʟʥʘʯʝʥʦ ʨʘʥʽʰʝ, ʙʽʣʴʰʽʩʪʴ ʚʽʜʦʤʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʙʦʪʠ 

ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʦʢʘʪʫ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘ ʨʽʚʥʽ ʦʢʨʝʤʠʭ ʦʧʝʨʘʮʮʽʡ, ʱʦ ʻ ʯʘʩʪʠʥʘʤʠ 

ʟʘʛʘʣʴʥʦʛʦ ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʦʮʝʩʫ. ɺ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʧʨʦʧʦʥʫʶʪʴʩʷ ʨʷʜ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʥʘ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʩʦʨʪʦʚʦʛʦ ʧʨʦʢʘʪʫ ʤʝʪʘʣʫʨʛʽʡʥʠʤ ʧʽʜʧʨʠʻʤʩʪʚʦʤ, ʘ ʪʘʢʦʞ ʥʘʣʘʰʪʫʚʘʥʥʷ 

ʦʢʨʝʤʠʭ ʡʦʛʦ ʚʠʨʦʙʥʠʯʠʭ ʜʽʣʷʥʦʢ ʥʘ ʤʽʥʽʤʽʟʘʮʽʶ ʛʣʦʙʘʣʴʥʦʛʦ ʝʢʦʥʦʤʽʯʥʦʛʦ 

ʢʨʠʪʝʨʽʶ ʨʦʙʦʪʠ. ɺ ʷʢʦʩʪʽ ʦʩʪʘʥʥʴʦʛʦ ʦʙʨʘʥʦ ʚʠʪʨʘʪʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʤʝʪʘʣʫ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʚ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʻ ʦʩʥʦʚʦʶ ʩʠʩʪʝʤ 

ʢʝʨʫʚʘʥʥʷ ʦʢʨʝʤʠʤʠ ʦʧʝʨʘʮʽʷʤʠ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʻ ʩʢʣʘʜʦʚʠʤʠ ʽʥʪʝʛʨʦʚʘʥʦʾ 

ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʦʢʘʪʫ. ɰʭ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʝʨʝʜʙʘʯʘʻ ʚʨʘʭʫʚʘʥʥʷ ʧʨʠ ʧʨʠʡʥʷʪʪʽ ʨʽʰʝʥʴ ʩʪʦʩʦʚʥʦ ʦʢʨʝʤʦʾ ʪʝʭʥʦʣʦʛʽʯʥʦʾ 

ʦʧʝʨʘʮʽʾ ʪʠʤ ʯʠ ʽʥʰʠʤ ʚʠʢʦʥʘʚʮʝʤ ʚʩʴʦʛʦ ʢʦʤʧʣʝʢʩʫ ʦʧʝʨʘʮʽʡ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʮʠʢʣʫ ʪʘ ʛʣʦʙʘʣʴʥʦʛʦ ʩʪʘʥʫ ʧʽʜʧʨʠʻʤʩʪʚʘ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʚʠʢʦʥʘʥʥʷ ʚʩʽʻʾ 

ʤʥʦʞʠʥʠ ʧʦʪʦʯʥʠʭ ʟʘʤʦʚʣʝʥʴ. 

 

 

2.1. ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ 

ʧʨʠ ʰʠʨʦʢʦʤʫ ʩʦʨʪʘʤʝʥʪʽ 

 

ʈʦʟʛʣʷʥʝʤʦ ʤʘʪʝʤʘʪʠʯʥʫ ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯʽ. ʂʦʞʥʝ ʟʘʤʦʚʣʝʥʥʷ   ʤʘʻ 

ʢʽʣʴʢʘ ʘʪʨʠʙʫʪʽʚ, ʢʣʶʯʦʚʠʤʠ ʟ ʷʢʠʭ ʻ ʡʦʛʦ ʦʙôʻʤ, ʚʠʜ ʧʨʦʜʫʢʮʽʾ, ʮʽʥʘ, ʯʘʩ 

ʚʠʢʦʥʘʥʥʷ, ʘ ʪʘʢʦʞ ʜʦʜʘʪʢʦʚʽ ʣʦʛʽʩʪʠʯʥʽ ʚʠʤʦʛʠ ʱʦʜʦ ʧʘʢʫʚʘʥʥʷ, ʤʘʨʢʫʚʘʥʥʷ, 

ʩʝʨʪʠʬʽʢʘʮʽʾ ʪʘ ʩʫʧʨʦʚʦʜʫ ʚʘʥʪʘʞʫ. ʇʨʝʜʩʪʘʚʠʤʦ ʮʝ ʫ ʚʠʛʣʷʜʽ ʩʫʢʫʧʥʦʩʪʽ 

ʯʠʩʣʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ  

  ὅȟὖȟὡȟὝȟὝὼȟὈὼ , (2.1) 
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ʜʝ ὅ ï ʮʽʥʘ ʟʘ ʪʦʥʫ ʧʨʦʜʫʢʮʽʾ; ὖ ï ʩʦʙʽʚʘʨʪʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʥʷ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʜʦʜʘʪʢʦʚʠʭ ʚʠʤʦʛ; ὡ ï ʦʙʩʷʛ ʟʘʤʦʚʣʝʥʥʷ ʫ ʪʦʥʘʭ; Ὕ ï ʯʘʩ, ʱʦ 

ʜʘʻʪʴʩʷ ʥʘ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʥʷ; Ὕὼ ï (ʤʦʞʝ ʙʫʪʠ ʚʽʜʩʫʪʥʽʡ) ʜʦʜʘʪʢʦʚʠʡ ʯʘʩ, 

ʫʧʨʦʜʦʚʞ ʷʢʦʛʦ ʟʘʤʦʚʣʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʥʘʥʦ ʟ ʧʝʚʥʠʤ ʰʪʨʘʬʦʤ Ὀὼ, ʧʽʩʣʷ ʞ 

ʮʴʦʛʦ ʯʘʩʫ ʟʘʤʦʚʣʝʥʥʷ ʚʚʘʞʘʻʪʴʩʷ ʚʪʨʘʯʝʥʠʤ. 

ʗʢʱʦ ʚ ʤʦʤʝʥʪ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ά ʟʘʷʚʦʢ, ʱʦ ʦʯʽʢʫʶʪʴ 

ʚʠʢʦʥʘʥʥʷ, ʪʦ ʩʢʽʥʯʝʥʥʘ ʤʥʦʞʠʥʘ ʤʦʞʣʠʚʠʭ ʨʽʰʝʥʴ Ὓ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʫʩʽʭ 

ʤʦʞʣʠʚʠʭ ʧʝʨʝʩʪʘʥʦʚʦʢ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʦʙʨʦʙʢʠ ʮʠʭ ʟʘʤʦʚʣʝʥʴ 

Ὓ ί  ȟȟ ȟȟȣȟ  ȟȟὮ ρȟὓ , (2.2) 

ʜʝ Ὦ ʪʠʡ ʚʘʨʽʘʥʪ ʧʝʨʝʩʪʘʥʦʚʢʠ ί ʟʘʤʦʚʣʝʥʴ, ʦʧʠʩʘʥʠʭ ʟʛʽʜʥʦ (3.1); ὓ άȦ ȿὐȿ 

- ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʪʘʢʠʭ ʚʘʨʽʘʥʪʽʚ, ʱʦ ʜʦʨʽʚʥʶʻ ʤʦʞʣʠʚʽʡ ʢʽʣʴʢʦʩʪʽ 

ʧʝʨʝʩʪʘʥʦʚʦʢ ʥʘ ὐ ρȟȣȟά . 

ɺʨʘʭʦʚʫʶʯʠ (2.2), ʟʘʜʘʯʘ ʦʧʪʠʤʽʟʘʮʽʾ ʧʣʘʥʫ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʧʨʠ 

ʰʠʨʦʢʦʤʫ ʩʦʨʪʘʤʝʥʪʽ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʤʘʻ ʚʠʛʣʷʜ 

ίᶻ ὥὶὫάὭὲ
ᶰ
Ὂί , (2.3) 

ʜʝ Ὂί  ï ʮʽʣʴʦʚʘ ʬʫʥʢʮʽʷ ʦʧʪʠʤʽʟʘʮʽʾ, ʱʦ ʤʘʻ ʯʘʩʦʚʠʡ ʘʙʦ (ʯʘʩʪʽʰʝ) 

ʤʘʪʝʨʽʘʣʴʥʠʡ ʚʠʤʽʨ, ʽ ʚʢʣʶʯʘʻ ʨʦʟʛʣʷʥʫʪʽ ʥʠʞʯʝ ʯʦʪʠʨʠ ʚʠʜʠ ʥʝʙʘʞʘʥʠʭ ʚʪʨʘʪ. 

ɿʚʠʯʘʡʥʦ, ʢʦʞʥʘ ʢʦʤʙʽʥʘʮʽʷ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʦʧʠʩʫʶʪʴ ʛʦʪʦʚʫ ʧʨʦʜʫʢʮʽʶ ʚ 

ʟʘʤʦʚʣʝʥʥʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʝʚʥʠʤ ʩʪʘʥʜʘʨʪʦʤ ï ʚʽʪʯʠʟʥʷʥʠʤ ʯʠ ʤʽʞʥʘʨʦʜʥʠʤ. 

ɿʘʩʪʦʩʦʚʫʶʯʠ ʟʛʘʜʘʥʽ ʩʪʘʥʜʘʨʪʠ ʜʣʷ ʤʥʦʞʠʥʠ ʤʦʞʣʠʚʦʾ Ὃ ρȟȢȢȟὑ  

ʥʘʡʤʝʥʫʚʘʥʴ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʜʘʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʡʦʛʦ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ, ʣʝʛʢʦ ʦʪʨʠʤʘʪʠ ʤʘʪʨʠʮʶ ὗ  ʯʘʩʦʚʠʭ ʚʠʪʨʘʪ ʧʨʠ 

ʧʝʨʝʭʦʜʽ ʚʽʜ ʚʠʛʦʪʦʚʣʝʥʥʷ ʦʜʥʦʛʦ ʚʠʜʫ ʧʨʦʜʫʢʮʽʾ ʜʦ ʽʥʰʦʛʦ. ɺʦʯʝʚʠʜʴ, ʷʢʱʦ 

ʜʦʧʦʚʥʠʪʠ ʥʝʶ ʦʧʠʩ (2.1), ʦʪʨʠʤʘʻʤʦ ʩʫʢʫʧʥʽʩʪʴ ʟʘʤʦʚʣʝʥʴ 

  ὅȟὗȟὖȟὡȟὝȟὝὼȟὈὼ . (2.4) 

ʇʨʠ ʮʴʦʤʫ ήȟ ʤʦʞʝ ʧʦʢʘʟʫʚʘʪʠ ʷʢ ʯʘʩ ʧʝʨʝʭʦʜʫ ʚʽʜ ʚʠʢʦʥʘʥʥʷ ὥ ʪʦʛʦ 

ʟʘʤʦʚʣʝʥʥʷ ʜʦ ὦ ʪʦʛʦ, ʪʘʢ ʽ ʤʘʪʝʨʽʘʣʴʥʽ ʚʠʪʨʘʪʠ ʥʘ ʟʜʽʡʩʥʝʥʥʷ ʪʘʢʦʛʦ ʧʝʨʝʭʦʜʫ. 
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ɺʽʜʧʦʚʽʜʥʘ ʩʢʣʘʜʦʚʘ ʤʘʪʝʨʽʘʣʴʥʠʭ ʚʠʪʨʘʪ ʚʽʜ ʚʪʨʘʪʠ ʯʘʩʫ ʥʘ ʧʝʨʝʭʦʜʠ ʤʘʻ ʙʫʪʠ 

ʚʢʣʶʯʝʥʘ ʜʦ ʩʢʣʘʜʫ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ Ὂί, ʱʦ ʚʭʦʜʠʪʴ ʚ (2.3). 

ʊʘʢ ʩʘʤʦ ʤʘʶʪʴ ʙʫʪʠ ʚʨʘʭʦʚʘʥʽ ʝʢʦʥʦʤʽʯʥʽ ʚʠʪʨʘʪʠ ʥʘ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʡ, 

ʱʦ ʥʝ ʻ ʦʙʦʚôʷʟʢʦʚʠʤʠ ʜʣʷ ʧʨʦʜʫʢʮʽʾ ʡ ʚʠʢʦʥʫʶʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʢʦʥʢʨʝʪʥʦʛʦ 

ʟʘʤʦʚʣʝʥʥʷ (ʧʨʠʢʣʘʜ ï ʦʧʝʨʘʮʽʾ 9 ʪʘ 10 ʚ ʪʘʙʣ. 1.1). ʇʨʦʧʦʥʫʻʪʴʩʷ ʚʢʣʶʯʠʪʠ ʾʭ ʚ 

ʩʦʙʽʚʘʨʪʽʩʪʴ ʧʨʦʜʫʢʮʽʾ ʧʦ ʟʘʤʦʚʣʝʥʥʶ ὴ, ʷʢʘ ʥʘʜʘʣʽ ʧʦʚôʷʟʫʻʪʴʩʷ ʩʘʤʝ ʽʟ 

ʟʘʤʦʚʣʝʥʥʷʤ Ὥ ρȟά, ʘ ʥʝ ʟ ʚʠʜʦʤ ʧʨʦʜʫʢʮʽʾ Ὣ ρȟὫ . 

ɼʣʷ ʩʧʨʦʱʝʥʥʷ ʧʨʦʧʦʥʫʻʪʴʩʷ ʧʨʠʡʥʷʪʠ, ʱʦ ʟʘʤʦʚʣʝʥʥʷ ʦʜʥʦʛʦ ʢʣʽʻʥʪʘ Ὧ 

ʥʘ ʨʽʟʥʽ ʚʠʜʠ ʧʨʦʜʫʢʮʽʾ ʻ ʨʽʟʥʠʤʠ ʟʘʤʦʚʣʝʥʥʷʤʠ Ὥ, ʱʦ ʥʝ ʤʦʞʫʪʴ ʚʠʢʦʥʫʚʘʪʠʩʴ 

ʦʜʥʦʯʘʩʥʦ. ʊʘʢ ʩʘʤʦ ʟʘʤʦʚʣʝʥʥʷ ʥʘ ʦʜʥʘʢʦʚʫ ʧʨʦʜʫʢʮʽʶ Ὣ, ʱʦ ʥʘʜʽʡʰʣʠ ʚʽʜ 

ʨʽʟʥʠʭ ʢʣʽʻʥʪʽʚ ʻ ʦʢʨʝʤʠʤʠ ʟʘʤʦʚʣʝʥʥʷʤʠ Ὥ. ʊʦʙʪʦ, ʩʝʨʝʜ ά ʟʘʤʦʚʣʝʥʴ, ʚʩʽ ʻ 

ʨʽʟʥʠʤʠ ʟʘ ʣʦʛʽʯʥʠʤ ʧʦʻʜʥʘʥʥʷʤ ʢʣʽʻʥʪʘ ʪʘ ʚʠʜʫ ʧʨʦʜʫʢʮʽʾ. 

ɺʨʘʭʦʚʫʶʯʠ ʧʝʨʝʣʽʯʝʥʽ ʧʨʠʧʫʱʝʥʥʷ, ʮʽʣʴʦʚʘ ʬʫʥʢʮʽʷ ʦʧʪʠʤʽʟʘʮʽʾ ʥʘʙʫʚʘʻ 

ʚʠʛʣʷʜʫ 

Ὂί Ὂȟ Ὂȟ Ὂȟ Ὂȟ (2.5) 

ʜʝ ά άρ άς άσ ï ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʟʘʤʦʚʣʝʥʴ; άρ ï ʢʽʣʴʢʽʩʪʴ ʟʘʤʦʚʣʝʥʴ, 

ʱʦ ʚʠʢʦʥʫʶʪʴʩʷ ʟʘ ʯʘʩ ὼ Ὕ; άς ï ʢʽʣʴʢʽʩʪʴ ʧʨʦʩʪʨʦʯʝʥʠʭ ʟʘʤʦʚʣʝʥʴ, ʱʦ 

ʚʠʢʦʥʫʶʪʴʩʷ ʟʘ ʯʘʩ Ὕ ὼ Ὕὼ; άσ ï ʢʽʣʴʢʽʩʪʴ ʥʝʚʠʢʦʥʘʥʠʭ ʟʘʤʦʚʣʝʥʴ, ʱʦ 

ʚʠʢʦʥʫʶʪʴʩʷ ʟʘ ʯʘʩ ὼ Ὕὼ; Ὂȟ, Ὂȟ, Ὂȟ ï ʜʦʜʘʪʢʦʚʽ ʚʠʪʨʘʪʠ ʧʽʜʧʨʠʻʤʩʪʚʘ ʧʨʠ 

Ὦ ʪʦʤʫ ʧʦʨʷʜʢʫ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʚʽʜʧʦʚʽʜʥʦ: ʚʽʜ ʥʘʷʚʥʦʩʪʽ ʥʝʟʘʚʝʨʰʝʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ, ʚʽʜ ʧʨʦʩʪʨʦʯʫʚʘʥʥʷ ʪʝʨʤʽʥʫ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʥʷ ʪʘ ʚʽʜ ʚʪʨʘʪʠ 

ʟʘʤʦʚʣʝʥʥʷ (ʚʽʜʤʦʚʠ ʫ ʚʠʢʦʥʘʥʥʽ); Ὂ ï ʜʦʜʘʪʢʦʚʽ ʚʠʪʨʘʪʠ, ʦʙʫʤʦʚʣʝʥʽ 

ʟʫʧʠʥʢʘʤʠ ʜʣʷ ʧʝʨʝʥʘʣʘʰʪʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ. 

ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ί, ʱʦ ʻ ʧʘʨʘʤʝʪʨʦʤ ʦʧʪʠʤʽʟʘʮʽʾ ʚ 

ʟʘʜʘʯʽ (2.3), ʚʠʟʥʘʯʘʻ ʚʩʽ ʚʠʜʠ ʚʠʪʨʘʪ, ʘʜʞʝ ʚʽʜ ʥʝʾ ʟʘʣʝʞʠʪʴ ʷʢ ʚʭʦʜʞʝʥʥʷ 

ʟʘʤʦʚʣʝʥʥʷ ʜʦ ʯʠʩʣʘ ʪʠʭ, ʱʦ ʚʠʢʦʥʫʶʪʴʩʷ ʥʘʧʝʨʝʜ, ʪʠʭ, ʱʦ ʚʠʢʦʥʫʶʪʴʩʷ ʽʟ 

ʟʘʧʽʟʥʝʥʥʷʤ ʪʘ ʪʠʭ, ʱʦ ʚʽʜʢʠʜʘʶʪʴʩʷ, ʪʘʢ ʽ ʯʘʩ ὼ ʟʘʚʝʨʰʝʥʥʷ ʚʠʢʦʥʘʥʥʷ Ὥ ʪʦʛʦ 
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ʟʘʤʦʚʣʝʥʥʷ, ʥʝ ʢʘʞʫʯʠ ʚʞʝ ʧʨʦ ʩʫʢʫʧʥʽʡ ʯʘʩ, ʚʠʪʨʘʯʝʥʠʡ ʥʘ ʧʝʨʝʥʘʣʘʰʪʫʚʘʥʥʷ 

В ήȟ . ʊʦʤʫ ʥʘʜʘʣʽ ʟʘʧʠʩʫʻʤʦ ʬʦʨʤʫʣʠ, ʦʧʫʩʢʘʶʯʠ ʽʥʜʝʢʩ Ὦ, ʽ 

ʨʦʟʫʤʽʶʯʠ, ʱʦ ʚʩʽ ʚʠʜʠ ʚʠʪʨʘʪ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʧʨʠ ʧʦʪʦʯʥʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ί. 

ɼʦʜʘʪʢʦʚʽ ʚʠʪʨʘʪʠ ʧʽʜʧʨʠʻʤʩʪʚʘ ʚʽʜ ʥʘʷʚʥʦʩʪʽ ʥʝʟʘʚʝʨʰʝʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ 

ʦʮʽʥʶʶʪʴʩʷ ʜʣʷ ʢʦʞʥʦʛʦ ʟʘʤʦʚʣʝʥʥʷ ʟʘ ʬʦʨʤʫʣʦʶ 

Ὂȟ άὥὼπȠ‌ẗύ ὧ ὴ Ὕ ὼ ȟ (2.6) 

ʜʝ ὼ ï ʯʘʩ, ʟʘ ʷʢʠʡ ʧʣʘʥʫʻʪʴʩʷ ʟʘʢʽʥʯʠʪʠ ʚʠʢʦʥʘʥʥʷ Ὥ ʪʦʛʦ ʟʘʤʦʚʣʝʥʥʷ; Ὕ ï ʯʘʩ, 

ʯʝʨʝʟ ʷʢʠʡ ʢʣʽʻʥʪ ʧʣʘʥʫʻ ʦʪʨʠʤʘʪʠ ʡ ʩʧʣʘʪʠʪʠ Ὥ ʪʝ ʟʘʤʦʚʣʝʥʥʷ; ὧ ï ʚʽʜʧʫʩʢʥʘ 

ʮʽʥʘ ʪʦʥʥʠ ʧʨʦʜʫʢʮʽʾ ʧʦ Ὥ ʪʦʤʫ ʟʘʤʦʚʣʝʥʥʶ, ʛʨʥ./ʪʦʥʥʫ; ὴ ï ʩʦʙʽʚʘʨʪʽʩʪʴ ʪʦʥʥʠ 

ʧʨʦʜʫʢʮʽʾ ʦ Ὥ ʪʦʤʫ ʟʘʤʦʚʣʝʥʥʶ, ʛʨʥ./ʪʦʥʥʫ; ύ ï ʦʙʩʷʛ Ὥ ʪʦʛʦ ʟʘʤʦʚʣʝʥʥʷ, 

ʪʦʥʥ; ‌ π ï ʢʦʝʬʽʮʽʻʥʪ ʜʠʩʢʦʥʪʫʚʘʥʥʷ ʦʙʦʨʦʪʥʠʭ ʢʦʰʪʽʚ, ʚ.ʦ./ʜʦʙʫ.  

ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʚʝʣʠʯʠʥʘ ʮʽʥʠ ʟʘ ʪʦʥʥʫ ʦʜʠʥʠʮʽ ʧʨʦʜʫʢʮʽʾ ʜʣʷ ʢʦʞʥʦʛʦ 

ʽʟ ʟʘʤʦʚʣʝʥʴ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʚʽʜʜʽʣʦʤ ʤʘʨʢʝʪʠʥʛʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʦʚʥʽʰʥʽʭ 

ʬʘʢʪʦʨʽʚ ʪʘ ʦʩʦʙʣʠʚʦʩʪʝʡ ʟʘʤʦʚʣʝʥʥʷ, ʽ ʜʣʷ ʦʜʥʽʻʾ ʡ ʪʽʻʾ ʩʘʤʦʾ ʧʨʦʜʫʢʮʽʾ ʤʦʞʝ 

ʚʽʜʨʽʟʥʷʪʠʩʷ ʥʘ 20ï30%. ʂʣʶʯʦʚʠʤʠ ʬʘʢʪʦʨʘʤʠ ʻ ʜʦʜʘʪʢʦʚʽ ʚʠʤʦʛʠ ʧʦʢʫʧʮʷ ʜʦ 

ʪʝʨʤʽʥʦʚʦʩʪʽ ʚʠʢʦʥʘʥʥʷ, ʧʘʢʫʚʘʥʥʷ, ʤʽʨʥʦʩʪʽ, ʤʘʨʢʫʚʘʥʥʷ, ʩʝʨʪʠʬʽʢʘʮʽʾ, 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʘʣʦʛʦ ʦʙʩʷʛʫ ʧʨʦʜʫʢʮʽʾ ʪʦʱʦ (ʧʽʜʚʠʱʫʶʪʴ ʩʦʙʽʚʘʨʪʽʩʪʴ, ʽ ʷʢ 

ʥʘʩʣʽʜʦʢ, ʮʽʥʫ), ʘ ʪʘʢʦʞ ʧʨʠʧʫʩʪʠʤʽʩʪʴ ʥʝʤʽʨʥʦʾ ʜʦʚʞʠʥʠ, ʟʘʤʦʚʣʝʥʥʷ ʪʨʫʙ ʙʝʟ 

ʪʝʨʤʦʦʙʨʦʙʢʠ, ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʢʨʠʪʪʷ, ʜʦʜʘʪʢʦʚʦʾ ʦʙʨʦʙʢʠ ʢʽʥʮʽʚ ʪʦʱʦ (ʟʤʝʥʰʫʻ 

ʩʦʙʽʚʘʨʪʽʩʪʴ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʮʽʥʫ).  

ɿ ʦʛʣʷʜʫ ʥʘ ʮʝ, ʨʘʮʽʦʥʘʣʴʥʠʤ ʙʫʣʦ ʙ ʜʦʪʨʠʤʫʚʘʪʠʩʷ ʬʽʢʩʦʚʘʥʦʾ ʚʝʣʠʯʠʥʠ 

ʥʦʨʤʠ ʧʨʠʙʫʪʢʫ ʜʣʷ ʢʦʞʥʦʛʦ ʚʠʜʫ ʧʨʦʜʫʢʮʽʾ ὫᶅᶰὋȡὧ ὴ ὧέὲίὸ, ʘʣʝ ʪʘʢʘ 

ʞʦʨʩʪʢʘ ʫʤʦʚʘ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʧʝʨʝʚʠʱʝʥʥʷ ʮʽʥʠ ʥʘʜ ʨʠʥʢʦʚʦʶ ʽ, ʷʢ 

ʥʘʩʣʽʜʦʢ, ʚʪʨʘʪʠ ʟʘʤʦʚʣʝʥʥʷ. 

ɼʦʜʘʪʢʦʚʽ ʚʠʪʨʘʪʠ ʧʽʜʧʨʠʻʤʩʪʚʘ ʚʽʜ ʧʝʨʝʚʠʱʝʥʥʷ ʪʝʨʤʽʥʫ ʚʠʢʦʥʘʥʥʷ 

ʟʘʤʦʚʣʝʥʥʷ ʦʮʽʥʶʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 

Ὂȟ άὥὼπȠὈὼẗύẗὧὼ Ὕ ȿὼ Ὕὼȟ (2.7) 
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ʜʝ Ὀὼ ï ʚʽʜʥʦʩʥʘ ʜʦ ʮʽʥʠ ʧʨʦʜʫʢʮʽʾ ʚʝʣʠʯʠʥʘ ʰʪʨʘʬʫ ʟʘ ʢʦʞʝʥ ʜʝʥʴ ʧʝʨʝʚʠʱʝʥʥʷ 

ʜʠʨʝʢʪʠʚʥʦʛʦ ʪʝʨʤʽʥʫ ʚʠʢʦʥʘʥʥʷ Ὥ ʪʦʛʦ ʟʘʤʦʚʣʝʥʥʷ, ʚ.ʦ./ʜʦʙʫ; Ὕὼ ï ʢʨʘʡʥʽʡ 

ʯʘʩ, ʯʝʨʝʟ ʷʢʠʡ Ὥ ʪʝ ʟʘʤʦʚʣʝʥʥʷ ʚʪʨʘʯʘʻʪʴʩʷ. ʈʝʰʪʘ ʧʦʟʥʘʯʝʥʴ ï ʘʥʘʣʦʛʽʯʥʽ (2.6). 

ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʥʘʚʽʪʴ ʷʢʱʦ ʢʣʽʻʥʪ ʟʛʦʜʝʥ ʯʝʢʘʪʠ ʜʦʩʪʘʪʥʴʦ ʜʦʚʛʦ, ʘʣʝ 

ʽʩʥʫʻ ʱʦʜʝʥʥʠʡ ʰʪʨʘʬ, ʤʝʞʘ Ὕὼ ʤʦʞʝ ʙʫʪʠ ʨʦʟʨʘʭʦʚʘʥʦ ʘʚʪʦʤʘʪʠʯʥʦ ʟ 

ʚʠʢʦʥʘʥʥʷ ʫʤʦʚʠ ὈὼẗύẗὧὝὼ Ὕ ύẗὧ ὴ. ʇʨʘʚʦʨʫʯ ʚ ʜʘʥʦʤʫ 

ʨʽʚʥʷʥʥʽ ʩʪʦʾʪʴ ʰʪʨʘʬ ʟʘ ʧʝʨʝʚʠʱʝʥʥʷ ʪʝʨʤʽʥʫ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʥʷ, ʣʽʚʦʨʫʯ ï 

ʦʯʽʢʫʚʘʥʠʡ ʧʨʠʙʫʪʦʢ ʚʽʜ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʥʷ. ɯʥʘʢʰʝ ʢʘʞʫʯʠ, ʧʨʠ ʚʽʜʦʤʦʤʫ 

Ὀὼ, ʟʘʤʦʚʣʝʥʥʷ ʩʣʽʜ ʚʢʣʶʯʘʪʠ ʜʦ ʚʠʨʦʙʥʠʯʦʛʦ ʧʣʘʥʫ (2.4), ʷʢʱʦ  

Ὕὼ Ὕ
ρ
ὴ
ὧ

Ὀὼ
Ȣ (2.8) 

ɼʦʜʘʪʢʦʚʽ ʚʠʪʨʘʪʠ ʧʽʜʧʨʠʻʤʩʪʚʘ ʚʽʜ ʚʪʨʘʪʠ ʟʘʤʦʚʣʝʥʥʷ ʧʨʠ ʥʝʤʦʞʣʠʚʦʩʪʽ 

ʡʦʛʦ ʚʠʢʦʥʘʪʠ ʫ ʚʽʜʚʝʜʝʥʠʡ ʪʝʨʤʽʥ ʦʮʽʥʶʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 

Ὂȟ ύ ὧ ὴȿὼ Ὕὼ. (2.9) 

ʌʘʢʪʠʯʥʦ ʧʽʜ ʮʠʤ ʚʠʜʦʤ ʚʪʨʘʪ ʩʣʽʜ ʨʦʟʫʤʽʪʠ ʪʦʡ ʧʨʠʙʫʪʦʢ, ʷʢʠʡ ʤʽʛ ʙʠ 

ʙʫʪʠ ʦʪʨʠʤʘʥʠʡ ʚʽʜ ʟʘʤʦʚʣʝʥʥʷ, ʘʣʝ ʥʝ ʙʫʜʝ ʦʪʨʠʤʘʥʠʡ ʯʝʨʝʟ ʪʝ, ʱʦ ʟʘʤʦʚʣʝʥʥʷ 

ʥʝ ʫʚʽʡʰʣʦ ʜʦ ʧʣʘʥʫ. 

ʅʘʨʝʰʪʽ, ʜʦʜʘʪʢʦʚʽ ʚʪʨʘʪʠ ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʱʦ ʦʙʫʤʦʚʣʝʥʽ 

ʚʠʪʨʘʪʘʤʠ ʯʘʩʫ ʥʘ ʧʝʨʝʥʘʣʘʰʪʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʥʦʚʠʡ ʚʠʜ ʧʨʦʜʫʢʮʽʾ, 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʟʘ ʬʦʨʤʫʣʦʶ 

Ὂ ήȟ
ύ ὧ ὴ ύ ὧ ὴ

ὼ ὼ
ȟ (2.10) 

ʜʝ ήȟ  ï ʯʘʩ ʧʝʨʝʥʘʣʘʰʪʫʚʘʥʥʷ. 

ɿʘʧʠʩ (2.10) ʧʦʚôʷʟʫʻ ʯʘʩ, ʷʢʠʡ ʧʨʦʭʦʜʠʪʴ ʫ ʥʝʨʦʙʦʯʦʤʫ ʨʝʞʠʤʽ ʤʽʞ 

ʚʠʢʦʥʘʥʥʷʤ ʟʘʤʦʚʣʝʥʴ Ὥ ʪʘ Ὥ ρ ʟ ʩʝʨʝʜʥʽʤ ʦʯʽʢʫʚʘʥʠʤ ʧʨʠʙʫʪʢʦʤ ʚʽʜ ʚʠʢʦʥʘʥʥʷ 

ʜʚʦʭ ʮʠʭ ʟʘʤʦʚʣʝʥʴ. ɸʙʠ ʢʦʤʧʝʥʩʫʚʘʪʠ ʯʘʩ ʫ ʯʠʩʝʣʴʥʠʢʫ, ʦʪʨʠʤʘʥʫ ʚʝʣʠʯʠʥʫ 

ʚʽʜʥʦʩʷʪʴ ʜʦ ʩʝʨʝʜʥʴʦʾ ʪʨʠʚʘʣʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ Ὥ ʪʘ Ὥ ρ. 
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ʇʦʜʽʙʥʽ ʤʦʜʝʣʽ ʟʥʘʡʰʣʠ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʩʫʯʘʩʥʠʭ ʤʦʜʝʣʷʭ 

ʢʝʨʫʚʘʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚʦʤ, ʟʦʢʨʝʤʘ MRP II  (Manufacturing Resource Planning), 

ERP (Enterprise Resource Planning) ʪʘ APS (Advanced Planning and Scheduling 

System) [218], ʷʢʽ ʧʝʨʝʜʙʘʯʘʶʪʴ ʚʠʨʽʰʝʥʥʷ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʾ ʟʘʜʘʯʽ ʢʝʨʫʚʘʥʥʷ 

ʧʦʩʣʽʜʦʚʥʦʩʪʷʤʠ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ. ʇʨʠ ʮʴʦʤʫ, ʢʨʠʪʝʨʽʷʤʠ ʦʧʪʠʤʽʟʘʮʽʾ 

ʨʦʟʢʣʘʜʫ ʤʦʞʫʪʴ ʙʫʪʠ ʦʜʠʥ ʘʙʦ ʜʝʢʽʣʴʢʘ ʟ ʥʘʩʪʫʧʥʠʭ: 

ï ʤʘʢʩʠʤʘʣʴʥʘ ʯʘʩʪʢʘ ʟʘʤʦʚʣʝʥʴ, ʚʠʢʦʥʘʥʠʭ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ 

ʚʩʪʘʥʦʚʣʝʥʠʭ ʪʝʨʤʽʥʽʚ ὼ Ὕ (ʚʠʢʦʥʘʥʥʷ çʪʦʯʥʦ ʚ ʪʝʨʤʽʥè); 

ï ʤʽʥʽʤʘʣʴʥʝ ʩʝʨʝʜʥʻ ʟʘʧʽʟʥʝʥʥʷ ʚʠʢʦʥʘʥʥʷ ʚʩʴʦʛʦ ʧʝʨʝʣʽʢʫ ʨʦʙʽʪ; 

ï ʤʽʥʽʤʘʣʴʥʠʡ ʦʙʩʷʛ ʥʝʟʘʚʝʨʰʝʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʫʧʨʦʜʦʚʞ ʚʩʴʦʛʦ ʧʝʨʽʦʜʫ 

ʧʣʘʥʫʚʘʥʥʷ (ʪʘʢ ʟʚʘʥʘ çʨʦʙʦʪʘ ʙʝʟ ʚʥʫʪʨʽʰʥʴʦʛʦ ʩʢʣʘʜʫè); 

ï ʤʽʥʽʤʘʣʴʥʠʡ ʯʘʩ ʥʝʨʦʙʦʯʦʛʦ ʩʪʘʥʫ ʦʙʣʘʜʥʘʥʥʷ; 

ï ʤʽʥʽʤʽʟʘʮʽʷ ʢʽʣʴʢʦʩʪʽ ʟʘʤʦʚʣʝʥʴ, ʷʢʽ ʥʝ ʧʨʠʡʥʷʪʽ ʜʦ ʚʠʢʦʥʘʥʥʷ. 

ɿʘʜʘʯʘ, ʱʦ ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤʠ (2.2)ï(2.10), ʧʝʨʝʜʙʘʯʘʻ ʦʜʥʦʯʘʩʥʝ 

ʟʚʘʞʝʥʝ ʟʘ ʩʫʢʫʧʥʠʤ ʤʘʪʝʨʽʘʣʴʥʠʤ ʧʦʢʘʟʥʠʢʦʤ ʚʠʢʦʥʘʥʥʷ ʙʽʣʴʰʦʩʪʽ ʟʛʘʜʘʥʠʭ 

ʢʨʠʪʝʨʽʾʚ. ɸʣʴʪʝʨʥʘʪʠʚʘʤʠ, ʷʢʽ ʙʫʜʫʪʴ ʦʮʽʥʶʚʘʪʠʩʴ ʟʘ ʟʚʝʜʝʥʠʤ ʢʨʠʪʝʨʽʻʤ 

ʤʽʥʽʤʫʤʫ ʩʫʢʫʧʥʠʭ ʜʦʜʘʪʢʦʚʠʭ ʚʪʨʘʪ ʚʽʜ ʚʠʨʦʙʥʠʯʦʾ ʜʽʷʣʴʥʦʩʪʽ (2.5), ʙʫʜʫʪʴ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ί. 

ʇʨʠ ʮʴʦʤʫ, ʟʘʜʘʯʘ, ʱʦ ʪʨʘʜʠʮʽʡʥʦ [40] ʥʘʣʝʞʠʪʴ ʜʦ ʢʣʘʩʫ ʢʦʤʙʽʥʘʪʦʨʥʠʭ 

ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʟʘʜʘʯ ʪʝʦʨʽʾ ʨʦʟʢʣʘʜʽʚ, ʤʘʻ ʦʟʥʘʢʠ ʽʥʰʦʾ ʚʽʜʦʤʦʾ ʢʦʤʙʽʥʘʪʦʨʥʦʾ 

ʟʘʜʘʯʽ ï ʧʦʙʫʜʦʚʠ ʤʘʨʰʨʫʪʫ ʨʫʭʫ ʢʦʤʽʚʦʷʞʝʨʘ (Travelling salesman problem, TSP) 

[69], ʘ ʩʘʤʝ ï ʾʾ ʥʝʟʘʤʢʥʝʥʦʛʦ ʚʘʨʽʘʥʪʫ.  

ʆʩʢʽʣʴʢʠ ʯʘʩ ʧʝʨʝʥʘʣʘʰʪʫʚʘʥʥʷ ʟ ʦʜʥʦʛʦ ʚʠʜʫ ʧʨʦʜʫʢʮʽʾ ʥʘ ʽʥʰʠʡ ʚ 

ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʦʙʫʤʦʚʣʝʥʠʡ ʨʦʙʦʪʦʶ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ, 

ʤʘʪʨʠʮʷ ὗ, ʱʦ ʤʽʩʪʠʪʴ ʚʠʪʨʘʪʠ ʯʘʩʫ ʥʘ ʧʝʨʝʥʘʣʘʰʪʫʚʘʥʥʷ ʙʫʜʝ ʩʠʤʝʪʨʠʯʥʦʶ. 

ɺʦʜʥʦʯʘʩ ʜʣʷ ʤʘʪʨʠʮʽ ὗ ʚʠʢʦʥʫʻʪʴʩʷ ʫʤʦʚʘ ʪʨʠʢʫʪʥʠʢʘ ή ή ή , ʱʦ ʻ 

ʦʟʥʘʢʦʶ ʤʝʪʨʠʯʥʦʩʪʽ ʨʦʟʚôʷʟʫʚʘʥʦʾ ʟʘʜʘʯʽ.  

ɺ ʷʢʦʩʪʽ ʤʝʪʨʠʢʠ ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʪʘʢ ʟʚʘʥʫ ʤʘʢʩʠʤʘʣʴʥʫ 

ʤʝʪʨʠʢʫ [64], ʷʢʘ ʚʨʘʭʦʚʫʻ ʣʠʰʝ ʥʘʡʙʽʣʴʰʫ ʚʽʜʩʪʘʥʴ ʧʦ ʢʦʦʨʜʠʥʘʪʘʭ. ʆʩʪʘʥʥʽʤʠ 

ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʚʠʩʪʫʧʘʶʪʴ ʦʢʨʝʤʽ ʜʽʣʷʥʢʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. ɺʠʙʽʨ 
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ʤʝʪʨʠʢʠ ʦʙʫʤʦʚʣʝʥʠʡ ʪʠʤ, ʱʦ ʧʝʨʝʥʘʣʘʰʪʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʨʽʟʥʠʭ ʜʽʣʷʥʢʘʭ 

ʤʦʞʝ ʚʠʢʦʥʫʚʘʪʠʩʴ ʧʝʨʩʦʥʘʣʦʤ ʦʜʥʦʯʘʩʥʦ, ʧʨʠ ʮʴʦʤʫ ʣʽʤʽʪʫʚʘʪʠʤʝ ʟʘʚʞʜʠ ʣʠʰʝ 

ʦʜʥʘ ʜʽʣʷʥʢʘ ï ʟ ʥʘʡʙʽʣʴʰʠʤ ʯʘʩʦʤ ʧʝʨʝʥʘʣʘʰʪʫʚʘʥʥʷ. 

ʇʨʠ ʨʦʟʛʣʷʜʽ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʷʢ ʟʘʜʘʯʽ ʢʦʤʽʚʦʷʞʝʨʘ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ ʱʝ 

ʦʜʥʫ ʦʩʦʙʣʠʚʽʩʪʴ, ʦʙʫʤʦʚʣʝʥʫ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʨʦʮʝʩʦʤ, ʱʦ ʤʦʜʝʣʶʻʪʴʩʷ: 

ʦʜʥʦʯʘʩʥʦ ʚʽʜ ʨʽʟʥʠʭ ʟʘʤʦʚʥʠʢʽʚ ʤʦʞʫʪʴ ʥʘʜʭʦʜʠʪʠ (ʯʠ ʧʨʠʥʘʡʤʥʽ ʨʦʟʛʣʷʜʘʪʠʩʷ 

ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʟʘʜʘʯʽ ʧʣʘʥʫʚʘʥʥʷ) ʟʘʤʦʚʣʝʥʥʷ ʥʘ ʽʜʝʥʪʠʯʥʠʡ ʚʠʜ ʧʨʦʜʫʢʮʽʾ ʟ 

ʦʜʥʘʢʦʚʠʤʠ ʫʤʦʚʘʤʠ ʾʾ ʚʠʛʦʪʦʚʣʝʥʥʷ. ʇʦʜʽʙʥʽ ʟʘʤʦʚʣʝʥʥʷ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ 

ʧʨʦʢʘʪʥʠʭ ʚʠʨʦʙʥʠʮʪʚ, ʩʧʝʮʽʘʣʽʟʘʮʽʷ ʷʢʠʭ ʚʢʣʶʯʘʻ ʧʨʦʜʫʢʮʽʶ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʙʫʜʽʚʥʠʮʪʚʽ (ʰʚʝʣʝʨ, ʢʫʪʦʚʠʡ ʧʨʦʬʽʣʴ, ʙʘʣʢʘ ʪʦʱʦ) ʡ 

ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ ʟ ʥʘʡʧʨʦʩʪʽʰʠʭ ʤʘʨʦʢ ʚʫʛʣʝʮʝʚʦʾ ʩʪʘʣʽ. 

ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʤʝʪʨʠʯʥʘ ʚʽʜʩʪʘʥʴ ʤʽʞ ʧʦʜʽʙʥʠʤʠ ʟʘʤʦʚʣʝʥʥʷʤʠ ʙʫʜʝ 

ʜʦʨʽʚʥʶʚʘʪʠ ʥʫʣʶ, ʱʦ ʥʝ ʚʣʘʩʪʠʚʦ ʜʣʷ ʢʣʘʩʠʯʥʦʾ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʽ [64]. ɸʙʠ ʥʝ 

ʧʦʨʫʰʫʚʘʪʠ ʤʘʪʝʤʘʪʠʯʥʫ ʮʽʣʽʩʥʽʩʪʴ (ʢʦʞʥʝ ʟʘʤʦʚʣʝʥʥʷ ʤʘʻ ʙʫʪʠ ʚʽʜʦʢʨʝʤʣʝʥʝ ʡ 

ʥʝ ʟʣʠʚʘʪʠʩʷ ʽʟ ʟʘʤʦʚʣʝʥʥʷʤ ʽʥʰʦʛʦ ʢʣʽʻʥʪʘ), ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʘʤʽʩʪʴ ʥʫʣʴʦʚʦʛʦ 

ʯʘʩʫ ʧʝʨʝʥʘʣʘʰʪʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘʧʝʨʝʜ ʚʽʜʦʤʫ ʤʘʣʫ ʚʝʣʠʯʠʥʫ ήȟ

πȟπρẗάὭὲήȟ . 

ɺ ʧʦʜʘʣʴʰʠʭ ʨʦʟʜʽʣʘʭ ʦʧʠʩʘʥʝ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʧʣʘʥʫʚʘʥʥʷ ʟʘʤʦʚʣʝʥʴ 

ʜʣʷ ʨʽʟʥʠʭ ʧʨʦʢʘʪʥʠʭ ʚʠʨʦʙʥʠʮʪʚ, ʟʦʢʨʝʤʘ ʪʨʫʙʥʦʛʦ ʪʘ ʩʦʨʪʦʚʦʛʦ ʧʨʦʢʘʪʫ, ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʮʽʣʦʯʠʩʝʣʴʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ. 

 

 

2.2 ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʦʧʪʠʤʽʟʘʮʽʾ ʚʘʛʠ ʟʣʠʚʢʫ ʟ ʦʛʣʷʜʫ ʥʘ ʧʝʨʝʙʽʛ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʥʘ ʥʘʩʪʫʧʥʠʭ ʧʝʨʝʜʽʣʘʭ 

 

ʗʢ ʙʫʣʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.2, ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʧʨʠ 

ʚʠʨʦʙʥʠʮʪʚʽ ʩʦʨʪʦʚʦʛʦ ʧʨʦʢʘʪʫ ʟʘ [6] ʪʘ ʙʝʟʰʦʚʥʠʭ ʪʨʫʙ ʟʘ [5] ʤʽʩʪʷʪʴ ʨʷʜ 

ʦʧʝʨʘʮʽʡ, ʱʦ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʫʪʴ ʟʚʝʩʪʠʩʷ ʜʦ ʧʦʩʣʽʜʦʚʥʦʩʪʽ: 

- ʬʦʨʤʫʚʘʥʥʷ ʽʟ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ ʟʣʠʚʢʽʚ; 

- ʦʭʦʣʦʜʞʝʥʥʷ ʪʘ ʥʘʛʨʽʚʘʥʥʷ ʟʣʠʚʢʽʚ; 
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- ʧʦʜʽʣ ʟʣʠʚʢʘ ʥʘ ʧʝʨʝʜʽʣʴʥʽ ʟʘʛʦʪʦʚʢʠ; 

- ʧʨʦʢʘʪʫʚʘʥʥʷ ʧʝʨʝʜʽʣʴʥʠʭ ʟʘʛʦʪʦʚʦʢ ʪʘ ʧʦʜʽʣ ʾʭ ʥʘ ʰʪʘʥʛʠ ʛʦʪʦʚʦʾ 

ʧʨʦʜʫʢʮʽʾ. 

ɺ ʜʚʦʭ ʦʩʪʘʥʥʽʭ ʦʧʝʨʘʮʽʷʭ ʤʦʞʣʠʚʝ ʫʪʚʦʨʝʥʥʷ ʦʙʨʽʟʢʽʚ, ʷʢʝ ʻ ʚʢʨʘʡ 

ʥʝʙʘʞʘʥʠʤ ʟ ʪʦʯʢʠ ʟʦʨʫ ʚʠʪʨʘʪʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ ʤʝʪʘʣʫ. ɺʩʽ ʦʙʨʽʟʢʠ, ʷʢʽ 

ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʭʦʜʽ ʮʠʭ ʦʧʝʨʘʮʽʡ ʚʚʘʞʘʶʪʴ ʚʪʨʘʪʘʤʠ, ʘʜʞʝ ʫ ʚʠʧʣʘʚʣʝʥʠʡ ʤʝʪʘʣ 

ʚʞʝ ʚʢʣʘʜʝʥʘ ʣʝʚʦʚʘ ʯʘʩʪʢʘ ʩʦʙʽʚʘʨʪʦʩʪʽ. ɺʽʜʪʘʢ ʫʪʚʦʨʝʥʥʷ ʦʙʨʽʟʢʽʚ ʚʢʨʘʡ 

ʥʝʙʘʞʘʥʝ, ʷʢ ʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘʢ ʟʚʘʥʦʾ ʥʝʤʽʨʥʦʾ ʧʨʦʜʫʢʮʽʾ.  

ʈʦʟʤʽʨ ʧʝʨʝʜʽʣʴʥʠʭ ʟʘʛʦʪʦʚʦʢ ʜʣʷ ʢʦʞʥʦʛʦ ʚʠʜʫ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ 

ὰ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʽʨʥʦʩʪʽ ʰʪʘʥʛ p, ʥʘ ʷʢʽ ʙʫʜʝ ʨʦʟʢʨʦʶʚʘʪʠʩʴ ʛʦʪʦʚʘ ʧʨʦʜʫʢʮʽʷ, ʪʘ 

ʧʝʯʽ, ʚ ʷʢʽʡ ʟʘʛʦʪʦʚʢʠ ʨʦʟʽʛʨʽʚʘʶʪʴ ʧʝʨʝʜ ʧʨʦʢʘʪʢʦʶ. ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʬʘʩʦʥʥʠʡ 

ʧʨʦʢʘʪ ʘʙʦ ʪʨʫʙʘ ʚʽʜʚʘʥʪʘʞʫʻʪʴʩʷ ʟʘʣʽʟʥʠʯʥʠʤ ʪʨʘʥʩʧʦʨʪʦʤ ʚ ʩʪʘʥʜʘʨʪʥʠʭ 

ʚʘʛʦʥʘʭ, ʚʦʥʘ ʨʦʟʢʨʦʶʻʪʴʩʷ ʥʘ ʜʦʚʞʠʥʫ 12 ʘʙʦ 11,7 ʤʝʪʨʽʚ. ɺ ʨʘʟʽ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʴʥʠʤ ʪʨʘʥʩʧʦʨʪʦʤ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ 

ʨʦʟʢʨʦʶʚʘʥʥʷ ʥʘ 9 ʘʙʦ 6 ʤʝʪʨʽʚ. ʅʘʜʘʣʽ ʧʨʠʡʤʘʻʤʦ ʮʽ ʯʦʪʠʨʠ ʨʦʟʤʽʨʠ ʷʢ ʤʦʞʣʠʚʽ 

ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʫ ὴ ρȟςȟσȟτ. 

ɸʙʠ ʚʠʛʦʪʦʚʠʪʠ ʟ ʢʦʞʥʦʾ ʟʘʛʦʪʦʚʢʠ ʮʽʣʫ ʢʽʣʴʢʽʩʪʴ ʤʽʨʥʦʾ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ 

ὼ, ʟʘʛʦʪʦʚʢʠ ʧʦʚʠʥʥʽ ʤʘʪʠ ʧʝʚʥʫ ʦʧʪʠʤʘʣʴʥʫ ʜʦʚʞʠʥʫ ὰ, ʷʢʘ ʧʝʨʝʜʙʘʯʘʪʠʤʝ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʟʘʢʦʥʫ ʟʙʝʨʝʞʝʥʥʷ ʤʘʩʠ ʤʝʪʘʣʫ ʤʽʥʽʤʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʦʙʨʽʟʢʽʚ ὒ 

 Вὰὼ   ʨʦʟʢʨʦʶʚʘʥʥʽ ʟʣʠʚʢʘ ʟ ʥʦʤʝʨʦʤ n. ɼʣʷ ʧʝʨʝʜʽʣʴʥʦʾ ʟʘʛʦʪʦʚʢʠ ʽʩʥʫʻ 

ʟʘʟʚʠʯʘʡ ʚʝʨʭʥʷ ʽ ʥʠʞʥʷ ʤʝʞʘ ʜʦʚʞʠʥʠ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʦʥʩʪʨʫʢʮʽʻʶ 

ʥʘʛʨʽʚʘʣʴʥʦʾ ʧʝʯʽ ʪʘ ʧʨʦʢʘʪʥʦʛʦ ʘʛʨʝʛʘʪʫ. ɺʽʜʧʦʚʽʜʥʦ ʜʣʷ ʟʣʠʚʢʘ, ʥʘ ʷʢʽ ʜʽʣʠʪʴʩʷ 

ʧʦʪʦʯʥʘ ʧʦʨʮʽʷ ʤʝʪʘʣʫ ʚ ʢʦʚʰʽ, ʽʩʥʫʶʪʴ ʚʝʨʭʥʷ ʪʘ ʥʠʞʥʷ ʤʝʞʽ ʚʘʛʠ ή   ή 

 ή . 

ʆʪʞʝ, ʧʦʪʨʽʙʥʦ ʨʦʟʨʦʙʠʪʠ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʧʦʜʽʣʫ ʧʣʘʚʢʠ ὗ ʥʘ ʟʣʠʚʢʠ 

ήȟὲ ρȟȣȟὔ ʟ ʤʝʪʦʶ ʤʽʥʽʤʽʟʘʮʽʾ ʚʠʪʨʘʪʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ ʤʝʪʘʣʫ ʟʘ ʨʘʭʫʥʦʢ 

ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʥʝʤʽʨʥʦʾ ʧʨʦʜʫʢʮʽʾ ὊήȟὼᴼάὭὲ ʰʣʷʭʦʤ ʚʨʘʭʫʚʘʥʥʷ 

ʨʦʟʢʨʦʶʚʘʥʥʷ ʟʘʛʦʪʦʚʦʢ ʫ ʜʚʦʭ ʧʝʨʝʜʽʣʘʭ. 
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ʋʤʦʚʦʶ ʧʘʨʘʣʝʣʴʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʢʽʣʴʢʦʭ ʟʘʤʦʚʣʝʥʴ ʘʙʦ ʧʝʨʝʭʦʜʫ ʟ 

ʚʠʢʦʥʘʥʥʷ ʦʜʥʦʛʦ ʟʘʤʦʚʣʝʥʥʷ ʜʦ ʽʥʰʦʛʦ, ʢʨʽʤ ʦʜʥʘʢʦʚʦʾ ʤʘʨʢʠ ʩʪʘʣʽ, ʻ 

ʦʜʥʘʢʦʚʽʩʪʴ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʜʽʣʫ (ʪʠʧʫ) ʙʣʶʤʘ, ʫ ʷʢʠʡ ʨʦʟʢʘʪʫʻʪʴʩʷ ʟʣʠʪʦʢ.  

 

ʊʘʙʣʠʮʷ 2.1 ï ɺʠʢʦʨʠʩʪʘʥʥʷ ʟʘʛʦʪʦʚʦʢ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʬʘʩʦʥʥʦʛʦ 

ʧʨʦʢʘʪʫ (ʰʚʝʣʝʨʽʚ) ʥʘ ʇɸʊ çɼʄɿè 

ʇʨʦʬʽʣʴ ʉʪʘʥʜʘʨʪ  
ɺʠʩʦʪʘ  

ʧʦʣʠʮʽ, ʤʤ 

ʄʘʩʘ 

1ʤ ʟʘ ʊʋ 

ʢʛ 

ʇʝʨʝʪʠʥ 

ʟʘʛʦʪʦʚʢʠ, 

 ʤʤ 

ɼʦʚʞʠʥʘ 

ʟʘʛʦʪʦʚʢʠ, 

 ʤ 

ɼʦʚʞʠʥʘ  

ʙʣʶʤʘ, 

ʤ 

ɼʦʚʞʠʥʘ 

ʰʪʘʥʛʠ, 

ʤ 

ʂʽʣʴʢʽʩʪʴ 

ʰʪʘʥʛ,  

ʰʪ 

ʆʙʨʽʟʢʠ, 

ʤ % 

ʐʚʝʣʝʨ 

ˉ8ʇ  
ʊʋ ʋ-14-2-1185-97 

40 7,034 125*125 2,40 39,8 12,0 3 3,78 9,51% 

40 7,034 125*125 2,90 48,1 12,0 4 0,07 0,15% 

40 7,034 125*125 3,20 53,0 12,0 4 5,04 9,51% 

ʐʚʝʣʝʨ 

ˉ10ʇ  
ʊʋ ʋ-14-2-1185-97  

46 8,580 150*150 2,40 47,0 12,0 3 10,96 23,35% 

46 8,580 150*150 3,10 60,7 12,0 5 0,66 1,09% 

46 8,580 150*150 3,20 62,6 12,0 5 2,62 4,18% 

ʐʚʝʣʝʨ 

ˉ12ʇ 
ʊʋ ʋ-14-2-1185-97  

52 10,216 150*150 2,40 39,4 12,0 3 3,44 8,73% 

52 10,216 150*150 2,95 48,5 12,0 4 0,48 1,00% 

52 10,216 150*150 3,20 52,6 12,0 4 4,59 8,73% 

ʐʚʝʣʝʨ 

ˉ14ʇ 
ʊʋ ʋ-14-2-1185-97 

58 12,066 150*150 2,40 33,4 12,0 2 9,40 28,14% 

58 12,066 150*150 2,60 36,2 12,0 3 0,18 0,50% 

58 12,066 150*150 3,20 44,5 12,0 3 8,53 19,15% 

ʐʚʝʣʝʨ 

ˉ16ʇ 
ʊʋ ʋ-14-2-1185-97 

64 13,825 150*150 2,40 29,1 12,0 2 5,14 17,63% 

64 13,825 150*150 3,00 36,4 12,0 3 0,42 1,16% 

64 13,825 150*150 3,20 38,9 12,0 3 2,86 7,37% 

ʐʚʝʣʝʨ 

ˉ18ʇ 
ʊʋ ʋ-14-2-1185-97 

70 16,164 170*170 2,40 32,0 12,0 2 8,02 25,05% 

70 16,164 170*170 2,75 36,7 12,0 3 0,69 1,88% 

70 16,164 170*170 3,20 42,7 12,0 3 6,69 15,68% 

ʐʚʝʣʝʨ 

ˉ20 
ʊʋ ʋ-14-2-1185-97 

78 18,414 170*170 2,40 28,0 12,0 2 3,98 14,22% 

78 18,414 170*170 3,15 36,7 12,0 3 0,72 1,96% 

78 18,414 170*170 3,20 37,3 12,0 3 1,30 3,49% 

ʐʚʝʣʝʨ 

ˉ22ʇ 
ʊʋ ʋ-14-2-1185-97 

82 20,527 135*280 2,40 33,0 12,0 2 9,02 27,32% 

82 20,527 135*280 2,65 36,5 12,0 3 0,46 1,27% 

82 20,527 135*280 3,20 44,0 12,0 3 8,03 18,24% 

ʐʚʝʣʝʨ 

ˉ24ʇ 
ʊʋ ʋ-14-2-1185-97 

90 23,698 135*280 2,40 28,4 12,0 2 4,44 15,62% 

90 23,698 135*280 3,05 36,3 12,0 3 0,30 0,84% 

90 23,698 135*280 3,20 38,1 12,0 3 2,09 5,48% 

ʐʚʝʣʝʨ 

ˉ30ʇ 
ʊʋ ʋ-14-2-1185-97 

100 32,090 135*280 2,40 21,1 12,0 1 9,10 43,12% 

100 32,090 135*280 2,75 24,2 12,0 2 0,17 0,71% 

100 32,090 135*280 3,20 28,1 12,0 2 4,13 14,68% 

 

ɿʦʢʨʝʤʘ, ʚ ʪʘʙʣ. 2.1 ʥʘʚʝʜʝʥʦ ʧʝʨʝʪʠʥʠ ʧʨʷʤʦʢʫʪʥʦʾ ʧʝʨʝʜʽʣʴʥʦʾ ʟʘʛʦʪʦʚʢʠ, 

ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʰʚʝʣʝʨʽʚ ʨʽʟʥʠʭ ʤʘʨʦʢ ʇɸʊ ñɼʄɿò (ʤ. 

ɼʥʽʧʨʦ). ʗʢ ʙʘʯʠʤʦ, ʥʘʧʨʠʢʣʘʜ, ʰʚʝʣʝʨ ˉ10ʇ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʟ ʪʦʛʦ ʟ ʟʣʠʪʢʘ, 

ʱʦ ʽ ʰʚʝʣʝʨʠ ˉ12ʇ, ˉ14ʇ ʪʘ ˉ16ʇ, ʘʜʞʝ ʧʝʨʝʜʽʣʴʥʘ ʟʘʛʦʪʦʚʢʘ ʜʣʷ ʚʩʽʭ ʮʠʭ 

ʧʨʦʬʽʣʽʚ ʤʘʻ ʧʝʨʝʪʠʥ 150Ĭ150 ʤʤ. ʇʨʠ ʰʠʨʦʢʦʤʫ ʩʦʨʪʘʤʝʥʪʽ ʧʨʦʢʘʪʥʦʾ 

ʧʨʦʜʫʢʮʽʾ ʟ ʦʜʥʦʛʦ ʪʠʧʫ ʧʝʨʝʜʽʣʴʥʠʭ ʟʘʛʦʪʦʚʦʢ ʤʦʞʫʪʴ ʚʠʛʦʪʦʚʣʷʪʠʩʷ ʜʦ ʜʝʩʷʪʠ 

ʚʠʜʽʚ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ. 
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ɼʣʷ ʧʦʙʫʜʦʚʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʤʽʥʽʤʽʟʘʮʽʾ ʚʠʪʨʘʪ ʤʝʪʘʣʫ ʚ 

ʜʚʦʝʪʘʧʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʫʪʦʯʥʠʤʦ ʩʧʦʯʘʪʢʫ ʜʝʷʢʽ ʜʝʪʘʣʽ ʪʝʭʥʦʣʦʛʽʾ 

ʚʠʨʦʙʥʠʮʪʚʘ, ʘ ʪʘʢʦʞ ʟʨʦʙʠʤʦ ʜʝʢʽʣʴʢʘ ʧʨʠʧʫʱʝʥʴ ʱʦʜʦ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ, ʱʦ 

ʦʙʫʤʦʚʣʝʥʽ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʨʦʮʝʩʦʤ ʥʘ ʙʘʟʦʚʦʤʫ ʧʽʜʧʨʠʻʤʩʪʚʽ ʇɸʊ çɼʄɿè.  

ʆʪʞʝ, ʨʽʜʢʠʡ ʤʝʪʘʣ ʚʠʨʦʙʣʷʶʪʴ ʧʦʨʮʽʷʤʠ ʧʦ Q ʪʦʥʥ (ʥʘ ʙʘʟʦʚʦʤʫ 

ʧʽʜʧʨʠʻʤʩʪʚʽ Q = 60Ñ2ʪ). ʄʘʩʘ ʤʝʪʘʣʫ ʚ ʢʦʚʰʽ ʧʽʩʣʷ ʧʣʘʚʢʠ ʚʠʤʽʨʶʻʪʴʩʷ 

ʢʨʘʥʦʚʠʤʠ ʚʘʛʘʤʠ ʟ ʧʦʭʠʙʢʦʶ ʥʝ ʙʽʣʴʰʝ 30 ʢʛ. 

ɺʠʧʣʘʚʣʝʥʠʡ ʤʝʪʘʣ ʨʦʟʣʠʚʘʶʪʴ ʫ ʚʠʣʠʚʥʠʮʽ (ʾʭ ʩʪʘʥʜʘʨʪʥʘ ʢʽʣʴʢʽʩʪʴ ὔ

 ψ ï ʩʪʽʣʴʢʠ ʨʦʟʤʽʱʫʻʪʴʩʷ ʥʘ ʦʜʥʽʡ ʟʘʣʽʟʥʠʯʥʽʡ ʧʣʘʪʬʦʨʤʽ), ʢʦʞʥʘ ʟ ʷʢʠʭ ὲ 

 ρȟȣȟὔ ʤʦʞʝ ʧʨʠʡʥʷʪʠ ʤʘʩʫ ʤʝʪʘʣʫ ή, ʱʦ ʣʝʞʠʪʴ ʚ ʤʝʞʘʭ ʚʽʜ ή   ττππ ʜʦ 

ή   χτππ ʢʛ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ. ʇʨʠ ʮʴʦʤʫ ʚ ʢʦʚʰʽ ʧʦʚʠʥʝʥ ʟʘʣʠʰʘʪʠʩʷ ʤʝʪʘʣ 

ʚ ʢʽʣʴʢʦʩʪʽ ʙʣʠʟʴʢʦ 400 ʢʛ (ʦʩʘʜʦʚʽ ʨʝʯʦʚʠʥʠ), ʷʢʠʡ ʙʫʜʝ ʚʠʢʦʨʠʩʪʘʥʠʡ ʚ 

ʥʘʩʪʫʧʥʽʡ ʧʣʘʚʮʽ. ɼʘʥʠʡ ʚʠʨʦʙʥʠʯʠʡ ʝʪʘʧ ʧʦʨʦʜʞʫʻ ʧʝʨʰʽ ʦʙʤʝʞʝʥʥʷ ʥʘʰʦʾ 

ʤʦʜʝʣʽ: 

 

ή ή Ễ ή ὗ, (2.11) 

 

ή   ή  ή ȟὲ ρȟὔ . (2.12) 

 

ɼʘʣʽ, ʟʛʽʜʥʦ ʩʭʝʤʠ ʥʘ ʨʠʩ. 1.2 ʘ), ʤʝʪʘʣ ʚʠʣʠʚʘʻʪʴʩʷ ʫ ʙʣʶʤʠ ʧʝʚʥʠʭ 

ʧʝʨʝʨʽʟʽʚ, ʨʦʟʢʘʪʫʻʪʴʩʷ ʽ ʨʦʟʨʽʟʘʻʪʴʩʷ. ɼʣʷ ʧʦʟʥʘʯʝʥʥʷ ʚʘʨʽʘʥʪʫ ʙʣʶʤʫ, ʷʢʠʡ ʙʫʜʝ 

ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʧʦʪʦʯʥʦʛʦ ʟʘʤʦʚʣʝʥʥʷ ʚʚʦʜʠʤʦ ʽʥʜʝʢʩ Ὥ, ʷʢʠʡ 

ʧʨʠʡʤʘʻ ʟʥʘʯʝʥʥʷ  ̨  ρȟςȟȣȟὍ, ʜʝ  ˴ï ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʚʘʨʽʘʥʪʽʚ ʙʣʶʤʽʚ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʚʠʨʦʙʥʠʮʪʚʽ. ʇʝʨʝʪʠʥ ʙʣʶʤʘ ὥ ὧ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʜʫ ʧʨʦʜʫʢʮʽʾ, ʱʦ ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ. ɿʚ'ʷʟʦʢ ʤʽʞ ʥʦʤʝʨʦʤ ʙʣʶʤʫ ʽ 

ʡʦʛʦ ʧʝʨʝʪʠʥʦʤ ʽʣʶʩʪʨʫʻ ʪʘʙʣ. 2.2. 
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ʊʘʙʣʠʮʷ 2.2. ɺʘʨʽʘʥʪʠ ʙʣʶʤʽʚ ʪʘ ʾʭ ʧʝʨʝʪʠʥʠ  

ʅʦʤʝʨ ʚʘʨʽʘʥʪʫ  ʇʦʧʝʨʝʯʥʠʡ ʧʝʨʝʨʽʟ 

1 125ʭ125 

2 135ʭ280 

3 150ʭ150 

é é 

 ̔ ai×ci 

é é 

ɯ 230ʭ100 

 

ɼʣʷ ʢʦʞʥʦʛʦ ʚʠʜʫ ʧʨʦʜʫʢʮʽʾ ά ʟ ʥʦʤʝʥʢʣʘʪʫʨʠ ὓ ά  ρȟςȟȣȟὓ  ʽʩʥʫʻ 

ʧʝʚʥʠʡ ʨʷʜʦʢ ʚ ʪʘʙʣ. 2.2, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʧʨʠʚôʷʟʢʫ ʮʴʦʛʦ ʚʠʜʫ ʧʨʦʜʫʢʮʽʾ ʜʦ 

ʧʝʚʥʦʛʦ ʚʘʨʽʘʥʪʫ ʙʣʶʤʫ. ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣ. 2.1, ʜʝʷʢʽ ʚʘʨʽʘʥʪʠ ʙʣʶʤʽʚ 

ʧʝʨʝʜʙʘʯʘʶʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʝ ʦʜʥʦʛʦ ʚʠʜʫ ʛʦʪʦʚʦʛʦ ʚʠʨʦʙʫ, ʘ ʚʽʜʨʘʟʫ ʢʽʣʴʢʘ (ʜʦ 

5). ʎʝ ʜʦʟʚʦʣʷʻ, ʢʦʤʙʽʥʫʶʯʠ ʜʦʚʞʠʥʠ ʧʝʨʝʜʽʣʴʥʠʭ ʟʘʛʦʪʦʚʦʢ ʚ ʨʽʟʥʽʡ ʢʽʣʴʢʦʩʪʽ, 

ʤʘʢʩʠʤʘʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʩʶ ʜʦʚʞʠʥʫ ʦʪʨʠʤʘʥʦʛʦ ʙʣʶʤʘ (ʚʩʶ ʤʘʩʫ 

ʥʘʣʠʪʦʛʦ ʟʣʠʪʢʘ). 

ʈʦʟʢʨʦʶʚʘʥʥʷ ʟʣʠʪʢʘ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʟʘʜʘʥʦʾ ʢʽʣʴʢʦʩʪʽ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ 

(ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʤʦʚʣʝʥʥʷ) ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʜʚʘ ʝʪʘʧʠ. ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʚʝʩʴ 

ʟʣʠʪʦʢ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʧʝʨʝʜʽʣʴʥʽ ʟʘʛʦʪʽʚʢʠ, ʜʦʚʞʠʥʘ ʷʢʠʭ ʤʦʞʝ ʣʝʞʘʪʠ ʚ ʤʝʞʘʭ 

ʚʽʜ 2,4ʤ ʜʦ 3,2ʤ ʟ ʢʨʦʢʦʤ 0,05ʤ. ʅʘ ʜʨʫʛʦʤʫ ï ʢʦʞʥʘ ʧʝʨʝʜʽʣʴʥʘ ʟʘʛʦʪʦʚʢʘ 

ʨʦʟʢʘʪʫʻʪʴʩʷ ʚ ʛʦʪʦʚʠʡ ʚʠʨʽʙ (ʰʚʝʣʝʨ, ʢʫʪ, ʙʘʣʢʘ, ʪʨʫʙʘ ʽ ʪ.ʜ.) ʽ ʜʽʣʠʪʴʩʷ ʥʘ ʤʽʨʥʽ 

ʰʪʘʥʛʠ ʟʘʜʘʥʦʾ ʜʦʚʞʠʥʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʤʦʚʣʝʥʥʷ (ʚʠʟʥʘʯʘʻʪʴʩʷ ʣʦʛʽʩʪʠʯʥʠʤʠ 

ʚʠʤʦʛʘʤʠ ʢʣʽʻʥʪʘ). ʅʦʤʝʨ ʚʠʜʫ ʨʦʟʢʨʦʶʚʘʥʥʷ ʥʘʜʘʣʽ ʧʦʟʥʘʯʘʻʤʦ ʽʥʜʝʢʩʦʤ ὴ, 

ʷʢʠʡ ʧʨʠʡʤʘʻ ʟʥʘʯʝʥʥʷ ὴ  ρȟςȟσȟτ, ʱʦ ʦʟʥʘʯʘʻ ʨʦʟʢʨʦʶʚʘʥʥʷ ʛʦʪʦʚʦʾ 

ʧʨʦʜʫʢʮʽʾ ʚʽʜʧʦʚʽʜʥʦ ʥʘ 12ʤ, 11,7ʤ, 9ʤ ʘʙʦ 6ʤ. 

ʇʨʠ ʧʦʙʫʜʦʚʽ ʤʦʜʝʣʽ ʙʫʜʝʤʦ ʚʚʘʞʘʪʠ, ʱʦ: 

1) ʤʦʞʥʘ ʟʘʟʜʘʣʝʛʽʜʴ ʦʮʽʥʠʪʠ ʢʽʣʴʢʽʩʪʴ ʙʣʶʤʽʚ ʧʝʚʥʦʛʦ ʧʝʨʝʨʽʟʫ ύ, ʷʢʫ 

ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ ʟʘ ʧʣʘʥʦʤ ὦ  ʟ 

ʨʦʟʢʨʦʶʚʘʥʥʷʤ ὴ; 
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2) ʤʽʞ ʚʠʣʠʚʥʠʮʷʤʠ ʽ ʙʣʶʤʘʤʠ ʚʩʪʘʥʦʚʣʝʥʘ ʦʜʥʦʟʥʘʯʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ, 

ʪʦʙʪʦ ʚʽʜʦʤʦ, ʟ ʷʢʦʾ ʚʠʣʠʚʥʠʮʽ ʤʝʪʘʣ ʨʦʟʢʘʪʫʻʪʴʩʷ ʫ ʙʣʶʤ ʟʘʜʘʥʦʛʦ ʧʝʨʝʨʽʟʫ; 

3) ʢʦʞʥʘ ʧʝʨʝʜʽʣʴʥʘ ʟʘʛʦʪʽʚʢʘ ʨʦʟʢʨʦʶʻʪʴʩʷ ʥʘ ʰʪʘʥʛʠ ʪʽʣʴʢʠ ʦʜʥʦʛʦ 

ʨʦʟʤʽʨʫ (ʯʘʩʪʠʥʘ ʛʦʪʦʚʠʭ ʚʠʨʦʙʽʚ ʜʦʚʞʠʥʦʶ ʧʦ 12ʤ, ʘ ʯʘʩʪʠʥʘ, ʥʘʧʨʠʢʣʘʜ, ʧʦ 9ʤ 

ʥʝ ʜʦʧʫʩʢʘʻʪʴʩʷ); 

4) ʜʣʷ ʢʦʞʥʦʛʦ ʚʠʜʫ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʽ ʚʽʜʧʦʚʽʜʥʦ ʢʦʞʥʦʛʦ ʚʘʨʽʘʥʪʫ 

ʙʣʶʤʫ ʥʘʧʝʨʝʜ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʦʧʪʠʤʘʣʴʥʘ ʜʦʚʞʠʥʘ ʧʝʨʝʜʽʣʴʥʦʾ ʟʘʛʦʪʦʚʢʠ Lm, 

ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʽʜʩʫʤʢʦʚʦʛʦ ʨʦʟʢʨʦʶʚʘʥʥʷ ὴ. ɺ ʪʘʙʣ. 2.1 ʞʠʨʥʠʤ ʜʣʷ ʢʦʞʥʦʛʦ 

ʚʠʜʫ ʧʨʦʜʫʢʮʽʾ ʚʠʜʽʣʝʥʦ ʨʷʜʦʢ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʦʧʪʠʤʘʣʴʥʽʡ ʜʦʚʞʠʥʽ ʧʝʨʝʜʽʣʴʥʦʾ 

ʟʘʛʦʪʦʚʢʠ ʚ ʟʘʜʘʥʠʭ ʤʝʞʘʭ ςȟτ ̍  ὒ   σȟς .̍ ɿʘʟʚʠʯʘʡ ʪʘʢʘ ʜʦʚʞʠʥʘ 

ʧʝʨʝʜʽʣʴʥʦʾ ʟʘʛʦʪʦʚʢʠ ʦʜʥʘ, ʘʣʝ ʜʣʷ ʜʝʷʢʠʭ ʚʠʜʽʚ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʾʭ ʤʦʞʝ ʙʫʪʠ 

ʡ ʜʝʢʽʣʴʢʘ, ʚʽʜʧʦʚʽʜʥʦ ʢʨʘʪʥʦʩʪʽ ʰʪʘʥʛ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ, ʥʘ ʷʢʫ ʮʷ ʟʘʛʦʪʦʚʢʘ 

ʙʫʜʝ ʧʦʜʽʣʝʥʘ ʚ ʤʘʡʙʫʪʥʴʦʤʫ (ʤʘʢʩʠʤʫʤ ʪʨʠ). ʇʨʠ ʮʴʦʤʫ ʬʽʥʘʣʴʥʝ 

ʨʦʟʢʨʦʶʚʘʥʥʷ p ʤʘʻ ʢʣʶʯʦʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʨʦʟʢʨʦʶʚʘʥʥʷ ʧʝʨʝʜʽʣʴʥʦʾ ʟʘʛʦʪʦʚʢʠ.  

 

ʊʘʙʣʠʮʷ 2.3 ï ʆʧʪʠʤʘʣʴʥʘ ʜʦʚʞʠʥʘ ʧʝʨʝʜʽʣʴʥʦʾ ʟʘʛʦʪʦʚʢʠ ʰʚʝʣʝʨʘ ˉ8ʇ 

ʟʘʣʝʞʥʦ ʚʽʜ ʜʦʚʞʠʥʠ ʰʪʘʥʛ 

ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʧʘʨʘʤʝʪʨ ɺʘʨʽʘʥʪʠ ʨʦʟʢʨʦʶʚʘʥʥʷ 

ɼʦʚʞʠʥʘ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ, ʤ 11,7 12 9 6 

ʄʘʩʘ 1 ʤ ʧʦʛʦʥʥʦʛʦ ʟʘ ʊʋ, ʢʛ 7,034 7,034 7,034 7,034 

ʆʧʪʠʤʘʣʴʥʘ ʜʦʚʞʠʥʘ ʟʘʛʦʪʦʚʢʠ, ʤ 2,85 2,9 2,75 2,9 

ɼʦʚʞʠʥʘ ʨʦʟʢʘʪʫ, ʤ 47,2 48,1 45,6 48,1 

ʂʽʣʴʢʽʩʪʴ ʰʪʘʥʛ, ʰʪ. 4 4 5 8 

ɿʘʣʠʰʢʠ, ʤ  0,44 0,07 0,58 0,07 

ɿʘʣʠʰʢʠ, % 0,94% 0,15% 1,28% 0,15% 

 

ɺ ʪʘʙʣ. 2.3 ʥʘʚʝʜʝʥʽ ʦʧʪʠʤʘʣʴʥʽ ʜʦʚʞʠʥʠ ʧʝʨʝʜʽʣʴʥʦʾ ʟʘʛʦʪʽʚʢʠ, ʷʢʘ 

ʟʘʙʝʟʧʝʯʫʻ ʤʽʥʽʤʘʣʴʥʠʡ ʟʘʣʠʰʦʢ ʨʦʟʢʘʪʫ ʧʽʩʣʷ ʦʪʨʠʤʘʥʥʷ ʟ ʥʴʦʛʦ ʤʘʢʩʠʤʘʣʴʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʰʪʘʥʛ ʧʝʚʥʦʾ ʜʦʚʞʠʥʠ ʜʣʷ ʰʚʝʣʝʨʘ ˉ8ʇ ʩʪʘʥʜʘʨʪʫ ʊʋ ʋ-14-2-1185-97 
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(ʚʠʩʦʪʘ ʧʦʣʠʮʽ 40ʤʤ, ʤʘʩʘ 1ʤ ʛʦʪʦʚʦʛʦ ʚʠʨʦʙʫ ï 7,034 ʢʛ, ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ ʟ  

ʟʘʛʦʪʦʚʢʠ ʧʝʨʝʪʠʥʦʤ 125*125 ʤʤ). 

ɿʘʧʨʦʧʦʥʫʻʤʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ ʧʣʘʥʫ ʚʠʨʦʙʥʠʮʪʚʘ 

ʧʨʦʜʫʢʮʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʩʽʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. ʇʨʠ ʮʴʦʤʫ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʚʽʜʦʤʠʭ ʧʽʜʭʦʜʽʚ ʩʬʦʨʤʫʣʶʻʤʦ ʟʘʜʘʯʫ ʨʦʟʧʦʜʽʣʫ ʥʘʷʚʥʦʛʦ ʤʝʪʘʣʫ ʤʽʞ 

ʚʠʣʠʚʥʠʮʷʤʠ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʨʦʟʢʨʦʶʚʘʥʥʷ ʦʪʨʠʤʘʥʠʭ ʟ ʥʠʭ ʟʣʠʪʢʽʚ ʥʘ 

ʧʝʨʝʜʽʣʴʥʽ ʟʘʛʦʪʽʚʢʠ ʟʘʙʝʟʧʝʯʫʚʘʣʦ ʤʽʥʽʤʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʦʙʨʽʟʢʽʚ ʥʘ ʮʴʦʤʫ ʪʘ 

ʥʘʩʪʫʧʥʦʤʫ ʝʪʘʧʘʭ ʧʨʦʢʘʪʢʠ ʬʘʩʦʥʥʠʭ ʧʨʦʬʽʣʽʚ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʧʦʪʨʽʙʥʦ 

ʤʽʥʽʤʽʟʫʚʘʪʠ ʢʽʣʴʢʽʩʪʴ ʤʝʪʘʣʫ, ʟ ʷʢʦʛʦ ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ ʧʨʦʜʫʢʮʽʷ ʟʘ ʟʘʤʦʚʣʝʥʥʷʤ, 

ʟʘ ʫʤʦʚʠ ʤʽʥʽʤʫʤʫ ʦʙʨʽʟʢʽʚ ʥʘ ʥʘʩʪʫʧʥʠʭ ʦʧʝʨʘʮʽʷʭ. 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʟʘʜʘʯʽ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ 

ʧʨʦʜʫʢʮʽʾ ʥʘʜʘʣʽ ʚʚʘʞʘʻʤʦ, ʱʦ ʟʘʤʦʚʣʝʥʥʷ ʥʘʜʭʦʜʠʪʴ ʫ ʧʨʦʢʘʪʥʠʡ ʮʝʭ ʫ ʚʠʛʣʷʜʽ 

ʧʣʘʥʫ ʚʠʨʦʙʥʠʮʪʚʘ ὦ, ʪʘʙʣʠʮʽ, ʚ ʷʢʽʡ ʨʷʜʦʢ ά  ρȟςȟȢȢȢȟὓ ʚʽʜʧʦʚʽʜʘʻ ʚʠʜʫ 

ʧʨʦʜʫʢʮʽʾ, ʘ ʩʪʦʚʧʝʮʴ ὴ  ρȟςȟσȟτ ï ʚʘʨʽʘʥʪʫ ʾʾ ʨʦʟʢʨʦʶʚʘʥʥʷ. ɼʣʷ ʢʦʞʥʦʛʦ 

ʩʧʦʣʫʯʝʥʥʷ ά ʽ ὴ ʥʘʧʝʨʝʜ ʚʽʜʦʤʽ ʚʽʜʧʦʚʽʜʥʽ ʟʥʘʯʝʥʥʷ:  

- ὒ  ï ʦʧʪʠʤʘʣʴʥʘ ʜʦʚʞʠʥʘ ʧʝʨʝʜʽʣʴʥʦʾ ʟʘʛʦʪʽʚʢʠ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ 

ʚʽʜʧʦʚʽʜʥʦʾ ʧʨʦʜʫʢʮʽʾ (ʜʠʚ. ʪʘʙʣ. 2.1); 

- ὃ  ï ʢʽʣʴʢʽʩʪʴ ʰʪʘʥʛ ʚʽʜʧʦʚʽʜʥʦʾ ʧʨʦʜʫʢʮʽʾ, ʦʪʨʠʤʘʥʘ ʧʽʩʣʷ ʨʦʟʢʨʦʶ 

ʦʜʥʽʻʾ ʟʘʛʦʪʽʚʢʠ ʜʦʚʞʠʥʠ Lm
p; 

- Ὑ  ï ʤʽʥʽʤʘʣʴʥʠʡ ʟʘʣʠʰʦʢ ʟʣʠʪʢʫ ʧʽʩʣʷ ʡʦʛʦ ʨʦʟʢʨʦʶ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʚʽʜʧʦʚʽʜʥʦʾ ʧʨʦʜʫʢʮʽʾ.  

ʊʘʙʣʠʮʷ 2.4 ʤʽʩʪʠʪʴ ʟʚôʷʟʦʢ ʤʽʞ ʚʠʜʘʤʠ ʧʨʦʜʫʢʮʽʾ, ʚʘʨʽʘʥʪʘʤʠ ʾʾ 

ʨʦʟʢʨʦʶʚʘʥʥʷ ʪʘ ʥʘʧʝʨʝʜ ʚʽʜʦʤʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʝʨʝʜʽʣʫ ʟʘʛʦʪʦʚʢʠ ʥʘ ʝʪʘʧʽ 

ʨʦʟʢʨʦʶʚʘʥʥʷ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ. ʌʘʢʪʠʯʥʦ ʪʘʙʣʠʮʷ 2.4 ʻ ʨʦʟʛʦʨʥʫʪʠʤ ʟʘʧʠʩʦʤ 

ʪʘʙʣ. 2.1 ʜʣʷ ʚʩʽʭ ʚʘʨʽʘʥʪʽʚ ʨʦʟʢʨʦʶʚʘʥʥʷ ʚʩʽʭ ʥʘʡʤʝʥʫʚʘʥʴ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ. 
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ʊʘʙʣʠʮʷ 2.4 ï ɿʚôʷʟʦʢ ʟʘʤʦʚʣʝʥʥʷ ʽ ʦʧʪʠʤʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʝʨʝʜʽʣʴʥʦʾ 

ʟʘʛʦʪʦʚʢʠ. 
ɯʥʜʝʢʩʠ  

άȟὴ 
ʇʨʦʬʽʣʴ ɼʦʚʞʠʥʘ 

ʰʪʘʥʛʠ 

ʇʣʘʥ 

ʚʠʧʫʩʢʫ 

(ʰʪʘʥʛ) 

ʆʧʪʠʤʘ-

ʣʴʥʠʡ 

ʨʦʟʤʽʨ 

ʟʘʛʦʪʦʚʢʠ, 

ʤ 

ʂʽʣʴʢʽʩʪʴ 

ʰʪʘʥʛ 

ʧʽʩʣʷ 

ʧʨʦʢʘʪʢʠ, 

ʰʪ. 

ɿʘʣʠʰʢʠ 

ʧʽʩʣʷ 

ʨʦʟʢʨʦʶ-

ʚʘʥʥʷ 

ʟʘʛʦʪʦʚʢʠ, 

ʤ 

1,1 ʐʚʝʣʝʨ ˉ8ʇ 12 ὦ 2,9 4 0,07 

1,2 -- 11,7 ὦ 2,85 4 0,44 

1,3 -- 9 ὦ 2,75 5 0,58 

1,4 -- 6 ὦ é   

2,1 ʐʚʝʣʝʨ ˉ10ʇ 12 ὦ    

2,2 -- 11,7 ὦ    

2,3 -- 9 ὦ    

2,4 -- 6 ὦ    

é é é ȣ é é é 

m, p ʚʠʜ ˉ é lp bm
p Lm

p Am
p Rm

p 

é   é é é é 

ὓȟτ ʚʠʜ ˉé  bʄ
p    

 

ʂʽʣʴʢʽʩʪʴ ʟʘʛʦʪʦʚʦʢ ʦʧʪʠʤʘʣʴʥʦʾ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʪʘʙʣ. 2.4 ʜʦʚʞʠʥʠ, ʷʢʫ 

ʥʝʦʙʭʽʜʥʦ ʦʪʨʠʤʘʪʠ ʟ ʙʣʶʤʫ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʧʦʪʦʯʥʦʛʦ ʟʘʤʦʚʣʝʥʥʷ ʦʙʯʠʩʣʶʻʪʴʩʷ 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ:  

ὤ ὦ ὃ ȟ ά ρȟὓϳ Ȣ (2.13) 

ʗʢ ʚʞʝ ʥʘʛʦʣʦʰʫʚʘʣʦʩʴ ʨʘʥʽʰʝ, ʢʦʞʥʘ ʧʨʦʜʫʢʮʽʷ ʤʘʻ ʚʠʛʦʪʦʚʣʷʪʠʩʷ ʟ 

ʧʝʚʥʦʛʦ ʚʠʜʫ ʙʣʶʤʫ ʟ ʧʝʚʥʠʤ ʧʝʨʝʪʠʥʦʤ. ɸʙʠ ʚʩʪʘʥʦʚʠʪʠ ʦʜʥʦʟʥʘʯʥʠʡ ʟʚôʷʟʦʢ 

ʤʽʞ ʚʠʜʘʤʠ ʙʣʶʤʽʚ ʪʘ ʥʦʤʝʥʢʣʘʪʫʨʦʶ ʧʨʦʜʫʢʮʽʾ, ʱʦ ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ, 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʚʽʡʢʦʚʫ ʤʘʪʨʠʮʶ ʅ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ Ὅ ʨʷʜʢʽʚ (ʟʘ 

ʢʽʣʴʢʽʩʪʶ ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʽʚ ʙʣʶʤʽʚ) ʪʘ ὓ ʩʪʦʚʧʮʽʚ (ʟʘ ʢʽʣʴʢʽʩʪʶ ʤʦʞʣʠʚʠʭ 

ʚʠʜʽʚ ʧʨʦʜʫʢʮʽʾ). ʂʦʞʝʥ ʝʣʝʤʝʥʪ Ὤ  ʜʦʨʽʚʥʶʻ ç1è, ʷʢʱʦ ʟ Ὥ ʪʦʛʦ ʙʣʶʤʫ ʤʦʞʥʘ 

ʦʪʨʠʤʘʪʠ ʧʨʦʜʫʢʮʽʶ mïʪʦʛʦ ʪʠʧʫ, ʪʘ ç0è ʫ ʧʨʦʪʠʣʝʞʥʦʤʫ ʚʠʧʘʜʢʫ. 

ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʤʘʪʨʠʮʽ ʅ ʽʣʶʩʪʨʫʻ ʪʘʙʣ. 2.5. ʅʝʚʘʞʢʦ ʧʦʤʽʪʠʪʠ, ʱʦ 

ʢʦʞʝʥ ʩʪʦʚʧʝʮʴ ʜʘʥʦʾ ʤʘʪʠʮʽ ʤʽʩʪʠʪʴ ʣʠʰʝ ʦʜʥʫ ç1è, ʨʝʰʪʘ ç0è. ɺʦʜʥʦʯʘʩ, 

ʦʩʢʽʣʴʢʠ ʟ ʙʣʶʤʽʚ ʦʜʥʦʛʦ ʧʝʨʝʪʠʥʫ ʤʦʞʝ ʙʫʪʠ ʚʠʛʦʪʦʚʣʝʥʦ ʢʽʣʴʢʘ ʚʠʜʽʚ ʛʦʪʦʚʦʾ 

ʧʨʦʜʫʢʮʽʾ, ʚ ʢʦʞʥʦʤʫ ʨʷʜʢʫ ʤʦʞʝ ʙʫʪʠ ʢʽʣʴʢʘ ʦʜʠʥʠʮʴ (ʜʦ ʜʝʩʷʪʢʘ). 
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ʗʢ ʥʘʛʦʣʦʰʫʚʘʣʦʩʴ ʨʘʥʽʰʝ, ʚ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʩʧʨʦʱʝʥʘ ʤʦʜʝʣʴ 

ʟʘʜʘʯʽ, ʚ ʷʢʽʡ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʦʪʦʯʥʦʛʦ ʟʘʤʦʚʣʝʥʥʷ ʜʦʩʪʘʪʥʴʦ 

ʦʜʥʽʻʾ ʧʣʘʚʢʠ ʤʝʪʘʣʫ. 

 

ʊʘʙʣʠʮʷ 2.5 ï ɿʚ'ʷʟʦʢ ʤʽʞ ʙʣʶʤʘʤʠ ʪʘ ʧʨʦʜʫʢʮʽʻʶ 

ɺʘʨʽʘʥʪ ʙʣʶʤʫ 
ɺʠʜ ʧʨʦʜʫʢʮʽʾ  

1 2 3 é m é M ï 1  M 

1 1 0 0 é 0 é  0 

2 0 0 0 é 0 é 1 1 

3   1 é   0 0 

é    é  é   

i    é him é   

é    é  é   

I    é  é   

 

ʊʦʜʽ, ʜʣʷ ʨʦʟʚôʷʟʥʦʩʪʽ ʟʘʜʘʯʽ ʤʘʻ ʙʫʪʠ ʚʠʢʦʥʘʥʘ ʥʘʩʪʫʧʥʘ ʫʤʦʚʘ: 

Ὣὦ ὗ

 

(2.14) 

ʜʝ Ὣ  - ʤʘʩʘ 1 ʰʪʘʥʛʠ ʚʽʜʧʦʚʽʜʥʦʾ ʧʨʦʜʫʢʮʽʾ, ʱʦ ʦʙʯʠʩʣʶʻʪʴʩʷ ʷʢ ʤʘʩʘ 1 

ʧʦʛʦʥʥʦʛʦ ʤʝʪʨʫ ʧʨʦʜʫʢʮʽʾ, ʧʦʤʥʦʞʝʥʘ ʥʘ ʜʦʚʞʠʥʫ ʰʪʘʥʛ ὒ . 

ʆʮʽʥʠʤʦ ʪʝʧʝʨ, ʚʨʘʭʦʚʫʶʯʠ ʚʠʢʣʘʜʝʥʝ, ʘ ʪʘʢʦʞ ʦʙʤʝʞʝʥʥʷ (2.12), ʩʢʽʣʴʢʠ 

ʙʣʶʤʽʚ ʽ ʷʢʦʛʦ ʧʝʨʝʨʽʟʫ ʧʦʪʨʽʙʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʥʷ: 

ρ

ή
Ὣ ὦ ẗ ύ

ρ

ή
Ὣ ὦ ẗ ȟὭ ρȟὍ

 

(2.15) 

ʊʫʪ ή  ʽ ή  ï ʤʘʢʩʠʤʘʣʴʥʘ ʽ ʤʽʥʽʤʘʣʴʥʘ ʚʘʛʘ ʙʣʶʤʫ ʟʛʽʜʥʦ ʟ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʦʙʤʝʞʝʥʥʷʤʠ. ʆʩʢʽʣʴʢʠ ʢʽʣʴʢʽʩʪʴ ʚʠʣʠʚʥʠʮʴ ʧʦʚôʷʟʘʥʘ ʟ 

ʢʽʣʴʢʽʩʪʶ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʙʣʶʤʽʚ, ʪʦ ʩʫʤʘ ʙʣʶʤʽʚ, ʷʢʽ ʙʫʜʫʪʴ ʨʦʟʣʠʪʽ ʟ 

ʧʦʪʦʯʥʦʛʦ ʢʦʚʰʘ ʪʘ ʧʽʜʫʪʴ ʥʘ ʚʠʢʦʥʘʥʥʷ ʧʦʪʦʯʥʦʛʦ ʟʘʤʦʚʣʝʥʥʷ, ʤʘʻ ʜʦʨʽʚʥʶʚʘʪʠ 

ύ ὔȢ

 
(2.16) 

ɺʨʘʭʦʚʫʶʯʠ (2.15), (2.16) ʪʘ ʪʦʡ ʬʘʢʪ, ʱʦ ʢʦʞʝʥ ʟʣʠʚʦʢ ʧʨʠ ʧʨʦʢʘʪʫʚʘʥʥʽ 

ʩʪʘʻ ʧʝʚʥʠʤ ʚʠʜʦʤ ʙʣʶʤʫ, ʚʚʝʜʝʤʦ ʜʚʽʡʢʦʚʫ ʤʘʪʨʠʮʶ Ὀ, ʨʦʟʤʽʨʥʦʩʪʽ Ὅ ὔ, ʷʢʘ 
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ʦʜʥʦʟʥʘʯʥʦ ʧʦʚôʷʞʝ ʥʦʤʝʨ ʧʝʨʝʨʽʟʫ ʙʣʶʤʫ ʽ ʥʦʤʝʨ ʟʣʠʪʢʫ. ʂʦʞʝʥ ʝʣʝʤʝʥʪ Ὠ  

ʜʦʨʽʚʥʶʻ ç1è, ʷʢʱʦ ʟ ὲ ʪʦʾ ʚʠʣʠʚʥʠʮʽ ʚʠʛʦʪʦʚʣʷʪʠʤʝʪʴʩʷ ʙʣʶʤ iïʪʦʛʦ ʪʠʧʫ, ʪʘ 

ç0è ʫ ʧʨʦʪʠʣʝʞʥʦʤʫ ʚʠʧʘʜʢʫ. 

ɼʦʚʞʠʥʘ ʙʣʶʤʫ ʟ ὲ ʪʦʾ ʚʠʣʠʚʥʠʮʽ ʧʽʩʣʷ ʧʨʦʢʘʪʢʠ ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʦʶ: 

ὰ
ή

ὥȇὧȇ”
ȟ ὲ ρȟὔ ȟ

 
(2.17) 

ʜʝ r ï ʛʫʩʪʠʥʘ ʤʝʪʘʣʫ (ʢʛ/ʤ3), ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʘʨʢʠ ʩʪʘʣʽ, ʜʣʷ ʥʘʡʧʦʰʠʨʝʥʽʰʦʾ ʩʪʘʣʽ 

5ʧʩ r  χψυφ ʢʛ/ʤ3; àȟὧȇ ï ʨʦʟʤʽʨʠ ʧʝʨʝʨʽʟʫ ʙʣʶʤʫ, ʬʦʨʤʘʣʴʥʦ ʾʭ ʤʦʞʥʘ 

ʦʙʯʠʩʣʠʪʠ ʪʘʢ: 

ὥȇ Ὠ ὥȠ ὧȇ Ὠ ὧȠ ὲ ρȟὔ Ȣ

 

(2.18) 

ʇʦʟʥʘʯʠʤʦ ʯʝʨʝʟ ὼ  ï ʢʽʣʴʢʽʩʪʴ ʟʘʛʦʪʽʚʦʢ ʜʦʚʞʠʥʠ ὒ, ʷʢʫ ʦʪʨʠʤʘʻʤʦ 

ʧʽʩʣʷ ʨʦʟʢʨʦʶ ὲ ʪʦʛʦ ʙʣʶʤʫ. ʏʠʩʣʦ (ʢʽʣʴʢʽʩʪʴ) ʮʠʭ ʟʤʽʥʥʠʭ ʟʥʘʯʥʦ ʤʝʥʰʝ ʟʘ 

ʢʽʣʴʢʽʩʪʴ ʤʦʞʣʠʚʠʭ ʩʧʦʣʫʯʝʥʴ τ ὔ ὓ, ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

ʷʢʱʦ ʚʝʣʠʯʠʥʘ  

„ Ὠ

 

(2.19) 

„ В Ὠ ʜʦʨʽʚʥʶʻ ç1è, ʪʦ ʾʡ ʚʽʜʧʦʚʽʜʘʶʪʴ ʯʦʪʠʨʠ ʟʤʽʥʥʽ, ʱʦ ʤʦʞʫʪʴ 

ʧʨʠʡʤʘʪʠ ʣʠʰʝ ʮʽʣʽ ʥʝʚʽʜôʻʤʥʽ ʟʥʘʯʝʥʥʷ. ʂʦʣʠ „ ρ, ʟʤʽʥʥʦʾ ὼ  ʥʝ ʽʩʥʫʻ. 

ɺʨʘʭʦʚʫʶʯʠ ʚʠʢʣʘʜʢʠ (2.13) ï (2.19) ʪʘ ʜʦʧʦʤʽʞʥʽ ʟʤʽʥʥʽ, ʚʚʝʜʝʥʽ ʥʘʤʠ 

ʚʠʱʝ, ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʟʘʜʘʯʽ ʤʽʥʽʤʽʟʘʮʽʾ ʢʽʣʴʢʦʩʪʽ ʤʝʪʘʣʫ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʦʪʦʯʥʦʛʦ ʟʘʤʦʚʣʝʥʥʷ, ʷʢʝ ʥʝ ʧʝʨʝʚʠʱʫʻ 

ʦʙʩʷʛ ʧʦʪʦʯʥʦʾ ʧʣʘʚʢʠ (2.11), ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʘ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: ʧʦʪʨʽʙʥʦ 

ʟʥʘʡʪʠ ʪʘʢʽ ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥ ή  ʪʘ ὼ  ʧʨʠ ʤʦʞʣʠʚʠʭ ʢʦʝʬʽʮʽʻʥʪʘʭ ὲ 

 ρȟςȟȣȟὔ; ά  ρȟςȟȢȢȢȟὓ ʪʘ ὴ  ρȟςȟσȟτ, ʟʘ ʷʢʠʭ ʬʫʥʢʮʽʷ  
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Ὂήȟὼ ὰ ὒ ẗὼȟ ȿ„ ρ ᴼάὭὲ

 

(2.20) 

ʧʨʠʡʤʘʻ ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʽ ʚʠʢʦʥʫʶʪʴʩʷ ʦʙʤʝʞʝʥʥʷ (2.11), ʘ ʪʘʢʦʞ ʥʘʩʪʫʧʥʽ 

ʫʤʦʚʠ: 

ὼȟ ὤȟ ά ρȟὓȟὴ ρȟτ
 

(2.21) 

ή

ὥȇὧȇ”
ὒ ẗὼȟ ȿ„ ρ πȟ ὲ ρȟὔ

 

(2.22) 

ὼȟ πȟὼȟ ̨̨̗̌ȟ ά ρȟὓȠὲ ρȟὔȡ„ ρ (2.23) 

 

ʉʬʦʨʤʫʣʴʦʚʘʥʘ ʟʘʜʘʯʘ ʧʝʨʝʜʙʘʯʘʻ ʝʢʦʥʦʤʽʶ ʤʘʪʝʨʽʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʟʘ 

ʨʘʭʫʥʦʢ ʤʽʥʽʤʽʟʘʮʽʾ ʚʠʪʨʘʯʝʥʦʛʦ ʥʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʟʘʤʦʚʣʝʥʥʷ ʤʝʪʘʣʫ ʪʘ ʯʘʩʫ 

ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʝʨʝʥʘʣʘʰʪʫʚʘʥʴ 

ʤʝʭʘʥʽʟʤʫ ʨʦʟʢʨʦʶʚʘʥʥʷ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʟʘʧʣʘʥʦʚʘʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ. 

ɸʥʘʣʦʛʽʯʥʘ ʤʦʜʝʣʴ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʝʚʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʠʧʫʱʝʥʴ ʽ ʫʤʦʚ, 

ʤʦʞʝ ʙʫʪʠ ʧʦʙʫʜʦʚʘʥʘ ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ ʽʥʰʦʛʦ ʧʨʦʢʘʪʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʱʦ 

ʧʝʨʝʜʙʘʯʘʻ ʜʚʘ ʧʝʨʝʜʽʣʠ ʧʦʯʘʪʢʦʚʠʭ ʟʣʠʚʢʽʚ. ɺʠʢʣʘʜʝʥʠʡ ʧʽʜʭʽʜ ʤʦʞʝ ʙʫʪʠ 

ʟʘʩʪʦʩʦʚʘʥʠʡ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʪʨʫʙ, ʢʦʣʽʩ, ʬʘʩʦʥʥʦʛʦ ʧʨʦʢʘʪʫ ʪʘ 

ʽʥʰʦʾ ʧʨʦʢʘʪʥʦʾ ʧʨʦʜʫʢʮʽʾ [186]. 

ʇʦʙʫʜʦʚʘʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʻ ʟʘʜʘʯʝʶ ʯʘʩʪʢʦʚʦ ʮʽʣʦʯʠʩʝʣʴʥʦʛʦ 

ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. ɼʣʷ ʾʾ ʨʦʟʚ'ʷʟʫʚʘʥʥʷ ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ ʘʙʦ ʤʝʪʦʜʠ 

ʚʽʜʩʽʢʘʥʴ ɻʦʤʦʨʽ, ʘʙʦ ʢʦʤʙʽʥʘʪʦʨʥʽ ʤʝʪʦʜʠ, ʥʘʧʨʠʢʣʘʜ, ʤʝʪʦʜ ʛʽʣʦʢ ʪʘ ʤʝʞ, ʘʙʦ 

ʞ ʝʚʨʠʩʪʠʯʥʽ ʘʣʛʦʨʠʪʤʠ.  

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʦʧʪʠʤʘʣʴʥʦʾ ʨʦʟʣʠʚʢʠ ʨʽʜʢʦʾ ʩʪʘʣʽ ʥʘ 

ʟʣʠʚʢʠ ʙʫʣʘ ʟʘʩʪʦʩʦʚʘʥʘ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʧʦʪʦʯʥʠʭ ʟʘʤʦʚʣʝʥʴ ʙʫʣʘ ʟʘʩʪʦʩʦʚʘʥʘ ʥʘ 

ʧʨʠʢʣʘʜʘʭ ʚʠʢʦʥʘʥʥʷ ʪʠʧʦʚʠʭ ʜʦʙʦʚʠʭ ʟʘʤʦʚʣʝʥʴ ʚ ʫʤʦʚʘʭ ʨʦʙʦʪʠ 

ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʇʨʠʜʥʽʧʨʦʚʩʴʢʦʛʦ ʨʝʛʽʦʥʫ. ʈʝʟʫʣʴʪʘʪʠ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʪʘ ʦʮʽʥʢʘ ʪʦʯʥʦʩʪʽ ʡ ʩʪʽʡʢʦʩʪʽ ʨʦʟʚôʷʟʢʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 
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ʨʦʟʨʦʙʣʝʥʘ ʤʦʜʝʣʴ ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʟʘʜʘʯ ʜʣʷ ʨʝʘʣʴʥʠʭ ʟʘʤʦʚʣʝʥʴ, 

ʥʘʚʝʜʝʥʽ ʚ ʧʦʜʘʣʴʰʠʭ ʨʦʟʜʽʣʘʭ. 

 

 

2.3 ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʢʨʦʶʚʘʥʥʷ ʟʘʛʦʪʦʚʦʢ 

ʧʨʦʢʘʪʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ 

 

ɺʠʢʣʘʜʝʥʽ ʚ ʧʦʧʝʨʝʜʥʴʦʤʫ ʨʦʟʜʽʣʽ ʧʽʜʭʦʜʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʨʠ ʚʠʢʦʥʘʥʥʽ 

ʟʘʤʦʚʣʝʥʴ ʥʘ ʧʨʦʢʘʪʥʫ ʧʨʦʜʫʢʮʽʶ ʚ ʧʨʠʧʫʱʝʥʥʽ, ʱʦ ʚʠʛʦʪʦʚʣʝʥʘ ʨʽʜʢʘ ʩʪʘʣʴ 

ʨʦʟʣʠʚʘʻʪʴʩʷ ʥʘ ʟʣʠʚʢʠ, ʘ ʪʽ ʨʦʟʢʘʪʫʶʪʴʩʷ ʫ ʧʨʷʤʦʢʫʪʥʫ ʟʘʛʦʪʦʚʢʫ ʙʝʟ ʙʨʘʢʫ ʪʘ 

ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ. ɺ ʨʝʘʣʴʥʦʩʪʽ, ʛʦʣʦʚʥʦʶ ʤʽʨʦʶ ʚ ʩʠʣʫ 

ʚʧʣʠʚʫ ʣʶʜʩʴʢʦʛʦ ʬʘʢʪʦʨʫ, ʩʪʘʪʠʩʪʠʯʥʦ ʯʘʩʪʠʤʠ ʻ ʩʠʪʫʘʮʽʾ, ʢʦʣʠ ʤʽʞ ʨʦʟʣʠʚʢʦʶ 

ʩʪʘʣʽ ʥʘ ʟʣʠʚʢʠ ʟʘʜʘʥʦʾ ʚʘʛʠ ʪʘ ʦʪʨʠʤʘʥʥʷʤ ʧʨʷʤʦʢʫʪʥʦʾ ʟʘʛʦʪʦʚʢʠ ʩʪʘʶʪʴʩʷ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʦʨʫʰʝʥʥʷ. ɼʦ ʪʘʢʠʭ ʩʣʽʜ ʚʽʜʥʝʩʪʠ [19]: 

1) ʥʘʜʥʦʨʤʦʚʠʡ ʫʛʘʨ ʟʣʠʚʢʘ ʚ ʥʘʛʨʽʚʘʣʴʥʽʡ ʧʝʯʽ ʯʝʨʝʟ ʧʽʜʚʠʱʝʥʫ 

ʪʝʤʧʝʨʘʪʫʨʫ ʥʘʛʨʽʚʘʥʥʷ ʯʠ ʧʝʨʝʚʠʱʝʥʥʷ ʯʘʩʫ ʥʘʛʨʽʚʘʥʥʷ; 

2) ʜʦʜʘʪʢʦʚʠʡ ʦʙʨʽʟ ʧʘʨʦʛʽʜʨʘʚʣʽʯʥʦʤʫ ʥʦʞʽ (ʇɻʅ), ʷʢʠʡ ʤʦʞʝ 

ʚʘʨʽʶʚʘʪʠʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʷʢʦʩʪʽ ʢʽʥʮʽʚ ʟʘʛʦʪʦʚʢʠ, ʟʦʢʨʝʤʘ ʥʘʷʚʥʦʩʪʽ ʪʨʽʱʠʥ ʽ 

ʥʝʤʝʪʘʣʝʚʠʭ ʚʢʣʶʯʝʥʴ ʥʘ ʢʽʥʮʷʭ ʟʣʠʚʢʫ; 

3) ʜʦʜʘʪʢʦʚʠʡ ʦʙʨʽʟ ʧʠʣʘʤʠ ʛʘʨʷʯʦʛʦ ʨʽʟʘʥʥʷ (ʇɻʈ) ʧʝʨʝʜʥʴʦʛʦ ʡ ʟʘʜʥʴʦʛʦ 

ʢʽʥʮʽʚ (ʟʘ ʥʝʦʙʭʽʜʥʦʩʪʽ) ʢʚʘʜʨʘʪʥʦʾ ʯʠ ʧʨʷʤʦʢʫʪʥʦʾ ʟʘʛʦʪʦʚʢʠ ʜʦ ʧʦʚʥʦʛʦ 

ʚʠʢʦʥʘʥʥʷ ʧʨʦʬʽʣʶ. 

ɺʩʽ ʮʽ ʬʘʢʪʦʨʠ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʤʘʩʘ ʨʦʟʢʘʪʫ ʤʦʞʝ ʚʽʜʨʽʟʥʷʪʠʩʷ ʚʽʜ 

ʨʦʟʨʘʭʫʥʢʦʚʦʾ, ʚʠʨʘʭʫʚʘʥʦʾ ʟ ʚʘʛʠ ʟʣʠʚʢʘ ʟʘ ʤʝʪʦʜʠʢʦʶ, ʦʧʠʩʘʥʦʶ ʚʠʱʝ. ʋ ʪʘʢʠʭ 

ʚʠʧʘʜʢʘʭ, ʦʧʝʨʘʪʦʨ ʧʠʣʦʢ ʛʘʨʷʯʦʛʦ ʨʽʟʘʥʥʷ ʤʘʻ ʦʧʝʨʘʪʠʚʥʦ ʟʤʽʥʠʪʠ ʧʣʘʥ 

ʨʦʟʢʨʦʶʚʘʥʥʷ, ʚʠʭʦʜʷʯʠ ʟ ʥʘʷʚʥʦʾ ʜʦʚʞʠʥʠ ʨʦʟʢʘʪʫ. 

ʗʢ ʙʫʣʦ ʟʘʟʥʘʯʝʥʦ ʚ ʧʝʨʰʦʤʫ ʨʦʟʜʽʣʽ, ʟʘʟʚʠʯʘʡ ʟʘʜʘʯʘ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʨʦʟʢʨʦʶʚʘʥʥʷ ʚʽʜʥʦʩʠʪʴ ʜʦ ʢʣʘʩʫ ʟʘʜʘʯ ʮʽʣʦʯʠʩʝʣʴʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. ɺ 

ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ, ʚʦʥʘ ʬʦʨʤʫʣʶʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. 
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ʅʝʦʙʭʽʜʥʦ ʽʟ ʟʘʛʦʪʦʚʦʢ ʟ ʜʦʚʞʠʥʘʤʠ ὒȟὒȟȣȟὒȟȣȟὒ, ʱʦ ʥʘʜʭʦʜʷʪʴ, 

ʚʠʢʨʦʾʪʠ ʰʪʘʥʛʠ ʜʦʚʞʠʥʦʶ ὰȟὰȟȣȟὰȟȣὰ ʚ ʟʘʜʘʥʽʡ ʢʽʣʴʢʦʩʪʽ ὴ, ʜʝ Ὥ ρȟςȟȣȟὲ. 

ʇʦʢʘʟʥʠʢʦʤ, ʱʦ ʚʠʟʥʘʯʘʻ ʝʢʦʥʦʤʽʯʥʽʩʪʴ ʨʦʟʢʨʦʶʚʘʥʥʷ, ʷʢ ʽ ʚʩʴʦʛʦ ʧʨʦʢʘʪʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ, ʻ ʚʠʪʨʘʪʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʤʝʪʘʣʫ (ɺʂʄ), ʷʢʠʡ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʦʶ 

ὑˏ ˗˙ ὒ ὴὰȢ (2.24) 

ʆʜʥʠʤ ʟ ʚʘʨʽʘʥʪʽʚ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʧʨʠ ʨʦʟʢʨʦʶʚʘʥʥʽ, ʪʘʢʠʤ ʯʠʥʦʤ, ʻ 

ʤʽʥʽʤʽʟʘʮʽʷ ɺʂʄ [19] 

ὑɺʂʄO άὭὲȢ (2.25) 

ɯʥʰʠʡ ʚʘʨʽʘʥʪ ï ʤʽʥʽʤʽʟʘʮʽʷ ʢʽʣʴʢʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʠʭ ʟʘʛʦʪʦʚʦʢ [219] ʟʘ 

ʫʤʦʚʠ ʦʙʤʝʞʝʥʥʷ ɺʂʄ  

άᴼάὭὲȟ 

ὑɺʂʄ ὑ
ᶻ. 

(2.26) 

ʗʢ ʧʦʢʘʟʫʻ ʧʦʜʘʣʴʰʠʡ ʘʥʘʣʽʟ, ʦʙʠʜʚʽ ʮʽʣʴʦʚʽ ʬʫʥʢʮʽʾ ʤʘʶʪʴ ʦʜʥʘʢʦʚʠʡ 

ʩʝʥʩ, ʚʪʽʤ, ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʦʜʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʽʟʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʆʢʨʽʤ ʤʽʥʽʤʽʟʘʮʽʾ ʚʠʪʨʘʪ ʤʘʪʝʨʽʘʣʫ ʥʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʛʦʪʦʚʦʾ 

ʧʨʦʜʫʢʮʽʾ ʧʣʘʥ ʨʦʟʢʨʦʶʚʘʥʥʷ ʧʦʚʠʥʝʥ ʟʘʜʦʚʦʣʴʥʷʪʠ ʨʷʜʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʠʤʦʛ, 

ʧʝʨʝʣʽʯʝʥʠʭ ʫ ʧʦʧʝʨʝʜʥʴʦʤʫ ʨʦʟʜʽʣʽ. ʂʦʞʥʘ ʟʽ ʟʛʘʜʘʥʠʭ ʫʤʦʚ ʤʦʞʝ ʙʫʪʠ ʚʚʝʜʝʥʘ 

ʚ ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯʽ ʫ ʚʠʛʣʷʜʽ ʦʢʨʝʤʦʾ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʟ ʧʨʽʦʨʠʪʝʪʦʤ ʤʝʥʰʠʤ, 

ʥʽʞ ʫ ʤʽʥʽʤʽʟʘʮʽʾ ʚʠʪʨʘʪ ʤʝʪʘʣʫ, ʘʙʦ ʞ ʫ ʚʠʛʣʷʜʽ ʦʙʤʝʞʝʥʴ. ʇʨʦʧʦʥʫʻʪʴʩʷ 

ʚʢʣʶʯʘʪʠ ʾʭ ʫ ʟʘʛʘʣʴʥʫ ʮʽʣʴʦʚʫ ʬʫʥʢʮʽʶ ʫ ʚʠʛʣʷʜʽ ʰʪʨʘʬʥʠʭ ʬʫʥʢʮʽʡ ʟʘ 

ʧʦʨʫʰʝʥʥʷ ʫʤʦʚʠ. 

ɿ ʦʛʣʷʜʫ ʥʘ ʚʠʢʣʘʜʝʥʽ ʚʠʱʝ ʫʤʦʚʠ ʪʘ ʦʙʤʝʞʝʥʥʷ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ (2.24) ʪʘ 

(3.25) ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʟʘʜʘʯʽ ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ 

ὒ ὰὼ ‌ Ὧ ‍ ύᴼάὭὲ (2.27) 
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ʟʘ ʫʤʦʚ ʽ ʦʙʤʝʞʝʥʴ: 

ὼ ὴȠ 

ὼ π 

(2.28) 

ʜʝ ὼ  - ʢʽʣʴʢʽʩʪʴ ʰʪʘʥʛ Ὥ ʪʦʛʦ ʪʠʧʫ ʜʦʚʞʠʥʦʶ ὰ, ʱʦ ʨʦʟʢʨʦʶʶʪʴʩʷ ʟ Ὦ ʪʦʾ 

ʟʘʛʦʪʦʚʢʠ; ὒ - ʜʦʚʞʠʥʘ Ὦ ʪʦʾ ʟʘʛʦʪʦʚʢʠ; ὴ - ʟʘʛʘʣʴʥʘ ʧʦʪʨʝʙʘ ʫ ʰʪʘʥʛʘʭ Ὥ ʪʦʛʦ 

ʪʠʧʫ, ʥʝʦʙʭʽʜʥʘ ʟʛʽʜʥʦ ʽʟ ʟʘʤʦʚʣʝʥʥʷʤ; Ὧ ὧέόὲὸὼ π - ʢʽʣʴʢʽʩʪʴ ʪʠʧʽʚ 

ʰʪʘʥʛ, ʱʦ ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ ʽʟ Ὦ ʪʦʾ ʟʘʛʦʪʦʚʢʠ; ύ ὧέόὲὸὼ π - ʢʽʣʴʢʽʩʪʴ 

ʟʘʛʦʪʦʚʦʢ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʰʪʘʥʛ Ὥ ʪʦʛʦ ʪʠʧʫ; ‌ ʪʘ ‍ - ʚʘʛʦʚʽ 

ʢʦʝʬʽʮʽʻʥʪʠ ʜʣʷ ʰʪʨʘʬʥʠʭ ʬʫʥʢʮʽʡ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʙʤʝʞʝʥʴ. 

ʗʢ ʚʠʜʥʦ ʟ (2.27), ʢʣʶʯʦʚʦʶ ʮʽʣʴʦʚʦʶ ʬʫʥʢʮʽʻʶ ʻ ʤʽʥʽʤʽʟʘʮʽʷ ɺʂʄ, 

ʜʦʜʘʪʢʦʚʠʤʠ (ʚʪʦʨʠʥʥʠʤʠ) ï ʰʪʨʘʬʥʽ ʬʫʥʢʮʽʾ ʜʦʜʘʪʢʦʚʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʦʙʤʝʞʝʥʴ. ɺʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ ʦʩʪʘʥʥʽʭ ʤʦʞʫʪʴ ʚʘʨʽʶʚʘʪʠʩʷ ʚ ʰʠʨʦʢʠʭ ʤʝʞʘʭ: 

ʥʫʣʴʦʚʝ ʟʥʘʯʝʥʥʷ ʚʽʜʧʦʚʽʜʘʪʠʤʝ ʥʝʭʪʫʚʘʥʥʶ ʜʦʜʘʪʢʦʚʠʤʠ ʫʤʦʚʘʤʠ, ʘ ʟʥʘʯʝʥʥʷ 

ʙʣʠʟʴʢʝ ʜʦ 1/3 ʯʠ ʙʽʣʴʰʝ ʩʪʘʚʠʪʠʤʝ ʮʽ ʫʤʦʚʠ ʚ ʦʜʠʥ ʧʦʨʷʜʦʢ ʟ ʢʨʠʪʝʨʽʻʤ 

ʤʽʥʽʤʫʤʫ ʚʠʪʨʘʪʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ. 

ʅʘʡʙʽʣʴʰ ʧʦʚʥʠʡ ʘʥʘʣʽʟ ʤʝʪʦʜʽʚ ʦʜʥʦʚʠʤʽʨʥʦʛʦ ʨʦʟʢʨʦʶʚʘʥʥʷ ʟ 

ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʧʽʜʭʦʜʘʤʠ ʜʦ ʧʦʙʫʜʦʚʠ ʧʦʯʘʪʢʦʚʦʛʦ ʥʘʙʣʠʞʝʥʥʷ ʪʘ 

ʧʨʦʮʝʜʫʨʘʤʠ ʧʦʜʘʣʴʰʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʧʣʘʥʫ ʨʦʟʢʨʦʶ ʚʠʢʣʘʜʝʥʠʡ ʫ [63]. 

ɸʚʪʦʨʠ ʚʽʜʟʥʘʯʘʶʪʴ, ʱʦ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ (2.27)-(2.28) ʥʝ ʤʽʩʪʠʪʴ ʫ ʷʚʥʦʤʫ 

ʚʠʛʣʷʜʽ ʪʦʾ ʚʝʣʠʯʠʥʠ, ʥʘ ʷʢʫ ʤʘʻ ʙʫʪʠ ʩʧʨʷʤʦʚʘʥʘ ʦʧʪʠʤʽʟʘʮʽʷ, ʘ ʩʘʤʝ ï ʢʽʣʴʢʽʩʪʴ 

ʟʘʣʠʰʢʽʚ (ʦʙʨʽʟʢʽʚ), ʱʦ ʟʘʣʠʰʘʻʪʴʩʷ ʧʽʩʣʷ ʨʦʟʢʨʦʶʚʘʥʥʷ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʦʧʝʨʝʜʥʽ ʧʦʟʥʘʯʝʥʥʷ, ʧʝʨʝʬʦʨʤʫʣʶʻʤʦ ʟʘʜʘʯʫ 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

ὒ ὰὼ ᴼάὭὲ (2.29) 

ʚʚʘʞʘʶʯʠ ʩʧʨʘʚʝʜʣʠʚʠʤ (2.28).  
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ɼʦʜʘʪʢʦʚʽ ʮʽʣʴʦʚʽ ʬʫʥʢʮʽʾ ʟ (2.27) ʚʞʝ ʥʝ ʛʨʘʶʪʴ ʚʠʟʥʘʯʥʦʾ ʨʦʣʽ, ʘʜʞʝ ʟ 

ʪʦʯʢʠ ʟʦʨʫ ʤʽʥʽʤʽʟʘʮʽʾ ʩʦʙʽʚʘʨʪʦʩʪʽ ʧʨʦʜʫʢʮʽʾ ʡ ʟʘʛʘʣʴʥʦʛʦ ʭʦʜʫ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʮʠʢʣʫ ʚʽʜʩʫʪʥʽʩʪʴ ʦʙʨʽʟʢʽʚ ʤʘʻ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ.  

ʎʽʣʴʦʚʘ ʬʫʥʢʮʽʷ (2.29) ʟʘʙʝʟʧʝʯʫʻ ʝʬʝʢʪʠʚʥʠʡ ʨʝʟʫʣʴʪʘʪ ʪʠʤ ʢʨʘʱʝ, ʯʠʤ 

ʙʽʣʴʰʝ ʯʠʩʣʦ ὲ ʟʘʤʦʚʣʝʥʴ, ʱʦ ʚʠʢʦʥʫʶʪʴʩʷ ʧʘʨʘʣʝʣʴʥʦ (ʪʠʧʽʚ ʰʪʘʥʛ ʱʦ ʤʦʞʫʪʴ 

ʚʠʛʦʪʦʚʣʷʪʠʩʴ ʟ ʧʦʪʦʯʥʦʾ ʟʘʛʦʪʦʚʢʠ). ɺʪʽʤ, ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʛʣʦʙʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʶ 

ʟʘ ʚʠʢʦʥʘʥʥʷʤ ʟʘʤʦʚʣʝʥʴ [17, 184] ʚʠʥʠʢʘʻ ʥʝʙʝʟʧʝʢʘ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʚʠʢʦʥʘʥʥʷ 

ʧʣʘʥʫ. ɼʦ ʮʴʦʛʦ ʧʨʠʟʚʦʜʠʪʴ ʪʘʢʦʞ ʽ ʣʶʜʩʴʢʠʡ ʬʘʢʪʦʨ ï ʦʧʝʨʘʪʦʨʫ ʧʨʦʩʪʽʰʝ 

ʚʠʛʦʪʦʚʣʷʪʠ ʦʜʥʦʪʠʧʥʽ ʰʪʘʥʛʠ ʽʟ ʟʘʛʦʪʦʚʢʠ, ʥʽʞ ʢʦʤʙʽʥʫʚʘʪʠ ʨʽʟʥʽ ʪʠʧʠ ʰʪʘʥʛ.  

ɿ ʤʝʪʦʶ ʟʘʧʦʙʽʛʘʥʥʷ ʧʦʜʽʙʥʦʾ ʩʠʪʫʘʮʽʾ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʚʝʜʝʥʥʷ ʜʦʜʘʪʢʦʚʦʛʦ 

ʢʨʠʪʝʨʽʶ, ʷʢʠʡ ʤʘʻ ʨʝʛʫʣʶʚʘʪʠ ʨʽʚʥʦʤʽʨʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʥʷ [220] 

ὼ

ᾀ ρ

ὼ

ᾀ ρ
ᴼάὭὲ (2.30) 

ʜʝ ὼ ὼ  ï ʢʽʣʴʢʽʩʪʴ ʟʘʛʦʪʦʚʦʢ, ʱʦ ʚʠʨʽʟʘʶʪʴʩʷ ʥʘ ʚʠʢʦʥʘʥʥʷ Ὥ  ʦʛʦ ( Ὧ ʪʦʛʦ) 

ʟʘʤʦʚʣʝʥʥʷ ʽʟ ʟʘʛʦʪʦʚʢʠ Ὦ; ᾀᾀ  - ʟʘʣʠʰʦʢ ʦʙôʻʤʫ ʟʘʤʦʚʣʝʥʥʷ ὴ, ʷʢʝ ʱʝ ʥʝ 

ʚʠʢʦʥʘʥʝ ʥʘ ʤʦʤʝʥʪ ʨʦʟʢʨʦʶʚʘʥʥʷ Ὦ ʪʦʾ ʟʘʛʦʪʦʚʢʠ, ᾀ ὴ В ὼ ; ή ï 

ʥʦʤʝʨʠ ʚʞʝ ʨʦʟʢʨʦʻʥʠʭ ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʰʪʘʥʛ. 

ʋ ʟʚ'ʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʚ ʭʦʜʽ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʥʷ ʡʦʛʦ ʦʙʩʷʛ ʧʦʩʪʫʧʦʚʦ 

ʟʤʝʥʰʫʻʪʴʩʷ, ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʜʽʣʝʥʥʷ ʥʘ π ʜʦ ʟʘʣʠʰʢʫ ʟʘʤʦʚʣʝʥʥʷ ʜʦʜʘʻʪʴʩʷ ρ. 

ʉʝʥʩ ʢʨʠʪʝʨʽʶ (2.30) ʧʦʣʷʛʘʻ ʫ ʟʚôʷʟʫʚʘʥʥʽ ʨʽʟʥʠʭ ʟʘʤʦʚʣʝʥʴ ʤʽʞ ʩʦʙʦʶ ï 

ʟʘʛʦʪʦʚʢʠ ʨʽʟʥʦʾ ʜʦʚʞʠʥʠ ʤʘʶʪʴ ʚʠʢʨʦʶʚʘʪʠʩʷ ʧʘʨʘʣʝʣʴʥʦ, ʤʘʢʩʠʤʘʣʴʥʦ 

ʧʨʦʧʦʨʮʽʡʥʦ ʟʘʣʠʰʢʫ ʟʘʤʦʚʣʝʥʥʷ ʥʘ ʥʠʭ. 

ɸʙʠ ʜʦʜʘʥʠʡ ʢʨʠʪʝʨʽʡ ʥʝ ʧʦʨʫʰʫʚʘʚ ʟʘʛʘʣʴʥʦʾ ʤʝʪʠ ʦʧʪʠʤʽʟʘʮʽʾ, ʡʦʛʦ 

ʥʝʦʙʭʽʜʥʦ ʥʦʨʤʫʚʘʪʠ ʪʘ ʧʨʠʚʝʩʪʠ ʜʦ (2.29). ɺ ʨʝʟʫʣʴʪʘʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʮʽʣʴʦʚʘ 

ʬʫʥʢʮʽʷ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʟʢʨʦʶʚʘʥʥʷ ʣʽʥʽʡʥʠʭ ʟʘʛʦʪʦʚʦʢ ʥʘ ʰʪʘʥʛʠ ʥʘʧʝʨʝʜ ʟʘʜʘʥʦʾ 

ʜʦʚʞʠʥʠ ʟ ʤʽʥʽʤʽʟʘʮʽʻʶ ʩʫʤʘʨʥʦʾ ʢʽʣʴʢʦʩʪʽ ʦʙʨʽʟʢʽʚ ʪʘ ʨʽʚʥʦʤʽʨʥʠʤ ʚʠʢʦʥʘʥʥʷʤ 

ʟʘʤʦʚʣʝʥʴ: 
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ὒ ὰὼ ‗
ὼ

ὴ В ὼ ρ

ὼ

ὴ В ὼ ρ
ᴼάὭὲ (2.31) 

ʜʝ ‗ ï ʚʘʛʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʜʣʷ ʜʦʧʦʤʽʞʥʦʛʦ ʢʨʠʪʝʨʽʶ (2.30). ɿʘ ʣʦʛʽʢʦʶ, ʚʽʥ ʤʘʻ 

ʨʦʟʤʽʨʥʽʩʪʴ ʜʦʚʞʠʥʠ, ʘʣʝ ʩʘʤʘ ʡʦʛʦ ʚʝʣʠʯʠʥʘ ʻ ʧʨʝʜʤʝʪʦʤ ʦʢʨʝʤʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ. 

ʇʦʩʪʘʥʦʚʢʘ (2.31) ʟ ʫʨʘʭʫʚʘʥʥʷʤ (2.28) ʜʦʟʚʦʣʷʻ ʚʠʨʽʰʫʚʘʪʠ ʛʣʦʙʘʣʴʥʫ 

ʟʘʜʘʯʫ ʤʽʥʽʤʽʟʘʮʽʾ ʚʠʪʨʘʪʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʤʝʪʘʣʫ ʧʨʠ ʧʦʩʣʽʜʦʚʥʦʤʫ 

ʧʨʦʢʘʪʫʚʘʥʥʽ ʟʘʛʦʪʦʚʦʢ ʟʘʟʜʘʣʝʛʽʜʴ ʥʝʚʽʜʦʤʦʾ ʜʦʚʞʠʥʠ, ʟʘʩʪʦʩʦʚʫʶʯʠ ʧʨʠʥʮʠʧ 

ʦʧʪʠʤʘʣʴʥʦʩʪʽ ɹʝʣʣʤʘʥʘ [64] ʧʨʠ ʧʝʨʝʭʦʜʽ ʚʽʜ ʦʜʥʦʛʦ ʯʘʩʪʢʦʚʦ-ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʨʽʰʝʥʥʷ ʜʦ ʽʥʰʦʛʦ.  

ʊʦʯʥʝ ʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʚ ʫʤʦʚʘʭ ʦʙʤʝʞʝʥʥʷ ʯʘʩʫ ʡ ʩʫʪʪʻʚʦʾ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʥʝ ʤʘʻ ʩʝʥʩʫ. ʆʪʨʠʤʘʥʥʶ ʥʘʙʣʠʞʝʥʠʭ ʨʽʰʝʥʴ 

ʧʨʠʩʚʷʯʝʥʽ ʨʷʜ ʨʦʙʽʪ ʟʘʨʫʙʽʞʥʠʭ ʚʯʝʥʠʭ [61, 62], ʷʢʽ ʧʨʦʧʦʥʫʶʪʴ ʨʷʜ 

ʝʚʨʠʩʪʠʯʥʠʭ ʧʽʜʭʦʜʽʚ ʡ ʨʦʟʛʣʷʜʘʶʪʴ ʧʦʩʪʘʚʣʝʥʫ ʟʘʜʘʯʫ ʜʝʱʦ ʰʠʨʰʝ ʟʘ ʟʚʠʯʥʫ 

ʧʦʩʪʘʥʦʚʢʫ ʦʜʥʦʚʠʤʽʨʥʦʛʦ ʧʘʢʫʚʘʥʥʷ.  

ʎʽʣʴʦʚʽ ʬʫʥʢʮʽʾ ʧʦʜʽʙʥʽ ʜʦ (2.31) ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʪʘʢʦʞ ʚ [221], ʜʝ ʘʚʪʦʨʠ 

ʧʦʚôʷʟʫʶʪʴ ʪʘʢʦʞ ʪʠʧ ʰʪʘʥʛʠ, ʱʦ ʚʠʨʽʟʘʻʪʴʩʷ ʽʟ ʟʘʛʦʪʦʚʢʠ ʟ ʾʾ ʮʽʥʥʽʩʪʶ. ʆʩʪʘʥʥʷ 

ʤʦʞʝ ʙʫʪʠ ʝʢʚʽʚʘʣʝʥʪʥʘ ʷʢ ʮʽʥʽ, ʷʢʫ ʩʧʣʘʯʫʻ ʢʣʽʻʥʪ ʟʘ ʪʠʤ ʯʠ ʽʥʰʠʤ ʟʘʤʦʚʣʝʥʥʷʤ, 

ʪʘʢ ʽ ʪʝʨʤʽʥʦʚʦʩʪʽ ʮʴʦʛʦ ʟʘʤʦʚʣʝʥʥʷ. ɺʪʽʤ, ʚʢʣʶʯʝʥʥʷ ʜʦ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ 

ʜʦʜʘʪʢʦʚʠʭ ʢʨʠʪʝʨʽʾʚ, ʧʦʜʽʙʥʦ ʜʦ (2.27) ʘʙʦ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʷʢ 

ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʾ ʟ ʨʽʟʥʦʶ ʚʘʛʦʶ ʢʨʠʪʝʨʽʾʚ ʣʠʰʝ ʫʩʢʣʘʜʥʠʪʴ ʟʘʜʘʯʫ, ʥʝ 

ʟʘʙʝʟʧʝʯʫʶʯʠ ʟʥʘʯʥʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʽʰʝʥʴ. 

ʆʜʥʽʻʶ ʟ ʘʣʴʪʝʨʥʘʪʠʚ ʫʩʢʣʘʜʥʝʥʥʶ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʩʫʪʪʻʚʦ 

ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʪʨʠʤʘʥʦʛʦ ʨʽʰʝʥʥʷ, ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʤʽʩʪʴ 

ʣʽʥʽʡʥʦʾ ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʾ ʤʦʜʝʣʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʜʦʚʞʠʥʠ ʨʦʟʢʘʪʫ ʥʝʯʽʪʢʦʾ ʤʦʜʝʣʽ 

ʥʘ ʦʩʥʦʚʽ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ, ʟʦʢʨʝʤʘ ʉʫʛʝʥʦ, ʘʙʦ ʊʘʢʘʛʽ-ʉʫʛʝʥʦ-ʂʘʥʛʘ [222]. ɺ 

ʨʘʟʽ ʥʝʤʦʞʣʠʚʦʩʪʽ ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ ʚʝʣʠʯʠʥ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ 

ʜʦʚʞʠʥʫ ʨʦʟʢʘʪʫ ὒ, ʱʦ ʚʭʦʜʠʪʴ ʜʦ (2.24), (2.27) ʪʘ (2.31), ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʝʯʽʪʢʠʭ 

ʦʮʽʥʦʢ ʮʠʭ ʚʝʣʠʯʠʥ ʜʦʟʚʦʣʠʪʴ ʙʽʣʴʰ ʪʦʯʥʦ ʡ ʧʣʘʚʥʦ ʧʨʦʛʥʦʟʫʚʘʪʠ  
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ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʧʨʦʙʣʝʤʠ ʦʧʪʠʤʽʟʘʮʽʾ 

ʨʦʟʢʨʦʶʚʘʥʥʷ ʤʝʪʘʣʦʧʨʦʜʫʢʮʽʾ ʚ ʧʨʦʮʝʩʽ ʚʠʨʦʙʥʠʮʪʚʘ ʜʦ ʢʦʤʙʽʥʘʪʦʨʥʦʾ ʟʘʜʘʯʽ 

ʧʦʙʫʜʦʚʠ ʯʘʩʪʢʦʚʠʭ ʧʣʘʥʽʚ ʨʦʟʢʨʦʶ ʜʦʜʘʻʪʴʩʷ ʙʝʟʧʝʨʝʨʚʥʘ ʟʘʜʘʯʘ ʥʘʚʯʘʥʥʷ 

ʥʝʯʽʪʢʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ [223]. ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʦʩʪʘʥʥʴʦʾ ʤʦʞʫʪʴ ʙʫʪʠ 

ʟʘʩʪʦʩʦʚʘʥʽ ʝʚʦʣʶʮʽʡʥʽ ʤʝʪʦʜʠ ʦʧʪʠʤʽʟʘʮʽʾ, ʦʜʠʥ ʟ ʷʢʠʭ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʘʚʪʦʨʦʤ 

ʫ ʧʦʜʘʣʴʰʠʭ ʨʦʟʜʽʣʘʭ. 

 

 

2.4 ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 2 

 

1. ʊʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʡ ʧʽʜʭʽʜ ʜʦ ʧʦʙʫʜʦʚʠ ʧʣʘʥʽʚ ʚʠʢʦʥʘʥʥʷ 

ʟʘʤʦʚʣʝʥʴ ʥʘ ʧʨʦʢʘʪʥʫ ʧʨʦʜʫʢʮʽʶ ʚʨʘʭʦʚʫʻ ʦʜʥʦʯʘʩʥʝ ʚʠʢʦʥʘʥʥʷ ʢʨʠʪʝʨʽʾʚ: 

ʤʘʢʩʠʤʘʣʴʥʘ ʯʘʩʪʢʘ ʟʘʤʦʚʣʝʥʴ, ʚʠʢʦʥʘʥʠʭ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʚʩʪʘʥʦʚʣʝʥʠʭ 

ʪʝʨʤʽʥʽʚ, ʤʽʥʽʤʘʣʴʥʠʡ ʦʙʩʷʛ ʥʝʟʘʚʝʨʰʝʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʫʧʨʦʜʦʚʞ ʧʝʨʽʦʜʫ 

ʧʣʘʥʫʚʘʥʥʷ, ʤʽʥʽʤʘʣʴʥʠʡ ʯʘʩ ʥʝʨʦʙʦʯʦʛʦ ʩʪʘʥʫ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʤʽʥʽʤʘʣʴʥʘ 

ʢʽʣʴʢʽʩʪʴ ʟʘʤʦʚʣʝʥʴ, ʷʢʽ ʥʝ ʧʨʠʡʥʷʪʽ ʜʦ ʚʠʢʦʥʘʥʥʷ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ 

ʜʦʟʚʦʣʠʣʦ ʨʦʟʨʦʙʠʪʠ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʧʦʙʫʜʦʚʠ ʧʣʘʥʫ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ 

ʥʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʢʘʪʫ ʰʠʨʦʢʦʛʦ ʩʦʨʪʘʤʝʥʪʫ ʷʢ ʥʝʟʘʤʢʥʝʥʦʾ ʟʘʜʘʯʽ 

ʢʦʤʽʚʦʷʞʝʨʘ ʫ ʤʘʢʩʠʤʘʣʴʥʽʡ ʤʝʪʨʠʮʽ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʦʾ ʤʦʜʝʣʽ ʜʦʟʚʦʣʠʣʦ 

ʙʫʜʫʚʘʪʠ ʚ ʨʝʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʽ ʯʘʩʫ ʧʣʘʥʠ, ʝʬʝʢʪʠʚʥʽʰʽ ʧʦʨʽʚʥʷʥʦ ʟ 

ʪʨʘʜʠʮʽʡʥʦʶ ʤʝʪʦʜʠʢʦʶ.  

2. ʇʝʨʝʥʝʩʝʥʥʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʧʨʦ ʦʧʪʠʤʘʣʴʥʠʡ ʧʦʜʽʣ ʤʝʪʘʣʫ ʜʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʝʚʥʦʛʦ ʟʘʤʦʚʣʝʥʥʷ ʥʘ ʧʨʦʢʘʪʥʫ ʧʨʦʜʫʢʮʽʶ ʟ ʦʧʝʨʘʮʽʾ 

ʨʦʟʢʨʦʶʚʘʥʥʷ ʧʨʦʢʘʪʫ ʥʘ ʦʧʝʨʘʮʽʶ ʨʦʟʣʠʚʢʠ ʜʦʟʚʦʣʠʣʦ ʨʦʟʨʦʙʠʪʠ ʤʘʪʝʤʘʪʠʯʥʫ 

ʤʦʜʝʣʴ ʤʽʥʽʤʽʟʘʮʽʾ ʢʽʣʴʢʦʩʪʽ ʤʝʪʘʣʫ, ʚʠʢʦʨʠʩʪʘʥʦʛʦ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʟʘʤʦʚʣʝʥʥʷ, ʨʦʟʤʽʨ ʷʢʦʛʦ ʥʝ ʧʝʨʝʚʠʱʫʻ ʦʙôʻʤ ʦʜʥʽʻʾ ʧʣʘʚʢʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʨʦʟʨʦʙʣʝʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ, ʱʦ ʩʧʠʨʘʻʪʴʩʷ ʥʘ ʦʧʪʠʤʘʣʴʥʫ ʜʦʚʞʠʥʫ 

ʧʝʨʝʜʽʣʴʥʦʾ ʟʘʛʦʪʦʚʢʠ ʜʣʷ ʜʘʥʦʛʦ ʚʠʜʫ ʧʨʦʜʫʢʮʽʾ ʪʘ ʡʦʛʦ ʢʽʥʮʝʚʦʛʦ 

ʨʦʟʢʨʦʶʚʘʥʥʷ, ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʤʝʪʘʣʫ ʧʨʠ ʚʠʢʦʥʘʥʥʽ 
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ʢʦʥʢʨʝʪʥʦʛʦ ʟʘʤʦʚʣʝʥʥʷ ʪʘ ʩʢʦʨʦʪʠʪʠ ʢʽʣʴʢʽʩʪʴ ʧʝʨʝʥʘʣʘʰʪʫʚʘʥʴ ʨʽʟʘʣʴʥʠʭ 

ʘʛʨʝʛʘʪʽʚ. 

3. ɺʥʘʩʣʽʜʦʢ ʚʠʧʘʜʢʦʚʠʭ ʧʦʨʫʰʝʥʴ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʘʙʦ ʚʧʣʠʚʫ 

ʣʶʜʩʴʢʦʛʦ ʬʘʢʪʦʨʫ ʤʽʞ ʨʦʟʣʠʚʢʦʶ ʩʪʘʣʽ ʥʘ ʟʣʠʚʢʠ ʟʘʜʘʥʦʾ ʚʘʛʠ ʪʘ ʦʪʨʠʤʘʥʥʷʤ 

ʧʨʷʤʦʢʫʪʥʦʾ ʟʘʛʦʪʦʚʢʠ ʦʧʪʠʤʘʣʴʥʦʾ ʜʦʚʞʠʥʠ ʚʠʥʠʢʘʶʪʴ ʪʝʭʥʦʣʦʛʽʯʥʽ 

ʚʽʜʭʠʣʝʥʥʷ. ɼʣʷ ʪʘʢʠʭ ʚʠʧʘʜʢʽʚ ʨʦʟʨʦʙʣʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʨʦʟʢʨʦʶʚʘʥʥʷ ʨʦʟʢʘʪʫ ʜʦʚʽʣʴʥʦʾ ʜʦʚʞʠʥʠ, ʷʢʘ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʚʽʜʦʤʠʭ, ʧʨʠʧʫʩʢʘʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʪʦʯʥʦʛʦ ʟʣʠʚʢʫ ʥʘ ʧʝʨʝʜʽʣʴʥʽ ʟʘʛʦʪʦʚʢʠ ʥʘʩʪʫʧʥʠʭ ʟʘʤʦʚʣʝʥʴ. 

ʇʨʠ ʮʴʦʤʫ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ ʤʦʜʝʣʝʡ ʨʦʟʢʨʦʶʚʘʥʥʷ, ʮʽʣʴʦʚʘ ʬʫʥʢʮʽʷ 

ʤʽʥʽʤʽʟʘʮʽʾ ʚʢʣʶʯʘʻ ʜʦʜʘʪʢʦʚʽ ʩʢʣʘʜʦʚʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʨʽʚʥʦʤʽʨʥʽʩʪʴ 

ʚʠʢʦʥʘʥʥʷ ʢʽʣʴʢʦʭ ʟʘʤʦʚʣʝʥʴ ʥʘ ʛʦʪʦʚʫ ʧʨʦʜʫʢʮʽʶ, ʷʢʱʦ ʚʦʥʠ ʚʠʢʦʥʫʶʪʴʩʷ 

ʦʜʥʦʯʘʩʥʦ. ʎʝ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʝʨʝʜʽʣʴʥʽ ʟʘʛʦʪʦʚʢʠ ʨʽʟʥʦʾ ʜʦʚʞʠʥʠ ʟ 

ʦʜʥʦʛʦ ʚʠʜʫ ʙʣʶʤʫ, ʪʠʤ ʩʘʤʠʤ ʤʽʥʽʤʽʟʫʶʯʠ ʢʽʣʴʢʽʩʪʴ ʦʙʨʽʟʢʽʚ ʪʘ ʩʦʙʽʚʘʨʪʽʩʪʴ ʷʢ 

ʧʦʪʦʯʥʦʛʦ, ʪʘʢ ʽ ʥʘʩʪʫʧʥʠʭ ʟʘʤʦʚʣʝʥʴ.  
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ʈʆɿɼɯʃ 3. ʈʆɿʈʆɹʂɸ ʄʆɼɽʃɽʁ ʇʈʆɻʅʆɿʋɺɸʅʅʗ ʊɸ ɯɼɽʅʊʀʌɯʂɸʎɯɰ 

ʇɸʈɸʄɽʊʈɯɺ ɺ ʇʈʆʎɽʉɸʍ ɺʀʈʆɹʅʀʎʊɺɸ ʇʈʆʂɸʊʋ 

 

 

ʗʢ ʟʘʟʥʘʯʘʣʦʩʷ ʚ ʨʦʟʜʽʣʽ 1, ʚʘʞʣʠʚʦʶ ʟʘʜʘʯʝʶ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ 

ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʧʨʠ ʢʝʨʫʚʘʥʥʽ ʚʠʨʦʙʥʠʯʠʤ ʧʨʦʮʝʩʦʤ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʧʨʦʢʘʪʥʦʾ ʧʨʦʜʫʢʮʽʾ ʻ ʦʧʪʠʤʽʟʘʮʽʷ ʟʘ ʟʚʝʜʝʥʠʤ ʝʢʦʥʦʤʽʯʥʠʤ ʢʨʠʪʝʨʽʻʤ ʦʢʨʝʤʠʭ 

ʦʧʝʨʘʮʽʡ ʪʘ ʧʦʙʫʜʦʚʘ ʪʘʢʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʚʠʢʦʥʫʚʘʪʠ 

ʟʛʘʜʘʥʫ ʦʧʪʠʤʽʟʘʮʽʶ ʘʙʦ ʧʨʦʛʥʦʟʫʚʘʪʠ ʧʝʚʥʽ ʧʘʨʘʤʝʪʨʠ ʧʨʦʪʽʢʘʥʥʷ ʧʨʦʮʝʩʫ, ʷʢʽ 

ʚʠʟʥʘʯʘʶʪʴ ʢʽʥʮʝʚʫ ʩʦʙʽʚʘʨʪʽʩʪʴ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ. 

ɺ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʛʣʷʥʫʪʦ ʨʷʜ ʤʦʜʝʣʝʡ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʦʧʝʨʘʮʽʡ, 

ʧʦʚôʷʟʘʥʠʭ ʟ ʚʠʛʦʪʦʚʣʝʥʥʷʤ ʩʪʘʣʽ. ʂʦʞʥʘ ʟ ʥʠʭ ʚ ʩʚʦʶ ʯʝʨʛʫ ʤʘʻ ʩʫʪʪʻʚʠʡ ʚʧʣʠʚ 

ʥʘ ʯʘʩ ʪʘ ʩʦʙʽʚʘʨʪʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʚʩʴʦʛʦ ʢʦʤʧʣʝʢʩʫ ʨʦʙʽʪ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ. ʉʝʨʝʜ ʪʘʢʠʭ ʦʧʝʨʘʮʽʡ ʨʦʟʛʣʷʥʫʪʽ ʰʠʭʪʫʚʘʥʥʷ ʩʪʘʣʽ, 

ʚ ʪʦʤʫ ʯʠʩʣʽ ʨʦʟʨʘʭʫʥʦʢ ʦʧʪʠʤʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʨʦʟʢʠʩʣʶʚʘʯʽʚ ʪʘ ʩʝʨʪʠʬʽʢʘʮʽʷ 

ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ. ʊʘʢʦʞ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʦʜʝʣʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʝʨʤʽʥʫ ʨʦʙʦʪʠ 

ʬʫʪʝʨʦʚʢʠ ʢʦʥʚʝʨʪʝʨʘ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʬʘʢʪʦʨʽʚ, ʱʦ ʩʧʨʠʷʪʠʤʫʪʴ ʡʦʛʦ 

ʤʘʢʩʠʤʽʟʘʮʽʾ, ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʟʙʽʣʴʰʝʥʥʶ ʚʽʜʩʦʪʢʫ ʨʦʙʦʯʦʛʦ ʯʘʩʫ ʧʣʘʚʠʣʴʥʠʭ 

ʘʛʨʝʛʘʪʽʚ. 

 

 

3.1. ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʦʧʪʠʤʽʟʘʮʽʾ ʰʠʭʪʠ ʧʨʠ ʢʦʥʚʝʨʪʝʨʥʦʤʫ 

ʚʠʨʦʙʥʠʮʪʚʽ ʩʪʘʣʽ 

 

ʆʩʥʦʚʦʶ ʨʦʟʨʘʭʫʥʢʫ ʰʠʭʪʠ, ʢʨʽʤ ʚʠʤʦʛ ʜʦ ʤʘʨʢʠ ʩʪʘʣʽ, ʻ ʪʘʢ ʟʚʘʥʝ 

ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ [224], ʱʦ ʤʘʻ ʚʠʛʣʷʜ  

ὗ ὗ ᴼπȟ (3.1) 
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ʜʝ В ὗ  ï ʩʫʤʘ ʪʝʧʣʘ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʫ ʢʦʥʚʝʨʪʝʨ ʚʽʜ ʫʩʽʭ ʜʞʝʨʝʣ Ὥ ρȣὲ; 

В ὗ  ï ʩʫʤʘ ʪʝʧʣʘ, ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʫ Ὦ ρȣά ʧʨʦʮʝʩʽ. 

ʊʨʘʜʠʮʽʡʥʦ [18, 92, 107, 224] ʨʦʟʛʣʷʜʘʶʪʴ ʧôʷʪʴ ʦʩʥʦʚʥʠʭ ʜʞʝʨʝʣ ʪʝʧʣʘ ʫ 

ʚʘʥʥʽ ʢʦʥʚʝʨʪʝʨʘ:  

ὗ ὗʯʘʚὗʤȢhʣʘʢὗʜʦʤὗɿʘʣὗh ʣʫʪʚȟ (3.2) 

ʜʝ ὗ̘ ́̃ ï ʪʝʧʣʦ ʚʽʜ ʦʢʠʩʣʝʥʥʷ ʯʘʚʫʥʫ, ʧʨʦʧʦʨʮʽʡʥʝ ʡʦʛʦ ʤʘʩʽ ʪʘ ʧʦʯʘʪʢʦʚʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ; ὗ̍ Ȣ̙̌́̋ ï ʪʝʧʣʦ ʚʽʜ ʦʢʠʩʣʝʥʥʷ ʤʽʢʩʝʨʥʦʛʦ ʰʣʘʢʫ, ʧʨʦʧʦʨʮʽʡʥʝ 

ʪʝʤʧʝʨʘʪʫʨʽ, ʤʘʩʽ ʯʘʚʫʥʫ ʪʘ ʩʪʫʧʝʥʶ ʟʘʰʣʘʢʦʚʘʥʦʩʪʽ; ὗ̅ ̏ ̍ï ʪʝʧʣʦ ʚʽʜ ʦʢʠʩʣʝʥʥʷ 

ʥʝʤʝʪʘʣʝʚʠʭ ʜʦʤʽʰʦʢ ʰʠʭʪʠ, ʥʝʣʽʥʽʡʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʭʽʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʛʦʪʦʚʦʾ ʩʪʘʣʽ, ʯʘʚʫʥʫ ʡ ʦʭʦʣʦʜʞʫʚʘʯʽʚ; ὗ̝ ́̌ ï ʪʝʧʣʦ ʚʽʜ ʦʢʠʩʣʝʥʥʷ ʟʘʣʽʟʘ, ʱʦ 

ʧʝʨʝʭʦʜʠʪʴ ʚ ʰʣʘʢ ʽ ʧʠʣ ï ʥʝʣʽʥʽʡʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʪʫʧʝʥʷ ʦʢʠʩʣʝʥʥʷ ʪʘ ʤʘʩʠ 

ʰʣʘʢʫ; ὗh ʣʫʪʚ ï ʪʝʧʣʦ ʚʽʜ ʰʣʘʢʦʫʪʚʦʨʝʥʥʷ. 

ʅʘ ʧʨʘʢʪʠʮʽ ʢʽʣʴʢʽʩʪʴ ʰʣʘʢʫ ʚ ʯʘʚʫʥʽ ʥʝ ʧʝʨʝʚʠʱʫʻ 1%, ʪʦʤʫ ʪʝʧʣʦʪʦʶ, ʱʦ 

ʚʥʦʩʠʪʴ ʮʷ ʩʢʣʘʜʦʚʘ, ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ. 

ɺʦʜʥʦʯʘʩ ʚʩʷ ʝʥʝʨʛʽʷ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʚ ʢʦʥʚʝʨʪʝʨʽ, ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ 

ʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

ὗ ὗʩʪ ὗʧʠʣὗh ʣ ὗʛʘʟὗʜʠʩὗʚʢʚὗʚʪʨȟ (3.3) 

ʜʝ ὗ̒  ̓ï ʪʝʧʣʦ, ʱʦ ʟʘʣʠʰʘʻʪʴʩʷ ʛʦʪʦʚʽʡ ʩʪʘʣʽ, ʧʨʦʧʦʨʮʽʡʥʝ ʾʾ ʤʘʩʽ ʪʘ ʪʝʤʧʝʨʘʪʫʨʽ 

ʨʦʟʣʠʚʢʠ; ὗ̐ ̉ ̌ï ʪʝʧʣʦ, ʱʦ ʫʥʦʩʠʪʴʩʷ ʧʠʣʦʤ, ʧʨʦʧʦʨʮʽʡʥʝ ʩʝʨʝʜʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ 

ʧʣʘʚʢʠ ʪʘ ʩʪʫʧʝʥʶ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʟʘʣʽʟʘ; ὗ̙  ̌ï ʪʝʧʣʦ, ʱʦ ʟʘʣʠʰʘʻʪʴʩʷ ʚ ʰʣʘʢʫ, 

ʧʨʦʧʦʨʮʽʡʥʝ ʡʦʛʦ ʤʘʩʽ ʪʘ ʪʝʤʧʝʨʘʪʫʨʽ ʨʦʟʣʠʚʢʠ; ὗ̄ ́̈ ï ʪʝʧʣʦ, ʱʦ ʚʠʥʦʩʠʪʴʩʷ ʟ 

ʧʨʦʜʫʢʪʘʤʠ ʟʛʦʨʷʥʥʷ, ʧʨʦʧʦʨʮʽʡʥʝ ʩʝʨʝʜʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʧʣʘʚʢʠ ʪʘ ʩʫʤʽ ʦʙ'ʻʤʽʚ 

ʛʘʟʽʚ, ʱʦ ʚʽʜʭʦʜʷʪʴ; ὗ̅ ̉̒ ï ʪʝʧʣʦ ʜʠʩʦʮʽʘʮʽʾ ʩʧʦʣʫʢ ʟʘʣʽʟʘ ʪʘ ʚʘʧʥʘ ï ʥʝʣʽʥʽʡʥʘ 

ʬʫʥʢʮʽʷ ʤʘʩ ʩʢʨʘʧʫ ʪʘ ʩʪʫʧʝʥʽʚ ʟʘʙʨʫʜʥʝʥʥʷ; ὗ̃ ̋ï̃ ʪʝʧʣʦ, ʱʦ ʫʥʦʩʠʪʴʩʷ ʟ 

ʚʠʢʠʜʘʤʠ ʤʝʪʘʣʫ, ʢʦʨʦʣʴʢʘʤʠ ʤʝʪʘʣʫ ʚ ʰʣʘʢʫ ʡ ʚʠʧʣʝʩʢʘʤʠ ï ʥʝʣʽʥʽʡʥʘ ʬʫʥʢʮʽʷ 

ʧʦʯʘʪʢʦʚʦʛʦ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʪʘ ʩʪʫʧʝʥʶ ʟʘʙʨʫʜʥʝʥʥʷ ʩʢʨʘʧʫ; ὗʚʪʨï ʪʝʧʣʦ, ʱʦ 
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ʧʝʨʝʜʘʻʪʴʩʷ ʬʫʨʤʽ, ʬʫʪʝʨʦʚʮʽ ʡ ʢʦʨʧʫʩʫ ʢʦʥʚʝʨʪʝʨʘ ï  ʧʨʦʧʦʨʮʽʡʥʝ ʩʫʤʽ ʚʭʽʜʥʦʛʦ 

ʪʝʧʣʘ. 

ʂʨʽʤ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ, ʚ ʢʦʥʚʝʨʪʝʨʽ ʤʘʻ ʧʽʜʪʨʠʤʫʚʘʪʠʩʴ ʤʘʪʝʨʽʘʣʴʥʠʡ 

ʙʘʣʘʥʩ [224] 

ὓ ὓ ᴼπȟ (3.4) 

ʜʝ В ὓ  ï ʩʫʤʘ ʤʘʩ ʫʩʽʭ ʨʝʯʦʚʠʥ Ὧ ρȣὴ, ʱʦ ʧʦʪʨʘʧʣʷʶʪʴ ʜʦ ʢʦʥʚʝʨʪʝʨʘ 

ʧʽʜ ʯʘʩ ʧʣʘʚʢʠ; В ὓ  ï ʩʫʤʘ ʤʘʩ ʫʩʽʭ ʨʝʯʦʚʠʭ ὰ ρȣή, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʫ 

ʧʨʦʮʝʩʽ ʧʣʘʚʢʠ. 

ɺ ʨʝʘʣʴʥʠʭ ʧʨʦʮʝʩʘʭ ʢʦʥʚʝʨʪʝʨʥʦʾ ʧʣʘʚʢʠ ʬʽʢʩʦʚʘʥʦʶ ʚʝʣʠʯʠʥʦʶ ʻ ʚʠʭʽʜ 

ʛʦʜʥʦʛʦ ʤʝʪʘʣʫ ὓ ὧέὲίὸ, ʷʢʠʡ ʤʘʻ ʜʦʨʽʚʥʶʚʘʪʠ ʥʘʧʝʨʝʜ ʟʘʜʘʥʽʡ ʚʝʣʠʯʠʥʽ. 

ʎʝ ʦʙʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʛʦʪʦʚʘ ʩʪʘʣʴ ʨʦʟʣʠʚʘʻʪʴʩʷ ʫ ʚʠʣʠʚʥʠʮʽ ʟʘʟʜʘʣʝʛʽʜʴ 

ʚʽʜʦʤʠʤʠ ʧʦʨʮʽʷʤʠ. ʄʽʨʢʫʚʘʥʥʷ ʨʦʟʧʦʜʽʣʫ ʤʝʪʘʣʫ ʫ ʚʠʣʠʚʥʠʮʽ ʨʦʟʛʣʷʥʫʪʦ ʚ ʫ 

ʧʦʧʝʨʝʜʥʴʦʤʫ ʨʦʟʜʽʣʽ ʪʘ ʜʦʢʣʘʜʥʽʰʝ ï ʚ ʨʦʙʦʪʽ [225]. ʇʦʙʫʜʦʚʘ ʦʧʪʠʤʽʟʘʮʽʡʥʦʾ 

ʟʘʜʘʯʽ ʨʦʟʣʠʚʫ ʛʦʪʦʚʦʾ ʩʪʘʣʽ ʨʦʟʛʣʷʥʫʪʘ ʫ ʧʦʧʝʨʝʜʥʴʦʤʫ ʨʦʟʜʽʣʽ. 

ʂʽʣʴʢʽʩʪʴ ʨʝʰʪʠ ʨʝʯʦʚʠʥ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʩʪʘʣʽ, 

ʧʦʪʝʥʮʽʡʥʦ ʥʝ ʣʽʤʽʪʫʻʪʴʩʷ, ʚʠʟʥʘʯʘʶʯʠʩʴ ʧʦʯʘʪʢʦʚʠʤʠ ʫʤʦʚʘʤʠ ʧʣʘʚʢʠ ʪʘ 

ʨʝʯʦʚʠʥʘʤʠ, ʱʦ ʙʫʣʠ ʚʠʪʨʘʯʝʥʽ. ʉʢʣʘʜʦʚʽ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʙʘʣʘʥʩʫ ʥʘʚʝʜʝʥʽ ʫ 

ʪʘʙʣʠʮʽ 3.1. ʂʦʝʬʽʮʽʻʥʪʠ ὥȟὦ ʪʘ ὧ ʚʠʟʥʘʯʘʶʪʴ ʚʽʜʩʦʪʢʦʚʠʡ ʚʤʽʩʪ ʚʽʜʧʦʚʽʜʥʦ 

ʰʣʘʢʫ, ʙʨʫʜʫ ʪʘ ʦʢʘʣʠʥʠ. 

 

ʊʘʙʣʠʮʷ 3.1 ï ʉʢʣʘʜʦʚʽ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʙʘʣʘʥʩʫ ʧʣʘʚʢʠ 

ʉʢʣʘʜʦʚʽ ʰʠʭʪʠ ʉʢʣʘʜʦʚʽ ʚʠʪʨʘʪ ʤʘʪʝʨʽʘʣʽʚ 

ʏʘʚʫʥ ʨʽʜʢʠʡ ὓʯʘʚ ʈʽʜʢʠʡ ʤʝʪʘʣ ὓʩʪ 

ʉʢʨʘʧ ʤʝʪʘʣʝʚʠʡ ὓʩʢʨ ʐʣʘʢ ὓh ʣ 

ʄʽʢʩʝʨʥʠʡ ʰʣʘʢ ʘẗὓʯʘʚȾρππ ʂʦʥʚʝʨʪʝʨʥʽ ʛʘʟʠ (ʯʘʜʥʠʡ, 

ʚʫʛʣʝʢʠʩʣʠʡ, ʘʟʦʪ, ʢʠʩʝʥʴ) 
ὓʛʘʟ ɿʘʙʨʫʜʥʝʥʥʷ ʩʢʨʘʧʫ ʚẗὓʩʢʨȾρππ 

ʆʢʘʣʠʥʘ ʩʢʨʘʧʫ ʩẗὓʩʢʨȾρππ ɺʪʨʘʪʠ ʟʘʣʽʟʘ ʧʽʜ ʯʘʩ 

ʧʨʦʜʫʚʢʠ 
ὓʚʪʨ 

ʇʣʘʚʠʢʦʚʠʡ ʰʧʘʪ ὓʧȢhȢ 
ɺʘʧʥʦ ὓʚʘʧ 

 ɺʠʧʘʣʶʚʘʥʥʷ ʬʫʪʝʨʦʚʢʠ ὓʬ 

ɼʫʪʪʷ ὓʜʫʪʪʷ 
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ɺʠʨʦʙʥʠʯʘ ʧʨʘʢʪʠʢʘ ʷʢ ʚʽʪʯʠʟʥʷʥʠʭ, ʪʘʢ ʽ ʟʘʨʫʙʽʞʥʠʭ ʚʠʨʦʙʥʠʮʪʚ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʦʥʚʝʨʪʝʨʥʫ ʧʣʘʚʢʫ, ʧʝʨʝʜʙʘʯʘʻ ʾʾ ʟʘʢʣʶʯʥʫ ʢʦʨʝʢʮʽʶ [93, 107, 

110]. ʆʧʝʨʘʮʽʾ ʢʦʨʝʢʮʽʾ ʚʠʢʦʥʫʶʪʴʩʷ, ʷʢʱʦ ʨʽʟʥʠʮʷ ʤʽʞ ʧʨʠʭʦʜʦʤ ʽ ʚʠʪʨʘʪʦʶ 

ʪʝʧʣʘ ʧʝʨʝʚʠʱʫʻ 0,5ï0,8%, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʚʽʜʭʠʣʝʥʥʶ ʬʽʟʠʯʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 

ʩʪʘʣʽ ʚʽʜ ʟʘʜʘʥʦʾ ʥʘ 10ï15Üʉ. 

ʅʘʡʯʘʩʪʽʰʝ ʢʦʨʝʢʮʽʷ ʧʦʣʷʛʘʻ ʫ ʚʚʝʜʝʥʥʽ ʜʦʜʘʪʢʦʚʦʛʦ ʤʝʪʘʣʝʚʦʛʦ ʩʢʨʘʧʫ 

(ʙʨʫʭʪ, ʦʢʘʪʠʰʽ, ʟʘʣʽʟʦʚʤʽʩʥʽ ʙʨʠʢʝʪʠ) ʜʣʷ ʦʭʦʣʦʜʞʝʥʥʷ ʥʘʜʤʽʨʥʦ ʧʝʨʝʛʨʽʪʦʶ 

ʩʪʘʣʽ. ʆʜʥʘʢ ʙʫʚʘʶʪʴ ʽ ʧʨʦʪʠʣʝʞʥʽ ʚʠʧʘʜʢʠ, ʢʦʣʠ ʥʝʦʙʭʽʜʥʦ ʟʜʽʡʩʥʶʚʘʪʠ 

ʜʦʜʫʚʢʫ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʘʙʦ ʞ ʚʚʦʜʠʪʠ ʚʫʛʽʣʣʷ ʜʣʷ ʢʦʤʧʝʥʩʘʮʽʾ 

ʥʘʜʤʽʨʥʦ ʚʠʧʘʣʝʥʦʛʦ ʚʫʛʣʝʮʶ [96]. 

ɹʫʜʴ-ʷʢʘ ʢʦʨʝʢʮʽʷ ʟʘʪʷʛʫʻ ʧʨʦʮʝʩ ʧʣʘʚʢʠ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʪʨʘʪ ʽ ʷʢ ʥʘʩʣʽʜʦʢ ï ʩʦʙʽʚʘʨʪʦʩʪʽ ʨʦʟʣʠʪʦʾ ʩʪʘʣʽ. ʊʦʤʫ ʦʜʥʠʤ 

ʟ ʥʘʛʘʣʴʥʠʭ ʧʠʪʘʥʴ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʫ ʩʢʣʘʜʽ 

ʽʥʪʝʛʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʤʝʪʘʣʫʨʛʽʡʥʠʤ ʧʽʜʧʨʠʻʤʩʪʚʦʤ [52] ʤʘʻ ʙʫʪʠ 

ʫʥʠʢʥʝʥʥʷ ʧʦʨʫʰʝʥʴ ʪʝʧʣʦʚʦʛʦ ʯʠ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʙʘʣʘʥʩʫ.  

ʂʨʽʤ ʮʴʦʛʦ, ʷʢ ʥʘʛʦʣʦʰʫʻʪʴʩʷ ʫ [177], ʚʠʪʨʘʪʠ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʽʜ ʯʘʩ ʧʣʘʚʢʠ ʫ ʢʠʩʥʝʚʦʤʫ ʢʦʥʚʝʨʪʝʨʽ, ʤʘʶʪʴ ʙʫʪʠ 

ʨʘʮʽʦʥʘʣʽʟʦʚʘʥʽ ʟ ʪʦʯʢʠ ʟʦʨʫ ʝʢʦʥʦʤʽʯʥʦʛʦ ʢʨʠʪʝʨʽʶ ʚʠʛʣʷʜʫ 

ὐȡ ὅὓ ᴼάὭὲ (3.5) 

ʜʝ ὅ ï ʚʘʨʪʽʩʪʴ ʦʜʠʥʠʮʽ ʤʘʩʠ (ʟʘʟʚʠʯʘʡ ʫ ʛʨʠʚʥʷʭ ʟʘ ʪʦʥʫ) ʢʦʞʥʦʛʦ ʽʟ ʤʘʪʝʨʽʘʣʽʚ, 

ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʰʠʭʪʠ. 

ʇʠʪʘʥʥʶ ʩʘʤʝ ʝʢʦʥʦʤʽʯʥʦʾ, ʘ ʥʝ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʧʣʘʚʢʠ 

ʧʨʠʩʚʷʯʝʥʦ ʨʷʜ ʨʦʙʽʪ, ʟʦʢʨʝʤʘ [226], ʜʝ ʧʦʢʘʟʘʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʟʘʣʽʟʦʚʤʽʩʥʠʭ ʙʨʠʢʝʪʽʚ (ɿɺɹ) ʽʟ ʟʘʟʜʘʣʝʛʽʜʴ ʚʽʜʦʤʠʤ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ ʟʘʤʽʩʪʴ 

ʩʢʨʘʧʫ ʯʠ ʤʝʪʘʣʦʙʨʫʭʪʫ ʟʥʘʯʥʦ ʧʦʢʨʘʱʫʻ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ (ʟʙʽʣʴʰʫʻ 

ʚʠʭʽʜ ʛʦʜʥʦʛʦ ʤʝʪʘʣʫ, ʟʥʠʞʫʻ ʡʦʛʦ ʦʢʠʩʣʝʥʽʩʪʴ ʪʘ ʢʽʣʴʢʽʩʪʴ ʜʦʤʽʰʦʢ ʢʦʣʴʦʨʦʚʠʭ 

ʤʝʪʘʣʽʚ), ʘʣʝ ʟʙʽʣʴʰʫʻ ʩʦʙʽʚʘʨʪʽʩʪʴ. ɺʪʽʤ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʽʣʴʰ ʜʦʨʦʛʠʭ ʫ 
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ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʩʢʨʘʧʦʤ ɿɺɹ, ʩʪʘʣʝʚʦʛʦ ʙʨʫʭʪʫ ʽ ʥʘʚʽʪʴ ʯʘʚʫʥʫ ʚ ʯʫʰʢʘʭ ʤʦʞʝ ʙʫʪʠ 

ʚʠʧʨʘʚʜʘʥʠʤ ʧʨʠ ʚʠʚʝʜʝʥʥʽ ʙʘʣʘʥʩʫ ʧʣʘʚʢʠ ʟ ʧʦʛʘʥʠʤ ʧʦʯʘʪʢʦʚʠʤ ʭʽʤʽʯʥʠʤ 

ʩʢʣʘʜʦʤ ʯʠ ʚʠʩʦʢʦʶ ʦʩʥʦʚʥʽʩʪʶ [227]. 

ʆʩʢʽʣʴʢʠ, ʧʦʨʫʰʝʥʥʷ ʚ ʭʦʜʽ ʚʝʜʝʥʥʷ ʧʣʘʚʢʠ ʫʤʦʚ (3.1) ʘʙʦ (3.4) ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʜʦʜʘʪʢʦʚʠʭ ʚʠʪʨʘʪ ʯʘʩʫ ʡ ʤʘʪʝʨʽʘʣʽʚ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʚʝʩʪʠ ʜʦʜʘʪʢʦʚʽ 

ʢʨʠʪʝʨʽʾ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʢʦʥʘʥʥʶ ʫʤʦʚ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ (ὐ) ʪʘ 

ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʙʘʣʘʥʩʫ (ὐ). 

ʆʩʢʽʣʴʢʠ ʧʦʨʫʰʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʪʘ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʙʘʣʘʥʩʫ ʚ ʧʽʜʩʫʤʢʫ 

ʤʘʶʪʴ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʩʦʙʽʚʘʨʪʽʩʪʴ ʧʨʦʜʫʢʮʽʾ, ʧʨʦʧʦʥʫʻʪʴʩʷ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ 

ʰʠʭʪʫʚʘʥʥʷ ʧʣʘʚʢʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʚʝʜʝʥʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʢʨʠʪʝʨʽʡ ʤʽʥʽʤʫʤʫ 

ʩʦʙʽʚʘʨʪʦʩʪʽ. ɺʽʥ ʤʘʻ ʧʦʣʷʛʘʪʠ ʫ ʦʜʥʦʯʘʩʥʦʤʫ ʜʦʩʷʛʥʝʥʥʽ ʝʢʩʪʨʝʤʫʤʽʚ ʮʽʣʴʦʚʠʭ 

ʬʫʥʢʮʽʡ (3.1), (3.4) ʪʘ (3.5), ʪʦʙʪʦ ʫ ʦʜʥʦʯʘʩʥʦʤʫ ʜʦʩʷʛʥʝʥʽ ʤʽʥʽʤʫʤʫ ʩʦʙʽʚʘʨʪʦʩʪʽ 

ʤʘʪʝʨʽʘʣʽʚ, ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ ʪʘ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʙʘʣʘʥʩʫ. ɺʠʢʣʘʜʝʥʝ ʤʦʞʥʘ 

ʟʘʧʠʩʘʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

ὐ ὐ᷊ὐ᷊ὐᴼάὭὲȢ (3.6) 

ɿʤʽʥʥʠʤʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʭʦʜʽ ʦʧʪʠʤʽʟʘʮʽʾ, ʻ ʤʘʩʘ ʪʠʭ ʯʠ ʽʥʰʠʭ 

ʨʝʯʦʚʠʥ, ʷʢʽ ʦʧʝʨʘʪʦʨ ʢʦʥʚʝʨʪʝʨʘ ʤʦʞʝ ʚʠʢʦʨʠʩʪʘʪʠ ʚ ʧʣʘʚʮʽ. ʂʦʝʬʽʮʽʻʥʪʘʤʠ ï 

ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ, ʪʘ ʚʘʨʪʦʩʪʽ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ (3.6). 

ʊʠʧʦʚʠʡ ʜʘʪʘʩʝʪ ʧʦʯʘʪʢʦʚʠʭ ʜʘʥʠʭ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ 

ʰʠʭʪʠ ʥʘʚʝʜʝʥʠʡ ʥʘ ʨʠʩ. 3.1, ʜʝ ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʚʽʜʦʙʨʘʞʝʥʽ ʧʦʢʘʟʥʠʢʠ 

ʤʝʪʘʣʝʚʠʭ ʩʢʣʘʜʦʚʠʭ, ʘ ʫ ʥʠʞʥʽʡ ï ʦʭʦʣʦʜʞʫʶʯʠʭ ʪʘ ʰʣʘʢʦʫʪʚʦʨʶʶʯʠʭ 

ʤʘʪʝʨʽʘʣʽʚ.  

ʉʣʽʜ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ, ʱʦ ʜʘʣʝʢʦ ʥʝ ʟʘʚʞʜʠ ʪʦʡ ʯʠ ʽʥʰʠʡ ʤʘʪʝʨʽʘʣ ʧʨʠʩʫʪʥʽʡ 

ʥʘ ʩʢʣʘʜʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʫ ʜʦʚʽʣʴʥʽʡ ʢʽʣʴʢʦʩʪʽ, ʪʦʤʫ ʽʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ, ʱʦ 

ʧʨʦʧʦʥʫʻʪʴʩʷ, ʤʘʻ ʧʨʠ ʨʦʟʚôʷʟʘʥʥʽ ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ ʰʠʭʪʠ ʚʨʘʭʦʚʫʚʘʪʠ 

ʚʟʘʻʤʦʟʘʤʽʥʥʽʩʪʴ ʤʘʪʝʨʽʘʣʽʚ. 
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ʈʠʩ. 3.1. ʇʨʠʢʣʘʜ ʚʭʽʜʥʦʛʦ ʜʘʪʘʩʝʪʫ ʜʣʷ ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ ʰʠʭʪʠ 

 

ʆʙʤʝʞʝʥʥʷʤʠ ʫ ʜʘʥʽʡ ʦʧʪʠʤʽʟʘʮʽʡʥʽʡ ʟʘʜʘʯʽ ʻ ʨʽʚʥʷʥʥʷ ʬʽʟʠʢʦïʭʽʤʽʯʥʠʭ 

ʧʝʨʝʪʚʦʨʝʥʴ, ʟʦʢʨʝʤʘ, ʚʠʨʘʟʠ ʜʣʷ ʩʢʣʘʜʦʚʠʭ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ ʟʘ (3.2) ʽ (3.3), ʱʦ 

ʤʘʶʪʴ ʩʫʪʪʻʚʦ ʥʝʣʽʥʽʡʥʠʡ ʭʘʨʘʢʪʝʨ [96]. ʂʨʽʤ ʪʦʛʦ, ʜʝʷʢʽ ʟ ʦʙʤʝʞʝʥʴ ʤʘʶʪʴ 

ʥʝʯʽʪʢʠʡ ʭʘʨʘʢʪʝʨ, ʷʢ, ʥʘʧʨʠʢʣʘʜ, ʚʞʝ ʟʛʘʜʘʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʠʭʦʜʫ ʩʪʘʣʽ ʟ 

ʢʦʥʚʝʨʪʝʨʘ, ʷʢʘ ʤʘʻ ʟʥʘʭʦʜʠʪʠʩʴ ʚ ʤʝʞʘʭ ʚʽʜ 1600 ʜʦ 1650Üʉ.  

ʇʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʦʧʪʠʤʽʟʘʮʽʾ ʤʘʪʝʨʽʘʣʴʥʦïʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ 

ʢʦʥʚʝʨʪʝʨʥʦʾ ʧʣʘʚʢʠ ʟʘ ʟʚʝʜʝʥʠʤ ʝʢʦʥʦʤʽʯʥʠʤ ʢʨʠʪʝʨʽʻʤ (3.6) ʤʘʻ ʦʟʥʘʢʠ 

ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʾ ʟʘʜʘʯʽ ʟ ʥʝʯʽʪʢʠʤʠ ʦʙʤʝʞʝʥʥʷʤʠ [68]. ɿʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ 

ʢʝʨʦʚʘʥʠʭ ʟʤʽʥʥʠʭ ï 11; ʢʽʣʴʢʽʩʪʴ ʣʽʥʽʡʥʠʭ ʽ ʥʝʣʽʥʽʡʥʠʭ ʦʙʤʝʞʝʥʴ ï 47, ʩʝʨʝʜ 

ʷʢʠʭ 22 ï ʜʚʦʩʪʦʨʦʥʥʽ.  

ʇʨʠʢʣʘʜʦʤ ʦʩʪʘʥʥʴʦʛʦ ʤʦʞʝ ʙʫʪʠ ʦʙʤʝʞʝʥʥʷ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʠ ʛʦʪʦʚʦʾ 

ʩʪʘʣʽ, ʷʢʘ ʥʘ ʤʦʤʝʥʪ ʟʘʚʝʨʰʝʥʥʷ ʧʣʘʚʢʠ ʤʘʻ ʙʫʪʠ ʚ ʤʝʞʘʭ (ʛʨʘʜʫʩʠ ʎʝʣʴʩʽʷ) 

ρφππὸʩʪ ρφυπ. (3.7) 

ʊʘʢʦʞ ʜʦ ʜʚʦʙʽʯʥʠʭ ʦʙʤʝʞʝʥʴ ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʤʦʞʣʠʚʽ ʤʝʞʽ ʤʘʩʠ ʤʝʪʘʣʝʚʦʛʦ 

ʩʢʨʘʧʫ, ʱʦ ʟʘʚʘʥʪʘʞʫʻʪʴʩʷ ʚ ʢʦʥʚʝʨʪʝʨ (ʫ ʪʦʥʘʭ). ʅʘʧʨʠʢʣʘʜ, ʜʣʷ 60-ʪʦʥʥʦʛʦ 

ʢʦʥʚʝʨʪʝʨʘ ʇɸʊ çɼʄɿè ʮʝ ʦʙʤʝʞʝʥʥʷ ʧʨʠʡʤʘʻ ʚʠʛʣʷʜ 

ʅʘʷʚʥʽʩʪʴ, ʪC Si Mn S P t

ʏʘʚʫʥ ʨʽʜʢʠʡ 2200 4.2 1.3 0.8 0.038 0.07 1290

ʏʘʚʫʥ ʚ ʯʫʰʢʘʭ 450 4.3 0.8 0.7 0.035 0.05

ɹʨʫʭʪ ʯʘʚʫʥʫ 42 4.4 0.9 0.7 0.040 0.05

ɹʨʫʭʪ (10% ʂʨʝʤʥʽʶ)96 0.2 10 0.5 0.200 0.05

ɹʨʫʭʪ ʩʪʘʣʝʚʠʡ 110 0.2 0.1 0.5 0.040 0.025

ʐʠʭʪʘ ʟʘʛʘʣʦʤ 4.047 0.763 0.735 0.049 0.051

C Mn S P t

0.18 0.15 0.03 0.009 1630

ʄʘʪʝʨʽʘʣʠ SiO2 CaO FeO Fe2O3 MgO Fe ʦʙʱ

ɿʘʣʽʟʦʚʤʽʩʥʽ ʙʨʠʢʝʪʠ7 7 33 46.2 1 58

ʈʫʜʘ ʤʝʪʘʣʝʚʘ

ʆʢʘʪʠʰʽ 9.5 0.6 1.4 87 0.8 62.5

ɺʘʧʥʦ 2 87 - - 1 -

ɺʘʧʥʷʢ 1.5 49 - - 5 -

ɹʨʠʢʝʪʠ MgO 75

ʉʢʨʘʧ ʯʘʚʫʥʥʠʡ 20 20 61

ʉʢʨʘʧ ʩʪʘʣʝʚʠʡ 15 20 65

ʄʝʪʘʣʽʟʦʚʘʥʠʡ ʰʣʘʢ20 20 1 85 60

ʇʣʘʚʠʢʦʚʠʡ ʰʧʘʪ 7 8

ɼʦʣʦʤʽʪ 12 35 19

ɻʦʪʦʚʘ ʩʪʘʣʴ
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υȟω ʄʩʢʨρτȟχυ. (3.8) 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʪʘʢʦʾ ʟʘʜʘʯʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʝʚʦʣʶʮʽʡʥʠʡ 

ʦʧʪʠʤʽʟʘʮʽʡʥʠʡ ʘʣʛʦʨʠʪʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʤʫʥʽʢʘʪʠʚʥʠʭ ʘʛʝʥʪʽʚ. ɺ ʦʧʠʩʘʥʽʡ 

ʧʦʩʪʘʥʦʚʮʽ ʥʘʚʝʜʝʥʘ ʟʘʜʘʯʘ ʚʠʨʽʰʫʚʘʣʘʩʷ ʫ ʜʽʡʩʥʦʤʫ ʧʨʦʩʪʦʨʽ ï ʦʧʝʨʘʪʦʨʫ 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʝʢʪʦʨ ʜʽʡʩʥʠʭ ʯʠʩʝʣ ʷʢ ʢʽʣʴʢʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʤʘʶʪʴ ʙʫʪʠ 

ʟʘʚʘʥʪʘʞʝʥʽ ʜʦ ʢʦʥʚʝʨʪʝʨʘ ʟʘ ʯʘʩ ʧʣʘʚʢʠ. ɺ ʨʝʘʣʴʥʽʡ ʩʠʪʫʘʮʽʾ ʮʝ ʩʧʨʘʚʝʜʣʠʚʦ ʧʦ 

ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʨʽʜʢʦʛʦ ʯʘʚʫʥʫ, ʚʘʧʥʘ ʪʘ ʜʝʷʢʠʭ ʽʥʰʠʭ ʩʠʧʫʯʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ɺʦʜʥʦʯʘʩ ʤʝʪʘʣʝʚʠʡ ʩʢʨʘʧ ʥʘʙʠʨʘʻʪʴʩʷ ʚ ʢʦʚʰʽ ʜʠʩʢʨʝʪʥʠʤʠ ʧʦʨʮʽʷʤʠ, ʘ 

ʟʘʣʽʟʦʚʤʽʩʥʽ ʪʘ ʤʘʨʛʘʥʮʝʚʽ ʙʨʠʢʝʪʠ ʤʘʶʪʴ ʧʝʚʥʫ ʜʠʩʢʨʝʪʥʫ ʚʘʛʫ. ʆʪʞʝ 

ʧʝʨʩʧʝʢʪʠʚʦʶ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʝʨʝʭʽʜ ʚʽʜ ʙʝʟʧʝʨʝʨʚʥʦʾ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʽ 

ʜʦ ʜʠʩʢʨʝʪʥʦʾ. 

ɺ ʧʦʜʘʣʴʰʦʤʫ ʨʦʟʛʣʷʥʫʪʫ ʟʘʜʘʯʫ ʪʘ ʘʣʛʦʨʠʪʤ ʾʾ ʨʽʰʝʥʥʷ ʧʣʘʥʫʻʪʴʩʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ ʩʢʣʘʜʦʚʫ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʘʥʘʣʽʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʧʽʜʧʨʠʻʤʩʪʚʘ, 

ʷʢʘ ʙʫʜʝ ʟʤʽʥʶʚʘʪʠ ʚʠʨʦʙʥʠʯʝ ʟʘʚʜʘʥʥʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʥʘʷʚʥʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʪʘ 

ʟʤʽʥʠ ʾʭ ʨʠʥʢʦʚʦʾ ʚʘʨʪʦʩʪʽ.  

ʇʨʘʢʪʠʯʥʘ ʮʽʥʥʽʩʪʴ ʨʦʟʚôʷʟʘʥʥʷ ʪʘʢʦʾ ʟʘʜʘʯʽ ʧʦʣʷʛʘʻ ʫ ʧʽʜʪʨʠʤʮʽ 

ʩʦʙʽʚʘʨʪʦʩʪʽ ʩʪʘʣʽ ʥʘ ʤʽʥʽʤʘʣʴʥʦʤʫ ʨʽʚʥʽ ʧʨʠ ʢʦʣʠʚʘʥʥʷʭ ʮʽʥ ʥʘ ʤʘʪʝʨʽʘʣʠ, 

ʟʥʘʯʥʽʡ ʟʤʽʥʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʯʘʚʫʥʫ ʘʙʦ ʞ ʧʨʠ ʟʘʤʽʥʽ ʦʜʥʠʭ ʦʭʦʣʦʜʞʫʚʘʯʽʚ 

ʽʥʰʠʤʠ. 

 

 

3.2 ɺʽʜʥʦʚʣʝʥʥʷ ʬʫʥʢʮʽʡ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʨʦʟʢʠʩʣʝʥʥʷ ʩʪʘʣʽ ʪʘ 

ʩʝʨʪʠʬʽʢʘʮʽʾ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ 

 

ʋ ʤʝʪʘʣʫʨʛʽʡʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʽʩʥʫʻ ʘʢʪʫʘʣʴʥʘ ʟʘʜʘʯʘ ʚʽʜʥʦʚʣʝʥʥʷ 

ʟʘʣʝʞʥʦʩʪʝʡ ʢʝʨʫʶʯʠʭ ʬʫʥʢʮʽʡ ʨʦʟʢʠʩʣʝʥʥʷ ʪʘ ʩʪʘʥʫ ʦʙôʻʢʪʘ ʫʧʨʘʚʣʽʥʥʷ 

(ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ) ʚʽʜ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʨʦʟʧʝʯʝʥʦʾ ʩʪʘʣʽ 

ʚ ʢʠʩʥʝʚʦʤʫ ʢʦʥʚʝʨʪʝʨʽ. ʇʨʠ ʮʴʦʤʫ ʥʘʙʽʨ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʰʫʢʘʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚʽʜʦʤʠʡ ʟʘʟʜʘʣʝʛʽʜʴ. 
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ɺ ʨʦʟʜʽʣʽ 1 ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʢʣʶʯʦʚʽ ʧʨʦʙʣʝʤʠ ʪʘ ʥʝʜʦʣʽʢʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ 

ʚʽʜʥʦʚʣʝʥʥʷ ʟʛʘʜʘʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʷʢ ʥʝʣʽʥʽʡʥʠʭ ʨʝʛʨʝʩʽʡʥʠʭ ʤʦʜʝʣʝʡ, ʪʘʢ ʽ 

ʪʨʘʜʠʮʽʡʥʠʭ ʤʦʜʝʣʝʡ ʙʘʛʘʪʦʨʷʜʥʦʛʦ ʄɻɺɸ. ʆʜʥʽʻʶ ʟ ʛʦʣʦʚʥʠʭ ʧʨʠʯʠʥ 

ʩʢʣʘʜʥʦʩʪʽ ʧʦʙʫʜʦʚʠ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʻ ʚʠʩʦʢʽ ʩʪʫʧʝʥʽ ʩʢʣʘʜʦʚʠʭ 

ʧʦʣʽʥʦʤʽʚ, ʱʦ ʦʧʠʩʫʶʪʴ ʦʢʨʝʤʽ ʟʘʣʝʞʥʦʩʪʽ. 

ʇʨʠ ʮʴʦʤʫ ʷʢ ʟʘʟʥʘʯʝʥʦ ʚ [149], ʨʽʜʢʦ ʚ ʷʢʠʭ ʪʝʭʥʽʯʥʠʭ ʯʠ ʧʨʠʨʦʜʥʠʭ 

ʩʠʩʪʝʤʘʭ ʧʘʨʘ ʧʘʨʘʤʝʪʨʽʚ ʤʘʶʪʴ ʤʽʞ ʩʦʙʦʶ ʟʘʣʝʞʥʽʩʪʴ, ʩʢʣʘʜʥʽʰʫ ʟʘ ʜʨʫʛʠʡ 

ʧʦʨʷʜʦʢ. ʉʘʤʝ ʮʝ ʦʙʫʤʦʚʠʣʦ ʧʨʦʧʦʟʠʮʽʶ [147] ʦʙʤʝʞʠʪʠ ʩʪʫʧʝʥʽ ʧʦʣʽʥʦʤʽʚ, ʱʦ 

ʚʭʦʜʷʪʴ ʜʦ ʚʠʨʘʟʽʚ (1.2) ʪʘ (1.4) ʫʤʦʚʦʶ 

ВὛ ά, (3.9) 

ʜʝ ά ï ʟʘʟʜʘʣʝʛʽʜʴ ʚʠʟʥʘʯʝʥʘ ʤʘʢʩʠʤʘʣʴʥʘ ʩʪʝʧʽʥʴ ʧʦʣʽʥʦʤʫ ʤʦʜʝʣʽ.  

ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʥʝʨʽʚʥʽʩʪʴ (3.9) ʦʙʤʝʞʫʻ ʥʝ ʪʽʣʴʢʠ ʤʘʢʩʠʤʘʣʴʥʠʡ 

ʨʽʚʝʥʴ ʟʤʽʥʥʦʾ ὼ ʚ ʩʢʣʘʜʦʚʽʡ Ὥ, ʘ ʩʪʝʧʽʥʴ ʫʩʽʭ ʧʘʨʘʤʝʪʨʽʚ ʫ ʩʢʣʘʜʦʚʽʡ. ʊʦʙʪʦ, ʜʣʷ 

Ὧ 4 ʟʤʽʥʥʠʭ ʽ ά σ ʤʦʞʣʠʚʽ ʚʠʨʘʟʠ ὥὼ, ὥὼὼ, ὥὼὼ, ὥὼ ʪʘ ὥὼὼὼ, ʘʙʦ 

ʞ ʚʭʦʜʞʝʥʥʷ ʪʠʭ ʩʘʤʠʭ ʟʤʽʥʥʠʭ ʫ ʥʠʞʯʠʭ ʩʪʝʧʝʥʷʭ. ʇʨʠ ʮʴʦʤʫ, ʥʘʧʨʠʢʣʘʜ, 

ʩʢʣʘʜʦʚʘ ὥὼὼὼὼ ʙʫʜʝ ʟʘʙʦʨʦʥʝʥʘ ʧʦ (3.9) ï ʭʦʯʘ ʢʦʞʥʘ ʟʤʽʥʥʘ ʚʭʦʜʠʪʴ ʜʦ 

ʚʠʨʘʟʫ ʚ ʧʝʨʰʦʤʫ ʩʪʝʧʝʥʽ, ʧʨʦʪʝ ʩʫʤʘ ʩʪʫʧʝʥʽʚ ʫʩʽʭ ʟʤʽʥʥʠʭ ʙʽʣʴʰʘ ʟʘ ά σ. 

ʇʦʜʽʙʥʝ ʦʙʤʝʞʝʥʥʷ ʜʦʟʚʦʣʠʣʦ ʘʚʪʦʨʘʤ [147] ʟʘʩʪʦʩʫʚʘʪʠ ʜʦ ʨʦʟʚôʷʟʘʥʥʷ 

ʟʘʜʘʯʽ ʨʦʟʨʘʭʫʥʢʫ ʥʝʚʽʜʦʤʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʠʨʘʟʫ (1.4) ʝʚʦʣʶʮʽʡʥʠʡ ʛʝʥʝʪʠʯʥʠʡ 

ʘʣʛʦʨʠʪʤ, ʘʜʞʝ ʟʘʤʽʩʪʴ ʭʨʦʤʦʩʦʤ ʜʦʚʞʠʥʦʶ ά ρ ʤʘʪʠʤʝʤʦ ʣʠʰʝ  

ὓ
ά ὯȦ

άȦὲȦ
 (3.10) 

ʤʦʞʣʠʚʠʭ ʩʢʣʘʜʦʚʠʭ. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʟʘʣʝʞʥʦʩʪʽ ʛʨʘʥʠʮʽ ʤʽʮʥʦʩʪʽ ʩʪʘʣʽ ʚʽʜ 

ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʪʘ ʪʦʚʱʠʥʠ ʛʦʪʦʚʦʛʦ ʚʠʨʦʙʫ (Ὧ 9 ʟʤʽʥʥʠʭ), ʷʢʱʦ ʧʨʠʧʫʩʪʠʪʠ 

ʚʭʦʜʞʝʥʥʷ ʫ ʤʦʜʝʣʽ ʩʪʫʧʝʥʽʚ ʟʤʽʥʥʠʭ ʚʽʜ 0 ʜʦ 3 (ά τ), ʟʘʤʽʩʪʴ 262143 

ʤʦʞʣʠʚʠʭ ʩʢʣʘʜʦʚʠʭ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʣʠʰʝ 715.  

ɿʥʘʡʪʠ ʨʽʰʝʥʥʷ ʜʣʷ ʟʘʜʘʯʽ ʪʘʢʦʾ ʩʢʣʘʜʥʦʩʪʽ ʤʦʞʥʘ ʥʘʚʽʪʴ ʧʦʚʥʠʤ 

ʧʝʨʝʙʦʨʦʤ ʤʦʞʣʠʚʠʭ ʤʦʜʝʣʝʡ. ʆʜʥʘʢ, ʷʢ ʧʦʢʘʟʘʣʘ ʩʝʨʽʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʟ 

ʚʽʜʥʦʚʣʝʥʥʷ ʘʧʨʦʢʩʠʤʘʮʽʡʥʠʭ ʬʫʥʢʮʽʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʝʣʝʡ ʚʠʛʣʷʜʫ (1.2)ï
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(1.3) ʪʘ ʩʢʦʨʦʯʝʥʠʭ ʧʦʣʽʥʦʤʽʚ ʚʠʛʣʷʜʫ (1.4) ʪʘ (3.9), ʧʨʦʚʝʜʝʥʠʭ ʥʘ ʨʷʜʽ 

ʧʽʜʧʨʠʻʤʩʪʚ ɼʥʽʧʨʦʧʝʪʨʦʚʱʠʥʠ, ʚʽʜʥʦʚʣʝʥʥʷ ʬʫʥʢʮʽʡ ʨʦʟʢʠʩʣʝʥʥʷ ʪʘ 

ʨʝʟʫʣʴʪʫʶʯʠʭ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘ ʮʠʤʠ ʤʝʪʦʜʘʤʠ ʤʘʻ ʦʙʤʝʞʝʥʫ 

ʪʦʯʥʽʩʪʴ.  

ʆʮʽʥʢʘ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʘʨʥʦʾ ʢʦʨʝʣʷʮʽʾ ʤʽʞ ʦʢʨʝʤʠʤʠ ʚʭʽʜʥʠʤʠ ʘʨʛʫʤʝʥʪʘʤʠ 

(ʩʢʣʘʜʦʚʽ ʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ) ʪʘ ʟʤʽʥʥʦʶ, ʱʦ ʦʧʠʩʫʻ ʰʫʢʘʥʫ ʬʫʥʢʮʽʶ, ʤʘʡʞʝ ʚ 

ʧʦʣʦʚʠʥʽ ʚʠʧʘʜʢʽʚ ʤʘʣʘ ʚʽʜôʻʤʥʝ ʟʥʘʯʝʥʥʷ. ɯ ʭʦʯʘ ʢʦʝʬʽʮʽʻʥʪ ʧʘʨʥʦʾ ʢʦʨʝʣʷʮʽʾ 

ʩʚʽʜʯʠʪʴ ʣʠʰʝ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʪʘ ʤʽʨʫ ʣʽʥʽʡʥʦʛʦ ʟʚôʷʟʢʫ, ʧʦʜʽʙʥʽ ʨʝʟʫʣʴʪʘʪʠ, 

ʟʦʢʨʝʤʘ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣʠʮʽ 3.2, ʜʦʟʚʦʣʷʶʪʴ ʧʨʠʧʫʩʪʠʪʠ ʥʘʷʚʥʽʩʪʴ ʩʫʪʪʻʚʠʭ 

ʟʚʦʨʦʪʥʠʭ ʟʚôʷʟʢʽʚ ʤʽʞ ʧʨʝʜʠʢʪʦʨʘʤʠ ʪʘ ʚʠʭʽʜʥʠʤʠ ʟʤʽʥʥʠʤʠ. 

 

ʊʘʙʣʠʮʷ 3.2 ï ʂʦʝʬʽʮʽʻʥʪʠ ʧʘʨʥʦʾ ʢʦʨʝʣʷʮʽʾ ʤʽʞ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʩʦʨʪʦʚʦʛʦ ʧʨʦʢʘʪʫ ʪʘ ʧʦʢʘʟʥʠʢʘʤʠ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʩʪʘʣʽ 

ʇʦʢʘʟʥʠʢʠ ʭʽʤʽʯʥʦʛʦ 

ʩʢʣʘʜʫ, % 

ʄʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʨʪʦʚʦʛʦ ʧʨʦʢʘʪʫ 

ɻʨʘʥʠʮʷ 

ʪʝʢʫʯʦʩʪʽ, 

ʄʇʘ 

ɻʨʘʥʠʮʷ 

ʤʽʮʥʦʩʪʽ, 

ʄʇʘ 

ʋʜʘʨʥʘ ʚôʷʟʢʽʩʪʴ 

ʧʨʠ t = -20Áʉ, 

ɼʞ/ʤ2 

ʋʜʘʨʥʘ ʚôʷʟʢʽʩʪʴ 

ʧʽʩʣʷ ʤʝʭʘʥʽʯʥʦʛʦ 

ʩʪʘʨʽʥʥʷ, ɼʞ/ʤ2 

ɺʽʜʥʦʩʥʝ 

ʧʦʜʦʚʰʘʥʥʷ, 

% 

ɺʫʛʣʝʮʴ 0,084097 0,133192 ï0,08043 0,009997 ï0,14025 

ʄʘʨʛʘʥʝʮʴ ï0,11697 ï0,16656 ï0,05853 0,025829 0,113689 

ʂʨʝʤʥʽʡ 0,02797 ï0,16319 0,076881 0,159299 ï0,06278 

ʉʽʨʢʘ 0,129429 ï0,24827 ï0,08207 ï0,04637 ï0,12497 

ʌʦʩʬʦʨ 0,250497 ï0,18007 ï0,17694 ï0,09435 0,072617 

ʍʨʦʤ ï0,03198 ï0,04063 ï0,05504 ï0,10765 0,115402 

ʅʽʢʝʣʴ  0,119189 ï0,12141 ï0,15062 ï0,24716 ï0,01625 

ʄʽʜʴ 0,078779 ï0,1984 ï0,38222 ï0,45227 ï0,1956 

ʊʦʚʱʠʥʘ ʧʦʣʢʠ, ʤʤ ï0,03506 ï0,47014 ï0,09082 ï0,24628 ï0,39667 

 

ɺʚʝʜʝʥʥʷ ʚ ʤʦʜʝʣʽ (1.4) ʜʦʟʚʦʣʫ ʥʘ ʚʽʜôʻʤʥʽʩʪʴ ʩʪʝʧʝʥʽʚ Ὓ  ʜʦʟʚʦʣʷʻ ʥʝ 

ʪʽʣʴʢʠ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʬʽʟʠʯʥʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʤʦʜʝʣʝʡ ʩʫʪʥʦʩʪʽ ʧʨʦʮʝʩʽʚ, ʘ ʡ 

ʩʪʚʦʨʠʪʠ ʥʦʚʠʡ ʪʠʧ ʧʨʝʜʠʢʪʦʨʽʚ, ʘ ʩʘʤʝ ʨʽʟʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʟʘʤʽʩʪʴ (3.9) ʦʙʤʝʞʝʥʥʷ  

Ὓ ά (3.11) 

ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʚ ʷʢʦʩʪʽ ʩʢʣʘʜʦʚʠʭ ʨʝʟʫʣʴʪʫʶʯʦʛʦ ʧʦʣʽʥʦʤʫ ʙʘʟʦʚʽ ʬʫʥʢʮʽʾ 

ʚʠʛʣʷʜʫ, ʥʘʧʨʠʢʣʘʜ ὥ . ʗʢ ʧʦʢʘʟʫʶʪʴ ʜʦʩʣʽʜʞʝʥʥʷ [228], ʩʘʤʝ ʥʘ ʧʦʜʽʙʥʽ 
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ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʨʠʭʦʜʠʪʴʩʷ ʥʘʡʙʽʣʴʰʠʡ ʚʥʝʩʦʢ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʤʝʭʘʥʽʯʥʽ 

ʚʣʘʩʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ, ʷʢʫ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʟ ʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ. ʅʘʧʨʠʢʣʘʜ, 

ʧʣʘʩʪʠʯʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʥʘʙʘʛʘʪʦ ʢʨʘʱʝ ʢʦʨʝʣʶʻ ʽʟ ʚʽʜʥʦʰʝʥʥʷʤ ʚʤʽʩʪʫ ʬʦʩʬʦʨʫ 

ʜʦ ʩʽʨʢʠ ὼȾὼ ʥʽʞ ʟ ʢʦʞʥʠʤ ʟ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ ʦʢʨʝʤʦ. 

ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʧʦʣʽʥʦʤʠ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʜʣʷ ʬʫʥʢʮʽʡ ʘʧʨʦʢʩʠʤʘʮʽʾ 

ʧʨʠʡʥʷʪʥʠʡ ʨʽʚʝʥʴ ʢʨʠʪʝʨʽʶ ʨʝʛʫʣʷʨʥʦʩʪʽ, ʥʘʡʯʘʩʪʽʰʝ ʥʘʪʠʢʘʶʪʴʩʷ ʥʘ ʧʨʦʙʣʝʤʫ 

ʥʝʩʪʘʯʽ ʚʭʽʜʥʠʭ ʜʘʥʠʭ. ɿ ʦʜʥʦʛʦ ʙʦʢʫ, ʯʠʤ ʩʢʣʘʜʥʽʰʠʡ ʭʘʨʘʢʪʝʨ ʤʘʶʪʴ ʤʦʜʝʣʽ, 

ʪʠʤ ʤʝʥʰʘ ʾʭ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʘ ʧʦʭʠʙʢʘ ʘʧʨʦʢʩʠʤʘʮʽʾ. ɿ ʽʥʰʦʛʦ ï ʯʠʤ ʙʽʣʴʰʝ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʫ ʤʦʜʝʣʽ, ʦʪʨʠʤʘʥʽʡ ʟʘ ʦʙʤʝʞʝʥʦʶ ʢʽʣʴʢʽʩʪʶ ʧʨʠʢʣʘʜʽʚ ʜʘʥʠʭ, ʪʠʤ 

ʥʠʞʯʘ ʾʭ ʷʢʽʩʪʴ, ʛʽʨʰʘ ὸ ʩʪʘʪʠʩʪʠʢʘ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʘʜʝʢʚʘʪʥʽʩʪʶ ʫʩʽʻʾ 

ʘʧʨʦʢʩʠʤʘʮʽʡʥʦʾ ʤʦʜʝʣʽ. ʗʢ ʥʘʩʣʽʜʦʢ ï ʤʘʡʞʝ ʚʠʧʘʜʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʥʘ ʚʠʭʦʜʽ 

ʤʦʜʝʣʽ ʚ ʨʘʟʽ ʧʨʝʜôʷʚʣʝʥʥʷ ʥʘ ʚʭʽʜ ʥʦʚʠʭ ʜʘʥʠʭ, ʱʦ ʚʠʭʦʜʷʪʴ ʟʘ ʜʽʘʧʘʟʦʥʠ 

ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ. 

ɿ ʦʛʣʷʜʫ ʥʘ ʮʝ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʚʝʩʪʠ ʰʪʨʘʬʥʫ ʬʫʥʢʮʽʶ ʥʘ ʨʦʟʤʽʨʥʽʩʪʴ 

ʘʧʨʦʢʩʠʤʘʮʽʡʥʦʛʦ ʧʦʣʽʥʦʤʫ. ɿʦʢʨʝʤʘ, ʫ ʪʨʘʜʠʮʽʡʥʠʡ [153] ʢʨʠʪʝʨʽʡ ʨʝʛʫʣʷʨʥʦʩʪʽ 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʜʦʜʘʪʠ ʩʢʣʘʜʦʚʫ ʰʪʨʘʬʫ ʫ ʚʠʛʣʷʜʽ ʪʠʩʢʫ ʨʦʟʤʽʨʥʦʩʪʽ 

ὐὃȟὓ ὣ ώ ‌ὓO άὭὲ (3.12) 

ʜʝ ὃ ï ʚʝʢʪʦʨ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʨʠ ʩʢʣʘʜʦʚʠʭ ʧʦʣʽʥʦʤʫ ὥ; ὓ ï ʢʽʣʴʢʽʩʪʴ ʥʝʥʫʣʴʦʚʠʭ 

ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʽʚ; ώ ï ʟʥʘʯʝʥʥʷ ʚʠʭʽʜʥʦʾ ʟʤʽʥʥʦʾ ʚ ʧʨʠʢʣʘʜʽ ὸ ρȢȢὔ; ὣ ï 

ʟʥʘʯʝʥʥʷ ʘʧʨʦʢʩʠʤʘʮʽʡʥʦʾ ʬʫʥʢʮʽʾ ʚ ʪʦʤʫ ʞ ʧʨʠʢʣʘʜʽ; ‌ ï ʧʘʨʘʤʝʪʨ ʪʠʩʢʫ 

ʨʦʟʤʽʨʥʦʩʪʽ, π ‌ ρ. 

ɿʥʘʯʝʥʥʷ, ʱʦ ʤʦʞʝ ʧʨʠʡʤʘʪʠ ʧʘʨʘʤʝʪʨ ʪʠʩʢʫ ʨʦʟʤʽʨʥʦʩʪʽ ʪʘ ʡʦʛʦ ʚʧʣʠʚ ʥʘ 

ʨʝʟʫʣʴʪʘʪʠ ʘʧʨʦʢʩʠʤʘʮʽʾ ï ʤʘʪʝʨʽʘʣ ʦʢʨʝʤʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʟʘʧʦʯʘʪʢʦʚʘʥʦʛʦ ʚ 

[228, 229]. ʈʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʡʦʛʦ ʚʠʙʦʨʫ ʙʫʜʫʪʴ ʜʘʥʽ ʚ ʦʩʪʘʥʥʴʦʤʫ ʨʦʟʜʽʣʽ 

ʜʘʥʦʾ ʨʦʙʦʪʠ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʰʪʨʘʬ ʟʘ ʨʦʟʤʽʨʥʽʩʪʴ ʬʫʥʢʮʽʾ ʪʘʢʦʞ ʤʘʻ ʦʙôʻʢʪʠʚʥʝ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʟ ʪʦʯʢʠ ʟʦʨʫ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. ʈʽʯ ʫ ʪʦʤʫ, ʱʦ ʩʠʩʪʝʤʘ 

ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʷʢʦʶ ʢʦʨʠʩʪʫʻʪʴʩʷ ʦʧʝʨʘʪʦʨ ʢʦʥʚʝʨʪʝʨʥʦʛʦ 
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ʚʠʨʦʙʥʠʮʪʚʘ [230], ʧʦʚʠʥʥʘ ʤʘʪʠ ʷʢʦʤʦʛʘ ʧʨʦʩʪʽʰʫ ʦʨʛʘʥʽʟʘʮʽʶ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʤôʷʪʽ ʪʘ ʰʚʠʜʢʦʜʽʾ. ɹʽʣʴʰʽʩʪʴ ʨʦʙʦʯʠʭ ʤʽʩʮʴ ʥʝ ʦʙʣʘʜʥʘʥʽ ɽʆʄ, 

ʪʦʞ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʫʥʢʮʽʾ ʘʧʨʦʢʩʠʤʘʮʽʾ ʢʣʘʜʝʪʴʩʷ ʘʙʦ ʥʘ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ ʟ 

ʦʙʤʝʞʝʥʠʤ ʦʙʩʷʛʦʤ ʧʘʤôʷʪʽ, ʘʙʦ ʞ ʥʘ ʚʽʜʜʘʣʝʥʠʡ ʢʦʤʧôʶʪʝʨ, ʟʚôʷʟʦʢ ʟ ʷʢʠʤ 

ʚʠʢʦʥʫʻʪʴʩʷ ʢʘʥʘʣʦʤ ʥʠʟʴʢʦʾ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ. ɼʝʩʷʪʢʠ (ʽʥʦʜʽ ʩʦʪʥʽ) 

ʢʦʝʬʽʮʽʻʥʪʽʚ, ʷʢʽ ʧʦʨʦʜʞʫʶʪʴʩʷ ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ 

ʤʦʜʝʣʝʡ, ʧʨʘʢʪʠʯʥʦ ʫʥʝʤʦʞʣʠʚʣʶʶʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʬʫʥʢʮʽʡ ʥʘ ʧʨʘʢʪʠʮʽ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʦ ʧʦʙʫʜʦʚʠ ʘʧʨʦʢʩʠʤʘʮʽʡʥʠʭ ʬʫʥʢʮʽʡ ʙʫʚ 

ʟʘʩʪʦʩʦʚʘʥʠʡ ʜʦ ʩʠʥʪʝʟʫ ʽ ʦʧʪʠʤʽʟʘʮʽʾ ʜʚʦʭ ʤʦʜʝʣʝʡ ʫ ʩʢʣʘʜʽ ʟʘʛʘʣʴʥʦʾ 

ʽʥʪʝʛʨʦʚʘʥʦʾ ʉʇʇʈ ʢʝʨʫʚʘʥʥʷ ʤʝʪʘʣʫʨʛʽʡʥʠʤ ʚʠʨʦʙʥʠʮʪʚʦʤ, ʘ ʩʘʤʝ ʜʣʷ 

ʚʽʜʥʦʚʣʝʥʥʷ ʟʘʣʝʞʥʦʩʪʝʡ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʚʽʜ 

ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʩʪʘʣʽ ʜʦ ʨʦʟʢʠʩʣʝʥʥʷ ʪʘ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʦʪʨʝʙʠ ʫ ʬʝʨʦʩʧʣʘʚʘʭ 

ʚ ʧʨʦʮʝʩʽ ʨʦʟʢʠʩʣʝʥʥʷ ʚʫʛʣʝʮʝʚʦʾ ʩʪʘʣʽ ʧʨʠ ʾʾ ʢʦʥʚʝʨʪʝʨʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ. 

ɺ ʷʢʦʩʪʽ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʘʣʛʦʨʠʪʤʽʚ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ (3.12) ʟ ʦʙʤʝʞʝʥʥʷʤ 

(3.11) ʙʫʣʠ ʟʘʩʪʦʩʦʚʘʥʽ ʨʷʜ ʝʚʨʠʩʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʦʜʥʦʘʛʝʥʪʥʦʛʦ ʪʘ 

ʙʘʛʘʪʦʘʛʝʥʪʥʦʛʦ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʠʭ ʨʽʰʝʥʴ. ʅʘʡʢʨʘʱʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʦʢʘʟʘʚ 

ʛʽʙʨʠʜʥʠʡ ʘʣʛʦʨʠʪʤ ʥʘ ʦʩʥʦʚʽ ʤʦʜʝʣʶʚʘʥʥʷ ʰʪʫʯʥʦʾ ʽʤʫʥʥʦʾ ʩʠʩʪʝʤʠ, ʜʦʢʣʘʜʥʦ 

ʦʧʠʩʘʥʠʡ ʫ ʥʘʩʪʫʧʥʠʭ ʨʦʟʜʽʣʘʭ. 

 

 

3.3 ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʩʪʽʡʢʦʩʪʽ ʬʫʪʝʨʦʚʢʠ ʢʦʥʚʝʨʪʝʨʘ 

 

ɺʠʭʦʜʷʯʠ ʟ ʧʦʩʪʘʥʦʚʢʠ, ʚʠʢʣʘʜʝʥʦʾ ʫ ʜʨʫʛʦʤʫ ʨʦʟʜʽʣʽ, ʚʠʨʽʰʫʚʘʣʘʩʴ ʟʘʜʘʯʘ 

ʧʦʙʫʜʦʚʠ ʧʨʦʛʥʦʟʥʦʾ ʤʦʜʝʣʽ, ʷʢʘ ʙ ʟʘ ʪʝʭʥʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʬʫʪʝʨʦʚʢʠ 

ʪʘ ʩʪʘʪʠʩʪʠʯʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʚʝʜʝʥʥʷ ʧʣʘʚʢʠ ʦʧʝʨʘʪʦʨʘʤʠ ʜʘʚʘʣʘ ʧʨʦʛʥʦʟ 

ʱʦʜʦ ʟʘʣʠʰʢʫ ʪʝʨʤʽʥʫ ʨʦʙʦʪʠ ʧʦʪʦʯʥʦʾ ʬʫʪʝʨʦʚʢʠ. ʈʦʟʚôʷʟʘʥʥʷ ʪʘʢʦʾ ʟʘʜʘʯʽ 

ʧʦʪʨʝʙʫʻ, ʧʦ-ʧʝʨʰʝ, ʚʠʙʽʨ ʪʘʢʦʛʦ ʥʘʙʦʨʫ ʧʨʝʜʠʢʪʦʨʽʚ, ʷʢʠʡ ʙʫʚ ʙʠ ʤʽʥʽʤʘʣʴʥʠʤ, 

ʘʣʝ ʜʦʩʪʘʪʥʽʤ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ; ʧʦ-ʜʨʫʛʝ, ʧʦʙʫʜʦʚʠ ʚʽʜʥʦʩʥʦ ʧʨʦʩʪʦʾ ʽ ʬʽʟʠʯʥʦ 

ʦʙˇʨʫʥʪʦʚʘʥʦʾ ʤʦʜʝʣʽ. ʆʩʪʘʥʥʷ ʤʘʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʚ ʷʢʦʩʪʽ ʩʢʣʘʜʦʚʦʾ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʉʇʇʈ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʦʢʘʪʫ, ʩʧʦʚʽʱʘʶʯʠ 
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ʦʧʝʨʘʪʦʨʘ ʢʦʥʚʝʨʪʝʨʥʦʛʦ ʮʝʭʫ ʧʨʦ ʨʝʩʫʨʩ ʧʦʪʦʯʥʦʾ ʬʫʪʝʨʦʚʢʠ, ʘ ʪʘʢʦʞ ʥʘʜʘʶʯʠ 

ʧʦʨʘʜʠ ʱʦʜʦ ʤʝʪʦʜʽʚ ʚʝʜʝʥʥʷ ʧʣʘʚʢʠ, ʷʢʽ ʙ ʟʙʽʣʴʰʠʣʠ ʨʝʩʫʨʩ ʬʫʪʝʨʦʚʢʠ. 

ɿʘʜʘʯʘ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʧʨʦʮʝʩʫ ʚʠʛʦʨʷʥʥʷ ʬʫʪʝʨʦʚʢʠ ʚʽʜ 

ʪʝʭʥʽʯʥʠʭ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ ʪʘ ʟʘʣʝʞʥʦʩʪʝʡ, ʱʦ ʾʭ ʦʧʠʩʫʶʪʴ, 

ʬʦʨʤʘʣʴʥʦ ʧʦʣʷʛʘʻ ʫ ʧʦʙʫʜʦʚʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʯʠ ʤʘʪʝʤʘʪʠʯʥʦ-ʣʦʛʽʯʥʦʾ ʤʦʜʝʣʽ  

ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʧʦʩʪʝʨʝʞʝʥʴ, ʪʘʢʦʾ, ʱʦ ʟʘʙʝʟʧʝʯʫʚʘʣʘ ʙ ʤʘʢʩʠʤʘʣʴʥʦ ʪʦʯʥʝ 

ʚʽʜʦʙʨʘʞʝʥʥʷ 

ὓᶻȡὢᴼὣ, (3.13) 

ʜʝ ὢ ὢȟὢȟȢȢȢȟὢ  - ʤʥʦʞʠʥʘ ʚʝʢʪʦʨʽʚ ʥʝʟʘʣʝʞʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ 

(ʬʘʢʪʦʨʽʚ) ὢ ὼȟὼȟȢȢȢȟὼ ; ὣ ὣȟὣȟȢȢȢȟὣ  - ʤʥʦʞʠʥʘ ʚʝʢʪʦʨʽʚ ʮʽʣʴʦʚʠʭ 

ʟʤʽʥʥʠʭ ; ὲ ï ʢʽʣʴʢʽʩʪʴ ʥʘʚʯʘʣʴʥʠʭ ʧʨʠʢʣʘʜʽʚ; Ὧ ï ʢʽʣʴʢʽʩʪʴ 

ʤʦʞʣʠʚʠʭ ʟʥʘʯʝʥʴ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ (ʧʨʠ ʥʘʚʯʘʥʥʽ ʥʘ ʧʨʠʢʣʘʜʘʭ, ʚʚʘʞʘʶʯʠ 

ʧʨʦʩʪʽʨ ʨʽʰʝʥʴ ʙʝʟʧʝʨʝʨʚʥʠʤ, ʩʣʽʜ ʚʚʘʞʘʪʠ Ὧ ὲ); ά - ʢʽʣʴʢʽʩʪʴ ʥʝʟʘʣʝʞʥʠʭ 

ʟʤʽʥʥʠʭ; ὰ ï ʢʽʣʴʢʽʩʪʴ ʟʤʽʥʥʠʭ ʫ ʚʝʢʪʦʨʽ, ʱʦ ʦʧʠʩʫʻ ʮʽʣʴʦʚʫ ʬʫʥʢʮʽʶ (ʩʧʨʦʱʝʥʦ 

ὰ ρ, ʘʜʞʝ ʥʘʩ ʮʽʢʘʚʠʪʴ ʥʘʩʘʤʧʝʨʝʜ ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ ʬʫʪʝʨʦʚʢʠ). 

ʇʦʜʽʙʥʘ ʤʦʜʝʣʴ ʜʦʟʚʦʣʠʪʴ ʦʮʽʥʠʪʠ ʨʝʩʫʨʩ ʬʫʪʝʨʦʚʢʠ, ʘ ʪʘʢʦʞ ï ʱʦ 

ʥʘʡʚʘʞʣʠʚʽʰʝ ï ʢʝʨʫʚʘʪʠ ʮʠʤ ʨʝʩʫʨʩʦʤ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʥʦʞʠʥʫ ʜʦʩʪʫʧʥʠʭ 

ʨʝʩʫʨʩʽʚ [231]. 

ɺʪʽʤ, ʷʢ ʙʫʣʦ ʩʢʘʟʘʥʦ, ʜʣʷ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʧʨʦʮʝʩʦʤ, ʱʦ ʪʨʠʚʘʻ 1500, ʘ 

ʙʘʞʘʥʦ ï 2500-3000 ʧʣʘʚʦʢ, ʥʝʦʙʭʽʜʥʦ ʬʽʢʩʫʚʘʪʠ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʜʘʥʠʭ, ʱʦ 

ʦʧʠʩʫʶʪʴ ʫʩʽ ʚʠʱʝʟʛʘʜʘʥʽ ʬʘʢʪʦʨʠ. ɿʛʽʜʥʦ ʽʟ ʟʘʛʘʣʴʥʦʶ ʢʦʥʮʝʧʮʽʻʶ ʧʦʙʫʜʦʚʠ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʢʝʨʫʚʘʥʥʷ ʤʝʪʘʣʫʨʛʽʡʥʠʤ ʧʽʜʧʨʠʻʤʩʪʚʦʤ [52], ʚʩʽ ʜʘʥʽ 

ʧʨʦ ʧʨʦʮʝʩʠ ʥʘ ʦʢʨʝʤʠʭ ʜʽʣʷʥʢʘʭ ʤʘʶʪʴ ʟʚʦʜʠʪʠʩʷ ʜʦ ʻʜʠʥʦʾ ʙʘʟʠ ʜʘʥʠʭ. ɼʣʷ 

ʙʘʛʘʪʦʚʠʤʽʨʥʦʛʦ ʘʥʘʣʽʟʫ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʫ ʦʙʩʷʛʫ 105 - 106 ʟʘʧʠʩʽʚ ʥʘ 

ʪʠʞʜʝʥʴ, ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʫʯʘʩʥʽ ʩʭʦʚʠʱʘ ʜʘʥʠʭ [157]. ʉʭʦʚʠʱʘ 

ʜʘʥʠʭ ʧʦʚʠʥʥʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʚʠʩʦʢʫ ʰʚʠʜʢʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ, ʤʦʞʣʠʚʽʩʪʴ 

ʦʪʨʠʤʘʥʥʷ ʽ ʧʦʨʽʚʥʷʥʥʷ ʪʘʢ ʟʚʘʥʠʭ ʟʨʽʟʽʚ ʜʘʥʠʭ, ʘ ʪʘʢʦʞ ʥʝʩʫʧʝʨʝʯʥʽʩʪʴ, ʧʦʚʥʦʪʫ 

ʽ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʜʘʥʠʭ. 

M
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ʂʣʶʯʦʚʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʧʦʙʫʜʦʚʠ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʭʦʚʠʱ ʜʘʥʠʭ ʻ OLAP 

[144]. ʎʷ ʪʝʭʥʦʣʦʛʽʷ ʟʘʩʥʦʚʘʥʘ ʥʘ ʧʦʙʫʜʦʚʽ ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ ʥʘʙʦʨʽʚ ʜʘʥʠʭ - 

OLAP-ʢʫʙʽʚ, ʦʩʽ ʷʢʦʛʦ ʤʽʩʪʷʪʴ ʧʘʨʘʤʝʪʨʠ, ʘ ʢʣʽʪʠʥʢʠ - ʟʘʣʝʞʥʽ ʚʽʜ ʥʠʭ ʘʛʨʝʛʘʪʥʽ 

ʜʘʥʽ. ʉʘʤʝ ʫʟʘʛʘʣʴʥʝʥʥʷ ʟʘ ʧʝʚʥʠʤʠ ʤʝʪʨʠʢʘʤʠ (ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ, ʤʘʢʩʠʤʫʤ, 

ʤʝʜʽʘʥʘ, ʤʦʜʘ, ʪʦʱʦ) ʚʠʟʥʘʯʘʻ ʷʢ ʤʘʡʙʫʪʥʽʡ ʚʠʛʣʷʜ ʧʨʦʛʥʦʩʪʠʯʥʦʾ ʤʦʜʝʣʽ, ʪʘʢ ʽ 

ʤʦʞʣʠʚʽ ʤʝʪʦʜʠ ʾʾ ʦʪʨʠʤʘʥʥʷ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʟʛʘʜʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʙʫʣʦ 

ʟʘʩʪʦʩʦʚʘʥʦ ʚ [232 ï 234]. ɼʚʦʝʪʘʧʥʠʡ ʧʽʜʭʽʜ ʥʘ ʦʩʥʦʚʽ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʽʟʫ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʛʦʣʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪ ʪʘ ʥʘʩʪʫʧʥʦʶ ʧʦʙʫʜʦʚʦʶ ʣʽʥʽʡʥʠʭ 

ʨʝʛʨʝʩʽʡʥʠʭ ʤʦʜʝʣʝʡ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʪʘʥʫ ʬʫʪʝʨʦʚʢʠ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʦʪʨʠʤʘʥʠʭ 

ʢʣʘʩʪʝʨʽʚ ʜʦʢʣʘʜʥʦ ʨʦʟʛʣʷʥʫʪʠʡ ʫ [235]. 

ʏʘʩʪʠʥʘ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʧʣʠʚʘʶʪʴ ʥʘ ʩʪʽʡʢʽʩʪʴ ʬʫʪʝʨʦʚʢʠ, ʤʘʶʪʴ 

ʢʘʪʝʛʦʨʽʡʥʠʡ ʭʘʨʘʢʪʝʨ ʽ ʥʝ ʤʦʞʫʪʴ ʚʢʣʶʯʘʪʠʩʷ ʜʦ ʨʝʛʨʝʩʽʡʥʠʭ ʤʦʜʝʣʝʡ, 

ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʜʽʡʩʥʠʭ ʟʤʽʥʥʠʭ, ʟʘʜʘʥʠʭ ʥʘ ʚʽʣʴʥʦ ʤʘʩʰʪʘʙʦʚʘʥʠʭ ʰʢʘʣʘʭ. ɹʘ 

ʙʽʣʴʰʝ ʜʣʷ ʪʘʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʥʦʤʝʨ ʢʦʥʚʝʨʪʝʨʘ, ʧʦʨʘ ʨʦʢʫ, ʚʠʨʦʙʥʠʢ ʪʘ ʽʥʰʽ) 

ʚʟʘʛʘʣʽ ʥʝʤʦʞʣʠʚʽʩʪʴ ʫʚʝʩʪʠ ʧʨʦʩʪʽʨ (ʤʝʪʨʠʢʫ), ʱʦ ʤʘʚ ʙʠ ʩʝʥʩ. ɺʧʣʠʚ 

ʢʘʪʝʛʦʨʽʡʥʠʭ ʦʟʥʘʢ ʥʘ ʩʪʽʡʢʽʩʪʴ ʬʫʪʝʨʦʚʢʠ ʽʣʶʩʪʨʫʶʪʴ ʨʠʩʫʥʢʠ 3.2 ʪʘ 3.3, ʥʘ 

ʷʢʠʭ ʧʦʢʘʟʘʥʽ ʟʚʝʜʝʥʽ ʜʽʘʛʨʘʤʠ ʧʝʨʝʨʽʟʽʚ OLAP-ʢʫʙʽʚ ʟʘ ʮʠʤʠ ʦʟʥʘʢʘʤʠ ʧʦʧʘʨʥʦ. 

 

 

ʈʠʩ. 3.2 ï ɿʘʣʝʞʥʽʩʪʴ ʩʝʨʝʜʥʴʦʛʦ ʯʘʩʫ ʨʦʙʦʪʠ ʬʫʪʝʨʦʚʢʠ ʚʽʜ ʚʠʨʦʙʥʠʢʘ ʪʘ 

ʥʦʤʝʨʫ ʢʦʥʚʝʨʪʝʨʘ 
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ɿʦʢʨʝʤʘ, ʷʢ ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʘ 3.2, ʚʠʨʦʙʥʠʢ ʬʫʪʝʨʦʚʢʠ ʻ ʦʜʥʠʤ ʟ ʢʣʶʯʦʚʠʭ 

ʬʘʢʪʦʨʽʚ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʾʾ ʜʦʚʛʦʚʽʯʥʽʩʪʴ. ʅʘ ʜʽʘʛʨʘʤʽ ʧʦʤʽʪʥʠʡ ʨʦʟʢʠʜ ʩʝʨʝʜʥʽʭ 

ʟʥʘʯʝʥʴ ʫ ʛʨʫʧʘʭ ʟʘ ʚʠʨʦʙʥʠʢʦʤ ʙʽʣʴʰʝ 1000 ʧʣʘʚʦʢ.  

ʉʫʪʪʻʚʽʩʪʴ ʚʧʣʠʚʫ ʚʠʨʦʙʥʠʢʘ ʥʘ ʩʪʽʡʢʽʩʪʴ ʬʫʪʝʨʦʚʢʠ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ 

ʢʨʠʪʝʨʽʷʤʠ ʌʽʰʝʨʘ ʪʘ ʂʨʘʩʢʝʣʘ-ʋʦʣʣʽʩʘ [146], ʷʢʠʡ ʥʘʜʘʻ ʥʘʤ ʧʽʜʩʪʘʚʠ 

ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʚʠʨʦʙʥʠʢ ʬʫʪʝʨʦʚʢʠ ʟʥʘʯʥʠʤ ʯʠʥʦʤ ʚʧʣʠʚʘʻ ʥʘ ʩʪʽʡʢʽʩʪʴ 

ʬʫʪʝʨʦʚʢʠ ʢʦʥʚʝʨʪʝʨʘ. ʇʨʠ ʮʴʦʤʫ ʩʪʘʪʠʩʪʠʯʥʘ ʧʝʨʝʚʽʨʢʘ ʟʘʣʝʞʥʦʩʪʽ ʪʨʠʚʘʣʦʩʪʽ 

ʨʦʙʦʪʠ ʬʫʪʝʨʦʚʢʠ ʚʽʜ ʥʦʤʝʨʘ ʢʦʥʚʝʨʪʝʨʘ, ʥʘ ʷʢʦʤʫ ʚʦʥʘ ʙʫʣʘ ʚʩʪʘʥʦʚʣʝʥʘ, 

ʚʠʷʚʣʷʻʪʴʩʷ ʥʝ ʩʪʘʪʠʩʪʠʯʥʦ ʟʥʘʯʠʤʘ ʟʘ ʢʨʠʪʝʨʽʷʤʠ ʌʽʰʝʨʘ, ʂʨʘʩʢʝʣʘ-ʋʦʣʣʽʩʘ ʪʘ 

ʪʝʩʪʦʤ ʃʝʚʝʥʝ [223].  

ɺʦʜʥʦʯʘʩ ʙʫʣʦ ʚʠʷʚʣʝʥʦ, ʩʝʟʦʥ ʧʦʯʘʪʢʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʬʫʪʝʨʦʚʢʠ ʪʘʢʦʞ ʻ 

ʚʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ. ɿ ʦʛʣʷʜʫ ʥʘ ʨʠʩʫʥʦʢ 3.3, ʤʦʞʥʘ ʩʢʘʟʘʪʠ ʧʨʦ ʚʧʣʠʚ ʥʘ 

ʪʨʠʚʘʣʽʩʪʴ ʝʢʩʧʣʫʘʪʘʮʽʾ ʬʫʪʝʨʦʚʢʠ ʧʦʨʠ ʨʦʢʫ, ʢʦʣʠ ʚʦʥʘ ʨʦʟʧʦʯʠʥʘʻ ʨʦʙʦʪʫ ʪʘ 

ʪʦʾ ʧʦʨʠ, ʥʘ ʷʢʫ ʧʨʠʧʘʜʘʻ ʙʽʣʴʰʘ ʯʘʩʪʠʥʘ ʾʾ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

 

 

ʈʠʩ. 3.3 ï ɿʘʣʝʞʥʽʩʪʴ ʩʝʨʝʜʥʴʦʛʦ ʯʘʩʫ ʨʦʙʦʪʠ ʬʫʪʝʨʦʚʢʠ ʚʽʜ ʧʦʨʠ ʨʦʢʫ 

ʝʢʩʧʣʫʘʪʘʮʽʾ 

 

ʗʢ ʚʠʜʥʦ, ʤʘʣʦ ʟ ʬʫʪʝʨʦʚʦʢ ʧʨʘʮʶʶʪʴ ʙʽʣʴʰʝ ʥʽʞ ʚ ʦʜʥʦʤʫ ʩʝʟʦʥʽ, ʞʦʜʥʘ 

ʥʝ ʧʨʘʮʶʻ ʫ ʪʨʴʦʭ (ʚʩʪʘʥʦʚʣʝʥʽ ʚʟʠʤʢʫ ʥʝ ʧʨʘʮʶʶʪʴ ʜʦ ʣʽʪʘ ʽ ʥʘʚʧʘʢʠ). ʇʨʠ 

ʮʴʦʤʫ ʬʫʪʝʨʦʚʢʠ, ʚʩʪʘʥʦʚʣʝʥʽ ʽ ʝʢʩʧʣʫʘʪʦʚʘʥʽ ʫ ʪʝʧʣʫ ʧʦʨʫ ʨʦʢʫ, ʚ ʩʝʨʝʜʥʴʦʤʫ 
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ʤʘʶʪʴ ʩʪʘʪʠʩʪʠʯʥʦ ʙʽʣʴʰʠʡ ʪʝʨʤʽʥ ʨʦʙʦʪʠ. ʍʦʯʘ ʟʘ ʪʝʩʪʘʤʠ ʃʝʚʝʥʝ ʪʘ ʐʘʧʽʨʦ-

ʋʽʣʢʘ [149] ʟʘʣʝʞʥʽʩʪʴ ʤʘʻ ʥʝ ʩʫʪʪʻʚʠʡ ʭʘʨʘʢʪʝʨ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʂʨʘʩʢʝʣʘ-

ʋʦʣʣʽʩʘ ʜʘʻ ʧʽʜʩʪʘʚʫ ʚʚʘʞʘʪʠ, ʱʦ ʧʦʨʘ ʨʦʢʫ ʚʧʣʠʚʘʻ ʥʘ ʩʪʽʡʢʽʩʪʴ ʬʫʪʝʨʦʚʢʠ 

ʢʦʥʚʝʨʪʝʨʘ, ʭʦʯʘ ʾʾ ʚʧʣʠʚ ʜʦʩʠʪʴ ʥʝʟʥʘʯʥʠʡ. 

ʅʘʜʘʣʽ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʘʢʪʦʨʽʚ ʧʦʨʠ ʨʦʢʫ ʪʘ ʚʠʨʦʙʥʠʢʘ ʚ ʢʽʣʴʢʽʩʥʦʤʫ 

ʚʠʛʣʷʜʽ, ʚ ʢʦʞʥʽʡ ʛʨʫʧʽ ʧʨʦʚʝʜʝʥʦ ʟʘʤʽʥʫ ʚʩʽʭ ʯʣʝʥʽʚ ʥʘ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʜʣʷ 

ʛʨʫʧʠ ʪʘ ʢʦʞʝʥ ʬʘʢʪʦʨ ʧʦʜʽʣʝʥʦ ʥʘ ʥʘʡʤʝʥʰʝ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ 

ʚʽʜʩʪʘʥʽ ʤʽʞ ʛʨʫʧʘʤʠ. 

ʇʝʚʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʘʥʠʭ, ʽʣʶʩʪʨʦʚʘʥʽ ʨʠʩʫʥʢʦʤ 3.4, ʜʦʟʚʦʣʷʶʪʴ 

ʚʠʟʥʘʯʠʪʠ ʱʝ ʦʜʠʥ ʧʦʯʘʪʢʦʚʦ ʧʨʠʭʦʚʘʥʠʡ ʬʘʢʪʦʨ ï ʩʝʨʝʜʥʻ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʬʫʪʝʨʦʚʢʫ ʟʘ ʯʘʩ ʾʾ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʗʢ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ, ʥʘʚʽʪʴ ʥʘ ʥʝʚʝʣʠʢʽʡ ʚʠʙʦʨʮʽ 

ʬʫʪʝʨʦʚʦʢ, ʷʢʽ ʦʭʦʧʣʶʶʪʴ ʜʘʥʽ ʥʘ ʨʠʩʫʥʢʫ, ʩʝʨʝʜʥʻ ʜʦʙʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʬʫʪʝʨʦʚʢʫ ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʜʦʚʦʣʽ ʰʠʨʦʢʠʭ ʤʝʞʘʭ ï ʚʽʜ 15 ʜʦ 36 ʧʣʘʚʦʢ ʥʘ ʜʦʙʫ. 

 

 

ʈʠʩ. 3.4. ʉʝʨʝʜʥʻ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʬʫʪʝʨʦʚʢʫ ʷʢ ʜʦʜʘʪʢʦʚʠʡ ʬʘʢʪʦʨ 

 

ʇʨʠ ʮʴʦʤʫ ʩʝʨʝʜʥʻ ʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʧʦ ʜʝʷʢʠʭ ʧʣʘʚʢʘʭ ʩʷʛʘʻ 10 ʽ 

ʙʽʣʴʰʝ. ɺʽʜʪʘʢ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʬʫʪʝʨʦʚʢʫ ʧʨʦʪʷʛʦʤ ʜʦʙʠ ʤʦʞʝ ʩʷʛʘʪʠ ʙʽʣʴʰʝ 

40 ʧʣʘʚʦʢ ʧʨʠ ʨʝʢʦʤʝʥʜʦʚʘʥʽʡ ʛʨʘʥʠʯʥʽʡ ʢʽʣʴʢʦʩʪʽ 30-33 (ʟʘʣʝʞʥʦ ʚʽʜ 

ʚʠʨʦʙʥʠʢʘ). ɿʚʠʯʘʡʥʦ, ʥʘʜʤʽʨʥʘ ʝʢʩʧʣʫʘʪʘʮʽʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʙʽʣʴʰ ʰʚʠʜʢʦʛʦ 

ʨʫʡʥʫʚʘʥʥʷ ʬʫʪʝʨʦʚʢʠ [224]. ʅʘ ʨʠʩʫʥʢʫ 3.5 ʧʦʢʘʟʘʥʘ ʟʚʝʜʝʥʘ ʜʽʘʛʨʘʤʘ, ʱʦ 

ʽʣʶʩʪʨʫʻ ʚʧʣʠʚ ʩʝʨʝʜʥʴʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʬʫʪʝʨʦʚʢʠ ʥʘ ʾʾ ʪʝʨʤʽʥ ʨʦʙʦʪʠ.  
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ʈʠʩ. 3.5. ɺʧʣʠʚ ʩʝʨʝʜʥʴʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʪʽʡʢʽʩʪʴ ʬʫʪʝʨʦʚʢʠ 

 

ʍʦʯʘ ʮʽ ʚʝʣʠʯʠʥʠ ʟʘʣʝʞʥʽ ʡ ʟ ʥʝʚʠʩʦʢʠʤ ʧʦʢʘʟʥʠʢʦʤ ʢʦʚʘʨʽʘʮʽʾ (ʜʣʷ 

ʥʝʣʽʥʽʡʥʠʭ ʤʦʜʝʣʝʡ ʥʝ ʙʽʣʴʰʝ 0,2), ʚʪʽʤ ʮʝʡ ʚʣʠʚ ʤʘʻ ʚʨʘʭʦʚʫʚʘʪʠʩʴ ʚ 

ʧʨʦʛʥʦʟʫʶʯʽʡ ʤʦʜʝʣʽ. 

ʉʧʠʨʘʶʯʠʩʴ ʥʘ ʦʪʨʠʤʘʥʽ ʜʘʥʽ ʧʨʦ 145 551 ʧʣʘʚʢʫ, ʦʪʨʠʤʘʥʽ ʟ ʙʘʟʠ ʜʘʥʠʭ 

ʧʣʘʚʦʢ ʥʘ ʪʨʴʦʭ 60-ʪʦʥʠʭ ʢʦʥʚʝʨʪʝʨʘʭ ʩʪʘʣʝʧʣʘʚʠʣʴʥʦʛʦ ʮʝʭʫ ʇɸʊ çɼʄɿè, ʜʦ 

ʨʦʟʛʣʷʜʫ ʙʫʣʠ ʚʟʷʪʽ ʥʘʩʪʫʧʥʽ ʬʘʢʪʦʨʠ: 

X1 - ʏʘʩʪʢʘ ʧʣʘʚʦʢ ʟ ʜʦʜʫʚʢʦʶ, %;  

X2 - ʉʝʨʝʜʥʽʡ ʚʤʽʩʪ ʫ ʯʘʚʫʥʽ Si, %;  

ʍ3 - ʉʝʨʝʜʥʽʡ ʚʤʽʩʪ ʫ ʯʘʚʫʥʽ  Mn, %;  

X4 - ʉʝʨʝʜʥʽʡ ʚʤʽʩʪ ʫ ʯʘʚʫʥʽ  S,  %;  

ʍ5 ï ʉʝʨʝʜʥʷ ʦʩʥʦʚʥʽʩʪʴ, ʚʽʜʥ. ʦʜ.;  

ʍ6 - ɺʽʜʩʦʪʦʢ ʧʣʘʚʦʢ ʟ ʦʩʥʦʚʥʽʩʪʶ < 2,8 ʦʜ.; 

ʍ7 - ɺʽʜʩʦʪʦʢ ʧʣʘʚʦʢ ʟ Si>0,90 %; 

ʍ8 - ɺʽʜʩʦʪʦʢ ʧʣʘʚʦʢ ʟ Mn<0,30 %; 

ʍ9 - ɺʽʜʩʦʪʦʢ ʧʣʘʚʦʢ ʟ S>0,050 %; 

ʍ10 - ɺʽʜʩʦʪʦʢ ʧʣʘʚʦʢ ʟ ʉÒ0,10 %; 
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ʍ11 - ɺʽʜʩʦʪʦʢ ʧʣʘʚʦʢ ʟ ʊ > 1640 Áʉ; 

X12 - ɺʽʜʩʦʪʦʢ ʧʣʘʚʦʢ ʟ ʊ < 1600 Áʉ;  

ʍ13 ï ʉʝʨʝʜʥʽʡ ʚʤʽʩʪ Fe ʚ ʰʣʘʢʫ, %; 

ʍ14 ï ʉʝʨʝʜʥʽʡ ʚʤʽʩʪ MgO ʚ ʰʣʘʢʫ, %; 

X15 ï ʂʽʣʴʢʽʩʪʴ ʧʣʘʚʦʢ ʟʽ ʩʢʨʘʧʦʤ, ʰʪ.; 

ʍ16 ï ʂʽʣʴʢʽʩʪʴ ʪʦʨʢʨʝʪʫʚʘʥʴ, ʨʘʟʽʚ; 

ʍ17 - ʂʽʣʴʢʽʩʪʴ ʧʣʘʚʦʢ ʟ ʪʦʨʢʨʝʪʫʚʘʥʥʷʤ, %; 

ʍ18 - ʂʽʣʴʢʽʩʪʴ ʘʟʦʪʫʚʘʥʴ, ʨʘʟʽʚ (ʟ ʧʣʘʚʢʦʶ); 

ʍ19 - ʂʽʣʴʢʽʩʪʴ ʧʣʘʚʦʢ ʟ ʘʟʦʪʫʚʘʥʥʷʤ, %; 

ʍ20 - ʂʽʣʴʢʽʩʪʴ ʧʣʘʚʦʢ ʟʽ ʩʢʘʯʫʚʘʥʥʷʤ ʰʣʘʢʫ, %; 

ʍ21 ï ɺʠʢʦʨʠʩʪʘʥʦ ʧʣʘʚʠʢʦʚʦʛʦ ʰʧʘʪʫ, ʪ. 

ɼʦ ʮʠʭ ʬʘʢʪʦʨʽʚ ʟ ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ ʤʽʨʢʫʚʘʥʴ ʙʫʣʦ ʜʦʣʫʯʝʥʦ  

ʍ22 ï ʅʘʚʘʥʪʘʞʝʥʥʷ ʢʦʥʚʝʨʪʝʨʘ, ʧʣʘʚʦʢ/ʜʝʥʴ; 

ʍ23 ï ʇʦʨʘ ʨʦʢʫ ʧʦʯʘʪʢʫ ʝʢʩʧʣʫʘʪʘʮʽʾ; 

ʍ24 ï ɺʠʨʦʙʥʠʢ ʬʫʪʝʨʦʚʢʠ. 

ɭʜʠʥʦʶ ʟʘʣʝʞʥʦʶ ʟʤʽʥʥʦʶ ʚʠʩʪʫʧʘʻ Y ï ʩʪʽʡʢʽʩʪʴ ʬʫʪʝʨʦʚʢʠ ʢʦʥʚʝʨʪʝʨʘ, 

ʱʦ ʚʠʤʽʨʶʻʪʴʩʷ ʫ ʢʽʣʴʢʦʩʪʽ ʧʣʘʚʦʢ. ɿʘʛʘʣʦʤ ʨʦʟʛʣʷʥʫʪʽ 91 ʬʫʪʝʨʦʚʢʘ, ʱʦ ʤʘʣʠ 

ʢʦʤʧʣʝʢʪʥʽ ʜʘʥʽ ʟʘ ʫʩʽʤʘ ʟʤʽʥʥʠʤʠ. 

ɼʣʷ ʦʮʽʥʢʠ ʥʝʣʽʥʽʡʥʦʛʦ ʟʚôʷʟʢʫ ʤʽʞ ʬʘʢʪʦʨʘʤʠ ʪʘ ʩʪʽʡʢʽʩʪʶ ʬʫʪʝʨʦʚʢʠ 

ʢʦʥʚʝʨʪʝʨʘ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʢʦʝʬʽʮʽʻʥʪ ʜʝʪʝʨʤʽʥʘʮʽʾ ʟʛʽʜʥʦ ʟ [150]. ʈʝʟʫʣʴʪʘʪʠ 

ʟʚʝʜʝʤʦ ʫ ʪʘʙʣʠʮʶ 3.3.  

 

ʊʘʙʣʠʮʷ 3.3 ï ʂʦʝʬʽʮʽʻʥʪʠ ʜʝʪʝʨʤʽʥʘʮʽʾ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʩʪʽʡʢʽʩʪʴ ʬʫʪʝʨʦʚʢʠ 

ʌʘʢʪʦʨ X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 

Kd 0,226 0,152 0,355 0,312 0,334 0,413 0,173 0,265 0,235 0,276 0,33 

ʌʘʢʪʦʨ X12 X13 X14 X15 X16 X17 X18 X19 X20 X21 X22 

Kd 0,074 0,338 0,342 0,423 0,5 0,253 0,906 0,28 0,294 0,048 0,388 
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ʌʘʢʪʦʨʠ X23 ʪʘ X24 ʷʢʽʩʥʽ, ʪʦʤʫ ʥʝ ʚʢʣʶʯʝʥʽ ʚ ʪʘʙʣʠʮʶ. ɰʭ ʚʧʣʠʚ ʥʘ 

ʨʝʟʫʣʴʪʫʶʯʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʢʦʥʚʝʨʪʝʨʘ ʜʦʩʣʽʜʞʝʥʦ ʚʠʱʝ. 

ʅʘʜʘʣʽ ʟ ʨʦʟʛʣʷʜʫ ʚʠʢʣʶʯʘʶʪʴʩʷ ʬʘʢʪʦʨʠ, ʱʦ ʧʦʚʪʦʨʶʶʪʴ ʬʽʟʠʯʥʽ 

ʚʝʣʠʯʠʥʠ, ʙʣʠʟʴʢʽ ʟʘ ʩʝʥʩʦʤ, ʘ ʚʽʜʪʘʢ ʢʦʣʽʥʝʘʨʥʽ. ʇʨʠ ʮʴʦʤʫ ʚʠʟʥʘʯʘʣʴʥʠʤ, ʢʦʛʦ 

ʟ ʧʘʨʠ ʬʘʢʪʦʨʽʚ ʟʘʣʠʰʠʪʠ, ʘ ʢʦʛʦ ʚʠʣʫʯʠʪʠ, ʦʙʠʨʘʻʤʦ ʟʘ ʟʥʘʯʝʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʫ 

ʜʝʪʝʨʤʽʥʘʮʽʾ. ʅʘʧʨʠʢʣʘʜ, ʚ ʧʦʜʘʣʴʰʦʤʫ ʟ ʧʘʨʠ ʬʘʢʪʦʨʽʚ X5 ʪʘ ʍ6 ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʣʠʰʠʪʠ ʜʨʫʛʠʡ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʣʦʛʽʯʥʦ ʧʦʚôʷʟʘʥʽ, ʘ ʍ6 ʤʘʻ ʙʽʣʴʰʠʡ ʚʧʣʠʚ ʥʘ 

ʟʘʣʝʞʥʫ ʟʤʽʥʥʫ. ʂʦʨʠʩʪʫʶʯʠʩʴ ʪʘʢʠʤ ʧʽʜʭʦʜʦʤ ʟ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʛʣʷʜʫ ʪʘʢʦʞ 

ʚʠʣʫʯʘʻʤʦ ʬʘʢʪʦʨʠ ʍ2, ʍ8, ʍ9, ʍ12, ʍ17 ʪʘ ʍ19.  

ʇʨʠ ʮʴʦʤʫ ʬʘʢʪʦʨʠ ʍ19 (ʚʽʜʩʦʪʦʢ ʧʣʘʚʦʢ ʟ ʘʟʦʪʫʚʘʥʥʷʤ) ʪʘ ʍ2 (ʩʝʨʝʜʥʽʡ 

ʚʤʽʩʪ ʫ ʯʘʚʫʥʽ Si, %) ʚʽʜʢʠʥʫʪʽ ʧʦʧʨʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʾʭ ʢʦʥʪʨʦʣʶ ʨʷʜʦʤ 

ʘʚʪʦʨʽʚ [236, 237]. ɿʘ ʜʘʥʠʤʠ ʜʦʩʣʽʜʞʝʥʴ, ʙʽʣʴʰʝ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʭʘʨʘʢʪʝʨ 

ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʟ ʧʣʠʥʦʤ ʯʘʩʫ ʫ ʬʫʪʝʨʦʚʮʽ ʢʦʥʚʝʨʪʝʨʘ, ʤʘʶʪʴ 

ʚʽʜʧʦʚʽʜʥʦ ʬʘʢʪʦʨʠ ʍ18 (ʢʽʣʴʢʽʩʪʴ ʘʟʦʪʫʚʘʥʴ, ʨʘʟʽʚ) ʪʘ ʍ7 (ʚʽʜʩʦʪʦʢ ʧʣʘʚʦʢ ʟ 

Si>0,90). ɺʦʥʠ ʞ ʤʘʶʪʴ ʚʠʱʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʜʝʪʝʨʤʽʥʘʮʽʾ. 

ɺʘʞʣʠʚʠʤ ʝʪʘʧʦʤ ʨʦʟʚʽʜʫʚʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʪʘʢʦʞ ʻ ʚʠʷʚʣʝʥʥʷ 

ʤʫʣʴʪʠʢʦʣʽʥʝʘʨʥʦʩʪʽ. ʇʨʦʙʣʝʤʘ ʤʫʣʴʪʠʢʦʣʽʥʝʘʨʥʦʩʪʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʩʪʽʡʢʦʩʪʽ 

ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ, ʱʦ ʥʝ ʜʦʟʚʦʣʷʻ ʧʨʘʚʠʣʴʥʦ ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ ʚʥʝʩʦʢ ʢʦʞʥʦʛʦ 

ʬʘʢʪʦʨʫ ʚ ʤʦʜʝʣʴ [151]. ʊʨʘʜʠʮʽʡʥʠʤ ʩʧʦʩʦʙʦʤ ʦʮʽʥʢʠ ʤʫʣʴʪʠʢʦʣʽʥʝʘʨʥʦʩʪʽ ʻ 

ʘʥʘʣʽʟ ʢʦʨʝʣʷʮʽʡʥʦʾ ʤʘʪʨʠʮʽ (ʨʠʩ. 3.6). 
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ʈʠʩ. 3.6. ʂʦʨʝʣʷʮʽʡʥʘ ʤʘʪʨʠʮʷ ʬʘʢʪʦʨʽʚ ʪʘ ʨʝʟʫʣʴʪʫʶʯʦʾ ʚʝʣʠʯʠʥʠ 

 

ɿ ʨʠʩʫʥʢʘ 4.6 ʧʦʤʽʪʥʦ, ʱʦ ʽʩʥʫʻ ʟʥʘʯʥʘ ʚʽʜôʻʤʥʘ ʢʦʨʝʣʷʮʽʷ ʤʽʞ ʬʘʢʪʦʨʘʤʠ 

X6 (ɺʽʜʩʦʪʦʢ ʧʣʘʚʦʢ ʟ ʦʩʥʦʚʥʽʩʪʶ < 2,8 ʦʜ.) ʪʘ X13 (ʉʝʨʝʜʥʽʡ ʚʤʽʩʪ Fe ʚ ʰʣʘʢʫ). 

ʎʝ ʪʘʢʦʞ ʧʽʜʪʚʝʨʜʞʫʻ ʽ ʪʘʢ ʟʚʘʥʠʡ ʧʦʢʘʟʥʠʢ ʽʥʬʣʷʮʽʾ ʜʠʩʧʝʨʩʽʡ (Variance 

Inflation Factor, VIF) [146], ʟʥʘʯʝʥʥʷ ʷʢʦʛʦ ʜʣʷ ʬʘʢʪʦʨʽʚ, ʱʦ ʣʠʰʠʣʠʩʷ, 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣʠʮʽ 4.4, ʜʝ ʨʽʟʢʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʥʘʯʝʥʥʷ ʜʣʷ X6 ʪʘ X13. 

 

ʊʘʙʣʠʮʷ 3.4 ï ɿʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʽʥʬʣʷʮʽʾ ʜʠʩʧʝʨʩʽʾ 

ʌʘʢʪʦʨ X1 X3 X4 X6 X7 X10 X11 X13 X14 X16 X18 X21 X22 X23 X24 

VIF 1.96 1.42 3.14 7.4 1.58 1.34 1.9 7.81 2.21 2.16 3.5 1.9 1.77 1.35 1.21 

 

ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ, ʧʨʠʡʤʘʻʤʦ ʥʘʜʘʣʽ, ʱʦ ʜʦ ʤʦʜʝʣʝʡ ʤʦʞʝ 

ʚʭʦʜʠʪʠ ʣʠʰʝ ʦʜʥʘ ʟʽ ʟʤʽʥʥʠʭ ï ʍ6 ʘʙʦ ʍ13 ï ʪʘ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʢʨʘʱʝ ʟʥʘʯʝʥʥʷ 

ʟʦʚʥʽʰʥʴʦʛʦ ʢʨʠʪʝʨʽʶ ʦʮʽʥʢʠ ʤʦʜʝʣʽ. 
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ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʧʝʨʝʜ ʧʦʙʫʜʦʚʦʶ ʤʦʜʝʣʝʡ ʩʪʽʡʢʦʩʪʽ ʬʫʪʝʨʦʚʢʠ ʚʩʽ 

ʩʪʦʚʧʮʽ ʜʘʥʠʭ ʙʫʣʠ ʥʦʨʤʦʚʘʥʽ ʽ ʮʝʥʪʨʦʚʘʥʽ ʚʽʜʥʦʩʥʦ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ, ʘ ʜʣʷ 

ʟʘʧʦʙʽʛʘʥʥʷ ʤʦʞʣʠʚʦʤʫ ʚʧʣʠʚʫ ʘʚʪʦʢʦʨʝʣʷʮʽʾ ʧʝʨʝʜ ʢʦʞʥʠʤ ʝʪʘʧʦʤ ʧʦʙʫʜʦʚʠ 

ʤʦʜʝʣʽ ʨʷʜʢʠ ʜʘʥʠʭ ʧʝʨʝʤʽʰʫʚʘʣʠʩʷ ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ. ɺ ʧʽʜʩʫʤʢʫ 

ʨʦʟʚʽʜʫʚʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʜʦ ʤʘʡʙʫʪʥʽʭ ʤʦʜʝʣʝʡ ʙʫʣʠ ʚʽʜʽʙʨʘʥʽ 15 ʬʘʢʪʦʨʽʚ, 

ʩʝʨʝʜ ʷʢʠʭ ʢʦʥʢʫʨʝʥʪʥʠʤʠ ʻ X6 ʪʘ X13, ʱʦ ʤʘʶʪʴ ʣʽʥʽʡʥʫ ʢʦʨʝʣʷʮʽʶ, ʽ ʥʝ ʤʦʞʫʪʴ 

ʚʢʣʶʯʘʪʠʩʷ ʚ ʤʦʜʝʣʴ ʦʜʥʦʯʘʩʥʦ. 

ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʦʜʥʦʨʽʜʥʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʢʣʘʩʪʝʨʥʠʡ 

ʘʥʘʣʽʟ ʤʝʪʦʜʦʤ ʋʦʨʜʘ [144] ʟ ʤʘʥʛʝʪʪʝʥʽʚʩʴʢʦʶ ʤʝʪʨʠʢʦʶ ʚʽʜʩʪʘʥʽ ʤʽʞ 

ʜʦʩʣʽʜʞʝʥʥʷʤʠ. ʈʝʟʫʣʴʪʘʪʠ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʽʟʫ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 3.7.  

 

ʈʠʩ. 3.7 ï ɼʝʥʜʨʦʛʨʘʤʘ ʽʻʨʘʨʭʽʯʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʽʟʫ ʤʝʪʦʜʦʤ ʋʦʨʜʘ 

 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 3.7, ʚ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʜʘʥʠʭ ʻ ʯʽʪʢʦ ʚʠʨʘʞʝʥʽ ʜʚʘ ʢʣʘʩʪʝʨʠ. 

ʊʘʢʽ ʞ ʜʘʥʽ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʧʨʠ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʤʝʪʦʜʦʤ k-ʩʝʨʝʜʥʽʭ ʟ ʧʽʜʙʦʨʦʤ 

ʦʧʪʠʤʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʢʣʘʩʪʝʨʽʚ.  

ɼʣʷ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʦʪʨʠʤʘʥʠʭ ʢʣʘʩʪʝʨʽʚ ʙʫʣʠ ʨʦʟʨʘʭʦʚʘʥʽ ʧʝʨʰʽ ʜʚʽ 

ʛʦʣʦʚʥʽ ʢʦʤʧʦʥʝʥʪʠ, ʷʢʽ ʧʦʷʩʥʶʶʪʴ 44% ʜʠʩʧʝʨʩʽʾ ʩʧʦʩʪʝʨʝʞʝʥʴ. ɺʩʽ ʥʝ 

ʚʽʜʢʠʥʫʪʽ ʷʢ ʚʠʧʘʜʢʦʚʽ ʚʽʜʭʠʣʝʥʥʷ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʚ ʧʨʦʩʪʦʨʽ ʧʝʨʰʠʭ ʜʚʦʭ 

ʛʦʣʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 3.8, ʜʝ ʷʚʥʦ ʧʦʤʽʪʥʝ ʨʦʟʜʽʣʝʥʥʷ 
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ʩʧʦʩʪʝʨʝʞʝʥʴ ʥʘ ʜʚʘ ʢʣʘʩʪʝʨʠ. ʊʘʢʦʞ ʥʘ ʨʠʩ. 3.8 ʤʦʞʥʘ ʙʘʯʠʪʠ, ʱʦ ʜʘʥʥʽ ʥʝ 

ʤʘʶʪʴ ʟʥʘʯʥʠʭ ʚʠʢʠʜʽʚ. 

 

ʈʠʩ. 3.8. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʪʦʯʢʠ ʫ ʢʦʦʨʜʠʥʘʪʘʭ ʧʝʨʰʦʾ ʪʘ ʜʨʫʛʦʾ ʛʦʣʦʚʥʦʾ 

ʢʦʤʧʦʥʝʥʪʠ ʪʘ ʾʭ ʨʦʟʧʦʜʽʣ ʧʦ ʢʣʘʩʪʝʨʘʭ 

 

ʈʦʟʧʦʜʽʣ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʧʦ ʢʣʘʩʪʝʨʘʭ ʥʘ ʨʠʩ. 3.8 ʧʦʢʘʟʫʻ, ʱʦ 

ʚʠʟʥʘʯʘʣʴʥʦʶ ʻ ʧʝʨʰʘ ʛʦʣʦʚʥʘ ʢʦʤʧʦʥʝʥʪʘ. ɰʾ ʚʠʨʘʟ ʜʣʷ ʥʦʨʤʦʚʘʥʠʭ ʽ 

ʮʝʥʪʨʦʚʘʥʠʭ ʜʘʥʠʭ 

ὣ πȢτσὼ πȢσψὼ πȢσσὼ πȢσσὼ πȢςωὼ πȢςχὼ  

πȢςσὼ πȢρσὼ πȢρσὼ πȢρσὼ πȢρὼ πȢπχὼ πȢπχὼ 
(3.14) 

ɿ ʚʠʛʣʷʜʫ ʟʘʣʝʞʥʦʩʪʽ (3.14) ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ, ʱʦ ʚ ʧʝʨʰʫ ʛʦʣʦʚʥʫ 

ʢʦʤʧʦʥʝʥʪʫ ʟ ʚʠʩʦʢʠʤʠ ʚʘʛʘʤʠ ʚʭʦʜʷʪʴ ʬʘʢʪʦʨʠ ʍ18, ʍ24, ʍ16, ʍ13, ʍ11, ʍ1 ʪʘ 

ʍ4. ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʮʝʥʪʨʘʤʠ ʤʘʩ ʦʪʨʠʤʘʥʠʭ ʢʣʘʩʪʝʨʽʚ, ʤʦʞʥʘ 

ʧʦʙʘʯʠʪʠ, ʱʦ ʫ ʜʨʫʛʦʤʫ ʢʣʘʩʪʝʨʽ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʝʨʰʠʤ: 

¶ ʢʽʣʴʢʽʩʪʴ ʰʣʘʢʫʚʘʥʴ (ʬʘʢʪʦʨ ʍ18) ʚ ʩʝʨʝʜʥʴʦʤʫ ʙʽʣʴʰʘ ʥʘ 60%; 
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¶ ʩʝʨʝʜ ʚʠʨʦʙʥʠʢʽʚ ʬʫʪʝʨʦʚʢʠ (ʍ24) ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʤʘʡʞʝ ʚʠʢʣʶʯʥʦ 

çɼʘʣʤʦʥʪè, çʄʘʡʻʨʪʦʥè ʪʘ çɯʥʛʢʦʫè; 

¶ ʢʽʣʴʢʽʩʪʴ ʪʦʨʢʨʝʪʫʚʘʥʴ (ʍ16) ʟʙʽʣʴʰʠʣʘʩʴ ʚ ʩʝʨʝʜʥʴʦʤʫ ʥʘ 43%; 

¶ ʩʝʨʝʜʥʽʡ ʚʤʽʩʪ ʟʘʣʽʟʘ ʚ ʰʣʘʢʫ (ʍ13) ʙʽʣʴʰʝ ʚ ʩʝʨʝʜʥʴʦʤʫ ʥʘ 13%, ʱʦ ʚ 

ʩʚʦʶ ʯʝʨʛʫ ʩʫʪʪʻʚʦ ʟʙʽʣʴʰʠʣʦ ʽ ʦʩʥʦʚʥʽʩʪʴ ʰʣʘʢʫ (ʧʘʜʽʥʥʷ ʍ6); 

¶ ʚʽʜʩʦʪʦʢ ʧʣʘʚʦʢ ʟ ʧʝʨʝʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ (ʍ11) ʟʙʽʣʴʰʠʚʩʷ ʚ 

ʩʝʨʝʜʥʴʦʤʫ ʥʘ 20%; 

¶ ʢʽʣʴʢʽʩʪʴ ʜʦʜʫʚʦʢ (ʍ1) ʚ ʩʝʨʝʜʥʴʦʤʫ ʟʙʽʣʴʰʠʣʘʩʴ ʥʘ 40%, ʮʝ ʧʦʷʩʥʶʻ 

ʟʙʽʣʴʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʢʦʥʚʝʨʪʝʨʽ; 

¶ ʢʽʣʴʢʽʩʪʴ ʩʽʨʢʠ (ʍ4) ʟʙʽʣʴʰʠʣʘʩʴ ʥʘ 16% - ʮʝ ʧʦʷʩʥʶʻ ʷʢ ʟʙʽʣʴʰʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʢʦʥʚʝʨʪʝʨʽ, ʪʘʢ ʽ ʟʙʽʣʴʰʝʥʥʷ ʦʩʥʦʚʥʦʩʪʽ ʰʣʘʢʫ, ʦʩʢʽʣʴʢʠ ʩʽʨʢʫ 

ʜʫʞʝ ʚʘʞʢʦ ʧʝʨʝʧʣʘʚʠʪʠ. 

ʇʦʜʽʣ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʥʘ ʢʣʘʩʪʝʨʠ ʜʘʻ ʜʦʜʘʪʢʦʚʫ ʽʥʬʦʨʤʘʮʽʶ, 

ʱʦ ʜʦʟʚʦʣʷʻ ʚ ʧʦʜʘʣʴʰʦʤʫ ʪʦʯʥʽʰʝ ʧʦʙʫʜʫʚʘʪʠ ʨʝʟʫʣʴʪʫʶʯʫ ʧʨʦʛʥʦʩʪʠʯʥʫ 

ʤʦʜʝʣʴ ʩʪʽʡʢʦʩʪʽ ʬʫʪʝʨʦʚʢʠ. ɿʦʢʨʝʤʘ, ʟʘʣʝʞʥʽʩʪʴ ʩʪʽʡʢʦʩʪʽ ʚʽʜ ʚʤʽʩʪʫ ʚ ʯʘʚʫʥʽ 

ʩʽʨʢʠ (ʍ4) ʪʝʦʨʝʪʠʯʥʦ ʻ ʟʚʦʨʦʪʥʦ-ʧʨʦʧʦʨʮʽʡʥʦʶ [64]. ɺʦʜʥʦʯʘʩ ʥʘ ʧʦʚʥʠʭ ʜʘʥʠʭ 

ʮʶ ʟʘʣʝʞʥʽʩʪʴ ʚʘʞʢʦ ʧʦʤʽʪʠʪʠ, ʘ ʣʽʥʽʡʥʘ ʨʝʛʨʝʩʽʷ ʥʘʚʽʪʴ ʤʘʻ ʜʦʜʘʪʥʠʡ 

ʢʦʝʬʽʮʽʻʥʪ. ʈʦʟʜʽʣʠʚʰʠ ʜʘʥʽ ʥʘ ʜʚʘ ʢʣʘʩʪʝʨʠ ʤʝʪʦʜʦʤ ʛʦʣʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪ, 

ʦʪʨʠʤʫʻʤʦ ʣʽʥʽʡʥʽ ʟʘʣʝʞʥʦʩʪʽ, ʱʦ ʩʧʽʚʧʘʜʘʶʪʴ ʟ ʪʝʦʨʝʪʠʯʥʠʤʠ.  

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʢʦʤʙʽʥʘʪʦʨʥʠʡ ʘʣʛʦʨʠʪʤ ʧʦʢʨʦʢʦʚʦʛʦ ʨʝʛʨʝʩʽʡʥʦʛʦ 

ʘʥʘʣʽʟʫ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʫ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ [149], ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʟʛʘʜʘʥʠʭ 

ʢʣʘʩʪʝʨʽʚ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʩʪʽʡʢʦʩʪʽ ʬʫʪʝʨʦʚʢʠ ʚʽʜ ʟʥʘʯʠʤʠʭ ʬʘʢʪʦʨʽʚ, 

ʱʦ ʤʘʶʪʴ ʚʠʛʣʷʜ: 

- ʜʣʷ ʧʝʨʰʦʛʦ ʢʣʘʩʪʝʨʘ 

ὣ ὥ ὥὼ ὥὼ ὥὼ ὥὼ ; (3.15) 

- ʜʣʷ ʜʨʫʛʦʛʦ ʢʣʘʩʪʝʨʘ 

ὣ ὥ ὥὼ ὥὼ ὥὼ ὥὼ ὥὼ ὥὼ ; (3.16) 

ɿʥʘʯʝʥʥʷ F-ʩʪʘʪʠʩʪʠʢʠ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʨʽʚʥʷʥʴ ʤʝʥʰʝ 10-15. ɺʝʣʠʯʠʥʘ 

ʩʢʦʨʝʛʦʚʘʥʦʛʦ R2 ʜʦʨʽʚʥʶʻ ʚʽʜʧʦʚʽʜʥʦ: ʜʣʷ ʤʦʜʝʣʽ (3.15) ʧʝʨʰʦʛʦ ʢʣʘʩʪʝʨʫ ï
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0.9077, ʘ ʜʣʷ ʤʦʜʝʣʽ (3.16) ʜʨʫʛʦʛʦ ʢʣʘʩʪʝʨʫ ï 0.9203. ʆʙʠʜʚʽ ʤʦʜʝʣʽ ʧʦʚʥʽʩʪʶ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʫʤʦʚʘʤ ʪʝʦʨʝʤʠ ɻʘʫʩʘ-ʄʘʨʢʦʚʘ (ʟʘʣʠʰʢʠ ʤʘʶʪʴ ʥʦʨʤʘʣʴʥʠʡ 

ʨʦʟʧʦʜʽʣ, ʧʦʩʪʽʡʥʫ ʜʠʩʧʝʨʩʽʶ ʪʘ ʥʝ ʢʦʨʝʣʴʦʚʘʥʽ), ʘ ʪʘʢʦʞ ʤʽʩʪʷʪʴ ʣʠʰʝ 

ʩʪʘʪʠʩʪʠʯʥʦ ʟʥʘʯʠʤʽ ʢʦʝʬʽʮʽʻʥʪʠ. ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ, ʥʘʜʘʣʽ ʧʨʠʡʤʘʻʤʦ ʤʦʜʝʣʽ 

(3.15) ʪʘ (3.16) ʚ ʷʢʦʩʪʽ ʦʮʽʥʦʯʥʠʭ ʧʨʠ ʧʨʦʛʥʦʟʫʚʘʥʥʽ ʩʪʽʡʢʦʩʪʽ ʬʫʪʝʨʦʚʢʠ. 

ɸʥʘʣʽʟʫʶʯʠ ʦʪʨʠʤʘʥʠʡ ʨʝʟʫʣʴʪʘʪ, ʣʝʛʢʦ ʧʦʤʽʪʠʪʠ, ʱʦ ʤʦʜʝʣʽ ʩʫʪʪʻʚʦ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ, ʩʧʠʨʘʶʯʠʩʴ ʣʠʰʝ ʥʘ ʦʜʠʥ ʩʧʽʣʴʥʠʡ ʬʘʢʪʦʨ, ʘ ʩʘʤʝ ï ʧʦʟʠʪʠʚʥʠʡ 

ʚʧʣʠʚ ʢʽʣʴʢʦʩʪʽ ʘʟʦʪʫʚʘʥʴ (ʍ18). ɼʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʞ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʝʣʝʡ 

(3.15)-(3.16) ʥʝʦʙʭʽʜʥʦ ʩʧʦʯʘʪʢʫ ʚʽʨʥʦ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʢʣʘʩʪʝʨ, ʚ ʷʢʠʡ ʧʦʧʘʜʘʻ 

ʧʦʪʦʯʥʘ ʩʝʩʽʷ ʨʦʙʦʪʠ ʬʫʪʝʨʦʚʢʠ, ʘ ʧʦʪʽʤ ʩʢʦʨʠʩʪʘʪʠʩʷ ʚʽʜʧʦʚʽʜʥʦʶ ʤʦʜʝʣʣʶ. 

ʗʢ ʘʣʴʪʝʨʥʘʪʠʚʥʫ ʤʦʜʝʣʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʪʽʡʢʦʩʪʽ ʬʫʪʝʨʦʚʢʠ 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʦʪʨʠʤʘʥʘ ʰʣʷʭʦʤ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ ʤʦʜʝʣʴ ʟʘ ʤʝʪʦʜʦʤ ʛʨʫʧʦʚʦʛʦ 

ʫʨʘʭʫʚʘʥʥʷʤ ʘʨʛʫʤʝʥʪʽʚ. ɺ ʷʢʦʩʪʽ ʦʧʦʨʥʦʾ ʬʫʥʢʮʽʾ ʚʠʢʦʨʠʩʪʘʻʤʦ ʤʦʜʝʣʴ ʜʨʫʛʦʛʦ 

ʧʦʨʷʜʢʫ  

ώ ὥ ὥὼ ὥὼ ὥὼὼ, (3.17) 

ʜʝ s ï ʮʝ ʩʪʫʧʽʥʴ, ʱʦ ʥʘʜʘʣʽ ʦʙʤʝʞʫʻʪʴʩʷ ʫʤʦʚʦʶ ȿίȿ ρ, ʜʦʢʣʘʜʥʦ 

ʦʙˇʨʫʥʪʦʚʘʥʦʶ ʚ ʜʨʫʛʦʤʫ ʨʦʟʜʽʣʽ.  

ʊʘʢʘ ʦʧʦʨʥʘ ʬʫʥʢʮʽʷ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʨʘʜʠʮʽʡʥʦʾ 

Ὢὼȟὼ ὥ ὥὼ ὥὼ ὥὼὼ, (3.18) 

ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʽʜôʻʤʥʠʭ ʩʪʫʧʝʥʽʚ ʚʭʽʜʥʠʭ ʟʤʽʥʥʠʭ ʚʨʘʭʫʚʘʪʠ ʚʧʣʠʚ 

ʚʽʜʥʦʰʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ, ʘ ʥʝ ʣʠʰʝ ʾʭ ʩʫʤʠ ʯʠ ʜʦʙʫʪʢʫ.  

ɺ ʷʢʦʩʪʽ ʚʥʫʪʨʽʰʥʴʦʛʦ ʢʨʠʪʝʨʽʶ ʚʠʙʦʨʫ ʯʘʩʪʢʦʚʠʭ ʤʦʜʝʣʝʡ ʚʠʢʦʨʠʩʪʘʻʤʦ 

ʢʨʠʪʝʨʽʡ ɸʢʘʽʢʝ [149] 

ὃὍὅςὯ ὲὰὲ ώ ώ Ⱦὲ ȟ (3.19) 

ʱʦ ʦʙʤʝʞʫʻ ʢʽʣʴʢʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ.  

ɼʣʷ ʚʠʙʦʨʫ ʥʘʡʢʨʘʱʠʭ ʤʦʜʝʣʝʡ ʚ ʢʦʞʥʦʤʫ ʨʷʜʫ ʩʝʣʝʢʮʽʾ ʚʠʢʦʨʠʩʪʘʻʤʦ 

ʟʦʚʥʽʰʥʽʡ ʢʨʠʪʝʨʽʡ ʩʪʘʥʜʘʨʪʥʦʾ ʧʝʨʝʭʨʝʩʥʦʾ ʧʝʨʝʚʽʨʢʠ , ʱʦ ʙʽʣʴʰ ʚʠʤʦʛʣʠʚʠʡ 
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ʥʽʞ ʢʣʘʩʠʯʥʠʡ ʟʦʚʥʽʰʥʽʡ ʢʨʠʪʝʨʽʡ ʨʝʛʫʣʷʨʥʦʩʪʽ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʘʚʪʦʨʦʤ 

ʤʝʪʦʜʫ [153]. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʢʣʘʜʝʥʦʛʦ, ʙʫʣʘ ʦʪʨʠʤʘʥʘ ʤʦʜʝʣʴ ʥʘʩʪʫʧʥʦʛʦ ʚʠʛʣʷʜʫ 

ὣ ὥ ὥὠ ὥὠ ὥὠȾὠȟ (3.20) 

ʜʝ 

ừ
ỬỬ
Ừ

ỬỬ
ứ
ὠ ὥὟ ὥὟȟ

ὠ ὥὟ ὥȾὟ ὥȾὟȟ
Ὗ ὥ ὥ Ⱦὼ ὥ ὼ ὥ ὼὼ ȟ
Ὗ ὥ ὥ ὼ ὥ ὼ ὥ ὼὼ ȟ

Ὗ ὥ ὥ ὼ ὥ ὼ ὥ ὼ ȟ

Ὗ ὥ ὥ ὼ ὥ ὼ ὥ ὼ Ȣ

 (3.21) 

ɿʘʛʘʣʦʤ ʧʽʩʣʷ ʧʽʜʩʪʘʥʦʚʢʠ ʽ ʧʨʠʚʝʜʝʥʥʷ ʧʦʜʽʙʥʠʭ ʤʦʜʝʣʴ ʤʘʻ 25 ʜʽʡʩʥʠʭ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʘ ʩʧʠʨʘʻʪʴʩʷ ʥʘ ʧôʷʪʴ ʬʘʢʪʦʨʽʚ: ʍ3, ʍ6, ʍ7, ʍ11 ʪʘ ʍ18. ʆʩʪʘʥʥʽʡ 

ʚʭʦʜʠʪʴ ʜʦ ʤʦʜʝʣʽ ʜʝʢʽʣʴʢʘ ʨʘʟʽʚ ʚ ʨʽʟʥʠʭ ʩʪʫʧʝʥʷʭ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʘʷʚʥʽʩʪʴ 

ʩʠʣʴʥʦʾ ʥʝʣʽʥʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ. 

ʄʦʜʝʣʴ (3.20)-(3.21) ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʤʦʜʝʣʷʤʠ (3.15) ʪʘ (3.16) ʙʫʣʦ ʦʮʽʥʝʥʦ 

ʟʘ ʨʷʜʦʤ ʢʨʠʪʝʨʽʾʚ, ʱʦ ʽʣʶʩʪʨʫʻ ʪʘʙʣʠʮʷ 3.5, ʫ ʷʢʽʡ ʚʠʢʦʨʠʩʪʘʥʽ ʥʘʩʪʫʧʥʽ 

ʧʦʟʥʘʯʝʥʥʷ: N ï ʢʽʣʴʢʽʩʪʴ ʯʣʝʥʽʚ ʘʧʨʦʢʩʠʤʘʮʽʡʥʦʛʦ ʧʦʣʽʥʦʤʫ (ʢʦʝʬʽʮʽʻʥʪʽʚ, ʱʦ 

ʚʽʜʥʦʚʣʶʶʪʴʩʷ); R2 ï ʢʦʝʬʽʮʽʻʥʪ ʜʝʪʝʨʤʽʥʘʮʽʾ (ʤʽʞ ʧʨʦʛʥʦʟʦʚʘʥʠʤʠ ʪʘ 

ʨʝʘʣʴʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʩʪʽʡʢʦʩʪʽ ʬʫʪʝʨʦʚʢʠ); SD ï ʩʝʨʝʜʥʷ ʢʚʘʜʨʘʪʠʯʥʘ ʚʽʜʥʦʩʥʘ 

ʧʦʭʠʙʢʘ ʘʧʨʦʢʩʠʤʘʮʽʾ; CVcrit ï ʢʨʠʪʝʨʽʡ ʢʨʦʩ-ʧʝʨʝʚʽʨʢʠ ʨʦʟʨʘʭʦʚʘʥʠʡ ʥʘ ʦʩʥʦʚʽ 

ʦʮʽʥʢʠ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ; F-statistic ï p-ʟʥʘʯʝʥʥʷ F-ʩʪʘʪʠʩʪʠʢʠ ʌʽʰʝʨʘ; 

Ramsey test - p-ʟʥʘʯʝʥʥʷ ʪʝʩʪʫ ʈʝʤʟʽ. 

 

ʊʘʙʣʠʮʷ 3.5 ï ʇʦʨʽʚʥʷʥʥʷ ʧʨʦʛʥʦʟʫʶʯʠʭ ʤʦʜʝʣʝʡ 

 N R2 SD CVcrit F-statistic Ramsey test 

ʄʦʜʝʣʴ (4.15)-(4.16) 10 0.9313 0.0687 0.2212 <2.2e-16 0.6619 

ʄʦʜʝʣʴ (4.20)-(4.21) 25 0.9393 0.0607 0.1992 <2.2e-16 0.2518 
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ɿ ʪʘʙʣʠʮʽ 3.5 ʤʠ ʤʦʞʝʤʦ ʧʦʙʘʯʠʪʠ, ʱʦ ʟʘ ʜʘʥʠʤʠ ʟʦʚʥʽʰʥʴʦʛʦ ʢʨʠʪʝʨʽʶ 

ʢʨʦʩ-ʧʝʨʝʚʽʨʢʠ ʪʘ ʚʥʫʪʨʽʰʥʽʤʠ ʢʨʠʪʝʨʽʷʤʠ ʜʝʪʝʨʤʽʥʘʮʽʾ ʪʘ ʧʦʤʠʣʢʠ ʢʨʘʱʦʶ ʻ 

ʤʦʜʝʣʴ (3.20)-(3.21), ʷʢʘ ʚʦʜʥʦʯʘʩ ʻ ʛʽʨʰʦʶ ʟ ʪʦʯʢʠ ʟʦʨʫ ʢʽʣʴʢʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʽʚ, 

ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʚʽʜʥʦʚʠʪʠ, ʘ ʪʘʢʦʞ ʪʝʩʪʦʤ ʈʝʤʟʽ. ʆʩʪʘʥʥʽʡ ʜʦʟʚʦʣʷʻ ʩʪʚʝʨʜʞʫʚʘʪʠ, 

ʱʦ ʫ ʤʦʜʝʣʷʭ ʜʦʩʪʘʪʥʷ ʢʽʣʴʢʽʩʪʴ ʨʝʛʨʝʩʦʨʽʚ. ɺʦʜʥʦʯʘʩ ʟʘ ʟʥʘʯʝʥʥʷʤʠ F-

ʩʪʘʪʠʩʪʠʢʠ ʜʣʷ ʦʙʦʭ ʤʦʜʝʣʝʡ ʤʦʞʥʘ ʚʽʜʭʠʣʠʪʠ ʥʫʣʴʦʚʫ ʛʽʧʦʪʝʟʫ ʧʨʦ ʥʝ 

ʟʥʘʯʠʤʽʩʪʴ ʨʝʛʨʝʩʽʾ. ɺʽʜʪʘʢ, ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ, ʱʦ ʦʙʠʜʚʽ ʧʦʙʫʜʦʚʘʥʽ ʤʦʜʝʣʽ 

ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʫʶʪʴ ʨʝʘʣʴʥʠʡ ʧʨʦʮʝʩ.  

ʋ ʟʚôʷʟʢʫ ʟ ʥʝʚʝʣʠʢʦʶ ʨʽʟʥʠʮʝʶ ʤʽʞ ʦʮʽʥʢʘʤʠ, ʨʦʟʨʘʭʦʚʘʥʠʤʠ ʟʘ 

ʢʨʠʪʝʨʽʷʤʠ ʨʝʛʫʣʷʨʥʦʩʪʽ, ɸʢʘʽʢʝ ʪʘ ʩʪʘʥʜʘʨʪʥʦʾ ʧʝʨʝʭʨʝʩʥʦʾ ʧʝʨʝʚʽʨʢʠ ʜʣʷ 

ʦʪʨʠʤʘʥʠʭ ʤʦʜʝʣʝʡ ʥʘʜʘʣʽ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ: 

ï ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʦʮʽʥʦʯʥʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʪʽʡʢʦʩʪʽ ʬʫʪʝʨʦʚʢʠ 

ʣʽʥʽʡʥʦʾ ʤʦʜʝʣʽ (3.15) ï (3.16), ʧʦʙʫʜʦʚʘʥʦʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʙʽʥʘʪʦʨʥʦʛʦ 

ʘʣʛʦʨʠʪʤʫ ʧʦʢʨʦʢʦʚʦʛʦ ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʧʝʨʝʜʥʴʦʾ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʢʣʘʩʪʝʨʫ ʜʣʷ ʧʦʪʦʯʥʦʾ ʬʫʪʝʨʦʚʢʠ; 

ï ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧʣʝʢʩʥʦʾ ʤʦʜʝʣʽ, ʦʪʨʠʤʘʥʦʾ ʟʘ ʄɻʋɸ, ʜʣʷ ʙʽʣʴʰ 

ʪʦʥʢʦʛʦ ʘʥʘʣʽʟʫ ʚʧʣʠʚʫ ʦʢʨʝʤʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʫʩʪʘʣʝʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ 

ʬʫʪʝʨʦʚʢʠ. 

ʇʽʜʩʫʤʦʚʫʶʯʠ ʚʠʢʣʘʜʝʥʝ, ʘʚʪʦʨʦʤ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʜʚʦʝʪʘʧʥʘ ʤʦʜʝʣʴ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʩʧʦʯʘʪʢʫ ʟʘ ʢʘʪʝʛʦʨʽʡʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʘ ʧʦʪʽʤ ʟʘ ʯʠʩʣʦʚʠʤʠ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʩʫʪʪʻʚʦ ʟʤʝʥʰʠʪʠ ʧʨʦʩʪʽʨ ʧʦʰʫʢʫ ʟʘ ʨʘʭʫʥʦʢ ʬʦʨʤʫʣʶʚʘʥʥʷ ʜʣʷ 

ʙʽʣʴʰʦʩʪʽ ʚʠʜʽʣʝʥʠʭ ʢʣʘʩʪʝʨʽʚ ʧʨʦʩʪʠʭ ʨʝʛʨʝʩʽʡʥʠʭ ʤʦʜʝʣʝʡ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʚ ʷʢʦʩʪʽ ʬʘʢʪʦʨʫ, ʱʦ ʚʠʟʥʘʯʘʻ ʢʣʘʩ ʟʥʦʩʫ 

ʬʫʪʝʨʦʚʢʠ ʚʝʣʠʯʠʥʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʫ ʢʽʣʴʢʦʩʪʽ ʧʣʘʚʦʢ ʟʘ ʟʤʽʥʫ, ʱʦ ʜʦʟʚʦʣʠʣʦ 

ʚʽʨʥʦ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʙʽʣʴʰʝ 80% ʬʫʪʝʨʦʚʦʢ.  
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3.4 ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 3 

 

1. ʇʨʠ ʰʠʭʪʫʚʘʥʥʽ ʩʪʘʣʽ ʦʜʥʦʯʘʩʥʦ ʟ ʝʢʦʥʦʤʽʯʥʠʤ ʢʨʠʪʝʨʽʻʤ ʤʽʥʽʤʫʤʫ 

ʾʾ ʩʦʙʽʚʘʨʪʦʩʪʽ ʤʘʻ ʚʨʘʭʦʚʫʚʘʪʠʩʴ ʚʠʢʦʥʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʢʨʠʪʝʨʽʾʚ ʥʫʣʴʦʚʦʛʦ 

ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʪʘ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ ʧʣʘʚʢʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ 

ʰʠʭʪʫʚʘʥʥʷ, ʱʦ ʚʨʘʭʦʚʫʻ ʟʘʟʥʘʯʝʥʫ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʽʩʪʴ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʻ 11 

ʢʝʨʦʚʘʥʠʭ ʟʤʽʥʥʠʭ ʪʘ 47 ʣʽʥʽʡʥʠʭ ʡ ʥʝʣʽʥʽʡʥʠʭ ʦʙʤʝʞʝʥʴ, ʟ ʷʢʠʭ 22 ï 

ʜʚʦʩʪʦʨʦʥʥʽ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʫʜʦʩʢʦʥʘʣʝʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʰʠʭʪʫʚʘʥʥʷ ʚ 

ʩʢʣʘʜʽ ʉʇʇʈ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʦʢʘʪʫ ʜʦʟʚʦʣʷʻ ʧʽʜʪʨʠʤʫʚʘʪʠ ʩʦʙʽʚʘʨʪʦʩʪʽ ʩʪʘʣʽ ʥʘ 

ʤʥ̔ʽʤʘʣʴʥʦʤʫ ʨʽʚʥʽ ʧʨʠ ʢʦʣʠʚʘʥʥʷʭ ʮʽʥ ʥʘ ʤʘʪʝʨʽʘʣʠ, ʟʥʘʯʥʽʡ ʟʤʽʥʽ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʯʘʚʫʥʫ ʘʙʦ ʞ ʧʨʠ ʟʘʤʽʥʽ ʦʜʥʠʭ ʦʭʦʣʦʜʞʫʚʘʯʽʚ ʽʥʰʠʤʠ. 

2. ɺʠʢʦʨʠʩʪʘʥʥʷ ʚ ʨʝʛʨʝʩʽʡʥʠʭ ʤʦʜʝʣʷʭ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʦʨʪʦʚʦʛʦ ʧʨʦʢʘʪʫ ʚʽʜôʻʤʥʠʭ ʩʪʫʧʝʥʽʚ ʧʨʝʜʠʢʪʦʨʽʚ ʪʘ ʰʪʨʘʬʫ ʥʘ ʨʦʟʤʽʨʥʽʩʪʴ 

ʧʦʣʽʥʦʤʫ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʤʦʜʝʣʽ ʟ ʦʜʥʦʯʘʩʥʠʤ ʟʤʝʥʰʝʥʥʷʤ 

ʢʽʣʴʢʦʩʪʽ ʾʾ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʘʤʽʥʠʪʠ ʙʝʟʧʦʩʝʨʝʜʥʽ ʚʠʤʽʨʶʚʘʥʥʷ 

ʩʪʘʪʠʩʪʠʯʥʠʤʠ ʧʨʦʛʥʦʟʘʤʠ ʪʘ ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʽ ʚʘʨʪʽʩʪʴ ʩʝʨʪʠʬʽʢʘʮʽʾ ʛʦʪʦʚʦʾ 

ʧʨʦʜʫʢʮʽʾ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʠʚ ʧʽʜʚʠʱʠʪʠ ʬʽʟʠʯʥʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʤʦʜʝʣʝʡ 

ʩʫʪʥʦʩʪʽ ʧʨʦʮʝʩʽʚ, ʘ ʪʘʢʦʞ ʦʪʨʠʤʫʚʘʪʠ ʤʦʜʝʣʽ ʦʧʪʠʤʘʣʴʥʦʾ ʩʢʣʘʜʥʦʩʪʽ ʰʣʷʭʦʤ 

ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ. 

3. ɼʚʦʝʪʘʧʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʧʦʪʦʯʥʦʛʦ ʧʨʦʮʝʩʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʬʫʪʝʨʦʚʢʠ ʧʣʘʚʠʣʴʥʦʛʦ ʘʛʨʝʛʘʪʫ ʩʧʦʯʘʪʢʫ ʟʘ ʢʘʪʝʛʦʨʽʡʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ, ʘ 

ʧʦʪʽʤ ʟʘ ʯʠʩʣʦʚʠʤʠ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʥʝʚʽʜʦʤʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʯʘʩ ʥʘ ʧʦʰʫʢ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʈʦʟʨʦʙʣʝʥʘ ʜʚʦʝʪʘʧʥʘ 

ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ, ʷʢʘ ʟʘ ʪʝʭʥʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʬʫʪʝʨʦʚʢʠ ʪʘ 

ʧʘʨʘʤʝʪʨʘʤʠ ʚʝʜʝʥʥʷ ʧʣʘʚʢʠ ʟʘʙʝʟʧʝʯʫʻ ʩʪʘʪʠʩʪʠʯʥʦ ʟʥʘʯʠʤʠʡ ʧʨʦʛʥʦʟ ʱʦʜʦ 

ʟʘʣʠʰʢʫ ʪʝʨʤʽʥʫ ʨʦʙʦʪʠ ʧʦʪʦʯʥʦʾ ʬʫʪʝʨʦʚʢʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʤʦʜʝʣʽ 

ʚ ʷʢʦʩʪʽ ʩʢʣʘʜʦʚʦʾ ʘʣʛʦʨʠʪʤʫ ʽʥʪʝʛʨʦʚʘʥʦʾ ʉʇʇʈ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʦʢʘʪʫ ʜʦʟʚʦʣʷʻ 

ʦʪʨʠʤʫʚʘʪʠ ʧʝʨʝʜ ʧʦʯʘʪʢʦʤ ʢʦʞʥʦʾ ʧʣʘʚʢʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʨʝʩʫʨʩ ʧʦʪʦʯʥʦʾ 

ʬʫʪʝʨʦʚʢʠ, ʘ ʪʘʢʦʞ ʧʦʨʘʜʠ ʱʦʜʦ ʢʝʨʫʶʯʠʭ ʨʽʰʝʥʴ, ʷʢʽ ʙ ʟʙʽʣʴʰʠʣʠ ʾʾ ʨʝʩʫʨʩ.  
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ʈʆɿɼɯʃ 4. ɻɯɹʈʀɼʅʀʁ ʄɽʊʆɼ ʄʆɼɽʃʖɺɸʅʅʗ ʐʊʋʏʅʆɰ ɯʄʋʅʅʆɰ 

ʉʀʉʊɽʄʀ ɺ ʉʇʇʇ ɺʀʈʆɹʅʀʎʊɺɸ ʇʈʆʂɸʊʋ 

 

 

4.1. ʋʜʦʩʢʦʥʘʣʝʥʠʡ ʘʣʛʦʨʠʪʤ ʦʧʪʠʤʽʟʘʮʽʾ HINO-SF 

 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʦʟʥʘʯʝʥʥʷ, ʚʚʝʜʝʥʽ ʚ ʧ. 1.2.2, ʪʘ ʚʨʘʭʦʚʫʶʯʠ ʥʝʜʦʣʽʢʠ 

ʨʦʟʛʣʷʥʫʪʠʭ ʚʠʱʝ ʨʝʘʣʽʟʘʮʽʡ ʘʣʛʦʨʠʪʤʽʚ ʫʤʦʚʥʦʾ ʪʘ ʙʝʟʫʤʦʚʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʥʘ 

ʦʩʥʦʚʽ ʤʝʪʦʜʫ ʤʦʜʝʣʶʚʘʥʥʷ ʰʪʫʯʥʠʭ ʽʤʫʥʥʠʭ ʩʠʩʪʝʤ, ʧʨʦʧʦʥʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʡ 

ʘʣʛʦʨʠʪʤ, ʱʦ ʤʘʻ ʨʷʜ ʧʝʨʝʚʘʛ, ʟʘʧʦʟʠʯʝʥʠʭ ʫ ʽʥʰʠʭ ʧʦʰʫʢʦʚʠʭ ʘʣʛʦʨʠʪʤʽʚ, 

ʟʦʢʨʝʤʘ ʛʝʥʝʪʠʯʥʠʭ ʪʘ ʤʝʤʝʪʠʯʥʠʭ [130]: 

ï ʥʝ ʧʦʪʨʝʙʫʻ ʜʚʽʡʢʦʚʦʛʦ ʢʦʜʫʚʘʥʥʷ ʜʽʡʩʥʠʭ ʟʤʽʥʥʠʭ; 

ï ʧʝʨʝʜʙʘʯʘʻ ʦʙʤʽʥ ʽʥʬʦʨʤʘʮʽʻʶ ʤʽʞ ʧʦʰʫʢʦʚʠʤʠ ʘʛʝʥʪʘʤʠ; 

ï ʜʦʟʚʦʣʷʻ ʛʥʫʯʢʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠʩʪʦʩʦʚʘʥʽʩʪʴ ʧʦʰʫʢʦʚʠʭ ʘʛʝʥʪʽʚ ʧʨʠ 

ʬʦʨʤʫʚʘʥʥʽ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ; 

ï ʜʦʟʚʦʣʷʻ ʘʛʝʥʪʫ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʦʙʤʝʞʝʥʠʡ ʣʦʢʘʣʴʥʠʡ ʧʦʰʫʢ. 

ʄʝʪʦʶ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʦʩʪʘʥʥʽʭ ʤʘʻ ʩʪʘʪʠ ʝʬʝʢʪʠʚʥʠʡ ʧʦʰʫʢ 

ʩʽʤʝʡʩʪʚʘ ʨʽʰʝʥʴ ʟʘʜʘʯʽ ʫʤʦʚʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʫ ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʘʙʦ ʜʽʡʩʥʦʤʫ 

ʧʨʦʩʪʦʨʽ ʚ ʨʝʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʽ ʯʘʩʫ ʟ ʷʢʦʤʦʛʘ ʧʦʚʥʽʰʠʤ ʚʠʚʯʝʥʥʷʤ ʚʩʽʻʾ ʦʙʣʘʩʪʽ 

ʧʦʰʫʢʫ. 

ʅʘʟʚʝʤʦ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ HINO-SF (Hybrid Immune Network 

Optimization algorithm with Saaty selection and Fibonacci search), ʩʠʥʪʝʟ ʷʢʦʛʦ 

ʜʦʢʣʘʜʥʦ ʨʦʟʛʣʷʥʫʪʦ ʚ [131]. ɺʽʥ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʢʨʦʢʽʚ: 

ʂʨʦʢ 1. ɿʘʜʘʻʪʴʩʷ ʢʨʠʪʝʨʽʡ ʟʫʧʠʥʢʠ (ʟʘʟʚʠʯʘʡ ʘʙʩʦʣʶʪʥʠʡ ʯʘʩ ʘʙʦ ʢʽʣʴʢʽʩʪʴ 

ʧʦʢʦʣʽʥʴ-ʽʪʝʨʘʮʽʡ). ɺʠʧʘʜʢʦʚʦ ʛʝʥʝʨʫʻʪʴʩʷ ʧʦʧʫʣʷʮʽʷ ʘʥʪʠʪʽʣ. ʃʽʯʠʣʴʥʠʢ 

ʧʦʢʦʣʽʥʴ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʚ 0=t . 

ʂʨʦʢ 2. ʗʢʱʦ ʜʦʩʷʛʥʫʪʦ ʥʘʧʝʨʝʜ ʟʘʜʘʥʠʡ ʢʨʠʪʝʨʽʡ, ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʝʨʝʭʽʜ 

ʜʦ ʢʨʦʢʫ 11; ʚ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ ï ʧʝʨʝʭʽʜ ʜʦ ʢʨʦʢʫ 3.  
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ʂʨʦʢ 3. 3ʘ ʦʮʽʥʢʦʶ ʧʨʠʩʪʦʩʦʚʘʥʦʩʪʽ ʢʣʽʪʠʥ ʧʦʪʦʯʥʦʛʦ ʧʦʢʦʣʽʥʥʷ 

ʧʨʠʟʥʘʯʘʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʢʣʦʥʽʚ ʜʣʷ ʢʦʞʥʦʾ ʟ ʢʣʽʪʠʥ ʧʦʪʦʯʥʦʛʦ ʧʦʢʦʣʽʥʥʷ ï 

ʦʧʝʨʘʪʦʨ ʩʝʣʝʢʮʽʾ.  

ʂʨʦʢ 4. ʂʣʦʥʫʚʘʥʥʷ ʢʣʽʪʠʥ ʫ ʢʽʣʴʢʦʩʪʽ, ʱʦ ʚʠʟʥʘʯʝʥʘ ʦʧʝʨʘʪʦʨʦʤ ʩʝʣʝʢʮʽʾ. 

ʂʨʦʢ 5. ʈʝʢʦʤʙʽʥʘʮʽʷ ʢʣʦʥʦʚʘʥʠʭ ʦʩʦʙʠʥ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʧʝʨʘʪʦʨʫ 

ʡʤʦʚʽʨʥʽʩʥʦʛʦ ʢʨʦʩʠʥʛʦʚʝʨʫ. 

ʂʨʦʢ 6. ʈʦʟʨʘʭʫʥʦʢ 

ʜʠʥʘʤʽʯʥʦʾ ʡʤʦʚʽʨʥʦʩʪʽ ʤʫʪʘʮʽʾ 

ʜʣʷ ʢʣʦʥʽʚ ʪʘ ʚʠʢʦʥʘʥʥʷ 

ʘʜʘʧʪʠʚʥʦʛʦ ʦʧʝʨʘʪʦʨʘ ʤʫʪʘʮʽʡ. 

ʂʨʦʢ 7. 3 ʧʝʚʥʦʶ 

ʡʤʦʚʽʨʥʽʩʪʶ ʚʠʢʦʥʘʥʥʷ ʜʣʷ 

ʢʦʞʥʦʛʦ ʢʣʦʥʘ ʦʧʝʨʘʪʦʨʫ 

ʦʜʥʦʚʠʤʽʨʥʦʛʦ ʣʦʢʘʣʴʥʦʛʦ 

ʧʦʰʫʢʫ ʟʘ ʚʠʧʘʜʢʦʚʦʶ 

ʢʦʦʨʜʠʥʘʪʦʶ ʤʝʪʦʜʦʤ ʟʦʣʦʪʦʛʦ 

ʧʝʨʝʪʠʥʫ (ʌʽʙʦʥʘʯʯʽ) [132]. 

ʂʨʦʢ 8. ʉʪʠʩʥʝʥʥʷ ʩʧʽʣʴʥʦʾ 

ʧʦʧʫʣʷʮʽʾ ʙʘʪʴʢʽʚ ʪʘ ʢʣʦʥʽʚ ʟʘ 

ʨʘʭʫʥʦʢ ʚʽʜʧʦʚʽʜʥʦʛʦ ʦʧʝʨʘʪʦʨʫ 

ʜʦ ʟʘʜʘʥʦʛʦ ʨʽʚʥʷ pN . 

ʂʨʦʢ 9. ɿʥʠʱʝʥʥʷ ʟ 

ʧʦʪʦʯʥʦʛʦ ʧʦʢʦʣʽʥʥʷ ʢʣʽʪʠʥ, ʚʽʢ 

ʷʢʠʭ ʜʦʩʷʛ ʟʘʜʘʥʦʛʦ ʟʥʘʯʝʥʥʷ maxt

. ɰʭ ʤʽʩʮʝ ʚ ʦʩʥʦʚʥʽʡ ʧʦʧʫʣʷʮʽʾ 

ʟʘʡʤʘʶʪʴ ʢʣʽʪʠʥʠ, ʟʛʝʥʝʨʦʚʘʥʽ 

ʚʠʧʘʜʢʦʚʠʭ ʯʠʥʦʤ ʚ ʦʙʣʘʩʪʽ 

ʧʦʰʫʢʫ. 

ʂʨʦʢ 10. ʃʽʯʠʣʴʥʠʢ 

ʧʦʢʦʣʽʥʴ 1+=tt . ʇʝʨʝʭʽʜ ʥʘ ʢʨʦʢ 2. 

 

ʈʠʩ. 4.1 ï ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʫ HINO-SF 

ʇʦʯʘʪʦʢ 

ɺʚʝʜʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ 

ɻʝʥʝʨʘʮʽʷ ʦʩʦʙʠʥ 

ɺʠʚʝʜʝʥʥʷ 

ʨʽʰʝʥʥʷ 

ɿʘʚʝʨʰʝʥʥʷ 

t >= tmax? 
ʊʘʢ 

ʅ ̔

ʉʝʣʝʢʮʽʷ ʙʘʪʴʢʽʚ 

ʋʪʚʦʨʝʥʥʷ ʢʣʦʥʽʚ 

ʈʝʢʦʤʙʽʥʘʮʽʷ 

ʢʣʦʥʽʚ 

ʄʫʪʘʮʽʷ ʢʣʦʥʽʚ 

ʉʪʠʩʥʝʥʥʷ 

ʧʦʧʫʣʷʮʽʾ 

ɺʠʣʫʯʝʥʥʷ 

ʩʪʘʨʠʭ ʦʩʦʙʠʥ 
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ʂʨʦʢ 11. ɺʠʚʝʜʝʥʥʷ ʧʦʪʦʯʥʦʛʦ ʧʦʢʦʣʽʥʥʷ, ʷʢ ʤʥʦʞʠʥʠ ʩʫʙʦʧʪʠʤʘʣʴʥʠʭ 

ʨʽʰʝʥʴ. 

ʂʨʦʢ 12. ɿʫʧʠʥʢʘ ʘʣʛʦʨʠʪʤʫ.  

 

ɺʠʢʣʘʜʝʥʠʡ ʘʣʛʦʨʠʪʤ ʽʣʶʩʪʨʫʻ ʙʣʦʢ-ʩʭʝʤʘ, ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 4.1. 

ɿʘʟʥʘʯʝʥʠʡ ʘʣʛʦʨʠʪʤ ʦʧʪʠʤʽʟʘʮʽʾ ʛʽʙʨʠʜʥʦʾ ʽʤʫʥʥʦʾ ʤʝʨʝʞʽ ʤʦʞʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʜʣʷ ʨʦʟʚ'ʷʟʫʚʘʥʥʷ ʷʢ ʟʘʜʘʯ ʫ ʥʝʩʢʽʥʯʝʥʥʦʤʫ ʧʨʦʩʪʦʨʽ, ʪʘʢ ʽ 

ʟʘʜʘʯ ʢʦʤʙʽʥʘʪʦʨʥʦʛʦ ʪʠʧʫ. ʆʩʪʘʥʥʷ ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʘ ʟʘ [133]. ʎʝ ʟʘʜʘʯʘ 

ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ, ʱʦ ʨʝʘʣʽʟʫʻʪʴʩʷ ʤʝʪʘʣʫʨʛʽʡʥʠʤ 

ʧʽʜʧʨʠʻʤʩʪʚʦʤ, ʷʢʘ, ʷʢ ʧʨʘʚʠʣʦ, ʥʘʣʝʞʠʪʴ ʜʦ ʢʣʘʩʫ ʟʘʜʘʯ ʢʦʤʙʽʥʘʪʦʨʥʦʾ 

ʦʧʪʠʤʽʟʘʮʽʾ ʪʝʦʨʽʾ ʧʣʘʥʫʚʘʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʟʘʜʘʯʘ ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ 

ʟʘʤʦʚʣʝʥʴ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʦʟʥʘʢʘʤʠ ʽʥʰʦʾ ʚʽʜʦʤʦʾ ʢʦʤʙʽʥʘʪʦʨʥʦʾ ʟʘʜʘʯʽ - 

ʧʦʙʫʜʦʚʠ ʤʘʨʰʨʫʪʫ ʢʦʤʽʚʦʷʞʝʨʘ (ʟʘʜʘʯʘ ʢʦʤʽʚʦʷʞʝʨʘ, TSP), ʟʦʢʨʝʤʘ, ʚʽʜʢʨʠʪʦʾ 

ʟʘʜʘʯʽ ʢʦʤʽʚʦʷʞʝʨʘ. 

ɯʥʰʘ ʢʦʤʙʽʥʘʪʦʨʥʘ ʧʨʠʢʣʘʜʥʘ ʦʧʪʠʤʽʟʘʮʽʡʥʘ ʟʘʜʘʯʘ ð ʮʝ ʟʘʜʘʯʘ 

ʤʽʥʽʤʽʟʘʮʽʾ ʢʽʣʴʢʦʩʪʽ ʩʪʘʣʽ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʦʙʤʝʞʝʥʥʷ ʨʦʟʤʽʨʫ ʟʘʤʦʚʣʝʥʥʷ ʥʘ 

ʩʪʘʣʴ ʣʠʰʝ ʜʣʷ ʦʜʥʦʛʦ ʚʽʜʣʠʚʥʦʛʦ ʦʙôʻʤʫ [134]. ʈʦʟʨʦʙʣʝʥʘ ʤʦʜʝʣʴ ʚʠʟʥʘʯʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʧʦʧʝʨʝʜʥʴʦʾ ʦʮʽʥʢʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʤʽʨʫ ʟʘʛʦʪʦʚʢʠ, ʚʠʭʦʜʷʯʠ ʟ 

ʥʝʦʙʭʽʜʥʦʛʦ ʨʦʟʢʨʦʶ ʧʦ ʜʦʚʞʠʥʽ ʢʽʥʮʝʚʦʛʦ ʚʠʨʦʙʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʝʚʥʽʡ ʬʦʨʤʽ 

ʧʝʨʝʨʽʟʫ ʟʘʛʦʪʦʚʢʠ, ʪʘ ʦʙʤʝʞʝʥʥʷ ʚʘʛʠ ʟʣʠʚʢʽʚ ʫ ʚʝʨʭʥʽʡ ʽ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ. 

ʈʦʟʛʣʷʥʝʤʦ ʢʦʞʝʥ ʟʽ ʟʛʘʜʘʥʠʭ ʚ ʘʣʛʦʨʠʪʤʽ ʦʧʝʨʘʪʦʨʽʚ ʜʦʢʣʘʜʥʽʰʝ. 

 

 

4.1.1. ɿʘʩʪʦʩʫʚʘʥʥʷ ʢʚʘʟʽ-ʚʠʧʘʜʢʦʚʠʭ ʛʝʥʝʨʘʪʦʨʽʚ ʘʥʪʠʪʽʣ   

ʋ ʙʫʜʴ-ʷʢʦʤʫ ʘʣʛʦʨʠʪʤʽ ʛʣʦʙʘʣʴʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʧʦʧʫʣʷʮʽʾ, ʷʢ-ʦʪ 

ʦʧʪʠʤʽʟʘʮʽʷ ʨʦʻʤ ʯʘʩʪʦʢ (PSO), ʝʚʦʣʶʮʽʡʥʘ ʩʪʨʘʪʝʛʽʷ (ES), ʛʝʥʝʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤ 

(GA) ʘʙʦ ʐɯʉ, ʱʦ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʥʘʤʠ, ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʚʠʙʽʨʢʠ ὔ   ʦʩʦʙʠʥ 

ʧʦʯʘʪʢʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ, ʘ ʪʘʢʦʞ ʜʣʷ ʛʝʥʝʨʘʮʽʾ ʥʦʚʠʭ ʧʦʰʫʢʦʚʠʭ ʘʛʝʥʪʽʚ ʟʘʤʽʩʪʴ 

ʪʠʭ, ʭʪʦ ʚʠʙʫʚ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʘʢ ʟʚʘʥʠʡ ʛʝʥʝʨʘʪʦʨ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʭ ʯʠʩʝʣ, 
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ʱʦ ʽʤʽʪʫʻ ʨʝʘʣʽʟʘʮʽʶ ʨʦʟʧʦʜʽʣʫ ὟπȠρ. ʗʢʱʦ ʡʦʛʦ ʧʦʪʫʞʥʽʩʪʴ ʛʝʥʝʨʘʮʽʾ N ʤʝʥʰʘ 

ʟʘ 10 3 ï 10 4 , ʮʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʘʥʘʜʪʦ ʥʝʦʜʥʦʨʽʜʥʦʾ ʩʽʪʢʠ [135]. 

ʇʨʦʧʦʥʫʻʪʴʩʷ ʚ ʦʧʝʨʘʪʦʨʽ ʛʝʥʝʨʘʮʽʾ ʦʩʦʙʠʥ ʟʘʤʽʩʪʴ ʛʝʥʝʨʘʪʦʨʘ 

ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʭ ʯʠʩʝʣ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʢʚʘʟʽ-ʚʠʧʘʜʢʦʚʽ ʯʠʩʣʘ, ʷʢʽ ʤʘʶʪʴ ʢʨʘʱʫ 

ʦʜʥʦʨʽʜʥʽʩʪʴ, ʥʽʞ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʽ ʯʠʩʣʘ. ʂʚʘʟʽ-ʚʠʧʘʜʢʦʚʽ ʯʠʩʣʘ ʤʘʶʪʴ ʙʘʛʘʪʦ 

ʧʦʜʽʙʥʦʩʪʽ ʟ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʤʠ ʯʠʩʣʘʤʠ, ʘʣʝ ʚʦʥʠ ʚʠʙʠʨʘʶʪʴʩʷ ʜʝʪʝʨʤʽʥʦʚʘʥʦ 

ʥʘ ʦʩʥʦʚʽ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʟ ʥʠʟʴʢʦʶ ʨʦʟʙʽʞʥʽʩʪʶ [136]. 

ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʍʘʣʪʦʥʘ ʽ ʥʘʙʽʨ ʍʘʤʤʝʨʩʣʽ ʚʠʟʥʘʯʘʶʪʴ ʜʚʘ ʜʝʪʝʨʤʽʥʦʚʘʥʠʭ 

ʩʧʦʩʦʙʠ ʬʦʨʤʫʚʘʥʥʷ ʚʠʙʽʨʢʠ ʫ ʙʘʛʘʪʦʚʠʤʽʨʥʦʤʫ ʜʽʡʩʥʦʤʫ ʧʨʦʩʪʦʨʽ ʪʘʢʠʤ 

ʯʠʥʦʤ, ʱʦʙ ʦʪʨʠʤʘʥʽ ʪʦʯʢʠ ʙʫʣʠ ʷʢʦʤʦʛʘ ʜʘʣʽ ʦʜʥʘ ʚʽʜ ʦʜʥʦʾ. ʇʦ ʩʫʪʽ, 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʍʘʣʪʦʥʘ ʽ ʤʥʦʞʠʥʘ ʍʘʤʤʝʨʩʣʽ ʻ ʫʟʘʛʘʣʴʥʝʥʥʷʤ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ɺʘʥ 

ʜʝʨ ʂʦʨʧʫʪʘ ʜʣʷ ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ ʚʠʧʘʜʢʽʚ. 

ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʉʦʙʦʣʷ ʻ ʱʝ ʦʜʥʠʤ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʤ ʛʝʥʝʨʘʪʦʨʦʤ 

ʢʚʘʟʽ-ʚʠʧʘʜʢʦʚʠʭ ʯʠʩʝʣ. ɺʽʥ ʙʫʚ ʚʠʥʘʡʜʝʥʠʡ ɯʣʣʝʶ ʉʦʙʦʣʝʤ ʱʝ ʚ 1967 ʨʦʮʽ. ʎʝʡ 

ʛʝʥʝʨʘʪʦʨ ʢʚʘʟʽ-ʚʠʧʘʜʢʦʚʠʭ ʯʠʩʝʣ ʚʠʢʦʨʠʩʪʦʚʫʻ ʙʘʟʫ 2 ʜʣʷ ʛʝʥʝʨʘʮʽʾ 

ʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ  ὟπȠρ, ʱʦʙ ʧʦʪʽʤ ʚʠʢʦʥʘʪʠ ʩʧʝʮʽʘʣʴʥʝ 

ʧʝʨʝʚʧʦʨʷʜʢʫʚʘʥʥʷ ʛʦʣʦʚʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʚʠʤʽʨʽʚ ʚʠʙʽʨʢʦʚʦʛʦ 

ʛʽʧʝʨʧʨʦʩʪʦʨʫ [137]. 

ʅʘ ʨʠʩʫʥʢʫ 4.2 ʧʦʢʘʟʘʥʦ ʧʦʨʽʚʥʷʥʥʷ 1000 ʪʦʯʦʢ ʫ 2-ʚʠʤʽʨʥʦʤʫ ʜʽʡʩʥʦʤʫ 

ʧʨʦʩʪʦʨʽ ʟ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʦʾ ʚʠʙʽʨʢʠ ʥʘ ʦʩʥʦʚʽ ʛʝʥʝʨʘʪʦʨʘ çʚʠʭʦʨ ʄʝʨʩʝʥʥʘè, 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʩʫʯʘʩʥʠʭ ʤʦʚ ʧʨʦʛʨʘʤʫʚʘʥʥʷ (ʫʛʦʨʽ ʣʽʚʦʨʫʯ), ʽʟ 

ʧʦʩʣʽʜʦʚʥʽʩʪʶ ʍʘʣʪʦʥʘ (ʚʛʦʨʽ ʧʨʘʚʦʨʫʯ), ʟ ʥʘʙʦʨʦʤ ʍʘʤʤʝʨʩʣʽ (ʫʥʠʟʫ ʟʣʽʚʘ) ʪʘ ʟ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʉʦʙʦʣʷ (ʫʥʠʟʫ ʩʧʨʘʚʘ). ʗʢ ʚʠʜʥʦ ʟ ʽʣʶʩʪʨʘʮʽʾ, ʢʚʘʟʽ-ʚʠʧʘʜʢʦʚʽ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʦʭʦʧʣʶʶʪʴ ʦʜʠʥʠʯʥʠʡ ʜʽʡʩʥʠʡ ʧʨʦʩʪʽʨ ʙʽʣʴʰ ʨʽʚʥʦʤʽʨʥʦ, ʥʽʞ 

ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʽ. 
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ʈʠʩ. 4.2 ï ʇʦʨʽʚʥʷʥʥʷ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʭ (ʣʽʚʦʨʫʯ ʫʛʦʨʽ) ʽ ʢʚʘʟʽ-ʚʠʧʘʜʢʦʚʠʭ 

ʛʝʥʝʨʘʪʦʨʽʚ ʫ ʜʚʦʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ 

 

ʑʦʙ ʧʨʦʽʣʶʩʪʨʫʚʘʪʠ ʝʬʝʢʪ, ʷʢʠʡ ʤʘʻ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ 

ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʟʘʜʘʯ ʝʚʦʣʶʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʧʝʨʘʪʦʨʘ ʛʝʥʝʨʘʮʽʾ 

ʚʠʧʘʜʢʦʚʠʭ ʦʩʦʙʠʥ, ʙʫʚ ʧʨʦʚʝʜʝʥʠʡ ʤʘʪʝʤʘʪʠʯʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ. ɿʘ ʜʦʧʦʤʦʛʦʶ 

ʚʠʢʣʘʜʝʥʦʛʦ ʚʠʱʝ ʘʣʛʦʨʠʪʤʫ HINO-SF ʚʠʨʽʰʫʚʘʣʘʩʴ ʟʘʜʘʯʘ ʈʘʩʪʨʽʛʽʥʘ ʫ 

ʙʘʛʘʪʦʚʠʤʽʨʥʦʤʫ ʥʝʧʝʨʝʨʚʥʦʤʫ ʧʨʦʩʪʦʨʽ [78] ʪʘ ʢʦʤʙʽʥʘʪʦʨʥʘ ʟʘʜʘʯʘ 

ʤʽʥʽʤʘʣʴʥʦʛʦ ʧʦʢʨʠʪʪʷ ʤʥʦʞʠʥʠ scpcyc07 ʟ ʥʘʙʦʨʫ ʪʝʩʪʦʚʠʭ ʬʫʥʢʮʽʡ OR-Library 

(ʨʦʟʤʽʨʥʽʩʪʴ ï ʩʦʪʥʽ ʚʝʨʰʠʥ) [138]. ʇʨʠ ʮʴʦʤʫ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʚʙʫʜʦʚʘʥʽ ʚ ʩʠʩʪʝʤʫ MATLAB ʢʣʘʩʠʯʥʽ ʛʝʥʝʨʘʪʦʨʠ. 
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ʈʝʟʫʣʴʪʘʪʠ ʧʦʨʽʚʥʷʥʥʷ ʥʘ ʧʝʨʰʠʭ 10 000 ʽʪʝʨʘʮʽʷʭ ʽʣʶʩʪʨʫʶʪʴʩʷ ʜʘʥʠʤʠ ʚ 

ʪʘʙʣʠʮʽ 4.1 ʪʘ ʛʨʘʬʽʢʘʤʠ ʥʘ ʨʠʩʫʥʢʫ 4.3. 

ʊʘʙʣʠʮʷ 4.1 ʤʽʩʪʠʪʴ ʧʦʨʽʚʥʷʥʥʷ ʟʛʘʜʘʥʠʭ ʚʠʱʝ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʭ ʽ ʢʚʘʟʽ-

ʚʠʧʘʜʢʦʚʠʭ ʛʝʥʝʨʘʪʦʨʽʚ ʜʣʷ ʨʦʟʚ'ʷʟʫʚʘʥʥʷ ʟʘʜʘʯʽ ʈʘʩʪʨʽʛʽʥʘ ʚ 10, 25, 65 ʽ 100 

ʚʠʤʽʨʥʦʤʫ ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʧʨʦʩʪʦʨʽ. ɻʝʥʝʨʘʪʦʨʠ ʧʦʨʽʚʥʶʶʪʴʩʷ ʟʘ ʯʘʩʦʤ ʧʝʨʰʦʛʦ 

ʦʪʨʠʤʘʥʥʷ ʥʘʧʝʨʝʜ ʚʽʜʦʤʦʛʦ ʛʣʦʙʘʣʴʥʦʛʦ ʦʧʪʠʤʫʤʫ. 

 

ʊʘʙʣʠʮʷ 4.1. ʏʘʩ ʜʦ ʧʝʨʰʦʛʦ ʦʪʨʠʤʘʥʥʷ ʛʣʦʙʘʣʴʥʦʛʦ ʦʧʪʠʤʫʤʫ, ʽʪʝʨʘʮʽʡ 

ɻʝʥʝʨʘʪʦʨ 
ʈʦʟʤʽʨ ʧʨʦʩʪʦʨʫ 

10 25 65 100 

ʧʩʝʚʜʦ-

ʚʠʧʘʜʢʦʚʠʡ 

ɺʠʭʦʨ ʄʝʨʩʝʥʥʘ (ʟʘ 

ʟʘʤʦʚʯʫʚʘʥʥʷʤ) 
136 1702 10274 64987 

ʂʦʤʙʽʥʦʚʘʥʠʡ ʨʝʢʫʨʩʠʚʥʠʡ 118 1476 11320 103951 

ʄʫʣʴʪʠʧʣʽʢʘʮʽʷ ʌʽʙʦʥʘʯʯʽ 86 1099 9920 68357 

ʢʚʘʟʽ-ʚʠʧʘʜʢʦʚʠʡ 

ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʍʘʣʪʦʥʘ 111 1375 9811 61159 

ʅʘʙʽʨ ʍʘʤʤʝʨʩʣʽ 103 1258 8917 51478 

ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʉʦʙʦʣʷ  84 1005 8497 66123 

 

ʅʘʪʦʤʽʩʪʴ ʮʴʦʛʦ ʥʘ ʨʠʩʫʥʢʫ 4.3 ʧʦʢʘʟʘʥʘ ʯʘʩʦʚʘ ʟʘʣʝʞʥʽʩʪʴ ʥʘʡʢʨʘʱʦʛʦ 

ʨʽʰʝʥʥʷ ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯʽ ʧʦʢʨʠʪʪʷ ʤʥʦʞʠʥ ʜʣʷ ʧʝʨʰʠʭ 10 000 ʽʪʝʨʘʮʽʡ. 

 

ʈʠʩ. 4.3 ï ʅʘʡʢʨʘʱʝ ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʧʦʢʨʠʪʪʷ ʤʥʦʞʠʥ ʥʘ ʧʝʨʰʠʭ 10 000 

ʽʪʝʨʘʮʽʡ 
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ʗʢ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʟ ʨʝʟʫʣʴʪʘʪʽʚ ʫ ʪʘʙʣʠʮʽ 4.1, ʧʨʠ ʨʦʟʚôʷʟʘʥʥʽ 

ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ ʟʘʜʘʯ ʚ ʜʽʡʩʥʦʤʫ ʧʨʦʩʪʦʨʽ ʫʩʽ ʢʚʘʟʽ-ʚʠʧʘʜʢʦʚʽ ʛʝʥʝʨʘʪʦʨʠ 

ʧʦʢʘʟʫʶʪʴ ʢʨʘʱʠʡ ʨʝʟʫʣʴʪʘʪ, ʥʽʞ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʽ ʛʝʥʝʨʘʪʦʨʠ. ʎʝʡ ʨʝʟʫʣʴʪʘʪ 

ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʽ ʩʪʘʻ ʦʩʦʙʣʠʚʦ ʧʦʤʽʪʥʠʤ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʨʦʟʤʽʨʥʦʩʪʽ ʟʘʜʘʯʽ, 

ʢʦʣʠ ʟʘʧʦʚʥʝʥʥʷ ʧʨʦʩʪʦʨʫ ʨʽʰʝʥʥʷ ʩʪʘʻ ʚʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ ʚʽʜʰʫʢʘʥʥʷ 

ʛʣʦʙʘʣʴʥʦʛʦ ʦʧʪʠʤʫʤʫ.  

ʗʢ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʟ ʨʠʩʫʥʢʘ 4.3, ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʚʘʟʽ-ʚʠʧʘʜʢʦʚʠʭ 

ʛʝʥʝʨʘʪʦʨʽʚ ʧʨʠ ʜʦʚʛʦʪʨʠʚʘʣʽʡ ʨʦʙʦʪʽ ʝʚʨʠʩʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʟʘʙʝʟʧʝʯʫʶʪʴ ʪʝ 

ʞ ʩʘʤʝ ʧʽʜʩʫʤʢʦʚʝ ʨʽʰʝʥʥʷ, ʱʦ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʭ ʛʝʥʝʨʘʪʦʨʽʚ. 

ɺʪʽʤ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʚʘʟʽ-ʚʠʧʘʜʢʦʚʠʭ ʛʝʥʝʨʘʪʦʨʽʚ ʧʨʠʩʢʦʨʶʻ ʧʦʰʫʢ ʛʣʦʙʘʣʴʥʦʛʦ 

ʦʧʪʠʤʫʤʫ ʚ ʩʝʨʝʜʥʴʦʤʫ ʥʘ 12-20% ʯʘʩʫ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʚʘʞʣʠʚʠʤ ʧʨʠ ʨʦʟʚôʷʟʘʥʥʽ 

ʟʘʜʘʯ ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ, ʟʦʢʨʝʤʘ ʨʦʟʣʠʚʢʠ ʩʪʘʣʽ, ʨʦʟʢʨʦʶʚʘʥʥʷ 

ʧʦʣʦʩʠ ʪʘ ʽʥʰʠʭ, ʚʠʢʦʥʫʚʘʥʠʭ ʟ ʦʙʤʝʞʝʥʥʷʤ ʥʘ ʯʘʩ. 

 

 

4.1.2. ʆʧʝʨʘʪʦʨ ʩʝʣʝʢʮʽʾ ʥʘ ʦʩʥʦʚʽ ʧʘʨʥʠʭ ʧʦʨʽʚʥʷʥʴ ʨʽʰʝʥʴ 

ʆʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʘʣʛʦʨʠʪʤʫ 

ʦʧʪʠʤʽʟʘʮʽʾ, ʟʘʩʥʦʚʘʥʦʛʦ ʥʘ ʰʪʫʯʥʽʡ ʽʤʫʥʥʽʡ ʩʠʩʪʝʤʽ, ʻ ʚʠʙʽʨ ʙʘʪʴʢʽʚʩʴʢʠʭ 

ʦʩʦʙʠʥ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʢʣʦʥʽʚ. ʋ [131] ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʧʝʨʘʪʦʨ ʚʠʙʦʨʫ ʥʘ ʦʩʥʦʚʽ ʧʦʧʘʨʥʠʭ ʧʦʨʽʚʥʷʥʴ ʉʘʘʪʽ . ʋ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʤʘʪʨʠʮʷ ʢʘʥʜʠʜʘʪʽʚ ʧʦʧʘʨʥʠʭ ʧʦʨʽʚʥʷʥʴ ʜʣʷ ʥʘʱʘʜʢʽʚ ʟʘʧʦʚʥʶʚʘʣʘʩʷ 

ʣʠʰʝ ʜʣʷ ʨʽʰʝʥʴ, ʷʢʽ ʚʭʦʜʷʪʴ ʜʦ ʧʝʨʰʦʾ ʧʦʣʦʚʠʥʠ ʚʽʜʨʽʟʢʘ ʟʥʘʯʝʥʴ ʮʽʣʴʦʚʦʾ 

ʬʫʥʢʮʽʾ •  Ƞ•  ʜʣʷ ʨʽʰʝʥʴ-ʢʘʥʜʠʜʘʪʽʚ. ʈʝʡʪʠʥʛ ʢʦʞʥʦʛʦ ʟ ʢʘʥʜʠʜʘʪʽʚ j 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ 

ὥ ρ •ὢ ϽὯȟ (4.1) 

ʜʝ k - ʨʦʟʤʽʨʥʽʩʪʴ ʰʢʘʣʠ (ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ k = 9). 

ʇʦʙʫʜʦʚʘ ʤʘʪʨʠʮʽ ʧʦʧʘʨʥʠʭ ʧʦʨʽʚʥʷʥʴ, ʜʣʷ ʧʝʨʰʦʛʦ ʨʷʜʢʘ ʷʢʦʾ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʠʨʘʟ ὦ ὥȾὥ , ʘ ʜʣʷ ʨʝʰʪʠ - ὦ ὦȾὦ . 
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ɸʥʘʣʽʟ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʫ HINO-SF ʟ ʦʧʠʩʘʥʠʤ 

ʦʧʝʨʘʪʦʨʦʤ ʩʝʣʝʢʮʽʾ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʚ ʜʽʡʩʥʦʤʫ ʽ ʢʦʤʙʽʥʘʪʦʨʥʦʤʫ ʧʨʦʩʪʦʨʽ 

ʧʦʢʘʟʘʚ ʧʝʚʥʽ ʥʝʜʦʣʽʢʠ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ. ʇʦ-ʧʝʨʰʝ, ʧʨʠ ʥʝʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ 

ʧʦʰʫʢʦʚʠʭ ʘʛʝʥʪʽʚ ʜʦʚʦʣʽ ʪʠʧʦʚʦʶ ʻ ʩʠʪʫʘʮʽʷ ʧʝʨʝʜʯʘʩʥʦʾ ʟʙʽʞʥʦʩʪʽ, ʢʦʣʠ 

ʬʘʢʪʠʯʥʦ ʥʘʩʪʫʧʥʝ ʧʦʢʦʣʽʥʥʷ ʬʦʨʤʫʻʪʴʩʷ ʟ ʦʜʥʦʛʦ ʘʙʦ ʜʚʦʭ ʧʦʪʝʥʮʽʡʥʠʭ 

ʙʘʪʴʢʽʚ, ʘʜʞʝ ʨʝʰʪʘ ʣʝʞʘʪʴ ʟʘ ʩʝʨʝʜʠʥʦʶ ʚʽʜʨʽʟʢʫ •  Ƞ• . ʇʦ-ʜʨʫʛʝ, ʽ ʮʝ 

ʥʘʩʣʽʜʦʢ ʧʝʨʰʦʾ ʧʨʦʙʣʝʤʠ, ʦʩʢʽʣʴʢʠ ʙʽʣʴʰʽʩʪʴ ʢʣʦʥʽʚ ʙʫʜʫʪʴ ʥʘʱʘʜʢʘʤʠ ʦʜʥʦʛʦ 

ʯʠ ʜʚʦʭ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʦʢʦʣʽʥʥʷ, ʟʥʠʢʘʻ ʦʜʠʥ ʬʘʢʪʦʨʽʚ ʟ ʧʝʨʝʚʘʛʠ 

ʩʪʨʘʪʝʛʽʾ ʐɯʉ ï ʤʫʣʴʪʠʘʛʝʥʪʥʽʩʪʴ, ʪʦʙʪʦ ʦʜʥʦʯʘʩʥʽʩʪʴ ʧʦʰʫʢʫ ʨʽʰʝʥʥʷ ʢʽʣʴʢʦʤʘ 

ʘʛʝʥʪʘʤʠ ʚ ʨʽʟʥʠʭ ʯʘʩʪʠʥʘʭ ʦʙʣʘʩʪʽ ʧʦʰʫʢʫ. 

ɿʘʜʥʷ ʫʥʠʢʥʝʥʥʷ ʚʠʢʣʘʜʝʥʠʭ ʥʝʜʦʣʽʢʽʚ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʦʧʝʨʘʪʦʨʘ ʩʝʣʝʢʮʽʾ, ʟʘʩʥʦʚʘʥʦʛʦ ʥʘ ʤʝʪʦʜʽ ʧʦʧʘʨʥʠʭ ʧʦʨʽʚʥʷʥʴ 

ʉʘʘʪʽ , ʪʘʢʦʞ ʦʧʠʩʘʥʦʤʫ ʚ [139]. ʄʘʪʨʠʮʷ ʧʘʨʥʠʭ ʧʦʨʽʚʥʷʥʴ ʟʘʩʥʦʚʘʥʘ ʥʘ 

ʥʘʩʪʫʧʥʦʤʫ ʧʨʠʥʮʠʧʽ: 

ὦ

ὥ ὥ ρȟ    ὭὪ ὥ ὥȟ

ρ

ὦ
ȟ    ὭὪ  ὥ ὥȢ

 (4.2) 

ʈʦʟʨʘʭʫʥʦʢ ʬʫʥʢʮʽʾ ʥʘʣʝʞʥʦʩʪʽ ʚʠʛʣʷʜʘʻ ʪʘʢ: 

‘•ὢ ὦ ὦ   Ȣ (4.3) 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʚʽʜʦʤʠʭ ʨʘʥʽʰʝ ʨʝʘʣʽʟʘʮʽʡ [131, 139] ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʥʷʪʠ 

ʦʙʤʝʞʝʥʥʷ ʥʘ ʧʨʠʩʪʦʩʦʚʘʥʽʩʪʴ ʧʦʰʫʢʦʚʦʛʦ ʘʛʝʥʪʘ ʷʢ ʫʤʦʚʫ ʚʠʩʪʫʧʘʪʠ ʙʘʪʴʢʦʤ 

ʜʣʷ ʢʣʦʥʽʚ ʥʘʩʪʫʧʥʦʛʦ ʧʦʢʦʣʽʥʥʷ. ʆʩʦʙʠʥʠ, ʱʦ ʥʘʙʠʨʘʶʪʴ ʟʘ (4.3) ʥʘʚʽʪʴ 

ʤʽʥʽʤʘʣʴʥʽ ʙʘʣʠ ʷʢ ʦʮʽʥʢʫ ʩʚʦʻʾ ʧʨʠʩʪʦʩʦʚʘʥʦʩʪʽ, ʤʘʶʪʴ ʧʨʘʚʦ ʤʘʪʠ ʥʘʱʘʜʢʽʚ ʟ 

ʪʘʢʦʶ ʡʤʦʚʽʨʥʽʩʪʶ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʨʽʰʝʥʥʷ ʙʫʣʘ ʧʝʨʝʚʽʨʝʥʘ ʥʘ ʪʝʩʪʦʚʠʭ 

ʟʘʜʘʯʘʭ. ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʚʩʽ ʪʝʩʪʦʚʽ ʟʘʜʘʯʽ ʪʘʢʦʾ ʞ ʨʦʟʤʽʨʥʦʩʪʽ ʚʠʨʽʰʫʚʘʣʠʩʴ 

ʪʘʢʦʞ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʰʠʭ ʦʧʝʨʘʪʦʨʽʚ ʩʝʣʝʢʮʽʾ ʟ ʜʦʚʝʜʝʥʦʾ ʝʬʝʢʪʠʚʥʽʩʪʶ 

[140], ʟʦʢʨʝʤʘ ʨʘʥʛʦʚʦʛʦ (ʧʦʨʷʜʢʦʚʦʛʦ) ʪʘ ʪʫʨʥʽʨʥʦʛʦ (ʚʠʙʽʨ ʟʘ ʧʨʠʥʮʠʧʦʤ 
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ʨʫʣʝʪʢʠ). ʇʦʨʽʚʥʷʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʦʧʝʨʘʪʦʨʘ ʩʝʣʝʢʮʽʾ ʟ ʢʦʥʢʫʨʫʶʯʠʤʠ 

ʽʣʶʩʪʨʫʶʪʴ ʜʘʥʽ ʚ ʪʘʙʣʠʮʽ 4.2. ʋ ʮʽʡ ʪʘʙʣʠʮʽ ʦʧʝʨʘʪʦʨʠ ʚʠʙʦʨʫ ʧʦʨʽʚʥʶʶʪʴʩʷ ʟʘ 

ʜʚʦʤʘ ʦʩʥʦʚʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ: ʢʽʣʴʢʽʩʪʶ ʽʪʝʨʘʮʽʡ (ʧʦʢʦʣʽʥʴ) ʜʦ ʧʝʨʰʦʛʦ 

ʟʥʘʭʦʜʞʝʥʥʷ ʛʣʦʙʘʣʴʥʦʛʦ ʦʧʪʠʤʫʤʫ ʪʘ ʢʽʣʴʢʽʩʪʶ ʚʠʢʣʠʢʽʚ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ. 

ʆʙʠʜʚʘ ʟʥʘʯʝʥʥʷ ʦʙʯʠʩʣʝʥʽ ʫʩʝʨʝʜʥʝʥʦ ʟʘ 10 ʟʘʧʫʩʢʽʚ ʟ ʨʽʟʥʠʤʠ ʚʠʧʘʜʢʦʚʠʤʠ 

ʧʦʯʘʪʢʦʚʠʤʠ ʫʤʦʚʘʤʠ. ɺ ʭʦʜʽ ʝʢʩʧʝʨʠʤʝʥʪʫ ʨʦʟʛʣʷʥʫʪʽ ʷʢ ʢʦʤʙʽʥʘʪʦʨʥʽ, ʪʘʢ ʽ 

ʥʝʧʝʨʝʨʚʥʽ ʟʘʜʘʯʽ ʨʽʟʥʦʾ ʨʦʟʤʽʨʥʦʩʪʽ. 

 

ʊʘʙʣʠʮʽ 4.2 ï ɿʘʣʝʞʥʽʩʪʴ ʰʚʠʜʢʦʩʪʽ ʟʙʽʞʥʦʩʪʽ ʘʣʛʦʨʠʪʤʫ HINO-SF ʟʘʣʝʞʥʦ 

ʚʽʜ ʦʧʝʨʘʪʦʨʘ ʩʝʣʝʢʮʽʾ 

ɿʘʜʘʯʘ 

Ź 

ʈʦʟʤʽʨʥʽʩʪʴ 

ʉʝʣʝʢʪʦʨ Ÿ 

ʂʽʣʴʢʽʩʪʴ ʽʪʝʨʘʮʽʡ 
ʂʽʣʴʢʽʩʪʴ ʚʠʢʣʠʢʽʚ ʮʽʣʴʦʚʦʾ 

ʬʫʥʢʮʽʡ 

ʈʘʥʛʦʚʠʡ ʊʫʨʥʽʨʥʠʡ ʉʘʘʪʽ 
ʉʘʘʪʽ 

ʤʦʜ. 
ʈʘʥʛʦʚʠʡ ʊʫʨʥʽʨʥʠʡ ʉʘʘʪʽ 

ʉʘʘʪʽ 

ʤʦʜ. 

ʅʘʧʣʽʯʥʠʢ  1000 126 105 256 97 14015 11505 29711 10095 

MinTree 100 536 455 450 143 59935 52869 53159 14865 

SetCovP 672 829 746 758 807 87544 81991 82634 83505 

ʈʘʩʪʨʽʛʽʥʘ 100 8426 7913 9510 6374 101206 88725 108462 78124 

ɽʢʣʽ 25 889 849 1024 765 45873 44562 51268 36630 

ʈʦʟʝʥʙʨʦʢʘ 2 104 80 105 91 2518 1998 2478 2235 

 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʥʘʚʝʜʝʥʠʤʠ ʚ ʪʘʙʣʠʮʽ 4.2, ʚ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʽ 

ʚʠʩʥʦʚʢʠ: 

1) ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʦʧʝʨʘʪʦʨ ʩʝʣʝʢʮʽʾ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʫ 

ʧʘʨʥʠʭ ʧʦʨʽʚʥʷʥʴ ʰʢʘʣʠ ʉʘʘʪʽ ʦʜʥʘʢʦʚʦ ʝʬʝʢʪʠʚʥʠʡ ʷʢ ʫ ʜʚʽʡʢʦʚʦʤʫ, ʪʘʢ ʽ ʚ 

ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʧʨʦʩʪʦʨʽ; 

2) ʫ ʜʝʷʢʠʭ ʟʘʜʘʯʘʭ (ʧʦʙʫʜʦʚʘ ʤʽʥʽʤʘʣʴʥʦʛʦ ʢʽʩʪʷʢʦʚʦʛʦ ʜʝʨʝʚʘ, ʬʫʥʢʮʽʷ 

ɽʢʣʽ) ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʩʝʣʝʢʪʦʨ ʧʦʢʘʟʫʻ ʚʠʱʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘ 

ʨʝʰʪʫ ʢʦʥʢʫʨʝʥʪʽʚ ʫ 1,5 - 3 ʨʘʟʠ).  
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3) ʚ ʙʽʣʴʰʦʩʪʽ ʟʘʜʘʯ, ʦʩʦʙʣʠʚʦ ʥʝʚʝʣʠʢʦʾ ʨʦʟʤʽʨʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ 

ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʩʝʣʝʢʪʦʨ ʧʦʢʘʟʫʻ ʨʝʟʫʣʴʪʘʪ, ʱʦ ʻ ʢʨʘʱʠʤ ʯʠ ʙʣʠʟʴʢʠʡ ʜʦ 

ʢʨʘʱʦʛʦ ʟʘ ʢʽʣʴʢʽʩʪʶ ʽʪʝʨʘʮʽʡ ʪʘ ʢʽʣʴʢʽʩʪʶ ʟʚʝʨʥʝʥʴ ʜʦ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʢʣʘʜʝʥʦʛʦ ʥʘʜʘʣʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʫ 

ʦʧʪʠʤʽʟʘʮʽʡʥʦʤʫ ʘʣʛʦʨʠʪʤʽ ʤʦʜʝʣʶʚʘʥʥʷ ʰʪʫʯʥʦʾ ʽʤʫʥʥʦʾ ʩʠʩʪʝʤʠ 

ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʚʘʨʽʘʥʪ ʦʧʝʨʘʪʦʨʘ ʩʝʣʝʢʮʽʾ ʜʣʷ ʚʩʽʭ ʦʩʦʙʠʥ ʧʦʪʦʯʥʦʛʦ ʧʦʢʦʣʽʥʥʷ 

ʙʝʟ ʚʠʢʣʶʯʝʥʥʷ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʜʣʷ ʦʮʽʥʢʠ ʡʤʦʚʽʨʥʦʩʪʽ ʤʘʪʠ ʥʘʱʘʜʢʽʚ 

ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʬʦʨʤʫʣ (4.2)-(4.3).  

ʄʦʜʠʬʽʢʦʚʘʥʠʡ ʦʧʝʨʘʪʦʨ ʩʝʣʝʢʮʽʾ ʟʘ ʤʝʪʦʜʦʤ ʧʘʨʥʠʭ ʧʦʨʽʚʥʷʥʴ ʉʘʘʪʽ ʻ 

ʦʜʥʽʻʶ ʟ ʢʣʶʯʦʚʠʭ ʚʽʜʤʽʥʥʦʩʪʝʡ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʚʽʜ ʨʝʰʪʠ ʚʽʜʦʤʠʭ 

ʨʝʘʣʽʟʘʮʽʡ ʧʽʜʭʦʜʫ ʥʘ ʦʩʥʦʚʽ ʤʦʜʝʣʶʚʘʥʥʷ ʐɯʉ, ʫ ʷʢʠʭ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 

ʪʫʨʥʽʨʥʠʡ, ʧʨʦʧʦʨʮʽʡʥʠʡ ʘʙʦ ʨʘʥʛʦʚʠʡ ʦʧʝʨʘʪʦʨ ʨʦʟʧʦʜʽʣʫ ʢʽʣʴʢʦʩʪʽ ʢʣʦʥʽʚ ʤʽʞ 

ʙʘʪʴʢʽʚʩʴʢʠʤʠ ʦʩʦʙʠʥʘʤʠ. ʂʨʽʤ ʪʦʛʦ, ʱʦ ʜʘʥʠʡ ʦʧʝʨʘʪʦʨ ʩʝʣʝʢʮʽʾ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʨʝʰʪʠ, ʻ ʤʘʪʝʤʘʪʠʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʠʤ, ʡʦʛʦ ʧʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʙʝʟʧʝʯʫʻ 

ʢʨʘʱʫ ʟʙʽʞʥʽʩʪʴ ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʪʠʧʦʚʠʭ ʟʘʜʘʯ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ 

ʦʧʝʨʘʪʦʨʘʤʠ ʩʝʣʝʢʮʽʾ. 

 

 

4.1.3. ʂʨʦʩʠʥʛʦʚʝʨ ʷʢ ʟʘʩʽʙ ʦʙʤʽʥʫ ʽʥʬʦʨʤʘʮʽʻʶ 

ɯʥʰʦʶ ʢʣʶʯʦʚʦʶ ʚʽʜʤʽʥʥʽʩʪʶ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʜʦ ʢʣʦʥʽʚ ʘʜʘʧʪʠʚʥʦʛʦ ʦʧʝʨʘʪʦʨʫ ʢʨʦʩʠʥʛʦʚʝʨʫ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʦʙʤʽʥ 

ʛʝʥʝʪʠʯʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ. ʉʘʤʝ ʢʨʦʩʠʥʛʦʚʝʨ ʜʦʟʚʦʣʷʻ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ ʷʢ ʤʝʨʝʞʝʚʠʡ, ʘʜʞʝ ʧʦʰʫʢʦʚʽ ʘʛʝʥʪʠ ʥʝ ʧʨʦʩʪʦ 

ʦʙʩʪʝʞʫʶʪʴ ʦʙʣʘʩʪʴ ʧʦʰʫʢʫ ʚ ʦʢʦʣʽ ʩʚʦʛʦ ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʦʣʦʞʝʥʥʷ, ʘ ʡ 

ʦʙʤʽʥʶʶʪʴʩʷ ʽʥʬʦʨʤʘʮʽʻʶ ʥʘ ʨʽʚʥʽ ʛʝʥʽʚ, ʜʠʚʝʨʩʠʬʽʢʫʶʯʠ ʮʝʡ ʧʦʰʫʢ ʥʘ ʚʽʜʨʽʟʢʫ 

ʧʨʦʩʪʦʨʫ ʤʽʞ ʨʽʟʥʠʤʠ ʦʩʦʙʠʥʘʤʠ. ʆʩʥʦʚʘ ʟʘʜʘʯʘ ʦʧʝʨʘʪʦʨʘ ʢʨʦʩʠʥʛʦʚʝʨʘ ï 

ʫʨʽʟʥʦʤʘʥʽʪʥʠʪʠ ʦʙʣʘʩʪʽ ʧʦʰʫʢʫ ʥʘʡʢʨʘʱʦʛʦ ʨʽʰʝʥʥʷ ʚ ʘʣʛʦʨʠʪʤʽ ʟ ʤʝʪʦʶ 

ʷʢʥʘʡʩʢʦʨʽʰʦʛʦ ʚʽʜʰʫʢʘʥʥʷ ʛʣʦʙʘʣʴʥʦʛʦ ʦʧʪʠʤʫʤʫ. ɺʽʜʪʘʢ. ʆʮʽʥʢʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʧʝʨʘʪʦʨʘ ʢʨʦʩʠʥʛʦʚʝʨʘ ʙʫʜʝ ʟʜʽʡʩʥʶʚʘʪʠʩʴ ʟʘ ʢʽʣʴʢʽʩʪʶ ʽʪʝʨʘʮʽʡ 

ʚʠʪʨʘʯʝʥʠʭ ʥʘ ʟʥʘʭʦʜʞʝʥʥʷ ʛʣʦʙʘʣʴʥʦʛʦ ʦʧʪʠʤʫʤʫ ʟ ʧʝʚʥʦʶ ʪʦʯʥʽʩʪʶ, ʘ ʪʘʢʦʞ 
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ʟʘ ʩʘʤʦʶ ʮʽʻʶ ʪʦʯʥʽʩʪʶ ʷʢ ʩʝʨʝʜʥʴʦʶ ʚʽʜʩʪʘʥʥʶ ʜʦ ʥʘʧʝʨʝʜ ʚʽʜʦʤʦʛʦ ʨʽʰʝʥʥʷ 

ʧʽʩʣʷ ʜʝʢʽʣʴʢʦʭ ʟʘʧʫʩʢʽʚ ʟʘ ʦʜʥʘʢʦʚʠʭ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ. 

ɺʠʙʽʨ ʪʠʧʫ ʢʨʦʩʠʥʛʦʚʝʨʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʦʩʪʦʨʫ, ʚ ʷʢʦʤʫ ʚʽʥ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ. ɼʣʷ ʪʝʩʪʦʚʠʭ ʟʘʜʘʯ ʚ ʙʘʛʘʪʦʚʠʤʽʨʥʦʤʫ ʜʽʡʩʥʦʤʫ ʧʨʦʩʪʦʨʽ 

ʧʦʨʽʚʥʶʚʘʣʠʩʷ ʚʘʨʽʘʥʪʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʦʧʝʨʘʪʦʨʽʚ ʢʨʦʩʠʥʛʦʚʝʨʘ: ʧʨʷʤʠʡ, 

ʨʽʚʥʦʤʽʨʥʠʡ, ʣʽʥʽʡʥʠʡ, ʘʨʠʬʤʝʪʠʯʥʠʡ, ʝʚʨʠʩʪʠʯʥʠʡ, ʃʘʧʣʘʩʘ ʪʘ SBX [140]. 

ʂʦʤʙʽʥʘʪʦʨʥʽ ʟʘʜʘʯʽ ʨʦʟʚ'ʷʟʫʚʘʣʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʽʜʭʦʜʽʚ, ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ 

ʪʠʭ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʦ ʨʦʟʚ'ʷʟʢʫ ʥʝʧʝʨʝʨʚʥʠʭ ʟʘʜʘʯ, ʽ ʙʫʜʫʪʴ ʨʦʟʛʣʷʥʫʪʽ 

ʥʠʞʯʝ. 

ɺ ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʽ ʨʦʟʚôʷʟʫʚʘʣʠʩʴ ʨʷʜ ʟʘʜʘʯ ʟ ʢʽʣʴʢʽʩʪʶ 

ʚʠʤʽʨʽʚ 2, 10, 25, 65 ʪʘ 100. ʇʨʠ ʮʴʦʤʫ ʟʘʣʠʰʘʣʠʩʷ ʧʦʩʪʽʡʥʠʤʠ ʨʝʰʪʘ 

ʥʘʣʘʰʪʫʚʘʥʴ ʘʣʛʦʨʠʪʤʫ HINO-SF ʪʘʢʽ ʷʢ ʨʦʟʤʽʨ ʙʘʪʴʢʽʚʩʴʢʦʾ ʧʦʧʫʣʷʮʽʾ Npop, 

ʢʽʣʴʢʽʩʪʴ ʥʘʱʘʜʢʽʚ Nc, ʨʽʚʝʥʴ ʤʫʪʘʮʽʾ mutLevel (ʙʫʜʝ ʦʧʠʩʘʥʠʡ ʜʘʣʽ). ɺ ʷʢʦʩʪʽ 

ʦʧʝʨʘʪʦʨʫ ʩʝʣʝʢʮʽʾ ʙʫʚ ʟʘʩʪʦʩʦʚʘʥʠʡ ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʦʧʝʨʘʪʦʨ ʥʘ ʦʩʥʦʚʽ ʧʘʨʥʠʭ 

ʧʦʨʽʚʥʷʥʴ ʉʘʘʪʽ.  

 

 

ʈʠʩ. 4.4 ï ʇʦʨʽʚʥʷʥʥʷ ʩʝʤʠ ʢʨʦʩʠʥʛʦʚʝʨʽʚ ʜʣʷ ʙʝʟʧʝʨʝʨʚʥʠʭ ʟʘʜʘʯ 
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ʇʦʨʽʚʥʷʥʥʷ ʰʚʠʜʢʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʨʽʰʝʥʥʷ (ʟʘ ʢʽʣʴʢʽʩʪʶ ʽʪʝʨʘʮʽʡ) ʪʘ 

ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʪʦʯʥʦʛʦ ʨʽʰʝʥʥʷ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 4.4. ɼʘʥʽ ʥʘ ʤʘʣʶʥʢʫ 

ʫʩʝʨʝʜʥʝʥʽ ʜʣʷ 10 ʟʘʧʫʩʢʽʚ ʽʟ ʚʠʧʘʜʢʦʚʠʤʠ ʧʦʯʘʪʢʦʚʠʤʠ ʧʦʧʫʣʷʮʽʷʤʠ.  

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘ ʨʠʩʫʥʢʫ 4.4 ʧʦʢʘʟʫʻ, ʱʦ ʢʨʦʩʠʥʛʦʚʝʨ ʃʘʧʣʘʩʘ ʪʘ 

ʝʚʨʠʩʪʠʯʥʠʡ ʧʦʪʨʝʙʫʶʪʴ ʚʠʢʦʥʘʥʥʷ ʫ 2-2,5 ʨʘʟʠ ʙʽʣʴʰʝ ʽʪʝʨʘʮʽʡ, ʥʝ 

ʟʘʙʝʟʧʝʯʫʶʯʠ ʧʨʠ ʮʴʦʤʫ ʜʦʩʪʘʪʥʴʦ ʷʢʽʩʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʜʣʷ ʨʽʟʥʠʭ ʟʘʜʘʯ ʨʽʟʥʦʛʦ 

ʨʦʟʤʽʨʫ.  

ʇʨʷʤʠʡ ʪʘ ʣʽʥʽʡʥʠʡ ʢʨʦʩʠʥʛʦʚʝʨʠ ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʦʾ ʪʦʯʥʦʩʪʽ 

ʨʽʰʝʥʴ ʥʘʚʽʪʴ ʫ ʜʚʦʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ, ʭʦʯʘ ʡ ʝʬʝʢʪʠʚʥʽ ʟ ʪʦʯʢʠ ʟʦʨʫ ʢʽʣʴʢʦʩʪʽ 

ʽʪʝʨʘʮʽʡ. 

ʋʤʦʚʥʦ ʝʬʝʢʪʠʚʥʠʤ ʩʣʽʜ ʚʚʘʞʘʪʠ ʨʽʚʥʦʤʽʨʥʠʡ ʪʘ ʘʨʠʬʤʝʪʠʯʥʠʡ 

ʢʨʦʩʠʥʛʦʚʝʨʠ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʟʘʜʘʯ, ʥʝ 

ʧʦʪʨʝʙʫʶʯʠ ʥʘʜʤʽʨʥʦʾ ʢʽʣʴʢʦʩʪʽ ʽʪʝʨʘʮʽʾ ʜʣʷ ʧʦʰʫʢʫ ʦʢʦʣʫ ʛʣʦʙʘʣʴʥʦʛʦ 

ʦʧʪʠʤʫʤʫ. ʉʘʤʝ ʨʽʚʥʦʤʽʨʥʠʡ ʢʨʦʩʠʥʛʦʚʝʨ, ʷʢʠʡ ʟ ʦʜʥʘʢʦʚʦʶ ʡʤʦʚʽʨʥʽʩʪʶ 

ʚʽʜʙʠʨʘʻ ʙʘʪʴʢʽʚʩʴʢʽ ʛʝʥʠ, ʧʨʠʚʽʚ ʜʦ ʙʽʣʴʰ ʚʠʩʦʢʠʭ ʟʥʘʯʝʥʴ ʪʦʯʥʦʩʪʽ ʥʘ 

ʚʝʣʠʢʦʤʘʩʰʪʘʙʥʠʭ ʟʘʜʘʯʘʭ. ʇʦʜʽʙʥʽ ʨʝʟʫʣʴʪʘʪʠ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʨʘʥʽʰʝ ʧʨʠ 

ʜʦʩʣʽʜʞʝʥʥʽ ʦʧʪʠʤʘʣʴʥʠʭ ʥʘʣʘʰʪʫʚʘʥʴ ʛʝʥʝʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ [140]. 

ɼʣʷ ʨʦʟʤʽʨʥʦʩʪʝʡ 2, 10 ʪʘ 25 (ʟʘʜʘʯʘ ʈʘʩʪʨʽʛʽʥʘ) ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʧʦʢʘʟʘʚ 

ʢʨʦʩʠʥʛʦʚʝʨ SBX (Simulated binary crossover) [141], ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ 

ʙʘʟʦʚʦʤʫ ʘʣʛʦʨʠʪʤʽ ʽ ʷʢʠʡ ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʙʝʟʧʝʨʝʨʚʥʦʤʫ 

ʧʨʦʩʪʦʨʽ . ɺʽʥ ʚʦʜʥʦʯʘʩ ʥʝ ʧʦʪʨʝʙʫʻ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʽʪʝʨʘʮʽʡ ʜʣʷ ʧʦʧʘʜʘʥʥʷ ʚ 

ʦʢʽʣ ʛʣʦʙʘʣʴʥʦʛʦ ʦʧʪʠʤʫʤʫ. 

ɺʽʜʦʤʦʶ ʧʝʨʝʚʘʛʦʶ ʦʧʝʨʘʪʦʨʘ SBX-ʢʨʦʩʠʥʛʦʚʝʨʘ ʻ ʚʽʜʩʫʪʥʽʩʪʴ ʚʠʤʦʛʠ 

ʢʦʜʫʚʘʪʠ ʜʽʡʩʥʽ ʢʦʦʨʜʠʥʘʪʠ ʧʦʰʫʢʦʚʠʭ ʘʛʝʥʪʽʚ ʚ ʜʚʽʡʢʦʚʫ ʬʦʨʤʫ, ʧʨʠ ʮʴʦʤʫ 

ʟʘʙʝʟʧʝʯʫʶʯʠ ʽʤʫʥʥʠʤ ʢʣʽʪʠʥʘʤ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʥʫʚʘʪʠ ʩʢʣʝʶʚʘʥʥʷ ʚʝʢʪʦʨʽʚ 

ʜʽʡʩʥʠʭ ʢʦʦʨʜʠʥʘʪ ʘʥʘʣʦʛʽʯʥʦ ʜʚʽʡʢʦʚʠʤ ʚʝʢʪʦʨʘʤ ʚ ʛʝʥʝʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʘʭ. 

ʆʧʝʨʘʪʦʨ SBX ʧʝʨʝʜʙʘʯʘʻ ʪʨʠ ʧʘʨʘʤʝʪʨʠ, ʱʦ ʟʘʜʘʶʪʴʩʷ ʢʦʨʠʩʪʫʚʘʯʝʤ: 

ï crossP  ï ʡʤʦʚʽʨʥʽʩʪʴ, ʱʦ ʜʣʷ ʧʦʪʦʯʥʦʾ ʧʘʨʠ ʢʣʦʥʽʚ ʙʫʜʝ ʚʠʢʦʥʘʥʦ ʦʧʝʨʘʪʦʨ 

ʢʨʦʩʠʥʛʦʚʝʨʫ; 
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ï indP  ï ʡʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʧʦ ʜʘʥʽʡ ʢʦʦʨʜʠʥʘʪʽ ʚʠʢʦʥʫʚʘʪʠʤʝʪʴʩʷ 

ʩʭʨʝʱʫʚʘʥʥʷ; 

ï ʽʥʜʝʢʩ ʚʘʨʽʘʮʽʾ h ï ʧʦʢʘʟʫʻ, ʷʢ ʩʠʣʴʥʦ ʥʘʱʘʜʦʢ ʩʭʨʝʱʫʚʘʥʥʷ ʤʘʻ ʙʫʪʠ 

ʩʭʦʞʠʡ ʥʘ ʦʢʨʝʤʦʛʦ ʙʘʪʴʢʘ. 

ʆʧʝʨʘʪʦʨ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʢʨʦʢʽʚ: 

ʂʨʦʢ 1. ʇʝʨʝʚʽʨʢʘ ʫʯʘʩʪʽ ʚ ʢʣʦʥʫʚʘʥʥʽ: ʷʢʱʦ ʚʠʧʘʜʢʦʚʝ ʯʠʩʣʦ, ʨʽʚʥʦʤʽʨʥʦ 

ʨʦʟʧʦʜʽʣʝʥʝ ʤʽʞ 0 ʪʘ 1 (ʪʫʪ ʽ ʥʘʜʘʣʽ ʧʦʟʥʘʯʘʻʤʦ ( )1;0U ) ʤʝʥʰʝ ʡʤʦʚʽʨʥʦʩʪʽ crossP  

ʜʣʷ ʜʚʦʭ ʚʠʧʘʜʢʦʚʠʭ ʢʣʦʥʽʚ ʟ ʥʦʤʝʨʘʤʠ j  ʪʘ k , ʧʦʯʠʥʘʻʪʴʩʷ ʧʝʨʝʭʽʜ ʥʘ ʢʨʦʢ 2, 

ʽʥʘʢʰʝ ʢʣʦʥʠ j  ʪʘ k  ʟʘʣʠʰʘʶʪʴʩʷ ʙʝʟ ʦʙʤʽʥʫ ʛʝʥʘʤʠ. 

ʂʨʦʢ 2. ɼʣʷ ʢʦʞʥʦʾ ʢʦʦʨʜʠʥʘʪʠ ï ʧʝʨʝʚʽʨʢʘ ʯʠ ʽʥʰʝ ʚʠʧʘʜʢʦʚʝ ʯʠʩʣʦ ( )1;0U  

ʤʝʥʰʝ indP . ʗʢʱʦ ʪʘʢ ï ʢʨʦʢ 3, ʽʥʘʢʰʝ ï ʧʝʨʝʭʽʜ ʜʦ ʽʥʰʦʾ ʢʦʦʨʜʠʥʘʪʠ. 

ʂʨʦʢ 3. ʉʭʨʝʱʫʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʚʽʜʦʤʦʶ ʬʦʨʤʫʣʦʶ, ʩʧʨʘʚʝʜʣʠʚʦʶ 

ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʢʨʦʩʠʥʛʦʚʝʨʽʚ ʫ ʜʽʡʩʥʦʤʫ ʧʨʦʩʪʦʨʽ 
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ʜʝ ijx ,  ï ʟʥʘʯʝʥʥʷ -i ʪʦʛʦ ʛʝʥʫ -j ʪʦʛʦ ʙʘʪʴʢʽʚʩʴʢʦʛʦ ʢʣʦʥʘ; ikx ,  ï ʘʥʘʣʦʛʽʯʥʦ 

ʜʣʷ -k ʪʦʛʦ ʙʘʪʴʢʽʚʩʴʢʦʛʦ ʢʣʦʥʘ; ijx ,¡ ʪʘ ikx ,¡ ï ʚʽʜʧʦʚʽʜʥʽ ʟʥʘʯʝʥʥʷ ʜʣʷ ʢʣʦʥʽʚ-

ʥʘʱʘʜʢʽʚ; -b  ʪʘʢ ʟʚʘʥʠʡ ʩʪʫʧʽʥʴ ʩʭʨʝʱʫʚʘʥʥʷ, ʱʦ ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 
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ɯʥʜʝʢʩ ʚʘʨʽʘʮʽʾ h ʻ ʧʘʨʘʤʝʪʨʦʤ ʘʣʛʦʨʠʪʤʫ ʽ ʚʠʟʥʘʯʘʻ, ʥʘʩʢʽʣʴʢʠ ʩʠʣʴʥʦ 

ʥʘʱʘʜʢʠ ʙʫʜʫʪʴ ʩʭʦʞʽ ʥʘ ʩʚʦʾʭ ʙʘʪʴʢʽʚ. ɿʘʟʚʠʯʘʡ [142] h ʧʨʠʡʤʘʻ ʟʥʘʯʝʥʥʷ ʚʽʜ 

1 (ʥʘʱʘʜʢʠ ʤʦʞʫʪʴ ʟʥʘʯʥʦ ʚʽʜʨʽʟʥʷʪʠʩʴ ʚʽʜ ʙʘʪʴʢʽʚ) ʜʦ 5 (ʥʘʱʘʜʢʠ ʤʘʡʞʝ ʪʦʯʥʦ 

ʧʦʚʪʦʨʶʶʪʴ ʙʘʪʴʢʽʚʩʴʢʽ ʦʩʦʙʠʥʠ. ʇʨʠ 0=h  ʜʘʥʠʡ ʢʨʦʩʠʥʛʦʚʝʨ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ 

ʥʘ ʨʽʚʥʦʤʽʨʥʠʡ, ʢʦʣʠ ʥʘʱʘʜʢʠ ʤʦʞʫʪʴ ʧʦ ʢʦʞʥʽʡ ʢʦʦʨʜʠʥʘʪʠ ʦʪʨʠʤʫʚʘʪʠ 
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ʟʥʘʯʝʥʥʷ ʱʦ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʝ ʚʟʜʦʚʞ ʚʽʜʨʽʟʢʫ, ʷʢʠʡ ʧʦʻʜʥʫʻ ʢʦʦʨʜʠʥʘʪʠ 

ʙʘʪʴʢʽʚʩʴʢʠʭ ʦʩʦʙʠʥ. 

ɿ ʤʝʪʦʶ ʧʦʰʫʢʫ ʥʘʡʢʨʘʱʠʭ ʥʘʣʘʰʪʫʚʘʥʴ ʦʧʝʨʘʪʦʨʫ ʢʨʦʩʠʥʛʦʚʝʨʘ ʙʫʣʘ 

ʧʨʦʚʝʜʝʥʘ ʩʝʨʽʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʥʘ ʪʝʩʪʦʚʠʭ ʟʘʜʘʯʘʭ ʟ ʨʽʟʥʠʤʠ ʢʦʤʙʽʥʘʮʽʷʤʠ 

ʥʘʣʘʰʪʫʚʘʥʴ crossP , indP  ʪʘ h. ʅʘʜʘʣʽ ʜʣʷ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʟʘʩʪʦʩʦʚʫʻʤʦ 

ʥʘʩʪʫʧʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ: 

ï ʡʤʦʚʽʨʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʨʦʩʠʥʛʦʚʝʨʫ ʜʦ ʧʘʨʠ ʙʘʪʴʢʽʚ crossP  ʦʙʠʨʘʪʠ ʚ 

ʤʝʞʘʭ 0,2é0,6, ʧʨʠʯʦʤʫ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʨʦʟʤʽʨʥʦʩʪʽ ʮʷ ʡʤʦʚʽʨʥʽʩʪʴ ʤʘʻ 

ʟʙʽʣʴʰʫʚʘʪʠʩʴ; 

ï ʡʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʧʝʚʥʠʡ ʛʝʥ ʤʘʻ ʦʙʤʽʥʶʚʘʪʠʩʴ indP  ʦʙʠʨʘʪʠ ʚ ʤʝʞʘʭ 

0,4é0,9, ʧʨʠʯʦʤʫ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʨʦʟʤʽʨʥʦʩʪʽ ʮʷ ʡʤʦʚʽʨʥʽʩʪʴ ʤʘʻ ʟʙʽʣʴʰʫʚʘʪʠʩʴ; 

ï ̔ ʥʜʝʢʩ ʚʘʨʽʘʮʽʾ h ʤʘʻ ʧʣʘʚʥʦ ʟʨʦʩʪʘʪʠ ʚʽʜ 1 ʜʦ 5 ʟʘ ʦʯʽʢʫʚʘʥʠʡ ʯʘʩ ʨʦʙʦʪʠ 

ʘʣʛʦʨʠʪʤʫ.  

ɺʨʘʭʦʚʫʶʯʠ ʚʩʝ ʚʠʢʣʘʜʝʥʝ, ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʘʢʪʠʯʥʠʭ ʟʘʜʘʯʽ ʥʘʜʘʣʽ 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʽʚʥʦʤʽʨʥʠʡ ʢʨʦʩʠʥʛʦʚʝʨ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʫ 

ʙʘʛʘʪʦʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ, ʪʘ ʢʨʦʩʠʥʛʦʚʝʨ SBX ʟ ʦʧʠʩʘʥʠʤʠ ʥʘʣʘʰʪʫʚʘʥʥʷʤʠ 

ʜʣʷ ʟʘʜʘʯ ʤʘʣʦʾ ʽ ʩʝʨʝʜʥʴʦʾ ʨʦʟʤʽʨʥʦʩʪʽ, ʦʩʢʽʣʴʢʠ ʚʽʥ ʧʦʪʨʝʙʫʻ ʙʽʣʴʰʦʛʦ ʯʠʩʣʘ 

ʦʙʯʠʩʣʝʥʴ. 

 

 

4.1.4. ʄʫʪʘʮʽʷ ʷʢ ʤʝʭʘʥʽʟʤ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʽ ʜʠʚʝʨʩʠʬʽʢʘʮʽʾ 

ɻʦʣʦʚʥʠʤ ʦʧʝʨʘʪʦʨʦʤ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʧʦʰʫʢ ʨʽʰʝʥʥʷ, ʚ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʤʫ ʘʣʛʦʨʠʪʤʽ, ʷʢ ʽ ʚ ʙʽʣʴʰʦʩʪʽ ʨʝʘʣʽʟʘʮʽʡ ʤʝʪʦʜʫ ʰʪʫʯʥʠʭ ʽʤʫʥʥʠʭ 

ʩʠʩʪʝʤ, ʟʘʣʠʰʘʻʪʴʩʷ ʦʧʝʨʘʪʦʨ ʤʫʪʘʮʽʾ. ʇʨʦʧʦʥʫʻʪʴʩʷ ʘʜʘʧʪʠʚʥʠʡ ʦʧʝʨʘʪʦʨ, ʷʢʠʡ 

ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ ʟʘʩʪʦʩʦʚʫʻ ʘʙʦ ʪʘʢ ʟʚʘʥʫ çʚʫʟʴʢʫ» ʤʫʪʘʮʽʶ ʟ ʤʝʪʦʶ 

ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʧʦʰʫʢʫ ʚ ʦʢʦʣʽ ʧʦʪʦʯʥʦʛʦ ʨʽʰʝʥʥʷ, ʘʙʦ ʪʘʢ ʟʚʘʥʫ çʰʠʨʦʢʫ» 

ʤʫʪʘʮʽʶ ʜʣʷ ʜʠʚʝʨʩʠʬʽʢʘʮʽʾ ʦʙʣʘʩʪʽ ʧʦʰʫʢʫ. ʗʢ ʽ ʫ ʚʠʧʘʜʢʫ ʦʧʝʨʘʪʦʨʘ 

ʩʭʨʝʱʫʚʘʥʥʷ, ʬʦʨʤʘ ʦʧʝʨʘʪʦʨʘ ʤʫʪʘʮʽʾ ʽʩʪʦʪʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʦʩʪʦʨʫ, ʜʝ 

ʚʠʨʽʰʫʻʪʴʩʷ ʟʘʜʘʯʘ.  



153 

ɺʠʙʽʨ ʜʣʷ ʧʦʪʦʯʥʦʛʦ ʢʣʦʥʘ ʜʽʘʧʘʟʦʥʫ ʤʫʪʘʮʽʡ («ʰʠʨʦʢʘè ʯʠ «ʚʫʟʴʢʘè) 

ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʦʮʽʥʮʽ ʬʫʥʢʮʽʾ ʢʦʨʠʩʥʦʩʪʽ ʡʦʛʦ ʙʘʪʴʢʽʚʩʴʢʦʾ ʦʩʦʙʠʥʠ ʚʽʜʥʦʩʥʦ 

ʢʦʨʠʩʥʦʩʪʽ ʽʥʰʠʭ ʧʦʰʫʢʦʚʠʭ ʘʛʝʥʪʽʚ ʚ ʧʦʧʫʣʷʮʽʾ ʪʘ ʟʘʣʝʞʥʦ ʚʽʜ ʥʦʤʝʨʫ ʽʪʝʨʘʮʽʾ. 

ɻʨʘʥʠʯʥʫ ʤʦʚʫ ʚʠʟʥʘʯʘʻ ʯʠʩʣʦ 

άόὸὛὩὰὩὧὸ ρ ‎
ὸ

Ὕ

• •

• •
 ȟ Ὦ ρȡὔ ȟ (4.6) 

ʜʝ Ὦ  ʥʦʤʝʨ ʢʣʦʥʘ ʫ ʧʦʧʫʣʷʮʽʾ ʥʘʱʘʜʢʽʚ; ὔ  ï ʨʦʟʤʽʨ ʧʦʧʫʣʷʮʽʾ ʢʣʦʥʽʚ; ὸ

 ʧʦʪʦʯʥʠʡ ʥʦʤʝʨ ʽʪʝʨʘʮʽʾ; Ὕ  ʧʨʦʛʥʦʟʦʚʘʥʘ ʤʘʢʩʠʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʽʪʝʨʘʮʽʡ; 

•  ʥʘʡʛʽʨʰʝ ʟʥʘʯʝʥʥʷ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʚ ʧʦʢʦʣʽʥʥʽ ʙʘʪʴʢʽʚ; •

  ʥʘʡʢʨʘʱʝ ʟʥʘʯʝʥʥʷ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʚ ʪʦʤʫ ʞ ʧʦʢʦʣʽʥʥʽ; •  ʟʥʘʯʝʥʥʷ ʮʽʣʴʦʚʦʾ 

ʬʫʥʢʮʽʾ ʜʣʷ ʧʦʪʦʯʥʦʛʦ ʢʣʦʥʘ; ‎ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘ ʯʘʩʪʢʘ ʰʠʨʦʢʠʭ 

ʤʫʪʘʮʽʡ ʫ ʟʘʛʘʣʴʥʽʡ ʢʽʣʴʢʦʩʪʽ. 

ʗʢʱʦ ʧʨʠ ʟʚʝʨʥʝʥʥʽ ʜʦ ʢʣʦʥʘ j ʚʠʧʘʜʢʦʚʝ ʟʥʘʯʝʥʥʷ ὟπȠρ ʚʠʷʚʠʪʴʩʷ 

ʤʝʥʰʝ, ʥʽʞ ʛʨʘʥʠʯʥʘ ʫʤʦʚʘ άόὸὛὩὰὩὧὸ ʟʘ (4.6), ʜʣʷ ʥʴʦʛʦ ʚʠʢʦʥʫʻʪʴʩʷ «ʚʫʟʴʢʘ» 

ʤʫʪʘʮʽʷ (ʧʦʰʫʢ ʚ ʦʢʦʣʽ ʨʽʰʝʥʥʷ). ɺ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ ï ʚʠʢʦʥʫʻʪʴʩʷ «ʰʠʨʦʢʘ» 

ʤʫʪʘʮʽʷ (ʧʝʨʝʭʽʜ ʜʦ ʥʦʚʦʾ ʦʙʣʘʩʪʽ ʧʦʰʫʢʫ). ɼʣʷ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʧʨʦʩʪʦʨʫ 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʦʤʙʽʥʘʮʽʶ «ʰʠʨʦʢʦʾ» ʤʫʪʘʮʽʾ ɻʘʫʩʩʘ ʪʘ 

«ʚʫʟʴʢʦʾè ʤʫʪʘʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʣʽʥʦʤʽʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ. ʆʙʠʜʚ ̔ʜʦʢʣʘʜʥʦ 

ʦʧʠʩʘʥʽ ʚ [131]. 

ɺ ʷʢʦʩʪʽ çʰʠʨʦʢʦʾè ʤʫʪʘʮʽʾ ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦʜʘʚʘʥʥʷ ʜʦ 

ʧʦʪʦʯʥʦʾ ʢʦʦʨʜʠʥʘʪʠ i  ʢʣʦʥʘ j  ʚʠʧʘʜʢʦʚʦʾ ʩʢʣʘʜʦʚʦʾ, ʨʦʟʧʦʜʽʣʝʥʦʾ ʟʘ ʟʘʢʦʥʦʤ 

ɻʘʫʩʩʘ ʟ ʤʘʪʝʤʘʪʠʯʥʠʤ ʦʯʽʢʫʚʘʥʥʷ 0 ʽ ʩʝʨʝʜʥʽʤ ʢʚʘʜʨʘʪʠʯʥʠʤ ʚʽʜʭʠʣʝʥʥʷʤ id: 

( ) [ ]niNxx ij
C

ij :1,;0 0,, =+= d .    (4.7) 

ʇʨʠ ʮʴʦʤʫ ʚʠʧʘʜʢʦʚʘ ʩʢʣʘʜʦʚʘ 0d  ʥʝ ʟʤʽʥʶʻʪʴʩʷ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ 

ʽ ʧʦʚʠʥʥʘ ʙʫʪʠ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʦʶ, ʘʙʠ ʦʭʦʧʠʪʠ ʤʦʞʣʠʚʠʡ ʜʽʘʧʘʟʦʥ ʟʥʘʭʦʜʞʝʥʥʷ 

ʛʣʦʙʘʣʴʥʦʛʦ ʦʧʪʠʤʫʤʫ. ɺ ʟʘʜʘʯʘʭ ʫʤʦʚʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ 0d  ʨʘʮʽʦʥʘʣʴʥʦ ʦʙʠʨʘʪʠ 

ʷʢ ʧʦʣʦʚʠʥʫ ʦʙʣʘʩʪʽ ʧʨʠʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ ʟʘ ʚʠʤʽʨʦʤ i . 
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ɺ ʷʢʦʩʪʽ çʚʫʟʴʢʦʾè ʤʫʪʘʮʽʾ ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦʜʘʚʘʥʥʷ ʜʦ 

ʧʦʪʦʯʥʦʾ ʢʦʦʨʜʠʥʘʪʠ i  ʢʣʦʥʘ j  ʚʠʧʘʜʢʦʚʦʾ ʩʢʣʘʜʦʚʦʾ, ʨʦʟʧʦʜʽʣʝʥʦʾ ʟʘ 

ʧʦʣʽʥʦʤʽʘʣʴʥʠʤ ʟʘʢʦʥʦʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʦʨʤʫʣʠ 

[ ]ni
t

xx iij
C

ij :1,
1

2
,, =

+
+= d .    (4.8) 

ʜʝ t  ï ʥʦʤʝʨ ʽʪʝʨʘʮʽʾ; id ï ʚʠʧʘʜʢʦʚʘ ʩʢʣʘʜʦʚʘ, ɦ ʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʣʦʞʝʥʥʷ ʢʣʦʥʘ 

ʚ ʧʨʦʩʪʦʨʽ ʧʦʰʫʢʫ ʚʽʜʥʦʩʥʦ ʚʩʽʻʾ ʧʦʧʫʣʷʮʽʾ ʟʘ ʚʠʤʽʨʦʤ i  

( )( )

( ) ( )( )î
î

í

î
î

ì

ë

²D-+-Ö-

<-D-+Ö

=

++

++

2

1
,5,02121

;
2

1
,1212

1

1
1

1

1
1

iiii

iiii

i

rifrr

rifrr

mm

mm

d . (4.9) 

ʜʝ ( )1;0Uri =  ï ʚʠʧʘʜʢʦʚʝ ʯʠʩʣʦ, ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʝ ʚʽʜ 0 ʜʦ 1 (ʛʝʥʝʨʫʻʪʴʩʷ 

ʦʢʨʝʤʦ ʜʣʷ ʢʦʞʥʦʾ ʟ ʢʦʦʨʜʠʥʘʪ); 
{ }

ii

iijiji
i

xx

xxxx

min,max,

min,,,max, ;max

-

--
=D  ï ʚʽʜʥʦʩʥʝ 

ʧʦʣʦʞʝʥʥʷ ʧʦʪʦʯʥʦʾ ʢʣʽʪʠʥʠ ʚ ʦʙʣʘʩʪʽ ʧʦʰʫʢʫ ʧʦ -i ʪʽʡ ʢʦʦʨʜʠʥʘʪʽ; m ï 

ʧʦʢʘʟʥʠʢ ʱʽʣʴʥʦʩʪʽ ʧʦʣʽʥʦʤʽʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ (ʙʽʣʴʰʽ ʟʥʘʯʝʥʥʷ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʤʝʥʰʦʤʫ ʨʦʟʩʽʚʫ ʤʫʪʘʮʽʾ). 

ɺ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʪʝʩʪʦʚʠʭ ʟʘʜʘʯʘʭ ʙʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʯʘʩʪʢʘ 

çʰʠʨʦʢʠʭè ʤʫʪʘʮʽʡ ɔ , ʱʦ ʚʭʦʜʠʪʴ ʜʦ ʚʠʨʘʟʫ (4.6), ʥʘ ʨʽʚʥʽ 0,1é0,25 ʝʬʝʢʪʠʚʥʘ 

ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʥʠʟʴʢʦʾ ʨʦʟʤʽʨʥʦʩʪʽ ʘʣʝ ʧʦʚʠʥʥʘ ʟʙʽʣʴʰʫʚʘʪʠʩʴ ʜʦ 0,8é0,9 

ʜʣʷ ʙʝʟʧʝʨʝʨʚʥʠʭ ʟʘʜʘʯ ʚʠʩʦʢʦʾ ʨʦʟʤʽʨʥʦʩʪʽ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʚ ʧʨʦʩʪʦʨʽ 

ʤʘʣʦʾ ʽ ʩʝʨʝʜʥʴʦʾ ʨʦʟʤʽʨʥʦʩʪʽ ʛʦʣʦʚʥʠʤ ʬʘʢʪʦʨʦʤ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʾ ʤʫʪʘʮʽʾ ʻ 

ʚʨʘʭʫʚʘʥʥʷ ʩʫʩʽʜʩʪʚʘ ʥʘʡʢʨʘʱʠʭ ʧʦʪʦʯʥʠʭ ʨʽʰʝʥʴ ʟʘ (4.9) ʪʘ ʧʦʩʪʫʧʦʚʝ 

ʟʤʝʥʰʝʥʥʷ ʨʘʜʽʫʩʫ ʤʫʪʘʮʽʾ ʟʘ (4.8). ɺʦʜʥʦʯʘʩ ʧʨʠ ʨʦʟʚôʷʟʘʥʥʽ ʙʝʟʧʝʨʝʨʚʥʠʭ ʟʘʜʘʯ 

ʨʦʟʤʽʨʥʽʩʪʶ 60 ʪʘ ʙʽʣʴʰʝ ʚʢʨʘʡ ʚʘʞʣʠʚʠʤ ʻ ʷʢʦʤʦʛʘ ʩʢʦʨʽʰʠʡ ʧʦʰʫʢ ʦʢʦʣʫ 

ʛʣʦʙʘʣʴʥʦʛʦ ʦʧʪʠʤʫʤʫ, ʚʽʜʪʘʢ ʩʘʤʝ ʰʠʨʦʢʘ ʤʫʪʘʮʽʷ ʤʘʻ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ 

ʰʚʠʜʢʽʩʪʴ ʧʦʰʫʢʫ ʛʣʦʙʘʣʴʥʦʛʦ ʦʧʪʠʤʫʤʫ. 

ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʬʦʨʤʫʣʫ (4.6), ʥʝʚʘʞʢʦ ʧʦʤʽʪʠʪʠ, ʱʦ ʥʘʡʢʨʘʱʽ 

ʧʨʝʜʩʪʘʚʥʠʢʠ ʧʦʢʦʣʽʥʥʷ ʥʘ ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ ʘʣʛʦʨʠʪʤʫ ʩʭʠʣʴʥʽ ʜʦ ʚʫʟʴʢʠʭ 
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ʧʦʰʫʢʦʚʠʭ ʤʫʪʘʮʽʡ, ʥʘ ʢʽʥʮʝʚʦʤʫ ï ʜʦ ʰʠʨʦʢʠʭ. ʅʘʪʦʤʽʩʪʴ ʥʘʡʛʽʨʰʽ 

ʧʨʝʜʩʪʘʚʥʠʢʠ ʧʦʢʦʣʽʥʥʷ ʤʘʡʞʝ ʟʘʚʞʜʠ ʟʜʽʡʩʥʶʶʪʴ ʣʠʰʝ ʰʠʨʦʢʽ ʤʫʪʘʮʽʾ.  

 

 

ʈʠʩ. 4.5 ï ɿʘʣʝʞʥʽʩʪʴ ʜʦʣʽ ʚʠʧʘʜʢʦʚʠʭ ʤʫʪʘʮʽʡ ʚʽʜ ʷʢʦʩʪʽ ʢʣʦʥʘ ʪʘ ʯʘʩʫ 

 

ɿʘʣʝʞʥʽʩʪʴ άόὸὛὩὰὩὧὸ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʽʜ ʧʦʪʦʯʥʦʛʦ ʯʠʩʣʘ ʽʪʝʨʘʮʽʡ, 

ʩʪʫʧʝʥʷ ʘʜʘʧʪʠʚʥʦʩʪʽ ʢʣʦʥʫ ʪʘ ʜʦʧʫʩʪʠʤʦʾ ʤʘʢʩʠʤʘʣʴʥʦʾ ʯʘʩʪʢʠ ʰʠʨʦʢʠʭ 

ʤʫʪʘʮʽʡ ʽʣʶʩʪʨʫʻ ʛʨʘʬʽʢ ʥʘ ʨʠʩʫʥʢʫ 4.5. ɸʥʘʣʽʟʫʶʯʠ ʦʪʨʠʤʘʥʽ ʟʘʣʝʞʥʦʩʪʽ, 

ʧʦʤʽʪʥʦ, ʱʦ ʧʨʠ ʥʠʟʴʢʠʭ ʟʥʘʯʝʥʥʷʭ ɔ ʥʘʡʛʽʨʰʽ ʢʣʦʥʠ ʚ ʧʦʧʫʣʷʮʽʾ ʤʘʡʞʝ ʟʘʚʞʜʠ 

ʟʜʽʡʩʥʶʶʪʴ ʰʠʨʦʢʫ ʤʫʪʘʮʽʶ, ʘ ʫʩʧʽʰʥʽ ʢʣʦʥʠ ï ʚʫʟʴʢʫ. ɿʙʽʣʴʰʫʶʯʠ ʨʦʟʤʽʨʥʽʩʪʴ, 

ʚʠʙʽʨ ʧʨʠʨʦʜʠ ʤʫʪʘʮʽʾ ʽʩʪʦʪʥʦ ʟʤʽʥʶʻʪʴʩʷ. ʋ ʙʘʛʘʪʦʚʠʤʽʨʥʦʤʫ ʙʝʟʧʝʨʝʨʚʥʦʤʫ 

ʧʨʦʩʪʦʨʽ ʫ ʚʠʧʘʜʢʫ ɔ = 0,9 ʥʘ ʧʦʯʘʪʢʫ ʨʦʟʨʘʭʫʥʢʫ ʢʣʦʥʠ ʧʦʚʦʜʷʪʴʩʷ ʪʘʢ ʩʘʤʦ, ʷʢ 

ʦʧʠʩʘʥʦ ʚʠʱʝ. ʂʦʣʠ ʤʠ ʥʘʙʣʠʞʘʻʤʦʩʴ ʜʦ ʢʽʥʮʷ ʨʦʟʨʘʭʫʥʢʫ, ʯʘʩʪʢʘ ʚʫʟʴʢʠʭ 

ʤʫʪʘʮʽʡ ʟʤʝʥʰʫʻʪʴʩʷ ʥʘʚʽʪʴ ʜʣʷ ʥʘʡʢʨʘʱʦʛʦ ʟ ʢʣʦʥʽʚ ʫ 10 ʨʘʟʽʚ. 

ʉʣʽʜ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ, ʱʦ ʚʠʙʽʨ ʪʠʧʫ ʤʫʪʘʮʽʾ ʟʜʽʡʩʥʶʻʪʴʩʷ ʜʣʷ ʚʩʽʻʾ ʢʣʽʪʠʥʠ, 

ʧʽʩʣʷ ʯʦʛʦ ʜʣʷ ʢʦʞʥʦʾ ʟ ʢʦʦʨʜʠʥʘʪ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʘʙʦ (4.7), ʘʙʦ (4.8) ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ (4.9). 
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4.1.5. ɸʜʘʧʪʠʚʥʠʡ ʦʧʝʨʘʪʦʨ ʩʪʠʩʥʝʥʥʷ ʧʦʧʫʣʷʮʽʾ 

ʆʧʝʨʘʪʦʨ ʩʪʠʩʥʝʥʥʷ ʧʦʧʫʣʷʮʽʾ ʚʠʟʥʘʯʘʻ ʫʩʧʽʭ ʧʦʰʫʢʫ ʨʽʰʝʥʴ ʫ ʧʘʨʘʜʠʛʤʽ 

ʰʪʫʯʥʠʭ ʽʤʫʥʥʠʭ ʩʠʩʪʝʤ. ɺʽʥ ʟʘʧʦʙʽʛʘʻ ʧʝʨʝʜʯʘʩʥʽʡ ʟʙʽʞʥʦʩʪʽ ʨʽʰʝʥʴ ʪʘ ʟʫʧʠʥʮʽ 

ʚ ʣʦʢʘʣʴʥʠʭ ʦʧʪʠʤʫʤʘʭ, ʱʦ ʚʣʘʩʪʠʚʦ ʚʩʽʤ ʝʚʦʣʶʮʽʡʥʠʤ ʘʣʛʦʨʠʪʤʘʤ. ʈʦʙʦʪʘ 

ʦʧʝʨʘʪʦʨʘ ʩʪʠʩʥʝʥʥʷ ʧʦʣʷʛʘʻ ʫ ʥʘʩʪʫʧʥʦʤʫ. ʇʦ ʟʘʢʽʥʯʝʥʥʽ ʫʩʽʭ ʧʦʰʫʢʦʚʠʭ 

ʦʧʝʨʘʪʦʨʽʚ ʢʣʽʪʠʥʠ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ ʦʮʽʥʶʶʪʴʩʷ ʟʘ ʷʢʽʩʪʶ. ʈʘʟʦʤ ʟ ʧʦʧʝʨʝʜʥʽʤ 

ʧʦʢʦʣʽʥʥʷʤ ʚʦʥʠ ʫʪʚʦʨʶʶʪʴ ʢʦʥʬʣʽʢʪʥʫ ʤʥʦʞʠʥʫ, ʟ ʷʢʦʾ ʚʽʜʙʠʨʘʶʪʴ pN  ʢʣʽʪʠʥ 

ʟ ʥʘʡʢʨʘʱʦʶ ʘʬʽʥʥʽʩʪʶ, ʱʦ ʣʝʞʘʪʴ ʥʝ ʙʣʠʞʯʝ, ʥʽʞ ʫ ʨʘʜʽʫʩʽ r  ʦʜʥʘ ʚʽʜ ʦʜʥʦʾ. ɼʣʷ 

ʮʴʦʛʦ ʚʠʢʦʥʫʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʦʧʝʨʘʮʽʾ: 

ï ʩʦʨʪʫʚʘʥʥʷ ʢʣʦʥʽʚ ʪʘ ʙʘʪʴʢʽʚ ʟʘ ʟʤʝʥʰʝʥʥʷʤ ʘʬʽʥʥʦʩʪʽ; 

ï ʮʠʢʣʽʯʥʦ ʚʽʜ ʧʝʨʰʦʾ ʢʣʽʪʠʥʠ ʜʦ ʩʧʫʩʪʦʰʝʥʥʷ ʤʥʦʞʠʥʠ ʱʝ ʥʝ 

ʨʦʟʛʣʷʥʫʪʠʭ: 

ï ʚʠʣʫʯʝʥʥʷ ʫʩʽʭ ʢʣʽʪʠʥ, ʙʣʠʟʴʢʠʭ ʜʦ ʧʦʪʦʯʥʦʾ ʽ ʛʽʨʰʠʭ ʟʘ ʥʝʾ. 

ʋ ʙʽʣʴʰʦʩʪʽ ʜʞʝʨʝʣ [131, 143, 144] ʝʤʧʽʨʠʯʥʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʘʢ ʟʚʘʥʠʡ 

ʨʘʜʽʫʩ ʧʦʜʽʙʥʦʩʪʽ ʦʩʦʙʠʥ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʤʽʥʽʤʘʣʴʥʫ ʚʽʜʩʪʘʥʴ ʫ ʧʨʦʩʪʦʨʽ 

ʨʦʟʚôʷʟʢʽʚ ʤʽʞ ʦʩʦʙʠʥʘʤʠ, ʱʦ ʧʝʨʝʭʦʜʷʪʴ ʟ ʧʦʢʦʣʽʥʥʷ ʚ ʧʦʢʦʣʽʥʥʷ. ɹʽʣʴʰʽʩʪʴ 

ʘʚʪʦʨʽʚ ʚʠʟʥʘʯʘʶʪʴ ʡʦʛʦ ʷʢ ʢʦʥʩʪʘʥʪʫ, ʘʙʦ ʷʢ ʚʝʣʠʯʠʥʫ, ʷʢʘ ʨʽʚʥʦʤʽʨʥʦ 

ʟʤʝʥʰʫʻʪʴʩʷ. ʇʨʦʧʦʥʫʻʪʴʩʷ ʧʦʚôʷʟʫʚʘʪʠ ʨʘʜʽʫʩ ʧʦʜʽʙʥʦʩʪʽ ʟ ʨʘʜʽʫʩʦʤ ʤʫʪʘʮʽʾ 

ʢʣʦʥʽʚ ʚ ʧʦʪʦʯʥʦʤʫ ʧʦʢʦʣʽʥʥʽ ()tid . ʊʘʢʠʤ ʯʠʥʦʤ, ʨʘʜʽʫʩ ʤʫʪʘʮʽʾ ʥʘ ʧʦʪʦʯʥʽʡ 

ʽʪʝʨʘʮʽʾ ʜʣʷ ʢʦʞʥʦʛʦ ʧʦʰʫʢʦʚʦʛʦ ʘʛʝʥʪʘ ʨʦʟʜʽʣʷʻ ʧʨʦʩʪʽʨ ʧʦʰʫʢʫ ʨʽʰʝʥʥʷ ʥʘ 

çʚʥʫʪʨʽʰʥʶ ʦʙʣʘʩʪʴè ʘʙʦ ʞ ʦʢʽʣ, ʚ ʷʢʦʤʫ ʟʘ ʧʦʰʫʢ ʦʧʪʠʤʫʤʫ ʚʽʜʧʦʚʽʜʘʻ ʤʫʪʘʮʽʷ, 

ʪʘ çʟʦʚʥʽʰʥʽʡ ʧʨʦʩʪʽʨè, ʷʢʦʤʫ ʥʘʣʝʞʘʪʴ ʽʥʰʽ ʧʦʰʫʢʦʚʽ ʘʛʝʥʪʠ. ʎʝ ʟʘʙʝʟʧʝʯʫʻ 

ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʫ ʢʦʞʥʦʤʫ ʟ ʧʦʢʦʣʽʥʴ.  

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʨʷʜʫ ʪʝʩʪʦʚʠʭ ʟʘʜʘʯ ʫ ʙʝʟʧʝʨʝʨʚʥʦʤʫ 

ʧʨʦʩʪʦʨʽ, ʙʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʝʬʝʢʪʠʚʥʝ ʟʥʘʯʝʥʥʷ ʨʘʜʽʫʩʫ ʧʦʜʽʙʥʦʩʪʽ ʦʧʝʨʘʪʦʨʘ 

ʩʪʠʩʥʝʥʥʷ ʟʨʦʩʪʘʻ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʨʦʟʤʽʨʥʦʩʪʽ ʟʘʜʘʯʽ. ʇʽʜ ʝʬʝʢʪʠʚʥʠʤ ʟʥʘʯʝʥʥʷʤ 

ʩʣʽʜ ʨʦʟʫʤʽʪʠ ʪʘʢʝ ʥʘʣʘʰʪʫʚʘʥʥʷ ʦʧʝʨʘʪʦʨʘ ʩʪʠʩʥʝʥʥʷ, ʟʘ ʷʢʦʛʦ ʜʦʩʷʛʘʻʪʴʩʷ 

ʤʘʢʩʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʜʦʩʷʛʥʝʥʥʷ ʛʣʦʙʘʣʴʥʦʛʦ ʦʧʪʠʤʫʤʫ. ɿʛʘʜʘʥʘ ʟʘʣʝʞʥʽʩʪʴ 

ʨʘʜʽʫʩʫ ʩʪʠʩʥʝʥʥʷ ʚʽʜ ʨʦʟʤʽʨʥʦʩʪʽ ʧʨʦʩʪʦʨʫ ʻ ʥʝʣʽʥʽʡʥʦʶ ʽ ʜʣʷ ʟʘʜʘʯʽ ʈʘʩʪʨʽʛʽʥʘ 
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ʽʣʶʩʪʨʫʻʪʴʩʷ ʨʠʩʫʥʢʦʤ 4.6. ɼʣʷ ʽʥʰʠʭ ʪʝʩʪʦʚʠʭ ʟʘʜʘʯ ʭʘʨʘʢʪʝʨ ʟʘʣʝʞʥʦʩʪʽ 

ʩʭʦʞʠʡ ʽ ʜʦʢʣʘʜʥʦ ʦʧʠʩʘʥʠʡ ʚ [145] 

 

 

ʈʠʩ. 4.6 ï ɿʘʣʝʞʥʽʩʪʴ ʝʬʝʢʪʠʚʥʦʛʦ ʟʥʘʯʝʥʥʷ ʨʘʜʽʫʩʫ ʦʧʝʨʘʪʦʨʘ ʩʪʠʩʥʝʥʥʷ ʚʽʜ 

ʤʽʨʥʦʩʪʽ ʧʨʦʩʪʦʨʫ 

 

ʊʘʢʦʞ ʥʘ ʨʠʩʫʥʢʫ 4.6 ʥʘʚʝʜʝʥʦ ʥʘʡʢʨʘʱʫ ʟ ʢʽʣʴʢʦʭ ʜʝʩʷʪʢʽʚ ʨʝʛʨʝʩʽʡʥʠʭ 

ʤʦʜʝʣʝʡ, ʷʢʠʤʠ ʤʦʞʥʘ ʘʧʨʦʢʩʠʤʫʚʘʪʠ ʟʘʣʝʞʥʽʩʪʴ ʨʘʜʽʫʩʘ ʧʦʜʽʙʥʦʩʪʽ ʦʧʝʨʘʪʦʨʘ 

ʩʪʠʩʥʝʥʥʷ ʚʽʜ ʨʦʟʤʽʨʥʦʩʪʽ ʧʨʦʩʪʦʨʫ. ʎʷ ʤʦʜʝʣʴ ʻ ʩʪʫʧʝʥʝʚʦʶ ʟ ʧʦʢʘʟʥʠʢʦʤ 

ʩʪʫʧʝʥʷ İ. ʊʦʤʫ ʤʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ ʰʫʢʘʥʘ ʟʘʣʝʞʥʽʩʪʴ ʤʘʻ ʚʠʛʣʷʜ 

Ὑὲ ὥЍὲȟ (4.10) 

ʜʝ ὲ  ï ʨʦʟʤʽʨʥʽʩʪʴ ʟʘʜʘʯʽ ʚ ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʧʨʦʩʪʦʨʽ; ὥï ʢʦʝʬʽʮʽʻʥʪ 

ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ, ʱʦ ʧʦʚôʷʟʫʻ ʨʘʜʽʫʩ ʧʦʜʽʙʥʦʩʪʽ ʟ ʨʘʜʽʫʩʦʤ ʤʫʪʘʮʽʾ ʪʘ ʢʽʣʴʢʽʩʪʶ 

ʧʦʰʫʢʦʚʠʭ ʘʛʝʥʪʽʚ. 

ɺʨʘʭʦʚʫʶʯʠ ʚʠʨʘʟʠ (4.8) ʪʘ (4.9) ʪʘ ʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ( )1;0Uri = , ʘ 

ʪʘʢʦʞ ʪʝ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʘ ʤʫʪʘʮʽʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʜʣʷ ʢʣʽʪʠʥ, ʱʦ ʣʝʞʘʪʴ ʚ ʮʝʥʪʨʽ 

ʦʙʣʘʩʪʽ ʧʦʰʫʢʫ, ʜʣʷ ʷʢʠʭ iD = 0,5, ʦʪʨʠʤʫʻʤʦ ʚʠʨʘʟ ʜʣʷ ʘʜʘʧʪʠʚʥʦʛʦ ʨʘʜʽʫʩʫ 

ʩʪʠʩʥʝʥʥʷ ʧʦʧʫʣʷʮʽʾ 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʜʘʣʽ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚ ʦʧʝʨʘʪʦʨʽ ʩʪʠʩʥʝʥʥʷ ʧʦʧʫʣʷʮʽʾ 

ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʨʘʜʽʫʩ ʧʨʦʧʦʨʮʽʡʥʠʤ ʢʦʨʝʥʶ ʚʽʜʥʦʰʝʥʥʷ ʤʽʨʥʦʩʪʽ ʧʨʦʩʪʦʨʫ ʜʦ 

ʧʦʜʚʦʻʥʦʛʦ ʥʦʤʝʨʘ ʽʪʝʨʘʮʽʾ ʪʘ ʦʙʝʨʥʝʥʦ ʧʨʦʧʦʨʮʽʡʥʠʡ ʢʽʣʴʢʦʩʪʽ ʦʩʦʙʠʥ 

ʧʦʧʫʣʷʮʽʾ . 

 

4.1.6. ɿʘʩʪʦʩʫʚʘʥʥʷ ʣʦʢʘʣʴʥʦʛʦ ʧʦʰʫʢʫ  

ɸʙʠ ʽʥʪʝʥʩʠʬʽʢʫʚʘʪʠ ʧʦʰʫʢ ʨʽʰʝʥʥʷ ʚ ʦʢʦʣʽ ʧʦʪʦʯʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʧʦʰʫʢʦʚʦʛʦ ʘʛʝʥʪʘ ʽ ʟʨʦʙʠʪʠ ʡʦʛʦ ʱʝ ʙʽʣʴʰ ʮʽʣʝʩʧʨʷʤʦʚʘʥʠʤ, ʜʦ ʢʣʦʥʘ ʢʨʽʤ 

ʤʦʞʣʠʚʠʭ ʦʧʝʨʘʪʦʨʽʚ ʢʨʦʩʠʥʛʦʚʝʨʘ ʽ ʤʫʪʘʮʽ ʾʟ ʧʝʚʥʦʶ ʥʝʚʠʩʦʢʦʶ ʡʤʦʚʽʨʥʽʩʪʶ 

lsP  ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʦʧʝʨʘʪʦʨ ʦʜʥʦʚʠʤʽʨʥʦʛʦ ʣʦʢʘʣʴʥʦʛʦ ʧʦʰʫʢʫ 

ʤʝʪʦʜʦʤ ʟʦʣʦʪʦʛʦ ʧʝʨʝʪʠʥʫ (ʌʽʙʦʥʘʯʯʽ), ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʦʧʝʨʘʮʽʡ: 

ï ʨʽʚʥʦʡʤʦʚʽʨʥʦ ʦʙʠʨʘʻʪʴʩʷ ʦʜʥʘ ʟ ʢʦʦʨʜʠʥʘʪ [ ]nk :1= ; 

ï ʨʽʚʥʦʡʤʦʚʽʨʥʦ ʦʙʠʨʘʻʪʴʩʷ ʥʘʧʨʷʤʦʢ ʧʦʰʫʢʫ ï ʜʦ ʥʠʞʥʴʦʾ ʛʨʘʥʠʮʽ 

ʦʙʣʘʩʪʽ ʧʦʰʫʢʫ iC
jXmin  ʯʠ ʚʝʨʭʥʴʦʾ iC

jXmax ; 

ï ʟʜʽʡʩʥʶʻʪʴʩʷ ʦʜʥʦʚʠʤʽʨʥʠʡ ʣʦʢʘʣʴʥʠʡ ʧʦʰʫʢ ʫ ʥʘʧʨʷʤʢʫ ʚʽʜ ʧʦʪʦʯʥʦʛʦ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʢʣʦʥʘ ʫ ʧʨʦʩʪʦʨʽ iC
jX  ʜʦ ʛʨʘʥʠʮʽ ʦʙʣʘʩʪʽ ʧʦʰʫʢʫ. 

ʗʢʱʦ ʧʦʰʫʢ ʧʦʢʨʘʱʫʻ ʘʬʽʥʥʽʩʪʴ ʨʽʰʝʥʥʷ, ʟʥʘʡʜʝʥʝ ʨʽʰʝʥʥʷ ʟʙʝʨʽʛʘʻʪʴʩʷ. 

ʍʦʯʘ ʪʨʘʜʠʮʽʡʥʦ [141] ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʦʧʝʨʘʪʦʨ ʣʦʢʘʣʴʥʦʛʦ ʧʦʰʫʢʫ ʥʘ 

ʚʣʘʩʪʠʚʠʡ ʪʘʢʠʤ ʝʚʨʠʩʪʠʯʥʠʤ ʧʘʨʘʜʠʛʤʘʤ, ʷʢ ʰʪʫʯʥʽ ʽʤʫʥʥʽ ʩʠʩʪʝʤʠ, ʦʩʢʽʣʴʢʠ 

ʚʽʥ ʟʤʫʰʫʻ ʙʘʛʘʪʦʨʘʟʦʚʦ ʟʚʝʨʪʘʪʠʩʴ ʜʦ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ, ʪʠʤ ʩʘʤʠʤ 

ʫʧʦʚʽʣʴʥʶʶʯʠ ʧʦʰʫʢʦʚʠʡ ʧʨʦʮʝʩ, ʚ ʨʷʜʽ ʚʠʧʘʜʢʽʚ ʦʙʤʝʞʝʥʠʡ ʣʦʢʘʣʴʥʠʡ ʧʦʰʫʢ 

ʩʪʘʻ ʚʘʞʣʠʚʠʤ ʟʘʩʦʙʦʤ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʟʘʩʪʨʷʛʘʥʥʽ ʧʦʧʫʣʷʮʽʾ ʚ 

ʣʦʢʘʣʴʥʠʭ ʦʧʪʠʤʫʤʘʭ. 

ʄʝʪʦʜ ʌʽʙʦʥʘʯʯʽ ʥʝ ʻ ʮʽʣʝʩʧʨʷʤʦʚʘʥʠʤ ʚʽʜ ʪʘʢ ʧʨʦʛʨʘʻ ʫ ʰʚʠʜʢʦʩʪʽ ʢʚʘʟʠ-

ʥʴʶʪʦʥʽʚʩʴʢʠʤ ʤʝʪʦʜʘʤ. ɺʦʜʥʦʯʘʩ ʮʝʡ ʤʝʪʦʜ ʥʫʣʴʦʚʦʛʦ ʧʦʨʷʜʢʫ ʥʝ ʧʦʪʨʝʙʫʻ 

ʚʟʷʪʪʷ ʧʝʨʰʦʾ ʽ ʜʨʫʛʦʾ ʧʦʭʽʜʥʠʭ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ, ʚʽʜʪʘʢ ʤʦʞʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʴ 

ʜʦ ʙʫʜʴ-ʷʢʠʭ ʮʽʣʴʦʚʠʭ ʬʫʥʢʮʽʡ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʥʝ ʦʧʫʢʣʠʭ, ʨʦʟʨʠʚʥʠʭ, ʪʦʱʦ.  
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ɸʙʠ ʟʙʝʨʽʛʘʪʠ ʙʘʣʘʥʩ ʤʽʞ ʦʙʯʠʩʣʶʚʘʣʴʥʦʶ ʰʚʠʜʢʽʩʪʶ ʪʘ ʜʦʩʷʛʥʫʪʦʶ 

ʪʦʯʥʽʩʪʶ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘ ʨʦʟʛʣʷʥʫʪʠʭ ʙʘʛʘʪʦ 

ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʟʘʜʘʯʘʭ ʫ ʧʨʦʩʪʦʨʽ ʟ ʤʽʨʥʽʩʪʶ ʚʽʜ 2 ʜʦ 100 ʦʧʝʨʘʪʦʨ ʣʦʢʘʣʴʥʦʛʦ 

ʧʦʰʫʢʫ ʧʦʚʠʥʝʥ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʜʦ ʢʣʦʥʽʚ ʟ ʡʤʦʚʽʨʥʽʩʪʶ ʥʝ ʚʠʱʝ lsP  = 

0,01é0,2. ʇʨʠ ʮʴʦʤʫ ʧʦʢʨʘʱʝʥʥʷ ʟʥʘʡʜʝʥʦʛʦ ʨʽʰʝʥʥʷ ʚ ʧʦʢʦʣʽʥʥʽ ʩʢʠʜʘʻ ʮʶ 

ʡʤʦʚʽʨʥʽʩʪʴ ʜʦ ʤʽʥʽʤʫʤʫ, ʘ ʢʦʞʥʘ ʽʪʝʨʘʮʽʷ, ʧʨʦʪʷʛʦʤ ʷʢʦʾ ʨʽʰʝʥʥʷ ʥʝ ʙʫʣʦ 

ʧʦʢʨʘʱʝʥʝ, ʟʙʽʣʴʰʫʻ ʚʜʚʽʯʽ, ʘʣʝ ʥʝ ʚʠʱʝ ʚʝʨʭʥʴʦʾ ʤʝʞʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʷʢʱʦ 

ʧʨʦʪʷʛʦʤ ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ ʦʩʥʦʚʥʽ ʧʦʰʫʢʦʚʽ ʦʧʝʨʘʪʦʨʠ ʢʨʦʩʠʥʛʦʚʝʨʫ ʪʘ ʤʫʪʘʮʽʾ 

ʚʠʷʚʣʷʶʪʴʩʷ ʥʝʝʬʝʢʪʠʚʥʽ, ʡʤʦʚʽʨʥʽʩʪʴ ʣʦʢʘʣʴʥʦʛʦ ʧʦʰʫʢʫ ʤʘʢʩʠʤʘʣʴʥʘ. 

 

 

4.2. ʆʩʦʙʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ 

ʢʦʤʙʽʥʘʪʦʨʥʠʭ ʟʘʜʘʯ ʚ ʉʇʇʈ 

 

ʂʣʶʯʦʚʦʶ ʚʽʜʤʽʥʥʽʩʪʶ ʨʦʟʚôʷʟʘʥʥʷ ʢʦʤʙʽʥʘʪʦʨʥʠʭ ʟʘʜʘʯ ʻ ʙʽʥʘʨʥʠʡ 

ʭʘʨʘʢʪʝʨ ʟʤʽʥʥʠʭ, ʱʦ ʥʘʢʣʘʜʘʻ ʩʫʪʪʻʚʽ ʚʽʜʤʽʥʥʦʩʪʽ ʥʘ ʦʨʛʘʥʽʟʘʮʽʶ ʦʧʝʨʘʪʦʨʽʚ 

ʢʨʦʩʠʥʛʦʚʝʨʫ, ʤʫʪʘʮʽʾ, ʩʪʠʩʥʝʥʥʷ ʪʘ ʣʦʢʘʣʴʥʦʛʦ ʧʦʰʫʢʫ. 

ʊʨʘʜʠʮʽʡʥʽ ʦʧʝʨʘʪʦʨʠ ʢʨʦʩʠʥʛʦʚʝʨʫ ʜʣʷ ʜʚʽʡʢʦʚʦʛʦ ʧʨʦʩʪʦʨʫ 

(ʦʜʥʦʪʦʯʢʦʚʠʡ, ʜʚʦʭʪʦʯʢʦʚʠʡ ʪʘ ʨʽʚʥʦʤʽʨʥʠʡ) ʦʧʠʩʘʥʽ ʚ [146]. ɼʣʷ ʾʭ ʪʝʩʪʫʚʘʥʥʷ 

ʚ ʩʢʣʘʜʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʙʫʣʠ ʨʦʟʛʣʷʥʫʪʽ ʢʦʤʙʽʥʘʪʦʨʥʽ ʟʘʜʘʯʽ ʧʨʦ 

ʥʘʧʣʽʯʥʠʢ, ʧʨʦ ʧʦʢʨʠʪʪʷ ʤʥʦʞʠʥ, ʘ ʪʘʢʦʞ ʧʦʙʫʜʦʚʠ ʤʽʥʽʤʘʣʴʥʦʛʦ ʢʽʩʪʷʢʦʚʦʛʦ 

ʜʝʨʝʚʘ [101]. 

ʇʦʨʽʚʥʷʥʥʷ ʰʚʠʜʢʦʩʪʽ ʟʥʘʭʦʜʞʝʥʥʷ ʨʽʰʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ (ʟʘ 

ʢʽʣʴʢʽʩʪʶ ʽʪʝʨʘʮʽʡ) ʪʘ ʩʝʨʝʜʥʴʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʪʦʯʥʦʛʦ ʨʽʰʝʥʥʷ (ʫ ʚʽʜʩʦʪʢʘʭ) 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 4.7. ʈʝʟʫʣʴʪʘʪʠ ʥʘ ʨʠʩ. 4.7 ʫʩʝʨʝʜʥʝʥʽ ʜʣʷ 10 ʟʘʧʫʩʢʽʚ ʧʦ 

ʢʦʞʥʽʡ ʟʘʜʘʯʽ ʟ ʚʠʧʘʜʢʦʚʠʤʠ ʧʦʯʘʪʢʦʚʠʤʠ ʧʦʧʫʣʷʮʽʷʤʠ. 

 



160 

 

ʈʠʩ. 4.7. ʇʦʨʽʚʥʷʥʥʷ ʪʨʴʦʭ ʢʨʦʩʠʥʛʦʚʝʨʽʚ ʜʣʷ ʢʦʤʙʽʥʘʪʦʨʥʠʭ ʟʘʜʘʯ 

 

ɿʛʽʜʥʦ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʽʣʶʩʪʨʦʚʘʥʠʤʠ ʨʠʩ. 4.7, ʜʚʦʭʪʦʯʢʦʚʠʡ ʢʨʦʩʠʥʛʦʚʝʨ 

ʚʠʷʚʣʷʻʪʴʩʷ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʧʨʠ ʨʦʟʚôʷʟʘʥʥʽ ʚʩʽʭ ʪʝʩʪʦʚʠʭ ʢʦʤʙʽʥʘʪʦʨʥʠʭ 

ʨʦʟʚôʷʟʢʽʚ ʟʘʜʘʯ. ɿ ʦʜʥʦʛʦ ʙʦʢʫ, ʚʽʥ ʟʙʝʨʽʛʘʻ ʥʘʡʙʽʣʴʰʫ ʜʝʪʘʣʴʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ 

ʙʘʪʴʢʽʚʩʴʢʽ ʛʝʥʠ (ʷʢ ʽ ʦʜʥʦʪʦʯʢʦʚʠʡ ʢʨʦʩʠʥʛʦʚʝʨ), ʘʣʝ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʫʻ ʜʝʷʢʫ 

ʜʠʚʝʨʩʠʬʽʢʘʮʽʶ ʯʝʨʝʟ ʜʚʘ ʨʦʟʨʠʚʠ ʚ ʛʝʥʦʤʽ. ɺʦʜʥʦʯʘʩ ʧʦʪʦʤʩʪʚʦ, ʦʪʨʠʤʘʥʝ ʟ 

ʨʽʚʥʦʤʽʨʥʠʤ ʢʨʦʩʠʥʛʦʚʝʨʦʤ, ʽʩʪʦʪʥʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʢʦʞʥʦʛʦ ʟ ʙʘʪʴʢʽʚ ʟʘ 

ʨʦʟʛʣʷʥʫʪʠʤʠ ʧʨʦʙʣʝʤʘʤʠ. ʂʣʦʥ-ʥʘʱʘʜʦʢ ʪʘʢʠʤ ʯʠʥʦʤ ʦʧʠʥʷʻʪʴʩʷ ʚ ʘʙʩʦʣʶʪʥʦ 

ʥʦʚʽʡ ʦʙʣʘʩʪʽ ʧʦʰʫʢʫ, ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʚʠʷʚʣʷʻʪʴʩʷ ʥʘʙʘʛʘʪʦ ʛʽʨʰʠʤ, ʥʽʞ 

ʙʘʪʴʢʽʚʩʴʢʽ ʦʩʦʙʠʥʠ, ʚʽʜʪʘʢ ʥʝ ʧʝʨʝʭʦʜʠʪʴ ʫ ʥʘʩʪʫʧʥʝ ʧʦʢʦʣʽʥʥʷ. 

ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʧʨʠ ʨʦʟʚôʷʟʘʥʥʽ ʢʦʤʙʽʥʘʪʦʨʥʠʭ ʟʘʜʘʯ ʩʣʽʜ ʧʨʠʜʽʣʷʪʠ 

ʡʤʦʚʽʨʥʦʩʪʽ ὖ , ʟ ʷʢʦʶ ʢʨʦʩʠʥʛʦʚʝʨ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʦ ʥʦʚʦʩʪʚʦʨʝʥʦʛʦ ʢʣʦʥʫ. 

ʋ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 0 ʜʦ 0,9 (ʚ ʟʘʜʘʯʘʭ ʙʽʣʴʰʦʾ ʨʦʟʤʽʨʥʦʩʪʽ ʜʦ 0,95), ʚʠʱʝ 

ὖ  ʟʥʘʯʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ὖ  ʧʨʠʚʦʜʠʪʴ ʜʦ ʰʚʠʜʰʦʛʦ ʧʦʰʫʢʫ ʛʣʦʙʘʣʴʥʦʛʦ 

ʦʧʪʠʤʫʤʫ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʪʠʧʫ ʧʨʦʙʣʝʤʠ. ɺʦʜʥʦʯʘʩ, ʧʨʠ ʚʩʪʘʥʦʚʣʝʥʥʽ ὖ ρ, 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʦʰʫʢʫ ʨʽʟʢʦ ʧʘʜʘʻ. ʊʦʤʫ ʦʧʝʨʘʪʦʨ ʢʨʦʩʠʥʛʦʚʝʨʘ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟ ʚʠʩʦʢʦʶ ʡʤʦʚʽʨʥʽʩʪʶ, ʚʽʜʤʽʥʥʦʶ ʚʽʜ 1, ʟʦʢʨʝʤʘ 0,9...0,95. 
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ɹʽʥʘʨʥʽ ʤʫʪʘʮʽʾ, ʟʘ ʘʥʘʣʦʛʽʻʶ ʟ ʤʫʪʘʮʽʷʤʠ ʫ ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʧʨʦʩʪʦʨʽ, 

ʟʘʣʝʞʥʦ ʚʽʜ ʧʨʠʩʪʦʩʦʚʘʥʦʩʪʽ ʦʩʦʙʠʥʠ, ʤʦʞʫʪʴ ʙʫʪʠ çʚʫʟʴʢʽè ʪʘ çʰʠʨʦʢʽè. 

çɺʫʟʴʢʘè ʤʫʪʘʮʽʷ ʧʦʣʷʛʘʻ ʚ ʽʥʚʝʨʩʽʾ ʧʝʚʥʦʾ ʢʽʣʴʢʦʩʪʽ ʚʠʧʘʜʢʦʚʠʭ ʛʝʥʽʚ, ʦʙʨʘʥʠʭ 

ʨʽʚʥʦʡʤʦʚʽʨʥʦ ʚʟʜʦʚʞ ʚʝʢʪʦʨʘ-ʭʨʦʤʦʩʦʤʠ. çʐʠʨʦʢʦʶè ʤʫʪʘʮʽʻʶ ʚʠʩʪʫʧʘʻ 

ʩʘʣʴʪʘʮʽʷ, ʢʦʣʠ ʧʝʚʥʘ ʢʽʣʴʢʽʩʪʴ ʛʝʥʽʚ ʧʝʨʝʧʠʩʫʻʪʴʩʷ ʚ ʥʦʚʫ ʦʙʣʘʩʪʴ ʭʨʦʤʦʩʦʤʠ, 

ʟʙʝʨʽʛʘʶʯʠ ʩʚʽʡ ʧʦʨʷʜʦʢ ʽ ʟʥʘʯʝʥʥʷ.  

ʆʩʥʦʚʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʚʽʜʤʽʥʥʦʩʪʽ ʭʨʦʤʦʩʦʤʠ ʥʘʱʘʜʢʘ ʚʽʜ 

ʙʘʪʴʢʽʚʩʴʢʦʾ ʧʽʩʣʷ ʤʫʪʘʮʽʾ ʻ mLevel - ʢʽʣʴʢʽʩʪʴ ʙʽʪʽʚ, ʷʢʽ ʤʘʶʪʴ ʽʥʚʝʨʪʫʚʘʪʠʩʴ ʘʙʦ 

ʟʩʫʚʘʪʠʩʴ ʦʜʥʦʯʘʩʥʦ ʚ ʢʣʦʥʘ, ʷʢʠʡ ʧʽʜʜʘʻʪʴʩʷ ʤʫʪʘʮʽʾ. ʎʷ ʢʽʣʴʢʽʩʪʴ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʟʘ ʬʦʨʤʫʣʦʶ 

î
î

í

î
î

ì

ë

²

<
Ö

+ö
ö
÷

õ
æ
æ
ç

å
-

=

2
,

;
2

,
22

1

max
min

max

max

min

max
max

T
tifmLevel

T
tif

T

mLevelt

T

t
mLevel

mLevel , (4.12) 

ʅʘ ʧʝʨʰʠʭ ʽʪʝʨʘʮʽʷʭ ʤʫʪʘʮʽʷ ʤʘʻ ʜʦʩʪʘʪʥʴʦ ʰʠʨʦʢʠʡ ʜʽʘʧʘʟʦʥ maxmLevel , 

ʨʽʚʥʦʤʽʨʥʦ ʟʤʝʥʰʫʶʯʠʩʴ ʚ ʧʝʨʰʽʡ ʧʦʣʦʚʠʥʽ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ ʜʦ minmLevel , 

ʧʽʩʣʷ ʯʦʛʦ ʟʘʣʠʰʘʻʪʴʩʷ ʥʘ ʥʝʟʤʽʥʥʦʤʫ ʥʠʟʴʢʦʤʫ ʨʽʚʥʽ. ɺʝʣʠʯʠʥʘ maxmLevel  

ʦʙʠʨʘʻʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʨʦʟʤʽʨʥʦʩʪʽ ʟʘʜʘʯʽ ʽ ʤʦʞʝ ʩʷʛʘʪʠ ʜʝʩʷʪʢʽʚ ʙʽʪʽʚ, ʘʣʝ 

ʧʝʨʝʩʪʘʻ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʰʚʠʜʢʫ ʟʙʽʞʥʽʩʪʴ ʘʣʛʦʨʠʪʤʫ ʧʨʠ ²nmLevelmin 0,1 (ʥʝ 

ʙʽʣʴʰʝ 10% ʙʽʪʽʚ ʤʘʶʪʴ ʽʥʚʝʨʪʫʚʘʪʠʩʴ ʦʜʥʦʯʘʩʥʦ). ɺʝʣʠʯʠʥʘ minmLevel  ʥʝ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʦʟʤʽʨʥʦʩʪʽ ʟʘʜʘʯʽ ʡ ʟʘʟʚʠʯʘʡ ʧʨʠʡʤʘʻʪʴʩʷ ʥʘ ʨʽʚʥʽ 1 ʘʙʦ 2 ʙʽʪʽʚ. 

ʈʽʟʥʠʮʷ ʤʽʞ çʚʫʟʴʢʦʶè ʪʘ çʰʠʨʦʢʦʶ ʤʫʪʘʮʽʷʤʠè ʥʘ ʦʜʥʽʡ ʡ ʪʽʡ ʩʘʤʽʡ 

ʭʨʦʤʦʩʦʤʽ ʽʣʶʩʪʨʫʻ ʨʠʩʫʥʦʢ 4.8, ʜʝ ʧʦʢʘʟʘʥʦ ʷʢ ʟʤʽʥʶʻʪʴʩʷ ʛʝʥʦʤ ʧʨʠ ʨʽʚʥʽ 

mLevel = 3 ʙʽʪʠ. 
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ʈʠʩ. 4.8. ʇʦʨʽʚʥʷʥʥʷ ʽʥʚʝʨʩʽʡʥʦʾ ʪʘ ʩʘʣʴʪʘʮʽʡʥʦʾ ʤʫʪʘʮʽʡ 

 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 4.8, ʧʨʠ ʨʽʚʥʽ ʤʫʪʘʮʽʾ 3 ʙʽʪʠ çʚʫʟʴʢʘè ʤʫʪʘʮʽʷ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʽʥʚʝʨʩʽʾ ʩʘʤʝ ʪʨʴʦʭ ʚʠʧʘʜʢʦʚʠʭ ʙʽʪʽʚ (ʚʝʨʭʥʽʡ ʚʠʧʘʜʦʢ), ʷʢʽ ʚʠʜʽʣʝʥʽ ʢʦʣʴʦʨʦʤ 

ʽ ʢʫʨʩʠʚʦʤ ʫ ʟʤʽʥʝʥʽʡ ʭʨʦʤʦʩʦʤʽ. ɺʦʜʥʦʯʘʩ ʩʘʣʴʪʘʮʽʷ (ʟʩʫʚ ʪʨʴʦʭ ʙʽʪʽʚ ʥʘ 

ʚʠʧʘʜʢʦʚʫ ʚʽʜʩʪʘʥʴ) ʧʨʠʟʚʦʜʠʪʴ ʥʝ ʣʠʰʝ ʜʦ ʟʤʽʥʠ ʮʠʭ ʙʽʪʽʚ (ʚʠʜʽʣʝʥʦ ʢʦʣʴʦʨʦʤ), 

ʘ ʫ ʡ ʚʩʽʭ ʙʽʪʽʚ, ʷʢʽ ʣʝʞʘʪʴ ʚ ʧʨʦʤʽʞʢʫ ʽ ʟʩʫʚʘʶʪʴʩʷ (ʚʠʜʽʣʝʥʦ ʢʫʨʩʠʚʦʤ). ɼʣʷ 

ʧʦʨʽʚʥʷʥʥʷ: ʤʫʪʘʮʽʷ ʽʥʚʝʨʩʽʻʶ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʝʨʝʭʦʜʫ mLevelXX ==¡- 3 , ʘ 

ʤʫʪʘʮʽʷ ʩʘʣʴʪʘʮʽʻʶ ʜʦ ʧʝʨʝʭʦʜʫ dXX =¡- . ʇʨʠʢʣʘʜʽ =d 10. ʊʝʦʨʝʪʠʯʥʦ 

ndmLevel ¢¢ , ʜʝ nï ʤʽʨʥʽʩʪʴ ʧʨʦʩʪʦʨʫ ʧʦʰʫʢʫ ʨʽʰʝʥʥʷ. 

ɿ ʥʘʚʝʜʝʥʦʛʦ ʧʨʠʢʣʘʜʫ ʦʯʝʚʠʜʥʦ, ʱʦ çʰʠʨʦʢʘè ʤʫʪʘʮʽʷ ʜʣʷ 

ʢʦʤʙʽʥʘʪʦʨʥʦʛʦ ʧʨʦʩʪʦʨʫ ʻ ʦʧʝʨʘʪʦʨʦʤ ʜʠʚʝʨʩʠʬʽʢʘʮʽʾ ʥʘʧʨʷʤʢʫ ʧʦʰʫʢʫ ʟʘʜʘʯʽ. 

ɺʽʜʪʘʢ ʥʘʜʘʣʽ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʧʦʢʘʟʥʠʢ ‎, ʱʦ ʚʭʦʜʠʪʴ ʜʦ (4.6) ʜʣʷ ʢʦʤʙʽʥʘʪʦʨʥʠʭ 

ʟʘʜʘʯ ʧʨʠʡʤʘʪʠ ʥʝ ʚʠʱʝ, ʥʽʞ 0,15é0,3. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʜʣʷ ʦʩʦʙʠʥ, ʢʨʘʱʠʭ ʚ 

ʧʦʪʦʯʥʦʤʫ ʧʦʢʦʣʽʥʥʽ, çʰʠʨʦʢʘè ʤʫʪʘʮʽʷ ʙʫʜʝ ʤʝʥʰ ʡʤʦʚʽʨʥʘ ʥʽʞ 0,15é0,3 

ʥʘʚʽʪʴ ʥʘʧʨʠʢʽʥʮʽ ʨʦʟʨʘʭʫʥʢʫ ʽ ʙʣʠʟʴʢʘ ʜʦ 0 ʥʘ ʡʦʛʦ ʧʦʯʘʪʢʫ. ɺʦʜʥʦʯʘʩ 

ʡʤʦʚʽʨʥʽʩʪʴ ʩʘʣʴʪʘʮʽʾ, ʪʦʙʪʦ ʜʠʚʝʨʩʠʬʽʢʘʮʽʾ ʧʦʰʫʢʫ, ʧʨʦʧʦʨʮʽʡʥʦ ʟʨʦʩʪʘʻ ʜʦ 

ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʽ ʜʣʷ ʥʘʡʛʽʨʰʠʭ ʫ ʧʦʢʦʣʽʥʥʽ ʦʩʦʙʠʥ ʜʦʨʽʚʥʶʻ 1. 
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4.3 ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 4 

 

1. ʄʦʜʠʬʽʢʦʚʘʥʠʡ ʦʧʝʨʘʪʦʨ ʩʝʣʝʢʮʽʾ ʥʘ ʦʩʥʦʚʽ ʧʘʨʥʠʭ ʧʦʨʽʚʥʷʥʴ 

ʧʦʰʫʢʦʚʠʭ ʘʛʝʥʪʽʚ ʥʘ ʦʩʥʦʚʽ ʦʮʽʥʢʠ ʧʨʠʜʘʪʥʦʩʪʽ ʨʽʰʝʥʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ 

ʽʻʨʘʨʭʽʾ ʉʘʘʪʽ ʻ ʤʘʪʝʤʘʪʠʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʠʤ ʪʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʨʽʟʥʠʮʽ ʟʥʘʯʝʥʴ ʧʨʠʩʪʦʩʦʚʘʥʦʩʪʽ ʟʘʤʽʩʪʴ ʚʽʜʥʦʰʝʥʥʷ, ʷʢ ʚ ʘʥʘʣʦʛʘʭ, ʧʨʠ ʮʴʦʤʫ ʻ 

ʦʜʥʘʢʦʚʦ ʝʬʝʢʪʠʚʥʠʤ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʷʢ ʢʦʤʙʽʥʘʪʦʨʥʠʭ, ʪʘʢ ʽ ʙʝʟʧʝʨʝʨʚʥʠʭ 

ʟʘʜʘʯ. 

2. ɸʜʘʧʪʠʚʥʠʡ ʦʧʝʨʘʪʦʨ ʢʨʦʩʠʥʛʦʚʝʨʫ ʜʣʷ ʢʣʽʪʠʥ-ʢʣʦʥʽʚ ʚ ʘʣʛʦʨʠʪʤʽ 

ʐɯʉ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʚʽʜʦʤʠʭ ʟʘʙʝʟʧʝʯʫʻ ʥʝ ʣʠʰʝ ʜʠʚʝʨʩʠʬʽʢʘʮʽʶ ʧʦʰʫʢʫ, ʘ ʽ ʡʦʛʦ 

ʽʥʪʝʥʩʠʬʽʢʘʮʽʶ ʟʘ ʨʘʭʫʥʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʤʽʥʥʦʾ ʡʤʦʚʽʨʥʦʩʪʽ ʜʣʷ ʢʦʞʥʦʾ ʟ 

ʢʦʦʨʜʠʥʘʪ ʪʘ ʧʦʢʘʟʥʠʢʘ ʩʪʫʧʝʥʷ ʥʝʩʭʦʞʦʩʪʽ ʥʘʱʘʜʢʽʚ ʥʘ ʙʘʪʴʢʽʚ. ʆʩʪʘʥʥʽʡ 

ʟʘʚʜʷʢʠ ʧʣʘʚʥʦʤʫ ʟʙʽʣʴʰʝʥʥʶ ʚʽʜ 1 ʜʦ 5 ʚ ʭʦʜʽ ʧʦʰʫʢʫ ʨʽʰʝʥʥʷ ʟʘʙʝʟʧʝʯʫʻ 

ʧʦʩʪʫʧʦʚʠʡ ʧʝʨʝʭʽʜ ʚʽʜ ʨʽʚʥʦʤʽʨʥʦʾ ʩʧʘʜʢʦʚʦʩʪʽ ʢʦʞʥʦʛʦ ʟ ʛʝʥʽʚ ʚʽʜ ʪʦʛʦ ʯʠ 

ʽʥʰʦʛʦ ʙʘʪʴʢʘ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʾ ʩʭʦʞʦʩʪʽ ʥʘ ʦʜʥʦʛʦ ʟ ʙʘʪʴʢʽʚ. 

3. ɸʜʘʧʪʠʚʥʠʡ ʦʧʝʨʘʪʦʨ ʤʫʪʘʮʽʾ ʧʦʰʫʢʦʚʦʾ ʦʧʪʠʤʽʟʘʮʽʾ, ʷʢʠʡ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʚʽʜʦʤʠʭ ʪʠʤ, ʱʦ ʚʠʧʘʜʢʦʚʘ ʩʢʣʘʜʦʚʘ ʛʝʥʦʤʫ ʥʘʱʘʜʢʽʚ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʥʦʤʝʨʫ ʽʪʝʨʘʮʽʾ ʪʘ ʚʽʜʥʦʩʥʦʾ ʧʨʠʩʪʦʩʦʚʘʥʦʩʪʽ ʨʽʰʝʥʥʷ ʚ ʫʩʽʡ ʧʦʧʫʣʷʮʽʾ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʚʠʜʠ ʤʫʪʘʮʽʾ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʮʝʜʫʨ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ 

ʧʦʰʫʢʫ ʨʽʰʝʥʥʷ ʪʘ ʡʦʛʦ ʜʠʚʝʨʩʠʬʽʢʘʮʽʾ. 

4. ɸʜʘʧʪʠʚʥʠʡ ʦʧʝʨʘʪʦʨ ʩʪʠʩʥʝʥʥʷ ʧʦʧʫʣʷʮʽʾ ʚ ʘʣʛʦʨʠʪʤʽ ʐɯʉ ʤʘʻ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʘʜʽʫʩ ʧʦʜʽʙʥʦʩʪʽ, ʧʨʦʧʦʨʮʽʡʥʠʡ ʚʠʧʘʜʢʦʚʽʡ ʩʢʣʘʜʦʚʽʡ 

ʦʧʝʨʘʪʦʨʘ ʤʫʪʘʮʽʾ ʪʘ ʢʦʨʝʥʶ ʚʽʜʥʦʰʝʥʥʷ ʤʽʨʥʦʩʪʽ ʧʨʦʩʪʦʨʫ ʜʦ ʧʦʜʚʦʻʥʦʛʦ 

ʥʦʤʝʨʘ ʽʪʝʨʘʮʽʾ, ʽ ʦʙʝʨʥʝʥʦ ʧʨʦʧʦʨʮʽʡʥʠʡ ʢʽʣʴʢʦʩʪʽ ʦʩʦʙʠʥ ʧʦʧʫʣʷʮʽʾ. ʇʦʜʽʙʥʽ 

ʥʘʣʘʰʪʫʚʘʥʥʷ ʦʧʝʨʘʪʦʨʘ ʩʪʠʩʥʝʥʥʷ ʧʽʜʚʠʱʫʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʦʰʫʢʫ 

ʛʣʦʙʘʣʴʥʦʛʦ ʝʢʩʪʨʝʤʫʤʫ ʟʘ ʢʨʠʪʝʨʽʷʤʠ ʤʽʥʽʤʫʤʫ ʟʚʝʨʥʝʥʴ ʜʦ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʪʘ 

ʤʽʥʽʤʫʤ ʽʪʝʨʘʮʽʾ ʜʦ ʧʦʷʚʠ ʚ ʤʥʦʞʠʥʽ ʨʽʰʝʥʴ ʛʣʦʙʘʣʴʥʦʛʦ ʦʧʪʠʤʫʤʫ. 

5. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʛʽʙʨʠʜʥʠʡ ʤʝʪʦʜ ʦʧʪʠʤʽʟʘʮʽʾ ʥʘ ʙʘʟʽ ʰʪʫʯʥʠʭ 

ʽʤʫʥʥʠʭ ʩʠʩʪʝʤ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻ ʘʜʘʧʪʠʚʥʽ ʦʧʝʨʘʪʦʨʠ ʢʨʦʩʠʥʛʦʚʝʨʘ, ʤʫʪʘʮʽʾ 

ʪʘ ʩʪʠʩʥʝʥʥʷ ʧʦʧʫʣʷʮʽʾ, ʟʘʙʝʟʧʝʯʫʻ ʟʥʘʭʦʜʞʝʥʥʷ ʛʣʦʙʘʣʴʥʦʛʦ ʦʧʪʠʤʫʤʫ 
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ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ ʟʘʜʘʯ ʫʤʦʚʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʟ ʚʠʱʦʶ ʡʤʦʚʽʨʥʽʩʪʶ, ʥʽʞ ʫ ʚʽʜʦʤʠʭ 

ʝʚʦʣʶʮʽʡʥʠʭ ʘʣʛʦʨʠʪʤʽʚ, ʱʦ ʧʽʜʚʠʱʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʟʚôʷʟʘʥʥʷ ʮʠʭ ʟʘʜʘʯ ʚ 

ʧʨʦʮʝʩʘʭ ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʢʝʨʫʚʘʥʥʷ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʧʨʦʢʘʪʫ.  

6. ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʧʘʨʘʤʝʪʨʠ ʦʧʝʨʘʪʦʨʽʚ ʘʣʛʦʨʠʪʤʫ ʜʦʟʚʦʣʷʶʪʴ 

ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʦʧʪʠʤʽʟʘʮʽʾ ʚ 2-4 ʨʘʟʠ ʙʝʟ ʚʪʨʘʪʠ ʪʦʯʥʦʩʪʽ ʜʣʷ ʜʝʷʢʠʭ ʟʘʜʘʯ, ʱʦ 

ʨʦʙʠʪʴ ʚʠʢʣʘʜʝʥʠʡ ʘʣʛʦʨʠʪʤ ʢʦʥʢʫʨʝʥʪʥʦʟʜʘʪʥʠʤ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʘʥʘʣʦʛʽʯʥʠʤʠ 

ʝʚʦʣʶʮʽʡʥʠʤʠ ʧʽʜʭʦʜʘʤʠ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʢʦʤʙʽʥʘʪʦʨʥʠʭ ʪʘ ʙʝʟʧʝʨʝʨʚʥʠʭ ʟʘʜʘʯ. 
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ʈʆɿɼɯʃ 5 ɯʅʊɽɻʈʆɺɸʅɸ ʉʇʇʈ ɺʀʈʆɹʅʎʊɺɸ ʇʈʆʂɸʊʋ ʊɸ 

ɸʃɻʆʈʀʊʄʀ ʈʆɹʆʊʀ ɰɰ ʇɯɼʉʀʉʊɽʄ 

 

 

5.1 ʉʪʨʫʢʪʫʨʘ ʪʘ ʬʫʥʢʮʽʾ ʽʥʪʝʛʨʦʚʘʥʦʾ ʉʇʇʈ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʦʢʘʪʫ 

 

ʗʢ ʚʽʜʟʥʘʯʘʣʦʩʷ ʚ ʜʨʫʛʦʤʫ ʨʦʟʜʽʣʽ, ʘʢʪʫʘʣʴʥʦʶ ʜʣʷ ʤʝʪʘʣʫʨʛʽʡʥʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ ʟ ʙʘʛʘʪʦʝʪʘʧʥʠʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʨʦʮʝʩʦʤ ʻ ʧʦʙʫʜʦʚʘ ʢʦʤʧʣʝʢʩʥʦʾ 

ʙʘʛʘʪʦʨʽʚʥʝʚʦʾ ʩʠʩʪʝʤʠ ʟʙʦʨʫ ʜʘʥʠʭ, ʢʝʨʫʚʘʥʥʷ ʪʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. ʇʨʠ ʮʴʦʤʫ 

ʩʣʽʜ ʨʦʟʛʣʷʜʘʪʠ ʨʽʟʥʽ ʢʨʠʪʝʨʽʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʥʘ ʨʽʟʥʠʭ 

ʨʽʚʥʷʭ: ʣʦʢʘʣʴʥʽ ʜʣʷ ʦʢʨʝʤʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʪʘ ʛʣʦʙʘʣʴʥʽ ʜʣʷ ʚʩʴʦʛʦ 

ʚʠʨʦʙʥʠʯʠʡ ʧʨʦʮʝʩ ʚ ʮʽʣʦʤʫ.  

ɼʦ ʛʣʦʙʘʣʴʥʠʭ ʢʨʠʪʝʨʽʾʚ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʦʙôʻʤ 

ʥʝʟʘʚʝʨʰʝʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʥʷ ʪʘ ʚʠʪʨʘʪʥʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʤʝʪʘʣʫ. ʄʘʶʯʠ ʬʽʟʠʯʥʫ, ʘ ʪʦʯʥʽʰʝ, ʪʝʭʥʦʣʦʛʽʯʥʫ ʧʨʠʨʦʜʫ, ʚʩʽ ʮʽ ʧʦʢʘʟʥʠʢʠ 

ʥʦʩʷʪʴ ʝʢʦʥʦʤʽʯʥʠʡ ʭʘʨʘʢʪʝʨ. ɸʜʞʝ ʥʝʟʘʚʝʨʰʝʥʝ ʚʠʨʦʙʥʠʮʪʚʦ ï ʮʝ ʚʪʽʣʝʥʽ ʫ 

ʤʝʪʘʣʽ ʢʦʰʪʠ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʷʢʽ ʤʘʣʠ ʙ ʧʨʘʮʶʚʘʪʠ ʥʘ ʧʨʠʙʫʪʦʢ. ʅʘʜʤʽʨʥʠʡ ʯʘʩ 

ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʥʷ ʯʘʩʪʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʽʜʤʦʚʠ ʚʽʜ ʪʝʨʤʽʥʦʚʠʭ ʟʘʤʦʚʣʝʥʴ, 

ʥʘʚʽʪʴ, ʷʢʱʦ ʚʦʥʠ ʝʢʦʥʦʤʽʯʥʦ ʚʠʛʽʜʥʽ, ʘ ʟʙʽʣʴʰʝʥʠʡ ʧʦʢʘʟʥʠʢ ʚʠʪʨʘʪʥʦʛʦ 

ʢʦʝʬʽʮʽʻʥʪʫ ʧʽʜʚʠʱʫʻ ʩʦʙʽʚʘʨʪʽʩʪʴ ʧʨʦʜʫʢʮʽʾ. 

ʈʦʟʛʣʷʥʫʪʠʡ ʚ ʧʦʧʝʨʝʜʥʽʭ ʨʦʟʜʽʣʘʭ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʚʠʨʦʙʥʠʮʪʚʘ 

ʧʨʦʢʘʪʥʦʾ ʧʨʦʜʫʢʮʽʾ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʧʦʚʥʦʛʦ ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʮʠʢʣʫ ʤʦʞʥʘ 

ʧʦʜʽʣʠʪʠ ʥʘ ʥʘʩʪʫʧʥʽ ʦʢʨʝʤʽ ʧʨʦʮʝʩʠ: 

- ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ; 

- ʧʽʜʛʦʪʦʚʢʘ ʧʣʘʚʢʠ (ʰʠʭʪʫʚʘʥʥʷ); 

- ʚʠʧʣʘʚʢʘ ʩʪʘʣʽ (ʨʘʬʽʥʘʮʽʷ ʪʘ ʨʦʟʢʠʩʣʝʥʥʷ); 

- ʥʘʛʨʽʚʘʥʥʷ, ʧʽʜʛʦʪʦʚʢʘ ʪʘ ʨʦʟʢʨʦʶʚʘʥʥʷ ʟʘʛʦʪʦʚʦʢ; 

- ʧʨʦʢʘʪʢʘ ʪʘ ʨʦʟʢʨʦʶʚʘʥʥʷ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ; 

- ʢʦʥʪʨʦʣʴ ʩʪʘʥʫ ʬʫʪʝʨʦʚʢʠ ʟ ʧʨʦʛʥʦʟʫʚʘʥʥʷʤ ʪʝʨʤʽʥʫ ʾʾ ʨʦʙʦʪʠ. 
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ɺʠʭʦʜʷʯʠ ʟ ʚʠʢʣʘʜʝʥʦʛʦ, ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʫ ʙʘʛʘʪʦʝʪʘʧʥʦʤʫ ʤʝʪʘʣʫʨʛʽʡʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʥʝʦʙʭʽʜʥʝ ʢʦʤʧʣʝʢʩʥʝ ʚʠʨʽʰʝʥʥʷ 

ʧʨʦʙʣʝʤʠ ʢʝʨʫʚʘʥʥʷ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʧʣʘʚʢʠ, ʥʘʛʨʽʚʫ, 

ʧʨʦʢʘʪʢʠ ʪʘ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ. ʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ 

ʤʦʞʝ ʙʫʪʠ ʜʦʩʷʛʥʫʪʘ ʟʘ ʨʘʭʫʥʦʢ ʢʦʥʪʨʦʣʶ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʟʘʣʠʰʢʽʚ 

ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʢʦʞʥʦʤʫ ʧʝʨʝʜʽʣʽ ʪʘ ʩʪʘʥʫ ʦʙʣʘʜʥʘʥʥʷ, ʟʘʜʽʷʥʦʛʦ ʚ ʫʩʽʭ 

ʧʦʩʣʽʜʦʚʥʠʭ ʦʧʝʨʘʮʽʡ ʦʜʥʽʻʶ ʽʥʪʝʛʨʦʚʘʥʦʶ ʩʠʩʪʝʤʦʶ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ 

ʨʽʝhʥʴ. ɯʥʪʝʛʨʦʚʘʥʘ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʧʦʚʠʥʥʘ ʧʨʘʮʶʚʘʪʠ ʟʘ ʫʟʘʛʘʣʴʥʝʥʠʤ 

ʢʨʠʪʝʨʽʻʤ ʦʧʪʠʤʘʣʴʥʦʩʪʽ, ʚʠʜʘʶʯʠ ʦʜʥʦʯʘʩʥʦ ʟʘʚʜʘʥʥʷ ʥʘ ʢʦʞʥʫ ʚʠʨʦʙʥʠʯʫ 

ʣʘʥʢʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʫʟʛʦʜʞʝʥʥʷ ʾʭ ʧʨʦʮʝʩʽʚ. ɼʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʢʝʨʫʚʘʥʥʷ 

ʧʨʦʮʝʩʘʤʠ ʧʣʘʚʢʠ, ʥʘʛʨʽʚʫ, ʧʨʦʢʘʪʢʠ ʽ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʧʨʦʢʘʪʥʦʾ ʧʨʦʜʫʢʮʽʾ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʛʣʦʙʘʣʴʥʦʛʦ ʢʨʠʪʝʨʽʶ ʧʦʪʨʽʙʥʽ ʩʪʘʣʽ ʪʘ ʥʘʜʽʡʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ 

ʟʚôʷʟʢʠ ʤʽʞ ʦʢʨʝʤʠʤʠ ʚʠʨʦʙʥʠʯʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʱʦ ʤʘʶʪʴ ʥʦʩʠʪʠ ʷʢ 

ʛʦʨʠʟʦʥʪʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ (ʤʽʞ ʧʽʜʩʠʩʪʝʤʘʤʠ ʘʙʦ ʤʦʜʫʣʷʤʠ ʦʜʥʦʛʦ ʨʽʚʥʷ), ʪʘʢ ʽ 

ʚʝʨʪʠʢʘʣʴʥʠʡ (ʤʽʞ ʤʦʜʫʣʷʤʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʪʘ ʨʦʙʦʯʠʤʠ ʤʽʩʮʷʤʠ ʦʧʝʨʘʪʦʨʽʚ 

ʦʢʨʝʤʠʭ ʝʪʘʧʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ).  

 

ʈʠʩ. 5.1. ɺʟʘʻʤʦʜʽʷ ʦʢʨʝʤʠʭ ʚʠʨʦʙʥʠʯʠʭ ʩʠʩʪʝʤ ʟ ʽʥʪʝʛʨʦʚʘʥʦʶ ʉʇʇʈ 
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ʩʠʩʪʝʤʘ 
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ʨʽʰʝʥʴ 

ʢʝʨʫʚʘʥʥʷ 
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ʧʨʦʢʘʪʫ 
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ʆʙôʻʢʪ 

ʢʝʨʫʚʘʥʥʷ 2 
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ɿʘʚʜʘʥʥʷ 1 

ɿʘʚʜʘʥʥʷ 2 

ʈʝʟʫʣʴʪʘʪ ʨʦʙʦʪʠ 2 
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+ 
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- 
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ɺʨʘʭʦʚʫʶʯʠ ʚʩʝ ʚʠʢʣʘʜʝʥʝ, ʧʨʦʧʦʥʫʻʪʴʩʷ ʥʘʩʪʫʧʥʘ ʤʝʪʦʜʠʢʘ ʚʟʘʻʤʦʜʽʾ 

ʽʥʪʝʛʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʧʣʘʥʫʚʘʥʥʷ, ʢʦʥʪʨʦʣʶ ʪʘ ʢʝʨʫʚʘʥʥʷ (ʧʨʦʝʢʪʦʚʘʥʦʾ ʉʇʇʈ) 

ʟ ʚʠʨʦʙʥʠʯʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʱʦ ʽʣʶʩʪʨʫʻʪʴʩʷ ʨʠʩʫʥʢʦʤ 5.1. 

ʉʘʤʝ ʧʘʨʘʣʝʣʴʥʽʩʪʴ ʨʦʙʦʪʠ ʩʠʩʪʝʤ, ʘ ʥʝ ʧʦʩʣʽʜʦʚʥʝ ʚʠʢʦʥʘʥʥʷ ʦʜʥʦʛʦ 

ʟʘʤʦʚʣʝʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʥʘ ʨʽʟʥʠʭ ʝʪʘʧʘʭ ʙʘʛʘʪʦʝʪʘʧʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ, ʜʦʟʚʦʣʠʪʴ ʟʥʘʯʥʦ ʩʢʦʨʦʪʠʪʠ ʩʝʨʝʜʥʽʡ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʦʜʥʦʛʦ 

ʟʘʤʦʚʣʝʥʥʷ, ʫʟʛʦʜʠʪʠ ʦʢʨʝʤʽ ʜʽʣʷʥʢʠ ʟʘ ʧʨʦʧʫʩʢʥʦʶ ʟʜʘʪʥʽʩʪʶ, ʟʤʝʥʰʠʪʠ 

ʢʽʣʴʢʽʩʪʴ ʧʝʨʝʥʘʣʘʰʪʫʚʘʥʴ, ʩʢʦʨʦʪʠʪʠ ʢʽʣʴʢʽʩʪʴ ʥʝʟʘʚʝʨʰʝʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʘ 

ʦʪʞʝ ʚ ʧʽʜʩʫʤʢʫ ï ʩʢʦʨʦʪʠʪʠ ʩʦʙʽʚʘʨʪʽʩʪʴ ʧʨʦʜʫʢʮʽʾ. 

ɺʨʘʭʦʚʫʶʯʠ ʧʝʨʝʣʽʢ ʧʨʦʮʝʩʽʚ, ʱʦ ʦʭʦʧʣʶʻ ʧʨʦʝʢʪʦʚʘʥʘ ʉʇʇʈ ʪʘ ʚʝʣʠʢʝ 

ʢʦʣʦ ʨʽʟʥʠʭ ʜʞʝʨʝʣ ʜʘʥʠʭ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʨʽʰʝʥʥʷ ʟʘʜʘʯ ʚʽʜʥʦʩʥʦ ʢʦʞʥʦʛʦ ʟ 

ʧʨʦʮʝʩʽʚ, ʧʨʦʧʦʥʫʻʪʴʩʷ ʥʘʩʪʫʧʥʘ ʩʪʨʫʢʪʫʨʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʤʝʪʘʣʫʨʛʽʡʥʠʤ ʚʠʨʦʙʥʠʮʪʚʦʤ ʟ ʢʦʥʚʝʨʪʝʨʥʠʤ 

ʩʧʦʩʦʙʦʤ ʚʠʛʦʪʦʚʣʝʥʥʷ ʩʪʘʣʽ, ʷʢʘ ʽʣʶʩʪʨʫʻʪʴʩʷ ʨʠʩʫʥʢʦʤ 5.2. 

ɼʦ ʩʠʩʪʝʤʠ ʚʢʣʶʯʝʥʦ ʰʽʩʪʴ ʨʽʟʥʠʭ ʙʘʟ ʜʘʥʠʭ, ʢʦʞʥʘ ʟ ʷʢʠʭ ʚʽʜʧʦʚʽʜʘʻ 

ʩʚʦʻʤʫ ʧʽʜʨʦʟʜʽʣʫ ʧʽʜʧʨʠʻʤʩʪʚʘ ʽ ʤʽʩʪʠʪʴ ʜʘʥʽ, ʱʦ ʛʝʥʝʨʫʶʪʴʩʷ ʯʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʮʠʤ ʧʽʜʨʦʟʜʽʣʦʤ, ʘ ʪʘʢʦʞ ʩʽʤ ʤʦʜʫʣʽʚ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ 

ʟʘʟʥʘʯʝʥʠʭ ʚʠʱʝ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. 

ʗʢ ʧʨʘʚʠʣʦ, ʙʘʟʠ ʜʘʥʠʭ, ʟʛʘʜʘʥʽ ʚ ʩʭʝʤʽ ʥʘ ʨʠʩ. 5.2, ʽʩʥʫʶʪʴ ʥʘ 

ʧʽʜʧʨʠʻʤʩʪʚʽ, ʘʜʞʝ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʚʝʜʝʥʥʷ ʜʽʷʣʴʥʦʩʪʽ ʥʝ ʟʘʣʝʞʥʦ ʚʽʜ ʩʪʫʧʝʥʶ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʦʪʦʢʽʚ ʜʘʥʠʭ. 

ɹʘʟʘ ʜʘʥʠʭ çʉʢʣʘʜè ʤʽʩʪʠʪʴ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʧʝʨʝʣʽʢ ʚʠʪʨʘʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, 

ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʚʠʨʦʙʥʠʯʦʤʫ ʧʨʦʮʝʩʽ, ʘ ʪʘʢʦʞ ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʮʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ (ʥʘʩʘʤʧʝʨʝʜ ʩʦʙʽʚʘʨʪʽʩʪʴ). ʎʷ ɹɼ ʻ 

ʩʧʽʣʴʥʦʶ ʜʣʷ ʚʠʨʦʙʥʠʯʦʛʦ ʚʽʜʜʽʣʫ (ʥʘ ʜʝʷʢʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ï ʚʽʜʜʽʣ ʛʦʣʦʚʥʦʛʦ 

ʽʥʞʝʥʝʨʘ) ʪʘ ʚʽʜʜʽʣʫ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. 

ɹʘʟʘ ʜʘʥʠʭ çʉʪʘʥʜʘʨʪʠè ʤʽʩʪʠʪʴ ʚʩʽ ʩʪʘʥʜʘʨʪʠ ʥʘ ʤʘʨʢʠ ʩʪʘʣʽ ʪʘ ʚʠʜʠ 

ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ, ʷʢʽ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ, ʘ ʪʘʢʦʞ ʩʪʘʥʜʘʨʪʠ ʥʘ 

ʧʝʚʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʧʝʨʘʮʽʾ. ʎʶ ɹɼ ʚʝʜʝ ʚʽʜʜʽʣ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʚʠʨʦʙʥʠʯʠʡ ʚʽʜʜʽʣ. ɺʦʥʘ ʟʘʙʝʟʧʝʯʫʻ ʜʘʥʥʽ ʜʣʷ ɹɼ çʊʝʭʧʨʦʮʝʩè. 
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ʈʠʩ. 5.2. ʉʭʝʤʘ ʚʟʘʻʤʦʜʽʾ ʤʦʜʫʣʽʚ ʉʇʇʈ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʦʢʘʪʫ ʟ ʽʩʥʫʶʯʠʤʠ ʙʘʟʘʤʠ ʜʘʥʠʭ 

 

ɹɼ çʉʢʣʘʜè 
ɹɼ 

çɿʘʤʦʚʣʝʥʥʷè 

ɹɼ 

çʉʪʘʥʜʘʨʪʠè 

ɹɼ 

çʊʝʭʧʨʦʮʝʩè 
ɹɼ çʇʣʘʚʢʠè 

ɹɼ 

çʌʫʪʝʨʦʚʢʘè 

ʄʦʜʫʣʴ çʉʪʘʥ 

ʬʫʪʝʨʦʚʢʠè 

ʄʦʜʫʣʴ çʇʣʘʚʢʘ. 

ʈʦʟʢʠʩʣʝʥʥʷè 

ʄʦʜʫʣʴ çʇʣʘʚʢʘ. 

ʈʘʬʽʥʘʮʽʷè 

ʄʦʜʫʣʴ çʇʣʘʚʢʘ. 

ʐʠʭʪʫʚʘʥʥʷè 

ʄʦʜʫʣʴ çʇʣʘʥ. 

ʟʘʤʦʚʣʝʥʴè 

ʄʦʜʫʣʴ 

çʈʦʟʣʠʚʢʘè 

ʄʦʜʫʣʴ 

çʈʦʟʢʨʦʶʚʘʥʥʷè 

ɯʩʥʫʶʯʽ ʙʘʟʠ ʜʘʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘ 



ɹʘʟʘ ʜʘʥʠʭ çʊʝʭʧʨʦʮʝʩè ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʪʘʥʜʘʨʪʠ ʥʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʛʦʪʦʚʦʾ 

ʧʨʦʜʫʢʮʽʾ ʪʘ ʤʘʨʦʯʥʠʢ ʩʪʘʣʽ ʡ ʤʽʩʪʠʪʴ ʪʝʭʥʦʣʦʛʽʯʥʽ ʽʥʩʪʨʫʢʮʽʾ ʥʘ ʢʦʞʥʫ ʟ 

ʦʧʝʨʘʮʽʾ, ʚʢʣʶʯʥʦ ʟ ʚʠʜʦʤ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʝ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ, ʡʦʛʦ 

ʥʘʣʘʰʪʫʚʘʥʥʷʤʠ ʟʘʣʝʞʥʦ ʚʽʜ ʚʠʜʫ ʧʨʦʜʫʢʮʽʾ, ʘ ʪʘʢʦʞ ʜʽʷʤʠ ʦʧʝʨʘʪʦʨʽʚ ʜʽʣʷʥʦʢ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. ʎʝ ʦʩʥʦʚʥʘ ʙʘʟʘ ʜʘʥʠʭ ʚʽʜʜʽʣʫ ʛʦʣʦʚʥʦʛʦ ʽʥʞʝʥʝʨʘ 

ʨʘʟʦʤ ʟ ɹɼ çʇʣʘʚʢʠè. 

ɹʘʟʘ ʜʘʥʠʭ çʇʣʘʚʢʠè ʤʽʩʪʠʪʴ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʚʝʩʴ ʭʽʜ ʚʠʛʦʪʦʚʣʝʥʥʷ ʩʪʘʣʽ ʚ 

ʢʦʥʚʝʨʪʝʨʥʦʤʫ ʮʝʭʫ ʽ ʚʢʣʶʯʘʻ ʚʽʜʦʤʦʩʪʽ ʧʨʦ: 

- ʩʢʣʘʜʦʚʽ ʰʠʭʪʫʚʘʥʥʷ; 

- ʧʝʨʝʙʽʛ ʧʨʦʮʝʩʫ ʟ ʦʩʥʦʚʥʠʤʠ ʪʘ ʜʦʜʘʪʢʦʚʠʤʠ ʦʧʝʨʘʮʽʷʤʠ (ʘʟʦʪʫʚʘʥʥʷ 

ʪʦʨʢʨʝʪʫʚʘʥʥʷ ʪʦʱʦ); 

- ʭʽʜ ʧʨʦʜʫʚʢʠ ʪʘ ʨʦʟʢʠʩʣʝʥʥʷ (ʚʠʢʦʨʠʩʪʘʥʽ ʤʘʪʝʨʽʘʣʠ, ʯʘʩ, ʧʘʨʘʤʝʪʨʠ 

ʜʫʪʪʷ); 

- ʤʘʩʦʚʽ, ʭʽʤʽʯʥʽ ʪʘ ʬʽʟʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ; 

- ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʟʘʤʦʚʣʝʥʥʶ. 

ɹʘʟʘ ʜʘʥʠʭ çɿʘʤʦʚʣʝʥʥʷè ʬʦʨʤʫʻʪʴʩʷ ʚʽʜʜʽʣʦʤ ʤʘʨʢʝʪʠʥʛʫ (ʚʽʜʜʽʣ 

ʧʨʦʜʘʞʽʚ ʥʘ ʽʥʰʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ) ʽ ʤʽʩʪʠʪʴ ʜʝʪʘʣʽ ʟʘʤʦʚʣʝʥʴ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʥʘ 

ʧʽʜʧʨʠʻʤʩʪʚʦ ʽ ʚʠʢʦʥʫʶʪʴʩʷ. ɺʢʣʶʯʘʻ ʪʝʨʤʽʥʠ ʚʠʢʦʥʘʥʥʷ, ʮʽʥʫ, ʨʦʟʨʘʭʫʥʢʦʚʫ 

ʩʦʙʽʚʘʨʪʽʩʪʴ, ʚʠʜ ʧʨʦʜʫʢʮʽʾ ʪʘ ʾʾ ʩʪʘʥʜʘʨʪ, ʫʤʦʚʠ ʧʘʢʫʚʘʥʥʷ ʪʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ. 

ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʦʜʨʘʟʫ ʜʝʢʽʣʴʢʦʤʘ ʤʦʜʫʣʷʤʠ ʩʠʩʪʝʤʠ ï ʩʧʦʯʘʪʢʫ ʧʨʠ 

ʧʣʘʥʫʚʘʥʥʽ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ, ʘ ʧʦʪʽʤ ʧʨʠ ʧʣʘʥʫʚʘʥʥʽ ʢʦʥʪʨʦʣʽ ʦʧʝʨʘʮʽʡ 

ʨʦʟʣʠʚʢʠ ʪʘ ʨʦʟʢʨʦʶʚʘʥʥʷ ʟʘʛʦʪʦʚʦʢ ʪʘ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ. 

ʅʘʨʝʰʪʽ ʙʘʟʘ ʜʘʥʠʭ çʌʫʪʝʨʦʚʢʘè ʤʽʩʪʠʪʴ ʽʩʪʦʨʠʯʥʫ ʘʛʨʝʛʘʮʽʶ ʫʤʦʚ ʨʦʙʦʪʠ 

ʪʘ ʪʨʠʚʘʣʦʩʪʽ ʨʦʙʦʪʠ ʧʦʧʝʨʝʜʥʽʭ ʪʘ ʧʦʪʦʯʥʦʾ ʬʫʪʝʨʦʚʦʢ. ʎʷ ʽʥʬʦʨʤʘʮʽʷ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʚʝʜʝʥʥʷ ʧʣʘʚʢʠ ʫ 

ʚʽʜʧʦʚʽʜʥʦʤʫ ʤʦʜʫʣʽ. 

ɺ ʨʘʟʽ ʚʽʜʩʫʪʥʦʩʪʽ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ ʪʽʻʾ ʯʠ ʽʥʰʦʾ ɹɼ ʷʢ ʚʠʦʢʨʝʤʣʝʥʦ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʦʜʠʥʠʮʽ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʧʝʨʝʜʙʘʯʘʻ ʩʪʚʦʨʝʥʥʷ 

ʚʽʜʧʦʚʽʜʥʠʭ ʙʘʟ ʜʘʥʠʭ ʟ ʤʘʩʠʚʫ ʽʥʬʦʨʤʘʮʽʾ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʛʦ ʥʘ ʚʠʨʦʙʥʠʮʪʚʽ. 
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ʊʘʙʣʠʮʷ 5.1 ï ɺʟʘʻʤʦʜʽʷ ʤʦʜʫʣʽʚ ʉʇʇʈ ʫʧʨʘʚʣʽʥʥʷ ʤʝʪʘʣʫʨʛʽʡʥʠʤ 

ʚʠʨʦʙʥʠʮʪʚʦʤ 

ˉ 

ʟ/ʧ 

ʄʦʜʫʣʴ 

ʩʠʩʪʝʤʠ 

ɺʭʽʜʥʽ ʢʘʥʘʣʠ ɺʠʭʽʜʥʽ ʢʘʥʘʣʠ 

ɼʞʝʨʝʣʦ ɯʥʬʦʨʤʘʮʽʷ ɸʜʨʝʩʘʪ ɯʥʬʦʨʤʘʮʽʷ 

1 
ʇʣʘʥʫʚʘʥʥʷ 

ʟʘʤʦʚʣʝʥʴ 

ɹɼ 

çɿʘʤʦʚʣʝʥʥʷè 

ʆʙôʻʤ ʟʘʤʦʚʣʝʥʥʷ, ʤʘʨʢʘ 

ʩʪʘʣʽ, ʚʠʜ ʧʨʦʜʫʢʮʽʾ, 

ʩʪʘʥʜʘʨʪ 

ʄʦʜʫʣʴ çʇʣʘʚʢʘ. 

ʐʠʭʪʫʚʘʥʥʷè 

ʇʣʘʥ ʚʠʨʦʙʥʠʮʪʚʘ  

ɹɼ 

çʊʝʭʧʨʦʮʝʩè 

ʇʝʨʝʣʽʢ ʥʘʣʘʰʪʫʚʘʥʴ 

ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʚʠʧʫʩʢʫ 

ʧʝʚʥʦʾ ʧʨʦʜʫʢʮʽʾ, ʯʘʩ ʪʘ 

ʩʦʙʽʚʘʨʪʽʩʪʴ ʨʦʙʽʪ 

ʄʦʜʫʣʴ 

çʈʦʟʣʠʚʢʘè 

ʇʣʘʥ ʚʠʨʦʙʥʠʮʪʚʘ 

2 
ʇʣʘʚʢʘ. 

ʐʠʭʪʦʚʢʘ 

ɹɼ çʉʢʣʘʜè 
ʅʘʷʚʥʽʩʪʴ ʪʘ ʩʦʙʽʚʘʨʪʽʩʪʴ 

ʩʢʣʘʜʦʚʠʭ ʰʠʭʪʠ 

ɹɼ çʇʣʘʚʢʘè ʐʠʭʪʦʚʢʘ ʧʣʘʚʢʠ 

ɹɼ 

çʊʝʭʧʨʦʮʝʩè 

ɺʠʤʦʛʠ ʜʦ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ 

+ ʩʪʘʥʜʘʨʪʠ 

ʄʦʜʫʣʴ 

çʇʣʘʥʫʚʘʥʥʷ 

ʟʘʤʦʚʣʝʥʴè 

ʇʣʘʥ ʚʠʨʦʙʥʠʮʪʚʘ 

3 
ʇʣʘʚʢʘ. 

ʈʘʬʽʥʘʮʽʷ 

ʄʦʜʫʣʴ çʉʪʘʥ 

ʬʫʪʝʨʦʚʢʠè 

ʈʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʚʝʜʝʥʥʷ 

ʧʣʘʚʢʠ 

ɹɼ çʇʣʘʚʢʘè ʇʘʨʘʤʝʪʨʠ 

ʚʝʜʝʥʥʷ  ʧʣʘʚʢʠ 

ɹɼ 

çʊʝʭʧʨʦʮʝʩè 

ɺʠʤʦʛʠ ʜʦ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ 

+ ʩʪʘʥʜʘʨʪʠ 

ʄʦʜʫʣʴ çʇʣʘʚʢʘ. 

ʈʦʟʢʠʩʣʝʥʥʷè 

ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʪʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʘʣʽ 

ɹɼ çʇʣʘʚʢʘè ʇʦʯʘʪʢʦʚʠʡ ʩʪʘʥ ʰʠʭʪʠ 

4 
ʇʣʘʚʢʘ. 

ʈʦʟʢʠʩʣʝʥʥʷ 

ʄʦʜʫʣʴ 

çʇʣʘʚʢʘ. 

ʈʘʬʽʥʘʮʽʷè 

ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʪʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʘʣʽ 

ʄʦʜʫʣʴ 

çʈʦʟʣʠʚʢʘè 

ʄʘʩʘ ʩʪʘʣʽ ʽ ʰʣʘʢʫ 

ɹɼ çʉʢʣʘʜè 
ʅʘʷʚʥʽʩʪʴ ʪʘ ʩʦʙʽʚʘʨʪʽʩʪʴ 

ʨʦʟʢʠʩʣʶʚʘʯʽʚ 

ɹɼ çʇʣʘʚʢʘè ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ, 

ʭʽʜ ʧʣʘʚʢʠ ɹɼ 

çʊʝʭʧʨʦʮʝʩè 

ɺʠʤʦʛʠ ʜʦ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ 

+ ʩʪʘʥʜʘʨʪʠ 

5 ʈʦʟʣʠʚʢʘ 

ɹɼ 

çʊʝʭʧʨʦʮʝʩè 

ʇʘʨʘʤʝʪʨʠ ʟʣʠʚʢʽʚ ʪʘ 

ʧʝʨʝʜʽʣʴʥʠʭ ʟʘʛʦʪʦʚʦʢ 

ʄʦʜʫʣʴ 

çʈʦʟʢʨʦʶʚʘʥʥʷè 

ʂʘʨʪʠ 

ʨʦʟʢʨʦʶʚʘʥʥʷ  

ʄʦʜʫʣʴ 

çʇʣʘʥʫʚʘʥʥʷ 

ʟʘʤʦʚʣʝʥʴè 

ʇʣʘʥ ʚʠʨʦʙʥʠʮʪʚʘ 

ʄʦʜʫʣʴ 

çʇʣʘʚʢʘ. 

ʈʦʟʢʠʩʣʝʥʥʷè 

ʄʘʩʘ ʩʪʘʣʽ ʽ ʰʣʘʢʫ 

ɹɼ 

çɿʘʤʦʚʣʝʥʥʷè 

ʇʝʨʝʣʽʢ ʟʘʤʦʚʣʝʥʴ 

6 ʈʦʟʢʨʦʶʚʘʥʥʷ 

ʄʦʜʫʣʴ 

çʈʦʟʣʠʚʢʘè 

ʂʘʨʪʠ ʨʦʟʢʨʦʶʚʘʥʥʷ ɹɼ 

çɿʘʤʦʚʣʝʥʥʷè 

ʈʝʟʫʣʴʪʘʪʠ 

ʨʦʟʢʨʦʶʚʘʥʥʷ 

ɹɼ 

çɿʘʤʦʚʣʝʥʥʷè 

ʇʝʨʝʣʽʢ ʟʘʤʦʚʣʝʥʴ 

ɹɼ 

çʊʝʭʧʨʦʮʝʩè 

ʇʘʨʘʤʝʪʨʠ ʟʣʠʚʢʽʚ ʪʘ 

ʧʝʨʝʜʽʣʴʥʠʭ ʟʘʛʦʪʦʚʦʢ 

7 
ʉʪʘʥ 

ʬʫʪʝʨʦʚʢʠ 

ɹɼ 

çʌʫʪʝʨʦʚʢʘè 

ɯʩʪʦʨʽʷ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʦʪʦʯʥʦʾ 

ʪʘ ʧʦʧʝʨʝʜʥʽʭ ʬʫʪʝʨʦʚʦʢ 

ɹɼ çʌʫʪʝʨʦʚʢʘ ʈʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ 

ʚʝʜʝʥʥʷ ʧʣʘʚʢʠ 

ʄʦʜʫʣʴ çʇʣʘʚʢʘ. 

ʈʘʬʽʥʘʮʽʷè 

ʈʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ 

ʚʝʜʝʥʥʷ ʧʣʘʚʢʠ 
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ɺʩʽ ʦʙʯʠʩʣʶʚʘʣʴʥʽ, ʦʧʪʠʤʽʟʘʮʽʡʥʽ ʪʘ ʨʝʢʦʤʝʥʜʘʮʽʡʥʽ ʧʨʦʮʝʩʠ ʚʽʜʙʫʚʘʶʪʴʩʷ 

ʫ ʦʢʨʝʤʠʭ ʤʦʜʫʣʷʭ ʉʇʇʈ. ɼʣʷ ʢʨʘʱʦʛʦ ʨʦʟʫʤʽʥʥʷ ʟʚôʷʟʢʽʚ ʤʽʞ ʙʘʟʘʤʠ ʜʘʥʠʭ ʽ 

ʤʦʜʫʣʷʤʠ ʉʇʇʈ ʢʝʨʫʚʘʥʥʷ ʤʝʪʘʣʫʨʛʽʡʥʠʤ ʚʠʨʦʙʥʠʮʪʚʦʤ, ʚʭʽʜʥʘ ʪʘ ʚʠʭʽʜʥʘ 

ʽʥʬʦʨʤʘʮʽʷ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʤʦʜʫʣʽʚ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʥʘ ʨʠʩʫʥʢʫ 5.2, ʟʚʝʜʝʥʘ ʚ 

ʪʘʙʣʠʮʽ 5.1. 

ʂʦʞʝʥ ʟ ʚʠʜʽʣʝʥʠʭ ʥʘ ʨʠʩ. 5.2 ʤʦʜʫʣʽʚ ʩʠʩʪʝʤʠ ʧʝʨʝʜʙʘʯʘʻ, ʢʨʽʤ ʦʨʛʘʥʽʟʘʮʽʾ 

ʽʥʪʝʨʬʝʡʩʫ ʚʚʦʜʫ-ʚʠʚʦʜʫ, ʨʦʟʚôʷʟʘʥʥʷ ʧʝʚʥʦʾ ʟʘʜʘʯʽ, ʤʘʪʝʤʘʪʠʯʥʽ ʧʦʩʪʘʥʦʚʢʠ 

ʷʢʠʭ ʽ ʧʽʜʭʦʜʠ ʜʦ ʚʠʨʽʰʝʥʥʷ ʦʧʠʩʘʥʽ ʚ ʨʦʟʜʽʣʘʭ 2 ʽ 3. ɺ ʙʽʣʴʰʦʩʪʽ ʤʦʜʫʣʽʚ 

ʚʠʨʽʰʫʶʪʴʩʷ ʩʢʣʘʜʥʽ ʧʨʠʢʣʘʜʥʽ ʟʘʜʘʯʽ ʫʤʦʚʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ. ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʮʠʭ 

ʟʘʜʘʯ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʦʙʯʠʩʣʶʚʘʣʴʥʠʡ ʤʝʪʦʜ ʥʘ ʦʩʥʦʚʽ ʤʦʜʝʣʶʚʘʥʥʷ ʰʪʫʯʥʦʾ 

ʽʤʫʥʥʦʾ ʩʠʩʪʝʤʠ ʣʶʜʠʥʠ, ʦʧʠʩʘʥʠʡ ʚ ʨʦʟʜʽʣʽ 4. 

ʅʠʞʯʝ ʚʠʢʣʘʜʝʥʦ ʦʩʦʙʣʠʚʦʩʪʽ ʦʨʛʘʥʽʟʘʮʽʾ ʦʢʨʝʤʠʭ ʤʦʜʫʣʽʚ ʉʇʇʈ 

ʢʝʨʫʚʘʥʥʷ ʤʝʪʘʣʫʨʛʽʡʥʠʤ ʚʠʨʦʙʥʠʮʪʚʦʤ ʪʘ ʦʨʛʘʥʽʟʘʮʽʷ ʾʭ ʨʦʙʦʪʠ, ʱʦ ʤʘʻ 

ʧʨʠʥʮʠʧʦʚʫ ʚʽʜʤʽʥʥʽʩʪʴ ʚʽʜ ʥʘʷʚʥʠʭ ʘʥʘʣʦʛʽʚ. 

ɺʠʭʦʜʷʯʠ ʟ ʩʪʨʫʢʪʫʨʠ ʉʇʇʈ ʥʘ ʨʠʩ. 5.2, ʽʥʪʝʛʨʦʚʘʥʘ ʩʠʩʪʝʤʘ ʧʽʜʪʨʠʤʢʠ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʦʢʘʪʫ ʧʦʚʠʥʥʘ ʚʠʢʦʥʫʚʘʪʠ ʥʘʩʪʫʧʥʽ ʬʫʥʢʮʽʾ: 

1) ɺʚʝʜʝʥʥʷ, ʨʝʜʘʛʫʚʘʥʥʷ, ʧʝʨʝʪʚʦʨʝʥʥʷ, ʚʠʢʦʨʠʩʪʘʥʥʷ, ʦʥʦʚʣʝʥʥʷ ʪʘ 

ʟʙʝʨʽʛʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʱʦʜʦ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʚʠʨʦʙʥʠʮʪʚʽ, ʩʪʘʥʜʘʨʪʽʚ, 

ʷʢʠʤʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʮʽ ʧʨʦʮʝʩʠ, ʤʘʪʝʨʽʘʣʠ ʪʘ ʛʦʪʦʚʘ ʧʨʦʜʫʢʮʽʷ, ʱʦʜʦ ʩʪʘʥʫ 

ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʧʝʨʝʙʽʛʫ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. 

2) ʈʦʟʚôʷʟʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʟʘʜʘʯ ʦʧʪʠʤʽʟʘʮʽʾ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ, 

ʩʘʤʦʥʘʚʯʘʥʥʷ ʪʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʥʘ ʦʢʨʝʤʠʭ ʝʪʘʧʘʭ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʝʪʘʣʫʨʛʽʡʥʦʾ ʧʨʦʜʫʢʮʽʾ ʥʘ ʦʩʥʦʚʽ ʘʧʨʽʦʨʥʦʾ ʥʘʢʦʧʠʯʝʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʧʦʪʦʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʚʭʽʜʥʽ ʟʘʤʦʚʣʝʥʥʷ ʪʘ ʧʝʨʝʙʽʛ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. 

3) ʆʨʛʘʥʽʟʘʮʽʷ ʧʘʨʘʣʝʣʴʥʦʾ ʚʟʘʻʤʦʜʽʾ ʫ ʨʝʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʽ ʯʘʩʫ ʤʽʞ 

ʦʢʨʝʤʠʤʠ ʤʦʜʫʣʷʤʠ ʪʘ ʙʘʟʘʤʠ ʜʘʥʠʭ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʽʟʥʠʤ ʝʪʘʧʘʤ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʛʣʦʙʘʣʴʥʠʭ ʝʢʦʥʦʤʥʠʭ ʢʨʠʪʝʨʽʾʚ ʪʘ ʾʭ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʫʟʛʦʜʞʝʥʥʷ. 
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4) ɺʩʝʙʽʯʥʠʡ ʢʦʥʪʨʦʣʴ ʧʝʨʝʙʽʛʫ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʟʦʢʨʝʤʘ, 

ʥʘʷʚʥʦʩʪʽ ʽ ʷʢʽʩʪʴ ʤʘʪʝʨʽʘʣʽʚ, ʩʪʘʥ ʦʙʣʘʜʥʘʥʥʷ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʘʣʽ, ʟʘʛʦʪʦʚʢʠ 

ʪʘ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ, ʾʾ ʢʽʣʴʢʽʩʪʴ ʥʘ ʢʦʞʥʦʤʫ ʚʠʨʦʙʥʠʯʦʤʫ ʚʽʜʨʽʟʢʫ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ.  

5) ɺʝʜʝʥʥʷ ʜʠʥʘʤʽʯʥʦʾ ʙʘʟʠ ʜʘʥʠʭ ʫ ʩʢʣʘʜʽ ʽʥʪʝʛʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʙʝʟ ʚʠʪʨʘʪʠ ʯʘʩʫ ʚʢʣʶʯʘʪʠ ʜʦ ʧʣʘʥʫ ʜʽʷʣʴʥʦʩʪʽ ʥʦʚʽ ʟʘʤʦʚʣʝʥʥʷ, ʱʦ 

ʥʘʜʭʦʜʷʪʴ, ʧʦʯʠʥʘʶʯʠ ʚʞʝ ʟ ʥʘʩʪʫʧʥʦʛʦ ʝʪʘʧʫ ʧʣʘʥʫʚʘʥʥʷ (ʟʤʽʥʘ ʯʠ ʜʦʙʘ). 

6) ʌʦʨʤʫʚʘʥʥʷ ʫ ʟʨʫʯʥʽʡ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ ʽ ʟʨʦʟʫʤʽʣʽʡ ʬʦʨʤʽ ʨʝʢʦʤʝʥʜʘʮʽʡ, 

ʷʢʽ ʜʦʟʚʦʣʷʪʴ ʚʠʢʦʥʫʚʘʪʠ ʚʝʩʴ ʢʦʤʧʣʝʢʩ ʨʦʙʽʪ ʚʽʜ ʦʪʨʠʤʘʥʥʷ ʟʘʤʦʚʣʝʥʥʷ ʜʦ 

ʚʠʜʘʯʽ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ.  

 

 

5.2 ʈʦʙʦʪʘ ʪʘ ʥʘʣʘʰʪʫʚʘʥʥʷ ʦʢʨʝʤʠʭ ʤʦʜʫʣʽʚ ʽʥʪʝʛʨʦʚʘʥʦʾ ʉʇʇʈ 

 

ʈʦʙʦʪʘ ʦʢʨʝʤʠʭ ʤʦʜʫʣʽʚ ʽʥʪʝʛʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʩʘʤʧʝʨʝʜ ʧʨʠʨʦʜʦʶ ʧʨʦʮʝʩʽʚ, ʚ ʷʢʠʭ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʢʝʨʫʚʘʥʥʷ, ʘ ʩʘʤʝ ʾʭ ʚʽʜʥʦʰʝʥʥʷʤ ʜʦ ʯʘʩʫ. ɺʩʽ ʤʦʜʫʣʽ, ʧʦʚôʷʟʘʥʽ ʟ ʧʣʘʚʢʦʶ, 

ʨʦʟʣʠʚʢʦʶ ʪʘ ʨʦʟʢʨʦʶʚʘʥʥʷʤ, ʧʨʘʮʶʶʪʴ ʬʘʢʪʠʯʥʦ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, 

ʩʫʧʨʦʚʦʜʞʫʶʯʠ ʚʢʨʘʡ h ʚʠʜʢʦʧʣʠʥʥʽ ʧʨʦʮʝʩʠ ʨʘʬʽʥʘʮʽʾ, ʨʦʟʢʠʩʣʝʥʥʷ, ʨʦʟʣʠʚʢʠ 

ʪʘ ʨʦʟʢʨʦʶʚʘʥʥʷ ʧʝʨʝʜʽʣʴʥʦʾ ʟʘʛʦʪʦʚʢʠ. ɺʦʜʥʦʯʘʩ ʤʦʜʫʣʽ ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ 

ʟʘʤʦʚʣʝʥʴ, ʰʠʭʪʫʚʘʥʥʷ ʪʘ ʦʩʦʙʣʠʚʦ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʬʫʪʝʨʦʚʢʠ ʤʘʶʪʴ ʜʣʷ 

ʚʠʢʦʥʘʥʥʷ ʩʚʦʾʭ ʟʘʚʜʘʥʴ ʧʝʚʥʠʡ ʟʘʧʘʩ ʯʘʩʫ, ʚʽʜʪʘʢ ʤʘʶʪʴ ʟʘʙʝʟʧʝʯʫʚʘʪʠ 

ʤʘʢʩʠʤʘʣʴʥʫ ʧʨʠʡʥʷʪʥʫ ʪʦʯʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʨʽʰʝʥʴ. 

ʄʦʜʫʣʴ çʇʣʘʥʫʚʘʥʥʷ ʟʘʤʦʚʣʝʥʴè ʟ ʧʝʚʥʦʶ ʧʝʨʽʦʜʠʯʥʽʩʪʶ (ʦʜʥʘ ʟʤʽʥʘ ʘʙʦ 

ʜʦʙʘ) ʦʪʨʠʤʫʻ ʜʘʥʽ ʟ ʙʘʟ ʜʘʥʠʭ çɿʘʤʦʚʣʝʥʥʷè ʽ çʊʝʭʧʨʦʮʝʩè, ʘʙʠ ʦʪʨʠʤʘʪʠ 

ʧʝʨʝʣʽʢ ʧʦʪʦʯʥʠʭ ʟʘʤʦʚʣʝʥʴ, ʾʭ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʥʝʦʙʭʽʜʥʽ 

ʥʘʣʘʰʪʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʦʢʨʝʤʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʣʘʥʦʢ. ʅʘʩʣʽʜʢʦʤ ʨʦʟʚôʷʟʘʥʥʷ 

ʟʘʜʘʯʽ ʢʦʤʙʽʥʘʪʦʨʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʻ ʪʘʢʘ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ, ʱʦ ʟʘʜʦʚʦʣʴʥʷʻ ʝʢʦʥʦʤʽʯʥʦʤʫ ʢʨʠʪʝʨʽʶ ʤʽʥʽʤʫʤʫ ʜʦʜʘʪʢʦʚʠʭ 

ʚʠʪʨʘʪ (2.5). ʇʦʙʫʜʦʚʫ ʦʧʪʠʤʘʣʴʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʥʘ ʤʦʤʝʥʪ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ 
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ʧʦʢʣʘʜʝʥʦ ʥʘ ʤʝʪʦʜ ʤʦʜʝʣʶʚʘʥʥʷ ʰʪʫʯʥʦʾ ʽʤʫʥʥʦʾ ʩʠʩʪʝʤʠ, ʜʦʢʣʘʜʥʦ 

ʨʦʟʛʣʷʥʫʪʠʡ ʚ ʨʦʟʜʽʣʽ 4. ʆʪʨʠʤʘʥʝ ʨʽʰʝʥʥʷ ʟʙʝʨʽʛʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ 

ʚʧʦʨʷʜʢʦʚʘʥʦʛʦ ʩʧʠʩʢʫ ʟʘʤʦʚʣʝʥʴ, ʜʦʩʪʫʧʥʦʛʦ ʜʣʷ ʥʘʩʪʫʧʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʦʜʫʣʷʤʠ çʇʣʘʚʢʘ. ʐʠʭʪʫʚʘʥʥʷè ʪʘ çʇʣʘʚʢʘ. ʈʦʟʣʠʚʢʘè. ʉʘʤʝ ʫʟʛʦʜʞʝʥʥʷ ʮʠʭ 

ʦʧʝʨʘʮʽʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʜʫ ʟʘʤʦʚʣʝʥʥʷ ʜʦʟʚʦʣʠʪʴ ʚ ʧʽʜʩʫʤʢʫ ʟʤʝʥʰʠʪʠ 

ʚʠʪʨʘʪʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʤʝʪʘʣʫ.  

ʄʦʜʫʣʴ çʇʣʘʚʢʘ. ʐʠʭʪʫʚʘʥʥʷè ʦʪʨʠʤʫʻ ʟ ʙʘʟʠ ʜʘʥʠʭ çʉʢʣʘʜè ʽʥʬʦʨʤʘʮʽʶ 

ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʪʘ ʩʦʙʽʚʘʨʪʽʩʪʴ ʩʢʣʘʜʦʚʠʭ ʰʠʭʪʠ, ʟ ɹɼ çʊʝʭʧʨʦʮʝʩè - ʚʠʤʦʛʠ ʜʦ 

ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʚ ʧʦʪʦʯʥʦʤʫ ʟʘʤʦʚʣʝʥʥʽ ʪʘ ʩʪʘʥʜʘʨʪʠ, ʱʦ ʾʾ ʽʜʝʥʪʠʬʽʢʫʶʪʴ, ʘ ʟ 

ʤʦʜʫʣʶ çʇʣʘʥʫʚʘʥʥʷ ʟʘʤʦʚʣʝʥʴè - ʧʦʪʦʯʥʝ ʟʘʤʦʚʣʝʥʥʷ, ̫ʢʝ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ. 

ɺʩʷ ʮʷ ʽʥʬʦʨʤʘʮʽʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ (3.1)-(3.6) 

ʦʧʪʠʤʽʟʘʮʽʾ ʰʠʭʪʫʚʘʥʥʷ ʟʘ ʛʣʦʙʘʣʴʥʠʤ ʝʢʦʥʦʤʽʯʥʠʤ ʢʨʠʪʝʨʽʻʤ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʽʩʥʫʶʯʠʭ ʦʙʤʝʞʝʥʴ. 

ʈʦʟʚôʷʟʘʥʥʷ ʦʧʪʠʤʽʟʘʮʽʡʥʦʾ ʟʘʜʘʯʽ, ʧʦʩʪʘʥʦʚʢʘ ʷʢʦʾ ʜʦʢʣʘʜʥʦ ʦʙˇʨʫʥʪʦʚʘʥʘ 

ʚ ʨʦʟʜʽʣʽ 3.1, ʚʠʢʦʥʫʻʪʴʩʷ ʚʞʝ ʟʛʘʜʘʥʠʤ ʤʝʪʦʜʦʤ ʥʘ ʦʩʥʦʚʽ ʐɯʉ, ʜʦʢʣʘʜʥʦ 

ʦʧʠʩʘʥʠʤ ʚ ʨʦʟʜʽʣʽ 4. ʅʘ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʽ ʚʠʜʘʯʫ ʨʝʢʦʤʝʥʜʘʮʽʡ ʫ ʤʦʜʫʣʷ 

çʐʠʭʪʫʚʘʥʥʷè ʻ ʚʽʜ 30 ʭʚʠʣʠʥ (ʧʨʠ ʨʦʙʦʪʽ ʣʠʰʝ ʦʜʥʦʛʦ ʢʦʥʚʝʨʪʦʨʘ - ʩʝʨʝʜʥʽʡ 

ʯʘʩ ʧʦʧʝʨʝʜʥʴʦʾ ʧʣʘʚʢʠ) ʜʦ 10 ʭʚʠʣʠʥ (ʧʨʠ ʦʜʥʦʯʘʩʥʽʡ ʧʘʨʘʣʝʣʴʥʽʡ ʨʦʙʦʪʽ ʪʨʴʦʭ 

ʢʦʥʚʝʨʪʝʨʽʚ). ʗʢ ʙʫʜʝ ʧʦʢʘʟʘʥʦ ʥʠʞʯʝ, ʧʨʘʮʶʶʯʠ ʥʘ ʽʩʥʫʶʯʦʤʫ ʦʙʣʘʜʥʘʥʥʽ, 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʦʧʪʠʤʽʟʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʐɯʉ ʟʥʘʭʦʜʠʪʴ ʩʫʙʦʧʪʠʤʘʣʴʥʝ 

ʨʽʰʝʥʥʷ ʟʘ ʤʝʥʰʠʡ ʯʘʩ, ʟʘʣʠʰʘʶʯʠ ʦʧʝʨʘʪʦʨʫ ʢʦʥʚʝʨʪʝʨʘ ʤʦʞʣʠʚʽʩʪʴ ʚʠʚʯʠʪʠ 

ʟʘʧʨʦʧʦʥʦʚʘʥʫ ʨʝʢʦʤʝʥʜʘʮʽʶ ʽ ʟʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʥʝʩʪʠ ʚ ʥʝʾ ʢʦʨʠʛʫʚʘʥʥʷ. 

ʈʝʟʫʣʴʪʘʪ ʨʦʟʚôʷʟʘʥʥʷ ʦʧʪʠʤʽʟʘʮʽʡʥʦʾ ʟʘʜʘʯʽ ʬʦʨʤʫʚʘʥʥʷ ʰʠʭʪʠ ʧʝʨʝʜʘʻʪʴʩʷ ʚ 

ɹɼ çʇʣʘʚʢʠè ʜʣʷ ʥʘʩʪʫʧʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʡ ʟʙʝʨʝʞʝʥʥʷ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʨʦʙʦʪʠ ʧʨʦʛʨʘʤʠ ʻ ʪʘʙʣʠʮʷ, ʚ ʷʢʽʡ ʚʠʟʥʘʯʝʥʦ ʤʘʩʫ ʦʩʥʦʚʥʠʭ 

ʩʢʣʘʜʦʚʠʭ ʰʠʭʪʠ ʥʘ ʧʦʯʘʪʦʢ ʧʣʘʚʢʠ, ʷʢʫ ʩʣʽʜ ʟʘʚʘʥʪʘʞʫʚʘʪʠ ʚ ʢʦʥʚʝʨʪʝʨ ʜʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʟʘʜʘʥʦʾ ʢʽʣʴʢʦʩʪʽ ʩʪʘʣʽ ʟʘʜʘʥʦʾ ʤʘʨʢʠ ʟʘ ʦʧʠʩʘʥʠʭ ʨʘʥʽʰʝ ʫʤʦʚ. 

ʇʨʠʢʣʘʜ ʚʽʜʧʦʚʽʜʽ, ʷʢʫ ʥʘʜʘʻ ʨʦʟʨʦʙʣʝʥʘ ʧʨʦʛʨʘʤʘ-ʧʨʦʪʦʪʠʧ, ʥʘʚʝʜʝʥʠʡ ʥʘ 

ʨʠʩʫʥʢʘʭ 5.3 ʽ 5.4. 
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ʈʠʩ. 5.3. ʇʨʠʢʣʘʜ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʫ ʰʠʭʪʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʤ ʤʦʜʫʣʝʤ 

 

 

ʈʠʩ. 5.4. ʈʝʟʫʣʴʪʘʪ ʧʝʨʝʚʽʨʢʠ ʪʝʧʣʦʚʦʛʦ ʽ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʙʘʣʘʥʩʫ ʧʣʘʚʢʠ 

 

ʄʦʜʫʣʴ çʌʫʪʝʨʦʚʢʘè ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʬʦʨʤʫʚʘʥʥʷ ʧʝʨʝʜ ʧʦʯʘʪʢʦʤ ʢʦʞʥʦʾ 

ʧʣʘʚʢʠ ʚʽʢʥʘ ʟ ʨʝʢʦʤʝʥʜʘʮʽʻʶ ʦʧʝʨʘʪʦʨʫ ʢʦʥʚʝʨʪʝʨʘ. ʇʨʠʢʣʘʜ ʚʽʢʥʘ-

ʨʝʢʦʤʝʥʜʘʮʽʾ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 5.5. 

 

ʅʝʦʙʽʭʜʥʦ ʨʦʟʣʠʪʠ - 59ʪ, ʰʠʭʪʘ - 67ʪ (Ñ0,2ʪ)

ʄʘʪʝʨʽʘʣ ʪ ʢʛ/ʪʢʛ/100ʢʛ

ʏʘʚʫʥ 53.60 908.50 90.85

ɹʨʫʭʪ 11.09 188.00 18.80

ʏʘʚʫʥ ʙʽʡ 0.89 15.00 1.50

ʏʘʚʫʥ ʯʫʰʢʘ 0.59 10.00 1.00

ɹʨʫʭʪ (10% ʂʨʝ) 0.00 0.00 0.00

ɹʨʫʭʪ ʩʪʘʣʝʚʠʡ 9.62 163.00 16.30

ʉʢʨʘʧ ʯʘʚʫʥʫ 0.62 10.50 1.05

ʉʢʨʘʧ ʩʪʘʣʝʚʠʡ 0.11 1.90 0.19

ʄʝʪʘʣʽʟʦʚʘʥʠʡ ʰʣʘʢ0.27 4.50 0.45

ɿʘʣʽʟʦʚʤʽʩʥʽ ʙʨʠʢʝʪʠ0.59 10.00 1.00

ɺʘʧʥʦ ʭʦʣʦʜʥʦʛʘʰʝʥʝ0.00 0.00 0.00

ɺʘʧʥʦ ʛʘʨʷʯʝʛʘʰʝʥʝ3.84 65.00 6.50

ɺʘʧʥʦ ʟʘʛʘʣʴʥʝ 3.84 65.00 6.50

ɺʘʧʥʷʢ 0.00 0.00 0.00

ɹʨʠʢʝʪʠ MgO 0.30 5.00 0.50

ʇʣʘʚʠʢʦʚʠʡ ʰʧʘʪ 0.10 1.69 0.17

ɼʦʣʦʤʠʪ 0.00 0.00 0.00

ʐʠʭʪʘ ʦʪʨʠʤʘʥʘ 66.28

ɺʽʜʭʠʣʝʥʥʷ, % -1.07%

ʅʘʜʭʦʜʞʝʥʥʷ ʪʝʧʣʘʂɼʞ/100ʢʛ% ʆʪʨʠʤʘʥʦ ʩʪʘʣʽ ʜʦ ʨʦʟʢʠʩʣʝʥʥʷ, ʪ58.75

ʈʽʜʢʠʡ ʯʘʚʫʥ 108744.54 51.60 ʆʪʨʠʤʘʥʦ ʩʪʘʣʽ ʧʽʩʣʷ ʨʦʟʢʠʩʣʝʥʥʷ59.05

ʄʽʢʩʝʨʥʠʡ ʰʣʘʢ 516.5 0.25 ʃʫʞʥʽʩʪʴ ʩʢʣʘʜʥʘ 2.62

ɻʦʨʽʥʥʷ ʜʦʤʽʰʢʽʚ84668.703 40.17 ʄʘʪʝʨʽʘʣʴʥʠʡ ʙʘʣʘʥʩ, %0.08%

ʆʢʠʩʣʝʥʥʷ ʟʘʣʽʟʘ11699.8 5.55 ɼʦʜʘʪʠ ʦʭʦʣʦʜʞʫʚʘʯ (ʚʘʧʥʷʢ), ʪ0.00

ʐʣʘʢʦʫʪʚʦʨʝʥʥʷ 5125.6 2.43

ɿʘʛʘʣʦʤ: 210755.3 100.00

ʉʢʣʘʜʦʚʽ ʛʘʟʫʢʛ ʤ3 %

ɺʠʪʨʘʪʠ ʪʝʧʣʘʂɼʞ/100ʢʛ% ʉʆ 8.05 6.44 81.14

ɻʦʪʦʚʘ ʩʪʘʣʴ 141785.1 67.28 ʉʆ2 2.20 1.12 14.13

ʐʣʘʢ 26565.5 12.60 N2 0.13 0.10 1.27

ʂʦʥʚʝʨʪʝʨʥʽ ʛʘʟʠ18450.8 8.75 O2 0.39 0.27 3.46

ɼʠʩʦʮʽʘʮʽʷ ʟʘʣʽʟʘ1342.7 0.64 ɿʘʛʘʣʦʤ 10.76 7.93 100.00

ɼʠʩʦʮʽʘʮʽʷ ʚʘʧʥʘ1838.2 0.87

ɺʠʢʠʜ ʧʠʣʫ 927.4 0.44 ʍʽʤ.ʩʢʣʘʜ ʰʣʘʢʫ, %

ʈʦʟʙʨʠʟʢʫʚʘʥʥ 2̫983.764 1.42 SiO2 19.49

ʅʘʛʨʽʚʘʥʥʷ ʢʦʚʝʨʪʝʨʘ16860.4 8.00 Al2O3 1.58

ɿʘʛʘʣʦʤ: 210753.9 100.00 MnO 5.96

CaO 47.45

ʊʝʧʣʦʚʠʡ ʙʘʣʘʥʩ 1.4 0.06% MgO 3.59

ʂʦʨʝʢʮʽʷ ʙʨʫʭʪʫ 0.00 P2O5 0.69

S 0.25

FeO 15.00

Fe2O3 6.00

ʂʽʣʴʢʽʩʪʴ ʽ ʩʢʣʘʜ ʢʦʥʚʝʨʪʝʨʥʠʭ ʛʘʟʽʚ
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ʈʠʩ. 5.5. ɯʥʪʝʨʬʝʡʩ ʤʦʜʫʣʷ çʌʫʪʝʨʦʚʢʘè ʟ ʧʨʦʛʥʦʟʦʤ ʪʘ ʨʝʢʦʤʝʥʜʘʮʽʻʶ 

 

ɼʘʥʠʡ ʤʦʜʫʣʴ, ʦʪʨʠʤʫʶʯʠ ʜʘʥʽ ʧʨʦ ʧʦʪʦʯʥʫ ʬʫʪʝʨʦʚʢʫ, ʘ ʪʘʢʦʞ ʜʘʥʽ ʧʨʦ 

ʚʩʽ ʧʨʦʚʝʜʝʥʽ ʨʘʥʽʰʝ ʧʣʘʚʢʠ ʟ ʚʽʜʧʦʚʽʜʥʠʭ ʙʘʟ ʜʘʥʠʭ, ʚʠʢʦʥʫʻ ʥʘʩʪʫʧʥʽ ʬʫʥʢʮʽʾ: 

- ʦʙʨʦʙʣʷʻ ʚʭʽʜʥʫ ʽʥʬʦʨʤʘʮʽʶ, ʚʠʜʘʣʷʶʯʠ ʟ ʜʘʥʠʭ ʚʠʢʠʜʠ ʽ ʘʥʦʤʘʣʴʥʽ 

ʟʥʘʯʝʥʥʷ; 

- ʚʽʜʥʦʩʠʪʴ ʧʦʪʦʯʥʫ ʬʫʪʝʨʦʚʢʫ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʚʠʢʣʘʜʝʥʦʛʦ ʚ 

ʨʦʟʜʽʣʽ 3.3 ʘʣʛʦʨʠʪʤʫ ʜʦ ʦʜʥʦʛʦ ʟ ʢʣʘʩʪʝʨʽʚ; 

- ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʪʽʡʢʦʩʪʽ ʬʫʪʝʨʦʚʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʪʨʠʤʘʥʠʭ ʚʠʱʝ 

ʤʦʜʝʣʝʡ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʫ ʛʨʫʧʦʚʦʛʦ ʚʨʘʭʫʚʘʥʥʷ ʘʨʛʫʤʝʥʪʽʚ; 

- ʟʚʦʨʦʪʥʠʡ ʧʨʦʨʘʭʫʥʦʢ ʟ ʤʝʪʦʶ ʤʘʢʩʠʤʽʟʘʮʽʾ ʤʦʞʣʠʚʦʛʦ ʦʯʽʢʫʚʘʥʦʛʦ 

ʟʥʘʯʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʬʫʪʝʨʦʚʢʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʾʾ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʆʩʪʘʥʥʷ ʟʘʜʘʯʘ ʚʠʨʽʰʫʻʪʴʩʷ ʷʢ ʟʚʦʨʦʪʥʘ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʟʘʜʘʯʽ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ï ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʚʦʣʶʮʽʡʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʚʽʜʰʫʢʫʶʪʴʩʷ ʪʘʢʽ 

ʧʘʨʘʤʝʪʨʠ ʚʝʜʝʥʥʷ ʧʣʘʚʢʠ ʜʣʷ ʧʦʪʦʯʥʦʾ ʬʫʪʝʨʦʚʢʠ, ʷʢʽ ʙ ʟʘʙʝʟʧʝʯʫʚʘʣʠ 

ʤʘʢʩʠʤʘʣʴʥʠʡ ʩʪʘʪʠʩʪʠʯʥʦ ʦʯʽʢʫʚʘʥʠʡ ʪʝʨʤʽʥ ʾʾ ʨʦʙʦʪʠ. 

ʅʘ ʧʦʙʫʜʦʚʽ ʤʦʜʫʣʽʚ, ʱʦ ʧʨʘʮʶʶʪʴ ʚ ʨʝʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʽ ʯʘʩʫ, 

ʟʫʧʠʥʠʤʦʩʷ ʜʝʪʘʣʴʥʽʰʝ. 
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5.3 ɸʣʛʦʨʠʪʤʠ ʪʘ ʬʫʥʢʮʽʾ ʧʽʜʩʠʩʪʝʤʠ ʦʧʝʨʘʪʦʨʘ ʢʦʥʚʝʨʪʝʨʘ ʚ ʧʨʦʮʝʩʽ 

ʨʘʬʽʥʘʮʽʾ ʩʪʘʣʽ 

 

ʋ ʦʧʝʨʘʪʦʨʘ ʢʠʩʥʝʚʦ-ʢʦʥʚʝʨʪʝʨʥʦʛʦ ʮʝʭʫ, ʱʦ ʢʝʨʫʻ ʧʨʦʮʝʩʦʤ ʧʨʦʜʫʚʢʠ, 

ʯʘʩ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʧʨʦ ʟʙʽʣʴʰʝʥʥʷ/ʟʤʝʥʰʝʥʥʷ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʨʦʜʫʚʢʠ, ʧʽʜʥʷʪʪʷ/ʦʧʫʩʢʘʥʥʷ ʬʫʨʤʠ, ʟʘʢʽʥʯʝʥʥʷ ʧʨʦʜʫʚʢʠ ʪʦʱʦ 

ʚʢʨʘʡ ʦʙʤʝʞʝʥʠʡ. ʏʘʩ ʧʨʦʜʫʚʢʠ ʚ 100-350 ʪʦʥʥʠʭ ʢʦʥʚʝʨʪʝʨʘʭ ʥʝ ʧʝʨʝʚʠʱʫʻ 20-

25 ʭʚʠʣʠʥ, ʘ ʪʨʠʚʘʣʽʩʪʴ ʫʩʽʻʾ ʧʣʘʚʢʠ ʚ ʢʦʥʚʝʨʪʝʨʘʭ ʻʤʥʽʩʪʶ 100-350 ʪʦʥ (ʟ 

ʥʘʩʪʫʧʥʠʤʠ ʦʧʝʨʘʮʽʷʤʠ ʟʣʠʚʘʥʥʷ ʚ ʢʽʚʰ ʪʘ ʨʦʟʢʠʩʣʝʥʥʷ) ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 40-

50 ʭʚʠʣʠʥ [91, 238]. ɺʽʜʧʦʚʽʜʥʦ ʦʧʝʨʘʪʦʨ ʧʨʘʮʶʻ, ʩʧʠʨʘʶʯʠʩʴ ʥʘ ʚʣʘʩʥʠʡ ʜʦʩʚʽʜ, 

ʧʨʠ ʮʴʦʤʫ ʢʽʣʴʢʽʩʪʴ ʤʦʞʣʠʚʠʭ ʧʦʤʠʣʦʢ ʚ ʡʦʛʦ ʨʦʙʦʪʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʬʽʟʠʯʥʦʛʦ ʪʘ 

ʤʦʨʘʣʴʥʦʛʦ ʩʪʘʥʫ ʦʧʝʨʘʪʦʨʘ, ʚʠʢʦʥʘʥʥʷ ʧʣʘʥʫ ʚʠʨʦʙʥʠʮʪʚʘ ʮʝʭʦʤ ʪʦʱʦ. 

ʅʘʡʙʽʣʴʰ ʭʘʨʘʢʪʝʨʥʠʤʠ ʥʘʩʣʽʜʢʘʤʠ ʧʦʤʠʣʦʢ ʦʧʝʨʘʪʦʨʘ ʻ ʦʪʨʠʤʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ, 

ʱʦ ʚʠʭʦʜʷʪʴ ʟʘ ʽʥʪʝʨʚʘʣ, ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʜʘʥʦʾ ʤʘʨʢʠ ʩʪʘʣʽ, ʧʽʜʚʠʱʝʥʘ ʚʠʪʨʘʪʘ 

ʢʠʩʥʶ ʪʘ ʧʨʠʩʘʜʦʢ, ʧʝʨʝʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʛʦʪʦʚʦʾ ʩʪʘʣʽ. ʗʢ ʥʘʩʣʽʜʦʢ, ʟʘ 

ʩʪʘʪʠʩʪʠʢʦʶ [93], ʜʦ 40% ʧʣʘʚʦʢ ʚʠʤʘʛʘʶʪʴ ʢʦʨʝʢʮʽʾ ʧʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʧʨʦʮʝʩʫ. 

ʄʝʪʦʶ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʧʽʜʩʠʩʪʝʤʠ ʽʥʪʝʛʨʦʚʘʥʦʾ ʉʇʇʈ ʫ ʢʦʥʪʫʨʽ 

ʫʧʨʘʚʣʽʥʥʷ ʢʠʩʥʝʚʠʤ ʢʦʥʚʝʨʪʝʨʦʤ ʻ ʥʝ ʣʠʰʝ ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʜʽʡ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ 

ʧʨʦʮʝʩʫ, ʘ ʪʘʢʦʞ ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ʥʘ ʨʝʟʫʣʴʪʘʪ ʣʶʜʩʴʢʦʛʦ ʬʘʢʪʦʨʫ, ʱʦ ʚ ʩʚʦʶ 

ʯʝʨʛʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʢʨʘʱʝʥʥʷ ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʚʠʨʦʙʥʠʮʪʚʘ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʧʨʦʧʦʥʫʻʪʴʩʷ ʨʦʟʜʽʣʠʪʠ ʢʦʥʪʨʦʣʴʦʚʘʥʽ 

ʧʘʨʘʤʝʪʨʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʥʘ ʩʪʘʪʠʯʥʽ ʪʘ ʜʠʥʘʤʽʯʥʽ, ʘ ʪʘʢʦʞ ʥʘ ʢʝʨʦʚʘʥʽ 

ʪʘ ʥʝʢʝʨʦʚʘʥʽ. ɼʦ ʩʪʘʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ 

ʢʦʥʚʝʨʪʝʨʥʦʾ ʧʣʘʚʢʠ ʩʣʽʜ ʟʘʨʘʭʫʚʘʪʠ ʚʝʣʠʯʠʥʠ, ʷʢʽ ʟʛʽʜʥʦ ʽʟ ʟʘʧʨʦʧʦʥʦʚʘʥʦʶ 

ʽʥʬʦʨʤʘʮʽʡʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ, ʧʝʨʝʜʘʶʪʴʩʷ ʦʧʝʨʘʪʦʨʫ ʟ ʙʘʟʠ ʜʘʥʠʭ çʇʣʘʚʢʘè ʷʢ 

ʨʝʟʫʣʴʪʘʪ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʦʧʪʠʤʘʣʴʥʦʛʦ ʰʠʭʪʫʚʘʥʥʷ (ʜʠʚ. ʨʦʟʜʽʣ 3). ɼʦ ʯʠʩʣʘ 

ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʭʦʜʷʪʴ: ʤʘʩʘ ʽ ʪʝʤʧʝʨʘʪʫʨʘ ʰʣʘʢʫ, ʩʢʣʘʜ ʰʣʘʢʫ, ʤʘʩʘ ʯʘʚʫʥʫ, 

ʩʪʘʣʝʚʦʛʦ ʙʨʫʭʪʫ ʪʘ ʚʘʧʥʘ (ʚʘʧʥʷʢʫ) ʪʦʱʦ. ɺʦʜʥʦʯʘʩ ʢʣʶʯʦʚʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ, 

ʚʧʣʠʚʘʶʯʠ ʥʘ ʷʢʽ ʤʦʞʥʘ ʧʦʢʨʘʱʠʪʠ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʛʦʪʦʚʦʾ 
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ʧʨʦʜʫʢʮʽʾ, ʻ ʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʪʽʢʘʥʥʷ ʧʨʦʮʝʩʫ ʧʣʘʚʢʠ. ɼʦ ʦʩʪʘʥʥʽʭ 

ʩʣʽʜ ʚʢʣʶʯʠʪʠ: ʤʘʩʫ ʽ ʪʝʤʧʝʨʘʪʫʨʫ ʤʝʪʘʣʫ, ʩʢʣʘʜ ʽ ʪʝʤʧʝʨʘʪʫʨʫ ʢʦʥʚʝʨʪʝʨʥʠʭ 

ʛʘʟʽʚ, ʚʠʩʦʪʫ ʬʫʨʤʠ ʥʘʜ ʨʽʚʥʝʤ ʚʘʥʥʠ ʽ ʚʠʪʨʘʪʫ ʢʠʩʥʶ, ʘ ʪʘʢʦʞ ʯʘʩ ʧʨʦʜʫʚʢʠ. 

ʇʨʝʜʩʪʘʚʠʤʦ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʧʣʘʚʢʠ ʩʭʝʤʘʪʠʯʥʦ ʫ ʚʠʛʣʷʜʽ ʦʙ'ʻʢʪʘ 

ʫʧʨʘʚʣʽʥʥʷ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 5.6. 

 

 
ʈʠʩ. 5.6 ʂʦʥʚʝʨʪʝʨʥʘ ʧʣʘʚʢʘ ʷʢ ʦʙ'ʻʢʪ ʫʧʨʘʚʣʽʥʥʷ 

 

ʋ ʜʘʥʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʥʽ ʢʝʨʫʶʯʽ ʚʝʣʠʯʠʥʠ ʦʙ'ʻʜʥʘʥʽ ʫ ʚʝʢʪʦʨ Ὗ. ʆʧʝʨʘʪʦʨ 

ʤʦʞʝ ʢʝʨʫʚʘʪʠ ʧʽʜ ʯʘʩ ʧʣʘʚʢʠ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʧʦʜʘʯʽ ʢʠʩʥʶ, ʚʠʩʦʪʦʶ ʬʫʨʤʠ, 

ʜʦʜʘʚʘʪʠ ʦʭʦʣʦʜʞʫʶʯʽ ʨʝʯʦʚʠʥʠ (ʦʢʘʪʠʰʽ, ʚʘʧʥʷʢ ʪʦʱʦ) ʯʠ ʽʥʪʝʥʩʠʬʽʢʘʪʦʨʠ. 

ʊʘʢʦʞ ʜʦ ʚʝʢʪʦʨʘ ʢʝʨʫʚʘʥʥʷ ʚʭʦʜʠʪʴ ʯʘʩ ʧʨʦʜʫʚʢʠ.  

ɿʙʫʨʝʥʥʷ, ʷʢʽ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʚ ʜʘʥʦʤʫ ʧʨʦʮʝʩʽ, ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʜʚʘ 

ʚʝʢʪʦʨʠ: ὤ ï ʢʦʥʪʨʦʣʴʦʚʘʥʽ ʟʙʫʨʝʥʥʷ (ʚʤʽʩʪ ʫ ʯʘʚʫʥʽ ʢʨʝʤʥʽʶ, ʤʘʨʛʘʥʮʶ, ʩʽʨʢʠ, 

ʬʦʩʬʦʨʫ, ʪʝʤʧʝʨʘʪʫʨʘ ʯʘʚʫʥʫ, ʚʤʽʩʪ ʢʠʩʥʶ ʚ ʜʫʪʪʽ, ʽʥʪʝʨʚʘʣ ʯʘʩʫ ʤʽʞ ʧʣʘʚʢʘʤʠ 

ʪʦʱʦ) ʽ ὤ ï ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʽ ʟʙʫʨʝʥʥʷ (ʷʢʽʩʪʴ ʩʠʧʢʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʩʢʣʘʜ, ʨʦʟʤʽʨʠ 

ʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʙʨʫʭʪʫ, ʤʘʩʘ ʽ ʩʢʣʘʜ ʤʽʢʩʝʨʥʦʛʦ ʰʣʘʢʫ, ʱʦ ʧʦʪʨʘʧʣʷʻ ʚ ʢʦʥʚʝʨʪʝʨ 

ʽ ʪ.ʜ.). 

ʈʝʟʫʣʴʪʘʪʦʤ ʫʧʨʘʚʣʽʥʥʷ ʻ ʧʘʨʘʤʝʪʨʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʮʠʢʣʫ, ʷʢʽ ʪʘʢʦʞ 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʘ ʚʝʢʪʦʨʠ: ὢ ï ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʪʨʠʤʘʥʦʾ 

ʩʪʘʣʽ (ʾʾ ʢʽʣʴʢʽʩʪʴ, ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʽ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʤʦʤʝʥʪ ʧʨʠʧʠʥʝʥʥʷ ʨʘʬʽʥʘʮʽʾ) 

ʪʘ ὢ ï ʧʘʨʘʤʝʪʨʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ 

(ʢʽʣʴʢʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʦʛʦ ʢʠʩʥʶ, ʯʘʩ ʧʨʦʜʫʚʘʥʥʷ, ʢʽʣʴʢʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʠʭ 

ʦʭʦʣʦʜʞʫʚʘʯʽʚ ʪʘ ʧʨʠʩʘʜʦʢ). 
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ʊʨʘʜʠʮʽʡʥʦ [92] ʛʦʣʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʢʝʨʫʚʘʥʥʷ ʢʦʥʚʝʨʪʝʨʥʦʶ ʧʣʘʚʢʦʶ ʻ 

ʦʜʝʨʞʘʥʥʷ ʩʪʘʣʽ ʟʘʜʘʥʦʾ ʤʘʨʢʠ ʟʘ ʚʤʽʩʪʦʤ ʚʫʛʣʝʮʶ. ɿʘ ʚʝʣʠʢʠʤ ʨʘʭʫʥʢʦʤ, ʮʝ 

ʟʘʚʜʘʥʥʷ ʟʚʦʜʠʪʴʩʷ ʜʦ ʧʨʘʚʠʣʴʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʫ ʧʨʠʧʠʥʝʥʥʷ ʧʨʦʜʫʚʘʥʥʷ. 

ɸʣʝ ʧʦʜʽʙʥʠʡ çʦʜʥʦʢʦʦʨʜʠʥʘʪʥʠʡè ʧʽʜʭʽʜ ʜʫʞʝ ʩʧʨʦʱʝʥʠʡ, ʦʩʢʽʣʴʢʠ ʟʘʟʚʠʯʘʡ 

ʥʝʤʘʻ ʧʨʷʤʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʚʤʽʩʪ ʚʫʛʣʝʮʶ ʫ ʚʘʥʥʽ ʧʦ ʭʦʜʫ ʧʨʦʜʫʚʘʥʥʷ. 

ʐʚʠʜʢʽʩʪʴ ʚʠʛʦʨʷʥʥʷ ʚʫʛʣʝʮʶ ʪʘʢʘ, ʱʦ ʥʘ ʟʘʢʣʶʯʥʦʤʫ ʝʪʘʧʽ ʧʨʦʜʫʚʘʥʥʷ ʦʜʥʘ 

ʟʘʡʚʘ ʭʚʠʣʠʥʘ ʚʽʜʧʦʚʽʜʘʻ ʧʝʨʝʭʦʜʫ ʜʦ ʽʥʰʦʾ ʤʘʨʢʠ ʩʪʘʣʽ [226]. ɼʦʜʘʪʢʦʚʠʤ 

ʬʘʢʪʦʨʦʤ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʧʦʜʽʙʥʠʡ çʧʨʷʤʠʡè ʨʦʟʨʘʭʫʥʦʢ, ʻ ʩʫʪʪʻʚʘ ʥʝʣʽʥʽʡʥʘ 

ʟʘʣʝʞʥʽʩʪʴ ʚʠʛʦʨʷʥʥʷ ʚʫʛʣʝʮʶ ʥʝ ʪʽʣʴʢʠ ʚʽʜ ʯʘʩʫ ʧʨʦʜʫʚʘʥʥʷ, ʘ ʡ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 

ʨʦʟʧʣʘʚʫ [227]. 

ʇʨʦʚʝʜʝʥʽ ʨʘʥʽʰʝ ʜʦʩʣʽʜʞʝʥʥʷ [68] ʧʦʢʘʟʘʣʠ, ʱʦ ʢʦʤʧʣʝʢʩʥʘ ʟʘʜʘʯʘ 

ʢʝʨʫʚʘʥʥʷ ʧʣʘʚʢʦʶ ʧʝʨʝʜʙʘʯʘʻ ʦʪʨʠʤʘʥʥʷ ʚ ʤʦʤʝʥʪ ʟʘʢʽʥʯʝʥʥʷ ʧʣʘʚʢʠ (ʧʽʜʥʷʪʪʷ 

ʬʫʨʤʠ) ʥʝ ʪʽʣʴʢʠ ʟʘʜʘʥʦʛʦ ʚʤʽʩʪʫ ʚʫʛʣʝʮʶ, ʘʣʝ ʽ ʥʝʦʙʭʽʜʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʩʪʘʣʽ. 

ɿʘʙʝʟʧʝʯʫʻʪʴʩʷ ʮʝ ʷʢ ʧʨʘʚʠʣʴʥʠʤ ʚʠʙʦʨʦʤ ʨʝʞʠʤʽʚ ʧʨʦʜʫʚʘʥʥʷ, ʪʘʢ ʽ 

ʧʨʘʚʠʣʴʥʠʤ ʨʦʟʨʘʭʫʥʢʦʤ ʢʽʣʴʢʦʩʪʽ ʦʭʦʣʦʜʞʫʚʘʯʽʚ. ʆʩʪʘʥʥʻ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʦ 

ʧʨʠ ʚʝʣʠʢʽʡ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʨʦʜʫʚʘʥʥʷ, ʢʦʣʠ ʢʦʥʚʝʨʪʝʨ ʧʨʘʮʶʻ ʚ ʨʝʞʠʤʽ ʟ 

ʦʙʤʝʞʝʥʥʷʤ ʥʘ ʯʘʩ ʧʣʘʚʢʠ, ʘʜʞʝ ʪʦʜʽ ʦʭʦʣʦʜʞʝʥʥʷ ʯʘʩʪʢʦʚʦ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ 

ʨʘʭʫʥʦʢ ʧʨʠʩʘʜʦʢ ʨʫʜʠ, ʙʨʫʭʪʫ ʪʘ ʚʘʧʥʷʢʫ ʧʦ ʭʦʜʫ ʧʨʦʜʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ 

ʚʥʘʩʣʽʜʦʢ ʟʤʽʥʠ ʚʠʩʦʪʠ ʨʦʟʪʘʰʫʚʘʥʥʷ ʢʠʩʥʝʚʦʾ ʬʫʨʤʠ [239, 240]. 

ɺʽʜ ʚʽʜʩʪʘʥʽ ʥʘʢʦʥʝʯʥʠʢʘ ʬʫʨʤʠ ʜʦ ʨʽʚʥʷ ʚʘʥʥʠ ʟʘʣʝʞʠʪʴ ʩʪʫʧʽʥʴ ʟʘʩʚʦʻʥʥʷ 

ʢʠʩʥʶ ʚʘʥʥʦʶ, ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʪʘ ʰʣʘʢʦʚʠʡ ʨʝʞʠʤʠ ʧʣʘʚʢʠ. ɺʦʜʥʦʯʘʩ, ʷʢ ʙʫʣʦ 

ʧʦʢʘʟʘʥʦ ʚ ʧʦʧʝʨʝʜʥʽʭ ʨʦʟʜʽʣʘʭ, ʥʘʜʤʽʨʥʠʡ ʧʝʨʝʛʨʽʚ ʚʘʥʥʠ, ʚʠʩʦʢʘ ʦʩʥʦʚʥʽʩʪʴ 

ʨʦʟʧʣʘʚʫ ʪʘ ʩʫʪʪʻʚʠʡ ʚʠʢʠʜ ʤʝʪʘʣʫ ʚ ʰʣʘʢ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʥʘʯʥʦʛʦ ʩʢʦʨʦʯʝʥʥʷ 

ʪʝʨʤʽʥʫ ʨʦʙʦʪʠ ʬʫʪʝʨʦʚʢʠ ʢʦʥʚʝʨʪʝʨʘ, ʡʦʛʦ ʟʫʧʠʥʢʠ ʥʘ ʧʨʦʬʽʣʘʢʪʠʢʫ, ʘ ʚʽʜʪʘʢ 

ʧʽʜʚʠʱʝʥʥʷ ʩʦʙʽʚʘʨʪʦʩʪʽ ʧʨʦʜʫʢʮʽʾ. ɺʠʩʦʪʘ ʬʫʨʤʠ, ʯʘʩ ʚʚʝʜʝʥʥʷ ʦʭʦʣʦʜʞʫʚʘʯʽʚ 

ʪʘ ʾʭ ʦʙôʻʤʠ, ʘ ʪʘʢʦʞ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʦʜʘʯʽ ʢʠʩʥʶ ʻ ʛʦʣʦʚʥʠʤʠ ʜʠʥʘʤʽʯʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ, ʫʧʨʘʚʣʽʥʥʷ ʷʢʠʤʠ ʜʦʟʚʦʣʷʻ ʚʠʨʽʰʠʪʠ ʜʚʘ ʦʩʥʦʚʥʽ ʟʘʚʜʘʥʥʷ: 

ʟʘʙʝʟʧʝʯʠʪʠ ʦʪʨʠʤʘʥʥʷ ʩʪʘʣʽ ʥʝʦʙʭʽʜʥʦʾ ʤʘʨʢʠ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʚʠʧʘʜʢʦʚʠʭ 

ʚʭʽʜʥʠʭ ʬʘʢʪʦʨʽʚ ʽ ʨʘʟʦʤ ʟ ʪʠʤ ʤʽʥʽʤʽʟʫʚʘʪʠ ʚʠʪʨʘʪʫ ʢʠʩʥʶ ʪʘ ʧʨʠʩʘʜʦʢ ʫ ʧʨʦʮʝʩʽ 

ʧʨʦʜʫʚʘʥʥʷ, ʪʠʤ ʩʘʤʠʤ ʟʤʝʥʰʠʚʰʠ ʩʦʙʽʚʘʨʪʽʩʪʴ ʦʜʝʨʞʫʚʘʥʦʾ ʩʪʘʣʽ [241].  
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ʇʨʦʧʦʥʫʻʪʴʩʷ ʟʜʽʡʩʥʠʪʠ ʮʝ ʰʣʷʭʦʤ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʚʝʜʽʥʢʠ ʨʝʘʣʴʥʦʛʦ 

ʦʧʝʨʘʪʦʨʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʝʟʫʣʴʪʘʪʽʚ ʡʦʛʦ ʧʦʧʝʨʝʜʥʽʭ ʜʽʡ. ɼʣʷ ʮʴʦʛʦ ʚ ʙʘʟʽ ʜʘʥʠʭ 

çʇʣʘʚʢʠè ʚʽʜʰʫʢʫʶʪʴʩʷ ʚʩʽ ʧʨʦʪʦʢʦʣʠ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʦʪʦʯʥʠʤ ʧʦʯʘʪʢʦʚʠʤ 

ʫʤʦʚʘʤ ʰʠʭʪʫʚʘʥʥʷ ʪʘ ʟʘʚʜʘʥʥʶ ʥʘ ʚʠʜ ʩʪʘʣʽ, ʱʦ ʤʘʻ ʙʫʪʠ ʚʠʛʦʪʦʚʣʝʥʠʡ. 

ʏʠʩʣʦʚʽ ʜʘʥʽ ʥʘ ʚʭʦʜʽ ʦʧʠʩʫʶʪʴ, ʢʨʽʤ ʤʘʩʦʚʠʭ, ʪʘʢʦʞ ʭʽʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʯʘʚʫʥʫ ʪʘ ʙʨʫʭʪʫ, ʚʠʢʦʨʠʩʪʘʥʦʛʦ ʥʘ ʧʣʘʚʢʫ, ʪʘ ʛʦʪʦʚʦʾ ʩʪʘʣʽ, ʷʢʘ ʤʘʻ ʙʫʪʠ 

ʦʪʨʠʤʘʥʘ. ʌʦʨʤʘʪ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʤʦʜʫʣʶ ʦʧʠʩʫʻ ʬʨʘʛʤʝʥʪ ʨʦʟʨʘʭʫʥʢʦʚʦʾ 

ʪʘʙʣʠʮʽ ʥʘ ʨʠʩʫʥʢʫ 5.7. 

 

 

ʈʠʩ. 5.7. ɺʭʽʜʥʽ ʜʘʥʽ ʧʦʪʦʯʥʦʾ ʧʣʘʚʢʠ ʜʣʷ ʧʦʰʫʢʫ ʘʥʘʣʦʛʘ 

 

ʅʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 5.7 ʚʝʣʠʯʠʥʠ ʨʘʟʦʤ ʟ ʤʘʩʦʚʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʰʠʭʪʫʚʘʥʥʷ 

ʩʪʚʦʨʶʶʪʴ ʦʧʠʩʘʥʠʡ ʚʠʱʝ ʚʝʢʪʦʨ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʟʙʫʨʝʥʴ ὤ, ʘ ʧʘʨʘʤʝʪʨʠ 

ʛʦʪʦʚʦʾ ʩʪʘʣʽ ï ʚʝʢʪʦʨ ʮʽʣʴʦʚʠʭ ʟʤʽʥʥʠʭ ʚʥʘʩʣʽʜʦʢ ʢʝʨʫʚʘʥʥʷ ὢᶻ. 

ɺ [242] ʦʙˇʨʫʥʪʦʚʘʥʠʡ ʜʦʢʣʘʜʥʠʡ ʚʠʙʽʨ ʢʽʣʴʢʦʩʪʽ ʪʘʢʠʭ ʟʨʘʟʢʽʚ ʪʘ ʤʝʪʨʠʢʘ, 

ʟʘ ʷʢʦʶ ʦʙʯʠʩʣʶʻʪʴʩʷ ʩʭʦʞʽʩʪʴ ʧʦʪʦʯʥʦʾ ʧʣʘʚʢʠ ʟ ʧʦʧʝʨʝʜʥʽʤʠ. ɺ ʙʘʟʽ ʜʘʥʠʭ 

ʧʦʧʝʨʝʜʥʽʭ ʧʣʘʚʦʢ ʚʽʜʰʫʢʫʚʘʣʠʩʴ ʧʨʦʪʦʢʦʣʠ, ʷʢʽ ʤʘʶʪʴ ʥʘʡʤʝʥʰʫ ʟʚʘʞʝʥʫ 

ʚʽʜʩʪʘʥʴ ʜʦ ʧʦʪʦʯʥʦʛʦ ὤ ʪʘ ὢ  zʚ ʧʨʦʩʪʦʨʽ ʢʦʦʨʜʠʥʘʪ. ʂʨʠʪʝʨʽʡ ʙʣʠʟʴʢʦʩʪʽ Ὀ 

ʚʠʨʘʭʦʚʫʚʘʚʩʷ ʟʘ ʥʦʨʤʦʚʘʥʦʶ ʤʝʪʨʠʢʦʶ 

Ὀ ‌
ᾀ ᾀ

ᾀ

ὼᶻ ὼᶻ

ὼᶻ
ᴼάὭὲȟ (5.1) 

ʜʝ ‌ ï ʚʘʛʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ, ʷʢʠʡ ʚʨʽʚʥʦʚʘʞʫʻ ʚʝʢʪʦʨʠ ὤ ʪʘ ὢ  zʚ 

ʧʨʦʩʪʦʨʽ ʢʦʦʨʜʠʥʘʪ; ὲ ï ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ ʚʝʢʪʦʨʫ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ; ά ï 
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ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ ʚʝʢʪʦʨʫ ʱʦ ʦʧʠʩʫʻ ʛʦʪʦʚʫ ʩʪʘʣʴ; ᾀ ï ʯʠʩʣʦʚʝ ʟʥʘʯʝʥʥʷ Ὥ ʪʦʾ 

ʢʦʦʨʜʠʥʘʪʠ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ ʧʦʧʝʨʝʜʥʴʦʾ ʧʣʘʚʢʠ (ʟʨʘʟʢʘ), Ὥ Ὥ ρȟὲ; ᾀ ï 

ʯʠʩʣʦʚʝ ʟʥʘʯʝʥʥʷ Ὥ ʪʦʾ ʢʦʦʨʜʠʥʘʪʠ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ ʧʦʪʦʯʥʦʾ ʧʣʘʚʢʠ; ὼὮ
ᶻ ï 

ʟʥʘʯʝʥʥʷ Ὦ ʪʦʛʦ ʧʘʨʘʤʝʪʨʫ ʛʦʪʦʚʦʾ ʩʪʘʣʽ ʜʣʷ ʧʣʘʚʢʠ-ʟʨʘʟʢʘ,   Ὦ ρȟά; ὼὮ
ᶻ  ï

ʟʥʘʯʝʥʥʷ Ὦ ʪʦʛʦ ʧʘʨʘʤʝʪʨʫ ʛʦʪʦʚʦʾ ʩʪʘʣʽ ʜʣʷ ʧʦʪʦʯʥʦʾ ʧʣʘʚʢʠ (ʧʨʠʡʤʘʶʪʴʩʷ 

ʛʨʘʥʠʯʥʽ ʟʛʽʜʥʦ ɼʉʊʋ). 

ʅʘ ʧʨʘʢʪʠʮʽ ʜʦ ʚʝʢʪʦʨʫ ὤ ʚʢʣʶʯʘʶʪʴʩʷ: ʟʘʧʘʩʠ ʦʭʦʣʦʜʞʫʶʯʠʭ ʨʝʯʦʚʠʥ 

ʦʩʥʦʚʥʠʭ ʰʝʩʪʠ ʪʠʧʽʚ, ʯʘʩ ʦʯʽʢʫʚʘʥʥʷ ʢʦʥʚʝʨʪʝʨʘ ʧʽʩʣʷ ʧʦʧʝʨʝʜʥʴʦʾ ʧʣʘʚʢʠ, 

ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʰʠʭʪʠ (5 ʩʢʣʘʜʦʚʠʭ), ʪʝʤʧʝʨʘʪʫʨʘ ʯʘʚʫʥʫ ʪʘ ʤʘʩʘ ʰʠʭʪʫʚʘʥʥʷ. 

ʇʨʠ ʮʴʦʤʫ ʨʽʟʥʘ ʨʦʟʤʽʨʥʽʩʪʴ ʢʦʦʨʜʠʥʘʪ ʥʝ ʤʘʻ ʟʥʘʯʝʥʥʷ, ʘʜʞʝ ʚʦʥʠ ʥʦʨʤʫʶʪʴʩʷ 

ʯʝʨʝʟ ʥʘʷʚʥʽʩʪʴ ʧʦʪʦʯʥʦʾ ʢʦʦʨʜʠʥʘʪʠ ʚ ʟʥʘʤʝʥʥʠʢʫ (5.1).  

ʂʦʝʬʽʮʽʻʥʪ ‌ ʤʘʻ ʧʨʠʡʤʘʪʠ ʟʥʘʯʝʥʥʷ ʙʽʣʴʰʝ 1, ʷʢʱʦ ʚʠʧʣʘʚʣʷʻʪʴʩʷ 

ʪʨʘʜʠʮʽʡʥʘ ʤʘʨʢʘ ʩʪʘʣʽ, ʧʨʝʮʝʜʝʥʪʽʚ ʚʠʛʦʪʦʚʣʝʥʥʷ ʷʢʦʾ (ʚ ʪʦʤʫ ʯʠʩʣʽ ʚʜʘʣʠʭ) ʚ 

ʙʘʟʽ ʜʘʥʠʭ ʧʣʘʚʦʢ ʽʩʥʫʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʜʨʫʛʘ ʩʢʣʘʜʦʚʘ ʚ (5.1) 

ʬʘʢʪʠʯʥʦ ʤʘʻ ʧʝʨʝʪʚʦʨʶʚʘʪʠʩʴ ʥʘ 0, ʘʜʞʝ ʥʘʩ ʮʽʢʘʚʣʷʪʴ ʚʜʘʣʽ ʧʨʠʢʣʘʜʠ ʟ ʧʘʤôʷʪʽ 

ʚʠʧʣʘʚʢʠ ʩʘʤʝ ʪʘʢʦʾ ʤʘʨʢʠ ʩʪʘʣʽ, ʷʢʘ ʟʘʜʘʥʘ. ʗʢʱʦ ʞ ʚʠʧʣʘʚʣʷʻʪʴʩʷ ʥʦʚʘ ʩʪʘʣʴ, 

ʚʜʘʣʠʭ ʚʠʧʘʜʢʽʚ ʚʠʛʦʪʦʚʣʝʥʥʷ ʷʢʦʾ ʚ ʙʘʟʽ ʜʘʥʠʭ ʧʣʘʚʦʢ ʤʘʣʦ, ʘʙʦ ʞ ʚʦʥʠ ʚʽʜʩʫʪʥʽ, 

ʥʘʡʢʨʘʱʽ ʧʦʢʘʟʥʠʢʠ ʦʪʨʠʤʘʥʦ ʧʨʠ ʟʥʘʯʝʥʥʽ ‌ πȟρȢȢπȟςυ. ʎʝ ʜʦʟʚʦʣʷʻ 

ʧʽʜʪʷʛʫʚʘʪʠ ʟ ɹɼ ʧʨʦʪʦʢʦʣʠ ʧʣʘʚʦʢ, ʫ ʷʢʠʭ ʙʫʣʘ ʦʪʨʠʤʘʥʘ ʽʥʰʘ ʩʪʘʣʴ ʟ 

ʤʘʢʩʠʤʘʣʴʥʦ ʙʣʠʟʴʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ (ʚʝʢʪʦʨ ὢᶻ). 

ɿʛʽʜʥʦ ʽʟ ʟʘʧʨʦʧʦʥʦʚʘʥʦʶ ʤʝʪʦʜʠʢʦʶ, ʩʝʨʝʜ ʥʘʡʙʣʠʞʯʠʭ ʘʥʘʣʦʛʽʚ 

ʦʙʠʨʘʶʪʴʩʷ ʪʽ ʧʨʦʪʦʢʦʣʠ ʧʦʧʝʨʝʜʥʽʭ ʧʣʘʚʦʢ, ʷʢʽ ʤʘʶʪʴ ʥʘʡʤʝʥʰʫ ʥʦʨʤʦʚʘʥʫ 

ʚʽʜʩʪʘʥʴ ʟʘ (5.1) ʪʘ ʚʦʜʥʦʯʘʩ ʥʘʡʢʨʘʱʽ ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ï ʚʝʢʪʦʨ ὢ ʟʛʽʜʥʦ 

ʩʭʝʤʠ ʨʠʩ. 5.6. ɹʘʞʘʥʠʤʠ ʝʢʦʥʦʤʽʯʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʝʨʫʚʘʥʥʷ 

ʧʨʦʜʫʚʢʦʶ ʚʚʘʞʘʶʪʴʩʷ [241]:  

- ʚʽʜʩʫʪʥʽʩʪʴ ʜʦʜʘʪʢʦʚʦʾ ʚʠʪʨʘʪʠ ʢʠʩʥʶ,  

- ʚʽʜʩʫʪʥʽʩʪʴ ʧʝʨʝʚʠʱʝʥʥʷ ʧʣʘʥʦʚʦʛʦ ʯʘʩʫ ʧʨʦʜʫʚʢʠ, 

- ʚʽʜʩʫʪʥʽʩʪʴ ʜʦʜʫʚʦʢ, 

- ʚʽʜʩʫʪʥʽʩʪʴ ʧʝʨʝʚʠʱʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʦʭʦʣʦʜʞʫʚʘʯʽʚ, 
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- ʚʽʜʩʫʪʥʽʩʪʴ ʧʦʨʫʰʝʥʥʷ ʫʤʦʚʠ ʦʩʥʦʚʥʦʩʪʽ ʰʣʘʢʫ.  

ɿʛʦʨʪʢʘ ʝʢʦʥʦʤʽʯʥʠʭ ʢʨʠʪʝʨʽʾʚ ʤʘʻ ʚʠʛʣʷʜ  

ὅ
ὧὠ ὧὸ ὧὔὸ В ὧ ά ὧὴὌ

ὧὓ
ᴼάὭὲȟ (5.2) 

ʜʝ ὧ ï ʧʨʠʚʝʜʝʥʘ ʜʦ ʛʨʦʰʦʚʦʾ ʦʮʽʥʢʠ ʚʘʨʪʽʩʪʴ ʜʦʜʘʪʢʦʚʠʭ ʚʠʪʨʘʪ ʥʘ ʧʣʘʚʢʫ ʟʘ 

Ὥ ʪʦʶ ʧʨʠʯʠʥʦʶ, ʛʨʥ.,  Ὥ ρȟυ; ὧ ï ʚʘʨʪʽʩʪʴ 1 ʪʦʥʠ ʛʦʪʦʚʦʾ ʩʪʘʣʽ, ʛʨʥ; ὓ  ï 

ʨʦʟʨʘʭʫʥʢʦʚʘ ʤʘʩʘ ʧʣʘʚʢʠ, ʪʦʥ; ὠ  ï ʧʦʥʘʜʥʦʨʤʦʚʘ ʚʠʪʨʘʪʘ ʢʠʩʥʶ, ʤ3; ὸ ï 

ʧʝʨʝʚʠʱʝʥʥʷ ʟʘʧʣʘʥʦʚʘʥʦʛʦ ʯʘʩʫ ʧʨʦʜʫʚʢʠ, ʩʝʢ; ὔ ï ʢʽʣʴʢʽʩʪʴ ʜʦʜʫʚʦʢ; ὸ ï 

ʟʘʛʘʣʴʥʠʡ ʯʘʩ ʜʦʜʫʚʦʢ, ʩʝʢ; άᴂ ï ʤʘʩʘ ʜʦʜʘʪʢʦʚʠʭ ʚʠʪʨʘʪʠ ʦʭʦʣʦʜʞʫʚʘʯʘ 

Ὧ ʪʦʛʦ ʚʠʜʫ, ʪʦʥ, Ὧ ρȟὴ; ὴ ï ʢʽʣʴʢʽʩʪʴ ʜʦʩʪʫʧʥʠʭ ʚʠʜʽʚ ʦʭʦʣʦʜʞʫʚʘʯʽʚ, 

ʟʘʟʚʠʯʘʡ ὴ σȣφ; ὴὌ ï ʚʽʜʭʠʣʝʥʥʷ ʦʩʥʦʚʥʦʩʪʽ ʰʣʘʢʫ ʚʽʜ ʟʘʜʘʥʦʛʦ ʟʥʘʯʝʥʥʷ. 

ʗʢ ʧʦʢʘʟʘʥʦ ʚ [117], ʚʽʜʭʠʣʝʥʥʷ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ, ʪʝʤʧʝʨʘʪʫʨʠ ʛʦʪʦʚʦʾ 

ʩʪʘʣʽ ʯʠ ʽʥʰʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʮʝʩʫ ʨʘʬʽʥʘʮʽʾ ʚʽʜ ʟʘʜʘʥʠʭ ʟʥʘʯʝʥʴ ʚ ʧʽʜʩʫʤʢʫ 

ʟʙʽʣʴʰʫʻ ʩʦʙʽʚʘʨʪʽʩʪʴ ʩʪʘʣʽ. ɺ ʥʘʡʢʨʘʱʦʛʦ ʘʥʘʣʦʛʫ ʟ ɹɼ ʧʣʘʚʦʢ ʢʨʠʪʝʨʽʡ (5.2) ʤʘʻ 

ʜʦʨʽʚʥʶʚʘʪʠ 0. ʎʝ ʞ ʩʪʦʩʫʻʪʴʩʷ ʽ ʢʨʠʪʝʨʽʶ (5.1).  

ɿʘʚʜʷʢʠ ʚʚʝʜʝʥʥʶ ʫ ʚʠʨʘʟʠ ʢʨʠʪʝʨʽʾʚ ʢʦʝʬʽʮʽʻʥʪʽʚ, ʱʦ ʧʦʚôʷʟʫʶʪʴ 

ʚʽʜʭʠʣʝʥʥʷ ʧʨʦʮʝʩʫ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ, ʚʽʜ ʧʨʦʮʝʩʫ ʟ ʧʘʤôʷʪʽ (ʚʽʜʥʦʩʥʫ ʚʽʜʩʪʘʥʴ 

ʚ ʧʨʦʩʪʦʨʽ ʩʪʘʥʽʚ) ʟ ʚʘʨʪʽʩʪʶ ʮʴʦʛʦ ʚʽʜʭʠʣʝʥʥʷ, ʢʨʠʪʝʨʽʾ ὅ ʪʘ Ὀ ʤʘʶʪʴ ʦʜʥʘʢʦʚʫ 

ʨʦʟʤʽʨʥʽʩʪʴ (ʚʽʜʥʦʩʥʽ ʦʜʠʥʠʮʽ). ʊʦʤʫ ʦʮʽʥʢʘ ʢʨʘʱʠʭ ʟʨʘʟʢʽʚ ʚʝʜʝʥʥʷ ʧʣʘʚʦʢ ʟ 

ʙʘʟʠ ʜʘʥʠʭ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʨʽʚʥʦʚʘʞʥʦʶ ʟʛʦʨʪʢʦʶ ʟʘ ʥʦʨʤʘʣʽʟʦʚʘʥʠʤʠ 

ʟʥʘʯʝʥʥʷʤʠ ʚʝʢʪʦʨʽʚ ὤ, ὢ ʪʘ ὢ ʪʘ ʾʭ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʨʝʘʣʴʥʠʭ ʫʤʦʚ: 

Ὂ Ὡ ᴼάὥὼȢ (5.3) 

ʗʢʱʦ ʜʝʢʽʣʴʢʘ ʧʦʧʝʨʝʜʥʽʭ ʧʣʘʚʦʢ ʤʘʶʪʴ ʦʜʥʘʢʦʚʫ ʷʢʽʩʪʴ ʟʘ (5.3), ʚʦʥʠ ʚʩʽ 

ʙʝʨʫʪʴʩʷ ʜʦ ʨʦʟʛʣʷʜʫ. ʊʘʢʘ ʩʠʪʫʘʮʽʷ, ʥʘʧʨʠʢʣʘʜ, Ὂ ρ ʜʣʷ ʢʽʣʴʢʦʭ ʧʣʘʚʦʢ ʟ 

ʧʘʤôʷʪʽ, ʪʨʘʧʣʷʻʪʴʩʷ, ʷʢʱʦ ʚ ɹɼ çʇʣʘʚʢʠè ʤʽʩʪʠʪʴʩʷ ʧʝʚʥʘ ʢʽʣʴʢʽʩʪʴ ʧʣʘʚʦʢ, ʫ 

ʷʢʠʭ ʙʫʣʠ ʜʦʪʨʠʤʘʥʽ ʚʩʽ ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ (5.2), ʪʦʙʪʦ ὅ π, 

ʪʘ ʚʦʜʥʦʯʘʩ ʧʦʯʘʪʢʦʚʽ ʫʤʦʚʠ ʩʧʽʚʧʘʜʘʣʠ ʟ ʧʦʪʦʯʥʠʤʠ ʟʘ (5.1), ʪʦʙʪʦ Ὀ π. 

ɺ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ ʟʘ ʟʨʘʟʦʢ ʦʙʠʨʘʻʪʴʩʷ ʦʙʤʝʞʝʥʘ ʧʽʜʤʥʦʞʠʥʘ 

ʧʦʪʫʞʥʽʩʪʶ ὺ ʥʘʡʢʨʘʱʠʭ ʚʘʨʽʘʥʪʽʚ ʚʝʜʝʥʥʷ ʧʣʘʚʢʠ ʚ ʤʠʥʫʣʦʤʫ, ʜʣʷ ʷʢʠʭ 
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ʧʦʢʘʟʥʠʢ ʟʘ (5.3) ʻ ʚʠʱʠʤ ʟʘ ʧʝʚʥʠʡ ʧʦʨʦʛʦʚʠʡ ʨʽʚʝʥʴ Ὂ . ʆʩʪʘʥʥʽʡ 

ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʝʤʧʽʨʠʯʥʠʤ ʰʣʷʭʦʤ ʽ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟ ʥʘʢʦʧʠʯʝʥʥʷʤ ʚ ʧʘʤôʷʪʽ 

ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʚʜʘʣʠʭ ʧʨʝʮʝʜʝʥʪʽʚ. ɼʣʷ ʙʘʟʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʥʘʡʢʨʘʱʽ 

ʨʝʟʫʣʴʪʘʪʠ ʟʘʙʝʟʧʝʯʫʚʘʣʠ ʟʥʘʯʝʥʥʷ: 

- ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ çʪʨʘʜʠʮʽʡʥʦʾè ʤʘʨʢʠ ʩʪʘʣʽ (ʚ ʙʘʟʽ ʧʣʘʚʦʢ ʧʦʥʘʜ 1000 

ʧʨʝʮʝʜʝʥʪʽʚ) - Ὂ πȟωȣπȟωυ; 

- ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ çʥʦʚʦʾè ʤʘʨʢʠ ʩʪʘʣʽ (ʚ ʙʘʟʽ ʧʣʘʚʦʢ ʜʦ 1000 

ʧʨʝʮʝʜʝʥʪʽʚ) - Ὂ πȟχυȣπȟψψ. 

ʉʮʝʥʘʨʽʡ ʧʦʚʝʜʽʥʢʠ ʦʧʝʨʘʪʦʨʘ ʢʦʥʚʝʨʪʝʨʘ ʙʫʜʫʻʪʴʩʷ ʷʢ ʚʝʢʪʦʨ, 

ʫʩʝʨʝʜʥʝʥʠʡ ʟʘ ʥʘʡʢʨʘʱʠʤʠ ʚʽʜʽʙʨʘʥʠʤʠ ʟ ʧʘʤôʷʪʽ ʟʨʘʟʢʘʤʠ, ʷʢʠʡ ʤʘʻ ʚʠʛʣʷʜ, 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʫ ʪʘʙʣʠʮʽ 5.1. ʗʢʱʦ ʚ ʷʢʦʩʪʽ ʟʨʘʟʢʽʚ ʦʙʠʨʘʶʪʴʩʷ ʩʮʝʥʘʨʽʾ ʟ ʨʽʟʥʦʶ 

ʢʽʣʴʢʽʩʪʶ ʟʤʽʥʠ ʚʠʩʦʪʠ ʬʫʨʤʠ, ʟʤʽʥʠ ʨʽʚʥʷ ʧʦʜʘʯʽ ʢʠʩʥʶ ʪʘ ʢʽʣʴʢʦʩʪʽ ʚʥʝʩʝʥʴ 

ʦʭʦʣʦʜʞʫʚʘʯʽʚ, ʟʘ ʙʘʟʦʚʠʡ ʧʨʠʡʤʘʻʪʴʩʷ ʩʮʝʥʘʨʽʡ ʟ ʥʘʡʙʽʣʴʰʦʶ ʢʽʣʴʢʽʩʪʶ 

ʤʦʤʝʥʪʽʚ, ʘ ʫ ʩʮʝʥʘʨʽʾ ʟ ʤʝʥʰʦʶ ʢʽʣʴʢʽʩʪʶ ʟʤʽʥʠ ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʽ ʚʥʦʩʷʪʴʩʷ 

ʨʷʜʢʠ, ʷʢʽ ʥʝ ʤʽʩʪʷʪʴ ʟʤʽʥ ʧʦʪʦʯʥʦʾ ʢʦʦʨʜʠʥʘʪʠ. 

ɺʝʢʪʦʨʠ ʦʜʥʘʢʦʚʦʾ ʜʦʚʞʠʥʠ ʫʩʝʨʝʜʥʶʶʪʴ ʟʚʘʞʝʥʦʶ ʟʛʦʨʪʢʦʶ ʚʩʽʭ ʚʟʷʪʠʭ 

ʜʦ ʨʦʟʛʣʷʜʫ ʩʮʝʥʘʨʽʾʚ, ʜʝ ʚʘʛʦʚʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʚʠʩʪʫʧʘʶʪʴ ʦʮʽʥʢʠ ʙʣʠʟʴʢʦʩʪʽ 

ʟʘ (5.3) 

ὸ ὸὊ Ὂ ȟ (5.4) 

ὡ ὡ Ὂ Ὂ ȟ (5.5) 

ʜʝ ὸᴂ ï ʟʚʘʞʝʥʠʡ ʯʘʩ ʚʠʢʦʥʘʥʥʷ Ὥ ʪʦʾ ʜʽʾ, ʩʝʢ; ὡᴂ ï ʟʚʘʞʝʥʠʡ ʯʠʩʣʦʚʠʡ ʧʦʢʘʟʥʠʢ 

ʚʠʢʦʥʘʥʥʷ Ὥ ʪʦʾ ʜʽʾ ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʦʜʠʥʠʮʷʭ ʚʠʤʽʨʫ; ὸ ïʯʘʩ ʚʠʢʦʥʘʥʥʷ Ὥ ʪʦʾ ʜʽʾ 

ʚ ʩʮʝʥʘʨʽʾ ὰ ρȟὺ, ʩʝʢ; ὡ  ï ʯʠʩʣʦʚʠʡ ʧʦʢʘʟʥʠʢ ʚʠʢʦʥʘʥʥʷ Ὥ ʪʦʾ ʜʽʾ ʚ ʩʮʝʥʘʨʽʾ 

ὰ ρȟὺ; ὺ ï ʢʽʣʴʢʽʩʪʴ çʢʨʘʱʠʭè ʩʮʝʥʘʨʽʾʚ, ʚʽʜʽʙʨʘʥʠʭ ʟʘ (5.3); Ὂ ï ʟʥʘʯʝʥʥʷ 

ʟʚʝʜʝʥʦʛʦ ʢʨʠʪʝʨʽʶ ʦʧʪʠʤʘʣʴʥʦʩʪʽ ὰ ʪʦʛʦ ʩʮʝʥʘʨʽʶ ʟʘ (5.3). 
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ʊʘʙʣʠʮʷ 5.2 ï ɺʠʛʣʷʜ ʚʝʢʪʦʨʫ, ʱʦ ʦʧʠʩʫʻ ʦʜʠʥ ʟ ʩʮʝʥʘʨʽʾʚ ʚʝʜʝʥʥʷ ʧʣʘʚʢʠ 

ʦʧʝʨʘʪʦʨʦʤ ʢʦʥʚʝʨʪʝʨʘ 

ˉ ʝʣʝʤʝʥʪʘ ʇʦʟʥʘʯʝʥʥʷ ɿʥʘʯʝʥʥʷ ʉʝʥʩ ʝʣʝʤʝʥʪʘ 

U1 tɆ 801 ʟʘʛʘʣʴʥʠʡ ʯʘʩ ʧʨʦʜʫʚʢʠ ï 801 ʩʝʢʫʥʜʘ 

U2 Nf 8 ʢʽʣʴʢʽʩʪʴ ʟʤʽʥ ʚʠʩʦʪʠ ʬʫʨʤʠ ï 8 

U3 NO2 5 ʢʽʣʴʢʽʩʪʴ ʟʤʽʥ ʨʽʚʥʷ ʧʦʜʘʯʽ ʢʠʩʥʶ ï 6 

U4 Nt 6 ʢʽʣʴʢʽʩʪʴ ʤʦʤʝʥʪʽʚ ʚʥʝʩʝʥʥʷ ʦʭʦʣʦʜʞʫʚʘʯʽʚ ï 6 

U5 t1f 0 ʧʝʨʰʠʡ ʯʘʩ ʟʤʽʥʠ ʚʠʩʦʪʠ ʬʫʨʤʠ, ʩʝʢ 

U6 H1f 4.20 ʧʝʨʰʘ ʚʠʩʦʪʘ ʬʫʨʤʠ, ʤ 

U7 t2f 120 ʜʨʫʛʠʡ ʯʘʩ ʚʠʩʦʪʠ ʬʫʨʤʠ, ʩʝʢ 

U8 H2f 3.50 ʜʨʫʛʘ ʚʠʩʦʪʘ ʬʫʨʤʠ, ʤ 

é é é é 

U17 tNf 645 ʦʩʪʘʥʥʽʡ ʯʘʩ ʟʤʽʥʠ ʚʠʩʦʪʠ ʬʫʨʤʠ, ʩʝʢ 

U18 HNf 1.96 ʦʩʪʘʥʥʷ ʚʠʩʦʪʘ ʬʫʨʤʠ, ʤ 

U19 t1O2 0 ʧʝʨʰʠʡ ʯʘʩ ʟʤʽʥʠ ʧʦʜʘʯʽ ʢʠʩʥʶ, ʩʝʢ 

U20 V1O2 1380 ʧʝʨʰʠʡ ʨʽʚʝʥʴ ʧʦʜʘʯʽ ʢʠʩʥʶ, ʤ3/ʭʚ 

U21 t2O2 249 ʜʨʫʛʠʡ ʯʘʩ ʟʤʽʥʠ ʧʦʜʘʯʽ ʢʠʩʥʶ, ʩʝʢ 

U22 V2O2 1330 ʜʨʫʛʠʡ ʨʽʚʝʥʴ ʧʦʜʘʯʽ ʢʠʩʥʶ, ʤ3/ʭʚ 

é é é  

U27 tNO2 660 ʦʩʪʘʥʥʽʡ ʯʘʩ ʟʤʽʥʠ ʧʦʜʘʯʽ ʢʠʩʥʶ, ʩʝʢ 

U28 VNO2 1380 ʦʩʪʘʥʥʽʡ ʨʽʚʝʥʴ ʧʦʜʘʯʽ ʢʠʩʥʶ, ʤ3/ʭʚ 

U29 TNt1 69 ʏʘʩ ʧʝʨʰʦʛʦ ʚʚʝʜʝʥʥʷ ʦʭʦʣʦʜʞʫʚʘʯʘ, ʩʝʢ 

U30 VNt1 10 ʆʙôʻʤ ʦʭʦʣʦʜʞʫʚʘʯʘ, ʱʦ ʚʚʦʜʠʪʴʩʷ, ʪ 

U31 MNt1 m1 ʪʠʧ ʦʭʦʣʦʜʞʫʚʘʯʘ, ʱʦ ʚʚʦʜʠʪʴʩʷ (m1 ï ʚʘʧʥʦ 

ɻɻ) 

é é é  

U44 TNt1 730 ʏʘʩ ʦʩʪʘʥʥʴʦʛʦ ʚʚʝʜʝʥʥʷ ʦʭʦʣʦʜʞʫʚʘʯʘ, ʩʝʢ 

U45 VNt1 0.1 ʆʙôʻʤ ʦʭʦʣʦʜʞʫʚʘʯʘ, ʱʦ ʚʚʦʜʠʪʴʩʷ, ʪ 

U46 MNt1 m7 ʪʠʧ ʦʭʦʣʦʜʞʫʚʘʯʘ, ʱʦ ʚʚʦʜʠʪʴʩʷ (m7 ï ʚʫʛʽʣʣʷ) 

 

ɺ ʪʘʙʣʠʮʽ 5.2 ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦʜʠʥ ʟ ʚʝʢʪʦʨʽʚ, ʱʦ ʩʪʚʦʨʶʻʪʴʩʷ ʟʘ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʶ ʽʥʬʦʨʤʘʮʽʡʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʟ ʙʘʟʠ ʜʘʥʠʭ çʇʣʘʚʢʠè ʜʣʷ 

ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʦʧʝʨʘʪʦʨʦʤ ʢʦʥʚʝʨʪʝʨʘ. 

ʈʠʩʫʥʦʢ 5.8 ̔ ʣʶʩʪʨʫʻ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʟʤʽʥʠ ʚʠʩʦʪʠ ʬʫʨʤʠ, ʘ ʨʠʩ. 5.9 ï 

ʱʦʜʦ ʟʤʽʥʠ ʨʽʚʥʷ ʧʦʜʘʯʽ ʢʠʩʥʶ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʧʣʘʚʢʠ ʟʘ ʰʽʩʪʴʤʘ ʚʽʜʽʙʨʘʥʠʤʠ 

ʩʮʝʥʘʨʽʷʤʠ-ʟʨʘʟʢʘʤʠ, ʦʜʠʥ ʟ ʷʢʠʭ ʥʘʚʝʜʝʥʠʡ ʚ ʪʘʙʣʠʮʽ 5.3. 
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ʈʠʩ. 5.8. ʈʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʟʤʽʥʠ ʚʠʩʦʪʠ ʬʫʨʤʠ ʧʽʜ ʯʘʩ ʧʣʘʚʢʠ ʟ ʫʩʝʨʝʜʥʝʥʥʷʤ 

 

 
ʈʠʩ. 5.9. ʈʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʟʤʽʥʠ ʚʠʪʨʘʪʠ ʢʠʩʥʶ ʧʽʜ ʯʘʩ ʧʣʘʚʢʠ ʟ 

ʫʩʝʨʝʜʥʝʥʥʷʤ 

 

ʗʢ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʥʘ ʨʠʩ. 5.8 ʪʘ 5.9, ʚʽʜʽʙʨʘʥʽ ʟʘ ʧʦʯʘʪʢʦʚʠʤʠ ʽ ʢʽʥʮʝʚʠʤʠ 

ʫʤʦʚʘʤʠ çʥʘʡʙʽʣʴʰ ʙʣʠʟʴʢʽè ʩʮʝʥʘʨʽʾ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʧʨʠ ʮʴʦʤʫ ʤʽʞ ʩʦʙʦʶ ʽʥʦʜʽ 

ʜʦʚʦʣʽ ʩʫʪʪʻʚʦ. ɿʦʢʨʝʤʘ, ʜʣʷ ʰʝʩʪʠ ʩʮʝʥʘʨʽʾʚ ʤʘʶʪʴ ʤʽʩʮʝ 25 ʨʽʟʥʠʭ ʤʦʤʝʥʪʠ 
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ʯʘʩʫ ʟʤʽʥʠ ʚʠʩʦʪʠ ʬʫʨʤʠ ʽ 13 ʨʽʟʥʠʭ ʤʦʤʝʥʪʽʚ ʯʘʩʫ ʟʤʽʥʠ ʚʠʪʨʘʪʠ ʢʠʩʥʶ. 

ɺʦʜʥʦʯʘʩ ʫʩʝʨʝʜʥʝʥʥʷ ʤʦʤʝʥʪʽʚ ʚʠʢʦʥʘʥʥʷ ʜʽʡ ʟ ʧʨʠʚʝʜʝʥʥʷʤ ʜʦ ʥʘʡʜʦʚʰʦʛʦ 

ʩʮʝʥʘʨʽʶ ʜʦʟʚʦʣʷʻ ʦʙʽʡʪʠʩʷ ʣʠʰʝ 8 ʟʤʽʥʘʤʠ ʚʠʩʦʪʠ ʬʫʨʤʠ ʽ 6 ʟʤʽʥʘʤʠ ʧʦʜʘʯʽ 

ʢʠʩʥʶ. 

ɼʝʪʘʣʴʥʦ ʫʩʝʨʝʜʥʝʥʥʷ ʜʣʷ ʨʦʟʛʣʷʥʫʪʦʛʦ ʚʠʧʘʜʢʫ ʽʣʶʩʪʨʫʶʪʴ ʪʘʙʣʠʮʽ 5.3 

ʪʘ 5.4, ʜʝ ʥʘʚʝʜʝʥʽ ʧʦʯʘʪʢʦʚʽ ʜʘʥʽ ʧʨʦ ʩʮʝʥʘʨʽʾ, ʜʦʧʦʚʥʝʥʥʷ ʜʘʥʠʭ ʜʣʷ 

ʚʠʨʽʚʥʶʚʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʤʦʤʝʥʪʽʚ ʧʝʨʝʤʠʢʘʥʥʷ (ʚʠʜʽʣʝʥʦ ʢʫʨʩʠʚʦʤ) ʪʘ 

ʨʦʟʨʘʭʫʥʢʦʚʽ ʟʥʘʯʝʥʥʷ ʯʘʩʫ ʪʘ ʢʝʨʦʚʘʥʦʾ ʟʤʽʥʥʦʾ.  

 

ʊʘʙʣʠʮʷ 5.3 ï ʌʦʨʤʫʚʘʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʚʠʩʦʪʠ ʬʫʨʤʠ ʚ ʩʠʩʪʝʤʽ 

ʩʘʤʦʥʘʚʯʘʥʥʷ 

ʉʮʝʥʘʨʽʡ1, F=1 ʉʮʝʥʘʨʽʡ2, F=1 ʉʮʝʥʘʨʽʡ3, F=1 ʉʮʝʥʘʨʽʡ4, F=0.97 ʉʮʝʥʘʨʽʡ5, F=0.91 ʉʮʝʥʘʨʽʡ6, F=0.93 
 
ʈʝʢʦʤʝʥʜ. 

t h t h t h t h t h t h tsr t*  H*  

0 4.20 0 4.20 0 4.20 0 4.20 0 4.20 0 4.20 0 0 4.2 

120 3.50 60 3.80 60 3.80 60 3.80 60 3.80 60 3.80 70 70 3.75 

180 3.30 180 3.20 240 3.50 180 3.50 240 3.50 210 3.50 205 205 3.41 

275 2.80 370 3.20 360 3.20 420 3.20 420 3.20 390 3.20 373 371 3.13 

340 3.20 485 3.20 540 2.80 500 2.80 540 2.80 510 2.80 486 485 2.94 

520 2.75 550 2.00 600 2.40 570 2.40 600 2.40 585 2.40 571 570 2.39 

600 2.40 635 2.00 660 2.00 630 2.00 660 2.00 640 2.00 638 637 2.07 

645 1.96 695 2.00 720 1.95 690 1.90 720 1.95 705 1.90 696 695 1.94 

 

ɸʥʘʣʦʛʽʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʩʠʩʪʝʤʘ ʬʦʨʤʫʻ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʭʦʣʦʜʞʫʚʘʯʽʚ 

(ʯʘʩ, ʤʘʩʘ ʽ ʚʠʜ ʦʭʦʣʦʜʞʫʚʘʯʘ). 

 

ʊʘʙʣʠʮʷ 5.4 ï ʌʦʨʤʫʚʘʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʚʠʪʨʘʪʠ ʢʠʩʥʶ ʚ ʩʠʩʪʝʤʽ 

ʩʘʤʦʥʘʚʯʘʥʥʷ 

ʉʮʝʥʘʨʽʡ1, F=1 ʉʮʝʥʘʨʽʡ2, F=1 ʉʮʝʥʘʨʽʡ3, F=1 ʉʮʝʥʘʨʽʡ4, F=0.97 ʉʮʝʥʘʨʽʡ5, F=0.91 ʉʮʝʥʘʨʽʡ6, F=0.93 
 
ʈʝʢʦʤʝʥʜ. 

t v t v t v t v t v t v tsr T*  V*  

0 1380 0 1380 0 1400 0 1400 0 1400 0 1380 0 0 1390 

180 1330 180 1380 180 1350 180 1380 180 1350 180 1330 180 180 1350 

245 1280 245 1250 240 1320 210 1350 240 1320 245 1280 238 238 1300 

320 1330 304 1250 300 1260 280 1300 300 1280 320 1330 304 304 1290 

351 1350 351 1250 351 1260 351 1300 351 1280 351 1350 351 351 1300 

600 1380 600 1250 600 1350 600 1300 600 1330 600 1350 600 600 1330 

640 1390 640 1250 640 1350 640 1300 640 1280 640 1350 640 640 1320 

660 1380 690 1380 690 1380 690 1360 690 1350 660 1380 680 680 1370 
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ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʜʽʡ ʦʧʝʨʘʪʦʨʘ ʚʠʚʦʜʠʪʴʩʷ ʥʘ ʽʥʪʝʨʬʝʡʩ 

ʢʦʨʠʩʪʫʚʘʯʘ ʨʦʙʦʯʦʛʦ ʤʽʩʮʷ ʦʧʝʨʘʪʦʨʘ. ʗʢ ʙʫʣʦ ʟʘʟʥʘʯʝʥʦ, ʦʧʝʨʘʪʦʨ ʤʦʞʝ ʥʝ 

ʜʦʪʨʠʤʫʚʘʪʠʩʴ ʧʦʨʘʜ ʉʇʇʈ, ʘ ʚʠʢʦʥʫʚʘʪʠ ʧʣʘʚʢʫ ʩʧʠʨʘʶʯʠʩʴ ʥʘ ʚʣʘʩʥʠʡ ʜʦʩʚʽʜ 

ʽ ʚʨʘʭʦʚʫʶʯʠ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʽ ʟʙʫʨʝʥʥʷ (ʚʝʢʪʦʨ ʟʤʽʥʥʠʭ ὤ). ɺ ʢʦʞʥʦʤʫ 

ʚʠʧʘʜʢʫ, ʧʨʦʪʦʢʦʣ ʚʝʜʝʥʥʷ ʧʣʘʚʢʠ ʽ ʾʾ ʨʝʟʫʣʴʪʘʪʠ ʟʙʝʨʽʛʘʶʪʴʩʷ ʚ ɹɼ çʇʣʘʚʢʠè. 

 

 

5.4 ɸʣʛʦʨʠʪʤ ʧʽʜʩʠʩʪʝʤʠ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʨʦʟʢʠʩʣʝʥʥʷ ʩʪʘʣʽ 

 

ʗʢ ʟʘʟʥʘʯʘʣʦʩʷ ʨʘʥʽʰʝ, ʦʜʥʽʻʶ ʟ ʬʫʥʢʮʽʡ ʽʥʪʝʛʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ  ʧʽʜʪʨʠʤʢʠ 

ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʫ ʙʘʛʘʪʦʝʪʘʧʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʧʨʦʢʘʪʫ ʻ ʟʘʜʘʯʘ 

ʦʧʪʠʤʽʟʘʮʽʾ ʢʽʣʴʢʦʩʪʽ ʬʝʨʦʩʧʣʘʚʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʭʦʜʽ ʨʦʟʢʠʩʣʝʥʥʷ 

ʩʪʘʣʽ, ʱʦ ʧʽʩʣʷ ʧʨʦʜʫʚʢʠ ʤʽʩʪʠʪʴ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʨʦʟʯʠʥʝʥʦʛʦ ʢʠʩʥʶ. ʆʩʪʘʥʥʽʡ 

ʧʨʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʧʫʭʠʨʠʩʪʠʭ ʽ ʥʝʱʽʣʴʥʠʭ ʟʣʠʚʢʽʚ 

[117].  

ʋ ʚʽʪʯʠʟʥʷʥʽʡ ʤʝʪʘʣʫʨʛʽʡʥʽʡ ʧʨʘʢʪʠʮʽ ʚ ʷʢʦʩʪʽ ʨʦʟʢʠʩʣʶʚʘʯʽʚ ʥʘʡʯʘʩʪʽʰʝ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʬʝʨʦʩʠʣʽʮʽʡ, ʩʠʣʽʢʦʤʘʨʛʘʥʝʮʴ ʪʘ ʬʝʨʦʤʘʨʛʘʥʝʮʴ, ʷʢʽ ʤʘʶʪʴ ʨʽʟʥʫ 

ʨʦʟʢʠʩʣʶʚʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ, ʷʢʽʩʪʴ ʚʠʚʝʜʝʥʥʷ ʪʘ ʮʽʥʫ. ʆʩʢʽʣʴʢʠ ʮʽʥʘ ʬʝʨʦʩʧʣʘʚʽʚ 

ʻ ʜʦʩʪʘʪʥʴʦ ʩʫʪʪʻʚʦʶ ʯʘʩʪʢʦʶ ʩʦʙʽʚʘʨʪʦʩʪʽ ʛʦʪʦʚʦʾ ʩʪʘʣʽ, ʟʘʜʘʯʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʾʭ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠ ʨʦʟʢʠʩʣʝʥʥʽ ʻ ʘʢʪʫʘʣʴʥʦʶ. 

ʋʟʘʛʘʣʴʥʝʥʦ ʢʝʨʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʨʦʮʝʩʦʤ ʥʘ ʝʪʘʧʽ ʨʦʟʢʠʩʣʝʥʥʷ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʭʝʤʦʶ ʥʘ ʨʠʩʫʥʢʫ 5.10. 

 

 

ʈʠʩ. 5.10. ʉʭʝʤʘ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʨʦʟʢʠʩʣʝʥʥʷ 
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ʋ ʷʢʦʩʪʽ ʚʭʦʜʽʚ ʜʣʷ ʤʦʜʫʣʶ çʇʣʘʚʢʘ.ʈʦʟʢʠʩʣʝʥʥʷè ʉʇʇʈ ʚʠʩʪʫʧʘʻ ʚʝʢʪʦʨ 

ʟ ʟʘʜʘʥʦʛʦ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʩʪʘʣʽ, ʱʦ ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ (ʚʝʢʪʦʨ ὣᶻ), ʘ ʪʘʢʦʞ 

ʧʘʨʘʤʝʪʨʠ ʩʪʘʣʽ ʚ ʢʦʥʚʝʨʪʝʨʽ ʧʽʩʣʷ ʧʨʦʜʫʚʢʠ (ʚʝʢʪʦʨ ὢ, ʷʢʠʡ ʫ ʟʘʛʘʣʴʥʦʤʫ 

ʚʠʧʘʜʢʫ ʻ ʟʙʫʨʝʥʥʷʤ). ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʥʘʯʝʥʴ ʢʦʤʧʦʥʝʥʪʽʚ ʮʠʭ ʚʝʢʪʦʨʽʚ ʤʦʜʫʣʴ 

çʇʣʘʚʢʘ. ʈʦʟʢʠʩʣʝʥʥʷè ʬʦʨʤʫʻ ʢʝʨʫʶʯʠʡ ʚʧʣʠʚ (ʚʝʢʪʦʨ ὤᶻ) ʷʢ ʟʘʚʜʘʥʥʷ ʥʘ 

ʢʽʣʴʢʽʩʪʴ ʨʦʟʢʠʩʣʶʚʘʯʽʚ ʨʽʟʥʦʛʦ ʚʠʛʣʷʜʫ, ʱʦ ʧʦʜʘʶʪʴʩʷ ʫ ʢʽʚʰ. ɿʘʚʜʘʥʥʷ 

ʚʽʜʧʨʘʮʴʦʚʫʻʪʴʩʷ ʟʘʤʢʥʝʥʦʶ ʩʠʩʪʝʤʦʶ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ 

ʬʝʨʦʩʧʣʘʚʥʦʛʦ ʪʨʘʢʪʫ (ʉɸʈ ʌʉ), ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʨʝʛʫʣʷʪʦʨʘ, ʜʦʟʘʪʦʨʘ, 

ʩʠʩʪʝʤʠ ʟʘʩʫʚʦʢ ʽ ʜʘʪʯʠʢʽʚ. ɺʽʜʽʙʨʘʥʽ ʬʝʨʦʩʧʣʘʚʠ (ʚʝʢʪʦʨ ὤ) ʜʦʜʘʶʪʴʩʷ ʫ ʢʽʚʰ ʥʘ 

ʧʦʯʘʪʢʦʚʽʡ ʬʘʟʽ ʚʠʧʫʩʢʫ ʩʪʘʣʽ ʟ ʢʦʥʚʝʨʪʝʨʘ, ʱʦ ʩʧʨʠʷʻ ʤʘʢʩʠʤʘʣʴʥʦʤʫ 

ʟʘʩʚʦʻʥʥʶ ʨʦʟʢʠʩʣʶʚʘʯʽʚ ʩʪʘʣʝʚʠʤ ʨʦʟʧʣʘʚʦʤ ʽ ʟʤʝʥʰʫʻ ʾʭ ʚʠʪʨʘʪʫ ʚ ʟʦʥʽ ʰʣʘʢʫ 

[108]. ɺ ʨʝʟʫʣʴʪʘʪʽ ʢʝʨʫʚʘʥʥʷ ʤʘʻʤʦ ʚʝʢʪʦʨ ὣ, ʱʦ ʦʧʠʩʫʻ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ 

ʦʪʨʠʤʘʥʦʾ ʩʪʘʣʽ. 

ʅʘ ʨʠʩʫʥʢʫ 5.10 ʣʝʛʢʦ ʧʦʤʽʪʠʪʠ ʛʦʣʦʚʥʫ ʦʩʦʙʣʠʚʽʩʪʴ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ 

ʨʦʟʢʠʩʣʝʥʥʷʤ: ʚʦʥʘ ʻ ʨʦʟʽʤʢʥʝʥʦʶ ʽ ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʨʠʥʮʠʧ ʢʝʨʫʚʘʥʥʷ ʟʘ 

ʟʘʚʜʘʥʥʷʤ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʚ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʽʩʥʫʶʯʦʾ ʩʠʩʪʝʤʠ ʙʫʜʴ-̫ ʢʦʛʦ 

ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ ʥʝʤʦʞʣʠʚʝ, ʦʩʢʽʣʴʢʠ ʜʦ ʪʦʛʦ ʯʘʩʫ, ʢʦʣʠ ʙʫʜʫʪʴ ʦʪʨʠʤʘʥʽ 

ʯʠʩʣʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʱʦ ʦʧʠʩʫʶʪʴ ʚʠʭʽʜ, ʩʝʥʩ ʢʝʨʫʶʯʦʛʦ ʚʧʣʠʚʫ ʚʪʨʘʯʘʻʪʴʩʷ 

ï ʩʪʘʣʴ ʩʪʘʻ ʭʦʣʦʜʥʠʤ ʟʣʠʚʢʦʤ, ʫ ʷʢʦʤʫ ʧʨʦʮʝʩʠ ʨʦʟʢʠʩʣʝʥʥʷ ʟʘʚʝʨʰʝʥʽ. ɺʽʜʪʘʢ 

ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ ʧʨʦ ʧʦʚʝʜʽʥʢʫ ʩʠʩʪʝʤʠ ʚ 

ʧʦʧʝʨʝʜʥʽʭ ʧʣʘʚʢʘʭ ʟ ʤʝʪʦʶ ʬʦʨʤʫʚʘʥʥʷ ʟʘʚʜʘʥʥʷ, ʱʦ ʦʯʽʢʫʚʘʥʦ ʧʨʠʟʚʝʜʝ ʜʦ 

ʥʘʡʙʽʣʴʰ ʙʘʞʘʥʠʭ ʟʥʘʯʝʥʴ ʫ ʚʝʢʪʦʨʽ ʢʝʨʦʚʘʥʠʭ ʟʤʽʥʥʠʭ. 

ɺ ʷʢʦʩʪʽ ʤʝʭʘʥʽʟʤʫ ʫʟʘʛʘʣʴʥʝʥʥʷ ʜʘʥʠʭ ʽ ʬʦʨʤʫʚʘʥʥʷ ʟʥʘʥʴ ʜʣʷ ʤʦʜʫʣʶ 

çʇʣʘʚʢʘ. ʈʦʟʢʠʩʣʝʥʥʷè ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ çʥʘʾʚʥʫè ʥʝʡʨʦʥʥʫ 

ʤʝʨʝʞʫ ɹʘʡʻʩʘ [244]. ɼʘʥʠʡ ʤʝʪʦʜ ʦʙʨʦʙʢʠ ʟʥʘʥʴ ʤʘʻ ʢʽʣʴʢʘ ʚʘʞʣʠʚʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ. ʇʦ-ʧʝʨʰʝ, ʦʩʢʽʣʴʢʠ ʚ ʤʦʜʝʣʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʫʩʽʤʘ 

ʟʤʽʥʥʠʤʠ, ʣʝʛʢʦ ʦʙʨʦʙʣʷʶʪʴʩʷ ʩʠʪʫʘʮʽʾ, ʢʦʣʠ ʟʥʘʯʝʥʥʷ ʜʝʷʢʠʭ ʟʤʽʥʥʠʭ ʥʝʚʽʜʦʤʽ. 

ʇʦ-ʜʨʫʛʝ, ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʧʨʠʨʦʜʥʠʤ ʯʠʥʦʤ ʧʦʻʜʥʫʚʘʪʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ, 

ʚʠʚʝʜʝʥʽ ʟ ʜʘʥʠʭ, ʽ ʬʦʥʦʚʽ ʟʥʘʥʥʷ, ʦʪʨʠʤʘʥʽ ʚ ʷʚʥʦʤʫ ʚʠʜʽ (ʥʘʧʨʠʢʣʘʜ, ʚʽʜ 

ʝʢʩʧʝʨʪʽʚ). ʅʘʨʝʰʪʽ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʧʠʩʘʥʦʛʦ ʤʝʪʦʜʫ ʜʦʟʚʦʣʷʻ ʫʥʠʢʥʫʪʠ 
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ʧʨʦʙʣʝʤʠ ʧʝʨʝʥʘʚʯʘʥʥʷ (overfitting), ʯʠʤ ʩʪʨʘʞʜʘʶʪʴ ʙʘʛʘʪʦ ʤʝʪʦʜʽʚ (ʥʘʧʨʠʢʣʘʜ, 

ʜʝʨʝʚʘ ʨʽʰʝʥʴ) ʧʨʠ ʟʘʥʘʜʪʦ ʙʫʢʚʘʣʴʥʦʤʫ ʥʘʩʣʽʜʫʚʘʥʥʽ ʨʦʟʧʦʜʽʣʫ ʟʘʰʫʤʣʝʥʠʭ 

ʜʘʥʠʭ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʩʚʦʶ ʧʨʦʩʪʦʪʫ, ʰʚʠʜʢʽʩʪʴ ʪʘ ʣʝʛʢʽʩʪʴ ʽʥʪʝʨʧʨʝʪʘʮʽʾ 

ʨʝʟʫʣʴʪʘʪʽʚ, ʥʘʾʚʥʦ-ʙʘʡʝʩʽʚʩʴʢʠʡ ʘʣʛʦʨʠʪʤ ʤʘʻ ʨʷʜ ʥʝʜʦʣʽʢʽʚ, ʢʣʶʯʦʚʠʤ ʟ ʷʢʠʭ ʻ 

ʙʘʟʦʚʝ ʧʨʠʧʫʱʝʥʥʷ ʧʨʦ ʚʟʘʻʤʥʫ ʥʝʢʦʨʝʣʴʦʚʘʥʽʩʪʴ ʫʩʽʭ ʚʭʽʜʥʠʭ ʟʤʽʥʥʠʭ (ʟʚʽʜʩʠ 

çʥʘʾʚʥʽè ʫ ʥʘʟʚʽ). ɺʦʜʥʦʯʘʩ ʤʝʪʦʜ ʥʝ ʜʦʟʚʦʣʷʻ ʧʨʷʤʫ ʦʙʨʦʙʢʫ ʙʝʟʧʝʨʝʨʚʥʠʭ 

ʟʤʽʥʥʠʭ ï ʾ ʭ ʥʝʦʙʭʽʜʥʦ ʨʦʟʙʠʚʘʪʠ ʥʘ ʧʝʚʥʫ ʢʽʣʴʢʽʩʪʴ ʽʥʪʝʨʚʘʣʽʚ, ʱʦʙ ʧʘʨʘʤʝʪʨʠ 

ʙʫʣʠ ʜʠʩʢʨʝʪʥʠʤʠ. 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʙʘʟʠ ʟʥʘʥʴ ʤʦʜʫʣʶ çʇʣʘʚʢʘ.ʈʦʟʢʠʩʣʝʥʥʷè ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ 

ʜʘʥʽ ʧʨʦ ʧʣʘʚʢʠ, ʚʠʢʦʥʘʥʽ ʚ ʢʦʥʚʝʨʪʝʨʥʦʤʫ ʫ ʮʝʭʫ ʇɸʊ çɼʄɿè (ʟʘʛʘʣʦʤ 12039 

ʧʣʘʚʦʢ). ɺ ʭʦʜʽ ʩʧʽʣʢʫʚʘʥʥʷ ʟ ʝʢʩʧʝʨʪʘʤʠ ʙʫʣʦ ʟôʷʩʦʚʘʥʦ, ʱʦ ʟʥʘʯʠʤʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʦʮʝʩʫ ʨʦʟʢʠʩʣʝʥʥʷ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʩʪʘʣʽ ʻ:  

- ʯʦʪʠʨʠ ʧʦʢʘʟʥʠʢʠ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʤʝʪʘʣʫ ʧʽʩʣʷ ʧʨʦʜʫʚʢʠ ʢʠʩʥʝʤ 

(ʤʘʨʛʘʥʝʮʴ, ʩʽʨʢʘ, ʬʦʩʬʦʨ ʪʘ ʚʫʛʣʝʮʴ), 

-  ʢʽʣʴʢʽʩʪʴ ʪʨʴʦʭ ʝʣʝʤʝʥʪʽʚ ʨʦʟʢʠʩʣʶʚʘʯʽʚ (ʬʝʨʦʤʘʨʛʘʥʝʮʴ, 

ʬʝʨʦʩʠʣʽʮʽʡ ʪʘ ʩʠʣʽʢʦʤʘʨʛʘʥʝʮʴ), 

-  ʯʦʪʠʨʠ ʚʽʜʥʦʩʥʽ ʩʢʣʘʜʦʚʽ ʬʝʨʦʩʧʣʘʚʽʚ (ʚʤʽʩʪ ʤʘʨʛʘʥʮʶ ʽ ʢʨʝʤʥʽʶ ʫ 

ʬʝʨʦʩʠʣʽʮʽʾ ʪʘ ʩʠʣʽʢʦʤʘʨʛʘʥʮʽ), 

-  ʧôʷʪʴ ʧʦʢʘʟʥʠʢʽʚ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʩʪʘʣʽ ʧʽʩʣʷ ʧʨʦʮʝʩʫ ʨʦʟʢʠʩʣʝʥʥʷ 

ï ʙʘʞʘʥʽ ʟʥʘʯʝʥʥʷ (ʢʨʝʤʥʽʡ, ʤʘʨʛʘʥʝʮʴ, ʩʽʨʢʘ, ʬʦʩʬʦʨ ʪʘ ʚʫʛʣʝʮʴ).  

ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ, ʥʘʙʽʨ ʜʘʥʠʭ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʝʜʩʪʘʚʣʷʻ 

ʩʦʙʦʶ ʪʘʙʣʠʮʶ ʨʦʟʤʽʨʦʤ 12039Ĭ17 (ʟʘ ʢʽʣʴʢʽʩʪʶ ʧʣʘʚʦʢ ʪʘ ʟʥʘʯʫʱʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ). ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʙʘʞʘʥʽ ʘʙʦ ʦʯʽʢʫʚʘʥʽ ʧʦʢʘʟʥʠʢʠ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ 

ʩʪʘʣʽ, ʷʢʽ ʥʘ ʩʭʝʤʽ ʨʠʩ. 5.10. ʧʦʟʥʘʯʝʥʽ ʚʝʢʪʦʨʦʤ ὣ, ʜʣʷ ʜʘʥʦʾ ʟʘʜʘʯʽ ʻ ʚʭʽʜʥʠʤʠ, ʘ 

ʮʽʣʴʦʚʠʤʠ ʢʝʨʦʚʘʥʠʤʠ ʟʤʽʥʥʠʤʠ ʻ ʢʽʣʴʢʦʩʪʽ ʪʨʴʦʭ ʬʝʨʦʩʧʣʘʚʽʚ, ʟʤʽʥʥʽ ʟʘʜʘʯʽ 

ʥʘʜʘʣʽ ʧʦʟʥʘʯʘʶʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʪʘʙʣʠʮʽ 5.5.  
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ʊʘʙʣʠʮʷ 5.5 ï ɿʤʽʥʥʽ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ 

 
ɿʤʽʥʥʘ 

ʆʜ. 

ʚʠʤʽʨ. 

ɿʥʘʯʝʥʥʷ ʟʤʽʥʥʦʾ ʫ 

ʧʦʯʘʪʢʦʚʽʡ ʙʘʟʽ ʜʘʥʠʭ 

ɼʽʘʧʘʟʦʥ ʚʘʨʽʶʚʘʥʥʷ 

ʥʘ ʥʘʷʚʥʠʭ ʜʘʥʠʭ 

ɺʭʽʜʥʽ 

x1 Áʉ ʊʝʤʧʝʨʘʪʫʨʘ ʤʝʪʘʣʫ 1559-1698 

x2 % Mn ʜʦ ʨʦʟʢʠʩʣʝʥʥʷ 0,03-0,8 

x3 % S  ʜʦ ʨʦʟʢʠʩʣʝʥʥʷ 0,012-0,05 

x4 % ʈ ʜʦ ʨʦʟʢʠʩʣʝʥʥʷ 0,002-0,031 

ʭ5 % ʉ ʜʦ ʨʦʟʢʠʩʣʝʥʥʷ 0,04-0,86 

ʭ6 % Si ʫ ʛʦʪʦʚʽʡ ʩʪʘʣʽ 0,05-0,12 

ʭ7 % Mn ʫ ʛʦʪʦʚʽʡ ʩʪʘʣʽ 0,5-0,8 

ʭ8 % S ʫ ʛʦʪʦʚʽʡ ʩʪʘʣʽ 0,013-0,05 

ʭ9 % ʈ ʫ ʛʦʪʦʚʽʡ ʩʪʘʣʽ 0,002-0,038 

ʭ10 % ʉ ʫ ʛʦʪʦʚʽʡ ʩʪʘʣʽ 0,28-0,37 

ʭ11 % Mn y FeMn 68,5-79,2 

ʭ12 % Mn y SiMn 66,2-74,9 

ʭ13 % Si y FeMn 0,41-2,8 

ʭ14 % Si y SiMn 16,67-18,2 

ʎʽʣʴʦʚʽ 

z1 ʢʛ ʅʝʦʙʭʽʜʥʘ ʢʽʣʴʢ. FeMn 0-1070 

z2 ʢʛ ʅʝʦʙʭʽʜʥʘ ʢʽʣʴʢ. SiMn 0-675 

z3 ʢʛ ʅʝʦʙʭʽʜʥʘ ʢʽʣʴʢ. FeSi 0-360 

 

ɹʘʟʘ ʟʥʘʥʴ ʜʣʷ ʨʦʟʨʦʙʣʝʥʦʾ ɯʉ ʇʇʈ ʬʦʨʤʫʻʪʴʩʷ ʟʘ ʥʘʷʚʥʦʶ ʙʘʟʦʶ ʜʘʥʠʭ ʽ 

ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʜʫʢʮʽʡʥʦʾ ʤʦʜʝʣʽ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʟʥʘʥʴ, ʪʦʙʪʦ 

ʩʠʩʪʝʤʠ ʧʨʘʚʠʣ çʷʢʱʦé, ʪʦéè. 

ɼʣʷ ʩʧʨʦʱʝʥʥʷ ʚʠʢʣʘʜʘʥʥʷ ʤʝʪʦʜʠʢʠ ʚʽʜʥʦʚʣʝʥʥʷ ʙʘʟʠ ʟʥʘʥʴ ʚʚʝʜʝʤʦ 

ʥʘʩʪʫʧʥʽ ʧʦʟʥʘʯʝʥʥʷ. ʄʘʻʤʦ ʤʥʦʞʠʥʫ ʦʙôʻʢʪʽʚ: 

Ὅ ὭȟὭȟȢȢȢȟὭȟȢȢȢȟὭ, (5.6) 

ʜʝ Ὥ ï ʦʙôʻʢʪ, ʱʦ ʜʦʩʣʽʜʞʫʻʪʴʩʷ, ʪʦʙʪʦ ʢʦʥʚʝʨʪʝʨʥʘ ʧʣʘʚʢʘ, ὲ ρȟȢȢȢȟρςπσω.  

ʂʦʞʝʥ ʦʙôʻʢʪ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʙʦʨʦʤ ʧʘʨʘʤʝʪʨʽʚ: 

Ὅ ὼȟὼȟȢȢȢȟὼ ȟᾀȟᾀȟᾀȟ (5.7) 

ʜʝ ὼ ï ʥʝʟʘʣʝʞʥʽ ʟʤʽʥʥʽ, ʦʧʠʩʘʥʽ ʫ ʪʘʙʣ. 5.5, ʥʘ ʦʩʥʦʚʽ ʷʢʠʭ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ 

ʟʥʘʯʝʥʥʷ ʟʘʣʝʞʥʠʭ ʟʤʽʥʥʠʭ ᾀ ï ʢʽʣʴʢʦʩʪʽ ʝʣʝʤʝʥʪʽʚ-ʨʦʟʢʠʩʣʶʚʘʯʽʚ.  

ʂʦʞʥʘ ʟʤʽʥʥʘ ὼ ʤʦʞʝ ʧʨʠʡʤʘʪʠ ʟʥʘʯʝʥʥʷ ʽʟ ʜʝʷʢʦʾ ʩʢʽʥʯʝʥʦʾ ʤʥʦʞʠʥʠ 

ὅ ὧ ȟὧ ȟȢȢȢ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʥʘʙʽʨ ʮʝʥʪʨʘʣʴʥʠʭ ʟʥʘʯʝʥʴ 

ʚʽʜʧʦʚʽʜʥʠʭ ʪʝʨʤʽʚ (ʥʝʯʽʪʢʠʭ ʤʥʦʞʠʥ). ɼʣʷ ʟʤʽʥʥʠʭ ʪʘʢʦʞ ʚʚʦʜʷʪʴʩʷ ʝʣʝʤʝʥʪʠ 
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ʩʢʽʥʯʝʥʥʠʭ ʤʥʦʞʠʥʠ ὅ, ʧʨʠ ʮʴʦʤʫ ʩʘʤʽ ᾀ  ʧʨʠʡʤʘʶʪʴ ʟʥʘʯʝʥʥʷ ʥʘ ʜʽʘʧʘʟʦʥʽ 

ʜʽʡʩʥʠʭ ʯʠʩʝʣ Ὑ. ɼʣʷ ʚʠʜʽʣʝʥʥʷ ʧʨʘʚʠʣ ʚʭʽʜʥʽ ʪʘ ʮʽʣʴʦʚʽ ʟʤʽʥʥʽ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʫ 

ʚʠʛʣʷʜʽ ʜʽʡʩʥʠʭ ʯʠʩʝʣ, ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʪʚʦʨʠʪʠ ʥʘ ʜʠʩʢʨʝʪʥʽ. ʎʝʡ ʧʨʦʮʝʩ ʤʘʻ 

ʥʘʟʚʫ ʬʘʟʟʠʬʽʢʘʮʽʷ.  

ʈʦʟʛʣʷʥʝʤʦ ʧʨʦʮʝʜʫʨʫ ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʘʚʠʣ ʧʦʝʪʘʧʥʦ. 

ʂʨʦʢ 1. ʇʦʯʘʪʢʦʚʘ ʚʠʙʽʨʢʘ ʜʘʥʠʭ ʜʽʣʠʪʴʩʷ ʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 2:1 [151]. 

ɹʽʣʴʰʘ ʯʘʩʪʠʥʘ ʤʘʻ ʥʘʟʚʫ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʜʦʙʫʚʘʥʥʷ 

ʟʥʘʥʴ ʽ ʧʦʙʫʜʦʚʠ ʙʘʟʠ ʟʥʘʥʴ. ʄʝʥʰʘ ʯʘʩʪʠʥʘ, ʱʦ ʟʚʝʪʴʩʷ ʪʝʩʪʦʚʦʶ ʚʠʙʽʨʢʦʶ, 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʘʜʝʢʚʘʪʥʦʩʪʽ ʨʦʙʦʪʠ ʧʦʙʫʜʦʚʘʥʦʾ ɯʉʇʇʈ. ʇʦʜʽʣ 

ʥʘ ʚʠʙʽʨʢʠ ʚ ʟʘʧʨʦʧʦʥʦʚʘʥʽʡ ʪʝʭʥʦʣʦʛʽʾ ʩʘʤʦʥʘʚʯʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʠʧʘʜʢʦʚʠʤ 

ʯʠʥʦʤ, ʨʦʟʤʽʨ ʜʘʪʘʩʝʪʽʚ ʥʘʚʯʘʣʴʥʦʾ ʪʘ ʪʝʩʪʦʚʦʾ ʚʠʙʽʨʦʢ ʩʪʘʥʦʚʠʪʴ ʚʽʜʧʦʚʽʜʥʦ 

8026Ĭ17 ʪʘ 4013Ĭ17. 

ʂʨʦʢ  2. ɼʣʷ ʢʦʞʥʦʛʦ ʚʭʽʜʥʦʛʦ ʪʘ ʚʠʭʽʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʬʦʨʤʫʶʪʴʩʷ 

ʜʠʩʢʨʝʪʥʽ ʽʥʪʝʨʚʘʣʠ, ʱʦ ʥʘʜʘʣʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʛʨʘʥʠʮʷʤʠ ʽʥʪʝʨʚʘʣʫ ʪʘ 

ʧʨʠʩʚʦʻʥʦʶ ʤʽʪʢʦʶ. ɿʚôʷʟʦʢ ʤʽʞ ʤʽʪʢʦʶ ʽ ʜʽʡʩʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʪʦʾ ʯʠ ʽʥʰʦʾ 

ʙʘʟʦʚʦʾ ʰʢʘʣʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʪʨʠʢʫʪʥʽ ʥʝʯʽʪʢʽ ʤʥʦʞʠʥʠ. ʄʽʪʢʠ ʥʘʟʠʚʘʶʪʴʩʷ 

ʪʝʨʤʘʤʠ ʘʙʦ ʟʥʘʯʝʥʥʷʤʠ ʣʽʥʛʚʽʩʪʠʯʥʦʾ ʟʤʽʥʥʦʾ ʡ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʚʝʨʙʘʣʴʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʠʧʫ çʚʝʣʠʢʠʡè, çʥʠʟʴʢʠʡè, çʙʘʛʘʪʦè, çʤʘʣʦè. ʊʘʢʠʤ ʯʠʥʦʤ 

ʧʦʯʘʪʢʦʚʽ ʟʤʽʥʥʽ ʩʪʘʶʪʴ ʣʽʥʛʚʽʩʪʠʯʥʠʤʠ ʟʤʽʥʥʠʤʠ. ʆʪʨʠʤʘʥʽ ʽʥʪʝʨʚʘʣʠ ʽʟ 

ʚʽʜʧʦʚʽʜʥʠʤʠ ʪʝʨʤʘʤʠ ʜʣʷ ʢʦʞʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʥʘʚʝʜʝʥʽ ʥʠʞʯʝ (ʪʘʙʣ. 5.6). 

ʇʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʧʨʦʮʝʜʫʨʠ ʬʘʟʟʠʬʽʢʘʮʽʾ ʢʦʞʥʘ ʣʽʥʛʚʽʩʪʠʯʥʘ ʟʤʽʥʥʘ ὼ ʪʘ 

ᾀ ʙʫʜʝ ʤʘʪʠ ʤʥʦʞʠʥʫ ʤʦʞʣʠʚʠʭ ʟʥʘʯʝʥʴ ʟʤʽʥʥʦʾ ʚʽʜʧʦʚʽʜʥʦ ὅ ʪʘ ὅ, ʱʦ ʙʫʜʫʪʴ 

ʩʢʽʥʯʝʥʥʠʤʠ. ʉʘʤʝ ʜʣʷ ʮʠʭ ʤʥʦʞʠʥ ʚʽʜʥʦʚʣʶʶʪʴʩʷ ʧʨʘʚʠʣʘ ʚʠʚʝʜʝʥʥʷ. 

ʆʩʢʽʣʴʢʠ ʟʤʽʥʥʽ ᾀ ʟʘʣʝʞʘʪʴ ʥʝ ʪʽʣʴʢʠ ʚʽʜ ʥʝʟʘʣʝʞʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʘʣʝ ʡ ʻ 

ʚʟʘʻʤʦʟʘʣʝʞʥʠʤʠ, ʪʦ ʢʦʞʥʦʤʫ ʩʧʦʣʫʯʝʥʥʶ ʾʭ ʣʽʥʛʚʽʩʪʠʯʥʠʭ ʟʥʘʯʝʥʴ ʥʝʦʙʭʽʜʥʦ 

ʧʦʩʪʘʚʠʪʠ ʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʧʝʚʥʠʡ ʢʣʘʩ. ɿʘ ʥʘʷʚʥʠʤʠ ʜʘʥʠʤʠ ʪʘʢʠʭ ʢʣʘʩʽʚ 

ʚʠʷʚʠʣʦʩʴ ή στȟ ʜʦ ʥʠʭ ʚʭʦʜʷʪʴ ʫʩʽ ʤʦʞʣʠʚʽ ʩʧʦʣʫʯʝʥʥʷ ʪʝʨʤʽʚ ʚʠʭʽʜʥʠʭ 

ʟʤʽʥʥʠʭ, ʷʢʽ ʟʫʩʪʨʽʣʠʩʷ ʫ ʙʘʟʽ ʜʘʥʠʭ ʭʦʯʘ ʙ ʦʜʠʥ ʨʘʟ. ʈʦʟʧʦʜʽʣ ʢʣʘʩʽʚ ʪʘ ʩʧʦʣʫʯʝʥʴ 

ʚʠʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽʣʶʩʪʨʫʻ ʪʘʙʣ. 5.7. 
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ʊʘʙʣʠʮʷ 5.6 ï ʄʥʦʞʠʥʠ ʪʝʨʤʽʚ ʜʣʷ ʚʭʽʜʥʠʭ ʪʘ ʚʠʭʽʜʥʠʭ ʟʤʽʥʥʠʭ 

ɯʥʪʝʨʚʘʣ ʂʽʣʴʢʽʩʪʴ ʊʝʨʤ ɯʥʪʝʨʚʘʣ ʂʽʣʴʢʽʩʪʴ ʊʝʨʤ 

x1 x2 

<1622,7 1011 ʅʠʟʴʢʝ <0,135 1727 ʅʠʟʴʢʝ 

1622,7-1652,09 5924 ʉʝʨʝʜʥʻ 0,135-0,185 2477 ʉʝʨʝʜʥʻ 

>1652,09 1091 ɺʠʩʦʢʝ 0,185-0,255 2428 ɺʠʱʝ ʩʝʨʝʜ. 

x3 >0,255 1394 ɺʠʩʦʢʝ 

<0,0315 1172 ʅʠʟʴʢʝ x4 

0,0315-0,0375 1922 ʉʝʨʝʜʥʻ <0,0095 3414 ʅʠʟʴʢʝ 

0,0375-0,0435 2616 ɺʠʱʝ ʩʝʨʝʜ. 0,0095-0,0145 3375 ʉʝʨʝʜʥʻ 

>0,0435 2316 ɺʠʩʦʢʝ >0,0145 1237 ɺʠʩʦʢʝ 

x5 x6 

<0,155 377 ʅʠʟʴʢʝ <0,075 2811 ʅʠʟʴʢʝ 

0,155-0,215 900 ʅʠʞʯʝ ʩʝʨʝʜ. 0,075-0,095 5114 ʉʝʨʝʜʥʻ 

0,215-0,275 2365 ʉʝʨʝʜʥʻ >0,095 101 ɺʠʩʦʢʝ 

0,275-0,335 2494 ɺʠʱʝ ʩʝʨʝʜ. x7 

0,335-0,395 1509 ɺʠʩʦʢʝ <0,5727 1340 ʅʠʟʴʢʝ 

>0,395 381 ɼʫʞʝ ʚʠʩʦʢʝ 0,5727-0,6563 5433 ʉʝʨʝʜʥʻ 

x8 >0,6563 1253 ɺʠʩʦʢʝ 

<0,0284 1428 ʅʠʟʴʢʝ x9 

0,0284-0,0416 5092 ʉʝʨʝʜʥʻ <0,0102 1151 ʅʠʟʴʢʝ 

>0,0416 1506 ɺʠʩʦʢʝ 0,0102-0,0166 5712 ʉʝʨʝʜʥʻ 

x10 >0,0166 1163 ɺʠʩʦʢʝ 

<0,295 1025 ʅʠʟʴʢʝ x11 

0,295-0,325 4383 ʉʝʨʝʜʥʻ <73,85 2020 ʅʠʟʴʢʝ 

>0,325 2618 ɺʠʩʦʢʝ 73,85-77,75 4188 ʉʝʨʝʜʥʻ 

x12 >77,45 1818 ɺʠʩʦʢʝ 

<68,765 636 ʅʠʟʴʢʝ x13 

68,765-73,8 6683 ʉʝʨʝʜʥʻ <0,805 628 ʅʠʟʴʢʝ 

>73,8 707 ɺʠʩʦʢʝ 0,805-2,4 6057 ʉʝʨʝʜʥʻ 

x14 >2,4 1341 ɺʠʩʦʢʝ 

<17,85 3050 ʅʠʟʴʢʝ z2 

17,85-18,05 1123 ʉʝʨʝʜʥʻ <307,5 2533 ʄʘʣʦ 

>18,05 3853 ɺʠʩʦʢʝ 307,5-349,5 3914 ʉʝʨʝʜʥʻ 

Z1 349,5-452,5 1395 ɺʠʱʝ ʩʝʨʝʜ. 

0 327 ʅʽʯʦʛʦ >452,5 184 ɹʘʛʘʪʦ 

0-80,5 1521 ʄʘʣʦ z3 

80,5-118,5 2120 ʉʝʨʝʜʥʻ 0 7987 ʅʽʯʦʛʦ 

118,5-156,5 2605 ɺʠʱʝ ʩʝʨʝʜ. 0-27,5 16 ʉʝʨʝʜʥʻ 

>156,5 1453 ɹʘʛʘʪʦ >27,5 23 ɹʘʛʘʪʦ 
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ʊʘʙʣʠʮʷ 5.7 ï ʈʦʟʧʦʜʽʣ ʩʧʦʣʫʯʝʥʴ ʟʥʘʯʝʥʴ ʮʽʣʴʦʚʠʭ ʟʤʽʥʥʠʭ ʥʘ ʢʣʘʩʠ 

(ʬʨʘʛʤʝʥʪ) 

ʂʣʘʩ z1 z2 z3 ʁʤʦʚʽʨʥʽʩʪʴ ʇʦʪʫʞʥʽʩʪʴ 

1 ɺʠʱʝ ʩʝʨʝʜ. ʉʝʨʝʜʥʻ ʅʽʯʦʛʦ 0.1549 1243 

2 ʉʝʨʝʜʥʻ ʉʝʨʝʜʥʻ ʅʽʯʦʛʦ 0.1363 1094 

3 ɺʠʱʝ ʩʝʨʝʜ. ʄʘʣʦ ʅʽʯʦʛʦ 0.1236 992 

4 ʄʘʣʦ ʉʝʨʝʜʥʻ ʅʽʯʦʛʦ 0.0971 779 

5 ɹʘʛʘʪʦ ʄʘʣʦ ʅʽʯʦʛʦ 0.0851 683 

6 ɹʘʛʘʪʦ ʉʝʨʝʜʥʻ ʅʽʯʦʛʦ 0.0758 608 

7 ʉʝʨʝʜʥʻ ʄʘʣʦ ʅʽʯʦʛʦ 0.0654 525 

8 ʉʝʨʝʜʥʻ ɺʠʱʝ ʩʝʨʝʜ. ʅʽʯʦʛʦ 0.0556 446 

9 ʄʘʣʦ ɺʠʱʝ ʩʝʨʝʜ. ʅʽʯʦʛʦ 0.048 385 

10 ɺʠʱʝ ʩʝʨʝʜ. ɺʠʱʝ ʩʝʨʝʜ. ʅʽʯʦʛʦ 0.0425 341 

é é é é é é 

 

ʋ ʪʘʙʣ. 5.8 ̔ 5.9 ʥʘʚʝʜʝʥʦ ʬʨʘʛʤʝʥʪ ʧʦʯʘʪʢʦʚʦʛʦ ʥʘʙʦʨʫ ʜʘʥʠʭ (10 ʧʣʘʚʦʢ) 

ʪʘ ʪʽ ʞ ʩʘʤʽ ʜʘʥʽ, ʘʣʝ ʧʽʩʣʷ ʚʠʢʦʥʘʥʥʷ ʢʨʦʢʫ 2. 



ʊʘʙʣʠʮʷ 5.8 ï ʌʨʘʛʤʝʥʪ ʥʘʚʯʘʣʴʥʦʛʦ ʥʘʙʦʨʫ ʜʘʥʠʭ (ʜʦ ʬʘʟʟʠʬʽʢʘʮʽʾ) 

ʭ1 ʭ2 ʭ3 ʭ4 ʭ5 ʭ6 ʭ7 ʭ8 ʭ9 ʭ10 ʭ11 ʭ12 ʭ13 ʭ14 z1 z2 z3 

1650 0,3 0,05 0,01 0,17 0,07 0,56 0,046 0,012 0,3 79 74,9 2,8 17,6 0 370 0 

1635 0,24 0,045 0,018 0,19 0,07 0,56 0,041 0,019 0,3 77 73 2 18,2 60 300 0 

1644 0,28 0,042 0,015 0,35 0,08 0,65 0,034 0,015 0,34 71,2 71,7 1,8 17,7 124 285 0 

1605 0,26 0,046 0,015 0,22 0,08 0,63 0,04 0,014 0,29 71,2 71,2 1,8 17,7 114 314 0 

1608 0,18 0,047 0,012 0,3 0,07 0,54 0,042 0,011 0,28 76,5 66,33 0,41 17,21 125 345 0 

1677 0,14 0,03 0,01 0,25 0,09 0,65 0,034 0,013 0,31 79,2 74,4 1,8 16,8 170 326 5 

1611 0,21 0,029 0,007 0,34 0,07 0,58 0,029 0,009 0,28 79 73 2,8 18 75 295 0 

1635 0,21 0,031 0,011 0,28 0,08 0,6 0,034 0,013 0,28 76,5 66,33 0,41 17,21 90 310 0 

1644 0,14 0,05 0,008 0,3 0,07 0,57 0,047 0,013 0,3 77 73 2 18,2 150 320 0 

1620 0,15 0,033 0,012 0,4 0,08 0,62 0,032 0,017 0,35 79 73 2,8 18 105 360 0 

 

ʊʘʙʣʠʮʷ 5.9 ï ʌʨʘʛʤʝʥʪ ʥʘʚʯʘʣʴʥʦʛʦ ʥʘʙʦʨʫ ʜʘʥʠʭ (ʟʥʘʯʝʥʥʷ ʣʽʥʛʚʽʩʪʠʯʥʠʭ ʟʤʽʥʥʠʭ) 

ʭ1 ʭ2 ʭ3 ʭ4 ʭ5 ʭ6 ʭ7 ʭ8 ʭ9 ʭ10 ʭ11 ʭ12 ʭ13 ʭ14 ʂʣʘʩ 

ʉʝʨʝʜ. ɺʠʩʦʢʝ ɺʠʩʦʢʝ ʉʝʨʝʜ. 
ʅʠʞʯʝ 

ʩʝʨʝʜʥʴʦʛʦ 
ʅʠʟʴʢʝ ʅʠʟʴʢʝ ɺʠʩʦʢʝ ʉʝʨʝʜ. ʉʝʨʝʜ. ɺʠʩʦʢʝ ɺʠʩʦʢʝ ɺʠʩʦʢʝ ʅʠʟʴʢʝ 15 

ʉʝʨʝʜ. 
ɺʠʱʝ 

ʩʝʨʝʜ. 
ɺʠʩʦʢʝ ɺʠʩʦʢʝ 

ʅʠʞʯʝ 

ʩʝʨʝʜʥʴʦʛʦ 
ʅʠʟʴʢʝ ʅʠʟʴʢʝ ʉʝʨʝʜ. ɺʠʩʦʢʝ ʉʝʨʝʜ. ʉʝʨʝʜ. ʉʝʨʝʜ. ʉʝʨʝʜ. ɺʠʩʦʢʝ 9 

ʉʝʨʝʜ. ɺʠʩʦʢʝ 
ɺʠʱʝ 

ʩʝʨʝʜ. 
ɺʠʩʦʢʝ ɺʠʩʦʢʝ ʉʝʨʝʜ. ʉʝʨʝʜ. ʉʝʨʝʜ. ʉʝʨʝʜ. ɺʠʩʦʢʝ ʅʠʟʴʢʝ ʉʝʨʝʜ. ʉʝʨʝʜ. ʅʠʟʴʢʝ 8 

ʅʠʟʴʢʝ ɺʠʩʦʢʝ ɺʠʩʦʢʝ ɺʠʩʦʢʝ ʉʝʨʝʜ. ʉʝʨʝʜ. ʉʝʨʝʜ. ʉʝʨʝʜ. ʉʝʨʝʜ. ʅʠʟʴʢʝ ʅʠʟʴʢʝ ʉʝʨʝʜ. ʉʝʨʝʜ. ʅʠʟʴʢʝ 6 

ʅʠʟʴʢʝ ʉʝʨʝʜ. ɺʠʩʦʢʝ ʉʝʨʝʜ. ɺʠʱʝ ʩʝʨ. ʅʠʟʴʢʝ ʅʠʟʴʢʝ ɺʠʩʦʢʝ ʉʝʨʝʜ. ʅʠʟʴʢʝ ʉʝʨʝʜ. ʅʠʟʴʢʝ ʅʠʟʴʢʝ ʅʠʟʴʢʝ 2 

ɺʠʩʦʢʝ ʉʝʨʝʜ. ʅʠʟʴʢʝ ʉʝʨʝʜ. ʉʝʨʝʜ. ʉʝʨʝʜ. ʉʝʨʝʜ. ʉʝʨʝʜ. ʉʝʨʝʜ. ʉʝʨʝʜ. ɺʠʩʦʢʝ ɺʠʩʦʢʝ ʉʝʨʝʜ. ʅʠʟʴʢʝ 16 

ʅʠʟʴʢʝ 
ɺʠʱʝ 

ʩʝʨʝʜ. 
ʅʠʟʴʢʝ ʅʠʟʴʢʝ ɺʠʩʦʢʝ ʅʠʟʴʢʝ ʉʝʨʝʜ. ʉʝʨʝʜ. ʅʠʟʴʢʝ ʅʠʟʴʢʝ ɺʠʩʦʢʝ ʉʝʨʝʜ. ɺʠʩʦʢʝ ʉʝʨʝʜ. 9 

ʉʝʨʝʜ. 
ɺʠʱʝ 

ʩʝʨʝʜ. 
ʅʠʟʴʢʝ ʉʝʨʝʜ. ɺʠʱʝ ʩʝʨ. ʉʝʨʝʜ. ʉʝʨʝʜ. ʉʝʨʝʜ. ʉʝʨʝʜ. ʅʠʟʴʢʝ ʉʝʨʝʜ. ʅʠʟʴʢʝ ʅʠʟʴʢʝ ʅʠʟʴʢʝ 6 

ʉʝʨʝʜ. ʉʝʨʝʜ. ɺʠʩʦʢʝ ʅʠʟʴʢʝ ɺʠʱʝ ʩʝʨ. ʅʠʟʴʢʝ ʅʠʟʴʢʝ ɺʠʩʦʢʝ ʉʝʨʝʜ. ʉʝʨʝʜ. ʉʝʨʝʜ. ʉʝʨʝʜ. ʉʝʨʝʜ. ɺʠʩʦʢʝ 2 

ʅʠʟʴʢʝ ʉʝʨʝʜ. ʉʝʨʝʜ. ʉʝʨʝʜ. ɼʫʞʝ ʚʠʩ. ʉʝʨʝʜ. ʉʝʨʝʜ. ʉʝʨʝʜ. ɺʠʩʦʢʝ ɺʠʩʦʢʝ ɺʠʩʦʢʝ ʉʝʨʝʜ. ɺʠʩʦʢʝ ʉʝʨʝʜ. 7 



ʂʨʦʢ 3. ɹʝʟʧʦʩʝʨʝʜʥʷ ʧʦʙʫʜʦʚʘ ʧʨʘʚʠʣ. ɼʣʷ ʫʩʽʭ ʢʣʘʩʽʚ, ʦʪʨʠʤʘʥʠʭ ʧʽʩʣʷ 

ʚʠʢʦʥʘʥʥʷ ʢʨʦʢʫ 2, ʚʠʟʥʘʯʘʻʪʴʩʷ ʾʭ ʡʤʦʚʽʨʥʽʩʪʴ, ʪʦʙʪʦ ʚʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʦʙôʻʢʪʽʚ ʽʟ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ, ʜʣʷ ʷʢʠʭ ᾀ ὧ, ʜʦ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʦʙôʻʢʪʽʚ ʫ 

ʜʘʥʽʡ ʚʠʙʦʨʮʽ (ʩʪʦʚʧʝʮʴ çʁʤʦʚʽʨʥʽʩʪʴè ʚ ʪʘʙʣ 5.7). ɼʣʷ ʟʨʫʯʥʦʩʪʽ ʧʦʜʘʣʴʰʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ ʜʣʷ ʮʽʣʴʦʚʠʭ ʟʤʽʥʥʠʭ ʦʜʨʘʟʫ ʟʥʘʭʦʜʠʪʴʩʷ ʮʝʥʪʨʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 

ʢʦʞʥʦʛʦ ʪʝʨʤʫ, ʱʦ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʷʢ ʤʘʪʝʤʘʪʠʯʥʝ ʦʯʽʢʫʚʘʥʥʷ ʚʠʧʘʜʢʽʚ, ʷʢʽ 

ʧʦʪʨʘʧʠʣʠ ʜʦ ʚʽʜʧʦʚʽʜʥʦʛʦ ʽʥʪʝʨʚʘʣʫ (ʪʘʙʣ. 5.10). 

 

ʊʘʙʣʠʮʷ 5.10 ïʎʝʥʪʨʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʪʝʨʤʽʚ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ 

ʊʝʨʤ ʎʝʥʪʨʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 

z1 

ʅʽʯʦʛʦ 0 

ʄʘʣʦ 60,94 

ʉʝʨʝʜʥʻ 100,38 

ɺʠʱʝ ʩʝʨʝʜʥʴʦʛʦ 136,71 

ɹʘʛʘʪʦ 176,74 

z2 

ʄʘʣʦ 292,84 

ʉʝʨʝʜʥʻ 322,87 

ɺʠʱʝ ʩʝʨʝʜʥʴʦʛʦ 375,87 

ɹʘʛʘʪʦ 533,55 

z3 

ʅʽʯʦʛʦ 0 

ʉʝʨʝʜʥʻ 11,31 

ɹʘʛʘʪʦ 46,52 

 

ɼʘʣʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʡʤʦʚʽʨʥʦʩʪʽ ὖᾀ ὧ ʟʘ ʫʤʦʚʠ, ʱʦ ʢʦʞʥʘ ʚʭʽʜʥʘ 

ʟʤʽʥʥʘ ὼ ʧʨʠʡʤʘʻ ʜʝʷʢʝ ʟʥʘʯʝʥʥʷ ὧ  ̔ ʟ ʤʥʦʞʠʥʠ ʤʦʞʣʠʚʠʭ ʟʥʘʯʝʥʴ ὅ: 

ὖὼ ὧȿᾀ ὧ
ὖὼ ὧȿᾀ ὧ

ὖᾀ ὧ
ȟ (5.8) 

ʪʦʙʪʦ ʜʦʨʽʚʥʶʻ ʚʽʜʥʦʰʝʥʥʶ ʢʽʣʴʢʦʩʪʽ ʦʙôʻʢʪʽʚ ʫ ʥʘʚʯʘʣʴʥʽʡ ʚʠʙʦʨʮʽ, ʜʣʷ ʷʢʠʭ 

ὼ ὧ  ʪʘ ᾀ ὧ, ʜʦ ʢʽʣʴʢʦʩʪʽ ʦʙôʻʢʪʽʚ, ʜʣʷ ʷʢʠʭ ᾀ ὧ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʦʪʨʠʤʫʻʤʦ ʩʠʩʪʝʤʫ ʧʨʘʚʠʣ ʚʠʛʣʷʜʫ  

ʗʢʱʦ ὼ ὧ , ʪʦ ᾀ ὧ (5.9) 
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ʜʝ ʡʤʦʚʽʨʥʽʩʪʴ ʟʘʩʪʦʩʦʚʥʦʩʪʽ ʢʦʞʥʦʛʦ ʧʨʘʚʠʣʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʦʨʤʫʣʦʶ (5.8). 

ʆʪʨʠʤʘʥʘ ʪʘʢʠʤ ʯʠʥʦʤ ʙʘʟʘ ʟʥʘʥʴ ʤʽʩʪʠʪʴ ʫʩʽ ʤʦʞʣʠʚʽ ʧʦʻʜʥʘʥʥʷ ʟʥʘʯʝʥʴ 

ʚʭʽʜʥʠʭ ʣʽʥʛʚʽʩʪʠʯʥʠʭ ʟʤʽʥʥʠʭ ʡ ʫʩʽʭ ʽʜʝʥʪʠʬʽʢʦʚʘʥʠʭ ʢʣʘʩʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʨʦʟʢʠʩʣʶʚʘʯʽʚ. ɼʣʷ ʨʦʟʛʣʷʥʫʪʦʛʦ ʧʨʠʢʣʘʜʫ ʚʦʥʘ ʥʘʨʘʭʦʚʫʻ 1598 ʧʨʘʚʠʣ ʧʝʨʰʦʛʦ 

ʨʽʚʥʷ. ʌʨʘʛʤʝʥʪ ʙʘʟʠ ʟʥʘʥʴ ʽʣʶʩʪʨʫʻ ʪʘʙʣ. 5.11, ʜʝ ʢʦʞʝʥ ʨʷʜʦʢ ʚʽʜʧʦʚʽʜʘʻ ʫʤʦʚʽ 

ʟʘ (5.9), ʘ ʩʪʦʚʧʯʠʢ ï ʚʠʩʥʦʚʢʫ çʪʦ ᾀ ὧè. ʅʘ ʧʝʨʝʪʠʥʽ ʩʪʦʚʧʮʷ ʽ ʨʷʜʢʘ 

ʟʥʘʭʦʜʠʪʴʩʷ ʡʤʦʚʽʨʥʽʩʪʴ ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʨʘʚʠʣʘ ʟʘ (5.8). 

ɽʣʝʤʝʥʪʦʤ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ, ʘ ʩʘʤʝ ʤʦʜʫʣʷ 

çʇʣʘʚʢʘ.ʈʦʟʢʠʩʣʝʥʥʷè ʻ ʢʦʨʠʩʪʫʚʘʮʴʢʠʡ ʽʥʪʝʨʬʝʡʩ, ʱʦ ʽʣʶʩʪʨʫʻʪʴʩʷ ʨʠʩ. 5.11.  

 

 

ʈʠʩ. 5.11. ɯʥʪʝʨʬʝʡʩ ʦʧʝʨʘʪʦʨʘ ɯʉ ʇʇʈ ʤʦʜʫʣʷ çʇʣʘʚʢʘ.ʈʦʟʢʠʩʣʝʥʥʷè 

 

ʆʧʝʨʘʪʦʨ ʟʘʧʦʚʥʶʻ ʚʽʜʧʦʚʽʜʥʽ ʧʦʣʷ, ʟʛʽʜʥʦ ʽʟ ʜʘʥʠʤʠ ʧʨʦʚʝʜʝʥʦʛʦ 

ʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʤʝʪʘʣʫ ʧʽʩʣʷ ʧʨʦʮʝʩʫ ʧʨʦʜʫʚʢʠ. ʇʦʣʷ ʫ ʛʨʫʧʽ çɹʘʞʘʥʠʡ 

ʨʝʟʫʣʴʪʘʪè ʟʘ ʫʤʦʚʯʘʥʥʷʤ ʟʘʧʦʚʥʝʥʽ ʟʛʽʜʥʦ ʽʟ ʜʽʶʯʠʤ ɼʉʊʋ ʜʣʷ ʤʘʨʢʠ ʩʪʘʣʽ, ʱʦ 

ʨʦʟʣʠʚʘʻʪʴʩʷ, ʘʣʝ ʦʧʝʨʘʪʦʨ ʤʘʻ ʟʤʦʛʫ ʨʝʜʘʛʫʚʘʪʠ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʩʠʩʪʝʤʦʶ 

ʟʥʘʯʝʥʥʷ.  
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ʊʘʙʣʠʮʷ 5.11 ïɹʘʟʘ ʧʨʘʚʠʣ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʉʇʇʈ ʪʘ ʾʭ ʡʤʦʚʽʨʥʦʩʪʽ (ʬʨʘʛʤʝʥʪ) 

ʂʣʘʩ 1 2 3 4 5 é 

x1 

ʅʠʟʴʢʝ 0,103 0,141 0,122 0,068 0,164 é 

ʉʝʨʝʜʥʻ 0,755 0,739 0,749 0,750 0,734 é 

ɺʠʩʦʢʝ 0,142 0,121 0,130 0,182 0,102 é 

x2 

ʅʠʟʴʢʝ 0,010 0,209 0,015 0,000 0,556 é 

ʉʝʨʝʜʥʻ 0,104 0,440 0,229 0,011 0,368 é 

ɺʠʱʝ ʩʝʨʝʜʥʴʦʛʦ 0,422 0,306 0,472 0,085 0,072 é 

ɺʠʩʦʢʝ 0,463 0,045 0,284 0,903 0,003 é 

x3 

ʅʠʟʴʢʝ 0,175 0,121 0,181 0,182 0,067 é 

ʉʝʨʝʜʥʻ 0,249 0,226 0,312 0,199 0,163 é 

ɺʠʱʝ ʩʝʨʝʜʥʴʦʛʦ 0,344 0,319 0,318 0,375 0,329 é 

ɺʠʩʦʢʝ 0,232 0,333 0,189 0,244 0,441 é 

x4 

ʅʠʟʴʢʝ 0,158 0,504 0,335 0,045 0,755 é 

ʉʝʨʝʜʥʻ 0,521 0,422 0,526 0,347 0,212 é 

ɺʠʩʦʢʝ 0,321 0,075 0,139 0,608 0,033 é 

x5 

ʅʠʟʴʢʝ 0,023 0,054 0,029 0,028 0,109 é 

ʅʠʞʯʝ ʩʝʨʝʜʥʴʦʛʦ 0,087 0,119 0,101 0,125 0,113 é 

ʉʝʨʝʜʥʻ 0,291 0,308 0,267 0,273 0,321 é 

ɺʠʱʝ ʩʝʨʝʜʥʴʦʛʦ 0,320 0,327 0,328 0,290 0,268 é 

ɺʠʩʦʢʝ 0,214 0,146 0,219 0,239 0,155 é 

ɼʫʞʝ ɺʠʩʦʢʝ 0,064 0,046 0,057 0,045 0,035 é 

x6 

ʅʠʟʴʢʝ 0,386 0,307 0,427 0,347 0,296 é 

ʉʝʨʝʜʥʻ 0,603 0,688 0,573 0,653 0,701 é 

ɺʠʩʦʢʝ 0,010 0,006 0,000 0,000 0,003 é 

x7 

ʅʠʟʴʢʝ 0,208 0,130 0,179 0,188 0,079 é 

ʉʝʨʝʜʥʻ 0,629 0,696 0,695 0,619 0,691 é 

ɺʠʩʦʢʝ 0,163 0,174 0,126 0,193 0,230 é 

x8 

ʅʠʟʴʢʝ 0,198 0,139 0,274 0,244 0,092 é 

ʉʝʨʝʜʥʻ 0,687 0,619 0,623 0,631 0,590 é 

ɺʠʩʦʢʝ 0,116 0,241 0,103 0,125 0,317 é 

x9 

ʅʠʟʴʢʝ 0,039 0,151 0,101 0,011 0,298 é 

ʉʝʨʝʜʥʻ 0,692 0,776 0,768 0,511 0,671 é 

ɺʠʩʦʢʝ 0,270 0,072 0,131 0,477 0,031 é 

x10 

ʅʠʟʴʢʝ 0,139 0,131 0,126 0,159 0,123 é 

ʉʝʨʝʜʥʻ 0,582 0,537 0,583 0,528 0,535 é 

ɺʠʩʦʢʝ 0,280 0,331 0,291 0,313 0,342 é 

x11 

ʅʠʟʴʢʝ 0,073 0,249 0,411 0,045 0,298 é 

ʉʝʨʝʜʥʻ 0,721 0,564 0,379 0,830 0,515 é 

ɺʠʩʦʢʝ 0,205 0,187 0,210 0,125 0,188 é 

x12 

ʅʠʟʴʢʝ 0,073 0,042 0,036 0,063 0,053 é 

ʉʝʨʝʜʥʻ 0,915 0,918 0,964 0,938 0,699 é 

ɺʠʩʦʢʝ 0,012 0,040 0,000 0,000 0,248 é 

x13 

ʅʠʟʴʢʝ 0,073 0,042 0,036 0,063 0,053 é 

ʉʝʨʝʜʥʻ 0,774 0,813 0,804 0,886 0,859 é 

ɺʠʩʦʢʝ 0,153 0,145 0,160 0,051 0,089 é 

x14 

ʅʠʟʴʢʝ 0,154 0,304 0,448 0,108 0,484 é 

ʉʝʨʝʜʥʻ 0,146 0,140 0,160 0,051 0,041 é 

ɺʠʩʦʢʝ 0,700 0,556 0,392 0,841 0,475 é 
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ɼʣʷ ʧʘʨʘʤʝʪʨʽʚ Si, Mn ʪʘ ʉ ʟ ʙʘʟʠ ʜʘʥʠʭ çʉʪʘʥʜʘʨʪʠè ʧʽʜʪʷʛʫʶʪʴʩʷ 

ʟʥʘʯʝʥʥʷ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʝʨʝʜʠʥʘʤ ʽʥʪʝʨʚʘʣʽʚ ʜʦʧʫʩʪʠʤʠʭ ʢʦʣʠʚʘʥʴ ʜʘʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʟʘ ʩʪʘʥʜʘʨʪʦʤ. ɼʣʷ S ʪʘ ʈ ʟʘʜʘʻʪʴʩʷ ʣʠʰʝ ʚʝʨʭʥʷ ʤʝʞʘ. ʇʽʩʣʷ 

ʥʘʪʠʩʢʘʥʥʷ ʢʥʦʧʢʠ çʈʦʟʨʘʭʫʚʘʪʠè ʘʢʪʠʚʽʟʫʻʪʴʩʷ ʤʝʭʘʥʽʟʤ ʣʦʛʽʯʥʦʛʦ ʚʠʚʝʜʝʥʥʷ, 

ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʝʪʘʧʽʚ. 

ɽʪʘʧ 1. ɿʥʘʯʝʥʥʷ ʚʚʝʜʝʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ὼ ʥʘ ʦʩʥʦʚʽ ʪʘʙʣ. 5.8 

ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʥʘ ʟʥʘʯʝʥʥʷ ʣʽʥʛʚʽʩʪʠʯʥʦʾ ʟʤʽʥʥʦʾ, ʪʦʙʪʦ ʢʦʞʥʘ ʟʤʽʥʥʘ ʦʪʨʠʤʫʻ 

ʩʚʽʡ ʪʝʨʤ. 

ɽʪʘʧ 2. ɿʘ ʧʦʙʫʜʦʚʘʥʦʶ ʨʘʥʽʰʝ ʙʘʟʦʶ ʧʨʘʚʠʣ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʬʫʥʢʮʽʷ 

ʧʨʠʥʘʣʝʞʥʦʩʪʽ ʜʘʥʦʛʦ ʥʘʙʦʨʫ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʜʦ ʢʦʞʥʦʛʦ ʽʟ ή ̔ ʜʝʥʪʠʬʽʢʦʚʘʥʠʭ 

ʢʣʘʩʽʚ (ʚ ʨʦʟʛʣʷʥʫʪʦʤʫ ʧʨʠʢʣʘʜʽ ή στ). ɼʣʷ ʧʽʜʨʘʭʫʥʢʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʬʦʨʤʫʣʘ ɹʘʡʻʩʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʘʧʦʩʪʝʨʽʦʨʥʠʭ ʡʤʦʚʽʨʥʦʩʪʝʡ, ʱʦ ʩʢʣʘʜʘʶʪʴ 

ʧʦʚʥʫ ʛʨʫʧʫ ʥʝʩʫʤʽʩʥʠʭ ʧʦʜʽʡ, ʟʘ ʾʭ ʘʧʨʽʦʨʥʠʤʠ ʡʤʦʚʽʨʥʦʩʪʷʤʠ: 

‘ὧ
ὖᾀ ὧ ẗБ ὖὼ ὧȟ

В ὖᾀ ὧ ẗБ ὖὼ ὧȟ
 (5.10) 

ʜʝ ὶ ρȟȢȢȢȟή, ή ï ʢʽʣʴʢʽʩʪʴ ʚʠʭʽʜʥʠʭ ʢʣʘʩʽʚ; ὖᾀ ὧ ï ʘʧʨʽʦʨʥʽ ʡʤʦʚʽʨʥʦʩʪʽ 

ʢʣʘʩʽʚ, ʟʥʘʭʦʜʷʪʴʩʷ ʽʟ ʪʘʙʣ. 5.8; ὖὼ ὧ  ï ʘʧʨʽʦʨʥʽ ʡʤʦʚʽʨʥʦʩʪʽ ʪʝʨʤʽʚ ʜʣʷ 

ʚʭʽʜʥʠʭ ʟʤʽʥʥʠʭ, ʟʘ ʪʘʙʣ. 5.12.  

ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʠʨʘʟʫ (5.10) ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʬʫʥʢʮʽʾ ʧʨʠʥʘʣʝʞʥʦʩʪʽ ʜʣʷ 

ʢʦʤʧʣʝʢʩʥʠʭ ʧʨʘʚʠʣ ʚʠʚʝʜʝʥʥʷ ʚʠʛʣʷʜʫ  

Ὑȡὼ ὧȟȣ  ὼ ὧȟ ȟO   (5.11) 

ʜʣʷ ʫʩʽʭ q ʢʣʘʩʽʚ. ɿʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʧʨʘʚʠʣ ʚʠʜʫ (5.11), ʱʦ ʟ ʜʦʩʪʦʚʽʨʥʽʩʪʶ ὖ

ρ ʦʧʠʩʫʶʪʴ ʟʘʟʥʘʯʝʥʫ ʧʨʝʜʤʝʪʥʫ ʦʙʣʘʩʪʴ ʨʦʟʛʣʷʥʫʪʦʛʦ ʚʠʱʝ ʥʘʙʦʨʫ ʜʘʥʠʭ ï 

1589. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʽʣʴʢʦʩʪʽ ʤʘʨʦʢ ʩʪʘʣʽ, ʱʦ ʚʠʧʣʘʚʣʷʶʪʴʩʷ ʚ ʦʜʥʘʢʦʚʠʭ 

ʫʤʦʚʘʭ, ʮʷ ʢʽʣʴʢʽʩʪʴ ʤʦʞʝ ʟʨʦʩʪʘʪʠ ʜʦ 7-9 ʪʠʩʷʯ. 

ɼʝʬʬʘʟʠʬʽʢʘʮʽʷ ʥʝʯʽʪʢʠʭ ʨʦʟʚôʷʟʢʽʚ ʫ ʯʽʪʢʽ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʬʦʨʤʫʣʠ 

rcz=
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ᾀ ‘ὧ ẗὧȟȟ ά ρȟσ (5.12) 

ʜʝ ὧȟ ï ʮʝʥʪʨʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʢʦʞʥʦʛʦ ʪʝʨʤʫ, ʱʦ ʧʦʟʥʘʯʘʻ ʥʝʦʙʭʽʜʥʫ ʤʘʩʫ 

ά ʪʦʛʦ ʬʝʨʦʩʧʣʘʚʫ. 

ʅʘ ʧʨʘʢʪʠʮʽ ʦʧʝʨʘʪʦʨ ʢʦʥʚʝʨʪʝʨʥʦʛʦ ʮʝʭʫ ʧʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʧʨʦʜʫʚʢʠ ʽ 

ʦʪʨʠʤʘʥʥʷ ʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʧʣʘʚʢʠ ʦʪʨʠʤʫʻ ʥʘ ʝʢʨʘʥʽ ʧʨʦʧʦʟʠʮʽʶ ʚʚʝʩʪʠ ʧʝʚʥʫ 

ʢʽʣʴʢʽʩʪʴ ʪʠʭ ʯʠ ʽʥʰʠʭ ʨʦʟʢʠʩʣʶʚʘʯʽʚ ʟ ʪʦʯʥʽʩʪʶ ʜʦ 1 ʢʛ ʫ ʚʠʛʣʷʜʽ, ʷʢʠʡ ʽʣʶʩʪʨʫʻ 

ʨʠʩ. 5.12. 

 

 

ʈʠʩ. 5.12. ɯʥʪʝʨʬʝʡʩ ʟ ʨʝʢʦʤʝʥʜʘʮʽʻʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʝʨʦʩʧʣʘʚʽʚ 

 

ʗʢ ʽ ʚ ʧʦʧʝʨʝʜʥʽʭ ʦʧʝʨʘʮʽʷʭ, ʦʧʝʨʘʪʦʨ ʤʦʞʝ ʧʨʠʡʥʷʪʠ ʨʝʢʦʤʝʥʜʘʮʽʶ, ʪʘʢ ʽ 

ʦʙʨʘʪʠ ʽʥʰʝ ʩʧʦʣʫʯʝʥʥʷ ʨʦʟʢʠʩʣʶʚʘʯʽʚ ʚʠʭʦʜʷʯʠ ʟ ʚʣʘʩʥʦʛʦ ʜʦʩʚʽʜʫ ʪʘ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʭʦʜʫ ʧʨʦʮʝʩʫ. ɺ ʦʙʦʭ ʚʠʧʘʜʢʘʭ, ʧʨʠʡʥʷʪʝ ʨʽʰʝʥʥʷ ʟʘʧʠʩʫʻʪʴʩʷ ʚ 

ʙʘʟʫ ʜʘʥʠʭ çʇʣʘʚʢʠè. 

 

 

5.5 ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 5 

 

1. ʉʪʨʫʢʪʫʨʘ ʽʥʪʝʛʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʜʣʷ 

ʢʝʨʫʚʘʥʥʷ ʚʠʨʦʙʥʠʮʪʚʦʤ ʩʦʨʪʦʚʦʛʦ ʧʨʦʢʘʪʫ ʟ ʢʦʥʚʝʨʪʝʨʥʠʤ ʩʧʦʩʦʙʦʤ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʩʪʘʣʽ ʚʨʘʭʦʚʫʻ ʧʝʨʝʣʽʢ ʽʥʪʝʛʨʦʚʘʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʥʘʷʚʥʽ ʜʞʝʨʝʣʘ 



199 

ʜʘʥʠʭ. ʉʠʩʪʝʤʘ ʤʽʩʪʠʪʴ ʩʽʤ ʧʨʦʛʨʘʤʥʠʭ ʤʦʜʫʣʽʚ ʽ ʚʠʢʦʨʠʩʪʦʚʫʻ ʰʽʩʪʴ ʙʘʟ ʜʘʥʠʭ, 

ʢʦʞʥʘ ʟ ʷʢʠʭ ʚʽʜʧʦʚʽʜʘʻ ʦʢʨʝʤʦʤʫ ʧʽʜʨʦʟʜʽʣʫ ʧʽʜʧʨʠʻʤʩʪʚʘ ʪʘ ʤʽʩʪʠʪʴ ʚʽʜʧʦʚʽʜʥʽ 

ʜʘʥʽ. ɼʣʷ ʢʦʞʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʤʦʜʫʣʷ ʚʠʟʥʘʯʥʘ ʩʪʨʫʢʪʫʨʘ ʚʭʽʜʥʦʾ ʪʘ ʚʠʭʽʜʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ. 

2.  ɺʩʽ ʦʙʯʠʩʣʶʚʘʣʴʥʽ, ʦʧʪʠʤʽʟʘʮʽʡʥʽ ʪʘ ʨʝʢʦʤʝʥʜʘʮʽʡʥʽ ʧʨʦʮʝʩʠ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ ʦʢʨʝʤʠʭ ʤʦʜʫʣʷʭ ʉʇʇʈ, ʢʦʞʝʥ ʟ ʷʢʠʭ ʧʝʨʝʜʙʘʯʘʻ, ʢʨʽʤ 

ʦʨʛʘʥʽʟʘʮʽʾ ʽʥʪʝʨʬʝʡʩʫ ʚʚʦʜʫ-ʚʠʚʦʜʫ, ʨʦʟʚôʷʟʘʥʥʷ ʧʝʚʥʦʾ ʟʘʜʘʯʽ, ʤʘʪʝʤʘʪʠʯʥʽ 

ʧʦʩʪʘʥʦʚʢʠ ʷʢʠʭ ʽ ʧʽʜʭʦʜʠ ʜʦ ʚʠʨʽʰʝʥʥʷ ʦʧʠʩʘʥʽ ʚ ʧʦʧʝʨʝʜʥʽʭ ʨʦʟʜʽʣʘʭ. 

ɺʟʘʻʤʦʜʽʷ ʤʦʜʫʣʽʚ ʪʘ ʙʘʟ ʜʘʥʠʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʤʝʪʦʜʠʢʦʶ, ʟʘʩʥʦʚʘʥʦʶ ʥʘ 

ʧʨʠʥʮʠʧʽ ʧʘʨʘʣʝʣʴʥʦʾ ʦʙʨʦʙʢʠ ʟʘʤʦʚʣʝʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚʦʤ ʥʘ ʨʽʟʥʠʭ ʝʪʘʧʘʭ 

ʙʘʛʘʪʦʝʪʘʧʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʩʢʦʨʦʪʠʪʠ 

ʩʝʨʝʜʥʽʡ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʦʜʥʦʛʦ ʟʘʤʦʚʣʝʥʥʷ, ʫʟʛʦʜʠʪʠ ʦʢʨʝʤʽ ʜʽʣʷʥʢʠ ʟʘ 

ʧʨʦʧʫʩʢʥʦʶ ʟʜʘʪʥʽʩʪʶ, ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʧʝʨʝʥʘʣʘʰʪʫʚʘʥʴ, ʩʢʦʨʦʪʠʪʠ 

ʢʽʣʴʢʽʩʪʴ ʥʝʟʘʚʝʨʰʝʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʷʢ ʥʘʩʣʽʜʦʢ ï ʟʤʝʥʰʠʪʠ ʩʦʙʽʚʘʨʪʽʩʪʴ 

ʧʨʦʜʫʢʮʽʾ. 

3. ʈʦʙʦʪʘ ʢʦʞʥʦʛʦ ʤʦʜʫʣʷ ʽʥʪʝʛʨʦʚʘʥʦʾ ʉʇʇʈ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʦʢʘʪʫ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʨʠʨʦʜʦʶ ʧʨʦʮʝʩʽʚ, ʚ ʷʢʠʭ ʟʜʽʡʩʥʶʻʪʴʩʷ ʢʝʨʫʚʘʥʥʷ, ʥʘʩʘʤʧʝʨʝʜ ʾʭ 

ʚʽʜʥʦʰʝʥʥʷʤ ʜʦ ʯʘʩʫ. ɺʩʽ ʤʦʜʫʣʽ, ʧʦʚôʷʟʘʥʽ ʟ ʧʣʘʚʢʦʶ, ʨʦʟʣʠʚʢʦʶ ʪʘ 

ʨʦʟʢʨʦʶʚʘʥʥʷʤ, ʧʨʘʮʶʶʪʴ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʩʫʧʨʦʚʦʜʞʫʶʯʠ ʰʚʠʜʢʦʧʣʠʥʥʽ 

ʧʨʦʮʝʩʠ ʨʘʬʽʥʘʮʽʾ, ʨʦʟʢʠʩʣʝʥʥʷ, ʨʦʟʣʠʚʢʠ ʪʘ ʨʦʟʢʨʦʶʚʘʥʥʷ ʧʝʨʝʜʽʣʴʥʦʾ 

ʟʘʛʦʪʦʚʢʠ. ɺʦʜʥʦʯʘʩ ʤʦʜʫʣʽ ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ, ʰʠʭʪʫʚʘʥʥʷ ʪʘ 

ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʬʫʪʝʨʦʚʢʠ ʤʘʶʪʴ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʩʚʦʾʭ ʟʘʚʜʘʥʴ ʧʝʚʥʠʡ ʟʘʧʘʩ 

ʯʘʩʫ, ʚʽʜʪʘʢ ʤʘʶʪʴ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʤʘʢʩʠʤʘʣʴʥʫ ʧʨʠʡʥʷʪʥʫ ʪʦʯʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ 

ʨʽʰʝʥʴ. 

4. ʇʽʜʩʠʩʪʝʤʠ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʥʘʚʯʘʥʥʷ ʥʘ ʧʨʠʢʣʘʜʘʭ ʚ ʩʢʣʘʜʽ 

ʽʥʪʝʛʨʦʚʘʥʦʾ ʉʇʇʈ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʘʩʪʫʧʥʽ ʤʝʭʘʥʽʟʤʠ ʥʘʚʯʘʥʥʷ:  

ï ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʨʘʬʽʥʘʮʽʾ ʩʪʘʣʽ - ʥʘ ʦʩʥʦʚʽ ʰʘʙʣʦʥʫ ʧʦʚʝʜʽʥʢʠ, 

ʩʠʥʪʝʟʦʚʘʥʦʛʦ ʟʘ ʥʘʡʙʽʣʴʰ ʚʜʘʣʠʤʠ ʧʦʧʝʨʝʜʥʽʤʠ ʜʽʷʤʠ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʦ 

ʩʧʽʚʧʘʜʘʶʪʴ ʟ ʧʦʪʦʯʥʠʤʠ ʚʭʽʜʥʠʤʠ ʜʘʥʠʤʠ; 
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ï ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʨʦʟʢʠʩʣʝʥʥʷ ʩʪʘʣʽ - ʥʘ ʦʩʥʦʚʽ ʤʝʨʝʞʽ ɹʘʡʻʩʘ ʟ 

ʢʦʨʝʢʮʽʻʶ ʥʘ ʧʦʚʝʜʽʥʢʫ ʣʶʜʠʥʠ. 

5. ɺʩʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʦʢʨʝʤʠʭ ʤʦʜʫʣʽʚ ʨʦʟʨʦʙʣʝʥʦʾ ʽʥʪʝʛʨʦʚʘʥʦʾ ʉʇʇʈ 

ʚʠʚʦʜʷʪʴʩʷ ʯʝʨʝʟ ʚʽʜʧʦʚʽʜʥʽ ʽʥʪʝʨʬʝʡʩʠ ʽ ʥʦʩʷʪʴ ʨʝʢʦʤʝʥʜʘʮʽʡʥʠʡ ʭʘʨʘʢʪʝʨ. 
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6. ɼʆʉʃɯɼɾɽʅʅʗ ɯʅʊɽɻʈʆɺɸʅʆɰ ʉʇʇʈ ɺ ʇʈʆʎɽʉɸʍ ʂɽʈʋɺɸʅʅʗ 

ɹɸɻɸʊʆɽʊɸʇʅʀʄ ɺʀʈʆɹʅʀʎʊɺʆʄ ʇʈʆʂɸʊʋ ʊɸ 

ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸ ɺɽʈʀʌɯʂɸʎɯʗ ɿɸʇʈʆʇʆʅʆɺɸʅʀʍ ʄʆɼɽʃɽʁ ɯ 

ʄɽʊʆɼɯɺ 

 

 

6.1 ɼʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʉʇʇʈ ʚ ʟʘʜʘʯʘʭ ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ 

ʟʘʤʦʚʣʝʥʴ ʥʘ ʧʨʦʢʘʪʥʫ ʧʨʦʜʫʢʮʽʶ 

 

ʗʢ ʟʘʟʥʘʯʘʣʦʩʷ ʨʘʥʽʰʝ, ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʘ ʟʘʜʘʯʘ, ʱʦ ʦʧʠʩʫʻʪʴʩʷ 

ʨʽʚʥʷʥʥʷʤʠ (2.2)ï(2.10), ʧʝʨʝʜʙʘʯʘʻ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʦ ʬʦʨʤʫʚʘʥʥʷ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʜʦ ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ. ɸʣʴʪʝʨʥʘʪʠʚʘʤʠ, ʷʢʽ ʦʮʽʥʶʶʪʴʩʷ ʟʘ ʟʚʝʜʝʥʠʤ ʢʨʠʪʝʨʽʻʤ ʤʽʥʽʤʫʤʫ 

ʩʫʢʫʧʥʠʭ ʜʦʜʘʪʢʦʚʠʭ ʚʪʨʘʪ ʚʽʜ ʚʠʨʦʙʥʠʯʦʾ ʜʽʷʣʴʥʦʩʪʽ (2.5), ʻ ʧʦʩʣʽʜʦʚʥʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ί. ʈʦʟʛʣʷʥʫʪʘ ʟʘʜʘʯʘ ʤʦʞʝ ʙʫʪʠ ʚʠʨʽʰʝʥʘ ʷʢ 

ʢʦʤʙʽʥʘʪʦʨʥʘ ʟʘʜʘʯʘ ʧʦʙʫʜʦʚʠ ʥʝʟʘʤʢʥʝʥʦʛʦ ʤʘʨʰʨʫʪʫ ʨʫʭʫ ʢʦʤʽʚʦʷʞʝʨʘ [161].  

ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʢʦʤʽʚʦʷʞʝʨʘ ʪʨʘʜʠʮʽʡʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ 

ʪʦʯʥʽ, ʪʘʢ ʽ ʥʘʙʣʠʞʝʥʽ ʤʝʪʦʜʠ. ʆʩʢʽʣʴʢʠ ʟʘʜʘʯʘ ʻ NP-ʩʢʣʘʜʥʦʶ, ʧʦʯʠʥʘʶʯʠ ʟ 

ʧʝʚʥʦʾ ʤʝʞʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʦʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ, ʷʢʽ ʧʝʨʝʜʙʘʯʘʶʪʴ ʧʦʚʥʠʡ ʧʝʨʝʙʽʨ 

ʚʘʨʽʘʥʪʽʚ, ʫʩʢʣʘʜʥʝʥʦ [162], ʪʦ ʷʢ ʘʣʴʪʝʨʥʘʪʠʚʘ ʤʦʞʝ ʙʫʪʠ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ 

ʤʫʨʘʰʠʥʠʡ ʘʣʛʦʨʠʪʤ (ant colony optimization ï ACO), ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʯʦʪʠʨʴʦʭ ʦʩʥʦʚʥʠʭ ʢʨʦʢʽʚ [163]: ʩʪʚʦʨʝʥʥʷ ʧʦʰʫʢʦʚʠʭ ʘʛʝʥʪʽʚ, ʧʦʰʫʢʫ ʨʽʰʝʥʥʷ, 

ʦʥʦʚʣʝʥʥʷ ʬʝʨʦʤʦʥʫ ʪʘ ʜʦʜʘʪʢʦʚʦʾ ʜʽʾ (ʦʧʮʽʦʥʘʣʴʥʦ). 

ʆʧʫʩʢʘʶʯʠ ʜʦʢʣʘʜʥʠʡ ʦʧʠʩ ʚʽʜʦʤʦʛʦ ʘʣʛʦʨʠʪʤʫ, ʟʘʟʥʘʯʠʤʦ, ʱʦ ʚ ʦʜʥʽʡ ʟ 

ʡʦʛʦ ʚʝʨʩʽʡ [162] ʧʽʩʣʷ ʪʦʛʦ, ʷʢ ʙʫʚ ʧʦʙʫʜʦʚʘʥʠʡ ʤʘʨʰʨʫʪ, ʦʪʨʠʤʘʥʝ ʨʽʰʝʥʥʷ 

ʤʦʞʝ ʙʫʪʠ ʜʦʜʘʪʢʦʚʦ ʧʦʢʨʘʱʝʥʦ ʦʜʥʠʤ ʽʟ ʤʝʪʦʜʽʚ ʣʦʢʘʣʴʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ, 

ʥʘʡʯʘʩʪʽʰʝ ʤʝʪʦʜʘʤʠ ʃʽʥʘ-ʂʝʨʥʽʛʘʥʘ, ʱʦ ʤʘʶʪʴ ʥʘʟʚʫ ς έὴὸ ʪʘ σ έὴὸ [18]. 

ɺ ʦʜʥʽʡ ʟ ʥʘʡʧʨʦʜʫʢʪʠʚʥʽʰʠʭ ʚʝʨʩʽʡ ʤʫʨʘʰʠʥʦʛʦ ʘʣʛʦʨʠʪʤʫ (Min-Max Ant 

System, MMAS) ʧʽʜʚʠʱʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʬʝʨʦʤʦʥʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʽʣʴʢʠ ʥʘ 

ʢʨʘʱʠʭ ʰʣʷʭʘʭ ʟ ʧʨʦʡʜʝʥʠʭ ʤʫʨʘʭʘʤʠ [163], ʱʦ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʟʘʭʠʩʪʠʪʠ 
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ʘʣʛʦʨʠʪʤ ʚʽʜ ʧʝʨʝʜʯʘʩʥʦʾ ʟʙʽʞʥʦʩʪʽ ʜʦ ʩʫʙʦʧʪʠʤʘʣʴʥʠʭ ʨʽʰʝʥʴ. ʇʽʩʣʷ ʢʦʞʥʦʾ 

ʽʪʝʨʘʮʽʾ ʘʣʛʦʨʠʪʤʫ ʣʠʰʝ ʦʜʠʥ ʤʫʨʘʭʘ ʟʘʣʠʰʘʻ ʟʘ ʩʦʙʦʶ ʩʣʽʜ. ʎʠʤ ʻʜʠʥʠʤ ʤʦʞʝ 

ʙʫʪʠ ʷʢ ʢʨʘʱʠʡ ʥʘ ʧʦʪʦʯʥʽʡ ʽʪʝʨʘʮʽʾ ὒ ὸ ὒ ὸ ʘʙʦ ʞ ʥʘʡʙʽʣʴʰ ʫʩʧʽʰʥʠʡ 

ʟʘ ʚʝʩʴ ʯʘʩ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ ὒ ὸ ὒ ὸ. ɸʚʪʦʨʠ [163] ʧʨʦʧʦʥʫʶʪʴ ʜʦʚʦʣʽ 

ʩʢʣʘʜʥʠʡ ʤʝʭʘʥʽʟʤ ʧʝʨʝʭʦʜʫ ʚʽʜ ὒ ὸ, ʱʦ ʧʝʨʝʚʘʞʥʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘ 

ʧʝʨʰʠʭ ʽʪʝʨʘʮʽʷʭ ʜʦ ὒ ὸ ï ʥʘ ʦʩʪʘʥʥʽʭ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʦʩʪʘʥʥʴʦʛʦ ʜʦʟʚʦʣʷʻ 

ʧʣʘʚʥʦ ʟʤʽʥʶʚʘʪʠ ʪʝʭʥʦʣʦʛʽʶ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʰʫʢʫ ʥʘ ʧʦʯʘʪʢʦʚʠʭ ʢʨʦʢʘʭ ʪʘ 

ʪʝʭʥʦʣʦʛʽʶ ʝʣʽʪʠʟʤʫ ʥʘ ʟʘʢʣʶʯʥʠʭ. 

ɯʥʰʠʤ ʤʝʭʘʥʽʟʤʦʤ, ʱʦ ʫʥʝʤʦʞʣʠʚʣʶʻ ʧʝʨʝʜʯʘʩʥʫ ʟʙʽʞʥʽʩʪʴ ʘʣʛʦʨʠʪʤʫ ʻ 

ʦʧʝʨʘʪʦʨ ʜʠʚʝʨʩʠʬʽʢʘʮʽʾ [164]. ɺʽʥ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʯʝʨʝʟ ʢʦʞʥʽ ὸ  ʘʙʦ ὸ  

ʽʪʝʨʘʮʽʡ ʽ ʧʦʣʷʛʘʻ ʚ ʧʦʚʪʦʨʥʽʡ ʽʥʽʮʽʘʣʽʟʘʮʽʾ ʬʝʨʦʤʦʥʫ ʥʘ ʚʩʽʭ ʨʝʙʨʘʭ ʚ ʨʘʟʽ, ʷʢʱʦ 

ʟʘ ʯʘʩ ʟ ʦʩʪʘʥʥʴʦʾ ʽʥʽʮʽʘʣʽʟʘʮʽʾ ʥʝ ʩʪʘʣʦʩʷ ʧʦʢʨʘʱʘʥʥʷ ʛʣʦʙʘʣʴʥʦʛʦ ʢʨʘʱʦʛʦ 

ʨʽʰʝʥʥʷ. ʇʨʠ ʽʥʽʮʽʘʣʽʟʘʮʽʾ ʢʦʥʮʝʥʪʨʘʮʽʷ ʬʝʨʦʤʦʥʽʚ ʥʘ ʚʩʽʭ ʨʝʙʨʘʭ 

ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʨʽʚʥʦʶ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʥʶ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʦʶ ʯʝʨʝʟ ʢʦʝʬʽʮʽʻʥʪ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʽ ʧʦʪʦʯʥʝ ʦʧʪʠʤʘʣʴʥʝ ʨʽʰʝʥʥʷ. 

ʄʦʜʠʬʽʢʦʚʘʥʠʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʢʣʘʜʝʥʦʛʦ ʘʣʛʦʨʠʪʤ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ 

ʧʣʘʥʫʚʘʥʥʷ ʦʙʨʦʙʢʠ ʟʘʤʦʚʣʝʥʴ, ʜʦʢʣʘʜʥʦ ʨʦʟʛʣʷʥʫʪʠʡ ʚ [165], ʙʫʚ ʟʘʩʪʦʩʦʚʘʥʠʡ 

ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʥʠʟʢʠ ʟʘʜʘʯ ʨʽʟʥʦʾ ʨʦʟʤʽʨʥʦʩʪʽ ʡ ʩʢʣʘʜʥʦʩʪʽ ʷʢ ʪʝʦʨʝʪʠʯʥʠʭ, ʪʘʢ ʽ 

ʧʨʘʢʪʠʯʥʠʭ. 

ɺ ʭʦʜʽ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʣʘʥʫʚʘʥʥʷ 

ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʙʫʣʠ ʨʦʟʚôʷʟʘʥʽ ʨʽʟʥʽ ʟʘ ʧʨʠʨʦʜʦʶ ʟʘʜʘʯʽ ʢʘʣʝʥʜʘʨʥʦʛʦ 

ʧʣʘʥʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʪʨʴʦʭ ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ 

ɼʥʽʧʨʦʧʝʪʨʦʚʱʠʥʠ: 

ï çɯʉ-ʤʽʩʷʮʴè ï ʟʘʜʘʯʘ ʧʣʘʥʫʚʘʥʥʷ ʤʽʩʷʯʥʦʾ ʚʠʧʣʘʚʢʠ ʩʪʘʣʝʚʠʭ ʟʘʛʦʪʦʚʦʢ 

ʥʘ ʟʘʚʦʜʽ çɯʥʪʝʨʧʘʡʧ-ʩʪʘʣʴè ï ʟʘʛʘʣʦʤ 103 ʟʘʤʦʚʣʝʥʥʷ, ʨʽʟʥʽ ʟʘ ʣʦʛʽʯʥʠʤ 

ʧʦʻʜʥʘʥʥʷʤ ʧʨʦʜʫʢʮʽʾ ʪʘ ʟʘʤʦʚʥʠʢʘ (14 ʤʘʨʦʢ ʩʪʘʣʽ, 6 ʜʽʘʤʝʪʨʽʚ, 21 ʜʦʚʞʠʥʘ); 

ï çʅʊɿ-ʤʽʩʷʮʴè ï ʟʘʜʘʯʘ ʧʣʘʥʫʚʘʥʥʷ ʤʽʩʷʯʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʙʝʟʰʦʚʥʠʭ 

ʪʨʫʙ ʪʨʫʙʦʧʨʦʢʘʪʥʠʤ ʮʝʭʦʤ ˉ4 ʇɸʊ çɯʥʪʝʨʧʘʡʧ-ʅʊɿè ï 215 ʟʘʤʦʚʣʝʥʴ (81 

ʜʽʘʤʝʪʨ, 32 ʪʦʚʱʠʥʠ, 19 ʤʘʨʦʢ ʩʪʘʣʽ); 
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ï çɼʄɿ-ʪʠʞʜʝʥʴè ï ʟʘʜʘʯʘ ʧʣʘʥʫʚʘʥʥʷ ʪʠʞʥʝʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʩʦʨʪʦʚʦʛʦ 

ʧʨʦʢʘʪʫ ʇɸʊ çɼʄɿè ï 44 ʟʘʤʦʚʣʝʥʥʷ (21 ʚʠʜ ʧʨʦʢʘʪʫ, 4 ʤʘʨʢʠ ʩʪʘʣʽ, 12 

ʪʠʧʦʨʦʟʤʽʨʽʚ ʧʝʨʝʜʽʣʴʥʦʾ ʟʘʛʦʪʦʚʢʠ). 

ʋ ʪʘʙʣʠʮʽ 6.1 ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʢʦʤʽʚʦʷʞʝʨʘ ʫ 

ʟʘʢʨʠʪʦʤʫ ʚʘʨʽʘʥʪʽ (ʚʩʽ ʟʘʤʦʚʣʝʥʥʷ, ʱʦ ʥʘʜʭʦʜʷʪʴ, ʤʘʶʪʴ ʙʫʪʠ ʚʠʢʦʥʘʥʽ). ɯʥʘʢʰʝ 

ʢʘʞʫʯʠ, ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʽʚ ʫ ʪʘʙʣ. 6.1ʧʦʢʘʟʫʶʪʴ ʾʭ ʚʽʜʥʦʩʥʫ ʦʜʠʥ ʜʦ 

ʦʜʥʦʛʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʱʦʜʦ ʨʦʟʚôʷʟʘʥʥʷ ʩʠʤʝʪʨʠʯʥʦʾ ʟʘʜʘʯʽ TSP. ɺ ʧʝʨʰʦʤʫ 

ʩʪʦʚʧʯʠʢʫ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʥʘʚʝʜʝʥʝ ʨʽʰʝʥʥʷ, ʷʢʝ ʙʫʣʦ ʦʪʨʠʤʘʥʝ ʟʘ ʽʩʥʫʶʯʠʤʠ ʥʘ 

ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʤʝʪʦʜʠʢʘʤʠ ʧʣʘʥʫʚʘʥʥʷ (ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʞʦʜʥʠʭ 

ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʘʣʛʦʨʠʪʤʽʚ). ɼʘʥʽ ʫʩʝʨʝʜʥʝʥʽ ʟʘ ʧʽʜʩʫʤʢʘʤʠ 10 

ʧʦʚʪʦʨʥʠʭ ʟʘʧʫʩʢʽʚ ʝʚʦʣʶʮʽʡʥʠʭ ʘʣʛʦʨʠʪʤʽʚ. 

 

ʊʘʙʣʠʮʷ 6.1. ʅʘʡʢʨʘʱʠʡ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʚʩʽʭ ʤʦʞʣʠʚʠʭ ʟʘʤʦʚʣʝʥʴ, ʭʚ., 

ʦʪʨʠʤʘʥʠʡ ʨʽʟʥʠʤʠ ʤʝʪʦʜʘʤʠ 

ɿʘʜʘʯʘ 
ʊʨʘʜʠʮʽʡʥʝ 

ʨʽʰʝʥʥʷ 

ɻʝʥʝʪʠʯʥʠʡ 

ʘʣʛʦʨʠʪʤ 
MMAS MMAS+2-opt 

ɯʉ-ʤʽʩʷʮʴ 32580 30006 29712 28833 

ʅʊɿ-ʤʽʩʷʮʴ 30230 27560 26198 25997 

ɼʄɿ-ʪʠʞʜʝʥʴ 12725 12110 11278 11033 

 

ɸʥʘʣʽʟʫʶʯʠ ʨʝʟʫʣʴʪʘʪʠ ʚ ʪʘʙʣʠʮʽ 6.1, ʩʣʽʜ ʟʘʫʚʘʞʠʪʠ ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʙʫʜʴ-ʷʢʦʛʦ ʝʚʦʣʶʮʽʡʥʦʛʦ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʜʣʷ ʧʣʘʥʫʚʘʥʥʷ ʪʠʞʥʝʚʠʭ 

ʘʙʦ ʤʽʩʷʯʥʠʭ ʟʘʤʦʚʣʝʥʴ ʟʘʙʝʟʧʝʯʫʻ ʟʤʝʥʰʝʥʥʷ ʧʣʘʥʦʚʦʛʦ ʯʘʩʫ ʚʠʢʦʥʘʥʥʷ ʚʩʽʭ 

ʟʘʤʦʚʣʝʥʴ ʥʘ 5-14% ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʩʥʫʶʯʠʤʠ ʤʝʪʦʜʠʢʘʤʠ. ʇʨʠ ʮʴʦʤʫ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ ʤʦʜʝʣʶʚʘʥʥʷ ʤʫʨʘʰʠʥʦʾ ʢʦʣʦʥʽʾ ʟ ʦʙʤʝʞʝʥʥʷʤ ʥʘ 

ʤʽʥʽʤʘʣʴʥʠʡ ʪʘ ʤʘʢʩʠʤʘʣʴʥʠʡ ʨʽʚʝʥʴ ʬʝʨʦʤʦʥʫ ʪʘ ʡʤʦʚʽʨʥʠʤ ʣʦʢʘʣʴʥʠʤ 

ʧʦʰʫʢʦʤ ʧʦʢʘʟʫʻ ʥʘʡʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʝʚʦʣʶʮʽʡʥʠʤʠ 

ʘʣʛʦʨʠʪʤʘʤʠ. 

ʉʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʨʝʟʫʣʴʪʘʪʠ ʚ ʪʘʙʣʠʮʽ 6.1 ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʽ 

ʚʠʢʣʶʯʥʦ ʷʢ ʧʦʢʘʟʥʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʘʣʛʦʨʠʪʤʽʚ. ɺʠʢʦʥʘʥʥʷ ʫʩʽʭ ʟʘʤʦʚʣʝʥʴ, ʱʦ 
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ʥʘʜʽʡʰʣʠ ʽ ʙʫʣʠ ʚʢʣʶʯʝʥʽ ʜʦ ʧʝʨʝʣʽʢʫ, ʟʘ ʷʢʠʤ ʚʠʢʦʥʫʚʘʣʦʩʴ ʧʣʘʥʫʚʘʥʥʷ, ʙʫʣʦ 

ʥʝʤʦʞʣʠʚʠʤ ʯʝʨʝʟ ʦʙʤʝʞʝʥʥʷ ʨʝʩʫʨʩʫ ʨʦʙʦʯʦʛʦ ʯʘʩʫ. ɺ ʨʦʟʛʣʷʥʫʪʠʭ ʥʘʙʦʨʘʭ 

ʜʘʥʠʭ ʮʝ ʦʙʤʝʞʝʥʥʷ ʩʢʣʘʜʘʣʦ: ʜʣʷ ʤʽʩʷʯʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʧʨʠ ʜʚʦʟʤʽʥʥʽʡ ʨʦʙʦʪʽ 

ï ʥʘ ʨʽʚʥʽ 23 040 ʭʚʠʣʠʥ, ʜʣʷ ʪʠʞʥʝʚʦʛʦ ʧʨʠ ʪʨʠʟʤʽʥʥʽʡ ʨʦʙʦʪʽ ï 10 080 ʭʚʠʣʠʥ. 

ʅʘʜʘʣʽ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʘʣʝʥʜʘʨʥʦʛʦ 

ʧʣʘʥʫʚʘʥʥʷ (2.3) ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʙʤʝʞʝʥʴ ʟʘ ʟʘʧʨʦʧʦʥʦʚʘʥʠʤ ʫʟʘʛʘʣʴʥʝʥʠʤ 

ʝʢʦʥʦʤʽʯʥʠʤ ʢʨʠʪʝʨʽʻʤ (2.5) ʪʘ ʩʢʣʘʜʦʚʠʤʠ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ (2.6)-(2.10) ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʤʦʜʝʣʶʚʘʥʥʷ 

ʢʦʣʦʥʽʾ ʤʫʨʘʭ. ʈʝʟʫʣʴʪʘʪʠ, ʫʩʝʨʝʜʥʝʥʽ ʟʘ ʧʽʜʩʫʤʢʘʤʠ 10 ʧʦʚʪʦʨʥʠʭ ʟʘʧʫʩʢʽʚ 

ʝʚʦʣʶʮʽʡʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʧʦ 10 ʟʘʧʫʩʢʘʭ  ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 6.2, ʜʝ ʧʦʨʽʚʥʶʶʪʴʩʷ ʟ 

ʨʽʰʝʥʥʷʤ, ʧʨʠʡʥʷʪʠʤ ʟʘ ʪʨʘʜʠʮʽʡʥʦʶ ʤʝʪʦʜʠʢʦʶ. 

 

ʊʘʙʣʠʮʷ 6.2. ɺʠʪʨʘʪʠ ʟʘ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʟ ʧʝʨʝʣʽʢʫ ʟʘ ʦʙʤʝʞʝʥʠʡ ʯʘʩ 

ʟʘ ʟʚʝʜʝʥʠʤ ʢʨʠʪʝʨʽʻʤ (2.5), ʪʠʩ. ʛʨʥ 

ɿʘʜʘʯʘ ɯʩʥʫʶʯʝ ʨʽʰʝʥʥʷ ɻʝʥʝʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤ MMAS MMAS+2-opt 

ɯʉ-ʤʽʩʷʮʴ 3959,6 3901,2 3788,5 3688,4 

ʅʊɿ-ʤʽʩʷʮʴ 3873,3 3792,5 3777,3 3693,0 

ɼʄɿ-ʪʠʞʜʝʥʴ 529,6 512,2 495,3 482,2 

 

ɿ ʨʝʟʫʣʴʪʘʪʽʚ, ʥʘʚʝʜʝʥʠʭ ʫ ʪʘʙʣʠʮʽ 6.2, ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʢʦʞʥʦʛʦ ʟ ʝʚʦʣʶʮʽʡʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʜʣʷ ʧʣʘʥʫʚʘʥʥʷ ʪʠʞʥʝʚʠʭ 

ʘʙʦ ʤʽʩʷʯʥʠʭ ʟʘʤʦʚʣʝʥʴ ʟʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦʶ ʤʘʪʝʤʘʪʠʯʥʦʶ ʤʦʜʝʣʣʶ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʦʙʤʝʞʝʥʴ ʟʘʙʝʟʧʝʯʫʻ ʟʤʝʥʰʝʥʥʷ ʟʚʝʜʝʥʦʛʦ ʢʨʠʪʝʨʽʶ ʩʫʢʫʧʥʠʭ 

ʚʪʨʘʪ ʥʘ 2-9% ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʤʝʪʦʜʠʢʘʤʠ ʧʣʘʥʫʚʘʥʥʷ, ʱʦ ʪʨʘʜʠʮʽʡʥʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʥʘ ʚʠʨʦʙʥʠʮʪʚʘʭ. ʇʨʠ ʮʴʦʤʫ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ 

MMAS+2-opt ʟʘʙʝʟʧʝʯʫʻ ʚ ʩʝʨʝʜʥʴʦʤʫ ʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ 

ʝʚʦʣʶʮʽʡʥʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ. 
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ʈʠʩ. 6.1. ʇʦʨʽʚʥʷʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʘʣʛʦʨʠʪʤʽʚ ʟʘ ʢʨʠʪʝʨʽʻʤ ʤʽʥʽʤʫʤʫ ʯʘʩʫ 

ʚʠʢʦʥʘʥʥʷ ʚʩʽʭ ʦʧʝʨʘʮʽʡ  

 

ɿʥʘʯʥʦ ʢʨʘʱʝ ʜʘʥʽ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʪʘʙʣ. 6.1 ʪʘ 6.2, ʽʣʶʩʪʨʫʶʪʴ ʛʨʘʬʽʢʠ ʥʘ 

ʨʠʩʫʥʢʘʭ 6.1 ʪʘ 6.2, ʜʝ ʥʘʚʝʜʝʥʽ ʧʘʨʘʤʝʪʨʠ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʨʘʜʠʮʽʡʥʦʶ ʤʝʪʦʜʠʢʦʶ, ʱʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʥʘ ʚʠʨʦʙʥʠʮʪʚʽ. ʏʘʩ 

ʚʠʢʦʥʘʥʥʷ ʪʘ ʩʫʢʫʧʥʽ ʚʠʪʨʘʪʠ ʟʘ ʟʚʝʜʝʥʠʤ ʢʨʠʪʝʨʽʻʤ (2.5) ʜʣʷ ʢʦʞʥʦʛʦ ʽʟ 

ʨʦʟʛʣʷʥʫʪʠʭ ʧʝʨʝʣʽʢʽʚ ʟʘʤʦʚʣʝʥʴ, ʦʙʯʠʩʣʝʥʽ ʟʘ ʪʨʘʜʠʮʽʡʥʦʶ ʤʝʪʦʜʠʢʦʶ, ʚʟʷʪʽ ʟʘ 

100%. 

 

 

ʈʠʩ. 6.2. ʇʦʨʽʚʥʷʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʘʣʛʦʨʠʪʤʽʚ ʟʘ ʟʚʝʜʝʥʠʤ ʝʢʦʥʦʤʽʯʥʠʤ 

ʢʨʠʪʝʨʽʻʤ (2.5) 
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ɻʨʘʬʽʢʠ ʥʘ ʨʠʩ. 6.1 ʪʘ 6.2 ʧʦʢʘʟʫʶʪʴ, ʱʦ ʥʘ ʨʦʟʛʣʷʥʫʪʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ 

ʽʩʥʫʻ ʩʫʪʪʻʚʠʡ ʨʝʩʫʨʩ ʯʘʩʫ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʥʝʧʦʚʥʽʡ ʤʽʨʽ ʯʝʨʝʟ 

ʥʝʦʧʪʠʤʘʣʴʥʠʡ ʧʦʨʷʜʦʢ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ. ɺʪʽʤ, ʷʢʱʦ ʛʨʘʬʽʢ ʥʘ ʨʠʩ. 6.1 

ʧʦʢʘʟʫʻ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ ʤʦʞʝ ʟʥʘʭʦʜʠʪʠ ʢʨʘʱʠʡ ʨʦʟʚôʷʟʦʢ 

ʫʟʘʛʘʣʴʥʝʥʦʾ ʟʘʜʘʯʽ TSP ʧʨʠ ʟʘʟʜʘʣʝʛʽʜʴ ʚʠʟʥʘʯʝʥʦʤʫ ʧʝʨʝʣʽʢʫ ʟʘʚʜʘʥʴ, ʷʢʽ ʪʨʝʙʘ 

ʚʧʦʨʷʜʢʫʚʘʪʠ,  ʟ ʝʢʦʥʦʤʽʻʶ ʯʘʩʫ ʜʦ 14%, ʪʦ ʛʨʘʬʽʢ ʥʘ ʨʠʩ. 6.2 ʧʦʢʘʟʫʻ, ʱʦ ʜʘʣʝʢʦ 

ʥʝ ʚʝʩʴ ʮʝʡ ʧʦʪʝʥʮʽʘʣ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʚ ʫʤʦʚʘʭ ʦʙʤʝʞʝʥʥʷ ʥʘ ʨʦʙʦʯʠʡ 

ʯʘʩ. ʇʦʷʩʥʝʥʥʷ ʮʴʦʤʫ ï ʫ ʩʪʨʫʢʪʫʨʽ ʦʙʨʘʥʦʛʦ ʢʨʠʪʝʨʽʶ ʦʧʪʠʤʽʟʘʮʽʾ (2.5), ʜʝ 

ʥʝʛʘʪʠʚʥʦ ʥʘ ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʜʽʷʣʴʥʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʚʧʣʠʚʘʶʪʴ ʷʢ 

ʟʘʚʯʘʩʥʝ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ, ʪʘʢ ʽ ʧʦʨʫʰʝʥʥʷ ʚʩʪʘʥʦʚʣʝʥʠʭ ʪʝʨʤʽʥʽʚ.  

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʚ ʨʦʟʜʽʣʽ 2 ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ, ʱʦ 

ʚʢʣʶʯʘʻ ʯʦʪʠʨʠ ʩʢʣʘʜʦʚʽ ʤʘʪʝʨʽʘʣʴʥʠʭ ʚʠʪʨʘʪ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʥʘ ʦʜʥʦʤʫ 

ʦʙʣʘʜʥʘʥʥʽ ʚʝʣʠʢʦʛʦ ʩʦʨʪʘʤʝʥʪʫ ʧʨʦʜʫʢʮʽʾ, ʜʦʟʚʦʣʷʻ ʤʽʥʽʤʽʟʫʚʘʪʠ ʩʫʢʫʧʥʽ 

ʚʠʪʨʘʪʠ ʥʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ ʧʨʠ ʦʙʤʝʞʝʥʥʽ ʥʘ ʨʦʙʦʯʠʡ ʯʘʩ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʝʩʫʨʩ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʥʘ ʧʝʨʝʥʘʣʘʰʪʫʚʘʥʥʷ 

ʦʙʣʘʜʥʘʥʥʷ, ʟʤʝʥʰʝʥʥʷ ʨʦʟʨʠʚʽʚ ʯʘʩʫ ʤʽʞ ʚʠʛʦʪʦʚʣʝʥʥʷʤ ʪʘ ʚʽʜʚʘʥʪʘʞʝʥʥʷʤ 

ʟʘʤʦʚʣʝʥʴ. ʇʨʠ ʮʴʦʤʫ ʚ ʭʦʜʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʧʝʨʝʚʽʨʢʠ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʥʘʡʙʽʣʴʰʠʡ ʚʽʜʥʦʩʥʠʡ ʨʝʩʫʨʩ ʩʢʦʨʦʯʝʥʥʷ ʚʠʪʨʘʪ ʫ ʩʦʨʪʦʧʨʦʢʘʪʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʇɸʊ çɼʄɿè (ʙʣʠʟʴʢʦ 9,5%), ʘ ʥʘʡʤʝʥʰʠʡ ï ʫ ʪʨʫʙʦʧʨʦʢʘʪʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ɺɸʊ çɯʥʪʝʨʧʘʡʧ-ʅʊɿè (ʜʦ 4,5%). 

 

 

6.2 ɺʝʨʠʬʽʢʘʮʽʷ ʤʦʜʝʣʝʡ ʥʘ ʦʩʥʦʚʽ ʟʚʦʨʦʪʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʚ ʧʽʜʩʠʩʪʝʤʘʭ 

ʩʝʨʪʠʬʽʢʘʮʽʾ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ 

 

ɺ ʨʦʟʜʽʣʽ 3 ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʚʽʜʥʦʚʣʝʥʥʷ ʟʘʣʝʞʥʦʩʪʝʡ 

ʢʝʨʫʶʯʠʭ ʬʫʥʢʮʽʡ ʨʦʟʢʠʩʣʝʥʥʷ ʪʘ ʩʪʘʥʫ ʦʙôʻʢʪʘ ʫʧʨʘʚʣʽʥʥʷ (ʤʝʭʘʥʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ) ʚʽʜ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʨʦʟʧʝʯʝʥʦʾ ʩʪʘʣʽ ʚ ʢʠʩʥʝʚʦʤʫ 

ʢʦʥʚʝʨʪʝʨʽ. ɺʽʜʤʽʥʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʦʜʝʣʽ ʚʽʜ ʚʽʜʦʤʠʭ ʘʥʘʣʦʛʽʚ ʧʦʣʷʛʘʻ ʫ  
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ï ʚʠʢʦʨʠʩʪʘʥʥʽ ʚ ʨʝʛʨʝʩʽʡʥʠʭ ʤʦʜʝʣʷʭ ʚʽʜôʻʤʥʠʭ ʩʪʫʧʝʥʽʚ ʧʨʝʜʠʢʪʦʨʽʚ, ʱʦ 

ʜʦʟʚʦʣʠʣʦ ʥʝ ʣʠʰʝ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʬʽʟʠʯʥʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʤʦʜʝʣʝʡ ʩʫʪʥʦʩʪʽ 

ʧʨʦʮʝʩʽʚ, ʘ ʡ ʩʪʚʦʨʠʪʠ ʥʦʚʠʡ ʪʠʧ ʧʨʝʜʠʢʪʦʨʽʚ, ʘ ʩʘʤʝ ʚʽʜʥʦʰʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ 

ʦʧʠʩʫʶʪʴ ʬʽʟʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʮʝʩʫ; 

ï ʟʘʩʪʦʩʫʚʘʥʥʽ ʰʪʨʘʬʥʦʾ ʬʫʥʢʮʽʾ ʥʘ ʨʦʟʤʽʨʥʽʩʪʴ ʘʧʨʦʢʩʠʤʘʮʽʡʥʦʛʦ 

ʧʦʣʽʥʦʤʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʚ ʧʽʜʩʫʤʢʫ ʦʪʨʠʤʫʚʘʪʠ ʤʦʜʝʣʽ ʦʧʪʠʤʘʣʴʥʦʾ ʩʢʣʘʜʥʦʩʪʽ 

ʰʣʷʭʦʤ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʦ ʧʦʙʫʜʦʚʠ ʘʧʨʦʢʩʠʤʘʮʽʡʥʠʭ ʬʫʥʢʮʽʡ ʙʫʚ 

ʧʝʨʝʚʽʨʝʥʠʡ ʥʘ ʜʚʦʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʘʭ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʦʢʘʪʫ: ʚʽʜʥʦʚʣʝʥʥʷ 

ʟʘʣʝʞʥʦʩʪʽ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʚʽʜ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʪʘ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦʩʪʽ ʫ ʬʝʨʦʩʧʣʘʚʘʭ ʚ ʧʨʦʮʝʩʽ ʨʦʟʢʠʩʣʝʥʥʷ ʚʫʛʣʝʮʝʚʦʾ 

ʩʪʘʣʽ ʧʨʠ ʾʾ ʢʦʥʚʝʨʪʝʨʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ. 

ɺ ʭʦʜʽ ʩʝʨʽʾ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʙʫʣʦ ʚʽʜʥʦʚʣʝʥʦ ʨʷʜ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʟʘʣʝʞʥʦʩʪʝʡ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ ʥʝʦʙʭʽʜʥʠʭ ʦʙôʻʤʽʚ ʨʦʟʢʠʩʣʶʚʘʯʽʚ 

ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʜʚʦʭ ʧʨʦʬʽʣʽʚ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ: ʰʚʝʣʝʨʽʚ 18ʇ ʪʘ ʧʨʦʬʽʣʶ 

ʢʫʪʦʚʦʛʦ ʰʠʨʠʥʦʶ 125 ʤʤ. 

ɿʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʯʠʩʝʣʴʥʦʾ ʘʧʨʦʢʩʠʤʘʮʽʾ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʪʘʙʣʠʮʽ 6.3. ʊʫʪ 

ʚ ʷʢʦʩʪʽ çʄʅʂè ʧʦʟʥʘʯʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʣʘʩʠʯʥʦʛʦ ʧʽʜʭʦʜʫ ʟ 

ʥʝʟʘʣʝʞʥʠʤʠ ʧʦʣʽʥʦʤʘʤʠ ʚʽʜ ʦʢʨʝʤʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʘ (1.2) ï (1.3). ʋ ʷʢʦʩʪʽ ʄɻʋɸ 

ï ʨʝʟʫʣʴʪʘʪʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʛʨʫʧʦʚʦʛʦ ʚʨʘʭʫʚʘʥʥʷ ʘʨʛʫʤʝʥʪʽʚ ʥʘ ʦʧʦʨʥʽʡ 

ʬʫʥʢʮʽʾ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ (1.5) ʟ ʢʨʠʪʝʨʽʻʤ ʨʝʛʫʣʷʨʥʦʩʪʽ. ʊʘʢʦʞ ʚ ʪʘʙʣʠʮʽ 6.3 

ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʝʥʝʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʟ ʮʽʣʴʦʚʦʶ ʬʫʥʢʮʽʻʶ 

ʚʠʛʣʷʜʫ (3.12) ʪʘ ʩʪʫʧʝʥʷʤʠ ï ʥʘʪʫʨʘʣʴʥʠʤʠ ʯʠʩʣʘʤʠ (ñɻɸ-ʥʘʪʫʨò) ʽ, ʚʽʜʧʦʚʽʜʥʦ 

ï ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʛʝʥʝʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʟ ʮʽʣʴʦʚʦʶ ʬʫʥʢʮʽʻʶ ʚʠʛʣʷʜʫ 

(3.12) ʪʘ ʦʙʤʝʞʝʥʥʷʤ (3.11) (ñɻɸ-ʚʽʜ'ʻʤʥʽò). ɺ ʦʙʦʭ ʦʩʪʘʥʥʽʭ ʚʠʧʘʜʢʘʭ ά σ. 
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ʊʘʙʣʠʮʷ 6.3. ʇʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʚʽʜʥʦʚʣʝʥʥʷ ʬʫʥʢʮʽʡ ʟʘ ʯʦʪʠʨʤʘ 

ʤʝʪʦʜʠʢʘʤʠ.  

ɿʘʜʘʯʘ ʌʫʥʢʮʽʷ 
ʂʽʣʴʢʽʩʪʴ 

ʟʤʽʥʥʠʭ 

ʄʅʂ ʄɻʋɸ ɽɸ-ʥʘʪʫʨ ɽɸ- ʚʽʜ'ʻʤʥʽ 

 ʄ Smax SSR  ʄ Smax SSR  ʄ Smax SSR  ʄ Smax SSR 

ʉʝʨʪʠ-

ʬʽʢʘʮʽʷ 

ɻʨʘʥʠʮʷ 

ʪʝʢʫʯʦʩʪʽ 
9 23 5 0,04 69 5 0,01 14 3 0,14 6 3 0,04 

ɻʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ 9 27 6 0,03 110 7 0,02 21 3 0,12 8 3 0,05 

ɺʽʜʥ. ʧʦʜʦʚʞʝʥʥʷ  9 21 5 0,06 76 6 0,02 15 3 0,15 4 3 0,09 

ʈʦʟʢʠʩ-

ʣʝʥʥʷ 

ʌʝʨʦʩʠʣʽʮʽʡ 14 43 5 0,11 166 5 0,03 17 3 0,23 11 3 0,11 

ʉʠʣʽʢʦʤʘʨʛʘʥʝʮʴ 15 37 4 0,13 123 4 0,03 19 3 0,24 9 3 0,13 

 

ʆʮʽʥʢʘʤʠ ʷʢʦʩʪʽ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʽʚ ʫ ʥʘʚʽʜʥʽʡ ʪʘʙʣʠʮʽ ʻ: ὓ - ʢʽʣʴʢʽʩʪʴ 

ʯʣʝʥʽʚ ʧʦʣʽʥʦʤʘ ʬʫʥʢʮʽʾ ʘʧʨʦʢʩʠʤʘʮʽʾ (ʢʽʣʴʢʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʽʚ, ʱʦ 

ʚʽʜʥʦʚʣʶʶʪʴʩʷ); Ὓ  - ʤʘʢʩʠʤʘʣʴʥʘ ʩʪʝʧʽʥʴ ʯʣʝʥʘ ʧʦʣʽʥʦʤʫ (ʜʣʷ ʄʅʂ ï 

ʦʢʨʝʤʦʛʦ ʘʨʛʫʤʝʥʪʫ, ʜʣʷ ʚʩʽʭ ʽʥʰʠʭ ʤʝʪʦʜʽʚ ï ʜʦʙʫʪʢʫ ʘʨʛʫʤʝʥʪʽʚ); ὛὛὙ - ʩʝʨʝʜʥʻ 

ʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʘʧʨʦʢʩʠʤʦʚʘʥʦʾ ʚʝʣʠʯʠʥʠ ʚʽʜ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʠʤʽʨʷʥʦʛʦ 

ʟʥʘʯʝʥʥʷ (ʦʩʢʽʣʴʢʠ ʨʽʟʥʽ ʬʫʥʢʮʽʾ ώ ʤʘʶʪʴ ʨʽʟʥʫ ʨʦʟʤʽʨʥʽʩʪʴ, ʚʠʢʦʨʠʩʪʘʥʝ 

ʚʽʜʥʦʩʥʝ ʟʥʘʯʝʥʥʷ ʧʦʭʠʙʢʠ, ʧʨʠʚʝʜʝʥʝ ʜʦ ʩʝʨʝʜʥʴʦʛʦ ʧʦ ʚʩʽʤ ʜʦʩʣʽʜʘʤ). 

ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣʠʮʽ 6.3, ʥʘʡʢʨʘʱʫ ʷʢʽʩʪʴ ʘʧʨʦʢʩʠʤʘʮʽʾ ʟʘʙʝʟʧʝʯʫʻ ʤʝʪʦʜ 

ʛʨʫʧʦʚʦʛʦ ʫʨʘʭʫʚʘʥʥʷ ʘʨʛʫʤʝʥʪʽʚ, ʷʢʠʡ ʚʦʜʥʦʯʘʩ ʜʘʻ ʥʘʡʙʽʣʴʰʫ ʢʽʣʴʢʽʩʪʴ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʝʟʫʣʴʪʫʶʯʦʛʦ ʧʦʣʽʥʦʤʫ. ʅʝʜʦʣʽʢʠ ʪʘʢʦʾ ʘʧʨʦʢʩʠʤʘʮʽʾ ʧʝʨʝʣʽʯʝʥʽ 

ʨʘʥʽʰʝ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʛʝʥʝʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʚʽʜʥʦʚʣʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʬʫʥʢʮʽʾ 

ʘʧʨʦʢʩʠʤʘʮʽʾ ʟ ʦʙʤʝʞʝʥʥʷʤ ʩʪʝʧʝʥʽ ʟʘʙʝʟʧʝʯʫʻ ʧʨʠʡʥʷʪʥʫ ʷʢʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʠ 

ʤʝʥʰʽʡ ʢʽʣʴʢʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʽʚ, ʥʽʞ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʨʘʜʠʮʽʡʥʦʾ ʤʝʪʦʜʠʢʠ 

ʙʘʛʘʪʦʚʠʤʽʨʥʦʾ ʥʝʣʽʥʽʡʥʦʾ ʨʝʛʨʝʩʽʾ. ɼʦʜʘʪʢʦʚʦ ʩʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʽʜ'ʻʤʥʠʭ ʩʪʝʧʝʥʽʚ ʫ ʧʦʣʽʥʦʤʘʭ ʘʧʨʦʢʩʠʤʘʮʽʡʥʦʾ ʬʫʥʢʮʽʾ ʜʦʟʚʦʣʷʻ ʫ ʜʚʘ-ʪʨʠ ʨʘʟʠ 

ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʽʚ, ʱʦ ʚʽʜʥʦʚʣʶʶʪʴʩʷ, ʧʨʠ ʮʴʦʤʫ ʧʦʤʠʣʢʘ 

ʘʧʨʦʢʩʠʤʘʮʽʾ ʪʘʢʦʞ ʟʤʝʥʰʫʻʪʴʩʷ ʫ 1,5 ï 2,5 ʨʘʟʠ. 

ɯʣʶʩʪʨʘʮʽʻʶ ʷʢʦʩʪʽ ʘʧʨʦʢʩʠʤʘʮʽʾ ʤʦʞʝ ʩʣʫʛʫʚʘʪʠ ʨʠʩʫʥʦʢ 6.3, ʜʝ ʧʦʢʘʟʘʥʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʪʘ ʾʭ ʘʧʨʦʢʩʠʤʘʮʽʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʄɻʋɸ ʪʘ ɻɸ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʽʜ'ʻʤʥʠʭ ʩʪʫʧʝʥʽʚ ʧʦʣʽʥʦʤʽʚ ʪʘ ʪʠʩʢʫ ʨʦʟʤʽʨʥʦʩʪʽ. 
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ʈʠʩ. 6.3. ʇʦʨʽʚʥʷʥʥʷ ʷʢʦʩʪʽ ʘʧʨʦʢʩʠʤʘʮʽʾ ʟʘʣʝʞʥʦʩʪʽ ʛʨʘʥʠʮʽ ʤʽʮʥʦʩʪʽ ʩʦʨʪʦʚʦʛʦ 

ʧʨʦʢʘʪʫ ʚʽʜ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʩʪʘʣʽ (95 ʧʨʠʢʣʘʜʽʚ) ʜʚʦʤʘ ʤʝʪʦʜʘʤʠ. 

 

ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʱʦ ʨʝʘʣʽʟʫʻ ʟʘʧʨʦʧʦʥʦʚʘʥʫ ʤʝʪʦʜʠʢʫ 

ʚʽʜʥʦʚʣʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʘʧʨʦʢʩʠʤʫʶʯʦʛʦ ʧʦʣʽʥʦʤʫ, ʙʫʣʦ ʨʝʘʣʽʟʦʚʘʥʦ ʤʦʚʦʶ 

Matlab. ʅʘ ʨʠʩʫʥʢʫ 6.4 ʧʦʢʘʟʘʥʠʡ ʨʝʟʫʣʴʪʘʪ ʘʧʨʦʢʩʠʤʘʮʽʾ ʪʽʻʾ ʞ ʪʘʢʠ ʬʫʥʢʮʽʾ 

ʛʨʘʥʠʮʽ ʤʽʮʥʦʩʪʽ ʚʽʜ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʩʪʘʣʽ (ʧʫʥʢʪʠʨ  - ʜʘʥʽ ʩʧʦʩʪʝʨʝʞʝʥʴ, 

ʩʫʮʽʣʴʥʘ ï ʨʝʟʫʣʴʪʘʪʠ ʘʧʨʦʢʩʠʤʘʮʽʾ ʫʩʴʦʛʦ ʚʽʩʴʤʦʤʘ ʯʣʝʥʘʤʠ). 

ɿ ʨʠʩʫʥʢʫ ʚʠʜʥʦ, ʱʦ ʧʦʭʠʙʢʘ ʘʧʨʦʢʩʠʤʘʮʽʾ ʧʨʠʩʫʪʥʷ ʤʘʡʞʝ ʚ ʫʩʽʭ ʜʦʩʣʽʜʘʭ, 

ʚʪʽʤ, ʦʪʨʠʤʘʥʘ ʘʧʨʦʢʩʠʤʘʮʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ ʧʦʚʦʜʠʪʴ ʩʝʙʝ ʪʘʢ ʩʘʤʦ, ʷʢ ʽ ʨʝʘʣʴʥʽ 

ʜʘʥʽ (ʧʽʢʘʤ ʜʘʥʠʭ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʽʢʠ ʬʫʥʢʮʽʾ, ʟʘʧʘʜʠʥʘʤ ï ʟʘʧʘʜʠʥʠ). ʎʝ ʜʦʟʚʦʣʷʻ 

ʩʪʚʝʨʜʞʫʚʘʪʠ ʧʨʦ ʧʨʠʡʥʷʪʥʽʩʪʴ ʦʪʨʠʤʘʥʦʾ ʤʦʜʝʣʽ ʜʣʷ ʦʮʽʥʢʠ ʤʝʭʘʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ. 
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ʈʠʩ. 6.4. ɸʧʨʦʢʩʠʤʘʮʽʷ ʟʘʣʝʞʥʦʩʪʽ ʛʨʘʥʠʮʽ ʤʽʮʥʦʩʪʽ ʩʦʨʪʦʚʦʛʦ ʧʨʦʢʘʪʫ ʚʽʜ 

ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʩʪʘʣʽ (95 ʧʨʠʢʣʘʜʽʚ) ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʝʥʝʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ 

ʡ ʦʙʤʝʞʝʥʥʷʤ ʩʪʫʧʝʥʽʚ ʯʣʝʥʽʚ ʧʦʣʽʥʦʤʫ. 

 

ʇʠʪʘʥʥʷ ʚʝʣʠʯʠʥʠ ʧʘʨʘʤʝʪʨʫ ʪʠʩʢʫ ʨʦʟʤʽʨʥʦʩʪʽ ‌ ʻ ʢʦʤʧʨʦʤʽʩʦʤ ʤʽʞ 

ʙʘʞʘʥʥʷʤ ʦʪʨʠʤʘʪʠ ʷʢʦʤʦʛʘ ʧʨʦʩʪʽʰʫ ʟʘʣʝʞʥʽʩʪʴ, ʟ ʤʝʥʰʦʶ ʢʽʣʴʢʽʩʪʶ 

ʢʦʝʬʽʮʽʻʥʪʽʚ, ʪʘ ʙʘʞʘʥʥʷʤ ʷʢʦʤʦʛʘ ʪʦʯʥʽʰʝ ʦʧʠʩʘʪʠ ʚʭʽʜʥʽ ʜʘʥʽ. ʗʢ ʚʠʜʥʦ ʟ 

ʪʘʙʣʠʮʽ 6.9, ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʝʥʝʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʟ ʢʨʠʪʝʨʽʻʤ ʦʧʪʠʤʽʟʘʮʽʾ, ʱʦ 

ʚʢʣʶʯʘʻ ʩʢʣʘʜʦʚʫ ʪʠʩʢʫ ʨʦʟʤʽʨʥʦʩʪʽ, ʜʘʣʝʢʦ ʥʝ ʟʘʚʞʜʠ ʟʘʙʝʟʧʝʯʫʻ ʩʝʨʝʜʥʻ 

ʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʬʫʥʢʮʽʾ ʚʽʜ ʨʝʘʣʴʥʠʭ ʜʘʥʠʭ, ʤʝʥʰʝ ʥʽʞ 5%. ɸʙʠ 

ʧʨʦʽʣʶʩʪʨʫʚʘʪʠ ʚʧʣʠʚ ʚʝʣʠʯʠʥʠ ‌ ʥʘ ʨʝʟʫʣʴʪʘʪʠ ʘʧʨʦʢʩʠʤʘʮʽʾ, ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ 

ʨʷʜ ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʦʜʥʽʡ ʟ ʬʫʥʢʮʽʡ (ώ - ʚʽʜʥʦʩʥʝ ʧʦʜʦʚʞʝʥʥʷ ʟʨʘʟʢʫ), ʨʝʟʫʣʴʪʘʪʠ 

ʷʢʦʛʦ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 6.4. 
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ʊʘʙʣʠʮʷ 6.4. ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʪʠʩʢʫ ʨʦʟʤʽʨʥʦʩʪʽ ʥʘ ʨʝʟʫʣʴʪʘʪʠ 

ʘʧʨʦʢʩʠʤʘʮʽʾ 

ɺʝʣʠʯʠʥʘ 

‌ ʚ (3.12) 

ʂʽʣʴʢʽʩʪʴ ʯʣʝʥʽʚ 

ʘʧʨʦʢʩʠʤʘʮʽʡʥʦʛʦ 

ʧʦʣʽʥʦʤʫ ὓ 

ʉʝʨʝʜʥʷ 

ʢʚʘʜʨʘʪʠʯʥʘ ʧʦʭʠʙʢʘ 

ʘʧʨʦʢʩʠʤʘʮʽʾ, ὛὛὙ 

ʂʽʣʴʢʽʩʪʴ ʽʪʝʨʘʮʽʡ ɽɸ 

ʧʦʰʫʢʫ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʬʫʥʢʮʽʾ 

0 68 0,023 2740 

0,001 33 0,0246 1230 

0,01 22 0,026 330 

0,05 15 0,034 216 

0,1 8 0,051 189 

0,2 6 0,075 234 

0,3 4 0,09 716 

0,5 3 0,21 1210 

 

ɸʥʘʣʽʟʫʶʯʠ ʨʝʟʫʣʴʪʘʪʠ, ʟʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʶ 6.4, ʩʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ 

ʚʝʣʠʯʠʥʫ ʫ ʨʦʟʤʽʨʥʦʩʪʽ ʩʣʽʜ ʦʙʠʨʘʪʠ ʥʝ ʙʽʣʴʰʦʶ ʟʘ 0,1. ʆʩʢʽʣʴʢʠ ʜʣʷ ʬʫʥʢʮʽʾ, 

ʜʣʷ ʷʢʦʾ ʙʫʣʘ ʧʦʙʫʜʦʚʘʥʘ ʟʘʣʝʞʥʽʩʪʴ, ʙʫʜʫʚʘʚʩʷ ʘʧʨʦʢʩʠʤʘʮʽʡʥʠʡ ʧʦʣʽʥʦʤ ʚʽʜ 

Ὧ ω ʟʤʽʥʥʠʭ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʦʧʪʠʤʘʣʴʥʦʶ ʚʝʣʠʯʠʥʦʶ 

ʢʦʝʬʽʮʽʻʥʪʫ, ʱʦ ʜʦʩʣʽʜʞʫʻʪʴʩʷ, ʻ ‌ ρȾὯ. ɺʪʽʤ, ʧʦʜʽʙʥʝ ʧʨʠʧʫʱʝʥʥʷ ʧʦʪʨʝʙʫʻ 

ʜʦʜʘʪʢʦʚʦʾ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʧʝʨʝʚʽʨʢʠ ʥʘ ʰʠʨʰʦʤʫ ʥʘʙʦʨʽ ʜʘʥʠʭ, ʧʨʠ ʨʽʟʥʽʡ 

ʢʽʣʴʢʽʩʪʴ ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʬʫʥʢʮʽʡ ʪʘ ʨʽʟʥʦʤʫ ʚʠʛʣʷʜʽ ʟʘʣʝʞʥʦʩʪʝʡ. 

ʊʘʢʦʞ ʣʝʛʢʦ ʧʦʙʘʯʠʪʠ, ʱʦ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʪʠʩʢʫ ʨʦʟʤʽʨʥʦʩʪʽ ‌ π 

ʨʝʟʫʣʴʪʘʪʠ ʚʽʜʥʦʚʣʝʥʥʷ ʬʫʥʢʮʽʾ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʨʠʡʥʷʪʥʫ ʧʦʭʠʙʢʫ ʘʧʨʦʢʩʠʤʘʮʽʾ, 

ʥʝ ʛʽʨʰʫ ʟʘ ʘʧʨʦʢʩʠʤʘʮʽʶ ʟ ʜʦʧʦʤʦʛʦʶ ʄɻʋɸ, ʟʘʩʪʦʩʦʚʫʶʯʠ ʧʨʠ ʮʴʦʤʫ 

ʧʦʣʽʥʦʤʠ ʟ ʧʦʨʽʚʥʷʣʴʥʦʶ ʢʽʣʴʢʽʩʪʶ ʢʦʝʬʽʮʽʻʥʪʽʚ. ʂʦʣʠ ʞ ʢʦʝʬʽʮʽʻʥʪ ʪʠʩʢʫ 

ʨʦʟʤʽʨʥʦʩʪʽ ʩʪʘʻ ʙʽʣʴʰʠʤ ʚʽʜ 0,1 ʦʜʨʘʟʫ ʨʽʟʢʦ ʧʦʛʽʨʰʫʻʪʴʩʷ ʷʢʽʩʪʴ ʘʧʨʦʢʩʠʤʘʮʽʾ, 

ʧʨʠ ʪʦʤʫ ʱʦ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʫʞʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʝʩʫʪʪʻʚʦ. 

ʇʨʠʚʝʨʪʘʻ ʫʚʘʛʫ ʪʘʢʦʞ ʦʩʪʘʥʥʽʡ ʩʪʦʚʧʯʠʢ ʪʘʙʣʠʮʽ 6.4, ʚ ʷʢʦʤʫ ʥʘʚʝʜʝʥʽ 

ʢʽʣʴʢʦʩʪʽ ʢʨʦʢʽʚ (ʧʦʢʦʣʽʥʴ) ʛʝʥʝʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ, ʚʠʪʨʘʯʝʥʽ ʥʘ ʧʦʰʫʢ 

ʥʘʡʢʨʘʱʦʛʦ ʟʘ ʢʨʠʪʝʨʽʻʤ (3.12) ʨʽʰʝʥʥʷ. ʆʯʝʚʠʜʥʦ, ʱʦ ʧʨʠ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʥʷʭ 

‌ πȟπρȣπȟς ʥʘʡʢʨʘʱʠʡ ʧʦʣʽʥʦʤ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘʙʘʛʘʪʦ ʰʚʠʜʰʝ, ʥʽʞ ʧʨʠ 

ʟʘʚʠʩʦʢʦʤʫ ʯʠ ʟʘʥʠʟʴʢʦʤʫ ʟʥʘʯʝʥʥʽ ‌. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʦʧʪʠʤʫʤ ʧʨʠ ʤʘʣʠʭ 
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ʯʠ ʥʘʚʧʘʢʠ ʥʘʜʪʦ ʚʝʣʠʢʠʭ ʟʥʘʯʝʥʥʷʭ ʧʘʨʘʤʝʪʨʫ ʪʠʩʢʫ ʨʦʟʤʽʨʥʦʩʪʽ ʟʥʘʭʦʜʠʪʴʩʷ 

ʩʝʨʝʜ ʩʦʪʝʥʴ ʙʣʠʟʴʢʠʭ ʣʦʢʘʣʴʥʠʭ ʦʧʪʠʤʫʤʽʚ. 

ʈʝʟʫʣʴʪʘʪ ʘʧʨʦʢʩʠʤʘʮʽʾ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜʥʦʩʥʦʛʦ ʧʦʜʦʚʞʝʥʥʷ ʚʽʜ ʭʽʤʽʯʥʦʛʦ 

ʩʢʣʘʜʫ ʩʪʘʣʽ (9 ʧʘʨʘʤʝʪʨʽʚ) ʧʨʠ ʥʘʡʢʨʘʱʦʤʫ, ʥʘ ʜʫʤʢʫ ʘʚʪʦʨʘ, ʟʥʘʯʝʥʥʽ ‌ πȟρ 

ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 6.5. 

 

 

ʈʠʩ. 6.5. ɸʧʨʦʢʩʠʤʘʮʽʷ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜʥʦʩʥʦʛʦ ʧʦʜʦʚʞʝʥʥʷ ʩʪʘʣʝʚʦʛʦ ʧʨʦʢʘʪʫ 

ʚʽʜ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ 

 

ʗʢ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʥʘ ʮʴʦʤʫ ʨʠʩʫʥʢʫ, ʧʨʠ ʚʢʘʟʘʥʦʤʫ ʟʥʘʯʝʥʥʽ ‌ 

ʘʧʨʦʢʩʠʤʫʶʯʘ ʬʫʥʢʮʽʷ ʜʦʩʪʘʪʥʴʦ ʷʢʽʩʥʦ ʚʽʜʪʚʦʨʶʻ ʟʘʣʝʞʥʽʩʪʴ, ʚʨʘʭʦʚʫʶʯʠ 

ʢʣʶʯʦʚʽ ʢʦʣʠʚʘʥʥʷ ʪʘ ʝʢʩʪʨʝʤʫʤʠ. 

ʇʽʜʩʫʤʦʚʫʶʯʠ ʚʠʢʣʘʜʝʥʝ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʘ 

ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʧʦʙʫʜʦʚʠ ʘʧʨʦʢʩʠʤʫʶʯʠʭ ʧʦʣʽʥʦʤʽʘʣʴʥʠʭ ʬʫʥʢʮʽʡ 

ʙʘʛʘʪʴʦʭ ʟʤʽʥʥʠʭ, ʱʦ ʦʧʠʩʫʶʪʴ ʧʝʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʧʨʦʮʝʩʽʚ, 
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ʷʢʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʚʽʜʦʤʠʭ ʨʘʥʽʰʝ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʫ ʧʦʣʽʥʦʤʘʭ ʚʽʜ'ʻʤʥʠʭ 

ʩʪʝʧʝʥʽʚ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʜʦ ʧʦʣʽʥʦʤʽʚ ʦʙʤʝʞʝʥʥʷ ʥʘ ʩʫʤʘʨʥʫ ʚʝʣʠʯʠʥʫ ʩʪʝʧʝʥʽ 

ʜʦʙʫʪʢʫ ʟʤʽʥʥʠʭ, ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʥʘʙʣʠʟʠʪʠ ʦʪʨʠʤʘʥʽ ʘʧʨʦʢʩʠʤʘʮʽʡʥʽ 

ʟʘʣʝʞʥʦʩʪʽ ʜʦ ʾʭ ʬʽʟʠʯʥʦʛʦ ʩʝʥʩʫ, ʪʘ ʚʦʜʥʦʯʘʩ ʟʥʘʥʦ ʩʧʨʦʩʪʠʪʠ ʚʠʛʣʷʜ 

ʨʝʟʫʣʴʪʫʶʯʠʭ ʬʫʥʢʮʽʡ, ʟʤʝʥʰʠʚʰʠ ʢʽʣʴʢʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʽʚ, ʱʦ ʚʽʜʥʦʚʣʶʶʪʴʩʷ. 

ɺ ʷʢʦʩʪʽ ʙʘʟʦʚʦʛʦ ʘʣʛʦʨʠʪʤʫ ʨʦʟʨʘʭʫʥʢʫ ʢʦʝʬʽʮʽʻʥʪʽʚ ʘʧʨʦʢʩʠʤʫʶʯʦʾ 

ʬʫʥʢʮʽʾ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ, ʚ ʷʢʦʩʪʽ ʘʣʛʦʨʠʪʤʫ ʧʦʰʫʢʫ 

ʥʘʡʢʨʘʱʦʾ ʩʪʨʫʢʪʫʨʠ ʬʫʥʢʮʽʾ ï ʧʨʦʩʪʠʡ ʛʝʥʝʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤ ʟ ʪʫʨʥʽʨʥʠʤ 

ʦʧʝʨʘʪʦʨʦʤ ʩʝʣʝʢʮʽʾ, ʨʽʚʥʦʤʽʨʥʠʤ ʩʭʨʝʱʫʚʘʥʥʷʤ ʪʘ ʛʘʫʩʽʚʩʴʢʦʶ ʚʠʧʘʜʢʦʚʦʶ 

ʤʫʪʘʮʽʻʶ. ʇʦʜʽʙʥʝ ʩʧʦʣʫʯʝʥʥʷ ʘʣʛʦʨʠʪʤʫ ʪʘ ʡʦʛʦ ʥʘʣʘʰʪʫʚʘʥʴ ʜʦʟʚʦʣʷʻ 

ʦʪʨʠʤʘʪʠ ʟʘʣʝʞʥʦʩʪʽ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ (200-300 

ʧʦʢʦʣʽʥʴ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ). 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʘʢʪʠʯʥʦʾ ʧʝʨʝʚʽʨʢʠ 

ʚʠʢʣʘʜʝʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʧʦʙʫʜʦʚʠ ʘʧʨʦʢʩʠʤʫʶʯʦʾ ʬʫʥʢʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʚʽʜ'ʻʤʥʠʭ ʩʪʝʧʝʥʽʚ ʫ ʧʦʣʽʥʦʤʘʭ ʘʧʨʦʢʩʠʤʘʮʽʡʥʦʾ ʬʫʥʢʮʽʾ ʙʫʣʦ ʟôʷʩʦʚʘʥʦ, ʱʦ ʡʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʫ 2ï3 ʨʘʟʠ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʽʚ, ʱʦ 

ʚʽʜʥʦʚʣʶʶʪʴʩʷ, ʧʨʠ ʮʴʦʤʫ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʘ ʧʦʤʠʣʢʘ ʘʧʨʦʢʩʠʤʘʮʽʾ 

ʟʤʝʥʰʫʻʪʴʩʷ ʫ 1,5ï2,5 ʨʘʟʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʥʘʥʦʾ ʨʦʙʦʪʠ ʦʮʽʥʝʥʦ ʦʧʪʠʤʘʣʴʥʫ ʚʝʣʠʯʠʥʫ ʧʘʨʘʤʝʪʨʫ 

ʪʠʩʢʫ ʨʦʟʤʽʨʥʦʩʪʽ, ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʘʚʪʦʨʦʤ ʫ ʷʢʦʩʪʽ ʰʪʨʘʬʥʦʾ ʬʫʥʢʮʽʾ ʢʨʠʪʝʨʽʶ 

ʦʧʪʠʤʽʟʘʮʽʾ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʥʘʜʘʣʽ ʢʦʨʠʩʪʫʚʘʪʠʩʷ ʟʥʘʯʝʥʥʷʤ ‌ πȟρ, ʦʩʢʽʣʴʢʠ 

ʧʨʠ ʙʽʣʴʰʠʭ ʟʥʘʯʝʥʥʷʭ ʥʝʧʨʠʧʫʩʪʠʤʦ ʟʨʦʩʪʘʻ ʧʦʤʠʣʢʘ ʘʧʨʦʢʩʠʤʘʮʽʾ. 

ʇʨʘʢʪʠʯʥʘ ʮʽʥʥʽʩʪʴ ʦʪʨʠʤʘʥʦʛʦ ʨʽʰʝʥʥʷ ʧʦʣʷʛʘʻ ʫ ʤʦʞʣʠʚʦʩʪʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʠʢʣʘʜʝʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʩʠʥʪʝʟʫ ʽ ʤʽʥʽʤʽʟʘʮʽʾ ʤʦʜʝʣʝʡ ʫ ʩʢʣʘʜʽ 

ʟʘʛʘʣʴʥʦʾ ʽʥʪʝʛʨʦʚʘʥʦʾ ʉʇʇʈ ʢʝʨʫʚʘʥʥʷ ʤʝʪʘʣʫʨʛʽʡʥʠʤ ʚʠʨʦʙʥʠʮʪʚʦʤ, ʘ ʩʘʤʝ 

ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʟʘʣʝʞʥʦʩʪʝʡ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʚʽʜ 

ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʩʪʘʣʽ ʜʦ ʨʦʟʢʠʩʣʝʥʥʷ. 
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6.3 ɼʦʩʣʽʜʞʝʥʥʷ ʛʽʙʨʠʜʥʦʛʦ ʤʝʪʦʜʫ ʤʦʜʝʣʶʚʘʥʥʷ ʐɯʉ ʚ ʟʘʜʘʯʘʭ 

ʦʧʪʠʤʽʟʘʮʽʾ 

 

ɺ hʦʩʪʦʤʫ ʨʦʟʜʽʣʽ ʨʦʙʦʪʠ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʛʽʙʨʠʜʥʠʡ ʘʜʘʧʪʠʚʥʠʡ 

ʤʝʪʦʜ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʫʤʦʚʥʦʾ ʪʘ ʙʝʟʫʤʦʚʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʚ ʙʝʟʢʽʥʝʯʥʦʤʫ ʪʘ 

ʜʚʽʡʢʦʚʦʤʫ ʧʨʦʩʪʦʨʘʭ ʥʘ ʦʩʥʦʚʽ ʤʦʜʝʣʶʚʘʥʥʷ ʰʪʫʯʥʦʾ ʽʤʫʥʥʦʾ ʩʠʩʪʝʤʠ, ʱʦ ʥʘ 

ʚʽʜʤʽʥʫ ʚʽʜ ʚʽʜʦʤʠʭ ʚʠʢʦʨʠʩʪʦʚʫʻ ʦʧʝʨʘʪʦʨ ʢʣʦʥʘʣʴʥʦ ʾʩʝʣʝʢʮʽʾ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʫ 

ʧʘʨʥʠʭ ʧʦʨʽʚʥʷʥʴ ʉʘʘʪʽ, ʘʜʘʧʪʠʚʥʠʡ ʡʤʦʚʽʨʥʽʩʥʠʡ ʢʨʦʩʠʥʛʦʚʝʨ, ʘʜʘʧʪʠʚʥʽ 

ʦʧʝʨʘʪʦʨʠ ʤʫʪʘʮʽʾ ʪʘ ʩʪʠʩʥʝʥʥʷ ʧʦʧʫʣʷʮʽʾ ʪʘ ʦʙʤʝʞʝʥʠʡ ʣʦʢʘʣʴʥʠʡ ʧʦʰʫʢ. 

ɺ ʩʢʣʘʜʽ ʉʇʇʈ ʧʨʦʢʘʪʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʥʘʩʪʫʧʥʽ 

ʦʧʪʠʤʽʟʘʮʽʡʥʽ ʟʘʜʘʯʽ: 

1. ʄʽʥʽʤʽʟʘʮʽʷ ʚʠʪʨʘʪʠ ʯʘʩʫ ʥʘ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʧʨʠ ʰʠʨʦʢʦʤʫ 

ʩʦʨʪʘʤʝʥʪʽ; 

2. ʆʧʪʠʤʽʟʘʮʽʷ ʚʘʛʠ ʟʣʠʚʢʫ ʟ ʦʛʣʷʜʫ ʥʘ ʧʝʨʝʙʽʛ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚ 

ʤʘʡʙʫʪʥʽʭ ʧʝʨʝʜʽʣʘʭ; 

3. ʆʧʪʠʤʘʣʴʥʝ ʨʦʟʢʨʦʶʚʘʥʥʷ ʟʘʛʦʪʦʚʦʢ ʧʨʦʢʘʪʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ; 

4. ʆʧʪʠʤʽʟʘʮʽʷ ʰʠʭʪʠ ʧʨʠ ʢʦʥʚʝʨʪʝʨʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ; 

5. ɺʽʜʥʦʚʣʝʥʥʷ ʬʫʥʢʮʽʡ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʩʝʨʪʠʬʽʢʘʮʽʾ ʛʦʪʦʚʦʾ 

ʧʨʦʜʫʢʮʽʾ; 

6. ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʩʪʽʡʢʦʩʪʽ ʬʫʪʝʨʦʚʢʠ ʢʦʥʚʝʨʪʝʨʘ. 

ʗʢʱʦ ʧʝʨʰʘ ʟʘʜʘʯʘ ʪʨʘʜʠʮʽʡʥʦ ʚʠʨʽʰʫʻʪʴʩʷ ʩʧʝʮʽʘʣʴʥʦ ʘʜʘʧʪʦʚʘʥʠʤ ʜʣʷ 

ʮʴʦʛʦ ʤʝʪʦʜʦʤ ʤʦʜʝʣʶʚʘʥʥʷ ʤʫʨʘʰʠʥʦʾ ʢʦʣʦʥʽʾ (ʜʦʢʣʘʜʥʦ ʨʦʟʛʣʷʥʫʪʦ ʚ ʨʦʟʜʽʣʽ 

6.1), ʘ ʰʦʩʪʘ ï ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ ʤʥʦʞʠʥʥʦʾ ʣʽʥʽʡʥʦʾ ʨʝʛʨʝʩʽʾ ʪʘ ʛʨʫʧʦʚʦʛʦ 

ʚʨʘʭʫʚʘʥʥʷ ʘʨʛʫʤʝʥʪʽʚ (ʜʠʚ. ʨʦʟʜʽʣ 3.3), ʪʦ ʨʝʰʪʘ ʟʘʜʘʯ ʤʦʞʫʪʴ ʽʜʝʥʪʠʬʽʢʫʶʪʴʩʷ 

ʷʢ ʟʘʜʘʯʽ ʢʦʤʙʽʥʘʪʦʨʥʦʾ ʘʙʦ ʜʽʡʩʥʦʯʠʩʝʣʴʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ. ɼʣʷ ʾʭ ʨʦʟʚôʷʟʘʥʥʷ ʚ 

ʩʢʣʘʜʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʚʠʢʣʘʜʝʥʠʡ ʚʠʱʝ ʘʣʛʦʨʠʪʤ ʤʦʜʝʣʶʚʘʥʥʷ ʰʪʫʯʥʦʾ ʽʤʫʥʥʦʾ 

ʩʠʩʪʝʤʠ. ʇʝʨʝʚʘʛʠ ʪʘ ʦʩʦʙʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʦʛʦ ʦʧʪʠʤʽʟʘʮʽʡʥʦʛʦ 

ʘʣʛʦʨʠʪʤʫ ʜʣʷ ʨʽʟʥʠʭ ʟʘʜʘʯ ʽʣʶʩʪʨʫʶʪʴ ʥʘʩʪʫʧʥʽ ʨʝʟʫʣʴʪʘʪʠ. 
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ɼʣʷ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʤʝʪʦʜʽʚ ʦʧʪʠʤʽʟʘʮʽʾ ʪʨʘʜʠʮʽʡʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʥʘʩʪʫʧʥʽ ʧʦʢʘʟʥʠʢʠ [261]:  

ï ʷʢʽʩʪʴ ʨʽʰʝʥʥʷ (ʚ ʩʝʥʩʽ ʟʥʘʯʝʥʥʷ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʥʘ ʧʨʦʩʪʦʨʽ ʤʦʞʣʠʚʠʭ 

ʨʽʰʝʥʴ), 

ï ʧʦʚʪʦʨʶʚʘʥʽʩʪʴ ʨʽʰʝʥʥʷ (ʚ ʚʽʜʥʦʩʥʦʤʫ ʟʥʘʯʝʥʥʽ ʧʨʠ ʢʽʣʴʢʦʭ 

ʧʦʩʣʽʜʦʚʥʠʭ ʟʘʧʫʩʢʘʭ ʜʣʷ ʦʜʥʽʻʾ ʡ ʪʽʻʾ ʞ ʟʘʜʘʯʽ),  

ï ʩʢʣʘʜʥʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʨʽʰʝʥʥʷ (ʫ ʢʽʣʴʢʦʩʪʽ ʽʪʝʨʘʮʽʡ ʘʙʦ ʟʚʝʨʥʝʥʴ ʜʦ 

ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ). 

ʆʩʢʽʣʴʢʠ ʤʝʪʦʜʠ, ʱʦ ʧʦʨʽʚʥʶʶʪʴʩʷ ʥʘʜʘʣʽ, ʤʘʶʪʴ ʩʫʪʪʻʚʦ ʨʽʟʥʫ ʩʪʨʫʢʪʫʨʫ 

ʽ ʬʽʟʠʯʥʠʡ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʦʜʥʽʻʾ ʽʪʝʨʘʮʽʾ ʫ ʥʠʭ ʤʦʞʝ ʚʽʜʨʽʟʥʷʪʠʩʷ ʥʘ ʧʦʨʷʜʢʠ, 

ʥʘʜʘʣʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʘʤʝ ʧʦʢʘʟʥʠʢ ʢʽʣʴʢʦʩʪʽ ʟʚʝʨʥʝʥʴ ʜʦ 

ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʟʥʘʯʝʥʥʷ, ʱʦ ʻ ʨʽʰʝʥʥʷʤ ʪʽʻʾ ʯʠ 

ʽʥʰʦʾ ʦʧʪʠʤʽʟʘʮʽʡʥʦʾ ʟʘʜʘʯʽ. ʊʘʢʦʞ ʚʘʞʣʠʚʦ, ʥʘʩʢʽʣʴʢʠ ʮʝʡ ʧʦʢʘʟʥʠʢ ʩʪʘʙʽʣʴʥʠʡ, 

ʪʦʤʫ ʙʫʜʝʤʦ ʦʮʽʥʶʚʘʪʠ ʪʘʢʦʞ ʡʦʛʦ ʜʠʩʧʝʨʩʽʶ. 

ɺ ʷʢʦʩʪʽ ʟʘʜʘʯ, ʦʙʨʘʥʠʭ ʜʣʷ ʨʽʰʝʥʥʷ, ʨʦʟʛʣʷʜʘʻʤʦ: 

1) ɿʘʤʦʚʣʝʥʥʷ1 ï ʟʘʜʘʯʘ ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʘʣʫ ʧʨʠ ʧʣʘʥʫʚʘʥʥʽ 

ʦʙʨʦʙʢʠ ʥʝʚʝʣʠʢʦʛʦ ʟʘʤʦʚʣʝʥʥʷ ʟʘʛʘʣʴʥʠʤ ʦʙôʻʤʦʤ 322,5 ʪ; 

2) ɿʘʤʦʚʣʝʥʥʷ2 ï ʟʘʜʘʯʘ ʦʧʪʠʤʽʟʘʮʽʾ ʧʣʘʥʦʚʦʛʦ ʚʠʢʦʥʘʥʥʷ ʜʦʙʦʚʦʛʦ 

ʟʘʤʦʚʣʝʥʥʷ ʧʨʦʢʘʪʥʦʾ ʧʨʦʜʫʢʮʽʾ, ʦʙôʻʤ ʟʘʤʦʚʣʝʥʥʷ 1560 ʪ; 

3) ʈʦʟʢʨʦʡ1 ï ʨʦʟʢʨʦʶʚʘʥʥʷ ʟʣʠʚʢʘ ʥʝʧʨʦʛʥʦʟʦʚʘʥʦʾ ʜʦʚʞʠʥʠ ʥʘ 

ʧʝʨʝʜʽʣʴʥʽ ʟʘʛʦʪʦʚʢʠ ʧʨʠ ʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʚʘʨʽʘʥʪʽʚ ʨʦʟʢʨʦʶʚʘʥʥʷ ï ʩʪʘʣʴ ʩʪ3ʧʩ, 

ʧʨʦʜʫʢʮʽʷ ï ʧʨʦʬʽʣʴ ʢʫʪʦʚʠʡ ʋ75, ʤʽʨʘ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ï 9 ʤ. 

4) ʈʦʟʢʨʦʡ2 ï ʨʦʟʢʨʦʶʚʘʥʥʷ ʟʣʠʚʢʘ ʥʝʧʨʦʛʥʦʟʦʚʘʥʦʾ ʜʦʚʞʠʥʠ ʥʘ 

ʧʝʨʝʜʽʣʴʥʽ ʟʘʛʦʪʦʚʢʠ ʧʨʠ ʤʘʣʽʡ ʢʽʣʴʢʦʩʪʽ ʚʘʨʽʘʥʪʽʚ ʨʦʟʢʨʦʶʚʘʥʥʷ ï ʩʪʘʣʴ ʩʪ3ʧʩ, 

ʧʨʦʜʫʢʮʽʷ ï ʰʚʝʣʝʨ ʐ14, ʤʽʨʘ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ï 11,7 ʤ. 

5) ʐʠʭʪʘ1 ï ʰʠʭʪʫʚʘʥʥʷ ʧʣʘʚʢʠ ʩʪʘʣʽ 5ʧʩ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʚʩʽʭ ʤʦʞʣʠʚʠʭ 

ʥʝʦʙʭʽʜʥʠʭ ʩʢʣʘʜʦʚʠʭ ʜʦʤʽʰʦʢ ʪʘ ʦʭʦʣʦʜʞʫʚʘʯʽʚ, ʯʘʚʫʥ ʚʽʜʧʦʚʽʜʘʻ ʩʝʨʝʜʥʽʤ 

ʧʦʢʘʟʥʠʢʘʤ ʟʘ ʪʝʭʥʽʯʥʠʤʠ ʫʤʦʚʘʤʠ; 
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6) ʐʠʭʪʘ2 ï ʰʠʭʪʫʚʘʥʥʷ ʧʣʘʚʢʠ ʩʪʘʣʽ 5ʧʩ ʧʨʠ ʦʙʤʝʞʝʥʠʭ ʤʦʞʣʠʚʦʩʪʷʭ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʢʠʩʣʶʚʘʯʽʚ ʪʘ ʦʭʦʣʦʜʞʫʚʘʯʽʚ, ʯʘʚʫʥ ʚʽʜʧʦʚʽʜʘʻ ʩʝʨʝʜʥʽʤ 

ʧʦʢʘʟʥʠʢʘʤ ʟʘ ʪʝʭʥʽʯʥʠʤʠ ʫʤʦʚʘʤʠ; 

7) ʐʠʭʪʘ3 ï ʰʠʭʪʫʚʘʥʥʷ ʧʣʘʚʢʠ ʩʪʘʣʽ 45 ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʚʩʽʭ ʤʦʞʣʠʚʠʭ 

ʥʝʦʙʭʽʜʥʠʭ ʩʢʣʘʜʦʚʠʭ ʜʦʤʽʰʦʢ ʪʘ ʦʭʦʣʦʜʞʫʚʘʯʽʚ, ʯʘʚʫʥ ʤʘʻ ʛʨʘʥʠʯʥʽ 

ʧʨʠʧʫʩʪʠʤʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʙʨʫʭʪ ʩʪʘʥʜʘʨʪʥʠʡ; 

8) ʐʠʭʪʘ4 ï ʰʠʭʪʫʚʘʥʥʷ ʧʣʘʚʢʠ ʩʪʘʣʽ 45 ʧʨʠ ʦʙʤʝʞʝʥʠʭ ʤʦʞʣʠʚʦʩʪʷʭ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʢʠʩʣʶʚʘʯʽʚ ʪʘ ʦʭʦʣʦʜʞʫʚʘʯʽʚ, ʯʘʚʫʥ ʤʘʻ ʛʨʘʥʠʯʥʽ ʧʨʠʧʫʩʪʠʤʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʙʨʫʭʪ ʥʝʩʪʘʥʜʘʨʪʥʠʡ; 

9) ɺʽʜʥʦʚʣʝʥʥʷ1 ï ʚʽʜʥʦʚʣʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʛʨʘʥʠʮʽ ʤʽʮʥʦʩʪʽ ʩʦʨʪʦʚʦʛʦ 

ʧʨʦʢʘʪʫ ʚʽʜ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʩʪʘʣʽ, ʩʪʘʣʴ 5ʧʩ, ʚʠʢʠʜʠ ʚ ʜʘʥʠʭ ʚʽʜʩʫʪʥʽ; 

10) ɺʽʜʥʦʚʣʝʥʥʷ2 ï ʚʽʜʥʦʚʣʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʛʨʘʥʠʮʽ ʪʝʢʫʯʦʩʪʽ ʩʦʨʪʦʚʦʛʦ 

ʧʨʦʢʘʪʫ ʚʽʜ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʩʪʘʣʽ, ʩʪʘʣʴ 5ʧʩ, ʚ ʜʘʥʠʭ ʧʨʠʩʫʪʥʽ ʚʠʢʠʜʠ; 

11) ɺʽʜʥʦʚʣʝʥʥʷ3 ï ʚʽʜʥʦʚʣʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜʥʦʩʥʦʛʦ ʧʦʜʦʚʞʝʥʥʷ 

ʩʦʨʪʦʚʦʛʦ ʧʨʦʢʘʪʫ ʧʨʠ ʥʘʚʘʥʪʘʞʝʥʥʽ ʚʽʜ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʩʪʘʣʽ, ʩʪʘʣʴ 5ʧʩ, 

ʚʠʢʠʜʠ ʚ ʜʘʥʠʭ ʚʽʜʩʫʪʥʽ. 

ɺʩʽ ʟʘʜʘʯʽ ʧʝʨʝʜʙʘʯʘʶʪʴ ʤʽʥʽʤʽʟʘʮʽʶ ʧʝʚʥʦʾ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ. ɼʣʷ ʧʝʨʰʠʭ 

ʯʦʪʠʨʴʦʭ ʟʘʜʘʯ ʚʦʥʘ ʚʠʤʽʨʶʻʪʴʩʷ ʫ ʚʽʜʥʦʩʥʠʭ ʦʜʠʥʠʮʷʭ ʥʝʚʠʢʦʨʠʩʪʘʥʦʛʦ ʤʝʪʘʣʫ 

(ʦʙʨʽʟʢʽʚ) ʪʘ ʥʝʤʽʨʥʠʭ ʟʘʛʦʪʦʚʦʢ; ʜʣʷ ʟʘʜʘʯ ʰʠʭʪʫʚʘʥʥʷ ï ʫ ʛʨʠʚʥʝʚʦʤʫ 

ʝʢʚʽʚʘʣʝʥʪʽʚ ʚʘʨʪʦʩʪʽ ʛʦʪʦʚʦʛʦ ʤʝʪʘʣʫ ʟʘ ʪʦʥʫ; ʜʣʷ ʟʘʜʘʯ ʚʽʜʥʦʚʣʝʥʥʷ 

ʟʘʣʝʞʥʦʩʪʝʡ ʮʽʣʴʦʚʘ ʬʫʥʢʮʽʷ ʤʘʻ ʩʝʥʩ ʤʽʥʽʤʫʤʫ ʧʦʤʠʣʢʠ ʘʧʨʦʢʩʠʤʘʮʽʾ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʽʥʽʤʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʥʝʚʽʜʦʤʠʭ. 

ɺ ʷʢʦʩʪʽ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʨʦʟʛʣʷʥʫʪʽ: 

- ʜʣʷ ʢʦʤʙʽʥʘʪʦʨʥʠʭ ʟʘʜʘʯ ʨʦʟʢʨʦʶʚʘʥʥʷ ʽ ʚʽʜʥʦʚʣʝʥʥʷ ʟʘʣʝʞʥʦʩʪʝʡ ï 

ʛʝʥʝʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤ ʟ ʪʫʨʥʽʨʥʠʤ ʦʧʝʨʘʪʦʨʦʤ ʩʝʣʝʢʮʽʾ, ʨʽʚʥʦʤʽʨʥʠʤ 

ʩʭʨʝʱʫʚʘʥʥʷʤ ʪʘ ʛʘʫʩʽʚʩʴʢʦʶ ʚʠʧʘʜʢʦʚʦʶ ʤʫʪʘʮʽʻʶ [73], ʘ ʪʘʢʦʞ ʤʝʪʦʜ ʽʤʽʪʘʮʽʾ 

ʚʽʜʧʘʣʫ (simulated annealing) [74]. 

- ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʚ ʜʽʡʩʥʦʤʫ ʧʨʦʩʪʦʨʽ (ʟʘʜʘʯʘ ʰʠʭʪʫʚʘʥʥʷ) ï ʟʛʘʜʘʥʠʡ ʚʝʞ 

ʤʝʪʦʜ ʽʤʽʪʘʮʽʾ ʚʽʜʧʘʣʫ ʪʘ ʤʝʪʦʜ ʨʦʶ ʯʘʩʪʦʢ (particle swarm optimization) ʚ ʥʦʪʘʮʽʾ 

[75]. 
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ʇʦʨʽʚʥʷʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʠʨʽʰʝʥʥʷ ʦʧʠʩʘʥʠʭ ʚʠʱʝ ʟʘʜʘʯ ʟʛʘʜʘʥʠʤʠ 

ʤʝʪʦʜʘʤʠ ʧʨʠ 50 ʧʦʚʪʦʨʥʠʭ ʟʘʧʫʩʢʘʭ ʟ ʦʜʥʘʢʦʚʠʤʠ ʧʦʯʘʪʢʦʚʠʤʠ ʜʘʥʠʤʠ ʟʚʝʜʝʥʽ 

ʚ ʪʘʙʣʠʮʶ 6.5.  

 

ʊʘʙʣʠʮʷ 6.5 - ʇʦʨʽʚʥʷʥʥʷ ʤʝʪʦʜʽʚ ʨʽʰʝʥʥʷ ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʟʘʜʘʯ ʟʘ 

ʧʦʢʘʟʥʠʢʘʤʠ ʷʢʦʩʪʽ 

ɿʘʜʘʯʘ 
GA / PSO Simulated Annealing HINO-SF 

ὓὊ „Ὂ ὖȟϷ Ὂ  ὓὊ „Ὂ ὖȟϷ Ὂ  ὓὊ „Ὂ ὖȟϷ Ὂ  

ɿʘʤʦʚʣʝʥʥʷ1 12213 5943 76 1,0 10348 29 90 1,0 16150 625 100 1,0 

ɿʘʤʦʚʣʝʥʥʷ2 31886 13068 34 1,109 10480 101 66 1,067 42053 9270 94 1,0 

ʈʦʟʢʨʦʡ1 7494 52 96 1,0 10088 14 90 1,0 15597 837 96 1,0 

ʈʦʟʢʨʦʡ2 5864 111 90 1,0 10057 7 100 1,0 6165 167 100 1,0 

ʐʠʭʪʘ1 36485 1342 14 1,0 10811 233 34 1,022 15537 538 78 1,022 

ʐʠʭʪʘ2 125013 1957 22 1,866 11077 409 4 1,184 15243 548 70 1,0 

ʐʠʭʪʘ3 93100 6074 36 1,358 11548 409 32 1,227 18376 698 88 1,0 

ʐʠʭʪʘ4 115859 11836 26 2,031 12324 568 42 1,884 15709 511 54 1,0 

ɺʽʜʥʦʚʣʝʥʥʷ1 16868 686 12 1,040 10450 41 88 1,040 16888 577 100 1,0 

ɺʽʜʥʦʚʣʝʥʥʷ2 19196 5393 16 1,088 10453 124 92 1,0 15849 1596 94 1,0 

ɺʽʜʥʦʚʣʝʥʥʷ3 18194 3525 20 1,0 10860 255 66 1,0 16292 1890 100 1,167 

ɺ 

ʩʝʨʝʜʥʴʦʤʫ  

ʥʘ ʟʘʜʘʯʫ 

43834 4544 40,2 1,227 10772 199 64,0 1,129 17624 1569 88,5 1,017 

 

ɺ ʪʘʙʣʠʮʽ ʚʠʢʦʨʠʩʪʘʥʽ ʥʘʩʪʫʧʥʽ ʫʤʦʚʥʽ ʧʦʟʥʘʯʝʥʥʷ: ὓὊ ï ʤʘʪʝʤʘʪʠʯʥʝ 

ʦʯʽʢʫʚʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʟʚʝʨʥʝʥʴ ʜʦ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʨʽʰʝʥʥʷ, ʱʦ ʥʝ 

ʧʦʢʨʘʱʫʻʪʴʩʷ ʚ ʧʦʜʘʣʴʰʦʤʫ, ʨʘʟʽʚ; „Ὂ ï ʩʪʘʥʜʘʨʪʥʝ ʚʽʜʭʠʣʝʥʥʷ ʮʽʻʾ ʢʽʣʴʢʦʩʪʽ 

ʟʚʝʨʥʝʥʴ, ʨʘʟʽʚ; ὖȟϷ - ʧʦʚʪʦʨʶʚʘʥʽʩʪʴ ʨʽʰʝʥʥʷ, ʚʽʜʥʦʩʥʘ ʯʘʩʪʢʘ ʦʜʥʘʢʦʚʠʭ 

ʢʨʘʱʠʭ ʨʽʰʝʥʴ ʧʨʠ ʧʦʚʪʦʨʥʠʭ ʟʘʧʫʩʢʘʭ; Ὂ  ï ʚʽʜʥʦʩʥʝ ʟʥʘʯʝʥʥʷ ʢʨʘʱʦʛʦ 

ʨʽʰʝʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʜʘʥʠʡ ʤʝʪʦʜ, ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ. ʆʩʪʘʥʥʻ 

ʟʥʘʯʝʥʥʷ ʧʝʨʝʨʘʭʦʚʘʥʝ ʜʦ ʦʜʥʘʢʦʚʦʾ ʜʣʷ ʚʩʽʭ ʚʽʜʥʦʩʥʦʾ ʰʢʘʣʠ, ʘʜʞʝ ʮʽʣʴʦʚʽ 
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ʬʫʥʢʮʽʾ ʫ ʨʽʟʥʠʭ ʟʘʜʘʯʘʭ ʤʘʶʪʴ ʟʥʘʯʝʥʥʷ, ʱʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʥʘ ʢʽʣʴʢʘ ʧʦʨʷʜʢʽʚ ʽ 

ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʨʽʚʥʷʥʽ. 

ɸʥʘʣʽʟʫʶʯʠ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʚ ʪʘʙʣʠʮʽ 6.5, ʤʦʞʥʘ ʚʽʜʟʥʘʯʠʪʠ 

ʥʘʩʪʫʧʥʽ ʦʩʦʙʣʠʚʦʩʪʽ. ʇʦ-ʧʝʨʰʝ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʫʜʦʩʢʦʥʘʣʝʥʠʡ ʤʝʪʦʜ 

ʦʧʪʠʤʽʟʘʮʽʾ HINO-SF ʥʘ ʦʩʥʦʚʽ ʤʦʜʝʣʶʚʘʥʥʷ ʰʪʫʯʥʦʾ ʽʤʫʥʥʦʾ ʩʠʩʪʝʤʠ ʤʘʻ 

ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʽ ʧʦʚʪʦʨʶʚʘʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʠ ʨʦʟʚôʷʟʘʥʥʽ ʟʘʜʘʯ ʷʢ ʚ 

ʜʚʽʡʢʦʚʦʤʫ, ʪʘʢ ʽ ʚ ʜʽʡʩʥʦʤʫ ʧʨʦʩʪʦʨʽ ʧʦʰʫʢʫ ʨʽʰʝʥʥʷ. ʃʠʰʝ ʜʣʷ ʜʚʦʭ ʟʘʜʘʯ ʟ 11 

ʟʥʘʡʜʝʥʝ ʥʠʤ ʨʽʰʝʥʥʷ ʚʠʷʚʠʣʦʩʴ ʥʝ ʥʘʡʢʨʘʱʠʤ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʨʽʰʝʥʥʷʤʠ, 

ʟʥʘʡʜʝʥʠʤʠ ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ. ʌʘʢʪʠʯʥʦ ʟ ʡʤʦʚʽʨʥʽʩʪʶ ʙʽʣʴʰʝ 0,885 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʟʥʘʭʦʜʠʪʴ ʥʘʡʢʨʘʱʝ ʨʽʰʝʥʥʷ ʟ ʧʦʤʠʣʢʦʶ ʜʦ 1,7%.  

ʇʦ-ʜʨʫʛʝ, ʜʣʷ ʢʦʤʙʽʥʘʪʦʨʥʠʭ ʟʘʜʘʯ, ʟʦʢʨʝʤʘ, ʨʦʟʢʨʦʶʚʘʥʥʷ ʧʝʨʝʜʽʣʴʥʠʭ 

ʟʘʛʦʪʦʚʦʢ, ʜʝ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ HINO-SF ʟʥʘʭʦʜʠʪʴ ʪʽ ʩʘʤʽ ʨʽʰʝʥʥʷ, ʱʦ ʡ 

ʤʝʪʦʜʠ-ʢʦʥʢʫʨʝʥʪʠ, ʧʦʚʪʦʨʶʚʘʥʽʩʪʴ ʡʦʛʦ ʢʨʘʱʦʛʦ ʨʽʰʝʥʥʷ ʟʘʟʚʠʯʘʡ ʚʠʱʘ ʥʽʞ ʫ 

ʽʥʰʠʭ ʝʚʦʣʶʮʽʡʥʠʭ ʤʝʪʦʜʽʚ. ʄʽʥʽʤʘʣʴʥʠʡ ʚʽʜʩʦʪʦʢ ʚʽʜʪʚʦʨʝʥʥʷ ʪʦʯʥʦʛʦ ʨʽʰʝʥʥʷ 

ʜʣʷ ʢʦʤʙʽʥʘʪʦʨʥʠʭ ʟʘʜʘʯ ʩʪʘʥʦʚʠʪʴ 94%, ʘ ʜʣʷ ʜʽʡʩʥʦʛʦ ʧʨʦʩʪʦʨʫ ï 54%, ʱʦ 

ʟʥʘʯʥʦ ʢʨʘʱʝ ʥʽʞ ʫ ʤʝʪʦʜʽʚ-ʢʦʥʢʫʨʝʥʪʽʚ. 

ʇʦ-ʪʨʝʪʻ, ʜʣʷ ʧʦʰʫʢʫ ʨʽʰʝʥʥʷ ʚ ʜʽʡʩʥʦʤʫ ʧʨʦʩʪʦʨʽ ʤʝʪʦʜ HINO-SF 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʟʥʘʯʥʦ ʤʝʥʰʝ ʤʘʰʠʥʥʦʛʦ ʯʘʩʫ ʥʽʞ ʤʝʪʦʜ ʨʦʶ ʯʘʩʪʦʢ, 

ʧʦʩʪʫʧʘʶʯʠʩʴ ʤʝʪʦʜʫ ʽʤʽʪʘʮʽʾ ʚʽʜʧʘʣʫ. ʇʨʠ ʮʴʦʤʫ ʷʢʽʩʪʴ ʨʽʰʝʥʴ ʜʣʷ ʜʽʡʩʥʦʛʦ 

ʧʨʦʩʪʦʨʫ ʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʚʠʱʘ ʚ ʩʝʨʝʜʥʴʦʤʫ ʚ 1,33 ï 1,56 ʨʘʟʠ, ʘ 

ʧʦʚʪʦʨʶʚʘʥʽʩʪʴ ï 2,6 ï 3,0 ʨʘʟʠ. 

ʊʘʢʦʞ ʜʦ ʟʥʘʯʥʠʭ ʧʝʨʝʚʘʛ ʤʝʪʦʜʫ ʨʦʟʚôʷʟʘʥʥʷ ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʟʘʜʘʯ HINO-

SF ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʬʦʨʤʫ ʨʽʰʝʥʥʷ, ʘʜʞʝ ʟʘʚʜʷʢʠ ʤʝʭʘʥʽʟʤʫ ʩʪʠʩʥʝʥʥʷ ʧʦʧʫʣʷʮʽʾ ʽ 

ʫʩʫʚʘʥʥʷ ʙʣʠʟʴʢʠʭ ʛʝʥʦʤʽʚ-ʨʽʰʝʥʴ, ʧʽʜʩʫʤʢʦʚʘ ʧʦʧʫʣʷʮʽʷ ʚ ʜʘʥʦʤʫ ʤʝʪʦʜʽ 

ʤʽʩʪʠʪʴ ʥʘʙʽʨ ʩʫʙʦʧʪʠʤʘʣʴʥʠʭ ʨʽʰʝʥʴ, ʚʽʜʤʽʥʥʠʭ ʦʜʥʝ ʚʽʜ ʦʜʥʦʛʦ. ʎʷ 

ʦʩʦʙʣʠʚʽʩʪʴ ʜʘʻ ʟʤʦʛʫ ʦʩʦʙʽ, ʱʦ ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ, ʧʝʨʝʛʣʷʥʫʚʰʠ ʚʘʨʽʘʥʪʠ 

ʨʦʟʚôʷʟʢʽʚ, ʦʙʨʘʪʠ ʨʽʰʝʥʥʷ, ʤʦʞʣʠʚʦ ʡ ʥʝ ʥʘʡʢʨʘʱʝ ʟ ʪʦʯʢʠ ʟʦʨʫ ʛʣʦʙʘʣʴʥʦʛʦ 

ʢʨʠʪʝʨʽʶ ʦʧʪʠʤʽʟʘʮʽʾ, ʘʣʝ ʪʘʢʝ ʱʦ ʻ ʙʽʣʴʰ ʧʨʠʡʥʷʪʥʠʤ ʟʘ ʤʽʨʢʫʚʘʥʥʷʤʠ 

ʧʦʜʘʣʴʰʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ.  
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ɯʥʰʦʶ ʽʣʶʩʪʨʘʮʽʻʶ ʧʝʨʝʚʘʛʠ ʤʝʪʦʜʫ ʦʧʪʠʤʽʟʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʤʦʜʝʣʶʚʘʥʥʷ 

ʐɯʉ ʻ ʨʠʩʫʥʦʢ 6.6, ʜʝ ʧʦʢʘʟʘʥʦ ʧʝʨʝʚʘʞʥʫ ʫʩʧʽʰʥʽʩʪʴ ʢʦʞʥʦʛʦ ʟ ʤʝʪʦʜʽʚ 

ʢʦʥʢʫʨʝʥʪʽʚ. ɺ ʨʘʟʽ, ʷʢʱʦ ʟʘ ʷʢʠʤʦʩʴ ʧʦʢʘʟʥʠʢʦʤ ʫ ʜʚʦʭ ʘʙʦ ʙʽʣʴʰʝ ʤʝʪʦʜʽʚ 

ʦʜʥʘʢʦʚʽ ʟʥʘʯʝʥʥʷ, ʪʘʢʘ ʟʘʜʘʯʘ ʟʘʨʘʭʦʚʫʻʪʴʩʷ ʦʙʦʤ. 

 

 

ʈʠʩ. 6.6. ʂʽʣʴʢʽʩʪʴ ʟʘʜʘʯ, ʚ ʷʢʠʭ ʧʝʨʝʤʘʛʘʶʪʴ ʘʣʛʦʨʠʪʤʠ ʦʧʪʠʤʽʟʘʮʽʾ 

 

ʗʢ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʟ ʨʠʩʫʥʢʫ 7.6, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʥʘ ʦʩʥʦʚʽ 

ʤʦʜʝʣʶʚʘʥʥʷ ʰʪʫʯʥʦʾ ʽʤʫʥʥʦʾ ʩʠʩʪʝʤʠ ʧʨʦʛʨʘʻ ʽʥʰʠʤ ʝʚʦʣʶʮʽʡʥʠʤ ʘʣʛʦʨʠʪʤʘʤ 

ʥʘ ʙʽʣʴʰʦʩʪʽ ʟʘʜʘʯ ʟʘ ʢʨʠʪʝʨʽʻʤ ʰʚʠʜʢʦʩʪʽ ʦʪʨʠʤʘʥʥʷ ʨʽʰʝʥʥʷ. ɺʪʽʤ, ʯʘʩ 

ʦʪʨʠʤʘʥʥʷ ʨʽʰʝʥʥʷ ʥʝ ʻ ʢʣʶʯʦʚʠʤ ʧʦʢʘʟʥʠʢʦʤ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʟʘʜʘʯ, ʱʦ 

ʚʠʨʽʰʫʶʪʴʩʷ (ʢʨʽʤ ʟʘʜʘʯ 3 ʽ 4), ʘʜʞʝ ʫ ʆʇʈ ʻ ʟʥʘʯʥʠʡ ʨʝʩʫʨʩ ʯʘʩʫ ʥʘ ʰʠʭʪʦʚʢʫ, 

ʧʣʘʥʫʚʘʥʥʷ ʧʣʘʚʦʢ ʯʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʛʦʪʦʚʦʾ 

ʧʨʦʜʫʢʮʽʾ. ʊʦʤʫ ʛʦʣʦʚʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʷʢʦʩʪʽ ʻ ʪʦʯʥʽʩʪʴ ʪʘ ʥʘʜʽʡʥʽʩʪʴ ʚ ʩʝʥʩʽ 

ʧʦʚʪʦʨʶʚʘʥʦʩʪʽ ʨʽʰʝʥʥʷ ï ʫ ʥʠʭ ʤʝʪʦʜ HINO-SF, ʜʝʪʘʣʴʥʦ ʨʦʟʛʣʷʥʫʪʠʡ ʫ 6 

ʨʦʟʜʽʣʽ ʮʽʻʾ ʨʦʙʦʪʠ, ʻ ʢʨʘʱʠʤ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʟʘʜʘʯ. 

ʇʽʜʩʫʤʦʚʫʶʯʠ ʚʠʢʣʘʜʝʥʝ, ʧʨʦʧʦʥʫʻʪʴʩʷ ʥʘʜʘʣʽ ʚ ʷʢʦʩʪʽ ʤʝʪʦʜʫ ʧʦʰʫʢʫ 

ʨʽʰʝʥʥʷ ʚ ʟʘʜʘʯʘʭ ʦʧʪʠʤʽʟʘʮʽʾ ʚʘʛʠ ʟʣʠʚʢʫ ʟ ʦʛʣʷʜʫ ʥʘ ʧʝʨʝʙʽʛ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ ʚ ʤʘʡʙʫʪʥʽʭ ʧʝʨʝʜʽʣʘʭ, ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʢʨʦʶʚʘʥʥʷ ʟʘʛʦʪʦʚʦʢ 

ʧʨʦʢʘʪʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʦʧʪʠʤʽʟʘʮʽʾ ʰʠʭʪʠ ʧʨʠ ʢʦʥʚʝʨʪʝʨʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʪʘ 
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ʚʽʜʥʦʚʣʝʥʥʷ ʬʫʥʢʮʽʡ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʩʝʨʪʠʬʽʢʘʮʽʾ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʛʽʙʨʠʜʥʠʡ ʘʜʘʧʪʠʚʥʠʡ ʤʝʪʦʜ ʥʘ ʦʩʥʦʚʽ ʤʦʜʝʣʶʚʘʥʥʷ ʰʪʫʯʥʦʾ 

ʽʤʫʥʥʦʾ ʩʠʩʪʝʤʠ, ʱʦ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʚʽʜʦʤʠʭ ʚʠʢʦʨʠʩʪʦʚʫʻ ʦʧʝʨʘʪʦʨ ʢʣʦʥʘʣʴʥʦʾ 

ʩʝʣʝʢʮʽʾ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʫ ʧʘʨʥʠʭ ʧʦʨʽʚʥʷʥʴ ʉʘʘʪʽ, ʘʜʘʧʪʠʚʥʠʡ ʡʤʦʚʽʨʥʽʩʥʠʡ 

ʢʨʦʩʠʥʛʦʚʝʨ, ʘʜʘʧʪʠʚʥʽ ʦʧʝʨʘʪʦʨʠ ʤʫʪʘʮʽʾ ʪʘ ʩʪʠʩʥʝʥʥʷ ʧʦʧʫʣʷʮʽʾ ʪʘ ʦʙʤʝʞʝʥʠʡ 

ʣʦʢʘʣʴʥʠʡ ʧʦʰʫʢ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʚʝʜʝʥʦ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ 

ʟʥʘʭʦʜʠʪʴ ʥʘʡʢʨʘʱʝ ʨʽʰʝʥʥʷ ʟ ʧʦʤʠʣʢʦʶ ʜʦ 1,7% ʥʘ ʰʠʨʦʢʦʤʫ ʢʦʣʽ ʨʝʘʣʴʥʠʭ 

ʟʘʜʘʯ ʟ ʡʤʦʚʽʨʥʽʩʪʶ ʙʽʣʴʰʝ 0,885.  

 

 

6.4 ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʧʝʨʝʚʽʨʢʘ ʤʦʜʝʣʽ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʤʝʪʘʣʫ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʐɯʉ 

 

ʅʘʚʝʜʝʥʘ ʚ ʨʦʟʜʽʣʽ 3 ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ (3.11) ï (3.23) ʧʝʨʝʜʙʘʯʘʻ ʧʦʰʫʢ 

ʪʘʢʦʾ ʤʘʩʠ ʤʝʪʘʣʫ ʚ ʢʦʚʰʽ ʽ ʪʘʢʦʛʦ ʾʾ ʨʦʟʧʦʜʽʣʫ ʥʘ ʟʣʠʚʢʠ ʥʘ ʝʪʘʧʽ ʨʦʟʣʠʚʢʠ, ʷʢʽ ʙ 

ʜʦʟʚʦʣʷʣʠ ʥʘ ʥʘʩʪʫʧʥʠʭ ʦʧʝʨʘʮʽʷʭ ʨʦʟʢʨʦʶʚʘʪʠ ʧʝʨʝʜʽʣʴʥʽ ʟʘʛʦʪʦʚʢʠ ʽ ʛʦʪʦʚʫ 

ʧʨʦʜʫʢʮʽʶ ʟ ʦʩʪʘʥʥʽʭ, ʤʽʥʽʤʽʟʫʶʯʠ ʤʦʞʣʠʚʽ ʦʙʨʽʟʢʠ ʽ ʚʨʘʭʦʚʫʶʯʠ ʧʦʪʦʯʥʠʡ 

ʨʦʟʤʽʨ ʟʘʤʦʚʣʝʥʥʷ ʥʘ ʩʦʨʪʦʚʠʡ ʧʨʦʢʘʪ. 

ʄʘʪʝʤʘʪʠʯʥʦ ʟʘʜʘʯʘ ʩʬʦʨʤʫʣʴʦʚʘʥʘ ʟʘ ʥʘʩʪʫʧʥʠʭ ʧʨʠʧʫʱʝʥʴ:  

ʘ) ʚʽʜʦʤʘ ʢʽʣʴʢʽʩʪʴ ʙʣʶʤʽʚ ʧʝʚʥʦʛʦ ʧʝʨʝʨʽʟʫ, ʷʢʫ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʘʪʠ 

ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ ʟʘ ʧʣʘʥʦʤ;  

ʙ) ʤʽʞ ʚʠʣʠʚʥʠʮʷʤʠ ʽ ʙʣʶʤʘʤʠ ʚʩʪʘʥʦʚʣʝʥʘ ʦʜʥʦʟʥʘʯʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ, 

ʪʦʙʪʦ ʚʽʜʦʤʦ, ʟ ʷʢʦʾ ʚʠʣʠʚʥʠʮʽ ʤʝʪʘʣ ʨʦʟʢʘʪʫʻʪʴʩʷ ʫ ʙʣʶʤ ʟʘʜʘʥʦʛʦ ʧʝʨʝʨʽʟʫ;  

ʚ) ʢʦʞʥʘ ʧʝʨʝʜʽʣʴʥʘ ʟʘʛʦʪʽʚʢʘ ʨʦʟʢʨʦʶʻʪʴʩʷ ʥʘ ʰʪʘʥʛʠ ʪʽʣʴʢʠ ʦʜʥʦʛʦ 

ʨʦʟʤʽʨʫ, ʧʨʠ ʮʴʦʤʫ ʧʦʜʽʣ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʘʧʝʨʝʜ ʨʦʟʨʘʭʦʚʘʥʦʾ 

ʤʝʪʦʜʦʤ ʧʦʚʥʦʛʦ ʧʝʨʝʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʾ ʜʦʚʞʠʥʠ ʧʝʨʝʜʽʣʴʥʦʾ ʟʘʛʦʪʦʚʢʠ ʜʣʷ 

ʢʦʞʥʦʛʦ ʚʠʜʫ ʧʨʦʜʫʢʮʽʾ, ʪʦʙʪʦ ʜʣʷ ʢʦʞʥʦʾ ʜʦʚʞʠʥʠ ʧʝʨʝʜʽʣʴʥʦʾ ʰʪʘʥʛʠ. 

ʆʩʢʽʣʴʢʠ ʜʝʷʢʽ ʧʝʨʝʨʽʟʠ ʙʣʶʤʽʚ ʧʝʨʝʜʙʘʯʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ ʟ 

ʥʴʦʛʦ ʥʝ ʦʜʥʦʛʦ ʚʠʜʫ ʛʦʪʦʚʦʛʦ ʚʠʨʦʙʫ, ʘ ʚʽʜʨʘʟʫ ʢʽʣʴʢʦʭ, ʚʙʘʯʘʻʪʴʩʷ 

ʨʘʮʽʦʥʘʣʴʥʠʤ ʤʘʢʩʠʤʘʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʩʶ ʜʦʚʞʠʥʫ ʦʪʨʠʤʘʥʦʛʦ ʙʣʶʤʘ 
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(ʚʩʶ ʤʘʩʫ ʥʘʣʠʪʦʛʦ ʟʣʠʪʢʘ), ʢʦʤʙʽʥʫʶʯʠ ʜʦʚʞʠʥʠ ʧʝʨʝʜʽʣʴʥʠʭ ʟʘʛʦʪʦʚʦʢ ʚ ʨʽʟʥʽʡ 

ʢʽʣʴʢʦʩʪʽ.  

ɺ ʧʦʩʪʘʥʦʚʮʽ (3.11) ï (3.23) ʟʘʜʘʯʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʣʠʚʫ ʩʪʘʣʽ ʧʦ 

ʚʠʣʠʚʥʠʮʷʭ ʩʬʦʨʤʫʣʴʦʚʘʥʘ ʚ ʤʝʞʘʭ ʦʜʥʽʻʾ ʧʣʘʚʢʠ. ɺʪʽʤ ʨʦʟʤʽʨ ʟʘʤʦʚʣʝʥʥʷ ʥʘ 

ʧʝʚʥʫ ʧʨʦʢʘʪʥʫ ʧʨʦʜʫʢʮʽʶ ʟ ʦʜʥʽʻʾ ʤʘʨʢʠ ʩʪʘʣʽ ʤʦʞʝ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʚʘʪʠ 

ʨʦʟʤʽʨ ʧʣʘʚʢʠ, ʚʽʜʪʘʢ ʧʝʨʝʜ ʨʦʟʚôʷʟʘʥʥʷʤ ʮʽʻʾ ʟʘʜʘʯʽ ʧʦʪʨʽʙʥʦ ʟʜʽʡʩʥʠʪʠ ʨʦʟʙʠʪʪʷ 

ʚʩʴʦʛʦ ʟʘʤʦʚʣʝʥʥʷ ʥʘ ʯʘʩʪʠʥʠ, ʢʦʞʥʘ ʟ ʷʢʠʭ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʥʘʥʘ ʟʘ ʦʜʥʫ ʧʣʘʚʢʫ.  

ʉʣʽʜ ʚʨʘʭʫʚʘʪʠ, ʱʦ ʟʘʤʦʚʣʝʥʥʷ ʥʘ ʧʨʘʢʪʠʮʽ ʚʠʤʽʨʶʶʪʴʩʷ ʥʝ ʚ ʰʪʘʥʛʘʭ 

ʧʝʚʥʦʾ ʜʦʚʞʠʥʠ, ʘ ʚ ʪʦʥʘʭ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ. ɺʽʜʪʘʢ, ʨʝʘʣʽʟʘʮʽʷ ʤʘʪʝʤʘʪʠʯʥʦʾ 

ʤʦʜʝʣʽ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʟʢʨʦʶʚʘʥʥʷ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʧʝʨʝʜʙʘʯʘʻ ʝʪʘʧ ʧʦʧʝʨʝʜʥʴʦʾ 

ʦʙʨʦʙʢʠ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ, ʥʘ ʷʢʦʤʫ:  

1) ʟ ʫʩʽʭ ʧʦʪʦʯʥʠʭ ʟʘʤʦʚʣʝʥʴ ʬʦʨʤʫʻʪʴʩʷ ʻʜʠʥʝ ʟʘʤʦʚʣʝʥʥʷ;  

2) ʦʪʨʠʤʘʥʝ ʟʘʤʦʚʣʝʥʥʷ, ʱʦ ʚʠʤʽʨʶʻʪʴʩʷ ʪʦʥʘʤʠ, ʢʦʥʚʝʨʪʫʻʪʴʩʷ ʚ ʪʘʢʝ, ʱʦ 

ʚʠʤʽʨʶʻʪʴʩʷ ʚ ʰʪʘʥʛʘʭ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ;  

3) ʦʩʪʘʥʥʻ ʚ ʩʚʦʶ ʯʝʨʛʫ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʜʝʢʽʣʴʢʘ ʯʘʩʪʠʥ ʪʘʢ, ʱʦʙ ʜʣʷ ʢʦʞʥʦʾ 

ʯʘʩʪʠʥʠ ʚʠʢʦʥʫʚʘʣʘʩʷ ʫʤʦʚʘ ʨʦʟʚôʷʟʥʦʩʪʽ ʟʘʜʘʯʽ (3.11) ï (3.23), ʘ ʩʘʤʝ (3.14) ï 

ʤʘʩʘ ʚʩʽʭ ʧʝʨʝʜʽʣʴʥʠʭ ʟʘʛʦʪʦʚʦʢ ʟ ʧʦʪʦʯʥʦʾ ʧʣʘʚʢʠ ʥʝ ʧʝʨʝʚʠʱʫʻ ʤʘʩʠ ʧʣʘʚʢʠ; 

4) ʦʮʽʥʶʻʪʴʩʷ, ʩʢʽʣʴʢʠ ʙʣʶʤʽʚ ʽ ʷʢʦʛʦ ʧʝʨʝʨʽʟʫ ʧʦʪʨʽʙʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʥʷ ʟʘ (3.15). 

ʋʟʘʛʘʣʴʥʶʶʯʠ ʚʠʢʣʘʜʝʥʝ, ʫʭʚʘʣʝʥʥʷ ʨʽʰʝʥʴ ʧʨʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʘʣʫ ʚ 

ʧʨʦʮʝʩʽ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʥʘ ʩʦʨʪʦʚʠʡ ʧʨʦʢʘʪ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʤʦʜʫʣʽ 

çʈʦʟʣʠʚʢʘè ʟʘ ʘʣʛʦʨʠʪʤʦʤ: 

ʂʨʦʢ 1. ɿʘʚʘʥʪʘʞʝʥʥʷ ʟ ʤʦʜʫʣʶ çʇʣʘʥʫʚʘʥʥʷè ʟʘʤʦʚʣʝʥʴ, ʱʦ 

ʦʙʨʦʙʣʷʶʪʴʩʷ ʩʴʦʛʦʜʥʽ, ʟ ɹɼ çʊʝʭʧʨʦʮʝʩè - ʪʘʙʣʠʮʴ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʛʦʪʦʚʦʾ 

ʧʨʦʜʫʢʮʽʾ ʪʘ ʤʦʞʣʠʚʠʭ ʜʦʚʞʠʥ ʽ ʧʝʨʝʪʠʥʽʚ ʧʝʨʝʜʽʣʴʥʦʾ ʟʘʛʦʪʦʚʢʠ. 

ʂʨʦʢ 2. ʌʦʨʤʫʚʘʥʥʷ ʻʜʠʥʦʛʦ ʜʦʙʦʚʦʛʦ ʟʘʤʦʚʣʝʥʥʷ ʦʙôʻʜʥʘʥʥʷʤ 

ʦʜʥʦʪʠʧʥʦʾ ʧʨʦʜʫʢʮʽʾ ʟʘ ʪʠʧʦʤ ʧʝʨʝʜʽʣʴʥʦʾ ʟʘʛʦʪʦʚʢʠ (ʷʢʱʦ ʧʦʪʨʽʙʥʦ ï ʤʘʨʢʦʶ 

ʩʪʘʣʽ). ʃʽʯʠʣʴʥʠʢ ʧʣʘʚʦʢ Ὧ ρ. 

ʂʨʦʢ 3. ɼʦʧʦʢʠ Ὧ ὔ (ʧʣʘʥʦʚʦʾ ʜʦʙʦʚʦʾ ʢʽʣʴʢʦʩʪʽ ʧʣʘʚʦʢ): 

    ʂʨʦʢ 3.1. ʆʪʨʠʤʘʪʠ ʟ ʤʦʜʫʣʷ çʈʦʟʢʠʩʣʝʥʥʷè ʢʽʣʴʢʽʩʪʴ ʩʪʘʣʽ ʚ ʢʦʚʰʽ. 
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    ʂʨʦʢ 3.2. ɺʽʜʽʙʨʘʪʠ ʽʟ ʟʘʛʘʣʴʥʦʛʦ ʟʘʤʦʚʣʝʥʥʷ ʯʘʩʪʠʥʫ, ʷʢʘ ʙʫʜʝ ʨʦʟʣʠʪʘ 

ʟ ʧʦʪʦʯʥʦʾ ʧʣʘʚʢʠ. 

    ʂʨʦʢ 3.3. ʈʦʟʨʘʭʫʚʘʪʠ ʜʣʷ ʢʦʞʥʦʛʦ ʚʠʜʫ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ, ʱʦ 

ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ ʟ ʧʦʪʦʯʥʦʾ ʧʣʘʚʢʠ, ʧʦʪʨʝʙʫ ʚ ʧʝʨʝʜʽʣʴʥʠʭ ʟʘʛʦʪʦʚʢʘʭ. 

    ʂʨʦʢ 3.4. ʈʦʟʨʘʭʫʚʘʪʠ ʢʽʣʴʢʽʩʪʴ ʜʣʷ ʢʦʞʥʦʛʦ ʚʠʜʫ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ, ʱʦ 

ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ ʟ ʧʦʪʦʯʥʦʾ ʧʣʘʚʢʠ, ʢʽʣʴʢʽʩʪʴ ʙʣʶʤʽʚ ʽ ʾʭ ʚʘʛʫ. 

    ʂʨʦʢ 3.5. ʈʦʟʚôʷʟʘʪʠ ʟʘʜʘʯʫ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʟʣʠʚʢʠ ʤʝʪʘʣʫ ʧʦ ʚʠʣʠʚʥʠʮʷʭ 

ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ (3.11) ï (3.23).  

    ʂʨʦʢ 3.6. ɺʠʜʘʪʠ ʨʝʢʦʤʝʥʜʘʮʽʶ ʱʦʜʦ ʨʦʟʣʠʚʢʠ ʧʦʪʦʯʥʦʾ ʧʣʘʚʢʠ. Ὧ

Ὧ ρ. 

    ʂʨʦʢ 3.7. ʇʝʨʝʜʘʪʠ ʜʘʥʽ ʧʨʦ ʨʦʟʣʠʚʢʫ ʽ ʧʝʨʝʜʙʘʯʝʥʽ ʨʦʟʢʨʦʶʚʘʥʥʷ 

ʟʘʛʦʪʦʚʦʢ ʚ ʤʦʜʫʣʴ çʈʦʟʢʨʦʶʚʘʥʥʷè. 

ʂʨʦʢ 4. ɿʘʚʝʨʰʠʪʠ ʨʦʙʦʪʫ ʤʦʜʫʣʷ. 

ʇʣʘʥ ʜʦʙʦʚʦʛʦ ʟʘʤʦʚʣʝʥʥʷ, ʦʪʨʠʤʘʥʠʡ ʟʘ ʧʨʠʥʮʠʧʘʤʠ, ʚʠʢʣʘʜʝʥʠʤʠ ʚ 3 

ʨʦʟʜʽʣʽ, ʤʦʜʫʣʴ çʈʦʟʣʠʚʢʘè ʦʪʨʠʤʫʻ ʚʽʜ ʤʦʜʫʣʷ çʇʣʘʥʫʚʘʥʥʷè ʫ ʚʠʛʣʷʜʽ, ʱʦ 

ʽʣʶʩʪʨʫʻ ʪʘʙʣʠʮʷ 6.6.  

 

ʊʘʙʣʠʮʷ 6.6 ï ʇʨʠʢʣʘʜ ʜʦʙʦʚʦʛʦ ʧʣʘʥʫ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ 

ˉ ʟʘʤʦʚʣʝʥʥʷ ʄʘʨʢʘ ʩʪʘʣʽ ɺʠʜ ʧʨʦʜʫʢʮʽʾ ɼʦʚʞʠʥʘ (ʤ) ʄʘʩʘ (ʪ) 

20120711 ʉʪ5ʇʉ 

ʐʚʝʣʝʨ ˉ8ʇ 9 50 

ʐʚʝʣʝʨ ˉ10ʇ 9 45 

ʐʚʝʣʝʨ ˉ12ʇ 9 75 

20120701 ʉʪ5ʇʉ 

ʐʚʝʣʝʨ ˉ10ʇ 11,7 47 

ʐʚʝʣʝʨ ˉ14ʇ 11,7 95 

ʐʚʝʣʝʨ ˉ16ʇ 11,7 90 

20120705 ʉʪ5ʇʉ 

ʐʚʝʣʝʨ ˉ8ʇ 12 30 

ʐʚʝʣʝʨ ˉ10ʇ 12 47 

ʐʚʝʣʝʨ ˉ12ʇ 12 69 

ʐʚʝʣʝʨ ˉ14ʇ 11,7 75 

20120724 ʉʪ5ʇʉ 

ʐʚʝʣʝʨ ˉ10ʇ 6 114 

ʐʚʝʣʝʨ ˉ12ʇ 6 100 

ʐʚʝʣʝʨ ˉ16ʇ 6 240 

ʐʚʝʣʝʨ ˉ16ʇ 11,7 135 

20120802 ʉʪ5ʇʉ 

ʐʚʝʣʝʨ ˉ12ʇ 6 50 

ʐʚʝʣʝʨ ˉ14ʇ 6 81 

ʐʚʝʣʝʨ ˉ8ʇ 9 44 

ʐʚʝʣʝʨ ˉ14ʇ 11,7 150 
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ɺ ʥʽʡ ʥʘʚʝʜʝʥʠʡ ʧʣʘʥ ʥʘ ʦʜʠʥ ʟ ʨʦʙʦʯʠʭ ʜʥʽʚ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʨʦʙʦʪʫ ʚ ʜʚʽ 

ʟʤʽʥʠ ʟ ʧʣʘʥʦʚʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ 26 ʧʣʘʚʦʢ ʥʘ ʜʦʙʫ. ʉʫʢʫʧʥʝ ʟʘʤʦʚʣʝʥʥʷ ʚ 

ʪʘʙʣʠʮʽ 6.6 ʜʦʨʽʚʥʶʻ 1536 ʪʦʥ, ʱʦ ʤʝʥʰʝ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʜʦʙʦʚʦʛʦ (1560 ʪ) ʜʣʷ 

ʜʘʥʦʛʦ ʮʝʭʫ. ʆʩʢʽʣʴʢʠ ʜʣʷ ʤʦʜʫʣʷ çʇʣʘʥʫʚʘʥʥʷè ʦʜʥʠʤ ʟ ʢʣʶʯʦʚʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʚʩʴʦʛʦ ʦʙʩʷʛʫ ʟʘʤʦʚʣʝʥʴ ʻ ʤʽʥʽʤʫʤ ʧʝʨʝʥʘʣʘʰʪʫʚʘʥʴ, 

ʥʘ ʜʘʪʫ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ, ʧʨʠʧʘʜʘʻ ʚʠʢʣʶʯʥʦ ʧʨʦʜʫʢʮʽʷ ʟ ʦʜʥʽʻʾ ʤʘʨʢʠ ʩʪʘʣʽ ʪʘ 

ʦʜʥʦʛʦ ʚʠʜʫ ʧʨʦʢʘʪʥʦʾ ʧʨʦʜʫʢʮʽʾ ï hʚʝʣʝʨʽʚ. 

ɿ ʪʘʙʣʠʮʽ 6.6 ʣʝʛʢʦ ʧʦʙʘʯʠʪʠ, ʱʦ ʟʘʤʦʚʣʝʥʥʷ ʥʘ ʧʝʚʥʠʡ ʚʠʜ ʧʨʦʜʫʢʮʽʾ ʪʘ ʥʘ 

ʧʝʚʥʫ ʾʾ ʜʦʚʞʠʥʫ ʤʘʡʞʝ ʥʽʢʦʣʠ ʥʝ ʙʫʚʘʻ ʢʨʘʪʥʠʤ ʩʪʘʥʜʘʨʪʥʦʤʫ ʨʦʟʤʽʨʫ ʧʣʘʚʢʠ 

(ʚ ʜʘʥʦʤʫ ʧʨʠʢʣʘʜʽ 60 ʪʦʥ). ɺʽʜʪʘʢ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʝʨʝʛʨʫʧʫʚʘʥʥʷ 

ʟʘʤʦʚʣʝʥʴ ʟʘ ʪʠʧʦʤ ʧʨʦʜʫʢʮʽʾ ʪʘ ʨʦʟʢʨʦʶʚʘʥʥʷʤ (ʚʧʣʠʚʘʻ ʥʘ ʪʠʧ ʧʝʨʝʜʽʣʴʥʦʾ 

ʟʘʛʦʪʦʚʢʠ). ʇʨʠʢʣʘʜ ʚʠʛʣʷʜʫ ʻʜʠʥʦʛʦ ʜʦʙʦʚʦʛʦ ʟʘʤʦʚʣʝʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʚ 

ʪʘʙʣʠʮʽ 6.7. 

ʆʩʢʽʣʴʢʠ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʧʝʨʝʜʙʘʯʘʻ ʦʙʤʝʞʝʥʫ ʢʽʣʴʢʽʩʪʴ ʤʝʪʘʣʫ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʤʝʞʘʭ ʦʜʥʽʻʾ ʧʣʘʚʢʠ (ʚʽʜ 55 ʜʦ 60 ʪʦʥ), ʪʦ ʚʝʣʠʢʝ ʟʘʤʦʚʣʝʥʥʷ 

ʮʽʣʝʩʧʨʷʤʦʚʘʥʠʤ ʧʝʨʝʙʦʨʦʤ ʨʦʟʙʠʚʘʻʪʴʩʷ ʥʘ ʯʘʩʪʠʥʠ ʪʘʢ, ʱʦʙ ʤʘʩʘ ʢʦʞʥʦʾ ʟ ʥʠʭ 

ʥʝ ʚʠʭʦʜʠʣʘ ʟʘ ʚʢʘʟʘʥʽ ʤʝʞʽ. ɸʣʛʦʨʠʪʤ ʨʦʟʙʠʪʪʷ ʨʦʟʨʦʙʣʝʥʠʡ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ 

ʥʘ ʦʜʥʫ ʧʣʘʚʢʫ ʧʨʠʭʦʜʠʣʦʩʷ ʷʢʦʤʦʛʘ ʤʝʥʰʝ ʪʠʧʽʚ ʧʨʦʜʫʢʮʽʾ.  

 

ʊʘʙʣʠʮʷ 6.7 ï ɿʘʛʘʣʴʥʝ ʜʦʙʦʚʝ ʟʘʤʦʚʣʝʥʥʷ 

ɺʠʜ ʧʨʦʜʫʢʮʽʾ ɼʦʚʞʠʥʘ, ʤ ʄʘʩʘ (ʪ) 

ʐʚʝʣʝʨ ˉ8ʇ 9 44 + 50 = 90 

ʐʚʝʣʝʨ ˉ8ʇ 12 30 

ʐʚʝʣʝʨ ˉ10ʇ 6 114 

ʐʚʝʣʝʨ ˉ10ʇ 9 45 

ʐʚʝʣʝʨ ˉ10ʇ 12 47 

ʐʚʝʣʝʨ ˉ10ʇ 11,7 47 

ʐʚʝʣʝʨ ˉ12ʇ 6 100 + 50 =150 

ʐʚʝʣʝʨ ˉ12ʇ 9 75 

ʐʚʝʣʝʨ ˉ12ʇ 12 69 

ʐʚʝʣʝʨ ˉ14ʇ 6 81 

ʐʚʝʣʝʨ ˉ14ʇ 11,7 75 +150+ 95 = 320  

ʐʚʝʣʝʨ ˉ16ʇ 6 240 

ʐʚʝʣʝʨ ˉ16ʇ  11,7 135 + 90 = 225 
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ɿʦʢʨʝʤʘ, ʟʘʤʦʚʣʝʥʥʷ ʟ ʪʘʙʣ. 6.7 ʧʦʜʽʣʝʥʦ ʥʘ ʜʦʙʦʚʫ ʧʣʘʥʦʚʫ ʢʽʣʴʢʽʩʪʴ 

ʧʣʘʚʦʢ, ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʷʢʽ ʥʘʚʝʜʝʥʘ ʚ ʪʘʙʣ. 6.8. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʥʘ ʧʨʘʢʪʠʮʽ 

ʯʘʩʪʠʥʘ ʜʦʙʦʚʦʛʦ ʟʘʤʦʚʣʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʥʝ ʚʢʣʶʯʝʥʘ ʜʦ ʞʦʜʥʦʾ ʟ ʧʣʘʚʦʢ. ʊʦʜʽ 

ʚʦʥʘ ʜʦʜʘʻʪʴʩʷ ʜʦ ʟʘʤʦʚʣʝʥʥʷ ʥʘʩʪʫʧʥʦʛʦ ʜʥʷ.  

 

ʊʘʙʣʠʮʷ 6.8 ï ʇʨʠʢʣʘʜ ʨʦʟʧʦʜʽʣʫ ʟʘʤʦʚʣʝʥʥʷ ʥʘ ʧʣʘʚʢʠ ʚ ʤʝʞʘʭ ʜʦʙʠ 

ˉ ʧʣʘʚʢʠ 
ʄʘʩʘ 

ʧʣʘʚʢʠ, ʪ 

ʊʠʧ 

ʧʨʦʜʫʢʮʽʾ 

ɼʦʚʞʠʥʘ 

ʧʨʦʜʫʢʮʽʾ, ʤ 

ʂʽʣʴʢʽʩʪʴ 

ʰʪʘʥʛ 

ʂʽʣʴʢʽʩʪʴ 

ʧʝʨʝʜʽʣʴʥʠʭ 

ʟʘʛʦʪʦʚʦʢ 

ʄʘʩʘ 

ʛʦʪʦʚʦʛʦ, ʪ 
ɿʣʠʚʢʽʚ 

ɺʘʛʘ 

ʟʣʠʚʢʘ, ʪ 

ʇʝʨʝʜʽʣʴʥʠʭ 

ʚ ʟʣʠʚʢʫ 

1 58.31 8 9 880 176 58.31 8 7.29 22 

2 56.19 
8 9 500 100 33.13 5 6.63 20 

8 12 264 66 23.06 3 7.69 22 

3 57.71 
8 12 88 22 7.69 1 7.69 22 

10 6 931 133 50.03 7 7.15 19 

4 57.17 10 6 1064 152 57.17 8 7.15 19 

5 56.91 
10 9 100 20 7.52 1 7.52 20 

10 11.7 476 119 49.39 7 7.06 17 

6 56.46 
10 12 462 154 48.94 7 6.99 22 

10 9 100 20 7.52 1 7.52 20 

7 58.74 
10 9 400 80 30.09 4 7.52 20 

12 9 300 60 28.65 4 7.16 15 

8 58.18 
12 9 400 80 38.20 5 7.64 16 

12 6 312 39 19.98 3 6.66 13 

9 57.37 12 6 896 112 57.37 8 7.17 14 

10 57.37 12 6 896 112 57.37 8 7.17 14 

11 58.40 
12 12 336 84 43.03 6 7.17 14 

12 6 240 30 15.37 2 7.68 15 

12 58.35 
12 12 224 56 28.69 4 7.17 14 

14 6 392 56 29.66 4 7.41 14 

13 57.17 
14 6 686 98 51.90 7 7.41 14 

10 6 98 14 5.27 1 5.27 14 

14 55.98 16 6 728 104 55.98 8 7.00 13 

15 55.98 16 6 728 104 55.98 8 7.00 13 

16 55.98 16 6 728 104 55.98 8 7.00 13 

17 55.98 16 6 728 104 55.98 8 7.00 13 

18 56.68 14 11.7 384 128 56.68 8 7.08 16 

19 56.68 14 11.7 384 128 56.68 8 7.08 16 

20 56.68 14 11.7 384 128 56.68 8 7.08 16 

21 56.68 14 11.7 384 128 56.68 8 7.08 16 

22 56.68 14 11.7 384 128 56.68 8 7.08 16 

23 57.62 
14 11.7 255 85 37.64 5 7.53 17 

16 11.7 117 39 19.98 3 6.66 13 

24 57.37 16 11.7 336 112 57.37 8 7.17 14 

25 57.37 16 11.7 336 112 57.37 8 7.17 14 

26 57.37 16 11.7 336 112 57.37 8 7.17 14 

27 56.01 

16 11.7 195 65 33.30 5 6.66 13 

16 6 196 28 15.07 2 7.54 14 

12 9 80 16 7.64 1 7.64 16 

 



225 

ʇʽʜʩʫʤʦʢ ʚʠʢʦʥʘʥʥʷ ʜʦʙʦʚʦʛʦ ʟʘʤʦʚʣʝʥʥʷ, ʦʧʠʩʘʥʦʛʦ ʚ ʪʘʙʣʠʮʽ 6.6 ʧʨʠ 

ʚʠʢʦʥʘʥʥʽ ʧʣʘʚʦʢ ʟʘ ʧʣʘʥʦʤ, ʥʘʚʝʜʝʥʠʤ ʫ ʪʘʙʣʠʮʽ 6.8, ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʫ ʪʘʙʣʠʮʽ 

6.9.  

 

ʊʘʙʣʠʮʷ 6.9 ï ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʥʷ ʟ ʧʨʠʢʣʘʜʫ ʚ ʪʘʙʣ. 6.7 

ʇʨʦʬʽʣʴ ɼʦʚʞʠʥʘ, ʤ ɿʘʤʦʚʣʝʥʥʷ, ʪ ɺʠʢʦʥʘʥʥʷ, ʪ ʅʘʜʣʠʰʦʢ, ʪ 
ɺʠʢʦʥʘʥʥʷ  

ʟʘʤʦʚʣʝʥʥʷ, % 

ʐʚʝʣʝʨ ˉ8ʇ 9 90 91.44 1.44 101.6% 

ʐʚʝʣʝʨ ˉ8ʇ 12 30 30.74 0.74 102.5% 

ʐʚʝʣʝʨ ˉ10ʇ 6 110 114.72 4.72 104.3% 

ʐʚʝʣʝʨ ˉ10ʇ 9 45 45.14 0.14 100.3% 

ʐʚʝʣʝʨ ˉ10ʇ 12 47 48.94 1.94 104.1% 

ʐʚʝʣʝʨ ˉ10ʇ 11.7 47 49.39 2.39 105.1% 

ʐʚʝʣʝʨ ˉ12ʇ 6 150 150.09 0.09 100.1% 

ʐʚʝʣʝʨ ˉ12ʇ 9 74 74.50 0.50 100.7% 

ʐʚʝʣʝʨ ˉ12ʇ 12 70 71.72 1.72 102.5% 

ʐʚʝʣʝʨ ˉ14ʇ 6 81 81.56 0.56 100.7% 

ʐʚʝʣʝʨ ˉ14ʇ 11.7 320 321.04 1.04 100.3% 

ʐʚʝʣʝʨ ˉ16ʇ 6 240 244.28 4.28 101.8% 

ʐʚʝʣʝʨ ˉ16ʇ 11.7 225 225.40 0.40 100.2% 

 

ʗʢ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʟ ʪʘʙʣʠʮʽ 6.9, ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʦʜʝʣʴ ʨʦʟʧʦʜʽʣʫ ʤʝʪʘʣʫ 

ʧʦ ʚʠʣʠʚʥʠʮʷʭ, ʚ ʩʢʣʘʜʽ ʽʥʪʝʛʨʦʚʘʥʦʾ ʉʇʇʈ ʚ ʧʨʦʮʝʩʘʭ ʢʝʨʫʚʘʥʥʷ ʧʨʦʢʘʪʥʠʤ 

ʚʠʨʦʙʥʠʮʪʚʦʤ, ʜʦʟʚʦʣʷʻ: 

- ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʥʰʫ ʢʽʣʴʢʽʩʪʴ ʤʝʪʘʣʫ ʥʘ ʚʠʢʦʥʘʥʥʷ ʜʦʙʦʚʦʛʦ 

ʟʘʤʦʚʣʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʢʝʨʫʚʘʥʥʷ ʚʠʩʦʪʦʶ ʨʦʟʣʠʚʫ ʟʣʠʚʢʽʚ, ʟʙʽʣʴʰʠʚʰʠ 

ʢʽʣʴʢʽʩʪʴ ʧʣʘʚʦʢ ʽʟ ʟʘʧʣʘʥʦʚʘʥʠʭ 26 ʜʦ 27; 

- ʚʠʢʦʥʫʚʘʪʠ ʜʦʙʦʚʝ ʟʘʤʦʚʣʝʥʥʷ ʥʘ ʛʦʪʦʚʫ ʧʨʦʜʫʢʮʽʶ ʰʝʩʪʠ ʚʠʜʽʚ ʧʨʠ 

ʯʦʪʠʨʴʦʭ ʤʦʞʣʠʚʠʭ ʨʦʟʢʨʦʶʚʘʥʥʷʭ ʟ ʩʝʨʝʜʥʽʤ ʧʝʨʝʚʠʱʝʥʥʷʤ 1,8%.  

ɼʦʜʘʪʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʯʠʤ ʙʽʣʴʰʠʤʠ ʙʫʜʫʪʴ ʟʘʤʦʚʣʝʥʥʷ ʥʘ 

ʦʜʥʦʪʠʧʥʫ ʧʨʦʜʫʢʮʽʶ, ʪʠʤ ʚʽʜʯʫʪʥʽʰʠʤ ʙʫʜʝ ʝʬʝʢʪ ʝʢʦʥʦʤʽʾ ʤʝʪʘʣʫ ʥʘ 

ʚʠʢʦʥʘʥʥʷ ʧʦʪʦʯʥʦʛʦ ʟʘʤʦʚʣʝʥʥʷ. ʎʝ ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʫʚʘʪʠ ʟʘʤʦʚʣʝʥʥʷ ʥʘ 

ʧʨʦʢʘʪʥʫ ʧʨʦʜʫʢʮʽʶ ʪʦʯʥʦ, ʥʝ ʩʪʚʦʨʶʶʯʠ ʚʠʨʦʙʥʠʯʠʭ ʟʘʧʘʩʽʚ ʽ ʥʝʟʘʚʝʨʰʝʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ. 
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6.5 ɼʦʩʣʽʜʞʝʥʥʷ ʧʽʜʩʠʩʪʝʤʠ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʨʦʟʢʠʩʣʝʥʥʷ ʩʪʘʣʽ 

 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʚ ʨʦʟʜʽʣʽ 5.4 ʧʽʜʭʽʜ ʜʦ ʩʘʤʦʥʘʚʯʘʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡʥʦʾ 

ʧʽʜʩʠʩʪʝʤʠ ʦʧʝʨʘʪʦʨʘ ʢʦʥʚʝʨʪʝʨʘ ʚ ʧʨʦʮʝʩʽ ʨʘʬʽʥʘʮʽʾ ʩʪʘʣʽ ʙʫʚ ʨʝʘʣʽʟʦʚʘʥʠʡ ʥʘ 

ʦʜʥʦʤʫ ʟ ʧʽʜʧʨʠʻʤʩʪʚ ɼʥʽʧʨʦʧʝʪʨʦʚʱʠʥʠ. ɺ ʷʢʦʩʪʽ ʪʝʩʪʦʚʦʾ ʚʠʙʽʨʢʠ ʙʫʣʠ ʦʙʨʘʥʽ 

196 ʧʦʩʣʽʜʦʚʥʠʭ ʧʣʘʚʦʢ, ʚʠʢʦʥʘʥʠʭ ʥʘ ʜʚʦʭ ʢʦʥʚʝʨʪʝʨʘʭ ʧʨʦʪʷʛʦʤ ʰʝʩʪʠ ʟʤʽʥ ʚ 

ʚʝʨʝʩʥʽ 2021 ʨʦʢʫ. ɺ ʭʦʜʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʧʝʨʝʚʽʨʢʠ ʚʠʧʣʘʚʣʷʣʘʩʷ ʩʪʘʣʴ 

ʤʘʨʦʢ 3ʧʩ (84 ʧʣʘʚʢʠ), 5ʩʧ (62 ʧʣʘʚʢʠ) ʪʘ ʩʪ45 (40 ʧʣʘʚʦʢ). 

ɺ ʪʘʙʣʠʮʽ 6.10 ʥʘʚʝʜʝʥʽ ʚʠʤʦʛʠ ʜʦ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʤʘʨʦʢ ʩʪʘʣʽ, ʱʦ 

ʨʦʟʛʣʷʜʘʣʠʩʷ ʚ ʝʢʩʧʝʨʠʤʝʥʪʽ. ɺʠʭʦʜʷʯʠ ʟ ʥʠʭ ʬʦʨʤʫʚʘʣʠʩʷ ʮʽʣʴʦʚʽ ʟʥʘʯʝʥʥʷ, ʱʦ 

ʧʨʠʡʤʘʣʠʩʷ ʟʘ ʙʘʞʘʥʽ ʚ ʩʢʣʘʜʽ ʚʝʢʪʦʨʫ ὢᶻ ʫ ʬʦʨʤʫʣʽ (5.1). ɺ ʷʢʦʩʪʽ ʙʘʞʘʥʠʭ 

ʟʥʘʯʝʥʴ ʚʝʢʪʦʨʫ ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʣʘʚʢʠ ʧʨʠʡʤʘʣʠʩʷ ʤʽʥʽʤʘʣʴʥʽ 

ʩʧʦʩʪʝʨʝʞʝʥʽ ʧʦʢʘʟʥʠʢʠ ʩʝʨʝʜ ʤʥʦʞʠʥʠ ὺ ʚʽʜʽʙʨʘʥʠʭ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ 

çʥʘʡʙʣʠʞʯʠʭè ʟʘ ʧʦʯʘʪʢʦʚʠʤʠ ʜʘʥʠʤʠ ʧʨʦʪʦʢʦʣʽʚ. ɿʥʘʯʝʥʥʷ ὺ ʩʪʘʥʦʚʠʣʦ ʚʽʜ 4 

ʜʦ 7 ʩʮʝʥʘʨʽʾʚ-ʧʨʠʢʣʘʜʽʚ, ʧʨʠ ʮʴʦʤʫ ʙʽʣʴʰʽ ʟʥʘʯʝʥʥʷ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʫ ʚʠʧʘʜʢʘʭ 

ʧʦʚʪʦʨʶʚʘʥʠʭ ʟʘ (5.1) ʪʘ (5.3) ʧʣʘʚʦʢ. 

 

ʊʘʙʣʠʮʷ 6.10. ɺʠʤʦʛʠ ʜʦ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʤʘʨʦʢ ʩʪʘʣʽ, ʨʦʟʛʣʷʥʫʪʠʭ ʚ 

ʝʢʩʧʝʨʠʤʝʥʪʽ 

ʄʘʨʢʘ ʩʪʘʣʽ 

ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʟʘ ɼʉʊʋ 

C S P Si Mn Ni Cr Cu As N 
min max min max min max min max min max min max min max min max min max min max 

ʉʪ3ʧʩ 0,14 0,22 0 0,05 0 0,04 0,05 0,15 0,4 0,65 0 0,3 0 0,3 0 0,3 0 0 0 0 

ʉʪ5ʩʧ 0,28 0,37 0 0,05 0 0,04 0,15 0,3 0,5 0,8 0 0,3 0 0,3 0 0,3 0 0,08 0 0,01 

ʉʪ45 0,42 0,5 0 0,035 0 0,03 0,17 0,37 0,5 0,8 0 0,3 0 0,25 0 0,3 0 0 0 0 

 

ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʧʽʜʩʠʩʪʝʤʠ 

ʦʧʝʨʘʪʦʨʘ ʢʦʥʚʝʨʪʝʨʥʦʛʦ ʮʝʭʘ ʟ ʧʦʧʝʨʝʜʥʽʤ ʨʝʞʠʤʦʤ ʨʦʙʦʪʠ ʙʫʣʦ ʦʙʨʘʥʦ ʜʣʷ 

ʧʦʨʽʚʥʷʥʥʷ ʧʦ 100 ʚʠʧʘʜʢʦʚʠʭ ʧʣʘʚʦʢ ʜʣʷ ʢʦʞʥʦʾ ʟ ʤʘʨʦʢ ʩʪʘʣʽ, ʧʨʦʚʝʜʝʥʠʭ ʙʝʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ. ʈʝʟʫʣʴʪʘʪʠ ʦʮʽʥʶʚʘʣʠʩʴ ʟʘ ʩʢʣʘʜʦʚʠʤʠ 

ʜʦʜʘʪʢʦʚʠʭ ʚʠʪʨʘʪ ʫ ʥʘʪʫʨʘʣʴʥʦʤʫ ʪʘ ʛʨʦʰʦʚʦʤʫ ʝʢʚʽʚʘʣʝʥʪʽ. ʇʦʨʽʚʥʷʥʥʷ 
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ʨʝʟʫʣʴʪʘʪʽʚ ʽʣʶʩʪʨʫʻ ʪʘʙʣʠʮʷ 6.10, ʜʝ ʜʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʦʟʥʘʯʝʥʽ ʷʢ çʟ ʉʇʇʈè, 

ʘ ʜʘʥʽ ʱʦʜʦ ʚʝʜʝʥʥʷ ʘʥʘʣʦʛʽʯʥʠʭ ʧʣʘʚʦʢ ʫ ʤʠʥʫʣʦʤʫ ï ̫ʢ çʙʝʟ ʉʇʇʈè. 

 

ʊʘʙʣʠʮʷ 6.11 ï ʇʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ 

ʧʽʜʩʠʩʪʝʤʠ ʟ ʚʝʜʝʥʥʷʤ ʧʣʘʚʦʢ ʙʝʟ ʧʦʨʘʜ ʦʧʝʨʘʪʦʨʫ. 

ʇʦʢʘʟʥʠʢ 
ʉʪ3ʧʩ ʉʪ5ʩʧ ʉʪ45 
ɹʝʟ 

ʉʇʇʈ 

ɿ 

ʉʇʇʈ 

ɹʝʟ 

ʉʇʇʈ 

ɿ 

ʉʇʇʈ 

ɹʝʟ 

ʉʇʇʈ 

ɿ 

ʉʇʇʈ 

ʂʽʣʴʢʽʩʪʴ ʧʣʘʚʦʢ 100 84 100 62 100 40 

ʉʝʨʝʜʥʽʡ ʯʘʩ ʧʣʘʚʢʠ, ʩʝʢ 1321 1081 1299 1055 1381 1060 

ʂʽʣʴʢʽʩʪʴ ʜʦʜʫʚʦʢ, % 14 5,95 19 6,45 21 7,5 

ʉʝʨʝʜʥʷ ʚʠʪʨʘʪʘ 

ʦʭʦʣʦʜʞʫʚʘʯʽʚ ʥʘ ʧʣʘʚʢʫ, ʪʦʥ 
6,55 6,98 6,69 5,11 6,31 6,01 

ʉʝʨʝʜʥʷ ʚʠʪʨʘʪʘ ʢʠʩʥʶ ʥʘ 

ʧʣʘʚʢʫ, ʪʠʩ. ʤ3 210,44 202,20 199,27 191,84 219,99 208,86 

ʇʣʘʚʦʢ ʟ ʧʝʨʝʚʠʱʝʥʥʷʤ 

ʪʝʤʧʝʨʘʪʫʨʠ, % 
22 5,95 27 4,84 23 2,5 

ʇʣʘʚʦʢ ʟ ʧʦʨʫʰʝʥʥʷʤ 

ʦʩʥʦʚʥʦʩʪʽ, % 
6 3,57 4 1,62 3 2,5 

ʇʦʨʫʰʝʥʥʷ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ 

ʛʦʪʦʚʦʾ ʩʪʘʣʽ 
4 0 1 0 0 0 

 

ʆʪʨʠʤʘʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʽʜʩʠʩʪʝʤʠ ʦʧʝʨʘʪʦʨʘ ʢʦʥʚʝʨʪʝʨʘ, ʱʦ ʥʘʚʯʘʻʪʴʩʷ ʥʘ ʥʘʡʙʽʣʴʰ 

ʙʣʠʟʴʢʠʭ ʧʨʠʢʣʘʜʘʭ ʟ ʙʘʟʠ ʜʘʥʠʭ ʧʦʧʝʨʝʜʥʽʭ ʧʣʘʚʦʢ ʜʦʟʚʦʣʷʻ ʫʥʠʢʥʫʪʠ ʚʠʧʘʜʢʽʚ 

ʦʪʨʠʤʘʥʥʷ ʩʪʘʣʽ, ʷʢʘ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʟʘʜʘʥʽʡ ʤʘʨʮʽ ʟʘ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ; ʟʤʝʥʰʠʪʠ 

ʚʽʜʩʦʪʦʢ ʧʣʘʚʦʢ ʟ ʧʦʨʫʰʝʥʥʷʤ ʦʩʥʦʚʥʦʩʪʽ ʚ ʩʝʨʝʜʥʴʦʤʫ ʥʘ 42%, ʧʣʘʚʦʢ ʟ 

ʧʝʨʝʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ï ʥʘ 79%; ʟʤʝʥʰʠʪʠ ʩʝʨʝʜʥʽ ʚʠʪʨʘʪʠ ʦʭʦʣʦʜʞʫʚʘʯʘ 

ʥʘ ʧʣʘʚʢʫ ʥʘ 6%, ʘ ʩʝʨʝʜʥʶ ʚʠʪʨʘʪʫ ʢʠʩʥʶ ʥʘ ʧʣʘʚʢʫ ï ʥʘ 4%; ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ 

ʜʦʜʫʚʦʢ ʚ 2,88 ʨʘʟʠ, ʘ ʩʝʨʝʜʥʽʡ ʯʘʩ ʧʣʘʚʢʠ ï ʥʘ 19%. 

ɺʠʢʣʘʜʝʥʠʡ ʚ ʨʦʟʜʽʣʽ 5.2 ʘʣʛʦʨʠʪʤ ʩʘʤʦʥʘʚʯʘʥʥʷ ʧʽʜʩʠʩʪʝʤʠ ʦʧʪʠʤʽʟʘʮʽʾ 

ʧʨʦʮʝʩʫ ʨʦʟʢʠʩʣʝʥʥʷ ʩʪʘʣʽ ʚʭʦʜʠʪʴ ʜʦ ʟʘʛʘʣʴʥʦʾ ʉʇʇʈ ʢʝʨʫʚʘʥʥʷ ʙʘʛʘʪʦʝʪʘʧʥʠʤ 

ʧʨʦʢʘʪʥʠʤ ʚʠʨʦʙʥʠʮʪʚʦʤ. ʄʝʪʦʶ ʜʘʥʦʾ ʧʽʜʩʠʩʪʝʤʠ ʻ ʤʽʥʽʤʽʟʘʮʽʷ ʩʦʙʽʚʘʨʪʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʠʭ ʬʝʨʦʩʧʣʘʚʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʭʦʜʽ ʨʦʟʢʠʩʣʝʥʥʷ ʩʪʘʣʽ, ʱʦ 

ʧʽʩʣʷ ʧʨʦʜʫʚʢʠ ʤʽʩʪʠʪʴ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʨʦʟʯʠʥʝʥʦʛʦ ʢʠʩʥʶ. 

ʇʝʨʝʜ ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʜʘʥʦʾ ʧʽʜʩʠʩʪʝʤʠ ʫ ʚʠʨʦʙʥʠʮʪʚʦ ʙʫʣʘ ʧʨʦʚʝʜʝʥʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʧʝʨʝʚʽʨʢʘ ʷʢʦʩʪʽ ʥʘʚʯʘʥʥʷ, ʘ ʩʘʤʝ ʜʦʙʫʚʘʥʥʷ ʟʥʘʥʴ, ʷʢʽ 
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ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʽʜʩʠʩʪʝʤʘ ʚ ʨʦʙʦʪʽ. ʇʝʨʝʚʽʨʢʘ ʤʝʪʦʜʽʚ ʜʦʙʫʚʘʥʥʷ ʟʥʘʥʴ ʚ ʩʢʣʘʜʽ 

ʉʇʇʈ ʙʫʣʘ ʚʠʢʦʥʘʥʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʘʥʠʭ ʧʣʘʚʦʢ ʇɸʊ çɼʥʽʧʨʦʚʩʴʢʠʡ 

ʤʝʪʘʣʫʨʛʽʡʥʠʡ ʟʘʚʦʜè (ʟʘʛʘʣʦʤ 12 039 ʧʣʘʚʦʢ). ʇʨʠ ʮʴʦʤʫ ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ 

ʥʘʚʯʝʥʦʾ ʩʠʩʪʝʤʠ ʧʦʨʽʚʥʶʚʘʣʠʩʷ ʟ ʘʣʴʪʝʨʥʘʪʠʚʥʠʤ ʧʽʜʭʦʜʦʤ, ʪʨʘʜʠʮʽʡʥʠʤ ʜʣʷ 

ʧʦʜʽʙʥʠʭ ʩʠʩʪʝʤ ï ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʝʨʝʚʘ ʨʽʰʝʥʴ [244]. ɺ ʭʦʜʽ ʧʦʨʽʚʥʷʥʥʷ 

ʤʝʪʦʜʽʚ ʥʘʚʯʘʥʥʷ ʜʣʷ ʜʝʨʝʚʘ ʨʽʰʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʪʘʢʘ ʞ ʢʽʣʴʢʽʩʪʴ ʪʝʨʤʽʚ 

ʦʧʠʩʫ ʚʭʽʜʥʠʭ ʪʘ ʚʠʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʷʢ ʽ ʜʣʷ ʥʘʾʚʥʦʾ ʤʝʨʝʞʽ ɹʘʡʻʩʘ. 

ʆʮʽʥʢʘ ʪʦʯʥʦʩʪʽ ʧʨʦʜʫʢʮʽʡʥʠʭ ʤʦʜʝʣʝʡ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʪʘ ʘʣʴʪʝʨʥʘʪʠʚʥʠʡ ʤʝʪʦʜʠ ʜʦʙʫʚʘʥʥʷ ʟʥʘʥʴ ʟʘ 

ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʶ ʧʦʭʠʙʢʦʶ ʘʧʨʦʢʩʠʤʘʮʽʾ ʥʘʚʝʜʝʥʘ ʫ ʪʘʙʣʠʮʽ 6.12. 

 

ʊʘʙʣʠʮʷ 6.12. ʉʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʘ ʧʦʭʠʙʢʘ ʘʧʨʦʢʩʠʤʘʮʽʾ  

ɺʠʙʽʨʢʘ ʈʦʟʢʠʩʣʶʚʘʯ 

ɹʘʡʻʩʽʚʩʴʢʘ ʤʝʨʝʞʘ ɼʝʨʝʚʦ ʨʽʰʝʥʴ 

ɸʙʩʦʣʶʪʥʘ 

ʧʦʤʠʣʢʘ, ʢʛ 

ɺʽʜʥʦʩʥʘ 

ʧʦʤʠʣʢʘ, ʚ.ʦ. 

ɸʙʩʦʣʶʪʥʘ 

ʧʦʤʠʣʢʘ, ʢʛ 

ɺʽʜʥʦʩʥʘ 

ʧʦʤʠʣʢʘ, ʚ.ʦ. 

ʅʘʚʯʘʣʴʥʘ 

FeMn 37,40 0,0926 45,089 0,1116 

SiMn 40,59 0,0551 47,138 0,0640 

FeSi 2,83 0,0195 2,849 0,0196 

ɺ ʩʝʨʝʜʥʴʦʤʫ  0,0557  0,0650 

ʊʝʩʪʦʚʘ 

FeMn 36,86 0,0844 71,026 0,1625 

SiMn 44,16 0,0601 58,139 0,0791 

FeSi 4,54 0,0325 4,1411 0,0296 

ɺ ʩʝʨʝʜʥʴʦʤʫ  0,0590  0,0904 

 

ɿ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʨʽʚʥʷʥʥʷ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ, ʱʦ ʙʘʟʘ ʟʥʘʥʴ, ʧʦʙʫʜʦʚʘʥʘ ʥʘ 

ʦʩʥʦʚʽ ʥʘʾʚʥʠʭ ʙʘʡʝʩʽʚʩʴʢʠʭ ʤʝʨʝʞ, ʜʘʻ ʪʦʯʥʽʰʽ ʨʝʟʫʣʴʪʘʪʠ ʘʧʨʦʢʩʠʤʘʮʽʾ ʷʢ ʥʘ 

ʥʘʚʯʘʣʴʥʽʡ ʚʠʙʦʨʮʽ, ʪʘʢ ʽ ʥʘ ʪʝʩʪʦʚʽʡ. ʇʦʤʠʣʢʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʝ ʧʝʨʝʚʠʱʫʻ 10%, 

ʱʦ ʙʣʠʟʴʢʦ ʜʦ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʾ ʧʦʤʠʣʢʠ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ 

ʧʦʜʘʯʽ ʬʝʨʦʩʧʣʘʚʽʚ.  

ʉʣʽʜ ʚʨʘʭʫʚʘʪʠ, ʱʦ ʢʽʣʴʢʽʩʪʴ ʧʨʘʚʠʣ ʫ ʙʘʟʽ ʟʥʘʥʴ, ʩʬʦʨʤʦʚʘʥʽʡ ʟʘ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʤ ʧʽʜʭʦʜʦʤ ʟʥʘʯʥʦ ʙʽʣʴʰʘ ʥʽʞ ʟʘ ʘʣʴʪʝʨʥʘʪʠʚʥʠʤ: ʷʢʱʦ ʜʣʷ 

ʙʘʡʝʩʽʚʩʴʢʦʾ ʤʝʨʝʞʽ ʾʭ ʩʬʦʨʤʦʚʘʥʦ 1598, ʪʦ ʜʣʷ ʜʝʨʝʚʘ ʨʽʰʝʥʴ ï ʣʠʰʝ 422. 

ʊʨʘʜʠʮʽʡʥʦ ʚʚʘʞʘʻʪʴʩʷ [245], ʱʦ ʷʢʦʤʦʛʘ ʤʝʥʰʘ ʢʽʣʴʢʽʩʪʴ ʧʨʘʚʠʣ ʻ ʙʘʞʘʥʦʶ ʜʣʷ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʉʇʇʈ, ʦʩʢʽʣʴʢʠ ʧʽʜʚʠʱʫʻ ʾʾ ʰʚʠʜʢʦʜʽʶ ʽ ʥʝʦʙʭʽʜʥʠʡ ʨʝʩʫʨʩ 
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ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʤôʷʪʽ. ɺʪʽʤ, ʧʨʦʚʝʜʝʥʽ ʧʦʚʪʦʨʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ (200 ʧʦʚʪʦʨʶʚʘʥʴ 

ʟ ʨʽʟʥʠʤʠ ʚʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʥʘ ʚʞʝ ʥʘʚʯʝʥʠʭ ʧʽʜʩʠʩʪʝʤʘʭ) ʧʦʢʘʟʘʣʠ, ʱʦ 

ʰʚʠʜʢʽʩʪʴ ʦʙʨʦʙʢʠ ʚʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʪʨʠʤʘʥʠʭ ʙʘʟ ʟʥʘʥʴ ʪʘ 

ʨʦʟʨʘʭʫʥʢʫ ʢʽʥʮʝʚʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʚ ʦʙʦʭ ʩʠʩʪʝʤʘʭ ʚʢʣʘʜʘʻʪʴʩʷ ʫ ʤʝʞʽ ʨʝʘʣʴʥʦʛʦ 

ʤʘʩʰʪʘʙʫ ʯʘʩʫ ʚʝʜʝʥʥʷ ʜʘʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʘ ʩʘʤʝ ʥʝ ʧʝʨʝʚʠʱʫʻ 1 

ʭʚʠʣʠʥʠ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʽʩʥʫʶʯʦʛʦ ʘʧʘʨʘʪʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʩʬʦʨʤʦʚʘʥʠʭ ʙʘʟ ʟʥʘʥʴ ʥʘ ʧʨʘʢʪʠʮʽ ʧʦʢʘʟʘʣʦ, ʱʦ 

ʧʨʦʛʥʦʟʦʚʘʥʽ ʪʘʢʠʤ ʯʠʥʦʤ ʤʘʩʠ ʥʝʦʙʭʽʜʥʠʭ ʥʘ ʧʣʘʚʢʫ ʬʝʨʦʩʧʣʘʚʽʚ ʧʝʨʝʚʠʱʫʶʪʴ 

ʚʝʣʠʯʠʥʠ, ʨʦʟʨʘʭʦʚʘʥʽ ʪʝʦʨʝʪʠʯʥʦ. ʊʦʙʪʦ, ʥʘ ʧʨʘʢʪʠʮʽ ʦʧʝʨʘʪʦʨ ʢʦʥʚʝʨʪʝʨʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ, ʩʚʽʜʦʤʦ ʯʠ ʥʽ, ʘʣʝ ʯʘʩʪʽʰʝ ʟʘ ʚʩʝ ʚʠʢʦʨʠʩʪʦʚʫʻ ʥʘʜʣʠʰʦʢ 

ʬʝʨʦʩʧʣʘʚʽʚ, ʱʦ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʩʦʙʽʚʘʨʪʽʩʪʴ ʩʪʘʣʽ. 

ɺʽʜʪʘʢ ʙʫʣʦ ʧʨʦʚʝʜʝʥʝ ʜʦʜʘʪʢʦʚʝ ʜʦʩʣʽʜʞʝʥʥʷ ʯʫʪʣʠʚʦʩʪʽ ʧʦʭʠʙʢʠ 

ʘʧʨʦʢʩʠʤʘʮʽʾ ʨʦʟʨʦʙʣʝʥʠʭ ɯʉ ʇʇʈ ʜʦ ʟʤʽʱʝʥʥʷ ʮʝʥʪʨʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʪʝʨʤʽʚ 

ʚʠʭʽʜʥʠʭ ʟʤʽʥʥʠʭ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʤʝʞ ʝʢʦʥʦʤʽʾ ʬʝʨʦʩʧʣʘʚʽʚ. ʇʨʠ ʮʴʦʤʫ, 

ʢʦʥʪʨʦʣʶʚʘʣʠʩʷ ʷʢ ʧʨʦʛʥʦʟʦʚʘʥʽ ʧʘʨʘʤʝʪʨʠ ʩʪʘʣʽ, ʪʘʢ ʽ ʢʝʨʦʚʘʥʽ ʟʤʽʥʥʽ (ʚʠʪʨʘʪʘ 

ʬʝʨʦʩʧʣʘʚʽʚ), ʘ ʪʘʢʦʞ ʧʦʭʠʙʢʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʜʘʪʢʦʚʦʛʦ 

ʝʢʩʧʝʨʠʤʝʥʪʫ ʽʣʶʩʪʨʫʻ ʪʘʙʣʠʮʷ 6.13, ʜʝ ʚʝʣʠʯʠʥʘ ʟʤʽʱʝʥʥʷ ʚʢʘʟʘʥʘ ʫ ʚʽʜʩʦʪʢʘʭ, 

ʪʘ ʚʘʨʽʶʻʪʴʩʷ ʚʽʜ 1% ʜʦ 3%.  

ʊʘʢʦʞ ʫ ʪʘʙʣʠʮʽ ʚʢʘʟʘʥʦ ʧʠʪʦʤʽ ʚʠʪʨʘʪʠ ʢʦʞʥʦʛʦ ʦʢʨʝʤʦʛʦ ʬʝʨʦʩʧʣʘʚʫ ʪʘ 

ʟʘʛʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʨʦʟʢʠʩʣʶʚʘʯʽʚ. ɼʘʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʪʝʩʪʦʚʽʡ 

ʚʠʙʦʨʮʽ, ʱʦ ʥʘʨʘʭʦʚʫʻ 4013 ʧʣʘʚʦʢ ʩʪʘʣʽ ʤʘʨʢʠ 5ʧʩ. ʌʘʢʪʠʯʥʽ ʚʠʪʨʘʪʠ 

ʬʝʨʦʩʧʣʘʚʽʚ ʪʘ ʦʙʩʷʛ ʦʪʨʠʤʘʥʦʾ ʩʪʘʣʽ ʥʘ ʮʠʭ ʧʣʘʚʢʘʭ ʩʢʣʘʜʘʶʪʴ: 

¶ ʧʠʪʦʤʽ ʚʠʪʨʘʪʠ FeMn ï 1,927 ʢʛ/ʪ; 

¶ ʧʠʪʦʤʽ ʚʠʪʨʘʪʠ SiMn ï 5,6 ʢʛ/ʪ; 

¶ ʧʠʪʦʤʽ ʚʠʪʨʘʪʠ FeSi ï 0,007 ʢʛ/ʪ; 

¶ ʟʘʛʘʣʴʥʽ ʚʠʪʨʘʪʠ ï 7,427 ʢʛ/ʪ; 

¶ ʧʨʠʡʥʷʪʦ ʩʪʘʣʽ ï 239 556,57 ʪ. 
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ʊʘʙʣʠʮʷ 6.13. ɿʘʣʝʞʥʽʩʪʴ ʧʦʭʠʙʢʠ ʘʧʨʦʢʩʠʤʘʮʽʾ ʪʘ ʚʠʪʨʘʪ ʬʝʨʦʩʧʣʘʚʽʚ ʚʽʜ 

ʟʤʽʱʝʥʥʷ ʮʝʥʪʨʫ ʪʝʨʤʽʚ ʚ ʧʽʜʩʠʩʪʝʤʠ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʨʦʟʢʠʩʣʝʥʥʷ 

ɿʤʽʱʝʥʥʷ ʮʝʥʪʨ. 

ʟʥʘʯ. ʪʝʨʤʫ, % 

ɺʠʪʨʘʪʠ, ʢʛ/ʪ ʇʦʭʠʙʢʘ, % 

FeMn SiMn FeSi ɿʘʛʘʣʦʤ  FeMn SiMn FeSi 

0 1,879 5,584 0,006 7,469 8,533 5,723 3,126 

1 1,875 5,566 0,006 7,447 8,537 5,722 3,123 

2 1,871 5,549 0,006 7,425 8,542 5,727 3,120 

3 1,867 5,531 0,006 7,403 8,547 5,739 3,116 

5 1,858 5,495 0,006 7,359 8,558 5,780 3,110 

7 1,850 5,459 0,006 7,315 8,571 5,845 3,104 

10 1,838 5,406 0,006 7,249 8,594 5,986 3,094 

12 1,829 5,370 0,006 7,205 8,611 6,108 3,088 

15 1,817 5,317 0,006 7,139 8,640 6,328 3,079 

17 1,808 5,281 0,005 7,095 8,661 6,498 3,073 

20 1,796 5,227 0,005 7,029 8,695 6,725 3,064 

25 1,775 5,138 0,005 6,919 8,760 7,335 3,050 

30 1,754 5,049 0,005 6,808 8,834 7,960 3,036 

 

ʗʢ ʚʠʜʥʦ ʽʟ ʜʘʥʠʭ ʚ ʪʘʙʣʠʮʽ, ʧʠʪʦʤʽ ʚʠʪʨʘʪʠ ʬʝʨʦʩʧʣʘʚʽʚ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʫ ʷʢʦʩʪʽ ʮʝʥʪʨʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʪʝʨʤʫ ʡʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʯʽʢʫʚʘʥʥʷ ʜʘʶʪʴ 

ʨʝʟʫʣʴʪʘʪʠ ʛʽʨʰʽ, ʥʽʞ ʬʘʢʪʠʯʥʽ, ʪʦʙʪʦ ʚʠʪʨʘʪʠ ʨʦʟʢʠʩʣʶʚʘʯʽʚ, ʱʦ ʨʦʟʨʘʭʦʚʘʥʽ 

ʧʨʦʛʨʘʤʥʦ, ʧʝʨʝʚʠʱʫʶʪʴ ʪʽ ʟʥʘʯʝʥʥʷ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʟʘʜʘʥʦʾ ʤʘʨʢʠ 

ʩʪʘʣʽ ʟʛʽʜʥʦ ʽʟ ʟʘʚʜʘʥʥʷʤ. ʎʝ ʚ ʩʚʦʶ ʯʝʨʛʫ ʦʟʥʘʯʘʻ, ʱʦ ʥʘʚʯʝʥʘ ʥʘ ʧʦʚʝʜʽʥʮʽ 

ʦʧʝʨʘʪʦʨʽʚ ʢʦʥʚʝʨʪʝʨʥʦʛʦ ʮʝʭʫ ʟʘ ʤʝʪʦʜʠʢʦʶ, ʚʠʢʣʘʜʝʥʦʶ ʚ ʨʦʟʜʽʣʽ 5.2, 

ʧʽʜʩʠʩʪʝʤʘ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʟʢʠʩʣʝʥʥʷ, ʥʝ ʟʘʙʝʟʧʝʯʫʻ ʝʢʦʥʦʤʽʯʥʫ ʦʧʪʠʤʘʣʴʥʽʩʪʴ 

ʮʽʻʾ ʯʘʩʪʠʥʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. ɺʽʜʪʘʢ ʙʫʣʦ ʧʨʠʡʥʷʪʝ ʨʽʰʝʥʥʷ ʮʝʥʪʨʘʣʴʥʝ 

ʟʥʘʯʝʥʥʷ ʪʝʨʤʫ ʟʤʽʱʘʪʠ ʫ ʤʝʥʰʠʡ ʙʽʢ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʥʘʚʯʘʣʴʥʠʤ. ʊʘʢʠʤ ʯʠʥʦʤ 

ʚʜʘʣʦʩʴ ʜʦʩʷʛʪʠ ʦʯʽʢʫʚʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ï ʚʠʪʨʘʪʠ ʬʝʨʦʩʧʣʘʚʽʚ ʟʥʠʟʠʣʠʩʴ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʬʘʢʪʠʯʥʠʤʠ.  

ɿʤʝʥʰʝʥʥʷ ʧʠʪʦʤʠʭ ʚʠʪʨʘʪ ʨʦʟʢʠʩʣʶʚʘʯʽʚ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʙʘʡʝʩʽʚʩʴʢʦʾ 

ʤʝʨʝʞʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʘʩʪʫʧʥʠʭ ʟʤʽʥ ʧʦʭʠʙʢʠ ʘʧʨʦʢʩʠʤʘʮʽʾ: 

- ʥʝʟʥʘʯʥʝ ʟʙʽʣʴʰʝʥʥʷ ʜʣʷ FeMn; 
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- ʽʩʪʦʪʥʝ ʟʙʽʣʴʰʝʥʥʷ ʜʣʷ SiMn; 

- ʥʝʟʥʘʯʥʝ ʟʤʝʥʰʝʥʥʷ ʜʣʷ FeSi. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʟʤʽʱʝʥʥʽ ʮʝʥʪʨʫ ʪʝʨʤʽʚ ʥʘʾʚʥʦʾ ʤʝʨʝʞʽ ɹʘʡʻʩʘ ʥʘ 10% 

ʜʦʩʷʛʘʻʪʴʩʷ ʢʦʤʧʨʦʤʽʩʥʠʡ ʦʧʪʠʤʫʤ: ʧʨʠ ʟʘʛʘʣʴʥʽʡ ʝʢʦʥʦʤʽʾ ʬʝʨʦʩʧʣʘʚʽʚ 0,398 

ʢʛ/ʪ ʧʦʭʠʙʢʘ ʘʧʨʦʢʩʠʤʘʮʽʾ ʉʇʇʈ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʝ ʙʽʣʴʰʝ ʥʽʞ ʥʘ 1%.  

ɺʦʜʥʦʯʘʩ, ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʝʨʝʚʘ ʨʽʰʝʥʴ ʟʤʽʰʝʥʥʷ ʪʝʨʤʽʚ ʥʘʚʽʪʴ ʫ 

ʥʝʟʥʘʯʥʠʭ ʤʝʞʘʭ ʚʠʢʣʠʢʘʻ ʟʥʘʯʥʽ ʟʤʽʥʠ ʚ ʩʪʨʫʢʪʫʨʽ ʩʘʤʦʛʦ ʜʝʨʝʚʘ, ʟʤʽʥʠ ʩʦʪʝʥʴ 

ʧʨʘʚʠʣ. ʇʨʠ ʟʤʽʱʝʥʥʽ ʜʝʷʢʠʭ ʪʝʨʤʽʚ ʫʥʠʟ ʥʘ ʚʝʣʠʯʠʥʫ ʜʦ 10% ʤʦʞʥʘ ʜʦʩʷʛʪʠ 

ʝʢʦʥʦʤʽʾ ʬʝʨʦʩʧʣʘʚʽʚ ʚ ʩʝʨʝʜʥʴʦʤʫ 0,118 ʢʛ/ʪ. 

 

 

6.6. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʧʝʨʝʚʽʨʢʘ ʤʦʜʝʣʽ ʪʘ ʤʝʪʦʜʫ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʝʩʫʨʩʫ 

ʬʫʪʝʨʦʚʢʠ ʢʦʥʚʝʨʪʝʨʘ 

 

ɺ ʨʦʟʜʽʣʽ 3.3 ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʜʚʦʝʪʘʧʥʘ ʤʦʜʝʣʴ ʢʣʘʩʠʬʽʢʘʮʽʾ ʧʦʪʦʯʥʦʛʦ 

ʩʪʘʥʫ ʬʫʪʝʨʦʚʢʠ ʢʦʥʚʝʨʪʝʨʘ ʩʧʦʯʘʪʢʫ ʟʘ ʢʘʪʝʛʦʨʽʡʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʘ ʧʦʪʽʤ ʟʘ 

ʯʠʩʣʦʚʠʤʠ, ʟ ʥʘʩʪʫʧʥʠʤ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʨʝʛʨʝʩʽʡʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʩʪʽʡʢʦʩʪʽ ʬʫʪʝʨʦʚʢʠ. ʄʦʜʝʣʶʚʘʥʥʷ ʮʠʢʣʽʚ ʨʦʙʦʪʠ ʧʦʧʝʨʝʜʥʽʭ ʬʫʪʝʨʦʚʦʢ ʚ 

ʧʨʦʩʪʦʨʽ ʜʚʦʭ ʧʝʨʰʠʭ ʛʦʣʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪ ʧʦʢʘʟʘʣʦ, ʱʦ ʢʣʶʯʦʚʫ ʨʦʣʴ ʜʣʷ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʢʣʘʩʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʦʪʦʯʥʦʾ ʬʫʪʝʨʦʚʢʠ ʛʨʘʻ ʧʝʨʰʘ ʛʦʣʦʚʥʘ 

ʢʦʤʧʦʥʝʥʪʘ, ʜʦ ʷʢʦʾ ʟ ʚʠʩʦʢʠʤʠ ʚʘʛʦʚʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʚʭʦʜʷʪʴ ʬʘʢʪʦʨʠ: 

Å ʢʽʣʴʢʽʩʪʴ ʰʣʘʢʫʚʘʥʴ (ʬʘʢʪʦʨ ʍ18); 

Å ʚʠʨʦʙʥʠʢ ʬʫʪʝʨʦʚʢʠ (ʍ24); 

Å ʢʽʣʴʢʽʩʪʴ ʪʦʨʢʨʝʪʫʚʘʥʴ (ʍ16); 

Å ʩʝʨʝʜʥʽʡ ʚʤʽʩʪ ʟʘʣʽʟʘ ʚ ʰʣʘʢʫ (ʍ13); 

Å ʚʽʜʩʦʪʦʢ ʧʣʘʚʦʢ ʟ ʧʝʨʝʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ (ʍ11); 

Å ʢʽʣʴʢʽʩʪʴ ʜʦʜʫʚʦʢ (ʍ1); 

Å ʢʽʣʴʢʽʩʪʴ ʩʽʨʢʠ ʚ ʯʘʚʫʥʽ (ʍ4). 

ɺʽʜʥʝʩʝʥʘ ʜʦ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʢʣʘʩʪʝʨʫ, ʧʦʪʦʯʥʘ ʬʫʪʝʨʦʚʢʘ ʦʮʽʥʶʻʪʴʩʷ ʥʘ 

ʧʨʝʜʤʝʪ ʨʝʟʝʨʚʫ ʨʦʙʦʪʠ ʟʘ ʦʙˇʨʫʥʪʦʚʘʥʠʤʠ ʚ ʨʦʟʜʽʣʽ 3 ʬʦʨʤʫʣʘʤʠ. 
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ɺʠʢʣʘʜʝʥʠʡ ʤʝʪʦʜ, ʧʽʟʥʽʰʝ ʚʢʣʶʯʝʥʠʡ ʚ ʷʢʦʩʪʽ ʤʦʜʫʣʷ çʌʫʪʝʨʦʚʢʘè ʜʦ 

ʩʢʣʘʜʫ ʉʇʇʈ ʢʝʨʫʚʘʥʥʷ ʧʨʦʢʘʪʥʠʤ ʚʠʨʦʙʥʠʮʪʚʦʤ, ʙʫʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʧʝʨʝʚʽʨʝʥʠʡ ʥʘ 100 ʧʨʠʢʣʘʜʘʭ ʥʘ 11 ʬʫʪʝʨʦʚʢʘʭ, ʱʦ ʙʫʣʠ ʚʩʪʘʥʦʚʣʝʥʽ ʥʘ ʜʚʦʭ 

ʢʦʥʚʝʨʪʝʨʘʭ ʇɸʊ çɼʄɿè ʽ ʚʽʜʧʨʘʮʶʚʘʣʠ ʟʘ ʮʝʡ ʯʘʩ 23046 ʧʣʘʚʦʢ ʟʘ 653 ʜʥʽ. 

ɼʣʷ ʢʦʞʥʦʾ ʧʣʘʚʢʠ ʨʦʙʠʚʩʷ ʧʦʧʝʨʝʜʥʽʡ ʧʨʦʛʥʦʟ ʚʠʪʨʠʚʘʣʦʩʪʽ ʟʘ 

ʘʧʨʽʦʨʥʠʤʠ ʬʘʢʪʦʨʘʤʠ (ʚʠʨʦʙʥʠʢ, ʧʦʨʘ ʨʦʢʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʧʣʘʥʦʚʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ), ʧʽʩʣʷ ʯʦʛʦ ʚʽʜʙʫʚʘʚʩʷ ʧʝʨʽʦʜʠʯʥʠʡ ʢʦʥʪʨʦʣʴ ʩʪʘʥʫ ʟ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷʤ ʚʠʪʨʠʚʘʣʦʩʪʽ ʪʘ ʨʝʢʦʤʝʥʜʘʮʽʷʤʠ ʱʦʜʦ ʤʘʢʩʠʤʽʟʘʮʽʾ ʾʾ 

ʚʠʪʨʠʚʘʣʦʩʪʽ.  

ʆʩʢʽʣʴʢʠ ʚʠʢʣʘʜʝʥʘ ʚ ʨʦʟʜʽʣʽ 3.3 ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʚʠʪʨʠʚʘʣʦʩʪʽ ʬʫʪʝʨʦʚʢʠ ʧʝʨʝʜʙʘʯʘʻ ʦʮʽʥʢʫ ʣʠʰʝ ʯʠʩʣʘ ʧʣʘʚʦʢ, ʱʦ ʟʘʣʠʰʠʣʠʩʷ 

ʧʨʠ ʚʝʜʝʥʥʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʪʘʢʠʤ ʩʘʤʠʤ ʯʠʥʦʤ, ʷʢ ʚʽʜʙʫʚʘʚʩʷ ʚ 

ʩʝʨʝʜʥʴʦʤʫ ʟ ʤʦʤʝʥʪʫ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʦʪʦʯʥʦʾ ʬʫʪʝʨʦʚʢʠ, ʜʦʜʘʪʢʦʚʦ 

ʟʜʽʡʩʥʶʚʘʚʩʷ çʦʧʪʠʤʽʩʪʠʯʥʠʡè ʧʨʦʛʥʦʟ: ʩʢʽʣʴʢʠ ʟʤʦʞʝ ʧʨʘʮʶʚʘʪʠ ʧʦʪʦʯʥʘ 

ʬʫʪʝʨʦʚʢʘ ʟʘ ʫʤʦʚʠ çʽʜʝʘʣʴʥʦʛʦè ʜʣʷ ʥʝʾ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. ɺ ʷʢʦʩʪʽ 

çʽʜʝʘʣʴʥʦʛʦè ʧʨʦʮʝʩʫ ʧʨʠʡʤʘʣʠʩʷ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ, 

ʱʦ ʧʨʠʚʦʜʠʣʠ ʜʦ ʝʢʩʪʨʝʤʫʤʫ ʧʨʦʛʥʦʟʥʫ ʬʫʥʢʮʽʶ ʜʣʷ ʜʘʥʦʛʦ ʢʣʘʩʫ. ʗʢ ʙʫʣʦ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 5.5, ʦʧʝʨʘʪʦʨʫ ʧʨʦʧʦʥʫʚʘʣʦʩʷ ʟʘ ʤʦʞʣʠʚʦʩʪʽ ʟʤʽʥʠʪʠ ʧʘʨʘʤʝʪʨʠ 

ʚʝʜʝʥʥʷ ʧʣʘʚʦʢ ʟʘ ʨʘʭʫʥʦʢ: 

- ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʽʩʪʴ ʰʣʘʢʫʚʘʥʴ (ʬʘʢʪʦʨ ʍ18); 

- ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʽʩʪʴ ʪʦʨʢʨʝʪʫʚʘʥʴ (ʬʘʢʪʦʨ ʍ16); 

- ʟʤʝʥʰʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʚʤʽʩʪʫ ʟʘʣʽʟʘ ʚ ʰʣʘʢʫ (ʬʘʢʪʦʨ ʍ13) ʘʙʦ 

- ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʧʣʘʚʦʢ ʟ ʥʠʟʴʢʦʶ ʦʩʥʦʚʥʽʩʪʶ ʰʣʘʢʫ (ʬʘʢʪʦʨ ʍ6); 

- ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʧʣʘʚʦʢ ʟ ʧʝʨʝʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ (ʬʘʢʪʦʨ ʍ11); 

- ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʜʦʜʫʚʦʢ (ʬʘʢʪʦʨ ʍ1); 

- ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʩʽʨʢʠ ʚ ʯʘʚʫʥʽ (ʍ4). 

ɿʛʘʜʘʥʽ ʬʘʢʪʦʨʠ ʤʦʞʥʘ ʟʤʽʥʶʚʘʪʠ ʷʢ ʚʠʙʽʨʢʦʚʦ, ʪʘʢ ʽ ʦʜʥʦʯʘʩʥʦ, ʪʠʤ ʧʘʢ, 

ʱʦ ʚ ʙʽʣʴʰʦʩʪʽ ʚʦʥʠ ʧʦʚôʷʟʘʥʽ (ʚʤʽʩʪ ʟʘʣʽʟʘ ʚ ʰʣʘʢʫ ʟʤʝʥʰʫʻ ʡʦʛʦ ʦʩʥʦʚʥʽʩʪʴ, ʘ 

ʢʽʣʴʢʽʩʪʴ ʩʽʨʢʠ ʟʙʽʣʴʰʫʻ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʢʠ ʽ ʪ.ʜ.). 
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ɺ ʨʝʟʫʣʴʪʘʪʽ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʙʫʪʠ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʷʢʽ ʽʣʶʩʪʨʫʶʪʴʩʷ 

ʜʘʥʠʤʠ ʚ ʪʘʙʣʠʮʷʭ 6.14 ʪʘ 6.15, ʜʝ ʥʘʚʝʜʝʥʦ ʚʽʜʦʤʦʩʪʽ ʚʽʜʧʦʚʽʜʥʦ ʧʨʦ 

ʝʢʩʧʣʫʘʪʘʮʽʶ ʬʫʪʝʨʦʚʢʠ ʢʠʪʘʡʩʴʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ çɯʥʛʢʦʫ (ʟʘʛʘʣʦʤ 3001 

ʧʣʘʚʢʘ) ʪʘ ʧʨʦ ʝʢʩʧʣʫʘʪʘʮʽʶ ʬʫʪʝʨʦʚʢʠ ʘʚʩʪʨʽʡʩʴʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ RHI AG 

(ʟʘʛʘʣʦʤ 1828 ʧʣʘʚʦʢ). 

 

ʊʘʙʣʠʮʷ 6.14. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʧʝʨʝʚʽʨʢʘ ʩʪʽʡʢʦʩʪʽ ʬʫʪʝʨʦʚʢʠ çɯʥʛʢʦʫè 
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ʈ
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ʠ
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ɺ
ʽ
ʜ
ʭ
ʠ
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ʝ
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ʨ
ʦ
ʛ
ʥ
ʦ
ʟ
ʫ
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ʦ
ʨ
ʘ
ʜ
ʘ
ʤ
ʠ
 
ʚ
ʽ
ʜ
 

ʬ
ʘ
ʢ
ʪ
ʠ
ʯ
ʥ
ʦ
ʛ
ʦ

 

1 0 2915 2915 3001 0,00% 0,00% -2,87% 

2 150 1814 2816 3001 5,00% 74,47% -6,16% 

3 303 3021 3440 3001 10,10% 13,87% 14,63% 

4 445 2497 2989 3001 14,83% 19,70% -0,40% 

5 606 2659 3087 3001 20,19% 16,10% 2,87% 

6 755 2944 3232 3001 25,16% 9,78% 7,70% 

7 901 2491 3056 3001 30,02% 22,68% 1,83% 

8 1049 2534 3244 3001 34,96% 28,02% 8,10% 

9 1198 2578 3221 3001 39,92% 24,94% 7,33% 

10 1352 2488 3214 3001 45,05% 29,18% 7,10% 

11 1449 2314 3091 3001 48,28% 33,58% 3,00% 

12 1655 2617 3137 3001 55,15% 21,78% 4,53% 

13 1808 2523 3132 3001 60,25% 26,12% 4,37% 

14 1960 2614 3122 3001 65,31% 20,58% 4,03% 

15 2048 2644 3125 3001 68,24% 18,19% 4,13% 

16 2242 2687 3119 3001 74,71% 16,08% 3,93% 

17 2397 2788 3099 3001 79,87% 11,15% 3,27% 

18 2555 2910 3081 3001 85,14% 5,88% 2,67% 

19 2711 2964 3038 3001 90,34% 2,50% 1,23% 

20 2847 3000 3021 3001 94,87% 0,70% 0,67% 

 

ʗʢ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʟ ʪʘʙʣʠʮ,ɹ ʢʦʥʪʨʦʣʴ ʩʪʘʥʫ ʬʫʪʝʨʦʚʢʠ ʟ ʧʨʦʛʥʦʟʫʚʘʥʥʷʤ 

ʾʾ ʩʪʘʥʫ ʟʜʽʡʩʥʶʚʘʚʩʷ ʧʝʨʽʦʜʠʯʥʦ, ʧʨʠʙʣʠʟʥʦ ʢʦʞʥʽ 150 ʧʣʘʚʦʢ. ɸʥʘʣʽʟʫʶʯʠ 

ʨʝʟʫʣʴʪʘʪʠ ʚ ʪʘʙʣʠʮʷʭ 6.14 ʪʘ 6.15, ʩʣʽʜ ʟʘʫʚʘʞʠʪʠ ʥʘʩʪʫʧʥʝ. 
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ʊʘʙʣʠʮʷ 6.15. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʧʝʨʝʚʽʨʢʘ ʩʪʽʡʢʦʩʪʽ ʬʫʪʝʨʦʚʢʠ ʈʍɯ 
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ʦ
ʨ
ʘ
ʜ
ʘ
ʤ
ʠ
 
ʚ
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1 0 1694 1694 1828 0,00% 0,00% -7,33% 

2 144 1513 1816 1828 7,88% 20,03% -0,66% 

3 302 1914 2074 1828 16,52% 8,36% 13,46% 

4 451 1798 2045 1828 24,67% 13,74% 11,87% 

5 610 1659 1898 1828 33,37% 14,41% 3,83% 

6 751 1724 1955 1828 41,08% 13,40% 6,95% 

7 909 1791 1899 1828 49,73% 6,03% 3,88% 

8 1052 1752 1875 1828 57,55% 7,02% 2,57% 

9 1211 1795 1888 1828 66,25% 5,18% 3,28% 

10 1354 1785 1862 1828 74,07% 4,31% 1,86% 

11 1497 1818 1854 1828 81,89% 1,98% 1,42% 

12 1641 1821 1853 1828 89,77% 1,76% 1,37% 

13 1812 1825 1830 1828 99,12% 0,27% 0,11% 

 

ʇʦ-ʧʝʨʰʝ, ʟ ʜʘʥʠʭ ʚ ʪʘʙʣʠʮʷʭ ʣʝʛʢʦ ʧʦʤʽʪʠʪʠ, ʱʦ ʧʨʦʛʥʦʟ ʪʝʨʤʽʥʫ ʨʦʙʦʪʠ 

ʬʫʪʝʨʦʚʢʠ, ʟʨʦʙʣʝʥʠʡ ʟʘ ʨʝʛʨʝʩʽʡʥʠʤʠ ʤʦʜʝʣʷʤʠ, ʥʘʚʝʜʝʥʠʤʠ ʚ ʨʦʟʜʽʣʽ 3.3 ʟʘ 

ʧʦʪʦʯʥʠʤʠ ʫʤʦʚʘʤʠ ʾʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟʘʚʞʜʠ ʤʝʥʰʠʡ, ʥʽʞ çʽʜʝʘʣʴʥʠʡè ʧʨʦʛʥʦʟ ʟʘ 

ʫʤʦʚʠ ʚʝʜʝʥʥʷ ʧʣʘʚʦʢ ʚ ʥʘʡʙʽʣʴʰ ʙʘʞʘʥʦʤʫ ʜʣʷ ʬʫʪʝʨʦʚʢʠ ʨʝʞʠʤʽ. ʗʢ ʤʦʞʥʘ 

ʧʦʙʘʯʠʪʠ ʟ ʨʠʩʫʥʢʽʚ 6.7 ʪʘ 6.8, ʜʝ ʚʽʜʦʙʨʘʞʝʥʘ ʜʠʥʘʤʽʢʘ ʧʨʦʛʥʦʟʥʠʭ ʟʥʘʯʝʥʴ, ʥʘ 

ʧʦʯʘʪʢʦʚʠʭ ʝʪʘʧʘʭ ʢʦʥʪʨʦʣʶ ʮʽ ʧʨʦʛʥʦʟʥʽ ʟʥʘʯʝʥʥʷ ʤʦʞʫʪʴ ʩʠʣʴʥʦ ʢʦʣʠʚʘʪʠʩʷ.  

ʎʝ ʦʙʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʥʘʚʽʪʴ ʥʝʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʧʣʘʚʦʢ ʟ ʧʘʨʘʤʝʪʨʘʤʠ, 

ʱʦ ʟʥʘʯʥʦ ʧʦʛʽʨʰʫʶʪʴ ʘʙʦ ʞ ʟʥʘʯʥʦ ʧʦʢʨʘʱʫʶʪʴ ʩʪʘʥ ʚʦʛʥʝʪʨʠʚʽʚ, ʚʧʣʠʚʘʶʪʴ 

ʥʘ ʟʘʛʘʣʴʥʠʡ ʧʨʦʛʥʦʟ ʜʦʩʪʘʪʥʴʦ ʩʫʪʪʻʚʦ, ʘʜʞʝ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʦʛʥʦʟʫʶʯʠʭ 

ʤʦʜʝʣʝʡ ʻ ʬʘʢʪʦʨʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʷʢ ʩʝʨʝʜʥʽ ʘʙʦ ʚʽʜʥʦʩʥʽ ʟʥʘʯʝʥʥʷ ʧʦ ʚʠʙʦʨʮʽ 

ʧʣʘʚʦʢ. ʏʠʤ ʚʠʙʽʨʢʘ ʩʪʘʻ ʜʦʚʰʦʶ, ʪʠʤ ʚʧʣʠʚ ʦʢʨʝʤʦʾ ʧʣʘʚʢʠ ʩʪʘʻ ʤʝʥʰ 

ʟʥʘʯʠʤʠʤ, ʘ ʛʨʘʬʽʢʠ çʨʝʘʣʽʩʪʠʯʥʦʛʦè ʪʘ çʽʜʝʘʣʴʥʦʛʦè ʧʨʦʛʥʦʟʫ ʟʙʣʠʞʘʶʪʴʩʷ. 
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ʈʠʩ. 6.7. ɼʠʥʘʤʽʢʘ ʧʨʦʛʥʦʟʫ ʩʪʽʡʢʦʩʪʽ ʬʫʪʝʨʦʚʢʠ çɯʥʛʢʦʫè ʪʘ ʬʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ 

 

 

ʈʠʩ. 6.8. ɼʠʥʘʤʽʢʘ ʧʨʦʛʥʦʟʫ ʩʪʽʡʢʦʩʪʽ ʬʫʪʝʨʦʚʢʠ ʈʍɯ ʪʘ ʬʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ 

 

ʇʦ-ʜʨʫʛʝ, ʩʣʽʜ ʚʽʜʟʥʘʯʠʪʠ ʧʩʠʭʦʣʦʛʽʯʥʠʡ ʬʘʢʪʦʨ ʥʘʷʚʥʦʩʪʽ 

ʨʝʢʦʤʝʥʜʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʚ ʩʢʣʘʜʽ ʉʇʇʈ ʦʧʝʨʘʪʦʨʘ ʢʦʥʚʝʨʪʦʨʥʦʛʦ ʮʝʭʫ, ʷʢʘ 

ʟʤʫʰʫʻ, ʦʩʦʙʣʠʚʦ ʥʘ ʟʘʢʣʶʯʥʠʭ ʝʪʘʧʘʭ ʧʨʦʚʦʜʠʪʠ ʧʣʘʚʢʠ ʙʽʣʴʰ ʦʙʘʯʥʦ ʟ ʪʦʯʢʠ 

ʟʦʨʫ ʟʙʝʨʝʞʝʥʥʷ ʚʦʛʥʝʪʨʠʚʽʚ (ʟʘʩʪʦʩʦʚʫʶʯʠ ʘʟʦʪʫʚʘʥʥʷ, ʪʦʨʢʨʝʪʫʚʘʥʥʷ ʪʘ 
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ʫʥʠʢʘʶʯʠ ʧʝʨʝʛʨʽʚʫ ʪʦʱʦ). ʇʨʦ ʮʝ ʩʚʽʜʯʠʪʴ ʧʽʜʚʠʱʝʥʥʷ ʚ ʟʘʢʣʶʯʥʽʡ ʪʨʝʪʠʥʽ 

ʯʘʩʦʚʠʭ ʛʨʘʬʽʢʽʚ ʧʨʦʛʥʦʟʫ. 

ɹʘʛʘʪʦ ʚ ʯʦʤʫ ʟ ʦʩʪʘʥʥʽʤ ʧʦʚôʷʟʘʥʠʡ ʛʦʣʦʚʥʠʡ ʨʝʟʫʣʴʪʘʪ, ʷʢʠʡ 

ʽʣʶʩʪʨʫʻʪʴʩʷ ʛʨʘʬʽʢʘʤʠ ʥʘ ʨʠʩʫʥʢʘ 6.7 ʪʘ 6.8 ï ʚ ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʬʫʪʝʨʦʚʢʘ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʝʢʦʤʝʥʜʘʮʽʡʥʦʾ ʧʽʜʩʠʩʪʝʤʠ ʚ ʩʢʣʘʜʽ ʉʇʇʈ ʢʝʨʫʚʘʥʥʷ 

ʤʝʪʘʣʫʨʛʽʡʥʠʤ ʚʠʨʦʙʥʠʮʪʚʦʤ ʧʨʦʧʨʘʮʶʚʘʣʘ ʙʽʣʴʰʝ ʟʘ ʘʧʨʽʦʨʥʠʡ ʪʝʨʤʽʥ, 

ʦʪʨʠʤʘʥʠʡ ʷʢ ʤʘʪʝʤʘʪʠʯʥʝ ʦʯʽʢʫʚʘʥʥʷ ʜʣʷ ʜʘʥʦʛʦ ʪʠʧʫ ʬʫʪʝʨʦʚʢʠ, ʢʦʥʚʝʨʪʝʨʘ, 

ʧʦʨʠ ʨʦʢʫ ʪʘ ʦʯʽʢʫʚʘʥʦʛʦ ʨʝʞʠʤʫ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɿʚʝʜʝʥʥʷ ʧʦ ʚʩʽʭ 11 ʧʣʘʚʢʘʭ, ʷʢʽ 

ʢʦʥʪʨʦʣʶʚʘʣʠʩʷ ʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ, ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 7.9, ʜʝ 

Ὕ ï ʘʧʨʽʦʨʥʠʡ ʧʨʦʥʦʟ ʩʪʽʡʢʦʩʪʽ ʬʫʪʝʨʦʚʢʠ, Ὕ  ̓  ́Ὕ  ï ʚʽʜʧʦʚʽʜʥʦ 

ʤʘʢʩʠʤʘʣʴʥʝ ʪʘ ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʧʨʦʛʥʦʟʫ ʩʪʽʡʢʦʩʪʽ, ʦʪʨʠʤʘʥʽ ʚ ʭʦʜʽ ʨʦʙʦʪʠ 

ʢʦʥʚʝʨʪʝʨʘ ʽ ʢʦʥʪʨʦʣʶ ʩʪʽʡʢʦʩʪʽ ʬʫʪʝʨʦʚʢʠ. ЎὝ , ЎὝ  ʪʘ ЎὝ  ï ʚʽʜʧʦʚʽʜʥʦ 

ʚʽʜʭʠʣʝʥʥʷ ʬʘʢʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʚʽʜ ʚʽʜʧʦʚʽʜʥʠʭ ʧʨʦʛʥʦʟʥʠʭ ʟʥʘʯʝʥʴ. 

 

ʊʘʙʣʠʮʷ 6.16. ɸʧʨʽʦʨʥʠʡ, ʤʽʥʽʤʘʣʴʥʠʡ ʪʘ ʤʘʢʩʠʤʘʣʴʥʠʡ ʧʨʦʛʥʦʟʠ 

ʩʪʽʡʢʦʩʪʽ ʬʫʪʝʨʦʚʦʢ ʪʘ ʾʭ ʧʦʨʽʚʥʷʥʥʷ ʟ ʬʘʢʪʠʯʥʠʤʠ ʜʘʥʠʤʠ  

ˉ ʟ/ʧ ɺʠʨʦʙʥʠʢ 
ʇʨʦʛʥʦʟʥʝ ʟʥʘʯʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʌʘʢʪʠʯʥʝ 

ʟʥʘʯʝʥʥʷ 

ɺʽʜʭʠʣʝʥʥʷ ʬʘʢʪʠʯʥʦʛʦ ʚʽʜ ʧʨʦʛʥʦʟʫ, % 

Ὕ Ὕ  Ὕ  ЎὝ ЎὝ  ЎὝ  

1 ɯʥʛʢʦʫ 2840 3258 1880 3011 6,02% -7,58% 60,16% 

2 ɼʘʣʤʦʥʪ 2360 3060 1711 2821 19,53% -7,81% 64,87% 

3 ʈʍɯ 2031 2495 1579 2149 5,81% -13,87% 36,10% 

4 ɼʘʣʤʦʥʪ 2644 2999 1972 2586 -2,19% -13,77% 31,14% 

5 ʈʍɯ 2090 2453 1896 2155 3,11% -12,15% 13,66% 

6 ʄʘʡʻʨʪʦʥ 1844 1930 1544 1798 -2,49% -6,84% 16,45% 

7 ʄʘʡʻʨʪʦʥ 1611 1889 1318 1716 6,52% -9,16% 30,20% 

8 ɼʘʣʤʦʥʪ 2324 2759 1673 2144 -7,75% -22,29% 28,15% 

9 ɯʥʛʢʦʫ 2915 3440 1614 3001 2,95% -12,76% 85,94% 

10 ɼʘʣʤʦʥʪ 2136 2588 1701 2292 7,30% -11,44% 34,74% 

11 ʈʍɯ 1694 2074 1513 1828 7,91% -11,86% 20,82% 

ɺ ʩʝʨʝʜʥʴʦʤʫ 4,25% -11,78% 38,38% 

 

ʗʢ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʟ ʪʘʙʣʠʮʽ 6.16, ʚ 8 ʚʠʧʘʜʢʘʭ ʟ 11 ʬʫʪʝʨʦʚʢʘ 

ʧʨʦʧʨʘʮʶʚʘʣʘ ʜʦʚʰʝ, ʥʽʞ ʘʧʨʽʦʨʥʠʡ ʧʨʦʛʥʦʟ, ʦʪʨʠʤʘʥʠʡ ʟʘ ʩʪʘʪʠʩʪʠʯʥʠʤʠ 

ʜʘʥʠʤʠ ʜʣʷ ʜʘʥʦʾ ʤʘʨʢʠ ʚʦʛʥʝʪʨʠʚʽʚ, ʧʦʨʠ ʨʦʢʫ ʪʘ ʧʨʦʛʥʦʟʦʚʘʥʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. ɺ ʩʝʨʝʜʥʴʦʤʫ ʬʫʪʝʨʦʚʢʠ ʟ ʨʝʢʦʤʝʥʜʘʮʽʡʥʦʶ ʩʠʩʪʝʤʦʶ ʧʨʘʮʶʶʪʴ 
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ʥʘ 4,25% ʯʘʩʫ ʜʦʚʰʝ. ʇʨʠ ʮʴʦʤʫ ʩʣʽʜ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ, ʱʦ ʬʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ 

ʚʠʷʚʣʷʻʪʴʩʷ ʙʣʠʞʯʠʤ ʜʦ çʦʧʪʠʤʽʩʪʠʯʥʦʛʦè ʧʨʦʛʥʦʟʫ, ʟʫʤʦʚʣʝʥʦʛʦ ʦʧʪʠʤʘʣʴʥʠʤ 

ʚʝʜʝʥʥʷʤ ʧʨʦʮʝʩʫ ʧʣʘʚʢʠ. ʉʝʨʝʜʥʻ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʧʨʦʛʥʦʟʦʚʘʥʦʛʦ ʟʥʘʯʝʥʥʷ ʙʽʣʴʰʝ ʥʽʞ ʚ ʪʨʠ ʨʘʟʠ ʤʝʥʰʝ ʥʽʞ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ 

çʧʝʩʠʤʽʩʪʠʯʥʦʛʦè ʧʨʦʛʥʦʟʫ, ʦʩʥʦʚʘʥʦʛʦ ʥʘ ʧʦʪʦʯʥʦʤʫ ʚʝʜʝʥʥʽ ʧʣʘʚʢʠ.  

ʅʘʨʝʰʪʽ, ʦʩʪʘʥʥʽʡ ʨʝʟʫʣʴʪʘʪ ʽʣʶʩʪʨʫʻ ʟʘʣʝʞʥʽʩʪʴ ʥʘ ʨʠʩʫʥʢʫ 6.9, 

ʧʦʙʫʜʦʚʘʥʘ ʟʘ ʜʘʥʠʤʠ ʟ ʪʘʙʣʠʮʴ 6.14 ʪʘ 6.15, ʷʢʘ ʽʣʶʩʪʨʫʻ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜʭʠʣʝʥʥʷ 

çʦʧʪʠʤʽʩʪʠʯʥʦʛʦè ʧʨʦʛʥʦʟʫ ʨʝʢʦʤʝʥʜʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ 

ʦʧʪʠʤʘʣʴʥʽ ʫʤʦʚʠ ʚʝʜʝʥʥʷ ʧʣʘʚʦʢ ʚʽʜ ʯʘʩʫ ʨʦʙʦʪʠ ʬʫʪʝʨʦʚʢʠ ʫ ʚʽʜʥʦʩʥʠʭ 

ʦʜʠʥʠʮʷʭ. 

 

 

ʈʠʩ. 6.9. ɺʽʜʥʦʩʥʝ ʚʽʜʭʠʣʝʥʥʷ ʧʨʦʛʥʦʟʦʚʘʥʦʛʦ ʟʥʘʯʝʥʥʷ ʚʽʜ ʬʘʢʪʠʯʥʦʛʦ ʟʘʣʝʞʥʦ 

ʚʽʜ ʯʘʩʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʬʫʪʝʨʦʚʢʠ 

 

ɿ ʨʠʩʫʥʢʫ 6.9, ʥʘ ʷʢʦʤʫ ʧʦʢʘʟʘʥʽ ʧʦʤʠʣʢʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʬʫʪʝʨʦʚʦʢ, 

ʝʢʩʧʣʫʘʪʘʮʽʷ ʷʢʠʭ ʦʧʠʩʘʥʘ ʚ ʪʘʙʣʠʮʷʭ 6.14 ʪʘ 6.15, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʢʦʨʠʩʥʠʡ 

ʧʨʘʢʪʠʯʥʠʡ ʚʠʩʥʦʚʦʢ: ʷʢʱʦ ʬʫʪʝʨʦʚʢʘ ʚʞʝ ʚʽʜʧʨʘʮʶʚʘʣʘ ʧʦʣʦʚʠʥʫ ʩʚʦʛʦ 

ʪʝʨʤʽʥʫ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʧʨʦʛʥʦʟʥʝ ʟʥʘʯʝʥʥʷ ʾʾ ʩʪʽʡʢʦʩʪʽ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʧʦʨʘʜ, ʥʝ 
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ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʙʽʣʴʰʝ ʥʽʞ ʥʘ 5% ʚʽʜ ʬʘʢʪʠʯʥʦʛʦ. ɸʥʘʣʦʛʽʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʙʫʣʦ 

ʦʪʨʠʤʘʥʦ ʜʣʷ ʽʥʰʠʭ ʬʫʪʝʨʦʚʦʢ. ʆʪʨʠʤʘʥʠʡ ʚʠʩʥʦʚʦʢ ʜʦʟʚʦʣʷʻ ʥʘ ʧʨʘʢʪʠʮʽ ʟ 

ʪʦʯʥʽʩʪʶ 3-5% ʟʘʧʣʘʥʫʚʘʪʠ ʯʘʩ ʟʫʧʠʥʢʠ ʢʦʥʚʝʨʪʝʨʘ ʥʘ ʟʘʤʽʥʫ ʬʫʪʝʨʦʚʢʠ ʱʝ ʥʘ 

ʧʦʣʦʚʠʥʽ ʧʨʦʛʥʦʟʦʚʘʥʦʛʦ ʯʘʩʫ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

 

 

6.7. ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 6 

 

1. ɿʘʩʪʦʩʫʚʘʥʥʷ ʚ ʟʘʜʘʯʽ ʧʦʙʫʜʦʚʠ ʧʣʘʥʫ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ 

ʰʠʨʦʢʦʛʦ ʩʦʨʪʘʤʝʥʪʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʯʘʩʫ ʧʝʨʝʥʘʣʘʰʪʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʟʽ ʟʚʝʜʝʥʠʤ ʝʢʦʥʦʤʽʯʥʠʤ ʢʨʠʪʝʨʽʻʤ 

ʦʧʪʠʤʽʟʘʮʽʾ ʫ ʚʠʢʣʘʜʝʥʽʡ ʥʦʪʘʮʽʾ ʜʦʟʚʦʣʠʣʦ ʙʫʜʫʚʘʪʠ ʚ ʨʝʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʽ ʯʘʩʫ 

ʧʣʘʥʠ, ʱʦ ʜʣʷ ʬʽʢʩʦʚʘʥʦʛʦ ʥʘʙʦʨʫ ʟʘʚʜʘʥʴ ʥʘ 4,5% - 9,5% ʝʬʝʢʪʠʚʥʽʰʽ, ʥʽʞ 

ʧʦʙʫʜʦʚʘʥʽ ʟʘ ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ. ʆʩʪʘʥʥʻ ʩʪʘʣʦ ʤʦʞʣʠʚʠʤ ʟʘ ʨʘʭʫʥʦʢ 

ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ ʚʽʜ ʧʝʨʝʥʘʣʘʰʪʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʨʦʟʨʠʚʽʚ ʯʘʩʫ ʤʽʞ 

ʚʠʛʦʪʦʚʣʝʥʥʷʤ ʪʘ ʚʽʜʚʘʥʪʘʞʝʥʥʷʤ ʟʘʤʦʚʣʝʥʴ. 

2. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ, ʱʦ ʚʢʣʶʯʘʻ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ 

ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʟʧʦʜʽʣʫ ʤʘʩʠ ʤʝʪʘʣʫ ʚ ʢʦʚʰʽ ʥʘ ʟʣʠʚʢʠ, ʷʢʽ ʙ ʜʦʟʚʦʣʷʣʠ ʥʘ 

ʥʘʩʪʫʧʥʠʭ ʦʧʝʨʘʮʽʷʭ ʨʦʟʢʨʦʶʚʘʪʠ ʧʝʨʝʜʽʣʴʥʽ ʟʘʛʦʪʦʚʢʠ ʽ ʛʦʪʦʚʫ ʧʨʦʜʫʢʮʽʶ ʟ 

ʦʩʪʘʥʥʽʭ, ʤʽʥʽʤʽʟʫʶʯʠ ʤʦʞʣʠʚʽ ʦʙʨʽʟʢʠ ʽ ʚʨʘʭʦʚʫʶʯʠ ʧʦʪʦʯʥʠʡ ʨʦʟʤʽʨ 

ʟʘʤʦʚʣʝʥʥʷ ʥʘ ʩʦʨʪʦʚʠʡ ʧʨʦʢʘʪ, ʙʫʣʦ ʨʝʘʣʽʟʦʚʘʥʦ ʚ ʩʢʣʘʜʽ ʽʥʪʝʛʨʦʚʘʥʦʾ ʉʇʇʈ. 

ʗʢ ʧʦʢʘʟʘʣʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʨʷʜʫ ʟʘʤʦʚʣʝʥʴ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʛʘʜʘʥʦʾ 

ʤʦʜʝʣʽ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʤʝʪʘʣʫ ʟʘ ʨʘʭʫʥʦʢ ʤʽʥʽʤʽʟʘʮʽʾ 

ʥʝʤʽʨʥʦʾ ʧʨʦʜʫʢʮʽʾ ʪʘ ʢʽʣʴʢʦʩʪʽ ʦʙʨʽʟʢʽʚ ʥʘ 2,4-2,5% ʧʨʠ ʦʙʨʦʙʮʽ ʚʝʣʠʢʠʭ 

ʟʘʤʦʚʣʝʥʴ ʪʘ ʥʘ 3-4% ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʤʘʣʠʭ ʟʘʤʦʚʣʝʥʴ.  

3. ʇʨʘʢʪʠʯʥʘ ʧʝʨʝʚʽʨʢʘ ʚʠʢʣʘʜʝʥʦʛʦ ʚ ʨʦʟʜʽʣʽ 3 ʧʽʜʭʦʜʫ  ʜʦ ʧʦʙʫʜʦʚʠ 

ʘʧʨʦʢʩʠʤʫʶʯʠʭ ʧʦʣʽʥʦʤʽʘʣʴʥʠʭ ʬʫʥʢʮʽʡ ʙʘʛʘʪʴʦʭ ʟʤʽʥʥʠʭ, ʱʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ 

ʚʽʜʦʤʠʭ ʨʘʥʽʰʝ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʫ ʧʦʣʽʥʦʤʘʭ ʚʽʜ'ʻʤʥʠʭ ʩʪʝʧʝʥʽʚ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʜʦ ʧʦʣʽʥʦʤʽʚ ʦʙʤʝʞʝʥʥʷ ʥʘ ʩʫʤʘʨʥʫ ʚʝʣʠʯʠʥʫ ʩʪʝʧʝʥʽ ʜʦʙʫʪʢʫ ʟʤʽʥʥʠʭ, ʜʦʟʚʦʣʷʻ 

ʫ 2ï3 ʨʘʟʠ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʥʝʚʽʜʦʤʠʭ, ʱʦ ʽʜʝʥʪʠʬʽʢʫʶʪʴʩʷ, ʧʨʠ ʮʴʦʤʫ 
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ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʘ ʧʦʤʠʣʢʘ ʘʧʨʦʢʩʠʤʘʮʽʾ ʟʤʝʥʰʫʻʪʴʩʷ ʫ 1,5ï2,5 ʨʘʟʠ. ɺ ʭʦʜʽ 

ʜʦʩʣʽʜʞʝʥʴ ʟôʷʩʦʚʘʥʦ, ʱʦ ʚʝʣʠʯʠʥʘ ʧʘʨʘʤʝʪʨʫ ʪʠʩʢʫ ʨʦʟʤʽʨʥʦʩʪʽ, ʟʘʧʨʦʧʦʥʦʚʘʥʘ 

ʫ ʷʢʦʩʪʽ ʰʪʨʘʬʥʦʾ ʬʫʥʢʮʽʾ ʢʨʠʪʝʨʽʶ ʦʧʪʠʤʽʟʘʮʽʾ, ʥʝ ʤʘʻ ʧʝʨʝʚʠʱʫʚʘʪʠ ŬÒ0,1, 

ʦʩʢʽʣʴʢʠ ʧʨʠ ʙʽʣʴʰʠʭ ʟʥʘʯʝʥʥʷʭ ʨʽʟʢʦ ʟʨʦʩʪʘʻ ʧʦʤʠʣʢʘ ʘʧʨʦʢʩʠʤʘʮʽʾ. 

4. ɺʠʢʦʨʠʩʪʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʛʽʙʨʠʜʥʦʛʦ ʘʜʘʧʪʠʚʥʦʛʦ ʤʝʪʦʜʫ ʷʢ 

ʘʣʛʦʨʠʪʤʫ ʧʦʰʫʢʫ ʨʽʰʝʥʥʷ ʚ ʟʘʜʘʯʘʭ ʦʧʪʠʤʽʟʘʮʽʾ ʚ ʩʢʣʘʜʽ ʉʇʇʈ ʚʠʨʦʙʥʠʮʪʚʘ 

ʧʨʦʢʘʪʫ ʧʦʢʘʟʘʣʦ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʟʥʘʭʦʜʠʪʴ ʥʘʡʢʨʘʱʝ ʨʽʰʝʥʥʷ ʟ 

ʧʦʤʠʣʢʦʶ ʜʦ 1,7% ʥʘ ʰʠʨʦʢʦʤʫ ʢʦʣʽ ʨʝʘʣʴʥʠʭ ʟʘʜʘʯ ʟ ʡʤʦʚʽʨʥʽʩʪʶ ʙʽʣʴʰʝ 0,885. 

ʇʦʚʪʦʨʶʚʘʥʽʩʪʴ ʢʨʘʱʦʛʦ ʨʽʰʝʥʥʷ ʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʚ 9 ʟ 11 ʚʠʧʘʜʢʽʚ 

ʚʠʱʘ ʥʽʞ ʫ ʽʥʰʠʭ ʝʚʦʣʶʮʽʡʥʠʭ ʘʣʛʦʨʠʪʤʽʚ. 

5. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʚʝʜʝʥʦ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʦʜʝʣʴ ʨʦʟʧʦʜʽʣʫ 

ʤʝʪʘʣʫ ʧʦ ʚʠʣʠʚʥʠʮʷʭ, ʟʘʩʪʦʩʦʚʘʥʘ ʚ ʩʢʣʘʜʽ ʽʥʪʝʛʨʦʚʘʥʦʾ ʉʇʇʈ ʚ ʧʨʦʮʝʩʘʭ 

ʢʝʨʫʚʘʥʥʷ ʧʨʦʢʘʪʥʠʤ ʚʠʨʦʙʥʠʮʪʚʦʤ, ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʥʰʫ ʢʽʣʴʢʽʩʪʴ 

ʤʝʪʘʣʫ ʥʘ ʚʠʢʦʥʘʥʥʷ ʜʦʙʦʚʦʛʦ ʟʘʤʦʚʣʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʢʝʨʫʚʘʥʥʷ ʚʠʩʦʪʦʶ 

ʨʦʟʣʠʚʫ ʟʣʠʚʢʽʚ, ʘ ʪʘʢʦʞ ʚʠʢʦʥʫʚʘʪʠ ʜʦʙʦʚʝ ʟʘʤʦʚʣʝʥʥʷ ʥʘ ʛʦʪʦʚʫ ʧʨʦʜʫʢʮʽʶ ʟ 

ʩʝʨʝʜʥʽʤ ʧʝʨʝʚʠʱʝʥʥʷʤ 1,8%. ɼʦʜʘʪʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʟʽ 

ʟʨʦʩʪʘʥʥʷʤ ʨʦʟʤʽʨʫ ʟʘʤʦʚʣʝʥʥʷ ʥʘ ʦʜʥʦʪʠʧʥʫ ʧʨʦʜʫʢʮʽʶ ʟʨʦʩʪʘʻ ʝʬʝʢʪ ʝʢʦʥʦʤʽʾ 

ʤʝʪʘʣʫ ʥʘ ʚʠʢʦʥʘʥʥʷ ʧʦʪʦʯʥʦʛʦ ʟʘʤʦʚʣʝʥʥʷ. ʎʝ ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʫʚʘʪʠ ʟʘʤʦʚʣʝʥʥʷ 

ʥʘ ʧʨʦʢʘʪʥʫ ʧʨʦʜʫʢʮʽʶ ʪʦʯʥʦ, ʥʝ ʩʪʚʦʨʶʶʯʠ ʚʠʨʦʙʥʠʯʠʭ ʟʘʧʘʩʽʚ ʽ 

ʥʝʟʘʚʝʨʰʝʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. 

6. ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʝʣʽ ʪʘ ʤʝʪʦʜʫ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʪʽʡʢʦʩʪʽ ʬʫʪʝʨʦʚʢʠ 

ʚ ʩʢʣʘʜʽ ʧʽʜʩʠʩʪʝʤʠ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʚʝʜʝʥʥʷ ʧʣʘʚʦʢ ʧʦʢʘʟʘʣʦ, ʱʦ:  

- ʬʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʬʫʪʝʨʦʚʢʠ ʟʘ ʫʤʦʚʠ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʨʝʢʦʤʝʥʜʘʮʽʡʥʦʾ ʧʽʜʩʠʩʪʝʤʠ ʚ ʩʢʣʘʜʽ ʉʇʇʈ ʢʝʨʫʚʘʥʥʷ ʧʨʦʢʘʪʥʠʤ ʚʠʨʦʙʥʠʮʪʚʦʤ 

ʧʝʨʝʚʠʱʫʻ ʘʧʨʽʦʨʥʠʡ ʧʨʦʛʥʦʟ, ʦʪʨʠʤʘʥʠʡ ʟʘ ʩʪʘʪʠʩʪʠʯʥʠʤʠ ʜʘʥʠʤʠ ʜʣʷ ʜʘʥʦʾ 

ʤʘʨʢʠ ʚʦʛʥʝʪʨʠʚʽʚ, ʧʦʨʠ ʨʦʢʫ ʪʘ ʧʨʦʛʥʦʟʦʚʘʥʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚ 

ʩʝʨʝʜʥʴʦʤʫ ʥʘ 4,25%; 

- ʥʘʷʚʥʽʩʪʴ ʩʠʩʪʝʤʠ ʨʝʢʦʤʝʥʜʘʮʽʡ ʽ ʚʽʜʧʦʚʽʜʥʦʛʦ ʨʦʟʨʠʚʫ ʤʽʞ 

çʨʝʘʣʽʩʪʠʯʥʠʤè ʧʨʦʛʥʦʟʥʠʤ ʟʥʘʯʝʥʥʷʤ ʩʪʽʡʢʦʩʪʽ ʪʘ çʦʧʪʠʤʽʩʪʠʯʥʠʤè ʟʘ ʫʤʦʚʠ 

ʦʧʪʠʤʘʣʴʥʠʭ ʫʤʦʚ ʚʝʜʝʥʥʷ ʧʣʘʚʢʠ ʟʤʫʰʫʻ ʦʧʝʨʘʪʦʨʘ ʢʦʥʚʝʨʪʝʨʘ ʧʨʦʚʦʜʠʪʠ 
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ʧʣʘʚʢʠ ʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʬʫʪʝʨʦʚʢʠ ʙʽʣʴʰ ʘʢʫʨʘʪʥʦ, ʪʠʤ ʩʘʤʠʤ ʟʙʽʣʴʰʫʶʯʠ 

ʪʝʨʤʽʥ ʾʾ ʝʢʩʧʣʫʘʪʘʮʽʾ; 

- ʷʢʱʦ ʬʫʪʝʨʦʚʢʘ ʚʞʝ ʚʽʜʧʨʘʮʶʚʘʣʘ ʧʦʣʦʚʠʥʫ ʩʚʦʛʦ ʪʝʨʤʽʥʫ 

ʝʢʩʧʣʫʘʪʘʮʽʾ, ʧʨʦʛʥʦʟʥʝ ʟʥʘʯʝʥʥʷ ʾʾ ʩʪʽʡʢʦʩʪʽ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʧʦʨʘʜ, ʥʝ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʙʽʣʴʰʝ ʥʽʞ ʥʘ 5% ʚʽʜ ʬʘʢʪʠʯʥʦʛʦ. 

ʆʩʪʘʥʥʻ ʜʦʟʚʦʣʷʻ ʟ ʪʦʯʥʽʩʪʶ 3-5% ʟʘʧʣʘʥʫʚʘʪʠ ʯʘʩ ʟʫʧʠʥʢʠ ʢʦʥʚʝʨʪʝʨʘ ʥʘ 

ʟʘʤʽʥʫ ʬʫʪʝʨʦʚʢʠ ʱʝ ʥʘ ʧʦʣʦʚʠʥʽ ʧʨʦʛʥʦʟʦʚʘʥʦʛʦ ʯʘʩʫ ʾʾ ʝʢʩʧʣʫʘʪʘʮʽʾ. 
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ɺʀʉʅʆɺʂʀ 

 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʨʦʙʦʪʘ ʻ ʟʘʚʝʨʰʝʥʠʤ ʥʘʫʢʦʚʠʤ ʜʦʩʣʽʜʞʝʥʥʷʤ, ʚ ʷʢʦʤʫ 

ʚʠʨʽʰʝʥʘ ʘʢʪʫʘʣʴʥʘ ʥʘʫʢʦʚʘ ʧʨʦʙʣʝʤʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʧʨʠʥʮʠʧʽʚ ʪʘ ʨʦʟʨʦʙʢʠ 

ʤʝʪʦʜʽʚ ʽ ʟʘʩʦʙʽʚ ʩʪʚʦʨʝʥʥʷ ʽʥʪʝʛʨʦʚʘʥʠʭ ʩʠʩʪʝʤ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʘʥʘʣʽʪʠʯʥʦʾ 

ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʚ ʟʘʜʘʯʘʭ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʘʤʠ 

ʙʘʛʘʪʦʝʪʘʧʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʩʦʨʪʦʚʦʛʦ ʧʨʦʢʘʪʫ ʰʣʷʭʦʤ ʨʦʟʨʦʙʢʠ ʢʦʤʧʣʝʢʩʫ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʮʠʭ ʧʨʦʮʝʩʽʚ, ʤʝʪʦʜʽʚ ʩʘʤʦʥʘʚʯʘʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ 

ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʫʟʘʛʘʣʴʥʝʥʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʢʨʠʪʝʨʽʾʚ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ: 

1. ʇʣʘʥ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʥʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʩʦʨʪʦʚʦʛʦ ʧʨʦʢʘʪʫ 

ʰʠʨʦʢʦʛʦ ʩʦʨʪʘʤʝʥʪʫ ʩʠʥʪʝʟʫʻʪʴʩʷ (ʚ ʨʘʤʢʘʭ ʚʠʨʽʰʝʥʥʷ ʥʝʟʘʤʢʥʝʥʦʾ ʟʘʜʘʯʽ 

ʢʦʤʽʚʦʷʞʝʨʘ ʫ ʤʘʢʩʠʤʘʣʴʥʽʡ ʤʝʪʨʠʮʽ) ʥʘ ʦʩʥʦʚʽ ʟʛʦʨʪʢʠ ʢʨʠʪʝʨʽʾʚ ʤʘʢʩʠʤʽʟʘʮʽʾ 

ʯʘʩʪʢʠ ʚʯʘʩʥʦ ʚʠʢʦʥʘʥʠʭ ʟʘʤʦʚʣʝʥʴ ʪʘ ʤʽʥʽʤʽʟʘʮʽʾ ʦʙʩʷʛʽʚ ʥʝʟʘʚʝʨʰʝʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ, ʯʘʩʫ ʥʝʨʦʙʦʯʦʛʦ ʩʪʘʥʫ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʢʽʣʴʢʦʩʪʽ ʚʽʜʭʠʣʝʥʠʭ 

ʟʘʤʦʚʣʝʥʴ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʫʚʘʪʠ ʪʠʞʥʝʚʽ ʪʘ ʤʽʩʷʯʥʽ ʟʘʤʦʚʣʝʥʥʷ ʟʘ 

ʤʽʥʽʤʘʣʴʥʠʡ ʯʘʩ. 

2. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʛʽʙʨʠʜʥʠʡ ʤʝʪʦʜ ʦʧʪʠʤʽʟʘʮʽʾ ʥʘ ʙʘʟʽ ʰʪʫʯʥʠʭ 

ʽʤʫʥʥʠʭ ʩʠʩʪʝʤ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻ ʘʜʘʧʪʠʚʥʽ ʦʧʝʨʘʪʦʨʠ ʢʨʦʩʠʥʛʦʚʝʨʘ, ʤʫʪʘʮʽʾ 

ʪʘ ʩʪʠʩʥʝʥʥʷ ʧʦʧʫʣʷʮʽʾ, ʟʘʙʝʟʧʝʯʫʻ ʟʥʘʭʦʜʞʝʥʥʷ ʛʣʦʙʘʣʴʥʦʛʦ ʦʧʪʠʤʫʤʫ 

ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ ʟʘʜʘʯ ʫʤʦʚʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʟ ʚʠʱʦʶ ʡʤʦʚʽʨʥʽʩʪʶ, ʥʽʞ ʫ ʚʽʜʦʤʠʭ 

ʝʚʦʣʶʮʽʡʥʠʭ ʘʣʛʦʨʠʪʤʽʚ, ʱʦ ʧʽʜʚʠʱʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʟʚôʷʟʘʥʥʷ ʮʠʭ ʟʘʜʘʯ ʚ 

ʧʨʦʮʝʩʘʭ ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʢʝʨʫʚʘʥʥʷ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʧʨʦʢʘʪʫ. 

3. ɺʠʢʦʨʠʩʪʘʥʥʷ ʚ ʨʝʛʨʝʩʽʡʥʠʭ ʤʦʜʝʣʷʭ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʦʨʪʦʚʦʛʦ ʧʨʦʢʘʪʫ ʚʽʜôʻʤʥʠʭ ʩʪʫʧʝʥʽʚ ʧʨʝʜʠʢʪʦʨʽʚ ʪʘ ʰʪʨʘʬʫ ʥʘ ʨʦʟʤʽʨʥʽʩʪʴ 

ʧʦʣʽʥʦʤʫ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʤʦʜʝʣʽ ʟ ʦʜʥʦʯʘʩʥʠʤ ʟʤʝʥʰʝʥʥʷʤ 

ʢʽʣʴʢʦʩʪʽ ʾʾ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʘʤʽʥʠʪʠ ʙʝʟʧʦʩʝʨʝʜʥʽ ʚʠʤʽʨʶʚʘʥʥʷ 

ʩʪʘʪʠʩʪʠʯʥʠʤʠ ʧʨʦʛʥʦʟʘʤʠ ʪʘ ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʽ ʚʘʨʪʽʩʪʴ ʩʝʨʪʠʬʽʢʘʮʽʾ ʛʦʪʦʚʦʾ 

ʧʨʦʜʫʢʮʽʾ. 
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ʆʩʥʦʚʥʽ ʥʘʫʢʦʚʽ ʪʘ ʧʨʘʢʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʥʘʚʝʜʝʥʦʾ ʨʦʙʦʪʠ ʧʦʣʷʛʘʶʪʴ ʫ 

ʥʘʩʪʫʧʥʦʤʫ: 

1. ʈʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʧʦʙʫʜʦʚʠ ʧʣʘʥʫ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ 

ʥʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʢʘʪʫ ʰʠʨʦʢʦʛʦ ʩʦʨʪʘʤʝʥʪʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʯʘʩʫ 

ʧʝʨʝʥʘʣʘʰʪʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʦʜʥʦʯʘʩʥʝ ʟʚʘʞʝʥʝ ʚʨʘʭʫʚʘʥʥʷ 

ʢʨʠʪʝʨʽʾʚ, ʷʢ ʥʝʟʘʤʢʥʝʥʦʾ ʟʘʜʘʯʽ ʢʦʤʽʚʦʷʞʝʨʘ ʫ ʤʘʢʩʠʤʘʣʴʥʽʡ ʤʝʪʨʠʮʽ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʦʾ ʤʦʜʝʣʽ ʜʦʟʚʦʣʠʣʦ ʙʫʜʫʚʘʪʠ ʚ ʨʝʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʽ ʯʘʩʫ ʧʣʘʥʠ, 

ʝʬʝʢʪʠʚʥʽʰʽ, ʥʽʞ ʦʪʨʠʤʘʥʽ ʟʘ ʪʨʘʜʠʮʽʡʥʦʶ ʤʝʪʦʜʠʢʦʶ. 

2. ʈʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʤʽʥʽʤʽʟʘʮʽʾ ʢʽʣʴʢʦʩʪʽ ʤʝʪʘʣʫ, 

ʚʠʢʦʨʠʩʪʘʥʦʛʦ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʝʚʥʦʛʦ ʟʘʤʦʚʣʝʥʥʷ, ʱʦ ʩʧʠʨʘʻʪʴʩʷ ʥʘ ʥʘʧʝʨʝʜ 

ʚʽʜʦʤʠʡ ʦʧʪʠʤʘʣʴʥʠʡ ʨʦʟʤʽʨ ʧʝʨʝʜʽʣʴʥʦʾ ʟʘʛʦʪʦʚʢʠ ʪʘ ʚʠʤʦʛʠ ʜʦ ʨʦʟʢʨʦʶʚʘʥʥʷ 

ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʤʦʜʝʣʽ ʚ ʙʘʛʘʪʦʝʪʘʧʥʦʤʫ 

ʤʝʪʘʣʫʨʛʽʡʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʤʝʪʘʣʫ ʪʘ 

ʟʘʛʘʣʴʥʠʡ ʦʙʩʷʛ ʦʙʨʽʟʢʽʚ. 

3. ʈʦʟʨʦʙʣʝʥʦ ʛʽʙʨʠʜʥʠʡ ʘʜʘʧʪʠʚʥʠʡ ʤʝʪʦʜ ʦʧʪʠʤʽʟʘʮʽʾ ʥʘ ʦʩʥʦʚʽ 

ʤʦʜʝʣʶʚʘʥʥʷ ʰʪʫʯʥʠʭ ʽʤʫʥʥʠʭ ʩʠʩʪʝʤ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻ ʘʜʘʧʪʠʚʥʽ ʦʧʝʨʘʪʦʨʠ 

ʢʨʦʩʠʥʛʦʚʝʨʘ, ʤʫʪʘʮʽʾ ʪʘ ʩʪʠʩʥʝʥʥʷ ʧʦʧʫʣʷʮʽʾ ʪʘ ʦʙˇʨʫʥʪʦʚʘʥʽ ʤʝʪʦʜʠ ʘʜʘʧʪʘʮʽʾ 

ʟʛʘʜʘʥʠʭ ʦʧʝʨʘʪʦʨʽʚ. ʁʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʟʘʜʘʯ ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʢʝʨʫʚʘʥʥʷ ʚ 

ʙʘʛʘʪʦʝʪʘʧʥʠʭ ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʚʠʨʦʙʥʠʮʪʚʘʭ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʥʘʜʽʡʥʽʩʪʴ ʪʘ 

ʪʦʯʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʨʦʟʚôʷʟʢʽʚ. 

4. ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʚʽʜʥʦʚʣʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ 

ʧʨʦʛʥʦʟʫʶʯʠʭ ʤʦʜʝʣʝʡ ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʚʠʨʦʙʥʠʮʪʚ ʚʽʜ ʭʽʤʽʯʥʠʭ ʪʘ ʬʽʟʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʦʪʨʠʤʘʥʥʷ ʩʪʘʣʽ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʨʝʛʨʝʩʽʡʥʠʭ ʤʦʜʝʣʷʭ 

ʚʽʜôʻʤʥʠʭ ʩʪʫʧʝʥʽʚ ʧʨʝʜʠʢʪʦʨʽʚ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʰʪʨʘʬʫ ʥʘ ʨʦʟʤʽʨʥʽʩʪʴ 

ʘʧʨʦʢʩʠʤʘʮʽʡʥʦʛʦ ʧʦʣʽʥʦʤʫ. ʎʝ ʜʦʟʚʦʣʠʣʦ ʧʽʜʚʠʱʠʪʠ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʤʦʜʝʣʝʡ 

ʩʫʪʥʦʩʪʽ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʪʘ ʦʪʨʠʤʘʪʠ ʧʨʦʛʥʦʩʪʠʯʥʽ ʤʦʜʝʣʽ ʦʧʪʠʤʘʣʴʥʦʾ 

ʩʢʣʘʜʥʦʩʪʽ ʰʣʷʭʦʤ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ. 

5. ʅʘʙʫʚ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʤʝʪʦʜ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʪʽʡʢʦʩʪʽ ʬʫʪʝʨʦʚʢʠ 

ʩʪʘʣʝʧʣʘʚʠʣʴʥʦʛʦ ʘʛʨʝʛʘʪʫ ʟʘ ʪʝʭʥʽʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʪʘ ʩʪʘʪʠʩʪʠʯʥʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ ʚʝʜʝʥʥʷ ʧʣʘʚʢʠ ʟ ʜʚʦʝʪʘʧʥʦʶ ʢʣʘʩʠʬʽʢʘʮʽʻʶ ʧʦʪʦʯʥʦʛʦ ʧʨʦʮʝʩʫ ʥʘ 
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ʦʩʥʦʚʽ ʥʘʚʯʘʥʥʷ. ʁʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦʟʚʦʣʠʣʦ ʙʫʜʫʚʘʪʠ ʧʨʦʛʥʦʟʫʶʯʽ ʤʦʜʝʣʽ 

ʩʪʽʡʢʦʩʪʽ ʬʫʪʝʨʦʚʢʠ ʪʘ ʥʘʜʘʚʘʪʠ ʦʧʝʨʘʪʦʨʫ ʧʦʨʘʜʠ ʱʦʜʦ ʟʙʽʣʴʰʝʥʥʷ ʨʝʩʫʨʩʫ ʚ 

ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. 

6. ʉʬʦʨʤʫʣʴʦʚʘʥʦ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ 

ʙʘʛʘʪʦʝʪʘʧʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʩʦʨʪʦʚʦʛʦ ʧʨʦʢʘʪʫ ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʟʘʜʘʯ ʧʣʘʥʫʚʘʥʥʷ 

ʪʘ ʢʝʨʫʚʘʥʥʷ, ʦʩʥʦʚʘʥʠʡ ʥʘ ʧʘʨʘʣʝʣʴʥʽʡ ʦʙʨʦʙʮʽ ʟʘʤʦʚʣʝʥʥʷ ʥʘ ʨʽʟʥʠʭ ʝʪʘʧʘʭ. ʎʝ 

ʜʦʟʚʦʣʠʣʦ ʧʽʜʚʠʱʠʪʠ ʟʘʛʘʣʴʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ 

ʚʠʪʨʘʪʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ ʤʝʪʘʣʫ, ʢʽʣʴʢʦʩʪʽ ʥʝʤʽʨʥʦʾ ʧʨʦʜʫʢʮʽʾ ʪʘ ʥʝʟʘʚʝʨʰʝʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ. 

7. ʆʪʨʠʤʘʣʠ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʤʝʪʦʜʠ ʥʘʚʯʘʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡʥʠʭ 

ʧʽʜʩʠʩʪʝʤʠ ʦʧʝʨʘʪʦʨʘ ʢʦʥʚʝʨʪʝʨʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʦʩʥʦʚʘʥʽ ʥʘ ʘʥʘʣʽʟʽ 

ʧʦʧʝʨʝʜʥʴʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʰʘʙʣʦʥʠ ʚʜʘʣʦʛʦ ʧʦʧʝʨʝʜʥʴʦʛʦ 
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