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ɸʅʆʊɸʎɯʗ 

 

ʐʘʤʘʭʘʥʦʚ ɺ. ʂ. ʄʦʜʝʣʽ ʪʘ ʤʝʪʦʜʠ ʜʣʷ ʘʥʘʣʽʟʫ ʜʠʥʘʤʽʢʠ ʪʘ ʢʝʨʫʚʘʥʥʷ 

ʨʦʟʛʦʨʪʘʥʥʷʤ ʢʦʩʤʽʯʥʦʛʦ ʨʘʜʘʨʘ ʥʘ ʙʘʟʽ ʦʬʩʝʪʥʦʾ ʘʥʪʝʥʠ. ï ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ 

ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ.  

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʬʽʣʦʩʦʬʽʾ ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ 

151 çɸʚʪʦʤʘʪʠʟʘʮʽʷ ʪʘ ʢʦʤʧôʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʽ ʪʝʭʥʦʣʦʛʽʾè. ï ɯʥʩʪʠʪʫʪ ʪʝʭʥʽʯʥʦʾ 

ʤʝʭʘʥʽʢʠ ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ ʥʘʫʢ ʋʢʨʘʾʥʠ ʽ ɼʝʨʞʘʚʥʦʛʦ ʢʦʩʤʽʯʥʦʛʦ ʘʛʝʥʪʩʪʚʘ 

ʋʢʨʘʾʥʠ, ɼʥʽʧʨʦ, 2025.  

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʨʦʟʚôʷʟʘʥʥʶ ʘʢʪʫʘʣʴʥʦʾ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʦʾ 

ʟʘʜʘʯʽ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʘʥʘʣʽʟʫ ʜʠʥʘʤʽʢʠ ʪʘ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʘʤʠ ʨʦʟʛʦʨʪʘʥʥʷ 

ʪʨʘʥʩʬʦʨʤʦʚʘʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʢʦʩʤʽʯʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʟʦʢʨʝʤʘ ʢʦʩʤʽʯʥʦʛʦ ʨʘʜʘʨʘ 

ʟ ʦʬʩʝʪʥʦʶ ʘʥʪʝʥʦʶ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʜʠʥʘʤʽʢʠ ʩʠʩʪʝʤ 

ʟʚôʷʟʘʥʠʭ ʪʽʣ, ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ.  

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʘʥʘʣʽʟʫ ʜʠʥʘʤʽʢʠ ʪʘ ʢʝʨʫʚʘʥʥʷ 

ʨʦʟʛʦʨʪʘʥʥʷʤ ʢʦʩʤʽʯʥʦʛʦ ʨʘʜʘʨʘ ʥʘ ʙʘʟʽ ʦʬʩʝʪʥʦʾ ʘʥʪʝʥʠ.  

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʢʦʩʤʽʯʥʠʡ ʨʘʜʘʨ ʥʘ ʙʘʟʽ ʦʬʩʝʪʥʦʾ ʘʥʪʝʥʠ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʤʦʜʝʣʽ ʪʘ ʤʝʪʦʜʠ ʜʣʷ ʘʥʘʣʽʟʫ ʜʠʥʘʤʽʢʠ ʪʘ ʢʝʨʫʚʘʥʥʷ 

ʨʦʟʛʦʨʪʘʥʥʷʤ ʢʦʩʤʽʯʥʦʛʦ ʨʘʜʘʨʘ ʥʘ ʙʘʟʽ ʦʬʩʝʪʥʦʾ ʘʥʪʝʥʠ.  

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜʠ 

ʪʝʦʨʝʪʠʯʥʦʾ ʤʝʭʘʥʽʢʠ, ʪʝʦʨʽʾ ʛʥʫʯʢʦʩʪʽ, ʩʠʩʪʝʤ ʟʚôʷʟʘʥʠʭ ʪʽʣ, ʪʝʦʨʽʾ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ, ʥʘʚʯʘʥʥʷ ʟ ʧʽʜʢʨʽʧʣʝʥʥʷʤ ʪʘ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. 

ʋ ʚʩʪʫʧʽ ʦʙˇʨʫʥʪʦʚʘʥʦ ʘʢʪʫʘʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʬʩʝʪʥʠʭ ʘʥʪʝʥ, ʱʦ 

ʨʦʟʛʦʨʪʘʶʪʴʩʷ ʜʣʷ ʤʘʣʠʭ ʩʫʧʫʪʥʠʢʽʚ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ, ʥʘʚʝʜʝʥʦ 

ʧʨʠʢʣʘʜʠ ʽʩʥʫʶʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʘʥʘʣʽʟ ʧʨʠʯʠʥ ʥʝ ʨʦʟʢʨʠʪʪʷ, ʷʢʝ ʤʦʞʝ ʚʠʥʠʢʥʫʪʠ 

ʧʽʜ ʯʘʩ ʨʦʟʛʦʨʪʘʥʥʷ, ʟʫʤʦʚʣʝʥʠʭ ʜʠʥʘʤʽʯʥʠʤʠ ʬʘʢʪʦʨʘʤʠ ʨʦʟʛʦʨʪʘʥʥʷ.  

ʋ ʧʝʨʰʦʤʫ ʨʦʟʜʽʣʽ ʚʠʢʦʥʘʥʦ ʘʥʘʣʽʪʠʯʥʠʡ ʦʛʣʷʜ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʪʨʘʥʩʬʦʨʤʦʚʘʥʠʭ ʢʦʩʤʽʯʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʾʭʥʽʭ ʪʠʧʽʚ, ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʩʭʝʤ ʪʘ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚ ʫʤʦʚʘʭ ʤʽʢʨʦʛʨʘʚʽʪʘʮʽʾ. ʂʦʥʩʪʨʫʢʮʽʾ ʨʦʟʛʣʷʥʫʪʦ ʟʘ 
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ʢʣʘʩʠʬʽʢʘʮʽʻʶ ʾʭ ʨʽʟʥʦʚʠʜʽʚ: ʧʨʫʞʥʠʭ, ʩʪʨʠʞʥʝʚʠʭ, ʥʦʞʠʯʥʠʭ, ʪʝʣʝʩʢʦʧʽʯʥʠʭ ʪʘ 

ʩʝʢʮʽʡʥʠʭ ʩʠʩʪʝʤ. ɼʝʪʘʣʴʥʦ ʦʧʠʩʘʥʦ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ ʢʦʞʥʦʛʦ ʪʠʧʫ 

ʢʦʥʩʪʨʫʢʮʽʡ ʫ ʢʦʥʪʝʢʩʪʽ ʾʭʥʴʦʛʦ ʨʦʟʛʦʨʪʘʥʥʷ ʚ ʫʤʦʚʘʭ ʤʽʢʨʦʛʨʘʚʽʪʘʮʽʾ, ʘ ʪʘʢʦʞ 

ʘʥʘʣʽʟʫʻʪʴʩʷ ʜʦʮʽʣʴʥʽʩʪʴ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʩʫʯʘʩʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʤʽʩʽʷʭ. 

ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʧʨʠʜʽʣʝʥʦ ʢʦʥʩʪʨʫʢʮʽʷʤ ʟ ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʤʘʶʪʴ 

ʧʝʨʝʚʘʛʫ ʫ ʚʠʛʣʷʜʽ ʤʘʣʦʾ ʤʘʩʠ ʪʘ ʚʠʩʦʢʦʾ ʞʦʨʩʪʢʦʩʪʽ. ʈʦʟʛʣʷʥʫʪʦ ʧʨʠʥʮʠʧʠ 

ʧʦʙʫʜʦʚʠ ʘʥʪʝʥ, ʱʦ ʪʨʘʥʩʬʦʨʤʫʶʪʴʩʷ, ʚʢʣʶʯʘʶʯʠ ʩʽʪʯʘʩʪʽ ʨʝʬʣʝʢʪʦʨʠ ʟ ʦʧʦʨʥʦʶ 

ʬʝʨʤʦʶ ʪʘ ʝʣʘʩʪʠʯʥʠʤ ʧʦʣʦʪʥʦʤ, ʽ ʦʢʨʝʩʣʝʥʦ ʚʠʤʦʛʠ ʜʦ ʪʦʯʥʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʾʭ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. ɺʠʩʚʽʪʣʝʥʦ ʤʝʪʦʜʠ ʜʠʥʘʤʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʧʨʦʙʣʝʤʠ, 

ʧʦʚôʷʟʘʥʽ ʟ ʪʦʯʥʽʩʪʶ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʚʝʜʽʥʢʠ ʚʝʣʠʢʠʭ ʩʽʪʯʘʩʪʠʭ ʘʥʪʝʥ ʫ ʧʨʦʮʝʩʽ 

ʨʦʟʛʦʨʪʘʥʥʷ. ʆʙˇʨʫʥʪʦʚʘʥʦ ʚʠʙʽʨ ʤʦʜʝʣʝʡ ʪʘ ʤʝʪʦʜʽʚ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʉʬʦʨʤʫʣʴʦʚʘʥʦ ʟʘʚʜʘʥʥʷ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʋ ʜʨʫʛʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʜʠʥʘʤʽʢʠ ʦʬʩʝʪʥʦʾ ʘʥʪʝʥʠ 

ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʦʞʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʩʽʪʢʠ ʟ ʚʽʜʙʠʚʥʦʛʦ ʧʦʣʦʪʥʘ ʪʘ ʪʨʦʩʦʚʦ-ʰʢʽʚʥʦʾ 

ʩʠʩʪʝʤʠ (ʊʐʉ). ɺʠʢʦʥʘʥʦ ʬʦʨʤʘʣʽʟʘʮʽʶ ʚʧʣʠʚʫ ʩʠʣ ʪʝʨʪʷ ʫ ʰʢʽʚʘʭ, ʘʩʠʤʝʪʨʽʾ 

ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʜʝʬʦʨʤʘʮʽʡ ʛʥʫʯʢʠʭ ʝʣʝʤʝʥʪʽʚ. ɼʝʪʘʣʴʥʦ ʚʠʢʣʘʜʝʥʦ ʘʣʛʦʨʠʪʤʠ 

ʧʦʙʫʜʦʚʠ ʢʦʤʧôʶʪʝʨʥʦʾ ʤʦʜʝʣʽ ʚ ʩʝʨʝʜʦʚʠʱʽ ʜʠʥʘʤʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʥʘʚʝʜʝʥʦ 

ʧʦʯʘʪʢʦʚʽ ʫʤʦʚʠ ʜʣʷ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ɺʠʟʥʘʯʝʥʦ ʚʧʣʠʚ ʨʽʟʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʜʠʥʘʤʽʢʫ ʨʦʟʛʦʨʪʘʥʥʷ: ʤʘʩʘ ʩʽʪʢʠ, ʞʦʨʩʪʢʽʩʪʴ ʰʘʨʥʽʨʽʚ, ʤʦʤʝʥʪ 

ʽʥʝʨʮʽʾ ʘʥʪʝʥʠ, ʪʦʱʦ. ʆʢʨʝʤʫ ʫʚʘʛʫ ʧʨʠʜʽʣʝʥʦ ʘʥʘʣʽʟʫ ʜʠʥʘʤʽʢʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʜʚʦʭ ʪʠʧʽʚ  ʩʠʩʪʝʤ ʨʦʟʛʦʨʪʘʥʥʷ: ʬʝʨʤʠ ʟ ʪʨʦʩʘʤʠ ʽ ʥʦʞʠʯʥʦʛʦ ʤʝʭʘʥʽʟʤʫ. ʆʪʨʠʤʘʥʦ 

ʯʠʩʣʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʱʦʜʦ ʯʘʩʫ ʨʦʟʛʦʨʪʘʥʥʷ, ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʧʝʨʝʤʽʱʝʥʴ ʽ 

ʚʥʫʪʨʽʰʥʽʭ ʥʘʧʨʫʞʝʥʴ ʫ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʘʭ. ʇʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ 

ʘʥʘʣʽʟ ʢʽʣʴʢʦʭ ʢʦʤʧʦʥʦʚʦʢ ʪʘʢʠʭ ʩʠʩʪʝʤ. ʇʨʦʚʝʜʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʘʥʘʣʽʟ 

ʨʦʟʧʦʜʽʣʫ ʟʫʩʠʣʴ ʽ ʧʝʨʝʤʽʱʝʥʴ ʧʨʠ ʘʩʠʥʭʨʦʥʥʦʤʫ ʨʦʟʛʦʨʪʘʥʥʽ, ʘ ʪʘʢʦʞ ʜʦʩʣʽʜʞʝʥʦ 

ʚʧʣʠʚ ʛʝʦʤʝʪʨʠʯʥʠʭ ʽ ʩʠʣʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʢʽʥʝʤʘʪʠʯʥʫ ʪʦʯʥʽʩʪʴ ʽ ʥʘʜʽʡʥʽʩʪʴ 

ʩʠʩʪʝʤʠ.  
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ʋ ʪʨʝʪʴʦʤʫ ʨʦʟʜʽʣʽ ʚʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ ʥʘʚʯʘʥʥʷ ʟ 

ʧʽʜʢʨʽʧʣʝʥʥʷʤ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʨʦʟʛʦʨʪʘʥʥʷʤ ʩʪʨʠʞʥʝʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ʇʨʦʙʣʝʤʫ 

ʢʝʨʫʚʘʥʥʷ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʷʢ ʟʘʜʘʯʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʫ 

ʩʪʦʭʘʩʪʠʯʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʜʝ ʜʠʥʘʤʽʢʘ ʩʠʩʪʝʤʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʜʝʪʝʨʤʽʥʦʚʘʥʦʶ 

ʯʘʩʪʠʥʦʶ (ʢʽʥʝʤʘʪʠʢʘ ʤʝʭʘʥʽʟʤʫ), ʪʘʢ ʽ ʚʠʧʘʜʢʦʚʠʤʠ ʯʠʥʥʠʢʘʤʠ (ʢʦʣʠʚʘʥʥʷ, 

ʧʦʭʠʙʢʠ, ʟʘʪʨʠʤʢʠ). ʈʝʘʣʽʟʦʚʘʥʦ ʘʛʝʥʪ ʥʘ ʦʩʥʦʚʽ ʘʨʭʽʪʝʢʪʫʨʠ çʘʢʪʦʨ-ʢʨʠʪʠʢè, ʱʦ 

ʟʜʘʪʝʥ ʛʝʥʝʨʫʚʘʪʠ ʦʧʪʠʤʘʣʴʥʽ ʩʠʛʥʘʣʠ ʢʝʨʫʚʘʥʥʷ ʟʘʣʝʞʥʦ ʚʽʜ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ 

ʢʦʥʩʪʨʫʢʮʽʾ. ɸʛʝʥʪ ʟʜʘʪʥʠʡ ʘʜʘʧʪʠʚʥʦ ʨʝʘʛʫʚʘʪʠ ʥʘ ʟʤʽʥʫ ʫʤʦʚ ʤʦʜʝʣʽ ʪʘ 

ʤʽʥʽʤʽʟʫʚʘʪʠ ʧʦʭʠʙʢʠ ʨʦʟʛʦʨʪʘʥʥʷ. ʅʘʚʯʘʥʥʷ ʟʜʽʡʩʥʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʤʫʣʷʮʽʾ 

ʨʦʟʛʦʨʪʘʥʥʷ ʚ ʩʝʨʝʜʦʚʠʱʽ ʤʦʜʝʣʶʚʘʥʥʷ. ɺʠʟʥʘʯʝʥʦ ʚʧʣʠʚ ʩʪʨʫʢʪʫʨʠ ʥʝʡʨʦʤʝʨʝʞʽ, 

ʪʠʧʫ ʦʧʪʠʤʽʟʘʪʦʨʘ ʪʘ ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʯʘʥʥʷ ʥʘ ʢʝʨʫʚʘʥʥʷ. ʇʦʢʘʟʘʥʦ, ʱʦ ʘʛʝʥʪ ʟʜʘʪʝʥ 

ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʟʤʽʥ ʢʦʥʬʽʛʫʨʘʮʽʾ ʩʠʩʪʝʤʠ, ʥʝʩʧʽʚʧʘʜʽʥʥʷ ʤʦʜʝʣʽ ʪʘ ʨʝʘʣʴʥʦʛʦ 

ʦʙôʻʢʪʘ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʧʨʠ ʮʴʦʤʫ ʟʤʝʥʰʝʥʥʷ ʚʠʧʘʜʢʦʚʠʭ ʧʝʨʝʚʘʥʪʘʞʝʥʴ ʽ 

ʨʽʚʥʦʤʽʨʥʠʡ ʭʽʜ ʨʦʟʛʦʨʪʘʥʥʷ. ʇʨʦʚʝʜʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʠ ʟʽ ʟʤʽʥʥʦʶ ʩʪʨʫʢʪʫʨʦʶ 

ʘʛʝʥʪʘ, ʨʽʟʥʠʤʠ ʪʠʧʘʤʠ ʬʫʥʢʮʽʡ ʚʠʥʘʛʦʨʦʜʠ, ʧʘʨʘʤʝʪʨʘʤʠ ʦʧʪʠʤʽʟʘʮʽʾ. ʅʘʚʝʜʝʥʦ 

ʛʨʘʬʽʢʠ ʪʨʘʻʢʪʦʨʽʡ, ʧʦʤʠʣʦʢ ʢʝʨʫʚʘʥʥʷ ʪʘ ʯʘʩʫ ʩʪʘʙʽʣʽʟʘʮʽʾ.  

ʋ ʯʝʪʚʝʨʪʦʤʫ ʨʦʟʜʽʣʽ ʜʦʩʣʽʜʞʝʥʦ ʜʠʥʘʤʽʢʫ ʪʘ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ 

ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʨʦʟʛʦʨʪʘʥʥʷ ʙʘʛʘʪʦʩʝʢʮʽʡʥʦʾ ʰʪʘʥʛʠ ʫ ʩʢʣʘʜʽ ʤʽʥʽʩʫʧʫʪʥʠʢʘ. 

ʇʨʝʜʩʪʘʚʣʝʥʦ ʢʦʥʩʪʨʫʢʮʽʶ ʟ ʪʨʴʦʭ ʟôʻʜʥʘʥʠʭ ʪʨʫʙʯʘʩʪʠʭ ʩʝʢʮʽʡ, ʷʢʽ ʨʦʟʛʦʨʪʘʶʪʴʩʷ 

ʧʽʜ ʜʽʻʶ ʚʽʜʮʝʥʪʨʦʚʠʭ ʩʠʣ ʧʨʠ ʦʙʝʨʪʘʥʥʽ ʘʧʘʨʘʪʘ. ʇʦʙʫʜʦʚʘʥʦ ʜʠʥʘʤʽʯʥʫ ʤʦʜʝʣʴ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʛʨʘʚʽʪʘʮʽʡʥʦʛʦ ʧʦʣʷ ɿʝʤʣʽ, ʤʘʩʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʰʪʘʥʛʠ ʪʘ ʩʠʣʦʚʠʭ 

ʚʟʘʻʤʦʜʽʡ ʫ ʰʘʨʥʽʨʘʭ. ʄʦʜʝʣʴ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʨʦʟʢʨʠʪʪʷ ʧʨʠ ʧʨʦʩʪʦʨʦʚʦʤʫ 

ʦʙʝʨʪʘʥʥʽ ʘʧʘʨʘʪʘ, ʚʠʟʥʘʯʠʪʠ ʢʨʠʪʠʯʥʽ ʨʝʞʠʤʠ ʪʘ ʫʤʦʚʠ ʩʪʘʙʽʣʽʟʘʮʽʾ ʧʽʩʣʷ 

ʨʦʟʛʦʨʪʘʥʥʷ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʧʽʜʭʽʜ ʜʦ ʢʦʨʝʢʮʽʾ ʧʦʣʦʞʝʥʥʷ ʩʫʧʫʪʥʠʢʘ ʧʽʩʣʷ 

ʨʦʟʛʦʨʪʘʥʥʷ ʰʣʷʭʦʤ ʟʤʽʥʠ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ. ʇʨʦʚʝʜʝʥʦ ʩʝʨʽʶ ʯʠʩʣʦʚʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ, ʤʘʩʠ ʩʝʢʮʽʡ ʪʘ ʢʫʪʘ ʤʽʞ ʦʩʷʤʠ. 

ɺʠʟʥʘʯʝʥʦ ʢʨʠʪʠʯʥʽ ʫʤʦʚʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʚʥʦʛʦ ʨʦʟʢʨʠʪʪʷ ʰʪʘʥʛʠ ʙʝʟ 

ʟʽʪʢʥʝʥʥʷ ʟ ʢʦʨʧʫʩʦʤ ʘʧʘʨʘʪʘ. ɿʨʦʙʣʝʥʦ ʦʮʽʥʢʫ ʪʦʯʥʦʩʪʽ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʧʽʩʣʷ 
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ʟʘʚʝʨʰʝʥʥʷ ʨʦʟʛʦʨʪʘʥʥʷ ʪʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʨʝʢʦʤʝʥʜʘʮʽʾ ʜʣʷ ʤʘʡʙʫʪʥʽʭ ʤʽʩʽʡ ʟ 

ʧʦʜʽʙʥʦʶ ʢʦʥʬʽʛʫʨʘʮʽʻʶ.  

ʋ ʚʠʩʥʦʚʢʘʭ ʥʘʚʝʜʝʥʦ ʦʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʥʘʫʢʦʚʦʾ ʨʦʙʦʪʠ ʫ ʚʽʜʥʦʰʝʥʥʽ ʜʦ 

ʧʦʩʪʘʚʣʝʥʠʭ ʥʘʫʢʦʚʠʭ ʟʘʜʘʯ ʜʦʩʣʽʜʞʝʥʥʷ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʦʪʨʠʤʘʥʦ 

ʪʘʢʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ: 

1. ʈʦʟʨʦʙʣʝʥʦ ʟʘʢʦʥʠ ʢʝʨʫʚʘʥʥʷ ʨʦʟʛʦʨʪʘʥʥʷʤ ʦʬʩʝʪʥʦʾ ʘʥʪʝʥʠ ʧʨʠ 

ʘʩʠʥʭʨʦʥʥʽʡ ʥʘʤʦʪʮʽ ʪʨʦʩʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʽʜʤʦʚʠʪʠʩʴ ʚʽʜ ʩʠʥʭʨʦʥʽʟʫʶʯʠʭ ʰʘʨʥʽʨʽʚ 

ʽ ʧʽʜʚʠʱʠʪʠ ʥʘʜʽʡʥʽʩʪʴ ʩʠʩʪʝʤʠ. 

2. ɺʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʚʯʘʥʥʷ ʟ ʧʽʜʢʨʽʧʣʝʥʥʷʤ ʜʣʷ 

ʢʝʨʫʚʘʥʥʷ ʜʠʥʘʤʽʢʦʶ ʨʦʟʛʦʨʪʘʥʥʷ ʩʪʨʠʞʥʝʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʫ ʢʦʩʤʦʩʽ.  

3. ʋʜʦʩʢʦʥʘʣʝʥʦ ʤʦʜʝʣʽ ʜʠʥʘʤʽʢʠ ʘʥʪʝʥʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʨʪʷ, ʧʨʫʞʥʦʩʪʽ 

ʝʣʝʤʝʥʪʽʚ ʽ ʥʝʩʠʤʝʪʨʽʾ ʢʦʥʩʪʨʫʢʮʽʾ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʚʠʱʫ ʪʦʯʥʽʩʪʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʧʦʚʝʜʽʥʢʠ ʢʦʥʩʪʨʫʢʮʽʾ.  

4. ʄʦʜʠʬʽʢʦʚʘʥʦ ʧʽʜʭʽʜ ʜʦ ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʨʦʟʛʦʨʪʘʥʥʷ ʰʪʘʥʛ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʟʤʝʥʰʝʥʥʷ ʤʘʩʠ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤ ʨʦʟʛʦʨʪʘʥʥʷ.  

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʧʽʜʚʠʱʝʥʥʽ ʪʦʯʥʦʩʪʽ ʨʦʟʨʘʭʫʥʢʽʚ ʽ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʡ ʨʦʟʛʦʨʪʘʥʥʷ ʢʦʩʤʽʯʥʠʭ ʘʥʪʝʥ, ʟʥʠʞʝʥʥʽ ʚʠʪʨʘʪ ʥʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʩʧʨʦʱʝʥʥʽ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʘʥʪʝʥʠ, ʱʦ ʪʨʘʥʩʬʦʨʤʫʶʪʴʩʷ; ʦʬʩʝʪʥʘ ʘʥʪʝʥʘ; ʢʦʩʤʽʯʥʠʡ 

ʨʘʜʘʨ; ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʥʘʤʽʢʠ; ʥʘʚʯʘʥʥʷ ʟ ʧʽʜʢʨʽʧʣʝʥʥʷʤ; ʩʪʨʠʞʥʝʚʘ ʢʦʥʩʪʨʫʢʮʽʷ; 

ʪʨʦʩʦʚʦ-ʰʢʽʚʥʘ ʩʠʩʪʝʤʘ; ʚʽʜʮʝʥʪʨʦʚʝ ʨʦʟʛʦʨʪʘʥʥʷ. 
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ABSTRACT 

Shamakhanov V. K. Models and Methods for Dynamics Analysis and Deployment 

Control of a Space Radar Based on an Offset Antenna. ï Qualification scientific work as 

a manuscript. 

Dissertation submitted for the degree of Doctor of Philosophy in specialty 151 

"Automation and Computer-Integrated Technologies". ï Institute of Technical Mechanics 

of the National Academy of Sciences of Ukraine and the State Space Agency of Ukraine, 

Dnipro, 2025. 

The dissertation is devoted to solving an urgent scientific and applied problem of 

improving the quality of dynamics analysis and control of deployment processes in space-

deployable structures, in particular a space radar with an offset antenna, by using modern 

methods of analysis of the dynamics of systems of connected bodies, computer modelling 

and intelligent control. 

The aim of the research is to enhance the quality of dynamics analysis and 

deployment control of a space radar with an offset antenna. 

Object of research: a space radar based on an offset antenna. 

Subject of research: models and methods for dynamics analysis and deployment 

control of a space radar with an offset antenna. 

Research methods: The study employs methods of theoretical mechanics, elasticity 

theory, multibody system dynamics, automatic control theory, reinforcement learning, 

and computer modeling. 

The introduction substantiates the relevance of deployable offset antennas for small 

Earth observation satellites. It presents examples of existing structures and analyzes 

deployment failure causes linked to dynamic factors. 

Chapter 1 provides a comprehensive analytical review of deployable space 

structures, their types, configurations, and specific features in microgravity conditions. 

Structures are classified into flexible, rod-like, scissor-type, telescopic, and sectional 

systems. Advantages and disadvantages of each type in terms of deployment efficiency 
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and structural integrity are detailed. Special attention is paid to composite-material-based 

constructions due to their low weight and high stiffness. The principles of deployable 

antenna construction, including mesh reflectors with supporting trusses and elastic 

membranes, are considered. The chapter also discusses dynamic modeling methods and 

challenges in accurately predicting large mesh antenna behavior during deployment. A 

rationale is given for selecting specific models and methods for further investigation. The 

research objectives are clearly formulated. 

Chapter 2 develops a mathematical model of the offset antenna dynamics, 

incorporating scissor elements, reflective mesh surfaces, and a cable-pulley deployment 

system. The influence of friction in pulleys, constructional asymmetry, and deformation 

of flexible elements is formalized. Algorithms for building a computer model in a dynamic 

simulation environment are described, and initial simulation conditions are provided. The 

effect of parameters such as mesh mass, joint stiffness, and antenna moment of inertia on 

deployment dynamics is studied. Two deployment systems are analyzed in detail: truss 

with cables and scissor mechanisms. Quantitative results include deployment time, 

displacement asymmetry, and internal stress distribution in structural components. 

Comparative analysis of various system configurations is conducted. Special focus is 

given to force distribution and displacement patterns under asynchronous deployment, 

with evaluation of how geometric and mechanical parameters influence kinematic 

accuracy and system reliability. 

Chapter 3 introduces, for the first time, the application of reinforcement learning 

methods for the control of rod deployment structures. The control problem is framed as 

an optimal decision-making task in a stochastic environment, where the system dynamics 

are governed by both deterministic (kinematics) and random (vibrations, delays, 

uncertainties) components. An agent based on an actor-critic architecture is implemented 

to generate optimal control actions depending on the structureôs current state. The agent 

is capable of adapting to modeling inaccuracies and minimizing deployment errors. The 

training is conducted in a simulation environment. The impact of neural network 



8 

 

architecture, optimizer type, and training parameters on control performance is analyzed. 

The agent demonstrates adaptability to system configuration changes and model-reality 

discrepancies, achieving smoother and more reliable deployment. Experiments with 

varying agent structures, reward functions, and optimization parameters are performed. 

Control error graphs, deployment trajectories, and stabilization times are presented. 

Chapter 4 investigates the dynamics and control of centrifugal deployment of a multi-

section boom in a mini-satellite. The structure consists of three connected tubular sections 

that unfold under centrifugal forces during satellite rotation. A dynamic model is 

developed, accounting for Earthôs gravity, mass distribution, and joint interactions. The 

model allows assessment of deployment behavior during spatial rotation, identification of 

critical regimes, and conditions for post-deployment stabilization. A control approach is 

proposed to adjust the satelliteôs orientation after deployment via moment of inertia 

modification. Numerical experiments are performed for different angular velocities, 

section masses, and inter-axis angles. Critical conditions are determined to ensure 

complete deployment without structural collision. The accuracy of post-deployment 

positioning is assessed, and recommendations for future missions with similar 

configurations are provided. 

The conclusions summarize the main scientific findings in relation to the research 

objectives. The key scientific contributions include: 

1. Development of deployment control laws for offset antennas under asynchronous 

cable winding, eliminating the need for synchronizing joints and increasing system 

reliability. 

2. First-time application of reinforcement learning for deployment control of rod-like 

space structures. 

3. Enhancement of antenna dynamics models with friction, flexibility, and 

asymmetry factors, leading to more accurate behavioral predictions. 

4. Modification of the centrifugal deployment approach for booms, enabling mass 

reduction and improved efficiency. 
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The practical significance lies in improving the accuracy of deployment simulations, 

increasing reliability and efficiency of deployable space antenna systems, reducing 

experimental costs, and simplifying control systems. 

Keywords: deployable antennas; offset antenna; space radar; dynamics modeling; 

reinforcement learning; rod structure; cable-pulley system; centrifugal deployment. 
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ʉʇʀʉʆʂ ʇʋɹʃɯʂɸʎɯʁ ɿɼʆɹʋɺɸʏɸ 

ʅʘʫʢʦʚʽ ʧʨʘʮʽ, ʚ ʷʢʠʭ ʦʧʫʙʣʽʢʦʚʘʥʦ ʦʩʥʦʚʥʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ: 

 

1. Khoroshylov S.V., Shamakhanov V.K., Vasyliev V.V. Modeling of centrifugal 

deployment of three-section minisatellite boom // çTechnical mechanicsè ˉ 4, 2021 ʨ. ï 

ɯʊʄ ʅɸʅʋ ʽ ɼʂɸʋ ï ɼʥʽʧʨʦ (ʬʘʭʦʚʝ ʚʠʜʘʥʥʷ ʢʘʪʝʛʦʨʽʾ ɹ). 

2. Khoroshylov S.V., Shamakhanov V.K., Martyniuk S.E., Sushko O.Y. Modelling of 

Space Antenna Deployment using Open Source Software // çTechnical mechanicsè ˉ 4, 

2022 ʨ. ï ɯʊʄ ʅɸʅʋ ʽ ɼʂɸʋ ï ɼʥʽʧʨʦ (ʬʘʭʦʚʝ ʚʠʜʘʥʥʷ ʢʘʪʝʛʦʨʽʾ ɹ). 

3. Shamakhanov V.K., Khoroshylov S.V. Modeling cable-pulley deployment systems 

of transformable rod structures // çTechnical mechanicsè ˉ 4, 2023 ʨ. ï ɯʊʄ ʅɸʅʋ ʽ 

ɼʂɸʋ ï ɼʥʽʧʨʦ (ʬʘʭʦʚʝ ʚʠʜʘʥʥʷ ʢʘʪʝʛʦʨʽʾ ɹ). 

4. Khoroshylov S.V., Martyniuk S.E., Medzmariashvili E., Tserodze S., 

Shamakhanov V.K. Deployment modeling and analysis of mesh antenna consisting of 

scissor-like and V-folding elements // CEAS Space Journal, 2024 ʨ. (Q2 Scopus, Web of 

Science). 

5. ʐʘʤʘʭʘʥʦʚ ɺ.ʂ., ʍʦʨʦʰʠʣʦʚ ʉ.ɺ. ʆʩʦʙʣʠʚʦʩʪʽ ʩʪʚʦʨʝʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʢʦʩʤʽʯʥʠʭ ʩʪʨʽʣʦʧʦʜʽʙʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʱʦ ʪʨʘʥʩʬʦʨʤʫʶʪʴʩʷ // ɾʫʨʥʘʣ çɺʽʩʥʠʢ 

ɼʥʽʧʨʦʚʩʴʢʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ. ʉʝʨʽʷ: ʈʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʘ ʪʝʭʥʽʢʘè ˉ 1, 2025 ʨ., ʩ. 3 ï 

20. ï ɼʅʋ ʽʤ. ʆʣʝʩʷ ɻʦʥʯʘʨʘ ï ɼʥʽʧʨʦ (ʬʘʭʦʚʝ ʚʠʜʘʥʥʷ ʢʘʪʝʛʦʨʽʾ ɹ). 

6. Khoroshylov S.V., Shamakhanov V.K. Deployment control of transformablerod 

structures using reinforcement learning // çTechnical mechanicsè ˉ 1, 2025 ʨ. ., ʩ. 63 ï 

76.  ï ɯʊʄ ʅɸʅʋ ʽ ɼʂɸʋ ï ɼʥʽʧʨʦ (ʬʘʭʦʚʝ ʚʠʜʘʥʥʷ ʢʘʪʝʛʦʨʽʾ ɹ). 

 

ʆʧʫʙʣʽʢʦʚʘʥʽ ʧʨʘʮʽ ʘʧʨʦʙʘʮʽʡʥʦʛʦ ʭʘʨʘʢʪʝʨʫ: 

 

7. ʐʘʤʘʭʘʥʦʚ ɺ.ʂ., ʍʦʨʦʰʠʣʦʚ ʉ.ɺ. ʄʦʜʝʣʶʚʘʥʥʷ ʨʦʟʛʦʨʪʘʥʥʷ ʘʥʪʝʥʠ 

ʢʦʩʤʽʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟ ʚʽʜʢʨʠʪʠʤ 
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ʢʦʜʦʤ // ʄʘʪʝʨʽʘʣʠ XXIV ʤʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ çʃʶʜʠʥʘ ʽ 

ʢʦʩʤʦʩè. ï 25-27 ʪʨʘʚʥʷ 2022 ʨ., ʤ. ɼʥʽʧʨʦ, ʉ. 54. 

8. ʐʘʤʘʭʘʥʦʚ ɺ.ʂ., ʍʦʨʦʰʠʣʦʚ ʉ.ɺ., ʄʘʨʪʠʥʶʢ ʉ.ɭ., ʉʫʰʢʦ ʆ.ʖ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟ ʚʽʜʢʨʠʪʠʤ ʢʦʜʦʤ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ 

ʨʦʟʛʦʨʪʘʥʥʷ ʢʦʩʤʽʯʥʦʾ ʘʥʪʝʥʠ // ʄʘʪʝʨʽʘʣʠ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ 

ʢʦʥʬʝʨʝʥʮʽʾ ɯʥʬʦʨʤʘʮʽʡʥʽ ʊʝʭʥʦʣʦʛʽʾ ʪʘ ʂʦʤʧôʶʪʝʨʥʝ ʄʦʜʝʣʶʚʘʥʥʷ ï 15-16 ʛʨʫʜʥʷ 

2022 ʨ., ʤ. ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢ, ʉ. 206-213. 

9. Shamakhanov V., Khoroshylov S. Deployment Simulation and Analysis of Space 

Mesh Antenna // ʄʘʪʝʨʽʘʣʠ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ 

ɯʥʬʦʨʤʘʮʽʡʥʽ ʊʝʭʥʦʣʦʛʽʾ ʚ ʄʝʪʘʣʫʨʛʽʾ ʪʘ ʄʘʰʠʥʦʙʫʜʫʚʘʥʥʽ, 22 ʙʝʨʝʟʥʷ 2023 ʨ., ʤ. 

ɼʥʽʧʨʦ, ʉ. 106-108. 

10. Khoroshylov S.V., Shamakhanov V.K., Martyniuk S.E., Sushko O.Y., 

Medzmariashvili E., Tserodze S., Beitsun V.S. Dynamics modelling and analysis of the 

deployable reflector antenna for SAR mini-satellites // ʄʘʪʝʨʽʘʣʠ 41st ESA Antenna 

Workshop on Large Deployable Antennas, 25-28 September 2023, Noordwijk, The 

Netherlands. 

11. ʐʘʤʘʭʘʥʦʚ ɺ.ʂ., ʍʦʨʦʰʠʣʦʚ ʉ.ɺ., ʄʦʜʝʣʶʚʘʥʥʷ ʪʨʦʩʦʚʦʾ ʩʠʩʪʝʤʠ 

ʨʦʟʛʦʨʪʘʥʥʷ ʩʪʨʠʞʥʝʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʦɦ ʪʨʘʥʩʬʦʨʤʫʶʪʴʩʷ, ʤʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʘ 

ʢʦʥʬʝʨʝʥʮʽʷ çɸʢʪʫʘʣʴʥʽ ʇʨʦʙʣʝʤʠ ʄʝʭʘʥʽʢʠ - 2023è ʜʦ 145-ʨʽʯʯʷ ʚʽʜ ʜʥʷ 

ʥʘʨʦʜʞʝʥʥʷ ʉ.ʇ.ʊʠʤʦʰʝʥʢʘ, 14 - 16 ʃʠʩʪʦʧʘʜʘ 2023 ʨ., ʤ. ɼʥʽʧʨʦ, ʉ. 196-197. 

12. ʐʘʤʘʭʘʥʦʚ ɺ.ʂ., ʍʦʨʦʰʠʣʦʚ ʉ.ɺ. ʂʝʨʫʚʘʥʥʷ ʈʦʟʛʦʨʪʘʥʥʷʤ ʉʽʪʯʘʩʪʦʾ ɸʥʪʝʥʠ 

ʂʦʩʤʽʯʥʦʛʦ ɿʘʩʪʦʩʫʚʘʥʥʷ, ʍʍVII  ʄʽʞʥʘʨʦʜʥʘ ʂʦʥʬʝʨʝʥʮʽʷ çɸʚʪʦʤʘʪʠʢʘè 2024, 

20ï22 ʃʠʩʪʦʧʘʜʘ 2024 ʨ., ʤ. ɼʥʽʧʨʦ, ʉ. 211-212. 

 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ʋʩʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʾ ʦʜʝʨʞʘʥʦ 

ʘʚʪʦʨʦʤ ʩʘʤʦʩʪʽʡʥʦ. ʋ ʧʨʘʮʷʭ, ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ, ʘʚʪʦʨʫ ʥʘʣʝʞʘʪʴ:  

[2] ï ʚʠʢʦʥʘʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʨʦʟʛʦʨʪʘʥʥʷ ʪʨʠʩʝʢʮʽʡʥʦʾ ʰʪʘʥʛʠ ʥʘ 

ʤʽʥʽʩʫʧʫʪʥʠʢʫ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ - ʨʝʘʣʽʟʘʮʽʷ  ʧʨʝʜʩʪʘʚʣʝʥʦʾ 
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ʩʪʨʘʪʝʛʽʾ ʨʦʟʛʦʨʪʘʥʥʷ ʜʣʷ ʤʽʥʽʩʫʧʫʪʥʠʢʘ, ʷʢʠʡ ʤʦʞʝ ʚʠʢʦʥʫʚʘʪʠ ʰʚʠʜʢʽ ʤʘʥʝʚʨʠ 

ʧʦʚʦʨʦʪʫ ʥʘʚʢʦʣʦ ʪʨʴʦʭ ʦʩʝʡ ʦʨʙʽʪʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʚʽʜʣʽʢʫ, ʻ ʜʦʮʽʣʴʥʦʶ, ʷʢʱʦ ʨʽʚʝʥʴ 

ʥʘʜʽʡʥʦʩʪʽ ʨʦʟʛʦʨʪʘʥʥʷ ʩʪʨʽʣʠ ʪʘ ʬʽʢʩʘʮʽʾ ʟ'ʻʜʥʘʥʥʷ ʟ ʤʽʥʽʤʘʣʴʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ 

ʥʘ ʢʦʥʩʪʨʫʢʮʽʶ ʻ ʛʘʨʘʥʪʦʚʘʥʠʤ; [169] ï ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʦʛʨʘʤʥʽ 

ʧʘʢʝʪʠ ʟ ʚʽʜʢʨʠʪʠʤ ʢʦʜʦʤ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʩʠʩʪʝʤ ʪʘ ʧʨʦʮʝʩʫ ʾʭ 

ʨʦʟʛʦʨʪʘʥʥʷ, ʦʪʨʠʤʘʥʦ ʤʦʜʝʣʴ ʨʝʬʣʝʢʪʦʨʥʦʾ ʘʥʪʝʥʠ ʫ ʾʾ ʟʛʦʨʥʫʪʦʤʫ ʪʘ 

ʨʦʟʛʦʨʥʫʪʦʤʫ ʩʪʘʥʘʭ, ʘ ʪʘʢʦʞ ʫ ʛʨʘʬʽʯʥʦʤʫ ʚʠʛʣʷʜʽ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʟʤʽʥʠ ʥʘʧʨʫʛʠ, 

ʱʦ ʟôʷʚʣʷʻʪʴʩʷ ʫ ʜʽʘʛʦʥʘʣʴʥʠʭ ʩʪʨʠʞʥʷʭ ʩʝʢʮʽʡ, ʪʘ ʨʽʟʥʠʮʽ ʢʫʪʽʚ ʤʽʞ 

ʛʦʨʠʟʦʥʪʘʣʴʥʠʤʠ ʩʝʢʮʽʷʤʠ ʧʨʦʪʷʛʦʤ ʨʦʟʛʦʨʪʘʥʥʷ ʘʥʪʝʥʠ; [170] ï ʨʦʟʨʦʙʣʝʥʦ 

ʩʧʨʦʱʝʥʠʡ ʤʝʪʦʜ ʤʦʜʝʣʶʚʘʥʥʷ ʪʨʦʩʦʚʠʭ ʩʠʩʪʝʤ ʨʦʟʛʦʨʪʘʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʨʦʟʨʘʭʫʥʦʢ ʥʘʪʷʛʫ ʪʨʦʩʘ ʪʘ ʚʫʟʣʦʚʠʭ ʨʫʰʽʡʥʠʭ ʩʠʣ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʨʪʷ ʪʘ ʽʥʰʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʊʐʉ; ʧʦʢʘʟʘʥʦ, ʱʦ ʷʢʱʦ ʪʨʦʩ ʥʘʤʦʪʫʚʘʪʠ ʟ ʧʦʩʪʽʡʥʦʶ ʰʚʠʜʢʽʩʪʶ, 

ʚʽʥ ʤʦʞʝ ʟʥʘʯʥʦ ʚʪʨʘʯʘʪʠ ʥʘʪʷʛ ʘʙʦ ʥʘʚʽʪʴ ʧʨʦʚʠʩʘʪʠ ʥʘ ʧʝʚʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʯʘʩʫ, ʱʦ 

ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʚʪʨʘʪʠ ʢʦʥʪʘʢʪʫ ʪʨʦʩʘ ʟʽ ʰʢʽʚʦʤ ʪʘ ʟʙʦʾʚ ʫ ʨʦʟʛʦʨʪʘʥʥʽ; ʜʣʷ 

ʫʩʫʥʝʥʥʷ ʤʦʞʣʠʚʦʛʦ ʧʨʦʚʠʩʘʥʥʷ ʪʨʦʩʽʚ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʘʤʦʪʫʚʘʪʠ ʾʭ ʟʽ ʟʤʽʥʥʦʶ 

ʰʚʠʜʢʽʩʪʶ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʦʪʨʠʤʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʘʪʷʛʫ ʪʨʦʩʫ ʧʦ 

ʚʠʤʽʨʘʤ ʢʫʪʽʚ ʤʽʞ ʝʣʝʤʝʥʪʘʤʠ ʩʝʢʮʽʡ ʘʥʪʝʥʠ; [32] ï ʦʪʨʠʤʘʥʦ ʧʦʚʥʦʤʘʩʰʪʘʙʥʫ 

ʤʦʜʝʣʴ ʢʦʩʤʽʯʥʦʾ ʘʥʪʝʥʠ ʚ ʷʢʽʡ ʚʨʘʭʦʚʘʥʦ ʚʣʘʩʪʠʚʦʩʪʽ ʩʽʪʦʢ ʪʘ ʩʪʷʞʦʢ ʤʽʞ ʥʠʤʠ, 

ʚʠʜʙʠʚʥʦʛʦ ʧʦʣʦʪʥʘ, ʪʘ ʊʐʉ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ ʢʦʤʧôʪʝʨʥʦʛʦ ʪʘ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʩʧʝʯʝʥʥʷ ʧʨʦʚʝʜʝʥʦ ʩʠʤʫʣʷʮʽʾ ʨʦʟʛʦʨʪʘʥʥʷ ʢʦʤʧôʶʪʝʨʥʦʾ ʤʦʜʝʣʽ ʘʥʪʝʥʠ, ʪʘ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʜʚʘ ʩʮʝʥʘʨʽʾ, ʧʽʜ ʯʘʩ ʷʢʠʭ ʤʦʞʥʘ ʫʥʠʢʥʫʪʠ ʘʩʠʥʭʨʦʥʥʦʛʦ ʨʦʟʢʨʠʪʪʷ 

ʩʝʢʮʽʡ ʘʥʪʝʥʠ ʪʘ ʧʨʦʚʠʩʘʥʥʷ ʪʨʦʩʽʚ ʊʐʉ; [171] ï ʨʦʟʛʣʷʥʫʪʦ ʩʫʯʘʩʥʠʡ ʩʪʘʥ 

ʩʪʨʽʣʦʧʦʜʽʙʥʠʭ ʢʦʩʤʽʯʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʱʦ ʨʦʟʛʦʨʪʘʶʪʴʩʷ; ʦʧʠʩʘʥʦ ʦʩʥʦʚʥʽ ʚʽʜʦʤʽ 

ʪʠʧʠ ʪʘʢʠʭ ʢʦʥʩʪʨʫʢʮʽʡ; ʨʦʟʛʣʷʥʫʪʦ ʾʭ ʚʽʜʤʽʥʥʦʩʪʽ, ʥʝʜʦʣʽʢʠ ʪʘ ʧʝʨʝʚʘʛʠ ʢʦʞʥʦʛʦ ʽʟ 

ʪʠʧʽʚ, ʤʽʮʥʽʩʪʴ, ʩʪʽʡʢʽʩʪʴ ʪʘ ʤʝʪʦʜʠ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʟ ʜʠʥʘʤʽʢʠ ʨʦʟʛʦʨʪʘʥʥʷ 

ʨʦʟʛʣʷʥʫʪʠʭ ʢʦʥʩʪʨʫʢʮʽʡ; ʚʠʜʽʣʝʥʦ ʦʯʝʚʠʜʥʽ ʧʝʨʝʚʘʛʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʪʘ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʜʽʙʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʧʦʢʘʟʘʥʘ 
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ʘʢʪʫʘʣʴʥʽʩʪʴ ʚʠʚʯʝʥʥʷ ʥʦʚʠʭ ʧʽʜʭʦʜʽʚ ʜʣʷ ʚʞʝ ʚʽʜʦʤʠʭ ʟʘʜʘʯ; [172] ï ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʚʯʘʥʥʷ ʟ ʧʽʜʢʨʽʧʣʝʥʥʷʤ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʜʠʥʘʤʽʢʦʶ ʨʦʟʛʦʨʪʘʥʥʷ 

ʩʪʨʠʞʥʝʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʫ ʢʦʩʤʦʩʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʦʜʦʣʘʪʠ ʥʠʟʢʫ ʥʝʜʦʣʽʢʽʚ, 

ʧʨʠʪʘʤʘʥʥʠʭ ʪʨʘʜʠʮʽʡʥʽʡ ʤʝʪʦʜʠʮʽ, ʘʜʞʝ ʥʘʚʯʘʥʥʷ ʟ ʧʽʜʢʨʽʧʣʝʥʥʷʤ ʜʘʻ ʟʤʦʛʫ 

ʦʧʪʠʤʽʟʫʚʘʪʠ ʩʠʩʪʝʤʫ ʨʦʟʛʦʨʪʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʣʝʡ, ʦʪʨʠʤʘʥʠʭ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʥʘʤʽʢʠ 

ʩʠʩʪʝʤ ʟʚôʷʟʘʥʠʭ ʪʽʣ, ʚʨʘʭʦʚʫʶʯʠ ʥʝʦʙʭʽʜʥʽ ʢʨʠʪʝʨʽʾ ʪʘ ʦʙʤʝʞʝʥʥʷ.  

 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ.  

ʄʘʪʝʨʽʘʣʠ, ʦʩʥʦʚʽ ʧʦʣʦʞʝʥʥʷ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ 

ʜʦʧʦʚʽʜʘʣʠʩʴ ʽ ʙʫʣʠ ʦʧʫʙʣʽʢʦʚʘʥʽ ʫ ʟʙʽʨʥʠʢʘʭ ʜʦʧʦʚʽʜʝʡ ʪʘ ʤʘʪʝʨʽʘʣʽʚ ʥʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʡ ʪʘ ʩʝʤʽʥʘʨʽʚ, ʘ ʩʘʤʝ: ʄʽʞʥʘʨʦʜʥʘ ʤʦʣʦʜʽʞʥʘ ʥʘʫʢʦʚʦ-

ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çʃʶʜʠʥʘ ʽ ʂʦʩʤʦʩè (ʤ. ɼʥʽʧʨʦ, 2022); ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-

ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çɯʥʬʦʨʤʘʮʽʡʥʽ ʊʝʭʥʦʣʦʛʽʾ ʪʘ ʂʦʤʧôʶʪʝʨʥʝ ʄʦʜʝʣʶʚʘʥʥʷè 

(ʤ. ɼʥʽʧʨʦ, 2022); ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çɯʥʬʦʨʤʘʮʽʡʥʽ 

ʪʝʭʥʦʣʦʛʽʾ ʚ ʤʝʪʘʣʫʨʛʽʾ ʪʘ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽè (ʤ. ɼʥʽʧʨʦ, 2023); ʤʽʞʥʘʨʦʜʥʘ 

ʢʦʥʬʝʨʝʥʮʽʷ ç41st ESA Antenna Workshop on Large Deployable Antennasè (ʤ. 

ʅʦʨʜʚʝʡʢ, ʅʽʜʝʨʣʘʥʜʠ, 2023); ʤ̔ ʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʘ ʢʦʥʬʝʨʝʥʮʽʷ çɸʢʪʫʘʣʴʥʽ 

ʇʨʦʙʣʝʤʠ ʄʝʭʘʥʽʢʠ - 2023è ʜʦ 145-ʨʽʯʯʷ ʚʽʜ ʜʥʷ ʥʘʨʦʜʞʝʥʥʷ ʉ.ʇ.ʊʠʤʦʰʝʥʢʘ (ʤ. 

ɼʥʽʧʨʦ, 2023); ʍʍVII  ʄʽʞʥʘʨʦʜʥʘ ʂʦʥʬʝʨʝʥʮʽʷ çɸʚʪʦʤʘʪʠʢʘè 2024 (ʤ. ɼʥʽʧʨʦ, 

2024); ʥʘ ʥʘʫʢʦʚʠʭ ʩʝʤʽʥʘʨʘʭ ɯʥʩʪʠʪʫʪʫ ʪʝʭʥʽʯʥʦʾ ʤʝʭʘʥʽʢʠ ʅɸʅʋ ʽ ɼʂɸʋ (ʚʠʪʷʛʠ 

ʟ ʧʨʦʪʦʢʦʣʽʚ ʩʝʤʽʥʘʨʽʚ ʚʽʜʜʽʣʫ ʉʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʧʨʦʙʣʝʤ ʢʝʨʫʚʘʥʥʷ, 2021 ï 

2025). 
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ɺʉʊʋʇ 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. ɺ ʜʘʥʠʡ ʯʘʩ ʚʩʝ ʙʽʣʴʰʠʡ ʽʥʪʝʨʝʩ ʚʠʢʣʠʢʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʘʣʠʭ ʩʫʧʫʪʥʠʢʽʚ. ʆʜʥʠʤ ʽʟ ʪʘʢʠʭ ʧʨʠʢʣʘʜʽʚ ʻ ʩʪʚʦʨʝʥʥʷ ʤʽʥʽ-ʩʫʧʫʪʥʠʢʘ (ʄʉ) ʟ 

ʨʘʜʽʦʣʦʢʘʪʦʨʦʤ ʽʟ ʩʠʥʪʝʟʦʚʘʥʦʶ ʘʧʝʨʪʫʨʦʶ (ʈʉɸ) [12]. ʅʝʜʦʨʦʛʽ ʩʠʩʪʝʤʠ ʥʘ ʙʘʟʽ 

ʤʘʣʠʭ ʩʫʧʫʪʥʠʢʽʚ ʤʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʰʠʨʠʪʠ ʦʙʣʘʩʪʴ ʈʉɸ ʽ ʟʨʦʙʠʪʠ ʾʭ ʙʽʣʴʰ 

ʧʨʠʚʘʙʣʠʚʠʤʠ ʟ ʢʦʤʝʨʮʽʡʥʦʾ ʪʦʯʢʠ ʟʦʨʫ. 

ʇʨʠ ʩʪʚʦʨʝʥʥʽ ʧʽʜʭʦʜʫ ʄʉ ʟ ʈʉɸ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʰʝʥʴ, 

ʚʽʜʤʽʥʥʠʭ ʚʽʜ ʪʠʭ, ʷʢʽ ʪʨʘʜʠʮʽʡʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʙʽʣʴʰʠʭ ʂɸ. ʆʜʥʠʤ ʽʟ 

ʪʘʢʠʭ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʧʽʜʭʦʜʽʚ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʤʽʩʪʴ ʪʨʘʜʠʮʽʡʥʦʾ ʘʥʪʝʥʠ ʟ 

ʬʘʟʦʚʘʥʦʶ ʘʥʪʝʥʥʦʶ ʨʝʰʽʪʢʦʶ ʨʝʬʣʝʢʪʦʨʥʦʾ ʘʥʪʝʥʠ, ʱʦ ʨʦʟʛʦʨʪʘʻʪʴʩʷ (ʈɸʈ) [13], 

ʧʦʟʠʮʽʦʥʦʚʘʥʦʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʨʘʥʩʬʦʨʤʦʚʘʥʦʾ ʰʪʘʥʛʠ. ʆʩʢʽʣʴʢʠ ʨʦʟʛʦʨʪʘʥʥʷ ʈɸʈ 

ʻ ʩʢʣʘʜʥʠʤ ʥʝʣʽʥʽʡʥʠʤ ʜʠʥʘʤʽʯʥʠʤ ʧʨʦʮʝʩʦʤ, ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʚʽʜʤʦʚʠ ʪʘ 

ʘʥʦʤʘʣʽʾ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥ ɹ ʚʜ̔ʤʦʚ ʨʦʟʛʦʨʪʘʥʥʷ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ [12] 

ʜʦʟʚʦʣʷʶʪʴ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʥʝʪʦʯʥʝ ʘʙʦ ʥʝʘʜʝʢʚʘʪʥʝ ʤʦʜʝʣʶʚʘʥʥʷ/ʘʥʘʣʽʟ 

ʩʝʨʝʜʦʚʠʱ ʪʘ ʜʠʥʘʤʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʚʽʜʤʦʚ ʧʨʠ ʨʦʟʛʦʨʪʘʥʥʽ 

ʢʦʩʤʽʯʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ʊʦʤʫ ʚʢʨʘʡ ʚʘʞʣʠʚʦ ʪʦʯʥʦ ʧʨʦʛʥʦʟʫʚʘʪʠ ʧʦʚʝʜʽʥʢʫ ʈɸʈ ʧʽʜ 

ʯʘʩ ʨʦʟʛʦʨʪʘʥʥʷ ʰʣʷʭʦʤ ʪʦʯʥʦʛʦ ʘʥʘʣʽʟʫ ʥʝʣʽʥʽʡʥʠʭ ʬʘʢʪʦʨʽʚ, ʪʘʢʠʭ ʷʢ ʛʥʫʯʢʽʩʪʴ, 

ʪʝʨʪʷ, ʥʘʪʷʛ ʩʽʪʢʠ ʪʘ ʽʥʰʽ. ʉʢʣʘʜʥʽʩʪʶ ʧʨʦʚʝʜʝʥʥʷ ʥʘʪʫʨʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʚ ʫʤʦʚʘʭ 

ɿʝʤʥʦʾ ʛʨʘʚʽʪʘʮʽʾ ʩʧʦʥʫʢʘʶʪʴ ʽʥʞʝʥʝʨʽʚ ʪʘ ʜʦʩʣʽʜʥʠʢʽʚ ʚʩʝ ʙʽʣʴʰʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʤʝʪʦʜʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʪʘ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʘʥʘʣʽʟʫ ʧʦʜʽʙʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ. 

ɼʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ ʫ ʨʫʰʽʡʥʽ ʩʠʣʠ ʜʣʷ ʨʦʟʛʦʨʪʘʥʥʷ ʈɸʈ 

ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʊʐʉ. ʆʜʥʘʢ ʨʫʰʽʡʥʽ ʩʠʣʠ ʟʛʘʩʘʶʪʴ, ʦʩʢʽʣʴʢʠ ʪʨʦʩ 

ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʰʢʽʚʠ ʟ ʪʝʨʪʷʤ. ɿʛʘʩʘʥʥʷ ʨʫʰʽʡʥʦʾ ʩʠʣʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʘʩʠʥʭʨʦʥʥʦʛʦ ʨʦʟʛʦʨʪʘʥʥʷ ʩʝʢʮʽʡ ʬʝʨʤ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʜʦʜʘʪʢʦʚʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʾʭ ʝʣʝʤʝʥʪʠ [5]. ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʘʩʠʥʭʨʦʥʥʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʨʽʟʥʽ ʩʠʥʭʨʦʥʽʟʫʶʯʽ ʤʝʭʘʥʽʟʤʠ [6], ʷʢʽ ʫʩʢʣʘʜʥʶʶʪʴ ʢʦʥʩʪʨʫʢʮʽʶ ʪʘ ʟʙʽʣʴʰʫʶʪʴ ʾʾ 

ʤʘʩʫ, ʘʣʝ ʪʠʤ ʥʝ ʤʝʥʰ ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʦʚʥʽʩʪʶ ʩʠʥʭʨʦʥʥʦʛʦ ʨʦʟʛʦʨʪʘʥʥʷ. ʊʘʢʠʤ 
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ʯʠʥʦʤ ʘʢʪʫʘʣʴʥʠʤ ʻ ʧʦʰʫʢ ʨʽʰʝʥʴ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʤʘʩʠ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ 

ʨʦʟʛʦʨʪʘʥʥʷ ʈɸʈ. 

ɼʦʮʽʣʴʥʦ ʪʘʢʦʞ ʨʦʟʛʣʷʥʫʪʠ ʤʦʞʣʠʚʽʩʪʴ ʟʥʠʞʝʥʥʷ ʤʘʩʠ ʰʪʘʥʛʠ ʟʘ ʨʘʭʫʥʦʢ 

ʚʽʜʤʦʚʠ ʚʽʜ ʩʝʨʚʦʧʨʠʚʦʜʽʚ ʚ ʩʠʩʪʝʤʽ ʾʾ ʨʦʟʚʝʨʪʘʥʥʷ. ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʻ ʢʦʥʩʪʨʫʢʮʽʷ 

ʙʘʛʘʪʦʩʝʢʮʽʡʥʦʾ ʰʪʘʥʛʠ ʟ ʚʫʛʣʝʧʣʘʩʪʠʢʦʚʠʭ ʪʨʫʙ, ʨʦʟʢʨʠʪʪʷ ʷʢʦʾ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟʘ 

ʨʘʭʫʥʦʢ ʚʽʜʮʝʥʪʨʦʚʠʭ ʩʠʣ ʧʨʠ ʧʦʚʦʨʦʪʽ ʂɸ [15]. ɺ ʜʘʥʠʡ ʯʘʩ ʻ ʫʩʧʽʰʥʠʡ ʜʦʩʚʽʜ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʰʪʘʥʛ ʫ ʩʢʣʘʜʽ ʂɸ, ʩʪʘʙʽʣʽʟʦʚʘʥʠʭ ʦʙʝʨʪʘʥʥʷʤ [16]. ʊʝʤ ʥʝ 

ʤʝʥʰ, ʫ ʟʚ'ʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʦʩʦʙʣʠʚʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʘʢʠʭ ʩʫʧʫʪʥʠʢʽʚ ʩʫʪʪʻʚʠʤ 

ʯʠʥʦʤ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʄʉ ʜʽʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ (ɼɿɿ), ʧʨʝʜʩʪʘʚʣʷʻ 

ʽʥʪʝʨʝʩ ʜʦʩʣʽʜʠʪʠ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʨʦʟʢʨʠʪʪʷ ʜʣʷ ʘʧʘʨʘʪʽʚ 

ʪʘʢʦʛʦ ʢʣʘʩʫ. 

ʊʦʤʫ ʦʙˇʨʫʥʪʦʚʘʥʦʶ ̒  ʪʝʤʘ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ, ʫ ʷʢʽʡ ʚʠʨʽʰʫʻʪʴʩʷ ʥʘʫʢʦʚʦ-

ʧʨʠʢʣʘʜʥʘ ʟʘʜʘʯʘ ʨʦʟʨʦʙʢʠ ʤʦʜʝʣʝʡ ʪʘ ʤʝʪʦʜʽʚ ʜʣʷ ʘʥʘʣʽʟʫ ʜʠʥʘʤʽʢʠ ʪʘ ʢʝʨʫʚʘʥʥʷ 

ʨʦʟʛʦʨʪʘʥʥʷʤ ʢʦʩʤʽʯʥʦʛʦ ʨʘʜʘʨʘ ʥʘ ʙʘʟʽ ʦʬʩʝʪʥʦʾ ʘʥʪʝʥʠ. 

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

ʧʨʘʢʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʦʬʦʨʤʣʝʥʦ ʫ ʚʠʛʣʷʜʽ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʟʚʽʪʽʚ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʥʘʫʢʦʚʠʭ ʪʝʤ ɯʊʄ ʅɸʅʋ ʽ ɼʂɸʋ.  

ɼʦʩʣʽʜʞʝʥʥʷ ʜʘʥʦʾ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʚʠʢʦʥʫʚʘʣʠʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʣʘʥʽʚ 

ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʨʦʙʽʪ ɯʊʄ ʅɸʅʋ ʽ ɼʂɸʋ: "ʈʦʟʨʦʙʢʘ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ 

ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ, ʢʝʨʫʚʘʥʥʷ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʥʘʤʽʢʠ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʩʪʚʦʨʝʥʥʷ 

ʦʙôʻʢʪʽʚ ʢʦʩʤʽʯʥʦʾ ʪʝʭʥʽʢʠ" (ʪʝʤʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ III-110-21, ̄  ɼʈ 

0121U100542). 

ʄʝʪʘ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ 

ʘʥʘʣʽʟʫ ʜʠʥʘʤʽʢʠ ʪʘ ʢʝʨʫʚʘʥʥʷ ʨʦʟʛʦʨʪʘʥʥʷʤ ʢʦʩʤʽʯʥʦʛʦ ʨʘʜʘʨʘ ʥʘ ʙʘʟʽ ʦʬʩʝʪʥʦʾ 

ʘʥʪʝʥʠ.  

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʽʻʾ ʤʝʪʠ ʚ ʜʠʩʝʨʪʘʮʽʾ ʙʫʣʦ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʽ ʚʠʨʽʰʝʥʦ ʪʘʢʽ 

ʟʘʚʜʘʥʥʷ: 
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1. ʇʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʽʩʥʫʶʯʠʭ ʤʦʜʝʣʝʡ ʪʘ ʤʝʪʦʜʽʚ ʜʣʷ 

ʘʥʘʣʽʟʫ ʜʠʥʘʤʽʢʠ ʪʘ ʢʝʨʫʚʘʥʥʷ ʨʦʟʛʦʨʪʘʥʥʷʤ ʢʦʥʩʪʨʫʢʮʽʡ ʢʦʩʤʽʯʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ 

ʪʘ ʚʠʟʥʘʯʠʪʠ ʤʦʞʣʠʚʦʩʪʽ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʢʦʩʤʽʯʥʦʛʦ ʨʘʜʘʨʘ ʥʘ ʙʘʟʽ ʦʬʩʝʪʥʦʾ ʘʥʪʝʥʠ. 

2. ʈʦʟʨʦʙʠʪʠ ʤʦʜʝʣʴ ʜʠʥʘʤʽʢʠ ʦʬʩʝʪʥʦʾ ʘʥʪʝʥʠ, ʱʦ ʤʽʩʪʠʪʴ ʥʦʞʠʯʥʽ 

ʝʣʝʤʝʥʪʠ ʪʘ ʝʣʝʤʝʥʪʠ, ʱʦ ʣʘʤʘʶʪʴʩʷ. 

3. ʆʪʨʠʤʘʪʠ ʟʘʣʝʞʥʦʩʪʽ ʨʫʰʽʡʥʠʭ ʩʠʣ ʢ̫ ʬʫʥʢʮʽʡ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʪʨʦʩʫ 

ʩʠʩʪʝʤʠ ʨʦʟʛʦʨʪʘʥʥʷ ʦʬʩʝʪʥʦʾ ʘʥʪʝʥʠ.  

4. ʈʦʟʨʦʙʠʪʠ ʟʘʢʦʥʠ ʢʝʨʫʚʘʥʥʷ ʨʦʟʛʦʨʪʘʥʥʷʤ ʦʬʩʝʪʥʦʾ ʘʥʪʝʥʠ ʧʨʠ 

ʘʩʠʥʭʨʦʥʥʽʡ ʥʘʤʦʪʮʽ ʪʨʦʩʽʚ. 

5. ʈʦʟʨʦʙʠʪʠ ʟʘʢʦʥʠ ʢʝʨʫʚʘʥʥʷ ʨʦʟʛʦʨʪʘʥʥʷʤ ʩʪʨʠʞʥʝʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʢʦʩʤʽʯʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʥʘ ʙʘʟʽ ʤʝʪʦʜʦʣʦʛʽʾ ʥʘʚʯʘʥʥʷ ʟ ʧʽʜʢʨʽʧʣʝʥʥʷʤ (ʅɿʇ).  

6. ʇʨʦʚʝʩʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʨʦʟʢʨʠʪʪʷ 

ʙʘʛʘʪʦʩʝʢʮʽʡʥʦʾ ʰʪʘʥʛʠ ʪʘ ʚʠʟʥʘʯʠʪʠ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʦʛʦ ʩʧʦʩʦʙʫ ʧʨʠ 

ʨʦʟʛʦʨʪʘʥʥʽ ʢʦʩʤʽʯʥʦʛʦ ʨʘʜʘʨʘ ʥʘ ʙʘʟʽ ʦʬʩʝʪʥʦʾ ʘʥʪʝʥʠ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʢʦʩʤʽʯʥʠʡ ʨʘʜʘʨ ʥʘ ʙʘʟʽ ʦʬʩʝʪʥʦʾ ʘʥʪʝʥʠ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʤʦʜʝʣʽ ʪʘ ʤʝʪʦʜʠ ʜʣʷ ʘʥʘʣʽʟʫ ʜʠʥʘʤʽʢʠ ʪʘ ʢʝʨʫʚʘʥʥʷ 

ʨʦʟʛʦʨʪʘʥʥʷʤ ʢʦʩʤʽʯʥʦʛʦ ʨʘʜʘʨʘ ʥʘ ʙʘʟʽ ʦʬʩʝʪʥʦʾ ʘʥʪʝʥʠ.  

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜʠ 

ʪʝʦʨʝʪʠʯʥʦʾ ʤʝʭʘʥʽʢʠ, ʪʝʦʨʽʾ ʛʥʫʯʢʦʩʪʽ, ʩʠʩʪʝʤ ʟʚôʷʟʘʥʠʭ ʪʽʣ, ʪʝʦʨʽʾ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ, ʥʘʚʯʘʥʥʷ ʟ ʧʽʜʢʨʽʧʣʝʥʥʷʤ ʪʘ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ:  

1. ɺʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʟʘʢʦʥʠ ʢʝʨʫʚʘʥʥʷ ʨʦʟʛʦʨʪʘʥʥʷʤ ʦʬʩʝʪʥʦʾ ʘʥʪʝʥʠ ʧʨʠ 

ʘʩʠʥʭʨʦʥʥʽʡ ʥʘʤʦʪʮʽ ʩʠʣʦʚʠʭ ʪʨʦʩʽʚ. 

2. ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʟʘʢʦʥʠ ʢʝʨʫʚʘʥʥʷ ʨʦʟʛʦʨʪʘʥʥʷʤ ʩʪʨʠʞʥʝʚʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʢʦʩʤʽʯʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʱʦ ˇʨʫʥʪʫʶʪʴʩʷ ʙʘʟʽ ʧʘʨʘʜʠʛʤʽ ʥʘʚʯʘʥʥʷ ʟ 

ʧʽʜʢʨʽʧʣʝʥʥʷʤ . 
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3. ʆʪʨʠʤʘʣʠ ʨʦʟʚʠʪʦʢ ʤʝʪʦʜʠ ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʥʘʤʽʢʠ ʦʬʩʝʪʥʦʾ ʘʥʪʝʥʠ ʫ 

ʯʘʩʪʠʥʽ  ʚʠʟʥʘʯʝʥʥʷ ʨʫʰʽʡʥʠʭ ʩʠʣ ʷʢ ʬʫʥʢʮʽʡ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʪʨʦʩʫ ʩʠʩʪʝʤʠ 

ʨʦʟʛʦʨʪʘʥʥʷ  ʪʘ ʚʨʘʭʫʚʘʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʝʪʘʣʝʚʦʛʦ ʧʦʣʦʪʥʘ, ʱʦ ʚʽʜʙʠʚʘʻ.  

4. ʋʜʦʩʢʦʥʘʣʝʥʦ ʩʧʦʩʽʙ ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʨʦʟʢʨʠʪʪʷ ʙʘʛʘʪʦʩʝʢʮʽʡʥʦʾ ʰʪʘʥʛʠ ʫ 

ʯʘʩʪʠʥʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʰʚʠʜʢʠʭ ʧʨʦʩʪʦʨʦʚʠʭ ʦʙʝʨʪʘʥʴ ʢʦʩʤʽʯʥʦʛʦ ʘʧʘʨʘʪʘ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

1. ɺʜʦʩʢʦʥʘʣʝʥʽ ʤʦʜʝʣʽ ʜʠʥʘʤʽʢʠ ʦʬʩʝʪʥʦʾ ʘʥʪʝʥʠ ʜʦʟʚʦʣʷʶʪʴ ʙʽʣʴʰ ʪʦʯʥʦ 

ʧʨʦʛʥʦʟʫʚʘʪʠ ʧʦʚʝʜʽʥʢʫ ʪʘ ʚʠʟʥʘʯʘʪʠ ʢʨʠʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʥʪʝʥʠ ʧʨʠ ʾʾ 

ʨʦʟʛʦʨʪʘʥʥʽ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʥʝʦʙʭʽʜʥʠʭ ʢʦʰʪʦʚʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

2. ɿʘʢʦʥʠ ʢʝʨʫʚʘʥʥʷ ʨʦʟʛʦʨʪʘʥʥʷʤ ʦʬʩʝʪʥʦʾ ʘʥʪʝʥʠ ʧʨʠ ʘʩʠʥʭʨʦʥʥʽʡ ʥʘʤʦʪʮʽ 

ʩʠʣʦʚʠʭ ʪʨʦʩʽʚ ʜʦʟʚʦʣʷʶʪʴ ʩʧʨʦʩʪʠʪʠ ʢʦʥʩʪʨʫʢʮʽʶ ʘʥʪʝʥʠ ʪʘ ʧʽʜʚʠʱʠʪʠ ʾʾ 

ʥʘʜʽʡʥʽʩʪʴ, ʦʩʢʽʣʴʢʠ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʫʩʽ ʣʝʙʽʜʢʠ ʩʠʩʪʝʤʠ ʨʦʟʛʦʨʪʘʥʥʷ ʬʽʢʩʦʚʘʥʽ ʥʘ 

ʪʘ ʥʝ ʧʦʪʨʝʙʫʶʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʰʘʨʥʽʨʽʚ ʢʦʚʟʘʥʥʷ . 

3. ɿʘʧʦʨʦʥʦʚʘʥʘ ʤʝʪʦʜʦʣʦʛʽʷ ʅɿʇ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʨʦʟʛʦʨʪʘʥʥʷʤ ʩʪʨʠʞʥʝʚʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʢʦʩʤʽʯʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʜʦʟʚʦʣʷʻ ʧʦʜʦʣʘʪʠ ʥʠʟʢʫ ʥʝʜʦʣʽʢʽʚ, ʚʣʘʩʪʠʚʠʭ 

ʪʨʘʜʠʮʽʡʥʽʡ ʤʝʪʦʜʦʣʦʛʽʾ. ɿʦʢʨʝʤʘ, ʅɿʇ ʜʘʻ ʟʤʦʛʫ ʦʧʪʠʤʽʟʫʚʘʪʠ ʩʠʩʪʝʤʫ 

ʨʦʟʛʦʨʪʘʥʥʷ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʦʜʝʣʽ, ʦʪʨʠʤʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʜʠʥʘʤʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʩʠʩʪʝʤ ʟʚôʷʟʘʥʠʭ ʪʽʣ, 

ʚʨʘʭʦʚʫʶʯʠ ʥʝʦʙʭʽʜʥʽ ʢʨʠʪʝʨʽʾ ʪʘ ʦʙʤʝʞʝʥʥʷ. ʋ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʜʠʥʘʤʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʤʦʜʝʣʽ ʪʘ ʨʝʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ, ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʡ 

ʘʛʝʥʪ (IA) ʤʦʞʝ ʙʫʪʠ ʪʦʯʥʦ ʥʘʣʘʰʪʦʚʘʥʠʡ. ʎʶ ʦʧʝʨʘʮʽʶ ʤʦʞʣʠʚʦ ʨʝʘʣʽʟʫʚʘʪʠ 

ʰʣʷʭʦʤ ʨʦʟʛʦʨʪʘʥʥʷ ʨʝʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʦʩʢʽʣʴʢʠ IA ʚʠʤʘʛʘʻ ʟʥʘʯʥʦ ʤʝʥʰʝ ʩʧʨʦʙ 

ʜʣʷ ʪʦʯʥʦʛʦ ʥʘʣʘʰʪʫʚʘʥʥʷ, ʥʽʞ ʜʣʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʥʘʚʯʘʥʥʷ. 

4. ʋʜʦʩʢʦʥʘʣʝʥʠʡ ʩʧʦʩʽʙ ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʨʦʟʢʨʠʪʪʷ ʙʘʛʘʪʦʩʝʢʮʽʡʥʦʾ ʰʪʘʥʛʠ ʤʘʻ 

ʧʦʪʝʥʮʽʘʣ ʟʘʙʝʟʧʝʯʠʪʠ ʟʥʠʞʝʥʥʷ ʤʘʩʠ ʰʪʘʥʛʠ ʟʘ ʨʘʭʫʥʦʢ ʚʽʜʤʦʚʠ ʚʽʜ ʩʝʨʚʦʧʨʠʚʦʜʽʚ 

ʫ ʩʠʩʪʝʤʽ ʾʾ ʨʦʟʛʦʨʪʘʥʥʷ. 



20 

 

ʈʆɿɼɯʃ 1 ɸʅɸʃɯʊʀʏʅʀʁ ʆɻʃʗɼ ʆʉʆɹʃʀɺʆʉʊɽʁ ʉʊɺʆʈɽʅʅʗ ʊɸ 

ɺʀʂʆʈʀʉʊɸʅʅʗ ʂʆʉʄɯʏʅʀʍ ʂʆʅʉʊʈʋʂʎɯʁ, ʑʆ 

ʊʈɸʅʉʌʆʈʄʋʖʊʔʉʗ 

 

 ɺ ʨʦʟʜʽʣʽ ʥʘʚʝʜʝʥʦ ʘʥʘʣʽʟ ʧʫʙʣʽʢʘʮʽʡ, ʧʨʠʩʚʷʯʝʥʠʭ ʨʦʟʨʦʙʮʽ ʥʦʚʠʭ ʪʘ 

ʚʠʚʯʝʥʥʶ ʚʞʝ ʽʩʥʫʶʯʠʭ ʤʦʜʝʣʝʡ ʪʘ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʩʤʽʯʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, 

ʱʦ ʪʨʘʥʩʬʦʨʤʫʶʪʴʩʷ, ʦʩʦʙʣʠʚʫ ʫʚʘʛʫ ʧʨʠʜʽʣʝʥʦ ʾʭ ʨʽʟʥʦʚʠʜʘʤ, ʧʝʨʝʚʘʛʘʤ ʪʘ 

ʥʝʜʦʣʽʢʘʤ, ʘ ʪʘʢʦʞ ʤʽʮʥʦʩʪʽ ʪʘʢʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʧʦʪʦʯʥʠʡ ʩʪʘʥ 

ʜʦʩʣʽʜʞʝʥʴ ʫ ʟʘʜʘʯʘʭ ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʥʘʤʽʢʠ ʨʦʟʛʦʨʪʘʥʥʷ ʢʦʩʤʽʯʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, 

ʱʦ ʪʨʘʥʩʬʦʨʤʫʶʪʴʩʷ. ɺʠʟʥʘʯʝʥʦ ʪʝʥʜʝʥʮʽʾ ʪʘ ʪʨʫʜʥʦʱʽ ʫ ʟʘʩʪʦʩʫʚʘʥʥʽ ʥʘʷʚʥʠʭ 

ʤʝʪʦʜʽʚ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʥʘʚʝʜʝʥʠʭ ʟʘʜʘʯ, ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʥʘʫʢʦʚʫ ʟʘʜʘʯʫ ʪʘ 

ʦʙˇʨʫʥʪʦʚʘʥʦ ʚʠʙʽʨ ʤʝʪʦʜʫ ʜʦʩʣʽʜʞʝʥʥʷ.  

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʜʣʷ ʮʴʦʛʦ ʨʦʟʜʽʣʫ ʻ ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʩʠʩʪʝʤʘʪʠʟʘʮʽʷ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ, ʧʝʨʝʚʘʛ ʽ ʥʝʜʦʣʽʢʽʚ, ʘ ʪʘʢʦʞ ʤʝʪʦʜʽʚ ʤʦʜʝʣʶʚʘʥʥʷ 

ʜʠʥʘʤʽʯʥʠʭ ʽ ʩʪʘʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʩʤʽʯʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʱʦ 

ʪʨʘʥʩʬʦʨʤʫʶʪʴʩʷ (ʂʂʊ). ʆʩʦʙʣʠʚʘ ʧʨʠʜʽʣʝʥʘ ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ ʜʘʥʠʭ ʱʦʜʦ ʜʠʥʘʤʽʢʠ 

ʨʦʟʛʦʨʪʘʥʥʷ ʪʘ ʧʦʚʝʜʽʥʢʠ ʢʦʥʩʪʨʫʢʮʽʡ ʫ ʢʦʩʤʽʯʥʠʭ ʫʤʦʚʘʭ. ɼʦʩʣʽʜʞʝʥʥʷ ʪʘʢʦʞ 

ʚʠʩʚʽʪʣʶʻ ʤʝʪʦʜʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʘʥʘʣʽʟʫ ʽʥʰʠʭ ʘʩʧʝʢʪʽʚ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʪʘʢʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ʋʟʘʛʘʣʴʥʝʥʥʷ ʽʩʥʫʶʯʠʭ ʧʽʜʭʦʜʽʚ ʜʦʟʚʦʣʷʻ ʥʝ ʣʠʰʝ ʟʨʦʟʫʤʽʪʠ 

ʽʩʥʫʶʯʽ ʧʨʦʙʣʝʤʠ, ʘʣʝ ʡ ʩʬʦʨʤʫʚʘʪʠ ʙʘʟʫ ʟʥʘʥʴ ʜʣʷ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ ʮʴʦʤʫ 

ʥʘʧʨʷʤʢʫ. ʈʝʟʫʣʴʪʘʪʠ ʚʠʨʽʰʝʥʥʷ ʪʘʢʦʾ ʟʘʜʘʯʽ ʤʘʶʪʴ ʧʦʪʝʥʮʽʘʣ ʚʠʷʚʠʪʠ 

ʥʘʡʝʬʝʢʪʠʚʥʽʰʽ ʨʽʰʝʥʥʷ ʜʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʢʦʩʤʽʯʥʠʭ ʤʽʩʽʡ ʟʘʚʜʷʢʠ ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ 

ʩʫʯʘʩʥʠʭ ʜʦʩʷʛʥʝʥʴ ʽ ʚʠʟʥʘʯʠʪʠ ʧʨʦʛʘʣʠʥʠ ʫ ʩʫʯʘʩʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʪʘ ʩʧʨʠʷʪʠ 

ʨʦʟʚʠʪʢʫ ʩʫʯʘʩʥʦʾ ʤʝʪʦʜʦʣʦʛʽʾ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʽ ʥʘʜʽʡʥʠʭ ʂʂʊ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʫʯʘʩʥʠʤ ʚʠʢʣʠʢʘʤ ʢʦʩʤʽʯʥʦʾ ʛʘʣʫʟʽ. 
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1.1. ʆʛʣʷʜ ʜʠʥʘʤʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʘʥʘʣʽʟʫ ʩʽʪʯʘʩʪʠʭ 

ʨʝʬʣʝʢʪʦʨʥʠʭ ʘʥʪʝʥ, ʱʦ ʨʦʟʛʦʨʪʘʶʪʴʩʷ 

ɸʥʪʝʥʠ, ʱʦ ʨʦʟʛʦʨʪʘʶʪʴʩʷ, ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʢʦʩʤʽʯʥʽʡ ʛʘʣʫʟʽ ʜʣʷ 

ʨʽʟʥʠʭ ʢʦʩʤʽʯʥʠʭ ʤʽʩʽʡ, ʪʘʢʠʭ ʷʢ ʩʫʧʫʪʥʠʢʦʚʠʡ ʟʚ'ʷʟʦʢ, ʜʠʩʪʘʥʮʽʡʥʝ ʟʦʥʜʫʚʘʥʥʷ 

ɿʝʤʣʽ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʜʘʣʝʢʦʛʦ ʢʦʩʤʦʩʫ [77, 156, 157]. ɼʦʩʣʽʜʥʠʢʠ ʽ ʧʨʘʢʪʠʢʠ 

ʧʦʢʨʘʱʫʶʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʽʩʥʫʶʯʠʭ ʢʦʩʤʽʯʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʽ ʜʦʩʣʽʜʞʫʶʪʴ ʥʦʚʽ 

ʢʦʥʮʝʧʮʽʾ. ʉʝʨʝʜ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʢʦʩʤʽʯʥʠʭ ʘʥʪʝʥ ʩʽʪʯʘʩʪʽ ʘʥʪʝʥʠ 

ʧʨʠʚʝʨʪʘʶʪʴ ʚʝʣʠʢʫ ʫʚʘʛʫ ʟʘʚʜʷʢʠ ʩʚʦʾʡ ʚʠʩʦʢʽʡ ʪʦʯʥʦʩʪʽ, ʤʘʣʽʡ ʤʘʩʽ, ʚʝʣʠʢʦʤʫ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʶ ʦʙ'ʻʤʫ ʨʦʟʛʦʨʥʫʪʦʛʦ/ʧʨʠʙʨʘʥʦʛʦ ʩʪʘʥʫ ʪʘ ʪʝʨʤʽʯʥ̔ ʡ ʩʪʘʙʽʣʴʥʦʩʪʽ 

[126,164]. 

ʊʨʘʥʩʬʦʨʤʘʮʽʷ ʢʦʥʩʪʨʫʢʮʽʾ ʚʝʣʠʢʦʛʘʙʘʨʠʪʥʦʾ ʘʥʪʝʥʠ ʟ ʧʦʯʘʪʢʦʚʦʛʦ ʟʛʦʨʥʫʪʦʛʦ 

ʩʪʘʥʫ ʜʦ ʧʦʚʥʽʩʪʶ ʨʦʟʛʦʨʥʫʪʦʛʦ ʨʦʙʦʯʦʛʦ ʩʪʘʥʫ ʚ ʫʤʦʚʘʭ ʢʦʩʤʽʯʥʦʾ ʤʽʢʨʦʛʨʘʚʽʪʘʮʽʾ 

ʻ ʩʢʣʘʜʥʠʤ ʧʨʦʮʝʩʦʤ, ʷʢʠʡ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʩʧʦʣʫʯʝʥʠʡ ʞʦʨʩʪʢʦ-ʛʥʫʯʢʠʡ ʨʫʭ [113]. 

ʈʽʟʥʦʤʘʥʽʪʥʽ ʥʝʣʽʥʽʡʥʽ ʬʘʢʪʦʨʠ, ʪʘʢʽ ʷʢ ʛʥʫʯʢʘ ʩʽʪʢʘ, ʟʘʟʦʨʠ ʚ ʟ'ʻʜʥʘʥʥʷʭ, ʪʝʨʪʷ, 

ʛʥʫʯʢʽʩʪʴ ʩʪʨʠʞʥʷ ʽ ʪʝʧʣʦʚʽ ʟʤʽʥʥʽ ʩʝʨʝʜʦʚʠʱʘ, ʫʩʢʣʘʜʥʶʶʪʴ ʘʥʘʣʽʟ ʜʠʥʘʤʽʢʠ 

ʐʉɼ. ʈʦʟʛʦʨʪʘʥʥʷ ʨʝʬʣʝʢʪʦʨʘ ʢʦʩʤʽʯʥʦʾ ʘʥʪʝʥʠ ʻ ʩʢʣʘʜʥʠʤ ʧʨʦʮʝʩʦʤ ʧʝʨʝʭʦʜʫ ʚʽʜ 

ʩʠʩʪʝʤʠ ʟʚôʷʟʘʥʠʭ ʪʽʣ ʟ ʚʽʜʥʦʩʥʠʤʠ ʨʫʭʘʤʠ ʤʽʞ ʾʾ ʢʦʤʧʦʥʝʥʪʘʤʠ ʜʦ ʩʠʩʪʝʤʠ ʟ 

ʛʥʫʯʢʦʶ ʩʪʨʫʢʪʫʨʦʶ. ʎʝ ʪʘʢʦʞ ʦʜʠʥ ʟ ʥʘʡʥʝʙʝʟʧʝʯʥʽʰʠʭ ʝʪʘʧʽʚ ʧʦʣʴʦʪʫ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʢʦʩʤʽʯʥʦʛʦ ʘʧʘʨʘʪʘ.  

ʂʨʽʤ ʪʦʛʦ, ʜʠʥʘʤʽʢʘ ʈɸʈ ʧʦʚ'ʷʟʘʥʘ ʟ ʢʝʨʫʚʘʥʥʷʤ ʧʦʣʦʞʝʥʥʷʤ ʢʦʩʤʽʯʥʦʛʦ 

ʘʧʘʨʘʪʫ ʽ ʤʦʞʝ ʚʧʣʠʚʘʪʠ ʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʽ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʢʦʩʤʽʯʥʦʛʦ ʘʧʘʨʘʪʫ. 

ʍʦʯʘ ʙʘʛʘʪʦ ʚʝʣʠʢʦʤʘʩʰʪʘʙʥʠʭ ʢʦʩʤʽʯʥʠʭ ʘʥʪʝʥ ʙʫʣʠ ʫʩʧʽʰʥʦ ʟʘʧʫʱʝʥʽ [68, 

120, 160], ʨʦʟʛʦʨʥʫʪʽ ʪʘ ʝʢʩʧʣʫʘʪʫʚʘʣʠʩʷ ʥʘ ʦʨʙʽʪʽ, ʙʫʣʦ ʙʘʛʘʪʦ ʚʠʧʘʜʢʽʚ, ʢʦʣʠ ʚʝʩʴ 

ʧʨʦʝʢʪ ʟʘʟʥʘʚ ʥʝʚʜʘʯʽ ʯʝʨʝʟ ʥʝʚʜʘʣʝ ʨʦʟʛʦʨʪʘʥʥʷ ʘʥʪʝʥʠ [161]. 

ʆʜʥʽʻʶ ʟ ʧʨʠʯʠʥ ʥʝʚʜʘʯʽ, ʡʤʦʚʽʨʥʦ, ʙʫʣʦ ʪʝ, ʱʦ ʜʠʥʘʤʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʦʮʝʩʫ 

ʨʦʟʛʦʨʪʘʥʥʷ ʥʝ ʙʫʣʠ ʪʦʯʥʦ ʩʧʨʦʛʥʦʟʦʚʘʥʽ. ʊʦʤʫ ʥʝʦʙʭʽʜʥʦ ʤʦʜʝʣʶʚʘʪʠ ʧʨʦʮʝʩ 

ʨʦʟʛʦʨʪʘʥʥʷ ʨʝʬʣʝʢʪʦʨʘ ʘʥʪʝʥʠ ʥʘ ʝʪʘʧʽ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʱʦʙ ʦʪʨʠʤʘʪʠ ʛʣʠʙʦʢʝ 

ʫʷʚʣʝʥʥʷ ʧʨʦ ʜʠʥʘʤʽʢʫ ʨʦʟʛʦʨʪʘʥʥʷ. ʊʦʤʫ ʪʝʤʘ ʜʠʥʘʤʽʢʠ ʨʦʟʛʦʨʪʘʥʥʷ ʨʝʬʣʝʢʪʦʨʽʚ 
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ʢʦʩʤʽʯʥʠʭ ʘʥʪʝʥ ʧʨʠʚʝʨʪʘʻ ʚʝʣʠʢʫ ʫʚʘʛʫ ʽʥʞʝʥʝʨʽʚ ʢʦʩʤʽʯʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʯʝʨʝʟ 

ʩʚʦʶ ʚʘʞʣʠʚʽʩʪʴ ʽ ʩʢʣʘʜʥʽʩʪʴ. 

ʅʝʚʜʘʣʝ ʨʦʟʛʦʨʪʘʥʥʷ ʧʨʠʜʘʪʢʽʚ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ ʻ ʦʜʥʽʻʶ ʟ ʛʦʣʦʚʥʠʭ ʧʨʠʯʠʥ 

ʧʦʯʘʪʢʦʚʠʭ ʚʽʜʤʦʚ ʩʫʧʫʪʥʠʢʽʚ ʽ ʟʥʠʞʝʥʥʷ ʾʭʥʽʭ ʤʦʞʣʠʚʦʩʪʝʡ. ʋ ʨʦʙʦʪʽ [68] 

ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ, ʱʦ ʚ ʩʝʨʝʜʥʴʦʤʫ ʦʜʥʘ ʪʘʢʘ ʚʽʜʤʦʚʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʢʦʞʥʽ ʜʚʘ ʨʦʢʠ.  

ʆʪʨʠʤʘʥʥʷ ʦʙˇʨʫʥʪʦʚʘʥʦʾ ʽ ʨʦʟʚ'ʷʟʫʚʘʥʦʾ ʤʦʜʝʣʽ ʻ ʚʘʞʣʠʚʦʶ ʧʝʨʝʜʫʤʦʚʦʶ ʽ 

ʦʩʥʦʚʦʶ ʜʣʷ ʘʥʘʣʽʟʫ ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʥʪʝʥʠ. 

ɻʥʫʯʢʝ ʤʦʜʝʣʶʚʘʥʥʷ ʩʠʩʪʝʤʠ ʟʚôʷʟʘʥʠʭ ʪʽʣ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʤʝʪʦʜʦʤ ʜʣʷ 

ʚʠʚʯʝʥʥʷ ʜʠʥʘʤʽʢʠ ʨʦʟʛʦʨʪʘʥʥʷ ʚʝʣʠʢʠʭ ʩʽʪʯʘʩʪʠʭ ʘʥʪʝʥ ʽ ʜʦʧʦʤʦʛʠ ʚ ʨʦʟʨʦʙʮʽ 

ʚʜ̔ʧʦʚʽʜʥʠʭ ʚʘʞʣʠʚʠʭ ʤʝʭʘʥʽʟʤʽʚ [121]. ʆʜʥʘʢ ʚʠʢʦʥʘʥʥʷ ʧʦʚʥʦʤʘʩʰʪʘʙʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʟʛʦʨʪʘʥʥʷ ʩʽʪʯʘʩʪʦʾ ʘʥʪʝʥʠ ʻ ʥʘʩʪʽʣʴʢʠ ʩʢʣʘʜʥʠʤ ʟʘʚʜʘʥʥʷʤ, ʱʦ 

ʡʦʛʦ ʨʽʜʢʦ ʤʦʞʥʘ ʟʥʘʡʪʠ ʚ ʣʽʪʝʨʘʪʫʨʽ. ʅʘ ʥʘʰʫ ʜʫʤʢʫ, ʚʫʟʴʢʠʤ ʤʽʩʮʝʤ ʫ 

ʤʦʜʝʣʶʚʘʥʥʽ ʜʝʷʢʠʭ ʩʽʪʯʘʩʪʠʭ ʘʥʪʝʥ ʻ ʙʘʛʘʪʦʤʘʩʰʪʘʙʥʘ ʬʽʟʠʢʘ, ʚ ʦʩʥʦʚʥʦʤʫ 

ʧʦʚ'ʷʟʘʥʘ ʟ ʪʨʦʩʦʚʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʷʢʽ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʝʨʝʜʘʯʽ ʟʫʩʠʣʴ 

ʥʘ ʚʝʣʠʢʽ ʚʽʜʩʪʘʥʽ. ʊʨʘʜʠʮʽʡʥʘ ʤʦʜʝʣʴ ʪʨʦʩʦʚʦʾ ʘʥʪʝʥʠ ʙʘʟʫʻʪʴʩʷ ʥʘ ʢʦʥʪʘʢʪʥʦʤʫ 

ʤʝʪʦʜʽ, ʷʢʠʡ ʧʝʨʝʜʙʘʯʘʻ ʜʨʽʙʥʫ ʩʽʪʢʫ, ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʚʠʷʚʣʝʥʥʷ ʢʦʥʪʘʢʪʽʚ ʽ ʤʘʣʠʡ 

ʯʘʩʦʚʠʡ ʢʨʦʢ ʜʣʷ ʯʠʩʝʣʴʥʦʛʦ ʽʥʪʝʛʨʫʚʘʥʥʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʠʟʴʢʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʨʦʟʨʘʭʫʥʢʽʚ. 

ʄʝʪʘ ʮʴʦʛʦ ʨʦʟʜʽʣʫ - ʧʽʜʢʨʝʩʣʠʪʠ ʧʨʦʛʨʝʩ, ʜʦʩʷʛʥʫʪʠʡ ʫ ʜʠʥʘʤʽʯʥʦʤʫ 

ʤʦʜʝʣʶʚʘʥʥʽ ʪʘ ʘʥʘʣʽʟʽ ʨʦʟʛʦʨʥʫʪʠʭ ʘʥʪʝʥ ʟ ʩʽʪʯʘʩʪʠʤʠ ʨʝʬʣʝʢʪʦʨʘʤʠ. 

 

1.1.1. ʂʦʥʩʪʨʫʢʮʽʾ ʩʽʪʯʘʩʪʠʭ ʘʥʪʝʥ 

ʈʝʬʣʝʢʪʦʨʥʘ ʘʥʪʝʥʘ ʻ ʥʘʡʧʦʧʫʣʷʨʥʽʰʦʶ ʚ ʘʥʪʝʥʥʠʭ ʩʠʩʪʝʤʘʭ ʢʦʩʤʽʯʥʠʭ 

ʘʧʘʨʘʪʽʚ ʯʝʨʝʟ ʩʚʦʶ ʩʪʨʫʢʪʫʨʥʫ ʧʨʦʩʪʦʪʫ ʽ ʤʘʣʫ ʚʘʛʫ. ɺ ʦʩʥʦʚʥʦʤʫ, ʽʩʥʫʻ ʪʨʠ ʨʽʟʥʠʭ 

ʪʠʧʠ ʨʦʟʛʦʨʥʫʪʠʭ ʨʝʬʣʝʢʪʦʨʥʠʭ ʘʥʪʝʥ: ʩʽʪʯʘʩʪʽ ʘʥʪʝʥʠ, ʘʥʪʝʥʠ ʟ ʪʚʝʨʜʦʶ 

ʧʦʚʝʨʭʥʝʶ ʽ ʥʘʜʫʚʥʽ ʘʥʪʝʥʠ.  

ʋ ʩʽʪʯʘʩʪʠʭ ʘʥʪʝʥʘʭ ʚʽʜʙʠʪʘ ʧʦʚʝʨʭʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚ'ʷʟʘʥʦʾ ʣʝʛʢʦʾ ʤʝʪʘʣʝʚʦʾ 

ʩʽʪʢʠ, ʷʢʘ ʥʘʪʷʛʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʝʩʫʯʦʾ ʢʦʥʩʪʨʫʢʮʽʾ. ɿʘ ʪʠʧʦʤ ʥʝʩʫʯʦʾ 
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ʢʦʥʩʪʨʫʢʮʽʾ ʩʽʪʯʘʩʪʽ ʘʥʪʝʥʠ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʧʘʨʘʙʦʣʽʯʥʽ ʬʝʨʤʦʚʽ, ʢʽʣʴʮʝʚʽ 

ʬʝʨʤʦʚʽ ʨʝʬʣʝʢʪʦʨʠ ʽ ʨʘʜʽʘʣʴʥʽ ʨʝʙʝʨʥʽ ʨʦʟʛʦʨʪʘʶʪʴʩʷ ʨʝʬʣʝʢʪʦʨʠ. 

ʇʘʨʘʙʦʣʽʯʥʘ ʬʝʨʤʘ-ʘʥʪʝʥʘ ʬʦʨʤʫʻ ʧʦʚʝʨʭʥʶ, ʱʦ ʚʽʜʙʠʚʘʻ, ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʤʝʪʘʣʝʚʦʾ ʩʽʪʢʠ, ʷʢʘ ʟʘʢʨʽʧʣʶʻʪʴʩʷ ʥʘ ʥʝʩʫʯʽʡ ʬʝʨʤʽ ʥʝʦʙʭʽʜʥʦʾ ʬʦʨʤʠ ʷʢ ʧʦʢʘʟʘʥʦ 

ʥʘ ʈʠʩʫʥʢʫ ɹ.1. ʉʽʪʢʘ ʨʦʟʪʷʛʫʻʪʴʩʷ ʥʘ ʜʨʽʙʥʽ ʧʣʦʱʠʥʠ, ʷʢʽ ʘʧʨʦʢʩʠʤʫʶʪʴ ʧʦʚʝʨʭʥʶ, 

ʱʦ ʚʽʜʙʠʚʘʻ, ʘ ʾʾ ʪʦʯʥʽʩʪʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʦʯʥʽʩʪʶ ʥʝʩʫʯʦʾ ʬʝʨʤʠ. ʅʘʧʨʠʢʣʘʜ, ʚ ʨʦʙʦʪʽ 

[129] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʦʜʫʣʴʥʫ ʬʝʨʤʫ ʧʨʦʧʦʥʫʻʪʴʩʷ ʤʦʜʫʣʴʥʘ ʬʝʨʤʘ-ʘʥʪʝʥʘ, ʱʦ 

ʨʦʟʛʦʨʪʘʻʪʴʩʷ, ʥʘ ʦʩʥʦʚʽ ʛʝʢʩʘʛʦʥʘʣʴʥʦʾ ʩʠʤʝʪʨʠʯʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ. 

ʂʽʣʴʮʝʚʠʡ ʬʝʨʤʦʚʠʡ ʨʝʬʣʝʢʪʦʨ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʨʦʟʙʽʨʥʦʾ ʬʝʨʤʠ ʫ ʚʠʛʣʷʜʽ 

ʢʽʣʴʮʷ, ʧʝʨʝʜʥʴʦʾ ʽ ʟʘʜʥʴʦʾ ʩʽʪʦʢ, ʤʝʪʘʣʝʚʦʾ ʩʽʪʢʠ, ʧʨʠʢʨʽʧʣʝʥʦʾ ʜʦ ʧʝʨʝʜʥʴʦʾ ʩʽʪʢʠ, 

ʽ ʥʘʪʷʞʥʠʭ ʩʪʷʞʦʢ, ʷʢʽ ʧʨʠʢʣʘʜʘʶʪʴ ʟʫʩʠʣʣʷ ʜʦ ʩʽʪʦʢ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʾʭ ʧʘʨʘʙʦʣʽʯʥʦʾ 

ʬʦʨʤʠ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʈʠʩʫʥʢʫ ɹ.2. 

ʈʦʟʙʽʨʥʘ ʬʝʨʤʘ ʨʝʬʣʝʢʪʦʨʘ AstroMesh ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʝʩʷʪʢʽʚ ʧʘʨʘʣʝʣʦʛʨʘʤʥʠʭ 

ʧʨʦʣʴʦʪʽʚ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʈʠʩʫʥʢʫ ɹ.3. ʂʦʞʥʘ ʙʫʭʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʣʦʥʞʝʨʦʥʥʠʭ, 

ʜʽʘʛʦʥʘʣʴʥʠʭ ʪʘ ʙʘʪʪʝʥʦʚʠʭ ʪʨʫʙ. ɺʝʨʭʥʷ ʜʽʘʛʦʥʘʣʴʥʘ ʪʨʫʙʘ ʪʨʦʭʠ ʪʦʥʰʘ ʟʘ ʥʠʞʥʶ 

ʽ ʤʦʞʝ ʨʫʭʘʪʠʩʷ ʚ ʥʽʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʊʐʉ. ɼʣʷ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʨʫʭʫ ʩʫʩʽʜʥʽʭ ʚʽʜʩʽʢʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʘʨʘ ʰʝʩʪʝʨʝʥʴ. 

ʍʦʯʘ ʬʝʨʤʘ AstroMesh - ʮʝ ʢʦʥʩʪʨʫʢʮʽʷ, ʷʢʘ ʥʘʡʯʘʩʪʽʰʝ ʟʛʘʜʫʻʪʴʩʷ ʚ ʥʘʫʢʦʚʠʭ 

ʧʫʙʣʽʢʘʮʽʷʭ, ʽʩʥʫʶʪʴ ʪʘʢʦʞ ʨʽʟʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʢʽʣʴʮʝʚʠʭ ʬʝʨʤ. 

ɺ ʨʦʙʦʪʽ [104] ʧʨʦʧʦʥʫʻʪʴʩʷ ʢʚʘʜʨʘʪʥʘ ʝʣʝʤʝʥʪʘʨʥʘ ʢʦʤʽʨʢʘ ʢʽʣʴʮʝʚʦʾ ʬʝʨʤʠ ʟ 

ʜʚʦʤʘ ʩʪʝʨʞʥʷʤʠ ʧʦ ʜʽʘʛʦʥʘʣʽ, ʦʙʤʝʞʝʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʚʦʨʦʪʥʦʛʦ ʰʘʨʥʽʨʘ, 

ʨʦʟʤʽʱʝʥʦʛʦ ʚ ʩʝʨʝʜʥʽʡ ʪʦʯʮʽ ʜʽʘʛʦʥʘʣʽ. ʎʝʡ ʰʘʨʥʽʨ ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʢʦʤʧʘʢʪʥʦʾ ʫʢʣʘʜʝʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ʟ ʭʦʨʦʰʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʚʠʩʦʪʘ/ʜʽʘʤʝʪʨ ʙʝʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʣʝʩʢʦʧʽʯʥʠʭ ʪʨʫʙ ʘʙʦ ʧʨʠʟʤʘʪʠʯʥʠʭ ʟ'ʻʜʥʘʥʴ, ʷʢʽ ʟʙʽʣʴʰʫʶʪʴ ʩʠʣʠ 

ʪʝʨʪʷ. ʅʘ ʈʠʩʫʥʢʫ ɹ.4 ʧʦʢʘʟʘʥʦ ʨʦʟʛʦʨʥʫʪʝ ʽ ʥʘʧʽʚʩʢʣʘʜʝʥʠʡ ʧʦʣʦʞʝʥʥʷ ʬʝʨʤʦʚʠʭ 

ʧʨʦʛʦʥʽʚ ʮʴʦʛʦ ʪʠʧʫ.  

ɺ ʨʦʙʦʪʽ [115] ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʦʟʙʽʨʥʫ ʢʽʣʴʮʝʚʫ ʬʝʨʤʫ, ʷʢʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʥʘʙʦʨʽ 

ʧʣʦʩʢʠʭ ʰʝʩʪʠʙʘʣʦʯʥʠʭ ʟʚ'ʷʟʢʽʚ ʽ ʤʘʻ ʜʫʞʝ ʚʠʩʦʢʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 
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ʨʦʟʛʦʨʥʫʪʘ/ʧʦʢʣʘʜʝʥʘ. ɺ ʨʦʙʦʪʽ [103] ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʝʨʤʘ, ʱʦ ʧʨʠʚʦʜʠʪʴʩʷ ʚ ʨʫʭ 

ʥʘʙʦʨʦʤ ʰʝʩʪʠʙʘʣʦʯʥʠʭ ʚ'ʷʟʝʡ ʪʘʢʘ ʬʝʨʤʘ ʧʨʠʚʦʜʠʪʴʩʷ ʚ ʨʫʭ ʪʨʦʩʘʤʠ ʧʽʜ ʯʘʩ 

ʨʦʟʛʦʨʪʘʥʥʷ ʘʥʪʝʥʠ. ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʈʠʩʫʥʢʫ ɹ.5, ʜʚʘ ʪʨʦʩʠ ʽ ʢʨʠʚʦʰʠʧʥʦ-

ʧʦʚʟʫʥʢʦʚʽ ʤʝʭʘʥʽʟʤʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘ ʚʝʨʭʥʴʦʤʫ ʽ ʥʠʞʥʴʦʤʫ ʢʽʥʮʷʭ 

ʚʝʨʪʠʢʘʣʴʥʠʭ ʩʪʝʨʞʥʽʚ ʜʣʷ ʧʨʠʚʝʜʝʥʥʷ ʚ ʨʫʭ V-ʧʦʜʽʙʥʠʭ ʩʪʝʨʞʥʽʚ ʜʣʷ ʨʦʟʛʦʨʪʘʥʥʷ 

ʬʝʨʤʠ.  

ʋ ʨʦʙʦʪʽ [115] ʪʘʢʠʡ ʩʘʤʠʡ ʪʠʧ ʬʝʨʤʠ ʧʨʠʚʦʜʠʪʴʩʷ ʚ ʨʫʭ ʧʨʫʞʠʥʘʤʠ, ʘ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʾ ʧʣʘʚʥʦʛʦ ʨʦʟʛʦʨʪʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʨʦʩʠ, ʱʦ ʚʠʜʥʦ ʥʘ 

ʈʠʩʫʥʢʫ ɹ.6. 

ʅʦʞʠʮʝʧʦʜʽʙʥʽ (ʅʇɽ) ʪʘ V-ʧʦʜʽʙʥʽ (ɺʇɽ) ʝʣʝʤʝʥʪʠ ʚʠʢʦʨʠʩʪʘʥʦ ʚ ʨʦʙʦʪʽ [51] 

ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʢʦʩʤʽʯʥʠʭ ʘʥʪʝʥ, ʱʦ ʪʨʘʥʩʬʦʨʤʫʶʪʴʩʷ (ʂɸʊ) ʜʣʷ ʢʦʩʤʽʯʥʠʭ 

ʨʘʜʽʦʣʦʢʘʪʦʨʽʚ ʟ ʩʠʥʪʝʟʦʚʘʥʦʶ ʘʧʝʨʪʫʨʦʶ. [51, 52] ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʦʚʦʛʦ ʂɸʊ ʜʣʷ 

ʢʦʩʤʽʯʥʠʭ ʈʃʉ ʽʟ ʩʠʥʪʝʟʦʚʘʥʦʶ ʘʧʝʨʪʫʨʦʶ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʥʝ 

ʚʠʤʘʛʘʻ ʩʠʥʭʨʦʥʽʟʘʪʦʨʽʚ ʜʣʷ ʩʫʩʽʜʥʽʭ ʚʽʜʩʽʢʽʚ, ʟʤʝʥʰʫʻ ʩʧʘʜ ʨʫʰʽʡʥʦʾ ʩʠʣʠ ʽ 

ʜʝʬʦʨʤʘʮʽʾ ʧʫʯʢʘ, ʘ ʪʘʢʦʞ ʤʽʥʽʤʽʟʫʻ ʢʽʣʴʢʽʩʪʴ ʢʦʚʟʥʠʭ ʟ'ʻʜʥʘʥʴ, ʷʢ ʚʠʜʥʦ ʟ ʈʠʩʫʥʢʫ 

ɹ.7. 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʤʽʮʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʪʦʯʥʦʩʪʽ ʬʦʨʤʠ ʨʝʬʣʝʢʪʦʨʽʚ, ʱʦ 

ʨʦʟʛʦʨʪʘʶʪʴʩʷ, ʧʨʦʧʦʥʫʻʪʴʩʷ ʤʝʭʘʥʽʟʤ ʜʚʦʢʽʣʴʮʝʚʦʾ ʬʝʨʤʠ ʥʘ ʦʩʥʦʚʽ 

ʪʝʪʨʘʝʜʨʠʯʥʠʭ, ʷʢ ʚʠʜʥʦ ʟ ʈʠʩʫʥʢʫ ɹ.8, ʘʙʦ ʛʝʢʩʘʝʜʨʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ [140]. ɺ ʨʦʙʦʪʽ 

[166] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʜʚʦʥʘʧʨʘʚʣʝʥʝ ʨʦʟʛʦʨʪʘʥʥʷ ʜʚʦʢʽʣʴʮʝʚʦʾ ʬʝʨʤʠ ʽ 

ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʙʽʣʴʰʠʡ ʢʦʝʬʽʮʽʻʥʪ ʥʘʢʦʧʠʯʝʥʥʷ ʽ ʞʦʨʩʪʢʽʩʪʴ ʧʦʨʽʚʥʷʥʦ ʟʽ 

ʟʚʠʯʘʡʥʦʶ ʘʥʪʝʥʥʦʶ AstroMesh. 

ʋ [114] ʧʨʝʜʩʪʘʚʣʝʥʦ ʢʦʥʮʝʧʮʽʶ ʨʝʬʣʝʢʪʦʨʘ ʘʥʪʝʥʠ ʟ 13-ʤʝʪʨʦʚʦʶ ʘʧʝʨʪʫʨʦʶ, 

ʷʢʠʡ ʧʦʙʫʜʦʚʘʥʦ ʰʣʷʭʦʤ ʢʦʤʙʽʥʫʚʘʥʥʷ 14 ʤʦʜʫʣʽʚ. ʄʦʜʫʣʴ ʜʽʘʤʝʪʨʦʤ 4,8 ʤʝʪʨʘ 

[105] ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʩʽʪʯʘʩʪʦʛʦ ʨʝʬʣʝʢʪʦʨʘ ʽ ʨʦʟʙʽʨʥʦʾ ʬʝʨʤʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, ʷʢʘ 

ʚʢʣʶʯʘʻ ʮʝʥʪʨʘʣʴʥʫ ʚʽʩʴ ʽ ʰʽʩʪʴ ʨʘʜʽʘʣʴʥʠʭ ʨʝʙʝʨ, ʱʦ ʧʦʢʘʟʘʥʦ ʥʘ ʈʠʩʫʥʢʫ ɹ.9. 

ʂʦʞʥʝ ʨʝʙʨʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʯʦʪʠʨʴʦʭ ʩʪʝʨʞʥʽʚ ʟʚ'ʷʟʢʫ ʪʘ ʜʽʘʛʦʥʘʣʴʥʦʛʦ ʩʪʝʨʞʥʷ. 

ɺʝʨʭʥʽʡ ʽ ʥʠʞʥʽʡ ʙʨʫʩʠ ʟʚ'ʷʟʢʠ ʧʽʜʪʨʠʤʫʶʪʴʩʷ ʧʘʨʘʣʝʣʴʥʠʤʠ ʧʽʜ ʯʘʩ ʨʦʟʛʦʨʪʘʥʥʷ 
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ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʥʭʨʦʥʽʟʘʪʦʨʘ. ɼʦʚʞʠʥʘ ʮʝʥʪʨʘʣʴʥʦʾ ʦʩʽ ʟʤʽʥʶʻʪʴʩʷ ʧʽʜ ʯʘʩ 

ʨʦʟʛʦʨʪʘʥʥʷ. ʈʫʰʽʡʥʘ ʩʠʣʘ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʦʩʪʫʧʘʣʴʥʦʶ ʧʨʫʞʠʥʦʶ, ʱʦ ʟ'ʻʜʥʫʻ 

ʧʦʚʟʫʥ ʽ ʮʝʥʪʨʘʣʴʥʫ ʚʽʩʴ, ʘ ʪʘʢʦʞ ʤʦʤʝʥʪʥʠʤʠ ʧʨʫʞʠʥʘʤʠ ʧʝʨʝʪʠʥʽ ʥʠʞʥʴʦʾ ʧʣʘʥʢʠ 

ʽ ʮʝʥʪʨʘʣʴʥʦʾ ʦʩʽ. ʉʠʩʪʝʤʘ ʩʽʪʦʢ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʰʘʨʽʚ: ʧʦʚʝʨʭʥʝʚʦʛʦ, ʩʪʷʞʥʦʛʦ 

ʽ ʟʘʜʥʴʦʛʦ ʪʨʦʩʽʚ, ʚʠʛʦʪʦʚʣʝʥʠʭ ʟ ʢʝʚʣʘʨʫ, ʱʦ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʥʘ ʈʠʩʫʥʢʫ ɹ.10.  

ʋ ʨʦʙʦʪʘʭ [109, 119] ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚʝʣʠʢʘ ʪʨʦʩʦʚʦ-ʨʝʙʝʨʥʘ ʩʪʨʫʢʪʫʨʘ ʘʥʪʝʥʠ, 

ʱʦ ʨʦʟʛʦʨʪʘʻʪʴʩʷ, ʟ ʨʘʜʽʘʣʴʥʠʤʠ ʨʝʙʨʘʤʠ ʽ ʥʘʪʷʛʥʫʪʠʤʠ ʪʨʦʩʘʤʠ. ʂʦʞʥʝ ʨʝʙʨʦ ʤʘʻ 

ʩʝʨʝʜʥʽʡ ʰʘʨʥʽʨ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʩʢʣʘʜʘʪʠ ʨʝʙʨʦ. ʈʝʬʣʝʢʪʦʨ ʚʠʢʦʨʠʩʪʦʚʫʻ ʤʝʭʘʥʽʟʤ 

ʮʝʥʪʨʘʣʴʥʦʾ ʚʪʫʣʢʠ ʜʣʷ ʨʦʟʛʦʨʪʘʥʥʷ ʨʝʙʝʨ ʽ ʪʦʯʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʬʦʨʤʠ 

ʧʦʚʝʨʭʥʽ ʨʝʬʣʝʢʪʦʨʘ ʰʣʷʭʦʤ ʥʘʪʷʛʫ ʩʽʪʢʠ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʈʠʩʫʥʢʫ ɹ.11. ʎʷ 

ʩʪʨʫʢʪʫʨʘ ʤʘʻ ʧʝʨʝʚʘʛʠ ʚʠʩʦʢʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʞʦʨʩʪʢʽʩʪʴ/ʤʘʩʘ, ʱʦ ʧʽʜʭʦʜʠʪʴ 

ʜʣʷ ʧʦʙʫʜʦʚʠ ʚʝʣʠʢʦʤʘʩʰʪʘʙʥʠʭ ʘʥʪʝʥ, ʱʦ ʨʦʟʛʦʨʪʘʶʪʴʩʷ. 

ʆʙʨʫʯʥʦ-ʨʝʙʝʨʥʘ ʬʝʨʤʘ ʨʦʟʛʦʨʪʘʻʪʴʩʷ ʰʣʷʭʦʤ ʟʘʤʽʥʠ ʧʘʨʘʙʦʣʽʯʥʦʛʦ ʨʝʙʨʘ ʥʘ 

ʤʝʭʘʥʽʟʤ ʥʦʞʠʮʴ ʟ ʥʝʨʽʚʥʦʤʽʨʥʦʶ ʜʦʚʞʠʥʦʶ, ʷʢʠʡ ʟʦʙʨʘʞʝʥʦ ʥʘ ʈʠʩʫʥʢʫ ɹ.12.  

ɯʥʥʦʚʘʮʽʡʥʠʡ ʩʧʦʩʽʙ ʨʦʟʛʦʨʪʘʥʥʷ ʚʽʜʙʠʚʘʯʘ ʧʘʨʘʩʦʣʴʢʦʚʦʛʦ ʪʠʧʫ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʚ ʨʦʙʦʪʽ [82]. ɺʽʜʙʠʚʘʯ ʤʽʩʪʠʪʴ ʰʽʩʪʥʘʜʮʷʪʴ ˇʨʘʪʯʘʩʪʠʭ ʩʧʠʮʴ, ʚʠʛʦʪʦʚʣʝʥʠʭ ʟ 

ʚʫʛʣʝʧʣʘʩʪʠʢʫ, ʚʽʜʙʠʚʘʶʯʫ ʩʽʪʢʫ, ʪʨʘʥʩʬʦʨʤʦʚʘʥʠʡ ʦʙʽʜ ʽ ʢʘʨʜʘʥʥʫ ʩʠʩʪʝʤʫ 

ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʨʦʟʛʦʨʪʘʥʥʷ ʩʧʠʮʴ, ʷʢ ʟʦʙʨʘʞʝʥʦ ʥʘ ʈʠʩʫʥʢʫ ɹ.13. ʆʙʦʜ, ʱʦ 

ʪʨʘʥʩʬʦʨʤʫʻʪʴʩʷ, ʚʠʢʦʥʘʥʠʡ ʫ ʚʠʛʣʷʜʽ ʢʦʤʧʦʟʠʪʥʦʾ ʪʦʥʢʦʩʪʽʥʥʦʾ ʪʦʨʦʾʜʘʣʴʥʦʾ 

ʦʙʦʣʦʥʢʠ ʟ ʚʠʨʽʟʘʤʠ. ʏʘʩʪʠʥʠ ʦʙʦʣʦʥʢʠ ʟ ʚʠʨʽʟʘʤʠ ʧʨʘʮʶʶʪʴ ʷʢ ʧʨʫʞʥʽ ʰʘʨʥʽʨʠ, 

ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʩʢʣʘʜʘʪʠ ʦʙʽʜ. ɽʥʝʨʛʽʷ, ʥʘʢʦʧʠʯʝʥʘ ʚ ʰʘʨʥʽʨʘʭ ʩʢʣʘʜʝʥʦʛʦ ʦʙʦʜʘ, 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʨʦʟʛʦʨʪʘʥʥʷ ʩʧʠʮʴ. 

ʈʦʟʛʦʨʥʫʪʠʡ ʨʝʬʣʝʢʪʦʨ ʚ ʨʦʙʦʪʽ [162] ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʨʝʙʝʨ ʦʙʝʨʪʘʥʥʷ, ʤʝʪʘʣʝʚʦʾ 

ʩʽʪʢʠ ʽ ʙʽʯʥʠʭ ʪʨʦʩʽʚ, ʱʦ ʚʠʜʥʦ ʟ ʈʠʩʫʥʢʫ ɹ.14. ʂʦʨʽʥʴ ʢʦʞʥʦʛʦ ʨʝʙʨʘ ʟʘʢʨʽʧʣʝʥʠʡ 

ʥʘ ʮʝʥʪʨʘʣʴʥʽʡ ʚʪʫʣʮʽ ʘʥʪʝʥʠ, ʘ ʤʝʪʘʣʝʚʘ ʩʽʪʢʘ ʥʘʪʷʛʥʫʪʘ ʽ ʧʨʠʰʠʪʘ ʜʦ ʚʝʨʭʥʴʦʛʦ 

ʢʨʘʶ ʨʝʙʨʘ. ʋ ʧʦʨʽʚʥʷʥʥʽ ʟ ʨʝʬʣʝʢʪʦʨʦʤ ʟʽ ʩʢʣʘʜʥʠʤʠ ʨʝʙʨʘʤʠ, ʨʝʬʣʝʢʪʦʨ ʟ 

ʦʙʛʦʨʪʢʘʤʠ ʤʘʻ ʪʘʢʽ ʧʝʨʝʚʘʛʠ, ʷʢ ʣʝʛʢʘ ʚʘʛʘ, ʧʨʦʩʪʘ ʢʦʥʩʪʨʫʢʮʽʷ, ʚʠʩʦʢʠʡ ʢʦʝʬʽʮʽʻʥʪ 
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ʟʙʝʨʽʛʘʥʥʷ ʽ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʛʦʨʪʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʧʦʪʝʥʮʽʡʥʦʾ ʝʥʝʨʛʽʾ ʧʨʫʞʥʦʩʪʽ 

ʨʝʙʝʨ. 

1.1.2. ʌʝʨʤʘ. 

ʄʝʪʦʜʠ ʃʘʛʨʘʥʞʘ, ʅʴʶʪʦʥʘ-ɽʡʣʝʨʘ, ɼ'ɸʣʘʤʙʝʨʘ, ʂʝʡʥʘ ʪʘ ʽʥʰʽ ʧʽʜʭʦʜʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʧʫʙʣʽʢʘʮʽʷʭ ʜʣʷ ʧʦʙʫʜʦʚʠ ʜʠʥʘʤʽʯʥʠʭ ʤʦʜʝʣʝʡ ʩʢʣʘʜʥʠʭ 

ʤʝʭʘʥʽʯʥʠʭ ʩʠʩʪʝʤ, ʪʘʢʠʭ ʷʢ ʨʦʟʛʦʨʥʫʪʽ ʘʥʪʝʥʠ. 

ɼʚʦʢʽʣʴʮʝʚʘ ʬʝʨʤʘ ʤʦʜʝʣʶʻʪʴʩʷ ʚ ʨʦʙʦʪʽ [146] ʷʢ ʞʦʨʩʪʢʘ ʩʠʩʪʝʤʘ ʟʚôʷʟʘʥʠʭ 

ʪʽʣ, ʘ ʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʥʘʣʽʟʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʚʥʷʥʴ ʅʴʶʪʦʥʘ-

ɽʡʣʝʨʘ ʪʘ ʪʝʦʨʽʾ ʛʚʠʥʪʽʚ.  

ʋ ʨʦʙʦʪʽ [128] ʨʽʚʥʷʥʥʷ ʃʘʛʨʘʥʞʘ ʜʨʫʛʦʛʦ ʪʠʧʫ ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ ʧʦʙʫʜʦʚʠ 

ʛʥʫʯʢʦʾ ʜʠʥʘʤʽʯʥʦʾ ʤʦʜʝʣʽ ʩʠʩʪʝʤʠ ʟʚôʷʟʘʥʠʭ ʪʽʣ ʘʥʪʝʥʠ, ʟʽʙʨʘʥʦʾ ʟ ʛʝʦʤʝʪʨʠʯʥʦ 

ʫʟʛʦʜʞʝʥʠʭ ʧʘʨʘʣʝʣʦʛʨʘʤʥʠʭ ʬʝʨʤʦʚʠʭ ʢʦʤʽʨʦʢ. ɻʥʫʯʢʽ ʪʽʣʘ ʜʠʩʢʨʝʪʠʟʦʚʘʥʦ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʈʝʣʝʷ-ʈʽʪʮʘ. ʇʦʩʪʫʧʘʣʴʥʽ ʪʘ ʦʙʝʨʪʘʣʴʥʽ ʨʫʭʠ ʚʚʘʞʘʶʪʴʩʷ 

ʦʯʠʱʝʥʠʤʠ ʚ ʛʽʧʦʪʝʪʠʯʥʦʤʫ ʧʦʣʽ ʧʝʨʝʤʽʱʝʥʴ, ʱʦ ʛʘʨʘʥʪʫʻ, ʱʦ ʨʫʭ ʛʥʫʯʢʦʛʦ ʪʽʣʘ 

ʚʽʜʥʦʩʥʦ ʨʫʭʦʤʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʻ ʫʥʽʢʘʣʴʥʠʤ. ɼʣʷ ʦʙʯʠʩʣʝʥʥʷ ʧʝʨʝʤʽʱʝʥʴ, 

ʰʚʠʜʢʦʩʪʝʡ ʽ ʧʨʠʩʢʦʨʝʥʴ ʚʫʟʣʽʚ ʬʝʨʤʠ ʦʪʨʠʤʘʥʦ ʨʝʢʫʨʩʠʚʥʽ ʨʽʚʥʷʥʥʷ ʢʽʥʝʤʘʪʠʢʠ. 

ɺ ʨʦʙʦʪʽ [49] ʧʨʝʜʩʪʘʚʣʝʥʦ ʜʠʥʘʤʽʯʥʫ ʤʦʜʝʣʴ ʢʽʣʴʮʝʚʦʾ ʬʝʨʤʦʚʦʾ ʘʥʪʝʥʠ, ʱʦ 

ʨʦʟʛʦʨʪʘʻʪʴʩʷ, ʷʢʘ ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʫ ʃʘʛʨʘʥʞʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʘʙʩʦʣʶʪʥʠʭ ʫʟʘʛʘʣʴʥʝʥʠʭ ʢʦʦʨʜʠʥʘʪ ʽ ʚʨʘʭʫʚʘʥʥʷʤ ʜʠʩʠʧʘʪʠʚʥʠʭ ʽ ʯʠʩʪʠʭ ʩʠʣ 

ʧʦʧʝʨʝʜʥʴʦʛʦ ʥʘʪʷʛʫ ʪʘ ʢʨʫʪʥʠʭ ʤʦʤʝʥʪʽʚ ʧʨʫʞʠʥ ʰʘʨʥʽʨʽʚ. ʊʘʢʦʞ ʩʪʚʦʨʝʥʦ 

ʟʘʛʘʣʴʥʫ ʤʦʜʝʣʴ ʢʽʥʝʤʘʪʠʢʠ ʨʦʟʛʦʨʪʘʥʥʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʧʦʣʦʞʝʥʥʷ, ʰʚʠʜʢʦʩʪʽ ʪʘ 

ʧʨʠʩʢʦʨʝʥʥʷ ʙʫʜʴ-ʷʢʦʾ ʪʦʯʢʠ ʢʦʥʩʪʨʫʢʮʽʾ.  

ɺ ʨʦʙʦʪʽ [139] ʚʠʢʦʨʠʩʪʘʥʦ ʬʦʨʤʫʣʫ ʃʘʛʨʘʥʞʘ-ɽʡʣʝʨʘ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ 

ʷʚʠʱʘ ʘʩʠʥʭʨʦʥʥʦʛʦ ʨʦʟʛʦʨʪʘʥʥʷ, ʷʢʝ ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʚ ʝʢʩʧʝʨʠʤʝʥʪʽ, ʧʨʦʚʝʜʝʥʦʤʫ 

ʢʦʤʧʘʥʽʻʶ Astro Aerospace. 

ʋ ʨʦʙʦʪʽ [69] ʬʦʨʤʫʣʶʚʘʥʥʷ ʘʙʩʦʣʶʪʥʠʭ ʚʫʟʣʦʚʠʭ ʢʦʦʨʜʠʥʘʪ (ʌɸɺʂ) 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʟʛʦʨʪʘʥʥʷ ʨʝʬʣʝʢʪʦʨʘ, ʷʢʠʡ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ 

ʙʝʟʣʽʯ ʢʚʘʟʽʩʪʘʪʠʯʥʠʭ ʢʦʥʬʽʛʫʨʘʮʽʡ. ʈʽʚʥʦʚʘʞʥʠʡ ʩʪʘʥ ʢʚʘʟʽʩʪʘʪʠʯʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ 
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ʚʠʚʯʘʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʠʥʮʠʧʫ ʤʽʥʽʤʫʤʫ ʧʦʪʝʥʮʽʡʥʦʾ ʝʥʝʨʛʽʾ, ʘ ʨʦʟʛʦʨʪʘʥʥʷ 

ʘʥʪʝʥʠ ʘʥʘʣʽʟʫʻʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʫʩʽʭ ʢʦʥʬʽʛʫʨʘʮʽʡ. 

ʋ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʜʦʩʣʽʜʥʠʢʠ ʘʥʘʣʽʟʫʶʪʴ ʨʦʟʛʦʨʪʘʥʥʷ ʘʥʪʝʥʠ, ʥʝʭʪʫʶʯʠ 

ʛʥʫʯʢʠʤʠ ʜʝʬʦʨʤʘʮʽʷʤʠ ʬʝʨʤʠ. ʆʜʥʘʢ ʪʘʢʽ ʜʝʬʦʨʤʘʮʽʾ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʥʘʪʷʛ 

ʩʽʪʢʠ. ɺ ʨʦʙʦʪʽ [101] ʧʦʢʘʟʘʥʦ, ʱʦ ʛʥʫʯʢʽ ʜʝʬʦʨʤʘʮʽʾ ʬʝʨʤʠ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʥʘʧʨʷʤ ʨʫʰʽʡʥʦʾ ʩʠʣʠ, ʽ ʬʝʨʤʘ ʟʘʟʥʘʻ ʥʝʨʽʚʥʦʤʽʨʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʯʝʨʝʟ 

ʥʝʨʽʚʥʦʤʽʨʥʠʡ ʥʘʪʷʛ ʩʽʪʢʠ. 

ɺ ʨʦʙʦʪʽ [103] ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʦʚʠʡ ʤʝʪʦʜ ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʥʘʤʽʢʠ ʛʥʫʯʢʠʭ ʪʽʣ - 

ʌɸɺʂ, ʷʢʠʡ ʤʘʻ ʤʘʪʨʠʮʶ ʧʦʩʪʽʡʥʠʭ ʤʘʩ ʽ ʥʝ ʚʨʘʭʦʚʫʻ ʩʠʣʫ ʂʦʨʽʦʣʽʩʘ ʪʘ ʜʦʮʝʥʪʨʦʚʫ 

ʩʠʣʫ. ʅʘ ʦʩʥʦʚʽ ʮʴʦʛʦ ʤʝʪʦʜʫ ʚ ʨʦʙʦʪʽ [103] ʩʪʚʦʨʝʥʦ ʜʠʥʘʤʽʯʥʫ ʤʦʜʝʣʴ ʦʧʦʨʥʦʛʦ 

ʢʨʦʥʰʪʝʡʥʘ ʨʝʬʣʝʢʪʦʨʘ ʪʘ ʨʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤ ʽʥʪʝʛʨʫʚʘʥʥʷ ʜʠʥʘʤʽʯʥʦʛʦ 

ʨʽʚʥʷʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʝʢʽʣʴʢʦʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʦʪʨʠʤʘʥʦ ʣʽʥʽʡʥʠʡ 

ʨʫʰʽʡʥʠʡ ʤʦʤʝʥʪ, ʷʢʠʡ ʧʦʚʥʽʩʪʶ ʨʦʟʛʦʨʪʘʻ ʢʨʦʥʰʪʝʡʥ.  

ʋ ʨʦʙʦʪʽ [126] ʚʠʢʦʨʠʩʪʘʥʦ ʌɸɺʂ ʜʣʷ ʘʥʘʣʽʟʫ ʜʠʥʘʤʽʢʠ ʛʥʫʯʢʠʭ ʪʽʣ 

ʨʦʟʛʦʨʪʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ ʟʘ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨ. ʆʪʨʠʤʘʥʦ ʜʠʥʘʤʽʯʥʽ ʨʽʚʥʷʥʥʷ 

ʩʢʽʥʯʝʥʥʦʛʦ ʝʣʝʤʝʥʪʘ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʧʦʣʽ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʨʦʟʛʦʨʪʘʥʥʷ ʩʧʝʮʽʘʣʴʥʦʛʦ ʯʦʪʠʨʠʰʘʨʥʽʨʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʷʢ ʙʘʟʦʚʦʛʦ ʤʦʜʫʣʷ 

ʦʙʨʫʯʝʚʦʾ ʬʝʨʤʦʚʦʾ ʨʦʟʛʦʨʪʘʣʴʥʦʾ ʘʥʪʝʥʠ ʧʨʠ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʣʷ ʦʮʽʥʢʠ 

ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʦʟʛʦʨʪʘʣʴʥʦʾ ʘʥʪʝʥʠ ʚ ʢʦʩʤʽʯʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʥʘ ʜʠʥʘʤʽʢʫ ʨʦʟʛʦʨʪʘʥʥʷ ʚʧʣʠʚʘʶʪʴ ʪʘʢʽ 

ʬʘʢʪʦʨʠ, ʷʢ ʩʪʨʫʢʪʫʨʥʘ ʬʦʨʤʘ, ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ, ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʽ 

ʧʣʘʥʫʚʘʥʥʷ ʨʦʟʛʦʨʪʘʥʥʷ ʚ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʽ ʪʝʧʣʦʚʦʤʫ/ʚʘʢʫʫʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʘʭ. 

ɺ ʨʦʙʦʪʽ [62] ʚʩʽ ʚʝʨʪʠʢʘʣʴʥʽ ʩʪʽʡʢʠ ʤʦʜʝʣʶʶʪʴʩʷ ʧʦʚʥʠʤʠ ʙʘʣʢʦʚʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ ʚʩʽ ʚʝʨʪʠʢʘʣʴʥʽ ʩʪʽʡʢʠ ʤʦʜʝʣʶʶʪʴʩʷ ʧʦʚʥʠʤ ʙʘʣʢʦʚʠʤ ʝʣʝʤʝʥʪʦʤ 

ʌɸɺʂ, ʘ ʚʩʽ ʛʦʨʠʟʦʥʪʘʣʴʥʽ ʪʘ ʜʽʘʛʦʥʘʣʴʥʽ ʩʪʽʡʢʠ - ʝʣʝʤʝʥʪʦʤ ʌɸɺʂ. ʅʝʦʙʭʽʜʥʦ 

ʟʘʩʪʦʩʫʚʘʪʠ ʪʨʠ ʪʠʧʠ ʦʙʤʝʞʝʥʴ. ʈʝʚʦʣʴʚʝʨʥʽ ʰʘʨʥʽʨʠ ʟ'ʻʜʥʫʶʪʴ ʩʘʤʫ 

ʛʦʨʠʟʦʥʪʘʣʴʥʫ ʩʪʽʡʢʫ ʟ ʚʝʨʪʠʢʘʣʴʥʦʶ, ʢʦʚʟʘʶʯʽ ʰʘʨʥʽʨʠ ʟ'ʻʜʥʫʶʪʴ ʚʝʨʭʥʶ 

ʜʽʘʛʦʥʘʣʴʥʫ ʩʪʽʡʢʫ ʟ ʥʠʞʥʴʦʶ, ʘ ʩʠʥʭʨʦʥʥʽ ʰʘʨʥʽʨʠ (ʘʙʦ ʟʫʙʯʘʩʪʽ ʰʘʨʥʽʨʠ) 
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ʦʙʤʝʞʫʶʪʴ ʢʫʪ ʨʦʟʛʦʨʪʘʥʥʷ ʣʽʚʦʾ ʪʘ ʧʨʘʚʦʾ ʯʘʩʪʠʥ ʚʝʨʪʠʢʘʣʴʥʦʾ ʩʪʽʡʢʠ ʜʦ 

ʪʦʪʦʞʥʦʩʪʽ. 

ɼʣʷ ʘʥʘʣʽʟʫ ʨʫʭʫ ʧʦʣʦʞʝʥʥʷ ʘʥʪʝʥʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʦʚʥʘ ʜʠʥʘʤʽʯʥʘ ʤʦʜʝʣʴ 

ʐʉ ʟ ʛʥʫʯʢʠʤʠ ʚʽʜʨʦʩʪʢʘʤʠ [65]. ʂɸ ʟ ʜʚʦʤʘ ʛʥʫʯʢʠʤʠ ʩʦʥʷʯʥʠʤʠ ʙʘʪʘʨʝʷʤʠ 

ʤʦʜʝʣʶʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʠʨʦʜʥʦʾ ʢʦʦʨʜʠʥʘʪʥʦʾ ʧʦʩʪʘʥʦʚʢʠ ʪʘ 

ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʤʦʜʘʣʴʥʦʛʦ ʩʠʥʪʝʟʫ ʂʨʝʡʛʘ-ɹʝʤʧʪʦʥʘ. ʋ ʪʦʡ ʞʝ ʯʘʩ ʌɸɺʂ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʚʝʜʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʨʽʚʥʷʥʴ ʚʝʣʠʢʦʾ ʨʦʟʛʦʨʪʘʻʤʦʾ 

ʢʽʣʴʮʝʚʦʾ ʬʝʨʤʦʚʦʾ ʘʥʪʝʥʠ. ʆʙʠʜʚʘ ʧʽʜʭʦʜʠ ʧʨʠʚʝʣʠ ʜʦ ʨʽʚʥʷʥʴ ʟ ʤʘʪʨʠʮʝʶ 

ʧʦʩʪʽʡʥʦʾ ʤʘʩʠ ʙʝʟ ʚʽʜʮʝʥʪʨʦʚʠʭ ʽ ʢʦʨʽʦʣʽʩʦʚʠʭ ʩʠʣ.  

ʄʝʪʦʜ ʩʧʝʮʠʬʽʢʘʮʽʡʥʠʭ ʤʘʪʨʠʮʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚ ʨʦʙʦʪʽ [143] ʜʣʷ ʫʩʫʥʝʥʥʷ 

ʨʽʚʥʷʥʴ ʦʙʤʝʞʝʥʴ ʤʽʞ ʅʇɽ ʚ ʨʘʤʢʘʭ ʌɸɺʂ. ɺʥʫʪʨʽʰʥʽ ʪʘ ʛʨʘʥʠʯʥʽ ʚʫʟʣʦʚʽ 

ʢʦʦʨʜʠʥʘʪʠ ʤʘʪʨʠʮʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʣʝʤʝʥʪʽʚ ʤʦʞʫʪʴ ʙʫʪʠ ʝʬʝʢʪʠʚʥʦ ʨʦʟʜʽʣʝʥʽ, ʽ 

ʮʽ ʤʘʪʨʠʮʽ ʤʦʞʫʪʴ ʜʦʜʘʚʘʪʠʩʷ ʥʘʩʢʨʽʟʥʦ ʧʦ ʢʦʣʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʠʥʘʤʽʯʥʘ ʤʦʜʝʣʴ 

ʤʘʻ ʟʤʝʥʰʝʥʫ ʨʦʟʤʽʨʥʽʩʪʴ ʽ ʤʦʞʝ ʙʫʪʠ ʟʽʙʨʘʥʘ ʙʝʟ ʦʙʤʝʞʫʚʘʣʴʥʠʭ ʨʽʚʥʷʥʴ. 

ɺʽʨʪʫʘʣʴʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʤʦʜʘʣʴʥʠʡ ʘʥʘʣʽʟ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʨʦʙʦʪʽ 

[118] ʜʣʷ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʟʘʟʦʨʫ ʚ ʟ'ʻʜʥʘʥʥʷʭ ʽ ʛʥʫʯʢʦʩʪʽ ʣʘʥʦʢ ʥʘ ʜʠʥʘʤʽʢʫ 

ʨʦʟʛʦʨʪʘʥʥʷ ʢʦʩʤʽʯʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ʅʘ ʦʩʥʦʚʽ ʜʠʥʘʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʧʝʨʝʭʽʜʥʠʭ 

ʧʨʦʮʝʩʽʚ ʦʪʨʠʤʘʥʦ ʯʘʩʦʚʫ ʽʩʪʦʨʽʶ ʟʙʫʜʞʝʥʴ ʽ ʨʝʘʢʮʽʡ. ʈʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ 

ʚʝʣʠʯʠʥʘ ʟʘʟʦʨʫ ʚ ʰʘʨʥʽʨʘʭ ʽ ʩʠʣʘ ʪʷʞʽʥʥʷ ʩʠʣʴʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʜʠʥʘʤʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʩʤʽʯʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. 

ɺ ʨʦʙʦʪʽ [124] ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠʥʮʠʧ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʝʬʝʢʪʫ ʜʣʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʢʨʫʛʦʚʦʾ ʩʽʪʯʘʩʪʦʾ ʘʥʪʝʥʠ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʦʚʪʦʨʶʚʘʥʦʾ 

ʧʫʯʢʦʧʦʜʽʙʥʦʾ ʨʝʰʽʪʢʠ, ʷʢ ʩʫʮʽʣʴʥʦʾ ʢʦʥʩʦʣʴʥʦʾ ʮʠʣʽʥʜʨʠʯʥʦʾ ʦʙʦʣʦʥʢʠ, ʷʢʘ 

ʟʘʪʠʩʥʫʪʘ ʟ ʦʜʥʦʛʦ ʙʦʢʫ ʦʙʦʣʦʥʢʠ ʚʟʜʦʚʞ ʦʩʴʦʚʦʛʦ ʥʘʧʨʷʤʢʫ. ʅʝʣʽʥʽʡʥʽ ʢʝʨʫʶʯʽ 

ʨʽʚʥʷʥʥʷ ʨʫʭʫ ʦʪʨʠʤʘʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʠʥʮʠʧʫ ɻʘʤʽʣʴʪʦʥʘ ʪʘ ʪʝʦʨʽʾ ʦʙʦʣʦʥʢʠ 

ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʜʝʬʦʨʤʘʮʽʾ ʟʩʫʚʫ ʽ ʥʝʣʽʥʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʜʝʬʦʨʤʘʮʽʾ ʚʽʜ 

ʧʝʨʝʤʽʱʝʥʥʷ ʬʦʥ ʂʘʨʤʘʥʘ . ɼʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʮʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʫ 
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ʯʘʩʪʠʥʥʠʭ ʧʦʭʽʜʥʠʭ ʫ ʩʠʩʪʝʤʫ ʟʚʠʯʘʡʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʚʠʢʦʨʠʩʪʘʥʦ 

ʧʽʜʭʽʜ ɻʘʣʴʦʨʢʽʥʘ.  

ɺʧʣʠʚ ʪʝʧʣʦʚʦʛʦ ʟʙʫʜʞʝʥʥʷ ʽ ʜʝʤʧʬʫʚʘʥʥʷ ʥʘ ʥʝʣʽʥʽʡʥʽ ʢʦʣʠʚʘʥʥʷ ʽ ʙʽʬʫʨʢʘʮʽʾ 

ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʦʙʦʣʦʥʢʠ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʚ ʨʦʙʦʪʽ [125] ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʫʜʦʩʢʦʥʘʣʝʥʦʾ ʨʦʟʰʠʨʝʥʦʾ ʪʝʦʨʽʾ ʄʝʣʴʥʠʢʦʚʘ ʜʣʷ ʥʝʘʚʪʦʥʦʤʥʦʾ ʥʝʣʽʥʽʡʥʦʾ ʩʠʩʪʝʤʠ. 

ʊʝʦʨʝʪʠʯʥʽ ʧʝʨʝʜʙʘʯʝʥʥʷ ʄʝʣʴʥʠʢʦʚʘ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʯʠʩʝʣʴʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ. 

ɼʣʷ ʧʦʣʝʛʰʝʥʥʷ ʘʥʘʣʽʟʫ ʩʢʣʘʜʥʠʭ ʧʨʦʮʝʩʽʚ ʨʦʟʛʦʨʪʘʥʥʷ ʘʥʪʝʥʠ ʚ ʨʦʙʦʪʽ [127] 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʪʨʠ ʜʠʥʘʤʽʯʥʽ ʤʦʜʝʣʽ: 1) ɼʠʥʘʤʽʯʥʘ ʤʦʜʝʣʴ ʟ ʜʝʢʽʣʴʢʦʤʘ ʞʦʨʩʪʢʠʤʠ 

ʪʽʣʘʤʠ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʟʤʽʥʠ ʪʝʥʟʦʨʘ ʽʥʝʨʮʽʾ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʧʨʦʮʝʩʫ 

ʨʦʟʛʦʨʪʘʥʥʷ; 2) ʂʦʤʧʦʟʠʮʽʡʥʘ ʛʥʫʯʢʘ ʜʠʥʘʤʽʯʥʘ ʤʦʜʝʣʴ ʜʣʷ ʘʥʘʣʽʪʠʯʥʦʛʦ ʦʧʠʩʫ 

ʛʥʫʯʢʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʝʪʘʧʽ ʨʦʟʛʦʨʪʘʥʥʷ ʩʪʨʽʣʠ; 3) ʅʘʙʽʨ ʤʦʜʝʣʝʡ ʜʣʷ 

ʜʝʢʽʣʴʢʦʭ ʚʠʙʨʘʥʠʭ ʪʠʧʦʚʠʭ ʩʪʘʥʽʚ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʟʤʽʥʠ ʩʪʨʫʢʪʫʨʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʫ ʯʘʩʽ ʥʘ ʝʪʘʧʽ ʨʦʟʛʦʨʪʘʥʥʷ ʨʝʬʣʝʢʪʦʨʘ. 

ʋ ʨʦʙʦʪʽ [145] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʩʢʣʘʜʥʫ ʙʘʣʦʯʥʦ-ʢʽʣʴʮʝʚʫ ʩʪʨʫʢʪʫʨʫ, ʱʦ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʙʘʣʦʢ ʽ ʢʽʣʴʮʷ, ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʢʽʣʴʮʝʚʦʾ ʬʝʨʤʦʚʦʾ ʘʥʪʝʥʠ. 

ʂʝʨʫʶʯʽ ʨʽʚʥʷʥʥʷ ʪʘ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʜʣʷ ʩʢʣʘʜʝʥʦʾ ʙʘʣʦʯʥʦ-ʢʽʣʴʮʝʚʦʾ ʩʪʨʫʢʪʫʨʠ 

ʦʪʨʠʤʘʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʠʥʮʠʧʫ ɻʘʤʽʣʴʪʦʥʘ.  

ʋ ʨʦʙʦʪʽ [131] ʨʝʬʣʝʢʪʦʨ ʩʫʧʫʪʥʠʢʘ, ʱʦ ʨʦʟʛʦʨʪʘʻʪʴʩʷ, ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʷʢ 

ʛʥʫʯʢʝ ʪʽʣʦ, ʘ ʡʦʛʦ ʦʧʦʨʥʘ ʩʪʨʫʢʪʫʨʘ ʟʤʦʜʝʣʴʦʚʘʥʘ ʷʢ ʩʧʽʨʘʣʴʥʘ ʧʨʫʞʠʥʘ. 

ʇʝʨʝʤʽʱʝʥʥʷ ʨʝʬʣʝʢʪʦʨʘ ʚʠʨʘʞʘʻʪʴʩʷ ʷʢ ʩʫʤʘ ʧʨʫʞʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʽ 

ʧʝʨʝʤʽʱʝʥʥʷ ʞʦʨʩʪʢʦʛʦ ʪʽʣʘ, ʩʧʨʠʯʠʥʝʥʦʛʦ ʦʙʝʨʪʘʥʥʷʤ ʧʨʫʞʠʥʠ. ɼʠʥʘʤʽʯʥʝ 

ʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʃʘʛʨʘʥʞʘ. ʇʦʢʘʟʘʥʦ, ʱʦ ʚʣʘʩʥʽ ʯʘʩʪʦʪʠ 

ʘʥʪʝʥʠ ʟʘʣʝʞʘʪʴ ʚʽʜ ʤʦʤʝʥʪʫ i-ʦʾ ʤʦʜʠ ʪʘ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʨʝʬʣʝʢʪʦʨʘ. ʎʽ ʧʘʨʘʤʝʪʨʠ 

ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʷʢ ʽʥʜʠʢʘʪʦʨʠ, ʱʦʙ ʚʠʟʥʘʯʠʪʠ, ʷʢʽ ʤʦʜʠ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʪʦʯʥʽʩʪʴ ʘʥʪʝʥʠ. 

ɺ ʨʦʙʦʪʽ [133] ʧʦʙʫʜʦʚʘʥʦ ʝʢʚʽʚʘʣʝʥʪʥʫ ʜʠʥʘʤʽʯʥʫ ʤʦʜʝʣʴ ʧʦʧʝʨʝʜʥʴʦ 

ʥʘʧʨʫʞʝʥʦʾ ʘʥʪʝʥʥʦʾ ʬʝʨʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʩʪʘʪʠʯʥʦʾ ʢʦʥʜʝʥʩʘʮʽʾ. 
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ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʝʢʚʽʚʘʣʝʥʪʥʫ ʘʥʽʟʦʪʨʦʧʥʫ ʙʘʣʦʯʥʫ ʤʦʜʝʣʴ ʊʠʤʦʰʝʥʢʘ ʩʢʣʘʜʥʦʾ 

ʬʝʨʤʠ ʟ ʞʦʨʩʪʢʠʤʠ ʟ'ʻʜʥʘʥʥʷʤʠ ʜʣʷ ʧʨʦʩʪʦʨʦʚʦʛʦ ʧʦʚʪʦʨʶʚʘʥʦʛʦ ʝʣʝʤʝʥʪʘ, ʱʦ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʙʘʣʦʢ ʽ ʪʨʦʩʽʚ. ʇʝʨʝʤʽʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʠʭ ʧʦʚʪʦʨʶʚʘʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʚʠʟʥʘʯʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʢʣʘʜʘʥʥʷ ʚ ʨʷʜ ʊʝʡʣʦʨʘ.  

ʈʽʚʥʷʥʥʷ ʨʫʭʫ ʙʘʛʘʪʦʣʘʥʢʦʚʦʾ ʛʥʫʯʢʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʦʪʨʠʤʘʥʦ ʚ ʨʦʙʦʪʽ [136] ʥʘ 

ʦʩʥʦʚʽ ʧʨʠʥʮʠʧʫ ɻʘʤʽʣʴʪʦʥʘ. ɻʥʫʯʢʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʟʘʤʠʢʘʥʥʷ ʰʘʨʥʽʨʽʚ 

ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʤʝʪʦʜʘʤʠ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘ ʙʘʣʘʥʩʫ ʽʤʧʫʣʴʩʽʚ, ʚʽʜʧʦʚʽʜʥʦ. 

ʅʝʣʽʥʽʡʥʘ ʜʠʥʘʤʽʯʥʘ ʤʦʜʝʣʴ, ʱʦ ʦʧʠʩʫʻ ʧʨʫʞʥʦ-ʪʝʧʣʦʚʽ ʜʠʥʘʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʩʽʪʯʘʩʪʦʛʦ ʨʝʬʣʝʢʪʦʨʘ, ʨʦʟʨʦʙʣʝʥʘ ʚ ʨʦʙʦʪʘʭ [137, 138] ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʨʦʟʰʠʨʝʥʦʛʦ ʧʨʠʥʮʠʧʫ ɻʘʤʽʣʴʪʦʥʘ. ɼʣʷ ʘʥʘʣʽʟʫ ʚʽʙʨʘʮʽʡ ʽ ʢʝʨʫʚʘʥʥʷ ʟʽ ʟʚʦʨʦʪʥʠʤ 

ʟʚ'ʷʟʢʦʤ ʮʶ ʤʦʜʝʣʴ ʣʽʥʝʘʨʠʟʦʚʘʥʦ ʥʘʚʢʦʣʦ ʨʽʚʥʦʚʘʞʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʢʚʘʟʽʩʪʘʪʠʯʥʫ ʩʪʨʘʪʝʛʽʶ ʜʣʷ ʜʠʥʘʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʩʽʪʯʘʩʪʠʭ 

ʨʝʬʣʝʢʪʦʨʽʚ ʧʨʠ ʮʠʢʣʽʯʥʦʤʫ ʪʝʧʣʦʚʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ. 

ʅʝʣʽʥʽʡʥʘ ʜʠʥʘʤʽʯʥʘ ʤʦʜʝʣʴ ʞʦʨʩʪʢʦʾ ʪʨʦʩʦʚʦ ʾʧʘʥʪʦʛʨʘʬʽʯʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, ʱʦ 

ʨʦʟʛʦʨʪʘʻʪʴʩʷ, ʦʧʠʩʘʥʘ ʚ ʨʦʙʦʪʽ [74]. ʄʦʜʝʣʴ ʚʨʘʭʦʚʫʻ ʝʬʝʢʪʠ ʩʧʽʣʴʥʦʛʦ 

ʧʦʧʝʨʝʜʥʴʦʛʦ ʥʘʪʷʛʫ ʪʘ ʧʘʩʠʚʥʦʛʦ ʥʘʪʷʛʫ ʪʨʦʩʫ ʯʝʨʝʟ ʝʢʚʽʚʘʣʝʥʪʥʽ ʢʦʝʬʽʮʽʻʥʪʠ 

ʞʦʨʩʪʢʦʩʪʽ ʪʘ ʜʝʤʧʬʫʚʘʥʥʷ. ʎʷ ʤʦʜʝʣʴ ʪʦʯʥʦ ʧʨʦʛʥʦʟʫʻ ʨʝʟʦʥʘʥʩʥʽ ʯʘʩʪʦʪʠ ʧʝʨʰʠʭ 

4-ʭ ʤʦʜ. ɺʦʥʘ ʪʘʢʦʞ ʧʨʦʛʥʦʟʫʻ ʤʦʜʘʣʴʥʝ ʜʝʤʧʬʫʚʘʥʥʷ ʟ ʭʦʨʦʰʦʶ ʪʦʯʥʽʩʪʶ, ʟʘ 

ʫʤʦʚʠ, ʱʦ ʥʝʤʦʜʝʣʴʦʚʘʥʽ ʩʪʫʧʝʥʽ ʚʽʣʴʥʦʩʪʽ ʥʝ ʟʙʫʜʞʫʶʪʴʩʷ. 

ɺ ʨʦʙʦʪʽ [142] ʘʥʘʣʽʟʫʻʪʴʩʷ ʨʦʟʛʦʨʪʘʥʥʷ ʧʣʦʩʢʦʾ ʦʧʦʨʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʚʥʷʥʥʷ ʂʝʡʥʘ, ʷʢʝ ʜʦʧʦʤʘʛʘʻ ʦʪʨʠʤʘʪʠ ʢʨʠʚʫ ʟʤʽʥʠ ʨʫʰʽʡʥʦʛʦ 

ʤʦʤʝʥʪʫ ʚ ʯʘʩʽ.  

ɸʥʘʣʽʪʠʯʥʘ ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʨʦʙʦʪʽ [144] ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʤʦʤʝʥʪʫ 

ʪʝʨʪʷ ʚʽʜʨʠʚʫ ʚ ʧʨʝʮʠʟʽʡʥʦʤʫ ʟ'ʻʜʥʘʥʥʽ ʟ ʧʦʧʝʨʝʜʥʴʦ ʥʘʚʘʥʪʘʞʝʥʠʤʠ ʨʘʜʽʘʣʴʥʦ-

ʫʧʦʨʥʠʤʠ ʧʽʜʰʠʧʥʠʢʘʤʠ. ʄʦʜʝʣʴ ʙʘʟʫʻʪʴʩʷ ʥʘ ʪʨʠʙʦʣʦʛʽʯʥʽʡ ʤʦʜʝʣʽ ʪʝʨʪʷ 

ʊʦʜʜʘ/ɼʞʦʥʩʦʥʘ ʚ ʢʫʣʴʢʦʚʠʭ ʧʽʜʰʠʧʥʠʢʘʭ ʽ ʚʢʣʶʯʘʻ ʝʬʝʢʪʠ ʢʫʣʦʥʽʚʩʴʢʦʛʦ 

ʤʽʢʨʦʧʨʦʢʦʚʟʫʚʘʥʥʷ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʽʜʰʠʧʥʠʢʘ ʪʘ ʛʽʩʪʝʨʝʪʠʯʥʦʛʦ 

ʜʝʤʧʬʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ. ʈʦʟʨʦʙʣʝʥʦ ʥʦʚʠʡ ʙʝʟʨʦʟʤʽʨʥʠʡ ʧʘʨʘʤʝʪʨ ʜʣʷ ʢʽʣʴʢʽʩʥʦʾ 
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ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʧʦʧʝʨʝʜʥʴʦʛʦ ʥʘʪʷʛʫ ʧʽʜʰʠʧʥʠʢʘ, ʛʝʦʤʝʪʨʽʾ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʤʘʪʝʨʽʘʣʫ. ɸʥʘʣʽʪʠʯʥʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʪʝʨʪʷ ʚ ʧʽʜʰʠʧʥʠʢʘʭ ʤʦʞʥʘ ʤʽʥʽʤʽʟʫʚʘʪʠ ʜʣʷ 

ʧʝʚʥʦʛʦ ʢʫʪʘ ʢʦʥʪʘʢʪʫ ʧʽʜʰʠʧʥʠʢʽʚ, ʚʨʘʭʦʚʫʶʯʠ ʷʢ ʪʝʨʪʷ ʢʦʯʝʥʥʷ, ʪʘʢ ʽ ʪʝʨʪʷ 

ʢʦʚʟʘʥʥʷ. 

 

1.1.3. ʂʦʥʩʪʨʫʢʮʽʷ ʩʽʪʢʘ-ʧʦʣʦʪʥʦ 

ɸʥʘʣʽʟ ʨʦʟʛʦʨʪʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ ʪʨʦʩʦʚʠʭ ʩʠʩʪʝʤ ʻ ʥʝʦʙʭʽʜʥʠʤ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʩʠʣʠ ʨʦʟʛʦʨʪʘʥʥʷ, ʽ ʚ ʪʦʡ ʞʝ ʯʘʩ ʚʽʥ ʪʘʢʦʞ ʥʘʜʘʻ ʮʽʥʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʜʣʷ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʨʦʩʦʚʠʭ ʩʠʩʪʝʤ. 

ɺʧʣʠʚ ʥʘʪʷʛʫ ʪʨʦʩʫ ʥʘ ʧʨʦʮʝʩ ʨʦʟʛʦʨʪʘʥʥʷ ʯʘʩʪʦ ʽʛʥʦʨʫʻʪʴʩʷ ʘʙʦ ʦʮʽʥʶʻʪʴʩʷ 

ʥʘ ʦʩʥʦʚʽ ʝʤʧʽʨʠʯʥʠʭ ʧʨʘʚʠʣ [158,159]. 

ʋ ʨʦʙʦʪʽ [168] ʪʨʦʩʦʚʘ ʩʠʩʪʝʤʘ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʥʘʙʽʨ ʯʘʩʪʠʥʦʢ, ʘ ʧʨʦʮʝʩ 

ʨʦʟʛʦʨʪʘʥʥʷ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʩʝʨʽʷ ʯʘʩʦʚʠʭ ʢʨʦʢʽʚ. ʈʽʚʥʷʥʥʷ ʩʠʣʠ ʪʘ ʧʝʨʝʤʽʱʝʥʥʷ 

ʜʣʷ ʢʦʞʥʦʛʦ ʚʫʟʣʘ ʬʦʨʤʫʣʶʶʪʴʩʷ ʪʘ ʟʙʠʨʘʶʪʴʩʷ ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʪʦʧʦʣʦʛʽʯʥʦʛʦ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʜʠʥʘʤʽʯʥʦʾ ʤʦʜʝʣʽ ʩʠʩʪʝʤʠ.  ɺ ʨʦʙʦʪʽ [101] ʦʧʠʩʘʥʦ 

ʧʘʨʘʤʝʪʨʠʯʥʠʡ ʘʥʘʣʽʟ ʨʦʟʛʦʨʪʘʥʥʷ ʪʨʦʩʦʚʠʭ ʩʠʩʪʝʤ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʛʝʦʤʝʪʨʠʯʥʦʾ 

ʥʝʣʽʥʽʡʥʦʩʪʽ, ʪʦʧʦʣʦʛʽʯʥʦʾ ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ ʪʘ ʥʘʪʷʛʫ ʪʨʦʩʫ. ɺʠʟʥʘʯʘʣʴʥʽ ʨʽʚʥʷʥʥʷ 

ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʦʨʽʾ ʤʘʪʨʠʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ, ʘ ʜʣʷ ʾʭ ʨʦʟʚ'ʷʟʘʥʥʷ 

ʟʘʩʪʦʩʦʚʘʥʦ ʘʣʛʦʨʠʪʤ ʜʦʚʽʨʯʠʭ ʦʙʣʘʩʪʝʡ. ɾʦʨʩʪʢʽʩʪʴ ʪʨʦʩʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʪʘʥʫ 

ʧʨʦʚʠʩʘʥʥʷ ʘʙʦ ʥʘʪʷʛʫ ʝʣʝʤʝʥʪʽʚ ʩʽʪʢʠ. ɿʚ'ʷʟʦʢ ʤʽʞ ʨʦʟʛʦʨʪʘʥʥʷʤ ʬʝʨʤʠ ʪʘ ʨʫʭʦʤ 

ʩʽʪʢʠ ʤʦʜʝʣʶʻʪʴʩʷ ʰʣʷʭʦʤ ʦʥʦʚʣʝʥʥʷ ʢʦʦʨʜʠʥʘʪ ʛʨʘʥʠʯʥʠʭ ʚʫʟʣʽʚ ʥʘ ʢʦʞʥʦʤʫ 

ʯʘʩʦʚʦʤʫ ʢʨʦʮʽ.  

ʌɸɺʂ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʨʦʙʦʪʘʭ [69, 112] ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʝʣʠʢʠʭ 

ʜʝʬʦʨʤʘʮʽʡ ʩʽʪʢʠ ʧʽʜ ʯʘʩ ʨʦʟʛʦʨʪʘʥʥʷ ʘʥʪʝʥʠ. ɼʣʷ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʩʽʪʦʢ ʚʠʙʠʨʘʻʪʴʩʷ 

ʝʣʝʤʝʥʪ ʩʪʨʠʞʥʷ ʟ ʜʝʬʽʮʠʪʦʤ ʛʨʘʜʽʻʥʪʘ, ʜʝ ʚʨʘʭʦʚʫʶʪʴʩʷ ʣʠʰʝ ʢʦʦʨʜʠʥʘʪʠ 

ʧʦʣʦʞʝʥʥʷ[110]. ʑʦʙ ʚʠʟʥʘʯʠʪʠ ʩʪʘʥ ʥʘʪʷʛʫ ʪʨʦʩʘ ʽ ʜʦʟʚʦʣʠʪʠ ʡʦʤʫ ʧʣʘʚʥʦ 

ʧʝʨʝʭʦʜʠʪʠ ʚʽʜ ʩʪʘʥʫ ʧʨʦʚʠʩʘʥʥʷ ʜʦ ʩʪʘʥʫ ʥʘʪʷʛʫ, ʚ ʨʦʙʦʪʽ [111] ʧʦʙʫʜʦʚʘʥʦ 

ʧʝʨʝʭʽʜʥʫ ʬʫʥʢʮʽʶ ʫ ʚʠʛʣʷʜʽ ʧʦʣʽʥʦʤʘ ʧ'ʷʪʦʛʦ ʧʦʨʷʜʢʫ, ʷʢʠʡ ʧʣʘʚʥʦ ʟʨʦʩʪʘʻ ʚʽʜ 1 
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Ĭ10(-6) ʜʦ 1. ʎʷ ʬʫʥʢʮʽʷ ʛʘʨʘʥʪʫʻ, ʱʦ ʪʨʦʩ ʤʘʻ ʜʫʞʝ ʤʘʣʫ ʞʦʨʩʪʢʽʩʪʴ ʫ ʩʪʘʥʽ 

ʧʨʦʚʠʩʘʥʥʷ ʽ, ʪʘʢʠʤ ʯʠʥʦʤ, ʟʘʧʦʙʽʛʘʻ ʚʽʣʴʥʦʤʫ ʩʧʣʠʚʘʥʥʶ ʥʝʦʙʤʝʞʝʥʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ. 

ʂʽʥʝʪʠʯʥʘ ʪʘ ʧʦʪʝʥʮʽʡʥʘ ʝʥʝʨʛʽʾ ʩʠʩʪʝʤʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʨʦʙʦʪʽ [103] ʜʣʷ 

ʬʦʨʤʫʚʘʥʥʷ ʧʦʚʥʦʛʦ ʨʽʚʥʷʥʥʷ ʜʠʥʘʤʽʢʠ ʩʠʩʪʝʤʠ ʃʘʛʨʘʥʞʘ ʟ ʙʘʛʘʪʴʤʘ ʪʽʣʘʤʠ, 

ʚʢʣʁʯʘʶʯʠ ʩʠʣʫ ʪʝʨʪʷ ʜʣʷ ʛʥʫʯʢʦʾ ʩʽʪʢʠ. ʇʦʨʽʚʥʶʶʯʠ ʨʽʟʥʽ ʤʝʪʦʜʠ ʧʣʘʥʫʚʘʥʥʷ 

ʨʦʟʛʦʨʪʘʥʥʷ, ʚʠʟʥʘʯʝʥʦ ʦʧʪʠʤʘʣʴʥʝ ʧʣʘʥʫʚʘʥʥʷ ʨʦʟʛʦʨʪʘʥʥʷ ʩʠʩʪʝʤʠ. ʄʝʪʦʜ 

ʘʥʘʣʽʟʫ ʥʘʪʷʛʫ ʩʽʪʢʠ ʧʽʜ ʯʘʩ ʨʦʟʛʦʨʪʘʥʥʷ ʘʥʪʝʥ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚ ʨʦʙʦʪʽ [116]. ɼʣʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʪʷʛʥʫʪʦʾ/ʩʣʘʙʢʦʾ ʩʽʪʢʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʫʞʥʠʡ ʝʣʝʤʝʥʪ ʪʨʦʩʘ, ʘ 

ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʬʦʨʤʠ ʽ ʥʘʪʷʛʫ ʢʦʞʥʦʛʦ ʪʨʦʩʘ ʜʣʷ ʢʦʞʥʦʛʦ ʤʠʪʪʻʚʦʛʦ ʩʪʘʥʫ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʤʝʪʦʜ ʦʧʪʠʤʽʟʘʮʽʾ. ɿʘʣʝʞʥʘ ʚʽʜ ʯʘʩʫ ʢʨʠʚʘ ʥʘʪʷʛʫ ʩʽʪʢʠ ʦʪʨʠʤʫʻʪʴʩʷ 

ʰʣʷʭʦʤ ʩʠʥʪʝʟʫ ʜʠʩʢʨʝʪʥʠʭ ʤʠʪʪʻʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʘ ʧʦʪʽʤ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʦ 

ʜʠʥʘʤʽʯʥʦʾ ʤʦʜʝʣʽ ʘʥʪʝʥʠ ʷʢ ʟʦʚʥʽʰʥʻ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ɺ ʨʦʙʦʪʽ [117] ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʽʜʭʽʜ ʜʦ ʜʠʥʘʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʢʦʤʧʦʟʠʪʥʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʨʦʟʛʦʨʪʘʻʤʦʾ ʬʝʨʤʠ ʽ ʩʠʩʪʝʤʠ ʪʨʦʩ-ʩʽʪʢʘ, ʷʢʘ ʜʠʩʢʨʝʪʠʟʦʚʘʥʘ 

ʧʨʫʞʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʪʨʦʩʘ. ɻʥʫʯʢʘ  ʤʦʜʝʣʴ ʜʠʥʘʤʽʢʠ ʘʥʪʝʥʠ ʧʦʙʫʜʦʚʘʥʘ ʫ ʚʠʛʣʷʜʽ 

ʨʽʚʥʷʥʥʷ ʃʘʛʨʘʥʞʘ, ʱʦ ʚʨʘʭʦʚʫʻ ʢʽʥʝʪʠʯʥʫ ʝʥʝʨʛʽʶ, ʧʦʪʝʥʮʽʘʣʴʥʫ ʝʥʝʨʛʽʶ 

ʧʨʫʞʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʛʝʦʧʦʪʝʥʮʽʘʣʴʥʫ ʝʥʝʨʛʽʶ ʪʨʦʩʦʚʦʾ ʩʪʨʫʢʪʫʨʠ ʩʽʪʢʘ-ʧʦʣʦʪʥʦ ʪʘ 

ʨʦʟʛʦʨʪʘʻʤʦʾ ʬʝʨʤʠ. 

ɺ ʨʦʙʦʪʽ [90] ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ, ʱʦ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʨʦʟʢʨʠʪʪʷ ʥʝʦʙʭʽʜʥʦ 

ʚʨʘʭʦʚʫʚʘʪʠ ʚʣʘʩʪʠʚʦʩʪʽ ʩʽʪʦʢ ʽ ʤʝʪʘʣʝʚʦʾ ʩʽʪʢʠ, ʦʩʢʽʣʴʢʠ ʥʝʭʪʫʚʘʥʥʷ ʦʩʪʘʥʥʽʤʠ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʝʟʫʣʴʪʘʪʽʚ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʟʥʘʯʥʦ ʙʽʣʴʰ ʩʠʥʭʨʦʥʥʠʤʠ 

ʟʤʽʥʘʤʠ ʢʫʪʽʚ ʨʦʟʢʨʠʪʪʷ ʙʫʭʪ ʽ ʤʝʥʰʦʶ ʜʝʬʦʨʤʘʮʽʻʶ ʢʦʥʩʪʨʫʢʮʽʾ, ʥʽʞ ʧʨʠ 

ʚʠʧʨʦʙʫʚʘʥʥʷʭ. 
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1.1.4. ʈʫʰʽʡʥʽ ʩʠʣʠ 

ʄʝʭʘʥʽʟʤʠ ʨʦʟʛʦʨʪʘʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʦʩʥʘʱʝʥʽ ʘʢʪʠʚʥʠʤʠ ʧʨʠʚʦʜʘʤʠ [146, 

147] ʘʙʦ ʧʘʩʠʚʥʠʤʠ ʧʨʫʞʠʥʥʠʤʠ ʜʝʤʧʬʝʨʘʤʠ [104]. ʇʘʩʠʚʥʽ ʜʝʤʧʬʝʨʠ ʘʙʦ ʘʢʪʠʚʥʝ 

ʢʝʨʫʚʘʥʥʷ ʚʽʙʨʘʮʽʷʤʠ ʥʝʦʙʭʽʜʥʝ ʜʣʷ ʛʘʩʽʥʥʷ ʢʦʣʠʚʘʥʴ ʥʘ ʦʨʙʽʪʽ [148]. 

ʊʨʘʜʠʮʽʡʥʠʡ ʧʽʜʭʽʜ ʤʦʜʝʣʶʚʘʥʥʷ ʩʠʩʪʝʤʠ ʟʚôʷʟʘʥʠʭ ʪʽʣ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ 

ʬʦʨʤʫʣʶʚʘʥʥʽ ʃʘʛʨʘʥʞʘ [149, 150], ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʘʜʟʚʠʯʘʡʥʦ ʥʠʟʴʢʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʟʨʘʭʫʥʢʽʚ, ʢʦʣʠ ʚʽʥ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʪʨʦʩʦʚʠʭ 

ʩʠʩʪʝʤ ʟ ʜʝʢʽʣʴʢʦʤʘ ʰʢʽʚʘʤʠ, ʦʩʢʽʣʴʢʠ ʜʣʷ ʧʨʘʚʠʣʴʥʦʛʦ ʚʠʷʚʣʝʥʥʷ ʢʦʥʪʘʢʪʫ ʚʽʥ 

ʚʠʤʘʛʘʻ, ʱʦʙ ʨʦʟʤʽʨ ʝʣʝʤʝʥʪʽʚ ʪʨʦʩʫ ʙʫʚ ʪʦʛʦ ʞ ʤʘʩʰʪʘʙʫ, ʱʦ ʽ ʨʦʟʤʽʨ ʰʢʽʚʘ [73]. 

ʎʝʡ ʥʝʜʦʣʽʢ ʤʦʞʥʘ ʧʦʜʦʣʘʪʠ ʥʘ ʦʩʥʦʚʽ ʜʦʚʽʣʴʥʦʛʦ ʣʘʛʨʘʥʞʝʚʦ-ʝʡʣʝʨʦʚʦʛʦ 

(ʃɽ) ʬʦʨʤʫʣʶʚʘʥʥʷ [151]. ʋ ʨʦʙʦʪʽ [61] ʟʘʛʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʫʟʘʛʘʣʴʥʝʥʠʭ ʢʦʦʨʜʠʥʘʪ 

ʩʠʩʪʝʤʠ ʙʫʣʦ ʟʥʘʯʥʦ ʟʤʝʥʰʝʥʦ ʟʘ ʨʘʭʫʥʦʢ ʚʚʝʜʝʥʥʷ ʝʣʝʤʝʥʪʘ ʩʪʨʠʞʥʷ ʟʤʽʥʥʦʾ 

ʜʦʚʞʠʥʠ. 

ɺ ʨʦʙʦʪʽ [121] ʫʥʠʢʥʝʥʥʷ ʚʠʷʚʣʝʥʥʷ ʢʦʥʪʘʢʪʫ ʜʦʩʷʛʘʻʪʴʩʷ ʰʣʷʭʦʤ ʧʦʜʽʣʫ 

ʪʨʦʩʫ ʥʘ ʢʦʥʪʘʢʪʥʽ ʪʘ ʙʝʟʢʦʥʪʘʢʪʥʽ ʩʝʛʤʝʥʪʠ, ʷʢʽ ʻ ʩʽʪʯʘʩʪʠʤʠ ʥʘ ʦʩʥʦʚʽ ʬʦʨʤʫʣʠ 

ʃɽ. ʂʦʥʪʘʢʪʥʠʡ ʩʝʛʤʝʥʪ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʥʝʚʠʜʠʤʘ ʯʘʩʪʠʥʘ, ʱʦ ʦʙʤʝʞʫʻ ʝʣʝʤʝʥʪ 

ʪʨʦʩʘ ʟʤʽʥʥʦʾ ʜʦʚʞʠʥʠ ʥʘ ʰʢʽʚʽ, ʤʝʞʘ ʷʢʦʛʦ ʜʠʥʘʤʽʯʥʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʜʥʦʩʥʦʶ 

ʢʦʥʬʽʛʫʨʘʮʽʻʶ ʤʽʞ ʰʢʽʚʦʤ ʽ ʪʨʦʩʦʤ. ʊʦʯʥʽʩʪʴ ʽ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ 

ʤʝʪʦʜʫ ʙʫʣʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʯʠʩʝʣʴʥʦ, ʘ ʧʦʪʽʤ ʚʽʥ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʦʮʽʥʢʠ ʽ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʥʦʚʦʛʦ ʤʝʭʘʥʽʟʤʫ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʜʣʷ ʘʥʪʝʥʠ ʪʠʧʫ AstroMesh.  

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʟʛʦʨʪʘʥʥʷ ʚ ʩʠʥʭʨʦʥʥʠʡ ʰʘʨʥʽʨ ʤʦʞʝ ʙʫʪʠ 

ʚʤʦʥʪʦʚʘʥʘ ʪʦʨʩʽʦʥʥʘ ʧʨʫʞʠʥʘ ʜʣʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʨʦʟʛʦʨʪʘʥʥʷ ʢʽʣʴʮʝʚʦʾ ʬʝʨʤʠ ʜʦ 

ʧʝʚʥʦʛʦ ʧʦʯʘʪʢʦʚʦʛʦ ʢʫʪʘ ʨʦʟʛʦʨʪʘʥʥʷ. 

ɺ ʨʦʙʦʪʽ [112] ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʝʢʚʽʚʘʣʝʥʪʥʘ ʤʝʭʘʥʽʯʥʘ ʤʦʜʝʣʴ ʜʣʷ 

ʚʢʣʶʯʝʥʥʷ ʝʬʝʢʪʫ ʧʨʫʞʠʥʠ ʢʨʫʯʝʥʥʷ ʚ ʜʠʥʘʤʽʯʥʽ ʨʽʚʥʷʥʥʷ ʨʦʟʢʨʠʪʪʷ ʬʝʨʤʠ ʽ 

ʘʥʘʣʽʟʫʻʪʴʩʷ ʚʧʣʠʚ ʧʨʫʞʠʥʠ ʢʨʫʯʝʥʥʷ ʽ ʟʤʽʥʥʦʛʦ ʚ ʯʘʩʽ ʦʩʣʘʙʣʝʥʥʷ ʨʫʰʽʡʥʦʾ ʩʠʣʠ 

ʥʘ ʧʨʦʮʝʩ ʨʦʟʢʨʠʪʪʷ ʬʝʨʤʠ.  
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ɺ ʨʦʙʦʪʽ [123] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʽ ʨʦʟʨʦʙʣʝʥʦ ʧʘʩʠʚʥʠʡ ʘʢʪʫʘʪʦʨ, ʷʢʠʡ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʨʫʞʠʥʠ ʢʨʫʯʝʥʥʷ ʽ ʦʧʫʢʣʦʛʦ ʢʫʣʘʯʢʘ. ʎʝʡ ʘʢʪʫʘʪʦʨ ʤʘʻ ʥʝʣʽʥʽʡʥʽ 

ʢʨʠʚʽ ʩʠʣʘ-ʧʝʨʝʤʽʱʝʥʥʷ, ʱʦʙ ʟʘʜʦʚʦʣʴʥʠʪʠ ʩʧʝʮʠʬʽʯʥʽ ʚʠʤʦʛʠ ʨʦʟʛʦʨʪʘʥʥʷ 

ʩʽʪʯʘʩʪʠʭ ʘʥʪʝʥ, ʜʝ ʧʦʪʝʥʮʽʡʥʘ ʝʥʝʨʛʽʷ ʟʘʣʠʰʘʻʪʴʩʷ ʥʠʟʴʢʦʶ ʥʘ ʧʦʯʘʪʢʦʚʽʡ ʩʪʘʜʽʾ 

ʨʦʟʛʦʨʪʘʥʥʷ ʽ ʨʽʟʢʦ ʟʨʦʩʪʘʻ ʥʘ ʟʘʚʝʨʰʘʣʴʥʽʡ ʩʪʘʜʽʾ. ʇʨʦʬʽʣʴ ʢʫʣʘʯʢʘ ʪʝʦʨʝʪʠʯʥʦ 

ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʷʢ ʦʧʪʠʤʽʟʘʮʽʡʥʫ ʟʘʜʘʯʫ, ʨʦʟʚ'ʷʟʦʢ ʦʪʨʠʤʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʘʣʛʦʨʠʪʤʫ ʧʦʩʣʽʜʦʚʥʦʛʦ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ.  

ɺ ʨʦʙʦʪʽ [90] ʚ ʷʢʦʩʪʽ ʢʝʨʫʶʯʠʭ ʚʭʦʜʽʚ ʂʇʉ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʝʨʝʤʽʱʝʥʥʷ 

ʪʨʦʩʽʚ, ʱʦ ʩʧʨʘʮʴʦʚʫʶʪʴ, ʚ ʷʢʦʩʪʽ ʢʝʨʫʶʯʠʭ ʩʠʛʥʘʣʽʚ. ʎʝʡ ʧʽʜʭʽʜ ʣʝʛʰʝ ʨʝʘʣʽʟʫʚʘʪʠ 

ʘʧʘʨʘʪʥʦ ʧʦʨʽʚʥʷʥʦ ʟ ʩʠʣʘʤʠ ʘʙʦ ʤʦʤʝʥʪʘʤʠ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ, ʦʩʢʽʣʴʢʠ ʦʩʪʘʥʥʽ, ʷʢ 

ʧʨʘʚʠʣʦ, ʚʘʞʢʦ ʦʪʨʠʤʘʪʠ ʪʦʯʥʦ ʧʽʩʣʷ ʤʦʪʦʨʥʦʛʦ ʨʝʜʫʢʪʦʨʘ. ʇʦʜʦʚʞʝʥʥʷ ʪʨʦʩʦʚʠʭ 

ʧʨʦʣʴʦʪʽʚ ʟʥʘʡʜʝʥʦ ʥʘ ʦʩʥʦʚʽ ʢʚʘʟʽʩʪʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ, ʦʩʢʽʣʴʢʠ ʪʨʦʩ ʤʘʻ ʥʝʚʝʣʠʢʫ 

ʤʘʩʫ ʽ ʨʫʭʘʻʪʴʩʷ ʧʦʚʽʣʴʥʦ, ʘ ʦʪʞʝ, ʡʦʛʦ ʽʥʝʨʮʽʻʶ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ. 

 

1.1.5. ʏʠʩʝʣʴʥʽ ʘʣʛʦʨʠʪʤʠ ʪʘ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ɼʣʷ ʨʦʟʚ'ʷʟʫʚʘʥʥʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦ-ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ (ɼɸʈ) ʙʫʣʦ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʙʘʛʘʪʦ ʘʣʛʦʨʠʪʤʽʚ ʯʠʩʝʣʴʥʦʛʦ ʽʥʪʝʛʨʫʚʘʥʥʷ [153-155]. ʅʘʧʨʠʢʣʘʜ, 

ʤʝʪʦʜ ʽʥʪʝʛʨʫʚʘʥʥʷ ʟʘ ʯʘʩʦʤ ʅʴʶʤʘʨʢʘ ʪʘ ʽʪʝʨʘʮʽʡʥʽ ʤʝʪʦʜʠ ʅʴʶʪʦʥʘ-ʈʘʬʩʦʥʘ 

[137] ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʨʦʟʚ'ʷʟʫʚʘʥʥʷ ɼɸʈ ʟ ʙʘʛʘʪʴʤʘ ʪʽʣʘʤʠ, ʘʣʝ ʚʦʥʠ 

ʤʦʞʫʪʴ ʩʪʨʘʞʜʘʪʠ ʚʽʜ ʧʨʦʙʣʝʤ ʨʦʟʙʽʞʥʦʩʪʽ. ɺ ʨʦʙʦʪʘʭ [62, 143] ʟʘʩʪʦʩʦʚʘʥʦ 

ʫʟʘʛʘʣʴʥʝʥʠʡ-Ŭ ʤʝʪʦʜ, ʷʢʠʡ ʤʦʞʝ ʟʘʪʫʭʘʪʠ ʥʘ ʚʠʩʦʢʠʭ ʯʘʩʪʦʪʘʭ ʽ ʟʙʝʨʽʛʘʪʠ 

ʥʠʟʴʢʦʯʘʩʪʦʪʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ. ʇʦʢʘʟʘʥʦ, ʱʦ ʚʜʦʩʢʦʥʘʣʝʥʘ ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʩʭʝʤʘ 

ʧʨʘʮʶʻ, ʽ ʨʝʘʣʽʩʪʠʯʥʠʡ ʨʫʭ ʜʦʙʨʝ ʟʙʝʨʽʛʘʻʪʴʩʷ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʨʦʟʩʽʶʚʘʥʥʷ 

ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʾ ʝʥʝʨʛʽʾ. 

ʄʝʪʦʜ ʜʝʢʦʤʧʦʟʠʮʽʾ ʦʙʣʘʩʪʽ ʚʚʝʜʝʥʦ ʚ ʨʦʙʦʪʽ [61] ʜʣʷ ʨʦʟʜʽʣʝʥʥʷ ʛʥʫʯʢʦʾ 

ʩʠʩʪʝʤʠ ʟʚôʷʟʘʥʠʭ ʪʽʣ ʥʘ ʢʽʣʴʢʘ ʥʝʟʘʣʝʞʥʠʭ ʧʽʜʩʠʩʪʝʤ, ʘ ʧʦʪʽʤ ʚʥʫʪʨʽʰʥʽ 

ʫʟʘʛʘʣʴʥʝʥʽ ʢʦʦʨʜʠʥʘʪʠ ʽ ʤʥʦʞʥʠʢʠ ʃʘʛʨʘʥʞʘ ʢʦʞʥʦʾ ʧʽʜʩʠʩʪʝʤʠ ʫʩʫʚʘʶʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʐʫʨʘ. ʉʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʘ ʩʽʪʢʘ, ʟʽʙʨʘʥʘ ʟʘ ʟʙʝʨʝʞʝʥʠʤʠ 
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ʛʨʘʥʠʯʥʠʤʠ ʟʤʽʥʥʠʤʠ ʧʽʜʩʠʩʪʝʤ, ʤʦʞʝ ʙʫʪʠ ʜʦʜʘʪʢʦʚʦ ʨʦʟʙʠʪʘ ʥʘ ʦʩʥʦʚʽ ʧʽʜʭʦʜʫ 

ʙʘʛʘʪʦʨʽʚʥʝʚʦʾ ʜʝʢʦʤʧʦʟʠʮʽʾ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʙʯʠʩʣʝʥʴ ʽ 

ʤʘʩʰʪʘʙʦʚʘʥʦʩʪʽ. ʗʢʱʦ ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʩʪʫʧʝʥʽʚ ʩʚʦʙʦʜʠʥʝ ʧʝʨʝʚʠʱʫʻ 10ʝ8, ʪʦ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʙʯʠʩʣʝʥʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ (O(N 1.5 )) ʟʥʘʯʥʦ ʚʠʱʘ, ʥʽʞ ʫ 

ʧʘʨʘʣʝʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʩʠʩʪʝʤʠ ʟʚôʷʟʘʥʠʭ ʪʽʣ, ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʚ ʨʦʙʦʪʽ [152].   

ɺ ʨʦʙʦʪʽ [134] ʜʝʪʘʣʴʥʫ ʨʝʘʣʽʟʘʮʽʶ ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ ʜʣʷ ʢʦʩʤʽʯʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ, ʱʦ ʨʦʟʛʦʨʪʘʶʪʴʩʷ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʠʥʘʤʽʯʥʦʛʦ ʨʦʟʚ'ʷʟʫʚʘʯʘ ʩʠʩʪʝʤ 

ʟʚôʷʟʘʥʠʭ ʪʽʣ MSC/ADAMS. ʏʦʪʠʨʠ ʪʝʩʪʦʚʽ ʟʘʜʘʯʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʮʽʥʢʠ 

ʨʫʭʫ ʤʝʭʘʥʽʟʤʫ, ʬʨʠʢʮʽʡʥʠʭ ʢʦʥʪʘʢʪʽʚ ʽ ʛʝʦʤʝʪʨʠʯʥʦ ʥʝʣʽʥʽʡʥʠʭ ʚʝʣʠʢʠʭ 

ʜʝʬʦʨʤʘʮʽʡ. ʆʙʛʦʚʦʨʝʥʥʷ ʩʪʦʩʫʶʪʴʩʷ ʟʙʽʞʥʦʩʪʽ ʨʦʟʚ'ʷʟʫʚʘʯʘ, ʚʽʜʩʪʝʞʝʥʥʷ 

ʚʥʫʪʨʽʰʥʴʦʾ ʩʠʣʠ, ʰʚʠʜʢʦʩʪʽ ʪʘ ʧʨʠʩʢʦʨʝʥʥʷ ʨʽʟʥʠʭ ʯʘʩʪʠʥ ʫ ʢʦʞʥʽʡ ʤʦʜʝʣʽ, ʘ 

ʪʘʢʦʞ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʟ ʨʦʟʚ'ʷʟʢʘʤʠ ʚ ʟʘʤʢʥʝʥʽʡ ʬʦʨʤʽ, ʷʢʱʦ ʪʘʢʽ ʽʩʥʫʶʪʴ. 

ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʨʦʟʛʦʨʪʘʥʥʷ ʤʝʭʘʥʽʟʤʫ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʚʽʨʪʫʘʣʴʥʫ ʤʦʜʝʣʴ 

[104] ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʤʝʨʮʽʡʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ Adams ʜʣʷ ʨʦʙʦʪʠ 

ʟ ʙʘʛʘʪʴʤʘ ʪʽʣʘʤʠ. ɺʩʽ ʣʘʥʢʠ ʙʫʣʠ ʟ'ʻʜʥʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʙʝʨʪʘʣʴʥʠʭ ʰʘʨʥʽʨʽʚ, ʘ ʜʦ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʦʙʝʨʪʘʣʴʥʦʛʦ ʰʘʨʥʽʨʘ ʚʦʩʴʤʠ ʢʦʤʽʨʦʢ ʙʫʣʠ ʜʦʜʘʥʽ ʩʠʩʪʝʤʠ 

ʧʨʫʞʠʥʥʠʭ ʜʝʤʧʬʝʨʽʚ. ʂʦʥʪʘʢʪʠ ʙʫʣʠ ʚʚʝʜʝʥʽ ʚ ʤʦʜʝʣʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʾ 

Contact ʜʣʷ ʚʽʜʪʚʦʨʝʥʥʷ ʟʽʪʢʥʝʥʴ ʤʽʞ ʪʽʣʘʤʠ ʧʽʜ ʯʘʩ ʩʠʤʫʣʷʮʽʾ ʨʦʟʛʦʨʪʘʥʥʷ. 

ɺ ʨʦʙʦʪʽ [108] ʘʥʘʣʽʟ ʜʠʥʘʤʽʢʠ ʨʦʟʛʦʨʪʘʥʥʷ ʪʝʪʨʘʝʜʨʠʯʥʦʛʦ ʬʝʨʤʦʚʦʛʦ 

ʨʝʬʣʝʢʪʦʨʘ ʚʠʢʦʥʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ADAMS. ɼʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʫʩʫʥʝʥʥʷ ʥʘʜʤʽʨʥʠʭ 

ʦʙʤʝʞʝʥʴ ʚ ʘʥʘʣʽʪʠʯʥʽʡ ʤʦʜʝʣʽ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠʤʽʪʠʚʥʽ ʰʘʨʥʽʨʠ ʪʘ ʛʥʫʯʢʽ 

ʩʪʽʡʢʠ. 

ɺ ʨʦʙʦʪʽ [135] ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ, ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʽ 

ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ Sierra Solid Mechanics ʥʘ ʧʨʠʢʣʘʜʽ 

ʥʘʙʦʨʫ ʪʝʩʪʦʚʠʭ ʟʘʜʘʯ ʨʦʟʛʦʨʪʘʥʥʷ ʢʦʩʤʽʯʥʠʭ ʩʪʨʫʢʪʫʨ, ʷʢʽ ʚʪʽʣʶʶʪʴ ʢʣʶʯʦʚʽ 

ʷʚʠʱʘ ʚ ʩʪʨʫʢʪʫʨʥʠʭ ʢʦʥʮʝʧʮʽʷʭ, ʱʦ ʥʘʩ ʮʽʢʘʚʣʷʪʴ. Sierra ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʥʝʷʚʥʽ ʪʘ 

ʷʚʥʽ ʥʝʣʽʥʽʡʥʽ ʨʦʟʚ'ʷʟʫʚʘʯʽ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟ ʬʨʠʢʮʽʡʥʠʤ ʢʦʥʪʘʢʪʦʤ, 
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ʛʝʦʤʝʪʨʠʯʥʦ ʥʝʣʽʥʽʡʥʽ ʚʝʣʠʢʽ ʨʫʭʠ, ʥʝʣʽʥʽʡʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ, ʘ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʧʘʨʘʣʝʣʴʥʽ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʩʝʨʝʜʦʚʠʱʘ.  

ɺ ʨʦʙʦʪʽ [102] ʨʝʟʫʣʴʪʘʪʠ ɸʏʍ, ʦʪʨʠʤʘʥʽ ʟ ʘʥʘʣʽʪʠʯʥʦʾ ʤʦʜʝʣʽ, 

ʧʽʜʪʚʝʨʜʞʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʤʫʣʷʮʽʡ ʚ ANSYS Workbench. ɼʣʷ ʜʠʥʘʤʽʯʥʦʛʦ 

ʘʥʘʣʽʟʫ ʨʦʟʨʘʭʫʥʢʦʚʘ ʤʦʜʝʣʴ, ʩʧʦʯʘʪʢʫ ʩʪʚʦʨʝʥʘ ʚ SolidWorks, ʙʫʣʘ ʧʝʨʝʥʝʩʝʥʘ ʚ 

ANSYS Workbench ʜʣʷ ʘʥʘʣʽʟʫ ɸʏʍ. ʏʘʩʪʦʪʘ, ʦʪʨʠʤʘʥʘ ʚ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ ʌɸɺʂ, 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ ʜʦʧʫʩʪʠʤʦʛʦ ʜʽʘʧʘʟʦʥʫ ʚʽʜʩʦʪʢʦʚʦʾ ʧʦʭʠʙʢʠ (1,624%), ʱʦ 

ʧʽʜʪʚʝʨʜʞʫʻ ʧʨʘʚʠʣʴʥʽʩʪʴ ʘʥʘʣʽʪʠʯʥʦʛʦ ʜʠʥʘʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ. ʇʦʩʠʣʘʥʥʷ [163] 

ʦʧʠʩʫʻ ʧʦʪʦʯʥʠʡ ʩʪʘʥ ʨʦʟʨʦʙʢʠ ʢʦʜʫ Wire-FEM ʥʘ ʟʘʤʦʚʣʝʥʥʷ ɭʚʨʦʧʝʡʩʴʢʦʛʦ 

ʢʦʩʤʽʯʥʦʛʦ ʘʛʝʥʪʩʪʚʘ. ʎʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʧʝʮʽʘʣʴʥʦ ʨʦʟʨʦʙʣʝʥʝ ʜʣʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʚ'ʷʟʘʥʠʭ ʤʝʪʘʣʝʚʠʭ ʩʽʪʦʢ. ʉʠʣʴʥʽ ʩʪʦʨʦʥʠ Wire-FEM ʧʦʣʷʛʘʶʪʴ ʫ 

ʩʧʝʮʽʘʣʴʥʦʤʫ ʩʢʽʥʯʝʥʥʦʤʫ ʝʣʝʤʝʥʪʽ Wire ʪʘ ʩʧʝʮʽʘʣʴʥʽʡ ʢʦʥʪʘʢʪʥʽʡ ʩʪʨʘʪʝʛʽʾ, 

ʦʧʪʠʤʽʟʦʚʘʥʽʡ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʤʝʪʘʣʝʚʠʭ ʩʽʪʦʢ. 

 

1.1.6. ʂʝʨʫʚʘʥʥʷ ʨʦʟʛʦʨʪʘʥʥʷ  

ɺ ʨʦʙʦʪʽ [1] ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʬʽʣʴʪʨ ʜʣʷ ʨʦʟʜʽʣʝʥʥʷ ʩʠʛʥʘʣʫ ʟʚʦʨʦʪʥʦʛʦ 

ʟʚ'ʷʟʢʫ ʥʘ ʞʦʨʩʪʢʽ ʪʘ ʛʥʫʯʢʽ ʢʦʣʠʚʘʥʥʷ. ɾʦʨʩʪʢʠʡ ʽ ʛʥʫʯʢʠʡ ʢʦʥʪʨʦʣʝʨʠ ʧʨʠʟʥʘʯʝʥʽ 

ʜʣʷ ʨʦʟʜʽʣʝʥʠʭ ʩʠʛʥʘʣʽʚ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ. ɾʦʨʩʪʢʠʡ ʢʦʥʪʨʦʣʝʨ ʟʘʙʝʟʧʝʯʫʻ 

ʨʦʟʛʦʨʪʘʥʥʷ ʘʥʪʝʥʠ ʚʟʜʦʚʞ ʟʘʜʘʥʦʾ ʪʨʘʻʢʪʦʨʽʾ, ʘ ʛʥʫʯʢʠʡ ʢʦʥʪʨʦʣʝʨ ʤʘʻ ʩʧʨʘʚʫ ʟ 

ʛʥʫʯʢʠʤʠ ʢʦʣʠʚʘʥʥʷʤʠ.  

ʋ ʨʦʙʦʪʽ [69] ʩʧʦʯʘʪʢʫ ʪʦʨʩʽʦʥʥʽ ʧʨʫʞʠʥʠ ʨʦʟʛʦʨʪʘʶʪʴ ʘʥʪʝʥʫ ʜʦ ʧʝʚʥʦʛʦ 

ʧʦʯʘʪʢʦʚʦʛʦ ʩʪʘʥʫ, ʘ ʧʦʪʽʤ ʪʨʦʩʠ ʟ ʩʝʨʚʦʜʚʠʛʫʥʦʤ ʧʨʠʚʦʜʷʪʴ ʾʾ ʚ ʦʩʪʘʪʦʯʥʫ ʟʘʜʘʥʫ 

ʢʦʥʬʽʛʫʨʘʮʽʶ [106]. ɿʘʣʝʞʥʘ ʚʽʜ ʯʘʩʫ ʟʤʽʥʘ ʢʫʪʘ ʨʦʟʛʦʨʪʘʥʥʷ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʪʦʛʦ, 

ʱʦʙ ʟʨʦʙʠʪʠ ʨʦʟʛʦʨʪʘʥʥʷ ʘʥʪʝʥʠ ʧʣʘʚʥʠʤ [69]. 

ʆʩʢʽʣʴʢʠ ʨʦʟʛʦʨʪʘʥʥʷ ʘʥʪʝʥʠ ʟʘʟʚʠʯʘʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʚʽʣʴʥʦ ʽ ʧʣʘʚʥʦ, ʽ ʪʨʠʚʘʻ 

ʢʽʣʴʢʘ ʘʙʦ ʥʘʚʽʪʴ ʜʝʩʷʪʢʠ ʛʦʜʠʥ, ʮʝʡ ʧʨʦʮʝʩ ʤʦʞʥʘ ʘʥʘʣʽʟʫʚʘʪʠ ʫ ʢʚʘʟʽʩʪʘʪʠʯʥʽʡ 

ʧʦʩʪʘʥʦʚʮʽ, ʢʦʣʠ ʰʚʠʜʢʽʩʪʴ ʽ ʧʨʠʩʢʦʨʝʥʥʷ ʚʫʟʣʽʚ ʥʘʩʪʽʣʴʢʠ ʤʘʣʽ, ʱʦ ʽʥʝʨʮʽʡʥʠʤʠ ʽ 

ʜʝʤʧʬʫʶʯʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ [104]. ʇʨʦʮʝʩ ʨʦʟʛʦʨʪʘʥʥʷ 



37 

 

ʜʠʩʢʨʝʪʠʟʫʻʪʴʩʷ ʥʘ ʙʝʟʣʽʯ ʢʚʘʟʽʩʪʘʪʠʯʥʠʭ ʢʦʥʬʽʛʫʨʘʮʽʡ, ʘ ʧʦʪʽʤ ʨʽʚʥʷʥʥʷ ʨʽʚʥʦʚʘʛʠ 

ʜʣʷ ʢʦʥʢʨʝʪʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ʚ ʟʘʜʘʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʦʪʨʠʤʫʶʪʴ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʧʨʠʥʮʠʧ ʤʽʥʽʤʫʤʫ ʧʦʪʝʥʮʽʡʥʦʾ ʝʥʝʨʛʽʾ. 

ʉʠʤʧʣʝʢʩʥʝ ʤʠʪʪʻʚʝ ʦʧʪʠʤʘʣʴʥʝ ʢʝʨʫʚʘʥʥʷ (ʄʆʂ) ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʨʦʙʦʪʽ [63] 

ʜʣʷ ʩʪʠʩʢʘʥʥʷ/ʨʦʟʛʦʨʪʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ, ʱʦ ʧʨʠʚʦʜʷʪʴʩʷ ʚ ʨʫʭ ʢʦʚʟʥʠʤʠ ʪʨʦʩʘʤʠ, 

ʷʢʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ ʩʠʩʪʝʤʠ ʢʽʥʝʤʘʪʠʯʥʠʭ ʦʙʤʝʞʝʥʴ ʚ ʨʘʤʢʘʭ ʜʠʥʘʤʽʢʠ 

ʙʘʛʘʪʦʰʘʨʦʚʦʛʦ ʪʽʣʘ. ɺʠʭʽʜʥʘ ʥʝʧʝʨʝʨʚʥʘ ʟʘʜʘʯʘ ʢʝʨʫʚʘʥʥʷ ʘʧʨʦʢʩʠʤʫʻʪʴʩʷ ʩʝʨʽʻʶ 

ʦʙʤʝʞʝʥʠʭ ʄʅʂ-ʟʘʜʘʯ ʥʘ ʢʦʞʥʦʤʫ ʯʘʩʦʚʦʤʫ ʽʥʪʝʨʚʘʣʽ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʩʠʤʧʣʝʢʪʠʯʥʦʛʦ ʬʦʨʤʘʪʫ ʜʠʩʢʨʝʪʠʟʘʮʽʾ, ʨʦʟʨʦʙʣʝʥʦʛʦ ʥʘ ʦʩʥʦʚʽ ʧʨʠʥʮʠʧʫ 

ʃʘʛʨʘʥʞʘ-ʜ'ɸʣʘʤʙʝʨʘ ʪʘ ʧʨʠʥʮʠʧʫ ʜʠʩʢʨʝʪʥʠʭ ʚʘʨʽʘʮʽʡ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ 

ʟʘʙʝʟʧʝʯʫʻ ʥʦʚʫ ʩʪʨʘʪʝʛʽʶ ʢʝʨʫʚʘʥʥʷ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʙʽʣʴʰ ʟʘʛʘʣʴʥʠʭ ʧʨʦʙʣʝʤ 

ʢʝʨʫʚʘʥʥʷ ʨʦʟʛʦʨʪʘʥʥʷʤ ʩʪʨʫʢʪʫʨʠ ʟ ʤʝʥʰʦʶ ʢʽʣʴʢʽʩʪʶ ʘʢʪʫʘʪʦʨʽʚ.  

ʄʝʪʦʜ, ʢʝʨʦʚʘʥʠʡ ʩʠʣʦʶ, ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ [115], ʽ ʦʪʨʠʤʘʥʦ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ 

ʨʫʰʽʡʥʦʶ ʩʠʣʦʶ ʽ ʟʘʧʣʘʥʦʚʘʥʠʤ ʨʫʭʦʤ ʨʦʟʛʦʨʪʘʥʥʷ. ɼʠʥʘʤʽʢʘ ʨʦʟʛʦʨʪʘʥʥʷ 

ʢʽʣʴʮʝʚʦʾ ʬʝʨʤʦʚʦʾ ʘʥʪʝʥʠ ʘʥʘʣʽʟʫʻʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʞʦʨʩʪʢʦʩʪʽ ʧʨʫʞʠʥ 

ʢʨʫʯʝʥʥʷ, ʜʝʤʧʬʫʚʘʥʥʷ ʚ ʰʘʨʥʽʨʘʭ, ʩʠʣʠ ʪʷʞʽʥʥʷ ʽ ʯʠʩʪʦʾ ʩʠʣʠ ʥʘʪʷʛʫ.  

ɯʥʪʝʛʨʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʦ ʢʝʨʫʚʘʥʥʷ ʪʘ ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʨʦʟʛʦʨʥʫʪʠʭ 

ʘʥʪʝʥ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚ ʨʦʙʦʪʽ [82]. ɿʤʽʥʥʽ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʤʝʪʘ, ʦʙʤʝʞʝʥʥʷ 

ʩʪʨʫʢʪʫʨʠ, ʪʨʘʻʢʪʦʨʽʾ ʽ ʧʽʜʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʚʩʝʙʽʯʥʦ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʜʣʷ ʧʦʙʫʜʦʚʠ 

ʽʥʪʝʛʨʦʚʘʥʦʾ ʤʦʜʝʣʽ ʧʨʦʝʢʪʫʚʘʥʥʷ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʨʦʟʛʦʨʪʘʥʥʷ ʩʪʨʫʢʪʫʨʥʠʡ ʜʠʟʘʡʥ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʙʘʛʘʪʦʩʪʘʜʽʡʥʘ ʦʧʪʠʤʽʟʘʮʽʷ, ʜʝ 

ʘʥʘʣʽʟʫʶʪʴʩʷ ʩʪʨʫʢʪʫʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʨʦʟʛʦʨʥʫʪʦʛʦ ʽ ʟʛʦʨʥʫʪʦʛʦ ʩʪʘʥʽʚ, ʘ ʪʘʢʦʞ 

ʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʝʢʽʣʴʢʦʭ "ʢʨʠʪʠʯʥʠʭ ʧʦʣʦʞʝʥʴ" ʧʽʜ ʯʘʩ ʨʦʟʛʦʨʪʘʥʥʷ.  

ɺ [67] ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʪʨʘʪʝʛʽʾ ʥʘʤʦʪʫʚʘʥʥʷ ʪʨʦʩʫ ʜʣʷ ʨʦʟʛʦʨʪʘʥʥʷ ʘʥʪʝʥʠ 

AstroMesh. ʈʫʰʽʡʥʘ ʩʠʣʘ ʚʠʚʦʜʠʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʧʨʠʥʮʠʧʫ ʟʙʝʨʝʞʝʥʥʷ ʝʥʝʨʛʽʾ, 

ʚʨʘʭʦʚʫʶʯʠ ʥʘʪʷʛ ʩʽʪʢʠ ʽ ʩʠʣʠ ʪʝʨʪʷ. ʉʪʨʘʪʝʛʽʷ ʥʘʤʦʪʫʚʘʥʥʷ ʪʨʦʩʫ ʦʧʪʠʤʽʟʫʻʪʴʩʷ, 

ʤʽʥʽʤʽʟʫʶʯʠ ʨʫʰʽʡʥʫ ʩʠʣʫ ʜʚʠʛʫʥʘ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʘʨʘʤʝʪʨʠ ʢʨʠʚʦʾ ɹʝʟʴʻ 

ʜʦʚʞʠʥʠ ʥʘʤʦʪʫʚʘʥʥʷ ʪʨʦʩʫ ʷʢ ʨʦʟʨʘʭʫʥʢʦʚʽ ʟʤʽʥʥʽ. 
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1.1.7. ʄʦʜʘʣʴʥʠʡ ʘʥʘʣʽʟ 

ʏʘʩʪʦʪʘ ʧʝʨʰʦʾ ʚʣʘʩʥʦʾ ʤʦʜʠ ʨʝʬʣʝʢʪʦʨʘ ʻ ʢʣʶʯʦʚʠʤ ʧʘʨʘʤʝʪʨʦʤ ʢʦʥʩʪʨʫʢʮʽʾ. 

ʎʷ ʯʘʩʪʦʪʘ ʧʦʚʠʥʥʘ ʙʫʪʠ ʚʠʱʦʶ ʟʘ ʩʤʫʛʫ ʧʨʦʧʫʩʢʘʥʥʷ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ 

ʧʦʣʦʞʝʥʥʷʤ ʪʘ ʦʨʙʽʪʦʶ (ʟʘʟʚʠʯʘʡ ʙʣʠʟʴʢʦ 1 ɻʮ), ʱʦʙ ʫʥʠʢʥʫʪʠ ʟʙʫʜʞʝʥʥʷ 

ʢʦʥʩʪʨʫʢʮʽʾ ʚʽʜ ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʽʚ. ʎʝʡ ʢʣʶʯʦʚʠʡ ʢʦʥʩʪʨʫʢʪʠʚʥʠʡ ʧʘʨʘʤʝʪʨ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʞʦʨʩʪʢʦʩʪʽ ʪʘ ʤʘʩʠ ʢʦʥʩʪʨʫʢʮʽʾ.  

ɺʧʣʠʚ ʥʘʪʷʛʫ ʩʽʪʢʠ ʥʘ ʚʣʘʩʥʽ ʯʘʩʪʦʪʠ ʨʝʬʣʝʢʪʦʨʘ ʜʦʩʣʽʜʞʝʥʦ ʚ ʨʦʙʦʪʽ [122]. 

ʇʦʯʘʪʢʦʚʫ ʢʦʥʬʽʛʫʨʘʮʽʶ ʨʝʬʣʝʢʪʦʨʘ ʟ ʥʘʪʷʛʥʫʪʦʶ ʩʽʪʢʦʶ ʚʠʟʥʘʯʝʥʦ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʘʥʘʣʽʟʫ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ. ʄʦʜʘʣʴʥʠʡ ʘʥʘʣʽʟ ʧʦʢʘʟʫʻ, ʱʦ ʥʘʪʷʛ ʩʽʪʢʠ ʟʙʽʣʴʰʫʻ 

ʞʦʨʩʪʢʽʩʪʴ ʨʝʬʣʝʢʪʦʨʘ, ʘ ʦʪʞʝ, ʽ ʡʦʛʦ ʚʣʘʩʥʽ ʯʘʩʪʦʪʠ.  

ɺ ʨʦʙʦʪʽ [128] ʘʥʘʣʽʟʫʻʪʴʩʷ ʜʠʥʘʤʽʯʥʘ ʧʦʚʝʜʽʥʢʘ ʢʦʩʤʽʯʥʦʛʦ ʨʝʬʣʝʢʪʦʨʘ ʟ 

ʛʥʫʯʢʠʤʠ ʰʘʨʥʽʨʘʤʠ. ɻʥʫʯʢʽ ʰʘʨʥʽʨʠ ʤʦʜʝʣʶʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʚʫʛʣʝʮʝʚʠʭ ʧʣʘʩʪʠʥ 

ʧʨʷʤʦʢʫʪʥʦʛʦ ʧʝʨʝʨʽʟʫ. ʇʦʧʝʨʝʜʥʻ ʥʘʧʨʫʞʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ, 

ʦʩʢʽʣʴʢʠ ʚʦʥʦ ʣʠʰʝ ʥʝʟʥʘʯʥʦ ʟʤʽʥʶʻ ʯʘʩʪʦʪʫ ʧʝʨʰʦʾ ʤʦʜʠ, ʘʣʝ ʚʠʤʘʛʘʻ ʟʥʘʯʥʦ 

ʜʦʚʰʠʭ ʦʙʯʠʩʣʝʥʴ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʥʘʪʷʛʫ ʩʽʪʢʠ. ʄʦʜʝʣʶʚʘʥʥʷ ʪʘʢʦʞ ʧʦʢʘʟʫʻ, ʱʦ 

ʥʘʪʷʛ ʪʨʦʩʫ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʧʝʨʰʫ ʚʣʘʩʥʫ ʯʘʩʪʦʪʫ, ʦʩʢʽʣʴʢʠ ʚʽʥ ʤʦʞʝ ʟʙʽʣʴʰʠʪʠ 

ʞʦʨʩʪʢʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ ʙʝʟ ʜʦʜʘʚʘʥʥʷ ʤʘʩʠ. 

ɺʣʘʩʥʽ ʯʘʩʪʦʪʠ ʪʘ ʬʦʨʤʠ ʤʦʜ ʪʝʦʨʝʪʠʯʥʦ ʨʦʟʨʘʭʦʚʘʥʦ ʚ ʨʦʙʦʪʽ [145] ʰʣʷʭʦʤ 

ʨʦʟʚ'ʷʟʘʥʥʷ ʣʽʥʽʡʥʠʭ ʯʘʩʪʠʥ ʚʠʟʥʘʯʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʪʘ ʫʤʦʚ ʰʣʷʭʦʤ ʨʦʟʚ'ʷʟʘʥʥʷ 

ʣʽʥʽʡʥʠʭ ʯʘʩʪʠʥ ʚʠʟʥʘʯʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʽ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʧʽʩʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ 

ʨʦʟʜʽʣʝʥʥʷ ʟʤʽʥʥʠʭ. ɺʣʘʩʥʽ ʯʘʩʪʦʪʠ ʧʝʨʝʚʽʨʝʥʦ ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʪʨʴʦʭ ʤʦʜʝʣʝʡ 

ʟʘ ʦʜʥʘʢʦʚʠʭ ʧʘʨʘʤʝʪʨʠʯʥʠʭ ʫʤʦʚ. ɺʣʘʩʥʽ ʯʘʩʪʦʪʠ ʩʢʣʘʜʝʥʦʾ ʙʘʣʦʯʥʦ-ʢʽʣʴʮʝʚʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ ʯʫʪʣʠʚʽ ʜʦ ʢʫʪʘ ʟʛʠʥʫ, ʜʦʚʞʠʥʠ ʙʘʣʢʠ, ʨʘʜʽʫʩʘ ʪʘ ʞʦʨʩʪʢʦʩʪʽ ʢʽʣʴʮʝʚʦʾ 

ʬʝʨʤʠ.  

ɺ ʨʦʙʦʪʽ [132] ʧʦʢʘʟʘʥʦ, ʱʦ ʚʣʘʩʥʽ ʯʘʩʪʦʪʠ ʨʦʟʛʦʨʥʫʪʦʾ ʘʥʪʝʥʠ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʧʘʨʘʤʝʪʨʘ, ʷʢʠʡ ʦʙʯʠʩʣʶʻʪʴʩʷ ʟ ʤʦʜʘʣʴʥʦʛʦ ʤʦʤʝʥʪʫ i-ʦʾ ʤʦʜʠ ʽ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ 

ʨʝʬʣʝʢʪʦʨʘ. ʇʘʨʘʤʝʪʨ ʧʨʝʜʩʪʘʚʣʷʻ ʚʝʣʠʯʠʥʫ ʚʽʜʥʦʩʥʦʛʦ ʚʥʝʩʢʫ i-ʦʾ ʤʦʜʠ ʚ ʟʘʛʘʣʴʥʫ 
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ʧʦʚʝʜʽʥʢʫ ʩʪʨʫʢʪʫʨʠ ʽ ʜʦʧʦʤʘʛʘʻ ʚʠʟʥʘʯʠʪʠ ʤʦʜʠ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʜʣʷ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʦʯʥʦʩʪʽ ʢʝʨʫʚʘʥʥʷ.  

ɺ ʨʦʙʦʪʽ [137] ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʜʚʽ ʨʽʟʥʽ ʩʪʘʪʠʯʥʽ ʢʦʥʬʽʛʫʨʘʮʽʾ ʨʝʬʣʝʢʪʦʨʘ: 1) 

ʢʦʥʩʪʨʫʢʮʽʷ ʟʽ ʩʧʦʪʚʦʨʝʥʦʶ ʧʦʚʝʨʭʥʝʶ ʚʥʘʩʣʽʜʦʢ ʪʝʧʣʦʚʦʛʦ ʚʧʣʠʚʫ; 2) ʢʦʥʩʪʨʫʢʮʽʷ 

ʟʙʘʣʘʥʩʦʚʘʥʘ ʧʽʜ ʜʽʻʶ ʟʦʚʥʽʰʥʽʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʽ ʨʦʙʦʯʘ ʬʦʨʤʘ ʧʦʚʝʨʭʥʽ 

ʟʙʝʨʽʛʘʻʪʴʩʷ. ɼʣʷ ʮʠʭ ʜʚʦʭ ʥʝʣʽʥʽʡʥʠʭ ʩʪʘʪʠʯʥʠʭ ʨʽʚʥʦʚʘʛ ʧʦʙʫʜʦʚʘʥʦ 

ʣʽʥʝʘʨʠʟʦʚʘʥʽ ʤʦʜʝʣʽ, ʘ ʧʦʪʽʤ ʨʦʟʨʘʭʦʚʘʥʦ ʚʣʘʩʥʽ ʯʘʩʪʦʪʠ. ʈʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʫʶʪʴ, 

ʱʦ ʚʣʘʩʥʽ ʯʘʩʪʦʪʠ ʧʝʨʰʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ʟʨʦʩʪʘʶʪʴ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ, ʽ ʮʷ 

ʟʘʣʝʞʥʽʩʪʴ ʤʦʞʝ ʙʫʪʠ ʥʝʛʣʘʜʢʦʶ. ʆʜʥʘʢ ʜʣʷ ʜʨʫʛʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ʚʣʘʩʥʽ ʯʘʩʪʦʪʠ 

ʧʣʘʚʥʦ ʟʤʝʥʰʫʶʪʴʩʷ ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʩʪʨʫʢʪʫʨʠ. 

ɼʠʥʘʤʽʯʥʽ ʨʝʘʢʮʽʾ ʢʦʥʮʝʧʪʫʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʚʝʣʠʢʠʭ ʘʥʪʝʥ ʥʘ ʧʨʠʢʣʘʜʝʥʽ 

ʟʫʩʠʣʣʷ ʙʫʣʠ ʦʮʽʥʝʥʽ ʚ ʨʦʙʦʪʽ [61]. ɸʥʪʝʥʘ ʟ ʢʦʨʦʙʯʘʩʪʦʶ ʬʝʨʤʦʶ 

ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʘ ʚʽʜʤʽʥʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʽʜʛʫʢʫ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʚʠʤʦʛ ʤʽʩʽʾ ʽ 

ʟʥʘʯʥʦ ʧʝʨʝʚʝʨʰʠʣʘ ʪʨʠ ʽʥʰʽ ʢʦʥʮʝʧʮʽʾ. ʊʨʠ ʽʥʰʽ ʢʦʥʮʝʧʮʽʾ - ʦʙʨʫʯ-ʢʦʣʦʥʘ, 

ʯʦʪʠʨʠʛʨʘʥʥʘ ʬʝʨʤʘ ʽ ʨʘʜʽʘʣʴʥʘ ʨʝʙʨʠʩʪʘ ʘʥʪʝʥʘ - ʚʠʤʘʛʘʶʪʴ ʘʙʦ ʧʽʜʚʠʱʝʥʦʛʦ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʜʝʤʧʬʫʚʘʥʥʷ, ʘʙʦ ʘʢʪʠʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʜʣʷ ʧʨʠʜʫʰʝʥʥʷ ʚʽʙʨʘʮʽʡʥʦʛʦ 

ʚʽʜʛʫʢʫ. 

ɺʧʣʠʚ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟ'ʻʜʥʘʥʥʷ, ʪʘʢʠʭ ʷʢ ʞʦʨʩʪʢʽʩʪʴ, ʜʝʤʧʬʫʚʘʥʥʷ, 

ʨʦʟʪʘʰʫʚʘʥʥʷ, ʢʽʣʴʢʽʩʪʴ, ʟʘʟʦʨ ʽ ʢʦʥʪʘʢʪʥʘ ʞʦʨʩʪʢʽʩʪʴ ʥʘ ʜʠʥʘʤʽʢʫ ʟ'ʻʜʥʘʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʩʠʩʪʝʤʘʪʠʯʥʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʚ ʨʦʙʦʪʽ [141].  ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ 

ʧʦʢʘʟʫʶʪʴ, ʱʦ ʯʘʩʪʦʪʠ ʟ'ʻʜʥʘʥʦʾ ʩʠʩʪʝʤʠ ʨʽʟʢʦ ʟʥʠʞʫʶʪʴʩʷ, ʢʦʣʠ ʚ ʤʽʩʮʷʭ ʟ'ʻʜʥʘʥʥʷ 

ʚʠʥʠʢʘʶʪʴ ʧʽʢʦʚʽ ʬʦʨʤʠ ʨʝʞʠʤʽʚ, ʘ ʥʘ ʬʦʨʤʘʭ ʨʝʞʠʤʽʚ ʧʨʠʩʫʪʥʽ ʚʠʧʫʢʣʦʩʪʽ. 

ʏʘʩʪʦʪʠ ʩʠʩʪʝʤʠ ʟʨʦʩʪʘʶʪʴ, ʢʦʣʠ ʜʝʤʧʬʽʨʫʚʘʥʥʷ ʰʘʨʥʽʨʽʚ ʟʙʽʣʴʰʫʻʪʴʩʷ. ʅʝʣʽʥʽʡʥʽ 

ʝʬʝʢʪʠ ʚʽʣʴʥʦʛʦ ʭʦʜʫ ʪʘ ʛʽʩʪʝʨʝʟʠʩʫ ʟʤʫʰʫʶʪʴ ʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʝʨʝʭʦʜʠʪʠ ʟ ʦʜʥʽʻʾ ʨʝʟʦʥʘʥʩʥʦʾ ʯʘʩʪʦʪʠ ʥʘ ʽʥʰʫ, ʢʦʣʠ ʘʤʧʣʽʪʫʜʘ ʧʝʨʝʚʠʱʫʻ 

ʜʝʤʘʨʢʘʮʽʡʥʽ ʟʥʘʯʝʥʥʷ. ɾʦʨʩʪʢʽʩʪʴ ʢʦʥʪʘʢʪʫ ʰʘʨʥʽʨʽʚ ʚʠʟʥʘʯʘʻ ʩʪʫʧʽʥʴ 

ʥʝʣʽʥʽʡʥʦʩʪʽ ʩʠʩʪʝʤʠ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʨʽʚʝʥʴ ʟʙʫʜʞʫʶʯʦʾ ʩʠʣʠ, ʟʘʟʦʨ ʽ ʩʠʣʘ ʢʦʚʟʘʥʥʷ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʘʤʧʣʽʪʫʜʫ ʜʠʥʘʤʽʯʥʦʛʦ ʚʽʜʛʫʢʫ. 
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ɺ ʨʦʙʦʪʽ [74] ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʥʝʣʽʥʽʡʥʽ ʢʦʣʠʚʘʥʥʷ ʧʘʥʪʦʛʨʘʬʽʯʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, 

ʱʦ ʨʦʟʛʦʨʪʘʶʪʴʩʷ, ʟ ʞʦʨʩʪʢʠʤʠ ʪʨʦʩʘʤʠ, ʷʢʽ ʚ ʢʽʥʮʽ ʨʦʟʛʦʨʪʘʥʥʷ ʧʝʨʝʙʫʚʘʶʪʴ ʫ 

ʩʪʘʥʽ ʧʦʚʥʦʛʦ ʧʦʧʝʨʝʜʥʴʦʛʦ ʥʘʧʨʫʞʝʥʥʷ. ʎʝʡ ʩʪʘʥ ʧʦʧʝʨʝʜʥʴʦʛʦ ʥʘʧʨʫʞʝʥʥʷ 

ʟʙʽʣʴʰʫʻ ʞʦʨʩʪʢʽʩʪʴ ʽ ʪʝʨʪʷ ʟ'ʻʜʥʘʥʴ ʧʘʥʪʦʛʨʘʬʘ, ʘ ʪʘʢʦʞ ʜʝʤʧʬʽʨʫʚʘʥʥʷ ʪʨʦʩʫ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʨʝʟʦʥʘʥʩʥʽ ʯʘʩʪʦʪʠ ʧʝʨʰʠʭ 4-ʭ ʤʦʜ ʤʘʶʪʴ ʪʝʥʜʝʥʮʽʶ ʜʦ ʟʥʠʞʝʥʥʷ 

ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʘʤʧʣʽʪʫʜʠ ʟʙʫʜʞʝʥʥʷ, ʪʦʜʽ ʷʢ ʟʤʽʥʘ ʤʦʜʘʣʴʥʦʛʦ ʜʝʤʧʬʫʚʘʥʥʷ ʻ 

ʥʝʤʦʥʦʪʦʥʥʦʶ. 

ʏʘʩʪʦʪʠ ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ ɼʈɸ, ʷʢʠʡ ʟʘʢʨʽʧʣʝʥʠʡ ʚ ʪʦʯʢʘʭ ʨʦʟʜʽʣʫ, ʽ ʈɸʈ ʫ 

ʚʣ̔ʴʥʽʡ ʢʦʥʬʽʛʫʨʘʮʽʾ ʟʽ ʩʪʨʽʣʘʤʠ ʥʘʚʝʜʝʥʽ ʚ ʨʦʙʦʪʽ [81]. ɼʦʩʪʦʚʽʨʥʽʩʪʴ ʤʦʜʝʣʽ ʈɸʈ 

ʧʝʨʝʚʽʨʷʻʪʴʩʷ ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʚʣʘʩʥʠʭ ʯʘʩʪʦʪ, ʦʪʨʠʤʘʥʠʭ ʟ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛʦ 

ʨʽʚʥʷʥʥʷ, ʟ ʯʘʩʪʦʪʘʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʝʨʮʽʡʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʜʣʷ 

ʩʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ʆʩʢʽʣʴʢʠ ʨʝʘʣʴʥʽ ʚʣʘʩʥʽ ʯʘʩʪʦʪʠ ʤʦʞʫʪʴ 

ʚʽʜʨʽʟʥʷʪʠʩʷ ʚʽʜ ʨʦʟʨʘʭʦʚʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʌɸɺʂ-ʤʦʜʝʣʽ, ʮʽ ʧʘʨʘʤʝʪʨʠ 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʥʘ ʦʨʙʽʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʜʘʧʪʠʚʥʠʭ ʨʝʞʝʢʪʦʨʥʠʭ 

ʬʽʣʴʪʨʽʚ. 

 

1.1.8. ɸʥʘʣʽʟ ʨʦʟʛʦʨʪʘʥʥʷ 

ʉʪʨʘʪʝʛʽʷ ʨʦʟʛʦʨʪʘʥʥʷ ʜʚʦʭ ʨʽʟʥʠʭ ʪʠʧʽʚ ʢʽʣʴʮʝʚʠʭ ʬʝʨʤ ɸʄ-2 ʚʠʚʯʘʻʪʴʩʷ ʚ 

ʨʦʙʦʪʽ [167] ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʥʘʣʽʟʫ ʩʪʫʧʝʥʽʚ ʩʚʦʙʦʜʠ. ʈʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ 

ʩʪʫʧʝʥʽ ʩʚʦʙʦʜʠ ʬʝʨʤʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʤʦʞʥʘ ʟʤʝʥʰʠʪʠ, ʟʘʩʪʦʩʦʚʫʶʯʠ ʩʠʥʭʨʦʥʥʽ 

ʦʙʤʝʞʝʥʥʷ. ɿ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘʢʦʞ ʚʠʜʥʦ, ʱʦ ʬʝʨʤʘ ʟ ʜʦʚʞʠʥʦʶ ʜʽʘʛʦʥʘʣʽ ʤʘʻ ʚʠʱʫ 

ʩʪʽʡʢʽʩʪʴ ʽ ʥʘʜʽʡʥʽʩʪʴ ʥʽʞ ʬʝʨʤʘ ʟʽ ʟʤʽʥʥʦʶ ʜʦʚʞʠʥʦʶ ʜʽʘʛʦʥʘʣʽ. 

ʇʦʩʠʣʘʥʥʷ [102] ʧʦʢʘʟʫʻ, ʱʦ ʜʝʷʢʽ ʪʨʦʩʠ ʤʦʞʫʪʴ ʙʫʪʠ ʙʽʣʴʰ ʥʘʪʷʛʥʫʪʠʤʠ, ʥʽʞ 

ʽʥʰʽ, ʢʦʣʠ ʨʝʬʣʝʢʪʦʨ ʫʢʣʘʜʝʥʠʡ ʚ ʩʭʦʚʠʱʝ. ʅʘʡʙʽʣʴʰʝ ʟʫʩʠʣʣʷ ʨʦʟʛʦʨʪʘʥʥʷ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʝʟʘʜʦʚʛʦ ʜʦ ʟʘʚʝʨʰʝʥʥʷ ʨʦʟʛʦʨʪʘʥʥʷ. ʇʨʘʚʠʣʴʥʠʡ ʨʦʟʧʦʜʽʣ 

ʧʦʩʪʫʧʘʣʴʥʠʭ ʽ ʦʙʝʨʪʘʣʴʥʠʭ ʧʨʫʞʠʥ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʝʬʝʢʪʠʚʥʝ ʟʫʩʠʣʣʷ 

ʨʦʟʛʦʨʪʘʥʥʷ. 
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ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ, ʥʘʚʝʜʝʥʽ ʚ ʨʦʙʦʪʽ [103], ʧʦʢʘʟʫʶʪʴ, ʱʦ ʧʨʠ 

ʨʦʟʛʦʨʪʘʥʥʽ ʘʥʪʝʥʥʦʾ ʩʪʨʽʣʠ ʚʦʥʘ ʟʘʟʥʘʻ ʯʘʩʪʦʪʥʠʭ ʢʦʣʠʚʘʥʴ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʦʧʦʨʥʘ 

ʩʪʨʽʣʘ ʘʥʪʝʥʠ ʟʘʚʞʜʠ ʟʘʟʥʘʻ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ ʢʦʣʠʚʘʥʴ ʧʽʜ ʯʘʩ ʾʾ ʨʦʟʛʦʨʪʘʥʥʷ. 

ɺʽʙʨʘʮʽʷ ʦʧʦʨʥʦʛʦ ʧʣʝʯʘ ʟʨʦʩʪʘʻ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʰʚʠʜʢʦʩʪʽ ʨʦʟʛʦʨʪʘʥʥʷ, ʘ ʯʘʩʪʦʪʘ 

ʟʤʝʥʰʫʻʪʴʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʜʦʚʞʠʥʠ ʩʪʨʽʣʠ.  

ɿʘʚʜʷʢʠ ʦʧʪʠʤʘʣʴʥʦʤʫ ʧʣʘʥʫʚʘʥʥʶ ʨʦʟʛʦʨʪʘʥʥʷ ʘʥʪʝʥʫ ʤʦʞʥʘ ʧʣʘʚʥʦ 

ʨʦʟʛʦʨʪʘʪʠ, ʘ ʝʬʝʢʪ ʟʯʝʧʣʝʥʥʷ ʤʽʞ ʩʫʧʫʪʥʠʢʦʚʦʶ ʰʠʥʦʶ ʪʘ ʘʥʪʝʥʦʶ ʤʦʞʥʘ 

ʤʽʥʽʤʽʟʫʚʘʪʠ. 

ʏʠʩʝʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʨʦʙʦʪʽ [104] ʧʽʜʪʚʝʨʜʠʣʦ, ʱʦ ʚʦʩʴʤʠʢʫʪʥʠʡ ʤʝʭʘʥʽʟʤ 

ʤʦʞʝ ʙʫʪʠ ʫʩʧʽʰʥʦ ʨʦʟʛʦʨʥʫʪʠʡ. ɹʽʣʴʰʝ ʪʦʛʦ, ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʘʣʦ, ʱʦ 

ʮʝʥʪʨʘʣʴʥʠʡ ʰʘʨʥʽʨ ʧʦʚʠʥʝʥ ʙʫʪʠ ʚʨʽʚʝʥʴ ʟ ʧʦʚʝʨʭʥʝʶ, ʱʦʙ ʟʘʧʦʙʽʛʪʠ ʢʦʣʠʚʘʥʥʷʤ 

ʽ ʟʚʦʨʦʪʥʠʤ ʨʫʭʘʤ ʜʽʘʛʦʥʘʣʴʥʠʭ ʩʪʨʠʞʥʽʚ. ʎʽ ʩʠʤʫʣʷʮʽʾ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʫʞʠʥ ʽ ʜʝʤʧʬʝʨʽʚ ʤʝʭʘʥʽʟʤʫ ʨʦʟʛʦʨʪʘʥʥʷ. 

ɺ ʨʦʙʦʪʽ [61] ʦʩʦʙʣʠʚʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʢʫʪʘʤ ʨʦʟʛʦʨʪʘʥʥʷ ʪʘ ʧʨʫʞʥʽʡ 

ʜʝʬʦʨʤʘʮʽʾ ʢʽʣʴʮʝʚʦʾ ʬʝʨʤʠ ʧʽʜ ʯʘʩ ʾʾ ʨʦʟʛʦʨʪʘʥʥʷ. ʏʠʩʝʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʫʶʪʴ, 

ʱʦ ʧʨʫʞʥʘ ʜʝʬʦʨʤʘʮʽʷ ʛʥʫʯʢʠʭ ʪʽʣ ʩʧʨʠʯʠʥʷʻ ʷʚʠʱʝ ʘʩʠʥʭʨʦʥʽʟʘʮʽʾ ʧʽʜ ʯʘʩ 

ʨʦʟʛʦʨʪʘʥʥʷ ʘʥʪʝʥʠ. ʉʠʣʠ ʥʘʪʷʛʫ ʚ ʩʽʪʮʽ ʤʦʞʫʪʴ ʟʤʝʥʰʠʪʠ ʢʦʣʠʚʘʥʥʷ ʢʫʪʽʚ 

ʨʦʟʛʦʨʪʘʥʥʷ ʽ ʜʝʬʦʨʤʘʮʽʶ ʬʝʨʤʠ ʥʘ ʦʩʪʘʥʥʴʦʤʫ ʝʪʘʧʽ ʨʦʟʛʦʨʪʘʥʥʷ.  

ɺ ʨʦʙʦʪʽ [61] ʟʤʦʜʝʣʴʦʚʘʥʦ ʪʘ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʷʚʠʱʝ ʘʩʠʥʭʨʦʥʥʦʛʦ 

ʨʦʟʛʦʨʪʘʥʥʷ, ʧʨʠ ʷʢʦʤʫ ʘʥʪʝʥʥʽ ʚʽʜʩʽʢʠ ʧʦʙʣʠʟʫ ʜʚʠʛʫʥʘ ʨʦʟʛʦʨʪʘʶʪʴʩʷ ʰʚʠʜʰʝ, 

ʥʽʞ ʜʘʣʝʢʦ ʚʽʜ ʥʴʦʛʦ. ʎʽ ʨʝʟʫʣʴʪʘʪʠ ʢʽʣʴʢʽʩʥʦ ʧʽʜʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʛʥʫʯʢʽʩʪʴ ʬʝʨʤʠ 

ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʜʠʥʘʤʽʢʫ ʨʦʟʛʦʨʪʘʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʟʙʽʣʴʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ 

ʧʝʨʝʜʘʯʽ ʪʨʦʩʦʚʦ-ʰʢʽʚʥʦʾ ʩʠʩʪʝʤʠ ʤʦʞʝ ʩʫʪʪʻʚʦ ʟʤʝʥʰʠʪʠ ʤʘʢʩʠʤʘʣʴʥʝ ʨʫʰʽʡʥʝ 

ʟʫʩʠʣʣʷ. ʆʜʥʘʢ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ ʤʘʻ ʦʙʤʝʞʝʥʠʡ ʚʧʣʠʚ ʥʘ ʟʤʝʥʰʝʥʥʷ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʛʠʥʘʣʴʥʦʛʦ ʤʦʤʝʥʪʫ, ʜʦʢʠ ʥʝ ʙʫʜʝ ʧʦʚʥʽʩʪʶ ʫʩʫʥʫʪʦ ʘʩʠʥʭʨʦʥʥʝ 

ʨʦʟʛʦʨʪʘʥʥʷ.  

ʈʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ [62] ʧʦʢʘʟʫʶʪʴ ʦʯʝʚʠʜʥʠʡ ʥʝʩʠʥʭʨʦʥʥʠʡ ʭʘʨʘʢʪʝʨ ʮʴʦʛʦ 

ʷʚʠʱʘ ʧʦʢʘʟʫʶʪʴ ʦʯʝʚʠʜʥʝ ʥʝʩʠʥʭʨʦʥʥʝ ʷʚʠʱʝ ʯʝʨʝʟ ʛʥʫʯʢʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ ʽ 
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ʟʘʪʫʭʘʥʥʷ ʨʫʰʽʡʥʦʾ ʩʠʣʠ. ɺʝʨʪʠʢʘʣʴʥʘ ʩʪʽʡʢʘ ʟʘʟʥʘʻ ʥʘʡʙʽʣʴʰʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ʚ 

ʥʘʡʚʽʜʜʘʣʝʥʽʰʦʤʫ ʚʽʜ ʜʚʠʛʫʥʘ ʚʽʜʩʽʢʫ ʚ ʢʽʥʮʽ ʨʦʟʛʦʨʪʘʥʥʷ. ʄʘʢʩʠʤʘʣʴʥʝ 

ʥʘʧʨʫʞʝʥʥʷ ʩʝʨʝʜʥʽʭ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʩʪʽʡʦʢ ʤʘʻ ʪʘʢʫ ʞ ʪʝʥʜʝʥʮʽʶ, ʽ 

ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʢʫʪʽʚ ʨʦʟʛʦʨʪʘʥʥʷ. 

ʗʚʠʱʘ ʥʝʩʠʥʭʨʦʥʥʦʛʦ ʨʦʟʛʦʨʪʘʥʥʷ ʯʝʨʝʟ ʩʪʨʫʢʪʫʨʥʫ ʛʥʫʯʢʽʩʪʴ ʽ ʟʘʪʫʭʘʥʥʷ 

ʨʫʰʽʡʥʦʾ ʩʠʣʠ ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʚ [65], ʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʮʽ ʷʚʠʱʘ ʤʦʞʫʪʴ 

ʟʙʽʣʴʰʠʪʠ ʥʘʧʨʫʞʝʥʥʷ, ʷʢʠʭ ʟʘʟʥʘʻ ʦʙʨʫʯʝʚʘ ʬʝʨʤʘ, ʱʦ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ 

ʧʨʦʝʢʪʫʚʘʥʥʽ ʚʝʣʠʢʦʾ ʨʦʟʛʦʨʪʘʻʤʦʾ ʦʙʨʫʯʝʚʦ-ʬʝʨʤʦʚʦʾ ʘʥʪʝʥʠ. 

ʋ ʨʦʙʦʪʽ [115] ʩʠʥʭʨʦʥʽʟʘʮʽʷ ʨʦʟʛʦʨʪʘʥʥʷ ʢʽʣʴʮʝʚʦʛʦ ʤʝʭʘʥʽʟʤʫ ʨʝʘʣʽʟʦʚʘʥʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʟʘʤʢʥʝʥʦʛʦ ʪʨʦʩʘ ʽ ʧʦʜʚʽʡʥʦʛʦ ʧʦʚʟʫʥʢʦʚʦ-ʢʨʠʚʦʰʠʧʥʦʛʦ ʤʝʭʘʥʽʟʤʫ, 

ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʻʜʠʥʠʡ ʩʪʫʧʽʥʴ ʩʚʦʙʦʜʠ ʜʣʷ ʢʽʣʴʮʝʚʦʛʦ ʤʝʭʘʥʽʟʤʫ.  

ɺ ʨʦʙʦʪʽ [165] ʧʨʝʜʩʪʘʚʣʝʥʦ ʘʩʠʥʭʨʦʥʥʫ ʩʭʝʤʫ ʨʦʟʛʦʨʪʘʥʥʷ ʽʟ ʟʘʤʢʥʝʥʠʤ 

ʣʘʥʮʶʛʦʤ ʬʝʨʤ, ʱʦ ʨʦʟʛʦʨʪʘʶʪʴʩʷ, ʟ ʜʝʢʽʣʴʢʦʤʘ DOF. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʜʠʥʘʤʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʥʭʨʦʥʥʦʾ ʪʘ ʘʩʠʥʭʨʦʥʥʦʾ ʩʭʝʤ ʨʦʟʛʦʨʪʘʥʥʷ, ʽ ʨʝʟʫʣʴʪʘʪʠ 

ʧʦʢʘʟʫʶʪʴ, ʱʦ ʦʧʽʨ ʪʨʦʩʫ ʽ ʚʧʣʠʚ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ ʬʝʨʤʠ ʧʨʠ ʘʩʠʥʭʨʦʥʥʽʡ ʩʭʝʤʽ 

ʨʦʟʛʦʨʪʘʥʥʷ ʻ ʥʝʟʥʘʯʥʠʤʠ, ʘ ʨʦʟʛʦʨʪʘʥʥʷ ʘʥʪʝʥʠ ʻ ʙʽʣʴʰ ʧʨʦʩʪʠʤ. 

ɺ ʨʦʙʦʪʽ [111] ʧʦʢʘʟʘʥʦ, ʱʦ ʷʢ ʥʝʣʽʥʽʡʥʠʡ ʩʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʠʡ, ʪʘʢ ʽ 

ʘʥʘʣʽʪʠʯʥʠʡ ʧʨʦʛʥʦʟʠ ʨʦʟʛʦʨʪʘʥʥʷ ʨʝʙʨʘ ʟ ʦʜʥʽʻʶ ʩʢʣʘʜʢʦʶ ʻ ʜʦʩʠʪʴ ʪʦʯʥʠʤʠ. 

ɸʥʘʣʽʪʠʯʥʘ ʤʦʜʝʣʴ ʤʦʞʝ ʥʘʜʘʪʠ ʨʝʟʫʣʴʪʘʪʠ ʟʘ ʣʽʯʝʥʽ ʩʝʢʫʥʜʠ, ʘ ʥʝ ʛʦʜʠʥʠ, ʱʦ ʻ 

ʟʥʘʯʥʦʶ ʧʝʨʝʚʘʛʦʶ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ɿ ʨʝʟʫʣʴʪʘʪʽʚ, ʦʪʨʠʤʘʥʠʭ ʚ ʨʦʙʦʪʽ [112], ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʷʚʠʱʝ 

ʥʝʩʠʥʭʨʦʥʽʟʦʚʘʥʦʛʦ ʨʦʟʛʦʨʪʘʥʥʷ ʧʽʜ ʯʘʩ ʦʩʪʘʥʥʴʦʾ ʬʘʟʠ, ʱʦ ʻ ʥʘʩʣʽʜʢʦʤ ʦʩʣʘʙʣʝʥʥʷ 

ʨʫʰʽʡʥʦʾ ʩʠʣʠ, ʩʧʨʠʯʠʥʝʥʦʾ ʝʬʝʢʪʦʤ ʪʝʨʪʷ ʰʢʽʚʘ. ʂʨʽʤ ʪʦʛʦ, ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʫʪʘ 

ʨʦʟʛʦʨʪʘʥʥʷ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘʪʷʛ ʪʨʦʩʦʚʦʾ ʩʽʪʢʠ ʧʨʠ ʢʦʣʠʚʘʥʥʷʭ. ʂʨʽʤ ʪʦʛʦ, ʥʘ ʥʘʪʷʛ 

ʪʨʦʩʦʚʦʾ ʩʽʪʢʠ ʚʧʣʠʚʘʻ ʩʠʣʘ ʫʜʘʨʫ,  ʟʘʤʢʦʚʠʤ ʤʝʭʘʥʽʟʤʦʤ. 

ɺʧʣʠʚ ʥʘʪʷʛʫ ʧʦʣʦʪʥʘ-ʩʽʪʢʠ ʥʘ ʘʥʪʝʥʥʫ ʬʝʨʤʫ ʨʦʟʛʣʷʥʫʪʦ ʚ ʨʦʙʦʪʽ [117]. ɼʣʷ 

ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʦʩʢʽʣʴʢʠ ʩʠʣʠ, ʚʠʢʣʠʢʘʥʽ ʥʘʪʷʛʦʤ ʩʽʪʢʠ ʥʘ ʘʥʪʝʥʥʫ 

ʬʝʨʤʫ, ʻ ʥʝʨʽʚʥʦʤʽʨʥʠʤʠ, ʬʝʨʤʘ ʟʘʟʥʘʻ ʥʝʟʙʘʣʘʥʩʦʚʘʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘʧʨʠʢʽʥʮʽ 
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ʨʦʟʛʦʨʪʘʥʥʷ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʨʘʻʢʪʦʨʽʾ ʨʦʟʛʦʨʪʘʥʥʷ ʽ ʩʠʩʪʝʤʠ 

ʢʝʨʫʚʘʥʥ.̫ ʂʨʽʤ ʪʦʛʦ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʽʟʥʠʭ ʪʦʧʦʣʦʛʽʯʥʠʭ, ʤʘʪʝʨʽʘʣʴʥʠʭ ʽ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʪʚʦʨʶʻ ʨʽʟʥʫ ʩʪʨʫʢʪʫʨʫ ʪʨʦʩʦʚʦʾ ʩʠʩʪʝʤʠ, ʷʢʘ ʤʦʞʝ 

ʤʽʥʽʤʽʟʫʚʘʪʠ ʚʧʣʠʚ ʨʦʟʛʦʨʪʘʥʥʷ. 

ʇʦʚʝʨʭʥʝʚʘ ʛʫʩʪʠʥʘ ʽ ʞʦʨʩʪʢʽʩʪʴ ʨʦʟʛʦʨʪʘʻʤʦʾ ʩʪʨʫʢʪʫʨʠ ʟ ʨʽʟʥʦʶ ʢʽʣʴʢʽʩʪʶ 

ʝʣʝʤʝʥʪʽʚ ʦʮʽʥʝʥʽ ʚ ʨʦʙʦʪʽ [119] ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʧʨʠʜʘʪʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ 

ʨʦʟʛʦʨʪʘʻʤʦʾ ʩʪʨʫʢʪʫʨʠ ʜʣʷ ʧʦʙʫʜʦʚʠ ʚʝʣʠʢʦʤʘʩʰʪʘʙʥʠʭ ʨʦʟʛʦʨʪʘʻʤʠʭ ʘʥʪʝʥ. ʂʨʽʤ 

ʪʦʛʦ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʩʪʨʫʢʪʫʨʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʜʠʥʘʤʽʯʥʦʾ ʤʦʜʝʣʽ ʪʘ 

ʛʝʥʝʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʞʦʨʩʪʢʽʩʪʴ/ʤʘʩʘ ʧʨʠ ʦʙʤʝʞʝʥʥʽ ʥʘ ʚʣʘʩʥʫ ʯʘʩʪʦʪʫ 

ʄʦʜʝʣʶʚʘʥʥʷ ʤʝʪʦʜʦʤ ʄʦʥʪʝ-ʂʘʨʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʚ ʨʦʙʦʪʽ [120] ʜʣʷ ʘʥʘʣʽʟʫ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʩʠ ʧʨʠʣʘʜʫ SMAP ʜʣʷ ʘʥʘʣʽʟʫ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʩʠ ʧʨʠʣʘʜʫ SMAP ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʚʠʧʘʜʢʽʚ, ʷʢʽ 

ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʦʙʤʝʞʝʥʥʷʤ ʥʘ ʝʬʝʢʪʠʚʥʠʡ ʜʦʙʫʪʦʢ ʽʥʝʨʮʽʾ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ ʮʝʥʪʨʫ 

ʤʘʩ. ʇʦʢʘʟʘʥʦ, ʱʦ ʨʦʟʛʦʨʥʫʪʘ ʤʦʜʝʣʴ ʟʘʜʦʚʦʣʴʥʷʻ ʚʠʤʦʛʘʤ ʤʽʥʽʤʘʣʴʥʦʾ ʯʘʩʪʦʪʠ ʽ 

ʚʠʤʦʟʽ ʯʘʩʪʦʪʥʦʛʦ ʨʦʟʜʽʣʝʥʥʷ ʤʽʞ ʧʝʨʰʠʤʠ ʜʚʦʤʘ ʤʦʜʘʤʠ. 

ɺ ʨʦʙʦʪʽ [130] ʜʝʤʦʥʩʪʨʫʻʪʴʩʷ ʧʣʘʚʥʠʡ ʽ ʩʪʘʙʽʣʴʥʠʡ ʧʨʦʮʝʩ ʨʦʟʛʦʨʪʘʥʥʷ 

ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʥʦʞʠʮʝʧʦʜʽʙʥʠʤʠ ʰʘʨʥʽʨʘʤʠʱʦ ʧʨʠʚʦʜʷʪʴʩʷ ʚ ʨʫʭ ʧʨʫʞʠʥʘʤʠ 

ʋ ʨʦʙʦʪʽ [140] ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ, ʱʦ ʜʚʦʢʽʣʴʮʝʚʘ ʬʝʨʤʘ ʻ ʻʜʠʥʠʤ ʤʝʭʘʥʽʟʤʦʤ, 

ʽ ʜʣʷ ʾʾ ʨʦʟʛʦʨʪʘʥʥʷ ʧʦʪʨʽʙʝʥ ʣʠʰʝ ʦʜʠʥ ʧʨʠʚʽʜ ʙʝʟ ʜʦʜʘʚʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʙʣʦʢʽʚ 

ʩʠʥʭʨʦʥʽʟʘʮʽʾ. ɼʚʦʢʽʣʴʮʝʚʘ ʬʝʨʤʘ ʤʘʻ ʚʠʱʫ ʤʽʮʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ, ʥʽʞ ʦʜʥʦʢʽʣʴʮʝʚʘ, 

ʽ ʚʩʽ ʢʽʥʝʤʘʪʠʯʥʽ ʧʘʨʠ ʫʥʠʢʘʶʪʴ ʨʠʟʠʢʫ ʟʘʢʣʠʥʶʚʘʥʥʷ ʧʽʜ ʯʘʩ ʾʾ ʨʦʟʛʦʨʪʘʥʥʷ, ʱʦ 

ʤʦʞʝ ʧʽʜʚʠʱʠʪʠ ʾʾ ʥʘʜʽʡʥʽʩʪʴ.  

ɺ ʨʦʙʦʪʽ [136] ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʚʧʣʠʚ ʧʦʧʝʨʝʯʥʦʛʦ ʟʩʫʚʫ ʪʘ ʽʥʝʨʮʽʾ ʦʙʝʨʪʘʥʥʷ ʥʘ 

ʨʦʟʛʦʨʪʘʥʥʷ ʙʘʛʘʪʦʣʘʥʢʦʚʦʾ ʛʥʫʯʢʦʾ ʙʘʣʢʠ ʟ ʬʽʢʩʘʮʽʻʶ. ʈʝʘʢʮʽʾ ʧʽʩʣʷ ʬʽʢʩʘʮʽʾ ʩʠʣʴʥʦ 

ʟʤʽʥʶʶʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʪʦʥʢʦʩʪʽ.  

ɺ ʨʦʙʦʪʽ [108] ʧʦʢʘʟʘʥʦ, ʱʦ ʨʦʟʛʦʨʪʘʥʥʷ ʯʦʪʠʨʠʛʨʘʥʥʦʛʦ ʬʝʨʤʦʚʦʛʦ 

ʨʝʬʣʝʢʪʦʨʘ ʟ ʧʨʫʞʠʥʥʦʶ ʩʠʩʪʝʤʦʶ ʧʨʠʚʦʜʫ ʻ ʰʚʠʜʢʠʤ ʧʨʦʮʝʩʦʤ ʽ ʥʝʤʠʥʫʯʝ ʤʘʻ 
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ʚʝʣʠʢʠʡ ʚʧʣʠʚ ʥʘ ʂɸ. ɼʣʷ ʪʝʪʨʘʝʜʨʠʯʥʦʛʦ ʬʝʨʤʦʚʦʛʦ ʨʝʬʣʝʢʪʦʨʘ ʟ ʚʽʣʴʥʦʶ 

ʛʨʘʥʠʮʝʶ ʧʨʦʮʝʩ ʨʦʟʛʦʨʪʘʥʥʷ ʤʘʻ ʪʨʠ ʩʪʘʜʽʾ, ʷʢʽ ʚʢʣʶʯʘʶʪʴ ʩʪʘʜʽʶ ʧʦʚʽʣʴʥʦʛʦ 

ʨʦʟʛʦʨʪʘʥʥʷ, ʩʪʘʜʽʶ ʰʚʠʜʢʦʛʦ ʨʦʟʛʦʨʪʘʥʥʷ ʽ ʩʪʘʜʽʶ ʬʦʨʤʫʚʘʥʥʷ ʧʘʨʘʙʦʣʽʯʥʦʾ 

ʧʦʚʝʨʭʥʽ. ɼʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʚʧʣʠʚʫ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʢʦʥʩʪʨʫʢʮʽʾ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ 

ʤʘʢʩʠʤʘʣʴʥʫ ʦʩʴʦʚʫ ʩʠʣʫ ʢʦʞʥʦʾ ʩʪʽʡʢʠ. 

 

1.2. ʆʩʦʙʣʠʚʦʩʪʽ ʩʪʚʦʨʝʥʥʷ ʪʘ ʰʪʘʥʛ, ʱʦ ʪʨʘʥʩʬʦʨʤʫʶʪʴʩʷ.   

ɯʟ ʨʦʟʚʠʪʢʦʤ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʦʾ ʪʝʭʥʽʢʠ ʚʩʝ ʯʘʩʪʽʰʝ ʟʥʘʭʦʜʷʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʚʝʣʠʢʽ ʢʦʩʤʽʯʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʨʽʟʥʦʛʦ ʮʽʣʴʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. ʈʽʟʥʦʤʘʥʽʪʥʽʩʪʴ 

ʚʝʣʠʢʠʭ ʧʨʦʩʪʦʨʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʫ ʢʦʩʤʦʩʽ ʻ ʜʫʞʝ ʚʝʣʠʢʦʶ ï ʚʽʜ ʩʦʥʷʯʥʠʭ ʧʘʥʝʣʝʡ 

[1] ʜʦ ʢʦʩʤʽʯʥʠʭ ʘʥʪʝʥ [2-7] ʪʘ ʧʨʫʞʥʠʭ ʰʪʘʥʛ [8-11] ʨʽʟʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ. ɸʣʝ ʯʝʨʝʟ 

ʦʙʤʝʞʝʥʠʡ ʧʨʦʩʪʽʨ ʧʽʜ ʦʙʪʽʯʥʠʢʦʤ ʨʘʢʝʪʠ-ʥʦʩʽʷ ʽʩʥʫʻ ʧʦʪʨʝʙʘ ʚʠʚʦʜʠʪʠ ʪʘʢʽ 

ʢʦʥʩʪʨʫʢʮʽʾ ʥʘ ʦʨʙʽʪʫ ʫ ʩʢʣʘʜʝʥʦʤʫ ʩʪʘʥʽ, ʧʽʩʣʷ ʯʦʛʦ ʚʞʝ ʨʦʟʛʦʨʪʘʪʠ ʾʭ ʜʦ ʧʦʪʨʽʙʥʦʾ 

ʢʦʩʤʽʯʥʽʡ ʤʽʩʽʾ ʢʦʥʬʽʛʫʨʘʮʽʾ. ʅʝ ʻ ʧʦʦʜʠʥʦʢʠʤʠ ʚʠʧʘʜʢʠ ʥʝ ʨʦʟʛʦʨʪʘʥʥʷ ʪʘʢʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʫ ʢʦʩʤʦʩʽ, ʱʦ ʧʦʚôʷʟʘʥʦ, ʥʘʩʘʤʧʝʨʝʜ, ʟʽ ʩʢʣʘʜʥʽʩʪʶ ʩʘʤʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʪʘ ʩʢʣʘʜʥʽʩʪʶ ʧʨʦʚʝʜʝʥʥʷ ʥʘʪʫʨʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʚ ʫʤʦʚʘʭ ɿʝʤʥʦʾ ʛʨʘʚʽʪʘʮʽʾ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʽʟʥʽ ʪʠʧʠ ʂʂʊ, ʘ ʪʘʢʦʞ ʤʝʪʦʜʠ ʨʦʟʛʦʨʪʘʥʥʷ ʪʘʢʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, 

ʩʧʦʥʫʢʘʶʪʴ ʽʥʞʝʥʝʨʽʚ ʪʘ ʜʦʩʣʽʜʥʠʢʽʚ ʧʦʛʣʠʙʣʶʚʘʪʠ ʩʚʦʾ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʮʽʡ ʩʬʝʨʽ, ʘ 

ʧʨʦʙʣʝʤʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʚʩʝ ʱʝ ʟʘʣʠʰʘʻʪʴʩʷ ʜʫʞʝ ʘʢʪʫʘʣʴʥʦʶ.  

ɿʦʢʨʝʤʘ, ʜʫʞʝ ʘʢʪʫʘʣʴʥʦʶ ʪʘ ʮʽʢʘʚʦʶ ʻ ʪʝʤʘ ʢʦʩʤʽʯʥʠʭ ʘʥʪʝʥ ʨʽʟʥʦʾ 

ʢʦʥʬʽʛʫʨʘʮʽʾ, ʘ ʪʘʢʦʞ ʰʪʘʥʛ, ʥʘ ʷʢʠʭ ʮʽ ʘʥʪʝʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʢʨʽʧʣʝʥʠʤʠ. ʆʜʥʠʤ 

ʽʟ ʨʽʟʥʦʚʠʜʽʚ ʰʪʘʥʛ, ʱʦ ʚʠʢʣʠʢʘʻ ʽʥʪʝʨʝʩ, ʻ ʢʦʩʤʽʯʥʽ ʤʘʥʽʧʫʣʷʪʦʨʠ, ʱʦ ʤʦʞʫʪʴ ʙʫʪʠ 

ʨʝʘʣʽʟʦʚʘʥʽ ʫ ʚʠʛʣʷʜʽ ʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʩʪʨʠʞʥʽʚ ʧʦʻʜʥʘʥʠʭ 

ʤʽʞ ʩʦʙʦʶ ʰʘʨʥʽʨʥʠʤʠ ʟôʻʜʥʘʥʥʷʤʠ.  

ʑʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʜʽʡʥʽʩʪʴ, ʩʪʘʙʽʣʴʥʽʩʪʴ ʽ ʪʦʯʥʽʩʪʴ ʨʦʟʛʦʨʪʘʥʥʷ ʢʦʩʤʽʯʥʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ, ʚʘʞʣʠʚʦ ʚʨʘʭʦʚʫʚʘʪʠ ʘʩʧʝʢʪʠ ʾʾ ʤʝʭʘʥʽʢʠ ʩʢʣʘʜʘʥʥʷ, ʩʪʘʪʠʯʥʽ ʪʘ 

ʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʩʪʨʫʢʪʫʨʥʫ ʦʧʪʠʤʽʟʘʮʽʶ, ʘ ʪʘʢʦʞ ʩʪʨʘʪʝʛʽʾ ʢʝʨʫʚʘʥʥʷ 
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ʢʦʥʬʽʛʫʨʘʮʽʻʶ ʢʦʥʩʪʨʫʢʮʽʻʶ. ɿ ʫʨʘʭʫʚʘʥʥʷ ʥʘʚʝʜʝʥʦʛʦ ʚʠʱʝ ʘʢʪʫʘʣʴʥʠʤ ʻ ʘʥʘʣʽʟ 

ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʧʨʦʙʣʝʤʠ ʩʪʚʦʨʝʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʨʽʣʦʧʦʜʽʙʥʠʭ ʂʂʊ. 

 

1.2.1. ʈʽʟʥʦʚʠʜʠ ʢʦʩʤʽʯʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʱʦ ʪʨʘʥʩʬʦʨʤʫʶʪʴʩʷ 

ʑʦʙ ʟʘʜʦʚʽʣʴʥʠʪʠ ʚʠʤʦʛʠ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʢʦʩʤʽʯʥʠʭ ʤʽʩʽʡ, ʟʦʢʨʝʤʘ ʤʽʩʽʡ ʽʟ 

ʤʽʥʽʩʫʧʫʪʥʠʢʘʤʠ, ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʨʽʟʥʠʭ ʢʦʥʬʽʛʫʨʘʮʽʡ ʂʂʊ. ɿ 

ʮʽʣʣʶ ʨʦʟʤʽʱʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ ʚ ʦʙʤʝʞʝʥʦʤʫ ʧʨʦʩʪʦʨʽ ʧʽʜ ʦʙʪʽʯʥʠʢʦʤ ʨʘʢʝʪʠ-

ʥʦʩʽʷ, ʽʥʞʝʥʝʨʘʤ ʪʘ ʜʦʩʣʽʜʥʠʢʘʤ ʚʜʘʣʦʩʴ ʜʦʩʷʛʪʠ ʟʥʘʯʥʠʭ ʫʩʧʽʭʽʚ ʫ ʢʦʥʩʪʨʫʶʚʘʥʥʽ, 

ʥʘʧʨʠʢʣʘʜ, ʢʦʩʤʽʯʥʠʭ ʪʝʣʝʩʢʦʧʽʚ [12], ʩʽʪʯʘʩʪʠʭ ʘʥʪʝʥ [13], ʪʦʥʢʦʩʪʽʥʥʠʭ ʰʪʘʥʛ ʽʟ 

ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ [14], ʩʪʨʽʯʢʦʧʦʜʽʙʥʠʭ ʰʪʘʥʛ [15], ʘ ʪʘʢʦʞ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʬʝʨʤʦʚʽ ʢʦʥʩʪʨʫʢʮʽʡ [16], ʪʘ ʢʦʥʩʪʨʫʢʮʽʡ ʥʦʞʠʯʥʦʛʦ ʪʠʧʫ. ʋʟʘʛʘʣʴʥʶʶʯʠ, ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʫʥʽʢʘʣʴʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʘ ʤʝʭʘʥʽʢʠ ʧʨʦʮʝʩʫ ʪʨʘʥʩʬʦʨʤʘʮʽʾ 

ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʠʡʥʷʪʦ ʧʦʜʽʣʷʪʠ ʥʘ ʪʨʠ ʢʘʪʝʛʦʨʽʾ: ʧʘʥʪʦʛʨʘʬʽʯʥʽ ʢʦʥʩʪʨʫʢʮʽʾ, 

ʝʣʘʩʪʠʯʥʦ ʜʝʬʦʨʤʦʚʘʥʽ ʢʦʥʩʪʨʫʢʮʽʾ, ʘ ʪʘʢʦʞ ʥʘʜʫʚʥʽ ʢʦʥʩʪʨʫʢʮʽʾ. ʆʩʥʦʚʥʽ ʢʘʪʝʛʦʨʽʾ 

ʪʘ ʪʠʧʠ ʂʂʊ ʤʦʞʥʦ ʧʦʙʘʯʠʪʠ ʥʘ ʈʠʩʫʥʢʫ ɹ.15. 

ɼʦʩʣʽʜʞʝʥʥʷ ʂʂʊ ʙʫʣʦ ʟʘʧʦʯʘʪʢʦʚʘʥʦ ʱʝ ʫ 1960-ʭ ʨʦʢʘʭ, ʪʘ ʧʝʨʰʽ ʨʦʟʨʦʙʢʠ 

ʙʫʣʠ ʥʘʮʽʣʝʥʽ ʥʘʩʘʤʧʝʨʝʜ ʥʘ ʘʝʨʦʢʦʩʤʽʯʥʫ ʛʘʣʫʟʴ. ʑʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʤʦʛʠ ʪʽʻʾ ʯʠ 

ʽʥʰʦʾ ʢʦʩʤʽʯʥʦʾ ʤʽʩʽʾ ʽʥʞʝʥʝʨʠ ʥʘ ʧʦʯʘʪʢʫ ʦʙʠʨʘʣʠ ʤʝʭʘʥʽʟʤʠ, ʱʦ ʩʢʣʘʜʘʣʠʩʴ ʽʟ 

ʞʦʨʩʪʢʠʭ ʩʪʨʠʞʥʽʚ, ʰʘʨʥʽʨʽʚ ʪʘ ʪʨʦʩʽʚ, ʟ ʷʢʠʭ ʟʜʝʙʽʣʴʰ ʙʫʜʫʚʘʣʠʩʴ ʥʝʩʫʯʽ 

ʢʦʥʩʪʨʫʢʮʽʾ, ʥʘʧʨʠʢʣʘʜ ʨʦʟʙʽʨʥʽ ʘʥʪʝʥʠ ʪʘ ʰʪʘʥʛʠ ʫ ʚʠʛʣʷʜʽ ʧʘʥʪʦʛʨʘʬʽʯʥʠʭ ʂʂʊ 

[18]. ɺ ʪʘʢʦʤʫ ʪʠʧʽ ʢʦʥʩʪʨʫʢʮʽʡ ʢʦʞʝʥ ʝʣʝʤʝʥʪ ʨʦʟʛʦʨʪʘʻʪʴʩʷ ʧʦʩʪʫʧʦʚʦ ʜʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʙʘʞʘʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʩʪʫʧʘʣʴʥʦʛʦ ʨʫʭʫ ʨʦʟʩʫʚʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʪʘ ʦʙʝʨʪʘʥʥʷ ʩʪʨʠʞʥʽʚ ʥʘʚʢʦʣʦ ʰʘʨʥʽʨʽʚ [19-21]. ɺ ʦʩʥʦʚʥʦʤʫ ʪʘʢʽ 

ʩʠʩʪʝʤʠ ʧʨʠʚʦʜʷʪʴʩʷ ʜʦ ʨʫʭʫ ʤʝʭʘʥʽʯʥʠʤʠ ʤʦʪʦʨʠʟʦʚʘʥʠʤʠ ʩʠʩʪʝʤʘʤʠ.  

ʈʦʟʧʦʚʩʶʜʞʝʥʠʤ ʪʘʢʦʞ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʘʩʪʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʜʣʷ ʟʙʫʜʞʝʥʥʷ 

ʨʫʭʫ ʚ ʂʂʊ [22-25]. ɺ ʪʘʢʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʨʫʞʥʘ ʤʝʭʘʥʽʢʘ 

ʨʦʟʛʦʨʪʘʥʥʷ, ʜʝ ʧʨʫʞʥʽ ʝʣʝʤʝʥʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʦʧʦʨʥʽ ʪʘʢ ʽ ʜʣʷ ʨʫʰʽʡʥʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʧʨʫʞʥʽ ʝʣʝʤʝʥʪʠ ʜʝʬʦʨʤʫʶʪʴʩʷ ʫ ʤʝʞʘʭ ʜʽʘʧʘʟʦʥʫ ʧʨʫʞʥʦʩʪʽ ʜʣʷ 
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ʥʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ ʧʨʫʞʥʦʾ ʜʝʬʦʨʤʘʮʽʾ, ʱʦʙ ʧʨʠ ʧʦʜʘʣʴʰʦʤʫ ʚʠʚʽʣʴʥʝʥʥʽ ʾʾ 

ʢʝʨʫʚʘʪʠ ʧʨʦʮʝʩʦʤ ʨʦʟʛʦʨʪʘʥʥʷ. ʊʘʢʽ ʢʦʥʩʪʨʫʢʮʽʾ ʟʘʟʚʠʯʘʡ ʧʨʦʩʪʽʰʽ, ʘʜʞʝ 

ʩʢʣʘʜʘʶʪʴʩʷ ʽʟ ʤʝʥʰʦʾ ʢʽʣʴʢʦʩʪʽ ʝʣʝʤʝʥʪʽʚ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʘʥʪʦʛʨʘʬʽʯʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ, ʷʢʽ ʜʦ ʪʦʛʦ ʞ ʚʘʞʯʽ ʟʘ ʧʨʫʞʥʦ-ʜʝʬʦʨʤʦʚʘʥʽ ʢʦʥʩʪʨʫʢʮʽʾ. ʆʜʥʘʢ 

ʤʘʪʝʨʽʘʣ ʪʘʢʠʭ ʢʦʥʩʪʨʫʢʮʽʾ ʙʫʜʝ ʩʪʨʘʞʜʘʪʠ ʚʽʜ ʥʝʧʨʫʞʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʪʘ, ʫ ʨʘʟʽ 

ʪʨʠʚʘʣʦʛʦ ʧʝʨʝʙʫʚʘʥʥʷ ʫ ʟʛʦʨʥʫʪʦʤʫ ʧʦʣʦʞʝʥʥʽ, ʚʪʦʤʥʠʭ ʧʦʰʢʦʜʞʝʥʴ. 

ʂʣʘʩ ʥʘʜʫʚʥʠʭ ʢʦʥʩʪʨʫʢʮʽʾ, ʱʦ ʨʦʟʛʦʨʪʘʶʪʴʩʷ, ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʤʽʩʽʡ, ʷʢʽ ʥʝ 

ʧʦʪʨʝʙʫʶʪʴ ʚʝʣʠʢʦʾ ʪʦʯʥʦʩʪʽ ʨʦʟʛʦʨʪʘʥʥʷ, ʘʣʝ ʚʦʜʥʦʯʘʩ ʚʠʤʘʛʘʶʪʴ ʤʽʥʽʤʘʣʴʥʦʾ 

ʚʘʛʠ. ʊʘʢʽ ʢʦʥʩʪʨʫʢʮʽʾ ʚʠʤʘʛʘʶʪʴ ʜʫʞʝ ʙʘʛʘʪʦ ʫʚʘʛʠ ʪʘ ʧʨʠ ʮʴʦʤʫ ʥʠʟʴʢʫ ʪʦʯʥʽʩʪʴ, 

ʧʝʨʝʜʙʘʯʫʚʘʥʽʩʪʴ ʽ ʩʪʘʙʽʣʴʥʽʩʪʴ, ʱʦ ʨʦʙʠʪʴ ʾʭ ʤʝʥʰ ʟʘʪʨʝʙʫʚʘʥʠʤʠ ʥʽʞ 

ʧʘʥʪʦʛʨʘʬʽʯʥʽ ʪʘ ʧʨʫʞʥʦ-ʜʝʬʦʨʤʦʚʘʥʽ ʢʦʥʩʪʨʫʢʮʽʾ. ʊʦʤʫ ʜʘʣʽ ʙʽʣʴʰʫ ʫʚʘʛʫ ʤʠ 

ʙʫʜʝʤʦ ʧʨʠʜʽʣʷʪʠ ʩʘʤʝ ʮʠʤ ʜʚʦʤ ʢʘʪʝʛʦʨʽʷʤ ʂʂʊ. ʂʨʽʤ ʪʦʛʦ, ʚʨʘʭʦʚʫʶʯʠ ʪʝ, ʱʦ 

ʽʩʥʫʶʪʴ ʚʞʝ ʩʪʘʪʪʽ, ʷʢʽ ʧʨʠʩʚʷʯʝʥʦ ʦʛʣʷʜʫ ʢʦʩʤʽʯʥʠʭ ʘʥʪʝʥ [26-31], ʦʩʥʦʚʥʠʡ ʬʦʢʫʩ 

ʟʨʦʙʣʝʥʦ ʥʘ ʢʦʩʤʽʯʥʠʭ ʩʪʨʽʣʦʧʦʜʽʙʥʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ.  

 

1.2.2. ʂʦʥʩʪʨʫʢʮʽʾ ʟ ʧʨʫʞʥʠʭ ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʉʫʯʘʩʥʽ ʢʦʩʤʽʯʥʽ ʂʂʊ, ʪʘʢʽ ʷʢ ʰʪʘʥʛʠ ʡ ʩʪʨʽʣʦʚʽ ʩʠʩʪʝʤʠ, ʚʩʝ ʯʘʩʪʽʰʝ 

ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʽʟ ʧʨʫʞʥʠʭ ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʦʩʢʽʣʴʢʠ ʮʽ ʤʘʪʝʨʽʘʣʠ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʣʝʛʢʽʩʪʴ, ʚʠʩʦʢʫ ʤʽʮʥʽʩʪʴ ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʢʦʤʧʘʢʪʥʦʛʦ ʟʙʝʨʽʛʘʥʥʷ ʜʦ 

ʨʦʟʛʦʨʪʘʥʥʷ. ʂʦʥʩʪʨʫʢʮʽʾ ʥʘ ʦʩʥʦʚʽ ʧʨʫʞʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʤʦʞʫʪʴ 

ʩʢʣʘʜʘʪʠʩʷ ʡ ʨʦʟʛʦʨʪʘʪʠʩʷ ʟʘʚʜʷʢʠ ʥʘʢʦʧʠʯʝʥʽʡ ʧʨʫʞʥʽʡ ʝʥʝʨʛʽʾ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭ ʜʣʷ ʚʝʣʠʢʠʭ ʘʥʪʝʥ, ʩʦʥʷʯʥʠʭ ʧʘʥʝʣʝʡ ʪʘ ʽʥʰʠʭ ʢʦʤʧʦʥʝʥʪʽʚ 

ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ ʟ ʦʙʤʝʞʝʥʠʤ ʧʨʦʩʪʦʨʦʤ ʫ ʚʘʥʪʘʞʥʦʤʫ ʚʽʜʩʽʢʫ. ʊʘʢʽ ʂʂʊ ʜʝʜʘʣʽ 

ʙʽʣʴʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʢʦʩʤʽʯʥʽʡ ʪʝʭʥʽʮʽ, ʘ ʜʝʷʢʽ ʟ ʾʭ ʨʽʟʥʦʚʠʜʽʚ ʥʘʚʝʜʝʥʦ ʥʘ 

ʈʠʩʫʥʢʫ ɹ.16. 

ɿʛʽʜʥʦ ʟ ʩʫʯʘʩʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ, ʧʨʫʞʥʦ-ʜʝʬʦʨʤʦʚʘʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʜʣʷ 

ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ ʢʣʘʩʠʬʽʢʫʶʪʴ ʥʘ ʢʽʣʴʢʘ ʦʩʥʦʚʥʠʭ ʪʠʧʽʚ: ʢʦʤʧʦʟʠʪʥʽ ʰʪʘʥʛʠ ʽʟ 

ʟʘʢʨʠʪʠʤ ʧʝʨʝʨʽʟʦʤ, ʪʦʥʢʦʩʪʽʥʥʽ ʮʠʣʽʥʜʨʠʯʥʽ ʩʪʨʽʣʦʚʽ ʩʠʩʪʝʤʠ, ʜʚʦʰʘʨʦʚʽ ʪʘ 
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ʙʘʛʘʪʦʰʘʨʦʚʽ ʢʦʤʧʦʟʠʪʥʽ ʩʠʩʪʝʤʠ, ʨʦʟʛʦʨʪʘʣʴʥʽ ʤʝʤʙʨʘʥʠ ʡ ʧʘʥʝʣʽ, ʢʦʞʝʥ ʟ ʷʢʠʭ 

ʤʘʻ ʫʥʽʢʘʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʦʙʤʝʞʝʥʥʷ. ʂʦʞʝʥ ʪʠʧ ʧʦʪʨʝʙʫʻ 

ʩʧʝʮʠʬʽʯʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʦʮʽʥʢʠ ʨʦʟʛʦʨʪʘʥʥʷ ʪʘ ʤʝʪʦʜʽʚ ʢʦʥʪʨʦʣʶ. 

ʂʂʊ ʟ ʧʨʫʞʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʤʘʶʪʴ ʟʥʘʯʥʽ ʧʝʨʩʧʝʢʪʠʚʠ ʚ ʢʦʩʤʽʯʥʠʭ ʤʽʩʽʷʭ ʟʘʚʜʷʢʠ 

ʣʝʛʢʦʩʪʽ, ʞʦʨʩʪʢʦʩʪʽ ʪʘ ʟʨʫʯʥʦʩʪʽ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ. ʇʨʦʪʝ ʦʩʥʦʚʥʠʤʠ ʚʠʢʣʠʢʘʤʠ 

ʟʘʣʠʰʘʶʪʴʩʷ ʪʦʯʥʝ ʢʝʨʫʚʘʥʥʷ ʨʦʟʛʦʨʪʘʥʥʷʤ, ʤʽʥʽʤʽʟʘʮʽʷ ʜʝʬʦʨʤʘʮʽʡ ʽ ʧʽʜʚʠʱʝʥʥʷ 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ. 

 

1.2.3. ʂʦʤʧʦʟʠʪʥʽ ʰʪʘʥʛʠ ʽʟ ʟʘʤʢʥʫʪʠʤ ʧʝʨʝʨʽʟʦʤ 

ʂʦʤʧʦʟʠʪʥʽ ʰʪʘʥʛʠ ʽʟ ʟʘʤʢʥʫʪʠʤ ʧʝʨʝʨʽʟʦʤ ʻ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤ ʪʠʧʦʤ ʧʨʫʞʥʠʭ 

ʂʂʊ, ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʢʦʩʤʽʯʥʠʭ ʤʽʩʽʷʭ. ɰʭʥʷ ʦʩʥʦʚʥʘ ʢʦʥʩʪʨʫʢʪʠʚʥʘ ʦʩʦʙʣʠʚʽʩʪʴ 

ð ʤʦʞʣʠʚʽʩʪʴ ʩʢʣʘʜʘʥʥʷ ʜʦ ʜʫʞʝ ʢʦʤʧʘʢʪʥʠʭ ʨʦʟʤʽʨʽʚ ʪʘ ʝʬʝʢʪʠʚʥʝ ʨʦʟʛʦʨʪʘʥʥʷ ʚ 

ʢʦʩʤʦʩʽ ʙʝʟ ʧʦʪʨʝʙʠ ʚ ʩʢʣʘʜʥʠʭ ʤʝʭʘʥʽʯʥʠʭ ʧʨʠʚʦʜʘʭ, ʘ ʩʘʤʝ ʟʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ 

ʧʨʫʞʥʦʾ ʝʥʝʨʛʽʾ, ʥʘʢʦʧʠʯʝʥʦʾ ʧʽʜ ʯʘʩ ʟʛʦʨʪʘʥʥʷ. ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʟʛʦʨʪʘʥʥʷ 

ʢʦʥʩʪʨʫʢʮʽʡ ʪʘʢʦʛʦ ʪʠʧʫ ʟʘʟʚʠʯʘʡ ʚʠʛʣʷʜʘʻ ʷʢ ʟʦʙʨʘʞʝʥʦ ʥʘ ʈʠʩʫʥʢʫ ɹ.17. 

ʂʦʤʧʦʟʠʪʥʽ ʰʪʘʥʛʠ ʽʟ ʟʘʤʢʥʫʪʠʤ ʧʝʨʝʨʽʟʦʤ ʟʘʟʚʠʯʘʡ ʤʘʶʪʴ ʪʨʫʙʯʘʩʪʫ, ʷʢ 

ʚʠʜʥʦ ʥʘ ʈʠʩʫʥʢʫ ɹ.18ʘ, ʘʙʦ ʧʨʠʟʤʘʪʠʯʥʫ ʬʦʨʤʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʞʦʨʩʪʢʽʩʪʴ ʽ 

ʩʪʽʡʢʽʩʪʴ ʜʦ ʜʝʬʦʨʤʘʮʽʡ. ʇʨʠʢʣʘʜʠ ʽʥʰʠʭ ʬʦʨʤ ʧʦʧʝʨʝʯʥʠʭ ʧʝʨʝʨʽʟʽʚ ʥʘʚʝʜʝʥʦ ʥʘ 

ʈʠʩʫʥʢʫ ɹ.18b. ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʪʘʢʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʩʧʝʮʽʘʣʴʥʽ 

ʙʘʛʘʪʦʰʘʨʦʚʽ ʢʦʤʧʦʟʠʪʠ, ʷʢʽ ʤʘʶʪʴ ʚʠʩʦʢʫ ʞʦʨʩʪʢʽʩʪʴ ʪʘ ʟʜʘʪʥʽʩʪʴ ʟʙʝʨʽʛʘʪʠ ʬʦʨʤʫ 

ʧʽʩʣʷ ʙʘʛʘʪʦʨʘʟʦʚʠʭ ʟʛʠʥʘʥʴ [33-35]. ɺʠʙʽʨ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʪʘʢʠʭ ʰʪʘʥʛ ʚʘʨʽʶʻʪʴʩʷ 

ʚʽʜ ʢʣʘʩʠʯʥʠʭ ʚʫʛʣʝʮʝʚʠʭ ʚʦʣʦʢʦʥ ʜʦ ʩʫʯʘʩʥʠʭ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ 

ʜʦʟʚʦʣʷʶʪʴ ʜʦʩʷʛʪʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʤʽʮʥʽʩʪʶ ʪʘ ʚʘʛʦʶ. 

ɿʘʤʢʥʫʪʠʡ ʧʝʨʝʨʽʟ, ʷʢ ʧʨʘʚʠʣʦ, ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʫ ʞʦʨʩʪʢʽʩʪʴ ʜʦ ʢʨʫʪʽʥʥʷ 

ʧʦʨʽʚʥʷʥʦ ʟ ʥʝʟʘʤʢʥʫʪʠʤʠ ʧʝʨʝʨʽʟʘʤʠ, ʱʦ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ ʜʣʷ ʢʦʥʩʪʨʫʢʮʽʡ, ʷʢʽ 

ʤʘʶʪʴ ʩʪʘʙʽʣʴʥʦ ʫʪʨʠʤʫʚʘʪʠ ʬʦʨʤʫ ʧʽʜ ʯʘʩ ʚʧʣʠʚʫ ʢʦʩʤʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ʅʘʧʨʠʢʣʘʜ, ʜʚʦʰʘʨʦʚʽ ʘʙʦ ʙʘʛʘʪʦʰʘʨʦʚʽ ʢʦʤʧʦʟʠʪʠ ʥʘ ʦʩʥʦʚʽ ʤʘʪʨʠʮʴ ʽʟ ʨʽʟʥʠʤʠ 

ʤʦʜʫʣʷʤʠ ʧʨʫʞʥʦʩʪʽ ʪʘ ʞʦʨʩʪʢʦʩʪʽ ʜʦʟʚʦʣʷʶʪʴ ʧʦʢʨʘʱʠʪʠ ʩʪʘʙʽʣʴʥʽʩʪʴ 
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ʨʦʟʛʦʨʪʘʥʥʷ, ʘʜʞʝ ʚʥʫʪʨʽʰʥʷ ʝʣʘʩʪʠʯʥʘ ʥʘʧʨʫʛʘ ʩʧʨʠʷʻ ʟʙʝʨʝʞʝʥʥʶ ʬʦʨʤʠ 

ʢʦʥʩʪʨʫʢʮʽʾ ʧʽʩʣʷ ʨʦʟʛʦʨʪʘʥʥʷ. 

ʆʜʥʽʻʶ ʟ ʚʘʞʣʠʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘʢʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʻ ʾʭʥʷ ʜʠʥʘʤʽʢʘ 

ʨʦʟʛʦʨʪʘʥʥʷ. ʂʦʤʧʦʟʠʪʥʽ ʰʪʘʥʛʠ ʟʙʝʨʽʛʘʶʪʴ ʥʘʢʦʧʠʯʝʥʫ ʧʨʫʞʥʫ ʝʥʝʨʛʽʶ, ʷʢʘ 

ʟʘʙʝʟʧʝʯʫʻ ʧʨʦʮʝʩ ʨʦʟʛʦʨʪʘʥʥʷ, ʦʜʥʘʢ ʪʦʯʥʝ ʢʝʨʫʚʘʥʥʷ ʰʚʠʜʢʽʩʪʶ ʡ ʢʽʥʮʝʚʠʤ 

ʧʦʣʦʞʝʥʥʷʤ ʢʦʥʩʪʨʫʢʮʽʾ ʻ ʩʢʣʘʜʥʠʤ ʟʘʚʜʘʥʥʷʤ. ɺʠʙʽʨ ʢʦʥʬʽʛʫʨʘʮʽʾ ʧʝʨʝʨʽʟʫ ʡ 

ʤʘʪʝʨʽʘʣʫ ʚʧʣʠʚʘʻ ʥʘ ʪʝ, ʷʢ ʰʪʘʥʛʘ ʨʦʟʛʦʨʪʘʻʪʴʩʷ ʪʘ ʥʘʙʫʚʘʻ ʟʘʜʘʥʦʾ ʬʦʨʤʠ ʚ 

ʢʦʩʤʽʯʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʜʝ ʚʽʜʩʫʪʥʽ ʘʪʤʦʩʬʝʨʥʽ ʬʘʢʪʦʨʠ, ʱʦ ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʥʘ 

ʧʨʦʮʝʩ ʨʦʟʛʦʨʪʘʥʥʷ. ɼʠʥʘʤʽʯʥʽ ʤʦʜʝʣʽ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʤʝʪʦʜʘʭ ʢʽʥʮʝʚʠʭ ʝʣʝʤʝʥʪʽʚ, 

ʜʦʧʦʤʘʛʘʶʪʴ ʫ ʚʠʟʥʘʯʝʥʥʽ ʦʧʪʠʤʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʩʪʽʡʢʦʛʦ ʨʦʟʛʦʨʪʘʥʥʷ, ʘ 

ʪʘʢʦʞ ʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʥʝʙʘʞʘʥʠʭ ʢʦʣʠʚʘʥʴ.  

ʂʣʶʯʦʚʠʤʠ ʚʠʢʣʠʢʘʤʠ ʧʨʠ ʨʦʟʨʦʙʮʽ ʢʦʤʧʦʟʠʪʥʠʭ ʰʪʘʥʛ ʽʟ ʟʘʢʨʠʪʠʤ ʧʝʨʝʨʽʟʦʤ 

ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʦʯʥʦʩʪʽ ʨʦʟʛʦʨʪʘʥʥʷ, ʦʩʦʙʣʠʚʦ ʟ ʦʛʣʷʜʫ ʥʘ ʤʦʞʣʠʚʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ 

ʜʝʬʦʨʤʘʮʽʡ ʧʽʜ ʯʘʩ ʩʢʣʘʜʘʥʥʷ ʘʙʦ ʚ ʧʨʦʮʝʩʽ ʨʦʟʛʦʨʪʘʥʥʷ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ 

ʦʩʦʙʣʠʚʫ ʫʚʘʛʫ ʧʨʠʜʽʣʷʶʪʴ ʢʦʥʪʨʦʣʶ ʬʦʨʤʠ ʡ ʧʦʣʦʞʝʥʥʷ ʰʪʘʥʛ ʧʽʩʣʷ ʨʦʟʛʦʨʪʘʥʥʷ. 

ʅʘʧʨʠʢʣʘʜ, ʩʧʝʮʽʘʣʴʥʽ ʜʘʪʯʠʢʠ ʤʦʞʫʪʴ ʜʦʧʦʤʦʛʪʠ ʩʢʦʨʠʛʫʚʘʪʠ ʥʝʟʥʘʯʥʽ ʚʽʜʭʠʣʝʥʥʷ 

ʰʣʷʭʦʤ ʟʤʽʥʠ ʚʥʫʪʨʽʰʥʽʭ ʩʠʣ ʫ ʤʘʪʝʨʽʘʣʽ. ʋ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʪʦʯʥʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʦʜʘʪʢʦʚʽ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʽ ʩʠʩʪʝʤʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʤʽʢʨʦʢʦʨʠʛʫʚʘʥʥʷ ʬʦʨʤʠ ʚ ʧʨʦʮʝʩʽ ʨʦʟʛʦʨʪʘʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʜʣʷ ʰʪʘʥʛ ʽʟ ʟʘʤʢʥʫʪʠʤ 

ʧʝʨʝʨʽʟʦʤ ʚʘʞʣʠʚʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʻ ʜʦʚʛʦʚʽʯʥʽʩʪʴ, ʘʜʞʝ ʢʦʩʤʽʯʥʝ ʩʝʨʝʜʦʚʠʱʝ 

ʩʪʘʚʠʪʴ ʞʦʨʩʪʢʽ ʚʠʤʦʛʠ ʜʦ ʤʘʪʝʨʽʘʣʽʚ. ʊʝʩʪʠ ʥʘ ʤʽʮʥʽʩʪʴ, ʟʦʢʨʝʤʘ, ʨʦʟʨʘʭʦʚʘʥʽ ʥʘ 

ʙʘʛʘʪʦʨʘʟʦʚʽ ʮʠʢʣʠ ʟʛʦʨʪʘʥʥʷ ʽ ʨʦʟʛʦʨʪʘʥʥʷ, ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʠʪʠ ʤʘʢʩʠʤʘʣʴʥʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʝ ʤʦʞʝ ʚʠʪʨʠʤʘʪʠ ʢʦʥʩʪʨʫʢʮʽʷ, ʘ ʪʘʢʦʞ ʚʠʷʚʠʪʠ ʩʣʘʙʢʽ ʤʽʩʮʷ, 

ʩʭʠʣʴʥʽ ʜʦ ʫʪʚʦʨʝʥʥʷ ʤʽʢʨʦʪʨʽʱʠʥ. ɿʦʢʨʝʤʘ, ʚʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʢʦʣʠʚʘʥʴ ʫ 

ʢʦʩʤʦʩʽ ʥʘ ʰʘʨʫʚʘʪʽ ʢʦʤʧʦʟʠʪʠ ʻ ʢʨʠʪʠʯʥʠʤ ʘʩʧʝʢʪʦʤ, ʦʩʢʽʣʴʢʠ ʢʦʞʝʥ ʰʘʨ ʤʦʞʝ 

ʨʝʘʛʫʚʘʪʠ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʽ ʟʤʽʥʠ ʧʦ-ʨʽʟʥʦʤʫ, ʱʦ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʨʦʟʪʨʽʩʢʫʚʘʥʥʷ 

ʘʙʦ ʚʪʨʘʪʠ ʮʽʣʽʩʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʯʘʩʦʤ. 

 



49 

 

1.2.4. ʊʦʥʢʦʩʪʽʥʥʽ ʮʠʣʽʥʜʨʠʯʥʽ ʩʪʨʽʣʦʚʽ ʩʠʩʪʝʤʠ 

ʆʢʨʽʤ ʰʪʘʥʛ ʟʘʢʨʠʪʦʛʦ ʧʝʨʝʨʽʟʫ ʜʦʚʦʣʽ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ 

ʢʦʩʤʽʯʥʠʭ ʤʽʩʽʡ ʪʦʥʢʦʩʪʽʥʥʠʭ ʮʠʣʽʥʜʨʠʯʥʠʭ ʩʪʨʽʣʦʚʠʭ ʩʠʩʪʝʤ, ʦʩʦʙʣʠʚʦ ʚ ʩʠʩʪʝʤʘʭ 

ʘʥʪʝʥ, ʩʦʥʷʯʥʠʭ ʧʘʥʝʣʝʡ ʽ ʥʘʫʢʦʚʠʭ ʧʨʠʣʘʜʽʚ, ʜʝ ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʜʽʡʥʽʩʪʴ, 

ʩʪʘʙʽʣʴʥʽʩʪʴ ʪʘ ʢʦʤʧʘʢʪʥʽʩʪʴ. ɿʘʚʜʷʢʠ ʩʚʦʾʡ ʧʨʦʩʪʽʡ ʛʝʦʤʝʪʨʽʾ, ʮʽ ʩʠʩʪʝʤʠ ʤʦʞʫʪʴ 

ʩʢʣʘʜʘʪʠʩʷ ʫ ʚʠʛʣʷʜʽ ʨʫʣʦʥʫ ʜʣʷ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʽ ʨʦʟʛʦʨʪʘʪʠʩʷ ʚ ʢʦʩʤʦʩʽ ʧʽʜ 

ʚʧʣʠʚʦʤ ʥʘʢʦʧʠʯʝʥʦʾ ʧʨʫʞʥʦʾ ʝʥʝʨʛʽʾ, ʱʦ ʨʦʙʠʪʴ ʾʭ ʧʨʠʚʘʙʣʠʚʠʤʠ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʫʤʦʚʘʭ ʦʙʤʝʞʝʥʦʛʦ ʧʨʦʩʪʦʨʫ ʪʘ ʚʽʜʩʫʪʥʦʩʪʽ ʜʦʩʪʫʧʫ ʜʦ ʩʢʣʘʜʥʠʭ 

ʤʝʭʘʥʽʟʤʽʚ ʜʣʷ ʨʦʟʛʦʨʪʘʥʥʷ.  

ʊʦʥʢʦʩʪʽʥʥʽ ʮʠʣʽʥʜʨʠʯʥʽ ʩʪʨʽʣʠ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʽʟ ʣʝʛʢʠʭ ʢʦʤʧʦʟʠʪʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʪʘʢʠʭ ʷʢ ʚʫʛʣʝʧʣʘʩʪʠʢʠ ʪʘ ʧʦʣʽʤʝʨʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʦʻʜʥʫʚʘʪʠ ʚʠʩʦʢʫ 

ʞʦʨʩʪʢʽʩʪʴ ʽ ʤʽʮʥʽʩʪʴ ʧʨʠ ʤʽʥʽʤʘʣʴʥʽʡ ʚʘʟʽ. ɿʘʚʜʷʢʠ ʾʭʥʽʡ ʮʠʣʽʥʜʨʠʯʥʽʡ ʬʦʨʤʽ ʪʘʢʽ 

ʢʦʥʩʪʨʫʢʮʽʾ ʤʦʞʫʪʴ ʚʠʪʨʠʤʫʚʘʪʠ ʟʥʘʯʥʽ ʦʩʴʦʚʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʘ ʪʦʥʢʦʩʪʽʥʥʘ 

ʩʪʨʫʢʪʫʨʘ ʟʘʙʝʟʧʝʯʫʻ ʜʦʩʪʘʪʥʶ ʛʥʫʯʢʽʩʪʴ ʜʣʷ ʢʦʤʧʘʢʪʥʦʛʦ ʟʛʦʨʪʘʥʥʷ. ʂʨʽʤ ʪʦʛʦ, 

ʨʽʟʥʽ ʰʘʨʠ ʢʦʤʧʦʟʠʪʽʚ ʫ ʩʪʽʥʮʽ ʮʠʣʽʥʜʨʘ ʤʦʞʫʪʴ ʙʫʪʠ ʧʽʜʽʙʨʘʥʽ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ 

ʤʽʮʥʦʩʪʽ ʜʦ ʢʦʥʢʨʝʪʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʥʘʧʨʠʢʣʘʜ, ʥʘ ʚʠʛʠʥ ʘʙʦ ʢʨʫʯʝʥʥʷ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʦʧʪʠʤʽʟʫʚʘʪʠ ʪʘʢʽ ʰʪʘʥʛʠ ʜʣʷ ʧʝʚʥʠʭ ʢʦʩʤʽʯʥʠʭ ʫʤʦʚ ʽ ʟʘʜʘʯ.  

ɼʠʥʘʤʽʢʘ ʨʦʟʛʦʨʪʘʥʥʷ ʪʦʥʢʦʩʪʽʥʥʠʭ ʩʪʨʽʣʦʚʠʭ ʩʠʩʪʝʤ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʤʘʪʝʨʽʘʣʴʥʠʭ ʽ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʪʘʢʠʭ ʷʢ ʪʦʚʱʠʥʘ ʩʪʽʥʢʠ, ʛʝʦʤʝʪʨʽʷ ʪʘ 

ʨʦʟʧʦʜʽʣ ʞʦʨʩʪʢʦʩʪʽ. ʆʜʠʥ ʟ ʦʩʥʦʚʥʠʭ ʚʠʢʣʠʢʽʚ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʮʠʭ ʩʠʩʪʝʤ ʫ 

ʢʦʩʤʦʩʽ ʧʦʣʷʛʘʻ ʚ ʫʥʠʢʥʝʥʥʽ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʢʦʣʠʚʘʥʴ ʧʽʜ ʯʘʩ ʨʦʟʛʦʨʪʘʥʥʷ, 

ʦʩʢʽʣʴʢʠ ʙʝʟ ʩʪʽʡʢʦʛʦ ʢʝʨʫʚʘʥʥʷ ʚʦʥʠ ʤʦʞʫʪʴ ʚʠʢʣʠʢʘʪʠ ʜʝʬʦʨʤʘʮʽʾ ʘʙʦ ʥʘʚʽʪʴ 

ʨʫʡʥʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ. ɼʣʷ ʪʦʛʦ ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʥʝʦʙʭʽʜʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘʢʠʭ 

ʩʠʩʪʝʤ ʧʽʜ ʚʧʣʠʚʦʤ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʫʤʦʚ ʢʦʩʤʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʪʘʢʽ ʷʢ ʚʘʢʫʫʤ, 

ʚʝʣʠʢʽ ʪʝʤʧʝʨʘʪʫʨʥʽ ʧʝʨʝʧʘʜʠ ʪʘ ʢʦʩʤʽʯʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʤʝʪʦʜʠ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʪʘ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ʐʠʨʦʢʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʷ ʪʦʥʢʦʩʪʽʥʥʠʭ ʩʪʨʽʣʦʚʠʭ ʩʠʩʪʝʤ ʥʘʙʫʣʠ ʤʝʪʦʜʠ ʩʢʽʥʯʝʥʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʪʘ ʩʠʩʪʝʤ ʟʚôʷʟʘʥʠʭ ʪʽʣ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʛʥʦʟʫʚʘʪʠ ʧʦʚʝʜʽʥʢʫ ʩʠʩʪʝʤʠ 



50 

 

ʧʽʜ ʯʘʩ ʨʦʟʛʦʨʪʘʥʥʷ ʪʘ ʚʠʟʥʘʯʘʪʠ ʦʧʪʠʤʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʜʣʷ ʢʦʥʪʨʦʣʶ ʩʪʽʡʢʦʩʪʽ ʪʘ 

ʪʦʯʥʦʩʪʽ ʢʽʥʮʝʚʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ. ʏʝʨʝʟ ʤʘʣʫ ʪʦʚʱʠʥʫ ʩʪʽʥʦʢ ʮʽ ʢʦʥʩʪʨʫʢʮʽʾ ʤʦʞʫʪʴ 

ʙʫʪʠ ʚʨʘʟʣʠʚʠʤʠ ʜʦ ʫʪʚʦʨʝʥʥʷ ʪʨʽʱʠʥ ʘʙʦ ʚʤ'ʷʪʠʥ ʧʽʜ ʜʽʻʶ ʧʦʚʪʦʨʶʚʘʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʧʽʜ ʯʘʩ ʟʘʧʫʩʢʫ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʙʘʛʘʪʦʰʘʨʦʚʠʭ 

ʢʦʤʧʦʟʠʪʽʚ ʽʟ ʨʽʟʥʦʶ ʞʦʨʩʪʢʽʩʪʶ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʩʪʽʡʢʽʩʪʴ ʜʦ ʮʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, 

ʦʜʥʘʢ ʥʝʦʙʭʽʜʥʽ ʜʦʜʘʪʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʩʪʨʫʢʪʫʨʠ ʤʘʪʝʨʽʘʣʽʚ, ʘʙʠ 

ʟʘʙʝʟʧʝʯʠʪʠ ʜʦʩʪʘʪʥʶ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʪʘ ʫʥʠʢʥʝʥʥʷ ʤʽʢʨʦʪʨʽʱʠʥ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʥʘʜʽʡʥʦʩʪʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʨʽʟʥʽ ʤʝʪʦʜʠ, ʥʘʧʨʠʢʣʘʜ ʟʤʽʮʥʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ ʧʦʢʨʠʪʪʽʚ ʽ ʨʦʟʨʦʙʢʘ ʢʦʤʧʦʟʠʪʽʚ ʟ ʚʠʩʦʢʦʶ ʩʪʽʡʢʽʩʪʶ ʜʦ 

ʟʥʦʰʫʚʘʥʥʷ. ʊʘʢʽ ʟʘʭʦʜʠ ʤʦʞʫʪʴ ʤʽʥʽʤʽʟʫʚʘʪʠ ʡʤʦʚʽʨʥʽʩʪʴ ʜʝʛʨʘʜʘʮʽʾ ʤʘʪʝʨʽʘʣʽʚ ʫ 

ʢʦʩʤʦʩʽ ʡ ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʣʝʞʥʠʡ ʨʽʚʝʥʴ ʥʘʜʽʡʥʦʩʪʽ ʧʨʦʪʷʛʦʤ ʪʨʠʚʘʣʠʭ ʤʽʩʽʡ. ɼʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʦʯʥʦʩʪʽ ʢʽʥʮʝʚʦʾ ʬʦʨʤʠ ʨʦʟʛʦʨʪʘʥʥʷ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʩʝʥʩʦʨʠ, ʷʢʽ 

ʜʦʟʚʦʣʷʶʪʴ ʬʽʢʩʫʚʘʪʠ ʧʦʪʦʯʥʫ ʬʦʨʤʫ ʪʘ ʧʦʣʦʞʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ. ʎʝ 

ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ ʜʣʷ ʚʝʣʠʢʠʭ ʧʨʷʤʦʣʽʥʽʡʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʘʙʦ ʧʘʥʝʣʝʡ, ʜʝ ʪʦʯʥʽʩʪʴ 

ʧʦʟʠʮʽʶʚʘʥʥʷ ʤʘʻ ʢʨʠʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʢʦʩʤʽʯʥʦʾ 

ʘʧʘʨʘʪʫʨʠ. ɼʝʷʢʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʧʦʥʫʶʪʴ ʜʦʧʦʚʥʝʥʥʷ ʰʪʘʥʛ ʩʠʩʪʝʤʘʤʠ ʘʢʪʠʚʥʦʛʦ 

ʢʦʥʪʨʦʣʶ, ʷʢʽ ʜʦʧʦʤʘʛʘʶʪʴ ʢʦʤʧʝʥʩʫʚʘʪʠ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʽ ʚʽʜʭʠʣʝʥʥʷ ʰʣʷʭʦʤ 

ʢʦʨʝʢʮʽʾ ʛʝʦʤʝʪʨʽʾ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. 

 

1.2.5. ɼʚʦʰʘʨʦʚʽ ʪʘ ʙʘʛʘʪʦʰʘʨʦʚʽ ʢʦʤʧʦʟʠʪʥʽ ʩʠʩʪʝʤʠ 

ɿʘʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ ʤʽʮʥʦʩʪʽ ʪʘ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʽʥʞʝʥʝʨʠ ʪʘ ʜʦʩʣʽʜʥʠʢʠ 

ʧʨʠʜʽʣʠʣʠ ʙʘʛʘʪʦ ʫʚʘʛʠ ʩʠʩʪʝʤʘʤ ʽʟ ʜʚʦʤʘ ʘʙʦ ʙʽʣʴʰʝ ʰʘʨʘʤʠ ʢʦʤʧʦʟʠʪʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ. ɺʠʨʽʰʝʥʥʷ ʪʘʢʠʭ ʟʘʜʘʯ ʧʨʠʟʚʝʣʦ ʜʦ ʪʦʛʦ, ʱʦ ʜʚʦʰʘʨʦʚʽ ʪʘ ʙʘʛʘʪʦʰʘʨʦʚʽ 

ʢʦʤʧʦʟʠʪʥʽ ʩʠʩʪʝʤʠ ʧʦʯʘʣʠ ʚʠʜʽʣʷʪʠ ʚ ʦʢʨʝʤʠʡ ʚʽʜ ʪʦʥʢʦʩʪʽʥʥʠʭ ʩʪʨʽʣʦʚʠʭ ʩʠʩʪʝʤ 

ʪʠʧ ʢʦʥʩʪʨʫʢʮʽʡ, ʛʦʣʦʚʥʦʶ ʚʽʜʤʽʥʥʽʩʪʶ ʷʢʦʛʦ ʩʪʘʣʘ ʩʘʤʝ ʙʘʛʘʪʦʰʘʨʦʚʘ ʩʪʨʫʢʪʫʨʘ 

ʢʦʥʩʪʨʫʢʮʽʾ, ʾʾ ʤʝʭʘʥʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʷʭ, ʘ ʪʘʢʦʞ ʫ ʩʧʦʩʦʙʽ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʩʪʘʙʽʣʴʥʦʩʪʽ ʪʘ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʡ ʚ ʫʤʦʚʘʭ ʢʦʩʤʦʩʫ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʙʘʛʘʪʦʰʘʨʦʚʦʾ ʩʪʨʫʢʪʫʨʠ ʜʦʟʚʦʣʷʻ ʢʦʤʙʽʥʫʚʘʪʠ ʰʘʨʠ ʟ ʨʽʟʥʠʤʠ ʤʝʭʘʥʽʯʥʠʤʠ 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʱʦ ʜʦʧʦʤʘʛʘʻ ʧʦʢʨʘʱʠʪʠ ʩʪʽʡʢʽʩʪʴ ʜʦ ʜʝʬʦʨʤʘʮʽʡ, ʟʜʘʪʥʽʩʪʴ 

ʚʠʪʨʠʤʫʚʘʪʠ ʟʥʘʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʟʘʭʠʩʪʠʪʠ ʢʦʥʩʪʨʫʢʮʽʶ ʚʽʜ ʥʝʛʘʪʠʚʥʠʭ 

ʚʧʣʠʚʽʚ ʢʦʩʤʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ɼʚʦʰʘʨʦʚʽ ʪʘ ʙʘʛʘʪʦʰʘʨʦʚʽ ʢʦʤʧʦʟʠʪʠ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʜʝʢʽʣʴʢʦʭ ʰʘʨʽʚ 

ʤʘʪʝʨʽʘʣʽʚ, ʢʦʞʝʥ ʟ ʷʢʠʭ ʤʦʞʝ ʤʘʪʠ ʫʥʽʢʘʣʴʥʽ ʤʝʭʘʥʽʯʥʽ ʡ ʪʝʨʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʚʠʩʦʢʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʞʦʨʩʪʢʦʩʪʽ ʡ ʛʥʫʯʢʦʩʪʽ 

ʦʜʥʦʯʘʩʥʦ. ɿʘʟʚʠʯʘʡ ʚʥʫʪʨʽʰʥʽ ʰʘʨʠ ʚʠʢʦʥʫʶʪʴ ʬʫʥʢʮʽʶ ʥʝʩʫʯʦʾ ʦʩʥʦʚʠ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʞʦʨʩʪʢʽʩʪʴ ʪʘ ʤʽʮʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ, ʪʦʜʽ ʷʢ ʟʦʚʥʽʰʥʽ ʰʘʨʠ ʤʦʞʫʪʴ 

ʚʠʢʦʥʫʚʘʪʠ ʟʘʭʠʩʥʫ ʨʦʣʴ, ʧʦʢʨʘʱʫʶʯʠ ʩʪʽʡʢʽʩʪʴ ʜʦ ʨʘʜʽʘʮʽʡʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʢʦʣʠʚʘʥʴ ʪʘ ʽʥʰʠʭ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʬʘʢʪʦʨʽʚ ʢʦʩʤʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ɺʫʛʣʝʮʝʚʽ ʚʦʣʦʢʥʘ, ʩʢʣʦʚʦʣʦʢʥʦ ʪʘ ʧʦʣʽʤʝʨʥʽ ʤʘʪʨʠʮʽ ʻ ʥʘʡʧʦʰʠʨʝʥʽʰʠʤʠ 

ʤʘʪʝʨʽʘʣʘʤʠ ʜʣʷ ʪʘʢʠʭ ʢʦʤʧʦʟʠʪʽʚ, ʘʜʞʝ ʚʦʥʠ ʜʦʟʚʦʣʷʶʪʴ ʜʦʩʷʛʪʠ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʙʘʣʘʥʩʫ ʤʽʞ ʤʽʮʥʽʩʪʶ ʡ ʚʘʛʦʶ. ɺʠʜʠ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʢʦʤʧʦʟʠʪʥʠʭ ʰʪʘʥʛ ʟʦʙʨʘʞʝʥʦ 

ʥʘ ʈʠʩʫʥʢʫ ɹ.19.  

ɿʘʜʘʯʘ ʨʦʟʛʦʨʪʘʥʥʷ ʪʘʢʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘʢʦʞ ʻ ʩʢʣʘʜʥʽʰʦʶ ʟʘ ʨʦʟʛʦʨʪʘʥʥʷ 

ʪʦʥʢʦʩʪʽʥʥʠʭ ʰʪʘʥʛ, ʦʧʠʩʘʥʠʭ ʚ ʤʠʥʫʣʦʤʫ ʧʽʜʨʦʟʜʽʣʽ. ʆʩʢʽʣʴʢʠ ʢʦʞʝʥ ʰʘʨ 

ʤʘʪʝʨʽʘʣʫ ʤʦʞʝ ʤʘʪʠ ʨʽʟʥʽ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʟʘʛʘʣʴʥʫ 

ʞʦʨʩʪʢʽʩʪʴ ʽ ʛʥʫʯʢʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ, ʪʦʤʫ ʜʣʷ ʘʥʘʣʽʟʫ ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʦʪʨʽʙʥʦ, ʟʘʟʚʠʯʘʡ, ʙʽʣʴʰʝ ʨʦʟʨʘʭʫʥʢʽʚ. ʈʽʟʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʩʪʚʦʨʶʶʪʴ 

ʧʦʪʝʥʮʽʡʥʽ ʧʨʦʙʣʝʤʠ ʟ ʢʝʨʫʚʘʥʥʷʤ ʨʦʟʛʦʨʪʘʥʥʷ, ʦʩʦʙʣʠʚʦ ʧʽʜ ʯʘʩ ʟʛʦʨʪʘʥʥʷ ʡ 

ʨʦʟʛʦʨʪʘʥʥʷ ʚ ʫʤʦʚʘʭ ʤʽʢʨʦʛʨʘʚʽʪʘʮʽʾ, ʢʦʣʠ ʥʘʢʦʧʠʯʝʥʘ ʚʥʫʪʨʽʰʥʷ ʥʘʧʨʫʛʘ ʤʦʞʝ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʤʽʢʨʦʪʨʽʱʠʥ ʘʙʦ ʧʦʨʫʰʝʥʴ ʫ ʩʪʨʫʢʪʫʨʽ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʠʭ ʧʨʦʙʣʝʤ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʯʠʩʝʣʴʥʽ ʤʦʜʝʣʽ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ 

ʜʦʧʦʤʘʛʘʶʪʴ ʦʧʪʠʤʽʟʫʚʘʪʠ ʰʘʨʠ ʢʦʤʧʦʟʠʪʫ ʜʣʷ ʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ 

ʥʘʚʘʥʪʘʞʝʥʴ ʧʽʜ ʯʘʩ ʨʦʟʛʦʨʪʘʥʥʷ ʽ ʟʤʝʥʰʝʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʥʘʧʨʫʞʝʥʴ, ʷʢʽ ʤʦʞʫʪʴ 

ʚʧʣʠʥʫʪʠ ʥʘ ʢʽʥʮʝʚʫ ʬʦʨʤʫ ʡ ʩʪʽʡʢʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ.  

ʆʜʥʽʻʶ ʟ ʢʣʶʯʦʚʠʭ ʧʝʨʝʚʘʛ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʢʦʤʧʦʟʠʪʽʚ ʻ ʾʭʥʷ ʩʪʽʡʢʽʩʪʴ ʜʦ 

ʟʦʚʥʽʰʥʽʭ ʚʧʣʠʚʽʚ, ʟʦʢʨʝʤʘ ʜʦ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʢʦʣʠʚʘʥʴ, ʨʘʜʽʘʮʽʡʥʦʛʦ 
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ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʤʽʢʨʦʤʝʪʝʦʨʠʪʥʠʭ ʫʜʘʨʽʚ, ʱʦ ʻ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʠʤ ʜʣʷ 

ʢʦʩʤʽʯʥʠʭ ʤʽʩʽʡ ʪʨʠʚʘʣʦʛʦ ʪʝʨʤʽʥʫ. ʐʘʨʠ ʢʦʤʧʦʟʠʪʫ ʤʦʞʫʪʴ ʚʠʢʦʥʫʚʘʪʠ ʨʽʟʥʽ 

ʦʢʨʝʤʽ ʬʫʥʢʮʽʾ: ʟʘʭʠʩʪ ʚʽʜ ʨʘʜʽʘʮʽʾ, ʪʝʨʤʽʯʥʘ ʩʪʽʡʢʽʩʪʴ ʘʙʦ ʤʝʭʘʥʽʯʥʘ ʞʦʨʩʪʢʽʩʪʴ. ʎʝ 

ʧʽʜʚʠʱʫʻ ʩʪʽʡʢʽʩʪʴ ʜʦ ʜʦʚʛʦʪʨʠʚʘʣʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʫʤʦʚ, ʘʣʝ ʪʘʢʦʞ ʟʙʽʣʴʰʫʻ 

ʩʢʣʘʜʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʧʦʪʨʝʙʫ ʫ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʥʘ ʩʫʤʽʩʥʽʩʪʴ ʤʘʪʝʨʽʘʣʽʚ ʤʽʞ 

ʰʘʨʘʤʠ. ʇʨʦʪʝ ʙʘʛʘʪʦʰʘʨʦʚʽ ʢʦʤʧʦʟʠʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʨʘʟʣʠʚʠʤʠ ʜʦ 

ʨʦʟʪʨʽʩʢʫʚʘʥʥʷ ʘʙʦ ʜʝʣʘʤʽʥʘʮʽʾ (ʚʽʜʰʘʨʫʚʘʥʥʷ ʤʽʞ ʰʘʨʘʤʠ), ʱʦ ʟʥʠʞʫʻ ʟʘʛʘʣʴʥʫ 

ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʠʭ ʧʨʦʙʣʝʤ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʩʧʝʮʽʘʣʴʥʽ ʧʦʢʨʠʪʪʷ, ʱʦ ʧʽʜʚʠʱʫʶʪʴ ʤʽʮʥʽʩʪʴ ʟʚôʷʟʢʽʚ ʤʽʞ ʰʘʨʘʤʠ, ʘ ʪʘʢʦʞ 

ʜʦʜʘʪʢʦʚʝ ʘʨʤʫʚʘʥʥʷ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʨʠʟʠʢʽʚ ʫʪʚʦʨʝʥʥʷ ʪʨʽʱʠʥʠ ʫ ʧʨʦʮʝʩʽ 

ʩʢʣʘʜʘʥʥʷ ʪʘ ʨʦʟʛʦʨʪʘʥʥʷ. ɹʘʛʘʪʦʰʘʨʦʚʽ ʢʦʤʧʦʟʠʪʠ ʚʠʤʘʛʘʶʪʴ ʨʝʪʝʣʴʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʾʭʥʽʭ ʩʪʨʫʢʪʫʨʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʟʦʢʨʝʤʘ ʰʣʷʭʦʤ ʥʘʪʫʨʥʠʭ 

ʚʠʧʨʦʙʫʚʘʥʴ ʽ ʯʠʩʝʣʴʥʦʛʦ ʪʘ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ 

ʧʨʠʜʽʣʷʶʪʴ ʘʥʘʣʽʟʫ ʧʦʚʝʜʽʥʢʠ ʤʘʪʝʨʽʘʣʫ ʧʨʠ ʟʤʽʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʦʮʽʥʮʽ ʨʦʟʧʦʜʽʣʫ 

ʥʘʧʨʫʞʝʥʴ ʧʽʜ ʜʽʻʶ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʙʘʛʘʪʦʰʘʨʦʚʽ 

ʢʦʤʧʦʟʠʪʠ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʘʜʽʡʥʠʭ ʽ ʣʝʛʢʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ, ʷʢʽ ʤʦʞʫʪʴ ʚʠʪʨʠʤʘʪʠ ʪʨʠʚʘʣʽ ʢʦʩʤʽʯʥʽ ʤʽʩʽʾ. ʆʜʥʘʢ ʜʣʷ ʯʘʩʪʽʰʦʛʦ ʾʭ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʂʂʊ ʥʝʦʙʭʽʜʥʽ ʜʦʜʘʪʢʦʚʽ ʪʘ ʜʦʚʦʣʽ ʩʢʣʘʜʥʽ 

ʝʢʩʧʝʨʠʤʝʥʪʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʢʦʤʙʽʥʘʮʽʡ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʾʭʥʽʭ 

ʩʪʨʫʢʪʫʨʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

 

1.2.6. ʉʪʨʠʞʥʝʚʽ ʢʦʥʩʪʨʫʢʮʽʾ ʢʦʩʤʽʯʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ 

ʑʝ ʟ ʩʝʨʝʜʠʥʠ ʤʠʥʫʣʦʛʦ ʩʪʦʨʽʯʯʷ ʽʥʞʝʥʝʨʠ ʪʘ ʜʦʩʣʽʜʥʠʢʠ ʫ ʛʘʣʫʟʽ ʢʦʩʤʽʯʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʚʝʣʠʢʫ ʫʚʘʛʫ ʧʨʠʜʽʣʷʣʠ ʩʘʤʝ ʩʪʨʠʞʥʝʚʠʤ ʢʦʥʩʪʨʫʢʮʽʷʤ, ʷʢʽ ʡ ʜʦ 

ʩʴʦʛʦʜʝʥʥʷ ʤʘʶʪʴ ʚʝʣʠʢʠʡ ʩʧʝʢʪʨ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘ ʚʽʜʽʛʨʘʶʪʴ ʟʥʘʯʥʫ ʨʦʣʴ ʚ ʫʩʧʽʭʫ 

ʢʦʩʤʽʯʥʠʭ ʤʽʩʽʡ. ʆʢʨʝʤʦ ʧʦʪʨʽʙʥʦ ʚʠʜʽʣʠʪʠ ʨʽʟʥʦʤʘʥʽʪʪʷ ʪʘʢʠʭ ʢʦʥʩʪʨʫʢʮʽʡ [36-38], 

ʷʢʝ ʡ ʜʘʣʽ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʘʣʝ ʫ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʮʽʻʾ ʨʦʙʦʪʠ ʭʦʪʽʣʦʩʷ ʙ ʧʨʠʜʽʣʠʪʠ ʫʚʘʛʫ 

ʩʘʤʝ ʦʧʦʨʥʠʤ ʂʂʊ. ʎʝʡ ʪʠʧ ʂʂʊ ʚʢʣʶʯʘʻ, ʟʦʢʨʝʤʘ, ʬʝʨʤʦʚʽ ʢʦʥʩʪʨʫʢʮʽʾ, ʥʘʚʝʜʝʥʽ 
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ʥʘ ʈʠʩʫʥʢʫ ɹ.20a, ʤʘʥʽʧʫʣʷʪʦʨʠ, ʥʘʚʝʜʝʥʽ ʥʘ ʈʠʩʫʥʢʫ ɹ.20b, ʩʪʨʽʣʠ, ʥʘʚʝʜʝʥʽ ʥʘ 

ʈʠʩʫʥʢʫ ɹ.20c, ʪʘ ʰʪʘʥʛʠ, ʱʦ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʥʘ ʈʠʩʫʥʢʫ ɹ.20d, ʷʢʽ ʚʽʜʽʛʨʘʶʪʴ 

ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʨʦʟʛʦʨʪʘʥʥʽ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ, ʧʦʟʠʮʽʶʚʘʥʥʽ ʢʦʨʠʩʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʘ ʪʘʢʦʞ ʫ ʧʨʦʚʝʜʝʥʥʽ ʩʢʣʘʜʥʠʭ ʦʧʝʨʘʮʽʡ ʫ ʚʽʜʢʨʠʪʦʤʫ ʢʦʩʤʦʩʽ, ʪʘʢʠʭ 

ʷʢ, ʥʘʧʨʠʢʣʘʜ, ʤʘʥʽʧʫʣʷʮʽʾ ʟ ʢʦʩʤʽʯʥʠʤ ʩʤʽʪʪʷʤ ʯʠ ʟʙʠʨʘʥʥʷ ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʦʨʙʽʪʽ. ʈʦʟʚʠʪʦʢ ʢʦʩʤʽʯʥʠʭ ʩʪʨʠʞʥʝʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʧʨʠʚʽʚ ʜʦ 

ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ ʾʭ ʧʽʜʚʠʜʽʚ, ʚʢʣʶʯʘʶʯʠ ʰʪʘʥʛʠ ʽʟ ʩʝʢʮʽʡʥʦʶ ʩʪʨʫʢʪʫʨʦʶ, 

ʧʨʠʢʣʘʜʠ ʷʢʠʭ ʥʘʚʝʜʝʥʦ ʥʘ ʈʠʩʫʥʢʫ ɹ.20, ʢʦʥʩʪʨʫʢʮʽʾ ʥʦʞʠʯʥʦʛʦ ʪʠʧʫ [39, 40], 

ʛʥʫʯʢʽ ʤʘʥʽʧʫʣʷʪʦʨʠ ʟʽ ʟʤʽʥʥʦʶ ʛʝʦʤʝʪʨʽʻʶ, ʪʝʣʝʩʢʦʧʽʯʥʽ ʰʪʘʥʛʠ ʪʘ ʩʪʨʽʣʦʧʦʜʽʙʥʽ 

ʂʂʊ [42]. ʂʦʞʝʥ ʟ ʧʽʜʚʠʜʽʚ ʤʘʻ ʫʥʽʢʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʾʭʥʶ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʧʨʘʢʪʠʯʥʽʩʪʴ ʜʣʷ ʢʦʥʢʨʝʪʥʠʭ ʟʘʚʜʘʥʴ. ʅʘʧʨʠʢʣʘʜ, ʪʝʣʝʩʢʦʧʽʯʥʽ 

ʩʠʩʪʝʤʠ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʪʦʯʥʦʛʦ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʚʘʞʯʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ 

ʘʙʦ ʧʨʠʩʪʨʦʾʚ.  

ʊʘʢʦʞ, ʩʪʨʠʞʥʝʚʽ ʢʦʥʩʪʨʫʢʮʽʾ ʧʦʜʽʣʷʶʪʴ ʥʘ ʧʽʜʚʠʜʠ ʟʘʣʝʞʥʦ ʚʽʜ ʩʧʦʩʦʙʫ ʷʢʠʤ 

ʩʠʩʪʝʤʘ ʧʨʠʚʦʜʠʪʴʩʷ ʜʦ ʨʫʭʫ, ʥʘʧʨʠʢʣʘʜ, ʨʦʟʛʦʨʪʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʠ ʝʣʝʢʪʨʦʤʦʪʦʨʽʚ, 

ʘʙʦ ʞ ʟʘ ʜʦʧʦʤʦʛʠ ʪʨʦʩʦʚʠʭ ʩʠʩʪʝʤ [44]. 

ʆʩʥʦʚʥʽ ʚʠʢʣʠʢʠ ʚ ʜʦʩʣʽʜʞʝʥʥʽ ʪʘ ʧʨʦʝʢʪʫʚʘʥʥʽ ʩʪʨʠʞʥʝʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʢʦʩʤʽʯʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʧʦʚ'ʷʟʘʥʽ ʟ ʥʝʦʙʭʽʜʥʽʩʪʶ ʦʧʪʠʤʘʣʴʥʦʛʦ ʙʘʣʘʥʩʫʚʘʥʥʷ 

ʤʽʮʥʦʩʪʽ, ʞʦʨʩʪʢʦʩʪʽ ʪʘ ʟʜʘʪʥʦʩʪʽ ʜʦ ʨʦʟʛʦʨʪʘʥʥʷ ʚ ʫʤʦʚʘʭ ʥʠʟʴʢʦʾ ʛʨʘʚʽʪʘʮʽʾ[43-45]. 

ʄʝʪʦʜʠ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʚʽʜʽʛʨʘʶʪʴ 

ʚʠʨʽʰʘʣʴʥʫ ʨʦʣʴ ʫ ʚʠʟʥʘʯʝʥʥʽ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘʢʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʽ 

ʧʨʦʛʥʦʟʫʚʘʥʥʽ ʾʭʥʴʦʾ ʧʦʚʝʜʽʥʢʠ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ [46-50]. ʐʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʝʪʦʜʠ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʜʠʥʘʤʽʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ, ʘ ʪʘʢʦʞ 

ʤʦʜʝʣʶʚʘʥʥʷ ʫ ʚʠʛʣʷʜʽ ʩʠʩʪʝʤʠ ʧʦʚôʷʟʘʥʠʭ ʪʽʣ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʜʝʪʘʣʽʟʫʚʘʪʠ 

ʚʥʫʪʨʽʰʥʽ ʥʘʧʨʫʛʠ ʡ ʜʝʬʦʨʤʘʮʽʾ, ʟʦʢʨʝʤʘ ʧʽʜ ʯʘʩ ʧʨʦʮʝʩʫ ʨʦʟʛʦʨʪʘʥʥʷ [52-53]. ɯʟ 

ʨʦʟʚʠʪʢʦʤ ʢʦʤʝʨʮʽʡʥʠʭ ʢʦʩʤʽʯʥʠʭ ʧʨʦʝʢʪʽʚ ʽ ʟʨʦʩʪʘʥʥʷʤ ʽʥʪʝʨʝʩʫ ʜʦ ʜʘʣʝʢʠʭ ʤʽʩʽʡ 

ʟʨʦʩʪʘʻ ʧʦʪʨʝʙʘ ʫ ʚʠʩʦʢʦ ʘʜʘʧʪʠʚʥʠʭ ʤʘʥʽʧʫʣʷʪʦʨʘʭ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʥʘʥʥʷ 

ʮʽʣʝʡ ʢʦʩʤʽʯʥʠʭ ʤʽʩʽʡ. ʉʪʨʠʞʥʝʚʽ ʢʦʥʩʪʨʫʢʮʽʾ ʜʦʟʚʦʣʷʶʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʫ 
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ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚ ʟʥʘʯʥʠʭ ʨʝʩʫʨʩʘʭ, ʱʦ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʫ 

ʫʤʦʚʘʭ ʢʦʩʤʦʩʫ. ʆʢʨʽʤ ʪʦʛʦ, ʮʽ ʩʠʩʪʝʤʠ ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʶʪʴ ʘʚʪʦʥʦʤʥʽʩʪʴ ʦʧʝʨʘʮʽʡ, 

ʟʥʠʞʫʶʯʠ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʣʶʜʩʴʢʦʛʦ ʚʪʨʫʯʘʥʥʷ ʽ ʧʦʣʝʛʰʫʶʯʠ ʢʝʨʫʚʘʥʥʷ ʩʢʣʘʜʥʠʤʠ 

ʟʘʚʜʘʥʥʷʤʠ ʥʘ ʚʽʜʩʪʘʥʽ. 

ɿ ʦʛʣʷʜʫ ʥʘ ʚʘʞʣʠʚʽʩʪʴ ʮʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʫ ʩʫʯʘʩʥʽʡ ʢʦʩʤʽʯʥʽʡ ʛʘʣʫʟʽ, ʾʭʥʻ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʽ ʧʦʜʘʣʴʰʝ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʥʝ ʣʠʰʝ ʪʝʭʥʦʣʦʛʽʯʥʠʤ, ʘʣʝ ʡ 

ʝʢʦʥʦʤʽʯʥʠʤ ʧʨʽʦʨʠʪʝʪʦʤ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ ʥʘʜʽʡʥʽʩʪʴ ʽ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʢʦʩʤʽʯʥʠʭ ʤʽʩʽʡ. 

 

1.2.7. ʐʪʘʥʛʠ ʽʟ ʩʝʢʮʽʡʥʦʶ ʩʪʨʫʢʪʫʨʦʶ 

ʐʪʘʥʛʠ ʽʟ ʩʝʢʮʽʡʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʻ ʥʝʚʽʜôʻʤʥʦʶ ʯʘʩʪʠʥʦʶ ʙʘʛʘʪʴʦʭ ʢʦʩʤʽʯʥʠʭ 

ʘʧʘʨʘʪʽʚ ʟʘʚʜʷʢʠ ʚʠʩʦʢʽʡ ʤʽʮʥʦʩʪʽ ʪʘ ʟʜʘʪʥʦʩʪʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʪʦʯʥʝ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ 

ʚʝʣʠʢʠʭ ʦʙôʻʢʪʽʚ ʥʘ ʦʨʙʽʪʽ. ʎʝʡ ʪʠʧ ʢʦʥʩʪʨʫʢʮʽʡ ʟʜʘʪʥʠʡ ʚʠʪʨʠʤʫʚʘʪʠ ʟʥʘʯʥʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠ ʟʙʝʨʝʞʝʥʥʽ ʩʪʘʙʽʣʴʥʦʩʪʽ ʬʦʨʤʠ, ʱʦ ʻ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʠʤ ʫ 

ʩʢʣʘʜʥʠʭ ʢʦʩʤʽʯʥʠʭ ʫʤʦʚʘʭ. ʊʘʢʽ ʩʠʩʪʝʤʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʟʘʜʘʯ ʟ 

ʪʦʯʥʦʛʦ ʧʦʟʠʮʽʶʚʘʥʥʷ ʚʝʣʠʢʠʭ ʝʣʝʤʝʥʪʽʚ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ, ʪʘʢʠʭ ʷʢ ʘʥʪʝʥʠ, 

ʪʝʣʝʩʢʦʧʠ, ʧʘʥʝʣʽ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ ʪʦʱʦ.  

Cʝʢʮʽʡʥʽ ʰʪʘʥʛʠ ʥʘʙʫʣʠ ʰʠʨʦʢʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʤʦʜʫʣʽ ʚʝʣʠʢʠʭ 

ʦʨʙʽʪʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʨʦʙʦʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤʘʭ, ʱʦ ʦʙʩʣʫʛʦʚʫʶʪʴ ʽʥʰʽ ʘʧʘʨʘʪʠ, 

ʪʘ ʜʣʷ ʧʦʟʠʮʽʶʚʘʥʥʷ ʢʦʩʤʽʯʥʠʭ ʘʥʪʝʥ. ʇʝʨʝʚʘʛʦʶ ʪʘʢʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʻ ʟʜʘʪʥʽʩʪʴ ʜʦ 

ʪʨʠʚʘʣʦʛʦ ʟʙʝʨʽʛʘʥʥʷ ʫ ʢʦʤʧʘʢʪʥʦʤʫ ʚʠʛʣʷʜʽ ʪʘ ʰʚʠʜʢʦʤʫ ʨʦʟʛʦʨʪʘʥʥʽ, ʷʢʝ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʥʘʜʽʡʥʠʤʠ ʰʘʨʥʽʨʥʠʤʠ ʟôʻʜʥʘʥʥʷʤʠ ʤʽʞ ʩʝʢʮʽʷʤʠ. ʐʪʘʥʛʠ ʟ 

ʩʝʢʮʽʡʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʢʽʣʴʢʦʭ ʞʦʨʩʪʢʠʭ ʩʝʛʤʝʥʪʽʚ, ʷʢʽ ʟôʻʜʥʘʥʽ 

ʰʘʨʥʽʨʘʤʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʽʜʚʠʱʝʥʫ ʞʦʨʩʪʢʽʩʪʴ ʪʘ ʩʪʽʡʢʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ ʫ 

ʨʦʟʛʦʨʥʫʪʦʤʫ ʩʪʘʥʽ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʈʠʩʫʥʢʫ ɹ.21. ʎʽ ʟôʻʜʥʘʥʥʷ ʯʘʩʪʦ ʩʪʚʦʨʶʶʪʴʩʷ 

ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʬʽʢʩʫʚʘʪʠ ʢʦʞʝʥ ʦʢʨʝʤʠʡ ʩʝʛʤʝʥʪ ʧʽʩʣʷ ʨʦʟʛʦʨʪʘʥʥʷ, 

ʟʘʙʝʟʧʝʯʫʶʯʠ ʩʪʘʙʽʣʴʥʫ ʧʦʩʪʽʡʥʫ ʞʦʨʩʪʢʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ. ʎʝ ʜʦʟʚʦʣʷʻ ʫʥʠʢʥʫʪʠ 

ʜʝʬʦʨʤʘʮʽʡ, ʱʦ ʤʦʞʫʪʴ ʚʠʥʠʢʥʫʪʠ ʧʽʜ ʜʽʻʶ ʟʦʚʥʽʰʥʽʭ ʥʘʚʘʥʪʘʞʝʥʴ ʪʘ ʟʙʝʨʽʛʘʪʠ 
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ʪʦʯʥʽʩʪʴ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ, ʱʦ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʟʘʜʘʯ ʚ ʫʤʦʚʘʭ 

ʚʽʜʢʨʠʪʦʛʦ ʢʦʩʤʦʩʫ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʂʂʊ ʮʴʦʛʦ ʪʠʧʫ ʤʦʞʫʪʴ ʤʘʪʠ 

ʧʦʧʝʨʝʯʥʠʡ ʧʝʨʝʨʽʟ ʪʨʠʢʫʪʥʦʾ, ʢʨʫʛʣʦʾ, ʪʨʫʙʯʘʩʪʦʾ, ʢʚʘʜʨʘʪʥʦʾ, ʘʙʦ ʽʥʰʦʾ 

ʩʧʝʮʠʬʽʯʥʦʾ ʬʦʨʤʠ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʪʨʽʙʥʠʭ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʟʦʢʨʝʤʘ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʞʦʨʩʪʢʦʩʪʽ ʘʙʦ ʤʽʥʽʤʘʣʴʥʦʾ ʚʘʛʠ.  

ʊʘʢʽ ʰʪʘʥʛʠ ʟʥʘʭʦʜʷʪʴ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʢʦʩʤʽʯʥʠʭ ʨʦʙʦʪʘʭ ʪʘ 

ʤʘʥʽʧʫʣʷʪʦʨʘʭ, ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ ʪʦʯʥʦʾ ʬʽʢʩʘʮʽʾ ʪʘ ʩʪʽʡʢʦʩʪʽ, ʥʘʧʨʠʢʣʘʜ, ʧʨʠ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ ʩʫʧʫʪʥʠʢʽʚ, ʚʠʚʝʜʝʥʥʷ ʥʘʫʢʦʚʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʫ ʧʝʚʥʝ ʧʦʣʦʞʝʥʥʷ ʫ 

ʚʽʜʢʨʠʪʦʤʫ ʢʦʩʤʦʩʽ ʘʙʦ ʚʩʪʘʥʦʚʣʝʥʥʽ ʥʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʦʨʙʽʪʘʣʴʥʠʭ ʩʪʘʥʮʽʡ. ɾʦʨʩʪʢʽ 

ʩʝʢʮʽʡʥʽ ʰʪʘʥʛʠ ʪʘʢʦʞ ʤʘʶʪʴ ʫʥʽʢʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʽʥʪʝʛʨʫʚʘʪʠ ʚ ʩʚʦʶ ʩʪʨʫʢʪʫʨʫ 

ʪʨʦʩʠ ʜʣʷ ʞʠʚʣʝʥʥʷ ʪʘ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʷʢʽ ʙʝʟʧʝʯʥʦ ʟʘʭʠʱʝʥʽ ʚʩʝʨʝʜʠʥʽ ʩʝʢʮʽʡ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʝʬʝʢʪʠʚʥʝ ʞʠʚʣʝʥʥʷ ʩʝʥʩʦʨʽʚ ʘʙʦ ʽʥʰʠʭ ʧʽʜʢʣʶʯʝʥʠʭ 

ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ ʥʘ ʦʨʙʽʪʽ.  

ɿʘʚʜʷʢʠ ʤʘʪʝʨʽʘʣʘʤ ʚʠʩʦʢʦʾ ʤʽʮʥʦʩʪʽ, ʪʘʢʠʤ ʷʢ ʚʫʛʣʝʧʣʘʩʪʠʢʦʚʽ ʪʘ ʘʣʶʤʽʥʽʻʚʽ 

ʢʦʤʧʦʟʠʪʠ, ʞʦʨʩʪʢʽ ʩʝʢʮʽʡʥʽ ʰʪʘʥʛʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʩʫʧʨʦʪʠʚʫ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʪʘ ʟʤʽʥʥʠʤ ʪʝʤʧʝʨʘʪʫʨʥʠʤ ʨʝʞʠʤʘʤ ʢʦʩʤʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɺʦʥʠ 

ʩʪʽʡʢʽ ʜʦ ʚʧʣʠʚʫ ʢʦʩʤʽʯʥʦʾ ʨʘʜʽʘʮʽʾ ʪʘ ʤʘʶʪʴ ʥʠʟʴʢʫ ʩʭʠʣʴʥʽʩʪʴ ʜʦ ʜʝʬʦʨʤʘʮʽʡ, ʱʦ 

ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʻ ʾʭʥʶ ʜʦʚʛʦʚʽʯʥʽʩʪʴ. ʉʪʽʡʢʽʩʪʴ ʰʪʘʥʛ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʘ ʧʽʜ ʯʘʩ 

ʪʨʠʚʘʣʠʭ ʢʦʩʤʽʯʥʠʭ ʤʽʩʽʡ, ʜʝ ʧʦʪʨʽʙʥʦ ʟʙʝʨʝʛʪʠ ʾʭʥʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʚʧʨʦʜʦʚʞ ʜʝʢʽʣʴʢʦʭ ʨʦʢʽʚ. ɺʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʻ ʟʜʘʪʥʽʩʪʴ ʪʘʢʠʭ ʰʪʘʥʛ 

ʚʠʪʨʠʤʫʚʘʪʠ ʜʠʥʘʤʽʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʽ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʧʨʠ ʟʘʧʫʩʢʫ ʘʙʦ 

ʤʘʥʝʚʨʫʚʘʥʥʽ ʢʦʩʤʽʯʥʦʛʦ ʘʧʘʨʘʪʘ. ʊʦʤʫ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʰʪʘʥʛ ʫ 

ʢʦʥʩʪʨʫʢʮʽʶ ʤʦʞʫʪʴ ʚʥʦʩʠʪʠʩʷ ʜʦʜʘʪʢʦʚʽ ʩʪʘʙʽʣʽʟʫʶʯʽ ʢʦʤʧʦʥʝʥʪʠ, ʪʘʢʽ ʷʢ 

ʜʝʤʧʬʝʨʠ ʯʠ ʩʧʝʮʽʘʣʴʥʽ ʝʣʝʤʝʥʪʠ, ʱʦ ʛʘʩʷʪʴ ʢʦʣʠʚʘʥʥʷ. 

ʈʦʟʛʦʨʪʘʥʥʷ ʩʝʢʮʽʡʥʠʭ ʰʪʘʥʛ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʢʽʣʴʢʘ ʝʪʘʧʽʚ ʟʘ ʜʦʧʦʤʦʛʠ, 

ʥʘʧʨʠʢʣʘʜ, ʧʨʫʞʠʥʥʠʭ ʘʙʦ ʤʦʪʦʨʠʟʦʚʘʥʽ ʩʠʩʪʝʤ ʨʦʟʛʦʨʪʘʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʨʦʟʛʦʨʪʘʥʥʷ ʩʝʢʮʽʡ. ʇʨʦʮʝʩ ʨʦʟʛʦʨʪʘʥʥʷ ʩʝʢʮʽʡʥʠʭ ʰʪʘʥʛ, ʷʢʽ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʈʠʩʫʥʢʫ ɹ.22, ʚʢʣʶʯʘʻ ʢʽʣʴʢʘ ʝʪʘʧʽʚ: ʟʙʝʨʽʛʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʚ 
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ʢʦʤʧʘʢʪʥʦʤʫ ʚʠʛʣʷʜʽ ʧʽʜ ʯʘʩ ʩʪʘʨʪʫ, ʷʢ ʚʠʜʥʦ ʟ ʈʠʩʫʥʢʫ ɹ.22a, ʧʦʩʪʫʧʦʚʝ 

ʨʦʟʛʦʨʪʘʥʥʷ, ʷʢʝ ʚʠʜʥʦ ʥʘ ʈʠʩʫʥʢʫ ɹ.22b, ʪʘ ʬʽʢʩʘʮʽʶ ʩʝʢʮʽʡ ʫ ʟʘʜʘʥʦʤʫ ʧʦʣʦʞʝʥʥʽ, 

ʱʦ ʥʘʚʝʜʝʥʦ ʥʘ ʈʠʩʫʥʢʫ ɹ.22c. ʋ ʢʦʤʧʘʢʪʥʦʤʫ ʚʠʛʣʷʜʽ ʩʝʢʮʽʾ ʱʽʣʴʥʦ ʩʢʣʘʜʝʥʽ ʦʜʥʘ 

ʜʦ ʦʜʥʦʾ, ʘ ʥʘ ʦʨʙʽʪʽ ʚʦʥʠ ʨʦʟʛʦʨʪʘʶʪʴʩʷ ʧʦ ʯʝʨʟʽ, ʬʽʢʩʫʶʯʠʩʴ ʫ ʟʘʜʘʥʦʤʫ 

ʧʦʣʦʞʝʥʥʽ. ʇʽʜ ʯʘʩ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʚʘʞʣʠʚʠʤ ʻ ʤʽʥʽʤʽʟʘʮʽʷ ʥʝʙʘʞʘʥʠʭ ʢʦʣʠʚʘʥʴ, ʷʢʽ 

ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʯʝʨʝʟ ʨʽʟʢʽ ʨʫʭʠ. ɼʣʷ ʾʭʥʴʦʛʦ ʢʦʥʪʨʦʣʶ ʟʘʩʪʦʩʦʚʫʶʪʴ ʦʙʤʝʞʫʚʘʯʽ 

ʰʚʠʜʢʦʩʪʽ ʘʙʦ ʘʢʪʠʚʥʽ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ, ʷʢʽ ʩʪʘʙʽʣʽʟʫʶʪʴ ʩʪʨʫʢʪʫʨʫ ʚ ʧʨʦʮʝʩʽ 

ʨʦʟʛʦʨʪʘʥʥʷ. ʈʦʟʛʦʨʪʘʥʥʷ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʢʪʠʚʥʠʭ ʩʠʩʪʝʤ, ʪʘʢʠʭ ʷʢ, ʥʘʧʨʠʢʣʘʜ, 

ʪʨʦʩʦʚʽ ʩʠʩʪʝʤʠ, ʻ ʙʽʣʴʰ ʥʘʜʽʡʥʠʤ, ʦʩʦʙʣʠʚʦ ʜʣʷ ʚʝʣʠʢʠʭ ʰʪʘʥʛ, ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ 

ʪʦʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ, ʘʣʝ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʝʥʝʨʛʦʚʠʪʨʘʪ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʽ 

ʧʘʩʠʚʥʽ ʩʠʩʪʝʤʠ ʥʘ ʦʩʥʦʚʽ ʧʨʫʞʠʥʥʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʱʦ ʨʦʟʛʦʨʪʘʶʪʴʩʷ ʟʘʚʜʷʢʠ 

ʥʘʢʦʧʠʯʝʥʽʡ ʝʥʝʨʛʽʾ ʧʨʠ ʩʢʣʘʜʫʚʘʥʥʽ. ʐʘʨʥʽʨʥʽ, ʱʦ ʟôʻʜʥʫʶʪʴ ʝʣʝʤʝʥʪʠ 

ʢʦʥʩʪʨʫʢʮʽʾ, ʟʘʙʝʟʧʝʯʫʶʪʴ ʢʝʨʦʚʘʥʝ ʨʦʟʛʦʨʪʘʥʥʷ ʢʦʞʥʦʾ ʩʝʢʮʽʾ, ʱʦ ʤʽʥʽʤʽʟʫʻ ʨʠʟʠʢ 

ʨʘʧʪʦʚʠʭ ʢʦʣʠʚʘʥʴ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʩʪʘʙʽʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʦʟʛʦʨʪʘʥʥʷ. ɼʣʷ 

ʟʥʠʞʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʥʝʧʝʨʝʜʙʘʯʝʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʪʘ ʨʦʟʨʠʚʽʚ, ʨʦʟʛʦʨʪʘʥʥʷ 

ʟʘʟʚʠʯʘʡ ʚʠʢʦʥʫʻʪʴʩʷ ʧʦʩʪʫʧʦʚʦ, ʟ ʢʦʥʪʨʦʣʝʤ ʧʦʣʦʞʝʥʥʷ ʢʦʞʥʦʛʦ ʩʝʛʤʝʥʪʘ ʥʘ ʝʪʘʧʽ 

ʬʽʢʩʘʮʽʾ. 

 

 

ɸʥʘʣʽʟ ʩʝʢʮʽʡʥʠʭ ʰʪʘʥʛ ʧʦʪʨʝʙʫʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʝʜʦʚʠʭ ʤʝʪʦʜʽʚ 

ʤʦʜʝʣʶʚʘʥʥʷ. ʄʝʪʦʜ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʜʦʟʚʦʣʷʻ ʤʦʜʝʣʶʚʘʪʠ ʨʦʟʧʦʜʽʣ 

ʥʘʚʘʥʪʘʞʝʥʴ ʪʘ ʧʝʨʝʜʙʘʯʘʪʠ ʧʦʚʝʜʽʥʢʫ ʩʝʛʤʝʥʪʽʚ ʧʽʜ ʚʧʣʠʚʦʤ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʫʤʦʚ 

ʢʦʩʤʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɼʣʷ ʦʮʽʥʢʠ ʜʠʥʘʤʽʢʠ ʨʦʟʛʦʨʪʘʥʥʷ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʪʘʢʦʞ 

ʯʠʩʝʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʨʦʟʛʦʨʪʘʥʥʷ. ʎʝ 

ʤʦʜʝʣʶʚʘʥʥʷ ʚʨʘʭʦʚʫʻ ʨʽʟʥʽ ʨʝʞʠʤʠ ʨʦʟʛʦʨʪʘʥʥʷ, ʩʠʣʠ ʪʷʞʽʥʥʷ, ʽ ʟʦʚʥʽʰʥʽʭ 

ʚʧʣʠʚʽʚ. ɺ ʮʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʘʢʽ ʤʝʪʦʜʠ, ʱʦ ʜʘʶʪʴ 

ʤʦʞʣʠʚʽʩʪʴ ʦʙôʻʜʥʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʤʝʭʘʥʽʯʥʠʭ, ʪʝʧʣʦʚʠʭ ʪʘ ʨʘʜʽʘʮʽʡʥʠʭ ʚʧʣʠʚʽʚ. 

ʎʝ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʪʘ ʩʪʽʡʢʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʡ. ɿʘʩʪʦʩʫʚʘʥʥʷ 
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ʟʘʟʥʘʯʝʥʠʭ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʴ, ʧʦʨʷʜ ʟ ʨʦʟʚʠʪʢʦʤ ʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʤʝʭʘʥʽʟʤʽʚ 

ʬʽʢʩʘʮʽʾ, ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʩʪʨʠʞʥʝʚʽ ʢʦʥʩʪʨʫʢʮʽʾ ʚʠʩʦʢʦʾ ʥʘʜʽʡʥʦʩʪʽ, ʷʢʽ ʟʜʘʪʥʽ 

ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʥʫʚʘʪʠ ʩʚʦʾ ʬʫʥʢʮʽʾ ʚ ʫʤʦʚʘʭ ʞʦʨʩʪʢʠʭ ʦʙʤʝʞʝʥʴ ʢʦʩʤʽʯʥʦʛʦ 

ʧʨʦʩʪʦʨʫ. 

 

1.2.8. ʂʦʩʤʽʯʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʥʦʞʠʯʥʦʛʦ ʪʠʧʫ 

ʂʦʥʩʪʨʫʢʮʽʾ ʥʦʞʠʯʥʦʛʦ ʪʠʧʫ ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʦʩʥʦʚʽ ʩʢʣʘʜʥʠʭ ʢʽʥʝʤʘʪʠʯʥʠʭ 

ʣʘʥʮʶʛʽʚ ʽʟ ʩʝʨʽʡ ʧʘʨʘʣʝʣʴʥʠʭ ʩʪʨʠʞʥʽʚ, ʟôʻʜʥʘʥʠʭ ʫ ʬʦʨʤʽ ʥʦʞʠʮʴ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʢʦʤʧʘʢʪʥʝ ʩʢʣʘʜʘʥʥʷ ʽ ʨʦʟʛʦʨʪʘʥʥʷ ʩʝʢʮʽʡ ʜʦ ʚʝʣʠʢʠʭ ʨʦʟʤʽʨʽʚ. ʇʨʠ ʨʦʟʛʦʨʪʘʥʥʽ 

ʢʦʞʝʥ ʟ ʮʠʭ ʩʝʛʤʝʥʪʽʚ ʨʫʭʘʻʪʴʩʷ ʚ ʩʠʥʭʨʦʥʽʟʦʚʘʥʦʤʫ ʧʦʨʷʜʢʫ, ʫʪʚʦʨʶʶʯʠ 

ʩʪʨʫʢʪʫʨʫ, ʷʢʘ ʧʦʩʪʫʧʦʚʦ ʥʘʨʦʱʫʻ ʜʦʚʞʠʥʫ ʘʙʦ ʨʦʟʤʽʨ ʫ ʧʨʦʮʝʩʽ ʨʦʟʛʦʨʪʘʥʥʷ. ʎʝ 

ʟʘʙʝʟʧʝʯʫʻ ʞʦʨʩʪʢʫ ʬʽʢʩʘʮʽʶ ʧʦʣʦʞʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ʫ ʨʦʟʛʦʨʥʫʪʦʤʫ 

ʩʪʘʥʽ. ʊʘʢʠʡ ʤʝʭʘʥʽʟʤ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʪʝʣʝʩʢʦʧʽʯʥʽ ʩʪʨʽʣʦʚʽ ʩʠʩʪʝʤʠ, ʪʘʢʽ ʷʢ 

ʥʘʚʝʜʝʥʦ ʥʘ ʈʠʩʫʥʢʫ ɹ.23, ʩʦʥʷʯʥʽ ʧʘʥʝʣʽ ʪʘ ʘʥʪʝʥʠ, ʷʢʽ ʤʦʞʫʪʴ ʜʦʩʷʛʘʪʠ ʚʝʣʠʢʠʭ 

ʨʦʟʤʽʨʽʚ ʧʨʠ ʨʦʟʛʦʨʪʘʥʥʽ. 

ɻʦʣʦʚʥʦʶ ʚʽʜʤʽʥʥʽʩʪʶ ʪʘʢʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʻ ʩʘʤʝ ʬʦʨʤʘ ʾʭ ʩʝʢʮʽʡ. ʊʘʢʘ ʜʦʚʦʣʽ 

ʧʨʦʩʪʘ ʬʦʨʤʘ ʥʦʞʠʮʴ ʜʦʟʚʦʣʷʻ ʤʘʪʠ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʫʥʽʢʘʣʴʥʠʭ ʧʽʜʪʠʧʽʚ ʧʦʜʽʙʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ, ʟʘʣʝʞʥʦ ʚʽʜ ʦʩʦʙʣʠʚʠʭ ʚʠʤʦʛ ʪʽʻʾ ʯʠ ʽʥʰʦʾ ʤʽʩʽʾ. ʅʘʧʨʠʢʣʘʜ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʨʦʩʪʫ ʬʦʨʤʫ ʥʦʞʠʮʴ ʤʦʞʥʘ ʩʢʣʘʩʪʠ ʙʽʣʴʰ ʩʢʣʘʜʥʽ ʬʦʨʤʠ, ʱʦ 

ʜʦʟʚʦʣʷʶʪʴ ʟʨʦʙʠʪʠ ʢʦʥʩʪʨʫʢʮʽʶ ʙʽʣʴʰ ʩʪʽʡʢʦʶ, ʥʘʧʨʠʢʣʘʜ ʷʢ ʟʦʙʨʘʞʝʥʦ ʥʘ 

ʈʠʩʫʥʢʫ ɹ.24. ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʮʽ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʶʪʴ ʩʪʽʡʢʽʩʪʴ ʜʦ 

ʮʠʢʣʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʟʦʢʨʝʤʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʟʤʽʥʘʭ ʽ ʚʽʙʨʘʮʽʷʭ, ʱʦ 

ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʤʘʥʝʚʨʘʭ ʢʦʩʤʽʯʥʦʛʦ ʘʧʘʨʘʪʫ. ʎʝ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʨʠʟʠʢ ʟʙʦʾʚ ʪʘ 

ʧʽʜʚʠʱʠʪʠ ʥʘʜʽʡʥʽʩʪʴ ʚʩʽʻʾ ʢʦʥʩʪʨʫʢʮʽʾ ʫ ʩʢʣʘʜʥʠʭ ʫʤʦʚʘʭ ʢʦʩʤʦʩʫ. 

ʂʦʥʩʪʨʫʢʮʽʾ ʥʦʞʠʯʥʦʛʦ ʪʠʧʫ, ʟʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʤʽʮʥʠʭ ʽ ʣʝʛʢʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʟʙʝʨʽʛʘʶʪʴ ʩʪʘʙʽʣʴʥʽʩʪʴ ʧʨʠ ʨʦʟʛʦʨʪʘʥʥʽ ʪʘ ʟʘʙʝʟʧʝʯʫʶʪʴ ʜʦʚʛʦʚʽʯʥʽʩʪʴ, 

ʘ ʪʘʢʦʞ ʚʠʩʦʢʫ ʧʝʨʝʜʙʘʯʫʚʘʥʽʩʪʴ, ʘʜʞʝ ʧʨʦʮʝʩ ʨʦʟʛʦʨʪʘʥʥʷ ʪʘʢʠʭ ʩʠʩʪʝʤ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʣʽʥʽʡʥʦ. ʈʦʟʛʦʨʪʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ ʥʦʞʠʯʥʦʛʦ ʪʠʧʫ ʚʽʜʙʫʚʘʻʪʴʩʷ, ʷʢ ʽ ʫ 
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ʚʠʧʘʜʢʫ ʢʦʥʩʪʨʫʢʮʽʡ ʽʟ ʞʦʨʩʪʢʦʶ ʩʝʢʮʽʡʥʦʶ ʩʪʨʫʢʪʫʨʦʶ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʫʞʠʥʥʠʭ 

ʘʙʦ ʤʦʪʦʨʠʟʦʚʘʥʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʢʦʥʪʨʦʣʴʦʚʘʥʫ ʰʚʠʜʢʽʩʪʴ ʪʘ 

ʧʣʘʚʥʽʩʪʴ ʨʦʟʛʦʨʪʘʥʥʷ. ɿʘʚʜʷʢʠ ʢʽʥʝʤʘʪʠʯʥʽʡ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʣʘʥʦʢ, ʢʦʥʩʪʨʫʢʮʽʷ 

ʤʦʞʝ ʨʦʟʛʦʨʪʘʪʠʩʷ ʨʽʚʥʦʤʽʨʥʦ ʽ ʙʝʟ ʟʥʘʯʥʠʭ ʢʦʣʠʚʘʥʴ, ʱʦ ʻ ʚʘʞʣʠʚʠʤ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʦʯʥʦʛʦ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʚ ʫʤʦʚʘʭ ʢʦʩʤʦʩʫ. ɼʣʷ ʟʘʧʦʙʽʛʘʥʥʷ 

ʥʝʙʘʞʘʥʠʤ ʢʦʣʠʚʘʥʥʷʤ ʘʙʦ ʚʽʙʨʘʮʽʷʤ, ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʝʤʧʬʝʨʥʽ ʩʠʩʪʝʤʠ, 

ʱʦ ʛʘʩʷʪʴ ʨʽʟʢʽ ʢʦʣʠʚʘʥʥʷ ʧʽʜ ʯʘʩ ʨʦʟʛʦʨʪʘʥʥʷ. ɸʣʝ ʟʥʘʯʥʠʤ ʚʠʢʣʠʢʦʤ ʧʨʠ 

ʜʦʩʣʽʜʞʝʥʽ ʪʘʢʠʭ ʩʠʩʪʝʤ ʻ ʤʦʞʣʠʚʘ ʘʩʠʥʭʨʦʥʥʽʩʪʴ ʧʨʠ ʨʦʟʛʦʨʪʘʥʥʽ, ʜʦʩʣʽʜʞʝʥʥʷ 

ʷʢʦʾ ʚ ʫʤʦʚʘʭ ʟʝʤʥʦʾ ʛʨʘʚʽʪʘʮʽʾ ʜʫʞʝ ʫʩʢʣʘʜʥʝʥʦ.  

 

1.2.9. ʊʝʣʝʩʢʦʧʽʯʥʽ ʩʠʩʪʝʤʠ, ʷʢʽ ʨʦʟʛʦʨʪʘʶʪʴʩʷ 

 

ʗʢ ʡ ʽʥʰʽ ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʚ ʮʽʡ ʨʦʙʦʪʽ, ʪʝʣʝʩʢʦʧʽʯʥʽ ʪʘ 

ʩʪʨʽʣʦʧʦʜʽʙʥʽ ʰʪʘʥʛʠ, ʱʦ ʨʦʟʛʦʨʪʘʶʪʴʩʷ, ʻ ʢʦʤʧʦʥʝʥʪʘʤʠ ʢʦʩʤʽʯʥʠʭ ʩʠʩʪʝʤ, ʷʢʽ 

ʜʦʟʚʦʣʷʶʪʴ ʟʥʘʯʥʦ ʟʙʽʣʴʰʫʚʘʪʠ ʨʦʟʤʽʨʠ ʢʦʥʩʪʨʫʢʮʽʡ ʧʽʩʣʷ ʚʠʚʝʜʝʥʥʷ ʾʭ ʥʘ ʦʨʙʽʪʫ. 

ɺʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʚʠʥʦʩʥʠʭ ʩʪʨʫʢʪʫʨ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ, 

ʪʘʢʠʭ ʷʢ ʘʥʪʝʥʠ, ʦʧʪʠʯʥʽ ʧʨʠʣʘʜʠ ʪʘ ʩʦʥʷʯʥʽ ʧʘʥʝʣʽ. ʂʦʥʩʪʨʫʢʪʠʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʮʠʭ 

ʰʪʘʥʛ ʪʘ ʾʭ ʜʠʥʘʤʽʯʥʘ ʧʦʚʝʜʽʥʢʘ ʤʘʶʪʴ ʚʠʨʽʰʘʣʴʥʝ ʟʥʘʯʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʧʦʚʠʥʥʽ 

ʚʠʪʨʠʤʫʚʘʪʠ ʽʥʪʝʥʩʠʚʥʽ ʤʝʭʘʥʽʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʪʝʤʧʝʨʘʪʫʨʥʽ ʟʤʽʥʠ ʚ 

ʢʦʩʤʽʯʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ.  

ʊʝʣʝʩʢʦʧʽʯʥʽ ʰʪʘʥʛʠ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʮʠʣʽʥʜʨʠʯʥʠʭ ʘʙʦ ʙʘʛʘʪʦʢʫʪʥʠʭ ʩʝʢʮʽʡ, ʱʦ 

ʱʽʣʴʥʦ ʩʢʣʘʜʝʥʽ ʦʜʥʘ ʚ ʦʜʥʫ, ʧʦʜʽʙʥʦ ʜʦ ʪʝʣʝʩʢʦʧʘ, ʽ ʧʦʩʪʫʧʦʚʦ ʨʦʟʢʣʘʜʘʶʪʴʩʷ ʥʘ 

ʦʨʙʽʪʽ, ʬʦʨʤʫʶʯʠ ʞʦʨʩʪʢʫ ʩʪʨʫʢʪʫʨʫ, ʱʦ ʟʦʙʨʘʞʝʥʦ ʥʘ ʈʠʩʫʥʢʫ ɹ.25. ʆʩʦʙʣʠʚʽʩʪʶ 

ʢʦʥʩʪʨʫʢʮʽʾ ʪʝʣʝʩʢʦʧʽʯʥʠʭ ʩʠʩʪʝʤ ʻ ʥʘʷʚʥʽʩʪʴ ʤʝʭʘʥʽʯʥʠʭ ʬʽʢʩʘʪʦʨʽʚ ʘʙʦ 

ʩʧʝʮʽʘʣʴʥʠʭ ʟʘʤʢʽʚ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʞʦʨʩʪʢʝ ʟ'ʻʜʥʘʥʥʷ ʩʝʢʮʽʡ ʧʽʩʣʷ ʨʦʟʛʦʨʪʘʥʥʷ, 

ʱʦ ʥʝʦʙʭʽʜʥʦ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʥʝʙʘʞʘʥʠʤ ʢʦʣʠʚʘʥʥʷʤ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ 

ʪʘʢʘ ʢʦʥʬʽʛʫʨʘʮʽʷ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ ʟʥʘʯʥʦʾ ʞʦʨʩʪʢʦʩʪʽ, ʦʜʥʘʢ ʩʘʤʝ ʤʽʩʮʷ 

ʩʪʠʢʫʚʘʥʥʷ ʩʝʢʮʽʡ ʻ ʧʦʪʝʥʮʽʡʥʠʤʠ ʟʦʥʘʤʠ ʚʠʥʠʢʥʝʥʥʷ ʜʝʬʦʨʤʘʮʽʡ ʧʽʜ ʚʧʣʠʚʦʤ 
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ʥʘʚʘʥʪʘʞʝʥʴ ʽ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ, ʱʦ ʟʫʤʦʚʣʶʻ ʧʦʪʨʝʙʫ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʚʠʩʦʢʦʷʢʽʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʨʝʪʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘ ʝʪʘʧʽ ʧʨʦʝʢʪʫʚʘʥʥʷ. 

ʉʪʨʽʣʦʧʦʜʽʙʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʯʘʩʪʦ ʤʘʶʪʴ ʩʢʝʣʝʪʥʫ ʩʪʨʫʢʪʫʨʫ, ʷʢ ʚʠʜʥʦ ʟ ʈʠʩʫʥʢʫ 

ɹ.26., ʜʝ ʝʣʝʤʝʥʪʠ ʧʦʻʜʥʘʥʽ ʫ ʚʠʛʣʷʜʽ ʞʦʨʩʪʢʠʭ ʟôʻʜʥʘʥʴ, ʱʦ ʨʦʟʪʷʛʫʶʪʴʩʷ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʜʦʚʞʠʥʠ. ɼʣʷ ʫʪʨʠʤʘʥʥʷ ʩʪʘʙʽʣʴʥʦʾ ʨʦʟʛʦʨʥʫʪʦʾ ʬʦʨʤʠ 

ʯʘʩʪʠʥʠ ʢʦʥʩʪʨʫʢʮʽʾ ʫʪʨʠʤʫʶʪʴʩʷ ʪʨʦʩʘʤʠ, ʘʙʦ ʜʦʜʘʪʢʦʚʠʤʠ ʞʦʨʩʪʢʠʤʠ 

ʟôʻʜʥʘʥʥʷʤʠ. ʊʘʢʽ ʩʠʩʪʝʤʠ ʨʦʟʛʦʨʪʘʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤ ʥʘʪʷʛʫ ʪʘ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʝʬʝʢʪ ʬʽʢʩʦʚʘʥʦʛʦ ʥʘʪʷʛʫ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ 

ʩʪʨʫʢʪʫʨʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʩʘʤʝ ʩʪʨʽʣʦʧʦʜʽʙʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʻ ʙʽʣʴʰ 

ʘʜʘʧʪʠʚʥʠʤʠ ʜʦ ʟʦʚʥʽʰʥʽʭ ʢʦʣʠʚʘʥʴ, ʘʣʝ ʧʦʪʨʝʙʫʶʪʴ ʜʦʜʘʪʢʦʚʠʭ ʩʪʘʙʽʣʽʟʘʮʽʡʥʠʭ 

ʤʝʭʘʥʽʟʤʽʚ, ʱʦʙ ʢʦʤʧʝʥʩʫʚʘʪʠ ʤʦʞʣʠʚʽ ʜʝʬʦʨʤʘʮʽʾ ʫ ʨʘʟʽ ʚʧʣʠʚʫ ʚʠʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʘʙʦ ʤʽʢʨʦʤʝʪʝʦʨʠʪʽʚ. ʆʙʠʜʚʘ ʪʠʧʠ ʢʦʥʩʪʨʫʢʮʽʡ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʟ 

ʣʝʛʢʠʭ ʽ ʤʽʮʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʪʘʢʠʭ ʷʢ ʘʣʶʤʽʥʽʻʚʽ ʩʧʣʘʚʠ ʘʙʦ ʢʦʤʧʦʟʠʪʠ ʥʘ ʦʩʥʦʚʽ 

ʚʫʛʣʝʮʝʚʠʭ ʚʦʣʦʢʦʥ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʫ ʤʽʮʥʽʩʪʴ ʧʨʠ ʤʽʥʽʤʘʣʴʥʽʡ ʤʘʩʽ, ʱʦ ʻ 

ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʜʣʷ ʢʦʩʤʽʯʥʠʭ ʤʽʩʽʡ. 

ɺʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʜʣʷ ʪʘʢʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʻ ʚʠʩʦʢʘ ʞʦʨʩʪʢʽʩʪʴ, ʥʝʦʙʭʽʜʥʘ ʜʣʷ 

ʚʠʪʨʠʤʫʚʘʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʧʽʜ ʯʘʩ ʤʘʥʝʚʨʫʚʘʥʴ ʘʧʘʨʘʪʫ ʘʙʦ ʚʧʣʠʚʽʚ 

ʢʦʩʤʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʚʢʣʶʯʥʦ ʟ ʪʝʤʧʝʨʘʪʫʨʥʠʤʠ ʟʤʽʥʘʤʠ ʪʘ ʤʽʢʨʦʤʝʪʝʦʨʠʪʥʠʤʠ 

ʫʜʘʨʘʤʠ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʣʝʩʢʦʧʽʯʥʠʭ ʽ ʩʪʨʽʣʦʧʦʜʽʙʥʠʭ ʂʂʊ ʙʘʟʫʶʪʴʩʷ 

ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʤʝʪʦʜʽʚ, ʟʦʢʨʝʤʘ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ. ʎʝʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʤʦʜʝʣʶʚʘʪʠ 

ʧʦʪʝʥʮʽʡʥʽ ʜʝʬʦʨʤʘʮʽʾ ʪʘ ʚʠʟʥʘʯʠʪʠ ʦʧʪʠʤʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʜʣʷ ʨʦʟʛʦʨʪʘʥʥʷ ʙʝʟ 

ʨʠʟʠʢʫ ʧʝʨʝʚʘʥʪʘʞʝʥʴ ʥʘ ʢʨʠʪʠʯʥʠʭ ʝʣʝʤʝʥʪʘʭ ʢʦʥʩʪʨʫʢʮʽʾ. ɼʣʷ ʩʪʨʽʣʦʧʦʜʽʙʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʦʩʦʙʣʠʚʫ ʨʦʣʴ ʚʽʜʽʛʨʘʻ ʜʦʩʣʽʜʞʝʥʥʷ ʪʨʦʩʦʚʠʭ ʩʠʩʪʝʤ ʥʘʪʷʛʫ, ʦʩʢʽʣʴʢʠ 

ʪʘʢʽ ʝʣʝʤʝʥʪʠ ʚʠʤʘʛʘʶʪʴ ʪʦʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʟʫʩʠʣʴ ʪʘ ʜʦʚʞʠʥʠ ʜʣʷ ʫʥʠʢʥʝʥʥʷ 

ʢʦʣʠʚʘʥʴ ʧʽʜ ʯʘʩ ʨʦʟʛʦʨʪʘʥʥʷ. ʏʠʩʣʝʥʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʘʣʦ, ʱʦ ʨʝʛʫʣʶʚʘʥʥʷ 
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ʥʘʪʷʛʫ ʪʨʦʩʽʚ ʥʘ ʦʩʥʦʚʽ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʽ ʤʝʭʘʥʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʤʦʞʝ ʟʥʘʯʥʦ 

ʟʤʝʥʰʠʪʠ ʢʦʣʠʚʘʥʥʷ ʧʽʜ ʯʘʩ ʨʦʟʛʦʨʪʘʥʥʷ 

ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʧʨʠʜʽʣʷʶʪʴ ʨʦʟʨʦʙʮʽ ʝʬʝʢʪʠʚʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʜʠʥʘʤʽʢʠ ʨʦʟʛʦʨʪʘʥʥʷ. ʎʽ ʤʦʜʝʣʽ ʚʢʣʶʯʘʶʪʴ ʘʥʘʣʽʟ ʢʦʣʠʚʘʥʴ, ʷʢʽ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ 

ʧʨʠ ʟʘʧʫʩʢʫ ʯʠ ʨʦʟʛʦʨʪʘʥʥʽ ʢʦʥʩʪʨʫʢʮʽʾ. ɿʦʢʨʝʤʘ, ʜʣʷ ʪʝʣʝʩʢʦʧʽʯʥʠʭ ʰʪʘʥʛ 

ʚʨʘʭʦʚʫʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ "ʧʝʨʝʩʢʘʢʫʚʘʥʥʷ" ʩʝʢʮʽʡ, ʱʦ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʥʘʜʤʽʨʥʠʭ ʢʦʣʠʚʘʥʴ. ʈʦʟʧʦʚʩʶʜʞʝʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʭʘʥʽʟʤʽʚ, ʷʢʽ ʜʘʶʪʴ ʟʤʦʛʫ 

ʢʦʥʪʨʦʣʶʚʘʪʠ ʧʨʦʮʝʩ ʨʦʟʛʦʨʪʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʦʩʪʫʧʦʚʦ ʟʙʽʣʴʰʫʚʘʪʠ ʜʦʚʞʠʥʫ 

ʰʪʘʥʛʠ, ʟʤʝʥʰʫʶʯʠ ʧʨʠ ʮʴʦʤʫ ʢʦʣʠʚʘʥʥʷ. ʆʢʨʽʤ ʪʦʛʦ, ʢʦʥʩʪʨʫʢʮʽʾ ʦʩʥʘʱʫʶʪʴʩʷ 

ʧʘʩʠʚʥʠʤʠ ʘʙʦ ʘʢʪʠʚʥʠʤʠ ʜʝʤʧʬʝʨʘʤʠ, ʷʢʽ ʝʬʝʢʪʠʚʥʦ ʟʤʝʥʰʫʶʪʴ ʥʝʙʘʞʘʥʽ 

ʢʦʣʠʚʘʥʥʷ ʧʨʠ ʧʦʚʥʦʤʫ ʨʦʟʛʦʨʪʘʥʥʽ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʜʠʥʘʤʽʢʠ ʨʦʟʛʦʨʪʘʥʥʷ ʪʝʣʝʩʢʦʧʽʯʥʠʭ ʩʪʨʽʣʦʧʦʜʽʙʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʜʝʤʦʥʩʪʨʫʶʪʴ, ʱʦ ʩʫʯʘʩʥʽ ʤʝʪʦʜʠ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʟʚʦʣʷʶʪʴ 

ʧʝʨʝʜʙʘʯʠʪʠ ʧʦʚʝʜʽʥʢʫ ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ, ʟʦʢʨʝʤʘ ʚʨʘʭʦʚʫʶʯʠ ʚʧʣʠʚ 

ʢʦʩʤʽʯʥʠʭ ʬʘʢʪʦʨʽʚ, ʪʘʢʠʭ ʷʢ ʚʘʢʫʫʤ, ʪʝʤʧʝʨʘʪʫʨʘ ʪʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʈʝʟʫʣʴʪʘʪʠ 

ʯʠʩʝʣʴʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʧʨʠ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʟʛʦʨʪʘʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʜʝʤʧʬʝʨʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʢʦʣʠʚʘʥʥʷ ʤʦʞʥʘ ʩʫʪʪʻʚʦ ʟʤʝʥʰʠʪʠ, ʱʦ ʧʽʜʚʠʱʫʻ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʥʘʜʽʡʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʡ, ʟʤʝʥʰʫʶʯʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʙʘʟʦʚʽ 

ʝʣʝʤʝʥʪʠ ʢʦʥʩʪʨʫʢʮʽʾ.  

ʉʪʨʽʣʦʧʦʜʽʙʥʽ ʩʠʩʪʝʤʠ, ʷʢʽ ʟʘʟʚʠʯʘʡ ʻ ʙʽʣʴʰ ʛʥʫʯʢʠʤʠ, ʧʦʪʨʝʙʫʶʪʴ ʚʨʘʭʫʚʘʥʥʷ 

ʟʫʩʠʣʴ ʥʘ ʪʨʦʩʘʭ ʪʘ ʤʦʞʣʠʚʠʭ ʢʦʣʠʚʘʥʴ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ʫ ʧʨʦʮʝʩʽ 

ʨʦʟʛʦʨʪʘʥʥʷ. ɼʠʥʘʤʽʯʥʽ ʤʦʜʝʣʽ ʨʦʟʛʦʨʪʘʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʥʘʣʘʰʪʫʚʘʥʥʷ ʥʘʪʷʛʫ 

ʟʘʣʝʞʥʦ ʚʽʜ ʚʠʷʚʣʝʥʠʭ ʥʘ ʤʽʩʮʽ ʟʤʽʥ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʤʝʭʘʥʽʯʥʠʭ ʢʦʣʠʚʘʥʴ ʜʦʟʚʦʣʷʻ 

ʟʥʘʯʥʦ ʧʦʢʨʘʱʠʪʠ ʩʪʘʙʽʣʴʥʽʩʪʴ ʩʪʨʫʢʪʫʨʠ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʥʦʚʠʭ ʘʜʘʧʪʠʚʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʫ ʢʦʥʩʪʨʫʢʮʽʾ ʪʨʦʩʽʚ ʪʘʢʦʞ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʥʘʜʽʡʥʦʩʪʽ 

ʩʪʨʽʣʦʧʦʜʽʙʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʚ ʫʤʦʚʘʭ ʢʦʣʠʚʘʥʴ ʥʘ ʦʨʙʽʪʽ. 

ɼʣʷ ʩʪʨʽʣʦʧʦʜʽʙʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʚʘʞʣʠʚʠʤʠ ʘʩʧʝʢʪʘʤʠ ʻ ʩʪʽʡʢʽʩʪʴ ʜʦ 

ʥʝʩʪʘʙʽʣʴʥʠʭ ʨʝʞʠʤʽʚ ʧʨʠ ʜʠʥʘʤʽʯʥʠʭ ʚʧʣʠʚʘʭ. ʆʩʢʽʣʴʢʠ ʪʘʢʽ ʩʠʩʪʝʤʠ ʯʘʩʪʦ 
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ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʛʥʫʯʢʠʭ ʪʨʦʩʽʚ, ʚʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʯʫʪʣʠʚʠʤʠ ʜʦ ʢʦʣʠʚʘʥʴ ʽ ʟʤʽʱʝʥʴ, 

ʱʦ ʧʦʪʨʝʙʫʻ ʩʢʣʘʜʥʠʭ ʘʢʪʠʚʥʠʭ ʪʘ ʧʘʩʠʚʥʠʭ ʩʠʩʪʝʤ ʜʣʷ ʩʪʘʙʽʣʽʟʘʮʽʾ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʘʜʘʧʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʜʣʷ ʢʦʥʪʨʦʣʶ ʜʦʚʞʠʥʠ ʪʘ ʥʘʪʷʛʫ ʪʨʦʩʽʚ ʜʦʟʚʦʣʷʻ ʫʥʠʢʥʫʪʠ 

ʢʦʣʠʚʘʥʴ ʽ ʟʘʙʝʟʧʝʯʠʪʠ ʙʽʣʴʰ ʪʦʯʥʝ ʨʦʟʛʦʨʪʘʥʥʷ, ʱʦ ʙʫʣʦ ʧʽʜʪʚʝʨʜʞʝʥʦ 

ʯʠʩʣʝʥʥʠʤʠ ʤʦʜʝʣʶʚʘʥʥʷʤʠ, ʷʢʽ ʧʦʢʘʟʘʣʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘʢʠʭ ʩʠʩʪʝʤ ʧʨʠ ʟʘʧʫʩʢʫ 

ʚʝʣʠʢʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʥʘ ʦʨʙʽʪʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʪʝʣʝʩʢʦʧʽʯʥʽ ʩʪʨʽʣʦʧʦʜʽʙʥʽ ʂʂʊ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʽ 

ʩʪʨʫʢʪʫʨʠ, ʱʦ ʟʜʘʪʥʽ ʟʘʙʝʟʧʝʯʠʪʠ ʥʝʦʙʭʽʜʥʫ ʞʦʨʩʪʢʽʩʪʴ ʽ ʩʪʘʙʽʣʴʥʽʩʪʴ ʢʦʩʤʽʯʥʠʭ 

ʘʧʘʨʘʪʽʚ ʫ ʢʦʤʧʘʢʪʥʦʤʫ ʚʠʛʣʷʜʽ. ʉʫʯʘʩʥʽ ʤʝʪʦʜʠ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ 

ʜʦʩʣʽʜʞʝʥʴ ʜʦʟʚʦʣʷʶʪʴ ʦʧʪʠʤʽʟʫʚʘʪʠ ʨʦʟʛʦʨʪʘʥʥʷ ʽ ʤʽʥʽʤʽʟʫʚʘʪʠ ʢʦʣʠʚʘʥʥʷ, 

ʟʘʙʝʟʧʝʯʫʶʯʠ ʪʦʯʥʝ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ ʫ ʢʦʩʤʽʯʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

 

1. 3. ɺʠʩʥʦʚʢʠ ʜʦ ʧʝʨʰʦʛʦ ʨʦʟʜʽʣʫ 

ʋ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʛʣʷʥʫʪʦ ʯʠʩʣʝʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʪʝʭʥʽʯʥʽ ʨʦʟʨʦʙʢʠ, ʷʢʽ 

ʩʧʨʠʷʶʪʴ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʡ ʂʂʊ ʜʣʷ ʢʦʩʤʽʯʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ. ɼʦʩʣʽʜʥʠʢʠ ʽ 

ʧʨʘʢʪʠʢʠ ʟʘʧʨʦʧʦʥʫʚʘʣʠ ʨʽʟʥʽ ʢʦʥʬʽʛʫʨʘʮʽʾ ʥʝʩʫʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʽ ʤʝʭʘʥʽʟʤʽʚ 

ʨʦʟʛʦʨʪʘʥʥʷ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʾʭʥʴʦʾ ʤʽʮʥʦʩʪʽ, ʪʦʯʥʦʩʪʽ, ʤʦʞʣʠʚʦʩʪʽ 

ʢʦʤʧʘʢʪʥʦʛʦ ʨʦʟʤʽʱʝʥʥʷ, ʘ ʪʘʢʦʞ ʧʣʘʚʥʦʩʪʽ ʽ ʩʠʥʭʨʦʥʥʦʩʪʽ ʾʭʥʴʦʛʦ ʨʦʟʛʦʨʪʘʥʥʷ. 

ʈʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʡ ʂʂʊ ʤʦʞʝ ʚʠʤʘʛʘʪʠ ʨʽʟʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʾʭ ʜʠʥʘʤʽʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʪʝʩʪʫʚʘʥʥʷ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʢʦʤʧʨʦʤʽʩʫ ʤʽʞ ʪʦʯʥʽʩʪʶ, ʯʘʩʦʤ 

ʨʦʟʛʦʨʪʘʥʥʷ ʽ ʚʠʪʨʘʪʘʤʠ. 

ɼʣʷ ʘʥʘʣʽʟʫ ʜʠʥʘʤʽʢʠ ʨʦʟʛʦʨʥʫʪʠʭ ʢʦʩʤʽʯʥʠʭ ʘʥʪʝʥ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʽ 

ʧʽʜʭʦʜʠ ʜʦ ʤʦʜʝʣʶʚʘʥʥʷ. ʄʦʜʝʣʴ ʬʝʨʤʠ ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʘ ʫ ʚʠʛʣʷʜʽ ʨʽʚʥʷʥʴ 

ʃʘʛʨʘʥʞʘ, ʅʴʶʪʦʥʘ-ɽʡʣʝʨʘ ʘʙʦ ʂʝʡʥʘ. ɼʣʷ ʪʦʯʥʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʚʝʜʽʥʢʠ 

ʨʦʟʛʦʨʪʘʥʥʷ ʘʥʪʝʥʠ ʤʦʜʝʣʴ ʩʣʽʜ ʧʨʝʜʩʪʘʚʠʪʠ  ʚʠʛʣʷʜʽ ʛʥʫʯʢʦʾ ʩʠʩʪʝʤʠ ʟʚôʷʟʘʥʠʭ ʪʽʣ. 

ɻʥʫʯʢʽ ʪʽʣʘ ʤʦʞʫʪʴ ʙʫʪʠ ʜʠʩʢʨʝʪʠʟʦʚʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ ɻʘʣʝʨʢʽʥʘ ʘʙʦ ʈʝʣʝʷ-

ʈʽʪʮʘ, ʘʣʝ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʘʚʪʦʨʠ ʯʘʩʪʽʰʝ ʟʘʩʪʦʩʦʚʫʶʪʴ ʧʽʜʭʽʜ ʌɸɺʂ, ʷʢʠʡ 

ʧʨʠʚʦʜʠʪʴ ʜʦ ʨʽʚʥʷʥʥʷ ʟ ʧʦʩʪʽʡʥʦʶ ʤʘʪʨʠʮʝʶ ʤʘʩ ʽ ʜʦʙʨʝ ʧʽʜʭʦʜʠʪʴ ʜʣʷ 
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ʤʦʜʝʣʶʚʘʥʥʷ ʚʝʣʠʢʠʭ ʜʝʬʦʨʤʘʮʽʡ.  ʄʦʜʝʣʽ ʪʘʢʦʞ ʧʦʚʠʥʥʽ ʚʨʘʭʦʚʫʚʘʪʠ ʚʧʣʠʚ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʥʘʧʨʠʢʣʘʜ, ʢʦʣʠʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ, ʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʟ'ʻʜʥʘʥʴ, ʪʘʢʽ ʷʢ ʞʦʨʩʪʢʽʩʪʴ, ʜʝʤʧʬʫʚʘʥʥʷ, ʨʦʟʪʘʰʫʚʘʥʥʷ, ʟʘʟʦʨ.  

ʊʦʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʩʽʪʯʘʩʪʦ-ʩʽʪʯʘʩʪʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʤʘʻ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʟʫʩʠʣʴ ʨʦʟʛʦʨʪʘʥʥʷ ʽ ʜʦʧʦʤʦʛʠ ʚ ʧʨʦʝʢʪʫʚʘʥʥʽ ʩʽʪʢʠ. ɺʣʘʩʪʠʚʦʩʪʽ ʷʢ 

ʩʽʪʦʢ, ʪʘʢ ʽ ʤʝʪʘʣʝʚʦʾ ʩʽʪʢʠ ʤʘʶʪʴ ʚʠʨʽʰʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʪʦʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʨʦʟʛʦʨʪʘʥʥʷ. ʅʘʪʷʛ ʪʨʦʩʫ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʧʨʦʮʝʩ ʨʦʟʛʦʨʪʘʥʥʷ, ʘʣʝ ʡʦʛʦ ʯʘʩʪʦ ʥʝ 

ʙʝʨʫʪʴ ʜʦ ʫʚʘʛʠ. ɽʣʘʩʪʠʯʥʽ ʝʣʝʤʝʥʪʠ ʢʦʥʪʘʢʪʥʦʾ ʤʝʨʝʞʽ ʘʙʦ ʝʣʝʤʝʥʪʠ ʩʪʨʠʞʥʷ 

ʌɸɺʂ ʟ ʜʝʬʽʮʠʪʦʤ ʛʨʘʜʽʻʥʪʘ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʬʦʨʤʠ ʽ 

ʥʘʪʷʛʫ ʩʽʪʢʠ ʧʽʜ ʯʘʩ ʨʦʟʛʦʨʪʘʥʥʷ ʘʥʪʝʥʠ. 

ʄʝʭʘʥʽʟʤʠ ʨʦʟʛʦʨʪʘʥʥʷ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ ʊʐʉ, ʪʘʢ ʽ ʧʘʩʠʚʥʽ 

ʧʨʫʞʠʥʥʦ-ʜʝʤʧʬʝʨʥʽ ʩʠʩʪʝʤʠ. ʊʨʘʜʠʮʽʡʥʠʡ ʧʽʜʭʽʜ ʤʦʜʝʣʶʚʘʥʥʷ ʩʠʩʪʝʤ ʟʚôʷʟʘʥʠʭ 

ʪʽʣ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʣʘʛʨʘʥʞʝʚʦʾ ʬʦʨʤʫʣʠ ʥʝ ʻ ʝʬʝʢʪʠʚʥʠʤ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ 

ʪʨʦʩʦʚʠʭ ʩʠʩʪʝʤ ʟ ʰʢʽʚʘʤʠ, ʦʩʢʽʣʴʢʠ ʜʣʷ ʧʨʘʚʠʣʴʥʦʛʦ ʚʠʷʚʣʝʥʥʷ ʢʦʥʪʘʢʪʫ 

ʥʝʦʙʭʽʜʥʦ, ʱʦʙ ʨʦʟʤʽʨʠ ʝʣʝʤʝʥʪʽʚ ʪʨʦʩʘ ʪʘ ʰʢʽʚʘ ʩʧʽʚʧʘʜʘʣʠ. ʎʶ ʧʨʦʙʣʝʤʫ ʤʦʞʥʘ 

ʚʠʨʽʰʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʦʚʽʣʴʥʦʾ ʣʘʛʨʘʥʞʝʚʦ-ʝʡʣʝʨʦʚʦʾ (ALE) ʬʦʨʤʫʣʠ, ʷʢʘ 

ʟʥʘʯʥʦ ʟʤʝʥʰʫʻ ʢʽʣʴʢʽʩʪʴ ʫʟʘʛʘʣʴʥʝʥʠʭ ʢʦʦʨʜʠʥʘʪ ʟʘ ʨʘʭʫʥʦʢ ʩʪʚʦʨʝʥʥʷ ʝʣʝʤʝʥʪʘ 

ʩʪʨʠʞʥʷ ʟʤʽʥʥʦʾ ʜʦʚʞʠʥʠ. ʑʦʙ ʫʥʠʢʥʫʪʠ ʚʠʷʚʣʝʥʥʷ ʢʦʥʪʘʢʪʫ ʽ ʦʙʤʝʞʠʪʠ ʪʨʦʩʦʚʠʡ 

ʝʣʝʤʝʥʪ ʥʘ ʰʢʽʚʽ, ʪʨʦʩ ʤʦʞʝ ʙʫʪʠ ʨʦʟʜʽʣʝʥʠʡ ʥʘ ʢʦʥʪʘʢʪʥʽ ʽ ʙʝʟʢʦʥʪʘʢʪʥʽ ʩʝʛʤʝʥʪʠ. 

ʇʝʨʝʤʽʱʝʥʥʷ ʪʨʦʩʽʚ, ʱʦ ʩʧʨʘʮʴʦʚʫʶʪʴ, ʢʨʘʱʝ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʢʝʨʫʶʯʽ ʚʭʦʜʠ CPS, 

ʦʩʢʽʣʴʢʠ ʾʭ ʣʝʛʰʝ ʨʝʘʣʽʟʫʚʘʪʠ ʘʧʘʨʘʪʥʦ ʧʦʨʽʚʥʷʥʦ ʟ ʩʠʣʘʤʠ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʘʙʦ 

ʤʦʤʝʥʪʘʤʠ, ʱʦ ʢʨʫʪʷʪʴ. ʂʦʣʠ ʪʨʦʩ ʨʫʭʘʻʪʴʩʷ ʧʦʚʽʣʴʥʦ, ʧʦʜʦʚʞʝʥʥʷ ʧʨʦʣʴʦʪʽʚ ʪʨʦʩʫ 

ʤʦʞʥʘ ʟʥʘʡʪʠ ʥʘ ʦʩʥʦʚʽ ʢʚʘʟʽʩʪʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʨʦʟʛʦʨʪʘʥʥʷ ʜʦ ʩʠʥʭʨʦʥʥʠʭ ʰʘʨʥʽʨʽʚ ʤʦʞʥʘ ʜʦʜʘʪʠ ʪʦʨʩʽʦʥʥʫ ʧʨʫʞʠʥʫ.  

ɯʩʥʫʻ ʙʘʛʘʪʦ ʘʣʛʦʨʠʪʤʽʚ ʯʠʩʝʣʴʥʦʛʦ ʽʥʪʝʛʨʫʚʘʥʥʷ ʜʣʷ ʨʦʟʚ'ʷʟʘʥʥʷ ɼɸʈ ʤʦʜʝʣʽ 

ʟ ʙʘʛʘʪʴʤʘ ʪʽʣʘʤʠ, ʘʣʝ ʚʦʥʠ ʤʦʞʫʪʴ ʩʪʨʘʞʜʘʪʠ ʚʽʜ ʧʨʦʙʣʝʤ ʨʦʟʙʽʞʥʦʩʪʽ. 

ʋʟʘʛʘʣʴʥʝʥʠʡ-Ŭ ʤʝʪʦʜ ʜʦʧʦʤʘʛʘʻ ʧʨʠʛʣʫʰʠʪʠ ʚʠʩʦʢʽ ʯʘʩʪʦʪʠ ʧʨʠ ʟʙʝʨʝʞʝʥʥʽ 

ʥʠʟʴʢʠʭ ʯʘʩʪʦʪ, ʟʙʝʨʽʛʘʶʯʠ ʨʝʘʣʽʩʪʠʯʥʽʩʪʴ ʨʫʭʫ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 
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ʦʙʯʠʩʣʝʥʴ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʪʦʜ ʜʦʤʝʥʥʦʾ ʜʝʢʦʤʧʦʟʠʮʽʾ ʜʣʷ ʨʦʟʙʠʪʪʷ 

ʛʥʫʯʢʦʾ ʩʠʩʪʝʤʠ ʟʚôʷʟʘʥʠʭ ʪʽʣ ʥʘ ʧʽʜʩʠʩʪʝʤʠ, ʘ ʪʘʢʦʞ ʤʝʪʦʜ ʑʫʨʘ ʜʣʷ ʫʩʫʥʝʥʥʷ 

ʚʥʫʪʨʽʰʥʽʭ ʢʦʦʨʜʠʥʘʪ ʽ ʤʥʦʞʥʠʢʽʚ.  

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʨʽʟʥʽ ʤʝʪʦʜʠ ʢʝʨʫʚʘʥʥʷ ʽ ʩʪʨʘʪʝʛʽʾ ʥʘʤʦʪʫʚʘʥʥʷ ʪʨʦʩʫ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʣʘʚʥʦʛʦ ʽ ʥʘʜʽʡʥʦʛʦ ʨʦʟʛʦʨʪʘʥʥʷ ʘʥʪʝʥʠ. ʇʨʦʮʝʩ ʨʦʟʛʦʨʪʘʥʥʷ ʤʦʞʝ 

ʙʫʪʠ ʧʨʦʘʥʘʣʽʟʦʚʘʥʠʡ ʫ ʢʚʘʟʽʩʪʘʪʠʯʥʽʡ ʧʦʩʪʘʥʦʚʮʽ ʟ ʨʽʚʥʷʥʥʷʤʠ ʨʽʚʥʦʚʘʛʠ, 

ʦʪʨʠʤʘʥʠʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʠʥʮʠʧʫ ʤʽʥʽʤʫʤʫ ʧʦʪʝʥʮʽʡʥʦʾ ʝʥʝʨʛʽʾ. ʄʝʪʦʜʠ, 

ʢʝʨʦʚʘʥʽ ʩʠʣʦʶ, ʚʩʪʘʥʦʚʣʶʶʪʴ ʟʚ'ʷʟʦʢ ʤʽʞ ʨʫʰʽʡʥʦʶ ʩʠʣʦʶ ʽ ʟʘʧʣʘʥʦʚʘʥʠʤ ʨʫʭʦʤ 

ʨʦʟʛʦʨʪʘʥʥʷ. ʉʠʤʧʣʝʢʩʥʝ ʤʠʪʪʻʚʝ ʦʧʪʠʤʘʣʴʥʝ ʢʝʨʫʚʘʥʥʷ (ʄʆʂ) ʤʦʞʝ ʚʠʨʽʰʫʚʘʪʠ 

ʙʽʣʴʰ ʟʘʛʘʣʴʥʽ ʧʨʦʙʣʝʤʠ ʢʝʨʫʚʘʥʥʷ ʨʦʟʛʦʨʪʘʥʥʷʤ ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʤʝʥʰʦʶ ʢʽʣʴʢʽʩʪʶ 

ʧʨʠʚʦʜʽʚ. ɼʦʮʽʣʴʥʦ ʧʨʦʚʦʜʠʪʠ ʩʧʽʣʴʥʝ ʢʝʨʫʚʘʥʥʷ ʨʦʟʛʦʨʪʘʥʥʷʤ ʽ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʢʦʥʩʪʨʫʢʮʽʾ, ʚʨʘʭʦʚʫʶʯʠ ʟʤʽʥʥʽ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʮʽʣʽ, ʦʙʤʝʞʝʥʥʷ, ʪʨʘʻʢʪʦʨʽʶ ʽ 

ʧʽʜʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ.  

ʏʘʩʪʦʪʘ ʧʝʨʰʦʾ ʚʣʘʩʥʦʾ ʤʦʜʠ ʨʝʬʣʝʢʪʦʨʘ ʻ ʚʘʞʣʠʚʠʤ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤ 

ʧʘʨʘʤʝʪʨʦʤ, ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʚʧʣʠʚʘʻ ʥʘ ʩʤʫʛʫ ʧʨʦʧʫʩʢʘʥʥʷ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ 

ʦʨʽʻʥʪʘʮʽʻʶ ʪʘ ʦʨʙʽʪʦʶ ʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʞʦʨʩʪʢʦʩʪʽ ʪʘ ʤʘʩʠ ʢʦʥʩʪʨʫʢʮʽʾ. ɺʣʘʩʥʽ 

ʯʘʩʪʦʪʠ ʽ ʬʦʨʤʠ ʤʦʜ ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʟʨʘʭʦʚʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ ʽ 

ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ. ʅʘʪʷʛ ʩʽʪʢʠ ʚʧʣʠʚʘʻ ʥʘ ʯʘʩʪʦʪʫ ʽ ʜʠʥʘʤʽʯʥʫ ʧʦʚʝʜʽʥʢʫ ʢʦʩʤʽʯʥʠʭ 

ʨʝʬʣʝʢʪʦʨʽʚ. ɺʣʘʩʥʽ ʯʘʩʪʦʪʠ ʨʦʟʛʦʨʥʫʪʦʾ ʘʥʪʝʥʠ ʟʘʣʝʞʘʪʴ ʚʽʜ ʧʘʨʘʤʝʪʨʘ, ʷʢʠʡ 

ʦʙʯʠʩʣʶʻʪʴʩʷ ʟ ʤʦʜʘʣʴʥʦʛʦ ʤʦʤʝʥʪʫ i-ʦʾ ʤʦʜʠ ʽ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʨʝʬʣʝʢʪʦʨʘ. 

ɺʣʘʩʪʠʚʦʩʪʽ ʟ'ʻʜʥʘʥʴ ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʥʘ ʜʠʥʘʤʽʢʫ ʟ'ʻʜʥʘʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. 

ʅʘʧʨʠʢʣʘʜ, ʯʘʩʪʦʪʠ ʟʤʝʥʰʫʶʪʴʩʷ, ʢʦʣʠ ʚ ʤʽʩʮʷʭ ʟ'ʻʜʥʘʥʥʷ ʚʠʥʠʢʘʶʪʴ ʧʽʢʦʚʽ ʬʦʨʤʠ 

ʤʦʜ, ʽ ʟʙʽʣʴʰʫʶʪʴʩʷ, ʢʦʣʠ ʟʙʽʣʴʰʫʻʪʴʩʷ ʜʝʤʧʬʫʚʘʥʥʷ ʟ'ʻʜʥʘʥʥʷ. ʅʝʣʽʥʽʡʥʽ ʝʬʝʢʪʠ 

ʚʽʣʴʥʦʛʦ ʭʦʜʫ ʪʘ ʛʽʩʪʝʨʝʟʠʩʫ ʩʧʨʠʯʠʥʷʶʪʴ ʜʠʥʘʤʽʯʥʽ ʨʝʘʢʮʽʾ ʥʘ ʟʤʽʥʫ ʯʘʩʪʦʪʠ 

ʧʝʨʝʤʠʢʘʥʥʷ. ɾʦʨʩʪʢʽʩʪʴ ʢʦʥʪʘʢʪʫ ʟ'ʻʜʥʘʥʥʷ ʚʠʟʥʘʯʘʻ ʥʝʣʽʥʽʡʥʽʩʪʴ ʩʠʩʪʝʤʠ, ʚ ʪʦʡ 

ʯʘʩ ʷʢ ʨʽʚʝʥʴ ʟʙʫʜʞʫʶʯʦʾ ʩʠʣʠ, ʟʘʟʦʨ ʽ ʩʠʣʘ ʢʦʚʟʘʥʥʷ ʚʧʣʠʚʘʶʪʴ ʥʘ ʘʤʧʣʽʪʫʜʫ 

ʜʠʥʘʤʽʯʥʦʛʦ ʚʽʜʛʫʢʫ 
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ʅʘ ʧʦʚʝʜʽʥʢʫ ʘʥʪʝʥʠ ʧʽʜ ʯʘʩ ʨʦʟʛʦʨʪʘʥʥʷ ʚʧʣʠʚʘʶʪʴ ʨʽʟʥʽ ʬʘʢʪʦʨʠ, ʚʢʣʶʯʘʶʯʠ 

ʥʘʪʷʛ ʪʨʦʩʽʚ, ʚʽʙʨʘʮʽʾ ʩʪʨʽʣʠ, ʱʦ ʧʽʜʪʨʠʤʫʻ ʘʥʪʝʥʫ, ʩʠʥʭʨʦʥʽʟʘʮʽʶ ʤʝʭʘʥʽʟʤʫ ʬʝʨʤʠ 

ʪʘ ʽʥʰʽ. ʅʘʡʙʽʣʴʰʝ ʟʫʩʠʣʣʷ ʨʦʟʛʦʨʪʘʥʥʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʝʟʘʜʦʚʛʦ ʜʦ ʨʦʟʛʦʨʪʘʥʥʷ. 

ʆʧʪʠʤʘʣʴʥʝ ʧʣʘʥʫʚʘʥʥʷ ʨʦʟʛʦʨʪʘʥʥʷ ʤʦʞʝ ʤʽʥʽʤʽʟʫʚʘʪʠ ʝʬʝʢʪ ʟʚ'ʷʟʢʫ ʤʽʞ ʨʫʭʦʤ 

ʩʫʧʫʪʥʠʢʦʚʦʾ ʰʠʥʠ ʽ ʨʫʭʦʤ ʘʥʪʝʥʠ. ʗʚʠʱʘ ʥʝʩʠʥʭʨʦʥʥʦʛʦ ʨʦʟʛʦʨʪʘʥʥʷ ʯʝʨʝʟ 

ʛʥʫʯʢʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ ʽ ʟʛʘʩʘʥʥʷ ʨʫʰʽʡʥʦʾ ʩʠʣʠ ʤʦʞʫʪʴ ʟʙʽʣʴʰʠʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʦʙʨʫʯʥʫ ʬʝʨʤʫ, ʱʦ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʚʝʣʠʢʦʾ ʨʦʟʛʦʨʪʘʻʤʦʾ 

ʦʙʨʫʯʥʦ-ʬʨʦʥʪʦʥʥʦʾ ʘʥʪʝʥʠ. ɻʥʫʯʢʽʩʪʴ ʬʝʨʤʠ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʜʠʥʘʤʽʢʫ 

ʨʦʟʛʦʨʪʘʥʥʷ, ʘ ʟʙʽʣʴʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʧʝʨʝʜʘʯʽ ʤʦʞʝ ʟʤʝʥʰʠʪʠ ʤʘʢʩʠʤʘʣʴʥʫ 

ʨʫʰʽʡʥʫ ʩʠʣʫ. ʉʠʣʠ ʥʘʪʷʛʫ ʚ ʩʽʪʮʽ ʤʦʞʫʪʴ ʟʤʝʥʰʠʪʠ ʚʽʙʨʘʮʽʾ ʽ ʜʝʬʦʨʤʘʮʽʾ.  

ɺʧʣʠʚ ʥʘʪʷʛʫ ʩʽʪʢʠ ʥʘ ʘʥʪʝʥʥʫ ʬʝʨʤʫ, ʱʦ ʤʦʞʝ ʩʧʨʠʯʠʥʠʪʠ ʥʝʟʙʘʣʘʥʩʦʚʘʥʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʫʩʢʣʘʜʥʠʪʠ ʪʨʘʻʢʪʦʨʽʶ ʨʦʟʛʦʨʪʘʥʥʷ ʪʘ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ 

ʢʝʨʫʚʘʥʥʷ. ʈʽʟʥʽ ʪʦʧʦʣʦʛʽʯʥʽ, ʤʘʪʝʨʽʘʣʴʥʽ ʪʘ ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʤʦʞʫʪʴ 

ʩʪʚʦʨʶʚʘʪʠ ʨʽʟʥʽ ʩʪʨʫʢʪʫʨʠ ʪʨʦʩʦʚʠʭ ʩʠʩʪʝʤ, ʤʽʥʽʤʽʟʫʶʯʠ ʚʧʣʠʚ ʨʦʟʛʦʨʪʘʥʥʷ. 

ʊʘʢʦʞ ʚ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʂʂʊ, ʟʦʢʨʝʤʘ 

ʩʪʨʽʣʦʧʦʜʽʙʥʠʭ ʪʝʣʝʩʢʦʧʽʯʥʠʭ, ʩʝʢʮʽʡʥʠʭ, ʥʦʞʠʯʥʠʭ ʽ ʢʦʤʧʦʟʠʪʥʠʭ ʩʪʨʫʢʪʫʨ. 

ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʜʝʤʦʥʩʪʨʫʶʪ ɹ ʰʠʨʦʢʝ ʨʽʟʥʦʤʘʥʽʪʪʷ ʧʽʜʭʦʜʽʚ ʜʦ ʚʠʨʽʰʝʥʥʷ 

ʟʘʚʜʘʥʴ ʦʧʪʠʤʽʟʘʮʽʾ ʦʙ'ʻʤʫ ʪʘ ʤʘʩʠ ʢʦʥʩʪʨʫʢʮʽʡ. ʂʦʞʝʥ ʪʠʧ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʻ ʩʚʦʾ 

ʫʥʽʢʘʣʴʥʽ ʧʝʨʝʚʘʛʠ, ʥʝʜʦʣʽʢʠ ʪʘ ʦʩʦʙʣʠʚʦʩʪʽ ʜʠʥʘʤʽʢʠ ʨʦʟʛʦʨʪʘʥʥʷ, ʱʦ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʩʪʨʫʢʪʫʨʠ, ʤʘʪʝʨʽʘʣʽʚ ʽ ʤʝʭʘʥʽʟʤʽʚ ʬʽʢʩʘʮʽʾ ʪʘ ʢʦʥʪʨʦʣʶ. 

ʈʽʟʥʠʮʷ ʫ ʤʝʪʦʜʘʭ ʤʦʜʝʣʶʚʘʥʥʷ ʡ ʘʥʘʣʽʟʫ ʨʦʟʛʦʨʪʘʥʥʷ, ʪʘʢʠʭ ʷʢ ʤʝʪʦʜʠ 

ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʽ ʜʠʥʘʤʽʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʫ ʚʠʛʣʷʜʽ ʩʠʩʪʝʤʠ ʟʚôʷʟʘʥʠʭ ʪʽʣ, 

ʧʽʜʢʨʝʩʣʶʻ ʚʘʞʣʠʚʽʩʪʴ ʛʣʠʙʦʢʦʛʦ ʚʠʚʯʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʞʥʦʛʦ 

ʪʠʧʫ ʢʦʥʩʪʨʫʢʮʽʡ ʫ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʢʦʩʤʦʩʫ. ʂʨʠʪʠʯʥʠʤʠ ʟʘʣʠʰʘʶʪʴʩʷ ʧʠʪʘʥʥʷ 

ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ, ʜʦʚʛʦʚʽʯʥʦʩʪʽ, ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʚʧʣʠʚʫ ʢʦʩʤʽʯʥʠʭ ʫʤʦʚ. 

ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʮʽʡ ʛʘʣʫʟʽ ʤʘʶʪʴ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʧʦʩʪʽʡʥʝ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ ʨʦʟʛʦʨʪʘʥʥʷ, ʜʦʟʚʦʣʠʪʴ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ 

ʥʘʜʽʡʥʽʩʪʴ ʢʦʩʤʽʯʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ʎʝ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʚʽʜʢʨʠʻ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ 
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ʤʘʡʙʫʪʥʽʭ ʤʽʩʽʡ ʫ ʜʘʣʝʢʦʤʫ ʢʦʩʤʦʩʽ, ʜʝ ʥʘʜʽʡʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʡ ʻ ʢʣʶʯʦʚʦʶ ʫʤʦʚʦʶ 

ʫʩʧʽʭʫ. 
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ʈʆɿɼɯʃ 2 ʄʆɼɽʃʖɺɸʅʅʗ ʂʆʉʄɯʏʅʆɰ ɸʅʊɽʅʀ, ʑʆ 

ʊʈɸʅʉʌʆʈʄʋɭʊʔʉʗ 

 

2. 1. ʄʦʜʝʣʴ ʦʧʦʨʥʦʾ ʬʝʨʤʠ ʪʘ ʩʠʩʪʝʤʠ ʧʦʣʦʪʥʦ-ʩʽʪʢʘ 

 

ɿ ʤʠʥʫʣʦʛʦ ʨʦʟʜʽʣʫ ʤʦʞʥʘ ʙʫʣʦ ʧʦʤʽʪʠʪʠ, ʱʦ ʘʚʪʦʨʠ ʩʪʠʢʘʶʯʠʩʴ ʽʟ ʟʘʚʜʘʥʥʷʤ 

ʧʦʙʫʜʫʚʘʪʠ ʤʦʜʝʣʴ ʂʂʊ, ʟʦʢʨʝʤʘ ʘʥʪʝʥʠ ʢʦʩʤʽʯʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʩʧʝʮʽʘʣʴʥʠʡ ʢʦʤʧ'ʶʪʝʨʥʠʡ ʢʦʜ ʚʣʘʩʥʦʾ ʨʦʟʨʦʙʢʠ. ʍʦʯʘ 

ʪʘʢʠʡ ʧʽʜʭʽʜ, ʧʨʠʨʦʜʥʦ, ʻ ʜʫʞʝ ʛʥʫʯʢʠʤ, ʥʘ ʨʦʟʨʦʙʢʫ ʪʘ ʚʘʣʽʜʘʮʽʶ ʮʴʦʛʦ ʢʦʜʫ 

ʚʠʪʨʘʯʘʻʪʴʩʷ ʙʘʛʘʪʦ ʯʘʩʫ, ʦʩʢʽʣʴʢʠ ʦʙ'ʻʢʪ ʤʦʜʝʣʶʚʘʥʥʷ ʻ ʩʢʣʘʜʥʦʶ, 

ʙʘʛʘʪʦʝʣʝʤʝʥʪʥʦʶ ʛʥʫʯʢʦʶ ʩʠʩʪʝʤʦʶ. 

ɯʥʰʠʡ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʚ ʦʛʣʷʥʫʪʠʭ ʨʦʙʦʪʘʭ ʧʽʜʭʽʜ ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʚʯʝʥʠʤʠ ʢʦʤʝʨʮʽʡʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʥʘʤʽʢʠ 

ʩʠʩʪʝʤ ʙʘʛʘʪʴʦʭ ʪʽʣ, ʪʘʢʦʛʦ ʷʢ Adams [48-50] ʪʘ Ansys Motion [51, 52]. ʅʝʟʚʘʞʘʶʯʠ 

ʥʘ ʪʝ, ʱʦ ʪʘʢʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʘʻ ʭʦʨʦʰʽ ʤʦʞʣʠʚʦʩʪʽ, ʚʦʥʠ ʚʩʝ ʱʝ 

ʦʙʤʝʞʝʥʽ ʤʝʪʦʜʦʣʦʛʽʻʶ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʧʨʠ ʡʦʛʦ ʩʪʚʦʨʝʥʥʽ. ʂʨʽʤ ʪʦʛʦ, ʮʽ 

ʧʨʦʛʨʘʤʥʽ ʧʨʦʜʫʢʪʠ ʜʦʚʦʣʽ ʜʦʨʦʛʽ ʽ ʥʝʜʦʩʪʫʧʥʽ ʜʣʷ ʩʪʘʨʪʘʧʽʚ ʽ ʥʝʚʝʣʠʢʠʭ ʛʨʫʧ 

ʜʦʩʣʽʜʥʠʢʽʚ. 

ʅʘʨʘʟʽ ʽʩʥʫʻ ʥʝʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʧʨʦʛʨʘʤ ʟ ʚʽʜʢʨʠʪʠʤ ʚʠʭʽʜʥʠʤ ʢʦʜʦʤ ʜʣʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʥʘʤʽʢʠ ʩʠʩʪʝʤ ʙʘʛʘʪʴʦʭ ʪʽʣ, ʪʘʢʠʭ ʷʢ MBDyn [53] ʪʘ Hotint [55]. 

ɺʦʥʠ ʻ ʙʝʟʢʦʰʪʦʚʥʠʤʠ ʽ ʧʦʪʝʥʮʽʡʥʦ ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʛʥʫʯʢʽʩʪʴ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ 

ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʥʘ ʨʦʟʨʦʙʢʫ ʤʦʜʝʣʽ, ʘʣʝ, ʥʘ ʞʘʣʴ, ʙʨʘʢʫʻ ʧʫʙʣʽʢʘʮʽʡ ʟ ʧʨʠʢʣʘʜʘʤʠ ʾʭ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʢʦʩʤʽʯʥʠʭ ʘʥʪʝʥ. 

ʋ ʨʦʙʦʪʘʭ [51, 52] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʫ ʢʦʥʩʪʨʫʢʮʽʶ ʩʽʪʯʘʩʪʦʾ ʘʥʪʝʥʠ. ʎʷ 

ʢʦʥʩʪʨʫʢʮʽʷ ʘʥʪʝʥʠ ʨʝʢʦʤʝʥʜʦʚʘʥʘ ʜʣʷ ʤʽʥʽ-ʩʫʧʫʪʥʠʢʽʚ. ʇʘʥʪʦʛʨʘʬʽʯʥʘ 

ʢʦʥʩʪʨʫʢʮʽʷ ʦʧʦʨʥʦʛʦ ʢʽʣʴʮʷ ʻ ʥʘʡʚʘʞʣʠʚʽʰʦʶ ʦʩʦʙʣʠʚʽʩʪʶ, ʷʢʘ ʚʽʜʨʽʟʥʷʻ ʮʝʡ 

ʨʝʬʣʝʢʪʦʨ ʚʽʜ ʘʥʪʝʥʠ AstroMesh, ʷʢʫ ʙʫʣʦ ʦʩʚʽʪʣʝʥʦ ʫ ʧʦʧʝʨʝʜʥʴʦʤʫ ʨʦʟʜʽʣʽ. ʊʘʢʘ 

ʧʘʥʪʦʛʨʘʬʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʚʚʘʞʘʻʪʴʩʷ ʜʫʞʝ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʧʽʜʭʦʜʦʤ ʜʦ 
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ʧʨʦʝʢʪʫʚʘʥʥʷ ʨʝʬʣʝʢʪʦʨʘ, ʘʣʝ ʧʫʙʣʽʢʘʮʽʡ ʧʨʦ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʟʛʦʨʪʘʥʥʷ ʪʘʢʠʭ 

ʘʥʪʝʥ ʤʘʡʞʝ ʥʝʤʘʻ.  

ɺ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʨʦʟʛʣʷʥʫʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʤʦʜʝʣʶʚʘʥʥʷ 

ʘʥʪʝʥʠ, ʱʦ ʙʫʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʨʦʙʦʪʘʭ [51, 52] ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤ ʟ 

ʚʽʜʢʨʠʪʠʤ ʚʠʭʽʜʥʠʤ ʢʦʜʦʤ, ʘ ʪʘʢʦʞ ʚʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʩʚʽʡ ʧʽʜʭʽʜ ʜʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʨʦʩʦʚʦʾ ʩʠʩʪʝʤʠ ʨʦʟʛʦʨʪʘʥʥʷ, ʱʦ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʜʣʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʟʛʦʨʪʘʥʥʷ ʧʦʜʽʙʥʠʭ ʂʂʊ. 

 

2. 1. 1. ʂʦʥʩʪʨʫʢʮʽʷ ʘʥʪʝʥʠ.  

 
 

ʈʠʩʫʥʦʢ 2.1 - ʂʦʥʩʪʨʫʢʮʽʷ ʘʥʪʝʥʠ. 

 

ʆʩʥʦʚʦʶ ʢʦʥʩʪʨʫʢʮʽʾ ʘʥʪʝʥʠ (ʨʠʩ. 2.1) ʻ ʦʧʦʨʥʝ ʢʽʣʴʮʝ (1), ʱʦ 

ʪʨʘʥʩʬʦʨʤʫʻʪʴʩʷ. ɼʚʽ ʩʽʪʢʠ (2), ʷʢʽ ʢʨʽʧʣʷʪʴʩʷ ʜʦ ʦʧʦʨʥʦʛʦ ʢʽʣʴʮʷ ʽ ʩʪʷʛʫʶʪʴʩʷ 

ʩʪʷʞʢʘʤʠ, ʬʦʨʤʫʶʪʴ ʥʝʦʙʭʽʜʥʫ ʬʦʨʤʫ ʨʝʬʣʝʢʪʦʨʘ. ɼʦ ʦʜʥʽʻʾ ʟ ʩʽʪʦʢ ʢʨʽʧʠʪʴʩʷ 

ʚʽʜʙʠʚʥʝ ʧʦʣʦʪʥʦ. ʅʝʩʫʯʝ ʢʽʣʴʮʝ ʘʥʪʝʥʠ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 18 ʦʜʥʘʢʦʚʠʭ ʩʝʢʮʽʡ, 

ʟ'ʻʜʥʘʥʠʭ ʰʘʨʥʽʨʥʠʤʠ ʚʫʟʣʘʤʠ (3). ʂʦʞʥʘ ʩʝʢʮʽʷ ʩʬʦʨʤʦʚʘʥʘ ʟ ʜʽʘʛʦʥʘʣʴʥʠʭ ʽ 

ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʩʪʨʠʞʥʽʚ ʪʨʫʙʯʘʩʪʦʛʦ ʧʝʨʝʨʽʟʫ. ʌʨʘʛʤʝʥʪ ʦʧʦʨʥʦʛʦ ʢʽʣʴʮʷ ʘʥʪʝʥʠ 
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ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 2.2. ʅʘ ʨʠʩ. 2.3 ʧʦʢʘʟʘʥʦ ʯʘʩʪʠʥʫ ɸ ʦʧʦʨʥʦʛʦ ʢʽʣʴʮʷ ʫ 

ʟʙʽʣʴʰʝʥʦʤʫ ʤʘʩʰʪʘʙʽ. 

 

ʈʠʩʫʥʦʢ 2.2 - ʌʨʘʛʤʝʥʪ ʦʧʦʨʥʦʛʦ 

ʢʽʣʴʮʷ 

 

ʈʠʩʫʥʦʢ 2.3 - V-ʧʦʜʽʙʥʠʡ ʰʘʨʥʽʨ 

ʰʪʘʥʛʠ 

 

ɼʽʘʛʦʥʘʣʴʥʽ ʩʪʨʠʞʥʽ ʟ'ʻʜʥʘʥʽ ʰʘʨʥʽʨʘʤʠ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʦʚʦʨʦʪ ʦʜʥʦʛʦ 

ʩʪʨʠʞʥʷ ʚʽʜʥʦʩʥʦ ʽʥʰʦʛʦ. ɼʽʘʛʦʥʘʣʴʥʽ ʩʪʨʠʞʥʽ ʪʘʢʦʞ ʟ'ʻʜʥʘʥʽ ʟ ʥʠʞʥʽʤ ʽ ʚʝʨʭʥʽʤ 

ʛʦʨʠʟʦʥʪʘʣʴʥʠʤʠ ʩʪʨʠʞʥʷʤʠ, ʷʢʽ ʪʨʘʥʩʬʦʨʤʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ V-ʧʦʜʽʙʥʠʭ 

ʰʘʨʥʽʨʽʚ (ʨʠʩ. 2.3). ʉʝʢʮʽʾ ʢʽʣʴʮʷ ʪʘʢʦʞ ʟ'ʻʜʥʘʥʽ ʰʘʨʥʽʨʥʠʤʠ ʚʫʟʣʘʤʠ ʚ ʤʽʩʮʷʭ 

ʟ'ʻʜʥʘʥʥʷ ʜʽʘʛʦʥʘʣʴʥʠʭ ʽ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʩʪʝʨʞʥʽʚ (ʨʠʩ. 2.4). 

 

ʈʠʩʫʥʦʢ 2.4 - ɿʙʽʨʢʘ ʧʝʨʝʭʨʝʩʥʦʛʦ 

ʰʘʨʥʽʨʘ. 
 

ʈʠʩʫʥʦʢ 2.5 - ʉʧʨʦʱʝʥʝ ʟʦʙʨʘʞʝʥʥʷ 

ʚʫʟʣʘ ʧʝʨʝʭʨʝʩʥʦʛʦ ʰʘʨʥʽʨʘ. 
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ɺʩʽ ʰʘʨʥʽʨʥʽ ʪʘ ʟ'ʻʜʥʫʚʘʣʴʥʽ ʝʣʝʤʝʥʪʠ ʚʠʛʦʪʦʚʣʝʥʽ ʟ ʘʣʶʤʽʥʽʶ, ʘ ʜʽʘʛʦʥʘʣʴʥʽ ʪʘ 

ʛʦʨʠʟʦʥʪʘʣʴʥʽ ʩʪʨʠʞʥʽ - ʟ ʚʫʛʣʝʮʝʚʦʛʦ ʚʦʣʦʢʥʘ. ɸʥʪʝʥʘ ʨʦʟʛʦʨʪʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʊʐʉ, ʱʦ ʩʢʣʘʜʘʻʪʴʷ ʽʟ ʪʨʦʩʽʚ, ʷʢʽ ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʰʢʽʚʽʚ ʽ ʧʨʠʚʦʜʷʪʴʩʷ ʚ 

ʨʫʭ ʜʚʦʤʘ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘʤʠ. 

 

2. 1. 2. ʄʦʜʝʣʴ ʢʦʩʤʽʯʥʦʾ ʘʥʪʝʥʠ.  

 

ʏʝʨʝʟ ʩʢʣʘʜʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ ʢʦʩʤʽʯʥʦʾ ʘʥʪʝʥʠ ʙʫʣʠ ʟʨʦʙʣʝʥʽ ʜʝʷʢʽ ʩʧʨʦʱʝʥʥʷ 

ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʜʠʥʘʤʽʯʥʦʾ ʤʦʜʝʣʽ ʢʦʥʩʪʨʫʢʮʽʾ, ʱʦ ʨʦʟʛʦʨʪʘʻʪʴʩʷ, ʪʘ ʾʾ ʧʦʜʘʣʴʰʦʾ 

ʨʝʘʣʽʟʘʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʜʢʨʠʪʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. 

ɺʫʛʣʝʧʣʘʩʪʠʢʦʚʽ ʩʪʨʠʞʥʽ ʤʦʜʝʣʶʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʥʫʯʢʠʭ ʙʘʣʦʯʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʥʘ ʦʩʥʦʚʽ ʌɸɺʂ [53]. ʎʽ ʩʢʽʥʯʝʥʥʽ ʝʣʝʤʝʥʪʠ ʟʜʘʪʥʽ ʤʦʜʝʣʶʚʘʪʠ ʚʝʣʠʢʽ 

ʜʝʬʦʨʤʘʮʽʾ ʽ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʷʢ ʜʣʷ ʩʪʘʪʠʯʥʠʭ, ʪʘʢ ʽ ʜʣʷ ʜʠʥʘʤʽʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ. ɺʦʥʠ ʤʦʜʝʣʶʶʪʴ ʦʩʴʦʚʽ, ʟʛʠʥʘʣʴʥʽ, ʟʩʫʚʥʽ ʪʘ ʢʨʫʪʠʣʴʥʽ ʜʝʬʦʨʤʘʮʽʾ 

ʩʪʨʠʞʥʽʚ. ʌɸɺʂ ʚʠʢʦʨʠʩʪʦʚʫʻ ʚʝʢʪʦʨʠ ʥʘʭʠʣʫ ʜʣʷ ʧʘʨʘʤʝʪʨʠʟʘʮʽʾ ʦʨʽʻʥʪʘʮʽʾ 

ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʩʪʨʠʞʥʷ ʟʘʤʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ ʦʙʝʨʪʘʥʥʷ. 

ʆʨʽʻʥʪʘʮʽʷ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʩʪʨʠʞʥʷ ʦʧʠʩʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʚʠʯʘʡʥʦʾ 

ʣʽʥʽʡʥʦʾ ʽʥʪʝʨʧʦʣʷʮʽʾ, ʘ ʧʝʨʝʤʽʱʝʥʥʷ ʚʟʜʦʚʞ ʾʾ ʦʩʽ ʽʥʪʝʨʧʦʣʶʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʣʽʥʽʡʥʠʭ ʬʫʥʢʮʽʡ ʬʦʨʤʠ. ɺʝʢʪʦʨʠ ʥʘʭʠʣʫ ʻ ʧʦʭʽʜʥʠʤʠ ʚʝʢʪʦʨʘʤʠ ʧʦ ʚʽʜʥʦʰʝʥʥʶ 

ʜʦ ʩʠʩʪʝʤʠ ʚʽʜʣʽʢʫ ʤʘʩʰʪʘʙʦʚʘʥʦʛʦ ʣʽʥʽʡʥʦʛʦ ʙʘʟʦʚʦʛʦ ʝʣʝʤʝʥʪʘ. ɺʠʟʥʘʯʝʥʥʷ 

ʧʨʫʞʥʦʩʪʽ ʙʘʟʫʻʪʴʩʷ ʥʘ ʬʦʨʤʫʣʶʚʘʥʥʽ ʥʘ ʦʩʥʦʚʽ ʤʝʭʘʥʽʢʠ ʩʫʮʽʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

ʜʣʷ ʤʘʪʝʨʽʘʣʫ ʉʝʥ-ɺʝʥʘʥʘ ʂʽʨʭʛʦʬʘ [54] ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʚ'ʷʟʢʫ ʤʽʞ ʥʝʣʽʥʽʡʥʠʤ 

ʪʝʥʟʦʨʦʤ ʜʝʬʦʨʤʘʮʽʡ ɻʨʽʥʘ-ʃʘʛʨʘʥʞʘ ʪʘ ʜʨʫʛʠʤ ʪʝʥʟʦʨʦʤ ʥʘʧʨʫʞʝʥʴ ʇʽʦʣʷ-

ʂʽʨʭʛʦʬʘ. ʉʪʫʧʝʥʽ ʩʚʦʙʦʜʠ i-ʛʦ ʚʫʟʣʘ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʜʘʥʽ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ 

[ ]TTiTi(i)T(i) uuuq )()(
zh= ,     (2.1) 

ʜʝ 
(i)u  - ʚʫʟʣʦʚʝ ʧʝʨʝʤʽʱʝʥʥʷ; )(iuh , 

)(iuz  - ʟʤʽʥʠ ʚʝʢʪʦʨʽʚ ʥʘʭʠʣʫ. 
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ʂʦʞʝʥ ʚʫʟʦʣ ʤʘʻ ʜʝʚ'ʷʪʴ ʩʪʫʧʝʥʽʚ ʩʚʦʙʦʜʠ, ʪʘʢʠʤ ʯʠʥʦʤ, ʜʚʦʚʫʟʣʦʚʠʡ ʝʣʝʤʝʥʪ 

ʣʽʥʽʡʥʦʾ ʩʪʨʠʞʥʷ ʤʘʻ 18 ʩʪʫʧʝʥʽʚ ʩʚʦʙʦʜʠ. 

ɻʝʦʤʝʪʨʠʯʥʦ ʝʣʝʤʝʥʪ ʛʥʫʯʢʦʾ ʩʪʨʠʞʥʷ ʦʧʠʩʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʝʢʪʦʨʘ 

ʧʦʣʦʞʝʥʥʷ
)(i

r  ʽ ʜʚʦʭ ʚʝʢʪʦʨʽʚ ʥʘʭʠʣʫ)(ir h ʽ
)(ir z ʜʣʷ ʢʦʞʥʦʛʦ i-ʛʦ ʚʫʟʣʘ (ʨʠʩ. 2.6). 

 

 

ʈʠʩʫʥʦʢ 2.6 - ɻʝʦʤʝʪʨʠʯʥʠʡ ʦʧʠʩ ʛʥʫʯʢʦʛʦ 

ʩʪʨʠʞʥʷ. 

 

ʈʠʩʫʥʦʢ 2.7 - ʃʦʢʘʣʴʥʘ ʪʘ ʛʣʦʙʘʣʴʥʘ 

ʩʠʩʪʝʤʠ ʚʽʜʣʽʢʫ ʜʣʷ ʞʦʨʩʪʢʦʛʦ 

ʝʣʝʤʝʥʪʘ 

 

ʐʘʨʥʽʨʥʠʡ ʚʫʟʦʣ ʫ ʩʧʨʦʱʝʥʦʤʫ ʚʠʛʣʷʜʽ ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ. 2.5. ɸʣʶʤʽʥʽʻʚʽ 

ʰʘʨʥʽʨʥʽ ʚʫʟʣʠ ʤʦʜʝʣʶʶʪʴʩʷ ʷʢ ʯʦʪʠʨʠ ʰʘʨʥʽʨʠ ʦʙʝʨʪʘʥʥʷ, ʟ'ʻʜʥʘʥʽ ʟʚʠʯʘʡʥʠʤʠ 

ʞʦʨʩʪʢʠʤʠ ʝʣʝʤʝʥʪʘʤʠ (ʨʠʩ. 2.7). ʍʦʯʘ ʨʝʘʣʴʥʘ ʛʝʦʤʝʪʨʽʷ ʮʠʭ ʚʫʟʣʽʚ ʤʘʻ ʽʥʰʫ 

ʬʦʨʤʫ (ʨʠʩ. 2.4), ʪʘʢʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʻ ʚʠʧʨʘʚʜʘʥʠʤ, ʦʩʢʽʣʴʢʠ ʮʽ ʚʫʟʣʠ ʤʘʶʪʴ 

ʟʥʘʯʥʦ ʙʽʣʴʰʫ ʞʦʨʩʪʢʽʩʪʴ, ʥʽʞ ʩʪʨʠʞʥʝʚʽ ʝʣʝʤʝʥʪʠ ʢʦʥʩʪʨʫʢʮʽʾ, ʘ ʾʭ ʥʘʧʨʫʞʝʥʦ-

ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʥʝ ʜʦʩʣʽʜʞʫʻʪʴʩʷ. ʆʩʥʦʚʥʠʤʠ ʤʦʜʝʣʴʦʚʘʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

ʮʠʭ ʰʘʨʥʽʨʥʠʭ ʚʫʟʣʽʚ ʻ ʞʦʨʩʪʢʽʩʪʴ, ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʘ ʥʘʧʨʷʤʦʢ ʦʩʝʡ ʦʙʝʨʪʘʥʥʷ 

ʰʘʨʥʽʨʽʚ. 

ʅʘ ʨʠʩ. 2.7 ʣʽʪʝʨʦʶ S ʧʦʟʥʘʯʝʥʦ ʮʝʥʪʨ ʤʘʩ ʞʦʨʩʪʢʦʛʦ ʝʣʝʤʝʥʪʘ, ʷʢʠʡ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʝʢʪʦʨʦʤ ʧʦʣʦʞʝʥʥʷ ʚ ʛʣʦʙʘʣʴʥʽʡ ʩʠʩʪʝʤʽ ʚʽʜʣʽʢʫ (ɻʉɺ). ʎʝʥʪʨ ʤʘʩ 

ʪʘʢʦʞ ʻ ʧʦʯʘʪʢʦʤ ʣʦʢʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʚʽʜʣʽʢʫ (ʃʉɺ). ʅʘʧʨʠʢʣʘʜ, ʃʉɺ 
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ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʣʦʞʝʥʥʷ ʪʦʯʢʠ P ʥʘ ʨʠʩ. 2.7, ʷʢʘ ʥʝʦʙʭʽʜʥʘ ʜʣʷ 

ʜʦʜʘʚʘʥʥʷ ʰʘʨʥʽʨʽʚ ʘʙʦ ʜʘʪʯʠʢʽʚ. 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʤʘʩʘ ʩʧʨʦʱʝʥʦʾ ʤʦʜʝʣʽ ʘʥʪʝʥʠ ʜʦʨʽʚʥʶʚʘʣʘ ʤʘʩʽ ʨʝʘʣʴʥʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ, ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʦʜʘʪʢʦʚʽ ʪʦʯʢʦʚʽ ʤʘʩʠ. ʄʘʩʠ ʪʦʯʦʢ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ 

ʪʨʴʦʤʘ ʢʦʦʨʜʠʥʘʪʘʤʠ ʧʦʣʦʞʝʥʥʷ. 

ʐʘʨʥʽʨ V-ʧʦʜʽʙʥʦʾ ʰʪʘʥʛʠ ʤʦʜʝʣʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʝʛʫʣʴʦʚʘʥʦʛʦ 

ʢʘʨʜʘʥʥʦʛʦ ʰʘʨʥʽʨʘ. ʎʝʡ ʰʘʨʥʽʨ ʟ'ʻʜʥʫʻ ʜʚʘ ʪʽʣʘ (ʜʘʣʽ ʪʽʣʘ i ʪʘ j) ʽ ʜʦʟʚʦʣʷʻ 

ʦʙʤʝʞʠʪʠ ʰʽʩʪʴ ʚʽʜʥʦʩʥʠʭ ʩʪʫʧʝʥʽʚ ʩʚʦʙʦʜʠ, ʘ ʩʘʤʝ ʨʫʭ ʚʟʜʦʚʞ ʪʨʴʦʭ ʦʩʝʡ ʃʉɺ ʪʘ 

ʦʙʝʨʪʘʥʥʷ ʥʘʚʢʦʣʦ ʮʠʭ ʦʩʝʡ. ʈʽʚʥʷʥʥʷ ʢʽʥʝʤʘʪʠʯʥʠʭ ʦʙʤʝʞʝʥʴ ʜʣʷ ʮʴʦʛʦ ʪʠʧʫ 

ʟ'ʻʜʥʘʥʥʷ ʤʘʶʪʴ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 

0)( =- jiT xxA ,     (2.2) 

ʜʝ1x  ʪʘ2x  - ʧʦʣʦʞʝʥʥʷ ʪʦʯʦʢ ʟ'ʻʜʥʘʥʥʷ ʚ ɻʉɺ ʥʘ ʪʽʣʘʭ i ʪʘ j ʚʽʜʧʦʚʽʜʥʦ;

)( i
z

i
y

i
x eeeA =  - ʤʘʪʨʠʮʷ ʧʦʚʦʨʦʪʫ ʚʽʜ ʃʉɺ ʟ'ʻʜʥʘʥʥʷ ʜʦ ɻʉɺ. 

ʂʦʞʥʝ ʨʽʚʥʷʥʥʷ ʚ ʩʠʩʪʝʤʽ (2) ʚʽʜʧʦʚʽʜʘʻ ʦʙʤʝʞʝʥʦʤʫ ʥʘʧʨʷʤʢʫ, ʪʦʤʫ ʷʢʱʦ ʚʩʽ 

ʥʘʧʨʷʤʢʠ ʦʙʤʝʞʝʥʽ, ʪʦ ʚʦʥʘ ʩʧʨʦʱʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

0=- ji xx ,     (2.3) 

ʗʢʱʦ ʚʩʽ ʦʙʝʨʪʘʣʴʥʽ ʩʪʫʧʝʥʽ ʩʚʦʙʦʜʠ ʦʙʤʝʞʝʥʽ, ʪʦ ʨʽʚʥʷʥʥʷ ʦʙʝʨʪʘʣʴʥʠʭ 

ʦʙʤʝʞʝʥʴ ʜʣʷ ʪʽʣ i ʪʘ j ʤʘʻ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 
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ɼʣʷ ʚʠʧʘʜʢʽʚ, ʢʦʣʠ ʦʙʝʨʪʘʥʥʷ ʥʝ ʦʙʤʝʞʝʥʝ ʥʘʚʢʦʣʦ ʦʜʥʽʻʾ ʟ ʦʩʝʡ, ʨʽʚʥʷʥʥʷ (2.4) 

ʥʘʙʫʚʘʻ ʥʘʩʪʫʧʥʦʛʦ ʚʠʛʣʷʜʫ: 
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ʜʣʷ ʦʩʝʡ ʭ, ʫ, z ʚʽʜʧʦʚʽʜʥʦ. 
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ɼʽʘʛʦʥʘʣʴʥʽ ʩʪʨʠʞʥʽ ʟ'ʻʜʥʘʥʽ ʯʝʨʝʟ ʰʘʨʥʽʨ ʦʙʝʨʪʘʥʥʷ, ʷʢʠʡ ʦʙʤʝʞʫʻ ʚʩʽ 

ʚʽʜʥʦʩʥʽ ʩʪʫʧʝʥʽ ʩʚʦʙʦʜʠ ʤʽʞ ʜʚʦʤʘ ʪʽʣʘʤʠ, ʢʨʽʤ ʦʙʝʨʪʘʥʥʷ ʥʘʚʢʦʣʦ ʦʜʥʽʻʾ 

ʣʦʢʘʣʴʥʦʾ ʦʩʽ. ʐʘʨʥʽʨ ʦʙʝʨʪʘʥʥʷ ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʢʘʨʜʘʥʥʦʤʫ ʰʘʨʥʽʨʫ, ʚ ʷʢʦʤʫ ʚʩʽ 

ʩʪʫʧʝʥʽ ʩʚʦʙʦʜʠ ʦʙʤʝʞʝʥʽ, ʦʢʨʽʤ ʦʙʝʨʪʘʥʥʷ ʥʘʚʢʦʣʦ ʣʦʢʘʣʴʥʦʾ ʦʩʽ ʭ. ʊʘʢʦʞ ʰʘʨʥʽʨ 

ʦʙʝʨʪʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟ'ʻʜʥʘʥʥʷ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʽ ʜʽʘʛʦʥʘʣʴʥʠʭ ʙʘʣʦʢ ʟ 

ʰʘʨʥʽʨʥʠʤʠ ʚʫʟʣʘʤʠ. 

ɾʦʨʩʪʢʽ ʪʽʣʘ ʟ'ʻʜʥʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʝʨʫʭʦʤʦʛʦ ʟ'ʻʜʥʘʥʥʷ, ʷʢʝ ʦʙʤʝʞʫʻ ʚʩʽ 

ʩʪʫʧʝʥʽ ʩʚʦʙʦʜʠ ʝʣʝʤʝʥʪʘ ʫ ʚʠʟʥʘʯʝʥʦʤʫ ʣʦʢʘʣʴʥʦʤʫ ʧʦʣʦʞʝʥʥʽ. ʅʝʨʫʭʦʤʠʡ 

ʰʘʨʥʽʨ ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʢʘʨʜʘʥʥʦʤʫ ʰʘʨʥʽʨʫ, ʚʩʽ ʩʪʫʧʝʥʽ ʩʚʦʙʦʜʠ ʷʢʦʛʦ ʦʙʤʝʞʝʥʽ. 

ɸʥʪʝʥʘ ʟʘʢʨʽʧʣʝʥʘ ʥʘ ʰʪʘʥʟʽ, ʷʢʘ ʟʤʦʜʝʣʴʦʚʘʥʘ ʪʘʢʠʤ ʞʝ ʛʥʫʯʢʠʤ ʩʨʠʞʥʝʚʠʤ 

ʝʣʝʤʝʥʪʦʤ, ʷʢ ʽ ʩʪʨʠʞʥʽ ʩʝʢʮʽʡ ʘʥʪʝʥʠ, ʘʣʝ ʙʽʣʴʰʦʛʦ ʜʽʘʤʝʪʨʫ ʽ ʧʝʨʝʨʽʟʫ. ʐʪʘʥʛʘ 

ʷʚʣʷʻ ʩʦʙʦʶ ʚʝʨʪʠʢʘʣʴʥʠʡ ʩʪʨʠʞʝʥʴ, ʷʢʘ ʟ'ʻʜʥʘʥʘ ʟ ʰʘʨʥʽʨʥʠʤʠ ʚʫʟʣʘʤʠ ʧʝʨʰʦʾ ʪʘ 

ʚʽʩʽʤʥʘʜʮʷʪʦʾ ʩʝʢʮʽʡ ʘʥʪʝʥʥʦʛʦ ʢʽʣʴʮʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʞʦʨʩʪʢʦʛʦ ʰʘʨʥʽʨʘ ʫ ʚʝʨʭʥʽʡ 

ʪʦʯʮʽ ʽ ʢʦʚʟʥʦʛʦ ʰʘʨʥʽʨʘ ʚ ʥʠʞʥʽʡ ʪʦʯʮʽ. ʂʦʚʟʥʠʡ ʰʘʨʥʽʨ ʟʘʙʝʟʧʝʯʫʻ ʧʝʨʝʤʽʱʝʥʥʷ 

ʦʙʨʘʥʦʾ ʪʦʯʢʠ ʦʜʥʦʛʦ ʪʽʣʘ ʚʟʜʦʚʞ ʧʦʟʜʦʚʞʥʴʦʾ ʦʩʽ ʜʨʫʛʦʛʦ ʪʽʣʘ. ɺʝʢʪʦʨ ʩʪʫʧʝʥʽʚ 

ʩʚʦʙʦʜʠ ʰʘʨʥʽʨʘ ʢʦʚʟʘʥʥʷ (2.6) ʤʽʩʪʠʪʴ ʧʘʨʘʤʝʪʨ ʢʦʚʟʘʥʥʷ, ʡʦʛʦ ʧʦʭʽʜʥʫ ʟʘ ʯʘʩʦʤ ʽ 

ʚʝʢʪʦʨ ʧʘʨʘʤʝʪʨʽʚ ʃʘʛʨʘʥʞʘ. ʇʝʨʰʽ ʪʨʠ ʧʘʨʘʤʝʪʨʠ ʣʘʛʨʘʥʞʽʘʥʫ ʧʨʝʜʩʪʘʚʣʷʶʪʴ 

ʩʠʣʠ ʢʦʚʟʘʥʥʷ ʚ ʉʈɻ, ʘ ʦʩʪʘʥʥʽ ʪʨʠ ʧʘʨʘʤʝʪʨʠ - ʤʦʤʝʥʪʠ ʢʦʚʟʘʥʥʷ ʚʽʜʥʦʩʥʦ ʦʩʝʡ 

ʉʈɻ. 

[ ]1 2 3 4 5 6q s s= l l l l l l   (2.6) 

ɺʝʢʪʦʨʠ ʧʦʣʦʞʝʥʥʷ ʤʘʶʪʴ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 

1 2 3

T
ii i ix x x xè ø=

ê ú
, 

1 2 3

T
jj j jx x x xè ø=

ê ú
  (2.7) 

ʜʝ ( )

1

i jx , ( )

2

i jx , ( )

3

i jx  - ʪʨʠ ʢʦʦʨʜʠʥʘʪʠ ʚʝʢʪʦʨʽʚ ( )i jx . 

ʇʽʜ ʯʘʩ ʽʥʽʮʽʘʣʽʟʘʮʽʾ ʦʜʠʥʠʯʥʽ ʚʝʢʪʦʨʠ ɻʈʌ ʧʝʨʝʥʦʩʷʪʴʩʷ ʚ ʃʈʌ ʢʦʞʥʦʛʦ ʪʽʣʘ, 

ʪʘʢʠʤ ʯʠʥʦʤ ʦʪʨʠʤʫʶʪʴʩʷ ʚʝʢʪʦʨʠ ʜʣʷ ʧʝʨʰʦʛʦ ʪʽʣʘ 
1 2 3, ,i i iv v v  ʽ ʜʣʷ ʜʨʫʛʦʛʦ ʪʽʣʘ

1 2 3, ,j j jv v v  . ʈʽʚʥʷʥʥʷ ʦʙʤʝʞʝʥʴ ʥʘ ʧʝʨʝʤʽʱʝʥʥʷ ʪʘ ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ (2.8) 

ʤʘʶʪʴ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 
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  (2.8) 

ʄʦʜʝʣʶʚʘʥʥʷ ʘʥʪʝʥʥʠʭ ʨʝʰʽʪʦʢ ʛʥʫʯʢʠʤʠ ʧʨʦʤʝʥʝʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʩʦʢʦʾ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʩʢʣʘʜʥʦʩʪʽ. ʊʦʤʫ ʝʬʝʢʪ ʥʘʪʷʛʫ ʨʦʟʪʷʛʥʫʪʠʭ 

ʩʽʪʦʢ ʤʦʜʝʣʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʫʞʠʥ. ʇʦʜʦʚʞʝʥʥʷ ʧʨʫʞʠʥʠ ʟʘʜʘʻʪʴʩʷ 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ (9): 

0
)2()1( )( ldppx T --=D ,    (2.9) 

ʜʝ0l  - ʜʦʚʞʠʥʘ ʧʨʫʞʠʥʠ;
T
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ùú

ø
éê

è
=

)1()1()1()1(  ̔
T

zyx pppp
ùú

ø
éê

è
=

)2()2()2()2(  - 

ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʦʢ ʢʨʽʧʣʝʥʥʷ ʢʽʥʮʽʚ ʧʨʫʞʠʥʠ;d  - ʚʝʢʪʦʨ ʥʘʧʨʷʤʢʫ, ʷʢʠʡ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

2)2()1(2)2()1()2()1(

)2()1(

)()()( zzyyxx pppppp

pp
d
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-
= .  (2.10) 

ʈʝʟʫʣʴʪʫʶʯʝ ʟʫʩʠʣʣʷ ʧʨʫʞʠʥʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

dvxkf +D= ,     (2.11) 

ʜʝ d - ʢʦʝʬʽʮʽʻʥʪ ʜʝʤʧʬʫʚʘʥʥʷ;dppv T)( )2()1( "" -=  - ʰʚʠʜʢʽʩʪʴ ʧʨʫʞʠʥʠ;

T

zyx pppp
ùú

ø
éê

è
=

)1()1()1()1( """" ,
T

zyx pppp
ùú

ø
éê

è
=

)2()2()2()2( """"  - ʰʚʠʜʢʦʩʪʽ ʪʦʯʢʠ. 

ʊʨʦʩ ʨʦʟʛʦʨʪʘʥʥʷ ʥʝ ʤʦʜʝʣʶʻʪʴʩʷ ʷʢ ʥʝʟʘʣʝʞʥʠʡ ʦʙ'ʻʢʪ. ɿʘʤʽʩʪʴ ʮʴʦʛʦ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʫʩʠʣʣʷ, ʟ ʷʢʠʤʠ ʪʨʦʩ ʜʽʻ ʥʘ ʚʽʜʧʦʚʽʜʥʽ ʰʢʽʚʠ ʤʽʞʩʝʢʮʽʡʥʠʭ 

ʰʘʨʥʽʨʥʠʭ ʚʫʟʣʽʚ ʽ V-ʦʙʨʘʟʥʠʭ ʟ'ʻʜʥʘʥʴ. ʈʦʟʛʦʨʪʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʨʦʩʽʚ 

ʤʦʜʝʣʶʶʪʴʩʷ ʷʢ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʜʽʶʪʴ ʥʘ ʚʽʜʧʦʚʽʜʥʽ ʝʣʝʤʝʥʪʠ ʫ ʚʠʟʥʘʯʝʥʠʭ 

ʣʦʢʘʣʴʥʠʭ ʧʦʣʦʞʝʥʥʷʭ. 
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2. 1. 3. ʂʦʤʧ'ʶʪʝʨʥʘ ʤʦʜʝʣʴ.  

ʅʘʨʘʟʽ ʥʘʡʜʦʩʢʦʥʘʣʽʰʠʤʠ ʽʥʩʪʨʫʤʝʥʪʘʤʠ ʟ ʚʽʜʢʨʠʪʠʤ ʚʠʭʽʜʥʠʤ ʢʦʜʦʤ ʜʣʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʥʘʤʽʢʠ ʩʠʩʪʝʤ ʟʚôʷʟʘʥʠʭ ʪʽʣ ʻ ʪʘʢʽ ʧʨʦʛʨʘʤʥʽ ʧʨʦʜʫʢʪʠ: MBDyn 

[55], FreeDyn [56] ʪʘ HotInt [57]. ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʟʛʦʨʪʘʥʥʷ ʘʥʪʝʥʠ ʙʫʣʦ ʦʙʨʘʥʦ 

HotInt, ʦʩʢʽʣʴʢʠ ʪʽʣʴʢʠ ʮʝʡ ʽʥʩʪʨʫʤʝʥʪ ʚʠʢʦʨʠʩʪʦʚʫʻ ʤʝʪʦʜʦʣʦʛʽʶ ʌɸɺʂ. 

ʇʨʦʮʝʩ ʤʦʜʝʣʶʚʘʥʥʷ ʘʥʪʝʥʠ ʧʦʯʠʥʘʻʪʴʩʷ ʟʽ ʩʪʚʦʨʝʥʥʷ ʪʝʢʩʪʦʚʠʭ ʩʢʨʠʧʪʦʚʠʭ 

ʬʘʡʣʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʘʥʜ ʧʨʦʛʨʘʤʠ Hotint. ʄʘʪʝʨʽʘʣʠ ʢʦʥʩʪʨʫʢʮʽʾ ʟʘʜʘʶʪʴʩʷ ʚ 

ʛʦʣʦʚʥʦʤʫ ʩʢʨʠʧʪʦʚʦʤʫ ʬʘʡʣʽ ʧʨʦʝʢʪʫ. ʄʦʜʝʣʴ ʢʦʞʥʦʾ ʩʝʢʮʽʾ ʘʥʪʝʥʠ ʟʘʜʘʻʪʴʩʷ ʚ 

ʦʢʨʝʤʦʤʫ ʩʢʨʠʧʪʦʚʦʤʫ ʬʘʡʣʽ. ɺʩʽ ʬʘʡʣʠ ʧʽʜʢʣʶʯʘʶʪʴʩʷ ʜʦ ʛʦʣʦʚʥʦʛʦ ʬʘʡʣʫ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʦʤʘʥʜʠ Include. ʂʦʜ ʜʣʷ ʢʦʞʥʦʾ ʩʝʢʮʽʾ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʢʨʝʤʠʭ ʙʣʦʢʽʚ, 

ʱʦ ʦʧʠʩʫʶʪʴ ʝʣʝʤʝʥʪʠ ʤʦʜʝʣʽ, ʽ ʩʪʚʦʨʶʻʪʴʩʷ ʟʘ ʘʣʛʦʨʠʪʤʦʤ, ʦʧʠʩʘʥʠʤ ʥʠʞʯʝ. 

ʉʧʦʯʘʪʢʫ ʟʘʜʘʻʤʦ ʧʘʨʘʤʝʪʨʠ ʧʝʨʝʨʽʟʽʚ ʙʘʣʦʢ ʽ ʢʦʦʨʜʠʥʘʪʠ ʢʦʞʥʦʛʦ ʚʫʟʣʘ 

ʢʦʥʩʪʨʫʢʮʽʾ.  

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʛʥʫʯʢʦʛʦ ʩʪʨʠʞʥʷ ʧʦʪʨʽʙʥʦ ʚʠʟʥʘʯʠʪʠ ʜʚʘ ʚʝʢʪʦʨʠ ʥʘʭʠʣʫ

( )kr h ʪʘ
( )kr z , ʜʝ1..18k =  - ʥʦʤʝʨ ʧʝʨʝʨʽʟʫ. ʋ ʚʠʧʘʜʢʫ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʩʪʨʠʞʥʷ 

ʢʽʣʴʮʷ ʧʝʨʰʠʡ ʚʝʢʪʦʨ ʥʘʭʠʣʫ ʦʜʥʘʢʦʚʠʡ ʜʣʷ ʚʩʽʭ ʧʝʨʝʨʽʟʽʚ, ʪʦʤʫ ʱʦ ʚʽʥ 

ʧʘʨʘʣʝʣʴʥʠʡ ʦʩʽ Z ɻʈʌ ʽ ʜʦʨʽʚʥʶʻ ʦʜʠʥʠʯʥʦʤʫ ʚʝʢʪʦʨʫ ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ

[ ]( ) 0;0;1kr h=  . ɼʨʫʛʠʡ ʚʝʢʪʦʨ ʥʘʭʠʣʫ, ʷʢʠʡ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʡ ʜʦ ʧʣʦʱʠʥʠ ʧʝʨʝʨʽʟʫ, 

ʤʦʞʥʘ ʟʥʘʡʪʠ ʷʢ ʚʝʢʪʦʨʥʠʡ ʜʦʙʫʪʦʢ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

( )( )( ) ( ) ( ) ( ) ( )

1 2 1 3

k k k k kr R R R R= - ³ - ,   (2.12) 

ʜʝ( )

1

kR  - ʢʦʦʨʜʠʥʘʪʠ ʧʝʨʰʦʛʦ ʚʫʟʣʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʚʝʨʭʥʴʦʛʦ ʩʪʨʠʞʥʷ k-ʾ 

ʩʝʢʮʽʾ;( )

2

kR  - ʢʦʦʨʜʠʥʘʪʠ ʪʨʝʪʴʦʛʦ ʚʫʟʣʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʚʝʨʭʥʴʦʛʦ ʩʪʨʠʞʥʷ k-ʾ 

ʩʝʢʮʽʾ; ( )

3

kR  - ʢʦʦʨʜʠʥʘʪʠ ʪʨʝʪʴʦʛʦ ʚʫʟʣʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʥʠʞʥʴʦʛʦ ʩʪʨʠʞʥʷ k-ʾ 

ʩʝʢʮʽʾ. ʆʩʢʽʣʴʢʠ ʚʝʢʪʦʨ ʥʘʭʠʣʫ ʧʦʚʠʥʝʥ ʙʫʪʠ ʦʜʠʥʠʯʥʠʤ ʚʝʢʪʦʨʦʤ, ʤʠ 

ʥʦʨʤʘʣʽʟʫʻʤʦ ʚʝʢʪʦʨ (2.12) ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 
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( )( ) ( )
( )

( ) ( ) ( )

2 2 2

kk k
yk x z

k k k

rr r
r

r r r
z

å õ
æ ö=
æ ö
ç ÷

,    (2.13) 

ʜʝ( )

2

kr  - ʝʚʢʣʽʜʦʚʘ ʥʦʨʤʘ ʚʝʢʪʦʨʘ ; 
( ) ( ) ( ); ;k k k

x y zr r r  - ʢʦʦʨʜʠʥʘʪʠ ʚʝʢʪʦʨʘ ( )kr . 

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʜʽʘʛʦʥʘʣʴʥʦʛʦ ʩʪʨʠʞʥʷ ʪʘʢʦʞ ʧʦʪʨʽʙʥʽ ʜʚʘ ʚʝʢʪʦʨʠ ʥʘʭʠʣʫ. 

ʇʝʨʰʠʡ ʥʘʭʠʣ ʜʽʘʛʦʥʘʣʴʥʦʛʦ ʩʪʨʠʞʥʷ ʜʦʨʽʚʥʶʻ ʚʝʢʪʦʨʫ (2.13), ʘ ʜʨʫʛʠʡ ʪʘʢʦʞ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʯʝʨʝʟ ʚʝʢʪʦʨʥʠʡ ʜʦʙʫʪʦʢ ʷʢ 

( )( )( ) ( ) ( ) ( ) ( )

1 2 1 3

k k k k kd D D D D= - ³ - ,   (2.14) 

ʜʝ( ) ( )

1 1

k kD R=  - ʢʦʦʨʜʠʥʘʪʠ ʧʝʨʰʦʛʦ ʚʫʟʣʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʚʝʨʭʥʴʦʛʦ ʩʪʨʠʞʥʷ k-ʾ 

ʩʝʢʮʽʾ;( ) ( )

2 3

k kD R=  - ʢʦʦʨʜʠʥʘʪʠ ʪʨʝʪʴʦʛʦ ʚʫʟʣʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʥʠʞʥʴʦʛʦ ʩʪʨʠʞʥʷ 

k-ʾ ʩʝʢʮʽʾ; . ( ) ( ) ( )

3 2

k k kD D r z= +  

ʂʦʦʨʜʠʥʘʪʠ ʚʝʢʪʦʨʘ ʥʘʭʠʣʫ ʜʣʷ ʜʽʘʛʦʥʘʣʴʥʦʛʦ ʩʪʨʠʞʥʷ k-ʛʦ ʧʝʨʝʨʽʟʫ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʰʣʷʭʦʤ ʥʦʨʤʘʣʽʟʘʮʽʾ ʚʝʢʪʦʨʘ (2.14): 

( )( ) ( )
( )

( ) ( ) ( )

2 2 2

kk k
yk x z

k k k

dd d
r

d d d
h

å õ
æ ö=
æ ö
ç ÷

,    (2.15) 

ʜʝ ( )

2

kd  - ʝʚʢʣʽʜʦʚʘ ʥʦʨʤʘ ʚʝʢʪʦʨʘ ; 
( ) ( ) ( ); ;k k k

x y zd d d  - ʢʦʦʨʜʠʥʘʪʠ ʚʝʢʪʦʨʘ ( )kd . 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʮʠʭ ʚʝʢʪʦʨʽʚ ʥʘʭʠʣʫ (2.13), (2.15) ʪʘ ʢʦʦʨʜʠʥʘʪ ʧʦʣʦʞʝʥʥʷ ʢʽʥʮʽʚ 

ʩʪʨʠʞʥʽʚ ʩʪʚʦʨʶʶʪʴʩʷ ʚʫʟʣʠ ʛʥʫʯʢʠʭ ʩʪʨʠʞʥʽʚ. ʇʨʠʢʣʘʜ ʢʦʜʫ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʚʫʟʣʽʚ 

ʽ ʧʦʜʘʣʴʰʦʛʦ ʩʪʚʦʨʝʥʥʷ ʩʪʝʨʞʥʷ ʥʘʚʝʜʝʥʦ ʫ ʜʦʜʘʪʢʫ. 

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʞʦʨʩʪʢʦʛʦ ʪʽʣʘ ʧʦʪʨʽʙʥʦ ʚʢʘʟʘʪʠ ʢʦʦʨʜʠʥʘʪʠ ʮʝʥʪʨʫ ʤʘʩ ʽ ʢʫʪʠ 

ʦʨʽʻʥʪʘʮʽʾ. ɼʣʷ ʚʢʘʟʽʚʢʠ ʪʦʯʢʦʚʦʾ ʤʘʩʠ ʧʦʪʨʽʙʥʽ ʣʠʰʝ ʢʦʦʨʜʠʥʘʪʠ ʧʦʣʦʞʝʥʥʷ ʽ ʩʘʤ 

ʧʘʨʘʤʝʪʨ ʤʘʩʠ. 

ʑʦʙ ʩʪʚʦʨʠʪʠ ʰʘʨʥʽʨ ʦʙʝʨʪʘʥʥʷ ʘʙʦ ʢʘʨʜʘʥʥʠʡ ʰʘʨʥʽʨ, ʧʦʪʨʽʙʥʦ ʚʢʘʟʘʪʠ ʚʽʩʴ 

ʦʙʝʨʪʘʥʥʷ. ʅʝʨʫʭʦʤʠʡ ʰʘʨʥʽʨ ʪʘʢʦʛʦ ʧʘʨʘʤʝʪʨʘ ʥʝ ʤʘʻ. ɼʣʷ ʙʫʜʴ-ʷʢʠʭ ʟ'ʻʜʥʘʥʴ 

ʟʘʚʞʜʠ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ, ʷʢʽ ʜʚʘ ʝʣʝʤʝʥʪʠ ʟ'ʻʜʥʫʶʪʴʩʷ, ʘ ʪʘʢʦʞ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʟ'ʻʜʥʘʥʥʷ ʚ ʃʉɺ ʢʦʞʥʦʛʦ ʟ'ʻʜʥʫʚʘʣʴʥʦʛʦ ʝʣʝʤʝʥʪʘ. ɺʠʟʥʘʯʝʥʥʷ ʧʦʣʦʞʝʥʥʷ 
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ʟ'ʻʜʥʘʥʥʷ ʚ ʃʉɺ ʥʝʦʙʭʽʜʥʝ ʪʦʤʫ, ʱʦ ʝʣʝʤʝʥʪʠ ʙʫʜʫʪʴ ʟ'ʻʜʥʘʥʽ ʩʘʤʝ ʚ ʪʠʭ ʪʦʯʢʘʭ, ʜʝ 

ʟʥʘʭʦʜʠʪʴʩʷ ʰʘʨʥʽʨ. 

ʇʨʫʞʠʥʫ ʤʦʞʥʘ ʩʪʚʦʨʠʪʠ, ʟʘʜʘʚʰʠ ʾʾ ʜʦʚʞʠʥʫ, ʞʦʨʩʪʢʽʩʪʴ ʽ ʜʝʤʧʬʽʨʫʚʘʥʥʷ, ʘ 

ʪʘʢʦʞ ʚʢʘʟʘʚʰʠ ʜʚʘ ʝʣʝʤʝʥʪʠ, ʷʢʽ ʙʫʜʫʪʴ ʟ'ʻʜʥʘʥʽ. ʇʨʠʢʣʘʜ ʢʦʜʫ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʧʨʫʞʠʥʠ ʥʘʚʝʜʝʥʦ ʫ ɼʦʜʘʪʢʫ. 

ʂʝʨʫʶʯʽ ʝʣʝʤʝʥʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʨʦʟʛʦʨʪʘʥʥʷʤ ʘʙʦ 

ʩʪʠʩʢʘʥʥʷʤ ʘʥʪʝʥʠ. ʅʘʚʘʥʪʘʞʝʥʥʷ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʟʘʜʘʻʪʴʩʷ ʰʣʷʭʦʤ ʚʠʟʥʘʯʝʥʥʷ 

ʥʘʧʨʷʤʢʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʣʦʢʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʝʣʝʤʝʥʪʘ, ʜʦ ʷʢʦʛʦ ʧʨʠʢʣʘʜʘʻʪʴʩʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. ʗʢʱʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦʪʨʽʙʥʦ ʟʤʽʥʶʚʘʪʠ ʚ ʧʨʦʮʝʩʽ ʨʦʟʛʦʨʪʘʥʥʷ, ʪʦ 

ʙʣʦʢ ʨʦʟʨʘʭʫʥʢʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦʪʨʽʙʥʦ ʩʪʚʦʨʠʪʠ ʨʘʥʽʰʝ. ʅʘʚʘʥʪʘʞʝʥʥʷ ʧʦʪʽʤ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʦ ʚʠʙʨʘʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʘʥʜʠ HotInt. 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ ʥʝʦʙʭʽʜʥʦ ʩʪʚʦʨʠʪʠ ʜʘʪʯʠʢʠ, ʷʢʽ 

ʚʠʤʽʨʶʶʪʴ ʥʝʦʙʭʽʜʥʽ ʚʝʣʠʯʠʥʠ. ɼʣʷ ʮʴʦʛʦ ʧʦʪʨʽʙʥʦ ʚʢʘʟʘʪʠ ʝʣʝʤʝʥʪʠ, ʟ ʷʢʠʭ 

ʙʫʜʫʪʴ ʟʯʠʪʫʚʘʪʠʩʷ ʜʘʥʽ ʪʘ ʚʠʙʨʘʪʠ ʧʘʨʘʤʝʪʨʠ, ʷʢʽ ʧʦʪʨʽʙʥʦ ʚʠʤʽʨʷʪʠ. ʇʨʠʢʣʘʜ ʢʦʜʫ 

ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʜʘʪʯʠʢʘ, ʱʦ ʚʠʤʽʨʶʻ ʧʦʜʦʚʞʝʥʥʷ ʧʨʫʞʠʥʠ, ʥʘʚʝʜʝʥʦ ʫ ʜʦʜʘʪʢʫ. 

ʅʘ ʨʠʩʫʥʢʫ 2.8 ʧʦʢʘʟʘʥʦ ʧʝʨʰʠʡ ʧʝʨʝʨʽʟ ʨʝʬʣʝʢʪʦʨʘ ʪʘ ʦʩʽ ʃʉɺ ʢʦʞʥʦʛʦ 

ʝʣʝʤʝʥʪʘ HotInt. ʅʘ ʮʴʦʤʫ ʨʠʩʫʥʢʫ ʮʠʬʨʠ ʧʦʟʥʘʯʘʶʪʴ ʥʘʩʪʫʧʥʝ: 1 - ʝʣʝʤʝʥʪ 

ʛʥʫʯʢʦʛʦ ʩʪʨʠʞʥʷ, 2 - ʰʘʨʥʽʨ ʦʙʝʨʪʘʥʥʷ, 3 - ʢʘʨʜʘʥʥʠʡ ʰʘʨʥʽʨ. 
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ʈʠʩʫʥʦʢ 2.8 - HotInt ʤʦʜʝʣʴ ʧʝʨʰʦʾ ʩʝʢʮʽʾ ʘʥʪʝʥʠ. 

 

ʂʦʞʝʥ ʩʪʚʦʨʝʥʠʡ ʝʣʝʤʝʥʪ ʤʦʜʝʣʽ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʧʝʚʥʠʤ ʥʘʙʦʨʦʤ ʨʽʚʥʷʥʴ, 

ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʠʧʦʤ ʢʦʥʢʨʝʪʥʦʛʦ ʝʣʝʤʝʥʪʘ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʽ 

HotInt ʬʦʨʤʫʻ ʩʠʩʪʝʤʫ ɼɸʈ. ʈʽʚʥʷʥʥʷ ʜʠʥʘʤʽʢʠ ʘʥʪʝʥʠ ʤʦʞʥʘ ʧʦʜʘʪʠ ʚ ʟʘʛʘʣʴʥʦʤʫ 

ʚʠʛʣʷʜʽ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

( , ) ( , , ) ( , ) ( )ìM X t X D X X T C X t Ď V t+ + + L=,  (2.16) 

( ) 0Ď ì = ,      (2.17) 

ʜʝ ( , )M X t  - ʤʘʪʨʠʮʷ ʤʘʩ;( , , )D X X T  - ʜʝʤʧʬʫʶʯʠʡ ʯʣʝʥ; ( , )C X t  - ʞʦʨʩʪʢʽʩʥʠʡ 

ʯʣʝʥ; ( )V t  - ʚʝʢʪʦʨ ʚʠʢʦʥʘʚʯʠʭ ʩʠʣ;( )Ď ì  - ʢʽʥʝʤʘʪʠʯʥʽ ʦʙʤʝʞʝʥʥʷ;ìĎ  - 

ʤʘʪʨʠʯʥʠʡ ʷʢʦʙʽʘʥ ʦʙʤʝʞʝʥʴ;L - ʚʝʢʪʦʨ ʤʥʦʞʥʠʢʽʚ ʃʘʛʨʘʥʞʘ.  

Hotint ʯʠʩʝʣʴʥʦ ʨʦʟʚ'ʷʟʫʻ ʨʽʚʥʷʥʥʷ (2.16), (2.17), ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʥʫʪʨʽʰʥʽʡ 

ʽʥʩʪʨʫʤʝʥʪ ʯʠʩʝʣʴʥʦʛʦ ʽʥʪʝʛʨʫʚʘʥʥʷ (solver). ɯʥʪʝʛʨʫʚʘʥʥʷ ʤʦʜʝʣʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʝʷʚʥʠʭ ʩʭʝʤ ʈʫʥʛʝ-ʂʫʪʪʘ. ʈʽʟʥʽ ʩʭʝʤʠ ʈʫʥʛʝ-ʂʫʪʪʘ ʨʝʘʣʽʟʫʶʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʪʘʙʣʠʮʴ ʢʦʝʬʽʮʽʻʥʪʽʚ, ʚʠʟʥʘʯʝʥʠʭ ʬʘʡʣʘʤʠ, ʷʢʽ ʘʚʪʦʤʘʪʠʯʥʦ 

ʛʝʥʝʨʫʶʪʴʩʷ ʚʙʫʜʦʚʘʥʠʤʠ ʬʫʥʢʮʽʷʤʠ. 
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ɼʣʷ ʧʦʯʘʪʢʫ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʟʛʦʨʪʘʥʥʷ ʘʥʪʝʥʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʙʫʜʦʚʘʥʦʾ 

ʤʦʜʝʣʽ ʥʝʦʙʭʽʜʥʦ ʦʪʨʠʤʘʪʠ ʧʦʯʘʪʢʦʚʽ ʫʤʦʚʠ. ʎʽ ʫʤʦʚʠ ʻ ʚʝʢʪʦʨʦʤ ʩʪʘʥʫ ʘʥʪʝʥʠ ʚ 

ʟʛʦʨʥʫʪʦʤʫ ʩʪʘʥʽ ʽ ʦʪʨʠʤʫʶʪʴʩʷ ʰʣʷʭʦʤ ʧʨʠʢʣʘʜʘʥʥʷ ʨʽʚʥʦʤʽʨʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʜʦ 

ʪʦʯʦʢ ʤʽʞ ʛʦʨʠʟʦʥʪʘʣʴʥʠʤʠ ʩʪʨʠʞʥʷʤʠ ʢʦʞʥʦʾ ʩʝʢʮʽʾ ʜʣʷ ʩʪʠʩʥʝʥʥʷ ʘʥʪʝʥʥʦʛʦ 

ʢʽʣʴʮʷ ʜʦ ʥʝʦʙʭʽʜʥʦʛʦ ʟʛʦʨʥʫʪʦʛʦ ʩʪʘʥʫ. ʇʦʯʘʪʢʦʚʠʡ, ʧʨʦʤʽʞʥʠʡ ʽ ʢʽʥʮʝʚʠʡ ʩʪʘʥʠ 

ʘʥʪʝʥʠ ʧʽʜ ʯʘʩ ʤʦʜʝʣʶʚʘʥʥʷ ʾʾ ʨʦʟʛʦʨʪʘʥʥʷ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.9. 

 

a) 

 

b) 

 

c) 

 

d) 

 

ʈʠʩʫʥʦʢ 2.9 - ʉʪʘʥʠ ʨʦʟʛʦʨʪʘʥʥʷ ʘʥʪʝʥʠ. 

a - ʧʨʠʙʨʘʥʘ ʘʥʪʝʥʘ; b - 1-ʡ ʝʪʘʧ ʨʦʟʛʦʨʪʘʥʥʷ ʘʥʪʝʥʠ; c - 2-ʡ ʝʪʘʧ ʨʦʟʛʦʨʪʘʥʥʷ 

ʘʥʪʝʥʠ; d - ʨʦʟʛʦʨʥʫʪʘ ʘʥʪʝʥʘ. 

ɼʣʷ ʨʦʟʛʦʨʪʘʥʥʷ ʘʥʪʝʥʠ ʟ ʦʪʨʠʤʘʥʦʛʦ ʧʦʢʣʘʜʝʥʦʛʦ ʩʪʘʥʫ ʜʦ ʪʠʭ ʩʘʤʠʭ ʚʫʟʣʽʚ 

ʙʫʣʠ ʧʨʠʢʣʘʜʝʥʽ ʪʽ ʩʘʤʽ ʨʽʚʥʦʤʽʨʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʘʣʝ ʫ ʟʚʦʨʦʪʥʦʤʫ ʥʘʧʨʷʤʢʫ.  
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2. 1. 4. ʇʦʯʘʪʢʦʚʽ ʜʘʥʽ ʩʠʩʪʝʤʠ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ.  

ʋ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʟʛʦʨʪʘʥʥʷ ʘʥʪʝʥʠ, 

ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʧʨʠʢʣʘʜʝʥʠʤʠ ʟʫʩʠʣʣʷʤʠ, ʘ ʩʘʤʝ: ʚʠʧʘʜʦʢ 1 - 0,015 ʅ, ʚʠʧʘʜʦʢ 2 

- 0,02 ʅ ʽ ʚʠʧʘʜʦʢ 3 - 0,03 ʅ.  

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʟʛʦʨʪʘʥʥʷ ʘʥʪʝʥʠ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʚʠʭʽʜʥʽ ʜʘʥʽ, ʥʘʚʝʜʝʥʽ 

ʚ ʪʘʙʣʠʮʽ 2.1. 

 

ʊʘʙʣʠʮʷ 2.1. ʇʘʨʘʤʝʪʨʠ ʘʥʪʝʥʠ. 

ʇʘʨʘʤʝʪʨ  ʆʜʠʥʠʮʽ 

ɺʝʣʠʢʘ ʧʽʚʚʽʩʴ ʝʣʽʧʩʘ ʘʥʪʝʥʠ 3.5184 m 

ʄʘʣʘ ʚʽʩʴ ʝʣʽʧʩʘ ʘʥʪʝʥʠ 3.2856 m 

ɺʠʩʦʪʘ ʩʝʢʮʽʾ ʘʥʪʝʥʠ 0.63 m 

ɼʦʚʞʠʥʘ ʜʽʘʛʦʥʘʣʴʥʦʛʦ ʩʪʨʠʞʥʷ 0.4275 m 

ɿʦʚʥʽʰʥʽʡ ʜʽʘʤʝʪʨ ʜʽʘʛʦʥʘʣʴʥʦʛʦ ʩʪʨʠʞʥʷ 0.01 m 

ɺʥʫʪʨʽʰʥʽʡ ʜʽʘʤʝʪʨ ʜʽʘʛʦʥʘʣʴʥʦʛʦ ʩʪʨʠʞʥʷ 0.00915 m 

ɼʦʚʞʠʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʰʪʘʥʛʠ 0.2889 m 

ɿʦʚʥʽʰʥʽʡ ʜʽʘʤʝʪʨ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʩʪʨʠʞʥʷ 0.012 m 

ɺʥʫʪʨʽʰʥʽʡ ʜʽʘʤʝʪʨ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʩʪʨʠʞʥʷ 0.01115 m 

ɼʦʚʞʠʥʘ ʰʪʘʥʛʠ  0.2889 m 

ɿʦʚʥʽʰʥʽʡ ʜʽʘʤʝʪʨ ʰʪʘʥʛʠ  0.06 m 

ɺʥʫʪʨʽʰʥʽʡ ʜʽʘʤʝʪʨ ʰʪʘʥʛʠ  0.058 m 

ʄʦʜʫʣʴ ʖʥʛʘ ʩʪʨʠʞʥʽʚ 120 ɻʇʘ 

ʑʽʣʴʥʽʩʪʴ ʩʪʨʠʞʥʷ 1800 ʢʛ/ʤ3 

ʂʦʝʬʽʮʽʻʥʪ ʇʫʘʩʩʦʥʘ ʜʣʷ ʩʪʨʠʞʥʽʚ 0.3 - 
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ʂʦʝʬʽʮʽʻʥʪ ʜʝʤʧʬʫʚʘʥʥʷ ʰʪʦʢʘ 0.001 - 

ɻʫʩʪʠʥʘ ʞʦʨʩʪʢʠʭ ʪʽʣ 13975.497 ʢʛ/ʤ3 

ʊʦʯʢʦʚʘ ʤʘʩʘ 0.0198 ʢʛ 

ɾʦʨʩʪʢʽʩʪʴ ʧʨʫʞʠʥʠ 0.001 ʅ/ʤ 

ʂʦʝʬʽʮʽʻʥʪ ʜʝʤʧʬʫʚʘʥʥʷ ʧʨʫʞʠʥʠ  0.01 ʅʤ/ʩ2 

ʅʝʡʪʨʘʣʴʥʘ ʜʦʚʞʠʥʘ ʧʨʫʞʠʥʠ 0.7116 m 

 

ɿʛʜ̔ʥʦ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ, ʘʥʪʝʥʘ ʜʦʩʷʛʣʘ ʦʩʪʘʪʦʯʥʦʛʦ ʨʦʟʛʦʨʥʫʪʦʛʦ 

ʩʪʘʥʫ ʟʘ 17.58 ʩ, 15.06 ʩ ʽ 12.16 ʩ ʜʣʷ ʚʠʧʘʜʢʽʚ 1, 2 ʽ 3 ʚʽʜʧʦʚʽʜʥʦ. ʅʘ ʨʠʩ. 2.10 

ʧʦʢʘʟʘʥʦ ʟʤʽʥʫ ʢʫʪʽʚ ʤʽʞ V-ʧʦʜʽʙʥʠʤʠ ʩʪʝʨʞʥʷʤʠ ʧʝʨʰʦʾ ʩʝʢʮʽʾ ʧʽʜ ʯʘʩ ʨʦʟʛʦʨʪʘʥʥʷ 

ʘʥʪʝʥʠ. ɿʤʽʥʘ ʥʘʧʨʫʞʝʥʴ ʫ ʜʽʘʛʦʥʘʣʴʥʠʭ ʩʪʨʠʞʥʷʭ ʧʽʜ ʯʘʩ ʨʦʟʛʦʨʪʘʥʥʷ ʘʥʪʝʥʠ 

ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 2.11 - 13 ʯʦʨʥʠʤʠ ʽ ʯʝʨʚʦʥʠʤʠ ʣʽʥʽʷʤʠ ʜʣʷ ʧʝʨʰʦʾ ʽ ʜʝʚ'ʷʪʦʾ ʩʝʢʮʽʡ 

ʚʽʜʧʦʚʽʜʥʦ. 

 

 

ʈʠʩʫʥʦʢ 2.10 - ɺʘʨʽʘʮʽʾ ʢʫʪʽʚ ʤʽʞ V-

ʧʦʜʽʙʥʠʤʠ ʧʣʘʥʢʘʤʠ. 

 

ʈʠʩʫʥʦʢ 2.11 - ɿʤʽʥʘ ʥʘʧʨʫʞʝʥʴ ʫ 

ʜʽʘʛʦʥʘʣʴʥʠʭ ʩʪʨʠʞʥʷʭ (ʧʨʠʢʣʘʜ 1). 
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ʈʠʩʫʥʦʢ 2.12 - ɿʤʽʥʘ ʥʘʧʨʫʞʝʥʴ ʫ 

ʜʽʘʛʦʥʘʣʴʥʠʭ ʩʪʨʠʞʥʷʭ (ʚʠʧʘʜʦʢ 2). 

 

ʈʠʩʫʥʦʢ 2.13 - ɿʤʽʥʘ ʥʘʧʨʫʞʝʥʴ ʫ 

ʜʽʘʛʦʥʘʣʴʥʠʭ ʩʪʨʠʞʥʷʭ (ʚʠʧʘʜʦʢ 2). 

 

2. 2. ʄʦʜʝʣʶʚʘʥʥʷ ʪʨʦʩʦʚʠʭ ʩʠʩʪʝʤ ʨʦʟʛʦʨʪʘʥʥʷ 

ɺ ʷʢʦʩʪʽ ʦʙôʻʢʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʦʙʨʘʥʦ ʜʚʽ ʩʝʢʮʽʾ ʦʧʦʨʥʦʾ ʬʝʨʤʠ 

ʨʝʬʣʝʢʪʦʨʘ, ʱʦ ʪʨʘʥʩʬʦʨʤʫʶʪʴʩʷ. ʂʦʞʥʘ ʩʝʢʮʽʷ ʬʦʨʤʫʻʪʴʩʷ ʽʟ ʜʽʘʛʦʥʘʣʴʥʠʭ ʪʘ 

ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʩʪʨʠʞʥʽʚ ʪʨʫʙʯʘʪʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ. ʉʝʢʮʽʾ ʧʦʻʜʥʘʥʽ ʤʽʞ 

ʩʦʙʦʶ ʰʘʨʥʽʨʥʠʤʠ ʚʫʟʣʘʤʠ (ʨʠʩ. 2.14). 

 

 

a) 

 

ʙ) 

ʈʠʩʫʥʦʢ 2.14. ɼʚʽ ʩʝʢʮʽʾ ʢʦʥʩʪʨʫʢʮʽʾ, ʱʦ ʪʨʘʥʩʬʦʨʤʫʻʪʴʩʷ (ʘ -ʩʢʣʘʜʝʥʠʡ ʩʪʘʥ,  

b -ʨʦʟʛʦʨʥʫʪʠʡ ʩʪʘʥ) 
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ɼʽʘʛʦʥʘʣʴʥʽ ʩʪʨʠʞʥʽ ʧʦʻʜʥʫʶʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʰʘʨʥʽʨ ʦʙʝʨʪʘʥʥʷ 

ʟʘʙʝʟʧʝʯʫʚʘʚ ʦʙʝʨʪʘʥʥʷ ʦʜʥʽʻʾ ʜʽʘʛʦʥʘʣʽ ʚʽʜʥʦʩʥʦ ʽʥʰʦʾ. ɺʝʨʭʥʽ ʪʘ ʥʠʞʥʽ 

ʜʽʘʛʦʥʘʣʴʥʽ ʩʪʨʠʞʥʽ ʧʦʻʜʥʫʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʰʘʨʥʽʨʽʚ V-ʧʦʜʽʙʥʦʛʦ 

ʩʢʣʘʜʘʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʪʨʘʥʩʬʦʨʤʫʚʘʥʥʷ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʩʪʨʠʞʥʽʚ. 

ɼʽʘʛʦʥʘʣʴʥʽ ʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʽ ʩʪʨʠʞʥʽ ʧʦʻʜʥʘʥʽ ʤʽʞ ʩʦʙʦʶ ʟʘ ʜʦʧʦʤʦʛʠ ʰʘʨʥʽʨʥʠʭ 

ʚʫʟʣʽʚ.  

ʂʦʥʩʪʨʫʢʮʽʷ ʨʦʟʛʦʨʪʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʝʨʭʥʴʦʛʦ ʪʘ ʥʠʞʥʴʦʛʦ ʪʨʦʩʘ, ʱʦ 

ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʰʢʽʚʽʚ ʪʘ ʥʘʪʷʛʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ. 

ɿʫʩʠʣʣʷ, ʱʦ ʨʦʟʛʦʨʪʘʶʪʴ ʢʦʥʩʪʨʫʢʮʽʶ, ʨʝʘʣʽʟʫʻʪʴʩʷ ʰʣʷʭʦʤ ʧʝʨʝʜʘʯʽ ʾʤ ʩʠʣ ʥʘʪʷʛʫ 

ʪʨʦʩʘ ʟʘ ʨʘʭʫʥʦʢ ʩʪʘʪʠʯʥʦʛʦ ʪʝʨʪʷ ʪʘ ʪʠʩʢʫ ʤʽʞ ʪʨʦʩʦʤ ʪʘ ʰʢʽʚʘʤʠ. ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʟʛʦʨʪʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʥʝʦʙʭʽʜʥʦ  ʚʠʟʥʘʯʠʪʠ ʨʫʰʽʡʥʽ ʟʫʩʠʣʣʷ, ʟ 

ʷʢʠʤʠ ʪʨʦʩ ʜʽʻ ʥʘ ʚʽʜʧʦʚʽʜʥʽ ʰʢʽʚʠ ʚ ʰʘʨʥʽʨʥʠʭ ʚʫʟʣʘʭ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʨʫʭʫ 

ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʩʪʨʠʞʥʽʚ V-ʧʦʜʽʙʥʦʛʦ ʩʢʣʘʜʘʥʥʷ.  

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʩʪʨʠʞʥʽʚ ʩʝʢʮʽʾ ʟʘʩʪʦʩʦʚʘʥʦ ʤʝʪʦʜ ʘʙʩʦʣʶʪʥʠʭ ʚʫʟʣʦʚʠʭ 

ʢʦʦʨʜʠʥʘʪ, ʱʦ ʚʞʝ ʙʫʣʦ ʜʦʢʣʘʜʥʦ ʦʧʠʩʘʥʦ ʫ ʧʫʥʢʪʽ 2.1.2. ʋ ʪʦʤʫ ʞ ʧʫʥʢʪʽ ʦʧʠʩʘʥʦ 

ʤʦʜʝʣʴ ʢʦʩʤʽʯʥʦʾ ʘʥʪʝʥʠ, ʱʦ ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʜʘʣʽ. 

 

2. 2. 1. ʄʦʜʝʣʴ ʪʨʦʩʦʚʦʾ ʩʠʩʪʝʤʠ ʨʦʟʛʦʨʪʘʥʥʷ 

ʄʦʜʝʣʶʚʘʥʥʷ ʪʨʦʩʦʚʦʾ ʩʠʩʪʝʤʠ ʨʦʟʛʦʨʪʘʥʥʷ, ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʷʭʦʤ 

ʚʠʟʥʘʯʝʥʥʷ ʟʫʩʠʣʴ, ʟ ʷʢʠʤʠ ʪʨʦʩ ʜʽʻ ʥʘ ʚʽʜʧʦʚʽʜʥʽ ʝʣʝʤʝʥʪʠ ʢʦʥʩʪʨʫʢʮʽʾ. ɿʫʩʠʣʣʷ, 

ʱʦ ʨʦʟʛʦʨʪʘʶʪʴ ʢʦʥʩʪʨʫʢʮʽʶ, ʨʝʘʣʽʟʫʻʪʴʩʷ ʰʣʷʭʦʤ ʧʝʨʝʜʘʯʽ ʾʤ ʩʠʣ ʥʘʪʷʛʫ ʪʨʦʩʘ ʟʘ 

ʨʘʭʫʥʦʢ ʩʪʘʪʠʯʥʦʛʦ ʪʝʨʪʷ ʪʘ ʪʠʩʢʫ ʤʽʞ ʪʨʦʩʦʤ ʪʘ ʰʢʽʚʘʤʠ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.15. 
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T1

1
F1

1

T2

1

T1

2

T3

1

ɔ
1

Ŭ1

1

Ŭ2

1F2

1

F3

1Ŭ3

1ŭ
1

Y

Z

0  

ʈʠʩʫʥʦʢ 2.15. ʅʘʧʨʷʤʢʠ ʩʠʣ ʩʠʩʪʝʤʠ ʨʦʟʛʦʨʪʘʥʥʷ 

 

H
h

ŭ
1

ᶧ ᶧ

ɔ

Lj

i

l

 

ʈʠʩʫʥʦʢ 2.16. ʉʠʩʪʝʤʘ ʩʪʨʠʞʥʽʚ V-ʧʦʜʽʙʥʦʛʦ ʩʢʣʘʜʘʥʥʷ 

 

ɺʽʜʦʤʦ, ʱʦ ʪʝʨʪʷ ʫ ʧʽʜʰʠʧʥʠʢʘʭ ʰʢʽʚʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʥʘʪʷʛʫ 

ʪʨʦʩʘ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʮʴʦʛʦ ʥʘʪʷʛ ʩʫʤʽʞʥʠʭ ʜʽʣʷʥʦʢ ʪʨʦʩʘ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʜʘʥʽ 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

i
j

i
j

i
j TT Öh=+1  for 2,1=j ; 

i
j

i
j

i
j TT Öh=+-

1
2  for ,2,...,1,3 == ij   (2.18) 
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ʜʝ ijh  ï ʢʦʝʬʽʮʽʻʥʪ ʧʦʩʣʘʙʣʝʥʥʷ ʥʘʪʷʛʫ ʪʨʦʩʫ ʧʽʩʣʷ j -ʛʦ ʰʢʽʚʘ, i -ʾ ʩʝʢʮʽʾ, ʘ i
jT ï 

ʩʠʣʘ ʥʘʪʷʛʫ ʩʝʛʤʝʥʪʫ ʪʨʦʩʘ ʧʝʨʝʜ j -ʪʠʤ ʰʢʽʚʦʤ i -ʾ ʩʝʢʮʽʾ. ʄʦʤʝʥʪ ʪʝʨʪʷ M ʚʠʥʠʢʘʻ 

ʧʽʜ ʯʘʩ ʦʙʝʨʪʘʥʥʷ ʰʢʽʚʘ ʥʘʚʢʦʣʦ ʡʦʛʦ ʧʽʜʰʠʧʥʠʢʘ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʢʣʘʩʠʯʥʦʾ 

ʝʤʧʽʨʠʯʥʦʾ ʬʦʨʤʫʣʠ ʇʘʣʤʛʨʝʤʘ, ʚʝʣʠʯʠʥʘ ʤʦʤʝʥʪʫ ʪʝʨʪʷ ʤʦʞʝ ʙʫʪʠ ʚʠʨʘʞʝʥʘ ʷʢ: 

mdFfM b=1      (2.19) 

ʜʝ 1f  ï ʩʪʘʣʠʡ ʢʦʝʬʽʮʽʻʥʪ, bF  ï ʩʠʥʪʝʪʠʯʥʝ ʤʦʤʝʥʪʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʝ ʜʣʷ 

ʰʘʨʠʢʦʧʽʜʰʠʧʥʠʢʘ ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ ʨʘʜʽʘʣʴʥʽʡ ʩʠʣʽ rF . ʆʩʢʽʣʴʢʠ ʚʩʽ ʧʽʜʰʠʧʥʠʢʠ 

ʚ ʘʥʪʝʥʽ ʦʜʥʘʢʦʚʽ, md  ʪʘʢʦʞ ʻ ʢʦʥʩʪʘʥʪʦʶ. ʊʦʜʽ ʨʽʚʥʷʥʥʷ 2.27 ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ 

ʚʠʛʣʷʜʽ: 

rfFM =       (2.20) 

ʜʝ 1 mf f d=  

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʜʨʫʛʦʛʦ ʟʘʢʦʥʫ ʅʴʶʪʦʥʘ ʪʘ ʪʝʦʨʝʤʠ ʧʨʦ ʽʤʧʫʣʴʩ, ʨʽʚʥʷʥʥʷ 

ʜʠʥʘʤʽʢʠ ʰʢʽʚʘ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʷʢ: 

01 =-++ + cprnn amFTT       (2.21) 

0
2

1 2
11 =

w
-+³+³ ++

dt

d
RmMTRTR ipfnnnn     (2.22) 

ʚʨʘʭʦʚʫʶʯʠ, ʱʦ ʤʘʩʘ ʪʘ ʜʽʘʤʝʪʨ ʰʢʽʚʘ ʤʘʣʽ, ʪʦʤʫ ʡʦʛʦ ʚʧʣʠʚʦʤ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ. 

ʇʦʨʽʚʥʷʥʦ ʟ ʨʫʰʽʡʥʦʶ ʩʠʣʦʶ, ʨʽʚʥʷʥʥʷ (2.21) ʤʦʞʥʘ ʟʚʝʩʪʠ ʜʦ: 

01 =++ g+ FTT nn       (2.23) 

ʆʩʢʽʣʴʢʠ iR ʽ dtdw  ʪʘʢʦʞ ʤʘʣʽ, ʢʚʘʜʨʘʪʠʯʥʠʡ ʯʣʝʥ iR  ʪʘʢʦʞ ʤʦʞʥʘ 

ʦʧʫʩʪʠʪʠ, ʽ ʪʦʜʽ ʨʽʚʥʷʥʥʷ (2.40) ʤʦʞʥʘ ʧʝʨʝʧʠʩʘʪʠ ʷʢ: 

011 =+³+³ ++ fnnnn MTRTR     (2.24) 

ɿ ʨʽʚʥʷʥʴ 2.23 ʪʘ 2.24 ʤʠ ʤʦʞʝʤʦ ʦʪʨʠʤʘʪʠ: 

q++= ++g cos2 1
2

1
22

nnnn TTTTF      (2.25) 

( ) 01 =-- g+ fFRTT nn      (2.26) 
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ʇʦʪʽʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʚʥʷʥʴ (2.25) ʽ (2.26) ʨʽʚʥʷʥʥʷ ʨʫʰʽʡʥʦʾ ʩʠʣʠ ʤʦʞʥʘ 

ʚʠʨʘʟʠʪʠ ʫ ʚʠʛʣʷʜʽ: 

( ) 0cos2 1
2

1
2

1 =q++-- +++ nnnnnn TTTTfRTT    (2.27) 

ʂʦʨʠʩʪʫʶʯʠʩʴ ʚʽʜʦʤʠʤʠ ʚʠʢʣʘʜʢʘʤʠ ʽʟ ʩʪʘʪʽ [65] ʢʦʝʬʽʮʽʻʥʪ ʧʦʩʣʘʙʣʝʥʥʷ 

ʥʘʪʷʛʫ ʪʨʦʩʘ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʦ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ:  

( )
( )2cos

2cos

i
j

i
ji

j
kR

kR

aÖ+

aÖ-
=h ,     (2.28) 

ʜʝ R  ï ʨʘʜʽʫʩ ʰʢʽʚʘ, k  ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ ʫ ʧʽʜʰʠʧʥʠʢʫ ʰʢʽʚʘ, i
ja  ï ʢʫʪ ʤʽʞ 

ʩʫʤʽʞʥʠʤʠ ʩʝʛʤʝʥʪʘʤʠ ʪʨʦʩʫ. 

ʇʨʠʧʫʩʢʘʶʯʠ, ʱʦ ʚ ʢʦʞʝʥ ʤʦʤʝʥʪ ʯʘʩʫ ʚʽʜʦʤʠʡ ʢʫʪʠ ʤʽʞ ʩʪʨʠʞʥʷʤʠ 
id, ʱʦ 

ʣʘʤʘʶʪʴʩʷ, ʚʨʘʭʦʚʫʶʯʠ ʤʦʜʝʣʴ, ʥʘʚʝʜʝʥʫ ʥʘ ʨʠʩ. 2.16, ʢʫʪʠ i
ja  ʤʦʞʫʪʴ ʙʫʪʠ 

ʟʥʘʡʜʝʥʽ ʪʘʢʠʤ ʯʠʥʦʤ: 

11
1 2 g-p=a ;        

ii
j g-p=a 2 , 2=j , 2,1=i ;      

ii
j g-p=a , 3,1=j , 2,1=i ;      

( )( )
( )( )ö

ö

÷

õ

æ
æ

ç

å

d-p

+d-p
=g

2cos
~

2sin
~

i

i
i

l

hl
arctg    (2.29) 

ʜʝ l  ï ʜʦʚʞʠʥʘ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʩʪʨʠʞʥʷ, ʱʦ ʣʘʤʘʻʪʴʩʷ; h  ï ʚʽʜʩʪʘʥʴ ʤʽʞ ʚʽʩʩʶ 

ʦʙʝʨʪʘʥʥʷ ʰʢʽʚʘ ʩʪʨʠʞʥʽʚ, ʱʦ ʣʘʤʘʶʪʴʩʷ, ʽ ʫʤʦʚʥʦʶ ʪʦʯʢʦʶ ʧʝʨʝʣʘʤʫʚʘʥʥʷ 

ʩʪʨʠʞʥʽʚ. 

 ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʤʦʜʝʣʽ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2.16, ʚʽʜʩʪʘʥʴ h  ʤʦʞʝ ʙʫʪʠ 

ʟʥʘʡʜʝʥʘ ʪʘʢʠʤ ʯʠʥʦʤ: 

( )( )1sin 2 2ih H -= Ö J-d,    (2.30) 

ʜʝ J ï ʢʫʪ ʤʽʞ ʩʪʨʠʞʥʝʤ, ʱʦ ʣʘʤʘʻʪʴʩʷ, ʽ ʝʣʝʤʝʥʪʦʤ ʰʘʨʥʽʨʘ ʩʪʨʠʞʥʽʚ, ʱʦ 

ʣʘʤʘʶʪʴʩʷ; H  ï ʜʦʚʞʠʥʘ ʝʣʝʤʝʥʪʘ ʰʘʨʥʽʨʘ ʩʪʨʠʞʥʽʚ, ʱʦ ʣʘʤʘʶʪʴʩʷ. 
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i i i

j j jT EA L L= D ,
1i i i i

j j j jT EA L L+=h D     (2.31) 

E  - ʤʦʜʫʣʴ ʖʥʛʘ ʪʨʦʩʘ, A - ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʧʝʨʝʨʽʟʫ, 
i

jL  - ʥʝʡʪʨʘʣʴʥʘ ʜʦʚʞʠʥʘ 

ʩʝʛʤʝʥʪʫ ʪʨʦʩʘ, 
i

jLD - ʧʦʜʦʚʞʝʥʥʷ ʩʝʛʤʝʥʪʘ ʪʨʦʩʘ 

1
11

1

1
21

2
1
2 L

L

L
L Dh=D ,      (2.32) 

( )
( )

1
1

2

1

3

1 1
1

2

1

3

12
3

1
11

1

1
2

1
21

2
1
1

1
3 ,..., L

L

L
LL

L

LL
L

i j

i j

i
ji

j Dh=DDhh=D Ô Ô
Ô Ô

= =

= =
  (2.33) 

ʉʫʤʘʨʥʝ ʧʦʜʦʚʞʝʥʥʷ ʪʨʦʩʘ ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʘ ʷʢ ʩʫʤʘ ʧʦʜʦʚʞʝʥʥʷ ʚʩʽʭ 

ʩʝʛʤʝʥʪʽʚ ʩʠʩʪʝʤʠ: 

( ) ( )( )( )2 3 2 31 1 1 1 1 1 1 1

1 2 1 2 2 3 1 11 1 1 1
1 ... i i

j ji j i j
L L L L L L LS = = = =
D = + h +hh + + h DÔ Ô Ô Ô   (2.34) 

ɿʥʘʶʯʠ ʜʦʚʞʠʥʫ ʥʘʤʦʪʘʥʫ ʥʘ ʣʝʙʽʜʢʫ ʪʨʦʩʘ wLD  ʧʦʜʦʚʞʝʥʥʷ ʪʨʦʩʘ ʥʘ ʧʝʨʰʽʡ 

ʜʽʣʷʥʮʽ ʤʦʞʝ ʙʫʪʠ ʟʥʘʡʜʝʥʦ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

( ) ( )( )( )
( )

1
2 3 2 31 1 1 1 1 1 1 1

1 1 2 1 2 2 3 11 1 1 1

2 3 1

09 1

1 ... i i

j ji j i j

i i

j wi j

L L L L L L

L L L

-

= = = =

= =

D = + h +hh + + h Ö

Ö - +D

Ô Ô Ô Ô

ä ä
 (2.35) 

ʜʝ 0L - ʥʝʡʪʨʘʣʴʥʘ ʜʦʚʞʠʥʘ ʪʨʦʩʘ ʚ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʨʦʟʛʦʨʪʘʥʥʷ. 

ʅʝʡʪʨʘʣʴʥʘ ʜʦʚʞʠʥʘ ʩʝʛʤʝʥʪʽʚ ʪʨʦʩʫ iL1  ʥʝ ʟʤʽʥʶʻʪʴʩʷ ʫ ʧʨʦʮʝʩʽ ʨʦʟʛʦʨʪʘʥʥʷ. 

ʅʝʡʪʨʘʣʴʥʘ ʜʦʚʞʠʥʘ ʽʥʰʠʭ ʩʝʛʤʝʥʪʽʚ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

( ) ( )( )( )212
22sin ii

j HtglL d-JÖ+JÖ= - .  (2.36) 

ʜʝ l - ʜʦʚʞʠʥʘ ʩʪʨʠʞʥʷ, ʱʦ ʣʘʤʘʻʪʴʩʷ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ, ʟʥʘʡʜʝʥʝ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʦʨʤʫʣʠ (2.23), ʧʦʜʦʚʞʝʥʥʷ 

ʧʝʨʰʦʛʦ ʩʝʛʤʝʥʪʘ ʪʨʦʩʘ 
1
1LD , ʥʘʪʷʛ ʥʘ ʮʽʡ ʜʽʣʷʥʮʽ ʤʦʞʝ ʙʫʪʠ ʟʥʘʡʜʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʠʨʘʟʫ (2.20). ʌʦʨʤʫʣʠ (2.18) ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʠʪʠ ʥʘʪʷʛ ʽʥʰʠʭ ʩʝʛʤʝʥʪʽʚ ʪʨʦʩʘ. 

ʇʽʩʣʷ ʮʴʦʛʦ ʝʢʚʽʚʘʣʝʥʪʥʽ ʟʫʩʠʣʣʷ, ʱʦ ʜʽʶʪʴ ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʚʫʟʣʘʭ ʢʦʥʩʪʨʫʢʮʽʾ, 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ: 
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[ ]TTTTF 11
2

1
1

11
2

1
1 sin;cos;0 g-g= ,    (2.37) 

[ ]TTTTF 22
2

2
1

22
2

2
1 sin;cos;0 g-+g-= ,   (2.38) 

( ) ( )[ ]Tiiiiiii TTTTF gÖ-gÖ+-= sin;cos;0 32322 ,  (2.39) 

[ ]Tiiiiii TTTF g-+g-= + sin;cos;0 3
1

133 .   (2.40) 

 

2. 2. 2. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ 

ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʚʠʱʝ ʤʦʜʝʣʝʡ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʨʦʟʛʦʨʪʘʥʥʷ ʨʦʟʛʣʷʥʫʪʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʜʣʷ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʚ ʪʘʙʣʠʮʽ 

2.1. ʄʦʜʝʣʽ ʨʝʘʣʽʟʦʚʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʧʘʢʝʪʘ ʟ ʚʽʜʢʨʠʪʠʤ ʢʦʜʦʤ 

HotInt. ɼʦʚʞʠʥʘ ʪʨʦʩʘ, ʱʦ ʥʘʤʦʪʘʥʘ ʥʘ ʣʝʙʽʜʢʫ ʟʤʽʥʶʻʪʴʩʷ, ʥʘʩʪʫʧʥʽʤ ʯʠʥʦʤ 

0.01wL tD = ,      (2.41) 

ʜʝ t  ï ʯʘʩ. 

ʅʘ ʨʠʩ. 2.17 ʧʦʢʘʟʘʥʽ ʟʤʽʥʠ ʥʝʡʪʨʘʣʴʥʠʭ ʜʦʚʞʠʥ ʪʨʦʩʘ ʥʘ ʜʽʣʷʥʢʘʭ ʤʽʞ ʧʝʨʰʠʤ 

ʪʘ ʜʨʫʛʠʤ ʰʢʽʚʘʤʠ.  ʇʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʨʦʟʛʣʷʥʫʪʦʛʦ ʟʘʢʦʥʫ ʥʘʤʦʪʫʚʘʥʥʷ ʪʨʦʩʫ ʽʩʥʫʻ 

ʯʘʩʦʚʠʡ ʽʥʪʝʨʚʘʣ, ʜʝ ʤʘʻ ʤʽʩʮʝ ʧʨʦʚʠʩʘʥʥʷ ʪʨʦʩʫ (ʨʠʩ. 2.18) ʪʘ ʚʪʨʘʪʘ ʡʦʛʦ ʥʘʪʷʛʫ 

(ʨʠʩ. 2.21). ʈʠʩ. 2.19, 2.20 ʜʝʤʦʥʩʪʨʫʶʪʴ ʟʤʽʥʠ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʦʩʣʘʙʣʝʥʥʷ ʥʘʪʷʛʫ 

ʪʨʦʩʫ ʚ ʧʨʦʮʝʩʽ ʨʦʟʛʦʨʪʘʥʥʷ. ʅʘ ʨʠʩ. 2.22, 2.23 ʧʨʝʜʩʪʘʚʣʝʥʦ ʟʘʣʝʞʥʦʩʪʽ 

ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʩʠʣ ʧʝʨʰʦʛʦ ʪʘ ʜʨʫʛʦʛʦ ʰʢʽʚʘ ʜʨʫʛʦʾ ʩʝʢʮʽʾ ʚʽʜ ʯʘʩʫ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ 

ʜʦ ʟʤʽʥʠ ʢʫʪʽʚ ʤʽʞ ʩʪʨʠʞʥʷʤʠ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ, ʥʘʚʝʜʝʥʠʭ ʥʘ ʨʠʩ. 2.24. ʗʢ ʚʠʜʥʦ ʟ 

ʦʩʪʘʥʥʴʦʛʦ ʨʠʩʫʥʢʘ ʨʦʟʛʣʷʥʫʪʠʡ ʟʘʢʦʥ ʥʘʤʦʪʫʚʘʥʥʷ ʪʨʦʩʘ ʟʘʙʝʟʧʝʯʫʻ ʧʦʚʥʝ 

ʨʦʟʢʨʠʪʪʷ ʢʦʥʩʪʨʫʢʮʽʾ ʦʨʽʻʥʪʦʚʥʦ ʟʘ 35 ʩʝʢʫʥʜ. 
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ʈʠʩʫʥʦʢ 2.17. ɿʘʣʝʞʥʽʩʪʴ ʥʝʡʪʨʘʣʴʥʦʾ 

ʜʦʚʞʠʥʠ ʜʽʣʷʥʦʢ ʪʨʦʩʫ ʤʽʞ ʰʢʽʚʘʤʠ 

ʚʽʜ ʯʘʩʫ. 

 

ʈʠʩʫʥʦʢ 2.18. ɿʘʣʝʞʥʽʩʪʴ ʧʦʜʦʚʞʝʥʥʷ 

ʪʨʦʩʫ ʥʘ ʧʝʨʰʽʡ ʜʽʣʷʥʢʠ ʚʽʜ ʯʘʩʫ. 

 

ʈʠʩʫʥʦʢ 2.19. ɿʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʧʦʩʣʘʙʣʝʥʥʷ ʥʘʪʷʛʫ ʪʨʦʩʫ ʧʝʨʰʦʾ 

ʩʝʢʮʽʾ ʚʽʜ ʯʘʩʫ. 

 

ʈʠʩʫʥʦʢ 2.20. ɿʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʧʦʩʣʘʙʣʝʥʥʷ ʥʘʪʷʛʫ ʪʨʦʩʫ ʜʨʫʛʦʾ ʩʝʢʮʽʾ 

ʚʽʜ ʯʘʩʫ. 

 

ʈʠʩʫʥʦʢ 2.21. ɿʘʣʝʞʥʦʩʪʽ ʥʘʪʷʛʫ ʪʨʦʩʫ 

ʚʽʜ ʯʘʩʫ. 

 

ʈʠʩʫʥʦʢ 2.22. ɿʘʣʝʞʥʦʩʪʽ 

ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʩʠʣ ʧʝʨʰʦʛʦ ʰʢʽʚʘ ʚʽʜ 

ʯʘʩʫ. 
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ʈʠʩʫʥʦʢ 2.23. ɿʘʣʝʞʥʦʩʪʽ 

ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʩʠʣ ʜʨʫʛʦʛʦ ʰʢʽʚʘ ʚʽʜ 

ʯʘʩʫ. 

 

ʈʠʩʫʥʦʢ 2.22. ɿʘʣʝʞʥʦʩʪʽ 

ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʩʠʣ ʧʝʨʰʦʛʦ ʰʢʽʚʘ ʚʽʜ 

ʯʘʩʫ. 

 

2. 3. ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʨʦʟʛʦʨʪʘʥʥʷ 

ʘʥʪʝʥʠ. 

ʈʘʥʽʰʝ ʙʫʣʦ ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʨʦʱʝʥʦʛʦ ʤʝʪʦʜʫ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʨʦʩʦʚʠʭ ʩʠʩʪʝʤ ʨʦʟʛʦʨʪʘʥʥʷ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʥʘʪʷʛ 

ʪʨʦʩʽʚ ʽ ʚʫʟʣʦʚʽ ʨʫʰʽʡʥʽ ʩʠʣʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʨʪʷ ʪʘ ʽʥʰʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʩʠʩʪʝʤʠ. 

ʈʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʷʢʱʦ ʪʨʦʩ ʥʘʤʦʪʫʻʪʴʩʷ ʟ ʧʦʩʪʽʡʥʦʶ ʰʚʠʜʢʽʩʪʶ, ʚʽʥ ʤʦʞʝ 

ʟʥʘʯʥʦ ʚʪʨʘʪʠʪʠ ʥʘʪʷʛ ʘʙʦ ʥʘʚʽʪʴ ʧʨʦʚʠʩʥʫʪʠ ʯʝʨʝʟ ʧʝʚʥʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ. ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʪʘʢʦʾ ʧʦʚʝʜʽʥʢʠ ʪʨʦʩ ʤʦʞʝ ʚʪʨʘʪʠʪʠ ʢʦʥʪʘʢʪ ʟʽ ʰʢʽʚʘʤʠ, ʱʦ ʤʦʞʝ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʙʦʾʚ ʫ ʨʦʟʛʦʨʪʘʥʥʽ.  

ʊʘʢʦʞ ʽʟ ʧʝʨʰʦʛʦ ʨʦʟʜʽʣʫ ʚʽʜʦʤʦ, ʱʦ ʤʝʪʘʣʝʚʦʶ ʩʽʪʢʦʶ ʟʘʟʚʠʯʘʡ ʥʝʭʪʫʶʪʴ ʫ 

ʩʫʯʘʩʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʯʝʨʝʟ ʩʢʣʘʜʥʠʡ ʟʚ'ʷʟʦʢ ʤʽʞ ʝʣʝʤʝʥʪʘʤʠ ʩʠʩʪʝʤʠ çʩʽʪʢʘ-

ʧʦʣʦʪʥʦ-ʩʪ̫ʞʢʘè, ʧʨʦʪʝ ʮʷ ʩʠʩʪʝʤʘ ʤʘʻ ʨʽʟʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʝʬʦʨʤʘʮʽʾ ʪʘ ʥʘʧʨʫʞʝʥʥʷ, 

ʱʦ ʨʘʟʦʤ ʚʧʣʠʚʘʻ ʥʘ ʨʦʟʛʦʨʪʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ.  

ʋ ʜʦʩʣʽʜʞʝʥʥʽ ʚʽʜʤʦʚ ʨʦʟʛʦʨʪʘʥʥʷ ʂɸ[68] ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ, ʱʦ ʥʝʜʦʩʢʦʥʘʣʝ 

ʤʦʜʝʣʶʚʘʥʥʷ/ʘʥʘʣʽʟ ʩʝʨʝʜʦʚʠʱʘ ʽ ʜʠʥʘʤʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʚʽʜʤʦʚ ʨʦʟʛʦʨʪʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ. ʊʦʤʫ ʜʫʞʝ ʚʘʞʣʠʚʦ ʪʦʯʥʦ ʧʨʦʛʥʦʟʫʚʘʪʠ ʧʦʚʝʜʽʥʢʫ 

ʂɸʊ ʧʽʜ ʯʘʩ ʨʦʟʛʦʨʪʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʦʯʥʦʛʦ ʘʥʘʣʽʟʫ ʥʝʣʽʥʽʡʥʠʭ ʬʘʢʪʦʨʽʚ, ʪʘʢʠʭ 

ʷʢ ʛʥʫʯʢʽʩʪʴ, ʪʝʨʪʷ, ʥʘʪʷʛ ʪʨʦʩʦʚʦʾ ʩʽʪʢʠ ʪʘ ʽʥʰʽ. 
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2. 3. 1. ɼʠʟʘʡʥ ʂɸʊ 

ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʦʜʝʣʴ ʂɸʊ, ʱʦ ʙʫʣʘ ʨʦʟʛʣʷʥʫʪʘ ʚ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʨʘʥʽʰʝ. 

ʇʦʟʠʪʠʚʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʅʇɽ ̒  ʾʭ ʟʜʘʪʥʽʩʪʴ ʜʦ ʩʘʤʦʩʠʥʭʨʦʥʽʟʘʮʽʾ ʨʦʟʛʦʨʪʘʥʥʷ 

ʩʫʩʽʜʥʽʭ ʧʨʦʣʴʦʪʽʚ, ʱʦ ʨʘʥʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩʷ ʚ ʘʥʪʝʥʘʭ, ʱʦ ʨʦʟʛʦʨʪʘʶʪʴʩʷ, 

ʥʘʧʨʠʢʣʘʜ, ʚ ʨʦʙʦʪʘʭ [70, 71]. ɺ ʦʙʦʭ ʮʠʭ ʚʠʧʘʜʢʘʭ ʨʫʰʽʡʥʽ ʩʠʣʠ ʂʇʉ ʧʨʠʢʣʘʜʝʥʽ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ ʧʣʦʱʠʥʠ ʢʽʣʴʮʝʚʦʾ ʬʝʨʤʠ (ʨʠʩ. 2.26), ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʚʠʥʠʢʥʝʥʥʷ ʟʥʘʯʥʠʭ ʟʛʠʥʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ, ʷʢʽ ʜʽʶʪʴ ʥʘ ʐʇʉ. ɼʣʷ ʫʩʫʥʝʥʥʷ ʮʴʦʛʦ 

ʥʝʜʦʣʽʢʫ ʜʣʷ ʨʦʟʛʦʨʪʘʥʥʷ ʃɽʇ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʩʠʣʠ, ʱʦ ʜʽʶʪʴ ʚ ʧʣʦʱʠʥʽ ʢʽʣʴʮʝʚʦʾ 

ʬʝʨʤʠ (ʨʠʩ. 2.25). ɿʛʽʜʥʦ ʟ ʮʽʻʶ ʩʭʝʤʦʶ, ʨʫʰʽʡʥʽ ʩʠʣʠ ʪʨʦʩʫ ʜʽʶʪʴ ʥʘ ɺʇɽ ʽ 

ʚʠʧʨʷʤʣʷʶʪʴ ʾʭ, ʘ ʧʦʪʽʤ ʅʇɽ ʧʦʚʪʦʨʶʶʪʴ ʨʫʭ ɺʇɽ ʽ, ʪʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʛʦʨʪʘʶʪʴ 

ʬʝʨʤʫ.  

ʂɸʊ ʨʦʟʛʦʨʪʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʊʐʉ, ʱʦ ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʨʘʥʽʰʝ ʽʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʫʩʽʭ ʥʝʜʦʣʽʢʽʚ. ʆʙʨʘʥʫ ʩʭʝʤʫ ʨʦʟʛʦʨʪʘʥʥʷ ʜʣʷ 18ʪʠ ʩʝʢʮʽʡ ʘʥʪʝʥʠ 

ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 2.27. 

 

 

ʈʠʩʫʥʦʢ 2.25. ʈʦʟʛʦʨʪʘʥʥʷ ʃɺɹ ʩʠʣʘʤʠ ʚ ʢʽʣʴʮʝʚʽʡ ʧʣʦʱʠʥʽ. 
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ʈʠʩʫʥʦʢ 2.26. ʈʦʟʛʦʨʪʘʥʥʷ ʇʃɸ ʧʦʟʘʢʽʣʴʮʝʚʠʤʠ ʩʠʣʘʤʠ. 

 

 

ʈʠʩʫʥʦʢ 2.27. ʂʇʉ ʜʣʷ ʨʦʟʛʦʨʪʘʥʥʷ ʂʈʇ ʩʠʣʘʤʠ ʚ ʢʽʣʴʮʝʚʽʡ ʧʣʦʱʠʥʽ. 

 

2. 3. 2. ɼʠʥʘʤʽʯʥʘ ʤʦʜʝʣʴ 

2. 3. 2. 1.  ʌʝʨʤʘ 

ʌʝʨʤʘ ʂɸʊ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʫʙ ʟ ʚʫʛʣʝʮʝʚʦʛʦ ʚʦʣʦʢʥʘ ʪʘ ʘʣʶʤʽʥʽʻʚʠʭ ʟ'ʻʜʥʘʥʴ.   

ɺʩʽ ʘʣʶʤʽʥʽʻʚʽ ʚʫʟʣʠ ʤʦʜʝʣʶʶʪʴʩʷ ʷʢ ʪʨʠʚʠʤʽʨʥʽ ʞʦʨʩʪʢʽ ʝʣʝʤʝʥʪʠ.  ɼʣʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʚʫʛʣʝʧʣʘʩʪʠʢʦʚʠʭ ʪʨʫʙ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʨʠʚʠʤʽʨʥʠʡ ʝʣʝʤʝʥʪ 

ʩʪʨʠʞʥʷ ʌɸɺʂ [73]. ɽʣʝʤʝʥʪ ʩʪʨʠʞʥʷ ʟ ʜʚʦʤʘ ʚʫʟʣʘʤʠ ʤʘʻ 24 ʩʪʫʧʝʥʽ ʩʚʦʙʦʜʠ 

(DOF): 

, , , , , , , ,
TT x y z x y z

i j i i i i j j j je e e r r r r r r r rè øè ø= =ê ú ê ú, 
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ʜʝ 
( )i jr  - ʚʝʢʪʦʨʠ ʧʦʣʦʞʝʥʥʷ ʚʫʟʣʽʚ ʩʪʨʠʞʥʷ; 

( ) ( ) ( ), ,x y z

i j i j i jr r r  - ʧʦʭʽʜʥʽ ʚʝʢʪʦʨʘ 

ʧʦʣʦʞʝʥʥʷ 
( )i jr ʟʘ ʢʦʦʨʜʠʥʘʪʘʤʠ , ,x y z  ʚʽʜʧʦʚʽʜʥʦ.  

ɻʣʦʙʘʣʴʥʠʡ ʚʝʢʪʦʨ ʧʦʣʦʞʝʥʥʷ r  ʜʦʚʽʣʴʥʦʾ ʪʦʯʢʠ ʚʩʝʨʝʜʠʥʽ ʝʣʝʤʝʥʪʘ ʩʪʨʠʞʥʷ 

ʤʦʞʝ ʙʫʪʠ ʟʘʜʘʥʦ ʷʢ 

[ ]1 2 3 4 5 6 7 8, , , , , , , , , , , , , , , ,r Se S I S I S I S I S I S I S I S I e= =  

ʜʝ I  - ʤʘʪʨʠʮʷ ʽʜʝʥʪʠʯʥʦʩʪʽ 3 3³, ʘ ʬʫʥʢʮʽʾ ʬʦʨʤʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʷʢ  

( )
( )

( )

( )

2 3

1

2 3

2

3

4

2 3

5

2 3

6

7

8

1 3 2

1 3 2

1

1

3 2

B

B

B

B

B

B

S

S L

S L

S L

S

S L

S L

S L

= - x + x

= - x + x

= -x V

= -x z

= x - x

= x +x

= xV

= xz

 

ʜʝ BL  - ʜʦʚʞʠʥʘ ʝʣʝʤʝʥʪʘ ʩʪʨʠʞʥʷ; , ,B B Bx L y L z Lx= V= z= 

ʂʽʥʝʪʠʯʥʘ ʝʥʝʨʛʽʷ ʝʣʝʤʝʥʪʘ ʩʪʨʠʞʥʷ ʤʦʞʝ ʙʫʪʠ ʚʠʨʘʞʝʥʘ ʷʢ 

1 1 1

2 2 2B B

T T T T

B V B V B BT r rdV e r rd e e M eè ø= r = r =
ê úñ ñ  

ʜʝ BV - ʦʙ'ʻʤ ʩʪʨʠʞʥʷ, Br  - ʛʫʩʪʠʥʘ ʤʘʪʝʨʽʘʣʫ ʩʪʨʠʞʥʷ, BM  - ʤʘʪʨʠʮʷ ʤʘʩ 

ʝʣʝʤʝʥʪʘ ʩʪʨʠʞʥʷ. 

ɽʥʝʨʛʽʷ ʜʝʬʦʨʤʘʮʽʾ ʩʪʨʠʞʥʷ ʤʦʞʝ ʙʫʪʠ ʨʦʟʢʣʘʜʝʥʘ ʥʘ ʢʦʤʧʦʥʝʥʪʠ 

ʨʦʟʪʷʛʫʚʘʥʥʷ ʽ ʟʛʠʥʘʥʥʷ ʷʢ 

( )2 2

0

1

2

BL

B B B B BU E A E I dx= e + kñ , 

ʜʝ , ,B B BE A I - ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ, ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʪʘ ʜʨʫʛʠʡ ʤʦʤʝʥʪ 

ʧʣʦʱʽ ʚʽʜʧʦʚʽʜʥʦ; e ʪʘ k - ʧʦʟʜʦʚʞʥʷ ʜʝʬʦʨʤʘʮʽʷ ʟʛʠʥʫ ʩʪʨʠʞʥʷ ʪʘ ʢʨʠʚʠʟʥʘ, ʷʢʽ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 
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( )( ) ( )
1

1 ,
2

T TT Te S S e S S e¡ ¡ ¡¡ ¡¡e= - k= . 

ʇʨʫʞʥʽ ʩʠʣʠ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʷʢ ʛʨʘʜʽʻʥʪ ʝʥʝʨʛʽʾ ʜʝʬʦʨʤʘʮʽʾ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ 

B
B

U
Q

e

µ
=
µ

. 

ʊʽʣʘ ʬʝʨʤʠ ʟ'ʻʜʥʫʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʝʨʫʭʦʤʠʭ ʽ ʧʦʚʦʨʦʪʥʠʭ 

ʰʘʨʥʽʨʽʚ. ʅʝʨʫʭʦʤʠʡ ʰʘʨʥʽʨ ʦʙʤʝʞʫʻ ʪʨʠ ʧʦʩʪʫʧʘʣʴʥʽ ʪʘ ʪʨʠ ʦʙʝʨʪʘʣʴʥʽ ʅɼʉ 

ʦʜʥʦʛʦ ʪʽʣʘ ʚʽʜʥʦʩʥʦ ʽʥʰʦʛʦ. ʈʽʚʥʷʥʥʷ ʦʙʤʝʞʝʥʴ ʮʴʦʛʦ ʪʠʧʫ ʟ'ʻʜʥʘʥʥʷ ʤʦʞʥʘ 

ʧʨʝʜʩʪʘʚʠʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ 

0, , , 0
T

T T T

T a b R b a b a b ar r g h h f f gè øF = - = F = =ê ú , 

ʜʝ ar  ʪʘ br - ʚʝʢʪʦʨʠ ʘʙʩʦʣʶʪʥʠʭ ʧʝʨʝʤʽʱʝʥʴ ʤʘʨʢʝʨʽʚ ʜʽʾ ʪʘ ʙʘʟʠ ʚʽʜʧʦʚʽʜʥʦ; 

, ,T T T

b a b a b ag h h f f g - ʚʝʢʪʦʨʠ ʦʨʽʻʥʪʘʮʽʾ ʧʦ ʦʩʷʭ , ,x y z ʤʘʨʢʝʨʽʚ ʜʽʾ ʪʘ ʙʘʟʠ ʚʽʜʧʦʚʽʜʥʦ.  

ʆʙʝʨʪʘʣʴʥʠʡ ʰʘʨʥʽʨ ʦʙʤʝʞʫʻ ʪʨʠ ʧʦʩʪʫʧʘʣʴʥʽ ʪʘ ʜʚʽ ʦʙʝʨʪʘʣʴʥʽ ʉʂɼ ʦʜʥʦʛʦ 

ʪʽʣʘ ʚʽʜʥʦʩʥʦ ʽʥʰʦʛʦ ʪʽʣʘ. ʆʙʤʝʞʝʥʥʷ ʦʙʝʨʪʘʥʥʷ ʮʴʦʛʦ ʟʯʣʝʥʫʚʘʥʥʷ ʤʦʞʥʘ 

ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ ʥʘʩʪʫʧʥʦʛʦ ʨʽʚʥʷʥʥʷ 

, 0
T

T T

R b a b ah f h gè øF = =ê ú . 

ɿʘʜʥʻ ʽ ʧʝʨʝʜʥʻ ʢʽʣʴʮʷ ʬʝʨʤʠ ʢʨʽʧʣʷʪʴʩʷ ʜʦ ʩʪʨʽʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʝʨʫʭʦʤʠʭ ʽ 

ʧʦʩʪʫʧʘʣʴʥʠʭ ʰʘʨʥʽʨʽʚ ʚʽʜʧʦʚʽʜʥʦ. ʇʦʩʪʫʧʘʣʴʥʠʡ ʰʘʨʥʽʨ ʦʙʤʝʞʫʻ ʜʚʽ ʧʦʩʪʫʧʘʣʴʥʽ 

ʪʘ ʪʨʠ ʦʙʝʨʪʘʣʴʥʽ ʅɼʉ ʦʜʥʦʛʦ ʪʽʣʘ ʚʽʜʥʦʩʥʦ ʽʥʰʦʛʦ ʪʽʣʘ. ʆʙʤʝʞʝʥʥʷ ʧʦʣʦʞʝʥʥʷ 

ʮʴʦʛʦ ʰʘʨʥʽʨʘ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ ʥʘʩʪʫʧʥʦʛʦ ʨʽʚʥʷʥʥʷ  

( ) ( ), 0
T

T T

T b a b b a bh r r h r rè øF = - - =ê ú . 

ʆʙʤʝʞʝʥʽ ʩʠʣʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟ ʤʥʦʞʥʠʢʽʚ ʃʘʛʨʘʥʞʘ 

ɼʠʥʘʤʽʯʥʽ ʨʽʚʥʷʥʥʷ ʜʣʷ ʚʩʴʦʛʦ ʂɸʊ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʨʘʞʝʥʽ ʫ ʚʠʛʣʷʜʽ ʥʘʙʦʨʫ 

ʧʦʧʝʨʝʜʥʴʦ ʨʦʟʛʣʷʥʫʪʠʭ ɼɸʈ (2.16) ʪʘ (2.17). 
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2. 3. 2. 2. ʉʠʩʪʝʤʘ çʩʽʪʢʘ-ʧʦʣʦʪʥʦ-ʩʪʷʞʢʘè 

ʎʝʥʪʨʘʣʴʥʘ ʯʘʩʪʠʥʘ ʂɸʊ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʤʝʪʘʣʝʚʦʾ ʩʽʪʢʠ, ʩʽʪʦʢ ʟ ʚʫʛʣʝʮʝʚʦʛʦ 

ʚʦʣʦʢʥʘ ʪʘ ʥʘʪʷʞʥʠʭ ʩʪʷʞʦʢ. ʄʘʩʘ ʮʝʥʪʨʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʤʦʜʝʣʶʻʪʴʩʷ ʢʫʩʢʦʚʠʤʠ 

ʤʘʩʘʤʠ, ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʫ ʚʫʟʣʘʭ ʩʽʪʢʠ. ʂʫʩʢʦʚʽ ʤʘʩʠ ʧʝʨʝʜʥʽʭ ʚʫʟʣʽʚ ʩʽʪʢʠ ʪʘʢʦʞ 

ʩʢʣʘʜʘʶʪʴ ʤʘʩʫ ʩʽʪʢʠ. ʉʽʪʢʠ ʪʘ ʥʘʪʷʞʥʽ ʟʚ'ʷʟʢʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʜʠʩʢʨʝʪʥʠʤʠ 

ʧʨʫʞʠʥʥʦ-ʜʝʤʧʬʝʨʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ, ʱʦ ʟ'ʻʜʥʫʶʪʴ i-ʡ ʪʘ j-ʡ ʚʫʟʣʠ ʩʽʪʦʢ. ʅʘʪʷʛ ij-

ʛʦ ʝʣʝʤʝʥʪʘ ʩʽʪʢʠ ʟʘʜʘʻʪʴʩʷ  

( )0 0

0ij tr N N ij ij ijT f E A l l l T= - +    (2.50) 

ʜʝ NE  - ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʝʣʝʤʝʥʪʘ ʩʽʪʢʠ; NA  - ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ 

ʝʣʝʤʝʥʪʘ ʩʽʪʢʠ; 
0

ijl - ʥʝʡʪʨʘʣʴʥʘ ʜʦʚʞʠʥʘ ij -ʛʦ ʝʣʝʤʝʥʪʘ ʩʽʪʢʠ; ijl - ʚʽʜʩʪʘʥʴ ʤʽʞ 

ʚʫʟʣʘʤʠ i ʪʘ j. 

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʥʝʣʽʥʽʡʥʦʾ ʧʝʨʝʭʽʜʥʦʾ ʩʪʘʜʽʾ, ʢʦʣʠ ʩʽʪʢʠ ʧʣʘʚʥʦ ʟʤʽʥʶʶʪʴ 

ʩʚʦʾ ʚʣʘʩʪʠʚʦʩʪʽ ʤʽʞ ʥʘʪʷʛʦʤ ʽ ʨʦʟʪʷʛʦʤ, ʤʠ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʧʝʨʝʭʽʜʥʫ ʬʫʥʢʮʽʶ Ὢ , 

ʧʦʙʫʜʦʚʘʥʫ ʷʢ ʧʦʣʽʥʦʤʽʘʣʴʥʘ ʬʫʥʢʮʽʷ ʧ'ʷʪʦʛʦ ʧʦʨʷʜʢʫ [69], ʷʢʘ ʧʣʘʚʥʦ ʟʨʦʩʪʘʻ ʚʽʜ 

0 ʜʦ 1 ʚ ʤʝʞʘʭ ʟʘʜʘʥʦʛʦ ʽʥʪʝʨʚʘʣʫ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʠʞʯʝ: 

( )( ) ( ) ( )( )
3 2 0 010 15 6 , n

tr ij ij ij ij ij ij ij tr ij ijf l l l l l l l k l lè ø= d - d + d d = - -
ê ú

 

ʜʝ trk  - ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʭʦʜʫ; 
n

ijl  - ʜʦʚʞʠʥʘ ʥʘʪʷʛʥʫʪʦʛʦ ʝʣʝʤʝʥʪʘ ij-ʩʽʪʢʠ ʫ 

ʨʦʟʛʦʨʥʫʪʦʤʫ ʩʪʘʥʽ. 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʩʪʷʞʢʠ ʤʽʩʪʷʪʴ ʤʝʭʘʥʽʯʥʽ ʧʨʫʞʠʥʠ, ʚʦʥʠ ʤʦʜʝʣʶʶʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʥʘʩʪʫʧʥʦʾ ʧʝʨʝʭʽʜʥʦʾ ʬʫʥʢʮʽʾ 

( )

( )

0

0

0,

1,

tr ij ij ij

tr ij ij ij

f l if l l

f l if l l

ë = ¢î
ì

= >îí

. 

ʆʩʢʽʣʴʢʠ ʩʽʪʢʠ ʚʩʝ ʱʝ ʤʘʶʪʴ ʜʫʞʝ ʤʘʣʫ ʞʦʨʩʪʢʽʩʪʴ ʫ ʨʦʟʩʣʘʙʣʝʥʦʤʫ ʩʪʘʥʽ, ʜʦ 

ʨʽʚʥʷʥʥʷ (3) ʜʦʜʘʻʪʴʩʷ ʥʝʚʝʣʠʢʠʡ ʥʘʪʷʛ 0T  , ʱʦʙ ʫʥʠʢʥʫʪʠ ʚʽʣʴʥʦʛʦ ʨʫʭʫ ʛʨʫʜʢʦʚʠʭ 

ʤʘʩ. 
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ʄʝʪʘʣʝʚʘ ʩʽʪʢʘ ʜʠʩʢʨʝʪʠʟʫʻʪʴʩʷ ʪʨʠʢʫʪʥʠʤʠ ʩʽʪʢʦʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʟ 

ʚʝʨʰʠʥʘʤʠ, ʱʦ ʟʙʽʛʘʶʪʴʩʷ ʟ ʚʫʟʣʘʤʠ ʩʽʪʦʢ. ɿʘʣʠʰʢʦʚʫ i-ʚʫʟʣʦʚʫ ʩʠʣʫ q-ʛʦ 

ʪʨʠʢʫʪʥʦʛʦ ʝʣʝʤʝʥʪʘ ʩʽʪʢʠ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ [72]: 

( ) ,
T

q q q q q

i i i i iR N H N=- d     (2.51) 

ɼʝ q

id - ʚʝʢʪʦʨ ʚʫʟʣʦʚʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ iq-ʛʦ ʝʣʝʤʝʥʪʘ ʩʽʪʽ ʚ ʛʣʦʙʘʣʴʥʽʡ ʩʠʩʪʝʤʽ 

ʢʦʦʨʜʠʥʘʪ; q

iN  - ʤʘʪʨʠʮʷ ʧʝʨʝʪʚʦʨʝʥʥʷ iq-ʛʦ ʝʣʝʤʝʥʪʘ ʩʽʪʽ ʟ ʣʦʢʘʣʴʥʦʾ ʩʠʩʪʝʤʠ 

ʢʦʦʨʜʠʥʘʪ ʚ ʛʣʦʙʘʣʴʥʫ. 

ʄʘʪʨʠʮʷ q

iH  ʚ ʨʽʚʥʷʥʥʽ (4) ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

( ) ( ),
T

q q q q q

i i i M i iH B B D B B= + +  Ὄ  ὄ  ὄ Ὀ  ὄ  ὄ , 

ʜʝ q

iB  ʽ q

iB - ʤʘʪʨʠʮʷ ʟʚ'ʷʟʢʫ ʤʽʞ ʧʝʨʝʤʽʱʝʥʥʷʤ ʽ ʣʽʥʽʡʥʦʶ ʪʘ ʥʝʣʽʥʽʡʥʦʶ 

ʜʝʬʦʨʤʘʮʽʻʶ ʚʽʜʧʦʚʽʜʥʦ. 

ʄʘʪʨʠʮʷ ʢʦʥʩʪʠʪʫʪʠʚʥʠʭ ʚʽʜʥʦʰʝʥʴ ʩʽʪʢʦʚʦʛʦ ʝʣʝʤʝʥʪʘ ʟʘʜʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ 

( )
2

1 0

1 0
1

0 0 1 2

M

M
M M

M

M

E
D

-gè ø
é ù

= -gé ù-g
é ù-gê ú

, 

ʜʝ ME  ʪʘ Mg  - ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʪʘ ʢʦʝʬʽʮʽʻʥʪ ʇʫʘʩʩʦʥʘ ʩʽʪʢʠ ʚʽʜʧʦʚʽʜʥʦ. 

ʅʘ ʚʫʟʣʠ ʧʝʨʝʜʥʴʦʾ ʩʽʪʢʠ ʜʽʶʪʴ ʥʘʩʪʫʧʥʽ ʩʠʣʠ  

7 7

1 1 1

sN q

i ij ij ij ij ij ij ij ij j q
F T L l d l L l R

= = =
=- - -ä ä ä ,   (2.52) 

ʜʝ ijd  - ʢʦʝʬʽʮʽʻʥʪ ʜʝʤʧʬʫʚʘʥʥʷ ij-ʛʦ ʝʣʝʤʝʥʪʘ ʩʽʪʢʠ; S  - ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ 

ʪʨʠʢʫʪʥʠʢʽʚ ʩʽʪʢʠ, ʟ'ʻʜʥʘʥʠʭ ʟ ʚʫʟʣʦʤ i; , ,
T

ij j i j i j iL x x y y z zè ø= - - -ê ú. ʉʠʣʠ, ʱʦ 

ʜʽʶʪʴ ʥʘ ʟʘʜʥʽ ʚʫʟʣʠ ʩʽʪʢʠ, ʪʘʢʦʞ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʨʽʚʥʷʥʥʷʤ (2.52), ʘʣʝ ʟ 0q

iR = . 

 

2. 3. 2. 3.  ʊʨʦʩʦʚʦ-ʰʢʽʚʥʘ ʩʠʩʪʝʤʘ 

ʈʫʰʽʡʥʘ ʝʥʝʨʛʽʷ ʧʝʨʝʜʘʻʪʴʩʷ ʚʽʜ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ ʜʦ ʬʝʨʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʥʘʪʷʛʥʫʪʠʭ ʪʨʦʩʽʚ, ʷʢʽ ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ ʢʽʣʴʢʘ ʰʢʽʚʽʚ. ɺ ʷʢʦʩʪʽ ʢʝʨʫʶʯʠʭ ʚʭʦʜʽʚ 
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ʊʐʉ ʤʠ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʚʠʢʦʥʘʚʯʽ ʧʝʨʝʤʽʱʝʥʥʷ ʪʨʦʩʽʚ. ʎʝʡ ʧʽʜʭʽʜ ʣʝʛʰʝ 

ʨʝʘʣʽʟʫʚʘʪʠ ʘʧʘʨʘʪʥʦ ʧʦʨʽʚʥʷʥʦ ʟ ʟʫʩʠʣʣʷʤʠ ʘʙʦ ʤʦʤʝʥʪʘʤʠ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ, 

ʦʩʢʽʣʴʢʠ ʦʩʪʘʥʥʽ, ʷʢ ʧʨʘʚʠʣʦ, ʚʘʞʢʦ ʦʪʨʠʤʘʪʠ ʪʦʯʥʦ ʧʽʩʣʷ ʤʦʪʦʨʥʦʛʦ ʨʝʜʫʢʪʦʨʘ. 

ʂʦʞʝʥ ʧʨʠʚʦʜʥʠʡ ʪʨʦʩ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʘ ʪʠʧʠ ʩʝʛʤʝʥʪʽʚ. ʇʝʨʰʠʡ ʪʠʧ 

Ĕ
iL  - ʮʝ ʩʝʛʤʝʥʪʠ ʪʨʦʩʘ, ʦʙʛʦʨʥʫʪʽ ʥʘʚʢʦʣʦ ʰʢʽʚʽʚ, ʘ ʜʨʫʛʠʡ iL  - ʮʝ ʧʨʦʤʽʞʢʠ ʪʨʦʩʘ 

ʤʽʞ ʣʝʙʽʜʢʦʶ, ʰʢʽʚʘʤʠ ʪʘ ʢʽʥʮʝʚʠʤ ʘʥʢʝʨʦʤ. ʅʘ ʦʩʥʦʚʽ ʬʦʨʤʫʣʶʚʘʥʥʷ ɽʃɽ [66], 

ʚʠʟʥʘʯʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ʪʨʦʩʦʚʦʛʦ ʝʣʝʤʝʥʪʘ ʤʦʞʥʘ ʧʦʜʘʪʠ ʫ ʚʠʛʣʷʜʽ 

C C C C C

P E fM q Q Q Q= + + , 

ʜʝ CM - ʫʟʘʛʘʣʴʥʝʥʘ ʤʘʪʨʠʮʷ ʤʘʩ ʝʣʝʤʝʥʪʘ ʪʨʦʩʫ; Cq - ʫʟʘʛʘʣʴʥʝʥʽ ʢʦʦʨʜʠʥʘʪʠ 

ʝʣʝʤʝʥʪʘ ʪʨʦʩʫ; C

PQ  - ʚʝʢʪʦʨ ʽʥʝʨʮʽʡʥʠʭ ʩʠʣ, ʚʠʢʣʠʢʘʥʠʭ ʧʦʪʦʢʦʤ ʤʘʩʠ; C

EQ - 

ʫʟʘʛʘʣʴʥʝʥʠʡ ʚʝʢʪʦʨ ʟʦʚʥʽʰʥʽʭ ʩʠʣ; C

fQ ʚʢʣʶʯʘʻ ʫʟʘʛʘʣʴʥʝʥʽ ʧʨʫʞʥʽ ʩʠʣʠ ʪʘ ʩʠʣʠ 

ʜʝʤʧʬʫʚʘʥʥʷ. 

ʅʘʪʷʛ ʪʨʦʩʫ ʟʤʝʥʰʫʻʪʴʩʷ ʚʽʜ ʘʢʪʠʚʥʦʾ ʩʪʦʨʦʥʠ ʜʦ ʧʘʩʠʚʥʦʾ ʯʝʨʝʟ ʪʝʨʪʷ ʤʽʞ 

ʪʨʦʩʦʤ ʽ ʰʢʽʚʦʤ. ɿ ʦʛʣʷʜʫ ʥʘ ʮʝ, ʥʘʪʷʛ ʩʫʤʽʞʥʠʭ ʪʨʦʩʦʚʠʭ ʧʨʦʣʴʦʪʽʚ ʤʦʞʥʘ 

ʧʨʝʜʩʪʘʚʠʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ 

1

C C C

i i iT T+=h ,      (2.53) 

ʜʝ 1C

ih ¢ - ʢʦʝʬʽʮʽʻʥʪ ʩʧʘʜʫ ʥʘʪʷʛʫ ʪʨʦʩʫ, i  - ʥʦʤʝʨ ʰʢʽʚʘ. 

ʂʦʣʠ ʰʢʽʚ ʥʝʨʫʭʦʤʠʡ, ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʧʘʜʫ ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʷʢ [74].  

iC

i emfh = , 

ʜʝ h - ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ; if - ʢʫʪ ʟʘʛʦʨʪʘʥʥ.̫ 

ʉʠʣʘ ʪʝʨʪʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ 

( )1C C C

i i if T= -h  Ȣ 

ʅʘʪʷʛʫʚʘʥʥʷ ʪʨʦʩʦʚʠʭ ʧʨʦʣʴʦʪʽʚ ʤʦʞʥʘ ʧʦʜʘʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ 

1, ,C C C C C C C C C C C

i i i i i i iT E A L L T E A L L+= D =h D    (2.54) 

ʜʝ CE - ʤʦʜʫʣʴ ʖʥʛʘ ʪʨʦʩʫ; CA  - ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʪʨʦʩʫ; C

iLD  - 

ʧʦʜʦʚʞʝʥʥʷ i-ʛʦ ʧʨʦʣʴʦʪʫ ʪʨʦʩʫ. 
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ʂʦʣʠ ʪʨʦʩ ʤʘʻ ʥʝʚʝʣʠʢʫ ʤʘʩʫ ʽ ʨʫʭʘʻʪʴʩʷ ʧʦʚʽʣʴʥʦ, ʡʦʛʦ ʽʥʝʨʮʽʻʶ ʤʦʞʥʘ 

ʟʥʝʭʪʫʚʘʪʠ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʦʜʦʚʞʝʥʥʷ ʧʨʦʣʴʦʪʽʚ ʪʨʦʩʫ ʤʦʞʥʘ ʟʥʘʡʪʠ ʥʘ ʦʩʥʦʚʽ 

ʥʘʩʪʫʧʥʦʛʦ ʢʚʘʟʽʩʪʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ. ʅʝʡʪʨʘʣʴʥʽ ʜʦʚʞʠʥʠ ʧʝʨʰʦʛʦ ʧʨʦʣʴʦʪʫ ʪʨʦʩʫ 

1L  ʻ ʢʦʥʩʪʘʥʪʦʶ. ʅʝʡʪʨʘʣʴʥʽ ʜʦʚʞʠʥʠ ʽʥʰʠʭ ʧʨʦʣʴʦʪʽʚ ʤʦʞʫʪʴ ʙʫʪʠ ʦʪʨʠʤʘʥʽ 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ 

()
2 24i iL c r= - , 

ʜʝ ic  - ʚʽʜʩʪʘʥʽ ʤʽʞ ʮʝʥʪʨʘʤʠ ʜʚʦʭ ʩʫʩʽʜʥʽʭ ʰʢʽʚʽʚ; r  - ʨʘʜʽʫʩ ʰʢʽʚʘ. 

ɼʦʚʞʠʥʘ ʪʨʦʩʫ, ʥʘʤʦʪʘʥʦʛʦ ʥʘ ʰʢʽʚ, ʤʦʞʝ ʙʫʪʠ ʟʘʜʘʥʘ ʷʢ 

Ĕ
i iL r= f, 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʩʭʝʤʠ ʊʐʉ, ʟʦʙʨʘʞʝʥʦʾ ʥʘ ʨʠʩ. 2.28, ʟʘʛʦʨʥʫʪʠʡ ʢʫʪ ʤʦʞʝ ʙʫʪʠ 

ʟʥʘʡʜʝʥʠʡ ʷʢ 

( )

( ) ( ) ( )( )( )

( )

1 2

2 2 2

,

arccos 2 ,

arccos 2

i i i

i i i i i i

i i

k k

a c b a c

r c

f = p-j -q

è øf = + -
ê ú

q =

 

ʜʝ ia , ib  - ʚʽʜʩʪʘʥʽ ʤʽʞ ʚʽʩʩʶ ʦʙʝʨʪʘʥʥʷ ɺʇɽ ʪʘ ʚʽʩʩʶ ʰʢʽʚʘ, ʷʢʽ ʚʩʪʘʥʦʚʣʝʥʽ ʥʘ 

ʰʘʨʥʽʨʥʦʤʫ ʚʫʟʣʽ ɺʇɽ ʪʘ ʤʽʞʩʝʢʮʽʡʥʦʤʫ ʰʘʨʥʽʨʥʦʤʫ ʚʫʟʣʽ ʚʽʜʧʦʚʽʜʥʦ; 

1 21, 1.5k k= =  ʧʨʠ 1i = ; 1 22, 1k k= = ʧʨʠ 2,5,8,...,26i = ; 1 21, 1k k= = ʧʨʠ 

3,4,6,7,9,10,...,27i = . 

ɼʦʚʞʠʥʘ ʥʝʡʪʨʘʣʽ ʚʩʴʦʛʦ ʪʨʦʩʫ ʤʦʞʝ ʙʫʪʠ ʟʘʜʘʥʘ ʷʢ 

28 27

1 1

ĔC

n i ii i
L L L

= =
= +ä ä . 

ʅʘʪʷʛʥʫʪʫ ʜʦʚʞʠʥʫ ʪʨʦʩʫ ʧʽʜ ʯʘʩ ʨʦʟʛʦʨʪʘʥʥʷ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʷʢ 

C C C

s wL L L= - , 

ʜʝ CsL  - ʥʝʡʪʨʘʣʴʥʘ ʜʦʚʞʠʥʘ ʪʨʦʩʘ ʚ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʨʦʟʛʦʨʪʘʥʥʷ; C

wL  - 

ʜʦʚʞʠʥʘ ʪʨʦʩʘ, ʥʘʤʦʪʘʥʦʛʦ ʥʘ ʣʝʙʽʜʢʫ. 

ʇʦʜʦʚʞʝʥʥʷ ʚʩʴʦʛʦ ʪʨʦʩʫ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʷʢ 

C C C C

s w nL L L LD = - -.     (2.55) 
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ʗʢʱʦ ʚʽʜʦʤʦ ʧʦʜʦʚʞʝʥʥʷ ʧʝʨʰʦʛʦ ʧʨʦʣʴʦʪʫ ʪʨʦʩʫ 
1

CLD  , ʧʦʜʦʚʞʝʥʥʷ ʽʥʰʠʭ 

ʧʨʦʣʴʦʪʽʚ ʤʦʞʥʘ ʟʥʘʡʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʚʥʷʥʥʷ (2.54) ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ 

( )
2 1 2 1 1 3 1 2 3 1 1

27

28 28 1 11

, ,...,C C C C C C C C C C C

C C C C C

ii

L L L L L L L L

L L L L
=

D =h D D =h h D

= h DÔ
  (2.56) 

ʆʩʢʽʣʴʢʠ ʧʦʜʦʚʞʝʥʥʷ ʚʩʴʦʛʦ ʪʨʦʩʫ (2.55) ʜʦʨʽʚʥʶʻ ʩʫʤʽ ʧʦʜʦʚʞʝʥʴ  ʚʩʽʭ ʧʨʦʣʴʦʪʽʚ 

28

1

C

ii
L

=ä ,  ʪʦ ʧʦʜʦʚʞʝʥʥʷ ʧʝʨʰʦʛʦ ʧʨʦʣʴʦʪʫ ʪʨʦʩʫ ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʷʢ 

( )
( )

1

1 27

1 2 3 281
...

C C C C

s w nC

C C C C C

ii

L L L L
L

L L L L
=

- -
D =

+ + + + hÔ
.   (2.57) 

ʅʘʪʷʛ ʧʝʨʰʦʛʦ ʧʨʦʣʴʦʪʫ ʪʨʦʩʫ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ, ʧʽʜʩʪʘʚʠʚʰʠ ʨʽʚʥʷʥʥʷ (2.57) 

ʚ ʨʽʚʥʷʥʥʷ (2.54), ʧʽʩʣʷ ʯʦʛʦ ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʥʘʪʷʛ ʽʥʰʠʭ ʧʨʦʣʴʦʪʽʚ, 

ʟʘʩʪʦʩʫʚʘʚʰʠ ʚʽʜʧʦʚʽʜʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʩʧʘʜʫ. 

ʈʽʚʥʷʥʥʷ (2.54)-(2.57) ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʜʦʚʞʠʥʫ, ʧʦʜʦʚʞʝʥʥʷ ʽ ʥʘʪʷʛ ʪʨʦʩʫ ʷʢ 

ʬʫʥʢʮʽʾ ʧʦʣʦʞʝʥʥʷ ʰʢʽʚʘ. ʋ ʪʦʡ ʞʝ ʯʘʩ, ʜʣʷ ʧʣʘʥʫʚʘʥʥʷ ʨʦʟʛʦʨʪʘʥʥʷ ʢʦʨʠʩʥʦ 

ʚʠʨʘʟʠʪʠ ʮʽ ʟʤʽʥʥʽ ʷʢ ʬʫʥʢʮʽʾ ʢʫʪʽʚ ʨʦʟʛʦʨʪʘʥʥʷ. 

ʋ ʚʠʧʘʜʢʫ ʞʦʨʩʪʢʠʭ ʝʣʝʤʝʥʪʽʚ ʬʝʨʤʠ ʟʤʽʥʥʘ ʚʽʜʩʪʘʥʴ ʤʽʞ ʜʚʦʤʘ ʩʫʩʽʜʥʽʤʠ 

ʰʢʽʚʘʤʠ ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʘ ʷʢ ʬʫʥʢʮʽʷ ʚʽʜ  ʨʦʟʛʦʨʪʘʥʥʷ ‌ 

( ) ( )2 2 2 2 22 cos , sin 2 cos 2 ,ic b a ba a a a a= + - b = - g - g  (2.58) 

( )0 0 02 , 2 , arccos .b bg=a- g b=p-a -b b = 

ʇʘʨʘʤʝʪʨʠ , , , , ,a a a b bg , ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 2.28. 
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ʈʠʩʫʥʦʢ 2.28. ʉʭʝʤʘ ɺʇɽ ʪʘ ʊʐʉ. 

 

2. 3. 3. ɼʘʥʽ ʩʠʩʪʝʤʠ 

ʆʩʥʦʚʥʽ ʤʘʩʦʛʘʙʘʨʠʪʥʽ ʧʘʨʘʤʝʪʨʠ ʂɸʊ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 2.2. ʇʘʨʘʤʝʪʨʠ 

ʛʥʫʯʢʠʭ ʝʣʝʤʝʥʪʽʚ ʂɸʊ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣʠʮʽ 2.3. 

 

ʊʘʙʣʠʮʷ 2.2. ʇʘʨʘʤʝʪʨʠ ʂɸʊ. 

ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʥ ̫

ʅʘʧʽʚʚʝʣʠʢʘ ʚʽʩʴ ʝʣʽʧʩʘ ʬʝʨʤʠ 3.538 m 

ʅʘʧʽʚʤʘʣʘ ʚʽʩʴ ʝʣʽʧʩʘ ʬʝʨʤʠ 3.301 m 

ɺʠʩʦʪʘ ʨʦʟʛʦʨʥʫʪʦʛʦ ʨʝʬʣʝʢʪʦʨʘ 0.573 m 

ʌʦʢʫʩʥʘ ʚʽʜʩʪʘʥʴ  3.2 m 

ʂʨʦʢʚʷʥʘ ʤʘʩʘ 7,8 ʢʛ 

ʏʠʩʪʘ ʤʘʩʘ ʩʠʩʪʝʤʠ 0,445 ʢʛ 

ʄʝʪʘʣʝʚʘ ʩʽʪʯʘʩʪʘ ʤʘʩʘ 0,74 ʢʛ 
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ʊʘʙʣʠʮʷ 2.3. ʇʘʨʘʤʝʪʨʠ ʛʥʫʯʢʠʭ ʝʣʝʤʝʥʪʽʚ . 

ʇʘʨʘʤʝʪʨ ɽʣʝʤʝʥʪʠ ʂɸʊ 

ʅʇɽ V-ʧʦʜʽʙʥʘ ʧʣʘʥʢʘ ʉʽʪʢʘ ʉʽʪʢʘ ʇʨʠʚʽʜʥʠʡ ʪʨʦʩ 

ʄʦʜʫʣʴ ʖʥʛʘ 

[ɻʇʘ] 

120 120 120 125 100 

ʂʦʝʬʽʮʽʻʥʪ 

ʇʫʘʩʩʦʥʘ 

0.1 0.1 0.3 0.34 0.3 

ʑʽʣʴʥʽʩʪʴ 

[ʢʛʤ(-3)]. 

1600 1600 2540 8800 7800 

ʊʠʧ ʩʝʢʮʽʾ ʊʨʫʙ

ʢʘ 

ʊʨʫʙʢʘ ʇʨʷʤʦ. - ʂʦʣʦ 

ɼ/ʪʦʚʱʠʥʘ. 

[ʤʤ] 

12/1 10/1 - - 0.8/- 

W  H [ʤʤ] -  10  0.5  0-

.265 

- 

 

ʈʘʜʽʫʩ ʰʢʽʚʘ ʽ ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ ʩʪʘʥʦʚʣʷʪʴ 10 ʤʤ ʽ 0,05 ʚʽʜʧʦʚʽʜʥʦ 

ʅʦʤʽʥʘʣʴʥʠʡ ʥʘʪʷʛ ʩʪʷʞʢʠ ʦʙʨʘʥʦ 0,75 ʅ. ʅʘʪʷʛ ʧʝʨʝʜʥʴʦʾ ʪʘ ʟʘʜʥʴʦʾ ʩʽʪʦʢ 

ʨʦʟʨʘʭʦʚʘʥʦ ʜʣʷ ʟʘʜʦʚʦʣʝʥʥʷ ʨʽʚʥʷʥʴ ʙʘʣʘʥʩʫ ʥʘʪʷʛʫ [75]. ʉʝʨʝʜʥʽʡ ʥʘʪʷʛ ʝʣʝʤʝʥʪʽʚ 

ʩʽʪʢʠ ʩʪʘʥʦʚʠʪʴ 6,8 ʅ. 

 

2. 3. 4. ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ 

2. 3. 4. 1.  ɼʚʽ ʬʝʨʤʦʚʽ ʩʝʢʮʽʾ 

ʉʧʦʯʘʪʢʫ ʧʦʚʝʜʽʥʢʘ ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʠ ʨʦʟʛʦʨʪʘʥʥʽ ʚʠʚʯʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʤʦʜʝʣʽ ʜʚʦʭ ʬʝʨʤʦʚʠʭ ʧʨʦʣʴʦʪʽʚ, ʜʝ ʦʧʽʨ ʩʠʩʪʝʤʠ ʩʽʪʢʘ-ʧʦʣʦʪʥʦ ʤʦʜʝʣʶʻʪʴʩʷ ʜʚʦʤʘ 

ʩʠʣʘʤʠ, ʧʨʠʢʣʘʜʝʥʠʤʠ ʤʽʞ ʧʝʨʰʠʤ ʽ ʦʩʪʘʥʥʽʤ ʚʫʟʣʘʤʠ ʢʦʥʩʪʨʫʢʮʽʾ ʚ ʧʝʨʝʜʥʽʡ ʽ 

ʟʘʜʥʽʡ ʧʣʦʱʠʥʘʭ, ʚʽʜʧʦʚʽʜʥʦ. ɺʝʣʠʯʠʥʠ ʮʠʭ ʩʠʣ ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

³ ³ ³
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ʜʝ 1 21 , 150 , 10 , 1 ,k ĉ ³ k ĉ ³ d ĉ¶ ³ l ³ x= = = D = D - ʚʽʜʩʪʘʥʴ ʤʽʞ ʧʝʨʰʠʤ ʽ 

ʦʩʪʘʥʥʽʤ ʚʫʟʣʘʤʠ ʢʦʥʩʪʨʫʢʮʽʾ. 

ʇʦʨʽʚʥʶʶʪʴʩʷ ʤʦʞʣʠʚʦʩʪʽ ʜʚʦʭ ʨʽʟʥʠʭ ʪʠʧʽʚ ʊʐʉ. ʊʨʦʩʦʚʘ ʩʠʩʪʝʤʘ ʜʣʷ 

ʚʠʧʘʜʢʫ 1 ʽ ʚʠʧʘʜʢʫ 2 ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 2.28 ʽ ʨʠʩ. 2.29, ʚʽʜʧʦʚʽʜʥʦ. ʋ ʚʠʧʘʜʢʫ 1 (c1) 

ʨʫʰʽʡʥʽ ʩʠʣʠ ʧʝʨʝʜʘʶʪʴʩʷ ʜʚʦʤʘ ʪʨʦʩʘʤʠ, ʷʢʽ ʚʢʦʨʦʯʫʶʪʴʩʷ ʩʠʥʭʨʦʥʥʦ ʟ ʧʦʩʪʽʡʥʦʶ 

ʰʚʠʜʢʽʩʪʶ 8,8 ʤʤ/ʩ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʚʦʭ ʤʦʪʦʨʥʠʭ ʣʝʙʽʜʦʢ. ɿʘʜʥʷ ʣʝʙʽʜʢʘ ʥʝʨʫʭʦʤʘ, 

ʘ ʧʝʨʝʜʥʷ ʣʝʙʽʜʢʘ ʨʫʭʘʻʪʴʩʷ ʨʘʟʦʤ ʟ ʨʫʭʦʤʦʶ ʯʘʩʪʠʥʦʶ ʧʦʩʪʫʧʘʣʴʥʦʛʦ ʰʘʨʥʽʨʘ 

ʬʝʨʤʠ.  ʋ ʚʠʧʘʜʢʫ 2 (c2) ʻ ʣʠʰʝ ʦʜʠʥ ʪʨʦʩ, ʷʢʠʡ ʚʢʦʨʦʯʫʻʪʴʩʷ ʟ ʧʦʩʪʽʡʥʦʶ 

ʰʚʠʜʢʽʩʪʶ 19,65 ʤʤ/ʩ.  

ʅʘ ʨʠʩ. 2.31 ʧʦʢʘʟʘʥʦ ʥʘʪʷʛ ʪʨʦʩʫ, ʨʦʟʨʘʭʦʚʘʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʠʥʘʤʽʯʥʦʛʦ (d) 

ʽ ʢʚʘʟʽʩʪʘʪʠʯʥʦʛʦ (cs) ʤʝʪʦʜʽʚ. Sp1, Sp4 ʽ Sp6 ʥʘ ʮʴʦʤʫ ʨʠʩʫʥʢʫ ʧʦʟʥʘʯʘʶʪʴ 

ʧʨʦʣʴʦʪʠ ʪʨʦʩʫ 1, 4 ʽ 3 ʚʽʜʧʦʚʽʜʥʦ. ʗʢ ʚʠʜʥʦ ʥʘ ʮʴʦʤʫ ʨʠʩʫʥʢʫ, ʮʽ ʤʝʪʦʜʠ ʜʘʶʪʴ 

ʜʦʩʠʪʴ ʩʭʦʞʽ ʨʝʟʫʣʴʪʘʪʠ, ʪʦʤʫ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʟʛʦʨʪʘʥʥʷ ʂɸʊ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʦʩʪʽʰʠʡ ʢʚʘʟʽʩʪʘʪʠʯʥʠʡ ʤʝʪʦʜ. ɺʘʨʽʘʮʽʾ ʢʦʝʬʽʮʽʻʥʪʽʚ ʩʧʘʜʫ 

ʥʘʪʷʛʫ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 2.32, ʜʝ b1, b2 ʽ b3 ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʧʘʜ ʥʘʪʷʛʫ ʚʽʜ ʣʝʙʽʜʢʠ ʜʦ 

ʢʽʥʮʽʚ ʰʢʽʚʽʚ 1, 2 ʽ 9, ʚʽʜʧʦʚʽʜʥʦ. ʅʘ ʮʴʦʤʫ ʛʨʘʬʽʢʫ ʩʧʘʜʘʥʥʷ ʚ ʜʝʚ'ʷʪʠ ʧʨʦʣʴʦʪʘʭ 

ʦʪʨʠʤʘʥʦ ʰʣʷʭʦʤ ʝʢʩʪʨʘʧʦʣʷʮʽʾ ʩʧʘʜʘʥʥʷ ʚ ʜʚʦʭ ʧʨʦʣʴʦʪʘʭ. ʅʘʪʷʛ ʪʨʦʩʫ 

ʟʤʝʥʰʫʻʪʴʩʷ ʫ ʚʠʧʘʜʢʫ 1 ʤʝʥʰʝ, ʥʽʞ ʫ ʚʠʧʘʜʢʫ 2, ʦʩʢʽʣʴʢʠ ʫ ʚʠʧʘʜʢʫ 2 ʪʨʦʩʫ 

ʧʨʦʭʦʜʠʪʴ ʙʽʣʴʰʝ ʰʢʽʚʽʚ ʟ ʙʽʣʴʰʠʤʠ ʢʫʪʘʤʠ ʦʙʭʚʘʪʫ. ʂʨʽʤ ʪʦʛʦ, ʫ ʤʽʨʫ ʨʦʟʛʦʨʪʘʥʥʷ 

ʢʦʥʩʪʨʫʢʮʽʾ ʩʧʘʜ ʥʘʪʷʛʫ ʟʥʘʯʥʦ ʟʤʝʥʰʫʻʪʴʩʷ ʫ ʚʠʧʘʜʢʫ 1, ʪʦʜʽ ʷʢ ʫ ʚʠʧʘʜʢʫ 2 ʪʘʢʦʛʦ 

ʩʧʘʜʫ ʥʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ. ʅʘʧʨʠʢʣʘʜ, ʢʦʝʬʽʮʽʻʥʪ ʩʧʘʜʫ ʥʘʧʨʫʞʝʥʴ ʜʣʷ ʜʝʚ'ʷʪʠ 

ʧʨʦʣʴʦʪʽʚ ʫ ʚʠʧʘʜʢʫ 1 ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ ʧʦʨʷʜʦʢ ʟʘ ʧʝʨʽʦʜ ʨʦʟʛʦʨʪʘʥʥʷ, ʽ ʚʽʥ ʚ 1,8 ʽ 

10,7 ʨʘʟʽʚ ʤʝʥʰʠʡ ʟʘ ʮʝʡ ʢʦʝʬʽʮʽʻʥʪ ʫ ʚʠʧʘʜʢʫ 2 ʚ ʧʦʯʘʪʢʦʚʠʡ ʽ ʢʽʥʮʝʚʠʡ ʤʦʤʝʥʪʠ 

ʨʦʟʛʦʨʪʘʥʥʷ, ʚʽʜʧʦʚʽʜʥʦ. ʎʷ ʚʣʘʩʪʠʚʽʩʪʴ ʂʇʉ, ʨʦʟʛʣʷʥʫʪʘ ʫ ʚʠʧʘʜʢʫ 1, ʻ ʜʫʞʝ 

ʢʦʨʠʩʥʦʶ, ʦʩʢʽʣʴʢʠ ʚʘʞʣʠʚʦ ʤʘʪʠ ʙʽʣʴʰ ʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʨʫʰʽʡʥʠʭ ʩʠʣ ʧʦ 
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ʬʝʨʤʽ ʧʽʜ ʯʘʩ ʟʘʢʣʶʯʥʦʾ ʬʘʟʠ ʨʦʟʢʨʠʪʪʷ, ʱʦʙ ʫʥʠʢʥʫʪʠ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ 

ʥʘ ʢʦʥʩʪʨʫʢʮʽʶ ʧʨʠ ʚʠʩʦʢʦʤʫ ʥʘʪʷʛʫ ʪʨʦʩʘ. 

 

 

ʈʠʩʫʥʦʢ 2.31. ʅʘʪʷʛʥʝʥʥʷ ʧʨʦʣʴʦʪʫ 

ʪʨʦʩʫ ʜʣʷ ʚʠʧʘʜʢʫ 1. 

 

ʈʠʩʫʥʦʢ 2.32. ʂʦʝʬʽʮʽʻʥʪʠ ʩʧʘʜʫ 

ʥʘʧʨʫʛʠ. 

 

ʋ ʚʠʧʘʜʢʫ 1 ʧʨʦʣʴʦʪʠ ʢʦʥʩʪʨʫʢʮʽʾ ʨʫʭʘʶʪʴʩʷ ʩʠʥʭʨʦʥʥʦ ʙʽʣʴʰʫ ʯʘʩʪʠʥʫ ʯʘʩʫ 

ʨʦʟʛʦʨʪʘʥʥʷ, ʘʣʝ ʚʪʨʘʯʘʶʪʴ ʩʠʥʭʨʦʥʥʽʩʪʴ ʥʘ ʢʽʥʮʝʚʽʡ ʩʪʘʜʽʾ ʨʦʟʛʦʨʪʘʥʥʷ, ʽ ʜʨʫʛʠʡ 

ʧʨʦʣʽʪ ʜʦʩʷʛʘʻ ʦʩʪʘʪʦʯʥʦʾ ʧʨʦʝʢʪʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ʟ ʜʝʷʢʠʤ ʟʘʧʽʟʥʝʥʥʷʤ ʧʽʩʣʷ 

ʧʝʨʰʦʛʦ (ʨʠʩ. 2.31, 2.32). ʄʘʢʩʠʤʘʣʴʥʽ ʜʝʬʦʨʤʘʮʽʾ ʅʇɽ ʚʽʜʙʫʚʘʶʪʴʩʷ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʝʨʝʜ ʤʦʤʝʥʪʦʤ ʯʘʩʫ, ʢʦʣʠ ʧʝʨʰʘ ʙʫʭʪʘ ʟʘʤʠʢʘʻʪʴʩʷ (ʨʠʩ. 2.33). ʗʢ 

ʚʠʜʥʦ ʟ ʨʠʩ. 2.34, ʥʘʪʷʛ ʪʨʦʩʫ ʧʘʜʘʻ ʜʦ ʥʫʣʷ, ʢʦʣʠ ʙʫʭʪʠ ʟʘʤʠʢʘʶʪʴʩʷ. ʎʝ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʦʤʫ, ʱʦ ʥʘ ʮʴʦʤʫ ʝʪʘʧʽ ʧʽʜ ʜʽʻʶ ʧʨʫʞʥʠʭ ʩʠʣ ɺʇɽ ʜʫʞʝ ʰʚʠʜʢʦ 

ʟʤʽʥʶʶʪʴ ʩʚʦʶ ʦʨʽʻʥʪʘʮʽʶ.  

ʋ ʚʠʧʘʜʢʫ 2 ʧʦʚʝʜʽʥʢʘ ʨʦʟʛʦʨʪʘʥʥʷ ʚʽʜʨʽʟʥʷʻʪʴʩʷ. ʅʘʡʛʦʣʦʚʥʽʰʘ ʚʽʜʤʽʥʥʽʩʪʴ 

ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʢʦʥʩʪʨʫʢʮʽʷ ʥʝ ʜʦʩʷʛʣʘ ʦʩʪʘʪʦʯʥʦʾ ʧʨʦʝʢʪʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ʽ ʥʝ 

ʟʘʬʽʢʩʫʚʘʣʘʩʷ. ʎʝ ʩʪʘʣʦʩʷ ʯʝʨʝʟ ʜʝʬʦʨʤʘʮʽʾ ʅʇɽ ʧʽʜ ʜʽʻʶ ʨʫʰʽʡʥʠʭ ʩʠʣ. 

ʎʽ ʜʚʘ ʚʠʧʘʜʢʠ ʜʝʤʦʥʩʪʨʫʶʪʴ, ʱʦ ʜʣʷ ʨʦʟʛʦʨʪʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʢʨʘʱʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʫʰʽʡʥʽ ʩʠʣʠ, ʱʦ ʜʽʶʪʴ ʫ ʢʽʣʴʮʝʚʽʡ ʧʣʦʱʠʥʽ, ʘ ʥʝ ʩʠʣʠ, ʱʦ ʜʽʶʪʴ 

ʫ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʥʘʧʨʷʤʢʫ. 
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ʈʠʩʫʥʦʢ 2.33. ʂʫʪʠ ɺʇɽ. 

 

ʈʠʩʫʥʦʢ 2.34. ʂʫʪʠ ʅʇɽ. 

 

ʈʠʩʫʥʦʢ 2.35. ɼʝʬʦʨʤʘʮʽʾ ʉʃɺ. 

 

ʈʠʩʫʥʦʢ 2.36. ʅʘʪʷʛ ʪʨʦʩʫ ʚ ʧʨʦʣʴʦʪʽ 

ʂʦʣʠ ʧʝʨʝʜʥʷ ʣʝʙʽʜʢʘ ʨʫʭʘʻʪʴʩʷ ʨʘʟʦʤ ʟ ʨʫʭʦʤʦʶ ʯʘʩʪʠʥʦʶ ʧʦʩʪʫʧʘʣʴʥʦʛʦ 

ʰʘʨʥʽʨʘ, ʦʙʠʜʚʘ ʪʨʦʩʠ ʥʘʪʷʛʫʶʪʴʩʷ ʩʠʥʭʨʦʥʥʦ. ʆʜʥʘʢ ʽʥʞʝʥʝʨʥʘ ʨʝʘʣʽʟʘʮʽʷ ʪʘʢʦʛʦ 

ʧʽʜʭʦʜʫ ʤʦʞʝ ʫʩʢʣʘʜʥʠʪʠ ʢʦʥʩʪʨʫʢʮʽʶ ʽ ʟʙʽʣʴʰʠʪʠ ʾʾ ʤʘʩʫ. ɿ ʮʽʻʾ ʪʦʯʢʠ ʟʦʨʫ, ʢʨʘʱʝ 

ʟʘʢʨʽʧʠʪʠ ʦʙʠʜʚʽ ʣʝʙʽʜʢʠ ʥʘ ʩʪʨʽʣʽ. ɼʣʷ ʪʘʢʠʭ ʣʝʙʽʜʦʢ ʤʠ ʨʦʟʛʣʷʥʫʣʠ ʥʘʩʪʫʧʥʽ 

ʚʠʧʘʜʢʠ: 

ʇʨʠʢʣʘʜ 3. ʆʙʠʜʚʘ ʪʨʦʩʘ ʚʢʦʨʦʯʫʶʪʴʩʷ ʟ ʧʦʩʪʽʡʥʦʶ ʰʚʠʜʢʽʩʪʶ 8,8 ʤʤ/ʩ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʣʷ ʮʴʦʛʦ ʚʠʧʘʜʢʫ ʟʦʙʨʘʞʝʥʦ ʧʫʥʢʪʠʨʥʠʤʠ ʢʨʠʚʠʤʠ. 

ʇʨʠʢʣʘʜ 4, 5. ɿʘʜʥʽ ʪʨʦʩʠ ʚʢʦʨʦʯʫʶʪʴʩʷ ʟ ʧʦʩʪʽʡʥʦʶ ʰʚʠʜʢʽʩʪʶ Rv  ʤ/ʩ, ʘ 

ʧʝʨʝʜʥʽ ʪʨʦʩʠ ʧʨʠʚʦʜʷʪʴʩʷ ʚ ʜʽʶ ʟ ʥʘʩʪʫʧʥʠʤʠ ʰʚʠʜʢʦʩʪʷʤʠ: 

F R fv v h t= +D ,      (2.59) 

ʜʝ 232.97hD =  ʤʤ - ʤʘʢʩʠʤʘʣʴʥʘ ʟʤʽʥʘ ʚʠʩʦʪʠ ʬʝʨʤʠ; ft  - ʦʙʨʘʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ 

ʜʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʟʤʽʥʠ ʚʠʩʦʪʠ ʬʝʨʤʠ, 35ft =  ʩʝʢ ʽ 45ft =  ʩʝʢ ʜʣʷ ʚʠʧʘʜʢʽʚ 4 ʽ 5 

ʚʽʜʧʦʚʽʜʥʦ. 
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ʑʦʙ ʟʘʧʦʙʽʛʪʠ ʥʘʜʤʽʨʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʶ ʥʘ ʢʦʥʩʪʨʫʢʮʽʶ, ʥʘʪʷʛ ʪʨʦʩʽʚ 

ʦʙʤʝʞʫʻʪʴʩʷ ʧʽʩʣʷ ʬʽʢʩʘʮʽʾ ʜʚʦʭ ɺʇɽ ʥʘ ʧʝʨʝʜʥʽʡ ʘʙʦ ʟʘʜʥʽʡ ʩʪʦʨʦʥʽ. ʈʝʟʫʣʴʪʘʪʠ 

ʜʣʷ ʚʠʧʘʜʢʽʚ 4 ʽ 5 ʧʨʝʜʩʪʘʚʣʝʥʽ ʧʫʥʢʪʠʨʥʦʶ ʽ ʩʫʮʽʣʴʥʦʶ ʢʨʠʚʠʤʠ ʚʽʜʧʦʚʽʜʥʦ. 

ɿʤʽʥʘ ʜʦʚʞʠʥʠ ʪʨʦʩʫ, ʨʦʟʨʘʭʦʚʘʥʦʾ ʟʘ ʬʦʨʤʫʣʦʶ 2.58, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʫʪʘ 

ʨʦʟʛʦʨʪʘʥʥʷ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 2.37. ʋ ʚʠʧʘʜʢʫ 3, ʷʢ ʚʠʜʥʦ ʟ ʨʠʩ. 2.38, ʧʝʨʰʠʤʠ 

ʟʘʯʝʧʠʣʠʩʷ ʟʘʜʥʽ ʇʇʏ, ʘ ʧʦʪʽʤ ʽʟ ʟʘʧʽʟʥʝʥʥʷʤ ʙʽʣʴʰʝ ʥʽʞ ʥʘ 20 ʩʝʢ. ʧʦʯʘʣʠ 

ʟʘʯʽʧʣʷʪʠʩʷ ʧʝʨʝʜʥʽ ʇʇʏ. ʊʘʢʝ ʟʘʧʽʟʥʝʥʥʷ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʧʝʨʝʜʥʽʡ ʪʨʦʩ 

ʙʽʣʴʰʫ ʯʘʩʪʠʥʫ ʨʦʟʛʦʨʪʘʥʥʷ ʧʝʨʝʙʫʚʘʻ ʚ ʧʨʦʚʠʩʘʶʯʦʤʫ ʩʪʘʥʽ, ʦʩʢʽʣʴʢʠ ʚʠʩʦʪʘ 

ʬʝʨʤʠ ʟʤʝʥʰʫʻʪʴʩʷ (ʨʠʩ. 2.39). 

ʊʘʢʽ ʥʝʩʠʥʭʨʦʥʥʽ ʩʠʣʠ ʟʙʽʣʴʰʫʶʪʴ ʜʝʬʦʨʤʘʮʽʾ ʅʇɽ, ʷʢʽ ʤʘʡʞʝ ʚʜʚʽʯʽ ʙʽʣʴʰʽ, 

ʥʽʞ ʫ ʚʠʧʘʜʢʫ 1. ʎʶ ʧʨʦʙʣʝʤʫ ʤʦʞʥʘ ʚʠʨʽʰʠʪʠ, ʟʙʽʣʴʰʠʚʰʠ ʰʚʠʜʢʽʩʪʴ 

ʥʘʤʦʪʫʚʘʥʥʷ ʧʝʨʝʜʥʴʦʛʦ ʪʨʦʩʫ (ʚʠʧʘʜʢʠ 4 ʽ 5). ʍʦʯʘ ʫ ʚʠʧʘʜʢʘʭ 4 ʽ 5 ʥʝ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʦʜʥʘʢʦʚʠʡ ʥʘʪʷʛ ʦʙʦʭ ʪʨʦʩʽʚ, ʯʘʩ ʤʽʞ ʟʘʤʠʢʘʥʥʷʤʠ ʧʝʨʝʜʥʴʦʾ ʽ 

ʟʘʜʥʴʦʾ ʙʘʣʦʢ ʤʝʥʰʠʡ, ʥʽʞ ʫ ʚʠʧʘʜʢʫ 3 (ʨʠʩ. 2.39).  ʄʝʥʰʽ ʟʘʪʨʠʤʢʠ ʤʽʞ ʟʘʱʽʧʢʘʤʠ 

ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʤʝʥʰʠʭ ʜʝʬʦʨʤʘʮʽʡ ʅʇɽ (ʨʠʩ. 2.40). 

 

 

ʈʠʩʫʥʦʢ 2.37. ɿʘʣʝʞʥʽʩʪʴ ʜʦʚʞʠʥʠ 

ʪʨʦʩʘ ʚʽʜ ʢʫʪʘ ʨʦʟʛʦʨʪʘʥʥʷ. 

 

ʈʠʩʫʥʦʢ 2.38. ʂʫʪʠ ɺʇɽ ʜʣʷ 

ʚʠʧʘʜʢʽʚ 3-5. 
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ʈʠʩʫʥʦʢ 2.39. ʅʘʪʷʛʫʚʘʥʥʷ ʪʨʦʩʘ 

ʜʣʷ ʚʠʧʘʜʢʽʚ 3-5. 

 

ʈʠʩʫʥʦʢ 2.40. ɼʝʬʦʨʤʘʮʽʾ ʉʃʉ ʜʣʷ 

ʚʠʧʘʜʢʽʚ 3-5. 

 

2. 3. 4. 1.  ʂɸʊ 

ʋ ʮʴʦʤʫ ʧʽʜʨʦʟʜʽʣʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʟʛʦʨʪʘʥʥʷ ʜʣʷ 

ʧʦʚʥʦʛʦ ʂɸʊ. ʋ ʚʠʧʘʜʢʫ 6 ʨʫʰʽʡʥʽ ʩʠʣʠ ʧʝʨʝʜʘʶʪʴʩʷ ʧʘʨʦʶ ʧʝʨʝʜʥʽʭ ʽ ʧʘʨʦʶ ʟʘʜʥʽʭ 

ʪʨʦʩʽʚ, ʷʢʽ ʩʠʥʭʨʦʥʥʦ ʚʢʦʨʦʯʫʶʪʴʩʷ ʟ ʧʦʩʪʽʡʥʦʶ ʰʚʠʜʢʽʩʪʶ 10 ʤʤ/ʩ ʧʝʨʝʜʥʴʦʶ ʽ 

ʟʘʜʥʴʦʶ ʣʝʙʽʜʢʘʤʠ ʚʽʜʧʦʚʽʜʥʦ. ɿʘʜʥʷ ʣʝʙʽʜʢʘ ʥʝʨʫʭʦʤʘ, ʘ ʧʝʨʝʜʥʷ ʣʝʙʽʜʢʘ ʨʫʭʘʻʪʴʩʷ 

ʨʘʟʦʤ ʟ ʨʫʭʦʤʦʶ ʯʘʩʪʠʥʦʶ ʧʦʩʪʫʧʘʣʴʥʦʛʦ ʰʘʨʥʽʨʘ ʬʝʨʤʠ. ʏʘʩ ʨʦʟʛʦʨʪʘʥʥʷ ʂɸʊ 

ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 200 ʩʝʢ. 

ʂʫʪʠ ʨʦʟʛʦʨʪʘʥʥʷ ʧʦʢʘʟʘʥʽ ʪʽʣʴʢʠ ʜʣʷ ʚʽʜʩʽʢʽʚ 1-9 (b1-b9) ʥʘ ʤʘʣʶʥʢʘʭ ʥʠʞʯʝ, 

ʦʩʢʽʣʴʢʠ ʂɸʊ ̒ ʩʠʤʝʪʨʠʯʥʦʶ ʢʦʥʩʪʨʫʢʮʽʻʶ ʚʽʜʥʦʩʥʦ ʧʣʦʱʠʥʠ ʣʝʙʽʜʦʢ-ʢʽʥʮʝʚʠʭ 

ʷʢʦʨʽʚ. B1 ʽ B9 ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʥʘʡʙʣʠʞʯʦʛʦ ʽ ʥʘʡʚʽʜʜʘʣʝʥʽʰʦʛʦ ʚʽʜ ʣʝʙʽʜʦʢ ʚʽʜʩʽʢʽʚ 

ʚʽʜʧʦʚʽʜʥʦ. ɿʘʜʥʽʡ ʽ ʧʝʨʝʜʥʽʡ ʢʫʪʠ ɺʇɽ ʟʦʙʨʘʞʝʥʽ ʩʫʮʽʣʴʥʠʤʠ ʽ ʧʫʥʢʪʠʨʥʠʤʠ 

ʢʨʠʚʠʤʠ ʚʽʜʧʦʚʽʜʥʦ. ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 2.41, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʥʘʷʚʥʠʡ ʩʧʘʜ ʥʘʪʷʛʫ 

ʪʨʦʩʽʚ (ʨʠʩ. 2.43), ʚʩʽ ʚʽʜʩʽʢʠ ʈʇʄ ʨʦʟʛʦʨʪʘʶʪʴʩʷ ʩʠʥʭʨʦʥʥʦ ʧʨʦʪʷʛʦʤ ʤʘʡʞʝ 125 

ʩʝʢ. ʇʽʩʣʷ ʮʴʦʛʦ ʤʦʤʝʥʪʫ ʢʫʪʠ ʨʦʟʛʦʨʪʘʥʥʷ ʚʽʜʩʽʢʽʚ ɸʏʈ ʟʤʽʥʶʶʪʴʩʷ ʘʩʠʥʭʨʦʥʥʦ 

ʯʝʨʝʟ ʩʧʽʣʴʥʠʡ ʚʧʣʠʚ ʩʧʘʜʫ ʥʘʪʷʛʫ ʪʨʦʩʽʚ, ʦʧʦʨʫ ʮʝʥʪʨʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ɸʏʈ ʽ 

ʛʥʫʯʢʦʩʪʽ ʬʝʨʤʠ. ʈʽʟʥʠʮʷ ʢʫʪʽʚ ʻ ʙʽʣʴʰʦʶ ʜʣʷ ʟ'ʻʜʥʘʥʴ ɺʇɽ, ʥʽʞ ʜʣʷ ʟ'ʻʜʥʘʥʴ ʅʇɽ. 

ɸʩʠʥʭʨʦʥʥʽ ʟʘʤʠʢʘʥʥʷ ɺʇɽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʥʝʟʥʘʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʃɽʇ (ʨʠʩ. 2.44). 
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ʈʠʩʫʥʦʢ 2.41. ʂʫʪʠ ɺʇɽ ʜʣʷ 

ʚʠʧʘʜʢʫ 6. 

 

 

 

ʈʠʩʫʥʦʢ 2.42. ʂʫʪʠ ʅʇɽ ʜʣʷ 

ʚʠʧʘʜʢʫ 6. 

 

ʈʠʩʫʥʦʢ 2.43. ʅʘʪʷʛʫʚʘʥʥʷ ʪʨʦʩʘ 

ʜʣʷ ʚʠʧʘʜʢʫ 6. 

 

ʈʠʩʫʥʦʢ 2.44. ɼʝʬʦʨʤʘʮʽʾ ʅʇɽ 

ʜʣʷ ʚʠʧʘʜʢʫ 6. 

 

ʈʠʩʫʥʦʢ 2.45. ʂʫʪʠ ɺʇɽ ʜʣʷ 

ʚʠʧʘʜʢʫ 7. 

 

ʈʠʩʫʥʦʢ 2.46. ɼʝʬʦʨʤʘʮʽʾ ʅʇɽ 

ʜʣʷ ʚʠʧʘʜʢʫ 7. 

 

ʋ ʚʠʧʘʜʢʫ 7 ʟʘʣʠʰʢʦʚʽ ʩʠʣʠ ʚ ʩʽʪʮʽ ʧʨʠʨʽʚʥʶʶʪʴʩʷ ʜʦ ʥʫʣʷ, ʘ ʥʝʡʪʨʘʣʴʥʘ 

ʜʦʚʞʠʥʘ ʧʝʨʝʜʥʴʦʛʦ ʩʽʪʯʘʩʪʦʛʦ ʝʣʝʤʝʥʪʘ ʚʠʙʠʨʘʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ 

ʟʘʙʝʟʧʝʯʠʪʠ ʥʝʦʙʭʽʜʥʠʡ ʨʦʟʧʦʜʽʣ ʥʘʪʷʛʫ ʮʝʥʪʨʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʂɸʊ ʚ ʨʦʟʛʦʨʥʫʪʦʤʫ 

ʩʪʘʥʽ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʧʣʠʚ ʤʝʪʘʣʝʚʦʾ ʩʽʪʢʠ ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ, ʘʣʝ ʚʩʽ ʽʥʰʽ 

ʧʘʨʘʤʝʪʨʠ ʪʘʢʽ ʞ, ʷʢ ʽ ʫ ʚʠʧʘʜʢʫ 6. ʋ ʚʠʧʘʜʢʫ 7 (ʨʠʩ. 2.45) ʽʥʪʝʨʚʘʣ ʘʩʠʥʭʨʦʥʥʦʛʦ 



107 

 

ʨʦʟʛʦʨʪʘʥʥʷ ʟʥʘʯʥʦ ʤʝʥʰʠʡ, ʥʽʞ ʫ ʚʠʧʘʜʢʫ 6 (ʨʠʩ. 2.41), ʦʩʢʽʣʴʢʠ ʩʽʪʢʘ ʨʦʟʪʷʛʫʻʪʴʩʷ 

ʟʥʘʯʥʦ ʤʝʥʰʝ, ʥʽʞ ʤʝʪʘʣʝʚʘ ʩʽʪʢʘ, ʽ ʪʦʤʫ ʮʝʥʪʨʘʣʴʥʘ ʯʘʩʪʠʥʘ ɸʏʈ ʧʦʯʠʥʘʻ ʯʠʥʠʪʠ 

ʦʧʽʨ ʨʦʟʛʦʨʪʘʥʥʶ ʬʝʨʤʠ ʟʥʘʯʥʦ ʧʽʟʥʽʰʝ. ʎʝʡ ʚʠʧʘʜʦʢ ʜʝʤʦʥʩʪʨʫʻ, ʱʦ ʩʽʪʢʘ ʩʫʪʪʻʚʦ 

ʚʧʣʠʚʘʻ ʥʘ ʧʨʦʮʝʩ ʨʦʟʢʨʠʪʪʷ, ʦʩʢʽʣʴʢʠ ʙʽʣʴʰ ʩʠʥʭʨʦʥʥʝ ʨʦʟʢʨʠʪʪʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʤʝʥʰʠʭ ʜʝʬʦʨʤʘʮʽʡ ʩʪʨʠʞʥʷ (ʨʠʩ. 2.44, ʨʠʩ. 2.46).   

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʪʝʨʪʷ ʚ ʟ'ʻʜʥʘʥʥʷʭ ʫ ʚʠʧʘʜʢʫ 8 ʜʦ ʟ'ʻʜʥʘʥʴ ɺʇɽ 

ʧʨʠʢʣʘʜʘʶʪʴʩʷ ʜʦʜʘʪʢʦʚʽ ʤʦʤʝʥʪʠ ʧʦʧʝʨʝʜʥʴʦʛʦ ʥʘʪʷʛʫ 50 ʅʤʤ. ɼʦʜʘʪʢʦʚʝ ʪʝʨʪʷ ʚ 

ʰʘʨʥʽʨʘʭ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʥʘʪʷʛʫ ʧʨʠʚʦʜʥʠʭ ʪʨʦʩʽʚ (ʨʠʩ. 2.47), ʙʽʣʴʰʠʭ 

ʜʝʬʦʨʤʘʮʽʡ ʅʇɽ (ʨʠʩ. 2.48), ʘ ʪʘʢʦʞ ʜʝʱʦ ʟʤʽʥʶʻ ʯʘʩ ʽ ʥʘʚʽʪʴ ʧʦʨʷʜʦʢ 

ʩʧʨʘʮɹʦʚʫʚʘʥʥʷ ʟʘʱʽʧʦʢ ɺʇɽ (ʨʠʩ. 2.49, ʨʠʩ. 2.50). 

 

 

ʈʠʩʫʥʦʢ 2.47. ʅʘʪʷʛʫʚʘʥʥʷ ʪʨʦʩʘ ʜʣʷ 

ʚʠʧʘʜʢʫ 8. 

 

ʈʠʩʫʥʦʢ 2.48. ɼʝʬʦʨʤʘʮʽʾ ʅʇɽ ʜʣʷ 

ʚʠʧʘʜʢʫ 8. 

 

ʈʠʩʫʥʦʢ 2.49. ʂʫʪʠ ɺʇɽ ʜʣʷ ʚʠʧʘʜʢʫ 

6 ʥʘ ʬʽʥʘʣʴʥʽʡ ʩʪʘʜʽʾ. 

 

ʈʠʩʫʥʦʢ 2.50. ʂʫʪʠ ɺʇɽ ʜʣʷ ʚʠʧʘʜʢʫ 

8 ʥʘ ʬʽʥʘʣʴʥʽʡ ʩʪʘʜʽʾ. 
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ʋ ʚʠʧʘʜʢʫ 9 ʦʙʠʜʚʽ ʣʝʙʽʜʢʠ ʟʘʢʨʽʧʣʝʥʽ ʥʘ ʩʪʨʽʣʽ, ʽ ʚʽʜʩʪʘʥʴ ʤʽʞ ʥʠʤʠ ʪʘ 

ʧʝʨʰʠʤʠ ʧʝʨʝʜʥʽʤʠ ʰʢʽʚʘʤʠ ʟʤʝʥʰʫʻʪʴʩʷ, ʦʩʢʽʣʴʢʠ ʚʠʩʦʪʘ ʬʝʨʤʠ ʧʽʜ ʯʘʩ 

ʨʦʟʛʦʨʪʘʥʥʷ ʟʤʝʥʰʫʻʪʴʩʷ (ʨʠʩ. 2.43). ʇʝʨʝʜʥʷ ʣʝʙʽʜʢʘ ʧʦʚʠʥʥʘ ʥʘʤʦʪʫʚʘʪʠ 

ʰʚʠʜʰʝ, ʱʦʙ ʢʦʤʧʝʥʩʫʚʘʪʠ ʮʝ ʩʢʦʨʦʯʝʥʥʷ ʚʽʜʩʪʘʥʽ ʽ ʟʘʧʦʙʽʛʪʠ ʧʨʦʚʠʩʘʥʥʶ ʪʨʦʩʽʚ. 

ʑʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʪʷʛ ʪʨʦʩʽʚ, ʧʦʜʽʙʥʠʡ ʜʦ ʚʠʧʘʜʢʽʚ 6-8, ʧʝʨʝʜʥʷ ʣʝʙʽʜʢʘ ʧʦʚʠʥʥʘ 

ʥʘʤʦʪʫʚʘʪʠʩʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʧʝʨʝʜʥʽ ʪʨʦʩʠ ʙʫʣʠ ʢʦʨʦʪʰʠʤʠ ʟʘ ʟʘʜʥʽ, 

ʚʽʜʩʪʝʞʫʶʯʠ ʨʫʭ ʧʦʩʪʫʧʘʣʴʥʦʛʦ ʰʘʨʥʽʨʘ (ʩʠʥʷ ʢʨʠʚʘ ʥʘ ʈʠʩ. 2.43). ʊʘʢʘ ʩʪʨʘʪʝʛʽʷ 

ʥʘʤʦʪʫʚʘʥʥʷ ʚʠʤʘʛʘʻ ʩʠʩʪʝʤʠ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ ʜʣʷ ʢʦʥʪʨʦʣʶ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ 

ʪʨʦʩʽʚ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʩʠʩʪʝʤʫ ʨʦʟʛʦʨʪʘʥʥʷ. ʑʦʙ ʫʥʠʢʥʫʪʠ ʮʽʻʾ ʩʢʣʘʜʥʦʩʪʽ, ʤʠ 

ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʩʪʨʘʪʝʛʽʶ ʥʘʤʦʪʫʚʘʥʥʷ, ʢʦʣʠ ʧʝʨʝʜʥʽ ʪʨʦʩʠ ʪʘʢʦʞ ʨʫʭʘʶʪʴʩʷ ʟ 

ʧʦʩʪʽʡʥʦʶ ʰʚʠʜʢʽʩʪʶ, ʦʙʨʘʥʦʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʚʥʷʥʥʷ 2.59. ɺʨʘʭʦʚʫʶʯʠ, ʱʦ 

ʧʝʨʝʜʥʷ ʯʘʩʪʠʥʘ ʮʝʥʪʨʫ ʂɸʊ ʧʦʯʠʥʘʻ ʯʠʥʠʪʠ ʦʧʽʨ ʨʫʰʽʡʥʠʤ ʩʠʣʘʤ ʨʘʥʽʰʝ, ʥʽʞ 

ʟʘʜʥʷ, ʧʘʨʘʤʝʪʨ ʯʘʩʫ ʚ ʨʽʚʥʷʥʥʽ (2.59) ʦʙʨʘʥʦ ʨʽʚʥʠʤ 197.2ct =  ʩʝʢ. 

ʗʢ ʚʠʜʥʦ ʥʘ ʨʠʩ. 2.51 (ʯʝʨʚʦʥʘ ʢʨʠʚʘ), ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʝʨʝʜʥʷ ʣʝʙʽʜʢʘ 

ʧʦʚʥʽʩʪʶ ʢʦʤʧʝʥʩʫʻ ʨʫʭ ʧʦʩʪʫʧʘʣʴʥʦʛʦ ʰʘʨʥʽʨʘ ʥʘʚʢʦʣʦ ʤʦʤʝʥʪʫ, ʢʦʣʠ ʦʩʪʘʥʥʽʡ 

ʚʽʜʩʽʢ ʟʘʾʞʜʞʘʻ. ʂʦʣʠ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʪʘʢʘ ʩʪʨʘʪʝʛʽʷ ʥʘʤʦʪʫʚʘʥʥʷ, ʧʝʨʝʜʥʽ ʪʨʦʩʠ ʥʝ 

ʥʘʪʷʛʥʫʪʽ ʧʨʦʪʷʛʦʤ ʧʨʠʙʣʠʟʥʦ 60 ʚʽʜʩʦʪʢʽʚ ʯʘʩʫ ʨʦʟʛʦʨʪʘʥʥʷ, ʽ ʂɸʊ ʧʨʠʚʦʜʠʪʴʩʷ ʚ 

ʨʫʭ ʪʽʣʴʢʠ ʟʘʜʥʽʤʠ ʪʨʦʩʘʤʠ (ʨʠʩ. 2.52). ʇʝʨʝʜʥʽ ʪʨʦʩʠ ʥʘʪʷʛʥʫʪʽ ʥʘ ʧʦʯʘʪʢʫ 

ʨʦʟʛʦʨʪʘʥʥʷ, ʧʽʩʣʷ ʯʦʛʦ ʩʣʽʜʫʻ ʜʦʚʛʠʡ ʽʥʪʝʨʚʘʣ, ʢʦʣʠ ʚʦʥʠ ʥʝ ʥʘʪʷʛʥʫʪʽ, ʷʢʠʡ 

ʟʘʢʽʥʯʫʻʪʴʩʷ ʧʨʠʙʣʠʟʥʦ ʧʝʨʝʜ ʧʝʨʰʦʶ ʟʘʩʫʚʢʦʶ ɺʇɽ, ʽ ʪʨʦʩʠ ʟʥʦʚʫ ʥʘʪʷʛʫʶʪʴʩʷ. 

ʇʝʨʝʚʘʛʘ ʮʽʻʾ ʩʪʨʘʪʝʛʽʾ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʥʘ ʢʽʥʮʝʚʦʤʫ ʝʪʘʧʽ ʨʦʟʛʦʨʪʘʥʥʷ ʚʩʽ ʪʨʦʩʠ 

ʤʘʶʪʴ ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʠʡ ʥʘʪʷʛ. ʇʨʠ ʮʴʦʤʫ ʩʪʨʠʞʥʽ ʧʝʨʰʦʛʦ ʧʨʦʣʴʦʪʫ 

ʜʝʬʦʨʤʫʶʪʴʩʷ ʙʽʣʴʰʝ, ʥʽʞ ʜʝʚ'ʷʪʦʛʦ (ʨʠʩ. 2.53), ʱʦ ʚʽʜʨʽʟʥʷʻ ʮʝʡ ʚʠʧʘʜʦʢ ʚʽʜ 

ʚʠʧʘʜʢʫ 6 (ʨʠʩ. 2.44), ʜʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʪʠʣʝʞʥʘ ʧʦʚʝʜʽʥʢʘ. ʇʝʨʝʜʥʽ ɺʇɽ 

ʧʨʦʣʴʦʪʽʚ 1-7 ʟʘʤʠʢʘʶʪʴʩʷ ʽʟ ʟʘʧʽʟʥʝʥʥʷʤ ʚʽʜʥʦʩʥʦ ʚʽʜʧʦʚʽʜʥʠʭ ʟʘʜʥʽʭ, ʣʠʰʝ 

ʧʨʦʣʴʦʪʠ 8 ʽ 9 ʟʘʤʠʢʘʶʪʴʩʷ ʤʘʡʞʝ ʦʜʥʦʯʘʩʥʦ (ʨʠʩ. 2.54). 
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ʈʠʩʫʥʦʢ 2.51. ɿʤʽʥʘ ʜʦʚʞʠʥʠ ʪʨʦʩʘ 

ʚʥʘʩʣʽʜʦʢ ʧʦʩʪʫʧʘʣʴʥʦʛʦ ʨʫʭʫ 

ʧʝʨʝʜʥʴʦʛʦ ɺʇɽ ʜʣʷ ʚʠʧʘʜʢʽʚ 9. 

 

ʈʠʩʫʥʦʢ 2.52. ʅʘʪʷʛʥʝʥʥʷ ʪʨʦʩʘ ʜʣʷ 

ʚʠʧʘʜʢʫ 9. 

 

ʈʠʩʫʥʦʢ 2.53. ɼʝʬʦʨʤʘʮʽʾ ʅʇɽ ʜʣʷ 

ʚʠʧʘʜʢʫ 9. 

 

ʈʠʩʫʥʦʢ 2.54. ʂʫʪʠ ɺʇɽ ʜʣʷ ʚʠʧʘʜʢʫ 

9 ʥʘ ʬʽʥʘʣʴʥʽʡ ʩʪʘʜʽʾ. 

 

ʇʨʦʣʴʦʪʠ, ʨʦʟʪʘʰʦʚʘʥʽ ʙʣʠʞʯʝ ʜʦ ʣʝʙʽʜʦʢ, ʤʘʣʠ ʪʝʥʜʝʥʮʽʶ ʟʘʤʠʢʘʪʠʩʷ 

ʰʚʠʜʰʝ, ʪʦʜʽ ʷʢ ʧʨʦʣʴʦʪʠ  ʧʨʦʪʠʣʝʞʥʦʛʦ ʙʦʢʫ ʬʝʨʤʠ ʜʝʤʦʥʩʪʨʫʚʘʣʠ ʧʨʦʪʠʣʝʞʥʫ 

ʪʝʥʜʝʥʮʽʶ (ʨʠʩ. 2.58, ʨʠʩ. 2.59).  

ʅʘʧʨʫʞʝʥʥʷ, ʚʠʤʽʨʷʥʽ ʙʽʣʷ ʟʘʢʨʽʧʣʝʥʠʭ ʢʽʥʮʽʚ ʪʨʦʩʽʚ, ʥʘ ʧʝʨʰʽʡ ʩʪʘʜʽʾ 

ʨʦʟʛʦʨʪʘʥʥʷ (ʧʝʨʝʜ ʧʝʨʰʦʶ ʟʘʩʫʚʢʦʶ) ʥʘ 20% ʥʠʞʯʽ, ʘ ʥʘ ʢʽʥʮʝʚʽʡ ʩʪʘʜʽʾ - ʥʘ 30% 

ʚʠʱʽ ʧʦʨʽʚʥʷʥʦ ʟʽ ʟʥʘʯʝʥʥʷʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʚ ʨʝʟʫʣʴʪʘʪʽ ʤʦʜʝʣʶʚʘʥʥʷ (ʨʠʩ. 2.60, 

ʨʠʩ. 2.61). ʎʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʚʧʣʠʚʦʤ ʨʦʟʪʷʛʥʫʪʦʾ ʮʝʥʪʨʘʣʴʥʦʾ ʯʘʩʪʠʥʠ 

ʚʽʜʙʠʚʘʯʘ ʥʘ ʢʽʣʴʮʝʚʫ ʬʝʨʤʫ, ʱʦ ʨʦʟʛʦʨʪʘʻʪʴʩʷ.  
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ʈʠʩʫʥʦʢ 2.56. ʉʠʤʫʣʷʮʽʷ ʨʦʟʛʦʨʪʘʥʥʷ ʂɸʊ ʥʘ ʟʘʚʝʨʰʘʣʴʥʦʤʫ ʝʪʘʧʽ. 

 

ʈʠʩʫʥʦʢ 2.58. ʂʫʪʠ ʬʨʦʥʪʘʣʴʥʦʾ ɼʅʏ. 

 

ʈʠʩʫʥʦʢ 2.59. ʂʫʪʠ ʬʨʦʥʪʘʣʴʥʦʾ ɼʅʏ. 

 

ʈʠʩʫʥʦʢ 2.60. ʅʘʪʷʛʫʚʘʥʥʷ ʧʝʨʝʜʥʴʦʛʦ 

ʪʨʦʩʘ (ʚʽʜʩʽʢ 9). 

 

ʈʠʩʫʥʦʢ 2.61. ʅʘʪʷʛʫʚʘʥʥʷ ʟʘʜʥʽʭ ʪʨʦʩʽʚ 

(ʚʽʜʩʽʢ 9). 

 

ʄʦʜʝʣʶʚʘʥʥʷ ʜʝʤʦʥʩʪʨʫʻ ʥʘʜʽʡʥʝ ʨʦʟʛʦʨʪʘʥʥʷ ʂɸʊ ʟ ʥʝʚʝʣʠʢʠʤ 

ʘʩʠʥʭʨʦʥʽʟʤʦʤ ʥʘ ʢʽʥʮʝʚʽʡ ʩʪʘʜʽʾ, ʷʢʠʡ ʻ ʤʝʥʰ ʟʥʘʯʥʠʤ, ʥʽʞ ʫ ʧʫʙʣʽʢʘʮʽʷʭ ʜʣʷ ʘʥʪʝʥ 

ʪʠʧʫ Astromesh.  

 

2. 4. ɺʠʩʥʦʚʢʠ ʜʦ ʜʨʫʛʦʛʦ ʨʦʟʜʽʣʫ 

ʋ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʂɸʊ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ 

ʤʝʪʦʜʠʢʫ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟ ʚʽʜʢʨʠʪʠʤ 
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ʚʠʭʽʜʥʠʤ ʢʦʜʦʤ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʢʦʩʤʽʯʥʦʾ ʨʝʬʣʝʢʪʦʨʥʦʾ ʘʥʪʝʥʠ. ɺʠʭʦʜʷʯʠ ʽʟ 

ʦʪʨʠʤʘʥʠʭ ʤʦʜʝʣʝʡ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʧʨʦʛʨʘʤʥʽ ʧʘʢʝʪʠ ʟ ʚʽʜʢʨʠʪʠʤ 

ʚʠʭʽʜʥʠʤ ʢʦʜʦʤ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʽ ʜʣʷ ʧʦʚʥʦʤʘʩʰʪʘʙʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʢʦʥʩʪʨʫʢʮʽʡ ʧʦʜʽʙʥʦʾ ʩʢʣʘʜʥʦʩʪʽ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʧʦʢʘʟʘʣʘ ʩʝʙʝ ʜʦʩʠʪʴ 

ʚʜʘʣʦ ʜʣʷ ʚʧʝʚʥʝʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʾ ʜʣʷ ʧʦʜʽʙʥʠʭ ʟʘʜʘʯ. 

ʇʦʢʘʟʘʥʦ ʧʝʨʝʚʘʛʫ ʌɸɺʂ-ʧʽʜʭʦʜʫ ʥʘʜ ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ ʩʢʽʥʯʝʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʥʘʤʽʢʠ ʪʨʘʥʩʬʦʨʤʦʚʘʥʠʭ ʩʪʨʫʢʪʫʨ ʟʘʚʜʷʢʠ 

ʤʦʞʣʠʚʦʩʪʽ ʪʦʯʥʦʛʦ ʦʧʠʩʫ ʛʥʫʯʢʦʩʪʽ ʽ ʚʝʣʠʢʦʤʘʩʰʪʘʙʥʠʭ ʜʝʬʦʨʤʘʮʽʡ, ʱʦ ʢʨʠʪʠʯʥʦ 

ʚʘʞʣʠʚʦ ʧʨʠ ʨʦʟʛʦʨʪʘʥʥʽ ʂʂʊ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʽʩʥʫʶʯʽ ʢʦʤʝʨʮʽʡʥʽ ʧʘʢʝʪʠ, ʭʦʯʘ ʽ 

ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ, ʯʘʩʪʦ ʥʝ ʜʦʟʚʦʣʷʶʪʴ ʟʜʽʡʩʥʠʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘ 

ʥʘʣʝʞʥʦʤʫ ʨʽʚʥʽ ʜʝʪʘʣʽʟʘʮʽʾ ʯʝʨʝʟ ʤʝʪʦʜʦʣʦʛʽʯʥʽ ʦʙʤʝʞʝʥʥʷ ʽ ʚʘʨʪʽʩʪʴ. 

ʈʦʟʨʦʙʣʝʥʦ ʩʧʨʦʱʝʥʠʡ ʤʝʪʦʜ ʤʦʜʝʣʶʚʘʥʥʷ ʊʐʉ ʨʦʟʛʦʨʪʘʥʥʷ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ 

ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʥʘʪʷʛʥʝʥʥʷ ʪʨʦʩʘ ʽ ʚʫʟʣʦʚʽ ʨʫʰʽʡʥʽ ʩʠʣʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʨʪʷ ʪʘ 

ʽʥʰʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʩʠʩʪʝʤʠ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʷʢʱʦ ʪʨʦʩ 

ʥʘʤʦʪʫʻʪʴʩʷ ʟ ʧʦʩʪʽʡʥʦʶ ʰʚʠʜʢʽʩʪʶ, ʚʽʥ ʤʦʞʝ ʟʥʘʯʥʦ ʚʪʨʘʪʠʪʠ ʥʘʪʷʛ ʘʙʦ ʥʘʚʽʪʴ 

ʧʨʦʚʠʩʥʫʪʠ ʥʘ ʧʝʚʥʦʤʫ ʯʘʩʦʚʦʤʫ ʽʥʪʝʨʚʘʣʽ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʪʘʢʦʾ ʧʦʚʝʜʽʥʢʠ ʪʨʦʩ ʤʦʞʝ 

ʚʪʨʘʪʠʪʠ ʢʦʥʪʘʢʪ ʟʽ ʰʢʽʚʘʤʠ, ʱʦ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʙʦʾʚ ʫ ʨʦʟʛʦʨʪʘʥʥʽ. ʑʦʙ 

ʚʠʢʣʶʯʠʪʠ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʠʩʘʥʥʷ ʪʨʦʩʽʚ, ʾʭ ʤʦʞʥʘ ʥʘʤʦʪʫʚʘʪʠ ʟʽ ʟʤʽʥʥʦʶ 

ʰʚʠʜʢʽʩʪʶ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʦʪʨʠʤʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʘʪʷʛʫ ʪʨʦʩʘ ʥʘ 

ʦʩʥʦʚʽ ʚʠʤʽʨʶʚʘʥʴ ʢʫʪʽʚ ʤʽʞ ʩʢʣʘʜʘʣʴʥʠʤʠ ʩʪʨʠʞʥʷʤʠ. 

ɺʧʝʨʰʝ ʨʝʘʣʽʟʦʚʘʥʦ ʢʦʤʧʣʝʢʩʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʚʩʽʻʾ ʘʥʪʝʥʥʦʾ ʩʠʩʪʝʤʠ çʬʝʨʤʘ 

ï ʩʽʪʢʘ ï ʪʨʦʩʦʚʘ ʩʠʩʪʝʤʘè ʚ ʧʦʚʥʦʤʫ ʤʘʩʰʪʘʙʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʫʩʽʭ ʦʩʥʦʚʥʠʭ 

ʥʝʣʽʥʽʡʥʠʭ ʬʘʢʪʦʨʽʚ: ʛʝʦʤʝʪʨʠʯʥʦʾ ʥʝʣʽʥʽʡʥʦʩʪʽ ʬʝʨʤʠ, ʜʝʤʧʬʫʚʘʥʥʷ, ʧʨʫʞʥʦʩʪʽ 

ʩʽʪʢʠ, ʪʝʨʪʷ ʫ ʰʢʽʚʥʠʭ ʚʫʟʣʘʭ ʪʘ ʛʥʫʯʢʦʩʪʽ ʪʨʦʩʽʚ. ʎʝ ʜʦʟʚʦʣʷʻ ʜʦʩʪʦʚʽʨʥʦ ʦʮʽʥʠʪʠ 

ʷʢ ʜʠʥʘʤʽʢʫ ʨʦʟʛʦʨʪʘʥʥʷ, ʪʘʢ ʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʝʣʝʤʝʥʪʠ ʢʦʥʩʪʨʫʢʮʽʾ. 

ɼʘʣʽ ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʨʦʟʛʦʨʪʘʥʥʷ ʩʽʪʯʘʩʪʦʾ ʘʥʪʝʥʠ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ 

ʟ ʅʇɽ ̔  ɺʇɽ, ʷʢʽ ʦʪʨʠʤʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʧʦʙʫʜʦʚʘʥʦʾ ʤʦʜʝʣʽ ʩʠʩʪʝʤ ʟʚôʷʟʘʥʠʭ ʪʽʣ ʽ ʧʽʜʪʚʝʨʜʞʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. 
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1. ʅʇɽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʘʜʽʡʥʝ ʨʦʟʛʦʨʪʘʥʥʷ ʂɸʈ ʙʝʟ ʩʠʥʭʨʦʥʽʟʘʪʦʨʽʚ ʤʽʞ 

ʩʫʩʽʜʥʽʤʠ ʚʽʜʩʽʢʘʤʠ ʽ, ʪʘʢʠʤ ʯʠʥʦʤ, ʩʧʨʦʱʫʶʪʴ ʢʦʥʩʪʨʫʢʮʽʶ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ 

ʟʤʝʥʰʫʶʪʴ ʾʾ ʤʘʩʫ. 

2. ɼʚʽ ʧʘʨʠ ʨʫʰʽʡʥʠʭ ʪʨʦʩʽʚ, ʱʦ ʧʨʦʭʦʜʷʪʴ ʥʝʟʘʣʝʞʥʦ ʯʝʨʝʟ ɺʇɽ ʧʝʨʝʜʥʴʦʛʦ ʽ 

ʟʘʜʥʴʦʛʦ ʢʽʣʝʮʴ ʬʝʨʤʠ, ʟʤʝʥʰʫʶʪʴ ʝʬʝʢʪ ʩʧʘʜʫ ʥʘʪʷʛʫ ʪʨʦʩʽʚ, ʽ ʷʢ ʥʘʩʣʽʜʦʢ, 

ʘʩʠʥʭʨʦʥʥʽʩʪʴ ʨʦʟʛʦʨʪʘʥʥʷ ʧʨʦʣʴʦʪʫ ʽ ʜʝʬʦʨʤʘʮʽʾ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ. 

3. ʇʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʨʦʟʛʦʨʪʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʚʣʘʩʪʠʚʦʩʪʽ ʩʽʪʦʢ, ʘ 

ʪʘʢʦʞ ʤʝʪʘʣʝʚʦʾ ʩʽʪʢʠ, ʦʩʢʽʣʴʢʠ ʥʝʭʪʫʚʘʥʥʷ ʦʩʪʘʥʥʴʦʶ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʝʟʫʣʴʪʘʪʽʚ, 

ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʟʥʘʯʥʦ ʙʽʣʴʰ ʩʠʥʭʨʦʥʥʠʤʠ ʟʤʽʥʘʤʠ ʢʫʪʽʚ ʨʦʟʛʦʨʪʘʥʥʷ 

ʧʨʦʣʴʦʪʽʚ ʽ ʤʝʥʰʦʶ ʜʝʬʦʨʤʘʮʽʻʶ ʢʦʥʩʪʨʫʢʮʽʾ.  

4. ʆʩʢʽʣʴʢʠ ʚʠʩʦʪʘ ʬʝʨʤʠ ʟʤʝʥʰʫʻʪʴʩʷ ʧʽʜ ʯʘʩ ʨʦʟʛʦʨʪʘʥʥʷ, ʣʝʙʽʜʢʠ ʤʦʞʫʪʴ 

ʙʫʪʠ ʚʩʪʘʥʦʚʣʝʥʽ ʜʚʦʤʘ ʨʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ: 1) ʚʽʩʴ ʦʙʝʨʪʘʥʥʷ ʧʝʨʝʜʥʴʦʾ ʣʝʙʽʜʢʠ 

ʨʫʭʘʻʪʴʩʷ ʩʠʥʭʨʦʥʥʦ ʟ ʧʦʩʪʫʧʘʣʴʥʠʤ ʰʘʨʥʽʨʦʤ ʧʝʨʝʜʥʴʦʛʦ ʢʽʣʴʮʷ, ʘ ʚʽʩʴ ʦʙʝʨʪʘʥʥʷ 

ʟʘʜʥʴʦʾ ʣʝʙʽʜʢʠ ʥʝʨʫʭʦʤʘ; 2) ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʦʙʦʭ ʣʝʙʽʜʦʢ ʥʝʨʫʭʦʤʽ. ɼʨʫʛʠʡ ʚʘʨʽʘʥʪ 

ʧʨʦʩʪʽʰʠʡ ʟ ʪʦʯʢʠ ʟʦʨʫ ʽʥʞʝʥʝʨʥʦʾ ʨʝʘʣʽʟʘʮʽʾ, ʘʣʝ ʚʠʤʘʛʘʻ ʘʩʠʥʭʨʦʥʥʦʾ ʦʙʤʦʪʢʠ 

ʧʝʨʝʜʥʴʦʾ ʽ ʟʘʜʥʴʦʾ ʣʝʙʽʜʦʢ. ʇʨʦʪʝ, ʷʢ ʧʦʢʘʟʫʻ ʤʦʜʝʣʶʚʘʥʥʷ, ʨʦʟʛʦʨʪʘʥʥʷ ʂɸʊ ʤʦʞʝ 

ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʟ ʨʽʟʥʠʤʠ, ʘʣʝ ʧʦʩʪʽʡʥʠʤʠ ʰʚʠʜʢʦʩʪʷʤʠ ʩʢʦʨʦʯʝʥʥʷ ʜʦʚʞʠʥʠ ʪʨʦʩʘ, 

ʱʦ ʤʦʞʝ ʙʫʪʠ ʧʨʦʩʪʦ ʨʝʘʣʽʟʦʚʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʝʙʽʜʦʢ ʟ ʨʽʟʥʠʤ ʜʽʘʤʝʪʨʦʤ ʰʧʫʣʽ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʤʦʜʝʣʶʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʷʢ ʦʩʥʦʚʘ ʜʣʷ 

ʧʦʜʘʣʴʰʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʟʛʦʨʪʘʥʥʷ ʘʥʪʝʥ, ʟʦʢʨʝʤʘ, ʜʣʷ ʧʦʙʫʜʦʚʠ ʟʘʢʦʥʽʚ ʢʝʨʫʚʘʥʥʷ 

ʥʘʤʦʪʫʚʘʥʥʷʤ ʪʨʦʩʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʘʩʠʥʭʨʦʥʥʦʩʪʽ, ʟʤʝʥʰʝʥʥʷ ʥʘʧʨʫʞʝʥʴ ʫ 

ʩʪʨʠʞʥʷʭ ʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʣʘʚʥʦʩʪʽ ʨʦʟʛʦʨʪʘʥʥʷ. ʈʦʟʨʦʙʣʝʥʘ ʤʦʜʝʣʴ ʪʘʢʦʞ ʜʦʟʚʦʣʷʻ 

ʧʨʦʚʦʜʠʪʠ ʧʘʨʘʤʝʪʨʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʱʦʜʦ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʽ ʤʘʪʝʨʽʘʣʴʥʠʭ ʟʤʽʥ. 
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ʈʆɿɼɯʃ 3 ʂɽʈʋɺɸʅʅʗ ʈʆɿɻʆʈʊɸʅʅʗʄ ʉʊʈʀɾʅɽɺʀʍ ʂʆʅʉʊʈʋʂʎɯʁ 

ɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ ʅɸɺʏɸʅʅʗ ɿ ʇɯɼʂʈɯʇʃɽʅʅʗʄ 

 

3. 1. ɺʠʢʦʨʠʩʪʘʥʥʷ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʨʦʟʛʦʨʪʘʥʥʷʤ 

ʩʪʨʠʞʥʝʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ɼʦʩʣʽʜʞʝʥʥʷ ʘʚʪʦʥʦʤʥʠʭ ʣʝʛʢʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʱʦ ʨʦʟʛʦʨʪʘʶʪʴʩʷ, ʩʪʘʣʠ 

ʧʨʦʚʽʜʥʠʤ ʥʘʧʨʷʤʢʦʤ ʘʝʨʦʢʦʩʤʽʯʥʦʾ ʪʝʭʥʽʢʠ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ. ʃʝʛʢʘ ʩʪʨʫʢʪʫʨʥʘ 

ʩʠʩʪʝʤʘ, ʱʦ ʨʦʟʛʦʨʪʘʻʪʴʩʷ, ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʽʥʪʝʛʨʦʚʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʤʝʭʘʥʽʟʤʽʚ. 

ʁʦʛʦ ʤʦʞʥʘ ʣʝʛʢʦ ʪʨʘʥʩʧʦʨʪʫʚʘʪʠ ʪʘ ʟʙʝʨʽʛʘʪʠ ʚ ʢʦʤʧʘʢʪʥʦʤʫ, ʩʢʣʘʜʝʥʦʤʫ ʩʪʘʥʽ, 

ʧʨʠ ʮʴʦʤʫ ʜʦʧʫʩʢʘʶʯʠ ʟʥʘʯʥʦ ʙʽʣʴʰʫ ʨʦʙʦʯʫ ʢʦʥʬʽʛʫʨʘʮʽʶ ʧʽʩʣʷ ʨʦʟʛʦʨʪʘʥʥʷ. ʎʽ 

ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʠʚʝʨʥʫʣʠ ʟʥʘʯʥʫ ʫʚʘʛʫ ʙʘʛʘʪʴʦʭ ʜʦʩʣʽʜʥʠʢʽʚ ʫ ʛʘʣʫʟʽ ʨʦʟʛʦʨʪʘʥʠʭ 

ʣʝʛʢʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. 

ʉʽʪʯʘʩʪʽ ʨʝʬʣʝʢʪʦʨʥʽ ʘʥʪʝʥʠ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʢʦʩʤʽʯʥʠʭ ʧʨʦʛʨʘʤʘʭ 

ʟʘʚʜʷʢʠ ʾʭʥʽʤ ʨʽʟʥʦʤʘʥʽʪʥʠʤ ʧʝʨʝʚʘʛʘʤ, ʪʘʢʠʤ ʷʢ ʚʝʣʠʢʠʡ ʨʦʟʤʽʨ ʘʧʝʨʪʫʨʠ, 

ʤʽʥʽʤʘʣʴʥʘ ʟʘʛʘʣʴʥʘ ʤʘʩʘ, ʢʦʤʧʘʢʪʥʠʡ ʦʙôʻʤ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʟʤʝʥʰʝʥʝ 

ʚʠʢʨʠʚʣʝʥʥʷ ʧʦʚʝʨʭʥʽ. [1-4]. ɸʥʪʝʥʘ ʧʝʨʝʭʦʜʠʪʴ ʽʟ ʫʢʣʘʜʝʥʦʛʦ ʩʪʘʥʫ ʚ ʧʦʚʥʽʩʪʶ 

ʨʦʟʛʦʨʥʫʪʝ ʧʦʣʦʞʝʥʥʷ, ʟʨʝʰʪʦʶ ʩʪʚʦʨʶʶʯʠ ʥʝʦʙʭʽʜʥʫ ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʧʦʚʝʨʭʥʶ. 

ʎʝʡ ʧʨʦʮʝʩ ʨʦʟʛʦʨʪʘʥʥʷ ʟʥʘʯʥʦ ʚʧʣʠʚʘʻ ʥʘ ʨʦʙʦʪʫ ʘʥʪʝʥ ʥʘ ʦʨʙʽʪʽ. 

ʉʪʨʫʢʪʫʨʥʝ ʨʦʟʛʦʨʪʘʥʥʷ ʟʘʟʚʠʯʘʡ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʟʥʠʭ ʤʝʭʘʥʽʟʤʽʚ 

ʘʢʪʠʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʭ ʪʠʧʽʚ ʧʨʠʚʦʜʽʚ, ʪʘʢʠʭ ʷʢ ʘʢʪʠʚʥʽ 

ʩʪʽʡʢʠ ʪʘ ʪʨʦʩʠ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʰʚʠʜʢʦʛʦ ʪʘ ʙʝʟʧʝʯʥʦʛʦ ʧʨʦʮʝʩʫ ʨʦʟʛʦʨʪʘʥʥʷ. 

ʇʨʦʮʝʩ ʨʦʟʛʦʨʪʘʥʥʷ ʘʥʪʝʥʠ ʟʘ ʩʚʦʻʶ ʩʫʪʪʶ ʩʢʣʘʜʥʠʡ, ʚʢʣʶʯʘʻ ʷʢ ʤʝʭʘʥʽʯʥʽ, 

ʪʘʢ ʽ ʩʪʨʫʢʪʫʨʥʽ ʤʽʨʢʫʚʘʥʥʷ, ʽ ʯʫʪʣʠʚʠʡ ʜʦ ʧʦʪʝʥʮʽʡʥʠʭ ʥʝʩʧʨʘʚʥʦʩʪʝʡ [5]. 

ɺʘʞʣʠʚʦ, ʱʦʙ ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʽ ʧʨʠʩʢʦʨʝʥʥʷ ʧʽʜ ʯʘʩ ʨʦʟʛʦʨʪʘʥʥʷ ʢʦʥʪʨʦʣʶʚʘʣʠʩʷ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʣʘʚʥʦʾ ʨʦʙʦʪʠ. ʂʨʽʤ ʪʦʛʦ, ʢʫʪʦʚʝ ʧʨʠʩʢʦʨʝʥʥʷ ʤʘʻ ʟʘʣʠʰʘʪʠʩʷ ʚ 

ʟʘʜʘʥʠʭ ʤʝʞʘʭ, ʱʦʙ ʟʘʧʦʙʽʛʪʠ ʥʘʜʤʽʨʥʦʤʫ ʫʜʘʨʫ, ʷʢʠʡ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʚʽʙʨʘʮʽʾ 

ʘʙʦ ʧʦʰʢʦʜʞʝʥʥʷ ʘʥʪʝʥʠ [68]. ʆʪʞʝ, ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʦ ʨʦʟʨʦʙʠʪʠ ʝʬʝʢʪʠʚʥʠʡ 

ʘʣʛʦʨʠʪʤ ʢʝʨʫʚʘʥʥʷ, ʷʢʠʡ ʩʧʨʠʷʪʠʤʝ ʪʦʯʥʦʤʫ ʪʘ ʧʣʘʚʥʦʤʫ ʨʦʟʛʦʨʪʘʥʥʶ. 
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ɽʬʝʢʪʠʚʥʝ ʪʘ ʪʦʯʥʝ ʨʦʟʛʦʨʪʘʥʥʷ ʥʘ ʦʨʙʽʪʽ ʤʘʻ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʥʘʣʝʞʥʦʛʦ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʘʥʪʝʥ. ʏʽʪʢʦ ʚʠʟʥʘʯʝʥʘ ʩʪʨʘʪʝʛʽʷ ʨʦʟʛʦʨʪʘʥʥʷ ʤʘʻ ʚʠʨʽʰʘʣʴʥʝ 

ʟʥʘʯʝʥʥʷ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʢʽʥʝʤʘʪʠʯʥʦʾ ʧʦʚʝʜʽʥʢʠ ʧʨʦʮʝʩʫ ʨʦʟʛʦʨʪʘʥʥʷ ʪʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʚʘʥʪʘʞʝʥʥʷ ʨʫʰʽʡʥʦʾ ʩʠʣʠ [7]. ʂʨʽʤ ʪʦʛʦ, ʝʥʝʨʛʝʪʠʯʥʽ ʧʦʪʨʝʙʠ 

ʩʫʧʫʪʥʠʢʦʚʦʾ ʩʠʩʪʝʤʠ ʦʭʦʧʣʶʶʪʴ ʧʦʪʫʞʥʽʩʪʴ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ, ʟʚôʷʟʢʫ ʪʘ ʧʽʜʪʨʠʤʢʠ ʧʦʣʦʞʝʥʥʷ ʩʫʧʫʪʥʠʢʘ. 

ɼʣʷ ʩʫʧʫʪʥʠʢʽʚ, ʦʩʥʘʱʝʥʠʭ ʚʝʣʠʢʠʤʠ ʘʥʪʝʥʘʤʠ, ʝʥʝʨʛʽʷ, ʥʝʦʙʭʽʜʥʘ ʜʣʷ 

ʨʦʟʛʦʨʪʘʥʥʷ ʘʥʪʝʥʠ, ʻ ʚʠʨʽʰʘʣʴʥʠʤ ʬʘʢʪʦʨʦʤ. ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʛʦʨʪʘʥʥʷ ʘʥʪʝʥʠ 

ʤʘʻ ʙʫʪʠ ʨʦʟʨʦʙʣʝʥʦ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʤʽʥʽʤʽʟʫʚʘʪʠ ʚʧʣʠʚ ʨʦʟʛʦʨʪʘʥʥʷ ʥʘ 

ʩʪʨʫʢʪʫʨʫ ʜʣʷ ʦʙʤʝʞʝʥʥʷ ʧʽʢʦʚʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʥʝʦʙʭʽʜʥʦʾ ʜʣʷ ʤʝʭʘʥʽʟʤʫ 

ʨʦʟʛʦʨʪʘʥʥʷ. 

ʋ ʨʦʙʦʪʽ [50] ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʽʜʭʽʜ ʢʝʨʫʚʘʥʥʷ ʨʦʟʚôʷʟʢʦʶ ʜʣʷ ʪʦʯʥʦʛʦ 

ʨʦʟʛʦʨʪʘʥʥʷ ʢʦʩʤʽʯʥʠʭ ʛʥʫʯʢʠʭ ʘʥʪʝʥ. ɾʦʨʩʪʢʽ ʪʘ ʛʥʫʯʢʽ ʢʦʥʪʨʦʣʝʨʠ ʨʦʟʨʦʙʣʝʥʽ ʥʘ 

ʦʩʥʦʚʽ ʚʽʜʤʽʥʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʦʟʚôʷʟʘʥʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ. ɾʦʨʩʪʢʠʡ 

ʢʦʥʪʨʦʣʝʨ ʛʘʨʘʥʪʫʻ, ʱʦ ʘʥʪʝʥʘ ʩʣʽʜʫʻ ʟʘʜʘʥʽʡ ʪʨʘʻʢʪʦʨʽʾ, ʪʦʜʽ ʷʢ ʛʥʫʯʢʠʡ ʢʦʥʪʨʦʣʝʨ 

ʧʦʤôʷʢʰʫʻ ʚʽʙʨʘʮʽʾ ʧʨʠ ʟʛʠʥʽ. 

ʇʽʜʭʽʜ, ʢʝʨʦʚʘʥʠʡ ʩʠʣʦʶ, ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʫ [49], ʽ ʚʩʪʘʥʦʚʣʝʥʦ ʟʚôʷʟʦʢ ʤʽʞ 

ʨʫʰʽʡʥʦʶ ʩʠʣʦʶ ʪʘ ʨʫʭʦʤ ʨʦʟʛʦʨʪʘʥʥʷ ʚʽʜʙʠʚʘʯʘ. ɺʘʨʽʘʮʽʾ ʨʫʰʽʡʥʦʾ ʩʠʣʠ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʟʘʧʣʘʥʦʚʘʥʦʛʦ ʨʫʭʫ ʨʦʟʛʦʨʪʘʥʥʷ. ɿʤʦʜʝʣʴʦʚʘʥʦ ʜʠʥʘʤʽʢʫ 

ʨʦʟʛʦʨʪʘʥʥʷ ʩʽʪʯʘʩʪʦʾ ʘʥʪʝʥʠ, ʱʦ ʨʦʟʛʦʨʪʘʻʪʴʩʷ, ʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʚʧʣʠʚ ʧʦʯʘʪʢʦʚʦʾ 

ʰʚʠʜʢʦʩʪʽ, ʜʝʤʧʬʫʚʘʥʥʷ ʪʘ ʩʠʣʠ ʪʷʞʽʥʥʷ ʥʘ ʧʨʦʮʝʩ ʨʦʟʛʦʨʪʘʥʥʷ. 

ɺʟʘʻʤʦʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʩʪʨʫʢʪʫʨʦʶ ʘʥʪʝʥʠ, ʪʨʘʻʢʪʦʨʽʻʶ ʨʦʟʛʦʨʪʘʥʥʷ ʪʘ 

ʩʠʩʪʝʤʦʶ ʢʝʨʫʚʘʥʥʷ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚ [10]. ɹʘʛʘʪʦʮʽʣʴʦʚʘ ʬʫʥʢʮʽʷ ʩʪʚʦʨʝʥʘ ʜʣʷ 

ʦʜʥʦʯʘʩʥʦʛʦ ʤʽʥʽʤʽʟʘʮʽʾ ʤʘʩʠ ʘʥʪʝʥʠ, ʚʧʣʠʚʫ ʥʘ ʘʥʪʝʥʫ ʪʘ ʨʦʟʩʽʶʚʘʥʥʷ ʝʥʝʨʛʽʾ ʚ 

ʩʠʩʪʝʤʽ ʢʝʨʫʚʘʥʥʷ. ʇʨʦʝʢʪʥʽ ʟʤʽʥʥʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʷʢ ʧʣʦʱʽ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ 

ʟʚôʷʟʢʽʚ, ʢʦʥʪʨʦʣʴʥʽ ʪʦʯʢʠ ɹʝʟôʻ ʪʘ ʧʘʨʘʤʝʪʨʠ ʧʦʩʠʣʝʥʥʷ ʢʦʥʪʨʦʣʝʨʘ. 

ʇʽʜʭʽʜ ʜʦ ʦʧʪʠʤʽʟʘʮʽʾ ʩʪʨʘʪʝʛʽʾ ʥʘʤʦʪʫʚʘʥʥʷ ʪʨʦʩʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ [67] ʜʣʷ 

ʘʥʪʝʥʠ ʪʠʧʫ AstroMesh. ʈʫʰʽʡʥʘ ʩʠʣʘ ʧʦʭʦʜʠʪʴ ʚʽʜ ʧʨʠʥʮʠʧʽʚ ʟʙʝʨʝʞʝʥʥʷ ʝʥʝʨʛʽʾ, 
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ʚʨʘʭʦʚʫʶʯʠ ʚʧʣʠʚ ʪʨʦʩʦʚʠʭ ʩʠʩʪʝʤ ̔  ʪʝʨʪʷ. ʄʦʜʝʣʴ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʟʨʦʙʣʝʥʦ ʟ ʤʝʪʦʶ 

ʤʽʥʽʤʽʟʘʮʽʾ ʧʦʪʫʞʥʦʩʪʽ, ʥʝʦʙʭʽʜʥʦʾ ʜʣʷ ʨʦʟʛʦʨʪʘʥʥʷ. 

ʉʠʤʧʣʝʢʪʠʯʥʠʡ ʤʠʪʪʻʚʠʡ ʦʧʪʠʤʘʣʴʥʠʡ ʧʽʜʭʽʜ ʢʝʨʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚ [63] 

ʜʣʷ ʨʦʟʛʦʨʪʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʦʚʟʥʽ ʪʨʦʩʦʚʽ ʧʨʠʚʦʜʠ. 

ʇʦʯʘʪʢʦʚʝ ʙʝʟʧʝʨʝʨʚʥʝ ʟʘʚʜʘʥʥʷ ʢʝʨʫʚʘʥʥʷ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ 

ʦʙʤʝʞʝʥʠʭ ʩʠʤʧʣʝʢʪʠʯʥʠʭ ʟʘʜʘʯ ʤʠʪʪʻʚʦʛʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʥʘ ʢʦʞʥʦʤʫ 

ʽʥʪʝʨʚʘʣʽ ʯʘʩʫ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʜʦʪʨʠʤʘʥʥʷ ʦʙʤʝʞʝʥʴ ʥʝʨʽʚʥʦʩʪʽ ʚʭʽʜʥʦʛʦ ʥʘʩʠʯʝʥʥʷ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʟʥʘʯʥʠʡ ʧʨʦʛʨʝʩ ʫ ʛʘʣʫʟʽ ʢʝʨʫʚʘʥʥʷ ʨʦʟʛʦʨʪʘʥʥʷʤ ʩʪʨʠʞʥʝʚʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʧʠʩʘʥʠʭ ʚʠʱʝ ʧʽʜʭʦʜʽʚ ʚʠʢʣʠʢʘʻ ʟʥʘʯʥʽ ʪʨʫʜʥʦʱʽ ʧʨʠ 

ʟʘʩʪʦʩʫʚʘʥʥʽ ʜʦ ʩʢʣʘʜʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʤʦʜʝʣʴ ʷʢʠʭ ʦʪʨʠʤʘʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʘʢʝʪʽʚ 

ʧʨʦʛʨʘʤ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʥʘʤʽʢʠ ʩʠʩʪʝʤ ʟʚôʷʟʘʥʠʭ ʪʽʣ. ʂʨʽʤ ʪʦʛʦ, ʮʽ ʨʝʟʫʣʴʪʘʪʠ 

ʥʝ ʧʨʦʧʦʥʫʶʪʴ ʩʧʦʩʦʙʫ ʧʦʜʘʣʴʰʦʛʦ ʢʦʨʠʛʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʨʦʟʛʦʨʪʘʥʥʷ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʨʽʟʥʠʮʽ ʚ ʜʠʥʘʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʷʭ ʤʦʜʝʣʽ ʪʘ ʨʝʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ. 

ɺ ʜʘʥʠʡ ʯʘʩ ʤʝʪʦʜʠ ʛʣʠʙʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ [13] ʫʩʧʽʰʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʟʘʚʜʘʥʴ ʢʝʨʫʚʘʥʥʷ ʚ ʢʦʩʤʦʩʽ [14, 15]. ɼʣʷ ʪʘʢʠʭ ʟʘʚʜʘʥʴ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʝʪʦʜʠ ʥʘʚʯʘʥʥʷ ʟ ʚʯʠʪʝʣʝʤ [16] ʽ ʅʇ [17-19]. ʆʩʪʘʥʥʷ ʛʨʫʧʘ 

ʤʝʪʦʜʽʚ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʟʘʢʦʥʠ ʢʝʨʫʚʘʥʥʷ ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʩʣʽʜʦʚʥʦʩʪʽ 

ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʽʚ ʥʘ ʦʙôʻʢʪ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʽ ʷʢ ʥʘ ʤʦʜʝʣʽ, ʪʘʢ ʽ ʥʘ 

ʨʝʘʣʴʥʽʡ ʢʦʥʩʪʨʫʢʮʽʾ. ɺʨʘʭʦʚʫʶʯʠ ʧʦʪʝʥʮʽʘʣ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ ʪʘ ʟʘʟʥʘʯʝʥʽ 

ʧʨʦʙʣʝʤʠ ʫ ʟʘʩʪʦʩʫʚʘʥʥʽ ʟʚʠʯʘʡʥʠʭ ʤʝʪʦʜʽʚ, ʮʽʢʘʚʦ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʜʦʮʽʣʴʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʅʇ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʨʦʟʛʦʨʪʘʥʥʷʤ ʩʪʨʠʞʥʝʚʠʭ ʩʪʨʫʢʪʫʨ ʜʣʷ 

ʢʦʩʤʽʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

 

3. 2. ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ 

 

ʉʽʪʯʘʩʪʘ ʘʥʪʝʥʘ ʪʘ ʊʐʉ, ʷʢʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʫ ʮʴʦʤʫ ʨʦʟʜʽʣʽ, ʜʝʪʘʣʴʥʦ ʙʫʣʠ 

ʦʧʠʩʘʥʽ ʫ ʨʦʟʜʽʣʽ 2.  
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ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʌɸɺʂ, ʜʠʥʘʤʽʯʥʽ ʨʽʚʥʷʥʥʷ ʜʣʷ ʚʩʽʻʾ ʢʦʥʩʪʨʫʢʮʽʾ ʤʦʞʥʘ 

ʚʠʨʘʟʠʪʠ ʫ ʚʠʛʣʷʜʽ ʥʘʙʦʨʫ ɼɸʈ ʟ ʤʘʪʨʠʮʝʶ ʩʪʘʣʦʾ ʤʘʩʠ ʱʦ ʙʫʣʦ ʚʞʝ ʨʦʟʛʣʷʥʫʪʦ ʫ 

ʬʦʨʤʫʣʘʭ 2.16 ʪʘ 2.17 ʨʦʟʜʽʣʫ 2. 

ʄʦʜʝʣʴ (1, 2) ʻ ʩʠʩʪʝʤʦʶ ʚʝʣʠʢʠʭ ʨʦʟʤʽʨʽʚ ʽ ʾʾ ʚʠʚʝʜʝʥʥʷ ʻ ʛʨʦʤʽʟʜʢʦʶ ʟʘʜʘʯʝʶ. 

ɼʣʷ ʧʦʣʝʛʰʝʥʥʷ ʪʘʢʠʭ ʟʘʚʜʘʥʴ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʝ ʧʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʥʘʤʽʢʠ ʙʘʛʘʪʴʦʭ ʪʽʣ [57]. ʊʘʢʝ ʧʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʘʻ ʟʘʩʦʙʠ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʟʥʘʭʦʜʠʪʠ ʢʝʨʫʶʯʽ ʜʽʾ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʨʫʭ ʩʠʩʪʝʤʠ ʧʦ ʟʘʜʘʥʽʡ ʪʨʘʻʢʪʦʨʽʾ. ʅʘ ʨʠʩ. 3.2 ʧʦʢʘʟʘʥʦ ʟʥʘʡʜʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʪʘʢʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʟʤʽʥʠ ʢʝʨʫʶʯʠʭ ʤʦʤʝʥʪʽʚ ʫ ʰʘʨʥʽʨʘʭ V-ʦʙʨʘʟʥʠʭ ʩʪʨʠʞʥʽʚ, ʷʢʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʨʦʟʛʦʨʪʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʧʘʨʘʙʦʣʽʯʥʠʤ ʟʤʽʥʦʶ ʢʫʪʦʚʠʭ ʰʚʠʜʢʦʩʪʝʡ 

(ʨʠʩ. 3.1). ʆʜʥʘʢ ʧʨʘʢʪʠʯʥʘ ʨʝʘʣʽʟʘʮʽʷ ʪʘʢʦʛʦ ʢʝʨʫʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʊʐʉ 

ʥʝʤʦʞʣʠʚʘ, ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʥʝ ʤʦʞʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʤʦʤʝʥʪʠ ʨʽʟʥʦʛʦ ʟʥʘʢʫ. 

 

 

ʈʠʩʫʥʦʢ 3.1. ɺʘʨʽʘʮʽʷ ʩʪʘʥʫ 

 

ʈʠʩʫʥʦʢ 3.2. ɿʤʽʥʘ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ 

 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʨʦʟʛʦʨʪʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʟʘʜʘʯʫ 

ʦʧʪʠʤʽʟʘʮʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʙʤʝʞʝʥʴ ʥʘ ʢʝʨʫʶʯʽ ʜʽʾ. ɯʩʥʫʶʯʽ ʘʣʛʦʨʠʪʤʠ 

ʨʦʟʚôʷʟʫʚʘʥʥʷ ʪʘʢʦʾ ʟʘʜʘʯʽ ʧʦʪʨʝʙʫʶʪʴ ʤʦʜʝʣʽ ʦʙôʻʢʪʘ ʫ ʪʘʢʦʤʫ ʚʠʛʣʷʜʽ [24]: 

( )1 ,k k kq f q U+= ,      (3.1) 

ʜʝ k ï ʥʦʤʝʨ ʚʠʙʽʨʢʠ ʜʠʩʢʨʝʪʥʦʾ ʩʠʩʪʝʤʠ. 

ʇʨʦʪʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʥʘʤʽʢʠ ʙʘʛʘʪʴʦʭ ʪʽʣ ʥʘʜʘʻ 

ʤʦʜʝʣʴ ʫ ʪʘʢʽʡ ʬʦʨʤʽ: 
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( )1 0 0 1 2, , , ,...,k kq f q U U U U+= ,     (3.2) 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʦ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ kU  ʱʦ ʧʝʨʝʚʦʜʠʪʴ ʩʠʩʪʝʤʫ 

ʟʽ ʩʪʘʥʫ kq  ʚ 1kq +, ʥʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ ʜʝʷʢʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʢʝʨʫʶʯʠʭ ʜʽʡ 

0 1 2 1, , ,..., kU U U U -, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʨʫʭ ʩʠʩʪʝʤʠ ʚʽʜ ʧʦʯʘʪʢʦʚʦʛʦ ʩʪʘʥʫ 0q  ʜʦ 

ʥʝʦʙʭʽʜʥʦʛʦ kq . ʎʷ ʦʩʦʙʣʠʚʽʩʪʴ ʫʩʢʣʘʜʥʶʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʨʘʜʠʮʽʡʥʦʾ ʤʝʪʦʜʠʢʠ. ʎʶ 

ʩʢʣʘʜʥʽʩʪʴ ʤʦʞʥʘ ʧʦʜʦʣʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʦʣʦʛʽʾ ʅʇ, ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʙʘʟʫʻʪʴʩʷ 

ʥʘ ʘʥʘʣʽʟʽ ʥʘʩʪʫʧʥʦʛʦ ʤʘʨʢʦʚʩʴʢʦʛʦ ʧʨʦʮʝʩʫ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ 

0 0 1 1 1 2 2 1, , , ; , ;...; ,n n nq U q C U q C U q C-  

ʋ ʨʝʟʫʣʴʪʘʪʽ ʅʇ ʥʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ ʪʘʢʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʜʽʡ iU , ʷʢʘ ʤʽʥʽʤʽʟʫʻ 

ʩʫʢʫʧʥʽ ʚʠʪʨʘʪʠ 
1

n

ii
C
=ä ʥʘ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʥʷ. ɺʘʨʪʽʩʪʴ iC  ʪʫʪ ʻ ʟʥʘʯʝʥʥʷʤ 

ʦʙʨʘʥʦʛʦ ʢʨʠʪʝʨʽʶ ʦʧʪʠʤʘʣʴʥʦʩʪʽ. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʜʣʷ ʢʝʨʫʚʘʥʥʷ 

ʨʦʟʛʦʨʪʘʥʥʷʤ ʩʪʨʠʞʥʝʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʨʦʟʛʣʷʥʝʤʦ ʩʧʨʦʱʝʥʫ ʤʦʜʝʣʴ ʦʜʥʽʻʾ ʩʝʢʮʽʾ 

ʪʨʘʥʩʬʦʨʤʦʚʘʥʦʾ ʘʥʪʝʥʠ (ʨʠʩ. 3.3). ʋʩʽ ʩʪʨʠʞʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʟʤʦʜʝʣʴʦʚʘʥʽ ʷʢ ʪʚʝʨʜʽ 

ʪʽʣʘ. ɺʧʣʠʚʠ ʩʠʩʪʝʤʠ ʨʦʟʛʦʨʪʘʥʥʷ ʪʨʦʩʘ ʤʦʜʝʣʶʶʪʴʩʷ ʷʢ ʦʜʥʘʢʦʚʽ ʢʨʫʪʥʽ ʤʦʤʝʥʪʠ 

ʚ ʰʘʨʥʽʨʘʭ V-ʧʦʜʽʙʥʠʭ ʩʪʨʠʞʥʽʚ, ʽ ʟʥʘʯʝʥʥʷ ʮʠʭ ʢʨʫʪʥʠʭ ʤʦʤʝʥʪʽʚ ʤʦʞʥʘ ʚʚʘʞʘʪʠ 

ʣʠʰʝ ʧʦʟʠʪʠʚʥʠʤʠ. ʂʨʽʤ ʢʝʨʫʶʯʠʭ ʤʦʤʝʥʪʽʚ, ʚ ʰʘʨʥʽʨʘʭ ʧʨʠʢʣʘʜʘʶʪʴʩʷ ʤʦʤʝʥʪʠ 

ʚ'ʷʟʢʦʛʦ ʪʝʨʪʷ. ʄʦʜʝʣʴ ʪʘʢʦʞ ʚʨʘʭʦʚʫʻ ʦʙʤʝʞʝʥʥʷ ʥʘ ʤʘʢʩʠʤʘʣʴʥʠʡ ʢʫʪ ʤʽʞ V-

ʧʦʜʽʙʥʠʤʠ ʩʪʨʠʞʥʷʤʠ. 

 

ʈʠʩʫʥʦʢ 3.3. ʉʧʨʦʱʝʥʘ ʤʦʜʝʣʴ. 
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ʎʷ ʤʦʜʝʣʴ ʧʦʙʫʜʦʚʘʥʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʽʜʢʨʠʪʦʛʦ ʧʘʢʝʪʫ HotInt [57]. 

ʄʝʪʦʶ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʨʦʟʨʦʙʢʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʛʝʥʪʘ (ɯɸ) ʥʘ ʦʩʥʦʚʽ 

ʅʇ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʨʦʟʛʦʨʪʘʥʥʷ ʪʘ ʧʽʜʪʨʠʤʢʫ ʚ ʨʦʟʛʦʨʥʫʪʦʤʫ ʧʦʣʦʞʝʥʥʽ 

ʨʦʟʛʣʷʥʫʪʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʘʜʘʥʠʭ ʚʠʤʦʛ. ʆʩʥʦʚʥʠʤʠ ʚʠʤʦʛʘʤʠ ʻ ʯʘʩ 

ʨʦʟʛʦʨʪʘʥʥʷ ʪʘ ʤʽʥʽʤʘʣʴʥʽ ʢʫʪʦʚʽ ʰʚʠʜʢʦʩʪʽ V-ʧʦʜʽʙʥʠʭ ʩʪʨʠʞʥʽʚ ʥʘ ʢʽʥʮʝʚʦʤʫ 

ʝʪʘʧʽ ʨʦʟʛʦʨʪʘʥʥʷ. 

 

3. 3. ʂʝʨʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʥʘʚʯʘʥʥʷ ʟ ʧʽʜʢʨʽʧʣʝʥʥʷʤ 

ʉʪʨʫʢʪʫʨʘ ʢʝʨʫʚʘʥʥʷ ʅʇ ʧʨʘʮʶʻ ʥʘ ʦʩʥʦʚʽ ʧʝʨʝʜʫʤʦʚʠ, ʱʦ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ 

ʦʪʨʠʤʫʻ ʟʥʘʥʥʷ, ʜʦʩʣʽʜʞʫʶʯʠ ʨʝʟʫʣʴʪʘʪʠ ʩʚʦʾʭ ʜʽʡ [25]. ʎʽ ʨʝʟʫʣʴʪʘʪʠ ʦʮʽʥʶʶʪʴʩʷ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʢʘʣʷʨʥʦʛʦ ʩʠʛʥʘʣʫ, ʚʽʜʦʤʦʛʦ ʷʢ ʧʽʜʢʨʽʧʣʝʥʥʷ, ʷʢʠʡ ʥʘʜʘʻʪʴʩʷ 

ʫʩʪʘʥʦʚʢʦʶ, ʟ ʷʢʦʶ ʚʟʘʻʤʦʜʽʻ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ. ʎʝʡ ʩʠʛʥʘʣ ʧʦʩʠʣʝʥʥʷ ʩʣʫʞʠʪʴ 

ʝʪʘʣʦʥʦʤ, ʱʦ ʜʦʟʚʦʣʷʻ ʽʥʪʝʣʝʢʪʫʘʣʴʥʽʡ ʩʠʩʪʝʤʽ ʢʝʨʫʚʘʥʥʷ ʢʦʨʠʛʫʚʘʪʠ ʩʚʦʾ 

ʘʣʛʦʨʠʪʤʠ ʢʝʨʫʚʘʥʥʷ ʚ ʩʚʽʪʣʽ ʧʨʦʛʨʝʩʫ ʚ ʜʦʩʷʛʥʝʥʥʽ ʜʦʚʛʦʩʪʨʦʢʦʚʠʭ ʮʽʣʝʡ. 

ɿʘʛʘʣʴʥʠʡ ʘʣʛʦʨʠʪʤ ʅʇ ʧʨʦʽʣʶʩʪʨʦʚʘʥʠʡ ʥʘ ʨʠʩ. 3.4 ʽ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʥʘʩʪʫʧʥʠʭ ʢʨʦʢʽʚ: 

1) ʋ ʤʦʤʝʥʪ ʯʘʩʫ kt ʩʠʩʪʝʤʘ ʧʝʨʝʙʫʚʘʻ ʚ ʩʪʘʥʽ kX ; 

2) ʋ ʮʴʦʤʫ ʩʪʘʥʽ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʚʠʙʠʨʘʻ ʦʜʥʫ ʟ ʜʦʩʪʫʧʥʠʭ ʢʝʨʫʶʯʠʭ ʜʽʡ 

kU ; 

3) ʉʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʚʠʢʦʥʫʻ ʮʶ ʜʽʶ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʩʠʩʪʝʤʘ ʧʝʨʝʭʦʜʠʪʴ ʚ 

ʥʦʚʠʡ ʩʪʘʥ 1kX +, ʦʜʥʦʯʘʩʥʦ ʦʪʨʠʤʫʶʯʠ ʩʠʛʥʘʣ ʧʽʜʢʨʽʧʣʝʥʥʷ kC ; 

4) ʇʦʪʽʤ ʘʣʛʦʨʠʪʤ ʘʙʦ ʧʨʦʜʦʚʞʫʻʪʴʩʷ ʟ ʢʨʦʢʫ 2, ʚʢʣʶʯʘʶʯʠ ʦʪʨʠʤʘʥʝ 

ʧʽʜʢʨʽʧʣʝʥʥʷ, ʘʙʦ ʟʘʚʝʨʰʫʻʪʴʩʷ, ʷʢʱʦ ʥʦʚʠʡ ʩʪʘʥ ʧʦʟʥʘʯʘʻʪʴʩʷ ʷʢ ʦʩʪʘʪʦʯʥʠʡ. 

ʇʦʟʥʘʯʠʤʦ c̫ ʢ ʥʘʙʽʨ ʩʪʘʥʽʚ, ʪʘʢ A ʽ ʥʘʙʽʨ ʢʝʨʫʶʯʠʭ ʜʽʡ. ʇʦʪʽʤ ʘʨʤʫʚʘʥʥʷkC  

ʻ ʥʘʩʣʽʜʢʦʤ ʜʽʾ, kU ʚʠʙʨʘʥʦʾ ʚ ʩʪʘʥʽ kX . ʉʠʛʥʘʣ ʧʽʜʢʨʽʧʣʝʥʥʷ ï ʮʝ ʬʫʥʢʮʽʷ, ʷʢʘ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʝʢʪʦʨʘ, ʚʠʟʥʘʯʝʥʦʛʦ ʚ ʧʨʦʩʪʦʨʽ Ac³ . 
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ʈʠʩʫʥʦʢ 3.4. ʉʭʝʤʘ ʥʘʚʯʘʥʥʷ ʟ ʧʽʜʢʨʽʧʣʝʥʥʷʤ. 

 

ʉʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʚʠʙʠʨʘʻ ʜʽʾ, ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʟʥʠʞʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʚʘʨʪʦʩʪʽ, ʷʢʘ 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ:  

2

1 2 0
... , 0 1.i

k k k k k ii
G C C C C

¤

+ + +=
= +g +g + = g ¢g¢ä  

ʂʦʝʬʽʮʽʻʥʪ ʟʥʝʮʽʥʝʥʥʷ ɔ ʚʽʜʽʛʨʘʻ ʚʠʨʽʰʘʣʴʥʫ ʨʦʣʴ ʚ ʦʮʽʥʮʽ ʟʥʘʯʫʱʦʩʪʽ 

ʧʨʦʛʥʦʟʦʚʘʥʠʭ ʟʥʘʯʝʥʴ ʚʠʪʨʘʪ ʧʨʠ ʚʠʙʦʨʽ ʢʝʨʫʶʯʠʭ ʜʽʡ. ʌʫʥʜʘʤʝʥʪʘʣʴʥʠʤ 

ʢʦʤʧʦʥʝʥʪʦʤ ʅʇ ̒  ʬʫʥʢʮʽʷ ʟʥʘʯʝʥʥʷ. ɺʚʘʞʘʡʪʝ, ʱʦ ʚ ʢʦʞʥʦʤʫ ʩʪʘʥʽ kX ʢʦʥʪʨʦʣʝʨ 

ʩʠʩʪʝʤʠ ʨʝʘʣʽʟʫʻ ʢʝʨʫʶʯʫ ʜʽʶ ʥʘ ʦʩʥʦʚʽ ʧʝʚʥʦʛʦ ʘʣʛʦʨʠʪʤʫ, ʚʽʜʦʤʦʛʦ ʷʢ ʧʦʣʽʪʠʢʘp 

( ),k kU X=p  

ʪʦʜʽ ʬʫʥʢʮʽʷ ʟʥʘʯʝʥʥʷ ʦʙʯʠʩʣʶʻ ʟʘʛʘʣʴʥʽ ʚʠʪʨʘʪʠ, ʧʦʥʝʩʝʥʽ ʧʨʠ ʧʝʨʝʭʦʜʽ ʟ 

ʧʦʯʘʪʢʦʚʦʛʦ ʩʪʘʥʫkX  ʰʣʷʭʦʤ ʚʠʙʦʨʫ ʜʽʡ ʢʦʥʪʨʦʣʶ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʣʽʪʠʢʠ p. ʎʷ 

ʬʫʥʢʮʽʷ ʤʦʞʝ ʙʫʪʠ ʚʠʨʘʞʝʥʘ ʷʢ: 

( )
0

( ) , ( , ) ( ).k

k k i k i k i k k k k ii
V X C X U C X U V X

¤p p

+ + + +=
= g = +gä  

ʅʘʚʯʘʥʥʷ ʟ ʧʽʜʢʨʽʧʣʝʥʥʷʤ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʥʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʨʫʢʪʫʨʠ ʘʢʪʦʨ-

ʢʨʠʪʠʢ. ʋ ʮʽʡ ʫʩʪʘʥʦʚʮʽ ʢʨʠʪʠʢ ʦʮʽʥʶʻ ʬʫʥʢʮʽʶ ʟʥʘʯʝʥʥʷ ʜʣʷ ʢʦʞʥʦʛʦ ʩʪʘʥʫ, ʪʦʜʽ 

ʷʢ ʘʢʪʦʨ ʧʝʨʝʪʚʦʨʶʻ ʚʝʢʪʦʨ ʩʪʘʥʫ ʫ ʚʽʜʧʦʚʽʜʥʽ ʢʝʨʫʶʯʽ ʜʽʾ. 

ʋ ʨʘʤʢʘʭ ʛʣʠʙʦʢʦʛʦ ʅʇ ʘʢʪʦʨ ʽ ʢʨʠʪʠʢ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ ʙʘʛʘʪʦʨʽʚʥʝʚʠʭ 

ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʧʨʷʤʦʛʦ ʟʚôʷʟʢʫ, ʷʢʽ ʩʣʫʞʘʪʴ ʜʣʷ ʘʧʨʦʢʩʠʤʘʮʽʾ ʧʦʣʽʪʠʢʠ 

ʢʝʨʫʚʘʥʥʷ ʪʘ ʬʫʥʢʮʽʾ ʚʠʪʨʘʪ ʚʽʜʧʦʚʽʜʥʦ:  

( , ), ( , ),k kV X Xp j p j 
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ʜʝ ,q jï ʚʝʢʪʦʨʠ ʧʘʨʘʤʝʪʨʽʚ ʢʨʠʪʠʢʘ ʪʘ ʘʢʪʦʨʘ ʚʽʜʧʦʚʽʜʥʦ. 

ʋ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʘʣʛʦʨʠʪʤ ʧʨʦʢʩʠʤʘʣʴʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ 

ʧʦʣʽʪʠʢʠ (ʇʆʇ). ʈʝʘʣʽʟʘʮʽʷ ʮʴʦʛʦ ʘʣʛʦʨʠʪʤʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

 1. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʚʘʨʪʦʩʪʽ tG  ʷʢ ʩʫʤʫ ʚʘʨʪʦʩʪʽ ʜʣʷ ʮʴʦʛʦ ʢʨʦʢʫ 

ʯʘʩʫ ʪʘ ʜʠʩʢʦʥʪʦʚʘʥʦʾ ʤʘʡʙʫʪʥʴʦʾ ʚʘʨʪʦʩʪʽ [27] 

( ) 1 ( , ),
ts m k t N t

t k ts Nk t
G C b V X

+ - - +

+=
= g + g qä  

ʜʝ bʜʦʨʽʚʥʶʻ 0 ʢʦʣʠts NX +  ʧʨʝʜʩʪʘʚʣʷʻ ʢʽʥʮʝʚʠʡ ʩʪʘʥ ʽ ʜʦʨʽʚʥʶʻ 1 ʫ ʚʩʽʭ ʽʥʰʠʭ 

ʚʠʧʘʜʢʘʭ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʢʦʣʠ ts NX + ʮʝ ʥʝ ʢʽʥʮʝʚʠʡ ʩʪʘʥ, ʜʠʩʢʦʥʪʦʚʘʥʘ ʤʘʡʙʫʪʥʷ 

ʚʘʨʪʽʩʪʴ ʚʢʣʶʯʘʻ ʬʫʥʢʮʽʶ ʜʠʩʢʦʥʪʦʚʘʥʦʾ ʚʘʨʪʦʩʪʽ ʩʪʘʥʫ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʨʠʪʠʯʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ V . 

 2. ɿʥʘʡʪʠ ʬʫʥʢʮʽʶ ʧʝʨʝʚʘʛʠtD  

( , ),t t tD G V X= - q 

 3. ɼʣʷ ʢʦʨʠʛʫʚʘʥʥʷ ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʰʣʷʭʦʤ ʤʽʥʽʤʽʟʘʮʽʾ ʬʫʥʢʮʽʾ 

ʚʪʨʘʪcriticL  ʫ ʚʩʽʭ ʦʪʨʠʤʘʥʠʭ ʤʽʥʽ-ʧʘʢʝʪʥʠʭ ʜʘʥʠʭ. 

() ( )
2

1

1
( , ) .

M

critic i ii
L G V X

M =
q = - qä  

 4. ʑʦʙ ʦʥʦʚʠʪʠ ʧʘʨʘʤʝʪʨʠ ʘʢʪʦʨʘ ʰʣʷʭʦʤ ʤʽʥʽʤʽʟʘʮʽʾ ʬʫʥʢʮʽʾ ʚʪʨʘʪʠ 

ʘʢʪʦʨʘ actorL ʚʩʭ̔ ʦʪʨʠʤʘʥʠʭ ʤʽʥʽ-ʧʘʢʝʪʥʠʭ ʜʘʥʠʭ, ʚʠʢʦʥʘʡʪʝ ʥʘʚʝʜʝʥʽ ʥʠʞʯʝ ʜʽʾ. 

() () ()( )( )
1

1
min , ,

M

actor i i i ii
L r D c D

M =
j = - j Ö j Öä  

()
( )
( )

| ,
,

| ,

i i

i

i i old

U X
r

U X

p j
j =
p j

 

() ()( )( )max min ,1 ,1 ,i ic rj = j +e -e 

ʜʝ iD ʽ iG ï ʬʫʥʢʮʽʷ ʧʝʨʝʚʘʛʠ ʪʘ ʩʫʤʘʨʥʠʭ ʚʠʪʨʘʪ ʜʣʷ i -ʛʦ ʝʣʝʤʝʥʪʘ ʤʽʥʽ-ʩʝʨʽʾ 

ʚʽʜʧʦʚʽʜʥʦ;( )| ,i iU Xp j ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʜʽʾ iU ʚ ʩʪʘʥʽ iX ʟʘ ʦʥʦʚʣʝʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʧʦʣʽʪʠʢʠ ‰; ( )| ,i i oldU Xp j ʻ ʡʤʦʚʽʨʥʽʩʪʶ ʜʽʾ iU ʚ ʩʪʘʥʽ iX , ʚʨʘʭʦʚʫʶʯʠ 
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ʧʦʧʝʨʝʜʥʽ ʧʘʨʘʤʝʪʨʠ ʧʦʣʽʪʠʢʠ oldj ʜʦ ʧʦʪʦʯʥʦʾ ʝʧʦʭʠ ʥʘʚʯʘʥʥʷ; oldj ʻ ʧʘʨʘʤʝʪʨʦʤ 

ʚʽʜʩʽʢʘʥʥʷ. 

ɸʢʪʦʨ ʽ ʢʨʠʪʠʢ ʨʝʘʣʽʟʦʚʘʥʽ ʫ ʚʠʛʣʷʜʽ ʰʪʫʯʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ (ʅʄ), 

ʘʨʭʽʪʝʢʪʫʨʠ ʷʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 3.5. ʆʩʢʽʣʴʢʠ ʘʛʝʥʪ ʐɯ ʧʦʚʦʜʠʪʴʩʷ 

ʩʪʦʭʘʩʪʠʯʥʦ ʧʽʜ ʯʘʩ ʥʘʚʯʘʥʥʷ, ʘʢʪʦʨ ʚʠʜʘʻ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʪʘ ʩʪʘʥʜʘʨʪʥʝ 

ʚʽʜʭʠʣʝʥʥʷ ʢʝʨʫʶʯʠʭ ʜʽʡ. ʐɯ ʦʪʨʠʤʫʻ ʥʘʩʪʫʧʥʠʡ ʚʝʢʪʦʨ ʩʪʘʥʫ ,
T

iX è ø= ffê ú, ʜʝ ʻ ʢʫʪ 

V-ʧʦʜʽʙʥʦʛʦ ʩʢʣʘʜʘʥʥʷ ʩʪʨʠʞʥʽʚ. 

 

a 

 

 

 

b 

ʈʠʩʫʥʦʢ 3.5 - ɸʨʭʽʪʝʢʪʫʨʠ ʅʄ ʢʨʠʪʠʢʘ ʽ ʘʢʪʦʨʘ. 

ʊʘʙʣʠʮʽ 3.1 ʽ 3.2 ʧʽʜʩʫʤʦʚʫʶʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʥʦʤʝʨʠ ʥʝʡʨʦʥʽʚ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʢʦʞʥʦʤʫ ʰʘʨʽ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. 

ʊʘʙʣʠʮʷ. 3.1. ʂʽʣʴʢʽʩʪʴ ʥʝʡʨʦʥʽʚ ʫ FC ʰʘʨʘʭ ʢʨʠʪʠʢʘ. 

ʐʘʨ CriticInput 1 ʰʘʨ 2 ʰʘʨ 3 ʰʘʨ CriticOutput 

ʂʽʣʴʢʽʩʪʴ 

ʥʝʡʨʦʥʽʚ 

2 20 14 10 1 
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ʊʘʙʣʠʮʷ. 3.2. ʂʽʣʴʢʽʩʪʴ ʥʝʡʨʦʥʽʚ ʫ FC ʰʘʨʘʭ ʘʢʪʦʨʘ. 

 

ʐʘʨ obsInLyr fc meanPthInLyr fc_1 fc_2 stdPthInLyr fc_3 fc_4 

ʂʽʣʴʢʽʩʪʴ 

ʥʝʡʨʦʥʽʚ 

2 32 32 16 1 32 16 1 

 

ɼʣʷ ʥʘʚʯʘʥʥʷ ʐɯ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʘʢʽ ʬʫʥʢʮʽʾ ʚʘʨʪʦʩʪʽ: 

ɺʘʨʪʽʩʪʴ 1  

( ) ( )( ) ( ) ( )( ) 0d d d dif t t and or t t andè ø¢ f²f > f<f >ê ú ʪʦʜʽ 1kC =ʱʝ 1kC =-, 

ʜʝdt  ï ʯʘʩ ʨʦʟʛʦʨʪʘʥʥʷ;df  ï ʢʫʪ ʬʽʢʩʘʮʽʾ ʰʘʨʥʽʨʘ; V-ʧʦʜʽʙʥʦʛʦ ʩʢʣʘʜʘʥʥʷ; 

 

ɺʘʨʪʽʩʪʴ 2  

( ) ( )( ) ( ) ( )( ) 0d d d dif t t and or t t andè ø¢ f²f > f<f >ê ú ʪʦʜʽ 1
T

k k kC U RU= - ʱʝ 

1 T

k k kC U RU=- - , 

ʜʝR  ï ʚʘʛʘ ʢʝʨʫʶʯʦʾ ʜʽʾ; 

 

ɺʘʨʪʽʩʪʴ 3 

1 T T

k k k k k pC X RX U RU if t t= - - ¢ʧʦʪʽʤ 1 1,Q Q R R= =  ʱʝ 2 2,Q Q R R= =  

ʜʝ 
pt  ʯʘʩ, ʢʦʣʠ ʚʘʛʠ ʧʝʨʝʤʠʢʘʶʪʴʩʷ ʟ 1 1,Q R  ʜʦ 2 2,Q R . 

ʂʦʣʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʘʨʪʽʩʪʴ 1, IA ʦʪʨʠʤʫʻ ʚʠʥʘʛʦʨʦʜʫ +1, ʷʢʱʦ 

ʢʦʥʩʪʨʫʢʮʽʷ ʨʦʟʛʦʨʪʘʻʪʴʩʷ ʧʨʦʪʷʛʦʤ ʟʘʟʥʘʯʝʥʦʛʦ ʯʘʩʫ, ʽ -1 ʰʪʨʘʬ ʟʘ ʮʽ ʧʨʦʤʽʞʢʠ 

ʯʘʩʫ, ʷʢʱʦ ʧʦʨʫʰʫʶʪʴʩʷ ʚʠʤʦʛʠ ʱʦʜʦ ʯʘʩʫ ʨʦʟʛʦʨʪʘʥʥʷ. ɺʘʨʪʽʩʪʴ 2 ʧʦʜʽʙʥʘ ʜʦ 

ʚʘʨʪʦʩʪʽ 1, ʘʣʝ ʪʘʢʦʞ ʰʪʨʘʬʫʻ ʢʝʨʫʶʯʽ ʜʽʾ. ɺʘʨʪʽʩʪʴ 3 ʻ ʢʚʘʜʨʘʪʠʯʥʠʤ ʢʨʠʪʝʨʽʻʤ ʽʟ 

ʟʤʽʥʥʠʤʠ ʚʘʛʘʤʠ, ʷʢʽ ʰʪʨʘʬʫʶʪʴ ʧʦʤʠʣʢʠ ʩʪʘʥʫ ʪʘ ʢʝʨʫʚʘʥʥʷ. 
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3. 4. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ 

ʑʦʙ ʚʠʚʯʠʪʠ ʜʦʮʽʣʴʥʽʩʪʴ ʧʽʜʭʦʜʫ ʅʇ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʨʦʟʛʦʨʪʘʥʥʷʤ ʩʪʨʠʞʥʝʚʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ, ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʨʽʟʥʽ ʚʠʧʘʜʢʠ, ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 3.3. ʎʽ ʚʠʧʘʜʢʠ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʬʫʥʢʮʽʷʤʠ ʚʘʨʪʦʩʪʽ, ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʪʝʨʪʷ ʚ ʰʘʨʥʽʨʘʭ V-ʧʦʜʽʙʥʠʭ 

ʩʪʨʠʞʥʽʚ ʽ ʬʫʥʢʮʽʷʤʠ ʘʢʪʠʚʘʮʽʾ ʘʢʪʦʨʘ. ʅʦʤʽʥʘʣʴʥʠʡ ʯʘʩ ʨʦʟʛʦʨʪʘʥʥʷ ʜʣʷ ʚʩʽʭ 

ʚʠʧʘʜʢʽʚ ʩʪʘʥʦʚʠʪʴ 10 ʩ. 

  

ʊʘʙʣʠʮʷ. 3.3. ʆʧʠʩ ʚʠʧʘʜʢʫ 

ʅʦʤʝʨ 

ʩʧʨʘʚʠ 

ɺʘʨʪʽʩʪʴ ʂʦʝʬʽʮʽʻʥʪ 

ʪʝʨʪʷ,

[ ]Nms  

ɺʠʭʽʜ ʘʢʪʦʨʘ 
1Q  2Q  1R  2R  pt

, c 
ʉʝʨʝʜʥʽʡ ʉʪʘʥʜʘʨʪʥʠʡ 

ɺʽʜʭʠʣʝʥʥʷ 

1 1 0 Tanh 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ 

(0,5) 

Tanh 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ 

(0,1) 

- - - - - 

2 2 0 Tanh 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ 

(0,5) 

Tanh 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ 

(0,1) 

- - 1 1 - 

3 3 0 ,001 Tanh 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ 

(0,5) 

Tanh 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ 

(0,1) 

ʜʽʘʛ 

[1,1] 

ʜʽʘʛ. 

[1;8] 

1 1 8 

4 3 0 ,0005 Tanh 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ 

(0,5) 

Tanh 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ 

(0,1) 

ʜʽʘʛ 

[1,1] 

ʜʽʘʛ. 

[1;8] 

1 1 8 

5 3 0 ,0015 Tanh 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ 

(0,5) 

Tanh 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ 

(0,1) 

ʜʽʘʛ 

[1,1] 

ʜʽʘʛ. 

[1;8] 

1 1 8 

6 3 0 ,001 Tanh 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ 

(0,5) 

Tanh 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ 

(0,05) 

ʜʽʘʛ 

[1,1] 

ʜʽʘʛ. 

[1;8] 

1 1 8 

7 3 0 ,0015 Tanh 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ 

(0,5) 

SoftPlus ʜʽʘʛ 

[1,1] 

ʜʽʘʛ. 

[1;8] 

2.5 2.5 8 
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8 3 0 ,001 SoftPlus SoftPlus ʜʽʘʛ 

[1,1] 

ʜʽʘʛ. 

[1;8] 

2.5 2.5 8 

9 3 0 .00 05 SoftPlus SoftPlus ʜʽʘʛ 

[1,1] 

ʜʽʘʛ. 

[1;8] 

1.5 1.5 8 

 

ʅʘ ʨʠʩ. 3.6, 3.6 ʧʦʢʘʟʘʥʦ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʛʦʨʪʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʐɯ ʫ ʚʠʧʘʜʢʫ 

1. ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 3.6, ʮʷ ʐɯ ʟʘʙʝʟʧʝʯʫʻ ʨʦʟʛʦʨʪʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʟʘ ʟʘʜʘʥʠʡ ʯʘʩ, ʘʣʝ 

ʧʨʠ ʮʴʦʤʫ ʩʪʨʠʞʥʽ V-ʧʦʜʽʙʥʦʛʦ ʩʢʣʘʜʘʥʥʷ ʦʙʝʨʪʘʶʪʴʩʷ ʟ ʚʠʩʦʢʦʶ ʢʫʪʦʚʦʶ 

ʰʚʠʜʢʽʩʪʶ ʧʝʨʝʜ ʟʘʤʠʢʘʥʥʷʤ, ʱʦ ʻ ʥʝʙʘʞʘʥʠʤ, ʦʩʢʽʣʴʢʠ ʟʙʽʣʴʰʫʻ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʢʦʥʩʪʨʫʢʮʽʶ. ɿʥʠʟʠʪʠ ʮʽ ʢʫʪʦʚʽ ʰʚʠʜʢʦʩʪʽ ʤʦʞʥʘ, ʥʘʚʯʠʚʰʠ ʐɯ ʟʘ ʜʦʧʦʤʦʛʦʶ Cost 

2. ʅʘ ʨʠʩʫʥʢʘʭ 3.7, 3.8 ʧʦʢʘʟʘʥʦ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʛʦʨʪʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʪʘʢʦʛʦ ʐɯ. ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 3.6-9, ʫ ʚʠʧʘʜʢʫ 2 ʢʫʪʦʚʽ ʰʚʠʜʢʦʩʪʽ ʪʘ ʢʝʨʫʶʯʠʡ ʤʦʤʝʥʪ 

ʤʝʥʰʽ, ʥʽʞ ʫ ʚʠʧʘʜʢʫ 1. ɺ ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʨʦʟʛʦʨʪʘʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʥʝʦʙʭʽʜʥʠʡ 

ʯʘʩ. 

 

ʈʠʩʫʥʦʢ 3.6. ɿʤʽʥʘ ʩʪʘʥʫ ʫ ʚʠʧʘʜʢʫ 1. 

 

ʈʠʩʫʥʦʢ 3.7. ɿʤʽʥʘ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ 

ʫ ʚʠʧʘʜʢʫ 1. 

 

ʈʠʩʫʥʦʢ 3.8. ɿʤʽʥʘ ʩʪʘʥʫ ʫ ʚʠʧʘʜʢʫ 2. 

 

ʈʠʩʫʥʦʢ 3.9. ɿʤʽʥʘ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ 

ʫ ʚʠʧʘʜʢʫ 2. 
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ʗʢ ʚʠʜʥʦ ʟ ʈʠʩʫʥʢ̔ʚ 3.10, 3.11, ʢʦʣʠ ʐɯ ʥʘʚʯʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ Cost 3, ʚʽʥ 

ʨʦʟʛʦʨʪʘʻ ʩʪʨʫʢʪʫʨʫ ʟʘ ʚʢʘʟʘʥʠʡ ʯʘʩ ʽ ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰ ʧʣʘʚʥʽ ʚʘʨʽʘʮʽʾ ʢʫʪʦʚʠʭ 

ʰʚʠʜʢʦʩʪʝʡ ʽ ʢʝʨʫʶʯʠʭ ʤʦʤʝʥʪʽʚ, ʥʽʞ ʢʦʣʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ Cost 1 ʽ Cost 2. 

 

ʈʠʩʫʥʦʢ 3.10. ɿʤʽʥʘ ʩʪʘʥʫ ʫ ʚʠʧʘʜʢʫ 3. 

 

ʈʠʩʫʥʦʢ 3.11. ɿʤʽʥʘ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʫ 

ʚʠʧʘʜʢʫ 3. 

 

ɺʠʧʘʜʦʢ 4 ʚʽʜʧʦʚʽʜʘʻ ʩʠʪʫʘʮʽʾ, ʢʦʣʠ ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ ʧʽʜ ʯʘʩ ʪʝʩʪʫʚʘʥʥʷ ʥʘ 

ʨʦʟʛʦʨʪʘʥʥʷ ʥʠʞʯʠʡ, ʥʽʞ ʧʽʜ ʯʘʩ ʥʘʚʯʘʥʥʷ. ɿ ʨʠʩ. 12 ʚʠʜʥʦ, ʱʦ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʨʦʟʛʦʨʪʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʥʘʯʥʦ ʰʚʠʜʰʝ, ʥʽʞ ʧʦʪʨʽʙʥʦ. ʂʨʽʤ ʪʦʛʦ, ʚ 

ʢʽʥʮʽ ʨʦʟʛʦʨʪʘʥʥʷ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʚʠʩʦʢʽ ʢʫʪʦʚʽ ʰʚʠʜʢʦʩʪʽ ʰʘʨʥʽʨʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

 

ʈʠʩʫʥʦʢ 3.12. ɿʤʽʥʘ ʩʪʘʥʫ ʫ ʚʠʧʘʜʢʫ 4. 

 

ʈʠʩʫʥʦʢ 3.13. ɿʤʽʥʘ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʫ 

ʚʠʧʘʜʢʫ 4. 

 

ʋ ʚʠʧʘʜʢʫ 5 ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ ʧʽʜ ʯʘʩ ʪʝʩʪʫʚʘʥʥʷ ʥʘ ʨʦʟʛʦʨʪʘʥʥʷ ʙʽʣʴʰʠʡ, ʥʽʞ 

ʧʽʜ ʯʘʩ ʥʘʚʯʘʥʥʷ. ɿ ʨʠʩ. 3.14 ʚʠʜʥʦ, ʱʦ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʨʦʟʛʦʨʪʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ 

ʥʝ ʟʘʚʝʨʰʫʻʪʴʩʷ ʧʨʦʪʷʛʦʤ ʟʘʟʥʘʯʝʥʦʛʦ ʯʘʩʫ. ɼʣʷ ʪʘʢʠʭ ʚʠʧʘʜʢʽʚ ʐɯ ʤʘʻ ʧʨʦʡʪʠ 

ʜʦʜʘʪʢʦʚʫ ʧʽʜʛʦʪʦʚʢʫ. ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 3.16, 3.17, ʐɯ ʚ ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʚʠʤʘʛʘʻ 
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ʙʣʠʟʴʢʦ 300 ʜʦʜʘʪʢʦʚʠʭ ʪʨʝʥʫʚʘʣʴʥʠʭ ʝʧʽʟʦʜʽʚ, ʱʦʙ ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʛʦʨʥʫʪʠ 

ʩʪʨʫʢʪʫʨʫ ʟʘ ʟʘʜʘʥʠʡ ʯʘʩ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʘʛʠ ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʽʚ ʙʫʣʠ ʟʤʽʥʝʥʽ ʥʘ 

0,5. 

 

ʈʠʩʫʥʦʢ 3.14. ɿʤʽʥʘ ʩʪʘʥʫ ʫ ʚʠʧʘʜʢʫ 5. 

 

ʈʠʩʫʥʦʢ 3.15. ɿʤʽʥʘ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʫ 

ʚʠʧʘʜʢʫ 5. 

 

ʈʠʩʫʥʦʢ 3.16. ɺʘʨʽʘʮʽʷ ʚʠʥʘʛʦʨʦʜʠ ʧʽʜ 

ʯʘʩ ʜʦʜʘʪʢʦʚʦʛʦ ʥʘʚʯʘʥʥʷ ʫ ʚʠʧʘʜʢʫ 4. 

 

ʈʠʩʫʥʦʢ 3.17. ɺʘʨʽʘʮʽʷ ʚʠʥʘʛʦʨʦʜʠ ʧʽʜ 

ʯʘʩ ʜʦʜʘʪʢʦʚʦʛʦ ʥʘʚʯʘʥʥʷ ʫ ʚʠʧʘʜʢʫ 5. 

 

ʈʠʩʫʥʦʢ 3.18. ɺʘʨʽʘʮʽʷ ʩʪʘʥʫ ʜʣʷ 

ʜʦʜʘʪʢʦʚʦ ʥʘʚʯʝʥʦʛʦ IA ʫ ʚʠʧʘʜʢʫ 5. 

 

ʈʠʩʫʥʦʢ 3.19. ɿʤʽʥʘ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ 

ʜʣʷ ʜʦʜʘʪʢʦʚʦ ʥʘʚʯʝʥʦʛʦ IA ʫ ʚʠʧʘʜʢʫ 5. 

 

ʅʘ ʨʠʩʫʥʢʘʭ 3.20-23 ʧʦʢʘʟʘʥʦ ʚʘʨʽʘʮʽʶ ʢʦʤʫʣʽʪʠʚʥʦʾ ʚʠʥʘʛʦʨʦʜʠ ʧʽʜ ʯʘʩ 

ʥʘʚʯʘʥʥʷ ʐɯ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʭ ʬʫʥʢʮʽʡ ʘʢʪʠʚʘʮʽʾ ʥʘ ʚʠʭʦʜʽ ʘʢʪʦʨʘ. ɿ ʨʠʩ. 3.20 
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ʚʠʜʥʦ, ʱʦ ʦʙʤʝʞʝʥʥʷ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʽʚ ʐɯ ʚ 

ʜʽʘʧʘʟʦʥʽ [0...1] ʟʘʙʝʟʧʝʯʫʻ ʩʪʘʙʽʣʴʥʠʡ ʧʨʦʮʝʩ ʥʘʚʯʘʥʥʷ. ɺʦʜʥʦʯʘʩ ʙʽʣʴʰʽ 

ʦʙʤʝʞʝʥʥʷ ʥʘ ʩʪʘʥʜʘʨʪʥʝ ʚʽʜʭʠʣʝʥʥʷ ʢʝʨʫʶʯʠʭ ʜʽʡ ʥʝ ʪʽʣʴʢʠ ʫʧʦʚʽʣʴʥʶʶʪʴ ʧʨʦʮʝʩ 

ʥʘʚʯʘʥʥʷ, ʘʣʝ ʡ ʨʦʙʣʷʪʴ ʡʦʛʦ ʤʝʥʰ ʩʪʘʙʽʣʴʥʠʤ. ʎʝ ʜʦʙʨʝ ʚʠʜʥʦ ʟ ʨʠʩ. 3.21, ʜʝ ʧʽʜ 

ʯʘʩ ʥʘʚʯʘʥʥʷ ʐɯ ʩʪʘʥʜʘʨʪʥʝ ʚʽʜʭʠʣʝʥʥʷ ʢʝʨʫʶʯʠʭ ʜʽʡ ʦʙʤʝʞʝʥʦ ʜʽʘʧʘʟʦʥʦʤ 

[0...0,1]. 

ʅʘ ʨʠʩ. 3.22-23 ʧʦʢʘʟʘʥʦ ʚʠʧʘʜʢʠ, ʢʦʣʠ ʩʪʘʥʜʘʨʪʥʝ ʚʽʜʭʠʣʝʥʥʷ ʢʝʨʫʶʯʠʭ ʜʽʡ 

IA ʥʝ ʦʙʤʝʞʝʥʝ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʐɯ ʥʘʚʯʘʻʪʴʩʷ ʰʚʠʜʰʝ, ʥʽʞ ʫ ʚʠʧʘʜʢʫ 3, ʦʩʢʽʣʴʢʠ 

ʚʽʥ ʘʢʪʠʚʥʽʰʝ ʜʦʩʣʽʜʞʫʻ ʧʨʦʩʪʽʨ ʩʪʘʥʽʚ-ʜʽʡ, ʘʣʝ ʡʦʛʦ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʤʦʞʝ 

ʧʦʛʽʨʰʠʪʠʩʷ ʧʽʜ ʯʘʩ ʥʘʚʯʘʥʥʷ. 

 

ʈʠʩʫʥʦʢ 3.20. ɿʤʽʥʘ ʚʠʥʘʛʦʨʦʜʠ ʧʽʜ ʯʘʩ 

ʥʘʚʯʘʥʥʷ ʫ ʚʠʧʘʜʢʫ 3. 

 

ʈʠʩʫʥʦʢ 3.21. ɿʤʽʥʘ ʚʠʥʘʛʦʨʦʜʠ ʧʽʜ ʯʘʩ 

ʥʘʚʯʘʥʥʷ ʫ ʚʠʧʘʜʢʫ 6. 

 

ʈʠʩʫʥʦʢ 3.22. ɿʤʽʥʘ ʚʠʥʘʛʦʨʦʜʠ ʧʽʜ ʯʘʩ 

ʥʘʚʯʘʥʥʷ ʫ ʚʠʧʘʜʢʫ 7. 

 

ʈʠʩʫʥʦʢ 3.23. ɿʤʽʥʘ ʚʠʥʘʛʦʨʦʜʠ ʧʽʜ ʯʘʩ 

ʥʘʚʯʘʥʥʷ ʫ ʚʠʧʘʜʢʫ 8. 
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ʈʠʩʫʥʦʢ 3.24. ɿʤʽʥʘ ʩʪʘʥʫ ʫ ʚʠʧʘʜʢʫ 8. 

 

ʈʠʩʫʥʦʢ 3.25. ɿʤʽʥʘ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʫ 

ʚʠʧʘʜʢʫ 8. 

 

ʈʠʩʫʥʦʢ 3.26. ɿʤʽʥʘ ʩʪʘʥʫ ʫ ʚʠʧʘʜʢʫ 9. 

 

ʈʠʩʫʥʦʢ 3.27 . ɿʤʽʥʘ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʫ 

ʚʠʧʘʜʢʫ 9. 

 

ʈʠʩʫʥʦʢ 3.28. ɺʘʨʽʘʮʽʷ ʚʠʥʘʛʦʨʦʜʠ ʧʽʜ ʯʘʩ ʜʦʜʘʪʢʦʚʦʛʦ ʥʘʚʯʘʥʥʷ ʫ ʚʠʧʘʜʢʫ 9.  

 

ʅʘ ʨʠʩ. 3.24ï28 ʧʦʢʘʟʘʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʣʷ ʐɯ, ʢʦʣʠ ʬʫʥʢʮʽʾ SoftPlus 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʜʣʷ ʩʝʨʝʜʥʴʦʛʦ, ʪʘʢ ʽ ʜʣʷ ʚʠʭʽʜʥʦʛʦ ʟʥʘʯʝʥʥʷ ʩʪʘʥʜʘʨʪʥʦʛʦ 

ʚʽʜʭʠʣʝʥʥʷ ʘʢʪʦʨʘ ʅʄ. ʊʘʢʽ ʬʫʥʢʮʽʾ ʘʢʪʠʚʘʮʽʾ ʦʙʤʝʞʫʶʪʴ ʚʠʭʽʜ ʚ ʦʙʣʘʩʪʴ 

ʧʦʟʠʪʠʚʥʠʭ ʟʥʘʯʝʥʴ. ɿ ʨʠʩ. 3.24 ʚʠʜʥʦ, ʱʦ ʪʘʢʠʡ ʐɯ ʟʘʙʝʟʧʝʯʫʻ ʨʦʟʛʦʨʪʘʥʥʷ 

ʢʦʥʩʪʨʫʢʮʽʾ ʟʘ ʟʘʜʘʥʠʡ ʯʘʩ, ʧʨʠ ʮʴʦʤʫ ʢʝʨʫʶʯʠʡ ʤʦʤʝʥʪ ʰʚʠʜʰʝ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 
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ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʜʦ ʤʽʥʽʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ (ʨʠʩ. 3.25). ʗʢ ʽ ʚ ʨʦʟʛʣʷʥʫʪʠʭ ʨʘʥʽʰʝ 

ʚʠʧʘʜʢʘʭ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʴʦʛʦ ɯɸ ʜʦ ʩʠʩʪʝʤʠ ʟ ʤʝʥʰʠʤ ʪʝʨʪʷʤ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, 

ʱʦ ʢʦʥʩʪʨʫʢʮʽʷ ʨʦʟʛʦʨʪʘʻʪʴʩʷ ʰʚʠʜʰʝ, ʥʽʞ ʧʦʪʨʽʙʥʦ. ʉʧʨʦʙʘ ʜʦʜʘʪʢʦʚʦ ʥʘʚʯʠʪʠ 

ʐɯ ʫ ʚʠʧʘʜʢʫ 9 ʥʝ ʙʫʣʘ ʥʘʩʪʽʣʴʢʠ ʫʩʧʽʰʥʦʶ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʨʘʥʽʰʝ ʨʦʟʛʣʷʥʫʪʠʤʠ 

ʚʠʧʘʜʢʘʤʠ ʟ ʪʦʯʢʠ ʟʦʨʫ ʥʝʦʙʭʽʜʥʠʭ ʝʧʽʟʦʜʽʚ ʽ ʩʪʘʙʽʣʴʥʦʩʪʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʬʫʥʢʮʽʾ ʘʢʪʠʚʘʮʽʾ tanh ʟ ʥʘʩʪʫʧʥʠʤ 

ʰʘʨʦʤ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʻ ʥʘʡʢʨʘʱʠʤ ʚʘʨʽʘʥʪʦʤ ʜʣʷ ʚʠʭʦʜʫ ʘʢʪʦʨʘ. ʊʘʢʘ ʘʨʭʽʪʝʢʪʫʨʘ 

ʜʦʟʚʦʣʷʻ ʦʙʤʝʞʠʪʠ ʢʝʨʫʶʯʽ ʜʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʾʭ ʪʝʭʥʽʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ, ʘ ʪʘʢʦʞ 

ʟʘʙʝʟʧʝʯʠʪʠ ʰʚʠʜʢʝ ʪʘ ʩʪʘʙʽʣʴʥʝ ʥʘʚʯʘʥʥʷ ʐɯ. 

  

3. 5. ɺʠʩʥʦʚʦʢ ʜʦ ʪʨʝʪʴʦʛʦ ʨʦʟʜʽʣʫ 

ʋʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʅʇ ʜʦ ʟʘʜʘʯʽ ʢʝʨʫʚʘʥʥʷ ʨʦʟʛʦʨʪʘʥʥʷʤ 

ʪʨʘʥʩʬʦʨʤʦʚʘʥʠʭ ʩʪʨʠʞʥʝʚʠʭ ʢʦʩʤʽʯʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʨʘʭʦʚʫʚʘʪʠ 

ʩʢʣʘʜʥʫ ʥʝʣʽʥʽʡʥʫ ʜʠʥʘʤʽʢʫ, ʦʙʤʝʞʝʥʥʷ ʥʘ ʢʝʨʫʶʯʽ ʜʽʾ ʪʘ ʚʽʜʩʫʪʥʽʩʪʴ ʧʦʚʥʦʾ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʫ ʬʦʨʤʽ, ʟʨʫʯʥʽʡ ʜʣʷ ʪʨʘʜʠʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʦʧʪʠʤʽʟʘʮʽʾ. 

ʈʦʟʨʦʙʣʝʥʦ ʩʧʨʦʱʝʥʫ, ʘʣʝ ʬʽʟʠʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʫ ʤʦʜʝʣʴ ʦʜʥʽʻʾ ʩʝʢʮʽʾ 

ʪʨʘʥʩʬʦʨʤʦʚʘʥʦʾ ʘʥʪʝʥʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʘʢʝʪʫ HotInt. ʋ ʤʦʜʝʣʽ ʨʝʘʣʽʟʦʚʘʥʦ 

ʦʙʤʝʞʝʥʥʷ ʥʘ ʟʥʘʢ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ, ʚʧʣʠʚ ʚ'ʷʟʢʦʛʦ ʪʝʨʪʷ ʪʘ ʤʝʞʽ ʜʦʧʫʩʪʠʤʦʛʦ 

ʢʫʪʘ ʤʽʞ V-ʧʦʜʽʙʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ. ʎʝ ʜʦʟʚʦʣʠʣʦ ʩʪʚʦʨʠʪʠ ʧʨʠʜʘʪʥʫ ʜʦ 

ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʩʪʦʚʫ ʧʣʘʪʬʦʨʤʫ ʜʣʷ ʥʘʚʯʘʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ 

ʘʛʝʥʪʘ. 

ɿʜʽʡʩʥʝʥʦ ʨʝʘʣʽʟʘʮʽʶ ʢʝʨʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ ʟ ʧʽʜʢʨʽʧʣʝʥʥʷʤ 

ʟʘ ʘʣʛʦʨʠʪʤʦʤ ʇʆʇ, ʷʢʠʡ ʚʢʣʶʯʘʻ ʩʪʨʫʢʪʫʨʫ ʘʢʪʦʨ-ʢʨʠʪʠʢ ʥʘ ʙʘʟʽ ʙʘʛʘʪʦʰʘʨʦʚʠʭ 

ʅʄ. ʉʬʦʨʤʫʣʴʦʚʘʥʦ ʜʝʢʽʣʴʢʘ ʚʘʨʽʘʥʪʽʚ ʬʫʥʢʮʽʡ ʚʘʨʪʦʩʪʽ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ 

ʮʽʣʴʦʚʽ ʬʫʥʢʮʽʾ ʧʽʜ ʯʘʩ ʥʘʚʯʘʥʥʷ, ʚʢʣʶʯʥʦ ʟ ʢʨʠʪʝʨʽʷʤʠ ʯʘʩʫ ʨʦʟʛʦʨʪʘʥʥʷ, ʢʫʪʦʚʦʾ 

ʰʚʠʜʢʦʩʪʽ ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʢʝʨʫʶʯʠʭ ʜʽʡ. ʅʘʡʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʧʣʘʚʥʦʩʪʽ ʡ ʪʦʯʥʦʩʪʽ ʨʦʟʛʦʨʪʘʥʥʷ ʜʦʩʷʛʥʫʪʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʬʫʥʢʮʽʾ ʚʘʨʪʦʩʪʽ 3 ʟ 

ʘʜʘʧʪʠʚʥʠʤʠ ʚʘʛʘʤʠ. 
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ʇʨʦʚʝʜʝʥʦ ʢʦʤʧʣʝʢʩʥʫ ʩʝʨʽʶ ʥʘʚʯʘʣʴʥʠʭ ʽ ʪʝʩʪʦʚʠʭ ʩʠʤʫʣʷʮʽʡ ʫ ʜʝʚôʷʪʠ 

ʚʘʨʽʘʥʪʘʭ ʥʘʣʘʰʪʫʚʘʥʴ ʘʛʝʥʪʽʚ, ʷʢʽ ʨʽʟʥʠʣʠʩʷ ʬʫʥʢʮʽʷʤʠ ʚʘʨʪʦʩʪʽ, ʢʦʝʬʽʮʽʻʥʪʘʤʠ 

ʪʝʨʪʷ ʚ ʰʘʨʥʽʨʘʭ, ʬʫʥʢʮʽʷʤʠ ʘʢʪʠʚʘʮʽʾ ʪʘ ʧʘʨʘʤʝʪʨʘʤʠ ʤʘʩʰʪʘʙʫʚʘʥʥʷ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʽʜʪʚʝʨʜʠʣʦ, ʱʦ: 

1) ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʫʥʢʮʽʡ ʚʘʨʪʦʩʪʽ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʽ ʝʥʝʨʛʝʪʠʯʥʽ, ʽ 

ʢʽʥʝʤʘʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʟʘʙʝʟʧʝʯʫʻ ʥʘʡʢʨʘʱʠʡ ʙʘʣʘʥʩ ʤʽʞ ʪʦʯʥʽʩʪʶ ʪʘ 

ʧʣʘʚʥʽʩʪʶ; 

2) ʬʫʥʢʮʽʾ ʘʢʪʠʚʘʮʽʾ ʪʠʧʫ tanh ʽʟ ʧʦʜʘʣʴʰʠʤ ʤʘʩʰʪʘʙʫʚʘʥʥʷʤ 

ʜʝʤʦʥʩʪʨʫʶʪʴ ʚʠʱʫ ʩʪʘʙʽʣʴʥʽʩʪʴ ʽ ʧʝʨʝʜʙʘʯʫʚʘʥʽʩʪʴ ʧʦʚʝʜʽʥʢʠ ʘʛʝʥʪʘ ʧʦʨʽʚʥʷʥʦ ʟ 

SoftPlus. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʥʘʚʯʝʥʠʡ ʐɯ ʟʜʘʪʝʥ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʟʤʽʥ ʜʠʥʘʤʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʥʩʪʨʫʢʮʽʾ, ʪʘʢʠʭ ʷʢ ʟʤʽʥʠ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʨʪʷ, ʰʣʷʭʦʤ ʜʦʜʘʪʢʦʚʦʛʦ 

ʜʦʥʘʚʯʘʥʥʷ ʥʘ ʥʦʚʠʭ ʪʨʘʻʢʪʦʨʽʷʭ. ɼʣʷ ʮʴʦʛʦ ʧʦʪʨʽʙʥʦ ʧʨʠʙʣʠʟʥʦ 300 ʜʦʜʘʪʢʦʚʠʭ 

ʝʧʽʟʦʜʽʚ ʪʨʝʥʫʚʘʥʥʷ, ʱʦ ʜʝʤʦʥʩʪʨʫʻ ʭʦʨʦʰʫ ʧʦʪʝʥʮʽʡʥʫ ʞʠʪʪʻʟʜʘʪʥʽʩʪʴ ʧʽʜʭʦʜʫ 

ʧʨʠ ʘʜʘʧʪʘʮʽʾ ʜʦ ʨʝʘʣʴʥʠʭ ʫʤʦʚ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʢʝʨʫʚʘʥʥʷ ʨʦʟʛʦʨʪʘʥʥʷʤ, ʨʝʘʣʽʟʦʚʘʥʠʡ ʥʘ ʦʩʥʦʚʽ ʐɯ, 

ʟʘʙʝʟʧʝʯʫʻ ʧʣʘʚʥʝ, ʰʚʠʜʢʝ ʽ ʢʝʨʦʚʘʥʝ ʜʦʩʷʛʥʝʥʥʷ ʢʽʥʮʝʚʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ, ʱʦ ʥʝ 

ʧʦʩʪʫʧʘʻʪʴʩʷ ʨʝʟʫʣʴʪʘʪʘʤ ʢʣʘʩʠʯʥʠʭ ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʧʽʜʭʦʜʽʚ, ʘʣʝ ʧʝʨʝʚʝʨʰʫʻ ʾʭ ʟʘ 

ʘʜʘʧʪʠʚʥʽʩʪʶ ʜʦ ʟʤʽʥ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʦʙʤʝʞʝʥʴ ʘʢʪʫʘʪʦʨʽʚ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʘʶʪʴ ʚʠʩʦʢʫ ʧʨʘʢʪʠʯʥʫ ʟʥʘʯʫʱʽʩʪʴ ʜʣʷ ʢʝʨʫʚʘʥʥʷ 

ʧʨʦʮʝʩʦʤ ʨʦʟʛʦʨʪʘʥʥʷ ʣʝʛʢʠʭ ʢʦʩʤʽʯʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʟʦʢʨʝʤʘ ʘʥʪʝʥ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʨʦʩʦʚʦ-ʰʢʽʚʥʽ ʧʨʠʚʦʜʠ. ʄʝʪʦʜ ʤʦʞʝ ʙʫʪʠ ʨʦʟʰʠʨʝʥʦ ʜʣʷ 

ʙʘʛʘʪʦʩʝʢʮʽʡʥʠʭ ʤʦʜʝʣʝʡ ʪʘ ʽʥʪʝʛʨʦʚʘʥʠʡ ʫ ʨʝʘʣʴʥʽ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʙʤʝʞʝʥʠʭ ʨʝʩʫʨʩʽʚ ʥʘ ʙʦʨʪʫ. 
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ʈʆɿɼɯʃ 4 ʂɽʈʋɺɸʅʅʗ ɺɯɼʎɽʅʊʈʆɺʀʄ ʈʆɿɻʆʈʊɸʅʅʗʄ 

ʊʈʀʉɽʂʎɯʁʅʆɰ ʐʊɸʅɻʀ ʄɯʅɯʉʋʇʋʊʅʀʂɸ 

 

ɿʛʽʜʥʦ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʚ ʨʦʟʜʽʣʽ 1, ʟʥʘʯʥʠʡ ʥʘʫʢʦʚʠʡ ʽʥʪʝʨʝʩ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʟʘʜʘʯʘʭ ʪʦʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʥʘʤʽʢʠ ʨʦʟʛʦʨʪʘʥʥʷ ʂʂʊ ʜʣʷ 

ʤʽʥʽʩʫʧʫʪʥʠʢʽʚ, ʘ ʦʩʦʙʣʠʚʫ ʫʚʘʛʫ ʙʫʣʦ ʥʘʜʘʥʦ ʩʪʨʽʣʦʧʦʜʽʙʥʠʤ ʂʂʊ.  

ɼʘʣʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʜʦʩʣʽʜʠʪʠ ʧʨʦʮʝʩʠ ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʨʦʟʛʦʨʪʘʥʥʷ 

ʪʨʠʩʝʢʮʽʡʥʦʾ ʩʪʨʽʣʠ ʪʘ ʧʦʧʝʨʝʜʥʴʦ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʜʦʮʽʣʴʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʴʦʛʦ 

ʩʧʦʩʦʙʫ ʨʦʟʛʦʨʪʘʥʥʷ ʜʣʷ ʤʽʥʽʩʫʧʫʪʥʠʢʽʚ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ. 

ɻʦʣʦʚʥʠʡ ʧʨʠʥʮʠʧ ʨʦʟʛʦʨʪʘʥʥʷ ʪʘʢʠʤ ʩʧʦʩʦʙʦʤ ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʚʽʜʮʝʥʪʨʦʚʘʥʠʭ ʩʠʣ ʢʦʥʩʪʨʫʢʮʽʾ ʧʽʜ ʯʘʩ ʦʙʝʨʪʘʥʥʷ ʢʦʩʤʽʯʥʦʛʦ ʘʧʘʨʘʪʫ. 

 

4. 1. ʄʽʥʽʩʫʧʽʪʥʠʢʠ ʟ ʚʝʣʠʢʠʤʠ ʧʨʠʻʜʥʘʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ, ʱʦ 

ʪʨʘʥʩʬʦʨʤʫʶʪʴʩʷ 

ʂʦʥʩʪʨʫʢʮʽʷ ʢʦʩʤʽʯʥʦʛʦ ʘʧʘʨʘʪʫ (ʂɸ) ʤʦʞʝ ʚʢʣʶʯʘʪʠ ʨʽʟʥʽ ʥʘʚʽʩʥʽ ʝʣʝʤʝʥʪʠ 

ʚʝʣʠʢʠʭ ʨʦʟʤʽʨʽʚ, ʪʘʢʽ ʷʢ ʩʦʥʷʯʥʽ ʙʘʪʘʨʝʾ, ʘʥʪʝʥʠ, ʩʪʨʽʣʠ ʪʦʱʦ. ʆʙʤʝʞʝʥʠʡ ʧʨʦʩʪʽʨ 

ʧʽʜ ʦʙʪʽʯʥʠʢʦʤ ʨʘʢʝʪʠ-ʥʦʩʽʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʪʘʢʠʭ 

ʝʣʝʤʝʥʪʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʚʦʜʠʪʠ ʾʭ ʥʘ ʦʨʙʽʪʫ ʚ ʩʢʣʘʜʝʥʦʤʫ ʩʪʘʥʽ, ʘ ʧʦʪʽʤ ʨʦʟʛʦʨʪʘʪʠ 

ʢʦʥʩʪʨʫʢʮʽʶ ʚ ʨʦʙʦʯʠʡ ʩʪʘʥ. ʈʦʟʛʦʨʪʘʥʥʷ ʪʨʘʥʩʬʦʨʤʦʚʘʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʫ 

ʢʦʩʤʽʯʥʦʤʫ ʧʨʦʩʪʦʨʽ ʻ ʥʝʧʨʦʩʪʠʤ ʟʘʚʜʘʥʥʷʤ, ʦʩʢʽʣʴʢʠ ʯʘʩʪʦ ʥʝʦʙʭʽʜʥʦ 

ʟʘʜʦʚʦʣʴʥʠʪʠ ʚʠʩʦʢʽ ʚʠʤʦʛʠ ʜʦ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽ ʥʘʜʽʡʥʦʩʪʽ ʚ 

ʫʤʦʚʘʭ ʦʙʤʝʞʝʥʴ ʧʦ ʤʘʩʽ, ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʶ ʪʘ ʽʥʰʠʭ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʧʨʦʮʝʩʠ 

ʨʦʟʛʦʨʪʘʥʥʷ ʪʨʘʥʩʬʦʨʤʦʚʘʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʚʠʢʣʠʢʘʶʪʴ ʟʥʘʯʥʠʡ ʽʥʪʝʨʝʩ ʫ 

ʥʘʫʢʦʚʮʽʚ. ʅʘʧʨʠʢʣʘʜ, ʤʦʜʝʣʶʚʘʥʥʶ ʨʦʟʛʦʨʪʘʥʥʷ ʘʥʪʝʥ ʧʨʠʩʚʷʯʝʥʽ ʨʦʙʦʪʠ [48-50, 

58]. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʚ'ʷʟʘʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʟʘʜʘʯ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʨʦʟʨʦʙʮʽ 

ʪʨʘʥʩʬʦʨʤʦʚʘʥʠʭ ʙʦʥʦʚʠʭ ʟʘʛʦʨʦʜʞʝʥʴ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʧʫʙʣʽʢʘʮʽʷʭ [93 - 96]. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʨʘʥʽʰʝ ʙʽʣʴʰʽʩʪʴ ʧʨʦʝʢʪʽʚ ʟ ʪʨʘʥʩʬʦʨʤʦʚʘʥʠʤʠ 

ʩʪʨʫʢʪʫʨʘʤʠ ʚʠʤʘʛʘʣʠ ʚʝʣʠʢʠʭ ʩʫʧʫʪʥʠʢʽʚ, ʩʴʦʛʦʜʥʽ ʚʩʝ ʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 
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ʤʘʣʽ ʩʫʧʫʪʥʠʢʠ. ʆʜʥʠʤ ʟ ʪʘʢʠʭ ʧʨʠʢʣʘʜʽʚ ʻ ʄʉ ʟ ʈʃʉ [51]. ʅʝʜʦʨʦʛʽ ʤʘʣʽ 

ʩʫʧʫʪʥʠʢʦʚʽ ʩʠʩʪʝʤʠ ʤʘʶʪʴ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʨʦʟʰʠʨʝʥʥʷ ʩʧʝʢʪʨʫ ʟʘʩʪʦʩʫʚʘʥʴ ʈʉɸ ʽ 

ʧʽʜʚʠʱʝʥʥʷ ʾʭʥʴʦʾ ʢʦʤʝʨʮʽʡʥʦʾ ʧʨʠʚʘʙʣʠʚʦʩʪʽ. 

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʄʉ ʟ ʇʉ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʽʜʭʦʜʠ ʪʘ ʨʽʰʝʥʥʷ, ʷʢʽ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʪʠʭ, ʱʦ ʪʨʘʜʠʮʽʡʥʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʚʝʣʠʢʠʭ ʢʦʩʤʽʯʥʠʭ 

ʘʧʘʨʘʪʽʚ. ʆʜʥʠʤ ʟ ʪʘʢʠʭ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʧʽʜʭʦʜʽʚ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʤʽʩʪʴ 

ʪʨʘʜʠʮʽʡʥʦʾ ʘʥʪʝʥʠ ʟ ʬʘʟʦʚʘʥʦʶ ʘʥʪʝʥʥʦʶ ʨʝʰʽʪʢʦʶ (ʌɸʈ), ʱʦ ʨʦʟʛʦʨʪʘʻʪʴʩʷ, 

ʘʥʪʝʥʠ ʟ ʚʽʜʙʠʚʘʯʝʤ, ʷʢʘ ʧʦʟʠʮʽʦʥʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʨʘʥʩʬʦʨʤʦʚʘʥʦʾ ʩʪʨʽʣʠ 

[52]. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʩʪʘʥʦʚʠʪʴ ʽʥʪʝʨʝʩ ʨʦʟʛʣʷʜ ʤʦʞʣʠʚʦʩʪʽ ʟʤʝʥʰʝʥʥʷ ʚʘʛʠ ʩʪʨʽʣʠ 

ʟʘ ʨʘʭʫʥʦʢ ʚʽʜʤʦʚʠ ʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʝʨʚʦʧʨʠʚʦʜʽʚ ʫ ʩʠʩʪʝʤʽ ʨʦʟʛʦʨʪʘʥʥʷ. 

ʇʨʠʢʣʘʜʦʤ ʪʘʢʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʻ ʧʦʣʽʤʝʨʥʘ ʩʪʨʽʣʘ, ʘʨʤʦʚʘʥʘ ʚʫʛʣʝʮʝʚʠʤ ʚʦʣʦʢʥʦʤ, ʟʽ 

ʩʧʝʮʽʘʣʴʥʠʤ ʧʦʧʝʨʝʯʥʠʤ ʧʝʨʝʨʽʟʦʤ. ʊʘʢʘ ʪʝʭʥʦʣʦʛʽʷ ʜʦʟʚʦʣʷʻ ʥʘʤʦʪʫʚʘʪʠ ʩʪʨʽʣʫ ʷʢ 

ʩʪʨʽʯʢʫ ʥʘ ʙʘʨʘʙʘʥ, ʘ ʧʽʩʣʷ ʟʘʧʫʩʢʫ ʢʦʩʤʽʯʥʦʛʦ ʘʧʘʨʘʪʫ, ʟʘ ʨʘʭʫʥʦʢ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʧʦʧʝʨʝʜʥʴʦʛʦ ʥʘʧʨʫʞʝʥʥʷ, ʨʦʟʤʦʪʫʚʘʪʠ ʾʾ ʽ ʬʦʨʤʫʚʘʪʠ ʜʦʩʠʪʴ ʞʦʨʩʪʢʫ 

ʧʨʷʤʦʣʽʥʽʡʥʫ ʢʦʥʩʪʨʫʢʮʽʶ [97]. ʆʜʥʘʢ ʟʘʜʦʚʦʣʴʥʠʪʠ ʞʦʨʩʪʢʽ ʚʠʤʦʛʠ ʜʦ ʪʦʯʥʦʩʪʽ 

ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ɼʈɸ ʚʽʜʥʦʩʥʦ ʬʽʜʝʨʥʠʭ ʨʫʧʦʨʽʚ ʟʘ ʪʘʢʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʚʠʜʘʻʪʴʩʷ 

ʧʨʦʙʣʝʤʘʪʠʯʥʠʤ. ɹʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʦʶ ʢʦʥʩʪʨʫʢʮʽʻʶ ʻ ʙʘʛʘʪʦʩʝʢʮʽʡʥʘ ʰʪʘʥʛʘ ʟ 

ʚʫʛʣʝʧʣʘʩʪʠʢʦʚʠʭ ʪʨʫʙ. ʈʦʟʛʦʨʪʘʥʥʷ ʪʘʢʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʚʽʜʮʝʥʪʨʦʚʠʭ ʩʠʣ ʧʽʜ ʯʘʩ ʦʙʝʨʪʘʥʥʷ ʢʦʩʤʽʯʥʦʛʦ ʘʧʘʨʘʪʫ [98]. ʅʘʨʘʟʽ ʽʩʥʫʻ ʫʩʧʽʰʥʠʡ 

ʦʨʙʽʪʘʣʴʥʠʡ ʜʦʩʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʩʪʨʽʣ ʜʣʷ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ, 

ʩʪʘʙʽʣʽʟʦʚʘʥʠʭ ʦʙʝʨʪʘʥʥʷʤ [99]. ʇʨʦʪʝ, ʫ ʟʚ'ʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʦʩʦʙʣʠʚʦʩʪʽ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʘʢʠʭ ʩʫʧʫʪʥʠʢʽʚ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʂɸ ɼɿɿ, ʩʪʘʥʦʚʠʪʴ 

ʽʥʪʝʨʝʩ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʮʽʣʴʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʨʦʟʛʦʨʪʘʥʥʷ ʜʣʷ 

ʮʴʦʛʦ ʢʣʘʩʫ ʩʫʧʫʪʥʠʢʽʚ. 
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4. 2. ʆʧʠʩ ʩʠʩʪʝʤʠ ʪʘ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ 

ʄʉ ʤʽʩʪʠʪʴ ʧʣʘʪʬʦʨʤʫ, ʜʦ ʷʢʦʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʰʪʘʥʛʠ, ʱʦ ʪʨʘʥʩʬʦʨʤʫʻʪʴʩʷ, 

ʢʨʽʧʠʪʴʩʷ ʪʨʘʥʩʬʦʨʤʦʚʘʥʘ ʘʥʪʝʥʘ (ʨʠʩ. 4.1). ʇʝʨʝʜ ʨʦʟʛʦʨʪʘʥʥʷʤ ʩʪʨʽʣʘ ʪʘ ʘʥʪʝʥʘ 

ʬʽʢʩʫʶʪʴʩʷ ʥʘ ʢʦʨʧʫʩʽ ʄʉ ʫ ʩʢʣʘʜʝʥʦʤʫ ʩʪʘʥʽ (ʨʠʩ. 4.1ʘ).  

 
a 

 
b 

 
c 

 
d 

 
e 

 
f 

ʈʠʩʫʥʦʢ 4.1 - ɽʪʘʧʠ ʨʦʟʛʦʨʪʘʥʥʷ ʧʨʠʜʘʪʢʫ 

 

ʉʝʢʮʽʾ ʩʪʨʽʣʠ ʟ'ʻʜʥʘʥʽ ʰʘʨʥʽʨʘʤʠ ʟ ʦʜʥʠʤ ʩʪʫʧʝʥʝʤ ʩʚʦʙʦʜʠ ʦʙʝʨʪʘʥʥʷ. ʂʦʞʝʥ 

ʟ ʰʘʨʥʽʨʽʚ ʩʪʨʽʣʠ ʤʘʻ ʩʪʦʧʦʨʥʠʡ ʤʝʭʘʥʽʟʤ, ʷʢʠʡ ʟʘʤʠʢʘʻʪʴʩʷ ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ 

ʟʘʜʘʥʦʛʦ ʢʫʪʘ ʨʦʟʛʦʨʪʘʥʥʷ. ʉʝʢʮʽʾ ʰʪʘʥʛʠ ʧʦʩʣʽʜʦʚʥʦ ʨʦʟʛʦʨʪʘʶʪʴʩʷ ʧʽʜ ʜʽʻʶ 

ʚʽʜʮʝʥʪʨʦʚʠʭ ʩʠʣ ʧʨʠ ʦʙʝʨʪʘʥʥʽ ʄʉ ʚ ʥʝʦʙʭʽʜʥʦʤʫ ʥʘʧʨʷʤʢʫ (ʨʠʩ. 4.1b-d). ʇʽʩʣʷ 

ʟʘʚʝʨʰʝʥʥʷ ʨʦʟʛʦʨʪʘʥʥʷ ʩʪʨʽʣʠ ʧʦʯʠʥʘʻʪʴʩʷ ʨʦʟʛʦʨʪʘʥʥʷ ʨʝʬʣʝʢʪʦʨʘ, ʷʢʝ ʚ ʮʴʦʤʫ 

ʨʦʟʜʽʣʽ ʥʝ ʨʦʟʛʣʷʜʘʻʪʴʩʷ. 

ʑʦʙ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʜʦʮʽʣʴʥʽʩʪʴ ʪʘʢʦʛʦ ʩʧʦʩʦʙʫ ʨʦʟʛʦʨʪʘʥʥʷ, ʥʝʦʙʭʽʜʥʦ 

ʚʠʨʽʰʠʪʠ ʥʘʩʪʫʧʥʽ ʟʘʚʜʘʥʥʷ: 

- ʧʦʙʫʜʫʚʘʪʠ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʚʽʜʮʝʥʪʨʦʚʦʛʦ 

ʨʦʟʛʦʨʪʘʥʥʷ ʩʪʨʽʣʠ; 

- ʟʤʦʜʝʣʶʚʘʪʠ ʧʨʦʮʝʩʠ ʨʦʟʛʦʨʪʘʥʥʷ ʩʪʨʽʣʠ ʪʘ ʦʮʽʥʠʪʠ ʥʝʦʙʭʽʜʥʽ ʢʝʨʫʶʯʽ ʜʽʾ ʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʜʽʶʪʴ ʥʘ ʢʦʥʩʪʨʫʢʮʽʶ. 
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4. 3. ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ 

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʨʦʟʛʦʨʪʘʥʥʷ ʩʪʨʽʣʠ 

ɹʉ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʚʠʛʣʷʜʽ ʩʠʩʪʝʤʠ ʙʘʛʘʪʴʦʭ ʪʽʣ (ʨʠʩ. 

4.2). ʇʣʘʪʬʦʨʤʘ ɹʉ ʽ ʫʢʣʘʜʝʥʘ ʘʥʪʝʥʘ ʤʦʜʝʣʶʶʪʴʩʷ 

ʘʙʩʦʣʶʪʥʦ ʞʦʨʩʪʢʠʤʠ ʪʽʣʘʤʠ, ʘ ʩʪʨʽʣʘ - ʪʨʴʦʤʘ 

ʛʥʫʯʢʠʤʠ ʩʪʨʠʞʥʷʤʠ ʪʨʫʙʯʘʩʪʦʛʦ ʧʝʨʝʨʽʟʫ. ɸʥʪʝʥʘ 

ʧʨʠʢʨʽʧʣʝʥʘ ʜʦ ʩʪʨʽʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʝʨʫʭʦʤʦʛʦ 

ʰʘʨʥʽʨʘ. ʐʘʨʥʽʨʠ ʟ ʦʜʥʠʤ ʩʪʫʧʝʥʝʤ ʩʚʦʙʦʜʠ 

ʦʙʝʨʪʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʟ'ʻʜʥʘʥʥʷ ʩʝʢʮʽʡ 

ʩʪʨʽʣʠ ʤʽʞ ʩʦʙʦʶ, ʘ ʪʘʢʦʞ ʜʣʷ ʢʨʽʧʣʝʥʥʷ ʾʾ ʜʦ 

ʧʣʘʪʬʦʨʤʠ ʄʉ. 

ɼʣʷ ʦʧʠʩʫ ʜʠʥʘʤʽʢʠ ʄʉ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʥʘʩʪʫʧʥʽ ʢʦʦʨʜʠʥʘʪʥʽ ʨʘʤʢʠ: 

I I I IO x y z  ʽʥʝʨʮʽʘʣʴʥʘ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ (ɯʉʂ) ʟ ʧʦʯʘʪʢʦʤ ʫ ʮʝʥʪʨʽ ʤʘʩ ɿʝʤʣʽ 

IO , ʚʽʩʴ I IO y  ʩʧʨʷʤʦʚʘʥʘ ʚʟʜʦʚʞ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ɿʝʤʣʽ, ʘ ʚʽʩʴ I IO z  ʚʢʘʟʫʻ ʥʘ ʪʦʯʢʫ 

ʚʝʩʥʷʥʦʛʦ ʨʽʚʥʦʜʝʥʥʷ ʚ ʜʘʥʫ ʝʧʦʭʫ; 

j j j j

S S S SO x y z  ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ, ʟʘʢʨʽʧʣʝʥʽ ʟ ʪʽʣʘʤʠ (ʉʂʄ) ʟ ʧʦʯʘʪʢʘʤʠ ʚ ʾʭʥʽʭ 

ʮʝʥʪʨʘʭ ʤʘʩ ʽ ʦʩʷʤʠ, ʱʦ ʟʙʽʛʘʶʪʴʩʷ ʟ ʮʝʥʪʨʘʣʴʥʠʤʠ ʦʩʷʤʠ ʽʥʝʨʮʽʾ ʚʽʜʧʦʚʽʜʥʠʭ ʪʽʣ. 

ʊʫʪ ʽ ʜʘʣʽ ʥʘʜʨʷʜʢʦʚʠʡ ʽʥʜʝʢʩ j  ʧʦʟʥʘʯʘʻ ʥʦʤʝʨ ʪʽʣʘ ʚ ʪʘʢʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ: 1 - 

ʧʣʘʪʬʦʨʤʘ ʄʉ; 2...4 - ʩʝʢʮʽʾ ʩʪʨʽʣʠ; 5 - ʘʥʪʝʥʘ.  

S O O OO x y z  ʦʨʙʽʪʘʣʴʥʘ ʩʠʩʪʝʤʘ ʚʽʜʣʽʢʫ (ʆCɺ) ʟ ʧʦʯʘʪʢʦʤ ʫ ʮʝʥʪʨʽ ʤʘʩ ʂɸ, ʚʽʩʴ 

S OO z  ʩʧʨʷʤʦʚʘʥʘ ʚʟʜʦʚʞ ʚʝʢʪʦʨʘ ʧʦʣʦʞʝʥʥʷ ʮʝʥʪʨʫ ʤʘʩ ʂɸ ʚʽʜʥʦʩʥʦ ʮʝʥʪʨʫ ɿʝʤʣʽ, 

ʚʽʩʴ S OO y  ʩʧʨʷʤʦʚʘʥʘ ʚʟʜʦʚʞ ʚʝʢʪʦʨʘ ʢʫʪʦʚʦʛʦ ʤʦʤʝʥʪʫ ʦʨʙʽʪʘʣʴʥʦʛʦ ʨʫʭʫ ʂɸ. 

ʄʘʪʨʠʮʶ ʨʦʪʘʮʽʾ IOT  ʚʽʜ ɯʉʂ ʜʦ ʆCɺ ʤʦʞʥʘ ʧʦʜʘʪʠ ʫ ʚʠʛʣʷʜʽ 

,IO u iT T T T  

0

0 ,

0 0 1

i

ci si

T si ci  

0

0 1 0 ,

0

c s

T

s c

 

0

0 1 0 .

0

u

cu su

T

su cu

 

 
ʈʠʩʫʥʦʢ 4.2 - ʄʝʭʘʥʽʯʥʘ 

ʤʦʜʝʣʴ ʄʉ 
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ʜʝ W - ʜʦʚʛʦʪʘ ʚʠʩʭʽʜʥʦʛʦ ʚʫʟʣʘ,i  - ʥʘʭʠʣ ʦʨʙʽʪʠ,u  - ʘʨʛʫʤʝʥʪ ʰʠʨʦʪʠ, ʪʫʪ ʽ ʜʘʣʽ 

ʩʠʤʚʦʣʠc  s̔  ʧʦʟʥʘʯʘʶʪʴ ʚ ʤʘʪʨʠʮʷʭ ʧʝʨʝʭʦʜʽʚcos s̔in ʚʽʜʧʦʚʽʜʥʦ. 

ʇʦʣʦʞʝʥʥʷ ʦʩʝʡ ʉʂʆ ʚʽʜʥʦʩʥʦ ʆʈʏ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʨʴʦʤʘ ʢʫʪʘʤʠ ɽʡʣʝʨʘ: 

ʨʠʩʢʘʥʥʷ jy, ʪʘʥʛʘʞʫjf, ʢʨʝʥʫ jJ. ʄʘʪʨʠʮʷ ʧʦʚʦʨʦʪʫ ʚʽʜ ʆCɺ ʜʦ ʉʂʆ ʤʘʻ 

ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 

j j j j

OST T T Ty f J= , 

ʜʝ 

1 0 0

0

0

j j j

j j

T c s

s c

y

è ø
é ù
= y y
é ù
é ù- y yê ú

, 

0

0 1 0

0

j j

j

j j

c s

T

s c

f

è øf - f
é ù
=é ù
é ùf fê ú

, 

0

0

0 0 1

j j

j j j

c s

T s cJ

è øJ J
é ù
= - J Jé ù
é ù
ê ú

 

ʂʫʪʠ ɽʡʣʝʨʘ ʟʨʫʯʥʽ ʜʣʷ ʨʦʟʫʤʽʥʥʷ ʤʘʥʝʚʨʽʚ ʦʨʽʻʥʪʘʮʽʾ ʂɸ, ʘʣʝ ʚʽʜʦʤʦ, ʱʦ 

ʢʽʥʝʤʘʪʠʯʥʽ ʨʽʚʥʷʥʥʷ ʜʣʷ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʘʶʪʴ ʩʠʥʛʫʣʷʨʥʽ ʩʪʘʥʠ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ 

ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʨʽʻʥʪʘʮʽʾ ʉʂʆ ʚʽʜʥʦʩʥʦ ʆCɺ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʜʠʥʘʤʽʢʠ ʂɸ ʽ 

ʧʨʦʝʢʪʫʚʘʥʥʽ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʚʝʢʪʦʨ, ʩʢʣʘʜʝʥʠʡ ʟ 

ʢʚʘʪʝʨʥʽʦʥʥʠʭ ʢʦʤʧʦʥʝʥʪ 0 1 2 3Q , , ,
T

j j j j jq q q qè ø=ê ú. 

ʂʦʤʧʦʥʝʥʪʠ ʢʚʘʪʝʨʥʽʦʥʘ Qj  ʚʠʨʘʞʘʶʪʴʩʷ ʯʝʨʝʟ ʢʫʪʠ ɽʡʣʝʨʘ ʥʘʩʪʫʧʥʠʤ 

ʯʠʥʦʤ: 

( )( )( ) ( )( )( )0 c 2 c 2 c 2 s 2 s 2 s 2j j j j j j jq = J f y + J f y, 

( )( )( ) ( )( )( )1 c 2 c 2 s 2 s 2 s 2 c 2j j j j j j jq = J f y - J f y, 

( )( )( ) ( )( )( )2 c 2 s 2 c 2 s 2 c 2 s 2j j j j j j jq = J f y + J f y, 

( )( )( ) ( )( )( )4 s 2 c 2 c 2 c 2 s 2 s 2j j j j j j jq = J f y - J f y. 

ɿʚ'ʷʟʦʢ ʤʽʞ ʢʚʘʪʝʨʥʽʦʥʥʦʶ ʧʦʭʽʜʥʦʶ ʪʘ ʢʫʪʦʚʦʶ ʰʚʠʜʢʽʩʪʶ ʚʽʜʥʦʩʥʦ ʆCɺɤ
j
 

ʤʦʞʥʘ ʚʠʨʘʟʠʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ:  

( )

( )

0 ɤ
Q 0.5 Q

ɤ

T
j

j

j j
³

è ø-
é ù=
é ù

-wé ùê ú

,  
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ʜʝ ( )
3 2

3 1

2 1

0

0

0

j

³ ³

³
³ ³

³ ³

è ø-w w
é ù

w = w -wé ù
é ù-w wê ú

. 

ʇʝʨʝʤʽʱʝʥʥʷ i-ʛʦ ʚʫʟʣʘ ʛʥʫʯʢʠʭ ʪʽʣ ʚ ʨʝʟʫʣʴʪʘʪʽ ʾʭ ʜʝʬʦʨʤʘʮʽʡ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

 j j j

i iȹ Y=Y ,  (4.1) 

ʜʝ j

iY  - ʤʘʪʨʠʮʷ ʬʦʨʤʠ ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ ʜʣʷ i-ʛʦ ʚʫʟʣʘ ʛʥʫʯʢʦʛʦ ʪʽʣʘ; jY  - ʚʝʢʪʦʨ 

ʤʦʜʘʣʴʥʠʭ ʢʦʦʨʜʠʥʘʪ. 

ʇʦʣʦʞʝʥʥʷ i-ʛʦ ʚʫʟʣʘ ʛʥʫʯʢʦʛʦ ʪʽʣʘ ʚ ɯʉʂ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

 ( )j j j j j

i o SI i iɝ ȹP X T= + + ,   (4.2) 

ʜʝ j

oX  - ʚʝʢʪʦʨ ʧʦʣʦʞʝʥʥʷ ʮʝʥʪʨʫ ʤʘʩ ʛʥʫʯʢʦʛʦ ʪʽʣʘ ʚ ɯʉʂ; j

oɝ - ʚʝʢʪʦʨ ʧʦʣʦʞʝʥʥʷ i-

ʛʦ ʚʫʟʣʘ ʚ ʉʂʆ; j

SIT =( )IO

T

T ( )j

OS

T

T  - ʤʘʪʨʠʮʷ ʧʦʚʦʨʦʪʫ ʚʽʜ ʉʂʆ ʜʦ ɯʉʂ. 

ɿ'ʻʜʥʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʟ'ʻʜʥʘʥʥʷ ʜʚʦʭ ʪʽʣ. ʇʦʣʦʞʝʥʥʷ ʚʫʟʣʽʚ 

ʟ'ʻʜʥʘʥʥʷ ʦʧʠʩʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʚʦʭ ʩʠʩʪʝʤ ʚʽʜʣʽʢʫ. ʋʤʦʚʥʦ ʥʘʟʚʝʤʦ ʾʭ 

ʩʠʩʪʝʤʦʶ ʢʦʦʨʜʠʥʘʪ ʜʽʾ (ʉʂɼ) ʪʘ ʩʠʩʪʝʤʘʤʠ ʢʦʦʨʜʠʥʘʪ ʦʩʥʦʚʠ (ʉʂʆ). 

ʅʝʨʫʭʦʤʠʡ ʰʘʨʥʽʨ ʦʙʤʝʞʫʻ ʪʨʠ ʧʦʩʪʫʧʘʣʴʥʽ ʪʘ ʦʙʝʨʪʘʣʴʥʽ ʩʪʫʧʝʥʽ ʩʚʦʙʦʜʠ 

ʦʜʥʦʛʦ ʪʽʣʘ ʚʽʜʥʦʩʥʦ ʽʥʰʦʛʦ, ʪʦʤʫ ʧʦʣʦʞʝʥʥʷ ʪʘ ʦʨʽʻʥʪʘʮʽʷ ʉʂɼ ʧʦʚʠʥʥʽ ʙʫʪʠ 

ʬʽʢʩʦʚʘʥʠʤʠ ʚʽʜʥʦʩʥʦ ʉʂʆ. ʎʽ ʦʙʤʝʞʝʥʥʷ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

 0T a br rF = - =, 0

T

b a

T

R b a

T

b a

g h

h f

f g

è ø
é ù

F = =é ù
é ù
ê ú

  (4.3) 

ʜʝ ar , br  - ʚʝʢʪʦʨʠ ʘʙʩʦʣʶʪʥʠʭ ʧʝʨʝʤʽʱʝʥʴ ʉʂɼ ʪʘ ʉʂʆ ʚʽʜʧʦʚʽʜʥʦ; af , ag , ah  - 

ʚʝʢʪʦʨʠ ʦʩʝʡ x , y , z  ʉʂɼ; bf , bg , bh  - ʚʝʢʪʦʨʠ ʦʩʝʡ x , y , z  ʉʂʆ. 

ʉʠʣʘ ʦʙʤʝʞʝʥʥʷ ʪʘ ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʥʦʞʥʠʢʽʚ 

ʃʘʛʨʘʥʞʘ: 
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Ta

Ra

F

T

lè øè ø
=é ùé ùlê úê ú

.   (4.4) 

ʆʙʝʨʪʘʣʴʥʠʡ ʰʘʨʥʽʨ ʦʙʤʝʞʫʻ ʪʨʠ ʧʦʩʪʫʧʘʣʴʥʽ ʪʘ ʜʚʽ ʦʙʝʨʪʘʣʴʥʽ ʩʪʫʧʝʥʽ 

ʩʚʦʙʦʜʠ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʦʙʤʝʞʝʥʥʷ ʥʘ ʧʦʩʪʫʧʘʣʴʥʽ ʩʪʫʧʝʥʽ ʩʚʦʙʦʜʠ ʤʘʶʪʴ ʪʘʢʠʡ 

ʩʘʤʠʡ ʚʠʛʣʷʜ, ʷʢ ʽ ʚ ʥʝʨʫʭʦʤʦʤʫ ʰʘʨʥʽʨʽ, ʘ ʦʙʤʝʞʝʥʥʷ ʥʘ ʩʪʫʧʝʥʽ ʩʚʦʙʦʜʠ 

ʦʙʝʨʪʘʥʥʷ ʚʽʜʥʦʩʥʦ ʦʩʝʡ x ʪʘ y ʟʘʜʘʶʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

 0
T

b a

R T

b a

h f

h g

è ø
F = =é ù

ê ú
.   (4.5) 

ʆʙʤʝʞʫʚʘʣʴʥʠʡ ʤʦʤʝʥʪ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʥʦʞʥʠʢʽʚ ʃʘʛʨʘʥʞʘ 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

 

0

0a R b

D F

T A

è ø
é ù

=l +
é ù
é ùl +lê ú

  (4.6) 

ʜʝ bA  - ʤʘʪʨʠʮʷ ʦʨʽʻʥʪʘʮʽʾ ʉʂʆ; Dl  - ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ, ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʦʙʝʨʪʘʥʥʷ 

ʰʘʨʥʽʨʘ;Fl  - ʤʦʤʝʥʪ ʪʝʨʪʷ. 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʟʘʛʘʣʴʥʠʡ ʤʦʤʝʥʪ ʪʝʨʪʷ ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʥʘʩʪʫʧʥʠʤ 

ʯʠʥʦʤ 

F P R A Bl =l +l +l +l. 

ʂʦʣʠ ʟ'ʻʜʥʘʥʥʷ ʟʥʘʭʦʜʠʪʴʩʷ ʧʽʜ ʧʦʧʝʨʝʜʥʽʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ, ʥʘʧʨʠʢʣʘʜ, ʧʨʠ 

ʩʪʠʩʢʘʥʥʽ, ʤʦʤʝʥʪ ʪʝʨʪʷ ʧʦʚʠʥʝʥ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʥʘʩʪʫʧʥʝ ʨʽʚʥʷʥʥʷ 

()
0P P

s

vm
l = l

m
, 

ʜʝ v  - ʰʚʠʜʢʽʩʪʴ ʫ ʪʦʯʮʽ ʢʦʥʪʘʢʪʫ ʤʽʞ ʧʦʚʝʨʭʥʷʤʠ ʟ'ʻʜʥʘʥʥʷ;m - ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ;

sm - ʩʪʘʪʠʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ;0Pl  - ʩʪʘʪʠʯʥʠʡ ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ, ʟʫʤʦʚʣʝʥʠʡ 

ʩʠʣʦʶ ʧʦʧʝʨʝʜʥʴʦʛʦ ʪʝʨʪʷ. 

ʂʦʣʠ ʜʦ ʟ'ʻʜʥʘʥʥʷ ʧʨʠʢʣʘʜʝʥʘ ʦʙʤʝʞʝʥʘ ʩʠʣʘ ʚ ʨʘʜʽʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ, ʤʦʤʝʥʪ 

ʪʝʨʪʷ ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʟʘ ʬʦʨʤʫʣʦʶ. 
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()R p Rv R Fl =m , 

ʜʝ, 
pR  - ʨʘʜʽʫʩ ʰʪʠʬʪʘ; RF  - ʩʠʣʘ ʧʨʠʪʠʩʢʘʥʥʷ ʚ ʨʘʜʽʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ. 

ʂʦʣʠ ʜʦ ʟ'ʻʜʥʘʥʥʷ ʧʨʠʢʣʘʜʝʥʘ ʦʙʤʝʞʝʥʘ ʩʠʣʘ ʚ ʦʩʴʦʚʦʤʫ ʥʘʧʨʷʤʢʫ, ʤʦʤʝʥʪ 

ʪʝʨʪʷ ʤʦʞʝ ʙʫʪʠ ʨʦʟʨʘʭʦʚʘʥʠʡ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ 

()A A Av R Fl =m , 

ʜʝ AR  - ʬʨʠʢʮʽʡʥʝ ʧʣʝʯʝ; AF  - ʦʙʤʝʞʝʥʘ ʩʠʣʘ ʚ ʦʩʴʦʚʦʤʫ ʥʘʧʨʷʤʢʫ. 

ʂʦʣʠ ʦʙʤʝʞʝʥʘ ʩʠʣʘ ʚ ʨʘʜʽʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ ʤʦʞʝ ʟʥʠʢʥʫʪʠ ʚʥʘʩʣʽʜʦʢ ʩʠʣʦʚʦʾ 

ʨʽʚʥʦʚʘʛʠ, ʟʛʠʥʘʣʴʥʠʡ ʤʦʤʝʥʪ ʤʦʞʝ ʟʘʣʠʰʘʪʠʩʷ ʚ ʟ'ʻʜʥʘʥʥʽ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʤʦʤʝʥʪ ʪʝʨʪʷ ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʟʘ ʬʦʨʤʫʣʦʶ 

() b
B p

b

M
v R

L
l =m , 

ʜʝ bM  - ʟʛʠʥʘʣʴʥʠʡ ʤʦʤʝʥʪ; bL  - ʧʣʝʯʝ ʨʝʘʢʮʽʾ ʟʛʠʥʫ. 

ʈʦʟʛʣʷʜʘʶʯʠ ʥʘʩʪʫʧʥʠʡ ʚʝʢʪʦʨ ʩʪʘʥʫ 
1 5 1 5 2 4X ,..., ,Q ,...Q ,Y ,...,Y

T

R Rè ø=ê úʪʘ 

ʚʨʘʭʦʚʫʶʯʠ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʛʥʫʯʢʠʭ ʧʝʨʝʤʽʱʝʥʴ (4.1)-(4.2) ʪʘ ʦʙʤʝʞʝʥʥʷ (4.3)-(4.6), 

ʨʽʚʥʷʥʥʷ ʜʠʥʘʤʽʢʠ ʄʉ ʧʽʜ ʯʘʩ ʨʦʟʛʦʨʪʘʥʥʷ ʩʪʨʽʣʠ ʤʦʞʫʪʴ ʙʫʪʠ ʦʪʨʠʤʘʥʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʬʦʨʤʘʣʽʟʤʫ ʃʘʛʨʘʥʞʘ ʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʥʘʩʪʫʧʥʦʤʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ: 

 , , , , T

XM t X D t C t tX X X X V   (4.7) 

( ) 0XF = , 

ʜʝ( )X,M t  - ʤʘʪʨʠʮʷ ʤʘʩ;( )X,X,D t  - ʚʝʢʪʦʨ, ʱʦ ʤʽʩʪʠʪʴ ʛʽʨʦʩʢʦʧʽʯʥʽ ʪʘ 

ʜʝʤʧʬʫʶʯʽ ʯʣʝʥʠ; ( )X,C t  - ʚʝʢʪʦʨ ʞʦʨʩʪʢʦʩʪʽ ʩʠʩʪʝʤʠ,()V t  - ʚʝʢʪʦʨ 

ʥʝʢʦʥʩʝʨʚʘʪʠʚʥʠʭ ʫʟʘʛʘʣʴʥʝʥʠʭ ʩʠʣ, ʩʧʨʠʯʠʥʝʥʠʭ ʜʽʻʶ ʘʢʪʫʘʪʦʨʽʚ ʪʘ ʟʙʫʨʝʥʴ;L - 

ʚʝʢʪʦʨ ʤʥʦʞʥʠʢʽʚ ʃʘʛʨʘʥʞʘ. 

ʄʘʪʨʠʮʷ ʜʝʤʧʬʫʚʘʥʥʷ ʙʫʣʘ ʧʦʙʫʜʦʚʘʥʘ ʧʨʦʧʦʨʮʽʡʥʦ ʤʘʪʨʠʮʽ ʞʦʨʩʪʢʦʩʪʽ. 
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4. 4. ʂʝʨʫʚʘʥʥʷ ʧʦʣʦʞʝʥʥʷʤ ʄʉ 

ʂʝʨʫʶʯʽ ʚʧʣʠʚʠ ʩʠʥʪʝʟʦʚʘʥʦ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʛʥʫʯʢʦʩʪʽ ʄʉ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʥʦʚʠʡ ʚʝʢʪʦʨ ʩʪʘʥʫ [ ] 1 1

1 2, ,
TT

X x x Q Qè ø= =ê ú, ʚʠʭʽʜʥʫ ʥʝʣʽʥʽʡʥʫ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ 

(4.7) ʧʝʨʝʪʚʦʨʝʥʦ ʜʦ ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʣʽʥʽʡʥʦʾ ʩʠʩʪʝʤʠ [100].  

 1 2x x= , 2x U=   (4.8) 

ʋ ʨʽʚʥʷʥʥʽ (8) ʢʚʘʪʝʨʥʽʦʥ ʽʥʪʝʨʧʨʝʪʫʻʪʴʩʷ ʷʢ ʢʝʨʫʚʘʥʥʷ, ʘ ʢʝʨʫʶʯʠʡ ʤʦʤʝʥʪ, 

ʱʦ ʜʽʻ ʥʘ ʄʉ, ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʩʪʫʧʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ: 

( ) ( )1 1 1 1 1

0 0 02u nT J q u u q q u J e J= - - ³ -w w³ +w ³ w, (4.9) 

ʜʝ J  - ʤʘʪʨʠʮʷ ʽʥʝʨʮʽʾ ʄʉ,
1w - ʚʝʢʪʦʨ ʘʙʩʦʣʶʪʥʦʾ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʄʉ ʫ 

ʥʝʨʫʭʦʤʽʡ ʩʠʩʪʝʤʽ ʚʽʜʣʽʢʫ ʧʣʘʪʬʦʨʤʠ; 0w  - ʦʨʙʽʪʘʣʴʥʘ ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ;ne  - 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʦʜʠʥʠʯʥʦʛʦ ʚʝʢʪʦʨʘ, ʥʦʨʤʘʣʴʥʦʛʦ ʜʦ ʧʣʦʱʠʥʠ ʦʨʙʽʪʠ, ʫ ʉʂʆ; 0u , u  

- ʩʢʘʣʷʨʥʘ ʪʘ ʚʝʢʪʦʨʥʘ ʯʘʩʪʠʥʠ ʢʚʘʪʝʨʥʽʦʥʘU  ʚʽʜʧʦʚʽʜʥʦ. 

ʂʝʨʫʶʯʠʡ ʤʦʤʝʥʪ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʫʤʦʚʠ ʧʨʷʤʦʛʦ ʽ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ: 

f b

u u uT T T= + , . f bU U U= +  

ʊʫʪ ʥʘʜʨʷʜʢʦʚʽ ʟʥʘʢʠf  b̔  ʧʦʟʥʘʯʘʶʪʴ ʢʝʨʫʚʘʥʥʷ ʟʘ ʧʨʷʤʠʤ ʽ ʟʚʦʨʦʪʥʠʤ 

ʟʚ'ʷʟʢʦʤ ʚʽʜʧʦʚʽʜʥʦ. 

ɼʠʥʘʤʽʢʘ ʧʦʤʠʣʢʠ ʩʪʘʚʣʝʥʥʷE  ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʘ ʥʘʩʪʫʧʥʠʤ ʨʽʚʥʷʥʥʷʤ 

bE U= ,  

ʎʷ ʫʩʪʘʥʦʚʢʘ ʷʚʣʷʻ ʩʦʙʦʶ ʯʦʪʠʨʠ ʥʝʟʚ'ʷʟʘʥʽ ʧʦʜʚʽʡʥʽ ʽʥʪʝʛʨʘʪʦʨʠ ʽ ʤʦʞʝ ʙʫʪʠ 

ʩʪʘʙʽʣʽʟʦʚʘʥʘ ʯʦʪʠʨʤʘ ʧʨʦʧʦʨʮʽʡʥʦ-ʧʦʭʽʜʥʠʤʠ ʨʝʛʫʣʷʪʦʨʘʤʠ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʠʞʯʝ: 

b

p dU k E k E=- - ,  

ʂʦʝʬʽʮʽʻʥʪʠ ʧʽʜʩʠʣʝʥʥʷ ʨʝʛʫʣʷʪʦʨʽʚ ʦʙʠʨʘʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʧʦʜʽʣʫ 

ɹʘʪʪʝʨʚʦʨʪʘ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ:  

2

pk =W, 1.4dk = W, 

ʜʝ W - ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʨʝʛʫʣʷʪʦʨʘ. 
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ʇʽʩʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʨʝʛʫʣʷʪʦʨʽʚ ʧʨʷʤʦʛʦ ʽ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ, ʬʽʟʠʯʥʦ 

ʨʝʘʣʽʟʦʚʘʥʠʡ ʤʦʤʝʥʪ ʢʝʨʫʚʘʥʥʷ ʤʦʞʥʘ ʟʥʘʡʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʝʨʝʪʚʦʨʝʥʥʷ (9). 

 

4. 5. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ 

ʈʦʟʛʦʨʪʘʥʥʷ ʩʪʨʽʣʠ ʙʫʣʦ ʟʤʦʜʝʣʴʦʚʘʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘʩʪʫʧʥʠʭ ʚʠʭʽʜʥʠʭ 

ʜʘʥʠʭ: 

ɾʦʨʩʪʢʽ ʪʽʣʘ. 

ʄʘʪʨʠʮʷ ʤʘʩʠ ʪʘ ʽʥʝʨʮʽʾ ʧʣʘʪʬʦʨʤʠ MS1 200m =  ʢʛ ʪʘ

1 (21.171,  21.211,  15.979)J diag= 2k mg Ö  , ʚʽʜʧʦʚʽʜʥʦ; 

ʄʘʩʘ ʪʘ ʤʘʪʨʠʮʷ ʽʥʝʨʮʽʾ ʧʦʢʣʘʜʝʥʦʾ ʘʥʪʝʥʠ5 7.406m =  ʢʛ ʽ

5 (0.503,  0.503,  0.073)J diag= 2k mg Ö  , ʚʽʜʧʦʚʽʜʥʦ. 

ɻʥʫʯʢʽ ʪʽʣʘ. 

ɼʦʚʞʠʥʘ ʦʢʨʝʤʦʾ ʩʝʢʮʽʾ ʩʪʨʽʣʠ 1,227 ʤ; ʧʦʧʝʨʝʯʥʠʡ ʧʝʨʝʨʽʟ ʩʪʨʽʣʠ - ʪʨʫʙʘ 

ʜʽʘʤʝʪʨʦʤ 0,06 ʤ ʽ ʪʦʚʱʠʥʦʶ ʩʪʽʥʢʠ 0,003 ʤ; ʤʘʩʘ ʦʢʨʝʤʦʾ ʩʝʢʮʽʾ ʩʪʨʽʣʠ 6 ʢʛ; ʤʦʜʫʣʴ 

ʖʥʛʘ 120 ɻʇʘ; ʢʦʝʬʽʮʽʻʥʪ ʇʫʘʩʩʦʥʘ 0,3. 

ʐʘʨʥʽʨʠ ʦʙʝʨʪʘʥʥʷ. 

ʂʦʝʬʽʮʽʻʥʪ ʩʪʘʪʠʯʥʦʛʦ ʪʝʨʪʷ - 0,5; ʢʦʝʬʽʮʽʻʥʪ ʜʠʥʘʤʽʯʥʦʛʦ ʪʝʨʪʷ - 0,3; 

ʧʦʩʪʫʧʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʧʨʠʣʠʧʘʥʥʷ - 1e-4 ʤ/ʩ; ʤʘʢʩʠʤʘʣʴʥʘ ʜʝʬʦʨʤʘʮʽʷ 

ʧʨʠʣʠʧʘʥʥʷ - 1e-5 ʤ. 

ʉʧʦʯʘʪʢʫ ʤʠ ʨʦʟʛʣʷʥʝʤʦ ʩʮʝʥʘʨʽʡ ʨʦʟʛʦʨʪʘʥʥʷ ʙʫʤʫ ˉ 1.  

ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʜʦ ʧʣʘʪʬʦʨʤʠ ʥʘʚʢʦʣʦ ʦʩʽ z ʥʘ ʯʘʩʦʚʦʤʫ ʽʥʪʝʨʚʘʣʽ 10 ʩ 

ʧʨʠʢʣʘʜʘʻʪʴʩʷ ʧʦʩʪʽʡʥʠʡ ʢʝʨʫʶʯʠʡ ʤʦʤʝʥʪ -2 ʅ (ʨʠʩ. 4.3). ʅʘ ʮʴʦʤʫ ʝʪʘʧʽ 

ʚʽʜʧʫʩʢʘʻʪʴʩʷ ʢʨʽʧʣʝʥʥʷ ʩʪʨʽʣʠ ʜʦ ʧʣʘʪʬʦʨʤʠ ʄʉ ʽ ʚʦʥʘ ʨʘʟʦʤ ʟ ʘʥʪʝʥʦʶ ʧʦʯʠʥʘʻ 

ʦʙʝʨʪʘʣʴʥʠʡ ʨʫʭ ʥʘʚʢʦʣʦ ʰʘʨʥʽʨʘ 1 ʜʦ ʬʽʢʩʘʮʽʾ ʙʣʦʢʫʚʘʣʴʥʦʛʦ ʤʝʭʘʥʽʟʤʫ. ʇʽʩʣʷ 

ʮʴʦʛʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʪʘʙʽʣʽʟʘʮʽʷ ʄʉ ʫ ʥʦʤʽʥʘʣʴʥʽʡ ʦʨʽʻʥʪʘʮʽʾ. ʋ ʤʦʤʝʥʪ ʟʘʤʠʢʘʥʥʷ 

ʰʘʨʥʽʨʘ ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʄʉ ʩʪʘʥʦʚʠʣʘ ʙʣʠʟʴʢʦ 0,6 ʨʘʜ/ʩ. 
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ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʜʦ ʧʣʘʪʬʦʨʤʠ ʧʨʠʢʣʘʜʘʻʪʴʩʷ ʧʦʩʪʽʡʥʠʡ ʢʝʨʫʶʯʠʡ ʤʦʤʝʥʪ -2 

ʅ ʥʘʚʢʦʣʦ ʦʩʽ ʭ ʪʘʢʦʞ ʥʘ ʯʘʩʦʚʦʤʫ ʽʥʪʝʨʚʘʣʽ 10 ʩ (ʨʠʩ. 4.4) ʽ ʢʨʽʧʣʝʥʥʷ ʧʝʨʰʦʾ ʩʝʢʮʽʾ 

ʩʪʨʽʣʠ ʚʽʜʧʫʩʢʘʻʪʴʩʷ, ʘ ʜʨʫʛʘ ʽ ʪʨʝʪʷ ʩʝʢʮʽʾ ʨʘʟʦʤ ʟ ʘʥʪʝʥʦʶ ʧʦʯʠʥʘʶʪʴ ʦʙʝʨʪʘʣʴʥʠʡ 

ʨʫʭ ʥʘʚʢʦʣʦ ʰʘʨʥʽʨʘ 2 ʜʦ ʤʦʤʝʥʪʫ ʟʘʤʠʢʘʥʥʷ ʤʝʭʘʥʽʟʤʫ ʾʾ ʬʽʢʩʘʮʽʾ. ʇʽʩʣʷ ʮʴʦʛʦ 

ʩʫʧʫʪʥʠʢ ʪʘʢʦʞ ʩʪʘʙʽʣʽʟʫʻʪʴʩʷ ʚ ʥʦʤʽʥʘʣʴʥʽʡ ʦʨʽʻʥʪʘʮʽʾ. ɼʨʫʛʠʡ ʰʘʨʥʽʨ ʬʽʢʩʫʻʪʴʩʷ 

ʧʨʠ ʢʫʪʦʚʽʡ ʰʚʠʜʢʦʩʪʽ ʄʉ ʙʣʠʟʴʢʦ 0,2 ʨʘʜ/ʩ. 

 

ʈʠʩʫʥʦʢ 4.3 - ɿʤʽʥʘ ʤʦʤʝʥʪʫ 

ʢʝʨʫʚʘʥʥʷ ʄʉ ʥʘ ʝʪʘʧʽ 1 ʨʦʟʛʦʨʪʘʥʥʷ 

(ʩʮʝʥʘʨʽʡ ˉ 1) 

 

ʈʠʩʫʥʦʢ 4.4 - ɿʤʽʥʘ ʤʦʤʝʥʪʫ 

ʢʝʨʫʚʘʥʥʷ ʄʉ ʥʘ ʝʪʘʧʽ 2 ʨʦʟʛʦʨʪʘʥʥʷ 

(ʩʮʝʥʘʨʽʡ ˉ 1) 

ʅʘ ʟʘʚʝʨʰʘʣʴʥʦʤʫ ʝʪʘʧʽ ʜʦ ʧʣʘʪʬʦʨʤʠ ʥʘʚʢʦʣʦ ʦʩʽ ʭ ʥʘ ʯʘʩʦʚʦʤʫ ʽʥʪʝʨʚʘʣʽ 12 

ʩ ʧʨʠʢʣʘʜʘʻʪʴʩʷ ʧʦʩʪʽʡʥʠʡ ʢʝʨʫʶʯʠʡ ʤʦʤʝʥʪ 2 ʅ, ʚʽʜʧʫʩʢʘʻʪʴʩʷ ʢʨʽʧʣʝʥʥʷ ʪʨʝʪʴʦʾ 

ʩʝʢʮʽʾ ʰʪʘʥʛʠ, ʽ ʚʦʥʘ ʨʘʟʦʤ ʟ ʘʥʪʝʥʦʶ ʧʦʯʠʥʘʻ ʦʙʝʨʪʘʣʴʥʠʡ ʨʫʭ ʥʘʚʢʦʣʦ ʰʘʨʥʽʨʘ 3 

ʜʦ ʬʽʢʩʘʮʽʾ ʡʦʛʦ ʟʘʤʠʢʘʶʯʦʛʦ ʤʝʭʘʥʽʟʤʫ. ʇʽʩʣʷ ʮʴʦʛʦ ʩʫʧʫʪʥʠʢ ʪʘʢʦʞ ʩʪʘʙʽʣʽʟʫʻʪʴʩʷ 

ʚ ʥʦʤʽʥʘʣʴʥʽʡ ʦʨʽʻʥʪʘʮʽʾ. ʋ ʤʦʤʝʥʪ ʟʘʤʠʢʘʥʥʷ ʰʘʨʥʽʨʘ ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʄʉ 

ʩʪʘʥʦʚʠʣʘ ʙʣʠʟʴʢʦ 0,1 ʨʘʜ/ʩ. 

ʅʘ ʨʠʩ. 4.6 ʧʦʢʘʟʘʥʦ ʟʤʽʥʫ ʢʫʪʽʚ ʧʦʚʦʨʦʪʫ ʰʘʨʥʽʨʽʚ. ʋ ʩʠʤʫʣʷʮʽʾ ʧʨʠʙʨʘʥʦʤʫ 

ʧʦʣʦʞʝʥʥʶ ʩʪʨʽʣʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʫʪʠ -90 ʽ 180 ʛʨʘʜʫʩʽʚ ʜʣʷ ʰʘʨʥʽʨʘ 1 ʽ ʰʘʨʥʽʨʽʚ 2, 

3 ʚʽʜʧʦʚʽʜʥʦ. ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 4.6, ʚʩʽ ʩʝʢʮʽʾ ʩʪʨʽʣʠ ʧʦʚʥʽʩʪʶ ʨʦʟʛʦʨʥʫʪʽ, ʘ ʾʭ 

ʟ'ʻʜʥʘʥʥʷ ʟʘʬʽʢʩʦʚʘʥʽ, ʦʜʥʘʢ, ʷʢ ʚʠʧʣʠʚʘʻ ʟ ʨʠʩ. 4.7, 4.8, ʟ'ʻʜʥʘʥʥʷ ʩʝʢʮʽʡ ʩʪʨʽʣʠ 

ʚʽʜʯʫʚʘʶʪʴ ʟʥʘʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʤʦʤʝʥʪ ʬʽʢʩʘʮʽʾ ʟ'ʻʜʥʘʥʥʷ (ʜʦ 300 ʅʤ). ʂʨʽʤ ʪʦʛʦ, 

ʨʠʩ. 4.3-4 ʽʣʶʩʪʨʫʶʪʴ, ʱʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʦʟʛʣʷʥʫʪʠʭ ʟʘʢʦʥʽʚ ʢʝʨʫʚʘʥʥʷ ʜʣʷ 

ʩʪʘʙʽʣʽʟʘʮʽʾ ʄʉ ʧʽʩʣʷ ʟʘʤʠʢʘʥʥʷ ʰʘʨʥʽʨʽʚ ʧʦʪʨʽʙʝʥ ʚʝʣʠʢʠʡ ʢʝʨʫʶʯʠʡ ʤʦʤʝʥʪ. 

ʊʦʤʫ ʜʣʷ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʮʴʦʛʦ ʩʮʝʥʘʨʽʶ ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʙʽʣʴʰ 
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ʜʦʩʢʦʥʘʣʽ ʘʣʛʦʨʠʪʤʠ ʜʝʤʧʬʫʚʘʥʥʷ ʢʫʪʦʚʠʭ ʰʚʠʜʢʦʩʪʝʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʙʤʝʞʝʥʴ 

ʧʨʠʚʦʜʫ. 

 

ʈʠʩʫʥʦʢ 4.5 - ɿʤʽʥʘ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ 

ʄʉ (ʩʮʝʥʘʨʽʡ ˉ 1) 

 

ʈʠʩʫʥʦʢ 4.6 - ɿʤʽʥʘ ʢʫʪʘ ʩʧʽʣʴʥʦʛʦ 

ʨʦʟʛʦʨʪʘʥʥʷ (ʩʮʝʥʘʨʽʡ ˉ 1) 

 

ʈʠʩʫʥʦʢ 4.7 - ɿʤʽʥʘ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʚ 

ʟ'ʻʜʥʘʥʥʽ 1 (ʩʮʝʥʘʨʽʡ ˉ 1) 

 

ʈʠʩʫʥʦʢ 4.8 - ɿʤʽʥʘ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʚ 

ʟ'ʻʜʥʘʥʥʽ 2 (ʩʮʝʥʘʨʽʡ ˉ 1) 

ʈʦʟʛʣʷʥʝʤʦ ʩʮʝʥʘʨʽʡ ʨʦʟʛʦʨʪʘʥʥʷ ˉ2, ʚ ʷʢʦʤʫ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʩʧʦʯʘʪʢʫ 

ʟʘʙʝʟʧʝʯʫʻ ʥʝʦʙʭʽʜʥʫ ʢʫʪʦʚʫ ʰʚʠʜʢʽʩʪʴ ɹʂ ʥʘ ʢʦʞʥʦʤʫ ʝʪʘʧʽ ʨʦʟʛʦʨʪʘʥʥʷ ʩʪʨʽʣʠ. 

ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʧʝʨʰʦʛʦ ʝʪʘʧʫ ʤʦʤʝʥʪ ʧʦʜʘʯʽ ʪʘ ʪʨʘʻʢʪʦʨʽʷ ʨʫʭʫ ʄʉ ʟʘʜʘʻʪʴʩʷ 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ 
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ʜʝ cT  - ʧʦʩʪʽʡʥʘ ʚʝʣʠʯʠʥʘ ʢʝʨʫʶʯʦʛʦ ʤʦʤʝʥʪʫ; st  - ʯʘʩ ʧʦʯʘʪʢʫ ʤʘʥʝʚʨʫ; 

ʧʽʜʨʷʜʢʦʚʠʡ ʽʥʜʝʢʩ 0 ʧʦʟʥʘʯʘʻ ʧʦʯʘʪʢʦʚʽ ʢʫʪʠ ʪʘ ʢʫʪʦʚʫ ʰʚʠʜʢʽʩʪʴ ʄʉ.  

 ʇʽʩʣʷ ʥʘʙʫʪʪʷ ʄʉ ʥʝʦʙʭʽʜʥʦʾ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʚʽʜʧʫʩʢʘʶʪʴ ʢʨʽʧʣʝʥʥʷ 

ʚʽʜʧʦʚʽʜʥʦʾ ʩʝʢʮʽʾ ʩʪʨʽʣʠ ʽ ʧʦʯʠʥʘʶʪʴ ʾʾ ʨʦʟʛʦʨʪʘʥʥʷ. ʅʘ ʢʦʞʥʦʤʫ ʝʪʘʧʽ ʨʦʟʛʦʨʪʘʥʥʷ 

ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʄʉ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʧʦʩʪʽʡʥʦʶ. ʇʽʜ ʯʘʩ ʨʦʟʛʦʨʪʘʥʥʷ ʩʪʨʽʣʠ ʤʦʤʝʥʪ 

ʧʦʜʘʯʽ ʽ ʪʨʘʻʢʪʦʨʽʷ ʨʫʭʫ ʄʉ ʟʘʜʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ 
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0 0 0

1 1

0

0.5 f s f s f s fJ t t t t J t t t t

è ø è øJ J
é ù é ù
f = - +w - + f + - +w -é ù é ù
é ù é ùy yê ú ê ú

, 

( )1 1

0f sJ t tw = - +w 

ʜʝft  - ʯʘʩ ʧʦʯʘʪʢʫ ʨʦʟʛʦʨʪʘʥʥʷ ʩʝʢʮʽʾ ʩʪʨʽʣʠ. 

 

 

ʈʠʩʫʥʦʢ 4.9 - ɿʤʽʥʘ ʤʦʤʝʥʪʫ ʢʝʨʫʚʘʥʥʷ 

ʄʉ ʥʘ ʝʪʘʧʽ 1 ʨʦʟʛʦʨʪʘʥʥʷ (ʩʮʝʥʘʨʽʡ ˉ 

2) 

 

ʈʠʩʫʥʦʢ 10 - ɿʤʽʥʘ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʄʉ 

ʥʘ ʝʪʘʧʽ 1 ʨʦʟʛʦʨʪʘʥʥʷ (ʩʮʝʥʘʨʽʡ ˉ 2) 
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ʈʠʩʫʥʦʢ 4.11 - ɿʤʽʥʘ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʚ 

ʩʪʠʢʫ 1 ʥʘ ʝʪʘʧʽ 1 ʨʦʟʛʦʨʪʘʥʥʷ (ʩʮʝʥʘʨʽʡ 

ˉ 2) 

 

ʈʠʩʫʥʦʢ 4.12 - ɿʤʽʥʘ ʢʫʪʘ ʩʧʽʣʴʥʦʛʦ 

ʨʦʟʛʦʨʪʘʥʥʷ ʥʘ ʝʪʘʧʽ 1 ʨʦʟʛʦʨʪʘʥʥʷ 

(ʩʮʝʥʘʨʽʡ ˉ 2) 

ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʪʘʢʦʛʦ ʩʮʝʥʘʨʽʶ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 4.9-12. ʎʝʡ 

ʩʮʝʥʘʨʽʡ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʥʝʦʙʭʽʜʥʫ ʚʽʜʮʝʥʪʨʦʚʫ ʩʠʣʫ ʰʣʷʭʦʤ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʢʝʨʫʚʘʥʥʷ ʢʫʪʦʚʦʶ ʰʚʠʜʢʽʩʪʶ ʄʉ ̔ ʪʘʢʠʤ ʯʠʥʦʤ ʟʤʝʥʰʠʪʠ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʢʦʥʩʪʨʫʢʮʽʶ ʧʨʠ ʟʘʤʠʢʘʥʥʽ ʰʘʨʥʽʨʽʚ ʩʪʨʽʣʠ. 

 

4. 6. ɺʠʩʥʦʚʦʢ ʜʦ ʯʝʪʚʝʨʪʦʛʦ ʨʦʟʜʽʣʫ. 

  

ʋ ʨʦʟʜʽʣʽ ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʨʦʟʛʦʨʪʘʥʥʷ 

ʪʨʠʩʝʢʮʽʡʥʦʾ ʩʪʨʽʣʠ ʥʘ ʤʽʥʽʩʫʧʫʪʥʠʢʫ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ɿʝʤʣʽ. ʈʦʟʨʦʙʣʝʥʦ ʜʠʥʘʤʽʯʥʫ 

ʤʦʜʝʣʴ ʤʽʥʽʩʫʧʫʪʥʠʢʘ ʟʽ ʩʪʨʽʣʦʚʦʶ ʢʦʥʩʪʨʫʢʮʽʻʶ. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ 

ʜʦʟʚʦʣʷʶʪʴ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ ʪʘʢʦʾ ʩʪʨʘʪʝʛʽʾ ʨʦʟʛʦʨʪʘʥʥʷ 

ʜʣʷ ʤʽʥʽʩʫʧʫʪʥʠʢʘ, ʷʢʠʡ ʤʦʞʝ ʚʠʢʦʥʫʚʘʪʠ ʰʚʠʜʢʽ ʤʘʥʝʚʨʠ ʧʦʚʦʨʦʪʫ ʥʘʚʢʦʣʦ ʪʨʴʦʭ 

ʦʩʝʡ ʦʨʙʽʪʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʚʽʜʣʽʢʫ. ʆʜʥʘʢ, ʜʣʷ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʥʝʦʙʭʽʜʥʽ 

ʜʦʜʘʪʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʨʦʟʨʦʙʢʠ ʘʣʛʦʨʠʪʤʽʚ ʢʝʨʫʚʘʥʥʷ ʦʨʙʽʪʘʣʴʥʠʤ ʨʫʭʦʤ 

ʤʽʥʽʩʫʧʫʪʥʠʢʘ, ʷʢʽ ʟʘʙʝʟʧʝʯʘʪʴ ʛʘʨʘʥʪʦʚʘʥʠʡ ʨʽʚʝʥʴ ʥʘʜʽʡʥʦʩʪʽ ʨʦʟʛʦʨʪʘʥʥʷ ʩʪʨʽʣʠ 

ʪʘ ʬʽʢʩʘʮʽʾ ʟ'ʻʜʥʘʥʴ ʟ ʤʽʥʽʤʘʣʴʥʠʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ ʥʘ ʢʦʥʩʪʨʫʢʮʽʶ. ʎʽ ʧʠʪʘʥʥʷ 

ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʝʜʤʝʪʦʤ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʪʘ ʦʙˇʨʫʥʪʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ ʚʽʜʮʝʥʪʨʦʚʦʛʦ 

ʨʦʟʛʦʨʪʘʥʥʷ ʪʨʠʩʝʢʮʽʡʥʦʾ ʰʪʘʥʛʠ ʜʣʷ ɼɿɿ. ʇʦʢʘʟʘʥʦ, ʱʦ ʪʘʢʠʡ ʩʧʦʩʽʙ ʜʦʟʚʦʣʷʻ 
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ʫʥʠʢʥʫʪʠ ʩʢʣʘʜʥʠʭ ʧʨʠʚʦʜʥʠʭ ʩʠʩʪʝʤ, ʟʤʝʥʰʠʪʠ ʤʘʩʫ ʪʘ ʩʧʦʞʠʚʘʥʫ ʧʦʪʫʞʥʽʩʪʴ, 

ʱʦ ʻ ʢʨʠʪʠʯʥʠʤ ʜʣʷ ʤʽʥʽʩʫʧʫʪʥʠʢʽʚ. 

ʇʦʙʫʜʦʚʘʥʦ ʧʦʚʥʠʡ ʥʘʙʽʨ ʜʠʥʘʤʽʯʥʠʭ ʨʽʚʥʷʥʴ ʩʠʩʪʝʤʠ ʟʘ ʤʝʪʦʜʦʤ ʃʘʛʨʘʥʞʘ, 

ʱʦ ʜʘʣʦ ʟʤʦʛʫ ʪʦʯʥʦ ʦʮʽʥʠʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʢʦʥʩʪʨʫʢʮʽʶ ʚ ʧʨʦʮʝʩʽ ʨʦʟʛʦʨʪʘʥʥʷ. 

ɹʫʣʦ ʨʝʘʣʽʟʦʚʘʥʦ ʜʚʘ ʩʮʝʥʘʨʽʾ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʨʦʟʛʦʨʪʘʥʥʷ ʰʪʘʥʛʠ: 

1) ʨʝʘʣʽʟʫʻʪʴʩʷ ʧʨʷʤʝ ʧʨʠʢʣʘʜʘʥʥʷ ʤʦʤʝʥʪʽʚ ʜʦ ʩʫʧʫʪʥʠʢʘ ʟ ʧʦʩʣʽʜʦʚʥʦʶ 

ʬʽʢʩʘʮʽʻʶ ʢʦʞʥʦʾ ʩʝʢʮʽʾ ʰʪʘʥʛʠ; ʧʽʜ ʯʘʩ ʩʠʤʫʣʷʮʽʾ ʟʘʬʽʢʩʦʚʘʥʦ ʟʥʘʯʥʽ ʢʫʪʦʚʽ 

ʰʚʠʜʢʦʩʪʽ (ʜʦ 0.6 ʨʘʜ/ʩ) ʪʘ ʧʽʢʦʚʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʫ ʰʘʨʥʽʨʘʭ (ʜʦ 300 ʅĿʤ), ʱʦ ʚʠʤʘʛʘʻ 

ʚʠʩʦʢʦʾ ʪʦʯʥʦʩʪʽ ʢʝʨʫʚʘʥʥʷ. 

2) ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʢʦʥʪʨʦʣʴʦʚʘʥʘ ʧʦʜʘʯʘ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʜʦ ʤʦʤʝʥʪʫ 

ʨʦʟʛʦʨʪʘʥʥʷ ʢʦʞʥʦʾ ʩʝʢʮʽʾ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʫʜʘʨʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠ 

ʬʽʢʩʘʮʽʾ ʪʘ ʩʪʘʙʽʣʽʟʫʚʘʪʠ ʧʨʦʮʝʩ ʨʦʟʛʦʨʪʘʥʥʷ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʩʮʝʥʘʨʽʡ ʟ ʢʝʨʦʚʘʥʠʤ ʬʦʨʤʫʚʘʥʥʷʤ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜ 

ʨʦʟʛʦʨʪʘʥʥʷʤ ʩʝʢʮʽʡ (ʩʮʝʥʘʨʽʡ 2) ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʥʝʦʙʭʽʜʥʫ ʚʽʜʮʝʥʪʨʦʚʫ ʩʠʣʫ 

ʪʘ ʟʥʠʟʠʪʠ ʨʠʟʠʢ ʤʝʭʘʥʽʯʥʦʛʦ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʚ ʢʨʠʪʠʯʥʠʭ ʪʦʯʢʘʭ ʟôʻʜʥʘʥʴ, ʪʦʤʫ ʻ 

ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʟ ʪʦʯʢʠ ʟʦʨʫ ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʽ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʝʢʦʥʦʤʽʯʥʦʩʪʽ.  

ɺʠʟʥʘʯʝʥʦ, ʱʦ ʜʣʷ ʥʘʜʽʡʥʦʛʦ ʟʘʚʝʨʰʝʥʥʷ ʢʦʞʥʦʛʦ ʝʪʘʧʫ ʨʦʟʛʦʨʪʘʥʥʷ 

ʥʝʦʙʭʽʜʥʦ ʚʧʨʦʚʘʜʠʪʠ ʘʣʛʦʨʠʪʤʠ ʜʝʤʧʬʫʚʘʥʥʷ ʢʫʪʦʚʠʭ ʰʚʠʜʢʦʩʪʝʡ, ʦʩʦʙʣʠʚʦ ʥʘ 

ʟʘʚʝʨʰʘʣʴʥʦʤʫ ʝʪʘʧʽ ʢʦʞʥʦʛʦ ʨʦʟʛʦʨʪʘʣʴʥʦʛʦ ʮʠʢʣʫ, ʜʣʷ ʫʥʠʢʥʝʥʥʷ ʧʝʨʝʚʘʥʪʘʞʝʥʴ 

ʫ ʰʘʨʥʽʨʘʭ ʪʘ ʟʙʝʨʝʞʝʥʥʷ ʪʦʯʥʦʩʪʽ ʦʨʽʻʥʪʘʮʽʾ ʩʫʧʫʪʥʠʢʘ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʷʢ ʦʩʥʦʚʘ ʜʣʷ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʰʪʘʥʛ ʪʨʘʥʩʬʦʨʤʦʚʘʥʠʭ ʤʽʥʽʩʫʧʫʪʥʠʢʽʚ ʽ ʧʦʙʫʜʦʚʠ 

ʘʣʛʦʨʠʪʤʽʚ ʢʝʨʫʚʘʥʥʷ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʦʙʤʝʞʝʥʥʷ ʧʦ ʝʥʝʨʛʽʾ, ʤʘʩʽ, ʤʝʭʘʥʽʯʥʽʡ 

ʤʽʮʥʦʩʪʽ ʪʘ ʪʦʯʥʦʩʪʽ ʦʨʽʻʥʪʘʮʽʾ ʚ ʢʦʩʤʦʩʽ. 
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ɺʀʉʅʆɺʂʀ 

ʋ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʚʠʨʽʰʝʥʘ ʘʢʪʫʘʣʴʥʘ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʘ ʟʘʜʘʯʘ 

ʨʦʟʨʦʙʢʠ ʤʦʜʝʣʝʡ ʪʘ ʤʝʪʦʜʽʚ ʜʣʷ ʘʥʘʣʽʟʫ ʜʠʥʘʤʽʢʠ ʪʘ ʢʝʨʫʚʘʥʥʷ ʨʦʟʛʦʨʪʘʥʥʷʤ 

ʢʦʩʤʽʯʥʦʛʦ ʨʘʜʘʨʘ ʥʘ ʙʘʟʽ ʦʬʩʝʪʥʦʾ ʘʥʪʝʥʠ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʦʪʨʠʤʘʥʦ 

ʥʘʩʪʫʧʥʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ: 

 1. ʋʜʦʩʢʦʥʘʣʝʥʦ ʪʝʦʨʝʪʠʯʥʽ ʧʽʜʭʦʜʠ ʜʦ ʤʦʜʝʣʶʚʘʥʥʷ ʂʂʊ, ʟʦʢʨʝʤʘ ʜʣʷ 

ʢʦʩʤʽʯʥʠʭ ʘʥʪʝʥ ʽʟ ʛʥʫʯʢʦʶ ʩʽʪʢʦʶ ʪʘ ʊʐʉ. ɼʦʚʝʜʝʥʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʝʪʦʜʦʣʦʛʽʾ ʌɸɺʂ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʪʦʯʥʝ ʚʨʘʭʫʚʘʥʥʷ ʚʝʣʠʢʠʭ ʜʝʬʦʨʤʘʮʽʡ, ʥʘʪʷʛʫ 

ʪʨʦʩʽʚ ʽ ʦʩʦʙʣʠʚʦʩʪʝʡ ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʚ ʩʠʩʪʝʤʘʭ ʟ ʛʥʫʯʢʠʤʠ ʪʽʣʘʤʠ. ʇʦʢʘʟʘʥʦ 

ʧʝʨʝʚʘʛʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʽʜʭʦʜʫ ʘʙʩʦʣʶʪʥʠʭ ʚʫʟʣʦʚʠʭ ʢʦʦʨʜʠʥʘʪ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʩʠʩʪʝʤ ʟʚôʷʟʘʥʠʭ ʪʽʣ, ʟʦʢʨʝʤʘ ʚ ʟʘʜʘʯʘʭ 

ʚʝʣʠʢʦʤʘʩʰʪʘʙʥʠʭ ʜʝʬʦʨʤʘʮʽʡ, ʢʦʥʪʘʢʪʥʠʭ ʚʟʘʻʤʦʜʽʡ ʪʘ ʚʧʣʠʚʫ ʩʝʨʝʜʦʚʠʱʘ. 

 2. ʈʦʟʨʦʙʣʝʥʦ ʥʦʚʽ ʤʝʪʦʜʠʢʠ ʧʦʚʥʦʤʘʩʰʪʘʙʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʨʦʟʛʦʨʪʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ ʪʠʧʫ "ʬʝʨʤʘïʩʽʪʢʘïʪʨʦʩ" ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʩʥʦʚʥʠʭ 

ʥʝʣʽʥʽʡʥʠʭ ʬʘʢʪʦʨʽʚ: ʛʝʦʤʝʪʨʠʯʥʦʾ ʥʝʣʽʥʽʡʥʦʩʪʽ, ʛʥʫʯʢʦʩʪʽ ʪʨʦʩʽʚ, ʪʝʨʪʷ, 

ʜʝʤʧʬʫʚʘʥʥʷ ʪʘ ʥʘʪʷʛʫ ʪʨʦʩʽʚ. ɺʧʝʨʰʝ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʚʥʦ ʾʩʠʩʪʝʤʠ ʟ 

ʦʮʽʥʢʦʶ ʥʘʪʷʛʫ ʪʨʦʩʽʚ ʪʘ ʩʠʥʭʨʦʥʥʦʩʪʽ ʨʦʟʛʦʨʪʘʥʥʷ. 

 3. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʫ ʘʨʭʽʪʝʢʪʫʨʫ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ 

ʨʦʟʛʦʨʪʘʥʥʷʤ ʂʂʊ ʥʘ ʦʩʥʦʚʽ ʘʣʛʦʨʠʪʤʽʚ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ ʟ ʧʽʜʢʨʽʧʣʝʥʥʷʤ. 

ʇʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ, ʱʦ ʪʘʢʘ ʩʪʨʘʪʝʛʽʷ, ʨʝʘʣʽʟʦʚʘʥʘ ʯʝʨʝʟ PPO-ʘʣʛʦʨʠʪʤ, ʜʦʟʚʦʣʷʻ 

ʜʦʩʷʛʪʠ ʘʜʘʧʪʠʚʥʦʛʦ, ʧʣʘʚʥʦʛʦ ʡ ʝʬʝʢʪʠʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʥʘʚʽʪʴ ʟʘ ʫʤʦʚ ʚʘʨʽʘʮʽʡ ʫ 

ʜʠʥʘʤʽʮʽ ʩʠʩʪʝʤʠ, ʱʦ ʚʘʞʣʠʚʦ ʧʨʠ ʦʙʤʝʞʝʥʽʡ ʽʥʬʦʨʤʘʮʽʾ ʘʙʦ ʟʘ ʥʘʷʚʥʦʩʪʽ 

ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʠʭ ʟʦʚʥʽʰʥʽʭ ʚʧʣʠʚʽʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʚʯʝʥʠʡ ʘʛʝʥʪ ʟʜʘʪʝʥ ʜʦ 

ʜʦʥʘʚʯʘʥʥʷ ʪʘ ʘʜʘʧʪʘʮʽʾ ʜʦ ʥʦʚʠʭ ʫʤʦʚ, ʟʙʝʨʽʛʘʶʯʠ ʝʬʝʢʪʠʚʥʽʩʪʴ. 

 4. ɼʦʩʣʽʜʞʝʥʦ ʦʩʦʙʣʠʚʦʩʪʽ ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʨʦʟʛʦʨʪʘʥʥʷ ʩʪʨʽʣʦʚʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʥʘ ʤʽʥʽʩʫʧʫʪʥʠʢʘʭ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʚʠʟʥʘʯʠʪʠ ʥʘʡʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʫ 

ʩʪʨʘʪʝʛʽʶ ï ʢʝʨʦʚʘʥʫ ʟʤʽʥʫ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʟ ʧʦʩʣʽʜʦʚʥʦʶ ʬʽʢʩʘʮʽʻʶ ʩʝʢʮʽʡ. 

ʇʦʙʫʜʦʚʘʥʦ ʤʦʜʝʣʴ ʨʫʭʫ ʩʠʩʪʝʤʠ ʫ ʚʠʛʣʷʜʽ ʨʽʚʥʷʥʴ ʃʘʛʨʘʥʞʘ ʜʨʫʛʦ ʨʦʜʫ, ʱʦ 
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ʜʦʟʚʦʣʠʣʦ ʪʦʯʥʦ ʦʮʽʥʠʪʠ ʜʠʥʘʤʽʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʆʙˇʨʫʥʪʦʚʘʥʦ ʧʝʨʝʚʘʛʫ 

ʩʮʝʥʘʨʽʶ ʟ ʢʝʨʦʚʘʥʠʤ ʧʨʦʬʽʣʝʤ ʰʚʠʜʢʦʩʪʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʤʽʥʽʤʽʟʫʚʘʪʠ ʫʜʘʨʥʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʟʘʙʝʟʧʝʯʠʪʠ ʪʦʯʥʽʩʪʴ ʦʨʽʻʥʪʘʮʽʾ ʪʘ ʟʤʝʥʰʠʪʠ ʧʦʪʨʝʙʫ ʫ ʩʢʣʘʜʥʠʭ 

ʧʨʠʚʦʜʘʭ. 

 5. ʋ ʜʦʩʣʽʜʞʝʥʥʽ ʜʝʪʘʣʴʥʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʤʝʭʘʥʽʟʤʠ ʪʘ ʪʦʧʦʣʦʛʽʾ 

ʨʦʟʛʦʨʪʘʥʥʷ, ʚʢʣʶʯʘʶʯʠ ʪʝʣʝʩʢʦʧʽʯʥʽ, ʥʦʞʠʯʥʽ, ʩʝʢʮʽʡʥʽ ʡ ʢʦʤʧʦʟʠʪʥʽ ʩʪʨʫʢʪʫʨʠ, 

ʱʦ ʜʦʟʚʦʣʠʣʦ ʚʠʷʚʠʪʠ ʦʧʪʠʤʘʣʴʥʽ ʚʘʨʽʘʥʪʠ ʟ ʧʦʛʣʷʜʫ ʤʘʩʦʛʘʙʘʨʠʪʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʞʦʨʩʪʢʦʩʪʽ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʦʩʪʽ. ʋʩʪʘʥʦʚʣʝʥʦ ʢʣʶʯʦʚʽ ʜʠʥʘʤʽʯʥʽ ʪʘ 

ʪʦʧʦʣʦʛʽʯʥʽ ʬʘʢʪʦʨʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʠʥʭʨʦʥʥʽʩʪʴ, ʩʪʘʙʽʣʴʥʽʩʪʴ ʽ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʨʦʟʛʦʨʪʘʥʥʷ ʚ ʫʤʦʚʘʭ ʢʦʩʤʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

 6. ʇʨʘʢʪʠʯʥʘ ʟʥʘʯʫʱʽʩʪʴ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʩʪʚʦʨʝʥʥʽ ʧʝʨʝʚʽʨʝʥʠʭ ʧʽʜʭʦʜʽʚ 

ʜʦ ʤʦʜʝʣʶʚʘʥʥʷ ʡ ʢʝʨʫʚʘʥʥʷ ʂʂʊ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘʩʪʦʩʦʚʘʥʽ ʧʨʠ 

ʨʦʟʨʦʙʮ ̔ʩʠʩʪʝʤ ʨʦʟʛʦʨʪʘʥʥʷ ʢʦʩʤʽʯʥʠʭ ʘʥʪʝʥ, ʤʽʥʽʩʫʧʫʪʥʠʢʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʽ 

ʩʢʣʘʜʥʠʭ ʪʨʘʥʩʬʦʨʤʦʚʘʥʠʭ ʩʠʩʪʝʤ, ʦʨʽʻʥʪʦʚʘʥʠʭ ʥʘ ʤʘʡʙʫʪʥʽ ʤʽʩʽʾ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʦʙʤʝʞʝʥʴ ʥʘ ʤʘʩʫ, ʝʥʝʨʛʽʶ ʪʘ ʨʝʩʫʨʩ ʦʙʯʠʩʣʝʥʴ. 
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