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ɸʅʆʊɸʎɯʗ 

ʂʫʨʘʰ ʉ.ʖ. ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʨʝʘʢʮʽʾ ʙʫʜʽʚʝʣʴ ʪʘ ʩʧʦʨʫʜ ʥʘ 

ʚʠʙʫʭʦʚʽ ʚʧʣʠʚʠ. ï ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 01.05.02 çʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʽ 

ʤʝʪʦʜʠè. ï ɯʥʩʪʠʪʫʪ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʽ ʛʣʦʙʘʣʴʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʨʦʩʪʦʨʫ 

ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ ʥʘʫʢ ʋʢʨʘʾʥʠ, ʂʠʾʚ, 2023. 

ʋ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʚʠʨʽʰʝʥʦ ʘʢʪʫʘʣʴʥʫ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʫ 

ʟʘʜʘʯʫ ʟ ʨʦʟʨʦʙʢʠ ʪʘ ʧʨʦʛʨʘʤʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʛʽʙʨʠʜʥʦʾ ʥʘʧʽʚʥʘʪʫʨʥʦʾ 

ʩʠʩʪʝʤʠ, ʷʢʘ ʚʢʣʶʯʘʻ ʚʠʟʥʘʯʝʥʥʷ ʩʢʣʘʜʫ, ʩʪʨʫʢʪʫʨʠ, ʥʘʩʪʨʦʶʚʘʥʥʷ ʪʘ 

ʚʝʨʠʬʽʢʘʮʽʶ ʢʦʤʧôʶʪʝʨʥʦʾ ʤʦʜʝʣʽ ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʠʭ ʙʫʜʽʚʝʣʴ (ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʾʭ ʧʦʪʦʯʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ), ʷʢʽ ʟʘʟʥʘʣʠ ʚʧʣʠʚʫ ʙʦʡʦʚʠʭ 

ʜʽʡ ʘʙʦ ʨʝʛʫʣʷʨʥʠʭ ʧʨʦʤʠʩʣʦʚʠʭ ʚʠʙʫʭʽʚ; ʧʽʜʛʦʪʦʚʢʫ ʧʝʨʚʠʥʥʦʾ ʽʥʬʦʨʤʘʮʽʾ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʘʧʘʨʘʪʫʨʠ ʥʝʨʫʡʥʽʚʥʦʛʦ 

ʢʦʥʪʨʦʣʶ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ (ʢʦʨʝʢʪʥʝ ʟʘʜʘʥʥʷ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʠʭ 

ʫʤʦʚ); ʧʦʛʣʠʙʣʝʥʫ ʽʥʪʝʨʧʨʝʪʘʮʽʶ ʨʝʟʫʣʴʪʘʪʽʚ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʟ ʤʝʪʦʶ ʦʮʽʥʢʠ ʟʘʣʠʰʢʦʚʦʛʦ ʨʝʩʫʨʩʫ ʙʫʜʽʚʝʣʴ ʪʘ ʩʧʦʨʫʜ. 

ʋ ʧʝʨʰʦʤʫ ʨʦʟʜʽʣʽ ʜʠʩʝʨʪʘʮʽʾ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʽ ʦʮʽʥʢʫ ʨʝʟʫʣʴʪʘʪʽʚ 

ʚʽʜʦʤʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʧʨʦʛʥʦʟʫ ʥʝʙʝʟʧʝʢʠ 

ʧʨʦʤʠʩʣʦʚʠʭ ʪʘ ʙʦʡʦʚʠʭ ʚʠʙʫʭʽʚ, ʤʝʪʦʜʽʚ ʟʘʭʠʩʪʫ ʩʧʦʨʫʜ ʚʽʜ ʾʭ ʰʢʽʜʣʠʚʦʛʦ 

ʜʠʥʘʤʽʯʥʦʛʦ ʚʧʣʠʚʫ, ʘ ʪʘʢʦʞ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʪʘ 

ʟʘʩʦʙʽʚ ʦʮʽʥʢʠ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʙʫʜʽʚʝʣʴ ʪʘ ʩʧʦʨʫʜ; ʧʦʩʪʘʚʣʝʥʦ ʟʘʚʜʘʥʥʷ 

ʜʦʩʣʽʜʞʝʥʥʷ. ʄʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ, ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʜʠʥʘʤʽʯʥʠʡ ʚʧʣʠʚ 

ʙʦʡʦʚʠʭ ʪʘ ʧʨʦʤʠʩʣʦʚʠʭ ʚʠʙʫʭʽʚ ʥʘ ʞʠʪʣʦʚʫ ʟʘʙʫʜʦʚʫ, ʧʨʦʙʣʝʤʠ ʜʠʥʘʤʽʯʥʦʾ 

ʧʘʩʧʦʨʪʠʟʘʮʽʾ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ ʟʘʟʚʠʯʘʡ ʦʧʠʩʫʶʪʴʩʷ ʥʝʣʽʥʽʡʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ 

ʚ ʯʘʩʪʢʦʚʠʭ ʧʦʭʽʜʥʠʭ, ʚʠʨʽʰʝʥʥʷ ʷʢʠʭ ʤʦʞʣʠʚʝ ʣʠʰʝ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʤʝʪʦʜʽʚ. ʈʦʟʚʠʪʢʦʤ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʽ ʘʣʛʦʨʠʪʤʽʚ, ʷʢʽ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʟʘʜʘʯ 

ʤʝʭʘʥʽʢʠ, ʘʢʪʠʚʥʦ ʟʘʡʤʘʣʠʩʷ ɸ.ʗ. ɹʦʤʙʘ, ɸ.ɺ. ɻʣʘʜʢʠʡ, ɺ.ʌ. ɻʫʙʘʨʻʚ, 
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ɺ.ɹ. ʄʦʢʽʥ, ɺ.ʃ. ʈʚʘʯʦʚ, ɯ.ɺ. ʉʝʨʛʽʻʥʢʦ, ɯ.ʊ. ʉʝʣʝʟʦʚ, ɺ.ɺ. ʉʢʦʧʝʮʴʢʠʡ, 

ʆ.ʄ. ʊʨʦʬʠʤʯʫʢ, ʆ.ʄ. ʍʽʤʽʯ ʪʘ ʽʥ. 

ʇʨʝʜʩʪʘʚʣʝʥʦ ʦʛʣʷʜ ʪʘ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʘʢʪʫʘʣʴʥʠʭ ʧʠʪʘʥʴ ʽ ʤʝʪʦʜʽʚ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʚʠʟʥʘʯʝʥʦ ʥʝʚʠʨʽʰʝʥʽ ʧʨʦʙʣʝʤʠ ʪʘ ʥʦʚʽ ʟʘʜʘʯʽ, ʷʢʽ ʚʨʘʭʫʚʶʪʴ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʫʜʘʨʥʠʭ ʟʙʫʨʝʥʴ ʚ ̌ʨʫʥʪ.̔ ʇʨʠ ʩʧʨʦʙʽ ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʣʠʰʢʦʚʦʛʦ ʨʝʩʫʨʩʫ ʙʫʜʽʚʝʣʴ ʪʘ ʩʧʦʨʫʜ, ʱʦ 

ʧʽʜʜʘʣʠʩʴ ʚʧʣʠʚʫ ʙʦʡʦʚʠʭ ʪʘ ʧʨʦʤʠʩʣʦʚʠʭ ʚʠʙʫʭʽʚ ʚʠʥʠʢʘʻ ʥʠʟʢʘ ʩʢʣʘʜʥʦʱʽʚ. 

ɼʦ ʩʴʦʛʦʜʥʽ ʥʝ ʽʩʥʫʻ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʽ ʟʘʩʪʦʩʦʚʫʚʘʥʠʭ ʫ ʰʠʨʦʢʦʤʫ 

ʜʽʘʧʘʟʦʥʽ ʫʤʦʚ ʙʦʡʦʚʠʭ ʪʘ ʧʨʦʤʠʩʣʦʚʠʭ ʚʠʙʫʭʽʚ ʪʝʦʨʝʪʠʯʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʤʝʪʦʜʽʚ ʧʨʦʛʥʦʟʫ ʥʝʙʝʟʧʝʢʠ ʽ ʤʝʪʦʜʽʚ ʟʘʭʠʩʪʫ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ ʚʽʜ ʰʢʽʜʣʠʚʦʛʦ 

ʚʧʣʠʚʫ ʧʨʦʭʦʜʞʝʥʥʷ ʧʦʚʽʪʨʷʥʠʭ ʽ ˇʨʫʥʪʦʚʠʭ ʫʜʘʨʥʠʭ ʭʚʠʣʴ, ʘ ʪʘʢʦʞ ʤʝʪʦʜʽʚ 

ʦʮʽʥʢʠ ʟʘʣʠʰʢʦʚʦʛʦ ʨʝʩʫʨʩʫ ʪʘ ʽʥ. ɺʠʟʥʘʯʝʥʥʷ ʩʢʣʘʜʫ ʪʘ ʩʪʨʫʢʪʫʨʠ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʧʨʦʛʨʘʤ, ʧʽʜʛʦʪʦʚʢʘ ʧʝʨʚʠʥʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʥʘʩʪʨʦʶʚʘʥʥʷ ʪʘ 

ʚʝʨʠʬʽʢʘʮʽʷ ʢʦʤʧôʶʪʝʨʥʠʭ ʤʦʜʝʣʝʡ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʥʝʨʫʡʥʽʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʚʠʤʘʛʘʶʪʴ ʧʨʦʚʝʜʝʥʥʷ 

ʥʘʪʫʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʦʪʦʢʫ ʭʚʠʣʴʦʚʦʾ ʝʥʝʨʛʽʾ ʚʽʜ 

ʙʦʡʦʚʠʭ ʽ ʧʨʦʤʠʩʣʦʚʠʭ ʚʠʙʫʭʽʚ, ʦʙʨʦʙʢʠ ʚʝʣʠʢʦʛʦ ʦʙʩʷʛʫ ʩʪʘʪʠʩʪʠʯʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ. ɺʩʝ ʮʝ ʽ ʚʠʟʥʘʯʘʻ ʘʢʪʫʘʣʴʥʽʩʪʴ ʟʘʚʜʘʥʴ ʜʠʩʝʨʪʘʮʽʡʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ʋ ʜʨʫʛʦʤʫ ʨʦʟʜʽʣʽ ʜʠʩʝʨʪʘʮʽʾ ʦʢʨʝʩʣʝʥʦ ʤʝʪʦʜʦʣʦʛʽʶ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʪʘ ʪʝʦʨʝʪʠʢʦ-ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʨʦʟʨʦʙʢʫ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʘʧʘʨʘʪʫ ʟ 

ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʩʝʡʩʤʽʯʥʦʾ ʨʝʘʢʮʽʾ ʪʘ ʨʠʟʠʢʽʚ ʨʫʡʥʫʚʘʥʥʷ ʙʫʜʽʚʝʣʴ, 

ʩʧʦʨʫʜ ʪʘ ʢʦʥʩʪʨʫʢʮʽʡ ʧʨʠ ʜʠʥʘʤʽʯʥʠʭ ʚʧʣʠʚʘʭ ʚʽʜ ʧʨʦʤʠʩʣʦʚʠʭ ʚʠʙʫʭʽʚ. 

ʅʘʚʝʜʝʥʦ ʨʽʚʥʷʥʥʷ ʢʦʣʠʚʘʥʴ ʙʫʜʽʚʣʽ ʘʙʦ ʩʧʦʨʫʜʠ ʷʢ ʙʘʛʘʪʦʤʘʩʦʚʦʾ ʩʠʩʪʝʤʠ, ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʯʦʛʦ ʫ ʧʦʜʘʣʴʰʦʤʫ ʦʪʨʠʤʘʥʦ ʨʽʚʥʷʥʥʷ ʨʫʭʫ ʽ ʯʘʩʪʦʪʥʽ ʨʽʚʥʷʥʥʷ 

ʤʦʜʝʣʽ ʟ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ (ʢʦʥʩʦʣʴʥʠʡ ʩʪʨʠʞʝʥʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʞʦʨʩʪʢʦʩʪʽ ʧʨʠ ʟʛʠʥʽ ʪʘ ʟʩʫʚʽ, ʨʦʟʧʦʜʽʣʝʥʦʾ ʤʘʩʠ ʪʘ ʤʦʤʝʥʪʘ ʽʥʝʨʮʽʾ ʤʘʩʠ). ʎʝ 

ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ ʧʘʨʘʤʝʪʨʠ ʚʣʘʩʥʠʭ ʽ ʚʠʤʫʰʝʥʠʭ ʢʦʣʠʚʘʥʴ ʙʫʜʽʚʣʽ ʧʨʠ 

ʜʠʥʘʤʽʯʥʠʭ (ʢʽʥʝʤʘʪʠʯʥʠʭ) ʚʧʣʠʚʘʭ. ɺʨʘʭʦʚʫʶʪʴʩʷ ʧʦʩʪʽʡʥʘ ʟʛʠʥʘʣʴʥʘ ʽ ʟʩʫʚʥʘ 

ʞʦʨʩʪʢʽʩʪʴ, ʘ ʪʘʢʦʞ ʨʦʟʧʦʜʽʣʝʥʽ (ʥʘ ʦʜʠʥʠʮʶ ʚʠʩʦʪʠ ʙʫʜʽʚʣʽ) ʤʘʩʘ ʽ ʤʦʤʝʥʪ 

ʽʥʝʨʮʽʾ ʤʘʩʠ; ʧʝʨʝʤʽʱʝʥʥʷ ʪʦʯʦʢ ʙʫʜʽʚʣʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʢʦʦʨʜʠʥʘʪʠ z ʽ ʯʘʩʫ t. 
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ʅʘʚʝʜʝʥʦ ʽʥʬʦʨʤʘʮʽ ʁʧʨʦ ʧʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ ʃɯʈɸ. ʅʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜʥʫ 

ʤʝʪʦʜʠʢʫ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡʥʦʛʦ ʨʠʟʠʢʫ ʧʨʠ ʜʠʥʘʤʽʯʥʦʤʫ ʚʧʣʠʚʽ, ʷʢʘ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʟʽʩʪʘʚʣʝʥʥ ̔ʜʚʦʭ ʚʝʣʠʯʠʥ: ʧʘʨʘʤʝʪʨʫ ʟʦʚʥʽʰʥʴʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ S, 

ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʨʦʟʨʘʭʫʥʢʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʠʥʘʤʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, 

ʪʘ ʧʘʨʘʤʝʪʨʫ ʦʧʦʨʫ ʢʦʥʩʪʨʫʢʮʽʾ R. ʆʙʠʜʚʽ ʚʝʣʠʯʠʥʠ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʚʠʧʘʜʢʦʚʽ 

ʽ ʚʠʨʘʞʘʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʜʥʘʢʦʚʠʭ ʦʜʠʥʠʮʴ. 

ʋ ʪʨʝʪʴʦʤʫ ʨʦʟʜʽʣʽ ʥʘʚʝʜʝʥʽ ʦʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʥʘʪʫʨʥʠʭ ʜʠʥʘʤʽʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʘʛʘʪʦʢʘʥʘʣʴʥʠʭ ʩʠʩʪʝʤ ʩʝʡʩʤʦ-

ʤʦʥʽʪʦʨʠʥʛʫ, ʨʦʟʛʣʷʥʫʪʦ ʥʘʪʫʨʥʽ ʚʠʤʽʨʶʚʘʥʥʷ ʨʽʚʥʽʚ ʚʽʙʨʘʮʽʡʥʦʛʦ ʚʧʣʠʚʫ ʧʨʠ 

ʤʘʩʦʚʠʭ ʚʠʙʫʭʘʭ ʚ ʢʘʨ'ʻʨʘʭ ʤ. ʂʨʠʚʠʡ ʈʽʛ. ʋʟʘʛʘʣʴʥʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʥʘʪʫʨʥʠʭ 

ʚʠʤʽʨʶʚʘʥʴ ʨʽʚʥʽʚ ʚʽʙʨʘʮʽʾ ʪʘ ʰʫʤʫ ʚ ʙʫʜʠʥʢʘʭ ʪʘ ʥʘ ʧʨʠʣʝʛʣʠʭ ʪʝʨʠʪʦʨʽʷʭ, ʘ 

ʪʘʢʦʞ ʨʽʚʥʽʚ ʚʽʙʨʘʮʽʾ ˇʨʫʥʪʫ ʧʨʠ ʚʧʣʠʚʽ ʤʘʩʦʚʠʭ ʚʠʙʫʭʽʚ ʥʘ ʦʙ'ʻʢʪʘʭ ʫ ʤʝʞʘʭ 

ʩʘʥʽʪʘʨʥʦ-ʟʘʭʠʩʥʠʭ ʟʦʥ ʟʘʣʽʟʦʨʫʜʥʠʭ ʢʘʨ'ʻʨʽʚ ʤ. ʂʨʠʚʠʡ ʈʽʛ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʘʤʧʣʽʪʫʜ ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ ʧʨʠʩʢʦʨʝʥʴ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ˇʨʫʥʪʫ ʚʠʢʦʥʘʥʦ ʦʙʨʦʙʢʫ 

ʚʽʙʨʦʩʠʛʥʘʣʽʚ ʪʘ ʾʭ ʩʧʝʢʪʨʘʣʴʥʠʡ ʘʥʘʣʽʟ ʟʘ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʶ ʧʨʦʛʨʘʤʦʶ. 

ʇʨʦʚʝʜʝʥʽ ʜʠʥʘʤʽʯʥʽ ʚʠʤʽʨʶʚʘʥʥʷ ʧʦ ʧʨ. ʃʦʙʘʥʦʚʩʴʢʦʛʦ, 6ɸ, ʤ. ʂʠʾʚ. 26 ʣʶʪʦʛʦ 

2022 ʨ. ʙʫʜʠʥʦʢ ʟʘʟʥʘʚ ʨʫʡʥʫʚʘʥʴ ʚʥʘʩʣʽʜʦʢ ʚʣʫʯʘʥʥʷ ʨʘʢʝʪʠ ʧʽʜ ʯʘʩ ʦʙʩʪʨʽʣʫ. 

ɺ ʯʝʪʚʝʨʪʦʤʫ ʨʦʟʜʽʣʽ ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʥʘʪʫʨʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʨʽʚʥʽʚ 

ʚʽʙʨʘʮʽʾ ʧʨʠ ʤʘʩʦʚʠʭ ʚʠʙʫʭʘʭ ʚ ʢʘʨ'ʻʨʽ ɺɸʊ çʇʽʚʜʝʥʥʠʡ ɻɿʂè. ʎʽ ʨʝʟʫʣʴʪʘʪʠ 

ʚʠʩʪʫʧʘʶʪʴ ʫ ʷʢʦʩʪʽ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ ʧʨʠ ʯʠʩʝʣʴʥʦʤʫ ʚʠʨʽʰʝʥʥʽ ʧʦʯʘʪʢʦʚʦ-

ʢʨʘʡʦʚʦʾ ʟʘʜʘʯʽ ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʎʝʥʪʨʫ 

ʜʠʪʷʯʦʾ ʪʘ ʶʥʘʮʴʢʦʾ ʪʚʦʨʯʦʩʪʽ çʄʨʽʷè (ʎʝʥʪʨʫ) ʪʘ ʫ ʧʦʜʘʣʴʰʦʤʫ ʧʨʠ ʦʮʽʥʮʽ 

ʡʦʛʦ ʞʠʪʪʻʚʦʛʦ ʨʝʩʫʨʩʫ. ʄʘʢʩʠʤʘʣʴʥʘ ʚʝʣʠʯʠʥʘ ʚʝʨʪʠʢʘʣʴʥʦʾ ʚʽʙʨʦʰʚʠʢʦʩʪʽ 

ˇʨʫʥʪʫ ʙʽʣʷ ʙʫʜʽʚʣʽ ʎʝʥʪʨʫ ʥʝ ʧʝʨʝʚʠʱʫʻ 0,25 ʩʤ/ʩ. ɿʘ ʰʢʘʣʦʶ MSK-64 

ʚʝʨʪʠʢʘʣʴʥʘ ʚʽʙʨʦʰʚʠʢʽʩʪʴ ˇʨʫʥʪʫ ʚʽʜʧʦʚʽʜʘʻ 1 ʙʘʣʫ. ɻʦʨʠʟʦʥʪʘʣʴʥʘ 

ʚʽʙʨʦʰʚʠʜʢʽʩʪʴ ʚ ʥʘʧʨʷʤʢʫ ʚʠʙʫʭʫ ʚʜʚʽʯʽ ʙʽʣʴʰʘ ʟʘ ʚʝʨʪʠʢʘʣʴʥʫ. ɿʘ 

ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʃɯʈɸ ʉɸʇʈ ʥʘ ʦʩʥʦʚʽ ʩʪʨʠʞʥʝʚʠʭ 

ʝʣʝʤʝʥʪʽʚ 10 ʪʠʧʫ (ʰʽʩʪʴ ʩʪʫʧʝʥʽʚ ʩʚʦʙʦʜʠ ʫ ʚʫʟʣʽ), ʧʣʘʩʪʠʥʯʘʩʪʠʭ ʝʣʝʤʝʥʪʽʚ 

41, 42, 44 ʪʠʧʽʚ (ʰʽʩʪʴ ʩʪʫʧʝʥʽʚ ʩʚʦʙʦʜʠ ʫ ʚʫʟʣʽ) ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʢʦʤʧ'ʶʪʝʨʥʘ 

ʤʦʜʝʣʴ ʙʫʜʽʚʣʽ ʎʝʥʪʨʫ. ɿ ʦʛʣʷʜʫ ʥʘ ʫʪʚʦʨʝʥʥʷ ʟʥʘʯʥʠʭ ʟʘʟʦʨʽʚ ʤʽʞ ʧʣʠʪʘʤʠ 
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ʧʝʨʝʢʨʠʪʪʷ ʙʫʜʽʚʣʽ ʎʝʥʪʨʫ, ʞʦʨʩʪʢʽʩʪʴ ʧʣʠʪ ʧʝʨʝʢʨʠʪʪʷ, ʷʢ ʻʜʠʥʦʛʦ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʜʠʩʢʘ, ʧʦʩʪʽʡʥʦ ʟʥʠʞʫʻʪʴʩʷ. ʎʝ ʩʧʨʠʯʠʥʷʻ ʟʥʠʞʝʥʥʷ 

ʽʥʪʝʛʨʘʣʴʥʦʾ ʞʦʨʩʪʢʦʩʪʽ ʙʫʜʽʚʣʽ ʎʝʥʪʨʫ ʚ ʮʽʣʦʤʫ. ʋ ʧʽʜʩʫʤʢʫ ʨʦʟʨʘʭʫʥʢʦʚʠʡ 

ʚʽʢ ʙʫʜʽʚʣʽ ʎʝʥʪʨʫ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʬʘʢʪʠʯʥʦʛʦ ʥʘ ʚʝʣʠʯʠʥʫ ~ 30 ʨʦʢʽʚ. 

ɿʘʛʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʙʫʜʽʚʣʽ ʎʝʥʪʨʫ ʤʦʞʥʘ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʷʢ 

ʥʝʧʨʠʜʘʪʥʠʡ ʜʦ ʥʦʨʤʘʣʴʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʞʝ ʚ ʥʘʡʙʣʠʞʯʦʤʫ ʤʘʡʙʫʪʥʴʦʤʫ. 

ʎʝʡ ʚʠʩʥʦʚʦʢ ʚʠʧʣʠʚʘʻ ʟ ʨʝʟʫʣʴʪʘʪʽʚ ʚʽʟʫʘʣʴʥʦʛʦ ʦʛʣʷʜʫ ʎʝʥʪʨʫ ʪʘ ʚʠʷʚʣʝʥʠʭ 

ʧʨʠ ʮʴʦʤʫ ʜʝʬʝʢʪʽʚ ʫ ʩʫʢʫʧʥʦʩʪʽ ʟ ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ ʡ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ 

ʜʘʥʠʤʠ. ʇʨʠ ʧʨʠʩʢʦʨʝʥʥʽ ʨʦʟʚʠʪʢʫ ʚʥʫʪʨʽʰʥʽʭ ʜʝʬʝʢʪʽʚ ʫ ʥʝʩʫʯʠʭ 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ ʎʝʥʪʨʫ ʨʠʟʠʢ ʾʭ ʨʫʡʥʫʚʘʥʥʷ ʟʙʽʣʴʰʠʪʴʩʷ ʽ 

ʩʪʘʨʽʥʥʷ ʙʫʜʽʚʣʽ ʧʨʠʰʚʠʜʰʠʪʴʩʷ. ʋ ʧʽʜʩʫʤʢʫ ʮʝ ʧʨʠʟʚʝʜʝ ʜʦ ʟʥʘʯʥʦʛʦ 

ʟʥʠʞʝʥʥʷ ʞʠʪʪʻʚʦʛʦ ʨʝʩʫʨʩʫ (ʟʨʦʩʪʘʥʥʷ æʊ1). 

ʅʘʚʝʜʝʥʘ ʢʦʤʧôʶʪʝʨʥʘ ʤʦʜʝʣʴ ʙʫʜʽʚʣʽ ʧʦ ʧʨʦʩʧʝʢʪʫ ʃʦʙʘʥʦʚʩʴʢʦʛʦ, 6ɸ ʚ 

ʤ. ʂʠʻʚʽ ʟ ʝʣʝʤʝʥʪʘʤʠ ʫʰʢʦʜʞʝʥʴ ʚ ʤʝʞʘʭ 18ï21 ʧʦʚʝʨʭʽʚ. ɺʝʨʠʬʽʢʘʮʽʶ 

ʤʦʜʝʣʽ ʪʘ ʨʦʟʨʘʭʫʥʢʠ ʚʠʢʦʥʘʥʦ ʫ ʇʂ ʃɯʈɸ ʉɸʇʈ-2021 ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʨʦʟʨʦʙʣʝʥʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʤʦʜʝʣʽ ʬʨʘʛʤʝʥʪʫ ʙʫʜʠʥʢʫ (16ï26 ʧʦʚʝʨʭʠ). 

ʈʦʟʛʣʷʥʫʪʦ ʜʚʘ ʚʘʨʽʘʥʪʠ ʤʦʜʝʣʝʡ: ʣʽʥʽʡʥʘ ʪʘ ʥʝʣʽʥʽʡʥʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʬʽʟʠʯʥʦʾ 

ʥʝʣʽʥʽʡʥʦʩʪʽ ʙʝʪʦʥʫ ʪʘ ʘʨʤʘʪʫʨʠ. ɺʠʟʥʘʯʝʥʥʷ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ʧʝʨʝʨʽʟʽʚ 

ʤʦʥʦʣʽʪʥʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʧʽʣʦʥʽʚ ʙʫʜʽʚʣʽ ʚʠʢʦʥʫʚʘʣʦʩʷ ʟʘ ʜʝʬʦʨʤʘʮʽʡʥʠʤ 

ʤʝʪʦʜʦʤ ʟʛʽʜʥʦ ʟ ʧʦʣʦʞʝʥʥʷʤʠ ɼɹʅ ɺ.2.6-98:2009 ʪʘ ɼʉʊʋ ɹ ɺ.2.6-156:2010 ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʫʩʠʣʴ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʩʪʦʨʦʚʦʾ ʣʽʥʽʡʥʦʾ ʪʘ 

ʥʝʣʽʥʽʡʥʦʾ ʤʦʜʝʣʝʡ ʬʨʘʛʤʝʥʪʫ ʙʫʜʠʥʢʫ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʢʦʤʧʣʝʢʩʽ ʃɯʈɸ ʉɸʇʈ-

2021. ʊʘʢʦʞ ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ʽʥʰʠʭ 

ʤʘʢʩʠʤʘʣʴʥʦ ʟʘʚʘʥʪʘʞʝʥʠʭ ʧʽʣʦʥʽʚ. ʎʽ ʜʘʥʽ ʩʚʽʜʯʘʪʴ ʧʨʦ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʧʽʜʩʠʣʝʥʥʷ ʧʦʰʢʦʜʞʝʥʠʭ ʧʽʣʦʥʽʚ ʥʘ 18ï21 ʧʦʚʝʨʭʘʭ ʙʫʜʠʥʢʫ, ʪʦʤʫ ʱʦ 

ʚʽʜʥʦʰʝʥʥʷ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ʧʝʨʝʨʽʟʫ ʜʦ ʧʦʟʜʦʚʞʥʴʦʛʦ ʟʫʩʠʣʣʷ ʩʪʠʩʢʫ ʥʘ 20 

ʧʦʚʝʨʩʽ ʚ ʦʩʷʭ 2/ɾ ʪʘ 3/ɾ ʥʝ ʣʠʰʝ ʥʝ ʤʘʻ ʟʘʧʘʩʫ ʤʽʮʥʦʩʪʽ, ʷʢ ʥʘ ʧʦʚʝʨʩʽ 17 ʚ 

ʦʩʷʭ 2/ɽ ʪʘ 2/ɼ, ʘ ʥʘʚʽʪʴ ʤʝʥʰʝ ʟʘ ʦʜʠʥʠʮʶ. ʂʨʽʤ ʪʦʛʦ, ʥʘ 17 ʧʦʚʝʨʩʽ ʚ ʦʩʽ 2/ɾ 

ʪʝʞ ʥʝʤʘʻ ʧʦʪʨʽʙʥʦʛʦ ʟʘʧʘʩʫ ʤʽʮʥʦʩʪʽ, ʱʦ ʥʝʜʦʧʫʩʪʠʤʦ ʜʣʷ ʥʦʨʤʘʣʴʥʦʾ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʨʦʟʨʘʭʫʥʢʽʚ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ʧʽʣʦʥʽʚ ʙʫʜʠʥʢʫ 
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ʧʽʜʪʚʝʨʜʞʫʶʪɹ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʽʜʩʠʣʝʥʥʷ ʧʦʰʢʦʜʞʝʥʠʭ ʧʽʣʦʥʽʚ ʥʘ 18ï21 

ʧʦʚʝʨʭʘʭ ʙʫʜʠʥʢʫ. ʋ ʧʽʣʦʥʘʭ ʟʘ ʦʩʷʤʠ 2/ɾ ʪʘ 3/ɾ ʥʘ 18, 19 ʪʘ 20 ʧʦʚʝʨʭʘʭ ʥʝ 

ʟʘʙʝʟʧʝʯʝʥʘ ʥʝʩʫʯʘ ʟʜʘʪʥʽʩʪʴ, ʪʦʤʫ ʥʝʦʙʭʽʜʥʦ ʮʽ ʧʽʣʦʥʠ ʘʙʦ ʧʽʜʩʠʣʠʪʠ, ʘʙʦ 

ʟʘʤʽʥʠʪʠ ʥʘ ʥʦʚʽ. ʇʨʠ ʮʴʦʤʫ ʧʦʧʝʨʝʜʥʽ ʧʨʠʧʫʱʝʥʥʷ ʧʨʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʥʦʩʫ 

ʚʩʽʻʾ ʙʫʜʽʚʣʽ ʥʝ ʧʽʜʪʚʝʨʜʠʣʠʩʷ. ʅʘʚʝʜʝʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʜʘʥʽ ʫ ʚʽʜʧʦʚʽʜʥʠʭ 

ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ ʢʦʨʝʣʶʶʪʴ ʟ ʥʘʙʣʠʞʝʥʦʶ ʤʝʪʦʜʠʢʦʶ ʅɼɯɹʂ ʦʮʽʥʢʠ 

ʟʘʣʠʰʢʦʚʦʛʦ ʨʝʩʫʨʩʫ. ʇʘʜʽʥʥʷ ʨʝʩʫʨʩʫ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʥʝʧʦʰʢʦʜʞʝʥʠʤ ʩʪʘʥʦʤ 

ʦʮʽʥʶʻʪʴʩʷ ʫ 25ï35 ʨʦʢʽʚ. ɺʽʜʧʦʚʽʜʥʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʟʙʠʪʦʢ ʦʮʽʥʶʻʪʴʩʷ ʫ 25ï

35% ʧʝʨʚʽʩʥʦʾ ʚʘʨʪʦʩʪʽ ʙʫʜʽʚʣʽ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʢʦʨʠʩʥʦʾ ʚʘʨʪʦʩʪʽ ʢʚʘʨʪʠʨ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ, ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ 

ʩʪʘʥ, ʨʠʟʠʢ, ʙʦʡʦʚʽ ʜʠʥʘʤʽʯʥʽ ʚʧʣʠʚʠ, ʧʨʦʤʠʩʣʦʚʽ ʚʠʙʫʭʠ, ʽʥʪʝʛʨʘʣʴʥʘ 

ʜʽʘʛʥʦʩʪʠʢʘ, ʥʝʨʫʡʥʽʚʥʽ ʤʝʪʦʜʠ, ʞʠʪʪʻʚʠʡ ʨʝʩʫʨʩ. 

 

ʉʧʠʩʦʢ ʧʫʙʣʽʢʘʮʽʡ ʟʜʦʙʫʚʘʯʘ ʟʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʾ 

 

ʉʪʘʪʪʷ ʫ ʧʝʨʽʦʜʠʯʥʦʤʫ ʬʘʭʦʚʦʤʫ ʞʫʨʥʘʣʽ, ʱʦ ʧʨʦʽʥʜʝʢʩʦʚʘʥʘ  

ʫ ʥʘʫʢʦʤʝʪʨʠʯʥʽʡ ɹɼ SCOPUS (Q4): 

1. Dynamic certification and assessment of the buildings life cycle under regular 

explosive impacts / O.M. Trofymchuk, I.I. Kaliukh, V.A. Dunin, S.Y. Kyrash // 

ʉʠʩʪʝʤʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ, ɯʇʉɸ (IASA), 2022, ˉ 4.   

C. 100-118. ʈʝʞʠʤ ʜʦʩʪʫʧʫ: http://journal.iasa.kpi.ua/article/view/255010 

 

ʉʪʘʪʪʽ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʥʘʫʢʦʚʠʭ ʧʝʨʽʦʜʠʯʥʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʴ, 

ʟʘʪʚʝʨʜʞʝʥʠʭ ʄʆʅ ʋʢʨʘʾʥʠ: 

2. ɼʤʠʪʨʽʝʚ ɼ.ɸ., ʂʫʨʘʰ ʉ.ʖ. ʆʩʦʙʣʠʚʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʛʽʜʨʦʣʦʛʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ / ɼ.ɸ. ɼʤʠʪʨʽʝʚ, ʉ.ʖ. ʂʫʨʘʰ 

// ɺʽʩʥʠʢ ʆɼɸɹɸ. ɺʠʧ. ˉ 66, 2017. C. 141-147. ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://drive.google.com/file/d/1tGqjj1vY6KWQC3P6CUtPYkvqwDxCZVKH/view 

3. ɼʤʠʪʨʽʝʚ ɼ.ɸ., ʂʫʨʘʰ ʉ.ʖ., ʍʝʢʘʣʦ ɼ.ɺ. ʆʩʦʙʝʥʥʦʩʪʠ ʦʙʩʣʝʜʦʚʘʥʠʷ 

ʩʦʩʪʦʷʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʚʦʟʜʝʡʩʪʚʠʷ 

http://journal.iasa.kpi.ua/article/view/255010
https://drive.google.com/file/d/1tGqjj1vY6KWQC3P6CUtPYkvqwDxCZVKH/view
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ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ / ɼ.ɸ. ɼʤʠʪʨʽʝʚ, ʉ.ʖ. ʂʫʨʘʰ, ɼ.ɺ. ʍʝʢʘʣʦ // ʅʘʫʢʘ ʪʘ 

ʙʫʜʽʚʥʠʮʪʚʦ. 1(11), 2017. C. 48-51. ʈʝʞʠʤ ʜʦʩʪʫʧʫ: http://journal-

niisk.com/index.php/scienceandconstruction/article/view/34 

4. ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʝʦʨʽʾ ʟʙʘʣʘʥʩʦʚʘʥʦʛʦ ʨʠʟʠʢʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʽʨʦʛʽʜʥʦʩʪʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʣʘʙʢʠʭ ˇʨʫʥʪʽʚ ʚ ʫʤʦʚʘʭ ʱʽʣʴʥʦʾ ʤʽʩʴʢʦʾ ʟʘʙʫʜʦʚʠ / ʉ.ʖ. ʂʫʨʘʰ, 

ʖ.ɯ. ʂʘʣʶʭ, ʆ.ʂ. ʍʘʚʢʽʥ, ʊ.ʖ. ʂʘʣʶʭ // ʅʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʡ ʟʙʽʨʥʠʢ ñʉʫʯʘʩʥʽ 

ʪʝʭʥʦʣʦʛʽʾ, ʤʘʪʝʨʽʘʣʠ ʽ ʢʦʥʩʪʨʫʢʮʽʾ ʚ ʙʫʜʽʚʥʠʮʪʚʽò, 10, ˉ1, 2011. C. 71-75. ʈʝʞʠʤ 

ʜʦʩʪʫʧʫ: https://stmkvb.vntu.edu.ua/index.php/stmkvb/article/view/149 

5. ɿʘʩʪʦʩʫʚʘʥʥʷ ʥʦʚʠʭ ʜʝʨʞʘʚʥʠʭ ʥʦʨʤ ɼɹʅ ɺ.2.2-24:2009 çʇʨʦʝʢʪʫʚʘʥʥʷ 

ʚʠʩʦʪʥʠʭ ʞʠʪʣʦʚʠʭ ʽ ʛʨʦʤʘʜʩʴʢʠʭ ʙʫʜʠʥʢʽʚè, ɼɹʅ ɺ.1.1-12:2006 çɹʫʜʽʚʥʠʮʪʚʦ ʚ 

ʩʝʡʩʤʽʯʥʠʭ ʨʘʡʦʥʘʭ ʋʢʨʘʾʥʠè ʪʘ ɼɹʅ ɺ.1.2-5:2007 çʅʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʡ ʩʫʧʨʦʚʽʜ 

ʙʫʜʽʚʝʣʴʥʠʭ ʦʙôʻʢʪʽʚè ʜʦ ʦʙôʻʢʪʽʚ ʚʠʩʦʪʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ / ʖ.ɯ. ʅʝʤʯʠʥʦʚ, ʄ.ɻ. 

ʄʘʨôʻʥʢʦʚ, ʖ.ɯ. ʂʘʣʶʭ, ʆ.ʂ. ʍʘʚʢʽʥ, ʂ.ɺ. ɭʛʫʧʦʚ, ʆ.ɻ. ʅʝʜʟʚʝʮʴʢʘ, ɸ.ɭ. 

ɺʫʩʘʪʶʢ, ʊ.ʖ. ʂʘʣʶʭ, ɺ.ɸ. ɼʫʥʽʥ, ʉ.ʖ. ʂʫʨʘʰ // ɺʽʩʥʠʢ ʆɼɸɹɸ. ï ɺʠʧ. 36, 

2009. ʉ. 315ï321. ʈʝʞʠʤ ʜʦʩʪʫʧʫ: http://www.irbis-nbuv.gov.ua/cgi-

bin/irbis_nbuv/cgiirbis_64.exe?I21DBN=JRN&P21DBN=JRN&S21STN=1&S21 

REF=10&S21FMT=fullwebr&C21COM=S&S21CNR=20&S21P01=0&S21P02=0&S21P03=I=

&S21COLORTERMS=0&S21STR=%D0%9670495 

6. ɺʣʠʷʥʠʝ ʛʣʫʙʦʢʦʛʦ ʢʦʪʣʦʚʘʥʘ ʥʘ ʠʟʤʝʥʝʥʠʝ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ˇʨʫʥʪʦʚʦʛʦ ʤʘʩʩʠʚʘ ʚ ʫʩʣʦʚʠʷʭ ʧʣʦʪʥʦʡ ʛʦʨʦʜʩʢʦʡ ʟʘʩʪʨʦʡʢʠ ʛ. ʂʠʝʚʘ 

/ ʉ. ʖ. ʂʫʨʘʰ, ʀ.ʈ. ʉʘʟʦʥʦʚʘ, ʖ.ʀ. ʂʘʣʶʭ, ʊ.ɻ. ʂʘʨʛʦʧʦʣʴʮʝʚʘ // ɹʫʜʽʚʝʣʴʥʽ 

ʢʦʥʩʪʨʫʢʮʽʾ, ɺʠʧ. 71, ʂʥ. 1, 2008. ʉ. 434-442. ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://scholar.google.com.ua/citations?view_op=view_citation&hl=uk&user=nCYyI5gAAAAJ

&citation_for_view=nCYyI5gAAAAJ:d1gkVwhDpl0C 

7. ʂʫʨʘʰ ʉ.ʖ., ʂʘʣʶʭ ʖ.ʀ. ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ˇʨʫʥʪʝ ʧʨʠ ʫʩʪʨʦʡʩʪʚʝ ʛʣʫʙʦʢʠʭ ʢʦʪʣʦʚʘʥʦʚ ʚ ʫʩʣʦʚʠʷʭ ʧʣʦʪʥʦʡ 

ʛʦʨʦʜʩʢʦʡ ʟʘʩʪʨʦʡʢʠ ʛ. ʂʠʝʚʘ / ʉ.ʖ. ʂʫʨʘʰ, ʖ.ʀ. ʂʘʣʶʭ // ʉʚʽʪ ʛʝʦʪʝʭʥʽʢʠ, ɺʠʧ. 

2, 2008. C. 22-25. ʈʝʞʠʤ ʜʦʩʪʫʧʫ: http://www.niisk.com/naukovo-tehnichna-rada/publ-

kats-za-napryamkom-naukovikh-dosl-dzhen-kurasha-s-yu.php?clear_cache=Y 

8. ʂʫʨʘʰ ʉ.ʖ. ˆʨʫʥʪʦʚʽ ʜʝʬʦʨʤʘʮʽʡʥʽ ʧʨʦʮʝʩʠ ʧʨʠ ʙʫʜʽʚʥʠʮʪʚʽ ʧʦʨʫʯ ʽʟ 

ʽʩʥʫʶʯʠʤʠ ʩʧʦʨʫʜʘʤʠ / ʉ.ʖ ʂʫʨʘʰ // ʉʚʽʪ ʛʝʦʪʝʭʥʽʢʠ, ɺʠʧ. 1, 2007. ʉ. 22-25. 

http://journal-niisk.com/index.php/scienceandconstruction/article/view/34
http://journal-niisk.com/index.php/scienceandconstruction/article/view/34
https://stmkvb.vntu.edu.ua/index.php/stmkvb/article/view/149
http://www.irbis-nbuv.gov.ua/cgi-bin/irbis_nbuv/cgiirbis_64.exe?I21DBN=JRN&P21DBN=JRN&S21STN=1&S21%20REF=10&S21FMT=fullwebr&C21COM=S&S21CNR=20&S21P01=0&S21P02=0&S21P03=I=&S21COLORTERMS=0&S21STR=%D0%9670495
http://www.irbis-nbuv.gov.ua/cgi-bin/irbis_nbuv/cgiirbis_64.exe?I21DBN=JRN&P21DBN=JRN&S21STN=1&S21%20REF=10&S21FMT=fullwebr&C21COM=S&S21CNR=20&S21P01=0&S21P02=0&S21P03=I=&S21COLORTERMS=0&S21STR=%D0%9670495
http://www.irbis-nbuv.gov.ua/cgi-bin/irbis_nbuv/cgiirbis_64.exe?I21DBN=JRN&P21DBN=JRN&S21STN=1&S21%20REF=10&S21FMT=fullwebr&C21COM=S&S21CNR=20&S21P01=0&S21P02=0&S21P03=I=&S21COLORTERMS=0&S21STR=%D0%9670495
http://www.irbis-nbuv.gov.ua/cgi-bin/irbis_nbuv/cgiirbis_64.exe?I21DBN=JRN&P21DBN=JRN&S21STN=1&S21%20REF=10&S21FMT=fullwebr&C21COM=S&S21CNR=20&S21P01=0&S21P02=0&S21P03=I=&S21COLORTERMS=0&S21STR=%D0%9670495
https://scholar.google.com.ua/citations?view_op=view_citation&hl=uk&user=nCYyI5gAAAAJ&citation_for_view=nCYyI5gAAAAJ:d1gkVwhDpl0C
https://scholar.google.com.ua/citations?view_op=view_citation&hl=uk&user=nCYyI5gAAAAJ&citation_for_view=nCYyI5gAAAAJ:d1gkVwhDpl0C
http://www.niisk.com/naukovo-tehnichna-rada/publ-kats-za-napryamkom-naukovikh-dosl-dzhen-kurasha-s-yu.php?clear_cache=Y
http://www.niisk.com/naukovo-tehnichna-rada/publ-kats-za-napryamkom-naukovikh-dosl-dzhen-kurasha-s-yu.php?clear_cache=Y
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ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://scholar.google.com.ua/citations?view_op=view_citation&hl=uk&user=nCYyI5gAAAAJ

&citation_for_view=nCYyI5gAAAAJ:zYLM7Y9cAGgC  

9. ʂʫʨʘʰ ʉ.ʖ. ʌʽʟʠʯʥʝ ʟʥʝʩʝʥʥʷ ʙʫʜʠʥʢʫ ʚ ʫʤʦʚʘʭ ʱʽʣʴʥʦʾ ʤʽʩʴʢʦʾ ʟʘʙʫʜʦʚʠ / 

ʉ.ʖ. ʂʫʨʘʰ // ɹʫʜʽʚʝʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʾ, ɺʠʧ. 66, 2007. C. 378-382. ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

http://www.niisk.com/naukovo-tehnichna-rada/publ-kats-za-napryamkom-naukovikh-dosl-

dzhen-kurasha-s-yu.php?clear_cache=Y 

10. ʂʫʨʘʰ ʉ.ʖ. ɼʝʬʦʨʤʘʮʽʡʥʽ ʧʨʦʮʝʩʠ ʧʨʠ ʙʫʜʽʚʥʠʮʪʚʽ ʧʦʨʫʯ ʽʟ ʽʩʥʫʶʯʠʤʠ 

ʩʧʦʨʫʜʘʤʠ / ʉ.ʖ. ʂʫʨʘʰ // ɹʫʜʽʚʝʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʾ, ɺʠʧ. 63, 2005. C. 118-124. 

ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://scholar.google.com.ua/citations?view_op=view_citation&hl=uk&user=n 

CYyI5gAAAAJ&citation_for_view=nCYyI5gAAAAJ:Y0pCki6q_DkC 

11. ʂʫʨʘʰ ʉ.ʖ. ɹʫʜʽʚʥʠʮʪʚʦ ʧʦʙʣʠʟʫ ʽʩʥʫʶʯʠʭ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ, ʱʦ ʤʘʶʪʴ ʙʫʪʠ 
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SUMMARY 

Kurash S.Yu. Mathematical modeling of the reaction of buildings and structures 

to explosive effects. ï Qualifying scientific work on manuscript rights. 

Dissertation for obtaining the scientific degree of candidate of technical sciences 

in the specialty 01.05.02 "Mathematical modeling and computational methods". ï 

Institute of Telecommunications and Global Information Space of the National 

Academy of Sciences of Ukraine, Kyiv, 2023. 

The dissertation solves the actual scientific and applied problem of the 

development and software implementation of a hybrid semi-natural system, which 

includes the determination of the composition, structure, adjustment, and verification 

of the computer model of multi-story buildings (taking into account their current 

technical condition), which have been affected by military actions or regular industrial 

explosions; preparation of primary information using experimental methods and 

equipment for non-destructive control of building structures (correct setting of initial 

boundary conditions); in-depth interpretation of the results of mathematical modeling 

in order to assess the residual resource of buildings and structures. 

In the first chapter of the dissertation, analysis and assessment of the results of 

https://www.hgd-cgs.hr/savjetovanja/the-17th-european-young-geotechnical-engineers’-conference/?lang=en
https://www.hgd-cgs.hr/savjetovanja/the-17th-european-young-geotechnical-engineers’-conference/?lang=en
http://online.budstandart.com/ua/catalog/doc-page?id_doc=45889
http://online.budstandart.com/ua/catalog/doc-page?id_doc=45889
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known research on the application of mathematical methods of forecasting the danger 

of industrial and combat explosions, methods of protecting structures from their 

harmful dynamic effects, as well as experimental instrumental methods and means of 

assessing the technical condition of buildings and structures were carried out; the 

research task is set. Mathematical models reflecting the dynamic impact of military 

and industrial explosions on residential buildings, problems of dynamic certification 

of buildings and structures are usually described by nonlinear equations in partial 

derivatives, the solution of which is possible only with the use of computational 

methods. The following scientists were actively involved in the development of 

computational methods and algorithms that can be used for the mathematical 

modeling of complex mechanics problems: A.Ya. Bomba, A.V. Hladkyi, 

V.F. Gubarev, V.B. Mokin, V.L. Rvachov, I.V. Sergienko, I.T. Selezov, 

V.V. Skopetskyi, O.M. Trofymchuk, O.M. Khimich et al. 

An overview and analysis of existing topical issues and modeling methods are 

presented, unsolved and new problems that take into account the propagation of shock 

disturbances in the soil are identified. When trying to improve the mathematical 

modeling of the residual resource of buildings and structures exposed to military and 

industrial explosions, a number of difficulties arise. To date, there are no theoretical 

mathematical methods of hazard prediction and methods of protecting buildings and 

structures from the harmful effects of the passage of air and ground shock waves, as 

well as methods of assessing the residual resource, etc. that are scientifically based 

and applied in a wide range of conditions of combat and industrial explosions. 

Determination of the composition and structure of computer programs, preparation of 

primary information, adjustment and verification of computer models of buildings and 

structures using experimental methods of non-destructive testing require field studies 

to determine the parameters of the flow of wave energy from military and industrial 

explosions, processing a large volume of statistical material. All this determines the 

relevance of the tasks of dissertation research. 

The second chapter of the dissertation outlines the methodology of 

experimental and theoretical-calculation studies, the development of a calculation 
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apparatus for determining the parameters of seismic response and the risks of 

destruction of buildings and structures under dynamic effects from industrial 

explosions. The equation of oscillations of a building or structure as a multi-mass 

system is presented, with the help of which the equations of motion and frequency 

equations of the model with distributed parameters (cantilever rod taking into account 

stiffness during bending and shear, distributed mass, and mass moment of inertia) are 

obtained. This allows you to determine the parameters of natural and forced 

oscillations of the building under dynamic (kinematic) influences. Constant bending 

and shear stiffness, as well as distributed (per unit of building height) mass and mass 

moment of inertia are taken into account; the movement of building points depends 

on the z coordinate and time t. Information about the "LIRA" software complex is 

provided. An applied method of determining the structural risk under the dynamic 

influence is presented, which is based on the comparison of two quantities: the 

external load parameter S, which is determined on the basis of a calculation taking 

into account the dynamic load, and the structure resistance parameter R. Both 

quantities are considered random and are expressed using the same units. 

In the third chapter , the main results of full-scale dynamic studies of buildings 

and structures with the help of multi-channel seismic monitoring systems are 

presented, full-scale measurements of the levels of vibrational influence during mass 

explosions in the quarries of the city of Kryvyi Rih are considered. The results of on-

site measurements of vibration and noise levels in houses and on adjacent territories, 

as well as soil vibration levels under the influence of mass explosions on objects 

within the sanitary protection zones of iron ore quarries in Kryvyi Rih, are 

summarized. In order to determine the amplitudes of the registered accelerations of 

structures and soil, the processing of vibration signals and their spectral analysis was 

performed using a specialized program. Dynamic measurements were carried out on 

6A Lobanovskyi Ave., Kyiv. On February 26, 2022, the building was destroyed by a 

rocket hit during the shelling. 

The fourth chapter presents the results of field measurements of vibration 

levels during mass explosions in the quarry of OJSC "Southern Ore Mining and 
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Processing Plant" (GZK). These results serve as initial conditions for the numerical 

solution of the initial-boundary problem in the calculations of the stress-strain state of 

the Center for Children's and Youth Creativity "Mriya" (the Center) and later in the 

assessment of its life resource. The maximum value of the vertical vibration speed of 

the soil near the Center building does not exceed 0.25 cm/s. According to the MSK-

64 scale, the vertical vibration speed of the soil corresponds to 1 point. The horizontal 

vibration speed in the direction of the explosion is twice as high as the vertical one. 

With the help of the LIRA-SAPR software complex, a computer model of the Center 

building was developed on the basis of rod elements of type 10 (six degrees of 

freedom at the node), plate elements of types 41, 42, 44 (six degrees of freedom at the 

node). Due to the formation of significant gaps between the floor slabs of the Center 

building, the rigidity of the floor slabs, as a single horizontal disk, is constantly 

decreasing. This causes a decrease in the integral stiffness of the Center building as a 

whole. As a result, the estimated age of the Center building differs from the actual one 

by ~ 30 years. The general technical condition of the Center building can be 

characterized as unsuitable for normal operation in the near future. This conclusion 

follows from the results of the visual inspection of the Center and the detected defects 

in combination with calculated and experimental data. With the acceleration of the 

development of internal defects in the load-bearing reinforced concrete structures of 

the Center, the risk of their destruction will increase and the aging of the building will 

accelerate. As a result, this will lead to a significant decrease in life expectancy 

(increase in æT1). 

A computer model of the building on Lobanovskyi Avenue, 6A in Kyiv with 

elements of damage within the 18ï21 floors is given. Model verification and 

calculations were performed in PC LIRA SAPR-2021 using the developed spatial 

model of the building fragment (16ï26 floors). Two versions of the models are 

considered: linear and non-linear, taking into account the physical non-linearity of 

concrete and reinforcement. Determination of the load-bearing capacity of the 

sections of the monolithic reinforced concrete pylons of the building was carried out 

by the deformation method in accordance with the provisions of the State 
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Construction Norms (DBN) B.2.6-98:2009 and the State Standard of Ukraine (DSTU) 

B B.2.6-156:2010 using forces obtained with the help of spatial linear and nonlinear 

models of the building fragment in the software complex LIRA SAPR -2021. The 

results of determining the bearing capacity of other maximally loaded pylons are also 

given. These data indicate the need to strengthen the damaged pylons on floors 18ï21 

of the building, because the ratio of the cross-sectional bearing capacity to the 

longitudinal compressive force on the 20th floor in the axes 2/J and 3/J not only does 

not have a margin of strength, as on the 17th floor in the axes 2/E and 2/D, and even 

less per unit. In addition, on the 17th floor in the 2/J axis, there is also no necessary 

safety margin, which is unacceptable for normal operation. The data obtained from 

calculations of the load-bearing capacity of the building's pylons confirm the need to 

strengthen the damaged pylons on the 18th-21st floors of the building. The load-

bearing capacity of the pylons along the 2/J and 3/J axes on the 18th, 19th, and 20th 

floors is not ensured, so it is necessary to either strengthen these pylons or replace 

them with new ones. At the same time, previous assumptions about the need to 

demolish the entire building were not confirmed. The calculated data in relevant 

individual cases are correlated with the approximate methodology of the SRIBC for 

estimating the residual resource. The decline of the resource compared to the 

undamaged state is estimated at 25ï35 years. The corresponding economic loss is 

estimated at 25ï35% of the original value of the building without taking into account 

the useful value of the apartments. 

Keywords: mathematical modeling, stress-strain state, risk, combat dynamic 

effects, industrial explosions, integral diagnostics, non-destructive methods, life 

resource.  
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ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ" 

4. IoT ɯʥʪʝʨʥʝʪ ʨʝʯʝʡ 

5. ʂʅʋɹɸ 
ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ 

ʘʨʭʽʪʝʢʪʫʨʠ 

6. ʄʉɽ ʄʝʪʦʜ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ 

7. ʅɼʉ ʅʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ 

8. ʇʂ ʇʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ 

9. ʇʆʉ ʇʘʢʝʪ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ 

10. ʇʂ ʃɯʈɸ ʇʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ ʃɯʈɸ  

11. ʉɽ ʉʢʽʥʯʝʥʥʽ ʝʣʝʤʝʥʪʠ 

12. ʊʉ ʊʝʭʥʽʯʥʠʡ ʩʪʘʥ 

13. ʋɿʂ ʋʣʴʪʨʘʟʚʫʢʦʚʽ ʢʦʣʠʚʘʥʥʷ 

14. ʌʄʍ ʌʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

 
  



16 

ɺʉʊʋʇ 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. ʋ 2022 ʨ. ʧʨʦʙʣʝʤʘ ʩʠʩʪʝʤʥʦʾ ʦʮʽʥʢʠ ʜʠʥʘʤʽʯʥʠʭ 

ʚʧʣʠʚʽʚ ʥʘ ʮʠʚʽʣʴʥʫ ʪʘ ʧʨʦʤʠʩʣʦʚʫ ʟʘʙʫʜʦʚʫ ʚ ʋʢʨʘʾʥʽ ʥʘʙʫʣʘ ʦʩʦʙʣʠʚʦʾ 

ʛʦʩʪʨʦʪʠ ʫ ʟʚ'ʷʟʢʫ ʟ ʟʘʛʘʨʙʥʠʮʴʢʦʶ ʚʽʡʥʦʶ ʨʦʩʽʡʩʴʢʦʾ ʬʝʜʝʨʘʮʽʾ. ʋ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʨʦʟʨʘʭʫʥʢʠ ʙʫʜʽʚʝʣʴ ʥʝʦʙʭʽʜʥʦ 

ʧʨʦʚʦʜʠʪʠ ʚ ʫʤʦʚʘʭ çʧʨʦʛʨʝʩʫʶʯʦʛʦ ʦʙʚʘʣʝʥʥʷè: ʫ ʛʨʘʬʽʯʥʽʡ ʤʦʜʝʣʽ ʙʫʜʽʚʣʽ 

ʥʝʦʙʭʽʜʥʦ ʚʠʢʣʶʯʘʪʠ ʦʜʠʥ ʘʙʦ ʢʽʣʴʢʘ ʾʾ ʬʨʘʛʤʝʥʪʽʚ, ʷʢʽ ʙʫʣʠ ʟʨʫʡʥʦʚʘʥʽ 

ʚʥʘʩʣʽʜʦʢ ʚʣʫʯʘʥʥʷ ʨʘʢʝʪ, ʩʥʘʨʷʜʽʚ, ʤʽʥ ʪʦʱʦ (ʨʠʩ. 1. ʪʘ ʨʠʩ. 2). ʇʨʠ ʮʴʦʤʫ 

ʤʦʞʣʠʚʽ ʪʘʢʽ ʪʨʠ ʚʠʧʘʜʢʠ: ʙʫʜʽʚʣʷ ʧʦʚʥʽʩʪʶ ʟʨʫʡʥʦʚʘʥʘ ʪʘ ʚʽʜʥʦʚʣʝʥʥʶ ʥʝ 

ʧʽʜʣʷʛʘʻ (1); ʙʫʜʽʚʣʷ ʯʘʩʪʢʦʚʦ ʟʨʫʡʥʦʚʘʥʘ ʪʘ ʧʽʜʣʷʛʘʻ ʚʽʜʥʦʚʣʝʥʥʶ (2); ʙʫʜʽʚʣʷ 

ʟʦʚʥʽ ʚʠʛʣʷʜʘʻ ʥʝʧʦʰʢʦʜʞʝʥʦʶ, ʘʣʝ ʟʥʘʭʦʜʠʣʘʩʷ ʚ ʟʦʥʽ ʙʦʡʦʚʠʭ ʜʽʡ ʽ ʟʘʟʥʘʚʘʣʘ 

ʜʠʥʘʤʽʯʥʠʭ ʚʧʣʠʚʽʚ (3). ɺ ʦʩʪʘʥʥʽʭ ʜʚʦʭ ʚʠʧʘʜʢʘʭ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ 

ʚʧʣʠʚ ˇʨʫʥʪʦʚʠʭ ʽ ʧʦʚʽʪʨʷʥʠʭ ʫʜʘʨʥʠʭ ʭʚʠʣʴ (ʜʠʥʘʤʽʯʥʽ ʚʧʣʠʚʠ) ʥʘ 

ʧʦʛʽʨʰʝʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʙʫʜʽʚʣʽ ʪʘ ʢʽʣʴʢʽʩʥʫ ʦʮʽʥʢʫ ʧʘʜʽʥʥʷ ʾʾ ʞʠʪʪʻʚʦʛʦ 

ʨʝʩʫʨʩʫ. ɾʠʪʪʻʚʠʡ ʮʠʢʣ ʙʫʜʴ-ʷʢʦʾ ʙʫʜʽʚʣʽ ʚʽʜ ʤʦʤʝʥʪʫ ʚʚʝʜʝʥʥʷ ʾʾ ʚ 

ʝʢʩʧʣʫʘʪʘʮʽʶ ʪʘ ʜʦ ʟʥʦʩʫ ʚʠʛʣʷʜʘʻ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 31. ʋ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ 

(ʚʧʣʠʚ ˇʨʫʥʪʦʚʠʭ ʽ ʧʦʚʽʪʨʷʥʠʭ ʫʜʘʨʥʠʭ ʭʚʠʣʴ, ʯʘʩʪʢʦʚʝ ʨʫʡʥʫʚʘʥʥʷ 

ʢʦʥʩʪʨʫʢʮʽʡ) ʨʠʩ. 3 ʪʨʘʥʩʬʦʨʤʫʻʪʴʩʷ ʫ ʨʠʩ. 4. ʂʨʠʚʘ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʙʫʜʽʚʣʽ 

ʤʘʻ ʨʦʟʨʠʚ ʧʝʨʰʦʛʦ ʨʦʜʫ ʚʥʘʩʣʽʜʦʢ ʜʠʥʘʤʽʯʥʠʭ ʚʧʣʠʚʽʚ ʚʽʜ ʚʦʻʥʥʠʭ ʜʽʡ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʙʫʜʽʚʝʣʴʥʠʭ ʥʦʨʤ ʋʢʨʘʾʥʠ, ʥʦʨʤʘʪʠʚʥʠʡ ʪʝʨʤʽʥ ʩʣʫʞʙʠ 

ʙʫʜʽʚʝʣʴ ʦʮʽʥʶʻʪʴʩʷ ʫ 100 ʨʦʢʽʚ2. ʇʨʠ ʮʴʦʤʫ ʧʦʩʪʘʶʪʴ ʪʘʢʽ ʟʘʧʠʪʘʥʥʷ: 

1. ʗʢ ʦʮʽʥʠʪʠ ʧʦʪʦʯʥʠʡ ʚʽʢ ʙʫʜʽʚʣʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʯʘʩʪʢʦʚʠʭ ʨʫʡʥʫʚʘʥʴ ʪʘ 

(ʘʙʦ) ʜʠʥʘʤʽʯʥʠʭ ʚʧʣʠʚʽʚ? 

2. ʗʢ ʦʮʽʥʠʪʠ ʟʘʣʠʰʢʦʚʠʡ ʨʝʩʫʨʩ ʙʫʜʽʚʣʽ ʪʘ ʟʘʧʦʜʽʷʥʽ ʝʢʦʥʦʤʽʯʥʽ ʟʙʠʪʢʠ 

ʚʥʘʩʣʽʜʦʢ ʟʥʘʭʦʜʞʝʥʥʷ ʾʾ ʚ ʟʦʥʽ ʙʦʡʦʚʠʭ ʜʽʡ ʧʨʦʪʷʛʦʤ ʧʝʚʥʦʛʦ ʧʨʦʤʽʞʢʫ ʯʘʩʫ 

(ʥʘʚʽʪʴ ʟʘ ʫʤʦʚʠ ʟʦʚʥʽʰʥʴʦʾ ʮʽʣʽʩʥʦʩʪʽ)? 

                                                             
1 fib bulletin 59: Condition control and assessment of reinforced concrete structures. Access: 
https://www.fib-international.org/publications/fib-bulletins/condition-control-and-assessment-of-reinforced-concrete-struct-detail.html 
2.ʅʘʢʘʟ ˉ215 ʚʽʜ 30.09.1998. ʇʨʦ ʟʘʪʚʝʨʜʞʝʥʥʷ ɭʜʠʥʦʛʦ ʢʣʘʩʠʬʽʢʘʪʦʨʘ ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʽʚ ʟʘʣʝʞʥʦ ʚʽʜ ʷʢʦʩʪʽ 
ʞʠʪʣʘ ʪʘ ʥʘʷʚʥʦʛʦ ʽʥʞʝʥʝʨʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʈʝʞʠʤ ʜʦʩʪʫʧʫ: https://zakon.rada.gov.ua/rada/show/v0215241-98#Text 

https://www.fib-international.org/publications/fib-bulletins/condition-control-and-assessment-of-reinforced-concrete-struct-detail.html
https://zakon.rada.gov.ua/rada/show/v0215241-98#Text
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ʄʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ, ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʜʠʥʘʤʽʯʥʠʡ ʚʧʣʠʚ ʙʦʡʦʚʠʭ ʪʘ 

ʧʨʦʤʠʩʣʦʚʠʭ ʚʠʙʫʭʽʚ ʥʘ ʞʠʪʣʦʚʫ ʟʘʙʫʜʦʚʫ, ʧʨʦʙʣʝʤʠ ʜʠʥʘʤʽʯʥʦʾ ʧʘʩʧʦʨʪʠʟʘʮʽʾ 

ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʥʝʩʪʘʮʽʦʥʘʨʥʠʤʠ ʥʝʣʽʥʽʡʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ ʚ 

ʯʘʩʪʢʦʚʠʭ ʧʦʭʽʜʥʠʭ ʪʘ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʠʤʠ ʫʤʦʚʘʤʠ, ʷʢʽ ʤʽʩʪʷʪʴ ʝʤʧʽʨʠʯʥʽ 

ʢʦʝʬʽʮʽʻʥʪʠ. ʂʦʨʝʢʪʥʘ ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʪʘ ʾʭ ʚʠʨʽʰʝʥʥʷ ʤʦʞʣʠʚʝ 

ʣʠʰʝ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʪʨʠʤʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʩʫʯʘʩʥʠʭ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʤʝʪʦʜʽʚ. ʈʦʟʚʠʪʢʦʤ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʽ ʘʣʛʦʨʠʪʤʽʚ, ʷʢʽ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʟʘʜʘʯ 

ʤʝʭʘʥʽʢʠ, ʘʢʪʠʚʥʦ ʟʘʡʤʘʣʠʩʷ ɸ.ʗ. ɹʦʤʙʘ, ɸ.ɺ. ɻʣʘʜʢʠʡ, ɺ.ʌ. ɻʫʙʘʨʻʚ, 

ɺ.ɹ. ʄʦʢʽʥ, ɺ.ʃ. ʈʚʘʯʦʚ, ɯ.ɺ. ʉʝʨʛʽʻʥʢʦ, ɯ.ʊ. ʉʝʣʝʟʦʚ, ɺ.ɺ. ʉʢʦʧʝʮʴʢʠʡ, 

ʆ.ʄ. ʊʨʦʬʠʤʯʫʢ, ʆ.ʄ. ʍʽʤʽʯ ʪʘ ʽʥ. [1ï26]. 

ɺ ʨʦʙʦʪʘʭ ɻ.ɸ. ɻʘʤʙʫʨʮʝʚʘ, ɹ.ɼ. ɼʻʨʷʛʽʥʘ, ʄ.ɸ. ʉʘʜʦʚʩʴʢʦʛʦ [27ï29] 

ʚʠʢʣʘʜʝʥʽ ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʧʦʣʦʞʝʥʥʷ ʱʦʜʦ ʚʠʥʠʢʥʝʥʥʷ ʽ ʧʦʰʠʨʝʥʥʷ 

ʩʝʡʩʤʽʯʥʠʭ ʭʚʠʣʴ ʚʽʜ ʚʠʙʫʭʽʚ. ɰʭ ʧʦʩʣʽʜʦʚʥʠʢʘʤʠ ʫ ʚʠʚʯʝʥʥʽ ʩʝʡʩʤʽʯʥʠʭ ʭʚʠʣʴ 

ʙʫʣʠ ʉ.ɺ. ʄʝʜʚʝʜʻʚ, ɺ.ʌ. ɹʦʛʘʮʴʢʠʡ [30, 31]. ʇʨʘʮʽ ʖ.ɯ. ʅʝʤʯʠʥʦʚʘ, ʄ.ɻ. 

ʄʘʨ'ʻʥʢʦʚʘ, ɸ.ʄ. ʈʠʞʦʚʘ [32ï44] ʧʨʠʩʚʷʯʝʥʽ ʜʦʩʣʽʜʞʝʥʥʶ ʚʧʣʠʚʫ ʫʜʘʨʥʠʭ 

ʭʚʠʣʴ ʚʽʜ ʚʠʙʫʭʽʚ ʨʦʟʧʦʜʽʣʝʥʠʭ ˇʨʫʥʪʦʚʠʭ ʟʘʨʷʜʽʚ ʧʨʠ ʫʱʽʣʴʥʝʥʥʽ ʧʨʦʩʽʜʘʶʯʠʭ 

ˇʨʫʥʪʽʚ ʤʘʡʜʘʥʯʠʢʽʚ ʤʘʡʙʫʪʥʴʦʾ ʟʘʙʫʜʦʚʠ ʥʘ ʦʪʦʯʫʶʯʽ ʙʫʜʽʚʣʽ ʽ ʩʧʦʨʫʜʠ. 

ʌʝʢʝʦʘʨʫ ɯ., ɹʦʡʢʦ ɺ.ɺ., ɺʦʚʢ ʆ.ʆ., ɼʞʦʥʩ ʈ., ɻʣʫʭʦʚʩʴʢʠʡ ɺ.ʇ., ɹʘʨʪʦʣʦʤʝʡ 

ɸ.ɸ., ɼʝʥʠʩʦʚ ʆ.ɻ., ɸʣʴʦʰʠʥ ʅ.ʅ., ʂʦʨʯʠʥʩʢʠʡ ɸ.ʁ., ʇʦʤʻʰʢʽʥ ʇ.ɺ., 

ʂʨʘʩʠʣʴʥʠʢʦʚ ɺ.ɸ., ʈʦʤʘʰʦʚ ɸ.ʅ., ʉʘʬʘʨʦʚ ɺ.ɸ., ʇʦʯʪʦʚʠʢ ɻ.ʗ., ʉʫʜʘʢʦʚ ɺ.ɺ.,  

ʉʘʚʠʮʴʢʠʡ ʆ.ɸ., ɹʘʤʙʫʨʘ ɸ.ʄ., ɿʘʱʫʢ ɯ.ɺ. ʪʘ ʽʥ. ʜʦʩʣʽʜʥʠʢʠ ʟʨʦʙʠʣʠ ʟʥʘʯʥʠʡ 

ʚʥʝʩʦʢ ʫ ʚʠʚʯʝʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ (ʊʉ) ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ [45ï50]. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʪʝʦʨʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ Roesset J.M., ʉʘʚʽʥ 

ʉ.ʄ., Chen C.H., ɹʘʤʙʫʨʘ ɸ.ʄ., Kim D.S., ʊʨʦʬʠʤʯʫʢ ʆ.ʄ., Ambrosini D., 

ʂʘʣʶʭ ʖ.ɯ., Carino N.J. ʪʘ ʽʥʰ ̔[51ï61]. 

ɼʦ ʩʴʦʛʦʜʥʽ ʥʝ ̔ ʩʥʫʻ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʽ ʟʘʩʪʦʩʦʚʫʚʘʥʠʭ ʫ ʰʠʨʦʢʦʤʫ 

ʜʽʘʧʘʟʦʥʽ ʫʤʦʚ ʙʦʡʦʚʠʭ ʪʘ ʧʨʦʤʠʩʣʦʚʠʭ ʚʠʙʫʭʽʚ ʪʝʦʨʝʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʧʨʦʛʥʦʟʫ 

ʾʭ ʥʝʙʝʟʧʝʢʠ ʪʘ ʤʝʪʦʜʽʚ ʟʘʭʠʩʪʫ ʩʧʦʨʫʜ ʚʽʜ ʾʭ ʰʢʽʜʣʠʚʦʛʦ ʚʧʣʠʚʫ (ʧʨʠ 

ʧʨʦʭʦʜʞʝʥʥʽ ʧʦʚʽʪʨʷʥʠʭ ʪʘ ˇʨʫʥʪʦʚʠʭ ʫʜʘʨʥʠʭ ʭʚʠʣʴ). ɼʽʶʯʽ ɭʜʠʥʽ ʧʨʘʚʠʣʘ 
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ʙʝʟʧʝʢʠ ʧʨʠ ʚʠʙʫʭʦʚʠʭ ʨʦʙʦʪʘʭ ʪʘ ʽʥʰʽ ʜʽʶʯʽ ʥʦʨʤʘʪʠʚʥʽ ʜʦʢʫʤʝʥʪʠ ʋʢʨʘʾʥʠ 

ʥʝ ʩʧʨʦʤʦʞʥʽ ʦʭʦʧʠʪʠ ʚʩʽʻʾ ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ ʜʠʥʘʤʽʯʥʠʭ ʚʧʣʠʚʽʚ, ʷʢʽ ʨʘʥʽʰʝ 

ʧʨʦʚʦʢʫʚʘʣʠʩʷ ʧʨʦʤʠʩʣʦʚʠʤʠ ʚʠʙʫʭʘʤʠ ʥʘ ʢʘʨôʻʨʘʭ, ʘ ʪʝʧʝʨ ï ʚʽʡʩʴʢʦʚʠʤʠ 

ʜʽʷʤʠ [62ï80]. ʇʠʪʘʥʥʷ, ʧʦʚ'ʷʟʘʥʽ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʪʝʦʨʽʾ ʨʠʟʠʢʫ ʜʣʷ ʦʮʽʥʢʠ 

ʟʘʣʠʰʢʦʚʦʛʦ ʨʝʩʫʨʩʫ ʙʫʜʽʚʝʣʴ ʪʘ ʩʧʦʨʫʜ, ʻ ʥʠʥʽ ʥʝʜʦʩʪʘʪʥʴʦ ʚʠʚʯʝʥʠʤʠ ʪʘ 

ʚʠʤʘʛʘʶʪʴ ʦʢʨʝʤʦʛʦ ʨʦʟʛʣʷʜʫ [81, 82]. 

ɺʠʟʥʘʯʝʥʥʷ ʩʢʣʘʜʫ ʪʘ ʩʪʨʫʢʪʫʨʠ ʢʦʤʧôʶʪʝʨʥʠʭ ʧʨʦʛʨʘʤ, ʧʽʜʛʦʪʦʚʢʘ 

ʧʝʨʚʠʥʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʥʘʩʪʨʦʶʚʘʥʥʷ ʪʘ ʚʝʨʠʬʽʢʘʮʽʷ ʢʦʤʧôʶʪʝʨʥʠʭ ʤʦʜʝʣʝʡ 

ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʥʝʨʫʡʥʽʚʥʦʛʦ 

ʢʦʥʪʨʦʣʶ ʚʠʤʘʛʘʶʪʴ ʧʨʦʚʝʜʝʥʥʷ ʥʘʪʫʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟ ʚʠʟʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʧʦʪʦʢʫ ʭʚʠʣʴʦʚʦʾ ʝʥʝʨʛʽʾ ʚʽʜ ʙʦʡʦʚʠʭ ʽ ʧʨʦʤʠʩʣʦʚʠʭ ʚʠʙʫʭʽʚ, 

ʦʙʨʦʙʢʠ ʚʝʣʠʢʦʛʦ ʦʙʩʷʛʫ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɿ ʫʩʴʦʛʦ ʚʠʱʝʟʘʟʥʘʯʝʥʦʛʦ 

ʽ ʚʠʧʣʠʚʘʻ ʘʢʪʫʘʣʴʥʽʩʪʴ ʟʘʚʜʘʥʴ ʜʠʩʝʨʪʘʮʽʡʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

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

ʯʘʩʪʠʥʘ ʥʘʫʢʦʚʦʾ ʨʦʙʦʪʠ ʟʘ ʪʝʤʘʪʠʢʦʶ ʜʠʩʝʨʪʘʮʽʾ ʚʠʢʦʥʫʚʘʣʘʩ̫ ʚ ʨʘʤʢʘʭ 

ʜʦʩʣʽ- ʜʞʝʥʴ, ʷʢʽ ʧʨʦʚʦʜʠʣʠʩ ̫ ʚ ɯʥʩʪʠʪʫʪʽ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʽ ʛʣʦʙʘʣʴʥʦʛʦ 

ʽʥʬʦʨʤʘʮʽʡ- ʥʦʛʦ ʧʨʦʩʪʦʨʫ ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ ʥʘʫʢ ʋʢʨʘʾʥʠ (ɯʊɻɯʇ ʅɸʅʋ) 

ʟʘ ʚʽʜʦʤʯʠʤʠ ʪʝʤʘʤʠ: çʈʦʟʨʦʙʢʘ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʤʝʪʦʜʽʚ 

ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʧʨʦʮʝʩʽʚè (2016ï2020 ʨʨ., 

ʥʦʤʝʨ ɼʝʨʞʘʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ 0116U000793); çʈʦʟʚʠʪʦʢ ʤʝʪʦʜʽʚ ʽ ʪʝʭʥʦʣʦʛʽʡ 

ʤʦʜʝʣʶʚʘʥʥʷ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʩʠʩʪʝʤè (2021ï2023 ʨʨ., ʥʦʤʝʨ ɼʝʨʞʘʚʥʦʾ 

ʨʝʻʩʪʨʘʮʽʾ 0121U109226); çʈʦʟʨʦʙʢʘ ʙʘʛʘʪʦʭʚʠʣʴʦʚʠʭ ʥʝʣʽʡʥʽʡʥʠʭ ʤʦʜʝʣʝʡ 

ʧʨʦʩʪʦʨʦʚʠʭ ʧʨʦʪʷʞʥʠʭ ʩʠʩʪʝʤ ʪʘ ʦʙ'ʻʢʪʽʚ ʚ ʧʦʣʽ ʤʘʩʦʚʠʭ ʽ ʧʦʚʝʨʭʥʝʚʠʭ ʩʠʣè 

(2022ï2026 ʨʨ., ʥʦʤʝʨ ɼʝʨʞʘʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ 0122U000147). 

ʄʝʪʘ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʻ 

ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʨʝʘʢʮʽʾ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ ʥʘ ʙʦʡʦʚʽ ʪʘ ʧʨʦʤʠʩʣʦʚʽ 

ʚʠʙʫʭʠ, ʨʦʟʨʦʙʢʘ ʢʦʤʧʣʝʢʩʥʦʾ ʦʮʽʥʢʠ ʧʘʜʽʥʥʷ ʾʭ ʞʠʪʪʻʚʦʛʦ ʨʝʩʫʨʩʫ. 

ɿʘʚʜʘʥʥʷʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʻ: 

ï ʫʟʘʛʘʣʴʥʠʪʠ ʡ ʩʠʩʪʝʤʘʪʠʟʫʚʘʪʠ ʩʫʯʘʩʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʪʘ ʯʠʩʝʣʴʥʽ 

ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ ʦʩʥʦʚ ʽ ʬʫʥʜʘʤʝʥʪʽʚ ʙʫʜʽʚʝʣʴ ʥʘ ʜʠʥʘʤʽʯʥʽ ʚʧʣʠʚʠ, 
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ʪʝʦʨʝʪʠʯʥʽ ʡ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʱʦʜʦ ʧʨʦʤʠʩʣʦʚʠʭ ʚʠʙʫʭʽʚ, ʘ 

ʪʘʢʦʞ ʜʽʶʯ ̔ʚʽʪʯʠʟʥʷʥ,̔ ʻʚʨʦʧʝʡʩʴʢ ̔ʪʘ ʤʽʞʥʘʨʦʜʥ ̔ʙʫʜʽʚʝʣʴʥ ̔ʩʪʘʥʜʘʨʪʠ; 

ï ʨʦʟʨʦʙʠʪʠ ʤʦʜʝʣʴ ʛʽʙʨʠʜʥʦ ʾʥʘʧʽʚʥʘʪʫʨʥʦ ʾʩʠʩʪʝʤʠ ʚʠʟʥʘʯʝʥʥʷ ʩʢʣʘʜʫ, 

ʩʪʨʫʢʪʫʨʠ, ʥʘʩʪʨʦʶʚʘʥʥʷ ʪʘ ʚʝʨʠʬʽʢʘʮʽʾ ʢʦʤʧôʶʪʝʨʥʦʾ ʤʦʜʝʣʽ ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʠʭ 

ʙʫʜʽʚʝʣʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʾʭ ʧʦʪʦʯʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ (ʧʦʰʢʦʜʞʝʥʴ ʪʘ 

ʨʫʡʥʫʚʘʥʴ ʚʥʘʩʣʽʜʦʢ ʙʦʡʦʚʠʭ ʜʽʡ ʘʙʦ ʨʝʛʫʣʷʨʥʠʭ ʜʠʥʘʤʽʯʥʠʭ ʚʧʣʠʚʽʚ 

(ʧʨʦʤʠʩʣʦʚʠʭ ʚʠʙʫʭʽʚ)); 

ï ʨʝʘʣʽʟʫʚʘʪʠ ʘʣʛʦʨʠʪʤʯ̔ʥʫ ʦʨʛʘʥʽʟʘʮʽʶ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʧʦʰʢʦʜʞʝʥʠʭ ʚʥʘʩʣʽʜʦʢ ʙʦʡʦʚʠʭ ʜʽʡ 

ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʠʭ ʙʫʜʽʚʝʣʴ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʫʪʦʯʥʝʥʥʷʤ ʧʦʯʘʪʢʦʚʦ-

ʢʨʘʡʦʚʠʭ ʫʤʦʚ;  

ï ʫʟʘʛʘʣʴʥʠʪʠ ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʠʭ ʙʫʜʽʚʝʣʴ ʧʨʠ 

ʜʠʥʘʤʽʯʥʠʭ ʟʥʘʢʦʟʤʽʥʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʽʥʪʝʨʧʨʝʪʘʮʽʾ 

ʨʝʟʫʣʴʪʘʪʽʚ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʤʝʪʦʶ ʦʮʽʥʢʠ ʾʭ ʟʘʣʠʰʢʦʚʦʛʦ 

ʨʝʩʫʨʩʫ. 

ʆʙ'ʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʧʨʦʮʝʩʠ ʭʚʠʣʴʦʚʠʭ ʜʝʬʦʨʤʘʮʽʡ ʪʘ ʥʘʧʨʫʞʝʥʴ ʚ 

ʙʫʜʽʚʣʷʭ ʪʘ ʩʧʦʨʫʜʘʭ, ʾʭ ˇʨʫʥʪʦʚʠʭ ʦʩʥʦʚʘʭ ʚ ʫʤʦʚʘʭ ʨʦʟʧʦʜʽʣʝʥʠʭ ʪʘ 

ʢʦʥʮʝʥʪʨʦʚʘʥʠʭ ʜʠʥʘʤʽʯʥʠʭ ʚʧʣʠʚʽʚ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ, ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʘ 

ʚʝʣʠʯʠʥʠ.  

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥ ̫ʧʦʯʘʪʢʦʚʦ-

ʢʨʘʡʦʚʠʭ ʫʤʦʚ; ʯʠʩʝʣʴʥʽ ʤʝʪʦʜʠ, ʘʣʛʦʨʠʪʤʠ ʪʘ ʧʨʦʛʨʘʤʠ ʨʦʟʨʘʭʫʥʢʫ ʚʧʣʠʚʫ 

ʫʜʘʨʥʠʭ ʭʚʠʣʴ ʚʽʜ ʙʦʡʦʚʠʭ ʪʘ ʧʨʦʤʠʩʣʦʚʠʭ ʚʠʙʫʭʽʚ ʥʘ ʟʤʽʥʫ ʥʘʧʨʫʞʝʥʦ-

ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʙʫʜʽʚʝʣʴ ʪʘ ʩʧʦʨʫʜ, ʧʘʜʽʥʥʷ ʾʭ ʟʘʣʠʰʢʦʚʦʛʦ ʨʝʩʫʨʩʫ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ ï ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʪʘʢʽ ʤʝʪʦʜʠ: ʯʠʩʝʣʴʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʙʫʜʽʚʝʣʴ ʪʘ ʩʧʦʨʫʜ, ʾʭ 

ˇʨʫʥʪʦʚʠʭ ʦʩʥʦʚ; ʤʝʪʦʜʠ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ; ʪʝʦʨʽʾ ʢʦʣʠʚʘʥʴ; 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʤʝʪʦʜʠ ʥʝʨʫʡʥʽʚʥʦʛʦ ʢʦʥʪʨʦʣʶ; ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ 

ʪʘ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʣʷ ʦʙʨʦʙʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʪʦʱʦ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʩʬʦʨʤʫʣʴʦʚʘʥʘ ʫ 

ʥʘʩʪʫʧʥʠʭ ʥʘʫʢʦʚʠʭ ʧʦʣʦʞʝʥʥʷʭ, ʱʦ ʚʠʥʦʩʷʪʴʩʷ ʥʘ ʟʘʭʠʩʪ:  
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1. ʋʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʤʦʜʝʣʴ ʛʽʙʨʠʜʥʦʾ ʥʘʧʽʚʥʘʪʫʨʥʦʾ ʩʠʩʪʝʤʠ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʅɼʉ ʙʫʜʽʚʝʣʴ ʪʘ ʩʧʦʨʫʜ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʾʭ ʧʦʪʦʯʥʦʛʦ 

ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ (ʧʦʰʢʦʜʞʝʥʴ ʪʘ ʨʫʡʥʫʚʘʥʴ ʚʥʘʩʣʽʜʦʢ ʙʦʡʦʚʠʭ ʜʽʡ ʘʙʦ 

ʨʝʛʫʣʷʨʥʠʭ ʜʠʥʘʤʽʯʥʠʭ ʚʧʣʠʚʽʚ (ʧʨʦʤʠʩʣʦʚʠʭ ʚʠʙʫʭʽʚ)), ʱʦ ʚʢʣʶʯʘʻ 

ʥʘʩʪʨʦʶʚʘʥʥʷ ʪʘ ʚʝʨʠʬʽʢʘʮʽʶ ʢʦʤʧôʶʪʝʨʥʦʾ ʤʦʜʝʣʽ ʟ ʦʙʦʚôʷʟʢʦʚʠʤ ʚʠʟʥʘʯʝʥʥʷʤ ʾʾ 

ʩʢʣʘʜʫ ʪʘ ʩʪʨʫʢʪʫʨʠ.  

2. ʋʧʝʨʰʝ ʨʝʘʣʽʟʦʚʘʥʦ ʘʣʛʦʨʠʪʤʽʯʥʫ ʦʨʛʘʥʽʟʘʮʽʶ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʧʦʰʢʦʜʞʝʥʠʭ ʚʥʘʩʣʽʜʦʢ 

ʙʦʡʦʚʠʭ ʜʽʡ ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʠʭ ʙʫʜʽʚʝʣʴ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʫʪʦʯʥʝʥʥʷʤ 

ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʠʭ ʫʤʦʚ ʜʣʷ ʢʦʨʝʢʪʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʽʜʛʦʪʦʚʢʠ ʧʝʨʚʠʥʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ ʥʝʨʫʡʥʽʚʥʦʛʦ ʢʦʥʪʨʦʣʶ. 

3. ʋʟʘʛʘʣʴʥʝʥʦ ʧʨʷʤʠʡ ʜʠʥʘʤʽʯʥʠʡ ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʢʘʨʢʘʩʥʠʭ 

ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʙʫʜʽʚʝʣʴ ʧʨʠ ʜʠʥʘʤʽʯʥʠʭ ʟʥʘʢʦʟʤʽʥʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʚʥʘʩʣʽʜʦʢ ʚʣʫʯʘʥʥʷ ʨʘʢʝʪ ʘʙʦ ʩʥʘʨʷʜʽʚ, ʚʜʦʩʢʦʥʘʣʝʥʦ ʪʘ 

ʧʦʛʣʠʙʣʝʥʦ ʽʥʪʝʨʧʨʝʪʘʮʽʶ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ ʟ ʤʝʪʦʶ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ 

ʧʨʦʛʥʦʟʫ ʟʘʣʠʰʢʦʚʦʛʦ ʨʝʩʫʨʩʫ ʙʫʜʽʚʝʣʴ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ɿʜʦʙʫʚʘʯ ʻ ʩʧʽʚʘʚʪʦʨʦʤ 

ɼɹʅ ɺ.1.2-12-2008. çɹʫʜʽʚʥʠʮʪʚʦ ʚ ʫʤʦʚʘʭ ʫʱʽʣʴʥʝʥʦʾ ʟʘʙʫʜʦʚʠ. ɺʠʤʦʛʠ 

ʙʝʟʧʝʢʠè. ʅʘʫʢʦʚʦ-ʤʝʪʦʜʠʯʥʽ ʨʦʟʨʦʙʢʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʚʧʨʦʚʘʜʞʝʥʽ ʚ 

ʙʫʜʽʚʝʣʴʥʫ ʧʨʘʢʪʠʢʫ (ʜʦʚʽʜʢʫ ʧʨʦ ʫʯʘʩʪʴ ʟʜʦʙʫʚʘʯʘ ʫ ʚʧʨʦʚʘʜʞʝʥʥʽ ʦʜʝʨʞʘʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʥʘʚʝʜʝʥʦ ʚ ʜʦʜʘʪʢʫ ɸ ʜʠʩʝʨʪʘʮʽʾ). 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʘʚʪʦʨʘ ʚ ʨʦʙʦʪʠ, ʦʧʫʙʣʽʢʦʚʘʥʽ ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ: 

ʦʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʦʪʨʠʤʘʥʽ ʘʚʪʦʨʦʤ ʩʘʤʦʩʪʽʡʥʦ. 

ʋ ʬʘʭʦʚʠʭ ʩʪʘʪʪʷʭ, ʤʘʪʝʨʽʘʣʘʭ ʢʦʥʬʝʨʝʥʮʽʡ ʽ ʜʝʨʞʘʚʥʦʤʫ  ʙʫʜʽʚʝʣʴʥʦʤʫ 

ʩʪʘʥʜʘʨʪʽ, ʱʦ ʥʘʜʨʫʢʦʚʘʥʽ ʚ ʩʧʽʚʘʚʪʦʨʩʪʚʽ, ʟʜʦʙʫʚʘʯ ʚʠʢʦʥʘʚ ʪʘʢʠʡ ʦʙʩʷʛ ʨʦʙʽʪ: 

ʫ ʩʪʘʪʪʷʭ [1, 4] ï ʚʟʷʚ ʫʯʘʩʪʴ ʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ (ʚʽʟʫʘʣʴʥʽ 

ʦʙʩʪʝʞʝʥʥʷ ʪʘ ʨʝʻʩʪʨʘʮʽʷ ʧʘʨʘʤʝʪʨʽʚ ʢʦʣʠʚʘʥʴ ˇʨʫʥʪʫ ʪʘ ʙʫʜʽʚʝʣʴʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ), ʦʬʦʨʤʣʝʥʥʽ ʩʪʘʪʝʡ ʜʦ ʜʨʫʢʫ; ʚ ʩʪʘʪʪʷʭ [2, 3, 6] ï ʨʦʟʨʦʙʠʚ 

ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ, ʚʠʢʦʥʘʚ ʯʠʩʝʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʨʦʟʨʘʭʫʥʢʠ, 

ʧʨʦʘʥʘʣʽʟʫʚʘʚ ʦʪʨʠʤʘʥʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʚʟʷʚ ʫʯʘʩʪʴ ʚ ʦʬʦʨʤʣʝʥʥʽ ʩʪʘʪʝʡ; ʚ ʩʪʘʪʪʽ 
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[5] ï ʚʟʷʚ ʫʯʘʩʪʴ ʚ ʦʪʨʠʤʘʥʥʽ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʦʬʦʨʤʣʝʥʥʽ ʩʪʘʪʪʽ; ʚ ʩʪʘʪʪʽ [7] ï 

ʨʦʟʨʦʙʠʚ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ, ʚʠʢʦʥʘʚ ʯʠʩʝʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʨʦʟʨʘʭʫʥʢʠ, 

ʧʨʦʘʥʘʣʽʟʫʚʘʚ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ, ʚʟʷʚ ʫʯʘʩʪʴ ʚ ʦʬʦʨʤʣʝʥʥʽ ʩʪʘʪʪʽ; ʚ     

ɼɹʅ ɺ.1.2-12-2008. çɹʫʜʽʚʥʠʮʪʚʦ ʚ ʫʤʦʚʘʭ ʫʱʽʣʴʥʝʥʦʾ ʟʘʙʫʜʦʚʠ. ɺʠʤʦʛʠ 

ʙʝʟʧʝʢʠè [16] ï ʚʟʷʚ ʫʯʘʩʪʴ ʫ ʨʦʟʨʦʙʮʽ ʥʦʨʤʘʪʠʚʥʦʛʦ ʜʦʢʫʤʝʥʪʫ, ʦʬʦʨʤʣʝʥʥʽ 

ʪʘ ʧʽʜʛʦʪʦʚʮʽ ʡʦʛʦ ʜʦ ʜʨʫʢʫ. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʾ 

ʦʙʛʦʚʦʨʶʚʘʣʠʩʷ ʪʘ ʜʦʧʦʚʽʜʘʣʠʩʷ ʥʘ ʧʦʥʘʜ ʜʝʩʷʪʠ ʤʽʞʥʘʨʦʜʥʠʭ ʪʘ 

ʚʩʝʫʢʨʘʾʥʩʴʢʠʭ ʥʘʫʢʦʚʠʭ ʽ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ: 19-ʡ ʪʘ 20-ʡ 

ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ çʉʫʯʘʩʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ 

ʪʝʭʥʦʣʦʛʽʾ ʫʧʨʘʚʣʽʥʥʷ ʝʢʦʣʦʛʽʯʥʦʶ ʙʝʟʧʝʢʦʶ, ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷʤ, 

ʟʘʭʦʜʘʤʠ ʚ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʷʭè (ʂʠʾʚ, ʇʫʱʘ-ɺʦʜʠʮʷ, 2021ï2022 ʨʨ.); 

ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çɻʽʜʨʦʪʝʭʥʽʯʥʝ ʪʘ ʪʨʘʥʩʧʦʨʪʥʝ ʙʫʜʽʚʥʠʮʪʚʦè 

(ʆʜʝʩʘ, 01ï03.06.2017); ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çɯʥʥʦʚʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ  ʚ ʙʫʜʽʚʥʠʮʪʚʽè (ɺʽʥʥʠʮʷ, 10ï

12.11.2010); ʢʦʥʬʝʨʝʥʮʽʾ ç20th European Young Geotechnical Engineers 

Conference (EYGEC) 2010è (Brno, Czech Republic, 30.05ï01.06.2010); ʰʦʩʪʽʡ 

ʚʩʝʫʢʨʘʾʥʩʴʢʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʄʝʭʘʥʽʢʘ ˇʨʫʥʪʽʚ, ʛʝʦʪʝʭʥʽʢʘ 

ʪʘ ʬʫʥʜʘʤʝʥʪʦʙʫʜʫʚʘʥʥʷè (ʇʦʣʪʘʚʘ, 03ï07.11.2008); ʢʦʥʬʝʨʝʥʮʽʾ ç19th 

European Young Geotechnical Engineersô Conference 2008è (GyŖr, Hungary, 02ï

06.09.2008); ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çɸʨʤʫʚʘʥʥʷ ʦʩʥʦʚ ʧʨʠ 

ʙʫʜʽʚʥʠʮʪʚʽ ʪʘ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʙʫʜʽʚʝʣʴ ʪʘ ʩʧʦʨʫʜè (ɺʽʥʥʠʮʷ, 17ï21.04.2007); 

ʢʦʥʬʝʨʝʥʮʽʾ ç17th European Young Geotechnical Engineer's Conference (EYGEC) 

2006è (Zagreb, Croatia, 20ï22.07.2006); ʢʦʥʬʝʨʝʥʮʽʾ çʇʨʦʙʣʝʤʠ ʩʫʯʘʩʥʦʛʦ 

ʙʫʜʽʚʥʠʮʪʚʘè (ʂʠʾʚ, 12ï14.12.2005); ʧôʷʪʽʡ ʚʩʝʫʢʨʘʾʥʩʴʢʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ 

ʢʦʥʬʝʨʝʥʮʽʾ çʄʝʭʘʥʽʢʘ ˇʨʫʥʪʽʚ, ʛʝʦʪʝʭʥʽʢʘ ʪʘ ʬʫʥʜʘʤʝʥʪʦʙʫʜʫʚʘʥʥʷè (ʆʜʝʩʘ, 

29.11ï03.12.2004). 

ʋ ʧʦʚʥʦʤʫ ʦʙʩʷʟʽ ʜʠʩʝʨʪʘʮʽʷ ʜʦʧʦʚʽʜʘʣʘʩʷ ʫ ʙʝʨʝʟʥʽ 2023 ʨ. ʥʘ 

ʨʦʟʰʠʨʝʥʦʤʫ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʤʫ ʩʝʤʽʥʘʨʽ ɯʥʩʪʠʪʫʪʫ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʽ 

ʛʣʦʙʘʣʴʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʨʦʩʪʦʨʫ ʅʘʮʽʦʥʘʣʴʥʦʾ ɸʢʘʜʝʤʽʾ ʥʘʫʢ ʋʢʨʘʾʥʠ 
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ʧʽʜ ʢʝʨʽʚʥʠʮʪʚʦʤ ʜʦʢʪʦʨʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨʘ, ʯʣʝʥʘ-ʢʦʨʝʩʧʦʥʜʝʥʪʘ 

ʅɸʅ ʋʢʨʘʾʥʠ ʊʨʦʬʠʤʯʫʢʘ ʆ.ʄ. 

ʇʫʙʣʽʢʘʮʽʾ. ʆʩʥʦʚʥʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ 

ʦʧʫʙʣʽʢʦʚʘʥʽ ʫ ʰʽʩʪʥʘʜʮʷʪʠ ʧʫʙʣʽʢʘʮʽʷʭ ʫ ʧʨʦʬʝʩʽʡʥʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ, 

ʦʜʥʘ ï ʧʨʦʽʥʜʝʢʩʦʚʘʥʘ ʚ ɹɼ SCOPUS, ʜʝʩʷʪʴ ï ʫ ʟʘʪʚʝʨʜʞʝʥʠʭ ʄʆʅ ʋʢʨʘʾʥʠ 

ʚʠʜʘʥʥʷʭ. ʉʝʨʝʜ ʧʫʙʣʽʢʘʮʽʡ, ʷʢʽ ʜʦʜʘʪʢʦʚʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ 

ʜʠʩʝʨʪʘʮʽʾ, ʯʦʪʠʨʠ ʜʦʧʦʚʽʜʽ ï ʫ ʤʘʪʝʨʽʘʣʘʭ ʤʽʞʥʘʨʦʜʥʠʭ ʪʘ ʚʩʝʫʢʨʘʾʥʩʴʢʦʾ 

ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʡ. ʆʜʥʘ ʧʫʙʣʽʢʘʮʽʷ ï ʜʝʨʞʘʚʥʽ ʙʫʜʽʚʝʣʴʥʽ 

ʥʦʨʤʠ ʋʢʨʘʾʥʠ. 

ʉʪʨʫʢʪʫʨʘ ʡ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ 

ʚʩʪʫʧʫ, ʯʦʪʠʨʴʦʭ ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, ʜʦʜʘʪʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ. 

ɿʘʛʘʣʴʥʠʡ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ ʩʪʘʥʦʚʠʪʴ 196 ʩʪʦʨʽʥʦʢ, ʦʙʩʷʛ ʦʩʥʦʚʥʦʛʦ ʪʝʢʩʪʫ ï 

138 ʩʪʦʨʽʥʦʢ. ʈʦʙʦʪʘ ʤʽʩʪʠʪʴ 15 ʪʘʙʣʠʮʴ, 65 ʨʠʩʫʥʢʽʚ, 2 ʜʦʜʘʪʢʠ ʥʘ 8 ʩʪʦʨʽʥʢʘʭ. 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ 204 ʥʘʡʤʝʥʫʚʘʥʴ. 

ɸʚʪʦʨ ʚʚʘʞʘʻ ʟʘ ʥʝʦʙʭʽʜʥʝ ʚʠʩʣʦʚʠʪʠ ʚʝʣʠʢʫ ʧʦʜʷʢʫ ʧʝʨʰʦʤʫ ʥʘʫʢʦʚʦʤʫ 

ʢʝʨʽʚʥʠʢʫ, ʜ.ʪ.ʥ., ʧʨʦʬ. ʏʝʨʥʦʤʫ ɻʝʣʽʶ ɯʚʘʥʦʚʠʯʫ ʟʘ ʪʝʦʨʝʪʠʢʦ-ʤʝʪʦʜʦʣʦʛʽʯʥʫ 

ʜʦʧʦʤʦʛʫ ʪʘ ʮʽʥʥʽ ʚʢʘʟʽʚʢʠ ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʚʠʢʦʥʘʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʧʽʜ ʯʘʩ 

ʥʘʚʯʘʥʥʷ ʚ ʜʝʥʥʽʡ ʘʩʧʽʨʘʥʪʫʨʽ ɼʇ ʅɼɯɹʂ ʫ 2005ï2007 ʨʨ. ɺʦʥʠ ʙʫʣʠ ʜʫʞʝ 

ʜʦʨʝʯʥʠʤʠ ʪʘ ʢʦʨʠʩʥʠʤʠ. ɸʚʪʦʨ ʪʘʢʦʞ ʚʠʩʣʦʚʣʶʻ ʚʝʣʠʢʫ ʧʦʜʷʢʫ ʩʧʽʚʘʚʪʦʨʘʤ 

ʧʫʙʣʽʢʘʮʽʡ, ʩʧʽʚʨʦʙʽʪʥʠʢʘʤ ɼʇ ʅɼɯɹʂ ɼʫʥʽʥʫ ɺ.ɸ ʪʘ ʄʘʨôʻʥʢʦʚʫ ʄ.ɻ. ʟʘ ʪʽʩʥʫ 

ʥʘʫʢʦʚʫ ʩʧʽʚʧʨʘʮʶ ʥʘ ʦʩʪʘʥʥʴʦʤʫ ʝʪʘʧʽ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ.  
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ʈʆɿɼɯʃ 1. ʆɻʃʗɼ ʃɯʊɽʈɸʊʋʈʀ ɿɸ ʊɽʄʆʖ ɼʀʉɽʈʊɸʎɯɰ 

 

1.1. ɼʞʝʨʝʣʘ ʜʠʥʘʤʽʯʥʠʭ ʚʧʣʠʚʽʚ ʪʘ ʾʭ ʚʧʣʠʚ ʥʘ ʩʪʽʡʢʽʩʪʴ ʪʘ 

ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʙʫʜʽʚʝʣʴ ʪʘ ʩʧʦʨʫʜ 

 

ʆʩʦʙʣʠʚʽʩʪʴ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʙʫʜʽʚʝʣʴ ʪʘ ʩʧʦʨʫʜ ʚʝʣʠʢʠʭ ʤʽʩʪ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, 

ʱʦ ʚʦʥʠ ʧʨʦʪʷʛʦʤ ʜʝʩʷʪʠʣʽʪʴ ʧʨʘʢʪʠʯʥʦ ʙʝʟʧʝʨʝʨʚʥʦ ʧʝʨʝʙʫʚʘʶʪʴ ʧʽʜ ʜʽʻʶ 

ʚʽʙʨʘʮʽʡʥʠʭ ʚʧʣʠʚʽʚ, ʱʦ ʟʨʝʰʪʦʶ ʩʧʨʠʯʠʥʷʻ ʨʽʟʥʽ ʥʝʛʘʪʠʚʥʽ ʥʘʩʣʽʜʢʠ [83, 84]. 

ɿʛʽʜʥʦ ʟ [85] ʟʘ ʰʢʘʣʦʶ ʈʽʭʪʝʨʘ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʨʘʥʩʧʦʨʪʥʦʾ ʚʽʙʨʘʮʽʾ ʝʢʚʽʚʘʣʝʥʪʥʘ 

ʟʝʤʣʝʪʨʫʩʫ ʚ 3...6 ʙʘʣʽʚ, ʪʦʤʫ ʚ ʥʠʟʮʽ ʢʨʘʾʥ ʚʽʙʨʘʮʽʷ ʥʘʣʝʞʠʪʴ ʜʦ ʥʘʡʙʽʣʴʰ 

ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʩʪʘʥ ʤʽʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ 

ʛʝʦʝʢʦʣʦʛʽʯʥʫ ʦʙʩʪʘʥʦʚʢʫ ʚ ʤʽʩʪʘʭ.  

22 ʪʨʘʚʥʷ 2005 ʨ. ʧʽʩʣʷ ʧʨʦʭʦʜʫ ʚʘʥʪʘʞʥʦʛʦ ʧʦʪʷʛʘ ʩʪʘʚʩʷ ʧʨʦʨʠʚ ʜʘʤʙʠ 

ʟʦʣʦʚʽʜʚʘʣʫ ʇʘʨʪʠʟʘʥʩʴʢʦʾ ɼʈɽʉ (ʩʝʣ. ʃʦʟʦʚʝ ʇʨʠʤʦʨʩʴʢʦʛʦ ʢʨʘʶ, ʈʦʩʽʷ), 

ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʥʘ ʟʘʣʽʟʥʠʯʥʽ ʢʦʣʽʾ ʚʠʡʰʣʦ 86 000 ʤ3 ʟʦʣʴʥʦʾ ʧʫʣʴʧʠ, ʯʘʩʪʠʥʘ 

ʷʢʦʾ ʧʽʰʣʘ ʚ ʩʪʨʫʤʦʢ ʃʦʟʦʚʠʡ. ɿʘ ʚʠʩʥʦʚʢʘʤʠ ɼʝʨʞʝʥʝʨʛʦʥʘʛʣʷʜʫ, ʦʩʥʦʚʥʠʤʠ 

ʧʨʠʯʠʥʘʤʠ ʧʨʦʨʠʚʫ ʜʘʤʙʠ ʙʫʣʠ: ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʦʧʘʜʽʚ ʚʥʘʩʣʽʜʦʢ ʧ'ʷʪʠʜʝʥʥʦʾ 

ʟʣʠʚʠ, ʥʝʧʨʦʚʝʜʝʥʠʡ ʨʝʤʦʥʪ, ʚʽʙʨʘʮʽʷ ʚʽʜ ʧʨʦʭʦʜʞʝʥʥʷ ʥʘ ʚʝʣʠʢʽʡ ʰʚʠʜʢʦʩʪʽ 

ʚʘʥʪʘʞʥʠʭ ʧʦʪʷʛʽʚ ʟʘʣʽʟʥʠʯʥʠʤʠ ʢʦʣʽʷʤʠ. ʇʽʩʣʷ ʣʽʢʚʽʜʘʮʽʾ ʘʚʘʨʽʾ ʰʚʠʜʢʽʩʪʴ 

ʧʨʦʭʦʜʞʝʥʥʷ ʧʦʪʷʛʽʚ ʙʫʣʦ ʟʥʠʞʝʥʦ [83]. ʊʘʢʦʞ ʫ ɹʘʨʥʘʫʣʽ ʦʙʚʘʣʠʚʩʷ ʜʘʭ 

ʩʢʣʘʜʫ ʧʣʦʱʝʶ 300 ʤ2 ʯʝʨʝʟ ʚʽʙʨʘʮʽʶ ʚʽʜ ʟʘʣʽʟʥʠʯʥʦʛʦ ʧʦʪʷʛʘ [83]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʪʝʨʠʪʦʨʽʷ ʙʫʜʴ-ʷʢʦʛʦ ʚʝʣʠʢʦʛʦ ʤʽʩʪʘ ʻ ʩʚʦʻʨʽʜʥʠʤ 

ʦʩʝʨʝʜʢʦʤ ʪʝʭʥʦʛʝʥʥʠʭ ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʯʝʨʝʟ ʥʘʢʣʘʜʘʥʥʷ ʭʚʠʣʴ 

ʥʘʧʨʫʛ ʚʽʜ ʪʨʘʥʩʧʦʨʪʥʠʭ ʜʞʝʨʝʣ, ʙʫʜʽʚʝʣʴʥʦʛʦ ʪʘ ʧʨʦʤʠʩʣʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, 

ʧʨʦʚʝʜʝʥʥʷ ʚʠʙʫʭʦʚʠʭ ʨʦʙʽʪ ʪʦʱʦ (ʨʠʩ. 1.1). 
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ʈʠʩ. 1.1. ɼʞʝʨʝʣʘ ʜʠʥʘʤʽʯʥʠʭ ʚʧʣʠʚʽʚ [83]  

 

ɿʘ ʜʘʥʠʤʠ [88], ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 1.1 ʜʞʝʨʝʣʘ ʜʠʥʘʤʽʯʥʠʭ ʚʧʣʠʚʽʚ ʛʝʥʝʨʫʶʪʴ 

ʫ ʤʝʞʘʭ ʤʽʩʪʘ ʢʦʣʠʚʘʥʥʷ ʟ ʯʘʩʪʦʪʘʤʠ ʚʽʜ 2ï5 ʜʦ 60ï70 ɻʮ, ʽʥʦʜʽ ʜʦ 200 ɻʮ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ (ʮʠʢʣʽʯʥʠʭ) ʚʧʣʠʚʽʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, ʫ 

ʪʦʤʫ ʯʠʩʣʽ ʡ ʥʘ ʞʠʪʣʦʚʽ ʪʝʨʠʪʦʨʽʾ, ʚʝʜʫʪʴʩʷ ʜʘʚʥʦ, ʧʨʦʪʝ ʥʝ ʚʩʽ ʜʞʝʨʝʣʘ ʪʘʢʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʚʠʚʯʝʥʽ ʜʦʩʪʘʪʥʴʦ ʜʦʙʨʝ. ʗʢ ʩʚʽʜʯʘʪʴ ʨʝʟʫʣʴʪʘʪʠ ʯʠʩʣʝʥʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ, ʦʩʦʙʣʠʚʦ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ, ʦʩʥʦʚʥʠʡ ʚʥʝʩʦʢ ʫ ʮʝ ʧʦʩʪʽʡʥʦ ʽʩʥʫʶʯʝ 

ʪʘ ʟʤʽʥʥʝ ʧʨʦʪʷʛʦʤ ʜʦʙʠ çʚʽʙʨʘʮʽʡʥʝ ʧʦʣʝè ʚʥʦʩʠʪʴ ʨʫʭʦʤʠʡ ʪʨʘʥʩʧʦʨʪ. ʄʝʥʰʝ 

ʟʥʘʯʝʥʥʷ, ʯʝʨʝʟ ʣʦʢʘʣʴʥʽʩʪʴ ʧʦʰʠʨʝʥʥʷ, ʚʥʦʩʷʪʴ ʙʫʜʽʚʝʣʴʥʽ ʪʘ ʧʨʦʤʠʩʣʦʚʽ 

ʤʘʰʠʥʠ [89]. 

ɺʽʜ ʙʫʜʽʚʝʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʥʘʧʨʠʢʣʘʜ ʧʨʠ ʚʽʙʨʦʟʘʥʫʨʝʥʥʽ ʧʘʣʴ ʫ 

ʚʦʜʦʥʘʩʠʯʝʥʽ ˇʨʫʥʪʠ, ʚʠʥʠʢʘʶʪʴ ʢʦʣʠʚʘʥʥʷ ʟ ʘʤʧʣʽʪʫʜʦʶ ʟʤʽʱʝʥʥʷ ʜʦ 0,8ï0,9 

ʤʤ ʧʨʠ ʦʩʥʦʚʥʠʭ ʯʘʩʪʦʪʘʭ 2-6 ɻʮ, ʘʣʝ ʧʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʚʽʩʪʨʷʤ ʧʘʣʽ ʰʘʨʫ 

ʙʽʣʴʰ ʱʽʣʴʥʦʛʦ ˇʨʫʥʪʫ ʯʘʩʪʦʪʘ ʢʦʣʠʚʘʥʴ, ʱʦ ʛʝʥʝʨʫʶʪʴʩʷ, ʤʦʞʝ 
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ʧʽʜʚʠʱʫʚʘʪʠʩʷ ʜʦ 10ï11 ɻʮ [89, 90]. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ, ʪʘʢ ʩʘʤʦ ʷʢ ʽ ʧʨʠ 

ʟʘʙʠʚʘʥʥʽ ʧʘʣʴ, ʫ ˇʨʫʥʪʽ ʛʝʥʝʨʫʶʪʴʩʷ ʥʝ ʣʠʰʝ ʚʝʨʪʠʢʘʣʴʥʽ ʢʦʣʠʚʘʥʥʷ, ʘʣʝ ʡ 

ʛʦʨʠʟʦʥʪʘʣʴʥʽ, ʧʨʦʪʝ ʚʝʨʪʠʢʘʣʴʥʘ ʩʢʣʘʜʦʚʘ ʟʘʚʞʜʠ ʧʝʨʝʚʘʞʘʻ ʛʦʨʠʟʦʥʪʘʣʴʥʫ, 

ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʪʠʧʫ ˇʨʫʥʪʫ [89, 91]. ʉʚʘʻʟʘʙʠʚʥʽ ʤʘʰʠʥʠ ʻ ʜʦʩʠʪʴ ʧʦʪʫʞʥʠʤʠ 

ʜʞʝʨʝʣʘʤʠ ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ (ʨʽʚʝʥʴ ʚʽʙʨʦʰʚʠʜʢʦʩʪʽ ʯʘʩʪʠʥʦʢ ˇʨʫʥʪʫ 

ʜʦʩʷʛʘʻ 80ï90 ʜɹ ʧʨʠ ʦʩʥʦʚʥʠʭ ʯʘʩʪʦʪʘʭ 15ï35 ɻʮ, ʘ ʟʦʥʘ ʚʧʣʠʚʫ ï 150ï250 ʤ), 

ʧʨʦʪʝ ʯʘʩ ʾʭʥʴʦʾ ʜʽʾ ʜʫʞʝ ʦʙʤʝʞʝʥʠʡ [81]. 

ɼʠʥʘʤʽʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ ʚʠʙʫʭʫ ʚ ˇʨʫʥʪʽ ʩʣʽʜ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʢʦʨʦʪʢʦʯʘʩʥʠʡ 

ʪʘ ʧʨʘʢʪʠʯʥʦ ʦʜʥʦʨʘʟʦʚʠʡ ʚʧʣʠʚ, ʤʘʡʞʝ ʚʩʷ ʝʥʝʨʛʽʷ ʷʢʦʛʦ ʩʢʦʥʮʝʥʪʨʦʚʘʥʘ ʚ ʧʝʨʰʦʤʫ 

ï ʥʘʡʽʥʪʝʥʩʠʚʥʽʰʦʤʫ ï ̔ ʤʧʫʣʴʩʽ. ʊʨʠʚʘʣʽʩʪʴ ʜʽʾ ʚʠʙʫʭʦʚʠʭ ʭʚʠʣʴ ʩʪʘʥʦʚʠʪʴ ʚʽʜ ʦʜʥʽʻʾ 

ʜʦ ʩʦʪʝʥʴ ʤʽʣʽʩʝʢʫʥʜ. ɺʠʙʫʭʦʚʘ ʭʚʠʣʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʪʘʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: 

ʤʘʢʩʠʤʘʣʴʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʪʠʩʢʽʚ, ʯʘʩʦʤ ʜʽʾ ʭʚʠʣʽ, ʤʘʢʩʠʤʘʣʴʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ 

ʟʤʽʱʝʥʥʷ, ʰʚʠʜʢʦʩʪʽ ʪʘ ʧʨʠʩʢʦʨʝʥʥʷ ʯʘʩʪʠʥʦʢ, ʘ ʪʘʢʦʞ ʽʤʧʫʣʴʩʦʤ ʭʚʠʣʽ. ʋʩʽ ʮʽ 

ʧʘʨʘʤʝʪʨʠ ʧʝʨʝʚʘʞʥʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʣʘʩʪʠʚʦʩʪʝʡ ˇʨʫʥʪʫ [89, 92]. ʇʨʠʢʣʘʜʠ 

ʧʦʰʢʦʜʞʝʥʠʭ ʙʫʜʽʚʝʣʴ ʯʝʨʝʟ ʜʽʶ ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʚʽʜ ʧʨʦʤʠʩʣʦʚʠʭ ʚʠʙʫʭʽʚ 

ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1.2ï1.4. 

ʋ ʟʚ'ʷʟʢʫ ʟ ʚʠʩʦʢʦʶ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʪʘ ʟʥʘʯʥʠʤ ʧʦʰʠʨʝʥʥʷʤ, ʦʩʦʙʣʠʚʦ ʥʘ 

ʤʽʩʴʢʠʭ ʪʝʨʠʪʦʨʽʷʭ ʽ ʧʦʙʣʠʟʫ ʚʝʣʠʢʠʭ ʤʘʛʽʩʪʨʘʣʝʡ ʟ ʤʘʡʞʝ ʙʝʟʧʝʨʝʨʚʥʠʤ 

ʪʨʘʥʩʧʦʨʪʥʠʤ ʧʦʪʦʢʦʤ, ʥʘʡʙʽʣʴʰ ʟʥʘʯʫʱʠʤʠ ʻ ʜʠʥʘʤʽʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ 

ʨʫʭʦʤʦʛʦ ʪʨʘʥʩʧʦʨʪʫ. ʇʨʠ ʮʴʦʤʫ ʧʨʦʚʽʜʥʘ ʨʦʣʴ ʥʘʣʝʞʠʪʴ ʨʝʡʢʦʚʦʤʫ 

(ʥʘʟʝʤʥʦʤʫ ʪʘ ʧʽʜʟʝʤʥʦʤʫ) ʪʨʘʥʩʧʦʨʪʫ [89, 93, 94]: ʟʘʣʽʟʥʠʯʥʠʤ ʧʦʪʷʛʘʤ, 

ʪʨʘʤʚʘʶ ʪʘ ʤʝʪʨʦʧʦʣʽʪʝʥʫ, ʱʦ ʦʙʫʤʦʚʣʝʥʦ ʥʘʩʘʤʧʝʨʝʜ ʽʩʪʦʪʥʦ ʤʝʥʰʠʤ 

ʜʝʤʧʬʽʨʫʚʘʥʥʷʤ ʢʦʣʠʚʘʥʴ ʧʨʠ ʧʝʨʝʜʘʯʽ ʾʭ ʜʦ ʤʘʩʠʚʫ ˇʨʫʥʪʫ ʚʽʜ ʩʪʘʣʝʚʦʛʦ 

ʢʦʣʝʩʘ ʯʝʨʝʟ ʞʦʨʩʪʢʫ ʩʠʩʪʝʤʫ çʨʝʡʢʘ ï ʰʧʘʣʘè. ʊʘʢʦʞ ʚʘʞʣʠʚʦʶ ʻ ʚʘʛʘ 

ʜʞʝʨʝʣʘ ʪʘ ʥʘʷʚʥʽʩʪʴ ʫʜʘʨʥʠʭ ʽʤʧʫʣʴʩʽʚ ʟʘ ʨʘʭʫʥʦʢ ʫʜʘʨʽʚ ʢʦʣʝʩʘ ʧʦ ʨʝʡʢʘʭ ʥʘ 

ʩʪʠʢʘʭ [89, 95ï99].  
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ʈʠʩ. 1.2. ʋʰʢʦʜʞʝʥʥʷ ʙʫʜʽʚʣʽ ʩʝʨʝʜʥʴʦʾ ʰʢʦʣʠ ˉ 40 ʧʦ ʚʫʣ. ʉʝʩʪʨʦʨʽʮʴʢʽʡ ʚʥʘʩʣʽʜʦʢ ʜʽʾ ʧʨʦʤʠʩʣʦʚʠʭ 

ʚʠʙʫʭʽʚ ʥʘ ʢʘʨ'ʻʨʘʭ ɺɸʊ çʇʽʚʥʽʯʥʠʡ ɻɿʂè ʫ ʤ. ʂʨʠʚʠʡ ʈʽʛ (2005 ʨ.). (ʬʦʪʦ ʂʘʣʶʭʘ ʖ.ɯ.) 
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ʈʠʩ. 1.3 ʊʨʽʱʠʥʘ ʟ ʰʠʨʠʥʦʶ ʨʦʟʢʨʠʪʪʷ ʜʦ 1 

ʩʤ ʫ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʧʨʘʚʦʾ ʧʦʧʝʨʝʯʥʦʾ ʩʪʽʥʠ 

ʙʽʣʷ ʮʝʥʪʨʘʣʴʥʦʛʦ ʚʽʪʨʘʞʘ ʙʫʜʽʚʣʽ ʎʝʥʪʨʫ 

ʜʠʪʷʯʦʾ ʪʘ ʶʥʘʮʴʢʦʾ ʪʚʦʨʯʦʩʪʽ çʄʨʽʷè 

ʚʥʘʩʣʽʜʦʢ ʜʽʾ ʧʨʦʤʠʩʣʦʚʠʭ ʚʠʙʫʭʽʚ ʫ ʢʘʨ'ʻʨʽ 

ɺɸʊ çʇʽʚʜɻɿʂè ʫ ʤ. ʂʨʠʚʠʡ ʈʽʛ (2008 ʨ.). 

(ʬʦʪʦ ʂʘʣʶʭʘ ʖ.ɯ.) 

ʈʠʩ. 1.4 ʊʨʽʱʠʥʘ ʟ ʰʠʨʠʥʦʶ ʨʦʟʢʨʠʪʪʷ ʜʦ 1 ʩʤ 

ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʩʪʽʥʠ ʣʽʚʦʛʦ ʙʽʯʥʦʛʦ ʬʘʩʘʜʫ 

ʙʫʜʽʚʣʽ ʎʝʥʪʨʫ ʜʠʪʷʯʦʾ ʪʘ ʶʥʘʮʴʢʦʾ ʪʚʦʨʯʦʩʪʽ 

çʄʨʽʷè ʚʥʘʩʣʽʜʦʢ ʜʽʾ ʧʨʦʤʠʩʣʦʚʠʭ ʚʠʙʫʭʽʚ ʫ 

ʢʘʨ'ʻʨʽ ɺɸʊ çʇʽʚʜɻɿʂè ʫ ʤ. ʂʨʠʚʠʡ ʈʽʛ (2008 

ʨ.). (ʬʦʪʦ ʂʘʣʶʭʘ ʖ.ɯ.) 
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ɺʠʜʦʟʤʽʥʶʶʯʠʩʴ, ʚʽʙʨʘʮʽʷ ʚʽʜ ʨʝʡʢʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʧʝʨʝʜʘʻʪʴʩʷ ʯʝʨʝʟ 

ʨʝʡʢʦʚʽ ʢʦʣʽʾ ʥʘ ʾʭʥʶ ʦʧʦʨʫ, ʘ ʜʘʣʽ ʚ ˇʨʫʥʪ ʽ ʨʦʟʤʽʱʝʥʽ ʧʦʨʫʯ ʙʫʜʽʚʣʽ, ʷʢ 

ʷʚʣʷʶʯʠ ʩʦʙʦʶ ʩʘʤʦʩʪʽʡʥʝ ʜʞʝʨʝʣʦ ʚʧʣʠʚʫ, ʪʘʢ ʽ ʧʦʨʦʜʞʫʶʯʠ 

ʧʝʨʝʚʠʧʨʦʤʽʥʝʥʠʡ ʰʫʤ (ʨʠʩ. 1.5) [97].  

 

 
ʈʠʩ. 1.5. ʇʨʠʢʣʘʜ ʜʞʝʨʝʣʘ, ʰʣʷʭʫ ʧʦʰʠʨʝʥʥʷ ʪʘ ʦʙ'ʻʢʪʘ ʚʧʣʠʚʫ: 1 ï ʜʞʝʨʝʣʦ ʚʽʙʨʘʮʽʾ; 2 ï 

ʰʣʷʭ ʧʦʰʠʨʝʥʥʷ (2ʘ ï ʭʚʠʣʽ ʚʩʝʨʝʜʠʥʽ ʪʽʣʘ: ʩʪʠʩʥʝʥʥʷ, ʟʩʫʚʫ; 2b ï ʧʦʚʝʨʭʥʝʚʽ ʭʚʠʣʽ: 

ʈʝʣʝʷ, ʃʷʚʘ; 2ʩ ï ʭʚʠʣʽ ʥʘ ʤʝʞʽ ʩʝʨʝʜʦʚʠʱ: ʉʪʦʫʥʣʽ3); 3 ï ʦʙ'ʻʢʪ ʚʧʣʠʚʫ (ʚʽʙʨʘʮʽʷ, 

ʧʝʨʝʚʠʧʨʦʤʽʥʝʥʠʡ ʰʫʤ); 4 ï ʧʦʚʝʨʭʥʷ ˇʨʫʥʪʦʚʠʭ ʚʦʜ [98] 

                                                             
3 ʋ ʧʨʠʨʦʜʽ ʡ ʪʝʭʥʽʮʽ ʤʠ ʧʦʚʩʶʜʥʦ ʟʫʩʪʨʽʯʘʻʤʦʩʷ ʟ ʨʽʟʥʠʤʠ ʚʠʜʘʤʠ ʧʦʚʝʨʭʥʝʚʠʭ ʭʚʠʣʴ, ʷʢʽ ʤʦʞʫʪʴ ʽʩʥʫʚʘʪʠ ʥʘ ʤʝʞʘʭ 

ʨʦʟʧʦʜʽʣʫ ʨʽʟʥʠʭ ʩʝʨʝʜʦʚʠʱ. ʅʘʧʨʠʢʣʘʜ, ʚʦʥʠ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʥʘ ʚʽʣʴʥʽʡ ʤʝʞʽ ʨʽʜʠʥʠ, ʥʘ ʚʽʣʴʥʽʡ ʤʝʞʽ ʧʨʫʞʥʦʛʦ 

ʥʘʧʽʚʧʨʦʩʪʦʨʫ (ʭʚʠʣʷ ʈʝʣʝʷ), ʥʘ ʤʝʞʽ ʨʽʜʢʦʛʦ ʪʘ ʧʨʫʞʥʦʛʦ ʥʘʧʽʚʧʨʦʩʪʦʨʽʚ (ʭʚʠʣʷ ʐʦʣʪʝ, ʾʾ ʪʘʢʦʞ ʥʘʟʠʚʘʶʪʴ ʭʚʠʣʝʶ 

ʉʪʦʫʥʣʽ ʘʙʦ ʭʚʠʣʝʶ ʐʦʣʪʝ ï ʉʪʦʫʥʣʽ), ʥʘ ʤʝʞʽ ʜʚʦʭ ʧʨʫʞʥʠʭ ʥʘʧʽʚʧʨʦʩʪʦʨʽʚ (ʭʚʠʣʷ ʉʪʦʫʥʣʽ). ʉʧʽʣʴʥʦʶ ʚʣʘʩʪʠʚʽʩʪʶ 

ʜʣʷ ʮʴʦʛʦ ʢʣʘʩʫ ʭʚʠʣʴ ʻ ʢʦʥʮʝʥʪʨʘʮʽʷ ʝʥʝʨʛʽʾ, ʱʦ ʧʝʨʝʥʦʩʠʪʴʩʷ ʥʠʤʠ, ʧʦʙʣʠʟʫ ʤʝʞʽ ï ʚʩʝʨʝʜʠʥʽ ʰʘʨʫ ʟ ʪʦʚʱʠʥʦʶ 

ʧʦʨʷʜʢʫ ʜʦʚʞʠʥʠ ʭʚʠʣʽ. ʇʦʚʝʨʭʥʝʚʽ ʭʚʠʣʽ ʽʩʥʫʶʪʴ ʫ ʜʫʞʝ ʰʠʨʦʢʦʤʫ ʯʘʩʪʦʪʥʦʤʫ ʜʽʘʧʘʟʦʥʽ. ɺ ʦʙʣʘʩʪʽ ʥʠʟʴʢʠʭ ʯʘʩʪʦʪ 

(ʽʥʬʨʘʟʚʫʢ) ʧʦʰʠʨʶʶʪʴʩʷ ʩʝʡʩʤʽʯʥʽ ʭʚʠʣʽ, ʱʦ ʤʘʶʪʴ ʜʦʚʞʠʥʫ ʧʦʨʷʜʢʫ ʢʽʣʦʤʝʪʨʽʚ [19]. 

ʆʙô̒ ʢʪ 

ɼʞʝʨʝʣʦ 

 ʐʣʷʭ   ʧʦʰʠʨʝʥʥʷ 

ɼʞʝʨʝʣʦ 
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ɺʽʙʨʘʮʽʡʥʘ ʜʽʷ, ʦʩʦʙʣʠʚʦ ʮʠʢʣʽʯʥʘ ʽ ʪʨʠʚʘʣʘ, ʧʦʟʥʘʯʘʻʪʴʩʷ ʥʘ ʪʝʭʥʽʯʥʦʤʫ 

ʩʪʘʥʽ ʙʫʜʽʚʝʣʴ, ʦʩʥʦʚ ʽ ʤʘʩʠʚʫ ˇʨʫʥʪʫ, ʥʘ ʷʢʦʤʫ ʚʦʥʠ ʨʦʟʪʘʰʦʚʘʥʽ, ʘ ʪʘʢʦʞ ʥʘ 

ʩʘʥʽʪʘʨʥʦ-ʛʽʛʽʻʥʽʯʥʠʭ ʫʤʦʚʘʭ ʧʝʨʝʙʫʚʘʥʥʷ ʚ ʥʠʭ ʣʶʜʝʡ. ʊʨʘʥʩʧʦʨʪʥʘ ʚʽʙʨʘʮʽʷ 

ʟʘʟʚʠʯʘʡ ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ ʥʽ ʧʨʠ ʥʦʚʦʤʫ ʙʫʜʽʚʥʠʮʪʚʽ, ʥʽ ʧʨʠ ʨʝʢʦʥʩʪʨʫʢʮʽʷʭ 

ʽʩʥʫʶʯʠʭ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ, ʭʦʯʘ ʧʝʨʽʦʜʠʯʥʦ ʟ'ʷʚʣʷʶʪʴʩʷ ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦ ʾʾ 

ʥʝʛʘʪʠʚʥʽ ʥʘʩʣʽʜʢʠ [86]. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʟʘʛʘʣʴʥʝ ʬʽʟʠʯʥʝ ʩʪʘʨʽʥʥʷ ʽʩʥʫʶʯʠʭ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ, 

ʦʩʦʙʣʠʚʦ ʧʘʤ'ʷʪʦʢ ʘʨʭʽʪʝʢʪʫʨʠ, ʚʦʥʠ ʥʝ ʙʫʜʫʪʴ ʟʥʦʩʠʪʠʩʷ ʧʨʠ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʪʘ 

ʚʽʜʥʦʚʣʝʥʥʽ ʚ ʙʘʛʘʪʴʦʭ ʽʩʪʦʨʠʯʥʠʭ ʮʝʥʪʨʘʭ ʷʢ ʚ ʋʢʨʘʾʥʽ, ʪʘʢ ʽ ʟʘ ʢʦʨʜʦʥʦʤ.  

ʊʦʤʫ ʧʠʪʘʥʥʷ ʛʘʨʘʥʪʫʚʘʥʥʷ ʾʭ ʮʽʣʽʩʥʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʧʨʠ ʙʝʟʧʝʨʝʨʚʥʦʤʫ 

ʥʝʛʘʪʠʚʥʦʤʫ ʚʧʣʠʚʽ ʪʨʘʥʩʧʦʨʪʥʦʾ ʚʽʙʨʘʮʽʾ, ʱʦ ʙʝʟʧʝʨʝʨʚʥʦ ʧʦʩʠʣʶʻʪʴʩʷ, ʥʽ 

ʩʴʦʛʦʜʥʽ, ʥʽ ʚ ʤʘʡʙʫʪʥʴʦʤʫ ʥʝ ʚʪʨʘʪʷʪʴ ʩʚʦʻʾ ʘʢʪʫʘʣʴʥʦʩʪʽ. ʆʩʦʙʣʠʚʦ 

ʧʨʠʩʢʦʨʶʻʪʴʩʷ ʮʝʡ ʧʨʦʮʝʩ ʫ ʪʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʨʦʙʦʪʠ, ʱʦ ʧʨʦʚʦʜʷʪʴʩʷ, 

ʧʦʨʫʰʫʶʪʴ ʩʬʦʨʤʦʚʘʥʠʡ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʡ ʨʝʞʠʤ [86]. 

 

1.1.1. ɼʠʥʘʤʽʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽʤʧʫʣʴʩʠʚʥʦʛʦ ʪʠʧʫ, ʱʦ ʜʽʶʪʴ ʥʘ 

ˇʨʫʥʪʦʚʠʡ ʤʘʩʠʚ  

 

ʇʽʜ ʽʤʧʫʣʴʩʠʚʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʦʜʥʦʨʘʟʦʚʦʾ ʜʽʾ ʧʨʠʡʤʘʻʪʴʩʷ 

ʢʦʨʦʪʢʦʯʘʩʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦʩʪʽʡʥʦʛʦ ʥʘʧʨʷʤʢʫ, ʱʦ ʤʘʻ ʥʝ ʙʽʣʴʰʝ ʦʜʥʦʛʦ 

ʤʘʢʩʠʤʫʤʫ ʟʘ ʯʘʩ ʾʾ ʙʝʟʧʝʨʝʨʚʥʦʾ ʜʽʾ Ű (ʨʠʩ 1.6, ʘ), ʧʨʝʜʩʪʘʚʣʝʥʘ ʘʥʘʣʽʪʠʯʥʠʤ 

ʚʠʨʘʟʦʤ: 

 

 

                       (1.1) 

 

 

ʜʝ 0t=  ï ʧʦʯʘʪʦʢ ʜʽʾ ʥʘʚʘʥʪʘʞʝʥʥʷ; 0P  ï ʾʾ ʤʘʢʩʠʤʫʤ; ( )f t ï ʬʫʥʢʮʽʷ, 

ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʬʦʨʤʫ ʽʤʧʫʣʴʩʫ, ʧʨʠʯʦʤʫ ʤʘʢʩʠʤʫʤ ( ) 1f t =  [12; 28; 35ï37]. 
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ʅʘʚʘʥʪʘʞʝʥʥʷ (1.6) ʦʜʥʦʨʘʟʦʚʦʾ ʜʽʾ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʪʨʴʦʤʘ ʧʘʨʘʤʝʪʨʘʤʠ: 

1) ʪʨʠʚʘʣʽʩʪʶ ʜʽʾ t; 

2) ʬʦʨʤʦʶ ʽʤʧʫʣʴʩʫ ( )f t ; 

3) ʥʘʡʙʽʣʴʰʦʶ ʚʝʣʠʯʠʥʦʶ 0P  ʘʙʦ ʽʤʧʫʣʴʩʦʤ ʩʠʣʠ SSS: 

0

0

( )SSS P f t dt

t

= ñ                                                      (1.2) 

ɯʤʧʫʣʴʩ ʧʨʠ ʧʨʷʤʦʤʫ ʫʜʘʨʽ ʪʽʣʘ ʧʦ ʢʦʥʩʪʨʫʢʮʽʾ ʤʦʞʥʘ ʚʠʟʥʘʯʘʪʠ ʟʘ 

ʥʘʙʣʠʞʝʥʦʶ ʬʦʨʤʫʣʦʶ: 

0 0(1 ),SSS m Kn= +                                 (1.3) 

ʜʝ m  ï ʤʘʩʘ ʫʜʘʨʷʶʯʦʛʦ ʪʽʣʘ; 0n  ï ʡʦʛʦ ʰʚʠʜʢʽʩʪʴ ʥʘ ʧʦʯʘʪʢʫ ʫʜʘʨʫ; 0K  ï 

ʢʦʝʬʽʮʽʻʥʪ ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʠ ʫʜʘʨʽ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʽʣ, ʱʦ 

ʫʜʘʨʷʶʪʴʩʷ, ʽ ʧʨʠʡʤʘʻʪʴʩʷ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ; 0K  = 0,35 ï ʙʝʪʦʥ; 0K = 0,4 ï 

ʢʘʤ̔ʥʴ; 0K = 0,55 ï ʜʝʨʝʚʦ; 0K  = 0,6 ï ʩʪʘʣʴ, ʢʦʣʠ ʬʦʨʤʘ ʫʜʘʨʷʶʯʦʛʦ ʪʽʣʘ ʤʘʻ 

ʚʠʛʣʷʜ ʢʫʣʽ. 

ɼʠʥʘʤʽʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽʤʧʫʣʴʩʠʚʥʦʛʦ ʪʠʧʫ ʧʝʨʽʦʜʠʯʥʦʾ ʜʽʾ ʥʘʚʝʜʝʥʽ ʥʘ 

ʈʠʩ. 1.6, ʙ. ʇʨʠ ʨʦʟʨʘʭʫʥʢʫ ˇʨʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ ʷʢ ʦʩʥʦʚʠ ʧʽʜʟʝʤʥʠʭ ʩʧʦʨʫʜ ʥʘ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʥʝʚʨʽʚʥʦʚʘʞʝʥʽ ʜʠʥʘʤʽʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠʡʤʘʻʪʴʩʷ 

ʢʦʝʬʽʮʽʻʥʪ ʥʘʜʽʡʥʦʩʪʽ ng=1,3õ1,5, ʘ ʥʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʚʨʽʚʥʦʚʘʞʝʥʽ ï ng=2õ4. 

 

1.1.2. ɼʠʥʘʤʽʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʜʽʶʪʴ ʥʘ ˇʨʫʥʪʦʚʠʡ ʤʘʩʠʚ ʚʽʜ 

ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ 

 

ɼʠʥʘʤʽʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʥʘʣʝʞʘʪʴ ʜʦ ʨʫʭʦʤʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ. ʇʝʨʝʤʽʱʝʥʥʷ ʚʘʥʪʘʞʫ ʚʠʢʣʠʢʘʻ ʥʝʩʪʘʮʽʦʥʘʨʥʠʡ ʧʨʦʮʝʩ ʫ ʤʘʩʠʚʽ 

ʧʦʨʽʜ ʧʽʜ ʧʽʜʦʰʚʦʶ ʧʽʜʟʝʤʥʠʭ ʩʧʦʨʫʜ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʘʛʠ ʚʘʥʪʘʞʫ ʪʘ ʡʦʛʦ 

ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ. 
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ɼʠʥʘʤʽʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʜʽʶʪʴ ʥʘ ˇʨʫʥʪʦʚʠʡ ʤʘʩʠʚ, ʷʢ ʦʩʥʦʚʫ ʩʧʦʨʫʜ 

ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ, ʦʩʦʙʣʠʚʦ ʰʠʨʦʢʦ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʚ ʪʫʥʝʣʷʭ ʤʝʪʨʦʧʦʣʽʪʝʥʫ, 

ʘʚʪʦ- ʪʘ ʟʘʣʽʟʥʠʯʥʠʭ ʪʫʥʝʣʷʭ ʥʝʛʣʠʙʦʢʦʛʦ ʟʘʢʣʘʜʘʥʥʷ. ʉʧʦʩʽʙ ʧʨʦʢʣʘʜʘʥʥʷ 

ʪʘʢʠʭ ʪʫʥʝʣʽʚ ʤʘʻ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʧʝʨʝʚʘʛʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʨʦʢʣʘʜʘʥʥʷʤ 

ʪʫʥʝʣʽʚ ʛʣʠʙʦʢʦʛʦ ʟʘʢʣʘʜʘʥʥʷ, ʱʦ ʥʘ ʩʴʦʛʦʜʥʽ ʻ ʦʩʥʦʚʥʠʤ ʬʘʢʪʦʨʦʤ. ʆʜʥʘʢ 

ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʫʥʝʣʽʚ ʤʝʪʨʦʧʦʣʽʪʝʥʫ ʘʙʦ ʘʚʪʦʤʦʙʽʣʴʥʠʭ  ̔ ʟʘʣʽʟʥʠʯʥʠʭ 

ʪʫʥʝʣʽʚ ʥʝʛʣʠʙʦʢʦʛʦ ʟʘʢʣʘʜʘʥʥʷ, ʚ ʙʫʜʠʥʢʘʭ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʧʦʙʣʠʟʫ, 

ʢʦʣʠʚʘʥʥʷ ʜʦʩʷʛʘʶʪʴ ʪʘʢʦʛʦ ʨʽʚʥʷ, ʱʦ ʩʪʘʶʪʴ ʚʽʜʯʫʪʥʠʤʠ ʜʣʷ ʣʶʜʝʡ, ʷʢʽ 

ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʥʠʭ. 

ʊʨʠʚʘʣʽʩʪʴ ʢʦʣʠʚʘʥʴ ʫ ʪʦʯʮʽ ˇʨʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ, ʱʦ ʚʠʢʣʠʢʘʥ ̔ʦʜʥʠʤ 

ʧʦʪʷʛʦʤ ʤʝʪʨʦʧʦʣʽʪʝʥʫ, ʩʪʘʥʦʚʠʪʴ ʧʨʠʙʣʠʟʥʦ 10 ʩʝʢ. ʋ ʛʦʜʠʥʠ ʧʽʢ ʥʘ ʪʨʘʩʽ 

ʤʝʪʨʦʧʦʣʽʪʝʥʫ ʤʦʞʝ ʧʨʦʭʦʜʠʪʠ ʚ ʦʙʦʭ ʥʘʧʨʷʤʢʘʭ 40 ʪʘ ʙʽʣʴʰʝ ʧʘʨ ʧʦʪʷʛʽʚ ʥʘ 

1 ʛʦʜʠʥʫ. ʆʪʞʝ, ʪʨʠʚʘʣʽʩʪʴ ʚʧʣʠʚʫ ʢʦʣʠʚʘʥʴ ʫ ˇʨʫʥʪʦʚʠʭ ʤʘʩʠʚʘʭ, ʷʢ ʦʩʥʦʚʘʭ, 

ʤʦʞʝ ʜʦʩʷʛʪʠ 10ï20 % ʟʘʛʘʣʴʥʦʛʦ ʯʘʩʫ, ʧʨʦʪʷʛʦʤ ʷʢʦʛʦ ʧʨʘʮʶʻ ʤʝʪʨʦʧʦʣʽʪʝʥ. 

ʉʧʝʢʪʨʘʣʴʥʠʡ ʩʢʣʘʜ ʮʠʭ ʢʦʣʠʚʘʥʴ ʜʦʩʠʪʴ ʰʠʨʦʢʠʡ (5ï100 ɻʮ), ʧʨʦʪʝ 

ʦʩʥʦʚʥʘ ʝʥʝʨʛʽʷ ʢʦʣʠʚʘʥʴ ʟʦʩʝʨʝʜʞʝʥʘ ʫ ʚʫʞʯʦʤʫ ʜʽʘʧʘʟʦʥʽ ï 35õ60 ɻʮ. 

ʄʘʢʩʠʤʘʣʴʥʽ ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʴ ʫ ˇʨʫʥʪʦʚʠʭ ʤʘʩʠʚʘʭ ï ʦʩʥʦʚʘʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʙʫʜʽʚʝʣʴ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʧʦʙʣʠʟʫ ʪʫʥʝʣʽʚ ʤʝʪʨʦʧʦʣʽʪʝʥʫ, ï ʜʦʨʽʚʥʶʶʪʴ 

ʢʽʣʴʢʦʤ ʤʽʢʨʦʥʘʤ; ʟʘʟʚʠʯʘʡ ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʴ ʨʽʜʢʦ ʧʝʨʝʚʠʱʫʶʪʴ 1 ʤʢʤ. 

ʐʚʠʜʢʽʩʪʴ ʢʦʣʠʚʘʥʴ ʤʦʞʝ ʩʢʣʘʜʘʪʠ 0.5 ʤʤ/ʩ, ʘ ʧʨʠʩʢʦʨʝʥʥʷ ï 20 ʩʤ/ʩ2, ʱʦ 

ʚʽʜʯʫʪʥʦ ʪʘ ʜʨʘʪʫʶʯʝ ʜʽʻ ʥʘ ʣʶʜʝʡ. 

ɼʠʥʘʤʽʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʯʝʨʝʟ ʨʝʡʢʠ ʥʘ ˇʨʫʥʪʦʚʠʡ 

ʤʘʩʠʚ, ʷʢ ʦʩʥʦʚʫ ʩʧʦʨʫʜ, ʧʦʟʥʘʯʘʶʪʴʩʷ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.7 ʥʘ ʧʨʠʢʣʘʜʽ 

ʨʫʭʦʤʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʥʝʩʢʽʥʯʝʥʥʦ ʜʦʚʛʽʡ ʙʘʣʮʽ [100; 101]. 

ʏʘʩʪʦʪʫ ʢʦʣʠʚʘʥʴ ʟʘ ʛʦʨʠʟʦʥʪʘʣʴʥʠʤ ʥʘʧʨʷʤʢʦʤ ʤʦʞʥʘ ʧʨʠʡʤʘʪʠ ʚʽʜ w 

= 60 ɻʮ, ʘʤʧʣʽʪʫʜʫ ʚʝʨʪʠʢʘʣʴʥʠʭ ʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʤʘʩʠʚʫ ʧʦʨʽʜ ʧʽʜ 

ʪʫʥʝʣʝʤ ʤʦʞʥʘ ʧʨʠʡʤʘʪʠ ʚʽʜ 2,0 ʜʦ 4,0 ʤʢʤ; ʰʚʠʜʢʽʩʪʴ ʧʦʧʝʨʝʯʥʠʭ ʭʚʠʣʴ ʜʣʷ 

ʩʫʧʽʩʢʽʚ 2C  = 300 ʤ/ʩ, ʰʚʠʜʢʽʩʪʴ ʧʦʟʜʦʚʞʥʽʭ ʭʚʠʣʴ 1C  = 600 ʤ/ʩ, ʜʣʷ ʛʣʠʥʠ 

2C  = 730 ʤ/ʩ, 1C  = 1700 ʤ/ʩ. 
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ʈʠʩ. 1.7. ɹʘʣʢʘ ʧʽʜ ʜʽʻʶ ʨʫʭʦʤʦʛʦ ʚʘʥʪʘʞʫ ʪʘ ʧʝʨ̔ʦʜʠʯʥʠʭ ʩʠʣ: 1P   ̔w ï ʘʤʧʣʽʪʫʜʘ ʽ 

ʯʘʩʪʦʪʘ ʟʙʫʨʶʚʘʣʴʥʦʾ ʩʠʣʠ, ʱʦ ʜʽʻ ʥʘ ʧʽʜʨʝʩʦʨʝʥʠʡ ʚʘʥʪʘʞ ʤʘʩʦʶ 1m ; 0P  ï ʘʤʧʣʽʪʫʜʘ 

ʩʠʣʠ, ʧʨʠʢʣʘʜʝʥʦʾ ʜʦ ʥʝʧʽʜʨʝʩʦʨʝʥʦʛʦ ʚʘʥʪʘʞʫ ʤʘʩʦʶ m ; a ï ʬʘʟʘ ʟʙʫʨʶʚʘʣʴʥʦʾ ʩʠʣʠ, 

ʧʨʠʡʤʘ̒ʪʩɹ ̫a ʚ ʜ̔ʘʧʘʟʦʥ ̔[0.25; 0.75]; tg ï ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʚʘʥʪʘʞʫ ʫ ʯʘʩʽ t ; x  ï 

ʚʽʜʩʪʘʥʴ ʨʫʭʫ; 1z  ï ʚʽʜʥʦʩʥʝ ʟʤʽʱʝʥʥʷ ʤʘʩʠ 1m  

 

1.2. ɼʠʥʘʤʽʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʜʽʶʪʴ ʥʘ ˇʨʫʥʪʦʚʠʡ ʤʘʩʠʚ ʚʽʜ 

ʚʠʙʫʭʦʚʠʭ ʚʧʣʠʚʽʚ 

 

ʏʘʩʪʦ ʧʨʠ ʜʠʥʘʤʽʯʥʦʤʫ ʨʦʟʨʘʭʫʥʢʫ ˇʨʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ ʷʢ ʦʩʥʦʚʠ ʩʧʦʨʫʜ 

ʯʠ ʢʦʥʩʪʨʫʢʮʽʡ ʧʽʜʟʝʤʥʠʭ ʩʧʦʨʫʜ ʜʽʡʩʥʽ ʟʘʢʦʥʠ ʟʤʽʥʠ ʜʠʥʘʤʽʯʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʫ ʯʘʩʽ ʟʘʤʽʥʶʶʪʴ ʩʧʨʦʱʝʥʠʤʠ, ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ. ʅʘʡʯʘʩʪʽʰʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʽ ʩʧʨʦʱʝʥʽ ʟʘʢʦʥʠ ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʫ ʯʘʩʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ 

ʨʠʩ. 1.8, ʜʝ ( )p t  ï ʧʦʛʦʥʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʢʦʥʩʪʨʫʢʮʽʶ 

ʩʧʦʨʫʜʠ ʪʘ ˇʨʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ ʷʢ ʦʩʥʦʚʠ ʧʽʜ ʩʧʦʨʫʜʦʶ, ʨʽʚʥʘ ʜʦʙʫʪʢʫ 

ʥʘʜʣʠʰʢʦʚʦʛʦ ʪʠʩʢʫ ( )p tD  ʥʘ ʰʠʨʠʥʫ ʜʽʣʷʥʢʠ, ʟ ʷʢʦʾ ʟʙʠʨʘʻʪʴʩʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʮʶ ʢʦʥʩʪʨʫʢʮʽʶ ʘʙʦ ˇʨʫʥʪʦʚʠʡ ʤʘʩʠʚ ʧʽʜ ʩʧʦʨʫʜʦʶ [102, 

103]. 
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ʈʠʩ. 1.8. ɿʘʢʦʥʠ ʟʤʽʥʠ ʜʠʥʘʤʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʫ ʯʘʩʽ: ʘ ï ʜʽʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ 

ʝʬʝʢʪʠʚʥʦʤʫ ʯʘʩʽ; ʙ - ʜʠʥʘʤʽʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ ʧʦʚʽʪʨʷʥʦʾ ʫʜʘʨʥʦʾ ʭʚʠʣʽ; ʚ ï ʭʚʠʣʽ 

ʩʪʠʩʥʝʥʥʷ ʫ ʧʦʨʦʜʽ 

 

ɽʬʝʢʪʠʚʥʠʡ ʯʘʩ ʜʽʾ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ ʫʜʘʨʥʦʾ ʭʚʠʣʽ ʚʠʟʥʘʯʘʶʪʴ ʟ ʫʤʦʚʠ 

ʨʽʚʥʦʩʪʽ ʽʤʧʫʣʴʩʽʚ ʪʠʩʢʽʚ: 

2

1n

t
q +=

+
                                                (1.4) 

ʜʝ 
3 61.7 10 C Rt -

+= Ö Ö , ʩʝʢ. ï ʪʨʠʚʘʣʽʩʪʴ ʬʘʟʠ ʩʪʠʩʥʝʥʥʷ; C  ï ʤʘʩʘ 

ʪʨʦʪʠʣʦʚʦʛʦ ʟʘʨʷʜʫ, ʢʛ; R  ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʮʝʥʪʨʫ ʚʠʙʫʭʫ, ʤ; 

30.16 C Rt-= Ö , ʩʝʢ. ï ʪʨʠʚʘʣʽʩʪʴ ʬʘʟʠ ʨʦʟʨʷʜʞʝʥʥʷ; 1
ʬP

n
i

tD
= - ï 

ʟʤʽʥʘ ʪʠʩʢʫ ʫ ʬʘʟʽ ʩʪʠʩʥʝʥʥʷ ʚ ʯʘʩʽ, ʱʦ ʧʨʠʡʤʘʻʪʴʩʷ ʟʘ ʟʘʢʦʥʦʤ n  ʽ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʬʨʦʥʪʫ ʭʚʠʣʽ i : 

2

33
2 2

( ) 0.146 0.92 4.4ʬ

C C C
P t

SSR SS R SSR
D = Ö + Ö + Ö                 (1.5) 

 

2

3
2

13.6
C R

i
SS

= Ö                                            (1.6) 

ʜʝ i  ï ʬʨʦʥʪ ʭʚʠʣʽ; SS ï ʧʝʨʝʨʽʟ ʰʪʦʣʴʥʽ ʜʣʷ ʚʠʙʫʭʫ [102; 103]. 
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1.3. ɼʦʩʣʽʜʞʝʥʥʷ ʜʽʾ ʤʝʭʘʥʯ̔ʥʠʭ ʢʦʣʠʚʘʥɹ ʥʘ ʙʫʜʽʚʣʽ ʪʘ ʩʧʦʨʫʜʠ 

 

ɼʠʥʘʤʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʤʠʩʣʦʚʦʾ ʪʘ ʮʠʚʽʣʴʥʦʾ ʟʘʙʫʜʦʚʠ ʻ ʧʝʨʰʠʤ 

ʢʨʦʢʦʤ ʚ ʛʘʨʘʥʪʫʚʘʥʥʽ ʥʝʦʙʭʽʜʥʦʛʦ ʪʘ ʝʢʦʥʦʤʽʯʥʦ ʜʦʮʽʣʴʥʦʛʦ ʨʽʚʥʷ ʜʠʥʘʤʽʯʥʦʾ 

ʩʪʽʡʢʦʩʪʽ ʙʫʜʽʚʝʣʴʥʠʭ ʦʙ'ʻʢʪʽʚ ʚ ʫʤʦʚʘʭ ʧʨʦʤʠʩʣʦʚʠʭ ʚʠʙʫʭʽʚ, ʤʦʨʘʣʴʥʦʛʦ ʪʘ 

ʬʽʟʠʯʥʦʛʦ ʟʥʦʩʫ. ɼʠʥʘʤʽʯʥʘ ʧʘʩʧʦʨʪʠʟʘʮʽʷ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ ʤʘʻ ʜʚʽ ʦʩʥʦʚʥʽ 

ʮʽʣʽ:  

Å  ʚʠʟʥʘʯʝʥʥʷ ʜʝʬʽʮʠʪʫ ʩʝʡʩʤʦʩʪʽʡʢʦʩʪʽ ʙʫʜʽʚʝʣʴ ʪʘ ʩʧʦʨʫʜ ʟ 

ʤʽʢʨʦʩʝʡʩʤʦʨʘʡʦʥʫʚʘʥʥʷʤ  ʪʝʨʠʪʦʨʽʾ; 

Å  ʚʠʚ̫ʣʝʥʥʷ ʥʘʡʙʽʣʴʰ ʥʝʙʝʟʧʝʯʥʠʭ ʦʙ'ʻʢʪʽʚ, ʱʦ ʚʠʤʘʛʘʶʪʴ ʧʝʨʰʦʯʝʨʛʦʚʦʛʦ 

ʧʦʩʠʣʝʥʥʷ, ʧʝʨʝʧʨʦʬʽʣʶʚʘʥʥʷ ʘʙʦ ʟʥʝʩʝʥʥʷ ʙʫʜʽʚʣʽ. 

ʇʠʪʘʥʥʷ ʜʠʥʘʤʽʯʥʦʾ ʧʘʩʧʦʨʪʠʟʘʮʽʾ ʙʫʜʽʚʝʣʴ, ʚʧʣʠʚʫ ʬʽʟʠʯʥʠʭ ʪʘ 

ʜʠʥʘʤʽʯʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʩʪʘʨʽʥʥʷ ʞʠʪʣʦʚʦʛʦ ʬʦʥʜʫ ʨʦʟʛʣʷʜʘʣʠʩʷ ʫ ʚʽʜʧʦʚʽʜʥʠʭ 

ʧʦʩʪʘʥʦʚʘʭ ʪʘ ʽʥ. ʂʄ ʋʢʨʘʾʥʠ [105, 106], ʘ ʪʘʢʦʞ ʫ ʥʠʟʮʽ ʨʦʙʽʪ ʚʽʪʯʠʟʥʷʥʠʭ ʪʘ 

ʟʘʨʫʙʽʞʥʠʭ ʜʦʩʣʽʜʥʠʢʽʚ: ʉ.ɺ. ʄʝʜʚʝʜʻʚʘ, ɺ.ɯ. ʂʝʡʣʽʩ-ɹʦʨʦʢʘ, ɯ.ɭ. ɯʮʢʦʚʘ, ʗ.ʄ. 

ɸʡʟʝʥʙʝʨʛʘ, ʄ.ɸ. ʂʦʨʥʝʣʣʘ, ʂ. ʆʣʽʚʝʡʨʠ, ɯ. ɯʜʨʽʩʩʘ ʪʘ ʽʥ. [107ï113]. ʉʝʨʝʜ 

ʩʫʯʘʩʥʠʭ ʟʘʨʫʙʽʞʥʠʭ ʜʦʩʣʽʜʥʠʢʽʚ ʩʣʽʜ ʚʽʜʟʥʘʯʠʪʠ Alonso-Rodriguez A., Barla 

M., Burton H., Casagli N., Catani F., Del Ventisette C., Frodella W., Gigli G., 

Kampas G., Lollino G., Luzi G., Martinelli M., Piccioni R., Stewart J., Wang Y. ʪʘ 

ʽʥh̔ [114ï124]. 

ʉʫʯʘʩʥʽ ʤʝʪʦʜʠʢʠ ʧʘʩʧʦʨʪʠʟʘʮʽʾ ʤʦʞʥʘ ʫʤʦʚʥʦ ʚʽʜʥʝʩʪʠ ʜʦ ʪʨʴʦʭ ʛʨʫʧ: 

ʪʝʭʥʽʯʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ, ʨʦʟʨʘʭʫʥʢʦʚʦ-ʘʥʘʣʽʪʠʯʥʽ ʪʘ ʝʢʩʧʝʨʪʥʠʭ ʦʮʽʥʦʢ. ɰʭʥʽʡ 

ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʧʦʢʘʟʘʚ, ʱʦ, ʢʨʽʤ ʧʝʨʝʚʘʛ, ʽʩʥʫʶʯʽ ʤʝʪʦʜʠʢʠ 

ʧʘʩʧʦʨʪʠʟʘʮʽʾ ʤʘʶʪʴ ʽ ʥʠʟʢʫ ʥʝʜʦʣʽʢʽʚ [125, 126]. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʝʪʦʜʫ 

ʝʢʩʧʝʨʪʥʠʭ ʦʮʽʥʦʢ ʩʪʫʧʽʥʴ ʩʪʘʪʠʩʪʠʯʥʦʾ ʫʟʛʦʜʞʝʥʦʩʪʽ ʝʢʩʧʝʨʪʥʠʭ ʦʮʽʥʦʢ ʪʘ ʾʭ 

ʜʦʚʽʨʯʽ ʽʥʪʝʨʚʘʣʠ ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʚʠʟʥʘʯʝʥʠʤʠ. ʍʦʯʘ ʮʝʡ ʤʝʪʦʜ, ʥʘ ʜʫʤʢʫ 

ʥʠʟʢʠ ʜʦʩʣʽʜʥʠʢʽʚ [125, 126], ʻ ʥʘʡʜʝʰʝʚʰʠʤ ʽ ʥʘʡʧʦʰʠʨʝʥʽʰʠʤ ʧʨʠ ʩʫʮʽʣʴʥʽʡ 

ʦʮʽʥʮʽ ʬʘʢʪʠʯʥʦʾ ʩʝʡʩʤʦʩʪʽʡʢʦʩʪʽ ʙʫʜʽʚʝʣʴ. ʋ ʪʦʡ ʩʘʤʠʡ ʯʘʩ, ʥʘ ʜʫʤʢʫ ʽʥʰʠʭ 

ʜʦʩʣʽʜʥʠʢʽʚ [127], ʚʽʥ ʜʘʻ ʜʦʚʦʣʽ ʚʠʩʦʢʫ ʧʦʭʠʙʢʫ.  
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ɺ ʨʦʟʨʘʭʫʥʢʦʚʦ-ʘʥʘʣʽʪʠʯʥʠʭ ʤʝʪʦʜʘʭ, ʦʨʽʻʥʪʦʚʘʥʠʭ ʥʘ ɼɹʅ [66, 67], ʻ 

ʙʘʛʘʪʦ ʧʨʦʪʠʨʽʯ, ʱʦ ʧʨʠʪʘʤʘʥʥʽ ʩʧʨʦʱʝʥʠʤ ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʧʨʦʮʝʜʫʨʘʤ ʧʨʠ 

ʦʙʯʠʩʣʝʥʥʽ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʣʽʥʽʡʥʦ-ʧʨʫʞʥʠʭ ʤʦʜʝʣʝʡ 

ʪʘ ʽʥ. ʉʫʪʪʻʚʦʶ ʧʝʨʝʚʘʛʦʶ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʧʨʦʮʝʜʫʨ ʟ ɼɹʅ [66, 67] ʻ ʚʨʘʭʫʚʘʥʥʷ 

ʬʘʢʪʠʯʥʠʭ ʌʄʍ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʙʫʜʽʚʝʣʴ ʪʘ ʩʧʦʨʫʜ, ʩʧʨʦʱʝʥʘ 

ʤʦʞʣʠʚʽʩʪʴ ʫʨʘʭʫʚʘʥʥʷ ʾʭ ʬʽʟʠʯʥʦʛʦ ʟʥʦʩʫ. ʆʜʥʘʢ ʾʭ ʧʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʠʭ ʪʨʫʜʦʚʠʪʨʘʪ ʪʘ ʙʘʛʘʪʦ ʨʦʙʦʯʦʛʦ ʯʘʩʫ. ɺʨʘʭʦʚʫʶʯʠ ʩʧʨʦʱʝʥʠʡ 

ʧʽʜʭʽʜ ɼɹʅ ʜʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʨʝʘʣʴʥʦʾ ʨʝʘʢʮʽʾ ʙʫʜʽʚʝʣʴ ʪʘ ʩʧʦʨʫʜ 

ʥʘ ʜʠʥʘʤʽʯʥʽ ʚʧʣʠʚʠ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ (ʙʦʡʦʚʽ, ʩʝʡʩʤʽʯʥʽ ʪʦʱʦ), ʢʦʨʝʢʪʥʽʩʪʴ ʪʘ 

ʦʮʽʥʢʘ ʘʜʝʢʚʘʪʥʦʩʪʽ ʪʘʢʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʟʘʣʠʰʘʶʪʴʩʷ ʧʽʜ ʧʠʪʘʥʥʷʤ. 

ʄʝʪʦʜʠ ʪʝʭʥʽʯʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʜʦʟʚʦʣʷʶʪʴ ʚʠʷʚʠʪʠ ʪʘ ʣʦʢʘʣʽʟʫʚʘʪʠ 

ʘʥʦʤʘʣʽʶ ʜʠʥʘʤʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʩʧʦʨʫʜʠ, ʚʦʜʥʦʯʘʩ ʚʦʥʠ ʥʝ ʤʦʞʫʪʴ ʫʩʪʘʥʦʚʠʪʠ ʾʾ 

ʧʦʭʦʜʞʝʥʥʷ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʥʘʤʽʯʥʦʾ ʨʝʘʢʮʽʾ ʙʫʜʽʚʝʣʴ ʪʘ 

ʩʧʦʨʫʜ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʘʪʯʠʢʽʚ-ʘʢʩʝʣʝʨʦʤʝʪʨʽʚ ʟʘʟʚʠʯʘʡ ʧʨʦʚʦʜʷʪʴʩʷ ʪʽʣʴʢʠ ʧʨʠ 

ʤʽʢʨʦʜʠʥʘʤʽʯʥʦʤʫ ʟʙʫʜʞʝʥʥʽ ʢʦʣʠʚʘʥʴ. ʗʢ ʥʘʩʣʽʜʦʢ, ʚʩʽ ʝʣʝʤʝʥʪʠ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʾʭ ʟ'ʻʜʥʘʥʴ ʧʨʘʮʶʶʪʴ ʚʠʥʷʪʢʦʚʦ ʫ ʧʨʫʞʥʽʡ ʩʪʘʜʽʾ. 

ʎʝ ʥʝ ʜʦʟʚʦʣʷʻ ʚʨʘʭʫʚʘʪʠ ʚʧʣʠʚ ʢʦʥʩʪʨʫʢʮʽʡʥʦʾ ʪʘ ʬʽʟʠʯʥʦʾ ʥʝʣʽʥʽʡʥʦʩʪʽ ʪʘ 

ʜʝʛʨʘʜʘʮʽʶ ʞʦʨʩʪʢʽʩʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʦʮʽʥʢʫ ʩʝʡʩʤʦʩʪʽʡʢʦʩʪʽ ʙʫʜʽʚʣʽ.  

ʏʝʨʝʟ ʦʧʠʩʘʥʽ ʚʠʱʝ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ, ʚʣʘʩʪʠʚʽ ʢʦʞʥʦʤʫ ʟ ʪʨʴʦʭ ʧʽʜʭʦʜʽʚ, 

ʤʝʪʦʜʠʯʥʽ ʧʨʦʙʣʝʤʠ ʜʠʥʘʤʽʯʥʦʾ ʧʘʩʧʦʨʪʠʟʘʮʽʾ ʤʦʞʥʘ ʟʚʝʩʪʠ ʜʦ ʜʚʦʭ ʦʩʥʦʚʥʠʭ 

ʧʨʦʙʣʝʤ [127]:  

ʇʝʨʰʦʶ ʧʨʦʙʣʝʤʦʶ ʻ ʘʜʝʢʚʘʪʥʝ ʪʘ ʦʜʥʦʯʘʩʥʦ ʥʘʡʙʽʣʴʰ ʦʭʦʧʣʶʶʯʝ 

ʚʠʟʥʘʯʝʥʥʷ ʽʥʪʝʛʨʘʣʴʥʠʭ ʢʨʠʪʝʨʽʾʚ (ʙʘʞʘʥʦ ʤʽʥʽʤʽʟʫʚʘʪʠ ʽʭ ʢʽʣʴʢʽʩʪʴ) ʧʨʠ 

ʦʮʽʥʮʽ ʟʘʧʘʩʫ ʜʠʥʘʤʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʦʙʩʪʝʞʫʚʘʥʦʾ ʙʫʜʽʚʣʽ: 

Å ʚʽʜʧʦʚʽʜʘʣʴʥʘ ʦʮʽʥʢʘ ʜʦʩʚʽʜʯʝʥʠʭ ʝʢʩʧʝʨʪʽʚ, ʱʦ ʦʧʠʩʫʻ ʩʪʫʧʽʥʴ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʦʙ'ʻʢʪʘ ʧʨʦʻʢʪʥʠʤ ʪʘ ʽʥʰʠʤ ʚʠʤʦʛʘʤ [66]; 

Å ʨʦʟʨʘʭʫʥʢʦʚʦ-ʘʥʘʣʽʪʠʯʥʘ ʦʮʽʥʢʘ ʩʝʡʩʤʦʩʪʽʡʢʦʩʪʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʫʤʦʚʥʠʤ ʩʝʡʩʤʽʯʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ [66]; 

Å ʨʝʟʫʣʴʪʘʪʠ ʪʝʭʥʽʯʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʙʫʜʽʚʣʽ [128]. 
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ɼʨʫʛʦʶ ʧʨʦʙʣʝʤʦʶ ʻ ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʘʢʦʛʦ 

ʨʽʚʥʷ ʜʠʥʘʤʽʯʥʦʛʦ ʚʧʣʠʚʫ, ʧʨʠ ʷʢʦʤʫ ʨʦʙʦʪʘ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʜʽʚʣʽ 

ʙʫʜʝ ʚʽʜʙʫʚʘʪʠʩʷ ʥʝ ʥʘ ʤʽʢʨʦʜʠʥʘʤʽʯʥʦʤʫ ʨʽʚʥʽ, ʘ ʟʘ ʤʝʞʝʶ ʧʨʫʞʥʦʩʪʽ 

(ʥʝʣʽʥʽʡʥʘ ʧʦʚʝʜʽʥʢʘ).  

ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʛʣʷʜʫ ʽʩʥʫʶʯʠʭ ʥʘʫʢʦʚʠʭ ʧʫʙʣʽʢʘʮʽʡ ʪʘ ʙʫʜʽʚʝʣʴʥʠʭ 

ʥʦʨʤʘʪʠʚʽʚ ʤʦʞʥʘ ʧʨʠʡʪʠ ʜʦ ʚʠʩʥʦʚʢʫ, ʱʦ ʥʘ ʩʴʦʛʦʜʥʽ ʚ ʋʢʨʘʾʥʽ ʥʝ ʽʩʥʫʻ 

ʻʜʠʥʦʾ ʫʟʘʢʦʥʝʥʦʾ ʥʘ ʨʽʚʥʽ ɼɹʅ [67, 129, 130] ʘʙʦ ʩʪʘʥʜʘʨʪʫ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʦʾ 

ʤʝʪʦʜʠʢʠ ʜʠʥʘʤʽʯʥʦʾ ʧʘʩʧʦʨʪʠʟʘʮʽʾ. ɿ ʦʛʣʷʜʫ ʥʘ ʮʝ, ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ 

ʦʙʩʪʝʞʝʥʥʷ ʙʫʜʽʚʝʣʴ ʟ ʤʝʪʦʶ ʦʮʽʥʢʠ ʾʭ ʬʘʢʪʠʯʥʦʾ ʩʝʡʩʤʦʩʪʽʡʢʦʩʪʽ ʪʘ 

ʚʠʟʥʘʯʝʥʥʷ ʟʘʣʠʰʢʦʚʦʛʦ ʨʝʩʫʨʩʫ, ʟʦʢʨʝʤʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʬʽʟʠʯʥʦʛʦ ʟʥʦʩʫ 

ʢʦʥʩʪʨʫʢʮʽʡ, ʻ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ.  

ʉʠʩʪʝʤʥʠʡ ʘʥʘʣʽʟ ʜʠʥʘʤʽʯʥʠʭ ʚʧʣʠʚʽʚ ʚʽʜ ʧʨʦʤʠʩʣʦʚʠʭ ʚʠʙʫʭʽʚ ʥʘ 

ʞʠʪʣʦʚʫ ʟʘʙʫʜʦʚʫ, ʧʨʦʙʣʝʤʠ ʜʠʥʘʤʽʯʥʦʾ ʧʘʩʧʦʨʪʠʟʘʮʽʾ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ, ʘ 

ʪʘʢʦʞ ʯʠʩʝʣʴʥʽ ʤʝʪʦʜʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʟʘʚʜʘʥʴ 

ʤʝʭʘʥʽʢʠ ʜʦʩʣʽʜʞʫʚʘʣʠʩʷ ʙʘʛʘʪʴʤʘ ʘʚʪʦʨʘʤʠ [108ï120]. ɿʦʢʨʝʤʘ, ʫ ʧʫʙʣʽʢʘʮʽʾ 

[131] ʚʠʚʯʝʥʦ ʧʘʜʽʥʥʷ ʞʠʪʪʻʚʦʛʦ ʨʝʩʫʨʩʫ ʙʫʜʽʚʣʽ ʎʝʥʪʨʫ ʜʠʪʷʯʦʾ ʪʚʦʨʯʦʩʪʽ 

ʤ. ʂʨʠʚʦʛʦ ʈʦʛʫ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʠʡ ʤʽʞ ʟʘʣʽʟʦʨʫʜʥʠʤʠ ʢʘʨ'ʻʨʘʤʠ ʇʽʚʜʝʥʥʦʛʦ 

ʪʘ ʎʝʥʪʨʘʣʴʥʦʛʦ ʛʽʨʥʠʯʦ-ʟʙʘʛʘʯʫʚʘʣʴʥʠʭ ʢʦʤʙʽʥʘʪʽʚ. ɹʫʜʽʚʣʷ ʎʝʥʪʨʫ 

ʟʘʟʥʘʚʘʣʘ çʧʦʜʚʽʡʥʦʾ ʜʦʟʠè ʜʠʥʘʤʽʯʥʠʭ ʚʧʣʠʚʽʚ ï ʚʽʜ ˇʨʫʥʪʦʚʠʭ ʪʘ ʧʦʚʽʪʨʷʥʠʭ 

ʫʜʘʨʥʠʭ ʭʚʠʣʴ ʚʥʘʩʣʽʜʦʢ ʨʝʛʫʣʷʨʥʠʭ ʧʨʦʤʠʩʣʦʚʠʭ ʚʠʙʫʭʽʚ, ʷʢʽ ʻ ʥʝʦʙʭʽʜʥʠʤ 

ʝʣʝʤʝʥʪʦʤ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʮʠʢʣʫ ʚʠʜʦʙʫʪʢʫ ʟʘʣʽʟʥʷʢʫ ʫ ʟʘʣʽʟʦʨʫʜʥʠʭ ʢʘʨ'ʻʨʘʭ. 

ʋ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ɼʫʥʽʥʘ ɺ.ɸ. [132] ʜʦʩʣʽʜʞʝʥʥʷ ʧʠʪʘʥʴ ʜʠʥʘʤʽʯʥʠʭ 

ʚʧʣʠʚʽʚ ʧʦʚʽʪʨʷʥʠʭ ʽ ˇʨʫʥʪʦʚʠʭ ʫʜʘʨʥʠʭ ʭʚʠʣʴ ʚʽʜ ʧʨʦʤʠʩʣʦʚʠʭ ʚʠʙʫʭʽʚ ʙʫʣʦ 

ʨʦʟʰʠʨʝʥʦ ʥʘ ʚʩʽ ʢʘʨ'ʻʨʠ ʂʨʠʚʦʛʦ ʈʦʛʫ ʪʘ ʨʽʟʥʽ ʪʠʧʠ ʙʫʜʽʚʝʣʴ ʤʘʩʦʚʦʾ 

ʮʠʚʽʣʴʥʦʾ ʟʘʙʫʜʦʚʠ, ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʤʝʞʽ ʦʭʦʨʦʥʥʠʭ ʟʦʥ ʧʨʠʣʝʛʣʠʭ ʢʘʨ'ʻʨʽʚ 

ʟʘʣʽʟʥʷʢʫ. 

ʋ ʥʠʟʮʽ ʢʨʘʾʥ ʽʩʥʫʶʪʴ ʢʽʣʴʢʘ ʨʝʛʣʘʤʝʥʪʥʠʭ ʚʠʤʦʛ ʽ ʧʨʠʧʠʩʽʚ ʟʘʣʝʞʥʦ ʚʽʜ 

ʚʽʜʦʤʩʪʚʘ, ʷʢʝ ʟʜʽʡʩʥʶʻ ʚʠʙʫʭʦʚʽ ʨʦʙʦʪʠ. ʇʨʦʚʝʜʝʤʦ ʦʛʣʷʜ ʥʘʮʽʦʥʘʣʴʥʦʛʦ 

ʩʪʘʥʜʘʨʪʫ ʅʽʤʝʯʯʠʥʠ ʟ ʥʦʨʤʫʚʘʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʢʦʣʠʚʘʥʴ ˇʨʫʥʪʫ ʽ 

ʢʦʥʩʪʨʫʢʮʽʡ ʩʧʦʨʫʜ, ʱʦ ʦʭʦʨʦʥʷʶʪʴʩʷ, ʚʽʜ ʚʠʙʫʭʦʚʠʭ ʚʧʣʠʚʽʚ. 
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ɺ ʜʝʷʢʠʭ ʥʘʮʽʦʥʘʣʴʥʠʭ ʩʪʘʥʜʘʨʪʘʭ (ʥʘʧʨʠʢʣʘʜ, ʉʐɸ) ʧʨʠ ʯʘʩʪʦʪʽ 

ʢʦʣʠʚʘʥʴ ʙʣʠʟʴʢʦ 100 ɻʮ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʜʦʧʫʩʪʠʤʘ ʚʽʙʨʦʰʚʠʜʢʽʩʪʴ ʙʽʣʴʰʘ ʟʘ 

10 ʤʤ/ʩ ʜʣʷ ʩʧʦʨʫʜ ʦʩʦʙʣʠʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʧʨʠʨʽʚʥʷʥʠʭ ʜʦ ʘʨʭʽʪʝʢʪʫʨʥʠʭ 

ʧʘʤ'ʷʪʦʢ. ʋ ʪʘʙʣ. 1.1, ʥʘʚʝʜʝʥʽʡ ʟ̔ ʜʞʝʨʝʣʘ ʧʨʦ ʥʦʨʤʠ ʉʐɸ, ʥʘʚʦʜʷʪʴʩʷ 

ʥʘʩʪʫʧʥʽ ʟʥʘʯʝʥʥʷ ʚʽʙʨʦʰʚʠʜʢʦʩʪʽ. 

ʊʘʙʣʠʮʷ 1.1. 

ɼʦʧʫʩʪʠʤʘ ʚʽʙʨʦʰʚʠʜʢʽʩʪʴ ʜʣʷ ʩʧʦʨʫʜ ʦʩʦʙʣʠʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ 

ʂʣʘʩ ʩʧʦʨʫʜʠ ʊʝʭʥʽʯʥʠʡ ʩʪʘʥ 
ʏʘʩʪʦʪʘ ʚʠʙʫʭʦʚʠʭ 

ʢʦʣʠʚʘʥʴ ˇʨʫʥʪʫ, ɻʮ 

ɼʦʧʫʩʪʠʤʘ ʰʚʠʜʢʽʩʪʴ 

ʢʦʣʠʚʘʥʴ, ʤʤ/ʩ 

0 ʇʦʛʘʥʠʡ - 12,7 

1 
ɺʽʜ ʧʦʛʘʥʦʛʦ ʜʦ 

ʧʦʩʝʨʝʜʥʴʦʛʦ 
0ï10 19,1 

2,3 
ɺʽʜ ʧʦʩʝʨʝʜʥʴʦʛʦ ʜʦ 

ʭʦʨʦʰʦʛʦ 
10ï40 25,4 

1,2,3,4 ʏʫʜʦʚʠʡ >40 50,8 

ʇʨʠʤʽʪʢʘ: ʂʣʘʩ 0 ï ʽʩʪʦʨʠʯʥʽ ʩʧʦʨʫʜʠ ʪʘ ʞʠʪʣʦʚʽ ʙʫʜʠʥʢʠ ʟ ʙʫʪʦʚʠʤ ʬʫʥʜʘʤʝʥʪʦʤ, ʱʦ 

ʤʘʶʪʴ ʪʨʽʱʠʥʠ ʚ ʰʪʫʢʘʪʫʨʮʽ ʩʪʽʥ; I ï ʙʫʜʠʥʢʠ, ʩʪʘʨʰʽ ʟʘ 20 ʨʦʢʽʚ; 2 ï ʩʫʯʘʩʥʽ ʜʝʨʝʚ'ʷʥʽ 

ʙʫʜʽʚʣʽ ʚʽʢʦʤ ʤʝʥʰʝ 20 ʨʦʢʽʚ ʟ ʙʝʪʦʥʥʠʤ ʬʫʥʜʘʤʝʥʪʦʤ; 3 ï ʩʧʦʨʫʜʠ ʪʠʧʫ ʚʦʜʦʥʘʧʽʨʥʠʭ ʚʝʞ, 

ʪʫʥʝʣʽʚ, ʪʨʫʙʦʧʨʦʚʦʜʽʚ, ʰʘʭʪ ʪʦʱʦ; 4 ï ʽʥʞʝʥʝʨʥʽ ʩʧʦʨʫʜʠ, ʩʧʨʦʻʢʪʦʚʘʥʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʚʽʜ ʟʝʤʣʝʪʨʫʩʽʚ, ʪʨʘʥʩʧʦʨʪʫ, ʚʽʪʨʫ. 

ɺ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʘʭ ʋʢʨʘʾʥʠ ʥʘʚʝʜʝʥʽ ʜʦʧʫʩʪʠʤʽ ʧʘʨʘʤʝʪʨʠ 

ʢʦʣʠʚʘʥʴ ʧʨʠ ʚʠʙʫʭʘʭ, ʷʢʽ ʜʦʙʨʝ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʤʽʞʥʘʨʦʜʥʠʤʠ [133] (ʪʘʙʣ. 

1.2). 

ʊʘʙʣʠʮʷ 1.2  

ʐʢʘʣʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʝʡʩʤʽʯʥʠʭ ʢʦʣʠʚʘʥʴ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʦʣʠʚʘʥʴ ɹʘʣʠ 
ʐʚʠʜʢʽʩʪʴ 

ʢʦʣʠʚʘʥʴ, ʩʤ/ʩĿ10-2 
1 2 3 

ʂʦʣʠʚʘʥʥʷ ʨʝʻʩʪʨʫʶʪʴ ʪʽʣʴʢʠ ʧʨʠʣʘʜʠ 1 0,2 

ʂʦʣʠʚʘʥʥʷ ʚʽʜʯʫʚʘʶʪʴʩʷ ʚ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ 

ʟʘ ʪʠʭʦʾ ʧʦʛʦʜʠ 
2 0,2ï0,4 

ʂʦʣʠʚʘʥʥʷ ʚʽʜʯʫʚʘʶʪʴ ʜʝʷʢʽ ʣʶʜʠ ʘʙʦ ʪʽ, ʢʦʤʫ 

ʚʽʜʦʤʦ ʧʨʦ ʧʨʦʚʝʜʝʥʥʷ ʚʠʙʫʭʫ 
3 0,4ï0,8 

ʂʦʣʠʚʘʥʥʷ ʚʽʜʯʫʚʘʶʪʴ ʙʘʛʘʪʦ ʣʶʜʝʡ, 

ʜʝʨʝʥʯʘʥʥʷ ʩʢʣʘ 
4 0,8ï1,5 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣ. 1.2 

1 2 3 

ʆʧʘʜʘʥʥʷ ʧʦʙʽʣʢʠ, ʧʦʰʢʦʜʞʝʥʥʷ ʩʪʘʨʠʭ 

ʙʫʜʽʚʝʣʴ 
5 1,5ï3,0 

ʊʦʥʢʽ ʪʨʽʱʠʥʠ ʚ ʰʪʫʢʘʪʫʨʮʽ, ʧʦʰʢʦʜʞʝʥʥʷ 

ʙʫʜʽʚʝʣʴ, ʷʢʽ ʤʘʣʠ ʜʝʬʦʨʤʘʮʽʾ 
6 3,0ï6,0 

ʇʦʰʢʦʜʞʝʥʥʷ ʙʫʜʽʚʝʣʴ, ʷʢʽ ʧʝʨʝʙʫʚʘʣʠ 

ʟʘʜʦʚʽʣʴʥʦʤʫ ʩʪʘʥʽ, ʪʨʽʱʠʥʠ ʚ ʰʪʫʢʘʪʫʨʮʽ, 

ʧʘʜʽʥʥʷ ʰʤʘʪʢʽʚ ʰʪʫʢʘʪʫʨʢʠ, ʪʦʥʢʽ ʪʨʽʱʠʥʠ ʚ 

ʩʪʽʥʘʭ, ʪʨʽʱʠʥʠ ʚ ʧʝʯʘʭ ʽ ʪʨʫʙʘʭ  

7 6,0ï12,0 

ɿʥʘʯʥʽ ʧʦʰʢʦʜʞʝʥʥʷ ʙʫʜʽʚʝʣʴ: ʪʨʽʱʠʥʠ ʚ 

ʥʝʩʫʯʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ, ʚʝʣʠʢʽ ʪʨʽʱʠʥʠ ʚ 

ʧʝʨʝʛʦʨʦʜʢʘʭ, ʧʘʜʽʥʥʷ ʧʽʯʥʠʭ ʪʨʫʙ, ʦʙʚʘʣʠ 

ʰʪʫʢʘʪʫʨʢʠ 

ʈʫʡʥʫʚʘʥʥʷ ʙʫʜʽʚʝʣʴ: ʚʝʣʠʢʽ ʪʨʽʱʠʥʠ ʚ ʩʪʽʥʘʭ, 

ʨʦʟʰʘʨʫʚʘʥʥʷ ʢʣʘʜʢʠ, ʧʘʜʽʥʥʷ ʦʢʨʝʤʠʭ 

ʯʘʩʪʠʥ ʩʪʽʥ 

ɺʝʣʠʢʽ ʨʫʡʥʫʚʘʥʥʷ ʡ ʦʙʚʘʣʠ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ 

8 

 

 

 

9 

 

 

10ï12 

12,0ï24,0 

 

 

 

24,0ï48,0 

 

 

ɹʽʣʴʰʝ ʥʽʞ 48,0 

 

1.4. ʈʠʟʠʢ ʘʚʘʨʽʾ ʙʫʜʽʚʝʣʴʥʦʛʦ ʦʙô̒ ʢʪʘ ʪʘ ʧʽʜʭʽʜ ʜʦ ʡʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

 

ɹʫʜʽʚʝʣʴʥʘ ʛʘʣʫʟʴ, ʷʢ ʽ ʙʫʜʴ-ʷʢʘ ʽʥʰʘ ʛʘʣʫʟʴ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ. ʉʪʘʪʠʩʪʠʢʘ ʧʦʢʘʟʫʻ, ʱʦ ʫ 

~80% ʚʠʧʘʜʢʽʚ ʙʫʜʽʚʝʣʴʥʽ ʘʚʘʨʽʾ ʟ ʦʙʚʘʣʝʥʥʷʤ ʥʝʩʫʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʦʙ'ʻʢʪʘ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʣʶʜʩʴʢʠʭ ʧʦʤʠʣʦʢ, ʜʦʧʫʱʝʥʠʭ ʧʨʠ ʧʨʦʻʢʪʫʚʘʥʥʽ, 

ʟʚʝʜʝʥʥʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʫʜʽʚʝʣʴ ʪʘ ʩʧʦʨʫʜ. ʎʽ ʧʦʤʠʣʢʠ ʬʦʨʤʫʶʪʴ ʚʥʫʪʨʽʰʥʽʡ 

(ʦʙ'ʻʢʪʥʠʡ) ʨʠʟʠʢ ʘʚʘʨʽʾ, ʚʽʜ ʚʝʣʠʯʠʥʠ ʷʢʦʛʦ ʟʘʣʝʞʠʪʴ ʷʢ ʪʝʨʤʽʥ ʩʣʫʞʙʠ 

(ʨʝʩʫʨʩ) ʦʙ'ʻʢʪʘ, ʪʘʢ ʽ ʨʦʟʤʽʨ ʰʢʦʜʠ ʫ ʨʘʟʽ ʘʚʘʨʽʾ. ɼʣʷ ʙʫʜʽʚʝʣʴʥʦʾ ʧʨʦʜʫʢʮʽʾ 

(ʙʫʜʽʚʝʣʴ ʪʘ ʩʧʦʨʫʜ) ʦʩʥʦʚʥʠʤ ʚʠʜʦʤ ʙʝʟʧʝʢʠ ʻ ʢʦʥʩʪʨʫʢʮʽʡʥʘ. ʂʦʥʩʪʨʫʢʮʽʡʥʘ 

ʙʝʟʧʝʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻ ʟʜʘʪʥʽʩʪʴ ʥʝʩʫʯʦʛʦ ʢʘʨʢʘʩʘ ʙʫʜʽʚʝʣʴ ʪʘ ʩʧʦʨʫʜ ʯʠʥʠʪʠ 

ʦʧʽʨ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷʤ ʫ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʷʭ ʽ ʪʨʘʢʪʫʻʪʴʩʷ ʷʢ ʚʽʜʩʫʪʥʽʩʪʴ 

ʫ ʥʴʦʤʫ ʥʝʧʨʠʧʫʩʪʠʤʦʛʦ ʨʠʟʠʢʫ ʘʚʘʨʽʾ. ʈʽʚʝʥʴ ʢʦʥʩʪʨʫʢʮʽʡʥʦʾ ʙʝʟʧʝʢʠ 

ʚʚʘʞʘʻʪʴʩʷ ʜʦʩʪʘʪʥʽʤ, ʷʢʱʦ ʬʘʢʪʠʯʥʠʡ ʨʠʟʠʢ ʘʚʘʨʽʾ ʦʙ'ʻʢʪʘ ʧʝʨʝʙʫʚʘʻ ʚ 

ʦʙʣʘʩʪʽ ʧʨʠʡʥʷʪʥʠʭ ʟʥʘʯʝʥʴ. ʄʝʞʽ ʪʘʢʦʾ ʦʙʣʘʩʪʽ ʚʠʟʥʘʯʘʶʪʴ ʥʦʨʤʘʣʴʥʝ 

ʟʥʘʯʝʥʥʷ ʨʠʟʠʢʫ, ʱʦ ʻ ʜʦʧʫʩʪʠʤʠʤ ʟʥʘʯʝʥʥʷʤ ʨʠʟʠʢʫ ʘʚʘʨʽʾ ʜʣʷ ʥʦʚʠʭ (ʘʙʦ ʪʠʭ, 

ʱʦ ʙʫʜʫʶʪʴʩʷ) ʙʫʜʽʚʝʣʴ (ʩʧʦʨʫʜ), ʽ ʛʨʘʥʠʯʥʦ-ʜʦʧʫʩʪʠʤʝ ʟʥʘʯʝʥʥʷ ʨʠʟʠʢʫ, ʧʨʠ 

ʜʦʩʷʛʥʝʥʥʽ ʷʢʦʛʦ ʥʘ ʦʙ'ʻʢʪʽ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʩʣʽʜ ʧʨʦʚʝʩʪʠ 
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ʨʝʤʦʥʪʥʽ ʨʦʙʦʪʠ. ʄʝʪʘ ʧʨʦʚʝʜʝʥʥʷ ʪʘʢʠʭ ʨʝʤʦʥʪʥʠʭ ʨʦʙʽʪ ï ʧʨʦʜʦʚʞʝʥʥʷ 

ʙʝʟʧʝʯʥʦʛʦ ʨʝʩʫʨʩʫ ʙʫʜʽʚʝʣʴ ʪʘ ʩʧʦʨʫʜ ʪʘ ʟʥʠʞʝʥʥʷ ʨʠʟʠʢʫ ʘʚʘʨʽʾ. ʊʨʝʪʽʤ 

ʩʪʘʥʜʘʨʪʥʠʤ ʟʥʘʯʝʥʥʷʤ ʨʠʟʠʢʫ ʘʚʘʨʽʾ ʻ ʛʨʘʥʠʯʥʝ ʟʥʘʯʝʥʥʷ ʨʠʟʠʢʫ, ʧʨʠ 

ʜʦʩʷʛʥʝʥʥʽ ʷʢʦʛʦ ʬʽʟʠʯʥʠʡ (ʢʦʥʩʪʨʫʢʮʽʡʥʠʡ) ʟʥʦʩ ʦʙ'ʻʢʪʘ ʩʪʘʻ ʛʨʘʥʠʯʥʠʤ ʪʘ 

ʧʨʘʢʪʠʯʥʦ ʚʠʯʝʨʧʫʻʪʴʩʷ ʟʜʘʪʥʽʩʪʴ ʾʭ ʥʝʩʫʯʦʛʦ ʢʘʨʢʘʩʫ ʯʠʥʠʪʠ ʦʧʽʨ ʜʽʶʯʠʤ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ. ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʧʽʜʩʫʤʢʫ, ʨʽʚʝʥʴ ʢʦʥʩʪʨʫʢʮʽʡʥʦʾ ʙʝʟʧʝʢʠ 

ʙʫʜʽʚʝʣʴ ʪʘ ʩʧʦʨʫʜ ʨʝʛʣʘʤʝʥʪʫʻʪʴʩʷ ʦʙʣʘʩʪʶ ʧʨʠʡʥʷʪʥʠʭ ʟʥʘʯʝʥʴ ʨʠʟʠʢʫ 

ʘʚʘʨʽʾ.  

ɼʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʟʥʘʯʝʥʴ ʨʠʟʠʢʫ ʥʝʦʙʭʽʜʥʘ 

ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʚʝʣʠʯʠʥʫ ʬʘʢʪʠʯʥʦʛʦ ʨʠʟʠʢʫ ʘʚʘʨʽʾ ʙʫʜʽʚʝʣʴ ʪʘ ʩʧʦʨʫʜ, 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʷʢʦʛʦ ʻ ʝʢʩʧʝʨʪʥʘ ʩʠʩʪʝʤʘ. ɽʢʩʧʝʨʪʥʘ ʩʠʩʪʝʤʘ 

ʷʚʣʷʻ ʩʦʙʦʶ ʣʶʜʠʥʦ-ʤʘʰʠʥʥʠʡ ʢʦʤʧʣʝʢʩ, ʱʦ ʧʦʻʜʥʫʻ ʤʘʪʝʤʘʪʠʯʥʽ ʤʝʪʦʜʠ ʪʘ 

ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʟ ʜʦʩʚʽʜʦʤ, ʟʥʘʥʥʷʤʠ ʪʘ ʽʥʪʫʾʮʽʻʶ ʣʶʜʝʡ-ʝʢʩʧʝʨʪʽʚ. 

ɯʥʞʝʥʝʨʥʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʠʢ ʨʦʟʨʘʭʫʥʢʫ ʨʠʟʠʢʫ ʘʚʘʨʽʾ ʪʘ ʙʝʟʧʝʯʥʦʛʦ 

ʟʘʣʠʰʢʦʚʦʛʦ ʨʝʩʫʨʩʫ ʙʫʜʽʚʝʣʴ ʪʘ ʩʧʦʨʫʜ ʪʽʩʥʦ ʧʦʚ'ʷʟʘʥʽ ʟ ʧʨʦʮʝʜʫʨʘʤʠ ʦʮʽʥʢʠ 

ʪʘ ʨʝʛʫʣʶʚʘʥʥʷ ʨʽʚʥʷ ʢʦʥʩʪʨʫʢʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʥʦʚʠʭ ʽ ʫʞʠʚʘʥʠʭ ʙʫʜʽʚʝʣʴ ʽ 

ʩʧʦʨʫʜ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʮʠʭ ʤʝʪʦʜʠʢ ʜʦʟʚʦʣʷʻ: 

Å ʚʽʜʥʝʩʪʠ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʦʙ'ʻʢʪʘ ʜʦ ʦʜʥʦʛʦ ʟ ʪʨʴʦʭ 

ʤʦʞʣʠʚʠʭ: ʙʝʟʧʝʯʥʦʛʦ, ʘʚʘʨʽʡʥʦʛʦ ʘʙʦ ʩʪʘʨʦ-ʘʚʘʨʽʡʥʦʛʦ; 

Å ʚʠʟʥʘʯʠʪʠ çʚʥʝʩʦʢè ʢʦʞʥʦʾ ʛʨʫʧʠ ʢʦʥʩʪʨʫʢʮʽʡ ʥʝʩʫʯʦʛʦ ʢʘʨʢʘʩʘ ʫ 

ʚʝʣʠʯʠʥʫ ʨʠʟʠʢʫ ʘʚʘʨʽʾ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʦʙ'ʻʢʪʘ; 

Å ʨʦʟʨʘʭʫʚʘʪʠ ʙʝʟʧʝʯʥʠʡ ʟʘʣʠʰʢʦʚʠʡ ʨʝʩʫʨʩ ʦʙ'ʻʢʪʘ ʪʘ ʟʨʦʙʠʪʠ ʧʨʦʛʥʦʟ 

ʧʨʦʤʽʞʢʫ ʯʘʩʫ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʧʽʩʣʷ ʷʢʦʛʦ ʥʘ ʮʴʦʤʫ ʦʙ'ʻʢʪʽ ʥʝʦʙʭʽʜʥʦ ʚʞʠʪʠ 

ʟʘʭʦʜʽʚ ʱʦʜʦ ʟʥʠʞʝʥʥʷ ʨʠʟʠʢʫ ʘʚʘʨʽʾ. 

ʈʠʟʠʢ ʘʚʘʨʽʾ ï ʚʝʢʪʦʨʥʘ ʚʝʣʠʯʠʥʘ, ʨʝʛʫʣʴʦʚʘʥʦʶ ʩʢʣʘʜʦʚʦʶ ʷʢʦʾ ʻ 

ʦʙ'ʻʢʪʥʠʡ ʨʠʟʠʢ, ʱʦ ʬʦʨʤʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʧʦʤʠʣʦʢ ʧʨʦʻʢʪʫʚʘʣʴʥʠʢʽʚ, 

ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ, ʙʫʜʽʚʝʣʴʥʠʢʽʚ, ʢʦʥʪʨʦʣʝʨʽʚ ʪʘ ʽʥ. ɼʦ ʥʝʨʝʛʫʣʴʦʚʘʥʠʭ 

ʩʢʣʘʜʦʚʠʭ ʨʠʟʠʢʫ ʘʚʘʨʽʾ ʥʘʣʝʞʘʪʴ ʡʤʦʚʽʨʥʦʩʪʽ ʚʠʥʠʢʥʝʥʥʷ ʟʦʚʥʽʰʥʽʭ 

ʟʘʧʨʦʢ̒ʪʥʠʭ ʚʧʣʠʚʽʚ ʥʘ ʦʙ'ʻʢʪ, ʱʦ ʨʽʟʥʷʪʴʩʷ ʟʘ ʯʘʩʪʦʪʦʶ ʧʨʦʷʚʫ ʪʘ 

ʧʦʪʫʞʥʽʩʪʶ. ɽʢʦʥʦʤʽʯʥʠʤʠ ʩʢʣʘʜʦʚʠʤʠ ʨʠʟʠʢʫ ʘʚʘʨʽʾ ʻ ʚʠʪʨʘʪʠ ʥʘ 
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ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡʥʦʾ ʙʝʟʧʝʢʠ, ʟʙʠʪʢʠ ʚʽʜ ʘʚʘʨʽʾ ʪʘ ʟʠʩʢ ʚʽʜ ʟʥʠʞʝʥʥʷ 

ʦʙ'ʻʢʪʥʦʛʦ ʨʠʟʠʢʫ ʘʚʘʨʽʾ. 

ʋ 80% ʚʠʧʘʜʢʽʚ ʘʚʘʨʽʾ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʧʝʨʝʪʠʥʫ ʜʚʦʭ ʥʝʟʘʣʝʞʥʠʭ ʥʝʛʘʪʠʚʥʠʭ ʧʦʜʽʡ: ʧʦʜʽʾ, ʷʢʘ ʧʦʣʷʛʘʻ ʫ ʥʝʩʧʦʜʽʚʘʥʽʡ 

ʧʦʷʚʽ ʟʦʚʥʽʰʥʴʦʛʦ ʟʘʧʨʦʻʢʪʥʦʛʦ ʚʧʣʠʚʫ, ʱʦ ʧʨʦʚʦʢʫʻ ʘʚʘʨʽʶ, ʽ ʧʦʜʽʾ, ʷʢʘ 

ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʧʨʠ ʟʚʝʜʝʥʥʽ ʪʘ/ʘʙʦ ʝʢʩʧʣʫʘʪʘʮʽʾ ʦʙ'ʻʢʪʘ ʜʦʧʫʱʝʥʘ ʧʝʚʥʘ 

ʩʫʢʫʧʥʽʩʪʴ ʣʶʜʩʴʢʠʭ ʧʦʤʠʣʦʢ, ʱʦ ʟʥʠʟʠʣʘ ʨʽʚʝʥʴ ʡʦʛʦ ʢʦʥʩʪʨʫʢʮʽʡʥʦʾ 

ʙʝʟʧʝʢʠ. ʇʨʠ ʘʚʘʨʽʾ ʦʙ'ʻʢʪʘ ʨʦʟʤʽʨ ʟʙʠʪʢʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʝʣʠʯʠʥʠ 

ʚʥʫʪʨʽʰʥʴʦʛʦ (ʦʙ'ʻʢʪʥʦʛʦ) ʨʠʟʠʢʫ ʘʚʘʨʽʾ. ʇʨʦʛʥʦʟ ʨʠʟʠʢʫ ʘʚʘʨʽʾ ʙʫʜʽʚʝʣʴʥʠʭ 

ʦʙ'ʻʢʪʽʚ ʥʘ ʦʩʥʦʚʽ ʢʣʘʩʠʯʥʦʛʦ ʽʤʦʚʽʨʥʽʩʥʦʛʦ ʧʽʜʭʦʜʫ ʥʝʤʦʞʣʠʚʠʡ ʽʟ ʜʚʦʭ 

ʧʨʠʯʠʥ [134]. ʇʦ-ʧʝʨʰʝ, ʘʚʘʨʽʾ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ ʻ ʜʫʞʝ ʨʽʜʢʽʩʥʠʤʠ ʧʦʜʽʷʤʠ, ʘ 

ʧʦ-ʜʨʫʛʝ, ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʽ ʣʶʜʩʴʢʽ ʧʦʤʠʣʢʠ, ʷʢʽ ʜʦʧʫʩʢʘʶʪʴʩʷ ʚ ʧʨʦʮʝʩʽ 

ʧʨʦʻʢʪʫʚʘʥʥʷ, ʟʚʝʜʝʥʥʷ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʫʜʽʚʝʣʴʥʦʛʦ ʦʙ'ʻʢʪʘ, ʚʥʦʩʷʪʴ ʽʩʪʦʪʥʫ 

ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʫ ʨʝʘʢʮʽʶ (ʧʦʚʝʜʽʥʢʫ) ʥʝʩʫʯʦʛʦ ʢʘʨʢʘʩʫ ʦʙ'ʻʢʪʘ ʥʘ ʟʦʚʥʽʰʥʽʡ 

ʚʧʣʠʚ. ʆʩʢʽʣʴʢʠ ʨʠʟʠʢ ʘʚʘʨʽʾ ʪʘ ʩʪʫʧʽʥʴ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ 

ʥʝʩʫʯʦʛʦ ʢʘʨʢʘʩʘ ʦʙ'ʻʢʪʘ ʻ ʪʽʩʥʦ ʧʦʚ'ʷʟʘʥʠʤʠ ʧʦʥʷʪʪʷʤʠ, ʦʮʽʥʢʘ ʨʠʟʠʢʫ ʘʚʘʨʽʾ 

ʧʦʚʠʥʥʘ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʥʘ ʦʩʥʦʚʽ ʣʦʛʽʢʦ-ʡʤʦʚʽʨʥʽʩʥʦʛʦ ʧʽʜʭʦʜʫ. ʊʘʢʠʡ ʧʽʜʭʽʜ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʪʝʦʨʝʤʘʭ ʪʝʦʨʽʾ ʡʤʦʚʽʨʥʦʩʪʝʡ (ʪʝʦʨʝʤʘ ʛʽʧʦʪʝʟ, ʪʝʦʨʝʤʘ ʧʦʚʥʦʾ 

ʡʤʦʚʽʨʥʦʩʪʽ ʪʘ ʽʥ.), ʝʣʝʤʝʥʪʘʭ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʽʥʪʝʣʝʢʪʫ (ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʤʝʪʦʜʘʭ ʪʘ ʧʨʦʛʨʘʤʥʠʭ ʘʣʛʦʨʠʪʤʘʭ ʨʦʟʤʠʪʠʭ ʤʥʦʞʠʥ ʪʘ ʧʨʠʡʦʤʘʭ ʥʝʯʽʪʢʦʾ 

ʣʦʛʽʢʠ), ʪʝʦʨʝʪʠʢʦ-ʤʝʪʦʜʦʣʦʛʽʯʥʠʭ ʧʽʜʭʦʜʘʭ ʜʦ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʚ ʫʤʦʚʘʭ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʪʘ ʚʽʜʩʫʪʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ. ɺʝʣʠʯʠʥʠ ʬʘʢʪʠʯʥʦʛʦ ʨʠʟʠʢʫ ʘʚʘʨʽʾ, 

ʬʽʟʠʯʥʦʛʦ (ʢʦʥʩʪʨʫʢʮʽʡʥʦʛʦ) ʟʥʦʩʫ ʪʘ ʙʝʟʧʝʯʥʦʛʦ ʨʝʩʫʨʩʫ ʙʫʜʽʚʝʣʴ  ̔ʩʧʦʨʫʜ 

ʪʘʢʦʞ ʚʟʘʻʤʦʧʦʚ'ʷʟʘʥʽ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʮʠʭ ʚʝʣʠʯʠʥ ʤʘʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ 

ʟʘʢʦʥ ʨʦʟʧʦʜʽʣʫ ʨʠʟʠʢʫ ʘʚʘʨʽʾ, ʷʢʠʡ ʻ ʽʥʪʝʛʨʘʣʴʥʠʤ ʧʦʢʘʟʥʠʢʦʤ ʨʽʚʥʷ 

ʢʦʥʩʪʨʫʢʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʙʫʜʽʚʝʣʴʥʦʛʦ ʦʙ'ʻʢʪʘ. ʗʢʱʦ ʪʘʢʠʡ ʟʘʢʦʥ ʚʽʜʦʤʠʡ, ʪʦ ʟʘ 

ʟʥʘʯʝʥʥʷʤ ʡʦʛʦ ʥʘʡʙʽʣʴʰ ʧʦʢʘʟʦʚʦʛʦ ʧʦʢʘʟʥʠʢʘ ï ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʝʥʪʨʦʧʽʾ ï 

ʤʦʞʥʘ ʩʫʜʠʪʠ ʧʨʦ ʩʪʫʧʽʥʴ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʥʝʩʫʯʦʛʦ ʢʘʨʢʘʩʫ 

ʦʙ'ʻʢʪʘ. ɿʘ ʟʤʽʥʦ  ʁ ʰʚʠʜʢʦʩʪʽ ʟʨʦʩʪʘʥʥʷ ʮʽʻʾ ʝʥʪʨʦʧʽʾ ʤʦʞʥʘ ʟʥʘʡʪʠ ʪʘʢʽ 

ʟʥʘʯʝʥʥʷ ʨʠʟʠʢʫ ʘʚʘʨʽʾ, ʧʨʠ ʷʢʠʭ ʥʝʩʫʯʠʡ ʢʘʨʢʘʩ ʙʫʜʽʚʝʣʴʥʦʛʦ ʦʙ'ʻʢʪʘ 
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ʧʝʨʝʭʦʜʠʪʴ ʫ ʷʢʽʩʥʦ ʽʥʰʠʡ ʩʪʘʥ, ʥʘʧʨʠʢʣʘʜ ʟ ʙʝʟʧʝʯʥʦʛʦ ï ʚ ʘʚʘʨʽʡʥʠʡ, ʘ ʟ 

ʘʚʘʨʽʡʥʦʛʦ ï ʫ ʩʪʘʨʦ-ʘʚʘʨʽʡʥʠʡ. 

ɿʘʛʘʣʴʥʦʧʦʰʠʨʝʥʘ ʚ ʩʝʨʝʜʦʚʠʱʽ ʙʫʜʽʚʝʣʴʥʠʢʽʚ ʪʝʟʘ ʧʨʦ ʪʝ, ʱʦ ʙʫʜʽʚʣʽ ʪʘ 

ʩʧʦʨʫʜʠ, ʷʢʽ ʤʘʶʪʴ ʜʦʩʪʘʪʥʽʡ ʟʘʧʘʩ ʤʽʮʥʦʩʪʽ ʩʪʦʩʦʚʥʦ ʟʦʚʥʽʰʥʽʭ ʚʧʣʠʚʽʚ, 

ʥʘʜʽʡʥʽ ʽ ʩʪʦʩʦʚʥʦ ʣʶʜʩʴʢʠʭ ʧʦʤʠʣʦʢ, ʧʨʘʢʪʠʢʦʶ ʥʝ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ: ʟʘʡʚʠʡ 

ʟʘʧʘʩ ʤʽʮʥʦʩʪʽ ʥʝ ʢʦʤʧʝʥʩʫʻ ʧʦʤʠʣʢʠ ʣʶʜʝʡ. ɹʽʣʴʰʝ ʪʦʛʦ, ʮʽ ʧʦʤʠʣʢʠ ʻ 

ʜʦʤʽʥʫʶʯʦʶ ʧʨʠʯʠʥʦʶ ʘʚʘʨʽʡ ʦʙ'ʻʢʪʽʚ ʙʫʜʽʚʥʠʮʪʚʘ. 

ʋ ʨʦʙʦʪʽ [135] ʩʪʚʝʨʜʞʫʻʪʴʩʷ, ʱʦ ʥʘ ʤʦʤʝʥʪ ʟʘʢʽʥʯʝʥʥʷ ʙʫʜʽʚʥʠʮʪʚʘ 

ʦʙ'ʻʢʪʘ ʟʘ ʨʘʭʫʥʦʢ ʧʦʤʠʣʦʢ ʣʶʜʝʡ ʬʘʢʪʠʯʥʘ ʈʬ ʡʤʦʚʽʨʥʽʩʪʴ ʘʚʘʨʽʾ ʧʦʨʽʚʥʷʥʦ ʟ 

ʪʝʦʨʝʪʠʯʥʦʶ (ʧʨʦʻʢʪʥʦʶ) ʈʪ ʚʝʣʠʯʠʥʦʶ ʟʨʦʩʪʘʻ ʫ ʢʽʣʴʢʘ ʨʘʟʽʚ. ʎʝʡ ʬʘʢʪ 

ʜʝʤʦʥʩʪʨʫʻ ʨʠʩ. 1, ʥʘ ʷʢʦʤʫ ʥʘʚʝʜʝʥʦ ʟʘʢʦʥʠ ʨʦʟʧʦʜʽʣʫ ʚʧʣʠʚʽʚ F ʥʘ ʦʙ'ʻʢʪ ʪʘ 

ʡʦʛʦ ʦʧʦʨʠ S ʮʠʤ ʚʧʣʠʚʘʤ. ʃʶʜʩʴʢʽ ʧʦʤʠʣʢʠ ʨʦʟʤʠʚʘʶʪʴ ʟʘʢʦʥ ʨʦʟʧʦʜʽʣʫ 

ʦʧʦʨʫ ʦʙ'ʻʢʪʘ ʟʦʚʥʽʰʥʽʤ ʚʧʣʠʚʘʤ (ʧʫʥʢʪʠʨ ʥʘ ʨʠʩ. 1.9), ʱʦ ʟʫʤʦʚʣʶʻ 

ʟʙʽʣʴʰʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʘʚʘʨʽʾ ʧʦʨʽʚʥʷʥʦ ʟ ʪʝʦʨʝʪʠʯʥʦʶ (ʧʨʦʻʢʪʥʦʶ) 

ʚʝʣʠʯʠʥʦʶ. 

 

 

ʈʠʩ. 1.9. ʊʝʦʨʝʪʠʯʥʘ ʈʪ ʪʘ ʬʘʢʪʠʯʥʘ ʈʬ ʡʤʦʚʽʨʥʦʩʪʽ ʘʚʘʨʽʾ [140]. 
 

ʌʘʢʪʠʯʥʘ ʡʤʦʚʽʨʥʽʩʪʴ ʘʚʘʨʽʾ ʦʙ'ʻʢʪʘ ʥʘ ʥʝʦʙʤʝʞʝʥʽʡ ʤʥʦʞʠʥʽ ʥʦʚʠʭ ʙʫʜʽʚʝʣʴ 

ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʚʠʛʣʷʜʽ [136]: 
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 ʈʬ= ʈʪ + ʈʜ,  

ʜʝ ʈʜ ï ʜʦʜʘʪʢʦʚʘ ʡʤʦʚʽʨʥʽʩʪʴ ʘʚʘʨʽʾ, ʱʦ ʬʦʨʤʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʧʦʤʠʣʦʢ 

ʣʶʜʝʡ ï ʫʯʘʩʥʠʢʽʚ ʙʫʜʽʚʥʠʮʪʚʘ ʦʙ'ʻʢʪʘ (ʧʨʦʻʢʪʫʚʘʣʴʥʠʢʽʚ, ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ, 

ʙʫʜʽʚʝʣʴʥʠʢʽʚ, ʢʦʥʪʨʦʣʝʨʽʚ ʪʘ ʽʥ.). ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʈʜ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʪʝʦʨʝʤʘ ʛʽʧʦʪʝʟ (ʬʦʨʤʫʣʘ ɹʘʡʻʩʘ) [137], ʱʦ ʜʦʟʚʦʣʷʻ ʧʝʨʝʨʘʭʫʚʘʪʠ ʘʧʨʽʦʨʥʽ 

ʡʤʦʚʽʨʥʦʩʪʽ ʫ ʩʚʽʪʣʽ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʜʦʧʫʱʝʥʽ ʧʦʤʠʣʢʠ. ɺʚʦʜʷʪʴʩʷ ʜʚʽ 

ʧʨʦʪʠʣʝʞʥʽ ʧʦʜʽʾ: ʉ ï ʧʦʤʠʣʢʠ ʟʚʝʜʝʥʥʷ ʥʝʩʫʯʠʭ ʢʘʨʢʘʩʽʚ ʙʫʜʽʚʝʣʴ ʻ, ʉ* ï 

ʧʦʤʠʣʦʢ ʥʝʤʘʻ. ʇʦʜʽʾ ʉ ʽ ʉ* ʫʪʚʦʨʶʶʪʴ ʧʦʚʥʫ ʛʨʫʧʫ ʥʝʩʫʤʽʩʥʠʭ ʧʦʜʽʡ. ʊʘʢʽ 

ʧʦʜʽʾ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʙʫʜʽʚʥʠʮʪʚʘ. ɼʦ ʧʦʯʘʪʢʫ ʙʫʜʽʚʥʠʮʪʚʘ ʤʥʦʞʠʥʘ 

ʉ ʧʫʩʪʘ. 

ʇʨʠʡʤʘʶʪʴʩʷ ʪʘʢʽ ʧʦʟʥʘʯʝʥʥʷ: ʈ(ʉ*) = ɔ ï ʡʤʦʚʽʨʥʽʩʪʴ, ʱʦ ʫ 

ʧʦʙʫʜʦʚʘʥʦʤʫ ʙʫʜʠʥʢʫ ʧʦʤʠʣʦʢ ʥʝʤʘʻ, ʈ(ʉ) = (1ï ɔ) ï ʡʤʦʚʽʨʥʽʩʪʴ 

ʧʨʦʪʠʣʝʞʥʦʾ ʧʦʜʽʾ. ɸʧʨʽʦʨʥʽ (ʜʦ ʧʦʯʘʪʢʫ ʙʫʜʽʚʥʠʮʪʚʘ) ʡʤʦʚʽʨʥʦʩʪʽ ʥʘʩʪʘʥʥʷ ʪʘ 

ʥʝʥʘʩʪʘʥʥʷ ʘʚʘʨʽʾ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʜʽʚʝʣʴ ʪʘ ʩʧʦʨʫʜ (ʾʭ ʚ ʮʽʣʦʤʫ) 

ʚʽʜʦʤʽ, ʽ ʚʽʜʧʦʚʽʜʥʦ ʚʽʜʦʤʽ ʨʽʚʥʽ ʈʪ ʪʘ (1ïʈʪ). ɿ ʬʦʨʤʫʣʠ ɹʘʡʻʩʘ ʚʠʧʣʠʚʘʻ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʈʜ = ʈʪ ʈ(ʉ/ɸ)/[ʈʪʈ(ʉ/ɸ)+(1ïʈʪ)ʈ(ʉ/ɸ*)] , 

ʜʝ ʈ(ʉ/ɸ) ï ʡʤʦʚʽʨʥʽʩʪʴ ʧʦʜʽʾ ʉ ʟʘ ʫʤʦʚʠ, ʷʢʱʦ ʘʚʘʨʽʷ ʩʪʘʥʝʪʴʩʷ, ʘ ʈ(ʉ/ɸ*) ï ʪʝ 

ʩʘʤʝ, ʘʣʝ ʷʢʱʦ ʘʚʘʨʽʷ ʦʙ'ʻʢʪʘ ʥʝ ʩʪʘʥʝʪʴʩʷ. ʄʝʪʦʜʠ ʥʝʯʽʪʢʦʾ ʣʦʛʽʢʠ ʜʦʟʚʦʣʷʶʪʴ 

ʚʠʟʥʘʯʠʪʠ ʷʢ ʛʽʧʦʪʝʟʫ, ʱʦ ʫʤʦʚʥʽ ʡʤʦʚʽʨʥʦʩʪʽ ʈ(ʉ/ɸ*) = ɔ, ʘ ʈ(ʉ/ɸ) = 1ï ɔ. 

ʉʧʨʘʚʜʽ, ʷʢʱʦ ʘʚʘʨʽʷ ʦʙ'ʻʢʪʘ ʥʝ ʩʪʘʥʝʪʴʩʷ, ʪʦ ʨʝʘʣʽʟʫʻʪʴʩʷ ʧʦʜʽʷ ʉ*, ʚ ʽʥʰʦʤʫ 

ʚʠʧʘʜʢʫ ï ʧʦʜʽʷ ʉ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʪʦʛʦ, ʱʦ ʡʤʦʚʽʨʥʽʩʪʴ ʈʪ ʤʘʻ ʧʦʨʷʜʦʢ ~       

10-6, ʧ̔ ʩʣʷ ʧʽʜʩʪʘʥʦʚʢʠ ʮʠʭ ʨʽʚʥʦʩʪʝʡ ʫ ʙʘʡʻʩʽʚʩʴʢʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ [135] ʤʠ 

ʤʘʻʤʦ 

ʈʜ = ʈʪ (1ï ɔ)/ ɔ. 

ɼʦʜʘʚʘʥʥʷ ʈʜ ʪʘ ʈʪ ʜʘ̒ ʈʬ/ ʈʪ = 1/ ɔ, ʫ ʷʢʦʤʫ ʧʽʜ ʧʘʨʘʤʝʪʨʦʤ ɔ ʩʣʽʜ 

ʨʦʟʫʤʽʪʠ ʨʽʚʝʥʴ ʢʦʥʩʪʨʫʢʮʽʡʥʦʾ ʥʘʜʽʡʥʦʩʪʽ ʥʝʩʫʯʦʛʦ ʢʘʨʢʘʩʘ ʙʫʜʽʚʣʽ. ʊʘʢʽ ʤʘʣʽ 

ʡʤʦʚʽʨʥʦʩʪʽ, ʷʢʠʤʠ ʻ ʚʝʣʠʯʠʥʠ ʈʬ ʪʘ ʈʪ, ʤʦʞʫʪʴ ʙʫʪʠ ʟʨʦʟʫʤʽʣʽ ʧʨʘʢʪʠʢʘʤʠ 

ʣʠʰʝ ʯʝʨʝʟ ʩʚʦʻ ʚʽʜʥʦʰʝʥʥʷ, ʱʦ ʻ ʮʽʣʦʶ ʚʝʣʠʯʠʥʦʶ. 
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ʊʫʪ ʚʘʞʣʠʚʦ ʪʝ, ʱʦ ʡʤʦʚʽʨʥʽʩʪʴ ʈʪ ʷʢ ʢʦʥʮʝʧʪ ʽʩʥʫʻ (ʜʠʚ. ʨʠʩ. 1.9). ɺ 

ʽʜʝʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʚʝʣʠʯʠʥʘ ʈʪ ʤʦʞʝ ʙʫʪʠ ʜʦʩʷʛʥʫʪʘ, ʷʢʱʦ ʧʨʠ ʟʚʝʜʝʥʥʽ 

ʥʝʩʫʯʦʛʦ ʢʘʨʢʘʩʘ ʙʫʜʽʚʝʣʴ ʪʘ ʩʧʦʨʫʜ ʞʦʜʥʦʛʦ ʨʘʟʫ ʥʝ ʙʫʜʫʪʴ ʧʦʨʫʰʝʥʽ 

ʧʨʦʻʢʪʥʽ ʚʠʤʦʛʠ. ʅʘ ʧʨʝʚʝʣʠʢʠʡ ʞʘʣʴ, ʚ ʨʝʘʣʴʥʦʤʫ ʙʫʜʽʚʥʠʮʪʚʽ ʧʦʨʫʰʝʥʥʷ 

ʧʨʦʻʢʪʥʠʭ ʚʠʤʦʛ ʚʠʥʠʢʘʶʪʴ ʯʝʨʝʟ ʨʽʟʥʽ (ʽʥʢʦʣʠ ʥʝʧʝʨʝʙʦʨʥʽ) ʦʙʩʪʘʚʠʥʠ. ʊʦʤʫ 

ʚʝʣʠʯʠʥʘ ʈʬ/ʈʪ ʟʘʚʞʜʠ ʙʽʣʴʰʘ 1. ʊʘʢ ʷʢ ʮʷ ʚʝʣʠʯʠʥʘ ʧʦʢʘʟʫʻ, ʫ ʩʢʽʣʴʢʠ ʨʘʟʽʚ 

ʬʘʢʪʠʯʥʠʡ ʨʠʟʠʢ ʘʚʘʨʽʾ ʚʠʱʠʡ ʟʘ ʧʨʦʻʢʪʥʝ ʟʥʘʯʝʥʥʷ ʨʠʟʠʢʫ, ʱʦ ʚʥʦʩʠʪʴʩʷ ʟʘ 

ʟʘʤʦʚʯʝʥʥʷʤ ʚ ʦʙ'ʻʢʪ ʧʨʠ ʡʦʛʦ ʧʨʦʻʢʪʫʚʘʥʥʽ, ʚʦʥʘ ʻ ʽʥʪʝʛʨʘʣʴʥʠʤ ʧʦʢʘʟʥʠʢʦʤ 

ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʥʝʩʫʯʦʛʦ ʢʘʨʢʘʩʘ ʦʙ'ʻʢʪʘ, ʽ ʦʪʞʝ, ʤʦʞʝ ʙʫʪʠ ʧʨʠʡʥʷʪʘ ʟʘ 

ʚʝʣʠʯʠʥʫ ʨʠʟʠʢʫ ʘʚʘʨʽʾ ʦʙ'ʻʢʪʘ ʙʫʜʽʚʥʠʮʪʚʘ r 

 

r = ʈʬ/ ʈʪ = 1/ ɔ                                                 (1.7) 

 

ɼʣʷ ʚʽʜʰʫʢʘʥʥʷ ʥʘ ʥʝʦʙʤʝʞʝʥʽʡ ʤʥʦʞʠʥʽ ʥʦʚʠʭ ʙʫʜʽʚʝʣʴ ʟʘʢʦʥʫ 

ʨʦʟʧʦʜʽʣʫ ʱʽʣʴʥʦʩʪʽ ʡʤʦʚʽʨʥʦʩʪʝʡ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ r, ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ 

ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ ʧʨʦ ʾʾ ʤʦʞʣʠʚʽ ʟʥʘʯʝʥʥʷ, ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʪʘʢʽ ʘʢʩʽʦʤʠ, ʱʦ 

ʚʠʧʣʠʚʘʶʪʴ ʽʟ ʣʦʛʽʢʠ ʪʘ ʙʫʜʽʚʝʣʴʥʦʾ ʧʨʘʢʪʠʢʠ [136, 138]: 

ɸʢʩ̔ʦʤʘ 1. ʁʤʦʚʽʨʥʦʩʪʽ ʟʥʘʯʝʥʴ r Ò 1 ʨʽʚʥʽ ʥʫʣʶ (ʮʝ ʩʧʨʘʚʜʽ ʪʘʢ, ʦʩʢʽʣʴʢʠ 

ʟʘʙʝʟʧʝʯʠʪʠ ʫ ʧʨʦʮʝʩʽ ʙʫʜʽʚʥʠʮʪʚʘ ʧʨʦʻʢʪʥʠʡ ʨʠʟʠʢ ʘʚʘʨʽʾ ʥʝ ʚʜʘʻʪʴʩʷ ʯʝʨʝʟ 

ʮʽʣʫ ʥʠʟʢʫ ʧʨʠʯʠʥ, ʟʦʢʨʝʤʘ ʦʙ'ʻʢʪʠʚʥʠʭ). 

ɸʢʩ̔ʦʤʘ 2. ʂʨʠʚʘ ʨʦʟʧʦʜʽʣʫ ʻ ʩʪʨʦʛʦ ʘʩʠʤʝʪʨʠʯʥʦʶ; ʤʦʜʘ <r> ʚʠʧʘʜʢʦʚʦʾ 

ʚʝʣʠʯʠʥʠ r ʟʩʫʥʫʪʘ ʚʣʽʚʦ ʚʽʜ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ (ʮʝ ʩʧʨʘʚʜʽ ʪʘʢ, ʦʩʢʽʣʴʢʠ 

ʽʩʥʫʻ ʧʨʠʨʦʜʥʝ ʧʨʘʛʥʝʥʥʷ ʩʫʩʧʽʣʴʩʪʚʘ ʫʙʝʟʧʝʯʠʪʠ ʩʝʨʝʜʦʚʠʱʝ ʩʚʦʛʦ 

ʧʨʦʞʠʚʘʥʥʷ (ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ)). 

ʇʨʠʡʥʷʪʠʤ ʘʢʩʽʦʤʘʤ ʚʽʜʧʦʚʽʜʘʻ ʦʜʥʦʧʘʨʘʤʝʪʨʠʯʥʠʡ ʨʦʟʧʦʜʽʣ ʈʝʣʝʷ [139, 

137], ʷʢʠʡ ʤʘʻ ʪʘʢʠʡ ʚʠʛʣʷʜ: 

 

f(r)=(rï1)/ů2 ʝʭʨ [ï(rï1)2/2ů2].                   (1.8) 

 



45 

ɺʽʜʦʤʦ [137], ʱʦ ʫ ʨʦʟʧʦʜʽʣʽ (1.8) ʧʘʨʘʤʝʪʨ ů ʧʦʚ'ʷʟʘʥʠʡ ʟ ʤʘʪʝʤʘʪʠʯʥʠʤ 

ʩʧʦʜʽʚʘʥʥʷʤ (ʩʝʨʝʜʥʽʤ ʟʥʘʯʝʥʥʷʤ) ʨʠʟʠʢʫ ʘʚʘʨʽʾ R ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ: 

 

R = 1 + 1,25ů.                                                         (1.9) 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʨʠʟʠʢʫ R ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʝ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʱʦ ʚʠʧʣʠʚʘʻ ʟ ʬʦʨʤʫʣʠ (1.9), 

 

R = 1/ʄ,                                                          (1.10) 

ʜʝ ʄ ï ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ (ʤʘʪʝʤʘʪʠʯʥʝ ʩʧʦʜʽʚʘʥʥʷ) ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ, 

ʯʠʩʝʣʴʥʽ ʟʥʘʯʝʥʥʷ ʷʢʦʾ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 0 ʜʦ 1. 

ʉʪʘʥʜʘʨʪʥʽ ʨʠʟʠʢʠ ʘʚʘʨʽʾ ʚʠʟʥʘʯʘʶʪʴʩʷ ʷʢ ʪʘʢʽ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʨʠʟʠʢʫ, 

ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ ʷʢʠʭ ʥʝʩʫʯʠʡ ʢʘʨʢʘʩ ʦʙ'ʻʢʪʘ ʜʦʩʷʛʘʻ ʷʢʽʩʥʦ ʽʥʰʦʛʦ ʩʪʘʥʫ. 

ʉʪʘʥʜʘʨʪʥʽ ʨʠʟʠʢʠ ʘʚʘʨʽʾ ʻ ʽʥʚʘʨʽʘʥʪʘʤʠ (ʟʘ ʚʠʟʥʘʯʝʥʥʷʤ). ɺʦʥʠ ʥʝ ʟʘʣʝʞʘʪʴ ʥʽ 

ʚʽʜ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʪʠʧʫ ʙʫʜʽʚʝʣʴ, ʥʽ ʚʽʜ ʾʭ ʧʦʚʝʨʭʦʚʦʩʪʽ. ʉʪʘʥʜʘʨʪʥʽ ʨʠʟʠʢʠ 

ʘʚʘʨʽʾ ʥʘʩʘʤʧʝʨʝʜ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʢʦʨʝʢʪʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʚʠʤʦʛ ʜʦ 

ʚʝʣʠʯʠʥʠ ʨʽʚʥʷ ʢʦʥʩʪʨʫʢʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʙʫʜʽʚʝʣʴ ʪʘ ʩʧʦʨʫʜ. ɹʫʜʽʚʝʣʴʥʽ 

ʝʢʩʧʝʨʪʠ ʟʜʽʡʩʥʶʶʪʴ ʡʦʛʦ ʧʽʜ ʯʘʩ ʦʮʽʥʢʠ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʥʝʩʫʯʠʭ ʢʘʨʢʘʩʽʚ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʦʙ'ʻʢʪʽʚ. 

ʉʪʘʥʜʘʨʪʥʽ ʟʥʘʯʝʥʥʷ ʨʠʟʠʢʫ ʘʚʘʨʽʾ ʚʢʣʶʯʘʪʴ ʪʨʠ ʧʦʨʦʛʦʚʽ ʚʝʣʠʯʠʥʠ: 

Å ʥʦʨʤʘʣʴʥʠʡ (ʧʨʠʨʦʜʥʠʡ) ʨʠʟʠʢ Rʥ, ʱʦ ʨʝʛʣʘʤʝʥʪʫʻ ʚʝʣʠʯʠʥʫ ʨʠʟʠʢʫ 

ʘʚʘʨʽʾ ʦʙôʻʢʪʘ ʧʽʩʣʷ ʚʚʝʜʝʥʥʷ ʡʦʛʦ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ; 

Å ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʠʡ ʨʠʟʠʢ Rʧʜ, ʧʨʠ ʷʢʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʭʽʜ 

ʙʫʜʽʚʝʣʴʥʦʛʦ ʦʙ'ʻʢʪʘ ʟ ʙʝʟʧʝʯʥʦʛʦ ʩʪʘʥʫ ʚ ʘʚʘʨʽʡʥʠʡ ʩʪʘʥ. ɼʦʩʷʛʥʝʥʥʷ ʪʘʢʦʾ 

ʚʝʣʠʯʠʥʠ ʨʠʟʠʢʫ ʘʚʘʨʽʾ ʥʘ ʦʙ'ʻʢʪʽ ʧʦʚʠʥʥʦ ʙʫʪʠ ʢʘʪʘʣʽʟʘʪʦʨʦʤ ʧʨʦʚʝʜʝʥʥʷ 

ʨʝʤʦʥʪʥʦ-ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʨʦʙʽʪ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʷʢʠʭ ʘʙʩʦʣʶʪʥʘ ʚʝʣʠʯʠʥʘ Rʧʜ 

ʙʫʜʝ ʟʥʠʞʝʥʘ; 

Å ʛʨʘʥʠʯʥʠʡ ʨʠʟʠʢ ʘʚʘʨʽʾ Rʧ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʝʨʝʭʦʜʫ ʦʙ'ʻʢʪʘ ʟ ʘʚʘʨʽʡʥʦʛʦ 

ʜʦ ʥʝʧʨʠʜʘʪʥʦʛʦ ʩʪʘʥʫ. ʇʨʠ ʜʦʩʷʛʥʝʥʥʽ ʪʘʢʦʛʦ ʨʠʟʠʢʫ ʟʜʘʪʥʽʩʪʴ ʦʙ'ʻʢʪʘ 

ʧʨʦʪʠʜʽʷʪʠ ʽʩʥʫʶʯʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʙʫʜʝ ʽʩʪʦʪʥʦ ʚʠʯʝʨʧʘʥʘ. 
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ɼʣʷ ʧʦʰʫʢʫ ʩʪʘʥʜʘʨʪʥʠʭ ʟʥʘʯʝʥʴ ʨʠʟʠʢʫ ʘʚʘʨʽʾ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʘʢʦʥ 

ʨʦʟʧʦʜʽʣʫ (1.8). ʇʨʠ ʮʴʦʤʫ ʥʦʨʤʘʣʴʥʠʡ ʨʠʟʠʢ ʘʚʘʨʽʾ ʧʨʠʨʽʚʥʶʻʪʴʩʷ ʜʦ 

ʚʝʣʠʯʠʥʠ ʧʨʠʨʦʜʥʦʛʦ ʨʠʟʠʢʫ ʜʣʷ ʥʦʚʠʭ ʙʫʜʽʚʝʣʴ (ʩʧʦʨʫʜ), ʧʦʢʘʟʥʠʢʦʤ ʷʢʦʛʦ 

ʤʦʞʝ ʩʣʫʛʫʚʘʪʠ ʤʘʪʝʤʘʪʠʯʥʝ ʩʧʦʜʽʚʘʥʥʷ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ ʨʠʟʠʢʫ ʘʚʘʨʽʾ ʥʘ 

ʥʝʦʙʤʝʞʝʥʽʡ ʢʽʣʴʢʦʩʪʽ ʥʦʚʠʭ ʙʫʜʽʚʝʣʴ (ʨʠʩ. 1.10). ʅʘ ʪʘʢʽʡ ʤʥʦʞʠʥʽ ʟʘʢʦʥ 

ʨʦʟʧʦʜʽʣʫ ʚʝʣʠʯʠʥʠ ɔ ʚʽʜʥʦʩʥʦ ʟʥʘʯʝʥʥʷ 0,5 ʻ ʧʨʘʢʪʠʯʥʦ ʩʠʤʝʪʨʠʯʥʠʤ. ʎʝ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʚʠʜʫ ʢʨʠʚʦʾ ʨʦʟʧʦʜʽʣʫ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ 

ɔ ʾʾ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʄɔ ʜʦʨʽʚʥʁ  ̒ 0,5. ʊʦʜʽ ʟ ʬʦʨʤʫʣʠ (1.10) ʚʠʧʣʠʚʘʻ, ʱʦ 

ʧʨʠʨʦʜʥʠʡ ʨʠʟʠʢ ʘʚʘʨʽʾ ʙʫʜʽʚʝʣʴʥʦʛʦ ʦʙ'ʻʢʪʘ, ʘ ʦʪʞʝ ʽ ʚʝʣʠʯʠʥʘ ʥʦʨʤʘʣʴʥʦʛʦ 

ʨʠʟʠʢʫ Rʥ, ʨ̔ʚʥʘ 2. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʬʘʢʪʠʯʥʘ ʡʤʦʚʽʨʥʽʩʪʴ ʘʚʘʨʽʾ ʦʙ'ʻʢʪʘ ʧʽʩʣʷ 

ʟʘʢʽʥʯʝʥʥʷ ʡʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ ʚ ʩʝʨʝʜʥʴʦʤʫ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚʜʚʽʯʽ ʧʦʨʽʚʥʷʥʦ ʟ 

ʽʤʦʚʽʨʥʽʩʪʶ, ʱʦ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʟʘʢʣʘʜʘʻʪʴʩʷ ʚ ʦʙ'ʻʢʪ ʧʨʠ ʧʨʦʻʢʪʫʚʘʥʥʽ. 

 

 
ʈʠʩ. 1.10. ɿʘʢʦʥ ʨʦʟʧʦʜʽʣʫ ʨʠʟʠʢʫ ʘʚʘʨʽʾ ʜʣʷ ʥʦʚʠʭ ʙʫʜʽʚʝʣʴ ʪʘ ʡʦʛʦ ʜʝʛʨʘʜʘʮʽʷ ʫ ʧʨʦʮʝʩʽ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʦʙ'ʻʢʪʽʚ [140]. 
 
ɿʘʢʦʥ ʨʦʟʧʦʜʽʣʫ ʨʠʟʠʢʫ ʘʚʘʨʽʾ ʧʦʙʫʜʦʚʘʥʦʛʦ ʦʙ'ʻʢʪʘ ʫ ʧʨʦʮʝʩʽ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʨʦʟʤʠʚʘʻʪʴʩʷ (ʜʝʛʨʘʜʫʻ) (ʜʠʚ. ʨʠʩ. 1.5.). ʇʨʠʯʠʥʘʤʠ ʜʝʛʨʘʜʘʮʽʾ 

f(r)  

 

ʅʦʚʽ ʙʫʜʽʚʣʽ 

ɺʞʠʚʘʥʽ ʙʫʜʽʚʣʽ 
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ʟʘʢʦʥʫ ʻ ʧʦʨʫʰʝʥʥʷ ʧʨʘʚʠʣ ʝʢʩʧʣʫʘʪʘʮʽʾ ʦʙ'ʻʢʪʽʚ, ʩʪʘʨʽʥʥʷ ʪʘ ʟʥʦʰʫʚʘʥʥʷ 

ʥʝʩʫʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ɺʥʘʩʣʽʜʦʢ ʩʫʢʫʧʥʦʾ ʜʽʾ ʮʠʭ ʬʘʢʪʦʨʽʚ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ 

ʨʠʟʠʢʫ ʘʚʘʨʽʾ ʟʤʽʱʫʻʪʴʩʷ ʧʨʘʚʦʨʫʯ. ʇʨʠ ʮʴʦʤʫ ʩʪʫʧʽʥʴ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ 

ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʥʝʩʫʯʦʛʦ ʢʘʨʢʘʩʫ ʦʙ'ʻʢʪʘ, ʧʦʢʘʟʥʠʢʦʤ ʷʢʦʾ ʻ ʚʝʣʠʯʠʥʘ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʝʥʪʨʦʧʽʾ, ʟʙʽʣʴʰʫʻʪʴʩʷ. ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ (ʟʘ ʙʫʜʴ-ʷʢʦʛʦ 

ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ) ʽʥʬʦʨʤʘʮʽʡʥʘ ʝʥʪʨʦʧʽʷ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʦʶ [137] 

 

ʅ = ï ×P(Ai) log2 P(Ai),                                               (1.11) 

 

ʜʝ P(Ai) ï ʡʤʦʚʽʨʥʽʩʪʴ ʧʦʜʽʾ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ ʽ ʧʦʣʷʛʘʻ ʚ 

ʪʦʤʫ, ʱʦ ʨʠʟʠʢ ʘʚʘʨʽʾ ʧʝʨʝʙʫʚʘʻ ʚ i-ʤʫ ʜʽʘʧʘʟʦʥʽ ʟʥʘʯʝʥʴ. 

ʅʘ ʨʠʩ. 1.11 ʥʘʚʝʜʝʥʦ ʧʦʙʫʜʦʚʘʥʠʡ ʥʘ ʦʩʥʦʚʽ ʤʘʰʠʥʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟ 

ʬʦʨʤʫʣʘʤʠ (1.8), (1.9) ʪʘ (1.11) ʛʨʘʬʽʢ ʬʫʥʢʮʽʾ ʅ(R) (ʧʫʥʢʪʠʨʥʘ ʣʽʥʽʷ), ʱʦ 

ʧʦʢʘʟʫʻ ʟʘʣʝʞʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʝʥʪʨʦʧʽʾ ʚʽʜ ʚʝʣʠʯʠʥʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʩʧʦʜʽʚʘʥʥʷ R ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ ʨʠʟʠʢʫ ʘʚʘʨʽʾ. 

 

ʄʘʪʝʤʘʪʠʯʥʝ ʩʧʦʜʽʚʘʥʥʷ 

ʈʠʩ. 1.11. ɿʘʣʝʞʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʝʥʪʨʦʧʽʾ ʚʽʜ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʨʠʟʠʢʫ ʘʚʘʨʽʾ 

ʦʙ'ʻʢʪʘ ʙʫʜʽʚʥʠʮʪʚʘ [140]. 
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ʆʪʨʠʤʘʥʠʡ ʛʨʘʬʽʢ ʘʧʨʦʢʩʠʤʦʚʘʥʠʡ ʨʽʚʥʷʥʥʷʤ (ʩʫʮʽʣʴʥʘ ʣʽʥʽʷ ʥʘ ʨʠʩ. 1.6) 

ʚʠʜʫ: 

 

ʅ(R)= log2,15 R.                                           (1.12) 

 

ɻʨʘʬʽʢ ʥʘ ʨʠʩ. 1.6. ʭʘʨʘʢʪʝʨʠʟʫʻ ʟʨʦʩʪʘʥʥʷ ʩʪʫʧʝʥʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ 

ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʥʝʩʫʯʦʛʦ ʢʘʨʢʘʩʘ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʝʣʠʯʠʥʠ ʩʝʨʝʜʥʴʦʛʦ 

ʨʠʟʠʢʫ ʘʚʘʨʽʾ ʦʙ'ʻʢʪʘ, ʘ ʚʠʨʘʟ (1.12) ʧʦ ʩʫʪʽ ʻ ʟʘʢʦʥʦʤ ʜʝʛʨʘʜʘʮʽʾ ʥʝʩʫʯʦʛʦ 

ʢʘʨʢʘʩʘ ʙʫʜʽʚʝʣʴʥʦʛʦ ʦʙ'ʻʢʪʘ. ɼʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʴʦʛʦ ʟʘʢʦʥʫ 

ʢʨʠʚʫ ʟʘʣʝʞʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʝʥʪʨʦʧʽʾ ʚʽʜ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʨʠʟʠʢʫ 

ʘʚʘʨʽʾ ʦʙ'ʻʢʪʘ ʙʫʜʽʚʥʠʮʪʚʘ (ʨʠʩ. 1.6.) ʫʤʦʚʥʦ ʨʦʟʜʽʣʷʶʪʴ ʥʘ ʪʨʠ ʣʽʥʽʡʥʽ ʜʽʣʷʥʢʠ. 

ɺʚʘʞʘʻʪʴʩʷ, ʱʦ ʥʘ ʩʪʠʢʘʭ ʮʠʭ ʪʨʴʦʭ ʘʧʨʦʢʩʠʤʘʮʽʡʥʦ ʣʽʥʽʡʥʠʭ ʜʽʣʷʥʦʢ 

ʰʚʠʜʢʽʩʪʴ ʝʥʪʨʦʧʽʾ ʩʪʨʠʙʢʦʧʦʜʽʙʥʦ ʟʤʽʥʶʻʪʴʩʷ.  

ɺʽʜʦʤʦ [141], ʱʦ ʙʫʜʴ-ʷʢʘ ʟʤʽʥʘ ʰʚʠʜʢʦʩʪʽ ʝʥʪʨʦʧʽʾ ʽʥʬʦʨʤʫʻ ʧʨʦ ʟʤʽʥʫ 

ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʦʙ'ʻʢʪʘ. ɼʦʩʣʽʜʞʝʥʥʷ ʨʠʟʠʢʫ ʘʚʘʨʽʾ ʥʦʚʠʭ, ʫʞʠʚʘʥʠʭ ʪʘ 

ʘʚʘʨʽʡʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʦʙ'ʻʢʪʽʚ ʨʽʟʥʦʛʦ ʪʝʨʤʽʥʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʧʦʜʘʣʴʰʠʡ 

ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʮʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʦʟʚʦʣʠʣʠ ʧʨʠʧʫʩʪʠʪʠ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʩʪʠʢʦʚʠʭ ʪʦʯʦʢ (ʧʦʨʦʛʦʚʠʭ ʟʥʘʯʝʥʴ ʨʠʟʠʢʫ ʘʚʘʨʽʾ) ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʨʠʩ. 1.12. 

ʇʨʠ ʮʴʦʤʫ ʩʪʘʥ ʦʙ'ʻʢʪʘ ʚʚʘʞʘʚʩʷ: 

Å ʙʝʟʧʝʯʥʠʤ, ʷʢʱʦ ʚ ʡʦʛʦ ʥʝʩʫʯʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ ʥʝ ʙʫʣʠ ʟʘʬʽʢʩʦʚʘʥʽ 

ʪʨ̔ʱʠʥʠ; 

Å ʘʚʘʨʽʡʥʠʤ, ʷʢʱʦ ʟʘʬʽʢʩʦʚʘʥʽ ʪʨʽʱʠʥʠ ʥʝ ʩʪʘʥʦʚʠʣʠ ʧʨʷʤʦʾ ʟʘʛʨʦʟʠ 

ʦʙʚʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ; 

Å ʥʝʧʨʠʜʘʪʥʠʡ, ʷʢʱʦ ʥʘʷʚʥʽ ʪʨʽʱʠʥʠ ʷʚʣʷʣʠ ʩʦʙʦʶ ʧʨʷʤʫ ʟʘʛʨʦʟʫ 

ʦʙʚʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʠʭʦʜʠʤʦ ʜʦ ʽʜʝʘʣʽʟʦʚʘʥʦʾ ʜʽʘʛʨʘʤʠ çʝʥʪʨʦʧʽʷ ï ʨʠʟʠʢ ʘʚʘʨʽʾè, 

ʟʦʙʨʘʞʝʥʦʾ ʥʘ ʨʠʩ. 1.12. ʽ ʷʢʘ ʦʪʨʠʤʘʣʘ ʥʘʟʚʫ çʤʦʜʝʣʴ ʜʝʛʨʘʜʘʮʽʾ ʥʝʩʫʯʦʛʦ ʢʘʨʢʘʩʘ 

ʦʙ'ʻʢʪʘè.  
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ʈʠʩ. 1.12. ʄʦʜʝʣʴ ʜʝʛʨʘʜʘʮʽʾ ʥʝʩʫʯʦʛʦ ʢʘʨʢʘʩʫ ʦʙ'ʻʢʪʘ ʪʘ ʧʦʨʦʛʦʚʽ ʟʥʘʯʝʥʥʷ ʨʠʟʠʢʫ ʘʚʘʨʽʾ 

[140]. 
 
ʎʷ ʤʦʜʝʣʴ ʜʦʟʚʦʣʷʻ ʩʪʚʝʨʜʞʫʚʘʪʠ ʪʘʢʝ: 

1.  ʏʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʦʙ'ʻʢʪʘ ʟ ʚʚʝʜʝʥʥʷ ʡʦʛʦ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ ʜʦ ʜʦʩʷʛʥʝʥʥʷ 

ʧʝʨʰʦʾ ʩʪʠʢʦʚʦʾ ʪʦʯʢʠ ʨʠʟʠʢʦʤ ʘʚʘʨʽʾ (R=19) ʚʠʟʥʘʯʘʻ ʙʝʟʧʝʯʥʠʡ ʨʝʩʫʨʩ ʊʙ 

ʦʙ'ʻʢʪʘ. ʋ ʮʝʡ ʧʝʨʽʦʜ ʝʢʩʧʣʫʘʪʘʮʽʾ ʦʙ'ʻʢʪʘ ʪʨʽʱʠʥʠ ʚ ʢʦʥʩʪʨʫʢʮʽʷʭ ʡʦʛʦ ʥʝʩʫʯʦʛʦ 

ʢʘʨʢʘʩʘ ʚʽʜʩʫʪʥʽ. ɺ ʮʝʡ ʯʘʩ ʢʘʨʢʘʩ ʙʫʜʽʚʣʽ ʟʜʘʪʥʠʡ ʯʠʥʠʪʠ ʦʧʽʨ ʥʝ ʣʠʰʝ ʧʨʦʻʢʪʥʠʤ 

ʚʧʣʠʚʘʤ, ʘʣʝ ʽ (ʟʘ ʨʘʭʫʥʦʢ ʟʘʧʘʩʫ ʤʽʮʥʦʩʪʽ) ʙʽʣʴʰʦʩʪʽ ʥʝʚʨʘʭʦʚʘʥʠʭ ʧʨʠ 

ʧʨʦʻʢʪʫʚʘʥʥʽ ʥʘʚʘʥʪʘʞʝʥʴ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʫ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʷʭ (ʪʘʢ ʟʚʘʥʽ 

ʟʘʧʨʦʻʢʪʥʽ ʚʧʣʠʚʠ). ʊʝʭʥʽʯʥʠʡ ʩʪʘʥ ʦʙ'ʻʢʪʘ ʻ ʙʝʟʧʝʯʥʠʤ. ɺʝʣʠʯʠʥʫ ʨʠʟʠʢʫ ʘʚʘʨʽʾ, 

ʨʽʚʥʫ 19, ʩʣʽʜ ʧʨʠʡʥʷʪʠ ʟʘ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʠʡ ʨʠʟʠʢ Rʧʜ. ʇʨʠ ʜʦʩʷʛʥʝʥʥʽ 

ʦʙ'ʻʢʪʦʤ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʦʛʦ ʨʠʟʠʢʫ ʘʚʘʨʽʾ ʚʝʣʠʯʠʥʘ ʡʦʛʦ ʬʽʟʠʯʥʦʛʦ 

(ʢʦʥʩʪʨʫʢʮʽʡʥʦʛʦ) ʟʥʦʩʫ ʩʪʘʥʦʚʠʪʴ 50%. ʇʨʠ ʪʘʢʽʡ ʚʝʣʠʯʠʥʽ ʟʥʦʩʫ ʧʦʪʨʽʙʝʥ 

ʢʘʧʽʪʘʣʴʥʠʡ ʨʝʤʦʥʪ ʙʫʜʽʚʣʽ [142] ʟ ʤʝʪʦʶ ʚʽʜʥʦʚʣʝʥʥʷ ʟʜʘʪʥʦʩʪʽ ʡʦʛʦ ʥʝʩʫʯʦʛʦ 

ʢʘʨʢʘʩʘ ʯʠʥʠʪʠ ʦʧʽʨ ʥʝʧʨʦʻʢʪʥʠʤ ʚʧʣʠʚʘʤ. ʗʢʱʦ ʞ ʚʽʜʥʦʚʣʶʚʘʣʴʥʽ ʟʘʭʦʜʠ ʥʘ 

ʦʙ'ʻʢʪʽ ʥʝ ʙʫʜʫʪʴ ʧʨʦʚʝʜʝʥʽ, ʪʦ ʨʠʟʠʢ ʘʚʘʨʽʾ ʧʨʦʜʦʚʞʫʻ ʟʨʦʩʪʘʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʯʘʩ 

ʅ (ɽʥʪʨʦʧʽʷ) 
ɿʥʦʩ 95% 

ɿʥʦʩ 50% 

Rʥ=2 ï ʥʦʨʤʘʣʴʥʠʡ (ʧʨʠʨʦʜʥʽʡ)  

ʨʠʟʠʢ ʘʚʘʨʽʾ 

Rʧʜ=19 ï ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʠʡ  

ʨʠʟʠʢ ʘʚʘʨʽʾ 

Rʧ=83 ï ʛʨʘʥʠʯʥʠʡ ʨʠʟʠʢ ʘʚʘʨʽʾ 

 R (ʨʠʟʠʢ ʘʚʘʨʽʾ)   
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ʜʦʩʷʛʥʝʥʥʷ ʛʨʘʥʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʨʠʟʠʢʫ, ʱʦ ʜʦʨʽʚʥʶʻ Rʧ=83, ʚʠʟʥʘʯʘʻ ʛʨʘʥʠʯʥʠʡ 

ʨʝʩʫʨʩ ʊʧ ʮʴʦʛʦ ʦʙ'ʻʢʪʘ. 

2.  ʇʨʠ ʧʝʨʝʚʠʱʝʥʥʽ ʦʙ'ʻʢʪʦʤ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʦʛʦ ʨʠʟʠʢʫ ʘʚʘʨʽʾ ʰʚʠʜʢʽʩʪʴ 

ʟʨʦʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʝʥʪʨʦʧʽʾ ʫʧʦʚʽʣʴʥʶʻʪʴʩʷ, ʱʦ ʦʟʥʘʯʘʻ ʧʝʨʝʭʽʜ ʦʙ'ʻʢʪʘ ʫ 

ʷʢʽʩʥʦ ʽʥʰʠʡ ʩʪʘʥ, ʷʢʠʡ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʙʝʟʧʝʯʥʦʛʦ ʩʪʘʥʫ. ʅʦʚʠʤ ʩʪʘʥʦʤ 

ʙʫʜʽʚʝʣʴʥʦʛʦ ʦʙ'ʻʢʪʘ ʤʦʞʝ ʙʫʪʠ ʣʠʰʝ ʘʚʘʨʽʡʥʠʡ ʩʪʘʥ. ʇʨʠ ʘʚʘʨʽʡʥʦʤʫ ʩʪʘʥʽ ʚ 

ʥʝʩʫʯʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ ʙʫʜʽʚʣʽ ʟ'ʷʚʣʷʶʪʴʩʷ ʪʨʽʱʠʥʠ, ʷʢʽ ʻ ʧʝʨʝʜʚʽʩʥʠʢʘʤʠ ʘʚʘʨʽʾ. ɺ 

ʘʚʘʨʽʡʥʦʤʫ ʩʪʘʥʽ ʟʜʘʪʥʽʩʪʴ ʥʝʩʫʯʦʛʦ ʢʘʨʢʘʩʘ ʦʙ'ʻʢʪʘ ʯʠʥʠʪʠ ʦʧʽʨ ʥʝʧʨʦʻʢʪʥʠʤ 

ʚʧʣʠʚʘʤ ʟʥʠʞʫʻʪʴʩʷ, ʘ ʟ ʧʦʜʘʣʴʰʠʤ ʟʨʦʩʪʘʥʥʷʤ ʨʠʟʠʢʫ ʘʚʘʨʽʾ ï ʧʦʚʥʽʩʪʶ 

ʚʠʯʝʨʧʫʻʪʴʩʷ. 

3.  ʋ ʨʘʟʽ ʜʦʩʷʛʥʝʥʥʷ ʦʙ'ʻʢʪʦʤ ʛʨʘʥʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʨʠʟʠʢʫ ʘʚʘʨʽʾ Rʧ=83 

ʤʘʢʩʠʤʘʣʴʥʠʤ ʩʪʘʻ ʥʝ ʣʠʰʝ ʩʪʫʧʽʥʴ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʥʝʩʫʯʦʛʦ 

ʢʘʨʢʘʩʘ, ʘ ʡ ʚʝʣʠʯʠʥʘ ʡʦʛʦ ʢʦʥʩʪʨʫʢʮʽʡʥʦʛʦ ʟʥʦʩʫ. ʇʨʠ R > Rʧ ʟʜʘʪʥʽʩʪʴ ʥʝʩʫʯʦʛʦ 

ʢʘʨʢʘʩʘ ʦʙ'ʻʢʪʘ ʯʠʥʠʪʠ ʦʧʽʨ ʙʫʜʴ-ʷʢʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʪʝʦʨʝʪʠʯʥʦ ʽ ʧʨʘʢʪʠʯʥʦ 

ʚʠʯʝʨʧʫʻʪʴʩʷ. ʇʨʠ ʮʴʦʤʫ ʧʨʘʢʪʠʯʥʦ ʧʨʠʧʠʥʷʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʝʥʪʨʦʧʽʾ, ʦʢʨʝʤʽ ʚʥʫʪʨʽʰʥʽ (ʘ ʤʦʞʣʠʚʦ, ʽ ʟʦʚʥʽʰʥʽ) ʨʫʡʥʫʚʘʥʥʷ ʦʢʨʝʤʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʟʘʚʝʨʰʫʶʪʴʩʷ ʽ ʥʘʙʣʠʞʘʻʪʴʩʷ ʯʘʩ ʨʫʡʥʫʚʘʥʥʷ ʦʙ'ʻʢʪʘ ʚ ʮʽʣʦʤʫ. ʎʝ 

ʦʟʥʘʯʘʻ, ʱʦ ʦʙ'ʻʢʪ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʥʝʧʨʠʜʘʪʥʦʤʫ ʩʪʘʥʽ, ʧʨʠ ʷʢʦʤʫ ʜʘʪʘ ʥʘʩʪʘʥʥʷ 

ʘʚʘʨʽʾ ʦʙ'ʻʢʪʘ ʩʪʘʻ ʚʽʜʢʨʠʪʦʶ. 

ʉʪʘʥʜʘʨʪʥʽ ʨʠʟʠʢʠ ʘʚʘʨʽʾ Rʥ, Rʧʜ  ̔Rʧ ʻ ʽʥʚʘʨʽʘʥʪʘʤʠ, ʦʩʢʽʣʴʢʠ ʟʽ ʩʧʦʩʦʙʫ 

ʾʭ ʚʠʟʥʘʯʝʥʥʷ ʚʠʧʣʠʚʘʻ, ʱʦ ʚʦʥʠ ʥʝ ʟʘʣʝʞʘʪʴ ʥʽ ʚʽʜ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʪʠʧʫ 

ʙʫʜʽʚʣʽ, ʥʽ ʚʽʜ ʾʾ ʧʦʚʝʨʭʦʚʦʩʪʽ. ɼʚʘ ʟ ʥʠʭ (Rʥ ̔  Rʧʜ) ʫʪʚʦʨʶʶʪʴ ʥʠʞʥʶ ʪʘ ʚʝʨʭʥʶ 

ʤʝʞʽ ʦʙʣʘʩʪʽ (ʢʦʨʠʜʦʨʫ) ʧʨʠʡʥʷʪʥʠʭ ʟʥʘʯʝʥʴ ʨʠʟʠʢʫ ʘʚʘʨʽʾ ʦʙ'ʻʢʪʘ. ʇʦʢʠ 

ʬʘʢʪʠʯʥʠʡ ʨʠʟʠʢ ʘʚʘʨʽʾ ʟʘʣʠʰʘʻʪʴʩʷ ʚʩʝʨʝʜʠʥʽ ʮʴʦʛʦ ʢʦʨʠʜʦʨʫ, ʨʽʚʝʥʴ 

ʢʦʥʩʪʨʫʢʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʦʙ'ʻʢʪʘ ʩʣʽʜ ʚʚʘʞʘʪʠ ʜʦʩʪʘʪʥʽʤ. 

 

1.5. ʊʝʦʨ̫̔ ʪʘ ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʧʦʢʘʟʥʠʢʽʚ ʨʝʩʫʨʩʫ ʦʙ'ʢ̒ʪʘ 

 

ɾʠʪʪʻʚʠʡ ʮʠʢʣ ʙʫʜʴ-ʷʢʦʾ ʙʫʜʽʚʣʽ ʚʽʜ ʤʦʤʝʥʪʫ ʚʚʝʜʝʥʥʷ ʾʾ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ ʪʘ 

ʜʦ ʟʥʦʩʫ ʚʠʛʣʷʜʘʻ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.13 (ʟʛʽʜʥʦ ʟ ʜʦʢʫʤʝʥʪʦʤ fib [143]).  
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ʈʠʩ. 1.13. ʇʦʚʥʠʡ ʪʝʨʤʽʥ ʩʣʫʞʙʠ ʙʫʜʽʚʣʽ ʚʽʜ çʥʘʨʦʜʞʝʥʥʷè ʜʦ çʩʤʝʨʪʽè [143] 

 

ʋ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ (ʚʧʣʠʚ ˇʨʫʥʪʦʚʠʭ ʽ ʧʦʚʽʪʨʷʥʠʭ ʫʜʘʨʥʠʭ ʭʚʠʣʴ, ʯʘʩʪʢʦʚʝ 

ʨʫʡʥʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ) ʨʠʩ. 1.13 ʪʨʘʥʩʬʦʨʤʫʻʪʴʩʷ ʫ ʨʠʩ. 1.14. ʂʨʠʚʘ ʞʠʪʪʻʚʦʛʦ 

ʮʠʢʣʫ ʙʫʜʽʚʣʽ ʤʘʻ ʨʦʟʨʠʚ ʧʝʨʰʦʛʦ ʨʦʜʫ ʚʥʘʩʣʽʜʦʢ ʜʠʥʘʤʽʯʥʠʭ ʚʧʣʠʚʽʚ ʚʽʜ ʚʦʻʥʥʠʭ 

ʜʽʡ (ʨʠʩ. 1.14). ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʙʫʜʽʚʝʣʴʥʠʭ ʥʦʨʤ ʋʢʨʘʾʥʠ, ʥʦʨʤʘʪʠʚʥʠʡ ʪʝʨʤʽʥ 

ʩʣʫʞʙʠ ʙʫʜʽʚʝʣʴ ʦʮʽʥʶʻʪʴʩʷ ʫ 100 ʨʦʢʽʚ [29]. ʇʨʠ ʮʴʦʤʫ ʧʦʩʪʘʶʪʴ ʪʘʢʽ 

ʟʘʧʠʪʘʥʥʷ: 

1. ʗʢ ʦʮʽʥʠʪʠ ʧʦʪʦʯʥʠʡ ʚʽʢ ʙʫʜʽʚʣʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʯʘʩʪʢʦʚʠʭ ʨʫʡʥʫʚʘʥʴ ʪʘ 

(ʘʙʦ) ʜʠʥʘʤʽʯʥʠʭ ʚʧʣʠʚʽʚ? 

2. ʗʢ ʦʮʽʥʠʪʠ ʟʘʣʠʰʢʦʚʠʡ ʨʝʩʫʨʩ ʙʫʜʽʚʣʽ ʪʘ ʟʘʧʦʜʽʷʥʽ ʝʢʦʥʦʤʽʯʥʽ ʟʙʠʪʢʠ 

ʚʥʘʩʣʽʜʦʢ ʟʥʘʭʦʜʞʝʥʥʷ ʾʾ ʚ ʟʦʥʽ ʙʦʡʦʚʠʭ ʜʽʡ ʧʨʦʪʷʛʦʤ ʧʝʚʥʦʛʦ ʧʨʦʤʽʞʢʫ ʯʘʩʫ 

(ʥʘʚʽʪʴ ʟʘ ʫʤʦʚʠ ʟʦʚʥʽʰʥʴʦʾ ʮʽʣʽʩʥʦʩʪʽ)? 
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ʈʠʩ. 1.14. ʇʦʚʥʠʡ (ʩʢʦʨʦʯʝʥʠʡ) ʪʝʨʤʽʥ ʩʣʫʞʙʠ ʙʫʜʽʚʣʽ ʚʽʜ çʥʘʨʦʜʞʝʥʥʷè ʜʦ 

çʩʤʝʨʪʽè ʧʨʠ ʚʽʡʩʴʢʦʚʠʭ ʜʠʥʘʤʽʯʥʠʭ ʚʧʣʠʚʘʭ (ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʛʨʘʬʽʢ [143]) 

 

ɼʦ ʧʦʢʘʟʥʠʢʽʚ ʨʝʩʫʨʩʫ ʙʫʜʽʚʝʣʴʥʠʭ ʦʙ'ʻʢʪʽʚ ʥʘʣʝʞʘʪʴ ʙʝʟʧʝʯʥʠʡ ʨʝʩʫʨʩ 

ʊʙ ʪʘ ʙʝʟʧʝʯʥʠʡ ʟʘʣʠʰʢʦʚʠʡ ʨʝʩʫʨʩ ʊʙʦ (ʨʠʩ. 1.15).  

ɹʝʟʧʝʯʥʠʡ ʨʝʩʫʨʩ ï ʮʝ ʯʘʩ ʟ ʤʦʤʝʥʪʫ ʚʚʝʜʝʥʥʷ ʦʙ'ʻʢʪʘ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ ʜʦ 

ʜʦʩʷʛʥʝʥʥʷ ʥʠʤ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʦʛʦ ʨʠʟʠʢʫ ʘʚʘʨʽʾ, ʘ ʙʝʟʧʝʯʥʠʡ ʟʘʣʠʰʢʦʚʠʡ 

ʨʝʩʫʨʩ ï ʽʥʪʝʨʚʘʣ ʯʘʩʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʫʜʽʚʣʽ ʚʽʜ ʤʦʤʝʥʪʫ, ʢʦʣʠ ʟʜʽʡʩʥʝʥʦ 

ʜʽʘʛʥʦʩʪʠʢʫ ʡʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʪʘ ʚʠʟʥʘʯʝʥʦ ʬʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʨʠʟʠʢʫ ʘʚʘʨʽʾ 

R, ʜʦ ʤʦʤʝʥʪʫ ʜʦʩʷʛʥʝʥʥʷ ʦʙ'ʻʢʪʦʤ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʦʛʦ ʨʠʟʠʢʫ ʘʚʘʨʽʾ. ʗʢʱʦ 

ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ ʦʙ'ʻʢʪʦʤ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʦʛʦ ʟʥʘʯʝʥʥʷ ʨʠʟʠʢʫ ʘʚʘʨʽʾ ʨʝʤʦʥʪʥʦ-

ʚʽʜʥʦʚʣʶʚʘʣʴʥʽ ʨʦʙʦʪʠ ʜʣʷ ʟʥʠʞʝʥʥʷ ʨʠʟʠʢʫ ʘʚʘʨʽʾ ʟʜʽʡʩʥʝʥʽ ʥʝ ʙʫʜʫʪʴ, ʪʦ ʦʙ'ʻʢʪ 

ʧʝʨʝʭʦʜʠʪʴ ʚ ʘʚʘʨʽʡʥʠʡ ʩʪʘʥ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʞʠʪʪʻʚʠʡ ʮʠʢʣ ʦʙ'ʻʢʪʘ ʚʽʜ ʧʦʯʘʪʢʫ 

ʡʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ ʜʦ ʜʦʩʷʛʥʝʥʥʷ ʛʨʘʥʠʯʥʦʛʦ ʨʠʟʠʢʫ ʘʚʘʨʽʾ ʚʠʟʥʘʯʘʻ ʚʝʣʠʯʠʥʫ 

ʛʨʘʥʠʯʥʦʛʦ ʨʝʩʫʨʩʫ (ʊʧ) ʮʴʦʛʦ ʦʙ'ʻʢʪʘ. 
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ʈʠʩ. 1.15. ʆʙʣʘʩʪʴ ʧʨʠʡʥʷʪʥʠʭ ʨʠʟʠʢʽʚ ʘʚʘʨʽʾ ʪʘ ʧʦʢʘʟʥʠʢʠ ʨʝʩʫʨʩʫ ʦʙ'ʻʢʪʘ [140] 

 

ɹʝʟʧʝʯʥʠʡ ʟʘʣʠʰʢʦʚʠʡ ʨʝʩʫʨʩ ʙʫʜʽʚʣʽ, ʾʾ ʬʽʟʠʯʥʝ (ʢʦʥʩʪʨʫʢʮʽʡʥʝ) ʟʥʦʰʝʥʥʷ 

ʪʘ ʬʘʢʪʠʯʥʠʡ ʨʠʟʠʢ ʘʚʘʨʽʾ ï ʮʝ ʪʽʩʥʦ ʧʦʚ'ʷʟʘʥʽ ʚʝʣʠʯʠʥʠ. ʇʨʠ ʧʦʙʫʜʦʚʽ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʦʮʽʥʢʠ ʬʽʟʠʯʥʦʛʦ ʟʥʦʩʫ ʪʘ ʟʘʣʠʰʢʦʚʦʛʦ ʨʝʩʫʨʩʫ ʦʙ'ʻʢʪʽʚ 

ʙʫʜʽʚʥʠʮʪʚʘ ʧʨʠʡʥʷʪʦ ʪʘʢʽ ʜʚʽ ʛʽʧʦʪʝʟʠ. 

¶ ʌʦʨʤʦʶ ʤʦʜʝʣʽ ʟʨʦʩʪʘʥʥʷ ʬʽʟʠʯʥʦʛʦ ʟʥʦʩʫ ʦʙ'ʻʢʪʘ ʫ ʧʨʦʮʝʩʽ ʡʦʛʦ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʻ ʝʢʩʧʦʥʝʥʪʘ. ɰʾ ʧʦʢʘʟʦʚʠʤ ʧʘʨʘʤʝʪʨʦʤ ʻ ʬʘʢʪʠʯʥʠʡ ʨʠʟʠʢ ʘʚʘʨʽʾ R, 

ʟʘʬʽʢʩʦʚʘʥʠʡ ʯʝʨʝʟ ʊʬ ʨʦʢʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʦʙ'ʻʢʪʘ. 

¶ ɿ ʤʦʤʝʥʪʫ ʧʦʯʘʪʢʫ ʙʫʜʽʚʥʠʮʪʚʘ ʬʽʟʠʯʥʠʡ ʟʥʦʩ ʦʙ'ʻʢʪʘ ʟʨʦʩʪʘʻ ʚʽʜ ʥʫʣʷ ʜʦ 

ʟʥʘʯʝʥʥʷ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʝʣʠʯʠʥʠ ʬʘʢʪʠʯʥʦʛʦ ʨʠʟʠʢʫ ʘʚʘʨʽʾ ʫ ʬʽʢʩʦʚʘʥʠʡ 

ʤʦʤʝʥʪ ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʇʨʠ ʜʦʩʷʛʥʝʥʥʽ ʨʠʟʠʢʦʤ ʘʚʘʨʽʾ ʛʨʘʥʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ Rʧ 

ʬʽʟʠʯʥʝ ʟʥʦʰʝʥʥʷ ʦʙ'ʻʢʪʘ ʩʪʘʻ ʨʽʚʥʠʤ 0,95 (95%). 

ɺʠʙʽʨ ʬʦʨʤʠ ʤʦʜʝʣʽ ʬʽʟʠʯʥʦʛʦ ʟʥʦʩʫ ʦʙ'ʻʢʪʘ (1-ʘ ʛʽʧʦʪʝʟʘ) ʦʙˇʨʫʥʪʦʚʘʥʠʡ 

ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʨʝʩʫʨʩʫ ʢʦʥʩʪʨʫʢʮʽʡ ʫ ʪʝʦʨʽʾ ʥʘʜʽʡʥʦʩʪʽ [144]; ʜʨʫʛʘ ʛʽʧʦʪʝʟʘ 

ʚʚʝʜʝʥʘ ʟʘ ʘʥʘʣʦʛʽʻʶ ʟ ʛʘʤʤʘ-ʚʽʜʩʦʪʢʦʚʠʤ ʨʝʩʫʨʩʦʤ ʧʦ ʟʥʦʩʫ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʘʢʦʞ ʫ ʪʝʦʨʽʾ ʥʘʜʽʡʥʦʩʪʽ [139]. 

 

 

 ʈʠʟʠʢ ʘʚʘʨʽʾ, R   
ɻʨʘʥʠʯʥʠʡ ʨʽʚʝʥʴ ʨʠʟʠʢʫ 

ɻʨʘʥʠʯʥʦ 

ʜʦʧʫʩʪʠʤʠʡ 

ʨʽʚʝʥʴ 

ʨʠʟʠʢʫ  

ʅʦʨʤʘʣʴʥʠʡ ʨʽʚʝʥɹ  ʨʠʟʠʢʫ 

 ʏʘʩ, ʊ (ʨʦʢʠ)   

ʆʙʣʘʩʪʴ (ʢʦʨʠʜʦʨ)  

ʧʨʠʡʥʷʪʥʠʭ ʨʠʟʠʢʽʚ 
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1.6. ʇʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʴ ʜʦʩʣʽʜʞʝʥʥʥʷ 

 

ɼʦ ʩʴʦʛʦʜʥʽ ʥʝ ʽʩʥʫʻ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʽ ʟʘʩʪʦʩʦʚʥʠʭ ʚ ʰʠʨʦʢʦʤʫ 

ʜʽʘʧʘʟʦʥʽ ʫʤʦʚ ʪʝʦʨʝʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʧʨʦʛʥʦʟʫ ʜʠʥʘʤʽʯʥʦʾ ʥʝʙʝʟʧʝʢʠ ʷʢ 

ʧʨʦʩʤʠʩʣʦʚʠʭ, ʪʘʢ ʽ ʙʦʡʦʚʠʭ ʚʠʙʫʭʽʚ, ʘ ʪʘʢʦʞ ʤʝʪʦʜʽʚ ʟʘʭʠʩʪʫ ʩʧʦʨʫʜ ʚʽʜ ʾʭ 

ʰʢʽʜʣʠʚʦʛʦ ʫʜʘʨʥʦʛʦ ʚʧʣʠʚʫ. ɼʽʶʯʽ ɭʜʠʥʽ ʧʨʘʚʠʣʘ ʙʝʟʧʝʢʠ ʧʨʠ ʚʠʙʫʭʦʚʠʭ 

ʨʦʙʦʪʘʭ, ʥʘ ʧʨʝʚʝʣʠʢʠʡ ʞʘʣʴ, ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʚʩʽʻʾ ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ ʫʤʦʚ ʾʭ 

ʧʨʦʚʝʜʝʥʥʷ. ʅʘ ʩʴʦʛʦʜʥʽ ʥʦʨʤʘʪʠʚʥʘ ʙʘʟʘ ʱʦʜʦ ʦʮʽʥʢʠ ʙʦʡʦʚʠʭ ʚʠʙʫʭʽʚ ʥʘ 

ʽʩʥʫʶʯʫ ʟʘʙʫʜʦʚʫ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʧʦʯʘʪʢʦʚʦʤʫ ʩʪʘʥʽ. 

ɺʠʟʥʘʯʝʥʥʷ ʱʽʣʴʥʦʩʪʽ ʧʦʪʦʢʫ ʜʠʥʘʤʽʯʥʦʾ ʝʥʝʨʛʽʾ ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʦʛʦ 

ʦʙʩʷʛʫ ʩʪʘʪʠʩʪʠʯʥʠʭ ʮʠʬʨʦʚʠʭ ʜʘʥʠʭ, ʷʢʽ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʪʽʣʴʢʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʰʣʷʭʦʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʝʨʫʡʥʽʚʥʠʭ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ 

ʚʠʤʽʨʶʚʘʥʴ ˇʨʫʥʪʫ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʙʣʠʟʫ ʙʫʜʽʚʝʣʴʥʦʛʦ ʦʙôʻʢʪʘ ʪʘ ʥʘ 

ʢʦʥʩʪʨʫʢʮʽʷʭ ʙʫʜʽʚʝʣʴʥʦʛʦ ʦʙôʻʢʪʘ (ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʧʦʯʘʪʢʦʚʦ-

ʢʨʘʡʦʚʠʭ ʫʤʦʚ). ʅʘʷʚʥʠʭ ʩʫʯʘʩʥʠʭ ʜʘʥʠʭ ʜʣʷ ʦʮʽʥʢʠ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʚʠʙʫʭʦʚʠʭ ʚʧʣʠʚʽʚ ʥʝʜʦʩʪʘʪʥʴʦ. ʇʽʜ ʯʘʩ ʧʨʦʭʦʜʞʝʥʥʷ ˇʨʫʥʪʦʚʠʭ (ʫʜʘʨʥʠʭ) 

ʭʚʠʣʴ ʥʝʦʙʭʽʜʥʦ ʨʝʻʩʪʨʫʚʘʪʠ ʰʚʠʜʢʽʩʪʴ ʢʦʣʠʚʘʥʴ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʨʦʚʝʩʪʠ  

ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʚʝʣʠʯʠʥ ʚʽʜʥʦʩʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʘʙʦ ʥʘʧʨʫʛ ʚ 

ˇʨʫʥʪʘʭ.  

ʅʝʦʙʭʽʜʥʽ ʜʦʜʘʪʢʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʽ ʪʝʦʨʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʣʷ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩʥʫʶʯʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʚʠʟʥʘʯʝʥʥʷ ʰʠʨʠʥʠ ʦʭʦʨʦʥʥʠʭ 

ʟʦʥ ʧʦʙʣʠʟʫ ʟʘʣʽʟʦʨʫʜʥʠʭ ʢʘʨ'ʻʨʽʚ ʂʨʠʚʦʛʦ ʈʦʛʫ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʦʙʤʝʞʝʥʥʷ 

ʚʝʣʠʯʠʥ ʤʘʩʦʚʠʭ ʚʠʙʫʭʽʚ. ɼʉʊʋ 4704:2008 [133] ʧʦʪʨʝʙʫʻ ʢʦʨʝʛʫʚʘʥʥʷ ʪʘ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ. 

ʇʨʦʧʦʥʫʻʪʴʩʷ ʢʦʤʧʣʝʢʩʥʘ ʤʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʟʘʣʠʰʢʦʚʦʛʦ ʨʝʩʫʨʩʫ 

ʙʫʜʽʚʝʣʴ ʪʘ ʩʧʦʨʫʜ ʚ ʟʦʥʘʭ ʜʠʥʘʤʽʯʥʠʭ ʚʧʣʠʚʽʚ, ʱʦ ʤʽʩʪʠʪʴ ʥʘʩʪʫʧʥʽ ʢʨʦʢʠ:  

1) ʚʽʟʫʘʣʴʥʝ ʦʙʩʪʝʞʝʥʥʷ ʙʫʜʽʚʣʽ ʟ ʬʽʢʩʘʮʽʻʶ ʾʾ ʨʫʡʥʫʚʘʥʴ; 

 2) ʜʠʥʘʤʽʯʥʽ ʚʠʤʽʨʶʚʘʥʥʷ ʚ ʙʫʜʽʚʣʽ ʟ ʤʝʪʦʶ ʦʮʽʥʢʠ ʾʾ ʜʠʥʘʤʽʯʥʦʾ ʨʝʘʢʮʽʾ 

ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪ ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ (ʮʽ ʜʘʥʽ ʙʫʜʫʪʴ ʥʝʦʙʭʽʜʥʽ ʜʣʷ 

ʚʝʨʠʬʽʢʘʮʽʾ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣʽ);  
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3) ʧʦʙʫʜʦʚʘ ʛʨʘʬʽʯʥʦʾ ʤʦʜʝʣʽ ʙʫʜʽʚʣʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʝʟʫʣʴʪʘʪʽʚ ʟʘ 

ʧʫʥʢʪʦʤ 1;  

4) ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣʽ;  

5) ʧʨʦʚʝʜʝʥʥʷ ʢʦʤʧʣʝʢʩʫ ʜʠʥʘʤʽʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘʧʨʫʞʝʥʦ-

ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʙʫʜʽʚʣʽ;  

6) ʦʮʽʥʢʘ ʢʦʥʩʪʨʫʢʮʽʡʥʦʛʦ ʨʠʟʠʢʫ ʙʫʜʽʚʣʽ;  

7) ʧʦʙʫʜʦʚʘ ʢʨʠʚʦʾ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʙʫʜʽʚʣʽ, ʢʽʣʴʢʽʩʥʘ ʦʮʽʥʢʘ 

ʟʘʣʠʰʢʦʚʦʛʦ ʨʝʩʫʨʩʫ. 
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 ʈʆɿɼɯʃ 2. ʄɸʊɽʄɸʊʀʏʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ɹʋɼɯɺɽʃʔ ɿ 

ɺʀɿʅɸʏɽʅʅʗʄ ɰʍ ɿɸʃʀʐʂʆɺʆɻʆ ʈɽʉʋʈʉʋ 

 

2.1. ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʠʭ ʙʫʜʽʚʝʣʴ 

 

ɼʝʨʞʘʚʥʽ ʙʫʜʽʚʝʣʴʥʽ ʥʦʨʤʠ ʋʢʨʘʾʥʠ ʟ ʩʝʡʩʤʦʩʪʽʡʢʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ [66] 

ʨʝʢʦʤʝʥʜʫʶʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʫ ʜʠʥʘʤʽʯʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ ʙʫʜʽʚʝʣʴ ʥʘ ʩʝʡʩʤʽʯʥʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʦʩʪʦʨʦʚʽ ʩʭʝʤʠ (ʨʠʩ. 2.1), ʘ ʪʘʢʦʞ ʧʣʦʩʢʽ ʪʘ ʢʦʥʩʦʣʴʥʽ ʩʪʨʠʞʥʝʚʽ 

ʤʦʜʝʣʽ ʟ ʟʦʩʝʨʝʜʞʝʥʠʤʠ ʽ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ (ʨʠʩ. 2.2).  

 
ʈʠʩ. 2.1. ʇʨʦʩʪʦʨʦʚʘ ʩʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʘ ʤʦʜʝʣʴ ʙʫʜʽʚʣʽ ʟ ʜʘʪʯʠʢʘʤʠ ʚʽʙʨʘʮʽʾ (ɼ.1, ɼ.2 

ʪʘ ɼ.3) ʩʠʩʪʝʤʠ ʚʽʙʨʦʤʦʥʽʪʦʨʠʥʛʫ (ʘ) ʪʘ ʧʣʦʩʢʘ ʜʠʥʘʤʽʯʥʘ ʤʦʜʝʣʴ ʟ ʨʦʟʧʦʜʽʣʝʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʠ ʧʦʩʪʫʧʦʚʠʭ Y0(t) ʩʝʡʩʤʽʯʥʠʭ ʚʧʣʠʚʘʭ 
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ɼʠʥʘʤʽʯʥʽ ʤʦʜʝʣʽ ʟ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʞʦʨʩʪʢʦʩʪʽ ʪʘ ʤʘʩʠ, ʷʢʽ 

ʚʨʘʭʦʚʫʶʪʴ ʤʦʤʝʥʪʠ ʽʥʝʨʮʽʾ ʤʘʩ ʙʫʜʽʚʣʽ, ʻ ʙʽʣʴʰ ʪʦʯʥʠʤʠ ʫ ʧʦ                                                                                                           

ʨʽʚʥʷʥʥʽ ʟ ʤʦʜʝʣʷʤʠ ʽʟ ʟʦʩʝʨʝʜʞʝʥʠʤʠ ʤʘʩʘʤʠ [145ï147]. ɺʘʞʣʠʚʠʤ ʻ 

ʚʨʘʭʫʚʘʥʥʷ ʫ ʜʠʥʘʤʽʯʥʠʭ ʤʦʜʝʣʷʭ ʙʫʜʽʚʝʣʴ ʧʘʨʘʤʝʪʨʽʚ ʜʝʤʧʬʽʨʫʚʘʥʥʷ. 

 

ʈʠʩ. 2.2. ʇʣʦʩʢʘ ʜʠʥʘʤʽʯʥʘ ʤʦʜʝʣʴ ʟ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʠ ʢʫʪʦʚʠʭ 
0
j (t) 

ʩʝʡʩʤʽʯʥʠʭ ʚʧʣʠʚʘʭ (ʙ). 
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ʅʠʞʯʝ ʦʪʨʠʤʘʥʦ ʨʽʚʥʷʥʥʷ ʨʫʭʫ ʽ ʯʘʩʪʦʪʥʽ ʨʽʚʥʷʥʥʷ ʤʦʜʝʣʽ ʙʫʜʽʚʣʽ ʟ 

ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ (ʢʦʥʩʦʣʴʥʠʡ ʩʪʨʠʞʝʥʴ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʞʦʨʩʪʢʦʩʪʽ 

ʧʨʠ ʟʛʠʥʽ ʪʘ ʟʩʫʚʽ, ʨʦʟʧʦʜʽʣʝʥʦʾ ʤʘʩʠ ʪʘ ʤʦʤʝʥʪʘ ʽʥʝʨʮʽʾ ʤʘʩʠ), ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ 

ʚʠʟʥʘʯʘʪʠ ʧʘʨʘʤʝʪʨʠ ʚʣʘʩʥʠʭ ʽ ʚʠʤʫʰʝʥʠʭ ʢʦʣʠʚʘʥʴ ʙʫʜʽʚʣʽ ʧʨʠ ʩʝʡʩʤʽʯʥʠʭ 

(ʢʽʥʝʤʘʪʠʯʥʠʭ) ʚʧʣʠʚʘʭ. ʊʘʢʦʞ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʚʨʘʭʫʚʘʥʥʷ 

ʜʝʤʧʬʽʨʫʚʘʥʥʷ ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʤʦʜʝʣʝʡ ʙʫʜʽʚʝʣʴ ʥʘ ʩʝʡʩʤʽʯʥʽ ʚʧʣʠʚʠ, ʟʘʜʘʥʽ 

ʘʢʩʝʣʝʨʦʛʨʘʤʘʤʠ ʟʝʤʣʝʪʨʫʩʽʚ. ɺʠʢʦʥʘʥʦ ʧʦʨʽʚʥʷʥʥʷ ʢʦʣʠʚʘʥʴ ʢʦʥʩʦʣʴʥʦʾ 

ʩʪʨʠʞʥʝʚʦʾ ʤʦʜʝʣʽ ʙʫʜʽʚʣʽ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʚʧʣʠʚ ʘʢʩʝʣʝʨʦʛʨʘʤ ʫ 

ʧʨʦʛʨʘʤʥʦʤʫ ʢʦʤʧʣʝʢʩʽ ʃɯʈɸ ʉɸʇʈ [152] ʧʨʠ ʜʝʤʧʬʽʨʫʚʘʥʥʽ, ʷʢʝ ʚʠʟʥʘʯʝʥʦ 

ʟʘ ʤʦʜʝʣʣʶ ʌʦʡʭʪʘ [150, 151, 153] ʪʘ ʟʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʁʤʝʪʦʜʠʢʦ .ʁ 

ɺʨʘʭʦʚʫʶʪʴʩʷ ʧʦʩʪʽʡʥʘ ʟʛʠʥʘʣʴʥʘ E1J ʽ ʟʩʫʚʥʘ ʞʦʨʩʪʢʽʩʪʴ kGF  

(ʢʦʝʬʽʮʽʻʥʪ k ʟʘʣʝʞʠʪʴ ʚʽʜ ʬʦʨʤʠ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʙʫʜʽʚʣʽ [154]), ʘ ʪʘʢʦʞ 

ʨʦʟʧʦʜʽʣʝʥʽ (ʥʘ ʦʜʠʥʠʮʶ ʚʠʩʦʪʠ ʙʫʜʽʚʣʽ)  ʤʘʩʘ m ʽ  ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʤʘʩʠ i0.  

ʇʝʨʝʤʽʱʝʥʥʷ ʪʦʯʦʢ ʙʫʜʽʚʣʽ ï ʧʦʩʪʫʧʦʚʽ h(z,t) ʪʘ ʢʫʪʦʚʽ j(z,t) ï ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʢʦʦʨʜʠʥʘʪʠ z  ̔ʯʘʩʫ t. ʇʨʠʡʥʷʪʦ, ʱʦ ʬʫʥʢʮʽʾ h(z,t) ʽ  j(z,t) ʻ ʥʝʟʘʣʝʞʥʠʤʠ. 

ʈʽʚʥʷʥʥʷ ʨʫʭʫ ʦʪʨʠʤʘʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʠʥʮʠʧʫ ɻʘʤʣ̔ʴʪʦʥʘ, ʟʛʽʜʥʦ ʟ 

ʷʢʠʤ ʬʫʥʢʮʽʦʥʘʣ ʜʽʾ S ʚ ʯʘʩʦʚʦʤʫ ʽʥʪʝʨʚʘʣʽ ʚʽʜ t1 ʜʦ t2 ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʦʶ [150, 151, 153, 155]: 

 ( )
2

1

,

t

t

S T U dt= -ñ   (2.1) 

ʜʝ ʊ  ̔ U ï ʢʽʥʝʪʠʯʥʘ ʽ ʧʦʪʝʥʮʽʡʥʘ ʝʥʝʨʛʽʷ (ʚʨʘʭʫʚʘʥʥʷ ʩʠʣ ʜʝʤʧʬʽʨʫʚʘʥʥʷ 

ʨʦʟʛʣʷʥʫʪʦ ʥʠʞʯʝ). 

ʈʽʚʥʷʥʥʷ ʨʫʭʫ ʩʢʣʘʜʝʥʦ ʜʣʷ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣʽ ʢʦʥʩʦʣʴʥʦʛʦ ʩʪʨʠʞʥʷ 

ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʦʩʥʦʚʠ ʧʨʠ ʧʦʩʪʫʧʦʚʠʭ Y0(t) ʽ ʢʫʪʦʚʠʭ 0
j(t) ʢʽʥʝʤʘʪʠʯʥʠʭ 

ʧʝʨʝʤʽʱʝʥʥʷʭ ʬʫʥʜʘʤʝʥʪʫ (ʨʠʩ. 2.2). ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ ʊ 

ʥʝʦʙʭʽʜʥʦ ʨʦʟʛʣʷʜʘʪʠ ʜʣʷ ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʦʙ'ʻʤʫ dzdFdV Ö=  ʚ 

ʜʦʚʽʣʴʥʽʡ ʪʦʯʮʽ N ʙʫʜʽʚʣʽ ʤʽʞ ʜʚʦʤʘ ʧʝʨʝʨʽʟʘʤʠ z  ̔z + dz ʘʙʩʦʣʶʪʥʽ ʰʚʠʜʢʦʩʪʽ 

(ʚʽʜʥʦʩʥʦ ʥʝʨʫʭʦʤʦʾ ʩʠʩʪʝʤʠ ʚʽʜʣʽʢʫ 
00

0 ZY ): 

 

 ()( ) ( ) ( )y.tz,yűW;tz,ɖtűzYV
ʘʘ

j####### +=++=
000

   (2.2) 
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ʊʫʪ ʧʝʨʝʤʽʱʝʥʥʷ ( ) ( )ɖ z,tʪʘ z,tj  ʪʦʯʢʠ N ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʽʜʥʦʩʥʦ ʨʫʭʦʤʦʾ 

ʩʠʩʪʝʤʠ ʚʽʜʣʽʢʫ OYZ, ʧʦʯʘʪʦʢ ʷʢʦʾ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʦʩʥʦʚʽ ʢʦʥʩʦʣʽ. ʂʚʘʜʨʘʪ 

ʘʙʩʦʣʶʪʥʦʾ ʰʚʠʜʢʦʩʪʽ  ʜʣʷ ʜʦʚʽʣʴʥʦʾ ʪʦʯʢʠ N ʙʫʜʝ: 

 

 ( ) ( ) () ( ) ( ).yyűyűɖɖűzYűzYv
N

22

0

2

0

2

00

2

00

2 22 jj ########## +++++++=   (2.3) 

 

ʂʽʥʝʪʠʯʥʘ ʝʥʝʨʛʽʷ ʊ (ʜʣʷ ʚʩʽʭ ʝʣʝʤʝʥʪʘʨʥʠʭ ʤʘʩ ʙʫʜʽʚʣʽ ɟdFdz) ʤʦʞʝ 

ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʘʢ: 
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ü
û
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dzdFvɟT,TTTT
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2
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1
,                                                  (2.4) 

 

ʜʝ 
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dzdFyűɖűzYɟT

dz,dFyűűzYɟT

0

2

0001

0

22

0

2

000
2

1

j#####
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 ( ){ }
() ()

ññ ñ ==++=
F

h

F

dF;ɟyiɟdF,mdz,iűmɖűzY 2

0

00000
j#####   (2.5) 

()

( ) { }ñññ +=
ý
ü
û

í
ì
ë

+=
hh

F

dz.iɖmdzdFyɖɟT
0

2

0

2

0

222

2
2

1

2

1
jj ####                          (2.6) 

 

ʇʨʠ ʨʦʟʛʣʷʜʘʥʥʽ ʚʘʨʽʘʮʽʾ ʬʫʥʢʮʽʦʥʘʣʘ ʜʽʾ Sd  ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʫʚʘʪʠ, ʱʦ 

ʬʫʥʢʮʽʾ () ()
.

0 0Y t ʪʘ tj
Ö

 ʻ ʟʘʜʘʥʠʤʠ, ʦʪʞʝ ʚʘʨʽʘʮʽʾ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ: 

( ){ }ñ ++==
h

dzŭiűɖmŭűzYŭT,ŭT
0

000010
0 j#####

.          (2.7) 
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{ }ñ +=
h

dzŭiɖŭɖmŭT
0

02
jj #### .   (2.8) 

 

ʇʦʪʝʥʮʽʘʣʴʥʘ ʝʥʝʨʛʽʷ U ʟʘʣʝʞʠʪʴ ʪʽʣʴʢʠ ʚʽʜ ʚʽʜʥʦʩʥʠʭ ʧʝʨʝʤʽʱʝʥʴ 

( ) ( )ɖ z,tʪʘ z,tj  (ʚʽʜʥʦʩʥʦ ʨʫʭʦʤʦʾ ʩʠʩʪʝʤʠ OYZ):  

 

( ){ }ñ ¡++¡=
h

dzɖGFkJEU
0

22

1
2

1
jj .    (2.9) 

 

ɺʘʨʽʘʮʽʷ U: 

 

( )( ){ }ñ ¡+¡++¡¡=
h

dzɖŭŭɖGFkŭJEŭU
0

1
jjjj           (2.10) 

 

ʊʽ ʜʦʜʘʥʢʠ, ʷʢʽ ʤʽʩʪʷʪʴ ŭf¡ ̔  ŭɖ¡, ʥʝʦʙʭʽʜʥʦ ʽʥʪʝʛʨʫʚʘʪʠ ʟʘ ʯʘʩʪʠʥʘʤʠ: 
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( ) ( )[ ] ( ) .ŭɖdzɖGFkŭɖɖGFkdzɖŭɖGFk

;dzŭJEŭJEdzŭJE

h h
hz

z

h h
hz

z

ñ ñ

ñ ñ

¡¡+¡-¡+=¡¡+

¡¡-¡=¡¡
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=
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0 0

0

0 0

1011

jjj

jjjjjj

    (2.11) 

 

ɺ ʦʩʥʦʚʽ ʙʫʜʽʚʣʽ (z=0) 0ŭj=  ʪʘ 0=hŭ  ʫʥʘʩʣʽʜʦʢ ʞʦʨʩʪʢʦʛʦ ʟʘʪʠʩʥʝʥʥʷ. 

ʇʨʠ z = h (ʚʝʨʭ ʙʫʜʽʚʣʽ) jŭ  ̔ hŭ  ʥʝ ʜʦʨʽʚʥʶʶʪʴ ʥʫʣʶ. 

ʆʩʪʘʪʦʯʥʦ ʚʘʨʽʘʮʽʷ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʤʘʻ ʚʠʛʣʷʜ: 

 

( )[ ] ( )[ ]{ }

() () ()[ ] .ŭɖhɖhGFkŭhJE

dzŭɖɖGFkŭɖGFkJEŭU

hh

h

¡++¡+

+¡¡+¡-+¡++¡¡-=ñ

jjj

jjjj

1

0

1

     (2.12) 
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ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʘʥʦ ʚʘʨʽʘʮʽʶ ʬʫʥʢʮʽʦʥʘʣʘ ʜʽʾ ʚ ʪʘʢʦʤʫ ʚʠʛʣʷʜʽ: 

 

( ) ( ) ( )[ ]

( ) ( )[ ]

( ) ( )[ ] .ŭɖdz}dtűzYɖmɖGFk

dzŭűiɖGFkJE

ŭɖthɖthGFkŭthJE{ŭS

h
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t

t

hh

ñ

ñ

ñ
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++-¡+-¡¡+

+¡+-¡-=
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######
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j

jjjj

jjj

 (2.13) 

 

ɺ ʪʨʝʪʽʡ ʚʘʨʽʘʮʽʾ hh ŭɖ,ŭj  (ʟʘʣʝʞʘʪʴ ʪʽʣʴʢʠ ʚʽʜ t)  ʽ ( ) ( )z,tŭɖ,z,tŭj  ʻ 

ʤʘʣʠʤʠ, ʘʣʝ ʜʦʚʽʣʴʥʠʤʠ. ʊʦʤʫ ʫʤʦʚʘ 0=ŭS  ʤʦʞʝ ʚʠʢʦʥʫʚʘʪʠʩʷ, ʷʢʱʦ: 

 

( ) ( ) ( )[ ] ;h,tɖh,tGFk,h,tJE 00
1

=¡+=¡ jj  (2.14) 

( ) ();tűiiɖGFkJE
0001 ####=-¡+-¡¡ jjj  (2.15) 

( ) () ().tűzmtYmɖmɖGFk
00 ###### -=-¡¡+¡j  (2.16) 

 

ʊʫʪ (2.14) ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʨʘʡʦʚʠʤ ʫʤʦʚʘʤ ʥʘ ʚʽʣʴʥʦʤʫ ʢʽʥʮʽ ʢʦʥʩʦʣʴʥʦʛʦ 

ʩʪʨʠʞʥʷ (ʚʝʨʭ ʙʫʜʽʚʣʽ). ʈʽʚʥʷʥʥʷ (2.15) ʽ (2.16) ï ʮʝ ʩʠʩʪʝʤʘ ʜʚʦʭ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʨʫʭʫ ʫ ʯʘʩʪʢʦʚʠʭ ʧʦʭʽʜʥʠʭ ʜʣʷ ʥʝʚʽʜʦʤʠʭ ʬʫʥʢʮʽʡ 

( )z,tj   ̔ ( )z,tɖ . ʇʽʩʣʷ ʚʠʟʥʘʯʝʥʥʷ ʮʠʭ ʜʚʦʭ ʬʫʥʢʮʽʡ ʤʦʞʥʘ ʟʥʘʡʪʠ ʚʥʫʪʨʽʰʥʽ 

ʟʫʩʠʣʣʷ (ʤʦʤʝʥʪ ʽ ʧʦʧʝʨʝʯʥʫ ʩʠʣʫ) ʚ ʢʦʞʥʦʤʫ ʧʝʨʝʨʽʟʽ ʙʫʜʽʚʣʽ: 

 

( ) ( ) ( ) ( );ɖGFkz,tQ;z,tJEz,tM ¡+-=¡= jj1  (2.17)  



62 

ʏʘʩʪʦʪʠ ʽ ʬʦʨʤʠ ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ ʙʫʜʽʚʣʽ 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪ w  ̔ ʬʦʨʤ ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ j(z), h(z) 

ʚʠʢʦʨʠʩʪʘʥʦ ʨʽʚʥʷʥʥʷ (2.17) ʽ (2.18) ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʧʨʘʚʦʾ ʯʘʩʪʠʥʠ 

(ʩʝʡʩʤʽʯʥʠʭ ʚʧʣʠʚʽʚ). ɺʚʝʜʝʤʦ ʧʦʟʥʘʯʝʥʥʷ K1= E1J; K2= kGF ʽ ʦʪʨʠʤʘʻʤʦ:  

 

;0)(
021
=-¡+-¡¡ jhjj ##iKK                        

K2(j¡+h¡¡)-m     h##=0. (2.18) 

 

ʇʝʨʝʤʽʱʝʥʥʷ ʧʨʠʡʤʘʻʤʦ ʫ ʚʠʛʣʷʜʽ (t ï ʯʘʩ, a ï ʬʘʟʘ  ʢʦʣʠʚʘʥʴ): 

 

j(z,t)=j(z)sin(wt+a); h(z,t) = h(z)sin(wt + a).                          (2.19) 

 

ʇʽʩʣʷ ʧʝʨʝʪʚʦʨʝʥʴ ʦʪʨʠʤʘʻʤʦ: 

 

(K1j¡¡- K2j+ i 0w2j) - K2h¡= 0  

                                             K2j¡+(K2h¡¡+mw2h) = 0.                                    (2.20) 

 

ʈʦʟʚ`ʷʟʦʢ ʮʽʻʾ ʦʜʥʦʨʽʜʥʦʾ ʩʠʩʪʝʤʠ ʜʚʦʭ ʨʽʚʥʷʥʴ ʧʨʠʡʤʘʻʤʦ ʫ ʚʠʛʣʷʜʽ: 

 

j(z)=A1cosl1z+B1sinl1z+C1cosl2z+D1sinl2z;                                         (2.21) 

h(z)=A2 sinl1z + B2 cosl1z + C2 sinl2z + D2 cosl2z.                               (2.22) 

 

ɿʥʘʯʝʥʥʷ l1 = f1(w) ʪʘ l2 = f2(w) ʟʘʣʝʞʘʪʴ ʚʽʜ ʯʘʩʪʦʪʠ ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ  

w ʽ ʧʨʠʚʝʜʝʥʽ ʥʠʞʯʝ. 

ʋ ʧʽʜʩʫʤʢʫ ʦʜʝʨʞʫʻʤʦ: 

 

A1(-K1l
2
1 - K2 + i0w2) - K2l1A2 = 0   ʢʦʝʬʽʮʽʻʥʪ ʧʨʠ cos(l1z)      (2.23) 

A1(-K2l1) + (-K2l
2
1+  mw2)A2 = 0     ʢʦʝʬʽʮʽʻʥʪ ʧʨʠ sin(l1z).      (2.24) 
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ɺ (2.23 ʽ 2.24) ʚʝʣʠʯʠʥʠ  l° 1 ʪʘ l° 2 ʙʫʜʫʪʴ ʨʽʟʥʠʤʠ ʢʦʨʝʥʷʤʠ 

ʙʽʢʚʘʜʨʘʪʥʦʛʦ ʨʽʚʥʷʥʥʷ: 

 

K1K2l
4 - (K2i0w2 + K1mw2)l2 + (i0mw4 - K2mw2) = 0.              (2.25) 

 

ʇʽʩʣʷ ʚʠʢʦʥʘʥʥʷ ʧʝʨʝʪʚʦʨʝʥʴ ʦʪʨʠʤʘʥʦ: 

 

21

22

21

42

102

2

1022

2,1
2

4)()(

KK

mKKmKiKmKiK www
l

+-°+
=  .                                       (2.26) 

 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟ (2.26) ʜʽʡʩʥʦʛʦ l (ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪʠw

) ʧʦʚʠʥʥʘ ʚʠʢʦʥʫʚʘʪʠʩʴ ʥʘʩʪʫʧʥʘ ʫʤʦʚʘ: 

 

(K2i0 + K1m)w2 = D .                                                         (2.27) 

 

ʋ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ (2.21) ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ɸ2, ɺ2, ʉ2, D2 ʯʝʨʝʟ A1, B1, C1, 

D1: 

A2=aA1, ;
1 2

12

0

1

1

2

1 w
ll

l
K

i

K

K
a +--=   

B2=bB1, ab -= ; C2=cC1,                                                 (2.28) 

;
1 2

22

0

2

2

2

1 w
ll

l
K

i

K

K
c +--=  D2 = dD1, cd -= . 

 

ʊʦʤʫ ʤʘʻʤʦ ʪʽʣʴʢʠ ʯʦʪʠʨʠ ʥʝʚʽʜʦʤʠʭ: 

 

1 1 2 2

1 1 1 1

1 1 2 2

cos sin cos sin( )

sin cos sin cos( )

z z z zz
A B C D

a z b z c z d zz

l l l lf

l l l lh
= + + +

 (2.29) 

 

ɺʨʘʭʦʚʫʻʤʦ ʯʦʪʠʨʠ ʢʨʘʡʦʚʠʭ ʫʤʦʚʠ: 

1) ɺʥʠʟʫ ʜʣʷ ʟʘʪʠʩʥʝʥʥʷ ʢʦʥʩʦʣʽ 0)0(,0)0( == hj : 
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A1 + C1 = 0 ­  C1 = -A1;   B1b + dD1 = 0   ­  D1 = -b/d B1. 

 

ɿʘʤʽʩʪʴ ʦʪʨʠʤʘʻʤʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʣʷ ʬʦʨʤ ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ: 

 

1 2 1 2

1 1

1 2
1 2

cos cos sin sin( )

sin sin( )
cos cos

b
z z z zz

A B d
a z b zz

b z b z

l l l lf

l lh
l l

- -
= +

-
-

         (2.30) 

 

2) ɿʚʝʨʭʫ ʙʫʜʽʚʣʽ ʧʨʠ z = h ʤʘʻʤʦ j¡(h) = 0 , j(h) + h¡(h) = 0.  

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʢʨʘʡʦʚʠʭ ʫʤʦʚ ʦʪʨʠʤʫʻʤʦ:  

 

0

]sin)1(sin)1][(cos)1(cos)1[(

)coscos(                                   )sinsin(

22112211

22112211

=

---+-+

-+-

=D

hd
d

b
hbhbha

h
d

b
hhh

llllllll

llllllll

        (2.31) 

 

ɿʛʽʜʥʦ ʟ ʪʝʦʨʝʤʦ  ʁɺ̔ʻʪʪʘ ʟ ʤʘʻʤʦ: 
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2

0

1

2

1

2

21

022

2

2

1 öö
÷

õ
ææ
ç

å
-=öö
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ʪʘ ʟʥʘʭʦʜʠʤʦ ʫʤʦʚʫ, ʢʦʣʠ 02

2
=l : 

 

0

22

2

0

2

11

2

2

2
01

i

K

K

i

K

m
== ww

l

w
l ­öö

÷

õ
ææ
ç

å
-= .                             (2.32) 

 

ʏʘʩʪʦʪʥʝ ʨʽʚʥʷʥʥʷ ʦʪʨʠʤʫʻʤʦ ʟ (2.28): D= F (w) = 0, ʜʝ 
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F(w) = (-l1sinl1h + l2sinl2h) [(1 - bl1)sinl1h - 

- ld
d

b
-1( 2)sinl2h](l1cosl1h ï  

- l
d

b
2cosl2h) [(1 + al1)cosl1h - (1 + bl2)cosl2h].                      (2.33) 

 

ʊʫʪ ʥʝʚʽʜʦʤʽ l1 ʽ l2 ʟʘʣʝʞʘʪʴ ʚʽʜ ʯʘʩʪʦʪʠ w. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ i-ʾ ʚʣʘʩʥʦʾ 

ʬʦʨʤʠ ʢʦʣʠʚʘʥʴ ʚʚʝʜʝʥʦ ʚʽʜʥʦʰʝʥʥʷ: 

 

)sin()sin(

)cos()cos(

2211

2211

1

1

hh

h
d

b
h

B

A
k

iiii

i

i

iii

i

i

i
llll

llll

-

-

== .                           (2.34) 

 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʣʷ ʥʝʥʦʨʤʦʚʘʥʦʾ i-ʾ ʬʦʨʤʠ ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ ʤʦʜʝʣʽ 

ʙʫʜʽʚʣʽ: 

 

zzb

z
d

b
z

zbza

zz
k

z

z

ii
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sinsin
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-
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-
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.             (2.35) 

 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʽ ʬʦʨʤ ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ ʦʪʨʠʤʘʥʦ 

ʨʽʚʥʷʥʥʷ ʜʣʷ ʫʟʘʛʘʣʴʥʝʥʦʾ ʢʦʦʨʜʠʥʘʪʠ ()tdi : 

 

( ) () () () ,...,,itftdtdɤ
iii

*

i
321,

2

==+## ,          (2.36) 

ʜʝ 
*

iɤ  ï ʯʘʩʪʦʪʘ ʽ-ʾ ʬʦʨʤʠ ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ; 

() () ().tűɓtYŬtf iii 00 #### Ö-Ö-=  



66 

 

 

 

             (2.37) 

 

() ()

() ()

0
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i z mzɖ z dz

.
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f

è ø+ê ú
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è ø+ê ú

ñ
ä
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ʅʝʦʙʭʽʜʥʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʢʦʞʥʝ ʜʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ, ʷʢʝ ʚʠʟʥʘʯʘʻ 

ʬʫʥʢʮʽʶ ()tdi  (ʘʤʧʣʽʪʫʜʘ ʜʣʷ ʽ-ʾ ʬʦʨʤʠ ʢʦʣʠʚʘʥʴ) ʧʨʠ ʟʘʜʘʥʠʭ ʬʫʥʢʮʽʷʭ 0( )Y t  

ʽ 0( )tj , ʦʪʨʠʤʘʥʦ ʙʝʟ ʜʝʤʧʬʽʨʫʚʘʥʥʷ. ɼʣʷ ʚʨʘʭʫʚʘʥʥʷ ʜʝʤʧʬʽʨʫʚʘʥʥʷ 

ʚʠʢʦʨʠʩʪʘʥʘ ʧʨʦʧʦʟʠʮʽʷ ɼʝʨʢʘʯʦʚʘ ɸ.ɸ. [156], ʟʛʽʜʥʦ ʟ ̫ʢʦʁ ʚ ʢʦʞʥʦʤʫ 

ʨʽʚʥʷʥʥʽ ʪʨʝʙʘ ʜʨʫʛʫ ʧʦʭʽʜʥʫ ()td##  ʨʦʟʛʣʷʜʘʪʠ ʟ ʘʨʛʫʤʝʥʪʦʤ 
i
Űt- , ʜʝ 

i
Ű ï 

ʧʦʩʪʽʡʥʝ (ʤʘʣʝ) ʯʠʩʣʦ: 

 

() ( ) ().tfŰtdtdɤ
iiiii =-+##

2*
 (2.38) 

 

ɿʥʘʡʜʝʤʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʯʘʩʦʤ iŰ ʽ ʧʝʨʽʦʜʦʤ ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ i-ʾ 

ʬʦʨʤʠ ʊi. ʇʨʠʡʤʘʻʤʦ ʚʣʘʩʥʽ ʟʘʛʘʩʘʶʯʽ ʢʦʣʠʚʘʥʥʷ (ʧʨʠ () 0=tf i ) ʫ ʚʠʛʣʷʜʽ: 

 

() ( )
ii

t

i
ɔtɤetd i +=

-
sin

d
. (2.39) 

 

ʊʫʪ ʢʦʝʬʽʮʽʻʥʪ ʟʘʛʘʩʘʥʥʷ 
ii

xwd= , ʜʝ x ï ʟʘʛʘʩʘʥʥʷ ʚ ʜʦʣʷʭ ʚʽʜ 

ʢʨʠʪʠʯʥʦʛʦ, 
i
w ï ʯʘʩʪʦʪʘ i-ʾ ʬʦʨʤʠ ʢʦʣʠʚʘʥʴ; 

i
g ï ʬʘʟʘ ʢʦʣʠʚʘʥʴ [150, 151]. 

ʇʽʩʣʷ ʥʝʦʙʭʽʜʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʦʪʨʠʤʘʥʦ: 
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,
ˊ

Tŭ

T

Ű
ii

i

i

22

Ö
º  (2.40) 

 

ʜʝ Ð==Ö px2
ii

Tŭ  ï ʣʦʛʘʨʠʬʤʽʯʥʠʡ ʜʝʢʨʝʤʝʥʪ, ʷʢʠʡ ʜʣʷ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ 

ʙʫʜʽʚʝʣʴ, ʟʛʽʜʥʦ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ [154, 155], ʤʦʞʥʘ ʧʨʠʡʥʷʪʠ 0,3 

ʧʨʠ ʟʘʛʘʩʘʥʥʽ 5% ʚʽʜ ʢʨʠʪʠʯʥʦʛʦ (05,0=x ). ʊʦʜʽ ʯʘʩ ʟʘʧʽʟʥʝʥʥʷ ʙʫʜʝ: 

 

ii
TŰ

70

1
= .  

 

ʈʽʚʥʷʥʥʷ (2.38) ʟʨʫʯʥʽ ʜʣʷ ʯʠʩʝʣʴʥʦʛʦ (ʢʨʦʢʦʚʦʛʦ) ʤʝʪʦʜʫ ʨʦʟʨʘʭʫʥʢʫ ʥʘ 

ʩʝʡʩʤʽʯʥʽ ʚʧʣʠʚʠ, ʟʘʜʘʥʽ ʘʢʩʝʣʝʨʦʛʨʘʤʘʤʠ 0( )Y t  ʽ 0( )tj , ʢʦʣʠ çʢʨʦʢè  Űȹt¢ .  

ʗʢʱʦ ʧʨʠʡʥʷʪʠ Űȹt= , ʪʦʜʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʪʽʣʴʢʠ çʪʦʯʢʠè ȹtsts Ö=  

ʧʦʩʣʽʜʦʚʥʦ ʧʨʠ  s = 1, 2, 3, éN. ʌʦʨʤʫʣʘ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʨʠʩʢʦʨʝʥʥʷ ʤʘʻ 

ʚʠʛʣʷʜ:  
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 (2.41) 

 

ʋ ʧʦʜʘʣʴʰʦʤʫ ʤʘʻʤʦ: 
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ɺ ʬʦʨʤʫʣʽ (2.43) ʧʨʠ s = 0 ʧʨʠʡʤʘʻʪʴʩʷ ( ) ( ) 021 == -- tdtd ii .  ɼʘʣʽ 

ʧʦʩʣʽʜʦʚʥʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʩʽ  ()si td  ʯʝʨʝʟ ʚʞʝ ʦʪʨʠʤʘʥʽ ( ) ( )21 -- ss td,td  ʧʨʠ 

ʟʘʜʘʥʠʭ ʟʥʘʯʝʥʥʷʭ ʩʝʡʩʤʽʯʥʦʛʦ ʚʧʣʠʚʫ ()si tf  ʟʘ i-ʶ ʬʦʨʤʦʶ ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ 

ʙʫʜʽʚʣʽ. ɿʤʽʥʠ ʫ ʯʘʩʽ ʤʦʤʝʥʪʽʚ ʽ ʧʦʧʝʨʝʯʥʠʭ ʩʠʣ ʚ ʧʝʨʝʨʽʟʽ z ʢʦʥʩʦʣʴʥʦʾ ʤʦʜʝʣʽ 

ʙʫʜʽʚʣʽ ʧʨʠ ʟʘʜʘʥʠʭ ʘʢʩʝʣʝʨʦʛʨʘʤʘʭ ʟʝʤʣʝʪʨʫʩʫ() ()tű,tY 00 ####  ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʟʘ 

ʥʘʩʪʫʧʥʠʤʠ ʬʦʨʤʫʣʘʤʠ: 
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ɺʠʩʥʦʚʢʠ ʟʘ ʨʦʟʜʽʣʦʤ 2.1. 

 

1. ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʠʥʮʠʧʫ ɻʘʤʽʣʴʪʦʥʘ ʦʪʨʠʤʘʥʽ ʨʽʚʥʷʥʥʷ ʨʫʭʫ, 

ʯʘʩʪʦʪʥʽ ʪʨʘʥʩʮʝʥʜʝʥʪʥʽ ʨʽʚʥʷʥʥʷ ʽ ʚʠʨʘʟʠ ʜʣʷ ʬʦʨʤ ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ 

ʢʦʥʪʠʥʫʘʣʴʥʠʭ ʧʨʫʞʥʠʭ ʤʦʜʝʣʝʡ ʙʫʜʽʚʝʣʴ, ʱʦ ʜʘʶʪʴ ʟʤʦʛʫ ʚʠʟʥʘʯʘʪʠ 

ʧʘʨʘʤʝʪʨʠ ʚʣʘʩʥʠʭ ʽ ʚʠʤʫʰʝʥʠʭ ʢʦʣʠʚʘʥʴ ʙʫʜʽʚʣʽ ʧʽʜ ʚʧʣʠʚʦʤ ʩʝʡʩʤʽʯʥʠʭ ʜʽʡ. 

2. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʦʨʠʛʽʥʘʣʴʥʘ ʤʝʪʦʜʠʢʘ ʚʨʘʭʫʚʘʥʥʷ ʜʝʤʧʬʽʨʫʚʘʥʥʷ ʧʨʠ 

ʨʦʟʨʘʭʫʥʢʘʭ ʙʫʜʽʚʝʣʴ ʥʘ ʩʝʡʩʤʽʯʥʽ ʚʧʣʠʚʠ (ʟʘʜʘʥʽ ʘʢʩʝʣʝʨʦʛʨʘʤʘʤʠ 

ʟʝʤʣʝʪʨʫʩʫ). ɺʠʢʦʥʘʥʦ ʧʦʨʽʚʥʷʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʘʤʧʣʽʪʫʜ ʢʦʣʠʚʘʥʴ ʚʝʨʭʫ 

ʩʪʨʠʞʥʝʚʦʾ ʢʦʥʩʦʣʴʥʦʾ ʤʦʜʝʣʽ ʙʫʜʽʚʣʽ ʧʨʠ ʜʝʤʧʬʽʨʫʚʘʥʥʽ ʟʘ ʤʦʜʝʣʣʶ ʌʦʡʭʪʘ 

ʪʘ ʤʝʪʦʜʠʢʦʶ ʘʚʪʦʨʘ. ʈʦʟʭʦʜʞʝʥʥʷ ʟʥʘʯʝʥʴ ʤʘʢʩʠʤʘʣʴʥʠʭ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ 

ʘʤʧʣʽʪʫʜ ʚʝʨʭʘ ʤʦʜʝʣʽ ʙʫʜʽʚʣʽ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʜʚʦʤʘ ʤʝʪʦʜʘʤʠ, ʧʨʠ ʚʧʣʠʚʘʭ 

ʘʢʩʝʣʝʨʦʛʨʘʤʠ ɹʫʭʘʨʝʩʪʩʴʢʦʛʦ ʟʝʤʣʝʪʨʫʩʫ (1977 ʨ.), ʩʢʣʘʜʘʻ ʜʦ 17%.   
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2.2. ɺʠʟʥʘʯʝʥʥʷ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʠʭ ʫʤʦʚ ʰʣʷʭʦʤ ʧʨʦʚʝʜʝʥʥʷ 

ʥʘʪʫʨʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʥʝʨʫʡʥʽʚʥʠʤʠ ʤʝʪʦʜʘʤʠ 

 

ʈʝʻʩʪʨʘʮʽʷ ʚʽʙʨʦʩʠʛʥʘʣʽʚ ʚʠʢʦʥʫʚʘʣʘʩʴ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʠʤʠ ʜʘʪʯʠʢʘʤʠ 

ɼʅ-3-ʄ1 ʽ ʉʄ-3 ʪʘ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʤʠ ʜʘʪʯʠʢʘʤʠ 4321 ʬʽʨʤʠ 

"Br¿el&KjÞr" (ɼʘʥʽʷ) ʟ ʧʦʩʠʣʝʥʥʷʤ ʩʠʛʥʘʣʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʤʽʨʶʚʘʯʽʚ 

ʚʽʙʨʘʮʽʾ ʽ ʰʫʤʫ ʤʘʨʢʠ ɺʐɺ-003-ʄ2 ʽ ʚʽʙʨʦʰʫʤʦʤʽʨʘ "Br¿el&KjÞr" 2237. 

ɿʘʧʠʩ ʚʽʙʨʦʩʠʛʥʘʣʽʚ ʚʠʢʦʥʫʚʘʚʩʷ ʫ ʧʨʷʤʦʤʫ ʨʝʞʠʤʽ ʥʘ ʚʦʩʴʤʠʢʘʥʘʣʴʥʠʡ 

ʤʘʛʥʽʪʦʬʦʥ PC208Ax ʬʽʨʤʠ çSONYè (ʨʠʩ. 2.3). ɺʠʤʽʨʠ ʧʨʦʚʦʜʠʣʠʩʷ ʚ ʜʝʥʥʠʡ 

ʯʘʩ. ʆʙʨʦʙʢʘ ʟʘʧʠʩʘʥʠʭ ʥʘ ʤʘʛʥʽʪʥʠʡ ʥʦʩʽʡ ʚʽʙʨʦʩʠʛʥʘʣʽʚ ʧʨʦʚʦʜʠʣʘʩʴ ʟʘ 

ʩʧʝʮʽʘʣʴʥʦʶ ʧʨʦʛʨʘʤʦʶ PULCE [156] ʜʣʷ ʧʦʙʫʜʦʚʠ ʛʨʘʬʽʢʽʚ ʪʠʤʯʘʩʦʚʠʭ 

ʩʠʛʥʘʣʽʚ ʽ ʩʧʝʢʪʨʽʚ. ʅʘ ʚʝʩʴ ʥʘʙʽʨ ʘʧʘʨʘʪʫʨʠ, ʷʢʘ ʟʘʩʪʦʩʦʚʫʚʘʣʘʩʷ ʜʣʷ 

ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʙʨʦʧʨʠʩʢʦʨʝʥʴ ʽ ʟʘʧʠʩʫ ʚʽʙʨʦʩʠʛʥʘʣʽʚ, ʙʫʣʠ ʦʪʨʠʤʘʥʽ 

ʚʽʜʧʦʚʽʜʥʽ ʜʦʢʫʤʝʥʪʠ ʧʨʦ ʾʾ ʧʝʨʝʚʽʨʢʫ ʚ ʋʢʨʤʝʪʨʪʝʩʪʩʪʘʥʜʘʨʪʽ. 

 

ɺʠʟʥʘʯʝʥʥʷ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʦʾ ʟʘʜʘʯʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʽʙʨʦʜʠʥʘʤʽʯʥʠʭ ʚʠʤʽʨʶʚʘʥ ɹ

ʆʨʛʘʥʽʟʘʮʽʷ ʪʘ ʧʨʦʚʝʜʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʦʙʩʪʝʞʝʥʴ ʚʠʢʦʥʫʚʘʣʠʩʷ ʥʘ 

ʦʩʥʦʚʽ ʯʠʥʥʠʭ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ [66ï70]. ɿʘʚʜʘʥʥʷʤ ʦʙʩʪʝʞʝʥʴ 

ʙʫʣʘ ʨʝʻʩʪʨʘʮʽʷ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ (ʧʦ ʦʩʽ ʍ) ʪʘ ʚʝʨʪʠʢʘʣʴʥʠʭ (ʧʦ ʦʩʽ Z) 

ʚʽʙʨʦʧʨʠʩʢʦʨʝʥʴ ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʜʽʚʝʣʴ ʪʘ ʩʧʦʨʫʜ, ʘ ʪʘʢʦʞ ʧʨʠʣʝʛʣʦʛʦ ʜʦ 

ʥʠʭ ˇʨʫʥʪʫ. ʇʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʨʝʻʩʪʨʘʮʽʾ ʚʽʙʨʦʩʠʛʥʘʣʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʨʦʟʨʦʙʣʝʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ ʧʨʦʚʦʜʠʣʘʩʴ ʾʭ ʦʙʨʦʙʢʘ ʪʘ ʟʙʝʨʝʞʝʥʥʷ ʫ 

ɹɼ. ʇʨʠ ʮʴʦʤʫ ʚʽʜʦʢʨʝʤʣʶʚʘʣʠʩʷ ʪʘ ʚʠʟʥʘʯʘʣʠʩʷ ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ 

ʚʽʙʨʦʧʨʠʩʢʦʨʝʥʴ ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʜʽʚʝʣʴ ʪʘ ʩʧʦʨʫʜ, ʘ ʪʘʢʦʞ ʧʨʠʣʝʛʣʦʛʦ 

ˇʨʫʥʪʫ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʙʨʦʙʢʠ ʚʽʙʨʦʩʠʛʥʘʣʽʚ ʚʠʟʥʘʯʘʣʠʩʷ ʪʘʢʦʞ ʭʘʨʘʢʪʝʨʥʽ 

ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʴ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ˇʨʫʥʪʫ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʦʙʩʪʝʞʝʥʴ ʟʘʩʪʦʩʦʚʫʚʘʚʩʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʤʝʪʦʜ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʽʙʨʦʤʝʪʨʠʯʥʦʾ ʘʧʘʨʘʪʫʨʠ, ʷʢʠʡ 

ʜʦʟʚʦʣʠʚ ʧʨʦʚʝʩʪʠ ʨʝʻʩʪʨʘʮʽʶ ʚʽʙʨʘʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ ʟ ʜʘʪʯʠʢʽʚ ʚʽʙʨʘʮʽʾ ʪʘ ʾʭ 
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ʙʝʟʧʝʨʝʨʚʥʠʡ ʟʘʧʠʩ ʥʘ ʞʦʨʩʪʢʠʡ ʜʠʩʢ ʢʦʤʧôʶʪʝʨʘ ʟʘ ʜʦʧʦʤʦʛʦʶ IoT-

ʪʝʭʥʦʣʦʛʽʾ. 

ʘ) 

 
ʙ) 

 
ʈʠʩ. 2.3. ɺʽʙʨʦʤʝʪʨʠʯʥʘ ʘʧʘʨʘʪʫʨʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʩʝʡʩʤʽʯʥʠʭ ʭʚʠʣʴ 

ʥʘ ʙʫʜʽʚʣʽ ʪʘ ʧʨʠʣʝʛʣʠʡ ˇʨʫʥʪ: ʘ) ʢʦʤʧʣʝʢʪ ʚʽʙʨʦʤʝʪʨʠʯʥʦʾ ʘʧʘʨʘʪʫʨʠ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʝʡʩʤʽʯʥʠʭ ʜʘʪʯʠʢʽʚ ʰʚʠʜʢʦʩʪʽ ʉʄ-3; ʙ) ʥʦʫʪʙʫʢ ʟ ʚʽʜʢʨʠʪʠʤ 

ʚʽʢʥʦʤ ʧʨʦʛʨʘʤʠ Ăʉʝʡʩʤʦʤʦʥʽʪʦʨʠʥʛò [156] 
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ɿʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ çʉʝʡʩʤʦʤʦʥʽʪʦʨʠʥʛè [156] ʧʨʦʚʦʜʠʣʘʩʷ ʧʝʨʚʽʩʥʘ ʦʙʨʦʙʢʘ 

ʚʽʙʨʦʩʠʛʥʘʣʽʚ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʚʠʢʦʥʘʥʥʷ ʮʽʻʾ ʨʦʙʦʪʠ ʙʫʚ ʚʠʩʥʦʚʦʢ ʧʨʦ ʨʽʚʝʥʴ ʜʠʥʘʤʽʯʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʙʫʜʽʚʝʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʦʙôʻʢʪʘ ʪʘ ʧʨʠʣʝʛʣʠʡ 

ˇʨʫʥʪ ʧʨʠ ʤʽʢʨʦʩʝʡʩʤʽʯʥʠʭ ʢʦʣʠʚʘʥʥʷʭ (ʚʠʤʽʨʶʚʘʥʥʷ ʨʽʚʥʷ ʚʽʙʨʘʮʽʡʥʦʛʦ 

ʬʦʥʫ) ʪʘ ʧʨʦʭʦʜʞʝʥʥʽ ʫʜʘʨʥʠʭ ˇʨʫʥʪʦʚʠʭ ʭʚʠʣʴ ʚʽʜ ʧʨʦʤʠʩʣʦʚʠʭ ʚʠʙʫʭʽʚ.  

ɺʽʙʨʦʜʠʥʘʤʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʟʘ ʥʘʩʪʫʧʥʦʶ ʩʭʝʤʦʶ: 

1. ʇʦʧʝʨʝʜʥʴʦ ʨʦʟʨʦʙʠʪʠ ʩʭʝʤʠ ʨʦʟʤʽʱʝʥʥʷ ʚʽʙʨʦʜʘʪʯʠʢʽʚ, ʦʮʽʥʠʪʠ 

ʤʦʞʣʠʚʽʩʪʴ ʾʭ ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʘ ʤʦʞʣʠʚʦʾ ʟʘʤʽʥʠ ʧʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ 

ʜʦʩʣʽʜʞʝʥʴ. 

2. ʇʝʨʝʚʽʨʠʪʠ ʢʦʤʧʣʝʢʪʥʽʩʪʴ ʪʘ ʧʽʜʛʦʪʫʚʘʪʠ ʚʽʙʨʦʤʝʪʨʠʯʥʫ ʘʧʘʨʘʪʫʨʫ ʜʣʷ 

ʨʝʻʩʪʨʘʮʽʾ ʜʠʥʘʤʽʯʥʠʭ ʚʧʣʠʚʽʚ ʥʘ ʙʫʜʽʚʝʣʴʥʽ ʩʧʦʨʫʜʠ ʪʘ ʧʨʠʣʝʛʣʠʡ ˇʨʫʥʪ. 

3. ɿʜʽʡʩʥʠʪʠ ʨʝʻʩʪʨʘʮʽʶ, ʟʘʧʠʩ ʪʘ ʟʙʝʨʝʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʢʦʣʠʚʘʥʥʷ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʦʙôʻʢʪʘ. 

4. ɿʜʽʡʩʥʠʪʠ ʧʦʧʝʨʝʜʥʶ ʦʙʨʦʙʢʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ 

ʟʘʧʠʩʽʚ ʢʦʣʠʚʘʥʴ ʥʘ ʦʩʥʦʚʽ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ çʉʝʡʩʤʦʤʦʥʽʪʦʨʠʥʛè 

(ʩʧʝʢʪʨʘʣʴʥʠʡ ʘʥʘʣʽʟ). ʇʨʦʚʝʩʪʠ ʧʦʧʝʨʝʜʥʽʡ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʟʘ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʡ ʤʦʞʣʠʚʦʩʪʽ ʧʦʚʪʦʨʠʪʠ ʝʢʩʧʝʨʠʤʝʥʪʠ. 

5. ʇʦʙʫʜʫʚʘʪʠ ʛʨʘʬʽʢʠ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʪʘ ʚʝʨʪʠʢʘʣʴʥʠʭ ʚʽʙʨʦʧʨʠʩʢʦʨʝʥʴ 

ʪʘ ʾʭ ʩʧʝʢʪʨʠ ʧʽʜ ʯʘʩ ʧʦʛʣʠʙʣʝʥʦʛʦ ʘʥʘʣʽʟʫ ʨʝʟʫʣʴʪʘʪʽʚ. 

6. ʉʬʦʨʤʫʣʶʚʘʪʠ ʚʠʩʥʦʚʢʠ ʧʨʦ ʨʽʚʥʽ ʚʽʙʨʘʮʽʾ ʩʧʦʨʫʜ ʪʘ ʧʨʠʣʝʛʣʦʛʦ 

ˇʨʫʥʪʫ.  

7. ʉʬʦʨʤʫʣʶʚʘʪʠ ʧʦʯʘʪʢʦʚʽ ʫʤʦʚʠ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʦʾ 

ʟʘʜʘʯʽ ʥʘ ʥʘʩʪʫʧʥʦʤʫ ʝʪʘʧʽ ʜʦʩʣʽʜʞʝʥʴ. 

ʋ ʧʦʜʘʣʴʰʦʤʫ, ʧʽʩʣʷ 2015 ʨ., ʚʽʙʨʘʮʽʡʥʽ ʩʠʛʥʘʣʠ ʨʝʻʩʪʨʫʚʘʣʠʩʷ 

ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʠʤʠ ʜʘʪʯʠʢʘʤʠ (ʚʽʙʨʦʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ) ʤʦʜʝʣʽ 731ɸ ʬʽʨʤʠ 

çWilcoxon researchè. ʂʽʣʴʢʽʩʪʴ ʜʘʪʯʠʢʽʚ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʷʭ ʚʘʨʽʶʚʘʣʘʩʷ ʚʽʜ 2  

ʜʦ 6 ʰʪ. 
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ʂʦʞʥʠʡ ʜʘʪʯʠʢ ʤʦʜʝʣʽ 731ɸ ʬʽʨʤʠ çWilcoxon researchè ʙʫʚ ʧʽʜʢʣʶʯʝʥʠʡ 

ʢʘʙʝʣʝʤ ʜʦ ʩʝʡʩʤʦʧʝʨʝʜʘʚʘʯʘ, ʷʢʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ IoT ʧʝʨʝʜʘʚʘʚ ʜʘʥʽ ʥʘ 

ʥʦʫʪʙʫʢ. ʈʝʟʫʣʴʪʘʪʠ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʠ 

çʉʝʡʩʤʦʤʦʥʽʪʦʨʠʥʛè ʧʨʝʜʩʪʘʚʣʷʶʪʴʩʷ ʦʜʥʦʯʘʩʥʦ ʚ ʜʚʦʭ ʚʽʢʥʘʭ ʥʘ ʝʢʨʘʥʽ 

ʢʦʤʧôʶʪʝʨʘ. ʋ ʧʦʜʘʣʴʰʦʤʫ ʨʝʟʫʣʴʪʘʪʠ ʚʽʤʽʨʶʚʘʥʴ ʟʙʝʨʽʛʘʶʪʴʩʷ ʫ ʬʘʡʣʽ 

ʪʝʢʩʪʦʚʦʛʦ ʨʝʜʘʢʪʦʨʘ Microsoft Word ʟ ʤʦʞʣʠʚʽʩʪʶ ʚʠʚʝʜʝʥʥʷ ʥʘ ʧʨʠʥʪʝʨ 

[156]. 

ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʨʝʻʩʪʨʫʶʯʦʾ ʚʽʙʨʦʤʝʪʨʠʯʥʦʾ ʘʧʘʨʘʪʫʨʠ, ʥʘ ʷʢʫ 

ʧʨʦʚʦʜʠʣʠʩ ̫ʚʽʙʨʘʮʽʡʥʽ ʚʠʤʽʨʶʚʘʥʥʷ ʫ ʤ. ʂʠʻʚʽ, ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2.4.  

 

 
ʈʠʩ. 2.4. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʨʝʻʩʪʨʫʶʯʦʾ ʚʽʙʨʦʤʝʪʨʠʯʥʦʾ ʘʧʘʨʘʪʫʨʠ ʜʣʷ ʜʠʥʘʤʽʯʥʠʭ 

ʦʙʩʪʝʞʝʥʴ (ʌʦʪʦ ʂʘʣʶʭʘ ʖ.ɯ.) 

 
ɿʘʧʠʩ ʩʠʛʥʘʣʽʚ ʚʠʤʽʨʶʚʘʥʦʾ ʚʝʣʠʯʠʥʠ ʧʽʜ ʯʘʩ ʚʽʙʨʦʜʠʥʘʤʽʯʥʠʭ ʦʙʩʪʝʞʝʥʴ 

ʧʨʦʚʦʜʠʚʩʷ ʚ ʥʘʧʝʨʝʜ ʟʘʜʘʥʦʤʫ ʯʘʩʪʦʪʥʦʤʫ ʜʽʘʧʘʟʦʥʽ 0,3ï25,0 ɻʮ. 

ʆʮʽʥʢʘ ʬʽʟʠʯʥʦʛʦ ʩʪʘʥʫ ʩʧʦʨʫʜʠ ʚ ʮʽʣʦʤʫ ʟʜʽʡʩʥʶʚʘʣʘʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʘʥʘʣʽʟʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʟʘ ʦʩʥʦʚʥʠʤʠ ʥʝʩʫʯʠʤʠ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ ʙʫʜʽʚʝʣʴ ʪʘ ʩʧʦʨʫʜ. ʇʨʠ ʮʴʦʤʫ ʙʫʣʦ ʟʨʦʙʣʝʥʝ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʧʨʠ 

ʦʮʽʥʮʽ ʤʽʮʥʦʩʪʽ ʽ ʩʪʽʡʢʦʩʪʽ ʩʧʦʨʫʜʠ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ ʟʤʽʥʦʶ ʾʾ ʤʘʩʦʚʠʭ 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʅʝʩʫʯʘ ʟʜʘʪʥʽʩʪʴ ʩʧʦʨʫʜʠ ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʘʩʷ ʥʘʩʘʤʧʝʨʝʜ 

ʟʛʠʥʘʣʴʥʦʶ ʞʦʨʩʪʢʽʩʪʶ ʥʝʙʝʟʧʝʯʥʠʭ ʧʝʨʝʨʽʟʽʚ ʾʾ ʥʝʩʫʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ʊʘʢʽ 

ʧʨʠʧʫʱʝʥʥʷ ʜʦʟʚʦʣʠʣʠ ʚʠʢʦʥʘʪʠ ʦʮʽʥʢʫ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʦʾ 

ʩʧʦʨʫʜʠ ʟʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʟʘʨʝʻʩʪʨʦʚʘʥʠʤ ʩʧʝʢʪʨʦʤ ʯʘʩʪʦʪ ʚʣʘʩʥʠʭ 

ʢʦʣʠʚʘʥʴ.  

ʇʨʠʧʫʩʢʘʣʘʩʷ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʧʦʯʘʪʢʦʚʦʛʦ ʩʪʘʥʫ ʢʦʥʩʪʨʫʢʮʽʡ ʦʢʨʝʤʠʤ 

ʧʨʦʻʢʪʥʠʤ ʜʘʥʠʤ. ʊʦʤʫ ʦʪʨʠʤʘʥʝ ʟʤʝʥʰʝʥʥʷ ʞʦʨʩʪʢʦʩʪʽ ʙʫʜʝ ʚʽʜʧʦʚʽʜʘʪʠ 

ʟʥʠʞʝʥʥʶ ʧʨʦʻʢʪʥʦʾ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ. ʊʘʢʦʞ ʟʤʝʥʰʝʥʥʷ ʞʦʨʩʪʢʦʩʪʽ 

ʚʽʜʧʦʚʽʜʘʻ ʟʥʠʞʝʥʥʶ ʞʠʪʪʻʚʦʛʦ ʨʝʩʫʨʩʫ ʙʫʜʽʚʣʽ, ʱʦ ʙʫʜʝ ʚʠʢʦʨʠʩʪʘʥʦ ʫ 

ʧʦʜʘʣʴʰʦʤʫ, ʚ ʨʦʟʜʽʣʽ 4 ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ. 

ɺʠʟʥʘʯʝʥʥʷ ʢʨʘʡʦʚʠʭ ʫʤʦʚ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʦʾ ʟʘʜʘʯʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʠʤʽʨʶʚʘʥʴ ʤʽʮʥʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ ʘʨʤʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʙʫʜʽʚʝʣʴ ʪʘ ʩʧʦʨʫʜ 

ɺʠʟʥʘʯʝʥʥʷ ʢʨʘʡʦʚʠʭ ʫʤʦʚ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʦʾ ʟʘʜʘʯʽ ï ʚʠʙʽʨʢʦʚʝ 

ʚʠʟʥʘʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ ʥʘ ʩʪʠʩʢ ʪʘ ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʯʦʛʦ ʘʨʤʫʚʘʥʥʷ. 

ʄʽʮʥʽʩʪʴ ʙʝʪʦʥʫ ʚʠʟʥʘʯʘʣʘʩʴ ʫʣʴʪʨʘʟʚʫʢʦʚʠʤ ʤʝʪʦʜʦʤ [157]. ʇʘʨʘʤʝʪʨʠ 

ʨʦʙʦʯʦʛʦ ʘʨʤʫʚʘʥʥʷ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʚʠʟʥʘʯʘʣʠʩʷ ʤʘʛʥʽʪʥʠʤ 

ʤʝʪʦʜʦʤ [158]. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʧʨʠʣʘʜʫ ʋʂ-14ʇʄ ʧʨʦʚʦʜʠʣʠʩʷ ʥʝʨʫʡʥʽʚʥʽ ʫʣʴʪʨʘʟʚʫʢʦʚʽ 

ʚʠʧʨʦʙʫʚʘʥʥʷ ʙʝʪʦʥʫ. ʅʘ ʧʨʠʣʘʜ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʩʚʽʜʦʮʪʚʦ 

ʋʢʨʤʝʪʨʪʝʩʪʩʪʘʥʜʘʨʪʫ ʧʨʦ ʡʦʛʦ ʧʦʚʽʨʢʫ ʚ ʢʦʤʧʣʝʢʪʽ ʟ ʧʨʠʩʪʨʦʻʤ ʜʣʷ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʧʨʦʟʚʫʯʫʚʘʥʥʷ ʋʇʇ. 

ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʽ ʧʘʨʘʤʝʪʨʠ ʧʨʠʣʘʜʫ ʋʂ-14ʇʄ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 2. 1. 

ʄʝʪʦʜʠʢʘ ʚʠʧʨʦʙʫʚʘʥʴ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ 

ʐʚʠʜʢʽʩʪʴ ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ ʭʚʠʣʴ ʫ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ 

ʝʣʝʤʝʥʪʘʭ ʢʦʥʩʪʨʫʢʮʽʡ ʚʠʤʽʨʶʚʘʣʘʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʠʢʠ ʧʦʚʝʨʭʥʝʚʦʛʦ 

ʧʨʦʟʚʫʯʫʚʘʥʥʷ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʘ ʧʝʨʝʭʦʜʫ ʂʧ (ʜʣʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʛʦ ʧʨʠʣʘʜʫ  ʂʧ = 1,74) ʨʝʻʩʪʨʫʚʘʚʩʷ ʧʝʨʝʭʽʜ ʚʽʜ ʰʚʠʜʢʦʩʪʽ 

ʧʨʠ ʧʦʚʝʨʭʥʝʚʦʤʫ ʩʧʦʩʦʙʽ ʧʨʦʟʚʫʯʫʚʘʥʥʷ ʜʦ ʰʚʠʜʢʦʩʪʽ ʥʘʩʢʨʽʟʥʦʛʦ 

ʧʨʦʟʚʫʯʫʚʘʥʥʷ. 
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ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʜʽʚʣʽ ʚ 

ʤʽʩʮʷʭ ʚʠʧʨʦʙʫʚʘʥʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʙʘʟʦʚʘ ʛʨʘʜʫʶʚʘʣʴʥʘ ʟʘʣʝʞʥʽʩʪʴ çʯʘʩ 

ï ʤʽʮʥʽʩʪʴè. ʊʘʢʘ ʟʘʣʝʞʥʽʩʪʴ ʙʫʣʘ ʚʠʟʥʘʯʝʥʘ ʜʣʷ ʟʘʜʽʷʥʦʛʦ ʚ ʝʢʩʧʝʨʠʤʝʥʪʘʭ 

ʧʨʠʣʘʜʫ ʥʘ ʦʩʥʦʚʽ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʚʝʣʠʢʦʛʦ ʤʘʩʠʚʫ ʜʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʧʦʨʽʚʥʷʣʴʥʠʭ ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ ʽ ʤʝʭʘʥʽʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʟʨʘʟʢʽʚ ʙʝʪʦʥʫ ʢʣʘʩʽʚ 

ɺ15ïɺ35. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʯʦʛʦ ʘʨʤʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ 

ʧʨʠʣʘʜ Profometer-5. 

 

ʊʘʙʣʠʮʷ. 2.1. 

ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʽ ʧʘʨʘʤʝʪʨʠ ʧʨʠʣʘʜʫ ʋʂ-14ʇʄ 

ʇʘʨʘʤʝʪʨʠ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɼʘʥʽ ʟʘ ʪʝʭʥʽʯʥʠʤʠ ʫʤʦʚʘʤʠ 

ɼʽʘʧʘʟʦʥ ʚʠʤʽʨʶʚʘʥʥʷ ʯʘʩʫ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʋɿʂ, Õs 20ï8800 

ʄʝʞʘ ʧʨʠʧʫʩʪʠʤʦʾ ʦʩʥʦʚʥʦʾ ʘʙʩʦʣʶʪʥʦʾ ʧʦʭʠʙʢʠ 

ʚʠʤʽʨʶʚʘʥʥʷ ʯʘʩʫ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʋɿʂ, ʱʦ ʚʢʣʶʯʘʻ 

ʩʠʩʪʝʤʘʪʠʯʥʫ ʪʘ ʚʠʧʘʜʢʦʚʫ ʩʢʣʘʜʦʚʽ, ʥʝ ʙʽʣʴʰʝ, Õs  

Ñ(0,01t* + 0,1) 

ɼʽʘʧʘʟʦʥ ʚʠʤʽʨʶʚʘʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʬʨʦʥʪʫ ʧʝʨʰʦʛʦ 

ʚʩʪʫʧʫ ʧʨʠʡʥʷʪʦʛʦ ʩʠʛʥʘʣʫ, Õs 
3ï30 

ʄʝʞʘ ʧʨʠʧʫʩʪʠʤʦʾ ʦʩʥʦʚʥʦʾ ʘʙʩʦʣʶʪʥʦʾ ʧʦʭʠʙʢʠ 

ʚʠʤʽʨʶʚʘʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʬʨʦʥʪʫ ʧʝʨʰʦʛʦ ʚʩʪʫʧʫ 

ʧʨʠʡʥʷʪʦʛʦ ʩʠʛʥʘʣʫ, ʱʦ ʚʢʣʶʯʘʻ ʩʠʩʪʝʤʘʪʠʯʥʫ ʪʘ 

ʚʠʧʘʜʢʦʚʫ ʩʢʣʘʜʦʚʽ, ʥʝ ʙʽʣʴʰʝ, Õs  

Ñ(0,05Ű** + 0,1) 

ɹʘʟʘ ʧʨʦʟʚʫʯʫʚʘʥʥʷ ʧʨʠʣʘʜʫ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʧʨʠʣʘʜʫ ʋʇʇʈï2ʄ, ʤʤ  
120 Ñ 2,5 

t* ï ʯʘʩ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʋɿʂ ï ʯʘʩʦʚʠʡ ʽʥʪʝʨʚʘʣ ʤʽʞ ʬʨʦʥʪʘʤʠ ʧʝʨʰʠʭ ʚʩʪʫʧʽʚ ʽʤʧʫʣʴʩʥʠʭ 

ʋɿʂ, ʷʢʽ ʙʫʣʠ ʚʚʝʜʝʥʽ ʚ ʤʘʪʝʨʽʘʣ, ʧʨʦʡʰʣʠ ʯʝʨʝʟ ʥʴʦʛʦ ʽ ʙʫʣʠ ʚʠʤʽʨʷʥʽ ʥʘ ʤʽʥʽʤʘʣʴʥʠʭ 

ʨʽʚʥʷʭ ʧʝʨʰʠʭ ʚʩʪʫʧʽʚ; 

Ű** ï ʪʨʠʚʘʣʽʩʪʴ ʬʨʦʥʪʫ ʧʝʨʰʦʛʦ ʚʩʪʫʧʫ ʩʠʛʥʘʣʫ, ʚʠʤʽʨʷʥʘ ʧʨʠʣʘʜʦʤ ʚʽʜ ʥʫʣʴʦʚʦʛʦ ʜʦ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʽʚʥʷ. 

 

 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 2.2 

ʈʦʟʛʣʷʥʫʪʦ ʜʚʽ ʤʝʪʦʜʠʢʠ ʥʝʨʫʡʥʽʚʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʢʨʘʡʦʚʠʭ ʫʤʦʚ (ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʨʤʫʚʘʥʥʷ ʪʘ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ) ʪʘ ʧʦʯʘʪʢʦʚʠʭ 

ʫʤʦʚ (ʚʽʙʨʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠʣʝʛʣʦʛʦ ˇʨʫʥʪʫ ʪʘ ʢʦʥʩʪʨʫʢʮʽʡ), ʷʢʽ 

ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ (ʜʠʚ. ʨʦʟʜʽʣ 3) ʪʘ 

ʦʪʨʠʤʘʥʥʷ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʠʭ ʫʤʦʚ ʫ ʨʦʟʜʽʣʽ 4. 
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2.3. ɿʘʩʪʦʩʫʚʘʥʥʷ ʧʘʢʝʪʫ ʃɯʈɸ  

 

ɹʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʧʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ "ʃɯʈɸ ʉɸʇʈ" (ʇʂ ʃɯʈɸ) 

[152] ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ, ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʧʨʦʻʢʪʫʚʘʥʥʷ 

ʢʦʥʩʪʨʫʢʮʽʡ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. ʄʝʪʦʜ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʄʉɽ), 

ʨʝʘʣʽʟʦʚʘʥʠʡ ʫ ʬʦʨʤʽ ʤʦʞʣʠʚʠʭ ʧʝʨʝʤʽʱʝʥʴ, ʻ ʪʝʦʨʝʪʠʯʥʦʶ ʦʩʥʦʚʦʶ ʇʂ 

ʃɯʈɸ. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʬʽʟʠʯʥʦ ʥʝʣʽʥʽʡʥʠʭ ʟʘʜʘʯ ʫ ʩʢʣʘʜʽ ʇʂ ʃɯʈɸ ʧʨʠʩʫʪʥʽʡ 

ʢʨʦʢʦʚʠʡ ʧʨʦʮʝʩʦʨ "ʃɯʈ-ʉʊɽʇ", ʷʢʠʡ ʦʨʛʘʥʽʟʫʻ ʧʨʦʮʝʩ ʧʦʢʨʦʢʦʚʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʚʠʨʽʰʝʥʥʷ ʣʽʥʝʘʨʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ 

ʨʽʚʥʷʥʴ ʥʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ ʜʣʷ ʧʦʪʦʯʥʦʛʦ ʧʨʠʨʦʩʪʫ ʚʝʢʪʦʨʘ ʚʫʟʣʦʚʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ, ʩʬʦʨʤʦʚʘʥʦʛʦ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʨʠʩ. 2.5). 

 

 
ʈʠʩ. 2.5. ɻʝʦʤʝʪʨʠʯʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʢʨʦʢʦʚʦʛʦ ʤʝʪʦʜʫ ʜʣʷ ʚʠʧʘʜʢʫ ʦʜʥʦʚʽʩʥʦʛʦ 

ʨʦʟʪʷʛʫʚʘʥʥʷ (ʩʪʠʩʥʝʥʥʷ) 
 

ʈʝʟʫʣʴʪʘʪʦʤ ʨʦʙʦʪʠ ʢʨʦʢʦʚʦʛʦ ʧʨʦʮʝʩʦʨʘ ʻ ʢʦʤʧʦʥʝʥʪʠ ʥʘʧʨʫʞʝʥʦ-

ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ, ʦʪʨʠʤʘʥʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʝʣʽʥʽʡʥʠʭ ʝʬʝʢʪʽʚ. ʈʝʟʫʣʴʪʘʪʠ 

ʧʦʜʘʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ: 

ʜʦʪʠʯʥʽ  ʤʦʜʫʣʽ  -̔ʛʦ  ʢʨʦʢʫ   
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- ʪʘʙʣʠʮʴ, ʱʦ ʤʽʩʪʷʪʴ ʟʥʘʯʝʥʥʷ ʟʫʩʠʣʴ ʚ ʝʣʝʤʝʥʪʘʭ ʪʘ ʧʝʨʝʤʽʱʝʥʴ ʚʫʟʣʽʚ 

ʥʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ ʥʘʚʘʥʪʘʞʝʥʥʷ; 

- ʪʘʙʣʠʮʴ, ʱʦ ʤʽʩʪʷʪʴ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʩʪʘʥ ʤʘʪʝʨʽʘʣʽʚ, ʨʦʟʚʠʪʦʢ ʘʙʦ 

ʜʦʩʷʛʥʝʥʥʷ ʛʨʘʥʠʯʥʠʭ ʩʪʘʥʽʚ, ʧʦʷʚʫ ʧʣʘʩʪʠʯʥʠʭ ʰʘʨʥʽʨʽʚ ʘʙʦ ʩʪʘʥʽʚ 

ʨʫʡʥʫʚʘʥʥʷ; 

- ʩʭʝʤʠ ʨʦʟʚʠʪʢʫ ʪʨʽʱʠʥ ʥʘ ʬʦʥʽ ʽʟʦʧʦʣʽʚ ʥʘʧʨʫʛ ʜʣʷ ʢʦʥʪʠʥʫʘʣʴʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʚ ʨʝʞʠʤʽ ʚʽʟʫʘʣʽʟʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʫ. 

ʅʝʣʽʥʽʡʥʠʡ ʧʨʦʮʝʩʦʨ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ 

ʷʢ ʤʦʥʦʤʘʪʝʨʽʘʣʴʥʠʭ, ʪʘʢ ʙʽʤʘʪʝʨʽʘʣʴʥʠʭ, ʟʦʢʨʝʤʘ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ, 

ʢʦʥʩʪʨʫʢʮʽʡ. 

ʂʨʦʢʦʚʠʡ ʧʨʦʮʝʩʦʨ ʜʦʟʚʦʣʷʻ ʢʦʤʙʽʥʫʚʘʪʠ ʣʽʥʽʡʥʽ ʪʘ ʥʝʣʽʥʽʡʥʽ ʩʢʽʥʯʝʥʥʽ 

ʝʣʝʤʝʥʪʠ. ɼʦʧʫʩʢʘʻʪʴʩʷ ʨʦʟʨʘʭʫʥʦʢ ʟʘ ʩʫʧʝʨʝʣʝʤʝʥʪʥʦʶ ʩʭʝʤʦʶ, ʷʢʱʦ 

ʥʝʣʽʥʽʡʥʽ ʝʣʝʤʝʥʪʠ ʧʨʠʩʫʪʥʽ ʣʠʰʝ ʚ ʦʩʥʦʚʥʽʡ ʩʭʝʤʽ. 

ɹʽʙʣʽʦʪʝʢʘ ʬʽʟʠʯʥʦ ʥʝʣʽʥʽʡʥʠʭ ʉɽ ʤʽʩʪʠʪʴ ʝʣʝʤʝʥʪʠ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ 

ʧʨʦʚʦʜʠʪʠ ʩʪʘʪʠʯʥʠʡ ʪʘ ʜʠʥʘʤʽʯʥʠʡ ʘʥʘʣʽʟ ʢʦʥʩʪʨʫʢʮʽʡ, ʷʢʽ ʩʢʣʘʜʘʶʪʴʩʷ ʟ 

ʨʽʟʥʦʨʽʜʥʠʭ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʩʪʨʠʞʥʝʚʠʭ, ʪʦʥʢʠʭ ʧʣʘʩʪʠʥ, ʧʦʣʦʛʠʭ 

ʦʙʦʣʦʥʦʢ, ʧʣʦʩʢʠʭ ʜʝʬʦʨʤʘʮʽʡ ˇʨʫʥʪʽʚ). 

ʄʦʜʝʣʶʚʘʥʥʷ ʬʽʟʠʯʥʦʾ ʥʝʣʽʥʽʡʥʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ, ʟ ʷʢʠʭ ʚʠʢʦʥʘʥʽ 

ʢʦʥʩʪʨʫʢʮʽʾ, ʧʨʦʚʘʜʠʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʚʠʥʝʥʦʾ ʙʽʙʣʽʦʪʝʢʠ ʟʘʢʦʥʽʚ 

ʜʝʬʦʨʤʫʚʘʥʥʷ (ʟʘʣʝʞʥʦʩʪʝʡ ů ï Ů) ʦʩʥʦʚʥʦʛʦ ʪʘ ʘʨʤʫʶʯʦʛʦ ʤʘʪʝʨʽʘʣʽʚ. 

ɹʽʙʣʽʦʪʝʢʘ ʟʘʢʦʥʽʚ ʜʝʬʦʨʤʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʘʢʪʠʯʥʦ ʙʫʜʴ-ʷʢʽ 

ʬʽʟʠʯʥʦ ʥʝʣʽʥʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʪʘ, ʙʫʜʫʯʠ ʙʽʙʣʽʦʪʝʢʦʶ ʚʽʜʢʨʠʪʦʛʦ 

ʪʠʧʫ, ʤʦʞʝ ʧʦʧʦʚʥʶʚʘʪʠʩʷ ʥʦʚʠʤʠ ʟʘʢʦʥʘʤʠ. ʋ ʩʪʘʥʜʘʨʪʥʦʤʫ ʚʠʛʣʷʜʽ 

ʙʽʙʣʽʦʪʝʢʘ ʤʽʩʪʠʪʴ: 

- 9 ʟʘʢʦʥʽʚ ʜʝʬʦʨʤʫʚʘʥʥʷ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ 

ʤʦʜʝʣʶʚʘʪʠ ʩʪʘʥ ʤʘʪʝʨʽʘʣʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʦʩʪʦʾ ʝʢʩʧʦʥʝʥʮʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ, 

ʢʫʩʢʦʚʦ-ʣʽʥʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ů ï Ů, ʝʢʩʧʦʥʝʥʮʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʟʘʣʽʟʦʙʝʪʦʥʫ 

ʟ ʨʦʟʨʘʭʫʥʢʦʚʦʶ ʪʘ/ʘʙʦ ʧʨʦʻʢʪʥʦʶ ʤʽʮʥʽʩʪʶ; 
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- 3 ʟʘʢʦʥʠ ʜʝʬʦʨʤʫʚʘʥʥʷ ʘʨʤʫʶʯʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ 

ʤʦʜʝʣʶʚʘʪʠ ʩʪʘʥ ʤʘʪʝʨʽʘʣʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʦʩʪʦʾ ʝʢʩʧʦʥʝʥʮʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ, 

ʢʫʩʢʦʚʦ-ʣʽʥʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ů ï Ů, ʝʢʩʧʦʥʝʥʮʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʟʘʣʽʟʦʙʝʪʦʥʫ. 

ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʫ ʙʫʜʽʚʝʣʴ ʪʘ/ʘʙʦ ʢʦʥʩʪʨʫʢʮʽʡ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʤʦʞʣʠʚʦʩʪʝʡ ʇʂ ʃɯʈɸ  ʥʘʚʝʜʝʥʘ ʥʠʞʯʝ. 

 

2.3.1. ʉʪʚʦʨʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ 

 

ʈʦʟʨʘʭʫʥʢʦʚʘ ʤʦʜʝʣʴ ʙʫʜʽʚʣʽ ʪʘ/ʘʙʦ ʢʦʥʩʪʨʫʢʮʽʾ ʩʪʚʦʨʶʻʪʴʩʷ ʟʛʽʜʥʦ ʟʽ 

ʩʪʘʥʜʘʨʪʥʠʤʠ ʧʨʦʮʝʜʫʨʘʤʠ ʬʦʨʤʫʚʘʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʩʭʝʤ, ʧʨʠʡʥʷʪʠʭ ʫ ʇʂ 

ʃɯʈɸ [152]. ʅʘ ʜʘʥʦʤʫ ʝʪʘʧʽ ʚʠʢʦʥʘʥʥʷ ʘʥʘʣʽʟʫ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʣʽʥʽʡʥʦʛʦ 

ʜʠʥʘʤʽʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʩʝʡʩʤʽʯʥʫ ʜʽʶ, ʟʘʜʘʥʫ ʟʘ ʩʧʝʢʪʨʘʣʴʥʦʶ 

ʤʝʪʦʜʠʢʦʶ, (ʘʙʦ ʥʘ ʚʧʣʠʚ ʘʢʩʝʣʝʨʦʛʨʘʤʠ) ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʣʠʰʝ ʣʽʥʽʡʥʽ ʉɽ, 

ʜʣʷ ʷʢʠʭ ʟʘʜʘʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʽ ʛʝʦʤʝʪʨʠʯʥʽ ʪʘ ʞʦʨʩʪʢʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʇʦʪʽʤ ʬʦʨʤʫʶʪʴʩʷ ʩʪʘʪʠʯʥʽ ʟʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʚʨʘʭʦʚʫʶʪʴʩʷ ʧʨʠ ʧʦʜʘʣʴʰʦʤʫ 

ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʩʝʡʩʤʽʯʥʫ ʜʽʶ ʽ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʧʦʩʪʽʡʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ 

ʚʣʘʩʥʦʾ ʚʘʛʠ ʢʦʥʩʪʨʫʢʮʽʾ, ʦʙʣʘʜʥʘʥʥʷ, ʪʠʤʯʘʩʦʚʦʛʦ ʪʨʠʚʘʣʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ 

ʪ.ʧ.  

ʉʝʡʩʤʽʯʥʽ ʜʽʾ ʟʘʜʘʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʚʫʟʣʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʱʦ ʜʽʶʪʴ 

ʫʟʜʦʚʞ ʦʩʝʡ ʛʣʦʙʘʣʴʥʦʾ ʯʠ ʣʦʢʘʣʴʥʦʾ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ. ɺʘʛʠ ʤʘʩ ʩʧʦʨʫʜʠ 

ʟʘʜʘʶʪʴʩʷ ʽʥʪʝʛʨʦʚʘʥʦ, ʷʢ ʚʣʘʩʥʘ ʚʘʛʘ ʢʦʥʩʪʨʫʢʮʽʡ, ʦʙʣʘʜʥʘʥʥʷ ʪʦʱʦ. 

ɼʦʟʚʦʣʷʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʚʫʟʣʦʚʠʭ, ʪʘʢ ʽ ʤʽʩʮʝʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. 

ɼʦʧʫʩʢʘʶʪʴʩʷ ʪʘʢʽ ʩʧʦʩʦʙʠ ʟʘʜʘʥʥʷ ʚʘʛ ʤʘʩ: 

- ɿʘʜʘʥʥʷ ʨʦʟʧʦʜʽʣʝʥʠʭ ʚʘʛ ʤʘʩ ʥʘ ʝʣʝʤʝʥʪʠ. ʇʨʠ ʨʦʟʨʘʭʫʥʢʫ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʠʡ ʟʙʽʨ ʚʘʛ ʤʘʩ ʫ ʚʫʟʣʠ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ. 

- ɿʘʜʘʥʥʷ ʤʘʩ ʫ ʚʫʟʣʠ. 

- ʌʦʨʤʫʚʘʥʥʷ ʚʘʛ ʤʘʩ ʽʟ ʩʪʘʪʠʯʥʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ, ʦʧʠʩʘʥʦʛʦ ʨʘʥʽʰʝ. 

ʇʨʠ ʮʴʦʤʫ, ʷʢ ʽ ʚ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʡ ʟʙʽʨ ʚʘʛ ʤʘʩ 

ʫ ʚʫʟʣʠ. ʆʜʥʘʢ ʚʘʛʠ ʤʘʩ ʙʫʜʫʪʴ ʟʽʙʨʘʥʽ ʪʽʣʴʢʠ ʟ ʪʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʩʪʘʪʠʯʥʦʛʦ 

ʟʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʽ ʜʽʶʪʴ ʚʟʜʦʚʞ ʦʩʽ Z. 
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ɼʦʧʫʩʢʘʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʩʽʭ ʩʧʦʩʦʙʽʚ ʦʜʥʦʤʫ ʡ ʪʦʤʫ ʩʘʤʦʤʫ 

ʟʘʚʘʥʪʘʞʝʥʥʽ. 

ʋ ʇʂ ʃɯʈɸ ʧʝʨʝʜʙʘʯʝʥʘ ʤʦʞʣʠʚʽʩʪʴ ʟʘʜʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʚʫʟʣʠ, ʱʦ 

ʤʘʶʪʴ ʦʜʥʘʢʦʚʽ ʧʝʨʝʤʽʱʝʥʥʷ ʟʘ ʟʘʜʘʥʠʤ ʥʘʧʨʷʤʢʦʤ. ʊʘʢʠʡ ʧʨʠʡʦʤ ʜʦʟʚʦʣʷʻ 

ʦʙ'ʻʜʥʫʚʘʪʠ ʛʦʨʠʟʦʥʪʘʣʴʥʽ ʧʝʨʝʤʽʱʝʥʥʷ ʚʫʟʣʽʚ, ʱʦ ʥʘʣʝʞʘʪʴ ʧʝʨʝʢʨʠʪʪʶ ʚ 

ʧʣʦʩʢʠʭ ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʠʭ ʨʘʤʘʭ, ʧʦʢʘʟʫʶʯʠ ʪʠʤ ʩʘʤʠʤ, ʱʦ ʧʝʨʝʢʨʠʪʪʷ ʷʚʣʷʻ 

ʩʦʙʦʶ ʞʦʨʩʪʢʠʡ ʜʠʩʢ: ʧʦʟʜʦʚʞʥʷ ʩʠʣʘ, ʷʢʘ ʤʦʞʝ ʚʠʥʠʢʥʫʪʠ ʚ ʧʝʨʝʢʨʠʪʪʽ, 

ʤʽʟʝʨʥʦ ʤʘʣʘ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʝʨʝʨʽʟʦʤ ʧʝʨʝʢʨʠʪʪʷ, ʷʢʝ ʾʾ ʩʧʨʠʡʤʘʻ. ʋ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʽʥʝʨʮʽʡʥʘ ʤʘʩʘ ʚʩʴʦʛʦ ʧʝʨʝʢʨʠʪʪʷ ʟʙʠʨʘʻʪʴʩʷ ʚ ʦʜʠʥ (ʙʫʜʴ-ʷʢʠʡ) ʚʫʟʦʣ 

ʧʝʨʝʢʨʠʪʪʷ. 

ʇʂ ʃɯʈɸ ʤʽʩʪʠʪʴ ʧʦʥʘʜ ʜʝʩʷʪʴ ʤʦʜʫʣʽʚ ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʩʝʡʩʤʽʯʥʫ ʜʽʶ, ʱʦ 

ʨʝʘʣʽʟʫʶʪʴ ʧʦʣʦʞʝʥʥʷ ʥʦʨʤʘʪʠʚʥʠʭ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʤʝʪʦʜʠʢ ʋʢʨʘʾʥʠ, ʢʨʘʾʥ 

ʉʅɼ [161ï163], ʌʨʘʥʮʽʾ [164] ʪʘ ʉʐɸ [165], ʘ ʪʘʢʦʞ ʟʘ ʤʝʪʦʜʦʤ ʩʧʝʢʪʨʘ 

ʚʽʜʧʦʚʽʜʝʡ ʪʘ ʥʘ ʚʧʣʠʚ ʘʢʩʝʣʝʨʦʛʨʘʤ. 

ʅʘ ʨʠʩʫʥʢʫ 2.6 ʥʘʚʝʜʝʥʦ ʚʠʛʣʷʜ ʜʽʘʣʦʛʦʚʦʛʦ ʚʽʢʥʘ çʇʘʨʘʤʝʪʨʠ 

ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʩʝʡʩʤʽʯʥʽ ʜʽʾ (ɼɹʅ, ʋʢʨʘʾʥʘ)è. ʊʘʢ ʷʢ ʜʘʥʠʡ ʨʦʟʨʘʭʫʥʦʢ 

ʧʝʨʝʜʙʘʯʘʻ ʟʥʘʭʦʜʞʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʠʭ ʩʝʡʩʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʩʧʦʨʫʜʫ 

ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʥʝʣʽʥʽʡʥʦʛʦ ʩʪʘʪʠʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʪʘ ʧʦʙʫʜʦʚʠ ʩʧʝʢʪʨʘ 

ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ, ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʟʘ ʤʦʜʫʣʝʤ 36 ʩʣʽʜ ʟʘʜʘʚʘʪʠ ʤʘʢʩʠʤʘʣʴʥʫ 

ʩʝʡʩʤʽʯʥʽʩʪʴ ʤʘʡʜʘʥʯʠʢʘ ʚ ʙʘʣʘʭ, ʪʦʙʪʦ S=9. ɿ ʮʽʻʶ ʞ ʤʝʪʦʶ, ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ 

ʧʘʨʘʤʝʪʨʽʚ ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʩʝʡʩʤʽʯʥʫ ʜʽʶ, ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʨʦʟʚʠʪʦʢ 

ʥʝʧʨʫʞʥʠʭ ʜʝʬʦʨʤʘʮʽʡ (ʢʦʝʬʽʮʽʻʥʪ ʂ1 ʟʘ ʪʘʙʣ. 2.3), ʩʣʽʜ ʧʨʠʡʤʘʪʠ ʨʽʚʥʠʤ 1 

[152]. 

ʅʘʧʨʷʤʥʽ ʢʦʩʠʥʫʩʠ ʟʘʜʘʶʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʩʝʡʩʤʽʯʥʫ ʜʽʶ ʙʫʣʦ 

ʧʨʠʢʣʘʜʝʥʦ ʫ ʥʘʧʨʷʤʢʫ ʛʦʣʦʚʥʠʭ ʦʩʝʡ ʙʫʜʽʚʣʽ ʪʘ/ʘʙʦ ʢʦʥʩʪʨʫʢʮʽʾ. ʗʢʱʦ 

ʩʝʡʩʤʽʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠʢʣʘʜʘʻʪʴʩʷ ʫ ʢʽʣʴʢʦʭ ʥʘʧʨʷʤʘʭ, ʩʪʚʦʨʶʻʪʴʩʷ 

ʢʽʣʴʢʘ ʟʘʚʘʥʪʘʞʝʥʴ, ʚʽʜʧʦʚʽʜʥʠʭ ʦʙʨʘʥʦʤʫ ʥʘʧʨʷʤʢʫ ʩʝʡʩʤʽʯʥʦʾ ʜʽʾ. 
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ʈʠʩ. 2.6. ɿʘʜʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʩʝʡʩʤʽʯʥʦʛʦ ʚʧʣʠʚʫ ʟʛʽʜʥʦ ʟ ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʤʦʜʫʣʝʤ 36 

 

2.2.2. ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʣʽʥʽʡʥʦʛʦ ʜʠʥʘʤʽʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ 

 

ʇʨʠ ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʩʝʡʩʤʽʯʥʽ ʜʽʾ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʣʘʩʥʽ ʯʘʩʪʦʪʠ ɤ
i
(iÒn), ʜʝ 

n ï ʢʽʣʴʢʽʩʪʴ ʬʦʨʤ, ʟʘʜʘʥʘ ʢʦʨʠʩʪʫʚʘʯʝʤ. ʆʙʯʠʩʣʶʶʪʴʩʷ ʪʘʢʦʞ ʧʝʨʽʦʜʠ 

ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ T
i
, ʬʦʨʤʠ ʢʦʣʠʚʘʥʴ, ʽʥʝʨʮʽʡʥʽ ʩʠʣʠ ʪʘ ʚʽʜʧʦʚʽʜʥʽ ʾʤ 

ʧʝʨʝʤʽʱʝʥʥʷ ʪʘ ʟʫʩʠʣʣʷ. ʇʨʠ ʮʴʦʤʫ ʢʦʞʥʘ ʬʦʨʤʘ ʧʦʨʦʜʞʫʻ ʻʜʠʥʫ ʩʢʣʘʜʦʚʫ 

ʽʥʝʨʮʽʡʥʠʭ ʩʠʣ. 

ʇʝʨʝʛʣʷʜ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʫ ʨʝʞʠʤʽ ʚʽʟʫʘʣʽʟʘʮʽʾ 

ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʫ ʫ ʚʠʛʣʷʜʽ ʩʪʘʥʜʘʨʪʥʠʭ ʪʘ ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʪʘʙʣʠʮʴ. 
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ɺʠʢʦʨʠʩʪʘʥʥʷ ʦʩʪʘʥʥʽʭ ʻ ʙʽʣʴʰ ʟʨʫʯʥʠʤ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʦʙʨʦʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ 

ʨʦʟʨʘʭʫʥʢʫ. 

ɺ ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʪʘʙʣʠʮʷʭ ʤʽʩʪʷʪʴʩʷ ʪʘʢʽ ʧʘʨʘʤʝʪʨʠ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ 

ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ: 

- ʫ ʪʘʙʣʠʮʽ çʏʘʩʪʦʪʠ ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴè ï ʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪ (ɻʮ) ʪʘ 

ʧʝʨʽʦʜʽʚ (ʩ) i-ʾ ʬʦʨʤʠ ʢʦʣʠʚʘʥʥʷ, ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʧʦʜʽʣʫ i-ʾ ʬʦʨʤʠ, ʤʦʜʘʣʴʥʘ 

ʤʘʩʘ (%), ʱʦ ʚʽʜʧʦʚʽʜʘʻ i-ʡ ʬʦʨʤʽ, ʪʘ ʩʫʤʘ ʤʦʜʘʣʴʥʠʭ ʤʘʩ (%); 

- ʫ ʪʘʙʣʠʮʽ çɯʥʝʨʮʽʡʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷè ï ʟʥʘʯʝʥʥʷ ʽʥʝʨʮʽʡʥʠʭ ʩʝʡʩʤʽʯʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ (ʢʅ, ʪc), ʧʨʠʢʣʘʜʝʥʠʭ ʫ ʢʦʞʥʦʤʫ ʚʫʟʣʽ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʚʽʜʧʦʚʽʜʥʠʭ 

i-ʡ ʬʦʨʤʽ ʢʦʣʠʚʘʥʴ; 

- ʫ ʪʘʙʣʠʮʽ çɺʘʛʠ ʤʘʩè (çɼʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠè) ï ʚʘʛʠ ʤʘʩ (ʢʅ, ʪʩ), 

ʟʦʩʝʨʝʜʞʝʥʠʭ ʫ ʢʦʞʥʦʤʫ ʚʫʟʣʽ ʢʦʥʩʪʨʫʢʮʽʾ; 

- ʫ ʪʘʙʣʠʮʽ çʊʘʙʣʠʮʷ ʚʫʟʣʽʚ. ʇʝʨʝʤʽʱʝʥʥʷè ï ʟʥʘʯʝʥʥʷ ʧʝʨʝʤʽʱʝʥʴ, ʱʦ 

ʚʠʢʣʠʢʘʶʪʴʩʷ ʧʨʠʢʣʘʜʝʥʥʷʤ ʽʥʝʨʮʽʡʥʠʭ ʩʝʡʩʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʫ 

ʚʽʜʧʦʚʽʜʥʦʤʫ ʥʘʧʨʷʤʢʫ ʟʘ i-ʶ ʬʦʨʤʦʶ ʢʦʣʠʚʘʥʴ [152]. 

ʇʘʨʘʤʝʪʨʠ ʩʝʡʩʤʽʯʥʦʾ ʨʝʘʢʮʽʾ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣʽ ʙʫʜʽʚʣʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʥʝʣʽʥʽʡʥʦʛʦ 

ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʩʪʘʪʠʯʥʦ ʧʨʠʢʣʘʜʝʥʝ ʩʝʡʩʤʽʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

 

2.2.3. ʅʝʣʽʥʽʡʥʠʡ ʩʪʘʪʠʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ 

 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʥʝʣʽʥʽʡʥʦʛʦ ʩʪʘʪʠʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʥʝʦʙʭʽʜʥʝ ʜʝʷʢʝ 

ʢʦʨʠʛʫʚʘʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ ʙʫʜʽʚʣʽ ʪʘ/ʘʙʦ ʢʦʥʩʪʨʫʢʮʽʾ. ʇʦʣʷʛʘʻ ʚʦʥʘ ʫ 

ʟʤʽʥʽ ʪʠʧʫ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʩʭʝʤʠ, ʚʽʜʧʦʚʽʜʥʽʡ ʟʤʽʥʽ ʧʘʨʘʤʝʪʨʽʚ 

ʞʦʨʩʪʢʦʩʪʽ ʝʣʝʤʝʥʪʽʚ, ʘ ʪʘʢʦʞ ʤʦʜʝʣʶʚʘʥʥ ̔ ʥʝʣʽʥʽʡʥʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ. 

ɺʨʘʭʦʚʫʶʯʠ ʦʩʦʙʣʠʚʦʩʪʽ ʇʂ ʃɯʈɸ [152], ʢʦʨʠʛʫʚʘʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ 

ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʦʜʠʪʠ ʫ ʪʘʢʦʤʫ ʧʦʨʷʜʢʫ: 

- ʉʪʚʦʨʝʥʥʷ ʥʦʚʦʾ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʟʘʜʘʯʽ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʬʫʥʢʮʽʶ 

"ɿʙʝʨʝʛʪʠ ʷʢ", ʥʝʦʙʭʽʜʥʦ ʟʙʝʨʝʛʪʠ ʬʘʡʣ ʟʘʜʘʯʽ ʟ ʥʦʚʠʤ ʽʤʝʥʝʤ; 
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- ɿʤʽʥʘ ʞʦʨʩʪʢʽʩʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʋ ʜʽʘʣʦʛʦʚʦʤʫ ʚʽʢʥʽ çɾʦʨʩʪʢʦʩʪʽ 

ʝʣʝʤʝʥʪʽʚè, ʩʢʦʨʠʩʪʘʚʰʠʩʴ ʬʫʥʢʮʽʻʶ ɿʤʽʥʠʪʠ, ʫ ʚʽʢʥʽ çɿʘʜʘʥʥʷ ʩʪʘʥʜʘʨʪʥʦʛʦ 

ʧʝʨʝʨʽʟʫè ʥʝʦʙʭʽʜʥʦ ʘʢʪʠʚʽʟʫʚʘʪʠ ʨʷʜʦʢ çɺʨʘʭʫʚʘʥʥʷ ʥʝʣʽʥʽʡʥʦʩʪʽè ʪʘ ʟʘʜʘʪʠ 

ʇʘʨʘʤʝʪʨʠ ʤʘʪʝʨʘ̔ʣʫ (ʦʩʥʦʚʥʦʛʦ ʪʘ ʘʨʤʫʶʯʦʛʦ) ʪʘ ʇʘʨʘʤʝʪʨʠ ʘʨʤʘʪʫʨʠ 

[152].  

ʋ ʜʽʘʣʦʛʦʚʦʤʫ ʚʽʢʥʽ çʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʽʟʠʯʥʦʾ ʥʝʣʽʥʽʡʥʦʩʪʽ ʦʩʥʦʚʥʦʛʦ ʪʘ 

ʘʨʤʫʶʯʦʛʦ ʤʘʪʝʨʽʘʣʽʚè ʟʘʜʘʶʪʴʩʷ ʟʘʢʦʥ ʥʝʣʽʥʽʡʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ 

ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʽʘʣʫ. ʗʢʱʦ ʷʢ ʦʩʥʦʚʥʠʡ ʤʘʪʝʨʽʘʣ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʙʝʪʦʥ, ʪʦ ʧʨʠ ʚʠʙʦʨʽ ʟʘʢʦʥʽʚ ʜʝʬʦʨʤʫʚʘʥʥʷ 15, 21, 25, 31 ʽ 35 ʥʝʦʙʭʽʜʥʦ ʟʘʜʘʪʠ 

ʪʽʣʴʢʠ ʢʣʘʩ ʽ ʪʠʧ ʙʝʪʦʥʫ, ʨʦʟʨʘʭʫʥʢʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʽʘʣʫ 

ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʦ. ʋ ʨʘʟʽ ʚʠʙʦʨʫ ʽʥʰʠʭ ʟʘʢʦʥʽʚ ʜʝʬʦʨʤʫʚʘʥʥʷ (11, 

14 ʘʙʦ ʟʘʜʘʥʦʛʦ ʢʦʨʠʩʪʫʚʘʯʝʤ), ʘ ʪʘʢʦʞ ʧʨʠ ʚʚʝʜʝʥʥʽ ʧʘʨʘʤʝʪʨʽʚ ʘʨʤʫʶʯʦʛʦ 

ʤʘʪʝʨʽʘʣʫ, ʨʦʟʨʘʭʫʥʢʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʜʘʶʪʴʩʷ ʚʨʫʯʥʫ. 

ʇʘʨʘʤʝʪʨʠ ʘʨʤʘʪʫʨʠ ʟʘʜʘʶʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʪʠʧʫ ʩʢʽʥʯʝʥʥʦʛʦ ʝʣʝʤʝʥʪʘ, 

ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ. ʊʘʢ, ʜʣʷ ʩʪʨʠʞʥʝʚʠʭ ʉɽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 11 ʪʠʧʽʚ 

ʘʨʤʘʪʫʨʥʠʭ ʚʢʣʶʯʝʥʴ, ʜʣʷ ʧʣʦʱʠʥʥʠʭ ʉɽ ï 10 ʪʠʧʽʚ ʘʨʤʘʪʫʨʥʠʭ ʚʢʣʶʯʝʥʴ.  

ʇʽʩʣʷ ʟʘʜʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʥʝʣʽʥʽʡʥʦʩʪʽ ʥʦʤʝʨʠ ʞʦʨʩʪʢʦʩʪʝʡ ʫ ʩʧʠʩʢʫ 

ʞʦʨʩʪʢʦʩʪʝʡ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʽʟ ʟʽʨʦʯʢʦʶ. ʇʨʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʤʝʥʪʘʤ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʦ.  

- ɿʤʽʥʘ ʪʠʧʫ ʩʢʽʥʯʝʥʥʦʛʦ ʝʣʝʤʝʥʪʘ. ɺʠʜʽʣʠʚʰʠ ʝʣʝʤʝʥʪʠ ʽʟ ʟʤʽʥʝʥʠʤ 

ʪʠʧʦʤ ʞʦʨʩʪʢʦʩʪʽ ʫ ʜʽʘʣʦʛʦʚʦʤʫ ʚʽʢʥʽ çɿʤʽʥʘ ʪʠʧʫ ʉɽè, ʟ ʧʨʝʜʩʪʘʚʣʝʥʦʛʦ ʩʧʠʩʢʫ 

ʚʠʙʠʨʘʶʪʴ ʚʽʜʧʦʚʽʜʥʠʡ ʪʠʧ ʩʢʽʥʯʝʥʥʦʛʦ ʝʣʝʤʝʥʪʘ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ 

ʨʦʟʨʘʭʫʥʦʢ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʬʽʟʠʯʥʦʾ ʥʝʣʽʥʽʡʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ.  

- ʄʦʜʝʣʶʚʘʥʥʷ ʥʝʣʽʥʽʡʥʠʭ ʟʘʚʘʥʪʘʞʝʥʴ. ʉʧʦʯʘʪʢʫ ʟ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ 

ʥʝʦʙʭʽʜʥʦ ʚʠʜʘʣʠʪʠ ʚʩʽ ʟʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʤʦʜʝʣʶʶʪʴ ʩʝʡʩʤʽʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʇʦʪʽʤ ʫ ʚʫʟʣʠ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ ʧʨʠʢʣʘʜʘʶʪʴʩʷ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʽʥʝʨʮʽʡʥʠʤ ʩʝʡʩʤʽʯʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ, ʦʪʨʠʤʘʥʠʤ ʥʘ ʧʝʨʰʦʤʫ 

ʝʪʘʧʽ ʨʦʟʨʘʭʫʥʢʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʩʪʚʦʨʶʻʪʴʩʷ ʩʪʘʪʠʯʥʝ ʟʘʚʘʥʪʘʞʝʥʥʷ, ʝʢʚʽʚʘʣʝʥʪʥʝ 

ʩʝʡʩʤʽʯʥʦʤʫ. ʇʨʠ ʮʴʦʤʫ ʟʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʤʦʜʝʣʶʶʪʴ ʧʦʩʪʽʡʥʽ ʽ ʪʠʤʯʘʩʦʚʽ 
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ʪʨʠʚʘʣʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʟʘʣʠʰʘʶʪʴʩʷ ʚ ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʩʭʝʤʽ. ʋ ʜʽʘʣʦʛʦʚʦʤʫ ʚʽʢʥʽ 

çʄʦʜʝʣʶʚʘʥʥʷ ʥʝʣʽʥʽʡʥʠʭ ʟʘʚʘʥʪʘʞʝʥʴ ʢʦʥʩʪʨʫʢʮʽʾè ʟʘʜʘʶʪʴ ʪʘʢʽ ʧʘʨʘʤʝʪʨʠ: 

- ˉ ʟʘʚʘʥʪʘʞʝʥʥʷ ï ʟʘʜʘʻʪʴʩʷ ʥʦʤʝʨ ʟʘʚʘʥʪʘʞʝʥʥʷ, ʚ ʷʢʦʤʫ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʽʥʝʨʮʽʡʥʽ ʩʝʡʩʤʽʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ; 

- ɺʨʘʭʫʚʘʥʥʷ ʧʝʨʝʜʽʩʪʦʨʽʾ ï ʥʝʦʙʭʽʜʥʦ ʘʢʪʠʚʽʟʫʚʘʪʠ ʮʝʡ ʨʷʜʦʢ ʜʣʷ 

ʚʨʘʭʫʚʘʥʥʷ ʚ ʨʦʟʨʘʭʫʥʢʫ ʟʘʚʘʥʪʘʞʝʥʴ, ʱʦ ʤʦʜʝʣʶʶʪʴ ʧʦʩʪʽʡʥʝ ʪʘ ʪʨʠʚʘʣʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ; 

- ʄʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ï ʜʣʷ ʬʽʟʠʯʥʦ ʥʝʣʽʥʽʡʥʠʭ ʟʘʜʘʯ ʟʘʜʘʻʪʴʩʷ 

ʧʨʦʩʪʠʡ ʢʨʦʢʦʚʠʡ (1) ʤʝʪʦʜ; 

- ɼʨʫʢ ï ʚʠʚʝʜʝʥʥʷ ʧʝʨʝʤʽʱʝʥ ɹ  ̔ʟʫʩʠʣ ɹʧʽʩʣʷ ʢʦʞʥʦʛʦ ʢʨʦʢʫ; 

- ʂʽʣʴʢʽʩʪʴ ʢʨʦʢʽʚ ï ʟʘʣʝʞʥʦ ʚʽʜ ʥʝʦʙʭʽʜʥʦʾ ʪʦʯʥʦʩʪʽ ʟʘʜʘʻʪʴʩʷ 

ʢʽʣʴʢʽʩʪʴ ʢʨʦʢʽʚ (ʝʪʘʧʽʚ) ʧʨʠʢʣʘʜʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ; 

- ɿʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʜʦ ʥʘʚʘʥʪʘʞʝʥʴ ʟʘ ʢʨʦʢʘʤʠ ï ʟʘʜʘʥʥʷ 

ʜʘʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʦʜʥʠʤ ʽʟ ʥʘʩʪʫʧʥʠʭ ʩʧʦʩʦʙʽʚ: 1) ʽʟ ʪʝʢʩʪʦʚʦʛʦ 

ʬʘʡʣʫ ʫ ʬʦʨʤʘʪʽ txt, ʧʦʧʝʨʝʜʥʴʦ ʧʦʤʽʱʝʥʦʛʦ ʜʦ ʢʘʪʘʣʦʛʫ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ LDATA; 

2) ʚʨʫʯʥʫ, ʫ ʚʽʜʧʦʚʽʜʥʽʡ ʦʙʣʘʩʪʽ; 3) ʰʣʷʭʦʤ ʚʠʙʦʨʫ ʨʽʚʥʦʤʽʨʥʠʭ ʢʨʦʢʽʚ ʟ ʜʦʚʽʣʴʥʠʤ 

ʩʫʤʘʨʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ 1 ʚʽʜʧʦʚʽʜʘʻ 100% 

ʧʨʠʢʣʘʜʝʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ). 

- ʇʽʜʪʚʝʨʜʠʚʰʠ ʚʚʝʜʝʥʥʷ ʜʘʥʠʭ, ʟʘʧʫʩʢʘʶʪʴ ʟʘʜʘʯʫ ʥʘ ʨʦʟʨʘʭʫʥʦʢ ̔  ʧʽʩʣʷ 

ʡʦʛʦ ʟʘʢʽʥʯʝʥʥʷ ʧʝʨʝʭʦʜʷʪʴ ʫ ʨʝʞʠʤ ʚʽʟʫʘʣʽʟʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ, ʚ ʷʢʦʤʫ ʻ ʤʦʞʣʠʚʽʩʪʴ 

ʧʝʨʝʛʣʷʜʫ ʜʝʬʦʨʤʦʚʘʥʦʾ ʩʭʝʤʠ ʪʘ ʝʧʶʨ ʟʫʩʠʣʴ ʫ ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʩʭʝʤʽ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʩʪʘʥʥʴʦʤʫ ʝʪʘʧʫ ʥʘʚʘʥʪʘʞʝʥʥʷ (100 % ʧʨʠʢʣʘʜʝʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ) 

ʘʙʦ ʝʪʘʧʫ, ʱʦ ʧʝʨʝʜʫʻ ʨʫʡʥʫʚʘʥʥʶ. ʂʨʽʤ ʪʦʛʦ, ʚ ʨʝʞʠʤʽ ʚʽʟʫʘʣʽʟʘʮʽʾ ʻ ʤʦʞʣʠʚʽʩʪʴ 

ʧʝʨʝʛʣʷʜʫ ʢʘʨʪʠʥʠ ʨʫʡʥʫʚʘʥʴ ʜʣʷ ʦʙ'ʻʤʥʠʭ ʽ ʧʣʦʱʠʥʥʠʭ ʝʣʝʤʝʥʪʽʚ. ɼʣʷ ʧʝʨʝʛʣʷʜʫ 

ʩʭʝʤʠ ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ ʥʘ ʤʦʟʘʾʮʽ ʘʙʦ ʽʟʦʧʦʣʷʭ ʥʘʧʨʫʛ ʚ ʝʣʝʤʝʥʪʘʭ ʥʝʦʙʭʽʜʥʦ 

ʩʢʦʨʠʩʪʘʪʠʩʷ ʬʫʥʢʮʽʻʶ ʈʫʡʥʫʚʘʥʥʷ ʚ ʧʽʜʤʝʥʶ ɿʫʩʠʣʣʷ. 

ɼʣʷ ʧʝʨʝʛʣʷʜʫ ʪʘʙʣʠʮʴ ʧʝʨʝʤʽʱʝʥʴ ʽ ʟʫʩʠʣʴ ʧʽʩʣʷ ʢʦʞʥʦʛʦ ʢʨʦʢʫ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʘ ʪʘʢʦʞ ʪʘʙʣʠʮʴ ʧʨʦ ʩʪʘʥ ʤʘʪʝʨʽʘʣʫ ʥʝʦʙʭʽʜʥʦ, ʟʘʢʨʠʚʰʠ ʚʩʽ 

ʘʢʪʠʚʥʽ ʚʽʢʥʘ ʚ ʩʠʩʪʝʤʽ ʃɯʈ-ɺɯɿʆʈ, ʧʝʨʝʡʪʠ ʚ ʨʝʞʠʤ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ 

ʧʨʦʮʝʩʦʨʘ, ʫ ʜʽʘʣʦʛʦʚʦʤʫ ʚʽʢʥʽ çʇʘʨʘʤʝʪʨʠ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʧʨʦʮʝʩʦʨʘè 
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ʚʠʙʨʘʪʠ ʬʫʥʢʮʽʶ ʊʘʙʣʠʮʽ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʫ ʚʽʢʥʽ ɺʽʜʢʨʠʪʠ ʚʠʙʨʘʪʠ ʥʝʦʙʭʽʜʥʠʡ 

ʪʠʧ ʬʘʡʣʽʚ: ʉʪʘʥ ʤʘʪʝʨʽʘʣʽʚ (*_13.*), ʇʝʨʝʤʽʱʝʥʥʷ ʟʘ ʢʨʦʢʘʤʠ (*_35.*) ʪʘ/ʘʙʦ 

ɿʫʩʠʣʣʷ (ʥʘʧʨ.) ʟʘ ʢʨʦʢʘʤʠ (*_36.*). ɿʽʨʦʯʢʦʶ * ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʦʟʥʘʯʝʥʠʡ 

ʰʠʬʨ ʢʦʥʢʨʝʪʥʦʾ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʟʘʜʘʯʽ. ɺʠʙʨʘʚʰʠ ʥʝʦʙʭʽʜʥʠʡ ʜʦʢʫʤʝʥʪ, 

ʚʽʜʢʨʠʚʘʶʪʴ ʡʦʛʦ ʪʘ ʧʨʠʩʪʫʧʘʶʪʴ ʜʦ ʘʥʘʣʽʟʫ ʨʝʟʫʣʴʪʘʪʽʚ. 

 

ɼʠʥʘʤʽʢʘ ʟʘ ʯʘʩʦʤ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʧʝʨʝʜʙʘʯʘʻ ʟʘʜʘʥʥʷ ʯʦʪʠʨʴʦʭ 

ʟʘʚʘʥʪʘʞʝʥʴ 

 

ʇʝʨʰʝ ʟʘʚʘʥʪʘʞʝʥʥʷ. ʉʪʘʪʠʯʥʽ ʚʧʣʠʚʠ ʟʘʜʘʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ 

ʟʦʩʝʨʝʜʞʝʥʠʭ ʩʠʣ ʽ ʤʦʤʝʥʪʽʚ ʷʢ ʫ ʚʫʟʣʠ ʩʭʝʤʠ (ʚʫʟʣʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ) ʟʘ 

ʥʘʧʨʷʤʘʤʠ ʦʩʝʡ ʛʣʦʙʘʣʴʥʦʾ ʪʘ ʣʦʢʘʣʴʥʦʾ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ, ʪʘʢ ʽ ʥʘ ʝʣʝʤʝʥʪʠ 

(ʤʽʩʮʝʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ) ʟʘ ʥʘʧʨʷʤʘʤʠ ʤʽʩʮʝʚʦʾ ʘʙʦ ʛʣʦʙʘʣʴʥʦʾ ʩʠʩʪʝʤʠ 

ʢʦʦʨʜʠʥʘʪ. 

ɼʨʫʛʝ ʟʘʚʘʥʪʘʞʝʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʻ ʽʥʝʨʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʢʦʥʩʪʨʫʢʮʽʾ (ʨʦʟʧʦʜʽʣ ʤʘʩ). ʄʦʞʝ ʙʫʪʠ ʟʽʙʨʘʥʝ ʟ ʧʝʨʰʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ, ʟʽ 

ʱʽʣʴʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ, ʘʙʦ ʞ ʟʘʜʘʥʥʷʤ ʫ ʜʨʫʛʦʤʫ ʟʘʚʘʥʪʘʞʝʥʥʽ ʟʦʩʝʨʝʜʞʝʥʠʭ 

ʤʘʩ, ʘʙʦ ʢʦʤʙʽʥʘʮʽʻʶ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʚʘʨʽʘʥʪʽʚ. 

ʊʨʝʪʻ ʟʘʚʘʥʪʘʞʝʥʥʷ ʟʘʜʘʻ ʜʽʶʯʝ ʜʠʥʘʤʽʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʢʦʥʩʪʨʫʢʮʽʶ. ʋ ʇʂ ʃɯʈɸ [152] ʨʝʘʣʽʟʦʚʘʥʦ 4 ʪʠʧʠ ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ: 

ʣʘʤʘʥʘ ʟ ʜʦʚʽʣʴʥʠʤ ʢʨʦʢʦʤ (ʟʘʜʘʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʧʘʨ ʪʦʯʦʢ ʪʘ ʩʘʤʽ ʧʘʨʠ ʪʦʯʦʢ 

çʯʘʩ ï ʟʥʘʯʝʥʥʷè); ʩʠʥʫʩʦʾʜʘʣʴʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʟʘʜʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ 

( )jw +tAsin ; ʘʢʩʝʣʝʨʦʛʨʘʤʘ; ʣʘʤʘʥʘ ʟ ʨʽʚʥʦʤʽʨʥʠʤ ʢʨʦʢʦʤ. ɼʠʥʘʤʽʯʥʽ ʚʧʣʠʚʠ 

ʟʘʜʘʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʚʫʟʣʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. ɼʠʥʘʤʽʯʥʽ ʚʧʣʠʚʠ ʜʽʶʪʴ ʚʟʜʦʚʞ 

ʦʩʝʡ ʛʣʦʙʘʣʴʥʦʾ ʘʙʦ ʣʦʢʘʣʴʥʦʾ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ ʙʫʜʽʚʣʽ. 

ʋ ʯʝʪʚʝʨʪʦʤʫ ʟʘʚʘʥʪʘʞʝʥʥʽ ʟʘʜʘʶʪʴʩʷ ʜʝʤʧʬʽʨʫʶʯʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʢʦʥʩʪʨʫʢʮʽʾ (ʥʝ ʻ ʦʙʦʚôʷʟʢʦʚʠʤʠ ʜʣʷ ʟʘʜʘʥʥʷ ð ʤʦʞʫʪʴ ʙʫʪʠ ʚʽʜʩʫʪʥʽʤʠ). 

ʉʧʨʷʤʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʨʦʣʽ ʥʝ ʚʽʜʽʛʨʘʻ, ʪʘʢ ʷʢ ʫʩʽ ʚʝʣʠʯʠʥʠ ʙʝʨʫʪʴʩʷ ʟʘ 

ʩʚʦʾʤʠ ʘʙʩʦʣʶʪʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʽ ʚ ʧʨʦʮʝʩʽ ʽʥʪʝʛʨʫʚʘʥʥʷ ʩʠʣʠ ʜʝʤʧʬʽʨʫʚʘʥʥʷ 

ʙʫʜʫʪʴ ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʠʤʠ ʰʚʠʜʢʦʩʪʷʤ. 
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ʇʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʽ ʫʤʦʚʠ ʫ ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʩʭʝʤʽ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʜʘʥʽ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʚʫʟʣʠ ʛʨʘʬʽʯʥʦʾ ʤʦʜʝʣʽ ʙʫʜʽʚʣʽ, ʪʘʢʦʞ ʤʦʞʫʪʴ ʙʫʪʠ 

ʟʤʦʜʝʣʴʦʚʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʚôʷʟʢʽʚ ʩʢʽʥʯʝʥʥʦʾ ʞʦʨʩʪʢʦʩʪʽ. ʎʝ ʻ ʝʬʝʢʪʠʚʥʠʤ 

ʜʣʷ ʟʚôʷʟʢʽʚ, ʱʦ ʥʘʢʣʘʜʘʶʪʴʩʷ, ʟʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʾʭ ʨʝʘʢʮʽʾ. ʇʽʩʣʷ 

ʟʘʜʘʥʥʷ ʜʚʦʭïʯʦʪʠʨʴʦʭ ʟʘʚʘʥʪʘʞʝʥʴ ʫ ʧʦʩʣʽʜʦʚʥʦʩʪʽ, ʚʢʘʟʘʥʽʡ ʚʠʱʝ, ʜʣʷ 

ʫʩʧʽʰʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʨʦʟʨʘʭʫʥʢʫ ʥʝʦʙʭʽʜʥʦ ʟʘʜʘʪʠ ʧʘʨʘʤʝʪʨʠ ʽʥʪʝʛʨʫʚʘʥʥʷ 

ʨʽʚʥʷʥʴ ʨʫʭʫ ʽ ʚʢʘʟʘʪʠ, ʷʢʽ ʩʘʤʝ ʨʝʟʫʣʴʪʘʪʠ ʧʽʩʣʷ ʨʦʟʨʘʭʫʥʢʫ ʥʝʦʙʭʽʜʥʽ 

ʢʦʨʠʩʪʫʚʘʯʝʚʽ: ʪʽʣʴʢʠ ʧʝʨʝʤʽʱʝʥʥʷ, ʧʝʨʝʤʽʱʝʥʥʷ ʪʘ ʟʫʩʠʣʣʷ ʘʙʦ ʧʝʨʝʤʽʱʝʥʥʷ, 

ʟʫʩʠʣʣʷ ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʽ ʧʦʻʜʥʘʥʥʷ ʟʫʩʠʣʴ. 

ʇʦʯʘʪʢʦʚʽ ʫʤʦʚʠ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʦʾ ʟʘʜʘʯʽ ʟʘʜʘʚʘʣʠʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ɼɹʅ [166], ʚʨʘʭʫʚʘʥʥʷ ʩʝʡʩʤʽʯʥʠʭ ʚʧʣʠʚʽʚ ʚʠʢʦʥʫʚʘʣʦʩʷ ʥʘ ʦʩʥʦʚʽ ɼɹʅ [68]. 

ʅʝʦʙʭʽʜʥʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚ ʷʢʦʩʪʽ ʟʦʚʥʽʰʥʴʦʛʦ ʜʠʥʘʤʽʯʥʦʛʦ ʚʧʣʠʚʫ ʥʘ 

ʙʫʜʽʚʣʶ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ, ʧʨʠʡʤʘʶʪʴʩʷ ʨʝʘʣʴʥʽ ʘʢʩʝʣʝʨʦʛʨʘʤʠ ˇʨʫʥʪʫ 

ʨʘʜʽʘʣʴʥʦʛʦ ʡ ʪʘʥʛʝʥʮʽʘʣʴʥʦʛʦ ʩʧʨʷʤʫʚʘʥʥʷ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʙʫʜʽʚʣʶ ʧʽʜ 

ʢʫʪʘʤʠ 45Á ʽ 135Á, ʚʽʜʧʦʚʽʜʥʦ.  

ʇʦʯʘʪʢʦʚʽ ʫʤʦʚʠ (ʘʢʩʝʣʝʨʦʛʨʘʤʠ ʢʦʣʠʚʘʥʴ) ʧʦʙʣʠʟʫ ʙʫʜʽʚʣʽ ʎʝʥʪʨʫ 

ʜʠʪʷʯʦʾ ʪʚʦʨʯʦʩʪʽ ʚ ʤ. ʂʨʠʚʠʡ ʈʽʛ ʙʫʣʠ ʟʘʧʠʩʘʥʽ 16.05.2012 ʧʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ 

ʤʘʩʦʚʦʛʦ ʚʠʙʫʭʫ 652 ʪ ʫ ʢʘʨ'ʻʨʽ ʇʽʚʜɻɿʂ. ɻʨʘʬʽʢʠ ʦʮʠʬʨʦʚʘʥʠʭ ʘʢʩʝʣʝʨʦʛʨʘʤ 

ʨʘʜʽʘʣʴʥʦʛʦ R ʪʘ ʪʘʥʛʝʥʮʽʘʣʴʥʦʛʦ ʊ ʥʘʧʨʷʤʽʚ ʚʨʘʭʦʚʫʚʘʣʠʩʷ ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ.  

ʋʪʦʯʥʝʥʽ ʧʘʨʘʤʝʪʨʠ ʘʢʩʝʣʝʨʦʛʨʘʤ: ʢʨʦʢ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ï 4,34 ʤʩ, 

ʪʨʠʚʘʣʽʩʪʴ ʟʘʛʘʣʴʥʦʛʦ ʚʧʣʠʚʫ ï 238 ʩ, ʪʨʠʚʘʣʽʩʪʴ ʚʠʙʫʭʫ ï 16,8 ʩ, ʤʘʢʩʠʤʘʣʴʥʝ 

ʟʥʘʯʝʥʥʷ ʘʢʩʝʣʝʨʦʛʨʘʤʠ ʜʣʷ ʨʘʜʽʘʣʴʥʦʾ R ʩʢʣʘʜʦʚʦʾ ʚʠʙʫʭʦʚʦʛʦ ʚʧʣʠʚʫ ʥʝ 

ʧʝʨʝʚʠʱʫʚʘʣʦ 0,6 ʤ/ʩ, ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʘʢʩʝʣʝʨʦʛʨʘʤʠ ʜʣʷ 

ʪʘʥʛʝʥʮʽʘʣʴʥʦʾ ʊ ʩʢʣʘʜʦʚʦʾ ʚʠʙʫʭʦʚʦʛʦ ʚʧʣʠʚʫ ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʦ 0,2 ʤ/ʩ. 

 

2.2.4. ɼʠʥʘʤʽʯʥʠʡ ʘʥʘʣʽʟ ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʦʜʥʦʤʘʩʦʚʦʾ ʩʠʩʪʝʤʠ 

  

ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʦʜʥʦʤʘʩʦʚʦʾ ʩʠʩʪʝʤʠ ʷʚʣʷʻ ʩʦʙʦʶ 

ʣʽʥʽʡʥʠʡ ʦʩʮʠʣʷʪʦʨʦʤ ʟ ʥʘʩʪʫʧʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: 

- ʝʢʚʽʚʘʣʝʥʪʥʦʶ ʤʘʩʦʶ ʄ1 ï ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧ. 3.3; 
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- ʝʢʚʽʚʘʣʝʥʪʥʦʶ ʞʦʨʩʪʢʽʩʪʶ ʂ1 ï ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧ. 3.3. 

ʉʪʚʦʨʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ ʦʩʮʠʣʷʪʦʨʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʛʽʜʥʦ ʟʽ 

ʩʪʘʥʜʘʨʪʥʠʤʠ ʧʨʦʮʝʜʫʨʘʤʠ ʬʦʨʤʫʚʘʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʩʭʝʤ, ʧʨʠʡʥʷʪʠʭ ʫ ʇʂ 

ʃɯʈɸ [133]. ʄʦʞʣʠʚʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʉɽ 55, ʱʦ ʤʦʜʝʣʶʻ ʩʢʽʥʯʝʥʥʠʡ ʟʚ'ʷʟʦʢ ʤʽʞ 

ʜʚʦʤʘ ʚʫʟʣʘʤʠ. ʅʘ ʦʜʠʥ ʚʫʟʦʣ, ʱʦ ʤʦʜʝʣʶʻ ʟʘʢʣʘʜʝʥʥʷ ʚ ʦʩʥʦʚʽ, ʥʘʢʣʘʜʝʥʽ 

ʟʚ'ʷʟʢʠ, ʱʦ ʦʙʤʝʞʫʶʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ʪʘ ʧʦʚʦʨʦʪʠ ʚʽʜʥʦʩʥʦ ʢʦʦʨʜʠʥʘʪ, ʜʦ 

ʽʥʰʦʛʦ, ʚʽʣʴʥʦʛʦ, ʚʫʟʣʘ ʧʨʠʢʣʘʜʝʥʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ï ʚʘʛʫ ʜʠʥʘʤʽʯʥʦʾ ʤʘʩʠ ï 

ʚʽʜʧʦʚʽʜʥʝ (ʨʽʚʥʝ) ʝʢʚʽʚʘʣʝʥʪʥʽʡ ʤʘʩʽ ʄ1. ɾʦʨʩʪʢʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʉɽ 55 

ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʯʠʩʝʣʴʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʾ ɼʦʜʘʪʠ ʪʘ ʢʘʪʘʣʦʛʫ 

ʯʠʩʝʣʴʥʠʭ ʞʦʨʩʪʢʽʩʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʫ ʜʽʘʣʦʛʦʚʦʤʫ ʚʽʢʥʽ çɾʦʨʩʪʢʦʩʪʽ 

ʝʣʝʤʝʥʪʽʚè. 

ɿʘʜʘʻʪʴʩʷ ʩʝʡʩʤʽʯʥʠʡ ʚʧʣʠʚ ʫ ʚʠʛʣʷʜʽ ʘʢʩʝʣʝʨʦʛʨʘʤʠ (ʄʦʜʫʣʴ 27) ʟ 

ʪʘʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʨʦʟʨʘʭʫʥʢʫ ʫ ʜʽʘʣʦʛʦʚʦʤʫ ʚʽʢʥʽ: 

- ʢʦʝʬʽʮʽʻʥʪ ʜʠʩʠʧʘʮʽʾ ksi = [0é1] ï ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʟʥʘʯʝʥʥʷ 

ʜʠʩʠʧʘʮʽʾ ʩʧʦʨʫʜʠ; ʢʨʽʤ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʩʪʘʥʜʘʨʪʥʠʭ ʟʥʘʯʝʥʴ (0,1 ï ʜʣʷ 

ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, 0,2 ï ʜʣʷ ʤʘʰʠʥʦʙʫʜʽʚʥʠʭ), ʻ ʤʦʞʣʠʚʽʩʪʴ ʟʘʜʘʥʥʷ 

ʜʦʚʽʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ; 

- ʤʘʩʰʪʘʙʥʠʡ ʤʥʦʞʥʠʢ ʜʦ ʘʢʩʝʣʝʨʦʛʨʘʤʠ ï ʟʘʣʝʞʠʪʴ ʚʽʜ ʦʜʠʥʠʮʴ, ʫ 

ʷʢʠʭ ʟʘʜʘʥʽ ʦʨʜʠʥʘʪʠ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʘʢʩʝʣʝʨʦʛʨʘʤʠ. ʗʢʱʦ ʦʨʜʠʥʘʪʠ 

ʘʢʩʝʣʝʨʦʛʨʘʤʠ ʟʘʜʘʥʽ ʫ ʯʘʩʪʢʘʭ ʚʽʜ g ï ʤʘʩʰʪʘʙʥʠʡ ʤʥʦʞʥʠʢ ʧʨʠʡʤʘʻʪʴʩʷ ʟʘ 

ʟʘʤʦʚʯʝʥʥʷʤ ʨʽʚʥʠʤ 9,81; 

- ʥʘʧʨʷʤʥʽ ʢʦʩʠʥʫʩʠ ʨʽʚʥʦʜʽʶʯʦʾ ʩʝʡʩʤʽʯʥʦʛʦ ʚʧʣʠʚʫ ï ʟʘʜʘʶʪʴʩʷ 

ʨʽʚʥʠʤʠ ʦʜʠʥʠʮʽ ʚ ʥʘʧʨʷʤʢʫ, ʚ ʷʢʦʤʫ ʧʨʠʢʣʘʜʝʥʘ ʚʘʛʘ ʜʠʥʘʤʽʯʥʦʾ ʤʘʩʠ; 

- ʢʨʦʢ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʘʢʩʝʣʝʨʦʛʨʘʤʠ ï ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʥʘʯʝʥʥʷ ȹt, ʩ, 

ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʘʢʩʝʣʝʨʦʛʨʘʤʠ; 

- ʯʘʩ ʪʨʠʚʘʣʦʩʪʽ ʘʢʩʝʣʝʨʦʛʨʘʤʠ ï ʟʘʜʘʻʪʴʩʷ ʟʥʘʯʝʥʥʷ ʊ, ʩ, ʱʦ ʜʦʨʽʚʥʶʻ 

ʜʦʙʫʪʢʫ ʢʨʦʢʫ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ȹt, ʩ, ʪʘ ʢʽʣʴʢʦʩʪʽ ʪʦʯʦʢ N ʨʦʟʨʘʭʫʥʢʦʚʦʾ 

ʘʢʩʝʣʝʨʦʛʨʘʤʠ; 
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- ʟʥʘʯʝʥʥʷ ʦʨʜʠʥʘʪ ʘʢʩʝʣʝʨʦʛʨʘʤʠ ï ʥʝʦʙʭʽʜʥʦ ʚʠʙʨʘʪʠ ʧʫʥʢʪ ʏʠʪʘʥʥʷ 

ʟ ʬʘʡʣʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʯʠʪʫʚʘʥʥʷ ʦʨʜʠʥʘʪ ʘʢʩʝʣʝʨʦʛʨʘʤʠ ʟ ʪʝʢʩʪʦʚʦʛʦ ʬʘʡʣʫ ʫ 

ʬʦʨʤʘʪʽ txt, ʧʦʧʝʨʝʜʥʴʦ ʧʦʤʽʱʝʥʦʛʦ ʚ ʢʘʪʘʣʦʛ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ LDATA. 

ʇʨʠ ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʧʘʢʝʪ ʘʢʩʝʣʝʨʦʛʨʘʤʤ ʩʣʽʜ ʟʘʜʘʚʘʪʠ ʢʽʣʴʢʘ ʜʠʥʘʤʽʯʥʠʭ 

ʟʘʚʘʥʪʘʞʝʥʴ, ʱʦ ʤʽʩʪʷʪʴ ʨʽʟʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʘʢʩʝʣʝʨʦʛʨʘʤʠ. ʉʧʠʩʦʢ ʟʘʜʘʥʠʭ 

ʟʘʚʘʥʪʘʞʝʥʴ ʚʽʜʦʙʨʘʞʫʻʪʴʩʷ ʫ ʟʚʝʜʝʥʽʡ ʪʘʙʣʠʮʽ ʜʣ ̫ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʜʠʥʘʤʽʯʥʽ 

ʚʧʣʠʚʠ. 

ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʚʧʣʠʚ ʘʢʩʝʣʝʨʦʛʨʘʤ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ 

ʥʠʟʢʫ ʦʩʦʙʣʠʚʦʩʪʝʡ ʟʘʜʘʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʚʧʣʠʚʽʚ, ʱʦ ʽʩʥʫʶʪʴ ʫ ʇʂ ʃɯʈɸ 

[133]: 

- ʘʢʩʝʣʝʨʦʛʨʘʤʘ ʟʘʜʘʻʪʴʩʷ ʟ ʪʝʢʩʪʦʚʦʛʦ ʬʘʡʣʫ ʫ ʬʦʨʤʘʪʽ txt, ʱʦ ʤʽʩʪʠʪʴ 

ʣʠʰʝ ʦʨʜʠʥʘʪʠ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʘʢʩʝʣʝʨʦʛʨʘʤʠ; 

- ʧʝʨʰʘ ʦʨʜʠʥʘʪʘ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʘʢʩʝʣʝʨʦʛʨʘʤʠ ʦʙʦʚ'ʷʟʢʦʚʦ ʤʘʻ 

ʜʦʨʽʚʥʶʚʘʪʠ ʥʫʣʶ; 

- ʫ ʜʝʷʢʠʭ ʚʝʨʩʽʷʭ ʇʂ ʃɯʈɸ (ʚʽʜʤʽʥʥʠʭ ʚʽʜ ʚʝʨʩʽʾ 9.2) ʧʨʠ ʟʘʜʘʥʥʽ 

ʧʘʨʘʤʝʪʨʽʚ ʨʦʟʨʘʭʫʥʢʫ ʚ ʩʠʩʪʝʤʽ ʃɯʈ-ɺɯɿʆʈ ʟʥʘʯʝʥʥʷ ʢʨʦʢʫ ʜʠʩʢʨʝʪʠʟʘʮʽʾ 

ʘʢʩʝʣʝʨʦʛʨʘʤʠ ʤʦʞʝ ʦʢʨʫʛʣʷʪʠʩʷ ʜʦ ʜʨʫʛʦʛʦ ʟʥʘʢʘ ʧʽʩʣʷ ʢʦʤʠ. ʊʘʢ ʷʢ ʮʝʡ ʬʘʢʪ 

ʟʥʘʯʥʦ ʚʧʣʠʚʘʻ ʥʘ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ, ʡʦʛʦ ʥʝʦʙʭʽʜʥʦ ʧʨʦʢʦʥʪʨʦʣʶʚʘʪʠ 

(ʫʪʦʯʥʠʪʠ) ʽ ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʧʨʘʚʠʪʠ ʟʥʘʯʝʥʥʷ ʜʘʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʚ 

ʪʝʢʩʪʦʚʦʤʫ ʬʘʡʣʽ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʟʘʜʘʯʽ. 

ʇʽʩʣʷ ʚʠʢʦʥʘʥʥʷ ʨʦʟʨʘʭʫʥʢʫ ʚ ʨʝʞʠʤʽ ʚʽʟʫʘʣʽʟʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʫ 

ʬʦʨʤʫʻʪʴʩʷ ʽʥʪʝʨʘʢʪʠʚʥʘ ʪʘʙʣʠʮʷ ʧʝʨʝʤʽʱʝʥʴ, ʱʦ ʤʽʩʪʠʪʴ ʟʥʘʯʝʥʥʷ 

ʧʝʨʝʤʽʱʝʥʴ ʣʽʥʽʡʥʦʛʦ ʦʩʮʠʣʷʪʦʨʘ ʜʣʷ ʢʦʞʥʦʛʦ ʟʘʜʘʥʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ. ʎʽ 

ʟʥʘʯʝʥʥʷ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʝʨʝʤʽʱʝʥʥʷʤ ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʦʜʥʦʤʘʩʦʚʦʾ ʩʠʩʪʝʤʠ. 

ɺʠʢʦʥʘʥʦ ʯʠʩʝʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʚʽʜʥʦʰʝʥʥʷ ʧʦʛʦʥʥʦʾ ʞʦʨʩʪʢʦʩʪʽ 

ʥʘ ʟʩʫʚ ʜʦ ʧʦʛʦʥʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʤʘʩ ʙʫʜʽʚʣʽ ʥʘ ʯʘʩʪʦʪʫ ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ 

(ʨʠʩ. 2.7). ɸʥʘʣʽʟ ʧʨʠʚʝʜʝʥʠʭ ʛʨʘʬʽʢʽʚ ʧʦʢʘʟʘʚ, ʱʦ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʤʦʤʝʥʪʫ 

ʽʥʝʨʮʽʾ ʚ 2 ʨʘʟʠ ʯʘʩʪʦʪʘ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚ 1,4 ʨʘʟʠ. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʤʦʜʝʣʽ ʙʫʜʽʚʣʽ ʷʢ ʢʦʥʩʦʣʴʥʦʛʦ ʩʪʨʠʞʥʷ ʥʘ ʚʧʣʠʚ 

ʘʢʩʝʣʝʨʦʛʨʘʤʠ ɹʫʭʘʨʝʩʪʩʴʢʦʛʦ ʟʝʤʣʝʪʨʫʩʫ (1977 ʨ.) ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʢʦʤʧʣʝʢʩʽ 
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ʃɯʈɸ ʧʨʠ ʚʨʘʭʫʚʘʥʥʽ ʤʦʜʝʣʽ ʌʦʡʭʪʘ ʪʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʝʪʦʜʠʢʠ ʟʛʽʜʥʦ ʟʽ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ (2.38)ï(2.44) ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 2.8 ʪʘ ʨʠʩ. 2.9. 

 

 
ʈʠʩ. 2.7. ʈʦʟʨʘʭʫʥʢʦʚʽ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜʥʦʩʥʠʭ ʯʘʩʪʦʪ ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ ʙʫʜʽʚʝʣʴ ʟʘʚʚʠʰʢʠ 

30 ʤ, 47 ʤ ʪʘ 95 ʤ ʧʨʠ ʟʤʽʥʽ ʚʽʜʥʦʰʝʥʥʷ ʞʦʨʩʪʢʦʩʪʽ ʥʘ ʟʩʫʚ GF ʜʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʽ0 ʪʘ 

ʟʤʝʥʰʝʥʥʽ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʫ 2 ʨʘʟʠ (ʽ/2) 
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ʈʠʩ. 2.9. ɻʦʨʠʟʦʥʪʘʣʴʥʽ ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʴ ʚʝʨʭʫ ʤʦʜʝʣʽ ʙʫʜʽʚʣʽ Dt (ʤʤ) ʟʘ ʯʘʩʦʤ  t (ʩ) 

ʧʨʠ ʚʨʘʭʫʚʘʥʥʽ ʜʝʤʧʬʽʨʫʚʘʥʥʷ ʟʘ ʤʦʜʝʣʣʶ ʌʦʡʭʪʘ ʧʨʠ ʚʧʣʠʚʘʭ ʘʢʩʝʣʝʨʦʛʨʘʤʠ 
 

ʈʦʟʭʦʜʞʝʥʥʷ ʟʥʘʯʝʥʴ ʤʘʢʩʠʤʘʣʴʥʠʭ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʘʤʧʣʽʪʫʜ ʚʝʨʭʘ 

ʤʦʜʝʣʽ ʙʫʜʽʚʣʽ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʜʚʦʤʘ ʤʝʪʦʜʘʤʠ, ʩʢʣʘʜʘʻ ʜʦ 17%. 

 

ɺʠʩʥʦʚʢʠ ʟʘ ʨʦʟʜʽʣʦʤ 2.3 

 

1. ʈʦʟʛʣʷʥʫʪʦ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʢʦʤʧʣʝʢʩʽʚ 

(ʟʦʢʨʝʤʘ, ʨʦʟʨʦʙʣʝʥʠʭ ʫ ʤ. ʂʠʾʚ [192]) ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʨʦʩʪʦʨʦʚʠʭ ʪʘ ʧʣʦʩʢʠʭ 

ʤʦʜʝʣʝʡ ʙʫʜʽʚʝʣʴ ʟʘ ʟʘʧʨʦʧʦʥʦʚʘʥʠʤ ʤʝʪʦʜʦʤ. ʗʚʣʷʶʯʠ ʩʦʙʦʶ 

ʩʝʨʪʠʬʽʢʦʚʘʥʠʡ ʧʨʦʛʨʘʤʥʠʡ ʧʨʦʜʫʢʪ, ʇʂ ʃɯʈɸ ʟʘʙʝʟʧʝʯʫʻ ʪʦʯʥʽʩʪʴ 

ʨʦʟʨʘʭʫʥʢʫ ʪʘ ʘʜʝʢʚʘʪʥʽʩʪʴ ʦʜʝʨʞʫʚʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘ ʢʦʞʥʦʤʫ ʝʪʘʧʽ 

 

ʈʠʩ. 2.8. ɻʦʨʠʟʦʥʪʘʣʴʥʽ ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʴ ʚʝʨʭʫ ʤʦʜʝʣʽ ʙʫʜʽʚʣʽ Dt (ʤʤ) ʟʘ ʯʘʩʦʤ t (ʩ) 

ʧʨʠ ʚʨʘʭʫʚʘʥʥʽ ʜʝʤʧʬʽʨʫʚʘʥʥʷ ʟʛʽʜʥʦ ʽʟ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʁʤʝʪʦʜʠʢʦ  ʁ(2.38)ï(2.44) 
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ʘʥʘʣʽʟʫ. ʈʝʘʣʽʟʘʮʽʷ ʩʫʯʘʩʥʠʭ ʰʚʠʜʢʦʜʽʶʯʠʭ ʘʣʛʦʨʠʪʤʽʚ ʨʦʟʚ'ʷʟʘʥʥʷ 

ʚʝʣʠʢʦʨʦʟʤʽʨʥʠʭ ʩʠʩʪʝʤ ʨʽʚʥʷʥʴ, ʽʥʪʝʛʨʘʮʽʷ ʇʂ ʟ ʽʥʰʠʤʠ ʟʘʩʦʙʘʤʠ ʉɸʇʈ 

(AutoCAD, ArchiCAD, ʇʂ ʄʦʥʦʤʘʭ ʪʘ ̔ ʥ.) ʪʘ ʟʘʩʦʙʘʤʠ Microsoft Office (Word, 

Excel), ʥʘʷʚʥʽʩʪʴ ʪʨʠʚʠʤʽʨʥʦʾ ʚʽʟʫʘʣʽʟʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʫ ʨʦʙʣʷʪʴ ʇʂ 

ʃɯʈɸ ʟʨʫʯʥʠʤ ʟʘʩʦʙʦʤ ʘʥʘʣʽʟʫ ʥʝʣʽʥʽʡʥʦʾ ʩʝʡʩʤʽʯʥʦʾ ʨʝʘʢʮʽʾ ʙʫʜʽʚʝʣʴ ʪʘ 

ʢʦʥʩʪʨʫʢʮʽʡ. 

2. ɺʠʢʦʥʘʥʦ ʧʦʨʽʚʥʷʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʘʤʧʣʽʪʫʜ ʢʦʣʠʚʘʥʴ ʚʝʨʭʫ 

ʩʪʨʠʞʥʝʚʦʾ ʢʦʥʩʦʣʴʥʦʾ ʤʦʜʝʣʽ ʙʫʜʽʚʣʽ ʧʨʠ ʜʝʤʧʬʽʨʫʚʘʥʥʽ ʟʘ ʤʦʜʝʣʣʶ ʌʦʡʭʪʘ 

ʪʘ ʤʝʪʦʜʠʢʦʶ ʘʚʪʦʨʘ. ʈʦʟʭʦʜʞʝʥʥʷ ʟʥʘʯʝʥʴ ʤʘʢʩʠʤʘʣʴʥʠʭ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ 

ʘʤʧʣʽʪʫʜ ʚʝʨʭʘ ʤʦʜʝʣʽ ʙʫʜʽʚʣʽ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʜʚʦʤʘ ʤʝʪʦʜʘʤʠ ʧʨʠ ʚʧʣʠʚʘʭ 

ʘʢʩʝʣʝʨʦʛʨʘʤʠ ɹʫʭʘʨʝʩʪʩʴʢʦʛʦ ʟʝʤʣʝʪʨʫʩʫ (1977 ʨ.), ʩʢʣʘʜʘʻ ʜʦ 17%. 

3. ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʪʨʠʤʘʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʚʠʢʦʥʘʥʦ ʯʠʩʝʣʴʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʚʽʜʥʦʰʝʥʥʷ ʧʦʛʦʥʥʦʾ ʞʦʨʩʪʢʦʩʪʽ ʥʘ ʟʩʫʚ ʜʦ ʧʦʛʦʥʥʦʛʦ 

ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʤʘʩ ʙʫʜʽʚʣʽ ʥʘ ʯʘʩʪʦʪʫ ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ 

ʟʤʝʥʰʝʥʥʽ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʚ 2 ʨʘʟʠ ʯʘʩʪʦʪʘ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚ 1,4 ʨʘʟʠ. 

 

2.4. ɺʠʟʥʘʯʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡʥʦʛʦ ʨʠʟʠʢʫ 

 

ʇʨʠʢʣʘʜʥʘ ʤʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡʥʦʛʦ ʨʠʟʠʢʫ ʧʨʠ 

ʜʠʥʘʤʽʯʥʦʤʫ ʚʧʣʠʚʽ ʙʘʟʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʟʽʩʪʘʚʣʝʥʥʷ ʜʚʦʭ ʚʝʣʠʯʠʥ: ʧʘʨʘʤʝʪʨʫ 

ʟʦʚʥʽʰʥʴʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ S, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʨʦʟʨʘʭʫʥʢʫ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʜʠʥʘʤʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʪʘ ʧʘʨʘʤʝʪʨʫ ʦʧʦʨʫ ʢʦʥʩʪʨʫʢʮʽʾ R 

[82, 135]. ʆʙʠʜʚʽ ʚʝʣʠʯʠʥʠ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʚʠʧʘʜʢʦʚʽ ʽ ʚʠʨʘʞʘʶʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʦʜʥʘʢʦʚʠʭ ʦʜʠʥʠʮʴ (ʧʘʨʘʤʝʪʨʽʚ). ɻʨʘʥʠʯʥʠʡ ʩʪʘʥ ʢʦʥʩʪʨʫʢʮʽʾ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʫʤʦʚʦʶ [82]: 

 SRB  ʘʙʦ 0.BSR-  (2.44) 

ʆʙʣʘʩʪʴ ʨʠʟʠʢʫ, ʱʦ ʜʦʧʫʩʢʘʻʪʴʩʷ, m ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʫʤʦʚʠ: 

 m=R-S.  (2.45) 

ʂʦʞʥʘ ʚʝʣʠʯʠʥʘ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ, ʧʨʠʡʤʘʻʪʴʩʷ ʨʦʟʧʦʜʽʣʝʥʦʶ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʦʨʤʘʣʴʥʦʛʦ (ʘʙʦ ʚʽʜʤʽʥʥʦʛʦ ʚʽʜ ʥʦʨʤʘʣʴʥʦʛʦ) ʨʦʟʧʦʜʽʣʫ ʪʘ 
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ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʜʚʦʤʘ ʧʘʨʘʤʝʪʨʘʤʠ (2.45), (2.46): ʤʘʪʝʤʘʪʠʯʥʠʤ 

ʩʧʦʜʽʚʘʥʥʷʤ (SR,  ʘʙʦ m) ʪʘ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʠʤ ʚʽʜʭʠʣʝʥʥʷʤ (ŭR, ŭS, ŭm). 

ʇʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʨʠʟʠʢʽʚ ʚʠʢʦʨʠʩʪʘʥʦ ʪʘʢʽ ʦʩʥʦʚʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ [82]: 

 

 SRm -= ; 

 .22

SRm ddd +=  (2.46) 

 

ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʧʘʨʘʤʝʪʨʘ S  (2.47) ʚʽʜ ʢʽʣʴʢʦʭ ʟʦʚʥʽʰʥʽʭ ʥʘʚʘʥʪʘʞʝʥʴ (ʚ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ï ʩʪʘʪʠʯʥʦʛʦ ʪʘ ʜʠʥʘʤʽʯʥʦʛʦ) ʤʘʪʝʤʘʪʠʯʥʝ ʩʧʦʜʽʚʘʥʥʷ 

ʧʘʨʘʤʝʪʨʘ S ʜʦʨʽʚʥʶʻ: 

 

 ʩʫʤ ʩʪʘʪ ʜʠʥS S S= + . 

 

ʉʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʧʘʨʘʤʝʪʨʘ ʟʽ ʩʚʦʛʦ ʙʦʢʫ ʚʠʟʥʘʯʠʪʴʩʷ 

ʟʛʽʜʥʦ ʟ ʪʘʢʠʤ ʚʠʨʘʟʦʤ:  

 
2

. .cʫʤ ʩʪʘʪ ʜʠʥʘʤd d d= + . 

ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʨʠʟʠʢʽʚ ʨʫʡʥʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʽʜʦʤʽ 

ʟʘʣʝʞʥʦʩʪʽ ʪʝʦʨʽʾ ʡʤʦʚʽʨʥʦʩʪʝʡ [82, 135]. ɯʤʦʚʽʨʥʽʩʪʴ ʧʦʪʨʘʧʣʷʥʥʷ ʚʠʧʘʜʢʦʚʦʾ 

ʚʝʣʠʯʠʥʠ ʍ ʫ ʟʘʜʘʥʠʡ ʽʥʪʝʨʚʘʣ (ʚʽʜ ï ʭ ʜʦ ʭ) ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 

 ñ
-

-
-=¢¢-

x

x

dx
xx

xXxf ]
2

)(
exp[

2

1
)(

2

2

dpd
. (2.47) 

 

ʈʠʟʠʢ ʨʫʡʥʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 

 )(5.05.0
m

SR
risk

d
j
-

Ö°= . (2.48) 
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ɿʥʘʯʝʥʥʷ ʽʥʪʝʛʨʘʣʘ ʡʤʦʚʽʨʥʦʩʪʽ ɻʘʫʩʘ ű(u) ʧʨʠʡʤʘʶʪʴʩʷ ʟʘ ʪʘʙʣʠʮʷʤʠ 

ʽʤʦʚʽʨʥʽʩʥʠʭ ʬʫʥʢʮʽʡ [67] ʘʙʦ ʘʥʘʣʦʛʽʯʥʠʤʠ ʪʘʙʣʠʮʷʤʠ: 

 

 due
SR

u

u

u

u

m

ñ
-

-

=
-

= 2

2

2

1
)()(

pd
jj . 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʘʣʛʦʨʠʪʤ ʦʙʯʠʩʣʝʥʥʷ ʨʠʟʠʢʫ ʨʫʡʥʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ 

(2.46), (2.47), (2.48) ʤʦʞʥʘ ʧʦʜʘʪʠ ʫ ʚʠʛʣʷʜʽ: 

1. ʇʘʨʘʤʝʪʨ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʦʧʦʨʫ ʢʦʥʩʪʨʫʢʮʽʾ R  ʪʘ ʫʟʘʛʘʣʴʥʝʥʠʡ 

ʧʘʨʘʤʝʪʨ ʧʨʠʢʣʘʜʝʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ S  ʤʘʶʪʴ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʦʜʥʘʢʦʚʠʤʠ ʚʝʣʠʯʠʥʘʤʠ. ɺ ʷʢʦʩʪʽ ʪʘʢʠʭ ʚʝʣʠʯʠʥ ʧʨʠʡʤʘʶʪʴ ʢʦʥʪʨʦʣʴʦʚʘʥʽ 

ʧʘʨʘʤʝʪʨʠ ʛʨʘʥʠʯʥʠʭ ʩʪʘʥʽʚ (ʜʝʬʦʨʤʘʮʽʡʥʽ ʘʙʦ ʩʠʣʦʚʽ). 

2. ɼʣʷ ʚʩʽʭ ʟʤʽʥʥʠʭ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʨʦʟʨʘʭʫʥʢʫ, ʧʦʚʠʥʥʽ ʙʫʪʠ 

ʦʪʨʠʤʘʥʽ ʩʪʘʪʠʩʪʠʯʥʽ ʜʘʥʽ (ʤʘʪʝʤʘʪʠʯʥʽ ʩʧʦʜʽʚʘʥʥʷ SR,  ̔  ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʽ 

ʚʽʜʭʠʣʝʥʥʷ ŭR, ŭS), ʦʙʯʠʩʣʝʥʽ ʜʣʷ ʢʦʞʥʦʛʦ ʛʨʘʥʠʯʥʦʛʦ ʩʪʘʥʫ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ. 

3. ʋʟʘʛʘʣʴʥʝʥʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʟʦʚʥʽʰʥʴʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ S  ʽ 

ŭS ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʯʠʥʥʠʭ ʥʦʨʤ ʘʙʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʰʣʷʭʦʤ. 

4. ʈʦʟʨʘʭʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʨʠʟʠʢʫ ʨʫʡʥʫʚʘʥʥʷ ʧʦʨʽʚʥʶʻʪʴʩʷ ʟʽ 

ʟʥʘʯʝʥʥʷʤ, ʜʦʧʫʩʪʠʤʠʤ ʜʣʷ ʮʴʦʛʦ ʛʨʘʥʠʯʥʦʛʦ ʩʪʘʥʫ. ʅʘ ʧʽʜʩʪʘʚʽ ʮʴʦʛʦ 

ʧʦʨʽʚʥʷʥʥʷ ʨʦʙʠʪʴʩʷ ʚʠʩʥʦʚʦʢ ʧʨʦ ʙʝʟʧʝʢʫ ʘʥʘʣʽʟʦʚʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ. 

ʋ ʪʘʙʣʠʮʽ 2.2 [82] ʚʢʘʟʘʥʽ ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʨʠʟʠʢʫ ʟʘʣʝʞʥʦ ʚʽʜ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʟʦʚʥʽʰʥʽʭ ʩʠʣ ʽ ʯʘʩʪʦʪʠ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ʊʘʙʣʠʮʷ 2.2. 

ɯʥʪʝʥʩʠʚʥʽʩʪʴ 

ʟʦʚʥʽʰʥʽʭ ʟʫʩʠʣʴ 

ʂʽʣʴʢʽʩʪʴ 

ʨʫʡʥʫʚʘʥʴ ʥʘ 

ʨʽʢ 

ʄʽʥʽʤʘʣʴʥʽ ʥʝʪʦʯʥʦʩʪʽ 

ʧʨʦʻʢʪʫʚʘʥʥʷ 

ʄʘʢʩʠʤʘʣʴʥʽ 

ʥʝʪʦʯʥʦʩʪʽ 

ʧʨʦʻʢʪʫʚʘʥʥʷ 

ʉʣʘʙʢʘ 7Ā10-4 1Ā10-5 1Ā10-4 

ʉʝʨʝʜʥʷ 5Ā10-5 9Ā10-6 3Ā10-5 

ʇʽʜʚʠʱʝʥʘ 1Ā10-6 6Ā10-6 1Ā10-5 

 

ɿ ʪʘʙʣʠʮʽ 2.2 ʚʠʧʣʠʚʘʻ, ʱʦ ʧʽʜʚʠʱʝʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʝ ʨʽʜʢʦ 

ʧʨʠʢʣʘʜʘʻʪʴʩʷ ʜʦ ʢʦʥʩʪʨʫʢʮʽʾ, ʧʨʠ ʤʽʥʽʤʘʣʴʥʠʭ ʥʝʪʦʯʥʦʩʪʷʭ ʧʨʦʻʢʪʫʚʘʥʥʷ 
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ʚʠʷʚʣʷʻʪʴʩʷ ʤʝʥʰ ʥʝʙʝʟʧʝʯʥʠʤ, ʘʥʽʞ ʩʣʘʙʢʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʘʣʝ ʯʘʩʪʽʰʝ 

ʚʧʣʠʚʘʻ ʥʘ ʢʦʥʩʪʨʫʢʮʽʶ ʧʨʠ ʚʠʩʦʢʠʭ ʥʝʪʦʯʥʦʩʪʷʭ ʧʨʦʻʢʪʫʚʘʥʥʷ. ɸʥʘʣʽʟ 

ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ ʥʘ ʦʩʥʦʚʽ ʪʝʦʨʽʾ ʨʠʟʠʢʫ ʜʘʻ ʟʤʦʛʫ ʦʪʨʠʤʘʪʠ 

ʜʦʜʘʪʢʦʚʫ ʽʥʬʦʨʤʘʮʽʶ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʘʜʽʡʥʽʰʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʙʝʟ ʜʦʜʘʪʢʦʚʠʭ 

ʚʠʪʨʘʪ. ɺʝʣʠʯʠʥʘ ʨʠʟʠʢʫ ʜʣʷ ʤʝʭʘʥʽʯʥʠʭ ʩʠʩʪʝʤ, ʱʦ ʧʝʨʝʙʫʚʘʶʪʴ ʧʽʜ ʚʧʣʠʚʦʤ 

ʟʦʚʥʽʰʥʽʭ ʩʠʣ ʽ ʪʝʤʧʝʨʘʪʫʨʠ, ʩʧʽʚʧʘʜʘʻ ʟ ʫʤʦʚʘʤʠ ʨʫʡʥʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ, 

ʪʦʤʫ ʥʝʦʙʭʽʜʥʦ ʫʚʘʞʥʦ ʚʠʚʯʠʪʠ ʮʽ ʫʤʦʚʠ ʧʨʠ ʚʠʩʦʢʠʭ ʟʥʘʯʝʥʥʷʭ ʨʠʟʠʢʫ. 

ɿʘʟʚʠʯʘʡ ʢʨʠʪʝʨʽʻʤ ʨʫʡʥʫʚʘʥʥʷ ʚʚʘʞʘʶʪʴ ʛʨʘʥʠʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʘʙʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʧʦʚʪʦʨʶʻʪʴʩʷ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʚʠʥʠʢʘʻ ʝʬʝʢʪ ʚʪʦʤʠ ʘʙʦ 

ʨʦʟʚʠʪʦʢ ʧʣʘʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ. ʅʝʨʽʜʢʦ ʦʙʠʜʚʘ ʮʽ ʢʨʠʪʝʨʽʾ ʧʦʻʜʥʫʶʪʴʩʷ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʨʫʡʥʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʟʘ ʦʩʥʦʚʥʠʡ ʧʦʢʘʟʥʠʢ 

ʙʝʨʫʪʴ ʦʯʽʢʫʚʘʥʝ ʯʠʩʣʦ N  ʧʦʚʪʦʨʝʥʴ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʧʨʦʜʦʚʞ ʪʝʨʤʽʥʫ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʢʦʥʩʪʨʫʢʮʽʾ ʽ ʚʚʦʜʷʪʴʩʷ ʜʚʽ ʬʫʥʢʮʽʾ: ʬʫʥʢʮʽʷ ʥʘʜʽʡʥʦʩʪʽ )(NL   ̔

ʬʫʥʢʮʽʷ ʨʠʟʠʢʫ )](1[)( NLNP -= , ʷʢʽ ʩʧʽʣʴʥʦ ʚʠʨʘʞʘʶʪʴ ʡʤʦʚʽʨʥʽʩʪʴ 

ʟʙʝʨʝʞʝʥʥʷ ʘʙʦ ʨʫʡʥʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʟʘʣʝʞʥʦ ʚʽʜ ʫʤʦʚʥʦʛʦ "ʚʽʢʫ" 

ʢʦʥʩʪʨʫʢʮʽʾ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʯʠʩʣʦʤ N . 

ʗʢʱʦ ʬʫʥʢʮʽʷ ʥʘʜʽʡʥʦʩʪʽ )(NL  ʻ ʚʠʥʷʪʢʦʚʦ ʩʪʘʪʠʩʪʠʯʥʠʤ ʧʦʥʷʪʪʷʤ, ʪʦ 

ʬʫʥʢʮʽʷ ʨʠʟʠʢʫ )(NP  ʜʦʧʫʩʢʘʻ ʬʽʟʠʯʥʝ ʡ ʽʥʞʝʥʝʨʥʝ ʪʣʫʤʘʯʝʥʥʷ. ɺ ʫʤʦʚʘʭ 

ʚʠʟʥʘʯʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʨʫʡʥʫʚʘʥʥʷ ʚʽʜ ʛʨʘʥʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, 

ʧʨʠʢʣʘʜʝʥʦʛʦ ʜʦ ʢʦʥʩʪʨʫʢʮʽʾ ʦʜʥʦʨʘʟʦʚʦ, ʬʫʥʢʮʽʷ )(NP  ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ 

ʧʦʩʪʽʡʥʝ ʯʠʩʣʦ. ɼʣʷ ʥʘʚʘʥʪʘʞʝʥʴ, ʱʦ ʧʦʚʪʦʨʶʶʪʴʩʷ, ʬʫʥʢʮʽʷ ʨʠʟʠʢʫ )(NP  

ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʠʩʣʘ ʜʦʜʘʪʢʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ N, ʪʦʙʪʦ  ʚʽʜ ʚʽʢʫ ʢʦʥʩʪʨʫʢʮʽʾ, 

ʚʠʨʘʞʝʥʦʛʦ ʯʠʩʣʦʤ N . 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʠ ʧʨʠʭʦʜʠʤʦ ʜʦ ʧʦʥʷʪʪʷ ʧʨʦ ʥʝʤʠʥʫʯʠʡ ʨʠʟʠʢ, ʧʽʜ ʷʢʠʡ 

ʧʽʜʧʘʜʘʻ ʮʷ ʢʦʥʩʪʨʫʢʮʽʷ ʚ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɿʚʠʯʘʡʥʝ ʧʦʥʷʪʪʷ ʨʠʟʠʢʫ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʥʘʯʝʥʥʷʤ ʩʪʘʪʠʩʪʠʯʥʦʾ ʡʤʦʚʽʨʥʦʩʪʽ ʪʦʛʦ, ʱʦ ʢʦʥʩʪʨʫʢʮʽʷ 

ʧʨʠ N -ʤʫ ʮʠʢʣʽ ʥʘʚʘʥʪʘʞʝʥʥʽ ʙʫʜʝ ʧʦʰʢʦʜʞʝʥʘ. ʍʦʯʘ ʧʨʠ N - 1 ʮʠʢʣʘʭ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʪʘʪʠʩʪʠʯʥʠʡ ʘʥʩʘʤʙʣʴ, ʩʢʣʘʜʝʥʠʡ ʟ ʮʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʚʠʪʨʠʤʫʻ 

ʟʘʜʘʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ. 
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2.5. ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 2. 

 

1. ʆʢʨʝʩʣʝʥʦ ʤʝʪʦʜʦʣʦʛʽʶ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʘ ʪʝʦʨʝʪʠʢʦ-ʨʦʟʨʘʭʫʥʢʦʚʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʧʨʠ ʜʠʥʘʤʽʯʥʠʭ ʚʧʣʠʚʘʭ ʚʽʜ ʧʨʦʤʠʩʣʦʚʠʭ ʪʘ ʙʦʡʦʚʠʭ ʚʠʙʫʭʽʚ.  

2. ʅʘʚʝʜʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʢʦʣʠʚʘʥʴ ʢʦʥʩʪʨʫʢʮʽʾ ʙʫʜʽʚʣʽ ʷʢ 

ʙʘʛʘʪʦʤʘʩʦʚʦʾ ʩʠʩʪʝʤʠ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʯʦʛʦ ʫ ʧʦʜʘʣʴʰʦʤʫ ʦʪʨʠʤʘʥʦ ʨʽʚʥʷʥʥʷ 

ʨʫʭʫ ʽ ʯʘʩʪʦʪʥʽ ʨʽʚʥʷʥʥʷ ʤʦʜʝʣʽ ʟ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ (ʢʦʥʩʦʣʴʥʠʡ 

ʩʪʨʠʞʝʥʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʞʦʨʩʪʢʦʩʪʽ ʧʨʠ ʟʛʠʥʽ ʪʘ ʟʩʫʚʽ, ʨʦʟʧʦʜʽʣʝʥʦʾ ʤʘʩʠ ʪʘ 

ʤʦʤʝʥʪʘ ʽʥʝʨʮʽʾ ʤʘʩʠ). ʎʝ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ ʧʘʨʘʤʝʪʨʠ ʚʣʘʩʥʠʭ ʽ ʚʠʤʫʰʝʥʠʭ 

ʢʦʣʠʚʘʥʴ ʙʫʜʽʚʣʽ ʧʨʠ ʜʠʥʘʤʽʯʥʠʭ (ʢʽʥʝʤʘʪʠʯʥʠʭ) ʚʧʣʠʚʘʭ. ɺʨʘʭʦʚʫʶʪʴʩʷ 

ʧʦʩʪʽʡʥʘ ʟʛʠʥʘʣʴʥʘ ʽ ʟʩʫʚʥʘ ʞʦʨʩʪʢʽʩʪʴ, ʘ ʪʘʢʦʞ ʨʦʟʧʦʜʽʣʝʥʽ (ʥʘ ʦʜʠʥʠʮʶ ʚʠʩʦʪʠ 

ʙʫʜʽʚʣʽ) ʤʘʩʘ ʽ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʤʘʩʠ. ʇʝʨʝʤʽʱʝʥʥʷ ʪʦʯʦʢ ʙʫʜʽʚʣʽ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʢʦʦʨʜʠʥʘʪʠ z ʽ ʯʘʩʫ t. ʅʘʚʝʜʝʥʦ ʽʥʬʦʨʤʘʮʽ ʁʧʨʦ ʧʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ ʃɯʈɸ.  

3. ʅʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜʥʫ ʤʝʪʦʜʠʢʫ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡʥʦʛʦ ʨʠʟʠʢʫ ʧʨʠ 

ʜʠʥʘʤʽʯʥʦʤʫ ʚʧʣʠʚʽ, ʷʢʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʟʽʩʪʘʚʣʝʥʥʷ ʜʚʦʭ ʚʝʣʠʯʠʥ: 

ʧʘʨʘʤʝʪʨʫ ʟʦʚʥʽʰʥʴʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ S, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʨʦʟʨʘʭʫʥʢʫ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʜʠʥʘʤʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʪʘ ʧʘʨʘʤʝʪʨʫ ʦʧʦʨʫ ʢʦʥʩʪʨʫʢʮʽʾ R. 

ʆʙʠʜʚʽ ʚʝʣʠʯʠʥʠ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʚʠʧʘʜʢʦʚʽ ʽ ʚʠʨʘʞʘʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʦʜʥʘʢʦʚʠʭ ʦʜʠʥʠʮʴ.  
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ʈʆɿɼɯʃ 3. ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅɽ ɺʀɿʅɸʏɽʅʅʗ ʇʆʏɸʊʂʆɺʆ-

ʂʈɸʁʆɺʀʍ ʋʄʆɺ  

 

3.1. ɺʠʟʥʘʯʝʥʥʷ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʠʭ ʫʤʦʚ ʧʨʠ ʜʠʥʘʤʽʯʥʠʭ ʚʧʣʠʚʘʭ 

ʧʨʦʤʠʩʣʦʚʠʭ ʚʠʙʫʭʽʚ ʥʘ ʟʘʙʫʜʦʚʫ ʂʨʠʚʦʛʦ ʈʦʛʫ 

 

ʆʙ'ʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʽ ʫʤʦʚʠ ʧʨʠ ʜʠʥʘʤʽʯʥʠʭ 

ʚʧʣʠʚʘʭ ʥʘ ʙʫʜʽʚʣʽ ʪʘ ˇʨʫʥʪ ʫ ʤʝʞʘʭ ʩʘʥʽʪʘʨʥʦ-ʟʘʭʠʩʥʠʭ ʟʦʥ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ 

ʤʘʩʦʚʠʭ ʚʠʙʫʭʽʚ ʫ ʟʘʣʽʟʦʨʫʜʥʠʭ ʢʘʨ'ʻʨʘʭ ʤ. ʂʨʠʚʦʛʦ ʈʦʛʫ. 

ʈʽʚʥʽ ʚʽʙʨʘʮʽʾ ˇʨʫʥʪʫ ʪʘ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʜʽʚʝʣʴ ʪʘ ʩʧʦʨʫʜ, ʨʽʚʥʽ 

ʰʫʤʫ ʚ ʧʨʠʤʽʱʝʥʥʷʭ ʙʫʜʽʚʝʣʴ ʪʘ ʥʘ ʧʨʠʣʝʛʣʽʡ ʪʝʨʠʪʦʨʽʾ ʧʨʠ ʚʧʣʠʚʽ ʤʘʩʦʚʠʭ 

ʚʠʙʫʭʽʚ ʟʘʣʝʞʘʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʬʘʢʪʦʨʽʚ: ʢʽʣʴʢʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʾ ʚʠʙʫʭʦʚʦʾ 

ʨʝʯʦʚʠʥʠ, ʚʽʜʩʪʘʥʝʡ ʜʦ ʙʣʦʢʽʚ, ʱʦ ʧʽʜʨʠʚʘʶʪʴʩʷ, ʛʣʠʙʠʥʠ ʾʭ ʟʘʢʣʘʜʝʥʥʷ, 

ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ˇʨʫʥʪʽʚ, ʛʣʠʙʠʥʠ ʟʘʢʣʘʜʝʥʥʷ ʬʫʥʜʘʤʝʥʪʽʚ 

ʙʫʜʽʚʝʣʴ, ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʜʽʚʝʣʴ, ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ 

ʫʤʦʚ ʪʦʱʦ. ʋ ʚʠʧʘʜʢʫ ʤʘʩʦʚʠʭ ʚʠʙʫʭʽʚ, ʨʽʚʥʽ ʚʽʙʨʘʮʽʾ ʪʘ ʰʫʤʦʚʦʛʦ ʚʧʣʠʚʫ, 

ʩʧʨʠʯʠʥʝʥʽ ʜʽʻʶ ʚʠʙʫʭʦʚʠʭ ʭʚʠʣʴ, ʤʦʞʫʪʴ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʠʪʠ ʟʥʘʯʝʥʥʷ, 

ʜʦʧʫʩʪʠʤʽ ʟʘ ʥʦʨʤʘʪʠʚʥʠʤʠ ʜʦʢʫʤʝʥʪʘʤʠ, ʱʦ ʜʽʶʪʴ ʚ ʋʢʨʘʾʥʽ. 

ʅʘ ʨʠʩ. 3.1 ʥʘʚʝʜʝʥʽ ʬʦʪʦʛʨʘʬʽʾ ʟʘʣʽʟʦʨʫʜʥʠʭ ʢʘʨ'ʻʨʽʚ ʤ. ʂʨʠʚʠʡ ʈʽʛ. 

 

ʇʨʦʛʨʘʤʘ ʪʘ ʤʝʪʦʜʠʢʘ ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʙʨʘʮʽʾ 

 

ɼʣʷ ʨʝʻʩʪʨʘʮʽʾ ʜʠʥʘʤʽʯʥʦʾ ʨʝʘʢʮʽʾ ˇʨʫʥʪʫ ʪʘ ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʜʽʚʝʣʴ ʧʨʠ 

ʚʽʙʨʘʮʽʡʥʦʤʫ ʚʧʣʠʚʽ ʤʘʩʦʚʠʭ ʚʠʙʫʭʽʚ ʫ ʢʘʨ'ʻʨʘʭ ʤ. ʂʨʠʚʠʡ ʈʽʛ ʙʫʣʦ 

ʨʦʟʨʦʙʣʝʥʦ ʚʽʜʧʦʚʽʜʥʫ ʤʝʪʦʜʠʢʫ ʚʽʙʨʦʜʠʥʘʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ɿʘʜʘʯʘʤʠ ʚʠʟʥʘʯʝʥʥʷ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʠʭ ʫʤʦʚ ʧʨʠ ʜʠʥʘʤʽʯʥʠʭ ʚʧʣʠʚʘʭ 

ʧʨʦʤʠʩʣʦʚʠʭ ʚʠʙʫʭʽʚ ʥʘ ʟʘʙʫʜʦʚʫ ʂʨʠʚʦʛʦ ʈʦʛʫ ʰʣʷʭʦʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʠʥʘʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʻ: 

ïʚʠʤʽʨʶʚʘʥʥʷ ʢʦʣʠʚʘʥʴ ˇʨʫʥʪʫ ʥʘ ʤʝʞʽ ʩʘʥʽʪʘʨʥʦʾ ʟʦʥʠ ʢʘʨ'ʻʨʫ ʥʘ ʨʽʟʥʠʭ 
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ʘ)  

ʙ)  

ʈʠʩ. 3.1. ɿʘʣʽʟʦʨʫʜʥʽ ʢʘʨôʻʨʠ ʤ. ʂʨʠʚʠʡ ʈʽʛ. 

 

ʚʽʜʩʪʘʥʷʭ ʚʽʜ ʤʽʩʮʷ ʚʠʙʫʭʫ ʧʨʠ ʚʧʣʠʚʽ ʤʘʩʦʚʠʭ ʚʠʙʫʭʽʚ ʫ ʢʘʨ'ʻʨʘʭ ʤ. ʂʨʠʚʠʡ 

ʈʽʛ; 
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ïʚʠʤʽʨʶʚʘʥʥʷ ʢʦʣʠʚʘʥʴ ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʜʽʚʝʣʴ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ 

ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʙʣʠʟʴʢʦʩʪʽ ʘʙʦ ʚ ʤʝʞʘʭ ʩʘʥʽʪʘʨʥʦʾ ʟʦʥʠ ʢʘʨ'ʻʨʫ ʧʨʠ ʚʧʣʠʚʽ 

ʤʘʩʦʚʠʭ ʚʠʙʫʭʽʚ. 

ʄʝʪʦʜʠʢʘ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʚʽʙʨʦʤʝʪʨʠʯʥʠʭ ʦʙʩʪʝʞʝʥʴ ʧʝʨʝʜʙʘʯʘʣʘ 

ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʙʨʦʧʨʠʩʢʦʨʝʥʥʷ ʪʘ ʚʽʙʨʦʰʚʠʜʢʦʩʪʽ ˇʨʫʥʪʫ ʪʘ ʙʫʜʽʚʝʣʴʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʫ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʪʘ ʜʚʦʭ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʥʘʧʨʷʤʢʘʭ (ʟʘ ʦʩʷʤʠ X 

ʪʘ Y) ʟʛʽʜʥʦ ʟ ɼɹʅ ɹ.2.2-12:2019 [73] ʪʘ ɼʉʊʋ ɻʆʉʊ 12.1.012:2008 [74]. 

ʈʝʻʩʪʨʘʮʽʷ ʚʽʙʨʦʩʠʛʥʘʣʽʚ ʚʠʢʦʥʫʚʘʣʘʩʴ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʠʤʠ ʜʘʪʯʠʢʘʤʠ ɼʅ-3-

ʄ1 ̔ ʉʄ-3, ʘ ʪʘʢʦʞ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʤʠ ʜʘʪʯʠʢʘʤʠ 4321 ʬʨ̔ʤʠ 

"Br¿el&KjÞr" (ɼʘʥʽ̫ ) ʟ ʧʦʩʠʣʝʥʥʷʤ ʩʠʛʥʘʣʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʤʽʨʶʚʘʯʽʚ 

ʚʽʙʨʘʮʽʾ. ɿʘʧʠʩ ʚʽʙʨʦʩʠʛʥʘʣʽʚ ʚʠʢʦʥʫʚʘʚʩʷ ʚ ʦʥʣʘʡʥ-ʨʝʞʠʤʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʦʩʴʤʠʢʘʥʘʣʴʥʦʛʦ ʤʘʛʥʽʪʦʬʦʥʫ PC208Ax ʬʽʨʤʠ çSONYè.  

ʅʘ ʚʝʩʴ ʥʘʙʽʨ ʘʧʘʨʘʪʫʨʠ, ʷʢʘ ʟʘʩʪʦʩʦʚʫʚʘʣʘʩʷ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ 

ʚʽʙʨʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ˇʨʫʥʪʫ ʪʘ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʘ ʪʘʢʦʞ ʜʣʷ 

ʟʘʧʠʩʫ ʚʽʙʨʦʩʠʛʥʘʣʽʚ ʫ ʧʦʜʘʣʴʰʦʤʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ IoT ʪʝʭʥʦʣʦʛʽʡ, ʻ 

ʩʚʽʜʦʮʪʚʘ ʧʨʦ ʧʝʨʝʚʽʨʢʫ, ʚʠʜʘʥʽ ʋʢʨʤʝʪʨʪʝʩʪʩʪʘʥʜʘʨʪʦʤ: 

ǐ ʤʘʛʥʪ̔ʦʬʦʥ çSONYè PC208Ax (ʩʝʨ. ˉ ɽ3874) ï ʩʚʽʜʦʮʪʚʦ ˉ22-

00/055929 ʚʽʜ 10.08.04 ʽ ʜʘʣʽ; 

ǐ ʚʠʤʽʨʶʚʘʯʽ ʚʽʙʨʘʮʽʾ ʪʘ ʰʫʤʫ ɺʐɺ-003-ʄ2 (ˉˉ 1311  ̔4951) ï 

ʩʚʽʜʦʮʪʚʦ ˉ22-00/055959 ʚʽʜ 18.08.04 ̔ ʜʘʣ̔; 

ǐ ʽʥʪʝʛʨʫʶʯʠʡ ʚʽʙʨʦʰʫʤʦʤʽʨ 2237 (ˉ 2088856) ï ʩʚʽʜʦʮʪʚʦ ˉ22-

00/055928 ʚʽʜ 10.08.04  ̔ʜʘʣ̔; 

ǐ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʽ ʜʘʪʯʠʢʠ ɼʅ-3-ʄ1 (ˉˉ 3726  ̔5203) ï ʩʚʽʜʦʮʪʚʦ 

ˉ22-00/055959 ʚʽʜ 18.08.04; 

ǐ ʩʝʡʩʤʦʧʨʠʡʤʘʯ ʉʄ-3 (ˉ 208) ï ʩʚʽʜʦʮʪʚʦ ˉ22-00/055959 ʚʽʜ 

18.08.04 ̔ ʜʘʣ̔; 

ǐ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʽ ʜʘʪʯʠʢʠ (ʘʢʩʝʣʝʨʦʤʝʪʨʠ) çBr¿el&KjÞrè 4321 

(ˉ2165380)  ̔4505 (ˉ2086506) ï ʩʚʽʜʦʮʪʚʘ ˉ22-00/05592727 ̔ 22-00/05592728 

ʚʽʜ 10.08.04  ̔ʜʘʣ̔. 

  



97 

ʈʝʟʫʣʴʪʘʪʠ ʜʠʥʘʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ  

 

ʌʘʢʪʠʯʥʽ ʜʘʥʽ ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʽʙʨʘʮʽʾ ˇʨʫʥʪʫ ʪʘ ʙʫʜʽʚʝʣʴʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʧʨʠ ʚʧʣʠʚʽ ʤʘʩʦʚʠʭ ʚʠʙʫʭʽʚ ʥʘ ʢʘʨ'ʻʨʘʭ ʂʨʠʚʦʛʦ ʈʦʛʫ ʥʘʚʝʜʝʥʦ ʚ 

ʪʘʙʣʠʮʷʭ 3.1ï3.3. [171ï173]. ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʚ ʪʘʙʣʠʮʷʭ ʥʘʚʝʜʝʥʦ ʟʥʘʯʝʥʥʷ 

ʤʽʢʨʦʩʝʡʩʤʽʯʥʠʭ ʢʦʣʠʚʘʥʴ ˇʨʫʥʪʫ ʪʘ ʢʦʥʩʪʨʫʢʮʽʡ ʧʨʠ ʜʽʾ ʬʦʥʦʚʦʾ ʚʽʙʨʘʮʽʾ. 

 

ʊʘʙʣʠʮ ̫3.1 

ɺʽʙʨʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ˇʨʫʥʪʫ ʪʘ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʜʽʚʣʽ ʧʦ ʚʫʣ. 

ʉʽʯʝʩʣʘʚʩʴʢʘ, 13 ʧʽʜ ʯʘʩ ʚʧʣʠʚʫ ʤʘʩʦʚʦʛʦ ʚʠʙʫʭʫ 20.05.05 ʥʘ ɻʣʝʻʚʘʪʩʴʢʦʤʫ 

ʢʘʨ'ʻʨʽ ʎɻɿʂ [171ï173] 

ʉʭʝʤʘ 

ʚʩʪʘʥʦʚʣʝʥ-

ʥʷ ʜʘʪʯʠʢʽʚ 

ʄʽʩʮʝ 

ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʚʽʙʨʦʜʘʪʯʠʢʽʚ 

ɺʠʤʽʨʶʚʘʥʠʡ 

ʧʘʨʘʤʝʪʨ 

ʅʘʧʨʷʤ 

ʢʦʣʠʚʘʥʴ 

ʄʘʢʩʠʤʘʣʴʥʘ 

ʘʤʧʣʽʪʫʜʘ 

ɼʞʝʨʝʣʦ 

ʜʠʥʘʤʽʯʥʦʛʦ 

ʚʧʣʠʚʫ 

1 

ˇʨʫʥʪ ʙʽʣʷ 

ʙʫʜʽʚʣʽ 

ʚʽʙʨʦʧʨʠ-

ʩʢʦʨʝʥʥʷ 

X 2,5 ʬʦʥʦʚʘ ʚʽʙʨʘʮʽʷ 

18 ʚʠʙʫʭ 

ˇʨʫʥʪ ʙʽʣʷ 

ʙʫʜʽʚʣʽ 
ʚʽʙʨʦʰʚʠʜʢʽʩʪʴ 

Z 0,08 ʬʦʥʦʚʘ ʚʽʙʨʘʮʽʷ 

0,1 ʚʠʙʫʭ 

2 

ˇʨʫʥʪ ʟʘ 70 ʤ 

ʚʽʜ ʙʫʜʽʚʣʽ 
ʚʽʙʨʦʰʚʠʜʢʽʩʪʴ 

X 0,1 ʬʦʥʦʚʘ ʚʽʙʨʘʮʽʷ 

0,24 ʚʠʙʫʭ 

ʩʪʽʥʘ ʙʫʜʽʚʣʽ 

ʚ ʨʽʚʥʽ 4 

ʧʦʚʝʨʭʫ 

ʚʽʙʨʦʧʨʠ-

ʩʢʦʨʝʥʥʷ 

X 0,8 ʬʦʥʦʚʘ ʚʽʙʨʘʮʽʷ 

6,4 
ʚʠʙʫʭ 

ʇʨʠʤʽʪʢʘ. ʋ ʪʘʙʣʠʮʽ ʟʥʘʯʝʥʥʷ ʚʽʙʨʦʧʨʠʩʢʦʨʝʥʴ ʥʘʚʝʜʝʥʽ ʚ ʩʤ/ʩ2; ʚʽʙʨʦʰʚʠʜʢʦʩʪʽ ï ʚ ʩʤ/ʩ. 

ʊʘʙʣʠʮ ̫3.2 

ɺʽʙʨʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ˇʨʫʥʪʫ ʪʘ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʰʢʦʣʠ ʧʦ ʚʫʣ. 

ʇʣʘʥʝʪʘʨʥʽʡ, 47 ʧʽʜ ʯʘʩ ʚʧʣʠʚʫ ʤʘʩʦʚʦʛʦ ʚʠʙʫʭʫ 16.06.05 ʥʘ ɻʣʝʻʚʘʪʩʴʢʦʤʫ 

ʢʘʨ'ʻʨʽ ʎɻɿʂ [171ï173] 

ʉʭʝʤʘ 

ʚʩʪʘʥʦʚʣʝʥ-

ʥʷ ʜʘʪʯʠʢʽʚ 

ʄʽʩʮʝ 

ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʚʽʙʨʦʜʘʪʯʠʢʽʚ 

ɺʠʤʽʨʶʚʘʥʠʡ 

ʧʘʨʘʤʝʪʨ 

ʅʘʧʨʷʤ 

ʢʦʣʠʚʘʥʴ 

ʄʘʢʩʠʤʘʣʴʥʘ 

ʘʤʧʣʽʪʫʜʘ 

ɼʞʝʨʝʣʦ 

ʜʠʥʘʤʽʯʥʦʛʦ 

ʚʧʣʠʚʫ 

1 

ˇʨʫʥʪ ʙʽʣʷ 

ʙʫʜʽʚʣʽ 

ʚʽʙʨʦʧʨʠ-

ʩʢʦʨʝʥʥʷ 
X 

3,1 ʬʦʥʦʚʘ ʚʽʙʨʘʮʽʷ 

12,9 ʚʠʙʫʭ 

ˇʨʫʥʪ ʟʘ 100 ʤ 

ʚʽʜ ʙʫʜʽʚʣʽ ï ʪ.2 

ʚʽʙʨʦʧʨʠ-

ʩʢʦʨʝʥʥʷ 
ʍ 

3,2 ʬʦʥʦʚʘ ʚʽʙʨʘʮʽʷ 

9,8 ʚʠʙʫʭ 

ˇʨʫʥʪ ʟʘ 100 ʤ 

ʚʽʜ ʙʫʜʽʚʣʽ ï ʪ.3 

ʚʽʙʨʦʧʨʠ-

ʩʢʦʨʝʥʥʷ 
X 

3,8 ʬʦʥʦʚʘ ʚʽʙʨʘʮʽʷ 

18,1 ʚʠʙʫʭ 

2 
ʩʪʽʥʘ ʙʫʜʽʚʣʽ ʚ 

ʨʽʚʥʽ 2 ʧʦʚʝʨʭʫ 
ʚʽʙʨʦʰʚʠʜʢʽʩʪʴ X 

0,03 ʬʦʥʦʚʘ ʚʽʙʨʘʮʽʷ 

0,43 ʚʠʙʫʭ 
ʇʨʠʤʽʪʢʘ. ʋ ʪʘʙʣʠʮʽ ʟʥʘʯʝʥʥʷ ʚʽʙʨʦʧʨʠʩʢʦʨʝʥʴ ʥʘʚʝʜʝʥʽ ʚ ʩʤ/ʩ2; ʚʽʙʨʦʰʚʠʜʢʦʩʪʽ ï ʚ ʩʤ/ʩ. 
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ʊʘʙʣʠʮ ̫3.3 

ɺʽʙʨʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ˇʨʫʥʪʫ ʪʘ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʩʦʙʦʨʫ ʧʦ ʚʫʣ. 

ʉʫʣʝʡʤʘʥʘ ʉʪʘʣʴʩʴʢʦʛʦ ʧʽʜ ʯʘʩ ʜʽʾ ʤʘʩʦʚʦʛʦ ʚʠʙʫʭʫ 17.06.05 ʥʘ ɻʣʝʻʚʘʪʩʴʢʦʤʫ 

ʢʘʨ'ʻʨʽ ʎɻɿʂ [171ï173] 
ʉʭʝʤʘ 
ʚʩʪʘʥʦ-
ʚʣʝʥʥʷ 
ʜʘʪʯʠʢʽʚ 

ʄʽʩʮʝ 
ʚʩʪʘʥʦʚʣʝʥʥʷ 
ʚʽʙʨʦʜʘʪʯʠʢʽʚ 

ɺʠʤʽʨʶʚʘʥʠʡ 
ʧʘʨʘʤʝʪʨ 

ʅʘʧʨʷʤ 
ʢʦʣʠʚʘʥʴ 

ʄʘʢʩʠʤʘʣʴʥʘ 
ʘʤʧʣʽʪʫʜʘ 

ɼʞʝʨʝʣʦ 
ʜʠʥʘʤʽʯʥʦʛʦ 
ʚʧʣʠʚʫ 

1 

ˇʨʫʥʪ ʙʽʣʷ 
ʙʫʜʽʚʣʽ 

ʚʽʙʨʦʧʨʠ-
ʩʢʦʨʝʥʥʷ X 

3,2 ʬʦʥʦʚʘ ʚʽʙʨʘʮʽʷ 
14 ʚʠʙʫʭ 

ˇʨʫʥʪ ʟʘ 30 ʤ 
ʚʽʜ ʙʫʜʽʚʣʽ ï 

ʪ.2 

ʚʽʙʨʦʧʨʠ-
ʩʢʦʨʝʥʥʷ ʍ 

3,2 ʬʦʥʦʚʘ ʚʽʙʨʘʮʽʷ 
15 ʚʠʙʫʭ 

ˇʨʫʥʪ ʙʽʣʷ 
ʙʫʜʽʚʣʽ ʚʽʙʨʦʰʚʠʜʢʽʩʪʴ Z 

0,06 ʬʦʥʦʚʘ ʚʽʙʨʘʮʽʷ 
0,2 ʚʠʙʫʭ 

2 

ʬʫʥʜʘʤʝʥʪ 
ʙʫʜʽʚʣʽ 

ʚʽʙʨʦʧʨʠ-
ʩʢʦʨʝʥʥʷ X 

0,42 ʬʦʥʦʚʘ ʚʽʙʨʘʮʽʷ 
1,3 ʚʠʙʫʭ 

ʧʝʨʝʢʨʠʪʪʷ 
(ʧʽʜʣʦʛʘ) 2 
ʧʦʚʝʨʭʫ 

ʚʽʙʨʦʰʚʠʜʢʽʩʪʴ X 
0,05 ʬʦʥʦʚʘ ʚʽʙʨʘʮʽʷ 
0,16 ʚʠʙʫʭ 

ʇʨʠʤʽʪʢʘ. ʋ ʪʘʙʣʠʮʽ ʟʥʘʯʝʥʥʷ ʚʽʙʨʦʧʨʠʩʢʦʨʝʥʴ ʥʘʚʝʜʝʥʽ ʚ ʩʤ/ʩ2; ʚʽʙʨʦʰʚʠʜʢʦʩʪʽ ï ʚ ʩʤ/ʩ. 

 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʽʙʨʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ˇʨʫʥʪʫ ʪʘ ʙʫʜʽʚʝʣʴʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʚʠʢʦʥʘʥʦ ʦʙʨʦʙʢʫ ʚʽʙʨʦʩʠʛʥʘʣʽʚ ʪʘ ʾʭ ʩʧʝʢʪʨʘʣʴʥʠʡ ʘʥʘʣʽʟ ʟʘ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʶ ʧʨʦʛʨʘʤʦʶ ʉʝʡʩʤʦʤʦʥʽʪʦʨʠʥʛ.  

ɿʥʘʯʝʥʥʷ ʧʝʨʝʚʘʞʘʶʯʠʭ ʯʘʩʪʦʪ ʢʦʣʠʚʘʥʴ ˇʨʫʥʪʫ ʪʘ ʙʫʜʽʚʝʣʴʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʜʽʚʝʣʴ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣʠʮʷʭ 3.4. 

 

ʊʘʙʣʠʮ ̫3.4 

ʇʝʨʝʚʘʞʘʶʯʽ ʯʘʩʪʦʪʠ ʚʠʤʫʰʝʥʠʭ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ˇʨʫʥʪʫ ʪʘ 

ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʜʽʚʝʣʴ ʧʨʠ ʚʧʣʠʚʽ ʤʘʩʦʚʠʭ ʚʠʙʫʭʽʚ ʥʘ 

ɻʣʝʻʚʘʪʩʴʢʦʤʫ ʢʘʨ'ʻʨʽ ʎɻɿʂ [171ï173] 

 ʇʝʨʝʚʘʞʘʶʯʽ ʯʘʩʪʦʪʠ f, ɻʮ 

ˆʨʫʥʪ ʧʦ ʚʫʣ. ʉʽʯʝʩʣʘʚʩʴʢʽʡ 14 

ˆʨʫʥʪ ʧʦ ʚʫʣ. ʇʣʘʥʝʪʘʨʥʽʡ 6,25; 10,1; 27,3; 28,1 

ˆʨʫʥʪ ʧʦ ʚʫʣ. ʉʫʣʝʡʤʘʥʘ ʉʪʘʣʴʩʴʢʦʛʦ 15,6; 20,3; 25 

ʉʪʽʥʘ ʙʫʜʽʚʣʽ ʧʦ ʚʫʣ. ʉʽʯʝʩʣʘʚʩʴʢʽʡ 10,2; 15,6; 25,6 

ʉʪʽʥʘ ʰʢʦʣʠ ʫ ʩʝʣ. ɺʝʨʘʙʦʚʝ 4,6; 6,2 

ʌʫʥʜʘʤʝʥʪ ʩʦʙʦʨʫ 13,3; 23,4 

ʇʝʨʝʢʨʠʪʪʷ ʩʦʙʦʨʫ 3,9; 4,3 
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ɺʠʩʥʦʚʢʠ ʟʘ ʨʦʟʜʽʣʦʤ 3.1 

 

ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʬʘʢʪʠʯʥʠʭ ʨʽʚʥʽʚ ʧʨʠʩʢʦʨʝʥʴ ʪʘ ʚʽʙʨʦʰʚʠʜʢʦʩʪʽ 

ˇʨʫʥʪʫ ʪʘ ʢʦʥʩʪʨʫʢʮʽʡ ʦʙʩʪʝʞʝʥʠʭ ʙʫʜʽʚʝʣʴ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʪʘʢʽ ʚʠʩʥʦʚʢʠ: 

1. ɿʘʨʝʻʩʪʨʦʚʘʥʽ ʚʽʙʨʦʧʨʠʩʢʦʨʝʥʥʷ ˇʨʫʥʪʫ ʚ ʦʩʥʦʚʽ ʙʫʜʽʚʝʣʴ ʧʨʠ ʚʠʙʫʭʘʭ. 

2. ɿʥʘʯʝʥʥʷ ʚʽʙʨʦʰʚʠʜʢʦʩʪʽ ˇʨʫʥʪʫ ʚ ʦʩʥʦʚʽ ʙʫʜʽʚʝʣʴ ʧʨʠ ʧʨʦʭʦʜʞʝʥʥʽ 

ˇʨʫʥʪʦʚʠʭ ʫʜʘʨʥʠʭ ʭʚʠʣʴ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʝʤʣʝʪʨʫʩʫ 1ï3 ʙʘʣʽʚ ʟʘ ʰʢʘʣʦʶ 

ʩʝʡʩʤʽʯʥʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ. 

3. ɸʥʘʣʽʟ ʩʧʝʢʪʨʽʚ ʧʨʠʩʢʦʨʝʥʴ ˇʨʫʥʪʫ ʧʽʜ ʯʘʩ ʚʠʙʫʭʽʚ ʜʦʟʚʦʣʠʚ ʚʩʪʘʥʦʚʠʪʠ, 

ʱʦ ʧʝʨʝʚʘʞʘʶʯʽ ʯʘʩʪʦʪʠ ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʜʽʘʧʘʟʦʥʽ [1ï48] ɻʮ. ɯʩʥʫʻ ʤʦʞʣʠʚʽʩʪʴ 

ʢʦʣʠʚʘʥʴ ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʜʽʚʝʣʴ (ʧʝʨʝʢʨʠʪʪʽʚ, ʩʪʽʥ ʪʦʱʦ) ʚ ʨʝʞʠʤʽ, ʱʦ ʙʣʠʟʴʢʠʡ 

ʜʦ ʨʝʟʦʥʘʥʩʥʦʛʦ. ɿʛʽʜʥʦ ʟ ʜʽʶʯʠʤʠ ʥʦʨʤʘʪʠʚʥʠʤʠ ʜʦʢʫʤʝʥʪʘʤʠ, ʧʨʠʩʢʦʨʝʥʥʷ 

ˇʨʫʥʪʫ ʧʦʪʨʽʙʥʦ ʦʙʤʝʞʫʚʘʪʠ ʟʥʘʯʝʥʥʷʤ 15 ʩʤ/ʩ2 ʟ ʤʝʪʦʶ ʚʠʢʣʶʯʝʥʥʷ ʦʩʘʜʦʢ 

ʬʫʥʜʘʤʝʥʪʽʚ ʙʫʜʽʚʝʣʴ ʧʨʠ ʚʠʙʫʭʦʚʠʭ ʨʦʙʦʪʘʭ. 

4. ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʧʣʠʚʫ ʚʠʙʫʭʽʚ ʥʘ ʨʦʟʢʨʠʪʪʷ ʽʩʥʫʶʯʠʭ ʪʨʽʱʠʥ ʫ 

ʙʫʜʠʥʢʘʭ çʧʽʜʚʠʱʝʥʦʾ ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽè, ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʤʝʞʽ ʩʘʥʽʪʘʨʥʦ-

ʟʘʭʠʩʥʦʾ ʟʦʥʠ ʢʘʨ'ʻʨʽʚ ʤ. ʂʨʠʚʦʛʦ ʈʦʛʫ, ʙʘʞʘʥʦ ʚʩʪʘʥʦʚʠʪʠ ʩʠʩʪʝʤʫ ʤʦʥʽʪʦʨʠʥʛʫ 

ʨʦʟʢʨʠʪʪʷ ʪʨʽʱʠʥ. 

 

3.2. ɺʠʟʥʘʯʝʥʥʷ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʠʭ ʫʤʦʚ ʧʨʠ ʜʠʥʘʤʽʯʥʠʭ ʚʧʣʠʚʘʭ 

ʚʠʙʫʭʫ ʨʘʢʝʪʠ ʧʦ ʧʨ. ʃʦʙʘʥʦʚʩʴʢʦʛʦ, 6ɸ, ʤ. ʂʠʾʚ  

 

ɾʠʪʣʦʚʠʡ ʙʫʜʠʥʦʢ ʧʦ ʧʨʦʩʧʝʢʪʫ ɺ. ʃʦʙʘʥʦʚʩʴʢʦʛʦ, 6-ʘ ʚʚʝʜʝʥʠʡ ʚ 

ʝʢʩʧʣʫʘʪʘʮʽʶ ʚ 2009 ʨʦʮʽ. 26 ʣʶʪʦʛʦ 2022 ʨ. ʙʫʜʠʥʦʢ ʟʘʟʥʘʚ ʨʫʡʥʫʚʘʥʴ ʚʥʘʩʣʽʜʦʢ 

ʚʣʫʯʘʥʥʷ ʨʘʢʝʪʠ ʧʽʜ ʯʘʩ ʦʙʩʪʨʽʣʫ ʟ ʙʦʢʫ ʟʙʨʦʡʥʠʭ ʩʠʣ ʨʦʩʽʡʩʴʢʦʾ ʬʝʜʝʨʘʮʽʾ. 

ʆʩʦʙʣʠʚʦʩʪʽ ʘʨʭʽʪʝʢʪʫʨʥʠʭ ʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʨʽʰʝʥʴ ʙʫʜʠʥʢʫ ʚʽʜʦʤʽ ʟ 

ʧʨʦʻʢʪʥʠʭ ʨʽʰʝʥʴ [174, 175]. ɹʫʜʠʥʦʢ ʤʘʻ 27 ʧʦʚʝʨʭʽʚ ʥʘ ʷʢʠʭ ʨʦʟʤʽʱʝʥʽ: ʧʦʚʝʨʭʠ 

1é4 ï ʥʝʞʠʪʣʦʚʽ ʧʨʠʤʽʱʝʥʥʷ ʟ ̔ʩʪʠʣʦʙʘʪʥʦʶ ʧʨʠʙʫʜʦʚʦʶ ʟʘ ʤʝʞʘʤʠ ʦʩʥʦʚʥʦʛʦ 

ʢʦʥʪʫʨʫ ʙʫʜʠʥʢʫ; ʧʦʚʝʨʭʠ 5é25 ï ʞʠʪʣʦʚʽ ʢʚʘʨʪʠʨʠ; ʧʦʚʝʨʭʠ 26 ʽ 27 ï ʪʝʭʥʽʯʥʽ ʪʘ 

ʦʬʽʩʥʽ ʧʨʠʤʽʱʝʥʥʷ. ɹʫʜʠʥʦʢ ʤʘʻ ʩʢʣʘʜʥʫ ʬʦʨʤʫ ʚ ʧʣʘʥ,̔ ʫ ʷʢʦʤʫ ʢʚʘʨʪʠʨʠ 
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ʨʦʟʪʘʰʦʚʘʥʽ ʟ ʪʨʴʦʭ ʩʪʦʨʽʥ ʤʦʥʦʣʽʪʥʦʛʦ ʩʭʦʜʦʚʦ-ʣʽʬʪʦʚʦʛʦ ʷʜʨʘ. ʅʘ ʢʦʞʥʦʤʫ 

ʧʦʚʝʨʩʽ ʨʦʟʪʘʰʦʚʘʥʦ ʧʦ ʰʽʩʪʴ 1ï3-ʢʽʤʥʘʪʥʠʭ ʢʚʘʨʪʠʨ. ɼʣʷ ʩʧʦʣʫʯʝʥʥʷ ʤʽʞ 

ʧʦʚʝʨʭʘʤʠ ʧʝʨʝʜʙʘʯʝʥʦ ʜʚʽ ʩʭʦʜʦʚʽ ʢʣʽʪʢʠ ʪʘ ʯʦʪʠʨʠ ʣʽʬʪʠ. 

ʇʨʦʩʪʦʨʦʚʫ ʩʪʽʡʢʽʩʪʴ ʙʫʜʠʥʢʫ ʟʘʙʝʟʧʝʯʫʻ ʤʦʥʦʣʽʪʥʝ ʟʘʣʽʟʦʙʝʪʦʥʥʝ ʷʜʨʦ 

ʨʘʟʦʤ ʟ ʟʘʣʽʟʦʙʝʪʦʥʥʠʤʠ ʧʽʣʦʥʘʤʠ ʪʘ ʧʣʦʩʢʠʤʠ ʧʝʨʝʢʨʠʪʪʷʤʠ (ʢʘʨʢʘʩʥʦ-

ʤʦʥʦʣʽʪʥʘ ʢʦʥʩʪʨʫʢʪʠʚʥʘ ʩʭʝʤʘ).  

ɿʦʚʥʽʰʥʽ ʩʪʽʥʠ ʪʘ ʚʥʫʪʨʽʰʥʽ ʧʝʨʝʛʦʨʦʜʢʠ ʙʫʜʠʥʢʫ ʚʠʢʦʥʘʥʽ ʩʘʤʦʥʝʩʫʯʠʤʠ ʚ 

ʨʽʚʥʽ ʢʦʞʥʦʛʦ ʧʦʚʝʨʭʫ ʟ ̔ʩʧʠʨʘʥʥʷʤ ʥʘ ʧʣʠʪʠ ʧʝʨʝʢʨʠʪʪʽʚ. ʄʘʪʝʨʽʘʣ ʩʪʽʥ ʪʘ 

ʧʝʨʝʛʦʨʦʜʦʢ ï ʮʝʛʣʷʥʘ ʢʣʘʜʢʘ, ʪʦʚʱʠʥʘ ʩʪʽʥ ï 250 ʤʤ, ʧʝʨʝʛʦʨʦʜʦʢ ï 120 ʤʤ, 

ʟʦʚʥʽʰʥʽ ʩʪʽʥʠ ʤʘʶʪʴ ʫʪʝʧʣʝʥʥʷ ʟ ʧʽʥʦʧʦʣʽʩʪʠʨʦʣʫ ʪʦʚʱʠʥʦʶ 100 ʤʤ. 

ɿʘʣʽʟʦʙʝʪʦʥʥʽ ʧʝʨʝʢʨʠʪʪʷ ʤʘʶʪʴ ʪʦʚʱʠʥʫ 200 ʤʤ ʽ ʚʠʢʦʥʘʥʽ ʟ ʙʝʪʦʥʫ ʢʣʘʩʫ 

ʉ25/30. ʇʝʨʝʢʨʠʪʪʷ ʘʨʤʦʚʘʥʽ ʧʦ ʚʩʽʡ ʧʣʦʱʽ ʥʠʞʥʴʦʶ ʪʘ ʚʝʨʭʥʴʦʶ ʘʨʤʘʪʫʨʦʶ Ï12 

ɸ500ʉ ʟ ʢʨʦʢʦʤ 200 ʤʤ. ʅʘ ʜʽʣʷʥʢʘʭ ʜʽʾ ʤʘʢʩʠʤʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ, ʘ ʪʘʢʦʞ ʙʽʣʷ 

ʦʪʚʦʨʽʚ ʫ ʧʝʨʝʢʨʠʪʪʷʭ ʟʘʩʪʦʩʦʚʘʥʝ ʜʦʜʘʪʢʦʚʝ ʚʝʨʭʥʻ ʪʘ ʥʠʞʥʻ ʘʨʤʫʚʘʥʥʷ ʟ 

ʜʽʘʤʝʪʨʘʤʠ ʜʦ Ï20 ɸ500ʉ. ɼʣʷ ʚʣʘʰʪʫʚʘʥʥʷ ʙʘʣʢʦʥʽʚ ʪʘ ʣʦʜʞʽʡ ʧʝʨʝʜʙʘʯʝʥʽ 

ʢʦʥʩʦʣʴʥʽ ʚʠʩʪʫʧʠ ʧʣʠʪ ʧʝʨʝʢʨʠʪʪʷ ʟ ʚʠʣʴʦʪʦʤ ʜʦ 2,0 ʤ. ʉʭʦʜʦʚʽ ʤʘʨʰʽ ʫ ʙʫʜʠʥʢʫ 

ʚʠʢʦʥʘʥʽ ʟʙʽʨʥʠʤʠ ʟʘʣʽʟʦʙʝʪʦʥʥʠʤʠ. ɿʙʽʨʥʽ ʟʘʣʽʟʦʙʝʪʦʥʥʽ ʝʣʝʤʝʥʪʠ ʟʘʩʪʦʩʦʚʘʥʽ 

ʪʘʢʦʞ ʜʣʷ ʚʣʘʰʪʫʚʘʥʥʷ ʚʝʥʪʠʣʷʮʽʡʥʠʭ ʢʘʥʘʣʽʚ. ɹʫʜʠʥʦʢ ʦʩʥʘʱʝʥʠʡ ʽʥʞʝʥʝʨʥʠʤʠ 

ʩʠʩʪʝʤʘʤʠ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ, ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, ʢʘʥʘʣʽʟʘʮʽʾ, ʘʚʪʦʥʦʤʥʦʛʦ 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ, ʛʘʟʦʧʦʩʪʘʯʘʥʥʷ (ʜʣʷ ʜʘʭʦʚʦʾ ʢʦʪʝʣʴʥʽ) ʪʘ ʧʨʦʪʠʧʦʞʝʞʥʦʶ 

ʩʠʛʥʘʣʽʟʘʮʽʻʶ. 

 

ʈʝʟʫʣʴʪʘʪʠ ʧʦʧʝʨʝʜʥʴʦʛʦ ʦʙʩʪʝʞʝʥʥʷ 

 

ʇʦʧʝʨʝʜʥʻ ʦʙʩʪʝʞʝʥʥʷ ʞʠʪʣʦʚʦʛʦ ʙʫʜʠʥʢʫ ʚ ʤ. ʂʠʻʚʽ ʧʦ ʧʨʦʩʧʝʢʪʫ 

ɺ. ʃʦʙʘʥʦʚʩʴʢʦʛʦ, 6-ʘ ʬʘʭʽʚʮʷʤʠ ɼʝʨʞʘʚʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ çɼʝʨʞʘʚʥʠʡ 

ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʡ ʽʥʩʪʠʪʫʪ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡè ʧʨʦʚʝʜʝʥʝ 29 ʙʝʨʝʟʥʷ ï 

1 ʢʚʽʪʥʷ 2022 ʨ. [176]. ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʦʧʝʨʝʜʥʴʦʛʦ ʦʙʩʪʝʞʝʥʥʷ ʙʫʣʦ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʠʙʫʭʫ, ʷʢʠʡ ʚʽʜʙʫʚʩʷ 26 ʣʶʪʦʛʦ 2022 ʨ. 

ʚʥʘʩʣʽʜʦʢ ʚʣʫʯʘʥʥʷ ʨʘʢʝʪʠ ʧʨʠ ʦʙʩʪʨʽʣʽ ʟ ʙʦʢʫ ʟʙʨʦʡʥʠʭ ʩʠʣ ʨʦʩʽʡʩʴʢʦʾ 
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ʬʝʜʝʨʘʮʽʾ, ʚʽʜʙʫʣʦʩʷ ʨʫʡʥʫʚʘʥʥʷ ʟ ʦʙʚʘʣʝʥʥʷʤ ʢʫʪʦʚʦʾ ʯʘʩʪʠʥʠ ʙʫʜʠʥʢʫ ʚ ʦʩʷʭ 

1ï3/ɽïʂ ʚ ʤʝʞʘʭ ʟ 18 ʜʦ 22 ʧʦʚʝʨʭʫ. ʊʘʢʦʞ ʦʪʨʠʤʘʣʠ ʟʥʘʯʥʽ ʧʦʰʢʦʜʞʝʥʥʷ 

ʥʝʩʫʯʽ ʪʘ ʦʛʦʨʦʜʞʫʚʘʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʧʝʨʝʚʘʞʥʦ ʚ ʦʩʷʭ 1ï5/ɼïʂ ʚ ʤʝʞʘʭ ʟ 17 

ʜʦ 27 ʧʦʚʝʨʭʫ.  

ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʙʫʜʠʥʢʫ ʩʪʘʥʦʤ ʥʘ 29 ʙʝʨʝʟʥʷ 2022 ʨ. ʧʦʢʘʟʘʥʠʡ ʥʘ 

ʨʠʩʫʥʢʫ 3.2. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʟʨʫʡʥʦʚʘʥʦʾ ʯʘʩʪʠʥʠ ʙʫʜʠʥʢʫ ʧʦʢʘʟʘʥʠʡ ʥʘ 

ʨʠʩʫʥʢʫ 3.3.  

ɹʫʚ ʟʨʦʙʣʝʥʠʡ ʚʠʩʥʦʚʦʢ, ʱʦ ʥʘʷʚʥʽ ʨʫʡʥʫʚʘʥʥʷ ʪʘ ʧʦʰʢʦʜʞʝʥʥʷ 

ʢʦʥʩʪʨʫʢʮʽʡ ʚ ʦʩʷʭ 1ï4/ɽïʂ ʦʙʫʤʦʚʣʶʶʪʴ ʘʚʘʨʽʡʥʠʡ ʩʪʘʥ ʙʫʜʠʥʢʫ. ʏʘʩʪʠʥʘ 

ʙʫʜʠʥʢʫ ʚ ʦʩʷʭ 1ï4/ɼïʂ ʧʦʚʠʥʥʘ ʙʫʪʠ ʚʠʚʝʜʝʥʘ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʜʦ ʾʾ ʧʨʠʤʽʱʝʥʴ 

ʧʦʚʠʥʝʥ ʙʫʪʠ ʟʘʙʦʨʦʥʝʥʠʡ ʧʦʩʪʽʡʥʠʡ ʜʦʩʪʫʧ ʤʝʰʢʘʥʮʽʚ [177]. 

 

ʉʢʣʘʜ ʨʦʙʽʪ ʟ̔ ʜʝʪʘʣʴʥʦʛʦ ʦʙʩʪʝʞʝʥʥʷ 

 

ʇʨʠ ʦʙʩʪʝʞʝʥʥʽ ʙʫʜʠʥʢʫ ʙʫʣʠ ʚʠʢʦʥʘʥʽ ʪʘʢʽ ʨʦʙʦʪʠ:  

¶ ʟʘʛʘʣʴʥʝ ʚʽʟʫʘʣʴʥʝ ʦʙʩʪʝʞʝʥʥʷ ʙʫʜʠʥʢʫ ʪʘ ʜʝʪʘʣʴʥʝ ʦʙʩʪʝʞʝʥʥʷ 

ʧʦʩʪʨʘʞʜʘʣʦʾ ʜʽʣʷʥʢʠ ʚ ʦʩʷʭ 1ï5/1;  

¶ ʚʠʷʚʣʝʥʥʷ ʧʦʰʢʦʜʞʝʥʴ ʪʘ ʨʫʡʥʫʚʘʥʴ ʝʣʝʤʝʥʪʽʚ ʙʫʜʠʥʢʫ, ʚʠʟʥʘʯʝʥʥʷ ʾʭ 

ʣʦʢʘʣʽʟʘʮʽʾ ʪʘ ʦʙʩʷʛʽʚ, ʬʦʪʦʬʽʢʩʘʮʽʷ;  

¶ ʚʠʟʥʘʯʝʥʥʷ ʬʘʢʪʠʯʥʦʾ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ ʧʽʣʦʥʽʚ ʥʘ ʦʩʥʦʚʽ 

ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʥʝʨʫʡʥʽʚʥʠʤ ʫʣʴʪʨʘʟʚʫʢʦʚʠʤ ʤʝʪʦʜʦʤ ʪʘ 

ʤʝʭʘʥʽʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʟʨʘʟʢʽʚ ʚʽʜʽʙʨʘʥʠʭ ʢʝʨʥʽʚ;  

¶ ʚʠʟʥʘʯʝʥʥʷ ʬʘʢʪʠʯʥʦʾ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ ʦʙʫʤʦʚʣʝʥʦ ʥʝʦʙʭʽʜʥʽʩʪʶ 

ʚʠʢʦʥʘʥʥʷ ʧʝʨʝʚʽʨʦʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʢʦʥʩʪʨʫʢʮʽʡ ʫ ʩʪʘʥʽ ʧʽʩʣʷ ʨʫʡʥʫʚʘʥʥʷ 

ʯʘʩʪʠʥʠ ʝʣʝʤʝʥʪʽʚ;  

¶ ʚʠʟʥʘʯʝʥʥʷ ʬʘʢʪʠʯʥʠʭ ʧʝʨʝʤʽʱʝʥʴ ʧʦʰʢʦʜʞʝʥʦʾ ʯʘʩʪʠʥʠ ʙʫʜʠʥʢʫ, ʘ 

ʪʘʢʦʞ ʙʫʜʠʥʢʫ ʚ ʮʽʣʦʤʫ ʥʘ ʦʩʥʦʚʽ ʽʥʞʝʥʝʨʥʦ-ʛʝʦʜʝʟʠʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ;  

¶ ʟʘʛʘʣʴʥʝ ʦʙʩʪʝʞʝʥʥʷ ʽʥʞʝʥʝʨʥʠʭ ʤʝʨʝʞ ʽ ʩʠʩʪʝʤ ʙʫʜʠʥʢʫ ʟ ʚʠʷʚʣʝʥʥʷʤ 

ʦʙʩʷʛʫ ʾʭ ʧʦʰʢʦʜʞʝʥʴ. 
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ʈʠʩʫʥʦʢ 3.2. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʙʫʜʠʥʢʫ ʧʦ ʧʨʦʩʧʝʢʪʫ ʃʦʙʘʥʦʚʩʴʢʦʛʦ, 6-ʘ ʧʽʩʣʷ ʦʙʩʪʨʽʣʫ 

(ʟʥʽʤʦʢ ʊʆɺ çʏʝʨʚʦʥʦʟʦʨʷʥʠʡ-ʉʝʨʚʽʩè) 
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ʈʝʟʫʣʴʪʘʪʠ ʦʙʩʪʝʞʝʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

 

ʅʘ ʧʦʯʘʪʢʫ ʦʙʩʪʝʞʝʥʥʷ (ʢʽʥʝʮʴ ʙʝʨʝʟʥʷ 2022 ʨ.) ʙʫʜʠʥʦʢ ʧʝʨʝʙʫʚʘʚ 

 

ʈʠʩ. 3.3. ʇʽʣʦʥʠ ʫ ʨʽʚʥʽ 19 ʧʦʚʝʨʭʫ: ʧʨʘʢʪʠʯʥʦ ʥʝ ʧʦʰʢʦʜʞʝʥʠʡ ʚ ʦʩʷʭ 3/ɾ (ʟʣʽʚʘ), ʩʠʣʴʥʦ 

ʧʦʰʢʦʜʞʝʥʠʡ ʚ ʦʩʷʭ 2/ɾ (ʩʧʨʘʚʘ). ɿʨʫʡʥʦʚʘʥʘ (ʦʙʚʘʣʝʥʘ) ʜʽʣʷʥʢʘ ʧʝʨʝʢʨʠʪʪʷ ʚ ʦʩʷʭ         
2ï3/ɾïʀ. ʉʣʽʜʠ ʧʦʞʝʞʽ ʥʘ ʧʦʚʝʨʭʥʽ ʧʽʣʦʥʘ 2/ɾ [176] 
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ʧʨʘʢʪʠʯʥʦ ʫ ʩʪʘʥʽ, ʷʢʠʡ ʚʠʥʠʢ ʚʥʘʩʣʽʜʦʢ ʦʙʩʪʨʽʣʫ ï ʟ ʟʘʚʘʣʘʤʠ ʟʨʫʡʥʦʚʘʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʥʘ ʧʝʨʝʢʨʠʪʪʷʭ ʪʘ ʥʘ ʧʨʠʣʝʛʣʽʡ ʜʦ ʙʫʜʠʥʢʫ ʪʝʨʠʪʦʨʽʾ. ʅʘ ʯʘʩ 

ʟʘʢʽʥʯʝʥʥʷ ʨʦʙʽʪ ʟ ʦʙʩʪʝʞʝʥʥʷ (ʧʦʯʘʪʦʢ ʪʨʘʚʥʷ 2022 ʨ.) ʟʘʣʠʰʢʠ ʟʨʫʡʥʦʚʘʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʣʠ ʚʠʚʝʟʝʥʽ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʙʽʣʴʰ ʦʙᾷʻʢʪʠʚʥʦ ʦʮʽʥʠʪʠ ʩʪʘʥ 

ʧʦʰʢʦʜʞʝʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ɿ ʢʚʘʨʪʠʨ, ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ ʚʠʱʝ ʟʦʥʠ ʨʫʡʥʫʚʘʥʥʷ, 

ʙʫʣʠ ʚʠʥʝʩʝʥʽ ʤʝʙʣʽ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʜʝʱʦ ʟʤʝʥʰʠʣʠʩʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʧʦʰʢʦʜʞʝʥʽ ʢʦʥʩʪʨʫʢʮʽʾ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʝʪʘʣʴʥʦʛʦ ʚʽʟʫʘʣʴʥʦʛʦ ʦʙʩʪʝʞʝʥʥʷ ʯʘʩʪʠʥʠ ʙʫʜʠʥʢʫ ʚ ʦʩʷʭ 

1ï5/ɼïʂ [176, 177], ʚʠʷʚʣʝʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʽʥʰʽ ʝʣʝʤʝʥʪʠ ʙʫʜʠʥʢʫ, ʷʢʽ ʤʘʶʪʴ 

ʦʟʥʘʢʠ ʧʦʰʢʦʜʞʝʥʴ ʪʘ ʨʫʡʥʫʚʘʥʴ, ʚʠʟʥʘʯʝʥʘ ʣʦʢʘʣʽʟʘʮʽʷ ʪʘ ʦʙʩʷʛʠ 

ʧʦʰʢʦʜʞʝʥʴ, ʚʠʢʦʥʘʥʘ ʾʭ ʬʦʪʦʬʽʢʩʘʮʽʷ, ʩʢʣʘʜʝʥʘ ʚʽʜʦʤʽʩʪʴ ʨʫʡʥʫʚʘʥʴ ʪʘ 

ʧʦʰʢʦʜʞʝʥʴ. 

ʈʫʡʥʫʚʘʥʥʷ ʪʘ ʧʦʰʢʦʜʞʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʜʠʥʢʫ ʚʥʘʩʣʽʜʦʢ ʚʠʙʫʭʫ, ʷʢʽ 

ʚʠʷʚʣʝʥʽ ʧʨʠ ʦʙʩʪʝʞʝʥʥʽ, ʧʦʟʥʘʯʝʥʽ ʥʘ ʧʦʚʝʨʭʦʚʠʭ ʧʣʘʥʘʭ, ʬʦʪʦʬʽʢʩʘʮʽʷ 

ʜʝʬʝʢʪʽʚ ʪʘ ʧʦʰʢʦʜʞʝʥʴ ʥʘʚʝʜʝʥʘ ʫ ʟʚʽʪʽ [176]. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʜʘʥʠʭ, ʱʦ 

ʥʘʚʝʜʝʥʽ ʫ ʚʽʜʦʤʦʩʪʽ ʧʦʰʢʦʜʞʝʥʴ, ʥʘ ʨʠʩ. 3.4. [176] ʚʢʘʟʘʥʦ ʧʣʦʫɦ ʢʚʘʨʪʠʨ ʪʘ 

ʦʬʽʩʽʚ, ʷʢʽ ʟʘʟʥʘʣʠ ʟʥʘʯʥʠʭ ʧʦʰʢʦʜʞʝʥ ɹ ʥʝʩʫʯʠʭ ʪʘ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʚʥʘʩʣʽʜʦʢ ʚʠʙʫʭʫ ʽ ʥʝ ʤʦʞʫʪʴ ʝʢʩʧʣʫʘʪʫʚʘʪʠʩʴ. 

 

ʆʮʽʥʢʘ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʢʦʥʩʪʨʫʢʮʽʡ 

 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʚʝʜʝʥʠʭ ʜʝʪʘʣʴʥʠʭ ʚʽʟʫʘʣʴʥʦʛʦ ʪʘ 

ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʦʙʩʪʝʞʝʥ,ɹ ʘ ʪʘʢʦʞ ʨʝʟʫʣʴʪʘʪʽʚ ʧʝʨʝʚʽʨʦʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ, 

ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʜʠʥʢʫ ʦʮʽʥʶʻʪʴʩʷ (ʟʛʽʜʥʦ ʟ ɼʉʊʋ-ʅ ɹ ɺ.1.2-

18:2016 [78]) ʪʘʢʠʤ ʯʠʥʦʤ: 

ç4è ʘʚʘʨʽʡʥʠʡ ï ʥʘ ʦʢʨʝʤʠʭ ʜʽʣʷʥʢʘʭ ʚ ʨʽʚʥʽ 18ï20 ʧʦʚʝʨʭʽʚ ʙʫʜʠʥʢʫ; 
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ʈʠʩ. 3.4. ʉʭʝʤʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʜʝʬʝʢʪʽʚ ʪʘ ʧʦʰʢʦʜʞʝʥʴ ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʜʠʥʢʫ ʚ ʦʩʷʭ 1ς

5/1; ɼςʂ/1 ʥʘ 22 ʧʦʚʝʨʩʽ [176]. 

ç3è ʥʝʧʨʠʜʘʪʥʠʡ ʜʦ ʥʦʨʤʘʣʴʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ï ʚ ʨʽʚʥʽ 17ï27 ʧʦʚʝʨʭʽʚ 

ʙʫʜʠʥʢʫ.  

ɿʛʽʜʥʦ ʟ ɼʦʜʘʪʢʦʤ 3 ʜʦ çʄʝʪʦʜʠʢʠ ʦʙʩʪʝʞʝʥʥʷ ʙʫʜʽʚʝʣʴ ʪʘ ʩʧʦʨʫʜ, 

ʧʦʰʢʦʜʞʝʥʠʭ ʚʥʘʩʣʽʜʦʢ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ, ʙʦʡʦʚʠʭ ʜʽʡ ʪʘ 
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ʪʝʨʦʨʠʩʪʠʯʥʠʭ ʘʢʪʽʚè [179], ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʰʢʦʜʞʝʥʴ ʙʫʜʠʥʢʫ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʣʘʩʠʬʽʢʘʮʽʡʥʠʤ ʦʟʥʘʢʘʤ ʢʘʪʝʛʦʨʽʾ ʧʦʰʢʦʜʞʝʥʴ ʦʙᾷʻʢʪʘ II. 

ʅʘʷʚʥʽ ʧʦʰʢʦʜʞʝʥʥʷ ʥʝʩʫʯʠʭ ʪʘ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ (ʢʘʪʝʛʦʨʽʡ 

ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʡ ɸ ʪʘ ɹ [176]), ʩʪʫʧʽʥʴ ʪʘ ʭʘʨʘʢʪʝʨ ʷʢʠʭ ʩʚʽʜʯʠʪʴ 

ʧʨʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ ʱʦʜʦ ʯʘʩʪʢʦʚʦʛʦ ʜʝʤʦʥʪʘʞʫ ʯʘʩʪʠʥ ʦʙôʻʢʪʘ 

ʘʙʦ ʡʦʛʦ ʦʢʨʝʤʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʧʽʜʩʠʣʝʥʥʷ ʦʙôʻʢʪʘ ʘʙʦ ʡʦʛʦ ʦʢʨʝʤʠʭ ʥʝʩʫʯʠʭ 

ʪʘ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. 

 

ɺʠʟʥʘʯʝʥʥʷ ʚʽʙʨʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʫʜʽʚʣʽ (ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʠʭ 

ʫʤʦʚ ʜʣʷ ʯʠʩʝʣʴʥʦʛʦ ʚʠʨʽʰʝʥʥʷ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʦʾ ʟʘʜʘʯʽ ʟ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʯʘʩʪʢʦʚʦ ʟʨʫʡʥʦʚʘʥʦʾ ʙʫʜʽʚʣʽ) 

(ʨʠʩ. 3.5ï3.12, ʪʘʙʣ. 3.5) 

 

ʈʠʩ. 3.5. ʇʣʘʥ ʨʦʟʤʽʱʝʥʥʷ ʙʫʜʽʚʝʣʴ ʧʦ ʧʨʦʩʧʝʢʪʫ ʃʦʙʘʥʦʚʩʴʢʦʛʦ, 6ɸ ʪʘ 6ɺ, ʱʦ 

ʜʦʩʣʽʜʞʫʚʘʣʠʩʴ 
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ʈʠʩ. 3.6. ʂʦʤʧôʶʪʝʨʥʘ ʤʦʜʝʣʴ ʙʫʜʽʚʣʽ ʧʦ ʧʨʦʩʧʝʢʪʫ ʃʦʙʘʥʦʚʩʴʢʦʛʦ, 6ɸ ʚ ʤ. ʂʠʻʚʽ ʟ 

ʝʣʝʤʝʥʪʘʤʠ ʫʰʢʦʜʞʝʥʴ ʚ ʤʝʞʘʭ 18ï21 ʧʦʚʝʨʭʽʚ 
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ʈʠʩ.3.7. ʈʦʟʤʽʱʝʥʥʷ ʜʘʪʯʠʢʽʚ ʚʽʙʨʦʧʨʠʩʢʦʨʝʥʥʷ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ 27-ʧʦʚʝʨʭʦʚʦʾ 

ʙʫʜʽʚʣʽ ʧʦ ʧʨʦʩʧʝʢʪʫ ʃʦʙʘʥʦʚʩʴʢʦʛʦ, 6ɸ ʟ ʫʰʢʦʜʞʝʥʥʷʤʠ ʚ ʤʝʞʘʭ 18ï21 ʧʦʚʝʨʭʽʚ. 

ʉʭʝʤʘ 1 (ʜʘʪʘ ʦʙʩʪʝʞʝʥʴ ï 6.07.22) 

 
ʈʠʩ. 3.8. ʈʦʟʤʽʱʝʥʥʷ ʜʘʪʯʠʢʽʚ ʚʽʙʨʦʧʨʠʩʢʦʨʝʥʥʷ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ 27-ʧʦʚʝʨʭʦʚʦʾ 

ʙʫʜʽʚʣʽ ʧʦ ʧʨʦʩʧʝʢʪʫ ʃʦʙʘʥʦʚʩʴʢʦʛʦ, 6ɸ ʟ ʫʰʢʦʜʞʝʥʥʷʤʠ ʚ ʤʝʞʘʭ 18ï21 ʧʦʚʝʨʭʽʚ. 

ʉʭʝʤʘ 2 (ʜʘʪʘ ʦʙʩʪʝʞʝʥʴ ï 14.07.22) 
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ʈʠʩ. 3.9. ʈʦʟʤʽʱʝʥʥʷ ʜʘʪʯʠʢʽʚ ʚʽʙʨʦʧʨʠʩʢʦʨʝʥʥʷ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ 27-ʧʦʚʝʨʭʦʚʦʾ  

ʙʫʜʽʚʣʽ ʧʦ ʧʨʦʩʧʝʢʪʫ ʃʦʙʘʥʦʚʩʴʢʦʛʦ, 6ɸ ʟ ʫʰʢʦʜʞʝʥʥʷʤʠ ʚ ʤʝʞʘʭ 18ï21 ʧʦʚʝʨʭʽʚ. 

ʉʭʝʤʘ 3 (ʜʘʪʘ ʦʙʩʪʝʞʝʥʴ ï 14.07.22) 
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ʊʘʙʣʠʮʷ 3.5 

 

 ̄

ʧ/ʧ 

ɼʘʪʘ 

ʚʠʤʽ-

ʨʶʚʘʥʴ 

ʏʘʩ 

ʚʠʤʽ-

ʨʶʚʘʥʥʷ 

ʉʭʝʤʘ 

ʨʦʟʤʽ-

ʱʝʥʥʷ 

ʜʘʪʯʠʢʽʚ 

ʊʦʯʢʘ 

ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʜʘʪʯʠʢʽʚ 

(ˉ ʢʘʥʘʣʽʚ) 

ʅʘʧʨʷʤʦʢ 

ʚʠʤʽʨʶ-

ʚʘʥʥʷ 

ɿʘʨʝʻʩʪʨʦʚʘʥʽ 

ʟʥʘʯʝʥʥʷ 

ʇʝʨʝʚʘʞʘʶʯʽ 

ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʴ, 

ɻʮ 

1 06.07.22 16:58 1.1* 

ʧʦʚ. 26 (ʢ. 3) Y 
0,8281  2,8281  

5,8281 

ʧʦʚ. 22 (ʢ. 4) Y ʜʘʥʽ ʥʝʢʦʨʝʢʪʥʽ 

ʧʦʚ. 16 (ʢ. 6) Y 
0,8281  2,8281  

5,5156 

2 14.07.22 14:18 2.2* 

ʧʦʚ. 22 (ʢ. 3) X ʜʘʥʽ ʥʝʢʦʨʝʢʪʥʽ 

ʧʦʚ. 16 (ʢ. 4) X ʜʘʥʽ ʥʝʢʦʨʝʢʪʥʽ 

ʧʦʚ.  1 (ʢ. 6) X 0,7344   2,3438 

3 

14.07.22 

14:59 3.2 

ʧʦʚ. 22 (ʢ. 3) X 
0,7344  0,9563   

2,3569 

ʧʦʚ. 22 (ʢ. 4) X ʜʘʥʽ ʥʝʢʦʨʝʢʪʥʽ 

ʧʦʚ. 22 (ʢ. 6) X 
0,7344  0,9063  

2,3569 

4 15:03 3.2* 

ʧʦʚ. 22 (ʢ. 3) X 
0,7384   0,9063  

2,3281 

ʧʦʚ. 22 (ʢ. 4) X ʜʘʥʽ ʥʝʢʦʨʝʢʪʥʽ 

ʧʦʚ. 22 (ʢ. 6) X 
0,7384   0,9375  

2,3281 

5 15:20 3.2 

ʧʦʚ. 22 (ʢ. 3) X 
0,7344   0,9375   

2,4688 

ʧʦʚ. 22 (ʢ. 4) X ʜʘʥʽ ʥʝʢʦʨʝʢʪʥʽ 

ʧʦʚ. 22 (ʢ. 6) X 
0,7344   0,9375   

2,3750 

6 15:24 3.2 

ʧʦʚ. 22 (ʢ. 3) X 
0,7344   0,9375   

2,5469 

ʧʦʚ. 22 (ʢ. 4) X ʜʘʥʽ ʥʝʢʦʨʝʢʪʥʽ 

ʧʦʚ. 22 (ʢ. 6) X 
0,7344   0,9375   

2,4063 

ʇʨʠʤʽʪʢʘ: * ï ʚʢʘʟʘʥʽ ʜʘʥʽ ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʨʦʙʢʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩʫʥʢʘʭ 
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ʈʠʩ. 3.10. ɸʤʧʣʽʪʫʜʥʠʡ ʩʧʝʢʪʨ ʢʦʣʠʚʘʥʴ ʙʫʜʽʚʣʽ ʧʦ ʧʨʦʩʧʝʢʪʫ ʃʦʙʘʥʦʚʩʴʢʦʛʦ, 6ɸ ʟʘ 

ʥʘʧʨʷʤʢʦʤ Y ʚ ʪʨʴʦʭ ʪʦʯʢʘʭ ʟʘ ʩʭʝʤʦʶ 1 ʚ ʨʽʚʥʽ 16 (ʘ), 22 (ʙ) ʪʘ 26 (ʚ) ʧʦʚʝʨʭʽʚ (ʙʫʜʽʚʣʷ 

ʟ ʫʰʢʦʜʞʝʥʥʷʤʠ ʚ ʤʝʞʘʭ 18ï21 ʧʦʚʝʨʭʽʚ) 

 

 
ʈʠʩ. 3.11. ɸʤʧʣʽʪʫʜʥʠʡ ʩʧʝʢʪʨ ʢʦʣʠʚʘʥʴ ʙʫʜʽʚʣʽ ʧʦ ʧʨʦʩʧʝʢʪʫ ʃʦʙʘʥʦʚʩʴʢʦʛʦ, 6ɸ ʟʘ 

ʥʘʧʨʷʤʢʦʤ X ʫ ʪʨʴʦʭ ʪʦʯʢʘʭ ʟʘ ʩʭʝʤʦʶ 2 ʚ ʨʽʚʥʽ 1(ʘ), 16 (ʙ) ʪʘ 22 (ʚ) ʧʦʚʝʨʭʽʚ (ʙʫʜʽʚʣʷ ʟ 

ʫʰʢʦʜʞʝʥʥʷʤʠ ʚ ʤʝʞʘʭ 18ï21 ʧʦʚʝʨʭʽʚ) 
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ʈʠʩ. 3.12. ɸʤʧʣʽʪʫʜʥʠʡ ʩʧʝʢʪʨ ʢʦʣʠʚʘʥʴ ʙʫʜʽʚʣʽ ʧʦ ʧʨʦʩʧʝʢʪʫ ʃʦʙʘʥʦʚʩʴʢʦʛʦ, 6ɸ ʟʘ 

ʥʘʧʨʷʤʢʦʤ X ʫ ʪʨʴʦʭ ʪʦʯʢʘʭ ʟʘ ʩʭʝʤʦʶ 3 ʚ ʨʽʚʥʽ 22(ʘ), 22 (ʙ) ʪʘ 22 (ʚ) ʧʦʚʝʨʭʽʚ (ʙʫʜʽʚʣʷ ʟ 

ʫʰʢʦʜʞʝʥʥʷʤʠ ʚ ʤʝʞʘʭ 18ï21 ʧʦʚʝʨʭʽʚ) 

 

ɺʠʟʥʘʯʝʥʥʷ ʚʽʙʨʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʫʜʽʚʣʽ (ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʠʭ 

ʫʤʦʚ ʜʣʷ ʯʠʩʝʣʴʥʦʛʦ ʚʠʨʽʰʝʥʥʷ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʦʾ ʟʘʜʘʯʽ ʟ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʚʮʽʣʽʣʦʾ ʙʫʜʽʚʣʽ) (ʨʠʩ. 3.13ï

3.19, ʪʘʙʣ. 3.6) 
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ʈʠʩ. 3.13. ʂʦʤʧôʶʪʝʨʥʘ ʤʦʜʝʣʴ ʙʫʜʠʥʢʫ ʧʦ ʧʨʦʩʧ. ʃʦʙʘʥʦʚʩʴʢʦʛʦ, 6ɺ ʚ ʤ. ʂʠʻʚʽ ʟʛʽʜʥʦ ʟ 

ʧʨʦʻʢʪʥʠʤ ʨʽʰʝʥʥʷʤ (ʘʥʘʣʦʛ ʙʫʜʠʥʢʫ ʧʦ ʧʨʦʩʧ. ʃʦʙʘʥʦʚʩʴʢʦʛʦ, 6ɸ) 
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ʈʠʩ. 3.14. ʈʦʟʤʽʱʝʥʥʷ ʜʘʪʯʠʢʽʚ ʚʽʙʨʦʧʨʠʩʢʦʨʝʥʥʷ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ 27-ʧʦʚʝʨʭʦʚʦʾ  

ʙʫʜʽʚʣʽ ʧʦ ʧʨʦʩʧʝʢʪʫ ʃʦʙʘʥʦʚʩʴʢʦʛʦ, 6ɺ (ʘʥʘʣʦʛ ʙʫʜʠʥʢʫ ʧʦ ʧʨʦʩʧ. ʃʦʙʘʥʦʚʩʴʢʦʛʦ, 6ɸ) 

ʉʭʝʤʘ 1 (ʜʘʪʘ ʦʙʩʪʝʞʝʥʴ ï 7.07.22) 

 
ʈʠʩ. 3.15. ʈʦʟʤʽʱʝʥʥʷ ʜʘʪʯʠʢʽʚ ʚʽʙʨʦʧʨʠʩʢʦʨʝʥʥʷ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ 27-ʧʦʚʝʨʭʦʚʦʾ  

ʙʫʜʽʚʣʽ ʧʦ ʧʨʦʩʧʝʢʪʫ ʃʦʙʘʥʦʚʩʴʢʦʛʦ, 6ɺ (ʘʥʘʣʦʛ ʙʫʜʠʥʢʫ ʧʦ ʧʨʦʩʧ. ʃʦʙʘʥʦʚʩʴʢʦʛʦ, 6ɸ) 

ʉʭʝʤʘ 2 (ʜʘʪʘ ʦʙʩʪʝʞʝʥʴ ï 7.07.22) 
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ʊʘʙʣʠʮʷ 3.6 

ʇʘʨʘʤʝʪʨʠ ʢʦʣʠʚʘʥʴ ʙʫʜʽʚʣʽ ʧʦ ʧʨʦʩʧʝʢʪʫ ʃʦʙʘʥʦʚʩʴʢʦʛʦ, 6ɺ 

(ʘʥʘʣʦʛ ʙʫʜʽʚʣʽ 6ɸ) 

 ̄

ʧ/ʧ 

ɼʘʪʘ 

ʚʠʤʽʨʶ-

ʚʘʥʴ 

ʏʘʩ 

ʚʠʤʽ-

ʨ -ʁ

ʚʘʥʥʷ 

ʉʭʝʤʘ 

ʨʦʟʤʽ-

ʱʝʥʥʷ 

ʜʘʪʯʠʢʽʚ 

ʊʦʯʢʘ 

ʚʩʪʘʥʦʚʣʝʥ-

ʥʷ ʜʘʪʯʠʢʽʚ 

(ˉ ʢʘʥʘʣʽʚ) 

ʅʘʧʨʷ-

ʤʦʢ 

ʚʠʤʽʨʶ-

ʚʘʥʥʷ 

ɿʘʨʝʻʩʪʨʦʚʘʥʽ 

ʟʥʘʯʝʥʥʷ 

ʇʝʨʝʚʘʞʘʶʯʽ ʯʘʩʪʦʪʠ 

ʢʦʣʠʚʘʥʴ, ɻʮ 

1 

07.07.22 

14:38 1.1 

ʧʦʚ. 24 (ʢ. 3) Y 0,8438   3,0938 

ʧʦʚ. 20 (ʢ. 4) Y 0,8438é 

ʧʦʚ. 14 (ʢ. 6) Y 0,8438   3,0469 

2 14:42 1.1* 

ʧʦʚ. 24 (ʢ. 3) Y 0,8594   3,3125 

ʧʦʚ. 20 (ʢ. 4) Y 0,7188   3,3488 

ʧʦʚ. 14 (ʢ. 6) Y 0,8594   3,3125 

3 

07.07.22 

14:48 1.2* 

ʧʦʚ. 24 (ʢ. 3) X 
0,7656   0,9219   

2,9219 

ʧʦʚ. 20 (ʢ. 4) X 0,9844é 

ʧʦʚ. 14 (ʢ. 6) X 
0,7656   0,9219   

2,9219 

4 14:52 1.2 

ʧʦʚ. 24 (ʢ. 3) X 
0,7500   0,9219   

2,8906 

ʧʦʚ. 20 (ʢ. 4) X ʜʘʥʽ ʥʝʢʦʨʝʢʪʥʽ 

ʧʦʚ. 14 (ʢ. 6) X 
0,7500   0,9219   

2,9219 

5 

07.07.22 

15:28 2.1 

ʧʦʚ. 24 (ʢ. 3) Y 0,8750   3,2344 

ʧʦʚ. 20 (ʢ. 4) Y ʜʘʥʽ ʥʝʢʦʨʝʢʪʥʽ 

ʧʦʚ.  1 (ʢ. 6) Y ʜʘʥʽ ʥʝʢʦʨʝʢʪʥʽ 

6 15:31 2.1* 

ʧʦʚ. 24 (ʢ. 3) Y 0,8594   2,9688 

ʧʦʚ. 20 (ʢ. 4) Y ʜʘʥʽ ʥʝʢʦʨʝʢʪʥʽ 

ʧʦʚ.  1 (ʢ. 6) Y éé      2,9688 

7 

07.07.22 

15:41 2.2* 

ʧʦʚ. 24 (ʢ. 3) X 
0,7344   0,9219   

2,9219 

ʧʦʚ. 20 (ʢ. 4) X ʜʘʥʽ ʥʝʢʦʨʝʢʪʥʽ 

ʧʦʚ.  1 (ʢ. 6) X 0,7344   3,0156 

8 15:45 2.2 

ʧʦʚ. 24 (ʢ. 3) X 
0,7500   0,9688   

2,9219 

ʧʦʚ. 20 (ʢ. 4) X ʜʘʥʽ ʥʝʢʦʨʝʢʪʥʽ 

ʧʦʚ.  1 (ʢ. 6) X ʜʘʥʽ ʥʝʢʦʨʝʢʪʥʽ 

ʇʨʠʤʽʪʢʘ: * ï ʚʢʘʟʘʥʽ ʜʘʥʽ ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʨʦʙʢʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩʫʥʢʘʭ 
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ʈʠʩ. 3.16. ɸʤʧʣʽʪʫʜʥʠʡ ʩʧʝʢʪʨ ʢʦʣʠʚʘʥʴ ʙʫʜʽʚʣʽ ʧʦ ʧʨʦʩʧʝʢʪʫ ʃʦʙʘʥʦʚʩʴʢʦʛʦ, 6ɺ ʟʘ 

ʥʘʧʨʷʤʢʦʤ Y ʚ ʪʨʴʦʭ ʪʦʯʢʘʭ ʟʘ ʩʭʝʤʦʶ 1 ʚ ʨʽʚʥʽ 14(ʘ), 20 (ʙ) ʪʘ 24 (ʚ) ʧʦʚʝʨʭʽʚ (ʘʥʘʣʦʛ 

ʙʫʜʽʚʣʽ 6ɸ) 

 

 

ʈʠʩ. 3.17. ɸʤʧʣʽʪʫʜʥʠʡ ʩʧʝʢʪʨ ʢʦʣʠʚʘʥʴ ʙʫʜʽʚʣʽ ʧʦ ʧʨʦʩʧʝʢʪʫ ʃʦʙʘʥʦʚʩʴʢʦʛʦ, 6ɺ ʟʘ 

ʥʘʧʨʷʤʢʦʤ X ʫ ʪʨʴʦʭ ʪʦʯʢʘʭ ʟʘ ʩʭʝʤʦʶ 1 ʚ ʨʽʚʥʽ 14(ʘ), 20 (ʙ) ʪʘ 24 (ʚ) ʧʦʚʝʨʭʽʚ (ʘʥʘʣʦʛ 

ʙʫʜʽʚʣʽ 6ɸ) 

 

 
ʈʠʩ. 3.18. ɸʤʧʣʽʪʫʜʥʠʡ ʩʧʝʢʪʨ ʢʦʣʠʚʘʥʴ ʙʫʜʽʚʣʽ ʧʦ ʧʨʦʩʧʝʢʪʫ ʃʦʙʘʥʦʚʩʴʢʦʛʦ, 6ɺ ʟʘ 

ʥʘʧʨʷʤʢʦʤ Y ʚ ʪʨʴʦʭ ʪʦʯʢʘʭ ʟʘ ʩʭʝʤʦʶ 2 ʚ ʨʽʚʥʽ 1(ʘ), 20 (ʙ) ʪʘ 24 (ʚ) ʧʦʚʝʨʭʽʚ (ʘʥʘʣʦʛ 

ʙʫʜʽʚʣʽ 6ɸ) 
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ʈʠʩ. 3.19. ɸʤʧʣʽʪʫʜʥʠʡ ʩʧʝʢʪʨ ʢʦʣʠʚʘʥʴ ʙʫʜʽʚʣʽ ʧʦ ʧʨʦʩʧʝʢʪʫ ʃʦʙʘʥʦʚʩʴʢʦʛʦ, 6ɺ ʟʘ 

ʥʘʧʨʷʤʢʦʤ X ʫ ʪʨʴʦʭ ʪʦʯʢʘʭ ʟʘ ʩʭʝʤʦʶ 2 ʚ ʨʽʚʥʽ 1(ʘ), 20 (ʙ) ʪʘ 24 (ʚ) ʧʦʚʝʨʭʽʚ (ʘʥʘʣʦʛ 

ʙʫʜʽʚʣʽ ʟʘ 6ɸ)  

 

ʋʟʘʛʘʣʴʥʝʥʽ ʧʘʨʘʤʝʪʨʠ ʢʦʣʠʚʘʥʴ ʙʫʜʽʚʣʽ ʟ ʫʰʢʦʜʞʝʥʥʷʤʠ ʧʦ ʧʨʦʩʧʝʢʪʫ 

ʃʦʙʘʥʦʚʩʴʢʦʛʦ, 6ɸ (ʪʘʙʣʠʮʽ 3.7ï3.9) 

 

ʊʘʙʣʠʮʷ 3.7 

ʋʟʘʛʘʣʴʥʝʥʽ ʧʘʨʘʤʝʪʨʠ ʢʦʣʠʚʘʥʴ ʙʫʜʽʚʣʽ ʧʦ ʧʨʦʩʧʝʢʪʫ ʃʦʙʘʥʦʚʩʴʢʦʛʦ, 6ɸ 

 ̄

ʧ/ʧ 

ɼʘʪʘ 

ʚʠʤʽʨʶ-

ʚʘʥʴ 

ʏʘʩ 

ʚʠʤʽ-

ʨʶʚʘʥ-

ʥ ̫

ʉʭʝʤʘ 

ʨʦʟʤʽ-

ʱʝʥʥʷ 

ʜʘʪʯʠʢʽʚ 

ʊʦʯʢʘ 

ʚʩʪʘʥʦʚʣʝʥ-

ʥʷ ʜʘʪʯʠʢʽʚ 

(ˉ ʢʘʥʘʣʽʚ) 

ʅʘʧʨʷʤʦʢ 

ʚʠʤʽʨʶʚʘʥ-

ʥ ̫

ɿʘʨʝʻʩʪʨʦʚʘʥʽ 

ʟʥʘʯʝʥʥʷ 

ʇʝʨʝʚʘʞʘʶʯʽ 

ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʴ, 

ɻʮ 

1 06.07.22 16:58 1.1* 

ʧʦʚ. 26 (ʢ. 3) Y 0,8281  2,8281 

ʧʦʚ. 22 (ʢ. 4) Y ʜʘʥʽ ʥʝʢʦʨʝʢʪʥʽ 

ʧʦʚ. 16 (ʢ. 6) Y 0,8281  2,8281 

2 14.07.22 14:18 2.2* 

ʧʦʚ. 22 (ʢ. 3) X ʜʘʥʽ ʥʝʢʦʨʝʢʪʥʽ 

ʧʦʚ. 16 (ʢ. 4) X ʜʘʥʽ ʥʝʢʦʨʝʢʪʥʽ 

ʧʦʚ.  1 (ʢ. 6) X 0,7344   2,3438 

3 14.07.22 15:03 3.2* 

ʧʦʚ. 22 (ʢ. 3) X 
0,7384   0,9063  

2,3281 

ʧʦʚ. 22 (ʢ. 4) X ʜʘʥʽ ʥʝʢʦʨʝʢʪʥʽ 

ʧʦʚ. 22 (ʢ. 6) X 
0,7384   0,9375  

2,3281 
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ʊʘʙʣʠʮʷ 3.8 

ʋʟʘʛʘʣʴʥʝʥʽ ʧʘʨʘʤʝʪʨʠ ʢʦʣʠʚʘʥʴ ʙʫʜʽʚʣʽ ʧʦ ʧʨ. ʃʦʙʘʥʦʚʩʴʢʦʛʦ, 6ɺ 

(ʘʥʘʣʦʛ ʙʫʜʽʚʣʽ 6ɸ) 

ʇʨʠʤʽʪʢʘ: * ï ʚʢʘʟʘʥʽ ʜʘʥʽ ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʨʦʙʢʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩʫʥʢʘʭ 

 

ʊʘʙʣʠʮʷ 3.9 

ʇʦʨʽʚʥʷʣʴʥʘ ʪʘʙʣʠʮʷ ʯʘʩʪʦʪ ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ ʜʚʦʭ ʙʫʜʽʚʝʣʴ ʧʦ ʧʨ. 

ʃʦʙʘʥʦʚʩʴʢʦʛʦ, 6ɸ ʪʘ 6ɺ ʚ ʤ. ʂʠʻʚʽ (ʜʘʥʽ ʟ ʧʦʧʝʨʝʜʥʽʭ ʪʚʘʙʣʠʮʴ) 

 

 

ɺʠʟʥʘʯʝʥʥʷ ʢʨʘʡʦʚʠʭ ʫʤʦʚ (ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ ʫ ʧʽʣʦʥʘʭ) 

 

ʄʽʮʥʽʩʪʴ ʙʝʪʦʥʫ ʚ ʢʦʥʩʪʨʫʢʮʽʷʭ ʚʠʟʥʘʯʘʣʘʩʴ ʫʣʴʪʨʘʟʚʫʢʦʚʠʤ ʤʝʪʦʜʦʤ 

ʟʛʽʜʥʦ ʟ ɼʉʊʋ ɹ ɺ.2.7-226:2009 [157] ʟ ʫʨʘʭʫʚʘʥʥʷʤ ɼʉʊʋ ɹ ɺ.2.7-214:2009 

[182]. ʋʣʴʪʨʘʟʚʫʢʦʚʽ ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠʣʘʜʦʤ Pundit PL-200200 ʚ 

 ̄

ʧ/ʧ 

ɼʘʪʘ 

ʚʠʤʽʨʶ-

ʚʘʥʴ 

ʏʘʩ 

ʚʠʤʽʨ-

ʶʚʘʥʥʷ 

ʉʭʝʤʘ 

ʨʦʟʤʽʱʝʥ-

ʥʷ 

ʜʘʪʯʠʢʽʚ 

ʊʦʯʢʘ 

ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʜʘʪʯʠʢʽʚ  

(ˉ ʢʘʥʘʣʽʚ) 

ʅʘʧʨʷʤʦʢ 

ʚʠʤʽʨʶ- 

ʚʘʥʥʷ 

ɿʘʨʝʻʩʪʨʦʚʘʥʽ ʟʥʘʯʝʥʥʷ 

ʇʝʨʝʚʘʞʘʶʯʽ ʯʘʩʪʦʪʠ 

ʢʦʣʠʚʘʥʴ, ɻʮ 

1 

07.07.22 

14:42 1.1* 

ʧʦʚ. 24 (ʢ. 3) Y 0,8594   3,3125 

ʧʦʚ. 20 (ʢ. 4) Y 0,7188   3,3488 

ʧʦʚ. 14 (ʢ. 6) Y 0,8594   3,3125 

2 14:48 1.2* 

ʧʦʚ. 24 (ʢ. 3) X 0,7656 0,92192,9219 

ʧʦʚ. 20 (ʢ. 4) X 0,9844é 

ʧʦʚ. 14 (ʢ. 6) X 0,7656 0,9219 2,9219 

3 

07.07.22 

15:31 2.1* 

ʧʦʚ. 24 (ʢ. 3) Y 0,8594   2,9688 

ʧʦʚ. 20 (ʢ. 4) Y ʜʘʥʽ ʥʝʢʦʨʝʢʪʥʽ 

ʧʦʚ.  1 (ʢ. 6) Y éé      2,9688 

4 15:41 2.2* 

ʧʦʚ. 24 (ʢ. 3) X 0,7344 0,9219 2,9219 

ʧʦʚ. 20 (ʢ. 4) X ʜʘʥʽ ʥʝʢʦʨʝʢʪʥʽ 

ʧʦʚ.  1 (ʢ. 6) X 0,7344 3,0156 

ʅʘʧʨʷʤʦʢ 

ʢʦʣʠʚʘʥʴ 

ɹʫʜʠʥʦʢ ʧʦ ʧʨ. ʃʦʙʘʥʦʚʩʴʢʦʛʦ 

6ɸ (ʟ ʫʰʢʦʜʞʝʥʥʷʤʠ) 6ɺ (ʘʥʘʣʦʛ ʙʫʜʽʚʣʽ 6ɸ) 

ʏʘʩʪʦʪʠ ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ, ɻʮ ʏʘʩʪʦʪʠ ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ, ɻʮ 

Y 
f1=0,8281 

f2=2,8281 

f1=0,8594 

f2=3,3125ï3,3488 

X 

f1=0,7344ï0,7384  

f2=0,9063ï0,9375 

f3=2,3281 

f1=0,7344ï0,7656 

f2=0,9219ï0,9844 

f3=2,9219ï3,0156 
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ʢʦʤʧʣʝʢʪʽ ʟ ʧʨʠʩʪʨʦʻʤ ʜʣʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʧʨʦʟʚʫʯʫʚʘʥʥʷ ʇʇ ʟ ʙʘʟʦʶ 122 ʤʤ 

(ʩʚʽʜʦʮʪʚʦ ʧʨʦ ʢʘʣʽʙʨʫʚʘʥʥʷ UA/22/220124/82 ʚʽʜ 24.01.2022). 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ ʫʣʴʪʨʘʟʚʫʢʦʚʠʤ ʤʝʪʦʜʦʤ 

ʥʘʚʝʜʝʥʽ ʫ ʧʨʦʪʦʢʦʣʽ ˉ 357/03-22 ʚʽʜ 04.05.2022 (ʜʦʜʘʪʦʢ ɻ) [176]. ʈʝʟʫʣʴʪʘʪʠ 

ʚʠʟʥʘʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ ʟʘ ʤʝʭʘʥʽʯʥʠʤ ʚʠʧʨʦʙʫʚʘʥʥʷʤʠ ʢʝʨʥʽʚ ʥʘʚʝʜʝʥʽ ʫ 

ʧʨʦʪʦʢʦʣʽ ˉ 221-323/023/22 ʚʽʜ 04.05.2022 (ɼʦʜʘʪʦʢ ɼ) [176]. 

 

ɺʠʩʥʦʚʦʢ ʟʘ ʨʦʟʜʽʣʦʤ 3.2. 

 

1. ɺ ʨʝʟʫʣʴʪʘʪʽ ʥʘʪʫʨʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʙʫʜʽʚʝʣʴ ʧʦ ʧʨ. ʃʦʙʘʥʦʚʩʴʢʦʛʦ 

ʚʠʟʥʘʯʝʥʽ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʽ ʫʤʦʚʠ ʜʣʷ ʯʠʩʝʣʴʥʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʜʘʯʽ ʟ ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ 

ʧʦʰʢʦʜʞʝʥʦʾ ʙʫʜʽʚʣʽ ʧʦ ʧʨ. ʃʦʙʘʥʦʚʩʴʢʦʛʦ, 6ɸ ʪʘ ʾʾ ʘʥʘʣʦʛʫ ʧʦ 

ʧʨ. ʃʦʙʘʥʦʚʩʴʢʦʛʦ, 6ɺ. 

2. ɺʣʘʩʥʽ ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʴ ʙʫʜʽʚʣʽ ʧʦ ʧʨʦʩʧʝʢʪʫ ʃʦʙʘʥʦʚʩʴʢʦʛʦ, 6ɸ, 

ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʷʭ, ʟʘ ʧʝʨʰʠʤʠ ʪʨʴʦʤʘ ʦʩʥʦʚʥʠʤʠ ʬʦʨʤʘʤʠ ʢʦʣʠʚʘʥʴ ʥʠʞʯʽ, 

ʥʽʞ ʜʣʷ ʙʫʜʠʥʢʫ 6ɺ, ʷʢʠʡ  ̒ʘʥʘʣʦʛʦʤ ʙʫʜʠʥʢʫ 6ɸ. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʨʝʘʣʴʥʠʡ 

ʚʧʣʠʚ ʦʜʝʨʞʘʥʠʭ ʫʰʢʦʜʞʝʥʴ ʽ ʟʥʠʞʝʥʥʷ ʽʥʪʝʛʨʘʣʴʥʦʾ ʞʦʨʩʪʢʦʩʪʽ ʙʫʜʠʥʢʫ 6ɸ 

ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʘʢʝʪʥʦʛʦ ʦʙʩʪʨʽʣʫ. ɿʘʛʘʣʴʥʠʡ ʦʧʠʩ ʥʘʷʚʥʠʭ ʫʰʢʦʜʞʝʥʴ ʪʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʽʮʥʦʩʪʽ ʦʙʩʪʝʞʝʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʚ ʟʦʥʽ ʫʨʘʞʝʥʥʷ ʪʘ ʥʘ 

ʧʦʚʝʨʭʘʭ ʥʠʞʯʝ ʥʘʚʝʜʝʥʽ ʚ ʟʚʽʪʽ [176]. 

3. ɺ ʨʝʟʫʣʴʪʘʪʽ ʫʟʘʛʘʣʴʥʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʤʝʭʘʥʽʯʥʠʭ ʪʘ ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ 

ʚʠʧʨʦʙʫʚʘʥʴ, ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ ʚ ʦʙʩʪʝʞʝʥʠʭ 

ʧʽʣʦʥʘʭ ʥʘ 18ï21 ʧʦʚʝʨʭʘʭ ʚ ʦʩʷʭ 1ï4/ɽïʂ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 16,6 ʄʇʘ ʜʦ 

33,6 ʄʇʘ. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʬʘʢʪʠʯʥʘ ʤʽʮʥʽʩʪʴ ʙʝʪʦʥʫ ʫ ʧʨʦʢʦʥʪʨʦʣʴʦʚʘʥʠʭ 

ʧʽʣʦʥʘʭ ʚ ʙʫʜʽʚʣʽ ʧʦ ʧʨʦʩʧʝʢʪʫ ʃʦʙʘʥʦʚʩʴʢʦʛʦ, 6ɸ ʥʠʞʯʘ ʟʘ ʧʨʦʻʢʪʥʫ ʤʽʮʥʩ̔ʪɹ 

(ʜʣʷ ʙʝʪʦʥʫ ʢʣʘʩʫ ʉ25/30 ʩʝʨʝʜʥʷ ʤʽʮʥʽʩʪʴ ʩʪʘʥʦʚʠʪʴ 38,0 ʄʇʘ). 
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3.3. ɺʠʩʥʦʚʢʠ ʟʘ ʨʦʟʜʽʣʦʤ 3. 

 

1. ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʝʨʫʡʥʽʚʥʠʤʠ 

ʤʝʪʦʜʘʤʠ, ʚʠʟʥʘʯʝʥʽ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʽ ʫʤʦʚʠ ʜʣʷ ʯʠʩʝʣʴʥʦʛʦ ʚʠʨʽʰʝʥʥʷ 

ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʦʾ ʟʘʜʘʯʽ ʟ ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ 

ʙʫʜʽʚʣʽ ʧʦ ʧʨ. ʃʦʙʘʥʦʚʩʴʢʦʛʦ, 6ɸ ʫ ʤ. ʂʠʻʚ ̔ʪʘ ʙʫʜʽʚʣʷʭ ʤ. ʂʨʠʚʠʡ ʈʽʛ, ʱʦ 

ʨʦʟʪʘʰʦʚʘʥ ̔ʥʘ ʤʝʞʽ ʩʘʥʽʪʘʨʥʦʾ ʟʦʥʠ ʟʘʣʽʟʦʨʫʜʥʠʭ ʢʘʨô̒ ʨʽʚ ʤʽʩʪʘ. 

2. ɿʘʨʝʻʩʪʨʦʚʘʥʽ ʧʨʠ ʚʠʙʫʭʘʭ ʟʥʘʯʝʥʥʷ ʚʽʙʨʦʰʚʠʜʢʦʩʪʽ ˇʨʫʥʪʫ ʚ ʦʩʥʦʚʽ 

ʙʫʜʽʚʝʣʴ ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʜʽʘʧʘʟʦʥʽ 0,03ï0,8 ʩʤ/ʩ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 1ï3 ʙʘʣʘʤ ʟʘ 

ʰʢʘʣʦʶ ʩʝʡʩʤʽʯʥʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʽʜ ʯʘʩ ʚʠʙʫʭʽʚ. 

3. ɸʥʘʣʽʟ ʩʧʝʢʪʨʽʚ ʧʨʠʩʢʦʨʝʥʴ ˇʨʫʥʪʫ ʧʽʜ ʯʘʩ ʚʠʙʫʭʽʚ ʜʦʟʚʦʣʠʚ ʚʩʪʘʥʦʚʠʪʠ, 

ʱʦ ʧʝʨʝʚʘʞʘʶʯʽ ʯʘʩʪʦʪʠ ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʜʽʘʧʘʟʦʥʽ 1ï48 ɻʮ. ʎʝ ʧʽʜʪʚʝʨʜʞʫʻ 

ʤʦʞʣʠʚʽʩʪʴ ʢʦʣʠʚʘʥʴ ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʜʽʚʝʣʴ (ʧʝʨʝʢʨʠʪʪʷ, ʩʪʽʥ) ʫ ʨʝʞʠʤʽ, ʙʣʠʟʴʢʦʤʫ 

ʜʦ ʨʝʟʦʥʘʥʩʥʦʛʦ. ʂʨʽʤ ʪʦʛʦ, ʟ ʤʝʪʦʶ ʚʠʢʣʶʯʝʥʥʷ ʦʩʘʜʦʢ ʬʫʥʜʘʤʝʥʪʽʚ ʙʫʜʽʚʝʣʴ ʧʨʠ 

ʚʠʙʫʭʘʭ, ʧʨʠʩʢʦʨʝʥʥʷ ˇʨʫʥʪʫ ʧʦʪʨʽʙʥʦ ʦʙʤʝʞʫʚʘʪʠ ʟʥʘʯʝʥʥʷʤ 15 ʩʤ/ʩ2. 

4. ɺ ʨʝʟʫʣʴʪʘʪʽ ʫʟʘʛʘʣʴʥʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʤʝʭʘʥʽʯʥʠʭ ʪʘ ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ 

ʚʠʧʨʦʙʫʚʘʥʴ, ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ ʚ ʦʙʩʪʝʞʝʥʠʭ 

ʧʽʣʦʥʘʭ ʥʘ 18ï21 ʧʦʚʝʨʭʘʭ ʚ ʦʩʷʭ 1ï4/ɽïʂ ʙʫʜʽʚʣʽ ʧʦ ʧʨ. ʃʦʙʘʥʦʚʩʴʢʦʛʦ, 6ɸ ʫ 

ʤ. ʂʠʻʚ ̔ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 16,6 ʄʇʘ ʜʦ 33,6 ʄʇʘ, ʱʦ ʥʠʞʯʝ ʟʘ ʧʨʦʻʢʪʥʫ 

ʤʽʮʥʩ̔ʪɹ. 
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ʈʆɿɼɯʃ 4. ɸʇʈʆɹɸʎɯʗ ʊɸ ɺʇʈʆɺɸɼɾɽʅʅʗ ʈɽɿʋʃʔʊɸʊɯɺ 

ʈʆɹʆʊʀ 

 

4.1. ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʧʨʫʞʝʥʦʛʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ 

ʪʘ ʦʮʽʥʢʘ ʞʠʪʪʚ̒ʦʛʦ ʮʠʢʣʫ ʤʽʩʴʢʦʾ ʟʘʙʫʜʦʚʠ ʧʨʠ ʨʝʛʫʣʷʨʥʠʭ ʧʨʦʤʠʩʣʦʚʠʭ 

ʚʠʙʫʭʘʭ ʥʘ ʟʘʣʽʟʦʨʫʜʥʠʭ ʢʘʨô̒ ʨʘʭ ʤ. ʂʨʠʚʠʡ ʈʽʛ 

 

ʅʝʜʦʩʪʘʪʥʷ ʨʦʟʚʠʥʝʥʽʩʪʴ ʤʝʨʝʞ ʜʦʨʽʛ ʽ ʥʘʟʝʤʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʚ 

ʢʦʣʠʰʥʴʦʤʫ ʉʈʉʈ, ʘ ʪʘʢʦʞ ʝʢʦʥʦʤʽʯʥʘ ʜʦʮʽʣʴʥʽʩʪʴ ʩʧʨʠʷʣʠ ʪʦʤʫ, ʱʦ 

ʟʘʙʫʜʦʚʘ ʞʠʪʣʦʚʠʭ ʤʽʢʨʦʨʘʡʦʥʽʚ ʚʽʜʙʫʚʘʣʘʩʷ ʧʦʙʣʠʟʫ ʧʨʦʤʠʩʣʦʚʠʭ ʟʦʥ. ʎʝ 

ʟʘʙʝʟʧʝʯʫʚʘʣʦ ʤʽʥʽʤʘʣʴʥʽ ʚʠʪʨʘʪʠ ʯʘʩʫ ʪʘ ʢʦʰʪʽʚ ʥʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ 

ʨʦʙʽʪʥʠʢʽʚ ʥʘ ʾʭ ʨʦʙʦʯʽ ʤʽʩʮʷ. ʄʘʡʞʝ ʥʝ ʚʨʘʭʦʚʫʚʘʚʩʷ ʪʝʭʥʦʛʝʥʥʠʡ ʚʧʣʠʚ 

ʭʘʨʘʢʪʝʨʫ ʨʦʙʽʪ ʫ ʧʨʦʤʠʩʣʦʚʠʭ ʟʦʥʘʭ. ʗʢ ʪʠʧʦʚʠʡ ʧʨʠʢʣʘʜ ʪʝʭʥʦʛʝʥʥʦʛʦ 

ʚʧʣʠʚʫ ʧʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʚʠʙʫʭʦʚʠʭ ʨʦʙʽʪ ʫ ʚʽʜʢʨʠʪʠʭ ʟʘʣʽʟʦʨʫʜʥʠʭ ʢʘʨ'ʻʨʘʭ 

ʤʦʞʥʘ ʥʘʚʝʩʪʠ ʙʫʜʽʚʣʽ ʞʠʪʣʦʚʦʛʦ ʬʦʥʜʫ ʤ. ʂʨʠʚʦʛʦ ʈʦʛʫ (ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʘ 

ʦʙʣ., ʋʢʨʘʾʥʘ).  

ɺʽʟʫʘʣʴʥʝ ʦʙʩʪʝʞʝʥʥʷ (ʟʘ ʤʝʪʦʜʠʢʦʶ, ʜʠʚ. ʨʦʟʜʽʣ 1.5). ʅʘ ʩʴʦʛʦʜʥʽ 

ʪʝʭʥʦʛʝʥʥʠʡ ʚʧʣʠʚ ʧʨʦʚʝʜʝʥʥʷ ʧʨʦʤʠʩʣʦʚʠʭ ʚʠʙʫʭʽʚ ʥʘ ʽʩʥʫʶʯʠʡ ʞʠʪʣʦʚʠʡ 

ʪʘ ʩʦʮʽʘʣʴʥʦ-ʢʫʣʴʪʫʨʥʠʡ ʬʦʥʜ ʂʨʠʚʦʛʦ ʈʦʛʫ ʩʫʪʪʻʚʦ ʟʙʽʣʴʰʠʚʩʷ. ʎʝ ʧʦʚ'ʷʟʘʥʦ 

ʥʘʩʘʤʧʝʨʝʜ ʽʟ ʨʦʟʰʠʨʝʥʥʷʤ ʚʠʨʦʙʥʠʯʦʾ ʟʦʥʠ ʟʘʣʽʟʦʨʫʜʥʠʭ ʢʘʨ'ʻʨʽʚ. 

ʅʘʧʨʠʢʣʘʜ, ʚʽʜʢʨʠʪʠʡ ʢʘʨ'ʻʨ ʇʽʚʜɻɿʂ (ʇʽʚʜʝʥʥʠʡ ʛʽʨʥʠʯʦ-ʟʙʘʛʘʯʫʚʘʣʴʥʠʡ 

ʢʦʤʙʽʥʘʪ) ʟ ʚʠʜʦʙʫʪʢʫ ʟʘʣʽʟʥʦʾ ʨʫʜʠ ʚ ʤ. ʂʨʠʚʠʡ ʈʽʛ ʙʫʚ ʟʘʩʥʦʚʘʥʠʡ ʫ 1952 ʨ. ʽ 

ʜʦʩʷʛ ʧʦʟʥʘʯʢʠ ʛʣʠʙʠʥʠ ʙʣʠʟʴʢʦ 250 ʤ. ʅʘ ʨʽʚʥʽ ʟʝʤʣʽ ʨʦʟʨʦʙʢʘ ʢʦʨʠʩʥʠʭ 

ʢʦʧʘʣʠʥ ʫ ʢʘʨ'ʻʨʽ ʧʨʦʚʦʜʠʪʴʩʷ ʥʘ ʧʣʦʱʽ, ʦʢʨʝʩʣʝʥʽʡ ʦʚʘʣʦʤ ʟ ʨʦʟʤʽʨʘʤʠ 

ʚʝʣʠʢʦʾ ʪʘ ʤʘʣʦʾ ʦʩʝʡ ʚʽʜʧʦʚʽʜʥʦ 4 ʢʤ ʪʘ 3 ʢʤ (ʩʘʥʽʪʘʨʥʦ-ʦʭʦʨʦʥʥʘ ʟʦʥʘ ʧʨʠ 

ʧʨʦʚʝʜʝʥʥʽ ʚʠʙʫʭʽʚ ʩʪʘʥʦʚʠʪʴ 700 ʤ). ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʢʘʨ'ʻʨʫ ʇʽʚʜɻɿʂ 

ʤ. ʂʨʠʚʦʛʦ ʈʦʛʫ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 4.1. 

ʄʝʞʘ ʧʦʯʘʪʢʫ ʞʠʪʣʦʚʦʛʦ ʬʦʥʜʫ ɯʥʛʫʣʝʮʴʢʦʛʦ ʨʘʡʦʥʫ ʤʽʩʪʘ ʂʨʠʚʠʡ ʈʽʛ 

ʚʽʜʜʘʣʝʥʘ ʚʽʜ ʩʭʽʜʥʦʛʦ ʙʦʨʪʫ ʟʘʣʽʟʦʨʫʜʥʦʛʦ ʢʘʨôʻʨʫ ʥʘ 800ï900 ʤ. ʆʪʞʝ, ʧʽʜ ʯʘʩ 

ʧʨʦʚʝʜʝʥʥʷ ʚʠʙʫʭʦʚʠʭ ʨʦʙʽʪ ʥʘ ʚʝʨʭʥʽʭ ʛʦʨʠʟʦʥʪʘʭ ʢʘʨ'ʻʨʫ ʩʘʥʽʪʘʨʥʦ-ʦʭʦʨʦʥʥʘ 



122 

ʟʦʥʘ ʧʽʜʭʦʜʠʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʦ ʪʝʨʠʪʦʨʽʾ ʞʠʪʣʦʚʦʾ ʟʘʙʫʜʦʚʠ. ɼʠʥʘʤʽʯʥʽ ʚʧʣʠʚʠ 

ʧʦʚʽʪʨʷʥʠʭ ʪʘ ˇʨʫʥʪʦʚʠʭ ʫʜʘʨʥʠʭ ʭʚʠʣʴ ʥʘ ʙʫʜʽʚʣʽ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʩʘʥʽʪʘʨʥʦ-

ʦʭʦʨʦʥʥʽʡ ʟʦʥʽ ʟʘʣʽʟʦʨʫʜʥʦʛʦ ʢʘʨôʻʨʫ, ʤʘʶʪʴ ʧʝʨʽʦʜʠʯʥʠʡ ʭʘʨʘʢʪʝʨ. 

 

 

ʈʠʩ. 4.1. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʢʘʨ'ʻʨʫ çʇʽʚʜɻɿʂè ʟ ʧʨʠʣʝʛʣʦʶ ʜʦ ʥʴʦʛʦ ʽʥʬʨʘʩʪʨʫʢʪʫʨʦʶ 

ɯʥʛʫʣʝʮʴʢʦʛʦ ʨʘʡʦʥʫ ʤ. ʂʨʠʚʠʡ ʈʽʛ 

 

ʇʨʦʚʝʜʝʥʥʷ ʚʠʙʫʭʽʚ ʥʘ ʇʽʚʜɻɿʂ ʜʦ ʥʝʜʘʚʥʴʦʛʦ ʯʘʩʫ ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʟ 

ʧʝʨʽʦʜʠʯʥʽʩʪʶ 1 ʨʘʟ ʥʘ 2 ʪʠʞʥʽ. ʇʨʠ ʮʴʦʤʫ ʛʨʘʥʠʯʥʘ ʤʘʩʘ ʚʠʙʫʭʦʚʠʭ ʨʝʯʦʚʠʥ ʜʣʷ 

ʟʜʽʡʩʥʝʥʥʷ ʚʠʙʫʭʽʚ ʫ ʢʘʨ'ʻʨʽ ʇʽʚʜɻɿʂ ʩʪʘʥʦʚʠʣʘ ʟʘ ʧʝʨʽʦʜ ʩʧʦʩʪʝʨʝʞʝʥʴ ʫ 2008ï

2012 ʨʨ. ʚʽʜ 490 ʜʦ 652 ʪ.  

ʉʝʨʝʜ ʦʙ'ʻʢʪʽʚ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʚ ʧʝʨʽʦʜ ʧʨʦʚʝʜʝʥʥʷ ʚʠʙʫʭʦʚʠʭ ʨʦʙʽʪ ʫ 

ʢʘʨ'ʻʨʽ ʙʫʣʦ ʦʙʨʘʥʦ ʪʘʢʽ ʙʫʜʽʚʣʽ: ʩʝʨʝʜʥʷ ʰʢʦʣʘ ˉ40, ʎʝʥʪʨ ʜʠʪʷʯʦʾ ʪʘ 
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ʶʥʘʮʴʢʦʾ ʪʚʦʨʯʦʩʪʽ (ʎʝʥʪʨ), ʎʝʨʢʚʘ ʈʽʟʜʚʘ ɹʦʛʦʨʦʜʠʮʽ, ʪʨʠ ʙʫʜʠʥʢʠ 

ʦʜʥʦʧʦʚʝʨʭʦʚʦʾ ʟʘʙʫʜʦʚʠ ʨʦʟʤʽʨʘʤʠ å 7ʭ8 ʤ. ʇʝʨʝʨʘʭʦʚʘʥʽ ʙʫʜʽʚʣʽ ʦʭʦʧʣʶʶʪʴ 

ʥʝ ʧʦʚʥʠʡ ʩʧʝʢʪʨ ʙʫʜʽʚʝʣʴ ʟʘ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤ ʚʠʢʦʥʘʥʥʷʤ, ʘʣʝ ʧʦʚʥʦʶ ʤʽʨʦʶ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʦʮʽʘʣʴʥʦ-ʢʫʣʴʪʫʨʥʦʤʫ ʧʨʠʟʥʘʯʝʥʥʶ.  

ʐʢʦʣʘ, ʎʝʥʪʨ ʪʘ ʎʝʨʢʚʘ ʈʽʟʜʚʘ ɹʦʛʦʨʦʜʠʮʽ, ʢʨʽʤ ʪʦʛʦ, ʻ ʙʫʜʠʥʢʘʤʠ 

ʤʘʩʦʚʦʛʦ ʟʦʩʝʨʝʜʞʝʥʥʷ ʣʶʜʝʡ, ʷʢʽ ʤʘʶʪʴ ʟʘʜʦʚʦʣʴʥʷʪʠ ʧʽʜʚʠʱʝʥʠʤ ʚʠʤʦʛʘʤ 

ʙʝʟʧʝʢʠ ʧʽʜ ʯʘʩ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʆʮʽʥʢʘ ʾʭʥʴʦʛʦ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʧʨʠ 

ʩʝʡʩʤʽʯʥʠʭ ʚʧʣʠʚʘʭ ʚʠʙʫʭʽʚ ʪʘ ʧʨʦʛʥʦʟʥʘ ʦʮʽʥʢʘ ʾʭ ʜʦʚʛʦʚʽʯʥʦʩʪʽ (ʨʝʩʫʨʩʫ), ʘ 

ʟʥʘʯʠʪʴ ʽ ʙʝʟʧʝʢʠ ʣʶʜʝʡ, ʚʽʜʥʦʩʷʪʴ ʧʦʩʪʘʚʣʝʥʝ ʟʘʚʜʘʥʥʷ ʜʦ ʨʦʟʨʷʜʫ 

ʘʢʪʫʘʣʴʥʠʭ. ʅʘ ʬʦʪʦʛʨʘʬʽʾ (ʨʠʩ. 4.2) ʥʘʚʝʜʝʥʽ ʬʨʘʛʤʝʥʪʠ ʙʫʜʽʚʣʽ ʎʝʨʢʚʠ ʈʽʟʜʚʘ  

 

  

  

ʈʠʩ. 4.2. ɺʠʧʘʜʢʠ ʧʦʨʫʰʝʥʥʷ ʙʫʜʽʚʝʣʴ ʚʽʜ ʧʨʦʤʠʩʣʦʚʠʭ ʚʠʙʫʭʽʚ ʫ ʂʨʠʚʦʤʫ ʈʦʟʽ. 

(ʬʦʪʦʛʨʘʬʽʾ ʂʘʣʶʭ ʖ.ɯ.) 

 

ʘ ʙ 

ʚ ʛ 
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ɹʦʛʦʨʦʜʠʮʽ ʧʦ ʚʫʣ. ʆʙʨʫʯʝʚʘ, 14, ʤ. ʂʨʠʚʠʡ ʈʽʛ, ʨʦʟʤʽʱʝʥʦʾ ʤʽʞ ʜʚʦʤʘ 

ʟʘʣʽʟʦʨʫʜʥʠʤʠ ʢʘʨ'ʻʨʘʤʠ. 

ʏʝʨʝʟ ʩʚʦʶ ʙʣʠʟʴʢʽʩʪʴ ʜʦ ʮʠʭ ʢʘʨ'ʻʨʽʚ ʩʧʦʨʫʜʘ ʧʽʜʜʘʻʪʴʩʷ ʧʦʜʚʽʡʥʽʡ ñʜʦʟʽò 

ʪʝʭʥʦʛʝʥʥʠʭ ʩʝʡʩʤʽʯʥʠʭ ʜʽʡ ʚʽʜ ʧʨʦʤʠʩʣʦʚʠʭ ʚʠʙʫʭʽʚ ʚʽʜʨʘʟʫ ʥʘ ʜʚʦʭ ʢʘʨ'ʻʨʘʭ, 

ʱʦ ʚʠʜʥʦ ʟʘ ʥʝʱʦʜʘʚʥʦ ʚʩʪʘʥʦʚʣʝʥʠʤ ʽ ʚʞʝ ʪʨʽʩʥʫʪʠʤ ʩʢʣʦʤ ʥʘ ʚʭʦʜʽ (ʨʠʩ. 

4.2ʘ) ʽ ʚʝʨʪʠʢʘʣʴʥʠʤʠ ʪʨʽʱʠʥʘʤʠ ʫ ʩʪʽʥʽ (ʨʠʩ. 4.2ʙ). ʅʘ ʨʠʩ. 4.2ʚ ʩʚʷʱʝʥʠʢ 

ʎʝʨʢʚʠ ʧʦʢʘʟʫʻ ʚʝʨʪʠʢʘʣʴʥʽ ʪʨʽʱʠʥʠ ʥʘ ʡʦʛʦ ʙʫʜʠʥʢʫ, ʨʦʟʤʽʱʝʥʦʤʫ ʥʘ 

ʪʝʨʠʪʦʨʽʾ ʮʽʻʾ ʎʝʨʢʚʠ. ʅʘ ʨʠʩ. 4.2ʛ ʧʦʢʘʟʘʥʦ ʧʦʰʢʦʜʞʝʥʥʷ ʥʝʩʫʯʠʭ ʩʪʽʥ ʙʫʜʽʚʣʽ 

ʩʝʨʝʜʥʴʦʾ ʰʢʦʣʠ ˉ 40, ʷʢʘ ʨʦʟʤʽʱʝʥʘ ʧʦʨʷʜ ʽʟ ʟʘʣʽʟʦʨʫʜʥʠʤ ʢʘʨ'ʻʨʦʤ. ɿʘ 

ʭʘʨʘʢʪʝʨʦʤ ʪʨʽʱʠʥ ʤʦʞʥʘ ʩʫʜʠʪʠ, ʱʦ ʰʢʦʣʘ ʧʝʨʝʙʫʚʘʻ ʚ ʘʚʘʨʽʡʥʦʤʫ ʩʪʘʥʽ 

ʫʥʘʩʣʽʜʦʢ ʨʝʛʫʣʷʨʥʠʭ ʽ ʧʦʩʪʽʡʥʠʭ ʪʝʭʥʦʛʝʥʥʠʭ ʩʪʨʫʩʽʚ, ʱʦ ʩʪʘʥʦʚʠʪʴ ʩʝʨʡʦʟʥʫ 

ʟʘʛʨʦʟʫ, ʥʘ ʷʢʫ ʱʦʜʥʷ ʧʽʜ ʯʘʩ ʟʘʥʷʪʴ ʥʘʨʘʞʘʶʪʴʩʷ ʫʯʥʽ ʰʢʦʣʠ. 

ɹʘʛʘʪʦ ʟʽ ʩʧʦʩʪʝʨʝʞʫʚʘʥʠʭ ʙʫʜʽʚʝʣʴ ʤʘʶʪʴ ʟʥʘʯʥʠʡ ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɼʣʷ 

ʯʘʩʪʠʥʠ ʙʫʜʽʚʝʣʴ ʥʠʥʽ ʚʪʨʘʯʝʥʦ ʧʨʦʻʢʪʥʫ ʪʘ ʚʠʢʦʥʘʚʯʫ ʜʦʢʫʤʝʥʪʘʮʽʶ. ʊʦʤʫ 

ʙʫʜʫʪʴ ʚʠʢʦʨʠʩʪʘʥʽ ʚʩʽ ʪʨʠ ʤʝʪʦʜʠ (ʚʽʟʫʘʣʴʥʠʡ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʪʘ 

ʪʝʦʨʝʪʠʯʥʠʡ) ʦʮʽʥʢʠ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʙʫʜʽʚʣʽ ʪʘ ʾʾ ʥʝʩʫʯʠʭ ʝʣʝʤʝʥʪʽʚ. ʗʢ 

ʧʨʠʢʣʘʜ ʨʦʟʛʣʷʥʝʤʦ ʙʫʜʽʚʣʶ ʎʝʥʪʨʫ ʫ ʤ. ʂʨʠʚʠʡ ʈʽʛ. ɺʠʙʽʨ ʜʘʥʦʾ ʙʫʜʽʚʣʽ ʜʣʷ 

ʧʨʦʚʝʜʝʥʥʷ ʜʝʪʘʣʴʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʽ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʦʮʽʥʢʠ 

ʟʘʣʠʰʢʦʚʦʛʦ ʨʝʩʫʨʩʫ ʦʙʫʤʦʚʣʝʥʠʡ ʪʘʢʦʞ ʯʘʩʪʢʦʚʦʶ ʥʘʷʚʥʽʩʪʶ ʧʨʦʻʢʪʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ. ʇʨʦʻʢʪ ʙʫʜʽʚʣʽ ʨʦʟʨʦʙʣʝʥʠʡ ʫ 1960 ʨ. ɹʫʜʽʚʣʷ ʎʝʥʪʨʫ ʪʚʦʨʯʦʩʪʽ 

ʩʧʦʨʫʜʞʫʚʘʣʘʩʷ ʚ 70-ʪʽ ʨʦʢʠ ʚ ʧʝʨʽʦʜ ʽʥʪʝʥʩʠʚʥʦʛʦ ʚʠʜʦʙʫʪʢʫ ʟʘʣʽʟʥʦʾ ʨʫʜʠ ʚ 

ʢʘʨ'ʻʨʽ, ʪʦʤʫ ʙʫʜʽʚʣʷ ʧʽʜʜʘʚʘʣʘʩʷ ʩʝʡʩʤʽʯʥʦʤʫ ʚʧʣʠʚʫ ʚʽʜ ʚʠʙʫʭʽʚ, ʧʦʯʠʥʘʶʯʠ ʟʽ 

ʩʪʘʜʽʾ ʙʫʜʽʚʥʠʮʪʚʘ. 

 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʚʠʟʥʘʯʝʥʥʷ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʠʭ ʫʤʦʚ 

 

ʈʦʟʛʣʷʥʝʤʦ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ ʦʩʦʙʣʠʚʦʩʪʽ ʜʠʥʘʤʽʯʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ 

ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ (ʧʣʠʪ ʧʝʨʝʢʨʠʪʪʽʚ) ʧʨʠ ʢʦʣʠʚʘʥʥʷʭ ʤʘʣʦʾ ʘʤʧʣʽʪʫʜʠ 

(ʚʽʜ ʯʘʩʪʦʢ ʤʤ ʜʦ ʜʝʢʽʣʴʢʦʭ ʤʤ) ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʘʪʯʠʢʽʚ ʚʠʩʦʢʦʾ ʯʫʪʣʠʚʦʩʪʽ, 
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ʷʢʽ ʟʜʘʪʥʽ ʨʝʻʩʪʨʫʚʘʪʠ ʪʘ ʚʠʜʽʣʷʪʠ ʢʦʣʠʚʘʥʥʷ ʙʫʜʽʚʝʣʴ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚʽʜ ʜʽʾ 

ʬʦʥʦʚʦʛʦ ʜʠʥʘʤʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ ʧʨʦʚʝʜʝʥʥʷ ʧʨʦʤʠʩʣʦʚʠʭ ʚʠʙʫʭʽʚ. 

ɼʠʥʘʤʽʯʥʽ ʦʙʩʪʝʞʝʥʥʷ ʙʫʜʽʚʣʽ ʎʝʥʪʨʫ ʪʘ ˇʨʫʥʪʫ ʚ ʧʝʨʽʦʜ 2008ï2012 ʨʨ. 

ʚʠʢʦʥʫʚʘʣʠʩʷ ʟʘ ʨʦʟʨʦʙʣʝʥʦʶ ʤʝʪʦʜʠʢʦʶ, ʷʢʘ ʚʢʣʶʯʘʣʘ ʚʠʙʽʨ 

ʚʽʙʨʦʚʠʤʽʨʶʚʘʣʴʥʦʾ ʘʧʘʨʘʪʫʨʠ, ʨʦʟʨʦʙʢʫ ʩʭʝʤ ʨʦʟʤʽʱʝʥʥʷ ʚʽʙʨʦʜʘʪʯʠʢʽʚ, 

ʩʧʦʩʦʙʽʚ ʟʘʧʠʩʫ, ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʦʙʨʦʙʢʠ ʦʪʨʠʤʘʥʠʭ ʚʽʙʨʦʩʠʛʥʘʣʽʚ.  

ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʬʘʢʪʠʯʥʠʭ ʨʽʚʥʽʚ 

ʧʨʠʩʢʦʨʝʥʴ ʪʘ ʚʽʙʨʦʰʚʠʜʢʦʩʪʽ ˇʨʫʥʪʫ ʪʘ ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʜʽʚʣʽ ʎʝʥʪʨʫ ʤʦʞʥʘ 

ʟʨʦʙʠʪʠ ʪʘʢʽ ʚʠʩʥʦʚʢʠ: 

1. ɿʘʨʝʻʩʪʨʦʚʘʥʽ ʧʨʠ ʚʠʙʫʭʘʭ ʟʥʘʯʝʥʥʷ ʚʽʙʨʦʧʨʠʩʢʦʨʝʥʴ ˇʨʫʥʪʫ ʚ ʦʩʥʦʚʽ 

ʙʫʜʽʚʝʣʴ ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʜʽʘʧʘʟʦʥʽ [0,0238 ʤ/ʩ2, 0,643 ʤ/ʩ2]. 

2. ɺʽʙʨʦʰʚʠʜʢʦʩʪʽ ˇʨʫʥʪʫ ʚ ʦʩʥʦʚʽ ʙʫʜʽʚʣʽ ʯʝʨʝʟ ˇʨʫʥʪʦʚʽ ʫʜʘʨʥʽ ʭʚʠʣʽ 

ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʜʽʘʧʘʟʦʥʽ 0,0004ï0,015 ʤ/ʩ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 1ï4 ʙʘʣʘʤ ʟʘ ʰʢʘʣʦʶ 

ʩʝʡʩʤʽʯʥʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʉ.ɺ. ʄʝʜʚʝʜʻʚʘ [30] ʧʽʜ ʯʘʩ ʚʠʙʫʭʽʚ [183].  

3. ɸʥʘʣʽʟ ʩʧʝʢʪʨʽʚ ʧʨʠʩʢʦʨʝʥʴ ˇʨʫʥʪʫ ʧʽʜ ʯʘʩ ʚʠʙʫʭʽʚ ʜʦʟʚʦʣʠʚ 

ʚʩʪʘʥʦʚʠʪʠ, ʱʦ ʧʝʨʝʚʘʞʘʶʯʽ ʯʘʩʪʦʪʠ ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʜʽʘʧʘʟʦʥʽ 1ï54 ɻʮ. ʎʝ 

ʧʽʜʪʚʝʨʜʞʫʻ ʤʦʞʣʠʚʽʩʪʴ ʙʣʠʟʴʢʠʭ ʜʦ ʨʝʟʦʥʘʥʩʥʠʭ ʢʦʣʠʚʘʥʴ ʢʦʥʩʪʨʫʢʮʽʡ 

ʙʫʜʽʚʝʣʴ (ʧʝʨʝʢʨʠʪʪʽʚ, ʩʪʽʥ). ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʝʢʦʤʝʥʜʘʮʽʡ ʜʽʶʯʠʭ ʥʦʨʤʘʪʠʚʥʠʭ 

ʜʦʢʫʤʝʥʪʽʚ [65, 66, 68, 69], ʜʣʷ ʚʠʢʣʶʯʝʥʥʷ ʦʩʽʜʘʥʴ ʬʫʥʜʘʤʝʥʪʽʚ ʙʫʜʽʚʝʣʴ ʧʨʠ 

ʧʨʦʭʦʜʞʝʥʥʽ ˇʨʫʥʪʦʚʠʭ ʫʜʘʨʥʠʭ ʭʚʠʣʴ ʧʨʠʩʢʦʨʝʥʥʷ ˇʨʫʥʪʫ ʧʦʪʨʽʙʥʦ 

ʦʙʤʝʞʫʚʘʪʠ ʟʥʘʯʝʥʥʷʤ 0,15 ʤ/ʩ2. 

 

ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ 

 

ɼʣʷ ʧʦʜʘʣʴʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʚʠʚʯʝʥʥʷ ʩʪʘʥʫ ʙʫʜʽʚʣʽ ʎʝʥʪʨʫ ʙʫʣʦ 

ʨʦʟʨʦʙʣʝʥʦ ʡʦʛʦ ʢʦʤʧ'ʶʪʝʨʥʫ ʤʦʜʝʣʴ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ 

(ʄʉɽ) ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʃɯʈɸ [152, 184, 192, 194].  

ʄʉɽ ʻ ʪʝʦʨʝʪʠʯʥʦʶ ʦʩʥʦʚʦʶ ʇʂ ʃɯʈɸ. ʈʝʘʣʽʟʦʚʘʥʠʡ ʚʘʨʽʘʥʪ ʄʉɽ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʨʠʥʮʠʧ ʤʦʞʣʠʚʠʭ ʧʝʨʝʤʽʱʝʥʴ: 
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 ( )( )vfvua ,, = , (4.1) 

 

ʜʝ: u - ʰʫʢʘʥʝ ʪʦʯʥʝ ʨʽʰʝʥʥʷ; v - ʙʫʜʴ-ʷʢʝ ʤʦʞʣʠʚʝ ʧʝʨʝʤʽʱʝʥʥʷ; ( )vua , ,     

( )vf ,  - ʤʦʞʣʠʚʽ ʨʦʙʦʪʠ ʟʦʚʥʽʰʥʽʭ ʪʘ ʚʥʫʪʨʽʰʥʽʭ ʩʠʣ (4.1). 

ʆʙʣʘʩʪʴ, ʷʢʘ ʟʘʡʥʷʪʘ ʢʦʥʩʪʨʫʢʮʽʻʶ, ʨʦʟʙʠʚʘʻʪʴʩʷ ʥʘ ʩʢʽʥʯʝʥʥʽ ʝʣʝʤʝʥʪʠ 

ɱ; ʧʨʠʟʥʘʯʘʶʪʴʩʷ ʚʫʟʣʠ ʪʘ ʾʭʥʽʡ ʩʪʫʧʽʥʴ ʩʚʦʙʦʜʠ iL  (ʧʝʨʝʤʽʱʝʥʥʷ ʪʘ ʢʫʪʠ 

ʧʦʚʦʨʦʪʫ ʚʫʟʣʽʚ). ʉʪʫʧʝʥʷʤ ʩʚʦʙʦʜʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʙʘʟʠʩʥʽ (ʢʦʦʨʜʠʥʘʪʥʽ, 

ʘʧʨʦʢʩʠʤʫʶʯʽ) ʬʫʥʢʮʽʾ im, ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʥʫʣʷ ʪʽʣʴʢʠ ʥʘ ʚʽʜʧʦʚʽʜʥʠʭ 

ʚʫʟʣʘʭ ʝʣʝʤʝʥʪʽʚ ʪʘ ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʽʚʥʦʩʪʽ: 

 

í
ì
ë

¸

=
=

ji

ji
L ij

,0

,1
m  (4.2) 

 

ʅʘʙʣʠʞʝʥʠʡ ʨʦʟʚôʷʟʦʢ hU  ʤʘʻ ʟʘʜʦʚʦʣʴʥʷʪʠ ʛʦʣʦʚʥʠʤ ʢʽʥʝʤʘʪʠʯʥʠʤ 

ʫʤʦʚʘʤ ʪʘ ʰʫʢʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʣʽʥʽʡʥʦʾ ʢʦʤʙʽʥʘʮʽʾ ʙʘʟʠʩʥʠʭ ʬʫʥʢʮʽʡ: 

 

 ä
=

=
N

i
iih ɛuU

1
, (4.3) 

 

ʜʝ: iu  ð ʯʠʩʣʘ; N ð ʢʽʣʴʢʽʩʪʴ ʩʪʫʧʝʥʽʚ ʩʚʦʙʦʜʠ. 

ʇʽʜʩʪʘʚʣʷʶʯʠ ʚ (4.2) hU ʟʘʤʽʩʪʴ u  ̔ im (i=1..N) ʟʘʤʽʩʪʴ v, ʦʪʨʠʤʘʻʤʦ 

ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ ʄʉɽ, ʷʢʽ ʥʘʚʝʜʝʥʽ ʚ ʝʣʝʤʝʥʪʘʭ ʙʣʦʢ-ʩʭʝʤʠ ʥʘ ʨʠʩ. 4.3.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʄʉɽ ʟʚʦʜʠʪʴ ʟʘʜʘʯʫ ʜʦ ʩʠʩʪʝʤʠ ʣʽʥʽʡʥʠʭ 

ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ. ʄʘʪʨʠʮʶ ʂ ʽ ʚʝʢʪʦʨ ʈ ʦʪʨʠʤʫʶʪʴ ʧʽʜʩʫʤʦʚʫʚʘʥʥʷʤ 

ʚʽʜʧʦʚʽʜʥʠʭ ʝʣʝʤʝʥʪʽʚ ʤʘʪʨʠʮʴ ʞʦʨʩʪʢʦʩʪʽ ʽ ʚʝʢʪʦʨʽʚ ʥʘʚʘʥʪʘʞʝʥʴ, ʷʢʽ 

ʧʦʙʫʜʦʚʘʥʽ ʜʣʷ ʦʢʨʝʤʠʭ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ. ʎʝ ʻ ʚʘʞʣʠʚʦʶ ʧʝʨʝʚʘʛʦʶ 

ʚʠʢʣʘʜʝʥʦʛʦ ʤʝʪʦʜʫ [184]. ɹʽʙʣʽʦʪʝʢʘ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʤʽʩʪʠʪʴ ʝʣʝʤʝʥʪʠ, 

ʷʢʽ ʤʦʜʝʣʶʶʪʴ ʨʦʙʦʪʫ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʪʠʧʽʚ ʢʦʥʩʪʨʫʢʮʽʡ: ʝʣʝʤʝʥʪʠ ʩʪʨʠʞʥʽʚ,  
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ʯʦʪʠʨʠʢʫʪʥʽ ʪʘ ʪʨʠʢʫʪʥʽ ʩʢʽʥʯʝʥʥʽ ʝʣʝʤʝʥʪʠ ʧʣʘʩʢʦʾ ʟʘʜʘʯʽ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʣʠʪ ʪʘ ʦʙʦʣʦʥʦʢ, ʩʢʽʥʯʝʥʥʽ ʝʣʝʤʝʥʪʠ ʧʨʦʩʪʦʨʦʚʦʾ ʟʘʜʘʯʽ ʫ ʚʠʛʣʷʜʽ ʪʝʪʨʘʝʜʨʘ, 

ʧʘʨʘʣʝʣʝʧʽʧʝʜʘ ʪʘ ʪʨʠʛʨʘʥʥʦʾ ʧʨʠʟʤʠ. 

ʂʨʽʤ ʪʦʛʦ, ʫ ɹʉɽ ʟʥʘʭʦʜʷʪʴʩʷ ʨʽʟʥʽ ʩʧʝʮʽʘʣʴʥʽ ʝʣʝʤʝʥʪʠ, ʷʢʽ ʤʦʜʝʣʶʶʪʴ 

ʟʚôʷʟʦʢ ʩʢʽʥʯʝʥʥʦʾ ʞʦʨʩʪʢʦʩʪʽ, ʧʨʫʞʥʫ ʧʦʜʘʪʣʠʚʽʩʪʴ ʤʽʞ ʚʫʟʣʘʤʠ, ʝʣʝʤʝʥʪʠ, 

ʟʘʜʘʥʽ ʯʠʩʝʣʴʥʦʶ ʤʘʪʨʠʮʝʶ ʞʦʨʩʪʢʦʩʪʽ. ɺʩʽ ʩʢʽʥʯʝʥʥʽ ʝʣʝʤʝʥʪʠ, ʷʢʽ ʚʢʣʶʯʝʥʦ 

ʜʦ ɹʉɽ, ʪʝʦʨʝʪʠʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʽ, ʜʣʷ ʥʠʭ ʦʪʨʠʤʘʥʽ ʦʮʽʥʢʠ ʧʦʭʠʙʢʠ ʟʘ 

ʝʥʝʨʛʽʻʶ ʪʘ ʟʘ ʧʝʨʝʤʽʱʝʥʥʷʤ. 

ʇʨʠ ʜʠʥʘʤʽʯʥʦʤʫ ʨʦʟʨʘʭʫʥʢʫ ʧʨʠʥʮʠʧ ʤʦʞʣʠʚʠʭ ʧʝʨʝʤʽʱʝʥʴ ʄʉɽ 

ʥʘʙʫʚʘʻ ʟʤʽʥ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ̔ʩʪʘʪʠʯʥʠʤ ʨʦʟʨʘʭʫʥʢʦʤ ʟʘ ʬʦʨʤʫʣʦʶ (1) ʽ ʥʘʙʫʚʘʻ 

ʚʠʛʣʷʜʫ: 

 

),( vub  + ),( vuc  + ( )vua , = (f(t), v), t>0                            (4.4) 

 

ʜʝ: u ð ʰʫʢʘʥʝ ʪʦʯʥʝ ʨʽʰʝʥʥʷ; v ð ʙʫʜʴ-ʷʢʝ ʤʦʞʣʠʚʝ ʧʝʨʝʤʽʱʝʥʥʷ; ),( vub , 

),( vuc  ð ʤʦʞʣʠʚʽ ʨʦʙʦʪʠ ʽʥʝʨʮʽʡʥʠʭ ʪʘ ʜʝʤʧʬʽʨʫʶʯʠʭ ʩʠʣ; ( )vua , , (f(t), v)  ð 

ʤʦʞʣʠʚʽ ʨʦʙʦʪʠ ʟʦʚʥʽʰʥʽʭ ʪʘ ʚʥʫʪʨʽʰʥʽʭ ʩʠʣ. ɿʘʜʘʚʘʥʥʷ ʜʠʥʘʤʽʯʥʦʛʦ 

ʨʦʟʨʘʭʫʥʢʫ ʬʦʨʤʫʣʶʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʚʘʨʽʘʮʽʡʥʦʾ ʨʽʚʥʦʩʪʽ ʟ ʯʘʩʪʢʦʚʠʤʠ 

ʧʦʭʽʜʥʠʤʠ: 
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  (4.5) 

 

ʜʝ: )(tuui =  ð ʪʦʯʥʝ ʨʽʰʝʥʥʷ; 0u , 1u  ð ʧʦʯʘʪʢʦʚʽ ʟʥʘʯʝʥʥʷ ʧʝʨʝʤʽʱʝʥʥʷ ʪʘ 

ʰʚʠʜʢʦʩʪʽ; ʽʥʰʽ ʟʥʘʯʝʥʥʷ ʪʽ ʞ ʩʘʤʽ, ʱʦ ʡ ʫ ʩʪʘʪʠʯʥʽʡ ʟʘʜʘʯʽ. 

ʏʠʩʝʣʴʥʠʡ ʤʝʪʦʜ ʚʠʨʽʰʝʥʥʷ ʧʨʷʤʦʾ ʜʠʥʘʤʽʯʥʦʾ ʟʘʜʘʯʽ ʨʦʟʨʘʭʫʥʢʫ 
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ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʱʦ ʨʝʘʣʽʟʦʚʘʥʠʡ ʫ ʇʂ ʃɯʈɸ, ʧʦʣʷʛʘʻ ʫ ʧʦʻʜʥʘʥʥʽ 

ʄʉɽ ʟ ʨʦʟʢʣʘʜʝʥʥʷʤ ʟʘ ʬʦʨʤʦʶ ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ ʢʦʥʩʪʨʫʢʮʽʾ. ʈʽʰʝʥʥʷ (5) 

ʰʫʢʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ: 

 ä
=

=
N

i
iih tuU

1

)( m,  (4.6) 

 

ʜʝ: ()tui  ð ʩʢʘʣʷʨʥʽ ʬʫʥʢʮʽʾ; im ð ʙʘʟʠʩʥʽ ʬʫʥʢʮʽʾ ʚʽʜʧʦʚʽʜʥʦʾ ʩʪʘʪʠʯʥʦʾ 

ʟʘʜʘʯʽ.  

ʇʽʜʩʪʘʚʠʚʰʠ ʟʘ ʘʥʘʣʦʛʽʻʶ ʫ (5) hU  ʚʠʛʣʷʜʫ (6) ʟʘʤʽʩʪʴ u ʪʘ jm  (j = 1..N) 

ʟʘʤʽʩʪʴ v, ʦʪʨʠʤʘʻʤʦ ʩʠʩʪʝʤʫ ʟʚʠʯʘʡʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ, ʱʦ 

ʥʘʚʝʜʝʥʽ ʚ ʝʣʝʤʝʥʪʘʭ ʙʣʦʢ-ʩʭʝʤʠ ʜʣʷ ʜʠʥʘʤʽʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʨʠʩ 6. ʊʘʤ ʞʝ 

ʥʘʚʝʜʝʥʦ ʟʘʧʠʩ ʨʽʚʥʷʥʥʷ ʚ ʤʘʪʨʠʯʥʽʡ ʬʦʨʤʽ. ɺ ʥʘʚʝʜʝʥʦʤʫ ʨʽʚʥʷʥʥʽ ʙʣʦʢ-

ʩʭʝʤʠ ʤʘʪʨʠʮʷ ʤʘʩ ʄ ʚʠʟʥʘʯʘʻʪʴʩʷ ʝʣʝʤʝʥʪʘʤʠ ( )jiji bm mm,, = , ʤʘʪʨʠʮʷ 

ʜʝʤʧʬʽʨʫʚʘʥʥʷ ʉ ï ( )jiji cc mm,, = . ʄʘʪʨʠʮʷ ʞʦʨʩʪʢʦʩʪʽ ʂ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʝʣʝʤʝʥʪʘʤʠ ( )jiji ak mm,, = , ʈ(t) ï ʚʝʢʪʦʨ ʥʘʚʘʥʪʘʞʝʥʥʷ ï ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʝʣʝʤʝʥʪʘʤʠ ʈ ̔= (f(t), im) ʟʘ ʘʥʘʣʦʛʽʻʶ ʟ ̔ʩʪʘʪʠʯʥʦʶ ʟʘʜʘʯʝʶ.  

 

)()(
)()(

2

2

tPtKx
dt

tdx
C

dt

txd
M =++ , (4.7) 

 

ʜʝ:()tx , 0x , 1x  ð ʚʝʢʪʦʨʠ ʟ ʝʣʝʤʝʥʪʘʤʠ  () ()tutX ii = , 
00 uLx ii = , 

11 uLx ii = . 

ʎʝʡ ʤʝʪʦʜ ʚʽʜʦʤʠʡ ʷʢ ʥʘʧʽʚʜʠʩʢʨʝʪʥʘ ʘʧʨʦʢʩʠʤʘʮʽʷ. ʁʦʛʦ ʧʦʭʠʙʢʘ 

(ʨʽʟʥʠʮʷ ʤʽʞ U ʽ hU ) ʟʘ ʧʦʪʝʥʮʽʘʣʴʥʦʶ ʪʘ ʢʽʥʝʪʠʯʥʦʶ ʝʥʝʨʛʽʻʶ ʦʮʽʥʶʻʪʴʩʷ ʷʢ 

ʫ ʩʫʤʽʩʥʦʤʫ, ʪʘʢ ʽ ʫ ʥʝʩʫʤʽʩʥʦʤʫ ʚʠʧʘʜʢʘʭ ʚʝʣʠʯʠʥʦʶ, ʧʨʦʧʦʨʮʽʡʥʦʶ ʜʦ th . 

ʉʠʩʪʝʤʘ (4.7) ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʤʝʪʦʜʦʤ ʨʦʟʢʣʘʜʘʥʥʷ ʟʘ ʬʦʨʤʘʤʠ ʚʣʘʩʥʠʭ 

ʢʦʣʠʚʘʥʴ. ʅʝʭʘʡ il, ij ð ʨʦʟʚôʷʟʦʢ ʟʘʜʘʯʽ ʥʘ ʚʣʘʩʥʽ ʟʥʘʯʝʥʥʷ; 1, =>< iiM jj , 

ʜʝ ʩʠʤʚʦʣʦʤ ><,  ʧʦʟʥʘʯʝʥʠʡ ʩʢʘʣʷʨʥʠʡ ʜʦʙʫʪʦʢ. 
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 jlj MK =  (4.8) 

 

ɿʘʜʘʯʘ ʥʘ ʚʣʘʩʥʽ ʟʥʘʯʝʥʥʷ (8) ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʤʝʪʦʜʦʤ ʽʪʝʨʘʮʽʾ 

ʧʽʜʧʨʦʩʪʦʨʫ. ɺʚʘʞʘʶʯʠ, ʱʦ ʚ (7) () ()i

N

i
i tytx jä

=

=
0

, ʟ ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʽ ʬʫʥʢʮʽʾ ij 

ʦʪʨʠʤʘʻʤʦ (ʧʨʠ ʧʝʚʥʠʭ ʧʨʠʧʫʱʝʥʥʷʭ ʚʽʜʥʦʩʥʦ ʤʘʪʨʠʮʽ ʉ), ʱʦ ʩʠʩʪʝʤʘ (7) 

ʨʦʟʧʘʜʘʻʪʴʩʷ ʥʘ ʥʝʟʘʣʝʞʥʽ ʨʽʚʥʷʥʥʷ ʚʽʜʥʦʩʥʦ ()tyi , ʷʢʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʙʣʦʢ-

ʩʭʝʤʽ ʜʣʷ ʨʦʟʚ'ʷʟʢʫ ʬʦʨʤ ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ (6). 

ʈʦʟʚôʷʟʦʢ ʨʽʚʥʷʥʥʷ ʚʽʜʥʦʩʥʦ ()tyi  ʤʘʻ ʚʠʛʣʷʜ: 
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ʜʝ: iii xwv -= 1 . ɺʝʢʪʦʨʠ ʽʥʝʨʮʽʡʥʠʭ ʩʠʣ ()tSi  ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʦʶ: () ()
jw MytS

t

iii

2
= . ʇʨʠ ʨʦʟʨʘʭʫʥʢʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚʝʣʠʯʠʥʠ 

(){ }tyS iiti

2max

0, w= , ʟʥʘʯʝʥʥʷ ʷʢʠʭ ʚʠʙʠʨʘʶʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʜʫ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ð ʚʽʪʨʦʚʦʛʦ, ʩʝʡʩʤʽʯʥʦʛʦ, ʽʤʧʫʣʴʩʠʚʥʦʛʦ, ʫʜʘʨʥʦʛʦ ʯʠ 

ʛʘʨʤʦʥʽʯʥʦʛʦ. 

ʉʪʚʦʨʝʥʦ ʜʚʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʩʭʝʤʠ ʙʫʜʽʚʣʽ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ: ʩʭʝʤʘ 1, ʫ ʷʢʽʡ ʚʽʜʩʫʪʥʽ ʧʦʰʢʦʜʞʝʥʥʷ, ʪʘ ʩʭʝʤʘ 2 ʟ ʦʩʥʦʚʥʠʤʠ 

ʧʦʰʢʦʜʞʝʥʥʷʤʠ ʚ ʥʝʩʫʯʠʭ ʩʪʽʥʘʭ ʙʫʜʽʚʣʽ ʎʝʥʪʨʫ: 

ü ʨʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ 1 ʚʽʜʦʙʨʘʞʘ ̒ʚʠʭʽʜʥʠʡ ʩʪʘʥ ʙʫʜʽʚʣʽ ʥʘ ʤʦʤʝʥʪ 

ʚʚʝʜʝʥʥʷ ʾʾ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ (å1969ï1971 ʨʨ.); 
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ü ʨʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ 2 ʚʽʜʦʙʨʘʞʘʻ ʩʪʘʥ ʙʫʜʽʚʣʽ ʥʘ ʤʦʤʝʥʪ ʦʙʩʪʝʞʝʥʥʷ ï 

ʪʨʘʚʝʥʴ 2013 ʨʦʢʫ.  

ʎʠʬʨʦʚʽ ʟʥʘʯʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ 

ʩʪʘʥʫ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʤʦʜʝʣʽ ʙʫʜʽʚʣʽ ʎʝʥʪʨʫ ʻ ʛʦʣʦʚʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ ʜʣʷ 

ʧʝʨʝʚʽʨʢʠ ʾʾ ʢʦʨʝʢʪʥʦʩʪʽ (ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʚʽʜʙʫʚʘʣʘʩʷ 

ʰʣʷʭʦʤ ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʜʘʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʪʘ ʚʽʟʫʘʣʴʥʠʭ ʦʙʩʪʝʞʝʥʴ ʙʫʜʽʚʣʽ ʎʝʥʪʨʫ). ʅʘʧʨʷʤʦʢ ʩʝʡʩʤʽʯʥʦʛʦ ʚʧʣʠʚʫ ʥʘ 

ʙʫʜʽʚʣʶ ʧʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʚʠʙʫʭʽʚ ʧʦʢʘʟʘʥʦ ʚ [185], ʜʝ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʢʦʤʧ'ʶʪʝʨʥʘ ʤʦʜʝʣʴ ʙʫʜʽʚʣʽ ʎʝʥʪʨʫ. 

ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ 1 ʩʪʚʦʨʝʥʘ ʥʘ ʦʩʥʦʚʽ ʥʘʩʪʫʧʥʠʭ ʪʠʧʽʚ ʩʢʽʥʯʝʥʥʠʭ 

ʝʣʝʤʝʥʪʽʚ: ʩʪʨʠʞʥʝʚʽ ʝʣʝʤʝʥʪʠ 10 ʪʠʧʫ (ʰʽʩʪʴ ʩʪʫʧʝʥʽʚ ʩʚʦʙʦʜʠ ʫ ʚʫʟʣʽ), 

ʧʣʘʩʪʠʥʯʘʩʪʽ ʝʣʝʤʝʥʪʠ 41, 42, 44 ʪʠʧʽʚ (ʰʽʩʪʴ ʩʪʫʧʝʥʽʚ ʩʚʦʙʦʜʠ ʫ ʚʫʟʣʽ). 

ɿʘʢʨʽʧʣʝʥʥʷ ʙʫʜʽʚʣʽ ʚʠʢʦʥʘʥʦ ʚ ʨʽʚʥʽ ʦʩʥʦʚʠ. ɼʣʷ ʚʫʟʣʽʚ ʧʣʘʩʪʠʥʯʘʩʪʠʭ 

ʝʣʝʤʝʥʪʽʚ, ʱʦ ʧʨʠʤʠʢʘʶʪʴ ʜʦ ʦʩʥʦʚʠ, ʜʦʧʫʩʢʘʶʪʴʩʷ ʢʫʪʦʚʽ ʧʝʨʝʤʽʱʝʥʥʷ. 

ɺʫʟʣʠ ʢʦʣʦʥ ʫ ʨʽʚʥʽ ʦʩʥʦʚʠ ʟʘʱʝʤʣʝʥʽ. ʈʦʟʨʘʭʫʥʢʠ ʚʠʢʦʥʫʚʘʣʠʩʷ ʥʘ ʮʴʦʤʫ 

ʝʪʘʧʽ ʚ ʣʽʥʽʡʥʽʡ ʧʦʩʪʘʥʦʚʮʽ. ɺ [185] ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʽʣʷʥʢʘ ʥʝʩʫʯʦʾ ʩʪʽʥʠ ʟʘ 

ʚʽʩʩʶ 1 ʟ ʢʦʩʦʶ ʪʨʽʱʠʥʦʶ, ʱʦ ʡʜʝ ʚʽʜ ʢʫʪʘ ʚʽʢʦʥʥʦʛʦ ʦʪʚʦʨʫ ʥʘ ʜʨʫʛʦʤʫ 

ʧʦʚʝʨʩʽ, ʪʘ ʾʾ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʢʦʤʧ'ʶʪʝʨʥʽʡ ʤʦʜʝʣʽ ʙʫʜʽʚʣʽ. ʊʨʽʱʠʥʠ ʟ ʤʝʥʰʠʤ 

ʨʦʟʢʨʠʪʪʷʤ, ʥʽʞ ʚ [185], ʥʝ ʤʦʜʝʣʶʚʘʣʠʩʷ. ʄʦʜʝʣʶʚʘʥʥʷ ʪʨʽʱʠʥʠ 

ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʰʣʷʭʦʤ ʧʦʜʽʣʫ ʚʫʟʣʽʚ ʽ ʝʣʝʤʝʥʪʽʚ ʢʦʤʧôʶʪʝʨʥʦʾ ʤʦʜʝʣʽ ʙʫʜʽʚʣʽ 

ʟʘ ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʢʦʤʧʣʝʢʩʽ ʃɯʈɸ [184], ʱʦ 

ʩʧʦʣʫʯʘʶʪʴʩʷ ʧʦ ʣʽʥʽʾ ʪʨʽʱʠʥʠ, ʪʘ ʰʣʷʭʦʤ ʦʙ'ʻʜʥʘʥʥʷ ʧʝʨʝʤʽʱʝʥʴ ʜʣʷ ʮʠʭ 

ʚʫʟʣʽʚ ʫ ʥʘʧʨʷʤʢʫ ʽʩʥʫʶʯʠʭ ʟʘʚôʷʟʢʽʚ ʢʦʤʧôʶʪʝʨʥʦʾ ʤʦʜʝʣʽ ʙʫʜʽʚʣʽ. 

ɼʠʥʘʤʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʙʫʜʽʚʣʽ ʚ ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʩʭʝʤʽ 2 ʧʨʠʡʤʘʶʪʴʩʷ ʜʣʷ 

ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ ʪʽʣʴʢʠ ʚ ʪʦʤʫ ʨʘʟʽ, ʷʢʱʦ ʚʦʥʠ ʙʣʠʟʴʢʽ ʜʦ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ. ɿʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʨʦʚʦʜʠʣʦʩʷ ʢʦʨʝʛʫʚʘʥʥʷ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʽʪʝʨʘʮʽʡʥʠʤʠ ʨʦʟʨʘʭʫʥʢʘʤʠ ʟ ʤʝʪʦʶ ʾʾ ʫʪʦʯʥʝʥʥʷ. ʊʘʢʦʞ 

ʜʠʥʘʤʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʤʦʜʝʣʽ ʻ ʛʦʣʦʚʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ ʾʾ 

ʧʦʜʽʙʥʦʩʪʽ ʜʦ ʨʝʘʣʴʥʦʾ ʙʫʜʽʚʣʽ. ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʜʠʥʘʤʽʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ 



132 

ʢʦʞʥʦʾ ʟ ʟʘʟʥʘʯʝʥʠʭ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʩʭʝʤ (1 ʽ 2), ʯʠʩʣʦ ʬʦʨʤ ʢʦʣʠʚʘʥʴ, ʱʦ 

ʟʘʜʘʶʪʴʩʷ, ʚʽʜʧʦʚʽʜʘʣʦ 10. 

ʋ ʜʦʦʧʨʘʮʴʦʚʘʥʽʡ ʪʘʙʣʠʮʽ 4.1 ʥʘʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʢʦʚʽ ʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪ 

ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ ʜʣʷ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ 2 ʙʫʜʽʚʣʽ ʟ ʧʦʰʢʦʜʞʝʥʥʷʤʠ, ʘ 

ʪʘʢʦʞ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʟʘʨʝʻʩʪʨʦʚʘʥʽ ʟʥʘʯʝʥʥʷ, ʷʢʽ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʜʣʷ 

ʧʝʨʰʠʭ ʦʩʥʦʚʥʠʭ ʬʦʨʤ ʢʦʣʠʚʘʥʴ ʟʘ ʥʘʧʨʷʤʢʘʤʠ ʮʠʬʨʦʚʠʭ ʽ ʙʫʢʚʝʥʠʭ ʦʩʝʡ ʧʨʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʚʽʙʨʦʜʠʥʘʤʽʯʥʠʭ ʦʙʩʪʝʞʝʥʥʷʭ, ʧʨʦʚʝʜʝʥʠʭ 16.05.2012. 

ʅʘ ʦʩʥʦʚʽ ʫʪʦʯʥʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʧʨʠ ʚʽʙʨʦʜʠʥʘʤʽʯʥʠʭ 

ʦʙʩʪʝʞʝʥʥʷʭ ʙʫʜʽʚʣʽ ʎʝʥʪʨʫ, ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʘʤʧʣʽʪʫʜʥʠʡ ʩʧʝʢʪʨ 

ʚʽʙʨʦʧʨʠʩʢʦʨʝʥʴ, ʟʛʽʜʥʦ ʟ ʷʢʠʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪ ʚʣʘʩʥʠʭ 

ʢʦʣʠʚʘʥʴ fi (ʪʘ ʧʝʨʽʦʜʽʚ ʊ)̔ ʙʫʜʽʚʣʽ ʟʘ ʬʦʨʤʘʤʠ ʩʢʣʘʣʠ:  ʟʘ ʥʘʧʨʷʤʦʤ ʍ: f1 = 4,23 

ɻʮ, f2 = 6,65 ɻʮ; ʟʘ ʥʘʧʨʷʤʦʤ Y: f1 = 4,54 ɻʮ, f2 = 5,37 ɻʮ. 

 

ʊʘʙʣʠʮʷ 4.1 

ɼʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʤʦʜʝʣʽ 2 ʙʫʜʽʚʣʽ ʎʝʥʪʨʫ 

 
ʅʦʤʝʨ 

ʬʦʨʤʠ 

ʢʦʣʠʚʘʥʴ 

ʏʘʩʪʦʪʘ 

ʢʦʣʠʚʘʥʴ, ɻʮ 

(ʨʦʟʨʘʭʫʥʢʦʚʘ) 

ʏʘʩʪʦʪʘ 

ʢʦʣʠʚʘʥʴ, ɻʮ 

(ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ) 

ɺʽʜʥʦʩʥʘ 

ʧʦʭʠʙʢʘ, 

% 

ʇʝʨʽʦʜ 

ʢʦʣʠʚʘʥʴ, 

ʩ 

ʉʫʤʘ ʤʦʜʘʣʴʥʠʭ ʤʘʩ 

ʧʨʠ ʩʝʡʩʤʽʮʽ, % 

ʟʘ ʍ ʟʘ Y 

1 4.561 4,23 7,3 0.219 55.570 12.725 

7 6.219 6,65 7,2 0.161 75.127 72.458 
 

ʅʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 4.1 ʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪ ʽ ʧʝʨʽʦʜʽʚ ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ ʟʘ 

ʬʦʨʤʘʤʠ 1, 2, 7 ʜʣʷ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʤʦʜʝʣʽ ʙʫʜʽʚʣʽ ʎʝʥʪʨʫ ʜʠʪʷʯʦʾ ʪʚʦʨʯʦʩʪʽ 

ʙʣʠʟʴʢʽ ʜʦ ʾʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʥʘʯʝʥʴ (ʚʽʜʥʦʩʥʘ ʧʦʭʠʙʢʘ ʥʝ ʧʝʨʝʚʠʱʫʻ 

7,3%). ʊʘʢʠʤ ʯʠʥʦʤ, ʢʦʤʧ'ʶʪʝʨʥʘ ʤʦʜʝʣʴ ʙʫʜʽʚʣʽ ʎʝʥʪʨʫ ʜʠʪʷʯʦʾ ʪʚʦʨʯʦʩʪʽ ʟ 

ʤʦʜʝʣʶʚʘʥʥʷʤ ʪʨʽʱʠʥʠ ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʥʝʩʫʯʦʾ ʩʪʽʥʠ ʙʫʜʽʚʣʽ ʟʘ ʚʽʩʩʶ 1 ʙʫʣʘ 

ʚʝʨʠʬʽʢʦʚʘʥʘ ʷʢ ʚʠʭʽʜʥʘ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʎʝʥʪʨʫ. 

ʇʦʨʷʜ ʟ ʦʮʽʥʢʦʶ ʜʠʥʘʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʨʦʟʨʦʙʣʝʥʦʶ ʢʦʤʧ'ʶʪʝʨʥʦʶ 

ʤʦʜʝʣʣʶ ʙʫʜʽʚʣʽ ʙʫʣʘ ʧʨʦʚʝʜʝʥʘ ʦʮʽʥʢʘ ʾʾ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ 

ʧʨʠ ʜʠʥʘʤʽʯʥʠʭ ʚʧʣʠʚʘʭ. ʄʘʢʩʠʤʘʣʴʥʽ ʧʝʨʝʤʽʱʝʥʥʷ ʧʨʠ ʜʠʥʘʤʽʯʥʦʤʫ ʚʧʣʠʚʽ 
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ʥʘ ʙʫʜʽʚʣʶ ʟʘ ʥʘʧʨʷʤʦʤ ʍ ʧʨʠ ʚʠʙʫʭʫ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʜʣʷ ʩʪʽʥʠ ʟʘ ʚʽʩʩʶ 1 ʥʘ 

ʜʽʣʷʥʮʽ ʚ ʦʩʷʭ ɹïɯ ʽ ʩʢʣʘʣʠ 0,0503 ʤ [185]. 

 

ʉʠʩʪʝʤʥʠʡ ʘʥʘʣʽʟ.  

 

ʇʨʝʜʩʪʘʚʣʝʥʘ ʦʙʣʘʩʪʴ ʥʘʡʙʽʣʴʰʠʭ ʜʝʬʦʨʤʘʮʽʡ ʥʝʩʫʯʦʾ ʮʝʛʣʷʥʦʾ ʩʪʽʥʠ ʟʘ 

ʚʽʩʩʶ 1 ʧʨʠ ʩʝʡʩʤʽʯʥʠʭ ʚʧʣʠʚʘʭ ʦʙʤʝʞʫʻ ʧʨʦʩʪʽʨ ʛʣʷʜʘʮʴʢʦʛʦ ʟʘʣʫ ʎʝʥʪʨʫ 

ʪʚʦʨʯʦʩʪʽ ʥʘ ʜʨʫʛʦʤʫ ʧʦʚʝʨʩʽ ʙʫʜʽʚʣʽ ʽ ʻ ʥʘʡʙʽʣʴʰ ʥʝʙʝʟʧʝʯʥʦʶ ʜʣʷ ʛʣʷʜʘʯʽʚ. 

ɿʘʣʽʟʦʙʝʪʦʥʥʽ ʙʘʣʢʠ ʧʦʢʨʠʪʪʷ ʥʘ ʚʽʜʤʽʪʮ ̔10.85 ʪʘ ʚʝʨʭʥʽʡ ʧʦʷʩ ʧʦʧʝʨʝʯʥʦʾ 

ʨʘʤʠ ʟʘ ʚʽʩʩʶ ɯ ʥʘ ʚʽʜʤʽʪʮ ̔11.80 ʻ ʥʘʡʙʽʣʴʰ ʚʽʜʧʦʚʽʜʘʣʴʥʠʤʠ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ ʧʦʢʨʽʚʣʽ ʙʫʜʽʚʣʽ, ʪʦʤʫ ʚʠʟʥʘʯʘʶʪʴ ʾʾ ʜʦʚʛʦʚʽʯʥʽʩʪʴ (ʨʝʩʫʨʩ). ɼʣʷ 

ʮʠʭ ʝʣʝʤʝʥʪʽʚ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʨʦʟʨʘʭʫʥʦʢ ʨʠʟʠʢʽʚ ʨʫʡʥʫʚʘʥʥʷ ʟ ʤʝʪʦʶ 

ʚʠʟʥʘʯʝʥʥʷ ʟʥʠʞʝʥʥʷ ʨʝʩʫʨʩʫ ʮʠʭ ʝʣʝʤʝʥʪʽʚ ʟʘ ʩʝʡʩʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʥʘʚʝʜʝʥʽ ʫ ʨʦʙʦʪʽ [186]. 

ʅʘ ʨʠʩ. 4.4 ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʽʜʩʫʤʢʦʚʠʡ ʛʨʘʬʽʢ ʟʤʽʥʠ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ 

ʦʢʨʝʤʦʛʦ ʥʝʩʫʯʦʛʦ ʝʣʝʤʝʥʪʘ ʪʘ ʙʫʜʽʚʣʽ ʎʝʥʪʨʫ ʚ ʮʽʣʦʤʫ ʥʘ ʦʩʥʦʚʽ ʩʠʥʪʝʟʫ 

ʤʘʪʝʨʽʘʣʽʚ ʚʽʟʫʘʣʴʥʦʛʦ ʦʙʩʪʝʞʝʥʥʷ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ʂʦʞʥʘ ʜʽʣʷʥʢʘ ʜʽʘʛʨʘʤʠ ʟʤʽʥʠ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ 

ʙʫʜʽʚʣʽ ʧʦʙʫʜʦʚʘʥʘ ʜʣʷ ʯʘʩʦʚʦʛʦ ʽʥʪʝʨʚʘʣʫ ʙʣʠʟʴʢʦ 30 ʨʦʢʽʚ ʽ ʦʭʦʧʣʶʻ ʚʝʩʴ 

ʧʝʨʽʦʜ ʧʨʦʻʢʪʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʫʜʽʚʣʽ (å100 ʨʦʢʽʚ). ɼʽʘʛʨʘʤʘ ʧʨʝʜʩʪʘʚʣʷʻ 

ʯʦʪʠʨʠ ʢʘʪʝʛʦʨʽʾ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʙʫʜʽʚʣʽ, ʚʠʟʥʘʯʝʥʽ ʟʘ [186]. ɻʨʘʬʽʢ 2 ʟʤʽʥʠ 

ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ʙʫʜʽʚʣʽ ʚʽʜ ʯʘʩʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʊ ʷʚʣʷʻ ʩʦʙʦʶ ʧʣʘʚʥʫ ʢʨʠʚʫ, 

ʷʢʘ ʦʧʠʩʫʻʪʴʩʷ ʪʝʦʨʝʪʠʯʥʦʶ ʟʘʣʝʞʥʽʩʪʶ ʈ=ʈ0 - æʈ(ʊ, ʊ2). ʊʦʯʢʠ ʧʝʨʝʪʠʥʫ 

ʚʝʨʪʠʢʘʣʽ, ʧʨʦʚʝʜʝʥʦʾ ʟ ʩʝʨʝʜʠʥʠ ʽʥʪʝʨʚʘʣʫ ʢʦʞʥʦʾ ʜʽʣʷʥʢʠ ʜʽʘʛʨʘʤʠ ʟʤʽʥʠ 

ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ʙʫʜʽʚʣʽ ʟ ʛʨʘʬʽʢʦʤ 2, ʚʠʟʥʘʯʘʶʪʴ ʟʥʘʯʝʥʥʷ ʽ ʧʦʣʦʞʝʥʥʷ 

ʜʽʣʷʥʢʠ ʜʽʘʛʨʘʤʠ ʜʣʷ ʚʽʜʧʦʚʽʜʥʦʾ ʢʘʪʝʛʦʨʽʾ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʙʫʜʽʚʣʽ. 

ɼʘʥʘ ʟʘʣʝʞʥʽʩʪʴ 2 ʥʝ ʦʧʠʩʫʻ ʥʘʷʚʥʽ ʜʝʬʝʢʪʠ ʪʘ ʚʧʣʠʚʠ. ɸʣʝ ʾʭ ʚʨʘʭʫʚʘʥʥʷ 

ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʙʫʜʽʚʣʽ ʽ, ʟʛʽʜʥʦ ʟ ʥʘʚʝʜʝʥʦ ʁʜʽʘʛʨʘʤʦ ,ʁ 

ʦʮʽʥʠʪʠ ʾʾ ʥʝʩʫʯʫ ʟʜʘʪʥʽʩʪʴ. ʅʝʩʫʯʘ ʟʜʘʪʥʽʩʪʴ ʦʢʨʝʤʦʛʦ ʥʝʩʫʯʦʛʦ ʝʣʝʤʝʥʪʘ 

ʙʫʜʽʚʣʽ ʧʨʠ ʜʽʾ ʟʦʚʥʽʰʥʽʭ ʩʠʣ (ʜʣʷ ʧʨʠʢʣʘʜʫ, ʩʝʡʩʤʽʯʥʠʭ ʚʧʣʠʚʽʚ) ʘʧʨʽʦʨʥʦ ʤʘʻ 

ʙʫʪʠ ʙʽʣʴʰʦʶ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʙʫʜʠʥʢʦʤ ʚ ʮʽʣʦʤʫ ʚ ʙʫʜʴ-ʷʢʠʡ ʤʦʤʝʥʪ ʯʘʩʫ,  
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ʘ ʪʝʨʤʽʥ ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʾ ï ʜʦʚʰʠʤ. ʎʴʦʤʫ ʚʠʩʥʦʚʢʫ ʚʽʜʧʦʚʽʜʘʻ ʛʨʘʬʽʢ 1 ʥʘ 

ʨʠʩ. 4.4. 

ɺʽʜʧʦʚʽʜʥʦ ʛʨʘʬʽʢʠ 3 ʪʘ 4 ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʛʨʘʬʽʢʦʤ 2 ʘʧʨʽʦʨʥʦ 

ʜʝʤʦʥʩʪʨʫʶʪʴ ʟʥʠʞʝʥʥʷ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ʙʫʜʽʚʣʽ ʚ ʮʽʣʦʤʫ ʽ ʪʝʨʤʽʥʽʚ ʾʾ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʩʝʡʩʤʽʯʥʠʭ ʚʧʣʠʚʽʚ (ʛʨʘʬʽʢ 3) ʪʘ ʧʨʠ ʾʭ 

ʧʦʻʜʥʘʥʥʽ ʟ ʫʰʢʦʜʞʝʥʥʷʤʠ (ʛʨʘʬʽʢ 4). ʅʘ ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʙʫʜʽʚʣʽ ʘʙʦ ʥʝʩʫʯʦʛʦ ʝʣʝʤʝʥʪʘ (ʚ ʤʝʞʘʭ 30 ʨʦʢʽʚ) ʟʤʽʥʠ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ʚ 

ʯʘʩʽ ʻ ʥʝʟʥʘʯʥʠʤʠ, ʥʘʚʽʪʴ ʧʨʠ ʜʽʾ ʩʝʡʩʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʪʘ ʧʦʷʚʽ 

ʫʰʢʦʜʞʝʥʴ. ɿʤʝʥʰʝʥʥʷ ʪʝʨʤʽʥʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʫʜʽʚʣʽ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʙʫʜʝ 

ʩʢʣʘʜʘʪʠ æʊå0 (ʪʦʪʦʞʥʽʩʪʴ ʛʨʘʬʽʢʽʚ 1, 2 ʪʘ 4 ʥʘ ʜʘʥʽʡ ʜʽʣʷʥʮʽ). 

ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʧʝʨʽʦʜʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʫʜʽʚʣʽ ʚʧʣʠʚ ʩʝʡʩʤʽʯʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʚʽʜ ʧʨʦʤʠʩʣʦʚʠʭ ʚʠʙʫʭʽʚ ʪʘ ʧʦʻʜʥʘʥʥʷ ʾʾ ʟ ʫʰʢʦʜʞʝʥʥʷʤʠ 

ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʜʽʚʣʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʦʟʚʠʪʢʫ ʚʠʷʚʣʝʥʠʭ ʜʝʬʝʢʪʽʚ ʽ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʠʩʢʦʨʝʥʦʛʦ ʟʤʝʥʰʝʥʥʷ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ʙʫʜʽʚʣʽ. 

ɸʚʘʨʽʡʥʠʡ ʩʪʘʥ ʙʫʜʽʚʣʽ ʟʘ ɼʉʊʋ [78] ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷʤ ʥʝʩʫʯʦʾ 

ʟʜʘʪʥʦʩʪʽ ʙʫʜʽʚʣʽ ʜʦ ʟʥʘʯʝʥʥʷ 55% ʚʽʜ ʧʦʯʘʪʢʦʚʦʛʦ ʟʥʘʯʝʥʥʷ (100%).  

ɺʠʟʥʘʯʝʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʙʫʜʽʚʣʽ ʧʨʦʚʦʜʠʪʴʩʷ ʥʘ ʦʩʥʦʚʽ 

ʚʽʟʫʘʣʴʥʠʭ ʽ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʝʩʫʯʠʭ ʪʘ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ. ʋʪʦʯʥʝʥʥʷ ʟʥʘʯʝʥʥʷ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ʙʫʜʽʚʣʽ ʧʨʦʚʦʜʠʪʴʩʷ ʥʘ 

ʦʩʥʦʚʽ ʨʦʟʨʘʭʫʥʢʫ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʤʦʜʝʣʝʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʝʟʫʣʴʪʘʪʽʚ 

ʚʠʱʝʥʘʟʚʘʥʠʭ ʦʙʩʪʝʞʝʥʴ. 

ʇʨʦʚʝʜʝʥʥʷ ʦʙʩʪʝʞʝʥʴ ʙʫʜʽʚʣʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʾʾ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʽ 

ʚʠʢʦʥʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʜʣʷ ʦʮʽʥʢʠ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ 

ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʠʪʠ ʟʘ ʛʨʘʬʽʢʘʤʠ 2 ʪʘ 4 ʟʤʝʥʰʝʥʥʷ ʪʝʨʤʽʥʫ ʝʢʩʧʣʫʘʪʘʮʽʾ 

æʊ ʥʘ ʤʦʤʝʥʪ ʦʙʩʪʝʞʝʥʴ. ʅʘ ʨʠʩ. 4.5 ʧʨʝʜʩʪʘʚʣʝʥʦ ʟʥʘʯʝʥʥʷ ʥʝʩʫʯʦʾ 

ʟʜʘʪʥʦʩʪʽ ʙʫʜʽʚʣʽ ʈ1 ʜʣʷ ʧʝʨʽʦʜʫ ʝʢʩʧʣʫʘʪʘʮʽʾ 40 ʨʦʢʽʚ. ɼʣʷ ʜʘʥʦʛʦ ʧʝʨʽʦʜʫ 

ʝʢʩʧʣʫʘʪʘʮʽʾ  ʙʫʜʽʚʣʽ ʟʥʠʞʝʥʥʷ ʥʘʙʫʚʘʻ ʟʥʘʯʝʥʥʷ æʊ1. 

ɼʣʷ ʘʚʘʨʽʡʥʦʛʦ ʟʥʘʯʝʥʥʷ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ʈ=55% ʟʤʝʥʰʝʥʥʷ ʪʝʨʤʽʥʫ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʫʜʽʚʣʽ ʙʫʜʝ ʤʘʢʩʠʤʘʣʴʥʠʤ æʊmax. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʫʜʽʚʣʽ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʨʦʻʢʪʥʠʤ 



136 

ʊʧʨ=100 ʨʦʢʽʚ ʩʢʦʨʦʪʠʪʴʩʷ ʜʦ ʟʥʘʯʝʥʥʷ ʊ=ʊʧʨ -æʊmax. 

ɼʣʷ ʧʦʧʝʨʝʜʞʝʥʥʷ ʩʫʪʪʻʚʦʛʦ ʟʤʝʥʰʝʥʥʷ ʪʝʨʤʽʥʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʫʜʽʚʣʽ 

ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʫʰʢʦʜʞʝʥʴ ʪʘ ʜʽʾ ʩʝʡʩʤʽʯʥʠʭ ʚʧʣʠʚʽʚ ʥʝʦʙʭʽʜʥʦ ʟʙʽʣʴʰʠʪʠ 

ʧʝʨʽʦʜʠʯʥʽʩʪʴ ʚʽʟʫʘʣʴʥʠʭ ʪʘ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʦʙʩʪʝʞʝʥʴ ʧʽʩʣʷ 40 ʨʦʢʽʚ ʾʾ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. ʋʪʦʯʥʝʥʥʷ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ʙʫʜʽʚʣʽ ʥʘ ʦʩʥʦʚʽ ʚʽʜʧʦʚʽʜʥʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʤʦʜʝʣʽ ʙʫʜʠʥʢʫ ʙʘʞʘʥʦ ʚʠʢʦʥʘʪʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʥʦʚʠʭ ʜʘʥʠʭ ʦʙʩʪʝʞʝʥʴ ʜʣʷ ʧʝʨʽʦʜʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʫʜʽʚʣʽ 60 ʪʘ 70 ʨʦʢʽʚ. 

ɼʦʩʪʦʚʽʨʥʽʩʪʴ ʪʘ ʧʦʛʣʠʙʣʝʥʠʡ ʘʥʘʣʽʟ ʦʜʝʨʞʘʥʠʭ ʜʘʥʠʭ ʧʨʠ 

ʡʤʦʚʽʨʥʦʤʫ ʧʨʦʜʦʚʞʝʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʜʽʚʣʽ ʎʝʥʪʨʫ 

ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʰʣʷʭʦʤ ʧʦʚʪʦʨʝʥʥʷ (ʷʢ ʦʙʦʚôʷʟʢʦʚʘ ʫʤʦʚʘ) ʩʭʝʤ, 

ʢʽʣʴʢʽʩʥʦʛʦ ʩʢʣʘʜʫ, ʪʠʧʫ ʽ ʤʽʩʮʴ ʨʦʟʤʽʱʝʥʥʷ ʥʘ ʢʦʥʩʪʨʫʢʮʽʷʭ ʙʫʜʽʚʣʽ 

ʚʽʙʨʦʧʝʨʝʪʚʦʨʶʚʘʯʽʚ, ʷʢʽ ʙʫʣʠ ʟʘʩʪʦʩʦʚʘʥʽ ʧʨʠ ʧʝʨʰʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ. ɿʘ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʩʭʝʤʠ ʨʦʟʤʽʱʝʥʥʷ ʚʽʙʨʦʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʤʦʞʫʪʴ ʙʫʪʠ 

ʜʦʧʦʚʥʝʥʽ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʽʟʫʘʣʴʥʠʭ ʦʙʩʪʝʞʝʥʴ.  

ʋ ʧʽʜʩʫʤʢʫ, ʷʢ ʚʠʧʣʠʚʘʻ ʟ ʨʠʩ. 4.4 [132, 185, 187], ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʚʽʢ 

ʙʫʜʽʚʣʽ ʎʝʥʪʨʫ ʟʤʝʥʰʠʚʩʷ ʥʘ 30 ʨʦʢʽʚ. ʈʝʟʫʣʴʪʘʪʠ ʚʽʟʫʘʣʴʥʦʛʦ ʦʙʩʪʝʞʝʥʥʷ, 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʽ ʜʘʥʽ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʟʘʛʘʣʴʥʠʡ 

ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʙʫʜʽʚʣʽ ʎʝʥʪʨʫ ʚʞʝ ʟʘʨʘʟ ʛʦʚʦʨʠʪʴ ʧʨʦ ʾʾ ʥʝʧʨʠʜʘʪʥʽʩʪʴ ʜʦ 

ʥʦʨʤʘʣʴʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɸ ʧʨʠ ʧʨʦʜʦʚʞʝʥʥʽ ʧʨʦʤʠʩʣʦʚʠʭ ʚʠʙʫʭʽʚ, ʱʦ 

ʧʨʦʚʦʢʫʶʪʴ ʥʘʨʦʩʪʘʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʜʝʬʝʢʪʽʚ ʫ ʥʝʩʫʯʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʷʭ ʙʫʜʽʚʣʽ ʎʝʥʪʨʫ, ʨʠʟʠʢ ʨʫʡʥʫʚʘʥʥʷ ʟʙʽʣʴʰʠʪʴʩʷ. ɺʩʝ ʮʝ 

ʧʨʠʩʢʦʨʶʻ ʾʾ ʩʪʘʨʽʥʥʷ ʪʘ ʧʨʠʰʚʠʜʰʫʻ ʟʥʠʞʝʥʥʷ ʨʝʩʫʨʩʫ (ʟʨʦʩʪʘʥʥʷ æʊ1). 

 

ɺʠʩʥʦʚʢʠ ʟʘ ʨʦʟʜʽʣʦʤ 4.1.  

 

1. ɼʠʥʘʤʽʯʥʠʡ ʚʧʣʠʚ ʚʽʜ ʧʨʦʤʠʩʣʦʚʠʭ ʚʠʙʫʭʽʚ ʥʘ ʞʠʪʣʦʚʠʡ ʬʦʥʜ ʤ. 

ʂʨʠʚʠʡ ʈʽʛ ʽʥʪʝʛʨʘʣʴʥʦ ʦʮʽʥʶʻʪʴʩʷ ʚ ʤʝʞʘʭ 2ï3 (4) ʙʘʣʽʚ ʥʘ ʦʩʥʦʚʽ 

ʜʦʩʣʽʜʞʝʥʴ ʽ ʦʪʨʠʤʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʫ 2005ï2012 ʨʨ. 

ɿʘʬʽʢʩʦʚʘʥʘ ʧʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʤʘʩʘ ʚʠʙʫʭʦʚʠʭ ʨʝʯʦʚʠʥ ʫ 

ʟʘʣʽʟʦʨʫʜʥʠʭ ʢʘʨ'ʻʨʘʭ ʫ 2008ï2012 ʨʨ. ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʘ 652 ʪ. 
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2. ɿʤʝʥʰʝʥʥʷ ʨʽʚʥʷ ʜʠʥʘʤʽʯʥʦʾ ʜʽʾ ʧʨʦʤʠʩʣʦʚʠʭ ʚʠʙʫʭʽʚ ʥʘ ʙʫʜʽʚʣʽ ʪʘ 

ˇʨʫʥʪ ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʣʠʰʝ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ (ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʧʦʚʽʣʴʥʶʚʘʯʽʚ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʚʠʙʫʭʽʚ) ʧʽʜ ʯʘʩ ʚʠʙʫʭʽʚ ʤʘʩʦʶ 500ï650 ʪ 

ʫ ʢʘʨ'ʻʨʽ ʇʽʚʜɻɿʂ ʥʝ ʜʦʟʚʦʣʷʻ ʽʩʪʦʪʥʦ ʟʥʠʟʠʪʠ ʾʭ ʽʥʪʝʥʩʠʚʥʽʩʪʴ. 

3. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʛʽʙʨʠʜʥʠʡ ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʞʠʪʪʻʚʦʛʦ ʨʝʩʫʨʩʫ 

ʎʝʥʪʨʫ ʜʦʟʚʦʣʷʻ ʧʦʰʠʨʠʪʠ ʡʦʛʦ ʜʣʷ ʜʠʥʘʤʽʯʥʦʾ ʧʘʩʧʦʨʪʠʟʘʮʽʾ ʙʫʜʽʚʝʣʴ ʽ 

ʩʧʦʨʫʜ ʚ ʋʢʨʘʾʥʽ ʪʘ ʚʞʝ ʟʘʨʘʟ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʩʧʽʚʨʦʙʽʪʥʠʢʘʤʠ ɼʇ ʅɼɯɹʂ 

ʧʨʠ ʢʦʤʧʣʝʢʩʥʽʡ ʦʮʽʥʮʽ ʟʨʫʡʥʦʚʘʥʠʭ ʪʘ ʧʦʰʢʦʜʞʝʥʠʭ ʙʫʜʽʚʝʣʴ ʚ ʤʽʩʪʘʭ 

ɹʦʨʦʜʷʥʢʘ, ɹʫʯʘ, ɺʦʨʟʝʣ,ɹ ɻʦʩʪʦʤʝʣ,ɹ ɯʨʧʥ̔ɹ, ʏʝʨʥʽʛʚ̔ ʪʘ ʽʥʰʠʭ ʤʽʩʪʘʭ 

ʋʢʨʘʾʥʠ, ʜʝ ʧʨʠʧʠʥʠʣʠʩʷ ʙʦʡʦʚʽ ʜʽʾ. 

 

4.2. ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʧʨʫʞʝʥʦʛʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ 

ʩʪʘʥʫ ʪʘ ʦʮʽʥʢʘ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʤʽʩʴʢʦʾ ʟʘʙʫʜʦʚʠ ʧʨʠ ʚʣʫʯʘʥʥʽ ʨʘʢʝʪʠ 

ʫ ʙʫʜʠʥʦʢ ʧʦ ʧʨ. ʃʦʙʘʥʦʚʩʴʢʦʛʦ, 6ɸ, ʤ. ʂʠʾʚ 

 

ʋ 2022 ʨ. ʧʨʦʙʣʝʤʘ ʩʠʩʪʝʤʥʦʾ ʦʮʽʥʢʠ ʜʠʥʘʤʽʯʥʠʭ ʚʧʣʠʚʽʚ ʥʘ ʮʠʚʽʣʴʥʫ 

ʪʘ ʧʨʦʤʠʩʣʦʚʫ ʟʘʙʫʜʦʚʫ ʚ ʋʢʨʘʾʥʽ ʥʘʙʫʣʘ ʦʩʦʙʣʠʚʦʾ ʛʦʩʪʨʦʪʠ ʫ ʟʚ'ʷʟʢʫ ʽʟ 

ʟʘʛʘʨʙʥʠʮʴʢʦʶ ʚʽʡʥʦʶ ʨʦʩʽʡʩʴʢʦʾ ʬʝʜʝʨʘʮʽʾ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʤʘʪʝʤʘʪʠʯʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʨʦʟʨʘʭʫʥʢʠ ʙʫʜʽʚʝʣʴ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʦʜʠʪʠ ʚ ʫʤʦʚʘʭ 

çʧʨʦʛʨʝʩʫʶʯʦʛʦ ʦʙʚʘʣʝʥʥʷè [187ï191]: ʫ ʛʨʘʬʽʯʥʽʡ ʤʦʜʝʣʽ ʙʫʜʽʚʣʽ 

ʥʝʦʙʭʽʜʥʦ ʚʠʢʣʶʯʘʪʠ ʦʜʠʥ ʘʙʦ ʢʽʣʴʢʘ ʾʾ ʬʨʘʛʤʝʥʪʽʚ, ʷʢʽ ʙʫʣʠ ʟʨʫʡʥʦʚʘʥʽ 

ʚʥʘʩʣʽʜʦʢ ʚʣʫʯʘʥʥʷ ʨʘʢʝʪ, ʩʥʘʨʷʜʽʚ, ʤʽʥ ʪʦʱʦ.  

ʇʨʠ ʮʴʦʤʫ ʤʦʞʣʠʚʽ ʪʘʢʽ ʪʨʠ ʚʠʧʘʜʢʠ: ʙʫʜʽʚʣʷ ʧʦʚʥʽʩʪʶ ʟʨʫʡʥʦʚʘʥʘ ʪʘ 

ʚʽʜʥʦʚʣʝʥʥʶ ʥʝ ʧʽʜʣʷʛʘʻ (1); ʙʫʜʽʚʣʷ ʯʘʩʪʢʦʚʦ ʟʨʫʡʥʦʚʘʥʘ ʪʘ ʧʽʜʣʷʛʘʻ 

ʚ̔ ʜʥʦʚʣʝʥʥʶ (2); ʙʫʜʽʚʣʷ ʟʦʚʥʽ ʚʠʛʣʷʜʘʻ ʥʝʧʦʰʢʦʜʞʝʥʦʶ, ʘʣʝ ʟʥʘʭʦʜʠʣʘʩʷ 

ʚ ʟʦʥʽ ʙʦʡʦʚʠʭ ʜʽʡ ʽ ʟʘʟʥʘʚʘʣʘ ʜʠʥʘʤʽʯʥʠʭ ʚʧʣʠʚʽʚ (3). ɺ ʦʩʪʘʥʥʽʭ ʜʚʦʭ 

ʚʠʧʘʜʢʘʭ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʚʧʣʠʚ ˇʨʫʥʪʦʚʠʭ ʽ ʧʦʚʽʪʨʷʥʠʭ ʫʜʘʨʥʠʭ 

ʭʚʠʣʴ (ʜʠʥʘʤʽʯʥʽ ʚʧʣʠʚʠ) ʥʘ ʧʦʛʽʨʰʝʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʙʫʜʽʚʣʽ ʪʘ 

ʢʽʣʴʢʽʩʥʫ ʦʮʽʥʢʫ ʧʘʜʽʥʥʷ ʾʾ ʞʠʪʪʻʚʦʛʦ ʨʝʩʫʨʩʫ 
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ʆʪʞʝ, ʤʝʪʦʶ ʻ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʦʣʦʛʽʾ ʢʦʤʧʣʝʢʩʥʦʾ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ 

ʧʘʜʽʥʥʷ ʨʝʩʫʨʩʫ ʙʫʜʽʚʝʣʴ, ʱʦ ʟʘʟʥʘʣʠ ʜʠʥʘʤʽʯʥʦʛʦ ʚʧʣʠʚʫ ʚʥʘʩʣʽʜʦʢ 

ʙʦʡʦʚʠʭ ʜʽʡ. 

 

ʄʝʪʦʜʠʢʘ ʯʠʩʝʣʴʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ 

ʙʫʜʽʚʣʽ.  

 

ʏʠʩʝʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʤʫʰʝʥʠʭ ʢʦʣʠʚʘʥʴ ʧʨʦʩʪʦʨʦʚʠʭ 

ʙʘʛʘʪʦʤʘʩʦʚʠʭ ʣʽʥʽʡʥʠʭ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʜʠʥʘʤʽʯʥʠʭ ʤʦʜʝʣʝʡ ʙʫʜʽʚʝʣʴ ʧʨʠ 

ʚʧʣʠʚʘʭ ʙʦʡʦʚʠʭ ʜʽʡ ʚʠʢʦʥʘʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ 

ʃɯʈɸ ʉɸʇʈ, ʫ ʷʢʦʤʫ ʨʝʘʣʽʟʦʚʘʥʦ ʤʝʪʦʜ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ [192]. 

ʈʦʟʨʘʭʫʥʢʠ ʥʘ ʜʠʥʘʤʽʯʥʽ ʚʧʣʠʚʠ (ʨʽʟʥʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ, ʧʨʠ ʷʢʽʡ ʙʫʜʽʚʝʣʴʥʽ 

ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʘʮʶʶʪʴ ʫ ʧʨʫʞʥʽʡ ʩʪʘʜʽʾ) ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʢʦʤʧʣʝʢʩʽ ʃɯʈɸ 

ʉɸʇʈ ʚʠʢʦʥʫʚʘʣʠʩʷ ʥʘ ʙʘʟʽ ʩʢʽʥʯʝʥʥʦʝʣʝʤʝʥʪʥʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʤʦʜʝʣʽ 

ʙʫʜʽʚʣʽ (ʨʠʩ. 4.5) ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ 

ʟ ʧʦʩʪʽʡʥʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ: 

,                     (4.9) 

 

ʜʝ [M], [ʉ], [K] ï ʧʦʩʪʽʡʥʽ ʤʘʪʨʠʮʽ ʤʘʩ, ʜʝʤʧʬʽʨʫʚʘʥʥʷ ʽ ʞʦʨʩʪʢʦʩʪʽ ʩʠʩʪʝʤʠ; 
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 ï ʢʽʥʝʤʘʪʠʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʧʨʠʩʢʦʨʝʥʥʷ ˇʨʫʥʪʫ ʚ ʦʩʥʦʚʽ ʙʫʜʽʚʣʽ), ʷʢʝ 

ʚʽʜʧʦʚʽʜʘʻ ʯʘʩʫ t. 

ʇʦʯʘʪʢʦʚʽ ʰʚʠʜʢʦʩʪʽ ʧʨʠʡʤʘʶʪʴʩʷ ʥʫʣʴʦʚʠʤʠ, ʘ ʧʦʯʘʪʢʦʚʽ ʧʝʨʝʤʽʱʝʥʥʷ 

ʦʪʨʠʤʫʶʪʴʩʷ ʟ ʨʽʰʝʥʥʷ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ (1) ʧʨʠ ʧʝʨʰʦʤʫ ʟʘʚʘʥʪʘʞʝʥʥʽ 
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ʈʠʩ. 4.5. ʇʨʦʩʪʦʨʦʚʘ ʨʦʟʨʘʭʫʥʢʦʚʘ ʜʠʥʘʤʽʯʥʘ ʤʦʜʝʣʴ ʙʫʜʽʚʣʽ ʷʢ ʢʦʥʪʠʥʫʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʫʞʥʦʾ ʨ̌ʫʥʪʦʚʦʾ ʦʩʥʦʚʠ (ʂʭ, ʂʫ, ʂz, K  ), ʤʘʩʠ mʬ, ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ 

ʬʫʥʜʘʤʝʥʪʫ ʽʬ, ʤʘʩ m, ʤʦʤʝʥʪʽʚ ʽʥʝʨʮʽʾ ʽ0, ʟʩʫʚʥʦʾ GF ʪʘ ʟʛʠʥʘʣʴʥʦʾ EI ʞʦʨʩʪʢʦʩʪʝʡ 

ʢʦʥʩʪʨʫʢʮʽʡ ʧʦʚʝʨʭʽʚ ʙʫʜʽʚʣʽ 
 

  

j
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ɯʟ ʨʦʟʛʣʷʜʫ (1) ʷʢ ʩʠʩʪʝʤʠ ʟʚʠʯʘʡʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʟ 

ʧʦʩʪʽʡʥʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʚʠʧʣʠʚʘʻ, ʱʦ ʘʧʨʦʢʩʠʤʫʚʘʪʠ ʰʚʠʜʢʦʩʪʽ, 

ʧʨʠʩʢʦʨʝʥʥʷ ʪʘ ʧʝʨʝʤʽʱʝʥʥʷ ʤʦʞʥʘ ʩʢʽʥʯʝʥʥʦʨʽʟʥʠʮʝʚʠʤʠ ʚʠʨʘʟʘʤʠ ʚ 

ʧʝʨʝʤʽʱʝʥʥʷʭ. ɼʣʷ ʧʨʠʩʢʦʨʝʥʴ ʫ ʤʦʤʝʥʪ ʯʘʩʫ t ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ 

ʮʝʥʪʨʘʣʴʥʠʭ ʨʽʟʥʠʮʴ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ ʨʫʭʫ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ [193]: 

 

(4.10) 

 

çʅʦʚʽè ʧʝʨʝʤʽʱʝʥʥʷ  ʚʠʟʥʘʯʘʶʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʘʥʽʰʝ 

ʦʪʨʠʤʘʥʠʭ ʧʝʨʝʤʽʱʝʥʴ  ʪʘ  ʧʨʠ ʯʠʩʝʣʴʥʦʤʫ ʚʠʨʽʰʝʥʥʽ 

ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ (4.11). ʋ ʥʘʫʢʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ ʧʦʜʽʙʥʽ ʩʭʝʤʠ ʽʥʪʝʛʨʫʚʘʥʥʷ 

ʥʘʟʠʚʘʶʪʴʩʷ ʩʭʝʤʘʤʠ ʥʝʷʚʥʦʛʦ ʽʥʪʝʛʨʫʚʘʥʥʷ. ʎʷ ʩʭʝʤʘ ʦʪʨʠʤʘʣʘ ʥʘʟʚʫ 

ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʮʝʥʪʨʘʣʴʥʠʭ ʨʽʟʥʠʮʴ. ʈʽʚʥʷʥʥʷ (2) ʻ ʚʠʭʽʜʥʠʤʠ ʧʨʠ 

ʚʠʨʽʰʝʥʥʽ ʷʢ ʣʽʥʽʡʥʠʭ, ʪʘʢ ʽ ʥʝʣʽʥʽʡʥʠʭ ʟʘʜʘʯ ʧʨʷʤʠʤ ʜʠʥʘʤʽʯʥʠʤ ʨʦʟʨʘʭʫʥʢʦʤ 

ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʢʦʤʧʣʝʢʩʽ ʃɯʈɸ ʉɸʇʈ [194]. ʋ ʧʦʜʘʣʴʰʦʤʫ ʚ ʧʨʦʛʨʘʤʥʦʤʫ 

ʢʦʤʧʣʝʢʩʽ ʃɯʈɸ ʚʠʢʦʥʫʻʪʴʩʷ ʢʨʦʢʦʚʠʡ ʥʝʣʽʥʽʡʥʠʡ ʧʨʦʩʪʦʨʦʚʠʡ ʨʦʟʨʘʭʫʥʦʢ 

ʙʫʜʽʚʣʽ ʧʨʠ ʜʽʾ ʩʪʘʪʠʯʥʠʭ ʚʝʨʪʠʢʘʣʴʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ 

ʜʠʥʘʤʽʯʥʠʭ ʚʧʣʠʚʽʚ ʟʘ ʜʚʦʤʘ ʥʘʧʨʷʤʢʘʤʠ (X, Y). ɺ ʨʝʟʫʣʴʪʘʪʽ ʥʘ ʢʦʞʥʦʤʫ i-ʤʫ 

ʢʨʦʮʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʥʘʭʦʜʷʪʴʩʷ ʧʝʨʝʤʽʱʝʥʥʷ ʍi ʪʘ ʢʫʪʠ ʧʦʚʦʨʦʪʫ Ui, ʟʫʩʠʣʣʷ 

ʚ ʢʦʣʦʥʘʭ, ʨʠʛʝʣʷʭ, ʧʣʠʪʘʭ ʧʝʨʝʢʨʠʪʪʽʚ, ʥʘʧʨʫʞʝʥʥʷ ʚ ʝʣʝʤʝʥʪʘʭ ʩʪʽʥ, ʘ ʪʘʢʦʞ 

ʩʪʘʥ ʙʝʪʦʥʫ ʪʘ ʘʨʤʘʪʫʨʠ. 

ɿʘʟʥʘʯʠʤʦ, ʱʦ ʧʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ ʃɯʈɸ [192, 194] ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ 

ʘʤʧʣʽʪʫʜʠ ʧʝʨʝʤʽʱʝʥʴ, ʰʚʠʜʢʦʩʪʝʡ, ʧʨʠʩʢʦʨʝʥʴ ʚʫʟʣʽʚ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʽʪʢʠ ʪʘ 

ʥʘʧʨʫʞʝʥʥʷ, ʧʨʦʪʝ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʟʘʣʠʰʢʦʚʠʭ ʜʝʬʦʨʤʘʮʽʡ ʙʝʪʦʥʫ ʪʘ ʪʽʣʴʢʠ 

ʜʣʷ ʢʽʥʮʝʚʠʭ ʝʣʝʤʝʥʪʽʚ ʙʘʣʦʢ-ʩʪʽʥʦʢ. ʆʪʨʠʤʫʚʘʥʽ ʧʨʠ ʮʴʦʤʫ ʨʦʟʨʘʭʫʥʢʦʚʽ 

ʜʠʥʘʤʽʯʥʽ ʜʽʘʛʨʘʤʠ ʜʝʬʦʨʤʫʚʘʥʥʷ ʧʦʚʝʨʭʽʚ ʙʫʜʽʚʣʽ ʜʦʟʚʦʣʷʶʪʴ ʟʛʦʜʦʤ 

ʚʠʢʦʥʫʚʘʪʠ ʥʝʣʽʥʽʡʥʠʡ ʜʠʥʘʤʽʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʙʘʛʘʪʦʤʘʩʦʚʦʾ ʤʦʜʝʣʽ ʙʫʜʽʚʣʽ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʬʽʟʠʯʥʦʾ ʥʝʣʽʥʽʡʥʦʩʪʽ ʙʝʪʦʥʫ ʪʘ ʘʨʤʘʪʫʨʠ ʧʨʠ ʟʥʘʢʦʟʤʽʥʥʠʭ 

ʜʠʥʘʤʽʯʥʠʭ ʚʧʣʠʚʘʭ, ʘ ʪʘʢʦʞ ʨʽʟʥʦʛʦ ʜʝʤʧʬʽʨʫʚʘʥʥʷ ʧʽʜʩʠʩʪʝʤ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 
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ʥʘʪʫʨʥʠʭ ʘʙʦ ʩʠʥʪʝʟʦʚʘʥʠʭ ʘʢʩʝʣʝʨʦʛʨʘʤ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʘʣʠʰʢʦʚʦʛʦ ʨʝʩʫʨʩʫ ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʦʾ ʙʫʜʽʚʣʽ ʧʦ 

ʧʨʦʩʧʝʢʪʫ ʃʦʙʘʥʦʚʩʴʢʦʛʦ, 6ɸ, ʫ ʤʽʩʪʽ ʂʠ̒ʚ̔, ʧʽʩʣʷ ʚʣʫʯʘʥʥʷ ʚ ʥʝʾ ʨʘʢʝʪʠ ʙʫʣʦ 

ʟʘʩʪʦʩʦʚʘʥʦ ʪʝʦʨʝʪʠʢʦ-ʤʝʪʦʜʦʣʦʛʽʯʥʽ ʪʘ ʧʨʘʢʪʠʯʥʽ ʥʘʧʨʘʮʶʚʘʥʥʷ 

ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ. ʅʘʪʫʨʥʽ ʘʙʦ ʩʠʥʪʝʟʦʚʘʥʽ ʘʢʩʝʣʝʨʦʛʨʘʤʠ ʻ ʧʦʯʘʪʢʦʚʠʤʠ 

ʫʤʦʚʘʤʠ ʜʣʷ ʯʠʩʝʣʴʥʦʛʦ ʚʠʨʽʰʝʥʥʷ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʦʾ ʟʘʜʘʯʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʃɯʈɸ. ʇʽʩʣʷ ʮʴʦʛʦ ʚʠʢʦʥʫʻʪʴʩʷ ʦʮʽʥʢʘ ʨʠʟʠʢʽʚ 

ʨʫʡʥʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʜʽʚʣʽ ʥʘ ʥʘʩʪʫʧʥʠʭ ʝʪʘʧʘʭ. 

ɺʽʟʫʘʣʴʥʽ ʦʙʩʪʝʞʝʥʥʷ ʯʘʩʪʢʦʚʦ ʟʨʫʡʥʦʚʘʥʠʭ ʘʙʦ ʧʦʰʢʦʜʞʝʥʠʭ ʙʫʜʽʚʝʣʴ 

ʚʥʘʩʣʽʜʦʢ ʙʦʡʦʚʠʭ ʜʽʡ ʧʨʦʚʦʜʠʣʠʩʷ ʟʘ ʘʜʨʝʩʘʤʠ:  

- ʧʨʦʩʧʝʢʪ ʃʦʙʘʥʦʚʩʴʢʦʛʦ, 6ɸ ʫ ʤʽʩʪʽ ʂʠ̒ʚ̔ (ʨʠʩ. 3.2, 3.4, 4.6 ʪʘ 4.7 

(ʥʘʩʣʽʜʢʠ ʚʣʫʯʘʥʥʷ ʨʘʢʝʪʠ)) [176, 177];  

 
ʈʠʩ. 4.6. ʈʫʡʥʫʚʘʥʥʷ ʪʘ ʜʝʬʦʨʤʫʚʘʥʥʷ ʧʽʣʦʥʘ ʚ ʦʩʷʭ 2/ɾ ʥʘ 20 ʧʦʚʝʨʩʽ, ʟʘʚʠʩʣʘ ʯʘʩʪʠʥʘ ʟʨʫʡʥʦʚʘʥʦʾ 

ʧʣʠʪʠ ʧʝʨʝʢʨʠʪʪʷ ʥʘʜ 21 ʧʦʚʝʨʭʦʤ (ʚʠʛʣʷʜ ʟ ʙʦʢʫ ʦʩʽ ʀ) [176] 
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ʈʠʩ. 4.7. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʟʨʫʡʥʦʚʘʥʦʾ ʯʘʩʪʠʥʠ ʙʫʜʠʥʢʫ ï ʬʘʩʘʜ ʚ ʦʩʷʭ ʂïʀ/8ï1 [176] 
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- ʚʫʣʠʮʷ ʂʠʻʚʦ-ʄʠʨʦʮʴʢʘ, 104ɹ ʫ ʤ̔ ʩʪʽ ɹʫʯʘ, ʂʠʾʚʩʴʢʦʾ ʦʙʣʘʩʪʽ 

(ʧʦʰʢʦʜʞʝʥʦ ʚʥʘʩʣʽʜʦʢ ʚʽʡʩʴʢʦʚʠʭ ʜʽʡ; ʨʠʩ. 4.8 ʪʘ 4.9) [196]; 

 
ʈʠʩ. 4.8. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʛʦʣʦʚʥʦʛʦ ʬʘʩʘʜʫ ʙʫʜʠʥʢʫ [196]  

 
ʈʠʩ. 4.9. ɿʨʫʡʥʦʚʘʥʽ ʧʣʠʪʠ ʧʝʨʝʢʨʠʪʪʷ ʥʘʜ ʧʽʜʚʘʣʦʤ, ʧʦʰʢʦʜʞʝʥʥʷ ʮʝʛʣʷʥʠʭ ʧʝʨʝʛʦʨʦʜʦʢ [196] 
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- ʢʦʨʧʫʩ ˉ2 ʞʠʪʣʦʚʦʛʦ ʙʫʜʠʥʢʫ ʧʦ ʚʫʣʠʮʽ ɻʝʥʝʨʘʣʘ ɹʻʣʦʚʘ, 37 ʫ ʤ̔ ʩʪʽ 

ʏʝʨʥʽʛʽʚ (ʧʦʰʢʦʜʞʝʥʦ ʚʥʘʩʣʽʜʦʢ ʚʽʡʩʴʢʦʚʠʭ ʜʽʡ; ʨʠʩ. 4.10 ʪʘ 4.11) [197]. 

 
ʈʠʩ. 4.10. ʃʦʢʘʣʴʥʽ ʨʫʡʥʫʚʘʥʥʷ ʙʝʪʦʥʫ ʪʘ ʘʨʤʘʪʫʨʥʠʭ ʩʪʨʠʞʥʽʚ ʟʦʚʥʽʰʥʽʭ ʩʪʽʥʦʚʠʭ ʧʘʥʝʣʝʡ ʚ ʦʩʷʭ 

ɾ/14ï15 (ʧʦʚʝʨʭ 5, ʢʚ. 55) [197] 

 
ʈʠʩ. 4.11. ʃʦʢʘʣʴʥʽ ʨʫʡʥʫʚʘʥʥʷ ʙʝʪʦʥʫ ʪʘ ʘʨʤʘʪʫʨʥʠʭ ʩʪʨʠʞʥʽʚ ʚʥʫʪʨʽʰʥʽʭ ʩʪʽʥʦʚʠʭ ʧʘʥʝʣʝʡ ʚ ʦʩʽ 

ɾ/15 (ʧʦʚʝʨʭ 5, ʢʚ. 55) [197] 



145 

ʋ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʟʚʽʪʘʭ ɼʇ ʅɼɯɹʂ ʤʽʩʪʷʪʴʩʷ ʚʽʜʧʦʚʽʜʥʽ ʬʦʪʦʬʽʢʩʘʮʽʾ ʪʘ 

ʜʝʪʘʣʴʥʠʡ ʦʧʠʩ ʧʦʰʢʦʜʞʝʥʴ ʪʘ ʨʫʡʥʫʚʘʥʴ [176, 177]. ʂʦʤʧôʶʪʝʨʥʘ ʤʦʜʝʣʴ 

ʙʫʜʽʚʣʽ ʧʦ ʧʨʦʩʧʝʢʪʫ ʃʦʙʘʥʦʚʩʴʢʦʛʦ, 6ɸ ʚ ʤ. ʂʠʻʚʽ ʟ ʝʣʝʤʝʥʪʘʤʠ ʫʰʢʦʜʞʝʥʴ ʚ 

ʤʝʞʘʭ 18ï21 ʧʦʚʝʨʭʽʚ (3 ʝʪʘʧ ʄʝʪʦʜʠʢʠ) ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 4.12.  

 

 

ʈʠʩ. 4.12. ʂʦʤʧôʶʪʝʨʥʘ ʤʦʜʝʣʴ ʙʫʜʽʚʣʽ ʧʦ ʧʨʦʩʧʝʢʪʫ ʃʦʙʘʥʦʚʩʴʢʦʛʦ, 6ɸ ʚ ʤ. ʂʠʻʚʽ ʟ 

ʝʣʝʤʝʥʪʘʤʠ ʫʰʢʦʜʞʝʥʴ ʚ ʤʝʞʘʭ 18ï21 ʧʦʚʝʨʭʽʚ 
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ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʧʨʦʩʪʦʨʦʚʦʾ ʤʦʜʝʣʽ ʬʨʘʛʤʝʥʪʫ ʙʫʜʠʥʢʫ ʥʘ 

ʩʪʘʪʠʯʥʽ ʽ ʜʠʥʘʤʽʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʚʠʟʥʘʯʝʥʥʷ ʟʫʩʠʣʴ ʚ ʽʩʥʫʶʯʠʭ ʝʣʝʤʝʥʪʘʭ 

ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʫʡʥʫʚʘʥʥʷ ʯʘʩʪʠʥʠ ʥʝʩʫʯʠʭ ʝʣʝʤʝʥʪʽʚ 

 

ɺʝʨʠʬʽʢʘʮʽʶ ʤʦʜʝʣʽ ʪʘ ʨʦʟʨʘʭʫʥʢʠ (4 ʪʘ 5 ʝʪʘʧʠ ʄʝʪʦʜʠʢʠ) ʚʠʢʦʥʘʥʦ ʫ ʇʂ 

ʃɯʈɸ ʉɸʇʈ-2021 ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʨʦʙʣʝʥʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʤʦʜʝʣʽ ʬʨʘʛʤʝʥʪʫ 

ʙʫʜʠʥʢʫ (16ï26 ʧʦʚʝʨʭʠ) [176, 177]. 

 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʜʝʣʽ ʙʫʜʠʥʢʫ 

 

ʈʦʟʨʘʭʫʥʢʠ ʚʠʢʦʥʘʥʦ ʫ ʇʂ ʃɯʈɸ ʉɸʇʈ-2021 ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʨʦʟʨʦʙʣʝʥʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʤʦʜʝʣʽ ʬʨʘʛʤʝʥʪʫ ʙʫʜʠʥʢʫ (16ï26 ʧʦʚʝʨʭʠ) ʚ ʦʩʷʭ    

1ï5/ɼïʀ (ʨʠʩ. 4.13ï4.14). 

 
ʈʠʩ. 4.13. ʇʨʦʩʪʦʨʦʚʘ ʤʦʜʝʣʴ ʬʨʘʛʤʝʥʪʫ ʙʫʜʠʥʢʫ (16ï26 ʧʦʚʝʨʭʠ) ʪʘ ʨʦʟʨʽʟ ʟʘ 

ʣʽʪʝʨʥʦʶ ʚʽʩʩʶ 
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ʈʠʩ. 4.14. ʌʨʘʛʤʝʥʪ ʧʨʦʩʪʦʨʦʚʦʾ ʤʦʜʝʣʽ ʙʫʜʠʥʢʫ ï 24 ʧʦʚʝʨʭ 

 

ʈʦʟʛʣʷʥʫʪʦ ʜʚʘ ʚʘʨʽʘʥʪʠ ʤʦʜʝʣʝʡ: ʣʽʥʽʡʥʘ ʪʘ ʥʝʣʽʥʽʡʥʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʬʽʟʠʯʥʦʾ ʥʝʣʽʥʽʡʥʦʩʪʽ ʙʝʪʦʥʫ ʪʘ ʘʨʤʘʪʫʨʠ. ʂʣʘʩ ʙʝʪʦʥʫ ʧʨʠʡʥʷʪʦ ʟʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʘʪʫʨʥʠʭ ʦʙʩʪʝʞʝʥʴ, ʥʝʨʫʡʥʽʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ ʪʘ 

ʤʝʭʘʥʽʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʟʨʘʟʢʽʚ ʧʽʣʦʥʫ ʚ ʦʩʷʭ 4/ʀ ʥʘ 20 ʧʦʚʝʨʩʽ (ʧʦʟʥ. 

+58,200). 

 

ʂʨʘʡʦʚʽ ʫʤʦʚʠ 

 

ʇʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʧʨʠʡʥʷʪʦ ʫ ʧʽʣʦʥʘʭ ʪʘ ʧʝʨʝʢʨʠʪʪʷʭ ʢʣʘʩ ʙʝʪʦʥʫ ʟʘ 

ʤʽʮʥʽʩʪʶ: ʥʘ 16 ʪʘ 17 ʧʦʚʝʨʭʘʭ, ʘ ʪʘʢʦʞ ʟ 22 ʧʦ 26 ʧʦʚʝʨʭʠ ï ʧʨʦʻʢʪʥʠʡ ʢʣʘʩ 

ʉ25/30; ʥʘ 18ï21 ʧʦʚʝʨʭʘʭ ï ʢʣʘʩ ʉ16/20, ʢʨʽʤ ʧʽʣʦʥʘ ʚ ʦʩʷʭ 2/ɾ, ʜʣʷ ʷʢʦʛʦ 

ʧʨʠʡʥʷʪʦ ʢʣʘʩ ʉ8/10. ʇʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʧʨʠʡʥʷʪʦ ʫ ʧʝʨʝʢʨʠʪʪʷʭ ʢʣʘʩ ʙʝʪʦʥʫ ʟʘ 

ʤʽʮʥʽʩʪʶ: ʥʘ 16 ʪʘ 17 ʧʦʚʝʨʭʘʭ, ʘ ʪʘʢʦʞ ʟ 22 ʧʦ 26 ʧʦʚʝʨʭʠ ï ʧʨʦʻʢʪʥʠʡ ʢʣʘʩ 

ʉ25/30; ʥʘ 18 ʪʘ 21 ʧʦʚʝʨʭʘʭ ï ʢʣʘʩ ʉ16/20; ʥʘʜ 19 ʪʘ 20 ʧʦʚʝʨʭʘʤʠ ï ʢʣʘʩ ʉ8/10. 
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ʈʝʟʫʣʴʪʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʨʘʛʤʝʥʪʫ 

ʙʫʜʠʥʢʫ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣ. 4.2. 

 

ʊʘʙʣʠʮʷ 4.2 

ʈʦʟʨʘʭʫʥʢʦʚʽ ʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʨʘʛʤʝʥʪʫ ʙʫʜʠʥʢʫ 

ʅʦʤʝʨ ʬʦʨʤʠ 

ʢʦʣʠʚʘʥʴ 

ʏʘʩʪʦʪʘ ʚʣʘʩʥʠʭ 

ʢʦʣʠʚʘʥʴ, ɻʮ 

ʇʝʨʽʦʜ ʚʣʘʩʥʠʭ 

ʢʦʣʠʚʘʥʴ, ʩ 

Ɇ ʤʦʜʘʣʴʥʠʭ ʤʘʩ, %, 

ʩʝʡʩʤʽʯʥʠʡ ʚʧʣʠʚ ʟʘ ʚʽʩʩʶ: 

X Y 

1 0.52 1.91 78.78 0.00 

2 0.79 1.27 78.79 29.01 

3 1.57 0.64 89.16 29.04 

4 2.56 0.39 89.16 36.73 

5 2.73 0.37 89.64 69.39 

6 2.79 0.36 93.01 73.37 

7 4.07 0.25 95.10 73.37 

8 5.42 0.18 95.17 75.01 

9 5.53 0.18 96.48 75.07 

10 6.43 0.16 96.50 75.07 

11 7.11 0.14 97.32 75.07 

12 7.45 0.13 97.35 75.07 

13 7.67 0.13 97.35 75.07 

14 7.72 0.13 97.37 75.07 

15 7.72 0.13 97.37 75.07 

16 7.75 0.13 97.37 75.07 

17 7.76 0.13 97.38 75.07 

18 7.81 0.13 97.40 75.07 

19 7.85 0.13 97.44 75.07 

20 7.86 0.13 97.44 75.08 

21 7.89 0.13 97.49 75.08 

22 8.02 0.12 97.49 75.10 

 

ʈʝʟʫʣʴʪʘʪʠ ʧʝʨʝʚʽʨʦʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ʧʽʣʦʥʽʚ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʬʘʢʪʠʯʥʦʛʦ ʩʪʘʥʫ ʙʫʜʠʥʢʫ 

 

ɺʠʟʥʘʯʝʥʥʷ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ʧʝʨʝʨʽʟʽʚ ʤʦʥʦʣʽʪʥʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʧʽʣʦʥʽʚ 

ʙʫʜʽʚʣʽ ʚʠʢʦʥʫʚʘʣʦʩʷ ʟʘ ʜʝʬʦʨʤʘʮʽʡʥʠʤ ʤʝʪʦʜʦʤ ʟʛʽʜʥʦ ʟ ʧʦʣʦʞʝʥʥʷʤʠ                

ɼɹʅ ɺ.2.6-98:2009 [199] ʪʘ ɼʉʊʋ ɹ ɺ.2.6-156:2010 [200] ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʫʩʠʣʴ, 

ʦʪʨʠʤʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʩʪʦʨʦʚʦʾ ʣʽʥʽʡʥʦʾ ʪʘ ʥʝʣʽʥʽʡʥʦʾ ʤʦʜʝʣʝʡ ʬʨʘʛʤʝʥʪʫ 

ʙʫʜʠʥʢʫ (ʜʠʚ. ʨʠʩ. 4.19) ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʢʦʤʧʣʝʢʩʽ ʃɯʈɸ ʉɸʇʈ-2021 [194].  
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ʧʽʣʦʥʽʚ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 4.15ï4.17 [176].  
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ʟʘʚʘʥʪʘʞʝʥʠʭ ʧʽʣʦʥʽʚ, ʷʢ ʧʦʟʘʮʝʥʪʨʦʚʦ-ʩʪʠʩʥʫʪʠʭ ʝʣʝʤʝʥʪʽʚ, ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 4.3.  


