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ʆʙʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʘʙʦʪʳ 

 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʶʪʩʷ ʚʦʣʥʦʚʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʵʣʝʤʝʥʪʘʭ ʠ 

ʩʠʩʪʝʤʘʭ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠ ʚʟʘʠʤʦʚʣʠʷʥʠʝ ʧʦʧʝʨʝʯʥʳʭ, ʧʨʦʜʦʣʴʥʳʭ ʠ 

ʩʜʚʠʛʦʚʳʭ ʚʦʣʥ ʠ ʚʳʟʚʘʥʥʳʭ ʠʤʠ ʢʦʣʝʙʘʥʠʡ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʫʯʝʪʦʤ ʥʝʣʠʥʝʡʥʳʭ 

ʯʣʝʥʦʚ ʚ ʪʝʥʟʦʨʝ ʜʝʬʦʨʤʘʮʠʡ ʥʘ ʧʨʠʤʝʨʝ ʢʦʣʝʙʘʥʠʡ ʩʪʨʫʥ, ʢʘʥʘʪʦʚ, ʤʝʤʙʨʘʥ, 

ʪʦʥʢʠʭ ʩʪʝʨʞʥʝʡ ʠ ʪʦʥʢʦʩʪʝʥʥʳʭ ʪʨʫʙ ʩ ʫʯʝʪʦʤ ʜʠʥʘʤʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ 

ʥʠʭ. ʀʩʩʣʝʜʦʚʘʥʳ ʫʩʣʦʚʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʨʝʟʦʥʘʥʩʦʚ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʤʝʞʜʫ 

ʤʦʜʘʤʠ ʦʪʜʝʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʠʟʫʯʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʛʨʘʥʠʯʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʧʦʧʝʨʝʯʥʦ-ʧʨʦʜʦʣʴʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʩʪʨʫʥ.  

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ. ɼʦ ʧʦʩʣʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʢʦʣʝʙʘʥʠʡ 

(ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʞʝʥʠʡ ʧʨʠ ʵʪʦʤ) ʩʪʨʫʥ, ʢʘʥʘʪʦʚ, ʤʝʤʙʨʘʥ ʠ ʜʨʫʛʠʭ 

ʵʣʝʤʝʥʪʦʚ ʛʠʙʢʠʭ ʩʚʷʟʝʡ ʠʩʭʦʜʠʣʠ ʠʟ ʪʦʛʦ, ʯʪʦ ʵʪʠ ʢʦʣʝʙʘʥʠʷ ʤʦʞʥʦ ʩʯʠʪʘʪʴ 

ʧʦʧʝʨʝʯʥʳʤʠ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʙʣʘʛʦʜʘʨʷ ʨʘʙʦʪʘʤ ʖ.ɸ. ɼʝʤʴʷʥʦʚʘ  ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʢʣʘʜ ʧʨʦʜʦʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʚ ʜʠʥʘʤʠʯʝʩʢʦʝ ʜʝʬʦʨʤʠʨʦʚʘʥʠʝ ʠ 

ʥʘʛʨʫʞʝʥʠʝ ʛʠʙʢʠʭ ʩʚʷʟʝʡ ʦʜʥʦʛʦ ʧʦʨʷʜʢʘ ʩʦ ʚʢʣʘʜʦʤ ʧʦʧʝʨʝʯʥʳʭ ʢʦʣʝʙʘʥʠʡ, 

ʭʦʪʷ ʘʤʧʣʠʪʫʜʳ ʧʦʧʝʨʝʯʥʳʭ ʢʦʣʝʙʘʥʠʡ ʥʘ ʧʦʨʷʜʦʢ ʙʦʣʴʰʝ ʧʨʦʜʦʣʴʥʳʭ. ʇʦʵʪʦʤʫ 

ʫʯʝʪ ʧʨʦʜʦʣʴʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʥʘʪʷʞʝʥʠʷ ʚ ʩʪʨʫʥʝ ʥʝʦʙʭʦʜʠʤ 

ʜʣʷ ʙʦʣʝʝ ʧʦʣʥʦʛʦ ʦʧʠʩʘʥʠʷ ʤʝʭʘʥʠʟʤʘ ʧʝʨʝʜʘʯʠ ʢʦʣʝʙʘʥʠʡ ʚ ʧʨʠʩʦʝʜʠʥʝʥʥʳʝ ʢ 

ʛʠʙʢʠʤ ʩʚʷʟʷʤ ʵʣʝʤʝʥʪʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʤʝʶʪ 

ʤʝʩʪʦ ʚʳʥʫʞʜʝʥʥʳʝ ʧʨʦʜʦʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ, ʢʦʪʦʨʳʝ ʧʨʦʠʩʭʦʜʷʪ ʥʘ ʯʘʩʪʦʪʘʭ 

ʧʦʧʝʨʝʯʥʳʭ ʢʦʣʝʙʘʥʠʡ. ʉ ʫʯʘʩʪʠʝʤ ʘʚʪʦʨʘ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʘʭ ʚʦʟʤʦʞʥʳ ʨʝʟʦʥʘʥʩʥʳʝ ʷʚʣʝʥʠʷ ʤʝʞʜʫ ʧʨʦʜʦʣʴʥʳʤʠ ʠ 

ʧʦʧʝʨʝʯʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʯʠʥʦʡ ʨʘʟʨʫʰʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ. 

ʂʨʦʤʝ ʪʦʛʦ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʧʝʨʠʦʜ ʢʘʢʠʭ-ʣʠʙʦ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʛʠʙʢʠʝ ʩʚʷʟʠ ʚʦʟʥʠʢʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʩʧʝʢʪʨ ʧʦʧʝʨʝʯʥʦ- 

ʧʨʦʜʦʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʢʦʪʦʨʳʡ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩ 

ʢʦʣʝʙʘʥʠʡ ʠ ʥʘ ʧʨʦʮʝʩʩ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʥʘʛʨʫʞʝʥʠʷ ʚ ʧʦʩʣʝʜʫʶʱʠʡ ʧʝʨʠʦʜ ʧʦʩʣʝ 

ʦʢʦʥʯʘʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʧʨʠʤʝʥʷʣʠʩʴ ʢ ʦʧʨʝʜʝʣʝʥʠʶ 

ʥʘʛʨʫʞʝʥʠʷ ʠ ʢʦʣʝʙʘʥʠʡ ʵʣʝʤʝʥʪʦʚ ʤʫʟʳʢʘʣʴʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ. ɼʣʷ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ 

ʥʦʚʳʝ ʨʘʩʯʝʪʥʳʝ ʩʣʫʯʘʠ ʥʘʛʨʫʞʝʥʠʷ (ʥʘʧʨʠʤʝʨ, ʦʧʦʨ ʧʦʜʚʝʩʥʳʭ ʤʦʩʪʦʚ ʠ ʣʠʥʠʡ 

ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ, ʙʘʰʝʥ, ʢʨʳʰ ʩʪʘʜʠʦʥʦʚ ʠ ʜʨʫʛʠʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʩʦʝʜʠʥʝʥʥʳʭ 

ʛʠʙʢʠʤʠ ʩʚʷʟʷʤʠ, ʠʩʧʳʪʳʚʘʶʱʠʤʠ ʢʘʢʠʝ-ʣʠʙʦ ʜʠʥʘʤʠʯʝʩʢʠʝ ʚʦʟʜʝʡʩʪʚʠʷ).  

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʙʥʘʨʫʞʝʥʥʳʭ ʚʳʥʫʞʜʝʥʥʳʭ 

ʧʨʦʜʦʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʚ ʜʝʬʦʨʤʠʨʫʝʤʦʤ ʪʚʝʨʜʦʤ ʪʝʣʝ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʠʟ-ʟʘ 

ʥʘʣʠʯʠʷ ʧʦʧʝʨʝʯʥʳʭ, ʩʜʚʠʛʦʚʳʭ, ʢʨʫʪʠʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʛʝʦʤʝʪʨʠʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʠ ʭʘʨʘʢʪʝʨʘ ʥʘʛʨʫʞʝʥʠʷ) ʩ ʫʯʝʪʦʤ ʠʭ ʚʟʘʠʤʦʚʣʠʷʥʠʷ. 

ʀʟʫʯʝʥʠʝ ʨʝʟʦʥʘʥʩʥʳʭ ʷʚʣʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʩʦʚʧʘʜʝʥʠʠ ʯʘʩʪʦʪ ʦʪʜʝʣʴʥʳʭ 

ʤʦʜ ʢʦʣʝʙʘʥʠʡ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʥʦʚʳʭ ʪʠʧʦʚ ʚʦʣʥʦʚʳʭ 

ʩʣʘʙʦʥʝʣʠʥʝʡʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʨʘʥʝʝ ʥʝ ʫʯʠʪʳʚʘʝʤʳʭ ʧʨʠ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʨʘʩʯʝʪʘʭ ʛʠʙʢʠʭ ʩʚʷʟʝʡ, ʠʥʞʝʥʝʨʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʠʭ ʵʣʝʤʝʥʪʦʚ.  
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ʀʜʝʷ, ʧʦʣʦʞʝʥʥʘʷ ʚ ʦʩʥʦʚʫ ʨʘʙʦʪʳ, ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʥʘ ʦʩʥʦʚʝ 

ʢʦʨʨʝʢʪʥʦ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʥʝʣʠʥʝʡʥʳʭ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥ ʠ ʢʦʣʝʙʘʥʠʡ ʚ ʵʣʝʤʝʥʪʘʭ ʠ 

ʩʠʩʪʝʤʘʭ (ʩʪʨʫʥʘʭ, ʢʘʥʘʪʘʭ, ʪʦʥʢʠʭ ʩʪʝʨʞʥʷʭ, ʤʝʤʙʨʘʥʘʭ, ʪʦʥʢʦʩʪʝʥʥʳʭ ʪʨʫʙʘʭ) 

ʠʩʩʣʝʜʦʚʘʪʴ ʦʩʥʦʚʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʦʜʦʣʴʥʦ-ʧʦʧʝʨʝʯʥʳʭ ʠ 

ʩʜʚʠʛʦʚʳʭ ʚʦʣʥ ʠ ʢʦʣʝʙʘʥʠʡ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʳʭ ʜʝʬʦʨʤʠʨʫʝʤʳʭ 

ʪʚʝʨʜʳʭ ʪʝʣʘʭ ʧʨʠ ʫʯʝʪʝ ʥʝʣʠʥʝʡʥʳʭ ʯʣʝʥʦʚ ʚ ʨʘʟʣʦʞʝʥʠʠ ʪʝʥʟʦʨʘ ʜʝʬʦʨʤʘʮʠʠ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: 

- ʇʦʣʫʯʝʥʠʝ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʭ ʩʣʘʙʦ ʥʝʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʧʦʧʝʨʝʯʥʳʭ, 

ʧʨʦʜʦʣʴʥʳʭ, ʠʟʛʠʙʥʳʭ ʠ ʢʨʫʪʠʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʪʨʫʥ, ʤʝʤʙʨʘʥ, ʩʪʝʨʞʥʝʡ, ʪʨʫʙ. 

ʈʝʰʝʥʠʝ ʟʘʜʘʯ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʧʝʨʝʯʥʦ-ʧʨʦʜʦʣʴʥʳʭ ʚʦʣʥ ʠ ʢʦʣʝʙʘʥʠʡ ʩ 

ʫʯʝʪʦʤ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

- ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦ ʪʦʤ, ʯʪʦ ʚ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʳʭ ʪʝʣʘʭ ʨʘʟʣʠʯʥʦʡ ʛʝʦʤʝʪʨʠʠ ʩʫʱʝʩʪʚʫʶʪ 

ʚʳʥʫʞʜʝʥʥʳʝ ʧʨʦʜʦʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʥʘ ʯʘʩʪʦʪʘʭ ʧʦʧʝʨʝʯʥʳʭ, ʢʨʫʪʠʣʴʥʳʭ 

ʢʦʣʝʙʘʥʠʡ, ʷʚʣʷʶʪʩʷ ʥʦʚʳʤʠ. 

- ɺʧʝʨʚʳʝ ʦʧʨʝʜʝʣʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʯʪʦ ʚʢʣʘʜ ʧʨʦʜʦʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚ 

ʜʠʥʘʤʠʯʝʩʢʦʝ ʥʘʛʨʫʞʝʥʠʝ ʨʘʩʪʷʥʫʪʳʭ ʩʪʨʫʥ ʦʢʘʟʳʚʘʝʪʩʷ ʦʜʥʦʛʦ ʧʦʨʷʜʢʘ ʩ 

ʚʢʣʘʜʦʤ ʧʦʧʝʨʝʯʥʳʭ ʢʦʣʝʙʘʥʠʡ. 

- ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʟʦʥʘʥʩʥʳʭ ʷʚʣʝʥʠʡ ʤʝʞʜʫ 

ʧʦʧʝʨʝʯʥʳʤʠ ʠ ʧʨʦʜʦʣʴʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ. 

- ʇʦʩʪʘʚʣʝʥʳ ʠ ʨʝʰʝʥʳ ʟʘʜʘʯʠ ʛʨʘʥʠʯʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʦʧʝʨʝʯʥʦ-ʧʨʦʜʦʣʴʥʳʤʠ 

ʢʦʣʝʙʘʥʠʷʤʠ ʩʪʨʫʥ ʚ ʨʘʤʢʘʭ ʣʠʥʝʘʨʠʟʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ. 

- ʇʦʩʪʘʚʣʝʥʳ ʠ ʨʝʰʝʥʳ ʟʘʜʘʯʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʤʫʟʳʢʘʣʴʥʳʝ 

ʩʪʨʫʥʳ.  

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝʤ ʦʙʱʠʭ 

ʟʘʢʦʥʦʚ ʤʝʭʘʥʠʢʠ ʠ ʬʠʟʠʢʠ, ʢʦʨʨʝʢʪʥʳʭ ʧʦʩʪʘʥʦʚʦʢ ʠ ʩʪʨʦʛʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ.  

ʉʦʩʪʘʚʣʝʥʥʳʝ ʧʨʦʛʨʘʤʤʳ ʯʠʩʣʝʥʥʦʛʦ ʩʯʝʪʘ ʪʝʩʪʠʨʦʚʘʣʠʩʴ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʩ 

ʠʤʝʶʱʠʤʠʩʷ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʨʝʰʝʥʠʷʤʠ, ʠ ʵʪʦ ʩʨʘʚʥʝʥʠʝ ʧʦʢʘʟʘʣʦ ʦʯʝʥʴ 

ʭʦʨʦʰʝʝ ʩʦʛʣʘʩʦʚʘʥʠʝ ʯʠʩʣʝʥʥʳʭ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʏʠʩʣʝʥʥʳʡ ʤʝʪʦʜ 

ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʤʝʜʠʘʪʦʨʘ ʠ ʤʦʣʦʪʦʯʢʘ 

ʬʦʨʪʝʧʠʘʥʦ ʥʘ ʩʪʨʫʥʫ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʧʦʣʫʘʥʘʣʠʪʠʯʝʩʢʠʤ, ʪʘʢ ʢʘʢ ʠʩʢʦʤʳʝ 

ʚʝʣʠʯʠʥʳ ʦʧʨʝʜʝʣʷʣʠʩʴ ʚ ʚʠʜʝ ʩʭʦʜʷʱʠʭʩʷ ʨʷʜʦʚ ʪʦʯʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ  

ʨʝʰʝʥʠʡ. 

ʇʨʦʚʝʨʢʦʡ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʚʳʚʦʜʦʚ ʷʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ 

ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʠʟʤʝʨʝʥʠʶ ʩʧʝʢʪʨʦʚ ʟʚʫʯʘʥʠʷ ʛʠʪʘʨʳ ʩ ʧʦʤʦʱʴʶ 

ʩʦʚʨʝʤʝʥʥʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʘʢʫʩʪʠʯʝʩʢʠʭ 

ʩʧʝʢʪʨʦʚ ʤʫʟʳʢʘʣʴʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ. ʉʨʘʚʥʝʥʠʝ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʢʫʩʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʦʚ  ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ 

ʧʦʜʪʚʝʨʜʠʣʦ ʧʨʘʚʠʣʴʥʦʩʪʴ ʧʦʩʣʝʜʥʠʭ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ 

ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʷʚʣʷʶʪʩʷ ʪʦʯʥʳʤʠ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʨʝʰʝʥʠʷʤʠ ʠ ʥʦʩʷʪ 

ʜʦʩʪʘʪʦʯʥʦ ʦʙʱʠʡ ʭʘʨʘʢʪʝʨ. ʆʥʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ 
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ʤʫʟʳʢʘʣʴʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʨʘʩʯʝʪʦʚ ʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʫʟʳʢʘʣʴʥʳʭ ʩʪʨʫʥ ʩ ʥʘʚʠʚʢʦʡ. ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʩʪʨʦʠʪʝʣʴʥʳʤ 

ʢʦʥʩʪʨʫʢʮʠʷʤ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʥʦʚʳʝ ʨʘʩʯʝʪʥʳʝ 

ʩʣʫʯʘʠ ʥʘʛʨʫʞʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ, ʩʦʝʜʠʥʝʥʥʳʭ ʛʠʙʢʠʤʠ ʠ ʥʝʛʠʙʢʠʤʠ ʩʚʷʟʷʤʠ, 

ʠʩʧʳʪʳʚʘʶʱʠʤʠ ʢʘʢʠʝ-ʣʠʙʦ ʜʠʥʘʤʠʯʝʩʢʠʝ ʚʦʟʜʝʡʩʪʚʠʷ. 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ. 

- ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʧʦʧʝʨʝʯʥʦ-ʧʨʦʜʦʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʨʘʩʪʷʥʫʪʳʭ ʩʪʨʫʥ. 

ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʭʦʪʷ ʧʨʦʜʦʣʴʥʳʝ ʩʤʝʱʝʥʠʷ ʥʘ ʧʦʨʷʜʦʢ ʤʝʥʴʰʝ ʧʦʧʝʨʝʯʥʳʭ, ʠʭ 

ʚʢʣʘʜ ʚ ʜʠʥʘʤʠʯʝʩʢʦʝ ʥʘʛʨʫʞʝʥʠʝ ʩʪʨʫʥʳ ʦʜʥʦʛʦ ʧʦʨʷʜʢʘ ʩ ʧʦʧʝʨʝʯʥʳʤʠ 

ʩʦʩʪʘʚʣʷʶʱʠʤʠ. ʇʦʵʪʦʤʫ ʨʝʰʝʥʥʘʷ ʟʘʜʘʯʘ ʩ ʫʯʝʪʦʤ ʧʨʦʜʦʣʴʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʥʘʪʷʞʝʥʠʷ ʚ ʩʪʨʫʥʝ ʙʦʣʝʝ ʧʦʣʥʦ ʦʧʠʩʳʚʘʝʪ ʤʝʭʘʥʠʟʤ ʧʝʨʝʜʘʯʠ 

ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʧʨʠʩʦʝʜʠʥʝʥʥʳʝ ʢ ʥʝʡ ʵʣʝʤʝʥʪʳ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʥʘʨʷʜʫ ʩ 

ʩʦʙʩʪʚʝʥʥʳʤʠ ʧʨʦʜʦʣʴʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʩʫʱʝʩʪʚʫʶʪ ʚʳʥʫʞʜʝʥʥʳʝ ʧʨʦʜʦʣʴʥʳʝ 

ʢʦʣʝʙʘʥʠʷ ʥʘ ʧʦʧʝʨʝʯʥʳʭ ʯʘʩʪʦʪʘʭ. ʇʨʠ ʩʦʚʧʘʜʝʥʠʠ ʯʘʩʪʦʪ ʦʪʜʝʣʴʥʳʭ ʤʦʜ 

ʧʦʧʝʨʝʯʥʳʭ ʠ ʧʨʦʜʦʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʚʦʟʤʦʞʥʳ ʨʝʟʦʥʘʥʩʥʳʝ ʷʚʣʝʥʠʷ. 

- ʇʦʣʫʯʝʥʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʠ ʨʝʰʝʥʳ ʟʘʜʘʯʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʧʨʦʜʦʣʴʥʳʭ, ʧʦʧʝʨʝʯʥʳʭ ʠ ʢʨʫʪʠʣʴʥʳʭ ʚʦʣʥ ʠ ʢʦʣʝʙʘʥʠʡ ʩ ʫʯʝʪʦʤ ʠʭ ʚʟʘʠʤʥʦʛʦ 

ʚʣʠʷʥʠʷ ʚ ʚʠʪʳʭ ʢʘʥʘʪʘʭ, ʩʪʨʫʥʘʭ ʩ ʥʘʚʠʚʢʦʡ, ʪʦʥʢʦʩʪʝʥʥʳʭ ʪʨʫʙʘʭ, ʤʝʤʙʨʘʥʘʭ, 

ʪʦʥʢʠʭ ʩʪʝʨʞʥʷʭ, ʘ ʪʘʢʞʝ ʪʷʞʝʣʳʭ ʢʘʥʘʪʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʣʠʥʝʡʥʦʛʦ 

ʪʝʥʟʦʨʘ ʜʝʬʦʨʤʘʮʠʡ. ɼʣʷ ʚʩʝʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʩʪʷʥʫʪʳʭ ʵʣʝʤʝʥʪʦʚ 

ʧʦʜʪʚʝʨʞʜʝʥʳ ʚʳʚʦʜʳ ʘʥʘʣʦʛʠʯʥʳʝ ʩʣʫʯʘʶ ʨʘʩʪʷʥʫʪʳʭ ʩʪʨʫʥ: 1) ʚʢʣʘʜ 

ʧʨʦʜʦʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚ ʜʠʥʘʤʠʯʝʩʢʦʝ ʥʘʛʨʫʞʝʥʠʝ ʵʣʝʤʝʥʪʘ ʦʜʥʦʛʦ ʧʦʨʷʜʢʘ 

ʩ ʧʦʧʝʨʝʯʥʳʤʠ ʠ ʢʨʫʪʠʣʴʥʳʤʠ, 2) ʥʘʨʷʜʫ ʩ ʩʦʙʩʪʚʝʥʥʳʤʠ ʧʨʦʜʦʣʴʥʳʤʠ 

ʢʦʣʝʙʘʥʠʷʤʠ ʩʫʱʝʩʪʚʫʶʪ ʚʳʥʫʞʜʝʥʥʳʝ ʧʨʦʜʦʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʥʘ ʧʦʧʝʨʝʯʥʳʭ ʠ 

ʢʨʫʪʠʣʴʥʳʭ ʯʘʩʪʦʪʘʭ, 3) ʚʦʟʤʦʞʥʳ ʨʝʟʦʥʘʥʩʥʳʝ ʷʚʣʝʥʠʷ. 

- ʇʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʥʫʞʜʝʥʥʳʭ ʧʨʦʜʦʣʴʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʪʷʥʫʪʳʭ ʩʪʨʫʥ ʥʘ ʯʘʩʪʦʪʘʭ ʧʦʧʝʨʝʯʥʳʭ ʢʦʣʝʙʘʥʠʡ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʥʘʣʠʯʠʝ ʚʳʥʫʞʜʝʥʥʳʭ ʧʨʦʜʦʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʥʘ ʧʦʧʝʨʝʯʥʳʭ ʯʘʩʪʦʪʘʭ ʠ ʫʚʝʣʠʯʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʧʨʠ ʩʦʚʧʘʜʝʥʠʠ ʩʦʙʩʪʚʝʥʥʳʭ ʠ 

ʚʳʥʫʞʜʝʥʥʳʭ ʯʘʩʪʦʪ ʧʨʦʜʦʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʨʘʩʪʷʥʫʪʳʭ ʩʪʨʫʥ.  

- ʇʦʩʪʘʥʦʚʢʘ ʠ ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʛʨʘʥʠʯʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʜʦʣʴʥʦ-

ʧʦʧʝʨʝʯʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʚ ʩʪʨʫʥʘʭ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩ ʧʦʤʦʱʴʶ ʛʨʘʥʠʯʥʦʛʦ 

ʨʝʞʠʤʘ ʤʦʞʥʦ ʫʧʨʘʚʣʷʪʴ ʧʦʧʝʨʝʯʥʦ-ʧʨʦʜʦʣʴʥʳʤ ʜʚʠʞʝʥʠʝʤ ʩʪʨʫʥ, ʧʝʨʝʚʦʜʷ ʠʭ 

ʠʟ ʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩ ʟʘʜʘʥʥʳʤʠ ʧʨʦʬʠʣʷʤʠ ʢʦʦʨʜʠʥʘʪ ʠ ʩʢʦʨʦʩʪʝʡ ʚ ʜʨʫʛʦʝ ʟʘ 

ʦʧʨʝʜʝʣʝʥʥʦʝ ʢʦʥʝʯʥʦʝ ʚʨʝʤʷ.  

- ʇʦʩʪʘʥʦʚʢʘ ʠ ʨʝʰʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʦ ʚʦʟʙʫʞʜʝʥʠʠ ʠ ʩʚʦʙʦʜʥʳʭ 

ʧʦʧʝʨʝʯʥʦ-ʧʨʦʜʦʣʴʥʳʭ ʢʦʣʝʙʘʥʠʷʭ ʩʪʨʫʥ ʱʠʧʢʦʚʳʭ ʠ ʢʣʘʚʠʰʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ 

ʧʦʜ ʚʣʠʷʥʠʝʤ ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʦʨʤʳ ʤʝʜʠʘʪʦʨʘ, ʤʦʣʦʪʦʯʢʘ ʠ ʩʜʚʠʛʘ ʯʘʩʪʦʪ ʠʟ-ʟʘ 

ʧʦʜʘʪʣʠʚʦʩʪʠ ʟʘʜʝʣʢʠ.  

- ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʚʦʣʥʦʚʳʝ ʠ ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʩʪʨʫʥʘʭ. 

ʋʩʪʘʥʦʚʣʝʥʘ ʩʚʷʟʴ ʤʝʞʜʫ ʚʦʣʥʦʚʳʤʠ ʠ ʢʦʣʝʙʘʪʝʣʴʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʚ ʩʪʨʫʥʘʭ ʠ 

ʤʘʥʝʨʦʡ ʠʛʨʳ ʠʩʧʦʣʥʠʪʝʣʷ.  
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- ʇʦʩʪʘʥʦʚʢʘ ʠ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʫʜʘʨʘ ʪʚʝʨʜʳʤ ʟʘʪʫʧʣʝʥʥʳʤ ʪʝʣʦʤ ʧʦ 

ʛʠʙʢʦʡ ʜʝʬʦʨʤʠʨʫʝʤʦʡ ʩʪʨʫʥʝ ʧʨʠ ʥʘʣʠʯʠʠ ʜʝʬʦʨʤʘʮʠʠ ʩʞʘʪʠʷ. ʅʘʡʜʝʥʳ 

ʫʩʣʦʚʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʘʢʠʭ ʨʝʞʠʤʦʚ.  
 

ɸʧʨʦʙʘʮʠʷ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ. 

ʆʩʥʦʚʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʠ ʧʦʣʫʯʠʣʠ 

ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʦʮʝʥʢʫ:  

 ʥʘ IX ɺʩʝʨʦʩʩʠʡʩʢʦʤ ʩʲʝʟʜʝ ʧʦ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʤʝʭʘʥʠʢʝ. 

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ. 2006 ʛ. 

 ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʛʘʟʦʚʦʡ ʠ 

ʚʦʣʥʦʚʦʡ ʜʠʥʘʤʠʢʠè, ʧʦʩʚʷʱʝʥʥʦʡ ʧʘʤʷʪʠ ʘʢʘʜʝʤʠʢʘ ʍ.ɸ. ʈʘʭʤʘʪʫʣʠʥʘ ʚ 

ʩʚʷʟʠ ʩʦ 100-ʣʝʪʠʝʤ ʩʦ ʜʥʷ ʝʛʦ ʨʦʞʜʝʥʠʷ. ʄʦʩʢʚʘ. 2009ʛ. 

 ʥʘ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ, ʧʦʩʚʷʱʝʥʥʦʡ ʧʘʤʷʪʠ ʘʢʘʜʝʤʠʢʘ 

ʍ.ɸ. ʈʘʭʤʘʪʫʣʠʥʘ ʚ ʩʚʷʟʠ ʩʦ 100-ʣʝʪʠʝʤ ʩʦ ʜʥʷ ʝʛʦ ʨʦʞʜʝʥʠʷ. ɹʠʰʢʝʢ. 2009ʛ. 

 ʥʘ X - XV ʰʢʦʣʘʭ-ʩʝʤʠʥʘʨʘʭ çʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʘʵʨʦʛʠʜʨʦʜʠʥʘʤʠʢʠè, 

(2002 - 2007) (ʧʨʝʜʩʝʜʘʪʝʣʴ ʘʢʘʜ. ɻ.ɻ. ʏʝʨʥʳʡ, ʪʝʟʠʩʳ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʀʟʜ. 

ʄɻʋ) 

 ʥʘ ʃʦʤʦʥʦʩʦʚʩʢʠʭ ʯʪʝʥʠʷʭ ʚ ʄʦʩʢʦʚʩʢʦʤ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʋʥʠʚʝʨʩʠʪʝʪʝ ʩ 

2005 ʧʦ 2010 ʛʦʜ 

 ʥʘ ʥʘʫʯʥʳʭ ʩʝʤʠʥʘʨʘʭ ʢʘʬʝʜʨʳ ʚʦʣʥʦʚʦʡ ʠ ʛʘʟʦʚʦʡ ʜʠʥʘʤʠʢʠ ʤʝʭʘʥʠʢʦ-

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʄɻʋ (ʨʫʢʦʚʦʜʠʪʝʣʴ ʩʝʤʠʥʘʨʘ ʘʢʘʜ. 

ɽ.ʀ.ʐʝʤʷʢʠʥ) 

 ʥʘ ʥʘʫʯʥʳʭ ʩʝʤʠʥʘʨʘʭ ɸʢʫʩʪʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʠʤ. ʅ.ʅ. ɸʥʜʨʝʝʚʘ 

 ʥʘ ʥʘʫʯʥʦʤ ʩʝʤʠʥʘʨʝ ʢʘʬʝʜʨʳ ʢʦʤʧʦʟʠʪʦʚ ʤʝʭʘʥʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʬʘʢʫʣʴʪʝʪʘ ʄɻʋ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʧʨʦʬ. ʇʦʙʝʜʨʠ ɹ.ɽ. 

 ʥʘ ʥʘʫʯʥʦʤ ʩʝʤʠʥʘʨʝ ʚ ʀʥʩʪʠʪʫʪʝ ʤʝʭʘʥʠʢʠ ʄɻʋ (ʨʫʢʦʚʦʜʠʪʝʣʠ ʯʣ.- ʢʦʨʨ. 

ʈɸʅ ɸ.ɻ. ʂʫʣʠʢʦʚʩʢʠʡ,  ʧʨʦʬ. ɸ.ɸ. ɹʘʨʤʠʥ ʠ ɺ.ʇ. ʂʘʨʣʠʢʦʚ) 

 ʥʘ ʥʘʫʯʥʦʤ ʩʝʤʠʥʘʨʝ ʀʥʩʪʠʪʫʪʘ ʧʨʦʙʣʝʤ ʤʝʭʘʥʠʢʠ ʈɸʅ  (ʨʫʢʦʚʦʜʠʪʝʣʠ ʘʢʘʜ. 

ɼ. ʄ.  ʂʣʠʤʦʚ ʠ ɸ.ʖ. ʀʰʣʠʥʩʢʠʡ) 

 ʥʘ ʥʘʫʯʥʦʤ ʩʝʤʠʥʘʨʝ ʚ ʦʪʜʝʣʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʄʀɸʅ ʠʤ. ɺ.ɸ. 

ʉʪʝʢʣʦʚʘ (ʨʫʢʦʚʦʜʠʪʝʣʴ ʘʢʘʜ. ɺ.ɺ. ɺʣʘʜʠʤʠʨʦʚ) 

 ʥʘ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʄɻʋʣ 

 

ʇʫʙʣʠʢʘʮʠʠ.ʆʩʥʦʚʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ ʚ 31 ʨʘʙʦʪʝ, 

ʩʧʠʩʦʢ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʢʦʥʮʝ ʜʠʩʩʝʨʪʘʮʠʠ, ʠʟ ʥʠʭ 16 ï ʚ ʨʝʬʝʨʠʨʫʝʤʳʭ 

ʠʟʜʘʥʠʷʭ, 13 ï ʚʝʜʫʱʠʭ ʠʟʜʘʥʠʷʭ, ʚʭʦʜʷʱʠʭ ʚ ʧʝʨʝʯʝʥʴ ɺɸʂ. ʀʟ ʩʦʚʤʝʩʪʥʳʭ 

ʧʫʙʣʠʢʘʮʠʡ ʚ ʜʠʩʩʝʨʪʘʮʠʶ ʚʢʣʶʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʘʚʪʦʨʦʤ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʨʘʙʦʪʳ.ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, 8 ʛʣʘʚ, 

ʟʘʢʣʶʯʝʥʠʷ, ʩʧʠʩʢʘ ʠʩʧʦʣʴʟʫʝʤʳʭ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʢ ʢʘʞʜʦʡ ʛʣʘʚʝ, 

ʩʦʜʝʨʞʠʪ 215 ʩʪʨʘʥʠʮ, ʚʢʣʶʯʘʷ ʨʠʩʫʥʢʠ ʠ ʪʘʙʣʠʮʳ. 

 

 

ʉʆɼɽʈɾɸʅʀɽ ʈɸɹʆʊʓ 
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ɺʦ ʚʚʝʜʝʥʠʠ ʦʙʩʫʞʜʘʝʪʩʷ ʘʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ 

ʮʝʣʴ ʨʘʙʦʪʳ ʠ ʦʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʚʳʥʝʩʝʥʳ ʥʘ ʟʘʱʠʪʫ, ʧʨʠʚʝʜʝʥʳ 

ʦʩʥʦʚʥʳʝ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɺ ʧʝʨʚʦʡ ʛʣʘʚʝ  ʨʝʰʘʶʪʩʷ ʟʘʜʘʯʠ ʧʦʧʝʨʝʯʥʦ-ʧʨʦʜʦʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʪʨʫʥʳ. 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥ ʠ ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʠʤʠ ʢʦʣʝʙʘʥʠʡ ʚ 

ʩʪʨʫʥʝ ʱʠʧʢʦʚʦʛʦ ʤʫʟʳʢʘʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, ʥʘʯʠʥʘʷ ʩ ʨʘʙʦʪ ʣʦʨʜʘ ʈʵʣʝʷ,  

ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʩ ʥʘʯʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʪʦʣʴʢʦ 

ʧʦʧʝʨʝʯʥʳʭ ʢʦʣʝʙʘʥʠʡ. ʇʨʠʥʠʤʘʣʦʩʴ, ʯʪʦ ʥʘʯʘʣʴʥʘʷ ʬʦʨʤʘ ʩʪʨʫʥʳ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ  ʜʚʝ ʩʪʦʨʦʥʳ ʪʨʝʫʛʦʣʴʥʠʢʘ ʩ ʚʝʨʰʠʥʘʤʠ ʚ ʪʦʯʢʘʭ ʢʨʝʧʣʝʥʠʷ. ʉʯʠʪʘʣʦʩʴ 

ʪʘʢʞʝ, ʯʪʦ ʥʘʯʘʣʴʥʳʝ ʩʢʦʨʦʩʪʠ ʯʘʩʪʠʮ ʚ ʩʪʨʫʥʝ ʦʪʩʫʪʩʪʚʫʶʪ. ɼʠʥʘʤʠʢʘ ʧʨʦʮʝʩʩʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʪʨʫʥʳ ʩ ʤʝʜʠʘʪʦʨʦʤ ʚ ʠʟʚʝʩʪʥʳʭ ʨʘʙʦʪʘʭ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ, ʭʦʪʷ 

ʜʠʥʘʤʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʚ ʵʪʦʪ ʧʝʨʠʦʜ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʝ.  

ʊʘʢʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʦʟʥʘʯʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʤʛʥʦʚʝʥʥʦʛʦ ʦʢʦʥʯʘʥʠʷ 

ʚʦʟʜʝʡʩʪʚʠʷ ʠʩʧʦʣʥʠʪʝʣʷ, ʯʪʦ ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʥʝ ʠʤʝʝʪ ʤʝʩʪʘ. ʕʢʩʧʝʨʠʤʝʥʪ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʚʨʝʤʷ ʵʪʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʢʦʣʝʙʣʝʪʩʷ ʦʪ 0.01 ʩʝʢ ʜʦ 0.05 

ʩʝʢ. ʇʨʠ ʙʦʣʝʝ ʩʪʨʦʛʦʡ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʠ ʧʨʦʮʝʩʩ ʜʦʣʞʝʥ ʙʳʪʴ ʨʘʩʩʤʦʪʨʝʥ ʢʘʢ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʦ ʩʪʨʫʥʦʡ ʚ ʪʝʯʝʥʠʝ ʚʨʝʤʝʥʠ t=t0 ʜʚʠʞʫʱʝʛʦʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ 

V0(t) ʤʝʜʠʘʪʦʨʘ. ʇʨʦʜʦʣʴʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʨʘʥʝʝ ʪʘʢʞʝ ʥʝ ʫʯʠʪʳʚʘʣʠʩʴ.  

ʈʝʰʝʥʠʷ ʥʘʡʜʝʥʳ ʜʣʷ ʩʠʩʪʝʤʳ ʣʠʥʝʘʨʠʟʦʚʘʥʥʳʭ  ʫʨʘʚʥʝʥʠʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠ ̫

ʧʦʧʝʨʝʯʥʳʭ ʠ ʧʨʦʜʦʣʴʥʳʭ ʚʦʣʥ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʘʙʦʪʘʭ ʖ. ɸ. ɼʝʤʴʷʥʦʚʘ ʜʣʷ 

ʩʣʫʯʘʷ ʩʪʨʫʥ ʠʤʝʶʱʠʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʥʘʪʷʞʝʥʠʝ 
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x y
e

s e s
- ʜʠʥʘʤʠʯʝʩʢʘʷ ʯʘʩʪʴ ʜʝʬʦʨʤʘʮʠʠ.

 
ɺʢʣʘʜ ʚ ʜʠʥʘʤʠʯʝʩʢʦʝ ʥʘʛʨʫʞʝʥʠʝ ʩʪʨʫʥʳ ʧʦʧʝʨʝʯʥʳʭ ʠ ʧʨʦʜʦʣʴʥʳʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʜʝʬʦʨʤʘʮʠʠ ʦʢʘʟʳʚʘʝʪʩʷ ʦʜʥʦʛʦ ʧʦʨʷʜʢʘ. ʀʟ-ʟʘ ʨʘʟʥʦʩʪʠ 

ʧʦʨʷʜʢʦʚ ʚʝʣʠʯʠʥ ʧʦʧʝʨʝʯʥʳʭ ʠ ʧʨʦʜʦʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʤʝʱʝʥʠʡ ʜʘʥʥʳʝ 

ʫʨʘʚʥʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʥʘʪʷʥʫʪʦʡ ʩʪʨʫʥʦʡ ʪʝʣ 

ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ, ʜʚʠʞʫʱʠʭʩʷ ʧʦ ʧʨʦʠʟʚʦʣʴʥʦʤʫ ʟʘʢʦʥʫ. 
 

ʅʘʡʜʝʥʳ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʝ ʩʧʝʢʪʨʳ ʧʦʧʝʨʝʯʥʳʭ ʠ ʧʨʦʜʦʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ, 

ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʩʪʨʫʥʝ ʚ ʧʝʨʠʦʜ ʠ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʠʩʧʦʣʥʠʪʝʣʷ. 

ʈʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ  ʚ ʧʝʨʠʦʜ ʚʦʟʜʝʡʩʪʚʠʷ ʤʝʜʠʘʪʦʨʘ, ʜʚʠʞʫʱʝʛʦʩʷ ʩʦ 

ʩʢʦʨʦʩʪʴʶ 
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ʇʨʠ ʵʪʦʤ ʚ ʩʪʨʫʥʝ ʤʫʟʳʢʘʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʚʦʟʥʠʢʘʶʪ ʧʦʧʝʨʝʯʥʳʝ 

ʢʦʣʝʙʘʥʠʷ, ʯʘʩʪʦʪʳ ʢʦʪʦʨʳʭ ʚʳʰʝ, ʯʝʤ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ ʩʚʦʙʦʜʥʦʡ ʩʪʨʫʥʳ.  
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ʇʫʩʪʴ ʚ ʥʝʢʦʪʦʨʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ Tt ʤʝʜʠʘʪʦʨ ʧʨʝʢʨʘʱʘʝʪ ʩʚʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʩʪʨʫʥʫ. ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʢʦʣʝʙʘʥʠʡ  ʩʚʦʙʦʜʥʦʡ ʩʪʨʫʥʳ ʧʦʩʣʝ 

ʦʢʦʥʯʘʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ 
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ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʥʘʡʜʝʥʳ ʪʘʢʞʝ ʩʧʝʢʪʨʳ ʧʨʦʜʦʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʚ ʧʝʨʠʦʜ ʠ 

ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʧʝʨʠʦʜʘ ʚʦʟʜʝʡʩʪʚʠʷ ʤʝʜʠʘʪʦʨʘ 
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ʇʦʣʫʯʝʥʳ ʪʘʢʞʝ ʩʧʝʢʪʨʳ ʧʨʦʜʦʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʚʦʙʦʜʥʦʡ ʩʪʨʫʥʳ ʢʘʢ ʚ 

ʩʣʫʯʘʝ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʟʘʜʘʥʠʷ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʧʦʧʝʨʝʯʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʩʪʨʫʥʳ, ʪʘʢ ʠ ʜʣʷ ʩʣʫʯʘʷ ʚ ʥʦʚʦʡ ʧʦʩʪʘʥʦʚʢʝ ʫʯʝʪʘ ʚʨʝʤʝʥʠ ʚʦʟʜʝʡʩʪʚʠʷ 

ʤʝʜʠʘʪʦʨʘ. 

ʀʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʨʘʚʥʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʧʦʧʝʨʝʯʥʳʭ ʠ 

ʧʨʦʜʦʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚ ʤʝʩʪʝ ʟʘʜʝʣʢʠ. ɼʣʷ ʩʣʫʯʘʷ ʠʛʨʳ ʥʘ ʱʠʧʢʦʚʦʤ 

ʤʫʟʳʢʘʣʴʥʦʤ ʠʥʩʪʨʫʤʝʥʪʝ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʦʪ 

ʧʦʧʝʨʝʯʥʳʭ ʠ ʧʨʦʜʦʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ 
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ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩ. 1.1. ɼʠʥʘʤʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʪʦʯʢʫ ʢʨʝʧʣʝʥʠʷ ʩʦ 

ʩʪʦʨʦʥʳ ʧʨʦʜʦʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʙʦʣʴʰʝ, ʯʝʤ ʩʦ ʩʪʦʨʦʥʳ ʧʦʧʝʨʝʯʥʳʭ.  

 
ʈʠʩ. 1.1  ɼʠʥʘʤʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʟʘʜʝʣʢʫ ʦʪ ʧʦʧʝʨʝʯʥʳʭ(ʩʣʝʚʘ) ʠ 

ʧʨʦʜʦʣʴʥʳʭ (ʩʧʨʘʚʘ) ʩʦʩʪʘʚʣʷʶʱʠʭ. 

 

ʊʘʢʞʝ ʠʟ ʛʨʘʬʠʢʦʚ ʚʠʜʥʦ, ʯʪʦ ʧʨʦʜʦʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʧʨʦʠʩʭʦʜʷʪ ʢʘʢ ʥʘ 

ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪʘʭ, ʪʘʢ ʠ ʥʘ ʯʘʩʪʦʪʘʭ ʧʦʧʝʨʝʯʥʳʭ ʢʦʣʝʙʘʥʠʡ. ʇʨʠ ʩʦʚʧʘʜʝʥʠʠ 

ʯʘʩʪʦʪ ʧʨʦʜʦʣʴʥʳʭ ʠ ʧʦʧʝʨʝʯʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʪ.ʝ. ʧʨʠ 
L

kb

L

na
, ʚʦʟʤʦʞʥʳ 

ʨʝʟʦʥʘʥʩʥʳʝ ʷʚʣʝʥʠʷ. 

ʀʩʧʦʣʴʟʫʷ ʩʦʦʪʥʦʰʝʥʠʷ ʜʣʷ ʨʘʟʨʳʚʦʚ ʧʨʦʜʦʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʢʦʨʦʩʪʝʡ 

ʠ ʜʝʬʦʨʤʘʮʠʡ ʥʘ ʧʦʧʝʨʝʯʥʳʭ ʚʦʣʥʘʭ 
2

0

2

)1(2 s

y

e

b

t

x
,  0

)1(2

1
2

0 s

y

es

x
 

ʚ  ʜʠʩʩʝʨʪʘʮʠʠ ʜʘʥʦ ʦʙʲʷʩʥʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʠʯʠʥʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʧʨʦʜʦʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʥʘ ʧʦʧʝʨʝʯʥʳʭ ʯʘʩʪʦʪʘʭ,  ʧʦʢʘʟʘʥʦ, ʯʪʦ 

1) ʬʨʦʥʪ ʧʦʧʝʨʝʯʥʦʡ ʚʦʣʥʳ ʷʚʣʷʝʪʩʷ ʪʦʯʢʦʡ ʨʘʟʨʳʚʘ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʜʦʣʴʥʳʭ 

ʚʦʣʥ, ʧʨʦʜʦʣʴʥʳʝ ʚʦʣʥʳ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʦʪ ʟʘʜʝʣʢʠ ʜʦ ʪʦʯʢʠ ʫʜʘʨʘ ʠ ʦʙʨʘʪʥʦ, 

ʥʝ ʦʪʨʘʞʘʷʩʴ ʦʪ ʧʦʧʝʨʝʯʥʦʡ ʚʦʣʥʳ, ʧʨʠ ʵʪʦʤ ʩʦʭʨʘʥʷʝʪʩʷ ʚʝʣʠʯʠʥʘ ʨʘʟʨʳʚʘ; 

2)ʧʦʧʝʨʝʯʥʳʝ ʚʦʣʥʳ ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʳʥʫʞʜʝʥʥʳʭ  

ʧʨʦʜʦʣʴʥʳʭ ʚʦʣʥ. 

ʄʝʪʦʜʘʤʠ ʚʦʟʤʫʱʝʥʠʡ ʫʯʠʪʳʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʬʦʨʤʳ ʤʝʜʠʘʪʦʨʘ, ʫʧʨʫʛʦʩʪʠ 

ʟʘʜʝʣʢʠ. ʅʘʡʜʝʥʳ ʧʦʧʨʘʚʢʠ ʚ ʩʧʝʢʪʨʘʭ ʧʦʧʝʨʝʯʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʘ ʪʘʢʞʝ ʩʜʚʠʛ 

ʯʘʩʪʦʪ. 

  

ɺʦ ʚʪʦʨʦʡ ʛʣʘʚʝ ʧʦʣʫʯʝʥʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʠ ʨʝʰʝʥʳ ʟʘʜʘʯʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʦʜʦʣʴʥʳʭ, ʧʦʧʝʨʝʯʥʳʭ ʠ ʢʨʫʪʠʣʴʥʳʭ ʚʦʣʥ ʠ ʢʦʣʝʙʘʥʠʡ ʩ 

ʫʯʝʪʦʤ ʠʭ ʚʟʘʠʤʥʦʛʦ ʚʣʠʷʥʠʷ ʚ ʚʠʪʳʭ ʢʘʥʘʪʘʭ, ʩʪʨʫʥʘʭ ʩ ʥʘʚʠʚʢʦʡ, ʪʦʥʢʦʩʪʝʥʥʳʭ 

ʪʨʫʙʘʭ ʠ ʤʝʤʙʨʘʥʘʭ, ʘ ʪʘʢʞʝ ʪʷʞʝʣʳʭ ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ 

ʢʘʥʘʪʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʣʠʥʝʡʥʦʛʦ ʪʝʥʟʦʨʘ ʜʝʬʦʨʤʘʮʠʡ.  ʇʦʣʫʯʝʥʥʳʝ 

ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʧʨʦʜʦʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʷʚʣʷʶʪʩʷ ʥʝʦʜʥʦʨʦʜʥʳʤʠ, ʯʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʚʣʠʷʥʠʝʤ  ʧʦʧʝʨʝʯʥʳʭ ʠ ʢʨʫʪʠʣʴʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 
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ʚʢʣʘʜ ʧʨʦʜʦʣʴʥʳʭ ʠ ʧʦʧʝʨʝʯʥʳʭ ʠ ʢʨʫʪʠʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚ ʜʠʥʘʤʠʯʝʩʢʦʝ 

ʥʘʛʨʫʞʝʥʠʝ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʦʜʥʦʛʦ ʧʦʨʷʜʢʘ, ʧʨʠ ʵʪʦʤ ʚʦʟʤʦʞʥʳ ʨʝʟʦʥʘʥʩʥʳʝ 

ʷʚʣʝʥʠʷ ʤʝʞʜʫ ʤʦʜʘʤʠ ʧʨʦʜʦʣʴʥʳʭ, ʢʨʫʪʠʣʴʥʳʭ ʠ ʧʦʧʝʨʝʯʥʳʭ ʢʦʣʝʙʘʥʠʡ. 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ  ʵʣʝʤʝʥʪʘ ʥʘʚʠʚʢʠ ʠ ʫʛʦʣ ʩʚʠʚʢʠ  ʧʨʠ 

ʜʠʥʘʤʠʯʝʩʢʦʤ ʥʘʛʨʫʞʝʥʠʠ ʪʘʢʦʚʳ 

2 2 2

1 cos 1
x y v
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s s s
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e

 

ʛʜʝ 
2 2

1 1
x y

e
s s

 ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʢʦʨʜʘ, ( , ), ( , )x s t y s t  - 

ʧʨʦʜʦʣʴʥʳʝ ʠ ʧʦʧʝʨʝʯʥʳʝ ʩʤʝʱʝʥʠʷ ʦʩʠ ʩʪʨʫʥʳ, ( , )v s t - ʢʨʫʪʠʣʴʥʦʝ ʩʤʝʱʝʥʠʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʩʪʨʫʥʳ,  - ʧʨʠʨʘʱʝʥʠʝ  ʫʛʣʘ ʩʚʠʚʢʠ.   

ʂʦʛʜʘ ʫʛʣʳ ʩʚʠʚʢʠ ʥʝ ʷʚʣʷʶʪʩʷ ʤʘʣʦʡ ʚʝʣʠʯʠʥʦʡ, ʘ ʨʘʜʠʫʩʳ ʮʠʣʠʥʜʨʦʚ, ʥʘ 

ʢʦʪʦʨʳʭ ʥʘʭʦʜʠʪʩʷ ʥʘʚʠʚʢʘ, ʤʘʣʳ, ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʡ ʧʨʠ ʚʳʰʝʩʢʘʟʘʥʥʳʭ 

ʧʨʝʜʧʦʣʦʞʝʥʠʷʭ ʩʦʚʧʘʜʘʶʪ ʩ ʫʨʘʚʥʝʥʠʷʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʍ.ɸ. ʈʘʭʤʘʪʫʣʠʥʳʤ 

ʜʣʷ ʜʚʠʞʝʥʠʷ ʚʠʪʦʛʦ ʢʘʥʘʪʘ:   

2 2 2

1 3 1 3 2 32 2 2

1
, ,

1 1

y x
y v x v v vs sAe A Ae A m A A e

t s s e t s s e t s s
 (2.1) 

ɼʣʷ ʵʣʝʤʝʥʪʦʚ ʤʫʟʳʢʘʣʴʥʳʭ ʩʪʨʫʥ ʢʦʵʬʬʠʮʠʝʥʪʳ 
1 2 3, ,A A A  ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʡ 

ʚʠʜ: 

ɼʣʷ ʢʦʨʜʘ: 1

ʩ

c cA E F , 2

ʩ

c cA G I , 3 0ʩA  

ɼʣʷ ʥʘʚʠʚʢʠ: 
3

2 4 2 4

1 2
1

cos
sin sin

i

k
ʦ i

i i i i i i i p i i

i i

A E Fr E I G I tg
r

, 

2
2 2 2 4 2

2

1

1 cos cos sin cos
i

k
o

i i i i i i i p i i i i

i

A E Fr E I G I ctg , 

2 2
2 2 2

3

1

sin 2 sin cos
1 cos sin

4i

k
ʦ i i i

i i i i i i i i p

i i

A E Fr E I G I
r

,  

ʛʜʝ k ï ʯʠʩʣʦ ʧʨʦʚʦʣʦʢ ʚ ʦʙʤʦʪʢʝ, , m - ʧʣʦʪʥʦʩʪʴ ʠ ʢʠʥʝʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ 

ʠʥʝʨʮʠʠ ʵʣʝʤʝʥʪʘ ʩʪʨʫʥʳ, 
iE  - ʤʦʜʫʣʠ ʖʥʛʘ, 

iG  - ʤʦʜʫʣʠ ʩʜʚʠʛʘ, , ,i i piF I I  - 

ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ, ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʠ ʧʦʣʷʨʥʳʡ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ 

ʵʣʝʤʝʥʪʘ i -ʦʡ ʧʨʦʚʦʣʦʢʠ ʩʪʨʫʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 
ir  - ʨʘʜʠʫʩ ʮʠʣʠʥʜʨʘ, ʥʘ 

ʢʦʪʦʨʦʤ ʥʘʭʦʜʠʪʩʷ i -ʷ ʧʨʦʚʦʣʦʢʘ ʥʘʚʠʚʢʠ. ɼʣʷ ʚʩʝʡ ʩʪʨʫʥʳ: 1 1 1

ʩ ʦɸ ɸ ɸ, 

2 2 2

c ʦɸ ɸ ɸ, 3 3

ʦɸ ɸ. 

ʄʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʘʩʠʤʧʪʦʪʠʢʘ ʨʝʰʝʥʠʡ ʪʘʢʦʚʘ: 

 
1
2

1 2 ...y e Y eY , 2

1 2 ...x eX e X ,  2

1 2 ...rv erV e rV  

ʛʜʝ 0e e e - ʭʘʨʘʢʪʝʨʥʘʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʜʝʬʦʨʤʘʮʠʠ. 
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ʋʯʠʪʳʚʘʷ 
0

x
e

s
ʠ 

0,
y v

e
s s

, ʧʦʣʫʯʠʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʧʦʣʥʦʡ ʜʝʬʦʨʤʘʮʠʠ 

ʵʣʝʤʝʥʪʘ ʥʘʚʠʚʢʠ 
2

2

0

0

1
cos

2 1

x y v
e r tg

s e s s
. 

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (2.1) ʜʚʠʞʝʥʠʷ ʜʣʷ ʤʫʟʳʢʘʣʴʥʦʡ ʩʪʨʫʥʳ ʩ ʥʘʚʠʚʢʦʡ ʚʳʛʣʷʜʠʪ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

2 2
2

2 2

22 2 2

1
1 32 2 2

0

22 2 2

3
3 22 2 2

0

2 1

2 1

y y
b

t s

Ax x y v
A A

t s e s s s

Av x y v
m A A

t s e s s s

 (2.2) 

ʛʜʝ 2 1 0

0(1 )

Ae
b

e
 - ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʧʝʨʝʯʥʦʡ ʚʦʣʥʳ. 

ʇʝʨʚʦʝ ʫʨʘʚʥʝʥʠʝ ʩʠʩʪʝʤʳ (2.2) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʨʘʜʠʮʠʦʥʥʦʝ ʫʨʘʚʥʝʥʠʝ 

ʧʦʧʝʨʝʯʥʳʭ ʜʚʠʞʝʥʠʡ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʫʨʘʚʥʝʥʠʷ  ʜʣʷ ʧʨʦʜʦʣʴʥʳʭ ʠ ʢʨʫʪʠʣʴʥʳʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʝʦʜʥʦʨʦʜʥʳʝ ʫʨʘʚʥʝʥʠʷ. ʈʦʣʴ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ (ʠʣʠ ʚʳʥʫʞʜʘʶʱʝʡ ʩʠʣʳ) ʜʣʷ ʧʨʦʜʦʣʴʥʳʭ ʜʚʠʞʝʥʠʡ ʠʛʨʘʶʪ 

ʧʦʧʝʨʝʯʥʳʝ ʠ  ʢʨʫʪʠʣʴʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ, ʜʣʷ ʢʨʫʪʠʣʴʥʳʭ ʜʚʠʞʝʥʠʡ - 

ʧʦʧʝʨʝʯʥʳʝ ʠ  ʧʨʦʜʦʣʴʥʳʝ. 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʨʦʜʦʣʴʥʦ-ʢʨʫʪʠʣʴʥʳʭ ʚʦʣʥ ʧʨʦʠʩʭʦʜʠʪ ʩ ʜʚʫʤʷ 

ʩʢʦʨʦʩʪʷʤʠ: 
2 2

2 31 2 1 2
1,2

41

2

AA A A A
a

m m m
  

ʇʨʦʜʦʣʴʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʢʦʨʦʩʪʝʡ ʠ ʜʝʬʦʨʤʘʮʠʡ ʪʝʨʧʷʪ  ʨʘʟʨʳʚ ʥʘ ʬʨʦʥʪʘʭ 

ʧʦʧʝʨʝʯʥʳʭ ʠ ʢʨʫʪʠʣʴʥʳʭ ʚʦʣʥ. ɼʣʷ ʬʨʦʥʪʘ ʧʦʧʝʨʝʯʥʳʭ ʚʦʣʥ ʩʦʦʪʥʦʰʝʥʠʷ ʜʣʷ 

ʨʘʟʨʳʚʦʚ: 

0
)1(2

1
2

0 s

y

es

x
, 

2

02(1 )

x b y

t e s
 

ʉʦʦʪʥʦʰʝʥʠʷ ʜʣʷ ʨʘʟʨʳʚʦʚ ʥʘ ʧʨʦʜʦʣʴʥʦ-ʢʨʫʪʠʣʴʥʳʭ ʚʦʣʥʘʭ: 

12 12
1,2 0

U U
a

t s
 ʛʜʝ  

1 1U x v, 
2 2U x v , 

2 2

32 1 2 1
1,2

3

4

2

AA A A Am

A m m m
 

ɼʣʷ ʦʛʨʘʥʠʯʝʥʥʦʡ ʚʠʪʦʡ ʤʫʟʳʢʘʣʴʥʦʡ ʩʪʨʫʥʳ ʜʣʠʥʳ  l  ʨʝʰʝʥʠʷ 

ʧʨʠʚʝʜʝʥʥʳʭ ʫʨʘʚʥʝʥʠʡ (2.2) ʪʘʢʦʚʳ 

1 1

, ( )sin sin cos sinn n n

n n

ns nbt nbt ns
y s t T t A B

l l l l
 

2 1 2 1
1 2 2 1 1 2 2 1

11 2

1
, sin sin sin cos cos ,n n n n y

n

na t na t na t na tns
x s t C C D D x s t

l l l l l
 

1 2 1 2
1 2 1 2

11 2

1
, sin sin sin cos cos ,n n n n y

n

na t na t na t na tns
v s t C C D D v s t

l l l l l
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ʛʜʝ ,yx s t ʠ ,yv s t  ʯʘʩʪʥʳʝ ʨʝʰʝʥʠʷ, ʢʦʪʦʨʳʝ ʟʘʧʠʩʳʚʘʶʪʩʷ ʪʘʢ 

2 2

1,2

2 2 2 2 2 2 2 2 2
1 10 1,2 1,2

( ) ( )

sin cos sin
2(1 ) k n

k ka l A Bnbt nbt k sn n

e k a n b l k a n b l l
 

ʈʝʰʝʥʠʷ ʚʪʦʨʦʛʦ ʠ ʪʨʝʪʴʝʛʦ  ʫʨʘʚʥʝʥʠʡ (2.2) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʩʫʧʝʨʧʦʟʠʮʠʶ ʩʦʙʩʪʚʝʥʥʳʭ ʧʨʦʜʦʣʴʥʦ-ʢʨʫʪʠʣʴʥʳʭ ʚʦʣʥ ʠ ʢʦʣʝʙʘʥʠʡ, ʘ ʪʘʢʞʝ 

ʚʳʥʫʞʜʝʥʥʳʭ ʧʨʦʜʦʣʴʥʳʭ ʠ ʢʨʫʪʠʣʴʥʳʭ ʚʦʣʥ ʠ ʢʦʣʝʙʘʥʠʡ ʩ ʯʘʩʪʦʪʘʤʠ 

ʧʦʧʝʨʝʯʥʳʭ.  

ʋʩʣʦʚʠʷ ʨʝʟʦʥʘʥʩʘ ʤʝʞʜʫ ʦʪʜʝʣʴʥʳʤʠ ʤʦʜʘʤʠ ʜʣʷ ʧʨʦʜʦʣʴʥʦ-ʢʨʫʪʠʣʴʥʳʭ  (k) ʠ 

ʧʦʧʝʨʝʯʥʳʭ (,n m)  ʢʦʣʝʙʘʥʠʡ ʟʘʧʠʰʫʪʩʷ ʚ ʚʠʜʝ: 

1,2 ,ka b n m n m, 1,2 ,ka b m n n m, 1,2ka b n m  

ʛʜʝ , ,k m n - ʥʘʪʫʨʘʣʴʥʳʝ ʯʠʩʣʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʥʦʤʝʨʫ ʦʪʜʝʣʴʥʳʭ ʤʦʜ 

ʢʦʣʝʙʘʥʠʡ. ɺr ʥʫʞʜʝʥʥʳʝ ʯʘʩʪʦʪʳ ʧʨʦʜʦʣʴʥʦ-ʢʨʫʪʠʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʜʣʷ ʫʩʣʦʚʠʡ 

ʩʪʨʫʥʥʳʭ ʤʫʟʳʢʘʣʴʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʥʘʭʦʜʷʪʩʷ ʚ ʦʙʣʘʩʪʠ ʩʣʳʰʠʤʦʩʪʠ, ʘ ʟʥʘʯʠʪ, 

ʚʣʠʷʶʪ ʥʘ ʢʘʯʝʩʪʚʦ ʟʚʫʢʘ. 

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʡ ʩʪʨʫʥ ʩ ʥʘʚʠʚʢʦʡ ʚ ʩʣʫʯʘʝ ʤʘʣʳʭ 

ʫʛʣʦʚ ʩʚʠʚʢʠ1 ʪʘʢʦʚʳ 
2 22 2 2 2 2

3 1 0
1 22 2 2 2 2

0 0 0

1
; ;

2 1 2 1 1

x x y A v y Ae y v v
A m A

t s s e s e s s t e s t s
 

ʛʜʝ
1

1

k

i

i

A EF , 
2

20
2 0

1 0

1
1

k
i i

pi

i

EFr e
A GI e

e
, 2

3

1

k

i i

i

A EFr  

ʋʨʘʚʥʝʥʠʷ ʜʣʷ ʧʦʧʝʨʝʯʥʦʡ ʠ ʢʨʫʪʠʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʷʚʣʷʶʪʩʷ ʦʜʥʦʨʦʜʥʳʤʠ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʧʨʦʜʦʣʴʥʳʭ ʜʚʠʞʝʥʠʡ 

ʢʘʥʘʪʘ ʚʭʦʜʷʪ ʢʦʤʧʦʥʝʥʪʳ ʧʦʧʝʨʝʯʥʳʭ ʠ ʢʨʫʪʠʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚ ʢʘʯʝʩʪʚʝ 

ʚʳʥʫʞʜʘʶʱʝʡ ʩʠʣʳ.  

ʊʘʢʞʝ ʚ ʛʣʘʚʝ II  ʧʦʣʫʯʝʥʳ ʥʝʣʠʥʝʡʥʳʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ 

ʢʨʫʪʠʣʴʥʳʭ ʠ ʧʨʦʜʦʣʴʥʳʭ ʜʚʠʞʝʥʠʡ ʪʦʥʢʦʩʪʝʥʥʳʭ ʪʨʫʙ ʩ ʫʯʝʪʦʤ ʠʭ 

ʚʟʘʠʤʦʚʣʠʷʥʠʷ. ʅʘʡʜʝʥʳ ʦʙʱʠʝ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʩʣʫʯʘʷ ʢʨʫʯʝʥʠʷ 

ʙʝʩʢʦʥʝʯʥʦʡ ʪʨʫʙʳ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʩ ʧʦʩʪʦʷʥʥʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ.  ʇʦʣʫʯʝʥʳ 

ʣʠʥʝʘʨʠʟʦʚʘʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʢʨʫʪʠʣʴʥʳʭ ʠ ʧʨʦʜʦʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʚʢʣʘʜʳ ʢʨʫʪʠʣʴʥʳʭ ʠ ʧʨʦʜʦʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚ ʜʠʥʘʤʠʯʝʩʢʦʝ ʥʘʛʨʫʞʝʥʠʝ 

ʦʢʘʟʳʚʘʶʪʩʷ ʦʜʥʦʛʦ ʧʦʨʷʜʢʘ. ʇʨʦʜʦʣʴʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʢʦʨʦʩʪʝʡ ʠ 

ʜʝʬʦʨʤʘʮʠʡ ʠʩʧʳʪʳʚʘʶʪ ʨʘʟʨʳʚ ʥʘ ʢʨʫʪʠʣʴʥʳʭ ʚʦʣʥʘʭ. ʋʨʘʚʥʝʥʠʝ ʧʨʦʜʦʣʴʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʷʚʣʷʝʪʩʷ ʥʝʦʜʥʦʨʦʜʥʳʤ, ʢʨʫʪʠʣʴʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʠʛʨʘʶʪ ʨʦʣʴ 

ʚʳʥʫʞʜʘʶʱʝʡ ʩʠʣʳ ʜʣʷ ʧʨʦʜʦʣʴʥʳʭ. ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʢʨʫʪʠʣʴʥʳʭ ʜʚʠʞʝʥʠʡ 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʧʨʦʜʦʣʴʥʳʭ. ʂʦʣʝʙʘʥʠʷ ʚ ʧʨʦʜʦʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

ʧʨʦʠʩʭʦʜʷʪ ʢʘʢ ʥʘ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪʘʭ, ʪʘʢ ʠ ʥʘ ʯʘʩʪʦʪʘʭ ʢʨʫʪʠʣʴʥʳʭ 

ʢʦʣʝʙʘʥʠʡ.  

ʋʨʘʚʥʝʥʠʷ ʜʣʷ ʢʨʫʪʠʣʴʥʦ-ʧʨʦʜʦʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʪʦʥʢʦʩʪʝʥʥʦʡ ʪʨʫʙʳ: 
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ʛʜʝ 11

2

2

2

s
R

s

x
e , ʘ GE,  - ʤʦʜʫʣʠ ʫʧʨʫʛʦʩʪʠ ʠ ʩʜʚʠʛʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ,  

ʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ; D  ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ.  

ʆʙʱʠʝ ʠʥʪʝʛʨʘʣʳ ʵʪʦʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʤʦʛʫʪ ʜʣʷ ʩʣʫʯʘʷ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʠ 

ʟʘʢʨʫʯʠʚʘʥʠʷ ʪʨʫʙʳ ʙʳʪʴ ʧʦʣʫʯʝʥʳ 

tCsCR 43 , tCRCsx 21 ,. tCsCsx 65 , 
E

a
t

s 2

2

, 
G

t

s
2

 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʰʝʥʠʷ ʦʟʥʘʯʘʶʪ, ʯʪʦ ʚ ʪʨʫʙʝ ʚʦʟʥʠʢʘʶʪ ʣʠʰʴ ʦʙʣʘʩʪʠ 

ʧʦʩʪʦʷʥʥʳʭ ʜʝʬʦʨʤʘʮʠʡ.  ʇʦ ʪʨʫʙʝ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʜʚʝ ʫʧʨʫʛʠʝ ʚʦʣʥʳ ʩʦ 

ʩʢʦʨʦʩʪʷʤʠ ab . ʌʦʨʤʘ ʪʨʫʙʳ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ 

(ʨʠʩ.2.1): I, IV ï ʦʙʣʘʩʪʠ ʢʨʫʪʠʣʴʥʦ-ʧʨʦʜʦʣʴʥʳʭ ʜʝʬʦʨʤʘʮʠʡ (ʧʨʠ ʵʪʦʤ ʫʛʦʣ 

ʥʘʢʣʦʥʘ ʣʠʥʝʡʥʳʭ ʵʣʝʤʝʥʪʦʚ ʢ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʦʙʨʘʟʫʶʱʝʡ ʪʨʫʙʳ ʦʩʪʘʝʪʩʷ 

ʧʦʩʪʦʷʥʥʳʤ); II, V ï ʦʙʣʘʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʦʜʦʣʴʥʳʭ ʜʝʬʦʨʤʘʮʠʡ (ʟʘ 

ʫʧʨʫʛʦʡ ʚʦʣʥʦʡ); III, VI ï ʦʙʣʘʩʪʠ ʧʦʢʦʷ. 

ʈʠʩ. 2.1 

 

ɿʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʤʘʩʩʳ  )()( 1122 lVbDubD ʩ ʫʯʝʪʦʤ ʩʦʦʪʥʦʰʝʥʠʷ 

)1(cos)1( 22110 ee ʧʨʠʚʦʜʠʪ ʢ ʫʨʘʚʥʝʥʠʶ 

 
cos)1(1 21 e

Vb

e

ub l
 (2.4) 

ʟʜʝʩʴ b - ʩʢʦʨʦʩʪʴ ʬʨʦʥʪʘ ʢʨʫʪʠʣʴʥʦʡ ʚʦʣʥʳ, ii e, - ʧʣʦʪʥʦʩʪʠ ʠ ʜʝʬʦʨʤʘʮʠʠ 

ʵʣʝʤʝʥʪʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʙʣʘʩʪʷʭ ʨʠʩ.1, cosVVl  - ʧʨʦʜʦʣʴʥʘʷ 

ʩʦʩʪʘʚʣʷʶʱʘʷ ʣʠʥʝʡʥʦʡ ʩʢʦʨʦʩʪʠ ʯʘʩʪʠʮ ʪʨʫʙʳ ʚ ʦʙʣʘʩʪʠ I,  - ʫʛʦʣ ʥʘʢʣʦʥʘ 

ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʯʘʩʪʠʮ ʪʨʫʙʳ ʢ ʝʸ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʦʙʨʘʟʫʶʱʝʡ, 

ʧʨʠ ʵʪʦʤ  RV sin  

ʇʨʠʤʝʥʝʥʠʝ ʟʘʢʦʥʦʚ ʩʦʭʨʘʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ, ʤʦʤʝʥʪʘ ʠʤʧʫʣʴʩʘ ʠ 

ʧʨʠʚʦʜʠʪ ʢ ʩʣʝʜʫʶʱʠʤ ʩʦʦʪʥʦʰʝʥʠʷʤ ʥʘ ʢʨʫʪʠʣʴʥʦʡ ʚʦʣʥʝ:  

 )1)(cos()cos)(( 2210 eeeEuVub  (2.5) 

 )1)(1(sinsin)( 210 eeGVub  (2.6) 

ʀʤʝʝʪ ʤʝʩʪʦ ʢʠʥʝʤʘʪʠʯʝʩʢʦʝ ʩʦʦʪʥʦʰʝʥʠʝ 

 sin)sin( bV  (2.7) 

ʉʦʚʤʝʩʪʥʦ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ ʥʘ ʧʨʦʜʦʣʴʥʦʡ ʚʦʣʥʝ )( 02 eeau  

ʫʨʘʚʥʝʥʠʷ (2.4 -2.7) ʦʙʨʘʟʫʶʪ ʟʘʤʢʥʫʪʫʶ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ  

21,,,, eeu . 

a b b a 

I II  III  IV  V VI  

0  
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ɼʣʷ ʩʣʫʯʘʷ ʚʦʟʜʝʡʩʪʚʠʷ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʫʛʣʦʚʦʛʦ ʚʨʘʱʝʥʠʷ 0  ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʧʝʨʝʢ ʦʙʨʘʟʫʶʱʠʭ ʪʨʫʙʳ (ʧʨʠ ʫʩʣʦʚʠʠ bR0  ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʤʘʣʳʭ ʫʛʣʦʚ )  ʜʘʥʥʘʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʧʨʠʚʦʜʠʪ ʢ ʨʝʰʝʥʠʷʤ 
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tg 0 ,  
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R
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2
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2
a

R
e  

ʃʠʥʝʘʨʠʟʘʮʠʶ ʩʠʩʪʝʤʳ (2.3) ʤʦʞʥʦ  ʧʨʦʚʝʩʪʠ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. 

ɺʳʙʝʨʝʤ ʚ ʢʘʯʝʩʪʚʝ ʤʘʣʦʛʦ ʧʘʨʘʤʝʪʨʘ ʜʠʥʘʤʠʯʝʩʢʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʧʦʣʥʦʡ 

ʜʝʬʦʨʤʘʮʠʠ 0
~ eee . ʂʨʫʪʠʣʴʥʳʝ ʠ ʧʨʦʜʦʣʴʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʤʦʞʥʦ 

ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʛʦ ʨʷʜʘ ʧʦ ʚʳʙʨʘʥʥʦʤʫ ʧʘʨʘʤʝʪʨʫ 

...),(),(),( 2
2

3

1
2

1

tststs  
2

1 2( , ) ( , ) ( , ) ...x s t X s t X s t  

ʉ ʫʯʝʪʦʤ ʜʘʥʥʳʭ ʨʘʟʣʦʞʝʥʠʡ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʧʨʠʙʣʠʞʝʥʠʷ ʙʫʜʫʪ  
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ʘ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʧʨʠʙʣʠʞʝʥʠʷ ʧʨʠʤʫʪ ʚʠʜ 
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ʆʯʝʚʠʜʥʦ, ʯʪʦ ʫʨʘʚʥʝʥʠʝ (2.8) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʨʘʜʠʮʠʦʥʥʦʝ ʫʨʘʚʥʝʥʠʝ 

ʢʨʫʪʠʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʫʨʘʚʥʝʥʠʝ (2.9)  ʜʣʷ ʧʨʦʜʦʣʴʥʳʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʦʜʥʦʨʦʜʥʦʝ ʫʨʘʚʥʝʥʠʝ. ʇʨʠʯʝʤ ʨʦʣʴ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ (ʠʣʠ ʚʳʥʫʞʜʘʶʱʝʡ ʩʠʣʳ) ʠʛʨʘʶʪ ʢʨʫʪʠʣʴʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ. 

ʈʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ (2.9) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʫʧʝʨʧʦʟʠʮʠʶ ʩʦʙʩʪʚʝʥʥʳʭ 

ʧʨʦʜʦʣʴʥʳʭ ʚʦʣʥ ʠ ʢʦʣʝʙʘʥʠʡ, ʘ ʪʘʢʞʝ ʚʳʥʫʞʜʝʥʥʳʭ ʧʨʦʜʦʣʴʥʳʭ ʚʦʣʥ ʠ 

ʢʦʣʝʙʘʥʠʡ, ʜʝʡʩʪʚʫʶʱʠʭ ʩ ʯʘʩʪʦʪʘʤʠ ʢʨʫʪʠʣʴʥʳʭ, ʧʨʠ ʵʪʦʤ ʚʦʟʤʦʞʥʳ 

ʨʝʟʦʥʘʥʩʥʳʝ ʷʚʣʝʥʠʷ.  ʇʨʦʜʦʣʴʥʘʷ ʠ ʢʨʫʪʠʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʠʝ ʚ ʜʠʥʘʤʠʯʝʩʢʦʝ 

ʥʘʛʨʫʞʝʥʠʝ ʧʨʠ ʢʨʫʯʝʥʠʠ ʦʢʘʟʳʚʘʶʪʩʷ ʦʜʥʦʛʦ ʧʦʨʷʜʢʘ. 

ɿʜʝʩʴ ʞʝ ʧʦʣʫʯʝʥʳ ʨʝʰʝʥʠʷ ʜʣʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʟʘʜʘʯ ʢʨʫʯʝʥʠʷ ʪʦʥʢʦʩʪʝʥʥʦʡ 

ʪʨʫʙʳ. 

ʇʦʣʫʯʝʥʥʘʷ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʟʘʜʘʯʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʧʦʧʝʨʝʯʥʦ-ʧʨʦʜʦʣʴʥʳʭ ʚʦʣʥ ʠ ʢʦʣʝʙʘʥʠʡ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʳʭ 

ʤʝʤʙʨʘʥʘʭ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ 
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ʇʝʨʚʦʝ ʫʨʘʚʥʝʥʠʝ ʩʠʩʪʝʤʳ  - ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʧʦʧʝʨʝʯʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʷʚʣʷʝʪʩʷ 

ʦʜʥʦʨʦʜʥʳʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʪʦʨʦʝ ʠ ʪʨʝʪʴʝ ʫʨʘʚʥʝʥʠʷ ʧʨʦʜʦʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʦ ʜʚʫʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʩʦʜʝʨʞʘʪ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ, ʢʦʪʦʨʳʝ 

ʦʪʨʘʞʘʶʪ ʚʣʠʷʥʠʝ ʧʦʧʝʨʝʯʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ.  

ɺʳʨʘʞʝʥʠʷ ʜʣʷ ʜʝʬʦʨʤʘʮʠʡ ʧʦ ʛʣʘʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʪʘʢʦʚʳ 
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ʇʨʠ ʵʪʦʤ ʧʨʦʜʦʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʧʨʦʠʩʭʦʜʷʪ ʢʘʢ ʥʘ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪʘʭ, 

ʪʘʢ ʠ ʥʘ ʯʘʩʪʦʪʘʭ ʧʦʧʝʨʝʯʥʳʭ ʢʦʣʝʙʘʥʠʡ. ʕʪʦʪ ʚʳʚʦʜ ʘʥʘʣʦʛʠʯʝʥ ʚʳʚʦʜʫ ʦ 

ʥʘʣʠʯʠʠ ʚʳʥʫʞʜʝʥʥʳʭ ʧʨʦʜʦʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʥʘ ʧʦʧʝʨʝʯʥʳʭ ʯʘʩʪʦʪʘʭ ʜʣʷ 

ʥʘʪʷʥʫʪʳʭ ʩʪʨʫʥ. 

ʋʨʘʚʥʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥ ʩʜʚʠʛʘ ʠ ʧʨʦʜʦʣʴʥʳʭ ʚʦʣʥ ʚ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʳʭ ʪʦʥʢʠʭ ʧʣʘʩʪʠʥʘʭ ʧʦʣʫʯʘʶʪʩʷ ʘʥʘʣʦʛʠʯʥʦ 
2 2
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y y
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t s
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ʛʜʝ 2

0

E
a ,  2

2 (1 )

E
b  - ʢʚʘʜʨʘʪʳ ʩʢʦʨʦʩʪʝʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʦʜʦʣʴʥʳʭ ʠ 

ʩʜʚʠʛʦʚʳʭ ʚʦʣʥ. 

ɺʪʦʨʦʝ  ʫʨʘʚʥʝʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʦʜʦʣʴʥʳʭ ʚʦʣʥ ʷʚʣʷʝʪʩʷ ʥʝʦʜʥʦʨʦʜʥʳʤ. ʀʟ 

ʥʝʛʦ ʚʠʜʥʦ, ʯʪʦ ʩʜʚʠʛʦʚʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʷʚʣʷʶʪʩʷ ʚʳʥʫʞʜʘʶʱʝʡ ʩʠʣʦʡ ʜʣʷ 

ʧʨʦʜʦʣʴʥʳʭ. ʄʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʜʣʷ ʦʛʨʘʥʠʯʝʥʥʳʭ ʪʦʥʢʠʭ ʧʣʘʩʪʠʥ ʧʨʦʜʦʣʴʥʳʝ 

ʢʦʣʝʙʘʥʠʷ ʧʨʦʠʩʭʦʜʷʪ ʢʘʢ ʥʘ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪʘʭ, ʪʘʢ ʠ ʥʘ ʯʘʩʪʦʪʘʭ ʩʜʚʠʛʦʚʳʭ 

ʢʦʣʝʙʘʥʠʡ. 

ʅʘʣʠʯʠʝ ʚʳʥʫʞʜʝʥʥʳʭ ʧʨʦʜʦʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʥʘ ʯʘʩʪʦʪʘʭ ʧʦʧʝʨʝʯʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʤʥʦʛʠʭ ʟʘʜʘʯ ʜʣʷ ʪʝʣ ʨʘʟʣʠʯʥʦʡ ʛʝʦʤʝʪʨʠʠ ʧʨʠ 

ʥʘʣʠʯʠʠ ʚ ʥʠʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʘ 

ʨʘʟʣʠʯʥʳʤʠ ʧʨʠʯʠʥʘʤʠ: ʨʘʩʪʷʛʠʚʘʶʱʠʤʠ ʫʩʠʣʠʷʤʠ, ʧʨʠʣʦʞʝʥʥʳʤʠ ʢ ʛʨʘʥʠʮʘʤ 

ʪʚʝʨʜʦʛʦ ʪʝʣʘ, ʠʣʠ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʥʘʛʨʫʟʢʦʡ, ʥʘʧʨʠʤʝʨ, ʩʦʙʩʪʚʝʥʥʳʤ ʚʝʩʦʤ.  

ʅʝʣʠʥʝʡʥʳʝ ʫʨʘʚʥʝʥʠʷ ʧʨʦʜʦʣʴʥʳʭ ʠ ʧʦʧʝʨʝʯʥʳʭ ʜʚʠʞʝʥʠʡ ʪʷʞʝʣʦʛʦ 

ʨʘʩʪʷʞʠʤʦʛʦ ʢʘʥʘʪʘ 
2 2

2 2
cos , sin

x y
T T g

t s t s
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ʉʪʘʪʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʷʤʠ 
2

1 1 0 0 0 0
0

0 0 0 0

sin sin
ln 1

cos cos
c

T T g s T g s T
x s X

E g T T
 

2

1 0 0 1 0 0
0

0 0 0 0

sin sin
1

cos cos
c

T g s T T g s T
y s Y

E T g T
 

ʛʜʝ 
0T , 

1T  - ʥʘʪʷʞʝʥʠʷ ʚ ʪʦʯʢʝ ʧʦʜʚʝʩʘ ʠ ʚ ʥʠʞʥʝʡ ʪʦʯʢʝ ʢʘʥʘʪʘ, 
0
 - ʫʛʦʣ ʥʘʢʣʦʥʘ 

ʢʘʥʘʪʘ ʚ ʪʦʯʢʝ ʧʦʜʚʝʩʘ. ɿʜʝʩʴ 
0X  ʠ 

0Y  ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ. 

ɺ ʩʣʫʯʘʝ ʤʘʣʳʭ ʢʦʣʝʙʘʥʠʡ ʚʙʣʠʟʠ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʫʨʘʚʥʝʥʠʷ ʜʣʷ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʨʦʜʦʣʴʥʳʭ ʠ ʧʦʧʝʨʝʯʥʳʭ ʩʤʝʱʝʥʠʡ x , y  ʪʘʢʦʚʳ 
2 2

1 2 2 32 2

x x y y x y
E L L E L L

t s s s t s s s
 

ʛʜʝ 

2 2

1 2 33 3 3

1 1

, ,
1 11 1 1

c c c c

c c

c cc c c

dx dx dy dy

e eds ds ds ds
L L L

e ee e e
     

2 2

1 c c
c

dx dy
e

ds ds
 - ʩʪʘʪʠʯʝʩʢʘʷ ʯʘʩʪʴ ʜʝʬʦʨʤʘʮʠʠ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʯʘʩʪʠʮʳ ʪʷʞʝʣʦʛʦ ʢʘʥʘʪʘ ʥʘʭʦʜʷʪʩʷ ʚ ʩʦʚʤʝʩʪʥʦʤ ʧʦʧʝʨʝʯʥʦ-

ʧʨʦʜʦʣʴʥʦʤ ʜʚʠʞʝʥʠʠ. 

 

ɺ ʪʨʝʪʴʝʡ ʛʣʘʚʝ ʨʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ ʞʝʩʪʢʦʩʪʠ ʥʘ ʧʨʦʮʝʩʩ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʦʜʦʣʴʥʦ-ʧʦʧʝʨʝʯʥʳʭ ʚʦʣʥ ʠ ʢʦʣʝʙʘʥʠʡ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʨʘʩʪʷʥʫʪʳʭ ʪʦʥʢʠʭ ʩʪʝʨʞʥʷʭ ʠ ʩʪʨʫʥʘʭ. ʅʘʣʠʯʠʝ ʤʘʣʦʡ ʞʝʩʪʢʦʩʪʠ, ʭʘʨʘʢʪʝʨʥʦʡ 

ʜʣʷ ʤʫʟʳʢʘʣʴʥʳʭ ʩʪʨʫʥ, ʧʨʠʚʦʜʠʪ ʢ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʯʘʩʪʦʪ ʚʩʝʛʦ 

ʩʧʝʢʪʨʘ ʧʦʧʝʨʝʯʥʦ-ʧʨʦʜʦʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʠ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʬʦʨʤʳ 

ʩʪʨʫʥʳ ʚ ʤʝʩʪʘʭ ʩʦʫʜʘʨʝʥʠʷ, ʢʨʝʧʣʝʥʠʡ ʠ  ʥʘ ʬʨʦʥʪʝ ʧʦʧʝʨʝʯʥʦʡ ʚʦʣʥʳ. ʇʨʠ ʵʪʦʤ 

ʧʨʦʜʦʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʪʘʢʞʝ ʧʨʦʠʩʭʦʜʷʪ  ʢʘʢ ʥʘ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪʘʭ, ʪʘʢ ʠ ʥʘ 

ʯʘʩʪʦʪʘʭ ʧʦʧʝʨʝʯʥʳʭ ʢʦʣʝʙʘʥʠʡ. ɺʦʟʤʦʞʥʳ ʨʝʟʦʥʘʥʩʥʳʝ ʷʚʣʝʥʠʷ. 

ʋʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʨʘʩʪʷʥʫʪʦʛʦ ʩʪʝʨʞʥʷ ʠʤʝʶʪ ʚʠʜ  
2 2 4 4

0

2 2 4 2 2 2

0 0 0 0

2 2

12 2

2 3 3

1 2 2 3 2

0 0 0 0 0

1 1 (1 ) 1

;

1
,

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

n

n

y Ee y EJ y J y q y
q

t e s e s F e t s e s s

x x
E Z

t s

E y y q y EJ y J y
Z N q N

e s s e s s e s F e s F e t s

s - ʣʘʛʨʘʥʞʝʚʘ ʢʦʦʨʜʠʥʘʪʘ, ʩʦʚʧʘʜʘʶʱʘʷ ʩ ʜʝʢʘʨʪʦʚʦʡ ʧʨʦʜʦʣʴʥʦʡ ʢʦʦʨʜʠʥʘʪʦʡ, 

ʦʪʩʯʠʪʳʚʘʝʤʦʡ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʧʨʷʤʦʣʠʥʝʡʥʦʛʦ ʥʝʨʘʩʪʷʥʫʪʦʛʦ  

ʩʪʝʨʞʥʷ, ʭ, ʫ ð ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʦʜʦʣʴʥʦʝ ʠ ʧʦʧʝʨʝʯʥʦʝ ʩʤʝʱʝʥʠʷ ʩʨʝʜʠʥʥʦʡ 

ʣʠʥʠʠ, ,T N  ʠ , nq q  - ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʪʘʥʛʝʥʮʠʘʣʴʥʦʝ ʠ ʥʦʨʤʘʣʴʥʦʝ ʫʩʠʣʠʷ ʠ ʧʦʛʦʥʥʳʝ 

ʥʘʛʨʫʟʢʠ (ʣʠʥʝʡʥʘʷ ʧʣʦʪʥʦʩʪʴ ʚʥʝʰʥʠʭ ʩʠʣ),  - ʧʣʦʪʥʦʩʪʴ, - ʫʛʦʣ ʥʘʢʣʦʥʘ 

ʩʨʝʜʠʥʥʦʡ ʣʠʥʠʠ ʢ ʧʝʨʚʦʥʘʯʘʣʴʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ ʩʪʝʨʞʥʷ, F  - ʧʣʦʱʘʜʴ ʝʛʦ 
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ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ, J - ʝʛʦ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ, ɽ - ʤʦʜʫʣʴ ʖʥʛʘ,  - ʣʠʥʝʡʥʘʷ 

ʧʣʦʪʥʦʩʪʴ ʚʥʝʰʥʠʭ ʤʦʤʝʥʪʦʚ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ 

ʩʠʤʤʝʪʨʠʯʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʨʝʜʠʥʥʦʡ ʣʠʥʠʠ.  

ɼʣʷ ʟʘʜʘʯʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʧʝʨʝʯʥʳʭ ʚʦʣʥ ʠ ʢʦʣʝʙʘʥʠʡ ʜʣʷ ʪʦʥʢʦʛʦ 

ʩʪʝʨʞʥʷ ʠʣʠ  ʩʪʨʫʥʳ ʩ ʤʘʣʦʡ ʠʟʛʠʙʥʦʡ ʞʝʩʪʢʦʩʪʴʶ ʚ ʩʣʫʯʘʝ ʧʦʧʝʨʝʯʥʦʛʦ ʫʜʘʨʘ ʩ 

ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ 
0V  ʙʳʣʦ ʥʘʡʜʝʥʦ ʨʝʰʝʥʠʝ ʚ ʚʠʜʝ ʙʝʛʫʱʠʭ ʚʦʣʥ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʜʦ ʧʝʨʚʦʛʦ ʦʪʨʘʞʝʥʠʷ ʦʪ ʛʨʘʥʠʮʳ 

10 0
0

1 0 1 00 1 0 1 0 1

0 1 0

1 0 0 1 0 1

( , ) exp

exp 1

eV l V ls s s
y s t V t H t H t s

e a e a la e a e a e

V l e a s s
t H t

e a l a e a e

 

ʛʜʝ 2

2

0(1 )

J

e l F
, 0

1

01

e
e

e
, 

0

E
a  

ɺʦʣʥʦʚʘʷ ʢʘʨʪʠʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʝʛʫʱʫʶ ʩʦ ʩʢʦʨʦʩʪʴʶ 
0 1b a e  

ʧʦʧʝʨʝʯʥʫʶ ʚʦʣʥʫ. ɺʣʠʷʥʠʝ ʞʝʩʪʢʦʩʪʠ  ʩʢʘʟʳʚʘʝʪʩʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʪʦʯʢʠ ʫʜʘʨʘ, 

ʛʜʝ ʚʦʟʥʠʢʘʝʪ ʩʪʘʮʠʦʥʘʨʥʳʡ ʠʟʛʠʙ, ʠ ʚ ʤʘʣʦʡ ʦʙʣʘʩʪʠ ʟʘ ʙʝʛʫʱʝʡ ʧʦʧʝʨʝʯʥʦʡ 

ʚʦʣʥʦʡ. ɺ ʦʢʨʝʩʪʥʦʩʪʷʭ ʵʪʠʭ ʪʦʯʝʢ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʜʘʞʝ ʤʘʣʘʷ 

ʞʝʩʪʢʦʩʪʴ, ʧʨʠʚʦʜʷ ʢ ʦʪʩʫʪʩʪʚʠʶ ʠʟʣʦʤʘ. ʇʨʠ ʵʪʦʤ ʨʘʟʤʝʨ ʵʪʠʭ ʦʙʣʘʩʪʝʡ 

1l e  ʩʦʩʪʘʚʣʷʝʪ 2-3 ʜʠʘʤʝʪʨʘ ʩʪʨʫʥʳ. ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʦʙ ʫʜʘʨʝ ʙʝʟ ʫʯʝʪʘ 

ʞʝʩʪʢʦʩʪʠ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʨʝʰʝʥʠʝ ʜʣʷ ʚʥʝʰʥʝʛʦ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʛʦ 

ʨʘʟʣʦʞʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʜʠʥʘʤʠʢʠ ʩʪʨʫʥʳ ʧʨʠ ʥʘʣʠʯʠʠ ʤʘʣʦʡ ʞʝʩʪʢʦʩʪʠ. 

ʇʦʩʪʨʦʝʥʠʝ ʚʥʫʪʨʝʥʥʝʛʦ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʫʨʘʚʥʝʥʠʡ ʠʟʤʝʥʷʝʪ ʢʘʨʪʠʥʫ ʛʝʦʤʝʪʨʠʠ ʩʪʨʫʥʳ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʪʦʯʢʠ ʫʜʘʨʘ ʠ 

ʙʝʛʫʱʝʡ ʧʦʧʝʨʝʯʥʦʡ ʚʦʣʥʳ. 

ɺ ʦʙʱʝʤ ʚʠʜʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʧʦʧʝʨʝʯʥʳʭ ʢʦʣʝʙʘʥʠʡ ʜʣʷ ʦʛʨʘʥʠʯʝʥʥʦʡ ʩʪʨʫʥʳ ʩ 

ʫʯʝʪʦʤ  ʞʝʩʪʢʦʩʪʠ ʪʘʢʦʚʦ  

1 11 1 1

( , ) sin cos sin ( ) sin cos sin sinn n n n n n n n k
n n n n n k

n n k

bt bt s bt bt s s
y s t A B P s A B F

l l e l l ee l e l e

ʛʜʝ 
kF  - ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʘʟʣʦʞʝʥʠʷ ʚ ʨʷʜ ʧʦ ʬʫʥʢʮʠʷʤ 

0

1

( ) in k
k

s
S s s

e
 ʬʫʥʢʮʠʡ 

1 1

1

( ) cos exp ( 1) exp ( )nn
n

e es
P s s l s

l ll e
, 

1 2n n e n , /nb l  - 

ʯʘʩʪʦʪʳ ʧʦʧʝʨʝʯʥʳʭ ʢʦʣʝʙʘʥʠʡ. 

ʀʟ ʨʝʰʝʥʠʷ (ʚʪʦʨʦʛʦ ʠ ʪʨʝʪʴʝʛʦ ʯʣʝʥʘ ʚ ʚʳʨʘʞʝʥʠʠ ʜʣʷ ( )nP s ) ʚʠʜʥʦ, ʯʪʦ ʚʣʠʷʥʠʝ 

ʞʝʩʪʢʦʩʪʠ ʥʘ ʧʦʧʝʨʝʯʥʳʝ ʢʦʣʝʙʘʥʠʷ ʩʚʦʙʦʜʥʦʡ ʩʪʨʫʥʳ ʩʢʘʟʳʚʘʝʪʩʷ ʚ ʤʝʩʪʘʭ 

ʟʘʜʝʣʢʠ, ʟʦʥʘ ʚʣʠʷʥʠʷ 
1

l

e
 ʪʘʢʞʝ ʧʦʨʷʜʢʘ 2-3 ʜʠʘʤʝʪʨʦʚ. 

ɺ ʨʘʙʦʪʝ ʧʦʣʫʯʝʥʦ ʫʨʘʚʥʝʥʠʝ ʧʨʦʜʦʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʟʘʢʨʝʧʣʝʥʥʦʡ ʩʪʨʫʥʳ  

  
22 2 2 3 3

2 2 2 3 2

0 0

1

2(1 ) (1 )

x x y y y y y

t s e s s e s s s t s s
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʥʫʞʜʝʥʥʳʝ ʧʨʦʜʦʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʯʘʩʪʥʳʤʠ 

ʨʝʰʝʥʠʷʤʠ, ʙʫʜʫʪ ʧʨʦʠʩʭʦʜʠʪʴ ʥʘ ʯʘʩʪʦʪʘʭ, ʨʘʚʥʳʭ ʠʩʭʦʜʥʳʤ ʯʘʩʪʦʪʘʤ ʧʦʧʝʨʝʯʥʳʭ 

ʢʦʣʝʙʘʥʠʡ. ɺ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʯʘʩʪʦʪʘ ʦʪʜʝʣʴʥʳʭ ʤʦʜ ʩʦʙʩʪʚʝʥʥʳʭ ʧʨʦʜʦʣʴʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʩʦʚʧʘʜʘʝʪ ʩ ʯʘʩʪʦʪʦʡ ʚʳʥʫʞʜʝʥʥʳʭ, ʪʦ ʝʩʪʴ ʧʨʠ ʫʩʣʦʚʠʠ 

0 1 0 0
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2
k

ka e ka na

l l l
, ʚʦʟʥʠʢʘʝʪ ʷʚʣʝʥʠʝ ʨʝʟʦʥʘʥʩʘ ʤʝʞʜʫ ʵʪʠʤʠ ʬʦʨʤʘʤʠ 

ʢʦʣʝʙʘʥʠʡ. 

 

ɺ ʛʣʘʚʝ 4 ʢɻʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘʟʘʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʚʳʥʫʞʜʝʥʥʳʭ 

ʧʨʦʜʦʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʥʘ ʯʘʩʪʦʪʘʭ ʧʦʧʝʨʝʯʥʳʭ ʢʦʣʝʙʘʥʠʡ ʜʣʷ ʛʠʙʢʠʭ 

ʜʝʬʦʨʤʠʨʫʝʤʳʭ ʩʪʨʫʥ. ɺʢʣʘʜ ʧʨʦʜʦʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚ ʜʠʥʘʤʠʯʝʩʢʦʝ 

ʥʘʛʨʫʞʝʥʠʝ ʩʪʨʫʥʳ ʠ ʵʣʝʤʝʥʪʦʚ ʢʨʝʧʣʝʥʠʷ ʧʨʠʩʦʝʜʠʥʝʥʥʳʭ ʢ ʥʝʡ ʜʝʪʘʣʝʡ 

ʦʢʘʟʳʚʘʝʪʩʷ ʦʜʥʦʛʦ ʧʦʨʷʜʢʘ ʩ ʧʦʧʝʨʝʯʥʳʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʧʦʢʘʟʘʥʦ ʷʚʣʝʥʠʝ ʨʝʟʦʥʘʥʩʘ ʤʝʞʜʫ ʤʦʜʘʤʠ ʩʦʙʩʪʚʝʥʥʳʭ ʧʨʦʜʦʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʠ 

ʤʦʜʘʤʠ ʧʦʧʝʨʝʯʥʳʭ ʢʦʣʝʙʘʥʠʡ. 

ʋʩʪʘʥʦʚʢʘ  ʠ ʩʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩ.4.1 ʠ 4.2.  

 
ʈʠʩ.4.1ʋʩʪʘʥʦʚʢʘ    ʈʠʩ. 4.2. ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ. 

(ʏʘʩʪʠ ʩʪʨʫʥʳ: I ï ʚ ʢʦʪʦʨʦʡ ʚʦʟʤʦʞʥʳ ʧʦʧʝʨʝʯʥʳʝ ʢʦʣʝʙʘʥʠʷ, II - ʤʝʞʜʫ 

ʢʨʝʧʣʝʥʠʷʤʠ ɸ, ɺ, III  ï ʟʘʢʨʝʧʣʝʥʥʘʷ ʥʘ ʜʝʢʝ , IV ï ʜʝʢʘ ʛʠʪʘʨʳ.)  

 

ɺ ʩʠʣʫ ʦʩʦʙʦʡ ʤʘʣʦʩʪʠ ʘʤʧʣʠʪʫʜʳ ʧʨʦʜʦʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʠ ʩʣʦʞʥʦʩʪʠ ʚ 

ʦʧʨʝʜʝʣʝʥʠʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʩʪʨʫʥʝ ʚ 

ʧʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ, ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʩʦʝʜʠʥʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʨʝʟʦʥʘʪʦʨʥʘʷ ʜʝʢʘ ʛʠʪʘʨʳ. ɼʣʠʥʥʘʷ ʩʪʨʫʥʘ ʟʘʢʨʝʧʣʷʝʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʦʜʠʥ 

ʝʸ ʢʦʥʝʮ ʧʨʠʩʦʝʜʠʥʝʥ ʢ ʜʝʢʝ, ʘ ʜʨʫʛʦʡ ï ʞʝʩʪʢʦ ʥʘ ʢʦʣʢʝ ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʠ 

ʨʝʛʫʣʠʨʦʚʢʠ ʥʘʯʘʣʴʥʦʛʦ ʥʘʪʷʞʝʥʠʷ. ʉʪʨʫʥʘ ʨʘʟʜʝʣʝʥʘ ʥʘ ʪʨʠ ʯʘʩʪʠ  ʜʚʫʤʷ 

ʞʝʩʪʢʠʤʠ ʥʝʧʦʜʚʠʞʥʳʤʠ ʢʨʝʧʣʝʥʠʷʤʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʝʡ ʜʚʠʛʘʪʴʩʷ ʥʘ ʥʠʭ ʚ 

ʧʨʦʜʦʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʥʝ ʠʩʧʳʪʳʚʘʷ ʧʨʠ ʵʪʦʤ ʧʦʧʝʨʝʯʥʳʭ ʜʚʠʞʝʥʠʡ. 

ʕʢʩʧʝʨʠʤʝʥʪ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ  ʩʨʘʚʥʠʪʴ ʥʘʪʷʞʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ 

ʩʪʨʫʥʝ, ʜʠʥʘʤʠʯʝʩʢʦʝ ʥʘʛʨʫʞʝʥʠʝ, ʦʢʘʟʳʚʘʝʤʦʝ ʥʘ ʧʨʠʩʦʝʜʠʥʝʥʥʳʡ ʢ ʥʝʡ 

ʵʣʝʤʝʥʪ ʠ ʚʦʟʥʠʢʘʶʱʠʝ ʩʧʝʢʪʨʳ ʢʦʣʝʙʘʥʠʡ ʚ ʜʚʫʭ ʩʣʫʯʘʷʭ: 1) ʧʨʠ ʧʦʧʝʨʝʯʥʳʭ 

ʢʦʣʝʙʘʥʠʷʭ ʩʪʨʫʥʳ, ʪʦ ʝʩʪʴ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʯʘʩʪʠ III  ʩʪʨʫʥʳ, ʥʘʭʦʜʷʱʝʡʩʷ ʥʘ 
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ʛʠʪʘʨʝ 2) ʧʨʠ ʚʳʥʫʞʜʝʥʥʦʤ ʧʨʦʜʦʣʴʥʦʤ ʜʚʠʞʝʥʠʠ ʩʪʨʫʥʳ, ʠʩʪʦʯʥʠʢʦʤ ʢʦʪʦʨʦʛʦ 

ʷʚʣʷʶʪʩʷ ʧʦʧʝʨʝʯʥʳʝ ʢʦʣʝʙʘʥʠʷ ʚ ʯʘʩʪʠ ʩʪʨʫʥʳ I, ʢʦʪʦʨʘʷ ʥʝ ʧʨʠʢʨʝʧʣʝʥʘ ʢ ʜʝʢʝ. 

ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʯʘʩʪʴ ʩʪʨʫʥʳ III  ʜʣʠʥʳ 
3 65l ʩʤ, ʟʘʢʨʝʧʣʝʥʥʘʷ ʥʘ ʜʝʢʝ, 

ʚʦʟʙʫʞʜʘʝʪʩʷ ʧʦʧʝʨʝʯʥʳʤ ʫʜʘʨʦʤ, ʠ ʧʦʧʝʨʝʯʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ ʧʝʨʝʜʘʶʪʩʷ ʥʘ ʜʝʢʫ. 

ɺʦ ʚʪʦʨʦʤ - ʜʚʝ ʯʘʩʪʠ ʩʪʨʫʥʳ II , III  (ʯʘʩʪʴ 
3 65l ʩʤ, ʢʦʪʦʨʘʷ ʧʨʠʢʨʝʧʣʝʥʘ ʢ ʜʝʢʝ, ʠ 

ʯʘʩʪʴ, ʢʦʪʦʨʘʷ ʥʘʭʦʜʠʪʩʷ ʤʝʞʜʫ ʨʘʟʜʝʣʠʪʝʣʴʥʳʤʠ ʢʨʝʧʣʝʥʠʷʤʠ, ʨʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ  
2l ) ʜʝʤʧʬʠʨʫʶʪʩʷ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʠʩʢʣʶʯʠʪʴ ʨʘʟʚʠʪʠʝ ʚ ʥʠʭ 

ʧʦʧʝʨʝʯʥʳʭ ʢʦʣʝʙʘʥʠʡ. ʇʨʦʜʦʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʧʨʠ ʵʪʦʤ ʥʝ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ. 

ʏʘʩʪʴ ʩʪʨʫʥʳ I ʜʣʠʥʳ 
1 365l ʩʤ l ʤʦʞʝʪ ʩʚʦʙʦʜʥʦ ʢʦʣʝʙʘʪʴʩʷ ʚ ʧʦʧʝʨʝʯʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ. ʆʥʘ ʠ ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʚʳʥʫʞʜʝʥʥʳʭ ʧʨʦʜʦʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʥʘ ʯʘʩʪʦʪʘʭ ʧʦʧʝʨʝʯʥʳʭ ʢʦʣʝʙʘʥʠʡ. 

ʀʩʩʣʝʜʦʚʘʣʘʩʴ ʟʘʚʠʩʠʤʦʩʪʴ ʘʤʧʣʠʪʫʜʳ ʟʚʫʢʘ, ʠʟʜʘʚʘʝʤʦʛʦ ʜʝʢʦʡ, ʘ ʪʘʢʞʝ ʝʛʦ 

ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʪ ʧʨʠʢʣʘʜʳʚʘʝʤʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ.  

ʅʘ ʈʠʩ.4.3-4.6 ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝʢʦʪʦʨʳʝ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɹʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʧʦʧʝʨʝʯʥʦʛʦ ʠ  ʩʣʫʯʘʝ ʧʦʧʝʨʝʯʥʦ-ʧʨʦʜʦʣʴʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʡ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ ʨʘʟʣʠʯʘʶʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ.  

ʉʧʝʢʪʨʳ ʢʦʣʝʙʘʥʠʡ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʣʫʯʘʝʚ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʳ ʜʣʷ ʩʪʨʫʥʳ ʩ 

ʙʦʣʴʰʠʤ ʤʦʜʫʣʝʤ ʫʧʨʫʛʦʩʪʠ. ɹʳʣʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʚʣʠʷʥʠʝ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ 

ʥʘ ʧʝʨʝʜʘʯʫ ʧʨʦʜʦʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʚ ʜʝʢʫ.  

 
ʈʠʩ.4.3 ʇʦʧʝʨʝʯʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚ ʯʘʩʪʠ III . ʈʠʩ.4.4 ʇʦʧʝʨʝʯʥʦ-ʧʨʦʜʦʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚ ʯʘʩʪʠ I. 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʦʪʘ 440 ɻʮ (ʥʦʪʘ ʃʷ ʧʝʨʚʦʡ ʦʢʪʘʚʳ). 

ʆʙʦʙʱʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʦʪʥʦʰʝʥʠʷ ʘʤʧʣʠʪʫʜ ʜʣʷ ʩʪʘʣʴʥʳʭ ʩʪʨʫʥ 1

3

0,96
A

A
 ʠ 

ʜʣʷ ʥʝʡʣʦʥʦʚʳʭ ʩʪʨʫʥ 1

3

0,79
A

A
 ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʥʘʪʷʞʝʥʠʡ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ 

ʧʨʦʜʦʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʩʪʨʫʥʳ ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʤʝʭʘʥʠʯʝʩʢʠʡ ʢʦʣʝʙʘʥʠʡ 

ʧʨʠʢʨʝʧʣʝʥʥʦʛʦ ʢ ʥʝʡ ʵʣʝʤʝʥʪʘ. 

ʋʩʣʦʚʠʝʤ ʨʝʟʦʥʘʥʩʘ ʜʣʷ ʯʘʩʪʦʪ ʧʦʧʝʨʝʯʥʳʭ ʠ ʧʨʦʜʦʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʚ 

ʥʘʩʪʦʷʱʝʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʷʚʣʷʝʪʩʷ ʚʳʧʦʣʥʝʥʠʝ  ʩʣʝʜʫʶʱʠʭ ʩʦʦʪʥʦʰʝʥʠʡ 
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ʛʜʝ 1 2 3l l l L  - ʜʣʠʥʘ ʩʪʨʫʥʳ, 1,2,...n , 1,2,...k - ʮʝʣʳʝ ʯʠʩʣʘ.  
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ʆʙʥʘʨʫʞʝʥʦ ʨʝʟʦʥʘʥʩʥʦʝ ʫʩʠʣʝʥʠʝ ʤʝʞʜʫ ʵʪʠʤʠ ʛʘʨʤʦʥʠʢʘʤʠ ʧʨʦʜʦʣʴʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʠ ʧʝʨʚʦʡ, ʚʪʦʨʦʡ ʠ ʪʨʝʪʴʝʡ 1,2,3k  ʛʘʨʤʦʥʠʢʘʤʠ ʧʦʧʝʨʝʯʥʳʭ. 

ʅʘʧʨʠʤʝʨ, ʜʣʷ ʥʝʡʣʦʥʦʚʦʡ ʩʪʨʫʥʳ ʧʨʠ 380L ʩʤ ʧʝʨʚʳʝ ʤʦʜʳ ʧʨʦʜʦʣʴʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʠʤʝʶʪ ʯʘʩʪʦʪʳ 
1 21174 , 2348ɻʮ ɻʮ. ʅʘ ʈʠʩ.4.5 ʚʠʜʥʦ ʫʩʠʣʝʥʠʝ 

ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ ʥʘ ʯʘʩʪʦʪʝ ʧʝʨʚʦʡ ʛʘʨʤʦʥʠʢʠ. 

 

 

ʈʠʩ.4.5. ʈʝʟʦʥʘʥʩʥʦʝ ʫʩʠʣʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ ʥʘ ʯʘʩʪʦʪʝ ʧʝʨʚʦʡ ʤʦʜʳ 

ʧʨʦʜʦʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ. 

ʊʘʢʦʡ ʞʝ ʨʝʟʫʣʴʪʘʪ ʙʳʣ ʧʦʣʫʯʝʥ ʠ ʜʣʷ ʩʪʘʣʴʥʦʡ ʩʪʨʫʥʳ. ʅʘ ʈʠʩ.4.6 

ʧʨʝʜʩʪʘʚʣʝʥ ʨʝʟʫʣʴʪʘʪ ʫʩʠʣʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʚ ʦʙʣʘʩʪʠ ʪʨʝʪʴʝʡ ʛʘʨʤʦʥʠʢʠ, 

ʯʘʩʪʦʪʘ ʢʦʪʦʨʦʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʚʦʡ ʤʦʜʝ ʧʨʦʜʦʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ. 

 

ʈʠʩ.4.6. ʈʝʟʦʥʘʥʩʥʦʝ ʫʩʠʣʝʥʠʝ 

ʘʤʧʣʠʪʫʜʳ ʪʨʝʪʴʝʡ ʛʘʨʤʦʥʠʢʠ ʥʘ 

ʯʘʩʪʦʪʝ ʧʝʨʚʦʡ ʤʦʜʳ ʧʨʦʜʦʣʴʥʳʭ 

ʢʦʣʝʙʘʥʠʡ 1320 ɻʮ. 

 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘʣʠʯʠʝ ʩʠʣʴʥʳʭ ʦʙʝʨʪʦʥʦʚ ʙʣʘʛʦʧʨʠʷʪʥʦ ʩʢʘʟʳʚʘʝʪʩʷ 

ʥʘ ʟʚʫʯʘʥʠʠ ʤʫʟʳʢʘʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. 

ɺ ʛʣʘʚʝ 5 ʨʘʩʩʤʦʪʨʝʥʳ ʟʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ ʢʦʣʝʙʘʥʠʷʤʠ ʨʘʩʪʷʥʫʪʦʡ ʩʪʨʫʥʳ 

ʧʨʠ ʧʦʤʦʱʠ ʫʧʨʘʚʣʝʥʠʷ ʛʨʘʥʠʯʥʳʤʠ ʨʝʞʠʤʘʤʠ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʨʦʜʘ. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʘʯʘʣʴʥʦ-ʢʨʘʝʚʘʷ ʟʘʜʘʯʘ ʧʨʦʜʦʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʪʨʫʥʳ 

ʜʣʠʥʳ l  ʜʣʷ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʧʝʨʚʦʛʦ ʨʦʜʘ ʪʘʢʦʚʘ 
22 2 2

2

22 2

0

1 2

( , ), ( , )
2 1

(0, ) ( ), ( , ) ( ), ( ,0) ( ), ( ,0) ( )

 

y y

t

x x a y
a f s t f s t

t s s se

x t t x l t t x s s x s s
 (5.1) 

ʋʩʣʦʚʠʷ ʩʦʛʣʘʩʦʚʘʥʠʷ 
1 2 1 2(0) (0), (0) ( ), (0) (0), (0) ( )t tl l . 

ɿʜʝʩʴ ʥʝʦʜʥʦʨʦʜʥʳʝ ʯʣʝʥʳ ( , )yf s t  ʚ ʫʨʘʚʥʝʥʠʠ  ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ʜʣʷ ʧʦʧʝʨʝʯʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ.  

ɿʘʜʘʯʘ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʜʦʣʴʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʩʪʨʫʥʳ - ʟʘ ʥʝʢʦʪʦʨʳʡ ʦʪʨʝʟʦʢ 

ʚʨʝʤʝʥʠ  T  ʧʝʨʝʚʝʩʪʠ ʩʪʨʫʥʫ ʠʟ ʩʦʩʪʦʷʥʠʷ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʨʦʜʦʣʴʥʳʭ 
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ʩʦʩʪʘʚʣʷʶʱʠʭ ʢʦʦʨʜʠʥʘʪ ʠ ʩʢʦʨʦʩʪʝʡ ʯʘʩʪʠʮ ʩʪʨʫʥʳ ( ,0) ( ), ( ,0) ( )tx s s x s s, ʚ 

ʩʦʩʪʦʷʥʠʝ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ ʠ ʩʢʦʨʦʩʪʷʤʠ ( , ) ( ), ( , ) ( )tx s T s x s T s. 

1. ɿʘʜʘʯʘ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʜʦʣʴʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʩʪʨʫʥ ʧʨʦʜʦʣʴʥʳʤ 

ʛʨʘʥʠʯʥʳʤ ʨʝʞʠʤʦʤ ʥʘ ʦʜʥʦʤ ʢʦʥʮʝ 0s  ʧʨʠ ʟʘʢʨʝʧʣʝʥʥʦʤ ʜʨʫʛʦʤ s l .  
ʇʨʝʜʩʪʘʚʠʤ  ʨʝʰʝʥʠʝ ʜʣʷ (5.1) ʚ ʚʠʜʝ ʩʫʤʤʳ ʨʝʰʝʥʠʡ ʩʣʝʜʫʶʱʠʭ ʜʚʫʭ 

ʥʘʯʘʣʴʥʦ-ʢʨʘʝʚʳʭ ʟʘʜʘʯ 
1 2( , ) ( , ) ( , )x s t x s t x s t 

22 2 2
21 1

22 2

0

1 1 1 1

( , ), ( , )
2 1

(0, ) 0, ( , ) 0, ( ,0) ( ), ( ,0) ( )

 

y y

t

x x a y
a f s t f s t

t s s se

x t x l t x s s x s s

(5.2) 

2 2
22 2

2 2

2 1 2

2 2

(0, ) ( ), ( , ) 0

( ,0) 0, ( ,0) 0

 

t

x x
a

t s

x t t x l t

x s x s

 (5.3) 

ʇʨʠ ʫʩʣʦʚʠʷʭ ʩʦʛʣʘʩʦʚʘʥʠʷ ʜʣʷ ʟʘʜʘʯʠ (5.3) 
1(0) 0, ʧʨʠ ʵʪʦʤ ʧʦʣʘʛʘʝʤ 

2( ) 0t . 

ʈʝʰʝʥʠʝ ʜʣʷ ʧʝʨʚʦʡ ʟʘʜʘʯʠ ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥʦ ʤʝʪʦʜʘʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʬʠʟʠʢʠ. ʏʪʦʙʳ ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ ʩʠʩʪʝʤʳ (5.1), ʜʦʩʪʘʪʦʯʥʦ ʟʘ ʚʨʝʤʷ 

T  ʧʝʨʝʚʝʩʪʠ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ (5.3) ʠʟ ʩʦʩʪʦʷʥʠʷ ʧʦʢʦʷ 
2 2( ,0) 0, ( ,0) 0tx s x s  ʚ 

ʩʦʩʪʦʷʥʠʝ 
2 1 2 1( , ) ( ) ( , ) ( ), ( , ) ( ) ( , ) ( )t tx s T s x s T s x s T s x s T s% % . 

ʅʘʧʨʠʤʝʨ, ʜʣʷ ʩʣʫʯʘʷ 0
l

T
a

 

/ /

1

0

1
( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) (0)

2

t t l a l a T

lT T tT
a

t z dz t T z dz l aT z dz aT at z dz l aT% % % % %  

ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʩʦʛʣʘʩʦʚʘʥʠʷ ʤʝʞʜʫ ʥʘʯʘʣʴʥʳʤʠ ʠ ʬʠʥʘʣʴʥʳʤʠ 

ʫʩʣʦʚʠʷʤʠ. 

2. ɿʘʜʘʯʘ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʜʦʣʴʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʩʪʨʫʥ ʧʦʧʝʨʝʯʥʳʤ 

ʛʨʘʥʠʯʥʳʤ ʨʝʞʠʤʦʤ ʥʘ ʦʜʥʦʤ ʢʦʥʮʝ 0s  ʧʨʠ ʟʘʢʨʝʧʣʝʥʥʦʤ ʜʨʫʛʦʤ s l .  

ɺ ʩʠʣʫ ʣʠʥʝʡʥʦʩʪʠ ʟʘʜʘʯʠ ʜʣʷ ( , )y s t  ʟʜʝʩʴ ʨʘʩʩʤʦʪʨʠʤ ʪʦʣʴʢʦ ʚʣʠʷʥʠʝ 

ʧʦʧʝʨʝʯʥʦʛʦ ʛʨʘʥʠʯʥʦʛʦ ʨʝʞʠʤʘ (0, ) ( )y t t ʧʨʠ ʥʫʣʝʚʳʭ ʥʘʯʘʣʴʥʳʭ ʦʪʢʣʦʥʝʥʠʷʭ 

ʠ ʩʢʦʨʦʩʪʷʭ ʧʦʧʝʨʝʯʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ.  ɺʳʙʝʨʝʤ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ 
l

T
a
. ɼʣʷ 

ʨʝʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ b a , ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʬʠʥʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʧʨʠ 0
l l

T
a b

 

ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ʧʦʧʝʨʝʯʥʳʭ ʢʦʣʝʙʘʥʠʡ ʧʨʝʜʩʪʘʚʠʤ ʚ ʚʠʜʝ ʙʝʛʫʱʝʡ ʚʦʣʥʳ 

( , )
s s s

y s t t H t t
b b b

, (ʜʘʣʝʝ ʯʝʨʪʦʯʢʠ ʦʧʫʱʝʥʳ). ɺʳʨʘʞʝʥʠʝ ʜʣʷ 

( , )yf s t

a
 ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʪʘʢ 

2 3

0

( , )

(1 )

yf s t a s s
t t

a e b b b
. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʯʥʦʛʦ ʨʝʞʠʤʘ (0, ) ( )y t t ʜʦʩʪʘʪʦʯʥʦ ʥʘʡʪʠ ʨʝʰʝʥʠʝ ʜʣʷ 

ʧʨʦʠʟʚʦʜʥʦʡ ( )t . ɺʦʩʧʦʣʴʟʫʝʤʩʷ ʤʝʪʦʜʦʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʋʨʘʚʥʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ  ʫʩʣʦʚʠʷ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʜʣʷ ʫʨʘʚʥʝʥʠʷ 

ʧʨʦʜʦʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʪʘʢʦʚʳ: ds adt 
( , )y

t s

f s t
dx adx ds

a
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ʛʜʝ t

x
x

t
 - ʩʢʦʨʦʩʪʠ ʠ s

x
x

s
 ʧʨʦʜʦʣʴʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʜʝʬʦʨʤʘʮʠʠ ʯʘʩʪʠʮ 

ʩʪʨʫʥʳ.  

ʅʘʯʘʣʴʥʳʝ ʠ ʬʠʥʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʩʤʝʱʝʥʠʡ ʠ ʩʢʦʨʦʩʪʝʡ ʫʨʘʚʥʝʥʠʷ 

ʧʨʦʜʦʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʤʦʛʫʪ ʙʳʪʴ ʟʘʤʝʥʝʥʳ ʥʘ ʥʘʯʘʣʴʥʳʝ ʠ ʬʠʥʘʣʴʥʳʝ ʫʩʣʦʚʠʷ 

ʜʣʷ ʧʨʦʜʦʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪ ʩʢʦʨʦʩʪʝʡ ʠ ʜʝʬʦʨʤʘʮʠʡ 

( ,0) ( )
x

s s
t

, ( ,0) ( )s

x
s s

s
, ( , ) ( )

x
s T s

t
, ( , ) ( )s

x
s T s

s
 

ʇʦʣʦʞʠʤ ʪʘʢʞʝ (0, ) ( , ) 0
x x

t l t
t t

. 

ɼʣʷ ʩʣʫʯʘʷ bT s l ʠʟ ʫʩʣʦʚʠʡ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʧʦʣʫʯʘʝʤ ʩʣʝʜʫʶʱʫʶ 

ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ 
2

2 2

2 2 2

0

, ,0 , ,0 0
(1 ) ( )

, ,0 , ,0

t t s s

t t s s

a l s
x s T x l s a x s T x l s

e b a b a

x s T x l s a x s T x l s

 (5.4) 

ɼʣʷ ʩʣʫʯʘʷ s bTʠʟ ʫʩʣʦʚʠʡ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʧʦʣʫʯʘʝʤ ʧʦʩʣʝ ʚʳʯʠʩʣʝʥʠʷ 

ʠʥʪʝʛʨʘʣʦʚ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ 
2

2 2

2 2

0

2
2 2 2 2

2 2 2 2

0 0

, ,0 , ,0 0
2(1 ) ( )

, ,0 , ,0

1
0

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

t t s s

t t s s

a l s
x s T x l s a x s T x l s

e b a b a b

x s T x l s a x s T x l s

l s l s a l s

e b a b a b a e b a b a

 (5.5) 

ʅʝʦʙʭʦʜʠʤʳʤʠ ʫʩʣʦʚʠʷʤʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʨʝʰʝʥʠʷ t  ʜʣʷ 

ʟʘʜʘʯʠ ʛʨʘʥʠʯʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʫʩʣʦʚʠʷ ʩʦʛʣʘʩʦʚʘʥʠʷ ʜʣʷ 

ʬʫʥʢʮʠʡ ( ), ( ), ( ), ( )s ss s s s ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʩʠʩʪʝʤ (5.4) ʠ (5.5) ʠ ʫʩʣʦʚʠʡ 

ʟʘʢʨʝʧʣʝʥʠʷ 
( ) ( ) 0l l  

( ) ( ) ( ) ( ) 0s ss l s a s a l s    ʧʨʠ bT s l  

( )

s s

b b b b
b s l s a s a l s

a a a a

a b s l s

 ʧʨʠ  

ʀʟ ʧʝʨʚʦʛʦ ʫʨʘʚʥʝʥʠʷ ʩʠʩʪʝʤʳ (5.5) ʧʦʣʫʯʘʝʤ ʨʝʰʝʥʠʝ  

  

ʧʨʠ  

ʇʦʜʩʪʘʚʣʷʷ ʜʘʥʥʦʝ ʨʝʰʝʥʠʝ ʚʦ ʚʪʦʨʦʝ ʫʨʘʚʥʝʥʠʝ ʩʠʩʪʝʤʳ (5.5), ʘ ʪʘʢʞʝ 

ʠʟ ʧʝʨʚʦʛʦ ʫʨʘʚʥʝʥʠʷ ʩʠʩʪʝʤʳ (5.4) ʧʦʣʫʯʠʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʬʫʥʢʮʠʠ, 

ʦʧʨʝʜʝʣʷʶʱʝʡ ʛʨʘʥʠʯʥʳʡ ʨʝʞʠʤ 

 ʧʨʠ  


