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ɸʅʆʊɸʎɯʗ 

 

ɹʦʨʠʩʝʥʢʦ ʄ.ʖ. ʏʠʩʝʣʴʥʠʡ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ 

ʙʘʛʘʪʦʢʫʪʥʠʭ ʧʣʘʩʪʠʥ ʽ ʮʠʣʽʥʜʨʠʯʥʠʭ ʦʙʦʣʦʥʦʢ ʟ ʢʦʥʩʪʨʫʢʪʠʚʥʦʶ 

ʥʝʦʜʥʦʨʽʜʥʽʩʪʶ. ï ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 01.02.04 ï ʤʝʭʘʥʽʢʘ ʜʝʬʦʨʤʽʚʥʦʛʦ ʪʚʝʨʜʦʛʦ ʪʽʣʘ. ï ɯʥʩʪʠʪʫʪ 

ʤʝʭʘʥʽʢʠ ʽʤ. ʉ.ʇ. ʊʠʤʦʰʝʥʢʘ ʅɸʅ ʋʢʨʘʾʥʠ, ʂʠʾʚ, 2025. 

ɼʠʩʝʨʪʘʮʽʷ ʧʨʠʩʚʷʯʝʥʘ ʨʦʟʚʠʥʝʥʶ ʧʽʜʭʦʜʽʚ ʜʦ ʯʠʩʝʣʴʥʦʛʦ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʧʨʫʞʥʠʭ ʙʘʛʘʪʦʢʫʪʥʠʭ 

ʧʣʘʩʪʠʥ ʪʘ ʮʠʣʽʥʜʨʠʯʥʠʭ ʦʙʦʣʦʥʦʢ ʨʽʟʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʟ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦʶ ʥʝʦʜʥʦʨʽʜʥʽʩʪʶ ʪʘ ʚʩʪʘʥʦʚʣʝʥʥʽ ʟʘʣʝʞʥʦʩʪʝʡ ʯʘʩʪʦʪ ʪʘ 

ʬʦʨʤ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʧʣʘʩʪʠʥ ʪʘ ʦʙʦʣʦʥʦʢ ʚʽʜ ʟʤʽʥʠ ʨʽʟʥʠʭ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

ʆʜʝʨʞʘʥʦ ʥʦʚʽ ʨʦʟʚôʷʟʢʠ ʰʠʨʦʢʦʛʦ ʢʣʘʩʫ ʟʘʜʘʯ ʜʠʥʘʤʽʢʠ 

ʙʘʛʘʪʦʢʫʪʥʠʭ ʧʣʘʩʪʠʥ ʪʘ ʥʝʢʨʫʛʦʚʠʭ ʮʠʣʽʥʜʨʠʯʥʠʭ ʦʙʦʣʦʥʦʢ, ʥʘ ʦʩʥʦʚʽ ʷʢʠʭ 

ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʚʧʣʠʚʫ ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ, ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ, ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʽʘʣʫ ʪʘ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ 

ʥʘ ʩʧʝʢʪʨ ʯʘʩʪʦʪʠ ʪʘ ʬʦʨʤʠ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʧʨʫʞʥʠʭ ʤʝʭʘʥʽʯʥʠʭ ʦʙôʻʢʪʚ̔, 

ʱʦ ʨʦʟʛʣʷʜʘʶʪʴʩʷ. 

ʈʦʟʚʠʥʝʥʦ ʯʠʩʝʣʴʥʠʡ ʧʽʜʭʽʜ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʯʘʩʪʦʪ ʪʘ ʬʦʨʤ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʽʟʦʪʨʦʧʥʠʭ ʙʘʛʘʪʦʢʫʪʥʠʭ 

ʧʣʘʩʪʠʥ ʟ ʦʪʚʦʨʦʤ ʽ ʙʝʟ ʪʘ ʟʘʤʢʥʫʪʠʭ ʽ ʥʝʟʘʤʢʥʫʪʠʭ ʮʠʣʽʥʜʨʠʯʥʠʭ ʦʙʦʣʦʥʦʢ 

ʨʽʟʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʟ̔ʫ, ʨʽʟʥʦʾ ʪʦʚʱʠʥʠ, ʟ ʨʽʟʥʠʤʠ ʚʘʨʽʘʥʪʘʤʠ 

ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ. 

ʈʦʟʨʦʙʣʝʥʦ ʢʦʤʙʽʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʯʘʩʪʦʪ ʚʽʣʴʥʠʭ 

ʢʦʣʠʚʘʥʴ ʽʟʦʪʨʦʧʥʠʭ ʙʘʛʘʪʦʢʫʪʥʠʭ ʧʣʘʩʪʠʥ ʨʽʟʥʦʾ ʪʦʚʱʠʥʠ ʥʘ ʦʩʥʦʚʽ 

ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʬʦʨʤʫʣʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʯʘʩʪʦʪ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʽʟʦʪʨʦʧʥʦʾ 

ʧʨʷʤʦʢʫʪʥʦʾ ʧʣʘʩʪʠʥʠ ʪʘ ʨʦʟʨʘʭʦʚʘʥʽ ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ 
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ʢʦʝʬʽʮʽʻʥʪʠ ʜʣʷ ʢʦʞʥʦʾ ʙʘʛʘʪʦʢʫʪʥʦʾ ʧʣʘʩʪʠʥʠ ʟ ʨʽʟʥʠʤʠ ʛʨʘʥʠʯʥʠʤʠ 

ʫʤʦʚʘʤʠ, ʷʢʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʪʦʚʱʠʥʠ ʜʦ ʩʪʦʨʦʥʠ ʧʣʘʩʪʠʥʠ. 

ʈʦʟʚʠʥʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʧ̔ ʜʭʽʜ ʥʘ ʦʩʥʦʚʽ ʨʝʟʦʥʘʥʩʥʦʛʦ ʤʝʪʦʜʫ ʪʘ 

ʩʪʚʦʨʝʥʦ ʚʽʙʨʦʢʦʤʧʣʝʢʩ ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʽʾ ʢʦʣʠʚʘʥʴ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʪʘ 

ʚʠʟʥʘʯʝʥʥʷ ʟ ʜʦʩʪʘʪʥʽʤ ʩʪʫʧʝʥʝʤ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʯʘʩʪʦʪ ʽ ʬʦʨʤ ʚʽʣʴʥʠʭ 

ʢʦʣʠʚʘʥʴ ʙʘʛʘʪʦʢʫʪʥʠʭ ʧʣʘʩʪʠʥ. 

ʈʦʟʚʠʥʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʧʽʜʭʽʜ ʥʘ ʦʩʥʦʚʽ ʩʪʨʦʙʦʛʦʣʦʛʨʘʬʽʯʥʦʾ 

ʽʥʪʝʨʬʝʨʦʤʝʪʨʽ ʾʪʘ ʩʪʚʦʨʝʥʦ ʩʪʨʦʙʦʢʦʤʧʣʝʢʩ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪ ʽ ʬʦʨʤ 

ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʙʘʛʘʪʦʢʫʪʥʠʭ ʧʣʘʩʪʠʥ ʪʘ ʪʦʚʩʪʦʩʪʽʥʥʠʭ ʮʠʣʽʥʜʨʠʯʥʠʭ 

ʦʙʦʣʦʥʦʢ, ʷʢʠʡ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʜʝʤʦʥʩʪʨʫʻ ʢʦʣʠʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʧʨʫʞʥʦʛʦ 

ʪʽʣʘ ʫ ʚʠʛʣʷʜʽ ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʠʭ ʢʘʨʪʠʥ, ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʤʽʥʶʚʘʪʠ ʨʝʞʠʤ 

ʚʽʙʨʦʟʙʫʜʞʝʥʥʷ ʪʘ ʘʤʧʣʽʪʫʜʫ ʢʦʣʠʚʘʥʴ, ʟ ʚʠʩʦʢʠʤ ʩʪʫʧʝʥʝʤ ʜʦʩʪʦʚʽʨʥʦʩʪʽ 

ʜʦʩʣʽʜʞʫʚʘʪʠ ʩʧʝʢʪʨ ʯʘʩʪʦʪ ʽ ʬʦʨʤ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ. 

ʈʽʟʥʠʤʠ ʧʽʜʭʦʜʘʤʠ ʧʦʙʫʜʦʚʘʥʦ ʥʦʚʽ ʨʦʟʚôʷʟʢʠ ʟʘʜʘʯ ʜʠʥʘʤʽʢʠ ʜʣʷ 

ʪʘʢʠʭ ʧʣʘʩʪʠʥ ʪʘ ʦʙʦʣʦʥʦʢ: 

- ʪʨʠʢʫʪʥʽ, ʯʦʪʠʨʠʢʫʪʥʽ, ʧôʷʪʠʢʫʪʥʽ ʪʘ ʰʝʩʪʠʢʫʪʥʽ ʧʣʘʩʪʠʥʠ ʨʽʟʥʦʾ 

ʪʦʚʱʠʥʠ ʟ ʨʽʟʥʠʤʠ ʚʘʨʽʘʥʪʘʤʠ ʚʽʣʴʥʠʭ ʪʘ ʞʦʨʩʪʢʦ ʟʘʢʨʽʧʣʝʥʠʭ ʢʨʘʾʚ; 

- ʪʨʠʢʫʪʥʽ, ʯʦʪʠʨʠʢʫʪʥʽ, ʧôʷʪʠʢʫʪʥʽ, ʰʝʩʪʠʢʫʪʥʽ ʪʘ ʢʨʫʛʣʽ ʧʣʘʩʪʠʥʠ 

ʟ ʦʪʚʦʨʦʤ ʟ ʨʽʟʥʠʤʠ ʚʘʨʽʘʥʪʘʤʠ ʚʽʣʴʥʠʭ ʪʘ ʞʦʨʩʪʢʦ ʟʘʢʨʽʧʣʝʥʠʭ ʢʨʘʾʚ ʪʘ 

ʦʪʚʦʨʫ; 

- ʟʘʤʢʥʫʪ ̔ ʪʘ ʥʝʟʘʤʢʥʫʪʽ ʮʠʣʽʥʜʨʠʯʥʽ ʦʙʦʣʦʥʢʠ ʝʣʽʧʪʠʯʥʦʛʦ 

ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʟ ʨʽʟʥʠʤ ʟʥʘʯʝʥʥʷʤ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʫ ʩʪʘʣʦʾ ʪʘ ʟʤʽʥʥʦʾ 

ʪʦʚʱʠʥʠ ʟ ʨʽʟʥʠʤ ʭʘʨʘʢʪʝʨʦʤ ʨʦʟʢʨʠʪʪʷ ʟ ʨʽʟʥʠʤʠ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ ʥʘ 

ʪʦʨʮʷʭ; 

- ʟʘʤʢʥʫʪʽ ʪʘ ʥʝʟʘʤʢʥʫʪʽ ʮʠʣʽʥʜʨʠʯʥʽ ʦʙʦʣʦʥʢʠ ʛʦʬʨʦʚʘʥʦʛʦ 

ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʟ ʨʽʟʥʦʶ ʢʽʣʴʢʽʩʪʶ ʛʦʬʨ ʟ ʨʽʟʥʠʤ ʭʘʨʘʢʪʝʨʦʤ ʨʦʟʢʨʠʪʪʷ 

ʟ ʨʽʟʥʠʤʠ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ ʥʘ ʪʦʨʮʷʭ; 

- ʪʦʚʩʪʦʩʪʽʥʥʽ ʮʠʣʽʥʜʨʠʯʥʽ ʦʙʦʣʦʥʢʠ ʟ ʨʽʟʥʠʤʠ ʛʨʘʥʠʯʥʠʤʠ 

ʫʤʦʚʘʤʠ ʥʘ ʪʦʨʮʷʭ. 
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ɼʦʩʣʽʜʞʝʥʦ ʚʽʣʴʥʽ ʢʦʣʠʚʘʥʥʷ ʰʠʨʦʢʦʛʦ ʢʣʘʩʫ ʧʣʘʩʪʠʥ ʽ ʦʙʦʣʦʥʦʢ ʟ 

ʨʟ̔ʥʦʶ ʢʦʥʩʪʨʫʢʪʠʚʥʦʶ ʥʝʦʜʥʦʨʽʜʥʽʩʪʶ ʪʘ ʦʪʨʠʤʘʥʦ ʥʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʫ 

ʚʠʛʣʷʜʽ ʯʠʩʣʦʚʠʭ ʟʥʘʯʝʥʴ ʯʘʩʪʦʪ ʪʘ ʽʣʶʩʪʨʘʮʽʡ ʬʦʨʤ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ, 

ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʦʪʨʠʤʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʟʥʠʭ 

ʨʦʟʨʦʙʣʝʥʠʭ ʧʽʜʭʦʜʽʚ. 

ʅʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʦʪʨʠʤʘʥʠʭ ʨʽʟʥʠʤʠ ʯʠʩʝʣʴʥʠʤʠ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʧʽʜʭʦʜʘʤʠ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʦʩʦʙʣʠʚʦʩʪʝʡ ʜʠʥʘʤʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʰʠʨʦʢʦʛʦ ʢʣʘʩʫ ʥʝʦʜʥʦʨʽʜʥʠʭ ʧʣʘʩʪʠʥ ʽ ʦʙʦʣʦʥʦʢ, ʚʠʷʚʣʝʥʽ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʚʧʣʠʚʫ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʽʘʣʫ ʪʘ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʥʘ ʩʧʝʢʪʨ ʯʘʩʪʦʪ ʽ ʬʦʨʤ 

ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʢʦʞʥʦʛʦ ʟ ʨʦʟʛʣʷʥʫʪʠʭ ʧʨʫʞʥʠʭ ʪʽʣ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʪʘ ʨʦʟʚʠʥʝʥʽ ʧʽʜʭʦʜʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʨʠ 

ʨʦʟʚô̫ ʟʘʥʥʽ ʰʠʨʦʢʦʛʦ ʢʣʘʩʫ ʧʨʘʢʪʠʯʥʠʭ ʟʘʜʘʯ ʚʠʟʥʘʯʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʧʣʘʩʪʠʥʯʘʩʪʠʭ ʪʘ ʦʙʦʣʦʥʢʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʟ 

ʨʽʟʥʦʶ ʢʦʥʩʪʨʫʢʪʠʚʥʦʶ ʥʝʦʜʥʦʨʽʜʥʽʩʪʶ; ʨʦʟʚʠʥʝʥʠʡ ʯʠʩʝʣʴʥʠʡ ʧʽʜʭʜ̔ ʜʘ̒ 

ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʫʚʘʪʠ ʜʦʩʪʦʚʽʨʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʧʝʢʪʨ ʯʘʩʪʦʪ ʽ ʬʦʨʤ 

ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ʚ ʫʤʦʚʘʭ ʤʘʢʩʠʤʘʣʴʥʦ ʥʘʙʣʠʞʝʥʠʭ ʜʦ 

ʨʝʘʣʴʥʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʝʟ ʟʥʘʯʥʠʭ ʟʘʪʨʘʪ ʢʦʰʪʽʚ ʪʘ ʯʘʩʫ, ʟʤʽʥʶʶʯʠ ʨʽʟʥʽ 

ʧʘʨʘʤʝʪʨʠ, ʦʙʠʨʘʪʠ ʦʧʪʠʤʘʣʴʥʽ ʛʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ, ʝʢʦʥʦʤʽʯʥʦ ʚʠʛʽʜʥʽ 

ʤʘʪʝʨʽʘʣʠ ʪʘ ʩʧʦʩʦʙʠ ʟʘʢʨʽʧʣʝʥʥʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʽʮʥʦʩʪʽ, ʩʪʽʡʢʦʩʪʽ ʪʘ 

ʥʘʜʽʡʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ; ʨʦʟʨʦʙʣʝʥʠʡ ʢʦʤʙʽʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʰʚʠʜʢʦ ʚʠʟʥʘʯʠʪʠ ʯʘʩʪʦʪʠ ʽ ʬʦʨʤʠ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʙʘʛʘʪʦʢʫʪʥʠʭ ʧʣʘʩʪʠʥ 

ʨʽʟʥʦʾ ʪʦʚʱʠʥʠ ʟ ʨʽʟʥʠʤʠ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ; ʨʦʟʚʠʥʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʧʽʜʭʦʜʠ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʜʝʤʦʥʩʪʨʫʚʘʪʠ ʚʽʣʥɹʽ ʢʦʣʠʚʘʥʥʷ 

ʧʨʫʞʥʠʭ ʪʽʣ, ʘ ʦʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʣʷ ʦʮʽʥʢʠ ʨʝʟʫʣʴʪʘʪʽʚ, 

ʦʪʨʠʤʘʥʠʭ ʨʽʟʥʠʤʠ ʪʝʦʨʝʪʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʙʘʛʘʪʦʢʫʪʥʽ ʧʣʘʩʪʠʥʠ, ʮʠʣʽʥʜʨʠʯʥʽ ʦʙʦʣʦʥʢʠ 

ʛʦʬʨʦʚʘʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ, ʯʘʩʪʦʪʘ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ, ʤʝʪʦʜ 

ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʨʝʟʦʥʘʥʩʥʠʡ ʤʝʪʦʜ, ʤʝʪʦʜ ʩʪʨʦʙʦʛʦʣʦʛʨʘʬʽʯʥʦʾ 

ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʾ. 
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The dissertation is devoted to the development of approaches to the 

numerical and experimental study of free vibrations of elastic polygonal plates and 

cylindrical shells of various cross-sections with structural heterogeneity and 

establishing the dependence of frequencies and forms of free vibrations of plates 

and shells on various structural parameters. 

A numerical approach based on the finite element method has been 

developed to calculate the frequencies and forms of free vibrations of isotropic 

polygonal plates with and without holes, as well as closed and open cylindrical 

shells of different cross-sections, different thicknesses, and with different boundary 

conditions. 

A new combined approach has been developed to determine the frequencies 

of free vibrations of isotropic polygonal plates of different thicknesses based on a 

modified formula for calculating the frequencies of free vibrations of an isotropic 

rectangular plate, and the coefficients of the vibration forms and boundary 

conditions have been established for the considered polygonal plates with various 

boundary conditions depending on the ratio of the thickness to the side of the plate. 

An experimental approach based on the resonance method was developed, 

and a vibration complex was created to demonstrate real-time vibrations and 

determine with a sufficient degree of reliability the frequencies and forms of free 

vibrations of n-angle plates. 

An experimental approach based on stroboholographic interferometry was 

developed, and a strobocomplex was created to determine the frequencies and 
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forms of free vibrations of polygonal plates and thick-walled cylindrical shells, 

which demonstrates real time vibrations of the surface of an elastic body in the 

form of interference patterns, allows changing the vibration excitation mode and 

the amplitude of vibrations, and with a high degree of reliability to study the 

spectrum of frequencies and forms of free vibrations. 

The free vibrations of a wide class of plates and shells with different 

structural heterogeneity were investigated, and new results were obtained in the 

form of numerical values of frequencies and illustrations of the forms of free 

vibrations, and the results obtained using various developed approaches were 

compared. 

Based on the results obtained by various numerical and experimental 

approaches, an analysis of the peculiarities of the dynamic characteristics of a wide 

class of heterogeneous plates and shells was carried out, the regularities of the 

influence of geometric parameters, physical and mechanical characteristics of the 

material and boundary conditions on the frequency spectrum and forms of free 

vibrations of each of the considered elastic bodies were revealed. 

The obtained results and developed approaches can be used in solving a 

wide class of practical problems of determining the dynamic characteristics of free 

vibrations of plate and shell elements with different structural heterogeneity. The 

developed numerical approaches allow obtaining reliable information about the 

frequency spectrum and forms of free vibrations of structural elements in 

conditions as close as possible to real operating conditions without significant 

costs and time, changing various parameters to choose optimal geometric 

dimensions, economically advantageous materials and fastening methods to ensure 

the strength, stability and reliability of the structure. The developed experimental 

approaches make it possible to demonstrate real time free vibrations of elastic 

bodies, and to use the obtained results to assess the reliability of the results 

obtained by various theoretical and experimental methods. 

The results obtained by the combined approach were transferred for 

implementation in the calculation practice of the state enterprise "Design Bureau 
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"Pivdenne" named after M.K. Yangel". 

The results of the dissertation research were used within the framework of 

the implementation of the target program on defence topics in the direction of 

applied research and development. 

Key words: polygonal plates, cylindrical shells of corrugated cross-section, 

frequency of free vibrations, finite element method, resonance method, 

stroboholographic interferometry method. 

 

ʉʇʀʉʆʂ ʆʇʋɹʃɯʂʆɺɸʅʀʍ ʇʈɸʎʔ ɿɸ ʊɽʄʆʖ ɼʀʉɽʈʊɸʎɯɰ 

ʇʨʘʮ̔, ʚ ʷʢʠʭ ʦʧʫʙʣʽʢʦʚʘʥʽ ʦʩʥʦʚʥʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʾ 

ʉʪʘʪʪʽ ʚ ʟʘʢʦʨʜʦʥʥʠʭ ʚʠʜʘʥʥʷʭ 

1. Borysenko M, Zavhorodnii A., Skupskyi R. Numerical analysis of frequencies 

and forms of own collars of different forms with free zone. J. Appl. Math. 

Comput. Mech. 18 (1), 5-13 (2019). https://doi.org/10.17512/jamcm.2019.1.01 

(Web of Science) 

2. Grigorenko A.Y., Borysenko M.Y., Boychuk O.V., Vasilôeva L.Y. Free 

Vibrations of an Open Non-circular Cylindrical Shell of Variable Thickness. 

In: Altenbach H., Chinchaladze N., Kienzler R., M¿ller W. (eds) Analysis of 

Shells, Plates, and Beams. Advanced Structured Materials, vol 134. 

Springer, Cham. 141-154 (2020). https://doi.org/10.1007/978-3-030-47491-

1_8 (Scopus, Q4, SJR ï 0.168) 

3. Grigorenko A.Y., Borysenko M.Y., Boychuk O.V., Boreiko N.P. Free 

Vibration Corrugated Open Cylindrical Shells. In: Altenbach H., Bauer S., 

Eremeyev V., Mikhasev G., Morozov N. (eds) Recent Approaches in the 

Theory of Plates and Plate-Like Structures. Advanced Structured Materials, 

vol 151. Springer, Cham. 63-74 (2021). https://doi.org/10.1007/978-3-030-

87185-7_6 (Scopus, Q4, SJR ï 0.168) 

4. Grigorenko A., Borysenko M., Boychuk O., Boreiko N. Numerical Analysis of 

Free Vibration Frequencies of Hexagonal Plate. In: Altenbach H., Bogdanov V., 

Grigorenko A.Y., Kushnir R.M., Nazarenko V.M., Eremeyev V.A. (eds) Selected 

https://scholar.google.com.ua/scholar?oi=bibs&cluster=913570795573033351&btnI=1&hl=ru
https://scholar.google.com.ua/scholar?oi=bibs&cluster=913570795573033351&btnI=1&hl=ru
http://dx.doi.org/10.17512%2Fjamcm.2019.1.01
https://doi.org/10.1007/978-3-030-47491-1_8
https://doi.org/10.1007/978-3-030-47491-1_8
https://doi.org/10.1007/978-3-030-87185-7_6
https://doi.org/10.1007/978-3-030-87185-7_6


8 

Problems of Solid Mechanics and Solving Methods. Advanced Structured 

Materials, vol 204. Springer, Cham. 201-220 (2024). https://doi.org/10.1007/978-

3-031-54063-9_15 (Scopus, Q4, SJR ï 0.168) 

 

ʉʪʘʪʪʽ ʫ ʬʘʭʦʚʠʭ ʥʘʫʢʦʚʠʭ ʚʠʜʘʥʥʷʭ ʋʢʨʘʾʥʠ 

5. ɹʫʜʘʢ ɺ.ɼ., ɻʨʠʛʦʨʝʥʢʦ ɸ.ʗ., ɹʦʨʠʩʝʥʢʦ ʄ.ʖ., ɹʦʡʯʫʢ ɽ.ɺ. ʈʦʟʚô̫ ʟʫʚʘʥʥʷ 

ʟʘʜʘʯʽ ʧʨʦ ʚʽʣɹʥʽ ʢʦʣʠʚʘʥʥʷ ʥʝʢʨʫʛʦʚʦʾ ʮʠʣʽʥʜʨʠʯʥʦʾ ʦʙʦʣʦʥʢʠ ʥʘ ʦʩʥʦʚʽ 

ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ. ʇʨʦʙʣʝʤʠ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʤʝʭʘʥʽʢʠ ʽ ʤʽʮʥʦʩʪʽ 
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6. ɻʨʠʛʦʨʝʥʢʦ ʆ.ʗ., ɹʦʨʠʩʝʥʢʦ ʄ.ʖ., ɹʦʡʯʫʢ ʆ.ɺ., ʇʨʠʛʦʜʘ ʆ.ʇ. ʏʠʩʝʣʴʥʠʡ 

ʨʦʟʨʘʭʫʥʦʢ ʯʘʩʪʦʪ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʥʷ ʥʝʢʨʫʛʦʚʦʾ ʮʠʣʽʥʜʨʠʯʥʦʾ ʦʙʦʣʦʥʢʠ 

ʟ ʞʦʨʩʪʢʦ ʟʘʢʨʽʧʣʝʥʠʤʠ ʪʦʨʮʷʤʠ. ɺʽʩʥʠʢ ɿʘʧʦʨʽʟʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ. ʌʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʽ ʥʘʫʢʠ. ɺʠʧ. 1, 91-103 (2017). 

7. ɻʨʠʛʦʨʝʥʢʦ ɸ.ʗ., ɹʦʨʠʩʝʥʢʦ ʄ.ʖ., ɹʦʡʯʫʢ ɽ.ɺ., ʇʨʠʛʦʜʘ ɸ.ʇ. ʏʠʩʣʝʥʥʦʝ 

ʦʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʦʪ ʠ ʬʦʨʤ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ ʪʦʣʩʪʦʩʪʝʥʥʦʡ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʠ. ʇʨʠʢʣ. ʤʝʭʘʥʠʢʘ. 54 (1), 90-100 (2018). 

ʊʝ ʩʘʤʝ: Grigorenko A.Ya., Borisenko M.Yu., Boichuk E.V., Prigoda A.P. 

Numerical Determination of Natural Frequencies and Modes of the Vibrations 

of a Thick-Walled Cylindrical Shell. Int. Appl. Mech. 54 (1), 75-84 (2018). 

https://doi.org/10.1007/s10778-018-0861-7 (Scopus, Q3, SJR ï 0.211) 

8. ɻʨʠʛʦʨʝʥʢʦ ʆ.ʗ., ɹʦʨʠʩʝʥʢʦ ʄ.ʖ., ɹʦʡʯʫʢ ʆ.ɺ., ʅʦʚʠʮʴʢʠʡ ɺ.ʉ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʽ ʯʠʩʝʣʴʥʦʛʦ ʤʝʪʦʜʽʚ ʜʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʧʨʷʤʦʢʫʪʥʠʭ ʧʣʘʩʪʠʥ. ʇʨʦʙʣʝʤʠ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ 

ʤʝʭʘʥʽʢʠ ʽ ʤʽʮʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʡ. ɺʠʧ. 29, 103-112 (2019). 

https://doi.org/10.15421/4219009 

9. ɻʨʠʛʦʨʝʥʢʦ ʆ.ʗ., ɹʦʨʠʩʝʥʢʦ ʄ.ʖ., ɹʦʡʯʫʢ ʆ.ɺ. ʏʠʩʝʣʴʥʠʡ ʘʥʘʣʽʟ ʚʽʣʥɹʠʭ 

ʢʦʣʠʚʘʥʴ ʥʝʟʘʤʢʥʫʪʠʭ ʮʠʣʽʥʜʨʠʯʥʠʭ ʦʙʦʣʦʥʦʢ ʟ ʝʣʽʧʪʠʯʥʠʤ ʧʦʧʝʨʝʯʥʠʤ 

ʧʝʨʝʨʽʟʦʤ. ɺʽʩʥʠʢ ʂʠʾʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ʊʘʨʘʩʘ 

ʐʝʚʯʝʥʢʘ. ʉʝʨʽʷ: ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʽ ʥʘʫʢʠ. ɺʠʧ. 2, 51-58 (2019). 

https://doi.org/10.17721/1812-5409.2019/2.5 

https://doi.org/10.1007/978-3-031-54063-9_15
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10. ɻʨʠʛʦʨʝʥʢʦ ʆ.ʗ., ɹʦʨʠʩʝʥʢʦ ʄ.ʖ., ɹʦʡʯʫʢ ʆ.ɺ., ʅʦʚʠʮʴʢʠʡ ɺ.ʉ. 

ʏʠʩʝʣʴʥʠʡ ʘʥʘʣʽʟ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʧʨʷʤʦʢʫʪʥʠʭ ʧʣʘʩʪʠʥ ʥʘ ʦʩʥʦʚ ʨʽʟʥʠʭ 
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ɺʉʊʋʇ 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. ʋ ʙʘʛʘʪʴʦʭ ʛʘʣʫʟʷʭ ʩʫʯʘʩʥʦʾ ʪʝʭʥʽʢʠ, ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʪʘ 

ʙʫʜʽʚʥʠʮʪʚʘ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʥʘʭʦʜʷʪʴ ʙʘʛʘʪʦʢʫʪʥʽ ʧʣʘʩʪʠʥʯʘʩʪʽ ʝʣʝʤʝʥʪʠ, 

ʢʦʤʙʽʥʘʮʽʻʶ ʷʢʠʭ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʙʫʜʴ-ʷʢʫ ʩʢʣʘʜʥʫ ʬʦʨʤʫ ʢʦʨʧʫʩʫ ʢʦʩʤʽʯʥʦʛʦ 

ʘʧʘʨʘʪʫ ʘʙʦ ʙʫʜʽʚʣʽ ʽʟ ʥʝʩʪʘʥʜʘʨʪʥʠʤ ʘʨʭʽʪʝʢʪʫʨʥʠʤ ʨʽʰʝʥʥʷʤ, ʪʘ ʦʙʦʣʦʥʢʦʚʽ 

ʝʣʝʤʝʥʪʠ ʨʽʟʥʠʭ ʧʦʧʝʨʝʯʥʠʭ ʧʝʨʝʨʽʟʽʚ, ʷʢʽ ʤʘʶʪʴ ʚʠʩʦʢʫ ʤʮ̔ʥʽʩʪʴ ʧʨʠ ʧʦʨʽʚʥʷʥʦ 

ʥʝʚʝʣʠʢʽʡ ʤʘʩʽ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʨʠʟʥʘʯʝʥʥʷ ʪʘ ʜʠʟʘʡʥʫ ʪʘʢʽ ʧʣʘʩʪʠʥʯʘʩʪʽ ʪʘ 

ʦʙʦʣʦʥʢʦʚʽ ʝʣʝʤʝʥʪʠ ʤʦʞʫʪʴ ʤʘʪʠ ʪʦʚʩʪʦʩʪʽʥʥʽʩʪʴ ʘʙʦ ʟʤʽʥʥʫ ʪʦʚʱʠʥʫ, ʨʽʟʥʽ 

ʩʧʦʩʦʙʠ ʟʘʢʨʽʧʣʝʥʥʷ ʘʙʦ ʟô̒ ʜʥʘʥʥʷ, ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʪʚʦʨʠ, ʩʢʣʘʜʥʽ ʢʦʥʪʫʨʠ 

ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʪʘ ʽʥʰʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ. ʇʨʠʢʣʘʜʘʤʠ ʪʘʢʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʻ ʨʽʟʥʽ ʜʝʪʘʣʽ ʪʘ ʢʦʨʧʫʩʠ ʣʽʪʘʣʴʥʠʭ, ʢʦʩʤʽʯʥʠʭ, ʧʽʜʚʦʜʥʠʭ ʪʘ 

ʥʘʟʝʤʥʠʭ ʘʧʘʨʘʪʽʚ, ʝʣʝʤʝʥʪʠ ʞʠʪʣʦʚʠʭ ʪʘ ʢʦʤʝʨʮʽʡʥʠʭ ʙʫʜʽʚʝʣʴ, ʟʝʨʥʦʩʭʦʚʠʱ ʪʘ 

ʥʘʬʪʦʩʭʦʚʠʱ, ʩʪʘʜʽʦʥʽʚ ʪʘ ʧʦʨʪʽʚ, ʤʦʩʪʽʚ ʪʘ ʪʫʥʝʣʽʚ, ʦʙô̒ ʢʪ̔ ʚ ʭʽʤʽʯʥʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʝʣʝʢʪʨʦʥʽʢʠ, ʽʥʞʝʥʝʨʽʾ, ʨʦʙʦʪʦʪʝʭʥʽʢʠ ʪʘ ʽʥʰʠʭ ʛʘʣʫʟʝʡ 

ʚʠʨʦʙʥʠʮʪʚʘ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʝʨʝʜʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ. ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘʢʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʜʽʶ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʦʧʪʠʤʘʣʴʥʦ ʧʽʜʙʠʨʘʪʠ ʬʦʨʤʫ, ʛʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ, 

ʤʘʪʝʨʽʘʣ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʚʘʨʽʘʥʪʠ ʾʭ ʧʦʻʜʥʘʥʥʷ ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʤʽʮʥʦʩʪʽ, ʩʪʽʡʢʦʩʪʽ, ʣʝʛʢʦʩʪʽ ʪʘ ʝʢʦʥʦʤʽʯʥʦʩʪʽ. ʅʝʦʙʭʽʜʥʦ ʤʘʪʠ ʥʘʜʽʡʥʽ ʯʠʩʝʣʴʥʽ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʷʢʽ ʟ ʚʠʩʦʢʦʶ 

ʪʦʯʥʽʩʪʶ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʠʪʠ ʯʘʩʪʦʪʠ ʽ ʬʦʨʤʠ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ 

ʧʣʘʩʪʠʥ ʪʘ ʦʙʦʣʦʥʦʢ ʟ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʥʝʦʜʥʦʨʽʜʥʦʩʪʷʤʠ ʟ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʧʨʠ ʨʽʟʥʠʭ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚʘʭ. 

ɸʥʘʣʽʟ ʥʘʫʢʦʚʦʾ ʣʽʪʝʨʘʪʫʨʠ ʟ ʜʘʥʦʾ ʪʝʤʘʪʠʢʠ ʧʦʢʘʟʘʚ, ʱʦ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʴ ʢʦʣʠʚʘʥʴ ʧʣʘʩʪʠʥ ʽ ʦʙʦʣʦʥʦʢ ʧʨʦʩʪʦʾ ʛʝʦʤʝʪʨʽʾ ʽʩʥʫʻ ʙʘʛʘʪʦ 

ʘʥʘʣʽʪʠʯʥʠʭ ʪʘ ʪʝʦʨʝʪʠʯʥʠʭ ʤʝʪʦʜʽʚ. ʋ ʚʠʧʘʜʢʫ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪ ʽ ʬʦʨʤ 

ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʧʣʘʩʪʠʥ ʽ ʦʙʦʣʦʥʦʢ ʨʽʟʥʦʾ ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ 

ʘʙʦ ʪʦʚʩʪʦʩʪʽʥʥʦʩʪʽ ʙʘʛʘʪʦ ʘʥʘʣʽʪʠʯʥʠʭ ʽ ʪʝʦʨʝʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʚʪʨʘʯʘʶʪʴ 

ʘʢʪʫʘʣʴʥʽʩʪʴ, ʦʩʢʽʣʴʢʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʚô̫ ʟʘʥʽ ʽʟ ʟʥʘʯʥʠʤʠ ʪʨʫʜʥʦʱʘʤʠ 

ʨʝʘʣʽʟʘʮʽʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʪʘ ʥʝʦʙʭʽʜʥʽʩʪʶ ʨʦʟʚô̫ ʟʘʥʥʷ ʩʢʣʘʜʥʦʾ 
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ʩʠʩʪʝʤʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʚ ʯʘʩʪʠʥʥʠʭ ʧʦʭʽʜʥʠʭ ʽʟ ʟʤʽʥʥʠʤʠ 

ʢʦʝʬʽʮʽʻʥʪʘʤʠ, ʧʨʠ ʨʦʟʚô̫ ʟʘʥʥʽ ʷʢʦʾ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʝʩʪʽʡʢʽʩʪʴ ʨʦʟʨʘʭʫʥʢʫ 

ʪʘ ʚʪʨʘʪʘ ʥʝʦʙʭʽʜʥʦʛʦ ʧʦʨʷʜʢʫ ʜʘʥʠʭ ʦʙʯʠʩʣʝʥʴ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʩʢʣʘʜʥʠʭ ʦʙô̒ ʢʪʽʚ ʤʦʞʣʠʚʦ ʟʜʽʡʩʥʶʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ, ʩʝʨʝʜ ʷʢʠʭ ʦʩʦʙʣʠʚʦʾ ʧʦʧʫʣʷʨʥʦʩʪʽ ʥʘʙʫʚ ʤʝʪʦʜ 

ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪ̔ʚ (ʄʉɽ). ʇʨʦʪʝ ʨʝʟʫʣʴʪʘʪʠ ʢʦʞʥʦʛʦ ʥʦʚʦʛʦ ʢʣʘʩʫ 

ʟʘʜʘʯ, ʨʦʟʚô̫ ʟʘʥʦʛʦ ʄʉɽ, ʥʝʦʙʭʽʜʥʦ ʧʽʜʪʚʝʨʜʞʫʚʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, 

ʦʩʢʽʣʴʢʠ ʤʦʞʥʘ ʜʦʧʫʩʪʠʪʠʩʴ ʧʦʤʠʣʦʢ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʦʙô̒ ʢʪʘ ʥʘ ɽʆʄ. 

ʉʝʨʝʜ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʜʦʙʨʝ ʩʝʙʝ ʟʘʨʝʢʦʤʝʥʜʫʚʘʣʠ ʨʝʟʦʥʘʥʩʥʽ 

ʤʝʪʦʜʠ ʪʘ ʤʝʪʦʜ ʛʦʣʦʛʨʘʬʽʯʥʦʾ ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʾ, ʷʢʽ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʚ 

ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʥʘ ʨʝʘʣʴʥʦʤʫ ʦʙôʻʢʪʽ ʩʧʦʩʪʝʨʽʛʘʪʠ ʬʦʨʤʠ ʢʦʣʠʚʘʥʴ, 

ʨʝʻʩʪʨʫʚʘʪʠ ʤʦʤʝʥʪ ʚʠʥʠʢʥʝʥʥʷ ʨʝʟʦʥʘʥʩʫ ʪʘ ʬʽʢʩʫʚʘʪʠ ʯʘʩʪʦʪʫ ʢʦʣʠʚʘʥʴ. 

ɺʠʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪ ʽ ʬʦʨʤ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʧʣʘʩʪʠʥ ʽ ʦʙʦʣʦʥʦʢ ʟ 

ʨʽʟʥʦʶ ʢʦʥʩʪʨʫʢʪʠʚʥʦʶ ʥʝʦʜʥʦʨʽʜʥʽʩʪʶ ʥʘ ʦʩʥʦʚʽ ʨʦʟʚʠʥʝʥʠʭ ʪʘ 

ʫʜʦʩʢʦʥʘʣʝʥʠʭ ʯʠʩʝʣʴʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʧʽʜʭʦʜʽʚ  ̒ ʘʢʪʫʘʣʴʥʦ  ʁ

ʧʨʦʙʣʝʤʦʶ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ. 

ɿʚô̫ ʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʚʽʜʧʦʚʽʜʘ̒ ʦʩʥʦʚʥʠʤ ʥʘʧʨʷʤʢʘʤ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʚʽʜʜʽʣʫ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ɯʥʩʪʠʪʫʪʫ ʤʝʭʘʥʽʢʠ ʽʤ. ʉ.ʇ. ʊʠʤʦʰʝʥʢʘ ʅɸʅ 

ʋʢʨʘʾʥʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʝʜʝʥʦ ʽ ʚʢʣʶʯʝʥʦ ʫ ʥʘʫʢʦʚʽ ʟʚʽʪʠ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ 

ʨʦʙʽʪ: ʅɼʈ ˉ 1.3.1.401 çʏʠʩʝʣʴʥʠʡ ʘʥʘʣʽʟ ʚʧʣʠʚʫ ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ ʪʘ ʩʪʨʫʢʪʫʨʥʦʾ 

ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʘʥʽʟʦʪʨʦʧʥʠʭ ʦʙʦʣʦʥʢʦʚʠʭ ʩʪʨʫʢʪʫʨ ʥʘ ʾʭ ʩʪʘʮʽʦʥʘʨʥʝ 

ʜʝʬʦʨʤʫʚʘʥʥʷè, ʥʦʤʝʨ ʜʝʨʞʘʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ 0115U005709, 2016-2020 ʨʨ.; ʅɼʈ 

ˉ1.3.1.410 çɼʠʥʘʤʽʯʥʝ ʜʝʬʦʨʤʫʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡ ʩʫʯʘʩʥʦʛʦ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥ̫  ʪʘ ʩʪʽʡʢʽʩʪʴ ʽ ʜʦʩʷʞʥ̔ ʩʪʴ ʤʥʦʞʠʥ ʪʨʘʻʢʪʦʨʽʾ ʤʝʭʘʥʽʯʥʠʭ 

ʩʠʩʪʝʤè, ʥʦʤʝʨ ʜʝʨʞʘʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ 0117U000700, 2017-2021 ʨʨ.; ʅɼʈ 

ˉ1.3.1.433 çɸʥʘʣʽʟ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ, ʢʦʣʠʚʘʥʴ ʪʘ ʩʪʽʡʢʦʩʪʽ 

ʩʧʨʷʞʝʥʠʭ ʦʙʦʣʦʥʦʢ ʦʙʝʨʪʘʥʥʷ, ʥʝʢʨʫʛʦʚʠʭ ʮʠʣʽʥʜʨʠʯʥʠʭ ʦʙʦʣʦʥʦʢ ʟ ʨʽʟʥʠʤ 

ʧʦʧʝʨʝʯʥʠʤ ʧʝʨʝʨʽʟʦʤ ʪʘ ʙʘʛʘʪʦʢʫʪʥʠʭ ʧʣʘʩʪʠʥ ʥʘ ʦʩʥʦʚʽ ʯʠʩʝʣʴʥʠʭ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʧʽʜʭʦʜʽʚè, ʥʦʤʝʨ ʜʝʨʞʘʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ 0120U105681, 2021-

2025 ʨʨ.; ʅɼʈ ˉ1.3.1.452-23 çʈʦʟʨʘʭʫʥʦʢ ʧʘʨʘʤʝʪʨʽʚ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ 
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ʩʪʘʥʫ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʦʾ ʪʝʭʥʽʢʠ ʫ ʚʠʛʣʷʜʽ 

ʮʠʣʽʥʜʨʠʯʥʠʭ ʦʙʦʣʦʥʦʢ ʩʢʣʘʜʥʦʾ ʛʝʦʤʝʪʨʽʾ ʪʘ ʥʝʦʜʥʦʨʽʜʥʦʾ ʩʪʨʫʢʪʫʨʠ ʟʘ 

ʩʪʘʪʠʯʥʠʤ ʽ ʜʠʥʘʤʽʯʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ. ʈʦʟʜʽʣ 1. ɸʥʘʣʽʟ ʚʧʣʠʚʫ ʩʢʣʘʜʥʦʾ 

ʛʝʦʤʝʪʨʽʾ ʪʘ ʥʝʦʜʥʦʨʽʜʥʦʾ ʩʪʨʫʢʪʫʨʠ ʮʠʣʽʥʜʨʠʯʥʠʭ ʦʙʦʣʦʥʦʢ, ʷʢ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʦʾ ʪʝʭʥʽʢʠ, ʥʘ ʨʦʟʧʦʜʽʣ ʧʦʣʽʚ ʥʘʧʨʫʞʝʥʴ ʽ ʧʝʨʝʤʽʱʝʥʴ 

ʧʨʠ ʨʽʟʥʦʤʫ ʭʘʨʘʢʪʝʨʽ ʜʝʬʦʨʤʫʚʘʥʥʷè, ʥʦʤʝʨ ʜʝʨʞʘʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ 0123U100910, 

2023-2024 ʨʨ; ʅɼʈ ɯʄʝʭ-2025/1 çɺʠʚʯʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʪʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ ʟʨʘʟʢʘʭ ʢʨʠʣʘʪʠʭ, ʙʘʣʽʩʪʠʯʥʠʭ, 

ʛʽʧʝʨʟʚʫʢʦʚʠʭ ʘʝʨʦʙʘʣʽʩʪʠʯʥʠʭ, ʥʘʜʟʚʫʢʦʚʠʭ ʧʨʦʪʠʢʦʨʘʙʝʣʴʥʠʭ ʨʘʢʝʪ ʪʘ 

ʘʚʽʘʮʽʡʥʠʭ ʨʘʢʝʪ ʧʦʚʽʪʨʷ-ʧʦʚʽʪʨʷ, ʙʝʟʧʽʣʦʪʥʠʭ ʘʚʽʘʮʽʡʥʠʭ ʢʦʤʧʣʝʢʩʽʚ, ʱʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʈʌ ʫ ʚʽʡʥʽ ʧʨʦʪʠ ʋʢʨʘʾʥʠè, ʥʦʤʝʨ ʜʝʨʞʘʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ 

0125U000036ʜ, 2025-2026 ʨʨ.; ʅɼʈ ˉ1.3.1.468-25 çʅʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ 

ʩʪʘʥ ʧʣʘʩʪʠʥ ʽ ʦʙʦʣʦʥʦʢ ʩʢʣʘʜʥʦʾ ʬʦʨʤʠ ʷʢ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡ ʩʧʝʮʽʘʣʴʥʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ ʪʘ ʨʘʢʝʪʥʦʾ ʪʝʭʥʽʢʠ ʟ ʥʝʦʜʥʦʨʽʜʥʦʶ ʩʪʨʫʢʪʫʨʦʶè, ʥʦʤʝʨ ʜʝʨʞʘʚʥʦʾ 

ʨʝʻʩʪʨʘʮʽʾ 0125U000957, 2025-2026 ʨʨ. 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʛʘʻ ʚ ʘʥʘʣʽʟʽ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʧʨʫʞʥʠʭ 

ʙʘʛʘʪʦʢʫʪʥʠʭ ʧʣʘʩʪʠʥ ʪʘ ʮʠʣʽʥʜʨʠʯʥʠʭ ʦʙʦʣʦʥʦʢ ʨʟ̔ʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ 

ʟ ʢʦʥʩʪʨʫʢʪʠʚʥʦʶ ʥʝʦʜʥʦʨʽʜʥʽʩʪʶ ʥʘ ʦʩʥʦʚʽ ʨʦʟʚʠʥʝʥʠʭ ʯʠʩʝʣʴʥʠʭ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʧʽʜʭʦʜʽʚ ʽ ʚʩʪʘʥʦʚʣʝʥʥʽ ʟʘʣʝʞʥʦʩʪʝʡ ʯʘʩʪʦʪ ʪʘ ʬʦʨʤ ʚʽʣʴʥʠʭ 

ʢʦʣʠʚʘʥʴ ʧʣʘʩʪʠʥ ʪʘ ʦʙʦʣʦʥʦʢ ʚʽʜ ʟʤʽʥʠ ʨʽʟʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥ̫  ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʪʘʢʽ ʟʘʚʜʘʥʥʷ: 

- ʨʦʟʨʘʭʫʥʦʢ ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʯʘʩʪʦʪ ʽ ʬʦʨʤ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ 

ʙʘʛʘʪʦʢʫʪʥʠʭ ʧʣʘʩʪʠʥ ʪʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʯʘʩʪʦʪʠ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ 

ʧʣʘʩʪʠʥ ʚʽʜ ʪʦʚʱʠʥʠ, ʥʘʷʚʥʦʩʪʽ ʢʨʫʛʣʦʛʦ ʦʪʚʦʨʫ ʪʘ ʚʝʣʠʯʠʥʠ ʡʦʛʦ ʨʘʜʽʫʩʘ, 

ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʽʘʣʫ ʪʘ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ; 

- ʨʦʟʨʘʭʫʥʦʢ ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʯʘʩʪʦʪ ʽ ʬʦʨʤ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ 

ʮʠʣʽʥʜʨʠʯʥʠʭ ʦʙʦʣʦʥʦʢ ʨʽʟʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ, ʘʥʘʣʽʟ ʚʧʣʠʚʫ ʥʘ 

ʩʧʝʢʪʨ ʯʘʩʪʦʪ ʽ ʬʦʨʤ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʦʙʦʣʦʥʦʢ ʾʾ ʪʦʚʱʠʥʠ ʪʘ ʭʘʨʘʢʪʝʨʫ 

ʟʤʽʥʠ ʪʦʚʱʠʥʠ, ʢʫʪʘ ʨʦʟʢʨʠʪʪʷ ʪʘ ʩʧʦʩʦʙʫ ʨʦʟʢʨʠʪʪʷ ʦʙʦʣʦʥʢʠ, ʛʝʦʤʝʪʨʽʾ 

ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ, ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʽʘʣʫ ʪʘ 

ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ; 
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- ʨʦʟʨʦʙʢʘ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ 

ʽʟʦʪʨʦʧʥʠʭ ʙʘʛʘʪʦʢʫʪʥʠʭ ʧʣʘʩʪʠʥ ʨʽʟʥʦʾ ʪʦʚʱʠʥʠ ʟ ʨʽʟʥʠʤʠ ʛʨʘʥʠʯʥʠʤʠ 

ʫʤʦʚʘʤʠ; 

- ʨʦʟʨʘʭʫʥʦʢ ʯʠʩʣʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʘ ʨʦʟʨʘʭʫʥʦʢ ʬʦʨʤʫʣʦʶ ʯʘʩʪʦʪ ʚʽʣʴʥʠʭ 

ʢʦʣʠʚʘʥʴ ʙʘʛʘʪʦʢʫʪʥʠʭ ʧʣʘʩʪʠʥ ʨʽʟʥʦʾ ʪʦʚʱʠʥʠ ʟ ʨʽʟʥʠʤʠ ʛʨʘʥʠʯʥʠʤʠ 

ʫʤʦʚʘʤʠ, ʫʟʘʛʘʣʴʥʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʦʨʤʫʣʠ; 

- ʨʦʟʚʠʥʝʥʥ̫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧʽʜʭʦʜʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪ ʽ ʬʦʨʤ 

ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʙʘʛʘʪʦʢʫʪʥʠʭ ʧʣʘʩʪʠʥ ʟ ʦʪʚʦʨʦʤ ʪʘ ʙʝʟ ʟ ʨʽʟʥʠʤʠ 

ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ ʥʘ ʦʩʥʦʚʽ ʨʝʟʦʥʘʥʩʥʦʛʦ ʤʝʪʦʜʫ; 

- ʨʦʟʚʠʥʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧʽʜʭʦʜʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪ ʽ ʬʦʨʤ 

ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥ ɹ ʙʘʛʘʪʦʢʫʪʥʠʭ ʧʣʘʩʪʠʥ ʪʘ ʮʠʣʽʥʜʨʠʯʥʠʭ ʦʙʦʣʦʥʦʢ ʟ 

ʨʽʟʥʠʤʠ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʫ ʩʪʨʦʙʦʛʦʣʦʛʨʘʬʽʯʥʦʾ 

ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʾ; 

- ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʦʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʥʠʭ 

ʯʘʩʪʦʪ ʽ ʬʦʨʤ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʙʘʛʘʪʦʢʫʪʥʠʭ ʧʣʘʩʪʠʥ ʪʘ ʪʦʚʩʪʦʩʪʽʥʥʠʭ 

ʮʠʣʽʥʜʨʠʯʥʠʭ ʦʙʦʣʦʥʦʢ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʚʦʭ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʧʽʜʭʦʜʽʚ ʟ ʯʘʩʪʦʪʘʤʠ ʽ ʬʦʨʤʘʤʠ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ 

ʨʦʟʨʘʭʦʚʘʥʠʤʠ ʯʠʩʝʣʴʥʦ; 

- ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ, ʪʦʯʥʦʩʪʽ ʪʘ ʟʙʽʞʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ, 

ʦʪʨʠʤʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʯʠʩʝʣʴʥʦʛʦ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʧʽʜʭʦʜʽʚ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʽʚ ʯʘʩʪʦʪ ʽ ʬʦʨʤ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʙʘʛʘʪʦʢʫʪʥʠʭ ʧʣʘʩʪʠʥ ʪʘ 

ʮʠʣʽʥʜʨʠʯʥʠʭ ʦʙʦʣʦʥʦʢ ʟ ʨʽʟʥʠʤʠ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʥʝʦʜʥʦʨʽʜʥʦʩʪʷʤʠ. 

ʆʙô̒ ʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʜʠʥʘʤʽʯʥʘ ʧʦʚʝʜʽʥʢʘ ʙʘʛʘʪʦʢʫʪʥʠʭ ʧʣʘʩʪʠʥ 

ʪʘ ʮʠʣʽʥʜʨʠʯʥʠʭ ʦʙʦʣʦʥʦʢ ʨʽʟʥʦʾ ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ. 

ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʩʧʝʢʪʨ ʯʘʩʪʦʪ ʪʘ ʬʦʨʤ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ 

ʧʨʫʞʥʠʭ ʙʘʛʘʪʦʢʫʪʥʠʭ ʧʣʘʩʪʠʥ ʪʘ ʮʠʣʽʥʜʨʠʯʥʠʭ ʦʙʦʣʦʥʦʢ ʨʽʟʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ 

ʧʝʨʝʨʽʟʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʭʘʨʘʢʪʝʨʫ ʟʤʽʥʠ ʨʽʟʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʏʠʩʝʣʴʥʽ ʨʦʟʨʘʭʫʥʢʠ ʯʘʩʪʦʪ ʽ ʬʦʨʤ ʚʽʣʴʥʠʭ 

ʢʦʣʠʚʘʥʴ ʧʣʘʩʪʠʥ ʪʘ ʮʠʣʽʥʜʨʠʯʥʠʭ ʦʙʦʣʦʥʦʢ ʧʨʦʚʦʜʠʣʠʩʴ ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʥʠʭ 

ʝʣʝʤʝʥʪʽʚ, ʷʢʠʡ ʨʝʘʣʽʟʦʚʘʥʦ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ FEMAP (ʣʽʮʝʥʟʽʷ 

ˉ60046828). ɺʠʟʥʘʯʝʥʥ ̫ ʯʘʩʪʦʪ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʙʘʛʘʪʦʢʫʪʥʠʭ ʧʣʘʩʪʠʥ 
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ʧʨʦʚʦʜʠʣʠʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʬʦʨʤʫʣʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪ 

ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʽʟʦʪʨʦʧʥʦʾ ʧʨʷʤʦʢʫʪʥʦʾ ʧʣʘʩʪʠʥʠ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʯʘʩʪʦʪ ʽ ʬʦʨʤ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʧʣʘʩʪʠʥ ʪʘ ʮʠʣʽʥʜʨʠʯʥʠʭ ʦʙʦʣʦʥʦʢ 

ʧʨʦʚʦʜʠʣʠʩʴ ʤʝʪʦʜʦʤ ʩʪʨʦʙʦʛʦʣʦʛʨʘʬʽʯʥʦʾ ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʾ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʯʘʩʪʦʪ ʽ ʬʦʨʤ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʧʣʘʩʪʠʥ ʧʨʦʚʦʜʠʣʠʩʴ ʨʝʟʦʥʘʥʩʥʠʤ 

ʤʝʪʦʜʦʤ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪ̔ʚ ʧʦʣʷʛʘʻ ʚ ʥʘʩʪʫʧʥʦʤʫ: 

- ʨʦʟʚʠʥʝʥʦ ʯʠʩʝʣʴʥʠʡ ʧʽʜʭʽʜ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʯʘʩʪʦʪ ʪʘ ʬʦʨʤ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʽʟʦʪʨʦʧʥʠʭ ʙʘʛʘʪʦʢʫʪʥʠʭ 

ʧʣʘʩʪʠʥ ʟ ʦʪʚʦʨʦʤ  ̔ ʙʝʟ ʪʘ ʟʘʤʢʥʫʪʠʭ ʽ ʥʝʟʘʤʢʥʫʪʠʭ ʮʠʣʽʥʜʨʠʯʥʠʭ 

ʦʙʦʣʦʥʦʢ ʨʽʟʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ, ʨʽʟʥʦʾ ʪʦʚʱʠʥʠ, ʟ ʨʽʟʥʠʤʠ 

ʚʘʨʽʘʥʪʘʤʠ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ; 

- ʨʦʟʨʦʙʣʝʥʦ ʢʦʤʙʽʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʯʘʩʪʦʪ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ 

ʟ̔ʦʪʨʦʧʥʠʭ ʙʘʛʘʪʦʢʫʪʥʠʭ ʧʣʘʩʪʠʥ ʨʽʟʥʦʾ ʪʦʚʱʠʥʠ ʥʘ ʦʩʥʦʚʽ ʤʦʜʠʬʽʢʦʚʘʥʦʾ 

ʬʦʨʤʫʣʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʯʘʩʪʦʪ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʽʟʦʪʨʦʧʥʦʾ ʧʨʷʤʦʢʫʪʥʦʾ 

ʧʣʘʩʪʠʥʠ ʪʘ ʨʦʟʨʘʭʦʚʘʥʽ ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʢʦʝʬʽʮʽʻʥʪʠ ʜʣʷ 

ʢʦʞʥʦʾ ʙʘʛʘʪʦʢʫʪʥʦʾ ʧʣʘʩʪʠʥʠ ʟ ʨʽʟʥʠʤʠ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ, ʷʢʽ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʪʦʚʱʠʥʠ ʜʦ ʩʪʦʨʦʥʠ ʧʣʘʩʪʠʥʠ; 

- ʨʦʟʚʠʥʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʧʽʜʭʽʜ ʥʘ ʦʩʥʦʚʽ ʨʝʟʦʥʘʥʩʥʦʛʦ ʤʝʪʦʜʫ ʪʘ 

ʩʪʚʦʨʝʥʦ ʚʽʙʨʦʢʦʤʧʣʝʢʩ ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʽʾ ʢʦʣʠʚʘʥʴ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʪʘ 

ʚʠʟʥʘʯʝʥʥʷ ʟ ʜʦʩʪʘʪʥʽʤ ʩʪʫʧʝʥʝʤ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʯʘʩʪʦʪ ʽ ʬʦʨʤ ʚʽʣʴʥʠʭ 

ʢʦʣʠʚʘʥʴ ʙʘʛʘʪʦʢʫʪʥʠʭ ʧʣʘʩʪʠʥ; 

- ʨʦʟʚʠʥʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʧʜ̔ʭʜ̔ ʥʘ ʦʩʥʦʚʽ ʩʪʨʦʙʦʛʦʣʦʛʨʘʬʽʯʥʦʾ 

ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʾ ʪʘ ʩʪʚʦʨʝʥʦ ʩʪʨʦʙʦʢʦʤʧʣʝʢʩ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪ ʽ ʬʦʨʤ 

ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʙʘʛʘʪʦʢʫʪʥʠʭ ʧʣʘʩʪʠʥ ʪʘ ʪʦʚʩʪʦʩʪʽʥʥʠʭ ʮʠʣʽʥʜʨʠʯʥʠʭ 

ʦʙʦʣʦʥʦʢ, ʷʢʠʡ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʜʝʤʦʥʩʪʨʫʻ ʢʦʣʠʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʧʨʫʞʥʦʛʦ 

ʪ̔ ʣʘ ʫ ʚʠʛʣʷʜʽ ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʠʭ ʢʘʨʪʠʥ, ʜʘʻ ʤʦʞʣʠʚʩ̔ʪʴ ʟʤʽʥʶʚʘʪʠ ʨʝʞʠʤ 

ʚʽʙʨʦʟʙʫʜʞʝʥʥʷ ʪʘ ʘʤʧʣʽʪʫʜʫ ʢʦʣʠʚʘʥɹ, ʟ ʚʠʩʦʢʠʤ ʩʪʫʧʝʥʝʤ ʜʦʩʪʦʚʽʨʥʦʩʪʽ 

ʜʦʩʣʽʜʞʫʚʘʪʠ ʩʧʝʢʪʨ ʯʘʩʪʦʪ ʽ ʬʦʨʤ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥ;ɹ 

- ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥ ɹʰʠʨʦʢʦʛʦ ʢʣʘʩʫ ʧʣʘʩʪʠʥ ʽ ʦʙʦʣʦʥʦʢ ʟ 

ʨʟ̔ʥʦʶ ʢʦʥʩʪʨʫʢʪʠʚʥʦʶ ʥʝʦʜʥʦʨʽʜʥʽʩʪʶ ʪʘ ʦʪʨʠʤʘʥʦ ʥʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʫ 
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ʚʠʛʣʷʜʽ ʯʠʩʣʦʚʠʭ ʟʥʘʯʝʥʴ ʯʘʩʪʦʪ ʪʘ ʽʣʶʩʪʨʘʮʽʡ ʬʦʨʤ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ, 

ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʦʪʨʠʤʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʟʥʠʭ ʧʽʜʭʦʜʽʚ; 

- ʥʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʦʪʨʠʤʘʥʠʭ ʯʠʩʝʣʴʥʠʤ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ 

ʧʽʜʭʦʜʘʤʠ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʦʩʦʙʣʠʚʦʩʪʝʡ ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʰʠʨʦʢʦʛʦ ʢʣʘʩʫ ʧʣʘʩʪʠʥ ʽ ʦʙʦʣʦʥʦʢ, ʚʠʷʚʣʝʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʚʧʣʠʚʫ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʽʘʣʫ ʪʘ 

ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʥʘ ʩʧʝʢʪʨ ʯʘʩʪʦʪ ʽ ʬʦʨʤ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʢʦʞʥʦʛʦ ʟ 

ʨʦʟʛʣʷʥʫʪʠʭ ʧʨʫʞʥʠʭ ʪʽʣ. 

ʆʙˇʨʫʥʪʦʚʘʥʽʩʪʴ ʪʘ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘʚʝʜʝʥʠʭ ʫ 

ʜʠʩʝʨʪʘʮʽʾ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ ʽ 

ʢʨʠʪʝʨʽʶ ʧʨʘʢʪʠʯʥʦʾ ʟʙʽʞʥʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ; ʢʦʨʝʢʪʥʽʩʪʶ 

ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʪʘ ʚʠʤʽʨʶʚʘʥʴ; ʬʽʟʠʯʥʦ ʧʨʘʚʜʦʧʦʜʽʙʥʦʶ 

ʽʥʪʝʨʧʨʝʪʘʮʽʻʶ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ; ʧʦʨ̔ʚʥʷʣʴʥʠʤ ʘʥʘʣʽʟʦʤ ʪʦʯʥʦʩʪʽ ʪʘ 

ʫʟʛʦʜʞʝʥʥʷʤ ʨʝʟʫʣʴʪʘʪʽʚ ʦʪʨʠʤʘʥʠʭ ʨʽʟʥʠʤʠ ʤʝʪʦʜʘʤʠ; ʯʠʩʝʣʴʥʠʤʠ 

ʨʦʟʚô̫ ʟʢʘʤʠ ʪʝʩʪʦʚʠʭ ʟʘʜʘʯ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʪʘ 

ʨʦʟʚʠʥʝʥʽ ʧʽʜʭʦʜʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʨʠ ʨʦʟʚô̫ ʟʘʥʥʽ ʰʠʨʦʢʦʛʦ ʢʣʘʩʫ 

ʧʨʘʢʪʠʯʥʠʭ ʟʘʜʘʯ ʚʠʟʥʘʯʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ 

ʧʣʘʩʪʠʥʯʘʩʪʠʭ ʪʘ ʦʙʦʣʦʥʢʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʟ ʨʽʟʥʦʶ ʢʦʥʩʪʨʫʢʪʠʚʥʦʶ 

ʥʝʦʜʥʦʨʽʜʥʽʩʪʶ; ʨʦʟʚʠʥʝʥʠʡ ʯʠʩʝʣʴʥʠʡ ʧʽʜʭʜ̔ ʜʘ̒ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʫʚʘʪʠ 

ʜʦʩʪʦʚʽʨʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʧʝʢʪʨ ʯʘʩʪʦʪ ʽ ʬʦʨʤ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʝʣʝʤʝʥʪʽʚ 

ʢʦʥʩʪʨʫʢʮʽʾ ʚ ʫʤʦʚʘʭ ʤʘʢʩʠʤʘʣʴʥʦ ʥʘʙʣʠʞʝʥʠʭ ʜʦ ʨʝʘʣʴʥʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʙʝʟ ʟʥʘʯʥʠʭ ʟʘʪʨʘʪ ʢʦʰʪʽʚ ʪʘ ʯʘʩʫ, ʟʤʽʥʶʶʯʠ ʨʽʟʥʽ ʧʘʨʘʤʝʪʨʠ, ʦʙʠʨʘʪʠ 

ʦʧʪʠʤʘʣʴʥʽ ʛʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ, ʝʢʦʥʦʤʽʯʥʦ ʚʠʛʽʜʥʽ ʤʘʪʝʨʽʘʣʠ ʪʘ ʩʧʦʩʦʙʠ 

ʟʘʢʨʽʧʣʝʥʥʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʽʮʥʦʩʪʽ, ʩʪʽʡʢʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ; 

ʨʦʟʨʦʙʣʝʥʠʡ ʢʦʤʙʽʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʰʚʠʜʢʦ ʚʠʟʥʘʯʠʪʠ ʯʘʩʪʦʪʠ ʽ 

ʬʦʨʤʠ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʙʘʛʘʪʦʢʫʪʥʠʭ ʧʣʘʩʪʠʥ ʨʽʟʥʦʾ ʪʦʚʱʠʥʠ ʟ ʨʽʟʥʠʤʠ 

ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ; ʨʦʟʚʠʥʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʧʽʜʭʦʜʠ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʚ 

ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʜʝʤʦʥʩʪʨʫʚʘʪʠ ʚʽʣʴʥʽ ʢʦʣʠʚʘʥʥʷ ʧʨʫʞʥʠʭ ʪʽʣ, ʘ ʦʜʝʨʞʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʣʷ ʦʮʽʥʢʠ ʨʝʟʫʣʴʪʘʪʽʚ, ʦʪʨʠʤʘʥʠʭ ʨʽʟʥʠʤʠ 

ʪʝʦʨʝʪʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ. 
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ʈʝʟʫʣʴʪʘʪʠ ʦʪʨʠʤʘʥ̔ ʢʦʤʙʽʥʦʚʘʥʠʤ ʧʽʜʭʦʜʦʤ ʙʫʣʠ ʧʝʨʝʜʘʥʽ ʜʣʷ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ ʨʦʟʨʘʭʫʥʢʦʚʫ ʧʨʘʢʪʠʢʫ çʂʦʥʩʪʨʫʢʪʦʨʩʴʢʦʤʫ ʙʶʨʦ çʇʽʚʜʝʥʥʝè 

ʽʤ. ʄ.ʂ. ʗʥʛʝʣʷè. 

ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʦ ʚ ʨʘʤʢʘʭ ʚʠʢʦʥʘʥʥʷ 

ʮʽʣʴʦʚʦʾ ʧʨʦʛʨʘʤʠ ʟ ʦʙʦʨʦʥʥʦʾ ʪʝʤʘʪʠʢʠ ʟʘ ʥʘʧʨʷʤʦʤ ʧʨʠʢʣʘʜʥ̔ ʜʦʩʣʽʜʞʝʥʥ ̫ʽ 

ʨʦʟʨʦʙʢʠ ʟʛʽʜʥʦ ʟ ʜʦʛʦʚʦʨʘʤʠ ɯʄʝʭ-2024/2 ʪʘ ɯʄʝʭ-2025/1. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʦʪʨʠʤʘʥʽ ʟʜʦʙʫʚʘʯʝʤ 

ʩʘʤʦʩʪʽʡʥʦ. ʋ ʚʩʽʭ ʧʨʘʮʷʭ, ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ, ʟʜʦʙʫʚʘʯ ʙʨʘʚ ʫʯʘʩʪʴ ʫ 

ʧʦʩʪʘʥʦʚʮʽ ʟʘʜʘʯ, ʨʦʟʚʠʥʝʥʽ ʧʽʜʭʦʜʽʚ ʜʦ ʾʭ ʨʦʟʚô̫ ʟʘʥʥʷ ʪʘ ʨʝʘʣʽʟʘʮʽʾ ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʦʙʛʦʚʦʨʝʥʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ. ɿʜʦʙʫʚʘʯʝʚʽ 

ʧʦʚʥʽʩʪʶ ʥʘʣʝʞʠʪʴ ʧʦʰʠʨʝʥʥʷ ʯʠʩʝʣʴʥʦʛʦ ʧʽʜʭʦʜʫ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʯʘʩʪʦʪ ʽ ʬʦʨʤ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʙʘʛʘʪʦʢʫʪʥʠʭ ʧʣʘʩʪʠʥ 

[1, 4, 8, 10-14, 16, 19, 21, 22, 23, 26, 30-32, 35, 38, 39] ʟ ʦʪʚʦʨʦʤ ʽ ʙʝʟ, ʨʽʟʥʦʾ 

ʪʦʚʱʠʥʠ, ʟ ʨʽʟʥʦʶ ʢʦʤʙʽʥʘʮʽʻʶ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʪʘ ʟʘʤʢʥʫʪʠʭ ʽ ʥʝʟʘʤʢʥʫʪʠʭ 

ʮʠʣʽʥʜʨʠʯʥʠʭ ʦʙʦʣʦʥʦʢ [2, 3, 5-7, 9, 15, 17, 18, 20, 24, 25, 27-29, 33, 36, 37] ʨ̔ ʟʥʦʛʦ 

ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ, ʟ ʨʽʟʥʠʤ ʭʘʨʘʢʪʝʨʦʤ ʟʤʽʥʠ ʪʦʚʱʠʥʠ, ʟ ʜʦʚʽʣʴʥʠʤʠ 

ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ; ʨʦʟʨʦʙʢʘ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪ 

ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʽʟʦʪʨʦʧʥʠʭ ʙʘʛʘʪʦʢʫʪʥʠʭ ʧʣʘʩʪʠʥ [4, 10, 13, 16, 21, 34] ʨʽʟʥʦʾ 

ʪʦʚʱʠʥʠ ʪʘ ʨʦʟʨʘʭʫʥʦʢ ʢʦʝʬ̔ʮʽʻʥʪʽʚ ʜʣʷ ʢʦʞʥʦʾ ʙʘʛʘʪʦʢʫʪʥʦʾ ʧʣʘʩʪʠʥʠ; 

ʨʦʟʚʠʥʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧʽʜʭʦʜʫ ʥʘ ʦʩʥʦʚʽ ʨʝʟʦʥʘʥʩʥʦʛʦ ʤʝʪʦʜʫ ʪʘ 

ʩʪʚʦʨʝʥʥʷ ʚʽʙʨʦʢʦʤʧʣʝʢʩʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪ ʽ ʬʦʨʤ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ 

ʙʘʛʘʪʦʢʫʪʥʠʭ ʧʣʘʩʪʠʥ [8, 14, 19, 34], ʨʦʟʚʠʥʝʥʥ̫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧ̔ʜʭʦʜʫ ʥʘ 

ʦʩʥʦʚʽ ʤʝʪʦʜʫ ʩʪʨʦʙʦʛʦʣʦʛʨʘʬʽʯʥʦʾ ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʾ ʪʘ ʩʪʚʦʨʝʥʥʷ ʚʽʙʨʦʢʦʤʧʣʝʢʩʫ 

ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪ ʽ ʬʦʨʤ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʧʣʘʩʪʠʥ ʪʘ ʦʙʦʣʦʥʦʢ. ʉʧʽʚʘʚʪʦʨʠ 

ʘʢʘʜʝʤʽʢ ʅɸʅ ʋʢʨʘʾʥʠ ʆ.ʗ. ɻʨʠʛʦʨʝʥʢʦ, ʢ.ʬ.-ʤ.ʥ. ʆ.ɺ. ɹʦʡʯʫʢ ʙʨʘʣʠ ʫʯʘʩʪʴ ʫ 

ʧʦʩʪʘʥʦʚʢʘʭ ʟʘʜʘʯ ʪʘ ʘʥʘʣʽʟʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ; ʘʢʘʜʝʤʽʢ ʅɸʇʅ ʋʢʨʘʾʥʠ 

ɺ.ɼ. ɹʫʜʘʢ, ʧʨʦʬʝʩʦʨ W.H. Muller ʪʘ ʽʥʰʽ ʩʧʽʚʘʚʪʦʨʠ ʙʨʘʣʠ ʫʯʘʩʪʴ ʚ ʜʝʷʢʠʭ 

ʨʦʟʨʘʭʫʥʢʘʭ ʪʘ ʘʥʘʣʽʟʽ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ 

ʨʦʙʦʪʠ ʜʦʧʦʚ̔ʜʘʣʠʩʴ ʪʘ ʦʙʛʦʚʦʨʶʚʘʣʠʩʴ ʥʘ ʤʽʞʥʘʨʦʜʥʠʭ ʪʘ ʚʩʝʫʢʨʘʾʥʩʴʢʠʭ 

ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ, ʟʦʢʨʝʤʘ: ɺʩʝʫʢʨʘʾʥʩʴʢʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ 
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ʢʦʥʬʝʨʝʥʮʽʷ ʩʪʫʜʝʥʪʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ çɯʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ 

ʚ ʤʦʜʝʣʶʚʘʥʥʽ. ɯʊʄ ï 2016è (ʄʠʢʦʣʘʾʚ, 2016); ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʘ 

ʢʦʥʬʝʨʝʥʮʽʷ çʄʘʪʝʤʘʪʠʯʥʽ ʧʨʦʙʣʝʤʠ ʪʝʭʥʽʯʥʦʾ ʤʝʭʘʥʽʢʠè (ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢ/ 

ɼʥʽʧʨʦ, ɼʥʽʧʨʦʜʟʝʨʞʠʥʩʴʢ/ʂʘʤô̫ ʥʩʢɹʝ, 2016, 2019, 2021); ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-

ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çʈʦʟʚʠʪʦʢ ʽʥʥʦʚʘʮʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʚ ʛʘʣʫʟʽ ʪʝʭʥʽʯʥʠʭ ʪʘ 

ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʠʭ ʥʘʫʢè (ʄʠʢʦʣʘʾʚ, 2016, 2018); ɺʩʝʫʢʨʘʾʥʩʴʢʘ ʥʘʫʢʦʚʦ-

ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çʇʨʠʢʣʘʜʥʘ ʛʝʦʤʝʪʨʽʷ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚ 

ʤʦʜʝʣʶʚʘʥʥʷ ʦʙô̒ ʢʪʽʚ, ʷʚʠʱ ʽ ʧʨʦʮʝʩʽʚè (ʄʠʢʦʣʘʾʚ, 2016); IV, Vɯ ʄʽʞʥʘʨʦʜʥ ̔

ʥʘʫʢʦʚ ̔ ʢʦʥʬʝʨʝʥʮʽ ʾ çʉʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ ʤʝʭʘʥʽʢʠè (ʂʠʾʚ, 2017, 2021); 

ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʘ ʢʦʥʬʝʨʝʥʮʽ ̫çʉʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ ʤʝʭʘʥʽʢʠ ʪʘ ʤʘʪʝʤʘʪʠʢʠè 

(ʃʴʚʽʚ, 2018, 2023); ɯɯ ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çɼʠʥʘʤʽʢʘ, 

ʤʽʮʥʽʩʪʴ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽè (ʍʘʨʢʽʚ, 2020); ʍXVI 

ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʘ ʢʦʥʬʝʨʝʥʮʽʷ çʉʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ 

ʪʘ ʢʦʤʧôʁ ʪʝʨʥʠʭ ʥʘʫʢè (ʃʴʚʽʚ, 2021); ʂʦʥʬʝʨʝʥʮʽʷ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ 

çʇʽʜʩʪʨʠʛʘʯʽʚʩʴʢʽ ʯʠʪʘʥʥʷ ï 2022è (ʃʴʚʽʚ, 2022); ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʘ 

ʢʦʥʬʝʨʝʥʮʽ ̫çʄʘʪʝʤʘʪʠʯʥʽ ʧʨʦʙʣʝʤʠ ʤʝʭʘʥʽʢʠ ʥʝʦʜʥʦʨʽʜʥʠʭ ʩʪʨʫʢʪʫʨè (ʃʴʚʽʚ, 

2024); ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʘ ʢʦʥʬʝʨʝʥʮʽʷ çʄʝʭʘʥʽʢʘ: ʩʫʯʘʩʥʽʩʪʴ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ï 

2024è (ʂʠʾʚ, 2024); ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽ ̫ çʉʫʯʘʩʥʽ 

ʧʨʦʙʣʝʤʠ ʤʝʭʘʥʽʢʠ ʫ ʢʦʥʩʪʨʫʢʮʽʷʭ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥè̫ (ɼʥʽʧʨʦ, 2025). 

ʋ ʧʦʚʥʦʤʫ ʦʙʩʷʟʽ ʜʠʩʝʨʪʘʮʽʷ ʜʦʧʦʚʽʜʘʣʘʩʴ ʪʘ ʦʙʛʦʚʦʨʁʚʘʣʘʩʴ ʥʘ ʥʘʫʢʦʚʦʤʫ 

ʩʝʤʽʥʘʨʽ ʚʽʜʜʽʣʫ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ɯʥʩʪʠʪʫʪʫ ʤʝʭʘʥʽʢʠ ʽʤ. ʉ.ʇ. ʊʠʤʦʰʝʥʢʘ 

ʅɸʅ ʋʢʨʘʾʥʠ (ʢʝʨʽʚʥʠʢ ï ʘʢʘʜʝʤʽʢ ʅɸʅ ʋʢʨʘʾʥʠ, ʜ.ʬ.-ʤ.ʥ., ʧʨʦʬʝʩʦʨ 

ʆ.ʗ. ɻʨʠʛʦʨʝʥʢʦ, 2025 ʨ.), ʥʘ ʥʘʫʢʦʚʦʤʫ ʩʝʤʽʥʘʨʽ ʟʘ ʥʘʧʨʷʤʦʤ çʄʝʭʘʥʽʢʘ 

ʦʙʦʣʦʥʢʦʚʠʭ ʩʠʩʪʝʤè ɯʥʩʪʠʪʫʪʫ ʤʝʭʘʥʽʢʠ ʽʤ. ʉ.ʇ. ʊʠʤʦʰʝʥʢʘ ʅɸʅ ʋʢʨʘʾʥʠ 

(ʢʝʨʽʚʥʠʢ ï ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ ʇ.ɿ. ʃʫʛʦʚʠʡ, 2025 ʨ.), ʥʘ ʟʘʛʘʣʴʥʦʽʥʩʪʠʪʫʪʩʴʢʦʤʫ 

ʩʝʤʽʥʘʨʽ ʟ ʤʝʭʘʥʽʢʠ ɯʥʩʪʠʪʫʪʫ ʤʝʭʘʥʽʢʠ ʽʤ. ʉ.ʇ. ʊʠʤʦʰʝʥʢʘ ʅɸʅ ʋʢʨʘʾʥʠ 

(ʢʝʨʽʚʥʠʢ ï ʘʢʘʜʝʤʽʢ ʅɸʅ ʋʢʨʘʾʥʠ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ ɺ.ʄ. ʅʘʟʘʨʝʥʢʦ, 2025 ʨ.), ʥʘ 

ʥʘʫʢʦʚʦʤʫ ʩʝʤʽʥʘʨʽ ʢʘʬʝʜʨʠ ʪʝʦʨʝʪʠʯʥʦʾ ʪʘ ʧʨʠʢʣʘʜʥʦʾ ʤʝʭʘʥʽʢʠ ʅʘʮ̔ʦʥʘʣʴʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ (ʢʝʨʽʚʥʠʢ ï ʜ.ʬ.-ʤ.ʥ., ʧʨʦʬʝʩʦʨ ɯ.ɸ. ʃʦʟʘ, 2025 ʨ.), ʥʘ 

ʥʘʫʢʦʚʦʤʫ ʩʝʤʽʥʘʨʽ ʢʘʬʝʜʨʠ ʪʝʦʨʝʪʠʯʥʦʾ ʪʘ ʧʨʠʢʣʘʜʥʦʾ ʤʝʭʘʥʽʢʠ ʂʠʾʚʩʴʢʦʛʦ 

ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤ. ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ (ʢʝʨʽʚʥʠʢ ï ʯʣ.-ʢʦʨ. ʅɸʅ 
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ʋʢʨʘʾʥʠ, ʜ.ʬ.-ʤ.ʥ., ʧʨʦʬʝʩʦʨ ʗ.ʆ. ɾʫʢ, 2025 ʨ.). 

ʇʫʙʣʽʢʘʮʽʾ. ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʾ ʚʠʩʚʽʪʣʝʥʽ ʚ 39 ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ, 

ʟ ʥʠʭ 18 [1, 5-21] ʩʪʘʪʝʡ ʫ ʥʘʫʢʦʚʠʭ ʚʠʜʘʥʥʷʭ, ʚʢʣʶʯʝʥʠʭ ʜʦ ʇʝʨʝʣʽʢʫ ʥʘʫʢʦʚʠʭ 

ʬʘʭʦʚʠʭ ʚʠʜʘʥʴ ʋʢʨʘʾʥʠ ʽ ʩʪʘʪʪʽ ʫ ʥʘʫʢʦʚʠʭ ʧʝʨʽʦʜʠʯʥʠʭ ʚʠʜʘʥʥʷʭ ʽʥʠhʭ ʜʝʨʞʘʚ 

ʽʟ ʥʘʫʢʦʚʦʛʦ ʥʘʧʨʷʤʫ, ʟ ʷʢʦʛʦ ʧʽʜʛʦʪʦʚʣʝʥʦ ʜʠʩʝʨʪʘʮʽʶ; ʪʨʠ [2-4] ʧʫʙʣʽʢʘʮʽ,ʾ ʷʢʽ ʻ 

ʨʦʟʜʽʣʘʤʠ ʫ ʨʽʟʥʠʭ ʢʦʣʝʢʪʠʚʥʠʭ ʤʦʥʦʛʨʘʬʽʭ̫ ʚʠʜʘʚʥʠʮʪʚʘ Springer; ʦʜʥʘ ʩʪʘʪʪʷ 

[22] ʫ ʥʘʫʢʦʚʦʤʫ ʞʫʨʥʘʣʽ ʷʢʠʡ ʥʝ ʚʢʣʯʁʝʥʠʡ ʜʦ ʇʝʨʝʣʽʢʫ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ 

ʚʠʜʘʥʴ ʋʢʨʘʾʥʠ; 17 ʧʫʙʣʽʢʘʮʽʡ [23-39] ʚ ʤʘʪʝʨʽʘʣʘʭ ʚʽʪʯʠʟʥʷʥʠʭ ʪʘ ʤʽʞʥʘʨʦʜʥʠʭ 

ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʡ. ɼʚʘʥʘʜʮʷʪʴ ʧʨʘʮʴ [1-4, 7, 11, 13-15, 17, 18, 21] 

ʦʧʫʙʣʽʢʦʚʘʥʦ ʫ ʨʽʟʥʠʭ ʧʝʨʽʦʜʠʯʥʠʭ ʚʠʜʘʥʥʷʭ, ʚʢʣʶʯʝʥʠʭ ʜʦ ʢʘʪʝʛʦʨʽʾ çɸè 

ʇʝʨʝʣʽʢʫ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʴ ʋʢʨʘʾʥʠ ʪʘ ʫ ʟʘʢʦʨʜʦʥʥʠʭ ʚʠʜʘʥʥʷʭ, 

ʧʨʦʽʥʜʝʢʩʦʚʘʥʠʭ ʫ ʙʘʟʘʭ ʜʘʥʠʭ Web of Science Core Collection ʪʘ Scopus. ʉʪʘʪ̔ [7, 

11, 13, 14, 15, 17, 18] ʦʧʫʙʣʽʢʦʚʘʥʽ ʫ ʚʠʜʘʥʥʷʭ ʚʽʜʥʝʩʝʥʠʭ ʜʦ ʪʨʝʪʴʦʛʦ ʢʚʘʨʪʠʣʷ 

(Q3), ʩʪʘʪʪʽ [2-4] ʦʧʫʙʣʽʢʦʚʘʥʽ ʫ ʚʠʜʘʥʥʷʭ ʚʽʜʥʝʩʝʥʠʭ ʜʦ ʯʝʪʚʝʨʪʦʛʦ ʢʚʘʨʪʠʣʷ (Q4) 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʢʣʘʩʠʬʽʢʘʮʽʾ SCImago Journal and Country Rank. 

ʉʪʨʫʢʪʫʨʘ ʪʘ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ. ɼʠʩʝʨʪʘʮʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʘʥʦʪʘʮʽʾ, ʚʩʪʫʧʫ, ʩʝʤʠ ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ ʪʘ ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʟ 

303 ʥʘʡʤʝʥʫʚʘʥʴ. ɿʘʛʘʣʴʥʠʡ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ ʩʪʘʥʦʚʠʪʴ 341 ʩʪʦʨʽʥʢʫ, ʨʘʟʦʤ 

ʽʟ 244 ʨʠʩʫʥʢʘʤʠ ʪʘ 172 ʪʘʙʣʠʮʷʤʠ. 

 

ɸʚʪʦʨ ʚʠʩʣʦʚʣʶʻ ʱʠʨʫ ʚʜʷʯʥʽʩʪʴ ʩʚʦʻʤʫ ʥʘʫʢʦʚʦʤʫ ʢʦʥʩʫʣʴʪʘʥʪʦʚʽ 

ʘʢʘʜʝʤʽʢʫ ʅɸʅ ʋʢʨʘʾʥʠ, ʜʦʢʪʦʨʫ ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨʫ 

ʆʣʝʢʩʘʥʜʨʫ ʗʨʦʩʣʘʚʦʚʠʯʫ ɻʨʠʛʦʨʝʥʢʫ ʟʘ ʧʦʩʪʽʡʥʫ ʫʚʘʛʫ ʪʘ ʚʩʝʙʽʯʥʫ 

ʧʽʜʪʨʠʤʢʫ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ. 
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ʈʦʟʜʽʣ 1 

 

ʆɻʃʗɼ ʃɯʊɽʈɸʊʋʈʀ 

 

ʇʣʘʩʪʠʥʠ ʪʘ ʦʙʦʣʦʥʢʠ ʨʽʟʥʦʾ ʬʦʨʤʠ ʻ ʧʦʰʠʨʝʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ 

ʪʦʥʢʦʩʪʽʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʽʥʞʝʥʝʨʥʠʭ ʩʧʦʨʫʜ ʪʘ ʩʫʯʘʩʥʠʭ ʙʫʜʽʚʝʣʴ, 

ʢʦʨʘʙʣʽʚ, ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ, ʚʠʨʦʙʽʚ ʘʚʪʦ- ʪʘ ʘʚʽʦ-ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʪʘ ʽʥʰʠʭ 

ʛʘʣʫʟʝʡ ʚʠʨʦʙʥʠʮʪʚʘ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʝʨʝʜʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ. ɿ ʨʦʟʚʠʪʢʦʤ 

ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠ ʟôʷʚʣʷʶʪʴʩʷ ʥʦʚʽ ʢʦʥʩʪʨʫʢʮʽʾ ʫ ʚʠʛʣʷʜʽ ʙʘʛʘʪʦʢʫʪʥʠʭ 

ʧʣʘʩʪʠʥ ʘʙʦ ʮʠʣʽʥʜʨʠʯʥʠʭ ʦʙʦʣʦʥʦʢ ʩʢʣʘʜʥʦʾ ʬʦʨʤʠ, ʟʤʽʥʥʦʾ ʪʦʚʱʠʥʠ, ʟ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʦʪʚʦʨʘʤʠ ʪʘ ʽʥʰʠʤʠ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʥʝʦʜʥʦʨʽʜʥʦʩʪʷʤʠ. 

ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʢʦʥʩʪʨʫʢʮʽʡ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʜʽʶ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʦʧʪʠʤʘʣʴʥʦ ʧʽʜʙʠʨʘʪʠ ʬʦʨʤʫ, ʨʦʟʤʽʨʠ, ʤʘʪʝʨʽʘʣ 

ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʚʘʨʽʘʥʪʠ ʾʭ ʧʦʻʜʥʘʥʥʷ ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʤʽʮʥʦʩʪʽ, ʩʪʽʡʢʦʩʪʽ, ʣʝʛʢʦʩʪʽ ʪʘ ʝʢʦʥʦʤʽʯʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ. ɼʣʷ ʮʴʦʛʦ ʪʨʝʙʘ 

ʤʘʪʠ ʘʥʘʣʽʪʠʯʥʽ, ʯʠʩʝʣʴʥʽ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ, ʟʦʢʨʝʤʘ 

ʯʘʩʪʦʪ ʽ ʬʦʨʤ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʧʣʘʩʪʠʥ ʪʘ ʦʙʦʣʦʥʦʢ ʫʩʢʣʘʜʥʝʥʦʾ ʬʦʨʤʠ ʯʠ 

ʟ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʥʝʦʜʥʦʨʽʜʥʦʩʪʷʤʠ ʟ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʘʭ ʧʨʠ ʨʽʟʥʠʭ 

ʛʨʘʥʠʯʥʠʭ ʫʤʦʚʘʭ. 

ʇʦʯʘʪʢʦʤ ʚʠʚʯʝʥʥʷ ʢʦʣʠʚʘʥʴ ʧʣʘʩʪʠʥ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʧʦʯʘʪʦʢ ʍɯʍ 

ʩʪʦʣʽʪʪʷ, ʘ ʩʘʤʝ ʜʝʤʦʥʩʪʨʘʮʽʶ ʨʠʩʫʥʢʽʚ ʍʣʘʜʥʽ [1, 2], ʷʢʽ ʧʨʝʜʩʪʘʚʣʷʶʪʴ 

ʩʦʙʦʶ ʨʠʩʫʥʢʠ, ʫʪʚʦʨʝʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʥʘʢʦʧʠʯʝʥʥʷ ʜʨʽʙʥʠʭ ʯʘʩʪʠʥʦʢ ʫ 

ʚʫʟʣʦʚʠʭ ʣʽʥʽʷʭ ʩʪʦʷʯʠʭ ʭʚʠʣʴ ʥʘ ʧʦʚʝʨʭʥʽ ʧʨʫʞʥʦʾ ʧʣʘʩʪʠʥʠ, ʱʦ 

ʢʦʣʠʚʘʻʪʴʩʷ ʥʘ ʚʣʘʩʥʽʡ ʯʘʩʪʦʪʽ. ʇʝʨʝʜ ʬʽʟʠʢʘʤʠ ʪʘ ʤʘʪʝʤʘʪʠʢʘʤʠ ʧʦʩʪʘʣʘ 

ʩʢʣʘʜʥʘ ʟʘʜʘʯʘ ʨʦʟʨʦʙʢʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʪʝʦʨʽʾ ʢʦʣʠʚʘʥʴ ʧʣʘʩʪʠʥ ʽ 

ʪʝʦʨʝʪʠʯʥʦʛʦ ʦʧʠʩʫ ʬʽʛʫʨ ʍʣʘʜʥʽ. ʂʦʣʠʚʘʥʥʷ ʢʚʘʜʨʘʪʥʦʾ ʧʣʘʩʪʠʥʠ ʪʘ 

ʨʠʩʫʥʢʠ ʍʣʘʜʥʽ ʩʪʘʣʠ ʦʙô̒ ʢʪʦʤ ʙʘʛʘʪʴʦʭ ʜʦʩʣʽʜʞʝʥʴ [3-6]. ɼʦʚʛʠʡ ʯʘʩ ʮʷ 

ʟʘʜʘʯʘ ʙʫʣʘ ʥʝʧʨʠʩʪʫʧʥʦʶ. ʃʦʨʜ ʈʝʣʝʡ ʫ ʩʚʦʾʡ ʧʫʙʣʽʢʘʮʽʾ [7] ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʧʝʨʰʦʾ ʚʣʘʩʥʦʾ ʯʘʩʪʦʪʠ ʟʛʠʥʥʠʭ ʢʦʣʠʚʘʥʴ ʢʚʘʜʨʘʪʥʦʾ ʧʣʘʩʪʠʥʠ ʟ 

ʚʽʣɹʥʠʤʠ ʢʨʘʷʤʠ, ʧʨʠ ʥʫʣʴʦʚʦʤʫ ʢʦʝʬʽʮʽʻʥʪʽ ʇʫʘʩʩʦʥʘ, ʟʘʧʨʦʧʦʥʫʚʘʚ ʥʘ 
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ʚʠʙʨʘʥʽʡ ʬʦʨʤʽ ʢʦʣʠʚʘʥʴ ʧʨʠʨʽʚʥʷʪʠ ʤʘʢʩʠʤʘʣʴʥʽ ʘʤʧʣʽʪʫʜʥʽ ʟʥʘʯʝʥʥʷ. 

ʏʝʨʝʟ ʜʝʷʢʠʡ ʯʘʩ ʫ ʢʥʠʟʽ [8] ʘʚʪʦʨʦʤ ʙʫʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʙʘʛʘʪʦ ʦʙʯʠʩʣʝʥʴ 

ʦʩʥʦʚʥʠʭ ʯʘʩʪʦʪ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥɹ ʩʪʨʫʥʠ, ʩʪʝʨʞʥʷ, ʙʘʣʢʠ, ʤʝʤʙʨʘʥʠ, 

ʧʣʘʩʪʠʥʠ ʤʝʪʦʜʦʤ ʷʢʠʡ ʜʽʩʪʘʚ ʥʘʟʚʫ çʤʝʪʦʜ ʈʝʣʝʷè. ɺ ʩʚʦʶ ʯʝʨʛʫ ɺ. ʈʽʪʮʦʤ 

ʫ ʥʘʫʢʦʚʽʡ ʩʪʘʪʪʽ [9] ʙʫʣʦ ʦʧʠʩʘʥʦ ʪʝʦʨʝʪʠʯʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʪʘ ʥʘʚʝʜʝʥʦ 

ʙʘʛʘʪʦ ʯʠʩʣʦʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪ ʽ ʬʦʨʤ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ 

ʢʚʘʜʨʘʪʥʠʭ ʧʣʘʩʪʠʥ ʟ ʚʽʣʴʥʠʤʠ ʢʨʘʷʤʠ ʪʘ ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʟ 

ʝʢʩʧʝʨʠʤʝʥʪʘʤʠ ʍʣʘʜʥʽ. ʋ ʚʽʜʧʦʚʽʜʴ ʥʘ ʮʝ ʈʝʣʝʡ ʥʘʧʠʩʘʚ ʩʪʘʪʪʶ [10], ʚ ʷʢʽʡ 

ʚʽʪʘʚ ʈʽʪʮʘ ʟ ʡʦʛʦ ʨʦʙʦʪʦʶ, ʘʣʝ ʟʘʟʥʘʯʠʚ, ʱʦ ʚʽʥ ʩʘʤ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚ ʤʝʪʦʜ 

ʈʽʪʮʘ ʚ ʙʘʛʘʪʴʦʭ ʧʫʙʣʽʢʘʮʽʷʭ. ɿʛʦʜʦʤ ʟôʷʚʠʣʘʩʷ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʩʪʘʪʝʡ, ʫ 

ʷʢʠʭ ʮʝʡ ʤʝʪʦʜ ʟʘʩʪʦʩʦʚʫʚʘʚʩʷ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʣʠʚʘʥʴ ʨʽʟʥʠʭ ʦʙôʻʢʪʽʚ. ɺ 

ʦʢʨʝʤʠʭ ʧʫʙʣʽʢʘʮʽʷʭ ʚʽʥ ʦʪʨʠʤʘʚ ʥʘʟʚʫ çʤʝʪʦʜ ʈʽʪʮʘè, ʘ ʚ ʽʥʰʠʭ ï çʤʝʪʦʜ 

ʈʝʣʝʷïʈʽʪʮʘè.  

ɼʦʩʣʽʜʞʝʥʥʷ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʮʠʣʽʥʜʨʠʯʥʠʭ ʦʙʦʣʦʥʦʢ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ 

ʧʦʯʘʪʢʫ XX ʩʪʦʣʽʪʪʷ, ʽʩʪʦʨʠʯʥʠʡ ʦʛʣʷʜ ʙʘʛʘʪʴʦʭ ʮʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʨʦʙʦʪʘʭ [11] ʪʘ [12]. 

ʆʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʨʦʙʽʪ, ʧʨʠʩʚʷʯʝʥʠʭ ʢʦʣʠʚʘʥʥʶ ʩʢʣʘʜʥʠʭ 

ʤʝʭʘʥʽʯʥʠʭ ʩʠʩʪʝʤ, ʻ ʨʦʙʦʪʘ ʉ.ʇ. ʊʠʤʦʰʝʥʢʘ [13], ʫ ʷʢʽʡ ʨʦʟʛʣʷʥʫʪʦ 

ʟʘʛʘʣʴʥʫ ʪʝʦʨʽʶ ʚʽʣʴʥʠʭ ʪʘ ʚʠʤʫʰʝʥʠʭ ʢʦʣʠʚʘʥʴ, ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʙʣʠʞʝʥʦʛʦ ʤʝʪʦʜʫ ʈʝʣʝʷ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʣʠʚʘʥʴ ʙʽʣʴʰ 

ʩʢʣʘʜʥʠʭ ʦʙô̒ ʢʪʽʚ. ʈʦʟʛʣʷʥʫʪʦ ʟʘʜʘʯ ̔ ʧʨʦ ʧʦʚʟʜʦʚʞʥʽ, ʢʨʫʪʠʣʴʥʽ ʪʘ 

ʧʦʧʝʨʝʯʥʽ ʢʦʣʠʚʘʥʥʷ ʧʨʠʟʤʘʪʠʯʥʠʭ ʩʪʝʨʞʥʽʚ, ʢʦʣʠʚʘʥʥʷ ʩʪʝʨʞʥʽʚ ʟʤʽʥʥʦʛʦ 

ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ, ʢʦʣʠʚʘʥʥ̫ ʤʦʩʪʽʚ, ʣʦʧʘʪʦʢ ʪʫʨʙʽʥ, ʚʠʢʣʘʜʝʥʘ ʪʝʦʨʽʷ 

ʢʦʣʠʚʘʥʴ ʢʨʫʛʦʚʠʭ ʢʽʣʝʮʴ, ʤʝʤʙʨʘʥ, ʧʣʘʩʪʠʥ ʪʘ ʜʠʩʢʽʚ ʪʫʨʙʽʥ. ʇʨʝʜʩʪʘʚʣʝʥʦ 

ʦʧʠʩ ʚʽʙʨʦʚʠʤʽʨʶʚʘʣʴʥʦʾ ʘʧʘʨʘʪʫʨʠ, ʷʢʘ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʨʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʢʦʣʠʚʘʥʴ. 

ʅʘʧʨʠʢʽʥʮʽ ʍʍ ʩʪʦʣʽʪʪʷ ʟʘʜʘʯʽ ʜʠʥʘʤʽʢʠ ʧʣʘʩʪʠʥ ʽ ʦʙʦʣʦʥʦʢ 

ʥʘʙʫʚʘʪʁʴ ʟʥʘʯʥʦʾ ʘʢʪʫʘʣʴʥʦʩʪ,̔ ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʪʨʽʤʢʦʛʦ ʨʦʟʚʠʪʢʫ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ ʽ ʪʝʦʨ̔ʾ ʧʨʫʞʥʦʩʪʽ. ʋ [14] ʨʦʟʛʣʷʥʫʪʦ ʥʦʚʽ ʘʢʪʫʘʣʴʥʽ 

ʟʘʜʘʯʽ ʪʘ ʘʢʮʝʥʪʦʚʘʥʦ ʫʚʘʛʫ ʥʘ ʜʦʩʣʽʜʞʝʥʥʽ ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ ʧʣʘʩʪʠʥ ʽ 
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ʦʙʦʣʦʥʦʢ, ʱʦ ʩʪʘʣʦ ʧʽʜʨ̌ʫʥʪʷʤ ʜʣʷ ʚʠʦʢʨʝʤʣʝʥʥʷ ʮʴʦʛʦ ʥʘʧʨʷʤʫ ʚ ʦʢʨʝʤʠʡ 

ʨʦʟʜʽʣ ʜʠʥʘʤʽʢʠ. 

ʈʦʟʚʠʪʢʫ ʪʝʦʨʽʾ ʢʦʣʠʚʘʥʴ ʧʨʫʞʥʠʭ ʩʠʩʪʝʤ ʧʨʠʩʚʷʯʝʥʽ ʨʦʙʦʪʠ [15, 16], 

ʟʦʢʨʝʤʘ, ʚʽʣʴʥ ̔ʢʦʣʠʚʘʥʥ̫ ʧʣʘʩʪʠʥ ʽ ʦʙʦʣʦʥʦʢ ʜʦʩʣʽʜʞʫʚʘʣʠʩʴ ʫ [17, 18]. 

ʅʝʢʣʘʩʠʯʥ ̔ʪʝʦʨʽ ʾʢʦʣʠʚʘʥʴ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʚ ʦʛʣʷʜʦʚʡ̔ ʨʦʙʦʪʽ [11]. ʋ ʜʘʥʽʡ 

ʧʫʙʣʽʢʘʮʽʾ ʧʨʦʘʥʘʣʽʟʦʚʘʥ̔ ʨʽʟʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʣʠʚʘʥʴ ʧʣʘʩʪʠʥ ʽ ʦʙʦʣʦʥʦʢ, 

ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ  ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʟ ʨʝʟʫʣʴʪʘʪʘʤ ʦʪʨʠʤʘʥʠʤʠ 

ʨʽʟʥʠʤʠ ʜʠʥʘʤʽʯʥʠʤʠ ʪʝʦʨʽʷʤʠ. 

ʋ ʨʘʤʢʘʭ ʢʣʘʩʠʯʥʦʾ ʪʝʦʨʽʾ ʧʣʘʩʪʠʥ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪ ʽ ʬʦʨʤ 

ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʤʝʪʦʜʽʚ: ʤʝʪʦʜ ʈʝʣʝʷïʈʽʪʮʘ 

[19], ʤʝʪʦʜ ɹʫʙʥʦʚʘïɻʘʣʴʦʨʢʽʥʘ [20], ʤʝʪʦʜ ʩʧʣʘʡʥ-ʢʦʣʦʢʘʮʽʾ [21, 22], ʤʝʪʦʜ 

ʩʧʣʘʡʥ-ʘʧʨʦʢʩʠʤʘʮʽʾ [23, 24], ʤʝʪʦʜ ʩʫʧʝʨʧʦʟʠʮʽʾ [25, 26], ʤʝʪʦʜ ʨʷʜʽʚ [27], 

ʤʝʪʦʜ ʩʽʪʦʢ [28], ʤʝʪʦʜ ʬʫʥʢʮʽʡ ɻʨʽʥʘ [29, 30], ʘʩʠʤʧʪʦʪʠʯʥʠʡ ʤʝʪʦʜ 

ɹʦʣʦʪʽʥʘ [31] ʪʘ ʽʥʰʽ. 

ɹʘʛʘʪʦ ʜʦʩʣʽʜʞʝʥʴ ʧʨʠʩʚʷʯʝʥʦ ʚʠʚʯʝʥʥʶ ʢʦʣʠʚʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ 

ʪʦʥʢʠʭ ʢʚʘʜʨʘʪʥʠʭ ʪʘ ʢʨʫʛʣʠʭ ʧʣʘʩʪʠʥ, ʘ ʪʘʢʦʞ ʪʦʥʢʠʭ ʢʨʫʛʦʚʠʭ 

ʮʠʣʽʥʜʨʠʯʥʠʭ ʦʙʦʣʦʥʦʢ, ʷʢʽ ʻ ʥʘʡʧʨʦʩʪʽʰʠʤʠ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ 

ʜʣ̫  ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ʊʝʦʨʝʪʠʯʥʽ ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʽ ʤʦʜʝʣʽ 

ʙʫʜʫʚʘʣʠʩʷ, ʟʜʝʙʽʣʴʰʦʛʦ, ʜʣʷ ʽʟʦʪʨʦʧʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʘ ʪʘʢʦʞ ʜʣʷ ʛʨʘʥʠʯʥʠʭ 

ʫʤʦʚ, ʷʢʽ ʣʝʛʢʦ ʦʧʠʩʫʶʪʴʩ ̫ʤʘʪʝʤʘʪʠʯʥʠʤʠ ʟʘʣʝʞʥʦʩʪʷʤʠ. 

ʋ [32] ʨʦʟʨʘʭʦʚʘʥʽ ʯʘʩʪʦʪʠ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʢʚʘʜʨʘʪʥʦʾ ʧʣʘʩʪʠʥʠ ʟ 

ʚʽʣʴʥʠʤʠ ʢʨʘʷʤʠ, ʘ ʪʘʢʦʞ ʜʦʩʣʽʜʞʝʥʘ ʪʦʯʥʽʩʪʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʜʥʦʨʽʜʥʠʭ 

ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʝʪʦʜ ʩʫʧʝʨʧʦʟʠʮiʾ ʟʘʜʘʯʫ ʟʚʝʜʝʥʦ ʜʦ 

ʦʜʥʦʨʽʜʥʦʾ ʢʚʘʟʨ̔ʝʛʫʣʷʨʥʦʾ ʥʝʩʢʽʥʯʝʥʥʦʾ ʩʠʩʪʝʤʠ ʣʽʥʽʡʥʠʭ ʘʣʛʝʙʨʘʾʯʥʠʭ 

ʨʚ̔ʥʥ̫ʴ, ʷʢʫ ʨʦʟʚô̫ ʟʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʦʩʪʘʪʥʴʦʾ ʫʤʦʚʠ ʽʩʥʫʚʘʥʥʷ 

ʦʙʤʝʞʝʥʦʛʦ ʨʦʟʚôʷʟʢʫ. ɸʥʘʣʽʟ ʘʩʠʤʧʪʦʪʠʯʥʦʾ ʧʦʚʝʜʽʥʢʠ ʥʝʚʽʜʦʤʠʭ ʜʘʚ 

ʤʦʞʣʠʚʽʩʪʴ ʧʦʙʫʜʫʚʘʪʠ ʥʝʪʨʠʚiʘʣʴʥi ʨʦʟʚôʷʟʢʠ ʩʠʩʪʝʤʠ, ʷʢʽ ʚ ʩʚʦʶ ʯʝʨʛʫ 

ʜʘʁʪʴ ʟʤʦʛʫ ʦʪʨʠʤʘʪʠ ʘʥʘʣʽʪʠʯʥʽ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʬʦʨʤ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ 

ʧʣʘʩʪʠʥʠ. ʇʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ ʜʘʥʠʭ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ. 

ʋ [33] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʪʝʦʨʝʪʠʯʥʫ ʤʝʪʦʜʠʢʫ 
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ʚʠʟʥʘʯʝʥʥʷ ʧʨʫʞʥʠʭ ʩʪʘʣʠʭ ʢʚʘʜʨʘʪʥʠʭ ʧôʻʟʦʢʝʨʘʤʽʯʥʠʭ ʧʣʘʩʪʠʥ ʥʘ ʦʩʥʦʚʽ 

ʘʥʘʣʽʟʫ ʩʧʝʢʪʨʽʚ ʾʭʥʽʭ ʧʣʘʥʘʨʥʠʭ ʢʦʣʠʚʘʥʴ ̔ʟ ʚʠʦʢʨʝʤʣʝʥʥʷʤ ʭʘʨʘʢʪʝʨʥʠʭ 

ʨʝʟʦʥʘʥʩʥʠʭ ʯʘʩʪʦʪ. 

ʋ [34] ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʚʘʨʽʘʥʪ ʨʽʚʥʷʥʴ ʪʝʦʨʽʾ ʧʨʫʞʥʠʭ ʧʣʘʩʪʠʥ ʪʘ ʨʦʟʚôʷʟʘʥʦ ʟʘʜʘʯʫ ʧʨʦ ʥʝʣʽʥʽʡʥʽ 

ʢʦʣʠʚʘʥʥʷ ʧʣʘʩʪʠʥʠ. ʋ [35] ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʚʧʣʠʚ ʥʝʣʽʥʽʡʥʦʩʪʽ ʛʨʘʥʠʯʥʠʭ 

ʫʤʦʚ ʥʘ ʚʽʣʴʥʽ ʥʝʣʽʥʽʡʥʽ ʢʦʣʠʚʘʥʥʷ ʧʨʷʤʦʢʫʪʥʠʭ ʧʣʘʩʪʠʥ. ʅʝʣʽʥʽʡʥʽ 

ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʜʣʷ ʤʝʤʙʨʘʥʥʠʭ ʩʠʣ ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʥʘ ʣʽʥʽʡʥʽ ʛʨʘʥʠʯʥʽ 

ʫʤʦʚʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʾ ʥʘʧʨʫʞʝʥʴ. ɺʨʘʭʦʚʫʶʪʴʩʷ ʜʦʧʦʤʽʞʥʽ ʛʨʘʥʠʯʥʽ 

ʫʤʦʚʠ, ʱʦ ʦʧʠʩʫʶʪʴ ʚʽʜʩʫʪʥʽʩʪʴ ʧʣʦʱʠʥʥʠʭ ʧʝʨʝʤʽʱʝʥʴ ʚ ʟʘʪʠʩʥʫʪʽʡ 

ʯʘʩʪʠʥʽ. 

ʋ [36] ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʠʥʮʠʧʫ ɻʘʤʽʣʴʪʦʥʘ ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʚʠʤʫʰʝʥʽ 

ʢʦʣʠʚʘʥʥʷ ʢʨʫʛʣʦʾ ʧʣʘʩʪʠʥʢʠ ʦʧʝʨʪʦʾ ʚ ʰʝʩʪʠ ʪʦʯʢʘʭ ʢʦʥʪʫʨʫ, ʧʦʙʫʜʦʚʘʥʽ 

ʨʝʟʦʥʘʥʩʥʘ ʢʨʠʚʘ ʪʘ ʝʧʶʨʠ ʥʘʧʨʫʞʝʥʴ. ʋ [37] ʨʦʟʛʣʷʥʫʪʦ ʚʣʘʩʥʽ ʢʦʣʠʚʘʥʥʷ 

ʪʦʥʢʠʭ ʢʨʫʛʦʚʠʭ ʽ ʢʽʣʴʮʝʚʠʭ ʧʣʘʩʪʠʥ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʽʜʭʦʜʫ ɻʘʤʽʣʴʪʦʥʘ. 

ɸʥʘʣʽʪʠʯʥʽ ʯʘʩʪʦʪʥʽ ʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʥʦ ʜʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ. 

ɼʣʷ ʢʨʫʛʦʚʠʭ ʧʣʘʩʪʠʥ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʪʨʠ ʦʩʥʦʚʥʽ ʚʠʧʘʜʢʠ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ, ʘ 

ʜʣʷ ʢʽʣʴʮʝʚʠʭ ï ʜʝʚôʷʪʴ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʙʨʝ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʜʘʥʠʤʠ, 

ʥʘʚʝʜʝʥʠʤʠ ʚ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʥ̫ʭ. 

ɼʦ ʨʦʙʽʪ, ʧʨʠʩʚʷʯʝʥʠʭ ʦʛʣʷʜʫ ʜʦʩʣʽʜʞʝʥʴ ʜʠʥʘʤʽʢʠ ʪʦʥʢʠʭ ʦʙʦʣʦʥʦʢ, 

ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʨʦʙʦʪʠ ʪʘʢʠʭ ʚʯʝʥʠʭ, ʷʢ: A. Leissa [38], A.E.H. Love [39], 

S. Markusa [40]. ʆʛʣʷʜ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʣʠʚʘʥʴ ʦʙʦʣʦʥʦʢ 

ʥʘʚʝʜʝʥʦ ʫ ʨʦʙʦʪʽ [41], ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʩʥʦʚʥʽ ʥʘʧʨ̫ ʤʢʠ ʜʦʩʣʽʜʞʝʥʴ: 

ʨʦʟʚʠʪʦʢ ʨʽʟʥʠʭ ʪʝʦʨʽʡ ʦʙʦʣʦʥʦʢ, ʜʦʩʣʽʜʞʝʥʥʷ ʦʙʦʣʦʥʦʢ ʨʽʟʥʦʾ ʛʝʦʤʝʪʨʽʾ, 

ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʜʘʯ ʜʠʥʘʤʽʢʠ. ʅʘʛʦʣʦʰʫʻʪʴʩʷ ʥʘ ʪʦʤʫ, 

ʱʦ ʥʘʡʙʽʣʴʰʝ ʜʦʩʣʽʜʞʝʥʴ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʚʠʚʯʝʥʥʷ ʜʠʥʘʤʽʢʠ ʮʠʣʽʥʜʨʠʯʥʠʭ 

ʦʙʦʣʦʥʦʢ. 

ɺʠʚʯʝʥʥʶ ʜʠʥʘʤʢ̔ʠ ʪʦʥʢʠʭ ʢʨʫʛʦʚʠʭ ʦʙʦʣʦʥʦʢ ʟ ʨʽʟʥʠʤʠ ʛʨʘʥʠʯʥʠʤʠ 

ʫʤʦʚʘʤʠ ʧʨʠʜʽʣʝʥʦ ʙʘʛʘʪʦ ʫʚʘʛʠ ʨʽʟʥʠʤʠ ʜʦʩʣʽʜʥʠʢʘʤʠ ʪʘ ʦʧʫʙʣʽʢʦʚʘʥʦ 

ʙʘʛʘʪʦ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ. ɺʽʣʴʥʽ ʢʦʣʠʚʘʥʥʷ ʮʠʣ̔ʥʜʨʠʯʥʠʭ ʦʙʦʣʦʥʦʢ ʟ 
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ʢʨʫʛʦʚʠʤ ʧʦʧʝʨʝʯʥʠʤ ʧʝʨʝʨʽʟʦʤ ʨʦʟʛʣʷʥʫʪʽ ʫ [42, 43]. ʌʫʥʜʘʤʝʥʪʘʣʴʥʦʶ 

ʤʦʥʦʛʨʘʬ̔ʻ,ʁ ʧʨʠʩʚʷʯʝʥʦʁ  ʜʦʩʣʽʜʞʝʥʥʶ ʜʠʥʘʤʽʢʠ ʦʙʦʣʦʥʢʦʚʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ, ʚʚʘʞʘʻʪʴʩʷ ʨʦʙʦʪʘ [44], ʚ ʷʢʽʡ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʨʦʩʪʦʨʦʚʫ 

ʪʝʦʨʽ ʁʧʨʫʞʥʦʩʪʽ ʚ ʢʣʘʩʠʯʥʽʡ ʪʘ ʫʪʦʯʥʝʥʽʡ ʧʦʩʪʘʥʦʚʢʘʭ ʥʘʚʝʜʝʥʽ ʨʽʚʥʷʥʥʷ 

ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥɹ ʦʙʦʣʦʥʦʢ. ʋ [45] ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʛʣʷʜ ʪʝʦʨʽʡ ʜʝʬʦʨʤʘʮʽʾ 

ʟʩʫʚʫ ʧʣʘʩʪʠʥ ʪʘ ʦʙʦʣʦʥʦʢ. ɯʩʥʫʶʪʴ ʨʦʟʨʘʭʫʥʢʦʚ ̔ ʤʦʜʝʣʽ, ʟʘ ʷʢʠʭ 

ʮʠʣʽʥʜʨʠʯʥʘ ʦʙʦʣʦʥʢʘ ʧʦʚʦʜʠʪʴ ʩʝʙʝ ʷʢ ʙʘʣʢʘ [46], ʪʘʢʦʞ ʚʩʪʘʥʦʚʣʝʥʦ 

ʱʽʣʴʥʽʩʪʴ ʨʦʟʧʦʜʽʣʝʥʥʷ ʧʝʨʰʠʭ ʯʘʩʪʦʪ ʜʣʷ ʮʠʣʽʥʜʨʠʯʥʠʭ ʦʙʦʣʦʥʦʢ [47]. 

ʋ ʨʦʙʦʪʽ [48] ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʚʽʣʴʥʽ ʢʦʣʠʚʘʥʥʷ ʪʦʥʢʦʾ ʝʣʘʩʪʠʯʥʦʾ 

ʦʨʪʦʪʨʦʧʥʦʾ ʮʠʣʽʥʜʨʠʯʥʦʾ ʧʘʥʝʣʽ ʟ ʚʽʣʴʥʠʤʠ ʢʨʘʷʤʠ. ɺʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʨʽʚʥʷʥʥʷ ʢʣʘʩʠʯʥʦʾ ʪʝʦʨʽʾ ʦʨʪʦʪʨʦʧʥʠʭ ʮʠʣʽʥʜʨʠʯʥʠʭ ʦʙʦʣʦʥʦʢ, ʘ ʜʣʷ 

ʦʙʯʠʩʣʝʥʥʷ ʚʣʘʩʥʠʭ ʯʘʩʪʦʪ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʬʦʨʤ ʢʦʣʠʚʘʥʴ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʫʟʘʛʘʣʴʥʝʥʠʡ ʤʝʪʦʜ ʂʘʥʪʦʨʦʚʠʯʘïɺʣʘʩʦʚʘ. ʋ [49] ʨʦʟʛʣʷʥʫʪʦ 

ʟʛʠʥʥʽ ʢʦʣʠʚʘʥʥʷ ʪʦʥʢʠʭ ʮʠʣʽʥʜʨʠʯʥʠʭ ʦʙʦʣʦʥʦʢ, ʥʘʚʝʜʝʥʦ ʙʘʛʘʪʦ ʬʦʨʤ 

ʢʦʣʠʚʘʥ.ɹ ʇʨʝʜʩʪʘʚʣʝʥʽ ʪʝʦʨʝʪʠʯʥʦ ʦʪʨʠʤʘʥ ̔ ʚʠʨʘʟʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʚʣʘʩʥʠʭ ʯʘʩʪʦʪ ʮʠʣʽʥʜʨʠʯʥʠʭ ʦʙʦʣʦʥʦʢ ʽʟ ʚʽʣʴʥʦ ʟʘʢʨʽʧʣʝʥʠʤʠ ʢʨʘʷʤʠ ʪʘ 

ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʥ̫ʥʷ ʟ ʯʘʩʪʦʪʘʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. ʋ [50] 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʦʟʨʘʭʦʚʘʥʽ ʥʘ ʦʩʥʦʚʽ ʚʠʨʘʟʽʚ ʝʥʝʨʛʽʾ ʮʠʣʽʥʜʨʠʯʥʠʭ ʦʙʦʣʦʥʦʢ 

ʪʘʙʣʠʮʽ ʜʣʷ ʰʚʠʜʢʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪ ʽ ʬʦʨʤʠ ʢʦʣʠʚʘʥʴ ʥʝʩʢʽʥʯʝʥʥʦ 

ʜʦʚʛʠʭ ʪʦʥʢʠʭ ʮʠʣʽʥʜʨʠʯʥʠʭ ʦʙʦʣʦʥʦʢ. 

ʋ [51] ʥʘ ʦʩʥʦʚʽ ʪʨʴʦʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʚ̔ ʣʴʥʽ 

ʢʦʣʠʚʘʥʥʷ ʪʦʥʢʠʭ ʮʠʣʽʥʜʨʠʯʥʠʭ ʦʙʦʣʦʥʦʢ, ʱʦ ʤʘʶʪʴ ʩʢʽʥʯʝʥʥʫ ʜʦʚʞʠʥʫ. 

ʈʚ̔ʥʷʥʥʷ ʣʝʛʢʦ ʨʦʟʚôʷʟʫʶʪʴʩʷ ʧʽʩʣʷ ʚʚʝʜʝʥʥʷ ʜʝʷʢʠʭ ʧʨʠʧʫʱʝʥʴ. ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʆʪʨʠʤʘʥʽ ʯʘʩʪʦʪʥʽ ʨ̔ʚʥʷʥʥʷ ʜʣ̫ ʮʠʣʽʥʜʨʠʯʥʠʭ ʦʙʦʣʦʥʦʢ ʟ 

ʨʽʟʥʠʤʠ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ: ʟ ʚʽʣʴʥʦ ʦʙʧʝʨʪʠʤʠ ʦʙʦʤʘ ʢʨʘʷʤʠ; ʟ ʞʦʨʩʪʢʦ 

ʟʘʢʨʽʧʣʝʥʠʤʠ ʦʙʦʤʘ ʢʨʘʷʤʠ; ʟ ʦʜʥʠʤ ʚʽʣʴʥʦ ʦʙʧʝʨʪʠʤ ʢʨʘ̒ʤ ʪʘ ʜʨʫʛʠʤ 

ʞʦʨʩʪʢʦ ʟʘʢʨʽʧʣʝʥʠʤ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʡʥʠʞʯʘ ʯʘʩʪʦʪʘ ʻ ʥʘʡʤʝʥʰʦʶ ʚ 

ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ, ʙʽʣʴʰʦʶ ʚ ʪʨʝʪʴʦʤʫ ʽ ʥʘʡʙʽʣʴʰʦʶ ʚ ʜʨʫʛʦʤʫ. ɼʚ ̔ ʥ̔ʰʽ 

ʯʘʩʪʦʪʠ, ʦʪʨʠʤʘʥʽ ʟ ʯʘʩʪʦʪʥʦʛʦ ʨʽʚʥʷʥʥʷ, ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʽ ʚ ʫʩʽʭ 

ʚʠʧʘʜʢʘʭ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʘʧʨʦʢʩʠʤʘʮʽʾ ʚʠʷʚʣʝʥʦ, ʱʦ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʽ ʨʽʚʥʷʥʥʷ 
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ʜʣʷ ʪʨʴʦʭ ʚʠʧʘʜʢʽʚ ʧʦʜʽʙʥʽ ʜʦ ʯʘʩʪʦʪʥʠʭ ʨʽʚʥʷʥʴ ʜʣʷ ʧʦʧʝʨʝʯʥʠʭ ʢʦʣʠʚʘʥʴ 

ʙʘʣʦʢ ʽʟ ʧʦʜʽʙʥʠʤʠ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ. 

ʋ ʨʦʙʦʪʽ [52] ʨʦʟʛʣʷʜʘʶʪʴʩʷ  ʷʢ ʣʽʥʽʡʥʽ ʪʘʢ ʽ ʥʝʣʽʥʽʡʥʽ ʢʦʣʠʚʘʥʥʷ 

ʮʠʣʽʥʜʨʠʯʥʠʭ ʦʙʦʣʦʥʦʢ ʟ ʢʨʫʛʦʚʠʤ ʧʦʧʝʨʝʯʥʠʤ ʧʝʨʝʨʽʟʦʤ ʟ ʨʽʟʥʠʤʠ 

ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ ʥʘ ʦʩʥʦʚʽ ʪʝʦʨʽʾ ʉʘʥʜʝʨʩʘ ï ʂʦʡʪʝʨʘ. ʅʘ ʦʩʥʦʚʽ 

ʛʘʨʤʦʥʽʯʥʠʭ ʬʫʥʢʮʽʡ ʽ ʧʦʣʽʥʦʤʽʚ ʏʝʙʠʰʦʚʘ ʨʦʟʢʣʘʜʝʥʦ ʧʝʨʝʤʽʱʝʥʥʷ ʚ 

ʧʦʜʚʽʡʥʠʡ ʨʷʜ. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʧʦʨ̔ ʚʥʷʥʥʷ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʦʪʨʠʤʘʥʠʤʠ ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ. 

ɺʠʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʧʣʘʩʪʠʥ ʩʢʣʘʜʥʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ 

ʬʦʨʤʠ ʧʦʚôʷʟʘʥʝ ʟ ʧʨʦʙʣʝʤʘʤʠ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʪʘ ʥʝʦʙʭʽʜʥʽʩʪʶ 

ʧʝʨʝʭʦʜʫ ʜʦ ʥʝʦʨʪʦʛʦʥʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ, ʫ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʻ 

ʥʝʦʙʭʽʜʥʠʤ ʘʜʘʧʪʫʚʘʪʠ ʨʦʟʛʣʷʥʫʪ̔ ʚʠʱʝ ʤʝʪʦʜʠ ʜʦ ʢʦʥʢʨʝʪʥʦʾ ʟʘʜʘʯʽ, ʘʙʦ 

ʨʦʟʨʦʙʣʷʪʠ ʽʥʰʽ ʧʽʜʭʦʜʠ. ʅʘʧʨʠʢʣʘʜ, ʤʝʪʦʜʦʤ ʈʽʪʮʘ [9] ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ 

ʥʘʙʣʠʞʝʥʽ ʨʽʰʝʥʥʷ ʜʣʷ ʯʘʩʪʦʪ ʽ ʬʦʨʤ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʪʦʥʢʠʭ ʧʨʫʞʥʠʭ 

ʪʨʠʢʫʪʥʠʭ [53, 54], ʧʨʷʤʦʢʫʪʥʠʭ [55, 56] ʽ ʙʘʛʘʪʦʢʫʪʥʠʭ [57] ʧʣʘʩʪʠʥ. ʊʘʢʠʤ 

ʯʠʥʦʤ ʫ ʨʦʙʦʪʽ [57] ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʢʨʘʱʝʥʦʛʦ ʤʝʪʦʜʫ ʈʽʪʮʘ ʥʘ ʢʣʘʩʽ 

ʛʦʤʦʪʦʧʽʯʥʠʭ ʬʦʨʤ ʜʦʩʣʽʜʞʝʥʦ ʢʦʣʠʚʘʥʥʷ ʧʦʚʥʽʩʪʶ ʚ̔ ʣɹʥʠʭ ʙʘʛʘʪʦʢʫʪʥʠʭ ʽ 

ʟʘʦʢʨʫʛʣʝʥʠʭ ʙʘʛʘʪʦʢʫʪʥʠʭ ʧʣʘʩʪʠʥ. ʅʘʚʝʜʝʥʦ ʧʝʨʰʽ ʯʘʩʪʦʪʠ ʚʽʣʴʥʠʭ 

ʢʦʣʠʚʘʥʴ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʣʘʩʪʠʥ ʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʝʚʦʣʶʮʽ ʁʬʦʨʤ ʢʦʣʠʚʘʥʴ. 

ʋ [58] ʤʝʪʦʜʦʤ ʈʽʪʮʘ ʦʪʨʠʤʘʥʥʽ ʨʽʚʥʷʥʥʷ ʚʣʘʩʥʠʭ ʟʥʘʯʝʥʴ ʜʣʷ ʚʽʣʴʥʠʭ 

ʢʦʣʠʚʘʥʴ ʪʦʥʢʠʭ ʧʣʘʩʪʠʥ, ʷʢʽ ʚʢʣʶʯʘʶʪʴ ʢʨʠʚʦʣʽʥʽʡʥʽ ʢʨʘʾ, ʚʠʟʥʘʯʝʥʽ 

ʧʦʣʽʥʦʤʽʘʣʴʥʠʤʠ ʚʠʨʘʟʘʤʠ. ʆʙʨʘʥʠʡ ʢʣʘʩ ʧʣʘʩʪʠʥ ʤʦʞʝ ʙʫʪʠ ʨʦʟʜʽʣʝʥʠʡ ʥʘ 

ʯʦʪʠʨʠ ʩʝʢʪʦʨʥʽ ʝʣʝʤʝʥʪʠ ʧʽʜ ʢʫʪʦʤ 90Á, ʱʦ ʜʦʟʚʦʣʷʻ ʤʘʪʠ ʜʦ ʯʦʪʠʨʴʦʭ 

ʩʝʢʮʽʡ ʟʦʚʥʽʰʥʴʦʾ ʤʝʞʽ ʪʘ ʜʦ ʯʦʪʠʨʴʦʭ ʩʝʢʮʽʡ ʚʥʫʪʨʽʰʥʴʦʾ ʤʝʞʽ, ʢʦʞʥʘ ʟ 

ʷʢʠʭ ʦʧʠʩʫʻʪʴʩʷ ʧʦʣʽʥʦʤʘʤʠ. ʇʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʩʠʤʝʪʨʽʾ ʘʙʦ ʷʢʱʦ ʚʦʥʘ ʥʝ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ, ʝʣʝʤʝʥʪʠ ʟôʻʜʥʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʞʦʨʩʪʢʠʭ 

ʧʦʩʪʫʧʘʣʴʥʠʭ ʽ ʦʙʝʨʪʘʣʴʥʠʭ ʧʨʫʞʠʥ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʝʦʙʭʽʜʥʽ ʫʤʦʚʠ 

ʙʝʟʧʝʨʝʨʚʥʦʩʪ.̔ ɺʢʣʶʯʝʥʦ ʨʷʜ ʝʬʝʢʪʽʚ: ʚʥʫʪʨʽʰʥʽ ʪʦʯʢʦʚʽ ʘʙʦ ʣʽʥʽʡʥʽ ʦʧʦʨʠ; 

ʟʦʩʝʨʝʜʞʝʥʽ ʤʘʩʠ; ʩʪʫʧʽʥʯʘʪʘ ʟʤʽʥʘ ʪʦʚʱʠʥʠ. ʇʘʨʘʤʝʪʨʠ ʚʣʘʩʥʦʾ ʯʘʩʪʦʪʠ 



34 

ʥʘʚʝʜʝʥʦ ʜʣʷ ʢʽʣʴʢʦʭ ʧʣʘʩʪʠʥ, ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʚ̔ ʟ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʽʥʰʠʭ ʘʚʪʦʨʽʚ ʪʘ ʚʩʪʘʥʦʚʣʝʥʦ ʪʦʯʥʽʩʪʴ ʧʽʜʭʦʜʫ. ʆʪʨʠʤʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʜʣʷ ʢʽʣʴʢʦʭ ʧʣʘʩʪʠʥ ʨʽʟʥʦʾ ʩʢʣʘʜʥʦʩʪʽ, ʷʢʽ ʨʘʥʽʰʝ ʥʝ 

ʨʦʟʛʣʷʜʘʣʠʩʴ ʫ ʣʽʪʝʨʘʪʫʨʽ. ʋ ʩʪʘʪʪʽ [54] ʟʘʩʪʦʩʦʚʘʥʦ ʤʝʪʦʜ ʈʽʪʮʘ, ʚ ʷʢʦʤʫ 

ʬʫʥʢʮʽʾ ʟʤʽʱʝʥʥʷ ʚʟʷʪʦ ʫ ʚʠʛʣʷʜʽ ʘʣʛʝʙʨʠʯʥʠʭ ʤʥʦʛʦʯʣʝʥʽʚ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʯʘʩʪʦʪʠ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʪʨʠʢʫʪʥʠʭ ʧʣʘʩʪʠʥ. 

ʋ [59] ʜʦʩʣʽʜʞʝʥʦ ʚʽʣʴʥʽ ʢʦʣʠʚʘʥʥʷ ʢʦʥʩʦʣʴʥʠʭ ʪʘ ʧʦʚʥʽʩʪʶ ʚʽʣʴʥʠʭ 

ʨʽʚʥʦʙʝʜʨʝʥʠʭ ʪʨʠʢʫʪʥʠʭ ʧʣʘʩʪʠʥ ʥʘ ʦʩʥʦʚʽ ʪʦʯʥʦʾ ʪʨʠʚʠʤʽʨʥʦʾ ʪʝʦʨʽʾ 

ʧʨʫʞʥʦʩʪʽ. ʉʧʦʯʘʪʢʫ ʬʘʢʪʠʯʥʘ ʦʙʣʘʩʪʴ ʧʣʘʩʪʠʥʠ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʥʘ ʙʘʟʦʚʫ 

ʢʫʙʽʯʥʫ ʦʙʣʘʩʪʴ. ʇʦʪʽʤ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʤʝʪʦʜ ʈʽʪʮʘ ʜʣʷ ʚʠʚʝʜʝʥʥʷ ʨʽʚʥʷʥʥʷ 

ʚʣʘʩʥʦʾ ʯʘʩʪʦʪʠ ʟ ʝʥʝʨʛʽʾ ʜʝʬʦʨʤʘʮʽʾ ʪʘ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ ʧʣʘʩʪʠʥʠ. ʋ [60] ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʈʝʣʝʷïʈʽʪʮʘ ʜʦʩʣʽʜʞʝʥʦ ʚ̔ ʣʴʥʽ ʢʦʣʠʚʘʥʥʷ ʽʟʦʪʨʦʧʥʠʭ ʪʘ 

ʩʠʤʝʪʨʠʯʥʦ ʰʘʨʫʚʘʪʠʭ ʢʦʤʧʦʟʠʪʥʠʭ ʧʣʘʩʪʠʥ ʟʘʛʘʣʴʥʦʾ ʪʨʠʢʫʪʥʦʾ ʬʦʨʤʠ. ʋ [61] 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʘʙʣʠʞʝʥʠʡ ʤʝʪʦʜ ʘʥʘʣʽʟʫ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʧʨʷʤʦʢʫʪʥʠʭ 

ʪʨʠʢʫʪʥʠʭ ʧʣʘʩʪʠʥ ʟ ʜʦʚʽʣʴʥʦʶ ʟʤʽʥʥʦʶ ʪʦʚʱʠʥʦʶ ʪʘ ʨʽʟʥʠʤʠ ʛʨʘʥʠʯʥʠʤʠ 

ʫʤʦʚʘʤʠ, ʧʨʷʤʦʢʫʪʥʘ ʪʨʠʢʫʪʥʘ ʧʣʘʩʪʠʥʘ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʨʽʟʥʦʚʠʜ ʧʨʷʤʦʢʫʪʥʦʾ 

ʧʣʘʩʪʠʥʠ ʟ ʥʝʦʜʥʦʨʽʜʥʦʶ ʪʦʚʱʠʥʦʶ. ʋ [53] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʯʘʩʪʦʪ ʽ ʬʦʨʤ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʽʟʦʪʨʦʧʥʠʭ ʪʘ ʦʨʪʦʪʨʦʧʥʠʭ 

ʪʨʠʢʫʪʥʠʭ ʧʣʘʩʪʠʥ ʽʟ ʨʽʟʥʠʤʠ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ.  

ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʪʦʚʩʪʦʩʪʽʥʥʠʭ ʧʣʘʩʪʠʥ ʙʘʛʘʪʦ 

ʤʝʪʦʜʽʚ ʩʪʘʶʪʴ ʥʝʟʘʩʪʦʩʦʚʥʠʤʠ. ʋ [62] ʟʨʦʙʣʝʥʦ ʦʛʣʷʜ ʧʫʙʣʽʢʘʮʽʡ 

ʧʨʠʩʚʷʯʝʥʠʭ ʜʦʩʣʜ̔ʞʝʥʥʤ̫ ʢʦʣʠʚʘʥʴ ʪʦʚʩʪʠʭ ʪʨʠʢʫʪʥʠʭ, ʧʨʷʤʦʢʫʪʥʠʭ, 

ʢʨʫʛʦʚʠʭ, ʢʽʣʴʮʝʚʠʭ ʪʘ ʩʝʢʪʦʨʥʠʭ ʧʣʘʩʪʠʥ, ʦʩʥʦʚʥʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ 

ʜʦʩʣʜ̔ʞʝʥʥʷʤ, ʟʘʩʥʦʚʘʥʠʤ ʥʘ ʪʝʦʨʽʾ ʄʽʥʜʣʽʥʘ ʪʘ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʪʝʦʨʽʷʭ 

ʧʣʘʩʪʠʥ ʄʽʥʜʣʽʥʘ [63]. ʊʘʢ ʫ [64] ʬʫʥʢʮʽʷ ʝʥʝʨʛ̔ʾ , ʦʪʨʠʤʘʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʪʝʦʨʽʾ ʧʣʘʩʪʠʥ ʄʽʥʜʣʽʥʘ, ʤʽʥʽʤʽʟʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʮʝʜʫʨʠ ʈʝʣʝʷï

ʈʽʪʮʘ, ʷʢʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʦʩʥʦʚʥʠʭ ʨʽʚʥʷʥʴ ʚʣʘʩʥʠʭ ʟʥʘʯʝʥʴ. ʋ [65] ʥʘ ʦʩʥʦʚʽ 

ʪʝʦʨʽʾ ʜʝʬʦʨʤʘʮʽʾ ʟʩʫʚʫ ʄʽʥʜʣʽʥʘ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʚʽʣʴʥʽ ʢʦʣʠʚʘʥʥʷ ʪʦʚʩʪʠʭ 

ʢʦʥʩʦʣʥɹʠʭ ʧʣʘʩʪʠʥ ʜʦʚʽʣʴʥʦʾ ʪʨʠʢʫʪʥʦʾ ʬʦʨʤʠ. ʊʘʢʦʞ ʜʣʷ ʘʥʘʣʟ̔ʫ ʚʽʣʴʥʠʭ 

ʢʦʣʠʚʘʥʴ ʪʦʚʩʪʠʭ ʢʚʘʜʨʘʪʥʠʭ ʪʘ ʧʨʷʤʦʢʫʪʥʠʭ ʧʣʘʩʪʠʥ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 
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ʪʨʠʛʦʥʦʤʝʪʨʠʯʥʫ [66] ʪʘ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʫ [67] ʪʝʦʨʽʾ ʜʝʬʦʨʤʘʮʽʾ ʟʩʫʚʫ, ʷʢʽ 

ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʢʣʘʩʠʯʥʽʡ ʪʝʦʨʽʾ ʧʣʘʩʪʠʥ. 

ʋ [68] ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʫʥʢʮʽʦʥʘʣʫ ʝʥʝʨʛʽʾ ʦʪʨʠʤʘʥʦ ʤʘʪʨʠʯʥʝ 

ʨʚ̔ʥ̫ʥʥʷ, ʨʦʟʚôʷʟʘʚʰʠ ʢ̫ʝ ʦʪʨʠʤʘʥʦ ʯʘʩʪʦʪʠ ʪʘ ʬʦʨʤ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ 

ʥʝʧʨʷʤʦʢʫʪʥʦʾ ʧʣʘʩʪʠʥʠ ʫ ʧʣʦʱʠʥʽ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʯʦʪʠʨʤʘ 

ʢʨʠʚʦʣʽʥʽʡʥʠʤʠ ʛʨʘʥʠʮʷʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʦʩʴʤʠ ʪʦʯʦʢ ʪʘ ʢʦʦʨʜʠʥʘʪ ʜʣʷ 

ʚʽʜʦʙʨʘʞʝʥʥʷ ʛʝʦʤʝʪʨʽʾ. 

ʋ [69] ʩʠʩʪʝʤʘ ʟ ʪʨʴʦʭ ʨʽʚʥʷʥʴ ʟʚʝʜʝʥʘ ʜʦ ʦʜʥʦʛʦ ʨʚ̔ʥʷʥʥʷ ʟ ʧʨʦʛʠʥʦʤ 

ʧʨʠ ʚʠʛʠʥ,̔ ʦɦ ʜ̔̒  ʷʢ ʧʦʪʝʥʮʽʡʥʘ ʬʫʥʢʮʽʷ. ɿʘʩʪʦʩʦʚʘʥʦ ʤʝʪʦʜ ʨʦʟʜʽʣʝʥʥʷ 

ʟʤ̔ʥʥʠʭ ʽ ʦʪʨʠʤʘʥʦ ʘʥʘʣʽʪʠʯʥʠʡ ʨʦʟʚôʷʟʦʢ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʚ 

ʟʘʤʢʥʫʪʦʤʫ ʚʠʛʣʷʜʽ. 

ʋ [70] ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪʠ ʚʣ̔ʴʥʠʭ ʢʦʣʠʚʘʥʴ ʚô̫ ʟʢʦʧʨʫʞʥʦʾ 

ʧʘʨʘʣʝʣʦʛʨʘʤʥʦʾ ʧʣʘʩʪʠʥʠ, ʪʦʚʱʠʥʘ ʷʢʦʾ ʟʤʽʥʶʻʪʴʩʷ ʧʘʨʘʙʦʣʽʯʥʦ, 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʪʦʜ ʈʝʣʝʷïʈʽʪʮʘ. ʇʨʠʧʫʩʢʘʻʪʴʩʷ, ʱʦ 

ʧʣʘʩʪʠʥʘ ʟʘʪʠʩʥʫʪʘ ʧʦ ʯʦʪʠʨʴʦʭ ʢʨʘʷʭ, ʘ ʾʾ ʪʦʚʱʠʥʘ ʟʤʽʥʶʻʪʴʩʷ ʧʘʨʘʙʦʣʽʯʥʦ 

ʚʟʜʦʚʞ ʜʦʚʞʠʥʠ ʧʣʘʩʪʠʥʠ. ʋ [71] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪ ʽ 

ʬʦʨʤ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʰʝʩʪʠʢʫʪʥʠʭ ʧʣʘʩʪʠʥ ʟ ʚʽʣʥɹʠʤʠ ʪʘ ʞʦʨʩʪʢʦ 

ʟʘʢʨʽʧʣʝʥʠʤʠ ʢʨʘʷʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʧʝʨʰʽ ʬʦʨʤʠ ʢʦʣʠʚʘʥʴ. 

ʆʩʝʩʠʤʝʪʨʠʯʥʽ ʨʝʟʦʥʘʥʩʥʽ ʢʦʣʠʚʘʥʥʷ ʧʨʫʞʥʦʾ ʢʨʫʛʣʦʾ ʩʝʥʜʚʽʯ-

ʧʣʘʩʪʠʥʠ ʧʨʠ ʣʦʢʘʣʴʥʠʭ ʧʝʨʽʦʜʠʯʥʠʭ ʧʦʚʝʨʭʥʝʚʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ 

ʧʨʷʤʦʢʫʪʥʦʾ, ʩʠʥʫʩʦʾʜʘʣʴʥʦʾ ʪʘ ʧʘʨʘʙʦʣʽʯʥʦʾ ʬʦʨʤ ʜʦʩʣʽʜʞʝʥʦ ʫ [72]. ʋ [73] 

ʜʦʩʣʽʜʞʝʥʦ ʦʩʝʩʠʤʝʪʨʠʯʥʽ ʚʠʤʫʰʝʥʽ ʢʦʣʠʚʘʥʥʷ ʢʨʫʛʣʦʾ ʩʝʥʜʚʽʯ-ʧʣʠʪʠ ʥʘ 

ʧʨʫʞʥʽʡ ʦʩʥʦʚʽ. ʋ ʦʙʦʭ ʨʦʙʦʪʘʭ ʜʣʷ ʦʧʠʩʫ ʢʽʥʝʤʘʪʠʢʠ ʧʣʠʪʠ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʛʽʧʦʪʝʟʘ ʧʦʨʫʰʝʥʦʾ ʥʦʨʤʘʣʽ, ʦʪʨʠʤʘʥʦ ʘʥʘʣʽʪʠʯʥʝ 

ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʪʘ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʨʝʟʫʣʴʪʘʪʠ. 

ɺʝʣʠʢʫ ʮʽʢʘʚʽʩʪʴ ʪʘ ʩʢʣʘʜʥʽʩʪʴ ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʚʠʢʣʠʢʘʶʪʴ ʧʣʘʩʪʠʥʠ 

ʟ ʨʽʟʥʠʤʠ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʦʪʚʦʨʘʤʠ, ʪʘʢ ʫ [74] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʘʙʣʠʞʝʥʠʡ 

ʤʝʪʦʜ ʘʥʘʣʟ̔ʫ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʧʨʷʤʦʢʫʪʥʠʭ ʧʣʘʩʪʠʥ ʟ ʦʪʚʦʨʦʤ ʨʽʟʥʦʾ 

ʬʦʨʤʠ, ʽʜʝʷ ʷʢʦʛʦ ʧʦʣʷʛʘʻ ʚ ʧʨʝʜʩʪʘʚʣʝʥʥʽ ʨʦʟʛʣʷʥʫʪʦʾ ʧʣʘʩʪʠʥʠ, ʷʢ 

ʧʣʘʩʪʠʥʠ ʥʝʦʜʥʦʨʽʜʥʦʾ ʪʦʚʱʠʥʠ, ʪʦʙʪʦ ʦʪʚʽʨ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʜʫʞʝ ʪʦʥʢʘ 
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ʯʘʩʪʠʥʘ ʧʣʘʩʪʠʥʠ. ʋ [75] ʤʝʪʦʜʦʤ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ ʜʦʩʣʽʜʞʝʥʦ ʚʽʣʴʥʽ 

ʢʦʣʠʚʘʥʥʷ ʧʨʷʤʦʢʫʪʥʦʾ ʧʣʘʩʪʠʥʠ ʟ ʢʨʫʛʣʠʤ ʦʪʚʦʨʦʤ ʫ ʮʝʥʪʨʽ. ʋ [76] 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʣ̔ʴʥʠʭ ʢʦʣʠʚʘʥʴ ʩʠʤʝʪʨʠʯʥʠʭ 

ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʢʦʤʧʦʟʠʪʥʠʭ ʧʣʘʩʪʠʥ ʟ ʮʝʥʪʨʘʣʴʥʠʤ ʦʪʚʦʨʦʤ, ʷʢʽ ʦʪʨʠʤʘʥʦ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʤʝʪʦʜʫ. 

ʋ [77] ʧʨʝʜʩʪʘʚʣʝʥʦ ʯʠʩʝʣʴʥʠʡ ʤʝʪʦʜ ʜʦʩʣʜ̔ʞʝʥʥʷ ʢʦʣʠʚʘʥʴ 

ʽʟʦʪʨʦʧʥʠʭ ʪʘ ʦʨʪʦʪʨʦʧʥʠʭ ʧʨ̫ʤʦʢʫʪʥʠʭ ʧʣʘʩʪʠʥ ʟ ʦʪʚʦʨʘʤʠ ʪʘ 

ʥʝʦʜʥʦʨʽʜʥʦʩʪʷʤʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʨʦʟʜʽʣʠʪʠ ʦʙʣʘʩʪʴ ʟʘʜʘʯʽ ʥʘ ʚʽʜʧʦʚʽʜʥʽ 

ʧʨʷʤʦʢʫʪʥʽ ʩʝʛʤʝʥʪʠ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʣʝʛʢʦ ʟʥʘʡʪʠ ʬʫʥʢʮʽʶ ʚʽʜʭʠʣʝʥʥʷ ʜʣʷ 

ʧʦʯʘʪʢʦʚʦ ʢʦʤʧʣʝʢʩʥʦʾ ʦʙʣʘʩʪʽ. ʄʝʪʦʜ ʧʨʦʩʪʠʡ ʪʘ ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʟʘʚʜʷʢʠ 

ʚʠʢʦʨʠʩʪʘʥʥʶ ʨʦʟʨʦʙʣʝʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʾ ʧʦʣʽʥʦʤʽʘʣʴʥʦʾ ʬʫʥʢʮʽʾ ʚ 

ʧʨʦʮʝʜʫʨʘʭ ʈʝʣʝʷïʈʽʪʮʘ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʘʶʪʴ ʤʘʣʫ ʨʦʟʙʽʞʥʽʩʪʴ ʚ 

ʧʦʨʽʚʥʷʥʥ ̔ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʪʨʠʤʘʥʠʤʠ ʽʥʰʠʤʠ ʘʚʪʦʨʘʤʠ. 

ʋ [78] ʨʦʟʰʠʨʝʥʦ ʤʝʪʦʜ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʬʦʨʤ ʜʣʷ ʘʥʘʣʟ̔ʫ ʚʣʘʩʥʠʭ 

ʢʦʣʠʚʘʥʴ ʧʣʘʩʪʠʥ ʟ ʦʪʚʦʨʘʤʠ. ʊʝʦʨʽʷ ʄʽʥʜʣʽʥʘ ʧʨʠʡʥʷʪʘ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʣʘʩʪʠʥ, ʥʘʷʚʥʽʩʪʴ ʦʪʚʦʨʽʚ ʚʨʘʭʦʚʫʻʪʴʩʷ ʰʣʷʭʦʤ ʚʽʜʥʽʤʘʥʥʷ ʧʦʪʝʥʮʽʘʣʥɹʦʾ 

ʪʘ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʡ̔ ʚʽʜ ʚʽʜʧʦʚʽʜʥʠʭ ʝʥʝʨʛʽʡ ʧʣʘʩʪʠʥʠ. ʆʪʨʠʤʘʥʽ 

ʨʝʟʫʣɹʪʘʪʠ ʧʦʨʽʚʥʶʶʪʴʩʷ ʟ ʨʦʟʨʘʭʫʥʢʘʤʠ ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʚ̔. 

ʋ ʨʦʙʦʪʽ [79] ʦʪʨʠʤʘʥʦ ʚʣʘʩʥʽ ʯʘʩʪʦʪʠ ʢʽʣʴʮʝʧʦʜʽʙʥʠʭ ʙʘʛʘʪʦʢʫʪʥʠʭ 

ʧʣʘʩʪʠʥ, ʢʽʣʴʮʝʧʦʜʽʙʥʠʭ ʝʣʽʧʪʠʯʥʠʭ ʧʣʘʩʪʠʥ, ʧʨʷʤʦʢʫʪʥʠʭ ʧʣʘʩʪʠʥ ʟ 

ʝʣʽʧʪʠʯʥʠʤ ʦʪʚʦʨʦʤ ʪʘ ʢʨʫʛʣʠʭ ʧʣʘʩʪʠʥ ʟ ʝʣʽʧʪʠʯʥʠʤ ʦʪʚʦʨʦʤ ʤʝʪʦʜʦʤ, 

ʷʢʠʡ ʨʦʟʨʦʙʣʝʥʠʡ ʘʚʪʦʨʦʤ ʫ [80]. ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʨʝʟʫʣʪɹʘʪʽʚ ʜʝʷʢʠʭ 

ʨʦʟʛʣʷʥʫʪʠʭ ʚʠʧʘʜʢʽʚ ʙʫʣʠ ʧʨʦʚʝʜʝʥ ̔ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ. 

ɿ ʦʛʣʷʜʫ ʣʽʪʝʨʘʪʫʨʠ, ʱʦ ʥʘʚʝʜʝʥʠʡ ʚʠʱʝ, ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ, ʱʦ ʚ 

ʩʚʽʪʦʚʽʡ ʥʘʫʢʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ ʰʠʨʦʢʦ ʚʠʚʯʝʥʘ ʜʠʥʘʤʽʢʘ ʮʠʣʥ̔ʜʨʠʯʥʠʭ 

ʦʙʦʣʦʥʦʢ ʟ ʢʨʫʛʦʚʠʤ ʧʦʧʝʨʝʯʥʠʤ ʧʝʨʝʨʽʟʦʤ, ʥʘ ʨʜ̫ʫ ʟ ʮʠʤ ʟʘʜʘʯʘ ʜʠʥʘʤʽʢʠ 

ʮʠʣ̔ ʥʜʨʠʯʥʠʭ ʦʙʦʣʦʥʦʢ ʟ ʥʝʢʨʫʛʦʚʠʤ ʧʦʧʝʨʝʯʥʠʤ ʧʝʨʝʨʽʟʦʤ ʧʨʠʜʽʣʝʥʦ 

ʥʝʜʦʩʪʘʪʥʴʦ ʫʚʘʛʠ. ʑʝ ʤʝʥʰʝ ʚʠʚʯʝʥʽ ʢʦʣʠʚʘʥʥʷ ʦʙʦʣʦʥʦʢ ʚʢʘʟʘʥʦʛʦ ʢʣʘʩʫ 

ʟʤʽʥʥʦʾ ʪʦʚʱʠʥʠ. ɺ ʙʘʛʘʪʴʦʭ ʨʦʙʦʪʘʭ ʚʽʜʤʽʯʝʥʦ ʧʨʦ ʩʢʣʘʜʥʽʩʪʴ ʚʠʚʯʝʥʥʷ 

ʢʦʣʠʚʘʥʴ ʪʘʢʠʭ ʦʙʦʣʦʥʦʢ, ʷʢʘ ʧʦʚô̫ʟʘʥʘ ʟ ʪʨʫʜʥʦʱʘʤʠ ʨʝʘʣʽʟʘʮʽʾ 
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ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ ʚ ʨʝʟʫʣʴʪʘʪʽ ʟʤʽʥʥʦʾ ʛʝʦʤʝʪʨʽ ʾʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ 

ʦʙʦʣʦʥʢʠ. ɿʘʜʘʯʽ ʜʠʥʘʤʽʢʠ ʮʠʣʽʥʜʨʠʯʥʠʭ ʦʙʦʣʦʥʦʢ ʟʤʽʥʥʦʾ ʢʨʠʚʠʟʥʠ 

ʨʦʟʚôʷʟʫʶʪʴʩʷ ʨʽʟʥʠʤʠ ʘʥʘʣʽʪʠʯʥʠʤʠ ʪʘ ʯʠʩʝʣʴʥʠʤʠ ʤʝʪʦʜʘʤʠ [81-85]. 

ɿʘʜʘʯʽ ʜʠʥʘʤʽʢʠ ʮʠʣʽʥʜʨʠʯʥʠʭ ʦʙʦʣʦʥʦʢ ʟ ʝʣʽʧʪʠʯʥʠʤ ʧʦʧʝʨʝʯʥʠʤ 

ʧʝʨʝʨʽʟʦʤ ʚʠʢʣʠʢʘʁʪʴ ʦʩʦʙʣʠʚʠʡ ʽʥʪʝʨʝʩ ʩʝʨʝʜ ʥʘʫʢʦʚʮʽʚ. ʋ [86] 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʝʪʦʜ ʨʦʟʚô̫ ʟʘʥʥʷ ʟʘʜʘʯ ʣʽʥʽʡʥʦʾ ʜʠʥʘʤʽʢʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʘʩʠʤʧʪʦʪʠʯʥʦʛʦ ʤʝʪʦʜʫ. ɸʩʠʤʧʪʦʪʠʯʥʽ ʤʝʪʦʜʠ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʧʨʦʪʷʛʦʤ ʙʘʛʘʪʴʦʭ ʜʝʩʷʪʠʣʽʪʴ, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʜʦʩʣʽʜʞʝʥʥ ̫ ʜʠʥʘʤʽʢʠ 

ʧʦʧʝʨʝʯʥʦ ʽʟʦʪʨʦʧʥʦʛʦ ʧʦʨʦʞʥʠʩʪʦʛʦ ʮʠʣʽʜʨʘ [87] ʘʙʦ ʮʠʣʽʥʜʨʠʯʥʠʭ 

ʦʙʦʣʦʥʦʢ ʟ ʦʚʘʣʴʥʠʤ ʧʦʧʝʨʝʯʥʠʤ ʧʝʨʝʨ̔ʟʦʤ [88]. ʋ [89] ʜʣʷ ʨʦʟʚô̫ʟʫʚʘʥʥ̫ 

ʘʥʘʣʦʛʽʯʥʦʾ ʟʘʜʘʯʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʘʨʽʘʮʽʡʥʠʡ ʤʝʪʦʜ. ʇʨʝʜʩʪʘʚʣʝʥʦ 

ʧʨʦʮʝʜʫʨʫ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʪʘ ʥʘʚʝʜʝʥʦ ʯʠʩʝʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʣʷ ʚʽʣʴʥʠʭ 

ʢʦʣʠʚʘʥʴ ʦʚʘʣʴʥʠʭ ʮʠʣʽʥʜʨʽʚ ʟ ʚʽʣʴʥʦʶ ʦʧʦʨʦʶ ʙʝʟ ʧʦʯʘʪʢʦʚʦʛʦ 

ʥʘʧʨʫʞʝʥʥ̫. ʇʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʚ̔ ʜʣ̫ ʦʙʦʣʦʥʦʢ ʟ 

ʨʟ̔ʥʠʤ ʧʦʧʝʨʝʯʥʠʤ ʧʝʨʝʨʽʟʦʤ. 

ʋ ʨʦʙʦʪʽ [90] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʘʙʣʠʞʝʥʠʡ ʤʝʪʦʜ ʤʘʪʨʠʮʽ ʧʝʨʝʥʦʩʫ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥ ̫ʚʠʤʫʰʝʥʠʭ ʢʦʣʠʚʘʥ ɹʮʠʣʽʥʜʨʠʯʥʠʭ ʧʘʥʝʣʝʡ ʟʤʽʥʥʦʾ ʢʨʠʚʠʟʥʠ. 

ʊʦʯʥʝ ʨʽʰʝʥʥʷ ʜʣʷ ʤʘʪʨʠʮʽ ʧʝʨʝʥʦʩʫ ʧʘʥʝʣʽ ʟ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʶ ʢʨʠʚʠʟʥʦʶ 

ʦʪʨʠʤʫ ʪʁʴ ʰʣʷʭʦʤ ʪʦʯʥʦʛʦ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʜʠʬʝʨʝʥʮ̔ʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʨʫʭʫ 

ʦʙʦʣʦʥʢʠ ʟ̔ ʟʤʽʥʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʤʝʪʦʜʦʤ ʧʝʨʝʪʚʦʨʝʥɹ ʃʘʧʣʘʩʘ ï 

ʨʽʟʥʠʮʝʚʠʭ ʨʽʚʥʷʥʴ. ʋ [91] ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʮʠʣʽʥʜʨʠʯʥʦʾ 

ʦʙʦʣʦʥʢʠ ʟ ʥʝʢʨʫʛʦʚʠʤ ʧʦʧʝʨʝʯʥʠʤ ʧʝʨʝʨʽʟʦʤ ʽ ʟʤʽʥʥʦʶ ʪʦʚʱʠʥʦʶ 

ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜ ʤʘʪʨʠʮʽ ʧʝʨʝʥʦʩʫ ʨʘʟʦʤ ʽʟ ʤʦʜʝʣʣʶ ʪʝʦʨʽʾ ʦʙʦʣʦʥʦʢ 

ʌʣʶʛʛʝ. ʋ ʩʚʦʶ ʯʝʨʛʫ, ʫ [92] ʮʠʤ ʩʘʤʠʤ ʧʽʜʭʦʜʦʤ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʢʦʣʠʚʘʥʥʷ 

ʦʚʘʣʴʥʦʾ ʮʠʣʽʥʜʨʠʯʥʦʾ ʦʙʦʣʦʥʢʠ ʟʽ ʟʤʽʥʥʦʶ ʪʦʚʱʠʥʦʶ. 

ʎʠʣʽʥʜʨʠʯʥʽ ʦʙʦʣʦʥʢʠ ʨʽʟʥʠʭ ʧʦʧʝʨʝʯʥʠʭ ʧʝʨʝʨʽʟʽʚ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ 

ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʨʝʟʝʨʚʫʘʨʠ ʟʘʧʦʚʥʝʥʥʽ ʨʽʜʠʥʦʶ, ʪʦʤʫ ʨʦʟʨʦʙʢʘ 

ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʪʘʢʠʭ ʦʙʦʣʦʥʦʢ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʚʧʣʠʚʫ ʟʘʧʦʚʥʝʥʦʾ ʨʽʜʠʥʠ ʻ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ [93-96]. 

ʋ [97] ʤʝʪʦʜʦʤ ʩʧʣʘʡʥ-ʢʦʣʦʢʘʮʽʾ ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʚʽʣɹʥ̔ ʢʦʣʠʚʘʥʥʷ 
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ʪʦʥʢʠʭ ʮʠʣʽʥʜʨʠʯʥʠʭ ʦʙʦʣʦʥʦʢ ʟ ʝʣʽʧʪʠʯʥʠʤ ʧʦʧʝʨʝʯʥʠʤ ʧʝʨʝʨʽʟʦʤ ʩʪʘʣʦʾ 

ʪʦʚʠɦʥʠ ʟ ̔ʟʦʪʨʦʧʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɺʩʪʘʥʦʚʣʝʥʦ ʟʤʝʥʰʝʥʥʷ ʯʘʩʪʦʪʠ ʚʽʣʴʥʠʭ 

ʢʦʣʠʚʘʥʴ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʫ ʝʣ̔ʧʩʫ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʟ̔ʫ 

ʦʙʦʣʦʥʢʠ. ʋ [98, 99] ʧʨʦʚʝʜʝʥʦ ʜʦʩʣ̔ʜʞʝʥʥʷ ʩʢʣʘʜʥʦʾ ʟʘʜʘʯʽ ʜʠʥʘʤʽʢʠ 

ʪʦʚʩʪʦʩʪʽʥʥʠʭ ʦʨʪʦʪʨʦʧʥʠʭ ʥʝʦʜʥʦʨʽʜʥʠʭ ʮʠʣʽʥʜʨʽʚ. 

ʋ [100] ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʧʣʦʩʢ̔ ʭʚʠʣ ̔ ʪʠʧʫ ʈʝʣʝʷ ʚ ʟʘʤʢʥʫʪʽʡ 

ʥʘʧʽʚʥʝʩʢʽʥʯʝʥʥʽʡ ʮʠʣʽʥʜʨʠʯʥʽʡ ʦʙʦʣʦʥʮʽ ʟ ʥʝʢʨʫʛʦʚʠʤ ʧʦʧʝʨʝʯʥʠʤ 

ʧʝʨʝʨʽʟʦʤ, ʷʢʽ ʟʘʪʫʭʘʶʪʴ ʚʽʜ ʚʽʣʴʥʦʛʦ ʪʦʨʮʷ ʚʟʜʦʚʞ ʪʚʽʨʥʦʾ. 

ʋ ʩʪʘʪʪʽ [101] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʽʜʭʽʜ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪ ʽ ʬʦʨʤ 

ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʟôʻʜʥʘʥʠʭ ʩʠʩʪʝʤ ʟ ʦʙʦʣʦʥʦʢ ʦʙʝʨʪʘʥʥʷ ʨʽʟʥʦʾ ʛʝʦʤʝʪʨʽʾ ʽ 

ʚʽʜʥʦʩʥʦʾ ʪʦʚʱʠʥʠ, ʧʽʜʭʽʜ ʚʢʣʶʯʘʻ ʧʦʙʫʜʦʚʫ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʢʦʣʠʚʘʥʴ 

ʥʘ ʦʩʥʦʚʽ ʢʣʘʩʠʯʥʦʾ ʪʝʦʨʽʾ ʂʽʨʭʛʦʬʘïʃ̫ ʚʘ, ʫʪʦʯʥʝʥʦʾ ʪʝʦʨʽʾ ʪʠʧʫ 

ʊʠʤʦʰʝʥʢʘ, ʧʨʦʩʪʦʨʦʚʦʾ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ ʽ ʯʠʩʝʣʴʥʦ-ʘʥʘʣʽʪʠʯʥʫ ʤʝʪʦʜʠʢʫ 

ʨʦʟʚôʷʟʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʜʚʦʚʠʤʽʨʥʠʭ (ʪʨʠʚʠʤʽʨʥʠʭ) ʟʘʜʘʯ ʥʘ ʦʩʥʦʚʽ 

ʟʥʠʞʝʥʥʷ ʾʭ ʨʦʟʤʽʨʥʦʩʪʽ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ ʧʦʩʣʽʜʦʚʥʠʭ ʥʘʙʣʠʞʝʥʴ ʽ 

ʧʦʢʨʦʢʦʚʦʛʦ ʧʦʰʫʢʫ ʚ ʧʦʻʜʥʘʥʥʽ ʟ ʤʝʪʦʜʦʤ ʦʨʪʦʛʦʥʘʣʴʥʦʾ ʧʨʦʛʦʥʢʠ. ʋ 

[102] ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʧʝʨʝʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʩʧʝʢʪʨ ʯʘʩʪʦʪ 

ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʥʝʦʜʥʦʨʽʜʥʠʭ ʦʙʦʣʦʥʦʢ ʦʙʝʨʪʘʥʥʷ. 

ʋ ʨʦʙʦʪʘʭ [103, 104] ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʫ ʩʧʣʘʡʥ-ʢʦʣʣʦʢʘʮʽʾ ʜʦʩʣʽʜʞʝʥʦ 

ʨʝʟʦʥʘʥʩʥʽ ʯʘʩʪʦʪʠ ʥʝʢʨʫʛʦʚʠʭ ʮʠʣʽʥʜʨʠʯʥʠʭ ʦʙʦʣʦʥʦʢ ʟ ʛʦʬʨʦʚʘʥʠʤ 

ʧʦʧʝʨʝʯʥʠʤ ʧʝʨʝʨʽʟʦʤ. 

ʋ [105] ʜʦʩʣʽʜʞʝʥʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ̔ʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʝʣʽʧʪʠʯʥʦʾ 

ʮʠʣʽʥʜʨʠʯʥʦʾ ʦʙʦʣʦʥʢʠ ʟʽ ʩʢʽʥʯʝʥʥʠʤʠ ʢʽʣʴʮʝʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʞʦʨʩʪʢʦʩʪʽ. 

ʈʽʚʥʷʥʥ̫ ʢʦʣʠʚʘʥʴ ʦʙʦʣʦʥʢʠ ʚʠʚʝʜʝʥʽ ʥʘ ʦʩʥʦʚʽ ʪʝʦʨʽʾ ʦʙʦʣʦʥʦʢ ʌʣʶʛʛʝ, ʘ 

ʚʧʣʠʚ ʢʽʣʴʮʝʚʠʭ ʨʝʙʝʨ ʞʦʨʩʪʢʦʩʪʽ ʦʮʽʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʦʨʽʾ 

çʨʦʟʤʠʪʠʭè ʨʝʙʝʨ ʞʦʨʩʪʢʦʩʪʽ, ʟʘ ʷʢʦʶ ʚʣʘʩʪʠʚʦʩʪʽ ʨʝʙʝʨ ʞʦʨʩʪʢʦʩʪʽ 

ʫʩʝʨʝʜʥʶʶʪʴʩʷ ʧʦ ʧʦʚʝʨʭʥʽ ʦʙʦʣʦʥʢʠ. 

ɺʠʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʧʣʘʩʪʠʥ ʽ ʦʙʦʣʦʥʦʢ ʩʢʣʘʜʥʦʾ 

ʛʝʦʤʝʪʨʽʾ ʟ ʨ̔ ʟʥʠʤʠ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʥʝʦʜʥʦʨʜ̔ʥʦʩʪʷʤʠ ʻ ʜʦʩʠʪʴ ʩʢʣʘʜʥʦʶ 

ʟʘʜʘʯʝʶ ʽ ʥʝ ʧʽʜʣʷʛʘʻ ʪʦʯʥʦʤʫ ʨʦʟʚôʷʟʘʥʥʶ, ʪʦʤʫ ʥʝʦʙʭʽʜʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ 
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ʨ̔ʟʥ ̔ʯʠʩʝʣʥɹʽ ʤʝʪʦʜʽʚ, ʥʘʧʨʠʢʣʘʜ, ʤʝʪʦʜ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʄʉɽ) ʘʙʦ 

ʤʝʪʦʜ ʩʢʽʥʯʝʥʠʭ ʨʽʟʥʠʮʴ (ʄʉʈ). ʄʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥ ̫ ʯʠʩʝʣʴʥʠʭ 

ʤʝʪʦʜʽʚ ʜʣʷ ʨʦʟʚô̫ʟʘʥʥʷ ʟʘʜʘʯ ʜʠʥʘʤʽʢʠ ʧʣʘʩʪʠʥ ʽ ʦʙʦʣʦʥʦʢ ʨʦʟʛʣʷʥʫʪʦ ʫ 

ʨʦʙʦʪʘʭ [106-109]. 

ʄʝʪʦʜʠ ʯʠʩʝʣʴʥʦʛʦ ʽʥʪʝʛʨʫʚʘʥʥʷ ʘʢʪʠʚʥʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʨʠ ʨʦʟʚôʷʟʘʥʥʽ 

ʟʘʜʘʯ ʪʝʦʨʽʾ ʦʙʦʣʦʥʦʢ ʦʙʝʨʪʘʥʥʷ [110-119]. ʋ [120] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʽʜʭʽʜ ʜʦ 

ʯʠʩʝʣʴʥʦʛʦ ʽʥʪʝʛʨʫʚʘʥʥʷ ʨʽʚʥʷʥʴ ʫ ʨʘʤʢʘʭ ʪʝʦʨʽʾ ʦʙʦʣʦʥʦʢ, ʧʦʙʫʜʦʚʘʥʠʡ ʥʘ 

ʛʽʧʦʪʝʟʘʭ ʉ.ʇ. ʊʠʤʦʰʝʥʢʘ, ʜʣʷ ʘʥʘʣʽʟʫ ʜʠʥʘʤʽʢʠ ʦʙʦʣʦʥʦʢ. ʋ ʨʘʤʢʘʭ ʤʦʜʝʣʝʡ 

ʦʙʦʣʦʥʦʢ ʪʠʧʫ ʊʠʤʦʰʝʥʢʘ ʪʘ ʂʽʨʭʛʦʬʘïʃʷʚʘ ʥʘʚʝʜʝʥʦ ʧʦʩʪʘʥʦʚʢʫ ʣʽʥʽʡʥʠʭ ʪʘ 

ʬʽʟʠʯʥʦ ʥʝʣʽʥʽʡʥʠʭ ʟʘʜʘʯ ʩʪʘʪʠʢʠ ʜʣʷ ʜʦʚʛʠʭ ʮʠʣʥ̔ʜʨʠʯʥʠʭ ʦʙʦʣʦʥʦʢ [121]. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʜʠʩʢʨʝʪʥʦʾ ʦʨʪʦʛʦʥʘʣʽʟʘʮʽʾ ʤʦʞʥʘ ʟʜʽʡʩʥʶʚʘʪʠ 

ʩʪʽʡʢʫ ʦʙʯʠʩʣʶʚʘʣʴʥʫ ʧʨʦʮʝʜʫʨʫ ʟʘ ʨʘʭʫʥʦʢ ʦʨʪʦʥʦʨʤʫʚʘʥʥʷ ʚʝʢʪʦʨʽʚ-

ʨʦʟʚôʷʟʢʚ̔ ʟʘʜʘʯ ʂʦʰʽ ʽʟ ʩʢʥ̔ʯʝʥʥʦʶ ʢʽʣʴʢʽʩʪʶ ʪʦʯʦʢ ʽʥʪʝʨʚʘʣʫ ʟʤʽʥʠ 

ʘʨʛʫʤʝʥʪʫ. ʋ ʨʦʙʦʪʘʭ ʗ.ʄ. ɻʨʠʛʦʨʝʥʢʦ [111, 122, 123] ʚʜʦʩʢʦʥʘʣʝʥʦ ʪʘ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʫʥʽʚʝʨʩʘʣʴʥʦʤʫ ʚʠʛʣʷʜ ̔ʤʝʪʦʜ ʜʠʩʢʨʝʪʥʦʾ ʦʨʪʦʛʦʥʘʣʽʟʘʮʽʾ. 

ɼʘʥʠʡ ʤʝʪʦʜ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʦ ʰʠʨʦʢʦʛʦ ʢʣʘʩʫ ʟʘʜʘʯ ʙʫʜʽʚʝʣʴʥʦʾ ʤʝʭʘʥʢ̔ʠ. 

ʋ [124-128] ʆ.ʗ. ɻʨʠʛʦʨʝʥʢʦ ʤʝʪʦʜʦʤ ʩʧʣʘʡʥ-ʢʦʣʦʢʘʮʽʾ ʨʦʟʛʣʷʜʘʻ ʟʘʜʘʯ̔ 

ʜʠʥʘʤ̔ʢʠ ʨʽʟʥʠʭ ʦʙʦʣʦʥʦʢ. 

ʄʝʪʦʜʠ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʘ ʪʘʢʦʞ ʤʝʪʦʜ ʩʢʽʥʯʝʥʥʠʭ ʨʽʟʥʠʮʴ 

ʦʩʥʦʚʘʥʽ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥ ̔ ʧʨʠʥʮʠʧʫ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʨʝʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ. 

ɺʦʥʠ ʜʦʟʚʦʣʷʶʪʴ ʨʦʟʚô̫ ʟʫʚʘʪʠ ʚʝʣʠʢʠʡ ʢʣʘʩ ʟʘʜʘʯ, ʪʦʯʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ 

ʷʢʠʭ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʦʟʤʽʨʫ  ̔ ʪʠʧʫ ʝʣʝʤʝʥʪʘ, ʷʢʠʤʠ ʧʨʦʚʦʜʠʪʩɹ ̫ʨʦʟʙʠʪʪʷ 

ʦʙôʻʢʪʘ, ʪʘ ʚʠʙʦʨʫ ʘʧʨʦʢʩʠʤʫʶʯʠʭ ʬʫʥʢʮʽʡ. ʇʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʮʠʭ ʤʝʪʦʜʽʚ 

ʜʣʷ ʦʙʯʠʩʣʝʥʥ ̫ ʯʘʩʪʦʪ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʥʝʦʙʭʽʜʥʦ ʨʦʟʚôʷʟʘʪʠ ʩʠʩʪʝʤʫ 

ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ ʚʠʩʦʢʠʭ ʧʦʨʷʜʢʽʚ, ʘ ʮʝ ʚ ʩʚʦʶ ʯʝʨʛʫ ʩʪʘʻ ʩʢʣʘʜʥʦʶ 

ʟʘʜʘʯʝʁ, ʷʢʫ ʚʘʞʢʦ ʨʦʟʚôʷʟʘʪʠ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʥʥʦ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʤʘʰʠʥ. 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʚʣʘʩʥʠʭ ʯʘʩʪʦʪ ʧʣʘʩʪʠʥ ʪʘ ʦʙʦʣʦʥʦʢ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ʨʽʟʥʦʤʘʥʽʪʥʽ ʤʦʜʠʬʽʢʘʮʽʾ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ ʨʽʟʥʠʮʴ, ʟʦʢʨʝʤʘ: ʢʦʤʧʘʢʪʥʽ ʩʭʝʤʠ 

ʥʘ ʦʩʥʦʚʽ POD-CDS ï ʮʝ ʩʭʝʤʘ ʢʦʤʧʘʢʪʥʠʭ ʨʽʟʥʠʮʝʚʠʭ ʦʨʪʦʛʦʥʘʣʴʥʠʭ ʨʦʟʢʣʘʜʽʚ 
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[129]; ʢʦʤʧʘʢʪʥʽ ʩʭʝʤʠ ʜʣʷ ʥʝʨʽʚʥʦʤʽʨʥʠʭ ʩʽʪʦʢ [130]; ʩʭʝʤʠ ʥʘ ʛʝʢʩʘʛʦʥʘʣʴʥʽʡ 

ʩʽʪʮʽ [131]; ʘ ʪʘʢʦʞ ʩʭʝʤʠ IV-FD, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʧʣʘʩʪʠʥʠ ʟʽ ʩʪʫʧʽʥʯʘʩʪʦʶ 

ʪʦʚʱʠʥʦʶ [132] ʘʙʦ ʜʣʷ ʰʘʨʫʚʘʪʦʾ ʢʦʤʧʦʟʠʪʥʦʾ ʧʣʘʩʪʠʥʠ [133]. 

ɯʩʥʫʶʪ ɹʡ ̔ʥʰʠʡ ʚʘʨʽʘʥʪ ʢʦʥʩʝʨʚʘʪʠʚʥʠʭ ʨʽʟʥʠʮʝʚʠʭ ʩʭʝʤ, ʥʘʧʨʠʢʣʘʜ, 

ʤʝʪʦʜ ʤʥʦʞʥʠʢʽʚ ʜʦʟʚʦʣʷʻ ʙʫʜʫʚʘʪʠ ʩʭʝʤʠ, ʱʦ ʪʦʯʥʦ ʟʙʝʨʽʛʘʶʪʴ ʜʠʩʢʨʝʪʥʽ 

ʟʘʢʦʥʠ ʟʙʝʨʝʞʝʥʥʷ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʚʘʨʽʘʮʽʡʥʦʾ ʩʪʨʫʢʪʫʨʠ ʩʠʩʪʝʤʠ [134]; ʽʥʰʠʡ 

ʧʽʜʭʽʜ ʚʠʢʦʨʠʩʪʦʚʫʻ ʢʦʤʙʽʥʘʮʽʶ ʈʫʥʛʝ ï ʂʫʪʪʘ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʽʥʪʝʛʨʘʣʽʚ ʨʫʭʫ 

[135]; ʩʭʝʤʠ SBP ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʪʘʙʽʣʴʥʝ ʧʦʚʦʜʞʝʥʥʷ ʪʘ ʢʦʥʩʝʨʚʘʪʠʚʥʽʩʪʴ ʧʨʠ 

ʩʢʣʘʜʥʠʭ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚʘʭ [136]; ʫ ʜʠʥʘʤʽʮʽ ʧʣʘʩʪʠʥ ʦʩʥʦʚʥʘ ʫʚʘʛʘ 

ʧʨʠʜʽʣʷʻʪʴʩʷ ʯʠʩʣʦʚʽʡ ʩʪʽʡʢʦʩʪʽ ʯʠʩʣʦʚʠʭ ʤʝʪʦʜʽʚ ʜʣʷ ʩʠʩʪʝʤʠ ʬʦʥ ʂʘʨʤʘʥʘ 

ʟʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʁ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʤʝʪʦʜʽʚ [137] ʪʘ ʽʥʰʽ [138-141]. 

ʇʨʠ ʧʨʫʞʥʦ-ʧʣʘʩʪʠʯʥʽʡ ʧʦʩʪʘʥʦʚʮʽ ʪʘ ʛʝʦʤʝʪʨʠʯʥʽʡ ʥʝʣʽʥʽʡʥʦʩʪʽ 

ʨʦʟʚôʷʟʘʥʦ ʢʣʘʩ ʟʘʜʘʯ ʜʠʥʘʤʽʢʠ ʦʙʦʣʦʥʦʢ ʟʘʛʘʣʴʥʦʛʦ ʚʠʛʣʷʜʫ [142], ʟʦʢʨʝʤʘ: 

ʢʦʤʧʣʝʢʩʥʘ ʤʦʜʝʣʴ ʪʦʥʢʠʭ ʥʝʦʜʥʦʨʽʜʥʠʭ ʦʙʦʣʦʥʦʢ ʟʽ ʟʤʽʥʥʦʶ ʪʦʚʱʠʥʦʶ 

ʚʨʘʭʦʚʫʻ ʪʝʧʣʦʤʝʭʘʥʽʯʥʽ ʡ ʛʝʦʤʝʪʨʠʯʥʽ ʥʝʣʽʥʽʡʥʦʩʪʽ [143]; ʥʝʣʽʥʽʡʥʠʡ 

ʜʠʥʘʤʽʯʥʠʡ ʘʥʘʣʽʟ ʦʙʦʣʦʥʦʢ ʽʟ ʞʦʨʩʪʢʠʤ ʧʦʢʨʠʪʪʷʤ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʥʝʣʽʥʽʡʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ [144] ʪʘ ʽʥʰʽ [145-147]. 

ʋ ʩʪʘʪʪʽ [148] ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʦʟʨʦʙʢʫ ʤʦʜʝʣʽ ʜʠʥʘʤʽʢʠ ʧʨʫʞʥʠʭ 

ʦʜʥʦʨʽʜʥʠʭ ʦʙʦʣʦʥʦʢ ʧʦʤʽʨʥʦʾ ʪʦʚʱʠʥʠ. ʄʦʜʝʣʴ ʦʪʨʠʤʘʥʘ ʰʣʷʭʦʤ ʘʜʘʧʪʘʮʽʾ 

ʪʘ ʤʦʜʠʬʽʢʘʮʽʾ ʤʦʜʝʣʽ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʦʜʥʦʨʽʜʥʠʭ ʦʙʦʣʦʥʦʢ, ʨʦʟʨʦʙʣʝʥʦʾ 

ʫ [149] ʜʣʷ ʩʪʘʪʠʯʥʠʭ ʟʘʜʘʯ. ʋ ʜʠʥʘʤʽʯʥʽʡ ʚʝʨʩʽʾ SAM-H ʧʝʨʝʤʽʱʝʥʥʷ ʪʘ 

ʥʘʧʨʫʞʝʥʥʷ ʘʧʨʦʢʩʠʤʫʶʪʴʩʷ ʧʦʣʽʥʦʤʘʤʠ ʢʦʦʨʜʠʥʘʪʠ, ʷʢʘ ʥʝ ʥʘʣʝʞʠʪʴ 

ʧʣʦʱʠʥ.̔ ʅʘʙʣʠʞʝʥʥʷ ʥʘʧʨʫʞʝʥʴ ʟʙʽʛʘʻʪʴʩʷ ʟʽ ʩʪʘʪʠʯʥʦʶ ʚʝʨʩʽʻʶ SAM-H, 

ʷʢʱʦ ʥʝʭʪʫʚʘʪʠ ʜʠʥʘʤʽʯʥʠʤʠ ʝʬʝʢʪʘʤʠ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʄʉɽ ʜʣʷ ʘʥʘʣʽʟʫ ʢʦʣʠʚʘʥʴ ʧʣʘʩʪʠʥ ʽ ʦʙʦʣʦʥʦʢ ʧʦʪʨʝʙʫʻ 

ʧʦʪʫʞʥʠʭ ɽʆʄ, ʦʩʢʽʣʴʢʠ ʤʝʪʦʜ ʟʚʦʜʠʪɹʩʷ ʜʦ ʨʦʟʨʘʭʫʥʢʫ ʚʝʣʠʢʠʭ ʤʘʪʨʠʮʴ. 

ʅʘʡʯʘʩʪʽʰʝ ʨʦʟʤʽʨ ʤʘʪʨʠʮʽ ʟʤʝʥ ʫhʶʪʴ ʟʘ ʨʘʭʫʥʦʢ ʥʝʭʪʫʚʘʥʥʷ ʜʝʷʢʠʭ 

ʧʝʨʝʤʽʱʝʥʴ, ʰʣʷʭʦʤ ʤʽʥʽʤʽʟʘʮʽʾ ʝʥʝʨʛʽʾ ʜʝʬʦʨʤʘʮʽʾ. ʎʝʡ ʧʽʜʭʽʜ ʚʠʤʘʛʘʻ 

ʧʨʘʚʠʣʴʥʦʛʦ ʚʠʙʦʨʫ ʥʝʦʙʭʽʜʥʠʭ ʧʝʨʝʤʽʱʝʥʴ ʽ ʧʝʨʝʜʙʘʯʘʻ ʜʦʜʘʪʢʦʚʽ 

ʥʘʙʣʠʞʝʥʥʷ ʪʘ ʚʪʨʘʪʫ ʪʦʯʥʦʩʪʽ. 
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ʆʩʥʦʚʥʽ ʧʨʠʥʮʠʧʠ ʟʘʩʪʦʩʫʚʘʥʥ ̫ʄʉɽ ʜʦ ʟʘʜʘʯ ʜʠʥʘʤʽʢʠ ʧʣʘʩʪʠʥʯʘʪʠʭ 

ʽ ʦʙʦʣʦʥʢʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ [150-156], ʩʘʤ ʤʝʪʦʜ ʧʦʠhʨʝʥʦ ʫ 

ʙʘʛʘʪʴʦʭ ʧʨʘʮʷʭ [157-162]. 

ʋ ʨʦʙʦʪʽ [163] ʨʦʟʨʘʭʦʚʘʥʽ ʄʉɽ ʚʣʘʩʥʽ ʯʘʩʪʦʪʠ ʽʟʦʪʨʦʧʥʦʾ ʪʦʥʢʦʾ 

ʧʣʘʩʪʠʥʠ, ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʶʚʘʣʠ ʟ ʯʘʩʪʦʪʘʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʟ ʪʦʯʥʦʛʦ 

ʨʽʰʝʥʥʷ ʪʠʧʫ ʃʷʚʘ. ʈʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʟʤʽʥʘ ʪʦʚʱʠʥʠ ʧʣʘʩʪʠʥʠ ʥʝ 

ʚʧʣʠʚʘʻ ʥʘ ʯʘʩʪʦʪʥʠʡ ʧʘʨʘʤʝʪʨ. 

ʋ [164] ʨʦʟʨʦʙʣʝʥʦ ʄʉɽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʦʨʽʾ ʟʩʫʚʥʦʾ ʜʝʬʦʨʤʘʮʽʾ 

ʚʠʱʦʛʦ ʧʦʨʷʜʢʫ ʪʘ ʧʨʠʥʮʠʧʫ ɻʘʤʽʣʴʪʦʥʘ ʜʣ̫ ʜʦʩʣʽʜʞʝʥʥʷ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ 

ʪʦʚʩʪʠʭ ʢʚʘʜʨʘʪʥʠʭ ʢʦʤʧʦʟʠʪʥʠʭ ʧʣʘʩʪʠʥ ʽʟ ʮʝʥʪʨʘʣʴʥʠʤ ʧʨʷʤʦʢʫʪʥʠʤ 

ʚʠʨʽʟʦʤ, ʟ ʥʘʷʚʥʽʩʪʶ ʨʦʟʰʘʨʫʚʘʥʥʷ ʥʘʚʢʦʣʦ ʚʠʨʽʟʫ ʪʘ ʙʝʟ ʥʴʦʛʦ. 

ʋ ʩʪʘʪʪʽ [165] ʧʨʝʜʩʪʘʚʣʝʥʦ ʘʥʘʣʽʟ ʢʦʣʠʚʘʥʴ ʧʽʜʩʠʣʝʥʠʭ ʧʣʘʩʪʠʥ ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʷʢ ʪʨʘʜʠʮʽʡʥʠʭ ʤʝʪʦʜʽʚ, ʪʘʢ ʽ ʄʉɽ. ɼʣʷ ʧʦʙʫʜʦʚʠ ʧʣʘʩʪʠʥʠ 

ʪʘ ʨʝʙʝʨ ʞʦʨʩʪʢʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʝʦʨʽʷ ʧʣʘʩʪʠʥ ʄʽʥʜʣʽʥʘ ʪʘ ʙʘʣʢʠ 

ʊʠʤʦʰʝʥʢʘ. ʅʘ ʙʘʛʘʪʴʦʭ ʧʨʠʢʣʘʜʘʭ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʪʦʯʥʦʩʪʽ ʪʘ 

ʟʙʽʞʥʦʩʪʽ ʩʫʧʝʨʝʣʝʤʝʥʪʽʚ. ɼʦʩʣʽʜʞʫʻʪʴʩʷ ʚʧʣʠʚ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʽʣʴʥʠʭ 

ʢʦʣʠʚʘʥʴ ʧʽʜʩʠʣʝʥʠʭ ʧʘʥʝʣʝʡ ʨʽʟʥʠʭ ʧʘʨʘʤʝʪʨ̔ʚ, ʪʘʢʠʭ ʷʢ: ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ 

ʧʣʠʪʠ; ʦʨʽʻʥʪʘʮʽʷ, ʨʦʟʤʽʨʠ ʪʘ ʢʽʣʴʢʽʩʪʴ ʨʝʙʝʨ ʞʦʨʩʪʢʦʩʪʽ. 

ɯʻʨʘʨʭʽʯʥʠʡ ʄʉɽ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʫ ʧʫʙʣʽʢʘʮʽʾ [166] ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʯʘʩʪʦʪ ʽ ʬʦʨʤ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʧʨʷʤʦʢʫʪʥʦʾ ʧʣʘʩʪʠʥʠ. ʈʦʟʛʣʷʜʘʶʪʴʩʷ 

ʜʝʩʷʪʴ ʨʽʟʥʠʭ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ, ʚʢʣʶʯʘʯʁʠ ʚʽʣʴʥʽ ʢʨʘʾ ʪʘ ʪʦʯʢʦʚʽ ʦʧʦʨʠ. ɼʣʷ 

ʢʦʞʥʦʛʦ ʚʠʧʘʜʢʫ ʥʘʚʝʜʝʥʦ ʯʠʩʣʝʥʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʷʢʽ ʤʘʁʪʴ ʭʦʨʦʰʫ ʟʙʽʞʥʽʩʪʴ 

ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʽʥʰʠʭ ʜʦʩʣʽʜʥʠʢʽʚ. 

ʋ [167] ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʦʟʨʘʭʫʥʢʠ ʄʉɽ ʯʘʩʪʦʪ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ 

ʧʣʦʩʢʠʭ ʧʣʘʩʪʠʥ ʜʦʚʽʣʴʥʦʾ ʬʦʨʤʠ, ʧʣʘʩʪʠʥʘ ʨʦʟʛʣʷʜʘʻʪɹʩ̫ ʷʢ ʩʫʢʫʧʥʽʩʪʴ 

ʝʣʝʤʝʥʪʽʚ. ʄʘʪʨʠʮʽ ʞʦʨʩʪʢʦʩʪʽ ʪʘ ʤʘʪʨʠʮʽ ʽʥʝʨʮʽʾ ʦʪʨʠʤʘʥʽ ʜʣʷ 

ʧʨʷʤʦʢʫʪʥʦʛʦ ʽʟʦʪʨʦʧʥʦʛʦ ʧʣʘʩʪʠʥʯʘʩʪʦʛʦ ʝʣʝʤʝʥʪʘ ʦʜʥʘʢʦʚʦʾ ʪʦʚʱʠʥʠ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʚʣʘʩʥʠʭ ʯʘʩʪʦʪ ʢʚʘʜʨʘʪʥʠʭ ʧʣʘʩʪʠʥ ʟ 

ʨʽʟʥʠʤʠ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ. ʇʦʨʽʚʥʷʥʥ ̫ ʯʘʩʪʦʪ ʦʪʨʠʤʘʥʠʭ ʄʉɽ ʟ 

ʚʽʜʦʤʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦʢʘʟʫʻ, ʱʦ ʤʝʪʦʜ ʜʘʻ ʭʦʨʦʰʽ 
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ʨʝʟʫʣʴʪʘʪʠ. 

ʄʝʪʦʜ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʚ̔ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʯʘʩʪʦʪ ʧʣʘʩʪʠʥ ʨʽʟʥʦʾ ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ, ʥʘʧʨʠʢʣʘʜ, 

ʧôʻʟʦʝʣʝʢʪʨʠʯʥʠʭ ʢʦʣʠʚʘʥʴ ʢʚʘʨʮʦʚʠʭ ʧʣʘʩʪʠʥ [168, 169], ʢʦʣʠʚʘʥʴ 

ʢʦʤʧʦʟʠʪʥʠʭ ʧʣʘʩʪʠʥ [170, 171], ʢʦʣʠʚʘʥʴ ʨʦʟʰʘʨʦʚʘʥʠʭ ʢʦʤʧʦʟʠʪʥʠʭ 

ʧʣʘʩʪʠʥ [172, 173], ʢʦʣʠʚʘʥʥʷ ʧʣʘʩʪʠʥ ʟ ʪʨʽʱʠʥʘʤʠ [174, 175]. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʄʉɽ ʜʦ ʨʦʟʨʘʭʫʥʢʫ ʪʦʥʢʦʩʪʽʥʥʠʭ ʦʙʦʣʦʥʢʦʚʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʻ ʦʜʥʠʤ ʟ ʥʘʡʙʣ̔ʴh ʧʝʨʩʧʝʢʪʠʚʥʠʭ. ʄʦʞʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥ ̫

ʄʉɽ ʚ ʟʘʜʘʯʘʭ ʩʪʘʪʠʢʠ ʽ ʜʠʥʘʤʽʢʠ ʦʙʦʣʦʥʢʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ 

ʧʨʘʮʷʭ [176-178]. 

ʋ [179] ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʛʣʷʜ ʧʦʙʫʜʦʚʠ ʩʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʠʭ ʩʽʪʦʢ ʜʣʷ 

ʘʥʘʣʽʟʫ ʦʙʦʣʦʥʢʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ʇʨʝʜʩʪʘʚʣʝʥʦ ʦʩʥʦʚʥʽ ʚʠʤʦʛʠ ʜʦ 

ʦʙʦʣʦʥʢʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘ ʨʦʟʛʣʷʥʫʪʦ ʟʘʛʘʣʴʥʠʡ ʧʽʜʭʽʜ, ʷʢʠʡ ʟʘʩʥʦʚʘʥʠʡ ʥʘ 

ʧʝʨʝʤʽʱʝʥʥʷʭ. ʇʨʦʚʝʜʝʥʦ ʧʦʙʫʜʦʚʠ ʩʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʠʭ ʩʽʪʦʢ ʨʽʟʥʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ ʟʽ ʟʤʽʰʘʥʠʤ ʽʥʪʝʨʧʦʣʶʚʘʥʥʷʤ ʪʝʥʟʦʨʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. 

ʋʟʘʛʘʣʴʥʝʥʦ ʪʝʦʨʝʪʠʯʥʽ ʽ ʯʠʩʝʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʦʪʨʠʤʘʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ 

ʧʣʘʩʪʠʥ ʽ ʦʙʦʣʦʥʦʢ. 

ʋ ʨʦʙʦʪʽ [180] ʟʘʩʪʦʩʦʚʫʶʯʠ ʥʝʪʨʘʜʠʮʽʡʥʫ ʩʭʝʤʫ ʄʉɽ ʪʘ ʚʘʨ̔ʘʮ̔ʡʥʠʡ 

ʧʨʠʥʮʠʧ ɻʘʤʽʣʴʪʦʥʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʨʦʮʝʜʫʨʫ ʦʙʯʠʩʣʝʥʥʷ ʦʩʝʩʠʤʝʪʨʠʯʥʦʾ 

ʜʠʥʘʤʽʢʠ ʦʙʦʣʦʥʦʢ ʙʫʜʴ-ʷʢʦʾ ʛʝʦʤʝʪʨʽʾ. ʋ [181] ʤʦʤʝʥʪʥʦ ʁʩʭʝʤʦ  ʁʄʉɽ 

ʟʜ̔ʡʩʥʁ̒ ʪʴʩ ̫ʜʠʩʢʨʝʪʠʟʘʮʽʷ ʚʘʨʘ̔ʮʽʡʥʦʛʦ ʨʽʚʥʷʥʥʷ. ʗʢ ʨʦʟʚôʷʟʫ ʯʁ ̔ʬʫʥʢʮʽʾ 

ʚʠʢʦʨʠʩʪʘʥʦ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʤʽʱʝʥʴ, ʘʧʨʦʢʩʠʤʘʮʽʷ ʷʢʠʭ ʚ ʤʝʞʘʭ 

ʩʢʽʥʯʝʥʥʦʛʦ ʝʣʝʤʝʥʪʘ ʧʨʦʚʦʜʠʣʠʩ ɹʧʦ ʧʦʣʽʣʽʥʽʡʥʦʤʫ ʟʘʢʦʥʫ. 

ʂʦʣʠʚʘʥʥ ̫ ʪʦʥʢʦʾ ʢʨʫʛʣʦʾ ʮʠʣ̔ ʥʜʨʠʯʥʦʾ  ʦʙʦʣʦʥʢʠ ʽʟ ʟʘʢʨʠʪʪʷʤ 

ʨʦʟʛʣʥ̫ʫʪʦ ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫ [182]. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʧʽʜʪʚʝʨʜʞʝʥʽ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʦʧʫʙʣʽʢʦʚʘʥʠʤʠ ʚ ʣʽʪʝʨʘʪʫʨʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʨʽʟʥʠʭ ʪʝʦʨʽʡ ʦʙʦʣʦʥʦʢ. ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʚʩʪʘʥʦʚʣʝʥʦ ʚʧʣʠʚ 

ʥʘ ʚʣʘʩʥʫ ʯʘʩʪʦʪʫ ʢʦʣʠʚʘʥʴ ʚʽʜʥʦʰʝʥʥʷ ʪʦʚʱʠʥʠ ʟʘʪʚʦʨʘ ʜʦ ʪʦʚɦʠʥʠ ʩʪʽʥʢʠ 

ʦʙʦʣʦʥʢʠ. ɺʣʘʩʥʽ ʟʥʘʯʝʥʥʷ ʦʙʦʣʦʥʢʠ ʚʠʟʥʘʯʘʣʠʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʣʦʯʥʠʭ 

ʤʝʪʦʜʽʚ ʃʘʥʮʦʰʘ ʪʘ ʧ̔ ʜʧʨʦʩʪʦʨʦʚʠʭ ʽʪʝʨʘʮʽʡʥʠʭ ʤʝʪʦʜʽʚ.  
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ʋ ʨʦʙʦʪʽ [183] ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʣʘʡʥʦʚʦʛʦ ʤʝʪʦʜʫ ʩʢʥ̔ʯʝʥʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʦʙʦʣʦʥʦʢ ʦʙʝʨʪʘʥʥ.̫ ʉʧʣʘʡʥ-

ʝʣʝʤʝʥʪ, ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ ʥʘ ʢʣʘʩʠʯʥʽʡ ʪʝʦʨʽʾ ʪʦʥʢʠʭ ʦʙʦʣʦʥʦʢ, ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʥʘʙ̔ʨ ʬʫʥʢʮʽʡ ʬʦʨʤʠ B-ʩʧʣʘʡʥʽʚ ʜʣʷ ʽʥʪʝʨʧʦʣʷʮʽʾ ʛʝʦʤʝʪʨʽʾ, ʘ ʪʘʢʦʞ 

ʧʝʨʝʤʽʱʝʥʴ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʽ ʪʦʯʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʝʣʝʤʝʥʪʘ 

ʧʨʦ̔ ʣʶʩʪʨʦʚʘʥʦ ʧʨʠʢʣʘʜʘʤʠ ʚ ʨʦʙʦʪ̔. 

ʄʉɽ ʯʘʩʪʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʦʙʦʣʦʥʦʢ ʩʢʣʘʜʥʦ ʾ

ʥʝʦʜʥʦʨʽʜʥʦʾ ʢʦʥʩʪʨʫʢʪʠʚʥʦʩʪʽ, ʚ ʪʦʡ ʯʘʩ ʢʦʣʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʣʘʩʠʯʥʠʭ 

ʤʝʪʦʜʽʚ ʻ ʥʝʤʦʞʣʠʚʠʤ. ʅʘʧʨʠʢʣʘʜ, ʄʉɽ ʜʦʩʣʽʜʞʝʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʟôʻʜʥʘʥʦʾ ʩʬʝʨʠʯʥʦ-ʮʠʣʽʥʜʨʠʯʥʦʾ ʦʙʦʣʦʥʢʠ ʟ ʨʟ̔ʥʠʤʠ 

ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ [184], ʜʚʦʭ ʟô̒ ʜʥʘʥʠʭ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʢʦʥʽʯʥʠʭ 

ʦʙʦʣʦʥʦʢ [185], ʙʘʛʘʪʦʰʘʨʦʚʦʾ ʢʦʤʧʦʟʠʪʥʦʾ ʧʦʭʠʣʦʾ ʮʠʣʽʥʜʨʠʯʥʦʾ ʦʙʦʣʦʥʢʠ 

[186], ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʢʦʤʧʦʟʠʪʥʠʭ ʦʙʦʣʦʥʦʢ ʧʦʜʚʽʡʥʦʾ ʢʨʠʚʠʟʥʠ [187], 

ʢʦʤʧʦʟʠʪʥʦʾ ʩʬʝʨʠʯʥʦʾ ʦʙʦʣʦʥʢʠ ʟ ʚʠʨʽʟʦʤ [188], ʢʨʫʛʣʠʭ ʪʦʨʦʾʜʘʣʴʥʠʭ 

ʦʙʦʣʦʥʦʢ ʟ ʤʝʨʝʜʽʘʣʴʥʠʤʠ ʢʽʣʴʮʝʚʠʤʠ ʨʝʙʨʘʤʠ ʞʦʨʩʪʢʦʩʪʽ [189] ʪʘ ʽʥʰ. 

ʄʉɽ ʻ ʫʥʽʚʝʨʩʘʣʴʥʠʤ ʤʝʪʦʜʦʤ, ʷʢʠʡ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʦ ʟʘʜʘʯ 

ʜʠʥʘʤʽʢʠ ʧʣʘʩʪʠʥ ʽ ʦʙʦʣʦʥʦʢ ʜʦʚʽʣʴʥʦʾ ʛʝʦʤʝʪʨʽʾ ʟ ʨʽʟʥʠʤʠ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ 

ʦʩʦʙʣʠʚʦʩʪʷʤʠ: ʚʠʨʽʟʘʤʠ, ʫʩ̔ʯʝʥʥʷʤʠ, ʨʝʙʨʘʤʠ ʞʦʨʩʪʢʦʩʪʽ, ʜʦʜʘʪʢʦʚʠʤʠ 

ʤʘʩʘʤʠ, ʟʤʽʥʥʦʶ ʪʦʚɦʠʥʦʶ, ʙʘʛʘʪʦʰʘʨʦʚʽʩʪʶ; ʟ ʨʽʟʥʠʭ ʽʟʦʪʨʦʧʥʠʭ ʪʘ 

ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʘ ʪʘʢʦʞ ʟ ʨʽʟʥʠʤʠ ʚʘʨʽʘʥʪʘʤʠ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ. ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʩʚʦʻʾ ʫʥʽʚʝʨʩʘʣʴʥʦʩʪʽ ʄʉɽ ʟʘʩʪʦʩʦʚʫ̒ʪʴʩʷ ʚ ʨʦʙʦʪʽ ʙʘʛʘʪʴʦʭ 

ʩʫʯʘʩʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʜʣʷ ʽʥʞʝʥʝʨʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ: FEMAP [190], 

ANSYS [191], ADINA [192], NASTRAN [193], PATRAN [194], ABAQUS [195], 

LS-DYNA [196], CATIA [197], PRO/ENGINEER [198], CoSMoS [199], 

HyperWorks [200], ʄɯʈɽʃɸ+ [201] ʪʘ ʽʥʰʽ. 

ʌʽʟʠʯʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ ʘʙʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ  

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʙʫʜʴ-ʷʢʦʛʦ ʟ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ. 

ʏʠʩʝʣʴʥʠʡ ʘʥʘʣʽʟ ʻ ʣʠʰʝ ʤʦʜʝʣʶʚʘʥʥʷʤ ʨʝʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ. ɺʽʜ ʪʦʯʥʦʩʪʽ 

ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʽ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʧʨʦʙʦʚʘʥʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ 

ʟʘʣʝʞʠʪʴ ʚʽʜʧʦʚʽʜʥʩ̔ʪʴ ʨʝʟʫʣɹʪʘʪʽʚ ʜʽʡʩʥʦʩʪ.̔ ʇʨʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 
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ʜʦʩʣʽʜʞʝʥʥʭ̫ ʚʠʢʦʨʠʩʪʦʚʫʶʪ ɹ ʨʽʟʥʽ ʤʝʪʦʜʠ, ʟ ̫ʢʠʭ ʤʦʞʥʘ ʚʠʜ̔ʣʠʪʠ ʪʨʠ 

ʦʩʥʦʚʥʽ, ʘ ʩʘʤʝ: ʪʝʥʟʦʤʝʪʨʠʯʥʠʡ ʤʝʪʦʜ, ʘʢʫʩʪʠʯʥʠʡ ʤʝʪʦʜ, ʤʝʪʦʜ 

ʛʦʣʦʛʨʘʬʽʯʥʦʾ ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʾ. ʆʛʣʷʜ ʙʘʛʘʪɹ ʦʭ ʨʽʟʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʤʝʪʦʜ̔ʚ ʜʦʩʣʽʜʞʝʥʴ ʚ ʤʝʭʘʥʮʽ ʜʝʬʦʨʤʽʚʥʦʛʦ ʪʚʝʨʜʦʛʦ ʪʽʣʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ 

ʨʦʙʦʪ ̔ [202]. ɿ ʝʢʩʧʝʨʠʤʝʥʪʘʣɹʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ 

ʮʠʣʽʥʜʨʠʯʥʠʭ ʦʙʦʣʦʥʦʢ ʟ ʝʣʽʧʪʠʯʥʠʤ ʧʦʧʝʨʝʯʥʠʤ ʧʝʨʝʨʽʟʦʤ ʤʦʞʥʘ 

ʚʽʜʟʥʘʯʠʪʠ ʨʦʙʦʪʠ [203-205]. ɼʦʩʣʽʜʞʝʥʥʷ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʧʣʘʩʪʠʥ ʤʦʞʥʘ 

ʧʨʦʚʦʜʠʪʠ ʤʝʪʦʜʦʤ ʛʦʣʦʛʨʘʬʽʯʥʦʾ ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʾ [206, 207] ʘʙʦ 

ʨʝʟʦʥʘʥʩʥʠʤ ʤʝʪʦʜʦʤ [208]. 

ʏʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʣʘʩʠʯʥʽ ʤʝʪʦʜʠ, ʷʢʽ ʙʘʟʫʶʪʴʩʷ ʥʘ ʚʠʟʥʘʯʝʥʽ 

ʜʝʬʦʨʤʘʮʽʾ ʧʦʚʝʨʭʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʥʟʦʨʝʟʠʩʪʦʨʽʚ ʽ ʪʝʥʟʦʨʝʟʠʩʪʦʨʥʠʭ 

ʧʝʨʝʪʚʦʨʶʚʘʯ̔ʚ. ʇʨʠʥʮʠʧ ʭʾʥʴʦʾ ʜʽʾ ʧʦʣʷʛʘʻ ʫ ʘʥʘʣʽʟ ̔ ʧʨʠʨʦʩʪʫ ʣʽʥʽʡʥʠʭ 

ʨʦʟʤʽʨʽʚ ʪʘ ʧʝʨʝʚʝʜʝʥʽ ʾʭ ʚ ʬʽʟʠʯʥʫ ʚʝʣʠʯʠʥʫ, ʷʢʫ ʩʧʨʠʡʤʘʻ ʪʘ ʨʝʻʩʪʨʫʻ  

ʚʠʤʽʨʶʚʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ. ʆʩʥʦʚʥʽ ʧʦʥʷʪʪʷ ʪʘ ʤʝʪʦʜʠʢʠ ʪʝʥʟʦʤʝʪʨ̔ʾ ʦʧʠʩʘʥʽ 

ʫ [209, 210]. ʋ [211] ʨʦʟʛʣʷʥʫʪʦ ʦʢʨʝʤʽ ʘʩʧʝʢʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʙʨʘʮ̔ʡ ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʥʟʦʜʘʪʯʠʢʽʚ. ɼʣʷ ʟʙʦʨʫ ʪʘ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʨʦʟʨʦʙʣʝʥʦ ʜʚʘ 

ʚʨ̔ʪʫʘʣʴʥʽ ʧʨʠʣʘʜʠ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʟʜʽʡʩʥʝʥʦ ʦʙʨʦʙʢʫ ʩʠʛʥʘʣʽʚ ʽ 

ʜʦʩʣʽʜʞʝʥʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʩʧʝʢʪʨʠ ʢʦʣʠʚʘʥʴ ʧʨʠ ʨʽʟʥʠʭ ʫʤʦʚʘʭ. 

ʇʨʠ ʟʘʩʪʦʩʫʚʘʥʥ̔ ʘʢʫʩʪʠʯʥʦʛʦ ʤʝʪʦʜʫ ʢʦʣʠʚʘʥʥʷ ʟʚʫʢʘʚʠʭ ʯʘʩʪʦʪ 

ʚʣʦʚʣʶʶʪɹʩʷ ʚ̔ ʙʨʦʱʫʧʦʤ, ʧʽʜʩʠʣʶʶʪʴʩʷ ʽ ʨʦʟʜʽʣʷʶʪʴʩʷ ʘʥʘʣʽʟʘʪʦʨʦʤ [212-

214]. ʎʝʡ ʤʝʪʦʜ ʥʝ ʧʦʪʨʝʙʫʻ ʩʢʣʘʜʥʦʾ ʧʽʜʛʦʪʦʚʢʠ, ʪʦʤʫ ʻ ʟʨʫʯʥʠʤ ʜʣʷ 

ʟʘʩʪʦʩʦʚʘʥʥʷ ʷʢ ʚ ʣʘʙʦʨʘʪʦʨʽʷʭ, ʪʘʢ ʽ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʚ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. ʅʝʜʦʣ̔ʢʦʤ ʤʝʪʦʜʫ ʻ ʩʢʣʘʜʥʦʩʪʽ, ʷʢʽ ʚʠʥʠʢʘʪʁ ɹ ʧʨʠ 

ʨʦʟʰʠʬʨʦʚʮʽ ʦʜʝʨʞʘʥʠʭ ʜʘʥʠʭ, ʥʘʧʨʠʢʣʘʜ, ʧʨʠ ʨʦʟʰʠʬʨʦʚʮʽ ʬʦʨʤ 

ʢʦʣʠʚʘʥʴ ʧʣʘʩʪʠʥ ʽ ʦʙʦʣʦʥʦʢ. 

ɼʠʥʘʤʽʯʥʽ ʤʝʪʦʜʠ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʨʝʟʦʥʘʥʩʥʽ ʤʝʪʦʜʠ ʪʘ ʪʨʘʥʩʤʽʩʽʡʥʦ-

ʭʚʠʣʴʦʚʽ ʤʝʪʦʜʠ. ɺ ʩʚʦʶ ʯʝʨʛʫ ʨʝʟʦʥʘʥʩʥʽ ʤʝʪʦʜʠ ʧʦʜ̔ʣ̫ ʶʪɹʩʷ ʟʘ 

ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʟʙʫʜʞʝʥʥʷ: ʙʝʟʧʝʨʝʨʚʥʝ ʟʙʫʜʞʝʥʥʷ, ʽʤʧʫʣʴʩʥʝ ʟʙʫʜʞʝʥʥʷ. 

ʈʝʟʦʥʘʥʩʥ ̔ʤʝʪʦʜʠ ʟ ʙʝʟʧʝʨʝʨʚʥʠʤ ʟʙʫʜʞʝʥʥʷʤ ʢʦʣʠʚʘʥʴ ʤʘʶʪʴ ʤʦʞʣʠʚ̔ʩʪʶ 

ʧʣʘʚʥʦ ʟʤʽʥʶʚʘʪʠ ʯʘʩʪʦʪʫ ʪʘ ʨʝʻʩʪʨʫʚʘʪʠ ʨʦʟʧʦʜʽʣ ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʴ. ʋ 



45 

[215] ʥʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʦʪʨʠʤʘʥʠʭ ʨʝʟʦʥʘʥʩʥʠʤ ʤʝʪʦʜʦʤ ʨʦʟʨʘʭʦʚʘʥʽ 

ʧʨʫʞʥʽ ʧʦʩʪʽʡʥʽ ʤʘʪʝʨʽʘʣʫ ʢʨʫʛʣʦʾ ʧʣʘʩʪʠʥʠ. ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʟʘʩʚʽʜʯʫʶʪʴ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʝʟʦʥʘʥʩʥʠʭ ʤʝʪʦʜʽʚ, ʷʢʽ ʚʠʨʽʟʥʷʶʪʴʩʷ ʩʝʨʝʜ ʽʥʰʠʭ ʟʘʚʜʷʢʠ 

ʙʝʟʢʦʥʪʘʢʪʥʦʤʫ ʥʝʨʫʡʥʽʚʥʦʤʫ ʢʦʥʪʨʦʣʶ. ɻʦʣʦʚʥʘ ̔ʜʝʷ ʨʝʟʦʥʘʥʩʥʠʭ 

ʽʤʧʫʣʴʩʥʠʭ ʤʝʪʦʜʚ̔ ʧʦʣʷʛʘ̒ ʫ ʟʙʫʜʞʝʥʥʽ ʢʦʣʠʚʘʥʴ ʪʘ ʨʝʻʩʪʨʘʮʽʾ ʚʜ̔ʛʫʢʫ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʽʤʧʫʣʴʩʥʦʛʦ ʚʧʣʠʚʫ ʟ ʰʠʨʦʢʦʩʤʫʛʦʚʠʤ ʘʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʠʤ 

ʩʧʝʢʪʨʦʤ. ɿʘʚʜʷʢʠ ʚʠʟʥʘʯʝʥʥʶ ʩʧʝʢʪʨʫ ʚʽʜʛʫʢʫ  ̒ ʤʦʞʣʠʚʽʩʪʴ 

ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʯʘʩʪʦʪʠ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ. ʊʘʢ ʷʢ ʯʘʩʪʦʪʠ ʟʘʣʝʞʘʪʴ ʥʝ ʪʽʣʴʢʠ 

ʚʽʜ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʪʘ ʬʽʟʠʢʦ-ʤʝʭʘʥ̔ʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʦʙô̒ ʢʪʘ, ʘʣʝ ʡ ʚʽʜ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ, ʪʦ, ̫ʢ ʧʨʘʚʠʣʦ, 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ï ʚʽʣʴʥʽ ʪʦʨʮ.̔ ʇʝʨʝʚʘʛʦʶ ʤʝʪʦʜʫ ʻ 

ʙʝʟʢʦʥʪʘʢʪʥʝ ʟʙʫʜʞʝʥʥʷ, ʘ ʪʘʢʦʞ ʬʽʢʩʘʮʽʷ ʢʦʣʠʚʘʥʴ, ʥʘʧʨʠʢʣʘʜ ʥʘ 

ʬʦʪʦʢʘʤʝʨʫ, ʱʦ ʜʘ̒ ʟʤʦʛʫ ʟʥʽʚʝʣʶʚʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʧʦʭʠʙʢʠ, ʷʢʽ 

ʤʦʞʫʪʴ ʚʠʥʠʢʥʫʪʠ ʚ ʨʝʟʫʣʴʪʘʪʠ ʚʧʣʠʚʫ ʟʙʫʜʥʠʢʘ ʢʦʣʠʚʘʥʴ ʘʙʦ ʧʨʠʡʤʘʯʘ.  

ʊʨʘʥʩʤʽʩʽʡʥʦ-ʭʚʠʣʴʦʚʽ ʤʝʪʦʜʠ ʙʘʟʫʶʪʴʩʷ ʥʘ ʚʠʟʥʘʯʝʥʥʽ ʰʚʠʜʢʦʩʪʽ 

ʧʦʰʠʨʝʥʥʷ ʧʨʫʞʥʠʭ ʭʚʠʣɹ ʫ ʤʘʪʝʨʽʘʣʽ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʡʦʛʦ ʧʨʫʞʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ, ʛʫʩʪʠʥʠ, ʯʘʩʪʦʪʠ ʭʚʠʣ̔ ʪʘ ʛʝʦʤʝʪʨʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʆʜʥʠʤ ʟ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʜʠʥʘʤʽʯʥʠʭ ʤʝʪʦʜʽʚ ʻ ʤʝʪʦʜ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʾ 

ʘʢʫʩʪʠʯʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ, ʷʢʠʡ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʟʤʽʥʽ ʯʘʩʪʦʪʠ ʨʝʟʦʥʘʥʩʫ 

ʤʽʢʨʦʤʝʭʘʥʽʯʥʦʛʦ ʟʦʥʜʘ ʫʩʪʘʥʦʚʢʠ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʟ ʧʦʚʝʨʭʥʝʶ 

ʜʦʩʣʜ̔ʞʫʚʘʥʦʛʦ ʦʙô̒ ʢʪʘ [100, 216, 217]. ɸʢʫʩʪʠʯʥʘ ʤʽʢʨʦʩʢʦʧʽʷ ʟʥʘʭʦʜʠʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʜʦʩʣʽʜʞʝʥʥ̫ʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ ʚʣʘʩʥʠʭ ʯʘʩʪʦʪ ʥʘʥʦʦʙôʻʢʪʽʚ. 

ʄʝʪʦʜ ʨʝʘʣʽʟʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʦʥʜʦʚʦʾ ʤʽʢʨʦʩʢʦʧʽʾ [218, 219], ʧʨʦʪʝ, 

ʤʘʻ ʜʝ̫ʢʽ ʦʙʤʝʞʝʥʥʷ ʽ ʥʝʜʦʣʽʢʠ. 

ʆʜʥʠʤ ʽʟ ʧʽʜʭʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʯʘʩʪʦʪ ʥʘʥʦʦʙôʻʢʪʽʚ ʻ ʦʧʪʠʯʥʠʡ ʤʝʪʦʜ 

[220]. ʋ [221] ʚʠʢʦʨʠʩʪʘʥʦ ʬʝʤʪʦʩʝʢʫʥʜʥʠʡ ʤʝʪʦʜ ʥʘʢʘʯʫʚʘʥʥʷ-ʟʦʥʜʫʚʘʥʥʷ, 

ʱʦʙ ʟʙʫʜʠʪʠ ʡ ʟʘʬʽʢʩʫʚʘʪʠ ʨʘʜʽʘʣʴʥʽ ʬʦʨʤʠ ʢʦʣʠʚʘʥʴ ʫ ʥʘʥʦʯʘʩʪʠʥʢʘʭ 

ʩʨʽʙʣʘ, ʫ [222] ʚʠʢʦʨʠʩʪʘʥʦ ʧʦʚʥʽʩʪʶ ʦʧʪʠʯʥʠʡ ʤʝʪʦʜ ʜʦʩʣʽʜʞʝʥʥ̫, ʱʦʙ 

ʜʦʩʣʽʜʠʪʠ ʚʣʘʩʥʽ ʯʘʩʪʦʪʠ ʦʜʠʥʠʯʥʦʾ ʥʘʥʦʯʘʩʪʠʥʢʠ, ʘ ʫ [223] ʤʝʪʦʜʦʤ 

ʙʨʽʣʣʶʝʥʽʚʩʴʢʦʛʦ ʨʦʟʩ̔ʁ ʚʘʥʥʷ ʩʚʽʪʣʘ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚʣʘʩʥʠʭ 
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ʯʘʩʪʦʪ ʦʙʤʝʞʝʥʠʭ ʘʢʫʩʪʠʯʥʠʭ ʤʦʜ ʘʛʨʝʛʘʪʽʚ ʚʠʩʦʢʦʤʦʥʦʜʠʩʧʝʨʩʥʠʭ ʩʨʽʙʥʠʭ 

ʥʘʥʦʢʫʙʽʚ ʚʽʜ ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ. 

ɼʦʩʣʽʜʞʝʥʥ̫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʝʪʦʜʫ ʚ̔ʣɹ ʥʠʭ ʢʦʣʠʚʘʥʴ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ  

ʯʘʩʪʦʪ  ̔ʜʝʢʨʝʤʝʥʪʽʚ ʟʘʪʫʭʘʥʥʷ ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ ʪʝʭʥʽʯʥʠʭ ʚʠʨʦʙʽʚ ʨʽʟʥʦʾ 

ʩʢʣʘʜʥʦʩʪʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ [224]. ɼʘʥʠʡ ʤʝʪʦʜ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʦʙô̒ʢʪʽʚ ʩʢʣʘʜʥʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ, ʪʘʢʦʞ, ʚʥ̔ ʥʝ ʧʦʪʨʝʙʫʻ 

ʚʠʪʨʘʪʥʠʭ ʤʘʪʝʨʘ̔ʣʽʚ, ʧʽʜʛʦʪʦʚʢʠ ʧʦʚʝʨʭʥʽ ʦʙô̒ ʢʪʥʘ  ̔ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʢʣʘʜʥʦ ʾ

ʘʧʘʨʘʪʫʨʠ [225]. 

ʄʝʪʦʜʠ ʛʦʣʦʛʨʘʬʽʯʥʦʾ ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʾ ʪʘ ʩʧʝʢʣ-ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʾ 

ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʨʦʟʨʷʜʫ ʙʝʟʢʦʥʪʘʢʪʥʠʭ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʣʘʩʪʠʥ ʽ ʦʙʦʣʦʥʦʢ ʪʘ ʤʘʶʪʴ ʥʠʟʢʫ ʧʝʨʝʚʘʛ, ʷʢʽ ʦʧʠʩʘʥʽ ʚ 

[226, 227]. ʊʝʦʨʽʷ ʪʘ ʧʨʘʢʪʠʢʘ ʤʝʪʦʜʫ ʛʦʣʦʛʨʘʬʽʯʥʦʾ ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʾ ʪʘ ʥ̔ʰ̔ 

ʦʧʪʠʯʥ ̔ʤʝʪʦʜʠ ʜʦʙʨʝ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ [227]. ɺ ʢʥʠʟʽ ʨʦʟʛʣʷʥʫʪʽ ʦʩʥʦʚʥʽ ʝʪʘʧʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥ,̫ ʦʧʠʩʘʥʽ ʝʣʝʤʝʥʪʠ ʦʧʪʠʯʥʦʾ ʩʭʝʤʠ ʪʘ 

ʧʨʠʣʘʜʠ ʜʣ̫ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ. ɯʩʥʫʻ ʜʝʢʽʣʴʢʘ ʨʝʘʣʽʟʘʮʽʡ ʤʝʪʦʜʫ 

ʛʦʣʦʛʨʘʬʽʯʥʦʾ ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʾ: ʤʝʪʦʜ ʜʚʦʭ ʝʢʩʧʦʟʠʮʽʡ, ʤʝʪʦʜ ʨʝʘʣʴʥʦʛʦ 

ʯʘʩʫ, ʤʝʪʦʜ ʫʩʝʨʝʜʥʝʥʥʷ ʫ ʯʘʩ̔, ʩʪʨʦʙʦʛʦʣʦʛʨʘʬʽʯʥʠʡ ʤʝʪʦʜ [228]. 

ʋ [229] ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʝʪʦʜ ʟʘʧʠʩʫ ʛʦʣʦʛʨʘʤ ʫ ʟʫʩʪʨʽʯʥʠʭ ʧʫʯʢʘʭ, ʷʢʠʡ 

ʧʝʨʝʜʙʘʯʘʻ ʨʦʟʤʽʱʝʥʥʷ ʨʝʻʩʪʨʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʙʣʠʟʫ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʦʙôʻʢʪʘ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʦʧʪʠʯʥʘ ʩʭʝʤʘ ʟʘʧʠʩʫ ʛʦʣʦʛʨʘʤʠ 

ʜʦʟʚʦʣʷʻ ʜʦʩʣʽʜʞʫʚʘʪʠ ʬʦʨʤʠ ʤʘʣʠʭ ʢʦʣʠʚʘʥʴ ʷʢ ʧʣʘʩʪʠʥ ʪʘʢ ʽ ʦʙʦʣʦʥʦʢ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʭʝʤʫ ʟʘʧʠʩʫ ʛʦʣʦʛʨʘʤ ʟ ʤʝʪʦʜʦʤ ʫʩʝʨʝʜʥʝʥʥʷ ʫ ʯʘʩʽ ʤʦʞʥʘ 

ʚʠʟʥʘʯʠʪʠ ʯʘʩʪʦʪʠ ʽ ʬʦʨʤʠ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʧʣʘʩʪʠʥ ʨʽʟʥʦʾ ʬʦʨʤʠ ʟ ʨʽʟʥʠʤʠ 

ʩʧʦʩʦʙʘʤʠ ʟʘʢʨʽʧʣʝʥʥʷ, ʪʘʢ ʫ [230] ʨʦʟʛʣʷʥʫʪʘ ʟʘʪʠʩʥʫʪʘ ʢʨʫʛʣʘ ʧʣʘʩʪʠʥʘ, ʘ ʫ 

[231] ʨʦʟʛʣʷʥʫʪʘ ʟʘʪʠʩʥʫʪʘ ʧʨʷʤʦʢʫʪʥʘ ʧʣʘʩʪʠʥʘ. 

ʄʝʪʦʜ ʛʦʣʦʛʨʘʬʽʯʥʦʾ ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʾ ʤʘʻ ʭʦʨʦʰʫ ʯʫʪʣʠʚʽʩʪʴ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʜʦʩʣʽʜʞʫʚʘʪʠ ʚʽʣʴʥʽ ʢʦʣʠʚʘʥʥʷ ʧʣʘʩʪʠʥ ʽ ʦʙʦʣʦʥʦʢ ʜʦʚʽʣʴʥʦʾ 

ʬʦʨʤʠ ʚ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ ʚʽʜ ʦʜʥʦʛʦ ɻʮ ʜʦ ʜʝʩʷʪʢʽʚ ʢɻʮ ʟ ʘʤʧʣʽʪʫʜʦʶ 

ʢʦʣʠʚʘʥʴ 10-4 ʤʤ. ɼʘʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʤʝʪʦʜ ʟʘʩʪʦʩʦʚʫʻʪɹʩʷ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʜʠʥʘʤʽʯʥ ̔ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʦʣʦʥʢʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ [232]. 
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ɺʠʚʯʘʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʦʣʦʛʨʘʬʽʯʥʦʛʦ ʤʝʪʦʜʫ ʜʣʷ ʚʠʩʦʢʠʭ 

ʪʦʥʽʚ ʢʦʣʠʚʘʥʴ ʧʨʠ ʧô̒ ʟʦʝʣʝʢʪʨʠʯʥʦʤʫ ʩʧʦʩʦʙʽ ʟʙʫʜʞʝʥʥʷ ʦʙʦʣʦʥʢʠ. 

ʈʝʟʫʣʪɹʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʧʦʢʘʟʫʶʪʴ ʭʦʨʦʰʫ ʟʙʽʞʥ̔ʩʪʴ ʚʠʟʥʘʯʝʥʠʭ ʯʘʩʪʦʪ ʟ 

ʯʘʩʪʦʪʘʤʠ ʚʩʪʘʥʦʚʣʝʥʠʤʠ ʢʣʘʩʠʯʥʦʶ ʪʝʦʨʽʻʶ. ʋ ʨʦʙʦʪʘʭ [233ï234] ʤʝʪʦʜʦʤ 

ʛʦʣʦʛʨʘʬʽʯʥʦʾ ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʾ ʜʦʩʣʽʜʞʝʥʦ ʯʘʩʪʦʪʠ ʪʘ ʬʦʨʤʠ ʚʽʣʴʥʠʭ 

ʢʦʣʠʚʘʥʴ ʦʙʦʣʦʥʦʢ ʥʫʣʴʦʚʦʾ ʛʘʫʩʩʦʚʦʾ ʢʨʠʚʠʥʠ ʪʘ ʪʦʥʢʠʭ ʮʠʣʽʥʜʨʠʯʥʠʭ 

ʦʙʦʣʦʥʦʢ ʦʙʝʨʪʘʥʥʷ. ɺʩʪʘʥʦʚʣʝʥʦ ʚʧʣʠʚ ʧʨʦʬʽʣʶ ʪʘ ʢʽʣʴʢʦʩʪʽ ʦʪʚʦʨʽʚ, 

ʘʨʤʫʚʘʥʥʷ ʧʨʫʞʥʠʤʠ ʨʝʙʨʘʤʠ ʪʘ ʧʨʠʢʨʽʧʣʝʥʠʭ ʪʚʝʨʜʠʭ ʪʽʣ ʥʘ ʦʩʥʦʚʥʽ 

ʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʦʣʦʥʢʦʚʦʾ ʩʠʩʪʝʤʠ [234]. 

ʄʝʪʦʜ ʛʦʣʦʛʨʘʬʽʯʥʦʾ ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʾ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩ̫  ʫ  

ʜʦʩʣʽʜʞʝʥʥʷʭ ʨʽʟʥʠʭ ʦʙʦʣʦʥʦʢ [235, 236]. ʋ [237] ʚʠʟʥʘʯʝʥʦ ʤʝʪʦʜʦʤ 

ʩʪʨʦʙʦʛʦʣʦʛʨʘʬʽʯʥʦʾ ʚʽʙʨʦʤʝʪʨʽʾ ʯʘʩʪʦʪʠ ʽ ʬʦʨʤʠ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ 

ʢʦʥʩʦʣʴʥʦ ʟʘʢʨʽʧʣʝʥʦʾ ʮʠʣʽʥʜʨʠʯʥʦʾ ʦʙʦʣʦʥʢʠ, ʘ ʫ [238] ʪʨʴʦʭ ʚʽʜʢʨʠʪʠʭ 

ʢʦʥʩʦʣʴʥʠʭ ʮʠʣʽʥʜʨʠʯʥʠʭ ʦʙʦʣʦʥʦʢ. ʇʨʝʜʩʪʘʚʣʝʥʽ ʦʩʥʦʚʥʽ ʧʨʠʥʮʠʧʠ ʮʴʦʛʦ 

ʤʝʪʦʜʫ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʧʦʨʚ̔ʥʷʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʟ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʫ. ʋ ʨʦʙʦʪʘʭ [239-241] ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʤʝʪʦʜʦʤ 

ʚʠʟʥʘʯʝʥʥʽ ʯʘʩʪʦʪʠ ʽ ʬʦʨʤʠ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʣʦʧʘʪʦʢ ʢʦʤʧʨʝʩʦʨʘ 

ʛʘʟʦʪʫʨʙʽʥʥʦʛʦ ʜʚʠʛʫʥʘ (ɻʊɼ). 

ʆʜʥʠʤ ʟ ʤʝʪʦʜʽʚ ʧʨʦʩʪʦʨʦʚʦʾ ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʾ ʻ ʤʝʪʦʜ ʩʧʝʢʣ-

ʥ̔ʪʝʨʬʛʨʦʤʝʪʨʽʽ, ʷʢʠʡ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʘʥʘʣʽʟ ʟʝʨʥʠʩʪʦʩʪʽ ʩʪʨʫʢʪʫʨʠ 

ʟʦʙʨʘʞʝʥʥ̫ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʦʙ'ʻʢʪʘ. ʊʝʦʨʽʷ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ 

ʛʦʣʦʛʨʘʬʽʯʥʦʾ ʽ ʩʧʝʢʣ-ʽʥʪʝʨʬʛʨʦʤʝʪʨʽ̔ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ [227]. ʇʨʘʢʪʠʯʥʘ 

ʚʘʞʣʠʚʽʩʪ ɹʤʝʪʦʜʽʚ ʦʙʫʤʦʚʣʝʥʘ ʤʦʞʣʠʚʽʩʪʶ ʟʜ̔ʡʩʥʝʥʥ̫ ʢʦʨʝʣʷʮʽʾ ʩʧʝʢʣʽʚ ʚ 

ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʽ ʤʦʞʣʠʚʽʩʪʴ ʚʠʚʝʜʝʥʥʷ ʩʧʝʢʣ-ʢʘʨʪʠʥʠ ʥʘ ɽʆʄ ʙʝʟ 

ʬʦʪʦʛʨʘʬʽʯʥʦʾ ʨʝʻʩʪʨʘʮʽʾ. ʄʝʪʦʜ ʝʣʝʢʪʨʦʥʥʦʾ ʩʧʝʢʣ-ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʾ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʫ [242, 243]. 

ʋ [244] ʜʣʷ ʜʦʩʣʜ̔ʞʝʥʥʷ ʚʣʘʩʥʠʭ ʯʘʩʪʦʪ ʪʨʘʧʝʮʽʻʧʦʜʽʙʥʦʾ ʧʣʘʩʪʠʥʠ 

ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ ʝʣʝʢʪʨʦʥʥʘ ʩʧʝʢʣ-ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʷ (ESPI) ʚ ʨʝʞʠʤʽ 

ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. ʇʣʘʩʪʠʥʘ ʟʙʫʜʞʫʚʘʣʘʩʴ ʘʢʫʩʪʠʯʥʠʤ ʜʞʝʨʝʣʦʤ, ʷʢʝ 

ʟʘʙʝʟʧʝʯʫʚʘʣʦ ʙʝʟʧʝʨʝʨʚʥʠʡ ʜʽʘʧʘʟʦʥ ʟʚʫʢʦʚʠʭ ʯʘʩʪʦʪ. ɺ ʨʝʟʫʣʴʪʘʪʽ 
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ʧʨʦʚʝʜʝʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟʘʨʝʻʩʪʨʦʚʘʥʽ ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʽ ʩʤʫʛʠ, ʷʢ̔ 

ʫʪʚʦʨʠʣʠʩʴ ʧʽʜ ʯʘʩ ʟʘʧʠʩʫ ʢʦʣʠʚʘʥʥʷ ʧʣʘʩʪʠʥʠ ʟ ʫʩʝʨʝʜʥʝʥʥʷʤ ʫ ʯʘʩʽ. ɼʣʷ 

ʜʝʷʢʠʭ ʬʦʨʤ ʢʦʣʠʚʘʥʴ, ʟʘ ʽʥʪʝʨʬʝʨʦʛʨʘʤʘʤʠ ʪʘ ʬʫʥʢʮʽʷʤʠ ɹʝʩʩʝʣʷ 

ʥʫʣʴʦʚʦʛʦ ʧʦʨʷʜʢʫ, ʚʠʢʦʥʘʥʽ ʨʦʟʨʘʭʫʥʢʠ ʘʤʧʣʽʪʫʜ ʢʦʣʠʚʘʥʴ. ɼʦʜʘʪʢʦʚʦ 

ʨʦʟʨʦʙʣʝʥʠʡ ʘʥʘʣʽʪʠʯʥʠʡ ʧʽʜʭʽʜ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʝʪʦʜʽ ʈʝʣʝï̫ʈʽʪʮʘ, ʪʘ ʥʘ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʥʝʦʨʪʦʛʦʥʘʣʴʥʠʭ ʧʨʘʚʠʣʴʥʠʭ ʪʨʠʢʫʪʥʠʭ ʢʦʦʨʜʠʥʘʪ. ʇʨʦʛʠʥ 

ʧʣʘʩʪʠʥʠ ʘʧʨʦʢʩʠʤʫʻʪʴʩʷ ʥʘʙʦʨʦʤ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʦʨʪʦʛʦʥʘʣʴʥʠʭ 

ʧʦʣʽʥʦʤʽʚ ʙʘʣʢʠ, ʩʪʚʦʨʝʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʮʝʜʫʨʠ ɻʨʘʤʘïʐʤʽʜʪʘ. 

ʇʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʷʢʠʡ ʧʦʢʘʟʘʚ ʚʠʩʦʢʠʡ 

ʩʪʫʧʽʥʴ ʢʦʨʝʣʷʮʽʾ ʤʽʞ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤ ʘʥʘʣʽʟʦʤ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʦʤ. 

ʋ [245] ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʣʠʚʘʥʴ ʧʣʘʩʪʠʥ ʽʟ ʟʘʢʨʫʛʣʝʥʠʤʠ ʢʫʪʘʤʠ ʪʘ 

ʬʘʩʢʘʤʠ ʟ ʚʽʣʴʥʠʤʠ ʢʨʘʷʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʦʧʪʠʯʥʘ ʩʠʩʪʝʤʘ ʧʽʜ ʥʘʟʚʦʶ 

ʘʤʧʣʽʪʫʜʥʦ-ʬʣʫʢʪʫʘʮʽʡʥʘ ʝʣʝʢʪʨʦʥʥʘ ʩʧʝʢʣ-ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʷ (AF-ESPI). 

ʇʨʦʚʝʜʝʥʦ ʯʠʩʝʣʴʥʽ ʨʦʟʨʘʭʫʥʢʠ ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘ ʧʦʨʽʚʥʷʥʦ 

ʨʝʟʫʣʴʪʘʪʠ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʚʠʤʽʨʶʚʘʥʥʷʤʠ. ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʭʦʨʦʰʝ 

ʫʟʛʦʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʦʪʨʠʤʘʥʠʭ ʜʚʦʤʘ ʤʝʪʦʜʘʤʠ. ɺʠʭʦʜʷʯʠ ʟ ʪʦʛʦ, ʱʦ 

ʯʽʪʢʽʩʪ ɹʩʤʫʛ ʽʥʪʝʨʬʝʨʦʛʨʘʤ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʣʠʰʝ ʥʘ ʨʝʟʦʥʘʥʩʥʠʭ ʯʘʩʪʦʪʘʭ, 

ʤʦʞʥʘ ʜʽʡʪʠ ʚʠʩʥʦʚʢʫ ʦɦ ʜʘʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʤʝʪʦʜ ʧʽʜʭʦʜʠʪʴ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʚʣʘʩʥʠʭ ʯʘʩʪʦʪ ʽ ʬʦʨʤ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʧʣʘʩʪʠʥ.  

ʋ [246] ʜʣ ̫ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʣʠʚʘʥʴ ʢʚʘʜʨʘʪʥʠʭ ʽʟʦʪʨʦʧʥʠʭ ʧʣʘʩʪʠʥ ʽʟ 

ʨʟ̔ʥʠʤʠ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʪʦʜ AF-ESPI. ʇʨʦʚʝʜʝʥʦ 

ʨʦʟʨʘʭʫʥʢʠ ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘ ʧʦʨʽʚʥʷʥʥ ̫ ʨʝʟʫʣʴʪʘʪʽʚ ʟ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʚʠʤʽʨʶʚʘʥ.ɹ ʄʝʪʦʜ ʟʨʫʯʥʠʡ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʦʙô̒ ʢʪʽʚ, ʷʢʽ ʢʦʣʠʚʘʶʪʴʩʷ, ʦʩʢʽʣʴʢʠ ʥʝ ʚʠʤʘʛʘ̒ ʢʦʥʪʘʢʪʫ 

ʧʦʨʽʚʥʷʥʦ ʟ ʢʣʘʩʠʯʥʠʤ ʜʦʩʣʽʜʞʝʥʥʷʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʢʩʝʣʝʨʦʤʝʪʨʽʚ. 

ʉʠʩʪʝʤʘ ʚʜ̔ʝʦʟʘʧʠʩʫ ʤʠʪʪʻʚʦ ʩʪʚʦʨʶʻ ʷʢʽʩʥʽ ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʽ ʩʤʫʛʠ.  

ʋ [247] ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʧʣʘʩʪʠʥ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʤʝʪʦʜ, ʱʦ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ AF-ESPI ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʬʦʨʤ 

ʢʦʣʠʚʘʥʴ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʘʜʽʘʣʴʥʦʾ ʙʘʟʠʩʥʦʾ ʬʫʥʢʮʽʾ (RBF) ʜʣ̫ 

ʧʦʢʨʘɦʝʥʥʷ ʷʢʦʩʪʽ ʨʠʩʫʥʢʽʚ. ʇʨʦʚʝʜʝʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ ʪʘ ʨʦʟʨʘʭʫʥʦʢ 
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ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʯʘʩʪʦʪ ʽ ʬʦʨʤ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʘʣʶʤʽʥʽʻʚʦʾ 

ʢʨʫʛʣʦʾ ʧʣʘʩʪʠʥʠ ʟ ʟʘʢʨʽʧʣʝʥʠʤʠ ʢʨʘʷʤʠ. ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʧʽʜʪʚʝʨʜʠʚ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʤʝʪʦʜʫ. 

ʋ [248] ʨʦʟʨʦʙʣʝʥʦ ʥʦʚʫ ʤʝʪʦʜʠʢʫ ʚʠʷʚʣʝʥʥʷ ʜʝʬʝʢʪʽʚ ʫ ʘʨʤʦʚʘʥʠʭ 

ʚʫʛʣʝʮʝʚʠʤ ʚʦʣʦʢʥʦʤ ʧʣʘʩʪʠʥʘʭ. ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ ʯʘʩʪʦʪʥʠʡ ʘʥʘʣʽʟ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʫʜʘʨʥʦʛʦ ʟʙʫʜʞʝʥʥʷ. ʋ ʨʝʟʫʣɹʪʘʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʦʪʨʠʤʘʥʦ ʧʝʨʰʽ 

ʧôʷʪʴ ʨʝʟʦʥʘʥʩʥʠʭ ʯʘʩʪʦʪ ʜʣʷ ʪʨʴʦʭ ʙʝʟʜʝʬʝʢʪʥʠʭ ʽ ʪʨɹʦʭ ʜʝʬʝʢʪʥʠʭ ʟʨʘʟʢʽʚ 

ʽʟ ʭʚʠʣʷʩʪʽʩʪʶ ʚʦʣʦʢʥʘ. ɺʠʢʦʨʠʩʪʘʥʘ AF-ESPI ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʬʦʨʤ 

ʢʦʣʠʚʘʥʴ. 

ʋ [249, 250] ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʭʝʤʫ ʬʽʣʴʪʨʘʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʝʡʚʣʝʪʫ 

Symlet ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʩʧʝʢʣ-ʰʫʤʫ ʟ ʫʩʝʨʝʜʥʝʥʠʭ ʟʘ ʯʘʩʦʤ ʮʠʬʨʦʚʠʭ ʩʧʝʢʣ-

ʨʠʩʫʥʢʽʚ ʽʥʪʝʨʬʝʨʝʥʮʡ̔ʥʠʭ ʩʤʫʛ. ʑʦʙ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʪʠ ʧʦʪʝʥʮʽʘʣ 

ʚʝʡʚʣʝʪ-ʬʽʣʴʪʨʘʮʽʾ Symlet, ʧʨʦʚʦʜʷʪʴʩʷ ʝʢʩʧʝʨʠʤʝʥʪʠ ʟ ʚʠʜʘʣʝʥʥʷ ʩʧʝʢʣ-

ʰʫʤʫ ʟ ʩʤʫʛ, ʟʘʧʠʩʘʥʠʭ ʜʣʷ ʧʦʚʝʨʭʥʽ ʞʦʨʩʪʢʦʛʦ ʜʠʩʢʘ ʢʦʤʧôʪʁʝʨʘ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʮʷ ʬʽʣʴʪʨʘʮʽʷ ʟʥʘʯʥʦʶ ʤʽʨʦʶ 

ʫʩʫʚʘʻ ʩʧʝʢʣ- ʫhʤ. 

ʋ [251] ʟʘ ʜʦʧʦʤʦʛʦʶ ʮʠʬʨʦʚʦʾ ʩʧʝʢʣ-ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʾ (DSPI) 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʚʠʤʽʨʶʚʘʥʥʷ ʩʪʘʪʠʯʥʠʭ ʽ ʜʠʥʘʤʽʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʫ 

ʧʨʷʤʦʢʫʪʥʽʡ ʧʣʘʩʪʠʥʽ ʟʘʢʨʽʧʣʝʥʽʡ ʥʘ ʦʜʥʦʤʫ ʢʨʘʾ. ɼʣ̫ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ 

ʚʠʤʽʨʶʚʘʥʴ ʨʦʟʨʦʙʣʝʥʦ ʥʦʚʫ ʩʭʝʤʫ ʬʽʣʴʪʨʘʮʽʾ, ʷʢʘ ʟʘʩʥʦʚʘʥʘ ʥʘ ʧʦʻʜʥʘʥʥʽ 

ʤʝʜʽʘʥʥʦʾ ʬʽʣʴʪʨʘʮʽʾ ʪʘ ʚʝʡʚʣʝʪ-ʬʽʣʴʪʨʘʮʽʾ Symlet, ʷʢʘ ʧʦʢʨʘʱʫʻ ʚʽʜʥʦʰʝʥʥʷ 

ʩʠʛʥʘʣ/ʰʫʤ (SNR) ʫ ʩʧʝʢʣ-ʽʥʪʝʨʬʝʨʦʛʨʘʤʽ, ʷʢʫ ʦʪʨʠʤʘʣʠ ʚʽʜ DSPI. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʥɹʽ ʨʝʟʫʣʪɹʘʪʠ ʧʦʢʘʟʫʶʪʴ ʭʦʨʦʰʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʩʭʝʤʠ 

ʬ̔ ʣʴʪʨʘʮʽʾ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ SNR ʩʧʝʢʣ-ʽʥʪʝʨʬʝʨʦʛʨʘʤʠ. ɺʠʤʽʨʶʚʘʥʥʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ DSPI ʪʘ ʨʦʟʨʘʭʫʥʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʦʨʽʾ ʙʘʣʦʢ ʫ ʚʠʧʘʜʢʫ 

ʩʪʘʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ  ̔ʚʠʤ̔ʨʶʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ DSPI ʪʘ ʘʢʩʝʣʝʨʦʤʝʪʨʘ ʫ 

ʚʠʧʘʜʢʫ ʜʠʥʘʤʽʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʧʦʢʘʟʫʶʪʴ ʭʦʨʦʰʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ. 

ɸʥʘʣʦʛʽʯʥʠʡ ʤʝʪʦʜ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ [252]. 

ʋ [253] ʨʝʘʣʽʟʦʚʘʥʘ ʥʦʚʘ ʩʭʝʤʘ ʬʽʣʴʪʨʘʮʽʾ ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʠʭ ʩʤʫʛ 

ʮʠʬʨʦʚʠʭ ʩʧʝʢʣ-ʨʠʩʫʥʢʽʚ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʚʽʜʥʦʰʝʥʥʷ SNR. ɼʣʷ 
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ʚʩʪʘʥʦʚʣʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ʥʦʚʦʾ ʩʭʝʤʠ ʬʽʣʴʪʨʘʮʽʾ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ 

ʝʢʩʧʝʨʠʤʝʥʪ ʥʘ ʢʦʥʩʦʣʴʥʽʡ ʙʘʣʮʽ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʥɹ ̔ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʣʠ, 

ʱʦ ʥʦʚʘ ʩʭʝʤʘ ʬʽʣʴʪʨʘʮʽʾ ʢʨʘʱʘ ʟʘ ʽʥʰʽ ʚʽʜʦʤʽ ʩʭʝʤʠ ʬʽʣʴʪʨʘʮʽʾ [249-252, 

254], ʟʘʚʜʷʢʠ ʟʤʝʥʰʝʥʥʶ ʩʧʝʢʣ-ʰʫʤʫ ʽ ʧʦʢʨʘʱʝʥʥʶ SNR ʫ ʩʧʝʢʣ-

ʥ̔ʪʝʨʬʝʨʦʛʨʘʤʘʭ. ʅʦʚʘ cʭʝʤʘ ʬʽʣʴʪʨʘʮʽʾ ʨʝʘʣʽʟʦʚʘʥʘ ʧʨʠ ʜʦʩʣʽʜʞʝʥʽ ʬʦʨʤ 

ʢʦʣʠʚʘʥʴ ʢʚʘʜʨʘʪʥʠʭ ʧʣʘʩʪʠʥ ʟ ʜʚʦʤʘ ʨʽʟʥʠʤʠ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ: ʚʩʽ ʢʨʘʾ 

ʟʘʢʨʽʧʣʝʥʽ; ʜʚʘ ʩʫʤʽʞʥʽ ʢʨʘʾ ʟʘʢʨʽʧʣʝʥʽ, ʜʚʘ ʽʥʰʠʭ ʢʨʘʾ ʚʽʣʴʥʽ. ɿ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʧʣʠʚʘʻ, ʱʦ ʨʠʩʫʥʢʠ ʬʦʨʤ ʢʦʣʠʚʘʥʴ ʙ̔ʣʴʰ 

ʯʽʪʢʽ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʥʦʚʦʾ ʩʭʝʤʠ ʬʽʣʴʪʨʘʮʽʾ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʚʽʜʦʤʠʤʠ 

ʩʭʝʤʘʤʠ. ʇʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʣʷ ʦʙʦʭ ʛʨʘʥʠʯʥʠʭ 

ʫʤʦʚ ʟ ʨʦʟʨʘʭʦʚʘʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʯʘʩʪʦʪ ʥʘ ʦʩʥʦʚʽ ʢʣʘʩʠʯʥʦʾ ʪʝʦʨʽʾ. 

ʈʝʟʫʣʴʪʘʪʠ DSPI ʧʦʢʘʟʫʶʪʴʩʷ ʭʦʨʦʰʝ ʫʟʛʦʜʞʝʥʥʷ ʟ ʢʣʘʩʠʯʥʦʶ ʪʝʦʨʽʻʶ. 

ʋ [255] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜʠʢʫ ʚʠʟʥʘʯʝʥʥʷ ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ, ʷʢʘ 

ʦʩʥʦʚʘʥʘ ʥʘ ʘʥʘʣʽʟʽ ʢʦʣʠʚʘʥʴ ʧʣʘʩʪʠʥʠ ʟʘ ʜʦʧʦʤʦʛʦʶ DSPI ʽ ʤʝʪʦʜʫ ʈʝʣʝʷ. 

ʇʨʦʚʝʜʝʥʦ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʥʘ ʢʚʘʜʨʘʪʥʽʡ ʘʣʶʤʽʥʽʻʚʽʡ 

ʧʣʘʩʪʠʥʽ ʜʣʷ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ: ʦʜʠʥ ʢʨʘʡ ʟʘʬʽʢʩʦʚʘʥʠʡ, ʽʥʰʽ ʢʨʘʾ ʚʽʣʴʥʽ. ɺ 

ʭʦʜʽ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚʩʪʘʥʦʚʣʝʥʦ, ʦɦ ʜʦʩʣʽʜʞʝʥʥʷ ʯʘʩʪʦʪʠ ʥʘ ʧʝʨʰʦʤʫ 

ʢʨʫʪʠʣʴʥʦʤʫ ʨʝʞʠʤʽ ʜʦʩʪʘʪʥʴʦ ʜʣʷ ʦʮʽʥʢʠ ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ ʜʣʷ ʚʩʽʭ 

ʧʨʘʢʪʠʯʥʠʭ ʮʽʣʝʡ ʟ ʧʦʭʠʙʢʦʶ ʤʝʥʰʝ 1%.  

ɺʠʭʦʜʷʯʠ ʟ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʟ̔ʫ ʥʘʫʢʦʚʠʭ ʧʫʙʣʽʢʘʮʽʡ ʤʦʞʥʘ ʜʽʡʪʠ 

ʥʘʩʪʫʧʥʦʛʦ ʚʠʩʥʦʚʢʫ. ɼʣʷ ʜʦʩʣʽʜʞʝʥʴ ʢʦʣʠʚʘʥʴ ʧʣʘʩʪʠʥ ̔ ʦʙʦʣʦʥʦʢ ʧʨʦʩʪʦʾ 

ʛʝʦʤʝʪʨʽʾ ʽʩʥʫʻ ʙʘʛʘʪʦ ʘʥʘʣʽʪʠʯʥʠʭ ʪʘ ʪʝʦʨʝʪʠʯʥʠʭ ʤʝʪʦʜʽʚ, 

ʥʘʡʧʦʰʠʨʝʥʽʰʠʤ ʟ ʷʢʠʭ ʻ ʤʝʪʦʜ ʈʝʣʝʷ-ʈ̔ ʪʮʘ. ʋ ʚʠʧʘʜʢʫ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪ ʽ 

ʬʦʨʤ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʧʣʘʩʪʠʥ ʽ ʦʙʦʣʦʥʦʢ ʨʽʟʥʦʾ ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ 

ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʘʙʦ ʪʦʚʩʪʦʩʪʽʥʥʦʩʪ ̔ ʙʘʛʘʪʦ ʘʥʘʣʽʪʠʯʥʠʭ ʽ ʪʝʦʨʝʪʠʯʥʠʭ 

ʤʝʪʦʜʽʚ ʚʪʨʘʯʘʶʪʴ ʘʢʪʫʘʣʴʥʽʩʪʴ, ʦʩʢʽʣʴʢʠ ʜʦʩʣʽʜʥʠʮʴʢʠʡ ʧʨʦʮʝʩ ʩʪʘʻ 

ʜʦʩʪʘʪʥʴʦ ʩʢʣʘʜʥʠʤ, ʷʢ ʯʝʨʝʟ ʟʥʘʯʥʽ ʪʨʫʜʥʦʱʽ ʩʪʚʦʨʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ 

ʤʦʜʝʣʽ, ʪʘʢ ʽ ʯʝʨʝʟ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʚôʷʟʘʥʥʷ ʩʠʩʪʝʤʠ ʜʠʬʝʨʝʥʮʽʘʣʥɹʠʭ 

ʨʽʚʥʷʥʴ ʫ ʯʘʩʪʠʥʥʠʭ ʧʦʭʜ̔ʥʠʭ ʟʽ ʟʤʽʥʥʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʩʢʣʘʜʥʠʭ ʦʙô̒ ʢʪ̔ʚ ʤʦʞʣʠʚʦ ʟʜʽʡʩʥʶʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 
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ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ, ʩʝʨʝʜ ʷʢʠʭ ʦʩʦʙʣʠʚʦʾ ʧʦʧʫʣʷʨʥʦʩʪʽ ʥʘʙʨʘʚ ʄʉɽ. ɺ 

ʦʛʣʷʜʽ ʣ̔ ʪʝʨʘʪʫʨʠ ʥʘʚʝʜʝʥʦ ʜʦʩʪʘʪʥʴʦ ʧʫʙʣʽʢʘʮʽʡ, ʱʦʙ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ 

ʧʨʦ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ ʄʉɽ, ʢ̫ʠʡ ʥʝʦʙʤʝʞʝʥʠʡ, ʘʥʽ ʬʦʨʤʦʶ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ 

ʦʙô̒ ʢʪʘ, ʘʥʽ ʤʘʪʝʨʘ̔ʣʦʤ ʟ ʷʢʦʛʦ ʚʠʛʦʪʦʚʣʝʥʠʡ ʦʙô̒ ʢʪ. ʇʨʦʪʝ ʨʝʟʫʣʴʪʘʪʠ 

ʢʦʞʥʦʛʦ ʥʦʚʦʛʦ ʢʣʘʩʫ ʟʘʜʘʯ, ʨʦʟʚô̫ ʟʘʥʦʛʦ ʄʉɽ, ʥʝʦʙʭʽʜʥʦ ʧʽʜʪʚʝʨʜʞʫʚʘʪʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʦʩʢʽʣʴʢʠ ʤʦʞʥʘ ʜʦʧʫʩʪʠʪʠʩʴ ʧʦʤʠʣʦʢ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥ̔ 

ʦʙô̒ ʢʪʘ ʥʘ ɽʆʄ. ʉʝʨʝʜ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʜʦʙʨʝ ʩʝʙʝ 

ʟʘʨʝʢʦʤʝʥʜʫʚʘʣʠ ʨʝʟʦʥʘʥʩʥʽ ʤʝʪʦʜʠ ʪʘ ʤʝʪʦʜ ʛʦʣʦʛʨʘʬʽʯʥʦʾ 

ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʾ, ʷʢʽ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʥʘ ʨʝʘʣʴʥʦʤʫ 

ʦʙô̒ ʢʪʽ ʩʧʦʩʪʝʨʽʛʘʪʠ ʬʦʨʤʠ ʢʦʣʠʚʘʥʴ, ʙʘʯʠʪʠ ʤʦʤʝʥʪ ʚʠʥʠʢʥʝʥʥʷ ʨʝʟʦʥʘʥʩʫ 

ʪʘ ʬʢ̔ʩʫʚʘʪʠ ʯʘʩʪʦʪʫ ʢʦʣʠʚʘʥʴ. 

ɿʘʜʘʯʘʤ ʧʨʦ ʚʽʣʴʥʽ ʢʦʣʠʚʘʥʥʷ ʪʦʥʢʠʭ ʧʣʘʩʪʠʥ ʽ ʦʙʦʣʦʥʦʢ ʧʨʠʩʚʷʯʝʥʦ 

ʙʘʛʘʪʦ ʧʫʙʣʽʢʘʮʽʡ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʪʦʚʩʪʽ ʧʣʘʩʪʠʥʠ ʽ ʦʙʦʣʦʥʢʠ ʨʦʟʛʣʷʥʫʪʽ ʫ 

ʥʝʜʦʩʪʘʪʥʽʡ ʢʽʣʴʢʦʩʪʽ. ʇʣʘʩʪʠʥʠ ʨʦʟʛʣʷʜʘʶʪʴʩʷ, ʚ ʦʩʥʦʚʥʦʤʫ, ʪʨʠʢʫʪʥʦʾ, 

ʢʚʘʜʨʘʪʥʦʾ ʘʙʦ ʢʨʫʛʣʦʾ ʬʦʨʤʠ, ʽʥʢʦʣʠ ʟ ʦʪʚʦʨʘʤʠ. ʎʽʢʘʚʦ ʙʫʜʝ ʨʦʟʛʣʷʥʫʪʠ 

ʨʽʟʥʽ ʙʘʛʘʪʦʢʫʪʥʽ ʧʣʘʩʪʠʥʠ ʨʽʟʥʦʾ ʪʦʚʱʠʥʠ ʟ ʨʽʟʥʠʤʠ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ 

ʥʘ ʦʩʥʦʚʽ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ, ʚʩʪʘʥʦʚʠʪʠ ʨʷʜ ʟʘʣʝʞʥʦʩʪʝʡ ʩʧʝʢʪʨʫ ʯʘʩʪʦʪ ʚʽʜ 

ʨʽʟʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʚʩʪʘʥʦʚʠʪʠ ʤʝʞʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʞʥʦʛʦ ʟ ʤʝʪʦʜʽʚ. 

ʆʙʦʣʦʥʢʠ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ ʪʦʥʢʦʩʪʽʥʥʽ ʟ ʢʨʫʛʦʚʠʤ 

ʧʦʧʝʨʝʯʥʠʤ ʧʝʨʝʨʽʟʦʤ, ʽʥʢʦʣʠ ʝʣʽʧʪʠʯʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʽ ʜʫʞʝ 

ʤʘʣʦ ʨʦʙʽʪ ʧʨʠʩʚʷʯʝʥʦ ʛʦʬʨʦʚʘʥʠʤ ʮʠʣʽʥʜʨʠʯʥʠʤ ʦʙʦʣʦʥʢʘʤ. ɭ ʥʝʦʙʭʽʜʥʠʤ 

ʜʦʩʣʽʜʠʪʠ ʦʙʦʣʦʥʢʠ ʟ ʨʽʟʥʠʤ ʛʦʬʨʦʚʘʥʠʤ ʧʦʧʝʨʝʯʥʠʤ ʧʝʨʝʨʽʟʦʤ ʟ 

ʟʘʤʢʥʫʪʠʤ ʪʘ ʥʝʟʘʤʢʥʫʪʠʤ ʢʦʥʪʫʨʦʤ, ʜʦʩʣʽʜʠʪʠ ʚʣʠʚ ʟʤʽʥʠ ʪʦʚʱʠʥʠ ʥʘ 

ʩʧʝʢʪʨ ʯʘʩʪʦʪ, ʨʦʟʛʣʷʥʫʪʠ ʪʦʚʩʪʦʩʪʽʥʥ ̔ʦʙʦʣʦʥʢʠ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʜʘʥʦʾ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʨʦʟʨʦʙʢʫ ʪʘ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʯʠʩʝʣʴʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʜʣʷ ʜʦʩʣ̔ʜʞʝʥʥʷ 

ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʣʘʩʪʠʥ ʽ ʦʙʦʣʦʥʦʢ ʟ ʨʽʟʥʦʶ ʢʦʥʩʪʨʫʢʪʠʚʥʦʶ 

ʥʝʦʜʥʦʨʽʜʥʽʩʪʶ. ɿʨʦʙʣʝʥʠʡ ʦʛʣʷʜ ʣʽʪʝʨʘʪʫʨʠ ʧʽʜʪʚʝʨʜʞʫʻ ʜʦʮʽʣʴʥʽʩʪʴ ʪʘ 

ʘʢʪʫʘʣʴʥʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʚ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ. 
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ʈʦʟʜʽʣ 2 

 

ʄɽʊʆɼʀ ɺʀɿʅɸʏɽʅʅʗ ʏɸʉʊʆʊ ɯ ʌʆʈʄ ɺɯʃʔʅʀʍ ʂʆʃʀɺɸʅʔ 

ʇʃɸʉʊʀʅ ɯ ʎʀʃɯʅɼʈʀʏʅʀʍ ʆɹʆʃʆʅʆʂ 

 

ɺ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʥʘʚʝʜʝʥʦ ʦʩʥʦʚʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ ʚ ʨʘʤʢʘʭ 

ʪʝʦʨʽʾ ʂ̔ ʨʭʛʦʬʘïʃʚ̫ʘ (ʧʫʥʢʪ 2.1), ʟʨʦʙʣʝʥʦ ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯ ʧʨʦ ʚʽʣʴʥʽ 

ʢʦʣʠʚʘʥʥʷ ʮʠʣʽʥʜʨʠʯʥʠʭ ʦʙʦʣʦʥʦʢ (ʧʫʥʢʪ 2.2) ʪʘ ʧʣʘʩʪʠʥ (ʧʫʥʢʪ 2.3). 

ʇʨʝʜʩʪʘʚʣʝʥʦ ʟʚʝʜʝʥʫ ʬʦʨʤʫʣʫ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʢʚʘʜʨʘʪʥʦʾ ʧʣʘʩʪʠʥʠ 

ʟ ʜʦʚʽʣʴʥʠʤʠ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ, ʷʢʘ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʜʦʙʫʪʦʢ ʪʨʴʦʭ 

ʢʦʝʬʽʮʽʻʥʪʽʚ: ʢʦʝʬʽʮʽʻʥʪ ʛʝʦʤʝʪʨʽʾ; ʢʦʝʬʮ̔ʽʥ̒ʪ ʤʘʪʝʨʽʘʣʫ; ʢʦʝʬʽʮʽʻʥʪ ʬʦʨʤʠ 

ʢʦʣʠʚʘʥʴ ʽ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʧʦʰʠʨʠʪʠ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ 

ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʢʚʘʜʨʘʪʥʦʾ ʧʣʘʩʪʠʥʠ ʥʘ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪ ʙʘʛʘʪʦʢʫʪʥʠʭ 

ʧʣʘʩʪʠʥ ʟ ʜʦʚʽʣʴʥʠʤʠ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ ʥʘ ʢʨʘʷʭ (ʧʫʥʢʪ 2.3). 

ʅʘʚʝʜʝʥʦ ʦʩʥʦʚʥʽ ʧʨʠʥʮʠʧʠ ʪʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʄʉɽ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ 

ʟʘʩʪʦʩʫʚʘʪʠ ʧʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ ʽʥʞʝʥʝʨʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ FEMAP ʟ 

ʨʦʟʚôʷʟʫʚʘʯʝʤ NX Nastran ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʯʘʩʪʦʪ ʽ ʬʦʨʤ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ 

ʧʣʘʩʪʠʥ ʽ ʦʙʦʣʦʥʦʢ (ʇʆ̔) ʨʟ̔ʥʦʾ ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ (ʧʫʥʢʪ 2.4), 

ʷʢʠʡ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʜʦʩʣʽʜʠʪʠ ʜʠʥʘʤʽʯʥʫ ʧʦʚʝʜʽʥʢʫ ʧʦʙʫʜʦʚʘʥʦʾ 

ʢʦʤʧôʶʪʝʨʥʦʾ ʤʦʜʝʣʽ ʙʝʟ ʟʥʘʯʥʠʭ ʟʘʪʨʘʪ ʯʘʩʫ ʪʘ ʢʦʰʪʽʚ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʜʚʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʤʝʪʦʜʠ: ʤʝʪʦʜ ʛʦʣʦʛʨʘʬʽʯʥʦʾ 

ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʾ, ʷʢʠʡ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʙʝʟʢʦʥʪʘʢʪʥʦ ʪʘ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ 

ʜʦʩʣʽʜʞʫʚʘʪʠ ʧʣʘʩʪʠʥʠ ʪʘ ʦʙʦʣʦʥʢʠ ʩʢʣʘʜʥʦʾ ʬʦʨʤʠ (ʧʫʥʢʪ 2.5); ʨʝʟʦʥʘʥʩʥʠʡ 

ʤʝʪʦʜ, ʷʢʠʡ ʧʦʣʛ̫ʘʻ ʫ ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʟʙʫʜʞʝʥʥ̔  ʢʦʣʠʚʘʥʴ ʜʦʩʣʽʜʞʫʚʘʥʦ ʾ

ʧʣʘʩʪʠʥʠ. ʆʙʠʜʚʘ ʤʝʪʦʜʠ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪ ɹ ʧʣʘʚʥʦ ʟʤʽʥʶʚʘʪʠ ʯʘʩʪʦʪʫ 

ʢʦʣʠʚʘʥʴ ʘ ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ ʨʝʟʦʥʘʥʩʥʠʭ ʯʘʩʪʦʪ ʬʽʢʩʫʚʘʪʠ ʯʘʩʪʦʪʫ ʪʘ 

ʨʝʻʩʪʨʫʚʘʪʠ ʨʦʟʧʦʜʽʣ ʘʤʧʣʽʪʫʜ ʢʦʣʠʚʘʥʴ ʧʣʘʩʪʠʥ ʪʘ ʦʙʦʣʦʥʦʢ (ʧʫʥʢʪ 2.6). 

 

2.1. ʆʩʥʦʚʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ 

ɺ ʢʣʘʩʠʯʥʽʡ ʧʦʩʪʘʥʦʚʮʽ ʟʘʜʘʯʘ ʧʨʦ ʢʦʣʠʚʘʥʥʷ ʧʣʘʩʪʠʥ ʪʘ ʦʙʦʣʦʥʦʢ 
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ʬʦʨʤʫʣʶʻʪʴʩ̫ ʚ ʨʘʤʢʘʭ ʪʝʦʨʽʾ ʂʽʨʭʛʦʬʘïʃʷʚʘ [256] ʟʛʽʜʥʦ ʛʽʧʦʪʝʟ: 

- ʧʨʷʤʽ ʣʽʥʽʾ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽ ʜʦ ʩʝʨʝʜʠʥʥʦʾ ʧʦʚʝʨʭʥʽ, ʟʘʣʠʰʘʶʪʴʩʷ 

ʧʨʷʤʠʤʠ ʧʽʩʣʷ ʜʝʬʦʨʤʘʮʽʾ; 

- ʧʨʷʤʽ ʣʽʥʽʾ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽ ʜʦ ʩʝʨʝʜʠʥʥʦʾ ʧʦʚʝʨʭʥʽ, ʟʘʣʠʰʘʶʪʴʩʷ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʤʠ ʜʦ ʩʝʨʝʜʠʥʥʦʾ ʧʦʚʝʨʭʥʽ ʧʽʩʣʷ ʜʝʬʦʨʤʘʮʽʾ; 

- ʪʦʚʱʠʥʘ ʥʝ ʟʤʽʥʶʻʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʜʝʬʦʨʤʫʚʘʥʥʷ. 

ɿʛʽʜʥʦ ʟ ʮʠʤʠ ʛʽʧʦʪʝʟʘʤʠ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ ʧʝʚʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ 

ʪʝʥʟʦʨʽʚ ʥʘʧʨʫʞʝʥɹ ̔ ʜʝʬʦʨʤʘʮʽʡ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʤʝʥʰʠʪʠ ʧʦʨʷʜʦʢ 

ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ, ʷʢʘ ʦʧʠʩʫʻ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ. 

ʂʣʘʩʠʯʥʘ ʪʝʦʨʽʷ ʜʘʻ ʭʦʨʦʰʫ ʪʦʯʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʠ 

ʜʦʩʣʽʜʞʝʥʥʷʭ ʧʣʘʩʪʠʥ (ʦʙʦʣʦʥʦʢ) ʟʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʪʦʚʱʠʥʠ ʜʦ ʾʭ 

ʥʘʡʤʝʥhʦʾ ʩʪʦʨʦʥʠ (ʨʘʜʽʫʩʘ ʩʝʨʝʜʠʥʥʦʾ ʧʦʚʝʨʭʥʽ) ʥʝ ʙʽʣʴʰʝ 1/5. 

ɺ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ ʯʘʩʪʦ ʟʘʧʠʩʫʶʪʴ ʦʩʥʦʚʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚ 

ʢʨʠʚʦʣʽʥʽʡʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ, ʱʦ ʧʦʚôʷʟʘʥʝ ʟʽ ʩʢʣʘʜʥʽʩʪʶ ʬʦʨʤʠ 

ʧʦʚʝʨʭʦʥʴ ʦʙôʻʢʪʽʚ, ʜʣʷ ʷʢʠʭ ʧʦʙʫʜʦʚʘʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ. 

ʇʦʣʦʞʝʥʥʷ ʙʫʜɹ- ʢ̫ʦʾ ʪʦʯʢʠ ʄ ʧʨʦʩʪʦʨʦʚʦʛʦ ʪʽʣʘ ʚ ʢʨʠʚʦʣʽʥʽʡʥʽʡ 

ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ʦʜʥʦʟʥʘʯʥʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʨʴʦʤʘ ʢʨʠʚʦʣʽʥʽʡʥʠʤʠ 

ʢʦʦʨʜʠʥʘʪʘʤʠ Ŭ, ɓ, ɔ (ʨʠʩ. 2.1), ʷʢʽ ʧʦʚôʷʟʘʥʽ ʟ ʜʝʢʘʨʪʦʚʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ʭ1, 

ʭ2, ʭ3: 

 

( ) ( ) ( ).,,,,,,,, 321321321 ʭʭʭʭʭʭʭʭʭ ggbbaa ===   (2.1) 

 

ɺ ʩʠʣʫ ʦʜʥʦʟʥʘʯʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥ ̫ʧʦʣʦʞʝʥʥʷ ʪʦʯʢʠ ʄ ʚ ʧʨʦʩʪʦʨʽ ʤʦʞʥʘ 

ʟʘʧʠʩʘʪʠ ʟʚʦʨʦʪʥʽʡ ʟʚôʷʟʦʢ ʜʝʢʘʨʪʦʚʠʭ ʢʦʦʨʜʠʥʘʪ ʯʝʨʝʟ ʢʨʠʚʦʣʽʥʽʡʥʽ 

ʢʦʦʨʜʠʥʘʪʠ 

 

( ) ( ) ( ).,,,,,,,, 332211 gbagbagba ʭʭʭʭʭʭ ===   (2.2) 
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ʈʠʩ. 2.1. ʂʨʠʚʦʣʽʥʽʡʥʘ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ Ŭ, ɓ, ɔ 

 

ɺ ʢʨʠʚʦʣʽʥʽʡʥʽ ʦʨʪʦʛʦʥʘʣʴʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ Ŭ, ɓ, ɔ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʣʽʥʽʡʥʦʾ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ ʤʘʶʪʴ ʥʘʡʧʨʦʩʪʽʰʠʡ ʚʠʛʣʷʜ. 

ʂʚʘʜʨʘʪ ʜʦʚʞʠʥʠ ʣʽʥʽʡʥʦʛʦ ʝʣʝʤʝʥʪʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʧ̔ ʚʚʽʜʥʦʰʝʥʥʷʤ 

 

22
3

22
2

22
1

2 gba dHdHdHds ++= ,    (2.3) 

 

ʜʝ H1, H2, H3 ï ʢʦʝʬʽʮʽʻʥʪʠ ʃʘʤʝ, ̫ ʢʽ ʻ ʬʫʥʢʮʽʷʤʠ ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʢʦʦʨʜʠʥʘʪ 
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    (2.4) 

 

ʇʨʠ ʨʦʟʚôʷʟʫʚʘʥʥʽ ʟʘʜʘʯ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ ʜʣʷ ʮʠʣʽʥʜʨʠʯʥʠʭ ʪʽʣ ʟʨʫʯʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʮʠʣʽʥʜʨʠʯʥʫ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ, ʜʝ ʢʨʠʚʦʣʽʥʽʡʥʽ 

ʢʦʦʨʜʠʥʘʪʠ Ŭ, ɓ, ɔ ʧʨʠʡʤʘʶʪʴ ʚʠʛʣʷʜ 

 

.,, rz === gqba      (2.5) 

 

ɼʣ̫  ʮʠʣʽʥʜʨʽʚ ʢʨʫʛʦʚʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ (ʨʠʩ. 2.2) 

 

z=const, ɗ=const, r=const,         (2.6) 
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ʈʠʩ. 2.2. ʎʠʣʽʥʜʨʠʯʥʘ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ z, ɗ, r 

 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (2.2) ʟʚôʷʟʢʫ ʜʝʢʘʨʪʦʚʠʭ ʢʦʦʨʜʠʥʘʪ ʭ1, ʭ2, ʭ3 ʽ ʮʠʣʽʥʜʨʠʯʥʠʭ 

ʤʘʁʪɹ ʚʠʛʣ̫ʜ 

 

zʭrʭrʭ === 321 ,sin,cos qq .    (2.7) 

 

ʋ ʚʠʧʘʜʢʫ ʮʠʣ̔ʥʜʨʽʚ ʝʣʽʧʪʠʯʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ (2.2) 

ʟʘʧʠʩʫʶʪʴʩʷ ʷʢ 

 

zʭbʭaʭ === 321 ,sin,cos qq .    (2.8) 

 

ʜʝ a ï ʚʝʣʠʢʘ ʧʽʚʚʽʩɹ ʝʣʽʧʩʘ, b ï ʤʘʣʘ ʧʽʚʚʽʩʴ ʝʣʽʧʩʘ. 

ʋ ʚʠʧʘʜʢʫ ʮʠʣʽʥʜʨʽʚ ʛʦʬʨʦʚʘʥʦʛʦ ʝʣʽʧʪʠʯʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ 

(2.2) ʥʘʙʫʚʘʶʪʴ ʚʠʛʣʷʜʫ 

 

( )[ ] qq coscos1 kAax += ,   ( )[ ] qq sincos2 kAbʭ += ,   zʭ=3 ,  (2.9) 

 

ʜʝ A ï ʘʤʧʣʽʪʫʜʘ ʛʦʬʨʘ, k ï ʛʫʩʪʠʥʘ ʛʦʬʨʫʚʘʥʥʷ. 

ʂʦʝʬʽʮʽʻʥʪʠ ʃʘʤʝ (2.4) ʚ ʮʠʣʽʥʜʨʠʯʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ʧʨʠʡʤʘʪʁ ɹ

ʟʥʘʯʝʥʥʷ 

 

1,,1 321 === HrHH ,     (2.10) 

ʘ ʚ ʜʝʢʘʨʪʦʚʽʡ ʩʠʩʪʝʤ̔ ʢʦʦʨʜʠʥʘʪ 

 

1,1,1 321 === HHH .    (2.11) 
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ʇʽʜ ʜʽʻʶ ʟʦʚʥʽʰʥʽʭ ʥʘʚʘʥʪʘʞʝʥʴ ʪʽʣʦ ʜʝʬʦʨʤʫʻʪʴʩʷ, ʘ ʧʝʨʝʤʽʱʝʥʥʷ 

ʪʦʯʦʢ ʡʦʛʦ ʧʦʚʝʨʭʥʽ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʝʢʪʦʨʦʤ ʧʦʚʥʦʛʦ ʧʝʨʝʤʽʝɦʥʥʷ U , 

ʢ̫ʠʡ ʤʦʞʥʘ ʨʦʟʢʣʘʩʪʠ ʥʘ ʪʨʠ ʢʦʤʧʦʥʝʥʪʠ uŬ(Ŭ, ɓ, ɔ), uɓ(Ŭ, ɓ, ɔ), uɔ(Ŭ, ɓ, ɔ), ʷʢʽ ʻ 

ʧʨʦʝʢʮʽʷʤʠ ʚʝʢʪʦʨʘ U  ʥʘ ʥʘʧʨʷʤʢʠ ʜʦʪʠʯʥʽ ʜʦ ʚʽʜʧʦʚʽʜʥʠʭ ʢʨʠʚʦʣʽʥʡ̔ʥʠʭ 

ʢʦʦʨʜʠʥʘʪʥʠʭ ʣʽʥʽʡ Ŭ, ɓ, ɔ. 

ɼʝʬʦʨʤʘʮʽʷ ʢʦʞʥʦʾ ʪʦʯʢʠ ʄ ʧʨʦʩʪʦʨʦʚʦʛʦ ʪʽʣʘ ʦʧʠʩʫʻʪʴʩʷ ʪʨʴʦʤʘ 

ʚʽʜʥʦʩʥʠʤʠ ʣʽʥ̔ʡʥʠʤʠ ʜʝʬʦʨʤʘʮʽʷʤʠ ŮŬ, Ůɓ, Ůɔ ʫ ʥʘʧʨʷʤʢʫ ʚʽʜʧʦʚʽʜʥʠʭ 

ʢʦʦʨʜʠʥʘʪʥʠʭ ʣʽʥʽʡ ʪʘ ʪʨʴʦʤʘ ʚʽʜʥʦʩʥʠʤʠ ʟʩʫʚʥʠʤʠ ʜʝʬʦʨʤʘʮʽʷʤʠ ŮŬɓ, Ůɓɔ, ŮŬɔ 

ʫ ʧʣʦʱʠʥʘʭ, ʜʦʪʠʯʥʠʭ ʜʦ ʢʦʦʨʜʠʥʘʪʥʠʭ ʧʦʚʝʨʭʦʥʴ ʚ ʪʦʯʮʽ ʄ. ɺʽʜʧʦʚʽʜʥʽ 

ʜʝʬʦʨʤʘʮʽʾ ʚʠʨʘʞʘʶʪʴʩʷ ʯʝʨʝʟ ʧʝʨʝʤʽʱʝʥʥʷ ʪʘ ʥʘʟʠʚʘʶʪʴʩʷ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ ʂʦʰʽ, ̫ʢʽ ʟʘʧʠʩʫʶʪʴʩʷ ʜʣʷ ʢʨʠʚʦʣʽʥʽʡʥʦʾ ʩʠʩʪʝʤʠ 

ʢʦʦʨʜʠʥʘʪ ʫ ʚʠʛʣʷʜʽ: 
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      (2.13) 

 

ʅʘʧʨʫʞʝʥʠʡ ʩʪʘʥ ʦʧʠʩʫʻʪʴʩʷ ʪʨʴʦʤʘ ʥʦʨʤʘʣʴʥʠʤʠ ʥʘʧʨʫʞʝʥʥʷʤʠ ůŬ, 

ůɓ, ůɔ ʥʘ ʧʣʦʱʘʜʢʘʭ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʭ ʚʽʜʧʦʚʽʜʥʠʤ ʢʦʦʨʜʠʥʘʪʥʠʤ ʣʥ̔ʽʤ̫ Ŭ, ɓ, 

ɔ, ʪʘ ʰʽʩʪʴʤʘ ʜʦʪʠʯʥʠʤʠ ʥʘʧʨʫʞʝʥʥʷʤʠ ůŬɓ, ůɓŬ, ůŬɔ, ůɔŬ, ůɔɓ, ůɓɔ, ʫ ʚʽʜʧʦʚʽʜʥʠʭ 

ʧʣʦɦʠʥʘʭ. ɼʦʪʠʯʥʽ ʥʘʧʨʫʞʝʥʥ ̫ʻ ʧʘʨʥʠʤʠ ʪʦʤʫ: ůŬɓ=ůɓŬ, ůŬɔ=ůɔŬ, ůɔɓ=ůɓɔ. 
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ʇʨʠ ʥʘʷʚʥʦʩʪʽ ʤʘʩʦʚʠʭ ʩʠʣ { }gba FFFF ,,  ʨʽʚʥʷʥʥʷ ʨʽʚʥʦʚʘʛʠ ʚ 

ʢʨʠʚʦʣʽʥʽʡʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ʟʘʧʠʩʫʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ: 
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ʜʝ FŬ, Fɓ, Fɔ ï ʚʽʜʧʦʚʽʜʥʽ ʧʨʦʝʢʮʽʾ ʚʝʢʪʦʨʘ ʤʘʩʦʚʠʭ ʩʠʣ ʥʘ ʜʦʪʠʯʥʽ ʜʦ 

ʢʦʦʨʜʠʥʘʪʥʠʭ ʣʽʥʽʡ Ŭ, ɓ, ɔ. 

ʂʦʤʧʦʥʝʥʪʠ ʜʝʬʦʨʤʘʮʽʾ ʪʘ ʥʘʧʨʫʞʝʥʴ ʧʦʚôʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ ʟʘʢʦʥʦʤ 

ɻʫʢʘ, ʷʢʠʡ ʚ ʫʟʘʛʘʣʴʥʝʥʦʤʫ ʚʠʛʣʜ̫ ̔ʜʣʷ ʦʨʪʦʪʨʦʧʥʠʭ ʪʽʣ ʟʘʧʠʰʝʪʴʩʷ ʷʢ 
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    (2.15) 

 

ʜʝ ʩij ï ʝʣʝʤʝʥʪʠ ʤʘʪʨʠʮʽ ʞʦʨʩʪʢʦʩʪʽ. ɼʣʷ ʽʟʦʪʨʦʧʥʠʭ ʪʽʣ ʩij ʟʘʧʠʰʫʪʴʩʷ ʫ ʚʠʛʣʷʜʽ 
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ʜʝ ɽ ï ʤʦʜʫʣʴ ʖʥʛʘ, v ï ʢʦʝʬʽʮʽʻʥʪ ʇʫʘʩʩʦʥʘ, ɚ ʽ ɛ ï ʧʘʨʘʤʝʪʨʠ ʃʘʤʝ, ʱʦ 

ʚʠʟʥʘʯʘʶʪʴ ʤʘʪʝʨʽʘʣʴʥʽ ʢʦʥʩʪʘʥʪʠ ʧʨʫʞʥʦʩʪʽ. 

 

2.2. ʈʽʚʥʷʥʥʷ ʢʦʣʠʚʘʥʴ ʦʙʦʣʦʥʦʢ 

ʊʦʥʢʘ ʽʟʦʪʨʦʧʥʘ ʦʙʦʣʦʥʢʘ (ʨʠʩ. 2.3) ʚ ʦʨʪʦʛʦʥʘʣʴʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ x1, 

 x2 , x3 ʟ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʃʘʤʝ (2.11) ʟʘ ʫʤʦʚʠ, ʱʦ ʢʦʦʨʜʠʥʘʪʥʽ ʣʽʥʽʾ x1 ʽ x2 ʥʘ 

ʩʝʨʝʜʠʥʥʽʡ ʧʦʚʝʨʭʥ ̔ʩʧʽʚʧʘʜʘʶʪʴ ʟ ʣʽʥʽʷʤʠ ʛʦʣʦʚʥʠʭ ʢʨʠʚʠʟʥ ʟ ʨʘʜʽʫʩʘʤʠ 

ʢʨʠʚʠʟʥʠ R1  ̔ R2, ʚ ʨʘʤʢʘʭ ʛʽʧʦʪʝʟ ʂʽʨʛʭʦʬʘïʃʷʚʘ ʙʫʜʝ ʤʘʪʠ ʪʘʢʽ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ [257] 
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(2.17)
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ʈʠʩ. 2.3. ʆʙʦʣʦʥʢʘ ʚ ʦʨʪʦʛʦʥʘʣʴʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ x1 , x2, x3 

 

ʇʽʜʩʪʘʚʠʚʰʠ ʚʠʨʘʟʠ ʜʣʷ Q1 ʽ Q2 ʫ ʧʝʨʰʽ ʪʨʠ ʨʽʚʥʷʥʥʷ (2.17) ʦʪʨʠʤʘʻʤʦ 

ʪʨʠ ʨʽʚʥʷʥʥʷ ʚʽʜʥʦʩʥʦ ʰʝʩʪʠ ʚʥʫʪʨʽʰʥʽʭ ʟʫʩʠʣʴ 
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(2.18)

 

 

ɺ̔ʜʧʦʚʽʜʥʦ ʜʦ ʧʝʨhʦʾ ʛʽʧʦʪʝʟʠ ʂʽʨʭʛʦʬʘïʃʷʚʘ ʟʘʧʠ ʝhʤʦ 

 

2222221111111212 ;;0 kekeee zeze -=-=== . (2.19) 

 

ʂʦʤʧʦʥʝʥʪʠ ʜʝʬʦʨʤʘʮʽʡ ʪʘ ʟʤʽʥ ʢʨʠʚʠʟʥʠ ʩʝʨʝʜʠʥʥʦʾ ʧʦʚʝʨʭʥʽ ʤʦʞʥʘ 

ʚʠʨʘʟʠʪʠ ʯʝʨʝʟ ʢʦʤʧʦʥʝʥʪʠ ʧʝʨʝʤʽʱʝʥʴ u1, u2, u3=w 
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ʂʫʪʠ ʧʦʚʦʨʦʪʫ ʥʦʨʤʘʣʴʥʠʭ ʧʝʨʝʨʽʟʽʚ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ 
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ɿʚôʷʟʦʢ ʟʫʩʠʣʴ ʚ ʩʝʨʝʜʠʥʥʽʡ ʧʦʚʝʨʭʥʽ N11, N22, N12, N21 ʪʘ ʤʦʤʝʥʪʽʚ M11, 

M22, M12=M21 ʟ ʜʝʬʦʨʤʘʮʽʷʤʠ ʩʝʨʝʜʠʥʥʦʾ ʧʦʚʝʨʭʥʽ Ů11, Ů22, Ů12= Ů21 ʪʘ ʟʤʽʥʘʤʠ 

ʢʨʠʚʠʟʥ ə11, ə22, ə12=ə21 ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʬʦʨʤʫʣʘʤʠ: 

 

( ) ( )

.
121

,
121

,
1

,
1

1

12

2

1221

2

12

2

1212

11222222211211

öö
÷

õ
ææ
ç

å
Ö-

+
=öö

÷

õ
ææ
ç

å
Ö-

+
=

+
-

=+
-

=

R

h
e

v

Eh
N

R

h
e

v

Eh
N

vee
v

Eh
Nvee

v

Eh
N

kk
 (2.23) 

 

( )

( )

( ) .1

,

,

1212

112222

221111

k

kk

kk

vDM

vDM

vDM

-=

+=

+=

 (2.24) 

 



61 

ɺʠʨʘʟʠʤʦ ʚʥʫʪʨʽʰʥʽ ʟʫʩʠʣʣʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʽʚʚʽʜʥʦʰʝʥ ɹʧʨʫʞʥʦʩʪʽ 

(2.23), (2.24) ʽ ʟʘʣʝʞʥʦʩʪʝʡ (2.20), (2.21) ʯʝʨʝʟ ʧʝʨʝʤʽʱʝʥʥʷ u1, u2, w, ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʦʪʨʠʤʘʻʤʦ 
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ʇʽʜʩʪʘʚʣʷʶʯʠ ʚʠʨʘʟʠ (2.25) ʚ ʨʽʚʥʷʥʥʷ (2.18) ʚʽʜʥʦʩʥʦ ʰʝʩʪʠ 

ʚʥʫʪʨʽʰʥʽʭ ʟʫʩʠʣʴ [42], ʟʥʘʡʜʝʤʦ ʩʠʩʪʝʤʫ ʪʨʴʦʭ ʟʘʛʘʣɹʥʠʭ ʨʽʚʥʷʥʴ ʢʦʣʠʚʘʥʴ 

ʪʦʥʢʦʾ ʧʨʫʞʥʦʾ ʦʙʦʣʦʥʢʠ ʚ ʧʝʨʝʤʽʱʝʥʥʭ̫ 
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 (2.26) 

 

ʜʝ ɸ1, ɸ2, ɸ3 ï ʽʥʝʨʮʽʡʥʽ ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʦʧʝʨʘʪʦʨʠ; ʉ11, ʉ12, ʉ13, ʉ21, ʉ22, 

ʉ23, ʉ31, ʉ32, ʉ33 ï ʧʨʫʞʥʽ ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʦʧʝʨʘʪʦʨʠ; u1, u2, w ï ʢʦʤʧʦʥʝʥʪʠ 

ʧʝʨʝʤʽʱʝʥʥʷ ʩʝʨʝʜʠʥʥʦʾ ʧʦʚʝʨʭʥʽ ʦʙʦʣʦʥʢʠ, q1, q2, q3 ï ʧʨʦʝʢʮʽʾ ʥʘ 

ʢʦʦʨʜʠʥʘʪʥʽ ʚʽʩʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʝ ʧʨʠʧʘʜʘʻ ʥʘ ʦʜʠʥʠʮʶ 

ʧʣʦɦ̔  ʩʝʨʝʜʠʥʥʦʾ ʧʦʚʝʨʭʥʽ. 

ʂʦʣʠʚʘʥʥʷ ʧʨʫʞʥʦʾ ʪʦʥʢʦʾ ʦʙʦʣʦʥʢʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʪʨʴʦʤʘ 

ʜʚʦʚʠʤʽʨʥʠʤʠ ʬʫʥʢʮʽʷʤʠ u1 (ʭ1, ʭ2, t), u2 (ʭ1, ʭ2, t), w (ʭ1, ʭ2, t), ʷʢʽ 

ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʩʠʩʪʝʤʫ ʜʠʬʝʨʝʥʮ̔ʘʣʴʥʠʭ ʨʽʚʥʷʥʴ (2.26) 16-ʛʦ ʧʦʨʷʜʢʫ. 

ʉʠʩʪʝʤʫ ʨʽʚʥʷʥʴ (2.26) ʧʦʜʘʤʦ ʫ ʚʠʛʣʷʜʽ ʦʜʥʦʛʦ ʤʘʪʨʠʯʥʦʛʦ ʨʽʚʥʷʥʥʷ 

 

[]{}[]{} {},quu =+CA ##  (2.27) 

 

ʜʝ [ɸ] ï ʜʽʘʛʦʥʘʣʴʥʘ ʤʘʪʨʠʮʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʽʥʝʨʮʽʡʥʠʭ ʦʧʝʨʘʪʦʨʽʚ; [ʉ] ï 

ʤʘʪʨʠʮʷ ʧʨʫʞʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʦʧʝʨʘʪʦʨʽʚ; {u} ï ʤʘʪʨʠʮʷ-ʩʪʦʚʧʝʮʴ 

ʧʝʨʝʤʽʱʝʥʴ; {q} ï ʤʘʪʨʠʮʷ-ʩʪʦʚʧʝʮʴ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ ʜʣʷ ʢʨʘʶ x1=const ʦʙʦʣʦʥʢʠ ʤʦʞʥʘ ʟʘʜʘʪʠ ʷʢ 

- ʞʦʨʩʪʢʦ ʟʘʢʨʽʧʣʝʥʠʡ ʢʨʘʡ (C) 

 

0=w ,   01 =Q ,   01 =u ,   02 =u ; (2.28) 

 

- ʰʘʨʥ̔ʨʥʦ ʦʧʝʨʪʠʡ ʢʨʘʡ (S) 

 

0=w ,   011=M ,   011=N ,   02 =u ; (2.29) 



63 

- ʚʽʣʴʥʠʡ ʢʨʘʡ (F) 
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x
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H
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12
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12 =- M
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N . (2.30) 

 

ɼʣʷ ʢʨʫʛʦʚʦʾ ʮʠʣʽʥʜʨʠʯʥʦʾ ʦʙʦʣʦʥʢʠ ʚ ʷʢʦʩʪʽ ʢʦʦʨʜʠʥʘʪ ʥʘ ʩʝʨʝʜʠʥʥʽʡ 

ʧʦʚʝʨʭʥʽ ʚʠʙʨʘʥʘ ʢʦʦʨʜʠʥʘʪʘ ʭ1=ʭ ʚʟʜʦʚʞ ʪʚʽʨʥʦʾ ʪʘ ʜʦʚʞʠʥʘ ʜʫʛʠ ʭ2=s ʚ 

ʢʦʣʦʚʦʤʫ ʥʘʧʨʷʤʽ (ʨʠʩ. 2.4). ʇʨʠ ʮʴʦʤʫ ʢʦʝʬʽʮʽʻʥʪʠ ʃʘʤʝ H1=H2=1, ʘ ʨʘʜ̔ʫʩ 

ʢʨʠʚʠʟʥʠ R1 ʧʨʷʤʫʻ ʜʦ ʥʝʩʢʽʥʯʝʥʥʦʩʪʽ R2=R=const. 

 

 

ʈʠʩ. 2.4. ʎʠʣʽʥʜʨʠʯʥʘ ʦʙʦʣʦʥʢʘ ʚ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ʭ, s, R 

 

ʈʽʚʥʷʥʥʷ ʢʦʣʠʚʘʥʴ ʢʨʫʛʦʚʦʾ ʮʠʣʽʥʜʨʠʯʥʦʾ ʦʙʦʣʦʥʢʠ ʯʝʨʝʟ ʧʝʨʝʤʽʱʝʥʥʷ 

ʟʘʧʠʰʫʪʴʩʷ ʫ ʚʠʛʣʷʜʽ 
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ʗʢɦʦ ʨʦʟʛʣʷʜʘʪʠ ʟʛʠʥʥʽ ʢʦʣʠʚʘʥʥʷ, ʪʦ ʚ ʨ̔ʚʥʷʥʥʷʭ (2.21) ʜʣʷ 

ʢʦʤʧʦʥʝʥʪʽʚ ʟʤʽʥʠ ʢʨʠʚʠʟʥʠ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ ʪʘʥʛʝʥʮʽʘʣʴʥʠʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʚʝʢʪʦʨʘ ʧʝʨʝʤʽʱʝʥʥʷ 
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 (2.32) 

 

ɺ ʩʚʦʶ ʯʝʨʛʫ ʚ ʧʝʨʰʠʭ ʜʚʦʭ ʨʽʚʥ̫ʥʥʷʭ (2.17) ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ 

ʪʘʥʛʝʥʮʽʘʣʥɹʠʤʠ ʩʠʣʘʤʠ ʽʥʝʨʮʽʾ ʪʘ ʩʠʣʘʤʠ Q1, Q2. ʇʨʠʧʫʩʪʠʚʰʠ, ʱʦ 

ʪʘʥʛʝʥʮʘ̔ʣʥɹʽ ʢʦʤʧʦʥʝʥʪʠ ʟʦʚʥʽʰʥʽʭ ʩʠʣ q1, q2 ʨʽʚʥʽ ʥʫʣʶ, ʤʦʞʥʘ ʚʚʝʩʪʠ 

ʬʫʥʢʮʽʶ ʥʘʧʨʫʞʝʥʴ ɢ ʟʘ ʚʠʨʘʟʘʤʠ 
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 (2.33) 

 

2.3. ʈʽʚʥʷʥʥʷ ʢʦʣʠʚʘʥʴ ʧʣʘʩʪʠʥ 

ʗʢʱʦ ʚʠʢʣʶʯʠʪʠ ʟ ʨʽʚʥʷʥʴ (2.17) ʟʫʩʠʣʣʷ ʚʽʜʧʦʚʽʜʥʦ ʬʦʨʤʫʣʽ (2.33) ʪʘ 

ʤʦʤʝʥʪʠ ʚʽʜʧʦʚʽʜʥʦ ʬʦʨʤʫʣʘʤ (2.24) ʪʘ (2.32), ʘ ʪʘʢʦʞ ʜʦʜʘʪʠ ʨ̔ʚʥʥ̫ʥʷ 

ʩʫʤʽʩʥʦʩʪʽ ʜʝʬʦʨʤʘʮʽʡ, ʪʦ ʦʪʨʠʤʘʻʤʦ ʩʠʩʪʝʤʫ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʜʣʷ 

ʧʦʣʦʛʠʭ ʦʙʦʣʦʥʦʢ [257] 
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 (2.34) 

 

ʜʝ D ï ʮʠʣʽʥʜʨʠʯʥʘ ʞʦʨʩʪʢʽʩʪʴ; ȹ ï ʟʘʛʘʣʴʥʠʡ ʦʧʝʨʘʪʦʨ ʃʘʧʣʘʩʘ; w ï ʧʨʦʛʠʥ; 

ɟ ï ʛʫʩʪʠʥʘ ʤʘʪʝʨʽʘʣʫ; q ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʦʧʝʨʝʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʷʢ 

ʬʫʥʢʮʽʷ ʚʽʜ (x1, x2, t); 

ʎʠʣʽʥʜʨʠʯʥʘ ʞʦʨʩʪʢʽʩʪʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʽʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

 

( )
.

112 2

3

n-
=

Eh
D  (2.35) 

 

ɿʘʛʘʣʴʥʠʡ ʦʧʝʨʘʪʦʨ ʃʘʧʣʘʩʘ ȹ ʪʘ ʦʧʝʨʘʪʦʨ ȹh ʟʘʜʘʶʪʴʩʷ ʚʠʨʘʟʘʤʠ 
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ɼʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ʤʘʣʠʭ ʧʦʧʝʨʝʯʥʠʭ ʢʦʣʠʚʘʥʴ ʽʟʦʪʨʦʧʥʦʾ 

ʧʣʘʩʪʠʥʠ ʩʪʘʣʦʾ ʪʦʚʱʠʥʠ h ʚ ʦʨʪʦʛʦʥʘʣʴʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ x1, x2 (ʨʠʩ. 2.5) 

ʚ ʨʘʤʢʘʭ ʛʽʧʦʪʝʟ ʂʽʨʭʛʦʬʘïʃʷʚʘ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʟ ʧʝʨʰʦʛʦ ʨʽʚʥʷʥʥʷ (2.34) ʟ 

ʫʨʘʭʫʚʘʥʥʤ̫, ʱʦ ʨʘʜʽʫʩʠ ʢʨʠʚʠʟʥ R1 ʪʘ R2 ʧʨʷʤʫʶʪʴ ʜʦ ʥʝʩʢʽʥʯʝʥʥʦʩʪʽ 
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ʗʢʱʦ ʨʦʟʛʣʷʜʘʪʠ ʥʝʜʝʬʦʨʤʽʚʥʫ ʧʨʷʤʦʢʫʪʥʫ ʧʣʘʩʪʠʥʫ ʚ ʜʝʢʘʨʪʦʚʽʡ 



66 

ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ x1, x2 (ʨʠʩ. 2.6), ʪʦ ʢʦʝʬʽʮʽʻʥʪʠ ʃʘʤʝ ʙʫʜʫʪʴ ʨʽʚʥʽ 1, ʘ 

ʦʧʝʨʘʪʦʨ ʃʘʧʣʘʩʘ (2.36) ʟʘʧʠhʝʪʴʩʷ ʫ ʥʘʩʪʫʧʥʦʤʫ ʚʠʛʣʜ̫ ̔
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ʈʠʩ. 2.5. ʇʣʘʩʪʠʥʘ ʚ ʦʨʪʦʛʦʥʘʣʴʥʽʡ ʩʠʩʪʝʤʽ 

ʢʦʦʨʜʠʥʘʪ x1 x2 

ʈʠʩ. 2.6. ʇʣʘʩʪʠʥʘ ʚ ʜʝʢʘʨʪʦʚʽʡ ʩʠʩʪʝʤʽ 

ʢʦʦʨʜʠʥʘʪ x1 x2 

 

ʇʝʨʝʤʽʱʝʥʥʷ ʪʦʯʦʢ ʧʦʚʝʨʭʥʽ ʧʣʘʩʪʠʥʠ ʙʫʜʫʪʴ ʦʧʠʩʫʚʘʪʠʩʴ ʨʽʚʥʷʥʥʷʤʠ, 

ʱʦ ʩʧʨʦʱʫʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʛʧ̔ʦʪʝʟ ʂʽʨʭʛʦʬʘïʃʷʚʘ 
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ʆʩʢʽʣʴʢʠ ʧʨʦʛʠʥʠ ʻ ʤʘʣʠʤʠ, ʘ ʟʘʜʘʯʘ ʣʽʥʽʡʥʦʶ, ʩʝʨʝʜʠʥʥʘ ʧʦʚʝʨʭʥʷ 

ʧʣʘʩʪʠʥʠ ʧʨʠ ʟʛʠʥʽ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʜʝʬʦʨʤʦʚʘʥʦʶ ʫ ʩʚʦʾʡ ʧʣʦʱʠʥʽ, ʪʦ  
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0201 ==uu      (2.41) 

 

ʗʢɦ ʦ ʧʨʦʽʥʪʝʛʨʫʚʘʪʠ ʜʚʘ ʦʩʪʘʥʥʽ ʨʽʚʥ̫ʥʥ ̫(2.40) ʟ ʫʨʘʭʫʚʘʥʥʷʤ (2.41), 

ʪʦ ʦʪʨʠʤʘʻʤʦ 
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ɺʽʜʥʦʩʥʽ ʜʝʬʦʨʤʘʮʽʾ 
2121

,, ʭʭʭʭ eee  ʚʠʟʥʘʯʘʶʪʴʩʷ ʟ ʨʽʚʥʷʥʴ ʂʦʰʽ 
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ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʜʨʫʛʦʾ ʛʽʧʦʪʝʟʠ ʂʽʨʭʛʦʬʘïʃʷʚʘ ʨʽʚʥʷʥʥʷ ʟʘʢʦʥʫ ɻʫʢʘ 

ʟʘʧʠʰʫʪʴʩʷ 
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ʅʘ ʢʦʞʥʦʤʫ ʟ ʢʨʘʾʚ ʧʣʘʩʪʠʥʠ ʤʦʞʥʘ ʟʘʜʘʪʠ ʦʜʠʥ ʟ ʚʠʜʽʚ ʛʨʘʥʠʯʥʠʭ 

ʫʤʦʚ, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʢʨʘʶ x1=const: 

- ʞʦʨʩʪʢʦ ʟʘʢʨʽʧʣʝʥʠʡ ʢʨʘʡ (C) 

 

0=w , 0
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; (2.45) 

 

- ʰʘʨʥʽʨʥʦ ʦʙʧʝʨʪʠʡ ʢʨʘʡ (S) 
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w
; (2.46) 
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- ʚʽʣʴʥʠʡ ʢʨʘʡ (F) 
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ɺʣʘʩʥʽ ʬʦʨʤʠ ʢʦʣʠʚʘʥʴ ʰʘʨʥʽʨʥʦ ʦʙʧʝʨʪʦʾ ʧʦ ʚʩʽʤ ʢʨʘʷʤ ʧʨ̫ ʤʦʢʫʪʥʦʾ 

ʧʣʘʩʪʠʥʠ ʟʽ ʩʪʦʨʦʥʘʤʠ ʘ1, ʘ2 ʟʨʫʯʥʦ ʰʫʢʘʪʠ ʫ ʚʠʛʣ̫ʜ̔ 
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ʜʝ w0 ï ʘʤʧʣʽʪʫʜʘ ʧʨʦʛʠʥʽʚ, mS ï ʢʽʣʴʢʽʩʪʴ ʧʽʚʭʚʠʣʴ ʚʟʜʦʚʞ ʰʘʨʥʽʨʥʦ ʦʙʧʝʨʪʦʾ 

ʩʪʦʨʦʥʠ a1 ʧʣʘʩʪʠʥʠ, nS ï ʢ̔ ʣʢɹʽʩʪʴ ʧʽʚʭʚʠʣʴ ʚʟʜʦʚʞ ʰʘʨʥʽʨʥʦ ʦʙʧʝʨʪʦʾ 

ʩʪʦʨʦʥʠ a2 ʧʣʘʩʪʠʥʠ, ʦʙʠʜʚʽ ʮʽ ʚʝʣʠʯʠʥʠ ʜʘʶʪʴ ʫʷʚʣʝʥʥʷ ʧʨʦ ʬʦʨʤʫ 

ʢʦʣʠʚʘʥʥ̫  ʧʣʘʩʪʠʥʠ. 

ɺʠʨʘʟ (2.48) ʟʘʜʦʚʦʣʴʥʷʻ ʢʽʥʝʤʘʪʠʯʥʽ ʪʘ ʩʪʘʪʠʯʥʽ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ (2.46). 

ʇʽʜʩʪʘʚʠʚʰʠ (2.48) ʚ ʨʽʚʥʷʥʥʷ (2.38) ʟʘ ʫʤʦʚʠ ʚʽʜʩʫʪʥʦʩʪʽ ʧʦʧʝʨʝʯʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ q=0 ʪʘ ʧʨʦʚʽʚ ʠh ʚʽʜʧʦʚʽʜʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʦʧʝʨʘʮʽʾ ʦʪʨʠʤʘʻʤʦ 

ʚʠʨʘʟ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʮʠʢʣ̔ʯʥʦʾ ʯʘʩʪʦʪʠ 
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ɼʦʩʣʽʜʠʤʦ ʚʽʣʴʥʽ ʢʦʣʠʚʘʥʥʷ ʢʚʘʜʨʘʪʥʦ ʾʧʣʘʩʪʠʥʠ a1=a2=a ʟ ʦʜʥʘʢʦʚʠʤʠ 

ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ (S) ʥʘ ʚʩʽʭ ʢʨʘʷʭ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʯʘʩʪʦʪ ʚʽʣʴʥʠʭ 

ʢʦʣʠʚʘʥʴ f ʚ ɻʮ ʥʝʦʙʭʜ̔ʥʦ (2.49) ʧʦʜʽʣʠʪʠ ʥʘ p2 . ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʨʘʟʫ (2.35) 

ʧʝʨʝʧʠʰʝʤʦ (2.49) ʫ ʚʠʛʣʷʜʽ 
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ʋ ʚʠʨʘʟʽ (2.50) ʩʧʨʘʚʘ ʟʛʨʫʧʫʻʤʦ ʚʝʣʠʯʠʥʠ ʟʘ ʢʘʪʝʛʦʨʽʷʤʠ: ʚʝʣʠʯʠʥʠ ʱʦ 

ʚ̔ ʜʧʦʚʽʜʘʶʪʴ ʟʘ ʛʝʦʤʝʪʨʽʶ ʧʣʘʩʪʠʥʠ; ʚʝʣʠʯʠʥʠ ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʤʘʪʝʨʽʘʣ 

ʧʣʘʩʪʠʥʠ; ʢʦʝʬʽʮʽʻʥʪ, ɦ ʦ ʟʘʣʝʞʘʪɹ ʚʽʜ ʬʦʨʤʠ ʢʦʣʠʚʘʥʴ. 
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ɺʚʝʜʝʤʦ ʪʘʢʽ ʧʦʟʥʘʯʝʥʥʷ: 
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ʜʝ G  ï ʢʦʝʬʽʮʽʻʥʪ ʛʝʦʤʝʪʨʽʾ, M  ï ʢʦʝʬʽʮʽʻʥʪ ʤʘʪʝʨʽʘʣʫ; F(S) ï ʢʦʝʬʽʮʽʻʥʪ 

ʬʦʨʤʠ ʢʦʣʠʚʘʥʴ ʰʘʨʥʽʨʥʦ ʦʙʧʝʨʪʦʾ ʧʦ ʚʩʽʤ ʢʨʘʷʤ ʢʚʘʜʨʘʪʥʦʾ ʧʣʘʩʪʠʥʠ. 

ɺʽʜʤʽʪʠʤʦ, ʱʦ ʫ ʚʠʨʘʟ̔ (2.51) ʪʨʝʪʽʤ ʤʥʦʞʥʠʢʦʤ ʻ ʚʝʣʠʯʠʥʘ, ʷʢʘ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʢʨʝʪʥʦʾ ʬʦʨʤʠ ʢʦʣʠʚʘʥ ɹʧʣʘʩʪʠʥʠ hʘʨʥʽʨʥʦ ʦʙʧʝʨʪʦʾ ʧʦ 

ʚʩʽʤ ʢʨʘ̫ʤ, ʘ ʧʝʨʰʽ ʜʚʘ ʤʥʦʞʥʠʢʠ ʻ ʚʽʜʦʤʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʽ ʥʝ ʟʘʣʝʞʘʪʴ ʥʽ 

ʚʜ̔ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ, ʥʽ ʚʽʜ ʬʦʨʤʠ ʢʦʣʠʚʘʥʴ. ɺʠʭʦʜʷʯʠ ʟ ʮʠʭ ʤʽʨʢʫʚʘʥʴ, 

ʟʘʧʠʰʝʤʦ ʚʠʨʘʟ (2.51) ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʷʢ ʟʚʝʜʝʥʫ ʬʦʨʤʫʣʫ (ɿʌ) ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʫ -̔ʦʾ ʯʘʩʪʦʪ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʧʝʚʥʦʾ ʢʚʘʜʨʘʪʥʦ ʾʧʣʘʩʪʠʥʠ 
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ʜʝ Fi ï ʢʦʝʬʽʮʽʻʥʪ ʬʦʨʤʠ ʢʦʣʠʚʘʥ ɹʽ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʢʚʘʜʨʘʪʥʦʾ ʧʣʘʩʪʠʥʠ. 

ʗʢʱʦ ʥʘʧʝʨʝʜ ʙʫʜʫʪʴ ʚʽʜʦʤʽ ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʴ ʧʣʘʩʪʠʥ f*  ʧʨʠ 

ʚʽʜʧʦʚʽʜʥʠʭ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚʘʭ, ʥʘʧʨʠʢʣʘʜ, ʚʠʟʥʘʯʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʘʙʦ 

ʯʠʩʝʣɹʥʦ, ʪʦ ʢʦʝʬʽʮʽʻʥʪʠ Fi ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ ʬʦʨʤʫʣʦʶ 
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ɿʨʦʙʠʤʦ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ, ʷʢʘ ʚʠʨʘʞʘʻʪʴʩʷ ɿʌ 

(2.53) ʽ ʬʦʨʤʫʣʦ ʁ (2.54), ʤʦʞʝ ʙʫʪʠ ʧʦʰʠʨʝʥʘ ʥʘ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪ 

ʙʘʛʘʪʦʢʫʪʥʠʭ ʧʣʘʩʪʠʥ, ʟʘ ʫʤʦʚʠ, ʱʦ ʘ ï ʩʪʦʨʦʥʘ ʧʨʘʚʠʣʴʥʦʛʦ ʙʘʛʘʪʦʢʫʪʥʠʢʘ. 

ɼʘʥʠʡ ʧʽʜʭʽʜ ʥʘʟʚʝʤʦ ʢʦʤʙʽʥʦʚʘʥʠʤ ʧʽʜʭʦʜʦʤ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪ ʚʽʣʴʥʠʭ 

ʢʦʣʠʚʘʥʴ ʙʘʛʘʪʦʢʫʪʥʠʭ ʧʣʘʩʪʠʥ ʨʽʟʥʦʾ ʪʦʚʱʠʥʠ ʟ ʨʽʟʥʠʤʠ ʛʨʘʥʠʯʥʠʤʠ 

ʫʤʦʚʘʤʠ. ʎʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʽʜʽʡʪʠ ʚʽʜ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʝʨʝʭʦʜʫ ʜʦ 

ʥʝʦʨʪʦʛʦʥʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʪʘ ʟʥʘʯʥʦ ʩʧʨʦʩʪʠʪ ɹ ʤʘʪʝʤʘʪʠʯʥʠʡ 

ʘʧʘʨʘʪ. 

 

2.4. ɺʠʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪ ʽ ʬʦʨʤ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʄʉɽ 

ʄʝʪʦʜ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʻ ʦʜʥʠʤ ʟ ʩʫʯʘʩʥʠʭ ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ, ʽʜʝʷ 

ʷʢʦʛʦ ʧʦʣ̫ʛʘʻ ʚ ʨʦʟʙʠʚʮʽ ʦʙʣʘʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʥʝʧʝʨʝʨʚʥʦʾ ʚʝʣʠʯʠʥʠ ʥʘ 

ʩʢʽʥʯʝʥʥʝ ʯʠʩʣʦ ʤʘʣʠʭ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʚ ʩʫʢʫʧʥʦʩʪʽ ʘʧʨʦʢʩʠʤʫʶʪʴ ʬʦʨʤʫ ʮʽʻʾ 

ʦʙʣʘʩʪʽ. ɺ ʢʦʞʥʦʤʫ ʟ ʮʠʭ ʝʣʝʤʝʥʪʽʚ ʜʦʩʣʽʜʞʫʚʘʥʘ ʥʝʧʝʨʝʨʚʥʘ ʚʝʣʠʯʠʥʘ 

ʘʧʨʦʢʩʠʤʫʻʪʴʩʷ ʯʘʩʪʠʥʥʦ-ʥʝʧʝʨʝʨʚʥʦʶ ʬʫʥʢʮʽʻʶ, ʷʢʘ ʙʫʜʫʻʪʴʩʷ ʥʘ 

ʟʥʘʯʝʥʥʷʭ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʥʝʧʝʨʝʨʚʥʦʾ ʚʝʣʠʯʠʥʠ ʚ ʩʢʽʥʯʝʥʦʤʫ ʯʠʩʣʽ ʪʦʯʦʢ 

ʜʘʥʦʛʦ ʝʣʝʤʝʥʪʘ. 

ʇʝʨʝʜ ʨʦʟʙʠʪʪʷʤ ʦʙôʻʢʪʘ ʥʘ ʩʢʥ̔ʯʝʥʥʽ ʝʣʝʤʝʥʪʠ ʧʦʪʨʽʙʥʦ ʧʨʦʚʝʩʪʠ 

ʜʦʜʘʪʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʱʦʜʦ ʚʠʙʦʨʫ ʪʠʧʫ ʪʘ ʨʦʟʤʽʨʫ ʩʢʽʥʯʝʥʥʦʛʦ ʝʣʝʤʝʥʪʘ. 

ʇʦʛʘʥʘ ʨʦʟʙʠʚʢʘ ʧʨʠʚʦʜʠʪ ɹʜʦ ʚʝʣʠʢʠʭ ʧʦʭʠʙʦʢ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʤʝʥʪʽʚ 

ʟʘʥʘʜʪʦ ʤʘʣʠʭ ʨʦʟʤʽʨʽʚ ʥʝʟʥʘʯʥʦ ʧ̔ ʜʚʠʱʠʪʴ ʪʦʯʥʽʩʪ,ɹ ʧʨʦʪʝ ʙʫʜʝ ʧʨʠʯʠʥʦ ʁ

ʛʨʦʤʽʟʜʢʠʭ ʨʦʟʨʘʭʫʥʢʽʚ, ʥʘ ̫ʢʽ ʚʠʪʨʘʯʘʻʪʴʩʷ ʙʘʛʘʪʦ ʯʘʩʫ ʪʘ ʢʦʤʧôʶʪʝʨʥʦʛʦ 

ʨʝʩʫʨʩʫ. ʂʨʽʤ ʪʦʛʦ, ʤʦʞʣʠʚʝ ʥʘʢʦʧʠʯʝʥʥʷ ʧʦʭʠʙʢʠ ʦʙʯʠʩʣʝʥʴ. ʇʦʪʨʽʙʥʦ 

ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʪʝ, ʱʦ ʥʘ ʜʽʣʷʥʮ ̔ ʟ ʦʯʽʢʫʚʘʥʦʶ ʨ̔ ʟʢʦʁ ʟʤʽʥʦʶ 

ʜʦʩʣʽʜʞʫʚʘʥʦ ʾ ʚʝʣʠʯʠʥ ʧʦʪʨʽʙʥʦ ʨʦʙʠʪʠ ʨʦʟʙʠʪʪʷ ʤʝʥhʠʤʠ ʝʣʝʤʝʥʪʘʤʠ. 

ɿʘʜʘʯʘ ʧʨʦ ʨʦʟʙʠʪʪ̫ ʥʘ ʩʢʽʥʯʝʥʥʽ ʝʣʝʤʝʥʪʠ ʧʣʦʩʢʠʭ ʽ ʦʙôʻʤʥʠʭ ʦʙôʻʢʪʽʚ ʻ 

ʥʝʦʜʥʦʟʥʘʯʥʦʶ, ʚʦʥʘ ʧʦʣʷʛʘʻ ʫ ʚʠʙʦʨʽ ʪʠʧʫ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʢ̫ʽ 

ʥʘʡʢʨʘʱʠʤ ʯʠʥʦʤ ʘʧʨʦʢʩʠʤʫʶʪʴ ʜʦʩʣʽʜʞʫʚʘʥʫ ʦʙʣʘʩʪʴ. 

ʉʢʽʥʯʝʥʥʽ ʝʣʝʤʝʥʪʠ ʤʘʶʪʴ ʩʧʽʣʴʥʽ ʪʦʯʢʠ ʘʙʦ ʚʫʟʣʠ, ʜʦ ʷʢʠʭ 

ʧʨʠʢʣʘʜʘʶʪʴʩʷ ʜʝʷʢʽ ʬ̔ʢʪʠʚʥʽ ʟʫʩʠʣʣʷ ʚʟʘʻʤʦʜʽʾ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʜʽʶ 
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ʨʦʟʧʦʜʽʣʝʥʠʭ ʚʥʫʪʨʽʰʥʽʭ ʥʘʧʨʫʞʝʥʴ, ʧʨʠʢʣʘʜʝʥʠʭ ʚʟʜʦʚʞ ʨʝʘʣʴʥʠʭ ʛʨʘʥʠʮʴ 

ʟô̒ʜʥʘʥʥʷ ʩʫʤʽʞʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

ʇʨʠ ʨʦʟʙʠʪʪʽ ʜʦʩʪʘʪʥʴʦ ʤʘʣʠʤʠ ʩʢʽʥʯʝʥʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʤʦʞʥʘ 

ʚʚʘʞʘʪʠ, ʱʦ ʧʦʣʝ ʧʝʨʝʤʽʱʝʥʴ ʚ ʤʝʞʘʭ ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʘ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʦʜʥʦʟʥʘʯʥʦ ʣʠʰʝ ʧʝʨʝʤʽʱʝʥʥʷʤʠ ʡʦʛʦ ʚʫʟʣʽʚ. ʇʦʣʝ ʰʫʢʘʥʦʾ ʬʫʥʢʮʽʾ 

ʧʝʨʝʤʽʱʝʥʴ ʚ ʤʝʞʘʭ ʝʣʝʤʝʥʪʘ ʧʨʝʜʩʪʘʚʣʷʪ̒ʴʩʷ ʷʢ ʩʫʤʘ ʜʦʙʫʪʢʽʚ ʡʦʛʦ 

ʚʫʟʣʦʚʠʭ ʧʝʨʝʤʽʱʝʥʴ ʪʘ ʢʦʦʨʜʠʥʘʪʥʠʭ ʬʫʥʢʮʽʡ, ʱʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʜʣʷ 

ʢʦʥʢʨʝʪʥʠʭ ʪʠʧʽʚ ʝʣʝʤʝʥʪʽʚ. ɺʫʟʣʦʚʽ ʧʝʨʝʤʽɦʝʥʥʷ ʚʠʩʪʫʧʘʶʪʴ ʷʢ ʫʟʘʛʘʣʴʥʝʥʽ 

ʧʝʨʝʤʽʱʝʥʥʷ, ʘ ʚʽʜʧʦʚʽʜʥʽ ʾʤ ʢʦʦʨʜʠʥʘʪʥʽ ʬʫʥʢʮʽʾ ï ʷʢ ʣʦʢʘʣʴʥʽ ʥʦʩʽʾ, ʷʢʽ 

ʧʦʠhʨʶʶʪʴ ʚʧʣʠʚ ʚʫʟʣʦʚʠʭ ʧʝʨʝʤʽʱʝʥʴ ʥʘ ʦʙʣʘʩʪʴ ʝʣʝʤʝʥʪʽʚ, ʜʣʷ ʷʢʠʭ ʮʝʡ 

ʚʫʟʦʣ ʻ ʩʧ̔ʣʴʥʠʤ. ɺ ʷʢʦʩʪʽ ʘʧʨʦʢʩʠʤʫʶʯʠʭ ʬʫʥʢʮʽʡ ʥʘʡʯʘʩʪʽʰʝ ʦʙʠʨʘʶʪʴ 

ʣ̔ ʥʽʡʥʽ, ʢʚʘʜʨʘʪʠʯʥʽ ʘʙʦ ʢʫʙʽʯʥʽ ʧʦʣʽʥʦʤʠ. ʇʦʣʽʥʦʤ ʤʦʞʥʘ ʧʽʜʽʙʨʘʪʠ 

ʢʦʞʥʦʤʫ ʝʣʝʤʝʥʪʫ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʟʙʝʨʝʛʪʠ ʥʝʧʝʨʝʨʚʥʽʩʪʴ ʚʝʣʠʯʠʥʠ 

ʚʟʜʦʚʞ ʛʨʘʥʠʮʴ ʝʣʝʤʝʥʪʘ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʷ ʨʝʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʩʫʢʫʧʥʽʩʪʶ ʜʠʩʢʨʝʪʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʧʝʨʝʜʙʘʯʘ ̒ʨʽʚʥʽʩʪʴ ʝʥʝʨʛʽʡ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʾʾ ʜʠʩʢʨʝʪʥʦʾ ʤʦʜʝʣʽ. ɼʦʪʨʠʤʘʥʥʷ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʙʘʣʘʥʩʫ ʚʝʜʝ ʜʦ ʦʜʝʨʞʘʥʥʷ ʜʠʩʢʨʝʪʥʦʾ ʤʦʜʝʣʽ, ʱʦ ʪʦʯʥʦ 

ʦʧʠʩʫʻ ʧʦʚʝʜʽʥʢʫ ʨʝʘʣɹʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ. ʊʘʢʠʡ ʙʘʣʘʥʩ ʭʘʨʘʢʪʝʨʥʠʡ ʜʣʷ ʬʝʨʤ ʽ 

ʨʘʤ, ʷʢ̔ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ ʟ ʜʠʩʢʨʝʪʥʠʤʠ ʟô̒ ʜʥʘʥʥʷʤʠ ʤʽʞ 

ʩʦʙʦ.ʁ ʗʢʱʦ ʝʣʝʤʝʥʪʠ ʨʝʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʶʪʴ ʚʟʜʦʚʞ ʩʚʦʾʭ ʛʨʘʥʠʮ ɹ

ʥʝʧʝʨʝʨʚʥʽ ʟʚô̫ ʟʢʠ ʽʟ ʩʫʤʽʞʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ, ʪʦ ʧʨʠ ʧʦʙʫʜʦʚʽ ʜʠʩʢʨʝʪʥʦʾ 

ʤʦʜʝʣʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʠʧʫʱʝʥʥʷ ʧʨʦ ʭʘʨʘʢʪʝʨ ʩʠʣʦʚʦʾ ʯʠ ʢʽʥʝʤʘʪʠʯʥʦʾ 

ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʩʫʤʽʞʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ. ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʜʠʩʢʨʝʪʥʘ ʤʦʜʝʣʴ 

ʥʘʙʣʠʞʝʥʦ ʚʽʜʦʙʨʘʞʘʻ ʧʦʚʝʜʽʥʢʫ ʨʝʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ. ɺʘʞʣʠʚʠʤ ʤʦʤʝʥʪʦʤ 

 ̒ʚʠʙ̔ʨ ʭʘʨʘʢʪʝʨʫ ʚʟʘ̒ʤʦʜʽʾ ʤʽʞ ʝʣʝʤʝʥʪʘʤʠ, ʦʩʢʽʣʴʢʠ ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʽʚ 

ʩʢʥ̔ʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʦʪʨʠʤʘʥʥʷ ʨʦʟʚô̫ ʟʢʫ, ʱʦ ʧʨʷʤʫʻ ʜʦ 

ʪʦʯʥʦʛʦ. 

ɺ ʧʝʨʰʦʤʫ ʨʦʟʜʽʣʽ ʜʠʩʝʨʪʘʮʽʾ ʙʫʣʦ ʟʘʟʥʘʯʝʥʦ, ʱʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʩʚʦʻʾ 

ʫʥʽʚʝʨʩʘʣʴʥʦʩʪʽ ʄʉɽ ʟʘʩʪʦʩʦʚʫʶʪʴ ʚ ʨʦʙʦʪʽ ʙʘʛʘʪʴʦʭ ʩʫʯʘʩʥʠʭ ʧʨʦʛʨʘʤʥʠʭ 

ʢʦʤʧʣʝʢʩʽʚ ʜʣʷ ʽʥʞʝʥʝʨʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ. ʆʜʥʽʻʶ ʟ ʪʘʢʠʭ ʧʨʦʛʨʘʤ ʻ ʩʠʩʪʝʤʘ 
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ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʨʦʟʨʘʭʫʥʢʫ FEMAP ʟ ʨʦʟʚôʷʟʫʚʘʯʝʤ NX 

Nastran ʚʽʜ Siemens PLM Software. 

ɹʘʟʦʚʽ ʤʦʜʫʣʽ FEMAP ʜʘʪʁʴ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʦʜʠʪʠ ʨʟ̔ʥʦʤʘʥʽʪʥʠʡ 

ʽʥʞʝʥʝʨʥʠʡ ʘʥʘʣʽʟ: ʣ̔ʥ̔ ʡʥʠʡ ʩʪʘʪʠʯʥʠʡ ʘʥʘʣʽʟ, ʥʝʣʽʥʽʡʥʠʡ ʘʥʘʣʽʟ, ʨʦʟʨʘʭʫʥʦʢ 

ʯʘʩʪʦʪ ʽ ʬʦʨʤ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ, ʜʦʩʣʽʜʞʝʥʥʷ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ 

ʥ̔ʰʝ. ʇʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ FEMAP ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ 

ʩʢʣʘʜʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʩʠʩʪʝʤ ʽ ʧʨʦʮʝʩʽʚ, ʥʘʧʨʠʢʣʘʜ, ʢʦʩʤʽʯʥʠʭ ʢʦʨʘʙʣʽʚ, 

ʙʫʜʽʚʝʣʴʥʠʭ ʩʧʦʨʫʜ, ʚʽʡʩʴʢʦʚʦʾ ʪʝʭʥʽʢʠ ʪʘ ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʙʣʘʜʥʘʥ.ɹ 

ɸʥʘʣʽʟ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʪʘʢʽ ʝʪʘʧʠ [190]: 

- ʘʥʘʣʽʟ ʛʝʦʤʝʪʨʽʾ ʨʝʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, ʚʠʟʥʘʯʝʥʥʷ ʟʦʚʥʽʰʥʴʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʚʩʪʘʥʦʚʣʝʥʥʷ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʤʘʪʝʨʽʘʣʫ, ʨʦʟʨʦʙʢʘ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣʽ; 

- ʚʚʝʜʝʥʥ ̫ ʚ ʧʨʦʛʨʘʤʥʝ ʩʝʨʝʜʦʚʠʱʝ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʽ ʤʝʭʘʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʘ̔ʣʽʚ; 

- ʩʪʚʦʨʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʦʾ ʤʦʜʝʣʽ ʦʙôʻʢʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʥʘ ʾʾ  ʦʩʥʦʚʽ 

ʩʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʦʾ ʤʦʜʝʣʽ (ʤʦʞʣʠʚʝ ʩʪʚʦʨʝʥʥʷ ʩʢʥ̔ʯʝʥʥʦ-

ʝʣʝʤʝʥʪʥʦʾ ʤʦʜʝʣʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ, ʙʝʟ ʛʝʦʤʝʪʨʠʯʥʦʾ); 

- ʚʚʝʜʝʥʥʷ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ; 

- ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ; 

- ʚʽʟʫʘʣʽʟʘʮʽʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ ʭʾ ʢʨʠʪʠʯʥʠʡ 

ʘʥʘʣʽʟ; 

- ʤʦʜʠʬʽʢʘʮʽʷ ʩʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʦʾ ʤʦʜʝʣ̔ ʦʙô̒ ʢʪʘ, ʢʦʨʝʛʫʚʘʥʥʷ 

ʧʦʧʝʨʝʜʥʴʦ ʚʚʝʜʝʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʧʦʚʪʦʨʥʠʡ ʨʦʟʨʘʭʫʥʦʢ; 

- ʬʽʢʩʘʮʽʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ. 

 

2.4.1. ʆʩʥʦʚʥ̔ ʩʧ̔ʚʚʽʜʥʦʰʝʥʥʷ ʄʉɽ ʜʣʷ plate-ʝʣʝʤʝʥʪʘ 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʤʘʻʤʦ ʧʣʘʩʪʠʥʫ ʨʦʟʙʠʪʫ ʧʨʷʤʦʢʫʪʥʠʤʠ ʯʦʪʠʨʠʚʫʟʣʦʚʠʤʠ 

plate-ʝʣʝʤʝʥʪʘʤʠ (ʨʠʩ. 2.7) ʨʦʟʤʽʨʦʤ a, b, ʷʢʽ ʤʘʶʪʴ ʚ ʢʦʞʥʦʤʫ ʚʫʟʣʽ ʧʦ ʪʨʠ 

ʫʟʘʛʘʣʴʥʝʥʽ ʧʝʨʝʤʽʱʝʥʥʷ: ʧʝʨʝʤʽʱʝʥʥʷ ʫ ʥʘʧʨʷʤʽ ʚʽʩʽ z, ʧʦʚʦʨʦʪ ʚʽʜʥʦʩʥʦ ʚ̔ʩ̔ 

ʭ ʪʘ ʧʦʚʦʨʦʪ ʚʽʜʥʦʩʥʦ ʚʽʩʽ ʫ, ʪʦʙʪʦ ʧʦʣʦʞʝʥʥʷ ʚʠʙʨʘʥʦʛʦ ʩʢʽʥʯʝʥʥʦʛʦ 
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ʝʣʝʤʝʥʪʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʚʘʥʘʜʮʷʪʴʤʘ ʫʟʘʛʘʣʴʥʝʥʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ q1, q2, q3, 

q4, q5, q6, q7, q8, q9, q10, q11, q12. 

 

 

ʈʠʩ. 2.7. ʈlate-ʝʣʝʤʝʥʪ ʨʦʟʤʽʨʦʤ a, b 

 

ʗʢ ʙʫʣʦ ʟʛʘʜʘʥʦ ʚʠʱʝ, ʚ ʷʢʦʩʪ̔ ʘʧʨʦʢʩʠʤʫʶʯʠʭ ʬʫʥʢʮʽʡ ʥʘʡʯʘʩʪʽʰʝ 

ʦʙʠʨʘʶʪʴ ʣʽʥʽʡʥʽ, ʢʚʘʜʨʘʪʠʯʥʽ ʘʙʦ ʢʫʙʽʯʥʽ ʧʦʣʽʥʦʤʠ, ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ 

ʧʨʦʛʠʥ ʧʣʘʩʪʠʥʠ ʧʨʝʜʩʪʘʚʠʤʦ ʧʦʣʽʥʦʤʦʤ ʚʠʜʫ 
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ʋʟʘʛʘʣʴʥʝʥʽ ʢʦʦʨʜʠʥʘʪʠ ʟʘʧʠʰʫʪʴʩʷ ʫ ʚʠʛʣʷʜ ̔
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ɿ ʫʨʘʭʫʚʘʥʥʷʤ (2.56) ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʚʝʢʪʦʨ ʚʫʟʣʦʚʠʭ ʧʝʨʝʤʽʱʝʥʴ 
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ɺʩʪʘʥʦʚʠʚʰʠ ʢʦʝʬʽʮ̔̒ ʥʪʠ Ŭ̔ ʚ (2.55) ʯʝʨʝʟ ʫʟʘʛʘʣʴʥʝʥʽ ʢʦʦʨʜʠʥʘʪʠ 

(2.56), ʧʽʜʩʪʘʚʠʚ ʠh ʚ (2.55) ʪʘ ʩʢʦʤʧʦʥʫʚʘʚʰʠ ʚʽʜʥʦʩʥʦ q,̔ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

(2.57) ʦʪʨʠʤʘʤ̒ʦ 

 

( ) Nq=yxw , ,     (2.58) 

 

ʜʝ N ï ʤʘʪʨʠʮʷ ʚʠʜʫ 

 

[ ]121110987654321 ,,,,,,,,,,, NNNNNNNNNNNN=N ,  (2.59) 
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(2.59)

 

 

ʄʘʪʨʠʮʶ ʞʦʨʩʪʢʦʩʪʽ ʩʢʽʥʯʝʥʥʦʛʦ ʝʣʝʤʝʥʪʘ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʟ 

ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʜʝʬʦʨʤʘʮʽʾ ʝʣʝʤʝʥʪʘ 
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ʇʽʜʩʪʘʚʣʷʶʯʠ ʟʥʘʯʝʥʥʷ ʜʝʬʦʨʤʘʮʽʡ (2.43) ʪʘ ʥʘʧʨʫʞʝʥʴ (2.44) ʚ (2.60) 

ʪʘ ʧʨʦʽʥʪʝʛʨʫʚʘʚʰʠ ʧʦ z ʦʜʝʨʞʠʤʦ 
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ɺʽʜʧʦʚ̔ʜʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʦʞʥʘ ʚʠʚʝʩʪʠ ʜʣʷ ̔ʥʰʠʭ ʪʠʧʽʚ ʩʢʽʥʯʝʥʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʟ ʨʽʟʥʦʁ  ʢʽʣʴʢʽʩʪʶ ʚʫʟʣʽʚ. 

 

2.4.2. ʈ̔ ʚʥ̫ʥʥ ̫ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʚ ʄʉɽ 

ʇʨʠ ʨʦʟʨʘʭʫʥʢʫ ʯʘʩʪʦʪ ʽ ʬʦʨʤ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩ ̫ ʨʽʚʥʷʥʥʷ ʨʫʭʫ ʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʠ (ʄʉ) ʟ̔ 

ʩʢʽʥʯʝʥʥʦʶ ʢʽʣʴʢʽʩʪʶ ʩʪʫʧʝʥʽʚ ʚʽʣʴʥʦʩʪʽ, ʷʢʽ ʚ ʨʘʟʽ ʚʽʜʩʫʪʥʦʩʪʽ ʟʦʚʥʽʰʥʽʭ ʩʠʣ 

ʦʧʠʩʫʶʪʴʩʷ ʩʠʩʪʝʤʦ  ʁʨ̔ ʚʥʷʥʴ ʃʘʛʨʘʥʞʘ II ʨʦʜʫ: 
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ʜʝ UTL -= .  

ɿʘʧʠʩʘʚʰʠ ʚ ʜʠʩʢʨʝʪʥʽʡ ʬʦʨʤʽ ʬʫʥʢʮʽʦʥʘʣ ʢ̔ ʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ ʪʘ 

ʬʫʥʢʮʽʦʥʘʣ ʝʥʝʨʛʽʾ ʜʝʬʦʨʤʘʮʽʾ 
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ʜʝ iM  ʪʘ iK  ï ʤʘʪʨʠʮʷ ʤʘʩ ʪʘ ʤʘʪʨʠʮʷ ʞʦʨʩʪʢʦʩʪʽ -̔ʛʦ ʩʢʽʥʯʝʥʥʦʛʦ ʝʣʝʤʝʥʪʘ; 
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ʌ̔
C

 ï ʚʝʢʪʦʨ ʚʫʟʣʦʚʠʭ ʧʝʨʝʤʽʱʝʥʴ -̔ʛʦ ʝʣʝʤʝʥʪʘ, ʟ ʨʽʚʥʷʥʥʷ ʃʘʛʨʘʥʞʘ II  ʨʦʜʫ 

(2.62), ̫ ʢʱʦ ʜʝʤʧʬʫʚʘʥʥʷ ʚʽʜʩʫʪʥʻ, ʦʪʨʠʤʘʻʤʦ ʪʘʢʽ ʨʽʚʥʷʥʥʷ ʨʫʭʫ 

 

0=+ lj ʌʌ
##CC

MK , (2.64) 

 

ʜʝ M  ʪʘ K  ï ʤʘʪʨʠʮʷ ʤʘʩ ʪʘ ʤʘʪʨʠʮʷ ʞʦʨʩʪʢʦʩʪʽ ʄʉ; jʌ
C

 ï ʚʝʢʪʦʨ 

ʧʝʨʝʤʽʱʝʥʴ ʚʫʟʣʽʚ ʄʉ, ʦɦ ʚʽʜʧʦʚʽʜʘʻ j-ʤʫ ʩʪʫʧʝʥʶ ʚʽʣʴʥʦʩʪʽ ʪʘ ʬʦʨʤʫʻ j-ʪʫ 

ʬʦʨʤʫ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ. ʈ̔ ʚʥʷʥʥʷ (2.64) ʻ ʬʦʨʤʦʶ ʟʘʧʠʩʫ ʨʽʚʥʷʥʥʷ (2.27) ʚ 

ʽʥʰʠʭ ʧʦʟʥʘʯʝʥʥʷʭ ʪʘ ʟʘ ʫʤʦʚʠ ʚʽʜʩʫʪʥʦʩʪʽ ʧʦʚʝʨʭʥʝʚʠʭ ʥʘʚʘʥʪʘʞʝʥ.ɹ 

ʇ̔ʜ ʯʘʩ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʇʆ̔ ʫʩʽ ʚʫʟʣʦʚʽ ʪʦʯʢʠ ʩʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʦʾ 

ʩʽʪʢʠ ʢʦʣʠʚʘʶʪʴʩʷ ʛʘʨʤʦʥʽʯʥʦ ʷʢ ʬʫʥʢʮʽʷ ʯʘʩʫ. 

 

() tsinʌtʌ jjj w
CC

= . (2.65) 

 

ʇʽʜʩʪʘʚʠʚʰʠ (2.65) ʫ (2.64), ʦʪʨʠʤʫʻʤʦ ʩʠʩʪʝʤʫ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ 

ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʯʘʩʪʦʪ ʽ ʬʦʨʤ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ 

 

s...,,,j,ʌʌ jjj 2102 ==-
CC

MK w , (2.66) 

 

ʜʝ jw  ï ʯʘʩʪʦʪʘ ʛʘʨʤʦʥʽʯʥʠʭ ʢʦʣʠʚʘʥʴ. 

NX Nastran ʜʣ̫ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪ ʽ ʬʦʨʤ ʚ̔ʣɹʥʠʭ ʢʦʣʠʚʘʥ,ɹ ʢ̫ʱʦ ʥʝ 

ʚʨʘʭʦʚʫʚʘʪʠ ʜʝʤʧʬʫʚʘʥʥʷ ʪʘ ʜʠʩʠʧʘʮʽʶ ʝʥʝʨʛʽʾ, ʟʘʩʪʦʩʦʚʫʻ ʤʝʪʦʜ ʃʘʥʮʦʰʘ, 

ʢ̫ʠʡ ʧʦʪʨʝʙʫʻ ʤʝʥʰʝ ʨʝʩʫʨʩʽʚ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥhʠʤʠ ʤʝʪʦʜʘʤʠ. ɼʘʥʠʡ ʤʝʪʦʜ 

ʨʦʟʨʘʭʦʚʫʻ n-ʥʫ ʢʽʣʴʢʽʩʪʴ ʯʘʩʪʦʪ ʽ ʬʦʨʤ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʟ ʜʦʩʪʘʪʥʴʦ ʤʘʣʦʶ 

ʧʦʭʠʙʢʦʶ ʨʦʟʨʘʭʫʥʢʽʚ 
712 10-- ¢- jjjj ʌ/ʌɤʌ

CCC
MK . 

ɿʘ ʮʠʤ ʤʝʪʦʜʦʤ ʤʘʪʨʠʮ ̫ʊ ʟʚʦʜʠʪʩɹ ̫ʜʦ ʪʨʴʦʭʜʽʘʛʦʥʘʣʴʥʦʛʦ ʚʠʛʣʷʜʫ 
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T

k MQMKQT
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ʜʝ { }kk q,...,q,q
CCC

21=Q  ï ʧʨʷʤʦʢʫʪʥʘ ʤʘʪʨʠʮʷ ʟ ʝʣʝʤʝʥʪʘʤʠ kNeq ³ ; 
eqN  ï 

ʢʽʣʴʢʽʩʪʴ ʨʽʚʥʷʥɹ; k  ï ʥʦʤʝʨ ʢʨʦʢʫ; kq
C

 ï k -ʡ ʚʝʢʪʦʨ ʃʘʥʮʦʰʘ. 
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++ MK
1

11  (2.68) 

 

ʟʜʽʡʩʥʶʻ ʧʦʙʫʜʦʚʫ ʥʘʩʪʫʧʥʦʛʦ ʚʝʢʪʦʨʫ ʃʘʥʮʦʰʘ 1+kq  ʪʘ ʚʩʪʘʥʦʚʣʶʻ ʟʥʘʯʝʥʥʷ 

ʜʣʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʨ̫ʜʢʘ ʤʘʪʨʠʮʽ ʊ 

kk
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322
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ʗʢ ʨʝʟʫʣʴʪʘʪ ʦʪʨʠʤʘʻʤʦ ʟʘʜʘʯʫ ʥʘ ʚʣʘʩʥʽ ʟʥʘʯʝʥʥʷ: 
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T
 (2.69) 

 

ʜʝ khɤ  ï k-ʪʘ ʘʧʨʦʢʩʠʤʘʮʽʷ ʢʨʫʛʦʚʦʾ ʯʘʩʪʦʪʠ hɤ , n,...,,h 21= ; n  ï ʯʠʩʣʦ 

ʚʣʘʩʥʠʭ ʧʘʨ. 

ʈʦʟʨʘʭʫʥʢʠ ʚʠʢʦʥʫʶʪʴʩʷ ʜʦʪʠ, ʜʦʢʠ ʥʝ ʙʫʜʝ ʟʘʙʝʟʧʝʯʝʥʦ ʥʝʦʙʭʽʜʥʫ 

ʪʦʯʥʽʩʪʴ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʰʫʢʘʥʠʭ ʚʣʘʩʥʠʭ ʟʥʘʯʝʥʴ. 

ʅʘʜʽʡʥʽʩʪʴ ʪʘ ʩʪʽʡʢʽʩʪʴ ʦʙʯʠʩʣʝʥʴ ʤʦʞʣʠʚʽ ʟʘ ʨʘʭʫʥʦʢ ʧʨʘʚʠʣʴʥʦʾ 

ʧʨʦʮʝʜʫʨʠ ʚʠʙʽʨʢʦʚʦʾ ʦʨʪʦʛʦʥʘʣʽʟʘʮʽʾ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʧʦʪʨʽʙʥʠʡ ʨʽʚʝʥʴ 

ʦʨʪʦʛʦʥʘʣʽʟʘʮʽʾ ʚʝʢʪʦʨʽʚ ʃʘʥʮʦʰʘ kq . ʇʨʠ ʮʴʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʝʢʦʥʦʤʥʽ 



78 

ʤʝʪʦʜʠ ʨʝʘʣʽʟʘʮ̔ʾ ʧʨʦʮʝʜʫʨʠ ʚʠʙʽʨʢʦʚʦʾ ʦʨʪʦʛʦʥʘʣʽʟʘʮʽʾ ʜʦ ʨʦʟʨʘʭʫʥʢʫ 

ʚʣʘʩʥʠʭ ʟʥʘʯʝʥʴ (2.69) ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʜʚʽʡʥʠʭ QR-ʽʪʝʨʘʮʽʡ ʟʽ 

ʟʩʫʚʘʤʠ. ɺʠʭʽʜʥʽ ʚʣʘʩʥʽ ʚʝʢʪʦʨʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 

 

.n...,,,h,sQʌ k

h

k

h 21==
CC

 (2.70) 

ʆʩʦʙʣʠʚʽʩʪɹ ʤʝʪʦʜʫ ʃʘʥʮʦʰʘ ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʘʪʨʠʮʽ 

ʚʠʭ̔ʜʥʦʛʦ ʦʧʝʨʘʪʦʨʘ ʫ ʚʠʛʣʜ̫ʽ ʤʘʪʨʠʯʥʦ-ʚʝʢʪʦʨʥʠʭ ʦʧʝʨʘʮʽʡ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʝʬʝʢʪʠʚʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʡʦʛʦ ʜʦ ʨʦʟʨʽʜʞʝʥʠʭ ʤʘʪʨʠʮʴ ʚʝʣʠʢʦʾ ʨʦʟʤʽʨʥʦʩʪʽ, 

ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʾʭʥʴʦʾ ʩʪʨʫʢʪʫʨʠ. ʎ̫  ʧʨʦʮʝʜʫʨʘ ʻ ʽʪʝʨʘʪʠʚʥʦʶ ʧʨʦʮʝʜʫʨʦ  ʁ

ʧʦʙʫʜʦʚʠ ʙʘʟʠʩʫ ʧʽʜʧʨʦʩʪʦʨʫ ʂʨʠʣʦʚʘ, ʚ ʩʚʦʶ ʯʝʨʛʫ ʚʠʭʽʜʥʠʡ ʦʧʝʨʘʪʦʨ ʤʦʞʥʘ 

ʧʨʝʜʩʪʘʚʠʪʠ ʷʢ ʜʽʡʩʥʫ ʩʠʤʝʪʨʠʯʥʫ ʪʨʠʜʽʘʛʦʥʘʣʴʥʫ ʤʘʪʨʠʮ ʁʚ ʷʢʽʡ ʧʘʨʠ ʈ̔ʪʮʘ 

ʘʧʨʦʢʩʠʤʫʶʪʴ ʚʣʘʩʥʽ ʧʘʨʠ ʚʠʭʽʜʥʦʛʦ ʦʧʝʨʘʪʦʨʘ. ɿʛʽʜʥʦ ʪʝʦʨʽʾ ʂʘʥʽʝʣʘ-ʇʝʡʜʞʘ 

ʦʮʥ̔ʢʠ ʨʽʟʥʠʮʴ ʚʽʜʧʦʚʽʜʥʠʭ ʚʣʘʩʥʠʭ ʟʥʘʯʝʥ ɹʚʠʭʽʜʥʦʾ ʤʘʪʨʠʮʽ ʪʘ ʾʭ ʘʧʨʦʢʩʠʤʘʮʽʡ 

ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʟʘʤʽʥʦ ʁʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛʦ ʧʦʣʽʥʦʤʘ ʥʘ ʧʦʣʽʥʦʤ ʏʝʙʽʰʝʚʘ. ɿʘ 

ʮʽʻʁ ʪʝʦʨʽʻ ʁ ʟʙ̔ʞʥ̔ʩʪʴ ʜʦ ʚʣʘʩʥʠʭ ʟʥʘʯʝʥʴ ʥʘ ʢʨʘʷʭ ʩʧʝʢʪʨʘ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʰʚʠʜʰʝ, ʧʨʠ ʮɹʦʤʫ  ʟʙʽʞʥʽʩʪʴ ʰʚʠʜʰʘ ʯʠʤ ʙʽʣʴʰʘ ʚʽʜʥʦʩʥʘ ʚʽʜʜʘʣʝʥʽʩʪ ɹ

ʟʦʚʥʽʰʥʽʭ ʚʣʘʩʥʠʭ ʟʥʘʯʝʥ ɹʚʽʜ ʚʥʫʪʨʽʰʥʽʭ. 

 

2.5. ɺʠʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪ ʽ ʬʦʨʤ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʤʝʪʦʜʦʤ 

ʩʪʨʦʙʦʛʦʣʦʛʨʘʬʽʯʥʦʾ ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʾ 

ɻʦʣʦʛʨʘʬʽʷ ï ʮʝ ʤʝʪʦʜ ʟʘʧʠʩʫ ʽ ʚʽʜʪʚʦʨʝʥʥʷ ʧʨʦʩʪʦʨʦʚʠʭ ʭʚʠʣʴʦʚʠʭ ʧʦʣʽʚ 

ʰʣʷʭʦʤ ʨʝʻʩʪʨʘʮʽʾ ʽʥʪʝʨʬʝʨʝʥʮʽʾ ʜʚʦʭ ʢʦʛʝʨʝʥʪʥʠʭ ʭʚʠʣʴ ʪʘ ʚʽʜʪʚʦʨʝʥʥʷ ʾʭ 

ʜʠʬʨʘʢʮʽʾ ʥʘ ʟʘʬʽʢʩʦʚʘʥʽʡ ʧʨʦʩʪʦʨʦʚʽʡ ʩʪʨʫʢʪʫʨʽ, ʥʘʧʨʠʢʣʘʜ, ʬʦʪʦʧʣʘʩʪʠʥʮʽ 

[258]. ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʛʦʣʦʛʨʘʤʠ ʥʝʦʙʭʜ̔ʥʦ ʥʘ ʧʦʚʝʨʭʥʶ ʬʦʪʦʧʣʘʩʪʠʥʠ 

ʦʜʥʦʯʘʩʥʦ ʟʚʝʩʪʠ ʜʚʘ ʢʦʛʝʨʝʥʪʥʠʭ ʩʚʽʪʣʦʚʠʭ ʧʫʯʢʠ, ʦʜʠʥ ʟ ʷʢʠʭ ï ʫʪʚʦʨʝʥʠʡ 

ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʽʜʙʠʚʘʥʥ̫ ʚʽʜ ʦʙô̒ ʢʪʘ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʽ ʥʘʟʠʚʘʻʪʴʩʷ ʧʨʝʜʤʝʪʥʠʡ, 

ʜʨʫʛʠʡ, ʱʦ ʧʨʠʭʦʜʠʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʽʜ ʣʘʟʝʨʘ ï ʦʧʦʨʥʠʡ. ʉʚʽʪʣʦ ʚʽʜ ʦʙʦʭ 

ʧʫʯʢ̔ʚ ʽʥʪʝʨʬʝʨʫʻ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʩʪʚʦʨʶʻʪʴʩʷ ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʘ ʢʘʨʪʠʥʘ, 

ʷʢʘ ʥʘ ʧʣʘʩʪʠʥʽ ʧʽʩʣʷ ʬʦʪʦʭʽʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʚʽʜʦʙʨʘʞʘ̒ʪʴʩʷ ʷʢ ʯʝʨʛʫʚʘʥʥʷ 

ʜʫʞʝ ʚʫʟʴʢʠʭ ʪʝʤʥʠʭ ʽ ʩʚʽʪʣʠʭ ʩʤʫʛ. ʗʢʱʦ ʥʘ ʬʦʪʦʧʣʘʩʪʠʥʮʽ ʟʘʬʽʢʩʫʚʘʪʠ 
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ʨʝʟʫʣʴʪʘʪ ʽʥʪʝʨʬʝʨʝʥʮʽʾ ʦʧʦʨʥʦʾ (1) ʪʘ ʧʨʝʜʤʝʪʥʦʾ (2) ʭʚʠʣʽ (ʨʠʩ. 2.8), ʘ ʧʦʪʽʤ 

ʦʪʨʠʤʘʥʫ ʛʦʣʦʛʨʘʤʫ ʦʩʚʽʪʠʪʠ ʣʠʰʝ ʦʧʦʨʥʦʶ (1) ʭʚʠʣʝʶ, ʪʦ ʛʦʣʦʛʨʘʤʘ 

ʧʝʨʝʪʚʦʨʶʻ ʦʧʦʨʥʫ ʭʚʠʣʶ ʥʘ ʢʦʧʽʶ ʧʨʝʜʤʝʪʥʦʾ ʭʚʠʣʽ (ʨʠʩ. 2.9). ɻʦʣʦʛʨʘʤʘ 

ʜʘʻ ʤʦʞʣʠʚʽʩʪɹ ʚʽʜʥʦʚʠʪʠ ʷʢ ʫʷʚʥʝ, ʪʘʢ ʽ ʜʽʡʩʥʝ ʟʦʙʨʘʞʝʥʥʷ ʦʙô̒ ʢʪʘ, ʱʦ 

ʜʦʩʣʽʜʞʫʻʪʩɹʷ. ɺʘʞʣʠʚʘ ʚʣʘʩʪʠʚʽʩʪʴ ʛʦʣʦʛʨʘʤʠ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʦʥʘ 

ʜʦʟʚʦʣʷʻ ʦʜʥʦʯʘʩʥʦ ʚʽʜʥʦʚʠʪʠ ʪʦʯʥʽ ʢʦʧʽʾ ʩʚʽʪʣʦʚʠʭ ʭʚʠʣʴ, ʱʦ ʚʽʜʙʠʚʘʣʠʩʴ 

ʚʽʜ ʦʙô̒ ʢʪʘ ʚ ʨ̔ʟʥʽ ʤʦʤʝʥʪʠ ʯʘʩʫ ʪʘ ʧʨʠ ʨʽʟʥʠʭ ʩʪʘʥʘʭ ʦʙô̒ ʢʪʘ. ʇʨʠ ʥʘʢʣʘʜʘʥʥʽ 

ʮʠʭ ʭʚʠʣʴ ʚʠʥʠʢʘʻ ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʘ ʢʘʨʪʠʥʘ, ʷʢʘ ʥʝʩʝ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʟʤʽʥʠ 

ʭʚʠʣʴʦʚʦʛʦ ʬʨʦʥʪʫ ʽ ʻ ʛʦʣʦʛʨʘʬʽʯʥʦʶ ʽʥʪʝʨʬʝʨʦʛʨʘʤʦʶ. ʍʚʠʣʷ ʧʦʨ̫ʜʢʫ k=+1 

(ʨʠʩ. 2.9) ʧʦʢʘʟʫʻ ʽʜʝʥʪʠʯʥʽʩʪʴ ʧʨʝʜʤʝʪʥʦʾ ʪʘ ʚʽʜʥʦʚʣʝʥʦʾ ʭʚʠʣʴ, ʪʦʙʪʦ 

ʧʦʷʩʥʶʻ ʧʨʠʥʮʠʧ ʛʦʣʦʛʨʘʬʽʯʥʦʛʦ ʟʘʧʠʩʫ ʽ ʧʦʢʘʟʫʻ ʫʷʚʥʝ ʟʦʙʨʘʞʝʥʥʷ ʦʙô̒ ʢʪʘ 

ʛʦʣʦʛʨʘʬʫʚʘʥʥ,̫ ʭʚʠʣ ̫ʧʦʨʷʜʢʫ k=0 ʻ ʧʨʦʜʦʚʞʝʥʥʷʤ ʚʽʜʥʦʚʣʶʁʯʦʾ ʭʚʠʣʽ, 

ʭʚʠʣʷ ʧʦʨʷʜʢʫ k=ï1 ʬʦʨʤʫʻ ʜʽʡʩʥʝ ʟʦʙʨʘʞʝʥʥʷ. 

 

  

ʈʠʩ. 2.8. ʉʭʝʤʘ ʟʘʧʠʩʫ ʛʦʣʦʛʨʘʤʠ ʈʠʩ. 2.9. ʉʭʝʤʘ ʚʽʜʥʦʚʣʝʥʥʷ ʛʦʣʦʛʨʘʤʠ 

 

ɻʦʣʦʛʨʘʬ̔ʯʥʘ ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʷ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʢʣʘʩʠʯʥʦʾ ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʾ, 

ʜʘ̒ ʤʦʞʣʠʚ̔ʩʪʴ ʜʦʩʣʽʜʞʫʚʘʪʠ ʦʙô̒ ʢʪʠ ʩʢʣʘʜʥʦʾ ʬʦʨʤʠ ʟ ʨʽʟʥʦʶ ʷʢʽʩʪʶ ʦʙʨʦʙʢʠ 

ʧʦʚʝʨʭʥʽ. ʇʨʠʥʮʠʧ ʛʦʣʦʛʨʘʬʽʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʜʣʷ ʦʙô̒ ʢʪʚ̔ ʟ ʜʠʬʫʟʥʦ-

ʚʽʜʙʠʚʥʦʶ ʧʦʚʝʨʭʥʝʶ ʧʦʣʷʛʘʻ ʚ ʽʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʦʤʫ ʧʦʨʽʚʥʷʥʥʽ ʭʚʠʣʴ, ʷʢʽ 

ʚʽʜʙʠʪʽ ʦʙô̒ ʢʪʦʤ ʚ ʜʝʬʦʨʤʦʚʘʥʦʤʫ ʪʘ ʥʝʜʝʬʦʨʤʦʚʘʥʦʤʫ ʩʪʘʥʘʭ. 

ɼʘʥʝ ʧʦʨʽʚʥʷʥʥʷ ʤʦʞʥʘ ʧʨʦʚʦʜʠʪʠ ʜʚʦʤʘ ʩʧʦʩʦʙʘʤʠ: ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ 

ʪʘ ʧʦʜʚʽʡʥʦʶ ʝʢʩʧʦʟʠʮʽʻʶ. ɺ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʦʙô̒ ʢʪ ʬʽʢʩʫʶʪʴ ʥʘ ʛʦʣʦʛʨʘʤʽ 

ʫ ʚʠʭʽʜʥʦʤʫ ʩʪʘʥʽ, ʧʦʪʽʤ ʦʪʨʠʤʘʥʫ ʛʦʣʦʛʨʘʬʽʯʥʫ ʢʦʧ̔ʶ ʩʚʽʪʣʦʚʦʾ ʭʚʠʣʽ ʚ 

ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʧʦʨʽʚʥʶʶʪʴ ʟʽ ʩʚʽʪʣʦʚʦʁ ʭʚʠʣʝʶ, ʱʦ ʚʽʜʙʠʚʘʻʪʴʩʷ 

ʜʝʬʦʨʤʦʚʘʥʠʤ ʦʙôʻʢʪʦʤ. ɺ ʜʨʫʛʦʤʫ ʚʠʧʘʜʢʫ ʥʘ ʛʦʣʦʛʨʘʤʽ ʨʝʻʩʪʨʫʁʪɹ ʦʙʠʜʚʘ 
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ʩʪʘʥʠ ʦʙôʻʢʪʘ ʪʘ ʩʧʦʩʪʝʨʽʛʘʶʪʴ ʨʝʟʫʣʴʪʘʪ ʥʘʢʣʘʜʘʥʥʷ ʜʚʦʭ ʩʚʽʪʣʦʚʠʭ ʭʚʠʣʴ, 

ʚʽʜʥʦʚʣʝʥʠʭ ʛʦʣʦʛʨʘʤʦʶ. ɻʦʣʦʛʨʘʬʽʯʥʘ ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʷ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ 

ʚʽʜʨʽʟʥʷʻʪʩɹʷ ʚʜ̔ ʜʚʦʝʢʩʧʦʟʠʮʽʡʥʦʾ ʪʠʤ, ʱʦ ʥʘ ʛʦʣʦʛʨʘʤʽ ʨʝʻʩʪʨʫʻʪʴʩʷ ʦʙô̒ʢʪ 

ʣʠhʝ ʚ ʦʜʥʦʤʫ ʩʪʘʥʽ, ʪʦʙʪʦ ʨʝʻʩʪʨʫʻʪʴʩʷ ʦʧʦʨʥʘ ʛʦʣʦʛʨʘʤʘ. ʇʽʩʣʷ 

ʬʦʪʦʭʽʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʛʦʣʦʛʨʘʤʘ ʟ ʽʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʦʶ ʪʦʯʥʽʩʪʶ 

ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʥʘ ʤʽʩʮʝ ʝʢʩʧʦʥʫʚʘʥʥʷ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʟʘ ʛʦʣʦʛʨʘʤʦʶ 

ʚ̔ ʜʙʫʚʘʪ̒ʴʩʷ ʽʥʪʝʨʬʝʨʝʥʮʽʷ ʧʨʝʜʤʝʪʥʦʾ ʭʚʠʣʽ ʪʘ ʾʾ ʛʦʣʦʛʨʘʬʽʯʥʦʾ ʢʦʧʽʾ. ʗʢʱʦ 

ʧʨʠ ʮʴʦʤʫ ʟ ʦʙô̒ ʢʪʦʤ ʚʽʜʙʫʚʘʶʪʴʩʷ ʜʝʬʦʨʤʘʮʽʾ, ʢ̫ʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ 

ʚʠʥʠʢʥʝʥʥʷ ʬʘʟʦʚʦʛʦ ʟʩʫʚʫ ʚ ʧʨʝʜʤʝʪʥʽʡ ʭʚʠʣʽ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʾʾ ʢʦʧʽʾ, ʪʦ 

ʚʠʥʠʢʘʻ ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʘ ʢʘʨʪʠʥʘ, ʱʦ ʩʧʦʩʪʝʨʽʛʘʪ̒ʴʩʷ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. 

ʗʢ ʽ ʚ ʤʝʪʦʜʽ ʜʚʦʭ ʝʢʩʧʦʟʠʮʽʡ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʨʝʟʫʣʴʪʫʶʯʦʾ ʭʚʠʣʽ ʙʫʜʝ 

ʧʨʦʤʦʜʫʣʴʦʚʘʥʘ ʟʘ ʛʘʨʤʦʥʯ̔ʥʠʤ ʟʘʢʦʥʦʤ 

 

( ) ( )[ ]y,xcos~y,xI d+12 . (2.71) 

 

ɺʠʨʘʟ (2.71) ʧʦʢʘʟʫ̒, ʱʦ ʛʦʣʦʛʨʘʤʘ ʚʽʜʥʦʚʠʪʴ ʧʨʝʜʤʝʪʥʫ ʭʚʠʣʶ, ʷʢʘ 

ʧʨʦʤʦʜʝʣʴʦʚʘʥʘ ʽʥʪʝʨʬʝʨʝʥʮʡ̔ʥʠʤʠ ʩʤʫʛʘʤʠ ( )[ ]y,xcosd+12 . ʅʘ ʜʽʣʷʥʢʘʭ 

ʭʚʠʣʴʦʚʦʛʦ ʧʦʣʷ, ʜʝ pd n2=  ï ʦʪʨʠʤʘʻʤʦ ʩʚʽʪʣʽ ʩʤʫʛʠ, ʘ ʜʝ ( )pd 12 += n  ï 

ʪʝʤʥʽ ʩʤʫʛʠ ( ),...,,n 210= . 

ɺ ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʫʤʦʚʫ ʚʠʥʠʢʥʝʥʥʷ ʽʥʪʝʨʬʝʨʝʥʮʽʾ ʜʣʷ ʢʦʞʥʦʾ ʪʦʯʢʠ 

ʧʦʚʝʨʭʥ ̔ʦʙô̒ ʢʪʘ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ: 

 

( )bal coscosUN += , (2.72) 

 

ʜʝ ɚ ï ʜʦʚʞʠʥʘ ʩʚʽʪʣʦʚʦʾ ʭʚʠʣʽ; N ï ʧʦʨʷʜʦʢ ʩʤʫʛʠ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʪʦʯʮʽ ʥʘ 

ʧʦʚʝʨʭʥʽ ʦʙô̒ ʢʪʘ; U ï ʧʝʨʝʤʽʱʝʥʥʷ ʪʦʯʢʠ ʧʦʚʝʨʭʥʽ ʦʙô̒ ʢʪʘ; a ï ʢʫʪ ʤʽʞ 

ʚʝʢʪʦʨʦʤ ʧʝʨʝʤʽʱʝʥʥʷ ʪʘ ʭʚʠʣʴʦʚʠʤ ʚʝʢʪʦʨʦʤ ʦʩʚʽʪʣʝʥʥʷ; b ï ʢʫʪ ʤʽʞ 

ʚʝʢʪʦʨʦʤ ʧʝʨʝʤʽʱʝʥʥʷ ʪʘ ʚʝʢʪʦʨʦʤ ʩʧʦʩʪʝʨʝʞʝʥʥʷ. 

ɻʦʣʦʛʨʘʬʽʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʦʙô̒ ʢʪʘ ʧʨʠ ʮʴʦʤʫ ʚʢʨʠʪʝ ʩʠʩʪʝʤʦʶ 
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ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʠʭ ʩʤʫʛ, ʷʢʽ ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ ʪʦʯʢʠ ʨʚ̔ʥʠʭ ʨʽʟʥʠʮ ɹ ʭʦʜʫ 

ʧʨʦʤʝʥʽʚ. 

ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʢʦʣʠʚʘʥʴ ʤʝʪʦʜʦʤ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʫ 

ʢʘʨʪʠʥʫ ʤʦʞʥʘ ʩʧʦʩʪʝʨʽʛʘʪʠ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʪʦʯʥʦ ʚʩʪʘʥʦʚʠʪʠ 

ʤʦʤʝʥʪ ʚʠʥʠʢʥʝʥʥʷ ʨʝʟʦʥʘʥʩʫ, ʚʠʙʨʘʪʠ ʥʝʦʙʭʽʜʥʠʡ ʨʝʞʠʤ ʚʽʙʨʦʟʙʫʜʞʝʥʥʷ ʪʘ 

ʚʽʜʥʦʩʥʦ ʰʚʠʜʢʦ ʜʦʩʣʽʜʠʪʠ ʩʧʝʢʪʨ ʯʘʩʪʦʪ ʪʘ ʬʦʨʤ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʣʠʚʘʥʴ ʇ̔ʆ ʤʝʪʦʜ ʛʦʣʦʛʨʘʬʽʯʥʦʾ ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʾ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʫ ʜʚʦʭ ʤʦʜʠʬʽʢʘʮʽʷʭ: ʤʝʪʦʜ ʫʩʝʨʝʜʥʝʥʥʷ ʫ ʯʘʩʽ ʪʘ ʤʝʪʦʜ 

ʩʪʨʦʙʦʛʦʣʦʛʨʘʬʽʯʥʦʾ ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʾ. ʇʨʠ ʫʩʝʨʝʜʥʝʥʥʽ ʫ ʯʘʩʽ ʜʦʩʣʽʜʞʫʚʘʥʠʡ 

ʦʙô̒ ʢʪ ʚʽʙʨʘʮʡ̔ ʨʝʻʩʪʨʫʻʪʴʩʷ ʥʘ ʛʦʣʦʛʨʘʤʽ ʧʨʠ ʦʩʚʽʪʣʝʥʥʽ ʙʝʟʧʝʨʝʨʚʥʠʤ 

ʩʚ̔ʪʣʦʚʠʤ ʧʫʯʢʦʤ. ɺ̔ ʜʥʦʚʣʝʥʘ ʛʦʣʦʛʨʘʤʘ ʚʽʜʪʚʦʨʶʻ ʜʚʘ ʫʷʚʥʽ ʟʦʙʨʘʞʝʥʥʷ ʚ 

ʧʨʦʪʠʚʦʬʘʟʥʠʭ ʧʦʣʦʞʝʥʥʷʭ, ʚʽʜʜʘʣʝʥʽ ʦʜʥʝ ʚʽʜ ʦʜʥʦʛʦ ʥʘ ʚʽʜʩʪʘʥʴ, ʷʢʘ ʨʽʚʥʘ 

ʧʦʜʚʦʻʥʽʡ ʘʤʧʣʽʪʫʜ ̔ ʢʦʣʠʚʘʥʴ. ɯʥʪʝʨʬʝʨʝʥʮʽʷ ʮʠʭ ʭʚʠʣ ɹ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʫʪʚʦʨʝʥʥʷ ʽʥʪʝʨʬʝʨʦʛʨʘʤʠ. ʋ ʚʫʟʣʘʭ ʢʦʣʠʚʘʥɹ ̫ʩʢʨʘʚʽʩʪʴ ʟʦʙʨʘʞʝʥʥʷ ʚʠʩʦʢʘ, 

ʘ ʟ ̔ʟʙʽʣʴʰʝʥʥʷʤ ʘʤʧʣʽʪʫʜʠ ʚʦʥʘ ʟʤʝʥʰʫʻʪʴʩ,̫ ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʽʟʢʦʛʦ 

ʟʥʠʞʝʥʥʷ ʢʦʥʪʨʘʩʪʫ ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʠʭ ʩʤʫʛ. ɺʽʜʧʦʚʽʜʥʽ ʨʦʟʨʘʭʫʥʢʠ 

ʧʦʢʘʟʫʶʪʴ, ʱʦ ʧʨʠ ʛʘʨʤʦʥʽʯʥʠʭ ʢʦʣʠʚʘʥʥʷʭ ʷʩʢʨʘʚʽʩʪʴ ʪʦʯʦʢ ʟʦʙʨʘʞʝʥʥʷ 

ʧʦʚʝʨʭʥʽ ʦʙô̒ ʢʪʘ, ʚʽʜʥʦʚʣʝʥʦʛʦ ʽʟ ʫʩʝʨʝʜʥʝʥʦʾ ʫ ʯʘʩʽ ʛʦʣʦʛʨʘʤʠ, ʚʠʨʘʞʘʻʪʴʩʷ 

ʟʘʣʝʞʥʽʩʪʶ: 

 

( )lpga AI 42

0

2º , (2.73) 

 

ʜʝ I ï ʷʩʢʨʘʚʽʩʪʴ ʪʦʯʢʠ ʫ ʚʽʜʥʦʚʣʶʚʘʣʴʥʦʤʫ ʟʦʙʨʘʞʝʥʥ̔ ; ɔ0 ï ʬʫʥʢʮʽʷ ɹʝʩʩʝʣʷ 

ʧʝʨʰʦʛʦ ʨʦʜʫ ʥʫʣʴʦʚʦʛʦ ʧʦʨʷʜʢʫ; ɸ ï ʘʤʧʣʽʪʫʜʘ ʢʦʣʠʚʘʥʴ ʪʦʯʢʠ; Ŭ ï 

ʘʤʧʣʽʪʫʜʘ ʩʚʽʪʣʦʚʦʾ ʭʚʠʣʽ; ɚ ï ʜʦʚʞʠʥʘ ʩʚʽʪʣʦʚʦʾ ʭʚʠʣʽ. 

ɿʤʝʥʰʝʥʥʷ ʷʩʢʨʘʚʦʩʪʽ ʩʤʫʛ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʴ 

ʧʦʷʩʥʶʻʪʴʩʷ ʥʘʷʚʥ̔ʩʪʶ ʥʝʢʦʛʝʨʝʥʪʥʦʛʦ ʧʽʜʩʚʽʯʫʚʘʥʥʷ ʧʽʜ ʯʘʩ ʧʨʦʭʦʜʞʝʥʥʷ 

ʧʦʚʝʨʭʥʽ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʦʙô̒ ʢʪʘ ʧʨʦʤʽʞʥʠʭ ʧʦʣʦʞʝʥʴ ʤʽʞ ʘʤʧʣʽʪʫʜʘʤʠ 

ʢʦʣʠʚʘʥʴ. ʇʨʠ ʦʮ̔ʥʮ ̔ ʨʦʟʧʦʜʽʣʫ ʘʤʧʣʽʪʫʜ ʢʦʣʠʚʘʥʴ ʧʦʚʝʨʭʥʽ ʦʙô̒ ʢʪʘ ʧʦ 

ʽʥʪʝʨʬʝʨʦʛʨʘʤʽ ʬʦʨʤ ʢʦʣʠʚʘʥʴ, ʫʩʝʨʝʜʥʝʥʠʭ ʫ ʯʘʩʽ, ʚʠʥʠʢʘʶʪʴ ʧʨʦʙʣʝʤʠ 
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ʪʦʯʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʢʦʦʨʜʠʥʘʪ ʩʤʫʛ ʽʥʪʝʨʬʝʨʝʥʮʽʾ. ɼʣʷ ʚʠʨʽʰʝʥʥ̫ ʮʽʻʾ 

ʧʨʦʙʣʝʤʠ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʤʝʪʦʜ ʩʪʨʦʙʦʛʦʣʦʛʨʘʬʽʯʥʦʾ ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʾ, 

ʟʘʚʜʷʢʠ ʷʢʦʤʫ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʫʻʪʴʩʷ ʢʦʥʪʨʘʩʪʥʽʩʪʴ ʩʤʫʛ ʽ ʪʦʯʥʽʩʪʴ ʤʝʞ 

ʚʠʤ̔ʨʶʚʘʥʥʷ. ʑʦʙ ʦʪʨʠʤʘʪʠ ʚʠʩʦʢʫ ʢʦʥʪʨʘʩʪʥʽʩʪʴ ʥ̔ʪʝʨʬʝʨʝʥʮʽʡʥʦʾ ʢʘʨʪʠʥʠ 

ʧʦ ʚʩʽʡ ʧʦʚʝʨʭʥʽ ʦʙôʻʢʪʘ, ʱʦ ʢʦʣʠʚʘʻʪʴʩʷ, ʥʝʦʙʭʽʜʥʦ ʧʨʠʙʨʘʪʠ ʟʘʩʚʽʯʝʥʥʷ 

ʛʦʣʦʛʨʘʤʠ ʚ ʪʽ ʤʦʤʝʥʪʠ ʯʘʩʫ, ʢʦʣʠ ʦʙô̒ʢʪ ʧʨʦʭʦʜʠʪʴ ʧʨʦʤʽʞʥʽ ʧʦʣʦʞʝʥʥʷ 

ʤʽʞ ʘʤʧʣʽʪʫʜʥʠʤʠ ʧʦʣʦʞʝʥʥʷʤʠ. ɿ ʮʽʻʶ ʤʝʪʦʶ ʟʨʫʯʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʩʪʨʦʙʦʩʢʦʧʽʯʥʫ ʨʝʻʩʪʨʘʮʽʁ ʛʦʣʦʛʨʘʤʠ, ʽʜʝʷ ʷʢʦʾ ʧʦʣʷʛʘʻ ʫ ʩʠʥʭʨʦʥʽʟʘʮʽ ʾ

ʩʪʨʦʙʦʽʤʧʫʣʴʩʽʚ ʟ ʘʤʧʣʽʪʫʜʥʠʤʠ ʩʪʘʥʘʤʠ ʦʙô̒ ʢʪʘ. ʊʦʙʪʦ ʧʦʚʝʨʭʥʷ 

ʚʽʙʨʫʶʯʦʛʦ ʦʙô̒ ʢʪʘ ʧʨʠ ʛʦʣʦʛʨʘʬʫʚʘʥʥʽ ʧʽʜʩʚʽʯʫʻʪʴʩʷ ʪʽʣʴʢʠ ʚ ʧʝʚʥʽ ʤʦʤʝʥʪʠ 

ʯʘʩʫ, ʥʘʧʨʠʢʣʘʜ, ʫ ʤʦʤʝʥʪʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʘʤʧʣʽʪʫʜʥʠʤ ʟʥʘʯʝʥʥʷʤ 

ʢʦʣʠʚʘʥʴ. ʄʦʜʫʣʷʮʽʶ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʜʽʡʩʥʶʶʪʴ ʝʣʝʢʪʨʦʦʧʪʠʯʥʠʤ 

ʤʦʜʫʣʷʪʦʨʦʤ. ɯʤʧʫʣʴʩʥʝ ʦʩʚʽʪʣʝʥʥʷ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʧʝʨʽʦʜʠʯʥʠʭ ʢʦʣʠʚʘʥʴ. ɼʘʥʠʡ ʤʝʪʦʜ ʨʝʻʩʪʨʘʮʽʾ ʽʥʪʝʨʬʝʨʦʛʨʘʤ ʥʘʟʠʚʘʻʪʴʩʷ 

ʩʪʨʦʙʦʛʦʣʦʛʨʘʬʽʯʥʠʤ. ʇʦʨʽʚʥʷʥʦ ʟ ʤʝʪʦʜʦʤ ʫʩʝʨʝʜʥʝʥʥʷ ʢʦʥʪʨʘʩʪ ʩʤʫʛ 

ʩʫʪʪʻʚʦ ʟʨʦʩʪʘʻ, ʨʦʟʰʠʨʶʶʪʴʩʷ ʤʝʞʽ ʚʠʤ̔ ʨʶʚʘʥʥʷ, ʧʨʦʪʝ ʝʢʩʧʝʨʠʤʝʥʪ 

ʫʩʢʣʘʜʥʶʻʪɹ ʩʷ: ʧʦʪʨʽʙʝʥ ʦʧʪʠʯʥʠʡ ʤʦʜʫʣʷʪʦʨ, ʩʠʥʭʨʦʥʽʟʘʮʽʷ ʽʟ ʜʞʝʨʝʣʦʤ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʢʦʣʠʚʘʥʴ, ʫʟʛʦʜʞʝʥʥʷ ʧʨʠ ʚʠʙʦʨʽ ʪʨʠʚʘʣʦʩʪʽ ʩʚʽʪʣʦʚʠʭ 

ʽʤʧʫʣʴʩʽʚ. ʗʢʱʦ ʽʤʧʫʣʴʩʠ ʜʫʞʝ ʢʦʨʦʪʢʽ, ʤʦʞʝ ʩʪʘʪʠ ʧʨʦʙʣʝʤʘ ʟ ʯʘʩʦʤ 

ʝʢʩʧʦʟʠʮʽʾ. ʇʨʠ ʟʨʦʩʪʘʥʥʽ ʪʨʠʚʘʣʦʩʪʽ ʽʤʧʫʣʴʩʽʚ ʧʘʜʘʻ ʢʦʥʪʨʘʩʪ 

ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʠʭ ʩʤʫʛ. 

ʗʢʱʦ ʽʤʧʫʣʴʩ ʦʩʚʽʪʣʝʥʥʷ ʜʦʩʠʪʴ ʢʦʨʦʪʢʠʡ, ʪʦ ʜʘʥʠʡ ʤʝʪʦʜ 

ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʤʝʪʦʜʫ ʛʦʣʦʛʨʘʬʽʯʥʦʾ ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʾ ʥʝʨʫʭʦʤʠʭ ʦʙô̒ ʢʪʽʚ ʫ 

ʯʘʩʽ. ʆʜʥʘʢ ʩʚʽʪʣʦʚʠʡ ʽʤʧʫʣʴʩ ʤʦʞʝ ʧʽʜʩʚʽʯʫʚʘʪʠ ʟʙʫʜʞʝʥʫ ʧʦʚʝʨʭʥʶ ʚ ʙʫʜ-ɹ

ʷʢʽʡ ʟ ʬʘʟ ʢʦʣʠʚʘʥ,ɹ ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʦʨʽʚʥʶʚʘʪʠ ʧʦʣʦʞʝʥʥʷ ʧʦʚʝʨʭʥʽ ʚ 

ʙʫʜʴ-ʷʢ̔ʡ ʬʘʟ̔ ʢʦʣʠʚʘʥʴ ʟ ʾʾ ʥʝʨʫʭʦʤʠʤ ʧʦʣʦʞʝʥʥʷʤ. ʊʘʢʦʞ ʻ ʤʦʞʣʠʚʽʩʪʴ 

ʟʤʽʥʶʚʘʪʠ ʯʘʩʪʦʪʫ ʢʦʣʠʚʘʥʴ, ʪʦʙʪʦ ʜʦʩʣʽʜʞʫʚʘʪʠ ʤʦʜʦʚʫ ʩʪʨʫʢʪʫʨʫ ʢʦʣʠʚʘʥʴ 

ʫ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ, ʧʨʠ ʮʴʦʤʫ ʩʚʽʪʣʦʚʽ ʽʤʧʫʣʴʩʠ ʩʠʥʭʨʦʥʽʟʫʶʪʴʩʷ 

ʽʟ ʢʦʣʠʚʘʥʥʷʤʠ ʧʦʚʝʨʭʥ.̔ ʊʘʢʠʤ ʩʧʦʩʦʙʦʤ ʤʦʞʥʘ ʚʠʚʯʘʪʠ ʛʦʩʪʨ̔ ʨʝʟʦʥʘʥʩʠ. 

ʄʦʜʠʬʽʢʘʮʽʷ ʩʪʨʦʙʦʛʦʣʦʛʨʘʬʽʯʥʦʛʦ ʤʝʪʦʜʫ ʜʦʟʚʦʣʷʻ ʩʧʦʩʪʝʨʽʛʘʪʠ ʟʤʽʥʫ 
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ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʦʾ ʢʘʨʪʠʥʠ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʴ ʚʽʜ ʥʫʣʷ ʜʦ 

ʧʝʚʥʦʾ ʚʝʣʠʯʠʥʠ ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʢʦʥʪʨʘʩʪʥʽʩʪ ɹʩʤʫʛ ʻ ʥʝʟʘʜʦʚʽʣʴʥʦʶ, ʯʠ ʧʨʠ 

ʥʘʙʣʠʞʝʥʥʽ ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʴ ʜʦ ʨʝʟʦʥʘʥʩʥʦʾ. ʊʘʢʦʞ ʩʪʘʻ ʤʦʞʣʠʚʠʤ 

ʚʠʟʥʘʯʘʪʠ ʧʦʣʦʞʝʥʥʷ ʚʫʟʣʦʚʠʭ ʣʽʥʽʡ ʬʦʨʤ ʢʦʣʠʚʘʥʴ ʥʘ ʬʽʢʩʦʚʘʥʽʡ ʯʘʩʪʦʪʽ ʪʘ 

ʚʠʟʥʘʯʘʪʠ ʚʽʜʥʦʩʥʫ ʬʘʟʫ ʢʦʣʠʚʘʥʴ ʜʣʷ ʚʩʽʭ ʪʦʯʦʢ ʤʦʜʦʚʦʾ ʢʘʨʪʠʥʠ ʚʽʙʨʘʮʽʡ. 

ɼʣʷ ʨʝʻʩʪʨʘʮʽ ʾʛʦʣʦʛʨʘʤʠ ʧʦʪʨʽʙʥʦ ʤʘʪʠ ʜʞʝʨʝʣʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʷʢʝ 

ʤʘʻ ʥʝʦʙʭʽʜʥʫ ʯʘʩʦʚʫ ʪʘ ʧʨʦʩʪʦʨʦʚʫ ʢʦʛʝʨʝʥʪʥʽʩʪʴ, ʘ ʪʘʢʦʞ ʤʘʻ ʜʦʩʪʘʪʥʶ 

ʧʦʪʫʞʥʽʩʪʴ ʧʨʠ ʥʝʦʙʭʽʜʥʽʡ ʜʦʚʞʠʥʽ ʭʚʠʣʽ ʩʚʽʪʣʘ. ʆʧʪʠʯʥʽ ʢʚʘʥʪʦʚʽ 

ʛʝʥʝʨʘʪʦʨʠ ʘʙʦ ʣʘʟʝʨʠ ʚ ʧʦʚʥʽʡ ʤʽʨʽ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʦʧʠʩʘʥ̔ ʚʠʤʦʛʠ. ʆʩʢʽʣʴʢʠ 

ʧʽʜ ʯʘʩ ʧʨʦʮʝʩʫ ʝʢʩʧʦʥʫʚʘʥʥʷ ̔ ʧʨʦʚ̫ʣʝʥʥ̫ ʛʦʣʦʛʨʘʤ ʟʤʽʥʶʻʪʴʩʷ ʽʥʜʝʢʩ 

ʟʘʣʦʤʣʝʥʥʷ n, ʚʝʣʠʯʠʥʘ ʘʤʧʣʽʪʫʜʥʦʛʦ ʧʨʦʥʠʢʥʝʥʥʷ ʧʘʜʚʠʭʘ/ʘ=t , ʘ ʪʘʢʦʞ 

ʪʦʚʱʠʥʘ ʰʘʨʫ ʨʝʻʩʪʨʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ h, ʪʦ ʚʘʞʣʠʚʠʤ ʝʪʘʧʦʤ ̒ 

ʧʨʘʚʠʣʴʥʠʡ ʚʠʙʽʨ ʨʝʻʩʪʨʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʊʘʢʦʞ, ʜʦ ʦʩʥʦʚʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʻʩʪʨʫʶʯʠʭ ʩʝʨʝʜʦʚʠʱ ʥʘʣʝʞʘʪʴ: ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ vc, 

ʜʠʬʨʘʢʮʽʡʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ɖ, ʯʫʪʣʠʚʽʩʪʴ ʽ ʣʽʥʽʡʥʽʩʪʴ ʟʘʧʠʩʫ [259]. ʂʨʽʤ ʮʴʦʛʦ, 

ʩʧʝʢʪʨʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝ̒ʩʪʨʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʤʘʶʪʴ ʫʟʛʦʜʞʫʚʘʪʠʩ ɹ

ʽʟ ʩʧʝʢʪʨʘʣʴʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʢʚʘʥʪʦʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ. 

ʑʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʷʢʽʩʥʫ ʨʝʻʩʪʨʘʮʽʶ ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʦʾ ʢʘʨʪʠʥʠ, ʨʦʟʜʽʣʴʥʘ 

ʟʜʘʪʥʽʩʪʴ ʩʝʨʝʜʦʚʠʱʘ vc ʧʦʚʠʥʥʘ ʧʝʨʝʚʠʱʫʚʘʪʠ ʧʨʦʩʪʦʨʦʚʫ ʯʘʩʪʦʪʫ 

ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʦʾ ʩʪʨʫʢʪʫʨʠ v. ʋ ʨʘʟʽ ʚʠʢʦʨʠʩʪʘʥʥ ̫ʥʝʦʩʴʦʚʦʾ ʩʭʝʤʠ ʟʘʧʠʩʫ 

ʛʦʣʦʛʨʘʤ ʨʦʟʜʽʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʬʦʨʤʫʣʦʁ: 

 

( ) jlsin/vvc 2=> , (2.74) 

 

ʜʝ ɚ ï ʜʦʚʞʠʥʘ ʭʚʠʣʽ; ű ï ʧʦʣʦʚʠʥʘ ʢʫʪʘ ʤʽʞ ʥʘʧʨʷʤʢʦʤ ʦʧʦʨʥʦʛʦ ʪʘ 

ʧʨʝʜʤʝʪʥʦʛʦ ʧʫʯʢʘ. ɿʘʣʝʞʥʦ ʚʽʜ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʜʞʝʨʝʣʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʟʤʽʥʶʶʪʴʩʷ ʯʫʪʣʠʚʽʩʪʴ ʽ ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʬʦʪʦʤʘʪʝʨʽʘʣʫ: ʧʨʠ ʟʤʝʥʰʝʥʥʽ ɚ 

ʩʧʦʩʪʝʨ̔ ʛʘʻʪʴʩʷ ʟʥʠʞʝʥʥʷ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʯʝʨʝʟ ʨʦʟʩʽʶʚʘʥʥʷ ʩʚʽʪʣʘ. 

ʈʝ̒ ʩʪʨʘʮʽʷ ʛʦʣʦʛʨʘʤʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʝʪʘʧʘʤʠ: ʬʦʨʤʫʚʘʥʥ ̫

ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʦʾ ʢʘʨʪʠʥʠ, ʾʾ ʟʘʧʠʩ ʥʘ ʬʦʪʦʯʫʪʣʠʚʠʡ ʤʘʪʝʨʽʘʣ, ʭʽʤ̔ʯʥʘ 
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ʦʙʨʦʙʢʘ, ʘ ʪʘʢʦʞ ʨʝʢʦʥʩʪʨʫʢʮʽʷ ʦʪʨʠʤʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. 

ɺ ʥʘʩʣʽʜʦʢ ʥʝʨʽʚʥʦʤʽʨʥʦʾ ʫʩʘʜʢʠ ʝʤʫʣʴʩʽʾ, ʘ ʪʘʢʦʞ ʟʤʽʥʠ ʦʧʪʠʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʥʘ ʧʦʚʝʨʭʥʽ ʬʦʪʦʧʣʘʩʪʠʥʠ ʢʨʽʤ ʯʝʨʛʫʚʘʥʥʷ ʩʚʽʪʣʠʭ ʪʘ ʪʝʤʥʠʭ 

ʩʤʫʛ, ʤʦʞʥʘ ʩʧʦʩʪʝʨʽʛʘʪʠ ʟʤʽʥʫ ʨʝʣɹ̒ ʬʫ ʧʦʚʝʨʭʥʽ. ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ, 

ʛʦʣʦʛʨʘʤʠ, ʷʢʽ ʦʪʨʠʤʘʥʽ ʥʘ ʛʘʣʦʛʝʥʦʜʦʩʨʽʙʥʠʭ ʬʦʪʦʤʘʪʝʨʽʘʣʘʭ ʥʝ ʻ ʽʜʝʘʣʴʥʦ 

ʘʤʧʣʽʪʫʜʥʠʤʠ, ʦʩʢʽʣʴʢʠ ʜʠʬʨʘʢʮʽʷ ʩʚʽʪʣʘ ʻ ʥʘʩʣʽʜʢʦʤ ʷʢ ʟʤ̔ʥʠ ʢʦʝʬʽʮʽʻʥʪʘ 

ʧʨʦʧʫʩʢʘʥʥʷ ȹŰ, ʪʘʢ ʡ ʟʤʽʥʠ ʪʦʚʱʠʥʠ ʰʘʨʫ ȹh, ʦɦ ʥʘʧʨʷʤʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʘʩʫ 

ʝʢʩʧʦʟʠʮʽʾ ʪʘ ʤʝʪʦʜʠʢʠ ʭ̔ʤ̔ ʯʥʦʾ ʦʙʨʦʙʢʠ. 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʦʧʪʠʯʥʦʾ ʩʭʝʤʠ, ʢʨʽʤ ʜʞʝʨʝʣʘ ʢʦʛʝʨʝʥʪʥʦʛʦ ʩʚ̔ʪʣʘ, ʩʣʽʜ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʧʪʠʯʥʽ ʝʣʝʤʝʥʪʠ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʤʽʥʫ ʥʘʧʨʷʤʫ 

ʣʘʟʝʨʥʦʛʦ ʧʨʦʤʝʥ,ʁ ʡʦʛʦ ʧʦʜʽʣ ʥʘ ʧʨʝʜʤʝʪʥʠʡ ʪʘ ʦʧʦʨʥʠʡ ʧʫʯʢʠ, ʘ ʪʘʢʦʞ 

ʪʨʘʥʩʬʦʨʤʘʮʽʶ ʭʚʠʣʴʦʚʦʛʦ ʬʨʦʥʪʫ ʟ ʧʣʦʩʢʦʛʦ ʫ ʩʬʝʨʠʯʥʠʡ ʪʦʱʦ. 

ɼʣʷ ʚʽʜʙʠʪʪʷ ʣʘʟʝʨʥʠʭ ʧʨʦʤʝʥʽʚ ʩʣʽʜ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʟʝʨʢʘʣʘ ʟ 

ʧʦʚʝʨʭʥʝʚʠʤ ʚʽʜʙʠʚʥʠʤ ʧʦʢʨʠʪʪʷʤ, ʽʥʘʢʰʝ ʚʠʥʠʢʘʻ ʽʥʪʝʨʬʝʨʝʥʮʽʷ ʤʽʞ 

ʭʚʠʣʷʤʠ, ʱʦ ʚʽʜʙʠʚʘʶʪʴʩʷ ʚʽʜ ʟʦʚʥʽʰʥʴʦʾ ʪʘ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʦʥʴ ʜʟʝʨʢʘʣʘ, ʱʦ 

ʩʧʨʠʯʠʥʷʻ ʥʝʙʘʞʘʥʫ ʤʦʜʫʣʷʮʽʶ ʧʨʦʤʝʥʁ. 

ʉʚʽʪʣʦʜʽʣʴʥʠʢʦʤ ʩʣʫʛʫʻ ʢʣʠʥʦʧʦʜʽʙʥʘ ʩʢʣʷʥʘ ʧʣʘʩʪʠʥʢʘ, ʷʢʘ 

ʟʘʙʝʟʧʝʯʫ ̒ʧʨʦʩʪʦʨʦʚʝ ʨʦʟʜʽʣʝʥʥʷ ʧʨʦʤʝʥʷ ʥʘ ʜʚʘ ʟʘ ʨʘʭʫʥʦʢ ʚʽʜʙʠʪʪʷ ʚʽʜ 

ʦʙʦʭ ʧʦʚʝʨʭʦʥʴ ʩʢʣʷʥʦʛʦ ʢʣʠʥʫ. 

ʊʨʘʥʩʬʦʨʤʘʮʽ ̫ʭʚʠʣʴʦʚʦʛʦ ʬʨʦʥʪʫ ʟ ʧʣʦʩʢʦʛʦ ʫ ʩʬʝʨʠʯʥʠʡ ʤʦʞʣʠʚʘ 

ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʽʢʨʦʦʙô̒ʢʪʠʚʘ, ʚ ʬʦʢʫʩʽ ʷʢʦʛʦ ʥʝʦʙʭʽʜʥʦ ʨʦʟʤʽʩʪʠʪʠ 

ʬ̔ʣʴʪʨ ï ʤʽʢʨʦʜʽʦʬʨʘʛʤʫ, ʢ̫ʠʡ ʟʘʙʝʟʧʝʯʫʻ ʧʨʦʧʫʩʢʘʥʥ ̫ ʦʩʥʦʚʥʦʛʦ ʧʫʯʢʘ, 

ʟʘʪʨʠʤʫʶʯʠ ʜʠʬʨʘʢʮʽʡʥʝ ʩʚʽʪʣʦ. 

ɸʤʧʣʽʪʫʜʥʘ ʤʦʜʫʣ̫ʮʽ̫ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 

ʚʢʣʶʯʝʥʥʷʤ ʚ ʦʧʪʠʯʥʽ ʩʭʝʤʫ ʝʣʝʢʪʨʦʦʧʪʠʯʥʦʛʦ ʤʦʜʫʣʷʪʦʨʘ, ʧʨʠʥʮʠʧ ʜʽʾ 

ʷʢʦʛʦ ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʬʝʢʪʫ ʂʝʨʨʘ ʚ ʨʽʜʢʠʭ ʦʧʪʠʯʥʦ ʘʢʪʠʚʥʠʭ 

ʩʝʨʝʜʦʚʠʱʘʭ ʘʙʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʬʝʢʪʫ ʇʦʢʢʝʣʴʩʘ ʚ ʦʧʪʠʯʥʦ ʘʢʪʠʚʥʠʭ 

ʢʨʠʩʪʘʣʘʭ [260]. 

ɿʙʫʜʞʝʥʥʷ ʢʦʣʠʚʘʥʴ ʇʆ̔ ʩʪʚʦʨʶʻʪʴʩʷ ʚʽʙʨʘʮʽʡʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ ʨʽʟʥʠʭ 

ʚʠʜ̔ʚ, ʚʽʙʨʦʟʙʫʜʞʫʶʯʠʡ ʩʠʛʥʘʣ ʷʢʠʭ ʬʦʨʤʫʻʪʴʩʷ ʟʚʫʢʦʚʠʤ ʛʝʥʝʨʘʪʦʨʦʤ 
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ʯʘʩʪʦʪ ʪʘ ʧʽʜʩʠʣʶʚʘʯʝʤ ʥʠʟʴʢʠʭ ʯʘʩʪʦʪ. 

 

2.6. ɺʠʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪ ʽ ʬʦʨʤ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʨʝʟʦʥʘʥʩʥʠʤ ʤʝʪʦʜʦʤ 

ɻʦʣʦʚʥʘ ʽʜʝʷ ʨʝʟʦʥʘʥʩʥʠʭ ʤʝʪʦʜʽʚ ʧʦʣʷʛʘ̒ ʫ ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʟʙʫʜʞʝʥʥ̔  

ʢʦʣʠʚʘʥʴ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʦʙôʻʢʪʘ ʟ ʤʦʞʣʠʚʽʩʪʶ ʧʣʘʚʥʦ ʟʤʽʥʶʚʘʪʠ ʯʘʩʪʦʪʫ 

ʢʦʣʠʚʘʥʴ, ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ ʨʝʟʦʥʘʥʩʥʠʭ ʯʘʩʪʦʪ ʬʽʢʩʫʻʪʴʩʷ ʯʘʩʪʦʪʘ ʪʘ 

ʨʝʻʩʪʨʫʻʪʴʩ ̫ʨʦʟʧʦʜʽʣ ʘʤʧʣʽʪʫʜ ʢʦʣʠʚʘʥɹ ʧʦ ʧʦʚʝʨʭʥʽ ʦʙô̒ ʢʪʘ. 

ʈʝʟʦʥʘʥʩʥʠʡ ʤʝʪʦʜ ʻ ʧʨʦʩʪʠʤ ʪʘ ʟʨʫʯʥʠʤ, ʤʘʻ ʤʘʣʫ ʧʦʭʠʙʢʫ ʦʪʨʠʤʘʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ, ʷʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʯʥʦʩʪʽ ʚʽʜʪʚʦʨʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʾ ʯʘʩʪʦʪʠ 

ʢʦʣʠʚʘʥʴ ʟʙʫʜʞʫʶʯʦʛʦ ʧʨʠʩʪʨʦʁ, ʡʦʛʦ ʢʦʥʪʘʢʪʫ ʟ ʜʦʩʣʽʜʞʫʚʘʥʠʤ ʦʙôʻʢʪʦʤ, 

ʜʽʘʧʘʟʦʥʫ ʚʽʜʪʚʦʨʶʚʘʣʴʥʠʭ ʯʘʩʪʦʪ, ʷʢʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʦʙôʻʢʪʘ, 

ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʚʦʣʦʛʦʩʪʽ ʧʦʚʽʪʨʷ. 

ʇʨʠʥʮʠʧ ʜʽʾ ʨʝʟʦʥʘʥʩʥʦʛʦ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʫ ʧʦʨ̔ ʚʥ̫ʥʥʽ ʯʘʩʪʦʪʠ 

ʢʦʣʠʚʘʥʴ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʦʙôʻʢʪʘ fʜ.ʦʙ. ʟ ʯʘʩʪʦʪʦʶ ʟʙʫʜʥʠʢʘ ʢʦʣʠʚʘʥʴ fʚʠʤ. ï 

ʨʝʟʦʥʘʪʦʨʘ, ʷʢʠʡ ʩʪʚʦʨʶʻ ʚʠʤʫʰʝʥʽ ʢʦʣʠʚʘʥʥʷ. ɼʦʩʣʽʜʞʫʚʘʥʠʡ ʦʙôʻʢʪ 

ʢʦʣʠʚʘʻʪʴʩʷ ʧʽʜ ʚʧʣʠʚʦʤ ʜʽʾ ʨʝʟʦʥʘʪʦʨʘ, ʷʢʠʡ ʧʝʚʥʠʤ ʯʠʥʦʤ ʧʝʨʝʜʘʻ ʦʙôʻʢʪʫ 

ʢʦʣʠʚʘʥʥʷ ʟ ʯʘʩʪʦʪʦʶ, ʷʢʘ ʧʣʘʚʥʦ ʟʤʽʥʶʻʪʴʩʷ ʥʘ ʨʝʟʦʥʘʪʦʨʽ. ʗʢʱʦ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʢʦʣʠʚʘʥ ɹʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʦʙôʻʢʪʘ ʨʽʟʢʦ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʪʦ ʤʦʞʥʘ 

ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʩʧʦʩʪʝʨʽʛʘʪʁʴʩʷ ʩʪʦʷʯʽ ʭʚʠʣʽ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʨʝʟʦʥʘʥʩʽ. 

ʏʘʩʪʦʪʘ ʚʠʤʫʰʝʥʠʭ ʢʦʣʠʚʘʥʴ fʚʠʤ., ʩʪʚʦʨʝʥʠʭ ʨʝʟʦʥʘʪʦʨʦʤ, ʩʧʽʚʧʘʜʘ̒ ʟ 

ʯʘʩʪʦʪʘʤʠ ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ ʦʙôʻʢʪʘ fʚʣ., ʪʦʙʪʦ fʚʠʤ=fʜ.ʦʙ=fʚʣ.. 

ɺʠʤʽʨʚʁʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ ʘʙʦ ʢʦʤʧʣʝʢʩ, ʷʢʠʡ ʧʨʘʮʶʻ ʥʘ ʦʩʥʦʚʽ ʮʴʦʛʦ 

ʤʝʪʦʜʫ, ʥʘʟʠʚʘʻʪʴʩʷ ʨʝʟʦʥʘʥʩʥʠʤ ʯʘʩʪʦʪʦʤʽʨʦʤ. ɿʘʟʚʠʯʘʡ ʪʘʢ̔ ʧʨʠʩʪʨʦʾ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʩʦʢʠʭ ʯʘʩʪʦʪ, ʘʣʝ ʤʦʞʫʪɹ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʴ ʡ 

ʜʦ ʥʠʞʯʠʭ ʯʘʩʪʦʪ. ʈʝʟʦʥʘʥʩʥʽ ʯʘʩʪʦʪʦʤʽʨʠ ʤʘʶʪʴ ʧʨʦʩʪʫ ʙʫʜʦʚʫ ʪʘ ʟʨʫʯʥʽ ʫ 

ʚʠʢʦʨʠʩʪʘʥʥʽ. 

ɼʦ ʨʝʟʦʥʘʥʩʥʠʭ ʤʝʪʦʜʽʚ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʝʢʩʧʝʨʠʤʝʥʪ ʍʣʘʜʥʽ [1]. ɼʣʷ 

ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʙʨʘʣʠ ʢʚʘʜʨʘʪʥʫ ʧʣʘʩʪʠʥʢʫ ʪʘ ʞʦʨʩʪʢʦ ʟʘʪʠʩʢʘʣʠ ʾʾ 

ʚ ʮʝʥʪʨ.̔ ʇʦʩʠʧʘʣʠ ʾʾ ʧʦʚʝʨʭʥʶ ʜʨʽʙʥʠʤʠ ʩʬʝʨʠʯʥʠʤʠ ʯʘʩʪʠʥʢʘʤʠ, 

ʥʘʧʨʠʢʣʘʜ, ʧ̔ ʩʢʦʤ. ɿʘʪʠʩʢʘʣʠ ʜʚʦʤʘ ʧʘʣʴʮʷʤʠ ʥʝʚʝʣʠʢʫ ʜʽʣʷʥʢʫ ʥʘ ʙʫʜʴ-ʷʢʽʡ 
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ʟʽ ʩʪʦʨʽʥ ʧʣʘʩʪʠʥʠ, ʥʘʧʨʠʢʣʘʜ ʚ ʮʝʥʪʨʽ ʩʪʦʨʦʥʠ. ʇʨʦʚʦʜʠʣʠ ʩʤʠʯʢʦʤ ʧʦ 

ʚʽʣʴʥʽʡ ʩʪʦʨʦʥʽ ʧʣʘʩʪʠʥʠ ʙʣʠʞʯʝ ʜʦ ʦʜʥʦʛʦ ʟ ʢʫʪʽʚ. ɺ ʨʝʟʫʣʪɹʘʪʽ ʧʣʘʩʪʠʥʘ 

ʧʦʯʠʥʘʣʘ ʢʦʣʠʚʘʪʠʩʴ, ʥʘ ʾʾ ʧʦʚʝʨʭʥʽ ʚʠʥʠʢʘʣʠ ʩʪʦʷʯʽ ʭʚʠʣ,̔ ʘ ʜʨʽʙʥʽ ʯʘʩʪʠʥʢʠ 

ʩʪʚʦʨʶʚʘʣʠ ʨʠʩʫʥʦʢ. ʏʘʩʪʠʥʢʠ ʧʝʨʝʤʽʱʫʚʘʣʠʩʷ ʥʘ ʤʽʩʮʷ ʚʫʟʣʦʚʠʭ ʣʽʥʽʡ. ɺ 

ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ, ʩʧʦʩʪʝʨʽʛʘʣʠʩ̫ ʜʚʽ ʚʫʟʣʦʚʽ ʣʽʥʽʾ, ʷʢʽ ʨʦʟʜʽʣʷʪʁʴ ʚʝʣʠʢʠʡ 

ʢʚʘʜʨʘʪ ʥʘ ʯʦʪʠʨʠ ʤʝʥhʽ ʢʚʘʜʨʘʪʠ (ʨʠʩ. 2.10. ʘ). ɿʥʘʢʠ ç+è ʽ çïè ʧʦʢʘʟʫʶʪʴ 

ʧʨʦʪʠʣʝʞʥʽ ʥʘʧʨ̫ʤʢʠ ʧʝʨʝʤʽʱʝʥʴ, ʘ ʚʫʟʣʦʚʽ ʣʽʥʽʾ ʧʦʟʥʘʯʘʶʪʴ ʤʝʞʽ ʮʠʭ 

ʧʨʦʪʠʣʝʞʥʠʭ ʧʝʨʝʤʽʱʝʥʴ. ʗʢʱʦ ʧʦʩʠʧʘʪʠ ʧʦʚʝʨʭʥʶ ʧʣʘʩʪʠʥʠ ʱʝ ʨʘʟ 

ʜʨʽʙʥʠʤʠ ʯʘʩʪʠʥʢʘʤʠ, ʟʘʪʠʩʥʫʪʠ ʧʘʣʴʮʷʤʠ ʦʜʠʥ ʟ ʢʫʪʽʚ ʧʣʘʩʪʠʥʠ ʽ ʧʨʦʚʝʩʪʠ 

ʩʤʠʯʢʦʤ ʧʦ ʩʝʨʝʜʠʥʽ ʦʜʥʦʛʦ ʟ ʢʨʘʾʚ, ʪʦ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʽʥʰʠʡ ʨʠʩʫʥʦʢ 

(ʨʠʩ. 2.10. ʙ). ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʤʽʩʮʽ ʟʘʪʠʩʢʘʥʥʷ ʧʣʘʩʪʠʥʠ ʩʪʚʦʨʶʁʪʩɹ ̫ʚʫʟʣʦʚʽ 

ʣʽʥʽʾ. ʈʠʩʫʥʢʠ, ʷʢʽ ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪ̔ ʦʧʠʩʘʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ, 

ʥʘʟʠʚʘʶʪʴʩʷ ʨʠʩʫʥʢʘʤʠ ʍʣʘʜʥʽ (ʨʠʩ. 2.11). 

 

  
ʘ) ʙ) 

ʈʠʩ. 2.10. ʌ̔ʛʫʨʠ ʚ ʢʣʘʩʠʯʥʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪ̔ ʍʣʘʜʥʽ 

 

ʂʣʘʩʠʯʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ ʻ ʥʝʩʢʣʘʜʥʠʤ ʽ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʩʪʘʥʦʚʠʪʠ 

ʬʦʨʤʠ ʢʦʣʠʚʘʥʴ, ʘʣʝ ʥʝ ʜʘʻ ʫʷʚʣʝʥʥʷ ʧʨʦ ʧʦʨ̫ʜʦʢ ʾʭ ʧʦʷʚʠ ʪʘ ʥʝ ʚʠʟʥʘʯʘʻ 

ʯʘʩʪʦʪʠ ʚʽʣʥɹʠʭ ʢʦʣʠʚʘʥʴ ʧʣʘʩʪʠʥʠ. ɼʘʥʠʡ ʤʝʪʦʜ ʥʝʦʙʭʽʜʥʦ ʜʦʧʨʘʮʶʚʘʪʠ, 

ʩʪʚʦʨʠʪʠ ʝʣʝʢʪʨʦʥʥʠʡ ʨʝʟʦʥʘʪʦʨ ʟ ʤʦʞʣʠʚʩ̔ʪʶ ʟʤʽʥʶʚʘʪʠ ʯʘʩʪʦʪʫ. 
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ʈʠʩ. 2.11. ʅʘʙʽʨ ʬʽʛʫʨ ʍʣʘʜʥʽ [1] 

 

 

2.7. ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʚʠʩʥʦʚʢʠ 

1. ʅʘʚʝʜʝʥʦ ʦʩʥʦʚʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ ʪʘ ʪʝʦʨʽʾ ʢʦʣʠʚʘʥʴ 

ʧʣʘʩʪʠʥ ʪʘ ʦʙʦʣʦʥʦʢ ʚ ʨʘʤʢʘʭ ʪʝʦʨʽʾ ʂʽʨʭʛʦʬʘïʃʷʚʘ, ʷʢʽ ʻ ʦʩʥʦʚʦʶ ʜʣʷ 

ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯ ʧʨʦ ʚʣ̔ʥɹʽ ʢʦʣʠʚʘʥʥʷ ʧʣʘʩʪʠ ʽ ʦʙʦʣʦʥʦʢ. 

2. ɿʨʦʙʣʝʥʦ ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯ ʧʨʦ ʚʽʣʴʥʽ ʢʦʣʠʚʘʥʥʷ ʮʠʣʽʥʜʨʠʯʥʠʭ 

ʦʙʦʣʦʥʦʢ ʪʘ ʙʘʛʘʪʦʢʫʪʥʠʭ ʧʣʘʩʪʠʥ. 

3. ʇʨʝʜʩʪʘʚʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʢʚʘʜʨʘʪʥʦʾ ʧʣʘʩʪʠʥʠ 

ʟ ʜʦʚʽʣʴʥʠʤʠ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ, ʦʩʦʙʣʠʚʽʩʪʶ ʷʢʦʾ ʻ ʧʦʜʣ̔ ʚʝʣʠʯʠʥ ʫ ʬʦʨʤʫʣʽ 

ʯʘʩʪʦʪ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʥʘ ʢʦʝʬʽʮʽʻʥʪʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʛʝʦʤʝʪʨʽʶ 

ʧʣʘʩʪʠʥʠ, ʢʦʝʬʽʮʽʻʥʪʠ, ʱʦ ʚʽʜʧʦʚʜ̔ʘʶʪʴ ʟʘ ʤʘʪʝʨʽʘʣ ʧʣʘʩʪʠʥʠ ʪʘ ʢʦʝʬʽʮʽʻʥʪ 

ʬʦʨʤ ʢʦʣʠʚʘʥʴ ʪʘ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ. ʆʩʪʘʥʥʽʡ ʢʦʝʬʽʮʽʻʥʪ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʘʙʦ ʯʠʩʝʣʥɹʦ. 

4. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʧʦʰʠʨʠʪʠ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ 

ʢʚʘʜʨʘʪʥʦʾ ʧʣʘʩʪʠʥʠ ʟ ʜʦʚʽʣʴʥʠʤʠ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ ʥʘ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪ 

ʙʘʛʘʪʦʢʫʪʥʠʭ ʧʣʘʩʪʠʥ ʪʘ ʜʘʪʠ ʡʦʤʫ ʥʘʟʚʫ ï ʢʦʤʙʽʥʦʚʘʥʠʡ ʧʽʜʭʜ̔, ʦɦ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʚʽʜʽʡʪʠ ʚʽʜ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʝʨʝʭʦʜʫ ʜʦ ʥʝʦʨʪʦʛʦʥʘʣʴʥʦʾ ʩʠʩʪʝʤʠ 

ʢʦʦʨʜʠʥʘʪ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʢʣʘʜʥʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ. 

5. ʅʘʚʝʜʝʥʦ ʦʩʥʦʚʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʜʣʷ 
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ʨʦʟʨʘʭʫʥʢʽʚ ʯʘʩʪʦʪ ʽ ʬʦʨʤ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥ ɹ ʧʣʘʩʪʠʥ ʽ ʦʙʦʣʦʥʦʢ ʨʽʟʥʦʾ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ 

ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʧʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ ʜʣʷ ʽʥʞʝʥʝʨʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ FEMAP 

ʟ ʨʦʟʚôʷʟʫʚʘʯʝʤ NX Nastran, ʷʢʠʡ ʧʨʘʮʶʻ ʥʘ ʦʩʥʦʚʽ ʄʉɽ ʪʘ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʙʝʟ ʟʥʘʯʥʠʭ ʟʘʪʨʘʪ ʯʘʩʫ ʪʘ ʢʦʰʪʽʚ ʚʠʟʥʘʯʘʪʠ n-ʥʫ ʢʽʣʴʢʽʩʪʴ ʥʝʦʙʭʽʜʥʠʭ 

ʚʣʘʩʥʠʭ ʟʥʘʯʝʥʴ ̔ ʬʦʨʤ, ʧʨʠ ʮʴʦʤʫ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʧʨʘʢʪʠʯʥʦ 

ʪʦʯʥʠʤʠ. 

6. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʛʦʣʦʛʨʘʬʽʯʥʦʾ ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʾ, ʷʢʠʡ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʙʝʟʢʦʥʪʘʢʪʥʦ ʪʘ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʜʦʩʣʽʜʞʫʚʘʪʠ ʧʣʘʩʪʠʥʠ ʪʘ 

ʦʙʦʣʦʥʢʠ ʩʢʣʘʜʥʦʾ ʬʦʨʤʠ. ʅʘʚʝʜʝʥʦ ʦʩʥʦʚʠ ʛʦʣʦʛʨʘʬʽʯʥʦʾ ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʾ, 

ʩʧʦʩʦʙʠ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʽʥʪʝʨʬʝʨʦʛʨʘʤ, ʧʨʠʩʪʨʦʾ ʪʘ ʧʨʠʣʘʜʠ 

ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ. 

7. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʨʝʟʦʥʘʥʩʥʠʡ ʤʝʪʦʜ, ʷʢʠʡ ʧʦʣʷʛʘʻ ʫ ʙʝʟʧʝʨʝʨʚʥʦʤʫ 

ʟʙʫʜʞʝʥʽ ʢʦʣʠʚʘʥʴ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʦʙôʻʢʪʘ ʟ ʤʦʞʣʠʚʩ̔ʪʶ ʧʣʘʚʥʦ ʟʤʽʥʶʚʘʪʠ 

ʯʘʩʪʦʪʫ ʢʦʣʠʚʘʥʴ, ʘ ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ ʨʝʟʦʥʘʥʩʥʠʭ ʯʘʩʪʦʪ ʬʽʢʩʫʚʘʪʠ ʯʘʩʪʦʪʫ ʪʘ 

ʨʝ̒ ʩʪʨʫʚʘʪʠ ʨʦʟʧʦʜʽʣ ʘʤʧʣʽʪʫʜ ʢʦʣʠʚʘʥʴ ʧʦ ʧʦʚʝʨʭʥʽ ʧʣʦʩʢʦʛʦ ʦʙô̒ ʢʪʘ. 

ʇʨʝʜʩʪʘʚʣʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪ ʍʣʘʜʥʽ, ʷʢʠʡ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʩʪʘʥʦʚʠʪʠ ʬʦʨʤʠ 

ʢʦʣʠʚʘʥʴ ʢʚʘʜʨʘʪʥʦʾ ʧʣʘʩʪʠʥʠ ʟ ʚʽʣʴʥʠʤʠ ʢʨʘʷʤʠ, ʘʣʝ ʥʝ ʜʘ ̒ʫʷʚʣʝʥʥʷ ʧʨʦ 

ʧʦʨʷʜʦʢ ʾʭ ʧʦʷʚʠ ʪʘ ʥʝ ʚʠʟʥʘʯʘʻ ʯʘʩʪʦʪʠ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʧʣʘʩʪʠʥʠ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʚʜʦʩʢʦʥʘʣʠʪʠ ʝʢʩʧʝʨʠʤʝʥʪ ʍʣʘʜʥʽ ʩʫʯʘʩʥʠʤ ʝʣʝʢʪʨʦʥʥʠʤ 

ʨʝʟʦʥʘʪʦʨʦʤ ʟ ʤʦʞʣʠʚʽʩʪʶ ʟʤʽʥʶʚʘʪʠ ʯʘʩʪʦʪʫ. 
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ʈʦʟʜʽʣ 3 

 

ʈʆɿɺôʗɿʋɺɸʅʅʗ ɿɸɼɸʏ ʇʈʆ ɺɯʃʔʅɯ ʂʆʃʀɺɸʅʅʗ ɹɸɻɸʊʆʂʋʊʅʀʍ 

ʇʃɸʉʊʀʅ ʅɸ ʆʉʅʆɺɯ ʄɽʊʆɼʋ ʉʂɯʅʏɽʅʅʀʍ ɽʃɽʄɽʅʊɯɺ 

 

ʇʨʦʙʣʝʤʘʪʠʢʘ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʧʣʘʩʪʠʥ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʚʞʝ ʪʨʠʚʘʣʠʡ ʯʘʩ. 

ʉʝʨʝʜ ʨʽʟʥʠʭ ʧ̔ ʜʭʦʜʽʚ ʜʦʩʣʽʜʞʝʥʴ ʤʝʪʦʜ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪ̔ʚ (ʄʉɽ) ʧʦʩʽʜʘʻ 

ʚʘʞʣʠʚʫ ʨʦʣʴ, ʦʩʢʽʣʴʢʠ, ʥʝʦʙʤʝʞʝʥʠʡ ʩʢʣʘʜʥʽʩʪʶ ʛʝʦʤʝʪʨʽʾ ʪʘ ʩʢʣʘʜʥʽʩʪʶ 

ʥʘʢʣʘʜʝʥʠʭ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ. ɺ ʩʚʽʪʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ ʙʽʣʴʰʽʩʪʴ ʧʫʙʣʽʢʘʮʽʡ 

ʧʨʠʩʚʷʯʝʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷʤ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʢʚʘʜʨʘʪʥʠʭ ʪʘ ʢʨʫʛʣʠʭ ʧʣʘʩʪʠʥ, 

ʥʝʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʧʫʙʣʽʢʘʮ̔ʡ ʧʨʠʩʚʷʯʝʥʘ ʙʘʛʘʪʦʢʫʪʥʠʤ ʧʣʘʩʪʠʥʘʤ ʟ ʜʝʷʢʠʤʠ 

ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ ʪʘ ʤʘʣʦ ʽʥʬʦʨʤʘʮʽʾ ʥʘʚʝʜʝʥʦ ʧʨʦ ʬʦʨʤʠ ʚʽʣʴʥʠʭ 

ʢʦʣʠʚʘʥʴ ʪʘ ʟʘʣʝʞʥʦʩʪʽ ʯʘʩʪʦʪ ʚʽʜ ʨʽʟʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʙʘʛʘʪʦʢʫʪʥʠʭ ʧʣʘʩʪʠʥ. 

ɺ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʄʉɽ ʪʘ ʧʦʙʫʜʦʚʠ 

ʢʦʨʝʢʪʥʦʾ ʩʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʦʾ ʤʦʜʝʣʽ ʧʣʘʩʪʠʥʠ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʚʠʙʦʨʫ ʪʠʧʫ ʪʘ ʨʦʟʤʽʨʫ ʩʢʽʥʯʝʥʥʦʛʦ ʝʣʝʤʝʥʪʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʢʦʤʧôʶʪʝʨʥʦʛʦ ʯʘʩʫ ʨʦʟʨʘʭʫʥʢʫ ʪʘ ʟʙʽʞʥʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʇʨʦʚʝʜʝʥʦ 

ʦʮʽʥʢʫ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʫ ʄʉɽ ʚ ʧʨʦʛʨʘʤʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ FEMAP ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʜʚʦʭ ʪʝʩʪʦʚʠʭ ʟʘʜʘʯ ʪʘ 

ʧʦʨʽʚʥʥ̫ʥ̫ʤ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʪʨʠʤʘʥʠʤʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʪʘ ʽʥʰʦʶ ʨʝʘʣʽʟʘʮʽʻʶ ʄʉɽ. 

ʇʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʦʢ ʯʘʩʪʦʪ ʪʘ ʬʦʨʤ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʙʘʛʘʪʦʢʫʪʥʠʭ 

ʧʣʘʩʪʠʥ ʧʨʘʚʠʣʴʥʦʾ ʬʦʨʤʠ ʧʨʠ ʨʽʟʥʠʭ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚʘʭ ʪʘ ʚʩʪʘʥʦʚʣʝʥʦ 

ʢʦʝʬʽʮʽʻʥʪʠ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʜʣʷ ʨʽʟʥʠʭ ʚʘʨʽʘʥʪʽʚ ʞʦʨʩʪʢʦ ʟʘʢʨʽʧʣʝʥʠʭ ʪʘ 

ʚʽʣʴʥʠʭ ʢʨʘʾʚ. ʈʦʟʨʘʭʦʚʘʥʦ ʯʘʩʪʦʪʠ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʙʘʛʘʪʦʢʫʪʥʠʭ ʧʣʘʩʪʠʥ ʟ 

ʜʝʩʷʪʠ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʨʽʟʥʦʾ ʪʦʚʱʠʥʠ ʚ ʤʝʞʘʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʪʦʚʱʠʥʠ 

ʧʣʘʩʪʠʥʠ ʜʦ ʾʾ ʩʪʦʨʦʥʠ h/a ʚʽʜ 1/240 ʜʦ 1/5. ɺʩʪʘʥʦʚʣʝʥʦ ʟʘʣʝʞʥʦʩʪʽ ʯʘʩʪʦʪ 

ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʚʽʜ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʫ ʧʣʘʩʪʠʥʠ. 

ɺʩʪʘʥʦʚʣʝʥʦ ʯʘʩʪʦʪʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʙʘʛʘʪʦʢʫʪʥʠʭ ʧʣʘʩʪʠʥ ʨʽʟʥʦʾ ʪʦʚʱʠʥʠ. 

ɺʠʟʥʘʯʝʥʥʦ ʧʦʧʝʨʝʯʥʽ ʬʦʨʤʠ ʢʦʣʠʚʘʥʴ ʪʘ ʧʣʘʥʘʨʥʽ ʬʦʨʤʠ ʢʦʣʠʚʘʥʴ. 
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3.1. ɺʠʙʽʨ ʪʠʧʫ ʪʘ ʨʦʟʤʽʨʫ ʩʢʥ̔ʯʝʥʥʦʛʦ ʝʣʝʤʝʥʪʘ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʧʣʘʩʪʠʥ ʨʽʟʥʦʾ ʪʦʚʱʠʥʠ 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʯʘʩʪʦʪ ʪʘ ʬʦʨʤ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʤʝʪʦʜʦʤ 

ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʥʝʦʙʭʽʜʥʦ ʢʦʨʝʢʪʥʦ ʧʦʙʫʜʫʚʘʪʠ ʨʦʟʨʘʭʫʥʢʦʚʫ 

ʩʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʫ ʤʦʜʝʣʴ, ʧʨʘʚʠʣʴʥʦ ʦʙʨʘʪʠ ʚʠʜ ʩʢʽʥʯʝʥʥʦʛʦ ʝʣʝʤʝʥʪʘ ʪʘ 

ʡʦʛʦ ʨʦʟʤʽʨ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʯʘʩʫ ʨʦʟʨʘʭʫʥʢʫ 

ʪʘ ʪʦʯʥʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʚʠʙʦʨʫ ʪʠʧʫ ʽ ʨʦʟʤʽʨʫ ʩʢʽʥʯʝʥʦʛʦ ʝʣʝʤʝʥʪʫ (plate, brick, tetra) 

(ʨʠʩ. 3.1) ʙʫʜʝʤʦ ʧʨʦʚʦʜʠʪʠ ʥʘ ʩʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʠʭ ʤʦʜʝʣʷʭ (ʨʠʩ. 3.2) 

ʧʣʘʩʪʠʥ ʫ ʚʠʛʣʷʜʽ ʧʨʘʚʠʣʴʥʠʭ ʪʨʠʢʫʪʥʠʢʽʚ ʨʽʟʥʦʾ ʪʦʚʱʠʥʠ ʟ ʚʽʣʴʥʠʤʠ ʢʨʘʷʤʠ ʟ 

ʧʘʨʘʤʝʪʨʘʤʠ: ʩʪʦʨʦʥʘ ʧʣʘʩʪʠʥʠ ʤ,ʘ 240= , ʪʦʚʱʠʥʠ ʤ,h 0040=   ̔ ʤ,h 0240=  

(ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʪʦʚʱʠʥʠ ʧʣʘʩʪʠʥʠ ʜʦ ʾʾ ʩʪʦʨʦʥʠ 1/60 ʽ 1/10 ʚʽʜʧʦʚʽʜʥʦ), ʤʦʜʫʣʴ 

ʖʥʛʘ ɻʇʘE 214= , ʢʦʝʬʽʮʽʻʥʪ ʇʫʘʩʩʦʥʘ 320,=n , ʛʫʩʪʠʥʘ 37820 ʤʢʛ=r . 

ʈʦʟʤʽʨ ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʘ ʙʫʜʝʤʦ ʟʤʝʥʰʫʚʘʪʠ ʚʜʚʽʯʽ ʜʦʢʠ ʚʽʜʥʦʩʥʘ ʨʽʟʥʠʮʷ 

ʨʦʟʨʘʭʫʥʢʽʚ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʦʧʝʨʝʜʥʽʤʠ ʨʦʟʨʘʭʫʥʢʘʤʠ ʥʝ ʙʫʜʝ ʩʢʣʘʜʘʪʠ %1¢e . 

ʈʦʟʨʘʭʫʥʢʠ ʙʫʜʝʤʦ ʧʨʦʚʦʜʠʪʠ ʧʘʨʘʣʝʣʴʥʦ ʜʣʷ ʚʩʽʭ ʨʦʟʛʣʷʥʫʪʠʭ ʪʠʧʽʚ ʝʣʝʤʝʥʪʽʚ 

ʜʦʢʠ ʭʦʯʘ ʙ ʜʣʷ ʦʜʥʦʛʦ ʟ ʪʠʧʽʚ ʝʣʝʤʝʥʪʽʚ ʥʝ ʚʠʢʦʥʘʻʪʴʩʷ ʫʤʦʚʘ %1¢e . 

 

   

ʘ) plate-ʝʣʝʤʝʥʪ ʙ) brick-ʝʣʝʤʝʥʪ ʚ) tetra-ʝʣʝʤʝʥʪ 

ʈʠʩ. 3.1. ʊʠʧʠ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ 

 

   
ʘ) plate-ʝʣʝʤʝʥʪ ʙ) brick-ʝʣʝʤʝʥʪ ʚ) tetra-ʝʣʝʤʝʥʪ 

ʈʠʩ. 3.2. ʉʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʽ ʤʦʜʝʣʽ ʪʨʠʢʫʪʥʦʾ ʧʣʘʩʪʠʥʠ 

 

ʈʦʟʨʘʭʦʚʘʥʽ ʯʘʩʪʦʪʠ ʧʨʠ ʨʽʟʥʠʭ ʪʠʧʘʭ ʪʘ ʨʦʟʤʽʨʘʭ ʝʣʝʤʝʥʪʽʚ ʜʣ̫ ʪʨʠʢʫʪʥʦʾ 

ʧʣʘʩʪʠʥʠ ʟ ʚʽʜʥʦʰʝʥʥʷʤ 601/a/h =  ʟ ʚ̔ ʣʥɹʠʤʠ ʢʨʘʷʤʠ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 3.1, 

ʚʽʜʥʦʩʥʽ ʨʽʟʥʠʮʽ ʨʦʟʨʘʭʫʥʢʽʚ Ů ʫ ʚʽʜʩʦʪʢʘʭ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 3.2, ʥʘ ʨʠʩʫʥʢʘʭ 
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3.3 ʟʦʙʨʘʞʝʥʘ ʟʙʽʞʥʽʩʪʴ ʧʝʨʰʦʾ ʽ ʜʝʩʷʪʦʾ ʯʘʩʪʦʪʠ ʧʨʠ ʨʽʟʥʠʭ ʪʠʧʘʭ ʝʣʝʤʝʥʪʚ̔. 

 

ʊʘʙʣʠʮʷ 3.1 

ʏʘʩʪʦʪʠ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʪʨʠʢʫʪʥʦʾ ʧʣʘʩʪʠʥʠ 601/a/h =  

Form 

f, ɻʮ 

Plate Brick Tetra 

4h 2h h 4h 2h h 4h 2h h 

1 581,02 587,37 588,96 584,24 588,31 588,63 591,45 589,54 589,14 

2 582,90 601,70 606,93 589,35 602,36 606,07 608,79 608,03 607,55 

3 591,74 604,25 607,24 611,96 607,44 607,15 608,80 608,03 607,55 

4 1378,27 1428,94 1441,45 1397,63 1430,53 1437,42 1457,34 1445,20 1443,16 

5 1400,66 1433,85 1442,15 1436,85 1439,65 1439,77 1457,40 1445,21 1443,21 

6 1439,76 1514,52 1538,77 1457,99 1516,62 1533,03 1554,74 1543,79 1541,93 

7 1858,41 1945,85 1969,68 1893,23 1951,52 1963,83 1989,29 1976,25 1972,88 

8 2507,76 2671,92 2727,98 2596,62 2674,86 2712,74 2786,61 2742,69 2736,23 

9 2576,62 2696,47 2731,96 2617,46 2699,89 2717,30 2786,80 2742,86 2736,75 

10 2591,73 2702,12 2733,33 2719,45 2713,93 2722,60 2793,02 2743,52 2736,79 

Time 1 1 1 1 1 1 1 1 15 

Elements 109 385 1560 73 385 1590 675 2700 10800 

Nodes 131 419 1652 184 838 3304 1488 5673 22143 
 

ʊʘʙʣʠʮʷ 3.2 

ɺʽʜʥʦʩʥʽ ʨʽʟʥʠʮʽ ʨʦʟʨʘʭʫʥʢ̔ʚ ʪʨʠʢʫʪʥʦʾ ʧʣʘʩʪʠʥʠ 601/a/h =  

Form 

Ů, % 

Plate Brick Tetra 

hh ff 421-  hh ff 21-  hh ff 421-  hh ff 21-  hh ff 421-  hh ff 21-  

1 1,09 0,27 0,70 0,05 0,32 0,07 

2 3,23 0,87 2,21 0,62 0,12 0,08 

3 2,11 0,49 0,74 0,05 0,13 0,08 

4 3,68 0,88 2,35 0,48 0,83 0,14 

5 2,37 0,58 0,19 0,01 0,84 0,14 

6 5,19 1,60 4,02 1,08 0,70 0,12 

7 4,71 1,22 3,08 0,63 0,66 0,17 

8 6,55 2,10 3,01 1,42 1,58 0,24 

9 4,65 1,32 3,15 0,64 1,58 0,22 

10 4,26 1,16 0,20 0,32 1,77 0,25 

max 6,55 2,10 4,02 1,42 1,77 0,25 
 

  

ʈʠʩ. 3.3. ɿʙʽʞʥʽʩʪʴ ʧʝʨʰʦʾ ʽ ʜʝʩʷʪʦʾ ʯʘʩʪʦʪʠ ʧʨʠ ʨʽʟʥʠʭ ʪʠʧʘʭ ʝʣʝʤʝʥʪʽʚ ʜʣʷ ʧʣʘʩʪʠʥʠ 

601/a/h =  
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ʇʨʝʜʩʪʘʚʣʝʥʽ ʧʝʨʰʘ (ʨʠʩ. 3.4) ʪʘ ʜʝʩʷʪʘ (ʨʠʩ. 3.5) ʬʦʨʤʠ ʢʦʣʠʚʘʥʴ ʧʨʠ 

ʨʽʟʥʠʭ ʪʠʧʘʭ ʪʘ ʨʦʟʤʽʨʘʭ ʝʣʝʤʝʥʪʽʚ ʧʣʘʩʪʠʥʠ 601/a/h = . 

 

Plate 

4h 2h h 

      
Brick 

4h 2h h 

      
Tetra 

4h 2h h 

      
ʈʠʩ. 3.4. ʇʝʨʰʘ ʬʦʨʤʘ ʢʦʣʠʚʘʥʴ ʧʨʠ ʨʽʟʥʠʭ ʪʠʧʘʭ ʪʘ ʨʦʟʤʽʨʘʭ ʝʣʝʤʝʥʪʽʚ 

 

Plate 

4h 2h h 

      
Brick 

4h 2h h 

      
Tetra 

4h 2h h 

      
ʈʠʩ. 3.5. ɼʝʩʷʪʘ ʬʦʨʤʘ ʢʦʣʠʚʘʥʴ ʧʨʠ ʨʽʟʥʠʭ ʪʠʧʘʭ ʪʘ ʨʦʟʤʽʨʘʭ ʝʣʝʤʝʥʪʽʚ 
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ɺ ʪʘʙʣʠʮʽ 3.1 ʧʨʝʜʩʪʘʚʣʝʥʽ ʯʘʩʪʦʪʠ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʪʨʠʢʫʪʥʦʾ 

ʧʣʘʩʪʠʥʠ ʟ ʚʽʣʴʥʠʤʠ ʢʨʘʷʤʠ 601/a/h = , ʱʦ ʨʦʟʙʠʪʘ ʨʽʟʥʠʤʠ ʩʢʽʥʯʝʥʥʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ ʨʦʟʤʽʨʘʤʠ: 4h, 2h, h, ʚ ʪʘʙʣʠʮʽ ʟʘʟʥʘʯʝʥʘ ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ 

(Elements), ʢʽʣʴʢʽʩʪʴ ʚʫʟʣʦʚʠʭ ʪʦʯʦʢ (Nodes) ʪʘ ʚʽʜʥʦʩʥʠʡ ʯʘʩ (Time) 

ʢʦʤʧôʶʪʝʨʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ. ɸʥʘʣʽʟʫʶʯʠ ʜʘʥʽ ʪʘʙʣʠʮʽ 3.1-3.2 ʪʘ ʨʠʩʫʥʢʘ 3.3 

ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʟʙʽʞʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʽʚ ʯʘʩʪʦʪʠ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʜʣʷ ʪʦʥʢʦʾ 

ʧʣʘʩʪʠʥʠ ʧʨʠ ʨʦʟʙʠʪʪʽ ʨʽʟʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ: ʧʨʠ ʨʦʟʙʠʚʮʽ  plate-ʝʣʝʤʝʥʪʘʤʠ 

ʪʘ brick-ʝʣʝʤʝʥʪʘʤʠ ʨʦʟʤʽʨʦʤ 4h ʤʘʻʤʦ ʤʝʥʰʽ ʯʘʩʪʦʪʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʯʘʩʪʦʪʘʤʠ ʧʨʠ ʨʦʟʙʠʚʮʽ ʪʘʢʠʤʠ ʞ ʝʣʝʤʝʥʪʘʤʠ ʨʦʟʤʽʨʦʤ 2h, ʧʨʠ ʨʦʟʙʠʚʮʽ 

tetra-ʝʣʝʤʝʥʪʘʤʠ ʤʘʻʤʦ ʚʠʱʽ ʯʘʩʪʦʪʠ ʜʣʷ ʚʽʜʧʦʚʽʜʥʠʭ ʨʦʟʤʽʨʽʚ ʝʣʝʤʝʥʪʽʚ, 

ʚʽʜʥʦʩʥʠʡ ʯʘʩ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʤʘʡʞʝ ʦʜʥʘʢʦʚʠʡ ʜʣʷ ʚʩʽʭ 

ʚʠʧʘʜʢʽʚ; ʭʦʨʦʰʘ ʟʙʽʞʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʣʷ ʚʩʽʭ ʝʣʝʤʝʥʪʽʚ 

ʨʦʟʤʽʨʦʤ h, ʧʨʠ ʮʴʦʤʫ ʨʦʟʨʘʭʫʥʢʠ ʧʨʠ ʨʦʟʙʠʚʮʽ tetra-ʝʣʝʤʝʥʪʘʤʠ ʟʘʡʤʘʶʪʴ ʚ 

15 ʨʘʟʽʚ ʙʽʣʴʰʝ ʯʘʩʫ ʟʘ ʨʘʭʫʥʦʢ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʝʣʝʤʝʥʪʽʚ, ʜʣʷ ʽʥʰʠʭ 

ʨʦʟʙʠʚʦʢ ʯʘʩ ʟʘʣʠʰʠʚʩʷ ʥʝʟʤʽʥʥʠʤ, ʚʠʢʦʥʘʥʥʷ ʫʤʦʚʠ %1¢e  ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʜʣʷ ʨʦʟʙʠʚʢʠ tetra-ʝʣʝʤʝʥʪʘʤʠ ʨʦʟʤʽʨʦʤ h. ʇʨʠ ʧʦʨʽʚʥʷʥʥʽ ʬʦʨʤ ʢʦʣʠʚʘʥʴ 

ʨʠʩ. 3.4 ʽ 3.5 ʤʦʞʥʘ ʩʧʦʩʪʝʨʽʛʘʪʠ ʦʜʥʘʢʦʚʫ ʧʝʨʰʫ ʬʦʨʤʫ ʢʦʣʠʚʘʥʴ ʜʣʷ ʚʩʽʭ 

ʩʧʦʩʦʙʽʚ ʨʦʟʙʠʚʢʠ ʪʘ ʚʽʜʤʽʥʥʽʩʪʴ ʤʽʞ ʜʝʩʷʪʠʤʠ ʬʦʨʤʘʤʠ ʜʣʷ ʨʦʟʙʠʚʢʠ plate-

ʝʣʝʤʝʥʪʘʤʠ ʪʘ tetra-ʝʣʝʤʝʥʪʘʤʠ. ɺʩʽ ʬʦʨʤʠ ʤʘʶʪʴ ʯʽʪʢʽ ʚʫʟʣʦʚʽ ʣʽʥʽʾ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ ʾʭ ʢʣʘʩʠʬʽʢʫʚʘʪʠ. 

ʈʦʟʨʘʭʦʚʘʥʽ ʯʘʩʪʦʪʠ ʧʨʠ ʨʽʟʥʠʭ ʪʠʧʘʭ ʪʘ ʨʦʟʤʽʨʘʭ ʝʣʝʤʝʥʪʽʚ ʜʣʷ 

ʪʨʠʢʫʪʥʦʾ ʧʣʘʩʪʠʥʠ ʟ ʚʽʣʴʥʠʤʠ ʢʨʘʷʤʠ ʟ ʚʽʜʥʦʰʝʥʥʷʤ 101/a/h =  ʥʘʚʝʜʝʥʽ ʚ 

ʪʘʙʣʠʮʽ 3.3, ʚʽʜʥʦʩʥʽ ʨʽʟʥʠʮʽ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 3.4, ʥʘ ʨʠʩʫʥʢʘʭ 

3.6 ʟʦʙʨʘʞʝʥʘ ʟʙʽʞʥʽʩʪʴ ʧʝʨʰʦʾ ʽ ʜʝʩʷʪʦʾ ʯʘʩʪʦʪʠ ʧʨʠ ʨʽʟʥʠʭ ʪʠʧʘʭ ʝʣʝʤʝʥʪʽʚ. 

ʇʨʝʜʩʪʘʚʣʝʥʽ ʧʝʨʰʘ (ʨʠʩ. 3.7) ʪʘ ʜʝʩʷʪʘ (ʨʠʩ. 3.8) ʬʦʨʤʠ ʢʦʣʠʚʘʥʴ ʧʨʠ 

ʨʽʟʥʠʭ ʪʠʧʘʭ ʪʘ ʨʦʟʤʽʨʘʭ ʝʣʝʤʝʥʪʽʚ ʧʣʘʩʪʠʥʠ 101/a/h = . 
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ʊʘʙʣʠʮʷ 3.3 

ʏʘʩʪʦʪʠ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʪʨʠʢʫʪʥʦʾ ʧʣʘʩʪʠʥʠ 101/a/h =  

Form 

f, ɻʮ 

Plate Brick Tetra 

h h/2 h/4 h h/2 h/4 h h/2 h/4 

1 3169,30 3366,95 3388,01 2944,14 3237,84 3315,75 3319,52 3319,58 3322,47 

2 3269,77 3379,77 3439,31 3076,07 3269,55 3317,18 3320,05 3329,69 3335,13 

3 3296,13 3410,33 3446,82 3169,49 3295,99 3325,15 3326,06 3330,27 3335,16 

4 7196,14 7687,76 7819,53 6354,60 7289,49 7488,75 7543,62 7510,87 7525,78 

5 7369,83 7728,77 7834,43 6707,78 7381,69 7505,90 7547,22 7512,14 7525,03 

6 7387,87 7961,23 8203,14 6811,27 7386,98 7614,80 7614,19 7666,11 7695,37 

7 9203,11 10112,40 10353,40 8474,24 9585,66 9854,76 9937,99 9897,67 9916,43 

8 11845,26 13170,54 13664,88 10647,97 12166,33 12665,73 12813,72 12786,12 12835,39 

9 12270,97 13368,94 13727,57 10687,98 12339,40 12727,43 12827,38 12786,51 12835,72 

10 12322,31 13480,14 13816,30 11274,79 12846,77 13142,76 13360,18 13184,01 13210,04 

Time 1 1 1 1 1 1 1 1 40 

Elements 58 167 687 58 334 9540 300 2945 62694 

Nodes 74 193 730 148 579 11564 693 5026 92877 

 

ʊʘʙʣʠʮʷ 3.4 

ɺʽʜʥʦʩʥʽ ʨʽʟʥʠʮʽ ʨʦʟʨʘʭʫʥʢʽʚ ʪʨʠʢʫʪʥʦʾ ʧʣʘʩʪʠʥʠ 101/a/h =  

Form 

Ů, % 

Plate Brick Tetra 

hh, ff 501-  h,h, ff 502501-  hh, ff 501-  h,h, ff 502501-  hh, ff 501-  h,h, ff 502501-  

1 6,24 0,63 9,98 2,41 0,00 0,09 

2 3,36 1,76 6,29 1,46 0,29 0,16 

3 3,46 1,07 3,99 0,88 0,13 0,15 

4 6,83 1,71 14,71 2,73 0,43 0,20 

5 4,87 1,37 10,05 1,68 0,46 0,17 

6 7,76 3,04 8,45 3,08 0,68 0,38 

7 9,88 2,38 13,12 2,81 0,41 0,19 

8 11,19 3,75 14,26 4,10 0,22 0,39 

9 8,95 2,68 15,45 3,14 0,32 0,38 

10 9,40 2,49 13,94 2,30 1,32 0,20 

max 11,19 3,75 15,45 4,10 1,32 0,39 

 

  

ʈʠʩ. 3.6. ɿʙʽʞʥʽʩʪʴ ʧʝʨʰʦʾ ʽ ʜʝʩʷʪʦʾ ʯʘʩʪʦʪʠ ʧʨʠ ʨʽʟʥʠʭ ʪʠʧʘʭ ʝʣʝʤʝʥʪʽʚ ʜʣʷ ʧʣʘʩʪʠʥʠ 

101/a/h =  
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Plate 

h h/2 h/4 

      
Brick 

h h/2 h/4 

      
Tetra 

h h/2 h/4 

      
ʈʠʩ. 3.7. ʇʝʨʰʘ ʬʦʨʤʘ ʢʦʣʠʚʘʥʴ ʧʨʠ ʨʽʟʥʠʭ ʪʠʧʘʭ ʪʘ ʨʦʟʤʽʨʘʭ ʝʣʝʤʝʥʪʽʚ 

 

Plate 

h h/2 h/4 

      
Brick 

h h/2 h/4 

      
Tetra 

h h/2 h/4 

      
ʈʠʩ. 3.8. ɼʝʩʷʪʘ ʬʦʨʤʘ ʢʦʣʠʚʘʥʴ ʧʨʠ ʨʽʟʥʠʭ ʪʠʧʘʭ ʪʘ ʨʦʟʤʽʨʘʭ ʝʣʝʤʝʥʪʽʚ 

 

ɺ ʪʘʙʣʠʮʽ 3.3 ʧʨʝʜʩʪʘʚʣʝʥʽ ʯʘʩʪʦʪʠ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʪʨʠʢʫʪʥʦʾ 

ʧʣʘʩʪʠʥʠ ʟ ʚʽʣʴʥʠʤʠ ʢʨʘʷʤʠ 101/a/h = , ʱʦ ʨʦʟʙʠʪʘ ʨʽʟʥʠʤʠ ʩʢʽʥʯʝʥʥʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ ʨʦʟʤʽʨʘʤʠ: h, h/2, h/4. ɸʥʘʣʽʟʫʶʯʠ ʜʘʥʽ ʪʘʙʣʠʮʽ 3.3-3.4 ʪʘ ʨʠʩʫʥʢʘ 
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3.6 ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʟʙʽʞʥʽʩʪʴ ʯʘʩʪʦʪ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʜʣʷ ʥʝʪʦʥʢʦʾ 

ʧʣʘʩʪʠʥʠ ʧʨʠ ʨʦʟʙʠʚʮʽ ʨʽʟʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ: ʧʨʠ ʨʦʟʙʠʚʮʽ plate-ʝʣʝʤʝʥʪʘʤʠ 

ʪʘ brick-ʝʣʝʤʝʥʪʘʤʠ ʨʦʟʤʽʨʦʤ h ʤʘʻʤʦ ʤʝʥʰʽ ʯʘʩʪʦʪʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʯʘʩʪʦʪʘʤʠ ʧʨʠ ʨʦʟʙʠʚʮʽ ʪʘʢʠʤʠ ʞ ʝʣʝʤʝʥʪʘʤʠ ʨʦʟʤʽʨʦʤ h/2, ʧʨʠ ʨʦʟʙʠʚʮʽ 

tetra-ʝʣʝʤʝʥʪʘʤʠ ʤʘʻʤʦ ʚʠʱʽ ʯʘʩʪʦʪʠ ʧʨʠ ʦʜʥʘʢʦʚʠʭ ʨʦʟʤʽʨʘʭ ʝʣʝʤʝʥʪʽʚ, 

ʚʽʜʥʦʩʥʠʡ ʯʘʩ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʤʘʡʞʝ ʦʜʥʘʢʦʚʠʡ ʜʣʷ ʚʩʽʭ 

ʚʠʧʘʜʢʽʚ; ʭʦʨʦʰʘ ʟʙʽʞʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʨʦʟʙʠʚʮʽ brick-

ʝʣʝʤʝʥʪʘʤʠ ʪʘ tetra -ʝʣʝʤʝʥʪʘʤʠ ʨʦʟʤʽʨʦʤ h/4, ʧʨʠ ʮʴʦʤʫ ʨʦʟʨʘʭʫʥʢʠ ʧʨʠ 

ʨʦʟʙʠʚʮʽ tetra-ʝʣʝʤʝʥʪʘʤʠ ʟʘʡʤʘʶʪʴ ʚ 40 ʨʘʟʽʚ ʙʽʣʴʰʝ ʯʘʩʫ ʟʘ ʨʘʭʫʥʦʢ ʚʝʣʠʢʦʾ 

ʢʽʣʴʢʦʩʪʽ ʝʣʝʤʝʥʪʽʚ, ʜʣʷ ʽʥʰʠʭ ʨʦʟʙʠʚʦʢ ʯʘʩ ʟʘʣʠʰʠʚʩʷ ʥʝʟʤʽʥʥʠʤ, ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʮʠʤ, ʨʦʟʨʘʭʦʚʘʥʽ ʯʘʩʪʦʪʠ ʧʨʠ ʨʦʟʙʠʚʮʽ plate-ʝʣʝʤʝʥʪʘʤʠ 

ʨʦʟʤʽʨʦʤ h/4 ʻ ʩʫʪʪʻʚʦ ʚʠʱʠʤʠ, ʚʠʢʦʥʘʥʥʷ ʫʤʦʚʠ %1¢e  ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʣʷ 

ʨʦʟʙʠʚʢʠ tetra-ʝʣʝʤʝʥʪʘʤʠ ʨʦʟʤʽʨʦʤ h/4. ʇʨʠ ʧʦʨʽʚʥʷʥʥʽ ʬʦʨʤ ʢʦʣʠʚʘʥʴ ʨʠʩ. 

3.7 ʽ 3.8 ʤʦʞʥʘ ʩʧʦʩʪʝʨʽʛʘʪʠ ʚʽʜʤʽʥʥʽʩʪʴ ʧʝʨʰʦʾ ʬʦʨʤʠ ʢʦʣʠʚʘʥʴ ʜʣʷ 

ʨʦʟʙʠʚʢʠ plate-ʝʣʝʤʝʥʪʘʤʠ ʪʘ tetra-ʝʣʝʤʝʥʪʘʤʠ ʨʽʟʥʠʤʠ ʨʦʟʤʽʨʘʤʠ ʝʣʝʤʝʥʪʘ 

ʪʘ ʚʽʜʤʽʥʥʽʩʪʴ ʤʽʞ ʜʝʩʷʪʠʤʠ ʬʦʨʤʘʤʠ ʜʣʷ ʨʦʟʙʠʚʢʠ plate-ʝʣʝʤʝʥʪʘʤʠ. ɺʩʽ 

ʬʦʨʤʠ ʧʨʠ ʨʦʟʙʠʚʮʽ h/2 ʽ h/4 ʤʘʶʪʴ ʯʽʪʢʽ ʚʫʟʣʦʚʽ ʣʽʥʽʾ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʤʦʞʣʠʚʽʩʪʴ ʾʭ ʢʣʘʩʠʬʽʢʫʚʘʪʠ. 

ɺ ʧʦʜʘʣʴʰʦʤʫ ʙʫʜʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʦʟʙʠʚʢʫ ʧʣʘʩʪʠʥ ʨʽʟʥʦʾ 

ʪʦʚʱʠʥʠ brick- ʘʙʦ tetra-ʝʣʝʤʝʥʪʘʤʠ, ʨʦʟʤʽʨ ʝʣʝʤʝʥʪʘ ʙʫʜʝʤʦ ʧʽʜʙʠʨʘʪʠ 

ʟʘʣʝʞʥʦ ʚʽʜ ʪʦʚʱʠʥʠ ʧʣʘʩʪʠʥʠ. 

 

3.2. ʆʮʽʥʢʘ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʫ ʄʉɽ 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʦʙˇʨʫʥʪʦʚʘʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ, ʢʦʨʝʢʪʥʽʩʪʴ ʧʦʩʪʘʥʦʚʢʠ 

ʟʘʜʘʯʽ, ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʧʨʘʚʠʣʴʥʦʩʪʽ ʨʦʟʚôʷʟʢʫ ʪʝʩʪʦʚʠʤʠ ʟʘʜʘʯʘʤʠ ʪʘ ʧʨʘʢʪʠʯʥʘ 

ʟʙʽʞʥʽʩʪʴ ʨʦʟʨʘʭʦʚʘʥʠʭ ʯʘʩʪʦʪ ʟʘʙʝʟʧʝʯʫʶʪʴ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ 

ʦʪʨʠʤʘʥʠʭ ʄʉɽ (FEM). 

ʈʦʟʚôʷʟʫʚʘʥʥʷ ʟʘʜʘʯ ʄʉɽ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ FEMAP ʩʢʣʘʜʘʻʪʴʩʷ 

ʟ ʜʝʢʽʣʴʢʦʭ ʦʩʥʦʚʥʠʭ ʝʪʘʧʽʚ ʪʘ ʚʽʜʧʦʚʽʜʥʠʭ ʬʦʨʤ ʢʦʥʪʨʦʣʶ ʦʪʨʠʤʘʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ. 
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1. ʉʪʚʦʨʝʥʥʷ ʛʝʦʤʝʪʨʽʾ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣʽ ï ʧʨʘʚʠʣʴʥʽʩʪʴ ʪʘ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʧʦʙʫʜʦʚʠ ʛʝʦʤʝʪʨʽʾ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʣʘʩʪʠʥ, ʧʝʨʝʚʽʨʢʘ ʨʦʟʤʽʨʽʚ ʪʘ 

ʤʘʩʠ. 

2. ɺʚʝʜʝʥʥʷ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʘ̔ʣʽʚ ï ʢʦʨʝʢʮʽʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʛʽʜʥʦ ʪʘʙʣʠʯʥʠʭ ʜʘʥʠʭ. 

3. ʉʪʚʦʨʝʥʥʷ ʩʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʦʾ ʤʦʜʝʣʽ ï ʧʽʜʙʠʨʘʥʥʷ ʨʦʟʤʽʨʫ 

ʝʣʝʤʝʥʪʽʚ ʟʛʽʜʥʦ ʢʨʠʪʝʨʽʶ ʧʨʘʢʪʠʯʥʦʾ ʟʙʽʞʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʫ. ɺʠʜ ʩʢʽʥʯʝʥʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʪʘ ʾʭʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʽʜʙʠʨʘʶʪʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʢʣʘʜʥʦʩʪʽ ʛʝʦʤʝʪʨʽʾ. 

4. ʅʘʢʣʘʜʘʥʥʷ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ï ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘʢʣʘʜʘʥʥʷ 

ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʨʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ 

5. ʇʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪ ʪʘ ʬʦʨʤ ʚʽʣʴʥʠʭ 

ʢʦʣʠʚʘʥʴ ï ʟʘʩʪʦʩʫʚʘʥʥʷ ʣʽʮʝʥʟʽʡʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʩʦʙʫ FEMAP. 

ʇʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʪʝʩʪʦʚʠʭ ʟʘʜʘʯ. 

ɼʦʩʪʦʚʽʨʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ 

ʤʝʪʦʜʠʢʠ ʧʝʨʝʚʽʨʷʻʪʴʩʷ ʥʘ ʜʚʦʭ ʪʝʩʪʦʚʠʭ ʟʘʜʘʯʘʭ ʧʦʨʽʚʥʷʥʥʷʤ ʚʣʘʩʥʠʭ ʯʘʩʪʦʪ 

ʢʦʣʠʚʘʥʴ ʽʟʦʪʨʦʧʥʠʭ ʢʚʘʜʨʘʪʥʠʭ ʧʣʘʩʪʠʥ ʟ ʚʽʣʴʥʠʤʠ ʢʨʘʷʤʠ ʪʘ ʞʦʨʩʪʢʦ 

ʟʘʢʨʽʧʣʝʥʠʤʠ ʢʨʘʷʤʠ ʟ ʚʣʘʩʥʠʤʠ ʯʘʩʪʦʪʘʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʤʝʪʦʜʦʤ ʘʤʧʣʽʪʫʜʥʦ-

ʬʣʫʢʪʫʘʮʽʡʥʦʾ ʝʣʝʢʪʨʦʥʥʦʾ ʩʧʝʢʣ-ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʾ (AF-ESPI) ʪʘ ʦʜʥʽʻʶ ʟ 

ʨʝʘʣʽʟʘʮʽʡ FEM [206]. 

ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʨʦʟʨʘʭʫʥʢʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʚʘʨʽʘʥʪʠ 

ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʥʘ ʢʨʘʷʭ ʧʣʘʩʪʠʥʠ: 

ï  ʞʦʨʩʪʢʦ ʟʘʢʨʽʧʣʝʥʠʡ ʢʨʘʡ (ʉ): 0=j=j=j=== zyxwvu ; 

ï  ʚʽʣʴʥʠʡ ʢʨʘʡ (F): 000000 ¸¸¸¸¸¸
zyx

,,,w,v,u jjj ; 

ʜʝ zyxwvu jjj ,,,,,  ï ʚʽʜʧʦʚʽʜʥʦ ʢʦʤʧʦʥʝʥʪʠ ʧʝʨʝʤʽʱʝʥʴ ʪʘ ʢʫʪʽʚ 

ʧʦʚʦʨʦʪʫ ʜʣʷ ʪʦʯʦʢ ʥʘ ʢʨʘʷʭ ʧʣʘʩʪʠʥʠ. 

ɺ ʷʢʦʩʪʽ ʧʝʨʰʦʾ ʪʝʩʪʦʚʦʾ ʟʘʜʘʯʽ ʧʨʦʚʝʜʝʤʦ ʨʦʟʨʘʭʫʥʢʠ ʄʉɽ ʯʘʩʪʦʪ ʽ 

ʬʦʨʤ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʘʣʶʤʽʥʽʻʚʦʾ ʢʚʘʜʨʘʪʥʦʾ ʧʣʘʩʪʠʥʠ ʟ ʚʽʣʴʥʠʤʠ ʢʨʘʷʤʠ 

(FFFF) [206] ʟ ʧʘʨʘʤʝʪʨʘʤʠ: ʩʪʦʨʦʥʘ ʧʣʘʩʪʠʥʠ ʤʘ 08,0= , ʪʦʚʱʠʥʘ 

ʤh 001,0= , ʤʦʜʫʣʴ ʖʥʛʘ ɻʇʘE 70= , ʢʦʝʬʽʮʽʻʥʪ ʇʫʘʩʩʦʥʘ 33,0=n , ʛʫʩʪʠʥʘ 
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32700 ʤʢʛ=r . ɺ ʪʘʙʣʠʮʽ 3.5. ʧʨʝʜʩʪʘʚʣʝʥʦ 26 ʯʘʩʪʦʪ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ 

ʦʪʨʠʤʘʥʠʭ ʚʣʘʩʥʠʤʠ ʨʦʟʨʘʭʫʥʢʘʤʠ ʄʉɽ ʪʘ ʽʥʰʠʤʠ ʘʚʪʦʨʘʤʠ, ʘ ʪʘʢʦʞ 

ʥʘʚʝʜʝʥʘ ʨʦʟʙʽʞʥʽʩʪʴ ʫ ʚʽʜʩʦʪʢʘʭ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ŮA ʪʘ ʽʥʰʦʶ ʨʝʘʣʽʟʘʮʽʻʶ FEM ŮF. ɼʣʷ ʥʘʦʯʥʦʩʪʽ ʟʨʦʙʣʝʥʦ 

ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʚ ʪʘʙʣʠʮʽ 3.5 ʫ ʚʠʛʣʷʜʽ ʛʽʩʪʦʛʨʘʤʠ 

(ʨʠʩ. 3.9). 

 

ʊʘʙʣʠʮʷ 3.5 

ʏʘʩʪʦʪʠ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʧʣʘʩʪʠʥʠ (FFFF) ʚʠʟʥʘʯʝʥʽ ʨʽʟʥʠʤʠ ʘʚʪʦʨʘʤʠ 

Form 

 f, ɻʮ 

ŮA, % ŮF, % Form 

 f, ɻʮ 

ŮA, % ŮF, %  AF-ESPI 

[206] 

FEM 

[206] 
ʄʉɽ 

AF-ESPI 

[206] 

FEM 

[206] 
ʄʉɽ 

1 494 510 509 3,04 0,20 14 5934 6163 6122 3,17 0,67 

2 735 745 744 1,22 0,13 15 6294 6458 6421 2,02 0,57 

3 890 945 944 6,07 0,11 16 7400 7628 7586 2,51 0,55 

4 1271 1324 1321 3,93 0,23 17 7550 7810 7758 2,75 0,67 

5 2330 2357 2351 0,90 0,25 18 8104 8221 8157 0,65 0,78 

6 2345 2424 2416 3,03 0,33 19 9290 9296 9225 0,70 0,76 

7 2630 2634 2624 0,23 0,38 20 10560 10709 10606 0,44 0,96 

8 2930 2974 2965 1,19 0,30 21 10790 11125 11014 2,08 1,00 

9 3895 4021 4001 2,72 0,50 22 10920 11267 11182 2,40 0,75 

10 4402 4499 4481 1,79 0,40 23 11100 11342 11462 3,26 1,06 

11 4630 4731 4714 1,81 0,36 24 11160 11403 11301 1,26 0,89 

12 4920 5048 5024 2,11 0,48 25 12440 12857 12733 2,36 0,96 

13 5654 5827 5791 2,42 0,62 26 12780 13206 13089 2,42 0,89 

 

 

ʈʠʩ. 3.9. ʏʘʩʪʦʪʠ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʧʣʘʩʪʠʥʠ (FFFF) ʚʠʟʥʘʯʝʥʽ ʨʽʟʥʠʤʠ ʘʚʪʦʨʘʤʠ 

 

ʅʘ ʨʠʩ. 3.10 ʽ 3.11 ʧʨʝʜʩʪʘʚʣʝʥʦ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʧʝʨʰʽ ʜʝʩʷʪʴ ʬʦʨʤ 

ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʦʪʨʠʤʘʥʠʭ ʨʽʟʥʠʤʠ ʘʚʪʦʨʘʤʠ. 
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ʄʉɽ 

     

AF-

ESPI 

[206] 
     

FEM 

[206] 

     
 Forma 1 Forma 2 Forma 3 Forma 4 Forma 5 

ʈʠʩ. 3.10. ʇʦʨʽʚʥʷʥʥʷ 1-5 ʬʦʨʤ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʧʣʘʩʪʠʥʠ (FFFF) 

 

ʄʉɽ 

     

AF-

ESPI 

[206] 
     

FEM 

[206] 

     
 Forma 6 Forma 7 Forma 8 Forma 9 Forma 10 

ʈʠʩ. 3.11. ʇʦʨʽʚʥʷʥʥʷ 6-10 ʬʦʨʤ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʧʣʘʩʪʠʥʠ (FFFF) 

 

ɺ ʷʢʦʩʪʽ ʜʨʫʛʦʾ ʪʝʩʪʦʚʦʾ ʟʘʜʘʯʽ ʧʨʦʚʝʜʝʤʦ ʨʦʟʨʘʭʫʥʢʠ ʄʉɽ ʯʘʩʪʦʪ ʽ 

ʬʦʨʤ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʘʣʶʤʽʥʽʻʚʦʾ ʢʚʘʜʨʘʪʥʦʾ ʧʣʘʩʪʠʥʢʠ ʟ ʞʦʨʩʪʢʦ 

ʟʘʢʨʽʧʣʝʥʠʤʠ ʢʨʘʷʤʠ (ʉʉʉʉ) [206] ʟ ʧʘʨʘʤʝʪʨʘʤʠ: ʩʪʦʨʦʥʘ ʧʣʘʩʪʠʥʠ 

ʤ,ʘ 090= , ʪʦʚʱʠʥʘ ʤh 001,0= , ʤʦʜʫʣʴ ʖʥʛʘ ɻʇʘE 70= , ʢʦʝʬʽʮʽʻʥʪ 

ʇʫʘʩʩʦʥʘ 33,0=n , ʛʫʩʪʠʥʘ 32700 ʤʢʛ=r . ɺ ʪʘʙʣʠʮʽ 3.6. ʧʨʝʜʩʪʘʚʣʝʥʦ 12 

ʯʘʩʪʦʪ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʦʪʨʠʤʘʥʠʭ ʚʣʘʩʥʠʤʠ ʨʦʟʨʘʭʫʥʢʘʤʠ ʪʘ ʽʥʰʠʤʠ 

ʘʚʪʦʨʘʤʠ. ɼʣʷ ʥʘʦʯʥʦʩʪʽ ʟʨʦʙʣʝʥʦ ʧʦʨʽʚʥʷʥʥʽ ʨʝʟʫʣʴʪʘʪʽʚ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʚ 

ʪʘʙʣʠʮʽ 3.6, ʫ ʚʠʛʣʷʜʽ ʛʽʩʪʦʛʨʘʤʠ (ʨʠʩ. 3.12). 

ʅʘ ʨʠʩ. 3.13 ʽ 3.14 ʧʨʝʜʩʪʘʚʣʝʥʦ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʧʝʨʰʽ ʜʝʩʷʪʴ ʬʦʨʤ 

ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ, ʦʪʨʠʤʘʥʠʭ ʨʽʟʥʠʤʠ ʘʚʪʦʨʘʤʠ. 
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ʊʘʙʣʠʮʷ 3.6 

ʏʘʩʪʦʪʠ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʧʣʘʩʪʠʥʠ (ʉʉʉʉ) ʚʠʟʥʘʯʝʥʽ ʨʽʟʥʠʤʠ ʘʚʪʦʨʘʤʠ 

Form 

 f, ɻʮ 

ŮA, % ŮF, % Form 

 f, ɻʮ 

ŮA, % ŮF, % AF-ESPI 

[206] 

FEM 

[206] 
ʄʉɽ 

AF-ESPI 

[206] 

FEM 

[206] 
ʄʉɽ 

1 1078 1099 1099 1,95 0,00 7 6198 6408 6400 3,26 0,12 

2 2181 2240 2239 2,66 0,04 8 6485 6691 6675 2,93 0,24 

3 3211 3300 3297 2,68 0,09 9 7085 7362 7347 3,70 0,20 

4 3904 4011 4008 2,66 0,07 10 7190 7393 7378 2,61 0,20 

5 3925 4030 4028 2,62 0,05 11 8553 8997 8967 4,84 0,33 

6 4872 5025 5017 2,98 0,16 12 8964 9385 9367 4,50 0,19 
 

 

ʈʠʩ. 3.12. ʏʘʩʪʦʪʠ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʧʣʘʩʪʠʥʠ (ʉʉʉʉ) ʚʠʟʥʘʯʝʥʽ ʨʽʟʥʠʤʠ ʘʚʪʦʨʘʤʠ 

 

ʏʘʩʪʦʪʠ ʽ ʬʦʨʤʠ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ, ʦʪʨʠʤʘʥʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʶ 

ʨʝʘʣʽʟʘʮʽʻʶ ʄʉɽ, ʧʦʢʘʟʫʶʪʴ ʭʦʨʦʰʫ ʟʙʽʞʥʽʩʪʴ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʪʨʠʤʘʥʠʤʠ 

ʽʥʰʠʤʠ ʘʚʪʦʨʘʤʠ ʜʣʷ ʦʙʦʭ ʪʝʩʪʦʚʠʭ ʟʘʜʘʯ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʜʦʮʽʣʴʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʜʦ ʨʦʟʨʘʭʫʥʢʽʚ ʯʘʩʪʦʪ ʚʽʣʴʥʠʭ 

ʢʦʣʠʚʘʥʴ ʽʟʦʪʨʦʧʥʠʭ ʧʣʘʩʪʠʥ ʟ ʨʽʟʥʠʤʠ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ. 

 

ʄʉɽ 

     

AF-

ESPI 

[206] 
     

FEM 

[206] 

     
 Form 1 Form 2 Form 3 Form 4 Form 5 

ʈʠʩ. 3.13. ʇʦʨʽʚʥʷʥʥʷ 1-5 ʬʦʨʤ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʧʣʘʩʪʠʥʠ (ʉʉʉʉ) 
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ʄʉɽ 

     

AF-

ESPI 

[206] 
     

FEM 

[206] 

     
 Form 6 Form 8 Form 9 Form 10 Form 12 

ʈʠʩ. 3.14. ʇʦʨʽʚʥʷʥʥʷ 6-10 ʬʦʨʤ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʧʣʘʩʪʠʥʠ (ʉʉʉʉ) 

 

3.3. ʈʦʟʨʘʭʫʥʦʢ ʯʘʩʪʦʪ ʪʘ ʬʦʨʤ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʪʨʠʢʫʪʥʠʭ ʧʣʘʩʪʠʥ 

3.3.1. ʈʦʟʨʘʭʫʥʦʢ ʯʘʩʪʦʪ ʪʘ ʬʦʨʤ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʪʨʠʢʫʪʥʠʭ ʧʣʘʩʪʠʥ 

ʧʨʠ ʨʽʟʥʠʭ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚʘʭ 

ɿʘ ʜʦʧʦʤʦʛʦʶ FEMAP ʧʦʙʫʜʦʚʘʥʦ ʛʝʦʤʝʪʨʽʶ ʧʣʘʩʪʠʥʠ ʫ ʚʠʛʣʷʜʽ ʧʨʘʚʠʣʴʥʦʛʦ 

ʪʨʠʢʫʪʥʠʢʘ [261] ʟʽ ʩʪʦʨʦʥʦʶ ʤʤa 240= , ʪʦʚʱʠʥʘ ʧʣʘʩʪʠʥʠ ʤʤh 4=  

( 601/a/h = ). ɺ ʷʢʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʧʣʘʩʪʠʥʠ ʟʘʜʘʚʘʚʩʷ ʘʣʶʤʽʥʽʡ ʟ ʥʘʩʪʫʧʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ: ʤʦʜʫʣʴ ʖʥʛʘ ɻʇʘE 71= , ʢʦʝʬʽʮʽʻʥʪ ʇʫʘʩʩʦʥʘ 330,=n , ʛʫʩʪʠʥʘ 

32710 ʤʢʛ=r . ʇʣʘʩʪʠʥʢʘ ʜʦʩʣʽʜʞʫʚʘʣʘʩʴ ʧʨʠ ʨʽʟʥʠʭ ʚʘʨʽʘʥʪʘʭ ʞʦʨʩʪʢʦ (C) 

ʟʘʢʨʽʧʣʝʥʠʭ ʢʨʘʾʚ ʽ ʚʽʣʴʥʠʭ (F) ʢʨʘʾʚ (ʨʠʩ. 3.15). ʉʢʥ̔ʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʘ ʨʦʟʙʠʚʢʘ 

ʧʨʦʚʦʜʠʣʘʩʴ solid-ʝʣʝʤʝʥʪʘʤʠ ʨʦʟʤʽʨʦʤ ʩʪʦʨʦʥʠ h. ʈʦʟʨʘʭʫʥʦʢ ʧʨʦʚʦʜʠʚʩʷ ʥʘ 

ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪ ʽ ʬʦʨʤ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʨʘʭʫʥʢʽʚ ʦʪʨʠʤʘʥʦ ʯʘʩʪʦʪʠ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ 

ʘʣʶʤʽʥʽʻʚʦʾ ʪʨʠʢʫʪʥʦʾ ʧʣʘʩʪʠʥʠ ʟ ʨʽʟʥʠʤʠ ʚʘʨʽʘʥʪʘʤʠ ʞʦʨʩʪʢʦʛʦ ʟʘʢʨʽʧʣʝʥʥʷ 

ʪʘ ʚʽʣʴʥʠʭ ʢʨʘʾ ʚ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣʠʮʽ 3.7 ʪʘ ʥʘ ʛʽʩʪʦʛʨʘʤʽ (ʨʠʩ. 3.16). 

 

    
FFF FFC FCC CCC 

ʈʠʩ. 3.15. ɺʘʨʽʘʥʪʠ ʟʘʢʨʽʧʣʝʥʥʷ ʪʨʠʢʫʪʥʦʾ ʧʣʘʩʪʠʥʠ 



102 

ʊʘʙʣʠʮʷ 3.7 

ʏʘʩʪʦʪʠ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʪʨʠʢʫʪʥʦʾ ʧʣʘʩʪʠʥʠ ʟ ʨʽʟʥʠʤʠ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ 

Form 
f, ɻʮ 

FFF

FFC

f

f
 

FFF

Fʉʉ

f

f
 

FFF

ʉʉC

f

f
 

FFF FFC FCC CCC 

1 589,22 153,51 687,94 1713,89 0,26 1,17 2,91 

2 607,67 596,86 1638,99 3253,65 0,98 2,70 5,35 

3 607,69 659,43 1752,11 3254,47 1,09 2,88 5,36 

4 1443,54 1533,01 2946,06 5056,05 1,06 2,04 3,50 

5 1443,57 1578,98 3320,10 5389,68 1,09 2,30 3,73 

6 1542,35 1842,93 3379,64 5390,41 1,19 2,19 3,49 

7 1973,56 2840,60 4665,67 7442,20 1,44 2,36 3,77 

8 2737,38 2840,78 5087,98 7443,83 1,04 1,86 2,72 

9 2737,70 3402,48 5538,94 8085,97 1,24 2,02 2,95 

10 2737,77 3526,69 5563,33 8096,45 1,29 2,03 2,96 
 

ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʯʘʩʪʦʪʠ ʚʽʜ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʙʫʣʠ ʚʚʝʜʝʥʽ 

ʢʦʝʬʽʮʽʻʥʪʠ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ, ʦʪʨʠʤʘʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʽʣʝʥʥʷ ʯʘʩʪʦʪʠ ʟʘʢʨʽʧʣʝʥʦʾ 

ʧʣʘʩʪʠʥʢʠ ʥʘ ʚʽʜʧʦʚʽʜʥʫ ʯʘʩʪʦʪʫ ʧʣʘʩʪʠʥʠ ʟ ʚʽʣʴʥʠʤʠ ʢʨʘʷʤʠ, ʢʦʝʬʽʮʽʻʥʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʧʨʘʚʽʡ ʯʘʩʪʠʥʽ ʪʘʙʣʠʮʽ 3.7. 

ɸʥʘʣʽʟʫʶʯʠ ʜʘʥʽ ʪʘʙʣʠʮʽ 3.7 ʪʘ ʛʽʩʪʦʛʨʘʤʠ (ʨʠʩ. 3.16) ʤʦʞʥʘ 

ʩʧʦʩʪʝʨʽʛʘʪʠ, ʱʦ ʯʘʩʪʦʪʠ ʪʨʠʢʫʪʥʦʾ ʧʣʘʩʪʠʥʠ ʟ ʚʽʣʴʥʠʤʠ ʢʨʘʷʤʠ ʥʝ ʻ ʩʘʤʠʤʠ 

ʥʠʟʴʢʠʤʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʯʘʩʪʦʪʘʤʠ ʧʨʠ ʽʥʰʠʭ ʚʘʨʽʘʥʪʘʭ 

ʟʘʢʨʽʧʣʝʥʥʷ, ʥʘʡʥʠʞʯʠʤʠ ʻ ʧʝʨʰʽ ʜʚʽ ʯʘʩʪʦʪʠ ʧʣʘʩʪʠʥʢʠ ʟ ʞʦʨʩʪʢʦ 

ʟʘʢʨʽʧʣʝʥʠʤ ʦʜʥʠʤ ʢʨʘʻʤ, ʜʣʷ ʚʩʽʭ ʽʥʰʠʭ ʯʘʩʪʦʪ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷ 

ʚʽʜʧʦʚʽʜʥʠʭ ʯʘʩʪʦʪ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʟʘʢʨʽʧʣʝʥʠʭ ʢʨʘʾʚ. 

 

ʈʠʩ. 3.16. ʏʘʩʪʦʪʠ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʪʨʠʢʫʪʥʦʾ ʧʣʘʩʪʠʥʠ ʟ ʨʽʟʥʠʤʠ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ 

 

ʇʝʨʰʽ ʜʝʩʷʪʴ ʬʦʨʤ ʢʦʣʠʚʘʥʴ ʪʨʠʢʫʪʥʦʾ ʧʣʘʩʪʠʥʠ ʟ ʚʘʨʽʘʥʪʦʤ 

ʟʘʢʨʽʧʣʝʥʥʷ (FFF) ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 3.17. 
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Form 1 Form 2 Form 3 Form 4 Form 5 

     
Form 6 Form 7 Form 8 Form 9 Form 10 

ʈʠʩ. 3.17. ʌʦʨʤʠ ʢʦʣʠʚʘʥʴ ʪʨʠʢʫʪʥʦʾ ʧʣʘʩʪʠʥʠ (FFF) 

 

ʇʝʨʰʽ ʜʝʩʷʪʴ ʬʦʨʤ ʢʦʣʠʚʘʥʴ ʪʨʠʢʫʪʥʦʾ ʧʣʘʩʪʠʥʠ ʟ ʚʘʨʽʘʥʪʦʤ 

ʟʘʢʨʽʧʣʝʥʥʷʤ (FFʉ) ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 3.18. 

 

     
Form 1 Form 2 Form 3 Form 4 Form 5 

     
Form 6 Form 7 Form 8 Form 9 Form 10 

ʈʠʩ. 3.18. ʌʦʨʤʠ ʢʦʣʠʚʘʥʴ ʪʨʠʢʫʪʥʦʾ ʧʣʘʩʪʠʥʠ (FFʉ) 

 

ʇʝʨʰʽ ʜʝʩʷʪʴ ʬʦʨʤ ʢʦʣʠʚʘʥʴ ʪʨʠʢʫʪʥʦʾ ʧʣʘʩʪʠʥʠ ʟ ʚʘʨʽʘʥʪʦʤ 

ʟʘʢʨʽʧʣʝʥʥʷʤ (Fʉʉ) ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 3.19. 

 

     
Form 1 Form 2 Form 3 Form 4 Form 5 

     
Form 6 Form 7 Form 8 Form 9 Form 10 

ʈʠʩ. 3.19. ʌʦʨʤʠ ʢʦʣʠʚʘʥʴ ʪʨʠʢʫʪʥʦʾ ʧʣʘʩʪʠʥʠ (Fʉʉ) 
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ʇʝʨʰʽ ʜʝʩʷʪʴ ʬʦʨʤ ʢʦʣʠʚʘʥʴ ʪʨʠʢʫʪʥʦʾ ʧʣʘʩʪʠʥʠ ʟ ʚʘʨʽʘʥʪʦʤ 

ʟʘʢʨʽʧʣʝʥʥʷʤ (ʉʉʉ) ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 3.20. 

     
Form 1 Form 2 Form 3 Form 4 Form 5 

     
Form 6 Form 7 Form 8 Form 9 Form 10 

ʈʠʩ. 3.20. ʌʦʨʤʠ ʢʦʣʠʚʘʥʴ ʪʨʠʢʫʪʥʦʾ ʧʣʘʩʪʠʥʢʠ (ʉʉʉ) 

 

ɿ ʤʝʪʦʶ ʧʝʨʝʚʽʨʢʠ ʢʦʝʬʽʮʽʻʥʪʽʚ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʦʛʽʯʥʽ 

ʨʦʟʨʘʭʫʥʢʠ ʜʣʷ ʜʚʦʭ ʨʽʚʥʦʩʪʦʨʦʥʥʽʭ ʪʨʠʢʫʪʥʠʭ ʧʣʘʩʪʠʥ ʨʽʟʥʠʭ ʨʦʟʤʽʨʽʚ ʪʘ ʟ 

ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʈʦʟʤʽʨʠ ʧʝʨʰʦʾ ʧʣʘʩʪʠʥʠ ʦʙʠʨʘʣʠʩʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ 

ʟʙʝʨʝʛʪʠ ʪʘʢʝ ʩʘʤʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʪʦʚʱʠʥʠ ʧʣʘʩʪʠʥʠ ʜʦ ʾʾ ʩʪʦʨʦʥʠ 1/60, ʘʣʝ 

ʟ ʽʥʰʠʤʠ ʨʦʟʤʽʨʘʤʠ (ʤʤa 720= , ʤʤh 12= ) ʪʘ ʟ ʽʥʰʦʛʦ ʤʘʪʝʨʽʘʣʫ ï ʣʘʪʫʥʴ 

( ɻʇʘE 95= , 350,=n , 38730 ʤʢʛ=r ). ʈʦʟʨʘʭʦʚʘʥʽ ʯʘʩʪʦʪʠ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ 

ʣʘʪʫʥʥʦʾ ʪʨʠʢʫʪʥʦʾ ʧʣʘʩʪʠʥʠ ʟ ʨʽʟʥʠʤʠ ʚʘʨʽʘʥʪʘʤʠ ʞʦʨʩʪʢʦʛʦ ʟʘʢʨʽʧʣʝʥʥʷ ʪʘ 

ʚʽʣʴʥʠʭ ʢʨʘʾ ʚ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣʠʮʽ 3.8. 

ʊʘʙʣʠʮʷ 3.8 

ʏʘʩʪʦʪʠ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʣʘʪʫʥʥʦʾ ʧʣʘʩʪʠʥʠ ʟ ʨʽʟʥʠʤʠ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ 

Form 
f, ɻʮ 

FFF

FFC

f

f
 

FFF

Fʉʉ

f

f
 

FFF

ʉʉC

f

f
 

FFF FFC FCC CCC 

1 127,22 33,10 148,23 371,09 0,26 1,17 2,92 

2 129,84 128,02 352,83 704,34 0,99 2,72 5,42 

3 129,84 142,03 378,92 704,39 1,09 2,92 5,43 

4 310,70 330,32 634,45 1093,97 1,06 2,04 3,52 

5 310,72 338,87 718,04 1166,20 1,09 2,31 3,75 

6 329,73 397,80 730,22 1166,24 1,21 2,21 3,54 

7 425,07 610,58 1004,34 1609,82 1,44 2,36 3,79 

8 587,76 611,87 1100,33 1609,85 1,04 1,87 2,74 

9 587,78 734,71 1197,42 1749,03 1,25 2,04 2,98 

10 589,79 760,84 1201,75 1751,04 1,29 2,04 2,97 
 

ʈʦʟʤʽʨʠ ʜʨʫʛʦʾ ʧʣʘʩʪʠʥʠ ʦʙʝʨʝʤʦ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʪʦʚʱʠʥʠ ʧʣʘʩʪʠʥʠ ʜʦ ʾʾ ʩʪʦʨʦʥʠ ʩʢʣʘʜʘʣʦ 1/20, ʪʦʙʪʦ ʟʽ ʩʪʦʨʦʥʦʶ 
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ʤʤa 1000=  ʪʘ ʪʦʚʱʠʥʦʶ ʤʤh 50= , ʚ ʷʢʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʟʘʜʘʤʦ ʪʠʪʘʥ 

( ɻʇʘE 112= , 320,=n , 34506 ʤʢʛ=r ). ʈʦʟʨʘʭʦʚʘʥʽ ʯʘʩʪʦʪʠ ʚʽʣʴʥʠʭ 

ʢʦʣʠʚʘʥʴ ʪʠʪʘʥʦʚʦʾ ʪʨʠʢʫʪʥʦʾ ʧʣʘʩʪʠʥʠ ʟ ʨʽʟʥʠʤʠ ʚʘʨʽʘʥʪʘʤʠ ʞʦʨʩʪʢʦʛʦ 

ʟʘʢʨʽʧʣʝʥʥʷ ʪʘ ʚʽʣʴʥʠʭ ʢʨʘʾ ʚ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣʠʮʽ 3.9. 

 

ʊʘʙʣʠʮʷ 3.9 

ʏʘʩʪʦʪʠ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʪʠʪʘʥʦʚʦʾ ʧʣʘʩʪʠʥʠ ʟ ʨʽʟʥʠʤʠ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ 

Form 
f, ɻʮ 

FFF

FFC

f

f
 

FFF

Fʉʉ

f

f
 

FFF

ʉʉC

f

f
 

FFF FFC FCC CCC 

1 404,98 106,52 467,49 1121,87 0,26 1,15 2,77 

2 415,37 406,57 1083,21 2047,60 0,98 2,61 4,93 

3 415,40 449,60 1150,45 2047,80 1,08 2,77 4,93 

4 971,13 1024,07 1888,34 3067,44 1,05 1,94 3,16 

5 971,16 1047,09 2104,83 3242,88 1,08 2,17 3,34 

6 1024,20 1061,80 2135,26 3243,08 1,04 2,08 3,17 

7 1308,36 1214,93 2864,67 4325,65 0,93 2,19 3,31 

8 1781,12 1833,27 2883,31 4325,97 1,03 1,62 2,43 

9 1781,19 1840,40 3117,70 4640,12 1,03 1,75 2,61 

10 1795,43 2078,53 3354,63 4650,19 1,16 1,87 2,59 

 

ʆʪʨʠʤʘʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʜʣʷ ʪʨʴʦʭ ʨʽʟʥʠʭ ʪʨʠʢʫʪʥʠʭ ʧʣʘʩʪʠʥ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣʠʮʽ 3.10 ʪʘ ʛʽʩʪʦʛʨʘʤʘʭ (ʨʠʩ. 3.21), ʚʽʜʧʦʚʽʜʥʽ ʢʦʝʬʽʮʽʻʥʪʠ 

ʜʣʷ ʦʜʥʘʢʦʚʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ h/a ʻ ʤʘʡʞʝ ʦʜʥʘʢʦʚʽ ʟ ʥʝʟʥʘʯʥʠʤ ʚʽʜʭʠʣʝʥʥʷʤ, 

ʜʣʷ ʨʽʟʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʨʦʟʙʽʞʥʽʩʪʴ ʤʽʞ ʚʽʜʧʦʚʽʜʥʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʻ 

ʥʝʩʫʪʪʻʚʦʶ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʚʧʣʠʚʦʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʥʘ ʯʘʩʪʦʪʫ ʚʽʣʴʥʠʭ 

ʢʦʣʠʚʘʥʴ. 

ʊʘʙʣʠʮʷ 3.10 

ʂʦʝʬʽʮʽʻʥʪʠ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʜʣʷ ʪʨʴʦʭ ʨʽʟʥʠʭ ʪʨʠʢʫʪʥʠʭ ʧʣʘʩʪʠʥ 

Form 

ɸʣʶʤ. ʃʘʪʫʥʴ ʊʠʪʘʥ 

FFF

FFC

f

f
 

FFF

Fʉʉ

f

f
 

FFF

ʉʉC

f

f
 

FFF

FFC

f

f
 

FFF

Fʉʉ

f

f
 

FFF

ʉʉC

f

f
 

FFF

FFC

f

f
 

FFF

Fʉʉ

f

f
 

FFF

ʉʉC

f

f
 

1 0,26 1,17 2,91 0,26 1,17 2,92 0,26 1,15 2,77 

2 0,98 2,70 5,35 0,99 2,72 5,42 0,98 2,61 4,93 

3 1,09 2,88 5,36 1,09 2,92 5,43 1,08 2,77 4,93 

4 1,06 2,04 3,50 1,06 2,04 3,52 1,05 1,94 3,16 

5 1,09 2,30 3,73 1,09 2,31 3,75 1,08 2,17 3,34 

6 1,19 2,19 3,49 1,21 2,21 3,54 1,04 2,08 3,17 

7 1,44 2,36 3,77 1,44 2,36 3,79 0,93 2,19 3,31 

8 1,04 1,86 2,72 1,04 1,87 2,74 1,03 1,62 2,43 

9 1,24 2,02 2,95 1,25 2,04 2,98 1,03 1,75 2,61 

10 1,29 2,03 2,96 1,29 2,04 2,97 1,16 1,87 2,59 
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ʈʠʩ. 3.21. ʂʦʝʬʽʮʽʻʥʪʠ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʜʣʷ ʪʨʴʦʭ ʨʽʟʥʠʭ ʪʨʠʢʫʪʥʠʭ ʧʣʘʩʪʠʥ 

 

3.3.2. ʈʦʟʨʘʭʫʥʦʢ ʯʘʩʪʦʪ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʪʨʠʢʫʪʥʠʭ ʧʣʘʩʪʠʥ ʧʨʠ 

ʨʽʟʥʠʭ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ 

ʇʨʦʚʦʜʠʣʠʩʴ ʨʦʟʨʘʭʫʥʢʠ ʯʘʩʪʦʪ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʨʽʚʥʦʩʪʦʨʦʥʥʴʦʾ ʪʨʠʢʫʪʥʦʾ 

ʧʣʘʩʪʠʥʠ (601/a/h = ), ʛʝʦʤʝʪʨʽʷ ʷʢʦʾ ʦʙʨʘʥʘ ʚʽʜʧʦʚʽʜʥʦ ʛʝʦʤʝʪʨʽʾ ʧʣʘʩʪʠʥʠ 

ʨʦʟʛʣʷʥʫʪʦʾ ʚ ʧʽʜʧʫʥʢʪʽ 3.3.1, ʟ ʚʽʣʴʥʠʤʠ ʢʨʘʷʤʠ (FFF) ʪʘ ʞʦʨʩʪʢʦ 

ʟʘʢʨʽʧʣʝʥʠʤʠ ʪʨʴʦʤʘ ʢʨʘʷʤʠ (CCC) ʧʨʠ ʽʥʰʠʭ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ. ʄʘʪʝʨʽʘʣʘʤʠ, ʦʢʨʽʤ ʘʣʶʤʽʥʽʶ, ʟʘʜʘʚʘʣʠʩʴ: ʩʪʘʣʴ 

( ɻʇʘE 214= , 320,=n , 37820 ʤʢʛ=r ), ʥʽʢʝʣʴ (ɻʇʘE 210= , 280,=n , 

38900 ʤʢʛ=r ), ʤʽʜʴ (ɻʇʘE 110= , 350,=n , 
38920 ʤʢʛ=r ), ʪʠʪʘʥ 

( ɻʇʘE 112= , 320,=n , 
34506 ʤʢʛ=r ), ʣʘʪʫʥʴ (ɻʇʘE 95= , 350,=n , 

38730 ʤʢʛ=r ), ʩʨʽʙʣʦ (ɻʇʘE 80= , 370,=n , 
310490 ʤʢʛ=r ), ʩʚʠʥʝʮʴ 

( ɻʇʘE 18= , 440,=n , 
311340 ʤʢʛ=r ), ʧʦʣʽʝʪʠʣʝʥ (ɻʇʘ,E 562= , 320,=n , 

3936 ʤʢʛ=r ) ʪʘ ʛʫʤʘ (ɻʇʘ,E 0030= , 490,=n , 
31200 ʤʢʛ=r ).  

ʈʦʟʨʘʭʦʚʘʥʽ ʯʘʩʪʦʪʠ ʜʣʷ ʪʨʠʢʫʪʥʦʾ ʧʣʘʩʪʠʥʠ (FFF) ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ 
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ʪʘʙʣʠʮʽ 3.11 ʪʘ ʫ ʚʠʛʣʷʜʽ ʯʘʩʪʦʪʥʠʭ ʢʨʠʚʠʭ (ʨʠʩ. 3.22), ʜʣʷ ʪʨʠʢʫʪʥʦʾ 

ʧʣʘʩʪʠʥʠ (ʉʉʉ) ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣʠʮʽ 3.12 ʪʘ ʫ ʚʠʛʣʷʜʽ ʯʘʩʪʦʪʥʠʭ ʢʨʠʚʠʭ 

(ʨʠʩ. 3.23), ʯʘʩʪʦʪʠ ʜʣʷ ʧʣʘʩʪʠʥʠ ʟ ʛʫʤʠ ʚʠʥʝʩʝʥʽ ʥʘ ʦʢʨʝʤʫ ʛʽʩʪʦʛʨʘʤʫ ʫ 

ʟʚôʷʟʢʫ ʟ ʾʭ ʤʘʣʠʤʠ ʟʥʘʯʝʥʥʷʤʠ. 

 

ʊʘʙʣʠʮʷ 3.11 

ʏʘʩʪʦʪʠ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʪʨʠʢʫʪʥʦʾ ʧʣʘʩʪʠʥʠ (FFF) ʟ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

Form 
f, ɻʮ 

ʉʪʘʣʴ ʅʽʢʝʣʴ ʄʽʜʴ ʊʠʪʘʥ ʃʘʪʫʥʴ ʉʨʽʙʣʦ ɸʣʶʤ. ʉʚʠʥʝʮʴ ʇʦʣʽʝʪ. ɻʫʤʘ 

1 600,60 552,17 406,27 572,40 381,64 321,14 589,22 145,41 189,87 5,70 

2 622,62 584,60 414,62 593,38 389,48 324,35 607,67 145,41 196,84 5,70 

3 622,63 584,60 414,62 593,39 389,48 324,36 607,69 149,26 196,84 6,01 

4 1473,50 1363,17 992,23 1404,30 932,08 782,03 1443,54 359,94 465,83 14,40 

5 1473,51 1363,18 992,24 1404,31 932,09 782,04 1443,57 359,96 465,83 14,40 

6 1579,69 1481,32 1052,96 1505,50 989,12 824,26 1542,35 370,38 499,40 14,56 

7 2013,86 1862,89 1357,41 1919,28 1275,12 1071,04 1973,56 496,60 636,66 20,05 

8 2792,19 2577,75 1876,97 2661,06 1763,19 1472,67 2737,38 673,26 882,72 26,78 

9 2797,72 2600,93 1877,00 2666,34 1763,21 1475,70 2737,70 673,28 884,47 26,78 

10 2797,75 2600,95 1883,42 2666,36 1769,25 1486,23 2737,77 687,38 884,48 27,64 

 

  

ʈʠʩ. 3.22. ʏʘʩʪʦʪʠ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʪʨʠʢʫʪʥʦʾ ʧʣʘʩʪʠʥʠ (FFF) ʟ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

 

ɼʣʷ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʯʘʩʪʦʪʠ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʚʽʜ ʬʽʟʠʢʦ-

ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʽʘʣʫ ʚʚʝʜʝʤʦ ʢʦʝʬʽʮʽʻʥʪʠ, ʷʢʽ ʙʫʜʫʪʴ 

ʧʦʢʘʟʫʚʘʪʠ ʚʽʜʥʦʰʝʥʥʷ ʯʘʩʪʦʪʠ ʧʣʘʩʪʠʥʠ ʟ ʙʫʜʴ-ʷʢʦʛʦ ʽʟʦʪʨʦʧʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʧʣʘʩʪʠʥʠ ʜʦ ʯʘʩʪʦʪʠ ʧʣʘʩʪʠʥʢʠ ʟ ʝʪʘʣʦʥʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʥʘʧʨʠʢʣʘʜ, ʽʟ ʩʪʘʣʽ, 

ʪʦʙʪʦ ʙʫʜʫʪʴ ʚʠʟʥʘʯʘʪʠʩʴ ʷʢ .ʩʪ.ʤ.̔.ʤ.̔ ff=m . ʏʘʩʪʦʪʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʜʝʚôʷʪʠ 

ʨʦʟʛʣʷʥʫʪʠʭ ʽʟʦʪʨʦʧʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʪʨʠʢʫʪʥʦʾ ʧʣʘʩʪʠʥʠ (FFF) ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʚ ʪʘʙʣʠʮʽ 3.13, ʜʣʷ ʪʨʠʢʫʪʥʦʾ ʧʣʘʩʪʠʥʠ (ʉʉʉ) ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣʠʮʽ 3.14, ʚ 

ʦʙʦʭ ʪʘʙʣʠʮʷʭ ʟʘʟʥʘʯʝʥʦ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ (ʉɿ) ʢʦʝʬʽʮʽʻʥʪʽʚ. 
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ʊʘʙʣʠʮʷ 3.12 

ʏʘʩʪʦʪʠ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʪʨʠʢʫʪʥʦʾ ʧʣʘʩʪʠʥʠ (ʉʉʉ) ʟ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

Form 
f, ɻʮ 

ʉʪʘʣʴ ʅʽʢʝʣʴ ʄʽʜʴ ʊʠʪʘʥ ʃʘʪʫʥʴ ʉʨʽʙʣʦ ɸʣʶʤ. ʉʚʠʥʝʮʴ ʇʦʣʽʝʪ. ɻʫʤʘ 

1 1742,32 1593,97 1185,05 1660,5 1113,21 941,13 1713,89 448,57 550,82 18,76 

2 3307,73 3026,89 2249,27 3152,39 2112,91 1786,01 3253,65 850,66 1045,7 35,54 

3 3307,87 3026,99 2249,38 3152,52 2113,02 1786,11 3254,47 850,8 1045,75 35,58 

4 5138,49 4703,34 3493,5 4897,17 3281,72 2773,59 5056,05 1320,33 1624,48 55,16 

5 5478,04 5014,45 3724,15 5220,77 3498,39 2956,59 5389,68 1407,24 1731,82 58,79 

6 5478,21 5014,58 3724,28 5220,94 3498,51 2956,71 5390,41 1407,29 1731,88 58,8 

7 7563,27 6924,78 5140,78 7208,08 4829,14 4080,69 7442,2 1941,19 2391,05 81,05 

8 7563,39 6924,88 5140,93 7208,2 4829,28 4080,86 7443,83 1941,53 2391,09 81,15 

9 8218,04 7525,05 5585,37 7832,1 5246,77 4433,34 8085,97 2108,52 2598,04 88,07 

10 8227,42 7533,59 5591,78 7841,04 5252,8 4438,45 8096,45 2110,96 2601,01 88,17 
 

ʊʘʙʣʠʮʷ 3.13 

ʏʘʩʪʦʪʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʽʟʦʪʨʦʧʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʪʨʠʢʫʪʥʦʾ ʧʣʘʩʪʠʥʠ (FFF) 

Form .ʤ.̔m  

ʅʽʢʝʣʴ ʄʽʜʴ ʊʠʪʘʥ ʃʘʪʫʥʴ ʉʨʽʙʣʦ ɸʣʶʤ. ʉʚʠʥʝʮʴ ʇʦʣʽʝʪ. ɻʫʤʘ 

1 0,92 0,68 0,95 0,64 0,53 0,98 0,24 0,32 0,01 

2 0,94 0,67 0,95 0,63 0,52 0,98 0,23 0,32 0,01 

3 0,94 0,67 0,95 0,63 0,52 0,98 0,24 0,32 0,01 

4 0,93 0,67 0,95 0,63 0,53 0,98 0,24 0,32 0,01 

5 0,93 0,67 0,95 0,63 0,53 0,98 0,24 0,32 0,01 

6 0,94 0,67 0,95 0,63 0,52 0,98 0,23 0,32 0,01 

7 0,93 0,67 0,95 0,63 0,53 0,98 0,25 0,32 0,01 

8 0,92 0,67 0,95 0,63 0,53 0,98 0,24 0,32 0,01 

9 0,93 0,67 0,95 0,63 0,53 0,98 0,24 0,32 0,01 

10 0,93 0,67 0,95 0,63 0,53 0,98 0,25 0,32 0,01 

ʉɿ 0,93 0,67 0,95 0,63 0,53 0,98 0,24 0,32 0,01 
 

ʇʦʜʽʙʥʽʩʪʴ ʯʘʩʪʦʪʥʠʭ ʢʦʝʬʽʮʽʻʥʪʠ ʽʟʦʪʨʦʧʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʢʦʞʥʦʾ 

ʬʦʨʤʠ ʢʦʣʠʚʘʥʴ ʧʣʘʩʪʠʥ ʜʣʷ ʦʙʦʭ ʩʧʦʩʦʙʽʚ ʟʘʢʨʽʧʣʝʥʥʷ ʚʩʪʘʥʦʚʣʶʻ 

ʟʘʣʝʞʥʽʩʪʴ ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʴ ʚʽʜ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʽʘʣʫ 

ʯʝʨʝʟ ʉɿ ʢʦʝʬʽʮʽʻʥʪʽʚ ʽ ʻ ʩʧʨʘʚʝʜʣʠʚʦʶ ʜʣʷ ʽʥʰʠʭ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ. 

 

  

ʈʠʩ. 3.23. ʏʘʩʪʦʪʠ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʪʨʠʢʫʪʥʦʾ ʧʣʘʩʪʠʥʠ (CCC) ʟ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 
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ʊʘʙʣʠʮʷ 3.14 

ʏʘʩʪʦʪʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʽʟʦʪʨʦʧʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʪʨʠʢʫʪʥʦʾ ʧʣʘʩʪʠʥʠ (CCC) 

Form .ʤ.̔m  

ʅʽʢʝʣʴ ʄʽʜʴ ʊʠʪʘʥ ʃʘʪʫʥʴ ʉʨʽʙʣʦ ɸʣʶʤ. ʉʚʠʥʝʮʴ ʇʦʣʽʝʪ. ɻʫʤʘ 

1 0,91 0,68 0,95 0,64 0,54 0,98 0,26 0,32 0,01 

2 0,92 0,68 0,95 0,64 0,54 0,98 0,26 0,32 0,01 

3 0,92 0,68 0,95 0,64 0,54 0,98 0,26 0,32 0,01 

4 0,92 0,68 0,95 0,64 0,54 0,98 0,26 0,32 0,01 

5 0,92 0,68 0,95 0,64 0,54 0,98 0,26 0,32 0,01 

6 0,92 0,68 0,95 0,64 0,54 0,98 0,26 0,32 0,01 

7 0,92 0,68 0,95 0,64 0,54 0,98 0,26 0,32 0,01 

8 0,92 0,68 0,95 0,64 0,54 0,98 0,26 0,32 0,01 

9 0,92 0,68 0,95 0,64 0,54 0,98 0,26 0,32 0,01 

10 0,92 0,68 0,95 0,64 0,54 0,98 0,26 0,32 0,01 

ʉɿ 0,92 0,68 0,95 0,64 0,54 0,98 0,26 0,32 0,01 

 

3.3.3. ʈʦʟʨʘʭʫʥʦʢ ʯʘʩʪʦʪ ʪʘ ʬʦʨʤ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʪʨʠʢʫʪʥʠʭ ʧʣʘʩʪʠʥ 

ʨʽʟʥʦʾ ʪʦʚʱʠʥʠ 

ʇʨʦʚʦʜʠʣʠʩʴ ʨʦʟʨʘʭʫʥʢʠ ʯʘʩʪʦʪ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʘʣʶʤʽʥʽʻʚʠʭ 

ʨʽʚʥʦʩʪʦʨʦʥʥʽʭ ʪʨʠʢʫʪʥʠʭ ʧʣʘʩʪʠʥ ʧʨʠ ʨʽʟʥʠʭ ʚʘʨʽʘʥʪʘʭ ʞʦʨʩʪʢʦ (C) 

ʟʘʢʨʽʧʣʝʥʠʭ ʢʨʘʾʚ ʽ ʚʽʣʴʥʠʭ (F) ʢʨʘʾʚ (ʨʠʩ. 3.15) ʟ ʧʘʨʘʤʝʪʨʘʤʠ: ʩʪʦʨʦʥʘ 

ʧʣʘʩʪʠʥʠ ʤ,ʘ 240= , ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʪʦʚʱʠʥʠ ʧʣʘʩʪʠʥʠ ʜʦ ʾʾ ʩʪʦʨʦʥʠ h/a: 

1/240, 1/120, 1/60, 1/30, 1/20, 1/15, 1/12, 1/10, 1/8, 1/6, 1/5. 

ʈʦʟʨʘʭʦʚʘʥʽ ʯʘʩʪʦʪʠ ʜʣʷ ʧʣʘʩʪʠʥʠ ʟ ʚʽʣʴʥʠʤʠ ʢʨʘʷʤʠ (FFF) ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ 

ʪʘʙʣʠʮʽ 3.15. ɼʣʷ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʯʘʩʪʦʪʠ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʚʽʜ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʪʦʚʱʠʥʠ ʧʣʘʩʪʠʥʠ ʜʦ ʾʾ ʩʪʦʨʦʥʠ h/a ʚʚʝʜʝʤʦ ʢʦʝʬʽʮʽʻʥʪʠ, ʷʢʽ 

ʙʫʜʫʪʴ ʧʦʢʘʟʫʚʘʪʠ ʚ ʩʢʽʣʴʢʠ ʨʘʟʽʚ ʟʙʽʣʴʰʠʣʘʩʴ ʯʘʩʪʦʪʘ ʧʣʘʩʪʠʥʠ ʧʨʠ ʟʙʽʣʴʰʝʥʽ 

ʾʾ ʪʦʚʱʠʥʠ, ʪʦʙʪʦ m/n/n/ ffg 111 =  ( mn< ). 

 

ʊʘʙʣʠʮʷ 3.15 

ʏʘʩʪʦʪʠ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʪʨʠʢʫʪʥʠʭ ʧʣʘʩʪʠʥ (FFF) ʨʽʟʥʦʾ ʪʦʚʱʠʥʠ 

Form 
f, ɻʮ 

1/240 1/120 1/60 1/30 1/20 1/15 1/12 1/10 1/8 1/6 1/5 

1 147,79 295,39 589,22 1169,26 1736,35 2286,27 2815,88 3323,03 4019,21 5008,47 5678,37 

2 152,92 305,34 607,67 1199,48 1772,03 2320,76 2842,68 3336,17 4019,24 5008,58 5678,48 

3 152,92 305,35 607,69 1199,51 1772,05 2320,77 2842,69 3336,17 4037,66 5103,36 5849,28 

4 363,37 725,82 1443,54 2836,91 4157,11 5384,56 6509,06 7528,27 8862,15 10406,52 11166,59 

5 363,37 725,82 1443,57 2836,94 4157,16 5384,59 6509,11 7528,35 8862,26 10622,75 11687,35 

6 390,15 778,17 1542,35 3007,29 4370,82 5611,87 6721,27 7700,02 8927,23 10623,17 11687,85 

7 498,44 994,75 1973,56 3852,32 5603,08 7200,69 8637,85 9920,08 11572,89 13736,18 15071,14 

8 691,25 1380,39 2737,38 5299,38 7614,85 9642,62 11378,94 12843,43 14577,60 16462,60 17257,39 

9 693,35 1383,30 2737,70 5299,75 7615,21 9642,84 11379,05 12843,48 14578,22 16463,54 17258,37 

10 693,35 1383,31 2737,77 5323,10 7688,16 9791,03 11627,27 13215,24 15184,68 17612,80 19007,20 
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ʏʘʩʪʦʪʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʪʨʠʢʫʪʥʠʭ ʧʣʘʩʪʠʥ (FFF) ʨʽʟʥʦʾ ʪʦʚʱʠʥʠ ʥʘʚʝʜʝʥʽ ʚ 

ʪʘʙʣʠʮʽ 3.16, ʜʝ ʟʘʟʥʘʯʝʥʦ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ (ʉɿ) ʢʦʝʬʽʮʽʻʥʪʽʚ. 

 

ʊʘʙʣʠʮʷ 3.16 

ʏʘʩʪʦʪʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʪʨʠʢʫʪʥʠʭ ʧʣʘʩʪʠʥ (FFF) ʨʽʟʥʦʾ ʪʦʚʱʠʥʠ 

Form 
f, ɻʮ 

g1/120 g1/60 g1/30 g1/20 g1/15 g1/12 g1/10 g1/8 g1/6 g1/5 

1 2,0 2,0 2,0 1,5 1,3 1,2 1,2 1,2 1,2 1,1 

2 2,0 2,0 2,0 1,5 1,3 1,2 1,2 1,2 1,2 1,1 

3 2,0 2,0 2,0 1,5 1,3 1,2 1,2 1,2 1,3 1,1 

4 2,0 2,0 2,0 1,5 1,3 1,2 1,2 1,2 1,2 1,1 

5 2,0 2,0 2,0 1,5 1,3 1,2 1,2 1,2 1,2 1,1 

6 2,0 2,0 1,9 1,5 1,3 1,2 1,1 1,2 1,2 1,1 

7 2,0 2,0 2,0 1,5 1,3 1,2 1,1 1,2 1,2 1,1 

8 2,0 2,0 1,9 1,4 1,3 1,2 1,1 1,1 1,1 1,0 

9 2,0 2,0 1,9 1,4 1,3 1,2 1,1 1,1 1,1 1,0 

10 2,0 2,0 1,9 1,4 1,3 1,2 1,1 1,1 1,2 1,1 

ʉɿ 2,0 2,0 2,0 1,5 1,3 1,2 1,2 1,2 1,2 1,1 

 

ʇʝʨʰʽ ʜʝʩʷʪʴ ʬʦʨʤ ʢʦʣʠʚʘʥʴ ʪʦʥʢʦʾ ʪʨʠʢʫʪʥʦʾ ʧʣʘʩʪʠʥʠ ʟ ʚʽʣʴʥʠʤʠ 

ʢʨʘʷʤʠ (FFF) ʧʨʠ h/a=1/60 ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.17. ɿʘʫʚʘʞʠʤʦ, ʱʦ ʬʦʨʤʠ 

ʧʦʧʝʨʝʯʥʠʭ ʢʦʣʠʚʘʥʴ ʻ ʦʜʥʘʢʦʚʠʤʠ ʜʣʷ ʚʩʽʭ ʨʦʟʛʣʷʥʫʪʠʭ ʪʦʚʱʠʥ ʧʣʘʩʪʠʥ. 

ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʥʘ ʨʠʩ. 3.24 ʥʘʚʝʜʝʥʽ, ʚ ʜʚʦʭ ʥʘʧʨʷʤʢʘʭ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, 

ʜʝʩʷʪʴ ʬʦʨʤ ʢʦʣʠʚʘʥʴ ʧʣʘʩʪʠʥʠ (FFF) ʧʨʠ h/a=1/5, ʜʣʷ ʷʢʦʾ ʧʦʨʷʜʦʢ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʧʦʨʫʰʫʻʪʴʩʷ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʣʘʩʪʠʥʦʶ ʧʨʠ h/a=1/60. 

 

     

     
Form 1 Form 2 Form 3 Form 4 Form 5 

     

     
Form 6 Form 7 Form 8 Form 9 Form 10 

ʈʠʩ. 3.24. ʌʦʨʤʠ ʢʦʣʠʚʘʥʴ ʪʨʠʢʫʪʥʦʾ ʧʣʘʩʪʠʥʠ (FFF) ʧʨʠ h/a=1/5 
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ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʪʦʚʱʠʥʠ ʧʣʘʩʪʠʥʠ ʚ ʜʽʘʧʘʟʦʥʽ ʧʝʨʰʠʭ ʜʝʩʷʪʠ ʯʘʩʪʦʪ 

ʩʝʨʝʜ ʧʦʧʝʨʝʯʥʠʭ ʬʦʨʤ ʢʦʣʠʚʘʥʴ ʚʠʷʚʣʝʥʦ ʧʣʘʥʘʨʥʽ ʬʦʨʤʠ (Form(ʈ)) 

ʢʦʣʠʚʘʥɹ ʧʣʘʩʪʠʥʠ (ʨʠʩ. 3.25), ʷʢʽ ʚʘʞʢʦ ʚʩʪʘʥʦʚʠʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. 

ɹʘʛʘʪʦ ʪʝʦʨʝʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʥʘʷʚʥʽʩʪʴ ʮʠʭ ʬʦʨʤ ʢʦʣʠʚʘʥʴ, 

ʦʩʢʽʣʴʢʠ ʧʨʘʮʶʶʪʴ ʪʽʣʴʢʠ ʜʣʷ ʪʦʥʢʠʭ ʧʣʘʩʪʠ. ɼʣʷ ʧʣʘʩʪʠʥʠ ʽʟ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ h/a=1/5 ʚ ʜʽʘʧʘʟʦʥʽ ʧʝʨʰʠʭ ʜʝʩʷʪʠ ʯʘʩʪʦʪ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ 

ʰʽʩʪʴ ʧʣʘʥʘʨʥʽ ʬʦʨʤʠ ʢʦʣʠʚʘʥʴ, ʱʦ ʻ ʥʦʚʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʪʘ ʩʧʦʥʫʢʘʣʦ ʜʦ 

ʧʦʰʫʢʫ ʧʝʨʰʠʭ ʜʝʩʷʪʠ ʧʣʘʥʘʨʥʠʭ ʬʦʨʤ ʢʦʣʠʚʘʥʴ ʪʘ ʨʦʟʰʠʨʝʥʥʷ ʩʧʝʢʪʨʫ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʯʘʩʪʦʪ ʜʦ 23 ʯʘʩʪʦʪ ʜʣʷ ʧʣʘʩʪʠʥ ʟʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ h/a=1/5 

ʪʘ 236 ʯʘʩʪʦʪ ʜʣʷ ʧʣʘʩʪʠʥ ʟʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ h/a=1/240. ʇʝʨʰʽ ʜʝʩʷʪʴ ʯʘʩʪʦʪ 

ʧʣʘʥʘʨʥʠʭ ʢʦʣʠʚʘʥʴ ʪʨʠʢʫʪʥʠʭ ʧʣʘʩʪʠʥ ʟ ʚʽʣʴʥʠʤʠ ʢʨʘʷʤʠ (FFF) ʟʽ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ h/a=1/240 ʽ h/a=1/5 ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣʠʮʽ 3.17, ʜʝ Ů ï 

ʚʽʜʭʠʣʝʥʥʷ ʤʽʞ ʯʘʩʪʦʪʘʤʠ ʫ ʚʽʜʩʦʪʢʘʭ. ʇʝʨʰʽ ʜʝʩʷʪʴ ʬʦʨʤ ʧʣʘʥʘʨʥʠʭ 

ʢʦʣʠʚʘʥʴ ʪʨʠʢʫʪʥʦʾ ʧʣʘʩʪʠʥʠ (FFF) ʟʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ h/a=1/5 ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʥʘ ʨʠʩ. 3.25. ʇʣʘʥʘʨʥʽ ʬʦʨʤʠ ʢʦʣʠʚʘʥʴ ʥʘʷʚʥʽ ʜʣʷ ʚʩʽʭ ʨʦʟʛʣʷʥʫʪʠʭ 

ʩʧʽʚʚʽʜʥʦʰʝʥʴ h/a, ʧʨʦʪʝ, ʚʦʥʠ ʻ ʙʽʣʴʰ ʭʘʨʘʢʪʝʨʥʠʤʠ ʜʣʷ ʥʝʪʦʥʢʠʭ ʧʣʘʩʪʠʥ, 

ʘ ʾʭ ʢʽʣʴʢʽʩʪʴ ʪʘ ʯʘʩʪʦʪʘ ʧʦʷʚʠ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʽ ʟʙʣ̔ʴʝhʥʥ̫ʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

h/a. 

 

     
Form(ʈ) 1 Form(ʈ) 2 Form(ʈ) 3 Form(ʈ) 4 Form(ʈ) 5 

     
Form(ʈ) 6 Form(ʈ) 7 Form(ʈ) 8 Form(ʈ) 9 Form(ʈ) 10 

ʈʠʩ. 3.25. ʌʦʨʤʠ ʧʣʘʥʘʨʥʠʭ ʢʦʣʠʚʘʥʴ ʪʨʠʢʫʪʥʦʾ ʧʣʘʩʪʠʥʠ (FFF) ʧʨʠ h/a=1/5 

 

ʈʦʟʨʘʭʦʚʘʥʽ ʯʘʩʪʦʪʠ ʜʣʷ ʧʣʘʩʪʠʥʠ ʟ ʦʜʥʠʤ ʞʦʨʩʪʢʦ ʟʘʢʨʽʧʣʝʥʠʤ ʢʨʘʻʤ 

ʪʘ ʜʚʦʤʘ ʚʽʣʴʥʠʤʠ ʢʨʘʷʤʠ (FFʉ) ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣʠʮʽ 3.18. ʏʘʩʪʦʪʥʽ 

ʢʦʝʬʽʮʽʻʥʪʠ ʪʨʠʢʫʪʥʠʭ ʧʣʘʩʪʠʥ (FFC) ʨʽʟʥʦʾ ʪʦʚʱʠʥʠ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 3.19. 
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ʊʘʙʣʠʮʷ 3.17 

ʏʘʩʪʦʪʠ ʧʣʘʥʘʨʥʠʭ ʢʦʣʠʚʘʥʴ ʪʨʠʢʫʪʥʠʭ ʧʣʘʩʪʠʥ (FFF) ʨʽʟʥʦʾ ʪʦʚʱʠʥʠ 

Form(ʈ) 1/240 1/5 Ů, % Form(ʈ) 1/240 1/5 Ů, % 

1 8849,43 8833,68 0,18 6 15178,26 15093,34 0,56 

2 8849,43 8833,74 0,18 7 19353,59 19268,10 0,44 

3 13034,69 13025,27 0,07 8 19353,61 19269,03 0,44 

4 13034,69 13025,42 0,07 9 23467,00 23448,22 0,08 

5 14235,63 14182,99 0,37 10 24747,09 24615,72 0,53 

 

ʊʘʙʣʠʮʷ 3.18 

ʏʘʩʪʦʪʠ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʪʨʠʢʫʪʥʠʭ ʧʣʘʩʪʠʥ (FFʉ) ʨʽʟʥʦʾ ʪʦʚʱʠʥʠ 

Form 
f, ɻʮ 

1/240 1/120 1/60 1/30 1/20 1/15 1/12 1/10 1/8 1/6 1/5 

1 38,41 76,87 153,53 305,62 456,34 604,90 751,30 894,85 1104,86 1437,87 1687,58 

2 149,90 299,77 596,95 1177,70 1737,03 2267,18 2764,75 3226,44 3849,07 4703,18 5237,44 

3 165,47 331,01 659,55 1302,78 1924,75 2517,08 3076,89 3599,78 4314,60 5321,40 5976,83 

4 385,66 771,27 1533,35 3003,55 4383,87 5647,62 6788,10 7803,81 9060,49 10565,93 11397,66 

5 398,25 795,85 1579,34 3080,19 4474,12 5733,40 6852,36 7832,29 9110,08 10797,17 11811,14 

6 464,59 928,60 1843,31 3592,05 5206,42 6652,44 7928,23 9037,38 10426,58 12154,77 13163,66 

7 717,80 1434,79 2841,32 5479,60 7837,55 9866,72 11576,40 12996,70 14659,59 16468,43 17276,84 

8 718,91 1436,19 2841,55 5491,85 7875,29 9941,81 11702,69 13184,19 14969,65 17081,37 18243,14 

9 861,81 1721,41 3403,23 6536,09 9289,66 11615,84 13548,32 15134,62 16992,86 19070,72 20091,85 

10 893,73 1785,12 3527,62 6768,50 9618,81 12028,64 14035,06 15689,90 17646,92 19918,75 21162,19 

 

ʊʘʙʣʠʮʷ 3.19 

ʏʘʩʪʦʪʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʪʨʠʢʫʪʥʠʭ ʧʣʘʩʪʠʥ (FFʉ) ʨʽʟʥʦʾ ʪʦʚʱʠʥʠ 

Form 
f, ɻʮ 

g1/120 g1/60 g1/30 g1/20 g1/15 g1/12 g1/10 g1/8 g1/6 g1/5 

1 2,0 2,0 2,0 1,5 1,3 1,2 1,2 1,2 1,3 1,2 

2 2,0 2,0 2,0 1,5 1,3 1,2 1,2 1,2 1,2 1,1 

3 2,0 2,0 2,0 1,5 1,3 1,2 1,2 1,2 1,2 1,1 

4 2,0 2,0 2,0 1,5 1,3 1,2 1,1 1,2 1,2 1,1 

5 2,0 2,0 2,0 1,5 1,3 1,2 1,1 1,2 1,2 1,1 

6 2,0 2,0 1,9 1,4 1,3 1,2 1,1 1,2 1,2 1,1 

7 2,0 2,0 1,9 1,4 1,3 1,2 1,1 1,1 1,1 1,0 

8 2,0 2,0 1,9 1,4 1,3 1,2 1,1 1,1 1,1 1,1 

9 2,0 2,0 1,9 1,4 1,3 1,2 1,1 1,1 1,1 1,1 

10 2,0 2,0 1,9 1,4 1,3 1,2 1,1 1,1 1,1 1,1 

ʉɿ 2,0 2,0 1,9 1,5 1,3 1,2 1,1 1,2 1,2 1,1 

 

ʇʝʨʰʽ ʜʝʩʷʪʴ ʯʘʩʪʦʪ ʧʣʘʥʘʨʥʠʭ ʢʦʣʠʚʘʥʴ ʪʨʠʢʫʪʥʠʭ ʧʣʘʩʪʠʥ ʟ ʞʦʨʩʪʢʦ 

ʟʘʢʨʽʧʣʝʥʠʤ ʦʜʥʠʤ ʢʨʘʻʤ (FFC) ʟʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ h/a=1/240 ʽ h/a=1/5 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣʠʮʽ 3.17, ʜʝ Ů ï ʚʽʜʭʠʣʝʥʥʷ ʤʽʞ ʯʘʩʪʦʪʘʤʠ ʫ ʚʽʜʩʦʪʢʘʭ. 

ʇʦʰʫʢ ʧʝʨʰʠʭ ʜʝʩʷʪʠ ʧʣʘʥʘʨʥʠʭ ʬʦʨʤ ʢʦʣʠʚʘʥʴ ʜʣʷ ʧʣʘʩʪʠʥ ʟʽ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ h/a=1/5 ʚʽʜʙʫʚʘʚʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ ʚʽʜ 2 ʜʦ 25 ʯʘʩʪʦʪʠ ʪʘ 

ʜʣʷ ʧʣʘʩʪʠʥ ʟʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ h/a=1/240 ʚ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ ʚʽʜ 42 ʜʦ 236 
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ʯʘʩʪʦʪʠ. ʇʝʨʰʽ ʜʝʩʷʪʴ ʬʦʨʤ ʧʣʘʥʘʨʥʠʭ ʢʦʣʠʚʘʥʴ ʪʨʠʢʫʪʥʦʾ ʧʣʘʩʪʠʥʠ (FFC) ʟʽ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ h/a=1/5 ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 3.26. 

 

ʊʘʙʣʠʮʷ 3.20 

ʏʘʩʪʦʪʠ ʧʣʘʥʘʨʥʠʭ ʢʦʣʠʚʘʥʴ ʪʨʠʢʫʪʥʠʭ ʧʣʘʩʪʠʥ (FFʉ) ʨʽʟʥʦʾ ʪʦʚʱʠʥʠ 

Form(ʈ) 1/240 1/5 Ů, % Form(ʈ) 1/240 1/5 Ů, % 

1 4534,88 4548,54 0,30 6 19133,23 19172,41 0,20 

2 8885,71 8921,54 0,40 7 20068,45 20014,94 0,27 

3 9053,16 9048,42 0,05 8 21659,62 21577,52 0,38 

4 15188,11 15155,96 0,21 9 22356,40 22245,03 0,50 

5 18320,13 18316,69 0,02 10 27173,02 27098,95 0,27 

 

     
Form(ʈ) 1 Form(ʈ) 2 Form(ʈ) 3 Form(ʈ) 4 Form(ʈ) 5 

     
Form(ʈ) 6 Form(ʈ) 7 Form(ʈ) 8 Form(ʈ) 9 Form(ʈ) 10 

ʈʠʩ. 3.26. ʌʦʨʤʠ ʧʣʘʥʘʨʥʠʭ ʢʦʣʠʚʘʥʴ ʪʨʠʢʫʪʥʦʾ ʧʣʘʩʪʠʥʢʠ (FFʉ) ʧʨʠ h/a=1/5 

 

ʈʦʟʨʘʭʦʚʘʥʽ ʯʘʩʪʦʪʠ ʜʣʷ ʧʣʘʩʪʠʥʠ ʟ ʜʚʦʤʘ ʞʦʨʩʪʢʦ ʟʘʢʨʽʧʣʝʥʠʤʠ ʢʨʘʷʤʠ 

ʪʘ ʦʜʥʠʤ ʚʽʣʴʥʠʤʠ ʢʨʘʻʤ (Fʉʉ) ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣʠʮʽ 3.21. ʏʘʩʪʦʪʥʽ 

ʢʦʝʬʽʮʽʻʥʪʠ ʪʨʠʢʫʪʥʠʭ ʧʣʘʩʪʠʥ (FʉC) ʨʽʟʥʦʾ ʪʦʚʱʠʥʠ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 3.22. 

 

ʊʘʙʣʠʮʷ 3.21 

ʏʘʩʪʦʪʠ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʪʨʠʢʫʪʥʠʭ ʧʣʘʩʪʠʥ (Fʉʉ) ʨʽʟʥʦʾ ʪʦʚʱʠʥʠ 

Form 
f, ɻʮ 

1/240 1/120 1/60 1/30 1/20 1/15 1/12 1/10 1/8 1/6 1/5 

1 172,42 345,33 688,11 1357,20 2000,72 2607,59 3175,84 3699,32 4403,95 5373,45 5985,86 

2 412,48 825,65 1639,49 3194,96 4632,38 5918,33 7053,39 8035,03 9257,41 10754,07 11592,63 

3 440,83 882,46 1752,74 3411,96 4931,15 6273,92 7443,57 8437,89 9660,40 11126,18 11930,59 

4 744,57 1489,72 2947,11 5668,07 8074,82 10116,11 11822,14 13223,00 14875,16 16768,11 17783,48 

5 839,38 1679,29 3321,49 6368,25 9016,12 11225,40 13042,11 14512,71 16232,64 18164,44 19136,99 

6 855,13 1710,50 3380,69 6468,77 9146,15 11363,51 13172,06 14623,63 16297,58 18185,01 19222,27 

7 1185,86 2371,20 4667,59 8827,90 12324,25 15121,80 17335,38 19068,76 21017,71 23130,15 24204,80 

8 1292,38 2584,41 5089,69 9608,24 13352,57 16317,53 18643,03 20448,71 22468,98 24610,93 25624,69 

9 1410,42 2819,19 5541,51 10401,42 14366,70 17449,44 19831,92 21660,93 23686,40 25816,84 26807,54 

10 1416,52 2831,39 5565,02 10448,93 14443,70 17561,02 19978,68 21842,94 23920,43 26138,59 27201,85 
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ʊʘʙʣʠʮʷ 3.22 

ʏʘʩʪʦʪʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʪʨʠʢʫʪʥʠʭ ʧʣʘʩʪʠʥ (Fʉʉ) ʨʽʟʥʦʾ ʪʦʚʱʠʥʠ 

Form 
f, ɻʮ 

g1/120 g1/60 g1/30 g1/20 g1/15 g1/12 g1/10 g1/8 g1/6 g1/5 

1 2,0 2,0 2,0 1,5 1,3 1,2 1,2 1,2 1,2 1,1 

2 2,0 2,0 1,9 1,4 1,3 1,2 1,1 1,2 1,2 1,1 

3 2,0 2,0 1,9 1,4 1,3 1,2 1,1 1,1 1,2 1,1 

4 2,0 2,0 1,9 1,4 1,3 1,2 1,1 1,1 1,1 1,1 

5 2,0 2,0 1,9 1,4 1,2 1,2 1,1 1,1 1,1 1,1 

6 2,0 2,0 1,9 1,4 1,2 1,2 1,1 1,1 1,1 1,1 

7 2,0 2,0 1,9 1,4 1,2 1,1 1,1 1,1 1,1 1,0 

8 2,0 2,0 1,9 1,4 1,2 1,1 1,1 1,1 1,1 1,0 

9 2,0 2,0 1,9 1,4 1,2 1,1 1,1 1,1 1,1 1,0 

10 2,0 2,0 1,9 1,4 1,2 1,1 1,1 1,1 1,1 1,0 

ʉɿ 2,0 2,0 1,9 1,4 1,2 1,2 1,1 1,1 1,1 1,1 
 

ʇʝʨʰʽ ʜʝʩʷʪʴ ʯʘʩʪʦʪ ʧʣʘʥʘʨʥʠʭ ʢʦʣʠʚʘʥʴ ʪʨʠʢʫʪʥʠʭ ʧʣʘʩʪʠʥ (FʉC) ʟʽ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ h/a=1/240 ʽ h/a=1/5 ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣʠʮʽ 3.23, ʜʝ Ů ï 

ʚʽʜʭʠʣʝʥʥʷ ʤʽʞ ʯʘʩʪʦʪʘʤʠ ʫ ʚʽʜʩʦʪʢʘʭ. ʇʦʰʫʢ ʧʝʨʰʠʭ ʜʝʩʷʪʠ ʧʣʘʥʘʨʥʠʭ 

ʬʦʨʤ ʢʦʣʠʚʘʥʴ ʜʣʷ ʧʣʘʩʪʠʥ ʟʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ h/a=1/5 ʚʽʜʙʫʚʘʚʩʷ ʚ 

ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ ʚʽʜ 4 ʜʦ 25 ʯʘʩʪʦʪʠ ʪʘ ʜʣʷ ʧʣʘʩʪʠʥ ʟʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

h/a=1/240 ʚ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ ʚʽʜ 90 ʜʦ 278 ʯʘʩʪʦʪʠ. ʇʝʨʰʽ ʜʝʩʷʪʴ ʬʦʨʤ 

ʧʣʘʥʘʨʥʠʭ ʢʦʣʠʚʘʥʴ ʪʨʠʢʫʪʥʦʾ ʧʣʘʩʪʠʥʠ (FʉC) ʟʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ h/a=1/5 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 3.27. 

 

     
Form(ʈ) 1 Form(ʈ) 2 Form(ʈ) 3 Form(ʈ) 4 Form(ʈ) 5 

     
Form(ʈ) 6 Form(ʈ) 7 Form(ʈ) 8 Form(ʈ) 9 Form(ʈ) 10 

ʈʠʩ. 3.27. ʌʦʨʤʠ ʧʣʘʥʘʨʥʠʭ ʢʦʣʠʚʘʥʴ ʪʨʠʢʫʪʥʦʾ ʧʣʘʩʪʠʥʢʠ (Fʉʉ) ʧʨʠ h/a=1/5 

 

ʈʦʟʨʘʭʦʚʘʥʽ ʯʘʩʪʦʪʠ ʜʣʷ ʧʣʘʩʪʠʥʠ ʟ ʪʨʴʦʤʘ ʞʦʨʩʪʢʦ ʟʘʢʨʽʧʣʝʥʠʤʠ 

ʢʨʘʷʤʠ (ʉʉʉ) ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣʠʮʽ 3.24. ʏʘʩʪʦʪʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʪʨʠʢʫʪʥʠʭ 

ʧʣʘʩʪʠʥ (ʉʉC) ʨʽʟʥʦʾ ʪʦʚʱʠʥʠ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 3.25. 
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ʊʘʙʣʠʮʷ 3.23 

ʏʘʩʪʦʪʠ ʧʣʘʥʘʨʥʠʭ ʢʦʣʠʚʘʥʴ ʪʨʠʢʫʪʥʠʭ ʧʣʘʩʪʠʥ (Fʉʉ) ʨ̔ ʟʥʦʾ ʪʦʚʱʠʥʠ 

Form(ʈ) 1/240 1/5 Ů, % Form(ʈ) 1/240 1/5 Ů, % 

1 12248,22 12302,95 0,45 6 25591,88 25621,43 0,12 

2 14558,82 14632,94 0,51 7 27142,49 26950,23 0,71 

3 17413,85 17429,52 0,09 8 28465,17 28438,34 0,09 

4 23062,11 23045,96 0,07 9 29656,89 29574,44 0,28 

5 25382,84 25373,98 0,03 10 35397,38 35168,44 0,65 

 

ʊʘʙʣʠʮʷ 3.24 

ʏʘʩʪʦʪʠ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʪʨʠʢʫʪʥʠʭ ʧʣʘʩʪʠʥ (ʉʉʉ) ʨʽʟʥʦʾ ʪʦʚʱʠʥʠ 

Form 
f, ɻʮ 

1/240 1/120 1/60 1/30 1/20 1/15 1/12 1/10 1/8 1/6 1/5 

1 430,44 862,93 1714,71 3333,24 4808,54 6098,77 7214,05 8152,81 9300,97 10670,47 11421,79 

2 821,63 1646,11 3255,58 6219,63 8768,63 10855,30 12543,73 13880,63 15415,98 17112,89 17988,55 

3 821,64 1646,14 3255,76 6220,85 8771,32 10856,36 12544,41 13881,41 15418,48 17116,57 17989,18 

4 1283,57 2570,10 5058,42 9501,44 13128,95 15942,91 18121,27 19786,57 21645,34 23651,56 24683,53 

5 1370,20 2743,09 5392,73 10089,85 13880,59 16778,52 18995,50 20672,01 22524,17 24508,98 25526,89 

6 1370,22 2743,18 5393,04 10091,35 13882,68 16780,59 18996,53 20672,67 22527,05 24510,69 25529,00 

7 1903,13 3807,88 7447,32 13697,11 18503,93 22023,02 24630,79 26553,72 28639,81 30809,53 31856,46 

8 1903,16 3807,98 7447,43 13697,91 18507,85 22026,79 24632,12 26556,86 28641,80 30813,37 31857,08 

9 2072,72 4145,68 8091,66 14791,59 19848,50 23488,63 26144,78 28087,47 30189,87 32401,06 33520,16 

10 2074,83 4150,25 8101,38 14813,48 19895,99 23555,76 26241,54 28211,90 30345,99 32589,41 33729,05 

 

ʊʘʙʣʠʮʷ 3.25 

ʏʘʩʪʦʪʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʪʨʠʢʫʪʥʠʭ ʧʣʘʩʪʠʥ (ʉʉʉ) ʨʽʟʥʦʾ ʪʦʚʱʠʥʠ 

Form 
f, ɻʮ 

g1/120 g1/60 g1/30 g1/20 g1/15 g1/12 g1/10 g1/8 g1/6 g1/5 

1 2,0 2,0 1,9 1,4 1,3 1,2 1,1 1,1 1,1 1,1 

2 2,0 2,0 1,9 1,4 1,2 1,2 1,1 1,1 1,1 1,1 

3 2,0 2,0 1,9 1,4 1,2 1,2 1,1 1,1 1,1 1,1 

4 2,0 2,0 1,9 1,4 1,2 1,1 1,1 1,1 1,1 1,0 

5 2,0 2,0 1,9 1,4 1,2 1,1 1,1 1,1 1,1 1,0 

6 2,0 2,0 1,9 1,4 1,2 1,1 1,1 1,1 1,1 1,0 

7 2,0 2,0 1,8 1,4 1,2 1,1 1,1 1,1 1,1 1,0 

8 2,0 2,0 1,8 1,4 1,2 1,1 1,1 1,1 1,1 1,0 

9 2,0 2,0 1,8 1,3 1,2 1,1 1,1 1,1 1,1 1,0 

10 2,0 2,0 1,8 1,3 1,2 1,1 1,1 1,1 1,1 1,0 

ʉɿ 2,0 2,0 1,9 1,4 1,2 1,1 1,1 1,1 1,1 1,0 

 

ʇʝʨʰʽ ʜʝʩʷʪʴ ʯʘʩʪʦʪ ʧʣʘʥʘʨʥʠʭ ʢʦʣʠʚʘʥʴ ʪʨʠʢʫʪʥʠʭ ʧʣʘʩʪʠʥ (ʉʉC) ʟʽ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ h/a=1/240 ʽ h/a=1/5 ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣʠʮʽ 3.26, ʜʝ Ů ï 

ʚʽʜʭʠʣʝʥʥʷ ʤʽʞ ʯʘʩʪʦʪʘʤʠ ʫ ʚʽʜʩʦʪʢʘʭ. ʇʦʰʫʢ ʧʝʨʰʠʭ ʜʝʩʷʪʠ ʧʣʘʥʘʨʥʠʭ 

ʬʦʨʤ ʢʦʣʠʚʘʥʴ ʜʣʷ ʧʣʘʩʪʠʥ ʟʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ h/a=1/5 ʚʽʜʙʫʚʘʚʩʷ ʚ 

ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ ʚʽʜ 4 ʜʦ 25 ʯʘʩʪʦʪʠ ʪʘ ʜʣʷ ʧʣʘʩʪʠʥ ʟʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

h/a=1/240 ʚ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ ʚʽʜ 131 ʜʦ 293 ʯʘʩʪʦʪʠ. ʇʝʨʰʽ ʜʝʩʷʪʴ ʬʦʨʤ 

ʧʣʘʥʘʨʥʠʭ ʢʦʣʠʚʘʥʴ ʪʨʠʢʫʪʥʦʾ ʧʣʘʩʪʠʥʠ (ʉʉC) ʟʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ h/a=1/5 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 3.28. 
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Form(ʈ) 1 Form(ʈ) 2 Form(ʈ) 3 Form(ʈ) 4 Form(ʈ) 5 

     
Form(ʈ) 6 Form(ʈ) 7 Form(ʈ) 8 Form(ʈ) 9 Form(ʈ) 10 

ʈʠʩ. 3.28. ʌʦʨʤʠ ʧʣʘʥʘʨʥʠʭ ʢʦʣʠʚʘʥʴ ʪʨʠʢʫʪʥʦʾ ʧʣʘʩʪʠʥʢʠ (ʉʉʉ) ʧʨʠ h/a=1/5 

 

ʊʘʙʣʠʮʷ 3.26 

ʏʘʩʪʦʪʠ ʧʣʘʥʘʨʥʠʭ ʢʦʣʠʚʘʥʴ ʪʨʠʢʫʪʥʠʭ ʧʣʘʩʪʠʥ (ʉʉʉ) ʨʽʟʥʦʾ ʪʦʚʱʠʥʠ 

Form(ʈ) 1/240 1/5 Ů, % Form(ʈ) 1/240 1/5 Ů, % 

1 20003,97 20134,71 0,65 6 32829,94 32456,73 1,14 

2 20004,02 20135,16 0,66 7 33634,82 33601,15 0,10 

3 24640,88 24678,19 0,15 8 33635,06 33602,66 0,10 

4 31350,36 31378,89 0,09 9 39681,36 39677,33 0,01 

5 31350,49 31380,41 0,10 10 41172,29 40805,29 0,89 
 

ɺʽʜʧʦʚʽʜʥʽ ʯʘʩʪʦʪʠ ʧʣʘʥʘʨʥʠʭ ʢʦʣʠʚʘʥʴ ʜʣʷ ʧʣʘʩʪʠʥ ʨʽʟʥʠʭ ʪʦʚʱʠʥ, ʷʢʽ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣʠʮʷʭ 3.17, 3.20, 3.23, 3.26, ʤʘʶʪʴ ʚʽʜʭʠʣʝʥʥʷ, ʷʢʝ ʥʝ 

ʧʝʨʝʚʠʱʫʻ 1,2%, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʝʟʘʣʝʞʥʽʩʪʴ ʯʘʩʪʦʪʠ ʧʣʘʥʘʨʥʠʭ ʢʦʣʠʚʘʥʴ 

ʚʽʜ ʪʦʚʱʠʥʠ ʧʣʘʩʪʠʥʠ. 

ɼʦʩʣʽʜʠʤʦ ʢʦʝʬʽʮʽʻʥʪʠ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʪʘʙʣʠʮʽ 3.10 ʜʣʷ ʪʨʠʢʫʪʥʠʭ 

ʧʣʘʩʪʠʥ (Fʉʉ) ʨʽʟʥʦʾ ʪʦʚʱʠʥʠ. ʆʪʨʠʤʘʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ 

ʪʘʙʣʠʮʽ 3.27. 

ʊʘʙʣʠʮʷ 3.27 

ʂʦʝʬ̔ʮʽʻʥʪʠ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʪʨʠʢʫʪʥʠʭ ʧʣʘʩʪʠʥ ʨʽʟʥʦʾ ʪʦʚʱʠʥʠ 

Form FFF

Fʉʉ

f

f
 

1/240 1/120 1/60 1/30 1/20 1/15 1/12 1/10 1/8 1/6 1/5 

1 1,17 1,17 1,17 1,16 1,15 1,14 1,13 1,11 1,10 1,07 1,05 

2 2,70 2,70 2,70 2,66 2,61 2,55 2,48 2,41 2,30 2,15 2,04 

3 2,88 2,89 2,88 2,84 2,78 2,70 2,62 2,53 2,39 2,18 2,04 

4 2,05 2,05 2,04 2,00 1,94 1,88 1,82 1,76 1,68 1,61 1,59 

5 2,31 2,31 2,30 2,24 2,17 2,08 2,00 1,93 1,83 1,71 1,64 

6 2,19 2,20 2,19 2,15 2,09 2,02 1,96 1,90 1,83 1,71 1,64 

7 2,38 2,38 2,37 2,29 2,20 2,10 2,01 1,92 1,82 1,68 1,61 

8 1,87 1,87 1,86 1,81 1,75 1,69 1,64 1,59 1,54 1,49 1,48 

9 2,03 2,04 2,02 1,96 1,89 1,81 1,74 1,69 1,62 1,57 1,55 

10 2,04 2,05 2,03 1,96 1,88 1,79 1,72 1,65 1,58 1,48 1,43 
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ʂʦʝʬʽʮʽʻʥʪʠ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʪʘʙʣʠʮʽ 3.27 ʟʤʝʥʰʫʶʪʴʩʷ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ 

ʪʦʚʱʠʥʠ ʧʣʘʩʪʠʥʠ: ʧʝʨʰʠʡ ʢʦʝʬʽʮʽʻʥʪ ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ 10% ʜʣʷ ʧʣʘʩʪʠʥʠ ʽʟ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 1/5 ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ ʜʣʷ ʧʣʘʩʪʠʥʠ 1/60; ʜʝʩʷʪʠʡ 

ʢʦʝʬʽʮʽʻʥʪ ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ 30% ʜʣʷ ʧʣʘʩʪʠʥʠ ʽʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 1/5 ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ ʜʣʷ ʧʣʘʩʪʠʥʠ 1/60; ʚʽʜʤʽʥʥʽʩʪʴ ʚʩʽʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʜʦ 

8% ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʣʷ ʧʣʘʩʪʠʥ ʽʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ h/a<1/20. 

 

3.3.4. ʈʦʟʨʘʭʫʥʦʢ ʯʘʩʪʦʪ ʪʘ ʬʦʨʤ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʨʽʚʥʦʙʝʜʨʝʥʠʭ 

ʪʨʠʢʫʪʥʠʭ ʧʣʘʩʪʠʥ 

ʄʉɽ ʨʦʟʨʘʭʦʚʘʥʦ ʯʘʩʪʦʪʠ ʪʘ ʬʦʨʤʠ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʘʣʶʤʽʥʽʻʚʠʭ 

ʨʽʚʥʦʙʝʜʨʝʥʠʭ ʪʨʠʢʫʪʥʠʭ ʧʣʘʩʪʠʥ [261] ʪʦʚʱʠʥʠ ʤʤh 2=  ʟ ʢʫʪʘʤʠ ʧʨʠ 

ʚʝʨʰʠʥʽ ʚʽʜ 10 ̄ʜʦ 150 ̄ʟ ʢʨʦʢʦʤ 10 ̄ʟ ʚʽʣʴʥʠʤʠ ʢʨʘʷʤʠ (FFF) ʝʢʚʽʚʘʣʝʥʪʥʠʭ 

ʟʘ ʤʘʩʦʶ ʧʣʘʩʪʠʥʽ ʨʦʟʛʣʷʥʫʪʽʡ ʚ ʧʽʜʧʫʥʢʪʽ 3.3.1. ɺʠʙʽʨ ʤʘʢʩʠʤʘʣʴʥʠʭ ʽ 

ʤʽʥʽʤʘʣʴʥʠʭ ʢʫʪʽʚ ʟʫʤʦʚʣʝʥʠʡ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʝʣʽ ʧʣʘʩʪʠʥʠ ʽ ʩʪʝʨʞʥʷ, 

ʪʦʤʫ ʚʚʝʜʝʤʦ ʦʙʤʝʞʝʥʥʷ 1010 0 ¢¢ ʘH, , ʜʝ 0ʘH  ï ʚʽʜʥʦʰʝʥʥʷ ʚʠʩʦʪʠ ʜʦ 

ʦʩʥʦʚʠ ʪʨʠʢʫʪʥʠʢʘ. ʈʦʟʤʽʨʠ ʦʩʥʦʚ 0ʘ ʪʘ ʚʠʩʦʪ H  ʨʽʚʥʦʙʝʜʨʝʥʠʭ ʪʨʠʢʫʪʥʠʢʽʚ 

ʧʨʠ ʚʽʜʧʦʚʽʜʥʠʭ ʟʥʘʯʝʥʥʷʭ ʢʫʪʽʚ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 3.28, ʜʝ a ï ʚʝʨʰʠʥʘ 

ʪʨʠʢʫʪʥʠʢʘ, b ï ʢʫʪ ʧʨʠ ʦʩʥʦʚʽ ʪʨʠʢʫʪʥʠʢʘ. 

 

ʊʘʙʣʠʮʷ 3.28 

ʈʦʟʤʽʨʠ ʦʩʥʦʚ 0ʘ ʪʘ ʚʠʩʦʪ H  ʨʽʚʥʦʙʝʜʨʝʥʠʭ ʪʨʠʢʫʪʥʠʢʽʚ 

 Ŭ, [ ]̄ ɓ, [ ]̄ ʘ0, ʤʤ H, ʤʤ H/ʘ0 

1 10 85 93,43 533,93 5,715 

2 20 80 132,63 376,10 2,836 

3 30 75 163,50 305,10 1,866 

4 40 70 190,56 261,78 1,374 

5 50 65 215,69 231,27 1,072 

6 60 60 240,00 207,85 0,866 

7 70 55 264,30 188,73 0,714 

8 80 50 289,33 172,41 0,596 

9 90 45 315,86 157,93 0,500 

10 100 40 344,81 144,67 0,420 

11 110 35 377,47 132,15 0,350 

12 120 30 415,69 120,00 0,289 

13 130 25 462,55 107,84 0,233 

14 140 20 523,55 95,28 0,182 

15 150 15 610,19 81,75 0,134 
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ʇʝʨʰʽ ʜʝʩʷʪʴ ʯʘʩʪʦʪ ʨʽʚʥʦʙʝʜʨʝʥʠʭ ʪʨʠʢʫʪʥʠʭ ʧʣʘʩʪʠʥ (FFF) ʧʨʠ 

1010 0 ¢¢ ʘH, , ʦʪʨʠʤʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ FEMAP, ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 3.29 ʪʘ ʥʘ 

ʛʽʩʪʦʛʨʘʤʽ (ʨʠʩ. 3.29). 

 

 

ʈʠʩ. 3.29. ʏʘʩʪʦʪʠ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʨʽʚʥʦʙʝʜʨʝʥʠʭ ʪʨʠʢʫʪʥʠʭ ʧʣʘʩʪʠʥ (FFF) 

 

ʊʘʙʣʠʮʷ 3.29 

ʏʘʩʪʦʪʠ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʨʽʚʥʦʙʝʜʨʝʥʠʭ ʪʨʠʢʫʪʥʠʭ ʧʣʘʩʪʠʥ (FFF) 

Form 
Ŭ/ɓ 

10/85 20/80 30/75 40/70 50/65 60/60 70/55 80/50 

1 47,53 95,72 144,98 195,53 247,36 295,39 255,33 219,02 

2 121,01 244,21 310,41 309,50 307,87 305,34 301,79 295,83 

3 227,66 309,88 369,46 438,01 358,64 305,35 354,01 404,43 

4 306,93 459,87 566,49 499,60 621,35 725,82 629,56 548,89 

5 367,64 604,48 641,63 682,02 722,58 725,82 775,32 761,47 

6 541,12 736,58 700,64 927,97 886,19 778,17 804,15 825,30 

7 574,21 819,10 1078,48 1091,43 1016,60 994,75 1026,18 1030,68 

8 748,28 960,29 1124,91 1131,97 1197,79 1380,39 1217,54 1193,08 

9 860,93 1101,21 1268,86 1197,54 1304,90 1383,30 1403,57 1335,40 

10 956,78 1384,64 1422,42 1500,85 1635,67 1383,31 1486,70 1507,95 

Form 
Ŭ/ɓ 

 

90/45 100/40 110/35 120/30 130/25 140/20 150/15 

1 188,25 161,30 137,09 114,82 93,99 74,17 55,09 

2 285,95 269,82 245,97 215,4 180,97 144,87 108,45 

3 446,02 441,58 411,67 393,79 330,62 263,74 196,91 

4 486,93 464,67 445,00 394,03 383,32 372,00 303,75 

5 719,05 673,60 646,99 629,04 525,27 424,52 384,9 

6 825,96 793,55 723,99 634,93 621,62 572,24 440,74 

7 983,91 973,67 996,12 922,56 776,40 658,45 602,98 

8 1224,08 1121,51 1048,89 995,24 936,13 799,19 625,28 

9 1257,31 1224,28 1119,36 1120,75 1085,26 968,64 792,14 

10 1512,93 1535,60 1465,46 1279,33 1181,11 1047,13 918,52 

 

ʇʦʨʽʚʥʷʥʥʷ ʧʝʨʰʦʾ ʬʦʨʤʠ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʨʽʚʥʦʙʝʜʨʝʥʠʭ ʪʨʠʢʫʪʥʠʭ 

ʧʣʘʩʪʠʥ ʧʨʠ 1010 0 ¢¢ ʘH,  ʥʘʚʝʜʝʥʝ ʥʘ ʨʠʩ. 3.30. 
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10/85 20/80 30/75 40/70 50/65 

     
60/60 70/55 80/50 90/45 100/40 

     
110/35 120/30 130/25 140/20 150/15 

ʈʠʩ. 3.30. ʇʦʨʽʚʥʷʥʥʷ ʧʝʨʰʦʾ ʬʦʨʤʠ ʢʦʣʠʚʘʥʴ ʨʽʚʥʦʙʝʜʨʝʥʠʭ ʪʨʠʢʫʪʥʠʭ ʧʣʘʩʪʠʥ 

 

ʇʦʨʽʚʥʷʥʥʷ ʜʨʫʛʦʾ ʬʦʨʤʠ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʨʽʚʥʦʙʝʜʨʝʥʠʭ ʪʨʠʢʫʪʥʠʭ 

ʧʣʘʩʪʠʥ ʧʨʠ 1010 0 ¢¢ ʘH,  ʥʘʚʝʜʝʥʝ ʥʘ ʨʠʩ. 3.31. 

 

     
10/85 20/80 30/75 40/70 50/65 

     
60/60 70/55 80/50 90/45 100/40 

     
110/35 120/30 130/25 140/20 150/15 

ʈʠʩ. 3.31. ʇʦʨʽʚʥʷʥʥʷ ʜʨʫʛʦʾ ʬʦʨʤʠ ʢʦʣʠʚʘʥʴ ʨʽʚʥʦʙʝʜʨʝʥʠʭ ʪʨʠʢʫʪʥʠʭ ʧʣʘʩʪʠʥ 

 

ʇʦʨʽʚʥʷʥʥʷ ʪʨʝʪʴʦʾ ʬʦʨʤʠ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʨʽʚʥʦʙʝʜʨʝʥʠʭ ʪʨʠʢʫʪʥʠʭ 

ʧʣʘʩʪʠʥ ʧʨʠ 1010 0 ¢¢ ʘH,  ʥʘʚʝʜʝʥʝ ʥʘ ʨʠʩ. 3.32. 
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10/85 20/80 30/75 40/70 50/65 

     
60/60 70/55 80/50 90/45 100/40 

     
110/35 120/30 130/25 140/20 150/15 

ʈʠʩ. 3.32. ʇʦʨʽʚʥʷʥʥʷ ʪʨʝʪʴʦʾ ʬʦʨʤʠ ʢʦʣʠʚʘʥʴ ʨʽʚʥʦʙʝʜʨʝʥʠʭ ʪʨʠʢʫʪʥʠʭ ʧʣʘʩʪʠʥ 

 

ʇʦʨʽʚʥʷʥʥʷ ʯʝʪʚʝʨʪʦʾ ʬʦʨʤʠ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʨʽʚʥʦʙʝʜʨʝʥʠʭ 

ʪʨʠʢʫʪʥʠʭ ʧʣʘʩʪʠʥ ʧʨʠ 1010 0 ¢¢ ʘH,  ʥʘʚʝʜʝʥʝ ʥʘ ʨʠʩ. 3.33. 

 

     
10/85 20/80 30/75 40/70 50/65 

     
60/60 70/55 80/50 90/45 100/40 

    
 

110/35 120/30 130/25 140/20 150/15 

ʈʠʩ. 3.33. ʇʦʨʽʚʥʷʥʥʷ ʯʝʪʚʝʨʪʦʾ ʬʦʨʤʠ ʢʦʣʠʚʘʥʴ ʨʽʚʥʦʙʝʜʨʝʥʠʭ ʪʨʠʢʫʪʥʠʭ ʧʣʘʩʪʠʥ 

 

ʇʦʨʽʚʥʷʥʥʷ ʧôʷʪʦʾ ʬʦʨʤʠ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʨʽʚʥʦʙʝʜʨʝʥʠʭ ʪʨʠʢʫʪʥʠʭ 

ʧʣʘʩʪʠʥ ʧʨʠ 1010 0 ¢¢ ʘH,  ʥʘʚʝʜʝʥʝ ʥʘ ʨʠʩ. 3.34. 
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10/85 20/80 30/75 40/70 50/65 

     
60/60 70/55 80/50 90/45 100/40 

     
110/35 120/30 130/25 140/20 150/15 

ʈʠʩ. 3.34. ʇʦʨʽʚʥʷʥʥʷ ʧôʷʪʦʾ ʬʦʨʤʠ ʢʦʣʠʚʘʥʴ ʨʽʚʥʦʙʝʜʨʝʥʠʭ ʪʨʠʢʫʪʥʠʭ ʧʣʘʩʪʠʥ 

 

ʆʪʨʠʤʘʥʦ ʟʘʣʝʞʥʽʩʪʴ ʯʘʩʪʦʪ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʨʽʚʥʦʙʝʜʨʝʥʠʭ 

ʪʨʠʢʫʪʥʠʭ ʧʣʘʩʪʠʥ ʚʽʜ ʢʫʪʘ ʧʨʠ ʚʝʨʰʠʥʽ. ʄʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʣʘʩʪʠʥʽ ʟ ʢʫʪʦʤ ʧʨʠ ʚʝʨʰʠʥʽ 600, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʾʾ ʚʠʩʦʢʫ 

ʞʦʨʩʪʢʽʩʪʴ, ʘ ʤʽʥʽʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʣʘʩʪʠʥʽ ʟ ʢʫʪʦʤ ʧʨʠ 

ʚʝʨʰʠʥʽ 1500. ʆʜʥʘʢʦʚʽ ʬʦʨʤʠ ʢʦʣʠʚʘʥʴ ʨʽʚʥʦʙʝʜʨʝʥʠʭ ʪʨʠʢʫʪʥʠʭ ʧʣʘʩʪʠʥ 

ʥʝ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʜʥʦʤʫ ʧʦʨʷʜʢʦʚʦʤʫ ʥʦʤʝʨʫ, ʦʩʢʽʣʴʢʠ ʚʩʽ ʧʣʘʩʪʠʥʠ ʤʘʶʪʴ 

ʨʽʟʥʫ ʞʦʨʩʪʢʽʩʪʴ, ʧʨʦʪʝ ʦʜʥʘʢʦʚʽʩʪʴ ʩʧʝʢʪʨʘ ʬʦʨʤ ʢʦʣʠʚʘʥʴ ʜʦʙʨʝ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ. 

 

3.4. ʈʦʟʨʘʭʫʥʦʢ ʯʘʩʪʦʪ ʪʘ ʬʦʨʤ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʯʦʪʠʨʠʢʫʪʥʠʭ 

ʧʣʘʩʪʠʥ 

3.4.1. ʈʦʟʨʘʭʫʥʦʢ ʯʘʩʪʦʪ ʪʘ ʬʦʨʤ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʯʦʪʠʨʠʢʫʪʥʠʭ 

ʧʣʘʩʪʠʥ ʧʨʠ ʨʽʟʥʠʭ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚʘʭ 

ɿʘ ʜʦʧʦʤʦʛʦʶ FEMAP ʧʦʙʫʜʦʚʘʥʦ ʛʝʦʤʝʪʨʽʶ ʢʚʘʜʨʘʪʥʦʾ ʧʣʘʩʪʠʥʠ [262-264] ʟʽ 

ʩʪʦʨʦʥʦʶ ʤʤa 240= , ʪʦʚʱʠʥʘ ʧʣʘʩʪʠʥʠ ʤʤh 4=  ( 601/a/h = ). ɺ ʷʢʦʩʪʽ 

ʤʘʪʝʨʽʘʣʫ ʧʣʘʩʪʠʥʠ ʟʘʜʘʚʘʚʩʷ ʘʣʶʤʽʥʽʡ. ʇʣʘʩʪʠʥʢʘ ʜʦʩʣʽʜʞʫʚʘʣʘʩʴ ʧʨʠ ʨʽʟʥʠʭ 

ʚʘʨʽʘʥʪʘʭ ʞʦʨʩʪʢʦ (C) ʟʘʢʨʽʧʣʝʥʠʭ ʢʨʘʾʚ ʽ ʚʽʣʴʥʠʭ (F) ʢʨʘʾʚ (ʨʠʩ. 3.35). ʉʢʽʥʯʝʥʥʦ-

ʝʣʝʤʝʥʪʥʘ ʨʦʟʙʠʚʢʘ ʧʨʦʚʦʜʠʣʘʩʴ solid-ʝʣʝʤʝʥʪʘʤʠ ʨʦʟʤʽʨʦʤ ʩʪʦʨʦʥʠ h/2.  
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ɺ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʨʘʭʫʥʢʽʚ ʦʪʨʠʤʘʥʦ ʯʘʩʪʦʪʠ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʘʣʶʤʽʥʽʻʚʦʾ 

ʢʚʘʜʨʘʪʥʦʾ ʧʣʘʩʪʠʥʠ ʟ ʨʽʟʥʠʤʠ ʚʘʨʽʘʥʪʘʤʠ ʞʦʨʩʪʢʦʛʦ ʟʘʢʨʽʧʣʝʥʥʷ ʪʘ ʚʽʣʴʥʠʭ 

ʢʨʘʾ ʚ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣʠʮʽ 3.30 ʪʘ ʥʘ ʛʽʩʪʦʛʨʘʤʽ (ʨʠʩ. 3.36). 

 

      
FFFF FFFC FFCC FCFC FCʉC ʉʉʉʉ 

ʈʠʩ. 3.35. ɺʘʨʽʘʥʪʠ ʟʘʢʨʽʧʣʝʥʥʷ ʢʚʘʜʨʘʪʥʦʾ ʧʣʘʩʪʠʥʠ 

 

ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʯʘʩʪʦʪʠ ʚʽʜ ʥʘʢʣʘʜʝʥʠʭ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ 

ʙʫʣʠ ʚʠʚʝʜʝʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ, ʦʪʨʠʤʘʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʽʣʝʥʥʷ 

ʚʽʜʧʦʚʽʜʥʦʾ ʯʘʩʪʦʪʠ ʟʘʢʨʽʧʣʝʥʦʾ ʧʣʘʩʪʠʥʢʠ ʥʘ ʚʽʜʧʦʚʽʜʥʫ ʯʘʩʪʦʪʫ ʧʣʘʩʪʠʥʠ ʟ 

ʚʽʣʴʥʠʤʠ ʢʨʘʷʤʠ, ʦʪʨʠʤʘʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʧʨʘʚʽʡ ʯʘʩʪʠʥʽ 

ʪʘʙʣʠʮʽ 3.30. 

ʊʘʙʣʠʮʷ 3.30 

ʏʘʩʪʦʪʠ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʢʚʘʜʨʘʪʥʦʾ ʧʣʘʩʪʠʥʠ ʟ ʨʽʟʥʠʤʠ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ 

Form 
f, ɻʮ 

FFFF

FFFC
f

f
 

FFFF

FFʉF
f

f
 

FFFF

FCFʉ
f

f
 

FFFF

FCCʉ
f

f
 

FFFF

CCCʉ
f

f
 

FFFF FFFC FFCC FCFʉ Fʉʉʉ ʉʉʉʉ 

1 226,90 59,88 118,31 382,37 411,61 621,78 0,26 0,52 1,69 1,81 2,74 

2 332,66 144,19 407,24 452,06 686,62 1265,15 0,43 1,22 1,36 2,06 3,80 

3 421,56 364,56 458,00 744,89 1086,85 1265,15 0,86 1,09 1,77 2,58 3,00 

4 588,95 466,72 812,30 1052,77 1317,29 1860,64 0,79 1,38 1,79 2,24 3,16 

5 588,95 526,34 1073,05 1150,52 1381,49 2260,64 0,89 1,82 1,95 2,35 3,84 

6 1050,18 919,46 1128,00 1366,17 1994,95 2271,79 0,88 1,07 1,30 1,90 2,16 

7 1050,18 1053,82 1460,84 1494,81 2095,76 2827,54 1,00 1,39 1,42 2,00 2,69 

8 1076,30 1095,12 1509,59 2060,58 2304,71 2827,54 1,02 1,40 1,91 2,14 2,63 

9 1170,16 1214,98 2074,71 2118,93 2399,98 3602,24 1,04 1,77 1,81 2,05 3,08 

10 1322,56 1580,58 2126,24 2166,33 2949,35 3602,24 1,20 1,61 1,64 2,23 2,72 
 

ɸʥʘʣʽʟʫʶʯʠ ʜʘʥʽ ʪʘʙʣʠʮʽ 3.30 ʪʘ ʛʽʩʪʦʛʨʘʤʠ (ʨʠʩ. 3.36) ʤʦʞʥʘ 

ʩʧʦʩʪʝʨʽʛʘʪʠ, ʱʦ ʯʘʩʪʦʪʠ ʢʚʘʜʨʘʪʥʦʾ ʧʣʘʩʪʠʥʠ ʟ ʚʽʣʴʥʠʤʠ ʢʨʘʷʤʠ ʥʝ ʻ ʩʘʤʠʤʠ 

ʥʠʟʴʢʠʤʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʯʘʩʪʦʪʘʤʠ ʧʣʘʩʪʠʥʠ ʧʨʠ ʽʥʰʠʭ 

ʚʘʨʽʘʥʪʘʭ ʟʘʢʨʽʧʣʝʥʥʷ, ʥʘʡʥʠʞʯʠʤʠ ʻ ʧʝʨʰʽ ʰʽʩʪʴ ʯʘʩʪʦʪʠ ʧʣʘʩʪʠʥʢʠ ʟ 

ʞʦʨʩʪʢʦ ʟʘʢʨʽʧʣʝʥʠʤ ʦʜʥʠʤ ʪʦʨʮʝʤ, ʜʣʷ ʚʩʽʭ ʽʥʰʠʭ ʯʘʩʪʦʪ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʟʨʦʩʪʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʯʘʩʪʦʪ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʟʘʢʨʽʧʣʝʥʠʭ ʪʦʨʮʽʚ. 

ʇʝʨʰʽ ʜʝʩʷʪʴ ʬʦʨʤ ʢʦʣʠʚʘʥʴ ʢʚʘʜʨʘʪʥʦʾ ʧʣʘʩʪʠʥʠ ʟ ʚʘʨʽʘʥʪʦʤ 

ʟʘʢʨʽʧʣʝʥʥʷʤ (FFFF) ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 3.37. 
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ʈʠʩ. 3.36. ʏʘʩʪʦʪʠ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʢʚʘʜʨʘʪʥʦʾ ʧʣʘʩʪʠʥʠ ʟ ʨʽʟʥʠʤʠ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ 

 

     
Form 1 Form 2 Form 3 Form 4 Form 5 

     
Form 6 Form 7 Form 8 Form 9 Form 10 

ʈʠʩ. 3.37. ʌʦʨʤʠ ʢʦʣʠʚʘʥʴ ʢʚʘʜʨʘʪʥʦʾ ʧʣʘʩʪʠʥʠ (FFFF) 

 

ʇʝʨʰʽ ʜʝʩʷʪʴ ʬʦʨʤ ʢʦʣʠʚʘʥʴ ʢʚʘʜʨʘʪʥʦʾ ʧʣʘʩʪʠʥʠ ʟ ʚʘʨʽʘʥʪʦʤ 

ʟʘʢʨʽʧʣʝʥʥʷʤ (FFFʉ) ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 3.38. 

 

     
Form 1 Form 2 Form 3 Form 4 Form 5 

     
Form 6 Form 7 Form 8 Form 9 Form 10 

ʈʠʩ. 3.38. ʌʦʨʤʠ ʢʦʣʠʚʘʥʴ ʢʚʘʜʨʘʪʥʦʾ ʧʣʘʩʪʠʥʠ (FFFʉ) 

 

ʇʝʨʰʽ ʜʝʩʷʪʴ ʬʦʨʤ ʢʦʣʠʚʘʥʴ ʢʚʘʜʨʘʪʥʦʾ ʧʣʘʩʪʠʥʠ ʟ ʚʘʨʽʘʥʪʦʤ 

ʟʘʢʨʽʧʣʝʥʥʷʤ (FFʉʉ) ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 3.39. 
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Form 1 Form 2 Form 3 Form 4 Form 5 

     
Form 6 Form 7 Form 8 Form 9 Form 10 

ʈʠʩ. 3.39. ʌʦʨʤʠ ʢʦʣʠʚʘʥʴ ʢʚʘʜʨʘʪʥʦʾ ʧʣʘʩʪʠʥʠ (FFʉʉ) 

 

ʇʝʨʰʽ ʜʝʩʷʪʴ ʬʦʨʤ ʢʦʣʠʚʘʥʴ ʢʚʘʜʨʘʪʥʦʾ ʧʣʘʩʪʠʥʠ ʟ ʚʘʨʽʘʥʪʦʤ 

ʟʘʢʨʽʧʣʝʥʥʷʤ (FʉFʉ) ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 3.40. 

 

     
Form 1 Form 2 Form 3 Form 4 Form 5 

     
Form 6 Form 7 Form 8 Form 9 Form 10 

ʈʠʩ. 3.40. ʌʦʨʤʠ ʢʦʣʠʚʘʥʴ ʢʚʘʜʨʘʪʥʦʾ ʧʣʘʩʪʠʥʠ (FʉFʉ) 

 

ʇʝʨʰʽ ʜʝʩʷʪʴ ʬʦʨʤ ʢʦʣʠʚʘʥʴ ʢʚʘʜʨʘʪʥʦʾ ʧʣʘʩʪʠʥʠ ʟ ʚʘʨʽʘʥʪʦʤ 

ʟʘʢʨʽʧʣʝʥʥʷʤ (Fʉʉʉ) ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 3.41. 

 

     
Form 1 Form 2 Form 3 Form 4 Form 5 

     
Form 6 Form 7 Form 8 Form 9 Form 10 

ʈʠʩ. 3.41. ʌʦʨʤʠ ʢʦʣʠʚʘʥʴ ʢʚʘʜʨʘʪʥʦʾ ʧʣʘʩʪʠʥʠ (Fʉʉʉ) 
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ʇʝʨʰʽ ʜʝʩʷʪʴ ʬʦʨʤ ʢʦʣʠʚʘʥʴ ʢʚʘʜʨʘʪʥʦʾ ʧʣʘʩʪʠʥʠ ʟ ʚʘʨʽʘʥʪʦʤ 

ʟʘʢʨʽʧʣʝʥʥʷʤ (ʉʉʉʉ) ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 3.42. 

ɿ ʤʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʪʘʙʣʠʮʽ 3.30 

ʧʨʦʚʝʜʝʤʦ ʘʥʘʣʦʛʽʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʜʣʷ ʤʽʜʥʦʾ ʢʚʘʜʨʘʪʥʦʾ ʧʣʘʩʪʠʥʠ ʽʟ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʪʦʚʱʠʥʠ ʧʣʘʩʪʠʥʠ ʜʦ ʾʾ ʩʪʦʨʦʥʠ 1/60, ʘʣʝ ʟ ʽʥʰʠʤʠ 

ʨʦʟʤʽʨʘʤʠ (ʤʤa 1800= , ʤʤh 30= ). 

ʈʦʟʨʘʭʦʚʘʥʽ ʯʘʩʪʦʪʠ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʤʽʜʥʦʾ ʢʚʘʜʨʘʪʥʦʾ ʧʣʘʩʪʠʥʠ ʟ 

ʨʽʟʥʠʤʠ ʚʘʨʽʘʥʪʘʤʠ ʞʦʨʩʪʢʦ ʟʘʢʨʽʧʣʝʥʠʭ ʪʘ ʚʽʣʴʥʠʭ ʢʨʘʾ ʚ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ 

ʪʘʙʣʠʮʽ 3.31. 

 

     
Form 1 Form 2 Form 3 Form 4 Form 5 

     
Form 6 Form 7 Form 8 Form 9 Form 10 

ʈʠʩ. 3.42. ʌʦʨʤʠ ʢʦʣʠʚʘʥʴ ʢʚʘʜʨʘʪʥʦʾ ʧʣʘʩʪʠʥʠ (ʉʉʉʉ) 

 

ʊʘʙʣʠʮʷ 3.31 

ʏʘʩʪʦʪʠ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʤʽʜʥʦʾ ʧʣʘʩʪʠʥʠ ʟ ʨʽʟʥʠʤʠ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ 

Form 
f, ɻʮ 

     
FFFF FFFC FFCC FCFʉ Fʉʉʉ ʉʉʉʉ 

1 20,62 5,51 10,83 35,19 37,84 57,33 0,27 0,53 1,71 1,84 2,78 

2 30,29 13,14 37,23 41,46 63,14 116,65 0,43 1,23 1,37 2,08 3,85 

3 39,00 33,40 42,16 68,37 99,99 116,65 0,86 1,08 1,75 2,56 2,99 

4 53,72 42,89 74,45 96,90 121,30 171,55 0,80 1,39 1,80 2,26 3,19 

5 53,72 48,11 98,47 105,67 127,08 208,42 0,90 1,83 1,97 2,37 3,88 

6 96,62 84,10 103,91 125,67 183,57 209,45 0,87 1,08 1,30 1,90 2,17 

7 96,62 96,99 134,09 137,26 192,88 260,67 1,00 1,39 1,42 2,00 2,70 

8 98,28 100,38 138,70 189,69 212,35 260,67 1,02 1,41 1,93 2,16 2,65 

9 106,72 111,67 190,65 194,69 220,90 332,08 1,05 1,79 1,82 2,07 3,11 

10 121,68 144,98 195,70 199,12 271,55 332,08 1,19 1,61 1,64 2,23 2,73 
 

ɿ ʘʥʘʣʽʟʫ ʢʦʝʬʽʮʽʻʥʪʽʚ ʜʚʦʭ ʨʽʟʥʠʭ ʟʘ ʨʦʟʤʽʨʦʤ ʪʘ ʤʘʪʝʨʽʘʣʦʤ 

ʢʚʘʜʨʘʪʥʠʭ ʧʣʘʩʪʠʥ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʚ ʪʘʙʣʠʮʽ 3.32, ʚʠʜʥʦ, ʱʦ ʚʽʜʧʦʚʽʜʥʽ 

ʢʦʝʬʽʮʽʻʥʪʠ ʻ ʤʘʡʞʝ ʦʜʥʘʢʦʚʽ ʟ ʥʝʟʥʘʯʥʠʤ ʚʽʜʭʠʣʝʥʥʷʤ. 

 
















































































































































































































































































































































































































































