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ɺʚʝʜʝʥʠʝ 

ɹʦʣʴʰʦʝ ʯʠʩʣʦ ʦʙʲʝʢʪʦʚ ʠ ʧʨʦʮʝʩʩʦʚ ʧʨʠʨʦʜʳ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩ 

ʧʦʤʦʱʴʶ ʪʘʢʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʢʘʢ ʥʝʣʠʥʝʡʥʘʷ ʜʠʥʘʤʠʯʝʩʢʘʷ 

ʩʠʩʪʝʤʘ. ʋʯʝʥʳʝ ʘʢʪʠʚʥʦ ʟʘʥʠʤʘʶʪʩʷ ʥʝʣʠʥʝʡʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʣʠʰʴ 

ʧʦʩʣʝʜʥʠʝ 50 ï 60 ʣʝʪ ʚ ʩʚʷʟʠ ʩ ʦʪʢʨʳʪʠʷʤʠ ʚ ʥʠʭ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʛʦ ʭʘʦʩʘ. 

ɼʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʡ ʭʘʦʩ ʚʦʟʥʠʢʘʝʪ ʚ ʜʠʩʩʠʧʘʪʠʚʥʳʭ ʠ ʢʦʥʩʝʨʚʘʪʠʚʥʳʭ 

ʩʠʩʪʝʤʘʭ. ʂ ʧʦʩʣʝʜʥʠʤ ʦʪʥʦʩʷʪ ʛʘʤʠʣʴʪʦʥʦʚʳ ʩʠʩʪʝʤʳ, ʘʢʪʠʚʥʦ ʠʟʫʯʘʝʤʳʝ ʚ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʝ. ɺ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʭʘʦʩ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʩ ʧʦʤʦʱʴʶ 

ʧʦʩʪʨʦʝʥʠʷ ʬʘʟʦʚʦʛʦ ʧʦʨʪʨʝʪʘ ʠʣʠ ʩʝʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʇʫʘʥʢʘʨʝ. 

ɼʣʷ ʢʣʘʩʩʘ ʥʝʣʠʥʝʡʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʩ ʧʦʤʦʱʴʶ 

ʢʦʪʦʨʳʭ ʯʘʩʪʦ ʦʧʠʩʳʚʘʝʪʩʷ ʵʚʦʣʶʮʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʥʝ ʩʫʱʝʩʪʚʫʝʪ 

ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʩʧʦʩʦʙʘ ʨʝʰʝʥʠʷ. ʕʪʦ ʩʠʣʴʥʦ ʟʘʪʨʫʜʥʷʝʪ ʠʟʫʯʝʥʠʝ 

ʥʝʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤ ʠ ʚʳʥʫʞʜʘʝʪ ʧʨʠʤʝʥʷʪʴ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʝʰʝʥʠʷ 

ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʯʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʚʩʝʛʜʘ ʦʙʣʘʜʘʝʪ 

ʤʝʪʦʜʠʯʝʩʢʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ. ʊʘʢʞʝ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʥʝ ʫʯʠʪʳʚʘʶʪ 

ʩʚʦʡʩʪʚʘ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʣʘʩʩʘ ʩʠʩʪʝʤ. ɼʣʷ ʛʘʤʠʣʴʪʦʥʦʚʳʭ ʩʠʩʪʝʤ 

ʭʘʨʘʢʪʝʨʥʦ ʩʚʦʡʩʪʚʦ ʩʠʤʧʣʝʢʪʠʯʥʦʩʪʠ, ʢʦʪʦʨʦʝ ʥʘʨʫʰʘʝʪʩʷ ʧʨʠ ʨʝʰʝʥʠʠ 

ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤʠ ʯʠʩʣʝʥʥʳʤʠ 

ʤʝʪʦʜʘʤʠ. ʇʦʣʫʯʘʝʤʳʝ ʯʠʩʣʝʥʥʳʝ ʨʝʰʝʥʠʷ ʜʝʤʦʥʩʪʨʠʨʫʪʁ ʧʦʚʝʜʝʥʠʝ, 

ʧʦʭʦʞʝʝ ʥʘ ʭʘʦʪʠʯʝʩʢʦʝ. ʉʫʱʝʩʪʚʫʶʪ ʩʧʦʩʦʙʳ ʫʯʠʪʳʚʘʪʴ ʩʚʦʡʩʪʚʦ 

ʩʠʤʧʣʝʢʪʠʯʥʦʩʪʠ ʚ ʯʠʩʣʝʥʥʦʤ ʨʝʰʝʥʠʠ ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʪʣʠʯʘʪʴ 

ʜʠʥʘʤʠʯʝʩʢʠʡ ʭʘʦʩ ʦʪ ʥʝʪʦʯʥʦʩʪʠ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʫʜʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʤʝʪʦʜ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ 

ʧʨʠʙʣʠʞʝʥʠʡ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚ ʠʜʝʦʣʦʛʠʠ 

ʤʘʪʨʠʯʥʦʛʦ ʬʦʨʤʘʣʠʟʤʘ ʥʘ ʧʨʠʤʝʨʝ ʥʝʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʦʩʮʠʣʣʷʪʦʨʘ. ʊʘʢʞʝ 

ʜʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʙʫʜʫʪ ʚʳʯʠʩʣʝʥʳ ʩʠʤʧʣʝʢʪʠʯʝʩʢʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ. ʅʘ ʧʨʠʤʝʨʳ ʥʝʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʦʩʮʠʣʣʷʪʦʨʘ ʙʫʜʝʪ 
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ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʨʘʟʥʠʮʘ ʚ ʨʝʰʝʥʠʠ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʩ ʫʯʸʪʦʤ 

ʩʠʤʧʣʝʢʪʠʯʥʦʩʪʠ ʠ ʙʝʟ ʥʝʸ. 
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ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʚʳʧʫʩʢʥʦʡ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʝʨʝʛʫʣʷʨʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʜʣʷ 

ʥʝʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʦʩʮʠʣʣʷʪʦʨʘ ʠ ʧʦʠʩʢ ʩʧʦʩʦʙʦʚ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʜʘʥʥʦʡ 

ʧʨʦʙʣʝʤʳ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ 

ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

¶ ʠʟʫʯʠʪʴ ʦʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʛʦ ʭʘʦʩʘ; 

¶ ʠʟʫʯʠʪʴ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʥʝʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤ; 

¶ ʠʟʫʯʠʪʴ ʜʠʥʘʤʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʜʣʷ ʥʝʛʘʨʤʦʥʠʯʝʩʢʦʛʦ 

ʦʩʮʠʣʣʷʪʦʨʘ ʩ ʧʦʤʦʱʴʶ ʛʦʪʦʚʳʭ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʧʘʢʝʪʘ Maple 15; 

¶ ʨʝʰʠʪʴ ʩʠʩʪʝʤʫ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ 

ʥʝʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʦʩʮʠʣʣʷʪʦʨʘ ʤʝʪʦʜʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ 

ʧʨʠʙʣʠʞʝʥʠʡ ʨʝʰʝʥʠ;̫ 

¶ ʚʳʯʠʩʣʠʪʴ ʩʠʤʧʣʝʢʪʠʯʝʩʢʠʝ ʧʦʧʨʘʚʢʠ ʢ ʨʝʰʝʥʠʶ ʜʘʥʥʦʡ 

ʩʠʩʪʝʤʳ; 

¶ ʠʟʫʯʠʪʴ ʠ ʩʨʘʚʥʠʪʴ ʧʦʣʫʯʝʥʥʦʝ ʨʝʰʝʥʠʝ ʩ ʯʠʩʣʝʥʥʳʤʠ 

ʨʝʰʝʥʠʷʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʨʘʥʝʝ ʧʦʩʨʝʜʩʪʚʦʤ ʛʦʪʦʚʳʭ ʤʝʪʦʜʦʚ, ʩ 

ʧʦʤʦʱʴʶ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʘʢʝʪʘ Maple 15. 
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ʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ 

ʅʘʨʫʰʝʥʠʝ ʩʚʦʡʩʪʚʘ ʩʠʤʧʣʝʢʪʠʯʥʦʩʪʠ ʛʘʤʠʣʴʪʦʥʦʚʦʡ ʩʠʩʪʝʤʳ ʧʨʠ ʝʸ 

ʨʝʰʝʥʠʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʪʦʤʫ, ʯʪʦ ʧʦʚʝʜʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʧʨʠ 

ʧʦʩʪʨʦʝʥʠʠ ʬʘʟʦʚʦʛʦ ʧʦʨʪʨʝʪʘ ʝʸ ʨʝʰʝʥʠʷ ʙʫʜʝʪ ʢʘʟʘʪʴʩʷ ʭʘʦʪʠʯʝʩʢʠʤ. ɺ 

ʩʪʘʪʴʝ [19] ʘʚʪʦʨ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʜʠʥʘʤʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ, ʦʧʠʩʳʚʘʶʱʫʶ 

ʧʦʚʝʜʝʥʠʝ ʥʝʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʦʩʮʠʣʣʷʪʦʨʘ. ʈʝʰʠʚ ʩʠʩʪʝʤʫ ʤʝʪʦʜʦʤ ʨʷʜʦʚ 

ʊʝʡʣʦʨʘ 4-ʛʦ ʧʦʨʷʜʢʘ, ʘʚʪʦʨ ʩʪʨʦʠʪ ʬʘʟʦʚʳʡ ʧʦʨʪʨʝʪ, ʥʘ ʢʦʪʦʨʦʤ ʤʦʞʥʦ 

ʚʳʜʝʣʠʪʴ ʦʙʣʘʩʪʠ ʭʘʦʪʠʯʝʩʢʦʛʦ ʠ ʨʝʛʫʣʷʨʥʦʛʦ ʜʚʠʞʝʥʠʷ. ʇʦʩʣʝ ʘʚʪʦʨ 

ʦʧʠʩʳʚʘʝʪ ʤʝʪʦʜʳ ʨʷʜʦʚ ʊʝʡʣʦʨʘ ʠ ʈʫʥʛʝ-ʂʫʪʪʘ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʪʦʨʳʭ 

ʫʯʠʪʳʚʘʶʪ ʩʚʦʡʩʪʚʦ ʩʠʤʧʣʝʢʪʠʯʥʦʩʪʠ ʛʘʤʠʣʴʪʦʥʦʚʳʭ ʩʠʩʪʝʤ. ɼʘʣʝʝ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪʩʷ ʬʘʟʦʚʳʝ ʧʦʨʪʨʝʪʳ ʥʦʚʳʭ ʨʝʰʝʥʠʡ, ʥʘ ʢʦʪʦʨʳʭ ʥʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʨʝʛʫʣʷʨʥʦʛʦ ʜʚʠʞʝʥʠʷ. 

ɺ ʩʪʘʪʴʝ [16] ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʛʨʫʧʧʘ ʨʘʟʨʘʙʦʪʘʣʘ ʩʧʝʮʠʘʣʴʥʳʡ  

ʘʣʛʦʨʠʪʤ ʜʣʷ ʠʟʫʯʝʥʠʷ ʜʠʥʘʤʠʢʠ ʛʘʤʠʣʴʪʦʥʦʚʳʭ ʩʠʩʪʝʤ. ɸʣʛʦʨʠʪʤʳ ʙʳʣʠ 

ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʬʨʝʡʤʚʦʨʢʘ ʩʠʤʧʣʝʢʪʠʯʝʩʢʦʡ 

ʛʝʦʤʝʪʨʠʠ. ʕʪʦʪ ʘʣʛʦʨʠʪʤ ʨʘʟʨʘʙʦʪʘʥ ʪʦʣʴʢʦ ʜʣʷ ʛʘʤʠʣʴʪʦʥʦʚʳʭ ʩʠʩʪʝʤ, 

ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʚ ʥʸʤ ʦʪʩʫʪʩʪʚʫʶʪ ʰʘʛʠ ʠ ʜʝʡʩʪʚʠʷ ʜʣʷ ʥʝʛʘʤʠʣʴʪʦʥʦʚʳʭ 

ʩʠʩʪʝʤ. ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʯʠʩʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʧʦʣʴʟʫ 

ʠ ʚʳʛʦʜʫ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʜʣʷ ʛʘʤʠʣʴʪʦʥʦʚʳʭ ʩʠʩʪʝʤ. 

ɺ ʩʪʘʪʴʝ [14] ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʜʣʷ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤ 

ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʜʠʥʘʤʠʢʫ 

ʦʩʮʠʣʣʷʪʦʨʘ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʝ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʘʟʣʠʯʠʷ ʚ 

ʧʦʩʪʨʦʝʥʠʠ ʤʝʪʦʜʦʚ ʜʣʷ ʠʟʫʯʝʥʠʷ ʦʩʮʠʣʣʷʪʦʨʘ ʩ ʧʦʯʪʠ ʧʦʩʪʦʷʥʥʳʤʠ 

ʚʳʩʦʢʠʤʠ ʯʘʩʪʦʪʘʤʠ ʠ ʧʝʨʝʤʝʥʥʳʤʠ ʚʳʩʦʢʠʤʠ ʯʘʩʪʦʪʘʤʠ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ 

ʧʨʠʤʝʥʷʶʪʩʷ ʤʝʪʦʜʳ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ. ɺʦ ʚʪʦʨʦʤ 

ʩʣʫʯʘʝ ï ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʜʣʷ ʩʠʩʪʝʤ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʳʭ 

ʟʘʚʠʩʠʪ ʦʪ ʯʘʩʪʦʪʳ. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʘʚʪʦʨʳ ʩʪʘʨʘʣʠʩʴ ʥʘʡʪʠ ʪʘʢʠʝ 

ʘʣʛʦʨʠʪʤʳ ʜʣʷ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʤʝʪʦʜʦʚ,  ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʩʦʚʝʨʰʘʪʴ 

çʙʦʣʴʰʠʝè ʰʘʛʠ ʠ ʵʢʦʥʦʤʠʪʴ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʨʝʩʫʨʩʳ.  
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ɺ ʜʠʩʩʝʨʪʘʮʠʠ [17], ʧʦʩʚʷʱʝʥʥʦʡ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʦʭʨʘʥʝʥʠʷ 

ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʚ ʚʘʨʠʘʮʠʦʥʥʦʤ ʯʠʩʣʝʥʥʦʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʠ, ʘʚʪʦʨ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʛʘʤʠʣʴʪʦʥʦʚʳ ʩʠʩʪʝʤʳ. ʋʛʣʫʙʣʸʥʥʦ ʠʟʫʯʘʶʪʩʷ ʚʘʨʠʘʮʠʦʥʥʳʝ 

ʤʝʪʦʜʳ, ʩʦʭʨʘʥʷʶʱʠʝ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʪʨʘʝʢʪʦʨʠʠ ʛʘʤʠʣʴʪʦʥʦʚʳʭ ʩʠʩʪʝʤ. 

ʕʪʦ ʪʘʢʞʝ ʚʘʞʥʦʝ ʩʚʦʡʩʪʚʦ ʧʦʚʝʜʝʥʠʷ ʛʘʤʠʣʴʪʦʥʦʚʳʭ ʩʠʩʪʝʤ, ʩʚʷʟʘʥʥʦʝ ʩʦ 

ʩʚʦʡʩʪʚʦʤ ʩʠʤʧʣʝʢʪʠʯʥʦʩʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʘʚʪʦʨʫ ʫʜʘʸʪʩʷ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʳʝ ʄ. ɺʝʩʪʦʤ ʚʘʨʠʘʮʠʦʥʥʳʝ 

ʠʥʪʝʛʨʘʪʦʨʳ  ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʷʶʪ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʩʠʤʧʣʝʢʪʠʯʝʩʢʦʛʦ 

ʦʜʥʦʰʘʛʦʚʦʛʦ ʤʝʪʦʜʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʩʦʭʨʘʥʠʪʴ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʪʨʘʝʢʪʦʨʠʡ 

ʛʘʤʠʣʴʪʦʥʦʚʳʭ ʩʠʩʪʝʤ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʘʤʠʣʴʪʦʥʦʚʳ ʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʦʙʣʘʩʪʴʶ 

ʜʣʷ ʠʟʫʯʝʥʠʷ, ʚ ʩʚʷʟʠ ʩ ʙʦʣʴʰʠʤ ʠʥʪʝʨʝʩʦʤ ʢ ʥʠʤ ʤʥʦʞʝʩʪʚʘ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. ɼʣʷ ʨʝʰʝʥʠʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʩʦʟʜʘʥʦ ʤʥʦʛʦ ʯʠʩʣʝʥʥʳʭ 

ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ. ɺ ʥʝʢʦʪʦʨʳʭ ʨʘʙʦʪʘʭ ʘʚʪʦʨʳ ʩʦʟʜʘʶʪ ʩʧʝʮʠʘʣʴʥʳʝ 

ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʨʝʰʝʥʠʷ ʠʤʝʥʥʦ ʛʘʤʠʣʴʪʦʥʦʚʳʭ ʩʠʩʪʝʤ, ʜʨʫʛʠʝ ʘʚʪʦʨʳ 

ʠʟʤʝʥʷʶʪ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ 

ʦʩʦʙʝʥʥʦʩʪʠ ʛʘʤʠʣʴʪʦʥʦʚʳʭ ʩʠʩʪʝʤ. 
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ɻʣʘʚʘ 1. ɺʚʝʜʝʥʠʝ ʚ ʧʨʝʜʤʝʪʥʫʶ ʦʙʣʘʩʪʴ 

ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʠʟʣʘʛʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʷ, 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʘʣʝʝ ʚ ʨʘʙʦʪʝ. 

1.1 ɼʠʥʘʤʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

ʃʶʙʫʶ ʩʠʩʪʝʤʫ, ʩʦʩʪʦʷʥʠʝ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʚ ʢʘʞʜʳʡ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t > t0, ʠʤʝʷ ʪʦʣʴʢʦ ʥʘʯʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳ ʚ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ t0 ʠ ʟʥʘʷ ʣʠʰʴ ʝʸ ʵʚʦʣʶʮʠʶ, ʪʦ ʝʩʪʴ ʟʘʢʦʥ ʠʟʤʝʥʝʥʠʷ, ʥʘʟʳʚʘʶʪ 

ʜʠʥʘʤʠʯʝʩʢʦʡ [7, 2]. ʊʘʢʫʶ ʩʠʩʪʝʤʫ ʪʘʢʞʝ ʥʘʟʳʚʘʶʪ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʡ, ʪʘʢ 

ʢʘʢ ʚʩʝʛʜʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʧʦ 

ʠʤʝʶʱʝʤʫʩʷ ʟʘʢʦʥʫ. ɼʠʥʘʤʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ ʤʦʜʝʣʷʤʠ ʙʦʣʴʰʦʛʦ 

ʯʠʩʣʘ ʧʨʦʮʝʩʩʦʚ ʠ ʦʙʲʝʢʪʦʚ ʬʠʟʠʢʠ, ʭʠʤʠʠ, ʙʠʦʣʦʛʠʠ, ʦʙʱʝʩʪʚʘ ʠ ʪ.ʜ.  

ɿʘʢʦʥ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ ʤʦʞʥʦ ʟʘʜʘʪʴ ʥʝʩʢʦʣʴʢʠʤʠ 

ʩʧʦʩʦʙʘʤʠ: ʩ ʧʦʤʦʱʴʶ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʜʠʩʢʨʝʪʥʦʛʦ 

ʦʪʦʙʨʘʞʝʥʠʷ, ʮʝʧʝʡ ʄʘʨʢʦʚʘ ʠʣʠ ʛʨʘʬʦʚ. ʃʶʙʫʶ ʵʚʦʣʶʮʠʶ ʩʠʩʪʝʤʳ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ, ʠʩʧʦʣʴʟʫʷ ʦʧʝʨʘʪʦʨ T t: 

x(t) = T t x(t0),                                                     (1) 

ʛʜʝ x(t) ï ʵʪʦ ʧʘʨʘʤʝʪʨʳ ʩʠʩʪʝʤʳ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t > t0, x(t0) ï ʵʪʦ 

ʧʘʨʘʤʝʪʨʳ ʩʠʩʪʝʤʳ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t0 [2]. 

ʇʫʩʪʴ ʩʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t Ó t0 ʟʘʜʘʸʪʩʷ M 

ʧʘʨʘʤʝʪʨʘʤʠ. ʊʦʛʜʘ ʵʚʦʣʶʮʠʶ ʩʠʩʪʝʤʳ ʠʟ ʩʦʩʪʦʷʥʠʷ x(t0) ʚ ʩʦʩʪʦʷʥʠʝ x(t) 

ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ ʜʚʠʞʝʥʠʝ ʪʦʯʢʠ ʧʦ ʪʨʘʝʢʪʦʨʠʠ ʚ M-ʤʝʨʥʦʤ ʬʘʟʦʚʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ. ʊʘʢʘʷ ʪʨʘʝʢʪʦʨʠʷ ʙʫʜʝʪ ʪʘʢʞʝ ʥʘʟʳʚʘʪʴʩʷ ʬʘʟʦʚʦʡ [7].  

 ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʬʘʟʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ï ʵʪʦ ʧʨʦʩʪʨʘʥʩʪʚʦ 

ʨʘʟʤʝʨʥʦʩʪʠ M, ʧʦ ʦʩʷʤ ʢʦʪʦʨʦʛʦ ʦʪʢʣʘʜʳʚʘʶʪʩʷ ʟʥʘʯʝʥʠʷ M ʧʘʨʘʤʝʪʨʦʚ ʚ 

ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t Ó t0. ɼʣʷ ʚʨʝʤʝʥʠ ʚ ʬʘʟʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʥʝ 

ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʦʪʜʝʣʴʥʘʷ ʦʩʴ, ʦʥʦ ʷʚʣʷʝʪʩʷ ʧʘʨʘʤʝʪʨʦʤ, ʪʦ ʝʩʪʴ x1(t), x2(t), é, 

xN(t) ï ʧʘʨʘʤʝʪʨʳ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t. 
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ɼʣʷ ʠʟʫʯʝʥʠʷ ʧʦʚʝʜʝʥʠʷ ʩʠʩʪʝʤʳ ʙʳʚʘʝʪ ʥʝʦʙʭʦʜʠʤʳʤ ʨʘʩʩʤʦʪʨʝʪʴ 

ʚʩʝʚʦʟʤʦʞʥʳʝ ʬʘʟʦʚʳʝ ʪʨʘʝʢʪʦʨʠʠ ʚ ʦʜʥʦʤ ʬʘʟʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʊʘʢʘʷ 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʬʘʟʦʚʳʭ ʪʨʘʝʢʪʦʨʠʡ ʥʘʟʳʚʘʝʪʩʷ ʬʘʟʦʚʳʤ ʧʦʨʪʨʝʪʦʤ ʩʠʩʪʝʤʳ 

[13]. 

1.2 ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

ɼʠʥʘʤʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʧʨʠʥʷʪʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʧʦ ʥʝʩʢʦʣʴʢʠʤ 

ʧʨʠʟʥʘʢʘʤ.  

ʇʦ ʩʪʨʫʢʪʫʨʝ ʬʘʟʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩʠʩʪʝʤʳ ʜʝʣʷʪ ʥʘ ʥʝʧʨʝʨʳʚʥʳʝ ʠ 

ʜʠʩʢʨʝʪʥʳʝ. ɽʩʣʠ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʟʥʘʯʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ ʜʣʷ ʣʶʙʦʛʦ 

ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ t Ó t0, ʪʦ ʪʘʢʦʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʥʝʧʨʝʨʳʚʥʳʤ, ʘ ʩʠʩʪʝʤʘ (1) ʩ 

ʦʪʦʙʨʘʞʝʥʠʝʤ T ʥʘʟʳʚʘʝʪʩʷ ʧʦʪʦʢʦʤ. ɺ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʤʥʦʞʝʩʪʚʦ 

ʟʥʘʯʝʥʠʡ ʚʨʝʤʝʥʠ t ʷʚʣʷʝʪʩʷ ʜʠʩʢʨʝʪʥʳʤ, ʩʠʩʪʝʤʘ ʥʘʟʳʚʘʝʪʩʷ ʢʘʩʢʘʜʦʤ. 

ʇʦ ʚʠʜʫ ʦʪʦʙʨʘʞʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪ ʥʘ 

ʣʠʥʝʡʥʳʝ ʠ ʥʝʣʠʥʝʡʥʳʝ. ɽʩʣʠ ʦʧʝʨʘʪʦʨ T ʦʙʣʘʜʘʝʪ ʩʚʦʡʩʪʚʦʤ ʩʫʧʝʨʧʦʟʠʮʠʠ, 

ʪʦ ʝʩʪʴ T[x(t) + y(t)] = T[x(t)] + T[y(t)], ʪʦ ʩʠʩʪʝʤʫ ʩ ʪʘʢʠʤ ʦʧʝʨʘʪʦʨʦʤ 

ʵʚʦʣʶʮʠʠ ʥʘʟʳʚʘʶʪ ʣʠʥʝʡʥʦʡ. ɽʩʣʠ ʜʘʥʥʦʝ ʫʩʣʦʚʠʝ ʜʣʷ ʦʧʝʨʘʪʦʨʘ T ʥʝ 

ʚʳʧʦʣʥʷʝʪʩʷ, ʪʦ ʩʠʩʪʝʤʫ ʥʘʟʳʚʘʶʪ ʥʝʣʠʥʝʡʥʦʡ [2, 4]. 

ʇʦ ʪʠʧʫ ʨʘʟʤʝʨʥʦʩʪʠ ʬʘʟʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

ʜʝʣʷʪ ʥʘ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʝ ʠ ʨʘʩʧʨʝʜʝʣʸʥʥʳʝ. ɼʣʷ ʦʧʠʩʘʥʠʷ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʭ 

ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʜʦʩʪʘʪʦʯʥʦ ʢʦʥʝʯʥʦʤʝʨʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ʈʘʩʧʨʝʜʝʣʝʥʥʳʝ ʩʠʩʪʝʤʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ ʙʝʩʢʦʥʝʯʥʦʤʝʨʥʦʤ ʬʘʟʦʚʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʪʨʝʙʫʶʪ ʙʝʩʢʦʥʝʯʥʦ ʤʥʦʛʦ ʜʘʥʥʳʭ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʦʩʪʦʷʥʠʷ [2]. 

ɽʩʣʠ ʥʘ ʜʠʥʘʤʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʥʝ ʜʝʡʩʪʚʫʶʪ ʚʥʝʰʥʠʝ ʩʠʣʳ ʠʣʠ ʠʤʠ 

ʧʨʝʥʝʙʨʝʛʘʶʪ, ʪʦ ʪʘʢʫʶ ʩʠʩʪʝʤʫ ʥʘʟʳʚʘʶʪ ʘʚʪʦʥʦʤʥʦʡ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ, 

ʜʠʥʘʤʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʥʘʟʳʚʘʝʪʩʷ ʥʝʘʚʪʦʥʦʤʥʦʡ [2].  
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 ʇʦ ʩʧʦʩʦʙʫ ʠʟʤʝʥʝʥʠʷ ʵʥʝʨʛʠʠ ʠʣʠ ʦʙʲʸʤʘ ʬʘʟʦʚʦʛʦ ʦʙʣʘʢʘ 

ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʜʝʣʷʪ ʥʘ ʢʦʥʩʝʨʚʘʪʠʚʥʳʝ ʠ ʥʝʢʦʥʩʝʨʚʘʪʠʚʥʳʝ. ɽʩʣʠ 

ʵʥʝʨʛʠʷ ʩʠʩʪʝʤʳ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʚʦ ʚʨʝʤʝʥʠ ʠʣʠ ʦʙʲʸʤ ʝʸ ʬʘʟʦʚʦʛʦ ʦʙʣʘʢʘ 

ʦʩʪʘʸʪʩʷ ʧʦʩʪʦʷʥʥʳʤ, ʪʦ ʝʸ ʥʘʟʳʚʘʶʪ ʢʦʥʩʝʨʚʘʪʠʚʥʦʡ. ʉʨʝʜʠ ʩʠʩʪʝʤ ʩ 

ʠʟʤʝʥʷʶʱʝʡʩʷ ʵʥʝʨʛʠʝʡ, ʪʦ ʝʩʪʴ ʥʝʢʦʥʩʝʨʚʘʪʠʚʥʳʭ ʩʠʩʪʝʤ, ʚʳʜʝʣʷʶʪ 

ʜʠʩʩʠʧʘʪʠʚʥʳʝ ʩʠʩʪʝʤʳ. ʊʘʢʠʝ ʩʠʩʪʝʤʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʫʤʝʥʴʰʘʶʱʠʤʩʷ 

ʚʦ ʚʨʝʤʝʥʠ ʟʘʧʘʩʦʤ ʵʥʝʨʛʠʠ. ʊʘʢʞʝ ʬʘʟʦʚʦʝ ʦʙʣʘʢʦ ʜʠʩʩʠʧʘʪʠʚʥʦʡ ʩʠʩʪʝʤʳ 

ʩʦ ʚʨʝʤʝʥʝʤ ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʴʰʝ ʠ ʚ ʠʪʦʛʝ ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ ʥʘ ʧʦʜʤʥʦʞʝʩʪʚʦ 

ʬʘʟʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩ ʥʫʣʝʚʳʤ ʦʙʲʸʤʦʤ ï ʘʪʪʨʘʢʪʦʨʝ [2, 7, 11]. ʇʦʥʷʪʠʝ 

ʘʪʪʨʘʢʪʦʨʘ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥʦ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʚ ʩʣʝʜʫʶʱʝʤ ʨʘʟʜʝʣʝ.  

1.3 ʅʝʣʠʥʝʡʥʳʝ ʩʠʩʪʝʤʳ ʠ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʡ ʭʘʦʩ 

ɼʠʥʘʤʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʧʨʠʥʷʪʦ ʜʝʣʠʪʴ ʥʘ ʣʠʥʝʡʥʳʝ ʠ ʥʝʣʠʥʝʡʥʳʝ ʧʦ 

ʥʘʣʠʯʠʶ ʠʣʠ ʦʪʩʫʪʩʪʚʠʶ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʫ ʦʧʝʨʘʪʦʨʘ ʵʚʦʣʶʮʠʠ ʧʨʠʥʮʠʧʘ 

ʩʫʧʝʨʧʦʟʠʮʠʠ. ʃʠʥʝʡʥʳʝ ʩʠʩʪʝʤʳ ʧʦʣʴʟʫʶʪʩʷ ʙʦʣʴʰʝʡ ʧʦʧʫʣʷʨʥʦʩʪʴʶ. ɼʣʷ 

ʠʭ ʨʝʰʝʥʠʷ ʠ ʦʧʠʩʘʥʠʷ ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ. 

ɼʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ ʟʘʚʠʩʠʤʦʩʪʝʡ ʚ ʧʨʠʨʦʜʝ ʷʚʣʷʶʪʩʷ ʣʠʥʝʡʥʳʤʠ. ʊʘʢʞʝ ʧʨʠ 

ʨʘʩʩʤʦʪʨʝʥʠʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʡ ʥʝ ʪʨʝʙʫʝʪ ʙʦʣʴʰʦʡ 

ʪʦʯʥʦʩʪʠ ʠʣʠ ʚʥʝʰʥʠʝ ʚʣʠʷʥʠʷ ʥʘ ʥʝʸ ʤʘʣʳ, ʤʦʞʥʦ ʦʛʨʘʥʠʯʠʪʴʩʷ ʣʠʥʝʡʥʳʤ 

ʟʘʢʦʥʦʤ ʵʚʦʣʶʮʠʠ [9].  

ʂʣʘʩʩ ʥʝʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʛʦʨʘʟʜʦ ʤʝʥʝʝ ʠʟʫʯʝʥʥʳʤ. ʀ ʜʦ ʩʠʭ 

ʧʦʨ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʦʙʱʝʛʦ ʧʦʜʭʦʜʘ ʢ ʨʝʰʝʥʠʶ ʠʣʠ ʦʧʠʩʘʥʠʶ ʣʶʙʦʡ 

ʥʝʣʠʥʝʡʥʦʡ ʩʠʩʪʝʤʳ. ʉʫʱʝʩʪʚʫʶʪ ʦʪʜʝʣʴʥʳʝ ʢʣʘʩʩʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʠ 

ʠʥʪʝʛʨʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʜʣʷ ʢʦʪʦʨʳʭ ʥʘʡʜʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ. 

ʆʜʥʘʢʦ ʧʦʣʥʦʝ ʦʧʠʩʘʥʠʝ ʠ ʟʥʘʥʠʝ ʧʦʚʝʜʝʥʠʷ ʦʜʥʦʛʦ ʢʣʘʩʩʘ ʥʝʣʠʥʝʡʥʳʭ 

ʬʫʥʢʮʠʡ ʥʠʢʘʢʠʤ ʦʙʨʘʟʦʤ ʥʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʦʩʦʙʝʥʥʦʩʪʠ, ʠ ʜʘʞʝ ʧʨʦʩʪʝʡʰʝʝ 

ʧʦʚʝʜʝʥʠʝ ʜʨʫʛʦʛʦ ʢʣʘʩʩʘ ʥʝʣʠʥʝʡʥʳʭ ʬʫʥʢʮʠʡ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʜʣʷ ʨʘʙʦʪʳ 

ʩ ʥʝʣʠʥʝʡʥʳʤʠ ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ ʥʝ ʧʦʜʭʦʜʷʪ ʭʦʨʦʰʦ 

ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʳ ʜʣʷ ʨʝʰʝʥʠʷ ʣʠʥʝʡʥʳʭ ʟʘʜʘʯ. ʀʪʘʢ, ʦʙʣʘʩʪʴ 
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ʥʝʣʠʥʝʡʥʳʭ ʷʚʣʝʥʠʡ ʜʦ ʩʠʭ ʧʦʨ ʦʩʪʘʸʪʩʷ ʥʝʠʟʚʝʜʘʥʥʦʡ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʜʣʷ ʫʯʝʥʳʭ [6].  

ɺ 1882 ʛʦʜʫ ʬʨʘʥʮʫʟʩʢʠʡ ʤʘʪʝʤʘʪʠʢ ɸ. ʇʫʘʥʢʘʨʝ ʦʪʢʨʳʣ ʷʚʣʝʥʠʝ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʭʘʦʩʘ ʚ ʛʘʤʠʣʴʪʦʥʦʚʳʭ ʩʠʩʪʝʤʘʭ. ʆʜʥʘʢʦ ʝʛʦ ʦʪʢʨʳʪʠ ̫ʥʝ 

ʙʳʣʠ ʟʘʤʝʯʝʥʳ ʚ ʥʘʫʯʥʦʤ ʦʙʱʝʩʪʚʝ. ʉʥʦʚʘ ʩ ʷʚʣʝʥʠʝʤ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʛʦ 

ʭʘʦʩʘ ʩʪʦʣʢʥʫʣʩʷ ʘʤʝʨʠʢʘʥʩʢʠʡ ʤʝʪʝʦʨʦʣʦʛ ʕ. ʅ. ʃʦʨʝʥʮ ʚ 1963 ʛʦʜʫ. ʕ.ʅ. 

ʃʦʨʝʥʮ ʨʘʩʩʤʘʪʨʠʚʘʣ ʩʠʩʪʝʤʫ ʠʟ ʪʨʸʭ ʩʚʷʟʘʥʥʳʭ ʥʝʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ 

ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ (2), ʦʧʠʩʳʚʘʶʱʠʭ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ [13, 18]: 

ὼ „ώ ὼ

ώ ὼὶ ᾀ ώ
ᾀ ὼώ ὦᾀ

                                                       ς 

ʕ.ʅ. ʃʦʨʝʥʮ, ʠʩʧʦʣʴʟʫʷ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ (2): 

„ ρπ, ὦ ψ
σ ʠ ὶ  ςψ, ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʘ ʧʨʦʩʯʠʪʘʣ ʙʦʣʴʰʦʝ 

ʤʥʦʞʝʩʪʚʦ ʪʦʯʝʢ ʠ ʠʟʦʙʨʘʟʠʣ ʬʘʟʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʚ ʩʝʯʝʥʠʷʭ ʧʣʦʩʢʦʩʪʷʤʠ 

Oxy, Oxz ʠ Oyz. ʇʨʠ ʵʪʦʤ ʦʥ ʟʘʤʝʪʠʣ, ʯʪʦ ʠʩʧʦʣʴʟʫʷ ʩʢʦʣʴ ʫʛʦʜʥʦ ʙʣʠʟʢʠʝ 

ʟʥʘʯʝʥʠʷ ʥʘʯʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʦʥ ʧʦʣʫʯʘʝʪ ʩʦʚʝʨʰʝʥʥʦ ʨʘʟʥʳʝ ʨʝʰʝʥʠʷ 

ʩʠʩʪʝʤʳ. ʇʨʠʯʠʥʦʡ ʪʘʢʦʛʦ ʷʚʣʝʥʠʷ, ʩʣʫʞʠʪ ʪʦ, ʯʪʦ ʜʣʷ ʥʝʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤ 

ʭʘʨʘʢʪʝʨʥʘ ʨʘʩʭʦʜʠʤʦʩʪʴ ʠʟʥʘʯʘʣʴʥʦ ʙʣʠʟʢʠʭ ʪʨʘʝʢʪʦʨʠʡ ʩ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ ʚ ʦʛʨʘʥʠʯʝʥʥʦʡ ʦʙʣʘʩʪʠ ʬʘʟʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

[13]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʕ.ʅ. ʃʦʨʝʥʮ ʜʦʢʘʟʘʣ, ʯʪʦ ʥʝʚʦʟʤʦʞʥʦ ʜʝʣʘʪʴ 

ʜʦʣʛʦʩʨʦʯʥʳʝ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʛʥʦʟʳ. ɺʦ-ʧʝʨʚʳʭ, ʠʟ-ʟʘ ʥʝʫʩʪʨʘʥʠʤʦʡ 

ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ ʥʝʚʦʟʤʦʞʥʦ ʧʨʝʜʦʩʪʘʚʠʪʴ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʪʦʯʥʳʝ ʥʘʯʘʣʴʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʦʯʥʦʛʦ 

ʧʨʝʜʩʢʘʟʘʥʠʷ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ ʚ ʢʘʢʦʡ-ʪʦ ʙʫʜʫʱʠʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ.  ɺʦ-

ʚʪʦʨʳʭ, ʠʟ-ʟʘ ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʨʝʩʫʨʩʦʚ ʠ ʤʦʱʥʦʩʪʝʡ ʢʦʤʧʴʶʪʝʨʦʚ, ʯʝʤ ʙʦʣʝʝ 

ʧʦʟʜʥʠʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʚʳʙʠʨʘʝʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ, ʪʝʤ 

ʙʦʣʴʰʝ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ. ʀʪʘʢ, ʝʩʣʠ ʜʣʷ 

ʥʝʣʠʥʝʡʥʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʭʘʨʘʢʪʝʨʝʥ ʜʠʥʘʤʠʯʝʩʢʠʡ ʭʘʦʩ, ʪʦ 

ʨʝʰʝʥʠʝ, ʧʦʣʫʯʝʥʥʦʝ ʩ ʠʟʥʘʯʘʣʴʥʦʡ ʥʝʫʩʪʨʘʥʠʤʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ ʠ 
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ʥʘʢʦʧʣʝʥʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ, ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʪʴʩʷ ʦʪ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦʛʦ [18]. ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʥʘʯʘʣʴʥʳʤ ʜʘʥʥʳʤ ʩʠʩʪʝʤʳ ʕ.ʅ. 

ʃʦʨʝʥʮ ʥʘʟʚʘʣ ʵʬʬʝʢʪʦʤ ʙʘʙʦʯʢʠ. 

ɼʘʣʝʝ ʧʦʜ ʪʝʨʤʠʥʦʤ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʡ ʠʣʠ ʜʠʥʘʤʠʯʝʩʢʠʡ ʭʘʦʩ 

ʩʣʝʜʫʝʪ ʧʦʥʠʤʘʪʴ ʭʘʦʪʠʯʝʩʢʦʝ, ʠʣʠ ʥʝʨʝʛʫʣʷʨʥʦʝ, ʜʚʠʞʝʥʠʝ ʥʝʣʠʥʝʡʥʦʡ 

ʩʠʩʪʝʤʳ, ʫ ʢʦʪʦʨʦʡ ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʝʥ ʟʘʢʦʥ ʵʚʦʣʶʮʠʠ ʧʨʠ ʠʤʝʶʱʠʭʩʷ 

ʥʘʯʘʣʴʥʳʭ ʜʘʥʥʳʭ. ʍʘʦʪʠʯʝʩʢʦʝ ʜʚʠʞʝʥʠʝ ʥʝ ʷʚʣʷʝʪʩʷ ʩʣʫʯʘʡʥʳʤ. 

ʉʣʫʯʘʡʥʳʤ ʜʚʠʞʝʥʠʝʤ ʥʘʟʳʚʘʶʪ ʪʦ, ʢʦʪʦʨʦʝ ʥʝʣʴʟʷ ʤʥʦʛʦʢʨʘʪʥʦ ʠ 

ʦʜʥʦʟʥʘʯʥʦ ʧʦʚʪʦʨʠʪʴ. ʗʨʢʠʤ ʧʨʠʤʝʨʦʤ ʩʣʫʯʘʡʥʦʛʦ ʜʚʠʞʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ɹʨʦʫʥʦʚʩʢʦʝ ʜʚʠʞʝʥʠʝ ʯʘʩʪʠʮ.  ɺ ʩʣʫʯʘʝ ʭʘʦʪʠʯʝʩʢʦʛʦ ʜʚʠʞʝʥʠʷ ʩʫʱʝʩʪʚʫʝʪ 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʟʘʢʦʥ, ʧʦ ʢʦʪʦʨʦʤʫ ʦʥʦ ʧʨʦʠʩʭʦʜʠʪ [2, 7, 13].  

ʗʚʣʝʥʠʝ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʛʦ ʭʘʦʩʘ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʚ ʥʝʩʢʦʣʴʢʠʭ 

ʚʠʜʘʭ ʥʝʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤ: ʜʠʩʩʠʧʘʪʠʚʥʳʭ ʠ ʢʦʥʩʝʨʚʘʪʠʚʥʳʭ (ʩʤ. ʨʠʩ. 1) [13]. 

ɿʘ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʙʳʣʦ ʦʪʢʨʳʪʦ ʪʨʠ ʧʫʪʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʭʘʦʩʘ. 

ʇʝʨʚʳʡ ʧʫʪʴ ʥʘʟʳʚʘʝʪʩʷ ʢʘʩʢʘʜ ʙʠʬʫʨʢʘʮʠʡ ʠ ʙʳʣ ʦʪʢʨʳʪ ʄʠʪʯʝʣʣʦʤ 

ʌʝʡʛʝʥʙʘʫʤʦʤ. ʊʘʢʞʝ ʥʘʟʳʚʘʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʁʌʝʡʛʝʥʙʘʫʤʘ. ʆʥ 

ʨʘʩʩʤʘʪʨʠʚʘʣ ʨʝʢʫʨʩʠʚʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʚʠʜʘ:  

 ὼ ‗Ὢὼ                                                                σ 

ɻʨʘʬʠʢ ʪʘʢʦʡ ʨʝʢʫʨʩʠʚʥʦʡ ʬʫʥʢʮʠʠ (3) ʢʦʣʝʙʣʝʪʩʷ ʤʝʞʜʫ 

ʥʝʧʦʜʚʠʞʥʳʤʠ ʪʦʯʢʘʤʠ. ʏʠʩʣʦ ʪʘʢʠʭ ʪʦʯʝʢ ʫʜʚʘʠʚʘʝʪʩʷ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʤ 

ʟʥʘʯʝʥʠʠ ʚʥʝʰʥʝʛʦ ʧʘʨʘʤʝʪʨʘ .˂ ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʵʪʦʪ ʧʫʪʴ ʥʘʟʳʚʘʝʪʩʷ 

ʙʠʬʫʨʢʘʮʠʝʡ ï ʦʪ ʣʘʪʠʥʩʢʦʛʦ çbisè ʠ çfurcaè ï ʚʠʣʳ ʩ ʜʚʫʤʷ ʟʫʙʮʘʤʠ. ʕʪʠ 

ʢʦʣʝʙʘʥʠʷ ʧʨʦʜʦʣʞʘʶʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʯʠʩʣʦ ʥʝʧʦʜʚʠʞʥʳʭ ʪʦʯʝʢ ʥʝ 

ʩʪʘʥʝʪ ʙʝʩʢʦʥʝʯʥʳʤ ʧʨʠ ʢʦʥʝʯʥʦʤ ʧʘʨʘʤʝʪʨʝ .˂ ʊʦʛʜʘ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ  

ʥʝʨʝʛʫʣʷʨʥʦʝ ʜʚʠʞʝʥʠʝ ʩʠʩʪʝʤʳ, ʟʘʜʘʥʥʦʝ ʪʘʢʠʤ ʨʝʢʫʨʩʠʚʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝ, 

ʢʦʪʦʨʦʝ ʠ ʷʚʣʷʝʪʩʷ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʤ ʭʘʦʩʦʤ [13, 15].  
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ɼʨʫʛʦʡ ʧʫʪʴ ʢ ʧʦʷʚʣʝʥʠʶ ʭʘʦʩʘ ï ʵʪʦ ʧʝʨʝʤʝʞʘʝʤʦʩʪʴ. ʆʥ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʯʝʨʝʜʦʚʘʥʠʝʤ ʨʝʛʫʣʷʨʥʦʛʦ ʠ ʭʘʦʪʠʯʝʩʢʦʛʦ ʜʚʠʞʝʥʠʷ. ʇʨʠ 

ʵʪʦʤ ʭʘʦʪʠʯʝʩʢʦʝ ʜʚʠʞʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚʩʧʣʝʩʢʘʤʠ ʠ ʧʦʜʯʠʥʷʝʪʩʷ 

ʥʝʢʦʪʦʨʦʤʫ ʩʪʘʪʠʩʪʠʯʝʩʢʦʤʫ ʟʘʢʦʥʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ [13, 20].  

ʇʦʩʣʝʜʥʠʡ ʧʫʪʴ, ʧʨʠʚʦʜʷʱʠʡ ʢ ʭʘʦʩʫ ʚ ʜʠʩʩʠʧʘʪʠʚʥʳʭ ʩʠʩʪʝʤʘʭ, 

ʩʚʷʟʘʥ ʩ ʧʦʷʚʣʝʥʠʝʤ ʫ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʦʩʦʙʦʛʦ ʬʘʟʦʚʦʛʦ ʧʦʨʪʨʝʪʘ ï 

ʩʪʨʘʥʥʦʛʦ ʘʪʪʨʘʢʪʦʨʘ. ʉʪʨʘʥʥʳʡ ʘʪʪʨʘʢʪʦʨ ï ʵʪʦ ʧʨʠʪʷʛʠʚʘʶʱʠʝ ʤʥʦʞʝʩʪʚʦ 

ʚ ʬʘʟʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʣʦʞʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʧʦʩʪʨʦʝʥʥʦʝ ʜʣʷ ʜʚʫʭ- ʠʣʠ 

ʪʨʸʭʤʝʨʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ ʩʠʩʪʝʤʳ [7].  ʌʘʟʦʚʳʝ ʪʨʘʝʢʪʦʨʠʠ ʪʘʢʦʡ ʩʠʩʪʝʤʳ, 

ʧʨʦʡʜʷ ʥʝʩʢʦʣʴʢʦ ʥʝʫʩʪʦʡʯʠʚʦʩʪʝʡ, ʥʘʯʠʥʘʶʪ ʧʨʠʪʷʛʠʚʘʪʴʩʷ ʢ ʦʛʨʘʥʠʯʝʥʥʦʡ 

ʦʙʣʘʩʪʠ ʥʫʣʝʚʦʛʦ ʦʙʲʸʤʘ, ʚ ʢʦʪʦʨʦʡ ʠʟʥʘʯʘʣʴʥʦ ʙʣʠʟʢʠʝ ʪʨʘʝʢʪʦʨʠʠ 

ʥʘʯʠʥʘʶʪ ʨʘʩʭʦʜʠʪʴʩʷ ʠ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʭʘʦʪʠʯʝʩʢʦʝ ʜʚʠʞʝʥʠʝ. ʅʘʧʨʠʤʝʨ, 

ʥʘ ʨʠʩ. 2 ʠʟʦʙʨʘʞʝʥ ʢʣʘʩʩʠʯʝʩʢʠʡ ʘʪʪʨʘʢʪʦʨ ʃʦʨʝʥʮʘ ʜʣʷ ʩʠʩʪʝʤʳ [5]: 

ὼ „ώ ὼ

ώ ὼὶ ᾀ ώ
ᾀ ὼώ ὦᾀ

Ȣ                                                       ς 

ʈʠʩ. 1.ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʧʨʦʷʚʣʷʶʪ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʡ ʭʘʦʩ. 



14 

 

ʈʘʩʩʤʦʪʨʠʤ ʪʝʧʝʨʴ, ʢʘʢ ʧʨʦʷʚʣʷʝʪʩʷ ʭʘʦʩ ʚ ʢʦʥʩʝʨʚʘʪʠʚʥʳʭ ʩʠʩʪʝʤʘʭ. 

ʉʨʝʜʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩ ʧʦʩʪʦʷʥʥʦʡ ʵʥʝʨʛʠʝʡ ʠʟ ʢʣʘʩʩʠʯʝʩʢʦʡ 

ʤʝʭʘʥʠʢʠ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʡ ʭʘʦʩ. ɺ 1954 ɸ. ʅ. 

ʂʦʣʤʦʛʦʨʦʚ ʩʬʦʨʤʫʣʠʨʦʚʘʣ ʪʝʦʨʝʤʫ, ʠʟ ʢʦʪʦʨʦʡ ʩʣʝʜʫʝʪ, ʯʪʦ ʜʣʷ 

ʛʘʤʠʣʴʪʦʥʦʚʦʡ ʩʠʩʪʝʤʳ ʜʚʠʞʝʥʠʝ ʚ ʬʘʟʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʥʝ ʷʚʣʷʝʪʩʷ 

ʧʦʣʥʦʩʪʴʶ ʨʝʛʫʣʷʨʥʳʤ ʠʣʠ ʥʝʨʝʛʫʣʷʨʥʳʤ. ʇʦʟʜʥʝʝ ɺ. ʀ. ɸʨʥʦʣʴʜ ʠ ʖ. ʂ. 

ʄʦʟʝʨ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʜʦʢʘʟʘʣʠ ʵʪʫ ʪʝʦʨʝʤʫ, ʠ ʝʸ ʩʪʘʣʠ ʥʘʟʳʚʘʪʴ ʪʝʦʨʝʤʦʡ 

ʂɸʄ (ʂʦʣʤʦʛʦʨʦʚʘ ð ɸʨʥʦʣʴʜʘ ð ʄʦʟʝʨʘ). ʊʘʢʠʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

ʷʚʣʷʶʪʩʷ ʤʦʜʝʣʷʤʠ ʩʣʝʜʫʶʱʠʭ ʧʨʦʮʝʩʩʦʚ: ʜʚʠʞʝʥʠʝ ʪʨʸʭ ʪʝʣ ʚ ʢʦʩʤʠʯʝʩʢʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ, ʜʚʠʞʝʥʠʝ ʩʧʫʪʥʠʢʦʚ ʠ ʘʩʪʝʨʦʠʜʦʤ ʚʦʢʨʫʛ ʧʣʘʥʝʪʳ, ʜʚʠʞʝʥʠʝ 

ʯʘʩʪʠʮ ʚ ʫʩʢʦʨʠʪʝʣʠ. ʇʦʩʣʝ ʧʦʷʚʣʝʥʠʷ ʪʝʦʨʝʤʳ ʂɸʄ ʚʦʟʥʠʢ ʚʦʧʨʦʩ: 

ʷʚʣʷʶʪʩʷ ʣʠ ʜʚʠʞʝʥʠʷ ʧʣʘʥʝʪ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ ʫʩʪʦʡʯʠʚʳʤʠ? ɼʦʢʘʟʘʥʦ, 

ʯʪʦ ʜʚʠʞʝʥʠʝ ʜʚʫʭ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʪʝʣ ʫʩʪʦʡʯʠʚʦ. ʆʜʥʘʢʦ ʫʞʝ ʟʘʜʘʯʘ 

ʜʚʠʞʝʥʠʷ ʪʨʸʭ ʪʝʣ ʥʝ ʠʤʝʝʪ ʧʦʣʥʦʛʦ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ. ʉʫʱʝʩʪʚʫʶʪ 

ʥʝʩʢʦʣʴʢʦ ʯʘʩʪʥʳʭ ʨʝʰʝʥʠʡ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʥʘʡʜʝʥʳ ʃ. ʕʡʣʝʨʦʤ, ɾ. ʃ. 

ʃʘʛʨʘʥʞʝʤ ʠ ʜʨʫʛʠʤʠ ʩʦʚʨʝʤʝʥʥʳʤʠ ʫʯʸʥʳʤʠ. ʉʝʡʯʘʩ ʩʫʱʝʩʪʚʫʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʙʣʘʛʦʜʘʨʷ ʙʦʣʴʰʠʤ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʤʦʱʥʦʩʪʷʤ ʩʪʨʦʠʪʴ 

ʈʠʩ. 2. ʂʣʘʩʩʠʯʝʩʢʠʡ ʘʪʪʨʘʢʪʦʨ ʃʦʨʝʥʮʘ [12]. 



15 

 

ʯʠʩʣʝʥʥʳʝ ʨʝʰʝʥʠʷ ʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʴ. ʆʜʥʘʢʦ ʪʘʢʦʡ ʤʝʪʦʜ 

ʥʝ ʜʘʸʪ ʜʦʣʛʦʩʨʦʯʥʳʭ ʩʮʝʥʘʨʠʝʚ ʨʘʟʚʠʪʠʷ ʜʚʠʞʝʥʠʷ ʚ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʝ 

[10, 13].  

ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʩʢʘʟʘʪʴ, ʯʪʦ ʫ ʩʪʘʮʠʦʥʘʨʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʥʝ 

ʩʫʱʝʩʪʚʫʝʪ ʘʪʪʨʘʢʪʦʨʦʚ ʚ ʬʘʟʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʢʘʢ ʫ ʜʠʩʩʠʧʘʪʠʚʥʳʭ 

ʩʠʩʪʝʤ. ʌʘʟʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʛʘʤʠʣʴʪʦʥʦʚʦʡ ʩʠʩʪʝʤʳ ʩ ʭʘʦʩʦʤ ʩʪʨʦʛʦ 

ʜʝʣʠʪʴʩʷ ʥʘ ʦʙʣʘʩʪʠ ʨʝʛʫʣʷʨʥʦʛʦ ʠ ʥʝʨʝʛʫʣʷʨʥʦʛʦ ʜʚʠʞʝʥʠʷ [13]. 

ʋʚʠʜʝʪʴ ʭʘʦʪʠʯʝʩʢʦʝ ʜʚʠʞʝʥʠʝ ʢʣʘʩʩʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʤʦʞʥʦ ʩ 

ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʝʯʝʥʠʷ, ʩʦʟʜʘʥʥʳʤ ʇʫʥʢʘʨʝ ʚ ʢʦʥʮʝ XIX  

ʚʝʢʘ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʥʘʛʣʷʜʥʦ ʠʟʦʙʨʘʞʘʪʴ ʠʟʤʝʥʝʥʠʷ ʚ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ. ʉʫʪʴ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʩʪʨʦʝʥʠʠ ʩʝʯʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ʬʘʟʦʚʦʛʦ ʧʦʨʪʨʝʪʘ ʥʝʢʦʪʦʨʦʡ ʩʝʢʫʱʝʡ ʧʣʦʩʢʦʩʪʴʶ. ʅʘʧʨʠʤʝʨ, 

ʥʘ ʨʠʩ. 3 ʠʟʦʙʨʘʞʝʥʘ ʬʘʟʦʚʘʷ ʪʨʘʝʢʪʦʨʠʷ ʥʝʢʦʪʦʨʦʡ ʩʠʩʪʝʤʳ ʚ ʬʘʟʦʚʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ (x1,x2,x3). ʌʘʟʦʚʫʶ ʪʨʘʝʢʪʦʨʠʶ ʧʝʨʝʩʝʢʘʝʪ ʧʣʦʩʢʦʩʪʴ S. 

ʈʝʟʫʣʴʪʘʪʦʤ ʧʝʨʝʩʝʯʝʥʠʷ ʷʚʣʷʶʪʩʷ ʪʦʯʢʠ P0, P1, P2.  ʄʥʦʞʝʩʪʚʦ ʚʩʝʭ ʪʦʯʝʢ 

ʩʝʢʫʱʝʡ ʧʣʦʩʢʦʩʪʠ ʙʫʜʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʩʝʯʝʥʠʝ ʇʫʘʥʢʘʨʝ.  

 

ʈʠʩ. 3. ʉʝʯʝʥʠʝ ʇʫʘʥʢʘʨʝ. 
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ɼʣʷ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʠʤ ʥʝʣʠʥʝʡʥʫʶ ʩʠʩʪʝʤʫ ʍʝʥʦʥʘ ï ʍʝʡʣʝʩʘ ʠ ʝʸ 

ʛʘʤʠʣʴʪʦʥʠʘʥ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: 

Ὄ
ρ

ς
ὴ ὴ

ρ

ς
ὼ ώ ὼώ

ρ

σ
ώ 

ʇʦʩʪʨʦʠʤ ʩʝʯʝʥʠʝ ʇʫʘʥʢʘʨʝ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʥʘʯʘʣʴʥʳʭ ʜʘʥʥʳʭ:  

ὼ π ï ʧʣʦʩʢʦʩʪʴ ʩʝʯʝʥʠʷ; 

Ὄ  ï ʵʥʝʨʛʠʷ; 

ὼ πȟώ πȟὴ π. 

 

ʅʘ ʨʠʩ. 4 ʚʠʜʥʦ, ʯʪʦ ʬʘʟʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʩʠʩʪʝʤʳ ʜʝʣʠʪʩʷ ʥʘ ʦʙʣʘʩʪʠ 

ʨʝʛʫʣʷʨʥʦʛʦ ʠ ʭʘʦʪʠʯʝʩʢʦʛʦ ʜʚʠʞʝʥʠʷ. ɺʥʫʪʨʠ çʢʘʧʣʠè ʩ ʭʘʦʪʠʯʝʩʢʠʤ 

ʜʚʠʞʝʥʠʝʤ ʝʩʪʴ çʦʩʪʨʦʚʢʠè ʩ ʨʝʛʫʣʷʨʥʳʤ ʜʚʠʞʝʥʠʝʤ.  

ʊʘʢʞʝ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʡ ʭʘʦʩ ʤʦʞʝʪ ʧʨʦʷʚʣʷʪʴʩʷ ʚ ʢʦʥʩʝʨʚʘʪʠʚʥʳʭ 

ʢʚʘʥʪʦʚʳʭ ʩʠʩʪʝʤʘʭ. ɺʦʧʨʦʩ ʥʝʨʝʛʫʣʷʨʥʦʛʦ ʜʚʠʞʝʥʠʷ ʢʚʘʥʪʦʚʳʭ ʩʠʩʪʝʤ 

ʧʦʜʥʠʤʘʝʪʩʷ ʚ ʟʘʜʘʯʘʭ ʦʧʪʠʢʠ, ʬʠʟʠʢʠ ʧʣʘʟʤʳ ʠ ʘʢʫʩʪʠʢʠ [5]. 

ʈʠʩ. 4. ʉʝʯʝʥʠʝ ʇʫʘʥʢʘʨʝ ʜʣʷ ʩʠʩʪʝʤʳ ʍʝʥʦʥʘ ï ʍʝʣʠʩʘ.  
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1.4 ɻʘʤʠʣʴʪʦʥʦʚ ʬʦʨʤʘʣʠʟʤ 

ʈʘʩʩʤʦʪʨʠʤ ʜʠʥʘʤʠʢʫ ʩʠʩʪʝʤ r ʩʦʛʣʘʩʥʦ ʧʨʠʥʮʠʧʘʤ ʛʘʤʠʣʴʪʦʥʦʚʦʡ 

ʤʝʭʘʥʠʢʠ.  

ʕʚʦʣʶʮʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʩ s ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ ʟʘʜʘʸʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʦʙʦʙʱʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ (q1,q2, é,qs) ʠ ʦʙʦʙʱʝʥʥʳʭ ʠʤʧʫʣʴʩʦʚ (p1, 

p2, é,ps).  

ʃʶʙʫʶ ʤʝʭʘʥʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʤʦʞʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʩ ʧʦʤʦʱʴʶ 

ʬʫʥʢʮʠʠ ʃʘʛʨʘʥʞʘ: 

ὒ Ὕ Ὗȟ 

ʛʜʝ T ï ʧʦʣʥʘʷ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʩʠʩʪʝʤʳ, ʘ U ï ʧʦʣʥʘʷ ʧʦʪʝʥʮʠʘʣʴʥʘʷ 

ʵʥʝʨʛʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. 

ɽʩʣʠ ʜʣʷ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʠʟʚʝʩʪʝʥ ʚʠʜ ʬʫʥʢʮʠʠ ʃʘʛʨʘʥʞʘ, ʪʦ 

ʫʨʘʚʥʝʥʠʝ ʃʘʛʨʘʥʞʘ ʚʪʦʨʦʛʦ ʨʦʜʘ ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʝʪ ʜʚʠʞʝʥʠʝ ʩʠʩʪʝʤʳ 

ʧʨʠ ʟʘʜʘʥʥʳʭ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ: 

Ὠ

Ὠὸ

ὒ

ή

ὒ

ή
πȢ                                                     σ 

ɼʘʣʝʝ ʧʨʦʚʦʜʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʃʝʞʘʥʜʨʘ ʜʣʷ (3), ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʦʙʦʙʱʝʥʥʦʛʦ ʠʤʧʫʣʴʩʘ: 

ὴ
ὒ

ή
Ȣ 

ʇʨʠʤʝʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʃʝʞʘʥʜʨʘ ʢ ʬʫʥʢʮʠʠ ʃʘʛʨʘʥʞʘ, ʧʦʣʫʯʘʝʤ 

ʬʫʥʢʮʠʶ ɻʘʤʠʣʴʪʦʥʘ ʠʣʠ ʛʘʤʠʣʴʪʦʥʠʘʥ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ: 

Ὄ▬ȟ▲ȟὸ ὴή ὒ▲ȟ▲ȟὸȟ 

ʛʜʝ ▬ȟ▲ȟ▲ ï ʵʪʦ s-ʤʝʨʥʳʝ ʚʝʢʪʦʨʳ ▬ ὴȟὴȟȣȟὴ , ▲ ήȟήȟȣȟή , 

▲ ήȟήȟȣȟή . 
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ɼʚʠʞʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʤʦʞʝʪ ʙʳʪʴ ʦʜʥʦʟʥʘʯʥʦ ʟʘʜʘʥʦ ʩ 

ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʡ ɻʘʤʠʣʴʪʦʥʘ: 

ή
Ὄ

ὴ
ȟὴ

Ὄ

ή
ȟὭ ρȟίȢ 

ʋʨʘʚʥʝʥʠʷ ɻʘʤʠʣʴʪʦʥʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʠʩʪʝʤʫ ʦʙʳʢʥʦʚʝʥʥʳʭ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʨʝʰʘʷ ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʟʘʢʦʥ 

ʵʚʦʣʶʮʠʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʚ ʷʚʥʦʤ ʚʠʜʝ [12]. 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʵʚʦʣʶʮʠʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʦʧʝʨʘʪʦʨ, ʢʦʪʦʨʳʡ ʥʘʟʳʚʘʝʪʩʷ ʩʢʦʙʢʠ ʇʫʘʩʩʦʥʘ. ɺ ʢʘʥʦʥʠʯʝʩʢʠʭ 

ʢʦʦʨʜʠʥʘʪʘʭ ʦʥʠ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ [12]: 

ὫȟὪ
Ὣ

ὴ

Ὢ

ή

Ὣ

ή

Ὢ

ὴ
ȟ 

ʛʜʝ ὫȟὪ ï ʧʘʨʘ ʣʶʙʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ. 

ʇʫʩʪʴ ʬʫʥʢʮʠʷ Ὢ ὪὴȟήȟὸȢ˟ ̏̄̅́ ̅̌ ̠̎̆ ̧̒̐̑́̃̆̅̌̉̃̏ 

ὨὪ

Ὠὸ

ή

ὸ

Ὢ

ή

ὴ

ὸ

Ὢ

ὴ

Ὢ

ὸ
 

Ὄ

ὴ

Ὢ

ή

Ὄ

ή

Ὢ

ὴ

Ὢ

ὸ
ὌȟὪ

Ὢ

ὸ
Ȣ 

1.5 ʄʘʪʨʠʯʥʳʡ ʬʦʨʤʘʣʠʟʤ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʦʧʝʨʘʪʦʨ 

ʵʚʦʣʶʮʠʠ ʢʦʪʦʨʳʭ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʟʘʜʘʥ ʩʠʩʪʝʤʦʡ ʥʝʣʠʥʝʡʥʳʭ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. ʉʫʱʝʩʪʚʫʶʪ ʧʨʠʙʣʝʞʝʥʥʳʝ ʤʝʪʦʜʳ ʜʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʨʝʰʝʥʠʷ ʪʘʢʠʭ ʩʠʩʪʝʤ.  

ɸʣʛʦʨʠʪʤ ʧʦʛʨʫʞʝʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʦ ʬʘʟʦʚʳʭ ʧʦʨʪʨʝʪʦʚ 



19 

 

ɼʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥ ʩʦʛʣʘʩʥʦ ʠʜʝʦʣʦʛʠʠ ʪʝʦʨʠʠ ʚʦʟʤʫʱʝʥʠʡ. 

ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʧʨʠʙʣʝʞʝʥʠʠ ʨʝʰʝʥʠʷ.  

ʋʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ: 

Ὠἦ

Ὠὸ
╕ἦȟὸȟ╕πȟὸḳπȢ                                            τ 

ɼʘʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʧʝʨʝʧʠʩʘʥʦ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

Ὠἦ

Ὠὸ
ᴖ ἦ Ȣ                                                   υ 

ʋʨʘʚʥʝʥʠʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʬʘʟʦʚʳʭ ʧʦʨʪʨʝʪʦʚ: 

Ὠἦ

Ὠὸ
ᴖ ὸἦ ȟ                                                φ 

ᴖ ᴖ ṥᴖ ȟὮ Ὧȟ 

ᴖ ᴖ ṥᴖ ᴖ ṥ ȟὯ ςȢ 

ʋʨʘʚʥʝʥʠʷ (5) ʠ (6) ʟʘʧʠʩʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʥʟʝʨʥʦʡ ʠʜʝʦʣʦʛʠʠ: 

ʦʧʝʨʘʪʦʨ çṥè ï ʵʪʦ ʪʝʥʟʦʨʥʘʷ ʩʫʤʤʘ, ʦʧʝʨʘʪʦʨ ʩʪʝʧʝʥʠ ʚ ʢʚʘʜʨʘʪʥʳʭ 

ʩʢʦʙʢʘʭ ï ʵʪʦ ʢʨʦʥʝʢʝʦʚʩʢʘʷ ʩʪʝʧʝʥʴ.  

ʋʨʘʚʥʝʥʠʝ (6) ʧʦ ʚʠʜʫ ʷʚʣʷʝʪʩʷ ʣʠʥʝʥʳʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ 

ʫʨʘʚʥʝʥʠʝʤ ʠ ʝʛʦ ʨʝʰʝʥʠʝ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʩ ʧʦʤʦʱʴʶ ʤʘʪʨʠʮʠʘʥʪʘ ᴙ  

ἦ ᴙ ὸἦ ȟ                                                         χ 

ʛʜʝ ᴙ ὸȿὸ ȟἦ  ἦ ὸ . ʀʪʘʢ, ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʨʝʰʝʥʠʝ 

ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ (2), ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʤʘʪʨʠʮʠʘʥʪʘ ᴙ ᴙ ȟ ȟ . 

ʐʘʛ 1. 
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ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʣʠʥʝʘʨʠʟʦʚʘʥʥʦʝ ʫʨʘʚʥʝʥʠʝ, ʧʦʣʫʯʝʥʥʦʝ ʠʟ ʫʨʘʚʥʝʥʠʷ 

(5) ʦʪʩʝʯʝʥʠʝʤ ʚʩʝʭ ʯʣʝʥʦʚ ʨʷʜʘ ʜʦ ʧʝʨʚʦʡ ʩʪʝʧʝʥʠ: 

Ὠἦ

Ὠὸ
ᴖ ἦȢ                                                                ψ 

ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (8): 

ἦ ᴙ ὸȿὸἦȟ   ἦ ἦÔȢ                                            ω 

ʐʘʛ 2. 

ʇʦʜʩʪʘʚʠʤ (9) ʚ ʫʨʘʚʥʝʥʠʝ, ʧʦʣʫʯʝʥʥʦʝ ʠʟ ʫʨʘʚʥʝʥʠʷ (5) ʦʪʩʝʯʝʥʠʝʤ 

ʚʩʝʭ ʯʣʝʥʦʚ ʨʷʜʘ ʜʦ ʚʪʦʨʦʡ ʩʪʝʧʝʥʠ: 

Ὠἦ

Ὠὸ
ᴖ ἦ ᴖ ἦ Ȣ 

ʇʦʣʫʯʠʤ: 

Ὠἦὸ

Ὠὸ
ᴖ ὸȿὸἦ ᴖ ᴙ ὸȿὸἦ ȟ                           ρπ 

ʧʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʚʦʡʩʪʚʦ ʢʨʦʥʝʢʝʨʦʚʩʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ: 

ἦ ἦ Ȣ 

ʅʘʡʜʸʤ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (10) ʩ ʧʦʤʦʰʴʶ ʬʦʨʤʫʣʳ ʂʦʰʠ: 

ἦὸ ᴙ ὸȿὸ ἦ ᴙ †ȿὸ ᴖ †ᴙ †ȿὸἦ Ὠ†  

ᴙ ὸȿὸἦ ᴙ ὸȿὸἦ ȟ                                        (11) 

ʛʜʝ ᴙ ᷿ ᴙ †ȿὸ ᴖ †ᴙ †ȿὸὨ†. 

ʐʘʛ 3 
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ʇʦʜʩʪʘʚʠʤ (11) ʚ ʫʨʘʚʥʝʥʠʝ, ʧʦʣʫʯʝʥʥʦʝ ʠʟ ʫʨʘʚʥʝʥʠʷ (5) ʦʪʩʝʯʝʥʠʝʤ 

ʚʩʝʭ ʯʣʝʥʦʚ ʨʷʜʘ ʜʦ ʪʨʝʪʴʝʡ ʩʪʝʧʝʥʠ ʠ ʧʦʣʫʯʠʤ: 

Ὠἦ

Ὠὸ
ᴖ ὸȿὸἦ ᴖ ᴙ ὸȿὸἦ ᴙ ὸȿὸἦ  

ᴖ ᴙ ὸȿὸἦ ᴙ ὸȿὸἦ Ȣ 

ʈʝʰʝʥʠʝ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ: 

ἦὸ ᴙ ὸȿὸἦ ᴙ ὸȿὸἦ ᴙ ὸȿὸἦ ȟ 

ʛʜʝ ᴙ  ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ 

ᴙ ὸȿὸ ᴙ ὸȿ†ᴖ † ᴙ †ȿὸ ṧᴙ †ȿὸ ᴙ †ȿὸ

ṧᴙ †ȿὸ Ὠ† ᴙ ὸȿ†ᴖ †ᴙ †ȿὸὨ†Ȣ 

ʆʧʝʨʘʪʦʨ çṧè - ʵʪʦ ʦʧʝʨʘʪʦʨ ʢʨʦʥʝʢʝʨʦʚʩʢʦʛʦ ʫʤʥʦʞʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ (4) ʜʦ ʪʨʝʪʴʝʛʦ 

ʧʦʨʷʜʢʘ ʪʦʯʥʦʩʪʠ. ʇʨʦʜʦʣʞʘʷ ʧʦʩʪʨʦʝʥʠʝ ʨʝʰʝʥʠʡ ʧʦ ʟʘʜʘʥʥʦʤʫ ʘʣʛʦʨʪʠʤʫ, 

ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʨʝʰʝʥʠʝ ʣʶʙʦʡ ʥʘʧʝʨʸʜ ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʠ [3, 1]. 

1.6 ʉʠʤʧʣʝʢʪʠʯʥʦʩʪʴ 

ɼʣʷ ʛʘʤʠʣʪɹʦʥʦʚʳʭ ʩʠʩʪʝʤ ʭʘʨʘʢʪʝʨʥʦ ʩʚʦʡʩʪʚʦ ʩʠʤʧʣʝʢʪʠʯʥʦʩʪʠ: 

ήὸȟὴ ὸ ήπȟὴπ ȟᶅὭȟὮȟ  

ʛʜʝ [f, g] ï ʵʪʦ ʩʢʦʙʢʠ ʇʫʘʩʩʦʥʘ. 

ʆʙʳʯʥʦ ɻʘʤʠʣʴʪʦʥʠʘʥ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʟʘʚʠʩʠʪ ʦʪ ʢʦʦʨʜʠʥʘʪ 

q(t) ʠ p(t). ʋʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʝʩʪʴ ʜʚʘ ʥʝʣʠʥʝʡʥʳʭ ʦʙʳʢʥʦʚʝʥʥʳʭ 
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ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʷ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʥʝʣʠʥʝʡʥʳʭ 

ʩʠʩʪʝʤ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʠʣʠ ʥʝ ʥʘʡʜʝʥʦ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ. ʇʦʵʪʦʤʫ ʪʘʢʠʝ 

ʩʠʩʪʝʤʳ ʨʝʰʘʶʪ ʯʠʩʣʝʥʥʦ. ʆʜʥʘʢʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ, 

ʥʘʧʨʠʤʝʨ ʤʝʪʦʜ ʈʫʥʛʝ-ʂʫʪʪʘ ʠʣʠ ʤʝʪʦʜ ʨʷʜʦʚ ʊʝʡʣʦʨʘ, ʨʘʟʨʘʙʦʪʘʥʳ ʜʣʷ 

ʣʶʙʳʭ ʩʠʩʪʝʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʠ ʥʝ ʩʧʝʮʠʘʣʠʟʠʨʫʶʪʩʷ ʥʘ 

ʛʘʤʠʣʴʪʦʥʦʚʳʭ ʩʠʩʪʝʤʘʭ.  ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʪʘʢʠʭ ʤʝʪʦʜʘʭ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ 

ʩʚʦʡʩʪʚʦ ʩʠʤʧʣʝʢʪʠʯʥʦʩʪʠ ʠ ʚ ʠʪʦʛʝ ʧʦʣʫʯʘʝʤʦʝ ʨʝʰʝʥʠʝ ʵʪʠʤ ʩʚʦʡʩʪʚʦʤ ʥʝ 

ʦʙʣʘʜʘʝʪ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʪʴʩʷ ʦʪ 

ʪʦʯʥʦʛʦ. ʀʥʦʛʜʘ ʬʘʟʦʚʳʡ ʧʦʨʪʨʝʪ ʥʝʩʠʤʧʣʝʢʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʥʘʧʦʤʠʥʘʝʪ 

ʨʝʰʝʥʠʷ ʩ ʜʠʥʘʤʠʯʝʩʢʠʤ ʭʘʦʩʦʤ. ʌʘʟʦʚʳʝ ʪʨʘʝʢʪʦʨʠʠ ʥʘʯʠʥʘʶʪ ʚʝʩʪʠ ʩʝʙʷ 

ʥʝ ʧʨʝʜʩʢʘʟʫʝʤʦ, ʧʦʷʚʣʷʷʩʴ ʪʦ ʚ ʦʜʥʦʤ, ʪʦ ʚ ʜʨʫʛʦʤ ʤʝʩʪʝ ʬʘʟʦʚʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ, ʯʪʦ ʠ ʥʘʧʦʤʠʥʘʝʪ ʭʘʦʩ. 

ʈʝʰʘʷ ʩʠʩʪʝʤʫ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʚ 

ʠʜʝʦʣʦʛʠʠ ʤʘʪʨʠʯʥʦʛʦ ʬʦʨʤʘʣʠʟʤʘ, ʠʱʫʪ ʨʝʰʝʥʠʝ, ʧʨʝʜʩʪʘʚʠʤʦʝ ʚ ʚʠʜʝ 

ʙʝʩʢʦʥʝʯʥʦʛʦ ʨʷʜʘ (7) 

ἦ ᴙ ὸἦ Ȣ 

ʆʜʥʘʢʦ ʥʘ ʧʨʘʢʪʠʢʝ ʚ ʨʝʰʝʥʠʝ ʚʭʦʜʠʪ ʣʠʰʴ ʢʦʥʝʯʥʦ ʯʠʩʣʦ ʩʣʘʛʘʝʤʳʭ 

ʨʷʜʘ (7). ʀʟ-ʟʘ ʪʘʢʦʛʦ çʫʩʝʯʝʥʠʷè ʨʷʜʘ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʪʝʨʷʝʪ ʩʚʦʡʩʪʚʦ 

ʩʠʤʧʣʝʢʪʠʯʥʦʩʪʠ. 

 ɺ ʪʝʨʤʠʥʘʭ ʤʘʪʨʠʯʥʦʛʦ ʬʦʨʤʘʣʠʟʤʘ ʫʩʣʦʚʠʝ ʩʠʤʧʣʝʢʪʠʯʥʦʩʪʠ 

ʟʘʧʠʰʝʪʩʷ ʩʣʝʜʫʶʱʝʤ ʦʙʨʘʟʦʤ: 

ᶻἦȟὸȿὸ ἦ ἦȠὸȿὸ ἦȟ                             ρρ 

ʛʜʝ ἦȠὸȿὸ  ï ʵʪʦ ʤʘʪʨʠʮʘ ʗʢʦʙʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ M ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ: 

ἦȠὸȿὸȠὓ ἦȠὸȿὸ
ὓὸȿὸȠὌ ἦʐ

ἦz
Ȣ 
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ɺʳʙʝʨʝʤ ʜʣʷ ἦ ʢʘʥʦʥʠʯʝʩʢʫʶ ʩʠʤʧʣʝʢʪʠʯʝʩʢʫʶ ʤʘʪʨʠʮʫ , ʪʦʛʜʘ 

ʫʩʣʦʚʠʝ (11) ʙʫʜʝʪ ʚʳʛʣʷʜʝʪʴ 

ᶻἦȟὸȿὸ ἦȠὸȿὸ  ȟ 

ʛʜʝ 

ὨὩὸἦȠὸȿὸ ρȢ 

ɼʘʣʣʝ ʠʩʧʦʣʴʟʫʷ ʘʣʛʝʙʨʫ ʃʠ ʠ ʚʳʰʝʫʢʘʟʘʥʥʳʝ ʫʩʣʦʚʠʷ 

ʩʠʧʣʝʢʪʠʯʥʦʩʪʠ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʤʘʪʨʠʯʥʦʝ ʫʨʘʚʥʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ 

ʥʘʡʪʠ ʩʠʤʧʣʝʢʪʠʯʝʩʢʠʝ ʧʦʧʨʘʚʢʠ ʜʣʷ ʨʝʰʝʥʠʷ ʣʶʙʦʡ ʪʦʯʥʦʩʪʠ: 

ἦṩ ᶻᴗ ᶻ ᴗ ἦṩ πȟά ρȟ                   ρς 

ʛʜʝ ᴙ ᴙ ᴗ , ʘ ᴙ  ï ʵʪʦ ʤʘʪʨʠʮʳ ʠʟ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ (7). ʊʘʢʞʝ 

ἦṩ  ï ʵʪʦ ʩʦʢʨʘʱʝʥʥʳʡ ʚʠʜ ʜʣʷ ʟʘʧʠʩʠ ʚʳʨʘʞʝʥʠʷ 

ἦṩ ἦ ṧ ṧἦ Ȣ 

ʈʝʰʘʷ ʤʘʪʨʠʯʥʳʝ ʫʨʘʚʥʝʥʠʷ (12) ʜʣʷ ʨʘʟʥʳʭ ʤʘʪʨʠʮ ᴗ , ʛʜʝ i ï 

ʧʦʨʷʜʦʢ ʪʦʯʥʦʩʪʠ ʨʝʰʝʥʠʷ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩʠʤʧʣʝʢʪʠʯʝʩʢʠʝ ʧʦʧʨʘʚʢʠ ʜʣʷ 

ʤʘʪʨʠʮ ᴗ , ʫʯʠʪʳʚʘʷ ʢʦʪʦʨʳʝ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʪʦʯʥʦʝ ʨʝʰʝʥʠʝ 

ʛʘʤʠʣʴʪʦʥʦʚʦʡ ʩʠʩʪʝʤʳ [1, 19].  

ɺ ʩʣʝʜʫʶʱʝʡ ʛʣʘʚʝ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥʘ ʦʧʨʝʜʝʣʝʥʥʘʷ ʜʠʥʘʤʠʯʝʩʢʘʷ 

ʩʠʩʪʝʤʘ, ʝʸ ʨʝʰʝʥʠʝ ʚ ʠʜʝʦʣʦʛʠʠ ʤʘʪʨʠʯʥʦʛʦ ʬʦʨʤʘʣʠʟʤʘ, ʘ ʪʘʢʞʝ ʙʫʜʫʪ 

ʚʳʯʠʩʣʝʥʳ ʩʠʤʧʣʝʢʪʠʯʝʩʢʠʝ ʧʦʧʨʘʚʢʠ ʜʣʷ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ.  
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ɻʣʘʚʘ 2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʜʣʷ 

ʥʝʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʦʩʮʠʣʣʷʪʦʨʘ 

ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ 

ʥʝʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʦʩʮʠʣʷʪʦʨʘ. ʉʥʘʯʘʣʘ ʠʟʫʯʘʝʪʩʷ ʧʦʚʝʜʝʥʠʝ ʨʝʰʝʥʠʷ 

ʜʘʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩ ʧʦʤʦʱʴʶ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʘʢʝʪʘ Maple 15. ɼʘʣʝʝ ʙʫʜʝʪ 

ʧʨʠʚʝʜʝʥʦ ʨʝʰʝʥʠʝ ʚ ʠʜʝʦʣʦʛʠʠ ʤʘʪʨʠʯʥʦʛʦ ʬʦʨʤʘʣʠʟʤʘ ʠ ʥʘʡʜʝʥʳ 

ʩʠʤʧʣʝʢʪʠʯʝʩʢʠʝ ʧʦʧʨʘʚʢʠ, ʘ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʬʘʟʦʚʳʝ ʧʦʨʪʨʝʪʳ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʙʸʟ ʫʯʝʪʘ ʠ ʩ ʫʯʸʪʦʤ ʩʠʤʧʣʝʢʪʠʯʝʩʢʠʭ ʧʦʧʨʘʚʦʢ. 

2.1 ʅʝʛʘʨʤʦʥʠʯʝʩʢʠʡ ʦʩʮʠʣʣʷʪʦʨ 

ɹʫʜʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, ʦʧʨʝʜʝʣʷʶʱʘʷ 

ʜʚʠʞʝʥʠʝ ʥʝʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʦʩʮʠʣʣʷʪʦʨʘ. ɻʘʤʠʣʪɹʦʥʠʘʥ ʩʠʩʪʝʤʳ ʠʤʝʝʪ 

ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

Ὄ
ή ὴ

ς

ή

ςτ
ȟ 

ʛʜʝ Ŭ ï ʵʪʦ ʧʘʨʘʤʝʪʨ, ʢʦʪʦʨʳʡ ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʚʠʜ ʬʘʟʦʚʦʛʦ 

ʧʦʨʪʨʝʪʘ. 

ʋʨʘʚʥʝʥʠʷ ɻʘʤʠʣʴʪʦʥʘ ʜʣʷ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ: 

ή ὴ

 ὴ ή 
ή

φ

Ȣ                                                   ρσ 

 

2.2 ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʥʝʛʘʨʤʦʥʠʯʩʝʢʦʛʦ 

ʦʩʮʠʣʷʪʦʨʘ 
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ɼʣʷ ʥʘʯʘʣʘ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ʥʝʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʦʩʮʠʣʣʷʪʦʨʘ ʙʳʣʦ 

ʠʩʩʣʝʜʦʚʘʥʦ ʩ ʧʦʤʦʱʴʶ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʘʢʝʪʘ Maple 15.  

1 ʤʝʪʦʜ 

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (13) ʙʳʣʘ ʨʝʰʝʥʘ ʤʝʪʦʜʦʤ ʈʫʥʛʝ-ʂʫʪʪʘ ʯʝʪʚʝʨʪʦʛʦ 

ʧʦʨʷʜʢʘ. ʅʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ: ήπ πȟψ, ὴπ π. ʌʘʟʦʚʳʝ ʧʦʨʪʨʝʪʳ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʘʨʘʤʝʪʨʘ Ŭ ʤʦʞʥʦ ʚʠʜʝʪʴ ʥʘ ʨʠʩ. 5. 

ʇʨʠ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʘ  ωȟσψ ʬʘʟʦʚʳʡ ʧʦʨʪʨʝʪ ʨʝʰʝʥʠʷ ʷʚʣʷʪʁʩʷ 

ʦʢʨʫʞʥʦʩʪʴ ʠ ʩʭʦʞʠʝ ʩ ʥʝʡ ʢʨʠʚʳʝ (ʩʤ. ʨʠʩ. 5 ʘ), ʙ)). ʆʜʥʘʢʦ ʧʨʠ  ωȟσψ 

ʘ) Ŭ = 1 ʙ) Ŭ = 9 

ʚ) Ŭ = 9,38 ʛ) Ŭ = 20 

ʈʠʩ. 5. ʌʘʟʦʚʳʡ ʧʦʨʪʨʝʪ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ʥʝʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʦʩʮʠʣʣʷʪʦʨʘ 

ʤʝʪʦʜʦʤ ʈʫʥʛʝ-ʂʫʪʪʘ 4-ʛʦ ʧʦʨʷʜʢʘ ʧʨʠ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʘ Ŭ. 
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ʬʘʟʦʚʦʡ ʧʦʨʪʨʝʪ ʚʳʨʦʞʜʘʝʪʩʷ ʚ ʜʚʝ ʩʠʤʤʝʪʨʠʯʥʳʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ q 

ʢʨʠʚʳʝ (ʩʤ. ʨʠʩ. 5 ʚ), ʛ)). 

ʉʫʱʝʩʪʚʫʝʪ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʪʘʢʦʡ ʨʝʟʢʠʡ ʧʝʨʝʭʦʜ ʦʪ ʦʜʥʦʛʦ ʚʠʜʘ 

ʬʘʟʦʚʦʛʦ ʧʦʨʪʨʝʪʘ ʢ ʜʨʫʛʦʤʫ ʦʙʫʩʣʦʚʣʝʥ ʪʝʤ, ʯʪʦ ʩʪʘʥʜʘʨʪʥʳʡ ʤʝʪʦʜ ʈʫʥʛʝ-

ʂʫʪʪʘ ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʘʢʝʪʘ Maple 15 ʥʝ ʫʯʠʪʳʚʘʝʪ 

ʩʚʦʡʩʪʚʦ ʩʠʤʧʣʝʢʪʠʯʥʦʩʪʠ ʛʘʤʠʣʴʪʦʥʦʚʳʭ ʩʠʩʪʝʤ.  

2 ʤʝʪʦʜ 

ʊʝʧʝʨʴ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (13) ʙʳʣʘ ʨʝʰʝʥʘ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʨʷʜʦʚ 

ʊʝʡʣʦʨʘ ʧʷʪʦʛʦ ʧʦʨʷʜʢʘ. ʅʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ: ήπ πȟψ, ὴπ π. ʌʘʟʦʚʳʝ 

ʧʦʨʪʨʝʪʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʘʨʘʤʝʪʨʘ Ŭ ʤʦʞʥʦ ʚʠʜʝʪʴ ʥʘ ʨʠʩ. 6. 

 ɸʥʘʣʦʛʠʯʥʦ 1-ʤʫ ʤʝʪʦʜʫ ʧʨʠ ʨʝʰʝʥʠʠ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (13) 

ʤʝʪʦʜʦʤ ʨʷʜʦʚ ʊʝʡʣʦʨʘ ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʘʷ ʩʤʝʥʘ ʚʠʜʘ ʬʘʟʦʚʦʛʦ ʧʦʨʪʨʝʪʘ 

ʧʨʠ ʧʝʨʝʭʦʜʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ  ωȟσψ.  

ʇʦʜʦʙʥʦʝ ʧʦʚʝʜʝʥʠʝ ʬʘʟʦʚʦʛʦ ʧʦʨʪʨʝʪʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʧʘʨʘʤʝʪʨʘ Ŭ 

ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʛʦ ʭʘʦʩʘ ʦʧʝʨʘʪʦʨʘ 

ʵʚʦʣʶʮʠʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ʆʜʥʘʢʦ ʤʦʞʥʦ ʜʦʢʘʟʘʪʴ, ʯʪʦ ʪʘʢʦʝ ʷʚʣʝʥʠʷ 

ʚʦʟʥʠʢʘʝʪ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʚ ʜʘʥʥʳʭ ʤʝʪʦʜʘʭ ʧʦʧʨʘʚʢʠ ʥʘ ʩʠʤʧʣʝʢʪʠʯʥʦʩʪʴ. 

ɼʘʣʝʝ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (13) ʙʫʜʝʪ ʨʝʰʝʥʘ ʚ ʠʜʝʦʣʦʛʠʠ ʤʘʪʨʠʯʥʦʛʦ 

ʬʦʨʤʘʣʠʟʤʘ ʠ ʙʫʜʫʪ ʥʘʡʜʝʥʳ ʩʠʤʧʣʝʢʪʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ.  
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2.3 ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ʥʝʛʘʨʤʦʥʠʯʩʝʢʦʛʦ ʦʩʮʠʣʣʷʪʦʨʘ ʚ 

ʠʜʝʣʦʛʠʠ ʤʘʪʨʠʯʥʦʛʦ ʬʦʨʤʘʣʠʟʤʘ 

ʉʠʩʪʝʤʘ ʦʙʳʢʥʦʚʝʥʥʳʭ ʫʨʘʚʥʝʥʠʡ (13) ʚ ʤʘʪʨʠʯʥʦʤ ʚʠʜʝ: 

Ὠἦ

Ὠὸ
ᴖ ἦ ᴖ ἦ ᴖ ἦ ȟ                                ρτ 

ʛʜʝ  

ἦ
ή

ὴ
ȟ 

ʘ) Ŭ = 1 ʙ) Ŭ = 9 

ʚ) Ŭ = 9,38 ʛ) Ŭ = 20 

ʈʠʩ. 6. ʌʘʟʦʚʳʡ ʧʦʨʪʨʝʪ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ʥʝʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʦʩʮʠʣʣʷʪʦʨʘ 

ʤʝʪʦʜʦʤ ʨʷʜʦʚ ʊʝʡʣʦʨʘ ʧʨʠ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʘ Ŭ. 
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ᴖ ἦ
π ρ
ρ π

ή

ὴ
ȟ 

ᴖ ἦ
π π π
π π π

ή
ήὴ

ὴ

ȟ 

ᴖ ἦ
π π π
ρȾφ π π

    
π
π

ở

Ở
ờ

ή

ήὴ

ήὴ

ὴ Ợ

ỡ
Ỡ
Ȣ 

ʇʫʩʪʴ 

ἦ  ᴙ ἦ ᴙ ἦ  ᴙ ἦ Ȣ                                ρυ 

ʇʨʦʜʠʬʬʝʨʝʥʮʠʨʫʝʤ ʧʦ ʚʨʝʤʝʥʠ ʠ ʧʦʣʫʯʠʤ 

Äἦ

Ὠὸ

Ὠᴙ

Ὠὸ
ἦ

Ὠᴙ

Ὠὸ
ἦ

Ὠᴙ

Ὠὸ
ἦ                            ρφ 

ʇʦʜʩʪʘʚʠʤ (15) ʚ (14) ʠ ʦʪʙʨʦʩʠʤ ʯʣʝʥʳ ʚʳʰʝ ʪʨʝʪʴʝʡ ʢʨʦʥʝʢʝʨʦʚʩʢʦʡ 

ʩʪʝʧʝʥʠ: 

Äἦ

Ὠὸ
ᴖ ᴙ ἦ ᴙ ἦ  ᴙ ἦ ᴖ ᴙ ἦ  

 ᴖ ᴙ ἦ Ȣ          ρχ 

ʇʨʠʨʘʚʥʠʚʘʝʤ (16) ʠ (17): 

Ὠᴙ

Ὠὸ
ἦ

Ὠᴙ

Ὠὸ
ἦ

Ὠᴙ

Ὠὸ
ἦ   

ᴖ ᴙ ἦ  ᴖ ᴙ ᴖ ᴙ ἦ  

ᴖ ᴙ   ᴖ ᴙ  ἦ Ȣ             
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ʇʨʠʨʘʚʥʷʝʤ ʤʥʦʞʠʪʝʣʠ ʧʨʠ ἦ , ἦ  ʠ ἦ : 

Ὠᴙ

Ὠὸ
ᴖ ᴙ ȟ                                                     ρψ 

Ὠᴙ

Ὠὸ
ᴖ ᴙ ᴖ ᴙ ȟ                                          ρω 

Ὠᴙ

Ὠὸ
ᴖ ᴙ ᴖ ᴙ Ȣ                                          ςπ 

ʇʦʣʫʯʠʣʠʩʴ ʪʨʠ ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʥʝʟʘʚʠʩʷʱʠʭ 

ʜʨʫʛ ʦʪ ʜʨʫʛʘ. 

ʈʝʰʝʥʠʝ ʩʠʩʪʝʤʳ (18) ʦʪʥʦʩʠʪʝʣʴʥʦ ᴙ : 

ᴙ ÅØÐᴖ ὸ ὸ
ὶ ὶ
ὶ ὶ  

ʈʝʰʝʥʠʝ ʩʠʩʪʝʤʳ (19) ʦʪʦʥʦʩʠʪʝʣʴʥʦ ᴙ : 

ᴙ ᴙ ὸȿ †ᴖ †ᴙ ὸȿὸ Ὠ† 

ɿʘʤʝʪʠʤ, ʯʪʦ ᴖ . ʊʦʛʜʘ ᴙ ḳ . 

ʈʝʰʝʥʠʝ ʩʠʩʪʝʤʳ (20) ʦʪʥʦʩʠʪʝʣʴʥʦ ᴙ : 

ᴙ  ᴙ ὸȿ † ᴖ †ᴙ ὸȿὸ Ὠ† 

 ᴙ ὸȿ † ᴖ †ᴙ ὸȿὸ Ὠ† 
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ᴙ ὸȿ † ᴖ †ᴙ ὸȿὸ Ὠ† 

ɼʣʷ ʨʝʰʝʥʠʷ ʠʥʪʝʛʨʘʣʘ ʩʥʘʯʘʣʘ ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ᴙ  ʠ ᴙ . 

ᴙ
ρ

ὶὶ ὶὶ

ὶ ὶ
ὶ ὶ Ȣ 

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ᴙ  ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʚʦʡʩʪʚʦ ʢʨʦʥʝʢʝʨʦʚʩʢʦʡ ʩʪʝʧʝʥʠ. 

ᴙ ᴙ ȟ 

ᴙ ᴙ ṧᴙ ȟ 

ᴙ  
ὶ ὶ
ὶ ὶ ṧ

ὶ ὶ
ὶ ὶ

ὶ ὶὶ ὶὶ ὶ
ὶὶ ὶὶ ὶὶ ὶὶ
ὶὶ ὶὶ ὶὶ ὶὶ

ὶ ὶὶ ὶὶ ὶ

ὶ ςὶὶ ὶ
ὶὶ ὶὶ ὶὶ ὶὶ

ὶ ςὶὶ ὶ

Ȣ 

ᴙ
ὶ ςὶὶ ὶ
ὶὶ ὶὶ ὶὶ ὶὶ

ὶ ςὶὶ ὶ

ṧ
ὶ ὶ
ὶ ὶ

ở

Ở
ờ

ὶ σὶὶ σὶὶ ὶ

ὶὶ ὶὶ ςὶὶὶ ὶὶ ςὶὶὶ ὶὶ

ὶὶ ὶὶ ςὶὶὶ ὶὶ ςὶὶὶ ὶὶ

ὶ σὶὶ σὶὶ ὶ Ợ

ỡ
Ỡ
Ȣ 

ᴙ ᴙ ὸȿ † ᴖ †ᴙ ὸȿὸὨ† 
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ρ

φὶ ὸȿ †ὶ ὸȿ † ὶ ὸȿ †ὶ ὸȿ †

ὶ ὸȿ † ὶ ὸȿ †
ὶ ὸȿ † ὶ ὸȿ †

 

π π π π
ὶ ὸȿὸ σὶ ὸȿὸὶ ὸȿὸ σὶ ὸȿὸὶ ὸȿὸ ὶ ὸȿὸ

Ὠ† 

ὧρ ÃÏÓ ὸ ὸ ὧ ρ ÃÏÓ ὸ ὸ ὧ ρ ÃÏÓ ὸ ὸ ὧ ρ ÃÏÓ ὸ ὸ
ὧÓÉÎ ὸ ὸ ὧÓÉÎ ὸ ὸ ὧÓÉÎ ὸ ὸ ὧÓÉÎ ὸ ὸ

Ȣ  

ʂʦʵʬʬʠʮʠʝʥʪʳ ʚʩʝʭ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʤʘʪʨʠʮ ʚʳʯʠʩʣʷʶʪʩʷ ʧʨʠ ʧʦʤʦʱʠ 

ʩʣʝʜʫʶʱʠʭ ʟʥʘʯʝʥʠʡ: 

ὶ ὸȿὸ ὶ ὸȿὸ ÃÏÓὸ ὸȟ 

ὶ ὸȿὸ ÓÉÎὸ ὸȟ 

ὶ ὸȿὸ ÓÉÎὸ ὸȟ 

ὧ ÃÏÓὸ ὸȟ  

 ὧ  σÃÏÓὸ ὸÓÉÎὸ ὸȟ 

  ὧ ÃÏÓὸ ὸ ÓÉÎὸ ὸȟ 

 ὧ ÓÉÎὸ ὸȢ 

ʀʪʘʢ, ʦʧʝʨʘʪʦʨ ʵʚʦʣʶʮʠʠ ʜʣʷ ʩʠʩʪʝʤʳ (10) ʠʤʝʝʪ ʚʠʜ: 

ᴙ
ᴙ ᴙ

ᴙ
ᴙ

 

ʆʢʦʥʯʘʪʝʣʴʥʦʝ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʠʤʝʝʪ ʚʠʜ: 

ἦ ᴙρρἦπ ᴙρσἦ  

ÃÏÓὸ ὸ ÓÉÎὸ ὸȟ

ÓÉÎὸ ὸȟÃÏÓὸ ὸ

πȟψ

π
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ρ

φ

ὧρ ÃÏÓ ὸ ὸ ὧ ρ ÃÏÓ ὸ ὸ ὧ ρ ÃÏÓ ὸ ὸ ὧ ρ ÃÏÓ ὸ ὸ
ὧÓÉÎ ὸ ὸ ὧÓÉÎ ὸ ὸ ὧÓÉÎ ὸ ὸ ὧÓÉÎ ὸ ὸ

  

πȟυρς
π
π
π

πȟψÃÏÓὸ
πȟςυφὧ

σ
ρ ÃÏÓ ὸ

πȟψÓÉÎὸ
πȟςυφὧ

σ
ÓÉÎ ὸ

ήὸ
ὴὸ

 

 

2.4 ʇʦʣʫʯʝʥʠʝ ʩʠʤʧʣʝʢʪʠʯʝʩʢʠʭ ʧʦʧʨʘʚʦʢ 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʩʠʤʧʣʝʢʪʠʯʝʩʢʠʭ ʧʦʧʨʘʚʦʢ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ 

ʥʝʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʦʩʮʠʣʣʷʪʦʨʘ ʪʨʝʪʴʝʡ ʩʪʝʧʝʥʠ ʪʦʯʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ 

ʨʝʰʠʪʴ ʤʘʪʨʠʯʥʦʝ ʫʨʘʚʥʝʥʠʝ (12): 

ἦṩ  ᴗ  ἦṩ  ᴗ  ᴗ ἦṩ ᴗ ἦṩ . 

ʉ ʫʯʸʪʦʤ ᴗ π ʤʘʪʨʠʯʥʦʝ ʫʨʘʚʥʝʥʠʝ ʧʨʠʤʝʪ ʚʠʜ 

ἦṩ  ᴗ  ᴗ ἦṩ Ȣ                          ςρ  

ɺʳʯʠʩʣʠʤ ʣʝʚʫʶ ʯʘʩʪʴ ʫʨʘʚʥʝʥʠʷ (21). 

ἦṩ ἦ ṧ ṧἦ  ṧἦ ἦṧ ṧἦ ἦ ṧ  

ở

Ở
ờ

σή π

ςήὴ ή

ὴ ςήὴ

π σὴỢ

ỡ
Ỡ
Ȣ 

ἦṩ
σή ςήὴ ὴ π

π ή ςήὴσὴ
Ƞ 

ᴗ

ή ή
ή ή
ή ή
ή ή

Ƞ 
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π ρ
ρ π

Ȣ 

ἦṩ  ᴗ  ᴗ ἦṩ
π ὗ
ὗ π

ȟ 

ʛʜʝ ὗ σή ή ςή ή ςή ή ήὴσή ὴ. 

ʀʪʘʢ, ʤʘʪʨʠʯʥʦʝ ʫʨʘʚʥʝʥʠʝ ʠʤʝʝʪ ʚʠʜ:  

π ὗ
ὗ π

Ȣ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʶʪʩʷ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ή : 

ή πȟ 

ή πȟ 

ςή ή ςή ή π ᵼή ςή ή ςή Ȣ 

ʊʦʛʜʘ 

ᴙ ᴙ
π ή ή ή
ή ςή ή ςή ή π

Ȣ 

ʀ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ʥʝʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʦʩʮʠʣʣ̫ ʪʦʨʘ ʩ ʫʯʸʪʦʤ 

ʩʠʤʧʣʝʢʪʠʯʥʦʩʪʠ: 

ήὸ
ὴὸ

πȟψὧέίὸ
πȟςυφὧ

σ
ίὭὲὸ

πȟψίὭὲὸ
πȟςυφὧ

σ
ίὭὲ ὸὧέί ὸ

Ȣ                     ςς 

2.5 ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʘʪʨʠʯʥʦʛʦ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ 

ʥʝʛʘʨʤʦʥʠʯʩʝʢʦʛʦ ʦʩʮʠʣʷʪʦʨʘ 

ʉ ʧʦʤʦʱʴʶ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʘʢʝʪʘ Maple 15 ʙʳʣ ʧʦʩʪʨʦʝʥ ʬʘʟʦʚʦʡ 

ʧʦʨʪʝʨ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (13), ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʠʜʝʦʣʦʛʠʠ 

ʤʘʪʨʠʯʥʦʛʦ ʬʦʨʤʘʣʠʟʤʘ, ʙʝʟ ʫʯʸʪʘ ʩʠʤʧʣʝʢʪʠʯʥʦʩʪʠ: 
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ήὸ
ὴὸ

πȟψÃÏÓὸ
ȟ

ρ ÃÏÓ ὸ

πȟψÓÉÎὸ
ȟ

ÓÉÎ ὸ
Ȣ 

 

ʅʘ ʨʠʩ. 7 ʠʟʦʙʨʘʞʝʥʳ ʬʘʟʦʚʳʝ ʧʦʨʪʨʝʪʳ ʨʝʰʝʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʘ Ŭ. ʅʘ ʨʠʩ. 7ʘ) ʤʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʬʘʟʦʚʳʡ ʧʦʨʪʨʝʪ ʥʝ 

ʩʦʚʧʘʜʘʝʪ ʩ ʬʘʟʦʚʳʤʠ ʧʦʨʪʨʝʪʘʤʠ ʥʘ ʨʠʩ 5ʘ) ʠ 6ʘ), ʧʦʣʫʯʝʥʥʳʤʠ ʧʨʠ 

ʨʝʰʝʥʠʠ ʩʠʩʪʝʤʳ ʤʝʪʦʜʦʤ ʈʫʥʛʝ-ʂʫʪʪʘ ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʘ ʠ ʤʝʪʦʜʦʤ ʨʷʜʦʚ 

ʘ) Ŭ = 1 ʙ) Ŭ = 9 

ʚ) Ŭ = 9,38 ʛ) Ŭ = 20 

ʈʠʩ. 7. ʌʘʟʦʚʳʡ ʧʦʨʪʨʝʪ ʨʝʰʝʥʠ ̫ʫʨʘʚʥʝʥʠʷ ʥʝʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʦʩʮʠʣʣʷʪʦʨʘ 

ʤʝʪʦʜʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʨʠʙʣʠʞʝʥʠʡ ʧʨʠ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʘ Ŭ. 
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ʊʝʡʣʦʨʘ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʢʨʠʚʘʷ ʬʘʟʦʚʦʛʦ ʧʦʨʪʝʨʘ ʙʦʣʝʝ ʚʳʪʷʥʫʪʘ ʚ 

ʦʪʨʠʮʘʪʝʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ q. ʊʘʢʞʝ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ ʜʠʥʘʤʠʢʫ 

ʠʟʤʝʥʝʥʠʷ ʬʘʟʦʚʦʛʦ ʧʦʨʪʨʝʪʘ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ Ŭ. ʇʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʧʘʨʘʤʝʪʨʘ Ŭ ʫ ʢʨʠʚʦʡ ʥʘʯʠʥʘʝʪ ʧʦʷʚʣʷʪʴʩʷ çʭʚʦʩʪè ʚ I ʠ IV 

ʯʝʪʚʝʨʪʷʭ ʬʘʟʦʚʦʡ ʧʣʦʩʢʦʩʪʠ.  

ʌʘʟʦʚʳʡ ʧʦʨʪʝʨ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ (22) ʩ ʫʯʸʪʦʤ ʩʠʤʧʣʝʢʪʠʯʥʦʩʪʠ 

ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʨʝʰʝʥʠʷ ʙʝʟ ʝʸ ʫʯʸʪʘ (ʩʤ. ʨʠʩ. 8).  

ʇʨʠ  ρ ʬʘʟʦʚʦʡ ʧʦʨʪʝʨ ʨʝʰʝʥʠʷ ʧʦʣʥʦʩʪʴʶ ʩʦʚʧʘʜʘʝʪ ʩ 

ʧʦʨʪʨʝʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʯʠʩʣʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʨʘʥʝʝ (ʩʤ. ʨʠʩ. 5ʘ) ʠ 6ʘ)). 

ʊʘʢʞʝ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʟʥʘʯʝʥʠʷ  ω ʢ  ωȟσψ ʥʝ 

ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʚʠʜʘ ʬʘʟʦʚʦʛʦ ʧʦʨʪʨʝʪʘ. ʊʘʢʞʝ ʧʨʠ  ςπ ʥʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʩʤʝʥʳ ʚʠʜʘ ʢʨʠʚʦʡ ʬʘʟʦʚʦʛʦ ʧʦʨʪʨʝʪʘ. ʄʦʞʥʦ ʟʘʤʝʪʠʪʴ 

ʜʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʷ ʬʘʟʦʚʦʛʦ ʧʦʨʪʨʝʪʘ: ʫ ʦʢʨʫʞʥʦʩʪʠ, ʧʦʣʫʯʝʥʥʦʡ ʧʨʠ 

 ρ, ʧʦʩʪʝʧʝʥʥʦ ʧʦʷʚʣʷʶʪʩʷ ʚʦʛʥʫʪʦʩʪʠ ʚ ʨʘʡʦʥʝ ʧʝʨʝʩʝʯʝʥʠʷ ʢʨʠʚʦʡ ʦʩʴ  ʁ

q, ʜʘʣʝʝ ʚ ʵʪʦʡ ʞʝ ʦʙʣʘʩʪʠ ʧʦʷʚʣʷʶʪʩʷ ʥʦʚʳʝ çʟʘʚʠʪʢʠè ʢʨʠʚʦʡ.  
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ʘ) Ŭ = 1 ʙ) Ŭ = 9 

ʚ) Ŭ = 9,38 ʛ) Ŭ = 20 

ʈʠʩ. 8. ʌʘʟʦʚʳʡ ʧʦʨʪʨʝʪ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʥʝʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʦʩʮʠʣʣʷʪʦʨʘ 

ʤʝʪʦʜʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʨʠʙʣʠʞʝʥʠʡ ʩ ʫʯʸʪʦʤ ʩʠʤʧʣʝʢʪʠʯʥʦʩʪʠ ʧʨʠ ʨʘʟʥʳʭ 

ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʘ Ŭ. 
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ɺʳʚʦʜʳ 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʥʝʛʘʨʤʦʥʠʯʝʩʢʦʛʦ 

ʦʩʮʠʣʣʷʪʦʨʘ ʩ ʧʦʤʦʱʴʶ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʘʢʝʪʘ Maple 15 ʙʣrʦ ʟʘʤʝʯʝʥʦ, 

ʯʪʦ ʧʨʠ ʧʝʨʝʭʦʜʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʤ  ωȟσψ ʬʘʟʦʚʳʡ ʧʦʨʪʨʝʪ ʩʠʩʪʝʤʳ 

ʫʨʘʚʥʝʥʠʡ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʦʩʮʠʣʣʷʪʦʨʘ ʤʝʥʷʝʪ ʩʚʦʡ ʚʠʜ: ʜʣʷ  ωȟσψ 

ʬʘʟʦʚʳʡ ʧʦʨʪʨʝʪ ʠʤʝʝʪ ʚʠʜ ʦʢʨʫʞʥʦʩʪʠ ʠʣʠ ʩʭʦʞʝʡ ʩ ʥʝʡ ʢʨʠʚʦʡ; ʜʣʷ 

 ωȟσψ ʬʘʟʦʚʳʡ ʧʦʨʪʝʨ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʜʚʫʭ ʩʠʤʤʝʪʨʠʯʥʳʭ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ q ʢʨʠʚʳʭ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ I ʠ IV ʯʝʪʚʝʨʪʷʭ ʬʘʟʦʚʦʡ 

ʧʣʦʩʢʦʩʪʠ. ɹʳʣʦ ʩʜʝʣʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʪʘʢʦʝ ʟʥʘʯʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ 

ʚʠʜʘ ʬʘʟʦʚʦʛʦ ʧʦʨʪʨʝʪʘ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʚ ʛʦʪʦʚʳʭ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʘʭ 

ʈʫʥʛʝ-ʂʫʪʪʘ ʠ ʨʷʜʦʚ ʊʝʡʣʦʨʘ ʠʟ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʘʢʝʪʘ Maple 15 ʥʝ 

ʫʯʠʪʳʚʘʝʪʩʷ ʩʚʦʡʩʪʚʦ ʩʠʤʧʣʝʢʪʠʯʥʦʩʪʠ,  ʭʘʨʘʢʪʝʨʥʦʝ ʜʣʷ ʛʘʤʠʣʴʪʦʥʦʚʳʭ 

ʩʠʩʪʝʤ.  

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʠʣʠ ʦʧʨʦʚʝʨʞʝʥʠʷ ʜʘʥʥʦʡ ʛʠʧʦʪʝʟʳ ʙʳʣʦ 

ʧʦʩʪʨʦʝʥʦ ʨʝʰʝʥʠʝ ʜʣʷ ʩʠʩʪʝʤʳ ʥʝʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʦʩʮʠʣʣʷʪʦʨʘ ʚ ʠʜʝʦʣʦʛʠʠ 

ʤʘʪʨʠʯʥʦʛʦ ʬʦʨʤʘʣʠʟʤʘ ʩ ʫʯʸʪʦʤ ʩʚʦʡʩʪʚʘ ʩʠʤʧʣʝʢʪʠʯʥʦʩʪʠ ʠ ʙʝʟ. ɺʠʜ 

ʬʘʟʦʚʦʛʦ ʧʦʨʪʨʝʪʘ ʩʠʩʪʝʤʳ ʙʝʟ ʫʯʸʪʘ ʩʠʤʧʣʝʢʪʠʯʥʦʩʪʠ ʟʥʘʯʠʪʝʣʴʥʦ ʥʝ 

ʩʦʚʧʘʜʘʣ ʩ ʚʠʜʦʤ ʧʦʨʪʨʝʪʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʤʝʪʦʜʦʤ ʈʫʥʛʝ-ʂʫʪʪʘ ʯʝʪʚʝʨʪʦʛʦ 

ʧʦʨʷʜʢʘ ʠ ʤʝʪʦʜʦʤ ʨʷʜʦʚ ʊʝʡʣʦʨʘ. ɺʠʜ ʬʘʟʦʚʦʛʦ ʧʦʨʪʨʝʪʘ ʨʝʰʝʥʠʷ ʩ 

ʩʠʧʣʝʢʪʠʯʝʩʢʠʤʠ ʧʦʧʨʘʚʢʘʤʠ  ʜʣʷ  ρ ʩʦʚʧʘʣ ʩ ʚʠʜʦʤ ʧʦʨʪʨʝʪʦʚ ʜʣʷ 

ʜʨʫʛʠʭ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ.  ʊʘʢʞʝ ʧʨʠ ʧʝʨʝʭʦʜʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʤ 

 ωȟσψ ʚʠʜ ʬʘʟʦʚʦʛʦ ʧʦʨʪʨʝʪʘ ʩʦʭʨʘʥʷʝʪʩʷ, ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʝʛʦ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʜʚʠʥʫʪʘʷ ʨʘʥʝʝ ʛʠʧʦʪʝʟʘ ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ: 

ʨʝʰʝʥʠʝ ʤʘʪʨʠʯʥʳʤ ʤʝʪʦʜʦʤ ʠ ʚʥʝʩʝʥʠʝ ʩʠʤʧʣʝʢʪʠʯʝʩʢʠʭ ʧʦʧʨʘʚʦʢ 

ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘʥʠʪʴ ʦʧʨʝʜʝʣʝʥʥʳʡ ʚʠʜ ʬʘʟʦʚʦʛʦ ʧʦʨʪʨʝʪʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ Ŭ.  
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ɿʘʢʣʶʯʝʥʠʝ 

ɻʘʤʠʣʴʪʦʥʦʚʳ ʩʠʩʪʝʤʳ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʦʧʠʩʘʥʠʷ ʜʚʠʞʝʥʠʷ ʧʣʘʥʝʪ ʠ ʘʩʪʝʨʦʠʜʦʚ ʚ ʢʦʩʤʦʩʝ, ʜʣʷ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ʚ 

ʫʩʢʦʨʠʪʝʣʷʭ. ʕʪʠ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘʫʢʠ ʙʫʨʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʠ ʧʦʵʪʦʤʫ ʚʘʞʥʦ 

ʧʦʤʦʛʘʪʴ ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʚ ʵʪʠʭ ʦʙʣʘʩʪʷʭ. ʅʘʨʫʰʝʥʠʝ ʩʚʦʡʩʪʚʘ 

ʩʠʤʧʣʝʢʪʠʯʥʦʩʪʠ ʧʨʠ ʨʝʰʝʥʠʠ ʛʘʤʠʣʴʪʦʥʦʚʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤ 

ʤʦʞʝʪ ʜʘʪʴ ʥʝʚʝʨʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʧʦʚʝʜʝʥʠʝ ʨʝʘʣʴʥʦʛʦ ʦʙʲʝʢʪʘ, ʢʦʪʦʨʳʡ 

ʦʧʠʩʳʚʘʝʪ ʛʘʤʠʣʴʪʦʥʦʚʘ ʩʠʩʪʝʤʘ.  

ɺ ʜʘʥʥʦʡ ʚʳʧʫʩʢʥʦʡ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʠʟʫʯʝʥʳ ʧʦʥʷʪʠʷ 

ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʛʦ ʭʘʦʩʘ, 

ʛʘʤʠʣʴʪʦʥʦʚ ʠ ʤʘʪʨʠʯʥʳʡ ʬʦʨʤʘʣʠʟʤ. ʊʘʢʞʝ ʧʦʜʨʦʙʥʦ ʨʘʟʦʙʨʘʥ ʤʝʪʦʜ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʨʠʙʣʠʞʝʥʠʡ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʫʨʘʚʥʝʥʠʡ ʚ ʠʜʝʦʣʦʛʠʠ ʤʘʪʨʠʯʥʦʛʦ ʬʦʨʤʘʣʠʟʤʘ ʠ ʤʝʪʦʜ ʧʦʠʩʢʘ 

ʩʠʤʧʣʝʢʪʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. ʕʪʠ ʤʝʪʦʜʳ ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʩʠʩʪʝʤʳ ʥʝʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʦʩʮʠʣʣʷʪʦʨʘ. ɹʳʣʠ ʧʦʣʫʯʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ ʫʯʸʪ ʩʠʤʧʣʝʢʪʠʯʥʦʩʪʠ ʛʘʤʠʣʴʪʦʥʦʚʳʭ ʩʠʩʪʝʤ 

ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʚʠʜ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ.  
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ʇʨʠʣʦʞʝʥʠʝ ʢ ʛʣʘʚʝ 2. 

1. ʇʨʦʛʨʘʤʤʘ ʜʣʷ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ 

ʥʝʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʦʩʮʠʣʣʷʪʦʨʘ ʩ ʧʦʤʦʱʴʶ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʧʘʢʝʪʘ Maple 15 ʤʝʪʦʜʦʤ ʈʫʥʛʝ-ʂʫʪʪʘ 4-ʛʦ ʧʦʨʷʜʢʘ 

 

 

2. ʇʨʦʛʨʘʤʤʘ ʜʣʷ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ 

ʥʝʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʦʩʮʠʣʣʷʪʦʨʘ ʩ ʧʦʤʦʱʴʶ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʧʘʢʝʪʘ Maple 15 ʤʝʪʦʜʦʤ ʨʷʜʦʚ ʊʝʡʣʦʨʘ 

 

 

3. ʇʨʦʛʨʘʤʤʘ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʬʘʟʦʚʦʛʦ ʧʦʨʪʨʝʪʘ ʨʝʰʝʥʠʷ 

ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʥʝʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʦʩʮʠʣʣʷʪʦʨʘ, 

ʧʦʣʫʯʝʥʥʦʛʦ ʤʝʪʦʜʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʨʠʙʣʠʞʝʥʠʡ 

ʨʝʰʝʥʠʡ ʧʦ ʘʣʛʦʨʠʪʤʫ ʧʦʛʨʫʞʝʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʦ ʬʘʟʦʚʳʭ 

ʧʦʨʪʨʝʪʦʚ,  ʩ ʧʦʤʦʱʴʶ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʘʢʝʪʘ Maple 15 
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4. ʇʨʦʛʨʘʤʤʘ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʬʘʟʦʚʦʛʦ ʧʦʨʪʨʝʪʘ ʨʝʰʝʥʠʷ 

ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʥʝʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʦʩʮʠʣʣʷʪʦʨʘ, 

ʧʦʣʫʯʝʥʥʦʛʦ ʤʝʪʦʜʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʨʠʙʣʠʞʝʥʠʡ 

ʨʝʰʝʥʠʡ ʧʦ ʘʣʛʦʨʠʪʤʫ ʧʦʛʨʫʞʝʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʦ ʬʘʟʦʚʳʭ 

ʧʦʨʪʨʝʪʦʚ ʩ ʫʯʸʪʦʤ ʩʠʤʧʣʝʢʪʠʯʥʦʩʪʠ,  ʩ ʧʦʤʦʱʴʶ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʘʢʝʪʘ Maple 15 

 

 

 

 

 

 


