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ɸʅʆʊɸʎɯʗ 

 

ʂʫʣʘʢʦʚ ʄ.ʆ. ʈʦʟʨʦʙʢʘ ʩʧʦʩʦʙʫ ʚʠʙʦʨʫ ʤʘʥʝʚʨʫ ʨʦʟʭʦʜʞʝʥʥʷ ʟʤʽʥʦʶ 

ʰʚʠʜʢʦʩʪʝʡ ʩʫʜʝʥ ʧʨʠ ʾʭ ʟʦʚʥʽʰʥʴʦʤʫ ʫʧʨʘʚʣʽʥʥʽ. ï ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ 

ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ 

ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ (ʜʦʢʪʦʨʘ ʬʽʣʦʩʦʬʽʾ) ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ 05.22.13 ï 

ʥʘʚʽʛʘʮʽʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʨʫʭʦʤ (271 ʈʽʯʢʦʚʠʡ ʪʘ ʤʦʨʩʴʢʠʡ ʪʨʘʥʩʧʦʨʪ). ï  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ñʆʜʝʩʴʢʘ ʤʦʨʩʴʢʘ ʘʢʘʜʝʤʽʷò. ï ʆʜʝʩʘ, 2018. 

  

ʇʦʧʝʨʝʜʥʽʡ ʘʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʠ ʟ ʧʨʦʙʣʝʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽ ʧʽʜʚʠʱʝʥʥʷ 

ʙʝʟʧʝʢʠ ʩʫʜʥʦʚʦʜʽʥʥʷ ʧʦʢʘʟʘʚ, ʱʦ ʦʩʥʦʚʥʠʤʠ ʥʘʧʨʷʤʘʤʠ ʨʦʟʚôʷʟʘʥʥʷ ʮʽʻʾ 

ʧʨʦʙʣʝʤʠ ʻ ʨʦʟʨʦʙʢʘ ʪʝʦʨʽʾ ʽ ʤʝʪʦʜʽʚ ʧʦʧʝʨʝʜʞʝʥʥʷ ʟʽʪʢʥʝʥʴ ʩʫʜʝʥ ʫ 

ʧʨʠʙʝʨʝʞʥʠʭ ʨʘʡʦʥʘʭ ʽʥʪʝʥʩʠʚʥʦʛʦ ʩʫʜʥʦʧʣʘʚʩʪʚʘ, ʤʦʜʝʣʶʚʘʥʥʷ ʨʫʭʫ ʩʫʜʥʘ 

ʧʨʠ ʧʣʘʚʘʥʥʽ ʚ ʩʪʠʩʣʠʭ ʨʘʡʦʥʘʭ, ʷʢʽ ʧʨʠʩʚʷʯʝʥʽ ʧʠʪʘʥʥʷʤ ʚʠʢʦʥʘʥʥʷ ʩʫʜʥʘʤʠ 

ʨʽʟʥʠʭ ʤʘʥʝʚʨʽʚ, ʱʦ ʩʧʨʠʷʻ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʤʫ ʽ ʙʝʟʧʝʯʥʦʤʫ ʧʣʘʚʘʥʥʶ, ʪʘ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʦʯʥʦʩʪʽ ʢʦʥʪʨʦʣʶ ʤʽʩʮʷ ʩʫʜʥʘ ʡ ʦʮʽʥʢʘ ʙʝʟʧʝʢʠ ʩʫʜʥʦʚʦʜʽʥʥʷ ʚ 

ʩʪʠʩʣʠʭ ʫʤʦʚʘʭ.  

ʋ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʜʥʠʤ ʟ ʥʘʡʘʢʪʫʘʣʴʥʽʰʠʭ 

ʘʩʧʝʢʪʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʩʫʜʥʦʚʦʜʽʥʥʷ ʻ ʧʦʧʝʨʝʜʞʝʥʥʷ ʟʽʪʢʥʝʥʴ ʩʫʜʝʥ 

ʧʨʠ ʧʣʘʚʘʥʥʽ ʚ ʩʪʠʩʣʠʭ ʚʦʜʘʭ, ʪʦʤʫ ʜʠʩʝʨʪʘʮʽʡʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠʩʚʷʯʝʥʝ 

ʬʦʨʤʫʚʘʥʥʶ ʦʙʣʘʩʪʽ ʥʝʙʝʟʧʝʯʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʩʫʜʝʥ ʜʣʷ ʨʦʟʨʦʙʢʠ ʩʧʦʩʦʙʫ 

ʚʠʙʦʨʫ ʤʘʥʝʚʨʫ ʨʦʟʭʦʜʞʝʥʥʷ ʟʤʽʥʦʶ ʾʭ ʰʚʠʜʢʦʩʪʝʡ ʧʨʠ ʟʦʚʥʽʰʥʴʦʤʫ 

ʫʧʨʘʚʣʽʥʥʽ ʧʨʦʮʝʩʦʤ ʨʦʟʭʦʜʞʝʥʥʷ. 

ʄʝʪʘ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʡʦʛʦ ʛʦʣʦʚʥʘ ʟʘʜʘʯʘ ʩʬʦʨʤʫʣʴʦʚʘʥʽ 

ʚ ʨʦʟʨʦʙʣʝʥʽʡ ʪʝʭʥʦʣʦʛʽʯʥʽʡ ʢʘʨʪʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʧʨʠʯʦʤʫ ʛʦʣʦʚʥʘ ʟʘʜʘʯʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʨʴʦʤʘ ʜʦʧʦʤʽʞʥʠʤʠ ʟʘʜʘʯʘʤʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʪʘ ʚ 

ʧʦʜʘʣʴʰʦʤʫ ʧʽʜʪʚʝʨʜʞʝʥʘ ʛʽʧʦʪʝʟʘ ʥʘʫʢʦʚʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʪʘʢʦʞ ʧʦʢʘʟʘʥʦ, 

ʱʦ ʨʝʟʫʣʴʪʘʪʦʤ ʨʦʟʚôʷʟʘʥʥʷ ʜʦʧʦʤʽʞʥʠʭ ʟʘʜʘʯ ʩʪʘʣʠ ʚʽʜʧʦʚʽʜʥʽ ʥʘʫʢʦʚʽ 

ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ, ʷʢʽ ʤʽʩʪʷʪʴ ʥʘʫʢʦʚʫ ʥʦʚʠʟʥʫ, ʧʽʜʢʨʝʩʣʝʥʦ ʪʽ 
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ʧʦʣʦʞʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ, ʱʦ ʦʪʨʠʤʘʥʽ ʚʧʝʨʰʝ. 

ɿʥʘʯʫʱʽʩʪʴ ʽ ʧʨʘʢʪʠʯʥʘ ʮʽʥʥʽʩʪʴ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟʫʤʦʚʣʝʥʽ 

ʤʦʞʣʠʚʽʩʪʶ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʨʘʢʪʠʯʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ, ʦʪʨʠʤʘʥʠʭ ʫ 

ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ, ʜʣʷ ʟʥʠʞʝʥʥʷ ʘʚʘʨʽʡʥʦʩʪʽ ʩʫʜʥʦʚʦʜʽʥʥʷ, ʘ ʪʘʢʦʞ 

ʩʬʦʨʤʫʣʴʦʚʘʥʝ ʟʘʛʘʣʴʥʝ ʥʘʫʢʦʚʝ ʧʦʣʦʞʝʥʥʷ ʨʦʙʦʪʠ. 

 ʋ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʟʘʛʘʣʴʥʫ ʤʝʪʦʜʠʢʫ ʨʦʟʚôʷʟʘʥʥʷ ʛʦʣʦʚʥʦʾ ʟʘʚʜʘʯʽ 

ʰʣʷʭʦʤ ʟʥʘʭʦʜʞʝʥʥʷ ʨʦʟʚôʷʟʘʥʴ ʜʦʧʦʤʽʞʥʠʭ ʟʘʜʘʯ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ, 

ʧʨʠʯʦʤʫ ʤʝʪʦʜʠʢʘ ʻ ʥʘʩʘʤʧʝʨʝʜ ʫʟʘʛʘʣʴʥʝʥʠʤ ʘʣʛʦʨʠʪʤʦʤ ʚʠʢʦʥʘʥʥʷ 

ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʝʪʘʧʥʠʤ ʨʦʟʚôʷʟʘʥʥʷʤ ʩʢʣʘʜʦʚʠʭ ʟʘʚʜʘʥʴ, ʘ ʥʝ 

ʪʽʣʴʢʠ ʾʭ ʬʦʨʤʘʣʴʥʠʤ ʦʧʠʩʦʤ. ɼʣʷ ʮʴʦʛʦ ʧʨʦʚʝʜʝʥʦ ʪʝʦʨʝʪʠʯʥʽ ʨʦʟʨʦʙʢʠ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʘʥʘʣʽʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʟʜʽʡʩʥʝʥʦ 

ʽʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ, ʷʢʝ ʧʽʜʪʚʝʨʜʠʣʦ ʢʦʨʝʢʪʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ.  

ɺ ʦʩʥʦʚʥʽʡ ʯʘʩʪʠʥʽ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʚʝʜʝʥʦ ʧʦʥʷʪʪʷ ʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʝʣʝʤʝʥʪʘʨʥʦʾ ʛʨʫʧʠ ʩʫʜʝʥ. ʈʦʟʛʣʷʥʫʪʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʽʩʪʠʥʥʦʛʦ ʽ ʚʽʜʥʦʩʥʦʛʦ ʨʫʭʫ ʽ ʥʘʚʝʜʝʥʦ ʚʟʘʻʤʥʽ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʾʭʥʽʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ. ʆʪʨʠʤʘʥʦ ʘʥʘʣʽʪʠʯʥʽ ʚʠʨʘʟʠ ʜʣʷ ʜʠʩʪʘʥʮʽʾ ʽ ʯʘʩʫ ʥʘʡʢʦʨʦʪʰʦʛʦ 

ʟʙʣʠʞʝʥʥʷ ʪʘ ʥʘʚʝʜʝʥʘ ʬʦʨʤʫʣʘ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʰʚʠʜʢʦʩʪʽ ʟʙʣʠʞʝʥʥʷ ʩʫʜʝʥ ʽ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʛʨʘʬʽʯʥʫ ʽʟʦʣʽʥʽʶ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʥʘʢʫ ʰʚʠʜʢʦʩʪʽ ʟʙʣʠʞʝʥʥʷ. 

ʅʘʚʝʜʝʥʦ ʧʨʦʮʝʜʫʨʫ ʬʦʨʤʫʚʘʥʥʷ ʦʙʣʘʩʪʝʡ ʥʝʙʝʟʧʝʯʥʠʭ ʢʫʨʩʽʚ 

ʝʣʝʤʝʥʪʘʨʥʦʾ ʛʨʫʧʠ ʩʫʜʝʥ ʜʣʷ ʨʽʟʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʾʭʥʽʭ ʰʚʠʜʢʦʩʪʝʡ. 

ʇʦʢʘʟʘʥʘ ʟʘʣʝʞʥʽʩʪʴ ʦʙʣʘʩʪʝʡ ʥʝʙʝʟʧʝʯʥʠʭ ʢʫʨʩʽʚ ʚʽʜ ʽʩʪʦʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, 

ʚʢʣʶʯʘʶʯʠ ʧʦʪʦʯʥʫ ʽ ʛʨʘʥʠʯʥʫ-ʜʦʧʫʩʪʠʤʫ ʜʠʩʪʘʥʮʽʾ. 

ʅʘʚʝʜʝʥʦ ʟʘʛʘʣʴʥʝ ʚʠʟʥʘʯʝʥʥʷ ʩʠʪʫʘʪʠʚʥʦʛʦ ʟʙʫʨʝʥʥʷ ʽ ʧʨʦʮʝʜʫʨʘ ʦʮʽʥʢʠ 

ʡʦʛʦ ʟʥʘʯʝʥʥʷ ʟʘʣʝʞʥʦ ʚʽʜ ʧʦʪʦʯʥʦʾ ʩʠʪʫʘʮʽʾ ʥʝʙʝʟʧʝʯʥʦʛʦ ʟʙʣʠʞʝʥʥʷ, ʱʦ 

ʩʢʣʘʣʘʩʷ.  

ɼʣʷ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʰʚʠʜʢʽʩʪʴ ʩʫʜʥʘ ʤʝʥʰʝ ʰʚʠʜʢʦʩʪʽ ʮʽʣʽ, ʥʘʚʝʜʝʥʦ 

ʘʥʘʣʽʪʠʯʥʠʡ ʤʝʪʦʜ ʽ ʛʨʘʬʽʯʥʽ ʜʽʘʛʨʘʤʠ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ 

ʟʥʘʯʝʥʥʷ ʩʠʪʫʘʪʠʚʥʦʛʦ ʟʙʫʨʝʥʥʷ ʟʘʣʝʞʥʦ ʚʽʜ ʧʦʪʦʯʥʦʾ ʜʠʩʪʘʥʮʽʾ, ʰʚʠʜʢʦʩʪʝʡ 

ʩʫʜʝʥ, ʛʨʘʥʠʯʥʦʾ-ʜʦʧʫʩʪʠʤʦʾ ʜʠʩʪʘʥʮʽʾ ʟʙʣʠʞʝʥʥʷ ʽ ʰʚʠʜʢʦʩʪʽ ʮʽʣʽ. 
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ʋ ʨʘʟʽ ʩʠʪʫʘʮʽʾ, ʢʦʣʠ ʥʝʤʦʞʣʠʚʝ ʤʘʥʝʚʨʫʚʘʥʥʷ ʟʤʽʥʦʶ ʢʫʨʩʫ, 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʨʦʮʝʜʫʨʫ ʬʦʨʤʫʚʘʥʥʷ ʦʙʣʘʩʪʝʡ ʥʝʙʝʟʧʝʯʥʠʭ ʰʚʠʜʢʦʩʪʝʡ, ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʤʦʞʣʠʚʠʡ ʚʠʙʽʨ ʤʘʥʝʚʨʫ ʨʦʟʭʦʜʞʝʥʥʷ ʩʫʜʝʥ ʟʤʽʥʦʶ ʾʭʥʽʭ 

ʰʚʠʜʢʦʩʪʝʡ.  

ɼʝʪʘʣʴʥʦ ʨʦʟʛʣʷʥʫʪʦ ʧʠʪʘʥʥʷ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʥʝʚʨʫ 

ʨʦʟʭʦʜʞʝʥʥʷ ʟʤʽʥʦʶ ʰʚʠʜʢʦʩʪʝʡ ʩʫʜʝʥ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʾʭ ʽʥʝʨʮʽʡʥʦ-

ʛʘʣʴʤʽʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫ ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ ʛʘʣʴʤʫʚʘʥʥʷ. 

ʇʦʢʘʟʘʥʦ, ʱʦ, ʚʠʭʦʜʷʯʠ ʟ ʧʦʯʘʪʢʦʚʦʾ ʩʠʪʫʘʮʽʾ ʥʝʙʝʟʧʝʯʥʦʛʦ ʟʙʣʠʞʝʥʥʷ 

ʩʫʜʝʥ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʙʣʘʩʪʽ ʾʭ ʥʝʙʝʟʧʝʯʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʽʩʥʫʚʘʥʥʷ ʤʥʦʞʠʥʠ ʙʝʟʧʝʯʥʠʭ ʤʘʥʝʚʨʽʚ ʨʦʟʭʦʜʞʝʥʥʷ ʩʫʜʝʥ ʟʤʽʥʦʶ 

ʰʚʠʜʢʦʩʪʝʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʾʭ ʽʥʝʨʮʽʡʥʦʩʪʽ ʚ ʨʝʞʠʤʘʭ ʘʢʪʠʚʥʦʛʦ ʽ ʧʘʩʠʚʥʦʛʦ 

ʛʘʣʴʤʫʚʘʥʥʷ. ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʚʢʘʟʘʥʦʛʦ ʟʘʚʜʘʥʥʷ ʚ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ 

ʘʥʘʣʽʪʠʯʥʠʡ ʦʧʠʩ ʨʝʞʠʤʽʚ ʘʢʪʠʚʥʦʛʦ ʽ ʧʘʩʠʚʥʦʛʦ ʛʘʣʴʤʫʚʘʥʥʷ ʩʫʜʥʘ. 

ʆʪʨʠʤʘʥʦ ʚʠʨʘʟʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʪʨʠʚʘʣʦʩʪʽ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʘʢʪʠʚʥʦʛʦ ʽ 

ʧʘʩʠʚʥʦʛʦ ʛʘʣʴʤʫʚʘʥʥʷ, ʧʨʦʡʜʝʥʦʾ ʧʨʠ ʮʴʦʤʫ ʚʽʜʩʪʘʥʽ ʽ ʟʘʣʝʞʥʽʩʪʴ ʰʚʠʜʢʦʩʪʽ 

ʛʘʣʴʤʫʚʘʥʥʷ ʚʽʜ ʯʘʩʫ. 

ʋ ʨʘʟʽ ʽʩʥʫʚʘʥʥʷ ʤʥʦʞʠʥʠ ʙʝʟʧʝʯʥʠʭ ʤʘʥʝʚʨʽʚ ʨʦʟʭʦʜʞʝʥʥʷ ʩʫʜʝʥ 

ʟʤʽʥʦʶ ʰʚʠʜʢʦʩʪʝʡ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʨʦʮʝʜʫʨʫ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʤʘʥʝʚʨʫ ʨʦʟʭʦʜʞʝʥʥʷ ʟʤʽʥʦʶ ʰʚʠʜʢʦʩʪʝʡ ʘʥʘʣʽʪʠʯʥʠʤ ʩʧʦʩʦʙʦʤ, ʷʢʘ 

ʜʦʟʚʦʣʷʻ ʨʦʟʨʘʭʫʚʘʪʠ ʤʦʤʝʥʪ ʯʘʩʫ ʧʦʯʘʪʢʫ ʛʘʣʴʤʫʚʘʥʥʷ ʩʫʜʝʥ, ʧʨʠ ʷʢʦʤʫ 

ʜʠʩʪʘʥʮʽʷ ʥʘʡʢʦʨʦʪʰʦʛʦ ʟʙʣʠʞʝʥʥʷ ʜʦʨʽʚʥʶʻ ʛʨʘʥʠʯʥʽʡ-ʜʦʧʫʩʪʠʤʽʡ 

ʜʠʩʪʘʥʮʽʾ ʟʙʣʠʞʝʥʥʷ. ʋ ʨʦʟʜʽʣʽ ʪʘʢʦʞ ʧʦʢʘʟʘʥʦ, ʱʦ ʢʨʠʪʝʨʽʻʤ ʦʧʪʠʤʘʣʴʥʦʩʪʽ 

ʻ ʤʽʥʽʤʽʟʘʮʽʷ ʚʪʨʘʪʠ ʯʘʩʫ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʤʘʥʝʚʨʫ ʨʦʟʭʦʜʞʝʥʥʷ, ʷʢʽ 

ʟʤʝʥʰʫʶʪʴʩʷ ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ ʜʠʩʪʘʥʮʽʾ ʥʘʡʢʦʨʦʪʰʦʛʦ ʟʙʣʠʞʝʥʥʷ ʟʥʘʯʝʥʥʷ 

ʛʨʘʥʠʯʥʦʾ-ʜʦʧʫʩʪʠʤʦʾ ʜʠʩʪʘʥʮʽʾ ʟʙʣʠʞʝʥʥʷ. ʆʪʨʠʤʘʥʦ ʚʠʨʘʟʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʤʦʤʝʥʪʫ ʯʘʩʫ ʧʦʯʘʪʢʫ ʛʘʣʴʤʫʚʘʥʥʷ ʩʫʜʝʥ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʫʜʥʘʤʠ ʨʽʟʥʠʭ ʚʘʨʽʘʥʪʽʚ ʨʝʞʠʤʽʚ ʛʘʣʴʤʫʚʘʥʥʷ: ʦʙʠʜʚʘ ʩʫʜʥʘ 

ʟʥʠʞʫʶʪʴ ʰʚʠʜʢʽʩʪʴ ʘʢʪʠʚʥʠʤ ʛʘʣʴʤʫʚʘʥʥʷʤ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʤʘʥʝʚʨ 

ʨʦʟʭʦʜʞʝʥʥʷ ʧʘʩʠʚʥʠʤ ʛʘʣʴʤʫʚʘʥʥʷʤ ʩʫʜʝʥ, ʽ ʦʜʥʝ ʟ ʩʫʜʝʥ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʘʢʪʠʚʥʝ ʛʘʣʴʤʫʚʘʥʥʷ, ʘ ʜʨʫʛʝ ï ʧʘʩʠʚʥʝ ʛʘʣʴʤʫʚʘʥʥʷ. 
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ʋ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʧʨʦʮʝʜʫʨʘ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʛʨʘʬʽʯʥʦʛʦ 

ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʥʝʚʨʫ ʨʦʟʭʦʜʞʝʥʥʷ ʟʤʽʥʦʶ ʰʚʠʜʢʦʩʪʝʡ ʩʫʜʝʥ. 

ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʢʦʨʝʢʪʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʧʨʦʮʝʜʫʨʠ ʥʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜʠ 

ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʥʝʚʨʫ ʨʦʟʭʦʜʞʝʥʥʷ ʟʤʽʥʦʶ ʰʚʠʜʢʦʩʪʝʡ ʩʫʜʝʥ, 

ʱʦ ʥʝʙʝʟʧʝʯʥʦ ʟʙʣʠʞʫʶʪʴʩʷ, ʨʽʟʥʠʤʠ ʨʝʞʠʤʘʤʠ ʛʘʣʴʤʫʚʘʥʥʷ.   

 ʋ ʟʘʚʝʨʰʝʥʥʽ ʨʦʙʦʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʝʨʝʚʽʨʢʠ ʢʦʨʝʢʪʥʦʩʪʽ 

ʦʪʨʠʤʘʥʦʛʦ ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʩʧʦʩʦʙʫ ʨʦʟʭʦʜʞʝʥʥʷ ʩʫʜʝʥ ʟʤʽʥʦʶ ʾʭʥʽʭ 

ʰʚʠʜʢʦʩʪʝʡ, ʷʢʠʡ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʦʙʣʘʩʪʽ ʥʝʙʝʟʧʝʯʥʠʭ 

ʰʚʠʜʢʦʩʪʝʡ. ɿ ʮʽʻʶ ʤʝʪʦʶ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʽʤʽʪʘʮʽʡʥʘ ʢʦʤʧ'ʶʪʝʨʥʘ ʧʨʦʛʨʘʤʘ, 

ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʦʩʥʦʚʥʠʭ ʤʦʜʫʣʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʙʽʨ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʥʝʚʨʫ ʨʦʟʭʦʜʞʝʥʥʷ ʟʥʠʞʝʥʥʷʤ ʰʚʠʜʢʦʩʪʝʡ ʩʫʜʝʥ ʧʨʠ 

ʟʘʜʘʥʽʡ ʩʠʪʫʘʮʽʾ ʥʝʙʝʟʧʝʯʥʦʛʦ ʟʙʣʠʞʝʥʥʷ ʽ ʧʨʦʛʨʘʚʘʥʥʷ ʚʠʙʨʘʥʦʛʦ ʤʘʥʝʚʨʫ 

ʨʦʟʭʦʜʞʝʥʥʷ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʨʦʙʠʪʴʩʷ ʚʠʩʥʦʚʦʢ ʧʨʦ ʡʦʛʦ ʢʦʨʝʢʪʥʽʩʪʴ. 

ʅʘʚʝʜʝʥʦ ʜʦʢʣʘʜʥʠʡ ʦʧʠʩ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʽʤʽʪʘʮʽʡʥʦʾ ʧʨʦʛʨʘʤʠ ʚʠʙʦʨʫ 

ʤʘʥʝʚʨʫ ʨʦʟʭʦʜʞʝʥʥʷ ʩʫʜʝʥ ʟʤʽʥʦʶ ʾʭʥʽʭ ʰʚʠʜʢʦʩʪʝʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʽʥʝʨʮʽʡʥʦ-ʛʘʣʴʤʽʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʇʦʢʘʟʘʥʦ, ʱʦ ʚʚʝʜʝʥʥʷ ʧʦʯʘʪʢʦʚʦʾ 

ʩʠʪʫʘʮʽʾ ʥʝʙʝʟʧʝʯʥʦʛʦ ʟʙʣʠʞʝʥʥʷ ʤʦʞʣʠʚʝ ʚʠʙʦʨʦʤ ʦʜʥʽʻʾ ʟ ʜʝʩʷʪʠ 

ʩʪʘʥʜʘʨʪʥʠʭ ʩʠʪʫʘʮʽʡ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤ ʽʩʥʫʚʘʥʥʷ ʤʥʦʞʠʥʠ ʤʘʥʝʚʨʽʚ 

ʨʦʟʭʦʜʞʝʥʥʷ, ʘʙʦ ʩʠʪʫʘʮʽʷ ʥʝʙʝʟʧʝʯʥʦʛʦ ʟʙʣʠʞʝʥʥʷ ʛʝʥʝʨʫʻʪʴʩʷ ʚʚʝʜʝʥʥʷʤ ʾʾ 

ʧʘʨʘʤʝʪʨʽʚ. ʇʽʩʣʷ ʚʠʙʦʨʫ ʧʦʯʘʪʢʦʚʦʾ ʩʠʪʫʘʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʝʨʰʦʛʦ ʤʦʜʫʣʷ 

ʽʤʽʪʘʮʽʡʥʦʾ ʧʨʦʛʨʘʤʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʦʧʪʠʤʘʣʴʥʠʡ ʤʘʥʝʚʨ ʨʦʟʭʦʜʞʝʥʥʷ. 

ʇʝʨʝʜʙʘʯʝʥʘ ʦʧʪʠʤʽʟʘʮʽʷ ʟʘ ʯʘʩʦʤ ʧʦʯʘʪʢʫ ʛʘʣʴʤʫʚʘʥʥʷ ʩʫʜʝʥ ʘʙʦ ʟʘ 

ʟʥʘʯʝʥʥʷʤ ʰʚʠʜʢʦʩʪʝʡ ʨʦʟʭʦʜʞʝʥʥʷ ʩʫʜʝʥ. ʇʨʦʮʝʜʫʨʘ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʤʘʥʝʚʨʫ ʨʦʟʭʦʜʞʝʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʨʦʩʪʦʪʦʶ ʽ ʦʧʝʨʘʪʠʚʥʽʩʪʶ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʜʨʫʛʦʛʦ ʤʦʜʫʣʷ ʧʨʦʛʨʘʤʠ ʽʤʽʪʘʮʽʡʥʠʤ ʤʦʜʝʣʶʚʘʥʥʷʤ 

ʧʨʦʚʝʜʝʥʦ ʧʝʨʝʚʽʨʢʫ ʢʦʨʝʢʪʥʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʤʘʥʝʚʨʽʚ ʨʦʟʭʦʜʞʝʥʥʷ. ɿ ʮʽʻʶ 

ʤʝʪʦʶ ʦʙʠʨʘʚʩʷ ʨʷʜ ʧʦʯʘʪʢʦʚʠʭ ʩʠʪʫʘʮʽʡ ʥʝʙʝʟʧʝʯʥʦʛʦ ʟʙʣʠʞʝʥʥʷ, ʜʣʷ ʷʢʠʭ 

ʚʠʟʥʘʯʘʣʠʩʷ ʦʧʪʠʤʘʣʴʥʽ ʤʘʥʝʚʨʠ ʨʦʟʭʦʜʞʝʥʥʷ. ʇʦʪʽʤ ʧʨʦʚʦʜʠʣʦʩʷ 

ʧʨʦʛʨʘʚʘʥʥʷ ʦʪʨʠʤʘʥʠʭ ʤʘʥʝʚʨʽʚ, ʘʥʘʣʽʟ ʷʢʦʛʦ ʧʦʢʘʟʘʚ ʢʦʨʝʢʪʥʽʩʪʴ ʚʩʽʭ 

ʤʘʥʝʚʨʽʚ, ʪʦʙʪʦ ʨʦʟʨʘʭʫʥʢʦʚʽ ʟʥʘʯʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ 
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ʛʘʣʴʤʫʚʘʥʥʷ ʦʙʦʭ ʩʫʜʝʥ, ʯʘʩʫ ʽ ʜʠʩʪʘʥʮʽʾ ʥʘʡʢʦʨʦʪʰʦʛʦ ʟʙʣʠʞʝʥʥʷ ʟʙʽʛʣʠʩʷ ʟʽ 

ʟʥʘʯʝʥʥʷʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʛʨʘʚʘʥʥʷ ʤʘʥʝʚʨʫ ʜʣʷ ʚʩʽʭ 

ʨʦʟʛʣʷʥʫʪʠʭ ʚʠʧʘʜʢʽʚ.   

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʚ ʜʠʩʝʨʪʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʚ ʩʪʚʦʨʝʥʥʽ 

ʥʦʚʦʛʦ ʤʝʪʦʜʫ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʥʝʚʨʫ ʨʦʟʭʦʜʞʝʥʥʷ ʩʫʜʝʥ ʟʥʠʞʝʥʥʷʤ 

ʰʚʠʜʢʦʩʪʝʡ, ʷʢʠʡ ʨʝʘʣʽʟʦʚʘʥʠʡ ʚ ʢʦʤʧ'ʶʪʝʨʥʦʤʫ ʤʦʜʫʣʽ ʪʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ 

ʧʨʠʥʮʠʧʦʤ ʟʦʚʥʽʰʥʴʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʦʤ ʾʭʥʴʦʛʦ ʨʦʟʭʦʜʞʝʥʥʷ ʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʦʙʣʘʩʪʽ ʥʝʙʝʟʧʝʯʥʠʭ ʰʚʠʜʢʦʩʪʝʡ. 

ʋ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ: 

ī ʚʧʝʨʰʝ ʦʪʨʠʤʘʥʦ ʩʧʦʩʽʙ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʥʝʚʨʫ ʨʦʟʭʦʜʞʝʥʥʷ 

ʟʥʠʞʝʥʥʷʤ ʰʚʠʜʢʦʩʪʝʡ ʩʫʜʝʥ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʙʣʘʩʪʽ ʥʝʙʝʟʧʝʯʥʠʭ 

ʰʚʠʜʢʦʩʪʝʡ; 

ī ʫʜʦʩʢʦʥʘʣʝʥʦ ʩʧʦʩʽʙ ʬʦʨʤʫʚʘʥʥʷ ʦʙʣʘʩʪʽ ʥʝʙʝʟʧʝʯʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʟ 

ʨʦʟʨʘʭʫʥʢʦʤ ʾʾ ʤʝʞ  ʽ ʛʨʘʬʽʯʥʠʤ ʚʽʜʦʙʨʘʞʝʥʥʷʤ; 

ī ʜʽʩʪʘʣʘ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʧʨʦʮʝʜʫʨʘ ʚʠʟʥʘʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ 

ʽʩʥʫʚʘʥʥʷ ʤʥʦʞʠʥʠ ʜʦʧʫʩʪʠʤʠʭ ʤʘʥʝʚʨʽʚ ʨʦʟʭʦʜʞʝʥʥʷ ʩʫʜʝʥ ʟʤʽʥʦʶ ʾʭ 

ʰʚʠʜʢʦʩʪʝʡ. 

ʇʨʦʚʝʜʝʥʦʤʫ ʜʠʩʝʨʪʘʮʽʡʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʶ ʚʣʘʩʪʠʚʝ ʧʨʘʢʪʠʯʥʝ 

ʟʥʘʯʝʥʥʷ, ʷʢʝ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʡʦʛʦ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʧʨʦʚʘʜʞʝʥʽ ʥʘ 

ʩʫʜʥʘ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʘ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʘʥʽ ʨʦʟʨʦʙʥʠʢʘʤʠ ʥʘʚʽʛʘʮʽʡʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ, ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʟʦʚʥʽʰʥʴʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʦʤ 

ʨʦʟʭʦʜʞʝʥʥʷ ʩʫʜʥʘ. 

ʇʨʘʢʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʨʦʚʘʜʞʝʥʽ 

ʧʨʠʚʘʪʥʠʤ ʚʠʱʠʤ ʥʘʚʯʘʣʴʥʠʤ ʟʘʢʣʘʜʦʤ  çɯʥʩʪʠʪʫʪ ʧʽʩʣʷʜʠʧʣʦʤʥʦʾ ʦʩʚʽʪʠè 

çʆʜʝʩʴʢʠʡ ʤʦʨʩʴʢʠʡ ʪʨʝʥʘʞʝʨʥʠʡ ʮʝʥʪʨè ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ ʩʫʜʥʦʚʦʜʽʾʚ (ʘʢʪ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʽʜ 27.03.2018 ʨ.), ʢʨʶʾʥʛʦʚʦʶ ʢʦʤʧʘʥʽʻʶ çɺ.ʐʽʧʩ (ʋʢʨʘʾʥʘ)è 

ʜʣʷ ʥʘʚʯʘʥʥʷ, ʧʽʜʛʦʪʦʚʢʠ ʽ ʧʝʨʝʧʽʜʛʦʪʦʚʢʠ ʦʬʽʮʝʨʽʚ ʤʦʨʩʴʢʠʭ ʩʫʜʝʥ ʟʘ 

ʥʘʧʨʷʤʦʤ çʉʫʜʥʦʚʦʜʽʥʥʷè ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʧʣʘʚʘʥʥʷ (ʘʢʪ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʽʜ 10.04.2018 ʨ.). ʄʘʪʝʨʽʘʣʠ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 
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ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

çʆʜʝʩʴʢʘ ʤʦʨʩʴʢʘ ʘʢʘʜʝʤʽʷè (ʘʢʪ ʚʽʜ 23.04.2018 ʨ.). 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʙʝʟʧʝʢʘ ʩʫʜʥʦʚʦʜʽʥʥʷ, ʧʦʧʝʨʝʜʞʝʥʥʷ ʟʽʪʢʥʝʥʴ ʩʫʜʝʥ, 

ʟʦʚʥʽʰʥʻ ʫʧʨʘʚʣʽʥʥʷ, ʤʘʥʝʚʨ ʨʦʟʭʦʜʞʝʥʥʷ ʟʥʠʞʝʥʥʷʤ ʰʚʠʜʢʦʩʪʝʡ, ʦʙʣʘʩʪʴ 

ʥʝʙʝʟʧʝʯʥʠʭ ʰʚʠʜʢʦʩʪʝʡ. 

 

ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟʜʦʙʫʚʘʯʘ ʦʧʫʙʣʽʢʦʚʘʥʽ 

ʚ ʥʘʩʪʫʧʥʠʭ ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ: 

 

ʆʩʥʦʚʥʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʾ. 
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ANNOTATION 

 

Kulakov M. A. Development of method of choice of maneuver of divergence 

by the change of speeds of ships at their external management. It is Qualifying 

scientific labor on rights for a manuscript. Dissertation on the receipt of  scientific 

degree of candidate of engineering sciences (Ph.D.) after speciality 05.22.13 - 

navigation and traffic control (271-river and marine transport). It is the National 

University "Odessa marine academy", Odessa, 2018. 

 

The previous analysis of literature on a problem showed providing and 

increases of safety of navigation, that development of theory and methods of 

warning of collisions of ships in the off-shore districts of intensive navigation, 

design of motion of ship at sailing in the compressed districts which are devoted to 

the questions of implementation by the ships of different maneuvers is basic 

directions of decision of this problem, that is instrumental in more effective and 

safe sailing, and providing of exactness of control of place of ship and estimation 

of safety of navigation in the compressed terms.  

It was set as a result of analysis, that one of the most actual aspects of 

providing of safety of navigator is warning of collisions of ships at sailing in the 

compressed waters, therefore dissertation research is devoted to forming of region 

of dangerous speeds of ships for development of method of choice of maneuver of 

divergence by the change of their speeds at the external process control of 

divergence. 

The purpose of dissertation research and his main task is formulated in the 

developed technological card of research, thus a main task is represented by three 

independent component tasks. Offered and in future confirmed  hypothesis of 

scientific research, it is also shown that the proper scientific dissertation job 

performances which contain a scientific novelty were the result of decision of 

independent component tasks, those positions of research are underlined, that is 
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got first. 

Meaningfulness and practical value of dissertation research is conditioned by 

possibility of introduction of the practical recommendations got in dissertation 

work, for the decline of accident rate of navigator, and also the formulated 

scientific general of work. 

 In work the general method of decision of main task is considered by finding 

of decisions of component tasks of dissertation work, thus a method is the above 

all things generalized algorithm of implementation of dissertation research by the 

stage-by-stage decision of component tasks, instead of only by their formal 

specification. For this purpose conducted theoretical developments with the use of 

modern methods of analytical analysis and the imitation design which confirmed 

correctness of the got theoretical results of dissertation research is carried out.     

In basic part of dissertation research it is entered concept and description of 

elementary group of ships. Descriptions of veritable and relative motion and 

resulted mutual dependences are considered between their parameters. Analytical 

expressions for distance and time of the shortest rapprochement are got the that 

resulted formula for the calculation of speed of rapprochement of ships and the 

graphic is offered line for determination of sign of speed of rapprochement. 

Procedure of forming of regions of dangerous courses of elementary group of 

ships is resulted for different correlations of their speeds. Shown dependence of 

regions of dangerous courses on substantial parameters, including current and 

maximum-possible distances. 

It is resulted common determination of situation indignation and procedure of 

estimation of his value depending on the current situation of dangerous 

rapprochement, which was folded.  

For a case, when speed of ship less speed of purpose, resulted analytical 

method and graphic diagrams, by which it is possible to define the value of 

situation indignation depending on current distance, speeds of ships, maximum-

possible distance of rapprochement and speed of purpose. 
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In instance where impossible maneuvering by the change of course, offered 

procedure of forming of regions of dangerous speeds, by which possible choice of 

maneuver of divergence of ships by the change of their speeds.  

In detail the question of choice of optimum maneuver of divergence by the 

change of speeds of ships is considered taking into account their inertia-brake 

descriptions in different modes of braking. 

It is shown that, coming the initial situation of dangerous rapprochement of 

ships from, by the region of their dangerous speeds existence of great number of 

safe maneuvers of divergence of ships by the change of speeds taking into account 

their inertia in the modes of the active and passive braking is determined. For the 

decision of the indicated task analytical description of the modes of the active and 

passive braking of ship is considered in work. Got expressions for the calculation 

of duration of transitional process of the active and passive braking, passed here 

distances and dependence of speed of braking from time. 

In the case of existence of great number of safe maneuvers of divergence of 

ships the change of speeds offers procedure of determination of optimum 

maneuver of divergence by the change of speeds by an analytical method, which 

allows to expect moment of time of beginning of braking of ships, at which 

distance of the shortest rapprochement even to maximum-possible distance of 

rapprochement. It is also shown in a section, which as criterion of optimum there 

are the losses of time for implementation of maneuver of divergence, which 

diminishes at achievement of distance of the shortest rapprochement of value of 

maximum-possible distance of rapprochement. Expressions are got for the 

calculation of optimum value of moment of time of beginning of braking of ships 

at the use by the ships of different variants of the modes of braking: both ships 

reduce speed by the active braking, there is the maneuver of divergence by the 

passive braking of ships and one of ships uses the active braking, and second is 

passive braking. 

There is the offered procedure of computer graphic determination of optimum 

maneuver of divergence by the change of speeds of ships in work. For verification 
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of correctness of the offered procedure the resulted examples of determination of 

optimum maneuver of divergence by the change of speeds of ships which are 

dangerously drawn together, different modes of braking.   

 In completion of work the represented results of verification of correctness of 

the method of divergence of ships by the change of their speeds got in dissertation 

work, which is based on the use of region of dangerous speeds. The imitation 

computer program, which consists of two basic modules which provide the choice 

of optimum maneuver of divergence by the decline of speeds of ships at the set 

situation of dangerous rapprochement and playing of the chosen maneuver of 

divergence, was developed to that end, as a result is drawn conclusion about his 

correctness. 

The detailed description of the computer imitation program of choice of 

maneuver of divergence of ships is resulted by the change of their speeds taking 

into account inertia-brake descriptions. It is shown that introduction of initial 

situation of dangerous rapprochement is possible by the choice of one of ten 

standard situations which respond to request existence of great number of 

maneuvers of divergence, or the situation of dangerous rapprochement is generated 

by introduction of its parameters. After the choice of initial situation by the first 

imitation program unit the optimum maneuver of divergence is determined. 

Foreseen optimization at times of beginning of braking of ships or on by the value 

of speeds of divergence of ships. Procedure of choice of optimum maneuver of 

divergence is characterized by simplicity and operative. 

By the second program unit by the imitation design the conducted verification 

of correctness of the got maneuvers of divergence. The row of initial situations of 

dangerous rapprochement got out to that end, which the optimum maneuvers of 

divergence were determined for. Then playing of the got maneuvers was 

conducted, the analysis of which showed correctness of all maneuvers, that the 

calculation values of duration of transitional processes of braking of both ships, to 

time and distance of the shortest rapprochement coincided with the values got as a 

result of playing of maneuver for all considered cases.   
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The scientific novelty of the results got in dissertation consists in creation of a 

new method of choice of optimum maneuver of divergence of ships by the decline 

of speeds, which is realized in the computer module, and is differed by principle of 

external process and application of region of dangerous speeds control of their 

divergence. 

In dissertation work: 

the method of forming of region of dangerous speeds is first developed with 

the calculation of its scopes  and graphic reflection; 

procedure of determination of possibilities of existence of great number of 

possible maneuvers of divergence of ships is first offered by the change of their 

speeds; 

the method of choice of optimum maneuver of divergence by the decline of 

speeds of ships is first got by the region of dangerous speeds.  

To the conducted dissertation research peculiar practical value, which consists 

in that his results can be inculcated on ships in the process of exploitation, and also 

used by the developers of the navigation informative systems intended for the 

external process control of divergence of ship. 

The practical results of dissertation research are inculcated by private higher 

educational establishment  çInstitute of ʧʽʩʣʷʜʠʧʣʦʤʥʦʾ educationè the çOdessa 

marine trainer centerè for preparation of navigators (act of introduction from 

27.03.2018), by the crew company çV.Ships Ukraineè for studies, preparation and 

retraining of officers of marine ships to direction of çNavigatorè with the purpose 

of providing of safety of sailing (act of introduction from 10.04.2018). Materials of 

dissertation research are used in an educational process at teaching of national 

university ñOdessa maritime academyò (act of introduction from 23.04.2018). 

Keywords: safety of navigation, warning of collisions of ships, external 

management, maneuver of divergence by the decline of speeds, region of 

dangerous speeds. 
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The basic results of dissertation research of bread-winner are published in the 

following scientific labors: 
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ɺʉʊʋʇ 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. ʆʜʥʽʻʶ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʻ ʧʨʦʙʣʝʤʘ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʙʝʟʧʝʢʠ ʩʫʜʥʦʚʦʜʽʥʥʷ, ʦʩʢʽʣʴʢʠ ʚʽʜ ʾʾ ʫʩʧʽʰʥʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʣʝʞʠʪʴ 

ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʘʚʘʨʽʡʥʠʭ ʚʠʧʘʜʢʽʚ, ʱʦ ʚʝʜʝ ʜʦ ʟʥʠʞʝʥʥʷ ʰʢʦʜʠ 

ʣʶʜʩʴʢʦʤʫ ʞʠʪʪʶ, ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʫ ʽ ʤʘʡʥʫ. 

ʋ ʩʪʠʩʣʠʭ ʚʦʜʘʭ ʥʘʚʽʛʘʮʽʡʥʽ ʧʝʨʝʰʢʦʜʠ ʪʘ ʽʥʪʝʥʩʠʚʥʝ ʩʫʜʥʦʧʣʘʚʩʪʚʦ 

ʟʥʘʯʥʦ ʫʩʢʣʘʜʥʶʶʪʴ ʧʣʘʚʘʥʥʷ ʤʦʨʩʴʢʠʭ ʩʫʜʝʥ ʽ ʩʪʚʦʨʶʶʪʴ ʧʝʨʝʜʫʤʦʚʠ ʜʣʷ 

ʚʠʥʠʢʥʝʥʥʷ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ. ʉʘʤʝ ʩʪʠʩʣʽ ʚʦʜʠ ʦʙʣʘʰʪʦʚʫʶʪʴʩʷ ʩʪʘʥʮʽʷʤʠ 

ʫʧʨʘʚʣʽʥʥʷ ʨʫʭʦʤ ʩʫʜʝʥ, ʷʢʽ ʚ ʨʘʟʽ ʧʦʪʨʝʙʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʦʚʥʽʰʥʻ 

ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʦʤ ʨʦʟʭʦʜʞʝʥʥʷ ʩʫʜʝʥ ʧʨʠ ʚʠʥʠʢʥʝʥʥʽ ʩʠʪʫʘʮʽʾ 

ʥʝʙʝʟʧʝʯʥʦʛʦ ʟʙʣʠʞʝʥʥʷ. ʊʦʤʫ ʨʦʟʨʦʙʢʘ ʩʧʦʩʦʙʽʚ ʟʦʚʥʽʰʥʴʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

ʩʫʜʥʘʤʠ, ʱʦ ʥʝʙʝʟʧʝʯʥʦ ʟʙʣʠʞʫʶʪʴʩʷ, ʯʦʤʫ ʧʨʠʩʚʷʯʝʥʦ ʜʘʥʫ ʨʦʙʦʪʫ, ʻ 

ʘʢʪʫʘʣʴʥʠʤ ʽ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʫʢʦʚʠʤ ʥʘʧʨʷʤʦʤ. 

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

ɺʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ ʧʨʦʚʦʜʠʣʦʩʷ ʟʛʽʜʥʦ ʟ ʧʦʣʦʞʝʥʥʷʤʠ ʊʨʘʥʩʧʦʨʪʥʦʾ ʩʪʨʘʪʝʛʽʾ 

ʋʢʨʘʾʥʠ ʥʘ ʧʝʨʽʦʜ ʜʦ 2020 ʨ. (ʨʦʟʧʦʨʷʜʞʝʥʥʷ ʂʘʙʽʥʝʪʫ ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ ʚʽʜ 

20.10.2010 ʨ., ˉ2174-ʨ), ʨʽʰʝʥʥʷ ʈʘʜʠ ʥʘʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ ʽ ʦʙʦʨʦʥʠ 

ʋʢʨʘʾʥʠ ʚʽʜ 16.05.2008 ʨ. çʇʨʦ ʟʘʭʦʜʠ ʱʦʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʦʟʚʠʪʢʫ ʋʢʨʘʾʥʠ 

ʷʢ ʤʦʨʩʴʢʦʾ ʜʝʨʞʘʚʠè (ʫʢʘʟ ʇʨʝʟʠʜʝʥʪʘ ʋʢʨʘʾʥʠ ʚʽʜ 20.05.2008 ʨ. ˉ463 / 

2008), ʘ ʪʘʢʦʞ ʚ ʨʘʤʢʘʭ ʧʣʘʥʽʚ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘʮʽʦʥʘʣʴʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ "ʆʜʝʩʴʢʘ  ʤʦʨʩʴʢʘ ʘʢʘʜʝʤʽʷ" ʟʘ ʜʝʨʞʙʶʜʞʝʪʥʦʶ ʪʝʤʦʶ 

"ɿʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʩʫʜʥʦʚʦʜʽʥʥʷ ʚ ʩʪʠʩʣʠʭ ʨʘʡʦʥʘʭ ʧʣʘʚʘʥʥʷ" (ˉ ɼʈ 

0115U003580, 2016 ʨ.), ʫ ʷʢʽʡ ʟʜʦʙʫʚʘʯʫ ʥʘʣʝʞʠʪʴ ʦʢʨʝʤʠʡ ʧʽʜʨʦʟʜʽʣ. 

ʄʝʪʘ ʽ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ.  

ʄʝʪʘ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ï ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ ʩʫʜʥʦʚʦʜʽʥʥʷ 

ʰʣʷʭʦʤ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ ʧʦʧʝʨʝʜʞʝʥʥʷ ʟʽʪʢʥʝʥʴ ʩʫʜʝʥ.  

ɻʦʣʦʚʥʘ ʟʘʜʘʯʘ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ï ʩʪʚʦʨʝʥʥʷ ʥʦʚʦʛʦ ʩʧʦʩʦʙʫ 

ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʘ ʯʘʩʦʤ ʤʘʥʝʚʨʫ ʨʦʟʭʦʜʞʝʥʥʷ ʩʫʜʝʥ ʟʥʠʞʝʥʥʷʤ 

ʰʚʠʜʢʦʩʪʝʡ, ʷʢʠʡ ʨʝʘʣʽʟʦʚʘʥʠʡ ʚ ʢʦʤʧ'ʶʪʝʨʥʦʤʫ ʤʦʜʫʣʽ, ʪʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ 
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ʧʨʠʥʮʠʧʦʤ ʟʦʚʥʽʰʥʴʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʦʤ ʾʭ ʨʦʟʭʦʜʞʝʥʥʷ ʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʦʙʣʘʩʪʽ ʥʝʙʝʟʧʝʯʥʠʭ ʰʚʠʜʢʦʩʪʝʡ. 

ʅʘʫʢʦʚʘ ʛʽʧʦʪʝʟʘ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ï ʽʩʥʫʚʘʥʥʷ ʤʦʞʣʠʚʦʩʪʽ 

ʧʽʜʚʠʱʝʥʥʷ ʦʧʝʨʘʪʠʚʥʦʩʪʽ ʽ ʧʨʦʩʪʦʪʠ ʚʠʙʦʨʫ ʤʘʥʝʚʨʫ ʨʦʟʭʦʜʞʝʥʥʷ ʩʫʜʥʘ ʟ 

ʥʝʙʝʟʧʝʯʥʦʶ ʮʽʣʣʶ ʧʨʠ ʟʦʚʥʽʰʥʴʦʤʫ ʫʧʨʘʚʣʽʥʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʥʠʞʝʥʥʷ 

ʰʚʠʜʢʦʩʪʝʡ, ʟʘʩʥʦʚʘʥʠʤ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ  ʦʙʣʘʩʪʽ ʥʝʙʝʟʧʝʯʥʠʭ ʰʚʠʜʢʦʩʪʝʡ.  

ɻʦʣʦʚʥʘ ʟʘʜʘʯʘ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʪʦʜʘʤʠ ʩʠʩʪʝʤʥʦʛʦ 

ʘʥʘʣʽʟʫ ʙʫʣʘ ʨʦʟʜʽʣʝʥʘ ʥʘ ʥʘʩʪʫʧʥʽ ʪʨʠ ʜʦʧʦʤʽʞʥʽ ʟʘʜʘʯʽ:  

1. ʌʦʨʤʫʚʘʥʥʷ ʦʙʣʘʩʪʽ ʥʝʙʝʟʧʝʯʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʨʦʟʨʘʭʫʥʢʫ ʾʾ ʤʝʞ.  

2. ɺʠʟʥʘʯʝʥʥʷ ʫʤʦʚ ʽʩʥʫʚʘʥʥʷ ʤʥʦʞʠʥʠ ʜʦʧʫʩʪʠʤʠʭ ʤʘʥʝʚʨʽʚ 

ʨʦʟʭʦʜʞʝʥʥʷ ʩʫʜʝʥ ʟʤʽʥʦʶ ʾʭ ʰʚʠʜʢʦʩʪʝʡ.                                                                             

3. ʈʦʟʨʦʙʢʘ ʩʧʦʩʦʙʫ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʘ ʯʘʩʦʤ ʤʘʥʝʚʨʫ 

ʨʦʟʭʦʜʞʝʥʥʷ ʩʫʜʝʥ ʟʥʠʞʝʥʥʷʤ ʾʭ ʰʚʠʜʢʦʩʪʝʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʨʘʬʽʯʥʦʛʦ 

ʚʽʜʦʙʨʘʞʝʥʥʷ ʦʙʣʘʩʪʽ ʥʝʙʝʟʧʝʯʥʠʭ ʰʚʠʜʢʦʩʪʝʡ, ʷʢʝ ʨʝʘʣʽʟʦʚʘʥʝ ʚ 

ʢʦʤʧôʶʪʝʨʥʦʤʫ ʤʦʜʫʣʽ. 

ʆʙ'ʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʨʦʮʝʩ ʨʫʭʫ ʩʫʜʝʥ ʫ ʩʪʠʩʣʠʭ ʫʤʦʚʘʭ. 

ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʤʘʥʝʚʨ ʨʦʟʭʦʜʞʝʥʥʷ ʩʫʜʝʥ.  

        ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʈʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʜʘʯ ʙʫʣʦ ʜʦʩʷʛʥʫʪʝ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʜʠʩʝʨʪʘʮʽʡʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʥʘʩʪʫʧʥʠʭ ʤʝʪʦʜʽʚ:   

- ʜʝʜʫʢʮʽʾ ʧʨʠ ʘʥʘʣʽʟʽ ʦʩʥʦʚʥʠʭ ʧʽʜʭʦʜʽʚ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʙʝʟʧʝʢʠ 

ʩʫʜʥʦʚʦʜʽʥʥʷ; 

- ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ ʜʣʷ ʚʠʙʦʨʫ ʪʝʤʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʽ ʧʽʜ ʯʘʩ 

ʬʦʨʤʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʥʘʫʢʦʚʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ; 

        - ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ ʜʣʷ ʨʦʟʜʽʣʝʥʥʷ ʛʦʣʦʚʥʦʾ ʟʘʜʘʯʽ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʜʦʧʦʤʽʞʥʽ ʟʘʜʘʯʽ; 

- ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʨʽʚʥʷʥʴ ʨʫʭʫ ʩʫʜʥʘ ʽ ʧʦʰʫʢʫ 

ʟʘʣʝʞʥʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ ʨʫʭʫ ʩʫʜʥʘ ʚʽʜ ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʽʚ;  

- ʪʝʦʨʝʪʠʯʥʦʾ ʤʝʭʘʥʽʢʠ ʜʣʷ ʩʢʣʘʜʘʥʥʷ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ ʨʫʭʫ 

ʩʫʜʥʘ; 
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- ʘʥʘʣʽʪʠʯʥʦʾ ʛʝʦʤʝʪʨʽʾ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʦʙʣʘʩʪʽ ʥʝʙʝʟʧʝʯʥʠʭ ʰʚʠʜʢʦʩʪʝʡ 

ʩʫʜʝʥ.  

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʧʦʣʷʛʘʻ ʫ ʩʪʚʦʨʝʥʥʽ ʥʦʚʦʛʦ ʨʝʘʣʽʟʦʚʘʥʦʛʦ ʚ 

ʢʦʤʧ'ʶʪʝʨʥʦʤʫ ʤʦʜʫʣʽ ʩʧʦʩʦʙʫ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʘ ʯʘʩʦʤ ʤʘʥʝʚʨʫ 

ʨʦʟʭʦʜʞʝʥʥʷ ʩʫʜʝʥ ʟʥʠʞʝʥʥʷʤ ʰʚʠʜʢʦʩʪʝʡ, ʷʢʠʡ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʟʦʚʥʽʰʥʽʤ 

ʫʧʨʘʚʣʽʥʥʷʤ ʧʨʦʮʝʩʦʤ ʾʭ ʨʦʟʭʦʜʞʝʥʥʷ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʦʙʣʘʩʪʽ ʥʝʙʝʟʧʝʯʥʠʭ 

ʰʚʠʜʢʦʩʪʝʡ. 

       ʋ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ: 

ī ʚʧʝʨʰʝ ʦʪʨʠʤʘʥʦ ʩʧʦʩʽʙ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʘ ʯʘʩʦʤ ʤʘʥʝʚʨʫ 

ʨʦʟʭʦʜʞʝʥʥʷ ʟʥʠʞʝʥʥʷʤ ʰʚʠʜʢʦʩʪʝʡ ʩʫʜʝʥ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʙʣʘʩʪʽ 

ʥʝʙʝʟʧʝʯʥʠʭ ʰʚʠʜʢʦʩʪʝʡ; 

ī ʫʜʦʩʢʦʥʘʣʝʥʦ ʩʧʦʩʽʙ ʬʦʨʤʫʚʘʥʥʷ ʦʙʣʘʩʪʽ ʥʝʙʝʟʧʝʯʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʟ 

ʨʦʟʨʘʭʫʥʢʦʤ ʾʾ ʤʝʞ  ʽ ʛʨʘʬʽʯʥʠʤ ʚʽʜʦʙʨʘʞʝʥʥʷʤ; 

ī ʜʽʩʪʘʣʘ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʧʨʦʮʝʜʫʨʘ ʚʠʟʥʘʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ 

ʽʩʥʫʚʘʥʥʷ ʤʥʦʞʠʥʠ ʜʦʧʫʩʪʠʤʠʭ ʤʘʥʝʚʨʽʚ ʨʦʟʭʦʜʞʝʥʥʷ ʩʫʜʝʥ ʟʤʽʥʦʶ ʾʭ 

ʰʚʠʜʢʦʩʪʝʡ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʡʦʛʦ 

ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʧʨʦʚʘʜʞʝʥʽ ʥʘ ʩʫʜʥʘ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʘ 

ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʘʥʽ ʨʦʟʨʦʙʥʠʢʘʤʠ ʥʘʚʽʛʘʮʽʡʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ, 

ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʟʦʚʥʽʰʥʴʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʦʤ ʨʦʟʭʦʜʞʝʥʥʷ ʩʫʜʥʘ. 

ʇʨʘʢʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʨʦʚʘʜʞʝʥʽ 

ʧʨʠʚʘʪʥʠʤ ʚʠʱʠʤ ʥʘʚʯʘʣʴʥʠʤ ʟʘʢʣʘʜʦʤ  çɯʥʩʪʠʪʫʪ ʧʽʩʣʷʜʠʧʣʦʤʥʦʾ ʦʩʚʽʪʠè 

çʆʜʝʩʴʢʠʡ ʤʦʨʩʴʢʠʡ ʪʨʝʥʘʞʝʨʥʠʡ ʮʝʥʪʨè ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ ʩʫʜʥʦʚʦʜʽʾʚ (ʘʢʪ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʽʜ 27.03.2018 ʨ.), ʢʨʶʾʥʛʦʚʦʶ ʢʦʤʧʘʥʽʻʶ çɺ.ʐʽʧʩ (ʋʢʨʘʾʥʘ)è 

ʜʣʷ ʥʘʚʯʘʥʥʷ, ʧʽʜʛʦʪʦʚʢʠ ʽ ʧʝʨʝʧʽʜʛʦʪʦʚʢʠ ʦʬʽʮʝʨʽʚ ʤʦʨʩʴʢʠʭ ʩʫʜʝʥ ʟʘ 

ʥʘʧʨʷʤʦʤ çʉʫʜʥʦʚʦʜʽʥʥʷè ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʧʣʘʚʘʥʥʷ (ʘʢʪ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʽʜ 10.04.2018 ʨ.). ʄʘʪʝʨʽʘʣʠ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

çʆʜʝʩʴʢʘ ʤʦʨʩʴʢʘ ʘʢʘʜʝʤʽʷè (ʘʢʪ ʚʽʜ 23.04.2018 ʨ.). 
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ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ɼʠʩʝʨʪʘʥʪʦʤ ʩʘʤʦʩʪʽʡʥʦ ʟʜʽʡʩʥʝʥʠʡ 

ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʧʦʰʫʢ ʪʘ ʘʥʘʣʽʟ ʦʩʥʦʚʥʠʭ ʥʘʫʢʦʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʧʨʦʙʣʝʤ 

ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ ʩʫʜʥʦʚʦʜʽʥʥʷ, ʪʘʢʦʞ ʟʜʽʡʩʥʝʥʘ ʨʦʟʨʦʙʢʘ 

ʤʝʪʦʜʦʣʦʛʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʧʨʦʮʝʜʫʨʘ ʚʠʟʥʘʯʝʥʥʷ ʫʤʦʚ 

ʽʩʥʫʚʘʥʥʷ ʤʥʦʞʠʥʠ ʧʨʠʧʫʩʪʠʤʠʭ ʤʘʥʝʚʨʽʚ ʨʦʟʭʦʜʞʝʥʥʷ ʩʫʜʝʥ ʟʤʽʥʦʶ ʾʭ 

ʰʚʠʜʢʦʩʪʝʡ, ʪʘʢʦʞ ʨʦʟʨʦʙʣʝʥʽ ʥʝʦʙʭʽʜʥʽ ʘʣʛʦʨʠʪʤʠ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʩʧʦʩʽʙ 

ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʘ ʯʘʩʦʤ ʤʘʥʝʚʨʫ ʨʦʟʭʦʜʞʝʥʥʷ ʟʥʠʞʝʥʥʷʤ ʰʚʠʜʢʦʩʪʝʡ 

ʩʫʜʝʥ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʙʣʘʩʪʽ ʥʝʙʝʟʧʝʯʥʠʭ ʰʚʠʜʢʦʩʪʝʡ, ʟʜʽʡʩʥʝʥʘ ʽʤʽʪʘʮʽʡʥʘ 

ʚʝʨʠʬʽʢʘʮʽʷ ʨʦʟʨʦʙʣʝʥʦʾ ʧʨʦʛʨʘʤʠ. ɿ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ, ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʥʠʤ ʫ 

ʩʧʽʚʘʚʪʦʨʩʪʚʽ, ʫ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʘʥʽ ʣʠʰʝ ʪʽ ʧʦʣʦʞʝʥʥʷ, ʷʢʽ 

ʥʘʣʝʞʘʪʴ ʘʚʪʦʨʫ ʦʩʦʙʠʩʪʦ: ʬʦʨʤʘʣʽʟʘʮʽʷ ʧʨʦʮʝʜʫʨʠ ʨʦʟʨʘʭʫʥʢʫ ʤʝʞ ʦʙʣʘʩʪʽ 

ʥʝʙʝʟʧʝʯʥʠʭ ʰʚʠʜʢʦʩʪʝʡ [1], ʧʨʦʮʝʜʫʨʘ ʬʦʨʤʫʚʘʥʥʷ ʦʙʣʘʩʪʝʡ ʥʝʙʝʟʧʝʯʥʠʭ 

ʰʚʠʜʢʦʩʪʝʡ [6], ʚʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʨʫʧʠ ʩʫʜʝʥ ʧʨʠ ʟʦʚʥʽʰʥʴʦʤʫ 

ʢʝʨʫʚʘʥʥʽ [3], ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙʣʘʩʪʝʡ ʥʝʙʝʟʧʝʯʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʤʘʥʝʚʨʫ ʨʦʟʭʦʜʞʝʥʥʷ [7], ʚʠʙʽʨ ʙʝʟʧʝʯʥʦʛʦ ʤʘʥʝʚʨʫ ʨʦʟʭʦʜʞʝʥʥʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʙʣʘʩʪʝʡ ʥʝʧʨʠʧʫʩʪʠʤʠʭ ʰʚʠʜʢʦʩʪʝʡ [8], ʦʩʦʙʣʠʚʦʩʪʽ 

ʨʦʟʭʦʜʞʝʥʥʷ ʩʫʜʝʥ ʚ ʩʪʠʩʣʠʭ ʚʦʜʘʭ ʟʤʽʥʦʶ ʰʚʠʜʢʦʩʪʽ [10], ʚʠʨʘʟ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʤʝʞʽ ʚʠʟʥʘʯʝʥʥʷ ʟʥʘʢʫ ʟʤʽʥʠ ʚʽʜʩʪʘʥʽ ʤʽʞ ʩʫʜʥʘʤʠ [12], ʧʦʯʘʪʢʦʚʘ 

ʫʤʦʚʘ ʽʩʥʫʚʘʥʥʷ ʤʥʦʞʠʥʠ ʤʘʥʝʚʨʽʚ ʨʦʟʭʦʜʞʝʥʥʷ ʟʤʽʥʦʶ ʰʚʠʜʢʦʩʪʽ [14], ʦʧʠʩ 

ʧʝʨʰʦʛʦ ʨʽʚʥʷ ʛʽʙʨʠʜʥʦʾ ʩʠʩʪʝʤʠ ʚʟʘʻʤʦʜʽʾ ʩʫʜʝʥ [5], ʧʨʦʮʝʜʫʨʘ  ʬʦʨʤʫʚʘʥʥʷ 

ʦʙʣʘʩʪʝʡ ʥʝʙʝʟʧʝʯʥʠʭ ʰʚʠʜʢʦʩʪʝʡ [9].  

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʽ ʧʦʣʦʞʝʥʥʷ 

ʨʦʙʦʪʠ ʜʦʧʦʚʽʜʘʣʠʩʷ, ʦʙʛʦʚʦʨʶʚʘʣʠʩʷ ʽ ʙʫʣʠ ʩʭʚʘʣʝʥʽ ʥʘ ʥʘʫʢʦʚʦ-

ʧʨʘʢʪʠʯʥʠʭ, ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʽ ʥʘʫʢʦʚʦ-ʤʝʪʦʜʠʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ: 

ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çʄʦʨʩʴʢʽ ʧʝʨʝʚʝʟʝʥʥʷ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʽ 

ʪʝʭʥʦʣʦʛʽʾ  ʚ ʩʫʜʥʦʧʣʘʚʩʪʚʽè (ʆʜʝʩʘ, 19-20 ʣʠʩʪʦʧʘʜʫ 2015 ʨ.), ʥʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çʈʽʯʢʦʚʠʡ ʪʘ ʤʦʨʩʴʢʠʡ ʪʨʘʥʩʧʦʨʪ: ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ, 

ʩʫʜʥʦʧʣʘʚʩʪʚʦ, ʧʝʨʝʚʝʟʝʥʥʷ, ʙʝʟʧʝʢʘè (ʆʜʝʩʘ, 16-17 ʣʠʩʪʦʧʘʜʫ 2016 ʨ.), VIII  

ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ - ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çʉʫʯʘʩʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʘ 

ʽʥʥʦʚʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʥʘ ʪʨʘʥʩʧʦʨʪʽ (MINTT-2016)è (ʍʝʨʩʦʥ, 24-26 ʪʨʘʚʥʷ 
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2016 ʨ.), IX ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ - ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çʉʫʯʘʩʥʽ 

ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʘ ʽʥʥʦʚʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʥʘ ʪʨʘʥʩʧʦʨʪʽ (MINTT-2017)è 

(ʍʝʨʩʦʥ, 23-25 ʪʨʘʚʥʷ 2017 ʨ.), ɺʩʝʫʢʨʘʾʥʩʴʢʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ 

çʉʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʧʦʙʫʜʦʚʠ, ʝʢʩʧʣʫʘʪʘʮʽʾ ʽ ʨʝʤʦʥʪʫ ʩʫʜʝʥ, 

ʤʦʨʩʴʢʠʭ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʽ ʽʥʞʝʥʝʨʥʠʭ ʩʧʦʨʫʜè (ʄʠʢʦʣʘʾʚ, 17-18 ʪʨʘʚʥʷ 

2017 ʨ.).      

ʇʫʙʣʽʢʘʮʽʾ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʢʦʥʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʘʚʪʦʨʦʤ 

ʦʧʫʙʣʽʢʦʚʘʥʦ 14 ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ (ʟ ʥʠʭ 4 ʦʜʥʦʦʩʽʙʥʦ), ʚ ʪʦʤʫ ʯʠʩʣʽ: ʚ 

ʥʘʫʢʦʚʠʭ ʧʨʦʬʽʣʴʥʠʭ ʚʠʜʘʥʥʷʭ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʧʝʨʝʣʽʢʫ ʄʆʅ ʋʢʨʘʾʥʠ - 5 

ʥʘʫʢʦʚʠʭ ʩʪʘʪʝʡ [1-5]; ʚ ʟʘʨʫʙʽʞʥʠʭ ʥʘʫʢʦʚʠʭ ʧʨʦʬʽʣʴʥʠʭ ʚʠʜʘʥʥʷʭ - 4 

ʥʘʫʢʦʚʽ ʩʪʘʪʪʽ [6-9]; ʚ ʟʙʽʨʥʠʢʘʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʡ - 5 

ʜʦʧʦʚʽʜʝʡ [10-14].     

ʉʪʨʫʢʪʫʨʘ ʨʦʙʦʪʠ. ɼʠʩʝʨʪʘʮʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʚʩʪʫʧʫ, ʧ'ʷʪʠ ʨʦʟʜʽʣʽʚ, 

ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ (132 ʥʘʡʤʝʥʫʚʘʥʥʷ) ʽ  

ʪʨʴʦʭ ʜʦʜʘʪʢʽʚ. ɿʘʛʘʣʴʥʠʡ ʦʙʩʷʛ ʨʦʙʦʪʠ ʩʪʘʥʦʚʠʪʴ 271 ʩʪʦʨʽʥʦʢ ʪʘ ʤʽʩʪʠʪʴ 

108 ʨʠʩʫʥʢʽʚ, ʟʦʢʨʝʤʘ: 184 ʩʪʦʨʽʥʦʢ ʦʩʥʦʚʥʦʛʦ ʪʝʢʩʪʫ, 15 ʩʪʦʨʽʥʦʢ ʩʧʠʩʢʫ 

ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ, 72 ʩʪʦʨʽʥʦʢ ʜʦʜʘʪʢʽʚ. 
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ʈʆɿɼɯʃ 1 

ɸʅɸʃɯɿ ʆʉʅʆɺʅʀʍ ʅɸʇʈʗʄʂɯɺ ɺʀʈɯʐɽʅʅʗ ʇʈʆɹʃɽʄʀ 

ʇɯɼɺʀʑɽʅʅʗ ɹɽɿʇɽʂʀ ʉʋɼʅʆɺʆɼɯʅʅʗ  

 

     

1.1.  ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʟ ʧʨʦʙʣʝʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʯʥʦʛʦ 

ʧʣʘʚʘʥʥʷ ʩʫʜʝʥ 

 

ʇʦʧʝʨʝʜʥʽʡ ʘʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʠ ʟ ʧʨʦʙʣʝʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽ ʧʽʜʚʠʱʝʥʥʷ 

ʙʝʟʧʝʢʠ ʩʫʜʥʦʚʦʜʽʥʥʷ ʧʦʢʘʟʘʚ, ʱʦ ʦʩʥʦʚʥʠʤʠ ʥʘʧʨʷʤʘʤʠ ʨʽʰʝʥʥʷ ʮʽʻʾ 

ʧʨʦʙʣʝʤʠ ʻ ʨʦʟʨʦʙʢʘ ʪʝʦʨʽʾ ʽ ʤʝʪʦʜʽʚ ʧʦʧʝʨʝʜʞʝʥʥʷ ʟʽʪʢʥʝʥʴ ʩʫʜʝʥ ʫ 

ʧʨʠʙʝʨʝʞʥʠʭ ʨʘʡʦʥʘʭ ʽʥʪʝʥʩʠʚʥʦʛʦ ʩʫʜʥʦʧʣʘʚʩʪʚʘ, ʤʦʜʝʣʶʚʘʥʥʷ ʨʫʭʫ ʩʫʜʥʘ 

ʧʨʠ ʧʣʘʚʘʥʥʽ ʚ ʩʪʠʩʣʠʭ ʨʘʡʦʥʘʭ, ʷʢʽ ʧʨʠʩʚʷʯʝʥʽ ʧʠʪʘʥʥʷʤ ʚʠʢʦʥʘʥʥʷ ʩʫʜʥʘʤʠ 

ʨʽʟʥʠʭ ʤʘʥʝʚʨʽʚ, ʱʦ ʩʧʨʠʷʻ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʤʫ ʽ ʙʝʟʧʝʯʥʦʤʫ ʧʣʘʚʘʥʥʶ, ʪʘ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʦʯʥʦʩʪʽ ʢʦʥʪʨʦʣʶ ʤʽʩʮʷ ʩʫʜʥʘ ʽ ʦʮʽʥʢʘ ʙʝʟʧʝʢʠ ʩʫʜʥʦʚʦʜʽʥʥʷ ʚ 

ʩʪʠʩʣʠʭ ʫʤʦʚʘʭ.  

ʋ ʨʦʙʦʪʽ [1] ʰʠʨʦʢʦ ʚʠʩʚʽʪʣʝʥʽ ʧʠʪʘʥʥʷ ʷʢ ʢʝʨʦʚʘʥʦʩʪʽ ʩʫʜʝʥ, ʪʘʢ ʽ ʾʭ 

ʫʧʨʘʚʣʽʥʥʷ, ʘ ʚ ʨʦʙʦʪʽ [2] ʨʦʟʛʣʷʥʫʪʦ ʧʠʪʘʥʥʷ ʨʦʟʨʘʭʫʥʢʫ ʽʥʝʨʮʽʡʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʫʜʝʥ ʪʘ ʾʭ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʨʫʭʫ. ʆʩʥʦʚʦʧʦʣʦʞʥʽ ʨʦʙʦʪʠ 

[3, 4] ʧʨʠʩʚʷʯʝʥʽ ʧʠʪʘʥʥʷʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʩʫʜʥʦʚʦʜʽʥʥʷ ʰʣʷʭʦʤ 

ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʢʦʥʪʨʦʣʶ ʤʽʩʮʷ ʩʫʜʥʘ.  ʇʠʪʘʥʥʷ ʪʝʦʨʽʾ ʽ ʧʨʘʢʪʠʢʠ 

ʫʧʨʘʚʣʽʥʥʷ ʩʫʜʝʥ ʫ ʨʽʟʥʠʭ ʩʠʪʫʘʮʽʷʭ ʡ ʦʩʥʦʚʥʽ ʘʩʧʝʢʪʠ ʧʨʦʙʣʝʤʠ 

ʧʦʧʝʨʝʜʞʝʥʥʷ ʟʽʪʢʥʝʥʥʷ ʩʫʜʝʥ ʨʦʟʛʣʷʥʫʪʦ ʚ ʨʦʙʦʪʽ [5]. ʋ ʨʦʙʦʪʽ [6] 

ʨʦʟʛʣʷʥʫʪʦ ʙʘʟʦʚʽ ʧʠʪʘʥʥʷ ʧʨʦʙʣʝʤʠ ʙʝʟʧʝʯʥʦʛʦ ʨʦʟʭʦʜʞʝʥʥʷ ʩʫʜʝʥ, ʘ ʨʦʙʦʪʘ 

[7] ʧʨʠʩʚʷʯʝʥʘ ʟʘʩʪʦʩʫʚʘʥʥʶ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ 

ʩʫʜʥʦʚʦʜʽʥʥʷ. ʇʠʪʘʥʥʷ ʤʦʨʝʭʽʜʥʦʾ ʙʝʟʧʝʢʠ ʩʫʜʥʘ ʚʠʢʣʘʜʝʥʽ ʚ ʨʦʙʦʪʽ [8]. 

ʎʝʥʪʨʘʣʴʥʦʶ ʧʨʦʙʣʝʤʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʘʚʘʨʽʡʥʦʛʦ ʩʫʜʥʦʚʦʜʽʥʥʷ ʻ 

ʧʦʧʝʨʝʜʞʝʥʥʷ ʟʽʪʢʥʝʥʴ ʩʫʜʝʥ ʫ ʧʨʠʙʝʨʝʞʥʠʭ ʨʘʡʦʥʘʭ ʽʥʪʝʥʩʠʚʥʦʛʦ 

ʩʫʜʥʦʧʣʘʚʩʪʚʘ. 
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ʋ ʨʦʙʦʪʽ [9] ʨʦʟʛʣʷʥʫʪʦ ʜʚʘ ʦʩʥʦʚʥʠʭ ʤʝʪʦʜʠ ʫʧʨʘʚʣʽʥʥʷ ʩʫʜʥʘʤʠ ʚ 

ʩʠʪʫʘʮʽʾ ʥʝʙʝʟʧʝʯʥʦʛʦ ʟʙʣʠʞʝʥʥʷ. ʇʝʨʰʠʡ ʤʝʪʦʜ ʣʦʢʘʣʴʥʦ-ʥʝʟʘʣʝʞʥʠʡ, ʧʨʠ 

ʷʢʦʤʫ ʢʦʞʥʝ ʟ ʩʫʜʝʥ ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ ʧʨʦ ʚʣʘʩʥʠʡ ʤʘʥʝʚʨ ʨʦʟʭʦʜʞʝʥʥʷ ʚ  

ʨʘʤʢʘʭ ʨʝʛʣʘʤʝʥʪʫʶʯʦʾ ʩʠʩʪʝʤʠ ʧʦʧʝʨʝʜʞʝʥʥʷ ʟʽʪʢʥʝʥʴ, ʷʢʦʶ ʥʘ ʜʘʥʠʡ ʯʘʩ ʻ 

ʄʇʇɿʉ-72 ʫ ʯʘʩʪʠʥʽ ʤʘʥʝʚʨʫʚʘʥʥʷ ʩʫʜʝʥ, ʚʠʭʦʜʷʯʠ ʽʟ ʩʠʪʫʘʮʽʾ ʩʚʦʛʦ 

ʟʙʣʠʞʝʥʥʷ ʟ ʢʦʞʥʦʶ ʽʟ ʮʽʣʝʡ ʽ ʥʝ ʚʨʘʭʦʚʫʶʯʠ ʩʠʪʫʘʮʽʾ ʟʙʣʠʞʝʥʥʷ ʤʽʞ ʮʽʣʷʤʠ.  

ɼʨʫʛʠʡ ʤʝʪʦʜ ʧʝʨʝʜʙʘʯʘʻ ʧʦʚʥʝ ʫʧʨʘʚʣʽʥʥʷ ʩʠʩʪʝʤʦʶ ʩʫʜʝʥ, ʱʦ 

ʟʙʣʠʞʫʶʪʴʩʷ, ʟʦʚʥʽʰʥʽʤ ʫʧʨʘʚʣʽʥʮʝʤ ʽ ʚʨʘʭʦʚʫʻ ʚʩʽ ʧʘʨʥʽ ʩʠʪʫʘʮʽʾ ʟʙʣʠʞʝʥʥʷ 

ʩʫʜʝʥ, ʧʝʨʝʜʙʘʯʘʶʯʠ ʚʠʙʽʨ ʟʘʛʘʣʴʥʦʾ ʩʪʨʘʪʝʛʽʾ ʨʦʟʭʦʜʞʝʥʥʷ, ʷʢʘ ʚʢʣʶʯʘʻ ʾʭ 

ʚʟʘʻʤʦʫʟʛʦʜʞʝʥʽ ʤʘʥʝʚʨʠ.  

ɼʣʷ ʦʙʦʭ ʤʝʪʦʜʽʚ ʫʧʨʘʚʣʽʥʥʷ ʩʫʜʥʘʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʧʨʦʮʝʜʫʨʠ ʚʠʙʦʨʫ 

ʦʧʪʠʤʘʣʴʥʠʭ ʙʝʟʧʝʯʥʠʭ ʩʪʨʘʪʝʛʽʡ ʨʦʟʭʦʜʞʝʥʥʷ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʥʘʚʽʛʘʮʽʡʥʽ 

ʧʝʨʝʰʢʦʜʠ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʨʘʡʦʥʽ ʤʘʥʝʚʨʫʚʘʥʥʷ ʩʫʜʝʥ, ʽ ʜʠʥʘʤʽʢʫ 

ʦʧʝʨʫʶʯʦʛʦ ʩʫʜʥʘ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʧ'ʶʪʝʨʘ ʧʨʦʚʝʜʝʥʝ ʽʤʽʪʘʮʽʡʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʣʘʥʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʫʧʨʘʚʣʽʥʥʷ ʩʫʜʥʘʤʠ ʧʨʠ ʥʝʙʝʟʧʝʯʥʦʤʫ 

ʟʙʣʠʞʝʥʥʽ. 

ʆʩʥʦʚʥʠʤ ʤʝʪʦʜʦʤ ʨʦʟʭʦʜʞʝʥʥʷ ʩʫʜʝʥ ʩʴʦʛʦʜʥʽ ʻ ʣʦʢʘʣʴʥʦ-ʥʝʟʘʣʝʞʥʝ 

ʫʧʨʘʚʣʽʥʥʷ ʩʫʜʥʘʤʠ ʚ ʩʠʪʫʘʮʽʾ ʥʝʙʝʟʧʝʯʥʦʛʦ ʟʙʣʠʞʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʚʽʥ ʚʠʥʠʢ 

ʩʧʦʯʘʪʢʫ ʷʢ ʽʥʩʪʨʫʤʝʥʪ ʧʦʧʝʨʝʜʞʝʥʥʷ ʟʽʪʢʥʝʥʥʷ ʩʫʜʝʥ ʫ ʧʨʦʮʝʩʽ ʨʦʟʚʠʪʢʫ 

ʩʫʜʥʦʚʦʜʽʥʥʷ. ʊʦʤʫ ʦʩʥʦʚʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʧʨʦʙʣʝʤʘʪʠʢʠ ʧʦʧʝʨʝʜʞʝʥʥʷ 

ʟʽʪʢʥʝʥʥʷ ʩʫʜʝʥ ʧʨʠʩʚʷʯʝʥʽ ʨʦʟʚʠʪʢʫ ʜʘʥʦʛʦ ʤʝʪʦʜʫ. ʈʦʟʛʣʷʥʝʤʦ ʦʩʥʦʚʥʽ 

ʨʦʙʦʪʠ ʚ ʮʴʦʤʫ ʥʘʧʨʷʤʽ. 

ʆʜʥʠʤʠ ʟ ʧʝʨʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʠʪʘʥʴ ʨʦʟʭʦʜʞʝʥʥʷ ʩʫʜʝʥ ʙʫʣʠ ʨʦʙʦʪʠ 

[10-12], ʚ ʷʢʠʭ ʜʦʩʣʽʜʞʫʚʘʣʠʩʷ ʧʠʪʘʥʥʷ ʨʦʟʭʦʜʞʝʥʥʷ ʩʫʜʥʘ ʟ ʮʽʣʣʶ ʙʝʟ 

ʫʨʘʭʫʚʘʥʥʷ ʥʘʚʽʛʘʮʽʡʥʠʭ ʧʝʨʝʰʢʦʜ ʪʘ ʽʥʝʨʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʤʘʥʝʚʨʫʶʯʦʛʦ ʩʫʜʥʘ, ʧʨʠʯʦʤʫ ʧʘʨʘʤʝʪʨʠ ʨʫʭʫ ʮʽʣʽ ʚʚʘʞʘʣʠʩʷ ʥʝʟʤʽʥʥʠʤʠ. ʋ 

ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʘʥʦ ʘʥʘʣʽʪʠʯʥʽ ʚʠʨʘʟʠ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʜʦʧʫʩʪʠʤʽ ʦʙʣʘʩʪʽ 

ʙʝʟʧʝʯʥʠʭ ʢʫʨʩʽʚ ʽ ʰʚʠʜʢʦʩʪʝʡ ʤʘʥʝʚʨʫʶʯʠʭ ʩʫʜʝʥ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚ 

ʨʦʙʦʪʘʭ ʦʜʝʨʞʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʽʩʪʠʥʥʠʤʠ ʽ ʚʽʜʥʦʩʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʨʫʭʫ 

ʩʫʜʥʘ ʧʨʠ ʚʽʜʦʤʠʭ ʢʫʨʩʽ ʪʘ ʰʚʠʜʢʦʩʪʽ ʮʽʣʽ. ɿʘʜʘʯʫ ʢʦʨʝʢʪʥʦ ʨʦʟʚôʷʟʘʥʦ 

ʤʝʪʦʜʘʤʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ. 
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ʄʝʪʦʜʠ ʪʝʦʨʽʾ ʦʧʪʠʤʘʣʴʥʠʭ ʜʠʩʢʨʝʪʥʠʭ ʧʨʦʮʝʩʽʚ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʚ 

ʨʦʙʦʪʘʭ [13, 14] ʜʣʷ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʩʫʜʥʦʤ ʧʨʠ 

ʨʦʟʭʦʜʞʝʥʥʽ. ɺʚʘʞʘʻʪʴʩʷ, ʱʦ ʰʚʠʜʢʦʩʪʽ ʪʘ ʢʫʨʩʠ ʟʫʩʪʨʽʯʥʠʭ ʩʫʜʝʥ ʥʝʟʤʽʥʥʽ, ʘ 

ʟʦʚʥʽʰʥʽ ʟʙʫʨʝʥʥʷ ʚʽʜʩʫʪʥʽ. ɺ ʟʘʜʘʯʽ ʚʨʘʭʦʚʘʥʽ ʦʙʤʝʞʝʥʥʷ ʙʝʟʧʝʯʥʦʛʦ 

ʨʦʟʭʦʜʞʝʥʥʷ, ʘ ʧʠʪʘʥʥʷ ʜʠʥʘʤʽʢʠ ʩʫʜʥʘ ʪʘ ʫʤʦʚ ʨʘʡʦʥʫ ʧʣʘʚʘʥʥʷ 

ʚʨʘʭʦʚʫʻʪʴʩʷ ʧʨʠ ʜʘʥʦʤʫ ʧʽʜʭʦʜʽ. ɿ ʜʦʧʦʤʦʛʦʶ ɽʆʄ ʧʨʦʚʦʜʠʪʴʩʷ ʧʦʰʫʢ 

ʣʦʢʘʣʴʥʦ ʦʧʪʠʤʘʣʴʥʦʾ ʙʝʟʧʝʯʥʦʾ ʪʨʘʻʢʪʦʨʽʾ ʨʦʟʭʦʜʞʝʥʥʷ ʩʫʜʥʘ ʟ ʮʽʣʷʤʠ. 

ʈʽʰʝʥʥʷ ʩʬʦʨʤʫʣʴʦʚʘʥʦʾ ʟʘʜʘʯʽ ʚ ʷʚʥʦʤʫ ʚʠʛʣʷʜʽ ʥʝʤʦʞʣʠʚʝ, ʪʦʤʫ ʥʘʚʦʜʠʪʴʩʷ 

ʘʣʛʦʨʠʪʤ ʾʾ ʯʠʩʝʣʴʥʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻ ʤʝʪʦʜʠ ʪʝʦʨʽʾ 

ʦʧʪʠʤʘʣʴʥʠʭ ʜʠʩʢʨʝʪʥʠʭ ʧʨʦʮʝʩʽʚ. 

ʋʧʝʨʰʝ ʚ ʟʘʜʘʯʽ ʬʦʨʤʘʣʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʨʦʟʭʦʜʞʝʥʥʷ ʩʫʜʝʥ ʚ ʨʦʙʦʪʘʭ [15-

18] ʚʨʘʭʦʚʫʻʪʴʩʷ ʾʭʥʷ ʚʟʘʻʤʦʜʽʷ, ʧʨʠʯʦʤʫ ʷʢ ʚʟʘʻʤʦʜʽʷ ʢʦʥʬʣʽʢʪʫʶʯʠʭ ʩʪʦʨʽʥ, 

ʽʥʪʝʨʝʩʠ ʷʢʠʭ ʧʝʨʝʪʠʥʘʶʪʴʩʷ ʟ ʧʨʠʯʠʥʠ ʝʢʦʥʦʤʽʯʥʦʩʪʽ ʨʫʭʫ. 

ʅʘ ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ ʜʦʩʣʽʜʞʝʥʴ ʚ ʨʦʙʦʪʽ [15] ʟʘʧʨʦʧʦʥʦʚʘʥʘ 

ʬʦʨʤʘʣʽʟʘʮʽʷ ʧʨʦʮʝʩʫ ʨʦʟʭʦʜʞʝʥʥʷ ʩʫʜʥʘ ʟ ʢʽʣʴʢʦʤʘ ʮʽʣʷʤʠ ʤʝʪʦʜʘʤʠ ʪʝʦʨʽʾ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʤʦʛ ʄʇʇɿʉ-72. ʋ ʨʦʙʦʪʽ 

ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʜʚʦʰʢʘʣʴʥʘ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ, ʷʢʘ ʧʨʦʛʥʦʟʫʻ ʨʫʭ ʩʫʜʥʘ ʽ 

ʮʽʣʝʡ ʧʨʠ ʟʘʜʘʥʠʭ ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʘʭ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʥʝʦʙʭʽʜʥʽ 

ʢʝʨʫʶʯʽ ʚʧʣʠʚʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʤʦʛ ʄʇʇɿʉ.  

ɿ ʧʦʷʚʦʶ ʪʝʦʨʽʾ ʧʦʟʠʮʽʡʥʠʭ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʽʛʦʨ ʚʠʥʠʢ ʥʦʚʠʡ ʧʽʜʭʽʜ ʜʦ 

ʬʦʨʤʘʣʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʨʦʟʭʦʜʞʝʥʥʷ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʤʝʪʦʜʘʭ ʪʝʦʨʽʾ ʽʛʦʨ. ʊʦʤʫ 

ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʧʝʨʚʽʩʥʦʾ ʤʦʜʝʣʽ ʟʜʽʡʩʥʶʚʘʚʩʷ ʤʝʪʦʜʘʤʠ ʧʦʟʠʮʽʡʥʠʭ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʽʛʦʨ, ʱʦ ʟʥʘʡʰʣʦ ʩʚʦʻ ʟʦʙʨʘʞʝʥʥʷ ʚ ʨʦʙʦʪʘʭ [16-18]. ʋ 

ʚʠʢʦʨʠʩʪʘʥʽʡ ʤʘʪʝʤʘʪʠʯʥʽʡ ʤʦʜʝʣʽ ʩʫʜʥʦ ʽ ʚʩʽ ʮʽʣʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ 

ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ, ʬʘʟʦʚʠʡ ʚʝʢʪʦʨ ʷʢʦʾ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ ʨʫʭʫ. ʇʦʰʫʢ ʦʧʪʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʧʦʟʠʮʽʡʥʦʾ 

ʩʪʨʘʪʝʛʽʾ ʧʨʦʚʦʜʠʪʴʩʷ ʤʝʪʦʜʘʤʠ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʜʣʷ ʯʦʛʦ 

ʣʽʥʝʘʨʠʟʫʶʪʴʩʷ ʥʝʣʽʥʽʡʥʽ ʦʙʤʝʞʝʥʥʷ ʙʝʟʧʝʯʥʦʛʦ ʨʦʟʭʦʜʞʝʥʥʷ ʽ ʥʘʚʽʛʘʮʽʡʥʠʭ 

ʧʝʨʝʰʢʦʜ.  
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ɺʦʜʥʦʯʘʩ ʧʨʦʚʦʜʷʪʴʩʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʨʦʙʦʪʘʭ [19-22], ʷʢʽ ʧʨʠʩʚʷʯʝʥʽ 

ʟʘʩʪʦʩʫʚʘʥʥʶ ʤʝʪʦʜʫ ʥʝʣʽʥʽʡʥʦʾ ʽʥʪʝʛʨʘʣʴʥʦʾ ʽʥʚʘʨʽʘʥʪʥʦʩʪʽ, ʚʠʢʣʘʜʝʥʦʛʦ ʚ 

ʨʦʙʦʪʘʭ [19, 20], ʜʣʷ ʬʦʨʤʘʣʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʨʦʟʭʦʜʞʝʥʥʷ ʩʫʜʝʥ ʽ ʨʦʟʨʦʙʢʠ 

ʩʠʩʪʝʤʠ ʧʦʧʝʨʝʜʞʝʥʥʷ ʟʽʪʢʥʝʥʴ. ʗʢ ʚʢʘʟʫʻʪʴʩʷ ʚ ʨʦʙʦʪʽ [20], ʤʝʪʦʜ ʥʝʣʽʥʽʡʥʦʾ 

ʽʥʪʝʛʨʘʣʴʥʦʾ ʽʥʚʘʨʽʘʥʪʥʦʩʪʽ ʟʘʙʝʟʧʝʯʫʻ ʩʠʥʪʝʟ ʩʪʨʘʪʝʛʽʾ ʢʝʨʫʚʘʥʥʷ 

ʜʠʥʘʤʽʯʥʦʶ ʩʠʩʪʝʤʦʶ, ʷʢʘ ʽʥʚʘʨʽʘʥʪʥʘ ʜʦ 2n-ʤʽʨʥʦʛʦ ʚʝʢʪʦʨʘ ʰʚʠʜʢʦʩʪʝʡ ʽ 

ʢʫʨʩʽʚ n-ʟʫʩʪʨʽʯʥʠʭ ʩʫʜʝʥ, ʱʦ ʫʩʢʣʘʜʥʶʶʪʴ ʨʫʭ ʦʧʝʨʫʶʯʦʛʦ ʩʫʜʥʘ. ɺʽʜʩʪʘʥʽ 

ʚʽʜ ʦʧʝʨʫʶʯʦʛʦ ʩʫʜʥʘ ʜʦ ʟʫʩʪʨʽʯʥʠʭ ʩʫʜʝʥ ʦʙʨʘʥʽ ʽʥʚʘʨʽʘʥʪʥʠʤʠ 

ʢʦʦʨʜʠʥʘʪʘʤʠ ʚ ʜʘʥʽʡ ʟʘʜʘʯʽ. ʗʢ ʩʪʚʝʨʜʞʫʻʪʴʩʷ ʫ ʨʦʙʦʪʽ, ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʟʛʘʜʘʥʦʛʦ ʤʝʪʦʜʫ ʧʨʠ ʤʦʞʣʠʚʠʭ ʥʘʡʛʽʨʰʠʭ ʜʣʷ ʧʨʦʮʝʩʫ ʨʦʟʭʦʜʞʝʥʥʷ ʟʥʘʯʝʥʴ 

ʧʘʨʘʤʝʪʨʽʚ ʨʫʭʫ ʢʦʞʥʦʛʦ ʽʟ ʟʫʩʪʨʽʯʥʠʭ ʩʫʜʝʥ ʤʦʞʥʘ ʟʥʘʡʪʠ ʜʦʧʫʩʪʠʤʫ 

ʦʙʣʘʩʪʴ ʙʝʟʧʝʯʥʠʭ ʩʪʨʘʪʝʛʽʡ ʦʧʝʨʫʶʯʦʛʦ ʩʫʜʥʘ.  

ɺʨʘʭʫʚʘʥʥʷ ʪʘ ʘʣʛʦʨʠʪʤʽʟʘʮʽʷ ʄʇʇɿʉ-72 ʧʨʠ ʚʠʙʦʨʽ ʦʜʥʦʢʨʦʢʦʚʠʭ 

ʩʪʨʘʪʝʛʽʡ ʨʦʟʭʦʜʞʝʥʥʷ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚ ʨʦʙʦʪʘʭ [21, 22]. ʄʇʇɿʉ-72 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʨʠ ʨʦʟʭʦʜʞʝʥʥʽ ʪʽʣʴʢʠ ʧʘʨʠ ʩʫʜʝʥ, ʪʦʤʫ ʚ ʨʦʙʦʪʘʭ ʨʦʟʛʣʷʥʫʪʘ 

ʩʠʩʪʝʤʘ ʧʘʨʥʠʭ ʚʽʜʥʦʰʝʥʴ ʥʘ ʤʥʦʞʠʥʽ ʚʩʽʭ ʩʧʦʩʪʝʨʝʞʫʚʘʥʠʭ ʩʫʜʝʥ ʽ 

ʚʠʜʽʣʷʻʪʴʩʷ ʦʧʝʨʫʶʯʝ ʩʫʜʥʦ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʚʜʘʥʥʷ ʚʠʙʦʨʫ ʪʘ ʬʦʨʤʫʻʪʴʩʷ 

ʤʥʦʞʠʥʘ ʩʫʜʝʥ, ʱʦ ʟʙʣʠʞʫʶʪʴʩʷ ʟ ʥʠʤ. 

ɺʩʝʙʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʠʪʫʘʮʽʾ ʥʝʙʝʟʧʝʯʥʦʛʦ ʟʙʣʠʞʝʥʥʷ ʜʚʦʭ ʩʫʜʝʥ 

ʥʘʚʝʜʝʥʽ ʚ ʨʦʙʦʪʘʭ [23-27], ʫ ʷʢʠʭ ʦʪʨʠʤʘʥʽ ʫʤʦʚʠ ʽʩʥʫʚʘʥʥʷ ʤʥʦʞʠʥʠ 

ʙʝʟʧʝʯʥʠʭ ʤʘʥʝʚʨʽʚ ʨʦʟʭʦʜʞʝʥʥʷ ʪʘ ʨʦʟʨʦʙʣʝʥʦ ʧʨʦʮʝʜʫʨʫ ʬʦʨʤʫʚʘʥʥʷ 

ʦʧʪʠʤʘʣʴʥʦʾ ʩʪʨʘʪʝʛʽʾ ʨʦʟʭʦʜʞʝʥʥʷ. ʋ ʨʦʙʦʪʘʭ ʧʦʢʘʟʘʥʦ, ʱʦ ʩʪʨʘʪʝʛʽʷ 

ʨʦʟʭʦʜʞʝʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʦʙʣʘʩʪʽ ʚʟʘʻʤʥʠʭ ʦʙʦʚ'ʷʟʢʽʚ ʩʫʜʝʥ, ʱʦ 

ʨʝʘʣʽʟʫʚʘʣʘʩʷ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʤʦʛʘʤʠ ʄʇʇɿʉ-72, ʧʨʠʯʦʤʫ ʩʪʨʘʪʝʛʽʷ 

ʨʦʟʭʦʜʞʝʥʥʷ ʤʽʩʪʠʪʴ ʜʽʣʷʥʢʫ ʚʽʜʭʠʣʝʥʥʷ ʟ ʧʨʦʛʨʘʤʥʦʾ ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʽ 

ʜʽʣʷʥʢʫ ʧʦʚʝʨʥʝʥʥʷ ʥʘ ʥʝʾ. ɿʘʣʝʞʥʦ ʚʽʜ ʪʠʧʫ ʚʟʘʻʤʦʜʽʾ ʩʫʜʝʥ ʦʧʪʠʤʽʟʘʮʽʷ 

ʤʘʥʝʚʨʫ ʨʦʟʭʦʜʞʝʥʥʷ ʧʨʦʚʦʜʠʪʴʩʷ ʟʘ ʨʽʟʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ ʦʧʪʠʤʘʣʴʥʦʩʪʽ. 

ʋ ʨʦʙʦʪʘʭ [28-31] ʨʦʟʛʣʷʥʫʪʦ ʧʠʪʘʥʥʷ, ʷʢʽ ʩʪʦʩʫʶʪʴʩʷ ʦʮʽʥʢʠ ʩʠʪʫʘʮʽʾ 

ʨʦʟʭʦʜʞʝʥʥʷ ʩʫʜʝʥ. ʊʘʢ, ʚ ʨʦʙʦʪʽ [28] ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʜʝʢʦʤʧʦʟʠʮʽʷ ʤʥʦʞʠʥʠ 

ʚʩʽʭ ʥʘʚʢʦʣʠʰʥʽʭ ʩʫʜʝʥ ʥʘ ʚʽʩʽʤ ʧʽʜʤʥʦʞʠʥ ʟʘ ʩʪʫʧʝʥʝʤ ʥʝʙʝʟʧʝʢʠ 
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ʟʙʣʠʞʝʥʥʷ, ʦʜʝʨʞʘʥʽ ʘʥʘʣʽʪʠʯʥʽ ʫʤʦʚʠ ʜʝʢʦʤʧʦʟʠʮʽʾ ʤʥʦʞʠʥʠ ʩʫʜʝʥ. 

ʇʨʦʮʝʜʫʨʘ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ ʩʠʪʫʘʮʽʾ ʥʝʙʝʟʧʝʯʥʦʛʦ ʟʙʣʠʞʝʥʥʷ 

ʩʫʜʝʥ, ʦʙʪʷʞʝʥʠʭ ʚʠʧʘʜʢʦʚʠʤʠ ʧʦʭʠʙʢʘʤʠ, ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʚ ʨʦʙʦʪʽ [29]. 

ʇʠʪʘʥʥʶ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʛʨʘʬʽʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʩʠʪʫʘʮʽʾ ʟʙʣʠʞʝʥʥʷ ʽ 

ʟʦʙʨʘʞʝʥʥʷ ʧʨʦʮʝʩʫ ʨʦʟʭʦʜʞʝʥʥʷ ʩʫʜʝʥ ʧʨʠʩʚʷʯʝʥʘ ʨʦʙʦʪʘ [30]. 

ʇʨʦʮʝʜʫʨʠ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ʤʘʥʝʚʨʫ ʙʝʟʧʝʯʥʦʛʦ ʨʦʟʭʦʜʞʝʥʥʷ 

ʩʫʜʝʥ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʾʭ ʽʥʝʨʮʽʡʥʦʩʪʽ ʦʪʨʠʤʘʥʦ ʚ ʨʦʙʦʪʘʭ [32-38], ʚ ʷʢʠʭ  

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʤʦʜʝʣʽ ʧʦʚʦʨʦʪʥʦʩʪʽ ʩʫʜʥʘ. ʋ ʨʦʙʦʪʽ [34] ʚ ʩʢʣʘʜʥʠʭ 

ʤʦʜʝʣʷʭ ʦʙʝʨʪʘʣʴʥʦʛʦ ʨʫʭʫ ʩʫʜʥʘ, ʷʢʽ ʦʧʠʩʫʶʪʴʩʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤʠ 

ʨʽʚʥʷʥʥʷʤʠ ʪʨʝʪʴʦʛʦ ʧʦʨʷʜʢʫ, ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʯʠʩʝʣʴʥʽ ʤʝʪʦʜʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʯʘʩʫ ʧʦʯʘʪʢʫ ʫʭʠʣʝʥʥʷ ʩʫʜʥʘ ʧʨʠ ʨʦʟʭʦʜʞʝʥʥʽ. ʋ ʨʦʙʦʪʘʭ [36, 37] ʥʘʚʝʜʝʥʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʽ ʨʝʟʫʣʴʪʘʪʠ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʦʙʝʨʪʘʣʴʥʦʛʦ 

ʨʫʭʫ ʩʫʜʥʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʠʥʘʤʽʯʥʠʭ ʤʦʜʝʣʝʡ ʧʦʚʦʨʦʪʥʦʩʪʽ ʩʫʜʥʘ. 

ʋ ʨʦʙʦʪʘʭ [39-41] ʥʘʚʝʜʝʥʽ ʘʥʘʣʽʪʠʯʥʽ ʧʨʦʮʝʜʫʨʠ ʚʨʘʭʫʚʘʥʥʷ 

ʥʘʚʽʛʘʮʽʡʥʠʭ ʧʝʨʝʰʢʦʜ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʙʝʟʧʝʯʥʦʾ ʩʪʨʘʪʝʛʽʾ ʨʦʟʭʦʜʞʝʥʥʷ 

ʩʫʜʥʘ ʟ ʮʽʣʣʶ. ʋ ʨʦʙʦʪʽ [39] ʨʦʟʛʣʷʥʫʪʦ ʧʨʦʮʝʩ ʨʦʟʭʦʜʞʝʥʥʷ ʩʫʜʝʥ ʟʘ 

ʥʘʷʚʥʦʩʪʽ ʚ ʨʘʡʦʥʽ ʤʘʥʝʚʨʫʚʘʥʥʷ ʣʽʥʽʡʥʦʾ ʥʘʚʽʛʘʮʽʡʥʦʾ ʥʝʙʝʟʧʝʢʠ, ʘ  ʚ ʨʦʙʦʪʽ 

[40] ʦʪʨʠʤʘʥʦ ʫʤʦʚʠ ʽʩʥʫʚʘʥʥʷ ʤʥʦʞʠʥʠ ʜʦʧʫʩʪʠʤʠʭ ʤʘʥʝʚʨʽʚ ʨʦʟʭʦʜʞʝʥʥʷ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʥʘʚʽʛʘʮʽʡʥʠʭ ʧʝʨʝʰʢʦʜ. ʋ ʨʦʙʦʪʽ [41] ʚʢʘʟʫʻʪʴʩʷ, ʱʦ ʥʘʚʽʛʘʮʽʡʥʽ 

ʥʝʙʝʟʧʝʢʠ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʪʨʠ ʪʠʧʠ: ʪʦʯʢʦʚʽ ʥʘʚʽʛʘʮʽʡʥʽ ʧʝʨʝʰʢʦʜʠ, ʣʽʥʽʡʥʽ 

ʨʦʟʧʦʜʽʣʝʥʽ ʽ ʩʢʣʘʜʥʽ ʨʦʟʧʦʜʽʣʝʥʽ  ʥʘʚʽʛʘʮʽʡʥʽ ʧʝʨʝʰʢʦʜʠ. 

ʗʢ ʚʢʘʟʫʻʪʴʩʷ ʚ ʧʫʙʣʽʢʘʮʽʾ [42], ʉʋʈʉ, ʷʢ ʧʨʘʚʠʣʦ, ʧʦʟʙʘʚʣʝʥʘ ʪʝʭʥʽʯʥʠʭ 

ʤʦʞʣʠʚʦʩʪʝʡ ʢʦʥʪʨʦʣʶʚʘʪʠ ʨʫʭ ʩʫʜʝʥ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ 

ʩʫʜʥʦʧʣʘʚʩʪʚʘ. ʗʢ ʜʦʜʘʪʦʢ ʜʦ ʟʘʩʦʙʽʚ ʤʦʞʣʠʚʦʩʪʽ ʫʭʠʣʝʥʥʷ ʚʽʜ ʟʽʪʢʥʝʥʥʷ 

ʩʠʩʪʝʤʠ ʉʋʈʉ/ɸɯʉ ʫ ʩʪʘʪʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʠʡ ʬʫʟʟʽ-ʤʝʪʦʜ. ɼʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʜʘʥʠʭ ʧʨʦ ʦʙʣʘʩʪʴ ʟʥʘʭʦʜʞʝʥʥʷ ʩʫʜʥʘ, ʽʥʝʨʮʽʡʥʠʭ ʩʠʣ, ʱʦ ʜʽʶʪʴ 

ʥʘ ʥʴʦʛʦ, ʜʘʥʽ ʉʋʈʉ ʚʚʦʜʷʪʴʩʷ ʩʧʽʣʴʥʦ ʟ ʜʘʥʠʤʠ ɸɯʉ ʜʦ ʄʦʨʩʴʢʦʾ 

ʛʝʦʛʨʘʬʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ MGIS (Marine Geographic Information 

System), ʱʦ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʘʭʠʩʥʦʛʦ ʢʦʣʘ ʽ 

ʥʝʙʝʟʧʝʯʥʦʛʦ ʽʥʜʝʢʩʫ. ʊʦʯʥʝ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʯʘʩʫ ʽ ʧʦʟʠʮʽʾ ʟʽʪʢʥʝʥʥʷ ʤʦʞʝ 
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ʙʫʪʠ ʦʪʨʠʤʘʥʦ ʟ ʜʦʧʦʤʦʛʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʥʘʣʽʪʠʯʥʦʾ ʤʦʜʝʣʽ ʤʦʨʩʴʢʦʾ 

ʩʠʩʪʝʤʠ GIS, ʱʦ ʜʘʻ ʦʧʝʨʘʪʦʨʫ ʉʋʈʉ ʤʦʞʣʠʚʽʩʪʴ ʧʦʧʝʨʝʜʠʪʠ ʟʽʪʢʥʝʥʥʷ 

ʩʫʜʝʥ.  

ʋ ʨʦʙʦʪʽ [43] ʚʢʘʟʫʻʪʴʩʷ, ʱʦ ʟʘʛʘʣʴʥʠʡ ʢʦʥʪʨʦʣʴ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʻ  

ʥʘʜʤʽʨʥʦ ʚʠʪʨʘʪʥʠʤ ʽ ʤʘʣʦʝʬʝʢʪʠʚʥʠʤ, ʧʨʠʯʠʥʘ ʧʦʣʷʛʘʻ ʫ ʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ 

ʚʠʤʽʨʶʚʘʥʴ ʚʝʢʪʦʨʘ ʫʧʨʘʚʣʽʥʥʷ. ɼʦ ʮʴʦʛʦ ʩʣʽʜ ʜʦʜʘʪʠ, ʱʦ ʢʝʨʫʶʯʽ ʚʧʣʠʚʠ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʩʪʘʥʫ ʤʦʨʷ, ʪʝʯʽʾ ʽ ʚʽʪʨʫ, ʘ ʜʣʷ ʜʠʥʘʤʽʢʠ ʩʫʜʥʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʥʝʣʽʥʽʡʥʽ ʪʘ ʥʝʩʪʘʮʽʦʥʘʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʋ ʨʦʙʦʪʽ [44] ʚʠʢʣʘʜʘʻʪʴʩʷ ʟʤʽʩʪ ʘʚʪʦʥʦʤʥʦʾ ʩʫʜʥʦʚʦʾ ʩʠʩʪʝʤʠ 

ʧʦʧʝʨʝʜʞʝʥʥʷ ʟʽʪʢʥʝʥʥʷ ʉɸ (Collision avoidance), ʘ ʪʘʢʦʞ ʥʘʚʝʜʝʥʝ ʾʾ 

ʪʝʦʨʝʪʠʯʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ. ʈʘʟʦʤ ʽʟ ʘʣʛʦʨʠʪʤʦʤ ʨʦʟʭʦʜʞʝʥʥʷ ʨʦʟʛʣʷʥʫʪʽ 

ʧʽʟʥʘʚʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ ʣʶʜʠʥʠ ʽ ʇʨʘʚʠʣʘ COLREG. ʈʦʟʛʣʷʜʘʶʪʴʩʷ ʚʠʤʦʛʠ 

ʜʦ ʘʚʪʦʥʦʤʥʦʾ ʥʘʚʽʛʘʮʽʾ, ʫʨʘʭʦʚʫʶʯʠ ʯʠʥʥʠʢʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʨʦʮʝʩ 

ʨʦʟʭʦʜʞʝʥʥʷ ʩʫʜʝʥ. ɿʘʟʥʘʯʝʥʦ, ʱʦ ʮʽ ʯʠʥʥʠʢʠ ʟʜʘʪʥʠʡ ʦʮʽʥʠʪʠ ʩʫʜʥʦʚʦʜʽʡ ʪʘ 

ʟʜʽʡʩʥʠʪʠ ʟʘʜʦʚʽʣʴʥʝ ʫʧʨʘʚʣʽʥʥʷ ʩʫʜʥʦʤ, ʘʣʝ ʨʽʰʝʥʥʷ, ʧʨʠʡʥʷʪʽ ʥʠʤ, ʻ 

ʩʫʙ'ʻʢʪʠʚʥʠʤʠ, ʪʦʙʪʦ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʤʠʣʢʦʚʠʤʠ, ʽ ʚʠʥʠʢʘʻ ʚʽʨʦʛʽʜʥʽʩʪʴ 

ʟʽʪʢʥʝʥʥʷ.  

ʋ ʨʦʙʦʪʽ ʥʘʛʦʣʦʰʫʻʪʴʩʷ, ʱʦ ʜʦʩʣʽʜʞʝʥʥʷ ʱʦʜʦ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʢʝʨʫʚʘʥʥʷ 

ʩʫʜʥʦʤ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʥʘʥʽ ʚ ʢʣʘʩʠʯʥʦʤʫ ʘʙʦ ʢʦʤʧ'ʶʪʝʨʥʦʤʫ ʚʘʨʽʘʥʪʘʭ. 

ʂʣʘʩʠʯʥʘ ʪʝʭʥʽʢʘ ʟʘʩʥʦʚʘʥʘ ʥʘ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʷʭ ʪʘ ʾʭ ʘʣʛʦʨʠʪʤʘʭ.  

ʇʨʝʜʩʪʘʚʣʝʥʘ ʚ ʨʦʙʦʪʽ ʧʨʦʛʨʘʤʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʰʪʫʯʥʦʛʦ 

ʽʥʪʝʣʝʢʪʫ Al (Artificial Itelligence), ʧʨʠʯʦʤʫ ʤʝʪʦʜʘʤʠ Al ʜʣʷ ʩʠʩʪʝʤ 

ʘʚʪʦʥʦʤʥʦʛʦ ʨʦʟʭʦʜʞʝʥʥʷ, ʱʦ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʚ ʩʪʘʪʪʽ, ʻ ʣʦʛʽʢʘ ʬʫʟʟʽ, 

ʝʚʦʣʶʮʽʡʥʽ ʘʣʛʦʨʠʪʤʠ, ʝʢʩʧʝʨʪʥʽ ʤʝʪʦʜʠ, ʥʝʡʨʦʤʝʨʝʞʘ NN (Neural networks) 

ʪʘ ʢʦʤʙʽʥʘʮʽʷ ʮʠʭ ʤʝʪʦʜʽʚ ï ʛʽʙʨʠʜʥʽ ʩʠʩʪʝʤʠ (hybrid system). 

ʂʦʥʪʨʦʣʴ ʽ ʫʧʨʘʚʣʽʥʥʷ ʨʫʭʦʤ ʩʫʜʥʘ, ʷʢ ʧʦʢʘʟʘʥʦ ʫ ʩʪʘʪʪʽ [45], ʧʽʜ ʯʘʩ 

ʡʦʛʦ ʧʝʨʝʭʦʜʫ ʤʽʞ ʧʦʨʪʘʤʠ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʙʘʛʘʪʦʨʽʚʥʝʚʘ ʩʠʩʪʝʤʘ, ʱʦ ʢʝʨʫʻ 

ʩʫʜʥʦʚʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʘ ʧʽʜʩʠʩʪʝʤʘʤ ʩʫʜʥʘ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʽʚʥʽ ʩʠʩʪʝʤʠ 

ʢʦʥʪʨʦʣʶ.   

ʋ ʨʦʙʦʪʽ [46] ʧʦʢʘʟʘʥʦ, ʱʦ ʽʥʜʝʢʩ ʨʠʟʠʢʫ ʟʽʪʢʥʝʥʥʷ ʩʫʜʝʥ ʻ ʦʩʥʦʚʥʠʤ ʪʘ 
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ʚʘʞʣʠʚʠʤ ʧʦʥʷʪʪʷʤ ʫ ʦʙʣʘʩʪʽ ʟʘʧʦʙʽʛʘʥʥʷ ʟʽʪʢʥʝʥʴ ʩʫʜʝʥ. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʽ 

ʚʢʘʟʫʶʪʴʩʷ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ ʽʥʜʝʢʩʫ ʨʠʟʠʢʫ 

ʟʽʪʢʥʝʥʥʷ ʩʫʜʝʥ. ʅʘ ʦʩʥʦʚʽ ʢʦʤʧʣʝʢʩʥʦʾ ʧʣʦʱʠʥʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʦʜʝʣʴ 

ʦʮʽʥʢʠ ʨʠʟʠʢʫ ʟʽʪʢʥʝʥʥʷ ʩʫʜʝʥ, ʷʢʘ ʤʦʞʝ ʪʘʢʦʞ ʢʦʤʧʝʥʩʫʚʘʪʠ ʥʝʜʦʣʽʢʠ ʤʦʜʝʣʽ 

ʦʮʽʥʢʠ, ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ Kearon J. ʈʦʟʨʘʭʫʥʦʢ ʽʥʜʝʢʩʫ ʨʠʟʠʢʫ ʟʽʪʢʥʝʥʥʷ 

ʙʫʜʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʪʨʠʚʠʤʽʨʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʢʨʠʚʦʾ ʽʥʜʝʢʩʫ 

ʨʠʟʠʢʫ ʜʣʷ ʩʠʪʫʘʮʽʡ ʤʫʣʴʪʠʢʦʤʘʥʜ ʩʫʜʝʥ. ɺʢʘʟʫʻʪʴʩʷ, ʱʦ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʦʜʝʣʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʦʜʠʥʦʯʥʠʡ ʤʽʢʨʦʢʦʤʧ'ʶʪʝʨ ʯʽʧ, 

ʷʢʠʡ ʜʦʮʽʣʴʥʠʡ ʜʣʷ ʩʠʩʪʝʤʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʱʦʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʯʥʦʛʦ 

ʩʫʜʥʦʚʦʜʽʥʥʷ. 

ʐʽʩʪʴ ʤʝʪʦʜʽʚ ʦʧʪʠʤʘʣʴʥʦʾ ʪʝʦʨʽʾ ʽʛʦʨ ʪʘ ʰʪʫʯʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʜʣʷ 

ʩʠʥʪʝʟʫ ʙʝʟʧʝʯʥʦʛʦ ʤʘʥʝʚʨʫ ʨʦʟʭʦʜʞʝʥʥʷ ʚ ʩʠʪʫʘʮʽʷʭ ʥʝʙʝʟʧʝʯʥʦʛʦ 

ʟʙʣʠʞʝʥʥʷ ʩʫʜʝʥ ʚ ʤʦʨʽ ʦʧʠʩʘʥʦ ʚ ʩʪʘʪʪʽ [47]. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʙʝʟʧʝʯʥʦʾ 

ʪʨʘʻʢʪʦʨʽʾ ʚʣʘʩʥʦʛʦ ʩʫʜʥʘ ʧʨʠ ʨʦʟʭʦʜʞʝʥʥʽ ʟ ʽʥʰʠʤʠ ʩʫʜʥʘʤʠ ʜʣʷ ʫʤʦʚ 

ʭʦʨʦʰʦʾ ʪʘ ʦʙʤʝʞʝʥʦʾ ʚʠʜʠʤʦʩʪʽ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʦʧʪʠʤʘʣʴʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʢʝʨʫʚʘʥʥʷ ʤʝʪʦʜʘʤʠ ʪʝʦʨʽʾ ʽʛʦʨ. ʈʦʟʛʣʷʥʫʪʽ 

ʙʘʛʘʪʦʢʨʦʢʦʚʽ ʧʦʟʠʮʽʡʥʽ ʥʝʢʦʦʧʝʨʘʪʠʚʥʽ ʪʘ ʢʦʦʧʝʨʘʪʠʚʥʽ ʽʛʨʠ ʪʘ ʥʘʚʝʜʝʥʦ 

ʧʦʨʽʚʥʷʥʥʷ ʙʝʟʧʝʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʩʫʜʥʦʤ ʫ ʩʠʪʫʘʮʽʾ ʥʝʙʝʟʧʝʯʥʦʛʦ ʟʙʣʠʞʝʥʥʷ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ ʘʥʪʘʛʦʥʽʩʪʠʯʥʦʾ ʪʘ ʢʦʦʧʝʨʘʪʠʚʥʦʾ ʽʛʦʨ. ʅʘʚʝʜʝʥʦ 

ʧʨʠʢʣʘʜʠ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʙʝʟʧʝʯʥʠʭ ʚʣʘʩʥʠʭ 

ʩʫʜʥʦʚʠʭ ʪʨʘʻʢʪʦʨʽʡ ʫ ʩʠʪʫʘʮʽʾ ʟʙʣʠʞʝʥʥʷ ʟ ʚʽʩʴʤʦʤʘ ʟʫʩʪʨʽʯʥʠʤʠ ʮʽʣʷʤʠ. 

ʋ ʨʦʙʦʪʽ [48] ʚʢʘʟʫʻʪʴʩʷ, ʱʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʟʽʪʢʥʝʥʥʷ ʩʫʜʝʥ ʚʠʪʨʘʪʠ ʤʦʞʫʪʴ 

ʙʫʪʠ ʜʫʞʝ ʚʝʣʠʢʠʤʠ, ʱʦ ʟʫʤʦʚʣʶʻ ʙʝʟʩʫʤʥʽʚʥʫ ʚʘʞʣʠʚʽʩʪʴ ʜʣʷ ʩʫʜʥʦʚʦʜʽʾʚ 

ʤʘʪʠ ʢʦʨʝʢʪʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʙʝʟʧʝʯʥʽ ʪʨʘʻʢʪʦʨʽʾ ʨʦʟʭʦʜʞʝʥʥʷ, ʦʩʦʙʣʠʚʦ, 

ʢʦʣʠ ʚ ʦʜʥʦʤʫ ʨʘʡʦʥʽ ʥʝʙʝʟʧʝʯʥʦ ʟʙʣʠʞʫʻʪʴʩʷ ʢʽʣʴʢʘ ʩʫʜʝʥ. ʈʦʟʛʣʷʥʫʪʦ 

ʜʝʢʽʣʴʢʘ ʩʧʦʩʦʙʽʚ ʧʦʧʝʨʝʜʞʝʥʥʷ ʟʽʪʢʥʝʥʴ ʩʫʜʝʥ, ʪʘʢʠʭ ʷʢ ʋʂʍ-ʨʘʜʽʦ, 

ʨʘʜʽʦʣʦʢʘʮʽʾ ʪʘ ʦʛʣʷʜʦʚʠʭ. ʅʘʚʝʜʝʥʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʽʣʴʰ ʩʫʯʘʩʥʠʭ 

ʩʧʦʩʦʙʽʚ: ʜʦʤʝʥ ʩʫʜʥʘ, ʪʝʦʨʽʾ ʥʝʯʽʪʢʠʭ ʤʥʦʞʠʥ ʽ ʛʝʥʝʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ. ʎʽ 

ʤʝʪʦʜʠ ʢʦʨʝʢʪʥʽ ʚ ʩʠʪʫʘʮʽʷʭ ʙʽʥʘʨʥʠʭ ʚʟʘʻʤʦʜʽʡ, ʘʣʝ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ 
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ʩʠʪʫʘʮʽʷʭ ʥʝʙʝʟʧʝʯʥʦʛʦ ʟʙʣʠʞʝʥʥʷ ʛʨʫʧʠ ʩʫʜʝʥ ʫʪʨʫʜʥʝʥʝ. ɿ ʮʽʻʾ ʧʨʠʯʠʥʠ ʚ 

ʧʫʙʣʽʢʘʮʽʾ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʨʦʟʧʦʜʽʣʝʥʠʡ ʣʦʢʘʣʴʥʠʡ ɸʣʛʦʨʠʪʤ ʧʦʰʫʢʫ (DLSA) 

ʜʣʷ ʧʦʧʝʨʝʜʞʝʥʥʷ ʟʽʪʢʥʝʥʴ ʩʫʜʝʥ. ɸʣʛʦʨʠʪʤ DLSA ʻ ʨʦʟʧʦʜʽʣʝʥʠʤ, ʚ ʷʢʦʤʫ 

ʢʽʣʴʢʘ ʩʫʜʝʥ ʩʧʽʣʢʫʶʪʴʩʷ ʦʜʥʝ ʟ ʦʜʥʠʤ ʚ ʤʝʞʘʭ ʧʝʚʥʦʾ ʦʙʣʘʩʪʽ ʽ ʋʂʍ-ʨʘʜʽʦ. 

ɸʣʛʦʨʠʪʤ DLSA ʦʙʯʠʩʣʶʻ ʨʠʟʠʢ ʟʽʪʢʥʝʥʥʷ ʟ ʜʦʧʦʤʦʛʦʶ ʽʥʬʦʨʤʘʮʽʾ, 

ʦʪʨʠʤʘʥʦʾ ʚʽʜ ʩʫʩʽʜʥʽʭ ʩʫʜʝʥ.  

ʇʨʦʪʝ, ʘʣʛʦʨʠʪʤʫ DLSA ʧʨʠʪʘʤʘʥʥʠʡ ʩʠʥʜʨʦʤ, ʷʢʠʡ ʟʘʙʦʨʦʥʷʻ ʩʫʜʥʫ 

ʟʤʽʥʫ ʢʫʨʩʫ ʥʘʚʽʪʴ ʪʦʜʽ, ʢʦʣʠ ʚʠʥʠʢʘʻ ʨʠʟʠʢ ʟʽʪʢʥʝʥʥʷ. ʋ ʜʘʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʊʘʙʫ ɸʣʛʦʨʠʪʤ ʧʦʰʫʢʫ (DTSA), ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʧʠʩʦʢ 

ʪʘʙʫ, ʱʦʙ ʫʥʠʢʥʫʪʠ ʚʢʘʟʘʥʦʛʦ ʩʠʥʜʨʦʤʫ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʊʘʙʫ 

ɸʣʛʦʨʠʪʤ ʧʦʰʫʢʫ. ɹʫʣʠ ʧʨʦʚʝʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʧʦʨʽʚʥʷʣʴʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʘʣʛʦʨʠʪʤʽʚ DLSA ʽ DTSA. ʈʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʝʬʝʢʪʠʚʥʽʩʪʴ DTSA ʚʠʱʘ 

ʟʘ ʝʬʝʢʪʠʚʥʽʩʪʴ DLSA. 

ɹʘʟʦʚʘ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ ʙʝʟʧʝʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʩʫʜʥʦʤ ʫ ʩʠʪʫʘʮʽʾ 

ʤʦʞʣʠʚʦʛʦ  ʟʽʪʢʥʝʥʥʷ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʝʣʽ ʛʨʠ J ʦʙ'ʻʢʪʽʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ 

ʩʪʘʪʪʽ [49].  ʄʦʜʝʣʴ ʚʢʣʶʯʘʻ ʥʝʣʽʥʽʡʥʽ ʨʽʚʥʷʥʥʷ ʩʪʘʥʫ ʪʘ ʥʝʣʽʥʽʡʥʽ ʦʙʤʝʞʝʥʥʷ 

ʟʤʽʥʥʠʭ ʩʪʘʥʫ. ʗʢʽʩʪʴ ʽʥʜʝʢʩʫ ʫʧʨʘʚʣʽʥʥʷ ʛʨʦʶ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʬʦʨʤʘʭ 

ʦʩʪʘʪʦʯʥʦʛʦ ʧʣʘʪʝʞʫ ʪʘ ʛʨʠ ʽʥʪʝʛʨʘʣʴʥʦʾ ʧʣʘʪʠ. ʅʘʙʣʠʞʝʥʦʶ ʤʦʜʝʣʣʶ 

ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʦʤ ʨʦʟʭʦʜʞʝʥʥʷ ʽ ʧʨʠʡʥʷʪʘ ʤʦʜʝʣʴ ʙʘʛʘʪʦʢʨʦʢʦʚʦʾ 

ʤʘʪʨʠʯʥʦʾ ʛʨʠ ʫ ʚʠʛʣʷʜʽ ʜʚʦʾʩʪʦʾ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. ʋ 

ʧʨʦʛʨʘʤʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ Matlab / Simulink ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʢʦʤʧ'ʶʪʝʨʥʘ 

ʧʨʦʛʨʘʤʘ ʽʛʨʦʚʦʛʦ ʫʧʨʘʚʣʽʥʥʷ GSC ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʙʝʟʧʝʯʥʦʾ ʪʨʘʻʢʪʦʨʽʾ 

ʦʧʝʨʫʶʯʦʛʦ ʩʫʜʥʘ. ʇʨʠʢʣʘʜʘʤʠ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤʠ GSC ʙʫʣʠ ʧʽʜʪʚʝʨʜʞʝʥʽ ʘʥʘʣʽʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʙʝʟʧʝʯʥʦʾ ʪʨʘʻʢʪʦʨʽʾ ʩʫʜʥʘ ʫ ʨʝʘʣʴʥʽʡ ʥʘʚʽʛʘʮʽʡʥʽʡ ʦʙʩʪʘʥʦʚʮʽ, 

ʧʨʠʯʦʤʫ ʧ'ʷʪʴ ʩʪʨʘʪʝʛʽʡ ʚʣʘʩʥʦʛʦ ʩʫʜʥʘ ʪʘ ʟʫʩʪʨʽʯʥʠʭ ʩʫʜʝʥ ʙʫʣʠ ʧʨʠʡʥʷʪʽ 

ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ. 

ʇʨʦʙʣʝʤʘ ʚʠʥʠʢʥʝʥʥʷ ʩʠʪʫʘʮʽʡ ʥʝʙʝʟʧʝʯʥʦʛʦ ʟʙʣʠʞʝʥʥʷ ʩʫʜʝʥ ʘʙʦ ʾʭ 

ʟʽʪʢʥʝʥʥʷ, ʥʘ ʱʦ ʟʚʝʨʪʘʻʪʴʩʷ ʫʚʘʛʘ ʚ ʨʦʙʦʪʽ [50], ʯʘʩʪʦ ʚʠʢʣʠʢʘʥʘ ʣʶʜʩʴʢʦʶ 

ʧʦʤʠʣʢʦʶ ʯʝʨʝʟ ʥʝʧʦʚʥʫ ʘʙʦ ʜʦʤʽʥʫʶʯʫ ʽʥʬʦʨʤʘʮʽʶ, ʧʨʠʯʦʤʫ ʽʟ ʟʨʦʩʪʘʥʥʷʤ 
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ʤʦʨʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʴ ʚʦʥʘ ʩʪʘʻ ʚʩʝ ʙʽʣʴʰ ʚʘʞʣʠʚʦʶ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ 

ʧʨʦʙʣʝʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʧʽʜʭʦʜʠ ʟʘʩʥʦʚʘʥʽ ʥʘ ʧʦʩʪʘʯʘʥʥʽ ʩʫʜʥʦʚʦʜʽʾʚ ʪʘ 

ʩʣʫʞʙ ʨʫʭʫ ʩʫʜʝʥ ʙʝʟʧʝʯʥʠʤʠ ʪʨʘʻʢʪʦʨʽʷʤʠ ʜʣʷ ʚʩʽʭ ʩʫʜʝʥ, ʷʢʽ ʟʘʩʥʦʚʘʥʽ ʥʘ 

ʧʨʠʥʮʠʧʘʭ ʧʦʚʥʦʛʦ ʟʦʚʥʽʰʥʴʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʦʤ ʨʦʟʭʦʜʞʝʥʥʷ ʩʫʜʝʥ. ʋ 

ʧʨʦʪʠʚʘʛʫ ʚ ʩʪʘʪʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʧʨʦʮʝʜʫʨʘ ʧʣʘʥʫʚʘʥʥʷ ʪʨʘʻʢʪʦʨʽʾ ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʫʟʛʦʜʞʝʥʥʷ ʪʨʘʻʢʪʦʨʽʡ ʰʣʷʭʦʤ 

ʜʦʤʦʚʣʝʥʦʩʪʝʡ ʜʦʩʷʛʥʝʥʥʷ ʨʽʰʝʥʥʷ, ʷʢʝ ʙʫʜʝ ʧʨʠʡʥʷʪʥʠʤ ʜʣʷ ʚʩʽʭ ʩʫʜʝʥ. 

ɺʦʥʦ ʧʽʜʧʦʨʷʜʢʦʚʫʻʪʴʩʷ ʧʨʘʚʠʣʘʤ ʧʦʧʝʨʝʜʞʝʥʥʷ ʟʽʪʢʥʝʥʴ, ʚʢʣʶʯʘʻ ʫ ʩʝʙʝ 

ʜʠʥʘʤʽʯʥʽ ʤʦʜʝʣʽ ʚʩʽʭ ʩʫʜʝʥ ʪʘ ʧʨʦʚʝʜʝʥʥʷ ʧʝʨʝʛʦʚʦʨʽʚ ʟ ʤʝʪʦʶ ʦʧʪʠʤʽʟʘʮʽʾ 

ʪʨʘʻʢʪʦʨʽʡ ʙʝʟ ʟʦʚʥʽʰʥʴʦʛʦ ʫʧʨʘʚʣʽʥʮʷ. ɺʩʽ ʢʦʤʧʦʥʝʥʪʠ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ 

ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʧʦʧʝʨʝʜʞʝʥʥʷ ʟʽʪʢʥʝʥʥʷ ʟ ʜʝʢʽʣʴʢʦʤʘ ʩʫʜʥʘʤʠ, 

ʧʦʻʜʥʫʶʪʴʩʷ ʚ ʧʨʦʮʝʜʫʨʽ, ʷʢʘ ʪʝʩʪʫʻʪʴʩʷ ʫ ʜʘʥʠʡ ʯʘʩ ʫ ʤʦʜʝʣʶʚʘʥʥʽ ʥʘ 

ʜʝʢʽʣʴʢʦʭ ʚʠʧʨʦʙʫʚʘʣʴʥʠʭ ʩʪʝʥʜʘʭ.  

ʈʷʜ ʦʩʦʙʣʠʚʦʩʪʝʡ ʟʘʚʜʘʥʥʷ ʨʦʟʭʦʜʞʝʥʥʷ ʩʫʜʝʥ ʚ ʤʦʨʽ ʰʣʷʭʦʤ ʟʤʽʱʝʥʥʷ 

ʥʘ ʧʘʨʘʣʝʣʴʥʫ ʣʽʥʽʶ ʰʣʷʭʫ ʨʦʟʛʣʷʥʫʪʦ ʫ ʤʦʥʦʛʨʘʬʽʾ [51], ʧʨʠʯʦʤʫ 

ʚʽʜʟʥʘʯʘʻʪʴʩʷ, ʱʦ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʦʧʝʨʝʜʞʝʥʥʷ ʟʽʪʢʥʝʥʴ ʟʘʨʘʟ 

ʤʦʞʝ ʜʦʩʷʛʘʪʠʩʷ ʩʪʚʦʨʝʥʥʷʤ ʷʢ ʥʦʚʠʭ ʘʣʛʦʨʠʪʤʽʚ, ʪʘʢ ʽ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ 

ʩʠʩʪʝʤ. ɼʣʷ ʨʦʟʭʦʜʞʝʥʥʷ ʚ ʨʦʙʦʪʽ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʦʜʥʘ ʩʪʨʘʪʝʛʽʷ ï ʟʤʽʱʝʥʥʷ 

ʥʘ ʧʘʨʘʣʝʣʴʥʫ ʣʽʥʽʶ ʰʣʷʭʫ ʧʽʜ ʢʫʪʦʤ ʜʦ ʣʽʥʽʾ ʚʠʭʽʜʥʦʛʦ ʢʫʨʩʫ. ʆʧʪʠʤʘʣʴʥʘ 

ʩʪʨʘʪʝʛʽʷ ʟʘ ʢʦʤʧʣʝʢʩʥʠʤ ʢʨʠʪʝʨʽʻʤ, ʷʢʠʡ ʚʽʜʦʙʨʘʞʘʻ ʚʠʤʦʛʠ ʜʦ ʙʝʟʧʝʢʠ, 

ʟʘʚʯʘʩʥʦʩʪʽ, ʧʦʤʽʪʥʦʩʪʽ ʪʘ ʝʢʦʥʦʤʽʯʥʦʩʪʽ ʤʘʥʝʚʨʫ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʟʽʪʢʥʝʥʥʷ, 

ʟʥʘʭʦʜʠʪʴʩʷ ʟ ʤʥʦʞʠʥʠ ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʽʚ ʪʘʢʦʾ ʩʪʨʘʪʝʛʽʾ. 

ʋ ʨʦʙʦʪʘʭ [52-54] ʟʘʟʥʘʯʘʻʪʴʩʷ, ʱʦ ʟʘʚʜʘʥʥʷ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʤʘʥʝʚʨʫ ʨʦʟʭʦʜʞʝʥʥʷ ʻ ʜʫʞʝ ʩʢʣʘʜʥʠʤ, ʦʩʢʽʣʴʢʠ ʚʦʥʦ ʥʦʩʠʪʴ ʽʛʨʦʚʠʡ 

ʭʘʨʘʢʪʝʨ, ʘ ʧʨʦʮʝʩ ʫʧʨʘʚʣʽʥʥʷ ʨʫʭʦʤ ʩʫʜʥʘ ʻ ʙʘʛʘʪʦʚʠʤʽʨʥʠʤ ʟ ʥʝʣʽʥʽʡʥʠʤʠ ʽ 

ʥʝʩʪʘʮʽʦʥʘʨʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ.  

ʋ ʨʦʙʦʪʘʭ [55-57] ʦʙʛʦʚʦʨʶʶʪʴʩʷ ʧʠʪʘʥʥʷ ʝʢʩʪʨʝʥʦʛʦ ʤʘʥʝʚʨʫʚʘʥʥʷ 

ʩʫʜʝʥ ʜʣʷ ʨʦʟʭʦʜʞʝʥʥʷ ʚ ʩʠʪʫʘʮʽʾ ʥʘʜʤʽʨʥʦʛʦ ʟʙʣʠʞʝʥʥʷ. 

ʋ ʨʦʙʦʪʽ [55] ʥʘʚʝʜʝʥʦ ʧʨʦʮʝʜʫʨʫ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ʤʘʥʝʚʨʫ 

ʨʦʟʭʦʜʞʝʥʥʷ ʩʫʜʥʘ ʚ ʩʠʪʫʘʮʽʾ ʥʘʜʤʽʨʥʦʛʦ ʟʙʣʠʞʝʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʡʦʛʦ 
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ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ, ʘ ʩʧʦʩʽʙ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʘʪʝʛʽʾ ʝʢʩʪʨʝʥʦʛʦ ʨʦʟʭʦʜʞʝʥʥʷ 

ʩʫʜʝʥ ʧʨʠ ʾʭ ʥʘʜʤʽʨʥʦʤʫ ʟʙʣʠʞʝʥʥʽ ʚʠʢʣʘʜʝʥʦ ʚ ʨʦʙʦʪʽ [56]. 

ʇʨʦʙʣʝʤʫ ʙʝʟʧʝʯʥʦʛʦ ʨʦʟʭʦʜʞʝʥʥʷ ʩʫʜʝʥ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʾʭʥʴʦʾ ʚʟʘʻʤʦʜʽʾ, ʱʦ ʚʠʥʠʢʘʻ ʧʨʠ ʥʝʙʝʟʧʝʯʥʦʤʫ ʟʙʣʠʞʝʥʥʽ ʡ ʚʠʟʥʘʯʘʻ ʧʨʦʮʝʩ 

ʨʦʟʭʦʜʞʝʥʥʷ, ʨʦʟʛʣʷʥʫʪʦ ʚ ʨʦʙʦʪʽ [57]. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʩʪʨʘʪʝʛʽʶ ʝʢʩʪʨʝʥʦʛʦ 

ʨʦʟʭʦʜʞʝʥʥʷ ʧʨʠ ʥʘʜʤʽʨʥʦʤʫ ʟʙʣʠʞʝʥʥʽ ʩʫʜʝʥ ʚ ʩʠʪʫʘʮʽʾ ʚʽʜʩʫʪʥʦʩʪʽ 

ʢʦʦʨʜʠʥʘʮʽʾ ʪʘ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʾʭ ʧʦʜʘʣʴʰʦʾ ʧʦʚʝʜʽʥʢʠ. 

ʂʦʦʨʜʠʥʦʚʘʥʽʩʪʴ ʙʽʥʘʨʥʠʭ ʚʟʘʻʤʦʜʽʡ ʪʘ ʾʭ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʟʛʣʷʥʫʪʦ ʚ 

ʨʦʙʦʪʽ [58], ʪʘʢʦʞ ʦʪʨʠʤʘʥʦ ʘʥʘʣʽʪʠʯʥʽ ʚʠʨʘʟʠ ʜʣʷ ʾʭ ʯʠʩʝʣʴʥʦʾ ʦʮʽʥʢʠ. ʇʨʠ 

ʨʽʟʥʠʭ ʪʠʧʘʭ ʫʧʨʘʚʣʽʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʚʟʘʻʤʦʜʽʾ ʛʨʫʧʠ 

ʩʫʜʝʥ, ʱʦ ʥʝʙʝʟʧʝʯʥʦ ʟʙʣʠʞʫʶʪʴʩʷ.  

ʋ ʨʦʙʦʪʽ [59] ʦʙʛʦʚʦʨʶʻʪʴʩʷ ʩʧʦʩʽʙ ʟʘʚʯʘʩʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʩʠʪʫʘʮʽʾ 

ʟʙʣʠʞʝʥʥʷ ʩʫʜʝʥ, ʷʢʠʡ ʧʦʣʷʛʘʻ ʚ ʟʥʘʭʦʜʞʝʥʥʽ ʤʦʤʝʥʪʽʚ ʯʘʩʫ ʦʜʥʦʯʘʩʥʦʛʦ 

ʚʠʭʦʜʫ ʾʭ ʥʘ ʦʜʥʘʢʦʚʽ ʰʠʨʦʪʠ ʪʘ ʦʜʥʘʢʦʚʽ ʜʦʚʛʦʪʠ, ʢʦʨʠʩʪʫʶʯʠʩʴ 

ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ ʨʫʭ ʩʫʜʝʥ ʚʽʜ ɸɯʉ. ʅʝʤʠʥʫʯʝ ʟʽʪʢʥʝʥʥʷ ʩʫʜʝʥ ʚʽʜʙʫʜʝʪʴʩʷ 

ʧʨʠ ʟʙʽʛʫ ʮʠʭ ʤʦʤʝʥʪʽʚ ʯʘʩʫ, ʟʘ ʾʭ ʟʥʘʯʝʥʥʷʤ ʦʪʨʠʤʫʻʤʦ ʯʘʩ ʜʦ ʟʽʪʢʥʝʥʥʷ. 

ɿʽʪʢʥʝʥʥʷ ʥʝ ʚʽʜʙʫʜʝʪʴʩʷ, ʷʢʱʦ ʮʽ ʤʦʤʝʥʪʠ ʯʘʩʫ ʥʝ ʦʜʥʘʢʦʚʽ, ʦʩʢʽʣʴʢʠ ʩʫʜʥʘ 

ʥʝ ʟʤʦʞʫʪʴ ʦʜʥʦʯʘʩʥʦ ʚʠʡʪʠ ʚ ʦʜʥʫ ʡ ʪʫ ʞ ʧʦʟʠʮʽʶ.  

ʇʠʪʘʥʥʷʤ ʬʦʨʤʫʚʘʥʥʷ ʩʫʜʥʦʚʦʾ ʙʝʟʧʝʯʥʦʾ ʟʦʥʠ ʽ ʚʽʨʪʫʘʣʴʥʦʾ ʦʙʣʘʩʪʽ 

ʧʨʠʩʚʷʯʝʥʽ ʧʫʙʣʽʢʘʮʽʾ [60, 61], ʫ ʷʢʠʭ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ, ʱʦ 

ʤʽʩʪʷʪʴ ʩʠʩʪʝʤʥʝ ʚʨʘʭʫʚʘʥʥʷ ʽʩʪʦʪʥʠʭ ʬʘʢʪʦʨʽʚ ʪʘ ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ ʧʨʘʢʪʠʯʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʧʨʦʮʝʩʽ ʧʣʘʚʘʥʥʷ ʩʫʜʥʘ ʚ ʨʽʟʥʠʭ ʫʤʦʚʘʭ. ʆʩʥʦʚʥʦʶ 

ʧʝʨʝʚʘʛʦʶ ʚʽʨʪʫʘʣʴʥʦʾ ʦʙʣʘʩʪʽ ʷʢ ʟʦʙʨʘʞʝʥʥʷ ʩʫʜʥʦʚʦʾ ʙʝʟʧʝʯʥʦʾ ʟʦʥʠ ʟ 

ʧʨʦʩʪʦʨʫ ʚʽʜʥʦʩʥʦʛʦ ʨʫʭʫ ʚ ʧʨʦʩʪʽʨ ʽʩʪʠʥʥʦʛʦ ʨʫʭʫ ʻ ʤʦʞʣʠʚʽʩʪʴ ʾʾ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʙʝʟʧʝʯʥʦʛʦ ʨʦʟʭʦʜʞʝʥʥʷ ʩʫʜʝʥ ʟʘ ʥʘʷʚʥʦʩʪʽ ʥʘʚʽʛʘʮʽʡʥʠʭ 

ʧʝʨʝʰʢʦʜ ʫ ʨʘʟʽ ʛʨʘʬʽʯʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʩʠʪʫʘʮʽʾ ʟʙʣʠʞʝʥʥʷ ʥʘ ʝʣʝʢʪʨʦʥʽʡ 

ʢʘʨʪʽ [61]. 

ʇʠʪʘʥʥʷʤ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʫʧʨʘʚʣʽʥʥʷ ʨʫʭʦʤ ʩʫʜʝʥ ʫ ʨʘʡʦʥʘʭ 

ʢʦʥʪʨʦʣʶ ʉʋʈʉ ʤʝʪʦʜʦʤ ʧʦʚʥʦʛʦ ʟʦʚʥʽʰʥʴʦʛʦ ʢʝʨʫʚʘʥʥʷ ʧʨʠʩʚʷʯʝʥʦ ʨʦʙʦʪʫ 
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[62], ʘ ʚ ʨʦʙʦʪʘʭ [63-77] ʨʦʟʛʣʷʥʫʪʽ ʧʠʪʘʥʥʷ ʚʠʙʦʨʫ ʤʘʥʝʚʨʫ ʨʦʟʭʦʜʞʝʥʥʷ 

ʜʝʢʽʣʴʢʦʭ ʩʫʜʝʥ ʟʤʽʥʦʶ ʢʫʨʩʽʚ. 

ʋ ʨʦʙʦʪʽ [62] ʧʦʢʘʟʘʥʦ, ʱʦ ʥʘʡʝʬʝʢʪʠʚʥʽʰʠʤ ʻ ʩʫʤʽʩʥʝ ʟʦʚʥʽʰʥʻ 

ʫʧʨʘʚʣʽʥʥʷ ʉʋʈʉ ʩʫʜʥʘʤʠ, ʱʦ ʥʝʙʝʟʧʝʯʥʦ ʟʙʣʠʞʫʶʪʴʩʷ, ʦʩʦʙʣʠʚʦ ʚ 

ʩʠʪʫʘʮʽʷʭ, ʢʦʣʠ ʯʠʩʣʦ ʩʫʜʝʥ ʙʽʣʴʰʝ ʜʚʦʭ. ʊʦʤʫ ʚ ʨʦʙʦʪʽ ʨʦʟʨʦʙʣʝʥʘ ʧʨʦʮʝʜʫʨʘ 

ʨʦʟʨʘʭʫʥʢʫ ʩʫʤʽʩʥʦʛʦ ʤʘʥʝʚʨʫ ʨʦʟʭʦʜʞʝʥʥʷ ʟʤʽʥʦʶ ʢʫʨʩʫ ʪʨʴʦʭ ʩʫʜʝʥ ʜʣʷ 

ʧʦʧʝʨʝʜʞʝʥʥʷ ʾʭ ʟʽʪʢʥʝʥʥʷ. 

ɸʥʘʣʽʪʠʯʥʽ ʚʠʨʘʟʠ ʤʝʞ ʥʝʙʝʟʧʝʯʥʦʾ ʦʙʣʘʩʪʽ ʢʫʨʩʽʚ ʜʚʦʭ ʩʫʜʝʥ, ʱʦ 

ʥʝʙʝʟʧʝʯʥʦ ʟʙʣʠʞʫʶʪʴʩʷ, ʦʪʨʠʤʘʥʽ ʚ ʨʦʙʦʪʽ [63], ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʾ 

ʤʦʞʣʠʚʠʡ ʚʠʙʽʨ ʾʭ ʢʫʨʩʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʙʝʟʧʝʯʥʝ ʨʦʟʭʦʜʞʝʥʥʷ ʥʘ ʟʘʜʘʥʽʡ  

ʚʽʜʩʪʘʥʽ. ʅʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ 

ʬʦʨʤʫʚʘʥʥʷ ʥʝʙʝʟʧʝʯʥʠʭ ʦʙʣʘʩʪʝʡ ʢʫʨʩʽʚ ʜʚʦʭ ʩʫʜʝʥ  ʫ ʛʨʘʬʽʯʥʦʤʫ ʚʠʛʣʷʜʽ.  

ʇʨʦʮʝʜʫʨʘ ʟʦʙʨʘʞʝʥʥʷ ʥʝʙʝʟʧʝʯʥʦʾ ʦʙʣʘʩʪʽ ʧʘʨʥʠʭ ʢʫʨʩʽʚ ʜʚʦʭ ʩʫʜʝʥ 

ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʚ ʨʦʙʦʪʘʭ [64, 65], ʧʨʠ ʷʢʠʭ ʜʠʩʪʘʥʮʽʷ ʥʘʡʢʦʨʦʪʰʦʛʦ 

ʟʙʣʠʞʝʥʥʷ ʤʝʥʰʝ ʛʨʘʥʠʯʥʦʜʦʧʫʩʪʠʤʦʾ ʜʠʩʪʘʥʮʽʾ. ʈʦʟʛʣʷʥʫʪʦ ʛʨʘʬʽʯʥʠʡ 

ʩʧʦʩʽʙ ʚʠʟʥʘʯʝʥʥʷ ʙʝʟʧʝʯʥʠʭ ʢʫʨʩʽʚ ʫʭʠʣʝʥʥʷ ʧʨʠ ʥʝʙʝʟʧʝʯʥʦʤʫ ʟʙʣʠʞʝʥʥʽ 

ʪʨʴʦʭ ʩʫʜʝʥ.  

ʋ ʨʦʙʦʪʽ [66] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʨʦʮʝʜʫʨʫ ʨʦʟʨʘʭʫʥʢʫ ʟʥʘʯʝʥʴ ʢʫʨʩʽʚ ʪʨʴʦʭ 

ʩʫʜʝʥ, ʱʦ ʥʝʙʝʟʧʝʯʥʦ ʟʙʣʠʞʫʶʪʴʩʷ, ʧʦʯʘʪʢʦʚʽ ʧʦʟʠʮʽʾ ʽ ʧʘʨʘʤʝʪʨʠ ʨʫʭʫ ʷʢʠʭ 

ʚʽʜʦʤʽ. ʆʜʝʨʞʘʥʘ ʩʠʩʪʝʤʘ ʥʝʨʽʚʥʦʩʪʝʡ, ʱʦ ʚʠʟʥʘʯʘʻ ʫʤʦʚʫ ʙʝʟʧʝʯʥʦʛʦ 

ʨʦʟʭʦʜʞʝʥʥʷ ʚʩʽʭ ʪʨʴʦʭ ʩʫʜʝʥ ʩʫʤʽʩʥʠʤ ʤʘʥʝʚʨʦʤ ʟʤʽʥʠ ʢʫʨʩʽʚ ʫ ʧʦʯʘʪʢʦʚʠʡ 

ʤʦʤʝʥʪ ʯʘʩʫ. ʇʦʢʘʟʘʥʦ ʤʦʞʣʠʚʠʡ ʩʧʦʩʽʙ ʨʦʟʚôʷʟʘʥʥʷ ʩʠʩʪʝʤʠ ʥʝʨʽʚʥʦʩʪʝʡ ʽ 

ʚʠʟʥʘʯʝʥʥʷ ʰʫʢʘʥʠʭ ʟʥʘʯʝʥʴ ʢʫʨʩʽʚ ʩʫʜʽʚ ʰʣʷʭʦʤ ʬʦʨʤʘʣʽʟʘʮʽʾ ʦʙʣʘʩʪʝʡ ʾʭ 

ʥʝʧʨʠʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ. 

ʇʨʦʮʝʜʫʨʘ ʨʦʟʨʘʭʫʥʢʫ ʩʠʩʪʝʤʦʶ ʫʧʨʘʚʣʽʥʥʷ ʨʫʭʦʤ ʩʫʜʝʥ ʟʤʽʥʠ ʢʫʨʩʫ 

ʦʜʥʦʛʦ ʘʙʦ ʦʙʦʭ ʩʫʜʝʥ, ʱʦ ʥʝʙʝʟʧʝʯʥʦ ʟʙʣʠʞʫʶʪʴʩʷ, ʧʦʯʘʪʢʦʚʽ ʧʦʟʠʮʽʾ ʽ 

ʧʘʨʘʤʝʪʨʠ ʨʫʭʫ ʷʢʠʭ ʚʽʜʦʤʽ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚ ʨʦʙʦʪʽ [67]. ʆʜʝʨʞʘʥʽ ʚʠʨʘʟʠ 

ʜʣʷ ʧʦʭʽʜʥʠʭ ʜʠʩʪʘʥʮʽʾ ʥʘʡʢʦʨʦʪʰʦʛʦ ʟʙʣʠʞʝʥʥʷ ʟʘ ʢʫʨʩʦʤ ʦʜʥʦʛʦ ʟ ʩʫʜʝʥ ʽ ʟʘ 

ʢʫʨʩʘʤʠ ʦʙʦʭ ʩʫʜʝʥ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʰʚʠʜʢʽʩʪʴ ʟʤʽʥʠ ʜʠʩʪʘʥʮʽʾ 

ʥʘʡʢʦʨʦʪʰʦʛʦ ʟʙʣʠʞʝʥʥʷ ʧʨʠ ʟʤʽʥʽ ʢʫʨʩʽʚ ʩʫʜʝʥ. ʆʜʝʨʞʘʥʽ ʽʥʪʝʛʨʘʣʴʥʽ 
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ʨʽʚʥʷʥʥʷ, ʨʦʟʚôʷʟʘʥʥʷ ʷʢʠʭ ʜʦʟʚʦʣʷʻ ʟʥʘʡʪʠ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʙʝʟʧʝʯʥʦʛʦ 

ʨʦʟʭʦʜʞʝʥʥʷ ʧʨʠʨʦʩʪʠ ʢʫʨʩʽʚ ʦʜʥʦʛʦ ʘʙʦ ʦʙʦʭ ʩʫʜʝʥ. 

ʈʦʙʦʪʫ [68] ʧʨʠʩʚʷʯʝʥʦ ʧʠʪʘʥʥʷʤ ʫʧʨʘʚʣʽʥʥʷ ʛʨʫʧʠ ʩʫʜʝʥ ʚ ʩʠʪʫʘʮʽʾ 

ʥʝʙʝʟʧʝʯʥʦʛʦ ʟʙʣʠʞʝʥʥʷ, ʧʨʠʯʦʤʫ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʨʽʟʥʽ ʧʨʠʥʮʠʧʠ ʚʠʙʦʨʫ 

ʩʫʤʽʩʥʦʾ ʩʪʨʘʪʝʛʽʾ ʨʦʟʭʦʜʞʝʥʥʷ ʽ ʧʨʦʚʝʜʝʥʦ ʾʭʥʽʡ ʘʥʘʣʽʟ, ʘ ʧʠʪʘʥʥʷ ʚʠʙʦʨʫ 

ʦʧʪʠʤʘʣʴʥʦʾ ʩʪʨʘʪʝʛʽʾ ʫʧʨʘʚʣʽʥʥʷ ʩʫʜʥʘʤʠ ʟʤʽʥʦʶ ʢʫʨʩʽʚ ʜʣʷ ʙʝʟʧʝʯʥʦʛʦ 

ʨʦʟʭʦʜʞʝʥʥʷ ʚ ʫʤʦʚʘʭ ʤʦʞʣʠʚʦʛʦ ʟʽʪʢʥʝʥʥʷ ʨʦʟʛʣʷʥʫʪʦ ʚ ʨʦʙʦʪ ̔[69]. 

ʋ ʩʪʘʪʪʽ [70] ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʚʠʩʥʦʚʦʢ ʫʤʦʚʠ ʽʩʥʫʚʘʥʥʷ ʥʝʧʦʨʦʞʥʴʦʾ 

ʤʥʦʞʠʥʠ ʤʘʥʝʚʨʽʚ ʨʦʟʭʦʜʞʝʥʥʷ ʧʘʨʠ ʩʫʜʝʥ ʟʤʽʥʦʶ ʾʭʥʽʭ ʰʚʠʜʢʦʩʪʝʡ ʽ ʥʘʚʝʜʝʥʽ 

ʘʥʘʣʽʪʠʯʥʽ ʚʠʨʘʟʠ ʦʜʝʨʞʘʥʦʾ ʫʤʦʚʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʙʨʘʥʦʛʦ ʨʝʞʠʤʫ 

ʛʘʣʴʤʫʚʘʥʥʷ ʩʫʜʝʥ.  

ʉʧʦʩʽʙ ʚʠʙʦʨʫ ʙʝʟʧʝʯʥʠʭ ʢʫʨʩʽʚ ʫʭʠʣʝʥʥʷ ʩʫʜʝʥ ʧʨʠ ʟʦʚʥʽʰʥʴʦʤʫ 

ʫʧʨʘʚʣʽʥʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʙʣʘʩʪʝʡ ʥʝʙʝʟʧʝʯʥʠʭ ʢʫʨʩʽʚ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚ ʨʦʙʦʪʽ 

[71]. ʇʦʢʘʟʘʥʦ, ʱʦ ʽʥʝʨʮʽʡʥʽʩʪʴ ʩʫʜʥʘ ʧʽʜ ʯʘʩ ʧʦʚʦʨʦʪʫ ʚʝʜʝ ʜʦ ʟʥʠʞʝʥʥʷ 

ʜʠʩʪʘʥʮʽʾ ʥʘʡʢʦʨʦʪʰʦʛʦ ʟʙʣʠʞʝʥʥʷ ʜʦ ʚʝʣʠʯʠʥʠ ʤʝʥʰʦʾ ʛʨʘʥʠʯʥʦ-ʜʦʧʫʩʪʠʤʦʾ 

ʚʽʜʩʪʘʥʽ. ʆʙˇʨʫʥʪʦʚʘʥʘ ʟʘʣʝʞʥʽʩʪʴ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʫʪʦʯʥʝʥʦʛʦ ʟʥʘʯʝʥʥʷ 

ʛʨʘʥʠʯʥʦ-ʜʦʧʫʩʪʠʤʦʾ ʚʽʜʩʪʘʥʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʽʥʝʨʮʽʡʥʦʩʪʽ ʩʫʜʥʘ ʽ ʦʧʠʩʘʥʘ 

ʧʨʦʮʝʜʫʨʘ ʚʠʙʦʨʫ ʤʘʥʝʚʨʫ ʟʤʽʥʠ ʢʫʨʩʫ ʦʜʥʦʛʦ ʟ ʩʫʜʝʥ ʧʨʠ ʥʝʟʤʽʥʥʠʭ 

ʧʘʨʘʤʝʪʨʘʭ ʨʫʭʫ ʽʥʰʦʛʦ ʩʫʜʥʘ. 

ʋ ʨʦʙʦʪʽ [72] ʨʦʟʛʣʷʥʫʪʦ ʩʠʪʫʘʪʠʚʥʝ ʟʙʫʨʝʥʥʷ ʽ ʥʘʚʝʜʝʥʽ ʡʦʛʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʷʢʽ ʩʧʽʣʴʥʦ ʚʠʟʥʘʯʘʶʪʴ ʟʥʘʯʝʥʥʷ ʟʙʫʨʝʥʥʷ  ʚ ʨʽʟʥʠʭ 

ʩʠʪʫʘʮʽʷʭ. ʆʜʝʨʞʘʥʦ ʘʥʘʣʽʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʦʙʣʘʩʪʽ 

ʧʦʩʪʽʡʥʠʭ ʟʥʘʯʝʥʴ ʩʠʪʫʘʪʠʚʥʦʛʦ ʟʙʫʨʝʥʥʷ ʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʛʨʘʬʽʯʥʠʡ ʩʧʦʩʽʙ 

ʦʮʽʥʢʠ ʡʦʛʦ ʟʥʘʯʝʥʥʷ ʟʘʣʝʞʥʦ ʚʽʜ ʜʠʩʪʘʥʮʽʾ ʤʽʞ ʩʫʜʥʘʤʠ, ʛʨʘʥʠʯʥʦ-

ʜʦʧʫʩʪʠʤʦʾ ʜʠʩʪʘʥʮʽʾ ʽ ʢʫʨʩʫ ʩʫʜʥʘ ʟ ʙʽʣʴʰʦʶ ʰʚʠʜʢʽʩʪʶ. ʅʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜ 

ʧʦʯʘʪʢʦʚʠʭ ʩʠʪʫʘʮʽʡ ʟʙʣʠʞʝʥʥʷ ʩʫʜʝʥ, ʚʽʜʧʦʚʽʜʥʠʭ ʟʥʘʯʝʥʥʶ ʩʠʪʫʘʪʠʚʥʦʛʦ 

ʟʙʫʨʝʥʥʷ ʨʽʚʥʦʛʦ 1 ʽ 2.   

ʉʠʪʫʘʮʽʷ ʥʝʙʝʟʧʝʯʥʦʛʦ ʟʙʣʠʞʝʥʥʷ ʩʫʜʝʥ ʚ ʩʪʠʩʣʠʭ ʚʦʜʘʭ ʨʦʟʛʣʷʥʫʪʘ ʚ 

ʨʦʙʦʪʽ [73], ʚ ʷʢʽʡ ʥʝʤʦʞʣʠʚʝ ʙʝʟʧʝʯʥʝ ʨʦʟʭʦʜʞʝʥʥʷ ʟʤʽʥʦʶ ʢʫʨʩʫ. ʇʦʢʘʟʘʥʦ, 

ʱʦ ʧʨʠ ʟʦʚʥʽʰʥʴʦʤʫ ʫʧʨʘʚʣʽʥʥʽ ʧʦʧʝʨʝʜʞʝʥʥʷ ʤʦʞʣʠʚʦʛʦ ʟʽʪʢʥʝʥʥʷ ʩʫʜʝʥ 
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ʜʦʩʷʛʘʻʪʴʩʷ ʤʘʥʝʚʨʦʤ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʝʡ ʩʫʜʝʥ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʙʣʘʩʪʝʡ 

ʥʝʙʝʟʧʝʯʥʠʭ ʰʚʠʜʢʦʩʪʝʡ.  

ʆʪʨʠʤʘʥʦ ʥʝʦʙʭʽʜʥʽ ʘʥʘʣʽʪʠʯʥʽ ʚʠʨʘʟʠ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʦʙʣʘʩʪʝʡ 

ʥʝʙʝʟʧʝʯʥʠʭ ʰʚʠʜʢʦʩʪʝʡ. ʉʬʦʨʤʫʣʴʦʚʘʥʘ ʫʤʦʚʘ ʽʩʥʫʚʘʥʥʷ ʤʘʥʝʚʨʫ 

ʨʦʟʭʦʜʞʝʥʥʷ ʟʤʽʥʦʶ ʰʚʠʜʢʦʩʪʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʽʥʝʨʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʫʜʝʥ. 

ʋ ʨʦʙʦʪʽ [74] ʨʦʟʛʣʷʥʫʪʘ ʩʠʩʪʝʤʘ ʙʽʥʘʨʥʦʾ ʢʦʦʨʜʠʥʘʮʽʾ, ʷʢʘ ʨʝʛʫʣʶʻ  

ʚʟʘʻʤʦʜʽʶ ʧʘʨʠ ʩʫʜʝʥ ʚ ʩʠʪʫʘʮʽʾ ʥʝʙʝʟʧʝʯʥʦʛʦ ʟʙʣʠʞʝʥʥʷ ʧʨʠ ʾʭ ʩʪʘʥʜʘʨʪʥʦʤʫ 

ʤʘʥʝʚʨʫʚʘʥʥʽ ʟʤʽʥʦʶ ʢʫʨʩʫ ʩʫʜʥʘ. ʇʦʢʘʟʘʥʦ, ʱʦ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʩʠʩʪʝʤʠ 

ʙʽʥʘʨʥʦʾ ʢʦʦʨʜʠʥʘʮʽʾ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʚʠʤʦʛʫ ʟʘʢʦʥʫ ʥʝʦʙʭʽʜʥʦʾ 

ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ ɽʰʙʽ. ʆʪʨʠʤʘʥʽ ʫʤʦʚʠ, ʱʦ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʚʠʤʦʛʘʤ ʟʘʢʦʥʫ 

ʥʝʦʙʭʽʜʥʦʾ ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ, ʷʢʽ ʧʦʣʷʛʘʶʪʴ ʚ ʢʦʤʧʝʥʩʘʮʽʾ ʩʠʪʫʘʪʠʚʥʦʛʦ ʟʙʫʨʝʥʥʷ 

ʘʙʦ ʦʙʦʤʘ ʩʫʜʥʘʤʠ, ʘʙʦ ʩʫʜʥʦʤ ʟ ʙʽʣʴʰʦʶ ʰʚʠʜʢʽʩʪʶ. 

ʋ ʩʪʘʪʪʽ [75] ʨʦʟʛʣʷʥʫʪʘ ʧʨʦʮʝʜʫʨʘ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʛʨʘʬʽʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʥʝʚʨʫ ʨʦʟʭʦʜʞʝʥʥʷ ʜʚʦʭ ʩʫʜʝʥ, ʱʦ ʥʝʙʝʟʧʝʯʥʦ ʟʙʣʠʞʫʶʪʴʩʷ, 

ʟʤʽʥʦʶ ʾʭ ʰʚʠʜʢʦʩʪʝʡ ʧʨʠ ʟʙʝʨʝʞʝʥʥʽ ʥʝʟʤʽʥʥʠʭ ʢʫʨʩʽʚ. ʅʘʚʝʜʝʥʠʡ 

ʢʦʥʢʨʝʪʥʠʡ ʚʘʨʽʘʥʪ ʥʝʙʝʟʧʝʯʥʦʾ ʩʠʪʫʘʮʽʾ ʟʙʣʠʞʝʥʥʷ ʽ ʨʝʘʣʽʟʘʮʽʷ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʧʨʦʮʝʜʫʨʠ. 

ɼʚʘ ʪʠʧʠ ʫʧʨʘʚʣʽʥʥʷ ʧʘʨʦʶ ʩʫʜʝʥ ʚ ʫʤʦʚʘʭ ʥʝʙʝʟʧʝʯʥʦʛʦ ʟʙʣʠʞʝʥʥʷ ʟ 

ʤʝʪʦʶ ʧʦʧʝʨʝʜʞʝʥʥʷ ʾʭ ʤʦʞʣʠʚʦʛʦ ʟʽʪʢʥʝʥʥʷ ʨʦʟʛʣʷʥʫʪʦ ʚ ʨʦʙʦʪʽ [76]. 

ʇʝʨʰʠʡ ʧʽʜʭʽʜ ʜʦ ʧʦʧʝʨʝʜʞʝʥʥʷ ʟʽʪʢʥʝʥʥʷ ʩʫʜʝʥ  ʻ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʠʤ ʚ 

ʩʫʜʥʦʚʦʜʽʥʥʽ ʣʦʢʘʣʴʥʦ-ʥʝʟʘʣʝʞʥʠʤ ʫʧʨʘʚʣʽʥʥʷʤ, ʟʘ ʷʢʦʛʦ ʥʝʦʙʭʽʜʥʘ 

ʢʦʦʨʜʠʥʘʮʽʷ ʤʘʥʝʚʨʽʚ ʚʟʘʻʤʦʜʽʡʥʠʭ ʩʫʜʝʥ, ʱʦ ʥʝʙʝʟʧʝʯʥʦ ʟʙʣʠʞʫʶʪʴʩʷ. ʊʦʤʫ 

ʚ ʩʪʘʪʪʽ ʚʠʢʣʘʜʝʥʠʡ ʧʨʠʥʮʠʧ ʙʽʥʘʨʥʦʾ ʢʦʦʨʜʠʥʘʮʽʾ ʚʟʘʻʤʦʜʽʾ ʧʘʨʠ ʩʫʜʝʥ ʧʨʠ 

ʥʝʙʝʟʧʝʯʥʦʤʫ ʟʙʣʠʞʝʥʥʽ ʫ ʨʘʟʽ ʾʭ ʥʝʟʘʣʝʞʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ. ɺʢʘʟʫʶʪʴʩʷ 

ʤʝʪʦʜʠ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʾ ʩʪʨʘʪʝʛʽʾ ʨʦʟʭʦʜʞʝʥʥʷ ʧʨʠ ʮʴʦʤʫ ʪʠʧʽ 

ʫʧʨʘʚʣʽʥʥʷ. 

ʅʘʚʦʜʠʪʴʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʨʫʛʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʫʧʨʘʚʣʽʥʥʷ ʧʘʨʠ ʩʫʜʝʥ ʚ 

ʩʠʪʫʘʮʽʾ ʥʝʙʝʟʧʝʯʥʦʛʦ ʟʙʣʠʞʝʥʥʷ, ʷʢʠʡ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʠʥʮʠʧʫ 

ʧʦʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʩʠʩʪʝʤʦʶ ʜʚʦʭ ʩʫʜʝʥ, ʱʦ ʥʝʙʝʟʧʝʯʥʦ ʟʙʣʠʞʫʶʪʴʩʷ, 
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ʟʦʚʥʽʰʥʽʤ ʫʧʨʘʚʣʽʥʮʝʤ. ɼʣʷ ʮʴʦʛʦ ʪʠʧʫ ʫʧʨʘʚʣʽʥʥʷ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʟʥʘʯʝʥʥʷ ʙʝʟʧʝʯʥʦʛʦ ʤʘʥʝʚʨʫ ʨʦʟʭʦʜʞʝʥʥʷ ʟʤʽʥʦʶ ʢʫʨʩʫ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʦʙʣʘʩʪʽ ʥʝʙʝʟʧʝʯʥʠʭ ʢʫʨʩʽʚ. ʊʘʢʦʞ ʨʦʟʛʣʷʥʫʪʘ ʤʦʞʣʠʚʽʩʪʴ ʙʝʟʧʝʯʥʦʛʦ 

ʨʦʟʭʦʜʞʝʥʥʷ  ʩʫʜʝʥ ʟʤʽʥʦʶ ʰʚʠʜʢʦʩʪʽ ʧʨʠ ʥʝʟʤʽʥʥʠʭ ʢʫʨʩʘʭ, ʧʨʠ ʮʴʦʤʫ 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙʣʘʩʪʽ ʥʝʙʝʟʧʝʯʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʧʨʠ ʟʘʜʘʥʠʭ 

ʧʦʯʘʪʢʦʚʠʭ ʢʫʨʩʘʭ. ʈʦʟʛʣʷʥʫʪʽ ʧʝʨʝʚʘʛʠ ʟʦʚʥʽʰʥʴʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʩʫʜʥʘʤʠ ʽ 

ʤʦʞʣʠʚʽ ʧʝʨʩʧʝʢʪʠʚʠ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ.    

ʋ ʨʦʙʦʪʽ [77] ʘʥʘʣʽʟʫʻʪʴʩʷ ʩʠʪʫʘʮʽʷ ʥʝʙʝʟʧʝʯʥʦʛʦ ʟʙʣʠʞʝʥʥʷ ʜʚʦʭ ʩʫʜʝʥ, 

ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ  ʩʠʪʫʘʪʠʚʥʠʤ ʟʙʫʨʝʥʥʷʤ, ʟʥʘʯʝʥʥʷ ʷʢʦʛʦ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʠʩʪʘʥʮʽʾ ʥʘʡʢʦʨʦʪʰʦʛʦ ʟʙʣʠʞʝʥʥʷ ʽ ʛʨʘʥʠʯʥʦ-ʜʦʧʫʩʪʠʤʦʾ 

ʜʠʩʪʘʥʮʽʾ. ʇʨʠʯʦʤʫ ʩʠʪʫʘʪʠʚʥʝ ʟʙʫʨʝʥʥʷ ʤʦʞʝ ʧʨʠʡʤʘʪʠ ʟʥʘʯʝʥʥʷ, ʨʽʚʥʝ 

ʦʜʠʥʠʮʽ, ʧʨʠ ʷʢʦʤʫ ʨʦʟʭʦʜʞʝʥʥʷ ʧʨʦʚʦʜʠʪʴʩʷ ʩʪʘʥʜʘʨʪʥʠʤ ʤʘʥʝʚʨʫʚʘʥʥʷʤ, ʽ 

ʟʥʘʯʝʥʥʷ, ʨʽʚʥʝ ʜʚʦʤ, ʧʨʠ ʷʢʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʘʥʝʚʨ ʝʢʩʪʨʝʥʦʛʦ 

ʨʦʟʭʦʜʞʝʥʥʷ.    

ʈʦʟʛʣʷʥʫʪʘ ʩʠʩʪʝʤʘ ʙʽʥʘʨʥʦʾ ʢʦʦʨʜʠʥʘʮʽʾ ʚʨʘʭʦʚʫʻ ʚʠʤʦʛʫ ʟʘʢʦʥʫ 

ʥʝʦʙʭʽʜʥʦʾ ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ ɽʰʙʽ, ʷʢʠʡ ʧʝʨʝʜʙʘʯʘʻ ʚʽʜʧʦʚʽʜʥʽʩʪʴ 

ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ ʥʘʷʚʥʠʭ ʢʫʨʩʽʚ ʫʭʠʣʝʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ ʤʦʞʣʠʚʠʭ 

ʥʝʙʝʟʧʝʯʥʠʭ ʢʫʨʩʽʚ ʟʙʣʠʞʝʥʥʷ. ʇʦʢʘʟʘʥʦ, ʱʦ ʮʷ ʚʠʤʦʛʘ ʚʠʢʦʥʫʻʪʴʩʷ ʧʨʠ 

ʢʦʤʧʝʥʩʘʮʽʾ ʩʠʪʫʘʪʠʚʥʦʛʦ ʟʙʫʨʝʥʥʷ ʘʙʦ ʦʜʥʦʯʘʩʥʠʤ ʤʘʥʝʚʨʦʤ ʦʙʦʭ ʩʫʜʝʥ, ʘʙʦ 

ʤʘʥʝʚʨʦʤ ʩʫʜʥʘ ʟ ʙʽʣʴʰʦʶ ʰʚʠʜʢʽʩʪʶ. 

ʉʠʩʪʝʤʘ ʙʽʥʘʨʥʦʾ ʢʦʦʨʜʠʥʘʮʽʾ, ʷʢʘ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʚ ʩʪʘʪʪʽ, ʤʽʩʪʠʪʴ ʜʚʘ 

ʨʽʚʥʽ, ʧʝʨʰʠʡ ʨʽʚʝʥʴ ʨʝʘʣʽʟʫʻʪʴʩʷ, ʢʦʣʠ ʩʠʪʫʘʪʠʚʥʝ ʟʙʫʨʝʥʥʷ ʧʨʠʡʤʘʻ 

ʟʥʘʯʝʥʥʷ, ʨʽʚʥʝ ʦʜʠʥʠʮʽ, ʽ ʚʟʘʻʤʥʽ ʦʙʦʚ'ʷʟʢʠ ʩʫʜʝʥ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʾʭʥʽʭ ʩʪʘʪʫʩʽʚ ʽ ʰʚʠʜʢʦʩʪʝʡ, ʘ ʧʨʠ ʟʥʘʯʝʥʥʽ 

ʩʠʪʫʘʪʠʚʥʦʛʦ ʟʙʫʨʝʥʥʷ, ʨʽʚʥʦʛʦ ʜʚʽʡʮʽ, ʤʘʻ ʤʽʩʮʝ ʜʨʫʛʠʡ ʨʽʚʝʥʴ ʽ ʧʝʨʝʜʙʘʯʝʥʦ 

ʝʢʩʪʨʝʥʝ ʤʘʥʝʚʨʫʚʘʥʥʷ ʦʙʦʭ ʩʫʜʝʥ.   

ʇʽʜ ʯʘʩ ʟʙʣʠʞʝʥʥʷ ʜʚʦʭ ʩʫʜʝʥ ʟ ʦʜʥʘʢʦʚʠʤʠ ʩʪʘʪʫʩʘʤʠ ʽ ʰʚʠʜʢʦʩʪʷʤʠ ʾʭ 

ʚʟʘʻʤʥʽ ʦʙʦʚ'ʷʟʢʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʪʠʤ, ʯʠ ʻ ʢʫʨʩʠ ʟʙʣʠʞʝʥʥʷ ʟʫʩʪʨʽʯʥʠʤʠ ʘʙʦ 

ʩʫʧʫʪʥʽʤʠ.  
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ʋ ʨʷʜʽ ʧʫʙʣʽʢʘʮʽʡ [78-98] ʨʦʟʛʣʷʥʫʪʽ ʧʠʪʘʥʥʷ ʤʦʜʝʣʶʚʘʥʥʷ ʨʫʭʫ ʩʫʜʥʘ ʚ 

ʫʤʦʚʘʭ ʦʙʤʝʞʝʥʦʛʦ ʧʨʦʩʪʦʨʫ, ʱʦ ʧʨʠʩʚʷʯʝʥʽ ʧʠʪʘʥʥʷʤ ʚʠʢʦʥʘʥʥʷ ʩʫʜʥʘʤʠ 

ʨʽʟʥʠʭ ʤʘʥʝʚʨʽʚ, ʷʢʽ ʩʧʨʠʷʶʪʴ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʤʫ ʽ ʙʝʟʧʝʯʥʦʤʫ ʧʣʘʚʘʥʥʶ, 

ʱʦ ʻ ʦʜʥʠʤ ʽʟ ʜʦʤʽʥʫʶʯʠʭ ʥʘʧʨʷʤʢʽʚ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʙʣʝʤʠ 

ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ ʩʫʜʥʦʚʦʜʽʥʥʷ.  

ɼʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʤʦʨʩʴʢʠʭ ʨʫʭʦʤʠʭ ʦʙ'ʻʢʪʽʚ, ʱʦ ʨʫʭʘʶʪʴʩʷ ʟ ʧʦʩʪʽʡʥʦʶ 

ʰʚʠʜʢʽʩʪʶ, ʫ ʨʦʙʦʪʽ [78] ʧʨʦʧʦʥʫʻʪʴʩʷ ʫʥʽʬʽʢʦʚʘʥʘ ʜʠʥʘʤʽʯʥʘ ʤʦʜʝʣʴ ʨʫʭʫ, 

ʱʦ ʤʘʻ ʚʠʛʣʷʜ ʥʝʣʽʥʽʡʥʦʛʦ ʤʘʪʨʠʯʥʦʛʦ ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ ʨʽʚʥʷʥʥʷ, ʘʥʘʣʽʟ ʷʢʦʛʦ 

ʚʠʟʥʘʯʘʻ ʚʠʤʦʛʠ ʜʦ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʤʦʨʩʴʢʠʤʠ ʨʫʭʦʤʠʤʠ ʦʙ'ʻʢʪʘʤʠ, 

ʧʨʠʯʦʤʫ ʚʠʤʦʛʠ ʬʦʨʤʫʣʶʶʪʴʩʷ ʷʢ ʟʘʜʘʯʽ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ.  

ʋ ʨʦʙʦʪʘʭ [79, 80] ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʨʦʟʨʦʙʢʘ ʚʠʩʦʢʦʪʦʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

ʩʫʜʥʘ ʚ ʩʪʠʩʣʠʭ ʫʤʦʚʘʭ ʧʣʘʚʘʥʥʷ ʥʘ ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʜʽʣʷʥʢʘʭ ʨʫʭʫ, ʜʣʷ ʯʦʛʦ 

ʟʘʩʪʦʩʦʚʘʥʘ ʜʠʥʘʤʽʯʥʘ ʤʦʜʝʣʴ ʦʙʝʨʪʘʣʴʥʦʛʦ ʨʫʭʫ ʩʫʜʥʘ ʪʨʝʪʴʦʛʦ ʧʦʨʷʜʢʫ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʯʘʩʫ ʧʝʨʝʢʣʘʜʢʠ ʩʪʝʨʥʘ ʧʽʜ ʯʘʩ ʧʦʚʦʨʦʪʫ.  

ʋ ʨʦʙʦʪʽ [81] ʥʘʚʝʜʝʥʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʫʯʘʩʥʠʭ ʙʦʨʪʦʚʠʭ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ, ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʦʮʽʥʢʠ, ʧʨʦʛʥʦʟʫ ʡ ʦʧʪʠʤʽʟʘʮʽʾ 

ʧʨʦʮʝʩʫ ʩʫʜʥʦʚʦʜʽʥʥʷ. ʈʦʟʛʣʷʥʫʪʦ ʤʝʪʦʜʠ ʧʨʦʛʥʦʟʫ ʤʦʨʝʧʣʘʚʩʪʚʘ, ʘ ʪʘʢʦʞ ï  

ʧʨʠʥʮʠʧʠ ʚʠʙʦʨʫ ʨʽʰʝʥʴ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʫ ʰʪʦʨʤʦʚʠʭ ʫʤʦʚʘʭ. 

ɺʽʜʟʥʘʯʝʥʦ ʦʩʦʙʣʠʚʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʥʘʚʝʜʝʥʦ ʪʝʭʥʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʾʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ. 

ʋ ʨʦʙʦʪʽ [82] ʟʘʟʥʘʯʘʻʪʴʩʷ, ʱʦ ʫ ʙʽʣʴʰʦʩʪʽ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ 

ʩʢʣʘʜʥʠʤʠ ʜʠʥʘʤʽʯʥʠʤʠ ʦʙ'ʻʢʪʘʤʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʜʣʷ 

ʬʦʨʤʫʚʘʥʥʷ ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʽʚ ʟ ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʣʽ ʢʝʨʦʚʘʥʦʛʦ ʦʙ'ʻʢʪʘ. 

ʉʪʚʝʨʜʞʫʻʪʴʩʷ, ʱʦ ʜʦ ʢʣʘʩʫ ʪʘʢ ʟʚʘʥʠʭ ʥʝʚʠʟʥʘʯʝʥʠʭ ʦʙ'ʻʢʪʽʚ ʚʽʜʥʦʩʷʪʴʩʷ 

ʤʦʨʩʴʢʽ ʨʫʭʦʤʽ ʦʙ'ʻʢʪʠ ʽ, ʟʦʢʨʝʤʘ, ʤʦʨʩʴʢʽ ʩʫʜʥʘ.   

ʇʠʪʘʥʥʷ ʧʨʦ ʚʧʣʠʚ ʚʽʜʩʪʦʷʥʥʷ ʨʫʣʴʦʚʦʛʦ ʦʨʛʘʥʫ ʚʽʜ ʮʝʥʪʨʫ ʤʘʩ ʩʫʜʥʘ ʥʘ 

ʟʚ'ʷʟʦʢ ʤʽʞ ʢʫʪʦʤ ʡʦʛʦ ʜʨʝʡʬʫ ʽ ʢʫʪʦʚʦʶ ʰʚʠʜʢʽʩʪʶ ʨʦʟʛʣʷʥʫʪʦ ʚ ʨʦʙʦʪʽ [83].  

ʋ ʨʦʙʦʪʽ [84] ʬʦʨʤʘʣʽʟʦʚʘʥʦ ʩʠʩʪʝʤʫ ʩʠʥʪʝʟʫ ʫʧʨʘʚʣʽʥʥʷ ʨʫʭʦʤ ʩʫʜʥʘ 

ʧʨʠ ʩʪʘʙʽʣʽʟʘʮʽʾ ʥʘ ʪʨʘʻʢʪʦʨʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʦʯʥʽʩʥʦʛʦ ʡ ʝʢʦʥʦʤʽʯʥʦʛʦ 
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ʢʨʠʪʝʨʽʾʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʝʣʽʥʽʡʥʦʾ ʤʦʜʝʣʽ ʩʫʜʥʘ ʽ ʟʦʚʥʽʰʥʽʭ ʟʙʫʨʝʥʴ. 

ʇʨʦʧʦʥʫʻʪʴʩʷ ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʩʫʜʥʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʙʘʛʘʪʦʘʣʴʪʝʨʥʘʪʠʚʥʦʾ ʬʽʣʴʪʨʘʮʽʾ ʪʘ ʦʙˇʨʫʥʪʦʚʫʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʣʽʥʽʡʥʦ-

ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʤʝʪʦʜʫ.  

ʄʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʦʧʪʠʤʽʟʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʚʦʜʥʠʭ ʰʣʷʭʽʚ ʫ ʚʠʛʣʷʜʽ 

ʮʽʣʴʦʚʠʭ ʬʫʥʢʮʽʡ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚ ʨʦʙʦʪʽ [85]. ʈʝʟʫʣʴʪʘʪʠ ʦʧʪʠʤʽʟʘʮʽʾ 

ʧʽʜʪʚʝʨʜʞʝʥʽ ʽʤʽʪʘʮʽʡʥʠʤ ʤʦʜʝʣʶʚʘʥʥʷʤ ʧʦʚʦʨʦʪʫ ʥʘ ʬʘʨʚʘʪʝʨʽ ʉʚʽʥʦʫʡʩʮʝ - 

ʑʝʮʠʥ, ʘ ʪʘʢʦʞ ʟʘʭʽʜʥʦʛʦ ʧʦʨʦʤʥʦʛʦ ʧʨʠʯʘʣʫ ʎʝʥʪʨʫʤ ʚ ʉʚʽʥʦʫʡʩʴʮʝ. 

ʋ ʟʘʙʝʟʧʝʯʝʥʥʽ ʙʝʟʧʝʢʠ ʩʫʜʥʦʚʦʜʽʥʥʷ ʚʘʞʣʠʚʫ ʨʦʣʴ ʚʽʜʽʛʨʘʶʪʴ 

ʥʘʚʽʛʘʮʽʡʥʦ-ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ (ʅɯʉ) ʩʫʜʥʘ, ʥʘ ʱʦ ʚʢʘʟʫʻʪʴʩʷ ʚ ʨʦʙʦʪʽ 

[86]. ʋ ʥʽʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʝʪʘʣʴʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʅɯʉ ʥʘ ʝʣʝʢʪʨʦʥʥʠʭ 

ʢʘʨʪʘʭ, ʨʦʟʛʣʷʥʫʪʦ ʧʠʥʮʠʧʠ ʟʦʙʨʘʞʝʥʥʷ ʥʘʚʽʛʘʮʽʡʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʅɯʉ, 

ʥʘʚʝʜʝʥʽ ʜʘʥʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʩʫʯʘʩʥʠʭ 

ʜʘʪʯʠʢʽʚ ʦʧʝʨʘʪʠʚʥʦʾ ʥʘʚʽʛʘʮʽʡʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʦʙʤʝʞʝʥʴ ʪʘ 

ʥʝʜʦʣʽʢʽʚ ʨʦʟʛʣʷʥʫʪʠʭ ʩʠʩʪʝʤ.    

ɿʨʦʩʪʘʥʥʷ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ ʩʫʯʘʩʥʠʭ ʩʫʜʝʥ ʜʣʷ ʾʭ ʙʝʟʧʝʯʥʦʛʦ 

ʧʣʘʚʘʥʥʷ ʩʧʨʠʯʠʥʷʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫʧʨʦʚʘʜʞʝʥʥʷ ʚʜʦʩʢʦʥʘʣʝʥʠʭ 

ʢʦʤʧ'ʶʪʝʨʥʠʭ ʩʠʩʪʝʤ, ʱʦ ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʚ ʨʦʙʦʪʽ [87], ʫ ʷʢʠʭ  ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ʟʘʩʦʙʠ ʧʨʦʛʥʦʟʫ ʨʫʭʫ ʩʫʜʝʥ, ʷʢʽ ʫʩʧʽʰʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʦʪʷʛʦʤ 

ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ. ʆʜʥʘʢ ʩʧʨʦʱʝʥʽ ʧʨʦʛʥʦʟʠ ʦʙʤʝʞʫʶʪʴ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ 

ʯʘʩʪʠʥʽ ʪʝʨʤʽʥʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʨʫʭʫ ʩʫʜʥʘ ʧʨʠ ʟʤʽʥʽ ʧʦʣʦʞʝʥʥʷ ʧʝʨʘ ʩʪʝʨʥʘ 

ʪʘ ʦʙʝʨʪʽʚ ʜʚʠʛʫʥʘ. ɼʣʷ ʥʝʦʙʭʽʜʥʦʾ ʪʦʯʥʦʩʪʽ ʨʝʘʣʽʟʘʮʽʾ ʢʨʠʚʦʣʽʥʽʡʥʦʾ 

ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʩʫʜʥʘ ʧʦʪʨʽʙʥʘ ʨʦʟʨʦʙʢʘ ʙʽʣʴʰ ʚʜʦʩʢʦʥʘʣʝʥʠʭ ʧʨʦʛʥʦʟʥʠʭ 

ʤʦʜʝʣʝʡ ʨʫʭʫ ʩʫʜʥʘ. 

ʉʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʨʫʭʦʤ ʰʚʠʜʢʽʩʥʠʭ ʩʫʜʝʥ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚ 

ʨʦʙʦʪʽ [88], ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʜʚʦʭ ʨʽʚʥʽʚ: ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʽ ʚʠʢʦʥʘʚʯʦʛʦ.  

ɺʠʟʥʘʯʘʻʪʴʩʷ ʩʪʨʫʢʪʫʨʘ ʜʚʦʨʽʚʥʝʚʦʾ ʩʠʩʪʝʤʠ ʪʘ ʥʘʚʦʜʠʪʴʩʷ ʾʾ ʩʢʣʘʜ ʥʘ 

ʧʨʠʢʣʘʜʽ ʜʚʦʭ ʪʠʧʽʚ ʰʚʠʜʢʽʩʥʠʭ ʩʫʜʝʥ. ʂʨʽʤ ʪʦʛʦ, ʥʘʚʝʜʝʥʽ ʧʽʜʭʦʜʠ ʜʦ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʽʜʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ.  
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ʇʠʪʘʥʥʷ ʫʧʨʘʚʣʽʥʥʷ ʩʫʜʥʦʤ ʚ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʫʤʦʚʘʭ ʨʦʟʛʣʷʥʫʪʦ ʚ ʨʦʙʦʪʽ 

[89]. ʇʝʨʝʜʙʘʯʝʥʦ ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʫ ʚʧʣʠʚʫ ʚʩʽʭ ʟʦʚʥʽʰʥʽʭ ʩʠʣ, ʷʢʽ 

ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʩʠʪʫʘʮʽʾ ʩʢʣʘʜʥʠʭ ʫʤʦʚ. ʈʦʟʛʣʷʥʫʪʦ ʦʩʥʦʚʥʽ ʧʨʠʥʮʠʧʠ ʦʮʽʥʢʠ 

ʚʧʣʠʚʫ ʟʦʚʥʽʰʥʠʭ ʩʠʣ ʥʘ ʫʧʨʘʚʣʽʥʥʷ ʩʫʜʥʦʤ ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ  ʚ 

ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʫʤʦʚʘʭ, ʚʢʣʶʯʘʶʯʠ ʨʦʙʦʪʫ ʙʫʢʩʠʨʽʚ. 

ʅʝʣʽʥʽʡʥʘ ʟʘʜʘʯʘ ʫʧʨʘʚʣʽʥʥʷ ʤʦʨʩʴʢʠʤ ʦʙ'ʻʢʪʦʤ ʜʣʷ ʡʦʛʦ ʫʪʨʠʤʘʥʥʷ ʚ 

ʟʘʜʘʥʽʡ ʪʦʯʮʽ ʽ ʟ ʟʘʜʘʥʠʤ ʢʫʨʩʦʤ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚ ʨʦʙʦʪʽ [90]. ʌʦʨʤʫʚʘʥʥʷ 

ʟʘʜʘʥʦʛʦ ʟʘʢʦʥʫ ʫʧʨʘʚʣʽʥʥʷ ʧʦʪʨʝʙʫʻ ʩʠʥʪʝʟʫ ʘʣʛʦʨʠʪʤʫ ʥʝʣʽʥʽʡʥʦʛʦ ʬʽʣʴʪʨʘ 

ʂʘʣʤʘʥʘ ʟ ʣʦʢʘʣʴʥʠʤʠ ʽʪʝʨʘʮʽʷʤʠ, ʷʢʠʤ ʦʮʽʥʶʻʪʴʩʷ ʧʦʪʦʯʥʠʡ ʩʪʘʥ ʩʠʩʪʝʤʠ. 

ʋ ʨʦʙʦʪʽ ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ, ʷʢʽ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʫʪʨʠʤʘʥʥʷ 

ʩʫʜʥʘ ʤʦʞʣʠʚʦ ʟ ʪʦʯʥʽʩʪʶ 4-8 ʤ ʚʽʜʥʦʩʥʦ ʟʘʜʘʥʦʾ ʪʦʯʢʠ ʧʨʠ ʩʪʘʙʽʣʽʟʘʮʽʾ ʢʫʨʩʫ 

ʚ ʤʝʞʘʭ ʥʝ ʛʽʨʰʝ 2Á. 

ɯʥʪʝʥʩʠʚʥʦ ʧʨʦʚʦʜʠʪʴʩʷ ʨʦʟʨʦʙʢʘ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʽʤʽʪʘʮʽʡʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʨʫʭʫ ʩʫʜʝʥ ʟʽ ʩʢʣʘʜʥʠʤʠ ʜʠʥʘʤʽʯʥʠʤʠ ʤʦʜʝʣʷʤʠ, ʷʢ ʚʢʘʟʫʻʪʴʩʷ 

ʫ ʨʦʙʦʪʽ [91], ʧʨʠʯʦʤʫ ʧʘʨʘʤʝʪʨʠ ʨʫʭʫ ʩʫʜʥʘ ʟʘʣʝʞʘʪʴ ʚʽʜ ʢʫʪʘ ʢʣʘʜʢʠ ʧʝʨʘ 

ʩʪʝʨʥʘ ʽ ʦʙʝʨʪʽʚ ʜʚʠʛʫʥʘ. ʅʦʚʠʡ ʪʠʧ ʧʣʘʥʫʚʘʥʥʷ ʤʘʥʝʚʨʽʚ ʩʫʜʥʘ ʪʘ ʧʦʪʦʯʥʠʡ 

ʢʦʥʪʨʦʣʴ ʟʘʜʘʥʦʛʦ ʤʘʥʝʚʨʫ ʟʘʙʝʟʧʝʯʠʪʴ ʜʘʥʘ ʩʠʩʪʝʤʘ ʚ ʨʘʟʽ ʾʾ ʚʧʨʦʚʘʜʞʝʥʥʷ. 

ʋ ʧʨʦʮʝʩʽ ʤʘʥʝʚʨʫʚʘʥʥʷ ʧʝʨʝʜʙʘʯʝʥʦ ʟʦʙʨʘʞʝʥʥʷ ʟʘʜʘʥʠʭ ʤʘʥʝʚʨʽʚ 

ʦʜʥʦʯʘʩʥʦ ʟ ʧʦʪʦʯʥʠʤ ʨʫʭʦʤ ʩʘʤʦʛʦ ʩʫʜʥʘ ʪʘ ʟ ʽʥʜʠʢʘʮʽʻʶ ʧʨʦʛʥʦʟʦʚʘʥʦʾ 

ʪʨʘʻʢʪʦʨʽʾ ʟʘ ʨʝʘʣʴʥʠʤʠ ʚʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʚʽʜ ʜʘʪʯʠʢʽʚ ʩʫʜʥʘ.  

ɺ ʨʦʙʦʪʽ [92] ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʦʮʽʥʢʠ ʘʜʝʢʚʘʪʥʦʩʪʽ ʧʨʠʡʥʷʪʦʾ ʜʦ 

ʨʦʟʛʣʷʜʫ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʰʣʷʭʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʜʦʜʘʪʢʦʚʠʭ ʾʾ 

ʥʝʣʽʥʽʡʥʠʭ ʯʣʝʥʽʚ ʥʘ ʨʝʞʠʤʠ ʨʫʭʫ ʩʫʜʥʘ. ɿʘʣʝʞʥʦ ʚʽʜ ʟʤʽʥʠ ʚʽʪʨʫ ʟʤʽʥʶʻʪʴʩʷ 

ʙʽʬʫʨʢʘʮʽʡʥʘ ʢʘʨʪʠʥʘ, ʥʘ ʱʦ ʟʚʝʨʥʫʪʦ ʫʚʘʛʫ ʚ ʨʦʙʦʪʽ. ɼʦ ʘʣʛʦʨʠʪʤʫ 

ʘʚʪʦʨʫʣʴʦʚʦʛʦ ʙʫʣʦ ʚʚʝʜʝʥʦ ʽʥʪʝʣʝʢʪʫʘʣʴʥʫ ʩʢʣʘʜʦʚʫ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʽʩʪʦʪʥʦ 

ʧʽʜʚʠʱʠʪʠ ʡʦʛʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʧʦʜʦʣʘʪʠ ʧʝʚʥʠʡ ʨʽʚʝʥʴ ʥʝʢʝʨʦʚʘʥʦʩʪʽ. 

ʋ ʩʪʘʪʪʽ [93] ʨʦʟʛʣʷʥʫʪʦ ʧʦʩʣʽʜʦʚʥʝ ʥʘʚʯʘʥʥʷ ʢʦʥʪʨʦʣʝʨʘ ʰʪʫʯʥʦʾ 

ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ, ʷʢʠʡ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʧʨʠʯʘʣʶʚʘʥʥʷ ʩʫʜʝʥ, 

ʟʘ ʥʦʚʦʶ ʢʦʥʮʝʧʮʽʻʶ ʧʽʜ ʥʘʟʚʦʶ "ʚʽʨʪʫʘʣʴʥʝ ʚʽʢʥʦ", ʯʠʤ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 
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ʤʽʥʽʤʘʣʴʥʠʡ ʟʘ ʯʘʩʦʤ ʤʘʥʝʚʨ ʰʚʘʨʪʫʚʘʥʥʷ. ʊʘʢʽ ʦʪʨʠʤʘʥʽ ʪʘ ʫʟʛʦʜʞʝʥʽ ʜʘʥʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʥʘʚʯʘʥʥʷ ʜʚʦʭ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʟʘ 

ʢʣʘʜʢʦʶ ʧʝʨʘ ʩʪʝʨʥʘ ʪʘ ʨʝʚʝʨʩʫ ʝʥʝʨʛʝʪʠʯʥʦʾ ʫʩʪʘʥʦʚʢʠ. ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ 

ʥʘʚʯʘʥʥʷ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʤʦʜʝʣʶʚʘʥʥʷʤ ʟʘ ʤʝʪʦʜʦʤ ʄʦʥʪʝ-ʂʘʨʣʦ 

ʧʨʦʚʦʜʠʣʘʩʷ ʦʮʽʥʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʧʦʥʦʚʘʥʦʛʦ ʢʦʥʪʨʦʣʝʨʘ. ʇʽʩʣʷ 

ʦʪʨʠʤʘʥʥʷ ʧʨʠʡʥʷʪʥʦʛʦ ʚʽʜʩʦʪʢʘ ʫʩʧʽʭʫ ʥʘʚʯʝʥʽ ʤʝʨʝʞʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʜʣʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟ ʤʦʜʝʣʣʶ ʩʫʜʥʘ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʙʝʟʧʝʢʠ ʩʫʜʥʦ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʦʥʪʨʦʣʝʨʘ ʚʠʚʦʜʠʪʴʩʷ ʚ ʬʽʥʽʰʥʫ ʧʦʟʠʮʽʶ, ʚ ʷʢʽʡ ʩʫʜʥʦ 

ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʜʝʷʢʽʡ ʚʽʜʩʪʘʥʽ ʚʽʜ ʧʽʨʩʫ. ʋ ʩʪʘʪʪʽ ʩʪʘʚʠʪʴʩʷ ʧʠʪʘʥʥʷ 

ʜʦʮʽʣʴʥʦʩʪʽ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʥʝʦʙʭʽʜʥʦʩʪʽ ʘʚʪʦʤʘʪʠʯʥʦʾ ʜʦʧʦʤʦʛʠ 

ʙʫʢʩʠʨʘ ʧʽʜ ʯʘʩ ʰʚʘʨʪʫʚʘʥʥʷ ʩʫʜʥʘ.  

ʉʪʘʪʪʷ [94] ʧʨʠʩʚʷʯʝʥʘ ʦʙʛʦʚʦʨʝʥʥʶ ʧʠʪʘʥʴ ʨʦʟʨʦʙʢʠ ʩʠʩʪʝʤʠ 

ʫʧʨʘʚʣʽʥʥʷ ʢʫʨʩʦʤ ʩʫʜʥʘ ʘʚʪʦʨʫʣʴʦʚʠʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʠʥʮʠʧʽʚ ʥʝʯʽʪʢʦʾ 

ʣʦʛʽʢʠ.  ʈʦʟʛʣʷʜʘʶʪʴʩʷ ʧʠʪʘʥʥʷ ʘʜʘʧʪʘʮʽʾ ʩʠʩʪʝʤʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʢʣʘʜʥʦʾ 

ʜʠʥʘʤʽʢʠ ʩʫʜʥʘ ʪʘ ʥʝʣʽʥʽʡʥʦʩʪʽ ʡʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʨʠ ʟʤʽʥʶʚʘʥʠʭ 

ʫʤʦʚʘʭ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ. 

ʋ ʨʦʙʦʪʽ [95] ʚʽʜʟʥʘʯʘʻʪʴʩʷ, ʱʦ ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʩʫʜʥʦʚʠʭ ʤʦʜʝʣʝʡ 

ʤʘʥʝʚʨʫʚʘʥʥʷ ï ʮʝ ʢʣʶʯ ʜʦ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʥʝʚʨʝʥʦʩʪʽ ʩʫʜʥʘ, ʨʦʟʚʠʪʢʫ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʽʥʥʷ ʩʫʜʥʦʚʠʤʠ ʪʨʝʥʘʞʝʨʘʤʠ ʪʘ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ 

ʨʫʭʦʤ ʩʫʜʝʥ. ʋ ʨʦʙʦʪʽ ʩʬʦʨʤʦʚʘʥʘ ʥʝʣʽʥʽʡʥʘ ʤʦʜʝʣʴ ʤʘʥʝʚʨʫʚʘʥʥʷ ʩʫʜʥʘ, ʷʢʘ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʛʽʜʨʦʜʠʥʘʤʽʢʠ ʩʫʜʥʘ. ɼʣʷ ʦʮʽʥʢʠ ʧʘʨʘʤʝʪʨʽʚ 

ʤʦʜʝʣʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʝʦʨʽʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʩʠʩʪʝʤ, ʘ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʩʘʤʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʧʦʥʫʻʪʴʩʷ ʘʣʛʦʨʠʪʤ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʨʦʟʰʠʨʝʥʽʡ ʪʝʦʨʽʾ ʬʽʣʴʪʨʘ 

ʂʘʣʤʘʥʘ. ʅʘ ʽʤʽʪʘʪʦʨʽ ʫʧʨʘʚʣʽʥʥʷ ʩʫʜʥʦʤ ʚʠʢʦʥʫʚʘʣʠʩʴ ʮʠʨʢʫʣʷʮʽʷ ʪʘ 

ʟʠʛʟʘʛʦʧʦʜʽʙʥʠʡ ʤʘʥʝʚʨ, ʜʘʥʽ ʟʘ ʷʢʠʤʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʚʭʽʜʥʠʭ ʪʘ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʩʠʩʪʝʤʠ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ 

ʝʢʩʧʝʨʠʤʝʥʪʫ. ʇʦʭʠʙʢʠ, ʚʥʝʩʝʥʽ ʧʽʜ ʯʘʩ ʧʨʦʮʝʩʫ ʚʠʤʽʨʶʚʘʥʥʷ, ʫʩʫʚʘʶʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʮʴʦʛʦ ʘʣʛʦʨʠʪʤʫ. 

ɺ ʨʦʙʦʪʽ [96] ʚʚʝʜʝʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʚʧʣʠʚʫ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʩʫʜʥʘ ʥʘ ʡʦʛʦ ʤʘʥʝʚʨʝʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɺʠʟʥʘʯʝʥʽ 
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ʢʦʝʬʽʮʽʻʥʪʠ ʚʧʣʠʚʫ ʜʣʷ ʨʘʜʽʫʩʫ ʩʪʘʣʦʾ ʮʠʨʢʫʣʷʮʽʾ ʩʫʜʥʘ, ʚʠʩʫʚʫ ʪʘ ʧʦʯʘʪʢʦʚʦʾ 

ʧʦʚʦʨʦʪʥʦʩʪʽ ʩʫʜʥʘ.  

ɯʥʪʝʣʝʢʪʫʘʣʴʥʘ ʩʠʩʪʝʤʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʫʭʫ ʩʫʜʥʘ ʨʦʟʛʣʷʥʫʪʘ ʚ ʨʦʙʦʪʽ 

[97]. ɺʦʥʘ ʽʤʽʪʫʻ ʧʨʦʮʝʩ ʥʘʚʯʘʥʥʷ ʘʚʪʦʥʦʤʥʦʛʦ ʙʣʦʢʫ ʢʝʨʫʚʘʥʥʷ, ʷʢʠʡ 

ʩʪʚʦʨʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʰʪʫʯʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ. ʉʧʦʩʪʝʨʽʛʘʶʯʠ ʚʭʽʜʥʽ 

ʩʠʛʥʘʣʠ, ʙʣʦʢ ʢʝʨʫʚʘʥʥʷ ʦʙʯʠʩʣʶʻ ʟʥʘʯʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʤʘʥʝʚʨʫʚʘʥʥʷ ʩʫʜʥʘ ʚ ʩʪʠʩʣʠʭ ʚʦʜʘʭ. ɹʝʟʧʝʨʝʨʚʥʠʡ ʢʦʥʪʨʦʣʴ ʥʘʚʽʛʘʮʽʡʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʩʫʜʥʘ ʪʘ ʧʨʦʛʥʦʟ ʾʭ ʟʥʘʯʝʥʴ ʻ ʦʩʥʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʩʠʩʪʝʤʠ, 

ʧʨʠʯʦʤʫ ʚ ʩʪʘʪʪʽ ʥʘʛʦʣʦʰʫʻʪʴʩʷ, ʱʦ ʨʝʟʫʣʴʪʘʪ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʤʦʞʝ 

ʧʦʧʝʨʝʜʞʫʚʘʪʠ ʩʫʜʥʦʚʦʜʽʷ ʧʨʦ ʚʠʥʠʢʣʫ ʟʘʛʨʦʟʫ. 

ɹʝʟʧʽʣʦʪʥʠʡ ʘʚʪʦʥʦʤʥʠʡ ʤʦʨʩʴʢʠʡ ʦʙ'ʻʢʪ ʢʦʨʦʪʢʦ ʦʧʠʩʘʥʠʡ ʚ ʩʪʘʪʪʽ [98], 

ʧʨʠʯʦʤʫ ʧʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʦʩʫʻʪʴʩʷ ʢʦʤʙʽʥʦʚʘʥʦʾ ʤʦʜʝʣʽ ʨʫʭʫ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ, ʷʢʘ ʚʢʣʶʯʘʻ ʚ ʪʦʤʫ ʯʠʩʣʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʽʜʡʦʤʥʦʾ ʩʠʣʠ 

ʪʘ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʭʘʨʘʢʪʝʨʫ. ɻʨʘʚʽʪʘʮʽʡʥʽ ʩʠʣʠ ʪʘ ʧʝʨʝʤʽʱʝʥʥʷ, ʦʧʽʨ ʪʘ 

ʩʠʣʠ ʪʷʛʠ, ʧʽʜʡʦʤʥʽ ʩʠʣʠ ʪʘ ʽʥʰʽ ʛʽʜʨʦʜʠʥʘʤʽʯʥʽ ʩʠʣʠ ʚʨʘʭʦʚʫʶʪʴʩʷ 

ʥʘʚʝʜʝʥʦʶ ʤʦʜʝʣʣʶ. ɿʘʚʜʘʥʥʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʪʦʯʥʦʛʦ ʧʨʦʛʥʦʟʫ 

ʧʦʣʦʞʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʻ ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʫ ʧʨʦʚʝʜʝʥʦʤʫ 

ʜʦʩʣʽʜʞʝʥʥʽ, ʱʦ ʧʦʪʝʙʫʻ ʨʦʟʨʦʙʢʠ ʽʥʪʝʛʨʦʚʘʥʦʾ ʤʦʜʝʣʽ ʬʦʨʤʫʚʘʥʥʷ, ʘʥʘʣʽʟʫ 

ʪʘ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ, ʷʢʽ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʪʦʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʢʫʨʩʦʤ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ. ʆʙʣʘʜʥʘʥʥʷ ʩʠʩʪʝʤʦʶ ʩʪʘʙʽʣʽʟʘʮʽʾ ʻ ʥʝʦʙʭʽʜʥʦʶ 

ʫʤʦʚʦʶ ʩʪʨʫʢʪʫʨʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ. ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ ʢʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʨʫʣʴʦʚʦʛʦ ʫʧʨʘʚʣʽʥʥʷ, ʩʠʩʪʝʤʠ ʩʪʘʙʽʣʽʟʘʮʽʾ ʪʘ ʧʦʟʠʮʽʶʚʘʥʥʷ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʢʦʨʦʪʢʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʨʦʙʦʪʽ.  

ɸʩʧʝʢʪʫ ʪʦʯʥʦʩʪʽ ʢʦʥʪʨʦʣʶ ʤʽʩʮʷ ʩʫʜʥʘ, ʧʨʦʙʣʝʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ 

ʩʫʜʥʦʚʦʜʽʥʥʷ ʚ ʩʪʠʩʣʠʭ ʫʤʦʚʘʭ ʧʣʘʚʘʥʥʷ ʧʨʠʩʚʷʯʝʥʽ ʨʦʙʦʪʠ [99-119]. 

ʇʠʪʘʥʥʷʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʾ ʪʦʯʥʦʩʪʽ ʧʣʘʚʘʥʥʷ ʩʫʜʝʥ ʚ ʩʪʠʩʣʠʭ ʨʘʡʦʥʘʭ 

ʤʝʪʦʜʘʤʠ ʢʦʨʝʣʷʮʽʡʥʦʾ ʥʘʚʽʛʘʮʽʾ ʧʨʠʩʚʷʯʝʥʽ ʩʪʘʪʪʽ [99, 100]. 

ʉʪʨʘʪʝʛʽʷ ʬʦʨʤʫʚʘʥʥʷ ʨʘʜʽʦʥʘʚʽʛʘʮʽʡʥʦʛʦ ʧʦʣʷ ʥʘ ʪʝʨʠʪʦʨʽʾ ʈʌ 

ʚʠʢʣʘʜʝʥʘ ʚ ʧʫʙʣʽʢʘʮʽʾ [101]. ɺʨʘʭʦʚʫʻʪʴʩʷ ʢʦʤʧʣʝʢʩ ʦʙʤʝʞʝʥʴ, ʷʢʽ ʚʠʟʥʘʯʝʥʽ 

ʤʽʞʥʘʨʦʜʥʠʤʠ ʚʠʤʦʛʘʤʠ, ʧʝʨʰ ʟʘ ʚʩʝ ɯʄʆ, ʟʥʘʯʥʦʶ ʧʨʦʪʷʞʥʽʩʪʶ ʽ ʚʝʣʴʤʠ 
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ʽʩʪʦʪʥʠʤʠ ʬʽʟʠʢʦ-ʛʝʦʛʨʘʬʽʯʥʠʤʠ ʚʽʜʤʽʥʥʦʩʪʷʤʠ ʚʥʫʪʨʽʰʥʽʭ ʚʦʜʥʠʭ ʰʣʷʭʽʚ 

ʨʽʟʥʠʭ ʨʝʛʽʦʥʽʚ ʈʦʩʽʾ.  

ʋ ʨʦʙʦʪʽ [102] ʧʨʦʧʦʥʫʻʪʴʩʷ ʤʝʪʦʜʠʢʘ ʧʽʜʛʦʪʦʚʢʠ ʙʽʙʣʽʦʪʝʢʠ ʤʘʨʰʨʫʪʽʚ. 

ɺʦʥʘ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʠʪʠ ʤʘʨʰʨʫʪ ʧʣʘʚʘʥʥʷ ʽ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʫʜʥʦʚʦʜʽʶ 

ʢʦʥʪʨʦʣʶʚʘʪʠ ʧʦʪʦʯʥʝ ʧʦʣʦʞʝʥʥʷ ʩʫʜʥʘ ʱʦʜʦ ʟʘʜʘʥʦʛʦ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ, 

ʟʘʙʝʟʧʝʯʫʚʘʥʦʶ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʶ ʧʽʜʩʠʩʪʝʤʦʶ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʝʣʝʢʪʨʦʥʥʠʭ ʢʘʨʪ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʦʧʠʩʫ ʩʠʩʪʝʤ ʟʘʣʝʞʥʠʭ ʚʠʧʘʜʢʦʚʠʭ 

ʚʝʣʠʯʠʥ ʟʘ ʜʦʧʦʤʦʛʦʶ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʇʫʘʩʩʦʥʫ ʟ ʙʘʟʦʚʠʤ 

ʥʦʨʤʘʣʴʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʥʘʚʝʜʝʥʦ ʚ ʨʦʙʦʪʽ [103].  

ʇʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʥʴ ʥʘʚʽʛʘʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʦʟʛʣʷʥʫʪʦ ʚ ʨʦʙʦʪʘʭ 

[104, 105]. ʋ ʨʦʙʦʪʽ [106] ʧʦʢʘʟʘʥʘ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʪʦʯʥʽʩʪʶ ʽ ʥʘʜʽʡʥʽʩʪʶ 

ʥʘʚʽʛʘʮʽʾ, ʘ ʦʩʥʦʚʠ ʪʝʦʨʽʾ ʚʠʧʘʜʢʦʚʠʭ ʧʦʭʠʙʦʢ ʥʘʚʽʛʘʮʽʡʥʠʭ ʚʠʤʽʨʶʚʘʥʴ 

ʧʦʜʘʥʦ ʚ ʨʦʙʦʪʽ [3]. 

ɸʥʘʣʽʪʠʯʥʽ ʚʠʨʘʟʠ ʜʣʷ ʦʮʽʥʢʠ ʚʽʨʦʛʽʜʥʦʩʪʽ ʥʘʚʽʛʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ 

ʧʣʘʚʘʥʥʷ ʟʘ ʥʘʷʚʥʦʩʪʽ ʥʝʨʽʚʥʦʪʦʯʥʠʭ ʢʦʨʝʣʴʦʚʘʥʠʭ ʧʦʭʠʙʦʢ ʧʦʣʦʞʝʥʥʷ ʤʝʞʽ 

ʬʘʨʚʘʪʝʨʫ ʦʪʨʠʤʘʥʦ ʚ ʨʦʙʦʪʽ [107].  ɼʦʩʪʦʚʽʨʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ 

ʜʦʚʝʜʝʥʘ ʤʝʪʦʜʦʤ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. 

ʋ ʨʦʙʦʪʽ [108] ʧʦʢʘʟʘʥʦ, ʱʦ ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʤʝʪʦʜʠ ʢʦʨʠʛʫʶʪʴ ʧʦʭʠʙʢʠ 

ʫ ʚʠʟʥʘʯʝʥʥʽ ʤʽʩʮʝʧʦʣʦʞʝʥʥʷ ʟʘ ʩʠʩʪʝʤʦʶ GPS, ʧʨʦʪʝ ʧʦʧʨʘʚʢʠ ʤʦʞʫʪʴ 

ʚʠʷʚʠʪʠʩʷ ʥʝʜʦʩʪʘʪʥʽʤʠ ʟ ʯʘʩʦʤ ʽ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʽʜʩʪʘʥʽ ʢʦʨʠʩʪʫʚʘʯʘ 

ʩʠʩʪʝʤʠ ʚʽʜ ʩʪʘʥʮʽʾ ʥʫʣʴʦʚʦʛʦ ʚʽʜʣʽʢʫ. ʇʦʢʘʟʘʥʦ, ʱʦ ʧʦʭʠʙʢʠ ʟʨʦʩʪʘʶʪʴ ʧʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ʚʽʜʩʪʘʥʽ ʥʘʚʽʛʘʮʽʡʥʦʛʦ ʧʨʠʡʤʘʯʘ ʩʠʩʪʝʤʠ DGPS ʚʽʜ ʙʘʟʦʚʦʾ 

ʩʪʘʥʮʽʾ, ʧʨʠʯʦʤʫ ʧʦʭʠʙʢʘ ʩʢʣʘʜʘʻ 1 ʤ ʥʘ ʢʦʞʥʽ 150 ʢʤ ʚʽʜʩʪʘʥʽ ʚʽʜ ʙʘʟʦʚʦʾ 

ʩʪʘʥʮʽʾ. ʑʦʙ ʦʮʽʥʠʪʠ ʨʝʘʣʴʥʫ ʧʦʭʠʙʢʫ ʧʨʠʡʤʘʯʘ, ʰʽʩʪʴ ʪʘʢʠʭ ʧʨʠʡʤʘʯʽʚ ʙʫʣʠ 

ʨʦʟʤʽʱʝʥʽ ʚʟʜʦʚʞ ʧʦʨʪʫʛʘʣʴʩʴʢʦʛʦ ʫʟʙʝʨʝʞʞʷ ʯʝʨʝʟ 50 ʤʠʣʴ ʥʘ ʧʽʚʥʽʯ ʽ 

ʧʽʚʜʝʥʴ ʚʽʜ ʩʪʘʥʮʽʾ ʚʽʜʣʽʢʫ Sagres Broadcast Station. ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʧʦʢʘʟʘʣʠ, 

ʱʦ ʨʝʘʣʴʥʘ ʧʦʭʠʙʢʘ ʧʦʟʠʮʽʶʚʘʥʥʷ ʩʢʣʘʜʘʻ 0,22 ʤ ʥʘ ʢʦʞʥʽ 100 ʢʤ ʚʽʜʩʪʘʥʽ ʚʽʜ 

ʩʪʘʥʮʽʾ ʚʽʜʣʽʢʫ, ʱʦ ʤʝʥʰʝ ʪʝʦʨʝʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ. ʇʦʭʠʙʢʠ ʚ ʧʦʟʠʮʽʶʚʘʥʥʽ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʱʠʤʠ ʚ ʧʦʨʪʘʭ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʧʨʷʤʦʾ ʚʠʜʠʤʦʩʪʽ ʩʫʧʫʪʥʠʢʘ. 
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 ʋ ʨʦʙʦʪʽ [109] ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʟʘʚʜʘʥʥʷ ʧʦʟʠʮʽʶʚʘʥʥʷ ʩʫʜʥʘ ʚ ʟʘʜʘʥʦʤʫ 

ʧʦʣʦʞʝʥʥʽ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ ʪʽʣʴʢʠ ʟʘ ʜʘʥʠʤʠ ʩʠʛʥʘʣʽʚ ʧʨʦ ʤʦʤʝʥʪ 

ʨʠʩʢʘʥʥʷ ʽ ʩʠʣʫ ʧʦʜʦʚʞʥʴʦʛʦ ʟʥʦʩʫ. ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʚʢʘʟʘʥʦʛʦ ʟʘʚʜʘʥʥʷ ʚ 

ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʟʤʽʥʥʠʡ ʚ ʯʘʩʽ ʤʝʪʦʜ ʫʧʨʘʚʣʽʥʥʷ ʟʽ ʟʚʦʨʦʪʥʠʤ 

ʟʚ'ʷʟʢʦʤ, ʧʨʠʯʦʤʫ ʚʨʘʭʦʚʫʻʪʴʩʷ ʩʢʣʘʜʦʚʘ  ʫʧʨʘʚʣʷʶʯʦʾ ʜʽʾ ʟʘ ʽʥʪʝʛʨʘʣʦʤ. 

ʅʘ ʙʘʟʽ ʪʝʦʨʝʪʠʯʥʠʭ ʨʦʟʨʦʙʦʢ ʽ ʾʭ ʟʽʩʪʘʚʣʝʥʥʷ ʟ ʚʠʤʦʛʘʤʠ ɯʄʆ ʟʘ 

ʪʦʯʥʽʩʪʶ ʩʫʜʥʦʚʦʜʽʥʥʷ ʚ ʨʦʙʦʪʽ [110] ʧʨʦʧʦʥʫʶʪʴʩʷ ʨʦʟʨʘʭʫʥʢʦʚʽ ʤʝʪʦʜʠ 

ʚʠʟʥʘʯʝʥʥʷ ʟʥʘʯʝʥʴ ʜʦʧʫʩʪʠʤʠʭ ʚʝʣʠʯʠʥ ʩʝʨʝʜʥʽʭ ʢʚʘʜʨʘʪʠʯʥʠʭ ʧʦʭʠʙʦʢ 

ʥʘʚʽʛʘʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʧʣʘʚʘʥʥʷ ʚ ʨʽʟʥʠʭ ʟʦʥʘʭ 

ʨʫʭʫ. 

ʋ ʨʦʙʦʪʽ [111] ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʯʘʪʢʦʚʠʭ ʧʦʧʨʘʚʦʢ ʩʪʘʥʮʽʾ Dziwnow ʚ ʨʘʡʦʥʽ ʧʦʨʪʫ ʑʝʮʠʥ 

ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʘʜʽʦʥʘʚʽʛʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ DGPS, ʷʢʝ ʧʦʢʘʟʘʣʦ ʜʦʮʽʣʴʥʽʩʪʴ 

ʚʨʘʭʫʚʘʥʥʷ ʪʘʢʠʭ ʧʦʧʨʘʚʦʢ. ʋ ʨʦʙʦʪʽ ʪʘʢʦʞ ʚʢʘʟʘʥʦ, ʱʦ ʚʠʤʽʨʶʚʘʥʥʷ, ʷʢʽ 

ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʧʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʴ, ʽ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʧʨʠʷʪʠʤʫʪʴ 

ʰʠʨʰʦʤʫ ʟʘʩʪʦʩʫʚʘʥʥʶ ʩʠʩʪʝʤʠ DGPS ʜʣʷ ʥʘʚʽʛʘʮʽʡʥʠʭ ʮʽʣʝʡ ʚ ʧʦʨʪʫ 

ʑʝʮʠʥ.   

ʋ ʨʦʙʦʪʽ [112] ʥʘʚʝʜʝʥʽ ʤʦʜʝʣʽ ʜʣʷ ʦʮʽʥʢʠ ʚʽʨʦʛʽʜʥʦʩʪʽ ʙʝʟʧʝʯʥʦʛʦ 

ʧʣʘʚʘʥʥʷ ʚ ʩʪʠʩʣʠʭ ʨʘʡʦʥʘʭ, ʚ ʷʢʠʭ ʦʙʤʝʞʝʥʽʩʪʴ ʚʠʨʘʞʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ 

ʨʦʟʧʦʜʽʣʫ ʯʘʩʪʦʪ ʙʽʯʥʠʭ ʚʽʜʩʪʘʥʝʡ ʚʽʜ ʩʝʨʝʜʠʥʠ ʬʘʨʚʘʪʝʨʫ ʜʦ ʡʦʛʦ ʤʝʞ. 

ɺʽʨʦʛʽʜʥʽʩʪʴ ʙʝʟʧʝʯʥʦʛʦ ʧʣʘʚʘʥʥʷ ʟʘʜʘʥʠʤ ʤʘʨʰʨʫʪʦʤ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʧʨʠ 

ʚʽʜʦʤʽʡ ʱʽʣʴʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʧʦʭʠʙʢʠ ʙʽʯʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʩʫʜʥʘ ʽ ʪʨʠʚʘʣʦʩʪʽ 

ʤʘʨʰʨʫʪʫ. 

ɸʥʘʣʽʟ ʨʽʟʥʠʭ ʧʽʜʭʦʜʽʚ ʦʮʽʥʢʠ ʪʦʯʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʤʽʩʮʷ ʩʫʜʥʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʨʠʡʤʘʯʘ ʩʫʧʫʪʥʠʢʦʚʦʾ ʨʘʜʽʦʥʘʚʽʛʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʥʘʚʝʜʝʥʦ ʚ 

ʨʦʙʦʪʽ [113]. ɸʥʘʣʽʟ ʩʪʘʪʠʩʪʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʦʢʘʟʘʚ, ʱʦ ʧʨʠʧʫʱʝʥʥʷ ʧʨʦ 

ʨʦʟʧʦʜʽʣ ʚʠʧʘʜʢʦʚʠʭ ʧʦʭʠʙʦʢ ʚʠʟʥʘʯʝʥʥʷ ʰʠʨʦʪʠ ʽ ʜʦʚʛʦʪʠ ʟʘ ʟʘʢʦʥʦʤ ɻʘʫʩʘ 

ʥʝ ʻ ʢʦʨʝʢʪʥʠʤ ʽ ʚʠʤʘʛʘʻ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʧʽʜʭʦʜʫ. 

ɿʥʘʯʥʠʡ ʚʥʝʩʦʢ ʚ ʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʢʦʥʪʨʦʣʶ 

ʤʽʩʮʷ ʩʫʜʥʘ ʤʽʩʪʷʪʴ ʨʦʙʦʪʠ [114-116] ʧʝʨʝʜʫʩʽʤ ʨʦʟʨʦʙʢʦʶ ʪʝʦʨʝʪʠʯʥʠʭ 
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ʤʝʪʦʜʽʚ ʟʥʠʞʝʥʥʷ ʚʧʣʠʚʫ ʩʠʩʪʝʤʘʪʠʯʥʠʭ ʽ ʚʠʧʘʜʢʦʚʠʭ ʧʦʭʠʙʦʢ ʚʠʤʽʨʶʚʘʥʴ 

ʥʘ ʪʦʯʥʽʩʪʴ ʦʙʩʝʨʚʘʮʽʡ.  

ʗʢ ʚʢʘʟʫʻʪʴʩʷ ʚ ʨʦʙʦʪʽ [117], ʜʣʷ ʚʭʦʜʫ ʩʫʜʥʘ ʚ ʛʘʚʘʥʴ, ʨʦʟʪʘʰʦʚʘʥʫ ʥʘ 

ʚʽʜʢʨʠʪʦʤʫ ʤʦʨʩʴʢʦʤʫ ʫʟʙʝʨʝʞʞʽ, ʚ ʰʪʦʨʤʦʚʠʭ ʫʤʦʚʘʭ ʽʩʥʫʶʪʴ ʦʙʤʝʞʝʥʥʷ. 

ʇʨʠ ʩʠʣʴʥʦʤʫ ʭʚʠʣʶʚʘʥʥʽ ʩʫʜʥʦ, ʱʦ ʚʭʦʜʠʪʴ ʚ ʛʘʚʘʥʴ, ʤʦʞʝ ʤʘʪʠ ʥʝʙʝʟʧʝʯʥʽ 

ʟʩʫʚʠ ʱʦʜʦ ʧʣʘʥʦʚʘʥʦʾ ʪʨʘʻʢʪʦʨʽʾ, ʱʦ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʽʪʢʥʝʥʥʷ ʩʫʜʥʘ ʟ 

ʭʚʠʣʝʣʦʤʦʤ. ʅʘ ʙʘʟʽ ʚʠʢʦʥʘʥʠʭ ʥʘʪʫʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʨʘʻʢʪʦʨʽʡ ʨʫʭʫ ʩʫʜʥʘ 

ʨʦʟʨʦʙʣʝʥʽ ʽʥʜʝʢʩʠ, ʱʦ ʦʮʽʥʶʶʪʴ ʙʝʟʧʝʢʫ ʚʭʦʜʫ.  

ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʚʽʜʙʽʡʥʠʭ ʧʨʠʩʪʨʦʾʚ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʥʘ ʙʠʢʘʭ 

ʚʝʣʠʢʠʭ ʤʦʩʪʽʚ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʘʜ ʬʘʨʚʘʪʝʨʘʤʠ ʟ ʽʥʪʝʥʩʠʚʥʠʤ 

ʩʫʜʥʦʧʣʘʚʩʪʚʦʤ, ʷʢ ʚʢʘʟʫʻʪʴʩʷ ʚ ʩʪʘʪʪʽ [118], ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ 

ʚʽʨʦʛʽʜʥʽʩʪʴ ʟʽʪʢʥʝʥʥʷ ʩʫʜʝʥ ʟ ʙʠʢʘʤʠ.  

ʋ ʨʦʙʦʪʽ [4] ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʥʦʚʠʡ ʧʽʜʭʽʜ ʜʦ ʤʦʜʝʣʽ ʬʦʨʤʫʚʘʥʥʷ 

ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ ʥʘʚʽʛʘʮʽʡʥʠʭ ʚʠʤʽʨʶʚʘʥʴ, ʷʢʠʡ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʤʦʜʝʣʽ, 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʜʣʷ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʥʦʨʤʘʣʴʥʦʛʦ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ 

ʚ̔ ʨʦʛʽʜʥʦʩʪʽ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ.  

ʋ ʨʦʙʦʪʽ [119] ʨʦʟʛʣʷʥʫʪʦ ʟʘʢʦʥʠ ʨʦʟʧʦʜʽʣʫ ʚʽʨʦʛʽʜʥʦʩʪʽ, ʷʢʠʤ ʤʦʞʫʪʴ 

ʙʫʪʠ ʧʽʜʣʝʛʣʽ ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʥʴ ʥʘʚʽʛʘʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ɼʦʩʣʽʜʞʫʻʪʴʩʷ 

ʟʘʣʝʞʥʽʩʪʴ ʪʦʯʥʦʩʪʽ ʦʙʩʝʨʚʦʚʘʥʠʭ ʢʦʦʨʜʠʥʘʪ ʩʫʜʥʘ ʚʽʜ ʪʦʯʥʦʩʪʽ ʽ ʯʠʩʣʘ ʣʽʥʽʡ 

ʧʦʣʦʞʝʥʥʷ, ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ ʾʭ ʧʦʭʠʙʦʢ, ʘ ʪʘʢʦʞ ʤʝʪʦʜʫ ʨʦʟʨʘʭʫʥʢʫ 

ʦʙʩʝʨʚʦʚʘʥʠʭ ʢʦʦʨʜʠʥʘʪ. ʆʪʨʠʤʘʥʽ ʘʥʘʣʽʪʠʯʥʽ ʚʠʨʘʟʠ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʦʙʩʝʨʚʦʚʘʥʠʭ ʢʦʦʨʜʠʥʘʪ, ʨʦʟʨʘʭʦʚʘʥʠʭ ʤʝʪʦʜʦʤ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ ʧʨʠ 

ʥʘʜʤʽʨʥʠʭ ʣʽʥʽʷʭ ʧʦʣʦʞʝʥʥʷ, ʟʘʢʦʥ ʨʦʟʧʦʜʽʣʫ ʷʢʠʭ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʟʘʢʦʥʫ 

ɻʘʫʩʫ. ʂʦʨʝʢʪʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʘʥʘʣʽʪʠʯʥʠʭ ʚʠʨʘʟʽʚ ʧʽʜʪʚʝʨʜʞʝʥʘ 

ʢʦʤʧ'ʶʪʝʨʥʠʤ ʽʤʽʪʘʮʽʡʥʠʤ ʤʦʜʝʣʶʚʘʥʥʷʤ. ɼʣʷ 12 ʚʠʙʽʨʦʢ ʚʠʧʘʜʢʦʚʠʭ 

ʧʦʭʠʙʦʢ ʥʘʚʽʛʘʮʽʡʥʠʭ ʚʠʤʽʨʶʚʘʥʴ, ʩʬʦʨʤʦʚʘʥʠʭ ʚ ʨʝʟʫʣʴʪʘʪʽ ʥʘʪʫʨʥʠʭ 

ʩʧʦʩʪʝʨʝʞʝʥʴ, ʚʠʟʥʘʯʝʥʽ ʟʘʢʦʥʠ ʨʦʟʧʦʜʽʣʫ ʚʽʨʦʛʽʜʥʦʩʪʽ, ʷʢʽ ʚ ʩʚʦʾʡ ʙʽʣʴʰʦʩʪʽ 

ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʟʤʽʰʘʥʠʭ ʟʘʢʦʥʽʚ ʦʙʦʭ ʪʠʧʽʚ. 
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ʋ ʨʦʙʦʪʘʭ [73, 75, 76, 120-129] ʨʦʟʛʣʷʥʫʪʦ ʧʠʪʘʥʥʷ ʟʦʚʥʽʰʥʴʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʦʤ ʨʦʟʭʦʜʞʝʥʥʷ ʩʫʜʝʥ ʤʘʥʝʚʨʦʤ ʟʤʽʥʠ ʾʭ ʰʚʠʜʢʦʩʪʝʡ, 

ʦʪʨʠʤʘʥʦʛʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʙʣʘʩʪʝʡ ʥʝʙʝʟʧʝʯʥʠʭ ʰʚʠʜʢʦʩʪʝʡ.  

 

 

1.2. ɺʠʙʽʨ ʥʘʧʨʷʤʫ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ  

 

ɺʠʢʦʥʘʥʠʡ ʦʛʣʷʜ ʽ ʘʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʟ ʧʠʪʘʥʴ ʚʠʨʽʰʝʥʥʷ 

ʧʨʦʙʣʝʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʘʚʘʨʽʡʥʦʛʦ ʩʫʜʥʦʚʦʜʽʥʥʷ ʧʦʢʘʟʘʚ, ʱʦ ʦʩʥʦʚʥʠʤ 

ʘʩʧʝʢʪʦʤ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʟʥʠʞʝʥʥʷ ʥʘʚʽʛʘʮʽʡʥʦʾ ʘʚʘʨʽʡʥʦʩʪʽ ʩʫʜʝʥ ʻ 

ʧʦʧʝʨʝʜʞʝʥʥʷ ʾʭ ʟʽʪʢʥʝʥʴ ʟʘ ʨʘʭʫʥʦʢ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ ʚʠʙʦʨʫ 

ʦʧʪʠʤʘʣʴʥʦʾ ʩʪʨʘʪʝʛʽʾ ʨʦʟʭʦʜʞʝʥʥʷ ʩʫʜʝʥ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʫʯʘʩʥʠʭ 

ʤʦʞʣʠʚʦʩʪʝʡ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʫʧʨʘʚʣʷʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ. ɺʢʘʟʘʥʘ 

ʧʨʦʙʣʝʤʘ ʻ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʦʶ ʜʣʷ ʩʫʜʝʥ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʦʙʤʝʞʝʥʠʭ 

ʨʘʡʦʥʘʭ ʧʣʘʚʘʥʥʷ, ʫ ʷʢʠʭ ʫʧʨʘʚʣʽʥʥʷ ʩʫʜʥʘʤʠ ʯʘʩʪʦ ʟʜʽʡʩʥʶʻʪʴʩʷ ʉʋʈʉ.   

ʗʢ ʚʠʧʣʠʚʘʻ ʟ ʧʦʧʝʨʝʜʥʴʦʛʦ ʨʦʟʜʽʣʫ, ʦʩʥʦʚʥʽ ʨʦʟʨʦʙʢʠ ʟ ʧʨʦʙʣʝʤʠ 

ʧʦʧʝʨʝʜʞʝʥʥʷ ʟʽʪʢʥʝʥʴ ʩʫʜʝʥ ʧʨʠʩʚʷʯʝʥʽ ʣʦʢʘʣʴʥʦ-ʥʝʟʘʣʝʞʥʦʤʫ ʫʧʨʘʚʣʽʥʥʶ 

ʧʨʦʮʝʩʦʤ ʨʦʟʭʦʜʞʝʥʥʷ ʩʫʜʝʥ, ʭʦʯʘ ʚʩʝ ʰʠʨʰʝ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʨʠʥʮʠʧ 

ʧʦʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʦʤ ʨʦʟʭʦʜʞʝʥʥʷ ʟʦʚʥʽʰʥʽʤ ʘʛʝʥʪʦʤ. ɿ ʜʨʫʛʦʛʦ 

ʙʦʢʫ, ʨʦʟʨʦʙʢʘ ʮʴʦʛʦ ʥʘʧʨʷʤʢʫ ʧʦʧʝʨʝʜʞʝʥʴ ʟʽʪʢʥʝʥʴ ʩʫʜʝʥ ʟʥʘʭʦʜʠʪʴʩʷ ʚ 

ʧʦʯʘʪʢʦʚʦʤʫ ʩʪʘʥʽ, ῐ ʨʦʟʨʦʙʣʝʥʠʡ ʩʧʦʩʽʙ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʥʝʚʨʫ 

ʨʦʟʭʦʜʞʝʥʥʷ ʜʝʢʽʣʴʢʦʭ ʩʫʜʝʥ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʙʣʘʩʪʽ ʥʝʙʝʟʧʝʯʥʠʭ ʢʫʨʩʽʚ 

ʩʫʜʝʥ. ɼʦʩʣʽʜʞʝʥʥʷ ʚ ʮʴʦʤʫ ʥʘʧʨʷʤʽ ʧʨʦʜʦʚʞʝʥʽ ʚ ʜʘʥʠʡ ʯʘʩ: ʨʦʟʨʦʙʣʝʥʽ 

ʧʨʦʮʝʜʫʨʠ ʚʨʘʭʫʚʘʥʥʷ ʽʥʝʨʮʽʡʥʦʩʪʽ ʩʫʜʝʥ ʧʽʜ ʯʘʩ ʧʦʚʦʨʦʪʫ ʽ ʥʘʷʚʥʠʭ 

ʥʘʚʽʛʘʮʽʡʥʠʭ ʧʝʨʝʰʢʦʜ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʨʘʡʦʥʽ ʤʘʥʝʚʨʫʚʘʥʥʷ. ʇʨʠ ʮʴʦʤʫ 

ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʩʧʦʩʽʙ ʬʦʨʤʫʚʘʥʥʷ ʦʙʣʘʩʪʽ ʥʝʙʝʟʧʝʯʥʠʭ ʢʫʨʩʽʚ ʽ ʚʠʙʽʨ ʟ ʾʾ 

ʜʦʧʦʤʦʛʦʶ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʥʝʚʨʫ ʨʦʟʭʦʜʞʝʥʥʷ ʨʝʘʣʽʟʦʚʘʥʦ ʚ ʢʦʤʧ'ʶʪʝʨʥʽʡ 

ʧʨʦʛʨʘʤʽ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʦʧʝʨʘʪʠʚʥʽʩʪʴ ʽ ʧʨʦʩʪʦʪʫ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʩʧʦʩʦʙʫ. 
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ʇʨʦʪʝ ʚ ʩʪʠʩʣʠʭ ʚʦʜʘʭ ʯʘʩʪʦ ʚʠʥʠʢʘʶʪʴ ʩʠʪʫʘʮʽʾ, ʢʦʣʠ ʩʫʜʥʘ, ʱʦ 

ʥʝʙʝʟʧʝʯʥʦ ʟʙʣʠʞʫʶʪʴʩʷ, ʥʝ ʤʦʞʫʪʴ ʟʤʽʥʶʚʘʪʠ ʧʦʯʘʪʢʦʚʠʡ ʢʫʨʩ, ʪʦʤʫ 

ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʰʫʢʘʪʠ ʤʘʥʝʚʨ ʨʦʟʭʦʜʞʝʥʥʷ ʟʤʽʥʦʶ ʰʚʠʜʢʦʩʪʝʡ ʩʫʜʝʥ. 

ʊʦʤʫ ʟʘʚʜʘʥʥʷ ʨʦʟʨʦʙʢʠ ʩʧʦʩʦʙʫ ʚʠʙʦʨʫ ʤʘʥʝʚʨʫ ʨʦʟʭʦʜʞʝʥʥʷ ʟʤʽʥʦʶ 

ʰʚʠʜʢʦʩʪʝʡ ʩʫʜʝʥ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʙʣʘʩʪʽ ʥʝʙʝʟʧʝʯʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʧʨʠ 

ʟʦʚʥʽʰʥʴʦʤʫ ʫʧʨʘʚʣʽʥʥʽ ʧʨʦʮʝʩʦʤ ʨʦʟʭʦʜʞʝʥʥʷ ʩʫʜʝʥ, ʨʝʘʣʽʟʦʚʘʥʦʛʦ  

ʢʦʤʧ'ʶʪʝʨʥʠʤ ʽʥʬʦʨʤʘʮʽʡʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ, ʱʦ ʧʽʜʚʠʱʫʻ ʦʧʝʨʘʪʠʚʥʽʩʪʴ, 

ʧʨʦʩʪʦʪʫ ʽ ʥʘʜʽʡʥʽʩʪʴ ʩʧʦʩʦʙʫ, ʻ ʧʝʨʩʧʝʢʪʠʚʥʦʶ ʽ ʘʢʪʫʘʣʴʥʦʶ ʪʝʤʘʪʠʢʦʶ. 

ʎʠʤ ʽ ʟʫʤʦʚʣʶʻʪʴʩʷ ʚʠʙʽʨ ʥʘʧʨʷʤʫ ʜʦʩʣʽʜʞʝʥʴ ʜʘʥʦʾ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ. 

 

 

1.3. ɺʠʩʥʦʚʢʠ ʟʘ ʧʝʨʰʠʤ ʨʦʟʜʽʣʦʤ  

 

ʋ ʧʝʨʰʦʤʫ ʨʦʟʜʽʣʽ ʥʘ ʙʘʟʽ ʦʛʣʷʜʫ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ 

ʦʩʥʦʚʥʠʭ ʥʘʧʨʷʤʽʚ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʟʥʠʞʝʥʥʷ ʘʚʘʨʽʡʥʦʩʪʽ ʩʫʜʝʥ ʰʣʷʭʦʤ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʩʫʜʥʦʚʦʜʽʥʥʷ.  

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʩʥʦʚʥʠʤʠ ʥʘʧʨʷʤʘʤʠ ʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʙʝʟʧʝʢʠ ʩʫʜʥʦʚʦʜʽʥʥʷ ʻ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʧʦʧʝʨʝʜʞʝʥʥʷ ʟʽʪʢʥʝʥʴ ʩʫʜʝʥ ʫ 

ʧʨʠʙʝʨʝʞʥʠʭ ʨʘʡʦʥʘʭ ʧʣʘʚʘʥʥʷ, ʤʦʜʝʣʶʚʘʥʥʷ ʨʫʭʫ ʩʫʜʥʘ ʧʽʜ ʯʘʩ ʧʣʘʚʘʥʥʷ ʚ 

ʩʪʠʩʣʠʭ ʨʘʡʦʥʘʭ, ʱʦ ʩʧʨʠʷʻ ʾʭ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʤʫ ʽ ʙʝʟʧʝʯʥʦʤʫ ʧʣʘʚʘʥʥʶ, ʪʘ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʦʯʥʦʩʪʽ ʢʦʥʪʨʦʣʶ ʤʽʩʮʷ ʩʫʜʥʘ ʡ ʦʮʽʥʢʘ ʙʝʟʧʝʢʠ ʩʫʜʥʦʚʦʜʽʥʥʷ ʚ 

ʩʪʠʩʣʠʭ ʫʤʦʚʘʭ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʮʝʥʪʨʘʣʴʥʠʤ ʥʘʧʨʷʤʦʤ 

ʨʽʰʝʥʥʷ ʚʢʘʟʘʥʦʾ ʧʨʦʙʣʝʤʠ ʻ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ ʧʦʧʝʨʝʜʞʝʥʥʷ ʟʽʪʢʥʝʥʴ 

ʩʫʜʝʥ ʫ ʩʠʪʫʘʮʽʷʭ ʾʭ ʥʝʙʝʟʧʝʯʥʠʭ ʟʙʣʠʞʝʥʴ.  

ʋ ʨʦʟʜʽʣʽ ʚʠʷʚʣʝʥʠʡ ʦʩʥʦʚʥʠʡ ʥʘʧʨʷʤ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢʠʡ 

ʧʨʠʩʚʷʯʝʥʠʡ ʨʦʟʨʦʙʮʽ ʩʧʦʩʦʙʫ ʚʠʙʦʨʫ ʙʝʟʧʝʯʥʦʛʦ ʤʘʥʝʚʨʫ ʨʦʟʭʦʜʞʝʥʥʷ 

ʩʫʜʝʥ ʟʤʽʥʦʶ ʾʭ ʰʚʠʜʢʦʩʪʝʡ ʧʨʠ ʟʦʚʥʽʰʥʴʦʤʫ ʫʧʨʘʚʣʽʥʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʦʙʣʘʩʪʽ ʥʝʙʝʟʧʝʯʥʠʭ ʰʚʠʜʢʦʩʪʝʡ.  
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ʈʆɿɼɯʃ 2 

ʄɽʊʆɼʆʃʆɻɯʏʅɽ ɿɸɹɽɿʇɽʏɽʅʅʗ ɼʀʉɽʈʊɸʎɯʁʅʆɻʆ 

ɼʆʉʃɯɼɾɽʅʅʗ 

 

 

2.1. ɺʠʟʥʘʯʝʥʥʷ ʪʝʤʠ ʥʘʫʢʦʚʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ, ʧʨʦʚʝʜʝʥʦʛʦ ʚ ʧʦʧʝʨʝʜʥʴʦʤʫ ʨʦʟʜʽʣʽ, ʙʫʣʦ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʜʥʠʤ ʟ ʥʘʡʘʢʪʫʘʣʴʥʽʰʠʭ ʘʩʧʝʢʪʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ 

ʩʫʜʥʦʚʦʜʽʥʥʷ ʻ ʧʦʧʝʨʝʜʞʝʥʥʷ ʟʽʪʢʥʝʥʴ ʩʫʜʝʥ ʧʽʜ ʯʘʩ ʧʣʘʚʘʥʥʷ ʚ ʩʪʠʩʣʠʭ 

ʚʦʜʘʭ, ʪʦʤʫ ʜʠʩʝʨʪʘʮʽʡʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠʩʚʷʯʝʥʝ ʬʦʨʤʫʚʘʥʥʶ ʦʙʣʘʩʪʽ 

ʥʝʙʝʟʧʝʯʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʩʫʜʝʥ ʜʣʷ ʨʦʟʨʦʙʢʠ ʩʧʦʩʦʙʫ ʚʠʙʦʨʫ ʤʘʥʝʚʨʫ 

ʨʦʟʭʦʜʞʝʥʥʷ ʟʤʽʥʦʶ ʾʭ ʰʚʠʜʢʦʩʪʝʡ ʧʨʠ ʟʦʚʥʽʰʥʴʦʤʫ ʫʧʨʘʚʣʽʥʥʽ ʧʨʦʮʝʩʦʤ 

ʨʦʟʭʦʜʞʝʥʥʷ. 

ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʚʢʘʟʘʥʦʾ ʟʘʚʜʘʯʽ ʥʝʦʙʭʽʜʥʘ, ʧʦ-ʧʝʨʰʝ, ʨʦʟʨʦʙʢʘ ʩʧʦʩʦʙʫ 

ʬʦʨʤʫʚʘʥʥʷ ʦʙʣʘʩʪʽ ʥʝʙʝʟʧʝʯʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʩʫʜʝʥ, ʱʦ ʟʙʣʠʞʫʶʪʴʩʷ, ʜʣʷ 

ʯʦʛʦ ʩʣʽʜ ʦʪʨʠʤʘʪʠ ʘʥʘʣʽʪʠʯʥʽ ʚʠʨʘʟʠ, ʱʦ ʦʧʠʩʫʶʪʴ ʤʝʞʽ ʦʙʣʘʩʪʽ ʥʝʙʝʟʧʝʯʥʠʭ 

ʰʚʠʜʢʦʩʪʝʡ. ʇʦ-ʜʨʫʛʝ, ʥʘ ʙʘʟʽ ʦʪʨʠʤʘʥʦʾ ʧʨʦʮʝʜʫʨʠ ʬʦʨʤʫʚʘʥʥʷ ʦʙʣʘʩʪʽ 

ʥʝʙʝʟʧʝʯʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʛʨʘʬʽʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʦʙʣʘʩʪʽ 

ʽ ʨʦʟʨʦʙʠʪʠ ʩʧʦʩʽʙ ʦʮʽʥʢʠ ʥʝʙʝʟʧʝʢʠ ʩʠʪʫʘʮʽʾ ʟʙʣʠʞʝʥʥʷ ʩʫʜʝʥ ʽ ʫ ʨʘʟʽ 

ʧʦʪʨʝʙʠ ʚʠʙʦʨʫ ʤʘʥʝʚʨʫ ʙʝʟʧʝʯʥʦʛʦ ʨʦʟʭʦʜʞʝʥʥʷ ʟʤʽʥʦʶ ʰʚʠʜʢʦʩʪʝʡ ʩʫʜʝʥ. 

ʈʦʟʨʦʙʣʝʥʽ ʧʨʦʮʝʜʫʨʠ ʥʝʦʙʭʽʜʥʦ ʨʝʘʣʽʟʫʚʘʪʠ ʫ ʚʠʛʣʷʜʽ ʢʦʤʧ'ʶʪʝʨʥʦʾ 

ʧʨʦʛʨʘʤʠ, ʱʦ ʟʘʙʝʟʧʝʯʠʪʴ ʦʧʝʨʘʪʠʚʥʽʩʪʴ, ʧʨʦʩʪʦʪʫ ʽ ʥʘʜʽʡʥʽʩʪʴ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʩʧʦʩʦʙʫ.  

ʆʪʞʝ, ʧʨʦʙʣʝʤʘ ʧʦʧʝʨʝʜʞʝʥʥʷ ʟʽʪʢʥʝʥʴ ʩʫʜʝʥ ʨʦʟʨʦʙʢʦʶ ʩʫʯʘʩʥʠʭ 

ʩʧʦʩʦʙʽʚ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʮʝʩʫ ʨʦʟʭʦʜʞʝʥʥʷ, ʱʦ ʤʘʶʪʴ ʢʦʤʧ'ʶʪʝʨʥʫ 

ʨʝʘʣʽʟʘʮʽʶ, ʻ ʘʢʪʫʘʣʴʥʦʶ ʽ ʧʝʨʩʧʝʢʪʠʚʥʦʶ, ʽ ʮʝ ʜʦʟʚʦʣʷʻ ʦʙʨʘʪʠ ʪʝʤʫ 

ʜʠʩʝʨʪʘʮʽʾ, ʷʢʘ ʬʦʨʤʫʣʶʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ: ñʈʦʟʨʦʙʢʘ ʩʧʦʩʦʙʫ ʚʠʙʦʨʫ 
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ʤʘʥʝʚʨʫ ʨʦʟʭʦʜʞʝʥʥʷ ʟʤʽʥʦʶ ʰʚʠʜʢʦʩʪʝʡ ʩʫʜʝʥ ʧʨʠ ʾʭ ʟʦʚʥʽʰʥʴʦʤʫ 

ʫʧʨʘʚʣʽʥʥʽò. 

ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʚʜʘʥʥʷ ʽʟ ʚʢʘʟʘʥʦʾ ʧʨʦʙʣʝʤʘʪʠʢʠ ʩʣʽʜ ʨʦʟʛʣʷʥʫʪʠ 

ʥʘʩʪʫʧʥʽ ʦʩʥʦʚʥʽ ʧʠʪʘʥʥʷ:  

- ʚʠʢʦʥʘʪʠ ʜʝʢʦʤʧʦʟʠʮʽʶ ʛʦʣʦʚʥʦʾ ʟʘʚʜʘʯʽ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʥʘ ʜʝʢʽʣʴʢʘ ʜʦʧʦʤʽʞʥʠʭ ʟʘʜʘʯ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʝʪʦʜʠ ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ; 

- ʨʦʟʨʦʙʠʪʠ ʧʨʦʮʝʜʫʨʫ ʬʦʨʤʫʚʘʥʥʷ ʦʙʣʘʩʪʽ ʥʝʙʝʟʧʝʯʥʠʭ ʰʚʠʜʢʦʩʪʝʡ, 

ʦʪʨʠʤʘʚʰʠ ʘʥʘʣʽʪʠʯʥʽ ʚʠʨʘʟʠ ʾʾ ʤʝʞ;  

- ʩʬʦʨʤʫʚʘʪʠ ʩʧʦʩʽʙ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʛʨʘʬʽʯʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʦʙʣʘʩʪʽ 

ʥʝʙʝʟʧʝʯʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʟ ʤʝʪʦʶ ʦʮʽʥʢʠ ʩʠʪʫʘʮʽʾ ʟʙʣʠʞʝʥʥʷ ʩʫʜʝʥ ʽ ʚʠʙʦʨʫ 

ʤʘʥʝʚʨʫ ʙʝʟʧʝʯʥʦʛʦ ʨʦʟʭʦʜʞʝʥʥʷ ʟʤʽʥʦʶ ʾʭ ʰʚʠʜʢʦʩʪʝʡ;  

- ʨʦʟʨʦʙʠʪʠ ʢʦʤʧ'ʶʪʝʨʥʫ ʽʤʽʪʘʮʽʡʥʫ ʧʨʦʛʨʘʤʫ ʧʨʦʛʨʘʚʘʥʥʷ ʦʙʨʘʥʦʛʦ 

ʤʘʥʝʚʨʫ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʢʦʨʝʢʪʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʚ ʜʠʩʝʨʪʘʮʽʾ ʩʧʦʩʦʙʫ 

ʨʦʟʭʦʜʞʝʥʥʷ ʩʫʜʝʥ. 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʘʪʠʢʠ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʟʥʘʯʘʶʪʴ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʙʝʟʧʝʢʠ ʩʫʜʥʦʚʦʜʽʥʥʷ ʽ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ 

ʨʦʟʭʦʜʞʝʥʥʷ ʩʫʜʝʥ ʚ ʦʙʤʝʞʝʥʠʭ ʨʘʡʦʥʘʭ ʧʣʘʚʘʥʥʷ.  

ʈʦʟʨʦʙʢʘ ʩʧʦʩʦʙʫ ʬʦʨʤʫʚʘʥʥʷ ʦʙʣʘʩʪʽ ʥʝʙʝʟʧʝʯʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʩʫʜʝʥ ʽ 

ʧʨʦʮʝʜʫʨʠ ʦʮʽʥʢʠ ʥʝʙʝʟʧʝʢʠ ʩʠʪʫʘʮʽʾ ʟʙʣʠʞʝʥʥʷ ʽ ʚʠʙʦʨʫ ʧʘʨʘʤʝʪʨʽʚ ʤʘʥʝʚʨʫ 

ʨʦʟʭʦʜʞʝʥʥʷ ʩʫʜʝʥ ʟʤʽʥʦʶ ʰʚʠʜʢʦʩʪʝʡ ʤʦʞʝ ʩʢʣʘʩʪʠ ʥʘʫʢʦʚʫ ʥʦʚʠʟʥʫ 

ʜʦʩʣʽʜʞʝʥʥʷ.  

ʄʦʞʣʠʚʝ ʩʢʦʨʦʯʝʥʥʷ ʟʙʠʪʢʽʚ ʚʽʜ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʘʚʘʨʽʡʥʦʩʪʽ ʚʥʘʩʣʽʜʦʢ 

ʟʘʧʦʙʽʛʘʥʥʷ ʥʘʚʽʛʘʮʽʡʥʠʤ ʘʚʘʨʽʷʤ ʤʦʞʝ ʩʢʣʘʩʪʠ ʝʢʦʥʦʤʽʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ.  

ʈʦʟʨʦʙʢʘ ʪʝʦʨʝʪʠʯʥʦʾ ʯʘʩʪʠʥʠ ʨʦʙʦʪʠ ʽ ʾʾ ʧʝʨʝʚʽʨʢʘ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʥʘʫʢʦʚʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʆʙ'ʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʩʝʨʪʘʮʽʾ ʻ ʧʨʦʮʝʩ ʨʫʭʫ ʩʫʜʝʥ ʚ ʩʪʠʩʣʠʭ ʫʤʦʚʘʭ. 

ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʻ ʤʘʥʝʚʨ ʨʦʟʭʦʜʞʝʥʥʷ ʩʫʜʝʥ. 
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    2.2. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ 

 

ʅʘ ʨʠʩ. 2.0 ʥʘʚʝʜʝʥʘ ʪʝʭʥʦʣʦʛʽʯʥʘ ʢʘʨʪʘ ʤʝʪʦʜʦʣʦʛʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢʘ ʻ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʨʦʟʚôʷʟʘʥʥʷ ʛʦʣʦʚʥʦʛʦ 

ʟʘʚʜʘʥʥʷ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʤʝʪʦʜʘʤʠ ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ. 

ʅʝʦʙʭʽʜʥʽʩʪʴ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʙʝʟʧʝʢʠ ʩʫʜʥʦʚʦʜʽʥʥʷ ʽ ʨʦʟʨʦʙʢʠ 

ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʨʦʟʭʦʜʞʝʥʥʷ ʩʫʜʝʥ ʻ ʩʫʯʘʩʥʠʤʠ 

ʟʘʧʠʪʘʤʠ ʧʨʘʢʪʠʢʠ. 

ʄʝʪʘ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ï ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ ʩʫʜʥʦʚʦʜʽʥʥʷ 

ʰʣʷʭʦʤ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ ʧʦʧʝʨʝʜʞʝʥʥʷ ʟʽʪʢʥʝʥʴ ʩʫʜʝʥ ʰʣʷʭʦʤ 

ʨʦʟʨʦʙʢʠ ʩʧʦʩʦʙʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʠʙʦʨʫ ʤʘʥʝʚʨʫ ʾʭ ʨʦʟʭʦʜʞʝʥʥʷ ʟʤʽʥʦʶ 

ʧʦʯʘʪʢʦʚʠʭ ʰʚʠʜʢʦʩʪʝʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʙʣʘʩʪʽ ʥʝʙʝʟʧʝʯʥʠʭ ʰʚʠʜʢʦʩʪʝʡ. 

ʅʘʫʢʦʚʦʶ ʛʽʧʦʪʝʟʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠʡʥʷʪʦ ʜʦʧʫʱʝʥʥʷ  

ʧʨʦ ʽʩʥʫʚʘʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʧʽʜʚʠʱʝʥʥʷ ʦʧʝʨʘʪʠʚʥʦʩʪʽ ʽ ʧʨʦʩʪʦʪʠ ʚʠʙʦʨʫ 

ʤʘʥʝʚʨʫ ʨʦʟʭʦʜʞʝʥʥʷ ʩʫʜʥʘ ʟ ʥʝʙʝʟʧʝʯʥʦʶ ʮʽʣʣʶ ʟʦʚʥʽʰʥʽʤ ʫʧʨʘʚʣʽʥʥʷʤ 

ʧʨʦʮʝʩʦʤ ʨʦʟʭʦʜʞʝʥʥʷ ʩʧʦʩʦʙʦʤ ʟʥʠʞʝʥʥʷ ʰʚʠʜʢʦʩʪʝʡ, ʟʘʩʥʦʚʘʥʠʤ ʥʘ 

ʚʠʢʦʨʠʩʪʘʥʥʽ  ʦʙʣʘʩʪʽ ʥʝʙʝʟʧʝʯʥʠʭ ʰʚʠʜʢʦʩʪʝʡ.  

ɻʦʣʦʚʥʘ ʟʘʜʘʯʘ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ï ʩʪʚʦʨʝʥʥʷ ʥʦʚʦʛʦ ʩʧʦʩʦʙʫ 

ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʘ ʯʘʩʦʤ ʤʘʥʝʚʨʫ ʨʦʟʭʦʜʞʝʥʥʷ ʩʫʜʝʥ ʟʥʠʞʝʥʥʷʤ 

ʰʚʠʜʢʦʩʪʝʡ, ʷʢʠʡ ʨʝʘʣʽʟʦʚʘʥʠʡ ʚ ʢʦʤʧ'ʶʪʝʨʥʦʤʫ ʤʦʜʫʣʽ, ʪʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ 

ʧʨʠʥʮʠʧʦʤ ʟʦʚʥʽʰʥʴʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʦʤ ʾʭ ʨʦʟʭʦʜʞʝʥʥʷ ʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʦʙʣʘʩʪʽ ʥʝʙʝʟʧʝʯʥʠʭ ʰʚʠʜʢʦʩʪʝʡ. 

ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʛʦʣʦʚʥʦ ʾ ʟʘʚʜʘʯ ̔ ʜʠʩʝʨʪʘʮʽʾ ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ  ʾʾ 

ʜʝʢʦʤʧʦʟʠʮʽʶ ʥʘ ʜʦʧʦʤʽʞʥʽ ʟʘʚʜʘʯʽ, ʜʣʷ ʯʦʛʦ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʤʝʪʦʜʠ 

ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ. ɺʠʷʚʠʣʦʩʷ ʜʦʮʽʣʴʥʠʤ ʨʦʟʜʽʣʠʪʠ ʛʦʣʦʚʥʫ ʟʘʚʜʘʯʫ 

ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʥʘʩʪʫʧʥʽ ʪʨʠ ʜʦʧʦʤʽʞʥʽ:  

1. ʌʦʨʤʫʚʘʥʥʷ ʦʙʣʘʩʪʽ ʥʝʙʝʟʧʝʯʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʨʦʟʨʘʭʫʥʢʫ ʾʾ ʤʝʞ.  

2. ɺʠʟʥʘʯʝʥʥʷ ʫʤʦʚ ʽʩʥʫʚʘʥʥʷ ʤʥʦʞʠʥʠ ʜʦʧʫʩʪʠʤʠʭ ʤʘʥʝʚʨʽʚ 

ʨʦʟʭʦʜʞʝʥʥʷ ʩʫʜʝʥ. 
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3. ʈʦʟʨʦʙʢʘ ʩʧʦʩʦʙʫ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʥʝʚʨʫ ʨʦʟʭʦʜʞʝʥʥʷ ʩʫʜʝʥ 

ʟʥʠʞʝʥʥʷʤ ʾʭ ʰʚʠʜʢʦʩʪʝʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʨʘʬʽʯʥʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ ʦʙʣʘʩʪʽ 

ʥʝʙʝʟʧʝʯʥʠʭ ʰʚʠʜʢʦʩʪʝʡ, ʷʢʘ ʨʝʘʣʽʟʦʚʘʥʘ ʚ ʢʦʤʧôʶʪʝʨʥʦʤʫ ʤʦʜʫʣʽ. 

ɺʠʨʽʰʝʥʥʷ ʧʝʨʰʦʛʦ ʜʦʧʦʤʽʞʥʦʾ ʟʘʚʜʘʯʽ ʚʠʤʘʛʘʻ ʧʝʨʝʜʫʩʽʤ ʟʥʘʭʦʜʞʝʥʥʷ 

ʫʤʦʚ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʽʩʥʫʚʘʥʥʷ ʥʝ ʧʦʨʦʞʥʴʦʾ ʤʥʦʞʠʥʠ ʜʦʧʫʩʪʠʤʠʭ 

ʤʘʥʝʚʨʽʚ ʨʦʟʭʦʜʞʝʥʥʷ ʩʫʜʝʥ ʟʤʽʥʦʶ ʰʚʠʜʢʦʩʪʝʡ. ʆʩʢʽʣʴʢʠ ʟʘʩʦʙʦʤ ʟʤʽʥʠ 

ʰʚʠʜʢʦʩʪʝʡ ʩʫʜʝʥ ʧʽʜ ʯʘʩ ʧʨʦʮʝʩʫ ʨʦʟʭʦʜʞʝʥʥʷ ʧʨʠʡʥʷʪʝ ʘʢʪʠʚʥʝ ʽ ʧʘʩʠʚʥʝ 

ʛʘʣʴʤʫʚʘʥʥʷ, ʪʦʤʫ ʧʽʜ ʟʤʽʥʦʶ ʰʚʠʜʢʦʩʪʝʡ ʩʫʜʝʥ ʩʣʽʜ ʨʦʟʫʤʽʪʠ ʾʭ ʟʥʠʞʝʥʥʷ. 

ʆʪʞʝ, ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʰʫʢʘʥʠʭ ʫʤʦʚ ʽʩʥʫʚʘʥʥʷ ʧʦʪʨʽʙʥʝ ʟʘʣʫʯʝʥʥʷ 

ʘʥʘʣʽʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ, ʱʦ ʦʧʠʩʫʶʪʴ ʧʨʦʮʝʩʠ ʟʤʽʥʠ 

ʰʚʠʜʢʦʩʪʽ ʧʨʠ ʘʢʪʠʚʥʦʤʫ ʽ ʧʘʩʠʚʥʦʤʫ ʛʘʣʴʤʫʚʘʥʥʽ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʨʽʰʝʥʥʷ 

ʨʽʚʥʷʥʴ ʛʘʣʴʤʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʦʪʨʠʤʘʪʠ ʘʥʘʣʽʪʠʯʥʽ ʚʠʨʘʟʠ ʜʣʷ ʪʨʠʚʘʣʦʩʪʽ 

ʧʨʦʮʝʩʽʚ ʛʘʣʴʤʫʚʘʥʥʷ, ʚʠʙʽʛʫ ʩʫʜʥʘ ʽ ʟʘʣʝʞʥʦʩʪʽ ʧʦʪʦʯʥʦʾ ʰʚʠʜʢʦʩʪʽ 

ʛʘʣʴʤʫʚʘʥʥʷ ʚʽʜ ʯʘʩʫ. ʄʘʶʯʠ ʚ ʩʚʦʻʤʫ ʨʦʟʧʦʨʷʜʞʝʥʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʘʢʪʠʚʥʦʛʦ ʽ ʧʘʩʠʚʥʦʛʦ ʛʘʣʴʤʫʚʘʥʥʷ ʩʫʜʥʘ ʽ ʟʘʜʘʶʯʠʩʴ ʧʦʯʘʪʢʦʚʠʤʠ ʽ 

ʢʽʥʮʝʚʠʤʠ ʰʚʠʜʢʦʩʪʷʤʠ ʩʫʜʝʥ, ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʧʨʦʛʥʦʟʦʚʘʥʫ ʜʠʩʪʘʥʮʽʶ 

ʥʘʡʢʦʨʦʪʰʦʛʦ ʟʙʣʠʞʝʥʥʷ ʽ ʟʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʾʾ ʚʝʣʠʯʠʥʠ ʟ ʛʨʘʥʠʯʥʦʾ-

ʜʦʧʫʩʪʠʤʦʶ ʜʠʩʪʘʥʮʽʻʶ ʟʙʣʠʞʝʥʥʷ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʽʩʥʫʚʘʥʥʷ 

ʤʥʦʞʠʥʠ ʜʦʧʫʩʪʠʤʠʭ ʤʘʥʝʚʨʽʚ ʨʦʟʭʦʜʞʝʥʥʷ ʩʫʜʝʥ ʟʤʽʥʦʶ ʾʭ ʰʚʠʜʢʦʩʪʝʡ. 

ʌʦʨʤʫʚʘʥʥʷ ʦʙʣʘʩʪʽ ʥʝʙʝʟʧʝʯʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʽ ʨʦʟʨʘʭʫʥʦʢ ʾʾ ʤʝʞ ʻ 

ʧʝʨʰʦʶ ʜʦʧʦʤʽʞʥʦʶ ʟʘʜʘʯʝʶ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. ɿʘ ʚʠʟʥʘʯʝʥʥʷʤ, 

ʦʙʣʘʩʪʶ ʥʝʙʝʟʧʝʯʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʻ ʦʙʣʘʩʪʴ ʚ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ʰʚʠʜʢʦʩʪʝʡ 

ʩʫʜʝʥ, ʢʦʞʥʘ ʢʨʘʧʢʘ (ʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʝʡ ʩʫʜʝʥ) ʷʢʦʾ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʜʠʩʪʘʥʮʽʻʶ ʥʘʡʢʦʨʦʪʰʦʛʦ ʟʙʣʠʞʝʥʥʷ ʟʽ ʟʥʘʯʝʥʥʷʤ, ʤʝʥʰʠʤ ʛʨʘʥʠʯʥʦʾ-

ʜʦʧʫʩʪʠʤʦʾ ʜʠʩʪʘʥʮʽʾ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʨʽʚʥʷʥʴ ʤʝʞ ʦʙʣʘʩʪʽ ʥʝʙʝʟʧʝʯʥʠʭ 

ʰʚʠʜʢʦʩʪʝʡ ʥʝʦʙʭʽʜʥʦ ʟʘʧʠʩʘʪʠ ʨʽʚʥʷʥʥʷ, ʷʢʝ ʚ ʧʨʘʚʽʡ ʯʘʩʪʠʥʽ ʤʽʩʪʠʪʴ ʚʠʨʘʟ 

ʜʣʷ ʧʨʦʛʥʦʟʦʚʘʥʦʾ ʜʠʩʪʘʥʮʽʾ ʥʘʡʢʦʨʦʪʰʦʛʦ ʟʙʣʠʞʝʥʥʷ, ʘ ʚ ʣʽʚʽʡ  ï ʟʥʘʯʝʥʥʷ 

ʛʨʘʥʠʯʥʦʾ-ʜʦʧʫʩʪʠʤʦʾ ʜʠʩʪʘʥʮʽʾ. ʇʦʪʽʤ ʜʘʥʝ ʨʽʚʥʷʥʥʷ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʪʚʦʨʠʪʠ, 

ʦʪʨʠʤʘʚʰʠ ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʟʘʣʝʞʥʽʩʪʴ ʰʚʠʜʢʦʩʪʽ ʦʜʥʦʛʦ ʩʫʜʥʘ ʚʽʜ ʰʚʠʜʢʦʩʪʽ 

ʜʨʫʛʦʛʦ ʩʫʜʥʘ, ʷʢʘ ʽ ʻ ʨʽʚʥʷʥʥʷʤ ʤʝʞʽ ʦʙʣʘʩʪʽ ʥʝʙʝʟʧʝʯʥʠʭ ʰʚʠʜʢʦʩʪʝʡ. ʉʣʽʜ 
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ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚ ʢʦʞʥʽʡ ʪʦʯʮʽ ʤʝʞʽ ʜʦʪʨʠʤʫʻʪʴʩʷ ʨʽʚʥʽʩʪʴ  ʧʨʦʛʥʦʟʦʚʘʥʦʾ 

ʜʠʩʪʘʥʮʽʾ ʥʘʡʢʦʨʦʪʰʦʛʦ ʟʙʣʠʞʝʥʥʷ ʽ ʛʨʘʥʠʯʥʦʾ-ʜʦʧʫʩʪʠʤʦʾ ʜʠʩʪʘʥʮʽʾ. 

ɼʨʫʛʘ ʜʦʧʦʤʽʞʥʘ ʟʘʜʘʯʘ ʧʦʣʷʛʘʻ ʫ ʧʝʨʝʚʽʨʮʽ ʫʤʦʚ ʽʩʥʫʚʘʥʥʷ ʤʥʦʞʠʥʠ 

ʜʦʧʫʩʪʠʤʠʭ ʤʘʥʝʚʨʽʚ ʨʦʟʭʦʜʞʝʥʥʷ ʩʫʜʝʥ. ʇ̔ʩʣʷ ʦʮʽʥʢʠ ʩʬʦʨʤʦʚʘʥʦʾ ʦʙʣʘʩʪʽ 

ʥʝʙʝʟʧʝʯʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʚʽʨʠʪʠ ʯʠ ʻ ʤʦʞʣʠʚʠʤ ʤʘʥʝʚʨ 

ʙʝʟʧʝʯʥʦʛʦ ʨʦʟʭʦʜʞʝʥʥʷ. ʄʥʦʞʠʥʘ ʜʦʧʫʩʪʠʤʠʭ ʤʘʥʝʚʨʽʚ ʨʦʟʭʦʜʞʝʥʥʷ ʩʫʜʝʥ 

ʟʤʽʥʦʶ ʾʭ ʰʚʠʜʢʦʩʪʝʡ ʻ ʽʩʥʫʶʯʦʶ ʧʨʠ ʧʦʩʣʽʜʦʚʥʦʤʫ ʚʠʢʦʥʘʥʽ ʪʨʴʦʭ ʫʤʦʚ: 

ʧʝʨʰʘ ï ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʟʤʽʥʠ ʚʽʜʥʦʩʥʦʛʦ ʢʫʨʩʫ ʧʨʠ ʟʤʽʥʽ 

ʰʚʠʜʢʦʩʪʝʡ ʩʫʜʝʥ  ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʠʨʘʟ ʧʝʨʰʦʾ ʧʦʭʽʜʥʦʾ; ʜʨʫʛʘ ï 

ʨʦʟʨʘʭʦʚʘʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʣʽʥʽʡʥʠʭ ʬʫʥʢʮʽʡ ʤʝʞ ʦʙʣʘʩʪʽ ʥʝʙʝʟʧʝʯʥʠʭ 

ʰʚʠʜʢʦʩʪʝʡ ʤʘʶʪʴ ʥʝ ʦʜʥʘʢʦʚʝ ʟʥʘʯʝʥʥʷ; ʪʨʝʪʻ - ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ 

ʚʠʢʦʥʘʥʥʷ ʤʘʥʝʚʨʫ ʨʦʟʭʦʜʞʝʥʥʷ ʚʨʘʭʦʚʫʶʯʠ ʽʥʝʨʮʽʡʥʽʩʪʴ ʨʫʭʫ ʩʫʜʝʥ ʪʘ ʪʠʧ 

ʛʘʣʴʤʫʚʘʥʥʷ ʢʦʞʥʦʛʦ ʟ ʥʠʭ.  

 ʊʨʝʪʴʦʾ ʜʦʧʦʤʽʞʥʦ  ʁ ʟʘʜʘʯʝʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʨʦʟʨʦʙʢʘ ʛʨʘʬʽʯʥʦʛʦ 

ʩʧʦʩʦʙʫ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʦʙʣʘʩʪʽ ʥʝʙʝʟʧʝʯʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʽ ʚʠʙʽʨ ʟ 

ʾʾ ʜʦʧʦʤʦʛʦʶ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʥʝʚʨʫ ʨʦʟʭʦʜʞʝʥʥʷ ʟʥʠʞʝʥʥʷʤ ʰʚʠʜʢʦʩʪʝʡ 

ʩʫʜʝʥ. ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʚʢʘʟʘʥʦʛʦ ʟʘʚʜʘʥʥʷ ʩʣʽʜ ʨʦʟʨʦʙʠʪʠ ʢʦʤʧ'ʶʪʝʨʥʫ 

ʧʨʦʛʨʘʤʫ, ʱʦ ʤʽʩʪʠʪʴ ʦʢʨʝʤʽ ʤʦʜʫʣʽ ʨʦʟʨʘʭʫʥʢʫ ʤʝʞ ʦʙʣʘʩʪʽ ʥʝʙʝʟʧʝʯʥʠʭ 

ʰʚʠʜʢʦʩʪʝʡ, ʾʾ ʬʦʨʤʫʚʘʥʥʷ ʽ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʝʢʨʘʥʽ ʤʦʥʽʪʦʨʘ ʟ ʤʝʪʦʶ ʚʠʙʦʨʫ 

ʦʧʪʠʤʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʘʥʝʚʨʫ ʨʦʟʭʦʜʞʝʥʥʷ ʩʫʜʝʥ ʟ ʧʦʜʘʣʴʰʠʤ ʡʦʛʦ 

ʧʨʦʛʨʘʚʘʥʥʷʤ.  

ʊʘʢʘ ʽʤʽʪʘʮʽʡʥʘ ʧʨʦʛʨʘʤʘ ʤʦʞʝ ʙʫʪʠ ʦʩʥʦʚʦʶ ʜʣʷ ʨʦʟʨʦʙʢʠ ʥʘʚʽʛʘʮʽʡʥʦʾ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʚʠʙʽʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʥʝʚʨʫ 

ʨʦʟʭʦʜʞʝʥʥʷ ʩʫʜʝʥ ʧʨʠ ʾʭ ʟʦʚʥʽʰʥʴʦʤʫ ʫʧʨʘʚʣʽʥʥʽ.  

ɯʤʽʪʘʮʽʡʥʘ ʧʨʦʛʨʘʤʘ ʧʦʚʠʥʥʘ ʤʽʩʪʠʪʠ ʥʘʩʪʫʧʥʽ ʤʦʜʫʣʽ: 

- ʤʦʜʫʣʴ ʬʦʨʤʫʚʘʥʥʷ ʧʦʯʘʪʢʦʚʦʾ ʩʠʪʫʘʮʽʾ ʥʝʙʝʟʧʝʯʥʦʛʦ ʟʙʣʠʞʝʥʥʷ ʧʘʨʠ 

ʩʫʜʝʥ; 

- ʤʦʜʫʣʴ ʨʦʟʨʘʭʫʥʢʫ ʤʝʞ ʦʙʣʘʩʪʽ ʥʝʙʝʟʧʝʯʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʩʫʜʝʥ ʽ ʾʾ 

ʛʨʘʬʽʯʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ; 
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- ʤʦʜʫʣʴ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʥʝʚʨʫ ʨʦʟʭʦʜʞʝʥʥʷ ʩʫʜʝʥ ʟʤʽʥʦʶ ʾʭ 

ʰʚʠʜʢʦʩʪʝʡ, ʧʨʠʯʦʤʫ ʧʦʚʠʥʥʦ ʙʫʪʠ ʧʝʨʝʜʙʘʯʝʥʦ ʜʚʘ ʚʘʨʽʘʥʪʠ ʦʧʪʠʤʽʟʘʮʽʾ 

ʤʘʥʝʚʨʫ ʨʦʟʭʦʜʞʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʥʠʞʝʥʥʷ ʰʚʠʜʢʦʩʪʝʡ ʩʫʜʝʥ ʘʢʪʠʚʥʠʤ 

ʽ ʧʘʩʠʚʥʠʤ ʛʘʣʴʤʫʚʘʥʥʷʤ; 

- ʤʦʜʫʣʴ ʧʨʦʛʨʘʚʘʥʥʷ ʤʘʥʝʚʨʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʛʨʘʬʽʢʠ. 

ʇʽʜ ʯʘʩ ʨʦʟʚôʷʟʘʥʥʷ ʢʦʞʥʦ ʾʟ ʜʦʧʦʤʽʞʥʠʭ ʟʘʜʘʯ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʚʽʜʧʦʚʽʜʥʽ 

ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ, ʷʢʽ ʧʦʟʥʘʯʝʥʽ ʅʈ1, ʅʈ2 ʽ ʅʈ3:  

- ʥʘʫʢʦʚʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʧʝʨʰʦʛʦ ʩʢʣʘʜʦʚʦʛʦ ʟʘʚʜʘʥʥʷ ʅʈ1 ʻ ʩʧʦʩʽʙ 

ʬʦʨʤʫʚʘʥʥʷ ʦʙʣʘʩʪʽ ʥʝʙʝʟʧʝʯʥʠʭ ʰʚʠʜʢʦʩʪʝʡ, ʨʦʟʨʘʭʫʥʦʢ ʾʾ ʤʝʞ ʽ ʛʨʘʬʽʯʥʝ 

ʟʦʙʨʘʞʝʥʥʷ;  

 - ʫʤʦʚʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʤʦʞʣʠʚʦʩʪʽ ʽʩʥʫʚʘʥʥʷ ʤʥʦʞʠʥʠ ʜʦʧʫʩʪʠʤʠʭ 

ʤʘʥʝʚʨʽʚ ʨʦʟʭʦʜʞʝʥʥʷ ʩʫʜʝʥ ʟʤʽʥʦʶ ʾʭ ʰʚʠʜʢʦʩʪʝʡ ʻ ʥʘʫʢʦʚʠʤ ʨʝʟʫʣʴʪʘʪʦʤ 

ʅʈ2  ʜʨʫʛʦʾ ʜʦʧʦʤʽʞʥʦʾ ʟʘʚʜʘʯʽ; 

 - ʩʧʦʩʽʙ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʥʝʚʨʫ ʨʦʟʭʦʜʞʝʥʥʷ ʟʥʠʞʝʥʥʷʤ 

ʰʚʠʜʢʦʩʪʝʡ ʩʫʜʝʥ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʙʣʘʩʪʽ ʥʝʙʝʟʧʝʯʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʻ ʥʘʫʢʦʚʠʤ 

ʨʝʟʫʣʴʪʘʪʦʤ ʅʈ3 ʪʨʝʪʴʦʛʦ ʩʢʣʘʜʦʚʦʛʦ ʟʘʚʜʘʥʥʷ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʦʙʣʝʥʦʾ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʧʨʦʛʨʘʤʠ ʩʣʽʜ ʧʨʦʚʝʩʪʠ 

ʽʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʯʘʩʪʠʥʽ ʢʦʨʝʢʪʥʦʩʪʽ ʤʝʪʦʜʫ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʥʝʚʨʫ 

ʨʦʟʭʦʜʞʝʥʥʷ ʩʫʜʝʥ ʟʥʠʞʝʥʥʷʤ ʾʭʥʽʭ ʧʦʯʘʪʢʦʚʠʭ ʰʚʠʜʢʦʩʪʝʡ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ 

ʨʽʟʥʠʭ ʚʘʨʽʘʥʪʽʚ ʘʢʪʠʚʥʦʛʦ ʪʘ ʧʘʩʠʚʥʦʛʦ ʛʘʣʴʤʫʚʘʥʥʷ ʢʦʞʥʦʛʦ ʽʟ ʩʫʜʝʥ, ʱʦ 

ʥʝʙʝʟʧʝʯʥʦ ʟʙʣʠʞʫʶʪʴʩʷ.    

ʇʨʠʡʥʷʪʫ ʥʘʫʢʦʚʫ ʛʽʧʦʪʝʟʫ ʧʨʦ ʽʩʥʫʚʘʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʧʽʜʚʠʱʝʥʥʷ 

ʦʧʝʨʘʪʠʚʥʦʩʪʽ ʽ ʧʨʦʩʪʦʪʠ ʚʠʙʦʨʫ ʤʘʥʝʚʨʫ ʨʦʟʭʦʜʞʝʥʥʷ ʩʫʜʝʥ ʧʨʠ ʾʭ 

ʟʦʚʥʽʰʥʴʦʤʫ ʫʧʨʘʚʣʽʥʥʽ ʧʽʜʪʚʝʨʜʞʝʥʦ ʦʪʨʠʤʘʥʠʤʠ ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ 

ʪʝʦʨʝʪʠʯʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʘ ʽʤʽʪʘʮʽʡʥʠʤ ʤʦʜʝʣʶʚʘʥʥʷʤ. 

ʇʨʦʚʝʜʝʥʦʤʫ ʜʠʩʝʨʪʘʮʽʡʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʶ ʚʣʘʩʪʠʚʘ ʧʨʘʢʪʠʯʥʘ 

ʟʥʘʯʫʱʽʩʪʴ, ʷʢʘ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʡʦʛʦ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʧʨʦʚʘʜʞʝʥʽ 

ʥʘ ʩʫʜʥʘ ʜʣʷ ʧʦʧʝʨʝʜʞʝʥʥʷ ʟʽʪʢʥʝʥʴ, ʘ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʘʥʽ ʨʦʟʨʦʙʥʠʢʘʤʠ 
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ʥʘʚʽʛʘʮʽʡʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ, ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʟʦʚʥʽʰʥʴʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ ʩʫʜʥʘʤʠ. 

ʇʨʘʢʪʠʯʥʘ ʮʽʥʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʠʤ, 

ʱʦ ʦʪʨʠʤʘʥʽ ʚ ʨʦʙʦʪʽ ʪʝʦʨʝʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʽ ʧʨʦʛʨʘʤʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʟʘʩʪʦʩʦʚʘʥʽ ʧʽʜ ʯʘʩ ʥʘʚʯʘʥʥʷ ʽ ʧʽʜʚʠʱʝʥʥʷ ʢʚʘʣʽʬʽʢʘʮʽʾ ʩʫʜʥʦʚʦʜʽʾʚ.  

ʅʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʽ ʧʨʦʚʝʜʝʥʝ ʽʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ, ʦʪʨʠʤʘʥʽ ʚ 

ʜʠʩʝʨʪʘʮʽʡʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ, ʚʠʟʥʘʯʘʶʪʴ ʡʦʛʦ ʥʘʫʢʦʚʝ ʧʦʣʦʞʝʥʥʷ, ʱʦ ʤʘʻ 

ʥʘʩʪʫʧʥʝ ʬʦʨʤʫʣʶʚʘʥʥʷ: 

ʈʦʟʨʦʙʣʝʥʦ ʥʦʚʠʡ ʤʝʪʦʜ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʥʝʚʨʫ ʨʦʟʭʦʜʞʝʥʥʷ 

ʩʫʜʝʥ ʟʥʠʞʝʥʥʷʤ ʰʚʠʜʢʦʩʪʝʡ, ʷʢʠʡ ʨʝʘʣʽʟʦʚʘʥʦ ʚ ʢʦʤʧ'ʶʪʝʨʥʦʤʫ ʤʦʜʫʣʽ ʽ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʧʨʠʥʮʠʧʦʤ ʟʦʚʥʽʰʥʴʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʦʤ ʾʭ ʨʦʟʭʦʜʞʝʥʥʷ 

ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʦʙʣʘʩʪʽ ʥʝʙʝʟʧʝʯʥʠʭ ʰʚʠʜʢʦʩʪʝʡ. 

 

 

    2.3. ʂʦʨʦʪʢʠʡ ʟʤʽʩʪ ʤʝʪʦʜʠʢʠ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʪʝʤʠ 

ʜʠʩʝʨʪʘʮʽʾ    

 

ʂʦʨʦʪʢʠʡ ʚʠʢʣʘʜ ʤʝʪʦʜʠʢʠ ʧʨʦʚʝʜʝʥʥʷ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟ 

ʪʝʤʠ ʨʦʙʦʪʠ ʽʟ ʚʢʘʟʽʚʢʦʶ ʚʞʠʚʘʥʠʭ ʜʣʷ ʮʴʦʛʦ ʤʝʪʦʜʽʚ ʻ ʟʤʽʩʪʦʤ ʜʘʥʦʛʦ 

ʨʦʟʜʽʣʫ. 

ʗʢ ʚʠʧʣʠʚʘʻ ʟ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʦʨʛʘʥʽʟʘʮʽʾ ʽ ʧʨʦʚʝʜʝʥʥʶ ʥʘʫʢʦʚʠʭ 

ʜʦʩʣʽʜʞʝʥʴ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ ʜʝʜʫʢʮʽʾ ʥʝʦʙʭʽʜʥʦ ʟʨʦʙʠʪʠ ʘʥʘʣʽʟ 

ʦʩʥʦʚʥʠʭ ʧʽʜʭʦʜʽʚ ʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʙʝʟʧʝʢʠ ʩʫʜʥʦʚʦʜʽʥʥʷ, ʫ ʨʝʟʫʣʴʪʘʪʽ 

ʷʢʦʛʦ ʤʦʞʣʠʚʦ ʟʜʽʡʩʥʠʪʠ ʚʠʙʽʨ ʦʩʥʦʚʥʦʛʦ ʥʘʧʨʷʤʫ ʽ ʪʝʤʠ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ. 

ɼʝʢʦʤʧʦʟʠʮʽʷ ʛʦʣʦʚʥʦʾ ʟʘʚʜʘʯʽ ʜʠʩʝʨʪʘʮʽʾ ʥʘ ʪʨʠ ʜʦʧʦʤʽʞʥʽ ʻ ʜʨʫʛʠʤ 

ʝʪʘʧʦʤ ʨʦʙʦʪʠ ʽ ʚʠʢʦʥʫʻʪʴʩʷ ʤʝʪʦʜʘʤʠ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ, ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʷʢʠʭ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʤʝʪʦʜʦʣʦʛʽʯʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ. ʅʘʜʘʣʽ ʚʠʤʘʛʘʻʪʴʩʷ ʩʬʦʨʤʫʣʶʚʘʪʠ ʽ ʟʥʘʡʪʠ ʘʥʘʣʽʪʠʯʥʽ ʚʠʨʘʟʠ 

ʜʣʷ ʫʤʦʚ ʽʩʥʫʚʘʥʥʷ ʤʥʦʞʠʥʠ ʤʘʥʝʚʨʽʚ ʨʦʟʭʦʜʞʝʥʥʷ ʟʥʠʞʝʥʥʷʤ ʰʚʠʜʢʦʩʪʝʡ 
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ʩʫʜʝʥ. ɼʣʷ ʮʴʦʛʦ ʩʣʽʜ ʟʥʘʡʪʠ ʟʘʣʝʞʥʽʩʪʴ ʟʤʽʥʠ ʚʽʜʥʦʩʥʦʛʦ ʢʫʨʩʫ ʚʽʜ ʟʥʠʞʝʥʥʷ 

ʰʚʠʜʢʦʩʪʝʡ ʩʫʜʝʥ, ʷʢʽ ʨʦʟʭʦʜʷʪʴʩʷ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʦʮʽʥʠʪʠ ʟʥʘʯʝʥʥʷ 

ʧʨʦʛʥʦʟʦʚʘʥʦʾ ʜʠʩʪʘʥʮʽʾ ʥʘʡʢʦʨʦʪʰʦʛʦ ʟʙʣʠʞʝʥʥʷ. ɿʽʩʪʘʚʣʷʶʯʠ ʡʦʛʦ ʟ 

ʚʝʣʠʯʠʥʦʶ ʛʨʘʥʠʯʥʦ-ʜʦʧʫʩʪʠʤʦʾ ʜʠʩʪʘʥʮʽʾ ʟʙʣʠʞʝʥʥʷ ʦʪʨʠʤʘʻʤʦ ʘʣʛʦʨʠʪʤ 

ʧʝʨʝʚʽʨʢʠ ʽʩʥʫʚʘʥʥʷ ʤʥʦʞʠʥʠ ʤʘʥʝʚʨʽʚ ʨʦʟʭʦʜʞʝʥʥʷ. ɼʣʷ ʚʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ 

ʽʥʝʨʮʽʡʥʦ-ʛʘʣʴʤʽʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʫʜʝʥ ʥʘ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʭʦʜʞʝʥʥʷ ʚ 

ʥʝʦʙʭʽʜʥʽʡ ʜʠʩʪʘʥʮʽʾ ʩʣʽʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʘʥʘʣʽʪʠʯʥʽ ʚʠʨʘʟʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʨʦʮʝʩʽʚ ʘʢʪʠʚʥʦʛʦ ʽ ʧʘʩʠʚʥʦʛʦ ʛʘʣʴʤʫʚʘʥʥʷ. 

ʏʝʨʛʦʚʠʤ ʝʪʘʧʦʤ ʚʠʢʦʥʘʥʥʷ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʧʨʦʮʝʜʫʨʠ 

ʨʦʟʨʘʭʫʥʢʫ ʤʝʞ ʦʙʣʘʩʪʽ ʥʝʙʝʟʧʝʯʥʠʭ ʰʚʠʜʢʦʩʪʝʡ, ʘʥʘʣʽʪʠʯʥʽ ʚʠʨʘʟʠ ʜʣʷ ʷʢʠʭ 

ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʟʘʣʝʞʥʽʩʪʴ ʰʚʠʜʢʦʩʪʽ ʦʜʥʦʛʦ ʩʫʜʥʘ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʽʥʰʦʛʦ 

ʩʫʜʥʘ ʟʘ ʫʤʦʚʠ ʨʽʚʥʦʩʪʽ ʟʥʘʯʝʥʴ ʧʨʦʛʥʦʟʦʚʘʥʦʾ ʥʘʡʢʦʨʦʪʰʦʾ ʽ ʛʨʘʥʠʯʥʦ-

ʜʦʧʫʩʪʠʤʦʾ ʜʠʩʪʘʥʮʽʡ. ʇʦʪʽʤ ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʩʧʦʩʽʙ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ ʩʬʦʨʤʦʚʘʥʦʾ ʦʙʣʘʩʪʽ ʥʝʙʝʟʧʝʯʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʽ ʦʮʽʥʢʠ ʩʪʫʧʝʥʷ 

ʥʝʙʝʟʧʝʢʠ ʩʠʪʫʘʮʽʾ ʟʙʣʠʞʝʥʥʷ ʩʫʜʝʥ, ʱʦ ʩʢʣʘʣʘʩʷ.  

ʇʨʠ ʽʩʥʫʚʘʥʥʽ ʤʥʦʞʠʥʠ ʜʦʧʫʩʪʠʤʠʭ ʤʘʥʝʚʨʽʚ ʨʦʟʭʦʜʞʝʥʥʷ ʩʫʜʝʥ 

ʟʥʠʞʝʥʥʷʤ ʰʚʠʜʢʦʩʪʝʡ ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʧʨʦʮʝʜʫʨʫ ʚʠʙʦʨʫ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʥʝʚʨʫ ʨʦʟʭʦʜʞʝʥʥʷ. ʗʢ ʢʨʠʪʝʨʽʡ ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʜʦʮʽʣʴʥʦ 

ʦʙʨʘʪʠ ʚʪʨʘʪʠ ʭʦʜʦʚʦʛʦ ʯʘʩʫ ʩʫʜʝʥ, ʷʢʽ ʧʦʚʠʥʥʽ ʙʫʪʠ ʤʽʥʽʤʽʟʦʚʘʥʽ. ʉʣʽʜ 

ʚʨʘʭʫʚʘʪʠ ʪʫ ʦʙʩʪʘʚʠʥʫ, ʱʦ ʽʩʥʫʶʪʴ ʜʚʘ ʚʘʨʽʘʥʪʠ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʤʘʥʝʚʨʫ: ʧʦ-ʧʝʨʰʝ, ʧʨʠ ʟʘʜʘʥʠʭ ʰʚʠʜʢʦʩʪʷʭ ʨʦʟʭʦʜʞʝʥʥʷ ʩʫʜʝʥ ʥʝʦʙʭʽʜʥʦ 

ʦʙʨʘʪʠ ʯʘʩ ʧʦʯʘʪʢʫ ʾʭ ʛʘʣʴʤʫʚʘʥʥʷ, ʤʽʥʽʤʽʟʫʶʯʠ ʢʨʠʪʝʨʽʡ ʦʧʪʠʤʘʣʴʥʦʩʪʽ; ʧʦ-

ʜʨʫʛʝ, ʛʘʣʴʤʫʚʘʥʥʷ ʩʫʜʝʥ ʧʦʯʠʥʘʻʪʴʩʷ ʚ ʥʫʣʴʦʚʠʡ ʤʦʤʝʥʪ ʯʘʩʫ, ʤʽʥʽʤʽʟʘʮʽʷ 

ʢʨʠʪʝʨʽʶ ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʜʦʩʷʛʘʻʪʴʩʷ ʚʠʙʦʨʦʤ ʾʭ ʰʚʠʜʢʦʩʪʝʡ ʨʦʟʭʦʜʞʝʥʥʷ.  

ʅʘʩʪʫʧʥʠʤ ʝʪʘʧʦʤ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʤʦʜʫʣʷ ʦʧʪʠʤʽʟʘʮʽʾ 

ʤʘʥʝʚʨʫ ʨʦʟʭʦʜʞʝʥʥʷ, ʚ ʷʢʦʤʫ ʧʝʨʝʜʙʘʯʝʥʽ ʦʙʠʜʚʘ ʚʘʨʽʘʥʪʠ ʚʠʙʦʨʫ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʥʝʚʨʫ ʟ ʽʥʜʠʢʘʮʽʻʶ ʡʦʛʦ ʧʘʨʘʤʝʪʨʽʚ. ɿʘ ʥʘʷʚʥʦʩʪʽ ʯʠʥʥʠʢʽʚ, 

ʱʦ ʟʘʚʘʞʘʶʪʴ, ʩʣʽʜ ʧʝʨʝʜʙʘʯʠʪʠ ʤʦʞʣʠʚʽʩʪʴ ʦʮʽʥʢʠ ʧʘʨʘʤʝʪʨʽʚ ʙʝʟʧʝʯʥʦʛʦ 

ʤʘʥʝʚʨʫ ʨʦʟʭʦʜʞʝʥʥʷ ʥʘʡʙʣʠʞʯʦʛʦ ʜʦ ʦʧʪʠʤʘʣʴʥʦʛʦ. 

ʋ ʟʘʢʽʥʯʝʥʥʽ ʨʦʙʦʪʠ ʥʝʦʙʭʽʜʥʦ ʩʬʦʨʤʫʚʘʪʠ ʤʦʜʫʣʴ ʧʨʦʛʨʘʚʘʥʥʷ ʤʘʥʝʚʨʫ 

ʨʦʟʭʦʜʞʝʥʥʷ ʟʥʠʞʝʥʥʷʤ ʰʚʠʜʢʦʩʪʝʡ ʷʢ ʟʘʩʽʙ ʧʝʨʝʚʽʨʢʠ ʢʦʨʝʢʪʥʦʩʪʽ 
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ʧʨʦʮʝʜʫʨʠ ʚʠʙʦʨʫ ʤʘʥʝʚʨʫ ʨʦʟʭʦʜʞʝʥʥʷ ʚ ʟʘʜʘʥʽʡ ʩʠʪʫʘʮʽʾ ʥʝʙʝʟʧʝʯʥʦʛʦ 

ʟʙʣʠʞʝʥʥʷ.  

 

 

2.4. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʝʣʝʤʝʥʪʘʨʥʦʾ ʛʨʫʧʠ ʩʫʜʝʥ. 

 

ɽʣʝʤʝʥʪʘʨʥʦʶ ʛʨʫʧʦʶ 
12

S  ʩʫʜʝʥ ʥʘʟʠʚʘʪʠʤʝʤʦ ʧʘʨʫ ʨʫʭʦʤʠʭ ʩʫʜʝʥ  1c  ʽ 

2c , ʩʪʘʥ ʷʢʦʾ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʘʨʘʤʝʪʨʘʤʠ ʽʩʪʠʥʥʦʛʦ ʨʫʭʫ 
1

V , 
1

K , 
2

V , 
2

K  ʽ 

ʧʘʨʘʤʝʪʨʘʤʠ ʚʽʜʥʦʩʥʦʾ ʧʦʟʠʮʽʾ D , a (ʨʠʩ. 2.1). ʇʨʠʯʦʤʫ ʜʦʧʫʩʢʘʻʤʦ, ʱʦ  

ʩʫʜʥʦ 2c  ʜʦʤʽʥʫʻ ʧʦ ʰʚʠʜʢʦʩʪʽ ʥʘʜ ʩʫʜʥʦʤ 1c , ʪʦʙʪʦ 
12

VV ² .  

 

 
 

ʈʠʩ. 2.1. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʽʩʪʠʥʥʦʛʦ ʨʫʭʫ ʝʣʝʤʝʥʪʘʨʥʦʾ ʛʨʫʧʠ 
12

S  

   

ʉʫʜʥʦ 2c  ʫ ʚʽʜʥʦʩʥʦʤʫ ʨʫʩʽ ʚʚʘʞʘʻʤʦ ʥʝʨʫʭʦʤʠʤ, ʪʦʤʫ ʝʣʝʤʝʥʪʘʨʥʘ 

ʛʨʫʧʘ ʩʫʜʝʥ 
12

S  ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʘʨʘʤʝʪʨʘʤʠ
ot

V , 
ot

K , D , a, ʧʨʠʯʦʤʫ 

ʧʝʣʝʥʛ a ʽ ʜʠʩʪʘʥʮʽʷ D  ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʚʽʜʥʦʩʥʝ ʧʦʣʦʞʝʥʥʷ, ʘ 
ot

V  ʽ 
ot

K - 

ʚʽʜʥʦʩʥʠʡ ʨʫʭ (ʨʠʩ. 2.2).  

1
V ,

1
K  

2
V ,

2
K  

a,D

   

1
c  

2
c
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ʈʠʩ. 2.2. ʇʘʨʘʤʝʪʨʠ ʚʽʜʥʦʩʥʦʛʦ ʨʫʭʫ ʝʣʝʤʝʥʪʘʨʥʦʾ ʛʨʫʧʠ 
12

S  

 

ʈʦʟʛʣʷʥʝʤʦ ʟʚ'ʷʟʦʢ ʧʘʨʘʤʝʪʨʽʚ ʚʽʜʥʦʩʥʦʛʦ ʽ ʽʩʪʠʥʥʦʛʦ ʨʫʭʫ, ʜʣʷ ʯʦʛʦ 

ʧʦʟʥʘʯʠʤʦ ʧʨʦʝʢʮʽʾ ʩʫʤʘʨʥʦʾ ʚʽʜʥʦʩʥʦʾ ʰʚʠʜʢʦʩʪʽ 
otx

V  (ʧʦ ʤʝʨʠʜʽʘʥʫ) ʽ 
oty

V  

(ʧʦ ʧʘʨʘʣʝʣʽ), ʧʨʠʯʦʤʫ: 

2211 sinKVsinKVV
otx

-=    ̔     2211 cosKVcosKVV
oty

-= . 

 

2
oty

2
otx VVV

ot
+= ,   ʘʙʦ 

 

1/2

2121

2

2

2

1
)]K-cos(KV2V-V[VVot += , 

 

                     

î
î
î

í

î
î
î

ì

ë

><+

<-

>>

=

  0V 0,V  ʧʨʠ ɣ,2ˊ

  

0,V  ʧʨʠ ɣ,ˊ

 0,V 0,V ʧʨʠ ɣ,

K

otyotx

oty

otyotx

ot
,                     (2.1) 

1
V ,

1
K  

2
V ,

2
K  

a,D

   

1
c  

2
c  

ot
K

 

ot
V  
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 ʜʝ  ])/VsinKVsinKarcsin[(V ɣ ot2211 -= . 

ɼʦʩʣʽʜʞʫʻʤʦ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʟʤʽʥʠ ʚʽʜʥʦʩʥʦʛʦ ʢʫʨʩʫ 
ot

K  ʧʨʠ ʟʤʽʥʽ 

ʽʩʪʠʥʥʦʛʦ ʢʫʨʩʫ ʦʜʥʦʛʦ ʟ ʩʫʜʝʥ. ʇʨʠ ʮʴʦʤʫ ʩʧʦʯʘʪʢʫ ʟʨʦʙʠʤʦ ʮʝ ʙʝʟʚʽʜʥʦʩʥʦ 

ʜʦ ʢʦʥʢʨʝʪʥʦʛʦ ʩʫʜʥʘ 1c  ʘʙʦ 2c . ɼʣʷ ʮʴʦʛʦ ʯʝʨʝʟ 
o

K  ʧʦʟʥʘʯʝʥʠʡ ʽʩʪʠʥʥʠʡ 

ʢʫʨʩ ʩʫʜʥʘ, ʱʦ ʚʠʢʦʥʫʻ ʧʦʚʦʨʦʪ, ʘ ʡʦʛʦ ʰʚʠʜʢʽʩʪʴ - 
o

V . ɸʥʘʣʦʛʽʯʥʦ ʜʣʷ 

ʩʫʜʥʘ, ʱʦ ʟʙʝʨʽʛʘʻ ʥʝʟʤʽʥʥʠʡ ʢʫʨʩ, ʧʘʨʘʤʝʪʨʠ ʨʫʭʫ ʧʦʟʥʘʯʝʥʽ  
c

K  ʽ  
c

V . 

ɺʠʨʘʟ ʧʝʨʰʦʾ ʧʦʭʽʜʥʦʾ ʚʽʜʥʦʩʥʦʛʦ ʢʫʨʩʫ ʧʦ ʽʩʪʠʥʥʦʤʫ ʢʫʨʩʫ ʩʫʜʥʘ, 

ʪʦʙʪʦ, ʟ  ʫʨʘʭʫʚʘʥʥʷʤ (2.1), ʤʘʻ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ:   

oo

ot

K

ɣ

K

K

µ

µ
=

µ

µ
. 

 

    ʆʩʢʽʣʴʢʠ )

V  V

V
arcsin(ɣ

22
otyotx

otx

+

= , ʪʦ ʧʝʨʰʘ ʧʦʭʽʜʥʘ ʮʴʦʛʦ ʚʠʨʘʟʫ 

ʧʨʠʡʤʘʻ  ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 

 

)V  (V

V
1

1

K

ɣ

22

2
o

otyotx

otx

+
-

=
µ

µ
)

V  V

V
(

K 22
otyotx

otx

o +
µ

µ
. 

 

ʉʧʨʘʚʝʜʣʠʚʘ ʨʽʚʥʽʩʪʴ: 

 

2

oty

2

otx

1/22

oty

2

otxotx
1/22

oty

2

otx
otx

2
oty

2
otx

otx

V  V

])V  [(V
K

V )V  (V
K

V

)

V  V

V
(

K

oo

o
+

+
µ

µ
-+

µ

µ

=

+
µ

µ
. 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ 
22

oo1/2

otyotx

oty
oty

otx
otx

2
oty

2
otx

o V  V

V
K

V
V

K

V

])V  [(V
K

+

µ

µ
+

µ

µ

=+
µ

µ
, ʽ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʟʥʘʯʝʥʴ 
k

o

otx X
K

V #=
µ

µ
 ʽ 

k
o

oty
Y

K

V
#=

µ

µ
, ʦʜʝʨʞʠʤʦ ʚʠʨʘʟ ʜʣʷ ʰʫʢʘʥʦʾ 

ʧʦʭʽʜʥʦʾ: 
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)V  V(V

)YVX(VV)V  (VX

K

K

22

kk

22

k

o

ot

otyotxoty

otyotxotxotyotx

+

+-+
=

µ

µ ###
 ,  

    

                                                  

ʘʙʦ ʧʽʩʣʷ ʧʝʨʝʪʚʦʨʝʥʴ: 

                                                 
22

otyotx

otxkotyk

o

ot

V  V

VYVX

K

K

+

-
=

µ

µ ##
,                     (2.2)    

 

        

 

ʜʝ 
ook

cosKVX =# ,   
ook

sinKVY -=# . 

ɼʦʩʣʽʜʠʤʦ ʟʤʽʥʫ ʚʽʜʥʦʩʥʦʛʦ ʢʫʨʩʫ otK  ʟʘʣʝʞʥʦ ʚʽʜ ʢʫʨʩʫ ʩʫʜʥʘ oK , ʜʣʷ 

ʯʦʛʦ ʜʦʩʪʘʪʥʴʦ ʜʦʩʣʽʜʠʪʠ ʟʥʘʢ ʯʠʩʝʣʴʥʠʢʘ ʚʠʨʘʟʫ  (2.2). ɺʨʘʭʦʚʫʻʤʦ, ʱʦ: 

 

ccoootx sinKV-sinKVV =   ʽ   
ccoooty cosKV-cosKVV = , 

 

ʟʚʽʜʢʠ ʩʣʽʜʫʻ: 

==- )]sinKsinK - cosK(cosKV-[VV)VYVX(
cococoootxkotyk

##   

        )]K-cos(KV-[VV
cocoo

.              (2.3) 

 

ʆʯʝʚʠʜʥʦ,  ʟʥʘʢ 

o

ot

K

K

µ

µ
 ʚʽʜʧʦʚʽʜʘʻ ʟʥʘʢʫ ʚʠʨʘʟʫ )K-cos(KV-V

coco
. 

ɸʥʘʣʽʟ ʚʠʨʘʟʫ 

o

ot

K

K

µ

µ
 (3.3) ʧʦʢʘʟʫʻ, ʱʦ ʧʨʠ ʥʝʨʽʚʥʦʩʪʽ 

12 VV >  ʜʣʷ ʙʫʜʴ-

ʷʢʦʾ ʟʤʽʥʠ ʢʫʨʩʫ ʩʫʜʥʦʤ 2c  ʚʠʨʘʟ )K-cos(KV-V
1212 , ʷʢ ʽ ʚʝʣʠʯʠʥʘ 

2

ot

K

K

µ

µ
, 

ʧʦʟʠʪʠʚʥʽ ʜʣʷ ʚʩʽʭ ʟʥʘʯʝʥʴ 
2

K . ʅʘ ʨʠʩ. 2.3. ʧʦʢʘʟʘʥʘ ʟʘʣʝʞʥʽʩʪʴ ʟʤʽʥʠ 

ʚʽʜʥʦʩʥʦʛʦ ʢʫʨʩʫ otK  ʧʨʠ ʧʦʚʦʨʦʪʽ ʩʫʜʥʘ 2c  ʥʘ ʢʫʨʩ 
2

K . 
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ʈʠʩ. 2.3. ɿʤʽʥʘ ʚʽʜʥʦʩʥʦʛʦ ʢʫʨʩʫ otK  ʧʨʠ ʧʦʚʦʨʦʪʽ ʩʫʜʥʘ 2c  

 

ɿʚʝʨʪʘʻʤʦ ʫʚʘʛʫ, ʱʦ ʧʨʠ ʟʤʽʥʽ ʢʫʨʩʫ 
2

K  ʚʽʜʥʦʩʥʠʡ ʢʫʨʩ 
ot

K   ʤʦʞʝ 

ʧʨʠʡʤʘʪʠ ʙʫʜʴ-ʷʢʽ ʟʥʘʯʝʥʥʷ ʚʽʜ 0 ʜʦ 2p. ɿʦʢʨʝʤʘ ʚʽʜʥʦʩʥʠʡ ʢʫʨʩ ʧʨʠʡʤʘʻ 

ʟʥʘʯʝʥʥʷ 
2

ˊ
K

1
+  ʧʨʠ ʟʥʘʯʝʥʥʽ ʢʫʨʩʫ 

2
K ,  ʨʽʚʥʦʛʦ ɟarccosK

1
+ , ʽ ʟʥʘʯʝʥʥʷ  

ʚʽʜʥʦʩʥʦʛʦ ʢʫʨʩʫ 
2

3ˊ
K

1
+  ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ ʨʽʚʥʦʩʪʽ ɟarccosKK

12
-= , ʜʝ 

ʧʨʠʡʥʷʪʝ ʧʦʟʥʘʯʝʥʥʷ 

2

1

V

V
ɟ= . 

ɿʘʣʝʞʥʽʩʪʴ ʚʽʜʥʦʩʥʦʛʦ ʢʫʨʩʫ otK  ʚʽʜ ʢʫʨʩʫ ʩʫʜʥʘ 
2

K  ʧʨʠ ʰʚʠʜʢʦʩʪʷʭ 

ʩʫʜʝʥ 10V
1
=  ʚʫʟʣʽʚ, 20V

2
=  ʚʫʟʣʽʚ ʽ 1K =315ę ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 2.4, ʥʘ ʷʢʦʤʫ  

ʧʨʠʡʥʷʪʽ ʥʘʩʪʫʧʥʽ ʧʦʟʥʘʯʝʥʥʷ: 

2K  

1
K  

ot
K  

ˊK
1
+  ɟarccosK

1
+  ɟarccos2K

1
-+p  

90K
1
-  

ɟarccosK
1
-  

1
K  

90K
1
+  

270K
1
+  

180K
1
+  
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ʈʠʩ. 2.4. ɿʘʣʝʞʥʽʩʪʴ ʚʽʜʥʦʩʥʦʛʦ ʢʫʨʩʫ otK  ʚʽʜ ʢʫʨʩʫ ʩʫʜʥʘ 2c  

 

121
KK = ,  ˊKK

122
+= ,  

ɟarccosKK
123
-= ,   ɟarccosKK

124
+= , 

ˊKK
1ot1
+= ,    

1
KK

ot2
= ,   

2

ˊ
KK

1ot3
+= ,   

2

3ˊ
KK

1ot4
+= . 
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ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.5, ʚʽʜʥʦʩʥʘ ʰʚʠʜʢʽʩʪʴ otV  ʧʨʠ ʟʤʽʥʽ ʢʫʨʩʫ 
2

K  

ʜʦʩʷʛʘʻ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ 12otot1 VVVminV -==  ʧʨʠ ʢʫʨʩʽ 

1212
KKK ==  ʽ 12otot2 VVVmaxV +==  ʧʨʠ ʢʫʨʩʽ ˊKKK

1222
+== . 

 

 

 

ʈʠʩ. 2.5. ɿʘʣʝʞʥʽʩʪʴ ʚʽʜʥʦʩʥʦʾ ʰʚʠʜʢʦʩʪʽ otV  ʚʽʜ ʢʫʨʩʫ ʩʫʜʥʘ 2c  

 

ɺʽʜʥʦʩʥʘ ʰʚʠʜʢʽʩʪʴ otV  ʧʨʠʡʤʘʻ ʟʥʘʯʝʥʥʷ 2ot3 VV =  ʧʨʠ ʟʥʘʯʝʥʥʽ ʢʫʨʩʫ 

2
K , ʷʢʝ ʟʥʘʭʦʜʠʪʴʩʷ ʟ ʨʽʚʥʦʩʪʽ:  

1/2

2121

2

2

2

1
)]K-cos(KV2V-V[VVot += =

2
V , ʘʙʦ  

0)K-cos(KV2V-V
2121

2

1
= ,  
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ʟʚʽʜʢʠ  

2

ɟ

V2V

V
)K-cos(K

21

2
1

21
== . 

 

ʆʪʞʝ, 
2

ɟ
arccosKK

123
-=   ̔   

2

ɟ
arccosKK

124
+= .  

ʋ ʨʘʟʽ ʧʦʚʦʨʦʪʫ ʩʫʜʥʘ 1c  ʧʨʠ ʥʝʟʤʽʥʥʦʤʫ ʢʫʨʩʽ 2K  ʩʫʜʥʘ 2c , ʷʢ 

ʚʠʧʣʠʚʘʻ ʟ (1.3), ʚʠʨʘʟ )K-cos(KV-V
1221  ʽ ʧʝʨʰʘ ʧʦʭʽʜʥʘ 

1K

K
ot

µ

µ
 ʤʦʞʝ ʤʘʪʠ 

ʷʢ ʧʦʟʠʪʠʚʥʝ, ʪʘʢ ʽ ʥʝʛʘʪʠʚʥʝ ʟʥʘʯʝʥʥʷ, ʘ ʦʙʣʘʩʪʴ ʟʥʘʯʝʥʴ 
ot

K  ʦʙʤʝʞʫʻʪʴʩʷ 

ʝʢʩʪʨʝʤʘʣʴʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ, ʷʢʽ ʧʦʟʥʘʯʝʥʽ  
otmin

K  ʽ  
otmax

K  (ʨʠʩ. 3.6). 

ʗʢ ʚʠʧʣʠʚʘʻ ʟ ʨʠʩ. 3.6, ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʢʫʨʩʫ 1K , ʟʘʣʝʞʥʦ ʚʽʜ ʡʦʛʦ 

ʧʦʪʦʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʚʽʜʥʦʩʥʠʡ ʢʫʨʩ otK  ʤʦʞʝ, ʷʢ ʟʙʽʣʴʰʫʚʘʪʠʩʷ, ʪʘʢ ʽ 

ʟʤʝʥʰʫʚʘʪʠʩʷ.  

ʊʘʢ, ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʢʫʨʩʫ 1K  ʚʽʜ ʟʥʘʯʝʥʥʷ min1K  ʜʦ ʟʥʘʯʝʥʥʷ max1K  

ʯʝʨʝʟ ʟʥʘʯʝʥʥʷ 180K 2+  ʚʽʜʥʦʩʥʠʡ ʢʫʨʩ otK  ʪʘʢʦʞ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚʽʜ 

ʚʝʣʠʯʠʥʠ otminK  ʜʦ ʟʥʘʯʝʥʥʷ otmaxK . ʊʘʢʠʤ ʯʠʥʦʤ, 0
K

K

1

ot >
µ

µ
 ʧʨʠ  

]K,[KK 1max1min1Í .  

ʇʨʠ ʧʦʜʘʣʴʰʦʤʫ ʟʙʽʣʴʰʝʥʥʽ ʢʫʨʩʫ 1K  ʚʽʜ max1K  ʜʦ min1K  ʯʝʨʝʟ 

ʟʥʘʯʝʥʥʷ 2K  ʚʽʜʥʦʩʥʠʡ ʢʫʨʩ otK   ʟʤʝʥʰʫʻʪʴʩʷ, ʪʦʙʪʦ   0
K

K

1

ot <
µ

µ
 ʧʨʠ 

]K,[KK 1min1max1Í . 

ɽʢʩʪʨʝʤʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ ʚʽʜʥʦʩʥʠʭ ʢʫʨʩʽʚ 
otmin

K  ʽ 
otmax

K  

ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʫʨʩʠ ʩʫʜʥʘ 
min1

K  ʽ 
otmax

K , ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʟ ʫʤʦʚʠ ʨʽʚʥʦʩʪʽ 

ʧʝʨʰʦʾ ʧʦʭʽʜʥʦʾ  
1K

K
ot

µ

µ
  ʥʫʣʶ, ʪʦʙʪʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ (3.3) ʟ ʥʘʩʪʫʧʥʦʛʦ 

ʨʽʚʥʷʥʥʷ: 
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ʈʠʩ. 2.6. ɿʤʽʥʘ ʚʽʜʥʦʩʥʦʛʦ ʢʫʨʩʫ otK  ʟʘʣʝʞʥʦ ʚʽʜ ʢʫʨʩʫ 1K  

 

0)K-cos(KV-V
2121 =     ʘʙʦ     ɟ

V

V
)K-cos(K

2

1

21
== . 

ɼʘʥʝ ʨʽʚʥʷʥʥʷ ʤʘʻ ʜʚʘ ʨʽʰʝʥʥʷ: 

 

           ɟ arccosKK 211 += ,      arccosɟKK 212 -= .                 (2.4) 

otK  

maxotK  minotK  

min1K  max1K  

1V

2V

 



  67  

 

ɺʠʟʥʘʯʠʤʦ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʦʜʝʨʞʘʥʠʭ ʟʥʘʯʝʥʴ ʢʫʨʩʽʚ ʩʫʜʥʘ 1c  

ʝʢʩʪʨʝʤʘʣʴʥʠʤ ʚʽʜʥʦʩʥʠʤ ʢʫʨʩʘʤ 
otmin

K  ʽ 
otmax

K . ʎʷ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʟʥʠʢʘʻ 

ʧʨʠ ʧʝʨʝʚʽʨʮʽ ʟʥʘʢʽʚ ʝʢʩʪʨʝʤʫʤʽʚ ʜʨʫʛʦʾ ʧʦʭʽʜʥʦʾ 
2

1

ot

2

K

K

µ

µ
. 

ɿʥʘʭʦʜʠʤʦ ʚʠʨʘʟ ʜʣʷ  ʜʨʫʛʦʾ ʧʦʭʽʜʥʦʾ 
2

1

ot

2

K

K

µ

µ
,  ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʘʥʽʰʝ 

ʦʜʝʨʞʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʽ ʬʦʨʤʫʣʫ (3.2):  

 

)K-sin(K
V

 )V(VVV
}

V

 )]K-cos(KV-[VV 
{

KK

K

214

ot

2

1

2

221

2
ot

21211

1
2

1

ot

2
-

=
µ

µ
=

µ

µ
. 

 

ʇʽʜʩʪʘʚʣʷʶʯʠ ʚ ʦʩʪʘʥʥʽʡ ʚʠʨʘʟ ʬʦʨʤʫʣʠ ʜʣʷ 
11

K  ʽ 
12

K  ʟ (2.4), ʦʜʝʨʞʠʤʦ: 

 

=+=
µ

µ -

)K-arccosɟsin(K
V

 )V(VVV

K

K

24

ot

2

1

2

221

2

1

ot

2

2  

     0 ɟ)sin(arccos
V

 )V(VVV

4

ot

2

1

2

221 >=
-

,  ʧʨʠ  
111

KK = ;   

=-=
µ

µ -

)K-arccosɟsin(K
V

 )V(VVV

K

K

24

ot

2

1

2

221

2

1

ot

2

2  

     0)ɟarccossin(
V

 )V(VVV

4

ot

2

1

2

221 <-=
-

,  ʧʨʠ  
121

KK = .  
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ʗʢ ʚʠʧʣʠʚʘʻ ʟ ʧʨʠʚʝʜʝʥʠʭ ʚʠʨʘʟʽʚ, ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʚʽʜʥʦʩʥʦʛʦ 

ʢʫʨʩʫ ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ 
111

KK = , ʦʩʢʽʣʴʢʠ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʜʨʫʛʘ ʧʦʭʽʜʥʘ 

ʧʦʟʠʪʠʚʥʘ, ʘ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ - ʧʨʠ 
121

KK = , ʢʦʣʠ ʜʨʫʛʘ ʧʦʭʽʜʥʘ 

ʚʽʜ'ʻʤʥʘ. ʊʦʤʫ ʩʧʨʘʚʝʜʣʠʚʽ  ʚʠʨʘʟʠ:  

 

ɟ arccosKK
21min
+=    ʪʘ    ɟ arccosKK

21max
-= . 

 

ɿʥʘʡʜʝʤʦ ʚʠʨʘʟʠ ʜʣʷ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʚʽʜʥʦʩʥʦʛʦ ʢʫʨʩʫ 
otmin

K  ʽ 

otmax
K , ʢʦʨʠʩʪʫʶʯʠʩʴ ʟʘʣʝʞʥʽʩʪʶ (3.1): 

 

                   
2211

2211

ot cosKV-cosKV

sinKV-sinKV
tgK = .                                    (2.5) 

 

ʇʽʜʩʪʘʚʣʷʶʯʠ ʚ (3.5) ʚʠʨʘʟ ʜʣʷ 
1min

K , ʦʜʝʨʞʠʤʦ ʚʠʨʘʟ ʜʣʷ 
otmin

K :  

 

                      
2221

2221
otmin

cosKV-ɟ) arccoscos(KV

sinKV-ɟ) arccossin(KV
tgK

+

+
= .                   (2.6) 

 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ 

2

1

V

V
ɟ= , ʧʝʨʝʪʚʦʨʠʤʦ ʯʠʩʝʣʴʥʠʢ ʦʩʪʘʥʥʴʦʛʦ ʚʠʨʘʟʫ: 

 

=+ 222

2

/22
1

2
2

2

1
1 Ksin  V -]cosK 

V

)V-(V
 sinK

V

V
[V

1

2  

])sinKV-(V -cosK )V-(V[VV 2
2

1
2
22

/22
1

2
21

-1
2

1
= )Ksin(ɣ)V-(V 2

1/22
1

2
2 - , 

 

ʜʝ  ɟarcsinɣ=   -  ʧʦʯʘʪʢʦʚʘ ʬʘʟʘ. 

ɸʥʘʣʦʛʽʯʥʦ ʧʝʨʝʪʚʦʨʠʤʦ ʟʥʘʤʝʥʥʠʢ ʚʠʨʘʟʫ (2.6): 
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222

2

2
1

2
2

2

2

1
12221 cosKV-]sinK

V

)V-(V
cosK

V

V
[VcosKV-ɟ) arccoscos(KV

2

-=+

= 

= )Kcos(ɣ)V-(V 2
1/22

1
2
2 - . 

 

ʇʽʜʩʪʘʚʠʤʦ ʦʜʝʨʞʘʥʽ ʚʠʨʘʟʠ ʜʣʷ ʯʠʩʝʣʴʥʠʢʘ ʽ ʟʥʘʤʝʥʥʠʢʘ ʚ (2.6), 

ʟʥʘʭʦʜʠʤʦ: 

)Kcos(ɣ)V-(V

)Ksin(ɣ)V-(V
tgK

2
/22

1
2
2

2
1/22

1
2
2

otmin 1 -

-
-= , 

 

ʟʚʽʜʢʠ ʦʩʪʘʪʦʯʥʦ ʦʜʝʨʞʠʤʦ: 

)K-tg(ɣtgK 2otmin -= . 

ɼʘʥʝ ʨʽʚʥʷʥʥʷ ʤʘʻ ʜʚʘ ʟʥʘʯʝʥʥʷ: 
 

ɣKK 2otmin1 -=     ʪʘ   ɣKˊK 2otmin2 -+= . 

 

 

ʗʢʱʦ ʚʨʘʭʫʚʘʪʠ, ʱʦ ʫ ʚʽʜʥʦʩʥʦʤʫ ʧʝʨʝʤʽʱʝʥʥʽ ʚʠʙʨʘʥʦ ʥʝʨʫʭʦʤʠʤ 

ʩʫʜʥʦ, ʯʦʤʫ ʚʽʜʧʦʚʽʜʘʻ, ʪʦ ʦʩʪʘʪʦʯʥʦ ʦʜʝʨʞʠʤʦ: 

ɟarcsin KˊK 2otmin -+= . 

ɸʥʘʣʦʛʽʯʥʦ ʟʥʘʭʦʜʠʤʦ ʚʠʨʘʟ ʜʣʷ maxotK , ʷʢʠʡ ʤʘʻ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 

ɟarcsin KˊK 2otmax ++= . 

ʆʪʞʝ, ʟʥʘʯʝʥʥʷ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʚʽʜʥʦʩʥʠʭ ʢʫʨʩʽʚ ʜʣʷ ʚʠʧʘʜʢʫ, ʢʦʣʠ 

ʟʤʽʥʶʻ ʢʫʨʩ ʩʫʜʥʦ 1c , ʰʚʠʜʢʽʩʪʴ ʷʢʦʛʦ ʤʘʻ ʤʝʥʰʝ ʟʥʘʯʝʥʥʷ, ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʥʘʩʪʫʧʥʠʤʠ ʚʠʨʘʟʘʤʠ: 

           ɟarcsin KˊK 2otmin -+=  ʽ ɟarcsin KˊK 2otmax ++= .          (2.7) 
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1
K

2
K  

ot
K  

 ˊK 2+  ɟarccosK
2
+  ɟarccosK

2
-  

ˊK
2
+

otmax
K  

otmin
K  

ˊK
2
-  

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʟʤʽʥʽ ʢʫʨʩʫ 
1

K  ʩʫʜʥʘ 1c  ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 0 ʜʦ 2p 

ʚʽʜʥʦʩʥʠʡ ʢʫʨʩ otK  ʧʨʠʡʤʘʪʠʤʝ ʟʥʘʯʝʥʥʷ ʟ ʜʽʘʧʘʟʦʥʫ [
otmin

K , maxotK ], ʷʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.7.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1c  

 

 

 

 

 

 

ʈʠʩ.2.7. ɿʘʣʝʞʥʽʩʪʴ ʚʽʜʥʦʩʥʦʛʦ ʢʫʨʩʫ otK  ʚʽʜ ʢʫʨʩʫ ʩʫʜʥʘ 

ʅʘ ʨʠʩ. 2.8 ʧʦʢʘʟʘʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜʥʦʩʥʦʛʦ ʢʫʨʩʫ otK  ʚʽʜ ʢʫʨʩʫ 1K  

ʩʫʜʥʘ 1c , ʧʨʠ ʮʴʦʤʫ  ʧʨʠʡʥʷʪʽ ʥʘʩʪʫʧʥʽ ʧʘʨʘʤʝʪʨʠ ʨʫʭʫ 10V
1
=  ʚʫʟʣʽʚ, 

20V
2
=  ʚʫʟʣʽʚ ʽ =

2
K 0ę.    

1
K

2
K  

ot
K  

 ˊK 2+  ɟarccosK
2
+

 

ɟarccosK
2
-  

ˊK
2
+  

otmax
K  

otmin
K  

ˊK
2
-  
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ʅʘ ʧʨʠʚʝʜʝʥʦʤʫ ʨʠʩʫʥʢʫ ʧʨʠʡʥʷʪʽ ʥʘʩʪʫʧʥʽ ʧʦʟʥʘʯʝʥʥʷ ʢʫʨʩʫ 1K  ʩʫʜʥʘ 

1c  ʽ ʚʽʜʥʦʩʥʦʛʦ ʢʫʨʩʫ otK : 

ˊKK
221
-= , 

222
KK = , ɟarccosKK

223
-= ,  ɟarccosKK

224
+= , 

ˊKK
2ot1
+= ,   ˊKK

2ot2
+= ,  ɟarcsinKˊK

2ot3
++= ,  

ɟarcsinKˊK
2ot4
-+= . 

ɿʘʣʝʞʥʽʩʪʴ ʚʽʜʥʦʩʥʦʾ ʰʚʠʜʢʦʩʪʽ otV  ʚʽʜ ʢʫʨʩʫ 
1

K  ʧʨʠ ʪʠʭ ʞʝ ʧʘʨʘʤʝʪʨʘʭ 

ʨʫʭʫ ʧʦʢʘʟʘʥʘ ʥʘ ʤʘʣ. 2.9. ʇʨʠ ʮʴʦʤʫ:  

221
KK = , ˊKK

222
+= , 

2

ɟ
arccosKK

123
-= ,    

2

ɟ
arccosKK

124
+=  

12ot1 VVV -= , 12ot2 VVV +=  ʽ  2ot3 VV = . 

 

ʈʦʟʛʣʷʥʝʤʦ ʥʘʩʪʫʧʥʠʡ ʚʠʧʘʜʦʢ ʫ ʨʘʟʽ, ʢʦʣʠ ʰʚʠʜʢʦʩʪʽ ʩʫʜʝʥ ʨʽʚʥʽ, ʪʦʙʪʦ 

12 VV = , ʪʦ ʥʝʟʘʣʝʞʥʦ ʚʽʜ  ʪʦʛʦ, ʷʢʝ  ʟ  ʩʫʜʝʥ  1c  ʘʙʦ  2c  ʟʤʽʥʶʻ  ʢʫʨʩ,  

ʟʘʣʝʞʥʽʩʪʴ  ʚʽʜʥʦʩʥʦʛʦ ʢʫʨʩʫ  otK  ʚʽʜ ʽʩʪʠʥʥʦʛʦ ʢʫʨʩʫ oK  ʩʫʜʥʘ, ʷʢʝ 

ʤʘʥʝʚʨʫʻ, ʧʨʠʯʦʤʫ ʯʝʨʝʟ cK  ʧʦʟʥʘʯʝʥʠʡ ʢʫʨʩ ʩʫʜʥʘ, ʱʦ ʟʙʝʨʽʛʘʻ ʧʘʨʘʤʝʪʨʠ 

ʨʫʭʫ, ʤʦʞʥʘ ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʪʘʢʠʤ ʯʠʥʦʤ. 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 2.8. ɿʘʣʝʞʥʽʩʪʴ ʚʽʜʥʦʩʥʦʛʦ ʢʫʨʩʫ otK  ʚʽʜ ʢʫʨʩʫ ʩʫʜʥʘ 1K  
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ʈʠʩ. 2.9. ɿʘʣʝʞʥʽʩʪʴ ʚʽʜʥʦʩʥʦʛʦ ʢʫʨʩʫ otV  ʚʽʜ ʢʫʨʩʫ ʩʫʜʥʘ 1K  

ɿʤʽʥʘ ʢʫʨʩʫ ʩʫʜʥʘ oK  ʚʽʜ 0 ʜʦ 2p, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ   ʨʠʩ. 2.10, ʚʽʜʥʦʩʥʠʡ 

ʢʫʨʩ ʧʨʠʡʤʘʻ ʟʥʘʯʝʥʥʷ ]ˊ/23Kˊ/2,[KK
ccot ++Í , ʧʨʠʯʦʤʫ ʧʨʠ co KK =  

ʚʽʜʥʦʩʥʠʡ ʢʫʨʩ otK  ʩʪʨʠʙʢʦʧʦʜʽʙʥʦ ʟʤʽʥʶʻʪʴʩʷ ʥʘ 180ę.  

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

ʈʠʩ. 2.10. ɿʘʣʝʞʥʽʩʪʴ ʚʽʜʥʦʩʥʦʛʦ ʢʫʨʩʫ otK  ʚʽʜ ʢʫʨʩʫ ʩʫʜʥʘ oK  ʧʨʠ ɟ =1   

o
K  

c
K  

ot
K  

ˊK
c
+  ˊK

c
-  

ˊK
c
+  

ˊ/23K
c
+  

ˊ/2K
c
+  
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ʅʘ ʨʠʩ. 2.11 ʧʦʢʘʟʘʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜʥʦʩʥʦʾ ʰʚʠʜʢʦʩʪʽ otV  ʚʽʜ ʢʫʨʩʫ 

ʩʫʜʥʘ oK  ʧʨʠ p =1, ʧʨʠʯʦʤʫ ʧʨʠʡʥʷʪʽ ʥʘʩʪʫʧʥʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ  ʨʫʭʫ 

20V
1
=  ʚʫʟʣʽʚ, 20V

2
=  ʚʫʟʣʽʚ ʽ =

2
K 180ę. 

ɿʥʘʡʜʝʤʦ ʘʥʘʣʽʪʠʯʥʠʡ ʚʠʨʘʟ ʟʘʣʝʞʥʦʩʪʽ ʽʩʪʠʥʥʠʭ ʢʫʨʩʽʚ ʩʫʜʝʥ 1c  ʽ 2c  

ʚʽʜ ʚʽʜʥʦʩʥʦʛʦ ʢʫʨʩʫ otK . ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʚʠʨʘʟ (2.5): 

 

ccoo

ccoo

ot cosKV-cosKV

sinKV-sinKV
tgK = , 

 

ʜʝ oV  ʽ oK  - ʧʘʨʘʤʝʪʨʠ ʨʫʭʦʤʦʛʦ ʫ ʚʽʜʥʦʩʥʦʤʫ ʧʝʨʝʤʽʱʝʥʽ ʩʫʜʥʘ; 

       cV  ʽ cK  - ʧʘʨʘʤʝʪʨʠ ʥʝʨʫʭʦʤʦʛʦ ʫ ʚʽʜʥʦʩʥʦʤʫ ʧʝʨʝʤʽʱʝʥʽ ʩʫʜʥʘ. 

ɿ ʦʩʪʘʥʥʴʦʛʦ ʚʠʨʘʟʫ ʦʜʝʨʞʠʤʦ: 

 

ccooccooot sinKV-sinKV)cosKV-cosKV(K tg = ,  

ʟʚʽʜʢʠ 

ccoootccotoo sinKV-sinKVK tgcosKV-K tgcosKV = , 

ccotccoootoo sinKV-K tgcosKVsinKV-K tgcosKV = , 

ʘʙʦ 

)sinK-K tg(cosKV)sinK-K tg(cosKV cotccootoo = . 

 

ʗʢʱʦ ʧʝʨʝʤʥʦʞʠʪʠ ʦʙʠʜʚʽ ʯʘʩʪʠʥʠ ʦʩʪʘʥʥʴʦʛʦ ʨʽʚʥʷʥʥʷ ʥʘ -1, 

ʦʜʝʨʞʠʤʦ: 

)K tgcosK-(sinKV)K tgcosK-(sinKV otcccotooo = . 

ʇʝʨʝʧʠʰʝʤʦ ʦʩʪʘʥʥʽʡ ʚʠʨʘʟ ʫ ʚʠʛʣʷʜʽ: 

 

)K tgcosK-(sinKɟK tgcosK-sinK otcc
-1

otoo = , 

ʜʝ 
c

o

V

V
ɟ= . 

ʇʝʨʝʤʥʦʞʠʤʦ ʦʩʪʘʥʥʶ ʨʽʚʥʽʩʪʴ ʥʘ otcosK   ̔ ʦʜʝʨʞʠʤʦ:  
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ʈʠʩ. 2.11. ɿʘʣʝʞʥʽʩʪʴ ʚʽʜʥʦʩʥʦʛʦ ʢʫʨʩʫ otV  ʚʽʜ ʢʫʨʩʫ ʩʫʜʥʘ oK  ʧʨʠ ɟ =1 

 

)Ksin cosK-K cos(sinKɟKsin cosK-K cossinK otcotc
-1

otooto = , 

 

ʘʙʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʝʣʝʤʝʥʪʘʨʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʟʥʘʭʦʜʠʤʦ: 

 

)K -sin(Kɟ)K -sin(K otc
-1

oto = . 

                           

ɼʘʥʝ ʨʽʚʥʷʥʥʷ ʤʘʻ ʜʚʘ ʨʽʰʝʥʥʷ: 

 

               )]K-sin(K[parcsin K    K otc
-1

oto1 += ,                           (2.8) 

 

               )]K-sin(K[parcsin ˊK    K otc
-1

oto2 -+= .                       (2.9)  

      

                            

ɿ ʘʥʘʣʽʟʫ ʨʠʩ. 2.6 ʚʠʜʥʦ, ʱʦ ʦʜʥʝ ʟ ʦʜʝʨʞʘʥʠʭ ʨʽʰʝʥʴ ʤʘʻ ʤʽʩʮʝ ʧʨʠ 

0
K

K

o

ot >
µ

µ
, ʘ ʜʨʫʛʝ ï ʚ ʽʥʘʢʰʦʤʫ ʚʠʧʘʜʢʫ. ʊʦʤʫ ʩʣʽʜ ʚʩʪʘʥʦʚʠʪʠ ʚʽʜʧʦʚʽʜʥʽʩʪʴ 
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ʤʽʞ ʟʥʘʯʝʥʥʷʤʠ ʟʥʘʢʫ ʚʠʨʘʟʫ 
o

ot

K

K

µ

µ
 ʽ ʦʜʝʨʞʘʥʠʤʠ ʨʽʰʝʥʥʷʤʠ o1K  ʽ  o2K . ɼʣʷ 

ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʟʥʘʢʠ ʧʦʭʽʜʥʠʭ 
o1

ot

K

K

µ

µ
 ʽ 

o2

ot

K

K

µ

µ
.  

ɿʥʘʡʜʝʤʦ ʚʠʨʘʟ ʜʣʷ ʧʦʭʽʜʥʦʾ 
o1

ot

K

K

µ

µ
, ʜʣʷ ʯʦʛʦ ʨʽʚʥʷʥʥʷ (2.8) 

ʜʠʬʝʨʝʥʮʽʶʻʤʦ ʧʦ ʟʤʽʥʥʽʡ o1K : 

 

o1

ot

otc
22

otc
1

o1

ot

K

K

)K-(Ksinɟ-1

)K-(Kcosɟ

K

K
1

µ

µ
+

µ

µ
=

-

-

,   ʘʙʦ 

 

11

otc
22

otc
1

o1

ot )q1(]
)K-(Ksinɟ-1

)K-(Kcosɟ
1[

K

K --

-

-

+=+=
µ

µ
, 

 

ʜʝ 
)K-(Ksinɟ-1

)K-(Kcosɟ
q

otc
22

otc
1

-

-

= . 

ʊʘʢʠʤ ʯʠʥʦʤ, 1

o1

ot )q1(
K

K -+=
µ

µ
. 

ɸʥʘʣʽʟ ʚʠʨʘʟʫ ʜʣʷ q ʧʦʢʘʟʫʻ, ʱʦ ʧʨʠ  ɟ >1 ʤʦʜʫʣʴ  ʟʥʘʯʝʥʥʷ q  ʥʝ 

ʧʝʨʝʚʝʨʰʫʻ 1 ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʟʥʘʯʝʥʴ ʨʝʰʪʠ ʟʤʽʥʥʠʭ. ʆʪʞʝ,  ʥʝʟʘʣʝʞʥʦ ʚʽʜ 

ʟʥʘʢʫ q ʩʧʨʘʚʝʜʣʠʚʘ ʨʽʚʥʽʩʪʴ 0
K

K

o1

ot >
µ

µ
.   

ɿʥʘʡʜʝʤʦ ʚʠʨʘʟ ʜʣʷ ʧʦʭʽʜʥʦʾ 
o2

ot

K

K

µ

µ
, ʜʣʷ ʮʴʦʛʦ ʨʽʚʥʷʥʥʷ (2.9) 

ʜʠʬʝʨʝʥʮʽʶʻʤʦ ʧʦ o2K : 

 

o2

ot

otc
22

otc
1

o2

ot

K

K

)K-(Ksinɟ-1

)K-(Kcosɟ

K

K
1

µ

µ
-

µ

µ
=

-

-

,   ʘʙʦ 

 

11

otc
22

otc
1

o2

ot )q1(]
)K-(Ksinɟ-1

)K-(Kcosɟ
1[

K

K --

-

-

-=-=
µ

µ
,  ʪʦʤʫ 

                                                           
1

o2

ot )q1(
K

K --=
µ

µ
.                               (2.10) 
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ʋ ʚʠʧʘʜʢʫ ɟ <1 ʢʫʨʩʠ ʩʫʜʥʘ, ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʽʥʪʝʨʚʘʣʽ ʚʽʜ ɟarccos
c

K -  ʜʦ 

ɟarccosK
c
+ , ʧʨʠ  ʷʢʠʭ 0

K

K

o

ot <
µ

µ
, ʥʘʟʠʚʘʪʠʤʝʤʦ ʧʦʧʫʪʥʠʤʠ, ʘ ʽʥʰʽ, ʜʣʷ ʷʢʠʭ 

0
K

K

o

ot >
µ

µ
, - ʟʫʩʪʨʽʯʥʠʤʠ. 

ʗʢ ʧʦʢʘʟʫʻ ʘʥʘʣʽʟ ʚʠʨʘʟʫ (2.10), ʧʦʭʽʜʥʘ 0
K

K

o2

ot <
µ

µ
 ʫ ʚʠʧʘʜʢʫ ɟ <1 ʽ ʧʨʠ 

ʧʣʘʚʘʥʥʽ ʩʫʜʥʘ ʧʦʧʫʪʥʠʤʠ ʢʫʨʩʘʤʠ. ɿʚʝʨʪʘʻʤʦ ʫʚʘʛʫ, ʱʦ ʧʨʠ ʧʦʧʫʪʥʠʭ 

ʢʫʨʩʘʭ ʚʽʜʥʦʩʥʝ ʫʭʠʣʝʥʥʷ D ʚʽʜôʻʤʥʝ, ʪʦʙʪʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʫʨʩʫ ʩʫʜʥʘ 

ʚʽʜʥʦʩʥʠʭ ʢʫʨʩ ʟʤʝʥʰʫʻʪʴʩʷ ʽ ʥʘʚʧʘʢʠ. ɿʫʩʪʨʽʯʥʽ ʢʫʨʩʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʧʦʟʠʪʠʚʥʠʤ ʟʥʘʯʝʥʥʷʤ D. 

    ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʩʫʜʥʘ ʟ ʙʽʣʴʰʦʶ ʰʚʠʜʢʽʩʪʶ 2c  ʤʘʻ ʤʽʩʮʝ ɟ >1 ʽ 

ʽʩʥʫʻ ʦʜʥʦʟʥʘʯʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ  ʤʥʦʞʠʥʠ ʚʽʜʥʦʩʥʠʭ ʢʫʨʩʽʚ ʚ ʤʥʦʞʠʥʫ 

ʽʩʪʠʥʥʠʭ ʢʫʨʩʽʚ ʩʫʜʥʘ 2c , ʦʩʢʽʣʴʢʠ ʟʥʘʢ ʧʝʨʰʦʾ ʧʦʭʽʜʥʦʾ   0
K

K

2

ot >
µ

µ
 ʜʣʷ ʚʩʽʭ  

ʟʥʘʯʝʥʴ  ʢʫʨʩʫ ʩʫʜʥʘ, ʧʨʠʯʦʤʫ ʟʘʣʝʞʥʽʩʪʴ ʤʘʻ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 

 

)]K-sin(K[parcsin K    K ot1
-1

ot2 += . 

 

ʋ ʨʘʟʽ ʩʫʜʥʘ ʟ ʤʝʥʰʦʶ ʰʚʠʜʢʽʩʪʶ 1c  ʟʥʘʯʝʥʥʷ   ɟ  < 1 (ʨʠʩ. 2.12) ʽ  

ʚʽʜʦʙʨʘʞʝʥʥʷ ʤʥʦʞʠʥʠ ʚʽʜʥʦʩʥʠʭ ʢʫʨʩʽʚ ʫ ʤʥʦʞʠʥʫ ʽʩʪʠʥʥʠʭ ʢʫʨʩʽʚ ʩʫʜʥʘ 

1c  ʥʝ ʻ ʦʜʥʦʟʥʘʯʥʠʤ, ʦʩʢʽʣʴʢʠ ʧʝʨʰʘ ʧʦʭʽʜʥʘ  
1

ot

K

K

µ

µ
 ʤʦʞʝ ʤʘʪʠ ʷʢ 

ʧʦʟʠʪʠʚʥʠʡ, ʪʘʢ ʽ ʚʽʜôʻʤʥʠʡ ʟʥʘʢʠ, ʪʦʙʪʦ ʢʦʞʥʦʤʫ ʚʽʜʥʦʩʥʦʤʫ ʢʫʨʩʫ,  ʦʢʨʽʤ 

ʝʢʩʪʨʝʤʘʣʴʥʠʭ, ʚʽʜʧʦʚʽʜʘʻ ʜʚʘ ʟʥʘʯʝʥʥʷ  11K  ʽ  12K  ʽʩʪʠʥʥʦʛʦ ʢʫʨʩʫ ʩʫʜʥʘ 1c .  

ʇʨʠʯʦʤʫ ʩʧʨʘʚʝʜʣʠʚʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 
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ʈʠʩ. 2.12. ɺʽʜʧʦʚʽʜʥʽʩʪʴ ʤʽʞ ʚʽʜʥʦʩʥʠʤ otK  ʽ ʽʩʪʠʥʥʠʤ ʢʫʨʩʘʤʠ 1K  

 

 

      )]K-sin(K[parcsin K    K ot2
-1

ot11 += , ʧʨʠ  D > 0, 

)]K-sin(K[parcsin ˊK    K ot2
-1

ot12 -+= , ʧʨʠ  D < 0. 

 

ʋ ʨʘʟʽ, ʢʦʣʠ  ʰʚʠʜʢʦʩʪʽ ʩʫʜʝʥ ʨʽʚʥʽ, ʪʦʙʪʦ ɟ =1, ʦʜʝʨʞʠʤʦ: 

 

 

oto 2K    K = + p - cK . 

 

ʈʦʟʛʣʷʥʝʤʦ ʝʣʝʤʝʥʪʘʨʥʫ ʛʨʫʧʫ ʩʫʜʝʥ 
12

S  ʟ ʧʦʟʠʮʽʡ ʙʝʟʧʝʯʥʦʛʦ ʨʫʭʫ ʜʣʷ 

ʧʦʧʝʨʝʜʞʝʥʥʷ ʟʽʪʢʥʝʥʥʷ. ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʟʽʪʢʥʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʪʦʤʫ ʨʘʟ,̔ 

otK  

12K  

11K  

1V  

2V
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ʢʦʣʠ ʜʠʩʪʘʥʮʽʷ ʤʽʞ ʨʫʭʦʤʠʤʠ ʩʫʜʥʘʤʠ ʟʽʩʪʘʚʥʘ ʟ ʾʭ ʛʘʙʘʨʠʪʘʤʠ. ʅʘ ʩʫʜʥʽ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦʪʦʯʥʠʡ ʢʦʥʪʨʦʣʴ ʽ  ʧʨʦʛʥʦʟ ʟʥʘʯʝʥʥʷ ʜʠʩʪʘʥʮʽʾ ʥʘʡʢʦʨʦʪʰʦʛʦ 

ʟʙʣʠʞʝʥʥʷ 
min

D  (ʨʠʩ. 2.13) ʽ ʟʽʩʪʘʚʣʷʻʪʴʩʷ ʟ ʛʨʘʥʠʯʥʦ-ʜʦʧʫʩʪʠʤʦʶ 

ʜʠʩʪʘʥʮʽʻʶ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʙʝʟʧʝʯʥʝ ʨʦʟʭʦʜʞʝʥʥʷ.  

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʘ: 

                             )Ksin(DD otmin
Ŭn -D= ,                            (2.11) 

 

ʜʝ nD  - ʩʧʽʚʤʥʦʞʥʠʢ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʦʟʠʪʠʚʥʝ ʟʥʘʯʝʥʥʷ 
min

D . 

ʄʦʤʝʥʪ ʯʘʩʫ ʜʦʩʷʛʥʝʥʥʷ ʟʥʘʯʝʥʥʷ 
min

D , - ʯʘʩ ʥʘʡʢʦʨʦʪʰʦʛʦ ʟʙʣʠʞʝʥʥʷ 

min
T , ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʦʤ: 

ot

ot

V

)K(Dcos
T

min

Ŭ-
= . 

 

ɿʥʘʡʜʝʤʦ ʧʦʪʦʯʥʽ ʟʥʘʯʝʥʥʷ ʜʠʩʪʘʥʮʽʾ 
mint

D  ʽ ʯʘʩʫ 
mint

T  ʥʘʡʢʦʨʦʪʰʦʛʦ 

ʟʙʣʠʞʝʥʥʷ ʚ ʜʦʚʽʣʴʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ, ʧʨʠ ʫʤʦʚʽ, ʱʦ ʧʘʨʘʤʝʪʨʠ ʨʫʭʫ ʩʫʜʝʥ ʻ 

ʥʝʟʤʽʥʥʠʤʠ, ʪʦʙʪʦ 
ot

K  ʽ 
ot

V  ʧʦʩʪʽʡʥʽ. 

ɿʽ ʟʤʽʥʦʶ ʯʘʩʫ ʤʽʥʷʶʪʴʩʷ ʧʦʪʦʯʥʽ ʟʥʘʯʝʥʥʷ ʧʝʣʝʥʛʘ tŬ ʽ ʜʠʩʪʘʥʮʽʾ tD . ɿ 

ʨʠʩ. 2.13 ʚʠʭʦʜʠʪʴ: 

 

                                )Ŭtcos(KDV2DtVD
ototot

222
t --+= ,                (2.12) 

t

min
t

D

D
arcsinKŬ

ot
+= ,  

ʘ ʪʘʢʦʞ 

t

minot
t

D

t)(TV
arccosKŬ

ot

-
+= . 

ʊʦʤʫ )ŬKsin(DD tottmint
-=  ʽ, ʧʽʜʩʪʘʚʣʷʶʯʠ ʧʝʨʰʠʡ ʚʠʨʘʟ ʜʣʷ tŬ, 

ʦʜʝʨʞʠʤʦ:   
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ʈʠʩ. 2.13. ɼʦ ʚʠʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥ D# ʽ 
min

D  

min
t

min
ott D)

D

D
arcsinKKsin(DD

otmint
=--= . 

 

ʋ ʩʚʦʶ ʯʝʨʛʫ, 
ot

tott

V

)K(cosD
T

mint

Ŭ-
=  ʘʙʦ, ʧʽʜʩʪʘʚʣʷʶʯʠ ʜʨʫʛʠʡ ʚʠʨʘʟ 

ʜʣʷ tŬ, ʦʜʝʨʞʠʤʦ:   

tT
V

]
D

t)(TV
arccosKcos[KD

T min
ot

t

minot
otott

mint
-=

-
--

= . 

 

1c  

2c  

Ŭ, D  

ot
K

 

min
D  

ot
V  D# 

min
T  

tD  

tŬ  

t  



  80  

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ 
min

Tt<  ʽ ʥʝʟʤʽʥʥʠʭ ʧʘʨʘʤʝʪʨʘʭ ʨʫʭʫ ʦʙʦʭ ʩʫʜʝʥ 

ʜʠʩʪʘʥʮʽʷ ʥʘʡʢʦʨʦʪʰʦʛʦ ʟʙʣʠʞʝʥʥʷ ʟʘʣʠʰʘʻʪʴʩʷ ʧʦʩʪʽʡʥʦʶ, ʘ ʯʘʩ 

ʥʘʡʢʦʨʦʪʰʦʛʦ ʟʙʣʠʞʝʥʥʷ ʟʤʝʥʰʫʻʪʴʩʷ, ʦʙʝʨʪʘʶʯʠʩʴ ʚ 0, ʷʢʱʦ 
min

Tt= . 

ɿ ʧʦʛʣʷʜʫ ʙʝʟʧʝʢʠ ʨʦʟʭʦʜʞʝʥʥʷ ʤʥʦʞʠʥʫ ʩʪʘʥʽʚ ʩʠʩʪʝʤʠ 
12

S  ʤʦʞʥʘ 

ʨʦʟʜʽʣʷʪʠ ʥʘ ʧʽʜʤʥʦʞʠʥʠ ʧʦ ʨʽʟʥʠʭ ʦʟʥʘʢʘʭ. ʇʝʨʰʦʶ ʦʟʥʘʢʦʶ ʤʦʞʣʠʚʦʛʦ 

ʟʽʪʢʥʝʥʥʷ ʩʫʜʝʥ ʻ ʾʭ ʟʙʣʠʞʝʥʥʷ. ʊʦʤʫ ʤʥʦʞʠʥʘ ʩʪʘʥʽʚ  ʩʠʩʪʝʤʠ 
12

S  ʤʦʞʥʘ 

ʨʦʟʜʽʣʠʪʠ ʥʘ ʧʽʜʤʥʦʞʠʥʫ ʩʫʜʝʥ, ʷʢʽ ʟʙʣʠʞʫʶʪʴʩʷ, ʽ ʧʽʜʤʥʦʞʠʥʫ ʩʫʜʝʥ, ʱʦ 

ʚʽʜʜʘʣʷʶʪʴʩʷ. ʇʘʨʘʤʝʪʨʦʤ ʜʘʥʦʾ ʦʟʥʘʢʠ ʻ ʰʚʠʜʢʽʩʪʴ ʟʤʽʥʠ ʚʽʜʩʪʘʥʽ ʤʽʞ 

ʩʫʜʥʘʤʠ D#.  

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʫ ʚʽʜʥʦʩʥʦʤʫ ʨʫʩʽ ʥʝʨʫʭʦʤʠʤ ʻ ʩʫʜʥʦ 2c , ʪʦ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʨʠʩ. 3.13 ʦʜʝʨʞʠʤʦ:  

     )Kcos(ŬVD otot --=# .  

 

ɿʚʝʨʪʘʻʤʦ ʫʚʘʛʫ, ʱʦ ʧʨʠ ʟʙʣʠʞʝʥʥʽ ʩʫʜʝʥ 0D<# , ʱʦ ʩʧʨʘʚʝʜʣʠʚʦ ʧʨʠ 

2/́KŬ0 ot<-¢ . ʆʩʢʽʣʴʢʠ ʨʽʚʥʽʩʪʴ 2/́KŬ ot=-  ʤʘʻ ʤʽʩʮʝ ʫ ʤʦʤʝʥʪ ʯʘʩʫ 

min
Tt= , ʪʦ ʜʦ ʤʦʤʝʥʪʫ ʯʘʩʫ 

min
T  ʟʥʘʢ D#̒  ʥʝʟʤʽʥʥʠʤ. 

ʊʘʢ ʷʢ ʰʚʠʜʢʦʩʪʽ ʩʫʜʝʥ 
1

V  ʽ 
2

V  ʻ ʥʝʟʤʽʥʥʠʤʠ, ʨʦʟʛʣʷʥʝʤʦ ʟʘʣʝʞʥʽʩʪʴ 

ʰʚʠʜʢʦʩʪʽ D# ʚʽʜ ʢʫʨʩʽʚ ʩʫʜʝʥ 
1

K  ʽ 
2

K . ɿ ʦʩʪʘʥʥʴʦʛʦ ʚʠʨʘʟʫ ʦʜʝʨʞʠʤʦ: 

                                ]ŬsinKsinŬcosK[cosVD ototot +-=# .              (2.13) 

 

 

ɺʨʘʭʦʚʫʶʯʠ ʚʠʨʘʟ (3.5), ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ: 

ot

2211

2
2211

2
2211

2211
ot

V

sinKVsinKV

)cosKVcosKV()sinKVsinKV(

sinKVsinKV
sinK

-
=

-+-

-
= , 

ot

2211
ot

V

cosKVcosKV
cosK

-
= . 

 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʮʴʦʛʦ ʚʠʨʘʟ (2.13) ʧʨʠʡʤʘʻ ʚʠʛʣʷʜ: 
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]Ŭsin)sinKVsinK(VŬcos)cosKVcosKV[(D 22112211 -+--=# . 

 

ʈʦʟʢʨʠʻʤʦ ʜʫʞʢʠ ʽ ʛʨʫʧʫʻʤʦ: 

 

Ŭ)]sinsinKŬcos(cosKV-Ŭ)sinsinKŬcoscosK(V[D 222111 ++-=# ,  

ʘʙʦ 

 

)]-Kcos(V)-Kcos(V[D 2211 aa--=# . 

ʆʩʪʘʪʦʯʥʦ ʚʠʨʘʟ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʤʽʥʠ ʜʠʩʪʘʥʮʽʾ D# ʤʘʻ ʚʠʛʣʷʜ: 

)-Kcos(V)-Kcos(VD 1122 aa-=# . 

ʈʦʟʜʽʣʝʥʥʷ ʥʘ ʧʽʜʤʥʦʞʠʥʠ ʩʫʜʝʥ, ʱʦ ʟʙʣʠʞʫʶʪʴʩʷ ʽ ʚʽʜʜʘʣʷʶʪʴʩʷ, 

ʧʨʦʚʦʜʠʪʴʩʷ ʧʦ ʤʝʞʽ ʧʘʨ ʢʫʨʩʽʚ (
1

K , 
2

K ), ʧʨʠ ʷʢʠʭ 0D=# , ʯʦʤʫ ʚʽʜʧʦʚʽʜʘʻ 

ʨʽʚʥʷʥʥʷ: 

0)-Kcos(V)-Kcos(V 1122 =- aa ,  

ʘʙʦ 

)-Kcos(V)-Kcos(V 1122 aa= . 

ɿ ʦʩʪʘʥʥʴʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚʠʭʦʜʠʪʴ: 

              )-Kcos(
V

V
)-Kcos( 1

2

1
2 aa= ,    

ʟʚʽʜʢʠ 

                                  )]-Kcos(
V

V
arccos[K 1

2

1
21 aa+= ,                   (2.14) 

                                    )]-Kcos(
V

V
arccos[K 1

2

1
22 aa-= .            (2.15) 

ɺʠʨʘʟʠ (2.14) ʽ (2.15) ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʤʝʞʽ ʤʽʞ ʦʙʣʘʩʪʷʤʠ ʟʙʣʠʞʝʥʥʷ ʽ 

ʚʽʜʜʘʣʝʥʥʷ ʩʫʜʝʥ. ɺʦʥʠ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 2.14, ʧʨʠʯʦʤʫ ʦʙʣʘʩʪʴ ʫʩʝʨʝʜʠʥʽ ʤʝʞ 
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ʚʽʜʧʦʚʽʜʘʻ ʩʠʪʫʘʮʽʾ ʟʙʣʠʞʝʥʥʶ ʩʫʜʝʥ. ʄʝʞʽ ʨʦʟʨʘʭʦʚʘʥʽ ʜʣʷ ʧʘʨʘʤʝʪʨʽʚ 

10V
1
=  ʚʫʟ., 20V

2
=  ʚʫʟ., a= 0ę.  

 
 

ʈʠʩ. 2.14. ʄʝʞʽ ʦʙʣʘʩʪʽ ʟʙʣʠʞʝʥʥʷ ʩʫʜʝʥ ʧʨʠ 
12

VV >  

 

ʇʨʠ ʟʙʣʠʞʝʥʥʽ ʩʫʜʝʥ (0D<# ) ʩʣʽʜ ʟ'ʷʩʫʚʘʪʠ, ʯʠ ʽʩʥʫʻ ʥʝʙʝʟʧʝʢʘ 

ʟʽʪʢʥʝʥʥʷ, ʪʦʙʪʦ  ʩʠʪʫʘʪʠʚʥʝ ʟʙʫʨʝʥʥʷ. ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʧʦʨʽʚʥʷʪʠ 

ʧʨʦʛʥʦʟʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʜʠʩʪʘʥʮʽʾ ʥʘʡʢʦʨʦʪʰʦʛʦ ʟʙʣʠʞʝʥʥʷ  
min

D ʟ ʛʨʘʥʠʯʥʦ-

ʜʦʧʫʩʪʠʤʦʶ ʜʠʩʪʘʥʮʽʻʶ dD , ʟʥʘʯʝʥʥʷ ʷʢʦʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʦʨʤʦʶ ʽ ʨʦʟʤʽʨʘʤʠ 

ʩʫʜʥʦʚʦʾ ʙʝʟʧʝʯʥʦʾ ʦʙʣʘʩʪʽ. 
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2.5. ɺʠʩʥʦʚʢʠ ʟʘ ʜʨʫʛʠʤ ʨʦʟʜʽʣʦʤ  

 

ɼʨʫʛʠʡ ʨʦʟʜʽʣ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʧʨʠʩʚʷʯʝʥʠʡ ʚʠʙʦʨʫ ʪʝʤʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʡʦʛʦ ʦʩʥʦʚʥʠʤ ʥʘʧʨʷʤʘʤ. ʋ ʨʦʟʜʽʣʽ ʥʘʚʝʜʝʥʘ ʪʝʭʥʦʣʦʛʽʯʥʘ 

ʢʘʨʪʘ ʨʦʙʦʪʠ, ʚ ʷʢʽʡ ʧʦʢʘʟʘʥʘ ʤʝʪʦʜʦʣʦʛʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʜʠʩʝʨʪʘʮʽʾ ʽ ʥʘʚʝʜʝʥʦ 

ʾʾ ʤʝʪʦʜʦʣʦʛʽʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ. 

 ʋ ʪʝʭʥʦʣʦʛʽʯʥʽʡ ʢʘʨʪʽ ʚʢʘʟʘʥʘ ʤʝʪʘ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ 

ʧʨʝʜʩʪʘʚʣʝʥʝ ʡʦʛʦ ʛʦʣʦʚʥʝ ʟʘʚʜʘʥʥʷ, ʧʨʠʯʦʤʫ ʟʜʽʡʩʥʝʥʘ ʾʾ ʜʝʢʦʤʧʦʟʠʮʽʷ ʥʘ 

ʪʨʠ ʥʝʟʘʣʝʞʥʽ ʩʢʣʘʜʦʚʽ ʟʘʚʜʘʥʥʷ. ʉʬʦʨʤʫʣʴʦʚʘʥʘ ʽ ʧʽʜʪʚʝʨʜʞʝʥʘ ʨʦʙʦʯʘ 

ʛʽʧʦʪʝʟʘ ʥʘʫʢʦʚʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʧʦʢʘʟʘʥʦ, ʱʦ ʧʽʜ ʯʘʩ ʨʽʰʝʥʥʷ ʥʝʟʘʣʝʞʥʠʭ 

ʩʢʣʘʜʦʚʠʭ ʟʘʚʜʘʥʴ ʦʪʨʠʤʘʥʽ ʚʽʜʧʦʚʽʜʥʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ 

ʨʦʙʦʪʠ.  

ʋ ʜʨʫʛʦʤʫ ʨʦʟʜʽʣʽ ʪʘʢʦʞ ʧʦʢʘʟʘʥʽ ʟʥʘʯʫʱʽʩʪʴ ʽ ʧʨʘʢʪʠʯʥʘ ʮʽʥʥʽʩʪʴ 

ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʘ ʪʘʢʦʞ ʩʬʦʨʤʫʣʴʦʚʘʥʝ ʦʩʥʦʚʥʝ ʥʘʫʢʦʚʝ 

ʧʦʣʦʞʝʥʥʷ ʨʦʙʦʪʠ. ʅʘʚʝʜʝʥʦ ʢʦʨʦʪʢʫ ʤʝʪʦʜʠʢʫ ʨʦʟʚôʷʟʘʥʥʷ ʜʦʧʦʤʽʞʥʠʭ 

ʟʘʜʘʯ, ʧʦʩʪʘʚʣʝʥʠʭ ʫ ʨʦʙʦʪʽ, ʧʨʠʯʦʤʫ ʚʦʥʘ ʦʧʠʩʫʻ ʦʩʥʦʚʥʽ ʝʪʘʧʠ ʚʠʢʦʥʘʥʥʷ 

ʥʘʫʢʦʚʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʾ ʽ ʻ ʫʟʘʛʘʣʴʥʝʥʠʤ ʘʣʛʦʨʠʪʤʦʤ 

ʚʠʢʦʥʘʥʥʷ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢʠʡ ʚʢʣʶʯʘʻ ʪʝʦʨʝʪʠʯʥʽ ʨʦʟʨʦʙʢʠ ʽ 

ʧʨʦʚʝʜʝʥʥʷ ʽʤʽʪʘʮʽʡʥʦʛʦ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ.     

ʊʘʢʦʞ ʫ ʜʨʫʛʦʤʫ ʨʦʟʜʽʣʽ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʝʣʝʤʝʥʪʘʨʥʦʾ 

ʛʨʫʧʠ ʩʫʜʝʥ ʷʢ ʧʣʘʪʬʦʨʤʘ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʚʠʚʯʝʥʥʷ ʧʨʦʮʝʩʫ ʢʦʤʧʝʥʩʘʮʳʲ 

ʩʠʪʫʘʪʠʚʥʦʛʦ ʟʙʫʨʝʥʥʷ ʝʣʝʤʝʥʪʘʨʥʦʲ ʛʨʫʧʠ ʩʫʜʝʥ ʧʨʠ ʟʦʚʥʳʰʥʴʦʤʫ ʪʠʧʳ 

ʫʧʨʘʚʣʳʥʥʷ. 
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ʈʆɿɼɯʃ 3.  

ʂʆʄʇɽʅʉɸʎɯʗ ʉʀʊʋɸʊʀɺʅʆɻʆ ɿɹʋʈɽʅʅʗ ɽʃɽʄɽʅʊɸʈʅʆɰ 

ɻʈʋʇʀ ʉʋɼɽʅ  ʇʈʀ ɿʆɺʅɯʐʅʔʆʄʋ ʊʀʇɯ ʋʇʈɸɺʃɯʅʅʗ. 

 

3.1. ɺʠʢʦʨʠʩʪʘʥʥʷ ʦʙʣʘʩʪʽ ʥʝʙʝʟʧʝʯʥʠʭ ʢʫʨʩʽʚ ʜʣʷ ʚʠʙʦʨʫ ʙʝʟʧʝʯʥʦʛʦ 

ʤʘʥʝʚʨʫ ʨʦʟʭʦʜʞʝʥʥʷ. 

 

ʈʦʟʛʣʷʥʝʤʦ ʩʠʪʫʘʮʽʶ, ʢʦʣʠ ʤʘʥʝʚʨ ʨʦʟʭʦʜʞʝʥʥʷ ʧʨʦʚʦʜʠʪʴʩʷ ʟʤʽʥʦʶ 

ʢʫʨʩʫ ʩʫʜʝʥ, ʘ ʾʭ ʰʚʠʜʢʦʩʪʽ ʻ ʥʝʟʤʽʥʥʠʤʠ. ʋ ʮʽʡ ʩʠʪʫʘʮʽʾ 
min

D  ʧʨʠ ʧʦʩʪʽʡʥʠʭ 

ʟʥʘʯʝʥʥʷʭ 
1

V , 
2

V , D  ʪʘ a ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʫʨʩʽʚ ʩʫʜʝʥ 
1

K  ʽ 
2

K , ʪʦʙʪʦ 

)K,K(D 21min
 ʗʢʱʦ ʤʘʻ ʤʽʩʮʝ ʥʝʨʽʚʥʽʩʪʴ dDD

min
² , ʪʦ ʩʠʪʫʘʪʠʚʥʝ ʟʙʫʨʝʥʥʷ 

ʚʽʜʩʫʪʥʻ, ʚ ʧʨʦʪʠʚʥʦʤʫ ʨʘʟʽ ʚʦʥʦ ʤʘʻ ʤʽʩʮʝ. ʊʦʤʫ ʤʦʞʥʘ ʟʜʽʡʩʥʠʪʠ 

ʜʝʢʦʤʧʦʟʠʮʽʶ ʤʥʦʞʠʥʠ ʩʪʘʥʽʚ ʝʣʝʤʝʥʪʘʨʥʦʾ ʛʨʫʧʠ  
12

S  ʥʘ ʜʚʽ ʧʽʜʤʥʦʞʠʥʠ ʧʦ 

ʦʟʥʘʮʽ ʙʝʟʧʝʯʥʦʛʦ ʟʙʣʠʞʝʥʥʷ (ʥʘʷʚʥʽʩʪʴ ʘʙʦ ʚʽʜʩʫʪʥʽʩʪʴ ʩʠʪʫʘʪʠʚʥʦʛʦ 

ʟʙʫʨʝʥʥʷ ɤ). ʇʨʠʯʦʤʫ ʨʽʚʥʷʥʥʷʤ ʤʝʞʽ  ʤʽʞ ʧʽʜʤʥʦʞʠʥʘʤʠ, ʷʢ ʧʦʢʘʟʘʥʦ ʚ  

ʨʦʙʦʪʽ [130],  ʻ ʨʽʚʥʽʩʪʴ d21 D)K,K(D
min

= . 

ʇʽʜʩʪʘʚʣʷʻʤʦ ʟʥʘʯʝʥʥʷ 
min

D  (2.11): 

dD)Ksin(D ot =-D Ŭn , ʟʚʽʜʢʠ 
D

D
arcsinK d

ot

n

Ŭ
D

=- . 

ɿ ʦʩʪʘʥʥʴʦʛʦ ʨʽʚʥʷʥʥʷ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ:  
 

]
D

D
arcsin[tgtgK d

ot
n

Ŭ
D

+= .    

ʇʦʟʥʘʯʠʤʦ 
D

D
arcsinɔ d

n

Ŭ
D

+=  ʽ ʦʜʝʨʞʠʤʦ gtgtgKot = , ʘʙʦ 

gtg
cosKVcosKV

sinKVsinKV

2211

2211 =
-

-
. 

 

ʇʝʨʝʪʚʦʨʠʤʦ ʦʩʪʘʥʥʽʡ ʚʠʨʘʟ: 
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)Kcostg(sinKV)Kcostg(sinKV 222111 gg -=- . 

 

ʇʦʤʥʦʞʠʤʦ ʦʙʠʜʚʽ ʯʘʩʪʠʥʠ ʨʽʚʥʷʥʥʷ ʥʘ ʚʝʣʠʯʠʥʫ 
1V

cosɔ
 ʽ ʦʜʝʨʞʠʤʦ: 

 

)sinKcoscosɟ(sinK)sinKcoscos(sinK 2211 gggg -=- ,                         

ʜʝ 
1

2

V

V
ɟ= .         

ɼʘʥʝ ʨʽʚʥʷʥʥʷ ʘʥʘʣʽʪʠʯʥʦ ʦʧʠʩʫʻ ʤʝʞʽ ʥʝʙʝʟʧʝʯʥʦʾ ʦʙʣʘʩʪʽ, ʷʢʘ ʤʽʩʪʠʪʴ 

ʥʝʧʨʠʧʫʩʪʠʤʽ ʧʦʻʜʥʘʥʥʷ ʟʥʘʯʝʥʴ ʧʘʨ ʚʽʜʧʦʚʽʜʥʠʭ ʢʫʨʩʽʚ 1K  ʽ 2K . ɺʠʨʘʟʘʤʠ ʚ 

ʢʨʫʛʣʠʭ ʜʫʞʢʘʭ ʣʽʚʦʾ ʽ ʧʨʘʚʦʾ ʯʘʩʪʠʥʠ ʨʽʚʥʷʥʥʷ ʻ ʩʠʥʫʩʘʤʠ ʨʽʟʥʠʮʽ ʜʚʦʭ 

ʘʨʛʫʤʝʥʪʽʚ, ʪʦʙʪʦ: 

)]ɔ-ɟ[sin(K)ɔ-sin(K 21 = .  

 

ɼʘʥʝ ʨʽʚʥʷʥʥʷ ʤʘʻ ʜʚʘ ʨʽʰʝʥʥʷ, ʧʨʠʯʦʤʫ ʩʠʪʫʘʮʽʾ ʟʙʣʠʞʝʥʥʷ ʩʫʜʝʥ ʥʘ 

ʟʫʩʪʨʽʯʥʠʭ ʢʫʨʩʘʭ  ʚʽʜʧʦʚʽʜʘʻ: 

)]}ɔ-ɟ[sin(Karcsin{ɔ-K 21 = ,  

ʘʙʦ 

                             )]}ɔ-ɟ[sin(Karcsin{ɔK 21 += .                         (3.1) 

ʊʘʢ ʨʦʟʛʣʷʜʘʻʤʦ ʚʠʧʘʜʦʢ, ʢʦʣʠ 12 VV > , ʪʦʙʪʦ 1ɟ>, ʪʦ ʫ ʚʠʨʘʟʽ (3.1) 

ʧʦʚʠʥʥʘ ʜʦʪʨʠʤʫʚʘʪʠʩʷ ʫʤʦʚʘ 1)]ɔ-ɟ[sin(K2 ¢, ʘʙʦ -1ɟ)ɔ-sin(K2 ¢  ʆʪʞʝ, 

ʛʨʘʥʠʯʥʽ ʟʥʘʯʝʥʥʷ ʢʫʨʩʫ  2K  ʨʽʚʥʽ: 

)ɟarcsin(ɔK -1
21 += ; 

)ɟarcsin(ɔK -1
22 -+= p ; 

)ɟarcsin(ɔK -1
23 ++= p ; 

)ɟarcsin(2ɔK -1
24 -+= p , 

ʘ ʦʙʣʘʩʪʴ ʟʥʘʯʝʥʴ ʟʤʽʥʥʦʾ 2K  ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʦʤ: 

}S{SK 212 ÇÍ . 
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ʋ ʦʩʪʘʥʥʴʦʤʫ ʚʠʨʘʟʽ ʦʙʣʘʩʪʽ 
1

S  ʽ 
2

S  ʤʦʞʣʠʚʠʭ ʟʥʘʯʝʥʴ ʢʫʨʩʫ 2K  

ʘʥʘʣʽʪʠʯʥʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ: 

)]ɟarcsin(ɔ),ɟarcsin(2ɔ[S -1-1
1 +-+= p , 

)]ɟarcsin(ɔ),ɟarcsin(ɔ[S -1-1
2 ++-+= pp . 

 

ʄʝʞʽ ʥʝʙʝʟʧʝʯʥʦʾ ʦʙʣʘʩʪʽ ʢʫʨʩʽʚ 
Dij

S  ʜʣʷ ʧʘʨʘʤʝʪʨʽʚ ʩʠʪʫʘʮʽʾ ʟʙʣʠʞʝʥʥʷ 

10V
1
= ʫʟ., 20V

2
=  ʫʟ., 3D=  ʤʠʣʽ, a= 0ę ʽ dD =1 ʤʠʣʷ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 3.1. 

ɿʚʝʨʪʘʻʤʦ ʫʚʘʛʫ ʥʘ ʪʫ ʦʙʩʪʘʚʠʥʫ, ʱʦ ʥʝʙʝʟʧʝʯʥʘ ʦʙʣʘʩʪʴ ʢʫʨʩʽʚ ʥʘʣʝʞʠʪʴ 

ʦʙʣʘʩʪʽ ʟʙʣʠʞʝʥʥʷ ʩʫʜʝʥ. 

ʋ ʚʠʧʘʜʢʫ 21 VV =  ʦʜʝʨʞʫʻʤʦ: 

)]}ɔ-[sin(Karcsin{ɔ-K 21 =   ̔  

 

      )]}ɔ-[sin(Karcsin{ˊɔ-K 21 -= ,      

ʘʙʦ 

ɔ-Kɔ-K 21 =   ̔

 

ɔKˊɔ-K 21 +-= ,  

ʪʦʙʪʦ 

21 KK =  ʽ   

21 Kɔ2ˊK -+= . 

ɿʘʣʝʞʥʽʩʪʴ 21 Kɔ2ˊK -+=  ʚʽʜʧʦʚʽʜʘʻ ʟʙʣʠʞʝʥʥʶ ʥʘ ʟʫʩʪʨʽʯʥʠʭ ʢʫʨʩʘʭ. 

ʆʯʝʚʠʜʥʦ, ʫ ʨʘʟʽ 
12

VV =  (ʨʠʩ. 3.1) ʤʝʞʽ ʦʙʣʘʩʪʽ ʥʝʙʝʟʧʝʯʥʠʭ ʢʫʨʩʽʚ 
Dij

S  ʻ 

ʚʽʜʨʽʟʢʘʤʠ ʧʨʷʤʠʭ ʣʽʥʽʡ, ʷʢʽ ʧʘʨʘʣʝʣʽ ʤʝʞʘʤ ʦʙʣʘʩʪʽ ʟʙʣʠʞʝʥʥʷ ʩʫʜʝʥ. ʅʘ 

ʨʠʩ. 3.1 ʧʦʢʘʟʘʥʘ ʦʙʣʘʩʪʴ ʥʝʙʝʟʧʝʯʥʠʭ ʢʫʨʩʽʚ 
Dij

S  ʧʨʠ 
12

VV =  ʽ 3D= . 
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ʆʙʣʘʩʪʴ 

Dij
S  ʧʨʠ 

12
VV >  ʽ 3D=  

 
ʆʙʣʘʩʪʴ 

Dij
S  ʧʨʠ 

12
VV =  ʽ 3D=   

ʈʠʩ. 3.1. 
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ʗʢʱʦ ʧʦʟʠʮʽʷ, ʚʽʜʧʦʚʽʜʥʘ ʧʦʯʘʪʢʦʚʠʤ ʢʫʨʩʘʤ ʩʫʜʝʥ ( 1nK , 2nK ), 

ʥʘʣʝʞʠʪʴ ʦʙʣʘʩʪʽ 
Dij

S , ʪʦ ʩʠʩʪʝʤʘ 
12

S  ʝʣʝʤʝʥʪʘʨʥʦʾ  ʛʨʫʧʠ ʩʫʜʝʥ ʟʥʘʭʦʜʠʪʴʩʷ 

ʚ ʧʽʜʤʥʦʞʠʥʽ ʩʪʘʥʽʚ ʥʝʙʝʟʧʝʯʥʦʛʦ ʟʙʣʠʞʝʥʥʷ (ʩʠʪʫʘʪʠʚʥʦʛʦ ʟʙʫʨʝʥʥʷ).  

ʋ ʨʦʙʦʪʽ [51] ʧʦʢʘʟʘʥʦ, ʱʦ ʢʦʞʥʝ ʽʟ ʩʫʜʝʥ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʜʚʦʚʠʤʽʨʥʦʶ ʦʙʣʘʩʪʶ ʥʝʧʨʠʧʫʩʪʠʤʠʭ ʧʦʟʠʮʽʡ, ʷʢʘ ʥʘʟʠʚʘʻʪʴʩʷ ʩʫʜʥʦʚʦʶ 

ʙʝʟʧʝʯʥʦʶ ʦʙʣʘʩʪʶ, ʚ ʷʢʽʡ ʥʝʙʘʞʘʥʝ ʧʝʨʝʙʫʚʘʥʥʷ ʷʢʠʭ-ʥʝʙʫʜʴ ʩʪʦʨʦʥʥʽʭ 

ʦʙ'ʻʢʪʽʚ. ʇʨʠ ʨʦʟʛʣʷʜʽ ʚʽʜʥʦʩʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʩʫʜʝʥ ʪʘʢʠʤ ʦʙ'ʻʢʪʦʤ ʻ ʽʥʰʝ 

ʩʫʜʥʦ. ʆʙʣʘʩʪʴ ʥʝʧʨʠʧʫʩʪʠʤʠʭ ʧʦʟʠʮʽʡ  ʧʦʚʠʥʥʘ ʙʫʪʠ ʩʬʦʨʤʦʚʘʥʘ ʪʘʢ, ʱʦʙ ʾʾ 

ʤʝʞʘ ʚʽʜʧʦʚʽʜʘʣʘ ʥʫʣʴʦʚʽʡ ʚʽʨʦʛʽʜʥʦʩʪʽ ʟʽʪʢʥʝʥʥʷ. ɸ ʢʦʞʥʽʡ ʧʦʟʠʮʽʾ 

ʫʩʝʨʝʜʠʥʽ ʮʽʻʾ ʦʙʣʘʩʪʽ ʚʽʜʧʦʚʽʜʘʻ ʜʝʷʢʘ ʚʽʜʤʽʥʥʘ ʚʽʜ ʥʫʣʷ ʚʽʨʦʛʽʜʥʽʩʪʴ 

ʚʠʥʠʢʥʝʥʥʷ ʟʽʪʢʥʝʥʥʷ, ʧʨʠʯʦʤʫ ʟʨʦʩʪʘʥʥʷ ʚʽʨʦʛʽʜʥʦʩʪʽ ʟʽʪʢʥʝʥʥʷ ʩʫʜʝʥ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʽʟ ʩʢʦʨʦʯʝʥʥʷʤ ʥʘʡʢʦʨʦʪʰʦʾ ʜʠʩʪʘʥʮʽʾ ʤʽʞ ʩʫʜʥʘʤʠ.  

ʇʨʠ ʧʨʦʛʥʦʟʦʚʘʥʦʤʫ ʧʦʧʘʜʘʥʥʽ ʩʫʜʝʥ ʚ ʦʙʣʘʩʪʴ ʥʝʧʨʠʧʫʩʪʠʤʠʭ ʧʦʟʠʮʽʡ 

ʚʠʥʠʢʘʻ ʩʠʪʫʘʪʠʚʥʝ ʟʙʫʨʝʥʥʷ ɤ. ɺʦʥʦ ʚʠʷʚʣʷʻ ʤʦʞʣʠʚʫ ʥʝʙʝʟʧʝʯʥʫ ʧʦʟʠʮʽʶ 

ʟʘʚʯʘʩʥʦ, ʚʠʭʦʜʷʯʠ ʟ ʧʨʦʛʥʦʟʫ ʟʤʽʥʠ ʚʽʜʥʦʩʥʦʾ ʧʦʟʠʮʽʾ ʧʘʨʠ ʩʫʜʝʥ. ʊʦʤʫ ʚʦʥʦ 

ʥʦʩʠʪʴ ʫʤʦʚʥʠʡ ʭʘʨʘʢʪʝʨ, ʦʩʢʽʣʴʢʠ ʥʘ ʡʦʛʦ ʽʩʪʠʥʥʽʩʪʴ ʚʧʣʠʚʘʶʪʴ ʤʦʞʣʠʚʽ ʜʽʾ 

ʩʫʜʝʥ ʽ ʩʧʦʩʽʙ ʧʨʦʛʥʦʟʫ. ʆʪʞʝ, ʩʠʪʫʘʪʠʚʥʝ ʟʙʫʨʝʥʥʷ ɤ ʚʠʥʠʢʘʻ ʪʦʜʽ, ʢʦʣʠ 

ʧʨʦʛʥʦʟʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʜʠʩʪʘʥʮʽʾ ʥʘʡʢʦʨʦʪʰʦʛʦ ʟʙʣʠʞʝʥʥʷ 
min

D  ʤʝʥʰʝ 

ʟʥʘʯʝʥʥʷ ʛʨʘʥʠʯʥʦʾ-ʜʦʧʫʩʪʠʤʦʾ ʜʠʩʪʘʥʮʽʾ ʟʙʣʠʞʝʥʥʷ dD , ʚʝʣʠʯʠʥʘ ʷʢʦʾ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʬʦʨʤʠ ʦʙʣʘʩʪʽ ʥʝʧʨʠʧʫʩʪʠʤʠʭ ʧʦʟʠʮʽʡ ʽ ʨʘʢʫʨʩʫ ʟʙʣʠʞʝʥʥʷ 

ʩʫʜʝʥ. 

ʊʘʢʦʞ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʩʠʪʫʘʪʠʚʥʦʛʦ ʟʙʫʨʝʥʥʷ ʻ ʯʘʩ ʟʘʧʘʩʫ zit  ʽ zjt  ʜʣʷ 

ʢʦʞʥʦʛʦ ʟ ʧʘʨʠ ʩʫʜʝʥ ʩʠʩʪʝʤʠ 12S , ʟʥʘʯʝʥʥʷ ʷʢʦʛʦ ʧʦʣʷʛʘʻ ʚ ʥʘʩʪʫʧʥʦʤʫ. 

ʗʢʱʦ ʟʘ ʥʘʷʚʥʦʩʪʽ ʩʠʪʫʘʪʠʚʥʦʛʦ ʟʙʫʨʝʥʥʷ ʜʠʩʪʘʥʮʽʷ ʤʽʞ ʩʫʜʥʘʤʠ 

ʧʝʨʝʚʝʨʰʫʻ ʟʥʘʯʝʥʥʷ dD  ʽ ʩʫʜʥʦ ʤʦʞʝ ʩʚʦʾʤ ʤʘʥʝʚʨʦʤ ʟʘʙʝʟʧʝʯʠʪʠ 

ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʜʠʩʪʘʥʮʽʾ ʥʘʡʢʦʨʦʪʰʦʛʦ ʟʙʣʠʞʝʥʥʷ minmaxD , ʜʣʷ 

ʷʢʦʛʦ dmin DmaxD > , ʪʦ ʩʫʜʥʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʜʦʧʫʩʪʠʤʽʡ ʧʦʟʠʮʽʾ. ɿ ʯʘʩʦʤ 

ʜʠʩʪʘʥʮʽʷ ʤʽʞ ʩʫʜʘʤʠ ʩʢʦʨʦʯʫʻʪʴʩʷ ʽ ʥʘʩʪʫʧʘʻ ʤʦʤʝʥʪ ʯʘʩʫ dit , ʢʦʣʠ 
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ʜʦʩʷʛʘʻʪʴʩʷ ʨʽʚʥʽʩʪʴ dmin DmaxD = . ʇʨʠ ʧʦʜʘʣʴʰʦʤʫ ʟʙʣʠʞʝʥʥʽ ʩʫʜʝʥ ʟ 

ʧʨʦʛʨʘʤʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʨʫʭʫ dmin DmaxD < , ʽ ʩʫʜʥʦ ʧʦʪʨʘʧʣʷʻ ʚ 

ʧʽʜʤʥʦʞʠʥʫ ʥʝʧʨʠʧʫʩʪʠʤʠʭ ʧʦʟʠʮʽʡ, ʧʨʠʯʦʤʫ ʥʽʷʢʠʤ ʤʘʥʝʚʨʦʤ ʟʤʽʥʠ ʢʫʨʩʫ 

ʚʦʥʦ ʥʝ ʟʤʦʞʝ ʨʦʟʽʡʪʠʩʷ ʟ ʽʥʰʠʤ ʩʫʜʥʦʤ ʚ ʜʠʩʪʘʥʮʽʾ dD . ʊʦʤʫ ʯʘʩ ʟʘʧʘʩʫ zit  

ʨʽʚʥʠʡ ʽʥʪʝʨʚʘʣʫ ʯʘʩʫ ʚʽʜ ʧʦʪʦʯʥʦʛʦ ʤʦʤʝʥʪʫ ʜʦ ʤʦʤʝʥʪʫ ʯʘʩʫ dit  ʧʦʧʘʜʘʥʥʷ 

ʩʫʜʥʘ ʚ ʧʽʜʤʥʦʞʠʥʫ ʥʝʧʨʠʧʫʩʪʠʤʠʭ ʧʦʟʠʮʽʡ. ɿʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʯʘʩʫ 

ʟʘʧʘʩʫ zijt  ʜʣʷ ʧʘʨʠ ʩʫʜʝʥ ʜʦʮʽʣʴʥʦ ʚʠʙʨʘʪʠ ʽʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

)ttmin(t zj,zizij = . 

ʉʠʪʫʘʪʠʚʥʝ ʟʙʫʨʝʥʥʷ ɤ ʤʦʞʝ ʧʨʠʡʤʘʪʠ ʪʨʠ ʟʥʘʯʝʥʥʷ: 

               
î
í

î
ì

ë

¢¢

>¢

>

=

  0.t,DD  ,2

  0, t,DD  ,1

             ,DD  ,0

ɤ

zijd

zijd

d

min

min

min

                 (3.2) 

ɼʣʷ ʜʝʢʦʤʧʦʟʠʮʽʾ ʤʥʦʞʠʥʠ ʩʪʘʥʽʚ ʥʝʙʝʟʧʝʯʥʦʛʦ ʟʙʣʠʞʝʥʥʷ ʩʠʩʪʝʤʠ 
12

S  

ʥʘ ʧʽʜʤʥʦʞʠʥʠ ʩʠʪʫʘʪʠʚʥʠʭ ʟʙʫʨʝʥʴ ʽʟ ʟʥʘʯʝʥʥʷʤʠ 1 ʽ 2  ʚʨʘʭʦʚʫʻʤʦ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʟʥʘʯʝʥʴ  minmaxD  ʽ 
dop

D . ɿʤʽʥʘ ʟʥʘʯʝʥʴ ʩʠʪʫʘʪʠʚʥʦʛʦ 

ʟʙʫʨʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ ʤʝʞʽ, ʢʦʣʠ ʜʦʩʷʛʘʻʪʴʩʷ ʨʽʚʥʽʩʪʴ  
dop

DmaxDmin= . 

ɺʨʘʭʦʚʫʻʤʦ, ʱʦ:  

)Ksin(DDmax extrmin Ŭn -D= , 

ʜʝ a - ʧʝʣʝʥʛ ʥʘ ʮʽʣʴ. 

ʆʩʢʽʣʴʢʠ extrK  - ʝʢʩʪʨʝʤʘʣʴʥʠʡ ʚʽʜʥʦʩʥʠʡ ʢʫʨʩ ʨʽʚʥʠʡ 
otmin

K  ʘʙʦ maxotK , 

ʥʘ ʷʢʦʤʫ ʜʠʩʪʘʥʮʽʷ ʥʘʡʢʦʨʦʪʰʦʛʦ ʟʙʣʠʞʝʥʥʷ 
min

D  ʤʘʢʩʠʤʘʣʴʥʘ, ʪʦ, 

ʦʯʝʚʠʜʥʦ, ʩʧʨʘʚʝʜʣʠʚʽ ʥʘʩʪʫʧʥʽ ʨʽʚʥʦʩʪʽ: 

)Ksin(DDmax maxot
(mx)
min Ŭn -D=    ̔    )Ksin(DDmax minot

(mn)
min Ŭn -D= . 

ʇʨʠ ʮʴʦʤʫ: 

 ɟarcsin KˊK 2otmin -+=   ̔  ɟarcsin KˊK 2otmax ++= , 

ʜʝ 
21

V/Vɟ=  ʽ 
12

VV > . 
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ʊʦʤʫ ʻ ʜʚʽ ʤʝʞʽ: 

dop
D)ɟarcsin Kˊsin(D 2 nŬ D=-++ ,  

dop
D)ɟarcsin Kˊsin(D 2 nŬ D=--+ , 

ʷʢʽ ʟʨʫʯʥʦ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ ʟʘʣʝʞʥʦʩʪʽ D  ʚʽʜ ʢʫʨʩʫ 2K : 

)ɟarcsin Kˊsin(/)D(D 2mx dop
Ŭn -++D= , 

)ɟarcsin Kˊsin(/)D(D 2mn dop
Ŭn --+D= . 

 

ʇʨʠ ʮʴʦʤʫ ʢʦʞʥʦʤʫ ʢʫʨʩʫ 2K  ʩʫʜʥʘ ʟ ʙʽʣʴʰʦʶ ʰʚʠʜʢʽʩʪʶ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʢʫʨʩʠ: 

ɟ arccosKK
21min
+=    ̔    ɟ arccosKK

21max
-= , 

ʧʨʠ ʷʢʠʭ ʜʦʩʷʛʘʶʪʴʩʷ ʝʢʩʪʨʝʤʘʣʴʥʽ ʚʽʜʥʦʩʥʽ ʢʫʨʩʠ 
otmin

K  ʘʙʦ maxotK . 

ɼʦʩʣʽʜʠʤʦ ʟʤʽʥʫ ʚʝʣʠʯʠʥʠ minmaxD  ʟʘʣʝʞʥʦ ʚʽʜ ʢʫʨʩʫ 
2

K  ʩʫʜʥʘ, ʷʢʝ 

ʤʘʻ ʙʽʣʴʰʫ ʰʚʠʜʢʽʩʪʴ. ʆʯʝʚʠʜʥʦ, ʱʦ 0maxDmin= , ʧʨʠ Ŭ=extrK , ʘʙʦ 

Ŭ=°+ ɟarcsin Kˊ 2 , ʟʚʽʜʢʠ ɟarcsin ˊK2 @-=Ŭ . 

ɿʥʘʡʜʝʤʦ ʢʫʨʩʠ ʩʫʜʥʘ 
2

K , ʧʨʠ ʷʢʠʭ minmaxD  ʧʨʠʡʤʘʻ ʥʘʡʙʽʣʴʰʝ 

ʟʥʘʯʝʥʥʷ. ʆʯʝʚʠʜʥʦ, ʮʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ 1)Ksin( extr =-Ŭ , ʘʙʦ 
2

K extr

p
+=Ŭ . 

ʇʽʜʩʪʘʚʣʷʻʤʦ ʟʥʘʯʝʥʥʷ  extrK :   

2
ɟarcsin Kˊ 2

p
+=°+ Ŭ ,  

ʘʙʦ  

ɟarcsin 
2

ɟarcsin ˊ
2

K 2 @@
pp
-=-+= ŬŬ . 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ɟarccosɟarcsin 
2

=-
p

, ʦʜʝʨʞʠʤʦ ɟ arccosK2 @Ŭ= . 

ʅʘ ʨʠʩ. 3.2 ʧʦʢʘʟʘʥʽ ʦʙʣʘʩʪʽ ʧʦʟʠʮʽʡ ʜʣʷ 3D= , 1Dd=   ̔ 0=a , ʚ ʷʢʠʭ 

ʩʠʪʫʘʪʠʚʥʝ ʟʙʫʨʝʥʥʷ ʤʦʞʝ ʧʨʠʡʥʷʪʠ ʟʥʘʯʝʥʥʷ 2. ɺʝʨʭʥʷ ʦʙʣʘʩʪʴ ʥʘ ʨʠʩʫʥʢʫ 

ʚʽʜʧʦʚʽʜʘʻ ʟʥʘʯʝʥʥʷʤ 2K  ʽ D, ʧʨʠ ʷʢʠʭ 
min

D  ʥʝ ʤʦʞʥʘ ʟʙʽʣʴʰʠʪʠ, 
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ʟʙʽʣʴʰʫʶʯʠ ʚʽʜʥʦʩʥʠʡ ʢʫʨʩ ʜʦ otmaxK , ʘ ʥʠʞʥʷ ʦʙʣʘʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʻ 

ʚʽʜʩʫʪʥʽʩʪʴ ʤʦʞʣʠʚʦʩʪʽ ʟʙʽʣʴʰʝʥʥʷ 
min

D  ʟʤʝʥʰʝʥʥʷʤ ʚʽʜʥʦʩʥʦʛʦ ʢʫʨʩʫ ʜʦ 

ʟʥʘʯʝʥʥʷ otminK . 

ʅʘ ʨʠʩ. 3.2 ʧʦʟʥʘʯʝʥʽ ʪʘʢʽ ʢʫʨʩʠ: 

ɟ arccosK 21 +=Ŭ ,  ɟarcsin ˊK22 ++=Ŭ ,  ˊK23 +=Ŭ , 

ɟarcsin ˊK24 -+=Ŭ ,  ɟ arccosK 25 -=Ŭ . 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʦʙʣʘʩʪʝʡ, ʧʦʢʘʟʘʥʠʭ ʥʘ ʨʠʩ. 3.2, ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ 

ʟʥʘʯʝʥʥʷ ʩʠʪʫʘʪʠʚʥʦʛʦ ʟʙʫʨʝʥʥʷ ɤ, ʤʘʶʯʠ ʚ ʩʚʦʻʤʫ ʨʦʟʧʦʨʷʜʞʝʥʥʽ 

ʜʠʩʪʘʥʮʽʶ ʤʽʞ ʩʫʜʥʘʤʠ D  ʽ ʢʫʨʩ ʩʫʜʥʘ ʟ ʙʽʣʴʰʦʶ ʰʚʠʜʢʽʩʪʶ 2K . ʊʘʢ ʜʣʷ 

ʧʦʟʠʮʽʾ 1, ʷʢʘ ʤʘʻ ʢʦʦʨʜʠʥʘʪʠ D=3 ʤʠʣʽ ʽ 2K =90ę, ʩʠʪʫʘʪʠʚʥʝ ʟʙʫʨʝʥʥʷ ɤ=1, 

ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʥʝ ʥʘʣʝʞʠʪʴ ʦʙʦʤ ʦʙʣʘʩʪʷʤ.  ʇʦʟʠʮʽʷ 2 (D=3 ʤʠʣʽ, 2K =160ę) 

ʥʘʣʝʞʠʪʴ ʜʦ ʥʠʞʥʴʦʾ ʦʙʣʘʩʪʽ ʽ ʫ ʨʘʟʽ ʚʽʜʩʫʪʥʦʩʪʽ ʤʦʞʣʠʚʦʩʪʽ ʟʙʽʣʴʰʝʥʥʷ 
min

D   

 
 

ʈʠʩ. 3.2. ʆʙʣʘʩʪʽ ʧʦʟʠʮʽʡ, ʚ ʷʢʠʭ ʤʦʞʣʠʚʦ ɤ=2. 
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ʟʤʽʥʦʶ ʚʽʜʥʦʩʥʦʛʦ ʢʫʨʩʫ ʜʦ ʚʝʣʠʯʠʥʠ otmaxK  ʩʠʪʫʘʪʠʚʥʝ ʟʙʫʨʝʥʥʷ ɤ=2. 

ɯʥʘʢʰʝ, ʷʢʱʦ ʤʦʞʣʠʚʝ ʟʙʽʣʴʰʝʥʥʷ 
min

D  ʟʙʽʣʴʰʝʥʥʷʤ ʚʽʜʥʦʩʥʦʛʦ ʢʫʨʩʫ ʜʦ 

otmaxK , ɤ=1. 

ɺʝʨʭʥʷ ʦʙʣʘʩʪʴ ʤʽʩʪʠʪʴ ʧʦʟʠʮʽʶ 3 (D=3 ʤʠʣʽ, 2K =210ę), ʧʨʠ ʥʘʛʦʜʽ 

ʟʙʽʣʴʰʝʥʥʷ 
min

D  ʟʤʽʥʦʶ ʚʽʜʥʦʩʥʦʛʦ ʢʫʨʩʫ ʜʦ ʚʝʣʠʯʠʥʠ otminK  ʩʠʪʫʘʪʠʚʥʝ 

ʦʙʫʨʝʥʥʷ ɤ=1, ʘ ʽʥʘʢʰʝ ɤ=2. ʗʢʱʦ ʩʠʪʫʘʮʽʷ ʚʽʜʧʦʚʽʜʘʻ ʧʦʟʠʮʽʾ 4 (D=2 ʤʠʣʽ, 

2K =180ę), ʷʢʘ ʥʘʣʝʞʠʪʴ ʦʙʦʤ ʦʙʣʘʩʪʷʤ, ʪʦ  ʩʠʪʫʘʪʠʚʥʝ ʟʙʫʨʝʥʥʷ ʧʨʠʡʤʘʻ 

ʪʽʣʴʢʠ ʟʥʘʯʝʥʥʷ ɤ=2. 

    

 

3.2. ɺʠʙʽʨ ʙʝʟʧʝʯʥʦʛʦ ʤʘʥʝʚʨʫ ʨʦʟʭʦʜʞʝʥʥʷ  ʚ ʧʝʨʰʦʤʫ ʥʘʙʣʠʞʝʥʥʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʦʙʣʘʩʪʽ ʥʝʙʝʟʧʝʯʥʠʭ ʰʚʠʜʢʦʩʪʝʡ.  

 

ɿʘ ʩʠʪʫʘʮʽʾ, ʢʦʣʠ ʧʘʨʠ ʩʫʜʝʥ, ʱʦ ʥʝʙʝʟʧʝʯʥʦ ʟʙʣʠʞʫʶʪʴʩʷ, ʥʝ ʤʦʞʫʪʴ 

ʟʤʽʥʶʚʘʪʠ ʩʚʦʾ ʢʫʨʩʠ, ʥʘʧʨʠʢʣʘʜ ʯʝʨʝʟ ʥʘʚʽʛʘʮʽʡʥʽ ʥʝʙʝʟʧʝʢʠ,  ʧʦʧʝʨʝʜʞʝʥʥʷ 

ʟʽʪʢʥʝʥʥʷ ʤʦʞʣʠʚʝ ʟʤʽʥʦʶ ʾʭ ʰʚʠʜʢʦʩʪʝʡ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʨʠ ʟʦʚʥʽʰʥʴʦʤʫ 

ʫʧʨʘʚʣʽʥʥʽ ʨʫʭʦʤ ʩʫʜʝʥ, ʪʦʙʪʦ ʩʠʩʪʝʤʦʶ ʢʦʥʪʨʦʣʶ ʽ ʫʧʨʘʚʣʽʥʥʷ ʨʫʭʦʤ 

ʩʫʜʝʥ VTS, ʤʥʦʞʠʥʫ ʩʪʘʥʽʚ ʩʠʩʪʝʤʠ ʧʘʨʠ ʩʫʜʝʥ ʜʦʮʽʣʴʥʦ ʧʨʝʜʩʪʘʚʠʪʠ 

ʦʙʣʘʩʪʶ ʥʝʙʝʟʧʝʯʥʠʭ ʰʚʠʜʢʦʩʪʝʡ [73], ʷʢʘ ʘʥʘʣʦʛʽʯʥʘ ʨʦʟʛʣʷʥʫʪʽʡ ʚʠʱʝ 

ʦʙʣʘʩʪʽ ʥʝʙʝʟʧʝʯʥʠʭ ʢʫʨʩʽʚ, ʪʽʣʴʢʠ ʢʦʞʥʽʡ ʧʦʟʠʮʽʾ (1V , 2V ) ʧʘʨʥʠʭ 

ʰʚʠʜʢʦʩʪʝʡ ʩʫʜʝʥ ʚʽʜʧʦʚʽʜʘʻ ʜʠʩʪʘʥʮʽʷ ʥʘʡʢʦʨʦʪʰʦʛʦ ʟʙʣʠʞʝʥʥʷ ʤʽʞ 

ʩʫʜʥʘʤʠ. ʄʝʞʘ ʥʝʙʝʟʧʝʯʥʦʾ ʦʙʣʘʩʪʽ ʰʚʠʜʢʦʩʪʝʡ, ʢʦʞʥʘ ʢʨʘʧʢʘ ʷʢʦʾ 

ʚʽʜʧʦʚʽʜʘʻ ʜʠʩʪʘʥʮʽʾ ʥʘʡʢʦʨʦʪʰʦʛʦ ʟʙʣʠʞʝʥʥʷ minD , ʨʽʚʥʦʾ ʛʨʘʥʠʯʥʦ-

ʜʦʧʫʩʪʠʤʦʾ ʜʠʩʪʘʥʮʽʾ dD , ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ:  

dot D)KŬsin(DDmin =-D= , 

ʜʝ D  ʽ Ŭ - ʚʽʜʧʦʚʽʜʥʦ ʜʠʩʪʘʥʮʽʷ ʽ ʧʝʣʝʥʛ; otK  - ʚʽʜʥʦʩʥʠʡ ʢʫʨʩ; D=-1, 

ʧʨʠ 0)KŬsin( ot <- , ʽʥʘʢʰʝ D=1. 

ɿ ʦʜʝʨʞʘʥʦʛʦ ʨʽʚʥʷʥʥʷ ʚʠʭʦʜʠʪʴ:  



  93  

)
ȹD

D
arcsin(KŬ d

ot =- ,  

ʟʚʽʜʢʠ ʦʜʝʨʞʠʤʦ 

)
ȹD

D
arcsin(-ŬK d

ot = . 

ʆʪʞʝ, ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ: 

                            )]
ȹD

D
arcsin(Ŭ[tgtgK d

ot -= .            (3.3) 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ  

2211

22
ot

cosKVcosKV

sinKVsinKV
tgK 11

-

-
= , 

 

ʨʽʚʥʷʥʥʷ (3.3) ʧʨʠʡʤʘʻ ʚʠʛʣʷʜ: 

 

                   
cosɔ

ɔsin

cosKVcosKV

sinKVsinKV

2211

2211 =
-

-
,                (3.4) 

ʜʝ )
ȹD

D
arcsin(Ŭɔ d°= . 

ɿ ʨʽʚʥʷʥʥʷ (3.4) ʦʜʝʨʞʠʤʦ: 

sinɔ)cosKVcosKV(cosɔ)sinKVsinK(V 22112211 -=- ,  

ʘʙʦ 

)sinɔcosKcosɔ(sinKV)sinɔcosKcosɔ(sinKV 222111 -=- . 

ʆʩʪʘʥʥʽʡ ʚʠʨʘʟ ʜʦʟʚʦʣʷʻ ʟʘʧʠʩʘʪʠ ʨʽʚʥʷʥʥʷ ʜʣʷ ʤʝʞʽ ʥʝʙʝʟʧʝʯʥʦʾ ʦʙʣʘʩʪʽ 

ʰʚʠʜʢʦʩʪʝʡ, ʧʨʠʯʦʤʫ ʚʠʨʘʟ ʜʣʷ ʚʝʨʭʥʴʦʾ ʤʝʞʽ:   

)ɔsin(K

)ɔsin(K
VV

*
1

*
2

2
*
1

-

-
= , 

ʜʝ /DarcsinDŬɔ d
*

-= . 

ʅʠʞʥʷ ʤʝʞʘ ʚʠʨʘʞʘʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ: 
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)ɔsin(K

)ɔsin(K
VV

*1

*2
2*1

-

-
= , 

ʜʝ,  /DarcsinDŬɔ d* += . 

ʆʯʝʚʠʜʥʦ, ʧʨʠ ʧʦʩʪʽʡʥʠʭ ʟʥʘʯʝʥʥʷʭ ʢʫʨʩʽʚ 1K , 2K , ʽ ʧʘʨʘʤʝʪʨʽʚ *ɔ, *ɔ 

ʤʝʞʽ ʥʝʙʝʟʧʝʯʥʦʾ ʦʙʣʘʩʪʽ ʰʚʠʜʢʦʩʪʝʡ ʻ ʣʽʥʽʡʥʠʤʠ. ʅʘ ʨʠʩ. 3.3 ʧʦʢʘʟʘʥʘ 

ʦʙʣʘʩʪʴ ʥʝʧʨʠʧʫʩʪʠʤʠʭ ʰʚʠʜʢʦʩʪʝʡ ʜʣʷ ʧʘʨʠ ʩʫʜʝʥ, ʱʦ ʥʝʙʝʟʧʝʯʥʦ 

ʟʙʣʠʞʫʶʪʴʩʷ, ʢʫʨʩʠ ʷʢʠʭ ʻ ʥʝʟʤʽʥʥʠʤʠ. ʗʢ ʧʨʠʢʣʘʜ ʚʠʙʨʘʥʘ ʩʠʪʫʘʮʽʷ 

ʥʝʙʝʟʧʝʯʥʦʛʦ ʟʙʣʠʞʝʥʥʷ ʩʫʜʝʥ ʟ ʧʘʨʘʤʝʪʨʘʤʠ: Ŭ=90ę, D=3,0 ʤʠʣʽ, dD =1,0 

ʤʠʣʽ, 1K =45ę, 2K =315ę, ʟ ʧʦʯʘʪʢʦʚʠʤʠ ʰʚʠʜʢʦʩʪʷʤʠ 1V =15 ʚʫʟʣʽʚ ʽ 2V =15 

ʚʫʟʣʽʚ. 

ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ *ɔ=70,5ę ʽ *ɔ=109,5ę, ʘ ʚʠʨʘʟʠ ʜʣʷ ʚʝʨʭʥʴʦʾ )V,(VGr 21
*

 

ʽ ʥʠʞʥʴʦʾ )V,(VGr 21*  ʤʝʞ:  

2
*
1 V097,2V =  ʽ 2*1 V477,0V = . 

ʗʢ ʚʠʧʣʠʚʘʻ ʟ ʧʨʠʚʝʜʝʥʦʛʦ ʨʠʩʫʥʢʘ, ʢʨʘʧʢʘ ʟ ʧʦʯʘʪʢʦʚʠʤʠ ʰʚʠʜʢʦʩʪʷʤʠ 

oM  ʥʘʣʝʞʠʪʴ ʦʙʣʘʩʪʽ ʥʝʧʨʠʧʫʩʪʠʤʠʭ ʰʚʠʜʢʦʩʪʝʡ ʽ ʟʙʣʠʞʝʥʥʷ ʩʫʜʝʥ 

ʥʝʙʝʟʧʝʯʥʝ. ʗʢʱʦ ʩʫʜʥʦ, ʰʚʠʜʢʽʩʪʴ ʷʢʦʛʦ ʩʪʘʥʦʚʠʪʴ 2V , ʤʘʻ ʥʝʟʤʽʥʥʽ 

ʧʘʨʘʤʝʪʨʘʤʠ, ʘ ʩʫʜʥʦ ʟ ʰʚʠʜʢʽʩʪʶ  1V  ʤʘʥʝʚʨʫʚʘʪʠʤʝ ʟʤʽʥʦʶ ʰʚʠʜʢʦʩʪʽ, ʪʦ 

ʙʝʟʧʝʯʥʝ ʨʦʟʭʦʜʞʝʥʥʷ ʥʘ ʜʠʩʪʘʥʮʽʾ dD =1,0 ʤʠʣʽ ʤʦʞʣʠʚʝ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ 

ʰʚʠʜʢʦʩʪʽ  1V  ʜʦ ʟʥʘʯʝʥʥʷ 31,5 ʚʫʟʣʠ (ʢʨʘʧʢʘ *M ) ʘʙʦ ʾʾ ʟʤʝʥʰʝʥʥʽ ʜʦ 

ʟʥʘʯʝʥʥʷ 7,2 ʚʫʟʣʠ (ʢʨʘʧʢʘ  *M ). ɺʢʘʟʘʥʽ ʢʨʘʧʢʠ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʚʝʨʭʥʽʡ  

)V,(VGr 21
* ʽ ʥʠʞʥʽʡ  )V,(VGr 21* ʤʝʞʘʭ ʦʙʣʘʩʪʽ ʥʝʙʝʟʧʝʯʥʠʭ ʰʚʠʜʢʦʩʪʝʡ.  
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ʈʠʩ. 3.3. ʆʙʣʘʩʪʴ ʥʝʧʨʠʧʫʩʪʠʤʠʭ ʰʚʠʜʢʦʩʪʝʡ 

 

ʗʢʱʦ ʟʤʽʥʘ ʰʚʠʜʢʦʩʪʽ 1V  ʜʦ ʚʢʘʟʘʥʠʭ ʤʝʞ ʤʦʞʣʠʚʘ ʧʨʘʢʪʠʯʥʦ ʤʠʪʪʻʚʦ, 

ʪʦ ʟʥʘʯʝʥʥʷ ʜʠʩʪʘʥʮʽʾ D  ʽ ʧʝʣʝʥʛʘ Ŭ ʥʝ ʟʤʽʥʶʶʪʴʩʷ ʽ ʩʫʜʥʘ ʨʦʟʭʦʜʷʪʴʩʷ ʥʘ 

ʟʘʜʘʥʽʡ ʛʨʘʥʠʯʥʦ-ʜʦʧʫʩʪʠʤʽʡ ʜʠʩʪʘʥʮʽʾ. ʇʨʦʪʝ ʯʝʨʝʟ ʽʥʝʨʮʽʡʥʽʩʪʴ ʩʫʜʥʘ ʜʣʷ 

ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ 1V  ʜʦ ʥʝʦʙʭʽʜʥʠʭ ʟʥʘʯʝʥʴ ʧʦʪʨʽʙʝʥ ʽʥʪʝʨʚʘʣ ʯʘʩʫ [131]: 

 

)V0,1(V

)V0,1(VV2V2V
ln

2kV

m
Ű

1y1

1y1y11
2
y1

y1 +

---
= , 

 

 

ʜʝ m  - ʤʘʩʘ ʩʫʜʥʘ ʟ ʧʨʠʻʜʥʘʥʠʤʠ ʤʘʩʘʤʠ; k  - ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʡ 

ʢʦʝʬʽʮʽʻʥʪ ʦʧʦʨʫ; y1V  - ʢʽʥʮʝʚʘ ʰʚʠʜʢʽʩʪʴ ʤʘʥʝʚʨʫʶʯʦʛʦ ʩʫʜʥʘ (*1V  ʘʙʦ *1V ). 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʚ ʨʝʟʫʣʴʪʘʪʽ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ ʜʦ ʟʥʘʯʝʥʥʷ y1V  ʩʫʜʥʘ 

ʨʦʟʽʡʰʣʠʩʷ ʥʘ ʜʠʩʪʘʥʮʽʾ ʥʝ ʤʝʥʰʦʾ, ʥʽʞ dD  , ʥʝʦʙʭʽʜʥʝ ʚʠʢʦʥʘʥʥʷ ʫʤʦʚʠ: 

)t(tŰ ynyk-¢ , 

ʜʝ ynt  - ʤʦʤʝʥʪ ʧʦʯʘʪʢʫ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ; 

ykt  - ʤʦʤʝʥʪ ʚʠʭʦʜʫ ʩʫʜʥʘ ʚ ʧʦʟʠʮʽʶ, ʱʦ ʜʦʟʚʦʣʷʻ ʟ ʰʚʠʜʢʽʩʪʶ  y1V  

ʟʘʙʝʟʧʝʯʠʪʠ ʨʦʟʭʦʜʞʝʥʥʷ ʚ ʙʝʟʧʝʯʥʽʡ ʜʠʩʪʘʥʮʽʾ. 
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ɼʝʪʘʣʴʥʽʰʝ ʧʠʪʘʥʥʷ ʚʠʙʦʨʫ ʤʘʥʝʚʨʫ ʨʦʟʭʦʜʞʝʥʥʷ ʟʤʽʥʦʶ ʰʚʠʜʢʦʩʪʽ 

ʩʫʜʝʥ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʾʭ ʽʥʝʨʮʽʡʥʦ-ʛʘʣʴʤʽʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʦʟʛʣʷʥʝʤʦ ʚ 

ʥʘʩʪʫʧʥʦʤʫ ʨʦʟʜʽʣʽ. 

 

 

3.3. ɺʠʩʥʦʚʢʠ ʟʘ ʪʨʝʪʽʤ ʨʦʟʜʽʣʦʤ. 

 

ʋ ʪʨʝʪʴʦʤʫ ʨʦʟʜʽʣʽ ʦʜʝʨʞʘʥʦ ʘʥʘʣʽʪʠʯʥʽ ʚʠʨʘʟʠ ʜʣʷ ʜʠʩʪʘʥʮʽʾ ʽ ʯʘʩʫ 

ʥʘʡʢʦʨʦʪʰʦʛʦ ʟʙʣʠʞʝʥʥʷ. ʇʨʠʚʝʜʝʥʘ ʬʦʨʤʫʣʘ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʰʚʠʜʢʦʩʪʽ 

ʟʙʣʠʞʝʥʥʷ ʩʫʜʝʥ ʽ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʛʨʘʬʽʯʥʘ ʢʨʠʚʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʥʘʢʫ 

ʰʚʠʜʢʦʩʪʽ ʟʙʣʠʞʝʥʥʷ. 

ʇʨʠʚʝʜʝʥʘ ʧʨʦʮʝʜʫʨʘ ʬʦʨʤʫʚʘʥʥʷ ʦʙʣʘʩʪʝʡ ʥʝʙʝʟʧʝʯʥʠʭ ʢʫʨʩʽʚ 

ʝʣʝʤʝʥʪʘʨʥʦʾ ʛʨʫʧʠ ʩʫʜʝʥ ʜʣʷ ʨʽʟʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʾʭ ʰʚʠʜʢʦʩʪʝʡ. ʇʦʢʘʟʘʥʘ 

ʟʘʣʝʞʥʽʩʪʴ ʦʙʣʘʩʪʝʡ ʥʝʙʝʟʧʝʯʥʠʭ ʢʫʨʩʽʚ ʚʽʜ ʽʩʪʦʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʚʢʣʶʯʘʶʯʠ 

ʧʦʪʦʯʥʫ ʽ ʛʨʘʥʠʯʥʫ-ʜʦʧʫʩʪʠʤʫ ʜʠʩʪʘʥʮʽʾ. 

ɼʘʥʝ ʚʠʟʥʘʯʝʥʥʷ ʩʠʪʫʘʪʠʚʥʦʛʦ ʟʙʫʨʝʥʥʷ ʽ ʦʮʽʥʢʠ ʡʦʛʦ ʟʥʘʯʝʥʥʷ ʟʘʣʝʞʥʦ 

ʚʽʜ ʩʠʪʫʘʮʽʾ ʥʝʙʝʟʧʝʯʥʦʛʦ ʟʙʣʠʞʝʥʥʷ, ʱʦ ʩʢʣʘʣʘʩʷ.  

ɼʣʷ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʰʚʠʜʢʽʩʪʴ ʩʫʜʥʘ ʤʝʥʰʝ ʰʚʠʜʢʦʩʪʽ ʮʽʣʽ, ʧʨʠʚʝʜʝʥʽ 

ʘʥʘʣʽʪʠʯʥʠʡ ʤʝʪʦʜ ʽ ʛʨʘʬʽʯʥʽ ʜʽʘʛʨʘʤʠ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ 

ʟʥʘʯʝʥʥʷ ʩʠʪʫʘʪʠʚʥʦʛʦ ʟʙʫʨʝʥʥʷ ʟʘʣʝʞʥʦ ʚʽʜ ʧʦʪʦʯʥʦʾ ʜʠʩʪʘʥʮʽʾ, ʰʚʠʜʢʦʩʪʝʡ 

ʩʫʜʝʥ, ʛʨʘʥʠʯʥʦ-ʜʦʧʫʩʪʠʤʦʾ ʜʠʩʪʘʥʮʽʾ ʟʙʣʠʞʝʥʥʷ ʽ ʰʚʠʜʢʦʩʪʽ ʮʽʣʽ. 

ɿʘ ʩʠʪʫʘʮʽʾ, ʢʦʣʠ ʥʝʤʦʞʣʠʚʝ ʤʘʥʝʚʨʫʚʘʥʥʷ ʟʤʽʥʦʶ ʢʫʨʩʫ, ʟʘʧʨʦʧʦʥʦʚʘʥʘ 

ʧʨʦʮʝʜʫʨʘ ʬʦʨʤʫʚʘʥʥʷ ʦʙʣʘʩʪʝʡ ʥʝʙʝʟʧʝʯʥʠʭ ʰʚʠʜʢʦʩʪʝʡ, ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʷʢʠʭ ʤʦʞʣʠʚʦ ʚʠʙʨʘʪʠ ʤʘʥʝʚʨ ʨʦʟʭʦʜʞʝʥʥʷ ʩʫʜʝʥ ʟʤʽʥʦʶ ʾʭ ʰʚʠʜʢʦʩʪʝʡ. 

ʇʨʠ ʮʴʦʤʫ ʦʮʽʥʢʘ ʤʘʥʝʚʨʫ ʧʨʦʚʦʜʠʪʴʩʷ ʚ ʧʝʨʰʦʤʫ ʥʘʙʣʠʞʝʥʥʽ. 
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ʈʆɿɼɯʃ 4.  

ɺʀɹɯʈ ʆʇʊʀʄɸʃʔʅʆɻʆ ʄɸʅɽɺʈʋ ʈʆɿʍʆɼɾɽʅʅʗ ɿʄɯʅʆʖ 

ʐɺʀɼʂʆʉʊɽʁ ʉʋɼɽʅ ɿ ʋʈɸʍʋɺɸʅʅʗʄ ɰʍ ɯʅɽʈʎɯʁʅʀʍ 

ʍɸʈɸʂʊɽʈʀʉʊʀʂ. 

 

 

4.1. ʋʤʦʚʘ ʽʩʥʫʚʘʥʥʷ ʤʥʦʞʠʥʠ ʙʝʟʧʝʯʥʠʭ ʤʘʥʝʚʨʽʚ ʨʦʟʭʦʜʞʝʥʥʷ ʩʫʜʝʥ 

ʟʤʽʥʦʶ ʰʚʠʜʢʦʩʪʝʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʾʭ ʽʥʝʨʮʽʡʥʦʩʪʽ. 

 

ʇʝʨʰʘ ʟ ʦʟʥʘʢ ʤʦʞʣʠʚʦʛʦ ʽʩʥʫʚʘʥʥʷ ʤʥʦʞʠʥʠ ʙʝʟʧʝʯʥʠʭ ʤʘʥʝʚʨʽʚ 

ʨʦʟʭʦʜʞʝʥʥʷ ʟʤʽʥʦʶ ʰʚʠʜʢʦʩʪʝʡ ʩʫʜʝʥ ʧʦʣʷʛʘʻ ʚ ʟ'ʷʩʫʚʘʥʥʽ ʤʦʞʣʠʚʦʩʪʽ ʟʤʽʥʠ 

ʧʦʯʘʪʢʦʚʦʛʦ ʚʽʜʥʦʩʥʦʛʦ ʢʫʨʩʫ ʧʨʠ ʟʤʽʥʽ ʰʚʠʜʢʦʩʪʝʡ ʩʫʜʝʥ, ʱʦ ʟʙʣʠʞʫʶʪʴʩʷ. 

ɼʣʷ ʮʴʦʛʦ ʨʦʟʛʣʷʥʝʤʦ ʧʝʨʰʫ ʧʦʭʽʜʥʫ ʧʦʯʘʪʢʦʚʦʛʦ ʚʽʜʥʦʩʥʦʛʦ ʢʫʨʩʫ otnK  ʧʦ 

ʰʚʠʜʢʦʩʪʽ ʩʫʜʥʘ 1V . ʗʢʱʦ ʧʝʨʰʘ ʧʦʭʽʜʥʘ 

1

otn

V

K

µ

µ
 ʙʫʜʝ ʨʽʚʥʘ ʥʫʣʶ, ʪʦ ʟʤʽʥʠʪʠ 

ʧʦʯʘʪʢʦʚʠʡ ʚʽʜʥʦʩʥʠʡ ʢʫʨʩ otnK  ʤʘʥʝʚʨʦʤ ʰʚʠʜʢʦʩʪʽ ʥʝʤʦʞʣʠʚʦ. ɺ ʽʥʰʦʤʫ 

ʨʘʟʽ ʩʣʽʜ ʧʝʨʝʢʦʥʘʪʠʩʷ, ʯʠ ʤʦʞʥʘ ʨʦʟʽʡʪʠʩʷ ʟ ʮʽʣʣʶ ʚ ʜʦʧʫʩʪʠʤʽʡ ʜʠʩʪʘʥʮʽʾ 

ʥʘʡʢʦʨʦʪʰʦʛʦ ʟʙʣʠʞʝʥʥʷ. 

ɿʥʘʡʜʝʤʦ ʚʠʨʘʟ 

1

otn

V

K

µ

µ
, ʜʣʷ ʯʦʛʦ ʩʢʦʨʠʩʪʘʻʤʦʩʷ ʦʜʝʨʞʘʥʦʶ ʚ ʪʨʝʪʴʦʤʫ 

ʨʦʟʜʽʣʽ ʟʘʣʝʞʥʽʩʪʶ:  

 

]

)Kcos(KV2VVV

sinKVsinKV
arcsin[K

2

2

2

2

1 121

2211
otn

--+

-
= . 
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ʇʦʟʥʘʯʠʤʦ  

)Kcos(KV2VVV

sinKVsinKV
X

2

2

2

2

1 121

2211

--+

-
=  ʪʘ ʦʜʝʨʞʠʤʦ 

arcsin[X]Kotn= ], ʘ ʧʝʨʰʘ ʧʦʭʽʜʥʘ:  

 

                                                     

11

otn

V

X

X1

1

V

K

2 µ

µ

-
=

µ

µ
.                         (4.1)   

 

ɿʥʘʡʜʝʤʦ ʚʠʨʘʟ ʧʦʭʽʜʥʦʾ 

1
V

X

µ

µ
, ʜʣʷ ʯʦʛʦ ʟʘʧʠʰʝʤʦ ʚʠʨʘʟ X  ʚ ʥʘʩʪʫʧʥʦʤʫ 

ʚʠʛʣʷʜʽ: 

1/2)]Kcos(KV2VV)[VsinKVsinK(VX 2121
2
2

2
12211

---+-= . 

 

ʊʦʤʫ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ: 

 

1
V

X

µ

µ
= +D-D-+-- - )KcosV2V2()KcosVV2VV()sinKVsinK(V

2

1
2121

2
2

2
12211

2/3
 

2/1)KcosVV2VV(Ksin 21
2
2

2
11

-D-++ , 

 

ʜʝ 21 KKK -=D . 

ɺʠʨʘʟ ʜʣʷ ʧʦʭʽʜʥʦʾ 

1
V

X

µ

µ
 ʟʘʧʠʩʫʻʤʦ ʚ ʪʘʢʦʤʫ ʚʠʛʣʷʜʽ: 

2/3

21

2

2

2

1

21221121

2

2

2

11

)KcosVV2VV(

)KcosVV)(KsinVKsinV()KcosVV2VV(Ksin

V

X

1 D-+

D---D-+
=

µ

µ
. 

 

 ʈʦʟʛʣʷʥʝʤʦ ʯʠʩʝʣʴʥʠʢ ʦʜʝʨʞʘʥʦʛʦ ʚʠʨʘʟʫ ʠ ʧʦʟʥʘʯʠʤʦ ʡʦʛʦ S: 
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=D---D-+= )KcosVV)(KsinVKsinV()KcosVV2VV(KsinS 21221121
2
2

2
11  

---D-+=
2211

2

11211

2

21

2

1
KsinVVKsinV(KcosKsinVV2KsinVKsinV  

)KcosKsinVKcosKsinVV
2

2

2121
D+D- . 

ʈʦʟʢʨʠʚʘʻʤʦ ʜʫʞʢʠ ʽ ʧʨʠʚʦʜʠʤʦ ʧʦʜʽʙʥʽ ʯʣʝʥʠ, ʘ ʪʘʢʦʞ ʚʨʘʭʦʚʫʻʤʦ, ʱʦ 

ȹKKK co += , ʦʩʪʘʪʦʯʥʦ ʦʜʝʨʞʠʤʦ: 

]}Kcos)KKsin(K[sinV]KcosKsin)KK[sin(V{VS 22 21222
DD+-+D-D+= . 

 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʦʜʝʨʞʘʥʦʛʦ ʚʠʨʘʟʫ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ: 

 

2/3

21

2

2

2

1

2212222

)KcosVV2VV(

]}Kcos)KKsin(K[sinV]KcosKsin)KK[sin(V{V

V

X

1 D-+

DD+-+D-D+
=

µ

µ
. 

 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʧʦʭʽʜʥʦʾ 

1

otn

V

K

µ

µ
 ʥʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ ʷʚʥʠʡ ʚʠʛʣʷʜ ʚʠʨʘʟʫ 

2X1

1

-
. ʆʯʝʚʠʜʥʦ: 

Cs

CsSn

X1

1 22

2

+
=

-
, 

 

ʜʝ 
2211

KsinVKsinVSn -= , 
2211

cosKVcosKVCs -= . 

ɺ ʮʴʦʤʫ ʨʘʟʽ ʚʠʨʘʟ (4.1) ʧʨʠʡʤʘʻ ʚʠʛʣʷʜ: 
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)KcosVV2VV](KcosV)KKcos(V[

]}Kcos)KKsin(K[sinV]KcosKsin)KK[sin({VV

V

K

21

2

2

2

12221

2212222

1

otn

D-+-D+

DD+-+D-D+
=

µ

µ
. (4.2) 

 

ʇʦʜʘʣʴʰʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʘʥʦʛʦ ʚʠʨʘʟʫ ʜʦʟʚʦʣʷʻ ʦʜʝʨʞʘʪʠ: 

 

                                         
KcosVV2VV

KsinV

V

K

21

2

2

2

1

2

1

otn

D-+

D
-=

µ

µ
.                         (4.3) 

 

ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʤʽʥʠ ʚʽʜʥʦʩʥʦʛʦ ʢʫʨʩʫ ʧʨʠ ʟʤʽʥʽ ʰʚʠʜʢʦʩʪʝʡ ʦʙʦʭ 

ʩʫʜʝʥ ʥʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ ʧʦʭʽʜʥʫ ʚʽʜ ʚʠʨʘʟʫ (4.3) ʧʦ ʟʤʽʥʥʽʡ 
2

V :  

)
KcosVV2VV

KsinV
(

VVV

K

21

2

2

2

1

2

2

221

otn

D-+

D

µ

µ
-=

µµ

µ
. 

 

ɼʠʬʝʨʝʥʮʽʶʶʯʠ ʧʨʘʚʫ ʯʘʩʪʠʥʫ ʨʽʚʥʦʩʪʽ, ʦʪʨʠʤʘʻʤʦ: 

 

2

21

2

2

2

1

12221

2

2

2

1

2

K)cosVV2V(V

Ksin)]KcosV2V2(V-K)cosVV2V[(V

VV

K

21

otn

D-+

DDD-+
-=

µµ

µ -

. 

 

ɿʚʝʨʪʘʻʤʦ ʫʚʘʛʫ, ʱʦ ʚ ʯʠʩʝʣʴʥʠʢʫ ʚʠʨʘʟ ʚ ʢʚʘʜʨʘʪʥʠʭ ʜʫʞʢʘʭ ʜʦʨʽʚʥʶʻ: 

 

)VV(VVV)KcosV2V2(V-KcosVV2VV
21

2

2

2

112221

2

2

2

1
+-- D==DD-+ , 
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ʜʝ 
21

VVV -=D . 

ʆʪʞʝ, ʦʩʪʘʪʦʯʥʦ ʚʠʨʘʟ ʜʣʷ ʟʤʽʰʘʥʦʾ ʧʦʭʽʜʥʦʾ 

21

otn

VV

K2

µµ

µ
 ʧʨʠʡʤʘʻ ʚʠʛʣʷʜ:                               

2

21

2

2

2

1

21

2

K)cosVV2V(V

Ksin)VV(V

VV

K

21

otn

D-+

D+D
-=

µµ

µ
.                         (4.4) 

ɸʥʘʣʽʟ ʦʜʝʨʞʘʥʦʛʦ ʚʠʨʘʟʫ 

21

otn

VV

K2

µµ

µ
 ʧʦʢʘʟʫʻ, ʱʦ ʧʨʠ ʟʥʘʯʝʥʥʽ KD =0 ʽ 

KD =180 ʯʠʩʝʣʴʥʠʢ ʚʠʨʘʟʫ ʜʦʨʽʚʥʶʻ ʥʫʣʶ, ʱʦ ʦʟʥʘʯʘʻ ʧʨʠ ʧʨʦʭʦʜʞʝʥʥʽ 

ʩʫʜʝʥ ʥʘ ʧʨʦʪʠʣʝʞʥʠʭ ʽ ʧʘʨʘʣʝʣʴʥʠʭ ʢʫʨʩʘʭ ʟʤʽʥʘ ʰʚʠʜʢʦʩʪʝʡ ʩʫʜʝʥ ʥʝ 

ʚʧʣʠʚʘʻ ʥʘ ʚʝʣʠʯʠʥʫ ʚʽʜʥʦʩʥʦʛʦ ʢʫʨʩʫ. ʊʦʤʫ ʚ ʪʘʢʠʭ ʩʠʪʫʘʮʽʷʭ ʤʘʥʝʚʨ 

ʨʦʟʭʦʜʞʝʥʥʷ ʩʫʜʝʥ ʟʤʽʥʦʶ ʰʚʠʜʢʦʩʪʝʡ ʥʝʤʦʞʣʠʚʠʡ, ʪʦʙʪʦ ʤʥʦʞʠʥʘ 

ʙʝʟʧʝʯʥʠʭ ʤʘʥʝʚʨʽʚ ʨʦʟʭʦʜʞʝʥʥʷ ʻ ʧʦʨʦʞʥʴʦʶ. 

ɿ ʚʠʨʘʟʫ (4.4) ʪʘʢʦʞ ʚʠʪʽʢʘʻ, ʱʦ ʧʨʠ ʨʽʚʥʦʩʪʽ ʧʦʪʦʯʥʠʭ ʰʚʠʜʢʦʩʪʝʡ 

ʩʫʜʝʥ (0V=D ) ʚʝʣʠʯʠʥʘ ʚʽʜʥʦʩʥʦʛʦ ʢʫʨʩʫ 
otn

K  ʪʘʢʦʞ ʥʝ ʤʽʥʷʻʪʴʩʷ. ʊʦʤʫ ʫ 

ʨʘʟʽ ʨʽʚʥʦʩʪʽ ʧʦʯʘʪʢʦʚʠʭ ʩʫʜʥʦʚʠʭ ʰʚʠʜʢʦʩʪʝʡ ʧʨʠ ʾʭ ʦʜʥʘʢʦʚʽʡ ʟʤʽʥʽ ʤʘʥʝʚʨ 

ʨʦʟʭʦʜʞʝʥʥʷ ʩʫʜʝʥ ʟʤʽʥʦʶ ʰʚʠʜʢʦʩʪʝʡ ʥʝʤʦʞʣʠʚʠʡ.  

ʋ ʧʦʧʝʨʝʜʥʴʦʤʫ ʧʽʜʨʦʟʜʽʣʽ ʧʦʢʘʟʘʥʦ, ʱʦ ʦʙʣʘʩʪʴ ʥʝʧʨʠʧʫʩʪʠʤʠʭ 

ʰʚʠʜʢʦʩʪʝʡ ʧʘʨʠ ʩʫʜʝʥ ʤʘʻ ʤʝʞʽ: 

2
**

1 VkV = ,  2**1 VkV = , 

ʜʝ 
)ɔsin(K

)ɔsin(K
k

*
1

*
2*

-

-
=   ʠ  

)ɔsin(K

)ɔsin(K
k

*1

*2
*

-

-
= . 

ʆʯʝʚʠʜʥʦ, ʤʦʞʣʠʚʝ ʽʩʥʫʚʘʥʥʷ ʤʥʦʞʠʥʠ ʙʝʟʧʝʯʥʠʭ ʤʘʥʝʚʨʽʚ 

ʨʦʟʭʦʜʞʝʥʥʷ ʩʫʜʝʥ ʤʘʻ ʤʽʩʮʝ ʧʨʠ ʫʤʦʚʽ: 

                             0k* >>¤ , 0k* >>¤  ʽ *
* kk > .              (4.5) 
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ɯʥʘʢʰʝ ʤʥʦʞʠʥʘ ʙʝʟʧʝʯʥʠʭ ʤʘʥʝʚʨʽʚ ʨʦʟʭʦʜʞʝʥʥʷ ʻ ʧʦʨʦʞʥʴʦʶ. ɺ ʨʘʟʽ 

ʽʩʥʫʚʘʥʥʷ ʦʙʣʘʩʪʴ ʥʝʙʝʟʧʝʯʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʤʘʻ ʚʠʛʣʷʜ, ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ. 4.1. 

ʋ ʜʘʥʦʤʫ ʧʨʠʢʣʘʜʽ ʧʘʨʘʤʝʪʨʠ ʩʠʪʫʘʮʽʾ ʟʙʣʠʞʝʥʥʷ ʤʘʶʪʴ ʥʘʩʪʫʧʥʽ ʟʥʘʯʝʥʥʷ: 

A45Ŭ0= , ʤʠʣʽ, 1Dd =  ʤʠʣʷ,, A180K 2= . 

 

ʇʨʠ ʧʦʯʘʪʢʦʚʠʭ ʰʚʠʜʢʦʩʪʷʭ 18V1=  ʫʟ ʽ 21V2=  ʫʟ ʜʠʩʪʘʥʮʽʷ 

ʥʘʡʢʦʨʦʪʰʦʛʦ ʟʙʣʠʞʝʥʥʷ 23,0Dmin =  ʤʠʣʽ. 

                                   1V  

   2V  

ʈʠʩ. 4.1. ʆʙʣʘʩʪʴ ʥʝʙʝʟʧʝʯʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʩʫʜʝʥ 

 

ʗʢʱʦ ʫʤʦʚʘ (4.5) ʩʧʨʘʚʝʜʣʠʚʘ, ʪʦ ʫʨʘʭʫʚʘʥʥʷ ʽʥʝʨʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʫʜʝʥ ʧʨʠ ʚʠʙʦʨʽ ʙʝʟʧʝʯʥʦʛʦ ʤʘʥʝʚʨʫ ʨʦʟʭʦʜʞʝʥʥʷ ʩʫʜʝʥ ʟʤʽʥʠ ʾʭ ʰʚʠʜʢʦʩʪʝʡ 

ʧʦʣʷʛʘʻ ʚ ʥʘʩʪʫʧʥʦʤʫ.  

ɿʘ ʜʦʧʦʤʦʛʦʶ ʦʙʣʘʩʪʽ ʥʝʙʝʟʧʝʯʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʘʨʘ 

ʙʝʟʧʝʯʥʠʭ ʰʚʠʜʢʦʩʪʝʡ 1yV  ʽ 2yV . ʏʝʨʝʟ ʽʥʝʨʮʽʡʥʽʩʪʴ ʩʫʜʝʥ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ 

ʥʝʦʙʭʽʜʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʨʦʟʭʦʜʞʝʥʥʷ 1yV  ʽ 2yV  ʧʦʪʨʽʙʝʥ ʯʘʩ 1yt  ʽ 2yt .  

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʮʽ ʽʥʪʝʨʚʘʣʠ ʯʘʩʫ ʥʝ ʨʽʚʥʽ ʤʽʞ ʩʦʙʦʶ. ʊʦʤʫ 

ʪʨʠʚʘʣʽʩʪʴ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ pt  ʚʽʜ ʧʦʯʘʪʢʫ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʝʡ ʩʫʜʝʥ ʜʦ 
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ʚʠʙʨʘʥʠʭ ʟʥʘʯʝʥʴ 1yV  ʽ 2yV  ʚʠʟʥʘʯʘʻʪʴʩʷ ʙʽʣʴʰʠʤ ʟ ʽʥʪʝʨʚʘʣʽʚ 1yt   ̔ 2yt , ʪʦʙʪʦ 

),max(t 2y1yp tt=  ʗʢʱʦ ʫ ʮʝʡ ʤʦʤʝʥʪ ʯʘʩʫ ʧʨʠ ʥʝʟʤʽʥʥʠʭ ʢʫʨʩʘʭ ʩʫʜʝʥ 1K  ʽ 

2K , ʘ ʪʘʢʦʞ ʩʪʘʣʠʭ ʰʚʠʜʢʦʩʪʷʭ 1yV  ʽ 2yV  ʜʠʩʪʘʥʮʽʷ ʥʘʡʢʦʨʦʪʰʦʛʦ ʟʙʣʠʞʝʥʥʷ 

ʙʫʜʝ ʨʽʚʥʘ ʘʙʦ ʙʽʣʴʰʝ ʛʨʘʥʠʯʥʦ-ʾʜʦʧʫʩʪʠʤʦʾ ʜʠʩʪʘʥʮʽʾ, ʪʦ ʤʥʦʞʠʥʘ ʙʝʟʧʝʯʥʠʭ 

ʤʘʥʝʚʨʽʚ ʨʦʟʭʦʜʞʝʥʥʷ ʽʩʥʫʻ. 

ʆʯʝʚʠʜʥʦ, ʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʝʡ 1yV  ʽ 2yV  ʻ ʤʝʥʰʠʤʠ, ʥʽʞ ʾʭ ʧʦʯʘʪʢʦʚʽ 

ʟʥʘʯʝʥʥʷ 1V  ʽ 2V , ʪʦʙʪʦ ʤʘʥʝʚʨ ʨʦʟʭʦʜʞʝʥʥʷ ʩʫʜʝʥ ʟʤʽʥʦʶ ʰʚʠʜʢʦʩʪʝʡ 

ʚʠʢʦʥʫʻʪʴʩʷ ʾʭ ʛʘʣʴʤʫʚʘʥʥʷʤ, ʽ ʩʫʜʥʘ ʽʟ ʟʥʠʞʝʥʠʤʠ ʰʚʠʜʢʦʩʪʷʤʠ ʩʣʽʜʫʶʪʴ ʜʦ 

ʤʦʤʝʥʪʫ ʯʘʩʫ ʥʘʡʢʦʨʦʪʰʦʛʦ ʟʙʣʠʞʝʥʥʷ, ʧʽʩʣʷ ʯʦʛʦ ʟʙʽʣʴʰʫʶʪʴ ʰʚʠʜʢʦʩʪʽ ʜʦ 

ʧʦʯʘʪʢʦʚʠʭ ʟʥʘʯʝʥʴ.  

ʇʨʠʧʫʩʪʠʤʦ, ʧʦʯʘʪʢʦʚʘ ʩʠʪʫʘʮʽʷ ʥʝʙʝʟʧʝʯʥʦʛʦ ʟʙʣʠʞʝʥʥʷ ʩʫʜʝʥ ʜʣʷ 

ʧʦʯʘʪʢʦʚʦʛʦ ʤʦʤʝʥʪʫ ʯʘʩʫ 0t0=  ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʝʣʝʥʛʦʤ  0Ŭ  ʽ ʜʠʩʪʘʥʮʽʻʶ 

0D . ʆʩʢʽʣʴʢʠ ʧʝʣʝʥʛ 0a  ʟʘʜʘʻʪʴʩʷ ʟ ʧʝʨʰʦʛʦ ʩʫʜʥʘ ʥʘ ʜʨʫʛʝ, ʪʦ ʜʣʷ ʧʝʨʰʦʛʦ 

ʩʫʜʥʘ ʜʦʮʽʣʴʥʦ ʧʨʠʡʥʷʪʠ ʧʦʯʘʪʢʦʚʽ ʢʦʦʨʜʠʥʘʪʠ 0X10=  ʽ 0Y10= . ʆʯʝʚʠʜʥʦ, 

ʧʦʯʘʪʢʦʚʽ ʢʦʦʨʜʠʥʘʪʠ ʜʨʫʛʦʛʦ ʩʫʜʥʘ ʤʘʶʪʴ ʟʥʘʯʝʥʥʷ 0020 sinDX a=  ʽ 

0020 cosDY a= .  

ɿ ʯʘʩʦʤ ʢʦʦʨʜʠʥʘʪʠ ʩʫʜʝʥ 1tX , 1tY , 2tX  ʪʘ 2tY , ʘ ʪʘʢʦʞ ʧʦʪʦʯʥʽ ʟʥʘʯʝʥʥʷ 

ʜʠʩʪʘʥʮʽʾ tD  ʽ ʧʝʣʝʥʛʘ tŬ ʟʤʽʥʶʶʪʴʩʷ. ʇʦʟʥʘʯʠʤʦ ʯʝʨʝʟ mxc  ʩʫʜʥʦ, 

ʧʝʨʝʭʽʜʥʠʡ ʧʝʨʽʦʜ ʷʢʦʛʦ ʙʽʣʴʰʠʡ ʽ ʨʽʚʥʠʡ ʪʨʠʚʘʣʦʩʪʽ ʟʘʛʘʣʴʥʦʛʦ ʧʝʨʝʭʽʜʥʦʛʦ 

ʧʨʦʮʝʩʫ pt . ʉʫʜʥʦ ʟ ʤʝʥʰʠʤ ʧʝʨʝʭʽʜʥʠʤ ʧʝʨʽʦʜʦʤ ʧʦʟʥʘʯʠʤʦ mnc . ʗʢʱʦ ʯʘʩ 

ʧʦʯʘʪʢʫ ʤʘʥʝʚʨʫ ʨʦʟʭʦʜʞʝʥʥʷ nt  ʧʝʨʝʚʝʨʰʫʻ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʯʘʩʫ 0t , ʪʦ 

ʩʫʜʥʘ ʧʨʦʪʷʛʦʤ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ pt  ʧʨʦʭʦʜʷʪʴ ʥʘʩʪʫʧʥʽ ʜʠʩʪʘʥʮʽʾ: 

mxnmxmx StVL += , 

)(tVStVL
mnpmnymnnmnmn t-++= , 

 

ʜʝ mxS   ̔ mnS  - ʚʽʜʩʪʘʥʽ, ʷʢʽ ʧʨʦʭʦʜʷʪʴ ʚʽʜʧʦʚʽʜʥʦ ʩʫʜʥʘ mxc   ̔ mnc  ʟʘ ʯʘʩ 

ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʝʡ 
mx
t  ʪʘ 

mn
t . 
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ɼʦ ʤʦʤʝʥʪʫ ʯʘʩʫ ʟʘʢʽʥʯʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ pt  

ʢʦʦʨʜʠʥʘʪʠ ʩʫʜʝʥ mxpX , mxpY , mnpX  ʽ mnpY  ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʘʩʪʫʧʥʠʤʠ 

ʚʠʨʘʟʘʤʠ: 

mxmxnmxmx0mxmxmx0mxp Ksin)StV(XKsinLXX ++=+= ; 

mxmxnmxmx0mxmxmx0mxp )cosKSt(VYcosKLYY ++=+= ; 

mnmnpmnymnnmnmn0mnmnmn0mnp Ksin)]t(VStV[XKsinLXX t-+++=+=

; 

mnmnpmnymnnmnmn0mnmnmn0mnp Kcos)]t(VStV[YcosKLYY t-+++=+=

. 

 

ɿʥʘʯʝʥʥʷ ʧʝʣʝʥʛʫ pŬ  ʽ ʜʠʩʪʘʥʮʽʾ pD  ʥʘ ʤʦʤʝʥʪ ʯʘʩʫ pt : 

 

2
mnpmxp

2
mnpmxpp )Y(Y)XX(D -- += , 

p

mnpmxp
p

D

XX
arcsinŬ

-
= , 

 

ʧʨʠʯʦʤʫ ʯʚʝʨʪʴ, ʚ ʷʢʽʡ ʟʥʘʭʦʜʠʪʴʩʷ ʧʝʣʝʥʛ pŬ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʥʘʢʘʤʠ 

ʚʠʨʘʟʽʚ )XX( mnpmxp -  ʽ )Y(Y mnpmxp - . 

ʋ ʤʦʤʝʥʪ ʯʘʩʫ pt  ʧʘʨʘʤʝʪʨʠ ʨʫʭʫ ʦʙʦʭ ʩʫʜʝʥ ʩʪʘʶʪʴ ʥʝʟʤʽʥʥʠʤʠ, ʷʢ ʽ 

ʚʽʜʥʦʩʥʠʡ ʢʫʨʩ otpK . ʊʦʤʫ ʜʠʩʪʘʥʮʽʷ ʥʘʡʢʦʨʦʪʰʦʛʦ ʟʙʣʠʞʝʥʥʷ ʩʫʜʝʥ minD  

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʦʨʤʫʣʠ: 

                                           )Ksin(DD potpppmin a-D= ,                         (4.6) 

 

ʜʝ )]Ksin(sign[ potpp
a-=D . 

ʗʢʱʦ ʥʘʙʫʪʝ ʟʥʘʯʝʥʥʷ minD  ʨʽʚʥʝ ʘʙʦ ʙʽʣʴʰʝ ʚʝʣʠʯʠʥʠ dD , ʪʦ ʽʩʥʫʻ 

ʤʥʦʞʠʥʘ ʜʦʧʫʩʪʠʤʠʭ ʤʘʥʝʚʨʽʚ ʨʦʟʭʦʜʞʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʙʨʘʥʠʭ 

ʰʚʠʜʢʦʩʪʝʡ 1yV  ʽ 2yV . ɯʥʘʢʰʝ ʩʣʽʜ ʚʠʙʨʘʪʠ ʽʥʰʫ ʧʘʨʫ ʰʚʠʜʢʦʩʪʝʡ 1yV   ʽ 2yV , 
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ʷʢʽ ʥʝ ʥʘʣʝʞʘʪʴ ʦʙʣʘʩʪʽ ʥʝʙʝʟʧʝʯʥʠʭ ʰʚʠʜʢʦʩʪʝʡ, ʽ ʧʦʚʪʦʨʠʪʠ ʧʝʨʝʚʽʨʢʫ 

ʽʩʥʫʚʘʥʥʷ ʤʥʦʞʠʥʠ ʜʦʧʫʩʪʠʤʠʭ ʤʘʥʝʚʨʽʚ.  

ʆʩʢʽʣʴʢʠ ʚʠʙʽʨ ʙʝʟʧʝʯʥʠʭ ʰʚʠʜʢʦʩʪʝʡ 1yV   ʽ 2yV  ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʙʣʘʩʪʽ 

ʥʝʙʝʟʧʝʯʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʨʦʟʛʣʷʜʘʚʩʷ ʚ ʧʦʧʝʨʝʜʥʴʦʤʫ ʨʦʟʜʽʣʽ, ʪʦ ʪʫʪ ʩʣʽʜ 

ʟʥʘʡʪʠ ʚʠʨʘʟʠ ʪʨʠʚʘʣʦʩʪʽ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ 1yt  ʽ 2yt  ʦʙʦʭ ʩʫʜʝʥ, ʘ ʪʘʢʦʞ 

ʚʽʜʩʪʘʥʝʡ 1S  ʽ 2S , ʷʢʽ ʩʫʜʥʘ ʧʨʦʭʦʜʷʪʴ ʟʘ ʮʽ ʽʥʪʝʨʚʘʣʠ ʯʘʩʫ. ʇʨʠ ʮʴʦʤʫ 

ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʟʥʠʞʝʥʥʷ ʰʚʠʜʢʦʩʪʝʡ ʩʫʜʝʥ ʤʦʞʣʠʚʝ ʷʢ 

ʘʢʪʠʚʥʠʤ, ʪʘʢ ʽ ʧʘʩʠʚʥʠʤ ʛʘʣʴʤʫʚʘʥʥʷʤ.  

 

 

4.2. ɸʢʪʠʚʥʝ ʽ ʧʘʩʠʚʥʝ ʛʘʣʴʤʫʚʘʥʥʷ ʩʫʜʥʘ. 

 

ɿʥʘʡʜʝʤʦ ʘʥʘʣʽʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʪʨʠʚʘʣʽʩʪʴ 

ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ t, ʧʨʦʡʜʝʥʦʾ ʟʘ ʮʝʡ ʯʘʩ ʚʽʜʩʪʘʥʽ S ʚʽʜ ʟʥʘʯʝʥʴ 

ʧʦʯʘʪʢʦʚʦʾ ʽ ʢʽʥʮʝʚʦʾ ʰʚʠʜʢʦʩʪʝʡ ʩʫʜʥʘ, ʘ ʪʘʢʦʞ  ʟʘʣʝʞʥʽʩʪʴ ʰʚʠʜʢʦʩʪʽ ʩʫʜʥʘ 

ʚʽʜ ʯʘʩʫ ʧʨʠ ʘʢʪʠʚʥʦʤʫ ʽ ʧʘʩʠʚʥʦʤʫ ʛʘʣʴʤʫʚʘʥʥʷ. 

ʈʦʟʛʣʷʥʝʤʦ ʩʧʦʯʘʪʢʫ ʘʢʪʠʚʥʝ ʛʘʣʴʤʫʚʘʥʥʷ. ʋ ʨʦʙʦʪʽ [2] ʚʢʘʟʫʻʪʴʩʷ, ʱʦ 

ʘʢʪʠʚʥʝ ʛʘʣʴʤʫʚʘʥʥʷ ʩʫʜʥʘ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʢʫʨʩʽ ʟ ʜʦʩʪʘʪʥʴʦʶ ʜʣʷ ʧʨʘʢʪʠʢʠ 

ʪʦʯʥʽʩʪʶ ʦʧʠʩʫʻʪʴʩʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤ ʨʽʚʥʷʥʥʷʤ ʟʘʣʝʞʥʦʩʪʽ ʰʚʠʜʢʦʩʪʽ 

ʩʫʜʥʘ V ʚʽʜ ʫʧʦʨʫ ʛʚʠʥʪʘ F, ʧʨʠʯʦʤʫ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʩʠʣʘ ʫʧʦʨʫ ʛʚʠʥʪʘ 

ʩʧʽʚʧʘʜʘʻ ʧʦ ʟʥʘʢʫ ʟ ʩʠʣʦʶ ʦʧʦʨʫ:   

 

0FɜV
dt

dV
M 2 =++ , 

 

ʜʝ  M  - ʤʘʩʘ ʩʫʜʥʘ ʟ ʧʨʠʻʜʥʘʥʠʤʠ ʤʘʩʘʤʠ ʚʦʜʠ; 

      ɜ - ʢʦʝʬʽʮʽʻʥʪ ʦʧʦʨʫ. 

ɼʘʥʝ ʨʽʚʥʷʥʥʷ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʚ ʥʘʩʪʫʧʥʦʤʫ ʚʠʛʣʷʜʽ: 
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       FɜV
dt

dV
M 2--= .                   (4.7) 

 

ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʩʫʜʥʦ ʥʘʙʫʚʘʻ ʥʝʟʤʽʥʥʫ ʩʪʘʣʫ 

ʰʚʠʜʢʽʩʪʴ, ʷʢʘ ʧʨʦʧʦʨʮʽʡʥʘ ʫʧʦʨʫ ʛʚʠʥʪʘ F. ɰʾ ʚʝʣʠʯʠʥʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʫʤʦʚʠ 

ʜʠʥʘʤʽʯʥʦʾ ʨʽʚʥʦʚʘʛʠ, ʧʨʠ ʷʢʽʡ ʩʠʣʘ ʽʥʝʨʮʽʾ ʨʽʚʥʘ ʥʫʣʶ, ʪʦʙʪʦ: 

 

FɜV2F = . 

 

ʊʦʤʫ ʨʽʚʥʷʥʥʷ (4.7) ʧʨʠʡʤʘʻ ʚʠʛʣʷʜ: 

)Vɜ(V
dt

dV
M 2

F
2+-= , 

 

ʟʚʽʜʢʠ ʦʜʝʨʞʫʻʤʦ ʨʽʚʥʷʥʥʷ ʽʟ ʟʤʽʥʥʠʤʠ, ʱʦ ʨʦʟʜʽʣʷʶʪʴʩʷ: 

 

                     dt
M

ɜ

VV

dV
2
F

2
-=

+
.                          (4.8) 

 

ɯʥʪʝʛʨʫʻʤʦ ʦʙʠʜʚʽ ʯʘʩʪʠʥʠ ʨʽʚʥʷʥʥʷ: 

 

t
M

ɜ

V

V
arctg

V

1 y

FF

V

V
-=

o

, 

 

ʟʚʽʜʢʠ ʟʥʘʭʦʜʠʤʦ ʟʘʣʝʞʥʽʩʪʴ ʜʣʷ ʽʥʪʝʨʚʘʣʫ ʯʘʩʫ 
a
Ű ʟʥʠʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ 

ʩʫʜʥʘ ʽʟ ʟʥʘʯʝʥʥʷ 
o

V  ʜʦ ʟʥʘʯʝʥʥʷ 
y

V  ʚ ʨʝʞʠʤʽ ʘʢʪʠʚʥʦʛʦ  ʛʘʣʴʤʫʚʘʥʥʷ: 

                       ]
V

V
arctg

V

V
arctg[

ɜV

M
Ű

F

y

F

o

F
a

-= ,                   (4.9) 

 

ʧʨʠʯʦʤʫ FV  - ʰʚʠʜʢʽʩʪʴ, ʚʽʜʧʦʚʽʜʥʘ ʫʧʦʨʫ ʛʚʠʥʪʘ ʥʘ ʟʘʜʥʽʡ ʭʽʜ. 
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ʇʨʠ ʘʢʪʠʚʥʦʤʫ ʛʘʣʴʤʫʚʘʥʥʽ ʚʠʨʘʟ ʜʣʷ ʧʨʦʡʜʝʥʦʾ ʚʽʜʩʪʘʥʽ aS  ʟʥʘʭʦʜʠʤʦ, 

ʧʽʜʩʪʘʚʣʷʶʯʠ ʫ ʬʦʨʤʫʣʫ (4.8) ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 
V

dS
dt= :  

 

V

dS

M

ɜ

)V(V

dV
2
F

2
-=

+
. 

 

ɿ ʦʩʪʘʥʥʴʦʛʦ ʨʽʚʥʷʥʥʷ: 

  

)V(V

VdV

ɜ

M
dS

2
F

2+
-= . 

 

ɯʥʪʝʛʨʫʚʘʥʥʷ ʦʙʦʭ ʯʘʩʪʠʥ ʦʩʪʘʥʥʴʦʛʦ ʨʽʚʥʷʥʥʷ ʜʦʟʚʦʣʷʻ ʟʥʘʡʪʠ 

ʟʘʣʝʞʥʽʩʪʴ ʧʨʦʡʜʝʥʦʾ ʚʽʜʩʪʘʥʽ aS  ʚʽʜ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ ʩʫʜʥʘ ʽʟ ʟʥʘʯʝʥʥʷ 
o

V  

ʜʦ ʟʥʘʯʝʥʥʷ 
y

V  ʚ ʨʝʞʠʤʽ ʘʢʪʠʚʥʦʛʦ  ʛʘʣʴʤʫʚʘʥʥʷ: 

 

y2
F

2 V

V
VVln

2

M
S

o

+-=
n

, 

 

ʘʙʦ, ʧʽʜʩʪʘʚʣʷʶʯʠ ʤʝʞʽ ʽʥʪʝʛʨʫʚʘʥʥʷ:  

 

2
F

2
y

2
F

2
o

a
VV

VV
ln

2ɜ

M
S

+

+
= . 

 

ɿ ʚʠʨʘʟʫ (4.9) ʤʦʞʥʘ ʦʜʝʨʞʘʪʠ ʟʘʣʝʞʥʽʩʪʴ ʰʚʠʜʢʦʩʪʽ ʩʫʜʥʘ ʧʨʠ 

ʘʢʪʠʚʥʦʤʫ ʛʘʣʴʤʫʚʘʥʥʽ ʚʽʜ ʯʘʩʫ. ʇʨʠʡʤʘʶʯʠ ʟʘʤʽʩʪʴ 
a
Ű ʧʦʪʦʯʥʠʡ ʯʘʩ t, ʟ (4.9) 

ʦʜʝʨʞʠʤʦ:  
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t
V

V
arctg

ɜV

M

V

V
arctg

ɜV

M

F

o

FF

y

F

-= ,  

ʟʚʽʜʢʠ 

t
M

ɜV

V

V
arctg

V

V
arctg F

F

o

F

y
-= . 

 

ɿ ʦʩʪʘʥʥʴʦʛʦ ʚʠʨʘʟʫ ʦʜʝʨʞʠʤʦ ʟʘʣʝʞʥʽʩʪʴ ʰʚʠʜʢʦʩʪʽ ʩʫʜʥʘ ʚʽʜ ʯʘʩʫ ʧʨʠ 

ʘʢʪʠʚʥʦʤʫ ʛʘʣʴʤʫʚʘʥʥʽ: 

t)
M

ɜV

V

V
arctg(tgVVV(t) F

F

o
Fy -== . 

 

ʇʨʠ ʧʘʩʠʚʥʦʤʫ ʛʘʣʴʤʫʚʘʥʥʽ ʩʠʣʘ ʫʧʦʨʫ ʛʚʠʥʪʘ ʨʽʚʥʘ ʥʫʣʶ ʽ ʧʦʯʘʪʢʦʚʝ 

ʜʠʬʝʨʝʥʮʽʡʥʝ ʨʽʚʥʷʥʥʷ ʨʫʭʫ ʩʫʜʥʘ ʧʨʠʡʤʘʻ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 

 

                                              0ɜV
dt

dV
M 2=+ ,    ʘʙʦ  

 

                                      2ɜV
dt

dV
M -= . 

  

ʇʽʩʣʷ ʨʦʟʜʽʣʝʥʥʷ ʟʤʽʥʥʠʭ ʚ ʮʴʦʤʫ ʨʽʚʥʷʥʥʽ: 

 

           dt
V

dV

ɜ

M
2
-= .                                (4.10) 

 

ɯʥʪʝʛʨʫʻʤʦ ʦʩʪʘʥʥʻ ʨʽʚʥʷʥʥʷ: 

             Ct
ɜV

M
+-=- .                     ( 4.11) 
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ʇʨʠ 0t= , ʦʯʝʚʠʜʥʦ, oVV=  ʽ ʧʦʩʪʽʡʥʘ ʽʥʪʝʛʨʫʚʘʥʥʷ C  ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʚʠʨʘʟʦʤ:  

oɜV

M
C -= , 

 

ʪʦʤʫ ʟ ʚʠʨʘʟʫ (4.11) ʟʥʘʭʦʜʠʤʦ ʟʘʣʝʞʥʽʩʪʴ:  

 

                                )
V

1

V

1
(
ɜ

M
Ű

oy

p -= ,                        (4.12) 

 

ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻ ʚʠʟʥʘʯʝʥʥʷ ʽʥʪʝʨʚʘʣʫ ʯʘʩʫ pŰ, ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ 

ʟʥʠʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʩʫʜʥʘ ʽʟ ʟʥʘʯʝʥʥʷ  oV  ʜʦ ʟʥʘʯʝʥʥʷ 
y

V . 

ɿʘʣʝʞʥʽʩʪʴ ʰʚʠʜʢʦʩʪʽ ʩʫʜʥʘ ʚʽʜ ʯʘʩʫ ʧʨʠ ʧʘʩʠʚʥʦʤʫ ʛʘʣʴʤʫʚʘʥʥʽ ʤʦʞʥʘ 

ʟʥʘʡʪʠ ʟ ʚʠʨʘʟʫ (4.12): 

t
M

ɜ

V

1

V

1

oy

=- , ʘʙʦ 

 

t
M

ɜV
1

V
VV(t)

o

o

y

+

== . 

 

ɺʠʨʘʟ ʜʣʷ ʜʠʩʪʘʥʮʽʾ pS , ʷʢʫ ʩʫʜʥʦ ʧʨʦʭʦʜʠʪʴ ʧʨʠ ʧʘʩʠʚʥʦʤʫ 

ʛʘʣʴʤʫʚʘʥʥʽ, ʟʥʘʡʜʝʤʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʦʨʤʫʣʠ (4.10). ɿ ʮʽʻʶ ʤʝʪʦʶ 

ʩʢʦʨʠʩʪʘʻʤʦʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 
V

dS
dt= . ɿ  ʚʠʨʘʟʫ (4.10): 

 

V

dS

V

dV

ɜ

M
2
-= . 

ʇʽʩʣʷ ʨʦʟʜʽʣʝʥʥʷ ʟʤʽʥʥʠʭ ʽ ʽʥʪʝʛʨʫʚʘʥʥʷ ʟʘʤʽʥʦʶ ʟʤʽʥʥʦʾ: 
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CSVln
2

1

ɜ

M 2 +-= . 

 

ɿ ʦʩʪʘʥʥʴʦʛʦ ʨʽʚʥʷʥʥʷ ʟʥʘʭʦʜʠʤʦ ʧʦʩʪʽʡʥʫ ʽʥʪʝʛʨʫʚʘʥʥʷ C  ʟʘ 

ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ, 0t= ,  0So=  ʽ oVV= :   

2Vln
2ɜ

M
C o= . 

 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʦʜʝʨʞʘʥʦʛʦ ʚʠʨʘʟʫ: 

)VlnV(ln
2ɜ

M
S 22 -= o , 

ʘʙʦ ʦʩʪʘʪʦʯʥʦ ʦʜʝʨʞʠʤʦ:   

2
y

2
o

p
V

V
ln

2ɜ

M
S = , 

ʜʝ yV  - ʰʚʠʜʢʽʩʪʴ ʩʫʜʥʘ ʚ ʟʘʚʝʨʰʝʥʥʽ ʧʘʩʠʚʥʦʛʦ ʛʘʣʴʤʫʚʘʥʥʷ. 

ʇʽʜʚʦʜʷʯʠ ʧʽʜʩʫʤʢʠ ʚʠʱʝʚʠʢʣʘʜʝʥʦʤʫ, ʧʨʠʚʝʜʝʤʦ ʦʜʝʨʞʘʥʽ ʟʘʣʝʞʥʦʩʪʽ 

ʜʣʷ ʘʢʪʠʚʥʦʛʦ ʛʘʣʴʤʫʚʘʥʥʷ: 

]
V

V
arctg

V

V
arctg[

ɜV

M
Ű

F

y

F

o

F
a

-= , 

2
F

2
y

2
F

2
o

a
VV

VV
ln

2ɜ

M
S

+

+
= , 

t)
M

ɜV

V

V
arctg(tgVV F

F

o
Fa -= . 

ʋ ʨʘʟʽ ʧʘʩʠʚʥʦʛʦ ʛʘʣʴʤʫʚʘʥʥʷ: 

)
V

1

V

1
(
ɜ

M
Ű

oy

p -= , 
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2
y

2
o

p
V

V
ln

2ɜ

M
S = , 

t
M

ɜV
1

V
V

o

o

p

+

= . 

 

 

4.3. ɺʠʟʥʘʯʝʥʥʷ ʘʥʘʣʽʪʠʯʥʠʤ ʩʧʦʩʦʙʦʤ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʥʝʚʨʫ 

ʨʦʟʭʦʜʞʝʥʥʷ ʟʤʽʥʦʶ ʰʚʠʜʢʦʩʪʝʡ. 

 

ʋ ʧʽʜʨʦʟʜʽʣʽ 4.1 ʦʜʝʨʞʘʣʠ ʫʤʦʚʫ ʽʩʥʫʚʘʥʥʷ ʤʥʦʞʠʥʠ ʤʘʥʝʚʨʽʚ 

ʨʦʟʭʦʜʞʝʥʥʷ ʩʫʜʝʥ ʟʤʽʥʦʶ ʾʭ ʰʚʠʜʢʦʩʪʝʡ. ʇʝʨʰ ʟʘ ʚʩʝ, ʥʝʦʙʭʽʜʥʦ, ʱʦʙ 

ʨʽʟʥʠʮʷ ʢʫʨʩʽʚ ʩʫʜʝʥ ʚʽʜʨʽʟʥʷʣʘʩʷ ʚʽʜ ʟʥʘʯʝʥʴ 0Á ʽ 180Á. ʊʘʢʦʞ ʚʠʤʘʛʘʻʪʴʩʷ, 

ʱʦʙ ʨʽʟʥʠʮʷ ʧʦʯʘʪʢʦʚʠʭ ʽ ʧʦʪʦʯʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʩʫʜʝʥ ʚʽʜʨʽʟʥʷʣʘʩʷ ʚʽʜ ʥʫʣʷ. 

ʗʢʱʦ ʚʢʘʟʘʥʽ ʚʠʤʦʛʠ ʚʠʢʦʥʫʶʪʴʩʷ, ʪʦ ʩʣʽʜ ʧʝʨʝʚʽʨʠʪʠ ʽʩʪʠʥʥʽʩʪʴ ʚʠʤʦʛʠ 

(4.5). ʗʢʱʦ ʩʠʪʫʘʮʽʷ ʥʝʙʝʟʧʝʯʥʦʛʦ ʟʙʣʠʞʝʥʥʷ ʟʘʜʦʚʦʣʴʥʷʻ ʚʠʤʦʟʽ (4.5), ʪʦ ʜʣʷ 

0tn =  ʧʦ ʚʠʨʘʟʫ (4.6) ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʜʠʩʪʘʥʮʽʷ ʥʘʡʢʦʨʦʪʰʦʛʦ ʟʙʣʠʞʝʥʥʷ 

minD . ʇʨʠ 
dmin DD ²  ʤʥʦʞʠʥʘ ʤʘʥʝʚʨʽʚ ʨʦʟʭʦʜʞʝʥʥʷ ʩʫʜʝʥ ʽʩʥʫʻ.  

ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʙʫʜʝʤʦ ʨʦʟʛʣʷʜʘʪʠ ʪʨʠ ʚʘʨʽʘʥʪʠ ʤʘʥʝʚʨʫ ʨʦʟʭʦʜʞʝʥʥʷ: 

ʦʙʠʜʚʘ ʩʫʜʥʘ ʟʥʠʞʫʶʪʴ ʰʚʠʜʢʽʩʪʴ ʘʢʪʠʚʥʠʤ ʛʘʣʴʤʫʚʘʥʥʷʤ, ʦʜʥʝ ʟ ʩʫʜʝʥ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʘʢʪʠʚʥʝ ʛʘʣʴʤʫʚʘʥʥʷ, ʘ ʜʨʫʛʝ ʩʫʜʥʦ ï ʧʘʩʠʚʥʝ ʛʘʣʴʤʫʚʘʥʥʷ ʽ 

ʦʙʠʜʚʘ ʩʫʜʥʘ ʚʠʢʦʥʫʶʪʴ ʤʘʥʝʚʨ ʧʘʩʠʚʥʦʛʦ ʛʘʣʴʤʫʚʘʥʥʷ.  ʇʨʠ ʙʫʜʴ-ʷʢʦʤʫ ʟ 

ʚʘʨʽʘʥʪʽʚ ʤʘʥʝʚʨʫ ʨʦʟʭʦʜʞʝʥʥʷ ʚʨʘʭʦʚʫʶʪʴʩʷ ʧʦʯʘʪʢʦʚʽ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʩʫʜʝʥ 

1V , 2V  ʽ ʚʠʙʨʘʥʽ ʙʝʟʧʝʯʥʽ ʰʚʠʜʢʦʩʪʽ 1yV , 2yV . ʄʘʥʝʚʨʠ ʨʦʟʭʦʜʞʝʥʥʷ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʥʘʯʝʥʥʷʤ ʤʦʤʝʥʪʫ ʯʘʩʫ ʧʦʯʘʪʢʫ ʤʘʥʝʚʨʫ ʨʦʟʭʦʜʞʝʥʥʷ nt , 

ʧʨʠʯʦʤʫ ʧʨʠ ʥʝʨʽʚʥʦʩʪʽ 
dmin DD ²  ʟʥʘʯʝʥʥʷ nt  ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 0 ʜʦ ʟʥʘʯʝʥʥʷ 

*
nt , ʧʨʠ ʷʢʦʤʫ dmin DD = , ʪʦʙʪʦ ]t,0[t *

nnÍ . 

ʆʧʪʠʤʘʣʴʥʠʤ ʤʘʥʝʚʨʦʤ ʨʦʟʭʦʜʞʝʥʥʷ ʻ ʪʘʢʠʡ ʤʘʥʝʚʨ, ʧʨʠ ʚʠʢʦʥʘʥʥʽ 

ʷʢʦʛʦ ʜʦʩʷʛʘʶʪʴ ʤʽʥʽʤʫʤʫ ʚʪʨʘʪʠ ʭʦʜʦʚʦʛʦ ʯʘʩʫ ʩʫʜʝʥ mvtD , ʚʠʢʣʠʢʘʥʦʛʦ 
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ʤʘʥʝʚʨʦʤ.  ʗʢʱʦ ʩʫʜʥʘ ʯʠʩʪʦ ʨʦʟʭʦʜʷʪʴʩʷ, ʪʦ 0tmv =D . ʗʢʱʦ ʞ ʥʝʦʙʭʽʜʥʝ 

ʛʘʣʴʤʫʚʘʥʥʷ ʩʫʜʝʥ ʜʣʷ ʨʦʟʭʦʜʞʝʥʥʷ, ʪʦ mvtD  ʨʽʚʥʽ ʽʥʪʝʨʚʘʣʫ ʯʘʩʫ ʚʽʜ ʧʦʯʘʪʢʫ 

ʯʘʩʫ ʛʘʣʴʤʫʚʘʥʥʷ nt  ʜʦ ʤʦʤʝʥʪʫ ʯʘʩʫ ʚʽʜʥʦʚʣʝʥʥʷ ʧʦʯʘʪʢʦʚʠʭ ʰʚʠʜʢʦʩʪʝʡ 

ʩʫʜʝʥ ʧʽʩʣʷ ʥʘʡʢʦʨʦʪʰʦʛʦ ʟʙʣʠʞʝʥʥʷ, ʪʦʙʪʦ: 

                                      
mvpmxmvt ttt +D+=D ,                           (4.14) 

ʜʝ ptD  - ʽʥʪʝʨʚʘʣ ʯʘʩʫ ʤʽʞ ʟʘʢʽʥʯʝʥʥʷʤ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʧʦ 

ʟʥʠʞʝʥʥʶ ʰʚʠʜʢʦʩʪʝʡ ʩʫʜʝʥ ʽ ʤʦʤʝʥʪʦʤ ʯʘʩʫ ʥʘʡʢʦʨʦʪʰʦʛʦ ʟʙʣʠʞʝʥʥʷ, ʷʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4.2;  

mv
t  - ʽʥʪʝʨʚʘʣ ʯʘʩʫ, ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʝʡ ʩʫʜʝʥ ʜʦ 

ʧʦʯʘʪʢʦʚʠʭ ʟʥʘʯʝʥʴ 1V  ʽ 2V . 

 

ʈʠʩ. 4.2. ɺʠʙʽʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʥʝʚʨʫ ʨʦʟʭʦʜʞʝʥʥʷ 

ptD  

minD  

dD  

*
nt  

0a

, 0
D  

ot0K  

otpK  

0t  

pt  

mint  
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ʆʩʢʽʣʴʢʠ ʚʩʽ ʙʝʟʧʝʯʥʽ ʤʘʥʝʚʨʠ ʨʦʟʭʦʜʞʝʥʥʷ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʪʽʣʴʢʠ 

ʚʝʣʠʯʠʥʦʶ ʯʘʩʫ ʧʦʯʘʪʢʫ ʤʘʥʝʚʨʫ nt , ʘ ʽʥʪʝʨʚʘʣʠ ʯʘʩʫ mx
t  ʽ 

mv
t  ʚʩʽʭ ʤʘʥʝʚʨʽʚ 

ʦʜʥʘʢʦʚʽ, ʪʦ ʦʧʪʠʤʘʣʴʥʠʤ ʙʫʜʝ ʤʘʥʝʚʨ ʟ ʤʽʥʽʤʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ ptD . ɿ 

ʘʥʘʣʽʟʫ ʨʠʩ. 4.2 ʚʠʭʦʜʠʪʴ, ʱʦ ʚʝʣʠʯʠʥʘ ptD  ʩʢʦʨʦʯʫʻʪʴʩʷ ʽʟ ʟʤʝʥʰʝʥʥʷʤ 

ʜʠʩʪʘʥʮʽʾ ʥʘʡʢʦʨʦʪʰʦʛʦ ʟʙʣʠʞʝʥʥʷ, ʽ ʦʧʪʠʤʘʣʴʥʠʤ ʤʘʥʝʚʨʦʤ ʻ ʤʘʥʝʚʨ, ʧʨʠ 

ʷʢʦʤʫ  
dmin DD =  ʽ *

nn tt = . ɼʣʷ ʘʥʘʣʽʪʠʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʤʦʤʝʥʪʫ ʯʘʩʫ 

ʧʦʯʘʪʢʫ ʤʘʥʝʚʨʫ *
nt  ʩʧʦʯʘʪʢʫ ʟʥʘʡʜʝʤʦ ʟʘʣʝʞʥʽʩʪʴ minD  ʚʽʜ nt . ɼʣʷ ʮʴʦʛʦ 

ʩʢʦʨʠʩʪʘʻʤʦʩʷ ʚʠʨʘʟʦʤ (4.6): 

 

)sinKcoscosK(sinD)Ksin(DD potppotppppotpppmin aaa -D=-D= . 

 

ɺʨʘʭʦʚʫʻʤʦ, ɦ ʦ: 

p

mnpmxp
p

D

XX
sin

-
=a ,   

p

mnpmxp
p

D

YY
cos

-
=a . 

 

ʊʦʤʫ ʟʘʧʠʰʝʤʦ: 

 

p

minp

p

mnpmxp
otp

p

mnpmxp
otp

D

D

D

XX
Kcos

D

YY
Ksin

D
=

-
-

-
, ʘʙʦ 

  

minpmnpmxpotpmnpmxpotp D)XX(Kcos)YY(Ksin D=--- . 

 

ʇʽʜʩʪʘʚʣʷʻʤʦ ʚ ʦʩʪʘʥʥʶ ʨʽʚʥʽʩʪʴ ʨʘʥʽʰʝ ʦʜʝʨʞʘʥʽ ʚʠʨʘʟʠ ʜʣʷ ʢʦʦʨʜʠʥʘʪ 

ʩʫʜʝʥ mxpX , mxpY , mnpX   ̔ mnpY : 

 

--++-+ }Kcos)]t(VStV[)cosKSt(V{Ksin mnmnpmnymnnmnmxmxnmxotp t  
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minpmnmnpmnymnnmnmxmxnmxotp D}Ksin)]t(VStV[Ksin)StV{(Kcos D=-++-+- t . 

 

ʇʝʨʝʪʚʦʨʠʤʦ ʦʜʝʨʞʘʥʝ ʨʽʚʥʷʥʥʷ: 

 

=--- )tsinKVtsinK(VKcos)tcosKVtcosK(VKsin
nmnmnnmxmxotpnmnmnnmxmxotp

+-+--D }Kcos)]t(VS[cosKS{KsinD mnmnpmnymnmxmxotpminp t  

}Ksin)]t(VS[KsinS{Kcos mnmnpmnymnmxmxotp t-+-+ . 

 

ɻʨʫʧʫʻʤʦ ʯʣʝʥʠ ʨʽʚʥʷʥʥʷ: 

 

=--- )]sinKVsinK(VKcos)cosKVcosK(VK[sint mnmnmxmxotpmnmnmxmxotpn
 

+-+D )cosKKsinKsinK(cosSD mxotpmxotpmxminp  

)cosKKsinKsinK)](cost(VS[ mnotpmnotpmnpmnymn --++ t , 

 

ʟʚʽʜʢʠ ʦʜʝʨʞʠʤʦ: 

 

=--- )]sinKKcoscosKKsin(V)sinKKcoscosKK(sinV[t mnotpmnotpmnmxotpmxotpmxn

)KKsin()]t(VS[)KKsin(SD otpmnmnpmnymnotpmxmxminp --++-+D t , 

 

ʘʙʦ 

=- )]K-Ksin(V)K-Ksin(V[t mnotpmnmxotpmxn
 

)KKsin()]t(VS[)KKsin(SD otpmnmnpmnymnotpmxmxminp --++-+D t . 

 

ɿ ʦʩʪʘʥʥʴʦʛʦ ʚʠʨʘʟʫ ʦʜʝʨʞʠʤʦ ʬʦʨʤʫʣʫ ʟʘʣʝʞʥʦʩʪʽ nt  ʚʽʜ minD : 

 

)K-Ksin(V)K-Ksin(V

)K-Ksin()]t(VS[)K-Ksin(SD
t

mnotpmnmxotpmx

mnotpmnpmnymnmxotpmxminp

n -

-+-D
=

- t
. 
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ʅʘʧʝʚʥʦ, ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʥʝʚʨʫ ʤʦʤʝʥʪ ʯʘʩʫ *
nt  ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʚʠʨʘʟʦʤ: 

)K-Ksin(V)K-Ksin(V

)K-Ksin()]t(VS[)K-Ksin(SD
t

mnotpmnmxotpmx

mnotpmnpmnymnmxotpmxdp*
n

-

-+-D
=

- t
. 

 

ʇʨʘʢʪʠʯʥʦ ʨʦʟʨʘʭʫʥʦʢ ʟʥʘʯʝʥʥʷ *
nt  ʜʦʮʽʣʴʥʦ ʚʠʢʦʥʫʚʘʪʠ ʧʦ ʥʘʩʪʫʧʥʦʤʫ 

ʘʣʛʦʨʠʪʤʫ. ʇʦʯʘʪʢʦʚʠʤ ʻ ʚʠʨʘʟ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ minD : 

 

                                       )]ŬKsin(D[AbsD potppmin -= .                      (4.15) 

 

ʆʩʢʽʣʴʢʠ ʧʦ ʟʘʚʝʨʰʝʥʥʶ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʧʨʠ 0tn =  ʩʧʨʘʚʝʜʣʠʚʘ 

ʥʝʨʽʚʥʽʩʪʴ 
dmin DD >  ʽ ʚʽʜʥʦʩʥʠʡ ʢʫʨʩ otpK  ʻ ʧʦʩʪʽʡʥʠʤ, ʪʦ ʽʟ ʟʨʦʩʪʘʥʥʷʤ nt  

ʟʥʘʯʝʥʥʷ minD  ʟʤʝʥʰʫʻʪʴʩʷ, ʘ ʪʘʢʦʞ ʟʤʽʥʶʶʪʴʩʷ ʚʝʣʠʯʠʥʠ ʧʝʣʝʥʛʘ pŬ  ʽ 

ʜʠʩʪʘʥʮʽʾ 
p

D . ʊʦʤʫ ʜʣʷ ʢʦʞʥʦʛʦ ʟʥʘʯʝʥʥʷ 0tn >  ʩʣʽʜ ʨʦʟʨʘʭʫʚʘʪʠ ʚʝʣʠʯʠʥʠ 

pŬ  ʽ 
p

D , ʧʦ ʷʢʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʦʨʤʫʣʠ (4.15) ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʝʣʠʯʠʥʘ minD . 

ʅʘʙʫʪʝ ʟʥʘʯʝʥʥʷ minD  ʧʦʨʽʚʥʶʻʪʴʩʷ ʟ ʚʝʣʠʯʠʥʦʶ ʛʨʘʥʠʯʥʦ-ʾʜʦʧʫʩʪʠʤʦʾ 

ʜʠʩʪʘʥʮʽʾ 
d

D . ʇʨʦʮʝʩ ʨʦʟʨʘʭʫʥʢʫ ʮʠʢʣʽʯʥʦ ʧʨʦʜʦʚʞʫʻʪʴʩʷ ʜʦ ʪʠʭ ʧʽʨ, ʧʦʢʠ 

ʥʝ ʜʦʩʷʛʘʻʪʴʩʷ ʨʽʚʥʽʩʪʴ 
dmin DD = , ʧʨʠ ʮʴʦʤʫ *

nn tt = . 

ʇʝʣʝʥʛ )t(Ŭ np  ʽ ʜʠʩʪʘʥʮʽʷ )t(D np  ʟʘʣʝʞʥʦ ʚʽʜ ʤʦʤʝʥʪʫ ʯʘʩʫ ʧʦʯʘʪʢʫ 

ʤʘʥʝʚʨʫ nt  ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʠʨʘʟʘʤʠ: 

)t(D

XX
arcsin)t(

np

mnpmxp
np

-
=a ,   

2
mnpmxp

2
mnpmxpnp )Y(Y)XX()t(D -- += , 

 

ʜʝ                         mxnmxmxp Ksin)t(LX = ; mxnmxmxp cosK)t(LY = ; 

mnnmnmnp Ksin)t(LX = ; mnnmnmnp cosK)t(LY = . 
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ʋ ʩʚʦʶ ʯʝʨʛʫ ʚʽʜʩʪʘʥʽ, ʷʢʽ ʧʨʦʭʦʜʷʪʴ ʩʫʜʥʘ ʜʦ ʤʦʤʝʥʪʫ ʟʘʢʽʥʯʝʥʥʷ  

ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʾʭ ʛʘʣʴʤʫʚʘʥʥʷ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʘʤʠ: 

 

mxnmxnmx StV)t(L += , 

                          )(tVStV)t(L
mnpmnymnnmnnmn t-++= .              (4.16) 

 

ʋ ʧʨʠʚʝʜʝʥʠʭ ʚʠʨʘʟʘʭ mxS  ʽ mnS  - ʚʽʜʩʪʘʥʽ ʛʘʣʴʤʫʚʘʥʥʷ ʩʫʜʝʥ, ʷʢʽ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʠʙʨʘʥʦʛʦ ʨʝʞʠʤʫ ʛʘʣʴʤʫʚʘʥʥʷ ʢʦʞʥʦʛʦ ʟ ʩʫʜʝʥ. 

ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʤʘʥʝʚʨʫ ʨʦʟʭʦʜʞʝʥʥʷ ʟʤʽʥʦʶ ʰʚʠʜʢʦʩʪʝʡ ʧʘʨʠ ʩʫʜʝʥ 

ʤʦʞʣʠʚʽ ʯʦʪʠʨʠ ʚʘʨʽʘʥʪʠ ʚʠʙʦʨʫ ʨʝʞʠʤʫ ʛʘʣʴʤʫʚʘʥʥʷ: 

- ʦʙʠʜʚʘ ʩʫʜʥʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʘʢʪʠʚʥʝ ʛʘʣʴʤʫʚʘʥʥʷ (ʚʘʨʽʘʥʪ  ɸ); 

 - ʦʙʠʜʚʘ ʩʫʜʥʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʘʩʠʚʥʝ ʛʘʣʴʤʫʚʘʥʥʷ (ʚʘʨʽʘʥʪ  ɺ); 

- ʧʝʨʰʝ ʩʫʜʥʦ ʟʘʩʪʦʩʦʚʫʻ ʘʢʪʠʚʥʝ ʛʘʣʴʤʫʚʘʥʥʷ, ʘ ʜʨʫʛʝ ʩʫʜʥʦ ï ʧʘʩʠʚʥʝ 

ʛʘʣʴʤʫʚʘʥʥʷ (ʚʘʨʽʘʥʪ  C); 

- ʧʝʨʰʝ ʩʫʜʥʦ ʟʘʩʪʦʩʦʚʫʻ ʧʘʩʠʚʥʝ ʛʘʣʴʤʫʚʘʥʥʷ, ʘ ʜʨʫʛʝ ʩʫʜʥʦ ï ʘʢʪʠʚʥʝ 

ʛʘʣʴʤʫʚʘʥʥʷ (ʚʘʨʽʘʥʪ  D).  

ʈʦʟʛʣʷʥʝʤʦ ʢʦʞʥʠʡ ʟ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʚʘʨʽʘʥʪʽʚ. ʇʨʠ ʧʝʨʰʦʤʫ ʚʘʨʽʘʥʪʽ 

ʤʘʥʝʚʨʫ ʨʦʟʭʦʜʞʝʥʥʷ (ɸ) ʧʦ ʧʦʯʘʪʢʦʚʠʭ 1V , 2V  ʽ ʚʠʙʨʘʥʠʭ 1yV , 2yV  

ʰʚʠʜʢʦʩʪʷʤ ʩʫʜʝʥ ʚʠʟʥʘʯʘʶʪʴʩʷ ʪʨʠʚʘʣʦʩʪʽ 1yt  ʽ 2yt  ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ  

ʦʙʦʭ ʩʫʜʝʥ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʨʘʟʽʚ: 

 

]
V

V
arctg

V

V
arctg[

ɜV

M

F1

1y

F1

1

F1

1
1y -=t ,  

                          ]
V

V
arctg

V

V
arctg[

ɜV

M

F2

2y

F2

2

F2

2
2y -=t .              (4.17)    

 

ʊʘʢʦʞ ʨʦʟʨʘʭʦʚʫʻʤʦ ʚʽʜʩʪʘʥʽ 1S  ʽ 2S  ʛʘʣʴʤʫʚʘʥʥʷ ʩʫʜʝʥ: 
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2
F1

2
1y

2
F1

2
11

1
VV

VV
ln

2ɜ

M
S

+

+
= , 

                          
2
F2

2
2y

2
F2

2
22

2
VV

VV
ln

2ɜ

M
S

+

+
= .                 (4.18) 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚʘʨʽʘʥʪʫ B ʤʘʥʝʚʨʫ ʨʦʟʭʦʜʞʝʥʥʷ, ʢʦʣʠ ʦʙʠʜʚʘ ʩʫʜʥʘ 

ʟʥʠʞʫʶʪʴ ʰʚʠʜʢʦʩʪʽ ʧʘʩʠʚʥʠʤ ʛʘʣʴʤʫʚʘʥʥʷʤ, ʚʝʣʠʯʠʥʠ 1yt , 2yt , 1S  ʽ 2S  

ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʧʦ ʬʦʨʤʫʣʘʭ: 

)
V

1

V

1
(

ɜ

M

11y

1
1y -=t , 

)
V

1

V

1
(

ɜ

M

22y

2
2y -=t , 

                             
2

1y

2
11

1
V

V
ln

2ɜ

M
S = ,                   (4.19) 

2
2y

2
22

2
V

V
ln

2ɜ

M
S = . 

 

ʗʢʱʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚʘʨʽʘʥʪ ʨʦʟʭʦʜʞʝʥʥʷ ʉ, ʧʨʠ ʷʢʦʤʫ ʧʝʨʰʝ ʩʫʜʥʦ 

ʟʥʠʞʫʻ ʰʚʠʜʢʽʩʪʴ ʘʢʪʠʚʥʠʤ ʛʘʣʴʤʫʚʘʥʥʷʤ, ʘ ʜʨʫʛʝ ʩʫʜʥʦ ï ʧʘʩʠʚʥʠʤ 

ʛʘʣʴʤʫʚʘʥʥʷʤ, ʪʦ: 

]
V

V
arctg

V

V
arctg[

ɜV

M

F1

1y

F1

1

F1

1
1y -=t , 

)
V

1

V

1
(

M

22y

2
2y -=

n
t , 

              
2
F1

2
1y

2
F1

2
11

1
VV

VV
ln

2ɜ

M
S

+

+
= ,               (4.20) 
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ɯ, ʥʘʨʝʰʪʽ, ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚʘʨʽʘʥʪʫ D ʤʘʥʝʚʨʫ ʨʦʟʭʦʜʞʝʥʥʷ ʡʦʛʦ 

ʧʘʨʘʤʝʪʨʠ 1yt , 2yt , 1S  ʽ 2S  ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʨʘʟʽʚ: 

 

)
V

1

V

1
(

ɜ

M

11y

1
1y -=t , 

                       ]
V

V
arctg

V

V
arctg[

ɜV

M

F2

2y

F2

2

F2

2
2y -=t ,            (4.21) 

2
1y
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2
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2
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2
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VV
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M
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+

+
= . 

 

ʇʦʨʽʚʥʶʶʯʠ ʦʜʝʨʞʘʥʽ ʚʝʣʠʯʠʥʠ 1yt  ʽ 2yt , ʟʥʘʭʦʜʠʤʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ 

ʚʠʨʘʟʫ (4.16). ʗʢʱʦ ʩʧʨʘʚʝʜʣʠʚʘ ʥʝʨʽʚʥʽʩʪʴ 2y1y tt > , ʪʦ: 

1ymx
tt = , 2ymn

tt = , 1mx SS = , 2mn SS = , 1mx VV = , 2mn VV = , 2ymny VV = , 

1mx KK = , 2mn KK = . 

ʋ ʚʠʧʘʜʢʫ 2y1y tt < : 

2ymx
tt = , 1ymn

tt = , 2mx SS = , 1mn SS = , 2mx VV = , 1mn VV = , 1ymny VV = , 

2mx KK = , 1mn KK = . 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʦʜʝʨʞʘʥʽ ʧʘʨʘʤʝʪʨʠ, ʧʦʯʠʥʘʶʯʠ ʟ 0tn =  ʽ ʟʙʽʣʴʰʫʶʯʠ 

ʡʦʛʦ ʚ ʢʦʞʥʦʤʫ ʮʠʢʣʽ ʥʘ ʚʠʙʨʘʥʠʡ ʧʨʠʨʽʩʪ ntD , ʩʧʦʯʘʪʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʠʨʘʟʽʚ (4.16) ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʟʥʘʯʝʥʥʷ )t(L nmx  ʽ )t(L nmn , ʘ ʧʦʪʽʤ ʧʦ 

ʬʦʨʤʫʣʽ (4.15) ï ʜʠʩʪʘʥʮʽʷ ʥʘʡʢʦʨʦʪʰʦʛʦ ʟʙʣʠʞʝʥʥʷ minD . ʆʙʯʠʩʣʝʥʥʷ 
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ʧʨʦʜʦʚʞʫʶʪʴʩʷ ʜʦ ʪʠʭ ʧʽʨ, ʧʦʢʠ ʥʝ ʥʘʩʪʫʧʠʪʴ ʨʽʚʥʽʩʪʴ 
dmin DD = , ʧʨʠ ʷʢʽʡ 

*
nn tt = , ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʦʧʪʠʤʘʣʴʥʦʤʫ ʤʘʥʝʚʨʫ ʨʦʟʭʦʜʞʝʥʥʷ. 

 

 

4.4. ʇʨʦʮʝʜʫʨʘ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʛʨʘʬʽʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʤʘʥʝʚʨʫ ʨʦʟʭʦʜʞʝʥʥʷ  ʟʤʽʥʦʶ ʰʚʠʜʢʦʩʪʝʡ ʩʫʜʝʥ. 

 

ʋ ʨʝʘʣʴʥʠʭ ʩʠʪʫʘʮʽʷʭ ʥʝʙʝʟʧʝʯʥʦʛʦ ʟʙʣʠʞʝʥʥʷ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ 

ʯʠʥʥʠʢʠ, ʱʦ ʥʝ ʜʦʟʚʦʣʷʶʪʴ ʚʠʙʠʨʘʪʠ ʜʣʷ ʨʦʟʭʦʜʞʝʥʥʷ ʦʧʪʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 

ʤʦʤʝʥʪʫ ʯʘʩʫ ʧʦʯʘʪʢʫ ʤʘʥʝʚʨʫ *
nt , ʥʘʧʨʠʢʣʘʜ, ʽʥʰʽ ʩʫʜʥʘ ʘʙʦ ʧʣʘʚʘʣʴʥʽ 

ʟʘʩʦʙʠ. ʋ ʪʘʢʠʭ ʩʠʪʫʘʮʽʷʭ ʥʝʦʙʭʽʜʥʦ ʚʠʙʠʨʘʪʠ ʤʦʤʝʥʪ ʯʘʩʫ nt  ʥʘʡʙʣʠʞʯʠʡ ʜʦ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ *
nt , ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʙʝʟʧʝʯʥʝ ʨʦʟʭʦʜʞʝʥʥʷ ʩʫʜʝʥ ʧʨʠ 

ʟʘʜʘʥʠʭ ʨʝʞʠʤʘʭ ʛʘʣʴʤʫʚʘʥʥʷ.  

ʊʦʤʫ ʜʦʮʽʣʴʥʘ ʨʦʟʨʦʙʢʘ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʧʨʦʛʨʘʤʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ 

ʟʥʘʯʝʥʥʷ minD  ʧʨʠ ʧʦʢʨʦʢʦʚʽʡ ʟʤʽʥʽ ʚʝʣʠʯʠʥʠ  nt . 

ʋ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʦʞʣʠʚʠʡ ʚʘʨʽʘʥʪ ʪʘʢʦʾ 

ʢʦʤʧ'ʶʪʝʨʥʦʾ ʧʨʦʛʨʘʤʠ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʟʥʘʯʝʥʥʷ *
nt  ʧʦ ʟʤʽʥʽ 

ʜʠʩʪʘʥʮʽʾ ʥʘʡʢʦʨʦʪʰʦʛʦ ʟʙʣʠʞʝʥʥʷ minD . ʉʧʦʯʘʪʢʫ ʧʝʨʝʜʙʘʯʝʥʝ ʚʚʝʜʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʩʠʪʫʘʮʽʾ ʥʝʙʝʟʧʝʯʥʦʛʦ ʟʙʣʠʞʝʥʥʷ: ʧʝʣʝʥʛʘ, ʜʠʩʪʘʥʮʽʾ, ʰʚʠʜʢʦʩʪʝʡ 

1V , 2V  ʽ ʢʫʨʩʽʚ 1K , 2K  ʩʫʜʝʥ, ʘ ʪʘʢʦʞ ʛʨʘʥʠʯʥʦ-ʾʜʦʧʫʩʪʠʤʦʾ ʜʠʩʪʘʥʮʽʾ dD . 

ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4.3, ʜʘʥʽ ʧʘʨʘʤʝʪʨʠ ʚʠʚʦʜʷʪʴʩʷ ʥʘ ʝʢʨʘʥ ʤʦʥʽʪʦʨʘ, 

ʧʨʠʯʦʤʫ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʽ ʪʘʢʦʞ ʚʠʚʦʜʠʪʴʩʷ ʜʠʩʪʘʥʮʽʷ ʥʘʡʢʦʨʦʪʰʦʛʦ 

ʟʙʣʠʞʝʥʥʷ minD . 
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ʈʠʩ. 4.3. ɺʽʜʦʙʨʘʞʝʥʥʷ ʩʠʪʫʘʮʽʾ ʥʝʙʝʟʧʝʯʥʦʛʦ ʟʙʣʠʞʝʥʥʷ 

ʇʨʠʯʦʤʫ ʜʣʷ ʧʨʠʚʝʜʝʥʦʾ ʩʠʪʫʘʮʽʾ ʥʝʙʝʟʧʝʯʥʦʛʦ ʟʙʣʠʞʝʥʥʷ ʧʘʨʘʤʝʪʨʠ 

ʨʽʚʥʽ ʥʘʩʪʫʧʥʠʤ ʟʥʘʯʝʥʥʷʤ: ,  ʤʠʣʴ, , ,  

 ʚʫʟ.,  ʚʫʟ.,  ʤʠʣʷ.  ʋ ʧʨʘʚʽʡ ʯʘʩʪʠʥʽ ʝʢʨʘʥʫ ʧʦʢʘʟʘʥʘ 

ʧʦʯʘʪʢʦʚʘ ʩʠʪʫʘʮʽʷ ʟʙʣʠʞʝʥʥʷ. 

ɼʣʷ ʙʝʟʧʝʯʥʦʛʦ ʨʦʟʭʦʜʞʝʥʥʷ ʩʫʜʝʥ ʟʤʽʥʦʶ ʰʚʠʜʢʦʩʪʽ ʚʠʙʨʘʥʘ ʪʦʯʢʘ 

ʰʚʠʜʢʦʩʪʝʡ ʨʦʟʭʦʜʞʝʥʥʷ, ʷʢʘ ʥʝ ʥʘʣʝʞʠʪʴ ʦʙʣʘʩʪʽ ʥʝʙʝʟʧʝʯʥʠʭ ʰʚʠʜʢʦʩʪʝʡ, 

ʧʨʠʯʦʤʫ  ʚʫʟ.,  ʚʫʟ., ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4. 4. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʜʦʩʷʛʰʠ ʟʥʘʯʝʥʴ ʰʚʠʜʢʦʩʪʝʡ ʩʫʜʝʥ  ʚʫʟ. ʽ  ʚʫʟ. ʚʽʜʥʦʩʥʠʡ 

ʢʫʨʩ ʩʪʘʻ ʨʽʚʥʠʤ 246ę. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʢʣʘʚʽʰ, ʱʦ ʧʦʟʥʘʯʘʶʪʴ ʩʫʜʥʘ ʽ ʨʝʞʠʤ ʛʘʣʴʤʫʚʘʥʥʷ, ʜʣʷ 

ʧʝʨʰʦʛʦ ʩʫʜʥʘ ʚʠʙʨʘʥʦ ʟʥʠʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʩʫʜʥʘ ʘʢʪʠʚʥʠʤ ʛʘʣʴʤʫʚʘʥʥʷʤ.  

 


