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ɸʅʆʊɸʎɯʗ 

 

ɺʠʩʦʯʘʥ ʅ.ʂ. ɺʧʣʠʚ ʧʨʦʮʝʩʽʚ ʟʚʝʜʝʥʥʷ ʥʘ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ 

ʩʪʘʥ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʥʝʩʫʯʠʭ ʩʠʩʪʝʤ ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʠʭ ʙʫʜʠʥʢʽʚ. ï 

ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 05.23.01 çɹʫʜʽʚʝʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʾ, ʙʫʜʽʚʣʽ ʪʘ ʩʧʦʨʫʜʠè (19 ï 

ɸʨʭʽʪʝʢʪʫʨʘ ʪʘ ʙʫʜʽʚʥʠʮʪʚʦ). ï ʆʜʝʩʴʢʘ ʜʝʨʞʘʚʥʘ ʘʢʘʜʝʤʽʷ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ 

ʘʨʭʽʪʝʢʪʫʨʠ, ʆʜʝʩʘ, 2020. 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʨʦʟʨʦʙʮʽ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣʽ 

ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʩʪʘʪʠʯʥʦ 

ʥʝʚʠʟʥʘʯʝʥʠʭ ʨʘʤʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ, 

ʧʦʝʪʘʧʥʦʛʦ ʟʚʝʜʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʧʦʚʟʫʯʦʩʪʽ, ʱʦ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʯʠʩʝʣʴʥʦ-

ʘʥʘʣʽʪʠʯʥʦʤʫ ʤʝʪʦʜʽ ʛʨʘʥʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘ ʜʦʟʚʦʣʷʻ ʜʦʩʣʽʜʞʫʚʘʪʠ ʨʦʙʦʪʫ 

ʩʠʩʪʝʤʠ ʘʞ ʜʦ ʛʨʘʥʠʯʥʦʛʦ ʩʪʘʥʫ ʽ ʚʽʜʧʦʚʽʜʘʻ ʬʽʟʠʯʥʦʤʫ ʭʘʨʘʢʪʝʨʫ ʾʭ ʨʦʙʦʪʠ.  

ʋ ʚʩʪʫʧʽ ʦʙˇʨʫʥʪʦʚʘʥʦ ʚʠʙʽʨ ʪʝʤʠ, ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʤʝʪʫ ʽ ʟʘʚʜʘʥʥʷ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʦʙôʻʢʪʘ ʪʘ ʧʨʝʜʤʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ, ʚʠʟʥʘʯʝʥʦ ʥʘʫʢʦʚʫ ʥʦʚʠʟʥʫ 

ʪʘ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʨʦʙʦʪʠ, ʧʨʝʜʩʪʘʚʣʝʥʦ ʾʾ ʟʘʛʘʣʴʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʽ 

ʟʚ'ʷʟʦʢ ʟ ʥʘʫʢʦʚʠʤʠ ʧʣʘʥʘʤʠ ʪʘ ʧʨʦʛʨʘʤʘʤʠ ʘʢʘʜʝʤʽʾ, ʚʢʘʟʘʥʦ ʧʨʘʢʪʠʯʥʝ 

ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʽ ʦʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ, ʥʘʚʝʜʝʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʘʧʨʦʙʘʮʽʾ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʪʘ ʜʘʥʽ ʧʨʦ ʧʫʙʣʽʢʘʮʽʾ, ʩʪʨʫʢʪʫʨʫ ʽ 

ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʫ ʨʦʟʨʦʙʣʝʥʽ 

ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʥʝʩʫʯʠʭ ʩʠʩʪʝʤ ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʠʭ ʙʫʜʽʚʝʣʴ, ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʦʮʝʩʽʚ ʟʚʝʜʝʥʥʷ, ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ ʪʘ ʧʦʚʟʫʯʦʩʪʽ ʙʝʪʦʥʫ. 

ʊʘʢʦʞ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʦʣʦʛʽʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʯʠʩʝʣʴʥʦ-ʘʥʘʣʽʪʠʯʥʦʛʦ 

ʤʝʪʦʜʫ ʛʨʘʥʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʙʘʛʘʪʦʧʨʦʣʽʪʥʠʭ ʢʘʨʢʘʩʥʠʭ 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʝʪʘʧʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ 

ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ ʪʘ ʧʨʘʢʪʠʯʥʠʡ ʩʧʦʩʽʙ ʧʦʙʫʜʦʚʠ ʜʽʘʛʨʘʤ çʟʛʠʥʘʣʴʥʠʡ 
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ʤʦʤʝʥʪ ï ʢʨʠʚʠʟʥʘè ʜʣʷ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʟʛʠʥʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʧʦʚʟʫʯʦʩʪʽ ʪʘ ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ ʙʝʪʦʥʫ. 

ʋ ʧʝʨhʦʤʫ ʨʦʟʜʽʣʽ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʚʠʢʦʥʘʥʠʡ ʘʥʘʣʽʟ 

ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʧʦ ʪʝʤʽ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʽ ʽ ʧʨʠʚʝʜʝʥʽ ʦʩʥʦʚʥʽ ʤʝʪʦʜʠ 

ʨʦʟʨʘʭʫʥʢʫ ʥʝʩʫʯʠʭ ʩʠʩʪʝʤ ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʠʭ ʙʫʜʽʚʝʣʴ. 

ʈʦʟʛʣʷʥʫʪʠʡ ʚʧʣʠʚ ʧʨʦʮʝʩʽʚ ʟʚʝʜʝʥʥʷ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʘʨʢʘʩʥʠʭ 

ʙʫʜʽʚʝʣʴ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʢʦʥʩʪʨʫʢʮʽʡ. 

ɺʠʢʣʘʜʝʥʽ ʪʝʦʨʝʪʠʯʥʽ ʦʩʥʦʚʠ ʚʨʘʭʫʚʘʥʥʷ ʧʦʚʟʫʯʦʩʪʽ ʚ ʨʦʟʨʘʭʫʥʢʘʭ 

ʩʪʘʪʠʯʥʦ ʥʝʚʠʟʥʘʯʝʥʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʨʘʤʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. 

ɼʨʫʛʠʡ ʨʦʟʜʽʣ ʧʨʠʩʚʷʯʝʥʠʡ ʜʦʩʣʽʜʞʝʥʥʶ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ 

ʬʦʨʤʫʚʘʥʥʷ ʤʘʪʨʠʮʴ ʯʠʩʝʣʴʥʦ-ʘʥʘʣʽʪʠʯʥʦʛʦ ʤʝʪʦʜʫ ʛʨʘʥʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʨʘʤʥʦ-ʟʚ'ʷʟʢʦʚʠʭ ʢʘʨʢʘʩʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. 

ʈʦʟʛʣʷʥʫʪʽ ʦʩʥʦʚʥʽ ʧʨʠʥʮʠʧʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʯʠʩʝʣʴʥʦ-ʘʥʘʣʽʪʠʯʥʦʛʦ 

ʤʝʪʦʜʫ ʛʨʘʥʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

ʈʦʟʨʦʙʣʝʥʽ ʘʣʛʦʨʠʪʤʠ ʬʦʨʤʫʚʘʥʥʷ ʤʘʪʨʠʮʴ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʨʘʤʥʦ-

ʟʚ'ʷʟʢʦʚʠʭ ʢʘʨʢʘʩʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʯʠʩʝʣʴʥʦ-ʘʥʘʣʽʪʠʯʥʦʛʦ 

ʤʝʪʦʜʫ ʛʨʘʥʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

ʉʬʦʨʤʦʚʘʥʽ ʤʘʪʨʠʮʽ ʯʠʩʝʣʴʥʦ-ʘʥʘʣʽʪʠʯʥʦʛʦ ʤʝʪʦʜʫ ʛʨʘʥʠʯʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʜʚʦʧʨʦʛʽʥʥʠʭ ʨʘʤʥʦ-ʟʚ'ʷʟʢʦʚʠʭ ʢʘʨʢʘʩʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʧʦʚʝʨʭʦʚʽʩʪʶ ʚʽʜ ʦʜʥʦʛʦ ʜʦ ʧ'ʷʪʠ ʧʦʚʝʨʭʽʚ. 

ʋ ʪʨʝʪʴʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʛʣʷʥʫʪʠʡ ʚʧʣʠʚ ʧʦʨʷʜʢʫ ʬʦʨʤʫʚʘʥʥʷ 

ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ ʥʘ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʟʘʣʽʟʦʙʝʪʦʥʥʦʾ 

ʨʘʤʥʦ-ʟʚ'ʷʟʢʦʚʦʾ ʢʘʨʢʘʩʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʨʘʤʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʦʮʝʩʽʚ 

ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ. 

ʈʦʟʨʦʙʣʝʥʽ ʘʣʛʦʨʠʪʤʠ ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʨʘʤʥʦ-ʟʚôʷʟʢʦʚʠʭ ʪʘ ʨʘʤʥʠʭ ʢʘʨʢʘʩʽʚ ʩ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʦʮʝʩʽʚ 

ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ ʪʘ ʽʩʪʦʨʽʾ ʟʚʝʜʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʠ, ʨʦʟʨʦʙʣʝʥʦʾ ʚ 

ʩʠʩʪʝʤʽ ʢʦʤʧôʶʪʝʨʥʦʾ ʤʘʪʝʤʘʪʠʢʠ MATLAB. 
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ɼʦʩʣʽʜʞʝʥʥʷ ʬʦʨʤʫʚʘʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʨʘʤʥʦ-

ʟʚ'ʷʟʢʦʚʦʛʦ ʢʘʨʢʘʩʫ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʚʨʘʭʫʚʘʥʥʷ ʧʦʨʷʜʢʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ 

ʧʨʦʮʝʩʽʚ ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ ʥʘ ʢʦʞʥʦʤʫ ʝʪʘʧʽ ʟʚʝʜʝʥʥʷ ʚʠʷʚʣʷʻ 

çʨʦʟʨʘʭʫʥʢʦʚʝ ʨʫʡʥʫʚʘʥʥʷè ʨʠʛʝʣʽʚ. ʇʦʨʫʰʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʤʦʥʪʘʞʫ 

ʚʠʢʣʠʢʘʻ ʟʥʘʯʥʝ ʟʙʽʣʴʰʝʥʥʷ ʟʥʘʯʝʥʴ ʧʨʦʣʴʦʪʥʠʭ ʟʛʠʥʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ ʚʽʜ ʜʽʾ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʜʦ 80% ʚ ʨʠʛʝʣʷʭ ʧʦʢʨʠʪʪʷ ʽ ʜʦ 

64% ʚ ʨʠʛʝʣʷʭ ʧʝʨʝʢʨʠʪʪʷ). 

ʈʝʟʫʣʴʪʘʪ ʨʦʟʨʘʭʫʥʢʽʚ ʢʘʨʢʘʩʫ ʥʘ ʧʦʩʪʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʝʪʘʧʥʦʩʪʽ ʟʚʝʜʝʥʥʷ ʙʫʜʽʚʣʽ ʪʘ ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ 

ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʫ ʟʘ ʢʣʘʩʠʯʥʦʶ ʨʦʟʨʘʭʫʥʢʦʚʦʶ 

ʩʭʝʤʦʶ ʚʠʟʥʘʯʘʻ ʟʙʽʣʴʰʝʥʥʷ ʟʛʠʥʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ ʚ ʧʨʦʣʴʦʪʘʭ ʚʽʜ 63% ʜʦ 

71%. ɺ ʦʧʦʨʥʠʭ ʧʝʨʝʨʽʟʘʭ ʨʠʛʝʣʽʚ ʟʛʠʥʘʣʴʥʽ ʤʦʤʝʥʪʠ ʟʤʝʥʰʫʶʪʴʩʷ ʚʽʜ 31% 

ʜʦ 37%. 

ʇʨʠ ʧʦʨʽʚʥʷʥʥʽ ʟʥʘʯʝʥʴ ʟʛʠʥʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ, ʦʪʨʠʤʘʥʠʭ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʨʦʟʨʘʭʫʥʢʫ ʨʘʤʥʦ-ʟʚ'ʷʟʢʦʚʦʛʦ ʢʘʨʢʘʩʫ ʙʫʜʽʚʣʽ, ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʦʨʫʰʝʥʥʷ 

ʪʝʭʥʦʣʦʛʽʾ ʤʦʥʪʘʞʫ ʧʨʠ ʧʦʚʥʦʤʫ ʨʦʟʨʘʭʫʥʢʦʚʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ, ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʝʪʘʧʥʦʛʦ ʟʚʝʜʝʥʥʷ ʙʫʜʽʚʣʽ ʚʠʷʚʣʷʻ çʨʦʟʨʘʭʫʥʢʦʚʝè 

ʨʫʡʥʫʚʘʥʥʷ ʨʠʛʝʣʷ ʚ ʧʨʦʣʴʦʪʽ (ʟʥʘʯʝʥʥʷ ʟʛʠʥʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ ʧʝʨʝʚʠʱʫʶʪʴ 

ʨʦʟʨʘʭʫʥʢʦʚʫ ʥʝʩʫʯʫ ʟʜʘʪʥʽʩʪʴ ʧʝʨʝʨʽʟʽʚ), ʘ ʧʨʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʤʫ 

ʥʘʚʘʥʪʘʞʝʥʥʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʝʪʘʧʥʦʛʦ ʟʚʝʜʝʥʥʷ ʙʫʜʽʚʣʽ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 

ʟʘʧʘʩ ʤʽʮʥʦʩʪʽ 1,18%. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ, ʧʨʠʚʝʜʝʥʠʭ ʚ ʈʦʟʜʽʣʽ 3 ʩʚʽʜʯʘʪʴ ʧʨʦ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʝʪʝʣʴʥʦʛʦ ʚʨʘʭʫʚʘʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʝʭʥʦʣʦʛʽʾ ʟʚʝʜʝʥʥʷ 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʘʨʢʘʩʥʠʭ ʙʫʜʽʚʝʣʴ. 

ʋ ʯʝʪʚʝʨʪʦʤʫ ʨʦʟʜʽʣʽ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʧʨʫʞʝʥʦ-

ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʤʦʥʦʣʽʪʥʦʛʦ ʟʘʣʽʟʦʙʝʪʦʥʥʦʛʦ ʨʘʤʥʦʛʦ ʢʘʨʢʘʩʫ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʨʷʜʢʫ ʡʦʛʦ ʟʚʝʜʝʥʥʷ. 

ʇʨʦʧʦʥʫʻʪʴʩʷ ʤʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ 

ʤʦʥʦʣʽʪʥʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʨʘʤʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʨʷʜʢʫ 

ʧʨʠʢʣʘʜʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʯʠʩʝʣʴʥʦ-ʘʥʘʣʽʪʠʯʥʦʤʫ ʤʝʪʦʜʽ 
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ʛʨʘʥʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘ ʜʦʟʚʦʣʷʻ ʜʦʩʣʽʜʞʫʚʘʪʠ ʨʦʙʦʪʫ ʩʠʩʪʝʤ ʘʞ ʜʦ 

ʛʨʘʥʠʯʥʦʛʦ ʩʪʘʥʫ  ʽ ʚʽʜʧʦʚʽʜʘʻ ʬʽʟʠʯʥʦʤʫ ʭʘʨʘʢʪʝʨʫ ʾʭ ʨʦʙʦʪʠ. 

ʋ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʦʛʨʘʤʘ ʨʦʟʨʘʭʫʥʢʫ 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʷʢʘ ʨʦʟʨʦʙʣʝʥʘ ʧʽʜ ʢʝʨʽʚʥʠʮʪʚʦʤ ʧʨʦʬ. 

ɸ.ɺ.ʂʦʚʨʦʚʘ, ʜʦʮ. ʆ.ɺ.ʂʦʚʪʫʥʝʥʢʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʝʣʝʡ ʜʝʬʦʨʤʘʮʽʾ 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʟʛʠʥʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʨʦʟʨʦʙʣʝʥʦʶ ʟʘ ʫʯʘʩʪʶ ʘʚʪʦʨʘ, ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʚʜʦʩʢʦʥʘʣʝʥʦʾ ʤʝʪʦʜʠʢʠ ʚʨʘʭʫʚʘʥʥʷ ʧʨʦʮʝʩʽʚ 

ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ, ʥʘʚʝʜʝʥʦʾ ʫ ʈʦʟʜʽʣʽ 3. 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʤʦʥʦʣʽʪʥʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʨʘʤʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʨʷʜʢʫ ʾʭ ʟʚʝʜʝʥʥʷ, ʘ ʪʘʢʦʞ ʧʨʦʮʝʩʽʚ ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ 

ʨʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤ ʪʘ ʩʬʦʨʤʦʚʘʥʘ ʙʣʦʢ-ʩʭʝʤʘ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʧʨʫʞʝʥʦ-

ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʤʦʥʦʣʽʪʥʦʛʦ ʟʘʣʽʟʦʙʝʪʦʥʥʦʛʦ ʨʘʤʥʦʛʦ ʢʘʨʢʘʩʫ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʨʷʜʢʫ ʟʚʝʜʝʥʥʷ ʤʦʥʦʣʽʪʥʦʛʦ ʨʘʤʥʦʛʦ ʢʘʨʢʘʩʫ. 

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʫ ʩʚʽʜʯʠʪʴ, ʱʦ ʚʨʘʭʫʚʘʥʥʷ ʧʦʨʷʜʢʫ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ ʧʨʠ ʜʽʾ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦʨʽʚʥʷʥʦ ʟ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʫ ʟʘ ʢʣʘʩʠʯʥʦʶ ʨʦʟʨʘʭʫʥʢʦʚʦʶ ʩʭʝʤʦʶ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʟʛʠʥʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ ʚ ʧʨʦʣʴʦʪʽ ʥʘ 1,60%...6,0%. ɺ ʦʧʦʨʥʠʭ 

ʧʝʨʝʨʽʟʘʭ ʨʠʛʝʣʽʚ ʤʦʤʝʥʪ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ 1,20%é3,40% ʽ ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ 

11,5%. 

ʈʦʙʦʪʠ ɺ.ɭ. ɹʘʙʠʯʘ, ɸ.ʄ. ɹʘʤʙʫʨʠ, ʃ.ʄ. ʄʘʽʣʷʥʘ, ɺ.ʉ. ɼʦʨʦʬʻʻʚʘ 

ʧʨʠʩʚʷʯʝʥʽ ʚʠʚʯʝʥʥʶ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ 

ʟʛʠʥʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ˇʨʫʥʪʫʚʘʣʠʩʷ ʥʘ ʨʝʘʣʴʥʠʭ ʜʽʘʛʨʘʤʘʭ ʜʝʬʦʨʤʫʚʘʥʥʷ 

ʤʘʪʝʨʽʘʣʽʚ. ɺ ʨʦʙʦʪʘʭ ʆ.ʌ. ʗʨʝʤʝʥʢʦ, ɸ.ɺ. ʂʦʚʨʦʚʘ, ɺ.ʌ. ʆʨʦʙʝʷ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʨʘʢʪʠʯʥʠʡ ʩʧʦʩʽʙ ʧʦʙʫʜʦʚʠ ʜʽʘʛʨʘʤ çʟʛʠʥʘʣʴʥʠʡ ʤʦʤʝʥʪ ï 

ʢʨʠʚʠʟʥʘè, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʧʨʦʧʦʟʠʮʽʷʭ ɯ.ɭ. ʇʨʦʢʦʧʦʚʠʯʘ. 

ɼʣʷ ʙʽʣʴʰ ʧʦʚʥʦʛʦ ʚʨʘʭʫʚʘʥʥʷ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ ʩʪʘʪʠʯʥʦ 

ʥʝʚʠʟʥʘʯʝʥʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ ʧʨʠ ʟʤʽʥʽ ʥʘʚʘʥʪʘʞʝʥʴ ʘʞ ʜʦ 

ʨʫʡʥʫʚʘʥʥʷ, ʥʝʦʙʭʽʜʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʽʘʛʨʘʤ çʟʛʠʥʘʣʴʥʠʡ ʤʦʤʝʥʪ ï 
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ʢʨʠʚʠʟʥʘè, ʱʦ ʥʘʡʙʽʣʴʰ ʧʦʚʥʦ ʚʨʘʭʦʚʫʶʪʴ ʨʦʙʦʪʫ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʤʘʶʪʴ 

ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʧʨʘʢʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ. 

ʅʘʚʝʜʝʥʽ ʣʽʥʝʘʨʠʟʦʚʘʥʽ ʜʽʘʛʨʘʤʠ çʟʛʠʥʘʣʴʥʠʡ ʤʦʤʝʥʪ ï ʢʨʠʚʠʟʥʘè ʧʨʠ 

ʨʦʟʨʘʭʫʥʢʫ ʩʪʘʪʠʯʥʦ ʥʝʚʠʟʥʘʯʝʥʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʨʘʤʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. 

ʇʨʠʚʝʜʝʥʘ ʽʣʶʩʪʨʘʮʽʷ ʟʙʽʞʥʦʩʪʽ ʽʪʝʨʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ 

ʟʘʣʽʟʦʙʝʪʦʥʥʦʛʦ ʢʘʨʢʘʩʫ ʜʣʷ ʧʨʦʣʽʪʥʦʛʦ ʧʝʨʝʨʽʟʫ ʨʠʛʝʣʷ ʧʨʠ ʨʦʟʨʘʭʫʥʢʦʚʦʤʫ 

ʥʘʚʘʥʪʘʞʝʥʥʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʦʮʝʩʽʚ ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʽ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʽʩʪʦʨʽʾ ʟʚʝʜʝʥʥʷ ʢʘʨʢʘʩʫ, ʷʢʘ ʚʢʘʟʫʻ ʥʘ ʪʝ ʱʦ ʧʨʠ ʚʨʘʭʫʚʘʥʥʽ 

ʧʨʦʮʝʩʽʚ ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ ʪʘ ʽʩʪʦʨʽʾ ʟʚʝʜʝʥʥʷ ʟʙʽʞʥʽʩʪʴ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʥʘʯʥʦ 

ʰʚʠʜʰʝ.  

ʋ ʨʦʟʜʽʣʽ ʥʘʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʦʢ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ ʪʘ 

ʧʦʨʷʜʢʫ ʟʚʝʜʝʥʥʷ ʢʘʨʢʘʩʫ ʟʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦʶ ʤʝʪʦʜʠʢʦʶ ʪʘ ʨʝʟʫʣʴʪʘʪʠ 

ʨʦʟʨʘʭʫʥʢʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʇʂ ʃʽʨʘ-ʉɸʇʈ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚ ʢʦʣʦʥʘʭ 

ʥʠʞʥʴʦʛʦ ʧʦʚʝʨʭʫ ʜʦ 61,4%, ʚ ʨʠʛʝʣʷʭ ʥʠʞʥʴʦʛʦ ʧʦʚʝʨʭʫ ï ʜʦ 10%. 

ʋ ʧôʷʪʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʛʣʷʥʫʪʦ ʧʠʪʘʥʥʷ ʚʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ ʧʦʚʟʫʯʦʩʪʽ 

ʪʘ ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ ʙʝʪʦʥʫ ʥʘ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

ɺʠʚʯʝʥʽ ʛʽʧʦʪʝʟʠ, ʱʦ ʧʨʠʡʤʘʶʪʴʩʷ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʜʝʬʦʨʤʘʮʽʡʥʦʾ 

ʤʦʜʝʣʽ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʨʠʚʘʣʦʾ ʜʽʾ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ 

ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ. 

ʈʦʟʨʦʙʣʝʥʠʡ ʘʣʛʦʨʠʪʤ ʧʦʙʫʜʦʚʠ ʜʽʘʛʨʘʤ çʟʛʠʥʘʣʴʥʠʡ ʤʦʤʝʥʪ ï

ʢʨʠʚʠʟʥʘè ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʨʠʚʘʣʦʾ ʜʽʾ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʧʦʚʟʫʯʦʩʪʽ ʙʝʪʦʥʫ ʽ 

ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʠʚʝʜʝʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʨʦʟʨʦʙʣʝʥʽ ʧʨʦʛʨʘʤʠ ʚ ʩʠʩʪʝʤʽ 

MATLAB, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʙʫʜʫʚʘʪʠ ʣʽʥʝʘʨʠʟʠʨʦʚʘʥʽ ʜʽʘʛʨʘʤʠ çʟʛʠʥʘʣʴʥʠʡ 

ʤʦʤʝʥʪ ï ʢʨʠʚʠʟʥʘè ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ 

ʟʛʠʥʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʚ ʟʘʜʘʥʦʤʫ ʚʽʮʽ t ʧʨʠ ʟʘʜʘʥʦʤʫ ʚʽʮʽ ʟʘʚʘʥʪʘʞʝʥʥʷ t0. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʨʘʤʥʽ ʢʦʥʩʪʨʫʢʮʽʾ, ʟʘʣʽʟʦʙʝʪʦʥʥʽ ʟʛʠʥʘʣʴʥʽ ʝʣʝʤʝʥʪʠ, 

ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ, ʤʝʪʦʜ ʛʨʘʥʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʽʩʪʦʨʽʷ ʟʚʝʜʝʥʥʷ, 

ʧʨʦʮʝʩ ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ. 
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ABSTRACT 

 

Vysochan N.K. The influence of the processes of constructing on the stress-

strain state of ferro concrete components in carrying systems of multistory 

buildings. ï Qualifying scientific work is on rights for a manuscript. 

The dissertation on competition of a scientific degree of the candidate of 

technical sciences (doctor of philosophy) on a specialty 05.23.01 çBuilding 

constructions, buildings and constructionsè (19 ï Architecture and construction). ï 

Odessa State Academy of Civil Engineering and Architecture, Odessa, 2020. 

The dissertation work is dedicated to the creation of calculation model to 

determine the stress-strain state of the ferro-concrete statically undeterminable 

frame structures taking into account the crack formation, stage-by-stage 

constructing of structure, and creeping, which is based on the numeral analytical 

method of boundary elements. This model allows exploring the work of systems to 

the extent of edge state and complies to the physical nature of work. 

The introduction  explains the choice of topic, defines the objective and task 

according to the object and subject of the research. The academic novelty and 

practical importance of work have been determined. There is a representation of its 

general characteristics and connection with science plans and programs of the 

academy. The practical importance of results obtained and author's contribution 

have also been represented. There are the results of the dissertation work 

approbation and information about publication and size of the dissertation. 

The academic novelty of the results obtained is in developing the calculation 

model that allows determining the stress-strain state of the ferro-concrete elements 

in frame constructions of multistory buildings including the processes of 

constructing, crack formation and creeping of concrete. There is also a suggestion 

of methodology for the numeral analytical method of boundary elements during 

the calculation of multi-span framework structures taking into account the gradual 

establishment of design diagram and practical way to construct the diagrams 
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çmoment of flection ï flexureè for the ferro-concrete elements of flection, 

including the creeping and crack formation of concrete. 

The first section of the dissertation work analyzes the literature sources on 

the topic. The basic methods of calculation carrying systems of multistory 

buildings have been analyzed and represented. 

It considers the influence of constructing the ferro-concrete skeleton 

buildings on the stress-strain state of structures. 

The theoretical basis of considering the creeping in the calculation of 

statically undeterminable ferro-concrete frame structures has been represented. 

The second section is dedicated to the study of patterns to form matrices of 

the numeral analytical method of boundary elements for the calculation of braced 

frame skeleton structures. 

The main principles of using the numeral analytical method of boundary 

elements have been considered. 

The main principles of using the numeral analytical method of boundary 

elements have been considered. 

We have created the matrices of the numeral analytical method of boundary 

elements of the two-pass braced frame skeleton structures with a number of floors 

from one to five. 

The third section the influence of creating the calculation scheme on stress-

strain state of ferro concrete braced frame skeleton structure. 

There is suggestion of method of determining the stress-strain state of ferro 

concrete frame structures taking into account the processes of crack formation. 

We have developed the algorithms of determining the stress-strain state of 

ferro concrete braced frame and channel frames taking into account the processes 

of crack formation and history of constructing using MATLAB, the system of 

computer mathematics. 

The study of the stress-strain state of the braced frame skeleton points to the 

fact that taking into account the loading procedure and crack formation at every 

stage of constructing detects the "calculation destruction" of rigels. The violation 
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of installation technology causes the substantial increase of values of the span 

moments of flection after the action of axial intended load (up to 80% in rigels of 

cover and up to 64% in rigels of overlap). 

The results of calculation for the permanent characteristic loads including 

the sequencing of constructing and crack formation have shown that every stage 

comparing to the results of calculation under the classical calculation scheme leads 

to increase of moment of flection in span between 63% and 71%. This moment 

decreases in supporting cuttings of rigel from 31% to 37%. 

Comparing the values of the flection moments that have been obtained as a 

result of calculation of the braced frame skeleton of a building, it is necessary to 

mention that violation of installation technology during the full intended load 

including stage-by-stage constructing of the building detects the "calculated" 

destruction of rigel in span (the values of flection moments exceed the calculated  

bearing strength of cuttings). In the case of characteristic load including stage-by-

stage constructing of the building, the safety margin is 1,18%. 

The calculation results specified in Section 3 show the importance of careful 

consideration of the features of constructing technology for the ferro-concrete 

skeleton buildings. 

The fourth section shows the study of the stress-strain state  of monolith 

ferro concrete channel frame including its constructing procedure. 

There is suggestion of method of determining the stress-strain state monolith 

ferro concrete frame structures taking into account the applied load based on the 

numeral analytical method of boundary elements. This method allows to explore 

the work of systems to the extent of edge state and complies to the physical nature 

of work. 

In this section the program of calculation for the ferro concrete structures has 

been used for research. It has been developed under the guidance of A.V. Kovrov, 

and O.V. Kovtunenko. The aforesaid method uses the models of deformation of 

flection elements, involving the author and taking into account the crack formation 

processes, which is presented in section 3. 
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The algorithm and flow chart have been developed for calculation of 

monolith ferro concrete frame structures including their constructing procedure and 

crack formation processes. The research of the stress-strain state of monolith ferro 

concrete channel frame including constructing procedure of monolith  channel 

frame has been performed according to the suggested algorithm. 

The analysis of calculation results reflects that taking into account the load 

and  crack formation during the loading comparing to the results of calculation 

under the classical calculation scheme causes increasing of moments of flection in 

span by an amount between 1,60 % and 6,0%. In supporting cuttings of rigel the 

moment increases by the amount between 1,20% and 3,40% and decreases  by the 

amount of 11,5%. 

The works by V.Ye. Babych, A.M. Bambura, L.M. Mailyan, V.S. Dorofeiev 

are dedicated to the study of the ferro-concrete elements of flection that were based 

on the real diagrams of material deformation. The practical way to construct the 

diagrams çmoment of flection ï flexureè has been suggested in the works by 

O.F. Yaremenko, A.V. Kovrov and V.F. Orobei. This way was based on the ideas 

by I.Ye. Prokopovych. 

For a more complete consideration of processes that take place in the 

statically undeterminable ferro-concrete structures during the change of load until 

destruction, it is necessary to use the diagrams çmoment of flection ï flexureè. 

They consider the work of materials most fully and can be used in practical 

calculations. 

The linearized diagrams çmoment of flection ï flexureè during the 

calculation of statically undeterminable ferro-concrete structures are shown here. 

Here is the illustration of similarity between iterative processes in the calculation 

of the ferro-concrete frame for the span cutting in a rigel during the intended load 

taking into account the crack formation, with considering the history of frame 

constructing and without it. It shows that during considering the crack formation 

and history of constructing, the similarity occurs more quickly. 
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The section shows the calculation including crack formation and procedure 

of the framing constructing using the suggested method. The results of calculation 

using PC Lira-SAPR are different in the columns of a ground floor up to 61,4%, in 

rigels of the ground floor - up to 10%. 

The fifth  section considers the issue of taking into account the influence of 

creeping and crack formation of concrete on the stress-strain state of ferro-concrete 

elements. 

There is a research of hypothesis, which is accepted during creation of 

deformation model of the ferro concrete components with long action of loading 

and crack formation. 

The algorithm of constructing for diagrams çmoment of flection ï flexureè 

have been suggested. It takes into account the long action of loading creep and 

crack formation. 

According to the described algorithm, we have developed the programs in 

the MATLAB system, which allow constructing the conditional linearized 

diagrams çmoment of flection ï flexureè to determine the stress-strain state of the 

elements of flection t at given load capacity t0. 

Key words: frame structures, reinforced concrete bending elements, stress-

strain state, boundary element method, construction history, of cracking processes. 
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ɺʉʊʋʇ 

ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʪʝʤʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɿ ʨʦʟʚʠʪʢʦʤ ʙʫʜʽʚʥʠʮʪʚʘ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʪʝʥʜʝʥʮʽʷ ʜʦ ʟʨʦʩʪʘʥʥʷ ʧʦʚʝʨʭʦʚʦʩʪʽ ʦʙ'ʻʢʪʽʚ, ʷʢʽ 

ʫʩʢʣʘʜʥʶʶʪʴʩʷ ʘʨʭʽʪʝʢʪʫʨʥʠʤʠ ʽ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʬʦʨʤʘʤʠ. ɸʢʪʫʘʣʴʥʠʤʠ 

ʩʪʘʶʪʴ ʧʨʦʙʣʝʤʠ, ʧʦʚ'ʷʟʘʥʽ ʟ ʨʝʢʦʥʩʪʨʫʢʮʽʻʶ ʞʠʪʣʦʚʠʭ ʽ ʛʨʦʤʘʜʩʴʢʠʭ 

ʙʫʜʽʚʝʣʴ ʩʪʘʨʦʾ ʟʘʙʫʜʦʚʠ. 

ʆʙ'ʻʤʠ ʙʫʜʽʚʥʠʮʪʚʘ ʙʫʜʽʚʝʣʴ ʧʽʜʚʠʱʝʥʦʾ ʧʦʚʝʨʭʦʚʦʩʪʽ ʧʦʩʪʽʡʥʦ 

ʟʙʽʣʴʰʫʶʪʴʩʷ. ʎʝ ʚʠʤʘʛʘʻ ʧʦʰʫʢʫ ʥʦʚʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʨʽʰʝʥʴ, 

ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ, ʱʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʧʦʚ'ʷʟʘʥʝ ʽʟ ʩʪʨʫʢʪʫʨʦʶ ʙʫʜʽʚʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʫ, ʱʦ ʟʤʽʥʶʻʪʴʩʷ, ʽ 

ʧʨʘʛʥʝʥʥʷʤ ʙʫʜʽʚʝʣʴʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡ ʩʢʦʨʦʪʠʪʠ ʚʠʪʨʘʪʠ ʥʘ ʟʚʝʜʝʥʥʷ ʙʫʜʽʚʝʣʴ 

ʽ ʩʧʦʨʫʜ, ʧʦʥʠʟʠʪʠ ʪʝʨʤʽʥʠ ʙʫʜʽʚʥʠʮʪʚʘ. 

ʄʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʚʠʩʦʪʥʠʭ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ ʟ ʨʽʟʥʠʤʠ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʩʭʝʤʘʤʠ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʢʨʝʤʠʭ ʧʦʩʣʽʜʦʚʥʠʭ ʦʧʝʨʘʮʽʡ, ʘ 

ʩʘʤʝ ʚʠʙʦʨʫ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ, ʟʙʦʨʫ ʥʘʚʘʥʪʘʞʝʥʴ, ʚʠʟʥʘʯʝʥʥʷ ʟʫʩʠʣʴ ʪʘ 

ʽʥʰʝ. ʇʨʠ ʮʴʦʤʫ, ʚʽʜʧʦʚʽʜʘʣʴʥʠʤ ʝʪʘʧʦʤ ʻ ʩʪʚʦʨʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ 

ʙʫʜʽʚʣʽ. 

ʉʫʯʘʩʥʠʡ ʨʽʚʝʥʴ ʨʦʟʚʠʪʢʫ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ʜʦʟʚʦʣʷʻ 

ʚʠʨʽʰʫʚʘʪʠ ʟʘʚʜʘʥʥʷ ʧʨʘʢʪʠʯʥʦ ʙʫʜʴ-ʷʢʦʾ ʩʢʣʘʜʥʦʩʪʽ. ʇʨʘʢʪʠʯʥʝ ʨʦʟʫʤʽʥʥʷ 

ʨʦʙʦʪʠ ʝʣʝʤʝʥʪʽʚ, ʷʢ ʽ ʫʩʽʻʾ ʙʫʜʽʚʣʽ ʚ ʮʽʣʦʤʫ, ʯʘʩʪʦ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ 

ʥʘʙʣʠʞʝʥʠʭ ʪʝʦʨʽʷʭ ʽ ʧʨʠʧʫʱʝʥʥʷʭ, ʨʦʟʨʦʙʣʝʥʠʭ ʚ ʤʠʥʫʣʦʤʫ ʩʪʦʣʽʪʪʽ, ʷʢʽ 

ʙʘʟʫʶʪʴʩʷ ʥʘ ʟʥʘʯʥʠʭ ʜʦʧʫʱʝʥʥʷʭ ʽ ʽʜʝʘʣʽʟʘʮʽʷʭ. 

ɺʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʥʘʙʫʚʘʻ ʚʠʙʽʨ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʤʦʜʝʣʝʡ, ʱʦ ʦʧʠʩʫʶʪʴ 

ʨʦʙʦʪʫ ʥʝʩʫʯʠʭ ʩʠʩʪʝʤ ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʠʭ ʙʫʜʽʚʝʣʴ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʙʽʣʴʰ ʪʦʯʥʦʾ ʦʮʽʥʢʠ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʥʝʩʫʯʠʭ 

ʩʠʩʪʝʤ. ʆʩʢʽʣʴʢʠ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʜʽʡʥʽʩʪʴ, 

ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʙʫʜʽʚʣʽ, ʘ ʟ ʽʥʰʦʛʦ - ʟʘʙʝʟʧʝʯʠʪʠ ʤʽʥʽʤʘʣʴʥʽ ʚʠʪʨʘʪʠ ʥʘ ʾʾ 

ʟʚʝʜʝʥʥʷ ʽ ʝʢʩʧʣʫʘʪʘʮʽʶ. 

ɼʣʷ ʦʮʽʥʢʠ ʨʝʘʣʴʥʦʛʦ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʙʫʜʽʚʝʣʴ 

ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ ʚʩʶ ʾʭ ʽʩʪʦʨʽʶ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʉʣʽʜ ʚʠʚʯʠʪʠ 
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ʧʦʚʝʜʽʥʢʫ ʝʣʝʤʝʥʪʽʚ ʥʝʩʫʯʦʾ ʩʠʩʪʝʤʠ, ʧʽʜ ʜʽʻʶ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ 

ʧʝʨʽʦʜ ʟʚʝʜʝʥʥʷ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʝʘʣʴʥʠʭ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ 

ʢʦʥʩʪʨʫʢʮʽʡ. 

ɺ ʧʨʦʮʝʩʽ ʟʚʝʜʝʥʥʷ ʬʦʨʤʫʻʪʴʩʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ 

ʝʣʝʤʝʥʪʽʚ ʥʝʩʫʯʠʭ ʩʠʩʪʝʤ ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʠʭ ʙʫʜʽʚʝʣʴ, ʷʢʠʡ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ 

ʪʦʛʦ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʨʠ ʨʦʟʛʣʷʜʽ ʦʩʪʘʪʦʯʥʦ ʩʬʦʨʤʦʚʘʥʦʾ ʨʦʟʨʘʭʫʥʢʦʚʦʾ 

ʩʭʝʤʠ ʟ ʧʨʠʢʣʘʜʝʥʠʤ ʩʫʤʘʨʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ. 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʬʦʨʤʫʚʘʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ 

ʩʪʘʥʫ ʝʣʝʤʝʥʪʽʚ ʥʝʩʫʯʠʭ ʩʠʩʪʝʤ ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʠʭ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʨʷʜʢʫ ʟʚʝʜʝʥʥʷ ʚʠʟʥʘʯʠʣʘ ʪʝʤʫ ʽ ʟʤʽʩʪ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ. 

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

ʊʝʦʨʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʨʘʤʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʧʨʦʮʝʩʽʚ 

ʬʦʨʤʫʚʘʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ ʽ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʠʢʠ ʾʭ ʨʦʟʨʘʭʫʥʢʫ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʯʠʩʝʣʴʥʦ-ʘʥʘʣʽʪʠʯʥʦʛʦ ʚʘʨʽʘʥʪʫ ʤʝʪʦʜʫ ʛʨʘʥʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʻ ʯʘʩʪʠʥʦʶ ʜʝʨʞʙʶʜʞʝʪʥʦʾ ʪʝʤʠ çʋʧʨʘʚʣʽʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʤ 

ʩʪʘʥʦʤ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʥʘ ʦʩʥʦʚʽ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʠʭ 

ʤʦʜʝʣʝʡè (ʥʦʤʝʨ ʜʝʨʞʘʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ 0112U003211), ʷʢʘ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘ 

ʢʘʬʝʜʨʽ ʦʧʦʨʫ ʤʘʪʝʨʽʘʣʽʚ ʆʜʝʩʴʢʦʾ ʜʝʨʞʘʚʥʦʾ ʘʢʘʜʝʤʽʾ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ 

ʘʨʭʽʪʝʢʪʫʨʠ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʩʪʚʦʨʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣʽ ʥʘʧʨʫʞʝʥʦ-

ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʥʝʩʫʯʠʭ ʩʠʩʪʝʤ 

ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʠʭ ʙʫʜʽʚʝʣʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʦʮʝʩʽʚ ʾʭ ʟʚʝʜʝʥʥʷ, 

ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ ʽ ʪʨʠʚʘʣʦʩʪʽ ʜʽʾ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʯʠʩʝʣʴʥʦ-

ʘʥʘʣʽʪʠʯʥʦʤʫ ʤʝʪʦʜʽ ʛʨʘʥʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʥʘʩʪʫʧʥʽ 

ʟʘʚʜʘʥʥʷ: 

- ʨʦʟʨʦʙʠʪʠ ʘʣʛʦʨʠʪʤʠ ʬʦʨʤʫʚʘʥʥʷ ʤʘʪʨʠʮʴ ʯʠʩʝʣʴʥʦ-ʘʥʘʣʽʪʠʯʥʦʛʦ 

ʤʝʪʦʜʫ ʛʨʘʥʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʙʘʛʘʪʦʧʨʦʣʽʪʥʠʭ ʢʘʨʢʘʩʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʝʪʘʧʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ; 
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- ʨʦʟʚʠʥʫʪʠ ʤʝʪʦʜʦʣʦʛʽʶ ʟʘʩʪʦʩʫʚʘʥʥʷ ʯʠʩʝʣʴʥʦ-ʘʥʘʣʽʪʠʯʥʦʛʦ 

ʤʝʪʦʜʫ ʛʨʘʥʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʘʨʢʘʩʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʧʨʦʮʝʩʽʚ ʟʚʝʜʝʥʥʷ ʙʫʜʽʚʣʽ ʪʘ ʧʨʦʮʝʩʽʚ 

ʾʭ ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ; 

- ʚʠʢʦʥʘʪʠ ʪʝʦʨʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʯʠʩʝʣʴʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʟ ʤʝʪʦʶ 

ʚʠʷʚʣʝʥʥʷ ʪʘ ʚʠʚʯʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʬʦʨʤʫʚʘʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ 

ʩʪʘʥʫ ʝʣʝʤʝʥʪʽʚ ʥʝʩʫʯʠʭ ʩʠʩʪʝʤ ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʠʭ ʙʫʜʽʚʝʣʴ ʚ ʧʨʦʮʝʩʽ 

ʟʚʝʜʝʥʥʷ ʥʘ ʧʨʠʢʣʘʜʽ ʨʘʤʥʦ-ʟʚ'ʷʟʢʦʚʠʭ ʽ ʨʘʤʥʠʭ ʢʘʨʢʘʩʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ; 

- ʨʦʟʨʦʙʠʪʠ ʧʨʦʧʦʟʠʮʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ ʧʦʚʟʫʯʦʩʪʽ ʪʘ 

ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ ʙʝʪʦʥʫ ʥʘ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʥʝʩʫʯʠʭ ʨʘʤʥʠʭ ʩʠʩʪʝʤ; 

- ʚʠʢʦʥʘʪʠ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ  ʟʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦʶ 

ʤʝʪʦʜʠʢʦʶ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʇʂ ʃʽʨʘ-ʉɸʇʈ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʴ ï ʟʘʣʽʟʦʙʝʪʦʥʥʽ ʢʘʨʢʘʩʥʽ ʢʦʥʩʪʨʫʢʮʽʾ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʟʚʝʜʝʥʥʽ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ  ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʴ ï ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ 

ʢʘʨʢʘʩʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʧʨʠ ʢʦʨʦʪʢʦʯʘʩʥʠʭ ʽ ʪʨʠʚʘʣʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ, 

ʧʝʨʝʨʦʟʧʦʜʽʣ ʟʫʩʠʣʴ ʚ ʥʠʭ ʧʨʠ ʧʦʝʪʘʧʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʪʨ̔ɦʠʥʦʫʪʚʦʨʝʥʥ ̫ʪʘ ʧʦʚʟʫʯʦʩʪʽ ʙʝʪʦʥʫ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʘʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ, ʪʝʦʨʝʪʠʯʥʽ ʪʘ 

ʯʠʩʝʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʙʦʪʠ ʢʘʨʢʘʩʥʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʤʝʪʦʜʠ 

ʤʝʭʘʥʽʢʠ ʟʘʣʽʟʦʙʝʪʦʥʫ, ʘʥʘʣʽʟ ʧʦʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʨʦʟʨʘʭʫʥʢʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤʥʠʭ ʢʦʤʧʣʝʢʩʽʚ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ: 

1. ɺʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʯʠʩʝʣʴʥʦ-ʘʥʘʣʽʪʠʯʥʦʛʦ 

ʤʝʪʦʜʫ ʛʨʘʥʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʙʘʛʘʪʦʧʨʦʣʽʪʥʠʭ 

ʢʘʨʢʘʩʥʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʝʪʘʧʥʦʛʦ 

ʬʦʨʤʫʚʘʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ; 
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2. ɺʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʨʘʢʪʠʯʥʠʡ ʩʧʦʩʽʙ ʧʦʙʫʜʦʚʠ ʜʽʘʛʨʘʤ 

çʟʛʠʥʘʣʴʥʠʡ ʤʦʤʝʥʪ ï ʢʨʠʚʠʟʥʘè ʜʣʷ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʟʛʠʥʘʣʴʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʚʟʫʯʦʩʪʽ ʪʘ ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ ʙʝʪʦʥʫ; 

3. ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʘ ʨʦʟʨʘʭʫʥʢʦʚʘ ʤʦʜʝʣʴ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ 

ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʥʝʩʫʯʠʭ 

ʩʠʩʪʝʤ ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʠʭ ʙʫʜʽʚʝʣʴ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʦʮʝʩʽʚ ʟʚʝʜʝʥʥʷ, 

ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ ʪʘ ʧʦʚʟʫʯʦʩʪʽ ʙʝʪʦʥʫ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ: 

ï ʨʦʟʨʦʙʣʝʥʘ ʨʦʟʨʘʭʫʥʢʦʚʘ ʤʦʜʝʣ ɹ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʥʝʩʫʯʠʭ ʩʠʩʪʝʤ ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʠʭ 

ʙʫʜʽʚʝʣʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʦʮʝʩʽʚ ʾʭ ʟʚʝʜʝʥʥʷ, ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ ʽ 

ʪʨʠʚʘʣʦʩʪʽ ʜʽʾ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʯʠʩʝʣʴʥʦ-

ʘʥʘʣʽʪʠʯʥʦʤʫ ʤʝʪʦʜʽ ʛʨʘʥʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘ ʧʨʦʛʨʘʤʠ, ʷʢʘ ʜʦʟʚʦʣʷʻ 

ʾʾ ʨʝʘʣʽʟʫʚʘʪʠ; 

ï  ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʟʘ ʜʠʩʝʨʪʘʮʽʡʥʦʶ ʨʦʙʦʪʦʶ ʚʧʨʦʚʘʜʞʝʥʽ ʫ 

ʧʨʦʝʢʪʥʽʡ ʧʨʘʢʪʠʮʽ ʧʨʦʚʽʜʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡ ʤ. ʆʜʝʩʠ, 

ʟʦʢʨʝʤʘ ʊʆɺ çʉʪʽʢʦʥè ʧʨʠ ʚʘʨʽʘʥʪʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ ʞʠʪʣʦʚʦʛʦ 

ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʦʛʦ ʙʫʜʠʥʢʫ ʟʘ ʘʜʨʝʩʦʶ: ʚʫʣʠʮʷ ʇʨʦʭʦʨʦʚʩʴʢʘ 40, ʤ. 

 ʆʜʝʩʘ; 

ï   ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʟʘ ʜʠʩʝʨʪʘʮʽʡʥʦʶ ʨʦʙʦʪʦʶ ʚʧʨʦʚʘʜʞʝʥʽ ʫ 

ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ ʧʨʠ ʚʠʢʣʘʜʘʥʥʽ ʢʫʨʩʫ çʈʦʟʨʘʭʫʥʦʢ ʙʫʜʽʚʝʣʴʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʯʠʩʝʣʴʥʦ-ʘʥʘʣʽʪʠʯʥʦʛʦ ʤʝʪʦʜʫ ʛʨʘʥʠʯʥʠʭ 

ʝʣʝʤʝʥʪʽʚè ʜʣʷ ʩʪʫʜʝʥʪʽʚ ʜʨʫʛʦʛʦ (ʤʘʛʽʩʪʝʨʩʴʢʦʛʦ) ʨʽʚʥʷ ʦʩʚʽʪʥʴʦ-

ʥʘʫʢʦʚʦʾ ʧʨʦʛʨʘʤʠ çʇʨʦʤʠʩʣʦʚʝ ʪʘ ʮʠʚʽʣʴʥʝ ʙʫʜʽʚʥʠʮʪʚʦè. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʢʠ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʦʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʘʚʪʦʨʢʦʶ ʦʜʝʨʞʘʥʽ ʩʘʤʦʩʪʽʡʥʦ.  

ɺ ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʩʪʘʪʪʷʭ, ʥʘʧʠʩʘʥʠʭ ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ, ʦʩʦʙʠʩʪʦ ʘʚʪʦʨʦʤ 

ʚʜʦʩʢʦʥʘʣʝʥʘ ʤʝʪʦʜʠʢʘ ʬʦʨʤʫʚʘʥʥʷ ʤʘʪʨʠʮʴ ʨʦʟʚôʷʟʫʶʯʦʛʦ ʨʽʚʥʷʥʥʷ 

ʯʠʩʝʣʴʥʦ-ʘʥʘʣʽʪʠʯʥʦʛʦ ʤʝʪʦʜʫ ʛʨʘʥʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ 

ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʠʭ ʢʘʨʢʘʩʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʝʪʘʧʥʦʛʦ 
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ʬʦʨʤʫʚʘʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ, ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ 

ʬʦʨʤʫʚʘʥʥʷ ʤʘʪʨʠʮʴ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʨʦʟʚôʷʟʫʶʯʦʛʦ ʨʽʚʥʷʥʥʷ ʯʠʩʝʣʴʥʦ-

ʘʥʘʣʽʪʠʯʥʦʛʦ ʤʝʪʦʜʫ ʛʨʘʥʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʝʪʘʧʥʦʛʦ 

ʬʦʨʤʫʚʘʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ, ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʨʦʟʨʘʭʫʥʢʦʚʘ ʤʦʜʝʣʴ 

ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʥʝʩʫʯʠʭ ʩʠʩʪʝʤ 

ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʠʭ ʙʫʜʽʚʝʣʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʦʮʝʩʽʚ ʾʭ ʟʚʝʜʝʥʥʷ, 

ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ ʪʘ ʪʨʠʚʘʣʦʩʪʽ ʜʽʾ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʯʠʩʝʣʴʥʦ-

ʘʥʘʣʽʪʠʯʥʦʤʫ ʤʝʪʦʜʽ ʛʨʘʥʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

ɸʧʨʦʙʘʮʽʷ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ.  

ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʜʦʧʦʚʽʜʘʣʠʩʷ ʡ 

ʦʙʛʦʚʦʨʶʚʘʣʠʩʷ ʥʘ ʪʘʢʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ: International Conference Matrib 2017 

(ʍʦʨʚʘʪʽʷ, 2017ʨ.), 74-ʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʧʨʦʬʝʩʦʨʩʴʢʦ-

ʚʠʢʣʘʜʘʮʴʢʦʛʦ ʩʢʣʘʜʫ ʆʜʝʩʴʢʦʾ ʜʝʨʞʘʚʥʦʾ ʘʢʘʜʝʤʽʾ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ 

ʘʨʭʽʪʝʢʪʫʨʠ (ʋʢʨʘʾʥʘ, ʤ. ʆʜʝʩʘ, 17-18 ʪʨʘʚʥʷ 2018ʨ.), V ʤʽʞʥʘʨʦʜʥʽʡ 

ʢʦʥʬʝʨʝʥʮʽʾ çɸʢʪʫʘʣʴʥʽ ʧʨʦʙʣʝʤʠ ʽʥʞʝʥʝʨʥʦʾ ʤʝʭʘʥʽʢʠè (ʋʢʨʘʾʥʘ, ʤ. ʆʜʝʩʘ, 

22-25 ʪʨʘʚʥʷ 2018ʨ.). 

ʆʩʥʦʚʥʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʟʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ 

ʦʧʫʙʣʽʢʦʚʘʥʽ ʫ 12 ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʫ 5 ʥʘʫʢʦʚʠʭ ʩʪʘʪʪʷʭ ʫ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ ʋʢʨʘʾʥʠ, 3 ʩʪʘʪʪʽ ʚ ʥʘʫʢʦʚʠʭ ʟʙʽʨʥʠʢʘʭ 

ʽʥʰʠʭ ʜʝʨʞʘʚ, 1 ʤʦʥʦʛʨʘʬʽʶ ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ ʪʘ 3 ʪʝʟʠ ʜʦʧʦʚʽʜʝʡ. 

ʉʪʨʫʢʪʫʨʘ ʽ ʦʙʩʷʛ ʨʦʙʦʪʠ. ɼʠʩʝʨʪʘʮʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʚʩʪʫʧʫ, 5 

ʨʦʟʜʽʣʽʚ, ʟʘʛʘʣʴʥʠʭ ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ, ʜʦʜʘʪʢʽʚ. ʈʦʙʦʪʘ 

ʚʠʢʣʘʜʝʥʘ ʥʘ 182 ʩʪʦʨʽʥʢʘʭ, ʷʢʽ ʚʢʣʶʯʘʶʪʴ 124 ʩʪʦʨʽʥʦʢ ʦʩʥʦʚʥʦʛʦ ʪʝʢʩʪʫ, 16 

ʪʘʙʣʠʮʴ ʪʘ 44 ʨʠʩʫʥʢʠ, 2 ʜʦʜʘʪʢʠ ʥʘ 6 ʩʪʦʨʽʥʢʘʭ ʪʘ ʩʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ 

ʜʞʝʨʝʣ ʽʟ 190 ʥʘʡʤʝʥʫʚʘʥʴ.  
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ʈʆɿɼɯʃ 1  

ʉʊɸʅ ʇʀʊɸʅʅʗ ɯ ɿɸɺɼɸʅʅʗ ɼʆʉʃɯɼɾɽʅʔ 

 

1.1. ʂʦʥʩʪʨʫʢʪʠʚʥʽ ʩʠʩʪʝʤʠ ʽ ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ ʥʝʩʫʯʠʭ ʩʠʩʪʝʤ 

ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʠʭ ʙʫʜʽʚʝʣʴ 

ɺ ʩʫʯʘʩʥʦʤʫ ʚʠʩʦʪʥʦʤʫ ʙʫʜʽʚʥʠʮʪʚʽ ʟʘʩʪʦʩʦʚʫʶʪʴ ʨʽʟʥʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ 

ʩʠʩʪʝʤʠ ʽ ʩʭʝʤʠ ʟ ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʚʘʨʽʘʥʪʘʤʠ ʢʦʤʧʦʥʫʚʘʥʥʷ.  

ʂʦʥʩʪʨʫʢʪʠʚʥʫ ʩʠʩʪʝʤʫ ʥʝʩʫʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʷʢ ʥʘʙʽʨ 

ʝʣʝʤʝʥʪʽʚ, ʦʙ'ʻʜʥʘʥʠʭ ʚ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʯʘʩʪʠʥʠ ʽ ʧʽʜʩʠʩʪʝʤʠ, ʷʢʽ ʩʧʦʣʫʯʝʥʽ 

ʤʽʞ ʩʦʙʦʶ ʽ ʟʦʚʥʽʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ. ʊʘʢʫ ʩʠʩʪʝʤʫ ʩʢʣʘʜʘʶʪʴ ʪʘʢ, ʱʦʙ ʚʦʥʘ 

ʚʽʜʧʦʚʽʜʘʣʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤ ʽ ʘʨʭʽʪʝʢʪʫʨʥʠʤ ʚʠʤʦʛʘʤ, ʟʘʙʝʟʧʝʯʠʣʘ 

ʤʦʞʣʠʚʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ ʪʘ ʚ ʦʩʪʘʪʦʯʥʽʡ ʬʘʟʽ ʙʫʣʘ ʟʜʘʪʥʘ ʩʧʨʠʡʤʘʪʠ ʚʩʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʚʧʣʠʚʠ, ʷʢʽ ʙʫʜʫʪʴ ʜʽʷʪʠ ʥʘ ʙʫʜʽʚʣʶ ʚ ʧʨʦʮʝʩʽ ʾʾ ʟʚʝʜʝʥʥʷ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʉʝʨʝʜ ʢʘʪʝʛʦʨʽʡ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʩʠʩʪʝʤ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʪʨʠ ʦʩʥʦʚʥʽ: 

ʢʘʨʢʘʩʥʽ, ʩʪʽʥʦʚʽ, ʟʤʽʰʘʥʽ (ʢʘʨʢʘʩʥʦ-ʩʪʽʥʦʚʽ). 

ʏʘʩʪʽʰʝ ʚʠʩʦʪʥʽ ʙʫʜʽʚʣʽ ʚʠʢʦʥʫʶʪʴʩʷ ʢʘʨʢʘʩʥʠʤʠ. ʋ ʧʨʘʢʪʠʮʽ 

ʙʫʜʽʚʥʠʮʪʚʘ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʽ ʟʘʣʽʟʦʙʝʪʦʥʥʽ ʤʦʥʦʣʽʪʥʽ ʽ ʟʙʽʨʥʦ-ʤʦʥʦʣʽʪʥʽ 

ʢʘʨʢʘʩʥʽ ʚʠʩʦʪʥʽ ʙʫʜʽʚʣʽ, ʨʽʜʰʝ ï ʤʝʪʘʣʝʚʽ ʢʘʨʢʘʩʠ. ʋ ʢʦʥʩʪʨʫʢʪʠʚʥʦʤʫ 

ʚʽʜʥʦʰʝʥʥʽ ʢʘʨʢʘʩʥʽ ʙʫʜʠʥʢʠ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʩʠʩʪʝʤʫ ʧʦʟʜʦʚʞʥʽʭ ʽ 

ʧʦʧʝʨʝʯʥʠʭ ʨʘʤ, ʫʪʚʦʨʝʥʠʭ ʢʦʣʦʥʘʤʠ, ʨʠʛʝʣʷʤʠ ʽ ʜʽʘʬʨʘʛʤʘʤʠ. 

ʋ ʩʪʚʦʨʝʥʥʽ ʪʘ ʨʦʟʚʠʪʢʫ ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʠʭ 

ʢʘʨʢʘʩʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʚʝʣʠʢʠʡ ʚʥʝʩʦʢ ʚʥʝʩʣʠ ʪʘʢʽ ʚʽʜʦʤʽ ʚʯʝʥʽ ʷʢ 

ɺ.ʄ. ɹʘʡʢʦʚ, ɺ.ʄ. ɹʦʥʜʘʨʝʥʢʦ, ʆ.ʇ. ɺʘʩʠʣ'ʻʚ, ʆ.ʆ. ɻʚʦʟʜʚ̒, ʇ.ʌ. ɼʨʦʟʜʦʚ, 

ʖ.ɺ. ɿʘʡʮʝʚ, ʆ.C. ɿʘʣʝʩʦʚ, ʆ.C. ʂʘʣʤʘʥʦʢ, ɹ.ɺ. ʂʘʨʘʙʘʥʦʚ, ʄ.ɯ. ʂʘʨʧʝʥʢʦ, 

ʇ.ɯ. ʂʨʠʚʦʰʝʚ̒, ʃ.ʃ. ʃʝʤʠh , ɼ.ʄ. ʇʦʜʦʣʴʩʢʠʡ, C.B. ʇʦʣʷʢʦʚ, ʆ.ʈ. ʈʞʘʥ̔ʮʠʥ, 

ɺ.ɯ. ʊʨʘʚʫʰ, ɺ.ɺ. ʍʘʥʜʞʠ, ʄ.ʄ. ʐʘʧʦʰʥʠʢʦʚ, ɽ.ʅ.ʂʦʜʠʰ [13, 27, 32, 34, 57, 

64, 78, 89, 133] ʽ ʙʘʛʘʪʦ ʽʥʰʠʭ.  

ɺ ʫʥʽʬʽʢʦʚʘʥʽʡ ʩʠʩʪʝʤʽ ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʠʭ ʢʘʨʢʘʩʥʠʭ ʙʫʜʽʚʝʣʴ ʧʨʠʡʥʷʪʦ 

ʨʦʟʨʽʟʥʷʪʠ ʨʘʤʥʽ ʪʘ ʟʚ'ʷʟʢʦʚʽ ʢʘʨʢʘʩʠ ʘʙʦ ʾʭ ʢʦʤʙʽʥʘʮʽʾ ï ʨʘʤʥʦ-ʟʚ'ʷʟʢʦʚʽ. 
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ɼʘʥʽ ʢʘʨʢʘʩʠ ʚ ʩʪʘʪʠʯʥʦʤʫ ʚʽʜʥʦʰʝʥʥʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʩʧʦʩʦʙʦʤ 

ʩʧʨʠʡʥʷʪʪʷ ʟʦʚʥʽʰʥʽʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʫ ʢʦʥʩʪʨʫʢʪʠʚʥʦʤʫ ï ʚʠʨʽʰʝʥʥʷʤ 

ʦʩʥʦʚʥʠʭ ʚʫʟʣʽʚ. ʋ ʨʘʤʥʦʤʫ ʢʘʨʢʘʩʽ ʦʩʥʦʚʥʽ ʥʝʩʫʯʽ ʬʫʥʢʮʽʾ ʚʠʢʦʥʫʻ ʩʠʩʪʝʤʘ 

ʢʦʣʦʥ ʽ ʨʠʛʝʣʽʚ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʫ ʜʚʦʭ ʥʘʧʨʷʤʢʘʭ. ʈʠʛʝʣʽ ʞʦʨʩʪʢʦ ʟ'ʻʜʥʘʥʽ ʟ 

ʢʦʣʦʥʘʤʠ ʽ ʫʪʚʦʨʶʶʪʴ ʧʨʦʩʪʦʨʦʚʫ ʩʠʩʪʝʤʫ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʣʦʩʢʠʭ ʨʘʤ. 

ʋ ʟʚ'ʷʟʢʦʚʦʤʫ ʢʘʨʢʘʩʽ ʦʩʥʦʚʥʽ ʥʝʩʫʯʽ ʢʦʥʩʪʨʫʢʮʽʾ ʫʪʚʦʨʶʶʪʴʩʷ 

ʩʠʩʪʝʤʦʶ ʢʦʣʦʥ, ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʜʠʩʢʽʚ ī ʧʝʨʝʢʨʠʪʪʽʚ ʽ ʚʝʨʪʠʢʘʣʴʥʠʭ 

ʟʙʽʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ī ʧʽʣʦʥʽʚ. ʈʦʣʴ ʧʝʨʝʢʨʠʪʪʷ ʚ ʩʠʩʪʝʤʽ ʥʝʩʫʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʟʚ'ʷʟʢʦʚʦʛʦ ʢʘʨʢʘʩʫ ʟʥʘʯʥʦ ʟʨʦʩʪʘʻ. ɿʚ'ʷʟʢʦʚʽ ʢʘʨʢʘʩʠ ʤʘʶʪʴ ʰʘʨʥʽʨʥʽ ʚʫʟʣʠ ʚ 

ʨʘʤʘʭ ʧʦʧʝʨʝʯʥʦʛʦ ʪʘ ʧʦʟʜʦʚʞʥʴʦʛʦ ʥʘʧʨʷʤʢʫ.  

ɺʠʙʽʨ ʪʽʻʾ ʯʠ ʽʥʰʦʾ ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ ʩʠʩʪʝʤʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ 

ʬʘʢʪʦʨʽʚ: ʦʙ'ʻʤʥʦ-ʧʣʘʥʫʚʘʣʴʥʽ ʨʽʰʝʥʥʷ, ʪʝʭʥʦʣʦʛʽʷ ʟʚʝʜʝʥʥʷ, ʤʘʪʝʨʽʘʣ 

ʥʝʩʫʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʫʤʦʚʠ ʙʫʜʽʚʥʠʮʪʚʘ, ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʽʥʰʝ. 

ɹʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʠʡ ʘʥʘʣʽʟ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʩʠʩʪʝʤ ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʠʭ 

ʙʫʜʽʚʝʣʴ ʚ ʧʦʚʥʽʡ ʤʽʨʽ ʜʦ ʪʝʧʝʨʽʰʥʴʦʛʦ ʯʘʩʫ ʥʝ ʧʨʦʚʦʜʠʚʩʷ ʯʝʨʝʟ 

ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ ʽ ʩʢʣʘʜʥʽʩʪʴ.  

ɺ ʜʘʥʠʡ ʯʘʩ ʚʩʪʘʥʦʚʠʣʘʩʷ ʪʝʥʜʝʥʮʽʷ ʙʫʜʽʚʥʠʮʪʚʘ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ ʟ 

ʤʦʥʦʣʽʪʥʦʛʦ ʟʘʣʽʟʦʙʝʪʦʥʫ ʟ ʧʦʧʫʪʥʠʤ ʘʙʦ ʧʦʜʘʣʴʰʠʤ ʦʙʣʠʮʶʚʘʥʥʷʤ 

ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ ʢʘʤʝʥʝʤ, ʮʝʛʣʦʶ, ʤʝʪʘʣʝʚʠʤʠ ʪʘ ʽʥʰʠʤʠ ʝʣʝʤʝʥʪʘʤʠ, ʱʦ 

ʟʤʽʥʶʻ ʽʩʪʦʨʽʶ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʽʥʰʦʛʦ ʥʘʧʨʫʞʝʥʦ-

ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʝʣʝʤʝʥʪʽʚ ʥʝʩʫʯʠʭ ʩʠʩʪʝʤ ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʠʭ ʙʫʜʽʚʝʣʴ 

[8, 22, 59, 77, 106, 115].  

ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʦʥʦʣʽʪʥʠʭ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ ʜʦʟʚʦʣʷʻ ʚʠʨʽʰʫʚʘʪʠ 

ʧʨʦʙʣʝʤʠ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʙʝʟʧʝʢʠ ʙʫʜʽʚʝʣʴʥʠʭ ʩʠʩʪʝʤ ʥʘ ʷʢʽʩʥʦ ʥʦʚʦʤʫ ʨʽʚʥʽ. 

ɼʦʩʚʽʜ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʦʥʦʣʽʪʥʠʭ ʙʫʜʽʚʝʣʴ ʧʦʢʘʟʘʚ ʾʭ ʧʽʜʚʠʱʝʥʫ 

ʩʝʡʩʤʦʩʪʽʡʢʽʩʪʴ ʟʘ ʫʤʦʚʠ ʷʢʽʩʥʦʛʦ ʟʚʝʜʝʥʥʷ ʧʨʠ ʙʫʜʽʚʥʠʮʪʚʽ. 

ɺ ʤʦʥʦʣʽʪʥʠʭ ʙʫʜʽʚʣʷʭ ʝʬʝʢʪʠʚʥʠʤ ʯʠʥʦʤ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʩʧʽʣʴʥʘ 

ʨʦʙʦʪʘ ʚʩʽʭ ʝʣʝʤʝʥʪʽʚ ʥʝʩʫʯʠʭ ʩʠʩʪʝʤ ʟʘ ʨʘʭʫʥʦʢ ʞʦʨʩʪʢʠʭ ʟʚ'ʷʟʢʽʚ. 

ʊʝʦʨʝʪʠʯʥʠʭ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʧʨʦ ʚʝʣʠʯʠʥʫ ʧʦʜʘʪʣʠʚʦʩʪʽ ʟʚ'ʷʟʢʽʚ ʽ 

ʧʨʦ ʚʧʣʠʚ ʞʦʨʩʪʢʦʩʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʥʘʧʨʫʞʝʥʦ-
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ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʝʣʝʤʝʥʪʽʚ ʥʝʩʫʯʠʭ ʩʠʩʪʝʤ ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʠʭ ʙʫʜʠʥʢʽʚ 

ʥʝʜʦʩʪʘʪʥʴʦ. 

ʅʝʩʫʯʘ ʩʠʩʪʝʤʘ ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʦʾ ʙʫʜʽʚʣʽ ʙʘʛʘʪʦʨʘʟʦʚʦ ʩʪʘʪʠʯʥʦ 

ʥʝʚʠʟʥʘʯʝʥʘ, ʪʦʤʫ ʜʣʷ ʾʾ ʨʦʟʨʘʭʫʥʢʫ ʜʦʩʣʽʜʥʠʢʠ ʚʜʘʶʪʴʩʷ ʜʦ ʩʧʨʦʱʝʥʦʾ 

ʽʜʝʘʣʽʟʘʮʽʾ. ʎʝ ʩʧʨʦʱʝʥʥʷ ʤʦʞʣʠʚʝ ʟʘ ʨʘʭʫʥʦʢ ʥʘʩʪʫʧʥʠʭ ʬʘʢʪʦʨʽʚ: 

ʤʦʥʦʪʦʥʥʦʩʪʽ ʩʪʨʫʢʪʫʨʠ ʥʝʩʫʯʦʾ ʩʠʩʪʝʤʠ ʥʘ ʚʩʶ ʚʠʩʦʪʫ ʙʫʜʽʚʣʽ, 

ʥʝʚʨʘʭʫʚʘʥʥʷ ʨʦʙʦʪʠ ʜʝʷʢʠʭ ʛʨʫʧ ʝʣʝʤʝʥʪʽʚ ʮʽʻʾ ʩʠʩʪʝʤʠ ʽ ʪʘʢ ʜʘʣʽ. ʇʨʦʪʝ, 

ʥʝʦʙʭʽʜʥʦ ʧʨʠʡʤʘʪʠ ʜʦ ʫʚʘʛʠ, ʱʦ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʜʝʷʢʦʾ ʽʜʝʘʣʽʟʦʚʘʥʦʾ 

ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣʽ, ʚʩʽ ʧʨʠʡʥʷʪʽ ʧʝʨʝʜʫʤʦʚʠ ʽ ʩʧʨʦʱʝʥʥʷ, ʦʙʤʝʞʝʥʥʷ 

ʤʘʶʪʴ ʙʫʪʠ ʚʟʘʻʤʦʦʙʫʤʦʚʣʝʥʽ ʽ ʚʟʘʻʤʦʧʦʚ'ʷʟʘʥʽ. ʅʝʩʫʯʘ ʩʠʩʪʝʤʘ 

ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʦʾ ʙʫʜʽʚʣʽ ʤʦʞʝ ʙʫʪʠ ʩʭʝʤʘʪʠʟʦʚʘʥʘ ʨʽʟʥʠʤʠ ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ 

ʤʦʜʝʣʷʤʠ: ʜʠʩʢʨʝʪʥʠʤʠ, ʢʦʥʪʠʥʫʘʣʴʥʠʤʠ, ʜʠʩʢʨʝʪʥʦ-ʢʦʥʪʠʥʫʘʣʴʥʠʤʠ. 

ɺ ʜʠʩʢʨʝʪʥʠʭ ʤʦʜʝʣʷʭ ʧʨʠʥʮʠʧ ʨʦʟʨʘʭʫʥʢʫ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʩʪʚʦʨʝʥʥʽ 

ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣʽ ʥʝʩʫʯʦʾ ʩʠʩʪʝʤʠ ʙʫʜʽʚʣʽ, ʚ ʷʢʽʡ ʚʠʢʦʥʫʻʪʴʩʷ ʯʣʝʥʫʚʘʥʥʷ 

ʝʣʝʤʝʥʪʽʚ ʥʘ ʙʽʣʴʰ ʜʨʽʙʥʽ ʝʣʝʤʝʥʪʠ ʘʙʦ ʟʘʤʽʥʘ ʥʘ ʧʨʦʩʪʽ ʩʪʨʠʞʥʽ. ʅʝʩʫʯʘ 

ʢʦʥʩʪʨʫʢʮʽʷ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʝʚʥʦʶ ʩʠʩʪʝʤʦʶ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ 

ʩʪʨʠʞʥʽʚ ʘʙʦ ʧʣʘʩʪʠʥʦʢ, ʱʦ ʧʨʘʮʶʶʪʴ ʫ ʩʚʦʾʡ ʧʣʦʱʠʥʽ ʪʘ ʩʧʦʣʫʯʝʥʽ 

ʜʠʩʢʨʝʪʥʠʤʠ ʟʚ'ʷʟʢʘʤʠ [15]. ʈʦʟʨʘʭʫʥʦʢ ʥʝʩʫʯʠʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʽ ʪʘʢʠʭ 

ʤʦʜʝʣʝʡ ʟʚʦʜʠʪʴʩʷ ʜʦ ʚʠʨʽʰʝʥʥʷ ʩʠʩʪʝʤ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ ʚʠʩʦʢʦʛʦ 

ʧʦʨʷʜʢʫ ʱʦʜʦ ʥʝʚʽʜʦʤʠʭ ʟʫʩʠʣʴ ʯʠ ʧʝʨʝʤʽʱʝʥʴ. ɼʠʩʢʨʝʪʥʽ ʤʦʜʝʣʽ 

ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʨʦʙʦʪʘʭ ʉ.ɺ. ʇʦʣʷʢʦʚʘ [122, 123]. 

ɼʦ ʦʩʥʦʚʥʠʭ ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ ʩʪʨʠʞʥʝʚʠʭ ʩʠʩʪʝʤ, ʩʬʦʨʤʦʚʘʥʠʭ ʥʘ 

ʦʩʥʦʚʽ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʧʽʜʭʦʜʫ, ʘ ʪʘʢʦʞ ʧʨʠʥʮʠʧʫ ʤʦʞʣʠʚʠʭ ʧʝʨʝʤʽʱʝʥʴ ʽ 

ʽʥʪʝʛʨʘʣʘ ʄʦʨʫ, ʚʽʜʥʦʩʷʪʴʩʷ ʤʝʪʦʜ ʩʠʣ, ʤʝʪʦʜ ʧʝʨʝʤʽʱʝʥʴ ʽ ʤʝʪʦʜ ʩʢʽʥʯʝʥʥʠʭ 

ʝʣʝʤʝʥʪʽʚ, ʱʦ ʨʝʘʣʽʟʫʻʪʴʩʷ ʫ ʬʦʨʤʽ ʦʙʦʭ ʧʝʨʰʠʭ ʤʝʪʦʜʽʚ. 

ʄʝʪʦʜ ʩʽʪʦʢ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ ʙʫʜʽʚʝʣʴʥʦʾ ʤʝʭʘʥʽʢʠ ʫʩʧʽʰʥʦ 

ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʇ.ʄ. ɺʘʨʚʘʢ  ̔ ʃ.ʇ. ɺʘʨʚʘʢ, ɸ.ʇ. ʌ̔ ʣʽʥ, ɺ.ʆ. ʇʦʩʪʥʦʚ, 

ʄ.ɯ. ʂʘʨʧʝʥʢʦ, ɸ.ɻ. ʋʛʦʜʯʠʢʦʚ, ʆ. ɿʝʥʢʝʚʠʯ ʪʘ ʂ. ʄʦʨʛʘʥ, ʈ.ʌ. ɻʘʙʙʘʩʦʚ, 

ʆ.ʄ. ʐʝ̔ʥ [66, 156]. 
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ʅʘʡʧʦʰʠʨʝʥʽʰʠʤ ʤʝʪʦʜʦʤ ʨʦʟʨʘʭʫʥʢʫ ʧʦ ʜʠʩʢʨʝʪʥʠʤ ʤʦʜʝʣʷʤ ʻ ʤʝʪʦʜ 

ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʄʉɽ). ʇʨʠ ʨʦʟʨʘʭʫʥʢʫ ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ 

(ʄʉɽ) ʢʦʥʩʪʨʫʢʮʽʾ ʙʫʜʽʚʣʽ ʟʘʤʽʥʶʶʪʴʩʷ ʩʫʢʫʧʥʽʩʪʶ ʧʣʦʩʢʠʭ ʽ ʧʨʦʩʪʦʨʦʚʠʭ 

ʩʫʮʽʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʽ ʩʪʨʠʞʥʽʚ, ʧʦʚ'ʷʟʘʥʠʭ ʤʽʞ ʩʦʙʦʶ ʚ ʦʢʨʝʤʠʭ ʪʦʯʢʘʭ 

(ʚʫʟʣʘʭ), ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʫʤʦʚʘʤ ʨʽʚʥʦʚʘʛʠ ʽ ʩʧʽʣʴʥʦʩʪʽ. 

ʉʢʣʘʜʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʠʩʢʨʝʪʥʠʭ ʤʦʜʝʣʝʡ ʚ ʧʦʚʩʷʢʜʝʥʥʽʡ ʧʨʘʢʪʠʮʽ 

ʧʦʚ'ʷʟʘʥʘ ʟ ʚʝʣʠʢʦʶ ʪʨʫʜʦʤʽʩʪʢʽʩʪʶ ʧʽʜʛʦʪʦʚʢʠ ʧʦʯʘʪʢʦʚʠʭ ʜʘʥʠʭ ʪʘ ʚʝʣʠʢʦʶ 

ʢʽʣʴʢʽʩʪʶ ʚʠʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. ʆʢʨʽʤ ʮʴʦʛʦ, ʫ ʚʝʣʠʢʠʭ ʙʫʜʽʚʣʷʭ ʢʽʣʴʢʽʩʪʴ 

ʝʣʝʤʝʥʪʽʚ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣʽ ʯʘʩʪʦ ʚʠʷʚʣʷʻʪʴʩʷ ʪʘʢʦ ,ʁ ʱʦ ʚʠʨʽʰʝʥʥʷ 

ʟʘʚʜʘʥʥʷ ʩʪʘʻ ʩʢʣʘʜʥʠʤ ʜʣʷ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʤʘʰʠʥ ʩʝʨʝʜʥʴʦʾ ʧʦʪʫʞʥʦʩʪʽ.  

ʂʦʥʪʠʥʫʘʣʴʥʽ ʤʦʜʝʣʽ ʨʦʟʛʣʷʜʘʶʪʴ ʙʫʜʽʚʣʶ ʷʢ ʩʫʮʽʣʴʥʫ 

ʙʘʛʘʪʦʩʪʫʧʝʥʝʚʫ ʧʨʠʟʤʘʪʠʯʥʫ ʦʙʦʣʦʥʢʫ ʟ ʚʝʨʪʠʢʘʣʴʥʦʶ ʘʙʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʶ 

ʚʽʩʩʶ, ʱʦ ʟʨʫʯʥʦ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʷʜʝʨ ʞʦʨʩʪʢʦʩʪʽ ʽ ʧʦʜʽʙʥʠʭ ʾʤ ʢʦʥʩʪʨʫʢʮʽʡ. 

ʇʨʦʪʝ, ʥʘʷʚʥʽʩʪʴ ʦʪʚʦʨʽʚ ʘʙʦ ʜʦʚʽʣʴʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʚ ʧʣʘʥʽ ʙʫʜʽʚʣʽ ʜʽʘʬʨʘʛʤ 

ʞʦʨʩʪʢʦʩʪʽ ʫʩʢʣʘʜʥʶʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʤʦʜʝʣʝʡ. 

ɼʠʩʢʨʝʪʥʦ-ʢʦʥʪʠʥʫʘʣʴʥʽ ʤʦʜʝʣʽ ʻ ʩʚʦʻʨʽʜʥʠʤ ʩʠʥʪʝʟʦʤ ʧʝʨʰʠʭ ʜʚʦʭ 

ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʩʭʝʤ. ʋ ʜʠʩʢʨʝʪʥʦ-ʢʦʥʪʠʥʫʘʣʴʥʠʭ ʤʦʜʝʣʷʭ ʟʙʝʨʽʛʘʻʪʴʩʷ 

ʟʘʜʘʥʝ ʜʠʩʢʨʝʪʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʚʝʨʪʠʢʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʥʝʩʫʯʦʾ ʩʠʩʪʝʤʠ, ʽ 

ʟʦʩʝʨʝʜʞʝʥʽ ʟʚ'ʷʟʢʠ ʟʘʤʽʥʶʶʪʴʩʷ ʢʦʥʪʠʥʫʘʣʴʥʠʤʠ, ʪʦʙʪʦ ʙʝʟʧʝʨʝʨʚʥʦ 

ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʧʦ ʫʩʽʡ ʚʠʩʦʪʽ ʙʫʜʽʚʣʽ. 

ʄʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʦʩʥʦʚʽ ʜʠʩʢʨʝʪʥʦ-ʢʦʥʪʠʥʫʘʣʴʥʦʾ ʤʦʜʝʣʽ 

ʦʪʨʠʤʘʣʠ ʨʦʟʚʠʪʦʢ ʚ ʨʦʙʦʪʘʭ ʇ.ʌ. ɼʨʦʟʜʦʚʘ [55, 57], ɺ.ɯ. ʃʠʰʘʢʘ [94, 95], 

ɺ.ɸ. ʃʶʙʣʠʥʩʢɹʦʛʦ [98, 102], ɼ.ʄ. ʇʦʜʦʣʴʩʢɹʦʛʦ [121]. ɼʘʥʽ ʤʝʪʦʜʠ 

ʟʘʩʥʦʚʘʥʽ ʥʘ ʪʝʦʨʽʾ ʩʢʣʘʜʦʚʠʭ ʩʪʨʠʞʥʽʚ ɸ.ʈ. ʈʞʘʥ̔ʮʠʥʘ [132, 135]. 

ʉʫʯʘʩʥʠʡ ʨʦʟʚʠʪʦʢ ʧʨʦʛʨʘʤʥʦʛʦ ʪʘ ʪʝʭʥʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ɽʆʄ 

ʜʦʟʚʦʣʠʣʦ ʨʦʟʨʦʙʠʪʠ ʘʣʛʦʨʠʪʤʠ ʽ ʧʨʦʛʨʘʤʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʙʽʣʴʰ ʩʢʣʘʜʥʠʭ 

ʙʘʛʘʪʦʨʘʟʦʚʦ ʩʪʘʪʠʯʥʦ ʥʝʚʠʟʥʘʯʝʥʠʭ ʩʠʩʪʝʤ [1, 29]. 

ɺʨʘʭʫʚʘʥʥʷʤ ʛʝʦʤʝʪʨʠʯʥʦʾ ʥʝʣʽʥʽʡʥʦʩʪʽ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʩʪʨʠʞʥʝʚʠʭ 

ʩʠʩʪʝʤ ʚ ʨʽʟʥʠʡ ʯʘʩ ʟʘʡʤʘʣʠʩʷ ɹ.ɺ. ʂʘʨʘʙʘʥʦʚ, ʆ.ɺ. ʉʢʦʥʥʠʢʦʚ, 

ʄ.ʆ. ʉʘʧʦʞʥʠʢʦʚ [142].  
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ʇʠʪʘʥʥʷʤʠ ʚʨʘʭʫʚʘʥʥʷ ʬʽʟʠʯʥʦʾ ʥʝʣʽʥʽʡʥʦʩʪʽ ʟʘʡʤʘʣʠʩʷ ʙʘʛʘʪʦ ʚʯʝʥʠʭ, 

ʫ ʪʦʤʫ ʯʠʩʣʽ ɻ.ɹ. ɹʶʣʴʬʠʥʛʝʨ, ʅ. ʍʦʬʬ, ʇ.ʆ. ʃʫʢʘʰ, ɺ.ʅ. ɹʘʡʢʦʚ, 

ɺ.ʄ. ɹʦʥʜʘʨʝʥʢʦ, ɺ.ʄ. ʄʠʪʘʩʦʚ, ʆ.ʗ. ʗʰʠʥ, ʪʘ ʽʥʰ. [12, 26, 49, 91, 92]. 

ɺʨʘʭʫʚʘʥʥʷ ʥʝʣʽʥʽʡʥʦʩʪʽ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʨʦʟʛʣʷʥʫʪʦ ʚ 

ʧʨʘʮʷʭ ʄ.ʄ. ʂʘʨʧʝʥʢʦ, ɺ .ʇʨʘʛʝʨʘ, ʈ.ʄ. ɿʫʙʦʚʘ, ɻ.ʇ. ʗʢʦʚʝʥʢʦ, ɽ.ɻ. ɭʣʘʛ̔ʥʘ, 

ɸ.ʌ. ʆʩʪʘʧʝʥʢʦ [78, 115]. ʪʘ ʽʥʰ. 

ʏʠʩʝʣʴʥʽ ʤʝʪʦʜʠ, ʩʪʦʩʦʚʥʦ ʧʨʦʩʪʦʨʦʚʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʙʫʜʽʚʝʣʴ, 

ʨʦʟʚʠʚʘʣʠʩʷ ʽ ʟʙʘʛʘʯʫʚʘʣʠʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʪʝʦʨʝʪʠʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʚ ʨʦʙʦʪʘʭ ɺ.ʉ.ɼʦʨʦʬʻʻʚʘ, ʇ.ʌ. ɼʨʦʟʜʦʚʘ, ɹ.ʆ. ʂʦʩ̔ʮʠʥʘ, 

ʃ.ʃ. ʇʘʥʴʰʠʥʘ, ʖ.ɯ. ʅʝʤʯʠʥʦʚʘ, ɸ.ɺ.ʂʦʚʨʦʚʘ ʪʘ ʽʥʰ. [52, 60, 84, 90, 113, 116, 

117]. ɺ ʨʝʟʫʣʴʪʘʪʽ ʙʫʣʘ ʚʠʨʦʙʣʝʥʘ ʪʝʦʨʽʷ ʜʣʷ ʦʧʠʩʫ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ 

ʩʪʘʥʫ ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʠʭ ʙʫʜʽʚʝʣʴ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʨʘʭʦʚʫʚʘʪʠ ʬʘʢʪʦʨʠ, ʷʢʽ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʨʦʩʪʦʨʦʚʫ ʨʦʙʦʪʫ ʥʝʩʫʯʦʾ ʩʠʩʪʝʤʠ ʙʫʜʽʚʣʽ. 

ʂʽʣʴʢʽʩʪʴ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʧʨʦʛʨʘʤ, ʱʦ ʨʝʘʣʽʟʫʶʪʴ ʤʝʪʦʜ ʩʢʽʥʯʝʥʥʠʭ 

ʝʣʝʤʝʥʪʽʚ, ʚ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʜʦʩʠʪʴ ʙʘʛʘʪʦ. ʅʘʡʙʽʣʴʰʝ ʧʨʘʢʪʠʯʥʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʪʨʠʤʘʣʠ ʪʘʢʽ ʧʨʦʛʨʘʤʥʽ ʢʦʤʧʣʝʢʩʠ ʷʢ: ʃʀʈɸ, SCAD Structure, 

ANSYS, Cosmos Works, ABAQUS, NASTRAN, Mechanical Desktop, NX 

Nastran, Impact, Temper-3D.  

ɸ.ɯ. ʉʘʧʦʞʥʠʢʦʚ [139, 142] ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʥʝʩʫʯʦʾ 

ʟʜʘʪʥʦʩʪʽ ʪʘ ʩʪʽʡʢʦʩʪʽ ʚʠʩʦʪʥʠʭ ʙʫʜʽʚʝʣʴ ʷʢ ʧʨʦʩʪʦʨʦʚʠʭ ʩʠʩʪʝʤ. ɺ ʦʩʥʦʚʽ 

ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʫ ʙʫʜʽʚʣʷʭ ʧʽʜʚʠʱʝʥʦʾ 

ʧʦʚʝʨʭʦʚʦʩʪʽ ʯʝʨʝʟ ʚʽʜʥʦʩʥʦ ʚʠʩʦʢʫ ʧʦʜʘʪʣʠʚʽʩʪʴ ʧʦʧʝʨʝʯʥʠʭ ʩʪʽʥ 

ʜʝʬʦʨʤʘʮʽʻʶ ʧʝʨʝʢʨʠʪʪʷ ʚ ʧʣʦʱʠʥʽ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ. 

ʅʘʡʙʽʣʴʰʝ ʧʦʰʠʨʝʥʥʷ ʦʪʨʠʤʘʣʘ ʜʠʩʢʨʝʪʥʦ-ʢʦʥʪʠʥʫʘʣʴʥʘ ʤʦʜʝʣʴ, ʚ 

ʷʢʽʡ ʚʝʨʪʠʢʘʣʴʥʽ ʥʝʩʫʯʽ ʢʦʥʩʪʨʫʢʮʽʾ ʟʙʝʨʽʛʘʶʪʴ ʟʘʜʘʥʝ ʜʠʩʢʨʝʪʥʝ 

ʨʦʟʪʘʰʫʚʘʥʥʷ, ʘ ʟʦʩʝʨʝʜʞʝʥʽ ʟʚ'ʷʟʢʠ (ʧʝʨʝʤʠʯʢʠ, ʚʝʨʪʠʢʘʣʴʥʽ ʩʪʠʢʦʚʽ 

ʟ'̒ʜʥʘʥʥʷ, ʧʝʨʝʢʨʠʪʪʷ) ʟʘʤʽʥʶʶʪʴ ʢʦʥʪʠʥʫʘʣʴʥʠʤʠ, ʪʦʙʪʦ ʙʝʟʧʝʨʝʨʚʥʦ 

ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʧʦ ʚʠʩʦʪʽ. ʇʨʠ ʮʴʦʤʫ, ʜʣʷ ʧʨʦʩʪʦʾ ʜʽʘʬʨʘʛʤʠ ʞʦʨʩʪʢʦʩʪʽ 

ʚʝʣʠʢʝ ʯʠʩʣʦ ʥʝʚʽʜʦʤʠʭ ʩʠʣ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚ ʜʠʩʢʨʝʪʥʠʭ ʟʚ'ʷʟʢʘʭ, ʤʦʞʥʘ 

ʟʘʤʽʥʠʪʠ ʬʫʥʢʮʽʻʶ ʨʦʟʧʦʜʽʣʫ ʮʠʭ ʩʠʣ ʧʦ ʚʩʽʡ ʚʠʩʦʪʽ ʜʽʘʬʨʘʛʤʠ. ɿ 
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ʤʘʪʝʤʘʪʠʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʮʝ ʚʠʢʦʥʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʟʘʤʽʥʠ ʩʠʩʪʝʤʠ 

ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ ʚʠʩʦʢʦʛʦ ʧʦʨʷʜʢʫ ʥʘ ʦʜʥʝ ʜʠʬʝʨʝʥʮʽʡʥʝ ʨʽʚʥʷʥʥʷ. ɼʣʷ 

ʙʘʛʘʪʦʟʚʷʟʢʦʚʦʾ ʜʽʘʬʨʘʛʤʠ ʞʦʨʩʪʢʦʩʪʽ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʥʝʚʽʜʦʤʠʭ ʟʘʧʠʩʫʻʪʴʩʷ ʩʠʩʪʝʤʘ ʣʽʥʽʡʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ, ʜʝ ʯʠʩʣʦ 

ʨʽʚʥʷʥʴ ʜʦʨʽʚʥʶʻ ʯʠʩʣʫ ʚʝʨʪʠʢʘʣʴʥʠʭ ʟʩʫʚʥʠʭ ʰʚʽʚ. 

ʋ [117] ʧʨʠʚʝʜʝʥʠʡ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʡ ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʝʣʝʤʝʥʪʽʚ 

ʢʘʨʢʘʩʫ ʪʘ ʥʝʩʫʯʠʭ ʩʠʩʪʝʤ ʧʦʚʥʦʟʙʽʨʥʠʭ ʢʘʨʢʘʩʥʠʭ ʙʫʜʽʚʝʣʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʬʽʟʠʯʥʦʾ ʥʝʣʽʥʽʡʥʦʩʪʽ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʾʭ ʤʦʥʪʘʞʥʠʭ ʟ'ʻʜʥʘʥʴ, 

ʧʦʜʘʪʣʠʚʦʩʪʽ ʦʩʥʦʚʠ ʽ ʧʦʟʜʦʚʞʥʴʦʛʦ ʟʛʠʥʫ ʩʪʠʩʣʠʭ ʝʣʝʤʝʥʪʽʚ. ɺ ʦʩʥʦʚʫ 

ʘʣʛʦʨʠʪʤʫ ʨʦʟʨʘʭʫʥʢʫ ʧʦʢʣʘʜʝʥʦ ʽʪʝʨʘʮʽʡʥʠʡ ʧʨʦʮʝʩ, ʚ ʷʢʦʤʫ ʯʝʨʛʫʶʪʴʩʷ 

ʝʪʘʧʠ ʩʪʘʪʠʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʩʠʩʪʝʤ ʧʨʠ ʬʽʢʩʦʚʘʥʠʭ ʟʥʘʯʝʥʥʷʭ ʞʦʨʩʪʢʦʩʪʽ ʟ 

ʝʪʘʧʘʤʠ ʾʭ ʫʪʦʯʥʝʥʥʷ ʧʦ ʟʥʘʡʜʝʥʠʭ ʥʘ ʧʦʧʝʨʝʜʥʽʡ ʽʪʝʨʘʮʽʾ ʟʫʩʠʣʣʷʭ ʽ 

ʜʝʬʦʨʤʘʮʽʷʭ. ʎʝʡ ʤʝʪʦʜ ʝʬʝʢʪʠʚʥʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʨʠ ʚʜʦʩʢʦʥʘʣʝʥʥʽ 

ʤʽʞʚʠʜʦʚʦʛʦ ʫʥʽʬʽʢʦʚʘʥʦʛʦ ʢʘʨʢʘʩʫ ʩʝʨʽʾ 1.020-1/87; ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʙʫʜʽʚʝʣʴ 

ʟ ʧʨʦʝʢʪʥʠʤʠ ʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʨʽʰʝʥʥʷʤʠ; ʤʘʣʦʧʦʚʝʨʭʦʚʠʭ ʙʫʜʽʚʝʣʴ ʙʝʟ 

ʜʽʘʬʨʘʛʤ ʞʦʨʩʪʢʦʩʪʽ; ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʠʭ ʙʫʜʽʚʝʣʴ ʟ̔ ʟʘʛʘʣʴʥʠʤʠ 

ʧʨʠʤʽʱʝʥʥʷʤʠ [117]. 

ʉ.ʆ. ʉʪʫʧʥʠʢʦʚʠʤ [147] ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʪʘ 

ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʥʘʨʦʱʫʚʘʥʠʭ ʩʪʨʠʞʥʝʚʠʭ 

ʦʙ'ʻʢʪʽʚ. ʄʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʥʘʩʪʫʧʥʠʡ: ʩʠʩʪʝʤʘ ʨʦʟʙʠʚʘʻʪʴʩʷ ʥʘ ʢʽʥʮʝʚʽ 

ʝʣʝʤʝʥʪʠ, ʩʢʣʘʜʘʶʪʴʩʷ ʩʠʩʪʝʤʠ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ.  

ɭ.ɯ. ɹʨʠʪʚʠʥʠʤ [29] ʧʨʠʚʝʜʝʥʘ ʢʦʨʦʪʢʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʦʛʨʘʤʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ "Selena" ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ. 

ʇʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ "Selena" ʜʦʟʚʦʣʷʻ ʰʚʠʜʢʦ ʽ ʣʝʛʢʦ ʬʦʨʤʫʚʘʪʠ 

ʨʦʟʨʘʭʫʥʢʦʚʽ ʩʭʝʤʠ ʙʫʜʴ-ʷʢʦʾ ʩʢʣʘʜʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʘʥʘʣʽʟʫʚʘʪʠʤʝʤʦ ʦʪʨʠʤʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ, ʚʥʦʩʷʯʠ ʥʝʦʙʭʽʜʥʽ ʢʦʨʝʢʪʫʚʘʥʥʷ ʚ ʩʭʝʤʫ ʢʦʥʩʪʨʫʢʮʽʡ. "Selena" 

ʤʘʻ ʧʦʪʫʞʥʠʡ ʛʨʘʬʽʯʥʠʡ ʨʝʜʘʢʪʦʨ, ʱʦ ʜʦʟʚʦʣʷʻ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʦʩʪʦ ʽ ʟʨʫʯʥʦ 

ʚʠʢʨʝʩʣʠʪʠ ʥʘ ʝʢʨʘʥʽ ʜʠʩʧʣʝʷ ʨʦʟʨʘʭʫʥʢʦʚʫ ʩʭʝʤʫ ʢʦʥʩʪʨʫʢʮʽʡ, ʤʘʻ ʜʚʦʭ- ʪʘ 

ʪʨʴʦʭʤʽʨʥʝ ʟʦʙʨʘʞʝʥʥʷ. ʈʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʽʚ ʻ: ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʦ-

ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʢʦʥʩʪʨʫʢʮʽʡ ʚʽʜ ʩʪʘʪʠʯʥʠʭ ʚʧʣʠʚʽʚ; ʛʝʦʤʝʪʨʠʯʥʦ 
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ʥʝʣʽʥʽʡʥʽ ʨʦʟʨʘʭʫʥʢʠ ʢʦʥʩʪʨʫʢʮʽʡ ʟʘ ʜʝʬʦʨʤʦʚʘʥʦ ʁ ʩʭʝʤʦʶ; ʢʨʠʪʠʯʥʽ 

ʧʘʨʘʤʝʪʨʠ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ; ʧʦʙʫʜʦʚʘʥʽ ʘʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʠʩʪʝʤʠ; ʚʢʘʟʘʥʽ ʥʘʡʙʽʣʴʰ ʥʝʚʠʛʽʜʥʽ ʢʦʤʙʽʥʘʮʽʾ ʥʘʚʘʥʪʘʞʝʥʴ, ʦʧʦʨʥʽ ʨʝʘʢʮʽʾ. 

ʄ.ʗ. ʈʦʟʝʥʙʝʨʛʦʤ [137] ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʯʠʩʝʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟʘ ʧʨʦʛʨʘʤʦʶ "ɺʝʩʝʣʢʘ", ʱʦ ʨʝʘʣʽʟʫʻ 

ʘʥʽʟʦʪʨʦʧʥʫ ʤʦʜʝʣʴ ʥʝʣʽʥʽʡʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʽ ʨʫʡʥʫʚʘʥʥʷ ʟʘʣʽʟʦʙʝʪʦʥʫ, 

ʨʦʙʦʪʠ ʜʽʘʬʨʘʛʤ ʞʦʨʩʪʢʦʩʪʽ ʢʘʨʢʘʩʥʠʭ ʙʫʜʽʚʝʣʴ ʧʨʠ ʩʧʽʣʴʥʽʡ ʜʽʾ 

ʚʝʨʪʠʢʘʣʴʥʠʭ ʽ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. ʇʦʢʘʟʘʥʠʡ ʚʧʣʠʚ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʜʽʘʬʨʘʛʤ ʥʘ ʾʭ ʥʝʩʫʯʫ ʟʜʘʪʥʽʩʪʴ ʽ ʩʭʝʤʫ 

ʨʫʡʥʫʚʘʥʥʷ. 

ʂʫʨʛʫʟʦʚʠʤ ɺ.ɼ. [93] ʧʨʦʧʦʥʫʻʪʴʩʷ ʧʨʦʮʝʜʫʨʘ ʯʠʩʝʣʴʥʦʛʦ ʨʽʰʝʥʥʷ 

ʛʝʦʤʝʪʨʠʯʥʦ ʥʝʣʽʥʽʡʥʠʭ ʟʘʚʜʘʥʴ ʜʝʬʦʨʤʫʚʘʥʥʷ ʩʪʨʠʞʥʝʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

(ʬʝʨʤʠ, ʨʘʤʠ) ʧʨʠ ʞʦʨʩʪʢʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ, ʪʦʙʪʦ ʢʦʣʠ ʟʦʚʥʽʰʥʽʡ ʚʧʣʠʚ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʘʜʘʥʠʤʠ ʟʤʽʱʝʥʥʷʤʠ ʚʫʟʣʽʚ ʬʝʨʤʠ. ʇʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ 

ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʤʝʪʦʜʽ ʧʨʦʜʦʚʞʝʥʥʷ ʨʽʰʝʥʥʷ ʟʘ ʧʘʨʘʤʝʪʨʦʤ ʪʘ ʻ ʡʦʛʦ 

ʤʦʜʠʬʽʢʘʮʽʻʶ. 

ʄʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʚ ʨʦʙʦʪʽ [155] ʜʦʟʚʦʣʷʻ ʨʦʟʨʦʙʠʪʠ ʩʠʩʪʝʤʫ 

ʚʟʘʻʤʦʧʦʚ'ʷʟʘʥʠʭ ʦʙʤʝʞʝʥʴ ʧʦ ʤʽʮʥʦʩʪʽ, ʞʦʨʩʪʢʦʩʪʽ ʽ ʥʘʧʨʫʟʽ ʚ ʘʨʤʘʪʫʨʽ 

(ʢʣʘʩ ʤʽʮʥʦʩʪʽ ʩʪʘʣʽ) ʟ ʧʦʜʘʣʴʰʠʤ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʟʘʚʜʘʥʴ 

ʦʧʪʠʤʽʟʘʮʽʾ ʢʦʥʩʪʨʫʢʮʽʡ. 

ɺ ʨʦʙʦʪ̔ [108]  ʨʦʟʛʣʷʥʫʪʠʡ ʤʝʪʦʜ ʥʝʣʽʥʽʡʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʩʪʨʠʞʥʝʚʠʭ 

ʙʝʪʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʞʦʨʩʪʢʦʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʱʠʭ 

ʧʦʨʷʜʢʽʚ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʢʚʘʜʨʘʪʠʯʥʽʡ ʤʦʜʝʣʽ ʜʝʬʦʨʤʫʚʘʥʥʷ ʟ ʯʦʪʠʨʤʘ 

ʢʦʥʩʪʘʥʪʘʤʠ. 

ɺ.ʆ. ɹʘʞʝʥʦʚ, ʆ.ʌ. ɼʘʱʝʥʢʦ, ʃ.ɺ. ʂʦʣʦʤʠʮ̒ɹ, ɺ.ʌ. ʆʨʦʙʝʡ, 

ʄ.ɻ. ʉʫʨô̫ ʥ̔ʥʦʚ, ɸ.ɺ. ʂʦʚʨʦʚ, ʆ.ʌ. ʗʨʝʤʝʥʢʦ ʚ ʩʚʦʾʭ ʧʨʘʮʷʭ [10, 11, 43, 44, 114, 

80, 81, 82, 83, 85, 159, 160, 161] ʨʦʟʛʣʷʜʘʶʪʴ ʨʦʟʨʘʭʫʥʦʢ ʨʽʟʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʯʠʩʝʣʴʥʦ-ʘʥʘʣʽʪʠʯʥʦʛʦ ʤʝʪʦʜʫ ʛʨʘʥʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

ʗʢ ʟʘʟʥʘʯʝʥʦ ʚ ʨʦʙʦʪʘʭ [43, 44], ʤʝʪʦʜ ʯʽʪʢʦ ʦʙˇʨʫʥʪʦʚʘʥʠʡ 

ʤʘʪʝʤʘʪʠʯʥʦ ʦʩʢʽʣʴʢʠ ʚʠʢʦʨʠʩʪʦʚʫʻ ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʨʽʰʝʥʥʷ 
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ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ, ʪʦʙʪʦ ʫ ʨʘʤʢʘʭ ʫʭʚʘʣʝʥʠʭ ʛʽʧʦʪʝʟ ʜʦʟʚʦʣʷʻ 

ʦʪʨʠʤʘʪʠ ʪʦʯʥʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʟʘʚʜʘʥʥʷ (ʟʫʩʠʣʴ, ʧʝʨʝʤʽʱʝʥʴ, ʥʘʧʨʫʛʠ, 

ʯʘʩʪʦʪ ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ, ʢʨʠʪʠʯʥʠʭ ʩʠʣ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʪʘ ʽʥʰʝ) ʚʩʝʨʝʜʠʥʽ 

ʦʙʣʘʩʪʽ. ʊʘʢʦʞ ʘʚʪʦʨʠ ʚʽʜʤʽʯʘʶʪʴ ʧʨʦʩʪʦʪʫ ʣʦʛʽʢʠ ʘʣʛʦʨʠʪʤʫ, ʙʽʣʴʰ ʯʽʪʢʫ 

ʟʙʽʞʥʽʩʪʴ ʨʽʰʝʥʥʷ, ʚʠʩʦʢʫ ʩʪʽʡʢʽʩʪʴ ʪʘ ʥʝʟʥʘʯʥʝ ʥʘʢʦʧʠʯʝʥʥʷ ʧʦʭʠʙʦʢ ʧʨʠ 

ʯʠʩʝʣʴʥʠʭ ʦʧʝʨʘʮʽʷʭ.  

ɺ ʨʦʙʦʪʽ [145] ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʚʩʪʘʥʦʚʣʝʥʦ ʚʧʣʠʚ 

ʪʨʽʱʠʥ ʥʘ ʟʤʽʥʫ ʥʝ ʣʠʰʝ ʞʦʨʩʪʢʦʩʪʝʡ ʧʨʠ ʟʛʠʥʽ, ʘʣʝ ʡ ʞʦʨʩʪʢʦʩʪʝʡ ʧʨʠ 

ʢʨʫʯʝʥʥʽ ʚ ʨʝʙʨʠʩʪʠʭ ʝʣʝʤʝʥʪʘʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʧʝʨʝʢʨʠʪʪʽʚ. ɿ ʤʝʪʦʶ 

ʚʠʟʥʘʯʝʥʥʷ, ʷʢ ʚʧʣʠʚʘʻ ʟʤʽʥʘ ʟʫʩʠʣʣʷ ʚʥʘʩʣʽʜʦʢ ʫʪʚʦʨʝʥʥʷ ʥʦʨʤʘʣʴʥʠʭ 

ʪʨʽʱʠʥ ʚ ʨʝʙʨʘʭ ʤʦʥʦʣʽʪʥʦʛʦ ʧʝʨʝʢʨʠʪʪʷ ʛʦʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʚ ʤ.ʗʨʝʤʯʝ, 

ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʯʠʩʣʦʚʠʡ ʝʢʩʧʝʨʠʤʝʥʪ, ʱʦ ʧʝʨʝʜʙʘʯʘʚ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʝʪʦʜʠʢʠ ʚʠʟʥʘʯʝʥʥʷ ʞʦʨʩʪʢʦʩʪʽ ʧʨʠ ʢʨʫʯʝʥʥʽ ʝʣʝʤʝʥʪʘ ʟ ʥʦʨʤʘʣʴʥʠʤʠ 

ʪʨʽʱʠʥʘʤʠ, ʪʘ ʚʽʜʦʤʽʡ ʤʝʪʦʜʠʮʽ ʉʅʇ̔. 

ɺʽʜʦʤʦ, ʱʦ ʧʨʠ ʥʘʚʘʥʪʘʞʝʥʥʽ ʩʪʘʪʠʯʥʦ ʥʝʚʠʟʥʘʯʝʥʦʾ ʟʘʣʽʟʦʙʝʪʦʥʥʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʨʦʟʧʦʜʽʣ ʟʫʩʠʣʴ, ʧʦʚ'ʷʟʘʥʠʡ ʚ ʦʩʥʦʚʥʦʤʫ ʟʽ 

ʟʤʽʥʦʶ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʞʦʨʩʪʢʦʩʪʝʡ ʝʣʝʤʝʥʪʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɿʥʘʶʯʠ ʮ ̔

ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ, ʤʦʞʥʘ ʥʘ ʩʪʘʜʽʾ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʪʚʦʨʶʚʘʪʠ ʪʘʢʽ ʫʤʦʚʠ, ʧʨʠ 

ʷʢʠʭ ʧʝʨʝʨʦʟʧʦʜʽʣ ʟʫʩʠʣʴ ʚ ʨʘʤʽ ʚʽʜʙʫʚʘʚʩʷ ʚ ʟʘʜʘʥʦʤʫ ʥʘʧʨʷʤʢʫ. ʎʝ 

ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʩʫʪʪʻʚʠʡ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ, ʷʢʠʡ ʱʝ ʜʘʣʝʢʦ ʥʝ 

ʧʦʚʥʽʩʪʶ ʨʝʘʣʽʟʫʻʪʴʩʷ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥ.̔ 

 

1.2. ɺʧʣʠʚ ʧʨʦʮʝʩʽʚ ʟʚʝʜʝʥʥʷ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʘʨʢʘʩʥʠʭ ʙʫʜʽʚʝʣʴ ʥʘ 

ʬʦʨʤʫʚʘʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʢʦʥʩʪʨʫʢʮʽʡ 

ɼʣʷ ʧʦʚʥʦʛʦ ʽ ʜʦʩʪʦʚʽʨʥʦʛʦ ʦʧʠʩʫ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ 

ʙʫʜʴ-ʷʢʦʾ ʙʫʜʽʚʣʽ, ʥʝʦʙʭʽʜʥʦ ʥʝ ʣʠʰʝ ʟ ʪʦʯʥʽʩʪʶ ʚʠʟʥʘʯʠʪʠ ʟʦʚʥʽʰʥʽ ʚʧʣʠʚʠ, 

ʘʣʝ ʽ ʢʦʨʝʢʪʥʦ ʚʠʢʦʥʘʪʠ ʬʦʨʤʫʚʘʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ ʦʙô̒ ʢʪʘ. ʇʨʠ 

ʮʴʦʤʫ ʩʣʽʜ ʚʨʘʭʫʚʘʪʠ ʚʩʽ ʬʘʢʪʦʨʠ, ʱʦ ʦʧʠʩʫʶʪʴ ʨʝʘʣʴʥʠʡ ʦʙôʻʢʪ, ʘ ʩʘʤʝ: ʡʦʛʦ 

ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ, ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ, ʟʦʚʥʽʰʥʽ 
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ʚʧʣʠʚʠ, ʾʭ ʭʘʨʘʢʪʝʨ ʽ ʩʧʦʩʦʙʠ ʚʧʣʠʚʫ, ʬʦʨʤʫʚʘʥʥʷ ʧʦʯʘʪʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ  ̔

ʜʝʬʦʨʤʘʮʽʡ ʧʨʠ ʟʚʝʜʝʥʥʽ ʙʫʜʽʚʣʽ ʪʘ ʙʘʛʘʪʦ ʽʥʰʦʛʦ. 

ɺ ʜʽʡʩʥʦʩʪʽ ʧʨʘʢʪʠʯʥʦ ʥʝʤʦʞʣʠʚʦ ʚʨʘʭʫʚʘʪʠ ʚʩʽ ʟʘʟʥʘʯʝʥʽ ʬʘʢʪʦʨʠ 

ʯʝʨʝʟ ʾʭ ʚʝʣʠʢʝ ʨʽʟʥʦʤʘʥʽʪʪʷ ʽ ʥʝʜʦʩʪʘʪʥʽʩʪʴ ʚʠʚʯʝʥʥʷ. ʊʦʤʫ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ 

ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʤʦʜʝʣʝʡ ʙʫʜʽʚʝʣʴ ʟʘʟʚʠʯʘʡ ʽʜʝʘʣʽʟʫʶʪʴ ʾʭ ʨʦʙʦʪʫ, ʘ ʩʘʤʝ 

ʚʽʜʢʠʜʘʶʪʴ ʪʽ ʧʘʨʘʤʝʪʨʠ, ʷʢʠʤʠ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ ʟ ʦʛʣʷʜʫ ʥʘ ʾʭ ʥʝʟʥʘʯʥʽʩʪʴ. 

ɭ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʪʨʘʜʠʮʽʡʥʘ ʨʦʟʨʘʭʫʥʢʦʚʘ ʤʦʜʝʣʴ, ʟʛʽʜʥʦ ʟ ʷʢʦʶ 

ʙʫʜʽʚʣʷ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʧʦʚʥʽʩʪʶ ʟʚʝʜʝʥʦʶ, çʚʠʟʥʘʯʘʻè ʥʘʡʙʽʣʴʰ ʥʝʙʝʟʧʝʯʥʠʡ 

ī ʝʢʩʪʨʝʤʘʣʴʥʠʡ ʡʦʛʦ ʩʪʘʥ ʟʘʚʜʷʢʠ ʚʨʘʭʫʚʘʥʥʶ ʚʩʽʭ ʤʦʞʣʠʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, 

ʫ ʪʦʤʫ ʯʠʩʣʽ ʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ, ʷʢʽ ʥʘ ʩʪʘʜʽʾ ʟʚʝʜʝʥʥʷ ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʽ ʽ ʥʝ 

ʚʨʘʭʦʚʫʶʪʴʩʷ. ʇʨʦʪʝ, ʚ ʨʘʤʢʘʭ ʜʘʥʦʛʦ ʧʨʠʧʫʱʝʥʥʷ ʽʛʥʦʨʫʻʪʴʩʷ, ʱʦ ʥʘ ʩʪʘʜʽʾ 

ʟʚʝʜʝʥʥʷ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʫʜʽʚʣʽ ʧʨʦʩʪʦʨʦʚʘ ʨʦʙʦʪʘ ʡʦʛʦ ʢʦʥʩʪʨʫʢʮʽʡ ʤʦʞʝ 

ʟʥʘʯʥʦ ʚʽʜʨʽʟʥʷʪʠʩʷ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʪʨʘʜʠʮʽʡʥʘ ʨʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʥʝ 

ʚʨʘʭʦʚʫʻ ʜʘʥʽ ʟʤʽʥʠ, ʪʘʢ ʷʢ ʦʧʠʩʫʻ ʪʽʣʴʢʠ ʦʜʠʥ, çʬʽʥʽʰʥʠʡè ʩʪʘʥ ʙʫʜʠʥʢʫ, 

ʷʢʠʡ ʥʝ ʦʙʦʚô̫ ʟʢʦʚʦ ʤʦʞʝ ʙʫʪʠ ʥʘʡʙʽʣʴʰ ʥʝʙʝʟʧʝʯʥʠʤ ʥʘʚʽʪʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʥʘʷʚʥʦʩʪʽ ʚʩʽʭ ʥʘʚʘʥʪʘʞʝʥʴ. 

ʇʨʦʮʝʩ ʩʪʚʦʨʝʥʥʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ ʩʠʩʪʝʤʠ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʻ 

ʙʘʛʘʪʦʝʪʘʧʥʠʤ ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘʜʘʥʦʶ ʧʦʩʣʽʜʦʚʥʽʩʪʶ ʚʠʢʦʥʫʚʘʥʠʭ ʦʧʝʨʘʮʽʡ 

ʧʦ ʾʾ ʩʢʣʘʜʘʥʥʶ. ʇʨʠ ʮʴʦʤʫ, ʚ ʧʝʚʥʦʤʫ ʧʦʨʷʜʢʫ ʚʠʢʦʥʫʶʪʴʩʷ ʨʦʙʦʪʠ ʧʦ 

ʫʩʪʘʥʦʚʣʶʚʘʥʥʶ ʪʘ ʚʠʜʘʣʝʥʥʶ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ ʽ ʙʘʣʘʩʪʥʠʭ ʚʘʥʪʘʞʽʚ, 

ʨʝʛʫʣʶʚʘʥʥʶ ʜʦʚʞʠʥ ʜʝʷʢʠʭ ʝʣʝʤʝʥʪʽʚ, ʟʤʽʥʽ ʩʪʘʥʫ ʟʚô̫ ʟʢʽʚ ʪʦʱʦ. ʂʦʞʥʘ ʟ 

ʪʘʢʠʭ ʦʧʝʨʘʮʽʡ ʚʠʟʥʘʯʘʻ ʜʝʷʢʠʡ ʝʪʘʧ ʤʦʥʪʘʞʫ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʧʝʚʥʦʶ ʨʦʟʨʘʭʫʥʢʦʚʦʶ ʩʭʝʤʦʶ, ʚʽʜʤʽʥʥʦʶ ʚʽʜ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ 

ʧʦʚʥʽʩʪʶ ʛʦʪʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ. 

ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʟʚʝʜʝʥʥʷ ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʠʭ ʙʫʜʽʚʝʣʴ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ ʩʠʩʪʝʤʠ ʙʫʜʽʚʣʽ, ʤʝʪʦʜʫ ʟʚʝʜʝʥʥʷ ʦʙô̒ ʢʪʫ, ʥʘʧʨʷʤʫ 

ʧʨʦʮʝʩʫ ʤʦʥʪʘʞʫ, ʘ ʪʘʢʦʞ ʟʘʩʪʦʩʦʚʫʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʢʦʥʩʪʨʫʢʮʽʡ. 

ɺ ʧʨʦʮʝʩʽ ʟʚʝʜʝʥʥʷ ʢʦʥʩʪʨʫʢʪʠʚʥʘ ʩʭʝʤʘ ʩʧʦʨʫʜʠ ʤʦʞʝ ʙʘʛʘʪʦʨʘʟʦʚʦ 

ʟʤʽʥʶʚʘʪʠʩʷ, ʟʫʩʠʣʣʷ ʽ ʧʝʨʝʤʽʱʝʥʥʷ çʟʘʤʦʨʦʞʫʚʘʪʠʩʷè, ʚʠʟʥʘʯʘʶʯʠ ʧʝʨʝʨʽʟʠ 

ʝʣʝʤʝʥʪʽʚ ʪʘ ʢʦʥʩʪʨʫʢʮʽʾ ʚʫʟʣʽʚ ʩʘʤʝ ʥʘ ʮʽʡ ʩʪʘʜʽʾ. 
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ɿʥʘʶʯʠ ʽʩʪʦʨʽʶ ʟʚʝʜʝʥʥʷ ʙʫʜʽʚʣʽ, ʤʦʞʥʘ ʫʥʠʢʥʫʪʠ ʙʽʣʴʰʦʩʪʽ ʘʚʘʨʽʡ, 

ʦʩʥʦʚʥʦʶ ʧʨʠʯʠʥʦʶ ʷʢʠʭ ʻ ʧʦʨʫʰʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʤʦʥʪʘʞʫ ʪʘ ʚʽʜʩʫʪʥʽʩʪʴ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʦʚʝʜʽʥʢʫ ʝʣʝʤʝʥʪʽʚ ʥʝʩʫʯʦʾ ʩʠʩʪʝʤʠ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ ʚ 

ʧʝʨʽʦʜ ʟʚʝʜʝʥʥʷ.  

ɺ ʨʝʘʣʴʥʦʩʪʽ ʙʽʣʴʰʽʩʪʴ ʦʙô̒ ʢʪʽʚ, ʦʩʦʙʣʠʚʦ ʚ ʛʘʣʫʟʽ ʧʨʦʤʠʩʣʦʚʦʛʦ ʽ 

ʮʠʚʽʣʴʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ, ʤʘʶʪʴ ʧʦʯʘʪʢʦʚʠʡ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ, 

ʦʙʫʤʦʚʣʝʥʠʡ ʧʦʩʣʽʜʦʚʥʽʩʪʶ ʾʭ ʟʚʝʜʝʥʥʷ.  

ɽʣʝʤʝʥʪʠ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣʽ ʙʫʜʽʚʝʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʥʘʜʽʣʝʥʽ 

ʧʝʚʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʞʦʨʩʪʢʦʩʪʽ, ʷʢʽ ʪʨʘʜʠʮʽʡʥʦ ʧʨʠʡʤʘʶʪʴʩʷ 

ʥʝʟʤʽʥʥʠʤʠ. ɸʣʝ ʮʝ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʨʝʘʣʴʥʽʡ ʧʦʚʝʜʽʥʮʽ ʙʫʜʽʚʝʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, 

ʦʩʢʽʣʴʢʠ ʜʝʷʢʽ ʟ ʮʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʶʪʴ ʩʚʦʻ ʟʥʘʯʝʥʥʷ ʚʥʘʩʣʽʜʦʢ 

ʟʦʚʥʽʰʥʴʦʛʦ ʚʪʨʫʯʘʥʥʷ ʘʙʦ ʞ ʧʽʜ ʚʧʣʠʚʦʤ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ.  

ʊʘʢ ʥʘʧʨʠʢʣʘʜ, ʧʨʠ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʙʫʜʽʚʝʣʴ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʟʙʽʣʴʰʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʽʩʥʫʶʯʽ ʢʦʥʩʪʨʫʢʮʽʾ, ʚ ʷʢʠʭ ʧʨʦʪʷʛʦʤ ʞʠʪʪʻʚʦʛʦ 

ʮʠʢʣʫ ʩʬʦʨʤʫʚʘʚʩʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ, ʚʽʜʧʦʚʽʜʥʠʡ ʜʦ 

ʥʘʚʘʥʪʘʞʝʥʴ ʧʦʧʝʨʝʜʥʴʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ ʧʝʨʽʦʜʫ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʥʦʚʦʛʦ ʨʽʚʥʷ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʡ ʚʠʢʦʥʫʶʪʴʩʷ ʟʘʭʦʜʠ ʱʦʜʦ ʾʭ 

ʧʦʩʠʣʝʥʥʷ: ʥʘʨʦʱʫʚʘʥʥʷ ʧʝʨʝʨʽʟʫ ʢʦʣʦʥ, ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʦʜʘʪʢʦʚʦʛʦ 

ʘʨʤʫʚʘʥʥʷ ʨʠʛʝʣʽʚ ʽ ʪ. ʧ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ʩʪʽʥ ʽʟ ʢʘʤô̫ ʥʦʾ 

ʢʣʘʜʢʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʪʘʢʽ ʤʝʪʦʜʠ, ʷʢ ʽʥôʻʢʮʽʷ ʮʝʤʝʥʪʥʠʤʠ ʨʦʟʯʠʥʘʤʠ ʧʦ 

ʨʦʟʨʷʜʥʦ-ʽʤʧʫʣʴʩʥʦʾ ʪʝʭʥʦʣʦʛʽʾ [76], ʫʩʪʘʥʦʚʢʘ ʦʜʥʦ- ʪʘ ʜʚʦʩʪʦʨʦʥʥʽʭ 

ʘʧʣʽʢʘʮʽʡ ʟ ʤʦʥʦʣʽʪʥʦʛʦ ʟʘʣʽʟʦʙʝʪʦʥʫ [69] ʽ ʤʝʪʦʜ ʪʦʨʢʨʝʪʫʚʘʥʥʷ [71]. 

ɺʨʘʭʫʚʘʥʥʷ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʟʚʝʜʝʥʥʷ ʟʙʽʨʥʠʭ ʢʘʨʢʘʩʽʚ ʟ ʧʦʝʪʘʧʥʠʤ 

ʬʦʨʤʫʚʘʥʥʷʤ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ ʨʦʟʛʣʷʥʫʪʦ ʚ ʨʦʙʦʪʘʭ ʄ.ʉ. ɹʘʨʘʙʘʰ, 

ɸ.ɯ. ʉʘʧʦʞʥʠʢʦʚʘ ʪʘ ʉ.ʄ. ɻʨʠʛʦʨʰʝʚʘ, ʆ.ɺ. ʂʘʙʘʥʮʝʚʘ, ɸ.ɺ. ʂʘʨʣʠʥʘ, 

ʆ.ʉ. ɻʦʨʦʜʝʮʴʢʦʛʦ, ʅ.ɼ. ʉʝʨʛʝʻʚʘ, ɸ.ɺ. ʇʝʨʝʣʴʤʫʪʝʨʘ, ʪʘ ʽʥʰʠʭ ʜʦʩʣʽʜʥʠʢʽʚ 

[18, 19, 20, 21, 30, 39, 40, 51, 75, 86, 118, 119, 130, 140, 141, 143, 175, 176]. 

ʆ.ɺ. ʂʘʙʘʥʮʝʚ, ɸ.ɺ. ʇʝʨʝʣʴʤʫʪʝʨ [74] ʦʧʠʩʫʶʪʴ ʚʠʧʘʜʢʠ ʟʤʽʥʠ 

ʞʦʨʩʪʢʦʩʪʝʡ ʝʣʝʤʝʥʪʽʚ ʥʝʩʫʯʦʾ ʩʠʩʪʝʤʠ ʙʫʜʽʚʣʽ ʽ ʚʠʧʘʜʢʠ ʟʤʽʥʠ ʧʨʫʞʥʠʭ 

(ʜʝʬʦʨʤʘʮʽʡʥʠʭ) ʚʣʘʩʪʠʚʦʩʪʝʡ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʤʽʥ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ 
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ʟʦʚʥʽʰʥʽʭ ʟʚô̫ ʟʢʽʚ. ʅʘʚʦʜʷʪʴ ʚʽʜʦʤʦʩʪʽ ʟ ʧʨʘʢʪʠʢʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʨʦ 

ʨʦʟʨʘʭʫʥʢʦʚʽ ʩʠʪʫʘʮʽʾ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚ ʧʨʦʮʝʩʽ ʩʪʚʦʨʝʥʥʷ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʙʫʜʽʚʝʣʴ ʪʘ ʩʧʦʨʫʜ, ʷʢʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʞʦʨʩʪʢʦʩʪʽ ʦʢʨʝʤʠʭ 

ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ. 

ɼʝʷʢʽ ʪʝʦʨʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʨʦʛʨʘʤʥʽ ʢʦʤʧʣʝʢʩʠ çʄʽʨʘʞè, 

çSelenaè ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚ ʨʦʟʨʘʭʫʥʢʘʭ ʧʨʠʧʫʱʝʥʥʷ ʧʨʦ ʚʧʣʠʚ ʧʨʦʮʝʩʫ 

ʟʚʝʜʝʥʥʷ ʥʘ ʟʫʩʠʣʣʷ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚ ʝʣʝʤʝʥʪʘʭ ʥʝʩʫʯʠʭ ʩʠʩʪʝʤ 

ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʠʭ ʙʫʜʽʚʝʣʴ [2, 3, 97, 101, 102]. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ ʃ̔ ʨʘ-ʉɸʇʈ, ʱʦ ʚʢʣʶʯʘʻ 

ʩʠʩʪʝʤʫ ʄʆʅʊɸɾ+, ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʥʝʩʫʯʦʾ 

ʩʠʩʪʝʤʠ ʙʫʜʽʚʝʣʴʥʦʛʦ ʦʙ'ʻʢʪʘ ʥʘ ʙʫʜʴ-ʷʢʽʡ ʩʪʘʜʽʾ ʡʦʛʦ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ.  

ɻ.ɹ. ɻʠʣʴʤʘʥ ʪʘ ɺ.ʉ. ɹʦʨʠʩʝʥʢʦ ʚʠʢʦʥʘʣʠ ʘʥʘʣʽʟ ʥʘʡʧʨʦʩʪʽʰʠʭ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʩʭʝʤ [36], ʷʢʠʡ ʧʦʢʘʟʫʻ, ʱʦ ʥʝʚʨʘʭʫʚʘʥʥʷ ʽʩʪʦʨʽʾ 

ʬʦʨʤʫʚʘʥʥʷ ʅɼʉ ʢʦʥʩʪʨʫʢʮʽʾ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʤʽʥʠ ʨʝʟʫʣʴʪʘʪʽʚ 

ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʧʨʦʛʥʦʟʫ. 

ɺ ʨʦʙʦʪʽ [88] ʧʨʦʽʣʶʩʪʨʦʚʘʥʦ, ʱʦ ʧʨʦʮʝʩʠ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʥʘ ʩʪʘʜʽʾ 

ʟʚʝʜʝʥʥʷ ʩʧʦʨʫʜʠ, ʽʩʪʦʪʥʠʤ ʯʠʥʦʤ ʚʧʣʠʚʘʶʪʴ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʅɼʉ ʨʘʤʥʦ-

ʟʚô̫ ʟʢʦʚʠʭ ʢʘʨʢʘʩʚ̔. 

ɸʚʪʦʨʠ [42, 40] ʚʢʘʟʫʶʪʴ ʥʘ ʚʘʞʣʠʚʽʩʪʴ ʚʨʘʭʫʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʤʦʥʪʘʞʫ 

ʩʧʦʨʫʜʠ ʚ ʨʦʟʨʘʭʫʥʢʘʭ, ʢʘʞʫʯʠ ʧʨʦ ʪʝ, ʱʦ ʥʘ ʩʪʘʜʽʷʭ ʟʚʝʜʝʥʥʷ ʟʫʩʠʣʣʷ ʚ 

ʜʝʷʢʠʭ ʝʣʝʤʝʥʪʘʭ ʤʦʞʫʪʴ ʟʥʘʯʥʦ ʧʝʨʝʚʝʨʰʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥʽ ʟʫʩʠʣʣʷ ʥʘ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʽʡ ʩʪʘʜʽʾ, ʘ ʪʘʢʦʞ ʚʠʩʣʦʚʣʶʶʪʴ ʧʨʠʥʮʠʧʦʚʝ ʧʦʣʦʞʝʥʥʷ ʧʨʦ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʨʘʭʫʚʘʥʥʷ ʟʤʽʥʠ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ 

ʢʦʥʩʪʨʫʢʮʽʡ ʧʨʦʪʷʛʦʤ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʙʫʜʽʚʣʽ. ʊʘʢ ʚ ʨʦʙʦʪ̔ [110] 

ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟʤʽʥʠ ʅɼʉ ʟʘʣʽʟʦʙʝʪʦʥʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʥʘ 

ʧʨʠʢʣʘʜʽ ʜʚʦʧʨʦʛʽʥʥʦʾ ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʦʾ ʨʘʤʠ. ʋʤʦʚʥʦ ʨʘʤʫ ʨʦʟʛʣʷʜʘʣʠ ʷʢ 

ʬʨʘʛʤʝʥʪ ʧʨʦʩʪʦʨʦʚʦʛʦ ʟʘʣʽʟʦʙʝʪʦʥʥʦʛʦ ʤʦʥʦʣʽʪʥʦʛʦ ʢʘʨʢʘʩʫ ʙʫʜʽʚʣʽ. ʈʠʛʝʣʽ 

ʷʚʣʷʣʠ ʩʦʙʦʶ ʚʠʨʽʟʘʥʽ ʩʤʫʛʠ ʧʝʨʝʢʨʠʪʪʽʚ ʰʠʨʠʥʦʶ 6ʤ. ʽ ʪʦʚʱʠʥʦʶ 0,2ʤ. 

ɸʥʘʣʽʟʫʶʯʠ ʨʝʟʫʣʴʪʘʪʠ, ʦʪʨʠʤʘʥʽ ʚ ʨʦʙʦʪʽ [110], ʘʚʪʦʨʠ ʩʪʚʝʨʜʞʫʶʪʴ, ʱʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ ʢʦʥʩʪʨʫʢʮʽʾ ʫ ʯʘʩʽ ʽ ʚʨʘʭʫʚʘʥʥʷ ʧʦʚʟʫʯʦʩʪʽ ʤʘʪʝʨʽʘʣʫ 
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ʤʦʞʝ ʚʠʷʚʠʪʠ ʚʘʞʣʠʚʽ ʬʘʢʪʦʨʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʪʽʡʢʽʩʪʴ ʽ ʞʠʚʫʯʽʩʪʴ 

ʢʦʥʩʪʨʫʢʮʽʾ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ [157] ʷʚʣʷʣʦʩʴ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʽʩʪʦʨʽʾ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʟʘʣʽʟʦʙʝʪʦʥʥʦʾ ʤʦʥʦʣʽʪʥʦʾ ʨʘʤʠ ʥʘ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʾʾ 

ʝʣʝʤʝʥʪʽʚ. ɺ ʨʦʟʨʘʭʫʥʦʢ ʙʫʣʠ ʧʨʠʡʥʷʪʽ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʟʚʝʜʝʥʥʷ ʙʫʜʠʥʢʫ ʪʘ 

ʦʜʥʦʯʘʩʥʝ ʚʨʘʭʫʚʘʥʥʷ ʪʚʝʨʜʽʥʥʷ ʽ ʧʦʚʟʫʯʦʩʪʽ ʙʝʪʦʥʫ, ʷʢʽ ʻ ʬʫʥʢʮʽʷʤʠ ʯʘʩʫ. 

ʈʦʟʨʘʭʫʥʦʢ ʧʨʦʚʦʜʠʚʩʷ ʟʘ ʜʝʬʦʨʤʦʚʘʥʦ ʁ ʩʭʝʤʦʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ 

ʩʽʪʢʦʚʦʾ ʘʧʨʦʢʩʠʤʘʮʽʾ ʝʣʝʤʝʥʪʽʚ [156]. ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʘʚʪʦʨʘʤʠ 

ʜʦʩʣʽʜʞʝʥʴ ʚʠʷʚʣʝʥʦ, ʱʦ ʚʨʘʭʫʚʘʥʥʷ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʟʚʝʜʝʥʥʷ ʤʦʥʦʣʽʪʥʦʾ 

ʨʘʤʠ ʜʘʻ ʜʦ 40% ʨʦʟʙʽʞʥʦʩʪʽ ʚʥʫʪʨʽʰʥʽʭ ʟʫʩʠʣʴ ʚʽʜ ʥʘʚʘʥʪʘʞʝʥʴ, ʱʦ 

ʚʨʘʭʦʚʫʶʪʴʩʷ ʥʘ ʝʪʘʧʽ ʟʚʝʜʝʥʥʷ, ʫ ʥʘʡʙʽʣʴʰ ʟʘʚʘʥʪʘʞʝʥʠʭ ʝʣʝʤʝʥʪʘʭ, ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʠʟʥʘʯʫʚʘʥʠʤ ʢʣʘʩʠʯʥʠʤ ʨʦʟʨʘʭʫʥʢʦʤ. ɺ ʙʘʛʘʪʦʧʨʦʣʽʪʥʠʭ ʨʘʤʘʭ 

ʪʘʢʦʞ ʧʨʠ ʩʧʠʨʘʥʥʽ ʥʘ ʩʝʨʝʜʥʽ ʢʦʣʦʥʠ ʧʝʨʝʚʘʥʪʘʞʝʥʽ ʦʧʦʨʥʽ ʧʝʨʝʨʽʟʠ ʨʠʛʝʣʽʚ 

ʢʨʘʡʥʽʭ ʧʨʦʣʴʦʪʽʚ. 

ɺ ʨʦʙʦʪ̔ [4] ʧʨʦʚʝʜʝʥʦ ʟʽʩʪʘʚʣʝʥʥʷ ʧʨʦʛʥʦʟʦʚʘʥʠʭ ʜʝʬʦʨʤʘʮʽʡ 

ʚʝʨʪʠʢʘʣʴʥʠʭ ʥʝʩʫʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʚʠʩʦʪʥʦʛʦ ʙʫʜʠʥʢʫ ʟ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʽʶʯʦʾ ʩʠʩʪʝʤʠ 

ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ. ʄʦʜʝʣʶʚʘʥʥʷ ʙʫʜʽʚʣʽ ʽ ʧʨʦʛʥʦʟ ʅɼʉ 

ʢʦʥʩʪʨʫʢʮʽʡ ʚʠʢʦʥʘʥʠʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʪʘʜʽʡʥʦʩʪʽ ʟʚʝʜʝʥʥʷ ʙʫʜʠʥʢʫ ʪʘ ʟʤʽʥʠ 

ʜʝʬʦʨʤʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʝʪʦʥʫ ʚ ʧʨʦʮʝʩʽ ʙʫʜʽʚʥʠʮʪʚʘ. ʇʨʦʚʝʜʝʥʝ 

ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʽ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʩʪʘʜʽʡʥʦʩʪʽ 

ʟʚʝʜʝʥʥʷ ʙʫʜʽʚʣʽ ʜʦʟʚʦʣʠʣʦ ʚʠʷʚʠʪʠ ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʧʨʦʛʥʦʟʦʚʘʥʦʛʦ ʽ 

ʜʽʡʩʥʦʛʦ ʅɼʉ ʥʝʩʫʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ 

ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʤʦʜʝʣʝʡ. 

ʋ ʩʪʘʪʪʽ ʆ.ɺ.ʂʘʙʘʥʮʝʚʘ  ̔ ɸ.ɻ.ʊʘʤʨʘʟʷʥʘ [73] ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʨʦʙʣʝʥʽ ʟʘʛʘʣʴʥʽ ʧʨʠʥʮʠʧʠ ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʨʦʟʨʘʭʫʥʢʦʚʠʡ 

ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ (ʥʘʙʽʨ ʦʩʥʦʚʥʠʭ ʝʣʝʤʝʥʪʘʨʥʠʭ ʦʧʝʨʘʮʽʡ), ʱʦ ʜʦʟʚʦʣʷʶʪʴ 

ʚʠʢʦʥʘʪʠ ʚʨʘʭʫʚʘʥʥʷ ʟʤʽʥʠ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣʽ ʟ ʧʦʝʪʘʧʥʠʤ ʚʽʜʩʪʝʞʝʥʥʷʤ 

ʅɼʉ ʩʠʩʪʝʤʠ ʥʝʩʫʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ɺʠʢʦʥʘʥʦ ʘʥʘʣʽʟ ʧʨʦʮʝʩʫ ʟʤʽʥʠ 

ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ ʚ ʨʝʞʠʤʽ ʟʚʝʜʝʥʥʷ ʧʨʠ ʨʽʟʥʠʭ ʤʝʪʦʜʘʭ ʤʦʥʪʘʞʫ 
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ʢʦʥʩʪʨʫʢʮʽʡ. ɼʦʩʣʽʜʞʝʥʘ ʨʦʟʨʘʭʫʥʢʦʚʘ ʩʠʪʫʘʮʽʷ, ʚʽʜʧʦʚʽʜʥʘ ʱʦʜʦ ʪʝʭʥʦʣʦʛʽʾ 

ʤʦʥʪʘʞʫ ʤʝʪʦʜʦʤ ʥʘʨʦʱʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ, ʽ ʦʙˇʨʫʥʪʦʚʘʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʫʨʘʭʫʚʘʥʥʷ ʟʤʽʥʠ ʚʠʭʽʜʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʤʝʥʪʽʚ 

ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ. ʆʙˇʨʫʥʪʦʚʘʥʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʠʭ 

ʽʥʩʪʨʫʤʝʥʪʽʚ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʟʤʽʥ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ ʜʣʷ ʨʽʟʥʠʭ ʧʨʦʮʝʩʽʚ 

ʙʫʜʽʚʝʣʴʥʦʛʦ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ ʧʝʨʽʦʜʽʚ ʨʦʙʦʪʠ ʢʦʥʩʪʨʫʢʮʽʡ. ʇʨʝʜʩʪʘʚʣʝʥʽ 

ʧʨʦʧʦʟʠʮʽʾ ʱʦʜʦ ʚʠʢʦʥʘʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʘʥʘʣʽʟʫ ʚ ʨʘʤʢʘʭ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ 

ʝʢʩʧʝʨʠʤʝʥʪʫ ʜʣʷ ʩʠʪʫʘʮʽʾ ʜʝʛʨʘʜʘʮʽʾ ʢʦʥʩʪʨʫʢʮʽʾ, ʧʦʚ'ʷʟʘʥʦʾ ʟ ʨʽʟʥʠʤʠ 

ʧʨʠʯʠʥʘʤʠ (ʟʥʦʩ, ʢʦʨʦʟʽʷ, ʤʽʢʨʦ-ʽ ʤʘʢʨʦʨʫʡʥʫʚʘʥʥʷ ʧʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʪʘ 

ʽʥʰ.). 

ɺ ʨʦʙʦʪʘʭ [67, 18] ʥʘʚʝʜʝʥʦ ʧʦʥʷʪʪʷ ʪʘʢʦʾ ʥʝʣʽʥʽʡʥʦʩʪʽ, ʷʢ ʛʝʥʝʪʠʯʥʘ 

ʥʝʣʽʥʽʡʥʽʩʪʴ (ʥʝʣʽʥʽʡʥʽʩʪʴ, ʦʙʫʤʦʚʣʝʥʘ ʽʩʪʦʨʽʻʶ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʠ) ʽ 

ʟʘʧʠʩʘʥʽ ʟʘʢʦʥʠ ʩʧʘʜʢʫʚʘʥʥʷ ʤʦʥʪʘʞʥʠʭ ʩʪʘʥʽʚ ʢʦʥʩʪʨʫʢʮʽʾ. ʆʜʥʦʯʘʩʥʝ 

ʚʠʢʦʥʘʥʥʷ ʣʽʥʽʡʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʪʘ ʟʘʢʦʥʽʚ ʩʧʘʜʢʫʚʘʥʥʷ ʷʢ ʨʘʟ ʽ ʧʦʨʦʜʞʫʻ 

ʛʝʥʝʪʠʯʥʫ ʥʝʣʽʥʽʡʥʽʩʪʴ ʟʘʚʜʘʥʥʷ. ɺ ʷʢʦʩʪʽ ʽʣʶʩʪʨʘʮʽʾ ʥʘʚʦʜʷʪʴʩʷ ʨʝʟʫʣʴʪʘʪʠ 

ʚʠʨʽʰʝʥʥʷ ʟʘ ʪʨʘʜʠʮʽʡʥʦʶ ʨʦʟʨʘʭʫʥʢʦʚʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʪʘ ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ 

çʄʦʥʪʘʞè ʪʝʩʪʦʚʦʾ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣʽ, ʧʝʨʝʢʨʠʪʪʷ ʷʢʦʾ ʟʘʚʘʥʪʘʞʝʥʽ 

ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ 1,5 ʪ/ʤ
2
. ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ 

ʨʦʟʨʘʭʫʥʢʽʚ ʪʝʩʪʦʚʦʾ ʤʦʜʝʣʽ ʧʦʢʘʟʫʻ, ʱʦ ʪʨʘʜʠʮʽʡʥʘ ʨʦʟʨʘʭʫʥʢʦʚʘ ʪʝʭʥʦʣʦʛʽʷ 

ʚʥʦʩʠʪʴ ʩʫʪʪʻʚʽ ʩʧʦʪʚʦʨʝʥʥʷ ʚ ʩʭʝʤʫ ʜʝʬʦʨʤʘʮʽʾ ʢʦʥʩʪʨʫʢʮʽʾ. 

ɸʚʪʦʨʘʤʠ ʩʪʘʪʪʽ [92] ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʯʠʩʝʣʴʥʽ ʨʦʟʨʘʭʫʥʢʠ ʧʣʦʩʢʦʾ ʨʘʤʠ, 

ʟʜʽʡʩʥʝʥʽ ʷʢ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʪʘʜʽʾ ʤʦʥʪʘʞʫ ʢʘʨʢʘʩʫ, ʪʘʢ ʽ ʙʝʟ ʾʾ ʫʨʘʭʫʚʘʥʥʷ. 

ɺʠʢʦʥʘʥʦ ʨʦʟʨʘʭʫʥʦʢ ʧʣʦʩʢʦʛʦ ʟʙʽʨʥʦ-ʤʦʥʦʣʽʪʥʦʛʦ ʟʘʣʽʟʦʙʝʪʦʥʥʦʛʦ ʢʘʨʢʘʩʫ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʛʝʥʝʪʠʯʥʦʾ ʥʝʣʽʥʽʡʥʦʩʪʽ, ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ 

ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʟ ʜʘʥʠʤʠ ʨʦʟʨʘʭʫʥʢʫ ʘʥʘʣʦʛʽʯʥʦʛʦ ʢʘʨʢʘʩʫ, ʘʣʝ ʥʝ 

ʚʨʘʭʦʚʘʥʦ ʧʨʦʮʝʩ ʤʦʥʪʘʞʫ. ɸʚʪʦʨʠ ʜʽʡʰʣʠ ʚʠʩʥʦʚʢʫ, ʱʦ ʥʝʚʨʘʭʫʚʘʥʥʷ ʧʨʠ 

ʨʦʟʨʘʭʫʥʢʫ ʟʙʽʨʥʦ-ʤʦʥʦʣʽʪʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʛʝʥʝʪʠʯʥʦʾ ʥʝʣʽʥʽʡʥʦʩʪʽ ʤʦʞʝ  

ʩʫʪʪʻʚʦ ʟʤʽʥʠʪʠ ʷʢ ʨʝʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʟʫʩʠʣʴ, ʪʘʢ ʽ ʢʘʨʪʠʥʠ ʾʭ ʨʦʟʧʦʜʽʣʫ, 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʝʨʝʘʨʤʫʚʘʥʥ ̫ ʦʜʥʠʭ ʧʝʨʝʨʽʟʽʚ ʽ ʥʝʜʦʘʨʤʫʚʘʥʥ ̫ ʽʥʰʠʭ ʟ 

ʚʽʜʧʦʚʽʜʥʠʤʠ ʥʘʩʣʽʜʢʘʤʠ. 
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ɺ ʨʦʙʦʪʽ [47] ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ʟʘʣʽʟʦʙʝʪʦʥʥʦʛʦ 

ʧʣʦʩʢʦʛʦ ʢʘʨʢʘʩʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʣ̔ ʥʝʘʨʠʟʦʚʘʥʠʭ ʜʽʘʛʨʘʤ çʟʛʠʥʘʣʴʥʠʡ 

ʤʦʤʝʥʪ ï ʢʨʠʚʠʟʥʘè ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʘʞ ʜʦ 

ʛʨʘʥʠʯʥʦʛʦ ʩʪʘʥʫ.  

ɺ ʨʦʙʦʪʽ [50] ʨʦʟʛʣʷʥʫʪʦ ʚʧʣʠʚ ʬʽʟʠʯʥʦʾ ʽ ʛʝʦʤʝʪʨʠʯʥʦʾ ʥʝʣʽʥʽʡʥʦʩʪʽ 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʨʘʤʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʾʭ ʥʘʧʨʫʞʝʥʦ-

ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʧʨʠ ʧʦʝʪʘʧʥʦʤʫ ʙʫʜʽʚʥʠʮʪʚʽ ʙʫʜʽʚʣʽ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ 

ʦʩʥʦʚʥʽ ʧʨʠʥʮʠʧʠ ʨʦʟʨʘʭʫʥʢʫ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʩʪʘʪʠʯʥʦ ʥʝʚʠʟʥʘʯʝʥʠʭ ʨʘʤʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʨʷʜʢʫ ʩʪʚʦʨʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ ʽ 

ʧʨʠʢʣʘʜʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʘ ʪʘʢʦʞ ʧʨʦʮʝʩʽʚ ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ. 

ʅʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜ ʜʚʦʭ ʝʪʘʧʽʚ ʨʦʟʨʘʭʫʥʢʫ ʧʦʧʝʨʝʯʥʦʾ ʨʘʤʠ ʢʘʨʢʘʩʫ 

ʪʨʠʧʦʚʝʨʭʦʚʦʾ ʪʨʠʧʨʦʣʽʪʥʦʾ ʙʫʜʽʚʣʽ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦ-ʚʠʨʦʙʥʠʯʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʧʨʠʥʮʠʧʽʚ ʨʦʟʨʘʭʫʥʢʫ. 

ʈʦʟʨʘʭʫʥʦʢ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʚʠʚʯʝʥʥʽ ʧʨʠʥʮʠʧʦʚʦʾ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʭʝʤʠ 

ʟʚʝʜʝʥʥʷ ʙʫʜʽʚʣʽ ʟ ʨʦʟʙʠʚʢʦʶ ʚʠʢʦʥʘʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘ ʚʽʜʧʦʚʽʜʥʽ ʫʢʨʫʧʥʝʥʽ 

ʝʪʘʧʠ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʢʦʞʥʦʤʫ ʝʪʘʧʽ ʙʫʣʠ ʚʠʭʽʜʥʠʤʠ ʜʣʷ 

ʚʠʢʦʥʘʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘ ʥʘʩʪʫʧʥʦʤʫ. 

ʇʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ, ʚʠʢʦʥʘʥʠʭ ʚ ʧʨʫʞʥʽʡ 

ʩʪʘʜʽʾ ʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʨʷʜʢʫ ʟʚʝʜʝʥʥʷ ʽ ʟʘʚʘʥʪʘʞʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʠ 

ʚʨʘʭʫʚʘʥʥʽ ʧʨʦʮʝʩʽʚ ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ ʚ ʝʣʝʤʝʥʪʘʭ.  

ʋ ʩʪʘʪʪʽ ɭ.ʄ.ʇʝʪʨʝʥʷ ʪʘ ɸ.ɸ.ʇʝʪʨʘʥʥ̔ [120] ʧʨʦʧʦʥʫʻʪʴʩʷ ʤʝʪʦʜʠʢʘ 

ʧʦʝʪʘʧʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʬʽʟʠʯʥʦʾ 

ʥʝʣʽʥʽʡʥʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʽ ʟʤʽʥʠ ʾʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʯʘʩʽ, ʚ ʦʩʥʦʚʫ ʷʢʦʾ 

ʧʦʢʣʘʜʝʥʦ ʘʣʛʦʨʠʪʤ, ʦʩʥʦʚʥʦʶ ʤʝʪʦʶ ʷʢʦʛʦ ʻ ʨʽʰʝʥʥʷ ʩʠʩʪʝʤʠ ʜʚʦʭ 

ʥʝʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ ʨʽʚʥʦʚʘʛʠ ʚʥʫʪʨʽʰʥʽʭ ʟʫʩʠʣʴ, ʱʦ ʜʽʶʪʴ ʚ ʧʦʧʝʨʝʯʥʦʤʫ 

ʧʝʨʝʨʽʟʽ ʽ ʟʦʚʥʽʰʥʽʭ ʩʠʣ, ʧʨʠʚʝʜʝʥʠʭ ʜʦ ʜʘʥʦʛʦ ʧʝʨʝʨʽʟʫ. 

ʆʜʥʠʤ ʟ ʦʩʥʦʚʦʧʦʣʦʞʥʠʢʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʥʝʣʽʥʽʡʥʦʾ ʧʦʚʝʜʽʥʢʠ 

ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡ ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʠʭ ʙʫʜʽʚʝʣʴ ʻ ʇ.ʌ. ɼʨʦʟʜʦʚ [55-61]. 

ɺʽʥ ʨʦʟʨʦʙʠʚ ʚʘʨʽʘʥʪ ʪʝʦʨʽʾ ʩʢʣʘʜʦʚʠʭ ʩʪʨʠʞʥʽʚ ʫ ʟʘʩʪʦʩʫʚʘʥʥʽ ʜʦ 

ʧʨʘʢʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʥʝʩʫʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʠʭ ʙʫʜʽʚʝʣʴ. 
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ʊʘʢʠʤʠ ʞ ʟʘʚʜʘʥʥʷʤʠ ʟʘʡʤʘʣʠʩʷ ʃ.ʃ. ʇʘʥʴʰʠʥ, ʄ.ɯ. ɼʦʜʦʥʦʚ, ɺ.ɯ. ʃʠʰʘʢ, 

ʆ.ʇ. ʇ ʝhʥʠʯʢʠʥ, ɸ.ɯ. ʉʘʧʦʞʥʠʢʦʚ [94, 117, 142] ʪʘ ʽʥʰ.  

ʉ.ʄ. ʉʘʧʦʞʥʠʢʦʚ ʪʘ ɸ.ɯ. ɻʨʠʛʦʨʰʝʚ ʫ ʩʚʦʾʭ ʨʦʙʦʪʘʭ [140, 141] 

ʨʝʘʣʽʟʫʚʘʣʠ ʚʨʘʭʫʚʘʥʥʷ ʧʦʝʪʘʧʥʦʩʪʽ ʟʚʝʜʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʠʢʠ, ʷʢʘ 

ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʧʨʠʥʮʠʧʘʭ ʢʦʥʪʫʨʥʠʭ ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʪʦʯʦʢ (ʄʂʽʊʈ), ʱʦ 

ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʥʝ ʪʽʣʴʢʠ ʚ ʩʪʘʪʠʯʥʠʭ, ʘʣʝ ʽ ʜʠʥʘʤʽʯʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ 

ʙʫʜʽʚʣʽ, ʷʢ ʥʘ ʩʪʘʜʽʾ ʟʚʝʜʝʥʥʷ, ʪʘʢ ʽ ʥʘ ʩʪʘʜʽʾ ʝʢʩʧʣʫʘʪʘʮʽʾ.  

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʫ ʟʚôʷʟʢʫ ʟ ʽʥʪʝʥʩʠʚʥʠʤ ʨʦʟʚʠʪʢʦʤ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ 

ʪʝʭʥʽʢʠ ʽ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʜʣʷ ʧʝʨʩʦʥʘʣʴʥʠʭ 

ʢʦʤʧôʶʪʝʨʽʚ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʩʠʩʪʝʤ ʘʧʨʦʙʦʚʘʥʠʭ ʧʨʦʛʨʘʤʥʠʭ 

ʢʦʤʧʣʝʢʩʽʚ ʩʪʘʣʦ ʪʨʘʜʠʮʽʡʥʠʤ [31, 41]. 

ɺ.ɸ. ʃʶʙʣʽʥʩʴʢʠʡ, ʆ.ɺ. ʐʠʨʣʦʚʘ [100], ʧʨʦʚʝʣʠ ʘʥʘʣʽʟ ʧʨʦʮʝʩʫ 

ʤʦʥʪʘʞʫ ʢʦʥʩʪʨʫʢʮʽʡ ʧʦ ʤʘʪʝʤʘʪʠʯʥʽʡ ʤʦʜʝʣʽ, ʷʢʘ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʄʉɽ. ʋ 

ʮʴʦʤʫ ʟʘʚʜʘʥʥ ̔ʨʦʟʛʣʷʥʫʪʦ ʜʚʘ ʚʘʨʽʘʥʪʠ ʨʦʟʨʘʭʫʥʢʫ: 1) ʣʽʥʽʡʥʠʡ ʨʦʟʨʘʭʫʥʦʢ 

ʚʞʝ ʟʚʝʜʝʥʦ ʾ ʙʫʜʽʚʣʽ; 2) ʢʨʦʢʦʚʠʡ ʨʦʟʨʘʭʫʥʦʢ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʧʨʦʮʝʩʦʨʘ ʄʦʥʪʘʞ +. ʏʠʩʝʣʴʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʚ ʇʂ ʃ̔ ʨʘï

ʉɸʇʈ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʙʫʜʽʚʣʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʘʙʦ ʙʝʟ 

ʫʨʘʭʫʚʘʥʥʷ ʧʨʦʮʝʩʫ ʟʚʝʜʝʥʥʷ ʨʽʟʥʠʮʷ ʤʽʞ ʦʪʨʠʤʘʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ 

ʥʘʧʨʫʞʝʥʴ ʩʢʣʘʣʘ 1,5%. ʇʦʜʽʙʥʠʡ ʧʽʜʭʽʜ ʨʦʟʛʣʷʜʘʚʩʷ ʚ ʨʦʙʦʪʽ [154], ʦʜʥʘʢ, ʟʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʠʩʢʨʝʪʥʦ-ʢʦʥʪʠʥʫʘʣʴʥʦʾ ʤʦʜʝʣʽ ʨʽʟʥʠʮʷ ʤʽʞ ʟʚʠʯʘʡʥʠʤ 

ʨʦʟʨʘʭʫʥʢʦʤ ʽ ʨʦʟʨʘʭʫʥʢʦʤ ʙʫʜʽʚʣʽ ʚ ʧʨʦʮʝʩʽ ʟʚʝʜʝʥʥʷ ʙʫʣʘ ʩʫʪʪʻʚʦʶ (ʜʦ 

30%). 

ɼ.ɺ. ɹʘʨʜʠʛʘ, ɯ.ɺ. ʄʘʻʚʩʴʢʘ [103] ʚʠʢʦʥʘʣʠ ʧʨʦʩʪʦʨʦʚʠʡ ʨʦʟʨʘʭʫʥʦʢ 

ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʦʾ ʢʘʨʢʘʩʥʦ-ʤʦʥʦʣʽʪʥʦʾ ʙʫʜʽʚʣʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ ʃ̔ ʨʘïʉɸʇʈ. ʈʦʟʨʘʭʫʥʦʢ ʚʠʢʦʥʘʥʠʡ ʫ ʜʚʦʭ ʚʘʨʽʘʥʪʘʭ: ʨʦʟʨʘʭʫʥʦʢ 

ʫ ʬʽʟʠʯʥʦ ʣʽʥʽʡʥʽʡ ʧʦʩʪʘʥʦʚʮʽ ʟ ʦʜʥʦʯʘʩʥʠʤ ʧʽʜʙʦʨʦʤ ʘʨʤʘʪʫʨʠ ʪʘ 

ʨʦʟʨʘʭʫʥʦʢ ʫ ʬʽʟʠʯʥʦ ʥʝʣʽʥʽʡʥʽʡ ʧʦʩʪʘʥʦʚʮʽ ʧʽʩʣʷ ʽʤʧʦʨʪʫ ʨʝʟʫʣʴʪʘʪʽʚ 

ʧʽʜʙʦʨʫ ʘʨʤʘʪʫʨʠ. ʇʦʢʘʟʘʥʦ, ʱʦ ʧʝʨʝʭʽʜ ʜʦ ʧʨʦʩʪʦʨʦʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʫ 

ʬʽʟʠʯʥʦ ʥʝʣʽʥʽʡʥʽʡ ʧʦʩʪʘʥʦʚʮʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʙʽʣʴʰ ʘʜʝʢʚʘʪʥʦʾ ʢʘʨʪʠʥʠ 
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ʨʦʟʧʦʜʽʣʫ ʚʥʫʪʨʽʰʥʽʭ ʟʫʩʠʣʴ ʽ ʜʦʟʚʦʣʷʻ ʜʣʷ ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʦʾ ʢʘʨʢʘʩʥʦʾ 

ʙʫʜʽʚʣʽ ʦʜʝʨʞʫʚʘʪʠ ʙʽʣʴʰ ʝʢʦʥʦʤʽʯʥʽ ʨʽʰʝʥʥʷ. 

ʆ.ɹ. ɿʘʚôʷʣʦʚʘ [62] ʨʦʟʛʣʷʜʘʻ ʧʠʪʘʥʥʷ ʫʪʦʯʥʝʥʥʷ ʥʘʧʨʫʞʝʥʦ-

ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʧʨʠ ʚʨʘʭʫʚʘʥʥʽ ʽʩʪʦʨʽʾ ʟʚʝʜʝʥʥʷ ʽ ʥʘʚʘʥʪʘʞʝʥʥʽ ʟʙʽʨʥʠʭ 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʨʘʤ ʢʘʨʢʘʩʥʠʭ ʙʫʜʽʚʝʣʴ, ʧʨʠ ʙʫʜʽʚʥʠʮʪʚʽ ʷʢʠʭ ʜʦʧʫʩʢʘʶʪʴʩʷ 

ʧʦʨʫʰʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʤʦʥʪʘʞʫ ʨʠʛʝʣʽʚ ʪʘ ʧʣʠʪ ʧʝʨʝʢʨʠʪʪʽʚ 

ʥʘ ʧʨʠʢʣʘʜʽ ʜʚʦʧʨʦʣʽʪʥʦʾ ʯʦʪʠʨʠʧʦʚʝʨʭʦʚʦʾ ʧʨʦʤʠʩʣʦʚʦʾ ʙʫʜʽʚʣʽ ʩʝʨʽʾ ɯɯ-

20/70. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʧʨʦʣʴʦʪʫ ʨʠʛʝʣʷ ʧʨʠ ʰʘʨʥʽʨʥʦʤʫ ʦʙʧʠʨʘʥʥʽ 

ʨʦʟʛʣʷʥʫʪʦ ʚʫʟʦʣ ʩʧʦʣʫʯʝʥʥʷ ʨʠʛʝʣʷ ʟ ʢʦʣʦʥʦʶ ʜʣʷ ʢʦʥʩʪʨʫʢʮʽʡ ʚʢʘʟʘʥʦʾ 

ʩʝʨʽʾ. ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʽ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ 

ʧʦʝʪʘʧʥʦʛʦ ʟʚʝʜʝʥʥʷ ʢʘʨʢʘʩʥʠʭ ʙʫʜʽʚʝʣʴ ʧʦʢʘʟʫʻ, ʱʦ ʥʘʡʙʽʣʴʰʠʡ ʝʬʝʢʪ 

ʩʪʚʦʨʶʻʪʴʩʷ ʚ ʝʣʝʤʝʥʪʘʭ ʢʘʨʢʘʩʫ ʙʫʜʽʚʝʣʴ, ʱʦ ʧʨʘʮʶʶʪʴ ʧʽʜ ʥʝʟʥʘʯʥʠʤ 

ʪʠʤʯʘʩʦʚʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ. 

ʋ ʩʪʘʪʪʽ [68] ʚʨʘʭʦʚʘʥʦ ʚʧʣʠʚ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʟʚʝʜʝʥʥʷ ʟʘʣʽʟʦʙʝʪʦʥʥʦʛʦ 

ʨʘʤʥʦʛʦ ʢʘʨʢʘʩʫ ʥʘ ʚʝʣʠʯʠʥʫ ʚʥʫʪʨʽʰʥʽʭ ʟʫʩʠʣʴ ʫ ʧʦʧʝʨʝʯʥʽʡ ʨʘʤ ̔ ʥʘ 

ʧʨʠʢʣʘʜʽ ʨʝʘʣʴʥʦʛʦ ʦʙ'ʻʢʪʫ ʚ ʤ. ɸʩʪʨʘʭʘʥʽ. ɸʚʪʦʨ ʚʨʘʭʦʚʫʻ ʪʝ, ʱʦ ʰʘʨʥʽʨʥʝ 

ʩʧʠʨʘʥʥʷ ʨʠʛʝʣʷ ʝɦ ʜʦ ʟʘʤʦʥʦʣʽʯʫʚʘʥʥʷ ʩʪʠʢʽʚ ʟʙʽʣʴʰʫʻ ʤʘʢʩʠʤʘʣʴʥʠʡ 

ʟʛʠʥʘʣʴʥʠʡ ʤʦʤʝʥʪ ʥʘ 37% ʚ ʧʨʦʣʴʦʪʽ ʢʨʘʡʥʴʦʛʦ ʨʠʛʝʣʷ ʽ ʥʘ 69% ʚ ʧʨʦʣʴʦʪʽ 

ʩʝʨʝʜʥʴʦʛʦ ʨʠʛʝʣʷ. ʆʜʥʦʯʘʩʥʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ʦʧʦʨʥʠʭ ʤʦʤʝʥʪʽʚ 

ʨʠʛʝʣʽʚ, ʘ ʦʪʞʝ ʽ ʧʝʨʝʜʘʥʠʡ ʥʠʤʠ ʟʛʠʥʘʣʴʥʠʡ ʤʦʤʝʥʪ ʥʘ ʢʦʣʦʥʠ (ʜʦ 36%), 

ʚʦʜʥʦʯʘʩ ʥʘʡʙʽʣʴʰʠʡ ʝʬʝʢʪ ʚʠʥʠʢʘʻ ʥʘ ʢʨʘʡʥʽʭ ʢʦʣʦʥʘʭ ʨʘʤʠ. 

ɺ ʨʦʙʦʪʽ [70] ʚʠʢʦʥʘʥʦ ʘʥʘʣʽʟ ʦʩʥʦʚʥʠʭ ʝʪʘʧʽʚ ʨʦʙʦʪʠ ʢʦʥʩʪʨʫʢʮʽʡ ʟ 

ʜʝʬʝʢʪʘʤʠ. ʇʦʢʘʟʘʥʦ, ʱʦ ʚʧʣʠʚ ʣʦʢʘʣʴʥʠʭ ʜʝʬʝʢʪʽʚ ʥʘ ʅɼʉ ʢʦʥʩʪʨʫʢʮʽʾ 

ʧʨʦʷʚʣʷʻʪʴʩʷ ʥʘ ʦʜʥʦʤʫ ʟ ʝʪʘʧʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ī ʥʘ 

ʧʝʨʰʦʤʫ). ʆʙˇʨʫʥʪʦʚʘʥʦ, ʱʦ ʜʣʷ ʢʦʨʝʢʪʥʦʾ ʦʮʽʥʢʠ ʅɼʉ ʢʦʥʩʪʨʫʢʮʽʾ ʟ 

ʜʝʬʝʢʪʘʤʠ ʥʝʦʙʭʽʜʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʤʝʪʦʜʽʚ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ 

ʚʽʜʩʪʝʞʫʚʘʪʠ ʧʦʝʪʘʧʥʝ ʥʘʢʦʧʠʯʝʥʥʷ ʽ ʧʝʨʝʨʦʟʧʦʜʽʣ ʥʘʧʨʫʞʝʥʴ. ɿʘʩʪʦʩʫʚʘʥʥʷ 

ʙʘʛʘʪʦʝʪʘʧʥʦʛʦ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʘʥʘʣʽʟʫ ʜʦʟʚʦʣʷʻ ʚʨʘʭʫʚʘʪʠ ʥʘʷʚʥʽ ʨʝʟʝʨʚʠ 

ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʜʝʬʝʢʪʘʤʠ.  
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ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʨʦʙʦʪʘʭ [79, 92] ʧʦʢʘʟʘʣʠ ʽʩʪʦʪʥʠʡ ʚʧʣʠʚ 

ʧʦʧʝʨʝʜʥʴʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʙʽʨʥʦʾ ʯʘʩʪʠʥʠ ʥʘ ʧʦʜʘʣʴʰʠʡ ʥʘʧʨʫʞʝʥʦ-

ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʟʙʽʨʥʦ-ʤʦʥʦʣʽʪʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʾʾ ʧʽʜʩʫʤʢʦʚʫ ʥʝʩʫʯʫ 

ʟʜʘʪʥʽʩʪʴ. 

ɼʝʷʢʽ ʟʘʨʫʙʽʞʥʽ ʚʯʝʥʽ [162, 165, 180, 181, 187, 188] ʪʘʢʦʞ ʧʨʦʚʝʣʠ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢʽ ʧʽʜʪʚʝʨʜʠʣʠ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʨʘʭʫʚʘʥʥʷ ʧʦʝʪʘʧʥʦʛʦ ʟʚʝʜʝʥʥʷ 

ʟʘʣʽʟʦʙʝʪʦʥʥʦʛʦ ʢʘʨʢʘʩʫ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʨʦʟʨʘʭʫʥʢʫ ʥʝʩʫʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʙʫʜʽʚʣʽ.  

ɼʣʷ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʩʪʚʦʨʝʥʽ 

ʧʨʦʛʨʘʤʥʽ ʢʦʤʧʣʝʢʩʠ, ʪʘʢʽ ʷʢ çʃʀʈɸè, çSCADè, çANSYSè ʠ ʜʨ. 

ʆʩʦʙʣʠʚʦ ʙʘʛʘʪʦ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʪʝʦʨʝʪʠʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʽ ʟʘ ʢʦʨʜʦʥʦʤ ʟ ʚʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʥʘ ʟʤʽʥʠ ʧʨʦʛʠʥʽʚ ʪʨʠʚʘʣʦʾ ʜʽʾ 

ʥʘʚʘʥʪʘʞʝʥʥʷ [163, 164, 166 ï 174, 177 ï 179, 182 ï 186, 189, 190]. 

ɺ ʨʦʙʦʪʽ ʆ.ɺ. ʂʘʙʘʥʮʝʚʘ [72] ʚʠʢʦʥʘʥʦ ʘʥʘʣʽʟ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ 

ʩʧʦʨʫʜʠ, ʷʢʠʡ ʧʦʢʘʟʫʻ, ʱʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʥʝʩʫʯʫ ʩʠʩʪʝʤʫ ʥʝ ʚʠʥʠʢʘʻ 

ʤʠʪʪʻʚʦ  ̔ ʫ ʧʦʚʥʦʤʫ ʦʙʩʷʟʽ, ʘ ʚʝʣʠʯʠʥʠ ʥʘʚʘʥʪʘʞʝʥʴ ʚ ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ 

ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ, ʙʽʣʴʰʝ ʪʦʛʦ ī ʤʦʞʣʠʚʝ ʽ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ 

ʥʘ ʷʢʦʤʫʩʴ ʝʪʘʧʽ ʾʾ ʨʦʙʦʪʠ. ɸʚʪʦʨ ʚʠʜʽʣʷʻ ʥʘʩʪʫʧʥʽ ʦʩʥʦʚʥʽ ʨʝʞʠʤʠ ʨʦʙʦʪʠ 

ʩʧʦʨʫʜʠ: ʨʝʞʠʤ ʟʚʝʜʝʥʥʷ ʙʫʜʽʚʣʽ, ʨʝʞʠʤ ʦʩʥʦʚʥʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ 

ʧʝʨʽʦʜʫ, ʨʝʞʠʤʠ ʦʩʦʙʣʠʚʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ ʧʝʨʽʦʜʫ. ʂʦʞʥʦʤʫ ʟ ʪʘʢʠʭ 

ʨʝʞʠʤʽʚ ʚʽʜʧʦʚʽʜʘʻ ʚʠʜ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣʽ ʥʝʩʫʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʩʧʦʨʫʜ. 

ɿʘʧʠʩʘʥʽ ʨʦʟʨʽʰʘʶʯʽ ʨʽʚʥʷʥʥʷ ʤʝʪʦʜʫ ʧʝʨʝʤʽʱʝʥʴ, ʥʘ ʦʩʥʦʚʽ ʷʢʠʭ ʨʦʟʨʦʙʣʝʥʘ 

ʩʧʝʮʽʘʣʴʥʘ ʨʦʟʨʘʭʫʥʢʦʚʘ ʪʝʭʥʦʣʦʛʽʷ ʽʟ ʫʤʦʚʥʦʶ ʥʘʟʚʦʶ çʄʦʥʪʘʞè, ʷʢʘ 

ʨʝʘʣʽʟʦʚʘʥʘ ʚ ʨʦʟʨʘʭʫʥʢʦʚʦʤʫ ʢʦʤʧʣʝʢʩʽ SCAD, ʪʘ ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʫʚʘʪʠ 

ʤʦʜʝʣʶʚʘʥʥʷ ʟʤʽʥʠ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʝʢʽʣʴʢʦʭ ʨʝʞʠʤʽʚ 

ʨʦʙʦʪʠ ʢʦʥʩʪʨʫʢʮʽʾ.  

ʆʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʻ ʯʠʩʝʣʴʥʘ 

ʘʧʨʦʢʩʠʤʘʮʽʷ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ, ʱʦ ʦʧʠʩʫʻ ʥʘʧʨʫʞʝʥʦ-

ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʢʦʥʩʪʨʫʢʮʽʾ. ʊʘʢʦʞ ʧʨʠʯʠʥʦʶ ʻ ʚʽʜʩʫʪʥʽʩʪʴ ʨʦʟʫʤʽʥʥʷ 

ʩʘʤʠʭ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʩʢʣʘʜʘʥʥʽ ʨʦʟʨʘʭʫʥʢʦʚʦʾ 
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ʤʦʜʝʣʽ ʙʫʜʽʚʣʽ, ʘ ʪʘʢʦʞ ʦʩʦʙʣʠʚʦʩʪʝʡ ʾʭ ʩʧʽʣʴʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʅɼʉ ʥʝʩʫʯʦʾ 

ʩʠʩʪʝʤʠ ʙʫʜʽʚʣʽ. ʏʘʩʪʦ ʙʘʛʘʪʦ ʬʘʢʪʦʨʽʚ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʜʠʩʢʨʝʪʥʦ ʽ 

ʚʽʜʦʢʨʝʤʣʝʥʦ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʚʠʷʚʣʝʥʥʷ ʚʟʘʻʤʦʟʚ'ʷʟʢʫ ʤʽʞ 

ʥʠʤʠ. ʇʨʠ ʮʴʦʤʫ, ʚʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʫ 80-ʭ ʨʦʢʘʭ ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ ʙʫʣʦ 

ʜʦʚʝʜʝʥʦ, ʱʦ ʚʨʘʭʫʚʘʥʥʷ ʩʧʽʣʴʥʦʩʪʽ ʜʽʾ ʙʫʜʴ-ʷʢʠʭ ʬʘʢʪʦʨʽʚ ʤʦʞʝ ʚ ʟʥʘʯʥʽʡ 

ʤʽʨʽ ʚʧʣʠʚʘʪʠ ʥʘ ʩʪʽʡʢʽʩʪʴ ʩʧʦʨʫʜʠ.  

ʋʨʘʭʫʚʘʥʥʷ ʧʦʯʘʪʢʦʚʠʭ ʽ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʤʦʞʝ ʙʫʪʠ ʚʘʞʣʠʚʠʤ ʽ 

ʚ ʤʝʥʰ ʦʯʝʚʠʜʥʠʭ ʩʠʪʫʘʮʽʷʭ. ʅʘʧʨʠʢʣʘʜ, ʢʦʣʠ ʩʧʦʨʫʜʞʝʥʘ ʙʫʜʽʚʝʣʴʥʘ 

ʢʦʥʩʪʨʫʢʮʽʷ ʧʽʜʜʘʻʪʴʩʷ ʨʝʤʦʥʪʫ ʘʙʦ ʚʽʜʥʦʚʣʝʥʥʶ, ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʫʚʘʪʠ ʚʧʣʠʚ 

ʧʨʦʚʝʜʝʥʠʭ ʨʦʙʽʪ ʥʘ ʨʦʟʧʦʜʽʣ ʥʘʚʘʥʪʘʞʝʥʥʷ ʷʢ ʚ ʭʦʜʽ ʨʝʤʦʥʪʫ, ʪʘʢ ʽ ʧʽʩʣʷ 

ʡʦʛʦ ʟʘʢʽʥʯʝʥʥʷ. ʄʦʞʣʠʚʽʩʪʴ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ 

ʛʨʘʥʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʝʪʘʧʥʦʩʪʽ ʟʚʝʜʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʻ 

ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ. 

ʋ ʨʷʜʽ ʚʠʧʘʜʢʽʚ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʪʦʜʠ ʛʨʘʥʠʯʥʠʭ 

ʝʣʝʤʝʥʪʽʚ, ʟʥʠʞʫʶʯʠ ʤʽʨʥʽʩʪʴ ʚʠʭʽʜʥʦ ʾ ʢʨʘʡʦʚʦ ʾ ʟʘʜʘʯʽ, ʧʝʨʝʡʰʦʚʰʠ ʜʦ 

ʨʦʟʛʣʷʜʫ ʩʠʩʪʝʤʠ ʟʚʠʯʘʡʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ, ʦʪʨʠʤʘʥʠʭ ʰʣʷʭʦʤ 

ʽʥʪʝʛʨʫʚʘʥʥʷ ʦʩʥʦʚʥʦʛʦ ʨʽʚʥʷʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʚʠʥʠʢʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʽʜʥʝʩʪʠ 

ʩʠʩʪʝʤʫ ʦʪʨʠʤʘʥʠʭ ʨʽʚʥʷʥʴ ʜʦ ʤʝʞ ʨʦʟʛʣʷʥʫʪʦʾ ʦʙʣʘʩʪʽ, ʷʢʘ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ 

ʦʜʠʥ ʩʢʣʘʜʥʠʡ ʝʣʝʤʝʥʪ. 

ʇʨʦʙʣʝʤʘ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʧʦʝʪʘʧʥʦʾ ʟʤʽʥʠ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣʽ ʻ ʘʢʪʫʘʣʴʥʦʶ ʽ ʚʠʤʘʛʘʻ ʩʚʦʻʾ ʨʝʘʣʽʟʘʮʽʾ 

ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʥʝʩʫʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ. 

 

1.3. ɺʨʘʭʫʚʘʥʥʷ ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ ʚ ʨʦʟʨʘʭʫʥʢʘʭ ʩʪʘʪʠʯʥʦ 

ʥʝʚʠʟʥʘʯʥʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʨʘʤʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ɺʠʚʯʝʥʥʶ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʽ ʜʝʬʦʨʤʘʪʠʚʥʦʩʪʽ 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʩʪʨʠʞʥʽʚ ʧʨʠʩʚʷʯʝʥʽ ʨʦʙʦʪʠ ɺ.ʅ. ɹʘʡʢʦʚʘ [12, 13], 

ɺ.ʄ. ɹʦʥʜʘʨʝʥʢʦ [25 ï 28], ʆ.ʆ. ɻʚʦʟʜʻʚʘ [33], ʆ.ɹ. ɻʦʣʠh ʝʚʘ [37, 38], 

ɺ.ɯ. ʄʫʨʘʰʝʚʘ [109], ʗ.ʄ. ʅʝʤʠʨʦʚʩʢɹʦʛʦ [111], ɯ.ɭ. ʇʨʦʢʦʧʦʚʠʯʘ [125 ï 

128,], ɯ.ɯ. ʋʣʠʮɹʢʦʛʦ [152, 153], ɺ.ʄ. ʉʠʨʟʘʥʮʝʚʘ [148], ʽ ʙʘʛʘʪʦ ʽʥʰʠʭ ʚʯʝʥʠʭ. 
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ʆʩʥʦʚʠ ʩʫʯʘʩʥʦʾ ʪʝʦʨʽʾ ʟʛʠʥʫ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʩʪʨʠʞʥʽʚ, ʧʨʘʮʶʶʯʠʭ ʟ 

ʪʨʽʱʠʥʘʤʠ ʚ ʨʦʟʪʷʛʥʫʪʽʡ ʟʦʥʽ, ʩʬʦʨʤʫʣʴʦʚʘʥʽ ɺ.ɯ. ʄʫʨʘʰʝʚʠʤ [109]. ʋ ʮʽʡ 

ʪʝʦʨʽʾ ʦʩʦʙʣʠʚʦʩʪʽ ʜʝʬʦʨʤʘʮʽʡ ʟʘʣʽʟʦʙʝʪʦʥʥʦʛʦ ʩʪʨʠʞʥʷ, ʱʦ ʤʘʻ ʪʨʽʱʠʥʠ ʚ 

ʨʦʟʪʷʛʥʫʪʽʡ ʟʦʥʽ, ʚʨʘʭʦʚʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʝʬʽʮʽʻʥʪʽʚ ɣs, ɣb, ɜ. 

ʂʦʝʬʽʮʽʻʥʪ ɣs, ʨʽʚʥʠʡ ʚʽʜʥʦʰʝʥʥʶ ʩʝʨʝʜʥʽʭ ʜʝʬʦʨʤʘʮʽʡ ʨʦʟʪʷʛʥʫʪʦʾ 

ʘʨʤʘʪʫʨʠ ʜʦ ʜʝʬʦʨʤʘʮʽʡ ʚ ʧʝʨʝʨʽʟʽ ʟ ʪʨʽʱʠʥʦʶ, ʚʨʘʭʦʚʫʻ ʚʧʣʠʚ ʨʦʟʪʷʛʥʫʪʦʛʦ 

ʙʝʪʦʥʫ ʥʘ ʩʝʨʝʜʥʽ ʜʝʬʦʨʤʘʮʽʾ ʘʨʤʘʪʫʨʠ; ɣb, ʨʽʚʥʠʡ ʚʽʜʥʦʰʝʥʥʶ ʩʝʨʝʜʥʽʭ 

ʜʝʬʦʨʤʘʮʽʡ ʙʝʪʦʥʫ ʩʪʠʩʣʦʾ ʟʦʥʠ ʜʦ ʜʝʬʦʨʤʘʮʽʡ ʙʝʪʦʥʫ ʥʘʜ ʪʨʽʱʠʥʦʶ, 

ʚʨʘʭʦʚʫʻ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʜʝʬʦʨʤʘʮʽʡ ʩʪʠʩʣʦʾ ʟʦʥʠ. ʂʦʝʬʽʮʽʻʥʪ ʧʨʫʞʥʦʩʪʽ 

ʙʝʪʦʥʫ ɜ, ʨʽʚʥʠʡ ʚʽʜʥʦʰʝʥʥʶ ʧʨʫʞʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʜʦ ʧʦʚʥʠʭ ʜʝʬʦʨʤʘʮʽʡ 

ʩʪʠʩʣʦʾ ʟʦʥʠ, ʚʨʘʭʦʚʫʻ ʧʣʘʩʪʠʯʥʽ ʜʝʬʦʨʤʘʮʽʾ ʙʝʪʦʥʫ ʽ ʚʽʜʭʠʣʝʥʥʷ ʬʘʢʪʠʯʥʦʾ 

ʬʦʨʤʠ ʝʧʶʨʠ ʥʘʧʨʫʞʝʥʴ ʙʝʪʦʥʫ ʩʪʠʩʣʦʾ ʟʦʥʠ ʚʽʜ ʧʨʠʡʥʷʪʦʾ ʧʨʷʤʦʢʫʪʥʦʾ. 

ɺ ʉʅ̔ʇ̔ ʧʨʠʡʥʷʪʘ ʤʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʚʠʟʥ, ʨʦʟʨʦʙʣʝʥʘ ʧʽʜ 

ʢʝʨʽʚʥʠʮʪʚʦʤ ʆ.ʆ. ɻʚʦʟʜʚ̒ʘ [144] ʥʘ ʦʩʥʦʚ ̔ʪʝʦʨʽʾ ɺ.ɯ. ʄʫʨʘʰʝʚʘ. 

ɭ ʧʨʦʧʦʟʠʮʽʾ ʨʦʟʛʣʷʜʘʪʠ ʧʠʪʘʥʥʷ ʨʦʟʨʘʭʫʥʢʫ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʩʪʘʪʠʯʥʦ 

ʥʝʚʠʟʥʘʯʥʠʭ ʩʠʩʪʝʤ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʝʧʨʫʞʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʥʘ ʦʩʥʦʚʽ 

ʙʝʟʧʝʨʝʨʚʥʦʾ ʥʘ ʚʩʽʭ ʩʪʘʜʽʷʭ ʟʘʣʝʞʥʦʩʪʽ çʢʨʠʚʠʟʥʘ-ʤʦʤʝʥʪè. 

ɼʦʩʣʽʜʞʝʥʥʷ, ʧʨʠʚʝʜʝʥʽ ʚ ʨʦʙʦʪʽ [144] ʧʦʢʘʟʘʣʠ, ʱʦ ʢʨʠʚʫ 

/ f ( M ,N )r=1  ʜʦʩʠʪʴ ʜʦʙʨʝ ʤʦʞʥʘ ʘʧʨʦʢʩʠʤʫʚʘʪʠ ʧʦʣʽʥʦʤʦʤ ʚʠʜʫ: 

 

M M sgn M ,a b
r
= + 21

 

ʜʝ: 
ʧʨ

Ea
-

è ø=ê ú
1

- ʧʨʫʞʥʘ ʛʥʫʯʢʽʩʪʴ ʧʝʨʝʨʽʟʫ; 

b - ʧʘʨʘʤʝʪʨ, ʚʠʟʥʘʯʫʚʘʥʠʡ ʰʣʷʭʦʤ ʘʧʨʦʢʩʠʤʘʮʽʾ ʬʫʥʢʮʽʾ 

/ f ( M ,N )r=1  ʧʘʨʘʙʦʣʦʶ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʧʨʠ ʄ=(0,5é0,7)ʄʨ ʽ ʱʦ 

ʚʨʘʭʦʚʫʻ ʚʧʣʠʚ ʧʦʜʦʚʞʥʽʭ ʩʠʣ;  

(1.1) 
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sgn M- ʬʫʥʢʮʽʷ, ʱʦ ʚʨʘʭʦʚʫʻ ʟʤʽʥʫ ʟʥʘʢʫ ʢʨʠʚʠʟʥʠ ʧʨʠ ʟʤʽʥʽ ʥʘʧʨʷʤʫ 

ʟʛʠʥʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ. ʇʨʠ ʩʧʽʣʴʥʽʡ ʜʽʾ ʢʦʨʦʪʢʦʯʘʩʥʦʛʦ ʽ ʪʨʠʚʘʣʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʠʨʘʞʝʥʥʷ ʤʘʻ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 

 

( t )M M sgn M ,
( t )

a b
r

= + 21

 

ʄʦʞʣʠʚʽʩʪʴ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʽʻʾ ʟʘʣʝʞʥʦʩʪʽ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ 

ʩʪʘʪʠʯʥʦ ʥʝʚʠʟʥʘʯʥʠʭ ʩʠʩʪʝʤ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʟʽʩʪʘʚʣʝʥʥʷʤʠ ʟ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ. ʇʨʦʪʝ, ʥʠʥʽ ʮʝʡ ʩʧʦʩʽʙ ʥʝʜʦʧʨʘʮʴʦʚʘʥʠʡ ʜʦ 

ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʦʩʢʽʣʴʢʠ ʚʽʜʩʫʪʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʟʘ ʚʠʟʥʘʯʝʥʥʷʤ 

ʚʽʜʧʦʚʽʜʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ. 

ʆʜʥʽʻʶ ʟ ʧʝʨʰʠʭ ʨʦʙʽʪ, ʧʨʠʩʚʷʯʝʥʠʭ ʪʝʦʨʝʪʠʯʥʦʤʫ ʚʠʚʯʝʥʥʶ ʚʧʣʠʚʫ 

ʪʨʽʱʠʥ ʽ ʥʝʧʨʫʞʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʙʝʪʦʥʫ ʥʘ ʧʝʨʝʨʦʟʧʦʜʽʣ ʟʫʩʠʣʴ ʚ ʩʢʣʘʜʥʠʭ 

ʩʪʘʪʠʯʥʦ ʥʝʚʠʟʥʘʯʥʠʭ ʩʠʩʪʝʤʘʭ, ʻ ʨʦʙʦʪʘ [32]. ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʨʦʟʨʘʭʫʥʢʽʚ 

ʘʚʪʦʨʠ ʟʽʪʢʥʫʣʠʩʷ ʟ ʧʨʦʙʣʝʤʦʶ ʟʙʽʞʥʦʩʪʽ ʽʪʝʨʘʮʽʡʥʦʛʦ ʧʨʦʮʝʩʫ ʦʙʯʠʩʣʝʥʴ.  

ʋ ʙʽʣʴʰ ʧʽʟʥʽʭ ʜʦʩʣʽʜʞʝʥʥʷʭ [138] ʚʢʘʟʫʻʪʴʩʷ, ʱʦ ʧʨʠʟʥʘʯʝʥʥʷ 

ʞʦʨʩʪʢʦʩʪʝʡ ʧʦ ʟʫʩʠʣʣʷʭ, ʦʪʨʠʤʘʥʠʭ ʟ çʧʨʫʞʥʦʛʦè ʨʦʟʨʘʭʫʥʢʫ, ʚʠʢʣʠʢʘʻ 

ʟʤʽʥʫ ʞʦʨʩʪʢʦʩʪʝʡ. ʋ [138] ʨʝʢʦʤʝʥʜʦʚʘʥʠʡ ʩʧʦʩʽʙ ʚʠʟʥʘʯʝʥʥʷ ʞʦʨʩʪʢʦʩʪʝʡ 

ʧʦ ʢʨʠʚʠʟʥʘʭ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʨʦʮʝʩʫ ʦʙʯʠʩʣʝʥʴ, ʱʦ ʩʭʦʜʷʪʴʩʷ. 

ʆʮʽʥʮʽ ʤʽʮʥʦʩʪʽ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʥʘ ʦʩʥʦʚʽ ʜʝʬʦʨʤʘʮʽʡʥʦʛʦ 

ʧʽʜʭʦʜʫ ʽ ʨʝʘʣʴʥʠʭ ʜʽʘʛʨʘʤ ʜʝʬʦʨʤʘʮʽʾ ʙʝʪʦʥʫ ʽ ʘʨʤʘʪʫʨʠ ʧʨʠʩʚʷʯʝʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ɸ.ʄ. ɹʘʤʙʫʨʠ [17]. ʈʦʟʨʦʙʣʝʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʟʘ ʫʪʦʯʥʝʥʠʤ 

ʨʦʟʨʘʭʫʥʢʦʤ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʚʥʦʾ ʜʽʘʛʨʘʤʠ ʩʪʠʩʢʫ 

[107], ʨʦʟʨʘʭʫʥʢʘʤ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʩʪʘʪʠʯʥʦ ʥʝʚʠʟʥʘʯʥʠʭ ʩʠʩʪʝʤ [12]. 

ʈʦʟʨʘʭʫʥʢʘʤ ʟʛʠʥʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʚʥʦʾ ʜʽʘʛʨʘʤʠ 

ʜʝʬʦʨʤʘʮʽʾ ʙʝʪʦʥʫ ʧʨʠʩʚʷʯʝʥʽ ʨʦʙʦʪʠ, ʷʢʽ ʚʠʢʦʥʘʥʽ ʧʽʜ ʢʝʨʽʚʥʠʮʪʚʦʤ 

ɺ.ʉ. ɼʦʨʦʬʻʚ̒ʘ [54]. ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʚʠʨʘʟʠ ʩʪʘʪʝʯʥʠʭ ʬʫʥʢʮʽʡ ʜʣʷ ʦʧʠʩʫ 

ʜʽʘʛʨʘʤ ʜʝʬʦʨʤʘʮʽʾ. 

(1.2) 
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ʈʦʟʨʘʭʫʥʢʘʤ ʤʽʮʥʦʩʪʽ ʽ ʜʝʬʦʨʤʘʪʠʚʥʦʩʪʽ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʝʬʦʨʤʘʮʽʡʥʠʭ ʤʦʜʝʣʝʡ ʧʨʠʩʚʷʯʝʥʽ ʨʦʙʦʪʠ ʉ.ɯ. ʈʦʛʦʚʦʛʦ 

[136], ɯ.ɸ. ʋʟʫʥʘ [150, 151], ɺ.ʉ. ʐʤʫʢʣʝʨʘ, ɯ.ʗ. ʃʫʯʢʦʚʩʴʢʦʛʦ [158].  

ʇʦʙʫʜʦʚʽ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʤʝʪʦʜʫ ʨʦʟʨʘʭʫʥʢʫ ʤʽʮʥʦʩʪʽ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ 

ʟʛʠʥʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʽʟʥʠʭ 

ʙʝʪʦʥʽʚ ʧʨʠʩʚʷʯʝʥʽ ʨʦʙʦʪʠ [64, 65], ʚʠʢʦʥʫʚʘʥʽ ʧʽʜ ʢʝʨʽʚʥʠʮʪʚʦʤ 

ɸ.ʉ. ɿʘʣ̒ʩʦʚʘ.  

ʅʦʚʽ ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʧʦ ʥʦʨʤʘʣʴʥʠʭ 

ʧʝʨʝʨʽʟʘʭ ʥʘ ʦʩʥʦʚʽ ʜʝʬʦʨʤʘʮʽʡʥʦʾ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣʽ, ʘ ʪʘʢ ʩʘʤʦ 

ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ ʽ ʜʝʬʦʨʤʘʮʽʡ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟʘʢʣʘʜʝʥʽ ʚ ʥʦʚʠʭ 

ʥʦʨʤʘʪʠʚʥʠʭ [64, 65].  

ʇʠʪʘʥʥʶ ʧʨʦ ʚʧʣʠʚ ʧʦʚʟʫʯʦʩʪʽ ʙʝʪʦʥʫ ʥʘ ʨʦʙʦʪʫ ʩʪʘʪʠʯʥʦ ʥʝʚʠʟʥʘʯʥʠʭ 

ʩʠʩʪʝʤ ʧʨʠʩʚʷʯʝʥʦ ʥʝʤʘʣʦ ʪʝʦʨʝʪʠʯʥʠʭ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ.  

ɯ.ɭ. ʇʨʦʢʦʧʦʚʠʯʝʤ ʚ ʨʦʙʦʪʽ [125] ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʟʘʚʜʘʥʥʷ ʧʨʦ ʚʧʣʠʚ 

ʪʨʠʚʘʣʦʾ ʜʽʾ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʤʽʮʥʽʩʪʴ ʟʛʠʥʘʣʴʥʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʩʪʨʠʞʥʽʚ. 

ɻʨʘʥʠʯʥʠʤ ʪʨʠʚʘʣʦ ʜʽʶʯʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʚʚʘʞʘʻʪʴʩʷ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʝ, 

ʙʫʜʫʯʠ ʧʨʠʢʣʘʜʝʥʘ ʚ ʟʘʜʘʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ, ʧʨʠʚʦʜʠʪʴ ʩʪʨʠʞʝʥʴ ʜʦ 

ʛʨʘʥʠʯʥʦʛʦ ʩʪʘʥʫ ʧʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʥʝʩʢʽʥʯʝʥʥʦ ʪʨʠʚʘʣʦʛʦ ʧʝʨʽʦʜʫ ʯʘʩʫ. 

ʅʘʡʙʽʣʴh ʧʦʚʥʦ ʧʠʪʘʥʥʷ ʧʨʦ ʨʦʟʨʘʭʫʥʦʢ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʙʘʣʦʢ ʟ 

ʪʨʽʱʠʥʘʤʠ ʚ ʨʦʟʪʷʛʥʫʪʽʡ ʟʦʥʽ ʥʘ ʦʩʥʦʚʽ ʩʧʘʜʢʦʚʦʾ ʪʝʦʨʽʾ ʩʪʘʨʽʥʥʷ ʨʦʟʨʦʙʣʝʥʦ 

ʚ ʨʦʙʦʪʘʭ ɯ.ɭ.ʇʨʦʢʦʧʦʚʠʯʘ ʪʘ ɯ.ɯ. ʊʝʤʥʦʚʘ [127, 149].  

ɺ ʨʦʙʦʪʘʭ [127, 149]. ʨʦʟʛʣʷʥʫʪʘ ʟʘʜʘʯʘ ʧʨʦ ʟʛʠʥ ʙʘʣʢʠ ʽʟ ʟʚʠʯʘʡʥʦʶ 

ʘʨʤʘʪʫʨʦʶ ʧʨʠ ʪʨʠʚʘʣʽʡ ʜʽʾ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʈʽʰʝʥʥʷ ˇʨʫʥʪʦʚʘʥʝ ʥʘ ʩʧʘʜʢʦʚʽʡ 

ʪʝʦʨʽʾ ʽ ʧʨʠ t = r1  ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʘʣʝʞʥʦʩʪʝʡ ʽ ʬʦʨʤʫʣʘʤ ʪʝʦʨʽʾ 

ɯ.ɺ. ʄʫʨʘʰʝʚʘ ï ʗ.ʄ. ʅʝʤʠʨʦʚʩʢɹʦʛʦ [111, 112].  

ɾʦʨʩʪʢʽʩʪʴ ʙʘʣʢʠ ʧʨʠ ʯʠʩʪʦʤʫ ʟʛʠʥʫ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʠʟʥʘʯʘʪʠ ʧʦ 

ʬʦʨʤʫʣʽ: 

 

* * *a
a

E
B ( t ) F z ( t ) h x ( t )

( t )y
è ø= -ê ú0

 (1.3) 
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ʜʝ z
*
(t) ï ʧʣʝʯʝ ʚʥʫʪʨʽʰʥʴʦʾ ʧʘʨʠ. 

ɺʠʢʣʘʜʝʥʘ ʤʝʪʦʜʠʢʘ ʥʘʜʘʣʽ ʙʫʣʘ ʫʟʘʛʘʣʴʥʝʥʘ: ɺ.ɯ..ʐʘʪʦʭʥ̔ʠʤ ʥʘ ʚʠʧʘʜʦʢ 

ʧʦʜʚʽʡʥʦʛʦ ʘʨʤʫʚʘʥʥʷ, ɺ.ʄ. ʆʧʣʘʯʢʦ - ʥʘ ʧʨʝʜʤʝʪ ʚʨʘʭʫʚʘʥʥʷ ʥʝʣʽʥʽʡʥʦʾ 

ʧʦʚʟʫʯʦʩʪʽ, ɺ.ɸ. ɿʝʜʛʝʥʜ̔ʟʝ - ʥʘ ʚʠʧʘʜʦʢ ʥʘʷʚʥʦʩʪʽ ʥʦʨʤʘʣʴʥʦʾ ʩʠʣʠ. ɺ ʫʩʽʭ 

ʚʠʧʘʜʢʘʭ ʧʝʨʝʜʙʘʯʘʣʘʩʷ ʨʦʙʦʪʘ ʘʨʤʘʪʫʨʠ ʚ ʧʨʫʞʥʽʡ ʩʪʘʜʽʾ.  

ɼʦʩʣʽʜʞʝʥʥʷʤʠ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʣʘʩʪʠʯʥʽ ʜʝʬʦʨʤʘʮʽʾ ʘʨʤʘʪʫʨʠ 

ʧʝʨʽʦʜʠʯʥʦʛʦ ʧʨʦʬʽʣʶ ʟʘ ʥʘʷʚʥʦʩʪʽ ʪʨʽʱʠʥ ʫ ʙʝʪʦʥʽ ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʧʦ 

ʜʦʚʞʠʥʽ ʟʽʛʥʫʪʦʛʦ ʩʪʝʨʞʥʷ ʥʝʨʽʚʥʦʤʽʨʥʦ. ɹʝʪʦʥ ʥʘ ʜʽʣʷʥʢʘʭ ʤʽʞ ʪʨʽʱʠʥʘʤʠ 

ʥʝ ʧʦʚʥʽʩʪʶ ʚʠʢʣʶʯʘʻʪʴʩʷ ʟ ʨʦʙʦʪʠ ʥʘʚʽʪʴ ʧʨʠ ʟʥʘʯʥʠʭ ʧʣʘʩʪʠʯʥʠʭ 

ʜʝʬʦʨʤʘʮʽʷʭ ʚ ʘʨʤʘʪʫʨʽ. 

ɺ.ʄ. ɹʦʥʜʘʨʝʥʢʦ ʟʘʧʨʦʧʦʥʫʚʘʚ ʩʧʦʩʽʙ ʚʠʟʥʘʯʝʥʥʷ ʧʝʨʝʤʽʱʝʥʴ 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟ ʪʨʽʱʠʥʘʤʠ ʧʨʠ ʪʨʠʚʘʣʽʡ ʜʽʾ ʥʘʚʘʥʪʘʞʝʥʥʷ, 

ˇʨʫʥʪʦʚʘʥʠʡ ʥʘ ʧʦʥʷʪʪʽ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʤʦʜʫʣʷ. ʎʝʡ ʩʧʦʩʽʙ ʧʨʝʜʩʪʘʚʣʷʻ ʻʜʠʥʫ 

ʤʝʪʦʜʠʢʫ ʨʦʟʨʘʭʫʥʢʫ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ʅʘʡʙʽʣʴʰ ʨʦʟʨʦʙʣʝʥʽ 

ʧʨʦʧʦʟʠʮʽʾ ʤʽʩʪʷʪʴʩʷ ʚ ʤʦʥʦʛʨʘʬʽʾ [28] ʽ ˇʨʫʥʪʦʚʘʥʽ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʢʨʦʢʦʚʦʛʦ ʤʝʪʦʜʫ. 

ʄ.ɯ. ʂʘʨʧʝʥʢʦ, ʊ.ɸ. ʄʫʭʘʤʝʜʽʻʚ [78] ʟʘʧʨʦʧʦʥʫʚʘʣʠ ʤʝʪʦʜʠʢʫ 

ʨʦʟʨʘʭʫʥʢʫ ʤʽʮʥʦʩʪʽ ʟʛʠʥʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʨʘʭʦʚʫʚʘʪʠ ʧʦʚʥʽ 

ʜʽʘʛʨʘʤʠ ʜʝʬʦʨʤʘʮʽʾ ʘʨʤʘʪʫʨʠ ʽ ʙʝʪʦʥʫ ů-Ů ʽ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʨʝʟʝʨʚʠ ʤʽʮʥʦʩʪʽ 

ʧʝʨʝʨʽʟʽʚ ʚʥʘʩʣʽʜʦʢ ʨʦʙʦʪʠ ʘʨʤʘʪʫʨʠ ʫ ʩʪʘʜʽʾ ʟʤʽʮʥʝʥʥʷ. 

ʈʦʟʨʘʭʫʥʢʫ ʥʘʨʦʱʫʚʘʥʠʭ ʩʠʩʪʝʤ ʧʨʠʜʽʣʷʻʪʴʩʷ ʚʝʣʠʢʘ ʫʚʘʛʘ. ʆʧʮʽʷ 

ʘʢʪʠʚʘʮʽʾ ʽ ʜʝʘʢʪʠʚʘʮʽʾ ʝʣʝʤʝʥʪʫ ʜʦʩʪʫʧʥʘ ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʫ ʙʽʣʴʰʦʩʪʽ 

ʚʽʪʯʠʟʥʷʥʠʭ ʽ ʟʘʨʫʙʽʞʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʢʦʤʧʣʝʢʩʽʚ (SCAD, ANSYS ʠ ʜʨ.). 

ʉʝʨʝʜ ʨʦʙʽʪ ʥʘ ʮʶ ʪʝʤʫ ʤʦʞʥʘ ʥʘʟʚʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ɸ.ɯ. ʉʘʧʦʞʥʠʢʦʚʘ ʪʘ 

ʉ.ʄ. ɻʨʠʛʦʨʰʝʚʘ [140], ʆ.ɺ. ʂʘʙʘʥʮʝʚʘ ʪʘ ɸ.ɺ. ʂʘʨʣʠʥʘ [72], ʆ.ɹ. ɿʘʚô̫ ʣʦʚʦ ʾ

[63], ʚʠʢʦʥʘʥʽ ʜʣʷ ʟʙʽʨʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʧʦʚʝʨʭʦʚʠʤ ʬʦʨʤʫʚʘʥʥʷʤ 

ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ. 

ʉ.ɺ. ɹʘʢʫʰʝʚ [14] ʨʦʟʛʣʷʜʘʻ ʧʽʜʭʽʜ ʜʦ ʤʝʭʘʥʽʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʪʚʝʨʜʠʭ 

ʪʽʣ, ʱʦ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʥʝʣʽʥʽʡʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ ʪʝʦʨʽʾ ʥʝʣʽʥʽʡʥʦʩʪʽ 

ʧʨʫʞʥʦʩʪʽ ɺ.ɺ. ʅʦʚʦʞʠʣʦʚʘ. ʋ ʥʘʡʟʘʛʘʣʴʥʽʰʦʤʫ ʚʠʧʘʜʢʫ ʨʽʚʥʷʥʥʷ ʥʝʣʽʥʽʡʥʦʾ 
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ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ ʻ ʩʫʢʫʧʥʽʩʪʶ ʪʨʴʦʭ ʛʨʫʧ ʩʧʽʚʚʽʜʥʦʰʝʥʴ. ʎʝ, ʧʦ-ʧʝʨʰʝ, 

ʛʝʦʤʝʪʨʠʯʥʽ ʨʽʚʥʷʥʥʷ, ʱʦ ʟʘʜʘʶʪʴ ʥʝʣʽʥʽʡʥʠʡ ʟʚ'ʷʟʦʢ ʤʽʞ ʧʝʨʝʤʽʱʝʥʥʷʤʠ ʽ 

ʜʝʬʦʨʤʘʮʽʷʤʠ ʽ ʟʘʧʠʩʫʶʪʴʩʷ ʚ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ʪʦʯʦʢ ʪʽʣʘ ʜʦ ʜʝʬʦʨʤʘʮʽʾ; 

ʧʦʪʽʤ ī ʮʝ ʩʪʘʪʠʯʥʽ (ʜʠʥʘʤʽʯʥʽ) ʨʽʚʥʷʥʥʷ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʟʚ'ʷʟʦʢ ʤʽʞ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʪʝʥʟʦʨʘ ʥʘʧʨʫʛʠ ʽ ʟʘʧʠʩʘʥʽ ʚ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ʪʦʯʦʢ ʪʽʣʘ 

ʧʽʩʣʷ ʜʝʬʦʨʤʘʮʽʾ; ʽ, ʥʘʨʝʰʪʽ, ʮʝ ʬʽʟʠʯʥʽ ʨʽʚʥʷʥʥʷ, ʱʦ ʚʩʪʘʥʦʚʣʶʶʪʴ ʟʚ'ʷʟʦʢ 

ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ ʪʝʥʟʦʨʽʚ ʜʝʬʦʨʤʘʮʽʡ ʽ ʥʘʧʨʫʛʠ. ʌʽʟʠʯʥʽ ʨʽʚʥʷʥʥʷ 

ʛʝʦʤʝʪʨʠʯʥʦ ʥʝʣʽʥʽʡʥʦʾ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ ʚʩʪʘʥʦʚʣʶʶʪʴ ʟʚ'ʷʟʦʢ ʤʽʞ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʪʝʥʟʦʨʽʚ ʜʝʬʦʨʤʘʮʽʡ ʽ ʫʟʘʛʘʣʴʥʝʥʦʾ ʥʘʧʨʫʛʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ 

ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ ʨʦʟʨʘʭʫʥʢʫ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʥʘ ʦʩʥʦʚʽ ʥʝʣʽʥʽʡʥʠʭ 

ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ ɺ.ɺ.ʅʦʚʦʞʠʣʦʚʘ ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʟʘʤʠʢʘʶʯʽ 

ʨʽʚʥʷʥʥʷ, ʟʘʧʠʩʘʥʽ ʚ ʪʝʨʤʽʥʘʭ ʜʝʬʦʨʤʘʮʽʡ ʽ ʫʟʘʛʘʣʴʥʝʥʦʾ ʥʘʧʨʫʛʠ. ʉʢʣʘʜʥʽʩʪʴ 

ʽ ʦʙ'ʻʤʥʽʩʪʴ ʨʽʚʥʷʥʴ ʥʝʣʽʥʽʡʥʦʾ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ.  

ɯʩʥʫʻ ʨʷʜ ʤʝʪʦʜʽʚ ʨʽʰʝʥʥʷ ʥʝʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ, ʷʢʽ ˇʨʫʥʪʦʚʘʥʽ ʥʘ ʾʭ 

ʣʽʥʝʘʨʠʟʘʮʽʾ, ʘ ʩʘʤʝ ʤʝʪʦʜ ʧʨʫʞʥʠʭ ʨʽʰʝʥʴ, ʤʝʪʦʜ ʟʤʽʥʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʤʝʪʦʜ 

ʧʦʩʣʽʜʦʚʥʠʭ ʥʘʚʘʥʪʘʞʝʥ.ɹ 

ɻʝʦʤʝʪʨʠʯʥʘ ʣʽʥʝʘʨʠʟʘʮʽʷ ʚʢʣʶʯʘʻ, ʧʦ-ʧʝʨʰʝ, ʣʽʥʝʘʨʠʟʘʮʽʶ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ, ʧʦ-ʜʨʫʛʝ, ʣʽʥʝʘʨʠʟʘʮʽʶ ʩʪʘʪʠʯʥʠʭ (ʜʠʥʘʤʽʯʥʠʭ) 

ʨʽʚʥʷʥʴ. ʃʽʥʝʘʨʠʟʘʮʽʷ, ʷʢ ʛʝʦʤʝʪʨʠʯʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ, ʪʘʢ ʽ ʩʪʘʪʠʯʥʠʭ 

ʨʽʚʥʷʥʴ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʥʘʥʘ ʜʣʷ ʜʚʦʭ ʨʽʚʥʽʚ ʩʧʨʦʱʝʥʥʷ. ʅʘ ʧʝʨʰʦʤʫ ʨʽʚʥʽ 

ʚʚʦʜʷʪʴʩʷ ʩʧʨʦʱʝʥʥʷ, ʤʦʞʣʠʚʽ ʧʨʠ ʤʘʣʠʭ ʧʦʜʦʚʞʝʥʥʷʭ ʽ ʟʨʫʰʝʥʥʷʭ. ʅʘ 

ʜʨʫʛʦʤʫ ʨʽʚʥʽ ʚʚʦʜʷʪʴʩʷ ʩʧʨʦʱʝʥʥʷ, ʢʦʣʠ ʤʘʣʽ ʥʝ ʣʠʰʝ ʜʝʬʦʨʤʘʮʽʾ, ʘʣʝ ʽ ʢʫʪʠ 

ʧʦʚʦʨʦʪʫ. 

ʋ ʦʩʥʦʚʽ ʬʽʟʠʯʥʦʾ ʣʽʥʝʘʨʠʟʘʮʽʾ ʣʝʞʠʪʴ ʚʝʣʠʯʠʥʘ ʜʝʬʦʨʤʘʮʽʾ. ɼʣʷ 

ʜʝʬʦʨʤʘʮʽʡ, ʱʦ ʥʝ ʧʝʨʝʚʝʨʰʫʶʪʴ ʤʝʞʫ ʧʨʦʧʦʨʮʽʦʥʘʣʴʥʦʩʪʽ, ʟʘʣʠʰʘʻʪʴʩʷ 

ʩʧʨʘʚʝʜʣʠʚʠʤ 3ʘʢʦʥ ɻʫʢʫ, ʪʦʙʪʦ ʬʽʟʠʯʥʠʡ ʟʘʢʦʥ ʤʘʪʠʤʝ ʚʠʛʣʷʜ ʣʽʥʽʡʥʦʾ 

ʬʫʥʢʮʽʾ ʤʽʞ ʥʘʧʨʫʛʦʶ ʽ ʜʝʬʦʨʤʘʮʽʷʤʠ. ʗʢʱʦ ʞ ʜʝʬʦʨʤʘʮʽʾ 

ʧʝʨʝʚʝʨʰʫʚʘʪʠʤʫʪʴ ʤʝʞʫ ʧʨʦʧʦʨʮʽʦʥʘʣʴʥʦʩʪʽ, ʪʦ ʬʽʟʠʯʥʠʡ ʟʘʢʦʥ ʥʝʦʙʭʽʜʥʦ 

ʙʫʜʝ ʥʘʧʠʩʘʪʠ ʚ ʥʝʣʽʥʽʡʥʽʡ ʬʦʨʤʽ. 
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ʈʦʟʨʦʙʢʘ ʪʝʦʨʽʾ ʽ ʤʝʪʦʜʽʚ ʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ ʤʝʭʘʥʽʢʠ ʪʚʝʨʜʦʛʦ ʪʽʣʘ, ʱʦ 

ʜʝʬʦʨʤʫʻʪʴʩʷ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʛʝʦʤʝʪʨʠʯʥʦʾ ʽ ʬʽʟʠʯʥʦʾ ʥʝʣʽʥʽʡʥʦʩʪʽ 

ʩʪʠʢʘʻʪʴʩʷ ʟʽ ʟʥʘʯʥʠʤʠ ʪʨʫʜʥʦʱʘʤʠ ʬʽʟʠʯʥʦʛʦ ʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʭʘʨʘʢʪʝʨʫ. 

ʎʝ ʧʦʚ'ʷʟʘʥʦ ʷʢ ʽʟ ʩʢʣʘʜʥʽʩʪʶ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʥʝʣʽʥʽʡʥʦʾ ʪʝʦʨʽʾ 

ʧʨʫʞʥʦʩʪʽ, ʪʘʢ ʽ ʟ ʚʽʜʩʫʪʥʽʩʪʶ ʧʨʠʡʥʷʪʥʦʾ ʛʽʧʦʪʝʟʠ ʜʣʷ ʧʦʙʫʜʦʚʠ ʟʘʤʢʥʫʪʦʾ 

ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ. 

ʈʦʟʨʦʙʢʘ ʪʝʦʨʽʾ ʜʝʬʦʨʤʘʮʽʡʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʪʘ ʥʘ ʤʽʮʥʽʩʪʴ ʪʚʝʨʜʠʭ ʪʽʣ, 

ʱʦ ʜʝʬʦʨʤʫʶʪʴʩʷ, ʽ ʤʝʪʦʜʽʚ ʾʭ ʨʦʟʨʘʭʫʥʢʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʛʝʦʤʝʪʨʠʯʥʦʾ ʽ 

ʬʽʟʠʯʥʦʾ ʥʝʣʽʥʽʡʥʦʩʪʽ ʜʦʟʚʦʣʠʪʴ ʦʪʨʠʤʘʪʠ ʪʦʯʥʽʰʽ ʨʦʟʨʘʭʫʥʢʦʚʽ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʦʪʞʝ, ʟʨʦʙʠʪʴ ʤʦʞʣʠʚʠʤ ʙʽʣʴʰ ʜʦʩʪʦʚʽʨʥʦ ʚʠʟʥʘʯʘʪʠ 

ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʢʦʥʩʪʨʫʢʮʽʾ, ʽ ʟʥʘʯʠʪʴ, ʟ ʙʽʣʴʰʦʶ 

ʫʧʝʚʥʝʥʽʩʪʶ ʧʨʦʛʥʦʟʫʚʘʪʠ ʾʾ ʥʘʜʽʡʥʽʩʪʴ, ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʽ ʙʝʟʧʝʢʫ. ɺʠʚʯʝʥʥʶ 

ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʽ ʜʝʬʦʨʤʘʪʠʚʥʦʩʪ ̔ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʩʪʨʠʞʥʽʚ 

ʧʨʠʩʚʷʯʝʥʽ ʨʦʙʦʪʠ ɺ.ʅ. ɹʘʡʢʦʚʘ [13], ɺ.ʄ. ɹʦʥʜʘʨʝʥʢʦ [27], ʆ.ʆ. ɻʚʦʟʜ̒ʚʘ 

[33], ʽ ʙʘʛʘʪʦ ʽʥʰʠʭ. 

ɺ ʨʦʙʦʪʽ [48] ʘʚʪʦʨʘʤʠ ʜʘʥʽ ʧʨʦʧʦʟʠʮʽʾ ʜʦ ʧʦʙʫʜʦʚʠ ʣʽʥʝʘʨʠʟʠʨʦʚʘʥʠʭ 

ʜʽʘʛʨʘʤ ʥʘ ʦʩʥʦʚʽ ʧʨʠʡʥʷʪʦʾ ʜʝʬʦʨʤʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʨʦʙʦʪʠ ʧʝʨʝʨʽʟʽʚ 

ʟʛʠʥʘʣʴʥʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ,  ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ ʽ 

ʨʦʟʨʦʙʣʝʥʘ ʚ ʩʠʩʪʝʤʽ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʤʘʪʝʤʘʪʠʢʠ MATLAB ʧʨʦʛʨʘʤʘ 

ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʥʦʨʤʘʣʴʥʠʭ ʧʨʷʤʦʢʫʪʥʠʭ 

ʧʝʨʝʨʽʟʽʚ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʟʛʠʥʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʘʞ ʜʦ ʛʨʘʥʠʯʥʦʛʦ ʩʪʘʥʫ ʟ 

ʧʦʙʫʜʦʚʦʶ ʜʽʘʛʨʘʤʠ çʟʛʠʥʘʣʴʥʠʡ ʤʦʤʝʥʪ ï ʢʨʠʚʠʟʥʘè.  

ɸʚʪʦʨʘʤʠ ʚ ʨʦʙʦʪʘʭ [47, 48, 53] ʙʫʣʘ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʧʦʙʫʜʦʚʠ 

ʣʽʥʝʘʨʠʟʠʨʦʚʘʥʠʭ ʜʽʘʛʨʘʤ çʟʛʠʥʘʣʴʥʠʡ ʤʦʤʝʥʪ ï ʢʨʠʚʠʟʥʘè ʜʣʷ ʧʝʨʝʨʽʟʽʚ 

ʟʛʠʥʘʣʴʥʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʾʾ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠ 

ʨʦʟʨʘʭʫʥʢʘʭ ʩʪʘʪʠʯʥʦ ʥʝʚʠʟʥʘʯʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. 
 

1.4. ɺʨʘʭʫʚʘʥʥʷ ʧʦʚʟʫʯʦʩʪʽ ʚ ʨʦʟʨʘʭʫʥʢʘʭ ʩʪʘʪʠʯʥʦ ʥʝʚʠʟʥʘʯʝʥʠʭ 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʨʘʤʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʊʝʦʨʽʷ ʧʦʚʟʫʯʦʩʪʽ ʙʝʪʦʥʫ ʤʘʻ ʽʩʪʦʪʥʠʡ ʚʧʣʠʚ ʥʘ ʨʦʟʨʘʭʫʥʢʠ 

ʜʦʚʛʦʪʨʠʚʘʣʦʛʦ ʦʧʦʨʫ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ʇʦʚʟʫʯʦʩʪʽ ʙʝʪʦʥʫ ʽ 



47 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʧʨʠʩʚʷʯʝʥʽ ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʧʨʘʮʽ 

ʖ.ʅ. ʈʘʙʦʪʥʦʚʘ, ʅ.ʍ. ɸʨʫʪʶʥʷʥʘ, ʆ.ʆ. ɻʚʦʟʜʻʚʘ, ʈ.ɽ. ɼʝʚʠʩʘ, ɺ.ʍ. ɻʣʝʥʚʠʣʷ, 

ʇ.ɯ. ɺʘʩʠʣʴʻʚʘ, ʉ.ɺ. ɸʣʝʢʩʘʥʜʨʦʚʩʴʢʦʛʦ, ɯ.ɭ.ʇʦʨʦʢʦʧʦʚʠʯʘ, ʉ.ɭ.  ʋʣʠʮʴʢʦʛʦ, 

ʃ.ʄ. ʂʘʯʘʥʦʚʘ, ɺ.ʄ. ɹʦʥʜʘʨʝʥʢʘ, ɸ.ʈ. ʈʞʘʥʽʮʠʥʘ, ɸ. ʌʨʦʡʜʝʥʪʘʣʷ, 

ʇ.ɼ. ɸʨʣʝʥʠʥʦʚʘ ʪʘ ʽʥʰʠʭ ʚʯʝʥʠʭ [5 ï 7, 126, 129, 131, 134].   

ɺ ʩʫʯʘʩʥʽʡ ʪʝʦʨʽʾ ʧʦʚʟʫʯʦʩʪʽ ʙʝʪʦʥʫ ʻ ʜʝʢʽʣʴʢʘ ʤʦʜʝʣʝʡ, ʨʽʟʥʠʭ ʟʘ 

ʨʽʚʥʝʤ ʨʦʟʨʦʙʢʠ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚ ʨʝʘʣʴʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ.  

ʇʝʨʰ ʟʘ ʚʩʝ ʮʝ ʥʝʣʽʥʽʡʥʘ ʪʝʦʨʽʷ ʧʦʚʟʫʯʦʩʪʽ ʅ.ʍ.ɸʨʫʪʶʥʷʥʘ [7] ʟ 

ʤʠʪʪʻʚʠʤʠ ʣʽʥʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʷʢʘ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʨʦʟʨʘʭʫʥʢʘʭ 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ɼʦ ʥʝʜʦʣʽʢʽʚ ʮʽʻʾ ʪʝʦʨʽʾ ʚʽʜʥʦʩʠʪʴʩʷ ʪʘ 

ʦʙʩʪʘʚʠʥʘ, ʱʦ ʚʦʥʘ ʧʨʘʢʪʠʯʥʦ ʩʪʠʨʘʻ ʝʬʝʢʪ ʥʘʧʨʫʞʝʥʴ, ʷʢʽ ʜʽʶʪʴ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʝʨʝʜ ʤʦʤʝʥʪʦʤ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʜʝʬʦʨʤʘʮʽʡ. ʎʷ ʪʝʦʨʽʷ ʥʝ 

ʚʽʜʦʙʨʘʞʘʻ ʰʚʠʜʢʦʛʦ ʥʘʪʽʢʘʥʥʷ ʜʝʬʦʨʤʘʮʽʡ ʧʦʚʟʫʯʦʩʪʽ ʜʦ ʤʦʤʝʥʪʫ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʙʣʠʟʴʢʦʤʫ ʜʦ ʤʦʤʝʥʪʫ ʟʘʚʘʥʪʘʞʝʥʥʷ ʟʨʘʟʢʽʚ, ʷʢʝ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʜʦʩʣʽʜʘʭ. ʇʦʯʘʪʢʦʚʽ ʜʽʣʷʥʢʠ ʢʨʠʚʠʭ ʧʦʚʟʫʯʦʩʪʽ, ʷʢʽ 

ʧʦʙʫʜʦʚʘʥʽ, ˇʨʫʥʪʫʶʯʠʩʴ ʥʘ ʪʝʦʨʽʾ ʅ.ʍ. ɸʨʫʪʶʥʷʥʘ, ʥʝ ʤʘʶʪʴ ʭʘʨʘʢʪʝʨʥʦʛʦ 

ʟʨʦʩʪʘʶʯʦʛʦ ʜʦ ʛʦʨʠ ʦʙʨʠʩʫ, ʷʢʠʡ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʜʦʩʣʽʜʘʭ ʥʝ ʪʽʣʴʢʠ ʥʘʜ 

ʤʦʣʦʜʠʤ, ʘ ʽ ʥʘʜ ʩʪʘʨʠʤ ʙʝʪʦʥʦʤ. ʇʨʠ ʮʴʦʤʫ ʽʩʥʫʶʪʴ ʪʚʝʨʜʞʝʥʥʷ, ʱʦ ʚʦʥʘ 

ʥʝʧʨʠʡʥʷʪʥʘ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʟ ʧʨʦʮʝʩʘʤʠ, ʷʢʽ ʰʚʠʜʢʦ ʟʤʽʥʶʶʪʴʩʷ ʚ 

ʯʘʩʽ.  

ɸ.ɺ. ʗʰʠʥ ʟʘʧʨʦʧʦʥʫʚʘʚ ʤʽʨʫ ʧʦʚʟʫʯʦʩʪʽ ʙʝʪʦʥʫ, ʷʢʘ ʧʦʻʜʥʫʚʘʣʘ 

ʦʩʦʙʣʠʚʦʩʪʽ ʪʝʦʨʽʾ ʩʧʘʜʢʦʚʦʩʪʽ ʽ ʪʝʦʨʽʾ ʩʪʘʨʽʥʥʷ ʙʝʪʦʥʫ, ʽ ʪʘʢʠʤ ʯʠʥʦʤ 

ʚʠʧʨʘʚʣʷʣʘ ʥʝʜʦʣʽʢʠ ʤʽʨʠ ʧʦʚʟʫʯʦʩʪʽ ʅ.ʍ. ɸʨʫʪʶʥʷʥʘ [7]. ʅʘ ʞʘʣʴ, ʤʦʜʝʣʴ 

ɸ.ɺ. ʗʰʠʥʘ ʥʝ ʦʪʨʠʤʘʣʘ ʜʦʩʪʘʪʥʴʦʛʦ ʨʦʟʚʠʪʢʫ ʚʥʘʩʣʽʜʦʢ ʥʝʦʜʥʦʟʥʘʯʥʦʛʦ ʾʾ 

ʦʮʽʥʶʚʘʥʥʷ. ɼʦ ʾʾ ʥʝʜʦʣʽʢʽʚ ʚʽʜʥʝʩʣʠ ʩʢʣʘʜʥʽʩʪʴ, ʘ ʪʘʢʦʞ ʪʝ, ʱʦ ʧʦʙʫʜʦʚʘʥʽ 

ʥʘ ʾʾ ʦʩʥʦʚʽ ʽʥʪʝʛʨʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ʧʦʚʟʫʯʦʩʪʽ ʥʝʤʦʞʣʠʚʦ ʧʨʠʚʝʩʪʠ ʜʦ 

ʚʽʜʧʦʚʽʜʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ.  

ʅ.ɯ. ʂʘʪʽʥ ʫʩʢʣʘʜʥʠʚ ʤʦʜʝʣʴ ɸ.ɺ. ʗʰʠʥʘ, ʜʦʧʦʚʥʠʚʰʠ ʾʾ ʩʠʥʛʫʣʷʨʥʦʶ 

ʬʫʥʢʮʽʻʶ, ʘʥʘʣʦʛʽʯʥʦʶ ʬʫʥʢʮʽʾ ɸ.ʄ. ʌʨʦʡʜʝʥʪʘʣʷ. 
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ɯ.ɭ. ʇʨʦʢʦʧʦʚʠʯ. ʪʘ ɯ.ɯ. ʋʣʠʮʴʢʠʡ ʩʧʨʦʩʪʠʣʠ ʤʦʜʝʣʴ ʧʦʚʟʫʯʦʩʪʽ ʙʝʪʦʥʫ 

ɸ.ɺ. ʗʰʠʥʘ. ʎʶ ʩʧʨʦʱʝʥʫ ʤʦʜʝʣʴ ʟ ʫʩʧʽʭʦʤ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚ ʫ ʽʥʪʝʛʨʘʣʴʥʽʡ 

ʬʦʨʤʽ ɭ.ɸ. ʗʮʝʥʢʦ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʜʝʷʢʠʭ ʧʨʘʢʪʠʯʥʠʭ ʟʘʜʘʯ.  

ʉ.ɺ. ɸʣʝʢʩʘʥʜʨʦʚʩʢɹʠʡ ʪʘ ʡʦʛʦ ʫʯʥʽ ʚ ʨʘʤʢʘʭ ʤʠʪʪʻʚʦ ʧʨʫʞʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʪʘ ʛʽʧʦʪʝʟ ʅ.ʍ. ɸʨʫʪʶʥʷʥʘ ʧʦʙʫʜʫʚʘʣʠ ʽʥʪʝʛʨʘʣʴʥʽ ʨʽʚʥʷʥʥʷ 

ʥʝʣʽʥʽʡʥʦʾ ʧʦʚʟʫʯʦʩʪʽ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʷʚʠʱʘ ʰʚʠʜʢʦ ʥʘʧʣʠʚʘʶʯʦʾ 

ʧʦʚʟʫʯʦʩʪʽ.  

ɭʚʨʦʩʪʘʥʜʘʨʪʠ ʚʨʘʭʦʚʫʶʪʴ ʪʽʣʴʢʠ ʛʨʘʥʠʯʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʧʦʚʟʫʯʦʩʪʽ 

ʙʝʪʦʥʫ; ʚ ʨʦʟʨʘʭʫʥʢʘʭ ʚʦʥʘ ʜʦʜʘʪʢʦʚʦ ʤʥʦʞʠʪʴʩʷ ʥʘ ʚʽʜʥʦʰʝʥʥʷ ʨʽʚʥʽʚ 

ʢʦʨʦʪʢʦʯʘʩʥʦʛʦ ʽ ʜʦʜʘʪʢʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɺ ʮʽʡ ʤʦʜʝʣʽ ʧʦʚʟʫʯʦʩʪʽ ʙʝʪʦʥ 

ʚʚʘʞʘʻʪʴʩʷ ʧʨʫʞʥʽʤ, ʪʘʢʠʤ, ʱʦ ʥʝʦʙʤʝʞʝʥʦ ʧʨʘʮʶʻ ʥʘ ʨʦʟʪʷʛʘʥʥʷ-

ʩʪʠʩʢʘʥʥʷ. ʏʠʩʝʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʽʻʾ ʤʦʜʝʣʽ, ʦʪʨʠʤʘʥʽ ʜʣʷ ʚʠʧʘʜʢʫ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʩʪʠʩʢʘʥʥʷ ʙʝʪʦʥʥʦʛʦ ʩʪʨʠʞʥʷ, ʨʦʟʧʦʚʩʶʜʞʫʶʪʴʩʷ ʥʘ ʽʥʰʽ 

ʚʠʧʘʜʢʠ ʨʦʙʦʪʠ ʩʪʠʩʥʫʪʦ-ʟʽʛʥʫʪʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ. ʅʘʙʣʠʞʝʥʽʩʪʴ 

ʮʴʦʛʦ ʧʽʜʭʦʜʫ, ʨʝʘʣʽʟʦʚʘʥʦʛʦ ʧʨʠ ʜʦʚʛʦʪʨʠʚʘʣʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ, ʽʩʪʦʪʥʦ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʩʪʨʦʛʦʾ ʜʝʬʦʨʤʘʮʽʡʥʦʾ ʤʦʜʝʣʽ, ʧʦʢʣʘʜʝʥʦʾ ʚ ʦʩʥʦʚʫ 

ʨʦʟʨʘʭʫʥʢʽʚ ʢʦʨʦʪʢʦʯʘʩʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʘʣʽʟʦʙʝʪʦʥʫ. ʈʘʟʦʤ ʟ ʮʠʤ ʩʣʽʜ 

ʚʢʘʟʘʪʠ ʥʘ ʪʝ, ʱʦ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʜʦʚʛʦʪʨʠʚʘʣʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʢʦʣʦʥ ʚ ɭʚʨʦʢʦʜʘʭ ʜʘʶʪʴ ʟʘʧʘʩ ʤʽʮʥʦʩʪʽ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ, ʚʝʣʠʯʠʥʘ ʷʢʦʛʦ 

ʥʽʷʢ ʥʝ ʦʮʽʥʶʻʪʴʩʷ [23]. 

 

ɺʀʉʅʆɺʂʀ ɼʆ ʈʆɿɼɯʃʋ 1 

1. ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʧʦʜʘʣʴʰʝ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʨʦʮʝʩʽʚ ʬʦʨʤʫʚʘʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʝʣʝʤʝʥʪʽʚ ʥʝʩʫʯʠʭ 

ʩʠʩʪʝʤ ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʠʭ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʨʷʜʢʫ ʟʚʝʜʝʥʥʷ 

ʻ ʘʢʪʫʘʣʴʥʠʤ ʽ ʤʘʻ ʚʘʞʣʠʚʝ ʪʝʦʨʝʪʠʯʥʝ ʽ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ. 

2. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʩʪʚʦʨʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣʽ ʥʘʧʨʫʞʝʥʦ-

ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʥʝʩʫʯʠʭ ʩʠʩʪʝʤ 

ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʠʭ ʙʫʜʽʚʝʣʴ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʦʮʝʩʽʚ ʾʭ ʟʚʝʜʝʥʥʷ, 
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ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ ʽ ʪʨʠʚʘʣʦʩʪʽ ʜʽʾ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʯʠʩʝʣʴʥʦ-

ʘʥʘʣʽʪʠʯʥʦʤʫ ʤʝʪʦʜʽ ʛʨʘʥʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ.  

3. ɼʣʷ ʜʦʩʷʛʝʥʥʷ ʤʝʪʠ ʧʦʩʪʘʚʣʝʥ ̔ʥʘʩʪʫʧʥʽ ʟʘʜʘʯʠ ʜʦʩʣʽʜʞʝʥʥʷ: 

 ï ʨʦʟʨʦʙʠʪʠ ʘʣʛʦʨʠʪʤʠ ʬʦʨʤʫʚʘʥʥʷ ʤʘʪʨʠʮʴ ʯʠʩʝʣʴʥʦ-ʘʥʘʣʽʪʠʯʥʦʛʦ  

ʤʝʪʦʜʫ ʛʨʘʥʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʙʘʛʘʪʦʧʨʦʣʽʪʥʠʭ ʢʘʨʢʘʩʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʝʪʘʧʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ; 

- ʨʦʟʚʠʥʫʪʠ ʤʝʪʦʜʦʣʦʛʽʶ ʟʘʩʪʦʩʫʚʘʥʥʷ ʯʠʩʝʣʴʥʦ-ʘʥʘʣʽʪʠʯʥʦʛʦ 

ʤʝʪʦʜʫ ʛʨʘʥʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʘʨʢʘʩʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʧʨʦʮʝʩʽʚ ʟʚʝʜʝʥʥʷ ʙʫʜʽʚʣʽ ʪʘ ʧʨʦʮʝʩʽʚ 

ʾʭ ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ; 

- ʚʠʢʦʥʘʪʠ ʪʝʦʨʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʯʠʩʝʣʴʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʟ ʤʝʪʦʶ 

ʚʠʷʚʣʝʥʥʷ ʽ ʚʠʚʯʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʬʦʨʤʫʚʘʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ 

ʩʪʘʥʫ ʝʣʝʤʝʥʪʽʚ ʥʝʩʫʯʠʭ ʩʠʩʪʝʤ ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʠʭ ʙʫʜʽʚʝʣʴ ʚ ʧʨʦʮʝʩʽ 

ʟʚʝʜʝʥʥʷ ʥʘ ʧʨʠʢʣʘʜʽ ʨʘʤʥʦ-ʟʚ'ʷʟʢʦʚʠʭ ʽ ʨʘʤʥʠʭ ʢʘʨʢʘʩʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ; 

- ʨʦʟʨʦʙʠʪʠ ʧʨʦʧʦʟʠʮʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ ʧʦʚʟʫʯʦʩʪʽ ʪʘ 

ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ ʙʝʪʦʥʫ ʥʘ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʥʝʩʫʯʠʭ ʨʘʤʥʠʭ ʩʠʩʪʝʤ; 

- ʚʠʢʦʥʘʪʠ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ ʟʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦʶ 

ʤʝʪʦʜʠʢʦʶ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʇʂ ʃʽʨʘ-ʉɸʇʈ. 
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ʈʆɿɼɯʃ 2 

ɼʆʉʃɯɼɾɽʅʅʗ ɿɸʂʆʅʆʄɯʈʅʆʉʊɽʁ ʌʆʈʄʋɺɸʅʅʗ ʄɸʊʈʀʎʔ 

ʏʀʉɽʃʔʅʆ-ɸʅɸʃɯʊʀʏʅʆɻʆ ʄɽʊʆɼʋ ɻʈɸʅʀʏʅʀʍ ɽʃɽʄɽʅʊɯɺ 

ɼʃʗ ʈʆɿʈɸʍʋʅʂʋ ʈɸʄʅʆ-ɿɺ'ʗɿʂʆɺʀʍ ʂɸʈʂɸʉʅʀʍ 

ʂʆʅʉʊʈʋʂʎɯʁ 

 

2.1. ɿʘʛʘʣʴʥʽ ʚʽʜʦʤʦʩʪʽ 

ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʨʘʤʥʦ-ʟʚ'ʷʟʢʦʚʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʯʠʩʝʣʴʥʦ-ʘʥʘʣʽʪʠʯʥʦʛʦ ʚʘʨʽʘʥʪʫ ʤʝʪʦʜʫ 

ʛʨʘʥʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚʠʢʦʥʫʻʪʴʩ ̫ʾʭ ʨʦʟʙʠʪʪʷ ʥʘ ʦʢʨʝʤʽ ʩʪʨʠʞʥʽ: 

- ʩʪ̔ʡʢʠ ʥʘ ʧʦʚʝʨʭ; 

- ʨʠʛʝʣʽ ʥʘ ʧʨʦʣʽʪ. 

ʇʨʘʚʠʣʘ ʥʫʤʝʨʘʮʽʾ ʚʫʟʣʽʚ ʽ ʝʣʝʤʝʥʪʽʚ ʧʦʚ'ʷʟʘʥʽ ʟ ʧʨʠʡʥʷʪʠʤʠ 

ʥʘʧʨʷʤʘʤʠ ʣʦʢʘʣʴʥʠʭ ʦʩʝʡ ʢʦʦʨʜʠʥʘʪ.  

ʅʫʤʝʨʘʮʽʷ ʚʫʟʣʽʚ ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʣʽʚʦʾ ʢʨʘʡʥʴʦʾ ʩʪʡ̔ʢʠ ʟʥʠʟʫ ʜʦ ʚʝʨʭʫ, 

ʧʦʪʽʤ ʥʫʤʝʨʘʮʽʷ ʪʨʠʚʘʻ ʧʨʘʚʦʨʫʯ ʥʘʩʪʫʧʥʦ ʾʩʪ̔ʡʢʠ ʟʥʠʟʫ ʜʦ ʚʝʨʭʫ. ʇʨʠʢʣʘʜ 

ʥʫʤʝʨʘʮʽʾ ʚʫʟʣʽʚ ʥʘʚʝʜʝʥʠʡ ʥʘ ʨʠʩʫʥʢʫ 2.1. 

 

ʈʠʩ. 2.1 ʇʨʘʚʠʣʦ ʥʫʤʝʨʘʮʽʾ ʚʫʟʣʽʚ 

 

ʅʫʤʝʨʘʮʽʷ ʝʣʝʤʝʥʪʽʚ ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʥʫʤʝʨʘʮʽʾ ʩʪʡ̔ʦʢ. ʅʫʤʝʨʘʮʽʷ 

ʝʣʝʤʝʥʪʽʚ ʩʪʡ̔ʦʢ ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʣʽʚʦʾ ʢʨʘʡʥʴʦʾ ʩʪʡ̔ʢʠ ʟʥʠʟʫ ʜʦ ʚʝʨʭʫ, ʧʦʪʽʤ 

ʧʨʦʜʦʚʞʫʻʪʴʩʷ ʧʨʘʚʦʨʫʯ  ʟ ʥʘʩʪʫʧʥʦʾ ʩʪ̔ʡʢʠ ʟʥʠʟʫ ʜʦ ʚʝʨʭʫ. ʇʽʩʣʷ ʪʦʛʦ, ʷʢ 
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ʫʩʽ ʝʣʝʤʝʥʪʠ ʩʪʡ̔ʦʢ ʙʫʜʫʪʴ ʧʨʦʥʫʤʝʨʦʚʘʥʽ, ʚʠʢʦʥʫʻʪʴʩʷ ʥʫʤʝʨʘʮʽʷ ʝʣʝʤʝʥʪʽʚ 

ʨʠʛʝʣʽʚ. ʅʫʤʝʨʘʮʽʷ ʝʣʝʤʝʥʪʽʚ ʨʠʛʝʣʽʚ ʨʦʟʧʦʯʠʥʘʻʪʴʩʷ ʟ ʣʽʚʦʛʦ ʢʨʘʡʥʴʦʛʦ 

ʧʨʦʣʴʦʪʫ ʟʥʠʟʫ ʜʦ ʚʝʨʭʫ, ʧʦʪʽʤ ʥʫʤʝʨʘʮʽʷ ʪʨʠʚʘʻ ʥʘ ʧʨʘʚʦʨʫʯ ʫ ʥʘʩʪʫʧʥʦʤʫ 

ʧʨʦʣʴʦʪʽ ʟʥʠʟʫ ʜʦ ʚʝʨʭʫ. ʇʨʠʢʣʘʜ ʥʫʤʝʨʘʮʽʾ ʝʣʝʤʝʥʪʽʚ ʥʘʚʝʜʝʥʠʡ ʥʘ ʨʠʩʫʥʢʫ 

2.2. 

 

 

 

ʈʠʩ. 2.2 ʇʨʘʚʠʣʦ ʥʫʤʝʨʘʮʽʾ ʝʣʝʤʝʥʪʽʚ 

 

ɼʣʷ ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʘ ʧʨʠʡʤʘʻʪʴʩʷ ʣʽʚʦʛʚʠʥʪʦʚʘ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ. 

ʅʘʧʨʷʤʠ ʢʦʦʨʜʠʥʘʪʥʠʭ ʦʩʝʡ ʜʣʷ ʝʣʝʤʝʥʪʽʚ ʩʪʡ̔ʦʢ ʽ ʨʠʛʝʣʽʚ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ 

ʨʠʩʫʥʢʘʭ 2.3, 2.4. 

 

ʈʠʩ. 2.3 ʅʘʧʨʷʤ ʢʦʦʨʜʠʥʘʪʥʠʭ ʦʩʝʡ ʣʦʢʘʣʴʥʠʭ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ ʜʣʷ 

ʝʣʝʤʝʥʪʽʚ ʩʪʡ̔ʦʢ 
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ʈʠʩ. 2.4 ʅʘʧʨʷʤ ʢʦʦʨʜʠʥʘʪʥʠʭ ʦʩʝʡ ʣʦʢʘʣʴʥʠʭ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ ʜʣʷ 

ʝʣʝʤʝʥʪʽʚ ʨʠʛʝʣʽʚ 

 

2.2. ʌʦʨʤʫʚʘʥʥʷ ʤʘʪʨʠʮʴ ʜʣʷ ʨʘʤʥʦ-ʟʚ'ʷʟʢʦʚʦʾ ʢʘʨʢʘʩʥʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ 

ʉʠʩʪʝʤʘ ʨʽʚʥʷʥʴ, ʱʦ ʦʧʠʩʫʶʪʴ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʫ 

ʛʨʘʥʠʯʥʠʭ ʪʦʯʢʘʭ ʝʣʝʤʝʥʪʫ ʧʣʦʩʢʦʾ ʨʘʤʥʦ-ʟʚ'ʷʟʢʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, ʚ 

ʤʘʪʨʠʯʥʽʡ ʬʦʨʤʽ ʤʘʻ ʚʠʛʣʷʜ: 

 

Y(l i) = ɸ(l i) X(0) + B(l i), 

 

ʄʘʪʨʠʮʽ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʥʝʾ, ʤʘʶʪʴ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 

 

Y =  

EIv (l i) 

A =  

1 l i -l i
2
/2 -l i

3
/6   

EIj(l i)  1 -l i -l i
2
/2   

M(l i)   1 l i   

Q(l i)    1   

EAu(l i)     1 l i 

N(l i)      1 

(2.2) 

(2.1) 
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X =  

EIv(0) 

B =  

B11(l i) 

EIj(0) B21(l i) 

M(0) -B31(l i) 

Q(0) -B41(l i) 

EAu(0) B51(l i) 

N(0) B61(l i) 

 

ɽʣʝʤʝʥʪʠ ʤʘʪʨʠʮʽ ʟʦʚʥʽʰʥʴʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʩʬʦʨʤʦʚʘʥʽ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʧʦʯʘʪʢʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʽʚʥʷʥʴ (2.4)  

B =  

B11(x) 

B21(x) 

-B31(x) 

-B41(x) 

 

ɼʣʷ ʧʣʦʩʢʦʾ ʨʘʤʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ m ʝʣʝʤʝʥʪʽʚ, 

ʬʦʨʤʫʻʪʴʩʷ ʩʠʩʪʝʤʘ ʟ 6m ʨʽʚʥʷʥʴ. ʇʨʠ ʮʴʦʤʫ, ʤʘʪʨʠʮʽ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ 

ʤʘʪʠʤʫʪʴ ʚʠʛʣʷʜ: 

 

 

Y(l i) =  

Y1 

A(l i) =  

A1      

Y2  A2     

é   é    

Yi    Ai   

é     é  

Ym      Am 

 

 

(2.3) 

(2.5) 

(2.4) 
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X(0) =  

X1 

B(l i) =  

B1 

X2 B2 

é é 

Xi Bi 

é é 

Xm Bm 

 

ʄʘʪʨʠʮʽ (2.5) ʽ (2.6) ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʙʣʦʢʽʚ, ʷʢʽ ʬʦʨʤʫʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ 

ʜʦ ʚʠʨʘʟʽʚ (2.2) ʽ (2.3) ʜʣʷ ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʫ, ʱʦ ʚʭʦʜʠʪʴ ʚ ʨʘʤʥʫ 

ʢʦʥʩʪʨʫʢʮʽʶ.  

 

2.2.1. ɸʣʛʦʨʠʪʤ ʚʠʟʥʘʯʝʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʟʫʩʠʣʴ ʽ ʧʝʨʝʤʽʱʝʥʴ 

ʅʝʚʽʜʦʤʽ ʛʨʘʥʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟ ʨʦʟʨʽʰʘʶʯʦʛʦ ʨʽʚʥʷʥʥʷ 

ʯʠʩʝʣʴʥʦ-ʘʥʘʣʽʪʠʯʥʦʛʦ ʚʘʨʽʘʥʪʫ ʤʝʪʦʜʫ ʛʨʘʥʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ: 

 

ɸ
*
 X

*
 = ï B 

 

ʄʘʪʨʠʮʽ ɸ* ʽ X*, ʱʦ ʚʭʦʜʷʪʴ ʚ ʨʽʚʥʷʥʥʷ (2.7), ʦʪʨʠʤʘʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʭʘʨʘʢʪʝʨʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ.  

ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʧʝʨʝʪʚʦʨʝʥʴ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʛʨʘʥʠʯʥʽ 

ʫʤʦʚʠ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ. ɺ ʨʘʟʽ ʞʦʨʩʪʢʦʛʦ ʟʘʢʨʽʧʣʝʥʥʷ ʩʪʽʡʦʢ ʚ ʧʝʨʝʨʽʟʽ 

ʝʣʝʤʝʥʪʘ, ʩʫʤʽʞʥʦʛʦ ʽʟ ʟʘʢʨʽʧʣʝʥʥʷʤ, ʚʠʥʠʢʘʶʪʴ ʟʛʠʥʘʣʴʥʽ ʤʦʤʝʥʪʠ, 

ʧʦʧʝʨʝʯʥʽ ʪʘ ʧʦʟʜʦʚʞʥʽ ʩʠʣʠ, ʧʝʨʝʤʽʱʝʥʥʷ ʚ ʧʝʨʝʨʽʟʽ ʚʽʜʩʫʪʥʽ (ʨʠʩ. 2.5). 

 

ʈʠʩ. 2.5 ɻʨʘʥʠʯʥ ̔ʫʤʦʚʠ ʜʣʷ ʧʝʨʝʨʽʟʫ ʩʫʤʽʞʥʦʤʫ  

ʽʟ ʞʦʨʩʪʢʠʤ ʟʘʢʨʽʧʣʝʥʥʷʤ 

(2.6) 

(2.7) 
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ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʚ ʤʘʪʨʠʮʽ ʧʦʯʘʪʢʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ X(0) 

ʦʙʥʫʣʷʶʪʴʩʷ ʛʨʘʥʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʧʝʨʝʤʽʱʝʥʴ, ʘ ʚ ʤʘʪʨʠʮʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ɸ (li) 

ʦʙʥʫʣʷʶʪʴʩʷ ʩʪʦʚʧʮʽ, ʥʦʤʝʨʠ ʷʢʠʭ ʚʽʜʧʦʚʽʜʘʶʪʴ ʥʦʤʝʨʘʤ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ 

ʦʙʥʫʣʷʶʪʴʩʷ. 

 

X(0) =  

EIv(0)=0 

ɸ(l i) =  

  -l i
2
/2 -l i

3
/6   

EIj(0)=0   -l i -l i
2
/2   

M(0)   1 l i   

Q(0)    1   

EAu(0)=0      l i 

N(0)      1 

 

ʇʨʠ ʜʝʬʦʨʤʘʮʽʾ ʩʪʨʠʞʥʝʚʦʾ ʩʠʩʪʝʤʠ ʚʫʟʣʠ ʦʪʨʠʤʫʶʪʴ ʧʝʚʥʽ ʣʽʥʽʡʥʽ ʽ 

ʢʫʪʦʚʽ ʧʝʨʝʤʽʱʝʥʥʷ, ʧʨʠ ʮʴʦʤʫ ʢʽʥʝʤʘʪʠʯʥʽ ʛʨʘʥʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʙʫʜʫʪʴ 

ʧʦʚ'ʷʟʘʥʽ ʚ ʮʠʭ ʚʫʟʣʘʭ ʨʽʚʥʷʥʥʷʤʠ ʩʧʽʣʴʥʦʩʪʽ ʧʝʨʝʤʽʱʝʥʴ. 

ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʚ'ʷʟʢʫ ʤʽʞ ʢʽʥʝʤʘʪʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʥʝʦʙʭʽʜʥʦ 

ʟʦʙʨʘʟʠʪʠ ʷʢʽʩʥʫ ʢʘʨʪʠʥʫ ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʧʨʫʞʥʦʾ ʩʠʩʪʝʤʠ. 

ɼʣʷ ʰʘʨʥʽʨʥʦʛʦ ʚʫʟʣʘ, ʚ ʷʢʦʤʫ ʩʭʦʜʷʪʴʩʷ ʯʦʪʠʨʠ ʩʪʨʠʞʥ,̔ ʷʢʽʩʥʘ 

ʢʘʨʪʠʥʘ ʜʝʬʦʨʤʫʚʘʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 2.6. 

 

 

ʈʠʩ. 2.6 ʂʘʨʪʠʥʘ ʜʝʬʦʨʤʫʚʘʥʥʷ ʰʘʨʥʽʨʥʦʛʦ ʚʫʟʣʘ, ʚ ʷʢʦʤʫ 

ʩʭʦʜʷʪʴʩʷ ʯʦʪʠʨʠ ʩʪʨʠʞʥ ̔

(2.8) 
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ɺʽʜʧʦʚʽʜʥʦ ʟ ʢʘʨʪʠʥʦʶ ʜʝʬʦʨʤʫʚʘʥʥʷ ʤʽʞ ʧʝʨʝʤʽʱʝʥʥʷʤʠ ʩʪʨʠʞʥʽʚ, 

ʱʦ ʩʭʦʜʷʪʴʩʷ ʫ ʚʫʟʣʽ, ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʪʘʢʽ ʟʘʣʝʞʥʦʩʪʽ: 

 

( ) (0) ( ) (0);

( ) (0) ( ) (0);

ʥ ʥ ʚ ʣ ʣ ʧ

ʥ ʥ ʚ ʣ ʣ ʧ

u l u v l v

v l v u l u

- =- = =

= = =
 

( ) (0).=ʥ ʥ ʚlj j  

 

ʗʢʱʦ ʫ ʚʫʟʣʽ ʩʭʦʜʷʪʴʩʷ ʢʽʣʴʢʘ ʧʦʯʘʪʢʦʚʠʭ ʪʦʯʦʢ ʝʣʝʤʝʥʪʽʚ, ʪʦ ʚ ʷʢʦʩʪʽ 

ʦʩʥʦʚʥʠʭ ʦʙʠʨʘʶʪʴʩʷ ʧʦʯʘʪʢʦʚʽ ʧʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘ ʟ ʤʝʥʰʠʤ ʧʦʨʷʜʢʦʚʠʤ 

ʥʦʤʝʨʦʤ, ʘ ʧʦʯʘʪʢʦʚʽ ʧʘʨʘʤʝʪʨʠ ʽʥʰʠʭ ʝʣʝʤʝʥʪʽʚ ʟʚ'ʷʟʫʶʪʴʩʷ ʟ ʦʩʥʦʚʥʠʤʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʨʽʚʥʷʥʴ ʩʧʽʣʴʥʦʩʪʽ ʧʝʨʝʤʽʱʝʥʴ. ʇʨʠ ʮʴʦʤʫ, ʚ ʤʘʪʨʠʮʽ ʧʦʯʘʪʢʦʚʠʭ 

ʧʘʨʘʤʝʪʨʽʚ X(0) ʟʚʽʣʴʥʷʁ ʪʴʩʷ ʦʩʝʨʝʜʢʠ ʚ̔ ʜʧʦʚʽʜʥʽ ʧʦʯʘʪʢʦʚʠʤ ʧʘʨʘʤʝʪʨʘʤ, 

ʱʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʦʩʥʦʚʥʠʭ, ʘ ʚ ʤʘʪʨʠʮʶ ʢʦʝʬʽʮʽʻʥʪʽʚ A(l i) ʚʚʦʜʷʪʴʩʷ 

ʢʦʤʧʝʥʩʫʶʯʽ ʝʣʝʤʝʥʪʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʭʝʤʠ (2.10). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 i j k l    

i 1 ? -?2/2 -?3/6  Xi1  

j  1 -? -?2/2  Xj1 

k   1   Xk1= aXi1 

l    1  X?1 

 
 

   
 

 

 i j k l    

i 1-a?2/2 ?  -?3/6  Xi1  

j -a? 1  -?2/2  Xj1  

k a   ?    

l    1  X?1  

(2.9) 

(2.10) 
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ʂʽʥʮʝʚʽ ʧʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʩʭʦʜʷʪʴʩʷ ʫ ʚʫʟʣʽ, ʟʚ'ʷʟʫʶʪʴʩʷ ʟ 

ʦʩʥʦʚʥʠʤʠ ʧʦʯʘʪʢʦʚʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʚʥʷʥʴ ʩʧʽʣʴʥʦʩʪʽ 

ʧʝʨʝʤʽʱʝʥʴ. ʇʨʠ ʮʴʦʤʫ, ʚ ʤʘʪʨʠʮʶ ʢʦʝʬʽʮʽʻʥʪʽʚ ɸ(l i) ʚʚʦʜʷʪʴʩʷ ʢʦʤʧʝʥʩʫʶʯʽ 

ʝʣʝʤʝʥʪʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʭʝʤʠ (2.11). 

 i j k l      

i -a ʚ    Xi1=0; Y?1 
 

i Yi1= aY?1- ʚXj1 

j      Xj1 j Yj1=0 

k      Xk1 k Yk1=0 

l -1     X?1 l Y?1 

 

ʈ̔ ʚʥʷʥʥʷ ʜʝʬʦʨʤʫʚʘʥʥʷ ʩʪʨʠʞʥʽʚ ʟʘʧʠʩʫʶʪʴʩʷ ʚ ʤʘʩʰʪʘʙʽ ʞʦʨʩʪʢʦʩʪʽ, 

ʪʦʤʫ ʜʣʷ ʩʢʣʘʜʘʥʥʷ ʨʽʚʥʷʥʴ ʩʧʽʣʴʥʦʩʪʽ ʧʝʨʝʤʽʱʝʥʴ ʚʚʝʜʝʤʦ ʥʘʩʪʫʧʥʽ 

ʢʦʝʬʽʮʽʻʥʪʠ: 

 

; ;

; .

i i i i
ij ij

j j j j

i i i i
ij ij

j j j j

E I E A
N K

E I E A

E A E I
C D

E I E A

= =

= =

 

 

ʜʝ i ï ʥʦʤʝʨ ʝʣʝʤʝʥʪʫ, ʜʣʷ ʛʨʘʥʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʷʢʦʛʦ ʩʢʣʘʜʘʶʪʴʩʷ ʨʽʚʥʷʥʥʷ 

ʩʧʽʣʴʥʦʩʪʽ ʧʝʨʝʤʽʱʝʥʴ; 

j ï ʥʦʤʝʨ ʝʣʝʤʝʥʪʫ, ʟ ʛʨʘʥʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʷʢʦʛʦ ʟʚ'ʷʟʫʶʪʴʩʷ ʛʨʘʥʠʯʥʽ 

ʧʘʨʘʤʝʪʨʠ ʧʦʪʦʯʥʦʛʦ ʝʣʝʤʝʥʪʘ. 

 

ʇʨʠ ʨʽʚʥʦʚʘʟʽ ʚʩʽʻʾ ʩʠʩʪʝʤʠ ʝʣʝʤʝʥʪʽʚ, ʦʙ'ʻʜʥʘʥʠʭ ʚ ʣʽʥʽʡʥʫ ʩʠʩʪʝʤʫ, 

ʙʫʜʫʪʴ ʧʝʨʝʙʫʚʘʪʠ ʚ ʨʽʚʥʦʚʘʟʽ ʽ ʦʢʨʝʤʽ ʚʫʟʣʠ. ʇʨʠ ʮʴʦʤʫ ʩʪʘʪʠʯʥʽ ʛʨʘʥʠʯʥʽ 

ʧʘʨʘʤʝʪʨʠ ʙʫʜʫʪʴ ʟʘʜʦʚʦʣʴʥʷʪʠ ʨʽʚʥʷʥʥʷʤ ʨʽʚʥʦʚʘʛʠ ʚʫʟʣʽʚ. 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʩʪʘʪʠʯʥʠʤʠ ʛʨʘʥʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʣʷ 

ʰʘʨʥʽʨʥʦʛʦ ʚʫʟʣʘ ʟ ʯʦʪʠʨʴʦʭ ʩʪʨʠʞʥʽʚ, ʟʦʙʨʘʞʝʥʦʛʦ ʥʘ ʨʠʩʫʥʢʫ 2.7, 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʨʽʚʥʷʥʥʷʭ ʨʽʚʥʦʚʘʛʠ ʚ ʛʣʦʙʘʣʴʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ: 

(2.12) 

(2.11) 
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ʈʠʩ. 2.7 ɿʫʩʠʣʣʷ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʫ ʧʝʨʝʨʽʟʘʭ ʝʣʝʤʝʥʪʽʚ, 

ʷʢʽ ʧʨʠʤʠʢʘʶʪʴ ʜʦ ʚʫʟʣʘ 

0, ( ) (0) ( ) (0) 0

( ) (0) ( ) (0);

0, ( ) (0) ( ) (0) 0

( ) (0) ( ) (0);

0, ( ) (0) 0

( ) (0)

= - + - + =

= - +

= - - + =

= + -

= - + =

=

ä

ä

ä

ʥ ʥ ʚ ʣ ʣ ʧ

ʥ ʥ ʚ ʣ ʣ ʧ

ʥ ʥ ʚ ʣ ʣ ʧ

ʥ ʥ ʚ ʣ ʣ ʧ

k ʥ ʥ ʚ

ʥ ʥ ʚ

x Q l Q N l N

Q l Q N l N

y N l N Q l Q

N l N Q l Q

m M l M

M l M

 

ʅʝʟʘʣʝʞʥʽ ʢʽʥʮʝʚʽ ʧʘʨʘʤʝʪʨʠ ʚʥʫʪʨʽʰʥʽʭ ʟʫʩʠʣʴ ʧʝʨʝʥʦʩʷʪʴʩʷ ʚ 

ʦʩʝʨʝʜʢʠ ʤʘʪʨʠʮʽ ʧʦʯʘʪʢʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ X(0), ʱʦ ʟʚʽʣʴʥʠʣʠʩʷ ʧʨʠ ʨʦʟʛʣʷʜʽ 

ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʽ ʨʽʚʥʷʥʴ ʩʧʽʣʴʥʦʩʪʽ ʧʝʨʝʤʽʱʝʥʴ ʧʦʯʘʪʢʦʚʠʭ ʪʦʯʦʢ ʝʣʝʤʝʥʪʽʚ. 

ʇʨʠ ʮʴʦʤʫ, ʚ ʤʘʪʨʠʮʶ ʢʦʝʬʽʮʽʻʥʪʽʚ ɸ(l i) ʚʚʦʜʷʪʴʩʷ ʢʦʤʧʝʥʩʫʶʯʽ ʝʣʝʤʝʥʪʠ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʭʝʤʠ (2.14). 

 

 i j k l      

i  ? -?2/2 -?3/6  Xi1=0; Yk1  

 

 

 

i Xi1 

j  1 -? -?2/2  Xj1 j Xj1 

k -a  1   Xk1 k aYk1 

l    1  X?1 l X?1=0 

 

(2.13) 

(2.14) 
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ɼʣʷ ʟʘʣʝʞʥʠʭ ʢʽʥʮʝʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʥʫʪʨʽʰʥʽʭ ʟʫʩʠʣʴ ʚ ʤʘʪʨʠʮʶ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ɸ(l i) ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʨʘʟʽʚ (2.13) ʚʚʦʜʷʪʴʩʷ ʢʦʤʧʝʥʩʫʶʯʽ 

ʝʣʝʤʝʥʪʠ ʟʘ ʩʭʝʤʦʶ (2.14). 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʨʽʰʝʥʥʷ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ (2.1) ʚʠʟʥʘʯʘʶʪʴʩʷ ʛʨʘʥʠʯʥʽ 

ʧʘʨʘʤʝʪʨʠ, ʱʦ ʚʭʦʜʷʪʴ ʚ ʤʘʪʨʠʮ ʁ X
*
, ʽ , ʷʢʽ ʻ ʥʝʚʽʜʦʤʠʤʠ ʚʥʫʪʨʽʰʥʽʤʠ 

ʟʫʩʠʣʣʷʤʠ ʪʘ ʧʝʨʝʤʽʱʝʥʥʷʤʠ ʝʣʝʤʝʥʪʽʚ ʨʘʤʥʦ-ʟʚ'ʷʟʢʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ. 

 

2.3. ʌʦʨʤʫʚʘʥʥʷ ʤʘʪʨʠʮʴ ʜʣʷ ʨʘʤ, ʱʦ ʤʘʶʪʴ ʦʜʠʥ ʧʦʚʝʨʭ ʪʘ ʜʚʘ 

ʧʨʦʣʴʦʪʠ 

ɺ ʷʢʦʩʪʽ ʧʨʠʢʣʘʜʫ ʨʦʟʛʣʷʥʝʤʦ ʚʠʜ ʤʘʪʨʠʮʽ ʥʝʚʽʜʦʤʠʭ X
*
 ʪʘ ʤʘʪʨʠʮʽ 

ʢʦʝʬʽʮʽʻʥʪʽʚ A
*
, ʩʢʣʘʜʝʥʠʭ ʜʣʷ ʨʘʤʥʦ-ʟʚ'ʷʟʢʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, ʱʦ ʤʘʻ ʦʜʠʥ 

ʧʦʚʝʨʭ ʽ ʜʚʘ ʧʨʦʣʴʦʪʠ (ʨʠʩ. 2.8). 

 

 

 

ʈʠʩ. 2.8 ʅʫʤʝʨʘʮʽʷ ʝʣʝʤʝʥʪʽʚ ʨʘʤʥʦ-ʟʚ'ʷʟʢʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, ʱʦ ʤʘʻ 

ʦʜʠʥ ʧʦʚʝʨʭ ʽ ʜʚʘ ʧʨʦʣʴʦʪʠ 

 

A A1 3 11 3+

A A12 92+

A24

A11+A61
A31

A83

A A25 105+

A44

1 432 5

A =
*

A32

A53

A72

A1 42

A1 53 A1 54

 

 

(2.15) 



60 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʦʧʦʣʦʛʽʾ ʤʘʪʨʠʮʽ ʢʦʝʬʽʮʽʻʥʪʽʚ (2.15) 

ʨʦʟʨʽʰʘʶʯʦʛʦ ʨʽʚʥʷʥʥʷ ʯʠʩʝʣʴʥʦ-ʘʥʘʣʽʪʠʯʥʦʛʦ ʚʘʨʽʘʥʪʫ ʤʝʪʦʜʫ ʛʨʘʥʠʯʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʜʣʷ ʨʘʤʥʦ-ʟʚ'ʷʟʢʦʚʠʭ ʢʘʨʢʘʩʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʱʦ ʤʘʶʪʴ S ʧʦʚʝʨʭʽʚ 

(S =1) ʪʘ T ʧʨʦʣʴʦʪʽʚ (T =2) ʪʘ ʩʢʣʘʜʘʶʪʴʩʷ ʟ m ʣʝʤʝʥʪʽʚ, ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʥʠʞʯʝʦʧʠʩʘʥʘ ʤʝʪʦʜʠʢʘ ʾʾ ʬʦʨʤʫʚʘʥʥʷ. 

ɹʣʦʢʠ A1.i , A2,i ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʤʘʶʪʴ ʦʙʥʫʣʝʥʽ ʧʦʯʘʪʢʦʚʽ 

ʧʘʨʘʤʝʪʨʠ, ʱʦ ʚʨʘʭʦʚʫʶʪʴ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʢʦʥʩʪʨʫʢʮʽʾ ʽ ʬʦʨʤʫʶʪʴʩʷ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʨʘʟʫ: 

A1.i = 

  -l i
2
/2 -l i

3
/6   

  -l i -l i
2
/2   

  1 l i   

   1   

     l i 

     1 

 

ɹʣʦʢʠ A1.i ʧʦʻʜʥʫʶʪʴʩʷ ʟ ʝʣʝʤʝʥʪʘʤʠ, ʥʦʤʝʨʠ ʨʷʜʢʽʚ (i) ʽ ʩʪʦʚʧʮʽʚ (j) 

ʷʢʠʭ ʚʠʟʥʘʯʘʪʁʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ: 

 

i = j = (t1 ï 1)S + 1 

i = j = (T + 1)S+(t1 ï 1)S +1 

 

ʜʝ t1 ï ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 1 ʜʦ T. 

 

A2.i = 

1 -l i  -l i
3
/6   

 1  -l i
2
/2   

   l i   

   1   

    1 l i 

     1 

(2.16) 

(2.18) 

(2.17) 
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ɹʣʦʢʠ A2.i ʧʦʻʜʥʫʶʪʴʩʷ ʟ ʝʣʝʤʝʥʪʘʤʠ, ʥʦʤʝʨʠ ʨʷʜʢʽʚ ʽ ʩʪʦʚʧʮʽʚ ʷʢʠʭ 

ʚʠʟʥʘʯʘʪʁʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ: 

 

i = j = (T + 2) 

 

ɹʣʦʢʠ A3.i ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʢʦʤʧʝʥʩʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʚʚʦʜʷʪʴʩʷ 

ʚʠʭʦʜʷʯʠ ʟ ʨʽʚʥʷʥʴ ʨʽʚʥʦʚʘʛʠ ʽ ʩʧʽʣʴʥʦʩʪʽ ʧʝʨʝʤʽʱʝʥʴ ʜʣʷ ʢʽʥʮʝʚʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʤʝʥʪʽʚ ʩʪʽʡʦʢ ʽ ʧʦʯʘʪʢʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʤʝʥʪʽʚ ʨʠʛʝʣʽʚ, ʱʦ 

ʩʭʦʜʷʪʴʩʷ ʚ ʦʜʥʦʤʫ ʚʫʟʣʽ ʽ ʬʦʨʤʫʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʨʘʟʫ: 

A3.i = 

    -EI/EA  

      

      

     -1 

EA/EI      

   1   

 

ɹʣʦʢʠ A3.i ʧʦʻʜʥʫʶʪʴʩʷ ʟ ʝʣʝʤʝʥʪʘʤʠ, ʥʦʤʝʨʠ ʨʷʜʢʽʚ (i) ʽ ʩʪʦʚʧʮʽʚ (j) 

ʷʢʠʭ ʚʠʟʥʘʯʘʪʁʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ: 

i = N  

j = T + 2 

ɹʣʦʢʠ A4.i , A5.i ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʢʦʤʧʝʥʩʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʚʚʦʜʷʪʴʩʷ 

ʚʠʭʦʜʷʯʠ ʟ ʨʽʚʥʷʥʴ ʩʧʽʣʴʥʦʩʪʽ ʧʝʨʝʤʽʱʝʥʴ ʜʣʷ ʝʣʝʤʝʥʪʽʚ ʨʠʛʝʣʽʚ, ʱʦ 

ʩʭʦʜʷʪʴʩʷ ʚ ʦʜʥʦʤʫ ʚʫʟʣʽ, ʽ ʬʦʨʤʫʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʨʘʟʫ:  

A4.i = 

EI/EI      

      

      

      

    EA/EA  

      

(2.21) 

(2.19) 

(2.20) 

(2.22) 
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ɹʣʦʢʠ A4.i ʧʦʻʜʥʫʶʪʴʩʷ ʟ ʝʣʝʤʝʥʪʘʤʠ, ʥʦʤʝʨʠ ʨʷʜʢʽʚ (i)  ̔ʩʪʦʚʙʮʽʚ (j) 

ʷʢʠʭ ʚʠʟʥʘʯʘʪʁʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ: 

i = T + 2 

j = 2T + 1 

 

A5.i = 

    -EI/EA  

      

      

  1    

      

      

 

ɹʣʦʢʠ A5.i ʧʦʻʜʥʫʶʪʴʩʷ ʟ ʝʣʝʤʝʥʪʘʤʠ, ʥʦʤʝʨʠ ʨʷʜʢʽʚ (i) ʽ ʩʪʦʚʙʮʽʚ (j) 

ʷʢʠʭ ʚʠʟʥʘʯʘʪʁʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ: 

 

i = T + 1 

j = 2T + 1 

 

ɹʣʦʢʠ A6.i , A7.i , A8.i , A9.i , A10.i ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʢʦʤʧʝʥʩʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ, 

ʷʢʽ ʚʚʦʜʷʪʴʩʷ ʫ ʟʚ'ʷʟʢʫ ʟ ʫʯʘʩʪʶ ʥʝʟʘʣʝʞʥʠʭ ʢʽʥʮʝʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚ ʨʽʚʥʷʥʥʷʭ 

ʨʽʚʥʦʚʘʛʠ ʽ ʩʧʽʣʴʥʦʩʪʽ ʜʝʬʦʨʤʘʮʽʡ ʪʘ ʬʦʨʤʫʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʨʘʟʽʚ: 

 

A6.i = 

      

-1      

      

      

      

      

 

(2.24) 

(2.26) 

(2.23) 

 

(2.25) 
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ɹʣʦʢʠ A6.i ʧʦʻʜʥʫʶʪʴʩʷ ʟ ʝʣʝʤʝʥʪʘʤʠ, ʥʦʤʝʨʠ ʨʷʜʢʽʚ (i)  ̔ʩʪʦʚʙʮʽʚ (j) 

ʷʢʠʭ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ: 

 

i = j = T + 1 

 

A7.i = 

      

 -1     

      

      

      

      

 

ɹʣʦʢʠ A7.i ʧʦʻʜʥʫʶʪʴʩʷ ʟ ʝʣʝʤʝʥʪʘʤʠ, ʥʦʤʝʨʠ ʨʷʜʢʽʚ (i) ʽ ʩʪʦʚʙʮʽʚ (j) 

ʷʢʠʭ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ: 

 

i = j = T + 1 

 

A8.i = 

      

    -1  

      

      

      

      

 

ɹʣʦʢʠ A8.i ʧʦʻʜʥʫʶʪʴʩʷ ʟ ʝʣʝʤʝʥʪʘʤʠ, ʥʦʤʝʨʠ ʨʷʜʢʽʚ (i)  ̔ʩʪʦʚʙʮʽʚ (j) 

ʷʢʠʭ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ: 

 

i = j = T + 1 

 

(2.27) 

 

(2.30) 

(2.29) 

 

(2.31) 

 

(2.28) 
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A9.i = 

      

      

      

    1  

      

 -1     

 

ɹʣʦʢʠ A9.i ʧʦʻʜʥʫʶʪʴʩʷ ʟ ʝʣʝʤʝʥʪʘʤʠ, ʥʦʤʝʨʠ ʨʷʜʢʽʚ (i)  ̔ʩʪʦʚʙʮʽʚ (j) 

ʷʢʠʭ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ: 

 

i = (S + 1) T 

j = 2 ST 

A10.i = 

      

      

      

      

      

  -1    

 

ɹʣʦʢʠ A10.i ʧʦʻʜʥʫʶʪʴʩʷ ʟ ʝʣʝʤʝʥʪʘʤʠ, ʥʦʤʝʨʠ ʨʷʜʢʽʚ (i) ʽ ʩʪʦʚʙʮʽʚ (j) 

ʷʢʠʭ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ: 

 

i = (K ï 1) 

j = (K ï T) 

 

ʜʝ K ï ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ ʨʘʤʠ. 

 

ɹʣʦʢʠ A11.i ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʢʦʤʧʝʥʩʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʚʚʦʜʷʪʴʩʷ 

ʚʠʭʦʜʷʯʠ ʟ ʨʽʚʥʷʥʴ ʨʽʚʥʦʚʘʛʠ ʽ ʩʧʽʣʴʥʦʩʪʽ ʧʝʨʝʤʽʱʝʥʴ ʜʣʷ ʢʽʥʮʝʚʠʭ 

 
(2.33) 

 

 (2.34) 

 (2.35) 

 

(2.32) 
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ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʤʝʥʪʽʚ ʩʪʽʡʦʢ ʽ ʧʦʯʘʪʢʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʤʝʥʪʽʚ ʨʠʛʝʣʽʚ, ʱʦ 

ʩʭʦʜʷʪʴʩʷ ʚ ʦʜʥʦʤʫ ʚʫʟʣʽ, ʽ ʬʦʨʤʫʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʨʘʟʫ: 

 

A11.i = 

      

      

      

      

EA/EI      

    -1  

 

ɹʣʦʢʠ A11.i ʧʦʻʜʥʫʶʪʴʩʷ ʟ ʝʣʝʤʝʥʪʘʤʠ, ʥʦʤʝʨʠ ʨʷʜʢʽʚ (i) ʽ ʩʪʦʚʙʮʽʚ (j) 

ʷʢʠʭ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ: 

i = (T + 1)+T 

j = i ï T 

 

ɹʣʦʢʠ A12.i, A13.i, A14.i ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʢʦʤʧʝʥʩʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ 

ʚʚʦʜʷʪʴʩʷ ʚʠʭʦʜʷʯʠ ʟ ʨʽʚʥʷʥʴ ʨʽʚʥʦʚʘʛʠ ʽ ʩʧʽʣʴʥʦʩʪʽ ʧʝʨʝʤʽʱʝʥʴ ʜʣʷ ʢʽʥʮʝʚʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʤʝʥʪʽʚ ʩʪʽʡʦʢ ʽ ʧʦʯʘʪʢʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʤʝʥʪʽʚ ʨʠʛʝʣʽʚ, ʱʦ 

ʩʭʦʜʷʪʴʩʷ ʚ ʦʜʥʦʤʫ ʚʫʟʣʽ ʽ ʬʦʨʤʫʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʨʘʟʽʚ: 

 

A12.i = 

      

-1      

      

 -1     

      

    -1  

 

ɹʣʦʢʠ A12.i ʧʦʻʜʥʫʶʪʴʩʷ ʟ ʝʣʝʤʝʥʪʘʤʠ, ʥʦʤʝʨʠ ʨʷʜʢʽʚ (i)  ̔ʩʪʦʚʙʮʽʚ (j) 

ʷʢʠʭ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ: 

(2.37) 

(2.38) 

(2.36) 
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i = (T + 1) S 

j = S 

 

A13.i = 

-1      

 -1     

      

    -1  

      

      

 

ɹʣʦʢʠ A13.i ʧʦʻʜʥʫʶʪʴʩʷ ʟ ʝʣʝʤʝʥʪʘʤʠ, ʥʦʤʝʨʠ ʨʷʜʢʽʚ (i)  ̔ʩʪʦʚʙʮʽʚ (j) 

ʷʢʠʭ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ: 

 

i = (T + 1) 

 

A14.i = 

      

      

      

      

  -1    

      

 

ɹʣʦʢʠ A14.i ʧʦʻʜʥʫʶʪʴʩʷ ʟ ʝʣʝʤʝʥʪʘʤʠ, ʥʦʤʝʨʠ ʨʷʜʢʽʚ (i)  ̔ʩʪʦʚʙʮʽʚ (j) 

ʷʢʠʭ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ: 

 

 i = (T + 2)+1  

j = i ï 1 

 

(2.40) 

(2.42) 

 
(2.39) 

 

(2.41) 

 

(2.43) 
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2.4. ʌʦʨʤʫʚʘʥʥʷ ʤʘʪʨʠʮʴ ʜʣʷ ʨʘʤ, ʱʦ ʤʘʶʪʴ ʜʚʘ ʧʦʚʝʨʭʠ ʪʘ ʜʚʘ 

ʧʨʦʣʴʦʪʠ 

ʈʦʟʛʣʷʥʝʤʦ ʚʠʜ ʤʘʪʨʠʮʽ ʥʝʚʽʜʦʤʠʭ X
*
 ʽ ʤʘʪʨʠʮʽ ʢʦʝʬʽʮʽʻʥʪʽʚ A

*
, 

ʩʢʣʘʜʝʥʠʭ ʜʣʷ ʨʘʤʥʦ-ʟʚôʷʟʢʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, ʱʦ ʤʘʻ ʜʚʘ ʧʦʚʝʨʭʠ ʪʘ ʜʚʘ 

ʧʨʦʣʴʦʪʠ (ʨʠʩ. 2.9). 

 

ʈʠʩ. 2.9 ʅʫʤʝʨʘʮʽʷ ʝʣʝʤʝʥʪʽʚ ʨʘʤʥʦ-ʟʚôʷʟʢʦʚʦʾ ʢʘʨʢʘʩʥʦ ʾʢʦʥʩʪʨʫʢʮʽʾ, ʱʦ ʤʘʻ 

ʜʚʘ ʧʦʚʝʨʭʠ ʪʘ ʜʚʘ ʧʨʦʣʴʦʪʠ 

 

 

 

 

 

 

 

 
 

 

  

 

 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʦʧʦʣʦʛʽʾ ʤʘʪʨʠʮʽ ʢʦʝʬʽʮʽʻʥʪʽʚ (2.44) 

ʨʦʟʨʽʰʘʶʯʦʛʦ ʨʽʚʥʷʥʥʷ ʯʠʩʝʣʴʥʦ-ʘʥʘʣʽʪʠʯʥʦʛʦ ʚʘʨʽʘʥʪʫ ʤʝʪʦʜʫ ʛʨʘʥʠʯʥʠʭ 

ʝʣʝʤʝʥʪʽʚ, ʜʣʷ ʨʘʤʥʦ-ʟʚôʷʟʢʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʱʦ ʤʘʶʪʴ S ʧʦʚʝʨʭʽʚ (S = 2) ̔  T 

(2.44) 

A A1 3 9 3+
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A1 45
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A1 17

A74
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A 2 3 6A1 65
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A A210 1010+

A1 37

A1 57

1 432 5

A =
*

6 987 10

A86
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A1 72
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A247A247

A249
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ʧʨʦʣʴʦʪʽʚ (T = 2), ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ m ʝʣʝʤʝʥʪʽʚ, ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʥʠʞʯʝʦʧʠʩʘʥʘ ʤʝʪʦʜʠʢʘ ʾʾ ʬʦʨʤʫʚʘʥʥʷ. 

ɹʣʦʢʠ A15.i ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʝʣʝʤʝʥʪʽʚ, ʚʩʽ ʧʦʯʘʪʢʦʚʽ ʧʘʨʘʤʝʪʨʠ ʷʢʠʭ ʻ 

ʥʝʚʽʜʦʤʠʤʠ ʽ ʥʝ ʧʦʚ'ʷʟʘʥʽ ʟ ʛʨʘʥʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʽʥʰʠʭ ʝʣʝʤʝʥʪʽʚ, ʽ 

ʬʦʨʤʫʪʁʴʩʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʚʠʨʘʟʫ: 

 

A15.i = 

1 -l -l i
2
/2 -l i

3
/6   

 1 -l i -l i
2
/2   

  1 l i   

   1   

    1 l i 

     1 

 

ɹʣʦʢʠ A15.i ʧʦʻʜʥʫʶʪʴʩʷ ʟ ʝʣʝʤʝʥʪʘʤʠ, ʥʦʤʝʨʠ ʨʷʜʢʽʚ (i)  ̔ʩʪʦʚʙʮʽʚ (j) 

ʷʢʠʭ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ: 

 

i = j = (t2 ï 1)S + S 

i = j = (T + 1)S +(t1 ï 1)S + S 

 

ʜʝ t2 ï ʟʤʥ̔ʶʻʪʴʩʷ ʚʽʜ 1 ʜʦ T+1. 

ɹʣʦʢʠ A16.i ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʤʘʶʪʴ ʦʙʥʫʣʝʥʥ ̔ʧʦʯʘʪʢʦʚʽ 

ʧʘʨʘʤʝʪʨʠ, ʱʦ ʚʨʘʭʦʚʫʶʪʴ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʢʦʥʩʪʨʫʢʮʽʾ ʽ ʬʦʨʤʫʶʪʴʩʷ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʨʘʟʫ: 

A16.i = 

 -l  -l i
3
/6   

 1  -l i
2
/2   

   l i   

   1   

     l i 

     1 

(2.47) 

(2.45) 

(2.46) 
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ɹʣʦʢʠ A16.i  ʧʦʻʜʥʫʶʪʴʩʷ ʟ ʝʣʝʤʝʥʪʘʤʠ, ʥʦʤʝʨʠ ʨʷʜʢʽʚ (i)  ̔ʩʪʦʚʙʮʽʚ (j) 

ʷʢʠʭ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ: 

 

i = 3T 

j = 3T + 1 

 

ɹʣʦʢʠ A17.i, A18.i ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʢʦʤʧʝʥʩʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʚʚʦʜʷʪʴʩʷ 

ʚʠʭʦʜʷʯʠ ʟ ʨʽʚʥʷʥʴ ʨʽʚʥʦʚʘʛʠ ʽ ʩʧʽʣʴʥʦʩʪʽ ʧʝʨʝʤʽʱʝʥʴ ʜʣʷ ʝʣʝʤʝʥʪʽʚ ʩʪʽʡʦʢ, 

ʱʦ ʩʭʦʜʷʪʴʩʷ ʚ ʦʜʥʦʤʫ ʚʫʟʣʽ, ʽ ʬʦʨʤʫʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʨʘʟʽʚ: 

 

A17.i = 

-EJ/EJ      

 -EJ/EJ     

  -1    

   -1   

    -EA/EA  

     -1 

 

 

 

 

ɹʣʦʢʠ A17.i  ʧʦʻʜʥʫʶʪʴʩʷ ʟ ʝʣʝʤʝʥʪʘʤʠ, ʥʦʤʝʨʠ ʨʷʜʢʽʚ (i)  ̔ʩʪʦʚʙʮʽʚ (j) 

ʷʢʠʭ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ: 

 

i = (t2 ï 1)S + 1 

j = i + 1 

A 18.i = 

    -EI/EA  

      

      

     -1 

EA/EJ      

   1   

(2.48) 

 

(2.49) 

(2.51) 

(2.50) 
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ɹʣʦʢʠ A18.i  ʧʦʻʜʥʫʶʪʴʩʷ ʟ ʝʣʝʤʝʥʪʘʤʠ, ʥʦʤʝʨʠ ʨʷʜʢʽʚ (i)  ̔ʩʪʦʚʙʮʽʚ (j) 

ʷʢʠʭ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ: 

 

 i = S  

j = S + 4T 

 

ɹʣʦʢʠ A19.i , A20.i ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʢʦʤʧʝʥʩʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʚʚʦʜʷʪʴʩʷ 

ʫ ʟʚ'ʷʟʢʫ ʟ ʫʯʘʩʪʶ ʥʝʟʘʣʝʞʥʠʭ ʢʽʥʮʝʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚ ʨʽʚʥʷʥʥʷʭ ʨʽʚʥʦʚʘʛʠ ʽ 

ʩʧʽʣʴʥʦʩʪʽ ʜʝʬʦʨʤʘʮʽʡ, ʽ ʬʦʨʤʫʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʨʘʟʽʚ: 

A19.i = 

      

      

      

     -1 

      

   1   

 

 

 

 

 

ɹʣʦʢʠ A19.i ʧʦʻʜʥʫʶʪʴʩʷ ʟ ʝʣʝʤʝʥʪʘʤʠ, ʥʦʤʝʨʠ ʨʷʜʢʽʚ (i)  ̔ʩʪʦʚʙʮʽʚ (j) 

ʷʢʠʭ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ: 

 

i = (S ï 1) 

j = (T + 1)S + 1 

 

ɹʣʦʢʠ A20.i ʧʦʻʜʥʫʶʪʴʩʷ ʟ ʝʣʝʤʝʥʪʘʤʠ, ʥʦʤʝʨʠ ʨʷʜʢʽʚ (i)  ̔ʩʪʦʚʙʮʽʚ (j) 

ʷʢʠʭ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ: 

A20.i = 

      

      

      

    1  

      

  -1    

(2.53) 

(2.55) 

(2.52) 

(2.54) 
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i = (2S + 1) 

j = (3S + 1) 

 

ɹʣʦʢʠ A21.i , A22.i ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʢʦʤʧʝʥʩʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʚʚʦʜʷʪʴʩʷ 

ʚʠʭʦʜʷʯʠ ʟ ʨʽʚʥʷʥʴ ʨʽʚʥʦʚʘʛʠ ʽ ʩʧʽʣʴʥʦʩʪʽ ʧʝʨʝʤʽʱʝʥʴ ʫ ʝʣʝʤʝʥʪʘʭ ʩʪʽʡʦʢ, ʱʦ 

ʩʭʦʜʷʪʴʩʷ ʚ ʦʜʥʦʤʫ ʚʫʟʣʽ, ʽ ʬʦʨʤʫʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʨʘʟʽʚ: 

 

A21.i = 

      

      

      

      

  EA/EJ    

      

 

 

 

 

 

 

 

 

ɹʣʦʢʠ A21.i  ʧʦʻʜʥʫʶʪʴʩʷ ʟ ʝʣʝʤʝʥʪʘʤʠ, ʥʦʤʝʨʠ ʨʷʜʢʽʚ (i)  ̔ʩʪʦʚʙʮʽʚ (j) 

ʷʢʠʭ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ: 

 

i = 2S 

j = 2S + T 

 

ɹʣʦʢʠ A22.i  ʧʦʻʜʥʫʶʪʴʩʷ ʟ ʝʣʝʤʝʥʪʘʤʠ, ʥʦʤʝʨʠ ʨʷʜʢʽʚ (i)  ̔ʩʪʦʚʙʮʽʚ (j) 

ʷʢʠʭ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ: 

A22.i = 

    -EI/EA  

      

      

      

      

  -1    

(2.57) 

(2.56) 

 

(2.59) 

(2.58) 
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i = (T + 1)S 

j = K ï 2 

 

ɹʣʦʢʠ A23.i ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʢʦʤʧʝʥʩʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʚʚʦʜʷʪʴʩʷ ʫ 

ʟʚ'ʷʟʢʫ ʟ ʫʯʘʩʪʶ ʥʝʟʘʣʝʞʥʠʭ ʢʽʥʮʝʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚ ʨʽʚʥʷʥʥʷʭ ʨʽʚʥʦʚʘʛʠ ʽ 

ʩʧʽʣʴʥʦʩʪʽ ʜʝʬʦʨʤʘʮʽʡ, ʽ ʬʦʨʤʫʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʨʘʟʫ: 

 

A23.i = 

      

      

      

  1    

      

      

 

ɹʣʦʢʠ A23.i ʧʦʻʜʥʫʶʪʴʩʷ ʟ ʝʣʝʤʝʥʪʘʤʠ, ʥʦʤʝʨʠ ʨʷʜʢʽʚ (i)  ̔ʩʪʦʚʙʮʽʚ (j) 

ʷʢʠʭ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ: 

 

i = (T + 1)S 

j = K 

 

ɹʣʦʢʠ A24.i ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʢʦʤʧʝʥʩʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʚʚʦʜʷʪʴʩʷ 

ʚʠʭʦʜʷʯʠ ʟ ʨʽʚʥʷʥʴ ʨʽʚʥʦʚʘʛʠ ʽ ʩʧʽʣʴʥʦʩʪʽ ʧʝʨʝʤʽʱʝʥʴ ʜʣʷ ʝʣʝʤʝʥʪʽʚ ʩʪʽʡʦʢ, 

ʱʦ ʩʭʦʜʷʪʴʩʷ ʚ ʦʜʥʦʤʫ ʚʫʟʣʽ, ʽ ʬʦʨʤʫʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʨʘʟʫ: 

A24.i = 

    -EI/EA  

      

      

      

EA/EJ      

      

ɹʣʦʢʠ A24.i  ʧʦʻʜʥʫʶʪʴʩʷ ʟ ʝʣʝʤʝʥʪʘʤʠ, ʥʦʤʝʨʠ ʨʷʜʢʽʚ (i)  ̔ʩʪʦʚʙʮʽʚ (j) 

ʷʢʠʭ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ: 

(2.63) 

(2.61) 

(2.62) 

(2.60) 
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i = (T + 1)S + (t3 ï 1)S + S 

j = i + S 

 

ɹʣʦʢʠ A25.i, A26.i, A27.i ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʢʦʤʧʝʥʩʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ 

ʚʚʦʜʷʪʴʩʷ ʫ ʟʚ'ʷʟʢʫ ʟ ʫʯʘʩʪʶ ʥʝʟʘʣʝʞʥʠʭ ʢʽʥʮʝʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚ ʨʽʚʥʷʥʥʷʭ 

ʨʽʚʥʦʚʘʛʠ ʽ ʩʧʽʣʴʥʦʩʪʽ ʜʝʬʦʨʤʘʮʽʡ, ʽ ʬʦʨʤʫʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʨʘʟʽʚ: 

A25.i = 

      

-1      

      

  -1    

      

    -1  

 

A26.i = 

      

-1      

      

  -1    

    -1  

      

 

 

ɹʣʦʢʠ A25.i ʧʦʻʜʥʫʶʪʴʩʷ ʟ ʝʣʝʤʝʥʪʘʤʠ, ʥʦʤʝʨʠ ʨʷʜʢʽʚ (i)  ̔ʩʪʦʚʙʮʽʚ (j) 

ʷʢʠʭ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ: 

A27.i = 

  -1    

      

      

      

      

      

(2.65) 

(2.66) 

(2.64) 

(2.67) 
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i = (T + 1)S + 2  

j =3S 

 

ɹʣʦʢʠ A26.i ʧʦʻʜʥʫʶʪʴʩʷ ʟ ʝʣʝʤʝʥʪʘʤʠ, ʥʦʤʝʨʠ ʨʷʜʢʽʚ (i)  ̔ʩʪʦʚʙʮʽʚ (j) 

ʷʢʠʭ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ: 

 

i = K ï 1 

j = K ï 2 

 

ʜʝ K ï ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ ʨʘʤʠ. 

 

ɹʣʦʢʠ A27.i ʧʦʻʜʥʫʶʪʴʩʷ ʟ ʝʣʝʤʝʥʪʘʤʠ, ʥʦʤʝʨʠ ʨʷʜʢʽʚ (i)  ̔ʩʪʦʚʙʮʽʚ (j) 

ʷʢʠʭ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ: 

 

i = (t1 ï 1) + 1; 

j = (T + 1) + t1. 

 

ʜʝ t1 ï ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 1 ʜʦ T. 

 

2.5. ʌʦʨʤʫʚʘʥʥʷ ʤʘʪʨʠʮʴ ʜʣʷ ʨʘʤ, ʱʦ ʤʘʶʪʴ ʪʨʠ ʧʦʚʝʨʭʠ ʪʘ ʜʚʘ 

ʧʨʦʣʴʦʪʠ 

ʈʦʟʛʣʷʥʝʤʦ ʚʠʜ ʤʘʪʨʠʮʽ ʥʝʚʽʜʦʤʠʭ X
*
 ʪʘ ʤʘʪʨʠʮʽ ʢʦʝʬʽʮʽʻʥʪʽʚ A

*
, 

ʩʢʣʘʜʝʥʠʭ ʜʣʷ ʨʘʤʥʦ-ʟʚôʷʟʢʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, ʱʦ ʤʘʻ ʪʨʠ ʧʦʚʝʨʭʠ ʪʘ ʜʚʘ 

ʧʨʦʣʴʦʪʠ (ʨʠʩ. 2.10). 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʦʧʦʣʦʛʽʾ ʤʘʪʨʠʮʽ ʢʦʝʬʽʮʽʻʥʪʽʚ (2.72) 

ʨʦʟʨʽʰʘʶʯʦʛʦ ʨʽʚʥʷʥʥʷ ʯʠʩʝʣʴʥʦ-ʘʥʘʣʽʪʠʯʥʦʛʦ ʚʘʨʽʘʥʪʫ ʤʝʪʦʜʫ ʛʨʘʥʠʯʥʠʭ 

ʝʣʝʤʝʥʪʽʚ, ʜʣʷ ʨʘʤʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʱʦ ʤʘʶʪʴ S ʧʦʚʝʨʭʽʚ (S = 3) ʽ T ʧʨʦʣʴʦʪʽʚ 

(T = 2), ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ m ʝʣʝʤʝʥʪʽʚ, ʧʨʦʧʦʥʫʻʪʴʩʷ ʥʠʞʯʝʦʧʠʩʘʥʘ ʤʝʪʦʜʠʢʘ 

ʾʾ ʬʦʨʤʫʚʘʥʥʷ. 

 

(2.70) 

(2.69) 

(2.68) 
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ʈʠʩ. 2.10 ʅʫʤʝʨʘʮʽʷ ʝʣʝʤʝʥʪʽʚ ʨʘʤʥʦ-ʟʚôʷʟʢʦʚʦʾ ʢʘʨʢʘʩʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, ʱʦ 

ʤʘʻ ʪʨʠ ʧʦʚʝʨʭʠ ʽ ʜʚʘ ʧʨʦʣʴʦʪʠ  

 

ɹʣʦʢʠ A28.i ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʢʦʤʧʝʥʩʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʚʚʦʜʷʪʴʩʷ 

ʚʠʭʦʜʷʯʠ ʟ ʨʽʚʥʷʥʴ ʨʽʚʥʦʚʘʛʠ ʽ ʩʧʽʣʴʥʦʩʪʽ ʧʝʨʝʤʽʱʝʥʴ ʜʣʷ ʝʣʝʤʝʥʪʘʭ ʩʪʽʡʦʢ, 

ʱʦ ʩʭʦʜʷʪʴʩʷ ʚ ʦʜʥʦʤʫ ʚʫʟʣʽ, ʽ ʬʦʨʤʫʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʨʘʟʫ: 

 

A28.i = 

      

      

      

      

    EA/EJ  

      

 

(2.71) 



76 

A 1 35

A1 25

A1 934+A

A11
A1 17

A63

A1 55

A1 77

A1 85

A 2 0 6A1 65

A207

A229

A194

A192

A183

A191

A289

A17

A1 95A89

A1 106

A1 27

A1 47

A195A1 57

A2410A2410 A1 102

A2411
A1 116A1 112

A212

A2413
A1 136A2413

A2414
A1 146A3 142A2414

A2615A3015 A215+A1015

1 432 5

A =
*

6 987 10 15141312

A186

A1 87

A2411

A298

A2512

A2513

A3 141

A76

A239

A95

A412

 

 

 

 

 

 

 

 

(2.72) 

 

7
6 
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ɹʣʦʢʠ A28.i  ʧʦʻʜʥʫʶʪʴʩʷ ʟ ʝʣʝʤʝʥʪʘʤʠ, ʥʦʤʝʨʠ ʨʷʜʢʽʚ (i)  ̔ʩʪʦʚʙʮʽʚ (j) 

ʷʢʠʭ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ: 

i = (T + 1)S  

j = K ï 3 

ɹʣʦʢʠ A29.i , A30.i , A31.i , A32.i ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʢʦʤʧʝʥʩʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ 

ʚʚʦʜʷʪʴʩʷ ʫ ʟʚ'ʷʟʢʫ ʟ ʫʯʘʩʪʶ ʥʝʟʘʣʝʞʥʠʭ ʢʽʥʮʝʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚ ʨʽʚʥʷʥʥʷʭ 

ʨʽʚʥʦʚʘʛʠ ʽ ʩʧʽʣʴʥʦʩʪʽ ʜʝʬʦʨʤʘʮʽʡ, ʽ ʬʦʨʤʫʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʨʘʟʽʚ: 

 

A29.i = 

      

      

      

  1    

      

-1      

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A30.i = 

    -1  

      

      

      

      

      

A31.i = 

      

      

      

-1      

      

  -1    

(2.74) 

(2.73) 

(2.75) 

(2.76) 
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ɹʣʦʢʠ A29.i ʧʦʻʜʥʫʶʪʴʩʷ ʟ ʝʣʝʤʝʥʪʘʤʠ, ʥʦʤʝʨʠ ʨʷʜʢʽʚ (i)  ̔ʩʪʦʚʙʮʽʚ (j) 

ʷʢʠʭ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ: 

 

i = 2(S + 2) 

j = 4S 

 

ɹʣʦʢʠ A30.i ʧʦʻʜʥʫʶʪʴʩʷ ʟ ʝʣʝʤʝʥʪʘʤʠ, ʥʦʤʝʨʠ ʨʷʜʢʽʚ (i)  ̔ʩʪʦʚʙʮʽʚ (j) 

ʷʢʠʭ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ: 

 

i = K ï 1 

j = K ï 3 

 

ʜʝ K ï ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ ʨʘʤʠ. 

 

ɹʣʦʢʠ A31.i ʧʦʻʜʥʫʶʪʴʩʷ ʟ ʝʣʝʤʝʥʪʘʤʠ, ʥʦʤʝʨʠ ʨʷʜʢʽʚ (i)  ̔ʩʪʦʚʙʮʽʚ (j) 

ʷʢʠʭ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ: 

 

i = (T + 1)S + 4 

j = 4S 

 

ɹʣʦʢʠ A32.i ʧʦʻʜʥʫʶʪʴʩʷ ʟ ʝʣʝʤʝʥʪʘʤʠ, ʥʦʤʝʨʠ ʨʷʜʢʽʚ (i) ʽ ʩʪʦʚʙʮʽʚ (j) 

ʷʢʠʭ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ: 

A32.i = 

      

  -1    

      

      

      

      

(2.78) 

(2.79) 

(2.80) 

(2.77) 
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i = (T + 1)S + 4 

j = 4S ï 1 

 

2.6. ʌʦʨʤʫʚʘʥʥʷ ʤʘʪʨʠʮʴ ʜʣʷ ʨʘʤ, ʱʦ ʤʘʶʪʴ ʯʦʪʠʨʠ ʧʦʚʝʨʭʠ ʪʘ 

ʜʚʘ ʧʨʦʣʴʦʪʠ 

ɺ ʷʢʦʩʪʽ ʧʨʠʢʣʘʜʫ ʨʦʟʛʣʷʥʝʤʦ ʚʠʜ ʤʘʪʨʠʮʽ ʥʝʚʽʜʦʤʠʭ X
*
 ʪʘ ʤʘʪʨʠʮʽ 

ʢʦʝʬʽʮʽʻʥʪʽʚ A
*
, ʩʢʣʘʜʝʥʠʭ ʜʣʷ ʨʘʤʥʦ-ʟʚôʷʟʢʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, ʱʦ ʤʘʻ ʯʦʪʠʨʠ 

ʧʦʚʝʨʭʠ ʽ ʜʚʘ ʧʨʦʣʴʦʪʠ (ʨʠʩ. 2.11). 

 
 

ʈʠʩ. 2.11 ʅʫʤʝʨʘʮʽʷ ʝʣʝʤʝʥʪʽʚ ʨʘʤʥʦ-ʟʚôʷʟʢʦʚʦʾ ʢʘʨʢʘʩʥʽʡ ʢʦʥʩʪʨʫʢʮʽʾ, ʱʦ 

ʤʘʻ ʯʦʪʠʨʠ ʧʦʚʝʨʭʠ ʪʘ ʜʚʘ ʧʨʦʣʴʦʪʠ 

 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʦʧʦʣʦʛʽʾ ʤʘʪʨʠʮʽ ʢʦʝʬʽʮʽʻʥʪʽʚ (2.82) 

ʨʦʟʨʽʰʘʶʯʦʛʦ ʨʽʚʥʷʥʥʷ ʯʠʩʝʣʴʥʦ-ʘʥʘʣʽʪʠʯʥʦʛʦ ʚʘʨʽʘʥʪʫ ʤʝʪʦʜʫ ʛʨʘʥʠʯʥʠʭ  

(2.81) 
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(2.82) 
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A1 27

3

A1 25
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1
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ʝʣʝʤʝʥʪʽʚ, ʜʣʷ ʨʘʤʥʦ-ʟʚôʷʟʢʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʱʦ ʤʘʶʪʴ S ʧʦʚʝʨʭʽʚ (S = 4) ʪʘ 

T ʧʨʦʣʴʦʪʽʚ (T = 2), ʷʢʽ ʩʢʣʘʜʘʶʪʴʩʷ ʟ m ʝʣʝʤʝʥʪʽʚ, ʥʦʚʠʭ ʙʣʦʢʽʚ ʥʝ ʚʠʷʚʣʝʥʦ. 

ɺʩʽ ʙʣʦʢʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʪʠʤ, ʷʢʽ ʧʨʠʩʫʪʥʽ ʚ ʨʘʤʘʭ, ʱʦ ʤʘʶʪʴ ʪʨʠ ʧʦʚʝʨʭʠ ʽ 

ʤʝʥʰʝ. 

 

2.7. ʌʦʨʤʫʚʘʥʥʷ ʤʘʪʨʠʮʴ ʜʣʷ ʨʘʤ, ʱʦ ʤʘʶʪʴ ʧ'ʷʪʴ ʧʦʚʝʨʭʽʚ ʪʘ ʜʚʘ 

ʧʨʦʣʴʦʪʠ 

ɺ ʷʢʦʩʪʽ ʧʨʠʢʣʘʜʫ ʨʦʟʛʣʷʥʝʤʦ ʚʠʜ ʤʘʪʨʠʮʽ ʥʝʚʽʜʦʤʠʭ X
*
 ʪʘ ʤʘʪʨʠʮʽ 

ʢʦʝʬʽʮʽʻʥʪʽʚ A
*
, ʩʢʣʘʜʝʥʠʭ ʜʣʷ ʨʘʤʥʦ-ʟʚ'ʷʟʢʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, ʱʦ ʤʘʻ ʧ'ʷʪʴ 

ʧʦʚʝʨʭʽʚ ʽ ʜʚʘ ʧʨʦʣʴʦʪʠ (ʨʠʩ. 2.12). 

 

 

ʈʠʩ. 2.12 ʅʫʤʝʨʘʮʽʷ ʝʣʝʤʝʥʪʽʚ ʨʘʤʥʦ-ʟʚ'ʷʟʢʦʚʦʾ ʢʘʨʢʘʩʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, ʱʦ 

ʤʘʻ ʧ'ʷʪʴ ʧʦʚʝʨʭʽʚ ʽ ʜʚʘ ʧʨʦʣʴʦʪʠ 
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ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʦʧʦʣʦʛʽʾ ʤʘʪʨʠʮʽ ʢʦʝʬʽʮʽʻʥʪʽʚ (2.83) 

ʨʦʟʨʽʰʘʶʯʦʛʦ ʨʽʚʥʷʥʥʷ ʯʠʩʝʣʴʥʦ-ʘʥʘʣʽʪʠʯʥʦʛʦ ʚʘʨʽʘʥʪʫ ʤʝʪʦʜʫ ʛʨʘʥʠʯʥʠʭ 

ʝʣʝʤʝʥʪʽʚ, ʜʣʷ ʨʘʤʥʦ-ʟʚôʷʟʢʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʱʦ ʤʘʶʪʴ S ʧʦʚʝʨʭʽʚ (S = 5) ʪʘ 

T ʧʨʦʣʴʦʪʽʚ (T = 2), ʷʢʽ ʩʢʣʘʜʘʶʪʴʩʷ ʟ m ʝʣʝʤʝʥʪʽʚ, ʥʦʚʠʭ ʙʣʦʢʽʚ ʥʝ ʚʠʷʚʣʝʥʦ. 

ɺʩʽ ʙʣʦʢʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʪʠʤ, ʷʢʽ ʧʨʠʩʫʪʥʽ ʚ ʨʘʤʘʭ, ʱʦ ʤʘʶʪʴ ʯʦʪʠʨʠ ʧʦʚʝʨʭʠ ʽ 

ʤʝʥʰʝ. 

 

ɺʀʉʅʆɺʂʀ ɼʆ ʈʆɿɼɯʃʋ 2 

 

1. ʈʦʟʨʦʙʣʝʥʽ ʘʣʛʦʨʠʪʤʠ ʬʦʨʤʫʚʘʥʥʷ ʤʘʪʨʠʮʴ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʨʘʤʥʦ-

ʟʚ'ʷʟʢʦʚʠʭ ʢʘʨʢʘʩʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʯʠʩʝʣʴʥʦ-ʘʥʘʣʽʪʠʯʥʦʛʦ 

ʤʝʪʦʜʫ ʛʨʘʥʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

2. ʉʬʦʨʤʦʚʘʥʽ ʤʘʪʨʠʮʽ ʯʠʩʝʣʴʥʦ-ʘʥʘʣʽʪʠʯʥʦʛʦ ʤʝʪʦʜʫ ʛʨʘʥʠʯʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʜʚʦʧʨʦʣʽʪʥʠʭ ʨʘʤʥʦ-ʟʚ'ʷʟʢʦʚʠʭ ʢʘʨʢʘʩʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʧʦʚʝʨʭʦʚʽʩʪʶ ʚʽʜ ʦʜʥʦʛʦ ʜʦ ʧ'ʷʪʠ ʧʦʚʝʨʭʽʚ. 
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(2.83) 
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ʈʆɿɼɯʃ 3 

ɺʇʃʀɺ ʇʆʈʗɼʂʋ ʌʆʈʄʋɺɸʅʅʗ ʈʆɿʈɸʍʋʅʂʆɺʆɰ ʉʍɽʄʀ 

ʅɸ ʅɸʇʈʋɾɽʅʆ - ɼɽʌʆʈʄʆɺɸʅʀʁ ʉʊɸʅ ɿɸʃɯɿʆɹɽʊʆʅʅʆɰ 

ʈɸʄʅʆ-ɿɺʗɿʂʆɺʆɰ ʂɸʈʂɸʉʅʆɰ ʂʆʅʉʊʈʋʂʎɯɰ 

 

3.1. ʆʩʦʙʣʠʚʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʨʘʤʥʦ-ʟʚôʷʟʢʦʚʠʭ ʢʘʨʢʘʩʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʨʷʜʢʫ 

ʧʨʠʢʣʘʜʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ 

 

ɺ ʧʨʘʢʪʠʮʽ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʢʘʨʢʘʩʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, 

ʩʪʘʪʠʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʧʨʦʚʦʜʠʪʴʩʷ ʥʘ ʧʦʚʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʥʘʚʘʥʪʘʞʝʥʥʷ 

(ʢʦʤʙʽʥʘʮʽʾ ʧʦʩʪʽʡʥʠʭ ʪʘ ʪʠʤʯʘʩʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ). ʈʦʟʨʘʭʫʥʦʢ ʥʘ ʤʽʮʥʽʩʪʴ ʽ 

ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ ʧʨʦʚʦʜʠʪʴʩʷ ʥʘ ʨʦʟʨʘʭʫʥʢʦʚʽ ʟʫʩʠʣʣʷ, ʦʪʨʠʤʘʥʽ 

ʚ ʨʝʟʫʣʴʪʘʪʽ ʪʘʢʦʛʦ ʨʦʟʨʘʭʫʥʢʫ. 

ʋ ʪʦʡ ʞʝ ʯʘʩ, ʚ ʩʪʘʪʠʯʥʦ ʥʝʚʠʟʥʘʯʝʥʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʟʤʽʥʠ ʞʦʨʩʪʢʦʩʪʽ ʝʣʝʤʝʥʪʽʚ, ʚʠʢʣʠʢʘʥʠʭ ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷʤ, 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʫʪʪʻʚʠʡ ʧʝʨʝʨʦʟʧʦʜʽʣ ʟʫʩʠʣʴ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʝʣʽʥʽʡʥʽʩʪʴ ʨʦʙʦʪʠ ʝʣʝʤʝʥʪʽʚ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʟʚôʷʟʢʦʚʠʭ 

ʢʘʨʢʘʩʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʾʾ ʧʦʚʝʜʽʥʢʘ ʧʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʽʩʪʦʪʥʦ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʦʮʝʩʫ ʟʚʝʜʝʥʥʷ. 

ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʚʥʫʪʨʽʰʥʽʭ ʟʫʩʠʣʴ ʫ ʧʦʧʝʨʝʯʥʠʭ ʨʘʤʘʭ ʮʠʚʽʣʴʥʠʭ ʽ 

ʧʨʦʤʠʩʣʦʚʠʭ ʙʫʜʽʚʝʣʴ ʧʨʦʝʢʪʫʚʘʣʴʥʠʢ ʧʨʘʮʶʻ ʟ ʨʦʟʨʘʭʫʥʢʦʚʦʶ ʩʭʝʤʦʶ 

ʨʘʤʠ, ʱʦ ʤʘʻ ʧʨʦʝʢʪʥʫ ʧʦʚʝʨʭʦʚʽʩʪʴ, ʧʨʠʯʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʨʠʛʝʣʽʚ ʪʘʢʦ ʾ

ʨʘʤʠ ʧʦʩʪʽʡʥʠʤʠ ʽ ʪʠʤʯʘʩʦʚʠʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ ʚʠʢʦʥʫʻʪʴʩʷ ʦʜʥʦʯʘʩʥʦ ʥʘ 

ʚʩʽʭ ʧʦʚʝʨʭʘʭ. 

ɺ ʨʝʘʣʴʥʠʭ ʨʘʤʥʠʭ ʩʠʩʪʝʤʘʭ ʤʦʥʪʘʞ ʨʠʛʝʣʽʚ ʥʘʩʪʫʧʥʦʛʦ ʧʦʚʝʨʭʫ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʽʣʴʢʠ ʧʽʩʣʷ ʫʢʣʘʜʘʥʥʷ ʧʣʠʪ ʧʝʨʝʢʨʠʪʪʷ ʥʘ ʧʦʧʝʨʝʜʥʴʦʤʫ 

ʧʦʚʝʨʩʽ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʟʘʩʪʦʩʦʚʫʚʘʥʦʾ ʢʣʘʩʠʯʥʦʾ 

ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ, ʜʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ ʥʠʞʯʠʭ ʨʠʛʝʣʽʚ ʚʠʢʣʠʢʘʻ ʧʦʷʚʫ 

ʚʥʫʪʨʽʰʥʽʭ ʟʫʩʠʣʴ ʫ ʩʪʽʡʢʘʭ ʪʘ ʨʠʛʝʣʷʭ ʚʝʨʭʥʽʭ ʧʦʚʝʨʭʽʚ, ʧʨʠ ʨʝʘʣʴʥʦʤʫ 
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ʥʘʚʘʥʪʘʞʝʥʥʽ ʚʝʣʠʢʘ ʯʘʩʪʠʥʘ ʧʦʩʪʽʡʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʟʫʩʠʣʣʷ 

ʚ ʢʦʥʩʪʨʫʢʮʽʷʭ ʚʝʨʭʥʽʭ ʧʦʚʝʨʭʽʚ. 

ʊʘʢʦʞ ʦʩʦʙʣʠʚʽʩʪʴ ʟʚʝʜʝʥʥʷ ʦʙ'ʻʢʪʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ ʽ 

ʥʘʢʦʧʠʯʝʥʥʷ ʜʝʬʝʢʪʽʚ ʩʠʣʦʚʦʛʦ ʦʧʦʨʫ ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʜʽʚʝʣʴ. 

ʊʝʭʥʦʣʦʛʽʯʥʽ ʢʘʨʪʠ ʥʘ ʤʦʥʪʘʞ ʨʠʛʝʣʽʚ ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʠʭ ʙʫʜʽʚʝʣʴ ʽʟ 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʤ ʟʙʽʨʥʠʤ ʢʘʨʢʘʩʦʤ ʧʝʨʝʜʙʘʯʘʶʪʴ ʚʠʢʦʥʘʥʥʷ ʚʘʥʥʦʛʦ 

ʟʚʘʨʶʚʘʥʥʷ ʚʠʧʫʩʢʽʚ ʘʨʤʘʪʫʨʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʞʦʨʩʪʢʝ ʩʧʦʣʫʯʝʥʥʷ ʨʠʛʝʣʷ ʟ 

ʢʦʣʦʥʦʶ, ʚʽʜʨʘʟʫ ʧʽʩʣʷ ʫʩʪʘʥʦʚʢʠ ʦʩʪʘʥʥʴʦʛʦ ʚ ʧʨʦʝʢʪʥʝ ʧʦʣʦʞʝʥʥʷ. ʈʝʘʣʴʥʦ 

ʞ ʥʘ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʡʜʘʥʯʠʢʘʭ ʤʦʥʪʘʞ ʥʝʨʽʜʢʦ ʚʠʢʦʥʫʻʪʴʩʷ ʚ ʪʘʢʽʡ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ: ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʨʠʛʝʣʽ ʤʦʥʪʦʚʘʥʦʛʦ ʧʦʚʝʨʭʫ, ʧʨʠʭʦʧʣʶʶʪʴʩʷ 

ʤʦʥʪʘʞʥʠʭ ʰʚʦʤ ʟʘʢʣʘʜʥʽ ʚ ʢʦʥʩʦʣʷʭ ʢʦʣʦʥ ʽ ʨʠʛʝʣʷʭ, ʧʨʦʚʦʜʠʪʴʩʷ ʤʦʥʪʘʞ 

ʧʣʠʪ ʧʝʨʝʢʨʠʪʪʷ ʜʘʥʦʛʦ ʧʦʚʝʨʭʫ ʽ ʪʽʣʴʢʠ ʧʦʪʽʤ ʚʠʢʦʥʫʻʪʴʩʷ ʟʚʘʨʶʚʘʥʥʷ 

ʚʠʧʫʩʢʽʚ ʘʨʤʘʪʫʨʠ ʨʠʛʝʣʷ.  

ʈʦʟʛʣʷʥʝʤʦ, ʷʢ ʟʘʟʥʘʯʝʥʝ ʧʦʨʫʰʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ 

ʚʽʜʙʠʚʘʻʪʴʩʷ ʥʘ ʬʦʨʤʫʚʘʥʥʽ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ ʽ ʚʝʣʠʯʠʥʽ ʚʥʫʪʨʽʰʥʽʭ 

ʟʫʩʠʣʴ ʚ ʝʣʝʤʝʥʪʘʭ ʨʘʤ. ʇʨʠ ʚʠʙʦʨʽ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʩʭʝʤ, ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ, 

ʩʣʽʜ ʚʨʘʭʫʚʘʪʠ, ʱʦ ʯʘʩʪʠʥʘ ʧʦʩʪʽʡʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠʢʣʘʜʝʥʘ ʜʦ 

ʰʘʨʥʽʨʥʦ ʦʧʝʨʪʦʛʦ ʨʠʛʝʣʷ, ʘ ʩʘʤʝ: ʚʣʘʩʥʘ ʚʘʛʘ ʤʽʞʧʦʚʝʨʭʦʚʠʭ ʧʝʨʝʢʨʠʪʪ ̫ʽ 

ʧʦʢʨʠʪʪʷ. 

ʇʨʠʥʮʠʧʦʚʦ ʚʘʞʣʠʚʠʤ ʻ ʘʥʘʣʽʟ ʪʠʤʯʘʩʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

 

3.2. ʄʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʨʘʤʥʦ-ʟʚôʷʟʢʦʚʠʭ ʢʘʨʢʘʩʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʨʷʜʢʫ 

ʧʨʠʢʣʘʜʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʇʝʨʝʜ ʚʠʢʦʥʘʥʥʷʤ ʨʦʟʨʘʭʫʥʢʽʚ, ʥʝʦʙʭʽʜʥʦ ʧʨʝʜʩʪʘʚʠʪʠ ʧʨʠʥʮʠʧʦʚʫ 

ʪʝʭʥʦʣʦʛʽʯʥʫ ʩʭʝʤʫ ʟʚʝʜʝʥʥʷ ʙʫʜʽʚʣʽ, ʨʦʟʙʠʚʰʠ ʚʠʢʦʥʘʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘ 

ʚʽʜʧʦʚʽʜʥʽ ʫʢʨʫʧʥʝʥʽ ʝʪʘʧʠ, ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 3.1. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʢʦʞʥʦʤʫ ʝʪʘʧʽ ʻ ʚʠʭʽʜʥʠʤʠ ʜʣʷ ʚʠʢʦʥʘʥʥʷ 

ʨʦʟʨʘʭʫʥʢʽʚ ʥʘ ʥʘʩʪʫʧʥʦʤʫ. 
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ʊʘʙʣʠʮ ̫3.1 

ɽʪʘʧʠ ʨʦʟʨʘʭʫʥʢʫ ʨʘʤʥʦ-ʟʚôʷʟʢʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ  

ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʽʩʪʦʨʽʾ ʟʚʝʜʝʥʥʷ 

ɽʪʘʧ ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʅʘʚʘʥʪʘʞʝʥʥʷ 

1 

 

ʇʦʩʪʽʡʥʝ 

2 

 

ʇʦʩʪʽʡʥʝ 

3 

 

ʇʦʩʪʽʡʥʝ 

n ʽ ʪ.ʜ. ʜʦ ʦʩʪʘʥʥʴʦʛʦ ʧʦʚʝʨʭʫ ʇʦʩʪʽʡʥʝ 

n+1 ʇʦʚʥʠʡ ʢʘʨʢʘʩ ʙʫʜʽʚʣʽ ʧʽʩʣʷ ʟʘʤʦʥʦʣʽʯʫʚʘʥʥʷ  

ʚʫʟʣʽʚ ʨʘʤʠ 

ʇʦʚʥʝ  
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ʇʨʦʜʦʚʞʝʥʥʷ ʊʘʙʣʠʮʽ 3.1 

ɽʪʘʧ ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʅʘʚʘʥʪʘʞʝʥʥʷ 

1 ʇʦʚʥʠʡ ʢʘʨʢʘʩ ʙʫʜʽʚʣʽ  

ʧʽʩʣʷ ʟʘʤʦʥʦʣʽʯʫʚʘʥʥʷ ʚʫʟʣʽʚ ʨʘʤʠ 

 

ʇʦʚʥʝ 

(ʧʦʩʪʽʡʥʝ + 

ʪʠʤʯʘʩʦʚʝ) 

 

ɺʠʟʥʘʯʘʪʠ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʨʘʤʥʦ-

ʟʚôʷʟʢʦʚʠʭ ʢʘʨʢʘʩʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʦʮʝʩʽʚ ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ ʪʘ ʽʩʪʦʨʽʾ 

ʟʚʝʜʝʥʥʷ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʥʫʚʘʪʠ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʥʘʩʪʫʧʥʠʤ ʘʣʛʦʨʠʪʤʦʤ: 

1. ɺʠʢʦʥʫʻʪʴʩʷ ʩʪʘʪʠʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʢʣʘʩʠʯʥʦʾ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ N 

ʧʦʚʝʨʭʽʚ (ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʢʣʘʩʠʯʥʘ ʛʦʪʦʚʘ ʨʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʚ ʧʨʫʞʥʽʡ 

ʩʪʘʜʽʾ). 

2. ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʟʘʜʘʻʪʴʩʷ ʨʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʧʝʨʰʦʛʦ ʧʦʚʝʨʭʫ 

ʨʘʤʠ n = 1; 

3. ʇʨʦʚʦʜʠʪʴʩʷ ʩʪʘʪʠʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʨʘʤʠ ʧʝʨʰʦʛʦ ʧʦʚʝʨʭʫ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʰʘʨʥʽʨʥʦʛʦ ʦʙʧʠʨʘʥʥʷ ʨʠʛʝʣʷ ʽ ʧʨʦʮʝʩʽʚ ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ ʥʘ 

ʧʦʩʪʽʡʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

4. ʌʽʢʩʫʶʪʴʩʷ ʞʦʨʩʪʢʦʩʪʽ ʜʽʣʷʥʦʢ ʨʘʤʠ, ʦʪʨʠʤʘʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʧʨʫʞʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ. 

5. ʅʘ ʥʘʩʪʫʧʥʦʤʫ ʝʪʘʧʽ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘʨʦʱʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ, ʪʦʙʪʦ 

ʟʘʜʘʻʪʴʩʷ ʨʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʜʚʦʭ ʧʦʚʝʨʭʽʚ ʨʘʤʠ n + 1.  

6. ʌʦʨʤʫʻʪʴʩʷ ʨʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʟ ʜʦʜʘʪʢʦʚʦ ʟʚʝʜʝʥʠʤ ʧʦʚʝʨʭʦʤ. 

ʇʨʠ ʨʦʟʛʣʷʜʽ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ, ʱʦ ʷʚʣʷʻ ʜʚʦʧʦʚʝʨʭʦʚʫ ʨʘʤʫ, ʩʧʦʯʘʪʢʫ 
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ʧʨʠʡʤʘʻʪʴʩʷ ʰʘʨʥʽʨʥʝ ʩʧʠʨʘʥʥʷ ʨʠʛʝʣʷ, ʥʘ ʷʢʠʡ ʜʽʻ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ ʚʘʛʠ 

ʧʝʨʝʢʨʠʪʪʷ (ʚʢʣʶʯʘʶʯʠ ʚʣʘʩʥʫ ʚʘʛʫ ʨʠʛʝʣʷ). ɾʦʨʩʪʢʽʩʪʴ ʜʽʣʷʥʦʢ ʝʣʝʤʝʥʪʽʚ 

ʧʝʨʰʦʛʦ ʧʦʚʝʨʭʫ ʧʨʠʡʤʘʻʪʴʩʷ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʝʨʰʦʛʦ ʝʪʘʧʫ ʨʦʟʨʘʭʫʥʢʫ ʪʘ 

ʻ ʬʽʢʩʦʚʘʥʦʶ ʚʝʣʠʯʠʥʦʶ, ʘ ʞʦʨʩʪʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ ʜʨʫʛʦʛʦ ʧʦʚʝʨʭʫ ï ʟ 

ʧʨʠʧʫʱʝʥʥʷ ʨʦʙʦʪʠ ʚ ʧʨʫʞʥʽʡ ʩʪʘʜʽʾ.  

ʇʽʩʣʷ ʪʦʛʦ ʷʢ ʚʠʟʥʘʯʘʶʪʴʩʷ ʞʦʨʩʪʢʦʩʪʽ ʢʦʞʥʦʾ ʜʽʣʷʥʢʠ, ʧʨʦʚʦʜʠʪʴʩʷ 

ʨʦʟʨʘʭʫʥʦʢ ʨʘʤʥʦ-ʟʚôʷʟʢʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʽʟ ʥʦʚʠʤʠ ʞʦʨʩʪʢʦʩʪʷʤʠ. ʅʘ 

ʜʽʣʷʥʢʘʭ, ʜʝ ʟʛʠʥʘʣʴʥʽ ʤʦʤʝʥʪʠ ʧʝʨʝʚʠʱʫʶʪʴ ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʽ, ʞʦʨʩʪʢʽʩʪʴ 

ʧʝʨʝʨʽʟʫ ʝʣʝʤʝʥʪʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʣʽʥʝʘʨʠʟʦʚʘʥʠʭ ʜʽʘʛʨʘʤ 

çʟʛʠʥʘʣʴʥʠʡ ʤʦʤʝʥʪ ï ʢʨʠʚʠʟʥʘè. ʅʘ ʜʽʣʷʥʢʘʭ, ʜʝ ʟʛʠʥʘʣʴʥʽ ʤʦʤʝʥʪʠ ʥʝ 

ʧʝʨʝʚʠʱʫʶʪʴ ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʽ, ʞʦʨʩʪʢʦʩʪʽ ʥʝ ʟʤʽʥʶʶʪʴʩʷ (ɹʣʦʢ-ʩʭʝʤʘ ʥʘ 

ʨʠʩ. 3.3). 

7. ɺʠʢʦʥʫʻʪʴʩʷ ʩʪʘʪʠʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʨʘʤʠ ʟ ʜʦʜʘʪʢʦʚʦ ʟʚʝʜʝʥʠʤ 

ʧʦʚʝʨʭʦʤ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʰʘʨʥʽʨʥʦʛʦ ʦʙʧʠʨʘʥʥʷ ʨʠʛʝʣʷ ʡ ʧʨʦʮʝʩʽʚ 

ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ ʥʘ ʧʦʩʪʽʡʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

8. ʌʽʢʩʫʶʪʴʩʷ ʞʦʨʩʪʢʦʩʪʽ ʜʽʣʷʥʦʢ. ʉʧʦʯʘʪʢʫ ʞʦʨʩʪʢʦʩʪʽ ʜʽʣʷʥʦʢ 

ʥʘʨʦʱʝʥʦʛʦ ʧʦʚʝʨʭʫ ʧʨʠʡʤʘʶʪʴʩʷ ʧʨʫʞʥʽ, ʘ ʥʠʞʯʠʭ ʧʦʚʝʨʭʽʚ ï ʟʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦʧʝʨʝʜʥʽʭ ʨʦʟʨʘʭʫʥʢʽʚ, ʧʨʠ ʮʴʦʤʫ, ʩʪʘʚʠʪʴʩʷ ʫʤʦʚʘ, ʱʦ ʚʦʥʠ 

ʥʝ ʤʦʞʫʪʴ ʟʙʽʣʴʰʫʚʘʪʠʩʷ. 

ʇʽʩʣʷ ʟʚʝʜʝʥʥʷ ʧʦʚʥʦʛʦ ʢʘʨʢʘʩʫ, ʪʦʙʪʦ ʚʠʢʦʥʘʥʥʷ ʫʤʦʚʠ 0N n- =, 

ʞʦʨʩʪʢʦʩʪʽ ʟʚʝʜʝʥʦʛʦ ʢʘʨʢʘʩʫ ʬʽʢʩʫʶʪʴʩʷ ʽ ʧʨʠʡʤʘʶʪʴʩʷ ʦʩʪʘʪʦʯʥʠʤʠ. 

9. ɺʠʢʦʥʫʻʪʴʩʷ ʨʦʟʨʘʭʫʥʦʢ ʦʩʪʘʪʦʯʥʦ ʟʚʝʜʝʥʦʛʦ ʢʘʨʢʘʩʫ ʟ ʞʦʨʩʪʢʠʤʠ 

ʚʫʟʣʘʤʠ (ʧʽʩʣʷ ʟʘʤʦʥʦʣʽʯʫʚʘʥʥʷ ʚʫʟʣʽʚ) ʟ ʬʽʢʩʦʚʘʥʠʤʠ ʞʦʨʩʪʢʦʩʪʷʤʠ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʦʮʝʩʽʚ ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥ ̫ ʥʘ ʧʦʚʥʝ (ʧʦʩʪʽʡʥʝ ʽ ʪʠʤʯʘʩʦʚʝ) 

ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ɹʣʦʢ-ʩʭʝʤʘ, ʘʣʛʦʨʠʪʤʫ ʨʦʟʨʘʭʫʥʢʫ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʨʘʤʥʦ-ʟʚôʷʟʢʦʚʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʦʮʝʩʽʚ ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ ʪʘ ʽʩʪʦʨʽʾ ʟʚʝʜʝʥʥʷ, 

ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 3.1. 
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ʈʠʩ. 3.1 ɹʣʦʢ-ʩʭʝʤʘ ʚʠʟʥʘʯʝʥʥʷ ʞʦʨʩʪʢʦʩʪʝʡ ʟʛʠʥʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ, 

ʟʘʣʽʟʦʙʝʪʦʥʥʦʛʦ ʨʘʤʥʦ-ʟʚôʷʟʢʦʚʦʛʦ ʢʘʨʢʘʩʫ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʧʨʦʮʝʩʽʚ ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ ʪʘ ʽʩʪʦʨʽʾ ʟʚʝʜʝʥʥʷ ʢʘʨʢʘʩʫ 
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3.3. ʄʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʨʘʤʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʦʮʝʩʽʚ 

ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ 

ʄʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ 

ʨʘʤʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʤʦʜʝʣʽ ʜʝʬʦʨʤʘʮʽʾ ʟʛʠʥʘʣʴʥʠʭ 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʝʬʦʨʤʘʮʽʡʥʦʾ ʪʝʦʨʽʾ. 

ʇʨʠ ʮʴʦʤʫ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʦʙʦʪʠ ɸ.ɺ. ɻʝʤʤʝʨʣʠʥʛʘ [35], ʧʨʠʡʤʘʻʪʴʩʷ, 

ʱʦ ʧʨʠ ʧʦʨʽʚʥʷʥʦ ʥʝʚʝʣʠʢʠʭ ʜʝʬʦʨʤʘʮʽʷʭ ʨʘʤʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʚʧʣʠʚʦʤ 

ʜʝʬʦʨʤʘʮʽʡ ʩʪʠʩʥʝʥʥʷ ʥʘ ʚʠʢʨʠʚʣʝʥʥʷ ʦʩʽ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ. 

ɺʽʜʦʤʦ, ʱʦ ʨʦʟʧʦʜʽʣ ʚʥʫʪʨʽʰʥʽʭ ʟʫʩʠʣʴ ʚ ʩʪʘʪʠʯʥʦ ʥʝʚʠʟʥʘʯʝʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʷʭ ʟʘʣʝʞʠʪʴ ʚʽʜ ʞʦʨʩʪʢʦʩʪʝʡ ʩʢʣʘʜʦʚʠʭ ʾʾ ʝʣʝʤʝʥʪʽʚ. ʋ ʟʚ'ʷʟʢʫ ʟ 

ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷʤ ʞʦʨʩʪʢʽʩʪʴ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚ ʩʚʦʶ ʯʝʨʛʫ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʽʚʥʷ ʚʥʫʪʨʽʰʥʽʭ ʟʫʩʠʣʴ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚ ʥʠʭ. 

ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʟʘʚʜʘʥʥʷ ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʨʘʤʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʨʽʰʫʚʘʪʠ ʤʝʪʦʜʦʤ 

ʧʦʩʣʽʜʦʚʥʦʛʦ ʫʪʦʯʥʝʥʥʷ ʞʦʨʩʪʢʦʩʪʝʡ. 

ɺʧʣʠʚʦʤ ʧʨʦʮʝʩʫ ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ ʥʘ ʟʤʽʥʫ ʧʦʟʜʦʚʞʥʴʦʾ ʞʦʨʩʪʢʦʩʪʽ 

ʝʣʝʤʝʥʪʘ ʥʝʭʪʫʻʤʦ. 

ɺʠʟʥʘʯʘʪʠ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʨʘʤʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʦʮʝʩʽʚ ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʘ 

ʥʘʩʪʫʧʥʠʤ ʘʣʛʦʨʠʪʤʦʤ: 

1. ɽʣʝʤʝʥʪʠ ʚʠʭʽʜʥʦʾ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ ʨʦʟʙʠʚʘʶʪʴʩʷ ʥʘ ʜʽʣʷʥʢʠ ʟ 

ʢʫʩʦʯʥʦ-ʧʦʩʪʽʡʥʦʶ ʞʦʨʩʪʢʽʩʪʶ. ʇʨʠʢʣʘʜ ʨʦʟʙʠʪʪʷ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʧʦʨʷʜʦʢ 

ʥʫʤʝʨʘʮʽʾ ʜʽʣʷʥʦʢ ʧʨʠʚʝʜʝʥʠʡ ʥʘ ʨʠʩʫʥʢʫ 3.2. 

2. ɼʣʷ ʢʦʞʥʦʾ ʜʽʣʷʥʢʠ ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʧʦʩʪʽʡʥʦ ʁʟʛʠʥʘʣʴʥʦʶ ʞʦʨʩʪʢʽʩʪʶ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʦʧʦʟʠʮʽʡ, ʚʠʢʣʘʜʝʥʠʭ ʚ ʨʦʙʦʪʘʭ ɸ.ɺ. ʂʦʚʨʦʚʘ, 

ʆ.ɺ. ʂʦʚʪʫʥʝʥʢʦ [47, 48, 53], ʙʫʜʫʻʪʴʩʷ ʣʽʥʝʘʨʠʟʦʚʘʥʘ ʜʽʘʛʨʘʤʘ çʟʛʠʥʘʣʴʥʠʡ 

ʤʦʤʝʥʪ ï ʢʨʠʚʠʟʥʘè. 

3. ɺ ʥʫʣʴʦʚʦʤʫ ʥʘʙʣʠʞʝʥʥʽ ʨʦʟʨʘʭʫʥʦʢ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʧʨʠʧʫʱʝʥʥʽ 

ʧʨʫʞʥʦʾ ʨʦʙʦʪʠ ʜʽʣʷʥʦʢ ʝʣʝʤʝʥʪʽʚ. 
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ʈʠʩ. 3.2 ʇʨʘʚʠʣʦ ʥʫʤʝʨʘʮʽʾ ʜʽʣʷʥʦʢ ʨʘʤʠ 

 

4. ʅʘ ʦʩʥʦʚʽ ʬʽʟʠʯʥʦʛʦ ʟʘʢʦʥʫ ʜʝʬʦʨʤʫʚʘʥʥʷ ʧʝʨʝʨʽʟʽʚ ʟʘʣʽʟʦʙʝʪʦʥʥʦʾ 

ʨʘʤʠ 

 ,M Bɢ=  (3.1) 

 

ʜʝ M ï ʟʛʠʥʘʣʴʥʠʡ ʤʦʤʝʥʪ; 

B ï ʟʛʠʥʘʣʴʥʘ ʞʦʨʩʪʢʽʩʪʴ ʧʝʨʝʨʽʟʫ; 

c ï ʢʨʠʚʠʟʥʘ ʧʝʨʝʨʽʟʫ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʛʠʥʘʣʴʥʘ ʞʦʨʩʪʢʽʩʪʴ ʚʩʽʭ ʝʣʝʤʝʥʪʽʚ, ʷʢʘ ʧʨʠʡʤʘʻʪʴʩʷ ʚ 

ʧʨʫʞʥʽʡ ʩʪʘʜʽʾ ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʤʦʤʝʥʪʫ ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ ʜʦ ʢʨʠʚʠʟʥʠ, ʱʦ 

ʚʽʜʧʦʚʽʜʘ ̒ʧʦʯʘʪʢʫ ʨʦʙʦʪʠ ʝʣʝʤʝʥʪʘ ʟ ʪʨʽʱʠʥʘʤʠ 
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ʜʝ crc
M  ï ʟʛʠʥʘʣʴʥʠʡ ʤʦʤʝʥʪ ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ. 

5. ɺ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʨʘʭʫʥʢʫ ʟʘʜʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʥʘʯʝʥʥʷ 

ʟʛʠʥʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ, ʧʦʧʝʨʝʯʥʠʭ ʽ ʧʦʟʜʦʚʞʥʽʭ ʩʠʣ M ,V , N , ʱʦ ʚʠʥʠʢʘʶʪʴ 

ʚ ʝʣʝʤʝʥʪʘʭ ʢʦʥʩʪʨʫʢʮʽʾ.  
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4. ɿ ʬʦʨʤʫʣʠ (3.1) ʟʘ ʧʨʠʡʥʷʪʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʞʦʨʩʪʢʦʩʪʝʡ ʪʘ 

ʦʪʨʠʤʘʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʟʛʠʥʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ, ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʥʘʯʝʥʥʷ 

ʢʨʠʚʠʟʥ 
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7. ʇʝʨʝʭʦʜʠʤʦ ʜʦ ʥʘʩʪʫʧʥʦʾ ʽʪʝʨʘʮʽʾ ʨʦʟʨʘʭʫʥʢʫ. 

8. ʅʘ ʜʨʫʛʦʤʫ ʽ ʥʘʩʪʫʧʥʠʭ ʝʪʘʧʘʭ ʨʦʟʨʘʭʫʥʢʫ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʦʪʨʠʤʘʥʠʭ 

ʥʘ ʧʦʧʝʨʝʜʥʽʡ ʽʪʝʨʘʮʽʾ ʟʥʘʯʝʥʴ ʢʨʠʚʠʟʥ, ʧʦ ʜʽʘʛʨʘʤʘʭ çʟʛʠʥʘʣʴʥʠʡ ʤʦʤʝʥʪ ï 

ʢʨʠʚʠʟʥʘè ʜʣʷ ʢʦʞʥʦʾ ʜʽʣʷʥʢʠ ʫʪʦʯʥʷʪ̒ʴʩʷ ʟʥʘʯʝʥʥʷ ʟʛʠʥʘʣʴʥʦʾ ʞʦʨʩʪʢʦʩʪʽ 
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9. ɺ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʨʘʭʫʥʢʫ ʟʘʜʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʫʪʦʯʥʝʥʠʭ ʟʥʘʯʝʥʴ ʟʛʠʥʘʣʴʥʠʭ ʞʦʨʩʪʢʦʩʪʝʡ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʥʘʯʝʥʥʷ 

ʟʛʠʥʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ ʧʦʧʝʨʝʯʥʠʭ ʪʘ ʧʦʟʜʦʚʞʥʽʭ ʩʠʣ M ,V , N , ʱʦ ʚʠʥʠʢʘʶʪʴ 

ʚ ʝʣʝʤʝʥʪʘʭ ʢʦʥʩʪʨʫʢʮʽʾ. 

10. ɿʥʘʯʝʥʥʷ ʟʛʠʥʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ, ʦʪʨʠʤʘʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʨʘʭʫʥʢʫ ʥʘ 

ʜʨʫʛʦʤʫ ʽ ʧʦʜʘʣʴʰʠʭ ʝʪʘʧʘʭ, ʧʦʨʽʚʥʶʶʪʴʩʷ ʟʽ ʟʥʘʯʝʥʥʷʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʥʘ 

ʧʦʧʝʨʝʜʥʽʡ ʽʪʝʨʘʮʽʾ. ʈʦʟʨʘʭʫʥʦʢ ʧʨʦʜʦʚʞʫʻʪʴʩʷ ʜʦʪʠ, ʜʦʢʠ ʨʽʟʥʠʮʷ ʤʽʞ 

ʟʥʘʯʝʥʥʷʤʠ ʥʘ ʧʦʪʦʯʥʽʡ ʽ ʧʦʧʝʨʝʜʥʽʡ ʽʪʝʨʘʮʽʾ ʥʝ ʚʠʷʚʠʪʴʩʷ ʤʝʥʰʝ ʟʘʜʘʥʦʾ 

ʚʝʣʠʯʠʥʠ x, ɦ ʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʪʦʯʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʫ 
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ɹʣʦʢ-ʩʭʝʤʘ, ʱʦ ʽʣʶʩʪʨʫʻ ʧʨʦʧʦʥʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ ʨʦʟʨʘʭʫʥʢʫ 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʨʘʤʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʦʮʝʩʽʚ 

ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ, ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 3.3. 
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ʈʠʩ. 3.3 ɹʣʦʢ - ʩʭʝʤʘ ʨʦʟʨʘʭʫʥʢʫ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʨʘʤ 

ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʦʮʝʩʽʚ ʜʝʬʦʨʤʫʚʘʥʥʷ ʧʝʨʝʨʽʟʽʚ 

 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ, ʚ ʩʠʩʪʝʤʽ ʢʦʤʧôʶʪʝʨʥʦʾ 

ʤʘʪʝʤʘʪʠʢʠ MATLAB ʩʢʣʘʜʝʥʘ ʧʨʦʛʨʘʤʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʦ-

ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʨʘʤʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʜʦʚʽʣʴʥʦʶ 

ʢʽʣʴʢʽʩʪʶ ʧʦʚʝʨʭʽʚ ʽ ʧʨʦʣʴʦʪʽʚ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʜʦʟʚʦʣʷʻ ʦʮʽʥʶʚʘʪʠ 

ʥʝʩʫʯʫ ʟʜʘʪʥʽʩʪʴ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʩʪʘʪʠʯʥʦ ʥʝʚʠʟʥʘʯʝʥʠʭ ʨʘʤʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʧʨʠ ʧʦʩʣʽʜʦʚʥʦʤʫ ʟʙʽʣʴʰʝʥʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ. 
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3.4. ɼʦʩʣʽʜʞʝʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʨʘʤʥʦ-

ʟʚ'ʷʟʢʦʚʦʛʦ ʢʘʨʢʘʩʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʨ̫ʜʢʫ ʟʚʝʜʝʥʥʷ ʢʘʨʢʘʩʫ 

 

3.4.1. ɺʠʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʟʘʣʽʟʦʙʝʪʦʥʥʦʛʦ ʜʚʦʧʨʦʣʽʪʥʦʛʦ 

ʧ'ʷʪʠʧʦʚʝʨʭʦʚʦʛʦ ʨʘʤʥʦ-ʟʚ'ʷʟʢʦʚʦʛʦ ʢʘʨʢʘʩʫ 

 

ʋ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʟʘʣʽʟʦʙʝʪʦʥʥʠʡ ʨʘʤʥʦ-ʟʚ'ʷʟʢʦʚʠʡ ʢʘʨʢʘʩ 

ʧ'ʷʪʠʧʦʚʝʨʭʦʚʦʾ ʜʚʦʧʨʦʣʽʪʥʦʾ ʞʠʪʣʦʚʦʾ ʙʫʜʽʚʣʽ ʽʟ ʧʣʦʩʢʦʶ ʧʦʢʨʽʚʣʝʶ. ʉʽʪʢʘ 

ʢʦʣʦʥ 6Ĭ6ʤ. ɺʠʩʦʪʘ ʧʦʚʝʨʭʫ 3ʤ. ɹʫʜʽʚʣʷ ʟʚʦʜʠʪʴʩʷ ʫ ʤ.ʆʜʝʩʘ. 

ʂʣʘʩ ʙʝʪʦʥʫ ʩʪ̔ʡʢʠ ʧʨʠʡʥʷʪʠʡ ʉ30, ʟ ʥʘʩʪʫʧʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʤʘʪʝʨʽʘʣʫ: fcd = 17 ʄʇʘ, fctd = 1,2 ʄʇʘ,  fck = 22 ʄʇʘ,  fctk,0,05 = 1,8 ʄʇʘ, 

Ec = 3.25Ā10
4
 ʄʇʘ, ʧʝʨʝʨʽʟ ʢʦʣʦʥ ʧʨʠʡʤʘʻʪʴʩʷ hʩĬbʩ = 40Ĭ40 ʩʤ. 

ʂʣʘʩ ʙʝʪʦʥʫ ʨʠʛʝʣʷ ʧʨʠʡʥʷʪʠʡ ʉ25, ʟ ʥʘʩʪʫʧʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʤʘʪʝʨʽʘʣʫ: fcd = 14,5 ʄʧʘ, fctd = 1,05 ʄʇʘ, fck = 18,5 ʄʇʘ, fctk,0,05 = 1,5 ʄʇʘ, 

Ec = 3Ā10
4
 ʄʇʘ; ʧʝʨʝʨʽʟ ʨʠʛʝʣʽʚ ʧʨʠʡʤʘʻʪʴʩʷ hʨĬbʨ = 50Ĭ30 ʩʤ. 

ɿʘ ʯʠʥʥʠʤʠ ʥʦʨʤʘʪʠʚʥʠʤʠ ʜʦʢʫʤʝʥʪʘʤʠ [45] ʚʠʢʦʥʘʥʦ ʟʙʽʨ ʧʦʩʪʽʡʥʠʭ 

ʪʘ ʪʠʤʯʘʩʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʢʦʞʝʥ ʧʦʚʝʨʭ. 

ɺʣʘʩʥʘ ʚʘʛʘ ʧʦʛʦʥʥʦʛʦ ʤʝʪʨʘ ʨʠʛʝʣʽʚ ʩʢʣʘʣʘ q
ʨ
 = 3,75 ʢʅ/ʤ. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʘ ʥʘʜʽʡʥʦʩʪʽ ʧʦ ʥʘʚʘʥʪʘʞʝʥʥʶ q
ʨ
 = 4,13 ʢʅ/ʤ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʨʠʛʝʣʴ ʩʢʣʘʣʦ q
n
 = 49,5 ʢʅ/ʤ. 

ʈʦʟʨʘʭʫʥʢʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʨʠʛʝʣʴ ʩʢʣʘʣʦ q = 60,06 ʢʅ/ʤ. 

ʇʦʚʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʨʠʛʝʣʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʡʦʛʦ ʚʣʘʩʥʦʾ ʚʘʛʠ ʩʢʣʘʣʦ 

qy = 65,0 ʢʅ/ʤ. 

 

3.4.2. ʉʪʘʪʠʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʟʘʣʽʟʦʙʝʪʦʥʥʦʛʦ ʢʘʨʢʘʩʫ ʜʚʦʧʨʦʣʽʪʥʦʾ 

ʧ'ʷʪʠʧʦʚʝʨʭʦʚʦʾ ʙʫʜʽʚʣʽ ʚ ʧʨʫʞʥʽʡ ʩʪʘʜʽʾ 

 

ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤʠ, ʨʦʟʨʦʙʣʝʥʦʾ ʚ ʩʠʩʪʝʤʽ ʢʦʤʧôʶʪʝʨʥʦʾ 

ʤʘʪʝʤʘʪʠʢʠ MATLAB, ʟʘʩʥʦʚʘʥʦʾ ʥʘ ʯʠʩʝʣʴʥʦ-ʘʥʘʣʽʪʠʯʥʦʤʫ ʄɻɽ, 

ʧʨʦʚʝʜʝʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʢʘʨʢʘʩʫ ʜʚʦʧʨʦʣʽʪʥʦʾ ʧ'ʷʪʠʧʦʚʝʨʭʦʚʦʾ ʙʫʜʽʚʣʽ ʚ 
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ʧʨʫʞʥʽʡ ʩʪʘʜʽʾ ʥʘ ʧʦʚʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʚʠʟʥʘʯʝʥʽ ʚʠʱʝ. 

ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʦʩʪʘʪʦʯʥʦ ʩʬʦʨʤʦʚʘʥʦʛʦ ʢʣʘʩʠʯʥʦʛʦ ʢʘʨʢʘʩʫ ʧʨʠʚʝʜʝʥʘ 

ʥʘ ʨʠʩʫʥʢʫ 3.4.  

 

ʈʠʩ.3.4 ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʢʘʨʢʘʩʫ ʜʚʦʧʨʦʣʪ̔ʥʦʾ, ʧôʷʪʠʧʦʚʝʨʭʦʚʦʾ ʙʫʜʽʚʣʽ 

 

ɺ ʪʘʙʣʠʮ ̔ 3.2 ʧʨʠʚʝʜʝʥʽ ʟʥʘʯʝʥʥʷ ʟʛʠʥʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ ʽ ʧʦʟʜʦʚʞʥʽʭ 

ʩʠʣ. 
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ʊʘʙʣʠʮ ̫3.2 

ɿʥʘʯʝʥʥʷ ʟʛʠʥʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ ʽ ʧʦʟʜʦʚʞʥʽʭ ʩʠʣ ʚ ʧʨʫʞʥʽʡ ʩʪʘʜʽʾ 
ˉ
 
ʝ
ʣ
ʝ
ʤ
ʝ
ʥ
ʪ

ʫ
 

ˉ
 
ʧ
ʝ
ʨ
ʝ
ʨ
ʽ
ʟ
ʫ

 
ɿʫʩʠʣʣʷ 

ˉ
 
ʝ
ʣ
ʝ
ʤ
ʝ
ʥ
ʪ

ʫ
 

ˉ
 
ʧ
ʝ
ʨ
ʝ
ʨ
ʽ
ʟ
ʫ

 

ɿʫʩʠʣʣʷ 

ʄ, ʢʅʤ N, ʢʅ ʄ, ʢʅʤ N, ʢʅ 

1,11 

1 34,11 -874,8 

16 

1 -158,52 25,7 

2 -16,38 -874,8 2 108,45 25,7 

3 -66,86 -874,8 3 -209,58 25,7 

2,12 

1 91,66 -688,3 

17 

1 -171,06 -2,5 

2 2,57 -688,3 2 106,73 -2,5 

3 -86,52 -688,3 3 -200,47 -2,5 

3,13 

1 84,53 -498,2 

18 

1 -173,19 1,2 

2 -0,73 -498,2 2 107,23 1,2 

3 -86,00 -498,2 3 -197,36 1,2 

4,14 

1 87,19 -307,2 

19 

1 -175,97 3,1 

2 0,09 -307,2 2 107,17 3,1 

3 -87,02 -307,2 3 -194,70 3,1 

5,15 

1 88,95 -115,4 

20 

1 -94,52 -61,2 

2 -2,79 -115,4 2 71,53 -61,2 

3 -94,52 -115,4 3 122,42 -61,2 

6 

1 0 -1,85 

21 

1 -209,58 25,7 

2 0 -1,85 2 108,45 25,7 

3 0 -1,85 3 -158,52 25,7 

7 

1 0 -1,44 

22 

1 -200,47 -2,5 

2 0 -1,44 2 106,73 -2,5 

3 0 -1,44 3 -171,06 -2,5 

8 

1 0 -1,04 

23 

1 -197,36 1,2 

2 0 -1,04 2 107,22 1,2 

3 0 -1,04 3 -173,19 1,2 

9 

1 0 -645,5 

24 

1 -194,70 3,1 

2 0 -645,5 2 107,17 3,1 

3 0 -645,5 3 -175,97 3,1 

10 

1 0 -249,3 

25 

1 -122,42 -61,2 

2 0 -249,3 2 71,53 -61,2 

3 0 -249,3 3 -94,52 -61,2 
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ʅʘ ʨʠʩʫʥʢʫ 3.5 ʥʘʚʝʜʝʥʘ ʝʧʶʨʘ ʟʛʠʥʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ 

ʥʘʚʘʥʪʘʞʝʥʥʽ ʚ ʧʨʫʞʥʽʡ ʩʪʘʜʽʾ. 

 

 

 

ʈʠʩ. 3.5 ɽʧʶʨʘ ʟʛʠʥʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ 

ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʚ ʧʨʫʞʥʽʡ ʩʪʘʜʽʾ 

 



98 

ʇʽʜʙʽʨ ʘʨʤʘʪʫʨʠ ʫʤʦʚʥʦ ʚʠʢʦʥʫʻʤʦ ʧʦ ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʟʫʩʠʣʣʷʤ ʄ  ̔N 

ʜʣʷ ʥʘʡʙʽʣʴʰ ʥʝʙʝʟʧʝʯʥʦʛʦ ʝʣʝʤʝʥʪʫ ʚ ʢʦʥʩʪʨʫʢʮʽʾ. 

ɸʨʤʫʚʘʥʥʷ ʚʩʽʭ ʝʣʝʤʝʥʪʽʚ ʢʘʨʢʘʩʫ ʧʨʠʡʥʷʪʝ ʽʟ ʩʪʨʠʞʥʝʚʦʾ ʘʨʤʘʪʫʨʠ 

ʢʣʘʩʫ ɸ400ʉ ʟ ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʦʧʦʨʦʤ fyd = 360 ʄʇʘ ʽ ʤʦʜʫʣʝʤ ʧʨʫʞʥʦʩʪʽ 

Es = 2Ā10
5
 ʄʇʘ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʫ ʢʘʨʢʘʩʫ ʥʘ ʜʽʶ ʨʦʟʨʘʭʫʥʢʦʚʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʨʠʛʝʣʽ ʧʝʨʝʢʨʠʪʪʷ qy = 65,0 ʢʅ/ʤ ʽ ʨʠʛʝʣʽ ʧʦʢʨʠʪʪʷ 

qy = 40,0 ʢʅ/ʤ ʚ ʧʨʠʧʫʱʝʥʥʽ ʧʨʫʞʥʦʾ ʨʦʙʦʪʠ ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʠʡʥʷʪʦ ʥʘʩʪʫʧʥʝ 

ʘʨʤʫʚʘʥʥʷ (ʨʠʩ. 3.6): 

ï ʘʨʤʫʚʘʥʥʷ ʩʪʽʡʦʢ ʧʨʠʡʤʘʻʪʴʩʷ ʩʠʤʝʪʨʠʯʥʠʤ (3+3)Ï16 ɸ400ʉ ʟ 

ʧʣʦʱʝʶ As = As'  = 6,03 ʩʤ
2
; 

ï ʨʠʛʝʣʴ ʚ ʧʨʦʣʴʦʪʽ ʘʨʤʫʻʪʴʩʷ ʨʦʙʦʯʦʶ ʘʨʤʘʪʫʨʦʶ 2Ï16 ʠ 2Ï18 ɸ400ʉ 

ʟ ʧʣʦʱʝʶ As = 9,12 ʩʤ
2
 ʽ ʢʦʥʩʪʨʫʢʪʠʚʥʦʶ ʘʨʤʘʪʫʨʦʶ 2Ï16 ɸ400ʉ ʟ ʧʣʦʱʝʶ 

As'  = 4,02 ʩʤ
2
; 

ï ʨʠʛʝʣʴ ʚ ʦʧʦʨʥʠʭ ʟʦʥʘʭ ʘʨʤʫʻʪʴʩʷ ʨʦʙʦʯʦʶ ʘʨʤʘʪʫʨʦʶ 2Ï16 ʠ 2Ï25 

ɸ400ʉ ʟ ʧʣʦʱʝʶ As = 13,84 ʩʤ
2 
ʽ ʢʦʥʩʪʨʫʢʪʠʚʥʦʶ ʘʨʤʘʪʫʨʦʶ 2Ï16 ɸ400ʉ ʟ 

ʧʣʦʱʝʶ As'  = 4,02 ʩʤ
2
. 

 

 

 

ʈʠʩ. 3.6 ɸʨʤʫʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʟʘʣʽʟʦʙʝʪʦʥʥʦʛʦ ʨʘʤʥʦʛʦ ʢʘʨʢʘʩʫ: 

 ʘ) ï ʢʦʣʦʥ; ʙ) ï ʨʠʛʝʣʽʚ ʚ ʧʨʦʣʴʦʪʽ ʚ) ï ʨʠʛʝʣʽʚ ʚ ʦʧʦʨʥʠʭ ʟʦʥʘʭ 
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3.4.3. ʌʦʨʤʫʚʘʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʜʚʦʧʨʦʣʽʪʥʦʾ 

ʧ'ʷʪʠʧʦʚʝʨʭʦʚʦʾ ʟʘʣʽʟʦʙʝʪʦʥʥʦʾ ʨʘʤʥʦ-ʟʚôʷʟʢʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʠ ʜʽʾ 

ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʽʩʪʦʨʽʾ ʟʚʝʜʝʥʥʷ ʢʘʨʢʘʩʫ 

ʈʦʟʛʣʷʥʝʤʦ ʨʦʟʨʘʭʫʥʦʢ ʜʚʦʧʨʦʣʽʪʥʦʛʦ ʧ'ʷʪʠʧʦʚʝʨʭʦʚʦʛʦ ʨʘʤʥʦ-

ʟʚ'ʷʟʢʦʚʦʛʦ ʢʘʨʢʘʩʫ ʥʘ ʧʦʩʪʽʡʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʝʪʘʧʥʦʩʪʽ ʟʚʝʜʝʥʥʷ ʙʫʜʽʚʣʽ, ʦʩʪʘʪʦʯʥʘ ʨʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʷʢʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 3.7.  

 

ʈʠʩ. 3.7 ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʧ'ʷʪʠʧʦʚʝʨʭʦʚʦʛʦ ʜʚʦʧʨʦʣʽʪʥʦʛʦ ʟʘʣʽʟʦʙʝʪʦʥʥʦʛʦ 

ʨʘʤʥʦ-ʟʚ'ʷʟʢʦʚʦʛʦ ʢʘʨʢʘʩʫ ʥʘ ʜʽʶ ʧʦʩʪʽʡʥʦʛʦ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 
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ɺ ʷʢʦʩʪʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠʡʤʘʻʪʴʩʷ ʨʦʟʨʘʭʫʥʢʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ 

ʥʝʩʫʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ (ʨʠʛʝʣʽʚ ʽ ʧʣʠʪ ʧʝʨʝʢʨʠʪʪʷ), ʷʢʝ ʜʦʨʽʚʥʶʻ q = 23 ʢʅ/ʤ. 

ʅʘ ʨʠʩʫʥʢʘʭ 3.8, 3.9 ʧʨʠʚʝʜʝʥʽ ʣ̔ ʥʝʘʨʠʟʦʚʘʥ̔  ʜʘ̔ʛʨʘʤʠ çʟʛʠʥʘʣʴʥʠʡ 

ʤʦʤʝʥʪ ï ʢʨʠʚʠʟʥʘè ʜʣʷ ʧʨʦʣʴʦʪʥʦʛʦ ʪʘ ʦʧʦʨʥʦʛʦ ʧʝʨʝʨʽʟʽʚ ʨʠʛʝʣʷ.  

 

ʈʠʩ.3.8 ɼ̔ ʘʛʨʘʤʘ çʟʛʠʥʘʣʴʥʠʡ ʤʦʤʝʥʪ ï ʢʨʠʚʠʟʥʘè  

ʜʣʷ ʦʧʦʨʥʦʛʦ ʧʝʨʝʨʽʟʫ ʨʠʛʝʣʷ 

 

ʈʠʩ. 3.9 ɼʽʘʛʨʘʤʘ çʟʛʠʥʘʣʴʥʠʡ ʤʦʤʝʥʪ ï ʢʨʠʚʠʟʥʘè  

ʜʣʷ ʧʨʦʣʴʦʪʥʦʛʦ ʧʝʨʝʨʽʟʫ ʨʠʛʝʣʷ 

 

ɺ ʪʘʙʣʠʮ ̔3.3 ʧʨʠʚʝʜʝʥʽ ʟʥʘʯʝʥʥʷ ʟʛʠʥʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ, ʱʦ ʚʠʥʠʢʘʶʪʴ 

ʚ ʭʘʨʘʢʪʝʨʥʠʭ ʧʝʨʝʨʽʟʘʭ ʢʘʨʢʘʩʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ ʙʝʟ 
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ʫʨʘʭʫʚʘʥʥʷ ʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʽʩʪʦʨʽʾ ʟʚʝʜʝʥʥʷ ʩʧʦʨʫʜʠ ʧʨʠ ʜʽʾ ʧʦʩʪʽʡʥʦʛʦ 

ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥ.̫ 

ʊʘʙʣʠʮ ̫3.3 

ɿʥʘʯʝʥʥʷ ʟʛʠʥʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ ʽ ʧʦʟʜʦʚʞʥʽʭ ʩʠʣ 

ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʦʮʝʩʽʚ ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ 
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ʅʘ ʨʠʩʫʥʢʫ 3.10 ʧʨʠʚʝʜʝʥʽ ʝʧʶʨʠ ʟʛʠʥʘʣʴʥʠʭ ʤʦʤʝʥʪʚ̔, ʱʦ ʚʠʥʠʢʘʶʪʴ 

ʚ ʟʘʣʽʟʦʙʝʪʦʥʥʦʤʫ ʨʘʤʥʦ-ʟʚôʷʟʢʦʚʦʤʫ ʢʘʨʢʘʩʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ ʥʘ ʜʽʶ ʧʦʚʥʦʛʦ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

 

               ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʽʩʪʦʨʽʾ ʟʚʝʜʝʥʥʷ 

               ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʽʩʪʦʨʽʾ ʟʚʝʜʝʥʥʷ 

ʈʠʩ. 3.10 ɽʧʶʨʠ ʟʛʠʥʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚ ʟʘʣʽʟʦʙʝʪʦʥʥʦʤʫ 

ʨʘʤʥʦ-ʟʚôʷʟʢʦʚʦʤʫ ʢʘʨʢʘʩʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ ʥʘ ʜʽʶ ʧʦʚʥʦʛʦ 

ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ  
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ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ ʢʘʨʢʘʩʫ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʚʨʘʭʫʚʘʥʥʷ 

ʧʦʨʷʜʢʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʧʨʦʮʝʩʽʚ ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ ʥʘ ʢʦʞʥʦʤʫ ʝʪʘʧʽ 

ʟʚʝʜʝʥʥʷ ʚʠʷʚʣʷʻ çʨʦʟʨʘʭʫʥʢʦʚʝè ʨʫʡʥʫʚʘʥʥʷ ʨʠʛʝʣʽʚ. ʇʦʨʫʰʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ 

ʤʦʥʪʘʞʫ ʚʠʢʣʠʢʘʻ ʟʥʘʯʥʝ ʟʙʽʣʴʰʝʥʥʷ ʟʥʘʯʝʥʴ ʧʨʦʣʴʦʪʥʠʭ ʟʛʠʥʘʣʴʥʠʭ 

ʤʦʤʝʥʪʽʚ ʚʽʜ ʜʽʾ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʜʦ 80% ʚ 

ʨʠʛʝʣʷʭ ʧʦʢʨʠʪʪʷ ʽ ʜʦ 64% ʚ ʨʠʛʝʣʷʭ ʧʝʨʝʢʨʠʪʪʷ). 

 

3.4.4. ʅʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʜʚʦʧʨʦʣʽʪʥʦʾ ʧ'ʷʪʠʧʦʚʝʨʭʦʚʦ ʾ

ʟʘʣʽʟʦʙʝʪʦʥʥʦʾ ʨʘʤʥʦ-ʟʚôʷʟʢʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʥʘ ʜʽʶ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʈʦʟʛʣʷʥʝʤʦ ʨʦʟʨʘʭʫʥʦʢ ʜʚʦʧʨʦʣʽʪʥʦʛʦ, ʧ'ʷʪʠʧʦʚʝʨʭʦʚʦʛʦ ʨʘʤʥʦ-

ʟʚ'ʷʟʢʦʚʦʛʦ ʢʘʨʢʘʩʫ ʥʘ ʧʦʩʪʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʝʪʘʧʥʦʩʪʽ ʟʚʝʜʝʥʥʷ ʙʫʜʽʚʣʽ, ʨʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʷʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʫ 3.11.   

ɺʠʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʟʘʣʽʟʦʙʝʪʦʥʥʦʛʦ ʜʚʦʧʨʦʣʽʪʥʦʛʦ, 

ʧ'ʷʪʠʧʦʚʝʨʭʦʚʦʛʦ ʨʘʤʥʦ-ʟʚ'ʷʟʢʦʚʦʛʦ ʢʘʨʢʘʩʫ ʟʘʟʥʘʯʝʥʽ ʫ ʧ.3.4.1. 

ʇʽʜʙʽʨ ʘʨʤʘʪʫʨʠ ʫʤʦʚʥʦ ʚʠʢʦʥʫʻʤʦ ʧʦ ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʟʫʩʠʣʣʷʤ ʄ ʽ N 

ʜʣʷ ʥʘʡʙʽʣʴʰ ʥʝʙʝʟʧʝʯʥʦʛʦ ʝʣʝʤʝʥʪʫ ʚ ʢʦʥʩʪʨʫʢʮʽʾ. 

ɸʨʤʫʚʘʥʥʷ ʚʩʽʭ ʝʣʝʤʝʥʪʽʚ ʢʘʨʢʘʩʫ ʧʨʠʡʥʷʪʝ ʽʟ ʩʪʨʠʞʥʝʚʦʾ ʘʨʤʘʪʫʨʠ 

ʢʣʘʩʫ ɸ400ʉ ʟ ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʦʧʦʨʦʤ fyd = 360 ʄʇʘ ʽ ʤʦʜʫʣʝʤ ʧʨʫʞʥʦʩʪʽ 

Es = 2Ā10
5
 ʄʇʘ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʫ ʢʘʨʢʘʩʫ ʥʘ ʜʽʶ ʨʦʟʨʘʭʫʥʢʦʚʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʨʠʛʝʣʽ ʧʝʨʝʢʨʠʪʪʷ qy = 65,0 ʢʅ/ʤ ʽ ʨʠʛʝʣʽ ʧʦʢʨʠʪʪʷ 

qy = 40,0 ʢʅ/ʤ ʚ ʧʨʠʧʫʱʝʥʥʽ ʧʨʫʞʥʦʾ ʨʦʙʦʪʠ ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʠʡʥʷʪʦ 

ʘʨʤʫʚʘʥʥʷ ʟʛʽʜʥʦ ʧ.3.2.2. 

ɺ ʪʘʙʣʠʮ ̔3.4 ʧʨʠʚʝʜʝʥʽ ʟʥʘʯʝʥʥʷ ʟʛʠʥʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ, ʱʦ ʚʠʥʠʢʘʶʪʴ 

ʚ ʭʘʨʘʢʪʝʨʥʠʭ ʧʝʨʝʨʽʟʘʭ ʢʘʨʢʘʩʫ ʧʨʠ ʧʦʚʥʦʤʫ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʤʫ 

ʥʘʚʘʥʪʘʞʝʥʥʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ, ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʽ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʦʮʝʩʫ ʟʚʝʜʝʥʥʷ. 
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ʈʠʩ. 3.11 ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʜʚʦʧʨʦʣʽʪʥʦʛʦ ʧôʷʪʠʧʦʚʝʨʭʦʚʦʛʦ  

ʟʘʣʽʟʦʙʝʪʦʥʥʦʛʦ ʨʘʤʥʦ-ʟʚ'ʷʟʢʦʚʦʛʦ ʢʘʨʢʘʩʫ 

ʥʘ ʜʽʶ ʧʦʩʪʽʡʥʦʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

 



105 

ʊʘʙʣʠʮ ̫3.4 

ɿʥʘʯʝʥʥʷ ʟʛʠʥʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ ʽ ʧʦʟʜʦʚʞʥʽʭ ʩʠʣ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʽʩʪʦʨʽʾ ʟʚʝʜʝʥʥʷ ʢʘʨʢʘʩʫ 
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ʅʘ ʨʠʩʫʥʢʫ 3.12 ʧʨʠʚʝʜʝʥʽ ʝʧʶʨʠ ʟʛʠʥʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ, ʱʦ ʚʠʥʠʢʘʶʪʴ 

ʚ ʟʘʣʽʟʦʙʝʪʦʥʥʦʤʫ ʨʘʤʥʦ-ʟʚôʷʟʢʦʚʦʤʫ ʢʘʨʢʘʩʽ ʧʨʠ ʜʽʾ ʧʦʚʥʦʛʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

 

               ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʽʩʪʦʨʽʾ ʟʚʝʜʝʥʥʷ 

               ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʽʩʪʦʨʽʾ ʟʚʝʜʝʥʥʷ 

ʈʠʩ. 3.12 ɽʧʶʨʠ ʟʛʠʥʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚ ʟʘʣʽʟʦʙʝʪʦʥʥʦʤʫ 

ʨʘʤʥʦ-ʟʚôʷʟʢʦʚʦʤʫ ʢʘʨʢʘʩʽ ʧʨʠ ʜʽʾ ʧʦʚʥʦʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 
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ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ ʢʘʨʢʘʩʫ ʥʘ ʧʦʩʪʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʝʪʘʧʥʦʩʪʽ ʟʚʝʜʝʥʥʷ ʙʫʜʽʚʣʽ ʪʘ ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ 

ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʫ ʟʘ ʢʣʘʩʠʯʥʦʶ ʨʦʟʨʘʭʫʥʢʦʚʦʶ 

ʩʭʝʤʦʶ, ʱʦ ʥʘʚʝʜʝʥ ̔ʫ ʪʘʙʣʠʮʽ 3.4, ʚʠʟʥʘʯʘʻ ʟʙʽʣʴʰʝʥʥʷ ʟʛʠʥʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ 

ʚ ʧʨʦʣʴʦʪʘʭ ʚʽʜ 63% ʜʦ 71%. ɺ ʦʧʦʨʥʠʭ ʧʝʨʝʨʽʟʘʭ ʨʠʛʝʣʽʚ ʟʛʠʥʘʣʴʥʽ ʤʦʤʝʥʪʠ 

ʟʤʝʥʰʫʪʁʴʩʷ ʚʽʜ 31% ʜʦ 37%.  

ʇʨʠ ʧʦʨʽʚʥʷʥʥʽ ʟʥʘʯʝʥʴ ʟʛʠʥʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ, ʥʘʚʝʜʝʥʠʭ ʫ ʪʘʙʣʠʮʷʭ 3.3 

ʽ 3.4, ʦʪʨʠʤʘʥʠʭ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʨʘʭʫʥʢʫ ʢʘʨʢʘʩʫ ʙʫʜʽʚʣʽ, ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ 

ʧʦʨʫʰʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʤʦʥʪʘʞʫ ʧʨʠ ʧʦʚʥʦʤʫ ʨʦʟʨʘʭʫʥʢʦʚʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ, ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʝʪʘʧʥʦʛʦ ʟʚʝʜʝʥʥʷ ʙʫʜʽʚʣʽ ʚʠʷʚʣʷʻ çʨʦʟʨʘʭʫʥʢʦʚʝè 

ʨʫʡʥʫʚʘʥʥʷ ʨʠʛʝʣʷ ʚ ʧʨʦʣʴʦʪʽ (ʟʥʘʯʝʥʥʷ ʟʛʠʥʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ ʧʝʨʝʚʠʱʫʶʪʴ 

ʨʦʟʨʘʭʫʥʢʦʚʫ ʥʝʩʫʯʫ ʟʜʘʪʥʽʩʪʴ ʧʝʨʝʨʽʟʽʚ), ʘ ʧʨʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʤʫ 

ʥʘʚʘʥʪʘʞʝʥʥʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʝʪʘʧʥʦʛʦ ʟʚʝʜʝʥʥʷ ʙʫʜʽʚʣʽ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 

ʟʘʧʘʩ ʤʽʮʥʦʩʪʽ 1,18%. 

 

ɺʀʉʅʆɺʂʀ ɼʆ ʈʆɿɼɯʃʋ 3 

1. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʨʘʤʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʦʮʝʩʽʚ 

ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ. 

2. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʬʦʨʤʫʚʘʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ 

ʨʘʤʥʦ-ʟʚ'ʷʟʢʦʚʦʛʦ ʢʘʨʢʘʩʫ ʧʦʢʘʟʫʻ ʥʘʩʪʫʧʥʝ: 

2.1. ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ ʢʘʨʢʘʩʫ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ 

ʚʨʘʭʫʚʘʥʥʷ ʧʦʨʷʜʢʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʧʨʦʮʝʩʽʚ ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ ʥʘ 

ʢʦʞʥʦʤʫ ʝʪʘʧʽ ʟʚʝʜʝʥʥʷ ʚʠʷʚʣʷʻ çʨʦʟʨʘʭʫʥʢʦʚʝ ʨʫʡʥʫʚʘʥʥʷè 

ʨʠʛʝʣʽʚ. ʇʦʨʫʰʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʤʦʥʪʘʞʫ ʚʠʢʣʠʢʘʻ ʟʥʘʯʥʝ 

ʟʙʽʣʴʰʝʥʥʷ ʟʥʘʯʝʥʴ ʧʨʦʣʴʦʪʥʠʭ ʟʛʠʥʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ ʚʽʜ ʜʽʾ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʜʦ 80% ʚ ʨʠʛʝʣʷʭ 

ʧʦʢʨʠʪʪʷ ʽ ʜʦ 64% ʚ ʨʠʛʝʣʷʭ ʧʝʨʝʢʨʠʪʪʷ). 

2.2. ʈʝʟʫʣʴʪʘʪ ʨʦʟʨʘʭʫʥʢʽʚ ʢʘʨʢʘʩʫ ʥʘ ʧʦʩʪʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʝʪʘʧʥʦʩʪʽ ʟʚʝʜʝʥʥʷ ʙʫʜʽʚʣʽ ʪʘ 
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ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʫ ʟʘ 

ʢʣʘʩʠʯʥʦʶ ʨʦʟʨʘʭʫʥʢʦʚʦʶ ʩʭʝʤʦʶ ʚʠʟʥʘʯʘʻ ʟʙʽʣʴʰʝʥʥʷ ʟʛʠʥʘʣʴʥʠʭ 

ʤʦʤʝʥʪʽʚ ʚ ʧʨʦʣʴʦʪʘʭ ʚʽʜ 63% ʜʦ 71%. ɺ ʦʧʦʨʥʠʭ ʧʝʨʝʨʽʟʘʭ ʨʠʛʝʣʽʚ 

ʟʛʠʥʘʣʴʥʽ ʤʦʤʝʥʪʠ ʟʤʝʥʰʫʶʪʴʩʷ ʚʽʜ 31% ʜʦ 37%. 

3. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ, ʥʘʚʝʜʝʥʠʭ ʫ ʈʦʟʜʽʣʽ 3, ʩʚʽʜʯʘʪʴ ʧʨʦ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʝʪʝʣʴʥʦʛʦ ʚʨʘʭʫʚʘʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʝʭʥʦʣʦʛʽʾ ʟʚʝʜʝʥʥʷ 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʘʨʢʘʩʥʠʭ ʙʫʜʽʚʝʣʴ. 

4. ʅʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʨʦʙʦʪʽ [86]. 
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ʈʆɿɼɯʃ 4 

ɺʇʃʀɺ ʇʆʈʗɼʂʋ ʇʈʀʂʃɸɼɸʅʅʗ ʅɸɺɸʅʊɸɾɽʅʅʗ ʅɸ 

ʌʆʈʄʋɺɸʅʅʗ ʅɸʇʈʋɾɽʅʆ-ɼɽʌʆʈʄʆɺɸʅʆɻʆ ʉʊɸʅʋ 

ʄʆʅʆʃɯʊʅʀʍ ɿɸʃɯɿʆɹɽʊʆʅʅʀʍ ʈɸʄʅʀʍ ʂʆʅʉʊʈʋʂʎɯʁ 

 

4.1. ʄʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ 

ʤʦʥʦʣʽʪʥʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʨʘʤʥʠʭ ʢʘʨʢʘʩʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʨʷʜʢʫ 

ʟʚʝʜʝʥʥʷ ʢʘʨʢʘʩʫ 

 

ɼʦʩʣʽʜʞʝʥʥʷ, ʱʦ ʧʨʦʚʝʜʝʥʽ ʙʘʛʘʪʴʤʘ ʘʚʪʦʨʘʤʠ, ʩʚʽʜʯʘʪʴ ʧʨʦ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʨʘʭʫʚʘʥʥʷ ʧʦʨʷʜʢʫ ʬʦʨʤʫʚʘʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ 

ʩʪʘʥʫ ʤʦʥʦʣʽʪʥʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʨʘʤʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. 

ʇʨʦʧʦʥʫʻʪʴʩʷ ʤʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ 

ʤʦʥʦʣʽʪʥʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʨʘʤʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʨʷʜʢʫ 

ʧʨʠʢʣʘʜʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʘ ʟʘʩʥʦʚʘʥʘ ʥʘ ʯʠʩʝʣʴʥʦ-ʘʥʘʣʽʪʠʯʥʦʤʫ ʤʝʪʦʜʽ 

ʛʨʘʥʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʜʦʩʣʽʜʞʫʚʘʪʠ ʨʦʙʦʪʫ ʩʠʩʪʝʤ ʘʞ 

ʜʦ ʛʨʘʥʠʯʥʦʛʦ ʩʪʘʥʫ ʽ ʚʽʜʧʦʚʽʜʘʻ ʬʽʟʠʯʥʦʤʫ ʭʘʨʘʢʪʝʨʫ ʾʭ ʨʦʙʦʪʠ. 

ɺ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʦʛʨʘʤʘ ʨʦʟʨʘʭʫʥʢʫ 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʷʢʘ ʨʦʟʨʦʙʣʝʥʘ ʧʜ̔ ʢʝʨʽʚʥʠʮʪʚʦʤ ʧʨʦʬʝʩʦʨʘ 

ɸ.ɺ.ʂʦʚʨʦʚʘ ʜʦʮʝʥʪʦʤ ʆ.ɺ.ʂʦʚʪʫʥʝʥʢʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʝʣʝʡ ʜʝʬʦʨʤʘʮʽʾ 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʟʛʠʥʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʨʦʟʨʦʙʣʝʥʦʶ ʟʘ ʫʯʘʩʪʶ ʘʚʪʦʨʘ, ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʚʜʦʩʢʦʥʘʣʝʥʦʾ ʤʝʪʦʜʠʢʠ ʚʨʘʭʫʚʘʥʥʷ ʧʨʦʮʝʩʽʚ 

ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ, ʥʘʚʝʜʝʥʦʾ ʫ ʈʦʟʜʽʣʽ 3. 

ɿ ʤʝʪʦʶ ʚʨʘʭʫʚʘʥʥʷ ʧʦʨʷʜʢʫ ʧʨʠʢʣʘʜʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʢʘʨʢʘʩ 

ʙʫʜʽʚʣʽ ʧʝʨʝʜ ʚʠʢʦʥʘʥʥʷʤ ʨʦʟʨʘʭʫʥʢʽʚ, ʥʝʦʙʭʽʜʥʦ ʜʝʪʘʣʴʥʦ ʚʠʚʯʠʪʠ 

ʪʝʭʥʦʣʦʛʽʯʥʫ ʩʭʝʤʫ ʟʚʝʜʝʥʥʷ ʙʫʜʽʚʣʽ, ʜʣʷ ʯʦʛʦ ʽ ʨʦʟʽʙ'ʻʤʦ ʧʨʦʮʝʩ ʨʦʟʨʘʭʫʥʢʫ 

ʥʘ ʚʽʜʧʦʚʽʜʥʽ ʫʢʨʫʧʥʝʥʽ ʝʪʘʧʠ, ʱʦ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ 4.1. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʢʦʞʥʦʤʫ ʝʪʘʧʽ ʻ ʚʠʭʽʜʥʠʤʠ ʜʣʷ ʚʠʢʦʥʘʥʥʷ 

ʨʦʟʨʘʭʫʥʢʽʚ ʥʘ ʥʘʩʪʫʧʥʦʤʫ. 
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ʊʘʙʣʠʮ ̫4.1 

ɽʪʘʧʠ ʨʦʟʨʘʭʫʥʢʫ ʤʦʥʦʣʽʪʥʦʾ ʨʘʤʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ 

ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʨʷʜʢʫ ʟʘʚʘʥʪʘʞʝʥʥʷ 

 

ɽʪʘʧ ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʅʘʚʘʥʪʘʞʝʥʥʷ 

1 

 

ʇʦʩʪʽʡʥʝ 

2 

 

ʇʦʩʪʽʡʥʝ 

3 

 

ʇʦʩʪʽʡʥʝ 

n ʽ ʪ.ʜ. ʜʦ ʦʩʪʘʥʥʴʦʛʦ ʧʦʚʝʨʭʫ ʇʦʩʪʽʡʥʝ 

n+1 

ʆʩʪʘʪʦʯʥʦ ʟʚʝʜʝʥʠʡ ʢʘʨʢʘʩ 

ʇʦʚʥʝ 

(ʧʦʩʪʽʡʥʝ+ 

ʪʠʤʯʘʩʦʚʝ) 
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ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʤʦʥʦʣʽʪʥʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʨʘʤʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʨʷʜʢʫ ʾʭ ʟʚʝʜʝʥʥʷ, ʘ ʪʘʢʦʞ ʧʨʦʮʝʩʽʚ ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ, 

ʨʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤ, ʙʣʦʢ - ʩʭʝʤʘ ʷʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 4.1. 

 

 
 

ʈʠʩ. 4.1 ɹʣʦʢ - ʩʭʝʤʘ ʚʠʟʥʘʯʝʥʥʷ ʞʦʨʩʪʢʦʩʪʝʡ ʟʛʠʥʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʟʘʣʽʟʦʙʝʪʦʥʥʦʛʦ ʤʦʥʦʣʽʪʥʦʛʦ ʨʘʤʥʦʛʦ ʢʘʨʢʘʩʫ 

ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʦʮʝʩʽʚ ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ ʪʘ ʽʩʪʦʨʽʾ ʟʚʝʜʝʥʥʷ ʢʘʨʢʘʩʫ 

 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʥʘʚʝʜʝʥʦʾ ʙʣʦʢ-ʩʭʝʤʠ (ʈʠʩ. 4.1) 
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1.  ɺʠʢʦʥʫʻʪʴʩʷ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʨʘʤʠ (ʨʦʟʛʣʷʜʘʻʪʴʩʷ 

ʢʣʘʩʠʯʥʘ ʛʦʪʦʚʘ ʨʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʚ ʧʨʫʞʥʽʡ ʩʪʘʜʽʾ). 

2. ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʟʘʜʘʻʪʴʩʷ ʨʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʧʝʨʰʦʛʦ ʧʦʚʝʨʭʫ 

ʨʘʤʠ n = 1; 

3. ɺʠʢʦʥʫʻʪʴʩʷ ʩʪʘʪʠʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʧʝʨʰʦʛʦ ʧʦʚʝʨʭʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʧʨʦʮʝʩʽʚ ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ ʥʘ ʧʦʩʪʽʡʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

4. ʌʽʢʩʫʶʪʴʩʷ ʞʦʨʩʪʢʦʩʪʽ ʜʽʣʷʥʦʢ, ʦʪʨʠʤʘʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʨʫʞʥʦʛʦ 

ʨʦʟʨʘʭʫʥʢʫ. 

5. ʅʘ ʥʘʩʪʫʧʥʦʤʫ ʝʪʘʧʽ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘʨʦʱʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ, ʪʦʙʪʦ 

ʟʘʜʘʻʪʴʩʷ ʨʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʜʚʦʭ ʧʦʚʝʨʭʽʚ ʨʘʤʠ n+1. 

6. ʌʦʨʤʫʻʪʴʩʷ ʨʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʟ ʜʦʜʘʪʢʦʚʦ ʟʚʝʜʝʥʠʤ ʧʦʚʝʨʭʦʤ. 

ʇʨʠ ʨʦʟʛʣʷʜʽ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ, ʱʦ ʷʚʣʷʻ ʜʚʦʧʦʚʝʨʭʦʚʫ ʨʘʤʫ, ʩʧʦʯʘʪʢʫ 

ʞʦʨʩʪʢʽʩʪʴ ʜʽʣʷʥʦʢ ʝʣʝʤʝʥʪʽʚ ʧʝʨʰʦʛʦ ʧʦʚʝʨʭʫ ʧʨʠʡʤʘʻʪʴʩʷ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʧʝʨʰʦʛʦ ʝʪʘʧʫ ʨʦʟʨʘʭʫʥʢʫ ʪʘ ʻ ʬʽʢʩʦʚʘʥʦʶ ʚʝʣʠʯʠʥʦʶ, ʘ ʞʦʨʩʪʢʽʩʪʴ 

ʝʣʝʤʝʥʪʽʚ ʜʨʫʛʦʛʦ ʧʦʚʝʨʭʫ ï ʟ ʧʨʠʧʫʱʝʥʥʷ ʨʦʙʦʪʠ ʚ ʧʨʫʞʥʽʡ ʩʪʘʜʽʾ. 

ʇʽʩʣʷ ʪʦʛʦ ʷʢ ʚʠʟʥʘʯʘʶʪʴʩʷ ʞʦʨʩʪʢʦʩʪʽ ʢʦʞʥʦʾ ʜʽʣʷʥʢʠ, ʧʨʦʚʦʜʠʪʴʩʷ 

ʨʦʟʨʘʭʫʥʦʢ ʨʘʤʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʥʦʚʠʤʠ ʞʦʨʩʪʢʦʩʪʷʤʠ. ʅʘ ʜʽʣʷʥʢʘʭ, ʜʝ 

ʟʛʠʥʘʣʴʥʽ ʤʦʤʝʥʪʠ ʧʝʨʝʚʠʱʫʶʪʴ ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʽ, ʞʦʨʩʪʢʽʩʪʴ ʧʝʨʝʨʽʟʫ 

ʝʣʝʤʝʥʪʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʣʽʥʝʘʨʠʟʦʚʘʥʠʭ ʜʽʘʛʨʘʤ çʟʛʠʥʘʣʴʥʠʡ 

ʤʦʤʝʥʪ ï ʢʨʠʚʠʟʥʘè. ʅʘ ʜʽʣʷʥʢʘʭ, ʜʝ ʟʛʠʥʘʣʴʥʽ ʤʦʤʝʥʪʠ ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ 

ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʽ, ʞʦʨʩʪʢʦʩʪʽ ʥʝ ʟʤʽʥʶʶʪʴʩʷ. (ɹʣʦʢ-ʩʭʝʤʘ ʥʘ ʨʠʩ. 3.3). 

7. ɺʠʢʦʥʫʻʪʴʩʷ ʩʪʘʪʠʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʨʘʤʠ ʟ ʜʦʜʘʪʢʦʚʦ ʟʚʝʜʝʥʠʤ 

ʧʦʚʝʨʭʦʤ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʦʮʝʩʽʚ ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ ʥʘ ʧʦʩʪʽʡʥʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. 

8. ʌʽʢʩʫʶʪʴʩʷ ʞʦʨʩʪʢʦʩʪʽ ʜʽʣʷʥʦʢ. ʉʧʦʯʘʪʢʫ ʞʦʨʩʪʢʦʩʪʽ ʜʽʣʷʥʦʢ 

ʥʘʨʦʱʝʥʦʛʦ ʧʦʚʝʨʭʫ ʧʨʠʡʤʘʶʪʴʩʷ ʧʨʫʞʥʽ, ʘ ʥʠʞʯʠʭ ʧʦʚʝʨʭʽʚ ī ʟʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦʧʝʨʝʜʥʽʭ ʨʦʟʨʘʭʫʥʢʽʚ, ʧʨʠ ʮʴʦʤʫ ʻ ʫʤʦʚʘ, ʱʦ ʚʦʥʠ ʥʝ ʤʦʞʫʪʴ 

ʟʙʽʣʴʰʫʚʘʪʠʩʷ. 

ʇʽʩʣʷ ʟʚʝʜʝʥʥʷ ʧʦʚʥʦʛʦ ʢʘʨʢʘʩʫ, ʪʦʙʪʦ ʚʠʢʦʥʘʥʥʷ ʫʤʦʚʠ N ï n = 0, 

ʞʦʨʩʪʢʦʩʪʽ ʧʦʚʥʦʛʦ ʢʘʨʢʘʩʫ ʬʽʢʩʫʶʪʴʩʷ ʽ ʧʨʠʡʤʘʶʪʴʩʷ ʦʩʪʘʪʦʯʥʠʤʠ. 
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9. ɺʠʢʦʥʫʻʪʴʩʷ ʨʦʟʨʘʭʫʥʦʢ ʦʩʪʘʪʦʯʥʦ ʟʚʝʜʝʥʦʛʦ ʢʘʨʢʘʩʫ ʟ ʬʽʢʩʦʚʘʥʠʤʠ 

ʞʦʨʩʪʢʦʩʪʷʤʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʦʮʝʩʽʚ ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ ʥʘ ʧʦʚʥʝ (ʧʦʩʪʽʡʥʝ 

ʪʘ ʪʠʤʯʘʩʦʚʝ) ʥʘʚʘʥʪʘʞʝʥʥʷ. 

 

4.2. ɼʦʩʣʽʜʞʝʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʤʦʥʦʣʽʪʥʦʛʦ 

ʟʘʣʽʟʦʙʝʪʦʥʥʦʛʦ ʨʘʤʥʦʛʦ ʢʘʨʢʘʩʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʨʷʜʢʫ ʡʦʛʦ ʟʚʝʜʝʥʥʷ  

4.2.1. ɺʠʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʟʘʣʽʟʦʙʝʪʦʥʥʦʛʦ ʪʨʠʧʨʦʣʽʪʥʦʛʦ 

ʯʦʪʠʨʠʧʦʚʝʨʭʦʚʦʛʦ ʨʘʤʥʦʛʦ ʢʘʨʢʘʩʫ 

ʋ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʟʘʣʽʟʦʙʝʪʦʥʥʠʡ ʤʦʥʦʣʽʪʥʠʡ ʨʘʤʥʠʡ ʢʘʨʢʘʩ 

ʪʨʠʧʨʦʣʽʪʥʦʾ ʯʦʪʠʨʠʧʦʚʝʨʭʦʚʦ ʾ ʞʠʪʣʦʚʦʾ ʙʫʜʽʚʣʽ ʽʟ ʧʣʦʩʢʦʶ ʧʦʢʨʽʚʣʝʶ ʚ 

ʧʨʫʞʥʽʡ ʩʪʘʜʽʾ. ʉʽʪʢʘ ʢʦʣʦʥ 6 Ĭ 6ʤ. ɺʠʩʦʪʘ ʧʦʚʝʨʭʫ 3ʤ.  

ʂʣʘʩ ʙʝʪʦʥʫ ʩʪʦʡʢʠ ʧʨʠʡʥʷʪʠʡ ʉ30, ʟ ʥʘʩʪʫʧʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʤʘʪʝʨʽʘʣʫ: fcd = 17 ʄʇʘ, fctd = 1,2 ʄʇʘ, fck = 22 ʄʇʘ, fctk,0,05 = 1,8 ʄʇʘ, 

Ec = 3.25Ā10
4
ʄʇʘ, ʧʝʨʝʨʽʟ ʢʦʣʦʥ ʧʨʠʡʤʘʻʪʴʩʷ hʩĬbʩ = 40Ĭ40 ʩʤ. 

ʂʣʘʩ ʙʝʪʦʥʫ ʨʠʛʝʣʷ ʧʨʠʡʥʷʪʠʡ ʉ25, ʟ ʥʘʩʪʫʧʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʤʘʪʝʨʽʘʣʫ: fcd = 14,5 ʄʇʘ; fctd = 1,05 ʄʇʘ, fck = 18,5 ʄʇʘ, fctk,0,05 = 1,5 ʄʇʘ, 

Ec = 3Ā10
4 
ʄʇʘ; ʧʝʨʝʨʽʟ ʨʠʛʝʣʽʚ ʧʨʠʡʤʘʻʪʴʩʷ hʨĬbʨ = 50Ĭ30 ʩʤ. 

ɺʣʘʩʥʘ ʚʘʛʘ ʧʦʛʦʥʥʦʛʦ ʤʝʪʨʘ ʨʠʛʝʣʽʚ ʩʢʣʘʣʘ q
ʨ
 = 3,75 ʢʅ/ʤ. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʘ ʥʘʜʽʡʥʦʩʪʽ ʧʦ ʥʘʚʘʥʪʘʞʝʥʥʶ: q
ʨ
 = 4,13 ʢʅ/ʤ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʨʠʛʝʣʴ ʩʢʣʘʣʦ q
n
 = 49,5 ʢʅ/ʤ. 

ʈʦʟʨʘʭʫʥʢʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʨʠʛʝʣʴ ʩʢʣʘʣʦ q = 60,06 ʢʅ/ʤ. 

ʇʦʚʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʨʠʛʝʣʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʡʦʛʦ ʚʣʘʩʥʦʾ ʚʘʛʠ ʩʢʣʘʣʦ:  

qy = 65,0 ʢʅ/ʤ 

 

4.2.2. ʉʪʘʪʠʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʟʘʣʽʟʦʙʝʪʦʥʥʦʛʦ ʢʘʨʢʘʩʫ ʪʨʠʧʨʦʣʽʪʥʦʾ 

ʯʦʪʠʨʠʧʦʚʝʨʭʦʚʦʾ ʙʫʜʽʚʣʽ ʚ ʧʨʫʞʥʽʡ ʩʪʘʜʽʾ 

ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤʠ, ʨʦʟʨʦʙʣʝʥʦʾ ʚ ʩʠʩʪʝʤʽ ʢʦʤʧôʶʪʝʨʥʦʾ 

ʤʘʪʝʤʘʪʠʢʠ MATLAB, ʟʘʩʥʦʚʘʥʦʾ ʥʘ ʯʠʩʝʣʴʥʦ ʘʥʘʣʽʪʠʯʥʦʤʫ ʄɻɽ, 

ʧʨʦʚʝʜʝʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʢʘʨʢʘʩʫ ʪʨʠʧʨʦʣʽʪʥʦʾ ʯʦʪʠʨʠʧʦʚʝʨʭʦʚʦʾ ʙʫʜʽʚʣʽ ʚ 

ʧʨʫʞʥʽʡ ʩʪʘʜʽʾ ʥʘ ʧʦʚʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʚʠʟʥʘʯʝʥʽ ʚʠʱʝ. 
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ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʦʩʪʘʪʦʯʥʦ ʩʬʦʨʤʦʚʘʥʦʛʦ ʢʣʘʩʠʯʥʦʛʦ ʢʘʨʢʘʩʫ ʧʨʠʚʝʜʝʥʘ 

ʥʘ ʨʠʩʫʥʢʫ 4.2.  

 

ʈʠʩ. 4.2 ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʢʘʨʢʘʩʫ ʪʨʠʧʨʦʣʽʪʥʦʾ ʯʦʪʠʨʠʧʦʚʝʨʭʦʚʦʾ ʙʫʜʽʚʣʽ 

ʥʘ ʜʽʶ ʧʦʩʪʽʡʥʦʛʦ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

 

ʅʘ ʨʠʩʫʥʢʫ 4.3 ʧʨʠʚʝʜʝʥʘ ʝʧʶʨʘ ʟʛʠʥʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ ʚ ʧʨʫʞʥʽʡ ʩʪʘʜʽʾ. 

ʇʽʜʙʽʨ ʘʨʤʘʪʫʨʠ ʫʤʦʚʥʦ ʚʠʢʦʥʫʻʤʦ ʟʘ ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ ʟʫʩʠʣʣʷʤʠ ʄ  ̔

N ʜʣʷ ʥʘʡʙʽʣʴʰ ʥʝʙʝʟʧʝʯʥʦʛʦ ʝʣʝʤʝʥʪʘ ʚ ʢʦʥʩʪʨʫʢʮʽʾ. 

ɸʨʤʫʚʘʥʥʷ ʚʩʽʭ ʝʣʝʤʝʥʪʽʚ ʢʘʨʢʘʩʫ ʧʨʠʡʥʷʪʝ ʽʟ ʩʪʨʠʞʥʝʚʦʾ ʘʨʤʘʪʫʨʠ 

ʢʣʘʩʫ ɸ400ʉ ʟ ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʦʧʦʨʦʤ fyd = 360 ʄʇʘ ʽ ʤʦʜʫʣʝʤ ʧʨʫʞʥʦʩʪʽ 

Es = 2Ā10
5
 ʄʇʘ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʫ ʢʘʨʢʘʩʫ ʥʘ ʜʽʶ ʨʦʟʨʘʭʫʥʢʦʚʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʨʠʛʝʣʽ ʧʝʨʝʢʨʠʪʪʷ qy = 65,0 ʢʅ/ʤ ʽ ʨʠʛʝʣʽ ʧʦʢʨʠʪʪʷ 

qy = 40,0 ʢʅ/ʤ ʚ ʧʨʠʧʫʱʝʥʥʽ ʧʨʫʞʥʦʾ ʨʦʙʦʪʠ ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʠʡʥʷʪʦ ʥʘʩʪʫʧʥʝ 

ʘʨʤʫʚʘʥʥʷ (ʨʠʩ. 4.4): 

ï ʘʨʤʫʚʘʥʥʷ ʩʪʦʡʦʢ ʧʨʠʡʤʘʻʪʴʩʷ ʩʠʤʝʪʨʠʯʥʠʤ (3+3)Ï16 ɸ400ʉ ʟ 

ʧʣʦʱʝʶ As = As' = 6,03 ʩʤ
2
; 
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ʈʠʩ. 4.3 ɽʧʶʨʘ ʟʛʠʥʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ  

ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʚ ʧʨʫʞʥ̔ ʡ ʩʪʘʜʽʾ 

 

ï ʨʠʛʝʣʴ ʚ ʧʨʦʣʴʦʪ̔  ʘʨʤʫʻʪɹʩʷ ʨʦʙʦʯʦʶ ʘʨʤʘʪʫʨʦʶ 2Ï16  ̔2Ï18 ɸ400ʉ 

ʟ ʧʣʦʱʝʶ As = 9,12 ʩʤ
2
 ʽ ʢʦʥʩʪʨʫʢʪʠʚʥʦʶ ʘʨʤʘʪʫʨʦʶ 2Ï16 ɸ400ʉ ʟ ʧʣʦʱʝʶ 

As' = 4,02 ʩʤ
2
; 

ï ʨʠʛʝʣʴ ʚ ʦʧʦʨʥʠʭ ʟʦʥʘʭ ʘʨʤʫʻʪʴʩʷ ʨʦʙʦʯʦʾ ʘʨʤʘʪʫʨʦʶ 2Ï16  ̔2Ï25 

ɸ400ʉ ʟ ʧʣʦʱʝʶ As = 13,84 ʩʤ
2 
ʽ ʢʦʥʩʪʨʫʢʪʠʚʥʦʶ ʘʨʤʘʪʫʨʦʶ 2Ï16 ɸ400ʉ ʟ 

ʧʣʦʱʝʶ As' = 4,02 ʩʤ
2
. 

1-1                                             2-2                                      3-3 

 
ʈʠʩ. 4.4 ɸʨʤʫʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʟʘʣʽʟʦʙʝʪʦʥʥʦʛʦ ʨʘʤʥʦʛʦ ʢʘʨʢʘʩʫ: 

1-1)  ʢʦʣʦʥ 2-2)  ʨʠʛʝʣʽʚ ʚ ʧʨʦʣʴʦʪʽ 3-3)  ʨʠʛʝʣʽʚ ʚ ʦʧʦʨʥʠʭ ʟʦʥʘʭ 
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4.3. ɼʦʩʣʽʜʞʝʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʝʪʘʧʥʦʩʪʽ ʟʚʝʜʝʥʥʷ ʤʦʥʦʣʽʪʥʦʛʦ ʨʘʤʥʦʛʦ ʢʘʨʢʘʩʫ 

ɺʽʜʧʦʚʽʜʥʦ ʝʪʘʧʘʤ, ʥʘʚʝʜʝʥʠʤʠ ʚ ʪʘʙʣʠʮʽ 4.1, ʚʠʢʦʥʘʥʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʚʧʣʠʚʫ ʧʦʝʪʘʧʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ ʥʘ ʥʘʧʨʫʞʝʥʦ-

ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʤʦʥʦʣʽʪʥʦʛʦ ʨʘʤʥʦʛʦ ʢʘʨʢʘʩʫ. 

ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʧʨʠʡʤʘʻʪʴʩʷ ʨʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʢʘʨʢʘʩʫ ʙʫʜʽʚʣʽ ʫ 

ʚʠʛʣʷʜʽ ʦʜʥʦʧʦʚʝʨʭʦʚʦʾ ʨʘʤʠ, ʟʘʚʘʥʪʘʞʝʥʦʶ ʧʦʩʪʽʡʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ 

(ʊʘʙʣ. 4.1). 

ʅʘ ʨʠʩʫʥʢʫ 4.5 ʧʨʠʚʝʜʝʥʘ ʝʧʶʨʘ ʟʛʠʥʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ ʦʜʥʦʧʦʚʝʨʭʦʚʦʾ 

ʨʘʤʠ, ʟʘʚʘʥʪʘʞʝʥʦʾ ʧʦʩʪʽʡʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʦʮʝʩʽʚ 

ʪʨʽɦʠʥʦʫʪʚʦʨʝʥʥʷ. 

 

 

ʈʠʩ. 4.5 ɽʧʶʨʘ ʟʛʠʥʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ ʧʝʨhʦʛʦ ʧʦʚʝʨʭʫ ʯʦʪʠʨʠʧʦʚʝʨʭʦʚʦʾ 

ʨʘʤʠ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʦʮʝʩʽʚ 

ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ 
 

ʅʘ ʨʠʩʫʥʢʫ 4.6 ʧʨʠʚʝʜʝʥʘ ʝʧʶʨʘ ʟʛʠʥʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ ʜʚʦʧʦʚʝʨʭʦʚʦʾ 

ʨʘʤʠ, ʟʘʚʘʥʪʘʞʝʥʦʾ ʧʦʩʪʽʡʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʦʮʝʩʽʚ 

ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ. 

 

 

ʈʠʩ. 4.6 ɽʧʶʨʘ ʟʛʠʥʘʣʴʥʠʭ ʤʦʤʝʥʪʚ̔ ʜʚʦʧʦʚʝʨʭʦʚʦʾ ʨʘʤʠ ʧʨʠ 

ʧʦʩʪʽʡʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʦʮʝʩʽʚ ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ 
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ʅʘ ʨʠʩʫʥʢʫ 4.7 ʧʨʠʚʝʜʝʥʘ ʝʧʶʨʘ ʟʛʠʥʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ 

ʯʦʪʠʨʠʧʦʚʝʨʭʦʚʦʾ ʨʘʤʠ, ʟʘʚʘʥʪʘʞʝʥʦʾ ʧʦʩʪʽʡʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʦʮʝʩʽʚ ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ. 

 

ʈʠʩ. 4.7 ɽʧʶʨʘ ʟʛʠʥʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʫ ʤʦʥʦʣʽʪʥʦʤʫ 

ʟʘʣʽʟʦʙʝʪʦʥʥʦʤʫ ʨʘʤʥʦʤʫ ʢʘʨʢʘʩʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʦʮʝʩʽʚ ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ 

ʥʘ ʜʽʶ ʧʦʩʪʽʡʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

 

ʅʘ ʨʠʩʫʥʢʫ 4.8 ʧʨʠʚʝʜʝʥʽ ʝʧʶʨʠ ʟʛʠʥʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʫ 

ʤʦʥʦʣʽʪʥʦʤʫ ʟʘʣʽʟʦʙʝʪʦʥʥʦʤʫ ʨʘʤʥʦʤʫ ʢʘʨʢʘʩʽ ʧʨʠ ʜʽʾ ʧʦʩʪʽʡʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʦʮʝʩʽʚ ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ ʪʘ ʧʦʝʪʘʧʥʦʛʦ 

ʟʚʝʜʝʥʥʷ ʢʘʨʢʘʩʫ. 

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʫ, ʱʦ ʥʘʚʝʜʝʥʽ ʫ ʊʘʙʣ. 4.2 ʩʚʽʜʯʠʪʴ, ʱʦ 

ʚʨʘʭʫʚʘʥʥʷ ʧʦʨʷʜʢʫ ʟʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ ʧʨʠ ʜʽʾ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʧʦʨʽʚʥʷʥʦ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʫ ʟʘ ʢʣʘʩʠʯʥʦʶ ʨʦʟʨʘʭʫʥʢʦʚʦʶ ʩʭʝʤʦʶ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʟʛʠʥʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ ʚ ʧʨʦʣʴʦʪʽ ʥʘ 1,60%...6,0%. ɺ 

ʦʧʦʨʥʠʭ ʧʝʨʝʨʽʟʘʭ ʨʠʛʝʣʽʚ ʤʦʤʝʥʪ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ 1,20%é3,40% ʽ 

ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ 11,5%. 
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ʈʠʩ. 4.8 ɽʧʶʨʠ ʟʛʠʥʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʫ ʤʦʥʦʣʽʪʥʦʤʫ 

ʟʘʣʽʟʦʙʝʪʦʥʥʦʤʫ ʨʘʤʥʦʤʫ ʢʘʨʢʘʩʽ ʧʨʠ ʜʽʾ ʧʦʩʪʽʡʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʦʮʝʩʽʚ ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ ʪʘ ʧʦʝʪʘʧʥʦʛʦ ʟʚʝʜʝʥʥʷ ʙʫʜʽʚʣʽ 

 

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʫ, ʱʦ ʥʘʚʝʜʝʥʽ ʫ ʊʘʙʣ. 4.3 ʩʚʽʜʯʠʪʴ, ʱʦ 

ʚʨʘʭʫʚʘʥʥʷ ʧʦʨʷʜʢʫ ʟʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ ʧʨʠ ʜʽʾ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʧʦʨʽʚʥʷʥʦ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʫ ʫ ʧʨʫʞʥʽʡ ʩʪʘʜʽʾ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʤʝʥʰʝʥʥʷ ʟʥʘʯʝʥʴ ʟʛʠʥʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ ʚ ʧʨʦʣʴʦʪʽ ʥʘ 5,87%é16,9%. ɺ 

ʦʧʦʨʥʠʭ ʧʝʨʝʨʽʟʘʭ ʨʠʛʝʣʽʚ ʤʦʤʝʥʪ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ 2,57%é10,93% ʽ 

ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ 8,88%. 

ʅʘʚʝʜʝʥʥʽ ʨʦʟʨʘʭʫʥʢʠ ʚʢʘʟʫʶʪʴ ʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʨʘʭʫʚʘʥʥʷ ʧʦʨʷʜʢʫ 

ʧʨʠʢʣʘʜʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ, ʱʦ ʟʥʘʯʥʦ ʚʧʣʠʚʘʻ ʥʘ 

ʧʝʨʝʨʦʟʧʦʜʽʣ ʚʥʫʪʨʽʰʥʽʭ ʟʫʩʠʣʴ. 
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ʊʘʙʣʠʮʷ 4.2 

ɿʥʘʯʝʥʥʷ ʟʛʠʥʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ ʙʝʟ 

ʫʨʘʭʫʚʘʥʥʷ ʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʽʩʪʦʨʽʾ ʟʚʝʜʝʥʥʷ ʢʘʨʢʘʩʫ 

 




















































































































