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ɸʅʆʊɸʎɯʗ 

ʏʘʡʢʘ ɼ.ʉ. ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʮʝʩʽʚ ʛʘʨʷʯʦʛʦ ʚʘʣʴʮʶʚʘʥʥʷ ʟʘʛʦʪʦʚʦʢ ʟ ʘʣʶʤʽ-

ʥʽʻʚʠʭ ʩʧʣʘʚʽʚ ʽʟ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʾʭ ʨʘʮʽʦʥʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʂʚʘʣʽʬʽ-

ʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʟʘ ʩʧʝʮʽʘ-

ʣʴʥʽʩʪʶ 05.03.05 çʇʨʦʮʝʩʠ ʪʘ ʤʘʰʠʥʠ ʦʙʨʦʙʢʠ ʪʠʩʢʦʤè. ï ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʘʛʨʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ɺʽʥʥʠʮʷ, 2019. ï ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨ-

ʩʠʪʝʪ, ɺʽʥʥʠʮʷ, 2019.  

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʘʢʪʫʘʣʴʥʠʤ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʤ ʟʘʚʜʘʥʥʷʤ ʟ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʟʘʛʦʪʽʚʝʣʴʥʦʾ ʬʘʟʠ ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʦʮʝʩʫ ʦʪʨʠʤʘʥʥʷ ʰʪʘʤʧʦʚʘʥʠʭ 

ʧʦʢʦʚʦʢ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʣʦʚʽʜʭʦʜʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚʘʣʴʮʶ-

ʚʘʥʥʷ ʟʘʛʦʪʦʚʦʢ ʟ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ, ʱʦ ʧʦʣʷʛʘʻ ʚ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʥʘʙʣʠʞʝʥʥʽ 

ʬʦʨʤʠ ʪʘ ʨʦʟʤʽʨʽʚ ʟʘʛʦʪʦʚʢʠ ʜʦ ʬʦʨʤʠ ʪʘ ʨʦʟʤʽʨʽʚ ʛʦʪʦʚʠʭ ʜʝʪʘʣʝʡ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ 

ʧʽʜʚʠʱʝʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʚʠʨʦʙʽʚ ʧʦʜʦʚʞʝʥʦʾ ʬʦʨʤʠ, ʚʠʛʦʪʦʚʣʝʥʠʭ ʽʟ ʟʘʛʦʪʦʚʦʢ ʟ 

ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ, ʥʘ ʦʩʥʦʚʽ ʚʠʟʥʘʯʝʥʥʷ ʨʘʮʽʦʥʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ, ʛʝʦʤʝʪʨʠ-

ʯʥʠʭ ʪʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʽʚ ʬʦʨʤʦʟʤʽʥʠ ʪʘ ʾʭ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʚʧʣʠʚʫ ʥʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʝʪʘʣʝʡ. 

ɺ ʷʢʦʩʪʽ ʪʝʦʨʝʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʽ ʤʝʪʦʜʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʽ 

ʧʨʠʢʣʘʜʥʦʾ ʪʝʦʨʽʾ ʧʣʘʩʪʠʯʥʦʩʪʽ, ʚʝʢʪʦʨʥʦʾ ʛʨʘʬʽʢʠ, ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ, ʘ ʪʘ-

ʢʦʞ ʤʝʪʦʜ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʤʫ ʧʨʦʛʨʘʤʥʦ-

ʤʫ ʢʦʤʧʣʝʢʩʽ QForm3D. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʜʝʬʦʨʤʫʚʘʥʥʷ ʚʠ-

ʢʦʥʫʚʘʣʠʩʴ ʟʘ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʽʚ ʬʽʟʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʪʝʥʟʦʤʝʪʨʽʾ, ʦʧʪʠ-

ʯʥʦʾ ʽ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ. ɼʣʷ ʦʙʨʦʙʢʠ ʤʘʩʠʚʽʚ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʤʘʪʝʤʘʪʠ-

ʯʥʠʤ ʝʢʩʧʝʨʠʤʝʥʪʦʤ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʩʪʘʪʠʩʪʠʯʥʽ ʤʝʪʦʜʠ. 

ɿʘ ʚʠʢʦʥʘʥʠʤ ʣʽʪʝʨʘʪʫʨʥʠʤ ʘʥʘʣʽʟʦʤ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʛʘʨʷʯʝ ʚʘʣʴʮʶʚʘʥʥʷ ʚʠʢʦ-

ʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʬʘʩʦʥʥʠʭ ʟʘʛʦʪʦʚʦʢ ʟ ʧʣʦʱʘʤʠ ʧʦʧʝʨʝʯʥʠʭ ʧʝʨʝʨʽʟʽʚ, 

ʱʦ ʤʘʢʩʠʤʘʣʴʥʦ ʥʘʙʣʠʞʝʥʽ ʜʦ ʨʦʟʤʽʨʽʚ ʪʘ ʬʦʨʤʠ ʰʪʘʤʧʦʚʘʥʠʭ ʧʦʢʦʚʦʢ. ʎʝ ʜʦʟʚʦ-

ʣʷʻ ʟʤʝʥʰʠʪʠ ʥʦʨʤʫ ʚʠʪʨʘʪ ʤʝʪʘʣʫ, ʧʽʜʚʠʱʠʪʠ ʩʪʽʡʢʽʩʪʴ ʰʪʘʤʧʽʚ, ʩʢʦʨʦʪʠʪʠ ʚʠʪʨʘ-

ʪʠ ʰʪʘʤʧʦʚʦʾ ʩʪʘʣʽ ʪʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʘ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʾ ʰʪʘʤʧʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ 

ʟʤʝʥʰʠʪʠ ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ ʰʪʘʤʧʦʚʘʥʠʭ ʧʦʢʦʚʦʢ ʪʘ ʧʽʜʚʠʱʠʪʠ ʥʦʨʤʠ 
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ʚʠʛʦʪʦʚʣʝʥʥʷ. ɸʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʩʭʝʤ ʚʘʣʴʮʶʚʘʥʥʷ ʧʦʢʘʟʘʚ, ʱʦ ʢʦʚʟʘʥʥʷ ʤʝʪʘʣʫ ʚ 

ʧʦʧʝʨʝʯʥʦʤʫ ʥʘʧʨʷʤʢʫ ʟ ʧʦʷʚʦʶ ʧʦʧʝʨʝʯʥʠʭ ʩʠʣ ʪʝʨʪʷ, ʩʧʨʠʯʠʥʷʻ ʨʦʟʰʠʨʝʥʥʷ, ʷʢʝ 

ʤʘʻ ʷʢ ʥʝʛʘʪʠʚʥʠʡ, ʪʘʢ ʽ ʧʦʟʠʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʧʨʦʮʝʩ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ. 

ʈʦʟʰʠʨʝʥʥʷ ʚʠʥʠʢʘʻ ʷʢ ʥʘʩʣʽʜʦʢ ʟʘʢʦʥʫ ʥʘʡʤʝʥʰʦʛʦ ʦʧʦʨʫ, ʱʦ ʚʠʟʥʘʯʘʻ ʽʥʪʝ-

ʥʩʠʚʥʽʩʪʴ ʚʠʪʽʢʘʥʥʷ ʤʝʪʘʣʫ ʟ ʦʩʝʨʝʜʢʫ ʜʝʬʦʨʤʫʚʘʥʥʷ ʚ ʥʘʧʨʷʤʢʫ ʚʽʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ 

ʟʘ ʨʘʭʫʥʦʢ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʦʙʪʠʩʢʫ ʪʘ ʻ ʬʫʥʢʮʽʻʶ ʙʘʛʘʪʴʦʭ ʬʘʢʪʦʨʽʚ. ɸʥʘʣʽʟ ʽʩʥʫʶ-

ʯʠʭ ʤʝʪʦʜʽʚ ʟ ʨʦʟʨʘʭʫʥʢʽʚ ʨʦʟʰʠʨʝʥʥʷ, ʜʦʟʚʦʣʠʚ ʚʩʪʘʥʦʚʠʪʠ, ʱʦ ʥʘʡʙʽʣʴʰ ʧʨʠʜʘʪ-

ʥʠʤʠ ʪʘ ʙʘʟʦʚʠʤʠ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ ʻ ʪʽ, ʱʦ ʟʘʩʥʦʚʘʥʽ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʟʘʢʦʥʽʚ ʤʝʭʘʥʽ-

ʢʠ ʜʝʬʦʨʤʦʚʥʦʛʦ ʪʽʣʘ ʪʘ ʚʨʘʭʦʚʫʶʪʴ ʥʘʡʙʽʣʴʰʫ ʢʽʣʴʢʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ. 

ʇʨʠ ʚʘʣʴʮʶʚʘʥʥʽ ʟʘʛʦʪʦʚʦʢ ʢʨʫʛʣʦʛʦ ʧʝʨʝʨʽʟʫ ʚ ʛʣʘʜʢʠʭ ʚʘʣʢʘʭ ʘʙʦ ʚ ʢʘʣʽʙʨʘʭ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʝʧʦʚʥʝ ʦʭʦʧʣʝʥʥʷ ʧʝʨʠʤʝʪʨʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʟʘʛʦʪʦʚʢʠ. ʎʝ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ ʪʝ, ʱʦ ʢʦʥʪʘʢʪʥʘ ʧʦʚʝʨʭʥʷ ʟʘʟʚʠʯʘʡ ʪʨʦʭʠ ʤʝʥʰʘ ʟʘ ʰʠʨʠʥʫ ʟʘ-

ʛʦʪʦʚʢʠ, ʱʦ ʧʨʦʢʘʪʫʻʪʴʩʷ, ʪʘ ʙʽʯʥʽ ʜʽʣʷʥʢʠ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʟʘʛʦʪʦʚʢʠ ʥʝ ʟʘ-

ʟʥʘʶʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʦʙʪʠʩʥʝʥʥ.̫ ʎʽ ʙʽʯʥʽ ʦʙʩʷʛʠ ʟʘʛʦʪʦʚʢʠ ʻ ʧʦʟʘʢʦʥʪʘʢʪʥʠʤʠ 

ʟʦʥʘʤʠ ʪʘ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʭʘʨʘʢʪʝʨ ʪʝʯʽʾ ʤʝʪʘʣʫ ʚ ʦʩʝʨʝʜʢʫ ʜʝʬʦʨʤʘʮʽʾ, ʢʽʥʝ-

ʤʘʪʠʢʫ ʽ ʜʠʥʘʤʽʢʫ ʧʨʦʮʝʩʫ ʧʨʦʢʘʪʫʚʘʥʥʷ. ʆʜʥʦʶ ʟ ʧʨʠʯʠʥ, ʟʘ ʷʢʦʶ, ʨʦʟʨʘʭʫʥʦʢ ʨʦ-

ʟʰʠʨʝʥʥʷ, ʜʘʻ ʩʫʪʪʻʚʽ ʚʽʜʭʠʣʝʥʥʷ, ʻ ʚʽʜʩʫʪʥʽʩʪʴ ʚ ʬʦʨʤʫʣʘʭ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʨʦʟʰʠ-

ʨʝʥʥʷ ʚʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ ʧʦʟʘʢʦʥʪʘʢʪʥʠʭ ʟʦʥ. 

ʇʨʠ ʜʝʬʦʨʤʫʚʘʥʥʽ ʚ ʫʤʦʚʘʭ ʥʘʙʣʠʞʝʥʠʭ ʜʦ ʽʟʦʪʝʨʤʽʯʥʠʭ, ʨʦʟʰʠʨʝʥʥʷ ʽ ʚʠʧʝ-

ʨʝʜʞʝʥʥʷ ʟʘ ʧʦʩʪʽʡʥʦʛʦ ʩʪʫʧʝʥʷ ʦʙʪʠʩʢʫ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʤʽʥʶʻʪʴʩʷ, ʘ ʟʤʽʥʘ ʩʪʫʧʝʥʽʚ 

ʜʝʬʦʨʤʘʮʽʾ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʡʦʛʦ ʘʙʩʦʣʶʪʥʠʭ ʟʥʘʯʝʥʴ, ʪʦʤʫ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ-

ʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʪʘ ʛʝʦʤʝʪʨʽʾ ʦʩʝʨʝʜʢʫ ʜʝʬʦʨʤʫʚʘʥʥʷ ʟʘ ʮʠʭ ʫʤʦʚ, ʪʘ-

ʢʦʞ ʩʧʨʷʤʦʚʘʥʦ ʥʘ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʮʝʩʫ ʚʘʣʴʮʶʚʘʥʥʷ. 

ɸʥʘʣʽʟ ʨʘʥʽʰʝ ʨʦʟʨʦʙʣʝʥʠʭ ʩʠʩʪʝʤ ʧʨʦʝʢʪʫʚʘʥʥʷ ʊʇ ʚʘʣʴʮʶʚʘʥʥʷ ʧʦʢʘʟʘʚ, ʱʦ 

ʛʦʣʦʚʥʦʶ ʧʨʦʙʣʝʤʦʶ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʻ ʚʽʜʩʫʪʥʽʩʪʴ ʻʜʠʥʦʛʦ 

ʘʣʛʦʨʠʪʤʫ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʊʇ ʚʘʣʴʮʶʚʘʥʥʷ ʽ ʥʝʤʦʞʣʠʚʽʩʪʴ ʬʦʨʤʘʣʽʟʘʮʽʾ ʧʨʦʮʝʩʫ 

ʨʦʟʨʘʭʫʥʢʫ ʜʝʷʢʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ, ʱʦ ʥʘʜʘʻ ʧʦʪʨʝʙʫ ʚ ʨʦʟʨʦʙʣʝʥʥʽ ʥʦʚʦʾ 

ʉɸʇʈ, ʚ ʨʦʟʨʘʭʫʥʢʘʭ ʷʢʦʾ ʚʨʘʭʦʚʫʶʪʴʩʷ ʚʧʣʠʚ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʚ ʨʦ-

ʙʦʪʽ, ʥʘ ʪʦʯʥʽʩʪʴ ʚʘʣʴʮʶʚʘʥʥʷ. 
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ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ, ʱʦ ʟʘʩʥʦʚʘʥʽ ʥʘ ʜʦʩʣʽʜʞʝʥʥʽ 

ʧʘʨʘʤʝʪʨʽʚ ʦʩʝʨʝʜʢʫ ʜʝʬʦʨʤʫʚʘʥʥʷ ʧʨʠ ʚʘʣʴʮʶʚʘʥʥʽ ʟʘ ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥ-

ʪʽʚ, ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ. ɻʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʜʝ-

ʬʦʨʤʦʚʘʥʠʭ ʟʘʛʦʪʦʚʦʢ ʦʪʨʠʤʫʚʘʣʠʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʤʽʨʶʚʘʥʥʷ ʧʝʨʝʨʽʟʽʚ ʦʩʝʨʝʜʢʫ 

ʜʝʬʦʨʤʫʚʘʥʥʷ ʫ ʚʝʢʪʦʨʥʦʤʫ ʬʦʨʤʘʪʽ. ʈʦʟʤʽʨʠ ʬʘʢʪʠʯʥʦʛʦ ʦʩʝʨʝʜʢʫ ʜʝʬʦʨʤʫʚʘʥʥʷ 

ʚʠʟʥʘʯʘʣʠʩʷ ʟʘ ʚʝʣʠʯʠʥʦʶ ʧʦʣʚ̔ ʰʚʠʜʢʦʩʪʝʡ ʜʝʬʦʨʤʘʮʽʾ. 

ʆʮʽʥʢʘ ʜʝʬʦʨʤʦʚʥʦʩʪʽ ʧʨʠ ʚʘʣʴʮʶʚʘʥʥʽ ʚ ʦʙʣʘʩʪʽ ʧʦʟʘʢʦʥʪʘʢʪʥʠʭ ʟʦʥ ʙʫʣʘ ʚʠ-

ʢʦʥʘʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʙʫʜʦʚʠ ʪʨʘʻʢʪʦʨʽʡ ʜʝʬʦʨʤʫʚʘʥʥʷ ʪʘ ʜʽʘʛʨʘʤ ʧʣʘʩʪʠʯʥʦʩʪʽ. 

ʄʦʞʣʠʚʽʩʪʴ ʙʝʟʜʝʬʝʢʪʥʦʛʦ ʚʘʣʴʮʶʚʘʥʥʷ, ʢʦʣʠ ʤʝʪʘʣ ʟʘʟʥʘʻ ʩʢʣʘʜʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥ-

ʥ̫, ʙʫʣʘ ʧʽʜʪʚʝʨʜʞʝʥʘ ʯʝʨʝʟ ʦʮʽʥʶʚʘʥʥʷ ʚʠʢʦʨʠʩʪʘʥʦʛʦ ʨʝʩʫʨʩʫ ʧʣʘʩʪʠʯʥʦʩʪʽ ʟʘ ʤʦ-

ʜʠʬʽʢʦʚʘʥʠʤ ʢʨʠʪʝʨʽʻʤ ɺ. ʆ. ʆʛʦʨʦʜʥʽʢʦʚʘ, ʱʦ ʚʨʘʭʦʚʫʻ ʽʩʪʦʪʥʠʡ ʚʧʣʠʚ ʧʦʭʽʜʥʦʾ 

ʚʽʜ ʰʣʷʭʫ ʜʝʬʦʨʤʫʚʘʥʥʷ ʥʘ ʟʘʣʽʢʦʚʫʚʘʥʥʷ ʜʝʬʝʢʪʽʚ. 

ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʪʝʦʨʝʪʠʯʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʩʠʣʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ 

ʚʘʣʴʮʶʚʘʥʥʷ ʨʽʟʥʠʭ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ, ʟʘ ʷʢʦʶ ʦʪʨʠʤʫʻʪʴʩʷ ʧʦʧʨʘʚʥʠʡ ʢʦʝʬʽʮʽ-

ʻʥʪ ʂs, ʱʦ ʚʨʘʭʦʚʫʻ ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʤʝʪʘʣʫ ʪʘ ʚʧʣʠʚ ʰʠʨʠʥʠ ʟʘʛʦ-

ʪʦʚʢʠ ʥʘ ʧʠʪʦʤʠʡ ʪʠʩʢ ʧʽʜ ʯʘʩ ʚʘʣʴʮʶʚʘʥʥʷ, ʫ ʧʨʦʤʽʞʢʫ ʪʝʤʧʝʨʘʪʫʨ 420é470ʉ̄. ʎʝ 

ʜʦʟʚʦʣʷʻ ʟʘ ʙʽʣʴʰʠʤ ʟʥʘʯʝʥʥʷʤ ʟʫʩʠʣʣʷ ʜʝʬʦʨʤʫʚʘʥʥʷ, ʟʜʽʡʩʥʶʚʘʪʠ ʘʚʪʦʤʘʪʠʟʦʚʘ-

ʥʠʡ ʚʠʙʽʨ ʤʦʜʝʣʽ ʢʫʚʘʣʴʥʠʭ ʚʘʣʴʮʽʚ. 

ʊʝʦʨʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʧʨʦʢʘʪʫʚʘʥʥʷ ʧʨʷʤʦʢʫʪʥʠʭ ʟʘʛʦʪʦʚʦʢ ʟ ʨʽʟ-

ʥʦʶ ʬʦʨʤʦʶ ʪʘ ʨʦʟʤʽʨʘʤʠ ʧʦʟʘʢʦʥʪʘʢʪʥʠʭ ʟʦʥ ʫ ʛʣʘʜʢʠʭ ʚʘʣʢʘʭ ʜʦʟʚʦʣʠʣʠ ʚʩʪʘʥʦ-

ʚʠʪʠ ʥʘʷʚʥʽʩʪʴ ʷʚʠʱʘ ʫʪʷʛʥʝʥʥʷ ʟʘ ʥʝʚʝʣʠʢʠʭ ʦʙʪʠʩʥʝʥʥʷʭ, ʢʦʣʠ ʜʝʬʦʨʤʘʮʽʷ ʥʝ 

ʧʨʦʥʠʢʘʻ ʚ ʮʝʥʪʨʘʣʴʥʽ ʟʦʥʠ. ʎʝ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʪʠʤ, ʱʦ ʧʦʧʝʨʝʯʥʘ ʜʝʬʦʨʤʘʮʽʷ 

ʧʦʰʠʨʶʻʪʴʩʷ ʪʽʣʴʢʠ ʚ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʘʭ ʙʝʟ ʨʦʟʰʠʨʝʥʥʷ ʮʝʥʪʨʘʣʴʥʠʭ, ʘ ʣʽʥʽʡʥʠʡ 

ʧʦʢʘʟʥʠʢ ʨʦʟʰʠʨʝʥʥʷ ʧʦʟʘʢʦʥʪʘʢʪʥʠʭ ʟʦʥ (ȹb/ȹh)ʇɿ ʜʦʩʷʛʘʻ ʥʝʛʘʪʠʚʥʠʭ ʟʥʘʯʝʥʴ. 

ɼʣʷ ʟʘʛʦʪʦʚʦʢ ʟ ʨʽʟʥʦʶ ʬʦʨʤʦʶ ʧʦʟʘʢʦʥʪʘʢʪʥʠʭ ʟʦʥ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʨʽʟʥʝ ʨʦʟʰʠ-

ʨʝʥʥʷ (ʥʘʡʙʽʣʴʰʝ - ʫ ʟʘʛʦʪʦʚʦʢ ʟ ʧʨʷʤʦʢʫʪʥʠʤʠ ʧʦʟʘʢʦʥʪʘʢʪʥʠʤʠ ʟʦʥʘʤʠ), ʱʦ ʚʽʜʦ-

ʙʨʘʞʘʻ ʾʭ ʽʩʪʦʪʥʠʡ ʚʧʣʠʚ ʥʘ ʧʦʟʜʦʚʞʥʶ  ̔ʧʦʧʝʨʝʯʥʫ ʜʝʬʦʨʤʘʮʽʾ ʪʘ ʚʠʟʥʘʯʘʻ ʥʝʦʙ-

ʭʽʜʥʽʩʪʴ ʚʨʘʭʫʚʘʥʥʷ ʾʭ ʚʧʣʠʚʫ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʢʘʣʽʙʨʽʚ ʜʣʷ ʚʘʣʴʮʶʚʘʥʥʷ. 

ɼʣʷ ʦʧʝʨʘʮʽʡ ʚʘʣʴʮʶʚʘʥʥʟ̫ʘʛʦʪʦʚʦʢ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʚ ʛʣʘʜʢʠʭ ʚʘʣʢʘʭ, 

ʪʝʦʨʝʪʠʯʥʦ ʜʦʩʣʽʜʞʝʥʦ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʚ ʧʝʨʝʨʽʟʽ ʦʩʝʨʝʜʢʫ ʜʝʬʦʨ-
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ʤʫʚʘʥʥʷ ʫ ʚʠʧʘʜʢʘʭ ʥʘʷʚʥʦʩʪʽ ʘʙʦ ʚʽʜʩʫʪʥʦʩʪʽ ʚ ʟʘʛʦʪʦʚʢʘʭ ʧʦʟʘʢʦʥʪʘʢʪʥʠʭ ʟʦʥ. ʋ 

ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʟʘʛʦʪʦʚʢʠ ʟʘʟʥʘʶʪʴ ʜʝʬʦʨʤʫʚʘʥʥʷ ʤʝʥʰʽ ʟʘ 40é50%, ʚʽʜʩʫʪʥʽʩʪʴ 

ʧʦʟʘʢʦʥʪʘʢʪʥʦʾ ʟʦʥʠ ʟʥʘʯʥʦ ʧʦʢʨʘʱʫʻ ʨʽʚʥʦʤʽʨʥʽʩʪʴ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘ-

ʥʫ ʚ ʦʩʝʨʝʜʢʫ ʜʝʬʦʨʤʫʚʘʥʥʷ ʪʘ ʧʦʣʝʛʰʫʻ ʪʝʯʽʶ ʤʝʪʘʣʫ ʚ ʧʦʧʝʨʝʯʥʦʤʫ ʥʘʧʨʷʤʢʫ, ʘ 

ʨʦʟʨʘʭʫʥʦʢ ʚʽʜʥʦʩʥʦʛʦ ʣʽʥʽʡʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʙʫʜʝ ʟʘʣʝʞʠʪʠ ʪʘʢʦʞ ʚʽʜ ʚʧʣʠʚʫ, ʱʦ 

ʥʘʜʘʶʪʴ ʧʦʟʘʢʦʥʪʘʢʪʥʽ ʟʦʥʠ. ʊʦʙʪʦ, ʣʽʥʽʡʥʠʡ ʧʦʢʘʟʥʠʢ ʨʦʟʰʠʨʝʥʥʷ ȹb/ȹh ʟʘ ʚʩʽʭ 

ʽʥʰʠʭ ʨʽʚʥʠʭ ʫʤʦʚ, ʻ ʩʫʪʪʻʚʦ ʚʠʠɦʤ ʟʘ ʧʦʢʘʟʥʠʢ ʨʦʟʰʠʨʝʥʥʷ ʢʦʥʪʘʢʪʥʠʭ ʜʽʣʷʥʦʢ, 

ʷʢʽ ʥʝ ʤʘʶʪʴ ʧʦʟʘʢʦʥʪʘʢʪʥʠʭ ʟʦʥ. ɺʽʥ ʥʝ ʩʧʨʠʷʻ ʧʦʢʨʘʱʝʥʥʶ ʪʝʯʽʾ ʤʝʪʘʣʫ ʚ ʧʦʚʟʜʦ-

ʚʞʥʴʦʤʫ ʥʘʧʨʷʤʢʫ. ɺ ʟʘʛʦʪʦʚʢʘʭ ʙʝʟ ʧʦʟʘʢʦʥʪʘʢʪʥʠʭ ʟʦʥ ʧʦ ʜʦʩʷʛʥʝʥʥʶ ʩʪʫʧʝʥʷ 

ʜʝʬʦʨʤʫʚʘʥʥʷ 40é50%, ʫʪʚʦʨʶʻʪʴʩʷ ʧʦʟʘʢʦʥʪʘʢʪʥʘ ʟʦʥʘ, ʱʦ ʚʠʢʣʠʢʘʻ ʧʦʷʚʫ ʧʦʧʝ-

ʨʝʯʥʠʭ ʩʠʣ ʟʯʝʧʣʝʥʥʷ, ʩʧʨʠʯʠʥʷʻ ʙʽʣʴʰʫ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʪʘ ʡʤʦʚʽʨʥʽʩʪʴ ʧʦʷʚʠ ʜʝ-

ʬʝʢʪʽʚ ʚ ʦʩʝʨʝʜʢʫ ʜʝʬʦʨʤʫʚʘʥʥʷ ʧʦʨʽʚʥʷʥʦ ʟ ʪʠʤʠ ʟʘʛʦʪʦʚʢʘʤʠ, ʚ ʷʢʠʭ ʧʦʟʘʢʦʥʪʘʢʪ-

ʥʘ ʟʦʥʘ ʫʪʚʦʨʶʚʘʣʘʩʴ ʧʦʩʪʫʧʦʚʦ ʟ ʩʘʤʦʛʦ ʧʦʯʘʪʢʫ ʧʨʦʮʝʩʫ ʜʝʬʦʨʤʫʚʘʥʥʷ. 

ʊʝʦʨʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʦʧʝʨʘʮʽʡ ʚʘʣʴʮʶʚʘʥʥʷ ʮʠ-

ʣʽʥʜʨʠʯʥʠʭ ʟʘʛʦʪʦʚʦʢ ʚ ʦʚʘʣʴʥʠʭ ʢʘʣʽʙʨʘʭ, ʧʦʢʘʟʘʣʠ ʟʨʦʩʪʘʥʥʷ ʨʦʟʰʠʨʝʥʥʷ ʘ ʪʘʢʦʞ 

ʚʧʣʠʚ ʥʘ ʥʴʦʛʦ ʧʦʟʘʢʦʥʪʘʢʪʥʠʭ ʟʦʥ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʨʠʚʠʟʥʠ ʢʘʣʽʙʨʫ ʪʘ ʜʽʘʤʝʪʨʫ ʟʘ-

ʛʦʪʦʚʦʢ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʭʘʥʽʟʤ ʚʠʢʦʥʘʥʥʷ ʨʦʟʨʘʭʫʥʢʫ ʨʦʟʰʠʨʝʥʥʷ ʟʘ ʨʦʟʨʦʙʣʝ-

ʥʦʁ ʤʦʜʝʣʣ  ʁʜʝʬʦʨʤʫʚʘʥʥʷ ʮʠʣʽʥʜʨʠʯʥʠʭ ʟʘʛʦʪʦʚʦʢ ʟʘ ʥʘʷʚʥʦʩʪ̔ ʘʙʦ ʚʽʜʩʫʪʥʦʩʪʽ 

ʧʦʟʘʢʦʥʪʘʢʪʥʠʭ ʟʦʥ ʚ ʦʚʘʣʴʥʠʭ ʢʘʣʽʙʨʘʭ. ɺ ʨʝʢʦʤʝʥʜʦʚʘʥʠʭ ʜʣʷ ʚʘʣʴʮʶʚʘʥʥʷ ʟʘ 

ʩʭʝʤʦʶ ʢʨʫʛ-ʦʚʘʣ ʽʥʪʝʨʚʘʣʘʭ 1,25ÒɚÒ1,8, ʢʦʝʬʽʮʽʻʥʪ ʚʧʣʠʚʫ ʧʦʟʘʢʦʥʪʘʢʪʥʠʭ ʟʦʥ ʥʘ 

ʨʦʟʰʠʨʝʥʥʷ ʧʝʨʝʚʠʱʫʻ 10% ʚʽʜ ʨʦʟʤʽʨʫ ʟʘʛʘʣʴʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʜʝ-

ʬʦʨʤʫʚʘʥʥʷ, ʱʦ ʜʘʻ ʧʽʜʩʪʘʚʫ ʦʢʨʝʤʦ ʚʠʜʽʣʠʪʠ ʨʦʟʨʘʭʫʥʦʢ ʟʘʣʝʞʥʦʩʪʽ ʨʦʟʤʽʨʫ ʨʦʟ-

ʰʠʨʝʥʥʷ ʚʽʜ ʚʧʣʠʚʫ ʧʦʟʘʢʦʥʪʘʢʪʥʠʭ ʟʦʥ. 

ɼʣʷ ʚʠʧʘʜʢʽʚ ʚʘʣʴʮʶʚʘʥʥʷ ʟʘʛʦʪʦʚʦʢ ʟ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ ʚ ʫʤʦʚʘʭ ʥʘʙʣʠ-

ʞʝʥʠʭ ʜʦ ʽʟʦʪʝʨʤʽʯʥʠʭ, ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʫ ʨʦʟʰʠʨʝʥʥʷ ʟʘ-

ʚʜʷʢʠ ʟʤʝʥʰʝʥʥʶ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ 5é20Áʉ, ʱʦ ʩʧʨʠʯʠ-

ʥʷʻ ʚʠʨʽʚʥʶʚʘʥʥ ̫ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʟʘ ʚʩʦɹʛʦ ʦʙôʻʤʫ ʟʘʛʦʪʦʚʢʠ. 

ʆʪʨʠʤʘʥʦ ʟʘʣʝʞʥʦʩʪʽ ʚʧʣʠʚʫ ʮʠʭ ʫʤʦʚ ʥʘ ʨʦʟʰʠʨʝʥʥʷ ʧʨʠ ʚʘʣʴʮʶʚʘʥʥʽ ʪʘ ʧʦʢʘʟʘʥʦ, 

ʱʦ ʫʤʦʚʠ ʜʝʬʦʨʤʫʚʘʥʥʷ, ʷʢʽ ʥʘʙʣʠʞʝʥʽ ʜʦ ʽʟʦʪʝʨʤʽʯʥʠʭ, ʩʧʨʠʷʶʪʴ ʟʙʽʣʴʰʝʥʥʶ ʨʦʟ-
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ʤʽʨʽʚ ʬʘʢʪʠʯʥʦʛʦ ʦʩʝʨʝʜʢʫ ʜʝʬʦʨʤʫʚʘʥʥʷ ʥʘ 13é15%, ʧʽʜʚʠʱʝʥʥʶ ʧʣʘʩʪʠʯʥʦʩʪʽ ʚ 

ʟʦʥʽ ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʤʝʪʘʣʫ ʪʘ ʧʦʣʽʧʰʝʥʥʶ ʫʤʦʚ ʧʨʦʪʽʢʘʥʥʷ ʧʨʦʮʝʩʫ ʚʘʣʴʮʶʚʘʥʥʷ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥ ̔ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫʜʦʩʢʦʥʘʣʝʥʠʭ ʟʘ-

ʣʝʞʥʦʩʪʝʡ ʜʣʷ ʦʙʨʘʭʫʥʢʫ ʨʘʮʽʦʥʘʣʴʥʠʭ ʨʦʟʤʽʨʽʚ ʚʘʣʴʮʶʚʘʣʴʥʠʭ ʢʘʣʽʙʨʽʚ ʟʘʙʝʟʧʝʯʫ ̒

ʛʣʠʙʰʝ ʧʨʦʥʠʢʥʝʥʥʷ ʜʝʬʦʨʤʘʮʽʾ ʚ ʮʝʥʪʨʘʣʴʥʽ ʟʦʥʠ ʟʘʛʦʪʦʚʢʠ, ʱʦ ʚʘʣʴʮʶʻʪʴʩʷ, ʟ ʧʦ-

ʜʨʽʙʥʝʥʥʷʤ ʪʘ ʦʨʽʻʥʪʫʚʘʥʥʷʤ ʟʝʨʥʷʪ, ʧʦʢʨʘʱʝʥʥʷʤ ʡʦʛʦ ʩʪʨʫʢʪʫʨʠ ʪʘ ʟʘʛʘʣʴʥʦ ʾʪʦʯ-

ʥʦʩʪʽ ʚʘʣʴʮʶʚʘʥʥʷ. ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ, ʟʘ ʷʢʦʶ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʷʚʠ ʜʝʬʝʢʪʽʚ 

ʧʨʠ ʰʪʘʤʧʫʚʘʥʥʽ ʚ ʦʩʪʘʪʦʯʥʦʤʫ ʨʽʚʯʘʢʫ ʧʽʩʣʷ ʦʧʝʨʘʮʽʡ ʚʘʣʴʮʶʚʘʥʥʷ ʪʘ ʜʝʬʦʨʤʫ-

ʚʘʥʥʷ ʫ ʧʽʜʛʦʪʦʚʯʦʤʫ ʨʽʚʯʘʢʫ, ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʣʶʚʘʥʥʷ, ʱʦ ʧʦʢʨʘ-

ʱʠʣʦ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʨʦʟʤʽʨʽʚ ʟʘʛʦʪʦʚʢʠ ʜʦ ʛʝʦʤʝʪʨʽ ʾʧʽʜʛʦʪʦʚʯʦʛʦ ʨʽʚʯʘʢʘ. 

ʈʦʟʨʦʙʣʝʥʦ ʧʨʦʛʨʘʤʥʦ-ʤʝʪʦʜʠʯʥʠʡ ʢʦʤʧʣʝʢʩ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ 

ʢʘʣʽʙʨʽʚ ʪʘ ʩʪʚʦʨʝʥʥʷ ʪʨʠʚʠʤʽʨʥʠʭ ʤʦʜʝʣʝʡ ʚʘʣʴʮʶʚʘʣʴʥʠʭ ʩʝʢʪʦʨʽʚ ʟ ʟʘʙʝʟʧʝʯʝʥ-

ʥʷʤ ʭʾ ʨʘʮʽʦʥʘʣʴʥʠʭ ʨʦʟʤʽʨʽʚ ʟʘ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʘʣʝʞʥʦʩʪʝʡ, ʱʦ ʜʦʩʣʽʜʞʫʚʘʣʠʩʴ ʚ 

ʨʦʙʦʪʽ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʢʦʤʧʣʝʢʩʫ ʚʢʣʶʯʘʶʪʴ ʥʘʩʪʫʧʥʽ ʝʪʘʧʠ: ʦʪʨʠʤʘʥʥʷ ʟʥʘʯʝʥʴ 

ʧʣʦʱ ʧʦʧʝʨʝʯʥʠʭ ʧʝʨʝʨʽʟʽʚ ʰʪʘʤʧʦʚʘʥʦ ʾʧʦʢʦʚʢʠ; ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʟʘʛʦʪʦʚʢʠ, 

ʱʦ ʚʘʣʴʮʶʻʪʴʩʷ; ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʝʨʝʭʦʜʽʚ ʪʘ ʩʠʩʪʝʤʠ ʢʘʣʽʙʨʽʚ; ʨʦʟʨʘʭʫʥʦʢ 

ʩʠʩʪʝʤʠ ʢʘʣʽʙʨʽʚ; ʧʦʙʫʜʦʚʘ ʧʘʨʘʤʝʪʨʠʯʥʠʭ ʪʨʠʚʠʤʽʨʥʠʭ ʤʦʜʝʣʝʡ ʚʘʣʴʮʶʚʘʣʴʥʠʭ 

ʩʝʢʪʦʨʽʚ ʪʘ ʚʠʭʽʜʥʦʾ ʟʘʛʦʪʦʚʢʠ ʚ CAD-ʩʠʩʪʝʤʽ. 

ʈʝʢʦʤʝʥʜʘʮʽʾ ʟ ʜʣʷ ʧʦʣʽʧʰʝʥʥʷ ʧʨʦʮʝʩʽʚ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʦʧʝ-

ʨʘʮʽʡ ʦʙʨʦʙʢʠ ʪʠʩʢʦʤ ʩʢʣʘʜʥʠʭ ʟʘʛʦʪʦʚʦʢ ʙʫʣʠ ʧʝʨʝʜʘʥʽ ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʘ ʇɸʊ 

ɽʄʉʉ (ʤ. ʂʨʘʤʘʪʦʨʩʴʢ). ʈʦʟʨʦʙʣʝʥʠʡ ʧʨʦʛʨʘʤʥʦ-ʤʝʪʦʜʠʯʥʠʡ ʢʦʤʧʣʝʢʩ ʩʠʩʪʝʤʠ ʘʚ-

ʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚʘʣʴʮʶʚʘʥʥʷ ʙʫʣʦ ʚʧʨʦʚʘʜʞʝ-

ʥʦ ʥʘ ʇʇ ʅɺʎ çʋʭʥʘʣʴè (ʤ. ʂʠʾʚ). ʈʝʟʫʣʴʪʘʪʠ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʚʧʨʦʚʘʜʞʝʥʽ ʫ ʚʠʛʣʷʜʽ ʥʘʚʯʘʣʴʥʦʛʦ ʧʦʩʽʙʥʠʢʘ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʥʘʚ-

ʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ʥʘ ʢʘʬʝʜʨʘʭ çʆʙʨʦʙʢʘ ʤʝʪʘʣʽʚ ʪʠʩʢʦʤè ʪʘ çʂʦʤʧôʶʪʝʨʠʟʦʚʘʥʠʡ ʜʠ-

ʟʘʡʥ ʽ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʽ ʤʘʰʠʥè ɼʦʥʙʘʩʴʢʦʾ ʜʝʨʞʘʚʥʦʾ ʤʘʰʠʥʦʙʫʜʽʚʥʦʾ ʘʢʘʜʝ-

ʤʽʾ ʧʨʠ ʚʠʢʣʘʜʘʥʥʽ ʜʠʩʮʠʧʣʽʥʠ çɻʘʨʷʯʝ ʦʙ'ʻʤʥʝ ʰʪʘʤʧʫʚʘʥʥʷè. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʚʘʣʴʮʶʚʘʥʥʷ, ʰʪʘʤʧʫʚʘʥʥʷ, ʢʘʣʽʙʨʠ, ʨʦʟʰʠʨʝʥʥʷ, ʧʦʟʘʢʦʥʪʘ-

ʢʪʥʽ ʟʦʥʠ, ʧʽʜʛʦʪʦʚʯʠʡ ʨʽʚʯʘʢ, ʤʝʪʦʜ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʘʧʨʦʢʩʠʤʘʮʽʷ, ʥʘʧʨʫʞʝ-

ʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ, ʚʠʢʦʨʠʩʪʘʥʠʡ ʨʝʩʫʨʩ ʧʣʘʩʪʠʯʥʦʩʪʽ, ʟʘʛʦʪʦʚʢʘ. 
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ABSTRACT  

Chaika D. S. Influence of the noncontact zones of blanks rolling from aluminum al-

loy on expansion. ï Qualification scientific work as a manuscript.  

Dissertation for the candidate of technical science degree, specialty 05.03.05 çPro-

cesses and Machines of plastic workingè. - Vinnitsa National Agrarian University, Vinni-

tsa. 2019. - Vinnitsa National Technical University, Vinnitsa. 2019. 

The dissertation is devoted to actual scientific and technical tasks for improvement 

of the procurement phase of the stamped forgings production process due to the maximum 

approximation of the workpiece and finished parts shape and size. The work is aimed at 

increasing of the durability elongated products made from billets of aluminum alloys, 

based on the determination of theirs rational design, geometric and physico-mechanical 

parameters of shaping processes and their complex influence on the technological charac-

teristics of parts. 

As theoretical methods of research, methods of mathematical and applied theory of 

plasticity, vector graphics, mathematical statistics, as well as the finite element method, 

implemented in the specialized software complex QForm3D, were used. Experimental re-

search of the deformation process were performed using the methods of physical modeling 

and strain gauging, optical and electronic microscopy. Statistical methods were used for 

the processing of obtained from the mathematical experiment data arrays. 

According to the performed literature analysis, it is determined that hot rolling is 

used to obtain shaped billets with cross-sectional areas that are as close as possible to the 

size and shape of stamped forgings. This can reduce the cost of metal, increase the re-

sistance of dies, reduce the cost of die steel and electricity to perform the stamping opera-

tion as well as reduce the labor content of stamped forgings manufacturing and to increase 

production rates. An analysis of existing rolling schemes showed that the metal sliping in 

the cross direction with the transverse friction forces appearance, causes expansion, which 

has both a negative and a positive effect on the forming process. 

Broadening occurs as a consequence of the least resistance law, which determines 

the intensity of the of metal outflow from the deformation zones in the direction of free 

surfaces due to vertical compression and is a function of many factors. The analysis of ex-
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isting methods for broadening calculations, allowed to establish, that the most suitable and 

basic for research are those based on applying of the laws of deformation body mechanics 

and considers the most number of process parameters. 

When rolling the workpieces of a round cross section in smooth rolls or in calibers, 

there is an incomplete coverage of the perimeter of the cross section of the workpiece. 

This is because the contact surface is usually slightly smaller than the width of the rolled 

workpiece and the side sections of the workpiece cross section are not subject to direct 

compression. These side volumes of the workpiece are non-contact zones and significant-

ly affects the metal flow character in deformation zone, kinematics and dynamics of the 

rolling process. One of the reasons why the broadening calculation gives significant devia-

tions is the lack of formulas for broadening calculatiʦn of non-contact zones influence. 

When deformation under conditions close to isothermal, broadening and leading 

with constant compression degree practically does not change, and the change of defor-

mation degrees leads to change of its absolute values, therefore research of a stress-strain 

state and deformation zone geometry in these conditions, is also directed on rolling pro-

cess improvement. 

The analysis of previously developed rolling technological processes designing sys-

tems showed, that the main problem in creating an automated system is the lack of a uni-

fied algorithm for rolling technological processes calculating and the impossibility of for-

malizing the process of calculating some technological operations, which requires the de-

velopment of a new CAD, which calculates the influence of the parameters studied in the 

work on the rolling accuracy. 

The use of theoretical calculation methods, based on the study of deformation zone 

parameters during rolling with the finite element method, allows us to determine the 

stress-strain state. The geometric parameters of the deformed workpieces were obtained by 

measuring the deformation zone cross sections in a vector format. The dimensions of the 

actual deformation zone are determined by the strain rate fields size. 

The evaluation of deformability during rolling in the non-contact zones region was 

performed by deformation trajectories and plasticity diagrams building. The possibility of 

defect-free rolling, when the metal is subjected to complex loading, has been confirmed by 
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evaluation of the used plasticity resource according to the modified Dr. Ogorodnikov crite-

rion, which takes into account the significant influence of the path of deformation deriva-

tive on the defects repair. 

The methodology of theoretical estimation of power parameters of the rolling pro-

cess of different aluminum alloys is developed, according to which is obtained a correc-

tion factor ʂs, which takes into account the deformed metal stress state and the the influ-

ence of the workpiece width on the specific pressure during rolling in the temperature 

range 420é470Áʉ. It allows for a greater deformation force value, to carry out automated 

choice of forging rolls model. 

Rolling rectangular workpieces with different shapes and sizes of non-contact zones 

of in smooth rolls processes theoretical researches, allowed to establish the fact of tighten-

ing under small compression, when the deformation does not penetrate into the central 

zones. This goes with the fact that the transverse deformation spreads only in the surface 

layers without the central ones broadening, and the linear non-contact zones broadening 

mark (ȹb/ȹh)UZ reaches negative values. There is a different broadening for the workpiec-

es with different shapes of non-contact zones, (mostly in workpieces with rectangular non-

contact zones), which reflects their significant effect on the longitudinal and transverse de-

formations and determines the necessity to take into account their influence in the calibra-

tion calculation. 

For rolling operations of cylindrical section workpieces in smooth rolls, the stress-

strain state in the deformation zone cross section in cases of presence or absence of non-

contact zones in workpieces is theoretically researhed. In cases where the workpieces are 

subjected to deformation less than 40é50%, the absence of the non-contact zone signifi-

cantly improves the uniformity of the deformation zone stress-strain state and facilitates 

metal flow of in the transverse direction, and the calculation of the relative linear broaden-

ing will also depend on the non-contact zone influence. That is, the linear broadening mark 

ȹb/ȹh under all other equal conditions is considerably higher than the contact areas, which 

do not have non-contact zones, broadening. It does not contribute the metal flow in longi-

tudinal direction. In workpieces without non-contact zones, upon reaching the deformation 

degree of 40é50%, a non-contact zone is formed, that causes the appearance of transverse 
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adhesion forces, causing greater unevenness and the probability of deformation zone de-

fects occurrence compared to those workpieces where the non-contact zone was formed 

gradually. 

Theoretical studies of the geometric parameters of cylindrical workpieces in oval 

calibers rolling operations showed a broadening growth and also the influence of non-

contact zones on it, with a caliber curvature and workpieces diameter growth. The mecha-

nism of calculating of broadening according to developed model of the cylindrical work-

pieces deformation in the presence or absence of non-contact zones in oval calibers is 

proposed. In recommended intervals 1,25ÒɚÒ1,8 for rolling according to the circle-oval 

scheme, the coefficient of non-contact zones influence for broadening exceeds 10% of the 

size of the general coefficient of deformation unevenness, which gives the ground to sepa-

rately distinguish the calculation of the broadening size dependence from non-contact 

zones impact. 

For cases of rolling aluminum workpieces in conditions close to isothermal, the re-

searches, have shown a broadening size reduction due to the temperature unevenness dis-

tribution reduction by 5é20 Á C and, which results in the stress-strain state alignment 

throughout the workpiece volume. Dependences of these conditions influence on broaden-

ing during rolling are obtained, and it is shown that deformation conditions, which are 

close to isothermal, increase an actual deformation zone size by 13é 15%, increase the 

plasticity in the deformed metal zone and improve rolling process conditions. 

The experimental study have shown that the improved dependencies using for ra-

tional dimensions of rolling calibers calculating, provides a deeper penetration of the de-

formation into the rolling workpiece central zones, causing grains grinding and orienta-

tion, improving its structure and the general rolling accuracy. A technique was developed 

to predict defects appearance when stamping in the final stream after rolling and deform-

ing in final stream operations, performed using simulation, which improved the workpiece 

and preparatory stream conformity. 

The program-methodical complex of automated calibers calculation and creation of 

three-dimensional rolling sectors models with the their rational dimensions provision, due 

to the dependencies investigated in the work using, was developed. The results of the 
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complex include the following steps: the areas of forged forgings cross sections values ob-

taining; rolling workpiece parameters determination; the number of transitions and system 

of calibres determination; calibration system calculation; building of parametric three-

dimensional rolling sector models and CAD-system initial workpieces. 

Recommendations for the shaping processes improvement while hot deformation 

processes calculation were passed for implementation at PJSC EMCS (Kramatorsk). The 

developed program-methodical complex of the system of computer-aided designing of the 

rolling technological process was implemented at the NPC of Scientific and Production 

Center Ukhnal (Kyiv). The results of theoretical and experimental researches are imple-

mented in the form of a manual and are used in the educational process in practical, labor-

atory and design work of students at the departments of "Processing of metals by pressure" 

and "Computerized design and modeling of processes and machines" of the Donbass State 

Machine-Building Academy when teaching the discipline "Hot volume stamping". 

Keywords: rolling, stamping, broadening, non-contact zones, preparatory stream, 

finite element method, approximation, stress-strain state, used resource of plasticity, 

workpiece. 
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ɺʉʊʋʇ 
 

ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʪʝʤʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʅʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʨʦʟʚʠʪʢʫ ʤʘ-

ʰʠʥʦʙʫʜʫʚʘʥʥʷ ʦʜʥʠʤ ʽʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʨʝʟʝʨʚʽʚ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʨʦʙ-

ʥʠʮʪʚʘ, ʤʘʢʩʠʤʘʣʴʥʦʾ ʝʢʦʥʦʤʽʾ ʤʘʪʝʨʽʘʣʴʥʠʭ, ʪʨʫʜʦʚʠʭ ʽ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʻ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʟʘʛʦʪʽʚʝʣʴʥʦʾ ʬʘʟʠ ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʦʮʝʩʫ. ɿʘʛʘʣʴʥʝ ʟʘʚʜʘʥʥʷ ʮʽʻʾ ʩʪʘ-

ʜʽʾ ʧʦʣʷʛʘʻ ʚ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʥʘʙʣʠʞʝʥʥʽ ʬʦʨʤʠ ʽ ʨʦʟʤʽʨʽʚ ʟʘʛʦʪʦʚʢʠ ʜʦ ʬʦʨʤʠ ʽ ʨʦ-

ʟʤʽʨʽʚ ʛʦʪʦʚʠʭ ʜʝʪʘʣʝʡ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ 

ʾʭ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʥʘʥʥʷ, ʤʘʢʩʠʤʘʣʴʥʦʾ ʝʢʦʥʦʤʽʾ ʤʘʪʝʨʽʘʣʴʥʠʭ, ʪʨʫʜʦʚʠʭ ʽ ʛʨʦ-

ʰʦʚʠʭ ʨʝʩʫʨʩʽʚ. 

ʋ ʥʦʤʝʥʢʣʘʪʫʨʽ ʰʪʘʤʧʦʚʘʥʠʭ ʟʘʛʦʪʦʚʦʢ ʟʥʘʯʥʠʡ ʦʙʩʷʛ ʟʘʡʤʘʶʪʴ ʜʝʪʘʣʽ ʧʦʜʦ-

ʚʞʝʥʦʾ ʬʦʨʤʠ ʟʽ ʟʤʽʥʥʠʤ ʧʦʧʝʨʝʯʥʠʤ ʧʝʨʝʨʽʟʦʤ ʫʟʜʦʚʞ ʦʩʽ (ʚʘʞʝʣʽ, ʢʘʯʘʣʢʠ, ʨʫʯʢʠ, 

ʢʨʦʥʰʪʝʡʥʠ ʽ ʪ. ʜ.). ʗʢ ʟʘʛʘʣʴʥʽ ʧʽʜʛʦʪʦʚʯʽ ʦʧʝʨʘʮʽʾ ʧʝʨʝʜ ʰʪʘʤʧʫʚʘʥʥʷʤ ʜʝʪʘʣʝʡ 

ʧʦʜʦʚʞʝʥʦʾ ʬʦʨʤʠ ʟ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ, ʷʢʽ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʘʚʽʘ- ʪʘ 

ʘʚʪʦʤʦʙʽʣʝʙʫʜʫʚʘʥʥʽ, ʟʘʩʪʦʩʦʚʫʶʪʴ ʦʧʝʨʘʮʽʾ ʧʨʦʪʷʛʫʚʘʥʥʷ ʧʽʜ ʯʘʩ ʢʫʚʘʥʥʷ ʘʙʦ ʚʠʩʘ-

ʜʞʫʚʘʥʥʷ ʛʦʣʦʚʦʢ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦ-ʢʫʚʘʣʴʥʠʭ ʤʘʰʠʥʘʭ. ʅʝʜʦʣʽʢʦʤ ʧʝʨʰʦʾ ʻ ʥʝʜʦ-

ʩʪʘʪʥʷ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʚʠʩʦʢʘ ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ, ʧʽʜʚʠʱʝʥʘ ʚʠʪʨʘʪʘ ʤʝʪʘʣʫ, ʥʠʟʴʢʘ ʷʢ-

ʽʩʪʴ ʧʦʚʝʨʭʥʽ, ʘ ʜʨʫʛʦʾ ï ʟʘʥʘʜʪʦ ʚʠʩʦʢʘ ʚʽʨʦʛʽʜʥʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ ʟʘʜʠʨʦʢ ʥʘ ʪʦʨʮʷʭ 

ʪʘ ʧʦ ʣʽʥʽʾ ʨʦʟ'ʻʤʫ ʤʘʪʨʠʮʽ, ʘ ʪʘʢʦʞ ʫʪʚʦʨʝʥʥʷ ʛʦʬʨʦʚʘʥʦʾ ʧʦʚʝʨʭʥʽ ʚ ʤʽʩʮʷʭ ʧʝʨʝʭʦ-

ʜʫ ʚʽʜ ʚʠʩʘʜʞʝʥʦʾ ʛʦʣʦʚʢʠ ʜʦ ʚʠʭʽʜʥʦʛʦ ʧʝʨʝʨʽʟʫ ʧʨʫʪʢʘ. ʎʝ ʚʠʤʘʛʘʻ ʧʝʨʝʜʙʘʯʠʪʠ ʚ 

ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʨʦʮʝʩʽ ʦʧʝʨʘʮʽʾ ʟʘʯʠʱʝʥʥʷ, ʱʦ ʟʥʘʯʥʦ ʧʦʜʦʚʞʫʻ ʮʠʢʣ ʚʠʛʦʪʦʚʣʝʥ-

ʥʷ ʽ ʟʙʽʣʴʰʫʻ ʚʘʨʪʽʩʪʴ ʜʝʪʘʣʽ. ʅʘʪʦʤʽʩʪʴ, ʦʧʝʨʘʮʽʷ ʛʘʨʷʯʦʛʦ ʚʘʣʴʮʶʚʘʥʥʷ ʻ ʙʽʣʴʰ ʜʦ-

ʩʢʦʥʘʣʠʤ ʩʧʦʩʦʙʦʤ ʧʽʜʛʦʪʫʚʘʥʥʷ ʟʘʛʦʪʦʚʦʢ ʧʽʜ ʥʘʩʪʫʧʥʝ ʰʪʘʤʧʫʚʘʥʥʷ ʥʘ ʤʘʰʠʥʦ-

ʙʫʜʽʚʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ. 

ʊʝʭʥʦʣʦʛʽʷ ʛʘʨʷʯʦʛʦ ʚʘʣʴʮʶʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʬʘʩʦʥʥʠʭ 

ʟʘʛʦʪʦʚʦʢ ʟ ʧʣʦʱʘʤʠ ʧʦʧʝʨʝʯʥʠʭ ʧʝʨʝʨʽʟʽʚ, ʷʢʽ ʤʘʢʩʠʤʘʣʴʥʦ ʥʘʙʣʠʞʝʥʽ ʜʦ ʨʦʟʤʽʨʽʚ ʽ 

ʬʦʨʤʠ ʰʪʘʤʧʦʚʘʥʠʭ ʧʦʢʦʚʦʢ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʥʦʨʤʫ ʚʠʪʨʘʪʠ ʤʝʪʘʣʫ, ʧʽʜʚʠʱʠ-

ʪʠ ʩʪʽʡʢʽʩʪʴ ʰʪʘʤʧʽʚ ʽ ʩʢʦʨʦʪʠʪʠ ʚʠʪʨʘʪʫ ʰʪʘʤʧʦʚʦʾ ʩʪʘʣʽ ʪʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʘ ʚʠʢʦ-

ʥʘʥʥʷ ʦʧʝʨʘʮʽʾ ʰʪʘʤʧʫʚʘʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʟʤʝʥʰʫʻʪʴʩʷ ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʰʪʘʤʧʦʚʘʥʠʭ ʧʦʢʦʚʦʢ ʽ ʧʽʜʚʠʱʫʻʪʴʩʷ ʥʦʨʤʘ ʚʠʨʦʙʽʪʢʫ. ʇʨʦʪʝ, ʧʨʠ ʚʘʣʴʮʶʚʘʥʥʽ 
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ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʝʧʦʚʥʝ ʦʭʦʧʣʝʥʥʷ ʧʝʨʠʤʝʪʨʫ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʟʘʛʦʪʦʚʢʠ, ʪʦʤʫ 

ʾʾ ʙʽʯʥʽ ʜʽʣʷʥʢʠ ʥʝ ʟʘʟʥʘʶʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʦʙʪʠʩʥʝʥʥʷ. ʎʝ ʩʧʨʠʯʠʥʷʻ ʚʠʥʠʢʥʝʥʥʷ 

ʧʦʟʘʢʦʥʪʘʢʪʥʠʭ ʟʦʥ (ʇɿ), ʷʢʽ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʚʧʣʠʚʘʶʪʴ ʥʘ ʭʘʨʘʢʪʝʨ ʪʝʯʽʾ ʤʝʪʘʣʫ ʪʘ 

ʛʨʘʜʽʻʥʪ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʚ ʟʘʛʦʪʦʚʮʽ, ʱʦ ʧʨʠʟʚʦ-

ʜʠʪʴ ʜʦ ʧʦʷʚʠ ʜʝʬʝʢʪʽʚ ʫ ʰʪʘʤʧʦʚʘʥʠʭ ʚʠʨʦʙʘʭ ʽ ʟʥʠʞʝʥʥʷ ʾʭ ʷʢʦʩʪʽ. ʈʽʚʥʦʤʽʨʥʠʡ 

ʧʨʦʮʝʩ ʜʝʬʦʨʤʫʚʘʥʥʷ ʟʘʛʦʪʦʚʢʠ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʟʦʥ ʟ ʫʩʢʣʘʜʥʝʥʦʶ ʜʝʬʦʨʤʘʮʽʻʶ ʟʘ-

ʙʝʟʧʝʯʠʪʴ ʚʩʝʙʽʯʥʫ ʧʨʦʨʦʙʢʫ ʩʪʨʫʢʪʫʨʠ ʪʘ, ʷʢ ʥʘʩʣʽʜʦʢ, ʟʤʝʥʰʠʪʴ ʨʽʟʥʠʮʶ ʚʣʘʩʪʠ-

ʚʦʩʪʝʡ ʧʦ ʦʙôʻʤʫ ʟʘʛʦʪʦʚʢʠ. ʎʽʡ ʧʨʦʙʣʝʤʽ ʧʨʠʜʽʣʝʥʦ ʟʥʘʯʥʫ ʫʚʘʛʫ ʫ ʧʨʘʮʷʭ 

ɯ. ɯ. ɯʚʘʥʦʚʘ, ɼ. ɸ. ʄʘʪʫʨʽʥʘ, ʉ. ɻ. ʅʽʢʽʪʽʥʘ, ɺ. ʌ. ʇʫʰʢʘʨʴʦʚʘ, ʉ. ʆ. ʉʢʨʷʙʽʥʘ, 

ɺ. ʉ. ʉʤʽʨʥʦʚʘ, ɸ. ɯ. ʎʝʣʽʢʦʚʘ ʪʘ ʽʥ. ʊʦʤʫ, ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʣʦʚʠʚʯʝʥʦʛʦ ʤʝʭʘʥʽʟʤʫ 

ʚʧʣʠʚʫ ʧʦʟʘʢʦʥʪʘʢʪʥʠʭ ʟʦʥ ʥʘ ʨʦʟʰʠʨʝʥʥʷ ʧʨʠ ʦʪʨʠʤʘʥʥʽ ʟʘʛʦʪʦʚʦʢ, ʱʦ ʚʘʣʴʮʶ-

ʶʪʴʩʷ, ʻ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ, ʟʚʘʞʘʶʯʠ ʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʡʦʛʦ ʚʨʘʭʫʚʘʥʥʷ ʧʨʠ ʾʭ 

ʧʨʦʝʢʪʫʚʘʥʥʽ, ʘ ʪʘʢʦʞ ʨʦʟʨʘʭʫʥʢʫ ʽ ʢʦʥʩʪʨʫʶʚʘʥʥʽ ʢʘʣʽʙʨʽʚ ʪʘ ʚʘʣʴʮʶʚʘʣʴʥʠʭ ʩʝʢ-

ʪʦʨʽʚ. 

ʆʪʞʝ, ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʛʘʨʷʯʦʛʦ ʚʘʣʴʮʶʚʘʥʥʷ ʟʘʛʦʪʦʚʦʢ ʟ 

ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ, ʷʢʝ ʙ ʟʘʙʝʟʧʝʯʫʚʘʣʦ ʟʥʠʞʝʥʥʷ ʛʨʘʜʽʻʥʪʫ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʜʝʬʦ-

ʨʤʘʮʽʾ ʚ ʦʩʝʨʝʜʢʫ ʜʝʬʦʨʤʫʚʘʥʥʷ (ʆɼ), ʟʥʠʞʝʥʥʷ ʟʫʩʠʣʴ ʜʝʬʦʨʤʫʚʘʥʥʷ, ʧʦʢʨʘʱʝʥʥʷ 

ʧʣʘʩʪʠʯʥʦʩʪʽ, ʘ, ʚʽʜʧʦʚʽʜʥʦ, ʽ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʠʭ ʟ ʥʠʭ ʥʘʧʽʚʬʘʙʨʠʢʘʪʽʚ 

ʧʦʜʦʚʞʝʥʦʾ ʬʦʨʤʠ, ʻ ʘʢʪʫʘʣʴʥʦʶ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʶ ʟʘʜʘʯʝʶ. 

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

ʨʦʙʦʪʘ ʚʠʢʦʥʫʚʘʣʘʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ çʉʪʨʘʪʝʛʽʾ ʨʦʟʚʠʪʢʫ ʚʽʪʯʠʟʥʷʥʦʾ ʘʚʽʘʮʽʡʥʦʾ ʧʨʦ-

ʤʠʩʣʦʚʦʩʪʽ ʥʘ ʧʝʨʽʦʜ ʜʦ 2020 ʨʦʢʫè, ʩʭʚʘʣʝʥʦʾ ʨʦʟʧʦʨʷʜʞʝʥʥʷʤ ʂʘʙʽʥʝʪʫ ʤʽʥʽʩʪʨʽʚ 

ʋʢʨʘʾʥʠ ʚʽʜ 27.12.2008ʨ., ˉ 1656 ï  ʨ. ʪʘ çʉʪʨʘʪʝʛʽʾ ʚʽʜʨʦʜʞʝʥʥʷ ʚʽʪʯʠʟʥʷʥʦʛʦ ʘʚʽʘ-

ʙʫʜʫʚʘʥʥʷ ʥʘ ʧʝʨʽʦʜ ʜʦ 2022 ʨʦʢʫè, ʩʭʚʘʣʝʥʦʾ ʨʦʟʧʦʨʷʜʞʝʥʥʷʤ ʂʘʙʽʥʝʪʫ ʤʽʥʽʩʪʨʽʚ 

ʋʢʨʘʾʥʠ ʚʽʜ 10.05.2018ʨ., ˉ 429 ï ʨ. 

ʄʝʪʘ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʚʠʨʦʙʽʚ, 

ʚʠʛʦʪʦʚʣʝʥʠʭ ʽʟ ʟʘʛʦʪʦʚʦʢ ʟ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ, ʥʘ ʦʩʥʦʚʽ ʚʠʟʥʘʯʝʥʥʷ ʢʦʤʧʣʝʢʩʥʦ-

ʛʦ ʚʧʣʠʚʫ ʨʘʮʽʦʥʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ, ʛʝʦʤʝʪʨʠʯʥʠʭ ʪʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʧʘʨʘ-

ʤʝʪʨʽʚ ʧʨʦʮʝʩʽʚ ʬʦʨʤʦʟʤʽʥʠ ʟʘʛʦʪʦʚʦʢ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʝʪʘʣʝʡ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʟʘʟʥʘʯʝʥʦʾ ʤʝʪʠ, ʥʝʦʙʭʽʜʥʦ ʨʦʟʚôʷʟʘʪʠ ʪʘʢʽ ʟʘʜʘʯʽ: 
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1. ɺʠʢʦʥʘʪʠ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʪʘ ʩʧʦʩʦʙʽʚ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʰʠʨʝʥʥʷ ʟʘ-

ʛʦʪʦʚʦʢ ʚ ʦʩʝʨʝʜʢʫ ʜʝʬʦʨʤʫʚʘʥʥʷ ʧʨʠ ʚʘʣʴʮʶʚʘʥʥʽ, ʘ ʪʘʢʦʞ ʚʧʣʠʚʫ ʥʘ ʥʴʦʛʦ ʥʘʷʚ-

ʥʦʩʪʽ ʚ ʟʘʛʦʪʦʚʮʽ ʧʦʟʘʢʦʥʪʘʢʪʥʠʭ ʟʦʥ ʽ ʽʟʦʪʝʨʤʽʯʥʠʭ ʫʤʦʚ ʜʝʬʦʨʤʫʚʘʥʥʷ, ʪʘ ʟʨʦʙʠʪʠ 

ʚʠʙʽʨ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʘʥʘʣʽʟʫ ʧʨʦʮʝʩʫ ʜʝʬʦʨʤʫʚʘʥ-

ʥ.̫ 

2. ʈʦʟʨʦʙʠʪʠ ʟʘʛʘʣʴʥʫ ʤʝʪʦʜʠʢʫ ʜʣʷ ʪʝʦʨʝʪʠʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʧʨʦʮʝʩʽʚ ʚʘʣʴʮʶʚʘʥʥʷ ʪʘ ʚʠʟʥʘʯʠʪʠ ʪʝʭʥʦʣʦʛʽʯʥʽ ʤʦʞʣʠʚʦʩʪʽ ʜʝʬʦʨʤʫʚʘʥʥʷ ʧʦʟʘ-

ʢʦʥʪʘʢʪʥʦʾ ʟʦʥʠ ʚ ʫʤʦʚʘʭ ʛʘʨʷʯʦʛʦ ʚʘʣʴʮʶʚʘʥʥʷ ʟʘʛʦʪʦʚʦʢ ʟ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ. 

3. ʈʦʟʨʦʙʠʪʠ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʟ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʤʽʨʽʚ ʨʦʟʰʠʨʝʥʥʷ ʪʘ ʬʘʢʪʠ-

ʯʥʦʛʦ ʦʩʝʨʝʜʢʫ ʜʝʬʦʨʤʫʚʘʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʛʝʦʤʝʪʨʠʯʥʠʭ ʬʦʨʤ ʢʘʣʽʙʨʽʚ ʽ ʟʘʛʦʪʦ-

ʚʦʢ, ʱʦ ʚʘʣʴʮʶʶʪʴʩʷ, ʥʘ ʧʽʜʩʪʘʚʽ ʪʝʦʨʝʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʜʝʬʦʨʤʘʮʽʾ 

ʪʘ ʚʧʣʠʚʫ ʧʦʟʘʢʦʥʪʘʢʪʥʠʭ ʟʦʥ ʧʨʠ ʚʘʣʴʮʶʚʘʥʥʽ ʟʘʛʦʪʦʚʦʢ ʚ ʛʣʘʜʢʠʭ ʚʘʣʢʘʭ ʽ ʦʚʘʣʴ-

ʥʠʭ ʢʘʣʽʙʨʘʭ ʫ ʟʚʠʯʘʡʥʠʭ ʫʤʦʚʘʭ ʪʘ ʥʘʙʣʠʞʝʥʠʭ ʜʦ ʽʟʦʪʝʨʤʽʯʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ. 

4. ɺʩʪʘʥʦʚʠʪʠ ʤʝʪʦʜ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʷʚʠ ʜʝʬʝʢʪʽʚ ʧʨʠ ʛʘʨʷʯʦʤʫ ʰʪʘʤʧʫ-

ʚʘʥʥʽ ʧʦʢʦʚʦʢ ʟ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ ʟ ʧʦʧʝʨʝʜʥʽʤ ʚʘʣʴʮʶʚʘʥʥʷʤ ʥʘ ʧʽʜʩʪʘʚʽ ʨʝʟʫʣʴ-

ʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʪʘ ʥʘʜʘʪʠ ʧʨʘʢʪʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʰʪʘʤʧʫʚʘʥʴ, ʱʦ ʦʪʨʠʤʫʶʪʴʩʷ. 

5. ʇʨʦʚʝʩʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʝʞʠʤʽʚ ʚʘʣʴʮʶ-

ʚʘʥʥʷ, ʷʢʽ ʚʩʪʘʥʦʚʣʝʥʽ ʟʘ ʦʪʨʠʤʘʥʠʤʠ ʘʥʘʣʽʪʠʯʥʠʤʠ ʟʘʣʝʞʥʦʩʪʷʤʠ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ 

ʨʽʟ-ʥʠʭ ʛʨʫʧ ʪʠʧʦʚʠʭ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʟʘʛʦʪʦʚʦʢ ʟ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ, ʱʦ ʚʘʣʴʮʶ-

ʶʪʴʩʷ, ʜʣʷ ʦʧʝʨʘʮʽʾ ʰʪʘʤʧʫʚʘʥʥʷ ʥʘ ʢʫʚʘʣʴʥʠʭ ʚʘʣʴʮʷʭ. 

6. ɺʠʢʦʥʘʪʠ ʫʟʘʛʘʣʴʥʝʥʥʷ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʪʘ ʨʦʟʨʦʙʠʪʠ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝ-

ʯʝʥʥʷ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚʘʣʴʮʶʚʘʥʥʷ ʟʘʛʦʪʦʚʦʢ ʟʘ 

ʫʜʦʩʢʦʥʘʣʝʥʦʶ ʤʝʪʦʜʠʢʦʶ ʽʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʧʦʟʘʢʦʥʪʘʢʪʥʠʭ ʟʦʥ ʪʘ ʫʤʦʚ, ʥʘ-

ʙʣʠʞʝʥʠʭ ʜʦ ʽʟʦʪʝʨʤʽʯʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ. ɺʧʨʦʚʘʜʠʪʠ ʪʝʭʥʦʣʦʛʽʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ 

ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʤʘʰʠʥʦʙʫʜʽʚʥʦʾ ʛʘʣʫʟʽ. 

ʆʙ'ʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ. ʇʨʦʮʝʩʠ ʛʘʨʷʯʦʛʦ ʚʘʣʴʮʶʚʘʥʥʷ ʟʘʛʦʪʦʚʦʢ ʟ̔ ʘʣʶʤʽʥʽʻ-

ʚʠʭ ʩʧʣʘʚʽʚ. 



24 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ. ɿʘʢʦʥʦʤʽʨʥʦʩʪʽ ʧʣʘʩʪʠʯʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʟʘʛʦʪʦʚʦʢ 

ʟ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ ʧʨʠ ʛʘʨʷʯʦʤʫ ʚʘʣʴʮʶʚʘʥʥʽ ʽʟ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʨʘʮʽʦʥʘʣʴʥʠʭ ʪʝ-

ʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʬʦʨʤʦʟʤʽʥʠ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɺ ʦʩʥʦʚʫ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʣʘʜʝʥʦ ʤʝʪʦʜʠ ʪʝ-

ʦʨʽʾ ʧʣʘʩʪʠʯʥʦʩʪʽ ʪʘ ʤʝʪʦʜ ʩʢʽʥʯʝʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʷʢʠʡ ʨʝʘʣʽʟʦʚʘʥʦ ʚ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʤʫ 

ʧʨʦʛʨʘʤʥʦʤʫ ʢʦʤʧʣʝʢʩʽ QForm3D, ʤʝʪʦʜʠ ʚʝʢʪʦʨʥʦʾ ʛʨʘʬʽʢʠ ʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩ-

ʪʠʢʠ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʧʨʦʚʦʜʠʣʠʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʽʚ 

ʬʽʟʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʪʝʥʟʦʤʝʪʨʽʾ, ʦʧʪʠʯʥʦʾ ʽ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ. ɼʣʷ ʦʮʽʥ-

ʢʠ ʪʦʯʥʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʪʝʦʨʝʪʠʯʥʠʭ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʤʝʪʦʜʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ: 

1. ɺʧʝʨʰʝ ʚʩʪʘʥʦʚʣʝʥʦ, ʷʢ ʨʝʟʫʣʴʪʘʪ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʽʤʽʪʘʮʽʡʥʠʭ ʜʦʩʣʽ-

ʜʞʝʥʴ, ʚʧʣʠʚ ʧʦʟʘʢʦʥʪʘʢʪʥʠʭ ʟʦʥ ʥʘ ʨʦʟʤʽʨʠ ʨʦʟʰʠʨʝʥʥʷ ʪʘ ʬʘʢʪʠʯʥʦʛʦ ʦʩʝʨʝʜʢʫ 

ʜʝʬʦʨʤʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʨʽʚʥʦʤʽʨʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʥʘʧʨʫʞʝʥʦ-ʜʝʬ ʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʚ 

ʧʨʦʮʝʩʘʭ ʛʘʨʷʯʦʛʦ ʚʘʣʴʮʶʚʘʥʥʷ ʮʠʣʽʥʜʨʠʯʥʠʭ ʟʘʛʦʪʦʚʦʢ ʟ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ ʚ 

ʦʚʘʣʴʥʠʭ ʢʘʣʽʙʨʘʭ. 

2. ɸʥʘʣʽʪʠʯʥʠʤ ʰʣʷʭʦʤ ʦʪʨʠʤʘʚ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʤʝʪʦʜ ʪʝʦʨʝʪʠʯʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʦʨʫ ʜʝʬʦʨʤʫʚʘʥʥʷ ʚ ʦʩʝʨʝʜʢʫ ʜʝʬʦʨʤʫʚʘʥʥʷ ʧʨʠ ʛʘʨʷʯʦʤʫ ʚʘʣʴʮʶ-

ʚʘʥʥʽ, ʷʢʠʡ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʽʩʥʫʶʯʠʭ ʪʠʤ, ʱʦ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʦʚʥʦʛʦ ʟʫʩʠʣʣʷ ʚʘ-

ʣʴʮʶʚʘʥʥʷ ʜʣʷ ʩʧʣʘʚʫ, ʷʢʠʡ ʜʦʩʣʽʜʞʫʻʪʴʩʷ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʠʟʥʘʯʝʥʽ ʜʘʥʽ ʟ ʨʦʟ-

ʤʽʨʫ ʩʝʨʝʜʥʴʦʛʦ ʧʠʪʦʤʦʛʦ ʟʫʩʠʣʣʷ ʜʣʷ ʙʘʟʦʚʦʛʦ ʩʧʣʘʚʫ, ʘ ʪʘʢʦʞ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʘ-

ʥʠʭ ʟ ʚʽʜʥʦʩʥʦʛʦ ʧʦʜʦʚʞʝʥʥʷ, ʤʝʞʽ ʧʣʘʩʪʠʯʥʦʩʪʽ ʪʘ ʤʽʮʥʦʩʪʽ ʜʣʷ ʙʘʟʦʚʦʛʦ ʪʘ ʜʦʩʣʽ-

ʜʞʫʚʘʥʦʛʦ ʩʧʣʘʚʫ. 

3. ʋʜʦʩʢʦʥʘʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʦʧʠʩʫ ʢʽʥʮʝʚʦʛʦ ʬʦʨʤʦʟʤʽʥʝʥʥʷ ʟʘʛʦ-

ʪʦʚʢʠ ʧʨʠ ʛʘʨʷʯʦʤʫ ʚʘʣʴʮʶʚʘʥʥʽ, ʷʢʘ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ, ʚʨʘʭʦʚʫʻ ʚʧʣʠʚ ʧʦʟʘ-

ʢʦʥʪʘʢʪʥʠʭ ʟʦʥ ʪʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʨʦʟʤʽʨʫ ʨʦʟʰʠʨʝʥʥʷ, 

ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʤʝʥʰʠʪʠ ʛʨʘʜʽʻʥʪ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʜʝʬʦʨʤʘʮʽʾ ʚ ʦʩʝʨʝʜʢʫ ʜʝ-

ʬʦʨʤʫʚʘʥʥʷ ʟʘʛʦʪʦʚʦʢ, ʱʦ ʚʘʣʴʮʶʶʪʴʩʷ. 
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4. ʆʪʨʠʤʘʚ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʤʝʪʦʜ ʦʮʽʥʢʠ ʜʝʬʦʨʤʽʚʥʦʩʪʽ ʤʝʪʘʣʫ ʧʨʠ ʚʘ-

ʣʴʮʶʚʘʥʥʽ, ʷʢʠʡ ʧʦʣʷʛʘʻ ʫ ʚʠʟʥʘʯʝʥʥʽ ʧʦʢʘʟʥʠʢʽʚ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʪʘ ʚʠʢʦʨʠʩʪʘ-

ʥʦʛʦ ʨʝʩʫʨʩʫ ʧʣʘʩʪʠʯʥʦʩʪʽ ʚ ʫʤʦʚʘʭ ʛʘʨʷʯʦʛʦ ʚʘʣʴʮʶʚʘʥʥʷ ʟʘʛʦʪʦʚʦʢ ʟ ʘʣʶʤʽʥʽʻʚʠʭ 

ʩʧʣʘʚʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʮʽʥʶʚʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʨʫʡʥʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʚ ʦʙʣʘʩʪʽ ʧʦʟʘ-

ʢʦʥʪʘʢʪʥʠʭ ʟʦʥ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ: 

1. ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʟ ʨʦʟʨʘʭʫʥʢʫ ʨʘʮʽʦʥʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʧʨʦʮʝʩʫ ʛʘʨʷʯʦʛʦ ʚʘʣʴʮʶʚʘʥʥʷ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʥʘ ʨʦʟʤʽʨ ʨʦʟʰʠʨʝʥʥʷ ʧʦʟʘ-

ʢʦʥʪʘʢʪʥʠʭ ʟʦʥ ʪʘ ʽʟʦʪʝʨʤʽʯʥʠʭ ʫʤʦʚ ʜʝʬʦʨʤʫʚʘʥʥʷ ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʢʘʣʽʙʨʫ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢʦ ʾʜʦʟʚʦʣʷʻ ʢʨʘʱʝ ʧʝʨʝʨʦʟʧʦʜʽʣʠʪʠ ʤʝʪʘʣ, ʟʤʝ-

ʥʰʠʪʠ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʜʝʬʦʨʤʘʮʽʾ ʧʦ ʦʙôʻʤʫ ʟʘʛʦʪʦʚʢʠ ʪʘ ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ ʚʠʛʦʪʦ-

ʚʣʝʥʠʭ ʟ ʥʝʾ ʥʘʧʽʚʬʘʙʨʠʢʘʪʽʚ. 

2. ʨʦʟʨʦʙʣʝʥʦ ʨʝʢʦʤʝʥʜʘʮʽʾ, ʱʦ ʧʦʣʷʛʘʶʪʴ ʫ ʚʠʟʥʘʯʝʥʥʽ ʨʦʟʤʽʨʫ ʬʘʢʪʠʯʥʦʛʦ 

ʦʩʝʨʝʜʢʫ ʜʝʬʦʨʤʫʚʘʥʥʷ ʟʘ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʝʟʫʣʴʪʘʪʽʚ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, 

ʪʘ ʥʘʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʩʪʫʧʝʥʽʚ ʦʙʪʠʩʢʫ ʟ ʤʝʥʰʠʤ ʛʨʘʜʽʻʥʪʦʤ ʥʝʨʽʚʥʦ-

ʤʽʨʥʦʩʪʽ ʧʨʠ ʚʘʣʴʮʶʚʘʥʥʽ ʟʘʛʦʪʦʚʦʢ ʟ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ. 

3. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜʠʢʫ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʷʚʠ ʜʝʬʝʢʪʽʚ ʧʨʠ ʛʘʨʷʯʦʤʫ 

ʰʪʘʤʧʫʚʘʥʥʽ ʧʦʢʦʚʦʢ ʟ ʧʦʧʝʨʝʜʥʽʤ ʚʘʣʴʮʶʚʘʥʥʷʤ ʟʘʛʦʪʦʚʦʢ ʽʟ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ. 

4. ʥʘʜʘʥʦ ʨʝʢʦʤʝʥʜʘʮʽʾ, ʟʘ ʷʢʠʤʠ ʜʣʷ ʽʩʥʫʶʯʦʾ ʤʝʪʦʜʠʢʠ ʟ ʨʦʟʨʘʭʫʥʢʫ ʧʽʜʛʦ-

ʪʦʚʯʠʭ ʨʽʚʯʘʢʽʚ, ʤʦʞʣʠʚʦ ʥʘʙʣʠʟʠʪʠ ʨʦʟʤʽʨʠ ʾʭ ʚʝʨʪʠʢʘʣʴʥʠʭ ʨʝʙʝʨ ʪʘ ʨʘʜʽʫʩʽʚ ʧʝ-

ʨʝʭʦʜʽʚ ʜʦ ʚʽʜʧʦʚʽʜʥʠʭ ʨʦʟʤʽʨʽʚ ʢʽʥʮʝʚʠʭ ʨʽʚʯʘʢʽʚ, ʱʦ ʧʦʢʨʘʱʫʻ ʟʘʧʦʚʥʝʥʥʷ ʢʽʥʮʝ-

ʚʦʛʦ ʨʽʚʯʘʢʘ ʟ ʪʦʥʢʠʤʠ ʪʘ ʚʠʩʦʢʠʤʠ ʨʝʙʨʘʤʠ, ʧʽʜʚʠʱʫʶʯʠ ʷʢʽʩʪʴ ʰʪʘʤʧʫʚʘʥʴ, ʱʦ 

ʦʪʨʠʤʫʶʪʴʩʷ. 

5. ʈʦʟʨʦʙʣʝʥʦ ʧʨʦʛʨʘʤʥʦ-ʤʝʪʦʜʠʯʥʠʡ ʢʦʤʧʣʝʢʩ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʫ ʧʦʙʫ-

ʜʦʚʠ ʝʧʶʨʠ ʧʝʨʝʨʽʟʽʚ ʰʪʘʤʧʦʚʘʥʦʾ ʧʦʢʦʚʢʠ, ʨʦʟʨʘʭʫʥʢʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʚʘʣʴʮʶʚʘʣʴʥʠʭ ʢʘʣʽʙʨʽʚ ʽ ʧʦʙʫʜʦʚʠ ʪʨʠʚʠʤʽʨʥʠʭ ʤʦʜʝʣʝʡ ʚʘʣʴʮʶʚʘʣʴʥʠʭ ʩʝʢʪʦʨʽʚ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʧʦʟʘʢʦʥʪʘʢʪʥʠʭ ʟʦʥ ʽ ʽʟʦʪʝʨʤʽʯʥʠʭ ʫʤʦʚ ʜʝʬʦʨʤʫʚʘʥʥʷ ʥʘ ʧʨʦ-

ʮʝʩ ʚʘʣʴʮʶʚʘʥʥʷ 

ʆʩʥʦʚʥʽ ʧʨʘʢʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʫ ʚʠʛʣʷʜʽ ʨʝʢʦʤʝʥʜʘʮʽʡ ʟ ʤʦʜʝʣʶʚʘʥʥʷ 

ʦʧʝʨʘʮʽʡ ʦʙʨʦʙʢʠ ʪʠʩʢʦʤ ʩʢʣʘʜʥʠʭ ʟʘʛʦʪʦʚʦʢ ʙʫʣʠ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ 
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ʥʘ ʇɸʊ çɽʥʝʨʛʦʤʘʰʩʧʝʮʩʪʘʣʴè (ʤ. ʂʨʘʤʘʪʦʨʩʴʢ) ʜʣʷ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʜʝ-

ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʨʦʟʨʦʙʢʠ ʟʘʭʦʜʽʚ ʱʦʜʦ ʧʦʣʽʧʰʝʥʥʷ ʧʨʦʮʝʩʫ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʚʠʨʦ-

ʙʽʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦ ʾʩʠʩʪʝʤʘ ʨʦʟʨʘʭʫʥʢʫ ʢʘʣʽʙʨʽʚ ʜʣʷ ʚʘʣʴʮʶʚʘʥʥʷ, 

ʥʘʜʘʣʦ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʦʜʠʪʠ ʧʦʚʥʽʩʪʶ ʘʚʪʦʤʘʪʠʟʦʚʘʥʫ ʨʦʟʨʦʙʢʫ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ ʚʘʣʴʮʶʚʘʥʥʷ ʪʘ ʚʘʣʴʮʶʚʘʣʴʥʠʭ ʩʝʢʪʦʨʽʚ, ʧʽʜʚʠʱʠʚʱʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʨʦʙ-

ʥʠʮʪʚʘ ʥʘ ʥʘ ʇʇ ʅɺʎ çʋʭʥʘʣʴè (ʤ. ʂʠʾʚ). 

ʆʢʨʝʤʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʧʨʠ ʧʽʜʛʦ-

ʪʦʚʮʽ ʥʘʚʯʘʣʴʥʦʛʦ ʧʦʩʽʙʥʠʢʘ ʘʚʪʦʨʽʚ ʉ. ʆ. ʉʢʨʷʙʽʥʘ, ɼ. ʉ. ʏʘʡʢʠ ʪʘ ʆ. ɭ. ʄʘʨʢʦʚʘ 

çʄʝʪʦʜʠʢʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʪʘ 3-D ʤʦʜʝʣʝʡ 

ʢʘʣʽʙʨʽʚ ʧʨʠ ʚʘʣʴʮʶʚʘʥʥʽè ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ʥʘ ʢʘʬʝʜʨʘʭ 

çʆʙʨʦʙʢʘ ʤʝʪʘʣʽʚ ʪʠʩʢʦʤè ɼʦʥʙʘʩʴʢʦʾ ʜʝʨʞʘʚʥʦʾ ʤʘʰʠʥʦʙʫʜʽʚʥʦʾ ʘʢʘʜʝʤʽʾ ʧʨʠ ʚʠ-

ʢʣʘʜʘʥʥʽ ʜʠʩʮʠʧʣʽʥʠ çɻʘʨʷʯʝ ʦʙ'ʻʤʥʝ ʰʪʘʤʧʫʚʘʥʥʷè. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ɺʥʝʩʦʢ ʘʚʪʦʨʘ ʫ ʧʨʦʮʝʩʽ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ ʧʦ-

ʣʛ̫ʘʻ ʚ ʦʙˇʨʫʥʪʫʚʘʥʥʽ ʪʘ ʚʠʨʽʰʝʥʥʽ ʪʝʦʨʝʪʠʯʥʠʭ ʟʘʚʜʘʥʴ ʟ ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʦ-

ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʟʘʛʦʪʦʚʢʠ ʧʽʜ ʯʘʩ ʾʾ ʬʦʨʤʦʟʤʽʥʠ, ʨʦʟʨʦʙʮ ̔ʧʨʘʢʪʠʯʥʠʭ ʨʝʢʦʤʝ-

ʥʜʘʮʽʡ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʘʮʽʦʥʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʘʣʽʙʨʽʚ. ʇʨʠ ʧʨʦ-

ʚʝʜʝʥʥʽ ʜʦʩʣʽʜʞʝʥʴ, ʨʝʟʫʣʴʪʘʪʠ ʷʢʠʭ ʦʧʫʙʣʽʢʦʚʘʥʽ ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ, ʘʚʪʦʨʫ ʥʘʣʝʞʠʪʴ 

ʚʠʙʽʨ ʪʘ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʠʢ ʜʦʩʣʽʜʞʝʥʴ, ʧʨʦʚʝʜʝʥʥʷ ʪʝʦʨʝʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʧʨʦʮʝʩʽʚ 

ʚʘʣʴʮʶʚʘʥʥʷ, ʧʽʜʛʦʪʦʚʢʘ ʪʘ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʘʥʘʣʽʟ ʽ ʫʟʘʛʘʣʴʥʝʥʥʷ ʦʪʨʠ-

ʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʨʦʟʨʦʙʣʝʥʥʷ ʧʨʘʢʪʠʯʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ. ɺʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ ʚ ʨʦ-

ʙʦʪʘʭ, ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʨʘʟʦʤ ʟʽ ʩʧʽʚʘʚʪʦʨʘʤʠ, ʥʘʚʝʜʝʥ ̔ʚ ʘʥʦʪʘʮʽʷʭ ʜʦ ʩʧʠʩʢʫ ʦʧʫʙʣʽ-

ʢʦʚʘʥʠʭ ʧʨʘʮʴ ʟʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʾ. 

ɸʧʨʦʙʘʮʽʷ ʤʘʪʝʨʽʘʣʽʚ ʜʠʩʝʨʪʘʮʽʾ. ɿʘʛʘʣʴʥʽ ʧʦʣʦʞʝʥʥʷ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ 

ʜʦʧʦʚʽʜʘʣʠʩʷ ʪʘ ʦʙʛʦʚʦʨʶʚʘʣʠʩʷ ʥʘ ʪʘʢʠʭ ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ: ʄʅʊʂ çɼʦʩʷʛ-

ʥʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ʧʨʦʮʝʩʽʚ ʽ ʤʘʰʠʥ ʦʙʨʦʙʢʠ ʪʠʩʢʦʤ ʚ ʤʝʪʘʣʫʨʛʽʾ ʽ ʤʘ-

ʰʠʥʦʙʫʜʫʚʘʥʥʽè(ʤ. ʂʨʘʤʘʪʦʨʩʴʢ, 2009 ʨ); ʄʅʊʂ çʅʦʚʽ ʥʘʫʢʦʤʽʩʪʢʽ ʪʝʭʥʦʣʦʛʽʾ, 

ʫʩʪʘʪʢʫʚʘʥʥʷ ʽ ʦʩʥʘʱʝʥʥʷ ʜʣʷ ʦʙʨʦʙʢʠ ʤʘʪʝʨʽʘʣʽʚ ʪʠʩʢʦʤè(ʤ. ʂʨʘʤʘʪʦʨʩʴʢ, 2010 ʨ); 

ʄʅʊʂ çʅʦʚʽ ʥʘʫʢʦʤʽʩʪʢʽ ʪʝʭʥʦʣʦʛʽʾ ʦʪʨʠʤʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʽ ʚʠʨʦʙʽʚ ʧʽʜʚʠʱʝʥʦʾ ʷʢʦ-

ʩʪʽ ʤʝʪʦʜʘʤʠ ʦʙʨʦʙʢʠ ʪʠʩʢʦʤè(ʤ ʂʨʘʤʘʪʦʨʩʴʢ, 2011 ʨ.); III ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥ-

ʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʬʘʭʽʚʮʽʚ çɽʥʝʨʛʦʤʘʰʩʧʝʮʩʪʘʣʴ 2011è (ʤ. ʂʨʘʤʘʪʦʨʩʴʢ, 2011 ʨ.); 
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XV ï XVIII ʄʅʊʂ çɼʦʩʷʛʥʝʥʥʷ ʽ ʧʨʦʙʣʝʤʠ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʡ ʽ ʤʘʰʠʥ ʦʙʨʦʙʢʠ 

ʪʠʩʢʦʤè (ʤ. ʂʨʘʤʘʪʦʨʩʴʢ, 2012 ï 2015 ʨʨ.); IV ʄʅʊʂ çɿʝʤʣʷ ʋʢʨʘʾʥʠ ï ʧʦʪʝʥʮʽʘʣ 

ʧʨʦʜʦʚʦʣʴʯʦʾ, ʝʥʝʨʛʝʪʠʯʥʦʾ ʪʘ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʜʝʨʞʘʚʠè (ʤ. ɺʽʥʥʠʮʷ, 2014 ʨ.); 

ɺʩʝʫʢʨʘʾʥʩʴʢʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʽʥʪʝʨʥʝʪ ʢʦʥʬʝʨʝʥʮʽʷ çʋʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʮʝʩʽʚ 

ʛʘʨʷʯʦʛʦ ʚʘʣʴʮʶʚʘʥʥʷ ʟʘʛʦʪʦʚʦʢ ʟ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚè (ʤ. ɺʽʥʥʠʮʷ, 2019 ʨ.); 

ɯ ʄʅʊʂ çʇʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʪʘ ʪʨʘʥʩʧʦʨʪʫè (ʤ. ɺʽʥʥʠʮʷ, 

2019 ʨ.); ʩʝʤʽʥʘʨ çʄʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʦʙ'ʻʤʥʦʛʦ ʰʪʘʤʧʫʚʘʥʥʷ ʜʣʷ ʘʚʪʦʤʦʙʽʣʴʥʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽè ʽ çʇʽʜʚʠʱʝʥʥʷ ʢʚʘʣʽʬʽʢʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʅʦʚʽ ʤʦʞʣʠʚʦʩ-

ʪʽ QForm 5.0è, ɺɸʊ ʅɺʆ çʎʅʀʀʊʄɸʐè ï ʊʆɺ çʂʚʘʥʪʦʨʬʦʨʤè (ʤ. ʄʦʩʢʚʘ, 

2008 ʨ.); ʥʘʫʢʦʚʠʭ ʩʝʤʽʥʘʨʘʭ ʟ ʆʄʊ ʂʇɯ (2008 ʨ.), ɺʅɸʋ (ɺʽʥʥʠʮʷ, 2010 ï 2019 ʨʨ.) 

ʪʘ ɺʅʊʋ (2016, 2018 ʨʨ.) 

ʇʫʙʣʽʢʘʮʽʾ. ʄʘʪʝʨʽʘʣʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʦʧʫʙʣʽʢʦʚʘʥʦ ʚ 21 ʜʨʫʢʦʚʘʥʽʡ 

ʥʘʫʢʦʚʽʡ ʧʨʘʮʽ, ʟʦʢʨʝʤʘ: 16 ʩʪʘʪʝʡ ʦʧʫʙʣʽʢʦʚʘʥʦ ʚ ʞʫʨʥʘʣʘʭ ʽ ʟʙʽʨʥʠʢʘʭ ʥʘʫʢʦʚʠʭ 

ʧʨʘʮʴ, ʟ ʥʠʭ ʦʜʥʘ ʩʪʘʪʪʷ ʫ ʟʘʨʫʙʽʞʥʦʤʫ ʚʠʜʘʥʥʽ, 15 ʩʪʘʪʝʡ ʫ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠ-

ʜʘʥʥʷʭ ʋʢʨʘʾʥʠ, ʪʨʦʻ ʪʝʟ ʜʦʧʦʚʽʜʝʡ ʥʘ ʤʽʞʥʘʨʦʜʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ ʪʘ ʦʜʥʽ ʪʝʟʠ ʥʘ 

ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ. ʄʘʪʝʨʽʘʣʠ ʜʦʩʣʽʜʞʝʥʴ ʽ ʨʦʟʨʦʙʦʢ ʦʧʫʙʣʽʢʦʚʘʥʦ ʪʘ-

ʢʦʞ ʚ ʦʜʥʦʤʫ ʥʘʚʯʘʣʴʥʦʤʫ ʧʦʩʽʙʥʠʢʫ. 

ʉʪʨʫʢʪʫʨʘ ʪʘ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʚʩʪʫʧʫ, ʧôʷʪʠ ʨʦʟ-

ʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʽ ʚʦʩʴʤʠ ʜʦʜʘʪʢʽʚ. ʇʦʚʥʠʡ ʦʙʩʷʛ ʨʦ-

ʙʦʪʠ ʩʪʘʥʦʚʠʪʴ 244 ʩʪʦʨʽʥʢʠ, ʚ ʪʦʤʫ ʯʠʩʣʽ 131 ʩʪʦʨʽʥʢʠ ʦʩʥʦʚʥʦʛʦ ʪʝʢʩʪʫ, 107 ʤʘ-

ʣʶʥʢʽʚ ʽ 17 ʪʘʙʣʠʮʴ. ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʟ 171 ʥʘʡʤʝʥʫʚʘʥʥʷ ʥʘ 19 ʩʪʦʨʽʥ-

ʢʘʭ, ʜʦʜʘʪʢʠ ʤʽʩʪʷʪʴ 25 ʩʪʦʨʽʥʦʢ. 
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ʈʆɿɼɯʃ 1 

ɸʅɸʃɯɿ ʅɸʋʂʆɺʀʍ ʈʆɹɯʊ, ʇʈʀʉɺʗʏɽʅʀʍ ʋɼʆʉʂʆʅɸʃɽʅʅʖ 

ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇʈʆʎɽʉɯɺ ɻɸʈʗʏʆɻʆ ɺɸʃʔʎʖɺɸʅʅʗ ɿɸɻʆʊʆɺʆʂ ɿ 

ɸʃʖʄɯʅɯɭɺʀʍ ʉʇʃɸɺɯɺ 

 

1.1  ʆʟʥʘʢʠ ʪʘ ʧʝʨʝʚʘʛʠ ʛʘʨʷʯʦʛʦ ʚʘʣʴʮʶʚʘʥʥʷ ʟʘʛʦʪʦʚʦʢ ʟ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ 

 

ʊʝʭʥʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʘʩʦʚʝ ʚʠʨʦʙʥʠʮ-

ʪʚʦ ʥʘʧʽʚʬʘʙʨʠʢʘʪʽʚ ʥʘ ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʟʘʚʦʜʘʭ, ʣʝʛʢʽʩʪʴ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ ʪʘ ʟʘʜʦʚʽ-

ʣʴʥʫ ʢʦʨʦʟʽʡʥʫ ʩʪʽʡʢʽʩʪʴ. ɸʣʶʤʽʥʽʻʚʽ ʩʧʣʘʚʠ ʤʘʶʪʴ ʥʠʟʴʢʫ ʛʫʩʪʠʥʫ (2,7 ʛ/ʩʤ3), ʚʠʩʦ-

ʢ̔ ʧʠʪʦʤʫ ʤʽʮʥʽʩʪʴ, ʤʝʞʫ ʧʣʠʥʥʦʩʪʽ ʪʘ ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ [1], ʚʠʩʦʢʽ ʪʝʧʣʦ- ʪʘ ʝʣʝʢʪ-

ʨʦʧʨʦʚʽʜʥʽʩʪʴ, ʟʜʘʪʥʽʩʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʤʽʮʥʠʭ ʟʘʭʠʩʥʠʭ ʜʝʢʦʨʘʪʠʚʥʠʭ ʧʣʽʚʦʢ [2]. 

ʋ ʢʦʥʩʪʨʫʢʮʽʷʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ ʜʣʷ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʟʘʟʥʘʶʪʴ ʩʫʪʪʻʚʦʛʦ ʘʝʨʦ-

ʜʠʥʘʤʽʯʥʦʛʦ ʥʘʛʨʽʚʘʥʥʷ, ʟʘʩʪʦʩʦʚʫʶʪʴ ʥʘʧʽʚʬʘʙʨʠʢʘʪʠ ʟʽ ʩʧʣʘʚʽʚ ɸʂ4-1 ʪʘ ɸʂ6 [3]. 

ʐʠʨʦʢʝ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʪʘʢʦʞ ʤʘʶʪʴ ʩʧʣʘʚʠ, ʱʦ ʟʤʽʮʥʶʁ ʪʴʩʷ ʪʝʨʤʽʯʥʦʶ ʦʙʨʦʙ-

ʢʦʶ ɼ16ʯ [4], 1163, ʚʠʩʦʢʦʤʽʮʥʽ ʩʧʣʘʚʠ ɺ95ʧʯ, ɺ95ʦʯ ʽ ɺ93ʧʯ, ʩʧʣʘʚʠ ʩʝʨʝʜʥʴʦʾ ʪʘ 

ʧʽʜʚʠʱʝʥʦʾ ʤʽʮʥʦʩʪʽ ɸɺ, ɸʂ6 ʽ ɸʂ8 (ʪʘʙʣ. 1.2). ɿʚʘʨʶʚʘʥʽ ʘʣʶʤʽʥʽʻʚʽ ʩʧʣʘʚʠ, ʱʦ 

ʜʝʬʦʨʤʫʶʪʴʩʷ - AMʛ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʦʾ ʪʝʭʥʽʮ ̔[5]. 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʨʦʟʨʦʙʢʠ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʤʘʣʦʚʽʜʭʦʜʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦ-

ʧʨʦʮʝʩʽʚ ʰʪʘʤʧʫʚʘʥʥʷ ʧʦʢʦʚʦʢ ʟ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʘʚʽʘʮʽʡʥʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʦʙʫʤʦʚʣʝʥʘ ʟʥʘʯʥʠʤ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʫ ʚʠʨʦʙʘʭ ʛʘʣʫʟʽ ʮʠʭ ʩʧʣʘʚʽʚ ʽ 

ʟʘʚʜʘʥʥʷʤʠ ʟ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʘʣʦʟʙʝʨʽʛʘʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ [6]. ɸʣʶʤʽʥʽʻʚʽ ʩʧʣʘʚʠ 

ʟʘʣʠʰʘʶʪʴʩʷ ʦʩʥʦʚʥʠʤ ʢʦʥʩʪʨʫʢʮʽʡʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʘʚʽʘʢʦʩʤʽʯʥʦʾ ʪʝʭʥʽʢʠ, ʦʙʩʷʛ ʟʘ-

ʩʪʦʩʫʚʘʥʥʷ ʷʢʠʭ ʥʘʨʘʟʽ ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ 70% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʚ ʧʣʘʥʝʨʽ ʣʽʪʘʢʽʚ [7]. ʎʽ ʩʧʣʘʚʠ ʪʘʢʦʞ ʤʘʶʪʴ ʩʫʪʪʻʚʠʡ ʚʽʜʩʦʪʦʢ ʚʠʢʦʨʠʩ-

ʪʘʥʥʷ ʚ ʙʘʛʘʪʴʦʭ ʪʠʧʘʭ ʨʘʢʝʪ, ʩʫʜʥʘʭ, ʘʚʪʦʤʦʙʽʣʷʭ [8], ʚʘʛʦʥʘʭ ʰʚʠʜʢʽʩʥʠʭ ʧʦʾʟʜʽʚ. 

ɸʣʶʤʽʥʽʻʚʽ ʩʧʣʘʚʠ ʤʘʶʪʴ ʢʦʤʧʣʝʢʩ ʦʟʥʘʢ: ʚʠʩʦʢʫ ʤʽʮʥʽʩʪʴ, ʛʘʨʥʫ ʢʦʨʦʟʽʡʥʫ ʩʪʽʡ-

ʢʽʩʪʴ, ʚʠʩʦʢʠʡ ʩʫʧʨʦʪʠʚ ʧʦʚʪʦʨʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʪʘ ʥʠʟʴʢʫ ʰʚʠʜʢʽʩʪʴ ʨʦʟʧʦʚʩʶ-

ʜʞʝʥʥʷ ʪʨʽʱʠʥʠ ʚʪʦʤʠ, ʟʘʚʜʷʢʠ ʷʢʠʤ ʦʪʨʠʤʫʻʪʴʩʷ ʾʭ ʢʨʘʱʘ ʚʘʛʦʚʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚ 

ʧʦʻʜʥʘʥʥʽ ʟ ʪʨʠʚʘʣʠʤ ʨʝʩʫʨʩʦʤ ʨʦʙʦʪʠ ʽ ʥʘʜʽʡʥʽʩʪʶ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. 
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ʆʩʦʙʣʠʚʦʩʪʽ ʩʪʨʫʢʪʫʨʠ ʚʠʨʦʙʽʚ ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʥʘʧʽʚʬʘ-

ʙʨʠʢʘʪʽʚ, ʷʢʘ ʤʽʩʪʠʪʴ ʚ ʩʦʙʽ: ʪʨʠʚʘʣʽʩʪʴ ʥʘʛʨʽʚʫ ʪʘ ʪʝʤʧʝʨʘʪʫʨʫ ʜʝʬʦʨʤʫʚʘʥʥʷ; ʩʭʝʤʠ 

ʩʪʫʧʝʥʷ, ʰʚʠʜʢʦʩʪʽ ʪʘ ʪʨʠʚʘʣʦʩʪʽ ʜʝʬʦʨʤʫʚʘʥʥʷ. ʊʝʨʤʦʤʝʭʘʥʽʯʥʽ ʨʝʞʠʤʠ ʜʝʬʦʨʤʫ-

ʚʘʥʥʷ ʜʣʷ ʦʩʥʦʚʥʠʭ ʩʧʣʘʚʽʚ, ʱʦ ʜʝʬʦʨʤʫʶʪʴʩʷ, ʧʦʚʠʥʥʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʜʦʩʪʘʪʥʶ 

ʧʣʘʩʪʠʯʥʽʩʪʴ, ʦʜʥʦʨʽʜʥʫ ʩʪʨʫʢʪʫʨʫ ʪʘ ʚʠʩʦʢʽ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ (ʪʘʙʣ. 1.1) [9]. 

 

ʊʘʙʣʠʮ ̫1.1 ï ʊʝʨʤʦʤʝʭʘʥʽʯʥʽ ʨʝʞʠʤʠ ʢʫʚʘʥʥʷ ʪʘ ʰʪʘʤʧʫʚʘʥʥʷ ʘʣʶʤʽʥʽʻʚʠʭ 

ʩʧʣʘʚʽʚ, ʱʦ ʜʝʬʦʨʤʫʶʪʴʩʷ [9] 

ʄʘʨʢʘ ʩʧʣʘʚʫ 

ʊʝʤʧʝʨʘ-

ʪʫʨʥʠʡ 

ʽʥʪʝʨʚʘʣ 

ʜʝʬʦʨʤʘ-

ʮʽʾ, ʉ̄ 

ʇʨʠʧʫʩʪʠʤʘ ʩʪʫ-

ʧʽʥʴ ʜʝʬʦʨʤʘʮʽʾ, % 

ʂʦʚʘʣʴʩʴʢʝ ʦʙʣʘʜʥʘʥʥʷ ʃʠʪʘ 

ʟʘʛʦ-

ʪʦʚʢʘ 

ʇʨʝʩʦʚʘ-

ʥʘ ʟʘʛʦ-

ʪʦʚʢʘ 

ɸʄʮ, ɸʤʛ1, ɸʄʛ2, ɸɺ, 

ɸɼ31, ɸɼ33, ɸɼ35, 

ɸʂ6, ɸɼ0, ɸɼ1, 01205 

470ï300 70 90 ʇʨʝʩ ʛ̔ʜʨʘʚʣʯ̔ʥʠʡ 

470ï300 70 90 
ʄʦʣʦʪ ʘʙʦ ʧʨʝʩ ʤʝʭʘ-

ʥ̔ʯʥʠʡ 

ɼ1, ɼ1ʯ, ɺɼ17, 1230, 

ɸʂ8 

470ï370 

450ï350 

 

60 

ï 

 

70 

60 

 

ʇʨʝʩ ʛʽʜʨʘʚʣʽʯʥʠʡ 

ʄʦʣʦʪ ʘʙʦ ʧʨʝʩ ʤʝʭʘ-

ʥʽʯʥʠʡ 

ɼ20, ɼ21, 1201, ɸʂ4, 

ɸʂ4-1, ɸʂ4-1ʯ, 

ʉʇɸʂ-4, ʉʇɸʂ-4ɺ 

470ï350 

430ï320 

60 

ï 

70 

60 

ʇʨʝʩ ʛʽʜʨʘʚʣʽʯʥʠʡ 

ʄʦʣʦʪ ʘʙʦ ʧʨʝʩ ʤʝʭʘ-

ʥʽʯʥʠʡ 

ɸʄʛ3,ɸʤʛ4, ɸʄʛ5, 

ɸʤʛ5ʇ, ɸʄʛ6, ɺ92, 

ʄ40, ɺ92ʎ, 1915, 1913 

430ï320 60 60 ʇʨʝʩ ʛʽʜʨʘʚʣʽʯʥʠʡ 

430ï300 ï 50 
ʄʦʣʦʪ ʘʙʦ ʧʨʝʩ ʤʝʭʘ-

ʥʽʯʥʠʡ 

 

ʉʧʣʘʚʠ ʟ ̔ʟʥʠʞʝʥʦʶ ʤʽʮʥʽʩʪʶ (sɺ < 300 ʄʇʘ), ʘ ʪʘʢʦʞ ʩʧʣʘʚ ʟ ʩʝʨʝʜʥʴʦʶ ʤʽʮ-

ʥʽʩʪʶ ɸʂ6 - ʤʘʶʪʴ ʚʠʩʦʢʫ ʧʣʘʩʪʠʯʥʽʩʪʴ, ʱʦ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʜʝʬʦʨʤʫʚʘʥ-

ʥʷ [10]. ʉʧʣʘʚʠ ʩʝʨʝʜʥʴʦʾ (sɺ = 300é 450 ʄʇʘ) ʪʘ ʚʠʩʦʢʦʾ ʤʽʮʥʦʩʪʽ (sɺ > 450 ʄʇʘ) 

ï ʤʘʶʪʴ ʦʟʥʘʢʠ ʚʠʩʦʢʦʾ ʧʣʘʩʪʠʯʥʦʩʪʽ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʰʚʠʜʢʦʩʪʽ ʜʦʜʘʥʥʷ ʜʝʬʦʨ-

ʤʫʶʯʦ ʾʩʠʣʠ ʟʽ ʩʪʘʪʠʯʥʦʾ (0,3 ʤ/ʩ) ʜʦ ʜʠʥʘʤʽʯʥʦʾ (8,0 ʤ/ʩ), ʟʤʝʥʰʫ̒ ʪʴʩʷ ʥʘ 15é20%, 

ʱʦ ʧʦʚʠʥʥʦ ʚʨʘʭʦʚʫʚʘʪʠʩʷ ʟʘ ʾʭ ʦʙʨʦʙʢʦʶ ʥʘ ʤʝʭʘʥʽʯʥʠʭ ʧʨʝʩʘʭ ʽ ʤʦʣʦʪʘʭ. 

ʇʨʦʮʝʩ ʚʘʣʴʮʶʚʘʥʥʷ  ̒ʨʦʟʧʦʚʩʶʜʞʝʥʠʤ ʷʢ ʧʽʜʛʦʪʦʚʯʘ ʦʧʝʨʘʮʽʷ ʜʣʷ ʚʠʛʦʪʦʚ-

ʣʝʥʥʷ ʬʘʩʦʥʥʠʭ ʟʘʛʦʪʦʚʦʢ ʜʝʪʘʣʝʡ ʧʦʜʦʚʞʝʥʦʾ ʬʦʨʤʠ ʟ ʚʠʪʷʛʥʫʪʦʶ ʚʽʩʩʶ [11] ʪʘ ʛʦ-

ʪʦʚʠʭ ʰʪʘʤʧʦʚʘʥʠʭ ʧʦʢʦʚʦʢ ʽ ʧʨʦʬʽʣʽʚ [12]. ʎʝ ʧʨʦʛʨʝʩʠʚʥʠʡ ʥʘʧʨʷʤʦʢ ʚ ʨʦʟʚʠʪʢʫ 
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ʢʦʚʘʣʴʩʴʢʦ-ʰʪʘʤʧʫʚʘʣʴʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʤʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʘʚʽʘʮʽʡʥ̔ʡ ʽ ʤʦʪʦʨʦ-

ʙʫʜʽʚʥʽʡ (ʜʣʷ ʪʫʨʙʽʥʥʠʭ ʣʦʧʘʪʦʢ) [13] ʛʘʣʫʟʷʭ, ʘʚʪʦʤʦʙʽʣʝʙʫʜʫʚʘʥʥʽ [14] ʪʘ ʽʥ. ɼʦʩ-

ʚʽʜ ʮʠʭ ʛʘʣʫʟʝʡ ʧʦʢʘʟʫʻ, ʱʦ ʚʘʣʴʮʶʚʘʥʥʷ ʟʘʛʦʪʦʚʦʢ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʧʨʦʜʫʢʪʠʚ-

ʥʽʩʪʴ, ʭʦʨʦʰʫ ʧʨʦʨʦʙʢʫ ʤʝʪʘʣʫ, ʟʨʫʯʥʫ ʪʘ ʰʚʠʜʢʫ ʟʤʽʥʫ ʽʥʩʪʨʫʤʝʥʪʫ. ʂʫʚʘʣʴʥʽ ʚʘ-

ʣʴʮʽ - ʧʦʨʽʚʥʷʥʦ ʧʨʦʩʪʝ ʽ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʝ ʦʙʣʘʜʥʘʥʥʷ, ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʷ ʥʝ ʚʠʤʘʛʘʻ 

ʚʽʜ ʨʦʙʽʪʥʠʢʽʚ ʚʠʩʦʢʦʾ ʢʚʘʣʽʬʽʢʘʮʽʾ. ɺʠʛʦʪʦʚʣʝʥʥʷ ʟʘʛʦʪʦʚʦʢ ʟʤʽʥʥʦʛʦ ʧʝʨʝʨʽʟʫ ʟ ʧʦ-

ʜʦʚʞʝʥʦʶ ʚʽʩʩʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʪʷʛʫʚʘʥʥʷ ʥʘ ʢʫʚʘʣʴʥʠʭ ʤʦʣʦʪʘʭ ʤʘʻ ʥʘʜʤʽʨʥʫ 

ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ, ʧʽʜʚʠʱʝʥʫ ʚʠʪʨʘʪʫ ʤʝʪʘʣʫ ʪʘ ʛʽʨʰʫ ʷʢʽʩʪʴ ʧʦʚʝʨʭʥʽ ʟʘʛʦʪʦʚʢʠ ʧʦʨʽʚ-

ʥʷʥʦ ʟ ʚʘʣʴʮʶʚʘʥʥʷʤ. ʇʨʠ ʚʠʩʘʜʞʫʚʘʥʥʽ ʛʦʣʦʚʦʢ ʥʘ ɻʂʄ, ʽʩʥʫʻ ʟʘʥʘʜʪʦ ʚʠʩʦʢʘ ʚʽ-

ʨʦʛʽʜʥʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ ʟʘʜʠʨʦʢ ʧʦ ʪʦʨʮʷʭ ʪʘ ʟʘ ʣʽʥʽʻ  ʁʨʦʟ'ʻʤʫ ʤʘʪʨʠʮʽ, ʘ ʪʘʢʦʞ ʫʪʚʦ-

ʨʝʥʥʷ ʛʦʬʨʦʚʘʥʦʾ ʧʦʚʝʨʭʥʽ ʫ ʤʽʩʮʷʭ ʧʝʨʝʭʦʜʫ ʚʽʜ ʚʠʩʘʜʞʝʥʦʾ ʛʦʣʦʚʢʠ ʜʦ ʚʠʭʽʜʥʦʛʦ 

ʧʝʨʝʨʽʟʫ ʧʨʫʪʢʘ, ʱʦ ʚʠʤʘʛʘʻ ʧʝʨʝʜʙʘʯʘʪʠ ʚ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʨʦʮʝʩʽ ʦʧʝʨʘʮʽʾ ʟʘʯʠ-

ʱʝʥʥʷ, ʯʠʤ ʟʥʘʯʥʦ ʧʦʜʦʚʞʫʻ ʮʠʢʣ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ ʟʙʽʣʴʰʫʻ ʚʘʨʪʽʩʪʴ ʜʝʪʘʣʽ. 

ʉʫʪʥʽʩʪʴ ʚʘʣʴʮʶʚʘʥʥʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʧʨʠ ʜʝʬʦʨʤʫʚʘʥʥʽ ʟʘʛʦʪʦʚʢʠ ʤʽʞ 

ʟʤʽʥʥʠʤʠ ʚʘʣʴʮʶʚʘʣʴʥʠʤʠ ʰʪʘʤʧʘʤʠ, ʱʦ ʦʙʝʨʪʘʶʪʴʩʷ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ 

ʧʣʦʱ ʧʦʧʝʨʝʯʥʠʭ ʧʝʨʝʨʽʟʽʚ ʚʠʭʽʜʥʦʾ ʟʘʛʦʪʦʚʢʠ ʟʘ ʦʜʥʦʯʘʩʥʦʛʦ ʟʙʽʣʴʰʝʥʥ ̫ʾʾ ʜʦʚʞʠ-

ʥʠ. ɺʘʣʴʮʶʚʘʥʥʷ ʻ ʨʽʟʥʦʚʠʜʦʤ ʧʨʦʮʝʩʫ ʧʦʟʜʦʚʞʥʴʦʛʦ ʧʝʨʽʦʜʠʯʥʦʛʦ ʧʨʦʢʘʪʫʚʘʥʥʷ 

[15] ʪʘ ʨʽʚʯʘʢʠ ʪʘʢʦʞ ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʥʘʚʢʦʣʦ ʚʘʣʴʮʶʚʘʣʴʥʠʭ ʰʪʘʤʧʽʚ. ʇʦʜʘʯʘ ʟʘ-

ʛʦʪʦʚʦʢ ʜʦ ʚʘʣʴʮʶʚʘʣʴʥʠʭ ʰʪʘʤʧʽʚ ʧʨʦʪʠʣʝʞʥʘ ʥʘʧʨʷʤʢʫ ʦʙʝʨʪʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʘ, ʚ 

ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʰʪʘʤʧʠ ʧʦʚʝʨʥʝʥʽ ʦʜʠʥ ʜʦ ʦʜʥʦʛʦ ʥʝʧʨʘʮʶʶʯʠʤʠ ʯʘʩʪʠʥʘʤʠ ï ʤʽʞ 

ʥʠʤʠ ʫʪʚʦʨʶʻʪʴʩʷ ʧʨʦʤʽʞʦʢ, ʱʦ ʧʝʨʝʚʠʱʫʻ ʪʦʚʱʠʥʫ ʟʘʛʦʪʦʚʢʠ. ʆʙʪʠʩʥʝʥʥʷ ʚʠʢʦ-

ʥʫʻʪʴʩʷ ʥʝ ʟʘ ʚʩʽ̒ʁ ʜʦʚʞʠʥʦ  ʁʟʘʛʦʪʦʚʢʠ, ʱʦ ʩʧʨʠʯʠʥʷʻ ʚʠʥʠʢʥʝʥʥʷ ʚ ʢʘʣʽʙʨʘʭ ʧʝ-

ʨʝʭʽʜʥʠʭ ʜʽʣʷʥʦʢ, ʥʘ ʷʢʠʭ ʦʙʪʠʩʥʝʥʥʷ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ ʥʫʣʷ ʜʦ ʤʘʢʩʠʤʫʤʫ, ʟʘ ʨʘʭʫʥʦʢ 

ʯʦʛʦ ʩʪʘʻ ʤʦʞʣʠʚʠʤ ʟʙʽʣʴʰʠʪʠ ʨʘʟʦʚʝ ʦʙʪʠʩʥʝʥʥʷ ʟʘ ʧʨʦʭʽʜ [16]. 

ʆʪʨʠʤʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʘʣʴʮʶʚʘʥʥʷ ʬʘʩʦʥʥʠʭ ʟʘʛʦʪʦʚʦʢ ʟ ʧʣʦʱʘʤʠ ʧʦʧʝ-

ʨʝʯʥʠʭ ʧʝʨʝʨʽʟʽʚ ʤʘʢʩʠʤʘʣʴʥʦ ʥʘʙʣʠʞʝʥʠʭ ʜʦ ʨʦʟʤʽʨʽʚ ʽ ʬʦʨʤʠ ʰʪʘʤʧʦʚʘʥʠʭ ʧʦʢʦ-

ʚʦʢ [1], ʟʘʙʝʟʧʝʯʫʻ ʝʢʦʥʦʤʽʶ ʤʝʪʘʣʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʥʬʽʛʫʨʘʮʽʾ ʧʦʢʦʚʦʢ ʪʘ ʧ̔ ʜ-

ʚʠʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʰʪʘʤʧʽʚ ʥʘ 5é25%, ʘ ʪʘʢʦʞ ʪʦʯʥʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʪʘ ʟʤʝʥʰʝʥʥʷ 

ʪʨʫʜʦʤʽʩʪʢʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʰʪʘʤʧʦʚʘʥʠʭ ʧʦʢʦʚʦʢ ʥʘ 15é35% (̔ ʟ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ ʚʠʣʫʯʘʶʪʴʩʷ ʦʧʝʨʘʮʽʾ ʧʨʦʪʷʛʫʚʘʥʥʷ ʪʘ ʟʘʯʠʱʝʥʥʷ ʟʘʛʦʪʦʚʦʢ), ʧʽʜʚʠʱʝʥʥʷ 
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ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʘʮʽ ʥʘ 50é150% [15]. ʉʦʙʽʚʘʨʪʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ ʰʪʘʤʧʦʚʘʥʠʭ 

ʧʦʢʦʚʦʢ ʟʥʠʞʫʻʪʴʩʷ ʥʘ 10é35% ʟʘʚʜʷʢʠ ʟʤʝʥʰʝʥʥʶ ʚʠʪʨʘʪʠ ʤʝʪʘʣʫ, ʧʽʜʚʠʱʝʥʥ ʁ

ʥʦʨʤ ʚʠʨʦʙʽʪʢʫ, ʩʢʦʨʦʯʝʥʥʶ ʚʠʪʨʘʪ ʰʪʘʤʧʦʚʦʾ ʩʪʘʣʽ ʽ ʝʥʝʨʛʦʥʦʩʽʾʚ [16]. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʧʨʦʤʠʩʣʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʨʦʟʨʦʙʣʝʥʥʷ ʤʝʪʦʜʠʢʠ ʟ ʨʦʟʨʘ-

ʭʫʥʢʫ ʢʘʣʽʙʨʫʚʘʥʥʷ ʚʘʣʴʮʶʚʘʣʴʥʠʭ ʩʝʢʪʦʨʽʚ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʩʪʘʣʝʚʠʭ ʚʠʨʦʙʽʚ, ʟʜʽʡʩ-

ʥʶʚʘʣʠʩʷ ʚ ʫʨʘʣʴʩʴʢʦʤʫ ʧʦʣʽʪʝʭʥʽʯʥʦʤʫ ʽʥʩʪʠʪʫʪʽ [16], ʅɺʆ çɽʅɯʂʤʘʰè, ʅɺʆ 

çʎʅɯɯʊʽʤʘʰè ʽ ʽʥʰʠʭ ʅɼɯ. ɺ ʨʦʟʚʠʥʝʥʠʭ ʢʨʘʾʥʘʭ ɭʚʨʦʧʠ, ɸʤʝʨʠʢʠ ʪʘ ɸʟʽʾ, ʽʩʥʫʻ ʜʝ-

ʢʽʣʴʢʘ ʤʝʪʦʜʠʢ ʚʘʣʴʮʶʚʘʥʥʷ ʟʘʛʦʪʦʚʦʢ ʧʦʜʦʚʞʝʥʦʾ ʬʦʨʤʠ ʧʽʜ ʰʪʘʤʧʫʚʘʥʥʷ [17]. 

ʊʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʨʦʟʨʘʭʫʥʢʫ ʚʘʣʴʮʶʚʘʥʥʷ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ ʚʽʜʨʽʟ-

ʥʷʶʪʴʩʷ ʚʽʜ ʩʪʘʣʝʚʠʭ. ɺ ʅɺʆ çʋʢʨʅɯɸʊè, ʧʽʜ ʢʝʨʽʚʥʠʮʪʚʦʤ ʉ. ʆ. ʉʢʨʷʙʽʥʘ, ʚʠʢʦʥʫ-

ʚʘʣʘʩʴ ʨʦʟʨʦʙʢʘ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʤʝʪʦʜʠʢʠ ʟ ʨʦʟʨʘʭʫʥʢʫ ʧʨʦʮʝʩʽʚ ʚʘʣʴʮʶʚʘʥʥʷ ʟʘ-

ʛʦʪʦʚʦʢ ʟ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʙʫʚ ʦʪʨʠʤʘʥʠʡ ʨʷʜ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʨʝʢʦʤʝʥʜʘʮʽʡ ʪʘ ʛʘʣʫʟʝʚʠʭ ʩʪʘʥʜʘʨʪʽʚ [18] ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʘʣʴʮʶʚʘ-

ʣʴʥʠʭ ʧʝʨʝʭʦʜʽʚ, ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʝʢʪʦʨʽʚ ʰʪʘʤʧʽʚ, ʾʭ ʢʨʽʧʣʝʥʥʷ, ʚʠʟʥʘʯʝʥʥʷ ʩʠʣʦʚʠʭ 

ʧʦʢʘʟʥʠʢʽʚ, ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʠʩʪʦʩʫʚʘʥʴ ʪʘ ʪʝʭʥʽʢʠ ʙʝʟʧʝʢʠ [15]. 

ʆʪʞʝ, ʧʨʦʮʝʩ ʪʝʯʽʾ ʤʝʪʘʣʫ ʧʨʠ ʛʘʨʷʯʦʤʫ ʚʘʣʴʮʶʚʘʥʥʽ ʷʚʣʷʻ ʩʦʙʦʶ ʩʢʣʘʜʥʫ 

ʦʧʝʨʘʮʽʶ ʪʨʠʚʠʤʽʨʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ, ʱʦ ʚʠʢʣʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩ-

ʥʫʶʯʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʷʢʝ ʙ ʟʘʙʝʟʧʝʯʫʚʘʣʦ ʟʥʠʞʝʥʥʷ ʛʨʘʜʽʻʥʪʫ ʥʝʨʽʚʥʦ-

ʤʽʨʥʦʩʪʽ ʜʝʬʦʨʤʘʮʽʾ ʚ ʦʩʝʨʝʜʢʫ ʜʝʬʦʨʤʫʚʘʥʥʷ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʥʘʧʽʚʬʘʙʨʠʢʘ-

ʪʽʚ, ʻ ʘʢʪʫʘʣʴʥʦʶ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʶ ʟʘʜʘʯʝʶ ʪʘ ʧʦʪʨʝʙʫʻ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥ.ɹ 

 

1.2 ɸʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʟ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʰʠʨʝʥʥʷ ʧʨʠ ʚʘʣʴʮʶʚʘʥʥʽ 

 

1.2.1 ɺʠʜʠ ʪʘ ʧʘʨʘʤʝʪʨʠ ʨʦʟʰʠʨʝʥʥʷ ʧʨʠ ʚʘʣʴʮʶʚʘʥʥʽ 

 

ɼʣʷ ʙʽʣʴʰʦʩʪʽ ʧʨʦʮʝʩʽʚ ʧʨʦʢʘʪʫʚʘʥʥʷ - ʨʦʟʰʠʨʝʥʥʷ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʢʦʚʟʘʥ-

ʥʤ̫ ʤʝʪʘʣʫ ʫ ʧʦʧʝʨʝʯʥʦʤʫ ʥʘʧʨʷʤʢʫ ʟ ʧʦʷʚʦʶ ʧʦʧʝʨʝʯʥʠʭ ʩʠʣ ʪʝʨʪʷ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʜʦʜʘʪʢʦʚʦʾ ʚʠʪʨʘʪʠ ʝʥʝʨʛʽʾ, ʟʥʠʞʝʥʥʶ ʂʂɼ ʪʘ ʧʦʷʚ ̔ʜʦʜʘʪʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʚ ʤʝ-

ʪʘʣʽ, ʱʦ ʟʥʠʞʫ ̒ʡʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʫ ʧʣʘʩʪʠʯʥʽʩʪʴ. ɼʣʷ ʫʩʫʥʝʥʥʷ ʨʦʟʰʠʨʝʥʥʷ ʧʦʪʨʽʙʥʽ 

ʜʦʜʘʪʢʦʚʽ ʝʪʘʧʠ ʚʘʣʴʮʶʚʘʥʥʷ ʪʘ ʦʧʝʨʘʮʽʾ ʟ ʚʽʜʥʦʚʣʝʥʥ ̫ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʧʣʘʩʪʠʯʥʦʩʪʽ 
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ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʝʪʘʣʫ. ʏʝʨʝʟ ʮʝ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʝʛʘʪʠʚʥʘ ʨʦʣʴ ʨʦʟʰʠʨʝʥʥʷ ʧʽʜ ʯʘʩ 

ʚʘʣʴʮʶʚʘʥʥʷ. ʇʦʟʠʪʠʚʥʘ ʨʦʣʴ ʨʦʟʰʠʨʝʥʥʷ ʚʠʷʚʣʷʻʪʴʩʷ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʮʴʦʛʦ ʷʚʠʱʘ 

ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʛʝʦʤʝʪʨʽʾ ʢʘʣʽʙʨʽʚ, ʢʦʣʠ ʚʠʤʫʰʝʥʝ ʨʦʟʰʠʨʝʥʥʷ ʜʦʟʚʦʣʷʻ ʩʬʦʨʤʫʚʘ-

ʪʠ ʙʽʣʴʰ ʩʢʣʘʜʥʫ ʛʝʦʤʝʪʨʽʶ ʧʝʨʝʨʽʟʫ [19]. 

ɿʘʣʝʞʥʦ ʚʽʜ ʫʤʦʚ ʧʨʦʢʘʪʫʚʘʥʥʷ ʘʙʦ ʚʘʣʴʮʶʚʘʥʥʷ, ʨʦʟʰʠʨʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʧʦ-

ʟʠʪʠʚʥʠʤ ʘʙʦ ʥʝʛʘʪʠʚʥʠʤ [20]. ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʬʘʢʪʠʯʥʝ ʨʦʟʰʠʨʝʥʥʷ ʚʠʷʚʠʪʴʩʷ ʙʽ-

ʣʴʰʝ ʧʝʨʝʜʙʘʯʝʥʦʛʦ ʟʘ ʨʦʟʨʘʭʫʥʢʦʤ ʧʨʠ ʧʨʦʢʘʪʫʚʘʥʥʽ ʚ ʢʘʣʽʙʨʘʭ, ʤʝʪʘʣ ʧʝʨʝʧʦʚʥʷ ̒

ʢʘʣʽʙʨ ʪʘ ʚʠʭʦʜʠʪʴ ʫ ʧʨʦʤʽʞʦʢ ʤʽʞ ʚʘʣʢʘʤʠ, ʫʪʚʦʨʶʶʯʠ ʟʘʜʠʨʢʠ ʘʙʦ ʣʘʤʧʘʩʠ ʟʘ ʜʦ-

ʚʞʠʥʦ  ʁʧʨʦʬʽʣʶ, ʪʘ ʚʠʢʣʠʢʘʻ ʙʨʘʢ. ʗʢʱʦ ʬʘʢʪʠʯʥʝ ʨʦʟʰʠʨʝʥʥʷ ʤʝʥʰʝ ʟʘ ʨʦʟʨʘʭʫ-

ʥʢʦʚʝ, ʢʘʣʽʙʨ ʥʝ ʟʘʧʦʚʥʶʻʪʴʩʷ ʪʘ ʤʘ̒ ʤʽʩʮʝ ʥʝʚʠʢʦʥʘʥʥʷ ʧʨʦʬʽʣʶ. ʈʦʟʨʽʟʥʷʶʪʴ ʪʘʢʽ 

ʚʠʜʠ ʨʦʟʰʠʨʝʥʥʷ [21]: 

-  ʚʽʣʴʥʝ, ʫ ʨʘʟʽ ʧʨʦʢʘʪʫʚʘʥʥʷ ʧʨʷʤʦʢʫʪʥʦʾ ʧʦʣʦʩʠ ʥʘ ʛʣʘʜʢʽʡ ʙʦʯʮʽ - ʚʽʜʩʫʪʥʽ 

ʬʘʢʪʦʨʠ, ʱʦ ʫʩʢʣʘʜʥʶʶʪʴ ʘʙʦ ʩʧʨʠʷʶʪʴ ʨʦʟʰʠʨʝʥʥʶ (ʢʨʽʤ ʪʝʨʪʷ); 

-  ʩʪʠʩʥʫʪʠʤ ʚʚʘʞʘʶʪʴ ʧʨʦʢʘʪʫʚʘʥʥʷ ʚ ʢʘʣʽʙʨʘʭ, ʢʦʣʠ ʨʝʘʢʮʽʷ ʩʪʽʥʦʢ ʢʘʣʽʙʨʫ 

ʧʝʨʝʰʢʦʜʞʘʻ ʨʦʟʰʠʨʝʥʥʶ, ʧʨʦʪʝ ʩʧʨʠʷʻ ʙʽʣʴʰʦʤʫ ʚʠʪʷʛʫʚʘʥʥ,ʁ ʢʨʘɦ̔ ʡ ʷʢʦʩʪʽ 

ʢʨʦʤʦʢ ʪʘ ʤʦʞʣʠʚʦʩʪ ̔ʦʪʨʠʤʘʥʥʷ ʙʽʣʴʰ ʪʦʯʥʠʭ ʨʦʟʤʽʨʽʚ ʟʘʛʦʪʦʚʢʠ ʟʘ ʰʠʨʠʥʦ ;ʁ 

-  ʚʠʤʫʰʝʥʝ, ʷʢʝ ʟʘ ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʟ ʦʙʪʠʩʥʝʥʥʷ ʫ ʜʝʷʢʠʭ ʜʽʣʷ-

ʥʢʘʭ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʜʦʜʘʪʢʦʚʦʾ ʧʦʧʝʨʝʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ (ʧʨʦʢʘʪʫʚʘʥʥʷ ʚ ʨʦʟʨʽʟʥʠʭ 

ʬʘʩʦʥʥʠʭ ʢʘʣʽʙʨʘʭ); 

-  ʢʦʤʙʽʥʦʚʘʥʝ, ʱʦ ʧʦʻʜʥʫʻ ʚʠʤʫʰʝʥʝ ʪʘ ʩʪʠʩʥʫʪʝ ʨʦʟʰʠʨʝʥʥʷ. 

ɼʣʷ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʨʦʟʰʠʨʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʘʩʪʫʧʥʽ ʧʦʢʘʟʥʠʢʠ: 

- ʘʙʩʦʣʶʪʥʝ ʨʦʟʰʠʨʝʥʥʷ - ʨʽʟʥʠʮʷ ʰʠʨʠʥʠ ʟʨʘʟʢʘ ʜʦ ʪʘ ʧʽʩʣʷ ʚʘʣʴʮʶʚʘʥʥʷ: 

 

 ȹb=b1 ï b0, (1.1) 

 

ʜʝ b0 ï ʰʠʨʠʥʘ ʟʨʘʟʢʘ ʜʦ ʚʘʣʴʮʶʚʘʥʥʷ; b1 ï ʰʠʨʠʥʘ ʟʨʘʟʢʘ ʧʽʩʣʷ ʚʘʣʴʮʶʚʘʥʥʷ. 

- ʣʽʥʽʡʥʠʡ ʧʦʢʘʟʥʠʢ ʨʦʟʰʠʨʝʥʥʷ ʜʣʷ ʚʠʧʘʜʢʽʚ ʚʘʣʴʮʶʚʘʥʥʷ ʧʨʷʤʦʢʫʪʥʠʭ ʟʘʛʦ-

ʪʦʚʦʢ ʚ ʛʣʘʜʢʠʭ ʚʘʣʢʘʭ hb DD , ʜʝ hD  ï ʘʙʩʦʣʶʪʥʘ ʩʪʫʧʽʥʴ ʜʝʬʦʨʤʘʮʽʾ - ʨʽʟʥʠʮʷ ʚʠ-

ʩʦʪ ʟʨʘʟʢʘ ʜʦ ʪʘ ʧʽʩʣʷ ʚʘʣʴʮʶʚʘʥʥʷ (ʨʠʩ. 1.1): 
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 ȹh=h0 ï h1, (1.2) 

 

ʜʝ 0h  ï ʧʦʯʘʪʢʦʚʘ ʚʠʩʦʪʘ ʟʨʘʟʢʘ, 1h  ï ʚʠʩʦʪʘ ʟʨʘʟʢʘ ʧʽʩʣʷ ʚʘʣʴʮʶʚʘʥʥʷ, ʤʤ. 

- ʣʽʥʽʡʥʠʡ ʧʦʢʘʟʥʠʢ ʨʦʟʰʠʨʝʥʥʷ ʜʣʷ ʚʠʧʘʜʢʽʚ ʚʘʣʴʮʶʚʘʥʥʷ ʮʠʣʽʥʜʨʠʯʥʠʭ ʟʘ-

ʛʦʪʦʚʦʢ 0DbD , ʜʝ 00 hD =  ï ʜʽʘʤʝʪʨ ʟʘʛʦʪʦʚʢʠ ʜʦ ʧʦʯʘʪʢʫ ʜʝʬʦʨʤʫʚʘʥʥʷ.   

 

 ʘ  ʙ 

ʈʠʩʫʥʦʢ 1.1 ï ʉʭʝʤʘ ʜʝʬʦʨʤʘʮʽʾ ʧʨʠ ʚʘʣʴʮʶʚʘʥʥʽ ʪʘ ʧʨʦʢʘʪʫʚʘʥʥʽ: ʘ) ʤʝʨʠʜʽʦ-

ʥʘʣʴʥʠʡ, ʙ) ʧʦʧʝʨʝʯʥʠʡ ʧʝʨʝʨʽʟ 

 

ʐʠʨʠʥʘ ʟʘʛʦʪʦʚʢʠ ʚ ʧʨʦʮʝʩʽ ʧʨʦʢʘʪʫʚʘʥʥʷ ʟʤ̔ʥʶʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʟʘʢʦʥʫ ʥʘʡ-

ʤʝʥʰʦʛʦ ʦʧʦʨʫ, ʱʦ ʚʠʟʥʘʯʘʻ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʠʪʽʢʘʥʥʷ ʤʝʪʘʣʫ ʚ ʩʪʦʨʦʥʠ ʚʽʣʴʥʠʭ ʧʦ-

ʚʝʨʭʦʥʴ ʟ ʦʩʝʨʝʜʢʫ ʜʝʬʦʨʤʫʚʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʦʙʪʠʩʢʫ. ʊʦʤʫ, ʨʦʟʰʠ-

ʨʝʥʥʷ ʧʨʠ ʧʨʦʢʘʪʫʚʘʥʥʽ ʪʘ ʚʘʣʴʮʶʚʘʥʥʽ ʻ ʬʫʥʢʮʽʻʶ ʙʘʛʘʪʴʦʭ ʬʘʢʪʦʨʽʚ 

[22]: )ʇɿ,N,,P,m,t,f,,h,K,r,B,l,h,h,H(fb ʜcp ueD=D , ʜʝ cp
h,h,H  - ʚʠʩʦʪʥʽ ʧʘʨʘʤʝʪʨʠ 

ʦʩʝʨʝʜʢʫ ʜʝʬʦʨʤʫʚʘʥʥʷ; r,B,l
ʜ  - ʜʦʚʞʠʥʘ, ʰʠʨʠʥʘ ʪʘ ʢʨʠʚʠʟʥʘ ʦʩʝʨʝʜʢʫ ʜʝʬʦʨʤʫ-

ʚʘʥʥʷ; ʜ
K  ï ʬʦʨʤʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʦʩʝʨʝʜʢʫ ʜʝʬʦʨʤʫʚʘʥʥʷ; mtf ,,  - ʢʦʝʬʽʮʽʻ-

ʥʪʠ ʪʝʨʪʷ ʤʽʞ ʟʘʛʦʪʦʚʢʘʤʠ ʪʘ ʩʪʘʣʝʚʠʤʠ ʚʘʣʢʘʤʠ (ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʫʤʦʚ ʟʘʭʦʧʣʝʥʥʷ 

ʤʝʪʘʣʫ ʚʘʣʢʘʤʠ ʧʨʠ ʧʨʦʢʘʪʫʚʘʥʥʽ [10], [23]), ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʢʘʪʫʚʘʥʥʷ ʪʘ ʩʢʣʘʜ ʤʝ-

ʪʘʣʫ (ʭʽʤʽʯʥʠʡ ʽ ʨʝʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ); P ï ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʝʪʘʣʫ, ʱʦ ʜʝʬʦ-
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ʨʤʫʻʪʴʩʷ; u - ʰʚʠʜʢʽʩʪʴ ʧʨʦʢʘʪʫʚʘʥʥʷ; N ï ʥʘʪʷʛ ʩʤʫʛʠ [24]; ʇɿ ï ʬʦʨʤʘ ʪʘ ʨʦʟʤʽʨʠ 

ʧʦʟʘʢʦʥʪʘʢʪʥʠʭ ʟʦʥ; Ң - ʚʽʜʥʦʩʥʝ ʦʙʪʠʩʥʝʥʥʷ (ʩʪʫʧʽʥʴ ʜʝʬʦʨʤʫʚʘʥʥʷ): 

 

 ( ) 010%100 hhh -Ö=e  (1.3) 

 

1.2.2 ʈʦʟʰʠʨʝʥʥʷ ʧʽʜ ʯʘʩ ʚʘʣʴʮʶʚʘʥʥʷ ʟʘʛʦʪʦʚʦʢ ʥʘ ʛʣʘʜʢʽʡ ʙʦʯʮʽ 

 

ɯʩʥʫʻ ʯʦʪʠʨʠ ʟʘʛʘʣʴʥʠʭ ʝʪʘʧʠ ʚ ʨʦʟʚʠʪʢʫ ʪʝʦʨʽʾ ʨʦʟʰʠʨʝʥʥʷ ʧʨʠ ʧʨʦʢʘʪʫʚʘʥʥʽ 

[14], [25]: 

ʘ) ʨʦʟʰʠʨʝʥʥʷ ʧʨʦʧʦʨʮʽʡʥʝ ʣʽʥʽʡʥʦʤʫ ʦʙʪʠʩʥʝʥʥʶ; 

ʙ) ʨʦʟʰʠʨʝʥʥʷ ʧʨʦʧʦʨʮʽʡʥʝ ʦʙʪʠʩʥʝʥʥʶ ʪʘ ʜʦʚʞʠʥʽ ʜʫʛʠ ʟʘʭʦʧʣʝʥʥʷ; 

ʚ) ʨʦʟʰʠʨʝʥʥʷ ʧʨʦʧʦʨʮʽʡʥʝ ʪʽʣʴʢʠ ʟʦʥʽ ʚʠʧʝʨʝʜʞʝʥʥʷ; 

ʛ) ʨʦʟʰʠʨʝʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʦʚʞʠʥʠ ʟʦʥʠ ʚʠʧʝʨʝʜʞʝʥʥʷ, ʣʦʛʘʨʠʬʤʫ ʜʝʬʦʨ-

ʤʘʮʽʾ, ʰʠʨʠʥʠ ʪʘ ʥʘʪʷʛʫ ʩʤʫʛʠ. 

ʃ. ɾʝʟ ʥʘ ʧʦʯʘʪʢʫ ʍʍ ʩʪʦʣʽʪʪʷ [27], ʨʝʢʦʤʝʥʜʫʚʘʚ ʧʨʠʡʤʘʪʠ ʨʦʟʰʠʨʝʥʥʷ ʚ 

ʤʝʞʘʭ ʚʽʜ ʉ = 0,35 (ʜʣʷ ʩʪʘʣ)̔ ʜʦ ʉ =0,48 (ʜʣʷ ʤ'ʷʢʦʛʦ ʟʘʣʽʟʘ): hCb DÖ=D . ɺ. ʊʘʬʝʣʴ 

ʨʝʢʦʤʝʥʜʫʚʘʚ ʧʨʠʡʤʘʪʠ C=0,35 (ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʢʘʪʫʚʘʥʥʷ ʥʠʞʯʝ 1000Áʉ) ʠ C=0,25 

(ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʢʘʪʫʚʘʥʥʷ ʚʠʱʝ ʟʘ 1000Áʉ) [28]. ʖ. ʄ. ʏ̔ʞʠʢʦʚ ʧʨʦʧʦʥʫʚʘʚ ʚʚʘʞʘ-

ʪʠ C=(0,47...0,68) ȹh/h1 [29]. 

ʅʘ ʜʫʤʢʫ ʉ. ʄ. ʇʝʪʨʦʚʘ [22] ʪʘ ɽ. ɿ̔ʙʝʣʷ [30], ʨʦʟʰʠʨʝʥʥʷ ʧʨʦʧʦʨʮʽʡʥʝ ʦʙʪʠ-

ʩʥʝʥʥʶ ʪʘ ʧʨʦʝʢʮʽʾ ʜʦʚʞʠʥʠ ʜʫʛʠ ʟʘʭʦʧʣʝʥʥʷ: 

 

 ( ) hRhhCb DÖÖDÖ=D 1
, (1.4) 

 

ʜʝ ʜʦʚʞʠʥʘ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʦʩʝʨʝʜʢʫ ʜʝʬʦʨʤʘʮʽʾ [31]: 

 

 hRlʜ DÖ=  (1.5) 
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ʅʘʜʘʣʽ ʙʫʣʦ ʚʨʘʭʦʚʘʥʦ, ʱʦ ʨʦʟʰʠʨʝʥʥʷ ʧʨʦʧʦʨʮʽʡʥʝ ʥʝ ʟʘ ʚʩʽʻʶ ʜʫʛʦʶ ʟʘʭʚʘ-

ʪʫ, ʘ ʪʽʣʴʢʠ ʟʘ ʟʦʥʦ  ʁʚʠʧʝʨʝʜʞʝʥʥʷ - ʬʦʨʤʫʣʠ: 

 

- ʉ. ɯ. ɻʫʙʢʽʥʘ [32]: h
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- ɹ. ʇ. ɹʘʭʪʥ̔ʦʚʘ [33]: 
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ʜʝ ʫf  - ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ ʤʽʞ ʟʘʛʦʪʦʚʢʘʤʠ ʟ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ ʪʘ ʩʪʘʣʝʚʠʤʠ ʚʘʣʢʘ-

ʤʠ [10]. 

ʅʘ ʜʫʤʢʫ ʄ. ʉ. ʄʫʪʴʻʚʘ, ʬʦʨʤʫʣʠ ʜʣʷ ʘʥʘʣʽʪʠʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʰʠʨʝʥʥʷ 

ʥʘ ʛʣʘʜʢʽʡ ʙʦʯʮʽ ʧʦʚʠʥʥʽ ʚʨʘʭʦʚʫʚʘʪʠ ʥʘʩʪʫʧʥʽ ʚʠʟʥʘʯʘʣʴʥʽ ʯʠʥʥʠʢʠ [34]: 

-  ʟʤʽʱʝʥʠʡ ʦʙ`ʻʤ, ʱʦ ʡʜʝ ʥʘ ʨʦʟʰʠʨʝʥʥʷ: ( )10ln hh , cphhD  ʘʙʦ 0hhD ; 

-  ʚʧʣʠʚ ʬʦʨʤʠ ʦʩʝʨʝʜʢʫ ʜʝʬʦʨʤʫʚʘʥʥʷ, ʯʝʨʝʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ cpʜ bl ; 

-  ʚʧʣʠʚ ʢʨʠʚʠʟʥʠ (ʜʽʘʤʝʪʨʘ) ʚʘʣʢʽʚ, ʱʦ ʚʠʨʘʞʘʻʪʴʩʷ ʯʝʨʝʟ a ʘʙʦ ( )ʫfÖa 2 ; 

-  ʚʧʣʠʚ ʞʦʨʩʪʢʠʭ ʢʽʥʮʽʚ (ʟʦʚʥʽʰʥʽʭ ʯʘʩʪʠʥ ʆɼ): 1blʜ  ʘʙʦ cpʜ bl . 

ɼʣʷ ʘʥʘʣʽʟʫ ʥʘʷʚʥʠʭ ʬʦʨʤʫʣ ʾʭ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʧʨʠʚʝʩʪʠ ʜʦ ʚʠʛʣʷʜʫ: 

 

 ( )
cpʜ hhlCb DÖÖ=D , (1.8) 

 

ʜʝ ʚʥʬ cccC ÖÖ= ; ( )
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D
º ; ôc  - ʬʫʥʢʮʽʷ, ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʚʧʣʠʚ ʞʦʨʩʪ-

ʢʠʭ ʢʽʥʮʽʚʦʢ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʛʽʧʦʪʝʟʠ ʟ ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʨʦʟʰʠʨʝʥʥʷ ʟʘ ʜʦʚʞʠʥʦ  ʁ

ʟʘʛʦʪʦʚʢʠ, ʱʦ ʜʝʬʦʨʤʫʻʪʴʩʷ [35], ʦʩʝʨʝʜʦʢ ʜʝʬʦʨʤʘʮʽʾ ʫʤʦʚʥʦ ʜʽʣʠʪʴʩʷ ʥʘ 4 ʟʦʥʠ: 

ʜʚʽ ʟ ʥʠʭ (I, II), ʧʨʠʣʝʛʣʽ ʜʦ ʙʽʯʥʠʭ ʢʨʦʤʦʢ ʧʦʣʦʩʠ, ʥʘʟʠʚʘʶʪʴʩʷ ʫʤʦʚʥʠʤʠ ʟʦʥʘʤʠ 

ʧʨʘʛʥʝʥʥʷ ʜʝʬʦʨʤʘʮʽʾ ʥʘ ʨʦʟʰʠʨʝʥʥ ̫(ʨʠʩ. 1.2). ɿʘʚʜʷʢʠ ʚʧʣʠʚʫ ʧʦʟʘʢʦʥʪʘʢʪʥʠʭ ʟʦʥ, 

ʯʘʩʪʠʥʘ ʤʝʪʘʣʫ ʟʘʛʦʪʦʚʢʠ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʙʽʯʥʠʭ ʟʦʥʘʭ, ʜʝʬʦʨʤʫʻʪʴʩʷ ʚ ʥʘʧʨʷʤʢʫ 
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ʜʦʚʞʠʥʠ ʪʘ ʥʘʚʧʘʢʠ, ʯʘʩʪʠʥʘ ʤʝʪʘʣʫ ʟʘʛʦʪʦʚʢʠ, ʨʦʟʪʘʰʦʚʘʥʘ ʧʦʨʫʯ ʟ ʙʦʢʦʚʠʤʠ ʢʨʦ-

ʤʢʘʤʠ, ʟʤʽʱʫʻʪʴʩʷ ʚ ʧʦʧʝʨʝʯʥʦʤʫ ʥʘʧʨʷʤʢʫ. ʊʘʢʘ ʩʭʝʤʘ ʩʣʫʞʠʪʴ ʧʦʯʘʪʢʦʚʦʶ ʜʣʷ 

ʬʦʨʤʫʣ ʟ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʤʽʨʫ ʚʽʣʴʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ, ʷʢʽ ʤʘʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʜʘʥʠʡ 

ʯʘʩ ʪʘ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʯʝʪʚʝʨʪʦʛʦ ʝʪʘʧʫ ʨʦʟʚʠʪʢʫ ʬʦʨʤʫʣ ʨʦʟʰʠʨʝʥʥʷ. 

 

ʈʠʩʫʥʦʢ 1.2 ï ʈʦʟʧʦʜʽʣ ʦʩʝʨʝʜʢʫ ʜʝʬʦʨʤʘʮʽʾ ʥʘ ʟʦʥʠ: ʫʤʦʚʥʽ ʟʦʥʠ ʧʨʘʛʥʝʥʥʷ 

ʜʝʬʦʨʤʘʮʽʾ ʥʘ ʨʦʟʰʠʨʝʥʥʷ (I, II), ʚʠʧʝʨʝʜʞʝʥʥʷ (III) ʪʘ ʚʽʜʩʪʘʚʘʥʥʷ (IV) [29] 

 

ɸ. ɯ. ʎʝʣ̔ʢʦʚ ʪʘ ɸ. ɯ. ɻʨ̔h ʢʦʚ [36] ʪʝʦʨʝʪʠʯʥʦ ʟ̔  ʟʥʘʯʥʠʤʠ ʩʧʨʦʱʝʥʥʷʤʠ ʨʦʟ-

ʨʦʙʠʣʠ ʬʦʨʤʫʣʫ ʟ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʰʠʨʝʥʥʷ, ʚʚʘʞʘʶʯʠ, ʱʦ ʨʦʟʰʠʨʝʥʥʷ ʧʝʨʝʚʘʞʥʦ 

ʨʦʟʚʠʚʘʻʪʴʩʷ ʜʦ ʥʝʡʪʨʘʣʴʥʦʛʦ ʧʝʨʝʨʽʟʫ, ʪʘ ʻ ʥʝʟʥʘʯʥʠʤ ʘ ʚ ʪʽʡ ʯʘʩʪʠʥʽ ʙʽʯʥʠʭ ʟʦʥ, ʜʝ 

ʚʦʥʦ ʧʨʠʣʷʛʘʻ ʜʦ ʟʦʥ ʚʠʧʝʨʝʜʞʝʥʥʷ: 
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ʜʝ ( )
ʬC sss 021 Ö-=  - ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʚʧʣʠʚ ʥʘʪʷʛʫ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʧʨʦʢʦʯʫ-

ʻʪʴʩʷ, ʜʝ 0s - ʥʘʧʨʫʛʘ ʥʘʪʷʛʫ, ʬs  - ʬʘʢʪʠʯʥʠʡ ʦʧʽʨ ʜʝʬʦʨʤʘʮʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʤ-

ʧʝʨʘʪʫʨʠ, ʰʚʠʜʢʦʩʪʽ ʪʘ ʩʪʫʧʝʥʷ ʜʝʬʦʨʤʫʚʘʥʥʷ; 
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015,05,1
0 15,0)1(4 e  - ʢʦʝʬʽ-

ʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʚʧʣʠʚ ʰʠʨʠʥʠ ʟʘʛʦʪʦʚʢʠ, ʜʣʷ ʧʨʷʤʦʢʫʪʥʠʭ ʧʨʦʬʽʣʽʚ ʟʘ ʧʨʦʢʘʪʫ-

ʚʘʥʥ ̫ʥʘ ʛʣʘʜʢʠʭ ʚʘʣʢʘʭ. 

ɿʘ ʄ. ʉ. ʄʫʪʴ̒ʚʠʤ ʚ̔ ʜʟʥʘʯʝʥʦ, ʱʦ ʚʽʜʭʠʣʝʥʥʷ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʟʘ ʬʦʨʤʫʣʘʤʠ 

ɹ. ʇ. ɹʘʭʪʽʥʦʚʘ [33], ʉ. ɯ. ɻʫʙʢʽʥʘ [32], ɸ. ʇ. ʏʝʢʤʘʨʚ̒ʘ [37] ʪʘ ɸ. ɯ. ʎʝʣ̔ʢʦʚʘ [38], 

ʩʢʣʘʜʘʻ 17é20% ʧʦʨʽʚʥʷʥʦ ʜʦ ʜʦʩʣʽʜʥʠʭ ʜʘʥʠʭ, ʪʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʟʘʣʝʞʥʽʩʪʴ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʚʽʣʴʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʟʦʚʥʽʰʥʽʭ ʯʘʩʪʠʥ, ʱʦ ʧʦʢʘ-
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ʟʘʣʘ ʟʘ ʜʦʩʣʽʜʥʠʤʠ ʜʘʥʠʤʠ [39] ʪʦʯʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʰʠʨʝʥʥʷ ʜʣʷ ʟʚʠʯʘʡʥʠʭ ʚʠ-

ʧʘʜʢʽʚ ʧʨʦʢʘʪʫʚʘʥʥʷ: 
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ʜʝ ( )
ʧʨfÖ- 21 a  - ʩʧʽʚʤʥʦʞʥʠʢ, ʱʦ ʚʠʟʥʘʯʘ ̒ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʯʘʩʪʠʥʘʤʠ ʦʙ'ʻʤʫ ʟʘ-

ʛʦʪʦʚʢʠ, ʷʢʠʡ ʧʽʰʦʚ ʥʘ ʨʦʟʰʠʨʝʥʥʷ ʽ ʚʠʧʝʨʝʜʞʝʥʥʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʨʠʚʠʟʥʠ ʚʘʣ-

ʢʽʚ ʪʘ ʢʦʝʬʽʮʽʻʥʪʫ ʪʝʨʪʷ; ( )210 hhhcp -=  - ʩʝʨʝʜʥʷ ʚʠʩʦʪʘ ʦʩʝʨʝʜʢʫ ʜʝʬʦʨʤʫʚʘʥʥʷ; 
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 - ʧʨʠʚʝʜʝʥʠʡ (ʩʝʨʝʜʥʽʡ) ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ; ʉʚʥ - ʩʧʽʚʤʥʦʞʥʠʢ, 

ʟʥʘʡʜʝʥʠʡ ʜʦʩʣʽʜʥʠʤ ʰʣʷʭʦʤ. 

ʈʦʟʚʠʪʢʦʤ ʬʦʨʤʫʣʠ (1.9), ʻ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ɸ. ɯ. ʎʝʣʽʢʦʚʠʤ [38] ʟʘʣʝʞʥʽʩʪʴ: 
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ʜʝ ʉʚʥ - ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʰʠʨʠʥʠ ʧʦʣʦʩʠ ʜʦ ʜʦʚʞʠʥʠ ʜʫ-

ʛʠ ʟʘʭʦʧʣʝʥʥʷ: hR
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015,00 15,134,1 . 

ʏʠʩʪʦ ʝʤʧʽʨʠʯʥʽ ʬʦʨʤʫʣʠ ʚʽʨʥʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʣʠʰʝ ʯʘʩʪʠʥʫ ʯʠʥʥʠʢʽʚ, ʱʦ 

ʚʧʣʠʚʘʶʪʴ ʧʨʦʪʽʢʘʥʥʷ ʬʽʟʠʯʥʦʛʦ ʧʨʦʮʝʩʫ [36, 38]. ʇʽʩʣʷ ʚʘʣʴʮʶʚʘʥʥʷ ʟʘʛʦʪʦʚʦʢ ʟ 

ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ, ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʽʩʪʦʪʥʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ 

ʨʦʟʨʘʭʫʥʢʦʚʠʭ, ʱʦ ʦʪʨʠʤʫʶʪʴ ʟʘ ʚʠʱʝʥʘʚʝʜʝʥʠʤʠ ʬʦʨʤʫʣʘʤʠ. ʊʦʤʫ, ʚʠʚʯʝʥʥʷ ʦʩʦ-

ʙʣʠʚʦʩʪʝʡ ʬʦʨʤʦʟʤʽʥʠ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ ʽ ʚʠʟʥʘʯʝʥʥʷ ʪʦʯʥʦʾ ʤʝʪʦʜʠʢʠ ʜʣʷ ʧʽʜ-

ʨʘʭʫʥʢʫ ʨʦʟʰʠʨʝʥʥʷ ʜʦʟʚʦʣʷʻ ʨʦʟʨʦʙʠʪʠ ʩʭʝʤʠ ʦʙʪʠʩʢʫ ʧʨʠ ʚʘʣʴʮʶʚʘʥʥʽ ʟʘʛʦʪʦʚʦʢ, 

ʱʦ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʟʤʽʥʶʚʘʪʠ ʰʠʨʠʥʦʶ ʟʘʛʦʪʦʚʦʢ ʚ ʰʠʨʦʢʠʭ ʤʝʞʘʭ. 

ɺʠʢʦʥʘʥʠʡ ʉ. ʆ. ʉʢʨʷʙʽʥʠʤ ʘʥʘʣʽʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʽ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʜʘʥʠʭ 

(ʨʠʩ. 1.3, 1.4) [15] ʧʦʢʘʟʘʚ, ʱʦ ʟ ʫʩʽʭ ʬʦʨʤʫʣ, ʨʦʟʨʘʭʫʥʦʢ ʨʦʟʰʠʨʝʥʥʷ ʟʘ ʬʦʨʤʫʣʦʶ 

ʉ. ɯ. ɻʫʙʢʽʥʘ [40], ʜʘʻ ʤʘʢʩʠʤʘʣʴʥʦ ʥʘʙʣʠʞʝʥʠʡ ʨʝʟʫʣʴʪʘʪ ʧʨʠ Ů = 5 é 50%. 
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ʈʠʩʫʥʦʢ 1.3 ï ɿʘʣʝʞʥʽʩʪʴ ʚʽʜʥʦʩʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʚʽʜ ʩʪʫʧʝʥʷ ʦʙʪʠʩʥʝʥʥʷ ʧʨʠ 

ʚʘʣʴʮʶʚʘʥʥʽ ʚ ʛʣʘʜʢʠʭ ʚʘʣʢʘʭ ʟʘʛʦʪʦʚʦʢ ʟʽ ʩʧʣʘʚʫ ɸʂ6, Ï30 ʤʤ: 

ð ʨʦʟʨʘʭʫʥʢʦʚʘ ʟʘ ʬʦʨʤʫʣʦʶ ʉ. ʆ. ʉʢʨʷʙʥ̔ʘ; ð ʦ ð ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ (ʉʢʨʷʙʥ̔); 

ð Ŀ ð   ʨʦʟʨʘʭʫʥʢʦʚʘ ʟʘ ʉ. ɯ. ɻʫʙʢʽʥʠʤ; ð ĿĿ ð ʨʦʟʨʘʭʫʥʢʦʚʘ ʟʘ ɹ. ʇ. ɹʘʭʪʥ̔ʦʚʠʤ; 

ð ĿĿĿ ð  ʨʦʟʨʘʭʫʥʢʦʚʘ ʟʘ ɸ. ɯ. ʎʝʣ̔ʢʦʚʠʤ; ---  ʨʦʟʨʘʭʫʥʢʦʚʘ ʟʘ ɺ. ɯ. ɿʶʟ̔ʥʠʤ 
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ʈʠʩʫʥʦʢ 1.4 ï ɿʘʣʝʞʥʽʩʪʴ ʧʦʢʘʟʥʠʢʘ ʨʦʟʰʠʨʝʥʥʷ ʜʣʷ ʮʠʣʽʥʜʨʠʯʥʠʭ ʟʘʛʦʪʦʚʦʢ 

0DbD  ʚʽʜ ʩʪʫʧʝʥʷ ʦʙʪʠʩʥʝʥʥʷ ʧʽʜ ʯʘʩ ʚʘʣʴʮʶʚʘʥʥʷ ʛʣʘʜʢʠʭ ʚʘʣʢʘʭ Ï 260ʤʤ (ʘ) ʠ Ï 

130ʤʤ (ʙ) ʟʘʛʦʪʦʚʦʢ ʨʽʟʥʦʛʦ ʜʽʘʤʝʪʨʘ: 1- Ï20; 2- Ï30; 3 - Ï50; 4 - Ï60; 5 - Ï 65 ï ʤʤ 
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ɸʥʘʣʽʟ ʭʘʨʘʢʪʝʨʫ ʟʤʽʥʠ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʧʦ-

ʢʘʟʘʚ, ʱʦ ʨʦʟʨʘʭʦʚʘʥʘ ʟʘ ʬʦʨʤʫʣʦʶ ɸ. ɯ. ʎʝʣʽʢʦʚʘ ʢʨʠʚʘ ʝʢʚʽʜʠʩʪʘʥʪʥʦ ʧʦʚʪʦʨʶʻ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ ʢʨʠʚʫ ʉ. ʆ. ʉʢʨʷʙʽʥʘ. ʎʷ ʬʦʨʤʫʣʘ ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ ʷʢ ʦʩʥʦʚʘ 

ʜʣʷ ʨʦʟʨʦʙʢʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʟʘʣʝʞʥʦʩʪʽ, ʱʦ ʜʦʩʣʽʜʞʫʻʪʴʩʷ, ʫ ʚʠʛʣʷʜʽ ʨʝʛʨʝ-

ʩʽʡʥʦʾ ʤʦʜʝʣʽ ʨʽʚʥʷʥʥʷ ʧʦʣʽʥʦʤʘ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ( 32

2

1
axaxay +Ö+Ö= ), ʚʚʘʞʘʶʯʠ, 

ʱʦ x=ȹh/h0  ʪʘ a1, a2, a3 - ʧʘʨʘʤʝʪʨʠ ʨʝʛʨʝʩʽʾ (ʟʘ ʧʨʠʥʮʠʧʦʤ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ). 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʣʽʥʽʡʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʧʽʜ ʯʘʩ ʚʘʣʴʮʶʚʘʥʥ ̫ʟʘʛʦʪʦʚʦʢ ʟ 

ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ ʚ ʛʣʘʜʢʠʭ ʚʘʣʢʘʭ ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʨʽʚʥʷʥʥʷ [15]:  
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ʇʝʨʝʚʽʨʦʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʟʘ ʬʦʨʤʫʣʦʶ (1.12) ʧʦʢʘʟʘʚ, ʱʦ ʨʦʟʙʽʞʥʽʩʪʴ ʟʘ ʨʦʟ-

ʨʘʭʫʥʢʦʚʠʤʠ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʚʽʜʥʦʩʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʜʣʷ ʟʘʛʦ-

ʪʦʚʦʢ, ʢʨʫʛʣʦʛʦ ʧʝʨʝʨʽʟʫ ʟ ʘʣʶʤʽʥʽʻʚʦʛʦ ʩʧʣʘʚʫ ɸʂ6 Ï 20é40 ʤʤ ʥʝ ʧʝʨʝʚʠʱʫʻ 4%, 

ʪʘ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʠʩʦʢʠʡ ʩʪʫʧʽʥʴ ʚʞʠʚʘʥʦʩʪʽ ʮʽʻʾ ʤʝʪʦʜʠʢʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʨʦʟʰʠ-

ʨʝʥʥʷ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʧʦʢʘʟʘʥʦ, ʱʦ ʧʽʜ ʯʘʩ ʚʘʣʴʮʶʚʘʥʥʷ ʮʠʣʽʥʜʨʠ-

ʯʥʠʭ ʟʘʛʦʪʦʚʦʢ ʟ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ ʚ ʛʣʘʜʢʠʭ ʚʘʣʢʘʭ [1], ʟ ̔ʟʙʽʣʴʰʝʥʥʷʤ ʩʪʫʧʝʥʷ 

ʜʝʬʦʨʤʘʮʽʾ, ʧʨʠ ʽʥʰʠʭ ʨʽʚʥʠʭ ʫʤʦʚʘʭ - ʧʦʢʘʟʥʠʢ ʨʦʟʰʠʨʝʥʥʷ ʪʘ ʚʽʜʥʦʩʥʝ ʨʦʟʰʠ-

ʨʝʥʥʷ ʟʙʽʣʴʰʫʶʪʴʩʷ (ʨʠʩ. 1.4). ɿʽ ʟʤʝʥʰʝʥʥʷʤ ʜʽʘʤʝʪʨʘ ʧʨʫʪʢʘ, ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ 

ʨʦʟʰʠʨʝʥʥʷ ʪʘ ʚʽʜʥʦʩʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʟʨʦʩʪʘʶʪʴ, ʘ ʟʙʽʣʴʰʝʥʥ ̫ʜʽʘʤʝʪʨʘ ʚʘʣʢʽʚ ʟʘ 

ʽʥʰʠʭ ʨʽʚʥʠʭ ʫʤʦʚ ʩʧʨʠʯʠʥʷʻ ʟʨʦʩʪʘʥʥʷ ʨʦʟʰʠʨʝʥʥʷ. 

ɺʠʚʯʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʬʦʨʤʦʟʤʽʥʠ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ ʪʘ ʨʦʟʨʦʙʢʘ ʪʦʯʥʦʾ 

ʤʝʪʦʜʠʢʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʨʦʟʰʠʨʝʥʥʷ ʜʦʟʚʦʣʷʻ ʨʦʟʨʦʙʣʷʪʠ ʨʘʮʽʦʥʘʣʴʥʽ ʩʭʝʤʠ ʦʙ-

ʪʠʩʥʝʥʥʷ ʧʨʠ ʚʘʣʴʮʶʚʘʥʥʽ ʟʘʛʦʪʦʚʦʢ. 

 

1.3.3 ʈʦʟʰʠʨʝʥʥʷ ʧʽʜ ʯʘʩ ʚʘʣʴʮʶʚʘʥʥʷ ʟʘʛʦʪʦʚʦʢ ʚ ʢʘʣʽʙʨʘʭ 

 

ɺʘʣʴʮʶʚʘʥʥʷ ʪʘ ʧʨʦʢʘʪʫʚʘʥʥʷ ʚ ʢʘʣʽʙʨʘʭ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʽʩʪʦʪʥʦʶ ʥʝʨʽʚʥʦ-

ʤʽʨʥʽʩʪʶ ʜʝʬʦʨʤʘʮʽʾ ʤʝʪʘʣʫ ʟʘ ʰʠʨʠʥʦ  ʁʪʘ ʚʠʩʦʪʦ  ʁʟʘʛʦʪʦʚʢʠ. ʄʝʪʘʣ, ʟʫʩʪʨʽʯʘʶʯʠ 
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ʥʘ ʩʚʦʻʤʫ ʰʣʷʭʫ ʙʽʯʥʽ ʩʪʽʥʢʠ ʢʘʣʽʙʨʫ ʟʽ ʟʤʽʥʥʠʤ ʟʘʟʦʨʦʤ ʟʘ ʰʠʨʠʥʦ ,ʁ ʟʤʫʰʝʥʠʡ 

ʧʨʠʡʤʘʪʠ ʬʦʨʤʫ, ʱʦ ʫʪʚʦʨʝʥʘ ʢʘʣʽʙʨʦʤ [40]. ʉʢʣʘʜʥʽʩʪʴ ʧʨʦʮʝʩʫ ʬʦʨʤʦʟʤʽʥʠ ʟʘʛʦ-

ʪʦʚʢʠ ʚ ʢʘʣʽʙʨʽ ʫʩʢʣʘʜʥʶʻ ʩʪʚʦʨʝʥʥʷ ʪʦʯʥʦʛʦ ʤʝʪʦʜʫ ʨʦʟʨʘʭʫʥʢʫ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʪʝʭ-

ʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʉʘʤʝ ʪʦʤʫ, ʨʦʙʦʪʠ ʙʘʛʘʪʴʦʭ ʘʚʪʦʨʽʚ ʱʦʜʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʦʛʦ ʪʘ ʪʝʦʨʝʪʠʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʦʢʨʝʤʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʩʧʨʷʤʦʚʘʥʽ 

ʥʘ ʢʦʥʢʨʝʪʥʽ ʚʠʧʘʜʢʠ ʧʨʦʢʘʪʫʚʘʥʥʷ ʪʘ ʚʘʣʴʮʶʚʘʥʥʷ ʟʘʛʦʪʦʚʦʢ ʚ ʢʘʣʽʙʨʘʭ. ʏʝʨʝʟ ʨʽʟ-

ʥʦʤʘʥʽʪʥʽʩʪʴ ʪʘ ʧʦʩʪʽʡʥʝ ʨʦʟʰʠʨʝʥʥʷ ʩʦʨʪʘʤʝʥʪʫ ʬʘʩʦʥʥʠʭ ʧʨʦʬʽʣʽʚ ʙʫʣʦ ʨʦʟʨʦʙʣʝ-

ʥʦ ʙʽʣʴʰ ʫʥʽʚʝʨʩʘʣʴʥ ̔ʤʝʪʦʜʠ, ʱʦ ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ ʜʣ ̫ʧʝʚʥʠʭ ʛʨʫʧ ʢʘʣʽʙʨʽʚ. ʆʜ-

ʥʦʯʘʩʥʦ, ʨʦʟʨʘʭʫʥʦʢ ʬʦʨʤʦʟʤʽʥʠ ʟʘʛʦʪʦʚʢʠ ʚ ʢʘʣʽʙʨʘʭ ʟʚʦʜʠʪʴʩʷ ʜʦ ʥʘʡʧʨʦʩʪʽʰʦʛʦ 

ʚʠʧʘʜʢʫ ʧʨʦʢʘʪʫʚʘʥʥʷ ʘʙʦ ʚʘʣʴʮʶʚʘʥʥʷ ʧʨʷʤʦʢʫʪʥʦʾ ʧʦʣʦʩʠ ʚ ʛʣʘʜʢʠʭ ʚʘʣʢʘʭ, ʘ 

ʤʦʞʣʠʚʽ ʧʦʭʠʙʢʠ ʚʨʘʭʦʚʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʧʨʘʚʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ. 

ʄʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ ʬʦʨʤʦʟʤʽʥʠ ʤʝʪʘʣʫ ʧʨʠ ʧʨʦʢʘʪʫʚʘʥʥʽ ʚ ʢʘʣʽʙʨʘʭ ʧʦʜʽʣʷ-

ʪʁʴ ʥʘ: ʝʤʧʽʨʠʯʥʽ; ʚʽʜʧʦʚʽʜʥʦʾ ʪʘ ʥʘʚʝʜʝʥʦʾ ʧʦʣʦʩʠ, ʤʝʪʦʜ ʦʧʠʩʘʥʠʭ ʧʨʷʤʦʢʫʪʥʠʢʽʚ; 

ʤʝʪʦʜʠ, ʱʦ ʟʘʩʥʦʚʘʥʽ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʟʘʢʦʥʽʚ ʤʝʭʘʥʽʢʠ ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʪʽʣʘ (ʫʤʦʚʠ 

ʪʝʯʽʾ ʤʝʪʘʣʫ ʚ ʢʘʣʽʙʨʽ) [41]. 

ɽʤʧʽʨʠʯʥʽ ʤʝʪʦʜʠ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʥʘ ʧʽʜʩʪʘʚʽ ʫʟʘʛʘʣʴʥʝʥʥ ̫ʥʘʢʦʧʠʯʝʥʦʛʦ 

ʧʨʘʢʪʠʯʥʦʛʦ ʜʦʩʚʽʜʫ ʩʪʚʦʨʝʥʥʷ ʢʘʣʽʙʨʫʚʘʥʴ ʚʘʣʢʽʚ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʦʪʨʠʤʘʪʠ ʛʨʘʬʽʢʠ 

ʪʘ ʝʤʧʽʨʠʯʥʽ ʬʦʨʤʫʣʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʠʪʷʛʫʚʘʥʥʷ, ʨʦʟʰʠʨʝʥʥʷ, ʝʥʝʨ-

ʛʦʩʠʣʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʠ ʧʨʦʢʘʪʫʚʘʥʥʽ ʟʘ ʨʽʟʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʢʘʣʽʙʨʽʚ. ʅʘ ʧʦʯʘʪʢʫ 

ʍʍ ʩʪ., ʚʦʥʠ ʨʦʟʨʦʙʣʷʣʠʩʷ ʧʦ ʯʝʨʟʽ ʃ. ɾʝʟʦʤ, ɽ. ʂ̔ ʭʙʝʨʛʦʤ, ɽ. ɿ̔ ʙʝʣʝʤ, ɺ. ʊʘʬʝʣʝʤ, 

ʍ. ʍʦʬʬʦʤ, ɻ. ɼʘʣʝʤ, ɿ. ɺʫʩʘʪʦʚʩʢɹʠʤ, ʄ. ɺ. ɺʨʘʮɹʢʠʤ, ɸ. ʇ. ɺʽʥʦʛʨʘʜʦʚʠʤ, 

ʃ. ʉ. ɻʝʡʜʝʣʴʤʘʥʦʤ ʪʘ ʽʥ. ɿʛʦʜʦʤ, ʙʽʣʴʰʽʩʪʴ ʟ ʥʠʭ ʟʘʩʪʘʨʽʣʘ, ʦʩʢʽʣʴʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʝʨʝʤʥʦʞʫʚʘʥʥʷ ʧʣʦʱʽ ʦʩʪʘʥʥʴʦʛʦ ʢʘʣʽʙʨʫ ʥʘ ʢʦʝʬʽʮʽʻʥʪ ʚʠʪʷʛʫʚʘʥʥʷ, ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʪʽʣʴʢʠ ʧʣʦʱʘ ʧʦʧʝʨʝʜʥʴʦʛʦ ʢʘʣʽʙʨʫ. ʗʢ ʥʘʩʣʽʜʦʢ ʪʘʢʦʛʦ ʨʦʟʨʘʭʫʥʢʫ, ʤʦʞʣʠʚʽ ʚʠʧʘʜ-

ʢʠ ʥʝ ʟʘʧʦʚʥʝʥʥʷ ʢʘʣʽʙʨʽʚ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʘʜʤʽʨʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʨʦ-

ʭʦʜʽʚ ʪʘ ʥʝʤʦʞʣʠʚʦʩʪʽ ʦʬʦʨʤʣʝʥʥʷ ʧʨʦʬʽʣʶ ʘʙʦ ʞ, ʥʘʚʧʘʢʠ ï ʧʝʨʝʧʦʚʥʝʥʥʷ ʢʘʣʽʙʨʫ 

ʪʘ ʙʨʘʢʫ ʟʘʛʦʪʦʚʢʠ. ʅʘʨʘʟʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʪʦʜʠ ʟʘ ʈ. ɸ. ʄʘʰʢʦʚʮʝʚʠʤ, 

ʄ. ʉ. ʄʫʪʴʻʚʠʤ ʪʘ ɸ. ʇ. ʏʝʢʤʘʨʻʚʠʤ [37], ʷʢ̔ ʟʘʩʥʦʚʘʥʽ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʝʤʧʽʨʠʯʥʠʭ 

ʛʨʘʬʽʢʽʚ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʰʠʨʝʥʥʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʦʟʤʽʨʫ ʟʘʛʦʪʦʚʢʠ, ʢʦʝʬʽʮʽʻʥ-

ʪʫ ʚʠʪʷʛʫʚʘʥʥʷ ʪʘ ʜʽʘʤʝʪʨʫ ʚʘʣʢʽʚ. 
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ʄʝʪʦʜ ʚʽʜʧʦʚʽʜʥʠʭ ʧʦʣʦʩ, ʙʫʚ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ɸ. ʌ. ɻʦʣʦʚʽʥʠʤ [42]. ʂʘʣʽʙʨʫ-

ʚʘʥʥʷ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʜʣʷ ʧʨʷʤʦʢʫʪʥʠʭ (ʚʽʜʧʦʚʽʜʥʠʭ) ʧʦʣʦʩ, ʱʦ ʧʨʦʢʦʯʫʶʪʴʩʷ ʚ 

ʛʣʘʜʢʠʭ ʚʘʣʢʘʭ, ʧʽʩʣʷ ʯʦʛʦ ʚʽʜʧʦʚʽʜʥʽ ʧʦʣʦʩʠ ʧʝʨʝʨʘʭʦʚʫʶʪʴʩʷ ʥʘ ʬʘʩʦʥʥʽ ʟʘ ʦʙʨʘ-

ʥʦʁ ʩʠʩʪʝʤʦ  ʁʢʘʣʽʙʨʽʚ. ʊʦʜʽ ʚʠʢʦʥʫʶʪʴ ʨʦʟʨʘʭʫʥʢʠ ʨʦʟʰʠʨʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʾ ʧʦʣʦʩʠ 

ʧʨʠ ʧʨʦʢʘʪʫʚʘʥʥʽ ʘʙʦ ʚʘʣʴʮʶʚʘʥʥʽ ʾʾ ʥʘ ʛʣʘʜʢʽʡ ʙʦʯʮʽ [43]. ɿʘ ʨʦʟʨʘʭʦʚʘʥʠʤʠ ʨʦʟʤʽ-

ʨʘʤʠ ʚʽʜʧʦʚʽʜʥʦʾ ʧʦʣʦʩʠ ʟʥʘʭʦʜʷʪʴ ʨʦʟʤʽʨʠ ʢʘʣʽʙʨʽʚ ʜʦ ʘʙʦ ʧʽʩʣʷ ʧʨʦʢʘʪʫʚʘʥʥʷ ʫ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʧʨʠʡʥʷʪʠʤ ʧʦʨʷʜʢʦʤ ʨʦʟʨʘʭʫʥʢʫ. 

ɿʘ ʤʝʪʦʜʦʤ ʥʘʚʝʜʝʥʦʾ ʰʠʨʠʥʠ ʫ ʬʘʩʦʥʥʦʾ ʽ ʚʽʜʧʦʚʽʜʥʦʾ ʧʦʣʦʩʠ - ʨʽʚʥʽ ʧʣʦʱʽ 

ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ FF ¡= ʪʘ ʰʠʨʠʥʘ bb ¡=  (ʽʥʜʝʢʩ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʚʽʜʧʦʚʽʜʥʦʾ 

ʧʦʣʦʩʠ). ɺʠʩʦʪʘ ʪʘ ʰʠʨʠʥʘ ʚʽʜʧʦʚʽʜʥʦʾ ʧʦʣʦʩʠ: ( )hbFh =¡  ʪʘ ( )hbhb Ö¡=¡ . 

ɿʘ ɸ. ʌ. ɻʦʣʦʚʽʥʠʤ, ʤʝʪʦʜ ʚʽʜʧʦʚʽʜʥʦʾ ʧʦʣʦʩʠ ʻ ʥʘʙʣʠʞʝʥʠʤ, ʱʦ ʥʝ ʜʦʟʚʦʣʷ ̒

ʚʨʘʭʫʚʘʪʠ ʢʽʥʝʤʘʪʠʢʫ ʪʝʯʽʾ ʤʝʪʘʣʫ ʟʘ ʧʨʦʢʘʪʫʚʘʥʥʷʤ ʚ ʢʘʣʽʙʨʘʭ, ʦʩʢʽʣʴʢʠ ʚʠʪʷʛʫʚʘʥ-

ʥ ̫ʧʦʣʦʩʠ ʧʨʷʤʦʢʫʪʥʦʛʦ ʧʝʨʝʨʽʟʫ ʧʦʚʠʥʥʦ ʙʫʪʠ ʩʚʽʜʦʤʦ ʤʝʥʰʠʤ ʟʘ ʚʠʪ̫ʛʫʚʘʥʥʷ ʚʽ-

ʜʧʦʚʽʜʥʦʾ ʧʦʣʦʩʠ ʬʘʩʦʥʥʦʛʦ ʧʝʨʝʨʽʟʫ, ɦ ʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʭʠʙʦʢ ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ. 

ʄʝʪʦʜ ʚʽʜʧʦʚʽʜʥʦʾ ʧʦʣʦʩʠ ʦʪʨʠʤʘʚ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʚ ʧʨʘʮʷʭ 

ʂ. ʄ. ɹʦʛʦʷʚʣʝʥʩʴʢʦʛʦ, ʄ. ʄ. ʇʘʚʣʦʚʘ ʪʘ ɺ. ʉ. ʉʤʽʨʥʦʚʘ, [44]. ɿʘ ʧʨʦʢʘʪʫʚʘʥʥʷʤ ʬʘ-

ʩʦʥʥʦʾ ʧʦʣʦʩʠ ʚ ʢʘʣʽʙʨʘʭ ʪʘ ʧʨʷʤʦʢʫʪʥʦʾ ʧʦʣʦʩʠ, ʚʠʭʽʜʥʽ ʨʦʟʤʽʨʠ ʷʢʦʾ ʜʦʨʽʚʥʶʶʪʴ 

ʚʽʜʧʦʚʽʜʥʠʤ ʥʘ ʛʣʘʜʢʽʡ ʙʦʯʮʽ, ʚʠʥʠʢʘʻ ʩʠʩʪʝʤʘ ʩʠʣ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʦʟʤʽʨʽʚ ʬʦʨʤʠ 

ʢʘʣʽʙʨʫ ʪʘ ʧʦʣʦʩʠ, ʘ ʪʘʢʦʞ ʚʽʜ ʩʪʫʧʝʥ ʁʟʘʧʦʚʥʝʥʥʷ ʢʘʣʽʙʨʫ. ʈ̔ ʟʥʠʮʷ ʚʨʘʭʦʚʫʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʝʤʧʽʨʠʯʥʠʭ ʧʦʧʨʘʚʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʦʟʰʠʨʝʥʥʷ: 

 ( )( )hbhbʂʚ DD
¡

DD=  (1.13) 

ʜʝ ( )¡DD hb ï ʧʦʢʘʟʥʠʢ ʨʦʟʰʠʨʝʥʥʷ ʧʨʠ ʧʨʦʢʘʪʫʚʘʥʥʽ ʚ ʢʘʣʽʙʨʽ ʚ ʧʝʨʝʨʘʭʫʥʢʫ ʥʘ ʚʽʜ-

ʧʦʚʽʜʥʫ ʧʦʣʦʩʫ; hb DD  ï ʧʦʢʘʟʥʠʢ ʨʦʟʰʠʨʝʥʥʷ ʧʨʠ ʧʨʦʢʘʪʫʚʘʥʥʽ ʧʦʜʽʙʥʦʾ ʧʦʣʦʩʠ ʥʘ 

ʛʣʘʜʢʽʡ ʙʦʯʮʽ. 

ʄʝʪʦʜ ʦʧʠʩʘʥʠʭ ʧʨʷʤʦʢʫʪʥʠʢʽʚ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʢʘʣʽʙʨʽʚ ʙʫʚ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ 

ɹ. ʇ. ɹʘʭʪʽʥʦʚʠʤ. ʈʦʟʨʘʭʫʥʦʢ ʧʣʦʱʽ ʢʘʣʽʙʨʽʚ (ʪʘʙʣ. 1.2), ʥʘʚʢʦʣʦ ʚʠʭʽʜʥʦʛʦ ʽ ʢʽʥʮʝ-

ʚʦʛʦ ʧʨʦʬʽʣʽʚ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʦʧʠʩʘʥʠʤ ʢʚʘʜʨʘʪʦʤ, ʘ ʥʘʚʢʦʣʦ ʧʨʦʤʽʞʥʦʛʦ ʧʨʦʬʽʣʶ ï 

ʟʘ ʧʨʷʤʦʢʫʪʥʠʢʦʤ. ʈʦʟʤʽʨʠ ʬʽʛʫʨ ʪʘ ʾʭ ʧʣʦʱʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʯʝʨʝʟ ʨʦʟʤʽʨʠ ʩʪʦʨʽʥ 
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ʢʚʘʜʨʘʪʽʚ ʽ ʧʨʷʤʦʢʫʪʥʠʢʽʚ ʪʘ ʩʧʨʠʯʠʥʷʶʪʴ ʥʝʦʙʭʽʜʥʩ̔ʪʴ ʚʨʘʭʫʚʘʥʥʷ ʟʤʽʥʠ ʧʣʦʱʽ ʢʦ-

ʞʥʦʛʦ ʟ ʧʨʦʬʽʣʽʚ ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʥʠ ʬʦʨʤʠ [33]: 

 

 ( ) constɚɚaAhb ʢʚʧʨ =Ö=Ö , (1.14) 

 

ʜʝ b ʪʘ h ʨʦʟʤʽʨʠ ʧʨʦʤʽʞʥʦʛʦ ʧʨʷʤʦʢʫʪʥʠʢʘ; A ʪʘ a ï ʩʪʦʨʦʥʠ ʙʽʣʴʰʦʛʦ ʽ ʤʝʥʰʦʛʦ 

ʢʚʘʜʨʘʪʽʚ; ɚʧʨ  ʪʘ ɚʢʚ  ï ʢʦʝʬʽʮʽʻʥʪʠ ʚʠʪʷʛʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʚ ʧʨʷʤʦʢʫʪʥʦʤʫ ʢʘʣʽʙʨʽ ʪʘ 

ʤʝʥʰʦʤʫ ʢʚʘʜʨʘʪʥʦʤʫ. 

ʋ ʨʽʚʥʷʥʥʽ (1.14) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʽʜʥʦʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʠʪʷʛʫʚʘʥʥʷ, ʱʦ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʦʟʰʠʨʝʥʥʷ ʚ ʧʨʷʤʦʢʫʪʥʦʤʫ ʢʘʣʽʙʨʽ ʪʘ ʤʝʥʰʦʤʫ ʢʚʘʜʨʘʪʥʦʤʫ. ʇʦʙʫ-

ʜʦʚʘ ʦʧʠʩʘʥʠʭ ʧʨʷʤʦʢʫʪʥʠʢʽʚ ʧʦʚ'ʷʟʘʥʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʦʟʰʠʨʝʥʥʷ ʤʝʪʘʣʫ ʚ ʢʘʣʽʙ-

ʨʘʭ. ʅʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʜʝʬʦʨʤʫʚʘʥʥʷ ʚ ʢʘʣʽʙʨʘʭ ʪʘ ʥʘ ʛʣʘʜʢʠʭ ʚʘʣʢʘʭ, ʘ ʪʘʢʦʞ ʨʽʟʥʠʮʷ 

ʤʽʞ ʧʦʧʝʨʝʯʥʠʤʠ ʧʝʨʝʨʽʟʘʤʠ ʬʘʩʦʥʥʠʭ ʧʨʦʬʽʣʽʚ ʽ ʧʝʨʝʨʽʟʘʤʠ ʦʧʠʩʘʥʠʭ ʬʽʛʫʨ ʧʦ-

ʚʠʥʥʽ ʙʫʪʠ ʚʨʘʭʦʚʘʥʽ ʟʘ ʧʦʧʨʘʚʥʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ. 

ʄʝʪʦʜ ʥʘʚʝʜʝʥʦʾ ʰʠʨʠʥʠ ʧʦʣʷʛʘʻ ʚ ʟʘʤʽʥʽ ʧʝʨʝʨʽʟʫ ʙʫʜʴ-ʷʢʦʾ ʩʢʣʘʜʥʦʾ ʬʦʨʤʠ 

ʨʽʚʥʦʚʝʣʠʢʠʤʠ ʟʘ ʬʦʨʤʦʶ ʧʦ ʧʣʦʱʽ ʧʝʨʝʨʽʟʘʤʠ ʧʨʷʤʦʢʫʪʥʦʾ ʧʦʣʦʩʠ [45], ʷʢʘ ʤʘʻ 

ʰʠʨʠʥʫ ʧʦʜʽʙʥʫ ʜʦ ʟʘʤʽʥʝʥʦʛʦ ʧʨʦʬʽʣ  ʁ(ʨʠʩ. 1.5, II). ɺʠʩʦʪʘ ʥʘʚʝʜʝʥʦʾ ʧʨʷʤʦʢʫʪʥʦʾ 

ʧʦʣʦʩʠ (ʩʝʨʝʜʥʷ ʚʠʩʦʪʘ) ʻ ʯʘʩʪʢʦʶ ʚʽʜ ʜʽʣʝʥʥʷ ʧʣʦʱʽ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʩʢʣʘʜʥʦʛʦ ʢʘ-

ʣʽʙʨʫ ʥʘ ʡʦʛʦ ʤʘʢʩʠʤʘʣʴʥʫ ʰʠʨʠʥʫ. ɺʠʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʽʭ ʚʠʩʦʪ ʟʘ ʧʨʠʚʝʜʝʥʥʷʤ ʧʦ-

ʯʘʪʢʦʚʦʛʦ ʪʘ ʢʽʥʮʝʚʦʛʦ ʧʝʨʝʨʽʟʽʚ ʧʦʣʦʩʠ ʜʦ ʨʽʚʥʦʚʝʣʠʢʦʛʦ ʧʨʷʤʦʢʫʪʥʠʢʘ ʧʦ ʚʭʽʜʥʽʡ 

ʪʘ ʢʽʥʮʝʚʽʡ ʰʠʨʠʥʽ ʻ ʜʦʧʫʩʪʠʤʠʤ ʥʘʙʣʠʞʝʥʥʷʤ. 

ɼ. ɯ. ʂʽʥʟʽʥ [46] ʟʘʧʨʦʧʦʥʫʚʘʚ ʤʝʪʦʜʠʢʫ, ʱʦ ʻ ʬʦʨʤʘʣʽʟʘʮʽʻʶ ʛʨʘʬʽʯʥʦʛʦ ʤʝʪʦ-

ʜʫ [37] ʪʘ ʤʦʞʝ ʙʫʪʠ ʣʝʛʢʦ ʧʨʠʩʪʦʩʦʚʘʥʘ ʚ ʨʘʟʽ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘ ɽʆʄ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʤʝʪʦʜʠ ʧʝʨʝʭʦʜʫ ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʚʽʜ ʧʨʦʢʘʪʫʚʘʥʥʷ ʚ 

ʢʘʣʽʙʨʘʭ ʜʦ ʧʨʦʩʪʦʛʦ ʚʠʧʘʜʢʫ ʧʨʦʢʘʪʫʚʘʥʥʷ ʥʝ  ̒ʨʦʟʧʦʚʩʶʜʞʝʥʠʤʠ, ʫ ʚʩʽʭ ʧʨʘʮʷʭ 

ʚʽʜʩʫʪʥʽʡ ʪʝʦʨʝʪʠʯʥʠʡ ʘʥʘʣʽʟ ʟʘʛʘʣʴʥʠʭ ʟʘʩʦʙʽʚ ʧʝʨʝʭʦʜʫ [2]. 

ʄʝʪʦʜʠ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʟʘʢʦʥʽʚ ʤʝʭʘʥʽʢʠ ʜʝʬʦʨʤʫʶʯʦʛʦ ʪʽʣʘ, ʚʠ-

ʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʦʩʪ ̔ʪʘ ʘʜʝʢʚʘʪʥ ̔ʘʥʘʣʽʪʠʯʥ ̔ʬʦʨʤʫʣʠ, ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʟʘʣʝʞʥʽʩʪʴ 

ʩʝʨʝʜʥʽʭ ʧʦʢʘʟʥʠʢʽʚ ʬʦʨʤʦʟʤʽʥʠ ʚʽʜ ʟʘʛʘʣʴʥʠʭ ʬʘʢʪʦʨʽʚ [47]. 
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ʊʘʙʣʠʮ ̫1.2 ï ʋʤʦʚʠ ʟʘʤʽʥʠ ʧʦʣʦʩʠ ʬʘʩʦʥʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʥʘ ʧʨʷ-

ʤʦʢʫʪʥʝ 

ʄʝʪʦʜʠ ʟʘʤʽʥʠ ɺʠʭʽʜʥʽ ʧʘʨʘʤʝʪʨʠ ɿʘʛʘʣʴʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

I. ʅʘʚʝʜʝʥʦʾ 

ʰʠʨʠʥʠ 
ʰʧʨii FF ..=  . ;i i ʧʨʰb b=

 

. ;i
i ʧʨ ʰ

i

F
h

b
=

 

. ;I I ʧʨʰl l=  . ;I I ʧʨʰb b=  . ;I I ʧʨʰh h¸  

. ;II II ʧʨʰl l=

 
. ;II II ʧʨʰb b¸  . ;II II ʧʨʰh h¸  

. ;I I ʧʨʰm m̧  . ;II II ʧʨʰm m¸  

II. ʅʘʚʝʜʝʥʦʾ 

ʚʠʩʦʪʠ 
. ;i i ʧʨʚF F=

 

. ;i i ʧʨʚh h=

 
;i

i

i

F
b

h
=  

. ;I I ʧʨʚl l=  . ;I I ʧʨʚb b¸  . ;I I ʧʨʚh h=  

. ;II II ʧʨʚl l=  . ;II II ʧʨʚb b¸  . ;II II ʧʨʚh h¸  

. ;I I ʧʨʚm m̧  . ;II II ʧʨʚm m¸  

III.  ɺʽʜʧʦʚʽʜʥʦʾ 

ʧʦʣʦʩʠ 

;i i cF F=  

;i
i

i

b
a

h
=  

;
i c

i c

i c

b
a

h
=  ;i i ca a=  

;I I ʩl l=  ;I I ʩb b¸  ;I I ʩh h=  

;II II ʩl l=  ;II II ʩb b¸  ;I I ʩh h=  

;I I ʩm m=  ;II II ʩm m=  

IV. ʆʧʠʩʘʥʠʭ 

ʧʨʷʤʦʢʫʪʥʠʢʽʚ 
;i i i ʦʧF c F=  ;i i ʦʧb b=  ;i i ʦʧh h=  

2 2

0 2

2 2 2

1 1 1

;ʦʧ ʦʧI
ʬ b

II
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c b h

l
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D= Ö =  

;I I ʦʧb b=  ;II II ʦʧb b=  ;I I ʦʧh h=  ;II II ʦʧh h=  

;I I ʦʧm m=  ;II II ʦʧm m=  

 

ʇʝʨʝʨʽʟ 

ʟʘʛʦʪʦʚʢʠ 

ʄʝʪʦʜ 

ʧʨʠʚʝʜʝʥʥʷ 
I II  III  IV 

ʂʨʫʛ 

   
  

ʆʚʘʣ 

 
  

  

ʂʚʘʜʨʘʪ 

     
ʈʠʩʫʥʦʢ 1.5 ï ʉʭʝʤʘ ʧʨʠʚʝʜʝʥʥʷ ʬʘʩʦʥʥʠʭ ʟʘʛʦʪʦʚʦʢ ʜʦ ʬʦʨʤʠ, ʱʦ ʥʝʦʙʭʽʜʥʘ 

ʜʣʷ ʦʙʨʘʥʦʛʦ ʤʝʪʦʜʫ ʨʦʟʨʘʭʫʥʢʫ 
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ʆʩʢʽʣʴʢʠ ʬʦʨʤʘ ʢʘʣʽʙʨʫ ʟʜʽʡʩʥʶʻ ʽʩʪʦʪʥʠʡ ʚʧʣʠʚ ʥʘ ʚʝʣʠʯʠʥʫ ʨʦʟʰʠʨʝʥʥʷ, 

ɺ. ɯ. ɿʶʟʽʥʠʤ ʽ ɸ. ʄ. ʂʨʠʚʝʥʮʦʚʠʤ ʙʫʣʘ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʬʦʨʤʫʣʘ, ʱʦ ʟʘʩʥʦʚʘʥʘ ʥʘ 

ʚʠʢʦʨʠʩʪʘʥʥ̔ ʤʝʪʦʜʫ ʧʨʠʚʝʜʝʥʦʾ ʧʦʣʦʩʠ [48]: 

 

 maxbCCCCb mfb DÖÖÖÖ=D s , (1.15) 

 

ʜʝ ʉb, ʉf , ʉů ʪʘ Cʪ - ʢʦʝʬʽʮʽʻʥʪʠ, ʱʦ ʚʨʘʭʦʚʫʶʪʴ ʚʧʣʠʚ ʰʠʨʠʥʠ ʧʨʦʬʽʣʶ, ʬʦʨʤʠ ʢʘ-

ʣʽʙʨʫ, ʥʘʪʷʛʫ ʪʘ ʤʘʪʝʨʽʘʣʫ ʧʦʣʦʩʠ ʥʘ ʨʦʟʰʠʨʝʥʥʷ [22], [29]; maxbD  - ʤʘʢʩʠʤʘʣʴʥʝ ʨʦ-

ʟʰʠʨʝʥʥʷ: 
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ɺ. ʂ. ʉʤʠʨʥʦʚ ʪʘ ʽʥ. ʧʨʠ ʧʨʦʢʘʪʫʚʘʥʥʽ ʥʘ ʛʣʘʜʢʽʡ ʙʦʯʮʽ ʪʘ ʦʚʘʣʴʥʦʤʫ ʢʘʣʽʙʨʽ 

ʚʠʟʥʘʯʠʣʠ ʬʦʨʤʫʣʫ ʨʦʟʨʘʭʫʥʢʫ ʨʦʟʰʠʨʝʥʥʷ [49]: 

 

 ( )mb Ö-+=D 11 ʙb , (1.17) 

 

ʜʝ ʙb - ʨʦʟʤʽʨ ʢʦʝʬʽʮʽʻʥʪʫ ʨʦʟʰʠʨʝʥʥʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʦʩʝʨʝʜʢʫ ʜʝʬʦʨʤʫʚʘʥʥʷ ʪʘ ʫʤʦʚ ʢʦʥʪʘʢʪʥʦʛʦ ʪʝʨʪʷ, ʱʦ ʚʨʘʭʦʚʫʻ ʧʦʩʪʽʡʥʽ ʢʦʝʬʽʮʽʻʥ-

ʪʠ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʭʝʤʠ ʧʨʦʢʘʪʫʚʘʥʥʷ ( 70 ,, ʉʉ 2 ); ʪ - ʜʦʜʘʪʢʦʚʠʡ ʩʧʽʚʤʥʦʞʥʠʢ, 

ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʚʧʣʠʚ ʨʝʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʝʪʘʣʫ: ( )( )544,0

\\ 16,01 -Ö+=
ʙi SSm ss , 

ʜʝ 
iS\s , 

ʙS\
s  - ʨʦʟʤʽʨʠ ʦʧʦʨʫ ʜʝʬʦʨʤʫʚʘʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʪʘ ʙʘʟʦʚʦʛʦ ʩʧʣʘʚʽʚ [43]. 

ʇʽʜ ʯʘʩ ʧʨʦʢʘʪʫʚʘʥʥ ̫ʚ ʢʘʣʽʙʨʘʭ, ʫ ʬʦʨʤʫʣʘʭ ʨʦʟʰʠʨʝʥʥʷ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫ-

ʚʘʪʠ ʪʘʢʦʞ ʚʧʣʠʚ ʧʦʟʘʢʦʥʪʘʢʪʥʠʭ ʟʦʥ ʪʘ ʥʘʭʠʣʫ ʩʪʽʥʦʢ ʢʘʣʽʙʨʫ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ, ʟʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʩʽʭ ʚʠʟʥʘʯʘʣʴʥʠʭ ʯʠʥʥʠʢʽʚ, ʤʦʞʝ ʚʠʡʪʠ ʩʢʣʘʜʥʘ ʬʦʨʤʫʣʘ, ʷʢʘ ʟʘ 

ʥʝʦʙʭʽʜʥʽʩʪʶ ʩʧʨʦʱʫʻʪʴʩʷ [50]. ʄ. ʉ. ʄʫʪʴʻʚ [39] ʥʘʚʦʜʠʪʴ ʘʥʘʣʽʪʠʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ 

ʜʝʬʦʨʤʘʮʽʾ ʤʝʪʘʣʫ ʚ ʢʘʣʽʙʨʽ ʟ ʧʦʭʠʣʠʤʠ ʫʚʽʛʥʫʪʠʤʠ ʛʨʘʥʷʤʠ, ʟʘ ʤʝʪʦʜʠʢʦ ,ʁ ʨʦʟʚʠ-
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ʥʝʥʦ  ʁɹ. ʇ. ɹʘʭʪʽʥʦʚʠʤ, ɸ. ɯ. ɻʨʠʰʢʦʚʠʤ, ɼ. ɯ. ʉʪʘʨʯʝʥʢʦ ʪʘ ɸ. ɯ. ʎʝʣʽʢʦʚʠʤ ʱʦʜʦ 

ʧʨʦʢʘʪʫʚʘʥʥʷ ʥʘ ʛʣʘʜʢʠʭ ʚʘʣʢʘʭ. ɿʘ ʫʟʘʛʘʣʴʥʝʥʥʷʤ ʜʘʥʠʭ ʟʘʚʦʜʩʴʢʠʭ ʢʘʣʽʙʨʫʚʘʥʴ 

ʙʫʚ ʦʪʨʠʤʘʥʠʡ ʟʨʫʯʥʠʡ ʜʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ɽʆʄ ʤʝʪʦ-

ʜʫ ʟ ʨʦʟʨʘʭʫʥʢʫ ʚʠʪʷʛʫʚʘʥʥʷ ʪʘ ʨʦʟʰʠʨʝʥʥʷ ʧʨʠ ʧʨʦʢʘʪʫʚʘʥʥʽ ʚ ʩʠʩʪʝʤʘʭ ʚʠʪʷʞʥʠʭ 

ʢʘʣʽʙʨʽʚ ʨʦʤʙ-ʢʚʘʜʨʘʪ, ʦʚʘʣ-ʢʚʘʜʨʘʪ, ʦʚʘʣ-ʨʝʙʨʦʚʠʡ ʦʚʘʣ ʪʘ ̔ʥ. ʈʦʟʰʠʨʝʥʥʷ ʬʘʩʦʥ-

ʥʦʾ ʧʦʣʦʩʠ ʧʽʩʣʷ ʧʨʦʢʘʪʫʚʘʥʥʷ ʚ ʢʘʣʽʙʨʽ ʚʠʟʥʘʯʘʻʪʴʩʷ, ʄ.ʉ. ʄʫʪʴʻʚʠʤ ʟʘ ʬʦʨʤʫʣʦ :ʁ 
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ʜʝ hoc  ʪʘ h1c ï ʩʝʨʝʜʥʷ ʚʠʩʦʪʘ ʧʦʣʦʩʠ ʜʦ ʪʘ ʧʽʩʣʷ ʧʨʦʢʘʪʫʚʘʥʥʷ; d ï ʢʫʪ, ʱʦ ʚʠʟʥʘʯʘ ̒

ʥʘʭʠʣ ʛʨʘʥʝʡ ʢʘʣʽʙʨʫ ʘʙʦ ʧʝʚʥʠʡ ʩʝʨʝʜʥʽʡ ʢʫʪ ʥʘʭʠʣʫ ʩʪʽʥʢʠ ʦʚʘʣʴʥʦʛʦ ʢʘʣʽʙʨʫ; ʩ ï 

ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʚʧʣʠʚ ʰʠʨʠʥʠ ʧʦʣʦʩʠ ʽ ʞʦʨʩʪʢʠʭ ʢʽʥʮʽʚʦʢ [50]. 

ɯ. ʗ. ʊʘʨʥʦʚʩʴʢʠʡ ʚʚʘʞʘʻ, ʱʦ ʚʽʨʥʘ ʢʣ̔ʴʢʽʩʥʘ ʦʮʽʥʢʘ ʚʝʣʠʯʠʥʠ ʜʝʬʦʨʤʘʮʽʾ ʧʝ-

ʨʝʜʙʘʯʘʻ ʽʥʪʝʛʨʫʚʘʥʥʷ ʚʽʜʥʦʩʥʠʭ ʟʤʽʥ ʨʦʟʤʽʨʽʚ ʪʽʣʘ ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʤʝʞʘʭ, ʱʦ ʜʦʟʚʦ-

ʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʩʧʨʘʚʞʥʶ ʜʝʬʦʨʤʘʮʽʶ [51]. ʂʦʨʠʛʫʚʘʥʥʷ ʨʦʟʨʘʭʫʥʢʫ ʧʦʧʝʨʝʯʥʦʾ 

ʜʝʬʦʨʤʘʮʽʾ ʚ ʢʘʣʽʙʨʘʭ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʘʨʽʘʮʽʡʥʠʭ ʧʨʠʥʮʠʧʽʚ ʤʝʭʘ-

ʥʽʢʠ, ʜʝ ʚ ʷʢʦʩʪʽ ʧʦʢʘʟʥʠʢʘ ʨʦʟʰʠʨʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʘ ʚʝʣʠʯʠʥʘ ʟʤʽʱʝʥʦʛʦ ʦʙ'ʻʤʫ ʤʝ-

ʪʘʣʫ ʚ ʧʦʧʝʨʝʯʥʦʤʫ ʥʘʧʨʷʤʢʫ [52]. 

ɸʥʘʣʽʟ ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ ʢʘʣʽʙʨʽʚ ʧʦʢʘʟʘʚ, ʱʦ ʜʦʩʣʽʜʥʠʢʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʧʦʧʝʨʝʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʫʩʝʨʝʜʥʶʶʪʴ ʛʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ ʧʦʣʦʩʠ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫ-

ʶʪʴ ʨʽʟʥʽ ʧʦʧʨʘʚʥʽ ʢʦʝʬʽʮʽʻʥʪʠ: ʉ1éʉ6, fʧʨ, k1ék5,  ʂʬ, ɸ, Ɋ, ɖ, ŭ ʪʘ ʽʥ. ʎʽ ʤʝʪʦʜʠ ʥʝ 

ʚʨʘʭʦʚʫʶʪʴ ʛʝʦʤʝʪʨʠʯʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʢʘʣʽʙʨʫ ʪʘ ʟʘʛʦʪʦʚʢʠ, ʱʦ ʜʝʬʦʨʤʫʻʪʴʩʷ ʚ 

ʥʴʦʤʫ, ʘ ʪʘʢʦʞ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʜʝʬʦʨʤʘʮʽʾ ʧʦ ʚʠʩʦʪʽ ʪʘ ʰʠʨʠʥʽ ʢʘʣʽʙʨʫ, ʻ ʥʘʙʣʠʞʝ-

ʥʠʤʠ ʽ ʥʝ ʟʘʚʞʜʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʦʪʨʠʤʘʥʥʷ ʷʢʽʩʥʠʭ ʟʘʛʦʪʦʚʦʢ, ʱʦ ʚʘʣʴʮʶʶʪʴʩʷ. 

ʉ. ʆ. ʉʢʨʷʙʽʥʠʤ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʟ ʨʦʟʨʘʭʫʥʢʫ ʢʘʣʽʙʨʽʚ, ʱʦ ʚʨʘʭʦ-

ʚʫʻ ʥʝʨʽʚʥʦʤʽʨʥʩ̔ʪɹ ʨʦʟʧʦʜʽʣʫ ʧʦʟʜʦʚʞʥʴʦʾ ʽ ʧʦʧʝʨʝʯʥʦʾ ʜʝʬʦʨʤʘʮʽʡ ʧʽʜ ʯʘʩ ʦʙ'ʻʤ-

ʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥ ̫(ʨʠʩ. 1.6) ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʬʦʨʤ 

ʢʘʣʽʙʨʫ ʟʘʛʦʪʦʚʢʠ, ʱʦ ʚʘʣʴʮʶʶʪʴʩʷ ʚ ʥʴʦʤʫ [1], [15], [18] (ʪʘʙʣ. 1.3). 
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ʘ ɹ ʚ 

ʈʠʩʫʥʦʢ 1.6 ï ʉʭʝʤʘ ʚʘʣʴʮʶʚʘʥʥʷ ʦʚʘʣʴʥʦʾ ʟʘʛʦʪʦʚʢʠ ʚ ʢʚʘʜʨʘʪʥʦʤʫ (ʘ), ʢʨʫʛ-

ʣʦʤʫ (ʙ) ʽ ʨʦʤʙʽʯʥʦʤʫ (ʚ) ʢʘʣʽʙʨʘʭ 
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ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʬʦʨʤ ʢʘʣʽʙʨʫ ʽ ʟʘʛʦʪʦʚʢʠ, ʨʦʟ-

ʨʘʭʦʚʫʻʪʴʩʷ ʟʤʽʥʘ ʧʦʣʦʞʝʥʥʷ ʢʨʘʡʥʽʭ ʪʦʯʦʢ 1, 2 (ʨʠʩ. 1.6, ʘ), ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʦʩʷʭ 

ʟʘʛʦʪʦʚʢʠ ʚ ʧʨʦʮʝʩʽ ʾʾ ʜʝʬʦʨʤʫʚʘʥʥʷ ʚ ʢʘʣʽʙʨʽ. ʇʨʠ ʟʤʽʥʽ ʢʫʪʘ ʥʘʭʠʣʫ ʧʨʷʤʦʾ, ʮʽ ʪʦʯ-

ʢʠ ʟʤʽʱʫʶʪʴʩʷ ʚ ʧʦʣʦʞʝʥʥʷ 1¡ ʪʘ 2¡, ʪʦʙʪʦ ʢʫʪ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ a ʜʦ aô. ɿʥʘʯʝʥʥʷ ʢʫʪʘ 

a ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʦʟʤʽʨʽʚ ʦʚʘʣʴʥʦʛʦ ʢʘʣʽʙʨʫ ʪʘ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʦ ʯʝʨʝʟ ʩʧʽʚʚʽʜʥʦ-

ʰʝʥʥʷ ʧʽʚʦʽʩʽ ʧʝʨʝʨʽʟʫ ʟʘʛʦʪʦʚʢʠ, ʱʦ ʩʧʨʦʱʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʦʚahbtg == ʦʚʦʚa , ʘ ʜʣʷ 

ʢʚʘʜʨʘʪʥʦʛʦ ʢʘʣʽʙʨʫ - 1ʢʚʢʚ ==¡ hbtga . ɼʣʷ ʚʘʣʴʮʶʚʘʥʥ ̫ʟʘʛʦʪʦʚʦʢ ʢʨʫʛʣʦʛʦ ʧʝʨʝʨʽʟʫ 

ʚ ʦʚʘʣʴʥʠʭ ʢʘʣʽʙʨʘʭ, ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʬʦʨʤ ʢʘʣʽʙʨʫ ʽ ʟʘʛʦʪʦʚʢʠ, ʱʦ 

ʜʝʬʦʨʤʫʻʪʴʩʷ ʚ ʥʴʦʤʫ (ʪʘʙʣ. 1.3) ʚʠʨʘʞʘʻʪʴʩʷ ʯʝʨʝʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʨʘʜʽʫʩʫ ʦʚʘʣʴ-

ʥʦʛʦ ʢʘʣʽʙʨʫ (Rʂ) ʜʦ ʨʘʜʽʫʩʫ ʟʘʛʦʪʦʚʢʠ (Rɿ). 

ɿʤʽʥʘ ʧʘʨʘʤʝʪʨʽʚ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʨʦʟʤʽʨʽʚ ʢʘʣʽʙʨʫ ʪʘ ʟʘʛʦʪʦʚʢʠ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʽʩʥʫʶʯʦʛʦ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʩʠʣ, ʱʦ ʜʽʶʪʴ ʥʘ ʤʝʪʘʣ ʚ ʟʦʥʽ ʜʝʬʦʨʤʫʚʘʥʥʷ ʪʘ, ʷʢ ʥʘʩʣʽ-

ʜʦʢ ï ʜʦ ʟʤʽʥʠ ʟʥʘʯʝʥʴ ʨʦʟʰʠʨʝʥʥʷ. ɽʤʧʽʨʠʯʥʽ ʬʦʨʤʫʣʠ ʉ. ʆ. ʉʢʨʷʙʽʥʘ (ʪʘʙʣ. 1.3), 

ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʜʨʫʛʦʛʦ ʝʪʘʧʫ ʚ ʨʦʟʚʠʪʢʫ ʪʝʦʨʽʾ ʨʦʟʰʠʨʝʥʥʷ ʟʘ ʛʨʘʜʘʮʽʻʶ 

ɸ. ɯ. ʎʝʣʽʢʦʚʘ [36], [38], ʟʘ ʷʢʠʤ ʨʦʟʰʠʨʝʥʥʷ ʻ ʧʨʦʧʦʨʮʽʡʥʠʤ ʜʦ ʦʙʪʠʩʥʝʥʥ ̫(ȹh/h0), 

ʜʫʛ̔  ʟʘʭʦʧʣʝʥʥʷ (ʢʘʪʘʶʯʠʡ ʜʽʘʤʝʪʨ ʚʽʜʧʦʚʽʜʥʦʛʦ ʢʘʣʽʙʨʫ DK) ʪʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥ ̫ʛʝʦ-

ʤʝʪʨʠʯʥʠʭ ʬʦʨʤ ʢʘʣʽʙʨʫ ʪʘ ʟʘʛʦʪʦʚʢʠ, ʱʦ ʚʘʣʴʮʶʶʪʴʩʷ ʚ ʥʴʦʤʫ (ʢʦʝʬʽʮʽʻʥʪ ʂ, ʱʦ 

ʚʨʘʭʦʚʫʻ ʚʧʣʠʚ ʥʘ ʨʦʟʰʠʨʝʥʥʷ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʜʝʬʦʨʤʘʮʽʾ ʟʘ ʰʠʨʠʥʦ  ʁʪʘ ʚʠʩʦʪʦ )ʁ. 

 

1.3 ɺʧʣʠʚ ʧʦʟʘʢʦʥʪʘʢʪʥʠʭ ʟʦʥ ʥʘ ʧʘʨʘʤʝʪʨʠ ʦʩʝʨʝʜʢʫ ʜʝʬʦʨʤʫʚʘʥʥʷ ʧʨʠ ʛʘ-

ʨʷʯʦʤʫ ʚʘʣʴʮʶʚʘʥʥʽ 

 

1.3.1 ɺʧʣʠʚ ʬʦʨʤʠ ʧʦʟʘʢʦʥʪʘʢʪʥʠʭ ʟʦʥ ʥʘ ʧʨʦʮʝʩ ʛʘʨʷʯʦʛʦ ʚʘʣʴʮʶʚʘʥʥʷ 

 

ʋ ʧʨʦʮʝʩʘʭ ʦʙʨʦʙʢʠ ʤʝʪʘʣʽʚ ʪʠʩʢʦʤ ʯʘʩʪʦ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʚʠʧʘʜʢʠ, ʢʦʣʠ ʫ 

ʦʩʝʨʝʜʢʫ ʜʝʬʦʨʤʫʚʘʥʥʷ ʜʽʶʪʴ ʧʦʟʜʦʚʞʥʽ ʪʘ ʙʽʯʥʽ ʟʦʚʥʽʰʥʽ ʟʦʥʠ [53]. ʇʽʜ ʯʘʩ ʚʘʣʴ-

ʮʶʚʘʥʥ ̫ʟʘʛʦʪʦʚʦʢ ʢʨʫʛʣʦʛʦ ʧʝʨʝʨʽʟʫ ʚ ʛʣʘʜʢʠʭ ʚʘʣʢʘʭ ʘʙʦ ʚ ʢʘʣʽʙʨʘʭ, ʩʧʦʩʪʝʨʽʛʘ-

ʻʪʴʩʷ ʥʝʧʦʚʥʝ ʦʭʦʧʣʝʥʥʷ ʧʝʨʠʤʝʪʨʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʟʘʛʦʪʦʚʢʠ. ʎʝ ʚʽʜʙʫʚʘʻʪʴ-

ʩʷ ʯʝʨʝʟ ʪʝ, ʱʦ ʢʦʥʪʘʢʪʥʘ ʧʦʚʝʨʭʥʷ ʟʘʟʚʠʯʘʡ  ̒ʤʝʥʦhʶ ʟʘ ʰʠʨʠʥʫ ʟʘʛʦʪʦʚʢʠ, ʷʢʘ 

ʧʨʦʢʦʯʫʻʪʴʩʷ, ʘ ʙʽʯʥʽ ʜʽʣʷʥʢʠ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʟʘʛʦʪʦʚʢʠ ʥʝ ʟʘʟʥʘʶʪʴ ʙʝʟʧʦʩʝ-
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ʨʝʜʥʴʦʛʦ ʦʙʪʠʩʥʝʥʥ.̫ ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʙʽʯʥʽ ʦʙôʻʤʠ, ʱʦ ʥʝ ʢʦʥʪʘʢʪʫʶʪʴ ʟ ʽʥʩʪʨʫʤʝ-

ʥʪʦʤ ʻ ʧʦʟʘʢʦʥʪʘʢʪʥʠʤʠ ʟʦʥʘʤʠ [25], ʷʢʽ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʭʘʨʘʢʪʝʨ ʪʝʯʽʾ ʤʝʪʘʣʫ 

ʚ ʦʩʝʨʝʜʢʫ ʜʝʬʦʨʤʫʚʘʥʥʷ, ʢʽʥʝʤʘʪʠʢʫ, ʜʠʥʘʤʽʢʫ ʧʨʦʮʝʩʫ ʧʨʦʢʘʪʫʚʘʥʥʷ ʪʘ ʥʝʨʽʚʥʦ-

ʤʽʨʥʽʩʪʴ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʚ ʟʘʛʦʪʦʚʮʽ. ʎʝ ʩʧʨʠʯʠʥʷʻ ʧʦʚ̫ʫ ʜʝʬʝʢʪʽʚ 

ʫ ʰʪʘʤʧʦʚʘʥʠʭ ʚʠʨʦʙʘʭ ʪʘ ʟʥʠʞʝʥʥ ̫ʾʭ ʜʦʚʛʦʚʽʯʥʦʩʪʽ. ʊʝ ʞ ʩʘʤʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʘ 

ʚʠʪʷʛʫʚʘʥʥʷ ʢʨʫʛʣʠʭ ʧʨʦʬʽʣʽʚ ʟʘ ʧʣʦʩʢʠʤʠ ʙʦʡʢʘʤʠ, ʪʘ ʛʚʠʥʪʦʚʦʛʦ ʧʨʦʢʘʯʫʚʘʥʥʷ. 

ʆʢʨʽʤ ʩʪʠʩʢʘʶʯʠʭ ʥʘʧʨʫʛ ʚ ʦʩʝʨʝʜʢʫ ʜʝʬʦʨʤʫʚʘʥʥʷ, ʥʘ ʧʦʟʘʢʦʥʪʘʢʪʥ ̔ʦʙʣʘʩ-

ʪ̔  ʚʧʣʠʚʘʶʪʴ ʚʝʣʠʢʽ ʟʘ ʟʥʘʯʝʥʥʷʤ ʥʘʧʨʫʞʝʥʥʷ ʨʦʟʪʷʛʥʝʥʥʷ. ʇʦʟʘʢʦʥʪʘʢʪʥ ̔ʥʘʧʨʫʛʠ 

[12] ʚ ʦʙʩʷʟʽ ʤʝʪʘʣʫ, ʱʦ ʧʨʦʢʦʯʫʻʪʴʩʷ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʯʦʪʠʨʴʦʤʘ ʟʦʥʘʤʠ ʜʽʾ ʧʦʟʜʦ-

ʚʞʥʽʭ ʥʘʧʨʫʞʝʥʴ ʭʭs : ʦʩʴʦʚʘ ʟʦʥʘ ʨʦʟʤʽʨʦʤ ʚʽʜ ʚʭʦʜʫ ʜʦ 0,1é0,8 ʜʦʚʞʠʥʠ ʆɼ; ʧʦ-

ʟʘʢʦʥʪʘʢʪʥʘ ʟʦʥʘ ʥʘ ʚʭʦʜʽ ʚ ʦʩʝʨʝʜʦʢ ʜʝʬʦʨʤʫʚʘʥʥʷ; ʇɿ ʥʘ ʚʠʭʦʜʽ ʟ ʦʩʝʨʝʜʢʫ ʜʝʬʦ-

ʨʤʫʚʘʥʥʷ ʪʘ ʧʦʟʘʢʦʥʪʘʢʪʥʘ ʟʦʥʘ ʧʦ ʢʨʦʤʢʘʭ ʟʘʛʦʪʦʚʢʠ ʚ ʨʦʟ'ʻʤʽ ʢʘʣʽʙʨʫ. 

ɯʩʥʫʻ ʜʝʢʽʣʴʢʘ ʚʠʜʽʚ ʧʨʦʢʘʪʫʚʘʥʥʷ (ʨʠʩ. 1.7), ʚ ʷʢʠʭ ʧʨʠʩʫʪʥʽ ʷʢ ʯʘʩʪʠʥʘ ʧʝ-

ʨʝʨʽʟʫ ʟʘʛʦʪʦʚʢʠ, ʱʦ ʟʘʟʥʘʻ ʦʙʪʠʩʥʝʥʥʷ, ʪʘʢ ʽ ʧʦʟʘʢʦʥʪʘʢʪʥʘ ʯʘʩʪʠʥʘ [53], [54]. ʉʠʣʘ 

ʜʝʬʦʨʤʫʚʘʥʥʷ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʧʣʦʱʘʤʠ ʮʠʭ ʯʘʩʪʠʥ. 

ʎʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ ʪʝ, ʱʦ ʯʘʩʪʠʥʘ ʟʘʛʦʪʦʚʢʠ, ʷʢʘ ʦʙʞʠʤʘʻʪʴʩʷ ʧʨʠ ʜʝʬʦʨʤʫʚʘʥʥʽ, 

ʙʫʜʝ ʤʘʪʠ ʚʠʪʷʞʢʫ ʪʘ ʩʧʨʠʯʠʥʷʪʠ ʧʦʜʦʚʞʝʥʥʷ ʧʦʟʘʢʦʥʪʘʢʪʥʠʭ ʟʦʥ ʧʽʩʣʷ ʧʨʦʭʦʜʫ 

ʢʨʽʟʴ ʚʘʣʢʠ. ɺ ʪʦʡ ʩʘʤʠʡ ʯʘʩ, ʇɿ ʟʘʟʥʘʶʪʴ ʨʦʟʪʷʛʫʚʘʥʥ̫ ʪʘ ʩʘʤʝ ʮʽ ʥʘʧʨʫʛʠ ʙʫʜʫʪʴ 

ʜʣʷ ʯʘʩʪʠʥʠ ʟʘʛʦʪʦʚʢʠ, ʱʦ ʦʙʞʠʤʘʻʪʴʩʷ, ʥʘʧʨʫʛʘʤʠ çʧʽʜʧʦʨʫè. 

ʗʢʱʦ ʧʣʦʱʽ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʧʦʟʘʢʦʥʪʘʢʪʥʠʭ ʜʽʣʷʥʦʢ  ̒ʥʝʚʝʣʠʢʠʤʠ, ʧʽʜ 

ʯʘʩ ʚʘʣʴʮʶʚʘʥʥʷ ʚʦʥʠ ʟʘʟʥʘʶʪʴ ʧʦʜʦʚʞʝʥʥʷ ʧʦʜʽʙʥʝ ʜʦ ʜʽʣʷʥʦʢ ʟʘʛʦʪʦʚʢʠ, ʱʦ ʦʙʪʠ-

ʩʢʘʁ ʪʴʩʷ. ʊʘʢʦʞ ʚʦʥʠ ʥʘʜʘʶʪʴ ʥʝʟʥʘʯʥʠʡ ʦʧʽʨ ʚʠʪʷʛʫʚʘʥʥʶ ʜʽʣʷʥʦʢ, ʱʦ ʦʙʪʠʩʢʘ-

ʶʪʴʩʷ, ʘ ʪʘʢʦʞ ʟʘʟʥʘʶʪʴ ʟʥʘʯʥʦʛʦ ʚʧʣʠʚʫ ʚʽʜ ʨʦʟʪʷʛʫʶʯʠʭ ʥʘʧʨʫʛ, ʷʢʽ ʚʠʢʣʠʢʘʶʪʴ 

ʟʤʝʥʰʝʥʥʷ (ʫʪʷʛʫʚʘʥʥʷ) ʨʦʟʤʽʨʽʚ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʧʦʟʘʢʦʥʪʘʢʪʥʠʭ ʟʦʥ. ʎʝ ʟʘ-

ʟʚʠʯʘʡ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʦʨʫʰʝʥʥʷʤ ʾʭ ʩʫʮʽʣʴʥʦʩʪʽ, ʦʩʦʙʣʠʚʦ ʟʘ ʟʥʠʞʝʥʦ ʾʧʣʘʩʪʠʯ-

ʥʦʩʪʽ ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ [25]. ɺ̔ ʜʩʫʪʥʽʩʪʴ ʫ ʬʦʨʤʫʣʘʭ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʨʦʟʰʠ-

ʨʝʥʥʷ ʚʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ ʬʦʨʤʠ ʙʽʯʥʠʭ ʧʦʟʘʢʦʥʪʘʢʪʥʠʭ ʟʦʥ ʪʘ ʧʦʟʘʢʦʥʪʘʢʪʥʠʭ ʟʦʥ 

ʚʟʘʛʘʣʽ, ʩʧʨʠʯʠʥʷʻ ʩʫʪʪʻʚʽ ʚʽʜʭʠʣʝʥʥʷ ʚ ʨʝʟʫʣʴʪʘʪʘʭ. 

ʉ. ʆ. ʉʢʨʷʙʽʥ ʚʩʪʘʥʦʚʠʚ [15], ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʧʣʦʱʽ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ 

ʙʽʯʥʠʭ ʧʦʟʘʢʦʥʪʘʢʪʥʠʭ ʟʦʥ, ʨʦʟʰʠʨʝʥʥʷ ʟʨʦʩʪʘʻ ʟʘ ʧʨʷʤʦʣʽʥʽʡʥʠʤ ʟʘʢʦʥʦʤ, ʘ ʧʦʟʜʦ-
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ʚʞʥʷ ʜʝʬʦʨʤʘʮʽʷ ʚʽʜʧʦʚʽʜʥʦ ʟʤʝʥʰʫʻʪʴʩʷ. ɺʧʣʠʚ ʬʦʨʤʠ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʧʦʟʘ-

ʢʦʥʪʘʢʪʥʠʭ ʙʽʯʥʠʭ ʟʦʥ ʟ ʦʜʥʘʢʦʚʠʤʠ ʾʭ ʧʣʦʱʘʤʠ ʥʘ ʨʦʟʰʠʨʝʥʥʷ, ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ 

ʥʘ ʟʨʘʟʢʘʭ ʟ ʘʣʶʤʽʥʽʻʚʦʛʦ ʩʧʣʘʚʫ ɸʂ6 (ʨʠʩ. 1.8) ʙʝʟ ʇɿ ʪʘ ʟ ʙʽʯʥʠʤʠ ʇɿ, ʱʦ ʤʘʶʪʴ 

ʦʜʥʘʢʦʚʫ ʧʣʦʱʫ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ (ʧʨʷʤʦʢʫʪʥʘ, ʪʨʘʧʝʮʝʾʜʘʣʴʥʘ ʪʘ ʪʨʠʢʫʪʥʘ ʬʦ-

ʨʤʘ) . ʈʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʣʽʥʽʡʥʠʡ ʧʦʢʘʟʥʠʢ ʨʦʟʰʠʨʝʥʥʷ ȹb/ȹh ʟʘ ʚʩʽʭ ʽʥʰʠʭ 

ʨʽʚʥʠʭ ʫʤʦʚ, ʻ ʩʫʪʪʻʚʦ ʙʽʣʴʰʠʤ ʟʘ ʧʦʢʘʟʥʠʢ ʨʦʟʰʠʨʝʥʥʷ ʢʦʥʪʘʢʪʥʠʭ ʜʽʣʷʥʦʢ, ʷʢʽ ʥʝ 

ʤʽʩʪʷʪʴ ʇɿ (ʨʠʩ. 1.9, ʘ). ʋ ʟʨʘʟʢʽʚ ʟ ʧʦʟʘʢʦʥʪʘʢʪʥʠʤʠ ʟʦʥʘʤʠ ʧʨʷʤʦʢʫʪʥʦʛʦ ʧʦʧʝʨʝʯ-

ʥʦʛʦ ʧʝʨʝʨʽʟʫ, ʨʦʟʰʠʨʝʥʥʷ ʚʠʷʚʠʣʦʩ ɹʤʝʥʠhʤ, ʥʽʞ ʫ ʟʨʘʟʢʽʚ ʟ ʪʨʘʧʝʮʝʾʜʘʣʴʥʠʤ ʪʘ 

ʪʨʠʢʫʪʥʠʤ ʧʝʨʝʨʽʟʘʤʠ, ʱʦ ʤʦʞʝ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʪʠ ʥʘ ʰʚʠʜʢʽʩʪʴ ʦʭʦʣʦʜʞʝʥʥʷ ʪʘ ʟʤʽ-

ʥʠ ʦʧʦʨʫ ʜʝʬʦʨʤʘʮʽʾ ʧʨʠ ʚʘʣʴʮʶʚʘʥʥʽ ʽ ʧʨʦʢʘʪʫʚʘʥʥʽ ʟʘ ʨʽʟʥʠʭ ʩʪʫʧʝʥʽʚ ʜʝʬʦʨʤʘʮʽʾ: 

 

 ʚʠʭʟʤFF=e , (1.19) 

 

ʜʝ Fʟʤ ï ʟʤʽʱʝʥʘ ʧʦ ʚʠʩʦʪʽ ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ [28], Fʚʠʭ ï ʧʣʦʱʘ ʧʦʧʝʨʝʯ-

ʥʦʛʦ ʧʝʨʝʨʽʟʫ ʚʠʭʽʜʥʦʾ ʟʘʛʦʪʦʚʢʠ. 

ɿʘʣʝʞʥʦʩʪʽ ʦʙ'ʻʤʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʨʦʟʰʠʨʝʥʥʷ Fʨʦʟh/Fʟʤ (Fʨʦʟʰ ï ʧʣʦʱʘ ʧʦʧʝʨʝʯ-

ʥʦʛʦ ʧʝʨʝʨʽʟʫ ʟʘʛʦʪʦʚʢʠ, ʱʦ ʧʝʨʝʡʰʣʘ ʚ ʨʦʟʰʠʨʝʥʥʷ) ʚʽʜ ʩʪʫʧʝʥʷ ʜʝʬʦʨʤʘʮʽʾ 

(ʨʠʩ.1.9, ʙ) ʧʦʢʘʟʘʣʠ, ʱʦ ʟʘ ʥʝʚʝʣʠʢʠʭ ʩʪʫʧʝʥʷʭ ʦʙʪʠʩʢʫ, ʢʦʣʠ ʧʨʦʨʦʙʣʝʥʥʷ ʚʥʫʪʨʽ-

ʰʥʽʭ ʰʘʨʽʚ ʚʽʜʩʫʪʥʷ, ʽʥʪʝʥʩʠʚʥʽʰʝ ʜʝʬʦʨʤʫʶʪʴʩʷ ʧʦʚʝʨʭʥʝʚʽ ʪʘ ʧʽʜʧʦʚʝʨʭʥʝʚʽ ʰʘʨʠ 

ʽ ʨʦʟʰʠʨʝʥʥʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʘʤʝ ʚ ʮʠʭ ʰʘʨʘʭ. ʇʽʜʯʘʩ ʟʙʽʣʴʰʝʥʥʷ ʩʪʫʧʝʥʷ ʦʙʪʠʩ-

ʥʝʥʥʷ, ʧʦʩʠʣʶʻʪʴʩʷ ʜʝʬʦʨʤʘʮʽʷ ʚ ʮʝʥʪʨʘʣʴʥʠʭ ʟʦʥʘʭ ʽ ʦʧʨʘʮʴʦʚʫʶʪʴʩʷ ʛʣʠʙʠʥʥʽ 

ʰʘʨʠ. ʈʦʟʰʠʨʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʧʦʧʝʨʝʯʥʦʾ ʪʝʯʽʾ ʛʣʠʙʠʥʥʠʭ ʽ ʥʝʟʥʘʯʥʦ 

ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ, ʘ ʨʦʟʰʠʨʝʥʥʷ ʢʦʥʪʘʢʪʥʠʭ ʜʽʣʷʥʦʢ ʟʨʘʟʢʽʚ, ʱʦ ʤʘʶʪʴ ʇɿ, ʧʨʠ 

ʽʥʰʠʭ ʨʽʚʥʠʭ ʫʤʦʚʘʭ ʻ ʩʫʪʪʻʚʦ ʚʠʠɦʤ ʟʘ ʨʦʟʰʠʨʝʥʥʷ ʢʦʥʪʘʢʪʥʠʭ ʜʽʣʷʥʦʢ, ʷʢʽ ʥʝ 

ʤʘʶʪʴ ʇɿ. ʃʽʥʽʡʥʠʡ ʧʦʢʘʟʥʠʢ ʨʦʟʰʠʨʝʥʥʷ ʧʦʟʘʢʦʥʪʘʢʪʥʠʭ ʟʦʥ (ȹb/ȹh)ʇɿ ʧʦʢʘʟʫʻ ʧʦ-

ʷʚʫ ʥʝʛʘʪʠʚʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʇɿ (ʨʠʩ. 1.9, ʚ), ʷʢʝ ʜʦʩʷʛʘʻ ʤʘʢʩʠʤʫʤʫ ʧʨʠ ʩʪʫʧʝʥʷʭ 

ʜʝʬʦʨʤʘʮʽʾ ʜʦ 17é20%, ʧʽʩʣʷ ʯʦʛʦ ʧʦʩʪʫʧʦʚʦ ʟʤʝʥʰʫʻʪʴʩʷ, ʧʝʨʝʭʦʜʷʯʠ ʚ ʧʦʟʠʪʠʚʥʝ 

ʧʨʠ ʜʝʬʦʨʤʘʮʽʷʭ ʚʠʱʝ ʟʘ 35é60%. 
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ʈʠʩʫʥʦʢ 1.7 - ʈʽʟʥʽ ʚʠʧʘʜʢʠ ʇɿ: ʧʨʠ ʧʨʦʢʘʪʫʚʘʥʥʽ ʢʚʘʜʨʘʪʥʦʛʦ ʧʨʦʬʽʣʶ ʥʘ ʨʝ-

ʙʨʦ (ʘ), ʧʨʠ ʚʠʪʷʛʫʚʘʥʥʽ ʧʦʣʦʩ ʢʨʫʛʣʦʛʦ ʧʝʨʝʨʽʟʫ ʚ ʧʣʦʩʢʠʭ ʙʽʡʢʘʭ (ʙ), ʧʨʦʢʘʪʢʘ ʜʚʦ-

ʪʘʚʨʫ (ʚ), ʧʨʦʢʘʪʢʘ ʪʨʫʙʠ ʥʘ ʦʧʨʘʚʮʽ (ʛ), ʩʤʫʛʠ ʭʨʝʩʪʦʧʦʜʽʙʥʦʛʦ ʧʝʨʝʨʽʟʫ (ʜ) 

 

 

ʈʠʩʫʥʦʢ 1.8 ï ɿʨʘʟʢʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʬʦʨʤʠ ʪʘ hʠʨʠʥʠ ʇɿ (ɺ) ʥʘ ʧʦʟ-

ʜʦʚʞʥʶ ʽ ʧʦʧʝʨʝʯʥʫ ʜʝʬʦʨʤʘʮʽʶ ʧʽʜ ʯʘʩ ʚʘʣʴʮʶʚʘʥʥʷ [15] 
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ʙ 
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ʈʠʩʫʥʦʢ 1.9 ï ɿʘʣʝʞʥʽʩʪʴ ʧʦʢʘʟʥʠʢʘ ʨʦʟʰʠʨʝʥʥʷ (ȹb/ȹh) (ʘ), ʧʦʢʘʟʥʠʢʘ ʨʦʟ-

ʰʠʨʝʥʥʷ Fʨʦʟh/Fʟʤ (ʙ), ʧʦʢʘʟʥʠʢʘ ʨʦʟʰʠʨʝʥʥʷ ʧʦʟʘʢʦʥʪʘʢʪʥʠʭ ʟʦʥ (ȹb/ȹh)ʇɿ (ʚ) ʚʽʜ 

ʩʪʫʧʝʥʷ ʦʙʪʠʩʥʝʥʥʷ Ů ʧʨʠ ʧʨʦʢʘʪʫʚʘʥʥʽ ʟʨʘʟʢʽʚ ʙʝʟ ʧʦʟʘʢʦʥʪʘʢʪʥʦ ʾʟʦʥʠ (1), ʟ ʧʦʟʘ-

ʢʦʥʘʢʪʥʦ ʾʟʦʥʠ ʧʨʷʤʦʢʫʪʥʦʾ (2), ʪʨʘʧʝʮʝʾʜʘʣʴʥʦʾ (3), ʪʨʠʢʫʪʥʦʾ (4) ʬʦʨʤ 
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1.3.2 ɺʧʣʠʚ ʧʦʟʘʢʦʥʪʘʢʪʥʠʭ ʟʦʥ ʥʘ ʝʥʝʨʛʦʩʠʣʦʚʽ ʧʘʨʘʤʝʪʨʠ ʧʨʦʮʝʩʫ ʜʝʬʦʨʤʘ-

ʮʽʾ ʧʽʜ ʯʘʩ ʚʘʣʴʮʶʚʘʥʥʷ 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʙʽʯʥʠʭ ʇɿ ʥʘ ʩʠʣʫ ʜʝʬʦʨʤʫʚʘʥʥʷ [38, 54-57] ʟʜʽʡʩʥʶʚʘ-

ʣʦʩʷ ʟʘ ʩʭʝʤʘʤʠ ʧʨʦʢʘʪʫʚʘʥʥʷ ʪʘ ʦʩʘʜʞʫʚʘʥʥʷ ʟʨʘʟʢʽʚ ʭʨʝʩʪʦʧʦʜʽʙʥʦʛʦ ʧʝʨʝʨʽʟʫ 

(ʨʠʩ. 1.10). ɺ ʩʠʣʫ ʩʫʮʽʣʴʥʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ ʚʠʪʷʛʫʚʘʥʥʷ ʯʘʩʪʠʥʠ ʧʝʨʝʨʽʟʫ, ʱʦ ʦʙʞʠ-

ʤʘʻʪʴʩʷ - ʧʣʦʱʽ F0=b1h0, ʩʪʚʦʨʶʻ ʫ ʧʦʟʘʢʦʥʪʘʢʪʥʠʭ ʟʦʥʘʭ ʨʦʟʪʷʛʫʶʯʫ ʥʘʧʨʫʛʫ ůp. ʎʷ 

ʥʘʧʨʫʛʘ ʜʦʨʽʚʥʶʻ ʦʧʦʨʫ ʣʽʥʽʡʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʨʦʟʪʷʛʫʚʘʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʤʧʝʨʘ-

ʪʫʨʠ, ʰʚʠʜʢʦʩʪʽ ʽ ʩʪʫʧʝʥʷ ʜʝʬʦʨʤʘʮʽʾ (ů*), ʷʢʝ ʧʦʚʠʥʥʦ ʩʪʚʦʨʶʚʘʪʠ ʥʘʧʨʫʛʫ ʩʪʠʩ-

ʥʝʥʥʷ ůʩʪ ʚ ʯʘʩʪʠʥʽ ʟʘʛʦʪʦʚʢʠ, ʱʦ ʦʙʞʠʤʘʻʪʴʩʷ. ɿ ʫʤʦʚʠ ʟʙʽʛʫ ʩʠʣ ʩʪʠʩʥʝʥʥʷ ʪʘ ʨʦʟ-

ʪʷʛʫʚʘʥʥʷ ʚ ʟʦʥʘʭ ʧʝʨʝʨʽʟʽʚ, ʱʦ ʦʙʞʠʤʘʶʪʴʩʷ (F0) ʪʘ ʥʝ ʦʙʞʠʤʘʶʪʴʩʷ (F - F0), ʦʪʨʠ-

ʤʫʻʪʴʩʷ ʬʦʨʤʫʣʘ ʨʦʟʨʘʭʫʥʢʫ ʥʘʧʨʫʛʠ ʩʪʠʩʥʝʥʥʷ ʚ ʟʦʥʽ ʧʣʘʩʪʠʯʥʦʛʦ ʦʙʪʠʩʥʝʥʥʷ ʧʦ-

ʣʦʩʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʧʨʫʛʘ ʧʽʜʧʦʨʫ, ʱʦ ʚʠʥʠʢʘʻ ʚʽʜ ʚʧʣʠʚʫ ʇɿ: 

 

 ( )[ ]1* 0 -Ö== FFʩʞn sss , (1.20) 

 

ʜʝ F - ʟʘʛʘʣʴʥʘ ʧʣʦʱʘ ʧʝʨʝʨʽʟʫ ʟʨʘʟʢʘ. 

 

ʈʠʩʫʥʦʢ 1.10 ï ʉʭʝʤʘ ʜʝʬʦʨʤʘʮʽʾ ʧʦʣʦʩʠ ʭʨʝʩʪʦʧʦʜʽʙʥʦʛʦ ʧʝʨʝʨʽʟʫ 

 

ɺ. ʌ. ʇʫʰʢʘʨʴʦʚ ʜʦʩʣʽʜʞʫʚʘʚ ʚʧʣʠʚ ʟʦʚʥʽʰʥʽʭ ʟʦʥ ʥʘ ʢʦʥʪʘʢʪʥʠʡ ʪʠʩʢ ʧʽʜ ʯʘʩ 

ʧʨʦʢʘʪʫʚʘʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ ʟʨʘʟʢʽʚ, ʢʦʞʝʥ ʟ ʷʢʠʭ ʩʢʣʘʜʘʚʩʷ ʟ ʜʚʦʭ ʯʘʩʪʠʥ, ʱʦ ʙʫʣʠ 

ʟ'ʻʜʥʘʥ ̔ʤʽʞ ʩʦʙʦʶ [58]. ɼʦʚʞʠʥʫ ʦʜʥʽʻʾ ʯʘʩʪʠʥʠ ʟʨʘʟʢʽʚ ʨʦʙʠʣʠ ʥʝʚʝʣʠʢʦʶ ʟʘʜʣʷ 

ʪʦʛʦ, ʱʦʙ ʧʽʜ ʯʘʩ ʟʘʜʘʥʦʛʦ ʩʪʠʩʥʝʥʥ ̫ʪʘ ʟʘʧʦʚʥʝʥʥ ̫ʤʝʪʘʣʦʤ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʦʩʝʨʝʜ-

ʢʫ ʜʝʬʦʨʤʫʚʘʥʥʷ - ʟʦʚʥʽʰʥʽ ʟʦʥʠ ʙʫʣʠ ʚʽʜʩʫʪʥʽ. 
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ʇʦʻʜʥʘʥʥʷ ʨʽʚʥʷʥ,ɹ ʦʪʨʠʤʘʥʠʭ ʟʘ ʘʥʘʣʽʟʦʤ ʝʧʶʨ ʢʦʥʪʘʢʪʥʠʭ ʥʘʧʨʫʛ ʟʘ ʜʫʛʦʶ 

ʟʘʭʦʧʣʝʥʥʷ ʧʨʠ ʧʨʦʢʘʪʫʚʘʥʥʽ [36] ʪʘ ʪʠʭ, ʱʦ ʚʨʘʭʦʚʫʶʪʴ ʚʧʣʠʚ ʥʘʧʨʫʛʠ ʧʽʜʧʦʨʫ ʚʽʜ 

ʇɿ ʢʦʝʬʽʮʽʻʥʪʦʤ s
¡¡n , ʥʘ ʢʦʥʪʘʢʪʥʝ ʥʘʧʨʫʞʝʥʥʷ ʚ ʽʥʪʝʨʚʘʣʽ 0,05 < lɼ/hcp < 1 [54], [55]: 
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n , (1.21) 

 

ʜʝ ůS* - ʥʘʧʨʫʛʘ, ʱʦ ʚʠʥʠʢʘʻ ʚʽʜ ʣʽʥʽʡʥʦʛʦ ʨʦʟʪʷʛʫʚʘʥʥʷ ʪʘ ʚʨʘʭʦʚʫʻ ʛʦʨʠʟʦʥʪʘʣʴʥʝ 

ʧʝʨʝʤʽʱʝʥʥʷ; ů0 ʪʘ ů1 - ʥʘʧʨʫʛʠ ʧʽʜʧʦʨʫ (ʥʘʪʷʛʫ) ʧʨʠ ʚʭʦʜʽ ʪʘ ʚʠʭʦʜʽ ʟ ʦʩʝʨʝʜʢʫ ʜʝ-

ʬʦʨʤʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦ; k = 0.57ůʌ (ůʌ - ʥʘʧʨʫʛʘ ʪʝʯʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ, 

ʰʚʠʜʢʦʩʪʽ ʽ ʩʪʫʧʝʥʷ ʜʝʬʦʨʤʫʚʘʥʥʷ; ůʌ = ůS - ʦʧʽʨ ʜʝʬʦʨʤʫʚʘʥʥʶ, ʱʦ ʚʠʥʠʢʘʻ ʧʨʠ ʜʽʾ 

ʚʝʨʪʠʢʘʣʴʥʦʾ ʩʠʣʠ. 

ɻ. ʉ. ʅʽʢʽʪʽʥ ʟʘ ʚʝʣʠʯʠʥʫ, ʱʦ ʚʠʟʥʘʯʘʻ ʚʧʣʠʚ ʙʽʯʥʠʭ ʧʦʟʘʢʦʥʪʘʢʪʥʠʭ ʟʦʥ, [59] 

ʟʘʧʨʦʧʦʥʫʚʘʚ ʧʨʠʡʤʘʪʠ ʚʽʜʥʦʰʝʥʥʷ F/F0. ʈʦʟʤʽʨ F0 ʟʘ ʚʩʽʭ ʚʠʧʘʜʢʽʚ ʣʠʰʘ̒ʪʴʩʷ ʥʝ-

ʟʤʽʥʥʠʤ. ʅʘ ʚʘʣʢʘʭ ʟ ʛʣʘʜʢʦʶ ʙʦʯʢʦʶ ʧʨʦʢʦʯʫʚʘʣʠʩʷ ʤʽʜʥʽ ʪʘ ʘʣʶʤʽʥʽʚ̒̔ ʟʨʘʟʢʠ 

(ʨʠʩ. 1.11). ɼʦʚʞʠʥʘ ʧʝʨʰʦ ʾʽ ʦʩʪʘʥʥʴʦ ʾʜʽʣʷʥʢʠ ʟʨʘʟʢʘ ʙʫʣʠ ʦʙʨʘʥʽ ʪʘʢʠʤʠ, ʱʦʙ ʧʨʠ 

ʧʨʦʢʘʪʫʚʘʥʥʽ ʪʦʯʥʦ ʟʘʧʦʚʥʶʚʘʚʩʷ ʛʝʦʤʝʪʨʠʯʥʠʡ ʆɼ. ɿʘ ʝʢʩʧʝʨʠʤʝʥʪʦʤ, ʬʽʢʩʫʚʘʣʠ 

ʟʫʩʠʣʣʷ, ʱʦ ʩʧʨʠʯʠʥʷʶʪʴ ʥʘ ʚʘʣʢʠ ʧʽʜ ʯʘʩ ʧʦʩʣʽʜʦʚʥʦʛʦ ʦʙʪʠʩʢʫ ʜʽʣʷʥʦʢ ʟʨʘʟʢʽʚ ʙʝʟ 

ʟʦʚʥʽʰʥʽʭ ʟʦʥ ʟ ʧʦʟʜʦʚʞʥʽʤʠ ʪʘ ʙʽʯʥʠʤʠ, ʘ ʪʘʢʦʞ ʣʠʰʝ ʟ ʙʽʯʥʠʤʠ ʟʦʚʥʽʰʥʽʤʠ ʟʦʥʘ-

ʤʠ. 

 

 

ʘ 
 

ʙ 

ʈʠʩʫʥʦʢ 1.11 ï ɿʨʘʟʢʠ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʟʘʢʦʥʪʘʢʪʥʠʭ ʙʽʯʥʠʭ ʟʦʥ ʧʨʠ ʧʨʦʢʘ-

ʪʫʚʘʥʥʽ (ʘ) ʪʘ ʧʨʠ ʦʩʘʜʞʫʚʘʥʥʽ (ʙ), I - ʙʝʟ ʙʽʯʥʠʭ ʽ ʧʦʟʜʦʚʞʥʽʭ ʇɿ; II - ʟ ʧʦʟʜʦʚʞʥʽʤʠ 

ʇɿ; III - ʟ ʧʦʟʜʦʚʞʥʽʤʠ ʽ ʙʽʯʥʠʤʠ ʇɿ; IV - ʟ ʙʽʯʥʠʤʠ ʇɿ 
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ɿʘʣʝʞʥʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʫ, ʱʦ ʚʨʘʭʦʚʫʻ ʩʫʤʘʨʥʠʡ ʚʧʣʠʚ ʟʦʚʥʽʰʥʽʭ ʧʦʟʜʦʚʞʥʽʭ ʽ 

ʙʽʯʥʠʭ ʧʦʟʘʢʦʥʪʘʢʪʥʠʭ ʟʦʥ 
ʩʨʩʨ

" ppn ¡¡=Ss  ( "
ʩʨp  - ʩʝʨʝʜʥʽʡ ʪʠʩʢ ʧʽʜ ʯʘʩ ʧʨʦʢʘʪʫʚʘʥʥʷ ʟ 

ʙʽʯʥʠʤʠ ʇɿ ʧʨʠ ʦʙʣʽʢʫ ʥʘʪʷʛʫ ʤʘʪʝʨʽʘʣʫ ʟʘʛʦʪʦʚʢʠ) )("

ʩʨɼ hlfn =Ss , ʟʘ ʨ̔ ʟʥʠʭ F/F0, 

ʤʘʶʪʴ ʝʢʚʽʜʠʩʪʘʥʪʥʠʡ ʭʘʨʘʢʪʝʨ. ʎʝ ʻ ʧʦʢʘʟʥʠʢʦʤ ʪʦʛʦ, ʱʦ ʚʧʣʠʚ ʙʽʯʥʠʭ ʇɿ ʜʣʷ 

ʚʩʴʦʛʦ ʜʽʘʧʘʟʦʥʫ ʨʦʟʤʽʨʽʚ ʟʨʘʟʢʽʚ, ʱʦ ʧʨʦʢʦʯʫʶʪʴʩʷ, ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʤʽʥʠ lɼ/hʩʨ [59] 

(ʨʠʩ. 1.12). ʊʦʤʫ, ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʟʘʛʘʣʴʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ ʚʧʣʠʚʫ ʙʽʯʥʠʭ ʽ ʧʦʟʜʦʚʞʥʽʭ 

ʟʦʚʥʽʰʥʽʭ ʟʦʥ, ʤʦʞʥʘ ʢʦʨʠʩʪʫʚʘʪʠʩʷ ʟʘʣʝʞʥʽʩʪʶ ɸ. ɯ. ʎʝʣʽʢʦʚʘ ʪʘ ɺ. ɺ. ʉʤ̔ʨʥʦʚʘ 

[55], ʚʚʦʜʷʯʠ ʜʦ ʥʝʾ ʢʦʝʬʽʮʽʻʥʪ "

ʙʦʢ
ns , ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʚʧʣʠʚ ʙʽʯʥʠʭ ʟʦʚʥʽʰʥʽʭ ʟʦʥ: 

 

 ( )[ ]( ) 40

04060
,

ʩʨʜ
""

ʙʦʢ
" h/lFF,,nnn

-

ssSs ÖÖ+=Ö= , (1.22) 

 

ʜʝ ( )04060 FF,,n"
ʙʦʢ Ö+=s  - ʚʧʣʠʚ ʢʦʥʪʘʢʪʥʠʭ ʥʘʧʨʫʞʝʥʴ ʧʨʠ ʧʨʦʢʘʪʫʚʘʥʥʽ ʚ ʢʘʣʽʙ-

ʨʘʭ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʣʦʱ, ʱʦ ʦʙʞʠʤʘʶʪʴʩʷ ʪʘ ʧʝʨʝʨʽʟʽʚ, ʷʢʽ ʥʝ ʦʙʞʠʤʘʁʪʴʩʷ (F0=hʛlɼ 

- ʛʣʠʙʠʥʘ ʧʨʦʥʠʢʥʝʥʥʷ ʜʝʬʦʨʤʘʮʽʾ hʛ=1,2 lɼ [36]).  

 

 

ʈʠʩʫʥʦʢ 1.12 ï ɿʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʽʚ, ʱʦ ʚʨʘʭʦʚʫʶʪʴ ʚʧʣʠʚ ʟʦʚʥʽʰʥʽʭ ʧʦʟ-

ʜʦʚʞʥʽʭ ʟʦʥ ʽ ʙʽʯʥʠʭ ʧʦʟʘʢʦʥʪʘʢʪʥʠʭ ʟʦʥ, ʚʽʜ lɼ/hʩʨ 

 

ʇ̔ ʜ ʯʘʩ ʨʦʟʨʘʭʫʥʢʫ ʢʦʝʬʽʮʽʻʥʪʫ s
¡¡n  ʟʘ ʨʽʟʥʠʤʠ ʬʦʨʤʫʣʘʤʠ, ʯʠʩʝʣʴʥʽ ʟʥʘʯʝʥʥʷ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ ʯʝʨʝʟ ʚʨʘʭʫʚʘʥʥʷ ʘʙʦ ʥʝʚʨʘʭʫʚʘʥʥʷ ʨʽʟʥʠʭ ʯʠʥʥʠʢʽʚ, 

ʪʘʢʠʭ ʷʢ ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ, ʘ ʪʘʢʦʞ ʫʤʦʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʽʜʥʦʩʠʥ ʛʝʦʤʝʪʨʠʯʥʦʛʦ 






























































































































































































































































































































































































