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ɸʅʆʊɸʎɯʗ 

 

ɺʷʟʦʚʠʯʝʥʢʦ ʖ.ɸ. ʊʝʨʤʦ-ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ ʚôʷʟʢʦʧʨʫʞʥʠʭ ʛʫʤʦʢʦʨʜʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʦʟʩʽʶʚʘʥʥʷ ʝʥʝʨʛʽʾ ʧʨʠ ʮʠʢʣʽʯʥʦʤʫ 

ʜʝʬʦʨʤʫʚʘʥʥ.̔ ï ʅʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ.  

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 05.02.09 ï ʜʠʥʘʤʽʢʘ ʪʘ ʤʽʮʥʽʩʪʴ ʤʘʰʠʥ. ï ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ çʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè, ʄʽʥʽʩʪʝʨʩʪʚʦ ʦʩʚʽʪʠ ʪʘ ʥʘʫʢʠ 

ʍʘʨʢʽʚ, 2021. 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ. ɽʣʘʩʪʦʤʽʨʠ ʪʘ ʾʭʥʽ ʢʦʤʧʦʟʠʪʠ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ 

ʩʫʯʘʩʥʽʡ ʽʥʥʦʚʘʮʽʡʥʽʡ ʪʝʭʥʽʮʽ (ʪʘʢʠʭ ʛʘʣʫʟʝʡ ʷʢ ʘʚʪʦʤʦʙʽʣʴʥʘ, ʘʚʽʘʮʽʡʥʘ, 

ʝʥʝʨʛʝʪʠʯʥʘ),  ʚ ʙʫʜʽʚʝʣʴʥʽʡ ʽʥʞʝʥʝʨʽʾ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ. 

ɿʦʢʨʝʤʘ, ʘʨʤʦʚʘʥʽ ʝʣʘʩʪʦʤʽʨʠ ʚʠʢʦʨʠʩʪʦʚˇ ʫʶʪʴ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʘʚʽʘʮʽʡʥʠʭ ʪʘ 

ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʰʠʥ, ʘʥʪʠʚʽʙʨʘʮʽʡʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʛʫʤʦʚʽ, ʛʫʤʦ-ʤʝʪʘʣʝʚʽ ʧʨʫʞʠʥʠ), 

ʜʝʤʧʬʝʨʽʚ, ʝʣʘʩʪʦʤʽʨʥʠʭ ʧʽʜʰʠʧʥʠʢʽʚ, ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ ʧʽʜʚʽʩʘʭ ʚʘʣʽʚ, ʷʢ 

ʧʨʦʢʣʘʜʢʠ ʤʽʞ ʜʝʪʘʣʷʤʠ ʢʦʥʩʪʨʫʢʮʽʡ, ʦʧʦʨʥʠʭ ʯʘʩʪʠʥ ʪʘ ʢʨʽʧʣʝʥʴ. 

ɽʣʝʤʝʥʪʠ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʛʫʤʦʢʦʨʜʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʨʦʷʚʣʷʶʪʴ 

ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʦʩʦʙʣʠʚʦʩʪʝʡ, ʷʢʽ ʧʦʪʨʽʙʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʽ, ʘ 

ʩʘʤʝ: ʥʘʷʚʥʽʩʪʴ ʛʽʧʝʨʧʨʫʞʥʠʭ ʽ ʚôʷʟʢʦʧʨʫʞʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʚʠʥʠʢʥʝʥʥʷ 

ʧʦʤʽʨʥʠʭ ʜʝʬʦʨʤʘʮʽʡ, ʪʝʤʧʝʨʘʪʫʨʥʘ ʯʫʪʣʠʚʽʩʪʴ. ɸʥʘʣʽʟ ʪʠʧʦʚʠʭ ʟʘʩʪʦʩʫʚʘʥʴ 

ʝʣʘʩʪʦʤʽʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡ ʜʦʟʚʦʣʷʻ ʢʦʥʩʪʘʪʫʚʘʪʠ ʾʭ ʚʠʩʦʢʫ ʜʠʥʘʤʽʯʥʫ 

ʥʘʚʘʥʪʘʞʝʥʽʩʪʴ, ʟʦʢʨʝʤʘ ʮʠʢʣʽʯʥʦʛʦ ʭʘʨʘʢʪʝʨʫ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷʤ 

ʧʝʪʝʣʴ ʛʽʩʪʝʨʝʟʠʩʫ ʪʘ, ʷʢ ʥʘʩʣʽʜʦʢ, ʚʠʥʠʢʥʝʥʥʷ ʷʚʠʱʘ ʩʘʤʦʥʘʛʨʽʚʘʥʥʷ. ɺ ʩʚʦʶ 

ʯʝʨʛʫ, ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʫ ʩʝʨʝʜʠʥʽ ʤʘʪʝʨʽʘʣʽʚ ʚʠʢʣʠʢʘʻ ʩʫʪʪʻʚʽ ʟʤʽʥʠ ʫ 

ʾʭʥʽʭ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʷʭ, ʟʥʠʞʫʻ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʽʮʥʦʩʪʽ, ʧʨʠʩʢʦʨʶʻ 

ʧʨʦʮʝʩʠ ʩʪʘʨʽʥʥʷ ʪʘ ʜʝʛʨʘʜʘʮʽʾ, ʟʘʚʜʘʻ ʽʩʪʦʪʥʦʛʦ ʚʧʣʠʚʫ ʧʨʦʪʽʢʘʥʥʶ ʚʪʦʤʥʠʭ 

ʧʨʦʮʝʩʽʚ. ɺʩʝ ʮʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥ ʫ ʧʦʢʘʟʥʠʢʘʭ ʥʘʜʽʡʥʦʩʪʽ ʽ, ʷʢ ʨʝʟʫʣʴʪʘʪ 

ʚʧʣʠʚʘʻ ʥʘ ʟʘʛʘʣʴʥʠʡ ʨʝʩʫʨʩ ʷʢ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ, ʪʘʢ ʽ ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʚʫʟʣʽʚ ʪʘ 

ʢʦʥʩʪʨʫʢʮʽʾ ʚ ʮʽʣʦʤʫ. ʎʝʡ ʬʘʢʪ ʨʦʙʠʪʴ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ ʨʦʟʨʦʙʢʫ ʝʬʝʢʪʠʚʥʠʭ 
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ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʧʽʜʭʦʜʽʚ ʚʠʚʯʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʧʨʦʪʽʢʘʥʥʷ ʮʠʢʣʽʯʥʠʭ 

ʜʝʬʦʨʤʘʮʽʡʥʠʭ ʪʘ ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʶʪʴ ʨʦʙʦʪʫ ʝʣʝʤʝʥʪʽʚ ʟ 

ʚôʷʟʢʦʧʨʫʞʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʪʘ ʦʮʽʥʢʫ ʾʭ ʚʧʣʠʚʫ ʥʘ ʪʝʨʤʦ-ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ 

ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡ, ʘ ʪʘʢʦʞ ʾʭ ʥʘʜʽʡʥʽʩʪʴ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʫʤʦʚ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ  ̒ ʨʦʟʨʦʙʢʘ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʧʨʦʮʝʩʽʚ 

ʮʠʢʣʽʯʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʪʘ ʩʫʧʨʦʚʦʜʞʫʶʯʦʛʦ ʜʠʩʠʧʘʪʠʚʥʦʛʦ ʪʝʧʣʦʫʪʚʦʨʝʥʥʷ ʚ 

ʛʫʤʦʢʦʨʜʥʠʭ ʢʦʤʧʦʟʠʪʥʠʭ ʝʣʝʤʝʥʪʘʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʜʦʩʣʽʜʞʝʥʥʷ ʾʭ ʚʧʣʠʚʫ ʥʘ 

ʪʝʨʤʦ-ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ ʪʘ ʘʥʘʣʽʟ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʧʨʦʪʽʢʘʥʥʷ ʮʠʭ ʧʨʦʮʝʩʽʚ ʚ 

ʝʣʝʤʝʥʪʘʭ ʢʦʥʩʪʨʫʢʮʽʡ ʚ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ.  

ʇʨʠ ʨʦʟʚôʷʟʘʥʥʽ ʩʬʦʨʤʫʣʴʦʚʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʚʢʘʟʘʥʦʾ ʤʝʪʠ ʟʘʚʜʘʥʴ ʙʫʣʦ 

ʨʦʟʨʦʙʣʝʥʦ ʧʽʜʭʽʜ ʜʦ ʘʥʘʣʽʟʫ ʧʨʦʮʝʩʽʚ ʜʠʩʠʧʘʪʠʚʥʦʛʦ ʪʝʧʣʦʫʪʚʦʨʝʥʥʷ ʫ 

ʛʫʤʦʢʦʨʜʥʠʭ ʢʦʤʧʦʟʠʪʥʠʭ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡ ʧʨʠ ʾʭ ʮʠʢʣʽʯʥʦʤʫ 

ʜʝʬʦʨʤʫʚʘʥʥʽ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʚʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʥʘ ʪʝʨʤʦ-

ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ, ʱʦ ʤʘ ̒ʥʘʩʪʫʧʥʫ ʥʘʫʢʦʚʫ ʥʦʚʠʟʥʫ: 

1. ɺʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʧʽʜʭʽʜ ʘʥʘʣʽʟʫ ʪʝʨʤʦ-

ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʚôʷʟʢʦʧʨʫʞʥʠʭ ʛʫʤʦʢʦʨʜʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʷʢʠʡ ʚʠʢʣʠʢʘʥʠʡ ʪʘ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʥʘʢʦʧʠʯʝʥʥʷʤ ʪʝʧʣʘ, ʱʦ ʬʦʨʤʫʻʪʴʩʷ ʚ ʥʘʩʣʽʜʦʢ ʨʦʟʩʽʶʚʘʥʥʷ 

ʝʥʝʨʛʽʾ ʟʘ ʮʠʢʣʽʯʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ; 

2. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʦ ʟʘʣʝʞʥʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ 

ʚôʷʟʢʦʧʨʫʞʥʦʩʪʽ ʛʫʤʦʢʦʨʜʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʮʠʢʣʽʯʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʦʪʨʠʤʘʥʽ ʚʧʝʨʰʝ ʨʘʟʦʤ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʨʦʮʝʩʽʚ ʩʘʤʦʥʘʛʨʽʚʫ, 

ʷʢʽ ʾʭ ʩʫʧʨʦʚʦʜʞʫʶʪʴ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʟʜʽʡʩʥʠʪʠ ʟʚôʷʟʘʥʫ ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯʽ 

ʪʝʦʨʝʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʊ-ʅʉ ʛʫʤʦʢʦʨʜʥʠʭ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡ; 

3. ɺʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʪʘ ʘʣʛʦʨʠʪʤ ʨʦʟʨʘʭʫʥʢʦʚʦ-

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʚôʷʟʢʦʧʨʫʞʥʦʩʪʽ ʛʫʤʦʢʦʨʜʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ, ʱʦ, ʥʘ ʚʽʜʤʽʥʫ ʚ ʽʩʥʫʶʯʠʭ, ʚʠʢʦʨʠʩʪʦʚʫʻ ʜʘʥʽ ʽʟ 

ʨʦʟʩʽʶʚʘʥʥʷ ʝʥʝʨʛʽʾ ʧʨʠ ʮʠʢʣʽʯʥʦʤʫ ʜʝʬʦʨʤʫʚʘʥʥʽ ʟʨʘʟʢʽʚ; 
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4. ʅʘʙʫʣʠ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʧʽʜʭʦʜʠ ʜʦ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʪʝʧʣʦʚʦʛʦ ʪʘ ʅɼʉ ʧʥʝʚʤʘʪʠʯʥʠʭ ʰʠʥ, ʷʢʽ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ, ʚʨʘʭʦʚʫʶʪʴ 

ʩʢʣʘʜʥʠʡ ʮʠʢʣ ʜʝʬʦʨʤʫʚʘʥʥʷ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʧʨʦʮʝʩ ʩʘʤʦʥʘʛʨʽʚʫ. 

ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʨʦʙʣʝʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʚʠʚʯʝʥʥʷ ʧʨʦʮʝʩʽʚ 

ʪʝʧʣʦʫʪʚʦʨʝʥʥʷ ʫ ʛʫʤʦʢʦʨʜʥʠʭ ʝʣʝʤʝʥʪʘʭ ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʧʨʠʢʣʘʜʥʽ 

ʨʝʟʫʣʴʪʘʪʠ, ʷʢʽ ʤʘʶʪʴ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʛʘʣʫʟʽ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ, ʷʢʽ 

ʧʦʣʷʛʘʶʪʴ ʫ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʤʝʪʦʜʠʢʘʭ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʝʡ ʙʘʛʘʪʦʰʘʨʦʚʠʭ 

ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʾʭ ʦʩʥʦʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʘ ʦʮʽʥʢʠ 

ʧʨʦʮʝʩʽʚ ʪʝʧʣʦʛʝʥʝʨʘʮʽʾ ʪʘ ʊ-ʅʉ ʫ ʥʠʭ, ʱʦ ʬʦʨʤʫʶʪʴʩʷ ʧʽʜ ʜʽʻʶ ʮʠʢʣʽʯʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ, ʘ ʪʘʢʦʞ ʧʘʢʝʪʠ ʩʢʨʠʧʢʦʚʠʭ ʧʨʦʛʨʘʤ, ʱʦ ʾʭ ʨʝʘʣʽʟʫʶʪʴ. ʉʪʚʦʨʝʥʽ 

ʨʦʟʨʘʭʫʥʢʦʚʽ ʤʦʜʝʣʽ ʪʘ ʚʠʟʥʘʯʝʥʽ ʦʩʥʦʚʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʪʝʨʤʦ-ʅɼʉ 

ʧʥʝʚʤʘʪʠʯʥʠʭ ʰʠʥ  ʚ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʷʢʽ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʜʽʘʛʥʦʩʪʫʚʘʪʠ 

ʥʝʙʝʟʧʝʯʥʽ ʜʽʣʷʥʢʠ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʧʣʘʥʫʚʘʪʠ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʟʤʽʥʠ, ʱʦ ʚ ʮʽʣʦʤʫ 

ʩʧʨʷʤʦʚʘʥʦ ʥʘ ʧʦʢʨʘʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʧʦʜʦʚʞʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ ʨʝʩʫʨʩʫ. 

ʆʢʨʝʤʫ ʢʦʨʠʩʥʦ-ʧʨʘʢʪʠʯʥʫ ʮʽʥʥʽʩʪʴ ʤʘʶʪʴ ʩʪʚʦʨʝʥʽ ʘʣʛʦʨʠʪʤʠ ʪʘ ʧʨʦʛʨʘʤʥʽ 

ʟʘʩʪʦʩʫʥʢʠ, ʷʢʽ ʨʝʘʣʽʟʫʶʪʴ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʜʠʩʠʧʘʪʠʚʥʠʭ ʪʘ ʚôʷʟʢʦʧʨʫʞʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʣʘʩʪʦʤʽʨʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʪʘ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʚʠʚʯʝʥʥʷ 

ʚʽʜʧʦʚʽʜʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽʥʰʠʭ ʤʘʪʝʨʽʘʣʽʚ ʮʴʦʛʦ ʪʠʧʫ. 

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʨʦʮʝʩʠ ʬʦʨʤʫʚʘʥʥʷ ʪʝʨʤʦ-ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʚ 

ʛʫʤʦʢʦʨʜʥʠʭ ʝʣʝʤʝʥʪʘʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʱʦ ʧʨʘʮʶʶʪʴ ʚ ʫʤʦʚʘʭ ʮʠʢʣʽʯʥʦʛʦ 

ʜʝʬʦʨʤʫʚʘʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʦʟʩʽʶʚʘʥʥʷ ʝʥʝʨʛʽʾ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚôʷʟʢʦʧʨʫʞʥʦʩʪʽ ʛʫʤʦʢʦʨʜʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʢʦʥʩʪʨʫʢʮʽʡ, ʧʦʢʘʟʥʠʢʠ ʅɼʉ ʪʘ ʊ-ʅʉ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡ ʟ 

ʛʫʤʦʢʦʨʜʥʠʭ ʢʦʤʧʦʟʠʪʽʚ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʆʩʥʦʚʥʽ ʪʝʦʨʝʪʠʯʥʽ ʧʦʣʦʞʝʥʥʷ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ 

ʙʘʟʫʶʪʴʩʷ ʥʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʧʽʜʭʦʜʘʭ ʪʝʦʨʽʡ ʧʨʫʞʥʦʩʪʽ ʪʘ ʚôʷʟʢʦʧʨʫʞʥʦʩʪʽ, 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʪʘ ʪʝʨʤʦ-ʧʨʫʞʥʦʩʪʽ. ʆʮʽʥʢʘ ʮʠʢʣʽʚ ʅɼʉ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʨʘʤʢʘʭ 

ʩʫʯʘʩʥʠʭ ʟʘʩʦʙʽʚ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʠʭ 

ʝʣʝʤʝʥʪʽʚ (ʄʉɽ), ʙʘʛʘʪʦʰʘʨʦʚʘ ʩʪʨʫʢʪʫʨʘ ʚ ʥʠʭ ʤʦʜʝʣʶʚʘʣʠʩʴ ʷʚʥʦ ʚ 

ʪʨʠʚʠʤʽʨʥʽʡ ʧʦʩʪʘʥʦʚʮʽ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʟʜʽʡʩʥʶʚʘʣʘʩʴ 
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ʥʘ ʫʩʪʘʥʦʚʮʽ INSTRON ElectroPuls E3000 Test System. ɯʜʝʥʪʠʬʽʢʘʮʽʷ 

ʜʠʩʠʧʘʪʠʚʥʠʭ ʪʘ ʚôʷʟʢʦʧʨʫʞʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʚʦʜʠʣʘʩʴ ʰʣʷʭʦʤ ʦʙʨʦʙʢʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʟ ʟʘʣʫʯʝʥʥʷʤ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʤʝʪʦʜʫ 

ʩʪʦʭʘʩʪʠʯʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ç0è ʧʦʨʷʜʢʫ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ ʜʠʩʝʨʪʘʮʽʾ ʚʢʣʶʯʘʻ ɺʩʪʫʧ, ʈʦʟʜʽʣ 1 ï çʉʫʯʘʩʥʠʡ ʩʪʘʥ 

ʧʨʦʙʣʝʤʠè, ʈʦʟʜʽʣ 2 ï çʄʘʪʝʤʘʪʠʯʥʘ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽè, ʈʦʟʜʽʣ 3 ï 

çɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʚʠʟʥʘʯʝʥʥʷ ʚôʷʟʢʦʧʨʫʞʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʨʦʮʝʩʫ ʩʘʤʦʥʘʛʨʽʚʫè, ʈʦʟʜʽʣ 4 ï çʇʨʦʛʥʦʟʫʚʘʥʥʷ ʩʘʤʦʥʘʛʨʽʚʫ ʝʣʝʤʝʥʪʽʚ 

ʧʥʝʚʤʘʪʠʯʥʠʭ ʰʠʥè ʪʘ ɺʠʩʥʦʚʢʠ, ʘ ʪʘʢʦʞ ʤʽʩʪʠʪʴ 72 ʨʠʩʫʥʢʠ ʪʘ 18 ʪʘʙʣʠʮʴ.  

ʋ ɺʩʪʫʧʽ ʦʙˇʨʫʥʪʦʚʘʥʦ ʘʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ ʜʠʩʝʨʪʘʮʽʾ, ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʾʾ ʤʝʪʫ 

ʽ ʟʘʜʘʯʽ, ʚʠʟʥʘʯʝʥʦ ʦʙôʻʢʪ, ʧʨʝʜʤʝʪ ʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ, ʥʘʫʢʦʚʫ ʥʦʚʠʟʥʫ ʪʘ 

ʧʨʘʢʪʠʯʥʫ ʟʥʘʯʫʱʽʩʪʴ ʨʦʙʦʪʠ. 

ʋ ʈʦʟʜʽʣʽ 1 ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʣʽʪʝʨʘʪʫʨʠ ʱʦʜʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʭʦʜʽʚ ʜʦ ʘʥʘʣʽʟʫ ʦʩʦʙʣʠʚʦʩʪʝʡ ʨʦʙʦʪʠ ʚôʷʟʢʦʧʨʫʞʥʠʭ 

ʛʫʤʦʢʦʨʜʥʠʭ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡ, ʧʨʦʪʽʢʘʥʥʷ ʫ ʥʠʭ ʪʝʧʣʦʚʠʭ ʪʘ 

ʜʝʬʦʨʤʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʾʭ ʚʧʣʠʚʫ ʥʘ ʪʝʨʤʦ-ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ, ʤʽʮʥʽʩʪʴ ʪʘ 

ʥʘʜʽʡʥʽʩʪʴ, ʱʦ ʩʪʦʩʫʚʘʣʠʩʴ ʜʦʩʣʽʜʞʝʥʴ ʧʨʠʢʣʘʜʥʦʛʦ ʪʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ 

ʭʘʨʘʢʪʝʨʫ ʧʦ ʨʦʙʦʪʽ ʛʫʤʦʢʦʨʜʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʪʘ ʤʘʰʠʥʦʙʫʜʽʚʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟ 

ʥʠʤʠ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʚôʷʟʢʦʧʨʫʞʥʦʾ ʧʦʚʝʜʽʥʢʠ 

ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʜʠʩʠʧʘʮʽʻʶ ʝʥʝʨʛʽʾ, ʚʽʜʤʽʯʝʥʽ ʬʘʢʪʠ ʽʩʪʦʪʥʦʛʦ 

ʚʧʣʠʚʫ ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʧʨʫʞʥʽ ʪʘ ʤʽʮʥʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʋ ʨʦʟʜʽʣʽ ʦʢʨʝʤʦ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʘʥʘʣʽʟ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʧʠʪʘʥʴ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʩʘʤʦʥʘʛʨʽʚʫ, 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʪʘ ʪʝʨʤʦʧʨʫʞʥʦʩʪʽ.  

ʋ ʈʦʟʜʽʣʽ 2 ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʻʜʠʥʠʡ ʤʝʪʦʜʦʣʦʛʽʯʥʠʡ ʧʽʜʭʽʜ ʜʦ ʨʦʟʨʘʭʫʥʢʦʚʦʾ 

ʦʮʽʥʢʠ ʊ-ʅʉ ʚôʷʟʢʦʧʨʫʞʥʠʭ ʛʫʤʦʢʦʨʜʥʠʭ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡ, ʷʢʠʡ 

ʚʠʢʣʠʢʘʥʠʡ ʪʘ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʥʘʢʦʧʠʯʝʥʥʷʤ ʪʝʧʣʘ ʚ ʥʘʩʣʽʜʦʢ ʨʦʟʩʽʶʚʘʥʥʷ 

ʝʥʝʨʛʽʾ ʧʽʜ ʯʘʩ ʮʠʢʣʽʯʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʨʦʟʧʦʜʽʣ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʚ ʝʣʝʤʝʥʪʘʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟʘ ʩʢʣʘʜʥʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ 

ʮʠʢʣʫ ʥʘʚʘʥʪʘʞʝʥʥʷ. 
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ʋ ʈʦʟʜʽʣʽ 3 ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʥʷ ʪʘ ʦʙʨʦʙʢʠ ʚʣʘʩʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟ ʚʠʟʥʘʯʝʥʥʷ ʜʠʩʠʧʘʪʠʚʥʠʭ ʪʘ ʚôʷʟʢʦʧʨʫʞʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʨʘʟʢʽʚ ʤʘʪʝʨʽʘʣʫ ʥʘ ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ ʮʠʢʣʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ɺʩʪʘʥʦʚʣʝʥʽ ʟʘʣʝʞʥʦʩʪʽ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʽʜ ʭʘʨʘʢʪʝʨʫ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʇʨʦʚʝʜʝʥʦ 

ʯʠʩʝʣʴʥʦ-ʨʦʟʨʘʭʫʥʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʫʪʦʯʥʝʥʥʷ ʟʥʘʡʜʝʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʦʧʪʠʤʽʟʘʮʽʡʥʫ ʧʨʦʮʝʜʫʨʫ. ɺʠʚʯʝʥʦ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʧʨʦʪʽʢʘʥʥʷ 

ʧʨʦʮʝʩʽʚ ʩʘʤʦʥʘʛʨʽʚʫ ʛʫʤʦʢʦʨʜʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʥʘ ʧʨʠʢʣʘʜʽ ʟʨʘʟʢʽʚ ʘʨʤʦʚʘʥʠʭ 

ʪʝʢʩʪʠʣʴʥʠʤ ʢʦʨʜʦʤ. ʇʨʦʪʝʩʪʦʚʘʥʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʥʘ 

ʧʨʠʢʣʘʜʽ ʮʠʢʣʽʯʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʟʨʘʟʢʽʚ. 

ʋ ʈʦʟʜʽʣʽ 4 ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ʚ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʘ ʧʨʠʢʣʘʜʽ ʧʥʝʚʤʘʪʠʯʥʦʾ ʰʠʥʠ ʤʘʨʢʠ 205/55R16, ʚʠʨʽʰʝʥʦ 

ʧʨʘʢʪʠʯʥʫ ʟʘʜʘʯʫ ʦʮʽʥʢʠ ʪʝʨʤʦ-ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʫ ʰʠʥʽ. ɼʦʩʣʽʜʞʝʥʦ ʅɼʉ 

ʰʠʥʠ ʥʘ ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɺʠʟʥʘʯʝʥʦ ʨʽʚʥʽ ʪʝʧʣʦʛʝʥʝʨʘʮʽʾ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʭʘʨʘʢʪʝʨʫ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʇʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʪʽʢʘʥʥʷ 
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ʋ ɺʠʩʥʦʚʢʘʭ ʟʘʟʥʘʯʝʥʦ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽ ʟʘʜʘʯʽ, ʱʦ ʙʫʣʠ ʨʦʟʚôʷʟʘʥʽ ʚ 
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ANNOTATION 

 

Viazovychenko Yu. A. Thermo-stress state of viscoelastic rubber-cord elements of 

structures taking into account energy dissipation during cyclic deformation. - 

Manuscript. 

Thesis is presented for Scientific Degree Candidate of Technical Sciences, 

speciality 05.02.09 ï Dynamics and Strength of Machines. ï National Technical 

University, çKharkiv Polytechnic Instituteè, Kharkiv, 2021. 

 

The thesis deals with a solution to the applied problem of the development of 

computational approaches to study the peculiarities of thermal and deformation 

processes that accompany the work of viscoelastic materials in mechanical engineering 

elements with reinforced rubber composites. 

The aim of the work is developing of calculation methods for analysis of cyclic 

deformation processes and accompanying dissipative heat generation in rubber-cord 

composite structural elements, study of their influence on thermal stress and analysis of 

patterns of these processes in structural elements under operating conditions. 

In solving the problems formulated on the basis of this goal, an approach to the 

analysis of dissipative heat generation processes in rubber-cord composite structural 

elements during their cyclic deformation was developed, which allows estimate the 

influence of temperature field on thermo-stress state, which has the following scientific 

novelty: 

1. For the first time, a computational approach to the analysis of the thermo-stress 

state of viscoelastic rubber-cord elements is proposed, which is caused and 

accompanied by the accumulation of heat formed as a result of energy dissipation 

during cyclic deformation; 

2. The dependences of viscoelasticity parameters of rubber-cord composites on 

the parameters of cyclic loading coupled with the self-heating processes characteristics, 

that accompany them were experimentally established are obtained for the first time 
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3. For the first time the method and algorithm of calculation-experimental 

identification of viscoelastic parameters rubber-cord elements which are too little in 

existing sources, uses data on energy dissipation at cyclic deformation of specimen are 

offered; 

4. Approaches to computer modeling of thermal and strain-stress states of  

pneumatic tires have been further developed, which, unlike the existing ones, take into 

account the complex deformation cycle in operation and self-heating process . 

Based on the developed computational approach to the study of heat generation 

processes in rubber-cord structural elements, applied results, which has practical 

importance for the mechanical engineering industry, were obtained. The practical 

value has techniques for the creation of the computational models of multi-layers 

rubber-cord mechanical engineering elements under the action of cyclic loads, as well 

as script-based software that implements them. The models and main regularities of 

thermo-deformed states of pneumatic tires in operation, that has been determined allow 

diagnosing dangerous parts of the structure and planning designing modifications and, 

in principle, aimed at improving reliability and extending service life.  Algorithms and 

software applications that implement methods for determining the dissipative and 

viscoelastic characteristics of elastomeric composites have special practical meaning 

and can be used to study the corresponding characteristics of other materials of this 

type. 

The object of research is the processes of formation of the thermo-stress state in 

rubber-cord elements of mechanical engineering elements operating in the conditions of 

cyclic deformation taking into account energy dissipation. 

The subject of investigation is the characteristics of viscoelasticity of rubber-

cord materials of constructions, characteristics of stress-strain state and thermal-stress 

states of constructions elements from rubber-cord composites. 

The main theoretical statements of the dissertation are formulated in the 

framework of the fundamental of the theories of elasticity and viscoelasticity, thermal 

conductivity and thermo-elasticity. The assessment of cycling deformed and stressed 

states have been carried out within the framework of 3d computer modelling tools using 
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the finite element method (FEM). A multi-layer structure of composite elements is 

modelled explicitly.  

A unified methodological approach is proposed to the computational modelling of 

thermo-stress state, which is caused and accompanied by heat accumulation due to 

energy dissipation during cyclic deformation of viscoelastic rubber-cord elements of 

mechanical engineering structures. The approach allows determine inhomogeneous 

temperature field distribution in structural elements caused by operational load cycles, 

as well as the impact of these thermal processes on the stressed and deformed states of 

structures. 

A set of experimental tests on cyclic deformation of the unidirectional textile 

reinforced rubbery composites have been done. INSTRON ElectroPuls E3000 Test 

System was used. Viscoelastic characteristics of this material and the heat generation 

indicators required for the application of the computational approach in applications 

have been experimentally found. Significant amplitude dependence of the storage 

modulus and relaxation time is observed during cyclic deformation of the material 

under study. A level of temperature rate and value of self-heating depending on the 

frequency and amplitude of cyclic deformation of the materials is determined.  

A specific procedure and software for the identification of the viscoelastic and 

dissipative material parameters based on computational modelling of the temperature 

state of cyclically deformed specimens and experimental observations are developed. 

The procedure is seeking the material parameters through the minimization of the error 

of the difference of simulated and experimentally observed self-heating temperature by 

the method of stochastic optimization. The application of this approach allows identify 

the viscosity parameters material parameters. Based on the results, a critical comparison 

of volume of energy released in hysteresis loops that theoretically calculated from the 

model with identified from self-heating temperature data under different load conditions 

to independent experimental measurements showed their satisfactory convergence and 

justified the main methodological hypothesis of the current work.   

The applied engineering problem of calculation of the thermo-deformed state of a 

pneumatic tire on the basis of the developed in the research computational approach and 
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found experimental data are solved. A number of three-dimensional FE models of 

pneumatic tires has been created, which allow to determine its thermal and stressed 

states that formed in operation. The models have been created in 3d statement 

considering multilayer structure, curvilinear orthotropic properties, geometric and 

physical nonlinearity within the sub-modeling approach.  

A deformed state of pneumatic tires has been carried out depends on the different 

load conditions as well as on the temperature field that is generated. The influence of 

the thermal field on the deformed state of a pneumatic tire is investigated.  

The results obtained in the dissertation are implemented in the practice of 

designing, research and development work of JSC "ROSAVA TIRERS" (tire 

engineering and manufacturing company), and into the educational process of NTU 

"KhPI". 

 

Keywords: Rubber-cord elements, thermo-stress state, cyclic deformation, 

viscoelasticity, energy dissipation, self-heating, pneumatic tire. 
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ɺʉʊʋʇ 
 

ɽʣʘʩʪʦʤʽʨʠ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʩʫʯʘʩʥʽʡ ʽʥʥʦʚʘʮʽʡʥʽʡ ʪʝʭʥʽʮʽ, 

ʪʘʢʠʭ ʛʘʣʫʟʝʡ ʷʢ ʘʚʪʦʤʦʙʽʣʴʥʘ, ʝʥʝʨʛʝʪʠʯʥʘ ʪʘ ʙʫʜʽʚʝʣʴʥʘ ʽʥʞʝʥʝʨʽʷ. ʐʠʨʦʢʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙʫʤʦʚʣʝʥʝ ʚʠʩʦʢʠʤʠ ʜʝʤʧʬʫʶʯʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʪʘ ʩʪʽʡʢʽʩʪʶ ʜʦ 

ʟʥʦʰʫʚʘʥʥʷ. ɿʦʢʨʝʤʘ, ʘʨʤʦʚʘʥʽ ʝʣʘʩʪʦʤʽʨʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ 

ʘʚʽʘʮʽʡʥʠʭ ʪʘ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʰʠʥ, ʘʥʪʠʚʽʙʨʘʮʽʡʥʠʭ ʝʣʝʤʝʥʪʘʭ (ʛʫʤʦʚʽ, ʛʫʤʦ-

ʤʝʪʘʣʝʚʽ ʧʨʫʞʠʥʠ), ʜʝʤʧʬʝʨʘʭ. ʊʘʢʦʞ ʪʘʢʽ ʤʘʪʝʨʽʘʣʠ ʝʬʝʢʪʠʚʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʚʠʨʦʙʣʝʥʽ ʝʣʘʩʪʦʤʽʨʥʠʭ ʧʽʜʰʠʧʥʠʢʽʚ, ʧʽʜʚʽʩʘʭ ʚʘʣʽʚ, 

ʧʨʦʢʣʘʜʦʢ ʤʽʞ ʜʝʪʘʣʷʤʠ ʢʦʥʩʪʨʫʢʮʽʡ, ʦʧʦʨʥʠʭ ʯʘʩʪʠʥ ʪʘ ʢʨʽʧʣʝʥʴ. 

ɽʣʝʤʝʥʪʠ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʛʫʤʦʢʦʨʜʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʨʦʷʚʣʷʶʪʴ 

ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʦʚʝʜʽʥʢʠ, ʷʢʽ ʧʦʪʨʽʙʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʾʭ 

ʟʘʩʪʦʩʫʚʘʥʥʽ, ʘ ʩʘʤʝ, ʥʘʷʚʥʽʩʪʴ ʛʽʧʝʨʧʨʫʞʥʠʭ ʽ ʚôʷʟʢʦʧʨʫʞʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, 

ʚʠʥʠʢʥʝʥʥʷ ʧʦʤʽʨʥʠʭ ʜʝʬʦʨʤʘʮʽʡ. 

ʂʨʽʤ ʪʦʛʦ, ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʝʣʘʩʪʦʤʽʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʻ ʪʝ, ʱʦ ʾʭ ʤʝʭʘʥʽʯʥʘ 

ʧʦʚʝʜʽʥʢʘ ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ: ʪʝʤʧʝʨʘʪʫʨʠ, ʯʘʩʪʦʪʠ ʽ 

ʘʤʧʣʽʪʫʜʠ ʟʙʫʜʞʝʥʥʷ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʧʦʧʝʨʝʜʥʴʦʛʦ ʩʪʘʪʠʯʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ɸʥʘʣʽʟ ʪʠʧʦʚʠʭ ʟʘʩʪʦʩʫʚʘʥʴ ʝʣʘʩʪʦʤʽʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡ ʜʦʟʚʦʣʷʻ 

ʢʦʥʩʪʘʪʫʚʘʪʠ ʾʭ ʚʠʩʦʢʫ ʜʠʥʘʤʽʯʥʫ ʥʘʚʘʥʪʘʞʝʥʽʩʪʴ, ʟʦʢʨʝʤʘ ʧʝʨʽʦʜʠʯʥʦʛʦ ʯʠ 

ʤʘʡʞʝ ʧʝʨʽʦʜʠʯʥʦʛʦ ʭʘʨʘʢʪʝʨʫ. 

ʎʠʢʣʽʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷʤ ʧʝʪʝʣʴ ʛʽʩʪʝʨʝʟʠʩʫ 

ʱʦ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʪʽʩʥʦ ʧʦʚôʷʟʘʥʦ ʟ ʚʠʥʠʢʥʝʥʥʷʤ ʪʘʢʦʛʦ ʷʚʠʱʘ, ʷʢ 

ʩʘʤʦʥʘʛʨʽʚʘʥʥʷ. 

ɼʣʷ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʛʫʤʦʢʦʨʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʩʘʤʦʥʘʛʨʽʚ ʟʜʘʪʝʥ 

ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʩʫʪʪʻʚʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʟʤʽʥ. 

ɺ ʩʚʦʶ ʯʝʨʛʫ, ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚʩʝʨʝʜʝʥʽ ʜʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʠʢʣʠʢʘʻ 

ʩʫʪʪʻʚʽ ʟʤʽʥʠ ʫ ʾʭʥʽʭ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʷʭ, ʟʜʘʪʥʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ 

ʚʽʜʰʘʨʫʚʘʥʥʷ ʢʦʨʜʥʦʛʦ ʧʦʩʠʣʝʥʥʷ ʚʽʜ ʛʫʤʦʚʦʾ ʤʘʪʨʠʮʽ, ʟʥʠʞʫ̒  ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʤʽʮʥʦʩʪʽ, ʧʨʠʩʢʦʨʶʻ ʧʨʦʮʝʩʠ ʩʪʘʨʽʥʥʷ ʪʘ ʜʝʛʨʘʜʘʮʽʾ, ʟʘʚʜʘʻ ʽʩʪʦʪʥʦʛʦ ʚʧʣʠʚʫ 

ʧʨʦʪʽʢʘʥʥʶ ʚʪʦʤʥʠʭ ʧʨʦʮʝʩʽʚ. ɺʩʝ ʮʝ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥ ʫ 
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ʧʦʢʘʟʥʠʢʘʭ ʥʘʜʽʡʥʦʩʪʽ ʽ, ʷʢ ʨʝʟʫʣʴʪʘʪ ʚʧʣʠʚʘʻ ʥʘ ʟʘʛʘʣʴʥʠʡ ʨʝʩʫʨʩ ʷʢ 

ʛʫʤʦʢʦʨʜʥʦʛʦ ʝʣʝʤʝʥʪʫ, ʪʘʢ ʽ ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʚʫʟʣʽʚ ʪʘ ʢʦʥʩʪʨʫʢʮʽʾ ʚ ʮʽʣʦʤʫ. 

ʎʝʡ ʬʘʢʪ ʨʦʙʠʪʴ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ ʨʦʟʨʦʙʢʫ ʝʬʝʢʪʠʚʥʠʭ ʧʽʜʭʦʜʽʚ 

ʫʨʘʭʫʚʘʥʥʷ ʚôʷʟʢʦʧʨʫʞʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʝʣʘʩʪʦʤʽʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʚʠʚʯʝʥʥʷ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʧʨʦʪʽʢʘʥʥʷ ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʶʪʴ ʨʦʙʦʪʫ 

ʝʣʝʤʝʥʪʽʚ ʟ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʣʝʞʥʦʩʪʝʡ ʩʪʫʧʝʥʶ ʧʨʦʷʚʫ 

ʚôʷʟʢʦʧʨʫʞʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʽʜ ʫʤʦʚ ʽ ʨʦʟʤʽʨʫ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʄʝʪʘ ʽ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʨʦʟʨʘʭʫʥʢʦʚʠʭ 

ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʮʠʢʣʽʯʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʪʘ ʩʫʧʨʦʚʦʜʞʫʶʯʦʛʦ 

ʜʠʩʠʧʘʪʠʚʥʦʛʦ ʪʝʧʣʦʫʪʚʦʨʝʥʥʷ ʚ ʛʫʤʦʢʦʨʜʥʠʭ ʢʦʤʧʦʟʠʪʥʠʭ ʝʣʝʤʝʥʪʘʭ 

ʢʦʥʩʪʨʫʢʮʽʡ, ʦʮʽʥʢʘ ʾʭ ʚʧʣʠʚʫ ʥʘ ʪʝʨʤʦʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ ʪʘ ʘʥʘʣʽʟ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʧʨʦʪʽʢʘʥʥʷ ʮʠʭ ʧʨʦʮʝʩʽʚ ʚ ʝʣʝʤʝʥʪʘʭ ʢʦʥʩʪʨʫʢʮʽʡ ʚ ʫʤʦʚʘʭ 

ʝʢʩʧʣʫʘʪʘʮʽʾ.  

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʟʘʟʥʘʯʝʥʦʾ ʤʝʪʠ ʧʦʩʪʘʚʣʝʥʽ ʥʘʩʪʫʧʥʽ ʟʘʚʜʘʥʥʷ: 

1. ʇʨʦʘʥʘʣʽʟʫʚʘʪʠ ʦʩʥʦʚʥʽ ʯʠʥʥʠʢʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʪʝʨʤʦ-ʤʽʮʥʽʩʪʴ ʪʘ 

ʥʘʜʽʡʥʽʩʪʴ ʛʫʤʦʢʦʨʜʥʠʭ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡ, ʘ ʪʘʢʦʞ, ʦʩʥʦʚʥʽ ʧʽʜʭʦʜʠ ʽ ʤʝʪʦʜʠ 

ʘʥʘʣʽʟʫ ʪʝʧʣʦʚʦʛʦ ʪʘ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ (ʅɼʉ) ʩʪʘʥʽʚ ʚ ʮʠʭ ʝʣʝʤʝʥʪʘʭ 

ʢʦʥʩʪʨʫʢʮʽʡ, ʪʘ ʦʙʨ̌ʫʥʪʫʚʘʪʠ ʰʣʷʭʠ ʚʠʚʯʝʥʥʷ ʪʝʨʤʦ-ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ (ʊ-ʅʉ) 

ʚôʷʟʢʦʧʨʫʞʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʦʟʩʽʷʥʥʷ ʝʥʝʨʛʽʾ ʧʨʠ ʮʠʢʣʽʯʥʦʤʫ 

ʜʝʬʦʨʤʫʚʘʥʥʽ; 

2. ʈʦʟʨʦʙʠʪʠ ʧʽʜʭʽʜ ʜʦ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʨʤʦ-ʥʘʧʨʫʞʝʥʦʛʦ 

ʩʪʘʥʫ ʫ ʚôʷʟʢʦʧʨʫʞʥʠʭ ʢʦʤʧʦʟʠʪʥʠʭ ʝʣʝʤʝʥʪʘʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʨʦʟʩʽʷʥʥʷ ʝʥʝʨʛʽʾ ʧʨʠ ʮʠʢʣʽʯʥʦʤʫ ʜʝʬʦʨʤʫʚʘʥʥʽ;  

3. ʇʨʦʚʝʩʪʠ ʢʦʤʧʣʝʢʩ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚôʷʟʢʦʧʨʫʞʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ ʧʨʦʮʝʩʽʚ ʛʽʩʪʝʨʝʟʠʩʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʝʥʝʨʛʽʾ ʛʫʤʦʢʦʨʜʥʦʛʦ 

ʢʦʤʧʦʟʠʪʫ; 

4. ʈʦʟʨʦʙʠʪʠ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʪʘ ʧʨʦʚʝʩʪʠ ʧʨʠʢʣʘʜʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʱʦʜʦ 

ʬʦʨʤʫʚʘʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʮʠʢʣʽʯʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʚ ʝʣʝʤʝʥʪʘʭ 

ʤʘʰʠʥʦʙʫʜʽʚʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ (ʧʥʝʚʤʘʪʠʯʥʠʭ ʰʠʥʘʭ) ʚ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ; 

5. ʇʨʦʚʝʩʪʠ ʧʨʠʢʣʘʜʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦ ʚʠʟʥʘʯʝʥʥʶ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ 
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ʫʪʚʦʨʝʥʥʷ ʊ-ʅʉ ʧʥʝʚʤʘʪʠʯʥʦʾ ʰʠʥʠ ʚʥʘʩʣʽʜʦʢ ʧʨʦʪʽʢʘʥʥʷ ʧʨʦʮʝʩʽʚ 

ʜʠʩʠʧʘʪʠʚʥʦʛʦ ʩʘʤʦʥʘʛʨʽʚʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʨʦʮʝʩʠ ʬʦʨʤʫʚʘʥʥʷ ʪʝʨʤʦ-ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʚ 

ʛʫʤʦʢʦʨʜʥʠʭ ʝʣʝʤʝʥʪʘʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʱʦ ʧʨʘʮʶʶʪʴ ʚ ʫʤʦʚʘʭ ʮʠʢʣʽʯʥʦʛʦ 

ʜʝʬʦʨʤʫʚʘʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʦʟʩʽʶʚʘʥʥʷ ʝʥʝʨʛʽʾ  

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚôʷʟʢʦʧʨʫʞʥʦʩʪʽ ʛʫʤʦʢʦʨʜʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʢʦʥʩʪʨʫʢʮʽʡ, ʧʦʢʘʟʥʠʢʠ ʅɼʉ ʪʘ ʊ-ʅʉ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡ ʟ 

ʛʫʤʦʢʦʨʜʥʠʭ ʢʦʤʧʦʟʠʪʽʚ. 

ʅʦʚʠʟʥʘ: 

- ɺʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʧʽʜʭʽʜ ʘʥʘʣʽʟʫ ʪʝʨʤʦ-

ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʚôʷʟʢʦʧʨʫʞʥʠʭ ʛʫʤʦʢʦʨʜʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʷʢʠʡ ʚʠʢʣʠʢʘʥʠʡ ʪʘ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʥʘʢʦʧʠʯʝʥʥʷʤ ʪʝʧʣʘ, ʱʦ ʬʦʨʤʫʻʪʴʩʷ ʚ ʥʘʩʣʽʜʦʢ ʨʦʟʩʽʶʚʘʥʥʷ 

ʝʥʝʨʛʽʾ ʟʘ ʮʠʢʣʽʯʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ. 

- ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʦ ʟʘʣʝʞʥʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ 

ʚôʷʟʢʦʧʨʫʞʥʦʩʪʽ ʛʫʤʦʢʦʨʜʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʮʠʢʣʽʯʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʽ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ, ʚʧʝʨʰʝ ʦʪʨʠʤʘʥʽ ʨʘʟʦʤ ʩ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʨʦʮʝʩʽʚ ʩʘʤʦʥʘʛʨʽʚʫ, ʱʦ ʾʭ ʩʫʧʨʦʚʦʜʞʫʶʪʴ ʪʘ ʜʦʟʚʦʣʷʶʪʴ 

ʟʜʽʡʩʥʶʚʘʪʠ ʟʚôʷʟʘʥʫ ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯʽ ʪʝʦʨʝʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʊ-ʅʉ 

ʛʫʤʦʢʦʨʜʥʠʭ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡ. 

- ɺʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʪʘ ʘʣʛʦʨʠʪʤ ʨʦʟʨʘʭʫʥʢʦʚʦ-

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʚôʷʟʢʦʧʨʫʞʥʦʩʪʽ ʛʫʤʦʢʦʨʜʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ, ʱʦ, ʥʘ ʚʽʜʤʽʥʫ ʚ ʽʩʥʫʶʯʠʭ, ʚʠʢʦʨʠʩʪʦʚʫʻ ʜʘʥʽ ʽʟ 

ʨʦʟʩʽʶʚʘʥʥʷ ʝʥʝʨʛʽʾ ʧʨʠ ʮʠʢʣʽʯʥʦʤʫ ʜʝʬʦʨʤʫʚʘʥʥʽ ʟʨʘʟʢʽʚ. 

- ʅʘʙʫʣʠ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʧʽʜʭʦʜʠ ʜʦ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʪʝʧʣʦʚʦʛʦ ʪʘ ʅɼʉ ʧʥʝʚʤʘʪʠʯʥʠʭ ʰʠʥ, ʷʢʽ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ, ʚʨʘʭʦʚʫʶʪʴ 

ʩʢʣʘʜʥʠʡ ʮʠʢʣ ʜʝʬʦʨʤʫʚʘʥʥʷ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʧʨʦʮʝʩ ʩʘʤʦʥʘʛʨʽʚʫ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʣʷ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ 

ʩʢʣʘʜʘʶʪʴ ʧʽʜʭʦʜʠ ʜʦ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʝʡ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʾʭ ʦʩʥʦʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʘ ʤʝʪʦʜʠʢʠ ʦʮʽʥʢʠ ʧʨʦʮʝʩʽʚ 

ʪʝʧʣʦʛʝʥʝʨʘʮʽʾ ʪʘ ʊ-ʅʉ ʫ ʥʠʭ, ʱʦ ʬʦʨʤʫʶʪʴʩʷ ʧʽʜ ʜʽʻʶ ʮʠʢʣʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʘ 
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ʪʘʢʦʞ ʧʘʢʝʪʠ ʩʢʨʠʧʢʦʚʠʭ ʧʨʦʛʨʘʤ, ʱʦ ʾʭ ʨʝʘʣʽʟʫʶʪʴ. ʉʪʚʦʨʝʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ 

ʤʦʜʝʣʽ ʪʘ ʚʠʟʥʘʯʝʥʽ ʦʩʥʦʚʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʪʝʨʤʦ-ʅɼʉ 

ʧʥʝʚʤʘʪʠʯʥʠʭ ʰʠʥ  ʚ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʷʢʽ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʜʽʘʛʥʦʩʪʫʚʘʪʠ 

ʥʝʙʝʟʧʝʯʥ ̔ʜʽʣʷʥʢʠ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʧʣʘʥʫʚʘʪʠ ʢʦʥʩʪʨʫʢʪʠʚʥ ̔ʟʤʽʥʠ, ʱʦ ʚ ʮʽʣʦʤʫ 

ʩʧʨʷʤʦʚʘʥʦ ʥʘ ʧʦʢʨʘʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʧʦʜʦʚʞʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ ʨʝʩʫʨʩʫ. 

ʆʢʨʝʤʫ ʢʦʨʠʩʥʦ-ʧʨʘʢʪʠʯʥʫ ʮʽʥʥʽʩʪʴ ʤʘʶʪʴ ʩʪʚʦʨʝʥʽ ʘʣʛʦʨʠʪʤʠ ʪʘ ʧʨʦʛʨʘʤʥʽ 

ʟʘʩʪʦʩʫʥʢʠ, ʷʢʽ ʨʝʘʣʽʟʫʶʪʴ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʜʠʩʠʧʘʪʠʚʥʠʭ ʪʘ ʚôʷʟʢʦʧʨʫʞʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʣʘʩʪʦʤʽʨʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʪʘ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʚʠʚʯʝʥʥʷ 

ʚʽʜʧʦʚʽʜʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽʥʰʠʭ ʤʘʪʝʨʽʘʣʽʚ ʮʴʦʛʦ ʪʠʧʫ.  

ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. 

ɼʠʩʝʨʪʘʮʽʡʥʫ ʨʦʙʦʪʫ ʚʠʢʦʥʘʥʦ ʥʘ ʢʘʬʝʜʨʽ ʜʠʥʘʤʽʢʠ ʪʘ ʤʽʮʥʦʩʪʽ ʤʘʰʠʥ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè 

(ʅʊʋ çʍʇɯè) ʟʘ ʧʣʘʥʘʤʠ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʨʦʙʽʪ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʚʜʘʥʴ 

ʄʽʞʥʘʨʦʜʥʦʛʦ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʛʦ ʧʨʦʝʢʪʫ çInnovative Non-Destructive Testing 

and Advanced Composite Repair of Pipelines with Volumetric Surface Defects 

(INNOPIPES)è, ʱʦ ʚʠʢʦʥʫʚʘʚʩʷ ʫ 2012-2016 ʨʨ. ʚ ʨʘʤʢʘʭ 7-ʾ ʈʘʤʢʦʚʦʾ ʧʨʦʛʨʘʤʠ 

ɭʉ, ɼʽʾ ʄʘʨʽʾ ʂʶʨʽ (Contr. ˉ PIRSES-GA-2012-318874); ʜʝʨʞʙʶʜʞʝʪʥʦʾ ʅɼʈ 

ʄʆʅ ʋʢʨʘʾʥʠ çʈʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʚʝʜʽʥʢʠ ʥʦʚʠʭ ʪʘ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʦʮʽʥʢʠ ʨʝʩʫʨʩʫ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘʜʽʡʥʦʩʪʽ 

ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡè (ɼʈ  ̄0117U004969), ʚ ʷʢʠʭ ʟʜʦʙʫʚʘʯ ʙʫʣʘ ʚʠʢʦʥʘʚʮʝʤ 

ʦʢʨʝʤʠʭ ʝʪʘʧʽʚ. 

ʋʩʽ ʧʦʣʦʞʝʥʥʷ ʽ ʨʝʟʫʣʴʪʘʪʠ, ʚʠʥʝʩʝʥʽ ʥʘ ʟʘʭʠʩʪ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ, 

ʦʪʨʠʤʘʥʽ ʟʜʦʙʫʚʘʯʝʤ ʦʩʦʙʠʩʪʦ. ɺ ʨʦʙʦʪʘʭ ʥʘʧʠʩʘʥʠʭ ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ, ʦʩʦʙʠʩʪʠʡ 

ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ ʧʦʣʷʛʘʻ ʫ ʥʘʩʪʫʧʥʦʤʫ: ʚ ʨʦʙʦʪʘʭ [1ï4] ʘʚʪʦʨʦʚʽ ʥʘʣʝʞʘʪʴ 

ʨʦʟʨʦʙʢʘ ʧʦʚʥʦʾ ʉɽ-ʤʦʜʝʣʽ ʰʠʥʠ ʪʘ ʾʾ ʩʫʙʤʦʜʝʣʝʡ, ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʅɼʉ ʚ 

ʢʦʥʪʘʢʪʽ ʟ ʜʦʨʦʞʥʠʤ ʧʦʢʨʠʪʪʷʤ; ʚ [5ï11] ï ʚʠʟʥʘʯʝʥʥʷ ʮʠʢʣʽʚ ʜʝʬʦʨʤʫʚʘʥʥʷ 

ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ. ɺ ʨʦʙʦʪʘʭ [12, 13] ʟʜʦʙʫʚʘʯʫ 

ʥʘʣʝʞʘʪʴ ʧʨʦʚʝʜʝʥʥʷ ʚʘʨʽʘʥʪʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʅɼʉ ʧʨʠ ʨʽʟʥʠʭ ʨʽʚʥʷʭ 

ʥʘʚʘʥʪʘʞʝʥʥʷ;[14, 15]ï ʦʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ. ɺ [16, 17] 

ʘʚʪʦʨʫ ʥʘʣʝʞʠʪʴ ʧʦʩʪʘʥʦʚʢʘ ʽ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ 



9 

ʦʙʨʦʙʢʘ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʟ ʚʠʟʥʘʯʝʥʥʷ ʚô̫ ʟʢʦʧʨʫʞʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʫʤʦʢʦʨʜʽʚ. 

ɺ ʨʦʙʦʪʘʭ [18, 19] ʟʜʦʙʫʚʘʯʝʤ ʧʦʙʫʜʦʚʘʥʦ ʉɽ ʤʦʜʝʣʴ ʛʫʤʦʢʦʨʜʥʦʛʦ ʟʨʘʟʢʘ ʪʘ 

ʧʨʦʚʝʜʝʥʦ ʯʠʩʝʣʴʥʦ-ʨʦʟʨʘʭʫʥʢʦʚʝ ʜʦʩʣʽʜʞʝʥʥʷ ʫʪʦʯʥʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʤʘʪʝʨʽʘʣʫ.  
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ʈʆɿɼɯʃ 1. ʉʋʏɸʉʅʀʁ ʉʊɸʅ ʇʈʆɹʃɽʄʀ 

 

1.1 ʆʙ'ʻʢʪʠ  

ɺ ʥʘʰ ʯʘʩ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʶʪʴ ʢʦʤʧʦʟʠʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ, ʱʦ 

ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʝʣʘʩʪʦʤʽʨʥʦʾ, ʟʦʢʨʝʤʘ ʛʫʤʦʚʦʾ, ʤʘʪʨʠʮʽ ʪʘ ʨʽʟʥʦʤʘʥʽʪʥʦʛʦ ʢʦʨʜʥʦʛʦ 

ʧʦʩʠʣʝʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ʤʝʪʘʣʝʚʦʛʦ, ʪʝʢʩʪʠʣʴʥʦʛʦ, ʩʢʣʷʥʦʛʦ, ʪʦʱʦ.  

ɼʘʥʠʡ ʚʠʜ ʤʘʪʝʨʽʘʣʽʚ ʘʢʪʠʚʥʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʪʝʭʥʽʢʠ: ʫ 

ʩʫʯʘʩʥʽʡ ʘʚʽʘʮʽʡʥʽʡ, ʘʚʪʦʤʦʙʽʣʴʥʽʡ ʪʘ ʝʥʝʨʛʝʪʠʯʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʙʫʜʽʚʥʠʮʪʚʽ, 

ʘʧʘʨʘʪʘʭ ʽ ʧʨʠʣʘʜʘʭ. ʏʘʩʪʦ ʾʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʷʢ ʤʘʪʝʨʽʘʣ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ 

ʟʙʽʨʦʢ ʪʘ ʜʝʪʘʣʝʡ, ʱʦ ʧʨʘʮʶʶʪʴ ʚ ʫʤʦʚʘʭ ʧʽʜʚʠʱʝʥʠʭ ʚʽʙʨʘʮʽʡʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ 

ʟʘʚʜʷʢʠ ʭʦʨʦʰʠʤ ʜʝʤʧʬʫʶʯʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤ [20]. 

 

ʋ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ ʰʘʨʫʚʘʪʽ ʛʫʤʦʚʽ ʢʦʤʧʦʟʠʪʠ ʪʘ 

ʛʫʤʦʢʦʨʜʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʝ ʣʠʰʝ, ʷʢ ʜʦʜʘʪʢʦʚʽ ʘʤʦʨʪʠʟʘʮʽʡʥʽ ʝʣʝʤʝʥʪʠ, ʘ ʽ 

ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʯʘʩʪʠʥ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʪʘ 

ʨʦʙʦʪʦʟʜʘʪʥʽʩʪʴ ʫʩʽʻʾ ʤʘʰʠʥʠ, ʥʘʧʨʠʢʣʘʜ, ʘʚʪʦʤʦʙʽʣʴʥʘ ʰʠʥʘ (ʨʠʩ.1.1)[21]. 

 

 

ʘ ʙ 

ʈʠʩʫʥʦʢ 1.1 ï ʇʥʝʚʤʘʪʠʯʥʽ ʰʠʥʠ 

ʐʠʥʠ ʜʣʷ ʣʝʛʢʦʚʠʭ ʘʚʪʦ (ʘ) (ɸʚʪʦʨ: Kotivalo ï ʚʣʘʩʥʘ ʨʦʙʦʪʘ ʨʘʙʦʪʘ, CC BY-

SA4.0, https://commons.wikimedia.org/w/index.php?curid=44545876, 03.12.2020); 

ʉʪʨʫʢʪʫʨʘ ʧʥʝʚʤʘʪʠʯʥʦʾ ʰʠʥʠ (ʙ) (ɸʚʪʦʨ: ru.wikipedia user SMG3, CC BY-SA 

3.0, https://commons.wikimedia.org/w/index.php?curid=4387059, 03.12.2020) 

https://commons.wikimedia.org/w/index.php?curid=44545876
https://commons.wikimedia.org/w/index.php?curid=4387059
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ʐʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤʘʭ ʟʥʘʭʦʜʷʪʴ ʛʫʤʦʚʽ ʪʘ 

ʛʫʤʦʤʝʪʘʣʝʚʽ ʧʨʫʞʠʥʠ ʷʢ ʘʥʪʠʚʽʙʨʘʮʽʡʥʽ ʘʙʦ ʘʥʪʠ-ʫʜʘʨʥʽ ʢʦʤʧʦʥʝʥʪʠ. ɰʭ 

ʦʩʥʦʚʥʠʤʠ ʧʝʨʝʚʘʛʘʤʠ ʱʦʜʦ ʛʫʤʦʤʝʪʘʣʝʚʠʭ ʢʽʣʴʮʝʚʠʭ ʧʨʫʞʠʥ ʻ: ʥʠʞʯʘ ʮʽʥʘ, 

ʧʨʦʩʪʽʰʠʡ ʤʦʥʪʘʞ, ʤʝʥʰʘ ʤʘʩʘ (ʚ ʰʽʩʪʴ ʨʘʟʽʚ ʣʝʛʰʘ ʧʨʠ ʦʜʥʘʢʦʚʽʡ ʜʠʥʘʤʽʯʥʽʡ 

ʧʦʪʫʞʥʦʩʪʽ), ʟʤʝʥʰʝʥʘ ʢʦʨʦʟʽʷ, ʚʽʜʩʫʪʥʽʩʪʴ ʨʠʟʠʢʫ ʨʫʡʥʫʚʘʥʥʷ ʪʘ ʚʽʜʩʫʪʥʽʩʪʴ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʚ ʟʤʘʱʫʚʘʥʥʽ. ʆʜʥʘʢ ʦʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʛʫʤʦʚʠʭ ʘʙʦ 

ʛʫʤʦʤʝʪʘʣʝʚʠʭ ʧʨʫʞʠʥ ʻ ʥʝʜʦʩʪʘʪʥʴʦ ʥʘʜʽʡʥʠʡ ʪʝʨʤʽʥ ʩʣʫʞʙʠ, ʩʧʨʠʯʠʥʝʥʠʡ 

ʚʪʦʤʦʶ ʤʘʪʝʨʽʘʣʫ ʪʘ ʨʦʟʚʠʪʢʦʤ ʧʨʦʮʝʩʽʚ ʩʪʘʨʽʥʥʷ [22]. 

ɼʣʷ ʛʘʩʽʥʥʷ ʚʽʙʨʘʮʽʡ ʜʦʩʠʪʴ ʽʥʪʝʥʩʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʛʫʤʦʚʽ ʜʝʤʧʬʝʨʠ 

(ʨʠʩ.1.2). ɽʬʝʢʪʠʚʥʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʥʘ ʧʨʘʢʪʠʮʽ ʫ ʟʘʧʦʙʽʛʘʥʥʽ ʧʦʰʢʦʜʞʝʥʥʷ 

ʙʫʜʽʚʝʣʴ ʪʘ ʤʦʩʪʽʚ ʚʥʘʩʣʽʜʦʢ ʟʝʤʣʝʪʨʫʩʽʚ ʝʣʘʩʪʦʤʽʨʥʽ ʽʟʦʣʷʪʦʨʠ. ɸʤʦʨʪʠʟʘʮʽʡʥʘ 

ʟʜʘʪʥʽʩʪʴ, ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʦʙʤʝʞʝʥʥʷ ʧʝʨʝʤʽʱʝʥʴ ʪʘʢʠʭ ʝʣʝʤʝʥʪʽʚ, ʚʠʢʣʶʯʘʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʚ ʜʦʧʦʤʽʞʥʠʭ ʧʨʠʩʪʨʦʷʭ [23]. 

 

   

ʈʠʩʫʥʦʢ 1.2 ï ɹʘʛʘʪʦʰʘʨʦʚʽ ʜʝʤʧʬʝʨʠ 

https://images.app.goo.gl/PxcfCzCYLS1qbnJj7 01.04.2021 

 

ɯʟʦʣʷʪʦʨʠ ʟʥʘʭʦʜʷʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ʤʽʞ ʤʦʩʪʦʚʦʶ ʧʘʣʫʙʦʶ ʪʘ 

ʧʽʨʩʦʚʠʤʠ / ʦʧʦʨʥʠʤʠ ʢʦʚʧʘʯʢʘʤʠ ʜʣʷ ʧʨʠʩʪʦʩʫʚʘʥʥʷ ʨʫʭʽʚ ʧʘʣʫʙʠ ʯʝʨʝʟ ʪʝʧʣʦʚʽ 

ʝʬʝʢʪʠ, ʧʦʚʟʫʯʽʩʪʴ, ʫʩʘʜʢʫ ʪʘ ʪʨʘʥʩʧʦʨʪʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʘ ʪʘʢʦʞ, ʧʽʜʢʣʘʜʘʶʪʴʩʷ 

ʧʽʜ: ʦʧʦʨʠ ʤʦʩʪʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʟʘʣʽʟʥʠʯʥʽ ʨʝʡʢʠ, ʚʠʢʦʥʫʶʪʴ ʨʦʣʴ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʧʨʦʢʣʘʜʦʢ ʤʽʞ ʜʝʪʘʣʷʤʠ ʤʘʰʠʥ (ʨʠʩ. 1.3). 

https://images.app.goo.gl/PxcfCzCYLS1qbnJj7
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ʈʠʩʫʥʦʢ 1.3 ï ɽʣʘʩʪʦʤʽʨʥʽ ʤʦʩʪʦʚʽ ʦʧʦʨʥʽ ʯʘʩʪʠʥʠ ʟʽ ʩʪʘʣʝʚʠʤ ʧʣʘʩʪʠʥʥʠʤ 

ʧʦʩʠʣʝʥʥʷʤ 

 

ɻʫʤʦʢʦʨʜʥʽ ʢʦʤʧʦʟʠʪʠ ʟʘʩʪʦʩʦʚʫʶʪʴ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʧʽʜʚʽʩʽʚ ʜʣʷ ʚʘʣʽʚ 

(ʨʠʩ. 1.4), ʷʢʽ ʧʨʘʮʶʶʪʴ ʚ ʫʤʦʚʘʭ, ʽʥʪʝʥʩʠʚʥʠʭ ʢʦʣʠʚʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ [24], 

ʢʨʽʧʣʝʥʴ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʩʠʣʦʚʠʭ ʫʩʪʘʥʦʚʦʢ [25]. 

 

   

ʈʠʩʫʥʦʢ 1.4 ï ɻʫʤʦʚʽ ʪʘ ʛʫʤʦʢʦʨʜʥʽ ʧʽʜʚʽʩʠ 

https://images.app.goo.gl/FmpuEgX6dWvP8vsj7 05.04.2021 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʝʣʘʩʪʦʤʽʨʥʽ ʢʦʤʧʦʟʠʪʠ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ 

ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʚʫʟʣʘʭ ʨʽʟʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʜʠʥʘʤʽʯʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʧʨʠ ʮʴʦʤʫ, ʩʘʤʽ ʚʽʜʯʫʚʘʶʪʴ ʜʽʶ ʧʝʨʽʦʜʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ, ʘ ʾʭ 

ʭʘʨʘʢʪʝʨ ʟʜʘʪʝʥ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʪʠ ʥʘ ʾʭ ʬʫʥʢʮʽʦʥʘʣʥɹʽ ʧʦʢʘʟʥʠʢʠ ʪʘ ʙʝʟʧʝʢʫ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. 

 

 

https://images.app.goo.gl/FmpuEgX6dWvP8vsj7
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1.2 ʆʩʦʙʣʠʚʦʩʪ ̔ ʧʦʚʝʜʽʥʢʠ ʛʫʤʦʢʦʨʜʥʠʭ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ 

ʤʦʜʝʣʽ ʾʭ ʦʧʠʩʫ 

1.2.1 ʇʦʰʠʨʝʥʽ ʤʦʜʝʣʽ ʛʽʧʝʨʧʨʫʞʥʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʚʝʜʽʥʢʠ ʛʫʤʦʧʦʜʽʙʥʠʭ ʤʘʪʝʨʽʘʣʽʚ [26]. 

1) ʄʦʜʝʣʴ ʅʝʦ-ɻʫʢʘ (ʦʜʥʘ ʢʦʥʩʪʘʥʘʪʘ ʤʘʪʝʨʽʘʣʫ ʜʣʷ ʥʝʩʪʠʩʣʠʚʦʛʦ, 2- ʜʣʷ 

ʤʘʪʝʨʽʘʣʫ, ʱʦ ʧʽʜʜʘʻʪʴʩʷ ʩʪʠʩʢʘʥʥʶ). ʅʝʦʛʫʢʽʚʩʴʢʘ ʤʦʜʝʣʴ ʤʘʪʝʨʽʘʣʫ ʥʝ 

ʧʝʨʝʜʙʘʯʘʻ ʟʙʽʣʴʰʝʥʥʷ ʤʦʜʫʣʷ ʧʨʠ ʚʝʣʠʢʠʭ ʜʝʬʦʨʤʘʮʽʷʭ, ʽ, ʷʢ ʧʨʘʚʠʣʦ, ʪʦʯʥʘ 

ʣʠʰʝ ʜʣʷ ʜʝʬʦʨʤʘʮʽʡ ʤʝʥʰʝ 20% (ʦʩʦʙʣʠʚʠʡ ʚʠʧʘʜʦʢ ʤʦʜʝʣʽ ʄʫʥʽ-ʈʽʚʣʚʥʘ) 

 

ὡ
‘

ς
 Ὅ σ ςÌÎὐ

‖

ς
ὐ ρ ȟ (1.1) 

ʜʝ W ʱ̔ ʣʴʥʽʩʪʴ ʝʥʝʨʛʽʾ ʜʝʬʦʨʤʫʚʘʥʥʷ, ‘, ‖ ï ʢʦʥʩʪʘʥʪʠ ʤʘʪʝʨʽʘʣʫ, *

 ʜʝʪʝʨʤʽʥʘʥʪ ʛʨʘʜʽʻʥʪʫ ʪʝʥʟʦʨʫ ʜʝʬʦʨʤʘʮʽʡ Ὂ, ) ï ʧʝʨʰʠʡ ʽʥʚʘʨʽʘʥʪ ʪʝʥʟʦʨʫ 

ʜʝʬʦʨʤʘʮʽʡ 

 

Ὅ  ‐ ‐ ‐Ȣ (1.2) 

 

2) ɼʚʦʧʘʨʘʤʝʪʨʠʯʥʘ ʤʦʜʝʣʴ ʄʫʥʽ ï ʈʽʚʣʽʥʘ ï ʦʩʦʙʣʠʚʠʡ ʚʠʧʘʜʦʢ 

ʫʟʘʛʘʣʴʥʝʥʦʾ ʤʦʜʝʣʽ ʈʽʚʣʚʥʘ, ʷʢ ʧʨʘʚʠʣʦ, ʧʨʠʜʘʪʥʘ ʜʣʷ ʨʽʚʥʷ ʜʝʬʦʨʤʘʮʽʡ ʤʝʥʰʝ 

100% (ʜʚʽ ʢʦʥʩʪʘʥʪʠ).  

 

ὡ
‘

ς
 Ὅ σ

‘

ς
 Ὅ σȟ (1.3) 

ʜʝ ‘, ‘ ï ʢʦʥʩʪʘʥʪʠ ʤʘʪʝʨʽʘʣʫ, Ὅ - ʜʨʫʛʠʡ ʽʥʚʘʨʽʘʥʪ ʪʝʥʟʦʨʫ ʜʝʬʦʨʤʘʮʽʡ: 

 

Ὅ  ‐‐ ‐‐ ‐‐Ȣ (1.4) 

 

ʋʟʘʛʘʣʴʥʝʥʘ ʤʦʜʝʣʴ ʄʫʥʽ-ʈʽʚʣʽʥʘ (2 ʽʥʚʘʨʽʘʥʪʘ, n ʧʘʨʘʤʝʪʨʽʚ) 

ὡ ὧ Ὅ σ Ὅ σ ȟ  (1.5) 
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ʜʝ ὧ  ï ʢʦʥʩʪʘʥʪʠ ʤʘʪʝʨʽʘʣʫ. 

3) ʄʦʜʝʣʴ ʤʘʪʝʨʽʘʣʫ ʆʛʜʝʥʘ ʨʦʟʨʦʙʣʝʥʘ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʛʫʤʦʚʠʭ ʪʘ 

ʙʽʦʤʘʪʝʨʽʘʣʽʚ ʧʨʠ ʜʝʬʦʨʤʘʮʽʷʭ ʙʽʣʴʰʠʭ 100% (ʪʨʠ ʢʦʥʩʪʘʥʪʠ ʤʘʪʝʨʽʘʣʫ). 

 

ὡ
ς‘

ή
‐ ‐ ‐ σ ȟ   (1.6) 

ʜʝ ‘, ‌, ὔ ï ʢʦʥʩʪʘʥʪʠ ʤʘʪʝʨʽʘʣʫ. ɿʘʟʚʠʯʘʡ ʤʦʜʫʣʴ ʟʩʫʚʫ ʦʪʨʠʤʫʻʤʦ ʟ  

 

ς‘ ‘‌Ȣ (1.7) 

 

ɼʣʷ ʧʦʚʝʜʽʥʢʠ ʛʫʤʦʧʦʜʽʙʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘʟʚʠʯʘʡ ʜʦʩʪʘʪʥʴʦ ʧʨʠʡʥʷʪʠ N=3. 

ʇʨʠ ʧʝʚʥʠʭ ʟʥʘʯʝʥʥʷʭ ʤʘʪʝʨʽʘʣʴʥʠʭ ʢʦʥʩʪʘʥʪ ʤʦʜʝʣʴ ʆʛʜʝʥʘ ʩʢʦʨʦʯʫʻʪʴʩʷ ʜʦ 

ʤʦʜʝʣʽ ʅʝʦ-ɻʫʢʘ (N=1, ‌ ς) ʯʠ ʄʫʥʽ-ʈʽʚʣʽʥʘ (N=2, ‌ ςȟ‌ ς). 

4) ɸʨʫʜʘ-ɹʦʡʩʘ (1 ʽʥʚʘʨʽʘʥʪ, 2 ʧʘʨʘʤʝʪʨʠ) 

 

ὡ ‘ Ὅ σ Ὅ ω Ὅ ςχ Ễ , (1.8) 

ʜʝ ‘, ‗  - ʢʦʥʩʪʘʥʪʠ ʤʘʪʝʨʽʘʣʫ. ʂʦʨʠʩʥʘ ʘʧʨʦʢʩʠʤʘʮʽʷ ʜʣʷ ʧʦʭʽʜʥʦʾ ὡ ʤʘʻ 

ʚʠʛʣʷʜ 

‬ὡ

‬Ὅ

‘

ς‗Ѝσ
‟

Ὅ

σ‗

‘

φ‗

ω‗ Ὅ

σ‗ Ὅ
Ȣ (1.9) 

 

5) ʃʦʛʘʨʽʬʤʽʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ (1 ʽʥʚʘʨʽʘʥʪ, 2 ʧʘʨʘʤʝʪʨʠ) 

 

ὡ
ς‘

ή
ÅØÐήὍȟ (1.10) 

ʜʝ ‘, ή ï ʢʦʥʩʪʘʥʪʠ ʤʘʪʝʨʽʘʣʫ. 
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ʗʢ ʽ ʩʣʽʜ ʙʫʣʦ ʦʯʽʢʫʚʘʪʠ, ʤʦʜʝʣʽ ʅʝʦ-ɻʫʢʘ ʪʘ ʄʫʥʽ-ʈʽʚʣʽʥʘ ʤʘʶʪʴ ʪʝʥʜʝʥʮʽʶ 

ʜʦ ʣʽʥʽʡʥʦʩʪʽ ʜʣʷ ʚʝʣʠʢʠʭ ʜʝʬʦʨʤʘʮʽʡ. ɿʘʟʚʠʯʘʡ ʤʫʣʴʪʠʤʦʜʫʣʴʥʽ ʤʦʜʝʣʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ, ʚʠʙʠʨʘʶʯʠ ɛ=1 ʷʢ ʜʦʤʽʥʫʶʯʠʡ ʤʦʜʫʣʴ, ʘ ʽʥʰʽ ʚʧʦʨʷʜʢʦʚʫʶʪʴ ʽʟ 

ʟʤʝʥʰʝʥʥʷʤ ʘʤʧʣʽʪʫʜʠ. ʗʢʱʦ ʪʘʢ, ʪʦ ʤʦʜʝʣʽ ʄʫʥʽ-ʈʽʚʣʽʥʘ ʪʘ ʅʝʦʛʫʢʘ ʧʨʘʢʪʠʯʥʦ 

ʥʝ ʨʦʟʨʽʟʥʶʶʪʴʩʷ.  

ʄʦʜʝʣʽ ʜʝʬʦʨʤʘʮʽʡ ɸʨʨʫʜʠ-ɹʦʡʩʘ, ʆʛʜʝʥʘ ʪʘ ʣʦʛʘʨʠʬʤʽʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ 

ʚʢʣʶʯʘʶʪʴ ʚʪʦʨʠʥʥʠʡ ʧʘʨʘʤʝʪʨ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʩʭʠʣ, ʱʦ ʧʽʜʥʽʤʘʻʪʴʩʷ ʚ ʦʙʣʘʩʪʽ 

ʨʦʟʰʠʨʝʥʥʷ, ʘʣʝ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʧʦʯʘʪʢʦʚʠʡ ʩʭʠʣ. ʎʽ ʤʦʜʝʣʽ ʤʦʞʫʪʴ ʝʬʝʢʪʠʚʥʦ 

ʚʽʜʦʙʨʘʞʘʪʠ ʧʦʚʝʜʽʥʢʫ ʙʽʣʴʰʦʩʪʽ ʝʣʘʩʪʦʤʝʨʽʚ ʚ ʦʙʣʘʩʪʽ ʚʝʣʠʢʠʭ ʜʝʬʦʨʤʘʮʽʡ ʧʨʠ 

ʨʦʟʪʷʛʫʚʘʥʥʽ. ʇʦʚʝʜʽʥʢʘ ʚ ʦʙʣʘʩʪʽ ʩʪʠʩʥʝʥʥʷ ʦʜʥʘʢʦʚʘ ʜʣʷ ʚʩʽʭ ʤʦʜʝʣʝʡ ʽ 

ʚʽʜʦʙʨʘʞʘʻ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ (ʨʠʩ. 1.5).  

 

 

ʈʠʩʫʥʦʢ 1.5 ï ʇʨʠʢʣʘʜ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʽʟʥʠʭ ʤʦʜʝʣʝʡ ʛʽʧʝʨʧʨʫʞʥʦʩʪʽ ʜʣʷ 

ʦʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ [26] 

 

ʅʘ ʨʠʩʫʥʢʫ 1.6 ʧʦʢʘʟʘʥʘ ʨʝʘʢʮʽʷ ʥʘ ʦʜʥʦʚʽʩʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ (ʧʦʙʫʜʦʚʘʥʘ ʷʢ 

ʽʥʞʝʥʝʨʥʝ ʥʘʧʨʫʞʝʥʥʷ ʚʽʜ ʜʝʬʦʨʤʘʮʽʡ) ʥʘ ʨʦʟʪʷʛ ʪʘ ʩʪʠʩʥʝʥʥʷ ʜʝʷʢʠʭ ʥʘʡʙʽʣʴʰ 

ʚʽʜʦʤʠʭ ʤʦʜʝʣʝʡ. 
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ʈʠʩʫʥʦʢ 1.6 ï ʂʨʠʚʽ ʜʝʬʦʨʤʫʚʘʥʥʷ ʧʨʠ ʦʜʥʦʚʽʩʥʦʤʫ ʨʦʟʪʷʛʫʚʘʥʥʽ ʜʣʷ 

ʨʽʟʥʠʭ ʤʦʜʝʣʝʡ ʛʽʧʝʨʧʨʫʞʥʦʩʪʽ [26] 

 

ɿ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʚʽʜʦʤʦ, ʱʦ ʜʣʷ ʛʫʤʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʨʠ ʧʦʤʽʨʥʦʤʫ 

ʜʝʬʦʨʤʫʚʘʥʥʽ ʜʦ 30ï70% ʤʦʜʝʣʴ ʅʝʦ-ɻʫʢʘ ʟʘʟʚʠʯʘʡ ʚʽʜʧʦʚʽʜʘʻ ʧʦʚʝʜʽʥʮʽ 

ʤʘʪʝʨʽʘʣʫ ʟ ʜʦʩʪʘʪʥʴʦʶ ʪʦʯʥʽʩʪʶ. ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʛʫʤʠ ʧʨʠ ʚʠʩʦʢʠʭ 

ʜʝʬʦʨʤʘʮʽʷʭ ʦʜʥʦʧʘʨʘʤʝʪʨʠʯʥʫ ʤʦʜʝʣʴ ʅʝʦ-ɻʫʢʘ ʟʘʤʽʥʶʶʪʴ ʙʽʣʴʰ ʟʘʛʘʣʴʥʠʤʠ 

ʤʦʜʝʣʷʤʠ, ʪʘʢʠʤʠ ʷʢ ʪʚʝʨʜʘ ʨʝʯʦʚʠʥʘ ʄʫʥʽ-ʈʽʚʣʽʥʘ. 

1.2.2 ʄʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʚôʷʟʢʧʨʫʞʥʦʾ ʧʦʚʝʜʽʥʢʠ ʤʘʪʝʨʽʘʣʽʚ 

ʆʜʥʽʻʶ ʟ ʦʩʦʙʣʠʚʦʩʪʝʡ ʜʘʥʦʛʦ ʚʠʜʫ ʤʘʪʝʨʽʘʣʫ ʻ ʧʨʦʷʚ ʚôʷʟʢʦʧʨʫʞʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʜʠʩʠʧʘʪʠʚʥʠʤʠ ʧʨʦʮʝʩʘʤʠ [27]. 

ɿ ʦʜʥʦʛʦ ʙʦʢʫ, ʮʝ ʻ ʙʘʞʘʥʠʤ ʷʚʠʱʝʤ, ʱʦ ʚʠʟʥʘʯʘʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʫ ʛʘʩʽʥʥʽ 

ʚʽʙʨʘʮʽʡ ʪʘ ʟʤʝʥʰʝʥʥʷ ʰʫʤʫ ʪʦʱʦ [28]. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʚʩʽ ʚʠʱʝʟʘʟʥʘʯʝʥʽ 

ʝʣʝʤʝʥʪʠ ʢʦʥʩʪʨʫʢʮʽʡ ʩʧʨʠʡʤʘʶʪʴ ʧʝʨʝʚʘʞʥʦ ʟʤʽʥʥʝ (ʮʠʢʣʽʯʥʝ) ʪʘ/ʘʙʦ 

ʥʝʩʪʘʮʽʦʥʘʨʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʜʝʬʦʨʤʫʚʘʥʥʷ), ʱʦ ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʚôʟʢʦʧʨʫʞʥʦʶ 
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ʧʦʚʝʜʽʥʢʦʶ ʤʘʪʝʨʽʘʣʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʘʢʦʧʠʯʝʥʥʷ ʚʪʦʤʠ ʪʘ ʜʦ ʚʠʥʠʢʥʝʥʥʷ 

ʧʨʦʮʝʩʽʚ ʩʘʤʦʥʘʛʨʽʚʫ.  

ɺ ʧʨʠʢʣʘʜʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʘʩʪʫʧʥʽ 

ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʚôʷʟʢʧʨʫʞʥʦʾ ʧʦʚʝʜʽʥʢʠ ʤʘʪʝʨʽʘʣʽʚ: 

1) ʄʦʜʝʣʴ ʣʽʥʽʡʥʦʾ ʚôʷʟʢʦʧʨʫʞʥʦʩʪʽ ʄʘʢʩʚʝʣʣʘ [29]. ɺ ʬʽʟʠʯʥʦʤʫ ʩʝʥʩʽ 

ʤʦʜʝʣʶʻʪʴʩʷ, ʷʢ ʧʨʫʞʠʥʠʡ ʪʘ ʜʝʤʧʬʫʶʯʠʡ ʝʣʝʤʝʥʪ, ʷʢʽ ʟôʻʜʥʘʥʽ ʧʦʩʣʽʜʦʚʥʦ. 

 

‰Ὓ
ρ

ρὉϳ ρȾ–ί
ȟ (1.11) 

‰ὸ Ὁ‏ὸ
ρ

ὸ
ÅØÐ

ὸ

ὸ
ȟ 

(1.1

2) 

ʜʝ – ï ʜʝʤʧʬʫʶʯʠʡ ʢʦʝʬʽʮʽʻʥʪ.  

 

2) ʂʝʣʴʚʽʥʘ ïʌʦʡʭʪʘ. ʎʷ ʤʦʜʝʣʴ ʚʢʣʶʯʘʻ ʦʜʠʥ ʧʨʫʞʠʥʠʡ ʪʘ ʦʜʠʥ 

ʜʝʤʧʬʫʶʯʠʡ ʝʣʝʤʝʥʪ, ʱʦ ʟôʻʜʥʘʥʽ ʧʘʨʘʣʝʣʴʥʦ. 

 

‰ί Ὁ –ί Ὁρ ὸίȟ (1.13) 

 

ʟʚʽʜʢʠ ʦʪʨʠʤʫʻʤʦ: 

 

‰ὸ Ὁὸ‏ὸÅØÐ . (1.14) 

 

3) ʄʦʜʝʣʴ ʩʪʘʥʜʘʨʪʥʦʛʦ ʣʽʥʽʡʥʦʛʦ ʪʽʣʘ ʫʪʚʦʨʝʥʘ ʧʨʫʞʥʠʤ ʝʣʝʤʝʥʪʦʤ 

ʧʦʩʣʽʜʦʚʥʦ ʟôʻʜʥʘʥʠʤ ʟ ʤʦʜʝʣʣʶ ʂʝʣʴʚʽʥʘ-ʌʦʡʛʪʘ (ʜʝʷʢʽ ʚʘʨʽʘʥʪʠ ʚʽʜʦʤʽ ʧʽʜ 

ʦʜʥʦʡʤʝʥʥʦʶ ʥʘʟʚʦʶ) (ʨʠʩ 1.7) 

 

‰ί
ρ

ρὉϳ ρὉ –ίϳ
Ȣ (1.15) 
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ʈʠʩʫʥʦʢ 1.7 ï ʉʪʘʥʜʘʨʪʥʘ ʤʦʜʝʣʴ ʚôʷʟʢʦʧʨʫʞʥʦʩʪʽ 

 

ɿʘ ʚʠʟʥʘʯʝʥʥʷʤ ὸ – Ὁ Ὁϳ  ʷʢ ʯʘʩ ʨʝʣʘʢʩʘʮʽʾ ʤʦʜʝʣʽ, ʚʠʨʘʟ (1.15) 

ʤʦʞʥʘ ʧʝʨʝʟʘʧʠʩʘʪʠ  

 

‰ί Ὁρ
Ὁ

Ὁ Ὁ

ρ

ρ ὸί
ȟ (1.16) 

 

‰‫ Ὁ Ὁ Ὁ
ρ

ρ Ὥὸ‫
Ȣ (1.17) 

 

4) ʋʟʘʛʘʣʴʥʝʥʘ ʤʦʜʝʣʴ ʄʘʢʩʚʝʣʘ 

ʋʟʘʛʘʣʴʥʝʥʘ ʤʦʜʝʣʴ ʄʘʢʩʚʝʣʣʘ ʻ ʧʘʨʘʣʝʣʴʥʠʤ ʟ'ʻʜʥʘʥʥʷʤ n ʝʣʝʤʝʥʪʽʚ 

ʄʘʢʩʚʝʣʣʘ (ʨʠʩ. 1.8). ʊʘʢʘ ʤʦʜʝʣʴ ʚʨʘʭʦʚʫʻ, ʱʦ ʨʝʣʘʢʩʘʮʽʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʝ ʚ ʦʜʠʥ 

ʤʦʤʝʥʪ, ʘ ʯʝʨʝʟ ʧʝʚʥʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ, ʮʝ ʚʽʜʧʦʚʽʜʘʻ ʤʝʭʘʥʽʯʥʦʤʫ ʜʝʬʦʨʤʫʚʘʥʥʶ 

ʝʣʘʩʪʦʤʽʨʽʚ, ʜʝ ʯʝʨʝʟ ʥʘʷʚʥʽʩʪʴ ʤʦʣʝʢʫʣʷʨʥʠʭ ʩʝʛʤʝʥʪʽʚ ʨʽʟʥʦʾ ʜʦʚʞʠʥʠ, ʙʽʣʴʰ 

ʢʦʨʦʪʢʽ ʨʦʙʣʷʪʴ ʤʝʥʰʠʡ ʚʥʝʩʦʢ ʥʽʞ ʜʦʚʰʽ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʨʦʟʧʦʜʽʣ ʯʘʩʫ. 
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ʈʠʩʫʥʦʢ 1.8 ï ʉʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʤʦʜʝʣʽ ʄʘʢʩʚʝʣʘ 

 

ʌʫʥʢʮʽʦʥʘʣʴʥʝ ʦʧʠʩʘʥʥʷ ʨʝʘʢʮʽʾ ʚ'ʷʟʢʦʧʨʫʞʥʦʛʦ ʤʘʪʝʨʽʘʣʫ: ʬʫʥʢʮʽʾ 

ʨʝʣʘʢʩʘʮʽʾ ʥʘʧʨʫʞʝʥʴ Ὑὸ, ʪʦʙʪʦ ʟʤʽʥʘ ʥʘʧʨʫʞʝʥʴ ʯʝʨʝʟ ʢʨʦʢ ʟʩʫʚʫ ʨʦʟʤʽʨʫ ‐, ʽ 

ʬʫʥʢʮʽʷ ʧʦʚʟʫʯʦʩʪʽ ὅὸ (ʽʩʪʦʨʽʷ ʟʩʫʚʫ) ï ʟʤʽʥʘ ʜʝʬʦʨʤʘʮʽʾ ʚʥʘʩʣʽʜʦʢ 

ʧʨʠʢʣʘʜʝʥʦʛʦ ʦʜʠʥʠʯʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ „. ʋ ʣʽʥʽʡʥʽʡ ʚ'ʷʟʢʦʧʨʫʞʥʽʡ ʪʝʦʨʽʾ ʚʽʜʛʫʢʠ 

ʤʦʞʫʪʴ ʙʫʪʠ ʘʧʨʦʢʩʠʤʦʚʘʥʽ ʷʢ 

 

Ὑ‐ȟὸ Ὃὸ‐ ὕ‐ ȟ (1.18) 

ὅ„ȟὸ ὐὸ„ ὕ„ Ȣ (1.19) 

 

ɺʠʟʥʘʯʘʶʯʠ ʪʘʢʠʤ ʯʠʥʦʤ ʣʽʥʽʡʥʠʡ ʤʦʜʫʣʴ ʨʝʣʘʢʩʘʮʽʾ ʥʘʧʨʫʞʝʥʴ Ὃὸ ʽ 

ʣʽʥʽʡʥʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʧʦʚʟʫʯʦʩʪʽ ὐὸ. ʋ ʟʘʛʘʣʴʥʦʚʞʠʚʘʥʠʭ ʤʝʭʘʥʽʩʪʠʯʥʠʭ 

ʤʦʜʝʣʷʭ, ʱʦ ʧʦʷʩʥʶʶʪʴ ʧʦʚʝʜʽʥʢʫ ʚ'ʷʟʢʦʧʨʫʞʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʣʽʥʽʡʥʽ ʧʨʫʞʥʽ ʽ ʜʝʤʧʬʫʶʯʽ ʝʣʝʤʝʥʪʠ, ʱʦ ʚʠʭʦʜʷʪʴ ʟ ʽʥʪʝʨʧʨʝʪʘʮʽʾ 

ʄʘʢʩʚʝʣʣʘ [30, 31], ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʤʦʜʝʣʶʶʪʴ ʯʠʩʪʫ ʧʨʫʞʥʫ ʧʦʚʝʜʽʥʢʫ ʪʘ ʯʠʩʪʠʡ 

ʚôʷʟʢʠʡ ʩʪʘʥ. 

ʉʫʧʝʨʧʦʟʠʮʽʷ ʦʜʥʦʝʪʘʧʥʠʭ ʨʝʘʢʮʽʡ ʤʘʪʝʨʽʘʣʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʟʘʻʤʦʟʚôʷʟʢʽʚ ʥʘʧʨʫʞʝʥʴ ʪʘ ʜʝʬʦʨʤʘʮʽʾ ʚ ʢʦʥʮʝʧʮʽʾ ʣʽʥʽʡʥʦʾ 

ʚôʷʟʢʦʧʨʫʞʥʦʩʪʽ, ʚʢʣʶʯʘʶʯʠ ʚʽʜʩʪʘʚʘʥʥʷ ʫ ʯʘʩʽ Ὃὸ ʪʘ ὐὸ ʯʝʨʝʟ ʚʨʘʭʫʚʘʥʥʷ 

ʽʩʪʦʨʽʾ ʥʘʧʨʫʞʝʥʴ (1.20) ʽʥʪʝʛʨʘʣʠ ʧʦʚʟʫʯʦʩʪʽ (1.21), ʘ ʩʘʤʝ 
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„ὸ Ὃὸ ίὨ‐ίȟ (1.20) 

‐ὸ ὐὸ ίὨ„ίȢ (1.21) 

 

ʄʦʜʝʣʴ ʟʚʦʜʠʪʴʩʷ ʜʦ ʧʦʰʫʢʫ ʥʝʚʽʜʦʤʠʭ ʬʫʥʢʮʽʡ Ὃὸ ʪʘ ὐὸ. ʆʩʥʦʚʥʘ ʫʚʘʛʘ 

ʧʨʠʜʽʣʷʻʪʴʩʷ ʘʜʝʢʚʘʪʥʽʡ ʧʦʙʫʜʦʚʽ ʜʨʦʙʦʚʦʛʦ ʦʧʝʨʘʪʦʨʘ ʟ ʷʜʨʦʤ ʧʘʤ'ʷʪʽ, ʱʦ 

ʧʽʜʢʦʨʷʻʪʴʩʷ ʦʙʦʚ'ʷʟʢʦʚʠʤ ʫʤʦʚʘʤ, ʥʘʢʣʘʜʝʥʠʤ ʥʘ ʥʴʦʛʦ. ɺʠʙʽʨ ʬʫʥʢʮʽʾ 

ʘʧʨʦʢʩʠʤʘʮʽʾ, ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ, ʜʫʞʝ ʦʙʤʝʞʝʥʠʡ, ʷʢʱʦ ʩʪʝʧʝʥʝʚʠʡ ʟʘʢʦʥ ʥʝ ʻ 

ʘʜʝʢʚʘʪʥʠʤ ʚʠʙʦʨʦʤ, ʪʦ ʙʽʣʴʰ ʧʽʜʭʦʜʷʱʠʤ ʨʽʰʝʥʥʷʤ ʻ ʥʘʙʣʠʞʝʥʥʷ ʨʷʜʦʤ. ʎʝʡ 

ʧʨʠʡʦʤ ʧʨʠʨʦʜʥʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʠʪʘʥʥʷ ʧʽʜʛʦʥʢʠ ʜʘʥʠʭ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʨʷʜʫ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʭ ʜʦʜʘʥʢʽʚ (ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʬʫʥʢʮʽʾ ʙʘʞʘʥʦʛʦ 

ʷʜʨʘ ʧʘʤ'ʷʪʽ), ʚʽʜʦʤʠʭ ʷʢ ʨʷʜ ʇʨʦʥʽ [32] (ʪʘʢʦʞ ʷʢ ʨʷʜ ɼʽʨʽʭʣʝ ). 

5) ʈʷʜʠ ʇʨʦʥʽ 

ɺ'ʷʟʢʦʧʨʫʞʥʘ ʨʝʣʘʢʩʘʮʽʡʥʘ ʬʫʥʢʮʽʷ ʤʦʞʝ ʙʫʪʠ ʚʠʨʘʞʝʥʘ ʜʠʩʢʨʝʪʥʠʤ 

ʩʧʝʢʪʨʦʤ ʨʝʣʘʢʩʘʮʽʾ ʰʣʷʭʦʤ ʨʦʟʢʣʘʜʘʥʥʷ ʫ ʚʠʛʣʷʜʽ ʨʷʜʫ ʇʨʦʥʽ Ὣ ὸ ʟ ʯʣʝʥʘʤʠ 

ὔ ʟ ʢʦʥʩʪʘʥʪʘʤʠ ʰʚʠʜʢʦʩʪʽ ‍, ʘ ʩʘʤʝ 

 

Ὣ ὸ Ὣ ὫὩ Ὣ ὫὩ
 
  ȟ ‍

ρ

ὸ
π (1.22) 

 

ʘʙʦ ʯʝʨʝʟ ʥʦʨʤʦʚʘʥʽ ʚʘʛʠ (ʘʤʧʣʽʪʫʜʠ ʘʙʦ ʥʦʨʤʘʣʽʟʦʚʘʥʽ ʤʦʜʫʣʽ ʨʝʣʘʢʩʘʮʽʾ) ‗ 

[31] ʷʢ 

 

Ὣ ὸ

Ὣ
ρ ‗ Ὡ ρ  ȟ ‗

Ὣ

Ὣ
Ȣ (1.23) 

 



21 

ʋ ʨʽʚʥʷʥʥʷʭ (1.22, 1.23) ʧʘʨʘʤʝʪʨʠ Ὣ  ʪʘ Ὣ ʻ ʨʽʚʥʦʚʘʞʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ 

(ʜʣʷ ʚʝʣʠʢʠʭ ʟʥʘʯʝʥʴ ʯʘʩʫ), ʘ ʤʦʜʫʣʽ ʨʝʣʘʢʩʘʮʽʾ (ʞʦʨʩʪʢʽʩʪʴ), ʚʽʜʧʦʚʽʜʥʦ, 

ʦʙʤʝʞʝʥʽ ʟʛʽʜʥʦ ʟ ɹʨʽʥʩʦʥʦʤ [31] 

 

Ὣ Ὣ ρ  ((1.24) 

 

ɸʧʨʦʢʩʠʤʘʮʽʷ ʨʷʜʽʚ ʇʨʦʥʽ ʚʝʜʫʪʴ ʜʦ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʚ'ʷʟʢʦʧʨʫʞʥʦʛʦ ʪʽʣʘ 

ʄʘʢʩʚʝʣʣʘ (ʚʽʜʦʤʦʛʦ ʪʘʢʦʞ ʷʢ ʤʦʜʝʣʴ ʄʘʢʩʚʝʣʣʘ-ɺʽʭʝʨʪʘ) ʟ ʧʘʨʘʣʝʣʴʥʦ 

ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʧʨʫʞʠʥʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ. ʈʦʟʢʣʘʜʘʥʥʷ ʨʷʜʽʚ ʇʨʦʥʽ ʟʘʩʪʦʩʦʚʥʽ 

ʜʦ ʙʫʜʴ-ʷʢʠʭ ʚ'ʷʟʢʦʧʨʫʞʥʠʭ ʤʦʜʝʣʝʡ ʯʝʨʝʟ ʾʭ ʟʘʣʝʞʥʽ ʚʽʜ ʯʘʩʫ ʤʦʜʫʣʽ 

ʟʩʫʚʫ [33, 34]. 

ʂʦʤʧʦʥʝʥʪʠ ʨʷʜʫ ʇʨʦʥʽ ʤʘʶʪʴ ʩʧʝʢʪʨʘʣʴʥʫ ʩʠʣʫ Ὣ ʪʘ ʯʘʩ ʨʝʣʘʢʩʘʮʽʾ ὸ. ʎʝ 

ʪʘʢ ʟʚʘʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʜʠʩʢʨʝʪʥʦʛʦ ʨʷʜʫ ʇʨʦʥʽ, ʚʽʜʦʤʝ ʪʘʢʦʞ ʷʢ ʜʠʩʢʨʝʪʥʠʡ 

ʩʧʝʢʪʨ ʨʝʣʘʢʩʘʮʽʾ. ʂʨʽʤ ʪʦʛʦ, ʥʘʙʣʠʞʝʥʥʷ ʨʷʜʫ (1.22) ʤʦʞʝ ʙʫʪʠ ʟʘʤʽʥʝʥʦ ʫ 

ʬʦʨʤʫʣʶʚʘʥʥʽ ʟʘʢʦʥʫ ʤʘʪʝʨʽʘʣʽʚ, ʪʘʢʠʭ ʷʢ ʄʘʢʩʚʝʣʣʘ, ʂʝʣʴʚʽʥʘ- ʌʦʡʛʪʘ ʪʘ ʽʥhʠʭ, 

ʽ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʦ ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʚ'ʷʟʢʦʩʪʽ ʥʘʜ ʤʦʜʫʣʝʤ ʧʨʫʞʥʦʩʪʽ, 

ʪʦʙʪʦ ὸ  Ὣ ‗ϳ  

 

1.3 ʗʚʠʱʝ ʜʠʩʠʧʘʪʠʚʥʦʛʦ ʩʘʤʦʥʘʛʨʽʚʫ ʫ ʛʫʤʦʢʦʨʜʥʠʭ ʝʣʝʤʝʥʪʘʭ 

ʢʦʥʩʪʨʫʢʮʽʡ 

ʎʠʢʣʽʯʥʝ ʜʝʬʦʨʤʫʚʘʥʥʷ ʚôʷʟʢʦʧʨʫʞʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʠʢʣʠʢʘʻ ʛʽʩʪʝʨʝʟʠʩʥʽ 

ʚʪʨʘʪʠ, ʷʢʽ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʚʠʜʽʣʝʥʥʷʤ ʪʝʧʣʘ [35]. ɼʣʷ ʛʫʤʦʧʦʜʽʙʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, 

ʷʢʽ ʤʘʶʪʴ ʥʠʟʴʢʫ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ, ʘʣʝ ʧʦʤʽʨʥʫ ʪʝʧʣʦʻʤʥʽʩʪʴ, ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʥʘʢʦʧʠʯʝʥʥʷ ʪʝʧʣʘ ʪʘ ʚʠʥʠʢʥʝʥʥʷ ʷʚʠʱʘ ʩʘʤʦʥʘʛʨʽʚʘʥʥʷ. 

ʎʝ ʩʢʣʘʜʥʠʡ ʧʨʦʮʝʩ ʽ, ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ, ʥʝʩʪʘʮʽʦʥʘʨʥʠʡ ʪʘ ʧʦʪʨʝʙʫʻ 

ʚʨʘʭʫʚʘʥʥʷ ʙʘʛʘʪʴʦʭ ʬʘʢʪʦʨʽʚ ɹʽʣʴʰʽʩʪʴ ʘʚʪʦʨʽʚ ʩʧʨʦʱʫʶʪʴ ʚʠʨʽʰʝʥʥʷ ʧʦʜʽʙʥʠʭ 

ʟʘʜʘʯ ʜʦ ʩʪʘʮʽʦʥʘʨʥʠʭ ʟʘʜʘʯ ʪʝʧʣʦʦʙʤʽʥʫ. ɺ ʣʽʪʝʨʘʪʫʨʽ ʚʽʜʦʤʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʱʦ 

ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʚʠʚʯʝʥʥʷ ʧʨʦʮʝʩʽʚ ʩʘʤʦʥʘʛʨʽʚʫ ʚ ʛʫʤʦʧʦʜʽʙʥʠʭ ʤʘʪʝʨʽʘʣʘʭ [36, 37] 

ʪʘ ʾʭʥʽ ʦʩʦʙʣʠʚʦʩʪʽ [38]. ɻʝʪʝʨʦʛʝʥʥʽʩʪʴ ʚʥʫʪʨʽʰʥʴʦʾ ʩʪʨʫʢʪʫʨʠ ʢʦʤʧʦʟʠʪʫ ʪʘ 
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ʩʢʣʘʜʥʠʡ ʧʦʨʦʜʞʫʶʯʠʡ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ (ʅɼʉ), ʧʨʠʟʚʦʜʷʪʴ ʜʦ 

ʥʝʦʜʥʦʨʽʜʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ ʧʦ ʝʣʝʤʝʥʪʘʤ ʢʦʥʩʪʨʫʢʮʽʾ, ʱʦ, ʚ ʩʚʦʶ 

ʯʝʨʛʫ, ʩʧʨʠʯʠʥʷʻ ʜʦʜʘʪʢʦʚʠʡ ʥʝʦʜʥʦʨʽʜʥʠʡ ʪʝʨʤʦ-ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ.  

ʂʨʽʤ ʪʦʛʦ, ʟʤʽʥʘ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʚʠʢʣʠʢʘʥʘ ʥʘʛʨʽʚʦʤ ʤʘʪʝʨʽʘʣʽʚ, 

ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʅɼʉ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʟʤʽʥʠʪʠ ʤʽʩʮʷ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʪʘ ʥʝʙʝʟʧʝʯʥʽ ʟʦʥʠ ʢʦʥʩʪʨʫʢʮʽʾ, ʷʢʽ ʩʬʦʨʤʫʶʪʴʩʷ, ʟʦʢʨʝʤʘ, ʽ 

ʥʝʦʜʥʦʨʽʜʥʦʶ ʟʤʽʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʽʮʥʦʩʪʽ. 

ʇʝʩʝʢ ʪʘ ʽʥ. [39] ʟʘʧʨʦʧʦʥʫʚʘʚ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ, ʟʘʩʥʦʚʘʥʫ ʥʘ ʩʣʘʙʢʦʤʫ 

ʬʦʨʤʫʣʶʚʘʥʥʽ ʯʘʩʪʢʦʚʦʛʦ ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ ʨʽʚʥʷʥʥʷ ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʥʠʭ 

ʝʣʝʤʝʥʪʽʚ (ʄʉɽ) ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʨʤʦʤʝʭʘʥʽʯʥʦʾ ʚʟʘʻʤʦʜʽʾ ʚ ʧʦʧʝʨʝʜʥʴʦ 

ʥʘʧʨʫʞʝʥʦʤʫ ʛʫʤʦʚʦʤʫ ʙʣʦʮʽ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʨʫʞʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʩʢʣʘʜʝʥʠʭ ʪʨʘʤʚʘʡʥʠʭ ʢʦʣʽʩ. ɸʚʪʦʨʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʦʜʝʣʴ ʧʨʦʧʦʨʮʽʡʥʦʛʦ 

ʜʝʤʧʬʫʚʘʥʥʷ ʪʘ ʢʦʥʩʝʨʚʘʪʠʚʥʠʡ ʟʘʢʦʥ ʝʥʝʨʛʽʾ, ʪʦʙʪʦ ʨʽʚʥʽʩʪʴ ʱʽʣʴʥʦʩʪʽ ʪʝʧʣʦʚʦʾ 

ʝʥʝʨʛʽʾ ʪʘ ʛʫʩʪʠʥʠ ʝʥʝʨʛʽʾ ʨʦʟʩʽʶʚʘʥʥʷ, ʱʦʙ ʚʠʢʦʥʘʪʠ ʟʚ'ʷʟʦʢ ʤʽʞ ʤʝʭʘʥʽʯʥʠʤ ʪʘ 

ʪʝʧʣʦʚʠʤ ʨʽʚʥʷʥʥʷʤʠ ʟʘ ʚʠʙʨʘʥʠʭ ʧʨʦʩʪʠʭ ʥʘʧʨʫʞʝʥʠʭ ʩʪʘʥʽʚ, ʪʘʢʠʭ ʷʢ ʦʜʥʦʚʽʩʥʝ 

ʥʘʧʨʫʞʝʥʥʷ ʪʘ / ʘʙʦ ʩʪʠʩʥʝʥʥʷ ʯʠ ʯʠʩʪʠʡ ʟʩʫʚ. ʆʢʨʽʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʩʪʠʭ 

ʚʠʧʘʜʢʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʧʝʨʝʜʙʘʯʫʚʘʥʦʾ ʤʦʜʝʣʽ ʜʝʤʧʬʫʚʘʥʥʷ, ʘʚʪʦʨʠ ʥʝ 

ʧʽʜʪʚʝʨʜʠʣʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʟʘʧʨʦʧʦʥʦʚʘʥʫ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʧʨʠ ʨʽʟʥʠʭ 

ʰʚʠʜʢʦʩʪʷʭ ʜʝʬʦʨʤʘʮʽʡ. 

ʋ ʨʦʙʦʪʽ [40] ʚʠʢʦʨʠʩʪʘʥʦ ʧʦʜʽʙʥʠʡ ʧʽʜʭʽʜ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʩʪʘʮʽʦʥʘʨʥʦʛʦ 

ʪʝʧʣʦʚʦʛʦ ʘʥʘʣʽʟʫ ʢʦʯʝʥʥʷ ʰʠʥʠ. ɰʭʥʽʡ ʧʽʜʭʽʜ ʜʦ ʟʘʜʘʯʽ ʧʦʣʷʛʘʚ ʫ ʪʦʤʫ, ʱʦ 

ʨʦʟʩʽʷʥʫ ʝʥʝʨʛʽʶ ʦʪʨʠʤʫʚʘʣʠ ʷʢ ʜʦʙʫʪʦʢ ʦʪʨʠʤʘʥʠʭ ʛʽʩʪʝʨʝʟʠʩʥʠʭ ʚʪʨʘʪ 

(ʚʠʟʥʘʯʝʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʠʥʘʤʽʯʥʦʛʦ ʤʝʭʘʥʽʯʥʦʛʦ ʘʥʘʣʽʟʘʪʦʨʘ (DMA) ʪʘ 

ʟʘʛʘʣʴʥʦʾ ʤʝʭʘʥʽʯʥʦʾ ʝʥʝʨʛʽʾ (ʦʪʨʠʤʘʥʦʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʄʉɽ) ʛʽʧʝʨʝʣʘʩʪʠʯʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ.  

ʃʦ [41] ʪʘ ʽʥ. ʙʘʟʫʚʘʣʠ ʧʽʜʭʽʜ ʩʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫ ʥʘ ʦʪʨʠʤʘʥʠʭ ʫ 

ʭʦʜʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʝʪʝʣʷʭ ʩʪʘʪʠʯʥʦʛʦ ʛʽʩʪʝʨʝʟʠʩʫ ʜʣʷ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʛʝʥʝʨʘʮʽʾ ʪʝʧʣʘ ʛʫʤʦʚʦʾ ʧʨʫʞʠʥʠ Instrumount ʧʽʜ ʯʘʩ ʾʾ 

ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʧʨʠʩʢʦʨʝʥʫ ʚʪʦʤʫ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʪʨʠʤʘʥʫ ʧʝʪʣʶ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʚʪʨʘʪ ʝʥʝʨʛʽʾ ʟʘ ʮʠʢʣ. ʇʨʦʮʝʜʫʨʠ, ʟʘʧʨʦʧʦʥʦʚʘʥʽ 
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ʘʚʪʦʨʘʤʠ ʚ [42] ʪʘ [41] ʚʠʤʘʛʘʶʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʚʪʨʘʪʠ 

ʛʽʩʪʝʨʝʟʠʩʫ ʧʨʠ ʚʩʽʭ ʘʤʧʣʽʪʫʜʘʭ, ʪʦʙʪʦ ʚʝʣʠʯʠʥʘʭ ʜʝʬʦʨʤʘʮʽʡ, ʧʨʠ ʷʢʠʭ ʧʨʘʮʶʻ 

ʧʨʫʞʠʥʘ, ʱʦ ʤʦʞʝ  ̒ʜʦʩʠʪʴ ʪʨʫʜʦʤʽʩʪʢʦʶ ʟʘʜʘʯʝʶ. 

ɺ ʨʦʙʦʪʽ [43] ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʚ'ʷʟʢʦʧʨʫʞʥʫ (ʄʘʢʩʚʝʣʣʘ) ʤʦʜʝʣʴ ʜʣʷ ʦʮʽʥʢʠ 

ʛʽʩʪʝʨʝʟʠʩʥʠʭ ʚʪʨʘʪ  ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʛʝʥʝʨʘʮʽʶ ʪʝʧʣʘ ʚ ʛʫʤʦʚʠʭ ʩʫʤʽʰʘʭ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʙʫʚ ʩʫʪʦ ʯʠʩʝʣʴʥʠʤ, ʧʦʚʝʨʪʘʶʯʠʩʴ 

ʜʦ ʚʠʱʝʟʘʟʥʘʯʝʥʦʾ ʥʝʦʙʭʽʜʥʦʩʪʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʛʽʩʪʝʨʝʟʠʩʥʠʭ 

ʚʪʨʘʪ, ʪʦʯʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦʢʦʨʽʥʥʦ ʟʤʝʥʰʠʣʘʩʴ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ 

ʜʝʬʦʨʤʘʮʽʾ ʪʘ ʯʘʩʪʦʪʠ. ʅʘʧʨʠʢʣʘʜ, ʧʦʭʠʙʢʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʦʟʩʽʷʥʦʾ ʝʥʝʨʛʽʾ ʧʨʠ 

ʚʝʣʠʯʠʥʽ ʜʝʬʦʨʤʘʮʽʾ 0,5 ʩʪʘʥʦʚʠʣʘ ʧʦʥʘʜ 35%, ʱʦ ʻ ʥʝʧʨʠʧʫʩʪʠʤʠʤ ʜʣʷ 

ʫʣʦʚʣʶʚʘʥʥʷ ʚʠʨʦʙʣʝʥʥʷ ʪʝʧʣʘ ʚ ʛʫʤʦʚʽʡ ʩʢʣʘʜʦʚʽʡ. ɿʘʚʜʷʢʠ ʧʦʚʥʽʡ ʚʟʘʻʤʦʟʚ'ʷʟʢʫ 

ʤʝʭʘʥʽʯʥʦʛʦ ʪʘ ʪʝʨʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʩʪʦʩʫʚʘʚʩʷ ʣʠʰʝ 

ʧʦʤʽʨʥʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʟʤʽʥ ʽ ʥʝ ʦʙʛʦʚʦʨʶʚʘʚ ʯʘʩʦʚʦ-ʪʝʤʧʝʨʘʪʫʨʥʫ 

ʩʫʧʝʨʧʦʟʠʮʽʶ. 

ʋ ʜʦʩʣʽʜʞʝʥʥʽ [44] ʟʘʧʨʦʧʦʥʫʚʘʣʠ ʥʦʚʫ ʛʽʙʨʠʜʥʫ ʯʠʩʣʦʚʦ-

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ ʤʝʪʦʜʦʣʦʛʽʶ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʯʘʩʪʦʪʠ ʪʘ ʘʤʧʣʽʪʫʜʠ 

ʟʙʫʜʞʝʥʥʷ ʥʘ ʷʚʠʱʝ ʩʘʤʦʥʘʛʨʽʚʘʥʥʷ ʚ ʧʦʩʪʫʧʘʣʴʥʦʤʫ ʚ'ʷʟʢʦʧʨʫʞʥʦʤʫ ʢʨʽʧʣʝʥʥʽ. 

ɹʫʣʦ ʧʦʤʽʯʝʥʦ, ʱʦ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʯʘʩʪʦʪʠ ʪʘ ʘʤʧʣʽʪʫʜʠ ʟʙʫʜʞʝʥʥʷ ʷʚʠʱʝ 

ʩʘʤʦʥʘʛʨʽʚʘʥʥʷ ʩʪʘʻ ʙʽʣʴʰ ʚʠʨʘʞʝʥʠʤ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʦʛʦ ʧʽʜʚʠʱʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʩʝʨʝʜʠʥʽ ʦʙ'ʻʤʫ ʤʘʪʝʨʽʘʣʫ 

ɹʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʩʪʫʧʽʥʴ ʚʧʣʠʚʫ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʜʝʤʧʬʫʶʯʫ ʟʜʘʪʥʽʩʪʴ, ʦʜʥʘʢ 

ʝʬʝʢʪʠ ʩʪʘʪʠʯʥʠʭ ʧʦʧʝʨʝʜʥʽʭ ʥʘʚʘʥʪʘʞʝʥʴ ʘʚʪʦʨʠ ʥʝ ʨʦʟʛʣʷʜʘʣʠ. ɿʘ ʜʘʥʠʤʠ [45] 

ʤʽʩʮʝʚʽ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚʩʝʨʝʜʠʥʽ ʚ'ʷʟʢʦʧʨʫʞʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʦʤ'ʷʢʰʝʥʥʷ ʨʽʚʥʷ ʚʽʙʨʘʮʽʡ ʫ ʚʠʩʦʢʠʭ ʙʫʜʽʚʣʷʭ, ʤʦʞʫʪʴ 

ʧʽʜʥʷʪʠʩʷ ʜʦ 10 ʟʘ ʢʽʣʴʢʘ ʩʝʢʫʥʜ ʧʽʜ ʯʘʩ ʰʪʦʨʤʫ. ʆʜʥʘʢ ʮʝ ʚʚʘʞʘʻʪʴʩʷ 

ʦʙʤʝʞʫʚʘʣʴʥʠʤ ʧʨʠʧʫʱʝʥʥʷʤ, ʦʩʢʽʣʴʢʠ ʥʝ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʧʦʚʥʠʡ ʪʨʠʚʠʤʽʨʥʠʡ 

ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʜʞʝʨʝʣʘ ʪʝʧʣʘ ʪʘ ʧʦʧʝʨʝʜʥʴʦ ʥʘʧʨʫʞʝʥʦʛʦ 

ʚʧʣʠʚʫ ʥʘ ʚ'ʷʟʢʦʧʨʫʞʥʽ ʜʝʤʧʬʫʶʯʽ ʧʨʠʩʪʨʦʾ. ʈʽʪʪʝʣʴ [46] ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʚ, ʱʦ ʢʦʝʬʽʮʽʻʥʪ ʚʪʨʘʪ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ 

ʤʝʭʘʥʽʯʥʦʾ ʝʥʝʨʛʽʾ, ʧʝʨʝʪʚʦʨʝʥʦʾ ʚ ʪʝʧʣʦ, ʜʣʷ ʧʦʣʽʢʘʨʙʦʥʘʪʽʚ, ʜʝʬʦʨʤʦʚʘʥʠʭ ʫ 
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ʜʽʘʧʘʟʦʥʽ ʰʚʠʜʢʦʩʪʝʡ ʜʝʬʦʨʤʘʮʽʾ, ʩʠʣʴʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʝʬʦʨʤʘʮʽʾ ʪʘ ʰʚʠʜʢʦʩʪʽ 

ʜʝʬʦʨʤʘʮʽʾ. ʆʢʨʽʤ ʪʦʛʦ, ʦʩʢʽʣʴʢʠ ʾʭ ʜʫʞʝ ʚʘʞʢʦ ʦʮʽʥʠʪʠ, ʾʭ ʟʥʘʯʝʥʥʷ ʧʨʠʡʤʘʣʠʩʴ 

ʜʦʩʠʪʴ ʜʦʚʽʣʴʥʦ ʚ ʤʝʞʘʭ [0.1; 1.0], ʥʘʧʨʠʢʣʘʜ, ʫ ʜʦʩʣʽʜʞʝʥʥʽ, ʧʨʦ ʷʢʝ 

ʧʦʚʽʜʦʤʣʷʶʪʴ ʈʽʪʪʝʣʴ ʪʘ ʈʘʙʽʥ [47], ʚ ʷʢʦʤʫ ʧʨʦʚʦʜʠʪʴʩʷ ʯʠʩʝʣʴʥʠʡ ʪʝʨʤʽʯʥʠʡ 

ʘʥʘʣʽʟ ʩʢʽʥʯʝʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʉɽ) ʮʠʢʣʽʯʥʦʛʦ ʩʪʠʩʥʝʥʥʷ ʧʦʣʽʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʫ 

(ʇʄʄɸ) ʪʘ ʧʦʣʽʢʘʨʙʦʥʘʪʥʠʭ ʮʠʣʽʥʜʨʠʯʥʠʭ ʟʨʘʟʢʽʚ. 

ɺ ʨʦʙʦʪʽ [48], [49] [50] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʽʜʭʽʜ ʜʦ ʪʝʦʨʝʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʨʦʮʝʩʫ ʥʘʛʨʽʚʫ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʰʠʥ ʧʨʠ ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʜʝʬʦʨʤʫʚʘʥʥʽ . ɸʚʪʦʨʠ 

ʦʙʤʝʞʫʶʪʴʩʷ ʤʦʜʝʣʶʚʘʥʥʷʤ ʩʭʝʤʘʪʠʯʥʦʛʦ ʥʘʛʨʽʚʫ, ʱʦ ʚʠʢʣʠʢʘʥʠʡ 

ʛʽʩʪʝʨʝʟʠʩʥʠʤʠ ʚʪʨʘʪʘʤʠ ʥʘ ʣʽʥʽʡʥʠʭ ʤʦʜʝʣʷʭ ʚʠʢʣʶʯʥʦ ʜʣʷ ʛʫʤʦʚʠʭ ʰʘʨʽʚ ʥʝ 

ʚʨʘʭʦʚʫʶʯʠ ʚʧʣʠʚ ʢʦʨʜʥʦʛʦ ʧʦʩʠʣʝʥʥʷ. ɺ ʩʪʘʪʪʽ [51] ʪʝʦʨʝʪʠʯʥʦ ʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʩʣʽʜʞʝʥʦ ʥʝʩʪʘʮʽʦʥʘʨʥʠʡ ʥʘʛʨʽʚ ʛʫʤʦʚʠʭ ʟʨʘʟʢʽʚ ʚ ʫʤʦʚʘʭ 

ʚʝʣʠʢʠʭ ʜʝʬʦʨʤʘʮʽʡ. ʇʨʠ ʮʴʦʤʫ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʥʝʣʽʥʽʡʥʽ ʤʦʜʝʣʽ, ʷʢʽ ʜʦʩʠʪʴ 

ʷʢʽʩʥʦ ʦʧʠʩʫʶʪʴ ʚôʷʟʢʦʧʨʫʞʥʫ ʧʦʚʝʜʽʥʢʫ ʤʘʪʝʨʽʘʣʽʚ ʧʨʠ ʜʝʬʦʨʤʘʮʽʷʭ > 100%.  

 

1.4 ɺʧʣʠʚ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʫʤʦʢʦʨʜʥʠʭ ʢʦʤʧʦʟʠʪʽʚ. 

 

1.4.1. ɺʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʧʨʫʞʥʽ ʽ ʜʠʩʠʧʘʪʠʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʛʫʤʦʢʦʨʜʽʚ. 

ɯʩʪʦʪʥʝ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ, ʱʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʜʠʥʘʤʽʯʥʦʤʫ 

ʥʘʚʘʥʪʘʞʝʥʥʽ ʝʣʘʩʪʦʤʽʨʽʚ ʟʥʘʯʥʠʤ ʯʠʥʦʤ ʚʧʣʠʚʘʻ ʥʘ ʾʭ ʧʨʫʞʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

(ʨʠʩ. 1.9) ʪʘ ʧʦʚʝʜʽʥʢʫ ʧʨʠ ʨʦʟʪʷʛʫʚʘʥʥʽ.  

Cʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʪʝʥʜʝʥʮʽʷ ʜʦ ʩʫʪʪʻʚʦʾ ʟʤʽʥʠ ʩʪʫʧʝʥʷ ʨʝʣʘʢʩʘʮʽʾ ʛʫʤʦʚʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʧʨʠ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʥʘʧʨʫʞʝʥʥʷ ʪʘ 

ʜʝʬʦʨʤʘʮʽʾ. ɿʽ ʟʤʽʥʦʶ ʪʝʤʧʝʨʘʪʫʨʠ ʰʚʠʜʢʽʩʪʴ ʜʝʛʨʘʜʘʮʽʾ ʛʫʤʦʧʦʜʽʙʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʨʽʟʥʘ. ɭ ʜʚʽ ʦʩʥʦʚʥʽ ʧʨʠʯʠʥʠ ʚʠʱʝʟʘʟʥʘʯʝʥʦʛʦ ʷʚʠʱʘ: ʪʝʨʤʽʯʥʝ ʩʪʘʨʽʥʥʷ ʛʫʤʠ ʪʘ 

ʧʦʰʢʦʜʞʝʥʥʷ ʚʪʦʤʠ. ʊʝʨʤʽʯʥʝ ʩʪʘʨʽʥʥʷ ʛʫʤ ʚ ʦʩʥʦʚʥʦʤʫ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʨʝʘʢʮʽʾ 

ʪʝʨʤʽʯʥʦʛʦ ʦʢʠʩʥʦʛʦ ʩʪʘʨʽʥʥʷ, ʷʢʘ ʻ ʢʘʪʘʣʽʪʠʯʥʦʶ ʨʝʘʢʮʽʻʶ ʦʢʠʩʣʝʥʥʷ.  
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ʈʝʘʢʮʽʷ ʦʢʠʩʣʝʥʥʷ ʧʦʩʠʣʶʻʪʴʩʷ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʨʦʟʪʨʽʩʢʫʚʘʥʥʷ ʘʙʦ ʩʪʨʫʢʪʫʨʫʚʘʥʥʷ ʤʦʣʝʢʫʣ ʛʫʤʠ ʪʘ ʨʫʡʥʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʟ 

ʯʘʩʦʤ [53, 54]. 

ʇʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʟʥʘʯʥʦ ʧʨʠʩʢʦʨʶʻ ʚʪʦʤʫ ʛʫʤʦʢʦʨʜʽʚ. ʇʨʠʯʠʥʦʶ 

ʪʦʛʦ ʻ ʪʝ, ʱʦ ʥʘʧʨʫʞʝʥʥʷ ʪʘ ʜʝʬʦʨʤʘʮʽʷ ʢʦʣʦʾʜʥʦʛʦ ʥʘʪʷʛʫ ʻ ʨʽʟʥʠʤʠ ʧʨʠ ʨʽʟʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ. 

 

ʈʠʩʫʥʦʢ 1.9 ï ɿʤʽʥʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʫ ʟ ʯʘʩʦʤ ʧʨʠ ʨʽʟʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ [52] 

 

ʄʦʣʝʢʫʣʷʨʥʠʡ ʨʫʭ ʛʫʤʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʨʠʩʢʦʨʶʻʪʴʩʷ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ 

ʪʝʤʧʝʨʘʪʫʨʠ, ʤʦʣʝʢʫʣʷʨʥʽ ʣʘʥʮʶʛʠ ʧʨʦʜʦʚʞʫʶʪʴ ʨʦʟʰʠʨʶʚʘʪʠʩʷ ʽ ʥʝʦʜʥʦʨʘʟʦʚʦ 

ʧʦʣʽʤʝʨʠʟʫʚʘʪʠʩʷ ʧʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷʤ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʪʘ 

ʟʙʽʣʴʰʝʥʥ ̫ ʤʽʢʨʦʪʨʽʱʠʥ, ʷʢ ʥʘʩʣʽʜʦʢ, ʜʦ ʫʪʚʦʨʝʥʥʷ ʤʘʢʨʦʩʢʦʧʽʯʥʠʭ ʪʨʽʱʠʥʠ 

ʚʠʥʠʢʘʻ ʥʝʟʚʦʨʦʪʥʘ ʧʣʘʩʪʠʯʥʘ ʜʝʬʦʨʤʘʮʽʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʫʡʥʫʚʘʥʥʷ 

ʛʫʤʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ [55]. 

ʇʦʤʽʨʥʠʡ ʥʘʛʨʽʚ ʚʠʢʣʠʢʘʻ ʧʦʤôʷʢʰʝʥʥʷ ʛʫʤʠ, ʱʦ ʚʠʢʣʠʢʘʻ ʟʤʝʥʰʝʥʥʷ 

ʞʦʨʩʪʢʦʩʪʽ (ʨʠʩ. 1.10). ʊʘʢ, ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ 20 ʛʨʘʜʫʩʽʚ ʟʤʽʥʶʻ 
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ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʥʘ 10 ʚʽʜʩʦʪʢʽʚ. ɺ ʪʦʡ ʞʝ ʯʘʩ, ʽʩʪʦʪʥʝ ʥʘʛʨʽʚʘʥʥʷ ʤʦʞʝ 

ʧʦʥʦʚʠʪʠ ʧʨʦʮʝʩ ʚʫʣʢʘʥʽʟʘʮʽʾ ʽ ʧʨʠʚʝʩʪʠ ʜʦ ʦʭʨʫʧʯʝʥʥʷ ʤʘʪʝʨʽʘʣʫ [56, 57]. 

 

 

ʈʠʩʫʥʦʢ 1.10 ï ɿʘʣʝʞʥʽʩʪʴ ʢʨʠʚʦʾ ʜʝʬʦʨʤʫʚʘʥʥʷ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ [55] 

 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʛʽʧʝʨʝʣʘʩʪʠʯʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ 

ʥʝʥʘʧʦʚʥʝʥʠʭ NR (ʧʨʠʨʦʜʥʠʭ ʛʫʤ), ʪʘ ʥʘʧʦʚʥʝʥʠʭ ʟʤʽʮʥʝʥʠʭ ʨʽʟʥʠʤ ʚʤʽʩʪʦʤ 

ʥʘʧʦʚʥʶʚʘʯʘ CB (ʚʫʛʣʝʮʶ ʘʙʦ ʩʘʞʽ) ʧʨʠ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 297K 

ʜʦ 388K ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1.11. ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.11(ʘ), ʞʦʨʩʪʢʽʩʪʴ 

ʤʘʪʝʨʽʘʣʫ NR-0 (ʯʠʩʪʘ ʛʫʤʘ) ʟʨʦʩʪʘʻ ʽʟ ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ. ʎʝ ʧʽʜʢʨʝʩʣʶʻ 

ʢʣʘʩʠʯʥʠʡ ʝʥʪʨʦʧʽʡʥʠʡ ʝʥʝʨʛʝʪʠʯʥʠʡ ʚʥʝʩʦʢ ʫ ʯʠʩʪʽʡ ʛʫʤʽ ʧʜ̔ ʜʽʻʶ ʪʝʤʧʝʨʘʪʫʨʠ. 

ʆʜʥʘʢ, ʷʢ ʟʘʟʥʘʯʝʥʦ ʥʘ ʨʠʩ. 1.11 (ʙ ï ʛ), ʪʝʤʧʝʨʘʪʫʨʥʦ-ʟʘʣʝʞʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʥʘʧʦʚʥʝʥʠʭ ʛʫʤʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʥʝʥʘʧʦʚʥʝʥʦʛʦ ʛʫʤʦʚʦʛʦ 

ʤʘʪʝʨʽʘʣʫ. ɿ ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʞʦʨʩʪʢʽʩʪʴ NR-A (10-ʚʽʪʩʦʪʢʦʚʠʡ ʚʤʽʩʪ 

ʚʫʛʣʝʮʶ) ʪʘ NR-C (17-ʚʽʪʩʦʪʢʦʚʠʡ ʚʤʽʩʪ ʚʫʛʣʝʮʶ) ʜʝʤʦʥʩʪʨʫʻ ʪʝʥʜʝʥʮʽʶ ʩʧʦʯʘʪʢʫ 

ʟʤʝʥʰʫʚʘʪʠʩʷ, ʘ ʧʦʪʽʤ ʟʙʽʣʴʰʫʚʘʪʠʩʷ. ɯ ʮʝ ʷʚʠʱʝ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʚʥʝʩʢʦʤ 

ʝʥʝʨʛʽʾ, ʧʦʚôʷʟʘʥʦʾ ʟ ʝʥʪʘʣʴʧʽʻʶ. 

 



27 

 

 

ʈʠʩʫʥʦʢ 1.11 ï ɿʘʣʝʞʥʽʩʪʴ ʢʨʠʚʦʶ ʜʝʬʦʨʤʫʚʘʥʥʷ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʜʣʷ 

ʯʠʩʪʠʭ ʛʫʤ ʪʘ ʛʫʤ ʟ ʨʽʟʥʠʤʠ ʚʤʽʩʪʦʤ CB-ʥʘʧʦʚʥʝʥʥʷ [58] 

 

ɺ ʨʦʙʦʪʽ [58] ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ, ʱʦ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʣʽʥʽʡʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ 

ʞʦʨʩʪʢʦʩʪʽ ʥʝʥʘʧʦʚʥʝʥʦʛʦ ʛʫʤʦʧʦʜʽʙʥʦʛʦ ʤʘʪʝʨʽʘʣʫ (NR-0) ʫ ʥʘʧʦʚʥʝʥʠʭ ʛʫʤʦʚʠʭ 

ʤʘʪʝʨʽʘʣʽʚ (NR-A ʪʘ NR-C) ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʝʣʽʥʽʡʥʝ ʟʤʝʥʰʝʥʥʷ ʟ ʧʦʜʘʣʴʰʠʤ 

ʟʙʽʣʴʰʝʥʥʷʤ ʞʦʨʩʪʢʦʩʪʽ ʯʝʨʝʟ ʪʝʤʧʝʨʘʪʫʨʫ (ʨʠʩ. 1.12). 
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ʈʠʩʫʥʦʢ 1.12 ï ʅʘʧʨʫʞʝʥʥʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʨʽʟʥʠʭ 

ʘʤʧʣʽʪʫʜʘʭ ʜʝʬʦʨʤʘʮʽʡ ʜʣʷ ʯʠʩʪʠʭ ʛʫʤ ʪʘ ʛʫʤ ʟ ʨʽʟʥʠʤʠ ʚʤʽʩʪʦʤ CB-

 ʥʘʧʦʚʥʝʥʥʷ [58] 

 

ʇʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʫ ʝʣʘʩʪʦʤʽʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʪʘʢʦʞ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʤʽʥʠ ʾʭ ʜʝʤʧʬʫʶʯʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ʊʘʢ, ʫ ʨʦʙʦʪʽ [22] ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ, ʱʦ ʟʨʦʩʪʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʠʞʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʚʪʨʘʪ ʥʘ 70%, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʥʘʯʥʦʛʦ ʟʤʝʥʰʝʥʥʷ ʜʝʤʧʬʫʶʯʦʾ ʟʜʘʪʥʦʩʪʽ ʚ'ʷʟʢʦʧʨʫʞʥʦʛʦ ʜʝʤʧʬʝʨʥʦʛʦ 

ʧʨʠʩʪʨʦʶ[59, 60]. 
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ʋ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʚ'ʷʟʢʦʧʨʫʞʥʽ ʤʘʪʝʨʽʘʣʠ ʧʽʜʜʘʶʪʴʩʷ ʮʠʢʣʽʯʥʠʤ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ, ʤʽʩʮʝʚʝ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ, ʚʠʢʣʠʢʘʥʝ ʧʨʦʮʝʩʦʤ 

ʩʘʤʦʥʘʛʨʽʚʘʥʥʷ, ʤʦʞʝ ʩʫʪʪʻʚʦ ʚʧʣʠʥʫʪʠ ʥʘ ʟʜʘʪʥʽʩʪʴ ʜʝʤʧʬʫʚʘʥʥʷ. 

1.4.2 ɺʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʽʮʥʦʩʪʽ ʪʘ ʰʚʠʜʢʽʩʪʴ ʚʪʦʤʥʠʭ 

ʧʨʦʮʝʩʽʚ ʫ ʝʣʝʤʝʥʪʘʭ ʢʦʥʩʪʨʫʢʮʽʾ.  

ɿʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʟʥʠʞʫʻ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʽʮʥʦʩʪʽ. ʇʽʜʚʠʱʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʟʜʘʪʥʦ ʚʠʢʣʠʢʘʪʠ ʚʽʜʰʘʨʫʚʘʥʥʷ [61]ʢʦʨʜʥʦʛʦ ʧʦʩʠʣʝʥʥʷ ʚʽʜ ʛʫʤʦʚʦʾ 

ʤʘʪʨʠʮʽ (ʨʠʩ. 1.13). ʊʘʢ ʚ ʨʦʙʦʪʽ [62] ʟʘʟʥʘʯʝʥʦ, ʱʦ ʥʘʛʨʽʚʘʥʥʷ ʧʦʣʽʤʽʜʥʦʛʦ ʰʥʫʨʘ 

ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 121 ʛʨʘʜʫʩ ʧʨʠʟʚʝʣʦ ʜʦ ʟʥʠʞʝʥʥʷ ʤʽʮʥʦʩʪʽ ʪʷʛʦʚʦʾ ʘʜʛʝʟʽʾ 

ʧʨʠʙʣʠʟʥʦ ʥʘ 40%. 

ʂʨʽʤ ʪʦʛʦ, ʽʩʪʦʪʥʝ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʛʫʤʦʚʠʭ ʽ ʛʫʤʦʢʦʨʜʥʠʭ ʰʘʨʘʭ 

ʰʠʥ ʚʥʘʩʣʽʜʦʢ ʮʠʢʣʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʦʪʷʛʦʤ ʪʨʠʚʘʣʦʛʦ ʧʝʨʽʦʜʫ ʯʘʩʫ ʤʦʞʝ 

ʚʽʜʙʫʚʘʪʠʩʷ ʪʝʧʣʦʚʠʡ ʚʠʙʫʭ (ʨʠʩ1.13).  

 

ʈʠʩʫʥʦʢ 1.13 ï ɿʦʙʨʘʞʝʥʥʷ ʪʝʨʤʽʯʥʦʛʦ ʚʠʙʫʭʫ ʰʠʥʠ [63] 

 

ʎʝ ʷʚʠʱʝ ʚʠʙʫʭʫ, ʟʘʟʚʠʯʘʡ ʚʽʜʙʫʚʘʻʪʴʩʷ, ʢʦʣʠ ʛʫʤʘ ʥʘʚʘʥʪʘʞʫʻʪʴʩʷ 

ʮʠʢʣʽʯʥʦ, ʘ ʪʝʧʣʦ, ʱʦ ʚʠʨʦʙʣʷʻʪʴʩʷ ʚʩʝʨʝʜʠʥʽ, ʥʝ ʨʦʟʩʽʶʻʪʴʩʷ ʜʦʩʠʪʴ ʜʦʙʨʝ ʘʙʦ 

ʜʦʩʠʪʴ ʰʚʠʜʢʦ, ʽ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʜʦʚʞʫʻ ʟʨʦʩʪʘʪʠ, ʧʦʢʠ ʥʝ ʜʦʩʷʛʥʝ ʢʨʠʪʠʯʥʦʾ 

ʪʦʯʢʠ, ʚ ʷʢʽʡ ʛʫʤʦʚʠʡ ʤʘʪʝʨʽʘʣ ʥʝ ʤʦʞʝ ʯʠʥʠʪʠ ʦʧʽʨ [63]. 

ʊʘʢʦʞ, ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠʩʢʦʨʶʻ ʧʨʦʪʽʢʘʥʥʷ ʚʪʦʤʥʠʭ ʧʨʦʮʝʩʽʚ 

[64]. ʅʘ ʚʪʦʤʥʫ ʧʦʚʝʜʽʥʢʫ ʛʫʤ ʚʧʣʠʚʘʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ [65], ʷʢʽ 

ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʚ'ʷʟʘʥʽ ʟ ʤʝʭʘʥʽʯʥʦʶ ʽʩʪʦʨʽʻʶ, ʫʤʦʚʘʤʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʨʝʮʝʧʪʫʨʦʶ ʛʫʤʠ [66]. 
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ɯʟ ʟʨʦʩʪʘʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʝ ʟʥʠʞʝʥʥʷ 

ʱʽʣʴʥʦʩʪʽ ʝʥʝʨʛʽʾ ʜʝʬʦʨʤʘʮʽʡ ʪʘ ʚʪʦʤʥʠʡ ʨʝʩʫʨʩ ʟʥʘʯʥʦ ʟʥʠʞʫʻʪʴʩʷ [67]. 

ɿ ʦʜʥʦʛʦ ʙʦʢʫ, ʟʘʛʘʣʴʥʦʚʽʜʦʤʦ, ʱʦ ʚʪʦʤʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʠʣʴʥʦ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʧʦʪʦʯʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ , ʥʘʚʽʪʴ ʷʢʱʦ ʭʽʤʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʥʝ ʟʤʽʥʶʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ 

ʩʪʘʨʽʥʥʷ [68]. 

 

 

ʈʠʩʫʥʦʢ 1.14 ï ɿʘʣʝʞʥʽʩʪʴ ʨʝʩʫʨʩʫ ʚʽʜ ʱʽʣʴʥʦʩʪʽ ʝʥʝʨʛʽʾ ʜʝʬʦʨʤʫʚʥʥʷ 

[55]  

 

ʏʠʩʣʝʥʥʽ ʧʫʙʣʽʢʘʮʽʾ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʥʘʯʥʦʛʦ ʟʥʠʞʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʚʪʦʤʠ NR [25, 69]. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟʥʠʞʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʥʠʞʯʝ ʢʽʤʥʘʪʥʦʾ ʤʦʞʝ, ʚ ʧʨʠʥʮʠʧʽ, ʟʤʝʥʰʠʪʠ ʪʨʠʚʘʣʽʩʪʴ ʚʪʦʤʠ. ɼʣʷ 

ʙʘʛʘʪʴʦʭ ʛʘʣʫʟʝʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʮʝʡ ʚʠʧʘʜʦʢ ʥʝ ʥʘʩʪʽʣʴʢʠ ʚʘʞʣʠʚʠʡ, ʷʢ ʚʧʣʠʚ 

ʧʽʜʚʠʱʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨ. ʃʝʡʢ ʜʦʩʣʽʜʞʫʚʘʚ ʚʪʦʤʥʠʡ ʨʝʩʫʨʩ NR ʚ ʜʽʘʧʘʟʦʥʽ 

ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ 0 ǓC ʜʦ 100 ǓC ʽ ʩʧʦʩʪʝʨʽʛʘʚ ʟʤʝʥʰʝʥʥʷ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ ʚ 4 ʨʘʟʠ 

(ʨʠʩ.1.14). ʋ ʮʽʡ ʨʦʙʦʪʽ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʯʘʩ ʚʪʦʤʠ ʤʘʡʞʝ ʧʦʩʪʽʡʥʠʡ ʜʦ 

ʜʦʩʷʛʥʝʥʥʷ ʧʦʨʦʛʦʚʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠʙʣʠʟʥʦ 50 C. ʇʦʜʽʙʥʽ ʨʝʟʫʣʴʪʘʪʠ ʙʫʣʠ 
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ʦʪʨʠʤʘʥʽ ɺʝʰʝ ʽ ʇʣʘʪʪʦʤ, ʜʝ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʩʪʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʧʘʨʘʣʝʣʴʥʦʛʦ ʟʩʫʚʫ ʢʨʠʚʠʭ ʚʪʦʤʠ (S-N). ʇʦʜʘʣʴʰʠʡ ʘʥʘʣʽʟ ʚʧʣʠʚʫ ʪʝʤʧʝʨʘʪʫʨʠ 

ʤʦʞʥʘ ʟʥʘʡʪʠ ʫ [70]. 

ɺʪʦʤʥʠʡ ʨʝʩʫʨʩ ʛʫʤʠ ʟʤʝʥʰʫʻʪʴʩʷ ʚ ʤʽʨʫ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʪʠʭ ʞʝ 

ʫʤʦʚʘʭ ʜʝʬʦʨʤʘʮʽʾ. ʇʨʠʯʠʥʘ, ʧʦ ʷʢʽʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʦʟʨʠʚ ʘʜʛʝʟʠʚʫ, ʧʦʣʷʛʘʻ ʚ 

ʦʩʣʘʙʣʝʥʥʽ ʤʽʞʤʦʣʝʢʫʣʷʨʥʦʾ ʩʠʣʠ, ʩʧʨʠʯʠʥʝʥʦʤʫ ʧʦʩʠʣʝʥʠʤ ʨʫʭʦʤ ʤʦʣʝʢʫʣ ʧʨʠ 

ʧʽʜʚʠʱʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ. ʂʨʽʤ ʪʦʛʦ, ʪʝʨʤʽʥ ʩʣʫʞʙʠ ʚʪʦʤʣʶʚʘʥʦʩʪʽ ʛʫʤʠ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʽʟ ʟʤʝʥʰʝʥʥʷʤ ʜʝʬʦʨʤʘʮʽʾ ʧʨʠ ʪʽʡ ʞʝ ʪʝʤʧʝʨʘʪʫʨʽ, ʧʨʠʯʠʥʦʶ ʻ ʪʝ, 

ʱʦ ʤʽʞʤʦʣʝʢʫʣʷʨʥʘ ʩʠʣʘ ʩʣʘʙʰʘʻ ʧʨʠ ʚʝʣʠʢʽʡ ʜʝʬʦʨʤʘʮʽʾ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʨʦʟʨʠʚʫ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʣʘʥʮʶʛʘ [55]. 

1.4.3. ɺʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʜʝʛʨʘʜʘʮʽʡʥʽ ʧʨʦʮʝʩʠ ʚʠʢʣʠʢʘʥʽ ʩʪʘʨʽʥʥʷʤ. 

ʇʨʦʪʷʛʦʤ ʩʚʦʛʦ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ ʛʫʤʘ ʤʦʞʝ ʧʽʜʜʘʚʘʪʠʩʷ ʨʽʟʥʠʤ ʪʠʧʘʤ 

ʜʝʛʨʘʜʘʮʽʾ ʧʽʜ ʚʧʣʠʚʦʤ ʨʽʟʥʠʭ ʬʘʢʪʦʨʽʚ. 

ʄʝʭʘʥʽʟʤʠ ʨʫʡʥʫʚʘʥʥʷ, ʷʢʽ ʩʧʨʠʯʠʥʷʶʪʴ ʜʝʛʨʘʜʘʮʽʶ, ʟʘʣʝʞʘʪʴ ʥʝ ʪʽʣʴʢʠ ʚʽʜ 

ʥʘʷʚʥʠʭ ʘʛʝʥʪʽʚ ʜʝʛʨʘʜʘʮʽʾ, ʘʣʝ ʪʘʢʦʞ ʚʽʜ ʧʦʣʽʤʝʨʫ ʪʘ ʜʦʙʘʚʦʢ [71, 72]. ʉʣʽʜ 

ʟʘʟʥʘʯʠʪʠ, ʱʦ ʩʪʘʨʽʥʥʷ ʫ ʰʠʨʦʢʦʤʫ ʨʦʟʫʤʽʥʥʽ ʯʘʩʪʦ ʻ ʥʘʩʣʽʜʢʦʤ ʢʽʣʴʢʦʭ ʬʘʢʪʦʨʽʚ 

ʫ ʧʦʻʜʥʘʥʥʽ, ʾʭ ʢʣʘʩʠʬʽʢʘʮʽʶ ʧʦʜʘʥʦ ʥʘ ʨʠʩ.1.15. 

ʗʢ ʚʠʜʥʦ, ʧʝʨʰʠʤ ʬʘʢʪʦʨʦʤ ʚ ʪʘʙʣʠʮʽ ʻ ʪʝʤʧʝʨʘʪʫʨʘ, ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʾ ʥʘ 

ʧʝʚʥʠʡ ʯʘʩ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʥʘ ʰʚʠʜʢʽʩʥʝ ʩʪʘʨʽʥʥʷ. 

ʊʦʙʪʦ, ʚʦʥʘ ʟʘʚʜʘʻ ʟʥʘʯʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʰʚʠʜʢʽʩʪʴ ʧʨʦʪʽʢʘʥʥʷ ʧʨʦʮʝʩʽʚ 

ʩʪʘʨʽʥʥʷ [74]. 

 

 

ʈʠʩʫʥʦʢ 1.15 ï ʌʘʢʪʦʨʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʪʘʨʽʥʥʷ ʛʫʤʦʚʠʭ ʩʫʤʽʰʝʡ[73] 
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ʇʽʜʚʠʱʝʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʤʦʞʫʪʴ ʟʤʽʥʠʪʠ ʩʪʨʫʢʪʫʨʫ ʤʝʨʝʞʽ ʛʫʤʠ, ʱʦ 

ʧʨʠʟʚʝʜʝ ʜʦ ʧʦʩʪʽʡʥʦʾ ʟʤʽʥʠ ʚʣʘʩʪʠʚʦʩʪʝʡ [75]. ʎʝʡ ʝʬʝʢʪ ʥʘʟʠʚʘʻʪʴʩʷ 

ʪʝʨʤʦʦʢʠʩʣʶʚʘʣʴʥʠʤ ʩʪʘʨʽʥʥʷʤ, ʦʩʢʽʣʴʢʠ ʚʽʥ ʚʠʤʘʛʘʻ ʧʨʠʩʫʪʥʦʩʪʽ ʷʢ ʧʽʜʚʠʱʝʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨ, ʪʘʢ ʽ ʢʠʩʥʶ. ɿʘʛʘʣʦʤ ʩʪʘʨʽʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʫʩʽʤʘ ʥʝʟʚʦʨʦʪʥʠʤʠ 

ʟʤʽʥʘʤʠ ʚ ʭʽʤʽʯʥʽʡ ʩʪʨʫʢʪʫʨʽ ʤʘʪʝʨʽʘʣʫ, ʷʢʽ ʤʦʞʫʪʴ ʟʤʝʥʰʠʪʠ ʧʨʠʜʘʪʥʽʩʪʴ 

ʤʘʪʝʨʽʘʣʫ [76, 77]. ʊʝʨʤʦʦʢʠʩʥʝ ʩʪʘʨʽʥʥʷ ʻ ʦʩʥʦʚʥʦʶ ʪʝʤʦʶ ʽʥʪʝʥʩʠʚʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ, ʦʩʢʽʣʴʢʠ ʚʦʥʦ ʚʧʣʠʚʘʻ ʥʘ ʙʘʛʘʪʦ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʥʘʧʨʠʢʣʘʜ 

ʞʦʨʩʪʢʽʩʪʴ [78], ʧʦʜʦʚʞʝʥʥʷ ʧʨʠ ʨʦʟʨʠʚʽ [79], ʪʚʝʨʜʽʩʪʴ [80]. ʇʽʩʣʷ ʪʨʠʚʘʣʦʛʦ 

ʩʪʘʨʽʥʥʷ ʧʦʜʦʚʞʝʥʥʷ ʧʨʠ ʨʦʟʨʠʚʽ ʤʦʞʝ ʚʧʘʩʪʠ ʟ ʢʽʣʴʢʦʭ ʩʦʪʝʥʴ ʚʽʜʩʦʪʢʽʚ ʜʦ 

ʜʝʢʽʣʴʢʦʭ ʚʽʜʩʦʪʢʽʚ. ʈʦʟʛʣʷʜʘʶʯʠ ʪʝʨʤʽʥ ʩʣʫʞʙʠ ʚʪʦʤʠ, ʧʦʧʝʨʝʜʥʻ ʩʪʘʨʽʥʥʷ 

ʟʘʟʚʠʯʘʡ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʟʤʝʥʰʝʥʥʷ ʨʝʩʫʨʩʫ [73] ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʚʠʧʨʦʙʫʚʘʥʴ ʧʨʠ ʧʽʜʚʠʱʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʢʨʠʚʽ ʚʪʦʤʠ ʤʦʞʫʪʴ ʪʘʢʦʞ ʟʤʽʥʶʚʘʪʠ 

ʩʚʽʡ ʥʘʭʠʣ, ʨʦʙʣʷʯʠ ʟʽʩʪʘʨʝʥʠʡ ʤʘʪʝʨʽʘʣ ʥʝʧʨʦʧʦʨʮʽʡʥʦ ʯʫʪʣʠʚʠʤ ʜʦ ʚʠʩʦʢʠʭ 

ʨʽʚʥʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ [75]. ɸʣʝ ʪʘʢʦʞ ʜʣʷ NR ʤʦʞʥʘ ʩʧʦʩʪʝʨʽʛʘʪʠ ʧʘʨʘʣʝʣʴʥʠʡ 

ʟʩʫʚ ʢʨʠʚʠʭ ʚʪʦʤʠ ʧʽʩʣʷ ʩʪʘʨʽʥʥʷ [52, 81]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʪʦʯʥʠʡ ʦʧʠʩ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʩʪʘʨʽʥʥʷ ʻ ʚʘʞʣʠʚʠʤ 

ʜʣʷ ʥʘʜʽʡʥʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʝʩʫʨʩʫ, ʷʢ ʩʘʤʠʭ ʝʣʝʤʝʥʪʽʚ, ʪʘʢ ʽ ʟʘʛʘʣʴʥʦʛʦ 

ʨʝʩʫʨʩʫ ʢʦʥʩʪʨʫʢʮʽʡ, ʷʢʽ ʤʘʶʪʴ ʛʫʤʦʢʦʨʜʥʽ ʢʦʤʧʦʟʠʪʠ [82]. 

 

1.5 ɺʠʩʥʦʚʢʠ ʧʦ ʨʦʟʜʽʣʫ ʪʘ ʧʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ.  

ɺ ʨʦʟʜʽʣʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʦʙʣʘʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʫʤʦʢʦʨʜʥʠʭ 

ʢʦʤʧʦʟʠʪʽʚ ʚ ʝʣʝʤʝʥʪʘʭ ʢʦʥʩʪʨʫʢʮʽʡ. ɺʠʷʚʣʝʥʦ, ʱʦ ʮʽ ʝʣʝʤʝʥʪʠ  ʟʘʚʜʷʢʠ ʚʠʩʦʢʠʤ 

ʜʝʤʧʬʫʶʯʠʤ ʷʢʦʩʪʷʤ, ʩʪʽʡʢʦʩʪʽ ʜʦ ʢʦʨʦʟʽʾ ʪʘ ʧʨʦʩʪʦʪʽ ʢʦʥʩʪʨʫʢʮʽʾ ʟʥʘʭʦʜʷʪʴ 

ʰʠʨʦʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʷʢʦʩʪʽ ʷʢ ʜʦʧʦʤʽʞʥʠʭ ʽʟʦʣʶʶʯʠʭ, ʪʘʢ ʽ ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ 

ʥʝʩʫʯʠʭ ʝʣʝʤʝʥʪʽʚ. ʊʘʢʦʞ, ʙʫʣʦ ʚʽʜʤʽʯʝʥʦ, ʱʦ ʾʭ ʜʝʬʦʨʤʫʚʘʥʥʷ ʥʦʩʠʪʴ ʧʝʨʝʚʘʞʥʦ 

ʧʝʨʽʦʜʠʯʥʠʡ ʯʠ ʤʘʡʞʝ ʧʝʨʽʦʜʠʯʥʠʡ ʮʠʢʣʽʯʥʠʡ ʭʘʨʘʢʪʝʨ.  

ɺô̫ ʟʢʦʧʨʫʞʥʘ ʧʦʚʝʜʽʥʢʘ ʛʫʤʦʢʦʨʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʮʠʢʣʽʯʥʠʤʠ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ ʟʜʘʪʥʘ ʚʠʢʣʠʢʘʪʠ ʷʚʠʱʝ ʩʘʤʦʥʘʛʨʽʚʫ, ʱʦ ʟʘ ʫʤʦʚʠ ʥʠʟʴʢʦʾ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʪʘ ʧʦʤʽʨʥʦʾ ʪʝʧʣʦʻʤʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʩʪʫʧʦʚʦʛʦ 

ʘʣʝ ʩʫʪʪʻʚʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ.  
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ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʛʫʤʦʧʦʜʽʙʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʥʘʜʟʚʠʯʘʡʥʦ ʯʫʪʣʠʚʘ ʜʦ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ (ʟʘ ʧʦʤʽʨʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ï ʤʘʪʝʨʽʘʣ 

ʧʦʤô̫ ʢʰʫʻʪʴʩʷ, ʟʘ ʚʠʩʦʢʠʭ -ʦʭʨʫʧʯʫʻʪʴʩʷ). ʇʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʩʫʪʪʻʚʦ 

ʚʧʣʠʚʘʻ ʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʟʥʘʯʥʦ ʧʨʠʩʢʦʨʶʻ ʜʝʛʨʘʜʘʮʽʶ 

ʤʘʪʝʨʽʘʣʫ ʪʘ ʧʨʦʪʽʢʘʥʥʷ ʚʪʦʤʥʠʭ ʧʨʦʮʝʩʽʚ.  

ɺ ʥʘʫʢʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ ʥʘʷʚʥʽ ʧʫʙʣʽʢʘʮʽʾ ʧʨʠʩʚʷʯʝʥʽ ʚʠʚʯʝʥʥʶ ʧʨʦʮʝʩʫ 

ʩʘʤʦʥʘʛʨʽʚʫ, ʦʜʥʘʢ ʮʝ ʧʝʨʝʚʘʞʥʦ ʤʦʜʝʣʽ ʚʠʨʽʰʝʥʽ ʫ ʩʪʘʮʽʦʥʘʨʥʽʡ ʧʦʩʪʘʥʦʚʮʽ ʟʽ 

ʩʭʝʤʘʪʠʟʦʚʘʥʠʤʠ ʮʠʢʣʘʤʠ ʜʝʬʦʨʤʫʚʘʥʥʷ.  

ɺ ʮʽʣʦʤʫ, ʟ ʘʥʘʣʽʟʫ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʧʠʪʘʥʴ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʚʠʪʢʫ 

ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʧʦʩʣʽʜʦʚʥʦ ʟʚôʷʟʘʥʦʾ ʧʦʩʪʘʥʦʚʢʠ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʦʮʽʥʢʠ 

ʪʝʧʣʦʚʦʛʦ ʪʘ ʅɼʉ ʚôʷʟʢʦʧʨʫʞʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʧʨʠ ʾʭʥʴʦʤʫ ʮʠʢʣʽʯʥʦʤʫ 

ʜʝʬʦʨʤʫʚʘʥʥʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʦʟʩʽʶʚʘʥʥʷ ʝʥʝʨʛʽʾ. ʎʷ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʟʘʜʘʯʘ 

ʩʬʦʨʤʫʚʘʣʘ ʤʝʪʫ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢʘ ʧʦʣʷʛʘʻ ʫ ʨʦʟʨʦʙʮ ̔ ʨʦʟʨʘʭʫʥʢʦʚʠʭ 

ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʜʠʩʠʧʘʪʠʚʥʦʛʦ ʪʝʧʣʦʫʪʚʦʨʝʥʥʷ ʚ ʛʫʤʦʢʦʨʜʥʠʭ 

ʢʦʤʧʦʟʠʪʥʠʭ ʝʣʝʤʝʥʪʘʭ ʢʦʥʩʪʨʫʢʮʽʡ ʧʽʜ ʜʽʻʶ ʮʠʢʣʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʪʘ ʘʥʘʣʽʟ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʧʨʦʪʽʢʘʥʥʷ ʮʠʭ ʧʨʦʮʝʩʽʚ ʚ ʝʣʝʤʝʥʪʘʭ ʢʦʥʩʪʨʫʢʮʽʡ ʚ ʫʤʦʚʘʭ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʟʘʟʥʘʯʝʥʦʾ ʤʝʪʠ ʧʦʩʪʘʚʣʝʥʽ ʥʘʩʪʫʧʥʽ ʟʘʚʜʘʥʥʷ: 

1. ʈʦʟʨʦʙʠʪʠ ʧʽʜʭʽʜ ʜʦ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʨʤʦ-ʥʘʧʨʫʞʝʥʦʛʦ 

ʩʪʘʥʫ ʫ ʚôʷʟʢʦʧʨʫʞʥʠʭ ʢʦʤʧʦʟʠʪʥʠʭ ʝʣʝʤʝʥʪʘʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʨʦʟʩʽʷʥʥʷ ʝʥʝʨʛʽʾ ʧʨʠ ʮʠʢʣʽʯʥʦʤʫ ʜʝʬʦʨʤʫʚʘʥʥʽ;  

2. ʇʨʦʚʝʩʪʠ ʢʦʤʧʣʝʢʩ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚôʷʟʢʦʧʨʫʞʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ ʧʨʦʮʝʩʽʚ ʛʽʩʪʝʨʝʟʠʩʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʝʥʝʨʛʽʾ ʛʫʤʦʢʦʨʜʥʦʛʦ 

ʢʦʤʧʦʟʠʪʫ; 

3. ʈʦʟʨʦʙʠʪʠ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʪʘ ʧʨʦʚʝʩʪʠ ʧʨʠʢʣʘʜʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʱʦʜʦ ʬʦʨʤʫʚʘʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʮʠʢʣʽʯʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʚ ʝʣʝʤʝʥʪʘʭ 

ʤʘʰʠʥʦʙʫʜʽʚʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ (ʧʥʝʚʤʘʪʠʯʥʠʭ ʰʠʥʘʭ) ʚ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ; 

4. ʇʨʦʚʝʩʪʠ ʧʨʠʢʣʘʜʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦ ʚʠʟʥʘʯʝʥʥʶ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ 

ʫʪʚʦʨʝʥʥʷ ʊ-ʅʉ ʧʥʝʚʤʘʪʠʯʥʦʾ ʰʠʥʠ ʚʥʘʩʣʽʜʦʢ ʧʨʦʪʽʢʘʥʥʷ ʧʨʦʮʝʩʽʚ 

ʜʠʩʠʧʘʪʠʚʥʦʛʦ ʩʘʤʦʥʘʛʨʽʚʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ.  
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ʈʆɿɼɯʃ 2. ʄɸʊɽʄɸʊʀʏʅɸ ʇʆʉʊɸʅʆɺʂɸ ɿɸɼɸʏɯ 

 

2.1 ɿʘʛʘʣʴʥʘ ʤʝʪʦʜʦʣʦʛʽʷ ʜʦʩʣʽʜʞʝʥʥʷ ʩʘʤʦʥʘʛʨʽʚʫ ʛʫʤʦ-ʢʦʨʜʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡ 

ɺ ʨʦʙʦʪʽ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʘʛʘʣʴʥʘ 

ʤʝʪʦʜʦʣʦʛʽʷ, ʷʢʘ ʧʝʨʝʜʙʘʯʘʻ ʧʦʩʣʽʜʦʚʥʝ ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ. 

ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ 

ʟʘ ʥʘʷʚʥʠʭ ʚʥʫʪʨʽʰʥʽʭ ʜʞʝʨʝʣ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ. ʅʘ ʨʠʩ. 2.1 ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʫʟʘʛʘʣʴʥʝʥʘ ʩʭʝʤʘ ʧʽʜʭʦʜʫ.  

 

 
ʈʠʩʫʥʦʢ 2.1 ï ɿʘʛʘʣʴʥʘ ʤʝʪʦʜʦʣʦʛʽʷ ʜʦʩʣʽʜʞʝʥʥʷ 

 

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʨʠʡʥʷʪʦ ʛʠʧʦʪʝʟʫ, ʱʦ ʚʝʣʠʯʠʥʘ ʚʥʫʪʨʽʰʥʽʭ ʜʞʝʨʝʣ 

ʪʝʧʣʦʛʝʥʝʨʘʮʽʾ ʚʽʜʧʦʚʽʜʘʻ ʧʣʦʱʽ ʧʝʪʣʽ ʛʽʩʪʝʨʝʟʠʩʫ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ 

ʮʠʢʣʽʯʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʛʫʤʦʢʦʨʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʚʽʜʦʙʨʘʞʘʻ ʥʘʷʚʥʽʩʪʴ 

ʚôʷʟʢʦʧʨʫʞʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ʂʨʽʤ ʪʦʛʦ, ʚ ʩʠʣʫ ʥʘʷʚʥʦʩʪʽ ʨʷʜʫ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʜʽʙʥʠʭ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡ (ʩʢʣʘʜʥʘ ʛʝʦʤʝʪʨʽʷ, ʥʝʣʽʥʽʡʥʝ 

ʜʝʬʦʨʤʫʚʘʥʥʷ, ʦʨʪʦʪʨʦʧʽʷ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʪʦʱʦ), ʱʦ ʟʥʘʯʥʦ ʫʩʢʣʘʜʥʶʻ ʚʠʨʽʰʝʥʥʷ 

ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ. ɺ ʨʦʙʦʪʽ ʧʦʩʪʫʣʶʻʪʴʩʷ ʩʧʨʦʱʝʥʥʷ, ʱʦ ʦʪʨʠʤʘʥʥʷ ʘʤʧʣʽʪʫʜʥʠʭ 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʮʠʢʣʽʚ ʜʝʬʦʨʤʫʚʘʥʥʷ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʟʽ ʩʪʘʪʠʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ 

ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ (ʅɼʉ). ʇʨʠ ʮʴʦʤʫ ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ 

ʚôʷʟʢʦʧʨʫʞʥʘ ʩʢʣʘʜʦʚʘ (ʷʢ ʟʘʣʝʞʥʘ ʚʽʜ ʯʘʩʫ), ʘʣʝ ʷʚʥʦ ʤʦʜʝʣʶʪʁʴʩʷ 

ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʽʘʣʫ. ʋʨʘʭʫʚʘʥʥʷ 

ʚôʷʟʢʦʧʨʫʞʥʠʭ ʽ ʜʠʩʠʧʘʪʠʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʨʦʚʦʜʠʪʠ ʧʽʜ ʯʘʩ 

ʚʠʟʥʘʯʝʥʥʷ ʧʝʪʝʣʴ ʛʽʩʪʝʨʝʟʠʩʫ ʜʣʷ ʪʝʧʣʦʛʝʥʝʨʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʚʠʟʥʘʯʝʥʠʭ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʮʠʢʣʽʚ ʫ ʧʦʧʝʨʝʜʥʴʦ ʩʧʨʦʱʝʥʽʡ ʧʦʩʪʘʥʦʚʮ.̔ ɺʠʟʥʘʯʝʥʫ ʝʥʝʨʛʽʶ 

ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ, ʷʢ ʧʣʦʱʫ ʧʝʪʝʣʴ ʛʽʩʪʝʨʝʟʠʩʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʧʨʠ  ʚʠʨʽʰʝʥʥʽ 

ʟʘʜʘʯʽ ʥʝʩʪʘʮʽʦʥʘʨʥʦʾ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ. ʊʘʢʠʤ ʯʠʥʦʤ ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ 

ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʜʘʥʦʛʦ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʭʦʜʠʣʦ ʫ ʯʦʪʠʨʠ 

ʦʩʥʦʚʥʠʭ ʝʪʘʧʠ.  

ʇʝʨʰʠʡ ʝʪʘʧ ʚʢʣʶʯʘʚ ʤʦʜʝʣʶʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʩʥʦʚʥʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʛʝʦʤʝʪʨʽʾ, ʫʨʘʭʫʚʘʥʥʷ ʦʨʪʦʪʨʦʧʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʫ, 

ʥʘʷʚʥʦʩʪʽ ʛʝʦʤʝʪʨʠʯʥʦʾ ʽ ʬʽʟʠʯʥʦʾ ʥʝʣʽʥʽʡʥʦʩʪʽ ʪʘ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʧʦ 

ʚʠʟʥʘʯʝʥʥʶ ʅɼʉ ʢʦʥʩʪʨʫʢʮʽʾ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ.  

ɼʨʫʛʠʡ ʝʪʘʧ ʟʛʽʜʥʦ ʤʝʪʦʜʦʣʦʛʽʾ ʧʦʚôʷʟʘʥʠʡ ʟ ʚʠʟʥʘʯʝʥʥʷʤ ʧʦʣ̫ ʜʞʝʨʝʣ 

ʪʝʧʣʦʫʪʚʦʨʝʥʥʷ. ɺʽʜʧʦʚʽʜʥʽ ʟʥʘʯʝʥʥʷ ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʨʦʧʦʨʮʽʡʥʦ ʜʦ ʧʣʦʱʽ ʧʝʪʣʽ 

ʛʽʩʪʝʨʝʟʠʩʫ, ʱʦ ʬʦʨʤʫʻʪʴʩʷ ʟʘ ʮʠʢʣ ʜʝʬʦʨʤʫʚʘʥʥʷ ʧʨʠ ʚʨʘʭʫʚʘʥʥʽ 

ʚôʷʟʢʦʧʨʫʞʥʦʩʪʽ. ɼʣʷ ʮʠʭ ʦʙʯʠʩʣʝʥʴ ʥʝʦʙʭʽʜʥʦ ʟʘʜʘʪʠ ʟʤʽʥʫ ʜʝʬʦʨʤʘʮʽʡ ʪʘ 

ʥʘʧʨʫʞʝʥʴ ʫ ʯʘʩʽ. ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʥʘ ʧʦʧʝʨʝʜʥʴʦʤʫ ʝʪʘʧʽ ʨʦʟʨʘʭʫʥʢʽʚ ʅɼʉ 

ʢʦʥʩʪʨʫʢʮʽʾ ʚʠʟʥʘʯʘʣʠʩʴ ʭʘʨʘʢʪʝʨʥʽ ʮʠʢʣʠ ʜʝʬʦʨʤʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ, ʾʭ 

ʘʤʧʣʽʪʫʜʥʽ ʟʥʘʯʝʥʥʷ.  

ʆʪʨʠʤʘʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ ʜʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʦʚôʷʟʘʥʦ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʚôʷʟʢʦʧʨʫʞʥʠʭ ʪʘ ʜʠʩʠʧʘʪʠʚʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʫʤʦʢʦʨʜʥʦʛʦ ʢʦʤʧʦʟʠʪʫ. ʅʘʞʘʣʴ, ʚ ʣʽʪʝʨʘʪʫʨʽ ʙʨʘʢʫʻ ʚʽʜʧʦʚʽʜʥʠʭ 

ʜʘʥʠʭ ʜʣʷ ʛʫʤʦʢʦʨʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʇʨʠ ʮʴʦʤʫ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʥʘʷʚʥʽ ʜʘʥʽ 

ʤʘʶʪʴ ʥʘʜʟʚʠʯʘʡʥʦ ʩʫʪʪʻʚʠʡ ʨʦʟʢʠʜ, ʷʢʠʡ ʦʙôʻʢʪʠʚʥʦ ʽʩʥʫʻ ʜʣʷ ʨʽʟʥʠʭ ʨʝʮʝʧʪʫʨ 

ʝʣʘʩʪʦʤʝʨʽʚ. 

ɺ ʜʘʥʽʡ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʚʣʘʩʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʚ ʭʦʜʽ ʷʢʠʭ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʧʝʪʣʽ ʛʽʩʪʝʨʝʟʠʩʫ ʽ ʪʝʤʧʝʨʘʪʫʨʥʫ 
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ʟʘʣʝʞʥʽʩʪʴ ʧʨʦʮʝʩʫ ʩʘʤʦʥʘʛʨʽʚʫ ʟʨʘʟʢʘ ʚʽʜ ʯʘʩʫ. ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʜʦʟʚʦʣʠʣʠ 

ʧʨʦʚʝʩʪʠ ʪʝʩʪʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʝʪʦʜʦʣʦʛʽʾ ʥʘ ʟʨʘʟʢʘʭ, ʘ ʪʘʢʦʞ 

ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʤʘʪʝʨʽʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʦʙʨʦʙʢʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʘʥʠʭ ʟʜʽʡʩʥʶʚʘʣʘʩʴ ʪʘʢʦʞ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʨʘʭʫʥʢʦʚʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʧʽʜʭʦʜʫ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʽʪʝʨʘʪʠʚʥʝ ʚʠʢʦʥʘʥʥʷ ʚʩʽʭ ʝʪʘʧʽʚ ʦʧʠʩʘʥʦʾ ʚʠʱʝ 

ʤʝʪʦʜʦʣʦʛʽʾ ʜʣʷ ʟʨʘʟʢʽʚ. ʇʨʠ ʮʴʦʤʫ, ʟ ʢʨʠʪʝʨʽʶ ʤʽʥʽʤʽʟʘʮʽʾ ʧʦʭʠʙʢʠ ʤʦʜʝʣʽ ʧʨʠ 

ʩʧʽʚʩʪʘʚʣʝʥʥʽ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ ʧʦ ʥʘʛʨʽʚʫ ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ 

ʽʜʝʥʪʠʬʽʢʘʮʽʶ ʧʘʨʘʤʝʪʨʽʚ. 

ʊʨʝʪʽʡ ʝʪʘʧ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʥʝʩʪʘʮʽʦʥʘʨʥʦʾ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, ʚʨʘʭʦʚʫʶʯʫ ʥʘʷʚʥʽʩʪʴ ʚʥʫʪʨʽʰʥʴʦʛʦ ʜʞʝʨʝʣʘ ʪʝʧʣʘ, ʛʝʥʝʨʘʮʽʷ 

ʷʢʦʛʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʮʠʢʣʽʚ ʜʝʬʦʨʤʫʚʘʥʥʷ ʽ ʚʠʟʥʘʯʝʥʠʭ ʚôʷʟʢʦʧʨʫʞʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʦʪʨʠʤʘʥʠʭ ʥʘ ʧʦʧʝʨʝʜʥʽʭ ʝʪʘʧʘʭ. ʎʝʡ ʝʪʘʧ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʜʦʩʣʽʜʠʪʠ ʧʨʦʮʝʩ ʬʦʨʤʫʚʘʥʥʷ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ ʽ ʦʪʨʠʤʘʪʠ ʜʘʥʽ ʧʦ ʰʚʠʜʢʦʩʪʽ 

ʥʘʛʨʽʚʫ. ʊʝʤʧʝʨʘʪʫʨʥʝ ʧʦʣʝ, ʦʪʨʠʤʘʥʝ ʚ ʭʦʜʽ ʮʴʦʛʦ ʝʪʘʧʫ ʟʙʝʨʽʛʘʻʪʴʩʷ ʪʘ 

ʧʝʨʝʜʘʻʪʴʩʷ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʤʽʮʥʦʩʪʽ, ʱʦ ʩʬʦʨʤʫʣʴʦʚʘʥʘ ʥʘ ʧʝʨʦhʤʫ ʝʪʘʧʽ. 

ʌʘʢʪʠʯʥʦ, ʮʝ ʚʠʟʥʘʯʘʻ ʦʩʪʘʥʥʽʡ ʯʝʪʚʝʨʪʠʡ ʝʪʘʧ ʤʝʪʦʜʦʣʦʛʽʾ, ʷʢʠʡ ʧʨʠʩʚʷʯʝʥʦ 

ʦʮʽʥʮʽ ʚʧʣʠʚʫ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ, ʱʦ ʩʬʦʨʤʫʚʘʚʩʷ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʥʘ ʊ-ʅʉ. 

ʆʧʠʩʘʥʘ ʤʝʪʦʜʦʣʦʛʽʷ ʜʦʟʚʦʣʷʻ ʜʦʩʣʽʜʠʪʠ ʧʨʦʮʝʩʠ ʜʠʩʠʧʘʪʠʚʥʦʛʦ 

ʪʝʧʣʦʫʪʚʦʨʝʥʥʷ ʚ ʛʫʤʦʢʦʨʜʥʠʭ ʢʦʤʧʦʟʠʪʥʠʭ ʝʣʝʤʝʥʪʘʭ ʢʦʥʩʪʨʫʢʮʽʡ ʧʽʜ ʜʽʻʶ 

ʮʠʢʣʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʪʘ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʧʨʦʪʽʢʘʥʥʷ ʮʠʭ 

ʧʨʦʮʝʩʽʚ ʚ ʝʣʝʤʝʥʪʘʭ ʢʦʥʩʪʨʫʢʮʽʡ ʚ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʱʦ ʻ ʤʝʪʦʶ ʜʘʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʛʽʜʥʦ ʤʝʪʦʜʦʣʦʛʽʾ ʥʝʦʙʭʽʜʥʦ ʪʝʦʨʝʪʠʯʥʠʤ ʰʣʷʭʦʤ ʚ 

ʪʨʠʚʠʤʽʨʥʽʡ ʧʦʩʪʘʥʦʚʮʽ ʚʠʨʽʰʠʪʠ ʟʘʜʘʯʽ ʥʝʣʽʥʽʡʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʪʘ 

ʥʝʩʪʘʮʽʦʥʘʨʥʦʾ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ. ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʜʣʷ ʧʨʘʢʪʠʯʥʠʭ ʟʘʜʘʯ 

ʜʦʩʣʽʜʞʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʽ ʤʦʜʝʣʽ ʻ ʩʢʣʘʜʘʥʠʤʠ 3D ʢʦʥʩʪʨʫʢʮʽʷʤʠ, ʚ ʫʤʦʚʘʭ 

ʢʨʠʚʦʣʽʥʽʡʥʦʾ ʦʨʪʦʪʨʦʧʽʾ, ʥʝʣʽʥʽʡʥʦʩʪʽ ʜʝʬʦʨʤʫʚʘʥʥʷ ʪʘ ʽʥʰʠʭ ʘʩʧʝʢʪʽʚ, ʚʠʚʯʝʥʥʷ 

ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʘʥʘʣʽʪʠʯʥʦ ʥʝʤʦʞʣʠʚʦ. ʊʦʤʫ ʚ ʜʘʥʽʡ ʜʠʩʝʨʪʘʮʽʾ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ. ʅʘʡʙʽʣʴʰ ʧʽʜʭʦʜʷʱʠʤ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʜʘʥʦʾ 

ʟʘʜʘʯʽ ʻ ʤʝʪʦʜ ʩʢʽʥʯʝʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʄʉɽ). 
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2.2 ɺʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʧʨʫʞʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʛʫʤʦʢʦʨʜʥʠʭ 

ʢʦʥʩʪʨʫʢʽʡ ʄʉɽ 

ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʜʘʥʦʾ ʜʠʩʝʨʪʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʧʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ ʜʣʷ 

ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʤʝʞʘʭ ʄʉɽ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʫ ʚʘʨʽʘʮʽʡʥʽʡ 

ʬʦʨʤ̔. 

ɿʛʽʜʥʦ ʚʘʨʽʘʮʽʡʥʦʛʦ ʬʦʨʤʠ ʄʉɽ ʥʝʦʙʭʽʜʥʦ ʧʦʙʫʜʫʚʘʪʠ ʬʫʥʢʮʽʦʥʘʣ. ʋ 

ʚʠʧʘʜʢʫ ʟʘʜʘʯʽ ʧʨʫʞʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʙʫʜʫʻʪʴʩʷ ʬʫʥʢʮʽʦʥʘʣ, ʷʢʠʡ ʻ 

ʧʦʪʝʥʮʽʡʥʦʶ ʝʥʝʨʛʽʻʶ ʜʝʬʦʨʤʫʚʘʥʥʷ ʪʽʣʘ ʧʽʜ ʜʽʻʶ ʟʦʚʥʽʰʥʽʭ ʚʧʣʠʚʽʚ 

[83](ʧʦʚʝʨʭʥʝʚʦʛʦ ʪʘ ʦʙôʻʤʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ).  

ʌʫʥʮʽʦʥʘʣ ʧʦʪʝʥʮʽʡʥʦʾ ʝʥʝʨʛʽʾ ʧʨʫʞʥʦʛʦ ʪʽʣʘ ʥʘʚʘʥʪʘʞʝʥʦʛʦ ʧʦʚʝʨʭʥʝʚʠʤʠ 

ʪʘ ʦʙôʻʤʥʠʤʠ ʩʠʣʘʤʠ ʜʦʨʽʚʥʶʻ 

 

˜
ρ

ς
ⱠⱭÄὺ ◊╕ Äὺ ◊Ἰ ÄὛ (2.1) 

ʜʝ u ï ʚʝʢʪʦʨ ʧʝʨʝʤʽʱʝʥʴ ʪʦʯʦʢ ʪʽʣʘ;   ï ʦʧʝʨʘʪʦʨ ʪʨʘʥʩʧʦʥʫʚʘʥʥʷ; p ï

 ʚʝʢʪʦʨ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʧʨʠʢʣʘʜʝʥʦ ʜʦ ʧʦʚʝʨʭʥʽ S; ╕ï ʚʝʢʪʦʨ 

ʦʙôʻʤʥʠʭ ʩʠʣ, ʱʦ ʧʨʠʢʣʘʜʝʥʦ ʫ ʪʦʯʢʘʭ ʦʙôʻʤʫ V; Ů ï ʤʘʪʨʠʮʽ-ʩʪʦʚʧʝʮʴ 

ʜʝʬʦʨʤʘʮʽʡ; ů ï ʤʘʪʨʠʮʷ-ʩʪʦʚʧʝʮʴ ʥʘʧʨʫʞʝʥʥ.̫ 

ɺʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʧʦ ʚʠʟʥʘʯʝʥʥʶ ʅɼʉ ʧʦʪʨʝʙʫʻ ʤʽʥʽʤʽʟʘʮʽʾ 

ʬʫʥʢʮʽʦʥʘʣʫ (2.1) 

◊ȡ ̃‏ πȢ (2.2) 

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ, ʦʙôʻʢʪʠ, ʱʦ ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʘʷʚʥʽʩʪʶ 

ʙʘʛʘʪʦʰʘʨʦʚʦʾ ʩʪʨʫʢʪʫʨʠ: ʽʟ ʰʘʨʘʤʠ ʛʫʤʠ ʪʘ ʧʦʩʠʣʝʥʴ ʢʦʨʜʦʤ. ɺ ʫʩʽʭ 

ʜʦʩʣʽʜʞʝʥʥʷʭ ʧʨʦʧʦʥʫʻʪʴʩʷ ʷʚʥʦ ʤʦʜʝʣʶʚʘʣʠʩʴ ʫʩʽ ʰʘʨʠ, ʧʨʦʪʝ ʧʦʩʠʣʝʥʥʷ 

ʢʦʨʜʦʤ ʰʣʷʭʦʤ ʛʦʤʦʛʝʥʽʟʘʮʽʾ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʚʦʜʠʣʦʩʴ ʜʦ ʤʦʜʝʣʽ ʦʨʪʦʪʨʦʧʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ. 
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ʄʘʪʨʠʮʷ-ʩʪʦʚʧʝʮʴ ʜʝʬʦʨʤʘʮʽʡ Ů ʧʦʚôʷʟʘʥʘ ʟ ʚʝʢʪʦʨʦʤ ʧʝʨʝʤʽʱʝʥʴ u 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ ʂʦʰʽ, ʷʢʽ ʫ ʤʘʪʨʠʯʥʦʤʫ ʚʠʛʣʷʜʽ ʟʘʧʠʰʫʪʴʩʷ ʷʢ (2.3) 

 

Ⱡ = Duȟ (2.3) 

ʜʝ [D] ï ʤʘʪʨʠʯʥʠʡ ʜʠʬʝʨʝʥʮʽʡʥʠʡ ʦʧʝʨʘʪʦʨ. 

ʄʘʪʨʠʮʷ-ʩʪʦʚʧʝʮʴ ʥʘʧʨʫʞʝʥʴ Ɑ ʧʦʚôʷʟʘʥʘ ʟ ʤʘʪʨʠʮʝʶ-ʩʪʦʚʧʮʝʤ 

ʜʝʬʦʨʤʘʮʽʡ Ů ʫʟʘʛʘʣʴʥʝʥʠʤ ʟʘʢʦʥʦʤ ɻʫʢʘ, ʷʢʠʡ ʫ ʤʘʪʨʠʯʥʽʡ ʬʦʨʤʽ ʤʘʻ 

ʚʠʛʣʷʜ (2.4) 

 

Ɑ ╗Ⱡȟ (2.4) 

ʜʝ [H] ï ʤʘʪʨʠʮʷ ɻʫʢʘ. 

ɺ ʤʝʞʘʭ ʟʘʛʘʣʴʥʦʾ ʽʜʝʾ ʄʉɽ ʧʝʨʝʤʽʱʝʥʥʷ ʚ ʛʨʘʥʠʮʷʭ ʦʢʨʝʤʦʛʦ ʉɽ 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʨʘʞʘʪʠ ʟʘ ʚʽʜʦʤʠʤʠ ʘʧʨʦʢʩʠʤʘʮʽʷʤʠ: ʬʫʥʢʮʽʷʤʠ ʬʦʨʤ ʉɽ ʟ 

ʥʝʚʽʜʦʤʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ, ʷʢʽ ʬʘʢʪʠʯʥʦ ʻ ʚʫʟʣʦʚʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʧʝʨʝʤʽʱʝʥʴ 

 

◊ ὼȟώȟᾀ ╝ ὼȟώȟᾀ╪ ╤, (2.5) 

ʜʝ ◊  ï ʚʝʢʪʦʨ-ʬʫʥʢʮʽʷ ʧʝʨʝʤʽʱʝʥʴ ʚʠʟʥʘʯʝʥʘ ʚ ʤʝʞʘʭ ʉɽ, ╝  ï ʬʫʥʢʮʽʷ ʬʦʨʤ 

ʉɽ, ╪  ï ʤʘʪʨʠʮʷ ʽʥʜʝʢʩʽʚ, ʷʢʘ ʚʧʦʨʷʜʢʦʚʫʻ ʛʣʦʙʘʣʴʥʫ ʽ ʣʦʢʘʣʴʥʫ ʥʫʤʝʨʘʮʽʶ 

ʚʫʟʣʽʚ, ʪʘ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʣʦʢʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʚʫʟʣʦʚʠʭ ʧʝʨʝʤʽʱʝʥʴ ʜʣʷ 

ʢʦʞʥʦʛʦ ʉɽ, ʛʣʦʙʘʣʴʥʦʛʦ ʚʝʢʪʦʨʫ ʚʫʟʣʦʚʠʭ ʧʝʨʝʤʽʱʝʥʴ ʜʣʷ ʚʩʽʻʾ ʤʦʜʝʣʽ ╤. 

ɼʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʧʝʨʝʤʽʱʝʥʴ ʜʘʻ ʤʘʪʨʠʮʶ ʧʦʚʥʦʾ ʜʝʬʦʨʤʘʮʽʾ 

 

Ⱡ Ἆ◊  

Ⱡ ║ ╪ ▄╤ȟ 
(2.6) 

ʜʝ ║  ï ʤʘʪʨʠʮ ̫ʛʨʘʜʽʻʥʪʽʚ ʩʢʽʥʯʝʥʥʦʛʦ ʝʣʝʤʝʥʪʫ  
 

║ ▄ Ἆ╝▄Ȣ (2.7) 
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ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ (2.6), (2.7) ʜʦʟʚʦʣʷʶʪʴ ʧʝʨʝʡʪʠ ʜʦ ʨʦʟʛʣʷʜʫ ʝʥʝʨʛʽʾ 

ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʫ 

˜ ˜▄

▄

Ȣ (2.8) 

ʇʦʪʝʥʮʽʷ ʝʥʝʨʛʽʷ ʝʣʝʤʝʥʪʫ, ʧʨʠ ʮʴʦʤʫ, ʤʘʻ ʚʠʛʣʷʜ 

 

˜  
ρ

ς
Ⱡ▄ ╗Ⱡ Ὠὺ ◊▄▬▄Ὠί ◊▄╕ ὨὺȢ (2.9) 

 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ (2.6), (2.7) ʚʠʨʘʟ (2.9) ʤʦʞʥʦ ʟʘʧʠʩʘʪʠ ʷʢ 

˜ ╤ ╪ ▄
ρ

ς
║ ▄ ╗ ║ Ὠὺ ╪ ▄╤  

╤ ╪ ▄ ╝▄▬▄Ὠί╤ ╪ ▄ ╝▄╕ ὨὺȢ 

(2.10) 

 

ʇʦʟʥʘʯʠʤʦ  

╚ ║ ╗ ║ ὨὺȠ (2.11) 

╕ ╝▄▬▄ὨίȠ (2.12) 

╕ ╝▄╕ Ὠὺȟ (2.13) 

ʜʝ ╚  ï ʤʘʪʨʠʮʷ ʞʦʨʩʪʢʦʩʪʽ ʩʢʽʥʯʝʥʦʛʦ ʝʣʝʤʝʥʪʫ; ╕ , ╕  ï ʚʝʢʪʦʨʠ ʚʫʟʣʦʚʠʭ 

ʩʠʣ ʩʢʽʥʯʝʥʦʛʦ ʝʣʝʤʝʥʪʫ, ʩʪʘʪʠʯʥʦ ʝʢʚʽʚʘʣʝʥʪʥʽ ʜʦ ʧʦʚʝʨʭʥʝʚʠʭ ʪʘ ʦʙôʻʤʥʠʭ ʩʠʣ 

ʚʽʜʧʦʚʽʜʥʦ. 
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ʄʽʥʽʤʽʟʫʶʯʠ ʬʫʥʢʮʽʦʥʘʣ ʧʦʪʝʥʮʽʡʥʦʾ ʝʥʝʨʛʽʾ ʦʪʨʠʤʫʻʤʦ ʨʽʚʥʷʥʥʷ 

 

‬

‬╤
˜▄ πȢ (2.14) 

 

ʈʽʚʥʷʥʥʷ (2.14) ʟ ʫʨʘʭʫʚʘʥʥʷʤ (2.11) ï (2.13) ʟʘʧʠʰʝʪʴʩʷ ʷʢ 

╪ ╚ ╪ ╤ ╪ ╕ ╕
▄
Ȣ (2.15) 

 

ɺʚʝʜʝʤʦ ʛʣʦʙʘʣʴʥʫ ʤʘʪʨʠʮʶ ʞʦʨʩʪʢʦʩʪʽ ὑ ʪʘ ʚʝʢʪʦʨ ʚʫʟʣʦʚʠʭ ʩʠʣ ʩʠʩʪʝʤʠ, 

ʱʦ ʤʘʶʪʴ ʚʠʛʣʷʜ: 

╚ ╪ ╚ ╪ Ƞ 

 

(2.16) 

╕ ╪ ╕ ╕ Ȣ (2.17) 

 

ʊʦʜʽ (2.15) ʟʘʧʠʰʠʪʴʩʷ ʫ ʬʦʨʤʽ 

 

╚╤ ╕Ȣ (2.18) 

 

ɺʽʩʴʤʠʚʫʟʣʦʚʠʡ ʩʪʨʫʢʪʫʨʥʠʡ 3D-ʝʣʝʤʝʥʪ, ʱʦ ʤʘʻ ʪʨʠ ʩʪʫʧʝʥʽ ʩʚʦʙʦʜʠ ʫ 

ʚʫʟʣʽ: ʧʝʝʨʤʽʱʝʥʥʷ ʫ ʚʫʟʣʦʚʠʭ ʥʘʧʨʷʤʢʘʭ x, y ʪʘ z. ɽʣʝʤʝʥʪ ʚʽʜʨʽʟʥʷʻʪʴʩʷ 

ʧʣʘʩʪʠʯʥʽʩʪʶ, ʛʽʧʝʨʝʣʘʩʪʠʯʥʽʩʪʶ, ʧʦʩʠʣʝʥʥʷʤ ʥʘʧʨʫʞʝʥʥʷ, ʧʦʚʟʫʯʽʩʪʶ, ʚʝʣʠʢʠʤ 

ʚʽʜʭʠʣʝʥʥʷʤ ʪʘ ʚʝʣʠʢʠʤʠ ʜʝʬʦʨʤʘʮʽʡʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ. ɺʽʥ ʪʘʢʦʞ ʤʘʻ ʟʤʽʰʘʥʫ 

ʟʜʘʪʥʽʩʪʴ ʬʦʨʤʫʣʶʚʘʪʠ ʩʠʤʫʣʷʮʽʶ ʜʝʬʦʨʤʘʮʽʡ ʤʘʡʞʝ ʥʝʩʪʠʩʣʠʚʠʭ 

ʝʣʘʩʪʦʧʣʘʩʪʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʧʦʚʥʽʩʪʶ ʥʝʩʪʠʩʣʠʚʠʭ ʛʽʧʝʨʝʣʘʩʪʠʯʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ. [10]. 
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ʈʠʩʫʥʦʢ 2.2 ï ɺʽʩʴʤʠʚʫʟʣʦʚʠʡ ʩʢʽʥʯʝʥʠʡ ʝʣʝʤʝʥʪ 

 

ʌʫʥʢʮʽʾ ʬʦʨʤ ʜʣʷ ʪʘʢʦʛʦ ʪʠʧʫ ʩʢʽʥʯʝʥʥʦʛʦ ʝʣʝʤʝʥʪʫ: 

ό
ρ

ψ
ό ρ ί ρ ὸρ ὶ ό ρ ί ρ ὸρ ὶ

ό ρ ί ρ ὸρ ὶ ό ρ ί ρ ὸρ ὶ

ό ρ ί ρ ὸρ ὶ ό ρ ί ρ ὸρ ὶ

ό ρ ί ρ ὸρ ὶ ό ρ ί ρ ὸρ ὶ 

 

(2.19) 

ὺ
ρ

ψ
ὺρ ί ρ ὸρ ὶ ὺ ρ ί ρ ὸρ ὶ

ὺ ρ ί ρ ὸρ ὶ ὺ ρ ί ρ ὸρ ὶ 

ὺ ρ ί ρ ὸρ ὶ ὺ ρ ί ρ ὸρ ὶ

ὺ ρ ί ρ ὸρ ὶ ὺρ ί ρ ὸρ ὶ 

 

ύ
ρ

ψ
ύ ρ ί ρ ὸρ ὶ ύ ρ ί ρ ὸρ ὶ

ύ ρ ί ρ ὸρ ὶ ύ ρ ί ρ ὸρ ὶ

ύ ρ ί ρ ὸρ ὶ ύ ρ ί ρ ὸρ ὶ

ύ ρ ί ρ ὸρ ὶ ύ ρ ί ρ ὸρ ὶ 

 

ʊʘʢ ʚ ʜʘʥʽʡ ʜʠʩʝʨʪʘʮʽʾ ʜʣʷ ʰʘʨʽʚ ʟ ʝʣʘʩʪʦʤʽʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʤʦʞʥʦ 

ʦʙʤʝʞʠʪʠʩʴ ʤʦʜʝʣʷʤʠ ʽʟʦʪʨʦʧʥʦʛʦ, ʘʣʝ ʬʽʟʠʯʥʦ ʥʝʣʽʥʽʡʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ[84]: 
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ʤʦʜʝʣʣ  ʁ ʅʝʦ-ɻʫʢʘ, ʟʛʽʜʥʦ ʷʢʦʾ, ʬʽʟʠʯʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ 

ʬʦʨʤʫʣʦʶ (2.20) 

 

„ Ὂ , 

ʜʝ F ï ʛʨʘʜʽʻʥʪ ʜʝʬʦʨʤʘʮʽʡ, W ï ʱʽʣʴʥʽʩʪʴ ʝʥʝʨʛʽʾ ʧʨʫʞʥʦʛʦ 

ʜʝʬʦʨʤʫʚʘʥʥʷ, ʱʦ ʤʘʻ ʚʠʛʣʷʜ 

 

(2.20) 

ὡ
‘

ς
 Ὅ σ ςÌÎὐ

‖

ς
ὐ ρ ȟ (2.21) 

Ὂ ​όȟ (2.22) 

ὐ ὨὩὸὊȟ (2.23) 

ʜʝ ​ ï ʥʘʙʣʘ-ʦʧʝʨʘʪʦʨ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ (2.20-2.23) ʟʘʤʽʩʪʴ (2.4) ʧʨʠʥʮʠʧʦʚʦ ʥʝ ʟʤʽʥʶʻ ʩʭʝʤʫ 

ʄʉɽ, ʱ ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʦʨʤʫʣʘʤʠ (2.5-2.18), ʘʣʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʣʽʥʽʡʥʦʩʪʽ 

ʦʩʪʘʥʥʴʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʨʽʚʥʷʥʥʷ, ʷʢʝ ʤʘʪʠʤʝ ʚʠʛʣʷʜ 

 

╚╤ ╤̌ ╕ȟ (2.24) 

ʜʝ [K] ï ʤʘʪʨʠʮʷ ʞʦʨʩʪʢʦʩʪʽ, U ï ʚʝʢʪʦʨ ʚʫʟʣʦʚʠʭ ʧʝʨʝʤʽʱʝʥʴ, F ï ʚʝʢʪʦʨ 

ʚʫʟʣʦʚʠʭ ʩʠʣ. 

 

2.3 ʊʝʦʨʝʪʠʯʥʽ ʦʩʥʦʚʠ ʨʽʰʝʥʥʷ ʥʝʣʽʥʽʡʥʠʭ ʟʘʜʘʯ 

2.3.1 ʄʝʪʦʜ ʅʴʶʪʦʥʘ-ʈʘʬʩʦʥʘ  

ʆʜʥʠʤ ʟ ʧʦʰʠʨʝʥʠʭ ʽ ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʯʠʩʝʣʴʥʦʛʦ ʚʠʨʽʰʝʥʥʷ ʥʝʣʽʥʽʡʥʠʭ 

ʟʘʜʘʯ ʻ ʤʝʪʦʜ ʅʴʶʪʦʥʘ-ʈʘʬʩʦʥʘ [85]. ʉʧʦʯʘʪʢʫ ʟʘʜʘʻʪʴʩʷ ʥʫʣʴʦʚʝ ʧʝʨʝʤʽʱʝʥʥʷ, 

ʜʦ ʩʠʩʪʝʤʠ ʧʨʠʢʣʘʜʘʻʪʴʩʷ ʥʘʚʘʥʪʘʞʝʥʥʷ Ὂ ʽ ʚʽʜʰʫʢʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʝ ʟʥʘʯʝʥʥʷ 

ʧʝʨʝʤʽʱʝʥʴ ό. ʇʦʯʘʪʢʦʚʘ ʞʦʨʩʪʢʽʩʪʴ ʧʦʟʥʘʯʘʻʪʴʩʷ, ʷʢ  ʧʦʯʘʪʢʦʚʠʡ ʧʨʠʨʽʩʪ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʝʨʰʦʤʫ ʢʨʦʮʽ ʽ ʻ ʚʝʣʠʯʠʥʦʶ ʥʘʚʘʥʪʘʞʝʥʥʷ: ῳὊ Ὂ. ʇʽʩʣʷ 

ʮʴʦʛʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦʪʦʯʥʠʡ ʧʨʠʨʽʩʪ ʧʝʨʝʤʽʱʝʥʴ ʪʘ ʧʦʥʦʚʣʶʻʪʴʩʷ ʨʦʟʨʘʭʫʥʦʢ 

 ὑ  ῳὟ ῳὊ          ῳὟ ὑ ῳὊ       Ὗ π ῳὟ, (2.25) 
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ʜʝ Ὗ  ï ʧʪʦʯʥʘ ʦʮʽʥʢʘ ʨʝʟʫʣʴʪʘʪʫ Ὗ. ʆʮʽʥʢʘ ʻ ʥʝʪʦʯʥʦʶ ʪʦʤʫ, ʱʦ ʜʘʥʘ ʚʝʣʠʯʠʥʘ 

ʜʝʬʦʨʤʫʚʘʥʥʷ ʥʝ ʚʠʢʣʠʢʘʻ ʨʝʘʢʮʽʾ ʜʦʩʪʘʪʥʴʦʾ ʜʣʷ ʫʨʽʚʥʦʚʘʞʝʥʥʷ ʩʠʣʠ Ὂ. 

ʇʦʪʦʯʥʘ ʧʦʭʠʙʢʘ ʩʠʣʠ (ʥʝʨʽʚʥʦʚʘʞʥʽʩʪʴ ʧʦ ʩʠʣʽ) Ὡ  

 

Ὡ Ὂ ὑὟȟ (2.26) 

ʜʝ ὑ ὑὟ  ʦʙʯʠʩʣʶʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ Ὗ . [ὑὟὃ ï ʨʝʘʢʮʽʷ (ʚʽʜʛʫʢ) 

ʩʠʩʪʝʤʠ ʥʘ ʧʦʪʦʯʥʠʡ ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ. 

ɼʘʣʽ ʧʦʯʠʥʘʻʪʴʩʷ ʽʪʝʨʘʪʠʚʥʠʡ ʧʨʦʮʝʩ ʟʽ ʟʤʝʥʰʝʥʥʷ ʚʝʣʠʯʠʥʠ ʥʝʙʘʣʘʥʩʫ 

(ʧʦʭʠʙʢʠ ʟʘ ʩʠʣʦʚʠʤ ʢʨʠʪʝʨʽʻʤ) ʜʦ ʥʫʣʷ. ʇʦʢʠ Ὂ ʻ ʢʦʥʩʪʘʥʪʦʶ, ʧʝʨʝʭʦʜʠʤʦ ʜʦ 

ʥʘʩʪʫʧʥʦʛʦ ʢʨʦʢʫ, ʧʦʯʠʥʘʶʯʠ ʟ ʧʦʯʘʪʢʦʚʦʾ ʪʦʯʢʠ (A) ʪʘ ʨʫʭʘʶʯʠʩʴ ʚʟʜʦʚʞ 

ʜʦʪʠʯʥʦʾ ʜʦ ʢʨʠʚʦʾ (ʟʘʣʝʞʥʽʩʪʴ ʩʠʣʠ ʚʽʜ ʧʝʨʝʤʽʱʝʥʥʷ) ʚ ʧʦʯʘʪʢʦʚʽʡ ʪʦʯʮʽ. ʊʘʢʠʤ 

ʯʠʥʦʤ ʤʠ ʦʪʨʠʤʫʻʤʦ ʫʪʦʯʥʝʥʝ ʧʝʨʝʤʽʱʝʥʥʷ Ὗ  

 

 ὑ  ῳὟ Ὡ           ῳὟ ὑ Ὡ       Ὗ  Ὗ ῳὟ. (2.27) 

 

ɺʠʥʠʢʘʶʯʘ ʧʨʠ ʮʴʦʤʫ ʚʥʫʪʨʽʰʥʷ ʨʝʘʢʮʽʷ ʜʦʩʽ ʥʝ ʚʨʽʚʥʦʚʘʞʫʻ ʧʨʠʢʣʘʜʝʥʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ Ὂ. ʇʦʪʦʯʥʝ ʟʥʘʯʝʥʥʷ ʧʦʭʠʙʢʠ ʟʘ ʩʠʣʦʚʠʤ ʢʨʠʪʝʨʽʻʤ ʜʦʨʽʚʥʶʻ 

 

Ὡ Ὂ ὑὟȟ (2.28) 

 

ʜʝ ὑ ὑὟ  ʦʙʯʠʩʣʶʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ Ὗ . 

ʅʘ ʥʘʩʪʫʧʥʦʤʫ ʢʨʦʮʽ ʨʽʰʝʥʥʷ ʨʫʭʘʻʪʴʩʷ ʧʦ ʜʦʪʠʯʥʽʡ ʫ ʪʦʯʮʽ B ʥʘʜʘʻʤʦ ʽʥʰʝ 

ʧʨʠʨʦʱʝʥʥʷ ʧʦ ʧʝʨʝʤʽʱʝʥʥʷʤ ῳὟ, ʪʘ ʧʦʥʦʚʣʶʻʤʦ Ὗ ῳὟ. ʇʨʦʜʦʚʞʝʥʥʷ 

ʽʪʝʨʘʮʽʡʥʦʛʦ ʧʨʦʮʝʩʫ ʩʧʨʠʯʠʥʷʻ ʟʤʝʥʰʝʥʥʷ ʧʦʭʠʙʢʠ ʟʘ ʩʠʣʦʚʠʤ ʢʨʠʪʝʨʽʻʤ, ʘ 

ʚʜʘʣʝ ʟʥʘʯʝʥʥʷ ʧʨʠʨʦʱʝʥʥʷ ʧʝʨʝʤʽʱʝʥʴ ῳὟ ʥʘʙʣʠʞʘʻ ʾʾ ʜʦ ʥʫʣʷ, ʪʘ ʧʦʥʦʚʣʶʻ 

ʨʦʟʨʘʭʫʥʦʢ ʜʣʷ ʥʘʙʣʠʞʝʥʥʷ ʜʦ ʢʦʨʝʢʪʥʦʛʦ ʟʥʘʯʝʥʥʷ Ὗ. 

ʊʦʜʽ ʜʦʜʘʻʪʴʩʷ ʽʥʰʝ ʧʨʠʨʦʱʝʥʥʷ ʧʦ ʩʠʣʽ ῳὊ, ʪʘ ʧʦʥʦʚʣʶʻʪʴʩʷ ʽʪʝʨʘʮʽʡʥʠʡ 

ʧʨʦʮʝʩ ʥʘʮʽʣʝʥʠʡ ʥʘ ʧʦʰʫʢ Ὗ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʟʥʘʯʝʥʥʶ ʥʘʚʘʥʪʘʞʝʥʥʷ Ὂ.  
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ʈʽʚʥʷʥʥʷ ʚʽʜʧʦʚʽʜʥʽ ʜʦ (2.25-2.26) ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʤʘʶʪʴ ʚʠʛʣʷʜ 

 ὑ  ῳὟ ῳὊ          ῳὟ ὑ ῳὊ       Ὗ Ὗ ῳὟ, (2.29) 

 Ὡ Ὂ ὑὟȟ (2.30) 

ʜʝ [ὑ ὑὟ  ʦʙʯʠʩʣʶʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ Ὗ . 

ʊʘʢ, ʧʦʩʣʽʜʦʚʥʦ ʟʙʽʣʴʰʫʶʯʠ ʨʽʚʝʥʴ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʪʘ ʽʪʝʨʘʪʠʚʥʦ 

ʜʦʩʷʛʘʶʯʠ ʟʙʽʞʥʦʩʪʽ ʥʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ, ʤʦʞʥʘ ʚʟʷʪʠ ʩʪʽʣʴʢʠ ʪʦʯʦʢ, ʩʢʽʣʴʢʠ 

ʥʝʦʙʭʽʜʥʦ, ʱʦʙ ʘʜʝʢʚʘʪʥʦ ʧʦʙʫʜʫʚʘʪʠ ʢʨʠʚʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ ʧʝʨʝʤʽʱʝʥʴ. 

ʇʦʢʨʘʱʝʥʥʷ ʟʙʽʞʥʦʩʪʽ ʜʦ ʪʦʯʥʦʛʦ ʨʽʰʝʥʥʷ ʥʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ ʧʦ ʩʠʣʽ ʜʦʩʷʛʘʻʪʴʩʷ 

ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʣʦʛʦ ʧʨʠʨʦʱʝʥʥʷ ʚʝʣʠʯʠʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

2.3.2 ɺʠʨʽʰʝʥʥʷ ʢʦʥʪʘʢʪʥʠʭ ʟʘʜʘʯ ʨʦʟʰʠʨʝʥʠʤ ʤʝʪʦʜʦʤ ʃʘʛʨʘʥʞʘ 

ʇʨʠ ʚʠʨʽʰʝʥʥʽ ʙʘʛʘʪʴʦʭ ʟʘʜʘʯ ʜʝʬʦʨʤʫʚʘʥʥʷ ʛʫʤʦʢʦʨʜʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʢʦʥʩʪʨʫʢʮʽʡ, ʜʣʷ ʷʢʠʭ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʧʨʦʮʝʩ ʩʘʤʦʥʘʛʨʽʚʫ, ʤʘʻ ʤʽʩʮʝ ʧʨʦʙʣʝʤʘ 

ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʝʣʘʩʪʦʤʽʨʥʦʛʦ ʢʦʤʧʦʟʠʪʫ ʟ ʽʥʰʠʤʠ ʞʦʨʩʪʢʠʤʠ ʪʽʣʘʤʠ[86]. 

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ 

ʨʦʟʰʠʨʝʥʠʡ ʤʝʪʦʜ ʃʘʛʨʘʥʞʘ [87], ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʷʢʦʛʦ ʟʘʜʘʯʘ ʤʽʥʽʤʽʟʘʮʽʾ 

ʟʚʦʜʠʪʴʩʷ ʜʦ ʨʽʚʥʷʥʥʷ 

 

‏̃ Ὢό πȢ (2.31) 

 

ɺʝʢʪʦʨ ʢʦʥʪʘʢʪʥʠʭ ʩʠʣ fʉ ʚʠʟʥʘʯʘʻʪʴʩʷ ʯʝʨʝʟ ʤʥʦʞʥʠʢʠ ʃʘʛʨʘʥʞʘ ɚ, 

ʧʘʨʘʤʝʪʨʠ ʰʪʨʘʬʽʚ ɔi ʪʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʽʩʥʫʶʯʠʭ ʦʙʤʝʞʝʥʴ ʤʘʻ ʚʠʛʣʷʜ  

Ὢό ὺ ‎ ὧό ὧɳό ‎ Ὤό
‗

‎
Ὤɳ όȢ (2.32) 

 

ʇʨʠ ʮʴʦʤʫ ʤʥʦʞʥʠʢʠ ʃʘʛʨʘʥʞʘ ʪʘ ʧʘʨʘʤʝʪʨʠ ʰʪʨʘʬʽʚ ʥʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ k 

ʤʘʪʁʴ ʢʦʨʝʛʫʚʘʪʠʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ 
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ὺ ὺ ‎ ὧό ; ‗ ‗ ‎ ὧό Ȣ (2.33) 

 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʧʝʨʝʜʥʽʭ ʬʦʨʤʫʣʶʚʘʥʴ, ʤʦʞʥʘ ʧʨʠʚʝʩʪʠ ʥʘʩʪʫʧʥʠʡ 

ʘʣʛʦʨʠʪʤ ʨʦʟʚôʷʟʘʥʥʷ ʢʦʥʪʘʢʪʥʠʭ ʟʘʜʘʯ ʨʦʟʰʠʨʝʥʠʤ ʤʝʪʦʜʦʤ ʃʘʛʨʘʥʞʘ: 

1) ʧʦʯʘʪʢʦʚʽ ʫʤʦʚʠ: ʢʦʝʬʽʮʽʻʥʪʠ ʪʝʨʪʷ ɛ, ʧʦʯʘʪʢʦʚʘ ʪʦʯʢʘ u0 = 0; ʤʥʦʞʥʠʢʠ 

ʃʘʛʨʘʥʞʘ (ɚi
0
, vi

0
 ); ʧʘʨʘʤʝʪʨʠ ʰʪʨʘʬʫ ɔi=0, k = 0 (ʣʽʯʠʣʴʥʠʢ ʽʪʝʨʘʮʽʡ). 

2)ʜʦʢʠ ʥʝ ʜʦʩʷʛʥʫʪʦ ʢʨʠʪʝʨʽʶ ʟʙʽʞʥʦʩʪʽ, ʧʦʚʪʦʨʶʶʪʴʩʷ ʧ. 2.1 ï 2.2: 

2.1) ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʪʘʢʪʥʠʭ ʩʠʣ (ʯʝʨʝʟ ʤʥʦʞʥʠʢʠ ʃʘʛʨʘʥʞʘ): n = ɚk 

(ʥʦʨʤʘʣʴʥʽ ʩʠʣʠ), t = ɜk (ʜʦʪʠʯʥʽ ʩʠʣʠ). 

2.2) ʚʠʨʽʰʫʻʪʴʩʷ ʥʝʣʽʥʽʡʥʘ ʩʠʩʪʝʤʘ (4.9) ʤʝʪʦʜʦʤ ʅôʶʪʦʥʘ-ʈʘʬʩʦʥʘ [88, 89] 

ʜʣʷ ʦʪʨʠʤʘʥʥʷ uk+1. ʇʨʠʡʤʘʻʪʴʩʷ uk ʚ ʷʢʦʩʪʽ ʧʦʯʘʪʢʦʚʦʾ ʪʦʯʢʠ, ʽ 

 

Ὢ Ὢ (2.34) 

 

ʟ ʥʘʩʪʫʧʥʦʶ ʧʝʨʝʚʽʨʢʦʶ ʫʤʦʚ ʧʨʦʢʦʚʟʫʚʘʥʥʷ ʜʣʷ ʢʦʞʥʦʾ ʧʘʨʠ ʢʦʥʪʘʢʪʥʠʭ 

ʚʫʟʣʽʚ ʪʘ ʥʝʨʽʚʥʦʩʪʽ: 

ï ʥʝʤʘ ʢʦʥʪʘʢʪʫ  

 

‗ ‎ Ὤό π,              Ὢ π; (2.35) 

ï ʧʨʠʣʠʧʘʥʥʷ 

 

‗ ‎ Ὤό π,  i   ᴁὸᴁ ‘ ᴁὲᴁ, (2.36) 

 

ʪʦʜ̔ ʢʦʥʪʘʢʪʥʽ ʩʠʣʠ ʦʙʯʠʩʣʶʶʪʴʩʷ 

 

Ὢ ‗ ‎ ὧό Ὤɳ ό ὺ ‎ ὧό ὧɳόȠ (2.37) 

 



46 

ïʢʦʚʟʘʥʥʷ 

 

‗ ‎ Ὤό π,   i   ᴁὸᴁ ‘ ᴁὲᴁȢ (2.38) 

 

ʪʦʜʽ ʚʠʨʘʟ ʜʣʷ ʢʦʥʪʘʢʪʥʠʭ ʩʠʣ ʦʙʯʠʩʣʶʻʪʴʩʷ 

 

Ὢ ‗ ‎ ὧό Ὤɳ ό ὺ ‎ ὧό ὧɳόȢ (2.39) 

 

ɺʠʭʦʜʷʯʠ ʟ ʬʦʨʤʫʣ (2.24), (2.31) ʦʪʨʠʤʫʻʤʦ ʨʦʟʨʘʭʫʥʢʦʚʝ ʨʽʚʥʷʥʥʷ ʄʉɽ 

ʜʣʷ ʢʦʥʪʘʢʪʥʦʾ ʟʘʜʘʯʽ (2.40) [90] 

 

[ʂ]ĀUk+1 =F-Fc (Uk). (2.40) 

 

ɺ ʭʦʜʽ ʨʦʟʨʘʭʫʥʢʽʚ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ 

ʚ̔ʩʴʤʠʚʫʟʣʦʚʠʡ ʢʦʥʪʘʢʪʥʠʡ ʩʢʽʥʯʝʥʥʠʡ ʝʣʝʤʝʥʪ, ʱʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ 3-D 

ʛʝʦʤʝʪʨʽʾ. ʄʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʠʡ ʜʣʷ ʢʦʥʪʘʢʪʫ ʪʚʝʨʜʠʭ ʪʽʣ ʘʙʦ ʦʙʦʣʦʥʦʢ. 

 

 

ʈʠʩʫʥʦʢ 2.3 ï ʂʦʥʪʘʢʪʥʠʡ ʩʢʽʥʯʝʥʥʠʡ ʝʣʝʤʝʥʪ 
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ʌʫʥʢʮʽʾ ʬʦʨʤ ʜʣʷ ʢʦʥʪʘʢʪʥʦʛʦ ʝʣʝʤʝʥʪʫ ʤʘʶʪʴ ʚʠʛʣʷʜ: 

 

ό
ρ

τ
ό ρ ί ρ ὸ ί ὸ ρ ό ρ ί ρ ὸί ὸ ρ

ό ρ ί ρ ὸί ὸ ρ

ό ρ ί ρ ὸ ί ὸ ρ
ρ

ς
ό ρ ί ρ ὸ

ό ρ ί ρ ὸ ό ρ ί ρ ὸ

ό ρ ί ρ ὸ  

 

(2.41) 

ὺ
ρ

τ
ὺρ ί ρ ὸ ί ὸ ρ ὺ ρ ί ρ ὸί ὸ ρ

ὺ ρ ί ρ ὸί ὸ ρ

ὺ ρ ί ρ ὸ ί ὸ ρ
ρ

ς
ὺ ρ ί ρ ὸ

ὺ ρ ί ρ ὸ ὺ ρ ί ρ ὸ

ὺ ρ ί ρ ὸ  

 

ύ
ρ

τ
ύ ρ ί ρ ὸ ί ὸ ρ ύ ρ ί ρ ὸί ὸ ρ

ύ ρ ί ρ ὸί ὸ ρ

ύ ρ ί ρ ὸ ί ὸ ρ
ρ

ς
ύ ρ ί ρ ὸ

ύ ρ ί ρ ὸ ύ ρ ί ρ ὸ

ύ ρ ί ρ ὸ  

 

2.4 ʄʘʪʝʤʘʪʠʯʥʽ ʦʩʥʦʚʠ ʤʦʜʝʣʶʚʘʥʥʷ ʚôʷʟʢʦʧʨʫʞʥʦʩʪʽ 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʚ ʨʦʙʦʪʽ ʤʝʪʦʜʦʣʦʛʽʷ ʚʠʚʯʝʥʥʷ ʧʨʦʮʝʩʫ ʩʘʤʦʥʘʛʨʽʚʫ 

ʧʝʨʝʜʙʘʯʘʻ ʚʠʟʥʘʯʝʥʥʷ ʧʣʦʱʽ ʧʝʪʝʣʴ ʛʽʩʪʝʨʝʟʠʩʫ ʜʣʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʮʠʢʣʽʚ 

ʜʝʬʦʨʤʫʚʘʥʥʷ ʛʫʤʦʢʦʨʜʥʠʭ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡ. ʇʝʨʰʠʡ ʝʪʘʧ ʤʝʪʦʜʦʣʦʛʽʾ ʚ 

ʤʝʞʘʭ ʚʚʝʜʝʥʦʾ ʛʽʧʦʪʝʟʠ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʘʤʧʣʽʪʫʜʥʽ ʟʥʘʯʝʥʥʷ ʮʠʢʣʽʚ 

ʜʝʬʦʨʤʘʮʽʾ ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʚôʷʟʢʦʧʨʫʞʥʦʩʪʽ. ʇʨʦʪʝ ʥʘʩʪʫʧʥʠʤ ʝʪʘʧʦʤ ʻ ʧʦʙʫʜʦʚʘ 



48 

ʚʣʘʩʥʝ ʧʝʪʝʣʴ ʛʽʩʪʝʨʝʟʠʩʫ, ʷʢʽ ʬʦʨʤʫʶʪʴʩʷ ʩʘʤʝ ʯʝʨʝʟ ʚôʷʟʢʦʧʨʫʞʥʽʩʪʴ ʛʫʤʦʚʠʭ 

ʰʘʨʽʚ ʪ ʘ ʛʫʤʦʚʦʾ ʤʘʪʨʠʮʽ. 

ɺ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʚ'ʷʟʢʦʧʨʫʞʥʘ ʟʘʣʝʞʥʽʩʪʴ ʥʘʧʨʫʞʝʥʴ „ὸ ʚʽʜ 

ʜʝʬʦʨʤʘʮʽʡ ‐ὸ ʟʘʜʘʻʪʴʩʷ ʽʥʪʝʛʨʘʣʴʥʦ ʯʝʨʝʟ ʬʫʥʢʮʽʶ ʨʝʣʘʢʩʘʮʽʾ Ὃὸ 

 

 

ɺʚʦʜʷʯʠ ʧʦʥʷʪʪʷ ʤʦʜʫʣʷ ʥʘ ʥʝʩʢʽʥʯʝʥʦʩʪʽ ʫ ʚʠʨʘʟʽ (1) ʷʚʥʦ ʚʠʜʽʣʷʻʪʴʩʷ 

ʧʨʫʞʥʘ ʩʢʣʘʜʦʚʘ 

„ὸ ὋЊ ‐ὸ Ὃὸ † ὋЊ ‐†Ä†ȟ (2.43) 

ʜʝ ὸ ï ʯʘʩ. 

ʉʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʣʽʥʽʡʥʦʾ ʤʦʜʝʣ ̔ ʚôʷʟʢʦʧʨʫʞʥʦʩʪʽ ʟ 3-ʤʘ 

ʧʘʨʘʤʝʪʨʘʤʠ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 2.4.  

 

 

ʈʠʩʫʥʦʢ 2.4 ï ʋʟʘʛʘʣʴʥʝʥʘ ʣʽʥʽʡʥʘ 3-ʭ ʧʘʨʘʤʝʪʨʠʯʥʘ ʤʦʜʝʣʴ 

ʚôʷʟʢʦʧʨʫʞʥʦʩʪʽ 

 

 

ʇʽʜ ʯʘʩ ʜʝʬʦʨʤʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ, ʷʢʠʡ ʤʘʻ ʩʪʨʫʢʪʫʨʫ, ʱʦ ʧʦʢʘʟʘʥʘ ʥʘ 

ʨʠʩ.2.4, ʚʠʥʠʢʘʶʪʴ ʥʘʧʨʫʞʝʥʥʷ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ: ʧʨʫʞʥʘ „ ʪʘ ʚôʷʟʢʘ „ ʩʢʣʘʜʦʚʽ 

 

„ Ὁ‐ȟ            „ –‐Ȣ (2.44) 

„ὸ ᷿ Ὃὸ †‐†Ä†. (2.42) 
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ʄʦʜʝʣʴ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 9 ʚʽʜʦʙʨʘʞʘʻ ʧʦʩʣʽʜʦʚʥʝ ʟôʻʜʥʘʥʥʷ ʧʨʫʞʥʦʛʦ ʽ 

ʚôʷʟʢʦʛʦ ʝʣʝʤʝʥʪʫ, ʷʢʽ ʧʘʨʘʣʝʣʴʥʦ ʟôʻʜʥʘʥʽ ʟ ʱʝ ʦʜʥʠʤ ʧʨʫʞʥʠʤ ʝʣʝʤʝʥʪʦʤ. 

ɺʨʘʭʦʚʫʶʯʠ ʪʝ, ʱʦ ʧʨʠ ʧʦʩʣʽʜʦʚʥʦʤʫ ʟôʻʜʥʘʥʽ ʝʣʝʤʝʥʪʽʚ ʚ ʥʠʭ ʚʠʥʠʢʘʶʪʴ 

ʦʜʥʘʢʦʚʽ ʥʘʧʨʫʞʝʥʥʷ, ʘ ʧʨʠ ʧʘʨʘʣʝʣʴʥʦʤʫ ï ʦʜʥʘʢʦʚʽ ʜʝʬʦʨʤʘʮʽʾ, ʤʘʪʠʤʝ ʤʽʩʮʝ 

ʪʘʢʘ ʨʽʚʥʽʩʪʴ 

 

„
Ὁ

–
„
ὉὉ

–
‐ Ὁ Ὁ‐ȟ (2.45) 

 

ʽʥʪʝʛʨʘʣ ʷʢʦʾ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʢʦʥʢʨʝʪʥʠʡ ʚʠʜ ʚʠʨʘʟʫ (2.42) 

 

„ὸ Ὁ ὉὩ ‐ †Ä†Ȣ (2.46) 

 

ɺʽʜʧʦʚʽʜʥʦ ʬʫʥʢʮʽʷ ʨʝʣʘʢʩʘʮʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʘʢ 

 

Ὃὸ Ὁ ὉὩ Ὁ Ὡȟ (2.47) 

 

ʜʝ Ὕ ï ʯʘʩ ʨʝʣʘʢʩʘʮʽʾ, Ὕ –Ὁϳ . 

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʨʦʮʝʩ ʩʘʤʦʥʘʛʨʽʚʫ ʤʦʜʝʣʶʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʮʠʢʣʽʚ 

ʜʝʬʦʨʤʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɿ ʨʦʟʨʘʭʫʥʢʽʚ ʅɼʉ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ 

ʚôʷʟʢʦʧʨʫʞʥʦʩʪʽ ʦʪʨʠʤʫʻʤʦ ʣʠʰʝ ʘʤʧʣʽʪʫʜʥʽ ʟʥʘʯʝʥʥʷ ʜʝʬʦʨʤʘʮʽʡ ʧʦ ʮʠʢʣʫ. 

ʆʩʢʽʣʴʢʠ ʜʦʩʣʽʜʞʫʚʘʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʩʧʨʠʡʤʘʻ ʮʠʢʣʽʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʦʪʨʠʤʘʥʠʡ 

ʮʠʢʣ ʤʦʞʥʘ ʨʦʟʢʣʘʩʪʠ ʚ ʨʷʜ ʌʫʨôʻ, ʱʦ ʟʘʙʝʟʧʝʯʠʪʴ ʜʠʥʘʤʽʯʥʫ (ʧʝʨʽʦʜʠʯʥʫ) 

ʩʢʣʘʜʦʚʫ. ʆʪʨʠʤʘʥʠʡ ʨʷʜ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʤʘʻ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ  

 

‐ὸ ‐ ‐ÃÏÓ‫ ὸȢ (2.48) 
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ɿ ʫʨʘʭʫʚʘʥʥʷʤ (2.47), (2.48) ʚʠʨʘʟ ʜʣʷ ʥʘʧʨʫʞʝʥʴ ʟʘʧʠʰʝʪʴʩʷ ʷʢ 

 

„ ὃὩ ὄ ὦÃÏÓ‫ὸ ὅ ὧÓÉÎ‫ὸ Ὀȟ (2.49) 

ʜʝ ὃȟὄȟὅȟὈȟὦȟὧ ʢʦʥʩʪʘʥʪʠ ʽʥʪʝʛʨʫʚʘʥʥʷ, ‗ π ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʟʥʘʡʜʝʥʽ 

ʘʥʘʣʽʪʠʯʥʦ ʪʘ ʤʘʶʪʴ ʩʢʣʘʜʥʠʡ ʘʣʛʝʙʨʘʾʯʥʠʡ ʚʠʛʣʷʜ. 

ʊʦʜʽ, ʜʣʷ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʚʠʧʘʜʢʫ ʢʽʣʴʢʽʩʪʴ ʚʠʜʽʣʝʥʦʾ ʝʥʝʨʛʽʾ ʜʦʨʽʚʥʶʻ 

 

ὃ „
‬‐

‬ὸ
 Ὠὸὃ ‐‫ȟὉȟ–ȟ ȟ (2.50) 

ʜʝ ï ʯʘʩʪʦʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷ, Ὁȟ– ï ʢʦʥʩʪʘʥʪʠ ʤʘʪʝʨʽʘʣʫ, Ὕ ï ʧʝʨʽʦʜ ʦʜʥʦʛʦ ‫ 

ʮʠʢʣʫ. 

 

2.5 ʄʘʪʝʤʘʪʠʯʥʘ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʥʝʩʪʘʮʽʦʥʘʨʥʦʾ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ 

ʇʨʠ ʚʠʨʽʰʝʥʥʽ ʟʘʜʘʯʽ ʪʝʨʤʦʧʨʫʞʥʦʩʪʽ ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ ʨʦʟʧʦʜʽʣ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ. ʆʪʞʝ, ʨʽʰʝʥʥʷʤ ʟʘʜʘʯʽ ʪʝʨʤʦʧʨʫʞʥʦʩʪʽ ʧʝʨʝʜʫʻ ʨʽʰʝʥʥʷ 

ʟʘʜʘʯʽ ʪʝʦʨʽʾ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ. ɿʘʚʜʘʥʥʷ ʥʝʩʪʘʮʽʦʥʘʨʥʦʾ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʻ 

ʟʘʚʜʘʥʥʷʤ ʤʘʪʝʤʘʪʠʯʥʦʾ ʬʽʟʠʢʠ, ʷʢʘ ʟʚʦʜʠʪʴʩʷ ʜʦ ʚʠʨʽʰʝʥʥʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ 

ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ ʚ ʦʙʣʘʩʪʽ V, ʟʘʡʥʷʪʦʾ ʪʽʣʦʤ, ʧʨʠ ʚʽʜʧʦʚʽʜʥʠʭ ʢʨʘʡʦʚʠʭ 

ʫʤʦʚʘʭ ʥʘ ʛʨʘʥʠʮʽ C.  

ʊʘʢ ʨʽʚʥʷʥʥʷ ʜʣʷ ʣʽʥʽʡʥʦʾ ʪʨʠʚʠʤʽʨʥʦʾ ʟʘʜʘʯʽ ʥʝʩʪʘʮʽʦʥʘʨʥʦʾ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʦʧʠʩʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʨʽʚʥʷʥʥʷʤ [91]  

 

‬

‬ὼ
‗
‬Ὕ

‬ὼ

‬

‬ώ
‗
‬Ὕ

‬ώ

‬

‬ᾀ
‗
‬Ὕ

‬ᾀ
ὗ ὧ”

‬Ὕ

‬ὸ
ȟ (2.51) 

ʜʝ T ï ʪʝʤʧʝʨʘʪʫʨʘ, ‗ ‗ ‗ ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʚ ʥʘʧʨʷʤʢʫ ʦʩʝʡ 

ʘʥʽʟʦʪʨʦʧʽʾ, c ï ʧʠʪʦʤʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ; ɟ ï ʱʽʣʴʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ. 

ɸ ὗ ï ʚʥʫʪʨʽʰʥʻ ʜʞʝʨʝʣʦ ʪʝʧʣʦʪʠ, ʱʦ ʚʠʜʽʣʠʣʦʩʴ ʚ ʦʜʠʥʠʮʶ ʯʘʩʫ 
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ὗ
ὃ

ὸ
Ȣ (2.52) 

 

ɺʠʨʽʰʝʥʥʷ ʨʽʚʥʷʥʥʷ (2.51) ʧʦʚʠʥʥʦ ʟʘʜʦʚʦʣʴʥʷʪʠ ʛʨʘʥʠʯʥʠʤ ʚʠʤʦʛʘʤ (2.53) 

ʽ (2.54). ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʢʨʘʡʦʚʽ ʪʘ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʜʚʦʭ ʪʠʧʽʚ. 

ʅʘ ʯʘʩʪʠʥʽ ʛʨʘʥʠʮʽ  ὅ ʟʘʜʘʥʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʘ ʥʘ ʯʘʩʪʠʥʽ ʢʦʨʜʦʥʫ ὅ ʟʘʜʘʥʠʡ 

ʪʝʧʣʦʦʙʤʽʥ ʽʟ ʟʦʚʥʽʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ ʟʘ ʟʘʢʦʥʦʤ ʅʴʶʪʦʥʘ 

 

Ὕὼȟώȟᾀȿ= Ὕ ὼȟώȟᾀ, (2.53) 

ὬὝ Ὕ ȿ ‗
‬Ὕ

‬ὼ
ὲ ‗

‬Ὕ

‬ώ
ὲ ‗

‬Ὕ

‬ᾀ
ὲ ȟ (2.54) 

ʜʝ ὲ ὲ  ὲ ï  ʥʘʧʨʘʚʣʷʶʯʽ ʢʦʩʠʥʫʩʠ ʟʦʚʥʽʰʥʴʦʾ ʥʦʨʤʘʣʽ. ʊʘ ʧʦʯʘʪʢʦʚʽʡ ʫʤʦʚʽ ʫ 

ʚʠʛʣʷʜʽ; Ὕ ὼȟώȟᾀ ï ʪʝʤʧʝʨʘʪʫʨʘ ʫ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʯʘʩʫ, h ï ʢʦʝʬʽʮʽʻʥʪ 

ʪʝʧʣʦʚʽʜʜʘʯʽ ʥʘ ʛʨʘʥʠʮʽ ὅ, Ὕ¤ - ʪʝʤʧʝʨʘʪʫʨʘ ʩʝʨʝʜʦʚʠʱʘ. 

ɻʨʘʥʠʯʥʘ ʫʤʦʚʘ (2.54) ʚʽʜʧʦʚʽʜʘʻ ʪʝʧʣʦʚʦʤʫ ʦʙʤʽʥʫ ʽʟ ʟʦʚʥʽʰʥʽʤ 

ʩʝʨʝʜʦʚʠʱʝʤ ʟʘ ʟʘʢʦʥʦʤ ʅʴʶʪʦʥʘ. 

ʆʜʥʠʤ ʟʽ ʰʣʷʭʽʚ ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʪʝʦʨʽʾ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʻ ʤʽʥʽʤʽʟʘʮʽʷ 

ʧʝʚʥʦʛʦ ʬʫʥʢʮʽʦʥʘʣʫ ʥʘ ʤʥʦʞʠʥʽ ʬʫʥʢʮʽʡ, ʱʦ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʛʨʘʥʠʯʥʠʤ ʫʤʦʚʘʤ 

ʮʽʻʾ ʟʘʜʘʯʽ. ʆʜʠʥ ʽʟ ʩʧʦʩʦʙʽʚ ʦʪʨʠʤʘʥʥʷ ʪʘʢʦʛʦ ʬʫʥʢʮʽʦʥʘʣʫ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ 

ʯʣʝʥ ʟ ʯʘʩʪʢʦʚʦʶ ʧʦʭʽʜʥʦʶ ʟʘ ʯʘʩʦʤ ʚ ʨʽʚʥʷʥʥʽ (2.51) ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚ ʢʦʞʝʥ 

ʢʦʥʢʨʝʪʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʷʢ ʬʫʥʢʮʽʷ ʜʞʝʨʝʣ ʘʙʦ ʩʪʦʢʽʚ ʪʝʧʣʦʪʠ. 

ʇʨʠ ʪʘʢʦʤʫ ʧʽʜʭʦʜʽ ʬʫʥʢʮʽʦʥʘʣ ʜʣʷ ʨʽʚʥʷʥʥʷ (2.51) ʙʫʜʝ ʤʘʪʠ ʚʠʛʣʷʜ 

 

‪
ρ

ς
‗
‬╣

‬ὼ
‗
‬╣

‬ώ
‗
‬╣

‬ᾀ
Ὑ╣ Ä‡  

ὗ ὧ”
‬Ὕ

‬ὸ
ὝὨὺ Ὤ

ρ

ς
Ὕ Ὕ ὝÄίȢ 

(2.55) 
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ɺʚʝʜʝʤʦ ʚ ʨʦʟʛʣʷʜ ʤʘʪʨʠʮʶ-ʩʪʦʚʧʝʮʴ ʛʨʘʜʽʻʥʪʽʚ ʪʝʤʧʝʨʘʪʫʨʠ, ʷʢʘ ʜʘʻʪʴʩʷ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

ÇÒÁÄ ╣  

ụ
Ụ
Ụ
Ụ
Ụ
Ụ
ợ
‬•

‬ὼ
 

 
‬•

‬ώ
   

‬•

‬ᾀ
 Ứ
ủ
ủ
ủ
ủ
ủ
Ủ

   Ἆ╣ȟ (2.56) 

ʜʝ D - ʤʘʪʨʠʯʥʠʡ ʜʠʬʝʨʝʥʮʽʡʥʠʡ ʦʧʝʨʘʪʦʨ 

Ἆ

ụ
Ụ
Ụ
Ụ
Ụ
Ụ
ợ
‬

‬ὼ
‬

‬ώ
‬

‬ᾀỨ
ủ
ủ
ủ
ủ
ủ
Ủ

ȟ (2.57) 

 

ʪʘ ʤʘʪʨʠʮʶ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʫ ʚʠʛʣʷʜʽ 

 

☻ 

‗ π π
π ‗ π

π π ‗
Ȣ (2.58) 

 

ʊʦʜʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʧʽʚʚʽʜʥʦʰʝʥʴ (2.56) ʪʘ (2.58) ʬʫʥʢʮʽʦʥʘʣ (2.55) 

ʟʘʧʠʰʠʪʴʩʷ ʪʘʢ 

 

‪
ρ

ς
ÇÒÁÄ ╣☻ ÇÒÁÄ ╣ Ä‡  

ὗ ὧ”
‬╣

‬ὸ
╣Ὠὺ Ὤ╣

ρ

ς
╣ Ὕ ╣Äίȟ 

(2.59) 

ʜʝ ȣ  - ʧʦʟʥʘʯʝʥʦ ʦʧʝʨʘʮʽʶ ʪʨʘʥʩʧʦʥʫʚʘʥʥʷ. 
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ɺʠʨʘʟ (2.59) ʻ ʚʠʭʽʜʥʠʤ ʚ ʟʘʛʘʣʴʥʽʡ ʧʨʦʮʝʜʫʨʽ ʄʉɭ. ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ, 

ʨʦʟʽʙôʻʤʦ ʪʽʣʦ, ʦʙʤʝʞʝʥʝ ʦʙôʻʤʦʤ V , ʥʘ ʩʢʽʥʯʝʥʥʽ ʝʣʝʤʝʥʪʠ, ʪʘ ʚʚʝʜʝʤʦ ʫ ʨʦʟʛʣʷʜ 

ʬʫʥʢʮʽʾ ╣ , ʚʠʟʥʘʯʝʥʽ ʥʘ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʘʭ. ʆʪʨʠʤʫʻʤʦ  

‪ ‪  (2.60) 

ʜʝ E ïʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ, ‪  ï ʚʥʝʩʦʢ ʦʢʨʝʤʦʛʦ ʝʣʝʤʝʥʪʫ. 

ɯʥʪʝʛʨʘʣʠ ʚ (2.59) ʧʦʚʠʥʥʽ ʙʫʪʠ ʨʦʟʙʠʪʽ ʥʘ ʽʥʪʝʛʨʘʣʠ ʧʦ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʘʭ, 

ʱʦ ʜʘʻ 

 

‪
ρ

ς
ÇÒÁÄ╣  ☻ÇÒÁÄ ╣ Äὺ ὗ ὧ”

‬╣

‬ὸ
╣  Äὺ  

Ὤ╣ ╣ Äί ╣ ὬὝÄί 

 

(2.61) 

ɺ ʨʘʤʢʘʭ ʽʜʝʾ ʄʉɽ ʟʘʜʘʻʪʴʩʷ ʘʧʨʦʢʩʠʤʘʮʽ ̫ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ ʚ 

ʧʨʦʩʪʦʨʽ ʦʜʥʦʛʦ ʉɽ ʯʝʨʝʟ ʬʫʥʢʮʽʾ ʬʦʨʤ 

 

╣ ╝ ╪ ◙ȟ (2.62) 

ʜʝ ◙ ʛʣʦʙʘʣʴʥʠʡ ʚʝʢʪʦʨ ʚʫʟʣʦʚʠʭ ʪʝʤʧʝʨʘʪʫʨ, ὔ (x,y,z) ï ʬʫʥʢʮʽʾ ʬʦʨʤ, [╪  

ʤʘʪʨʠʮʷ ʽʥʜʝʢʩʽʚ, ʷʢʘ ʚʠʟʥʘʯʘʻ ʚʟʘʻʤʥʝ ʧʦʣʦʞʝʥʥʷ ʉɽ ʦʜʥʦʛʦ ʚʽʜ ʽʥʰʦʛʦ, 

ʬʦʨʤʘʣʴʥʦ ʚʧʦʨʷʜʢʦʚʫʶʯʠ ʣʦʢʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʚʫʟʣʦʚʠʭ ʪʝʤʧʝʨʘʪʫʨ ʢʦʞʥʦʤʫ ʉɽ ʟ 

ʛʣʦʙʘʣʴʥʠʤ ʚʝʢʪʦʨʦʤ ʜʣʷ ʚʩʽʻʾ ʩʠʩʪʝʤʠ. 

ɺʝʢʪʦʨ ʛʨʘʜʽʻʥʪʽʚ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʝʣʝʤʝʥʪʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ (2.62) ʤʘʻ ʚʠʛʣʷʜ 

 

ÇÒÁÄὝ ἎἚ ╪ ◙ 

ʘʙʦ 

ÇÒÁÄὝ ║ ╪ ◙, 

(2.63) 

ʜʝ ║  ἎἚ  ʚʚʝʜʝʥʦ ʜʣʷ ʧʦʟʥʘʯʝʥʥʷ ʤʘʪʨʠʮʽ ʛʨʘʜʽʻʥʪʽʚ.  
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ʊʘ ʚʨʘʭʦʚʫʶʯʠ (2.62) ʦʪʨʠʤʫʻʤʦ, ʱʦ 

 

‬Ὕ

‬ὸ
Ἒ ╪

‬◙

‬ὸ
Ȣ (2.64) 

 

ʇʽʜʩʪʘʚʣʷʶʯʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (2.62) ʪʘ (2.63) ʪʘ (2.64) ʫ (2.61) ʦʪʨʠʤʫʻʤʦ 

 

‪
ρ

ς
◙ Ἡ Ἄ ☻ Ἄ Äὺ╪ ◙  

◙ ╪ Ἒ ὧ”Ἒ Äὺ╪  ◙ ◙ ╪ Ἒ ὗÄὺ  

◙ Ἡ Ἒ Ἒ Ὤ ÄίἩ ◙ ◙ ╪ Ἒ ὬὝÄίȢ 

(2.65) 

 

ʇʦʟʥʘʯʠʤʦ  

╒ ▄ ᷿ Ἒ Ἒ ὧ” Äὺ, (2.66) 

ʷʢ ʤʘʪʨʠʮʶ ʪʝʧʣʦʻʤʥʦʩʪʽ ʩʢʽʥʯʝʥʥʦʛʦ ʝʣʝʤʝʥʪʫ. ʇʝʨʝʟʘʧʠʰʝʤʦ 

 

╟╬
▄ ᷿ ║ ☻ ║  Äὺ, 

 

(2.67) 

╟▐
▄ ᷿ Ἒ Ἒ Ὤ Äί, (2.68) 

ʜʝ ï ╟╬
▄ȟ╟▐

▄, ʚʽʜʧʦʚʽʜʥʦ ʤʘʪʨʠʮʽ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʪʘ ʢʦʥʚʝʢʮʽʾ ʉɽ.  

ɺʝʢʪʦʨʠ ʚʫʟʣʦʚʠʭ ʪʝʧʣʦʚʠʭ ʩʠʣ, ʦʙʫʤʦʚʣʝʥʠʭ ʜʽʻʶ ʚʥʫʪʨʽʰʥʽʭ ʜʞʝʨʝʣ 

ʪʝʧʣʘ ἐ╠
▄

 ʪʘ ʪʝʧʣʦʚʦʾ ʢʦʥʚʝʢʮʽʾ ἐ▐
▄

 ʥʘ ʧʦʚʝʨʭʥʽ ˞ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

(2.69) ʪʘ (2.70) 

ἐ╠
▄

᷿ Ἒ ὗ Äὺ, (2.69) 
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ἐ▐
▄

Ἒ ὬὝ ÄίȢ (2.70) 

ʄʽʥʽʤʽʟʘʮʽʷ ɣ ʧʦʪʨʝʙʫʻ ʧʦʰʫʢʫ ʥʫʣʴʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ʚʘʨʽʘʮʽʡʥʦʛʦ 

ʬʫʥʢʮʽʦʥʘʣʫ 

‪‏  
‬

‬◙
 ʕ ◙‏ πȢ (2.71) 

 

ɺ ʩʠʣʫ ʜʦʚʽʣʴʥʦʩʪʽ ‏◙ ʤʘʻʤʦ 

 

‬

‬◙
‪ πȢ (2.72) 

 

ʇʽʜʩʪʘʚʣʷʶʯʠ ʚ (2.72) ʚʠʨʘʟ ʜʣʷ ‪  ʟ (2.65), ʧʽʩʣʷ ʧʝʚʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ 

ʦʪʨʠʤʫʻʤʦ 

╪ ▄ ╒ ▄ ╪ ▄ ◙

▄

╪ ▄ ╟╬
▄ ╟▐

▄ ╪ ▄◙

▄

 

В ╪ ▄ ἐ╠
▄
ἐ▐
▄

▄ . 

(2.73) 

ɺʚʝʜʝʤʦ ʛʣʦʙʘʣʴʥʽ ʤʘʪʨʠʮʽ ʪʝʧʣʦʻʤʥʦʩʪʽ, ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʪʘ ʚʝʢʪʦʨ 

ʪʝʧʣʦʚʠʭ ʚʫʟʣʦʚʠʭ ʩʠʣ ʚʩʽʻʾ ʩʠʩʪʝʤʠ 

╒ ╪ ▄ ╒ ▄ ╪ ▄

▄

ȟ (2.74) 

╟ ╪ ▄ ╟╬
▄ ╟▐

▄ ╪ ▄

▄

ȟ (2.75) 

Ἕ ╪ ▄ ἐ╠
▄
ἐ▐
▄

▄

Ȣ (2.76) 
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ʋʤʦʚʘ ʩʪʘʮʽʦʥʘʨʥʦʩʪʽ ʬʫʥʢʮʽʦʥʘʣʫ (2.59) ʫ ʬʦʨʤʽ (2.72) ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʥʘʩʪʫʧʥʦʛʦ ʤʘʪʨʠʯʥʦʛʦ ʣʽʥʽʡʥʦʛʦ ʟʚʠʯʘʡʥʦʛʦ ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ ʨʽʚʥʷʥʥʷ ʧʝʨʰʦʛʦ 

ʧʦʨʷʜʢʫ 

 

╒◙ ╟◙ ╠, (2.77) 

ʜʝ ╒ ï ʤʘʪʨʠʮʷ ʪʝʧʣʦʻʤʥʦʩʪʽ, ╟ ï ʤʘʪʨʠʮʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, Ū ï ʚʫʟʣʦʚʽ 

ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ. 

ʋ ʚʠʧʘʜʢʫ ʩʪʘʮʽʦʥʘʨʥʦʾ ʟʘʜʘʯʽ ʫ ʨʽʚʥʷʥʥʽ ʦʜʠʥ ʧʨʘʚʘ ʯʘʩʪʠʥʘ ʜʦʨʽʚʥʶʻ 

ʥʫʣʶ. ɺʽʜʧʦʚʽʜʥʦ ʫ ʧʦʜʘʣʴʰʠʭ ʨʽʚʥʷʥʥʷʭ ʟʥʠʢʘʻ ʩʢʣʘʜʦʚʘ ʧʦʚôʷʟʘʥʘ ʟ ʤʘʪʨʠʮʝʶ 

ʪʝʧʣʦʻʤʥʦʩʪʽ ʽ ʰʚʠʜʢʽʩʪʶ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʨʽʚʥʷʥʥʷ (2.78) ʚʠʨʦʜʞʫʻʪʴʩʷ ʫ 

 

╟◙ ╠. (2.78) 

2.6 ɺʠʩʥʦʚʢʠ ʧʦ ʨʦʟʜʽʣʫ  

ʋ ʨʦʟʜʽʣʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʟʘʛʘʣʴʥʫ ʤʘʪʝʤʘʪʠʯʥʫ ʧʦʩʪʘʥʦʚʢʫ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʨʦʮʝʩʫ ʪʝʧʣʦʫʪʚʦʨʝʥʥʷ ʫ ʛʫʤʦʢʦʨʜʥʠʭ ʝʣʝʤʝʥʪʘʭ ʢʦʥʩʪʨʫʢʮʽʡ ʧʨʠ ʮʠʢʣʽʯʥʦʤʫ 

ʥʘʚʘʥʪʘʞʝʥʥʽ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʯʦʪʠʨʴʦʭ ʦʩʥʦʚʥʠʭ ʝʪʘʧʽʚ. ɼʣʷ ʢʦʞʥʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʽ ʬʦʨʤʫʣʶʚʘʥʥʷ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʟʘʜʘʯʽ ʷʢʽ 

ʨʦʟʚôʷʟʫʶʪʴʩʷ. ʊʘʢʠʤ ʯʠʥʦʤ ʫ ʨʦʟʜʽʣʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʪʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ 

ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʨʦʟʨʘʭʫʥʢʫ ʅɼʉ ʢʦʥʩʪʨʫʢʮʽʾ ʚ ʨʘʤʢʘʭ ʄʉɽ ʟ ʛʫʤʦʢʦʨʜʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʟʦʢʨʝʤʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʛʽʧʝʨʧʨʫʞʥʦʾ ʧʦʚʝʜʽʥʢʠ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ 

ʥʝʣʽʥʽʡʥʦʛʦ ʤʘʪʨʠʯʥʦʛʦ ʨʽʚʥʷʥʥʷ ʪʘ ʤʝʪʦʜ ʚʠʨʽʰʝʥʥʷ ʦʪʨʠʤʘʥʦʾ ʥʝʣʽʥʽʡʥʦʾ ʟʘʜʘʯʽ 

(ʤʝʪʦʜ ʅʴʶʪʦʥʘ-ʈʘʬʩʦʥʘ), ʘ ʪʘʢʦʞ ʦʧʠʩʘʥʦ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʢʦʥʪʘʢʪʥʦʾ 

ʚʟʘʻʤʦʜʽʾ (ʤʝʪʦʜ ʤʥʦʞʥʠʢʽʚ ʃʘʛʨʘʥʞʘ). 

ʊʘʢʦʞ ʚ ʨʦʟʜʽʣʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʚʨʘʭʫʚʘʥʥʷ 

ʚôʷʟʢʦʧʨʫʞʥʦʾ ʧʦʚʝʜʽʥʢʠ ʤʘʪʝʨʽʘʣʫ, ʚʩʪʘʥʦʚʣʝʥʦ ʚʽʜʧʦʚʽʜʥʽ ʢʦʥʩʪʘʥʪʠ ʤʘʪʝʨʽʘʣʫ, 

ʱʦ ʧʦʪʨʝʙʫʶʪʴ ʚʠʟʥʘʯʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʰʣʷʭʦʤ. ɺʠʢʣʘʜʝʥʦ ʦʩʥʦʚʥʽ 

ʧʦʣʦʞʝʥʥʷ ʱʦʜʦ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʩʪʘʮʽʦʥʘʨʥʦʾ ʪʘ ʥʝʩʪʘʮʽʦʥʘʨʥʦʾ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʫ ʨʘʤʢʘʭ ʄʉɽ, ʷʢʫ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ  ʨʦʟʧʦʜʽʣʫ ʧʦ ʢʦʥʩʪʨʫʢʮʽʾ.  
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ʈʆɿɼɯʃ 3. ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅɽ ɺʀɿʅɸʏɽʅʅʗ ɺôʗɿʂʆʇʈʋɾʅʀʍ 

ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʊɸ ɼʆʉʃɯɼɾɽʅʅʗ ʇʈʆʎɽʉʋ ʉɸʄʆʅɸɻʈɯɺʋ 

 

3.1 ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʤʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʫ 

ɺ ʭʦʜʽ ʨʦʙʦʪʠ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʥʠʟʢʫ ʥʘʪʫʨʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʥʘ ʨʦʟʪʷʛ ʟʽ 

ʟʨʘʟʢʘʤʠ ʛʫʤʦʢʦʨʜʥʦʛʦ ʦʜʥʦʩʧʨʷʤʦʚʘʥʦʛʦ ʢʦʤʧʦʟʠʪʫ ʘʨʤʦʚʘʥʦʛʦ ʪʝʢʩʪʠʣʴʥʠʤ 

ʢʦʨʜʦʤ ʧʨʠ ʪʨʠʚʘʣʦʤʫ ʮʠʢʣʽʯʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ. 

ɿʨʘʟʢʠ ʚʠʛʦʪʦʚʣʝʥʽ ʟ ʤʘʪʝʨʽʘʣʫ, ʷʢʠʡ ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ ʧʥʝʚʤʘʪʠʯʥʦʾ ʰʠʥʠ. 

ɻʝʦʤʝʪʨʽʷ ʪʘ ʨʦʟʤʽʨʠ ʟʨʘʟʢʽʚ ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʪʘʥʜʘʨʪʫ ISO 527-2-1B ʜʣʷ ʤʝʭʘʥʽʯʥʠʭ 

ʚʠʧʨʦʙʫʚʘʥʴ [92] ʜʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʨʠʩ.3.1, ʘ). ɿʨʘʟʢʠ ʚʠʨʽʟʘʣʠʩʴ ʚ ʥʘʧʨʷʤʢʫ 

ʧʦʩʠʣʝʥʥʷ ʪʘ ʚʧʦʧʝʨʝʢ (ʨʠʩ.3.1, ʙ). 

 

 

ʘ 

  

ʙ ʚ 

ʈʠʩʫʥʦʢ 3.1 ï ɻʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ (ʘ) ʪʘ ʩʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʟʨʘʟʢʘ ʚʟʜʦʚʞ(ʙ) 

ʪʘ ʚʧʦʧʝʨʝʢ ʚʦʣʦʢʦʥ (ʚ) 
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ʌʘʢʪʠʯʥʘ ʜʦʚʞʠʥʘ ʟʨʘʟʢʘ ʩʪʘʥʦʚʠʪʴ 150 ʤʤ, ʘ ʜʦʚʞʠʥʘ ʨʦʙʦʯʦʾ ʯʘʩʪʠʥʠ 60 

ʤʤ, ʰʠʨʠʥʘ ʫ ʤʽʩʮʽ ʢʨʽʧʣʝʥʥʷ ʩʢʣʘʜʘʻ 20 ʤʤ, ʘ ʚ ʨʦʙʦʯʽʡ ʯʘʩʪʠʥʽ 10 ʤʤ, ʬʘʢʪʠʯʥʘ 

ʪʦʚʱʠʥʘ ï 4.8 Ñ 0,1 ʤʤ. ʑʽʣʴʥʽʩʪʴ ʫʢʣʘʜʢʠ ʢʦʨʜʫ ï 113 6 ʥʠʪʦʢ ʥʘ 100 ʤʤ. 

ɼʽʘʤʝʪʨ ʢʦʨʜʥʦʾ ʥʠʪʢʠ ʩʢʣʘʜʘʻ 0.63 ʤʤ. ɺʠʛʦʪʦʚʣʝʥʥʷ ʟʨʘʟʢʘ ʧʨʦʚʦʜʠʣʦʩʴ 

ʰʣʷʭʦʤ ʚʠʨʽʟʘʥʥʷ ʛʽʜʨʘʚʣʽʯʥʠʤ ʧʨʝʩʦʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʧʝʨʝʜʥʴʦ ʚʠʛʦʪʦʚʣʝʥʦʾ 

ʩʪʘʣʝʚʦʾ ʬʦʨʤʠ ʚʽʜʧʦʚʽʜʥʦʛʦ ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʦʟʤʽʨʫ, ʱʦ ʟʘʙʝʟʧʝʯʠʣʦ ʜʦʪʨʠʤʘʥʥʷ ʾʭ 

ʽʜʝʥʪʠʯʥʦʩʪʽ.  

ɺʠʧʨʦʙʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ 

ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʫ INSTRON ElectroPuls E3000 Test System (ʨʠʩ. 3.2 ʘ). 

ɿʨʘʟʦʢ ʬʽʢʩʫʚʘʚʩʷ ʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽʡ ʫʩʪʘʥʦʚʮʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʥʝʚʤʘʪʠʯʥʠʭ 

ʟʘʪʠʩʢʘʯʽʚ (ʨʠʩ.3.2 ʙ).  

 

  

ʘ) ʙ) 

ʈʠʩʫʥʦʢ 3.2 ï ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʅɼʉ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ʟʨʘʟʢʘ 

(ʘ): 1 ï ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʫʩʪʘʥʦʚʢʘ, 2 ï ʟʨʘʟʦʢ, 3 ï ʣʘʟʝʨʥʠʡ ʪʝʨʤʦʤʝʪʨ 

ʟʘʢʨʽʧʣʝʥʠʡ ʥʘ ʰʪʘʪʠʚʽ, 4 ï ʤʽʩʮʝ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ; ʪʘ ʬʽʢʩʘʮʽʷ 

ʟʨʘʟʢʽʚ ʚ ʫʩʪʘʥʦʚʮʽ (ʙ) 

 

ʆʜʥʽʻʶ ʟ ʦʩʦʙʣʠʚʦʩʪʝʡ ʛʫʤʦʧʦʜʽʙʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʻ ʪʦʡ ʬʘʢʪ, ʱʦ ʧʨʠ ʾʭ 

ʧʦʚʪʦʨʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʝʬʝʢʪ ʄʘʣʽʥʘ [93],[94], ʷʢʠʡ ʧʦʚôʷʟʘʥʠʡ 

ʟ ʧʨʦʮʝʩʘʤʠ ʧʨʠʨʘʙʦʪʢʠ ʤʘʪʝʨʽʘʣʫ. ʅʦʚʠʡ  ʤʘʪʝʨʽʘʣ, ʱʦ ʥʘʚʘʥʪʘʞʫʻʪʴʩʷ ʚʧʝʨʰʝ, 

ʥʘʙʫʚʘʻ ʟʘʣʠʰʢʦʚʠʭ ʥʝʟʚʦʨʦʪʥʽʭ ʜʝʬʦʨʤʘʮʽʡ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚ ʮʽʡ ʨʦʙʦʪʽ 
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ʚʠʚʯʝʥʥʷ ʮʴʦʛʦ ʝʬʝʢʪʫ ʥʘ ʻ ʮʽʣʴʦʚʠʤ, ʽ ʚʩʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʜʣʷ 

ʤʘʪʝʨʽʘʣʫ ʚ ʩʪʘʙʽʣʽʟʦʚʘʥʦʤʫ ʩʪʘʥʽ. ɿ ʤʝʪʦʶ ʟʤʝʥʰʝʥʥʷ ʧʨʦʷʚʫ ʝʬʝʢʪʫ ʄʘʣʽʥʘ 

ʟʨʘʟʢʠ ʧʽʜʜʘʚʘʣʠʩʴ ʧʦʧʝʨʝʜʥʴʦʤʫ ʧʦʚʪʦʨʥʦʤʫ ʧʦʚʽʣʴʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʶ ʟ 

ʬʽʢʩʦʚʘʥʦʶ ʘʤʧʣʽʪʫʜʦʶ ʜʝʬʦʨʤʘʮʽʡ 10% ʽ ʯʘʩʪʦʪʦʶ 0.5 ɻʮ (50 ʮʠʢʣʽʚ) [95],[96]. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʨʦʚʦʜʠʣʘʩʴ ʫ 2 ʝʪʘʧʠ ʽʟ ʞʦʨʩʪʢʠʤ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ: 

- ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʧʦʚʽʣʴʥʠʡ ʨʦʟʪʷʛ ʜʦ ʚʝʣʠʯʠʥʠ ʜʝʬʦʨʤʘʮʽʾ ‐ ʽʟ 

ʰʚʠʜʢʽʩʪʶ 10%/ʭʚ.  

- ʥʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʟʨʘʟʢʠ ʧʽʜʜʘʚʘʣʠʩʴ ʮʠʢʣʽʯʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʶ ʟ 

ʬʽʢʩʦʚʘʥʦʶ ʘʤʧʣʽʪʫʜʦʶ ʽ ʯʘʩʪʦʪʦʶ ʥʘʚʢʦʣʦ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ‐. ɸʤʧʣʽʪʫʜʘ 

ʜʝʬʦʨʤʘʮʽʡ ‐Ƕ ʟʤʽʥʶʚʘʣʘʩʴ ʷʢ 2%, 4%, 6%. ʏʘʩʪʦʪʠ  ʟʥʘʭʦʜʠʣʠʩʴ ʫ ʜʽʘʧʘʟʦʥʽ ʚʽʜ  ‫ 

5ɻʮ ʜʦ 15ɻʮ ʽʟ ʢʨʦʢʦʤ 2.5 ɻʮ.  

ʉʭʝʤʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 3.3. ʈʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ 

ʘʚʪʦʤʘʪʠʯʥʦ ʟʘʧʠʩʫʚʘʣʠʩʴ ʢʦʞʥʽ 0.1 ʩʝʢʫʥʜʠ ʫ ʚʠʛʣʷʜʽ ʢʨʠʚʦʾ ʜʝʬʦʨʤʫʚʘʥʥʷ ʜʣʷ 

ʢʦʞʥʦʛʦ ʮʠʢʣʫ ʥʘʚʘʥʪʘʞʝʥʥʷ.  

 

 

ʈʠʩʫʥʦʢ 3.3 ï ʉʭʝʤʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʨʘʟʢʽʚ 
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ɼʽʘʧʘʟʦʥ ʚʘʨʽʶʚʘʥʥʷ ʘʤʧʣʽʪʫʜ ʜʝʬʦʨʤʘʮʽʡ ʦʙʠʨʘʚʩʷ ʚʠʭʦʜʷʯʠ ʟ ʤʦʞʣʠʚʠʭ 

ʛʨʘʥʠʯʥʠʭ ʨʽʚʥʽʚ, ʱʦ ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ ʧʨʠ ʚʠʧʨʦʙʫʚʘʥʥʽ ʟʨʘʟʢʽʚ ʥʘ ʨʦʟʨʠʚ (ʨʠʩ.3.4). 

ɿʛʽʜʥʦ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʥʠʪʢʠ ʢʦʨʜʫ ʧʦʯʠʥʘʶʪʴ ʨʦʟʨʠʚʘʪʠʩʴ ʧʨʠ ʟʥʘʯʝʥʥʷʭ 

ʜʝʬʦʨʤʘʮʽʡ 18 ï 20%. ʊʦʞ ʧʦʧʝʨʝʜʥʻ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʤʘʢʩʠʤʘʣʴʥʘ ʘʤʧʣʽʪʫʜʘ 

ʜʝʬʦʨʤʘʮʽʾ ʙʫʣʠ ʚʠʙʨʘʥʽ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʽʩʥʫʚʘʚ ʧʝʚʥʠʡ ʟʘʧʘʩ ʜʦ ʧʝʨʰʦʛʦ 

ʤʦʞʣʠʚʦʛʦ ʧʦʰʢʦʜʞʝʥʥʷ ʪʝʢʩʪʠʣʴʥʦʛʦ ʢʦʨʜʫ.  
 

 

ʈʠʩʫʥʦʢ 3.4 ï ʂʨʠʚʘ ʜʝʬʦʨʤʫʚʘʥʥʷ ʟʨʘʟʢʘ ʧʨʠ ʚʠʧʨʦʙʫʚʘʥʥʽ ʥʘ ʨʦʟʨʠʚ 

 

3.2 ɺʠʟʥʘʯʝʥʥʷ ʚôʷʟʢʦʧʨʫʞʥʠʭ ʪʘ ʤʽʮʥʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʽʘʣʫ 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʢʨʠʚʽ 

ʜʝʬʦʨʤʫʚʘʥʥʷ ʟʨʘʟʢʽʚ, ʱʦ ʚ ʫʤʦʚʘʭ ʮʠʢʣʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʬʦʨʤʫʚʘʣʠ ʧʝʪʣʽ 

ʛʽʩʪʝʨʝʟʠʩʫ. ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʧʽʜ ʯʘʩ ʢʦʞʥʦʛʦ ʪʝʩʪʫ ʟ ʯʘʩʦʤ ʩʧʦʩʪʝʨʽʛʘʣʘʩʴ ʾʭ 

ʧʝʚʥʘ ʟʤʽʥʘ. ʊʘʢ ʟʘ ʮʠʢʣʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʛʫʤʦʢʦʨʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʟʤʝʥʰʫʻʪʴʩʷ ʥʘʭʠʣ ʧʝʪʣʽ ʛʽʩʪʝʨʝʟʠʩʫ ʪʘ ʾʾ ʧʣʦʱʘ. 

ʅʘ ʨʠʩ. 3.5 ʟʦʙʨʘʞʝʥʦ ʟʤʽʥʫ ʬʦʨʤʠ (ʘ) ʽ ʚʝʣʠʯʠʥʠ (ʙ) ʧʣʦʱʽ ʧʝʪʣʽ 

ʛʽʩʪʝʨʝʟʠʩʫ ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʷʢʠʡ ʮʠʢʣʽʯʥʦ ʥʘʚʘʥʪʘʞʝʥʦ ʫ ʥʘʧʨʷʤʢʫ 

ʢʦʨʜʥʦʛʦ ʧʦʩʠʣʝʥʥʷ. 



61 

  

ʘ) ʙ) 

ʈʠʩʫʥʦʢ 3.5ï ʗʢʽʩʥʘ (ʘ) ʽ ʢʽʣʴʢʽʩʥʘ (ʙ) ʟʘʣʝʞʥʽʩʪʴ ʧʣʦʱʽ ʧʝʪʣʽ ʛʽʩʪʝʨʝʟʠʩʫ 

ʚʽʜ ʯʘʩʫ ʟ ʘʤʧʣʽʪʫʜʦʶ 2% ʠ ʯʘʩʪʦʪʦʶ 7.5ɻʮ 

 

ʎʽ ʟʘʣʝʞʥʦʩʪʽ ʧʦʷʩʥʶʶʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷʤ ʜʦʚʞʠʥʠ ʟʨʘʟʢʫ ʪʘ ʡʦʛʦ 

ʩʘʤʦʥʘʛʨʽʚʦʤ. ʇʝʨʰʝ ʦʙʫʤʦʚʣʝʥʦ ʟʘʣʠʰʢʦʚʠʤ ʝʬʝʢʪʦʤ ʄʘʣʽʥʘ, ʷʢʦʛʦ ʥʝʤʦʞʣʠʚʦ 

ʚʠʢʣʶʯʠʪʠ ʧʦʚʥʽʩʪʶ. ʂʨʽʤ ʮʴʦʛʦ, ʤʘʪʝʨʽʘʣ ʜʝʤʦʥʩʪʨʫʻ ʧʨʦʷʚ ʟʚʦʨʦʪʥʴʦʾ 

ʧʦʚʟʫʯʦʩʪʽ (ʧʦʜʦʚʞʝʥʥʷ ʟʨʘʟʢʘ ʟ ʯʘʩʦʤ ʧʨʠ ʬʽʢʩʦʚʘʥʦʤʫ ʨʽʚʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ). 

ɼʨʫʛʝ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ.  

ʅʘ ʨʠʩ.3.6 ʧʨʝʜʩʪʘʚʣʝʥʦ ʢʨʠʚʽ, ʱʦ ʩʬʦʨʤʫʚʘʣʠʩʴ ʫ ʩʪʘʙʽʣʽʟʦʚʘʥʦʤʫ ʩʪʘʥʽ, 

ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʧʨʠʧʠʥʝʥʥʶ ʧʨʦʮʝʩʫ ʥʘʛʨʽʚʘʥʥʷ ʽ ʫʩʪʘʣʝʥʥʶ ʪʝʤʧʝʨʘʪʫʨʠ.  

ʂʨʠʚʽ ʜʝʬʦʨʤʫʚʘʥʥʷ, ʦʪʨʠʤʘʥʽ ʚ ʭʦʜʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ 

(ʨʠʩ. 3.6) ʚʽʜʦʙʨʘʞʘʶʪʴ ʨʝʟʫʣʴʪʘʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ ʘʤʧʣʽʪʫʜʘʤʠ ʜʝʬʦʨʤʘʮʽʡ 

2, 4, 6 % ʧʨʠ ʤʽʥʽʤʘʣʴʥʽʡ ʽ ʤʘʢʩʠʤʘʣʴʥʽʡ ʯʘʩʪʦʪʽ ʥʘʚʘʥʪʘʞʝʥʥʷ - 5 ɻʮ ʽ 15ɻʮ, 

ʚʽʜʧʦʚʽʜʥʦ. 

ɿ ʦʪʨʠʤʘʥʠʭ ʢʨʠʚʠʭ ʚʠʜʥʦ, ʱʦ ʥʘ ʤʘʣʠʭ ʘʤʧʣʽʪʫʜʘʭ ʜʝʬʦʨʤʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣ 

ʧʨʦʷʚʣʷʻ ʤʘʡʞʝ ʣʽʥʽʡʥʫ ʧʦʚʝʜʽʥʢʫ ʽ ʧʝʪʣʷ ʛʽʩʪʝʨʝʟʠʩʫ ʻ ʝʣʽʧʩʦʤ (ʨʠʩ. 3.6 - ʘ,ʛ). 

ɿ ̔ʟʨʦʩʪʦʤ ʘʤʧʣʽʪʫʜʠ ʟôʷʚʣʷʻʪʴʩʷ ʧʝʚʥʘ ʥʝʣʽʥʽʡʥʽʩʪʴ (ʨʠʩ 3.6 - ʚ, ʝ). ʊʫʪ ʩʣʽʜ 

ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʥʘ ʚʠʩʦʢʠʭ ʘʤʧʣʽʪʫʜʘʭ ʪʘ ʰʚʠʜʢʦʩʪʷʭ ʜʝʬʦʨʤʫʚʘʥʥʷ ʚ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʩʧʦʩʪʝʨʽʛʘʣʠʩʴ ʧʨʦʷʚʠ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʧʽʜ ʯʘʩ 

ʚʽʜʙʫʜʦʚʠ ʧʝʪʣʽ ʟʽ ʩʪʠʩʢʦʤ, ʪʘʢʠʡ ʝʬʝʢʪ ʻ ʩʧʦʪʚʦʨʝʥʥʷʤ ʝʢʩʧʝʨʠʤʝʥʪʫ ʽ 6ʥʝ 

ʦʯʝʚʠʜʥʦ, ʱʦ ʚʠʟʥʘʯʘʻ ʥʝʣʽʥʽʡʥʽʩʪʴ ʬʽʟʠʯʥʦʛʦ ʪʘ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ. 
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ʘ) ʙ) 

  

ʚ) ʛ) 

  

ʜ) ʝ) 

ʈʠʩʫʥʦʢ 3.6 ï ʂʨʠʚʽ ʜʝʬʦʨʤʫʚʘʥʥʷ ʟʨʘʟʢʽʚ ʜʣʷ ʯʘʩʪʦʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ 5ɻʮ ʽ 

ʘʤʧʣʽʪʫʜʠ ʜʝʬʦʨʤʘʮʽʡ ʘ) 2%; ʚ) 4%; ʜ) 6% 

ʙ), ʛ), ʝ) - ʧʨʠ ʯʘʩʪʦʪʽ 15ɻʮ ʟ ʘʤʧʣʽʪʫʜʦʶ 2%,4%, 6% ʚʽʜʧʦʚʽʜʥʦ 
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ʘ) ʙ) 

  

ʚ) ʛ) 

  

ʜ) ʝ) 

ʈʠʩʫʥʦʢ 3.7 ï ɻʨʘʬʽʢʠ ʥʘʛʨʽʚʫ ʟʨʘʟʢʽʚ 

ʘ),ʚ),ʜ) ï ʧʨʠ ʯʘʩʪʦʪʽ 7.5ɻʮ ʟ ʘʤʧʣʽʪʫʜʦʶ 2%,4%, 6% 

ʙ), ʛ), ʝ) - ʟ ʘʤʧʣʽʪʫʜʦʶ 4%, ʧʨʠ ʯʘʩʪʦʪʽ 5ɻʮ, 10ɻʮ, 12.5ɻʮ ʚʽʜʧʦʚʽʜʥʦ 
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ʇʨʦʚʦʜʠʣʦʩʴ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ ʢʦʞʥʽ 

0.5 ʭʚʠʣʠʥ. ɿʘʤʽʨʠ ʧʨʦʚʦʜʠʣʠʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʘʟʝʨʥʦʛʦ ʪʝʨʤʦʤʝʪʨʘ ʤʘʨʢʠ SNR. 

ʉʧʦʩʽʙ ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.2, ʘ. 

ʈʠʩ. 3.7  ʜʝʤʦʥʩʪʨʫʻ ʧʨʦʮʝʩ ʥʘʛʨʽʚʫ ʟʨʘʟʢʽʚ ʧʨʠ ʨʽʟʥʠʭ ʯʘʩʪʦʪʘʭ ʽ  

ʘʤʧʣʽʪʫʜʘʭ ʜʝʬʦʨʤʫʚʘʥʥʷ. ʄʦʞʥʘ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʟʘ ʤʘʣʠʭ ʯʘʩʪʦʪ ʪʘ ʘʤʧʣʽʪʫʜ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʦʮʝʩ ʥʘʛʨʽʚʘʥʥʷ ʤʘʻ  ʙʽʣʴʰ ʧʦʩʪʫʧʦʚʠʡ ʭʘʨʘʢʪʝʨ, ʚ ʪʦʡ ʯʘʩ, ʷʢ ʟ 

ʨʦʩʪʦʤ ʮʠʭ ʜʚʦʭ ʧʘʨʘʤʝʪʨʽʚ  ʽʥʪʝʥʩʠʚʥʽʩʪʴ (ʰʚʠʜʢʽʩʪʴ) ʨʦʩʪʫ ʪʝʤʧʝʨʘʪʫʨʠ ʟʨʘʟʢʘ 

ʟʙʽʣʴʰʫʻʪʴʩʷ. ʐʚʠʜʢʽʩʪʴ ʥʘʛʨʽʚʫ ʜʦ ʩʪʘʙʽʣʽʟʦʚʘʥʦʛʦ ʩʪʘʥʫ ʚʽʜ ʤʽʥʽʤʘʣʴʥʦʾ ʜʦ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʘʤʧʣʽʪʫʜʠ ʧʽʜʚʠʱʫʻʪʴʩʷ ʫ 6 ʨʘʟʽʚ, ʘ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʯʘʩʪʦʪʠ ï ʫ 5 

ʨʘʟʽʚ.  

 

3.3 ɸʥʘʣ̔ʟ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʟʤʽʥʠ ʚôʷʟʢʦʧʨʫʞʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʽʜ 

ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ 

3.3.1 ʄʦʜʝʣʶʚʘʥʥʷ ʚôʷʟʢʦʧʨʫʞʥʦʾ ʧʦʚʝʜʽʥʢʠ 

ɼʣʷ ʫʟʘʛʘʣʴʥʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʚ ʭʦʜʽ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʧʦʙʫʜʫʚʘʪʠ ʘʧʨʦʢʩʠʤʘʮʽʾ ʟʤʽʥʠ ʧʣʦʱʽ ʧʝʪʝʣʴ ʛʽʩʪʝʨʝʟʠʩʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʯʘʩʪʦʪ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʬʘʢʪʠʯʥʦʛʦ ʩʘʤʦʥʘʛʨʽʚʫ ʤʘʪʝʨʽʘʣʫ. ʇʨʠ 

ʮʴʦʤʫ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʽʜʦʤʽ ʬʽʟʠʯʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ 

ʚôʷʟʢʦʧʨʫʞʥʦʩʪʽ [97]. ɺ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʚ'ʷʟʢʦʧʨʫʞʥʘ ʟʘʣʝʞʥʽʩʪʴ ʥʘʧʨʫʞʝʥʴ 

„ὸ ʚʽʜ ʜʝʬʦʨʤʘʮʽʡ ‐ὸ ʟʘʜʘʻʪʴʩʷ ʽʥʪʝʛʨʘʣʴʥʦ ʯʝʨʝʟ ʬʫʥʢʮʽʶ ʨʝʣʘʢʩʘʮʽʾ Ὃὸ 

 

ɺʚʦʜʷʯʠ ʧʦʥʷʪʪʷ ʤʦʜʫʣʷ ʥʘ ʥʝʩʢʽʥʯʝʥʦʩʪʽ ʫ ʚʠʨʘʟʽ (1) ʷʚʥʦ ʚʠʜʽʣʷʻʪʴʩʷ 

ʧʨʫʞʥʘ ʩʢʣʘʜʦʚʘ 

„ὸ ὋЊ ‐ὸ Ὃὸ † ὋЊ ‐†Ä†ȟ (3.2) 

ʜʝ ὸ ï ʯʘʩ. 

„ὸ Ὃὸ †‐†Ä†Ȣ (3.1) 
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ɿʨʘʟʢʠ ʧʽʜʜʘʚʘʣʠʩʴ ʮʠʢʣʽʯʥʦʤʫ ʞʦʨʩʪʢʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʶ, ʷʢʝ ʥʦʩʠʪʴ 

ʩʠʥʫʩʦʾʜʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ ʟ ʬʽʢʩʦʚʘʥʦʶ ʯʘʩʪʦʪʦʶ ʽ ʘʤʧʣʽʪʫʜʦʶ ‐Ƕ, ʪʦʤʫ ‫ 

ʜʝʬʦʨʤʘʮʽʾ ʟʤʽʥʶʚʘʣʠʩʴ ʫ ʯʘʩʽ ʟʘ ʛʘʨʤʦʥʽʯʥʠʤ ʟʘʢʦʥʦʤ 

 

‐ὸ ‐ǶÓÉÎ‫ὸȢ (3.3) 

 

ɺʨʘʭʦʚʫʶʯʠ (3.3) ʟʘʣʝʞʥʽʩʪʴ (3.2) ʦʪʨʠʤʫʻʤʦ, ʷʢ ʯʘʩʪʦʪʥʦ-ʟʘʣʝʞʥʫ ʬʫʥʢʮʽʶ 

ʜʣʷ ʟʤʽʥʠ ʥʘʧʨʫʞʝʥʴ ʧʨʠ ʮʠʢʣʽʯʥʦʤʫ ʜʝʬʦʨʤʫʚʘʥʥʽ 

 

„ὸ ‐ǶὋ ‫ ÓÉÎ‫ὸ Ὃ ‫ ÃÏÓ‫ὸ (3.4) 

ʜʝ Ὃ ‫  ï ʞʦʨʩʪʢʽʩʥʠʡ ʤʦʜʫʣʴ ʘʙʦ ʤʦʜʫʣʴ ʥʘʢʦʧʠʯʝʥʥʷ, ʘ Ὃ ‫  ï 

ʜʠʩʠʧʘʪʠʚʥʠʡ ʤʦʜʫʣʴ ʘʙʦ ʤʦʜʫʣʴ ʚʪʨʘʪ 

 

Ὃ ‫ ὋЊ ‫Ὃί ὋЊ ÓÉÎ‫ί Äίȟ 

 

(3.5) 

Ὃ ‫ ‫Ὃί ὋЊ ÃÏÓ‫ί ÄίȢ (3.6) 

 

ʇʽʜʩʪʘʥʦʚʢʘ ʬʫʥʢʮʽʾ ʨʝʣʘʢʩʘʮʽʾ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʫʟʘʛʘʣʴʥʝʥʽʡ ʣʽʥʽʡʥʽʡ ʤʦʜʝʣʽ 

ʚôʷʟʢʦʧʨʫʞʥʦʩʪʽ ʚʠʟʥʘʯʘʻ ʜʠʥʘʤʽʯʥʽ ʤʦʜʫʣʽ ʧʨʫʞʥʦʩʪʽ (3.5) ʪʘ ʚʪʨʘʪ (3.6) ʽ ʚ ʷʚʥʽʡ 

ʬʦʨʤʽ 

 

Ὃ ‫ Ὁ
‫Ὕ

ρ ‫Ὕ
ȟ Ὃ ‫

‫Ὕ

ρ ‫Ὕ
Ȣ 

 

(3.7) 

ʄʝʭʘʥʽʯʥʘ ʝʥʝʨʛʽʷ (ʨʦʙʦʪʘ), ʱʦ ʨʦʟʩʽʶʻʪʴʩʷ ʧʨʦʪʷʛʦʤ ʦʜʥʦʛʦ ʮʠʢʣʫ 

ʜʝʬʦʨʤʫʚʘʥʥʷ ʮʝ ʧʣʦʱʘ ʧʝʪʣʽ ʛʽʩʪʝʨʝʟʠʩʫ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʽʥʪʝʛʨʘʣʦʤ 

ʟʘ ʧʝʨʽʦʜ ʮʠʢʣʫ: 
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ὃ „ὸ‐ὸÄὸ

Ⱬ

‫ Ὃ ‫ ÓÉÎ‫ὸ Ὃ ‫ ÃÏÓ‫ὸÃÏÓ‫ὸÄὸȢ

Ⱬ

 (3.8) 

 

ʗʢʠʡ ʤʘʻ ʘʥʘʣʽʪʠʯʥʠʡ ʨʦʟʚôʷʟʦʢ: 

 

ὃ “ Ὃ ‫Ȣ (3.9) 

 

ɸʥʘʣʽʟ ʢʨʠʚʠʭ ʜʣʷ ʚʠʧʘʜʢʽʚ, ʷʢʽ ʤʘʶʪʴ ʧʨʘʢʪʠʯʥʝ ʽʥʞʝʥʝʨʥʝ ʟʥʘʯʝʥʥʷ 

ʧʦʢʘʟʫʻ, ʱʦ ʧʝʪʣʽ ʛʽʩʪʝʨʝʟʠʩʫ ʚ ʩʝʨʝʜʥʴʦʤʫ ʤʘʶʪʴ ʤʘʡʞʝ ʝʣʽʧʪʠʯʥʫ ʬʦʨʤʫ ʽ 

ʚʠʟʥʘʯʝʥʽ ʜʣʷ ʚʽʜʥʦʩʥʦ ʤʘʣʠʭ (ʩʢʽʥʯʝʥʠʭ) ʘʤʧʣʽʪʫʜ ʜʝʬʦʨʤʘʮʽʡ. ʎʝ ʜʘʻ ʧʽʜʩʪʘʚʠ 

ʦʙʨʘʪʠ ʟ ʽʩʥʫʶʯʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʚʨʘʭʫʚʘʥʥʷ ʚôʷʟʢʦʧʨʫʞʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʫʟʘʛʘʣʴʥʝʥʫ ʣʽʥʽʡʥʫ ʤʦʜʝʣʴ ʚôʷʟʢʦʧʨʫʞʥʦʩʪʽ ʟ 3-ʤʘ ʧʘʨʘʤʝʪʨʘʤʠ (ʨʠʩ. 2.4).  

ʗʢ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʽʜ ʯʘʩ ʪʨʠʚʘʣʦʛʦ ʮʠʢʣʽʯʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʨʘʟʢʠ ʽʩʪʦʪʥʦ ʩʘʤʦʥʘʛʨʽʚʘʶʪʴʩʷ. ɺʽʜʦʤʦ, ʱʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʤʘʪʝʨʽʘʣʫ ʟʜʘʪʥʽ ʽʩʪʦʪʥʦ ʟʘʣʝʞʘʪʠ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ. ɼʣʷ ʚʨʘʭʫʚʘʥʥʷ ʮʴʦʛʦ ʝʬʝʢʪʫ 

ʚ ʨʦʙʦʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʘ ʟʘʣʝʞʥʽʩʪʴ ʜʣʷ ʧʨʫʞʥʦʛʦ ʤʦʜʫʣʷ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ (ʨʠʩ. 3.8) 

 

Ὁ ὉὩ Ȣ (3.10) 

 

ɺ ʪʘʙʣ. 3.1 ʥʘʚʝʜʝʥʦ ʢʦʝʬʽʮʽʻʥʪʠ ʘʧʨʦʢʩʠʤʘʮʽʾ ʟʘʣʝʞʥʦʩʪʽ ʧʣʦʱʽ ʧʝʪʝʣʴ 

ʛʽʩʪʝʨʝʟʠʩʫ ʚʽʜ ʯʘʩʪʦʪʠ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ. 

 

ʊʘʙʣʠʮʷ 3.1 ï ʂʦʝʬʽʮʽʻʥʪʠ ʘʧʨʦʢʩʠʤʘʮʽʾ 

 Ὁ, ʄʧʘ άȟ˞̏  ɖ, ʄʇʘ Țʩ Ὕ, ˞̏  

2% 0.93 -0.0035 0.28 35 

4% 0.90 -0.001 0.20 70 

6% 0.56 -0.0005 0.10 85 
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ʘ) ʙ) 

  

ʚ) ʛ) 

  

ʜ) ʝ) 

ʈʠʩʫʥʦʢ 3.8 ï ɸʧʨʦʢʩʠʤʘʮʽʷ ʚʝʣʠʯʠʥʠ ʧʝʪʝʣʴ ʛʽʩʪʝʨʝʟʠʩʫ ʥʘ ʨʽʟʥʠʭ ʘʤʧʣʽʪʫʜʘʭ 

ʜʝʬʦʨʤʘʮʽʡ ʘ), ʙ) ï 2%; ʚ), ʛ) ï 4%; ʜ), ʝ) ï 6% 
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ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʘʧʨʦʢʩʠʤʘʮʽʾ ʽʟ ʟʘʜʦʚʽʣʴʥʦʶ ʷʢʽʩʪʶ ʦʧʠʩʫʶʪʴ ʨʝʟʫʣʴʪʘʪʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʧʦ ʤʦʜʝʣʷʤ ʥʘʢʦʧʠʯʝʥʥʷ, ʘʣʝ ʧʦʰʫʢ ʢʦʥʩʪʘʥʪ 

ʘʧʨʦʢʩʠʤʘʮʽʾ ʟʘ ʧʨʦʮʝʜʫʨʦʶ ʥʝʣʽʥʽʡʥʦʾ ʨʝʛʨʝʩʽʾ ʧʦʢʘʟʘʚ ʥʘʷʚʥʽʩʪʴ ʚʝʣʠʢʦʾ 

ʢʽʣʴʢʦʩʪʽ ʣʦʢʘʣʴʥʠʭ ʤʽʥʽʤʫʤʽʚ.  

3.3.2. ʏʠʩʝʣʴʥʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʤʝʪʦʜʠʢʘ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ 

ʤʦʜʝʣʽ  

ʇʦʧʝʨʝʜʥʽʡ ʘʥʘʣʽʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʪʘ ʡʦʛʦ ʦʙʨʦʙʢʘ ʣʽʥʽʡʥʠʤʠ 

ʤʦʜʝʣʷʤʠ ʚôʷʟʢʦʧʨʫʞʥʦʩʪʽ ʧʦʢʘʟʘʣʘ, ʱʦ ʟ ʦʜʥʦʛʦ ʙʦʢʫ ʤʦʜʝʣʴ ʧʨʠʡʥʷʪʥʦ 

ʜʦʟʚʦʣʷʻ ʦʧʠʩʘʪʠ ʚôʷʟʢʦʧʨʫʞʥʫ ʜʠʥʘʤʽʯʥʫ ʧʦʚʝʜʽʥʢʫ, ʟ ʽʥʰʦʛʦ ʙʦʢʫ ʥʘʷʚʥʽ 

ʣʦʢʘʣʴʥʽ ʤʽʥʽʤʫʤʠ ʚ ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯʽ ʥʝʣʽʥʽʡʥʦʾ ʨʝʛʨʝʩʽʾ ʪʘ ʦʯʝʚʠʜʥʘ ʘʤʧʣʽʪʫʜʥʘ 

ʟʘʣʝʞʥʽʩʪʴ ʧʦʢʘʟʫʻ, ʱʦ ʚʠʟʥʘʯʝʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʧʦʪʨʝʙʫʶʪʴ ʫʪʦʯʥʝʥʥʷ ʚ ʤʝʞʘʭ 

ʦʜʥʽʻʾ ʘʤʧʣʽʪʫʜʠ ʚ ʥʘʧʨʷʤʢʫ ʧʦʰʫʢʫ ʛʣʦʙʘʣʴʥʦʛʦ ʤʽʥʽʤʫʤʫ ʜʣʷ ʬʫʥʢʮʽʾ ʤʝʪʠ, ʷʢʘ 

ʟʘʙʝʟʧʝʯʠʪʴ ʽʜʝʥʪʠʬʽʢʘʮʽʶ ʤʦʜʝʣʽ ʧʨʠʜʘʪʥʫ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʟʘʜʘʯʽ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʧʨʦʛʥʦʟʫ ʩʘʤʦʥʘʛʨʽʚʫ ʛʫʤʦʢʦʨʜʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʱʦ ʻ ʤʝʪʦʶ 

ʜʘʥʦʾ ʜʠʩʝʨʪʘʮʽʾ. 

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʪʠ ʯʠʩʝʣʴʥʦ-ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʧʽʜʭʽʜ 

ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ ʪʘ ʦʧʪʠʤʽʟʘʮʽʡʥʫ ʧʨʦʮʝʜʫʨʫ, ʷʢʘ ʻ 

ʘʜʘʧʪʦʚʘʥʦʶ ʜʣʷ ʧʦʰʫʢʫ ʛʣʦʙʘʣʴʥʦʛʦ ʤʽʥʽʤʫʤʫ, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʝʣʠʢʦʶ 

ʢʽʣʴʢʽʩʪʶ ʣʦʢʘʣʴʥʠʭ ʤʽʥʽʤʫʤʽʚ. 

ɺ ʷʢʦʩʪʽ ʢʨʠʪʝʨʽʶ ʫ ʬʫʥʢʮʽʾ ʤʝʪʠ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʟʷʪʠ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʫ 

ʧʦʭʠʙʢʫ ʫ ʧʨʦʛʥʦʟʽ ʪʝʤʧʝʨʘʪʫʨʠ ʫʩʪʘʣʝʥʦʛʦ ʨʝʞʠʤʫ ʩʘʤʦʥʘʛʨʽʚʫ ʥʘ ʚʩʴʦʤʫ 

ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ ʧʨʠ ʬʽʢʩʦʚʘʥʽʡ ʘʤʧʣʽʪʫʜʽ ʛʘʨʤʦʥʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

 

ὒ  Ὕ̆̋̒̐Ὕ
̑̏̈̑

ȟ (3.11) 

ʜʝ ὝὮ
̑̏̈̑

 ï ʚʠʟʥʘʯʝʥʦ ʽʟ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʫʩʪʘʣʝʥʦʛʦ  ʧʨʦʮʝʩʫ ʩʘʤʦʥʘʛʨʽʚʫ ʟʨʘʟʢʽʚ ʤʘʪʝʨʽʘʣʫ. ɺʠʨʽʰʝʥʥʷ ʮʽʻʾ ʟʘʜʘʯʽ 

ʧʨʦʚʦʜʠʣʦʩʴ ʄʉɽ ʚ ʤʝʞʘʭ 3D ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʚʨʘʭʦʚʫʶʯʠ ʤʝʪʦʜʦʣʦʛʽʶ 
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ʧʨʝʜʩʪʘʚʣʝʥʫ ʚ ʈʦʟʜʽʣʽ 2 ʮʽʻʾ ʜʠʩʝʨʪʘʮʽʾ ʽ ʜʝʪʘʣʴʥʦ ʙʫʜʝ ʦʧʠʩʘʥʦ ʥʠʞʯʝ. ὝὮ
̆̋̒̐ ï 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʫʩʪʘʣʝʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʨʝʟʫʣʴʪʘʪʽ ʩʘʤʦʥʘʛʨʽʚʫ 

ʟʨʘʟʢʽʚ ʥʘ ʬʽʢʩʦʚʘʥʽʡ ʘʤʧʣʽʪʫʜʽ ʮʠʢʣʽʯʥʦʛʦ ʩʠʥʫʩʦʾʜʘʣʴʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ (ʨʠʩ.3) 

ʥʘ j-ʤʫ ʯʘʩʪʦʪʥʦʤʫ ʨʝʞʠʤʽ. ɺ ʜʘʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʦʙʤʝʞʫʚʘʣʠʩʴ 4-ʤʘ (N=4) 

ʯʘʩʪʦʪʘʤʠ (5, 7.5, 10, 12.5 ɻʮ). 

ʌʫʥʢʮʽʦʥʘʣ (3.11) ʙʫʣʦ ʥʦʨʤʦʚʘʥʦ ʪʘʢʠʤ ʯʠʥʦʤ ʘʙʠ ʚʨʘʭʫʚʘʪʠ ʚʠʧʘʜʢʦʚʫ 

ʩʢʣʘʜʦʚʫ ʧʦʭʠʙʢʠ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʥʘʯʝʥʥʷ ʫʩʪʘʣʝʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʨʽʟʥʠʭ ʯʘʩʪʦʪ. 

ʊʘʢ ʫʩʪʘʣʝʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʯʘʩʪʦʪʽ 5ɻʮ ʩʢʣʘʣʘ 40 ˞  5 ,˞ ʘ ʥʘ ʯʘʩʪʦʪʽ 10ɻʮ 

110 ˞  15 .˞ ɺʽʜʩʫʪʥʽʩʪʴ ʥʦʨʤʫʚʘʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʰʪʫʯʥʦʛʦ ʚʧʣʠʚʫ ʙʽʣʴʰʦʶ 

ʟʘ ʘʙʩʦʣʶʪʥʠʤ ʟʥʘʯʝʥʥʷʤ ʚʝʣʠʯʠʥʠ ʫ ʩʫʤʽ (3.11)  

 

 

ʈʠʩʫʥʦʢ 3.9 ï ʋʟʘʛʘʣʴʥʝʥʘ ʩʭʝʤʘ ʦʙʨʦʙʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ 

 

ɼʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʤʝʪʦʜʦʤ ʚʽʜʧʘʣʫ ʥʘʤ ʧʦʪʨʽʙʥʦ ʛʝʥʝʨʫʚʘʪʠ ʥʦʚʠʡ ʩʪʘʥ 

ʧʘʨʘʤʝʪʨʘ ʟʤʽʥʥʦʾ ʪʘ ʦʙʯʠʩʣʶʚʘʪʠ ʮʽʣʴʦʚʫ ʬʫʥʢʮʽʶ ʜʣʷ ʥʴʦʛʦ ʥʘ ʢʦʞʥʽʡ ʽʪʝʨʘʮʽʾ. 

ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʟʤʽʥʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʻ ʟʥʘʯʝʥʥʷ ʝʥʝʨʛʽʾ, ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ ʧʽʜ ʯʘʩ 

ʮʠʢʣʫ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʆʪʞʝ, ʦʙʨʦʙʢʘ ʜʘʥʠʭ ʤʽʩʪʠʣʘ ʜʚʘ ʦʩʥʦʚʥʠʭ ʙʣʦʢʠ 
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ʚʠʢʦʥʘʥʥʷ: ʤʦʜʫʣʷ ʧʦʜʚʽʡʥʦʛʦ ʚʽʜʧʘʣʫ, ʷʢʽ ʚʢʣʶʯʘʶʪʴ ʦʙʯʠʩʣʝʥʥʷ ʮʽʣʴʦʚʦʾ 

ʬʫʥʢʮʽʾ ʫ ʨʦʟʨʘʭʫʥʢʦʚʦʤʫ ʢʦʤʧʣʝʢʩʽ ʥʘ ʙʘʟʽ ʄʉɽ, ʷʢ ʜʨʫʛʠʡ ʤʦʜʫʣʴ. ʇʝʨʰʠʡ 

ʤʦʜʫʣʴ ʛʝʥʝʨʫʻ ʥʦʚʠʡ ʩʪʘʥ ʟʤʽʥʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ ʧʨʦ ʧʨʠʡʥʷʪʪʷ 

ʧʦʪʦʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʟʤʽʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʘʟʥʘʯʝʥʦʾ ʬʫʥʢʮʽʾ, ʘ ʪʘʢʦʞ 

ʢʝʨʫʻ ʧʨʦʮʝʩʦʤ ʟʙʽʞʥʦʩʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʭʝʤʠ ʦʭʦʣʦʜʞʝʥʥʷ. ɼʨʫʛʠʡ ʤʦʜʫʣʴ 

ʦʙʯʠʩʣʶʻ ʮʽʣʴʦʚʫ ʬʫʥʢʮʽʶ, ʚʠʨʽʰʫʶʯʠ ʟʘʜʘʯʫ ʪʝʧʣʦʚʠʭ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʜʣʷ 

ʢʦʞʥʦʛʦ ʟʥʘʯʝʥʥʷ ʟʤʽʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʽ ʟʙʝʨʽʛʘʻ ʾʾ ʜʣʷ ʧʝʨʝʜʘʯʽ ʧʝʨʰʦʤʫ ʤʦʜʫʣʶ 

ʜʠʚ. ʨʠʩ. 3.9. 

3.3.3 ʄʝʪʦʜ ʦʧʪʠʤʽʟʘʮʽʾ ʧʦʜʚʽʡʥʦʛʦ ʚʽʜʧʘʣʫ 

ɺʠʙʽʨ ʩʘʤʝ ʪʘʢʦʛʦ ʤʝʪʦʜʫ ʦʧʪʠʤʽʟʘʮʽʾ ʦʙʫʤʦʚʣʝʥʦ ʥʘʩʪʫʧʥʠʤʠ ʬʘʢʪʦʨʘʤʠ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʝʛʨʝʩʽʡʥʠʭ ʤʝʪʦʜʽʚ ʦʧʪʠʤʽʟʘʮʽʾ ʥʝ ʻ ʜʦʮʽʣʴʥʠʤ ʯʝʨʝʟ ʥʝʣʽʥʽʡʥʽʩʪʴ 

ʤʦʜʝʣʽ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʛʨʘʜʽʻʥʪʥʠʭ ʤʝʪʦʜʽʚ ʪʘʢʦʞ ʥʝʝʬʝʢʪʠʚʥʝ ʯʝʨʝʟ ʤʦʞʣʠʚʫ 

ʥʘʷʚʥʽʩʪʴ ʣʦʢʘʣʴʥʠʭ ʤʽʥʽʤʫʤʽʚ ʪʘ ʩʪʨʠʙʢʽʚ (ʩʪʨʠʙʢʽʚ) ʥʘ ʧʦʚʝʨʭʥʽ ʚʽʜʛʫʢʫ. ɹʽʣʴʰʝ 

ʪʦʛʦ, ʧʦʚʝʨʭʥʷ ʚʽʜʛʫʢʫ ʚʠʤʘʛʘʻ ʥʝʷʚʥʦʛʦ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ ʩʪʦʭʘʩʪʠʯʥʦʾ ʘʙʦ ʝʚʦʣʶʮʽʡʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ. 

ʄʝʪʦʜ ʚʽʜʧʘʣʫ (SA) (ʨʠʩ. 3.10) ʥʘʣʝʞʠʪʴ ʜʦ ʤʝʪʘʝʚʨʠʩʪʠʯʥʠʭ ʛʣʦʙʘʣʴʥʠʭ 

ʤʝʪʦʜʽʚ ʽ ʤʘʻ ʨʝʘʣʽʟʘʮʽ ʁʚ ʧʨʦʛʨʘʤʥʠʭ ʧʘʢʝʪʘʭ ʜʣʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʯʠʩʝʣʴʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ. ʎʝ ʧʨʦʤʽʞʥʠʡ ʤʝʪʦʜ ʤʽʞ ʩʠʣʴʥʠʤ (ʥʘ ʦʩʥʦʚʽ ʛʨʘʜʽʻʥʪʘ) ʪʘ ʩʣʘʙʢʠʤ 

(ʚʠʧʘʜʢʦʚʠʡ ʧʦʰʫʢ) ʤʝʪʦʜʘʤʠ ʦʧʪʠʤʽʟʘʮʽʾ. ʄʝʪʦʜ ʤʘʻ ʜʦʩʪʘʪʥʶ ʟʙʽʞʥʽʩʪʴ ʽʟ 

ʟʘʛʘʣʴʥʠʤ ʦʧʪʠʤʫʤʦʤ [98]. 

ʇʘʨʘʤʝʪʨʠ, ʷʢʽ ʧʦʚʠʥʝʥ ʟʘʜʘʪʠ ʢʦʨʠʩʪʫʚʘʯ: ʻ ʬʫʥʢʮʽʷ ʦʮʽʥʢʠ (ʢʨʠʪʝʨʽʡ), 

ʧʨʦʮʝʜʫʨʘ ʩʪʚʦʨʝʥʥʷ ʥʦʚʦʛʦ ʧʨʦʙʥʦʛʦ ʩʪʘʥʫ ʪʘ ʪʘʢ ʟʚʘʥʘ ʩʭʝʤʘ ʦʭʦʣʦʜʞʝʥʥʷ. ʋ 

ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʟʥʘʯʝʥʥʷ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ (ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʩʘʤʦʥʘʛʨʽʚʘʥʥʷ) 

ʦʙʯʠʩʣʶʶʪʴʩʷ ʧʦʟʘ ʧʨʦʮʝʩʦʤ ʦʧʪʠʤʽʟʘʮʽʾ (ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʦʨʦʥʥʽʭ ʧʨʦʛʨʘʤ), 

ʚʽʜʧʦʚʽʜʥʦ, ʚʦʥʠ ʻ ʜʠʩʢʨʝʪʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ. ʎʝʡ ʬʘʢʪ ʪʘʢʦʞ ʩʚʽʜʯʠʪʴ ʥʘ ʢʦʨʠʩʪʴ 

ʚʠʙʦʨʫ ʮʴʦʛʦ ʤʝʪʦʜʫ. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ ʙʽʙʣʽʦʪʝʢʘ scipy, ʱʦ 

ʚʢʣʶʯʘʻ ʬʫʥʢʮʽʶ ʨʝʘʣʽʟʘʮʽʾ ʦʧʪʠʤʽʟʘʮʽʾ ʧʦʜʚʽʡʥʦʛʦ ʚʽʜʧʘʣʫ. ʎʝʡ ʩʪʦʭʘʩʪʠʯʥʠʡ 

ʧʽʜʭʽʜ, ʧʦʭʽʜʥʠʡ ʟ [99] ʧʦʻʜʥʫʻ ʫʟʘʛʘʣʴʥʝʥʥʷ CSA (ʢʣʘʩʠʯʥʠʡ ʤʝʪʦʜ ʩʠʤʫʣʷʮʽʾ 

ʚʽʜʧʘʣʫ) ʪʘ FSA (ʰʚʠʜʢʠʡ ʤʝʪʦʜ ʩʠʤʫʣʷʮʽʾ ʚʽʜʧʘʣʫ) [100, 101] ʫ ʧʦʻʜʥʘʥʥʽ ʟʽ 
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ʩʪʨʘʪʝʛʽʻʶ ʟʘʩʪʦʩʫʚʘʥʥʷ ʣʦʢʘʣʴʥʦʛʦ ʧʦʰʫʢʫ ʫ ʧʨʠʡʥʷʪʠʭ ʤʽʩʮʷʭ [102].ʈʝʘʣʽʟʘʮʽʷ 

ʮʴʦʛʦ ʘʣʛʦʨʠʪʤʫ ʦʧʠʩʘʥʘ ʚ [103], ʘ ʡʦʛʦ ʪʝʩʪʫʚʘʥʥʷ ʦʧʠʩʘʥʦ ʚ [104]. 

ʎʝʡ ʘʣʛʦʨʠʪʤ ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʧʦʪʚʦʨʝʥʠʡ ʨʦʟʧʦʜʽʣʝʥʥʷ ʂʦʰʽ-ʃʦʨʝʥʮʘ, 

ʬʦʨʤʘ ʷʢʦʛʦ ʢʦʥʪʨʦʣʶʻʪʴʩʷ ʧʘʨʘʤʝʪʨʦʤ ή 

 

Ὣ  ῳὼ† ᶿ
  †

ρ ή ρ
ῳὼ†

  †

ȟ 

(3.12) 

ʜʝ Ű - ʰʪʫʯʥʠʡ ʯʘʩ. ʎʝʡ ʨʦʟʧʦʜʽʣ ʚʽʜʚʽʜʫʚʘʥʴ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʧʨʦʙʥʦʾ ʜʠʩʪʘʥʮʽʾ ʩʪʨʠʙʢʘ ῳὼ† ʟʤʽʥʥʦʾ ὼ†ʧʨʠ ʰʪʫʯʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ 

  †. 

ɿ ʧʦʯʘʪʢʦʚʦʾ ʪʦʯʢʠ, ʧʽʩʣʷ ʚʠʢʣʠʢʫ ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ ʚʽʜʚʽʜʫʚʘʯʽʚ, 

ʡʤʦʚʽʨʥʽʩʪʴ ʧʨʠʡʥʷʪʪʷ ʦʙʯʠʩʣʶʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

 

ὴ ÍÉÎρȟρ ρ ή ‍ῳὉ , (3.13) 

ʜʝ ή - ʧʘʨʘʤʝʪʨ ʧʨʠʡʥʷʪʪʷ, ‍ῳὉ ï. ɼʣʷ  ή<1 ʥʫʣʴʦʚʘ ʡʤʦʚʽʨʥʽʩʪʴ 

ʧʨʠʡʥʷʪʪʷ ʧʨʠʟʥʘʯʘʻʪʴʩʷ ʚʠʧʘʜʢʘʤ, ʢʦʣʠ 

 

ρ ρ ή ‍ῳὉ π. (3.14) 

 

ʐʪʫʯʥʘ ʪʝʤʧʝʨʘʪʫʨʘ Ὸ † ʟʤʝʥʰʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

Ὸ † Ὸ ρ
ς ρ

ρ † ρ
ȟ 

 

(3.15) 

ʜʝ ή - ʧʘʨʘʤʝʪʨ ʚʽʜʚʽʜʫʚʘʥʥʷ. 
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ʈʠʩʫʥʦʢ 3.10 ï ɸʣʛʦʨʠʪʤ ʨʝʘʣʽʟʘʮʽʾ ʤʝʪʦʜʫ ʚʽʜʧʘʣʫ 
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ʊʘʙʣʠʮʷ 3.2. ɼʽʘʧʘʟʦʥʠ ʧʘʨʘʤʝʪʨʽʚ 

ʇʘʨʘʤʝʪʨʠ ɼʽʘʧʘʟʦʥ 

ʇʘʨʘʤʝʪʨ ʢʦʥʩʪʘʥʪʠ ʤʘʪʝʨʽʘʣʫ  

ʂʦʝʬʽʮʽʻʥʪ ʢʦʥʚʝʢʮʽʾ Ὤ, 
 

 10-30 

ʇʘʨʘʤʝʪʨʠ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ 

Ὁ, ʄʇʘ 0.1-100 

ὸȟ  0.0001 ï 0.1 

3.3.4 ʏʠʩʝʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ. ɿʘʜʘʯʘ ʩʪʘʮʽʦʥʘʨʥʦʛʦ 

ʪʝʧʣʦʦʙʤʽʥʫ 

ʆʪʞʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʧʽʜʭʽʜ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʤʦʜʝʣʽ ʚôʷʟʢʦʧʨʫʞʥʦʯʪʽ ʪʘ ʩʘʤʦʥʘʛʨʽʚʫ ʟʚʦʜʠʪʴʩʷ ʜʦ ʧʦʰʫʢʫ ʤʽʥʽʤʫʤʫ 

ʬʫʥʢʮʽʦʥʘʣʫ ʤʝʪʠ ὒ ʤʝʪʦʜʦʤ ʽʤʽʪʘʮʽʾ ʧʦʜʚʽʡʥʦʛʦ ʚʽʜʧʘʣʫ. 

ʂʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʫʩʪʘʣʝʥʠʭ ʨʦʟʨʘʭʫʥʢʦʚʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʩʘʤʦʥʘʛʨʽʚʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʣʽʥʽʡʥʦʶ ʤʦʜʝʣʣʶ ʚôʷʟʢʦʧʨʫʞʥʦʩʪʽ ʪʘ ʚ 

ʤʝʞʘʭ ʤʝʪʦʜʦʣʦʛʽʾ ʦʧʠʩʘʥʦʾ ʥʘ ʨʠʩ. 2.1. ɺʽʜʧʦʚʽʜʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʪʨʝʙʫʻ 

ʟʘʚʜʘʥʥʷ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ (Ὤ , ʧʘʨʘʤʝʪʨʽʚ ʚôʷʟʢʦʧʨʫʞʥʦʩʪʽ 

Ὁȟὸ, ʱʦ ʜʣʷ ʟʘʜʘʥʠʭ ʫʤʦʚ ʜʝʬʦʨʤʫʚʘʥʥʷ (ʯʘʩʪʦʪʘ, ʘʤʧʣʽʪʫʜʘ) ʜʦʟʚʦʣʷʻ 

ʚʩʪʘʥʦʚʠʪʠ ʨʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʩʘʤʦʥʘʛʨʽʚʫ. ɺʽʜʭʠʣʝʥʥʷ ʜʘʥʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʤʽʥʽʤʽʟʫʻʪʴʩʷ ʤʝʪʦʜʦʤ ʧʦʜʚʽʡʥʦʛʦ 

ʚʽʜʧʘʣʫ ʜʣʷ ʰʫʢʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ 

 

ὉȟὸȟὬ ȡÍÉÎὒ ὉȟὸȟὬ  

άὭὲ Ὕ
̑̏̈̑
Ὁ ‫ȟὸȟὬ Ὕ̆̋̒̐

ρ

„
Ȣ 

(3.16) 

 

ʏʠʩʝʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʫ 

ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ. ʄʦʜʝʣʴ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʟʨʘʟʢʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 3.11. 
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ʈʠʩʫʥʦʢ 3.11. ï FE-ʤʦʜʝʣʴ ʟʨʘʟʢʘ 

 

ɼʘʥʽ ʧʨʦ ʛʽʩʪʝʨʝʟʠʩʥʽ ʚʪʨʘʪʠ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʽ 

ʚʠʢʦʨʠʩʪʘʥʽ ʷʢ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʜʣʷ ʟʨʘʟʢʘ ʧʨʠ ʯʠʩʝʣʴʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ. 

 

╟╤ ╕ȟ (3.17) 

ʜʝ ╟- ʤʘʪʨʠʮʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, ╤ - ʚʝʢʪʦʨ ʚʫʟʣʦʚʠʭ ʪʝʤʧʝʨʘʪʫʨ ʽ ╕ - 

ʧʨʠʢʣʘʜʝʥʠʭ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ. 

ɺʝʢʪʦʨ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʜʚʦʭ ʯʘʩʪʠʥ, ʟʘʛʘʣʦʤ: 

 

╕ ╕▐ ╕╠ȟ (3.18) 

ʜʝ ╕▐ - ʚʝʢʪʦʨ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʧʦʚʝʨʭʥʽ ʢʦʥʚʝʢʮʽʾ ʝʣʝʤʝʥʪʘ, ╕╠ ï 

ʪʝʧʣʘʛʝʥʝʨʘʮʽʾ ʫ ʝʣʝʤʝʥʪʽ.  

ʂʦʤʧʦʥʝʥʪʠ ʚʝʢʪʦʨʘ ʛʝʥʝʨʘʮʽʾ ʪʝʧʣʘ ʚʠʟʥʘʯʘʶʪʴʩʷ ʷʢ 

 

╕╠ ς'‐“(3.19) .‫ 

ʜʝ, ʟʛʽʜʥʦ ʣʽʥʽʡʥʦʾ ʤʦʜʝʣʽ ʚôʷʟʢʦʧʨʫʞʥʦʩʪʽ ʤʦʜʫʣʴ ʚʪʨʘʪ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʚʦʭ 

ʧʘʨʘʤʝʪʨʽʚ Ὁ ʽ ὸʪʘ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʷʢ 

 

Ὃ Ὁ
ς“‫ὸ

ρ ς“‫ὸ
Ȣ (3.20) 

 

ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ ʜʦ ʟʨʘʟʢʘ ʧʨʠʢʣʘʜʘʣʠʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʫʤʦʚ ʡʦʛʦ 

ʟʘʢʨʽʧʣʝʥʥʷ. ʅʘ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ ʥʘʢʣʘʜʘʣʠʩʷ ʫʤʦʚʠ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ ʽ 

ʚʢʘʟʫʚʘʣʘʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (ʨʠʩ. 3.12). ʋ ʦʙô̒ ʤʽ 
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ʦʙʤʝʞʝʥʦʛʦ ʧʦʚʝʨʭʥʝʶ B1 ʟʘʜʘʥʦ ʚʥʫʪʨʽʰʥʻ ʜʞʝʨʝʣʦ ʪʝʧʣʘ ʫ ʚʠʛʣʷʜʽ 

ʪʝʧʣʦʛʝʥʝʨʘʮʽʾ (╕╠). 

ʇʦʚʝʨʭʥʷ, ʷʢʫ ʧʦʟʥʘʯʝʥʦ ʷʢ B2, ʚʽʜʧʦʚʽʜʘʻ ʤʽʩʮʶ ʢʦʥʪʘʢʪʫ ʟʨʘʟʢʘ ʟ 

ʤʝʪʘʣʝʚʠʤʠ ʟʘʪʠʩʢʘʯʘʤʠ, ʱʦ ʤʦʜʝʣʶʚʘʣʦʩʴ ʫ ʚʠʛʣʷʜʽ ʫʤʦʚ ʪʝʧʣʦʦʙʤʽʥʫ ╕▐ ʟ 

ʢʦʝʬʽʮʽʻʥʪʦʤ 88000 
ˏ̓

̍Ͻ̠
.  

 

 

ʈʠʩʫʥʦʢ 3.12 ï ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ, ʱʦ ʧʨʠʢʣʘʜʘʶʪʴʩʷ ʜʦ ʟʨʘʟʢʘ: ʫʤʦʚʠ 

ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ ʪʘ ʰʚʠʜʢʦʩʪʽ ʪʝʧʣʦʛʝʥʝʨʘʮʽʾ 

 

ʅʘ ʨʦʙʦʯʽʡ ʧʦʚʝʨʭʥʽ ï B1 ʪʘʢʦʞ ʟʘʜʘʚʘʣʠʩʴ ʫʤʦʚʠ ʢʦʥʚʝʢʪʠʚʥʦʛʦ 

ʪʝʧʣʦʦʙʤʽʥʫ (Ὤ). ʇʨʠ ʮʴʦʤʫ ʙʫʣʦ ʚʨʘʭʦʚʘʥʦ, ʱʦ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʦʙʤʽʥʫ ʻ 

ʬʫʥʢʮʽʻʶ ʪʝʤʧʝʨʘʪʫʨʠ, ʛʨʘʬʽʢ ʷʢʦʾ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.13 

 

 

ʈʠʩ. 3.13 - ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ 

ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 
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ʈʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦ ʟʨʘʟʢʫ ʜʣʷ ʘʤʧʣʽʪʫʜʠ ʜʝʬʦʨʤʘʮʽʾ 4% ʽ ʯʘʩʪʦʪʠ 

ʥʘʚʘʥʪʘʞʝʥʥʷ 5 ɻʮ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.14. 

 

 

ʈʠʩʫʥʦʢ 3.14. ï ʈʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʧʦ ʟʨʘʟʢʫ 

 

ɼʣʷ ʟ'ʻʜʥʘʥʥʷ ʟ ʧʨʦʮʝʜʫʨʦʶ ʧʦʜʚʽʡʥʦʛʦ ʚʽʜʧʘʣʫ Python ʨʦʟʨʘʭʫʥʦʢ 

ʥʘʢʦʧʠʯʝʥʥʷ ʪʝʧʣʘ ʟʨʘʟʢʘ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʰʣʷʭʦʤ ʩʪʚʦʨʝʥʥʷ APDL-ʤʘʢʨʦʩʽʚ. ɺʽʥ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʽʣʴʢʦʭ ʯʘʩʪʠʥ. ʇʝʨʰʠʡ ʥʘʟʠʚʘʻ ʛʝʦʤʝʪʨʠʯʥʫ ʤʦʜʝʣʴ ʟʨʘʟʢʘ, ʷʢʘ 

ʙʫʣʘ ʩʪʚʦʨʝʥʘ ʨʘʥʽʰʝ. ʅʘʩʪʫʧʥʘ ʯʘʩʪʠʥʘ ʙʫʜʫʻ FE-ʤʦʜʝʣʴ ʽʟ ʥʘʣʘʰʪʫʚʘʥʥʷʤʠ 

ʩʽʪʢʠ. ʊʨʝʪʽʡ ʟʘʩʪʦʩʦʚʫʻ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ, ʚʩʪʘʥʦʚʣʶʻ ʧʘʨʘʤʝʪʨʠ ʘʥʘʣʽʟʫ ʪʘ 

ʟʘʧʫʩʢʘʻ ʨʽʰʝʥʥʷ. ʆʩʪʘʥʥʽʡ ʟʙʝʨʽʛʘʻ ʟʥʘʯʝʥʥʷ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ. ʂʨʽʤ ʪʦʛʦ, ʤʠ 

ʜʦʜʘʻʤʦ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʪʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʢʦʥʩʪʘʥʪʠ 

ʬʫʥʢʮʽʾ ʪʝʧʣʦʛʝʥʝʨʘʮʽʾ, ʷʢʽ ʛʝʥʝʨʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʮʝʜʫʨʠ ʦʧʪʠʤʽʟʘʮʽʾ ʷʢ 

ʟʤʽʥʥʽ ʧʘʨʘʤʝʪʨʠ. ʇʦʪʽʤ ʫʩʽ ʯʘʩʪʠʥʠ ʟ'ʻʜʥʫʶʪʴʩʷ ʟ ʦʩʥʦʚʥʠʤʠ ʤʘʢʨʦʩʘʤʠ. 

ʋʟʘʛʘʣʴʥʝʥʘ ʩʭʝʤʘ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 3.15. 

 

 

ʈʠʩʫʥʦʢ 3.15 ï ʉʭʝʤʘ ʦʪʨʠʤʘʥʥʷ ʟʥʘʯʝʥʥʷ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ 
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ɼʣʷ ʚʠʙʨʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʙʫʚ ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʯʫʪʣʠʚʦʩʪʽ, ʱʦʙ ʚʠʟʥʘʯʠʪʠ 

ʩʪʫʧʽʥʴ ʾʭ ʚʧʣʠʚʫ ʥʘ ʢʽʥʮʝʚʫ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘʛʨʽʚʘʥʥʷ. ɹʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʚʩʽ 

ʧʘʨʘʤʝʪʨʠ ʟ ʦʙʨʘʥʦʛʦ ʥʘʙʦʨʫ ʤʘʶʪʴ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʨʝʟʫʣʴʪʘʪ. ʇʝʨʰʠʤ ʢʨʦʢʦʤ 

ʙʫʣʦ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʱʝʟʘʟʥʘʯʝʥʦʾ ʧʨʦʮʝʜʫʨʠ ʦʧʪʠʤʽʟʘʮʽʾ, 

ʥʝʟʘʣʝʞʥʦ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ. ɼʨʫʛʠʡ ʝʪʘʧ ʧʝʨʝʜʙʘʯʘʚ ʚʨʘʭʫʚʘʥʥʷ ʚʟʘʻʤʥʦʛʦ ʚʧʣʠʚʫ 

ʧʘʨʘʤʝʪʨʽʚ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ 2-ʧʘʨʘʤʝʪʨʠʯʥʠʡ 

ʤʝʪʦʜ ʚʽʜʧʘʣʫ. ʇʘʨʘʤʝʪʨʠ, ʟʥʘʡʜʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʱʝʟʘʟʥʘʯʝʥʦʾ ʧʨʦʮʝʜʫʨʠ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʪʝʧʣʦʚʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʫ ʥʘʧʨʷʤʢʫ ʚʟʜʦʚʞ ʢʦʨʜʥʦʛʦ 

ʧʦʩʠʣʝʥʥʷ ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʘʤʧʣʽʪʫʜʠ ʜʝʬʦʨʤʘʮʽʡ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ 3.3.  

 

ʊʘʙʣʠʮʷ 3.3. ʈʝʟʫʣʴʪʘʪ ʧʨʦʮʝʜʫʨʠ ʦʧʪʠʤʽʟʘʮʽʾ  

ʇʘʨʘʤʝʪʨʠ 
ɿʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʫ 

2% 4% 6% 

Ὁ, ʄʇʘ 31,102121 30,260108 24,498548 

ὸ, ʩ 0,03668 0,02323 0,0459 

 

ʊʘʙʣʠʮʷ 3.4 ï ʇʦʭʠʙʢʘ ʨʦʟʨʘʭʫʥʢʽʚ ʧʦ ʪʝʤʧʝʨʘʪʫʨʽ 

ɸʤʧʣʽʪʫʜʘ 

ʜʝʬʦʨʤʘʮʽʡ, % 

ʏʘʩʪʦʪʘ, 

ɻʮ 

ʊʝʤʧʝʨʘʪʫʨʘ, ʂ 
ʇʦʭʠʙʢʘ 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʈʦʟʨʘʭʫʥʦʢ 

2 

5 309,00 307,95 -0,34 

7,5 308,00 312,01 1,30 

10 317,00 314,10 -0,91 

12,5 320,00 315,25 -1,48 

4 

5 
350,00 350,56 0,16 

7,5 
383,00 382,50 -0,13 

10 
398,00 404,50 1,63 

6 

5 
357,00 369,51 3,50 

7,5 
387,00 385,90 -0,28 

10 
393,00 393,50 0,13 
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ɺ ʪʘʙʣʠʮʽ 3.4 ʥʘʚʝʜʝʥʦ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨ ʦʪʨʠʤʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, 

ʪʘ ʚ ʭʦʜʽ ʨʦʟʨʘʭʫʥʢʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʘʨʘʤʝʪʨʽʚ ʟʥʘʡʜʝʥʠʭ ʚ ʭʦʜʽ ʧʨʦʮʝʜʫʨʠ 

ʦʧʪʠʤʽʟʘʮʽʾ. ɿ ʪʘʙʣʠʮʽ 3.4 ʚʠʜʥʦ, ʱʦ ʧʦʭʠʙʢʘ ʧʦ ʪʝʤʧʝʨʘʪʫʨʽ ʥʘʛʨʽʚʫ ʩʢʣʘʜʘʻ ʥʝ 

ʙʽʣʴʰʝ 3.5%, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʥʘʡʜʝʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʫ 

ʧʦʜʘʣʴʰʠʭ ʨʦʟʨʘʭʫʥʢʘʭ.  

 

 
 

ʘ ʙ 

 

ʚ 

ʈʠʩʫʥʦʢ 3.16 ï ɺʽʟʫʘʣʽʟʘʮʽʷ ʧʨʦʮʝʜʫʨʘ ʟʙʽʞʥʦʩʪʽ ʤʝʪʦʜʫ ʚʽʜʧʘʣʫ ʧʨʠ 

ʧʦʰʫʢʫ ʧʘʨʤʝʪʨʽʚ ʪʝʧʣʦʚʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʫ ʚ ʥʘʧʨʷʤʢʫ ʢʦʨʜʥʦʛʦ 

ʧʦʩʠʣʝʥʥʷ ʜʣʷ ʘʤʧʣʽʪʫʜ ʜʝʬʦʨʤʘʮʽʡ 2% (ʘ), 4% (ʙ), 6% (ʚ) 
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ʅʘ ʨʠʩ. 3.16 ʧʦʢʘʟʘʥʦ ʧʨʦʮʝʩ ʟʙʽʞʥʦʩʪʽ ʧʨʦʮʝʜʫʨʠ ʧʦʰʫʢʫ. ʉʠʥʽʤʠ 

ʤʘʨʢʝʨʘʤʠ ʧʦʟʥʘʯʝʥʦ ʚʝʣʠʯʠʥʫ ʰʫʢʘʥʠʭ ʟʥʘʯʝʥʴ ʥʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ. ʏʝʨʚʦʥʠʡ 

ʤʘʨʢʝʨ ʚʽʜʧʦʚʽʜʘʻ ʟʥʘʡʜʝʥʠʤ ʦʧʪʠʤʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ ʧʘʨʘʤʝʪʨʽʚ. ʇʨʦʮʝʩ ʧʦʰʫʢʫ 

ʧʦʢʘʟʫʻ, ʱʦ ʟʥʘʡʜʝʥʽ ʟʥʘʯʝʥʥʷ ʚ ʚʠʩʦʢʦʶ ʽʤʦʚʽʨʥʽʩʪʶ ʚʽʜʧʦʚʽʜʘʶʪʴ ʛʣʦʙʘʣʴʥʦʤʫ 

ʤʽʥʽʤʫʤʫ ʬʫʥʢʮʽʦʥʘʣʫ ʢʨʠʪʝʨʽʶ ʦʧʪʠʤʽʟʘʮʽʡʥʦʾ ʧʨʦʮʝʜʫʨʠ. 

ʇʝʨʝʚʽʨʢʫ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʚʦʜʠʣʠ ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʧʣʦʱʽ ʧʝʪʝʣʴ 

ʛʽʩʪʝʨʝʟʠʩʫ ʦʪʨʠʤʘʥʠʭ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʪʘ ʚ ʭʦʜʽ ʯʠʩʝʣʴʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ. ʇʦʭʠʙʢʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʣʷ ʪʨʴʦʭ ʚʘʨʽʘʥʪʽʚ ʘʤʧʣʽʪʫʜ 

ʜʝʬʦʨʤʫʚʘʥʥʷ ʥʘʚʝʜʝʥʘ ʫ ʪʘʙʣʠʮʽ 3.5.  

 

ʊʘʙʣʠʮʷ 3.5 ʇʦʭʠʙʢʘ ʧʨʦʮʝʜʫʨʠ ʦʧʪʠʤʽʟʘʮʽʾ 

ɸʤʧʣʽʪʫʜʘ 

ʜʝʬʦʨʤʘʮʽʡ, % 

ʏʘʩʪʦʪʘ, 

ɻʮ 

ʄʦʜʫʣʴ ʚʪʨʘʪ, ʄʇʘ 
ʇʦʭʠʙʢʘ 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʈʦʟʨʘʭʫʥʦʢ 

2 

5 17,69 15,40 -12,97 

7,5 11,94 13,48 12,91 

10 14,07 11,36 -19,28 

12,5 10,51 9,64 -8,32 

4 

5 15,09 14,34 -5,00 

7,5 18,18 15,05 -17,21 

10 15,43 14,13 -8,41 

12,5 11,86 12,80 7,90 

6 

5 8,43 11,47 36,11 

7,5 10,65 9,33 -12,39 

10 10,22 7,58 -25,80 

 

ʆʮʽʥʢʘ ʧʦʭʠʙʢʠ ʩʘʤʦʾ ʧʨʦʮʝʜʫʨʠ ʦʧʪʠʤʽʟʘʮʽʾ ʥʝ ʧʝʨʝʚʠʱʫʻ 20% ʜʣʷ 

ʘʤʧʣʽʪʫʜ ʜʝʬʦʨʤʘʮʽʡ ʤʝʥʰʠʭ ʟʘ 6%, ʘ ʜʣʷ ʚʠʱʠʭ ʜʦʩʷʛʘʻ 36%, ʘʣʝ ʮʝ ʦʙʫʤʦʚʣʝʥʦ 

ʚʠʨʦʜʞʝʥʥʷʤ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʱʦ ʧʦʚôʷʟʘʥʦ ʽʟ ʚʪʨʘʪʦʶ ʩʪʽʡʢʦʩʪʽ ʟʨʘʟʢʘ ʥʘ ʙʽʣʴʰʠʭ 

ʘʤʧʣʽʪʫʜʘʭ ʽ ʯʘʩʪʦʪʘʭ, ʪʘ ʮʽ ʜʘʥʽ ʧʦʪʨʝʙʫʶʪʴ ʧʦʜʘʣʴʰʦʛʦ ʫʪʦʯʥʝʥʥʷ. ɺ ʜʘʥʦʤʫ 
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ʜʦʩʣʽʜʞʝʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘʢʠʭ ʘʤʧʣʽʪʫʜ ʜʝʬʦʨʤʘʮʽʡ ʫ ʛʫʤʦʢʦʨʜʥʠʭ 

ʢʦʤʧʦʟʠʪʘʭ ʥʝ ʚʠʷʚʣʝʥʦ. 

ɸʥʘʣʦʛʽʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʪʝʧʣʦʚʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʽʘʣʫ ʫ ʥʘʧʨʷʤʢʫ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʜʦ ʘʨʤʫʚʘʥʥʷ. ɿʥʘʡʜʝʥʽ 

ʢʦʥʩʪʘʥʪʠ ʤʘʪʝʨʽʘʣʫ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 3.6.  

 

ʊʘʙʣʠʮʷ 3.6 ï ʈʝʟʫʣʴʪʘʪ ʧʨʦʮʝʜʫʨʠ ʦʧʪʠʤʽʟʘʮʽʾ (ʧʦʧʝʨʝʯʥʠʡ ʥʘʧʨʷʤʦʢ)  

ʇʘʨʘʤʝʪʨʠ 
ɿʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʫ 

2% 4% 6% 

Ὁ, ʄʇʘ 2,363886 1,9438869 2,0638899 

ὸ, ʩ 0,079 0,082 0,084 

 

ɺ ʪʘʙʣʠʮʽ 3.7 ʥʘʚʝʜʝʥʦ ʧʦʭʠʙʢʫ ʨʦʟʨʘʭʫʥʢʽʚ ʧʦ ʪʝʤʧʝʨʘʪʫʨʽ, ʦʪʨʠʤʘʥʽ 

ʧʦʢʘʟʥʠʢʠ ʨʦʟʙʽʞʥʦʩʪʽ ʧʦʜʽʙʥʽ ʜʦ ʦʪʨʠʤʘʥʠʭ ʫ ʚʠʧʘʜʢʫ ʮʠʢʣʽʯʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ 

ʫ ʥʘʧʨʷʤʢʫ ʘʨʤʫʚʘʥʥʷ. 

 

ʊʘʙʣʠʮʷ 3.7 ï ʇʦʭʠʙʢʘ ʨʦʟʨʘʭʫʥʢʽʚ ʧʦ ʪʝʤʧʝʨʘʪʫʨʽ 

ɸʤʧʣʽʪʫʜʘ 

ʜʝʬʦʨʤʘʮʽʡ, % 

ʏʘʩʪʦʪʘ, 

ɻʮ 

ʊʝʤʧʝʨʘʪʫʨʘ, ʂ 
ʇʦʭʠʙʢʘ 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʈʦʟʨʘʭʫʥʦʢ 

2 

5 295,40 297,00 0,54 

7,5 298,10 299,48 0,46 

10 304,00 300,84 1,04 

4 

5 297,00 297,16 0,05 

7,5 302,00 299,80 -0,73 

10 303,00 303,55 0,18 

6 

5 297,30 298,84 0,52 

7,5 304,20 303,20 -0,33 

10 304,50 308,60 1,35 
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ʅʘ ʨʠʩʫʥʢʫ 3.17 ʧʦʢʘʟʘʥʦ ʧʨʦʮʝʩ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ ʥʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ. 

 
 

ʘ ʙ 

 

ʚ 

ʈʠʩʫʥʦʢ 3.17 ï ɺʽʟʫʘʣʽʟʘʮʽʷ ʧʨʦʮʝʜʫʨʘ ʟʙʽʞʥʦʩʪʽ ʤʝʪʦʜʫ ʚʽʜʧʘʣʫ ʧʨʠ 

ʧʦʰʫʢʫ ʧʘʨʤʝʪʨʽʚ ʪʝʧʣʦʚʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʫ ʚ ʥʘʧʨʷʤʢʫ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʜʦ ʢʦʨʜʥʦʛʦ ʧʦʩʠʣʝʥʥʷ ʜʣʷ ʘʤʧʣʽʪʫʜ ʜʝʬʦʨʤʘʮʽʡ 2% (ʘ), 4% 

(ʙ), 6% (ʚ) 

 

ʆʮʽʥʢʘ ʧʦʭʠʙʢʠ ʧʨʦʮʝʜʫʨʠ ʦʧʪʠʤʽʟʘʮʽʾ, ʨʝʟʫʣʴʪʘʪʠ ʷʢʦʾ ʥʘʚʝʜʝʥʦ ʚ 

ʪʘʙʣʠʮʽ 3.8, ʪʘʢʦʞ ʜʝʤʦʥʩʪʨʫʶʪʴ ʧʦʜʽʙʥʫ ʜʦ ʧʦʧʝʨʝʜʥʽʭ ʨʝʟʫʣʴʪʘʪʽʚ ʢʘʨʪʠʥʫ. ʎʝ 

ʪʘʢʦʞ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʥʘ ʧʝʚʥʠʭ ʯʘʩʪʦʪʘʭ ʧʨʠ ʥʘʚʘʥʪʘʞʝʥʥʽ ʚ ʧʦʧʝʨʝʯʥʦʤʫ 



82 

ʥʘʧʨʷʤʢʫ ʤʘʣʦ ʤʽʩʮʝ ʷʚʠʱʝ ʨʝʟʦʥʘʥʩʫ, ʪʘ ʟʘʣʠʰʢʦʚʽ ʧʨʦʷʚʠ ʝʬʝʢʪʫ ʄʘʣʽʥʘ, ʱʦ 

ʧʝʚʥʠʤ ʯʠʥʦʤ ʩʧʦʪʚʦʨʠʣʦ ʬʦʨʤʫ, ʘ ʚʽʜʧʦʚʽʜʥʦ ʽ ʧʣʦʱʫ ʧʝʪʝʣʴ. 

 

ʊʘʙʣʠʮʷ 3.8 ï ʇʦʭʠʙʢʘ ʧʨʦʮʝʜʫʨʠ ʦʧʪʠʤʽʟʘʮʽʾ ʧʦ ʤʦʜʫʣʶ ʚʪʨʘʪ  

ɸʤʧʣʽʪʫʜʘ 

ʜʝʬʦʨʤʘʮʽʡ, % 

ʏʘʩʪʦʪʘ, 

ɻʮ 

ʄʦʜʫʣʴ, ʄʇʘ 
ʇʦʭʠʙʢʘ ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʈʦʟʨʘʭʫʥʦʢ 

2 

5 0,73 0,81 11,52 

7,5 0,65 0,59 -10,11 

10 0,73 0,45 -0,38 

4 

5 0,49 0,67 36,13 

7,5 0,49 0,48 -2,57 

10 0,52 0,37 -28,53 

6 

5 0,51 0,71 38,93 

7,5 0,46 0,51 11,20 

10 0,47 0,39 -15,18 

 

ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ ʫʟʘʛʘʣʴʥʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ. ʅʘ ʨʠʩ.3.18 

ʧʦʢʘʟʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜ ʯʘʩʪʦʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʨʽʟʥʠʭ ʘʤʧʣʽʪʫʜʘʭ 

ʜʝʬʦʨʤʘʮʽʡ, ʱʦ ʜʦʩʪʘʪʥʴʦ ʜʦʙʨʝ ʘʧʨʦʢʩʠʤʫʶʪʴʩʷ ʧʦʣʽʥʦʤʦʤ.  

 

   

ʘ) ʙ) ʚ) 

ʈʠʩʫʥʦʢ 3.18ï ɸʧʨʦʢʩʠʤʘʮʽʷ ʟʘʣʝʞʥʦʩʪʽ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜ ʯʘʩʪʦʪʠ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ ʘʤʧʣʽʪʫʜʦʶ ʜʝʬʦʨʤʘʮʽʡ: ʘ) 2%, ʙ) 4%, ʚ) 6% 
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3.4 ʊʝʩʪʦʚʽ ʨʦʟʨʘʭʫʥʢʠ ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʩʘʤʦʥʘʛʨʽʚʫ ʟʨʘʟʢʽʚ 

ʛʫʤʦʢʦʨʜʥʦʛʦ ʢʦʤʧʦʟʠʪʫ  

ʈʝʟʫʣʴʪʘʪʠ, ʱʦ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʚ ʭʦʜʽ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʟ ʮʠʢʣʽʯʥʠʤ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ, ʜʦʟʚʦʣʷʶʪʴ ʯʠʩʝʣʴʥʦ ʧʨʦʮʝʩ ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʥʘʛʨʽʚʫ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʦʧʝʨʝʜʥʶ ʉɽ-ʤʦʜʝʣʴ (ʨʠʩ.3.11) ʟ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ 

(ʨʠʩ 3.12). 

ʌʫʥʢʮʽʷ ʰʚʠʜʢʦʩʪʽ ʪʝʧʣʦʛʝʥʝʨʘʮʽʾ ʟʘʜʘʻʪʴʩʷ ʫ ʦʙôʻʤʽ ʦʙʤʝʞʝʥʦʛʦ 

ʧʦʚʝʨʭʥʝʶ ɺ2 (ʨʠʩ. 3.12), ʱʦ ʻ ʯʘʩʪʠʥʦʶ ʨʽʚʥʷʥʥʷ ʄʉɽ ʽ ʤʘʻ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ 

 

ὗὸ ὛὸϽὪȟ (3.21) 

ʜʝ Ὢ ï ʯʘʩʪʦʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷ (ɻʮ), Ὓὸ ï ʧʣʦʱʘ ʧʝʪʣʽ ʛʽʩʪʝʨʝʟʠʩʫ. 

ʇʣʦʱʫ ʧʝʪʣʽ ʛʽʩʪʝʨʝʟʠʩʫ ʨʦʟʨʘʭʫʻʤʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʩʪʫʧʥʦʛʦ ʚʠʨʘʟʫ 
 

Ὓὸ  
Ὓ ÓÉÎ Ͻ ρ ÃÏÓς“Ὢὸȟ   ὸ ὸ

Ὓ Ὓ ϽὩ Ὓ Ͻ ρ ÃÏÓς“Ὢὸȟ   ὸ ὸ
, (3.22) 

ʜʝ Ὓ ȟὛï ʟʥʘʯʝʥʥʷ ʧʣʦʱʽ ʧʝʪʣʽ ʛʽʩʪʝʨʝʟʠʩʫ ʤʘʢʩʠʤʘʣʴʥʝ ʪʘ ʚ ʩʪʘʙʽʣʽʟʦʚʘʥʦʤʫ 

ʩʪʘʥʽ ʚʽʜʧʦʚʽʜʥʦ; ‍ ï ʧʘʨʘʤʝʪʨ ʝʢʩʧʦʥʝʥʪʠ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʰʚʠʜʢʽʩʪʴ ʩʪʘʙʽʣʽʟʘʮʽʾ 

ʧʣʦʱʽ ʧʝʪʣʽ ʛʽʩʪʝʨʝʟʠʩʫ; ὸ ï ʯʘʩ; ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʥʶ ʧʣʦʱʽ 

ʧʝʪʣʽ.  

ɺ ʭʦʜʽ ʧʨʦʚʝʜʝʥʥʷ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚ ʷʢʦʩʪʽ 

ʨʝʟʫʣʴʪʘʪʽʚ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘ ʟʨʘʟʢʦʤ (ʨʠʩ. 8). ʄʘʢʩʠʤʘʣʴʥʽ 

ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʤʦʞʝʤʦ ʩʧʦʩʪʝʨʽʛʘʪʠ ʚ ʨʦʙʦʯʽʡ ʟʦʥʽ ʟʨʘʟʢʘ. 

ʈʠʩʫʥʦʢ 3.19 ʽʣʶʩʪʨʫʻ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠ ʯʘʩʪʦʪʽ ʥʘʚʘʥʪʘʞʝʥʥʷ 5 ɻʮ 

ʽ ʟ ʚʝʣʠʯʠʥʦʶ ʜʝʬʦʨʤʘʮʽʡ 2 %. ɼʘʥʽ ʟʥʘʯʝʥʥʷ ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʪʘʙʽʣʽʟʦʚʘʥʦʤʫ 

ʩʪʘʥʫ. 
 

 

ʈʠʩ. 3.19 ï ʈʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦ ʟʨʘʟʢʫ ʚ ʩʪʘʙʽʣʽʟʦʚʘʥʦʤʫ ʩʪʘʥʽ 
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ʊʘʢʦʞ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʭʘʨʘʢʪʝʨ ʧʨʦʮʝʩʫ ʥʘʛʨʽʚʫ ʜʦ ʩʪʘʥʫ ʩʪʘʙʽʣʽʟʘʮʽʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʜʣʷ ʨʽʟʥʠʭ ʚʘʨʽʘʥʪʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʅʘ ʨʠʩ. 3.20 ʟʦʙʨʘʞʝʥʦ ʢʨʠʚʫ ʥʘʛʨʽʚʫ ʟʨʘʟʢʘ ʜʣʷ ʪʠʭ ʞʝ ʫʤʦʚ ʥʘʚʘʥʪʘʞʝʥʥʷ, 

ʱʦ ʽ ʥʘ ʨʠʩ. 3.19. ʊʘʢʦʞ ʙʫʣʦ ʚʽʜʟʥʘʯʝʥʦ, ʱʦ ʥʘ ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ ʡʜʝ 

ʽʥʪʝʥʩʠʚʥʠʡ ʥʘʛʨʽʚ. ʇʨʠ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦʤʫ ʨʦʟʛʣʷʜʽ ʚʠʜʥʦ, ʱʦ ʢʨʠʚʘ ʥʘʛʨʽʚʫ 

ʥʦʩʠʪʴ ʩʭʦʜʠʥʢʦʚʠʡ ʭʘʨʘʢʪʝʨ ʟ ʧʽʜʡʦʤʦʤ ʥʘ ʢʦʞʥʦʤʫ ʮʠʢʣʽ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʋ 

ʩʪʘʙʽʣʽʟʦʚʘʥʦʤʫ ʞ ʩʪʘʥʽ ʢʨʠʚʘ ʥʘʛʨʽʚʫ ʥʦʩʠʪʴ ʛʘʨʤʦʥʽʯʥʠʡ ʭʘʨʘʢʪʝʨ ʟ 

ʘʤʧʣʽʪʫʜʦʶ 0,1 ʂ. 

 

 

ʈʠʩ.3.20 ï ʂʨʠʚʘ ʥʘʛʨʽʚʫ, ʷʢʫ ʦʪʨʠʤʘʥʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʨʘʭʫʥʢʫ 

 

ʅʘ ʨʠʩ. 3.21 ʟʦʙʨʘʞʝʥʦ ʢʨʠʚʽ ʥʘʛʨʽʚʫ, ʦʪʨʠʤʘʥʽ ʚ ʭʦʜʽ ʝʢʩʧʝʨʠʤʝʥʪʫ ʽ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʘʤʧʣʽʪʫʜʦʶ ʥʘʚʘʥʪʘʞʝʥʥʷ 2 % ʽ ʨʽʟʥʠʤʠ 

ʯʘʩʪʦʪʘʤʠ. ʇʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ ʟ ʜʘʥʠʤʠ ʥʘʪʫʨʥʠʭ ʟʘʤʽʨʽʚ 

ʧʦʢʘʟʘʣʦ, ʱʦ ʚʽʜʭʠʣʝʥʥʷ ʩʪʘʥʦʚʣʷʪʴ ʥʝ ʙʽʣʴʰʝ 10 %. 
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ʘ ʙ 

ʈʠʩ. 3.21 ï ʇʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʫ ʽ ʝʢʩʧʝʨʠʤʝʥʪʫ:  

ʘ) ï ʯʘʩʪʦʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷ 5 ɻʮ; ʙ) ï ʯʘʩʪʦʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷ 12,5 ɻʮ  

 

ʂʨʽʤ ʪʦʛʦ, ʦʪʨʠʤʘʥʦ ʛʨʘʬʽʢʠ ʟʘʣʝʞʥʦʩʪʽ ʪʝʤʧʝʨʘʪʫʨʠ (ʤʘʢʩʠʤʘʣʴʥʝ 

ʩʧʦʩʪʝʨʝʞʫʚʘʥʝ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʦʮʝʩʫ, 

ʱʦ ʚʩʪʘʥʦʚʠʚʩʷ, ʚʽʜ ʘʤʧʣʽʪʫʜʠ ʜʝʬʦʨʤʘʮʽʡ ʽ ʯʘʩʪʦʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʣʷ 

ʨʝʟʫʣʴʪʘʪʽʚ ʯʠʩʝʣʴʥʦʛʦ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʴ (ʨʠʩ. 3.22).  

 

  

ʘ ʙ 

ʈʠʩ. 3.22 ï ʇʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʫ ʽ ʯʠʩʝʣʴʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ 
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3.5 ɺʠʩʥʦʚʢʠ ʧʦ ʨʦʟʜʽʣʫ 

ʈʦʟʜʽʣ ʧʨʠʩʚʷʯʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʜʦʩʣʽʜʞʝʥʥʷʤ ʚôʷʟʢʦʧʨʫʞʥʠʭ ʪʘ 

ʜʠʩʠʧʘʪʠʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʫʤʦʢʦʨʜʽʚ ʪʘ ʦʙʨʦʙʮʽ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ. 

ʇʨʝʜʩʪʘʚʣʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʦʧʠʩ ʧʨʦʚʝʜʝʥʦʛʦ ʢʦʤʧʣʝʢʩʫ 

ʥʘʪʫʨʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʟ ʮʠʢʣʽʯʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ 

ʢʦʤʧʦʟʠʪʫ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʛʫʤʦʚʦʾ ʤʘʪʨʠʮʽ ʧʦʩʠʣʝʥʦʾ ʦʜʥʦʩʧʨʷʤʦʚʘʥʠʤ 

ʪʝʢʩʪʠʣʴʥʠʤ ʢʦʨʜʥʠʤ ʘʨʤʫʚʘʥʥʷʤ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʫ ʚʠʛʣʷʜʽ ʧʝʪʝʣʴ 

ʛʽʩʪʝʨʝʟʠʩʫ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ʜʣʷ ʟʥʘʯʝʥʴ ʘʤʧʣʽʪʫʜ ʜʝʬʦʨʤʘʮʽʡ 2, 4, 6% ʫ ʜʽʘʧʘʟʦʥʽ 

ʯʘʩʪʦʪ 5-12.5 ɻʮ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʢʦʥʘʥʦʾ ʩʝʨʽʾ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ: 

ï ʟʘ ʮʠʢʣʽʯʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ, ʷʢʠʡ ʜʦʩʣʽʜʞʫʻʪʴʩʷ, 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʫʪʪʻʚʘ ʘʤʧʣʽʪʫʜʥʘ ʟʘʣʝʞʥʽʩʪʴ ʤʦʜʫʣʷ ʚʪʨʘʪ ʪʘ ʯʘʩʫ ʨʝʣʘʢʩʘʮʽʾ, 

ʟʦʢʨʝʤʘ ʤʦʜʫʣʴ ʚʪʨʘʪ ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ 60 %, ʘ ʯʘʩ ʨʝʣʘʢʩʘʮʽʾ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ 25 % 

ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʘʤʧʣʽʪʫʜʠ ʜʝʬʦʨʤʘʮʽʾ ʟ 2% ʜʦ 6%; 

ï ʚʠʟʥʘʯʝʥʦ ʰʚʠʜʢʽʩʪʴ ʪʘ ʨʽʚʝʥʴ ʪʝʤʧʝʨʘʪʫʨʠ ʩʪʘʙʽʣʽʟʘʮʽʾ ʩʘʤʦʥʘʛʨʽʚʫ 

ʟʨʘʟʢʽʚ ʜʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʯʘʩʪʦʪʠ ʪʘ ʘʤʧʣʽʪʫʜʠ ʮʠʢʣʽʯʥʦʛʦ 

ʜʝʬʦʨʤʫʚʘʥʥʷ. ʊʘʢ ʜʣʷ ʥʘʚʘʥʪʘʞʝʥʥʷ 2% ʟ ʯʘʩʪʦʪʦʶ 5 ɻʮ ï ʯʘʩ ʥʘʛʨʽʚʫ ʟʨʘʟʢʽʚ ʜʦ 

ʨʽʚʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʩʪʘʙʽʣʽʟʘʮʽʾ ʩʢʣʘʚ 200 ʩ. ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ  ʥʘ ʨʽʚʥʽ 38 
ʦ
ʉ, ʜʣʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ 4% ʟ ʯʘʩʪʦʪʦʶ 10 ɻʮ ʥʘʛʨʽʚ ʪʨʠʚʘʚ ʜʦ 150 ʩ., ʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʚʩʪʘʥʦʚʠʣʘʩʴ ʥʘ ʨʽʚʥʽ 130 
ʦ
ʉ.  

 ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʚʠʟʥʘʯʝʥʽ ʚôʷʟʢʦʧʨʫʞʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ. 

ʆʙʨʦʙʢʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʣʽʥʽʡʥʠʤʠ ʤʦʜʝʣʷʤʠ ʚôʷʟʢʦʧʨʫʞʥʦʩʪʽ 

ʧʦʢʘʟʘʣʘ ʥʘʷʚʥʽ ʣʦʢʘʣʴʥʽ ʤʽʥʽʤʫʤʠ ʚ ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯʽ ʥʝʣʽʥʽʡʥʦʾ ʨʝʛʨʝʩʽʾ ʪʘ 

ʦʯʝʚʠʜʥʫ ʘʤʧʣʽʪʫʜʥʫ ʟʘʣʝʞʥʽʩʪʴ, ʪʘʢʠʤ ʯʠʥʦʤ ʚʠʷʚʠʣʦʩʴ, ʱʦ ʚʠʟʥʘʯʝʥʽ 

ʢʦʝʬʽʮʽʻʥʪʠ ʧʦʪʨʝʙʫʶʪʴ ʫʪʦʯʥʝʥʥʷ ʚ ʤʝʞʘʭ ʦʜʥʽʻʾ ʘʤʧʣʽʪʫʜʠ.  

ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʥʘ ʧʦʧʝʨʝʜʥʴʦʤʫ ʝʪʘʧʽ ʨʦʟʨʘʭʫʥʢʽʚ ʅɼʉ ʢʦʥʩʪʨʫʢʮʽʾ 

ʚʠʟʥʘʯʘʣʠʩʴ ʭʘʨʘʢʪʝʨʥʽ ʮʠʢʣʠ ʜʝʬʦʨʤʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ, ʾʭ ʘʤʧʣʽʪʫʜʥʽ ʟʥʘʯʝʥʥʷ. 

ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʜʦʟʚʦʣʠʣʠ ʧʨʦʚʝʩʪʠ ʪʝʩʪʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʝʪʦʜʦʣʦʛʽʾ ʥʘ 

ʟʨʘʟʢʘʭ, ʘ ʪʘʢʦʞ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʤʘʪʝʨʽʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʦʙʨʦʙʢʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʟʜʽʡʩʥʶʚʘʣʘʩʴ ʪʘʢʦʞ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʨʘʭʫʥʢʦʚʦ-

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧʽʜʭʦʜʫ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʽʪʝʨʘʪʠʚʥʝ ʚʠʢʦʥʘʥʥʷ ʚʩʽʭ 
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ʝʪʘʧʽʚ ʦʧʠʩʘʥʦʾ ʚʠʱʝ ʤʝʪʦʜʦʣʦʛʽʾ ʜʣʷ ʟʨʘʟʢʽʚ. ʇʽʜʭʽʜ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʚôʷʟʢʦʧʨʫʞʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʫʤʦʢʦʨʜʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʙʘʟʫʚʘʚʩʷ ʥʘ ʤʽʥʽʤʽʟʘʮʽʾ 

ʧʦʭʠʙʢʠ ʦʙʯʠʩʣʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʩʘʤʦʥʘʛʨʽʚʫ ʟʨʘʟʢʽʚ ʟʘ ʾʭʥʴʦʛʦ ʮʠʢʣʽʯʥʦʛʦ 

ʜʝʬʦʨʤʫʚʘʥʥʷ ʤʝʪʦʜʦʤ ʩʪʦʭʘʩʪʠʯʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʦʛʦ ʧʽʜʭʦʜʫ 

ʜʦʟʚʦʣʠʣʦ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʚôʷʟʢʦʧʨʫʞʥʦʩʪʽ ʟ ʧʦʭʠʙʢʦʶ ʧʦ ʚʠʟʥʘʯʝʥʥʶ 

ʪʝʤʧʝʨʘʪʫʨʠ ʩʘʤʦʥʘʛʨʽʚʫ ʚ ʤʝʞʘʭ 2 %, ʘ ʧʦʨʽʚʥʷʥʥʷ ʚʠʟʥʘʯʝʥʠʭ ʧʣʦʱ ʧʝʪʝʣʴ 

ʛʽʩʪʝʨʝʟʠʩʫ ʧʦʢʘʟʘʣʦ ʾʭʥʶ ʟʘʜʦʚʽʣʴʥʫ ʟʙʽʞʥʽʩʪʴ ʚ ʤʝʞʘʭ 10 % (ʜʣʷ ʘʤʧʣʽʪʫʜ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʦ 4 % ʪʘ ʯʘʩʪʦʪ ʜʦ 10 ɻʮ), ʪʘ ʪʦʯʥʽʩʪʴ ʜʦ 35% ʜʣʷ ʙʽʣʴʰʦʾ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʇʦʢʘʟʘʥʘ ʚʽʟʫʘʣʽʟʘʮʽʷ ʟʙʽʞʥʦʩʪʽ ʦʧʪʠʤʽʟʘʮʽʡʥʦʾ 

ʧʨʦʮʝʜʫʨʠ ʪʘ ʧʦʭʠʙʢʠ ʟʘ ʪʝʤʧʝʨʘʪʫʨʥʠʤ ʢʨʠʪʝʨʽʻʤ. 

 

  



88 

ʈʆɿɼɯʃ 4. ʇʈʆɻʅʆɿʋɺɸʅʅʗ ʉɸʄʆʅɸɻʈɯɺʋ ɽʃɽʄɽʅʊɯɺ 

ʇʅɽɺʄɸʊʀʏʅʀʍ ʐʀʅ 

 

4.1 ɼʦʩʣʽʜʞʝʥʥʷ ʅɼʉ ʧʥʝʚʤʘʪʠʯʥʦʾ ʰʠʥʠ 

ʅʘ ʚʩʽʭ ʝʪʘʧʘʭ ʤʦʜʝʣʶʚʘʥʥʷ ʚʨʘʭʦʚʫʚʘʣʠʩʴ ʦʩʥʦʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ 

ʢʦʥʩʪʨʫʢʮʽʾ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʾʭ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʪʦʱʦ. ɿʦʢʨʝʤʘ 

ʚʨʘʭʦʚʫʚʘʣʦʩʴ, ʱʦ ʢʦʥʩʪʨʫʢʮʽʷ ʧʥʝʚʤʘʪʠʯʥʦʾ ʰʠʥʠ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʨʽʟʥʠʭ ʟʘ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʽ ʬʫʥʢʮʽʦʥʘʣʴʥʦʤʫ ʧʨʠʟʥʘʯʝʥʥʶ ʰʘʨʽʚ (ʨʠʩ. 4.1). 

 

 

ʈʠʩʫʥʦʢ 4.1 - ʉʪʨʫʢʪʫʨʥʘ ʢʘʨʪʘ ʧʥʝʚʤʘʪʠʯʥʦʾ ʰʠʥʠ 

ʇʦʢʘʟʥʠʢʠ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ [2] ʦʢʨʝʤʠʭ ʰʠʥʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʧʦʤʽʪʥʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ (ʜʠʚ. ʪʘʙʣ. 4.1) ʽ ʪʦʤʫ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʚʩʽ 

ʚʦʥʠ ʷʚʥʠʤ ʯʠʥʦʤ ʚʨʘʭʦʚʫʚʘʣʠʩʴ ʚ ʉɽ ʤʦʜʝʣʷʭ ʚʩʽʭ ʨʽʚʥʽʚ ʨʦʟʛʣʷʜʫ. 

ʊʘʙʣʠʮʷ 4.1 ï ʄʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʛʫʤʦʚʠʭ ʰʘʨʽʚ ʰʠʥʠ 

  
ɽ, [ʄʇʘ] ɡ ɟ, [ʢʛ/̍] 

ʇʨʦʪʝʢʪʦʨ 3.00 0.49 1200 

ɹʦʢʦʚʠʥʘ 3.74 0.49 1200 

ɹʦʨʪʦʚʘ ʩʪʨʽʯʢʘ 7.00 0.49 1200 

ʅʘʧʦʚʥʶʚʘʯ 16.00 0.49 1200 
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ɺ ʭʦʜʽ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʥʘʷʚʥʽʩʪʴ ʚʝʣʠʢʠʭ ʧʨʦʛʠʥʽʚ ʪʘ 

ʧʦʤʽʨʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ( ╔ 20%). ʊʦʤʫ ʷʚʥʦ ʧʨʦʩʣʽʜʞʫʻʪʴʩʷ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʨʘʭʫʚʘʥʥʷ 

ʛʝʦʤʝʪʨʠʯʥʦʾ ʥʝʣʽʥʽʡʥʦʩʪʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʜʘʥʦʛʦ ʦʙôʻʢʪʫ. ʂʨʽʤ ʪʦʛʦ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʛʽʧʝʨʧʨʫʞʥʘ ʧʦʚʝʜʽʥʢʘ ʛʫʤʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɼʣʷ ʚʨʘʭʫʚʘʥʥʷ ʮʽʻʾ 

ʬʽʟʠʯʥʦʾ ʥʝʣʽʥʽʡʥʦʩʪʽ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ ʤʦʜʝʣʴ ʅʝʦ-ɻʫʢʘ, ʷʢʘ 

ʜʦʩʠʪʴ ʪʦʯʥʦ ʘʧʨʦʢʩʠʤʫʻ ʧʦʚʝʜʽʥʢʫ ʛʫʤʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘ ʚʝʣʠʢʠʭ ʧʨʦʛʠʥʽʚ, ʘʣʝ 

ʧʦʤʽʨʥʠʭ ʜʝʬʦʨʤʘʮʽʡ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʛʫʤʦʚʠʤ ʰʘʨʘʤ (ʧʨʦʪʝʢʪʦʨ, ʙʦʢʦʚʠʥʘ, ʙʦʨʪʦʚʘ ʩʪʨʽʯʢʘ, 

ʥʘʧʦʚʥʶʚʘʯ) ʚʣʘʩʪʠʚʦʩʪʽ ʟʘʜʘʚʘʣʠʩʴ ʚʽʜʧʦʚʽʜʥʦ ʤʦʜʝʣʽ ʅʝʦ-ɻʫʢʘ (2.20). 

ʇʝʨʝʨʘʭʫʥʦʢ ʪʝʭʥʽʯʥʠʭ ʢʦʥʩʪʘʥʪ ʚ ʢʦʥʩʪʘʥʪʠ ʤʦʜʝʣʽ ʅʝʦ-ɻʫʢʘ (ɖ, Ὠ) 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ: 

 

–  ȟὨ . (4.1) 

 

ɿʥʘʯʥʫ ʦʩʦʙʣʠʚʽʩʪʴ ʜʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘʢʦʞ ʩʪʘʥʦʚʠʪʴ ʥʘʷʚʥʽʩʪʴ  

ʢʦʤʧʦʟʠʪʥʠʭ ʛʫʤʦʚʦ-ʢʦʨʜʠʭ ʰʘʨʽʚ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʛʫʤʦʚʫ ʤʘʪʨʠʮʶ ʟ 

ʪʝʢʩʪʠʣʴʥʠʤ (ʢʘʨʢʘʩ) ʪʘ ʤʝʪʘʣʝʚʠʤ (ʙʨʝʢʝʨ)  ʢʦʨʜʦʤ. ɾʦʨʩʪʢʽʩʪʴ ʢʦʨʜʫ ʙʨʝʢʝʨʘ 

1333 ʅ/ʥʠʪʢʫ, ʟ ʯʘʩʪʦʪʦʶ ʫʢʣʘʜʘʥʥʷ ʚʦʣʦʢʦʥ 600 ʥʠʪʦʢ/ʤ. ʋ ʚʠʧʘʜʢʫ ʪʝʢʩʪʠʣʴʥʦʾ 

ʥʠʪʢʠ ʞʦʨʩʪʢʽʩʪʴ ʩʢʣʘʜʘʻ 294 ʅ/ʥʠʪʢʫ ʟ ʯʘʩʪʦʪʦʶ ʫʢʣʘʜʘʥʥʷ 1130 ʥʠʪʦʢ/ʤ. 

ɼʽʘʤʝʪʨ ʚʦʣʦʢʦʥ ʫ ʰʘʨʘʭ ʢʘʨʢʘʩʫ ʽ ʙʨʝʢʝʨʫ 0,63 ʤʤ ʽ 0,64 ʤʤ ʚʽʜʧʦʚʽʜʥʦ. ʋ 

ʪʘʙʣʠʮʽ 4.2 ʥʘʚʝʜʝʥʽ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʢʣʘʜʦʚʠʭ ʢʦʤʧʦʟʠʪʥʠʭ ʰʘʨʽʚ [2]. 

 

ʊʘʙʣʠʮʷ 4.2 ï ɺʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʢʦʨʜʥʠʭ ʰʘʨʽʚ (ʪʝʭʥʽʯʥʽ ʢʦʥʩʪʘʥʪʠ) 

 ʂʦʨʜ ɻʫʤʦʚʘ ʤʘʪʨʠʮʷ 

 ɽ, [ʄʇʘ] ɡ ɽ, [ʄʇʘ] ɡ 

ʂʘʨʢʘʩ 77120 0,3 
6 0,49 

ɹʨʝʢʝʨ 74730 0,3 

 



90 

ʊʘʢʠʤ ʯʠʥʦʤ, ʰʘʨʠ ʢʘʨʢʘʩʫ ʽ ʙʨʝʢʝʨʫ ï ʟʘʚʜʷʢʠ ʢʦʨʜʫ ʤʘʶʪʴ ʜʦʩʪʘʪʥʴʦ 

ʚʝʣʠʢʫ ʞʦʨʩʪʢʽʩʪʴ. ɼʣʷ ʾʭ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʩʪʘʪʥʴʦ ʚʠʢʦʨʠʩʪʘʪʠ ʟʘʢʦʥ ɻʫʢʘ, ʘʣʝ ʟ 

ʷʩʢʨʘʚʦ ʚʠʨʘʞʝʥʠʤʠ ʪʨʴʦʤʘ ʦʩʥʦʚʥʠʤʠ ʥʘʧʨʷʤʢʘʤʠ ʚʣʘʩʪʠʚʦʩʪʝʡ. ɺʽʜʧʦʚʽʜʥʦ, 

ʤʦʜʝʣʴ ʤʘʪʝʨʽʘʣʫ, ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʾʭ ʤʦʜʝʣʶʚʘʥʥʷ ï ʦʨʪʦʪʨʦʧʥʘ. ɺ ʜʘʥʦʤʫ 

ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʫʩʝʨʝʜʥʝʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʽʘʣʫ. ʄʝʭʘʥʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʮʠʭ ʰʘʨʽʚ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 4.3. ɺʠʢʦʨʠʩʪʘʥʽ ʜʘʥʽ ʥʘʚʝʜʝʥʽ ʚ [105]. 

ɺʘʞʣʠʚʦʶ ʯʘʩʪʠʥʦʶ ʤʦʜʝʣʶʚʘʥʥʷ ʜʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ  ʻ ʧʨʦʙʣʝʤʘ 

ʫʨʘʭʫʚʘʥʥʷ ʢʨʠʚʦʣʽʥʽʡʥʦʾ ʦʨʪʦʪʨʦʧʽʽ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚ ʛʫʤʦʚʦ-ʢʦʨʜʥʠʭ 

ʰʘʨʘʭ[106] . ɼʽʡʩʥʦ, ʦʨʽʻʥʪʘʮʽʷ ʚʦʣʦʢʦʥ ʢʦʨʜʘ ʢʦʤʧʦʟʠʪʥʠʭ ʰʘʨʽʚ ʚ ʦʜʥʦʤʫ 

ʥʘʧʨʷʤʢʫ ʧʦʚʪʦʨʶʻ ʧʦʧʝʨʝʯʥʠʡ ʧʝʨʝʨʽʟ ʰʠʥʠ, ʘ ʚ ʽʥʰʦʤʫ ʩʧʽʚʧʘʜʘʻ ʟ ʦʢʨʫʞʥʠʤ 

ʥʘʧʨʷʤʦʤ ʢʦʣʝʩʘ ʘʙʦ ʧʽʜ ʢʫʪʦʤ ʜʦ ʥʴʦʛʦ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʙʫʣʦ 

ʚʚʝʜʝʥʦ ʣʦʢʘʣʴʥʽ ʬʽʥʽʪʥʦ-ʪʦʨʦʾʜʘʣʴʥʽ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ, ʚ ʷʢʠʭ ʥʘʧʨʷʤʢʠ ʦʩʝʡ 

ʧʦʚʪʦʨʶʶʪʴ ʛʝʦʤʝʪʨʽʶ ʚʽʜʧʦʚʽʜʥʠʭ ʰʘʨʽʚ (ʨʠʩ.4.2). 

 

ʊʘʙʣʠʮʷ 4.3 ï ɺʣʘʩʪʠʚʦʩʪʽ ʛʫʤʦʢʦʨʜʥʠʭ ʰʘʨʽʚ ʰʠʥʠ 

 
Ὁ, 

ʄʇʘ 

Ὁ, 

ʄʇʘ 

Ὁ, 

ʄʇʘ 
’  ’  ’  

Ὃ , 

ʄʇʘ 

Ὃ , 

ʄʇʘ 

Ὃ , 

ʄʇʘ 

ʂʘʨʢʘʩ 11.8 11.8 4380 0.44 0.0012 0.0012 9.9 9.9 3.3 

ɹʨʝʢʝʨ 11.4 5430 439.7 0.008 0.17 0.086 921.7 9.57 9.57 

 

ʇʦʙʫʜʦʚʘ ʰʘʨʽʚ ʢʘʨʢʘʩʘ ʽ ʙʨʝʢʝʨʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʣʷʭʦʤ ʧʨʦʪʷʛʫʚʘʥʥʷ ʟ 

ʦʙʝʨʪʘʥʥʷʤ ʚʽʜʧʦʚʽʜʥʠʭ ʯʘʩʪʠʥ ʧʨʦʬʽʣʶ ʰʠʥʠ. ʇʨʠ ʮʴʦʤʫ ʝʣʝʤʝʥʪʠ ʧʨʦʬʽʣʷ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʘʨʢʘʩʫ ʨʦʟʙʠʚʘʶʪʴʩʷ ʥʘ ʢʽʣʴʢʘ ʧʦʚʝʨʭʦʥʴ, ʪʘʢʠʤ ʯʠʥʦʤ, ʘʙʠ  

ʢʦʥʪʫʨ ʢʦʞʥʦʾ ʟ ʥʠʭ ʷʚʣʷʚ ʩʦʙʦʶ ʜʫʛʫ ʢʦʣʘ, ʨʘʜʽʫʩ ʷʢʦʾ ʽ ʙʫʜʝ ʧʘʨʘʤʝʪʨʦʤ ʜʘʥʦʾ 

ʣʦʢʘʣʴʥʦʾ ʩʠʩʪʝʤʠ.  

ʅʘ ʨʠʩ 4.2 ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʦʣʦʞʝʥʥʷ ʣʦʢʘʣʴʥʠʭ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ ʽ ʨʦʟʙʠʪʪʷ 

ʥʘ ʧʦʚʝʨʭʥʽ, ʚ ʤʝʞʘʭ ʷʢʠʭ ʜʽʻ ʢʦʞʥʘ ʟ ʥʠʭ. 
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ʈʠʩʫʥʦʢ 4.2 - ʈʦʟʪʘʰʫʚʘʥʥʷ ʣʦʢʘʣʴʥʠʭ ʬʽʥʽʪʥʦ-ʪʦʨʦʾʜʘʣʴʥʠʭ ʩʠʩʪʝʤ 

ʢʦʦʨʜʠʥʘʪ 

 

ʇʨʠ ʧʦʙʫʜʦʚʽ ʦʙ'ʻʤʥʦʾ ʉɽ ʤʦʜʝʣʽ [107] ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʦʩʴʤʠʚʫʟʣʦʚʠʡ 

ʪʚʝʨʜʦʪʽʣʴʥʠʡ ʩʢʽʥʯʝʥʠʡ ʝʣʝʤʝʥʪ ʽʟ ʪʨʴʦʤʘ ʩʪʫʧʝʥʷʤʠ ʩʚʦʙʦʜʠ ʚ ʚʫʟʣʽ. 

ʆʙ'ʻʤʥʘ ʉɽ ʤʦʜʝʣʴ ʙʫʜʫʻʪʴʩʷ ʰʣʷʭʦʤ ʝʢʩʪʨʫʜʫʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ.  

 

  

ʘ ʙ 

ʈʠʩʫʥʦʢ 4.3 ï ʉɽ-ʤʦʜʝʣʶʚʘʥʥʷ ʧʥʝʚʤʘʪʠʯʥʦʾ ʰʠʥʠ: 

ʧʦʚʥʘ ʉɽ ʤʦʜʝʣʴ ʰʠʥʠ (ʘ), ʩʝʛʤʝʥʪ ʉɽ ʤʦʜʝʣʽ (ʙ) 

  

ɺ ʷʢʦʩʪʽ ʢʽʥʝʤʘʪʠʯʥʠʭ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʚʠʩʪʫʧʘʻ ʦʙʤʝʞʝʥʥʷ ʧʝʨʝʤʽʱʝʥʴ ʧʦ 

ʚʩʽʭ ʥʘʧʨʷʤʘʭ ʯʘʩʪʠʥʠ ʟʦʚʥʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʙʦʨʪʦʚʦʾ ʩʪʨʽʯʢʠ, ʱʦ ʽʤʽʪʫʻ ʚʟʘʻʤʦʜʽʶ 

ʟ ʜʠʩʢʦʤ. ɼʝʬʦʨʤʫʚʘʥʥʷ ʰʠʥʠ ʘʥʘʣʽʟʫʚʘʣʦʩʴ ʚ ʨʘʤʢʘʭ ʾʾ ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʽʟ 

ʜʦʨʦʞʥʽʤ ʧʦʢʨʠʪʪʷʤ [108]. ɼʦ ʩʠʣʦʚʠʭ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʚʽʜʥʦʩʠʪʴʩʷ ʪʠʩʢ 

ʨʦʟʤʽʨʦʤ 0.2 ʄʇʘ, ʧʨʠʢʣʘʜʝʥʠʡ ʜʦ ʚʥʫʪʨʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʢʘʨʢʘʩʘ ʪʘ 
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ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʽʤʽʪʫʻ ʚʽʜʧʦʚʽʜʥʫ ʯʘʩʪʠʥʫ ʚʘʛʠ ʘʚʪʦʤʦʙʽʣʷ Ὂ, ʧʨʠʢʣʘʜʘʻʪʴʩʷ ʜʦ 

ʜʦʨʦʞʥʴʦʛʦ ʧʦʢʨʠʪʪʷ. ɺʨʘʭʦʚʫʶʪʴʩʷ ʥʘʷʚʥʽʩʪʴ ʧʣʦʱʠʥʠ ʩʠʤʝʪʨʽʾ. 

ʈʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʛʣʷʜʫ ʥʘ ʮʴʦʤʫ ʝʪʘʧʽ ʻ ʟʘʛʘʣʴʥʘ ʢʘʨʪʠʥʘ ʜʝʬʦʨʤʫʚʘʥʥʷ 

ʰʠʥʠ ʚ ʢʦʥʪʘʢʪʽ ʟ ʜʦʨʦʛʦʶ (ʨʠʩ. 4.4).  

 

 

ʈʠʩʫʥʦʢ 4.4 ï ɼʝʬʦʨʤʦʚʘʥʘ ʬʦʨʤʘ ʧʦʚʥʦʾ ʤʦʜʝʣʽ 

 

ɸʥʘʣʽʟ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʧʦʭʠʙʢʠ ʰʣʷʭʦʤ ʦʙʨʘʥʥʷ ʉɽ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʩʪʫʧʝʥʷ 

ʘʧʨʦʢʩʠʤʘʮʽʾ ʘʙʦ ʟ ʙʽʣʴʰʦʶ ʛʫʩʪʠʥʠ ʩʽʪʢʠ ʥʝ ʧʨʠʟʚʦʜʠʚ ʜʦ ʙʘʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʯʝʨʝʟ ʚʠʥʠʢʥʝʥʥʷ ʧʨʦʙʣʝʤ ʟʽ ʟʙʽʞʥʽʩʪʶ ʤʝʪʦʜʫ ʅʴʶʪʦʥʘ-ʈʘʬʩʦʥʘ. ɸ ʦʮʽʥʢʘ 

ʧʦʭʠʙʦʢ ʚ ʤʝʞʘʭ ʧʦʙʫʜʦʚʘʥʦʾ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʧʦʢʘʟʫʻ ʾʾ ʟʘʜʦʚʽʣʴʥʫ ʷʢʽʩʪʴ ʧʦ 

ʧʨʦʛʠʥʘʤ, ʘʣʝ ʥʝ ʤʦʞʝ ʙʫʪʠ ʧʨʠʡʥʷʪʘ ʧʦ ʚʠʟʥʘʯʝʥʥʶ ʧʘʨʘʤʝʪʨʽʚ ʅɼʉ [109]. ʆʪʞʝ 

ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʣʠʰʝ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʠʪʠ ʤʽʩʮʷ ʟ ʥʘʡʙʽʣʴʰʠʤ 

ʛʨʘʜʽʻʥʪʦʤ ʜʝʬʦʨʤʘʮʽʡ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʜʝʪʘʣʴʥʦʛʦ ʨʦʟʛʣʷʜʫ. 

ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʚ ʷʢʦʩʪʽ ʩʫʙʤʦʜʝʣʽ ʙʫʚ ʚʠʜʽʣʝʥʠʡ ʩʝʛʤʝʥʪ ʫ 45 ʛʨʘʜʫʩʽʚ ʟ 

ʧʦʚʥʦʾ ʤʦʜʝʣʽ ʰʠʥʠ, ʷʢʘ ʙʫʣʘ ʨʦʟʨʘʭʦʚʘʥʘ ʥʘ ʧʦʧʝʨʝʜʥʴʦʤʫ ʝʪʘʧʽ. ɼʣʷ ʮʽʻʾ ʤʦʜʝʣʽ 

ʩʪʚʦʨʝʥʘ ʥʦʚʘ ʟʥʘʯʥʦ ʧʦʜʨʽʙʥʝʥʘ ʩʽʪʢʘ (ʢʽʣʴʢʽʩʪʴ ʉɽ ʝʣʝʤʝʥʪʽʚ ʩʝʛʤʝʥʪʫ ʜʦʨʽʚʥʶʻ 

ʢʽʣʴʢʦʩʪʽ ʉɽ ʝʣʝʤʝʥʪʽʚ ʚʩʽʻʾ ʰʠʥʠ). 

ɺ ʷʢʦʩʪʽ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʩʫʙʤʦʜʝʣʽ ʚʠʢʦʨʠʩʪʘʥʽ ʪʽ ʞ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ, ʱʦ ʡ ʚ 

ʧʦʚʥʽʡ ʤʦʜʝʣʽ ʪʘ ʜʦʜʘʪʢʦʚʦ ʥʘ ʛʨʘʥʠʮʷʭ ʩʝʢʪʦʨʫ (ʨʠʩ.4.5) ʧʨʠʢʣʘʜʝʥʽ 
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ʧʝʨʝʤʽʱʝʥʥʷ, ʦʪʨʠʤʘʥʽ ʚ ʮʠʭ ʚʫʟʣʘʭ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʧʦʚʥʦʾ ʤʦʜʝʣʽ ʜʣʷ ʽʤʽʪʘʮʽʾ ʜʽʾ  

ʚʽʜʢʠʥʫʪʦʾ ʯʘʩʪʠʥʠ[110]. 

 

 

ʈʠʩʫʥʦʢ 4.5 ï ʉʭʝʤʘ ʩʫʙʤʦʜʝʣʶʚʘʥʥʷ 

(ʘ ï ʧʦʚʥʘ ʉɽ-ʤʦʜʝʣʴ ʰʠʥʠ ʟ ʜʦʨʦʛʦʶ, ʙ ï 45-ʛʨʘʜʫʩʥʠʡ ʩʝʛʤʝʥʪ, 

ʚ ï 15-ʛʨʘʜʫʩʥʠʡ ʩʝʛʤʝʥʪ (ʙʦʢʦʚʠʡ), ʛ ï 15-ʛʨʘʜʫʩʥʠʡ 

ʩʝʛʤʝʥʪ(ʮʝʥʪʨʘʣʴʥʠʡ), ʜ,ʝ,ʻ ï ʧʦʨʽʚʥʷʥʥʷ ʉɽ ʩʽʪʦʢ) 

 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʝʪʦʜʠʢʠ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʉɽ ʤʦʜʝʣʶʚʘʥʥʷ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʫ ʢʽʣʴʢʘ ʝʪʘʧʽʚ. ʅʘ ʢʦʞʥʦʤʫ ʝʪʘʧʽ ʧʝʚʥʘ ʯʘʩʪʠʥʘ ʰʠʥʠ ʨʦʟʛʣʷʜʘʻʪʴʩʷ 

ʫ ʙʽʣʴʰ ʜʦʢʣʘʜʥʦʤʫ ʤʘʩʰʪʘʙʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʽʜʭʽʜ ʩʫʙʤʦʜʝʣʶʚʘʥʥʷ. ʉʧʦʯʘʪʢʫ 

ʩʪʚʦʨʶʻʪʴʩʷ ʉɽ ʤʦʜʝʣʴ ʟ ʪʘʢʦʶ ʩʽʪʢʦʶ, ʷʢʘ ʮʽʣʢʦʤ ʜʦʩʪʘʪʥʷ ʜʣʷ ʘʜʝʢʚʘʪʥʦʛʦ 

ʦʧʠʩʫ ʦʩʥʦʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʩʠʣʦʚʦʾ ʜʽʾ ʽ ʚʠʜʽʣʝʥʥʷ ʟʦʥ ʚʝʣʠʢʠʭ ʜʝʬʦʨʤʘʮʽʡ, ʘʣʝ 

ʻ ʥʝʜʦʩʪʘʪʥʴʦ ʜʨʽʙʥʦʶ, ʱʦʙ ʦʪʨʠʤʘʪʠ ʜʦʩʪʦʚʽʨʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ 

ʅɼʉ. ʇʦʪʽʤ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ, ʷʢʘ ʦʙʣʘʩʪʴ ʤʦʜʝʣʽ ʚʠʤʘʛʘʻ ʫʪʦʯʥʝʥʦʛʦ ʘʥʘʣʽʟʫ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʽʜʤʦʜʝʣʽ. ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ, ʧʦʪʨʽʙʥʦ ʦʪʨʠʤʘʪʠ ʙʽʣʴʰʝ 
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ʧʦʜʨʦʙʠʮʴ ʚ ʟʦʥʽ ʚʠʩʦʢʠʭ ʜʝʬʦʨʤʘʮʽʡ (ʟʦʥʘ ʢʦʥʪʘʢʪʫ ʰʠʥʠ ʟ ʜʦʨʦʞʥʽʤ 

ʧʦʢʨʠʪʪʷʤ). 

ʅʘ ʪʨʝʪʴʦʤʫ ʝʪʘʧʽ ʩʫʙʤʦʜʝʣʶʚʘʥʥʷ ʟ 45-ʛʨʘʜʫʩʥʦʛʦ ʩʝʛʤʝʥʪʫ ʚʠʜʽʣʷʶʪʴʩʷ 

ʜʚʽ ʱʝ ʤʝʥʰʽ ï 15-ʛʨʘʜʫʩʥʽ ʩʝʛʤʝʥʪʠ ʟʘ ʘʥʘʣʦʛʽʯʥʦʶ ʧʨʦʮʝʜʫʨʦʶ. ɺʽʜʧʦʚʽʜʥʦ 

ʨʦʟʤʽʨʥʽʩʪʴ ʉɽ ʩʽʪʢʠ ʢʦʞʥʦʛʦ ʟ 15-ʛʨʘʜʫʩʥʠʭ ʩʝʛʤʝʥʪʽʚ ʜʦʨʽʚʥʶʻ ʨʦʟʤʽʨʥʦʩʪʽ 45-

 ʛʨʘʜʫʩʥʦʛʦ. ʂʦʥʢʨʝʪʠʟʘʮʽʷ ʧʨʦʚʝʜʝʥʥʷ ʜʨʫʛʦʛʦ ʝʪʘʧʫ ʩʫʙʤʦʜʝʣʶʚʘʥʥʷ ʥʘʚʝʜʝʥʘ 

ʥʘ ʨʠʩ.6,  ʜʝ ʪʘʢʦʞ ʧʨʦʽʣʶʩʪʨʦʚʘʥʽ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ, ʷʢʽ ʽʤʧʦʨʪʫʚʘʣʠʩʴ ʚ ʷʢʦʩʪʽ 

ʧʝʨʝʤʽʱʝʥʴ, ʦʪʨʠʤʘʥʠʭ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ 45 - ʛʨʘʜʦʩʥʦʛʦ ʩʝʛʤʝʥʪʫ, ʫ ʚʽʜʧʦʚʽʜʥʠʭ 

ʟʦʥʘʭ. 

4.2 ɸʥʘʣʽʟ ʅɼʉ ʰʠʥʠ 

4.2.1 ɺʠʟʥʘʯʝʥʥʷ ʜʝʬʦʨʤʘʮʽʡʥʠʭ ʮʠʢʣʽʚ 

ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʧʦ ʅɼʉ ʝʣʝʤʝʥʪʽʚ ʰʠʥʠ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ, ʱʦ 

ʥʘʡʙʽʣʴʰ ʥʘʚʘʥʪʘʞʝʥʠʤʠ ʻ ʢʘʨʢʘʩ ʪʘ ʙʨʝʢʝʨ, ʫ ʷʢʠʭ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʯʦʪʠʨʠ ʟʦʥʠ 

ʥʘʡʙʽʣʴʰʠʭ ʜʝʬʦʨʤʘʮʽʡ (3 ʫ ʰʘʨʽ ʢʘʨʢʘʩʫ ʪʘ 1 ʫ ʰʘʨʽ ʙʨʝʢʝʨʫ, ʜʠʚ ʨʠʩ.4.6). ʎʽ 

ʟʦʥʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʥʘʩʪʫʧʥʠʤ ʦʙʣʘʩʪʷʤ: ʧʣʝʯʦʚʽʡ (ʢʘʨʢʘʩ ʪʘ ʙʨʝʢʝʨ), ʙʦʨʪʦʚʽʡ 

(ʢʘʨʢʘʩ) ʪʘ ʤʽʩʮʶ ʟʜʚʦʻʥʥʷ ʢʘʨʢʘʩʫ. ɹʦʨʪʦʚʘ ʟʦʥʘ ʤʘʻ ʥʘʡʙʽʣʴʰʽ ʜʝʬʦʨʤʘʮʽʾ ʥʘ 

ʩʝʢʪʦʨʽ (0- 15). ɸ ʨʝʰʪʘ ʦʙʣʘʩʪʝʡ ʚʽʜʧʦʚʽʜʥʦ ʥʘ ʩʝʢʪʦʨʽ (30-45) .  

 

. 

ʈʠʩʫʥʦʢ 4.6 ï ɿʦʥʠ  ʥʘʡʙʽʣʴʰʠʭ ʜʝʬʦʨʤʘʮʽʡ ʢʘʨʢʘʩʫ: 1 ï ʧʽʜʙʨʝʢʝʨʥʘ,  

2 ï ʧʣʝʯʦʚʘ; 3 ï ʟʜʚʦʻʥʥʷ ʢʘʨʢʘʩʫ;4 ï ʙʦʨʪʦʚʘ ʟʦʥʘ. 
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ʇʨʦʮʝʜʫʨʘ ʧʦʙʫʜʦʚʠ ʮʠʢʣʽʚ ʧʝʨʝʜʙʘʯʘʣʘ ʘʧʨʦʢʩʠʤʘʮʽʶ ʜʝʬʦʨʤʘʮʽʡ ʧʦ 

ʟʥʘʯʝʥʥʷʭ, ʱʦ ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ ʥʘ 15 ï ʛʨʘʜʫʩʥʠʭ ʩʝʛʤʝʥʪʘʭ, ʘ ʪʘʢʦʞ, ʚ ʟʦʥʽ 

ʚʽʜʜʘʣʝʥʦʾ ʚʽʜ ʢʦʥʪʘʢʪʫ.  

ɺ ʢʦʤʧʦʟʠʪʥʠʭ ʰʘʨʘʭ 15-ʛʨʘʜʫʩʥʠʭ ʩʝʛʤʝʥʪʽʚ (ʮʝʥʪʨʘʣʴʥʦʛʦ ʽ ʙʦʢʦʚʦʛʦ) 

ʦʙʠʨʘʻʤʦ ʥʘʡʙʽʣʴʰ ʜʝʬʦʨʤʦʚʘʥʽ ʟʦʥʠ. ʆʪʨʠʤʫʻʤʦ ʟʥʘʯʝʥʥʷ ʜʝʬʦʨʤʘʮʽʡ  ʚ ʚʫʟʣʘʭ 

ʮʠʭ ʟʦʥ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚʟʜʦʚʞ ʣʽʥʽʡ, ʜʝ ʜʚʽ ʢʦʦʨʜʠʥʘʪʠ ʟʘʬʽʢʩʦʚʘʥʦ, ʘ 

ʟʤʽʥʶʻʪʴʩʷ ʣʠʰʝ ʦʢʨʫʞʥʘ ʢʦʦʨʜʠʥʘʪʘ. 

ʅʘ ʨʠʩ. 4.7, 4.8 ʚʽʜʦʙʨʘʞʝʥʽ ʮʠʢʣʠ ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʢʘʨʢʘʩʫ ʫ 

ʢʦʥʪʨʦʣʴʥʠʭ ʟʦʥʘʭ. ɸʥʘʣʽʟ ʮʠʭ ʛʨʘʬʽʢʽʚ ʧʦʢʘʟʫʻ, ʱʦ ʮʠʢʣʠ ʜʝʬʦʨʤʫʚʘʥʥʷ ʢʘʨʢʘʩʫ 

ʨʽʟʥʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʦʥʠ ʪʘ ʨʽʚʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ.  

ʊʘʢ, ʟʛʽʜʥʦ ʨʠʩ 4.7 (ʘ) ʪʘ 4.8 (ʘ) ʟʘ ʤʘʣʠʭ ʟʥʘʯʝʥʥʷʭ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʨʦʟʤʽʨʫ ʪʠʩʢʫ ʮʠʢʣ ʜʝʬʦʨʤʘʮʽʡ ʧʽʜʙʨʝʢʝʨʥʦʾ ʟʦʥʠ 

(ʟʦʥʘ 1) ʤʘʻ ʦʜʠʥ ʩʧʣʝʩʢ ʜʝʬʦʨʤʘʮʽʡ ʚ ʦʙʣʘʩʪʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʥʫʣʴʦʚʽʡ ʦʢʨʫʞʥʽʡ 

ʢʦʦʨʜʠʥʘʪʽ (ʟʦʥʘ ʢʦʥʪʘʢʪʫ) ʙʣʠʟʴʢʦ 3%. ʄʽʥʽʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʟʘʬʽʢʩʦʚʘʥʽ ʚ 

ʦʙʣʘʩʪʽ ʽʩʪʦʪʥʦ ʚʽʜʜʘʣʝʥʽ ʚʽʜ ʤʽʩʮʷ ʢʦʥʪʘʢʪʫ (ρψπ̏) ʽ ʜʦʨʽʚʥʶʶʪʴ ʙʣʠʟʴʢʦ 1 %. 

ɼʣʷ ʧʝʨʝʚʘʥʪʘʞʝʥʦʛʦ ʨʝʞʠʤʫ (4.7, ʚ ʪʘ 4.8, ʚ ) ʚ ʮʽʡ ʟʦʥʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʚʘ 

ʩʧʣʝʩʢʠ ʜʝʬʦʨʤʘʮʽʡ ʫ ʮʠʢʣʽ ʚ ʦʙʣʘʩʪʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʝʨʝʭʦʜʫ ʢʦʥʪʘʢʪʥʦʾ ʟʦʥʠ ʫ 

ʙʝʟʢʦʥʪʘʢʪʥʫ (ρψ̏ȟστς̏̐ ̨̏̏̋̑̔̇̎̊ ̨̋̏̑̅̉̎́̓), ʟʥʘʯʝʥʥʷ ʷʢʠʭ ʩʪʘʥʦʚʣʷʪʴ 4-5%. 

ʂʨʽʤ ʪʦʛʦ, ʽʩʪʦʪʥʝ ʟʤʝʥʰʝʥʥʷ ʨʽʚʥʷ ʜʝʬʦʨʤʘʮʽʡ ʜʦ 2% ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫ 

ʢʦʥʪʘʢʪʥʽʡ ʟʦʥʽ, ʪʘ ʤʽʥʽʤʘʣʴʥʽ ʫ ʨʦʟʤʽʨʽ 1% ʫ ʚʽʜʜʘʣʝʥʽ ʚʽʜ ʢʦʥʪʘʢʪʫ.  

ɿʦʥʘ 2 ï ʧʣʝʯʦʚʘ, ʪʘʢʦʞ ʤʘʻ ʟʘʣʝʞʥʽʩʪʴ ʭʘʨʘʢʪʝʨʫ ʮʠʢʣʫ ʚʽʜ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ: ʟʘ ʥʦʨʤʘʪʠʚʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʨʠʩ 4.7 ʘ, ʙ) ʚʽʥ ʤʘʻ ʜʚʘ ʩʧʣʝʩʢʠ 

ʘʤʧʣʽʪʫʜʠ ʜʝʬʦʨʤʘʮʽʡ, ʱʦ ʟʘʬʽʢʩʦʚʘʥʽ ʚʟʜʦʚʞ ʣʽʥʽʡ ʟ ʦʢʨʫʞʥʦʶ ʢʦʦʨʜʠʥʘʪʦʶ υσ̏ 

ʽ σπχ̏, ʫ ʨʦʟʤʽʨʽ 5-6%. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʚʘʛʠ ʘʚʪʦʤʦʙʽʣʷ (ʨʠʩ. 4.7 ʚ, ʛ) ʮʠʢʣ ʤʘʻ 

ʦʜʠʥ ʷʩʢʨʘʚʦ ʚʠʨʘʞʝʥʠʡ ʩʧʣʝʩʢ ʫ ʢʦʥʪʘʢʪʥʽʡ ʟʦʥʽ ʟ ʨʽʚʥʝʤ ʜʝʬʦʨʤʘʮʽʡ ʙʣʠʟʴʢʦ 

9% ʽ ʜʚʘ ʟ ʤʝʥʰʠʤʠ ʘʤʧʣʽʪʫʜʘʤʠ 5% ʪʘ 7% (ʦʙʣʘʩʪʴ υσ̏ ʽ σπχ̏), ʧʨʦʧʦʨʮʽʡʥʦ ʜʦ 

ʟʙʽʣʴʰʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʠʩʢʫ. ʄʽʥʽʤʘʣʴʥʽ ʞ ʟʥʘʯʝʥʥʷ  ʟʘ ʤʘʣʦʛʦ ʨʽʚʥʷ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘʷʚʥʽ ʫ ʢʦʥʪʘʢʪʥʽʡ ʟʦʥʽ ʫ ʨʦʟʤʽʨʽ 2-3%, ʧʨʠ 

ʧʝʨʝʚʘʥʪʘʞʝʥʥʽ ʫ ʚʽʜʜʘʣʝʥʥʽ ʚʽʜ ʢʦʥʪʘʢʪʫ ï 5-6%.  
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ɼʣʷ ʧʦʣʝʛʰʝʥʥʷ ʘʥʘʣʽʟʫ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʽ ʮʠʢʣʠ ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʫ 

ʧʦʣʷʨʥʠʭ ʢʦʦʨʜʠʥʘʪʘʭ ʨʠʩ.4.7 (ʙ, ʛ), ʨʠʩ.4.8 (ʙ, ʛ) (0Á ʚʽʜʧʦʚʽʜʘʻ ʦʙʣʘʩʪʽ ʢʦʥʪʘʢʪʫ 

ʰʠʥʠ ʟ ʜʦʨʦʞʥʽʤ ʧʦʢʨʠʪʪʷʤ). 

  

a ʙ 

 
 

ʚ ʛ 

ʈʠʩʫʥʦʢ 4.7 ï ʎʠʢʣ ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʢʘʨʢʘʩʫ ʜʣʷ ʚʝʣʠʯʠʥʠ  

ʪʠʩʢʫ 1.58ʄʇʘ ʪʘ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 1.2 ʪ. (ʘ,ʙ), 2.1 ʪ. (ʚ, ʛ); 

 ʘ, ʚï ʫ ʜʝʢʘʨʪʦʚʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ , 

 ʙ, ʛï ʫ ʧʦʣʷʨʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ  

 

ʊʨʝʪʷ ʪʘ ʯʝʪʚʝʨʪʘ ʟʦʥʘ ʥʝ ʤʘʶʪʴ ʷʚʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʭʘʨʘʢʪʝʨʫ ʮʠʢʣʽʚ ʚʽʜ ʨʽʚʥʷ 

ʚʘʛʠ ʘʚʪʦʤʦʙʽʣʷ. ʊʘʢ ʜʣʷ ʚʩʽʭ ʨʝʞʠʤʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ ʫ ʪʨʝʪʽʡ ʟʦʥʽ (ʟôʻʜʥʘʥʥʷ 

ʢʘʨʢʘʩʫ) ʮʠʢʣ ʤʘʻ ʦʜʠʥ ʩʧʣʝʩʢ ʜʝʬʦʨʤʘʮʽʡ ʚʽʜ 7% ʜʦ 9.5% (ʦʙʣʘʩʪʴ υσ̏ ʽ σπχ̏), 
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ʱʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʨʦʧʦʨʮʽʡʥʦ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʪʠʩʢʫ ʪʘ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. ʄʽʥʽʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʟʘʚʞʜʠ ʫ ʢʦʥʪʘʢʪʥʽʡ ʦʙʣʘʩʪʽ 

ʽ ʟʤʽʥʶʶʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 1.5% ʜʦ 5% ʧʨʦʧʦʨʮʽʡʥʦ ʜʦ ʨʽʚʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʏʝʪʚʝʨʪʘ ʢʦʥʪʨʦʣʴʥʘ ʟʦʥʘ (ʙʦʨʪʦʚʘ) ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʦʧʝʨʝʜʥʴʦʾ ʥʘʚʧʘʢʠ ʤʘʻ 

ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʫ ʢʦʥʪʘʢʪʥʽʡ ʦʙʣʘʩʪʽ, ʱʦ ʟʙʽʣʴʰʫʶʪʴʩʷ ʚʽʜ 4% ʜʦ 9% ʽʟ 

ʨʦʩʪʦʤ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʄʽʥʽʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʙʣʘʩʪʽ ʟ ʦʢʨʫʞʥʦʶ 

ʢʦʦʨʜʠʥʘʪʦʶ υσ̏ ʽ σπχ̏ ʪʘ ʜʦʨʽʚʥʶʶʪʴ ʙʣʠʟʴʢʦ 2%. 

  

ʘ ʙ 

  

ʚ ʛ 

ʈʠʩʫʥʦʢ 4.8 ï ʎʠʢʣ ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʢʘʨʢʘʩʫ ʜʣʷ ʚʝʣʠʯʠʥʠ  

ʪʠʩʢʫ 2.1ʄʇʘ ʪʘ  ʧʝʨʝʤʽʱʝʥʥʷ 1ʪ. (ʘ, ʙ), 2.5 ʪ. (ʚ, ʛ); 

 ʘ, ʚï ʫ ʜʝʢʘʨʪʦʚʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ , 

ʙ, ʛï ʫ ʧʦʣʷʨʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ 
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ʋʟʘʛʘʣʴʥʝʥʥʷ ʥʘʚʝʜʝʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʢʘʟʫʻ, ʱʦ ʥʘʡʙʽʣʴʰ ʥʘʚʘʥʪʘʞʝʥʦʶ 

ʦʙʣʘʩʪʶ ʻ ʧʣʝʯʦʚʘ ʟʦʥʘ, ʱʦ ʤʘʻ ʜʦʚʦʣʽ ʩʢʣʘʜʥʠʡ ʭʘʨʘʢʪʝʨ ʮʠʢʣʫ ʽ ʥʘʡʙʽʣʴʰʫ 

ʟʘʣʝʞʥʽʩʪʴ ʨʽʚʥʷ ʜʝʬʦʨʤʘʮʽʡ ʚʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

4.2.2 ɸʧʨʦʢʩʠʤʘʮʽʷ ʮʠʢʣʽʚ ʜʝʬʦʨʤʫʚʘʥʥʷ 

ʆʩʢʽʣʴʢʠ ʟʽ ʩʪʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʦʪʨʠʤʘʥʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʰʠʥʠ ʟʘ ʦʜʠʥ ʦʙʝʨʪ, 

ʱʦʙ ʧʝʨʝʡʪʠ ʜʦ ʮʠʢʣʽʯʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʧʨʦʧʦʥʫʻʪʴʩʷ ʨʦʟʢʣʘʩʪʠ ʮʠʢʣ 

ʜʝʬʦʨʤʘʮʽʾ ʚ ʨʷʜ ʌʫʨôʻ, ʱʦ ʟʘʙʝʟʧʝʯʠʪʴ ʧʝʨʽʦʜʠʯʥʽʩʪʴ ʜʝʬʦʨʤʫʚʘʥʥʷ. 

ɺʠʭʦʜʷʯʠ ʟ ʪʦʛʦ, ʱʦ ʮʠʢʣʠ ʜʝʬʦʨʤʫʚʘʥʥʷ ʙʫʜʫʚʘʣʠʩʴ ʟ ʜʠʩʢʨʝʪʥʠʭ ʟʥʘʯʝʥʴ 

ʜʝʬʦʨʤʘʮʽʡ ʧʦ ʦʢʨʫʞʥʽʡ ʢʦʦʨʜʠʥʘʪʽ, ʪʦ ʩʧʦʯʘʪʢʫ ʚʦʥʠ ʘʧʨʦʢʩʠʤʫʚʘʣʠʩʴ ʢʫʩʢʦʚʦ-

ʢʚʘʜʨʘʪʠʯʥʠʤʠ ʬʫʥʢʮʽʷʤʠ: 

 

Ὢ

ừ
Ử
Ừ

Ử
ứ
πȢσπχωφὼ πȢπσσφσὼ πȢρρωςς              π ὼ πȢτπςχχ

   πȢρωχτςὼ πȢρχωσφὼ πȢρππωρ      πȢτπςχχὼ πȢφπτρυ
πȢπσφρσὼ πȢπψπσχὼ πȢπςωρ     πȢφπτρυὼ ρȢρςχχυ
πȢππςτωὼ πȢππρρτὼ πȢπςωρ     ρȢρςχχυὼ ςȢςρυςσ
πȢππσφτὼ πȢπςςωρὼ πȢπωωχυ     ςȢςρυςσὼ σȢρτρυω

 (4.2) 

 

ʅʘ ʨʠʩ. 4.9 ʟʦʙʨʘʞʝʥʦ ʛʨʘʬʽʢ ʬʫʥʢʮʽʾ (4.2). 

 

ʈʠʩʫʥʦʢ 4.9 ï ɸʧʨʦʢʩʠʤʘʮʽʷ ʧʦʣʦʚʠʥʠ ʮʠʢʣʫ ʜʝʬʦʨʤʘʮʽʾ ʧʣʝʯʦʚʦʾ ʟʦʥʠ 

ʢʫʩʢʦʚʦ-ʢʚʘʜʨʘʪʠʯʥʠʤʠ ʬʫʥʢʮʽʷʤʠ. 
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ʉʧʨʦʙʘ ʘʧʨʦʢʩʠʤʫʚʘʪʠ ʮʠʢʣ ʨʦʟʢʣʘʜʘʥʥʷʤ ʚ ʨʷʜ ʌʫʨôʻ (ʨʠʩ. 4.10) ʧʦʢʘʟʘʣʘ, 

ʱʦ ʨʷʜ ʟʙʽʛʘʻʪʴʩʷ ʜʦʩʠʪʴ ʧʦʚʽʣʴʥʦ ʽ ʥʝʦʙʭʽʜʥʦ ʫʪʨʠʤʫʚʘʪʠ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʯʣʝʥʽʚ 

ʨʷʜʫ, ʱʦ ʫʩʢʣʘʜʥʠʪʴ ʧʨʦʛʨʘʤʥʫ ʨʝʘʣʽʟʘʮʽʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʦʛʦ ʨʷʜʫ ʫ ʷʢʦʩʪʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʪʦʯʥʽʩʪʴ ʩʧʽʚʧʘʜʽʥʥʷ ʚʠʛʣʷʜʫ ʬʫʥʢʮʽʾ ʥʝ ʻ ʧʝʨʚʠʥʥʦʶ, 

ʘʜʞʝ ʥʝʦʙʭʽʜʥʦ ʜʦʩʷʛʪʠ ʘʧʨʦʢʩʠʤʘʮʽʾ ʟʽ ʟʙʝʨʝʞʝʥʥʷʤ ʾʾ ʽʥʪʝʛʨʘʣʴʥʦʾ ʚʝʣʠʯʠʥʠ. 

 

 

ʈʠʩʫʥʦʢ 4.10 ï ɸʧʨʦʢʩʠʤʘʮʽʷ ʮʠʢʣʫ ʜʝʬʦʨʤʘʮʽʡ ʨʷʜʦʤ ʌʫʨôʻ 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʩʢʦʨʦʯʝʥʥʷ ʜʦʚʞʠʥʠ ʨʷʜʫ ʟʽ ʟʙʝʨʝʞʝʥʥʷʤ ʥʝʦʙʭʽʜʥʦʾ 

ʟʙʽʞʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʤʝʪʦʜ ʧʦʰʫʢʫ ʥʝʚôʷʟʢʠ ʤʽʞ ʘʧʨʦʢʩʠʤʘʮʽʻʶ 

ʮʠʢʣʫ ʪʘ ʨʷʜʦʤ ʌʫʨôʻ ʦʙʤʝʞʫʶʯʠʩʴ ʫʪʨʠʤʘʥʥʷʤ ʣʠʰʝ ʪʨʴʦʭ ʡʦʛʦ ʯʣʝʥʽʚ. 

ʈʦʟʢʣʘʜʘʥʥʷ ʚ ʨʷʜ ʌʫʨôʻ ʚʠʛʣʷʜʘʻ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ 

 

ώὼ ὥ ὥÃÏÓὼ ὥÃÏÓςὼ ὥÃÏÓσὼȢ (4.3) 
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ʅʝʚôʷʟʢʘ ʧʨʠ ʮʴʦʤʫ ʤʘʻ ʚʠʛʣʷʜ: 

‒ Ὢὼ ώὼ ὨὼȢ (4.4) 

ɸʧʨʦʢʩʠʤʘʮʽʷ ʮʠʢʣʫ ʧʨʠ ʮʴʦʤʫ ʧʦʚʪʦʨʶʻ ʚʠʜ ʨʷʜʫ ʌʫʨôʻ, ʘʣʝ ʟ ʽʥʰʠʤʠ 

ʢʦʝʬʽʮʽʻʥʪʘʤʠ. ɼʣʷ ʜʝʷʢʠʭ ʮʠʢʣʽʚ, ʚʠʙʠʨʘʣʠʩʴ ʯʘʩʪʦʪʥʽ ʩʢʣʘʜʦʚʽ, ʷʢʽ ʫ ʨʷʜʫ ʌʫʨôʻ 

ʜʘʚʘʣʠ ʙʽʣʴʰʠʡ ʚʢʣʘʜ, ʧʦʨʽʚʥʷʥʦ ʟ ʧʝʨʰʠʤʠ ʪʨʴʦʤʘ 

 

ᾀὼ Ὣ ὫÃÏÓὼ ὫÃÏÓςὼ ὫÃÏÓσὼȢ (4.5) 

 

ʂʦʝʬʽʮʽʻʥʪʠ ʦʪʨʠʤʫʚʘʥʦʛʦ ʮʠʢʣʫ ʜʝʬʦʨʤʘʮʽʡ ʧʨʠ ʮʴʦʤʫ ʟʥʘʭʦʜʷʪʴʩʷ, ʷʢ 

ʨʽʰʝʥʥʷ ʥʘʩʪʫʧʥʠʭ ʨʽʚʥʷʥʴ 

 

Ὣȡ 
Ὠ‒

Ὠὥ
πȠ 

Ὣȡ 
Ὠ‒

Ὠὥ
πȠ 

Ὣȡ 
Ὠ‒

Ὠὥ
πȠ 

Ὣȡ 
Ὠ‒

Ὠὥ
πȢ 

(4.6) 

 

ʅʠʞʯʝ ʧʨʠʚʝʜʝʥ ̔ ʪʘʙʣʠʮ ̔ 4.4, 4.5 ʢʦʝʬʽʮʽʻʥʪʽʚ ʘʧʨʦʢʩʠʤʘʮʽʾ ʽ ʯʘʩʪʦʪʥʽ 

ʩʢʣʘʜʦʚʽ, ʱʦ ʚʠʙʠʨʘʣʠʩʴ ʟʘʣʝʞʥʦ ʚʽʜ ʟʦʥʠ ʜʣʷ ʚʝʣʠʯʠʥ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʠʩʢʫ 

2.1 ʢʇʘ ʪʘ 158 ʢʇʘ ʚʽʜʧʦʚʽʜʥʦ. ʊʘʢʽ ʟʥʘʯʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʥʦʤʽʥʘʣʴʥʦʤʫ ʟʥʘʯʝʥʥʶ ʨʦʙʦʪʠ ʰʠʥʠ ʪʘ ʥʝʥʦʨʤʘʪʠʚʥʦʛʦ ʩʪʘʥʫ. 

ɿ ʪʘʙʣʠʮʽ 4.4 ʚʠʜʥʦ, ʱʦ ʜʣʷ ʥʦʤʽʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʠʩʢʫ 

ʮʠʢʣʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʭʘʨʘʢʪʝʨʫ ʜʝʬʦʨʤʫʚʘʥʥʷ ʙʦʨʪʦʚʦʾ ʟʦʥʠ ʪʘ ʟʦʥʠ ʟôʻʜʥʘʥʥʷ 

ʢʘʨʢʘʩʫ ʜʦʩʪʘʪʥʴʦ ʜʦʙʨʝ ʘʧʨʦʢʩʠʤʫʶʪʴʩʷ ʪʨʴʦʤʘ ʧʝʨʰʠʤʠ ʯʣʝʥʘʤʠ ʨʷʜʫ ʌʫʨôʻ. 

ʈʘʟʦʤ ʟ ʪʠʤ ʮʠʢʣ ʜʝʬʦʨʤʫʚʘʥʥʷ ʧʽʜʙʨʝʢʝʨʥʦʾ ʟʦʥʠ ʥʘ ʧʝʨʝʚʘʥʪʘʞʝʥʦʤʫ ʨʝʞʠʤʽ 

ʚʢʣʶʯʘʻ ʰʦʩʪʫ ʯʘʩʪʦʪʥʫ ʩʢʣʘʜʦʚʫ ʟʘʤʽʩʪʴ ʪʨʝʪʴʦʾ, ʘ ʧʣʝʯʦʚʦʾ ï ʟ ʯʝʪʚʝʨʪʦʾ ʧʦ 

ʰʦʩʪʫ.  
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ʊʘʙʣʠʮʷ 4.4 ï ʂʦʝʬʽʮʽʻʥʪʠ ʘʧʨʦʢʩʠʤʘʮʽʾ ʮʠʢʣʽʚ ʜʝʬʦʨʤʫʚʘʥʥʷ 210 ʢʇʘ. 

Ὂ, 

ʪ 
ɿʦʥʘ 1 

 Ὣ Ὣὼ Ὣςὼ Ὣσὼ Ὣτὼ Ὣυὼ Ὣφὼ 

1 0.160e-1 0.384e-2 0.688e-3 0 0 0 0.627e-3 

2.5 0.248e-1 0.958e-2 0.696e-3 -0.563e-3 0 0 0 

 ɿʦʥʘ 2 

 Ὣ Ὣὼ Ὣςὼ Ὣσὼ Ὣτὼ Ὣυὼ Ὣφὼ 

1 0.527e-1 -0.575e-2 -0.593e-2 -0.402e-2 0 0 0 

2.5 0.654e-1 0 0 0 0.360e-2 0.419e-2 0.406e-2 

 ɿʦʥʘ 3 

 Ὣ Ὣὼ Ὣςὼ Ὣσὼ Ὣτὼ Ὣυὼ Ὣφὼ 

1 0.799e-1 -0.563e-2 -0.664e-2 -0.498e-2 0 0 0 

2.5 0.848e-1 -0.847e-2 -0.131e-1 -0.100e-1 0 0 0 

 ɿʦʥʘ 4 

 Ὣ Ὣὼ Ὣςὼ Ὣσὼ Ὣτὼ Ὣυὼ Ὣφὼ 

1 0.319e-1 0.452e-2 0.440e-2 0.299e-2 0 0 0 

2.5 0.353e-1 0.156e-1 0.127e-1 0.864e-2 0 0 0 

 

ʈʠʩʫʥʦʢ 4.11 ʜʝʤʦʥʩʪʨʫʻ ʘʧʨʦʢʩʠʤʘʮʽʾ ʮʠʢʣʽʚ ʜʝʬʦʨʤʫʚʘʥʥʷ ʨʽʟʥʠʭ ʟʦʥ 

ʨʷʜʘʤʠ ʌʫʨôʻ, ʱʦ ʙʫʣʠ ʫʪʦʯʥʝʥʽ ʰʣʷʭʦʤ ʧʦʰʫʢʫ ʥʝʚôʷʟʢʠ, ʜʣʷ ʚʝʣʠʯʠʥʠ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʠʩʢʫ 210 ʢʇʘ ʪʘ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 1 ʪ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʥʦʨʤʘʪʠʚʥʦʤʫ ʨʝʞʠʤʫ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʧʦʭʠʙʢʘ ʘʧʨʦʢʩʠʤʘʮʽʾ ʨʷʜʦʤ 

ʌʫʨôʻ, ʱʦ ʦʮʽʥʶʻ ʽʥʪʝʛʨʘʣʴʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ, ʥʘ ʥʦʨʤʘʪʠʚʥʦʤʫ ʨʝʞʠʤʽ 

ʩʢʣʘʜʘʻ 0.003%, ʘ ʥʘ ʧʝʨʝʚʘʥʪʘʞʝʥʦʤʫ 0.007. ɿ ʫʪʦʯʥʝʥʥʷʤ ʤʝʪʦʜʦʤ ʧʦʰʫʢʫ 

ʥʝʚôʷʟʢʠ ʧʦʭʠʙʢʘ ʥʘ ʥʦʨʤʘʪʠʚʥʦʤʫ ʨʝʞʠʤʽ ʟʤʝʥʰʠʣʘʩʴ ʜʦ 0.2Ŀρπ, ʧʨʠ ʮʴʦʤʫ ʥʘ 

ʧʝʨʝʚʘʥʪʘʞʝʥʦʤʫ ʨʝʞʠʤʽ ʥʝʪʦʯʥʽʩʪʴ ʘʧʨʦʢʩʠʤʘʮʽʾ ʟʤʝʥʰʠʣʘʩʴ ʜʦ ʚʝʣʠʯʠʥʠ 

ʧʦʭʠʙʢʠ 0.4 ρπ. 
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ʘ ʙ 

  

ʚ ʛ 

ʈʠʩʫʥʦʢ 4.11 ï ɺʽʟʫʘʣʽʟʘʮʽʷ ʘʧʨʦʢʩʠʤʘʮʽʾ ʮʠʢʣʽʚ ʜʝʬʦʨʤʫʚʘʥʥʷ  

(ʪʠʩʢ ï 210 ʢʇʘ, ʚʘʛʘ ï 1ʪ.) ʜʣʷ ʟʦʥ 1-4 (ʘ-ʛ) 

 

ʅʘ ʨʠʩʫʥʢʫ 4.12 ʧʦʢʘʟʘʥʽ ʘʧʨʦʢʩʠʤʘʮʽʾ ʮʠʢʣʽʚ ʜʝʬʦʨʤʫʚʘʥʥʷ ʨʽʟʥʠʭ ʟʦʥ 

ʨʷʜʘʤʠ ʌʫʨôʻ, ʜʣʷ ʚʝʣʠʯʠʥʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʠʩʢʫ 210 ʢʇʘ ʪʘ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ 2.5 ʪ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʝʨʝʚʘʥʪʘʞʝʥʦʤʫ ʨʝʞʠʤʫ. 
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ʘ ʙ 

  

ʚ ʛ 

ʈʠʩʫʥʦʢ 4.12 ï ɺʽʟʫʘʣʽʟʘʮʽʷ ʘʧʨʦʢʩʠʤʘʮʽʾ ʮʠʢʣʽʚ ʜʝʬʦʨʤʫʚʘʥʥʷ  

(ʪʠʩʢ ï 210 ʢʇʘ, ʚʘʛʘ ï 2.5ʪ.) ʜʣʷ ʟʦʥ 1-4 (ʘ-ʛ) 

 

ɺ ʪʘʙʣʠʮʽ 4.5 ʥʘʚʝʜʝʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʘʧʨʦʢʩʠʤʘʮʽʾ ʨʷʜʦʤ ʌʫʨôʻ, ʱʦ ʙʫʣʠ 

ʫʪʦʯʥʝʥʽ ʰʣʷʭʦʤ ʧʦʰʫʢʫ ʥʝʚôʷʟʢʠ, ʽ ʟʥʘʡʜʝʥʽ ʜʣʷ ʚʠʧʘʜʢʫ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʚʥʫʪʨʽʰʥʽʤ ʪʠʩʢʦʤ ʨʦʟʤʽʨʦʤ 158 ʢʇʘ ʪʘ ʚʘʛʦʶ ʘʚʪʦʤʦʙʽʣʷ 1.2 ʪ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ 
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ʥʝʥʦʨʤʘʪʠʚʥʦʤʫ ʨʝʞʠʤʫ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʇʨʠ ʮʴʦʤʫ, ʜʣʷ ʧʝʨʝʚʘʥʪʘʞʝʥʦʛʦ ʨʝʞʠʤʫ 

ʮʠʢʣ ʜʝʬʦʨʤʫʚʘʥʥʷ ʧʽʜʙʨʝʢʝʨʥʦʾ ʟʦʥʠ ʚʢʣʶʯʘʻ ʜʝʚôʷʪʫ ʯʘʩʪʦʪʥʫ ʩʢʣʘʜʦʚʫ ʟʘʤʽʩʪʴ 

ʪʨʝʪʴʦʾ, ʘ ʧʣʝʯʦʚʦʾ ïʧôʷʪʫ ʟʘʤʽʩʪʴ ʜʨʫʛʦʾ. ɼʣʷ ʟʦʥʠ ʧʦʻʜʥʘʥʥʷ ʢʘʨʢʘʩʫ ʪʘ ʙʦʨʪʫ 

ʜʦʩʪʘʪʥʴʦ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʰʠʭ ʪʨʴʦʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʷʜʫ. 

 

ʊʘʙʣʠʮʷ 4.5 ï ʂʦʝʬʽʮʽʻʥʪʠ ʘʧʨʦʢʩʠʤʘʮʽʾ ʮʠʢʣʽʚ ʜʝʬʦʨʤʫʚʘʥʥʷ (ʪʠʩʢ ï

 158 ʢʇʘ) 

Ὂ, ʪ ɿʦʥʘ 1 

 Ὣ Ὣὼ Ὣςὼ Ὣσὼ Ὣτὼ Ὣυὼ Ὣφὼ 

1.2 0.157e-1 0.834e-2 0.307e-2 0.154e-2 0 0 0 

2.1 0.202e-1 0.112e-1 0.222e-2    
-0.116e-2 

(Ὣωὼ) 

 ɿʦʥʘ 2 

 Ὣ Ὣὼ Ὣςὼ Ὣσὼ Ὣτὼ Ὣυὼ Ὣφὼ 

1.2 0.451e-1 -0.218e-2 -0.417e-2 -0.245e-2 0 0 0 

2.1 0.554e-1 0.795e-2 0 0.389e-2 0 0.509e-2 0 

 ɿʦʥʘ 3 

 Ὣ Ὣὼ Ὣςὼ Ὣσὼ Ὣτὼ Ὣυὼ Ὣφὼ 

1.2 0.637e-1 -0.714e-2 -0.972e-2 -0.784e-2 0 0 0 

2.1 0.691e-1 -0.477e-2 -0.106e-1 -0.830e-2 0 0 0 

 ɿʦʥʘ 4 

1.2 0.287e-1 0.684e-2 0.642e-2 0.446e-2 0 0 0 

2.1 0.314e-1 0.142e-1 0.117e-1 0.806e-2 0 0 0 

 

ʅʘ ʨʠʩʫʥʢʫ 4.13 ʪʘ 4.14 ʧʨʝʜʩʪʘʚʣʝʥʦ ʛʨʘʬʽʯʥʫ ʚʽʟʫʘʣʽʟʘʮʽʶ ʘʧʨʦʢʩʠʤʘʮʽʾ 

ʮʠʢʣʽʚ ʜʝʬʦʨʤʫʚʘʥʥʷ ʢʦʥʪʨʦʣʴʥʠʭ ʟʦʥ ʨʷʜʘʤʠ ʌʫʨôʻ, ʜʣʷ ʚʝʣʠʯʠʥʠ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʪʠʩʢʫ 158 ʢʇʘ ʪʘ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 1.2 ʪ ʪʘ 2.1 ʪ. ʚʽʜʧʦʚʽʜʥʦ. 

ʆʙʯʠʩʣʝʥʥʷ ʽʥʪʝʛʨʘʣʴʥʦʾ ʧʦʭʠʙʢʠ ʘʧʨʦʢʩʠʤʘʮʽʾ ʨʷʜʦʤ ʙʝʟ ʫʪʦʯʥʝʥʥʷ 

ʩʢʣʘʣʘ 0.009% ʜʣʷ ʥʦʨʤʘʪʠʚʥʦʛʦ ʨʝʞʠʤʫ, ʟ ʫʪʦʯʥʝʥʥʷʤ - ʟʥʠʟʠʣʘʩʴ ʜʦ 0.7Ŀρπ, 
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ʜʣʷ ʥʝʫʪʦʯʥʝʥʦʛʦ ʨʷʜʫ ʥʘ ʥʝʥʦʨʤʘʪʠʚʥʦʤʫ ʨʝʞʠʤʽ ʧʦʭʠʙʢʘ ʩʢʣʘʜʘʣʘ 0.009%, ʟ 

ʫʪʦʯʥʝʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʷʜʫ ï ʟʤʝʥʰʠʣʘʩʴ ʜʦ 0.1Ŀρπ. 

 

  
ʘ ʙ 

  
ʚ ʛ 

ʈʠʩʫʥʦʢ 4.13 ï ɺʽʟʫʘʣʽʟʘʮʽʷ ʘʧʨʦʢʩʠʤʘʮʽʾ ʮʠʢʣʽʚ ʜʝʬʦʨʤʫʚʘʥʥʷ (ʪʠʩʢ ï 158 ʢʇʘ, 

ʚʘʛʘ ï 1.2 ʪ.) ʜʣʷ ʟʦʥ 1-4 (ʘ-ʛ) 
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ʘ ʙ 

  

ʚ ʛ 

ʈʠʩʫʥʦʢ 4.14 ï ɺʽʟʫʘʣʽʟʘʮʽʷ ʘʧʨʦʢʩʠʤʘʮʽʾ ʮʠʢʣʽʚ ʜʝʬʦʨʤʫʚʘʥʥʷ  

(ʪʠʩʢ ï 158 ʢʇʘ, ʚʘʛʘ ï 2.1ʪ.) ʜʣʷ ʟʦʥ 1-4 (ʘ-ʛ) 

 

 

4.3 ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʩʘʤʦʥʘʛʨʽʚʫ ʫ ʰʠʥʽ 

ɿʘʜʘʯʘ ʨʦʟʚôʷʟʫʻʪʴʩʷ ʬʘʢʪʠʯʥʦ ʫ ʪʨʠ ʝʪʘʧʠ (ʨʠʩ. 4.15).  

ɿʘʛʘʣʴʥʘ ʽʜʝʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʜʘʯʽ ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ 

ʩʘʤʦʥʘʛʨʽʚʫ ʚôʷʟʢʦʧʨʫʞʥʠʭ ʝʣʘʩʪʦʤʽʨʽʚ 
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1. ʇʝʨʰʠʡ ʝʪʘʧ ʷʚʣʷʻ ʩʦʙʦʶ ʚʠʨʽʰʝʥʥʷ ʩʪʘʪʠʯʥʦʾ ʟʘʜʘʯʽ ʚʟʘʻʤʦʜʽʾ ʰʠʥʠ 

ʟ ʜʦʨʦʞʥʽʤ ʧʦʢʨʠʪʪʷʤ, ʱʦ ʥʘʚʘʥʪʘʞʝʥʘ ʚʥʫʪʨʽʰʥʽʤ ʪʠʩʢʦʤ 0,21 ʄʇʘ ʽ 

ʚʝʨʪʠʢʘʣʴʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʚʽʜ ʚʘʛʠ ʘʚʪʦʤʦʙʽʣʷ. ʈʝʟʫʣʴʪʘʪʘʤʠ ʮʴʦʛʦ ʝʪʘʧʫ ʻ 

ʮʠʢʣʠ ʜʝʬʦʨʤʘʮʽʡ ʟʘ ʦʜʠʥ ʦʙʝʨʪ ʫ ʢʦʞʥʦʤʫ ʟ ʰʘʨʽʚ. 

2. ɼʨʫʛʠʡ ʝʪʘʧ ʧʨʠʩʚʷʯʝʥʠʡ ʚʠʟʥʘʯʝʥʥʶ ʰʚʠʜʢʦʩʪʽ ʪʝʧʣʦʛʝʥʝʨʘʮʽʾ ʫ 

ʢʦʞʥʦʤʫ ʝʣʝʤʝʥʪʽ. ɼʣʷ ʮʴʦʛʦ ʧʨʦʚʦʜʠʪʴʩʷ ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʝʥʝʨʛʽʾ, ʱʦ 

ʚʠʜʽʣʷʻʪʴʩʷ ʟʘ ʦʜʠʥ ʮʠʢʣ ʜʝʬʦʨʤʘʮʽʾ. ɺʽʜʧʦʚʽʜʥʽ ʨʦʟʨʘʭʫʥʢʠ ʧʨʦʚʦʜʠʣʠʩʴ ʜʣʷ 

ʩʭʝʤʘʪʠʟʦʚʘʥʦʛʦ ʮʠʢʣʫ. ʂʨʽʤ ʪʦʛʦ, ʧʦʧʝʨʝʜʥʴʦ ʰʣʷʭʦʤ ʝʢʩʧʝʨʠʤʝʥʪʫ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʤʦʜʫʣʽ ʚʪʨʘʪ ʜʣʷ ʚʩʽʭ ʤʘʪʝʨʽʘʣʽʚ ʰʠʥʠ, ʷʢʽ, ʚ ʩʚʦʶ ʯʝʨʛʫ 

ʦʙʫʤʦʚʣʶʶʪʴ ʢʽʣʴʢʽʩʪʴ ʚʠʜʽʣʝʥʦʾ ʝʥʝʨʛʽʾ.  

3. ʊʨʝʪʽʡ ʝʪʘʧ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʥʝʩʪʘʮʽʦʥʘʨʥʦʾ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʫ ʷʢʦʩʪʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʢʦʞʥʦʤʫ ʝʣʝʤʝʥʪʽ 

ʧʨʠʢʣʘʜʘʻʪʴʩʷ ʬʫʥʢʮʽʷ ʰʚʠʜʢʦʩʪʽ ʪʝʧʣʦʛʝʥʝʨʘʮʽʾ, ʷʢʘ ʙʫʣʘ ʚʠʟʥʘʯʝʥʘ ʥʘ 2 ʝʪʘʧʽ. 

 

ʆʩʥʦʚʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʦʩʥʦʚʽ ʧʦʚʥʦʾ ʉɽ ʤʦʜʝʣʽ 

ʰʠʥʠ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʽʜʤʽʯʝʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ (4.16). ʈʦʟʤʽʨʥʽʩʪʴ ʮʽʻʾ ʉɽ - ʩʽʪʢʠ ʻ 

ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʦʶ, ʟʘ ʷʢʦʾ ʜʦʩʷʛʘʻʪʴʩʷ ʟʙʽʞʥʽʩʪʴ ʯʠʩʝʣʴʥʦʛʦ ʨʦʟʚôʷʟʢʫ. 

 

ʈʠʩʫʥʦʢ 4.15 ï  ʄʝʭʘʥʽʟʤ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʪʝʧʣʦʫʪʚʦʨʝʥʥʷ ʫ ʢʦʥʩʪʨʫʢʮʽʾ 

ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ 
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ɿʘʜʘʯʘ ʨʦʟʚôʷʟʫʻʪʴʩʷ ʬʘʢʪʠʯʥʦ ʫ ʪʨʠ ʝʪʘʧʠ, ʧʝʨʰʠʡ ʽ ʦʩʪʘʥʥʽʡ ʟ ʷʢʠʭ 

ʧʦʪʨʝʙʫʶʪʴ ʤʦʜʝʣʶʚʘʥʥʷ ʦʢʨʝʤʠʭ ʉɽ ʤʦʜʝʣʝʡ.  

ʇʝʨʰʘ ʉɽ ʤʦʜʝʣʴ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʚʠʟʥʘʯʝʥʥʷ ʮʠʢʣʽʚ 

ʜʝʬʦʨʤʘʮʽʡ. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩ ̫ 8 ʚʫʟʣʦʚʠʡ ʩʢʽʥʯʝʥʥʠʡ ʝʣʝʤʝʥʪ ʟ 3 

ʩʪʫʧʝʥʷʤʠ ʩʚʦʙʦʜʠ ʫ ʚʫʟʣʽ (ʧʦʧʝʨʝʜʥʽʡ ʧʽʜʨʦʟʜʽʣ).  

ɼʨʫʛʘ ʉɽ ʤʦʜʝʣʴ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʢʦʥʚʝʢʪʠʚʥʦʛʦ 

ʪʝʧʣʦʦʙʤʽʥʫ. ɼʣʷ ʾʾ ʩʪʚʦʨʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 20 ʚʫʟʣʦʚʠʡ ʉɽ ʟ 1 ʩʪʫʧʝʥʶ 

ʩʚʦʙʦʜʠ ʫ ʚʫʟʣʽ. 

ʉɽ ʩʽʪʢʠ ʦʙʦʭ ʤʦʜʝʣʝʡ ʧʨʦʩʪʦʨʦʚʦ ʧʦʚʥʽʩʪʶ ʩʧʽʚʧʘʜʘʶʪʴ. 

 

  

ʘ ʙ 

ʈʠʩʫʥʦʢ 4.16 - ʉɽ- ʤʦʜʝʣʴ, ʘ ï ʧʦʚʥʘ ʤʦʜʝʣʴ ʰʠʥʠ, ʙ ï ʩʝʛʤʝʥʪ ʰʠʥʠ 

 

ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʧʨʦʚʦʜʠʪʴʩʷ ʚʠʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʪʝʧʣʦʛʝʥʝʨʘʮʽʾ ʚ 

ʦʜʠʥʠʮʽ ʦʙôʻʤʫ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ, ʷʢ 

 

ὗ „ †
Ὠ‐ †

Ὠὸ
ȟ (4.7) 

ʜʝ ‐ † ï ʮʠʢʣʠ ʜʝʬʦʨʤʘʮʽʡ ʦʪʨʠʤʘʥʽ ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʟʘʜʘʯʽ ʚʠʟʥʘʯʝʥʥʷ 

ʅɼʉ ʰʠʥʠ ʽ ʘʧʨʦʢʩʠʤʦʚʘʥʠʭ ʫ ʧʦʧʝʨʝʜʥʴʦʤʫ ʧʽʜʨʦʟʜʽʣʽ, „ † ï ʪʝʥʟʦʨ 

ʜʝʬʦʨʤʘʮʽʡ, ʱʦ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ (2.49), ʷʢʠʡ ʟʘʣʝʞʘʪʴ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ 

ʤʘʪʝʨʽʘʣʫ, ʚʠʟʥʘʯʝʥʠʭ ʫ ʧʦʧʝʨʝʜʥʴʦʤʫ ʨʦʟʜʽʣʽ. 



109 

ʊʨʝʪʽʡ ʝʪʘʧ. ɺʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʥʝʩʪʘʮʽʦʥʘʨʥʦʾ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ. 

ʉɽ ʤʦʜʝʣʴ, ʧʦʙʫʜʦʚʘʥʘ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʜʘʥʦʾ ʟʘʜʘʯʽ ʧʨʠʚʝʜʝʥʘ ʥʘ 

ʨʠʩ. 4.17 (ʘ). ʅʘ ʨʠʩ. 4.17 (ʙ) ʧʨʦʽʣʶʩʪʨʦʚʘʥʽ ʧʦʚʝʨʭʥʽ ʟ ʨʽʟʥʠʤʠ ʛʨʘʥʠʯʥʠʤʠ 

ʫʤʦʚʘʤʠ.  

 

 
 

ʘ ʙ 

ʈʠʩʫʥʦʢ 4.17 ï ʉɽ ï ʤʦʜʝʣʴ(ʘ) ʪʘ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ (3 ʝʪʘʧ) (ʙ) 

 

ɺ ʷʢʦʩʪʽ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʥʘ ʟʦʚʥʽʰʥʽʡ (ɻ2), ʚʥʫʪʨʽʰʥʽʡ (ɻ3) ʧʦʚʝʨʭʥʽ ʽ ʤʽʩʮʽ 

ʚʟʘʻʤʦʜʽʾ ʟ ʜʠʩʢʦʤ (ɻ3) ʟʘʜʘʻʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʘ (Ὕ,˞̏) ʽ ʢʦʝʬʽʮʽʻʥʪ ʢʦʥʚʝʢʪʠʚʥʦʛʦ 

ʪʝʧʣʦʦʙʤʽʥʫ (Ὤ, ɺʪ/̍˞̏). 

ʊʘʢʠʤ ʯʠʥʦʤ ʥʘ ʧʦʚʝʨʭʥʽ ɻ1: Ὕ ςυ, Ὤ ρφȟρψ; 

ʥʘ ʧʦʚʝʨʭʥʽ ɻ2: Ὕ ςυ, Ὤ υȟω; 

ʥʘ ʧʦʚʝʨʭʥʽ ɻ3: Ὕ ςυ, Ὤ ψψπππ; 

ʋ ʷʢʦʩʪʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʫ ʢʦʞʥʦʤʫ ʚʫʟʣʽ ʟʘʜʘʻʪʴʩʷ ʬʫʥʢʮʽʷ ʰʚʠʜʢʦʩʪʽ 

ʚʠʜʽʣʝʥʥʷ ʪʝʧʣʘ ὗ, ʱʦ ʦʙʯʠʩʣʶʻʪʴʩʷ ʧʦ ʬʦʨʤʫʣʽ (4.7) ʜʣʷ ʢʦʞʥʦʾ ʟʦʥʠ ʚʽʜʧʦʚʽʜʥʦ 

ʜʦ ʮʠʢʣʫ ʜʝʬʦʨʤʫʚʘʥʥʷ.  

ɺ ʷʢʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʦʪʨʠʤʫʻʤʦ ʨʦʟʧʦʜʽʣʠ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦ ʰʠʥʽ 

(ʨʠʩ. 4.18, 4.19).  
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ʘ ʙ 

  

ʚ ʛ 

ʈʠʩʫʥʦʢ 4.18 ï ʈʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʧʦ ʧʨʦʬʽʣʶ ʰʠʥʠ ʧʨʠ ʚʝʣʠʯʠʥʽ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʠʩʢʫ 158 ʢʇʘ ʪʘ ʨʦʟʤʽʨʦʤ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 1.2 ʪ. (ʘ, ʙ), 

2.8 ʪ. (ʚ, ʛ) 

 

ʈʠʩʫʥʦʢ 4.18 ʜʝʤʦʥʩʪʨʫʻ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʨʦʟʧʦʜʽʣ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʧʽʜ ʯʘʩ 

ʢʦʯʝʥʥʷ ʰʠʥʠ ʟʽ ʰʚʠʜʢʽʩʪʶ 50 ʢʤ/ʛʦʜ (ʘ, ʚ) ʪʘ 240 ʢʤ/ʛʦʜ (ʙ, ʛ) ʥʘʚʘʥʪʘʞʝʥʦʶ 
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ʚʥʫʪʨʽʰʥʽʤ ʪʠʩʢʦʤ 210 ʢʇʘ ʪʘ ʟ ʚʘʛʦʶ ʘʚʪʦʤʦʙʽʣʷ 1 ʪ. (ʘ, ʙ) ʪʘ 2.5 ʪ. (ʚ, ʛ). ɿʛʽʜʥʦ 

ʨʠʩ. 4.19 ʥʘʡʙʽʣʴʰ ʥʘʛʨʽʪʦʶ ʻ ʟʦʥʘ ʢʘʨʢʘʩʫ, ʱʦ ʦʙʫʤʦʚʣʶʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʫ ʥʽʡ 

ʙʽʣʴʰʠʭ ʜʝʬʦʨʤʘʮʽʡ, ʧʦʨʚ̔ʥʷʥʦ ʟ ʽʥʰʠʤʠ ʰʘʨʘʤʠ.  

 

  

ʘ ʙ 

  

ʚ ʛ 

ʈʠʩʫʥʦʢ 4.19 ï ʈʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʧʦ ʧʨʦʬʽʣʶ ʰʠʥʠ ʧʨʠ ʚʝʣʠʯʠʥʽ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʠʩʢʫ 210 ʢʇʘ ʪʘ ʨʦʟʤʽʨʦʤ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 1 ʪ. (ʘ, ʙ), 

2.5 ʪ. (ʚ, ʛ)  
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ʇʨʠ ʤʝʥʰʦʤʫ ʨʦʟʤʽʨʽ ʚʘʛʠ ʘʚʪʦʤʦʙʽʣʷ ʙʽʣʴʰ ʚʠʩʦʢʽ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨ 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʫ ʧʣʝʯʦʚʽʡ ʟʦʥʽ ʢʘʨʢʘʩʫ (ʨʠʩ. 4.18 (ʘ, ʙ). ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʦʙʣʘʩʪʴ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʟʤʽʱʫʻʪʴʩʷ ʫ ʙʦʨʪʦʚʫ 

ʟʦʥʫ (ʨʠʩ. 4.18 (ʚ, ʛ). ʊʘʢʦʞ ʥʘʷʚʥʠʡ ʧʨʠʨʽʩʪ ʪʝʤʧʝʨʘʪʫʨʠ (10-15 
ʦ
ʉ )ʧʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʰʠʥʠ. 

ʅʘ ʨʠʩ. 4.19 ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʽ ʛʨʘʬʽʢʠ ʥʘʛʨʽʚʫ ʨʽʟʥʠʭ ʯʘʩʪʠʥ ʢʘʨʢʘʩʫ (ʜʝ 

ʟʘʬʽʢʩʦʚʘʥʦ ʥʘʡʙʽʣʴʰʫ ʪʝʤʧʝʨʘʪʫʨʫ). ɿʛʽʜʥʦ ʨʠʩ. 4.19 h ʠʥʘ ʘʢʪʠʚʥʦ ʥʘʛʨʽʚʘʻʪʴʩʷ 

ʧʝʨʰʽ 15 ʭʚʠʣʠʥ ʽ ʧʨʠʙʣʠʟʥʦ ʥʘ 30 ʭʚʠʣʠʥʽ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʨʦʟʧʦʜʽʣ 

ʩʪʘʙʽʣʽʟʫʻʪʴʩʷ.    

 

  

ʘ ʙ 

ʈʠʩʫʥʦʢ 4.19 ï ɻʨʘʬʽʢʠ ʥʘʛʨʽʚʫ ʰʘʨʽʚ ʰʠʥʠ ʘ ï ʢʘʨʢʘʩ (ʙʽʛʦʚʘ ʜʦʨʽʞʢʘ),ʙ ï 

ʢʘʨʢʘʩ (ʙʦʨʪ) 

 

4.4 ʆʮʽʥʢʘ ʪʝʨʤʦ-ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʟʘʜʘʯʽ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʜʘʶʪʴ ʫʷʚʣʝʥʥʷ ʧʨʦ 

ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʧʦ ʰʠʥʽ. ɼʣʷ ʦʮʽʥʢʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʧʣʠʚʫ ʥʘ 

ʅɼʉ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʦʢ ʪʝʨʤʦ-ʧʨʫʞʥʦʾ ʟʘʜʘʯʽ, ʪʝʤʧʝʨʘʪʫʨʥʝ ʧʦʣʝ 

ʦʪʨʠʤʘʥʝ ʥʘ ʧʦʧʝʨʝʜʥʴʦʤʫ ʝʪʘʧʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ, ʷʢ ʧʦʯʘʪʢʦʚʘ ʫʤʦʚʘ ʜʣʷ 

ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʬʦʨʤʫʚʘʥʥʷ ʅɼʉ ʰʠʥʠ ʫ ʢʦʥʪʘʢʪʽ ʟ ʜʦʨʦʞʥʠʤ ʧʦʢʨʠʪʪʷʤ. ɺ 

ʪʘʙʣʠʮʽ 4.6 ʥʘʚʝʜʝʥʦ ʢʦʝʬʽʮʽʻʥʪʠ ʪʝʧʣʦʚʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʛʫʤʦʢʦʨʜʥʠʭ 
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ʰʘʨʽʚ. ɺ ʪʘʙʣʠʮʽ 4.7 ʥʘʚʝʜʝʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʪʝʧʣʦʚʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʜʣʷ ʦʨʪʦʨʦʧʥʦʾ 

ʧʦʩʪʘʥʦʚʢʠ, ʱʦ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʟʛʽʜʥʦ ʧʨʘʚʠʣʘ ʩʫʤʽʰʽ. 

 

ʊʘʙʣʠʮʷ 4.6 ï ʂʦʝʬʽʮʽʻʥʪʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʩʢʣʘʜʦʚʠʭ ʢʦʨʜʥʠʭ 

ʰʘʨʽʚ 

 Ŭ, ρ ˞̏  

ʉʪʘʣʴ 0.15ʝ-4 

ʊʝʢʩʪʠʣʴʥʘ ʥʠʪʢʘ 0.5ʝ-4 

ɻʫʤʘ 0.5ʝ-5 

 

ʊʘʙʣʠʮʷ 4.7 ï ʆʨʪʦʪʨʦʧʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ 

 ʂʘʨʢʘʩ ɹʨʝʢʝʨ 

‌, ρ ˞̏  4e-4 5.5e-4 

‌ , ρ ˞̏  12e-4 7.2-4 

‌, ρ ˞̏  12e-4 7.2-4 

 

ɼʦʜʘʪʢʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʫ ʚʠʛʣʷʜʽ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ, ʨʦʟʨʘʭʦʚʘʥʦʛʦ ʥʘ 

ʧʦʧʝʨʝʜʥʴʦʤʫ ʝʪʘʧʽ ʫ ʢʦʞʥʦʤʫ ʚʫʟʣʽ (ʟʙʝʨʽʛʘʣʦʩʴ ʫ ʷʢʦʩʪʽ ʚʠʭʽʜʥʦʛʦ ʬʘʡʣʫ 

ʨʦʟʨʘʭʫʥʢʫ ʟʘʜʘʯʽ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ) ʽ ʧʨʠʢʣʘʜʘʣʦʩʷ ʫ ʚʫʟʣʠ ʉɽ ï ʤʦʜʝʣʽ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʊ-ʅʉ. ʅʘ ʨʠʩ. 4.20, ʫ ʷʢʦʩʪʽ ʧʨʠʢʣʘʜʫ,  ʧʦʢʘʟʘʥʦ ʨʦʟʧʦʜʽʣ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ, ʱʦ ʫʪʚʦʨʠʣʦʩʷ ʧʨʠ ʥʝʥʦʨʤʘʪʠʚʥʦʤʫ ʨʝʞʠʤʽ ʥʘʚʘʥʪʘʞʝʥʥʷ 

(ʨʦʟʤʽʨ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʠʩʢʫ 158 ʢʇʘ ʪʘ ʚʘʛʘ ʘʚʪʦʤʦʙʽʣʷ 2.2 ʪ.). ɿ ʨʠʩʫʥʢʫ ʚʠʜʥʦ, 

ʱʦ ʥʘʡʙʽʣʴʰʝ ʪʝʧʣʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʘʶʪʴ ʛʫʤʦʢʦʨʜʥʽ ʰʘʨʠ ï ʢʘʨʢʘʩ ʪʘ ʙʨʝʢʝʨ.  

ɺʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʩʢʣʘʜʦʚʦʾ ʥʘ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ 

ʚʠʚʯʘʣʦʩʴ ʰʣʷʭʦʤ ʨʦʟʨʘʭʫʥʢʽʚ ʊ-ʅʉ ʜʣʷ ʪʨʴʦʭ ʨʝʞʠʤʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ: 

ʥʦʨʤʘʪʠʚʥʠʡ ( ʚʥʫʪʨʽʰʥʽʡ ʪʠʩʢ 210 ʢʇʘ, ʚʘʛʘ ʘʚʪʦʤʦʙʽʣʷ 1 ʪ), ʧʝʨʝʚʘʥʪʘʞʝʥʠʡ 

(ʚʥʫʪʨʽʰʥʽʡ ʪʠʩʢ 210 ʢʇʘ, ʚʘʛʘ ʘʚʪʦʤʦʙʽʣʷ 2.5 ʪ) ʪʘ ʥʝʥʦʨʤʘʪʠʚʥʠʡ (ʚʥʫʪʨʽʰʥʽʡ 

ʪʠʩʢ 158 ʢʇʘ, ʚʘʛʘ ʘʚʪʦʤʦʙʽʣʷ 2.1 ʪ). ʇʨʠ ʮʴʦʤʫ ʊ-ʅʉ ʚʠʟʥʘʯʘʣʦʩʴ ʜʣʷ ʜʚʦʭ 

ʚʘʨʽʘʥʪʽʚ ʰʚʠʜʢʦʩʪʝʡ ʘʚʪʦʤʦʙʽʣʷ: ʥʦʤʽʥʘʣʴʥʦʛʦ (50 ʢʤ/ʛʦʜ) ʪʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

(240 ʢʤ/ʛʦʜ). ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 4.21-4.30.  
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ʈʠʩʫʥʦʢ 4.20 ï ʈʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

 

ʅʘ ʨʠʩʫʥʢʫ 4.21 ʧʦʢʘʟʘʥʦ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʅɼʉ (ʘ, ʚ, ʛ) ʪʘ ʊ-ʅʉ 

(ʙ, ʜ, ʝ), ʘ ʩʘʤʝ, ʨʦʟʧʦʜʽʣ ʜʝʬʦʨʤʘʮʽʡ ʧʦ ʰʠʥʽ (ʘ, ʙ), ʧʦ ʢʦʨʜʥʠʤ ʰʘʨʘʤ (ʚ, ʛ), ʪʘ 

ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ (ʜ, ʝ), ʜʣʷ ʥʦʨʤʘʪʠʚʥʦʛʦ ʨʝʞʠʤʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʥʦʤʽʥʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ. ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʨʠʩ. 4.21 (ʚ) ʪʘ 4.21 (ʛ) ʧʦʢʘʟʫʻ, ʱʦ ʟʦʥʘ 

ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʜʝʬʦʨʤʘʮʽʡ ʢʘʨʢʘʩʫ ʟʤʽʱʫʻʪʴʩʷ ʟ ʙʦʨʪʦʚʦʾ ʟʦʥʠ (ʅɼʉ ʙʝʟ 

ʫʨʘʭʫʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ) ʚ ʧʣʝʯʦʚʫ (ʊ-ʈʉ), ʧʨʠ ʯʦʤʫ, ʟʥʘʯʝʥʥʷ ʜʝʬʦʨʤʘʮʽʡ ʚ ʮʠʭ 

ʟʦʥʘʭ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʥʘ 26% ʪʘ 20% ʚʽʜʧʦʚʽʜʥʦ. ʈʘʟʦʤ ʽʟ ʪʠʤ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʴ 

ʮʠʭ ʟʦʥʘʭ ʽʩʪʦʪʥʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʜʣʷ ʜʚʦʭ ʚʠʜʽʚ ʨʦʟʨʘʭʫʥʢʽʚ, ʫ ʧʣʝʯʦʚʽʡ ʟʦʥʽ ʥʘ 

32%, ʫ ʙʦʨʪʦʚʽʡ ï 24%.  

ʈʽʟʥʠʮʽ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʘʙʩʦʣʶʪʥʦʛʦ ʟʥʘʯʝʥʥʷ ʜʝʬʦʨʤʘʮʽʡ ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ 

6%, ʘ ʥʘʧʨʫʞʝʥɹ ï 1%. ʎʝ ʥʝʟʥʘʯʥʠʡ ʚʽʜʩʦʪʦʢ, ʱʦ ʦʯʽʢʫʚʘʥʦ ʜʣʷ ʥʦʤʽʥʘʣʴʥʦʛʦ 

ʨʝʞʠʤʫ ʥʘʚʘʥʪʘʞʝʥʥʷ.  
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ʈʠʩʫʥʦʢ 4.21 ï ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʅɼʉ (ʘ, ʚ, ʜ) ʪʘ ʊ-ʅʉ(ʙ, ʛ, ʝ) ʜʣʷ 

ʥʦʨʤʘʪʠʚʥʦʛʦ ʨʝʞʠʤʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ 50 ʢʤ/ʛʦʜ: 

ʨʦʟʧʦʜʽʣ ʜʝʬʦʨʤʘʮʽʡ ʧʦ ʰʠʥʽ (ʘ, ʙ), ʧʦ ʢʦʨʜʥʠʤ ʰʘʨʘʤ (ʚ, ʛ); ʥʘʧʨʫʞʝʥʴ (ʜ, ʝ)  
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ʘ ʙ 

ʈʠʩʫʥʦʢ 4.22ï ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʊ-ʅʉ ʜʣʷ ʥʦʤʽʥʘʣʴʥʦʛʦ ʨʝʞʠʤʫ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ 240 ʢʤ/ʛʦʜ; 

ʨʦʟʧʦʜʽʣ ʜʝʬʦʨʤʘʮʽʡ ʧʦ ʰʠʥʽ (ʘ), ʧʦ ʢʦʨʜʥʠʤ ʰʘʨʘʤ (ʙ) 

 

ʅʘ ʨʠʩ. 4.22, 4.23 ʧʦʢʘʟʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʣʷ ʥʦʨʤʘʪʠʚʥʦʛʦ ʨʝʞʠʤʫ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʰʚʠʜʢʽʩʥʦʛʦ. ʍʘʨʘʢʪʝʨ ʨʦʟʧʦʜʽʣʫ ʜʝʬʦʨʤʘʮʽʡ ʽ 

ʥʘʧʨʫʞʝʥʴ ʟʙʽʛʘʻʪʴʩʷ ʽʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʘ ʥʦʤʽʥʘʣʴʥʽʡ ʰʚʠʜʢʦʩʪʽ. ʇʦʨʽʚʥʷʥʥʷ 

ʨʝʟʫʣʴʪʘʪʽʚ ʜʣʷ ʜʚʦʭ ʰʚʠʜʢʽʩʥʠʭ ʨʝʞʠʤʽʚ (ʨʠʩ. 4.21 (ʛ, ʝ), ʨʠʩ. 4.22 (ʙ) ʪʘ 4.22) 

ʧʦʢʘʟʫʻ, ʱʦ ʜʝʬʦʨʤʘʮʽʾ ʫ ʧʣʝʯʦʚʽʡ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʥʘ 9%, ʘ ʚ ʙʦʨʪʫ ï ʥʘ 5%, ʚ ʪʦʡ 

ʯʘʩ, ʷʢ ʨʽʟʥʠʮʷ ʥʘʧʨʫʞʝʥʴ ʜʣʷ ʮʠʭ ʟʦʥ ʩʢʣʘʜʘʻ 13% ʪʘ 9% ʚʽʜʧʦʚʽʜʥʦ.  

 

 

ʈʠʩʫʥʦʢ 4.23 ï ʈʦʟʧʦʜʽʣ ʥʘʧʨʫʞʝʥʴ ʧʦ ʢʦʨʜʥʠʤ ʰʘʨʘʤ ʰʠʥʠ 

ʜʣʷ ʥʦʤʽʥʘʣʴʥʦʛʦ ʨʝʞʠʤʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ 240 ʢʤ/ʛʦʜ  
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 ʄʘʢʩʠʤʘʣʴʥʝ ʘʙʩʦʣʶʪʥʝ ʟʥʘʯʝʥʥ ̫ ʜʝʬʦʨʤʘʮʽʡ ʟʙʽʣʴʰʠʣʦʩʴ ʥʘ  5%, ʘ 

ʥʘʧʨʫʞʝʥʴ ï 7%. 

ʅʘ ʨʠʩ. 4.24 ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʅɼʉ ʰʠʥʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʧʣʠʚʫ (ʙ, ʛ, ʝ) ʧʨʠ ʥʦʤʽʥʘʣʴʥʽʡ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ (50 ʢʤ/ʛʦʜ) ʪʘ ʙʝʟ 

ʥʴʦʛʦ (ʘ, ʚ, ʜ), ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʝʨʝʚʘʥʪʘʞʝʥʦʤʫ ʨʝʞʠʤʫ ʨʦʙʦʪʠ (ʚʥʫʪʨʽʰʥʽʡ 

ʪʠʩʢ 210 ʢʇʘ ʪʘ ʚʘʟʽ ʘʚʪʦʤʦʙʽʣʷ 2.5 ʪ. 

ɿʘʛʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ ʨʦʟʧʦʜʽʣʫ ʜʝʬʦʨʤʘʮʽʡ ʪʘ ʥʘʧʨʫʞʝʥʴ, ʪʘʢ ʷʢ ʽ ʥʘ 

ʥʦʨʤʘʪʠʚʥʦʤʫ ʨʝʞʠʤʽ, ʟʤʽʥʶʻʪʴʩʷ ʧʨʠ ʫʨʘʭʫʚʘʥʥʽ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʩʢʣʘʜʦʚʦʶ ï 

ʟʤʽʱʫʻ ʟʦʥʫ ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʫ ʧʣʝʯʝ ʰʠʥʠ. ʇʨʠ ʮʴʦʤʫ ʟʥʘʯʝʥʥʷ 

ʜʝʬʦʨʤʘʮʽʡ ʫ ʧʣʝʯʦʚʽʡ ʟʦʥʽ (ʅɼʉ ʪʘ ʊ-ʅʉ) ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʥʘ 27 % (ʟʙʽʣʴʰʫʶʪʴʩʷ) 

ʘ ʚ ʙʦʨʪʦʚʽʡ ʥʘ 23 % (ʟʤʝʥʰʫʶʪʴʩʷ). ɿʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʴ ʫ ʧʣʝʯʦʚʽʡ ʟʦʥʽ 

ʟʙʽʣʴʰʫʶʪʴʩʷ ʥʘ 23 % , ʘ ʫ ʙʦʨʪʦʚʽʡ ʟʤʝʥʰʫʶʪʴʩʷ ʥʘ 21%. 

ʈʽʟʥʠʮʷ ʤʘʢʩʠʤʘʣʴʥʠʭ ʘʙʩʦʣʶʪʥʠʭ ʟʥʘʯʝʥʴ ʜʝʬʦʨʤʘʮʽʡ ʧʨʠ ʮʴʦʤʫ 

ʩʪʘʥʦʚʠʪʴ 28 % (ʟʙʽʣʴʰʫʻʪʴʩʷ), ʚ ʪʦʡ ʯʘʩ. ʗʢ ʜʣʷ ʥʘʧʨʫʞʝʥʴ ʮʷ ʨʽʟʥʠʮʷ 

ʩʢʣʘʜʘʻ 23%. 

ʈʠʩʫʥʦʢ 4.27 ʜʝʤʦʥʩʪʨʫʻ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʅɼʉ ʪʘ ʊ-ʅʉ ʜʣʷ 

ʥʝʥʦʨʤʘʪʠʚʥʦʛʦ ʨʝʞʠʤʫ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʚʥʫʪʨʽʰʥʽʡ ʪʠʩʢ ï 210 ʢʇʘ ʪʘ ʚʝʨʪʠʢʘʣʴʥʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ï 2.1 ʪ.) ʧʨʠ ʰʚʠʜʢʦʩʪʽ 50 ʢʤ/ʛʦʜ (ʥʦʤʽʥʘʣʴʥʠʡ ʨʝʞʠʤ). 

ʊʝʥʜʝʥʮʽʷ ʟʤʽʥʠ ʭʘʨʘʢʪʝʨʫ ʨʦʟʧʦʜʽʣʫ ʜʝʬʦʨʤʘʮʽʡ ʜʣʷ ʮʴʦʛʦ ʨʝʞʠʤʫ 

ʟʙʝʨʽʛʘʻʪʴʩʷ. ɼʣʷ ʧʣʝʯʦʚʦʾ ʟʦʥʠ ʟʥʘʯʝʥʥʷ ʜʝʬʦʨʤʘʮʽʡ ʫ ʚʠʧʘʜʢʫ ʫʨʘʭʫʚʘʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʟʙʽʣʴʰʫʶʪʴʩʷ ʥʘ 30%, ʘ ʜʣʷ ʙʦʨʪʦʚʦʾ ʚʽʜʧʦʚʽʜʥʦ ʟʤʝʥʰʫʶʪʴʩʷ ʥʘ 

14 %. ʅʘʧʨʫʞʝʥʥʷ, ʧʨʠ ʮʴʦʤʫ, ʫ ʧʣʝʯʦʚʽʡ ʟʦʥʽ ʟʨʦʩʪʘʶʪʴ ʥʘ 34%, ʘ ʫ ʙʦʨʪʦʚʽʡ ʟʦʥʽ 

ʟʤʝʥʰʫʶʪʴʩʷ ʥʘ 20%. 

ɿʘ ʘʙʩʦʣʶʪʥʠʤ ʤʘʢʩʠʤʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ ʜʝʬʦʨʤʘʮʽʾ ʟʘʟʥʘʶʪʴ ʟʤʽʥ ʫ 

ʨʦʟʤʽʨʽ ʥʘ 6%, ʘ ʟʘ ʨʽʚʥʝʤ ʥʘʧʨʫʞʝʥʴ ʮʷ ʨʽʟʥʠʮʷ ʩʢʣʘʜʘʻ 15%. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʚʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ 

ʙʽʣʴʰ ʯʫʪʣʠʚʠʡ ʜʦ ʟʤʽʥʠ ʨʽʚʥʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʘʥʽʞ ʨʦʟʤʽʨʫ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʠʩʢʫ. 
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ʈʠʩʫʥʦʢ 4.24 ï ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʅɼʉ (ʘ, ʚ, ʜ) ʪʘ ʊ-ʅʉ(ʙ, ʛ, ʝ) ʜʣʷ 

ʧʝʨʝʚʘʥʪʘʞʝʥʦʛʦ ʨʝʞʠʤʫ ʧʨʠ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʰʠʥʠ 50 ʢʤ/ʛʦʜ: 

ʨʦʟʧʦʜʽʣ ʜʝʬʦʨʤʘʮʽʡ ʧʦ ʰʠʥʽ (ʘ, ʙ), ʧʦ ʢʦʨʜʥʠʤ ʰʘʨʘʤ (ʚ, ʛ); ʥʘʧʨʫʞʝʥʴ (ʜ, ʝ)  


