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ʆɹʑɸʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʈɸɹʆʊʓ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ. ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤʘʭ ʦʨʠʝʥʪʘʮʠʠ, ʩʪʘʙʠʣʠʟʘʮʠʠ 

(ʉʆʉ) ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ (ʂɸ) ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʜʚʘ ʪʠʧʘ 

ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʦʨʛʘʥʦʚ: ʫʧʨʘʚʣʷʶʱʠʝ ʜʚʠʛʘʪʝʣʠ-ʤʘʭʦʚʠʢʠ (ʋɼʄ) ʠ ʩʠʣʦʚʳʝ 

ʛʠʨʦʩʢʦʧʠʯʝʩʢʠʝ ʧʨʠʙʦʨʳ (ʉɻʇ). ɼʣʷ ʧʦʚʦʨʦʪʦʚ ʢʦʨʧʫʩʘ ʂɸ ʚ ʦʨʙʠʪʘʣʴʥʦʡ 

ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʋɼʄ ʩʦʟʜʘʶʪ ʜʠʥʘʤʠʯʝʩʢʠʝ ʤʦʤʝʥʪʳ, ʘ ʉɻʇ ï ʤʦʤʝʥʪʳ 

ʛʠʨʦʩʢʦʧʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ. ʊʝ ʠ ʜʨʫʛʠʝ ʤʦʤʝʥʪʳ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʚʝʣʠʯʠʥʝ 

ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʫʧʨʘʚʣʝʥʠʷ ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʨʝʞʠʤʳ ʧʨʝʮʠʟʠʦʥʥʦʡ 

ʩʪʘʙʠʣʠʟʘʮʠʠ, ʘ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʚ ʜʦʧʦʣʥʝʥʠʠ ʢ ʧʨʝʮʠʟʠʦʥʥʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ, 

ʧʨʦʛʨʘʤʤʥʳʝ ʧʦʚʦʨʦʪʳ, ʧʨʠʯʝʤ ʋɼʄ ʥʘʭʦʜʪ̫ ʙʦʣʝʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʧʝʨʚʦʤ ʩʣʫʯʘʝ, ʘ ʉɻʇ ï ʚʦ ʚʪʦʨʦʤ. 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʧʦʩʪʨʦʝʥʠʷ ʉʆʉ ʂɸ ʥʘ ʦʩʥʦʚʝ ʉɻʇ ʧʦʜʨʦʙʥʦ 

ʦʩʚʝʱʝʥʳ ʚ ʨʘʙʦʪʘʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʘʚʪʦʨʦʚ: ɺ. ɺ. ʈʘʫʰʝʥʙʘʭ, ɽ. ʅ. ʊʦʢʘʨʴ, 

ʅ. ʅ. ʐʝʨʝʤʝʪʴʝʚʩʢʠʡ, ɼ. ʄ. ɺʝʡʥʙʝʨʛ, ɺ. ʅ. ɺʘʩʠʣʴʝʚ, ɼ. ʉ. ʇʝʣʴʧʦʨ, ʪʘʢ ʠ 

ʟʘʨʫʙʝʞʥʳʭ ɸ. ɼ. ɼʞʝʢʦʪ, R. M. Berner, W. H. Steyn., H. H. Kurokawa. 

ʀʩʢʣʶʯʠʪʝʣʴʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠ ̫ ʉɻʇ ʚ ʉʆʉ ʂɸ ʦʩʥʦʚʘʥʦ ʥʘ ʩʣʝʜʫʶʱʠʭ 

ʩʚʦʡʩʪʚʘʭ: 

ï ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʙʦʣʴʰʠʭ ʫʧʨʘʚʣʷʶʱʠʭ ʛʠʨʦʩʢʦʧʠʯʝʩʢʠʭ ʤʦʤʝʥʪʦʚ, 

ʢʘʢ ʧʨʦʠʟʚʝʜʝʥʠʝ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ H  ʥʘ ʫʛʣʦʚʫʶ ʩʢʦʨʦʩʪʴ j ʧʦʚʦʨʦʪʘ 

ʨʘʤʢʠ ʢʘʨʜʘʥʦʚʘ ʧʦʜʚʝʩʘ; 

ï ʥʝʙʦʣʴʰʠʝ ʧʝʨʝʧʘʜʳ ʧʦʪʨʝʙʣʷʝʤʦʡ ʤʦʱʥʦʩʪʠ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ ʤʦʤʝʥʪʦʤ 

ʠʟ-ʟʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ ʚʝʥʪʠʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ (ɺɼ); 

ï ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʝʞʠʤʘ ʧʘʩʩʠʚʥʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ʙʣʘʛʦʜʘʨʷ 

ʧʦʩʪʦʷʥʩʪʚʫ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ; 

ï ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʩʦʟʜʘʥʠʷ ʫʧʨʘʚʣʷʶʱʠʭ ʤʦʤʝʥʪʦʚ ʂɸ (ʤʦʤʝʥʪʦʚ 

ʛʠʨʦʩʢʦʧʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ). 

ʉʠʣʦʚʳʝ ʛʠʨʦʩʢʦʧʠʯʝʩʢʠʝ ʧʨʠʙʦʨʳ ʢʘʢ ʪʝʭʥʠʯʝʩʢʦʝ ʫʩʪʨʦʡʩʪʚʦ ʜʦʩʪʘʪʦʯʥʦ 

ʩʣʦʞʥʳ, ʪʘʢ ʢʘʢ ʚ ʠʭ ʩʦʩʪʘʚ ʚʭʦʜʷʪ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʵʣʝʢʪʨʦʥʥʳʝ 

ʫʩʪʨʦʡʩʪʚʘ: ʚʳʩʦʢʦʦʙʦʨʦʪʥʳʝ ʧʦʜʰʠʧʥʠʢʦʚʳʝ ʦʧʦʨʳ, ʪʦʯʥʳʝ ʜʘʪʯʠʢʠ ʠ ʩʠʩʪʝʤʘ 

ʠʟʤʝʨʝʥʠʷ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʨʘʤʢʠ ʧʦʜʚʝʩʘ (ʉʀʋ), ʧʨʝʮʠʟʠʦʥʥʳʡ ʨʝʜʫʢʪʦʨ, 

ʪʦʢʦʧʦʜʚʦʜ ʥʘ ʧʦʜʚʠʞʥʫʶ ʨʘʤʢʫ ʢʘʨʜʘʥʦʚʘ ʧʦʜʚʝʩʘ, ʪʦʯʥʘʷ ʩʠʩʪʝʤʘ ʯʘʩʪʦʪʥʦ-

ʪʦʢʦʚʦʛʦ ʫʧʨʘʚʣʝʥʠ ̫ʚʝʥʪʠʣʴʥʳʤ ʜʚʠʛʘʪʝʣʝʤ ʨʘʤʢʠ ʧʦʜʚʝʩʘ. ʊʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ 

ʩʠʩʪʝʤ ʦʨʠʝʥʪʘʮʠʠ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʂɸ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʫʞʝʩʪʦʯʝʥʠʝʤ ʚʟʘʠʤʥʦ 

ʧʨʦʪʠʚʦʨʝʯʠʚʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʉɻʇ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦ ʤʘʩʩʝ, ʛʘʙʘʨʠʪʘʤ, 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʶ, ʩʨʦʢʫ ʩʣʫʞʙʳ, ʥʘʜʝʞʥʦʩʪʠ, ʙʳʩʪʨʦʜʝʡʩʪʚʠʶ, ʪʦʯʥʦʩʪʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʫʛʣʘ ʧʦʣʦʞʝʥʠʷ ʨʘʤʢʠ ʧʦʜʚʝʩʘ, ʫʤʝʥʴʰʝʥʠʶ ʧʫʣʴʩʘʮʠʡ ʯʘʩʪʦʪʳ 

ʚʨʘʱʝʥʠʷ ʧʨʠʚʦʜʘ ʨʘʤʢʠ ʧʦʜʚʝʩʘ. ɺ ʩʠʣʫ ʩʧʝʮʠʬʠʢʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʉɻʇ 

(ʚʦʟʜʝʡʩʪʚʠʝ ʨʘʜʠʘʮʠʦʥʥʳʭ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ, ʩʠʣʴʥʳʝ ʧʝʨʝʧʘʜʳ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʚʘʢʫʫʤ) ʢ ʩʠʣʦʚʦʡ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʵʣʝʢʪʨʦʥʠʢʝ ʚʳʜʚʠʛʘʶʪʩʷ ʞʝʩʪʢʠʝ 

ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʩʪʦʡʢʦʩʪʠ ʠ ʟʘʱʠʱʝʥʥʦʩʪʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ 

ʩʫʞʝʥʠʶ ʚʳʙʦʨʘ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ. ʋʚʝʣʠʯʝʥʠʝ ʩʨʦʢʘ ʩʣʫʞʙʳ ʪʨʝʙʫʝʪ 

ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʨʘʜʠʦʠʟʜʝʣʠʡ ʢʘʢ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ, ʪʘʢ ʠ ʩʠʣʦʚʦʡ ʯʘʩʪʠ 

ʧʨʠʙʦʨʘ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ, 

ʯʪʦ ʥʝʠʟʙʝʞʥʦ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʫʚʝʣʠʯʝʥʠʝ ʤʘʩʩʳ. ʋʚʝʣʠʯʝʥʠʝ ʪʦʯʥʦʩʪʥʳʭ 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠʚʦʜʠʪ ʢ ʫʩʣʦʞʥʝʥʠʶ ʵʣʝʢʪʨʦʥʠʢʠ, ʩʣʝʜʩʪʚʠʝʤ ʯʝʛʦ ʷʚʣʷʝʪʩʷ 

ʫʤʝʥʴʰʝʥʠʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʜʚʝ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʝ 

ʵʥʝʨʛʦʧʨʝʦʙʨʘʟʫʶʱʠʝ ʩʠʩʪʝʤʳ ʉɻʇ ï ʩʠʩʪʝʤʘ ʯʘʩʪʦʪʥʦ-ʪʦʢʦʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʚʝʥʪʠʣʴʥʳʤ ʜʚʠʛʘʪʝʣʝʤ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʠ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʘʷ ʩʠʩʪʝʤʘ ʠʟʤʝʨʝʥʠʷ ʫʛʣʘ ʧʦʣʦʞʝʥʠʷ ʨʘʤʢʠ ʧʦʜʚʝʩʘ. 

ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʧʫʣʴʩʘʮʠʡ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʨʘʤʢʠ ʧʦʜʚʝʩʘ ʧʨʝʜʣʦʞʝʥʦ 

ʫʩʪʨʦʡʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ ʘʚʪʦʥʦʤʥʳʤʠ ʠʥʚʝʨʪʦʨʘʤʠ, ʧʦʟʚʦʣʷʶʱʝʝ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ 

ʧʫʣʴʩʘʮʠʠ ʪʦʢʦʚ ʬʘʟʥʳʭ ʦʙʤʦʪʦʢ ʥʘ ʯʘʩʪʦʪʝ ʢʦʤʤʫʪʘʮʠʠ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 

ʜʚʠʛʘʪʝʣʷ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʡ ʩʠʩʪʝʤʳ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʛʨʘʥʠʮʳ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʦʝʢʪʥʦʛʦ ʨʝʞʠʤʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʨʝʛʫʣʷʪʦʨʘ, ʚʳʷʚʠʪʴ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʩʤʝʥʳ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʘʙʦʪʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʝʦʨʠʠ ʙʠʬʫʨʢʘʮʠʡ. 

ʇʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪ ɹ ʨʘʙʦʪʳ ʉʀʋ ʧʨʝʜʣʘʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʠʥʜʫʢʮʠʦʥʥʳʭ ʜʚʫʭʦʪʩʯʝʪʥʳʭ ʜʘʪʯʠʢʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʠʟ ʩʝʙʷ ʧʦʚʦʨʦʪʥʳʝ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ, ʩ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʨʝʜʫʢʮʠʠ, ʦʪʣʠʯʘʶʱʠʭʩʷ 

ʦʪʩʫʪʩʪʚʠʝʤ ʦʙʤʦʪʦʢ ʥʘ ʨʦʪʦʨʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʧʝʨʝʜʘʪʦʯʥʦʝ 

ʦʪʥʦʰʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʨʝʜʫʢʮʠʠ ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʝʥʴʰʠʭ ʤʘʩʩʦ-

ʛʘʙʘʨʠʪʥʳʭ ʨʘʟʤʝʨʘʭ. ɺʳʭʦʜʥʳʝ ʩʠʛʥʘʣʳ ʪʘʢʠʭ ʜʘʪʯʠʢʦʚ ʥʝ ʠʤʝʶʪ ʦʜʥʦʟʥʘʯʥʦʡ 

ʩʚʷʟʠ ʩ ʫʛʣʦʤ, ʧʦʵʪʦʤʫ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʛʣʘ ʧʦʣʦʞʝʥʠʷ ʨʘʤʢʠ ʥʝʦʙʭʦʜʠʤʘ 

ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʩʚʝʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʷ ʢʘʥʘʣʦʚ. 

ʊʝʤʘ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ çʕʥʝʨʛʦʧʨʝʦʙʨʘʟʫʶʱʘʷ ʘʧʧʘʨʘʪʫʨʘ ʩʠʣʦʚʳʭ 

ʛʠʨʦʩʢʦʧʠʯʝʩʢʠʭ ʧʨʠʙʦʨʦʚ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚè ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʝʯʥʶ 

ʢʨʠʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʌʝʜʝʨʘʣʴʥʦʛʦ ʫʨʦʚʥʷ, ʘ ʠʤʝʥʥʦ çʊʝʭʥʦʣʦʛʠʠ ʩʦʟʜʘʥʠʷ 

ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʪʝʭʥʠʢʠ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷè. 

ʎʝʣʴ ʨʘʙʦʪʳ. ʈʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ ʨʘʤʢʠ 

ʩʠʣʦʚʦʛʦ ʛʠʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʧʨʠʙʦʨʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʧʫʪʝʡ ʨʘʩʰʠʨʝʥʠʷ ʦʙʣʘʩʪʝʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʦʝʢʪʥʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ, ʠ ʠʩʢʣʶʯʝʥʠʷ ʥʝʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʭ ʠ 

ʭʘʦʪʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ. 

ʈʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤʳ ʠʟʤʝʨʝʥʠʷ ʫʛʣʘ ʧʦʣʦʞʝʥʠʷ ʨʘʤʢʠ ʩʠʣʦʚʦʛʦ 

ʛʠʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʧʨʠʙʦʨʘ ʥʘ ʙʘʟʝ ʜʚʫʭʦʪʩʯʝʪʥʳʭ ʩʠʥʫʩʥʦ-ʢʦʩʠʥʫʩʥʳʭ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ (ʉʂʊ) ʩ ʧʨʦʠʟʚʦʣʴʥʳʤ ʯʠʩʣʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʨʝʜʫʢʮʠʠ ʩ ʮʝʣʴʶ 

ʫʚʝʣʠʯʝʥʠʷ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ. 

ɿʘʜʘʯʠ, ʨʝʰʘʝʤʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ: 

1. ʈʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʘ ʩʚʝʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʷ ʛʨʫʙʦʛʦ (ɻʆ) ʠ 
ʪʦʯʥʦʛʦ (ʊʆ) ʦʪʩʯʝʪʦʚ ʜʚʫʭʢʘʥʘʣʴʥʦʛʦ ʜʘʪʯʠʢʘ ʩ ʧʨʦʠʟʚʦʣʴʥʳʤ ʯʠʩʣʦʤ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʨʝʜʫʢʮʠʠ. 

2. ʈʘʟʨʘʙʦʪʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩʠʩʪʝʤʳ ʠʟʤʝʨʝʥʠʷ ʫʛʣʘ ʧʦʣʦʞʝʥʠʷ 
ʨʘʤʢʠ ʧʦʜʚʝʩʘ ʩʠʣʦʚʦʛʦ ʛʠʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʧʨʠʙʦʨʘ. 

3. ʈʘʟʨʘʙʦʪʢʘ ʠ ʩʦʟʜʘʥʠʝ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʯʘʩʪʦʪʦʡ 
ʚʨʘʱʝʥʠʷ ʨʘʤʢʠ ʩʠʣʦʚʦʛʦ ʛʠʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʧʨʠʙʦʨʘ. 

4. ʈʘʟʨʘʙʦʪʢʘ ʯʠʩʣʝʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʠ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʚʝʥʪʠʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ 
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ʩʠʣʦʚʦʛʦ ʛʠʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʧʨʠʙʦʨʘ, ʘ ʪʘʢ ʞʝ ʤʝʪʦʜʠʢʠ ʯʠʩʣʝʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ 

ʨʝʰʝʥʠʷ ʥʝʣʠʥʝʡʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. 

5. ʈʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʦʚ ʧʦʩʪʨʦʝʥʠʷ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ 

ʙʠʬʫʨʢʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ ʚʝʥʪʠʣʴʥʦʛʦ 

ʜʚʠʛʘʪʝʣʷ ʩʠʣʦʚʦʛʦ ʛʠʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʧʨʠʙʦʨʘ. 

6. ɺʳʷʚʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʩʤʝʥʳ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʠ ʘʥʘʣʠʟ ʠʭ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʝʦʨʠʠ 

ʙʠʬʫʨʢʘʮʠʡ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʀʩʧʦʣʴʟʫʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʯʠʩʣʝʥʥʦʛʦ ʠ ʯʠʩʣʝʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ 

ʨʝʰʝʥʠʷ ʩʠʩʪʝʤ ʥʝʣʠʥʝʡʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʤʝʪʦʜʦʣʦʛʠʷ 

ʙʠʬʫʨʢʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʟʘʤʢʥʫʪʳʭ ʩʠʩʪʝʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʤʝʪʦʜʳ ʪʝʦʨʠʠ 

ʤʘʪʨʠʯʥʦʛʦ ʠʩʯʠʩʣʝʥʠʷ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ 

1. ɺʧʝʨʚʳʝ ʨʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʜʚʠʛʘʪʝʣʝʤ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʚ ʙʘʟʠʩʝ ʢʦʤʤʫʪʘʮʠʦʥʥʦ-ʨʘʟʨʳʚʥʳʭ ʬʫʥʢʮʠʡ, ʘ ʪʘʢ 

ʞʝ ʤʝʪʦʜʠʢʘ ʯʠʩʣʝʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ. 

2. ʈʘʟʨʘʙʦʪʘʥʳ ʘʣʛʦʨʠʪʤʳ ʧʦʩʪʨʦʝʥʠʷ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ 

ʙʠʬʫʨʢʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ ʨʘʤʢʠ 

ʩʠʣʦʚʦʛʦ ʛʠʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʧʨʠʙʦʨʘ. 

3. ɺʧʝʨʚʳʝ ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʩʚʝʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʷ ʢʘʥʘʣʦʚ 
ʜʚʫʭʦʪʩʯʝʪʥʦʛʦ ʜʘʪʯʠʢʘ ʩ ʧʨʦʠʟʚʦʣʴʥʳʤ ʯʠʩʣʦʤ ʨʝʜʫʢʮʠʠ ʠ ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ, ʨʝʘʣʠʟʫʶʱʝʛʦ ʵʪʦʪ ʘʣʛʦʨʠʪʤ. 

4. ɺʳʷʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʵʚʦʣʶʮʠʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ 
ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ ʨʘʤʢʠ ʧʦ ʩʮʝʥʘʨʠʶ ʫʜʚʦʝʥʠʷ ʧʝʨʠʦʜʘ ʠ 

ʩʮʝʥʘʨʠʶ ʧʝʨʝʭʦʜʘ ʢ ʭʘʦʪʠʯʝʩʢʠʤ ʢʦʣʝʙʘʥʠʷʤ ʯʝʨʝʟ ʙʠʬʫʨʢʘʮʠʠ ʥʘ ʪʦʨʝ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ ʨʘʙʦʪʳ 

1. ʆʧʨʝʜʝʣʝʥ ʩʧʦʩʦʙ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ ɺɼ 

ʨʘʤʢʠ ʩʠʣʦʚʦʛʦ ʛʠʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʧʨʠʙʦʨʘ ʩ ʥʠʟʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʫʣʴʩʘʮʠʡ ʚ 

ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ. 

2. ʉʦʟʜʘʥʘ ʦʩʥʦʚʘ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʘʜʝʞʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ 

ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ ɺɼ ʨʘʤʢʠ ʩʠʣʦʚʦʛʦ ʛʠʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʧʨʠʙʦʨʘ, ʙʘʟʠʨʫʶʱʘʷʩʷ 

ʥʘ ʥʦʚʳʭ ʟʥʘʥʠʷʭ ʦ ʥʝʣʠʥʝʡʥʦʡ ʜʠʥʘʤʠʢʝ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ ʥʘ 

ʦʩʥʦʚʝ ʥʝʣʠʥʝʡʥʳʭ ʠʤʧʫʣʴʩʥʳʭ ʩʠʩʪʝʤ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ. 

3. ʈʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʉʀʋ. 

ʈʝʘʣʠʟʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ 

ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ: 

ï ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʌɻɹʆʋ ɺʇʆ çʊʦʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠè ʧʨʠ ʦʙʫʯʝʥʠʠ ʩʪʫʜʝʥʪʦʚ ʧʦ 

ʩʧʝʮʠʘʣʴʥʦʩʪʠ: 210100 çʵʣʝʢʪʨʦʥʠʢʘ ʠ ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʘè, ʚ ʢʫʨʩʘʭ ʣʝʢʮʠʡ ʠ ʚ 

ʣʘʙʦʨʘʪʦʨʥʦʤ ʧʨʘʢʪʠʢʫʤʝ; 

ï ʧʨʠ ʩʦʟʜʘʥʠʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ ʨʘʤʢʠ ʧʨʠʙʦʨʘ 

çʉɻʂ-20-20è ʧʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤʫ ʢʦʥʪʨʘʢʪʫ 650-8606/07 ʦʪ 24.03.2007 ʛ. ʩ 

ʌʝʜʝʨʘʣʴʥʳʤ ʢʦʩʤʠʯʝʩʢʠʤ ʘʛʝʥʪʩʪʚʦʤ; 
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ï ʧʨʠ ʩʦʟʜʘʥʠʠ ʤʦʜʝʣʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ ʨʘʤʢʠ 

ʧʨʠʙʦʨʘ çʉɻʇ-05è ʧʦ ʜʦʛʦʚʦʨʫ ˉ 158/12 ʦʪ 10.07.2012 ʛ. ʩ ʌɻʋʇ çʅʇʆ ʠʤ. ʉ. 

ɸ. ʃʘʚʦʯʢʠʥʘè. 

ʇʦʣʦʞʝʥʠʷ ʚʳʥʦʩʠʤʳ ʥʘ ʟʘʱʠʪʫ 

1. ʏʠʩʣʝʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʠ ʠʤʠʪʘʮʠʦʥʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʧʨʦʚʦʜʠʪʴ ʙʠʬʫʨʢʘʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʚʦʟʤʦʞʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʨʝʞʠʤʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ɺɼ, ʚʳʷʚʣʷʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʩʤʝʥʳ ʪʠʧʦʚ 

ʜʚʠʞʝʥʠʡ ʠ ʚʳʯʠʩʣʷʪʴ ʛʨʘʥʠʮʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. 

2. ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʩʚʝʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʷ ʢʘʥʘʣʦʚ 

ʜʚʫʭʦʪʩʯʝʪʥʦʛʦ ʜʘʪʯʠʢʘ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ 

ʨʘʤʢʠ ʧʦʜʚʝʩʘ ʩʠʣʦʚʦʛʦ ʛʠʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʧʨʠʙʦʨʘ ʚ 5 ʨʘʟ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

3. ʇʨʝʜʣʦʞʝʥʥʳʡ ʩʧʦʩʦʙ ʫʧʨʘʚʣʝʥʠʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤʠ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʦʜʥʦʧʦʣʷʨʥʫʶ ʨʝʚʝʨʩʠʚʥʫʶ 

ʤʦʜʫʣʷʮʠʶ ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠʥʚʝʨʪʦʨʦʚ ʠ ʩʥʠʟʠʪʴ ʧʫʣʴʩʘʮʠʠ ʯʘʩʪʦʪʳ 

ʚʨʘʱʝʥʠʷ, ʤʦʤʝʥʪʘ ʨʘʤʢʠ ʉɻʇ ʚ 3 ʠ 2.8 ʨʘʟʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

4. ʇʨʝʜʣʦʞʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʧʦʟʚʦʣʷʝʪ ʚʳʯʠʩʣʠʪʴ ʧʘʨʘʤʝʪʨʳ ʢʦʥʪʫʨʦʚ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʝʣʠʥʝʡʥʦʡ ʠʤʧʫʣʴʩʥʦʡ ʩʠʩʪʝʤʳ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʪʨʝʙʫʝʤʳʡ ʭʘʨʘʢʪʝʨ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

5. ʇʨʝʜʣʦʞʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʧʨʦʚʝʜʝʥʠʷ ʙʠʬʫʨʢʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʟʚʦʣʷʝʪ 

ʦʧʨʝʜʝʣʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʧʝʨʝʭʦʜʦʚ ʦʜʥʠʭ ʨʝʞʠʤʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢ ʜʨʫʛʠʤ ʠ 

ʩʮʝʥʘʨʠʠ ʭʘʦʪʠʟʘʮʠʠ ʢʦʣʝʙʘʥʠʡ ʩʚʷʟʘʥʥʳʭ ʩ ʨʝʞʠʤʘʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ 

ʫʜʚʦʝʥʠʷ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʠ ʤʷʛʢʦʛʦ ʧʝʨʝʭʦʜʘ ʢ ʫʩʪʦʡʯʠʚʳʤ ʩʫʙʛʘʨʤʦʥʠʯʝʩʢʠʤ 

ʠ ʭʘʦʪʠʯʝʩʢʠʤ ʨʝʞʠʤʘʤ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʠ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʠ ʦʙʩʫʞʜʘʣʠʩʴ ʥʘ 

ʩʣʝʜʫʶʱʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʠ ʩʝʤʠʥʘʨʘʭ: IV ʄʝʞʜʫʥʘʨʦʜʥʘ ̫ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘ ̫

ʢʦʥʬʝʨʝʥʮʠ ̫ çʕʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʵʥʝʨʛʠʠè, 13-16 ʦʢʪʷʙʨʷ 

2009 ʛ., ʊʦʤʩʢ, ʊʇʋ; ɺʩʝʨʦʩʩʠʡʩʢʘ ̫ ʥʘʫʯʥʘ ̫ ʢʦʥʬʝʨʝʥʮʠ ̫ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ 

çʅɸʋʂɸ. ʊɽʍʅʆʃʆɻʀʀ. ʀʅʅʆɺɸʎʀʀè, 4-5 ʜʝʢʘʙʨʷ 2009 ʛ., ʅʦʚʦʩʠʙʠʨʩʢ, 

ʅɻʊʋ; XVIII  ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘ ̫ ʢʦʥʬʝʨʝʥʮʠ ̫ çʕʣʝʢʪʨʦʥʥʳʝ ʠ 

ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʠ ʫʩʪʨʦʡʩʪʚʘè, 22-23 ʘʧʨʝʣʷ 2010ʛ., ʊʦʤʩʢ, ʆɸʆ 

çʅʇʎ çʇʦʣʶʩè; ʅʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘ ̫ ʢʦʥʬʝʨʝʥʮʠ ̫ ʤʦʣʦʜʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ, 

ʧʦʩʚʷʱʝʥʥʘ ̫ 50-ʣʝʪʠʶ ʧʦʣʸʪʘ ʚ ʢʦʩʤʦʩ ʖ.ɸ. ɻʘʛʘʨʠʥʘ çʈʘʟʨʘʙʦʪʢʘ, 

ʧʨʦʠʟʚʦʜʩʪʚʦ, ʠʩʧʳʪʘʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤè, 02-04 ʤʘʨʪʘ 2011 

ʛ., ɾʝʣʝʟʥʦʛʦʨʩʢ, ʆɸʆ çʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʧʫʪʥʠʢʦʚʳʝ ʩʠʩʪʝʤʳ ʠʤʝʥʠ 

ʘʢʘʜʝʤʠʢʘ ʄ.ʌ. ʈʝʰʝʪʥʸʚʘè; XXXVI ɸʢʘʜʝʤʠʯʝʩʢʠʝ ʯʪʝʥʠʷ ʧʦ ʢʦʩʤʦʥʘʚʪʠʢʝ 

çɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʢʦʩʤʦʥʘʚʪʠʢʠè, 24-27 ʷʥʚʘʨʷ 2012 ʛ., ʄʦʩʢʚʘ, ʄɻʊʋ ʠʤ. 

ɹʘʫʤʘʥʘ; ʅʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘ ̫ʢʦʥʬʝʨʝʥʮʠ ̫ʤʦʣʦʜʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ çʕʣʝʢʪʨʦʥʥʳʝ 

ʠ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʠ ʫʩʪʨʦʡʩʪʚʘè, 14-15 ʬʝʚʨʘʣʷ 2013 ʛ., ʊʦʤʩʢ, 

ʆɸʆ çʅʇʎ çʇʦʣʶʩè; ʌʦʨʫʤ ʰʢʦʣʴʥʠʢʦʚ, ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ 

ʫʯʝʥʳʭ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çʂʦʩʤʠʯʝʩʢʦʝ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʝè, 10-

12 ʘʧʨʝʣʷ 2013 ʛ., ʊʦʤʩʢ, ʅʀ ʊʇʋ; ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ 
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ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ 

ʚʝʥʪʠʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ 

ʢʦʥʬʝʨʝʥʮʠʷ çʕʣʝʢʪʨʦʧʠʪʘʥʠʝ-2014è, 27-29 ʤʘʷ 2014 ʛ., ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 

ʃʆ ʎʅʀʀʉ. 

ʇʫʙʣʠʢʘʮʠʠ 

ʆʩʥʦʚʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʪʨʘʞʝʥʦ ʚ ʜʚʫʭ ʩʪʘʪʴʷʭ, 

ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʚ ʠʟʜʘʥʠʷʭ, ʚʭʦʜʷʱʠʭ ʚ ʧʝʨʝʯʝʥʴ ɺɸʂ, ʜʝʚʷʪʠ ʪʝʟʠʩʘʭ ʜʦʢʣʘʜʦʚ 

ʥʘ ʢʦʥʬʝʨʝʥʮʠʷʭ ʠ ʚ ʜʚʫʭ ʧʘʪʝʥʪʘʭ. ʏʘʩʪʴ ʨʘʙʦʪ ʚʳʧʦʣʥʝʥʘ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ. ɺ 

ʧʫʙʣʠʢʘʮʠʷʭ, ʚʳʧʦʣʥʝʥʥʳʭ ʚ ʩʦʘʚʪʦʨʩʪʚʝ, ʣʠʯʥʦʝ ʫʯʘʩʪʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʧʨʦʚʝʜʝʥʠʠ ʦʩʥʦʚʥʦʛʦ ʦʙʲʝʤʘ ʨʘʩʯʝʪʦʚ ʠ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʯʝʪʳʨʝʭ ʛʣʘʚ ʠ ʟʘʢʣʶʯʝʥʠʷ. 

ʉʦʜʝʨʞʠʪ ʩʧʠʩʦʢ ʠʩʧʦʣʴʟʫʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʟ 112 ʥʘʠʤʝʥʦʚʘʥʠʡ, 70 ʨʠʩʫʥʢʦʚ, 

9 ʪʘʙʣʠʮ, 4 ʧʨʠʣʦʞʝʥʠʷ. ʆʙʱʠʡ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ ï 156 ʩʪʨʘʥʠʮ. 

 

ʆʉʅʆɺʅʆɽ ʉʆɼɽʈɾɸʅʀɽ ʈɸɹʆʊʓ 

 

ɺʦ ʚʚʝʜʝʥʠʠ ʦʙʦʩʥʦʚʘʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʮʝʣʴ ʠ ʟʘʜʘʯʠ 

ʨʘʙʦʪʳ, ʦʧʠʩʘʥʳ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʠʚʝʜʝʥʳ ʩʚʝʜʝʥʠʷ ʦ ʥʘʫʯʥʦʡ 

ʟʥʘʯʠʤʦʩʪʠ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʮʝʥʥʦʩʪʠ, ʨʝʘʣʠʟʘʮʠʠ ʠ ʘʧʨʦʙʘʮʠʠ ʨʘʙʦʪʳ. 

ɺ ʧʝʨʚʦʡ ʛʣʘʚʝ ʧʨʠʚʝʜʝʥʳ ʪʠʧʳ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʦʨʛʘʥʦʚ, ʠʭ ʧʨʝʠʤʫʱʝʩʪʚʘ 

ʠ ʥʝʜʦʩʪʘʪʢʠ, ʦʧʠʩʘʥʳ ʧʨʝʮʠʟʠʦʥʥʳʝ ʵʥʝʨʛʦʧʨʝʦʙʨʘʟʫʶʱʠʝ ʩʠʩʪʝʤʳ ʉɻʇ. 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʚʥʝʰʥʠʡ ʚʠʜ ʠ ʧʘʨʘʤʝʪʨʳ ʉɻʇ ʚʝʜʫʱʠʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ 

ʟʘʨʫʙʝʞʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ-ʠʟʛʦʪʦʚʠʪʝʣʝʡ. ʆʧʠʩʘʥʘ ʧʨʦʙʣʝʤʘʪʠʢʘ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤ 

ʦʨʠʝʥʪʘʮʠʠ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʂɸ ʩʦʧʨʦʚʦʞʜʘʶʱʘʷʩʷ ʫʞʝʩʪʦʯʝʥʠʝʤ ʪʨʝʙʦʚʘʥʠʡ ʢ 

ʉɻʇ. 

ʊʘʢ ʞʝ ʚ ʧʝʨʚʦʡ ʛʣʘʚʝ ʦʧʠʩʘʥʳ 

ʩʫʱʝʩʪʚʫʶʱʠʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ɺɼ ʉɻʇ, 

ʦʪʤʝʯʝʥʳ ʧʨʠʩʫʱʠʝ ʠʤ ʧʨʝʠʤʫʱʝʩʪʚʘ 

ʠ ʥʝʜʦʩʪʘʪʢʠ. ɼʣʷ ʤʠʥʠʤʠʟʘʮʠʠ 

ʧʦʩʣʝʜʥʠʭ ʚ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʥʦʡ 

ʧʫʪʴ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʟʘʜʘʥʠʷ ʠ 

ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʧʦ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ, 

ʠʩʢʣʶʯʘʶʱʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʦʜʥʦʧʦʣʦʩʥʦʡ ʤʦʜʫʣʷʮʠʠ, ʢʘʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1. ɺ ʮʝʣʦʤ 

ʩʠʩʪʝʤʘ ʩʦʜʝʨʞʠʪ ʚʝʥʪʠʣʴʥʳʡ 

ʜʚʠʛʘʪʝʣʴ ʩ ʜʚʫʤʷ ʬʘʟʥʳʤʠ 

ʦʙʤʦʪʢʘʤʠ, ʨʦʪʦʨ ʢʦʪʦʨʦʛʦ ʩʚʷʟʘʥ ʩ 

ʩʠʥʫʩʥʦ-ʢʦʩʠʥʫʩʥʳʤ ʜʘʪʯʠʢʦʤ 

ʧʦʣʦʞʝʥʠʷ ʨʦʪʦʨʘ (ɼʇʈ). 

ɼʚʫʭʬʘʟʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʯʘʩʪʦʪʳ 

(ɼʇʏ), ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʚʘ ʠʥʚʝʨʪʦʨʘ, ʬʦʨʤʠʨʫʶʱʠʭ ʥʘ ʬʘʟʥʳʭ ʦʙʤʦʪʢʘʭ 

ʧʝʨʝʤʝʥʥʳʝ ʥʘʧʨʷʞʝʥʠʷ. ʆʙʨʘʙʦʪʢʘ ʠʥʬʦʨʤʘʮʠʠ ʩ ɼʇʈ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʜʚʫʭʚʭʦʜʦʚʳʤʠ ʫʤʥʦʞʠʪʝʣʷʤʠ ʋʄ1 ʠ ʋʄ2, ʩʫʤʤʘʪʦʨʘʤʠ Ɇ1 ʠ Ɇ2, ʇʀ-
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ʨʝʛʫʣʷʪʦʨʦʤ ʠ ʩʠʥʫʩʥʦ-ʢʦʩʠʥʫʩʥʳʤ ʬʦʨʤʠʨʦʚʘʪʝʣʷʤʠ ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʛʥʘʣʦʚ 

ʌʋʉ1 ʠ ʌʋʉ2, ʢʦʪʦʨʳʝ ʯʝʨʝʟ ʰʠʨʦʪʥʦ-ʠʤʧʫʣʴʩʥʳʡ ʤʦʜʫʣʷʪʦʨ ʐʀʄ 

ʩʠʥʭʨʦʥʠʟʠʨʫʪʁ ʤʦʤʝʥʪʳ ʢʦʤʤʫʪʘʮʠʠ ʢʣʶʯʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ɼʇʏ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʦʜʥʦʧʦʣʷʨʥʦʡ ʨʝʚʝʨʩʠʚʥʦʡ ʤʦʜʫʣʷʮʠʠ ʰʠʨʦʪʥʦ-ʠʤʧʫʣʴʩʥʳʡ 

ʤʦʜʫʣʷʪʦʨ (ʨʠʩʫʥʦʢ 2) ʚʳʧʦʣʥʝʥ ʚ ʚʠʜʝ ʟʘʜʘʶʱʝʛʦ ʛʝʥʝʨʘʪʦʨʘ ɿɻ, ʜʚʫʭ 

ʛʝʥʝʨʘʪʦʨʦʚ ʪʨʝʫʛʦʣʴʥʳʭ ʨʘʟʚʝʨʪʳʚʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ ɻʈʅ1 , ɻʈʅ2, ʬʘʟʳ 

ʚʳʭʦʜʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʢʦʪʦʨʳʭ ʩʤʝʱʝʥʳ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ ʥʘ 180 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʛʨʘʜʫʩʦʚ ʠ ʯʝʪʳʨʝʭ ʢʦʤʧʘʨʘʪʦʨʦʚ ʂ1 - ʂ4 . ʆʜʥʠ ʚʭʦʜʳ 

ʢʦʤʧʘʨʘʪʦʨʦʚ ʦʙʲʝʜʠʥʝʥʳ ʠ ʦʙʨʘʟʫʶʪ ʫʧʨʘʚʣʷʶʱʠʝ ʚʭʦʜʳ ʤʦʜʫʣʷʪʦʨʘ, ʘ ʢʘʞʜʳʡ 

ʠʟ ɻʈʅ1, ɻʈʅ2 ʦʧʨʝʜʝʣʷʝʪ ʜʣʠʪʝʣʴʥʦʩʪʴ ʫʧʨʘʚʣʷʶʱʠʭ ʠʤʧʫʣʴʩʦʚ ʢʘʞʜʦʡ ʩʪʦʡʢʠ 

ʠʥʚʝʨʪʦʨʦʚ ʜʚʫʭʬʘʟʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ. 

ɿɻ

ɻʈʅ1

ɻʈʅ2

ʂ1

ʂ2

sinɤt

ʂ3

ʂ4

cosɤt

ʤʦʜʫʣʷʪʦʨ ʐʀʄ

VT1

ɼ1 VT2

VT3

ɼ2VT4

VT5

VT6

VT7

VT8 ɼ4ɼ3

ɼʇʏ

 
 

ʈʠʩʫʥʦʢ 2 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʐʀʄ ʠ ɼʇʏ 
 

ɺʳʭʦʜʳ ʢʦʤʧʘʨʘʪʦʨʦʚ ʰʠʨʦʪʥʦ-ʠʤʧʫʣʴʩʥʦʛʦ ʤʦʜʫʣʷʪʦʨʘ ʦʩʫʱʝʩʪʚʣʷʶʪ 

ʫʧʨʘʚʣʝʥʠʝ ʜʚʫʭʬʘʟʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʯʘʩʪʦʪʳ. ʉʪʨʫʢʪʫʨʘ ʜʚʫʭʬʘʟʥʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ (ʩʤ. ʨʠʩʫʥʦʢ 2) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʯʝʪʳʨʝ ʜʨʘʡʚʝʨʘ 

ɼ1 - ɼ4, ʜʚʘ ʤʦʩʪʦʚʳʭ ʠʥʚʝʨʪʦʨʘ VT1 - VT4 ʠ VT5 - VT8 ʚʭʦʜʥʳʝ ʟʘʞʠʤʳ 

ʢʦʪʦʨʳʭ ʧʦʜʢʣʶʯʝʥʳ ʢ ʠʩʪʦʯʥʠʢʫ ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʘ ʚʳʭʦʜʳ 

ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʬʘʟʥʳʭ ʦʙʤʦʪʦʢ ʚʝʥʪʠʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ. 

ʇʦʣʫʯʝʥʥʘʷ ʟʘʤʢʥʫʪʘʷ ʩʠʩʪʝʤʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʦ ʤʛʥʦʚʝʥʥʦʤʫ ʟʥʘʯʝʥʠʶ 

ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʷʚʣʷʝʪʩʷ ʘʩʪʘʪʠʯʝʩʢʦʡ, ʟʘ ʩʯʝʪ ʠʥʪʝʛʨʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʥʘ 

ʚʳʭʦʜʝ ʇʀ-ʨʝʛʫʣʷʪʦʨʘ, ʘ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʜʦʩʪʠʛʘʝʪʩʷ 

ʬʠʢʩʠʨʦʚʘʥʠʝʤ ʤʛʥʦʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʩʠʛʥʘʣʦʚ ʫʧʨʘʚʣʝʥʠʷ 

sinɋʟt ʠ cosɋʟt, ʪʘʢ, ʯʪʦʙʳ ʚ ʬʘʟʥʳʭ ʦʙʤʦʪʢʘʭ ʧʨʦʪʝʢʘʣʠ ʪʦʢʠ ʥʝʦʙʭʦʜʠʤʦʛʦ 

ʫʨʦʚʥʷ. ʀʩʢʣʶʯʝʥʠʝ ʠʟ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠʟʙʳʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʫʤʥʦʞʠʪʝʣʝʡ ʠ ʩʫʤʤʘʪʦʨʦʚ, ʨʝʘʣʠʟʫʶʱʠʭ ʬʫʥʢʮʠʠ ʦʜʥʦʧʦʣʦʩʥʦʡ ʤʦʜʫʣʷʮʠʠ, 

ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʩʠʩʪʝʤʳ. ʉʥʠʞʝʥʠʝ ʟʘʧʘʟʜʳʚʘʥʠʷ ʠ ʥʘʢʦʧʣʝʥʠʷ 
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ʚʳʯʠʩʣʷʝʤʦʡ ʦʰʠʙʢʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʪʦʯʥʦʩʪʴ ʠ 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʩʠʩʪʝʤʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʜʚʠʛʘʪʝʣʷ. 

ɺ ʭʦʜʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ ɺɼ ʨʘʤʢʠ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʠʘʛʨʘʤʤʳ (ʨʠʩʫʥʦʢ 3) ʥʘʛʣʷʜʥʦ ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʟʘʚʠʩʠʤʦʩʪʴ 

ʚʝʣʠʯʠʥʳ ʧʫʣʴʩʘʮʠʡ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʠ ʤʦʤʝʥʪʘ ʦʪ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʐʀʄ. ɼʣʷ 

ʫʤʝʥʴʰʝʥʠʷ ʚʝʣʠʯʠʥʳ ʧʫʣʴʩʘʮʠʡ ʧʨʝʜʣʦʞʝʥʘ ʦʜʥʦʧʦʣʷʨʥʘʷ ʨʝʚʝʨʩʠʚʥʘʷ 

ʤʦʜʫʣʷʮʠʷ ʩʦ ʩʤʝʱʝʥʥʳʤʠ ʩʠʛʥʘʣʘʤʠ ʥʘʧʨʷʞʝʥʠʷ ʨʘʟʚʝʨʪʢʠ ʜʚʫʭ ʬʘʟ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʣʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʫʤʝʥʴʰʠʪʴ 

ʧʫʣʴʩʘʮʠʠ (ʩʤ. ʨʠʩʫʥʦʢ 3 ʚ). 
 

ʘ) 

 

nmax 
n, ʦʙ/ʤʠʥ 

nmin 

t, c  

ʙ) 

 

nmax 

nmin 

n, ʦʙ/ʤʠʥ 

t, c 
 

ʚ) 

 

n, ʦʙ/ʤʠʥ 

nmin 

nmax 

t, c  
 

 

M, ʅʤ 

Mmax 

Mmin 

t, c  

 

 

 

Mmax 

Mmin 

M, ʅʤ 

t, c 
 

 

 

 

Mmin 

Mmax 

t, ʩ 

ʄ, ʥʄ 

 

ʈʠʩʫʥʦʢ 3 ï ɺʝʣʠʯʠʥʘ ʧʫʣʴʩʘʮʠʡ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʠ ʤʦʤʝʥʪʘ ʚ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝ: 

ʘ) ï ʧʨʠ ɼʈʄ; ʙ) ï ʧʨʠ ʆʈʄ; ʚ) ï ʧʨʠ ʆʈʄ ʩʦ ʩʤʝʱʝʥʠʝʤ 
 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ ɺɼ 

ʨʘʤʢʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʷʭ ʐʀʄ ʙʳʣʘ ʩʦʩʪʘʚʣʝʥʘ ʩʚʦʜʥʘʷ ʪʘʙʣʠʮʘ 1, 

ʛʜʝ ʢʦʵʬʬʠʮʠʝʥʪ ʧʫʣʴʩʘʮʠʡ ʦʧʨʝʜʝʣʷʣʩʷ ʢʘʢ ʨʘʟʥʦʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʠ 

ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʡ ʦʪʥʝʩʝʥʥʘʷ ʢ ʩʨʝʜʥʝʤʫ. 
 

ʊʘʙʣʠʮʘ 1 ï ʉʚʦʜʥʘʷ ʪʘʙʣʠʮʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʫʣʴʩʘʮʠʡ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʐʀʄ 

ʂʦʵʬʬʠʮʠʝʥʪ ʧʫʣʴʩʘʮʠʡ ʐʀʄ 

ʜʚʫʭʧʦʣʷʨʥʘʷ 

ʨʝʚʝʨʩʠʚʥʘ ̫

ʦʜʥʦʧʦʣʷʨʥʘʷ 

ʨʝʚʝʨʩʠʚʥʘʷ 

ʦʜʥʦʧʦʣʷʨʥʘʷ ʨʝʚʝʨʩʠʚʥʘʷ 

ʩʦ ʩʤʝʱʝʥʠʝʤ 

ʂʦʵʬʬʠʮʠʝʥʪ ʧʫʣʴʩʘʮʠʡ 

ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ kʧn, % 

0.07 0.03 0.01 

ʂʦʵʬʬʠʮʠʝʥʪ ʧʫʣʴʩʘʮʠʡ 

ʤʦʤʝʥʪʘ kʧM, % 

47.09 14.81 5.18 

 

ʀʟ ʪʘʙʣʠʮʳ 1 ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ ɺɼ ʨʘʤʢʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʫʣʴʩʘʮʠʡ ʤʦʤʝʥʪʘ ʠ ʯʘʩʪʦʪʳ 

ʚʨʘʱʝʥʠʷ ʩʠʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʐʀʄ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʦʜʥʦʧʦʣʷʨʥʦʡ ʨʝʚʝʨʩʠʚʥʦʡ ʤʦʜʫʣʷʮʠʠ ʩʦ ʩʤʝʱʝʥʥʳʤʠ ʩʠʛʥʘʣʘʤʠ ʨʘʟʚʝʨʪʢʠ 

ʫʤʝʥʴʰʝʥʠʝ ʧʫʣʴʩʘʮʠʡ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ, ʤʦʤʝʥʪʘ ʨʘʤʢʠ ʉɻʇ ʩʦʩʪʘʚʠʣʦ ï

 
0.07%

7
0.01%

=  ʠ 
47.09%

9
5.18%

=  ʨʘʟ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʚʫʭʧʦʣʷʨʥʦʡ 

t, ʩ 

t, ʩ 
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ʨʝʚʝʨʩʠʚʥʦʡ ʤʦʜʫʣʷʮʠʝʡ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʜʥʦʧʦʣʷʨʥʦʡ ʨʝʚʝʨʩʠʚʥʦʡ 

ʤʦʜʫʣʷʮʠʝʡ ʫʤʝʥʴʰʝʥʠʝ ʧʫʣʴʩʘʮʠʡ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ, ʤʦʤʝʥʪʘ ʨʘʤʢʠ ʉɻʇ 

ʩʦʩʪʘʚʠʣʦ ï 
0.03%

3
0.01%

=  ʠ 
14.81%

2.8
5.18%

=  ʨʘʟʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɺʦ ʚʪʦʨʦʡ ʛʣʘʚʝ ʦʧʠʩʳʚʘʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. 

ʇʨʠʚʝʜʝʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʩʪʘʙʠʣʠʟʘʮʠʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ 

ɺɼ ʨʘʤʢʠ ʧʦʜʚʝʩʘ ʉɻʇ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʠʟ ʩʝʙʷ ʜʚʫʭʢʦʥʪʫʨʥʫʶ ʩʠʩʪʝʤʫ ʩ 

ʦʙʨʘʪʥʳʤʠ ʩʚʷʟʷʤʠ ʧʦ ʪʦʢʫ ʠ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ (ʨʠʩʫʥʦʢ 4). 

ʀ1ʐʀʄ1

1i

R

ŭū

ɻʈʅ1

ʀ2ʐʀʄ2

2i

R

ŭū

ɻʈʅ2

1erU

1i

2.2ʦʰU

1e

2e

L

L

0E+

ʌʇ

0E+

2erU

ʜM, n
ɼʇʈɓ +

1ʦʰU

ʟU

ʪʝʢɋſɋU4ʦʰU

+

X

1.2ʦʰU
cosŪ

+

X

1.1ʦʰU

sinŪ

2.1ʦʰU

ik

2i

ik

Ŭ
3.2ʦʰU

Ŭ
1.3ʦʰU

ʠʥʪk

2ʦʰU

3ʦʰU

+

 

ʈʠʩʫʥʦʢ 4 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʜʚʫʭʢʦʥʪʫʨʥʦʡ ʩʠʩʪʝʤʳ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ɺɼ ʨʘʤʢʠ ʉɻʇ 
 

ɿʜʝʩʴ ʌʇ ï ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ; ɻʈʅ1, ɻʈʅ2 ï ʛʝʥʝʨʘʪʦʨ 

ʥʘʨʘʩʪʘʶʱʝʛʦ ʠ ʩʧʘʜʘʶʱʝʛʦ ʨʘʟʚʝʨʪʳʚʘʶɦ ʠʭ ʥʘʧʨʷʞʝʥʠʡ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʬʘʟʳ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ʐʀʄ1, ʐʀʄ2 ï ʰʠʨʦʪʥʦ-ʠʤʧʫʣʴʩʥʳʡ ʤʦʜʫʣʷʪʦʨ ʧʝʨʚʦʡ ʠ 

ʚʪʦʨʦʡ ʬʘʟʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ʀ1, ʀ2 ï ʠʥʚʝʨʪʦʨ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʬʘʟʳ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ʌŭ ï ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ ʨʦʪʦʨʘ; n ï ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ; ʄʜ ï

 ʤʦʤʝʥʪ, ʩʦʟʜʘʚʘʝʤʳʡ ʥʘ ʚʘʣʫ ʜʚʠʛʘʪʝʣʷ; Uɋ ï ʩʠʛʥʘʣ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʪʝʢʫʱʝʡ 

ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ; ɋʪʝʢ ï ʪʝʢʫʱʘʷ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʨʦʪʦʨʘ ɺɼ; Uʟ ï

 ʩʠʛʥʘʣ ʟʘʜʘʥʠʷ ʥʘ ʯʘʩʪʦʪʫ ʚʨʘʱʝʥʠʷ; ɓ, kʠʥʪ ï ʢʦʵʬʬʠʮʠʝʥʪ rʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʛʦ 

ʠ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʟʚʝʥʘ ʇʀ-ʨʝʛʫʣʷʪʦʨʘ ʢʦʥʪʫʨʘ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 

Ū ï ʫʛʦʣ ʧʦʣʦʞʝʥʠʷ ʨʦʪʦʨʘ ɺɼ; ki ï ʤʘʩʰʪʘʙʠʨʫʶʱʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʩʠʛʥʘʣʘ 

ʜʘʪʯʠʢʘ ʪʦʢʘ; Ŭ ï ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʩʠʛʥʘʣʘ ʦʰʠʙʢʠ 

ʢʦʥʪʫʨʘ ʪʦʢʘ; E0 ï ʥʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ; i1, i2 ï ʪʦʢ ʦʙʤʦʪʢʠ ʩʪʘʪʦʨʘ ʧʝʨʚʦʡ ʠ 

ʚʪʦʨʦʡ ʬʘʟʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; e1, e2 ï ʕɼʉ ʚʨʘʱʝʥʠʷ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʬʘʟʳ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; R, L ï ʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʦʙʤʦʪʦʢ 

ʩʪʘʪʦʨʥʦʡ ʮʝʧʠ. 
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ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʦʧʠʩʳʚʘʶʱʘʷ ʩʭʝʤʫ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʩʪʝʤʫ 

ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʢʦʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʘʟ ʜʚʠʛʘʪʝʣʷ ʠ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʝʥʪʠʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ: 

1 0 1
1 1

2 0 2
2 2

c
1 2

1
;

1
;

sin cos
,

di R E KF
i e

dt L L L

di R E KF
i e

dt L L L

d M
i i

dt J J J

d d

-ë
= - +î

î
-î
= - +ì

î
W F Q F Qî
= + -î

í

 (1) 

ʛʜʝ KF1, KF2 ï ʢʦʤʤʫʪʘʮʠʦʥʥʳʝ ʬʫʥʢʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʘʟ; J ï ʤʦʤʝʥʪ 

ʠʥʝʨʮʠʠ ʜʚʠʛʘʪʝʣʷ; Mc ï ʤʦʤʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. 

ʕɼʉ ʦʙʤʦʪʦʢ ʜʚʠʛʘʪʝʣʷ e1, e2 ʚʳʨʘʞʘʶʪʩʷ ʯʝʨʝʟ ʯʘʩʪʦʪʫ ʚʨʘʱʝʥʠʷ ʠ ʬʘʟʫ 

ʨʦʪʦʨʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

1 sine d=F W Q; 2 cose d=F W Q. (2) 

ɺ ʤʘʪʨʠʯʥʦʤ ʚʠʜʝ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (1), (2) ʤʦʛʫʪ ʙʳʪʴ ʟʘʧʠʩʘʥʳ ʢʘʢ 

() ( )1 2,
d

KF KF
dt
= Q +

X
A X B  (3) 

ʧʦʩʨʝʜʩʪʚʦʤ ʩʣʝʜʫʶʱʠʭ ʤʘʪʨʠʮ ʠ ʚʝʢʪʦʨʦʚ: 

()

sin
0

cos
0

sin cos
0

R

L L
R

L L

J J

d

d

d d

- -F Qè ø
é ù
é ù- -F Q

Q =é ù
é ùF Q F Q
é ù
ê ú

A ; ( )

0 1

0 2
1 2

c

,

E KF

L
E KF

KF KF
L
M

J

è ø
é ù
é ù
=é ù
é ù-
é ù
ê ú

B ; 
1

2

i
i
è ø
=é ù
Wé ùê ú

X . (4) 

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (3) ʩ ʥʘʯʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ 0 0( )t =X X  ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʟʘʜʘʯʫ ʂʦʰʠ, ʠʤʝʶʱʫʶ ʦʜʥʦʟʥʘʯʥʦʝ ʨʝʰʝʥʠʝ ʚʠʜʘ 

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

t t
t KF KF

- - -= + -
A

X e X A B A B  (5) 

ʥʘ ʣʶʙʦʤ ʫʯʘʩʪʢʝ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʤʘʪʨʠʮr  ()QA  ʠ ʚʝʢʪʦʨʘ ʚʳʥʫʞʜʘʶʱʠʭ 

ʚʦʟʜʝʡʩʪʚʠʡ ( )1 2,KF KFB . 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʵʪʠʭ ʫʯʘʩʪʢʦʚ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʠʜʦʤ 

ʰʠʨʦʪʥʦ-ʠʤʧʫʣʴʩʥʦʡ ʤʦʜʫʣʷʮʠʠ ʠ ʦʧʠʩʳʚʘʝʪʩʷ ʢʦʤʤʫʪʘʮʠʦʥʥʦʡ ʬʫʥʢʮʠʝʡ 

1 2   [ ( , ), ( , )]KF t KF t=KF X X  ʜʣʷ ʢʘʞʜʦʡ ʬʘʟʳ. ʅʘ ʨʠʩʫʥʢʝ 5 ʧʦʢʘʟʘʥ ʧʨʠʥʮʠʧ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʤʧʫʣʴʩʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ KF  ʜʣʷ ʦʜʥʦʡ ʬʘʟʳ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ. ʂʘʞʜʘʷ ʠʟ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʝʢʪʦʨʘ KF  ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

( )ʥ ʩ

1
( , ) ( , ) ( , )

2
j j jKF t KF t KF t= +X X X  ʧʨʠ j = 1, 2, (6) 

ʢʘʢ ʧʦʣʫʩʫʤʤʘ ʢʦʤʤʫʪʘʮʠʦʥʥʳʭ ʬʫʥʢʮʠʡ ʥ ( , )jKF t X  ʠ c ( , )jKF t X  ʦʪ ʢʘʞʜʦʛʦ 

ʠʟ ʨʘʟʚʝʨʪʳʚʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ ï ʥʘʨʘʩʪʘʶʱʝʛʦ Uʨ.ʥ(t) ʠ ʧʘʜʘʶʱʝʛʦ Uʨ.ʧ(t) ʜʣʷ 

ʢʘʞʜʦʡ ʬʘʟʳ j = 1, 2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: 

ʨ.ʥ ʦʧ

1
( ) floor

2

t t
U t U

å õå õ
= - + -æ öæ ö

t tç ÷ç ÷
; ʨ.ʧ ʦʧ

1
( ) floor

2

t t
U t U

å õå õ
=- - + -æ öæ ö

t tç ÷ç ÷
. (7) 
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ʈʠʩʫʥʦʢ 5 ï ɼʠʘʛʨʘʤʤʳ ʬʦʨʤʠʨʦʚʘʥʠ̫ ʥʘʧʨʷʞʝʥʠʷ 

 ʦʜʥʦʡ ʬʘʟʳ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʩ ʦʜʥʦʧʦʣʷʨʥʦʡ 

 ʨʝʚʝʨʩʠʚʥʦʡ ʤʦʜʫʣʷʮʠʝʡ 

ɿʜʝʩʴ Uʦʧ ï ʦʧʦʨʥʦʝ ʥʘʧʨʷʞʝʥʠʝ; Ű ï ʪʘʢʪʦʚʳʡ ʧʝʨʠʦʜ ʢʦʤʤʫʪʘʮʠʠ ʐʀʄ; 

floor(x) ï ʬʫʥʢʮʠʷ, ʚʳʯʠʩʣʷʶʱʘʷ ʮʝʣʫʶ ʯʘʩʪʴ ʯʠʩʣʘ. 

ʂʘʞʜʦʝ ʨʘʟʚʝʨʪʳʚʘʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ (ʥʘʨʘʩʪʘʶʱʝʝ ʠ ʩʧʘʜʘʶʱʝʝ) 

 

ʬʦʨʤʠʨʫʝʪ ʩʚʦʶ ʢʦʤʤʫʪʘʮʠʦʥʥʫʶ ʬʫʥʢʮʠʶ KFʥj(t, X) ʠ KFcj(t, X)

 

ʢʘʢ ʟʥʘʢ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʬʫʥʢʮʠʠ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ: ɝʥj(t, X) ʠʣʠ ɝcj(t, X). ʊʦ ʝʩʪʴ 

( ) ( ){ }ʥ ʥ1, sign ,jKF t t= xX X ; ( ) ( ){ }c c1, sign ,jKF t t= xX X  ʧʨʠ j = 1, 2. (8) 

ʌʫʥʢʮʠʷ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʘʟʥʦʩʪʴ ʩʠʛʥʘʣʘ ʦʰʠʙʢʠ 

Uer.j(t, X) ʠ ʥʘʨʘʩʪʘʶʱʝʛʦ ʠʣʠ ʩʧʘʜʘʶʱʝʛʦ ʨʘʟʚʝʨʪʳʚʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ: 

( ) ( ) ()ʥ er. ʨ.ʥ,   ,  ï j jt U t U tx =X X ; ( ) ( ) ()c er. ʨ.c,   ,  ï j jt U t U tx =X X  ʧʨʠ j = 1, 2, (9) 

ʛʜʝ ʬʫʥʢʮʠʷ ʩʠʛʥʘʣʘ ʦʰʠʙʢʠ ʜʣʷ ʢʘʞʜʦʡ ʬʘʟʳ j = 1, 2 ʩʦʦʪʚʝʪʩʪʚʫʝʪ: 

0

ʥʦʤ ʥʦʤ
er. ʟ ʪʝʢ ʟ ʪʝʢ ʠʥʪ

ʥʦʤ ʥʦʤ

( , )  sin

t

j i j

t

U U
U t U U k dt k i

å õå õå õ å õ
æ ö=a b -W + -W Q-æ öæ ö æ öæ öæ öW Wç ÷ ç ÷ç ÷ç ÷

ñX . (10) 

ʉʠʛʥʘʣ ʦʰʠʙʢʠ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʫʨʘʚʥʝʥʠʶ (10) ʢʘʢ ʨʘʟʥʦʩʪʴ ʟʘʜʘʥʠʷ ʥʘ ʪʦʢ ʠ 

ʩʠʛʥʘʣʘ ʜʘʪʯʠʢʘ ʪʦʢʘ. ʈʘʚʝʥʩʪʚʦ 

ʥʫʣʶ ʬʫʥʢʮʠʠ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ 

ɝʥj(t, X) ʠʣʠ ɝcj(t, X) ʩʦʛʣʘʩʥʦ 

ʫʨʘʚʥʝʥʠʶ (9) ʦʜʥʦʟʥʘʯʥʦ 

ʦʧʨʝʜʝʣʷʝʪ ʤʦʤʝʥʪ ʢʦʤʤʫʪʘʮʠʠ 

1
j

kt  ʠʣʠ 
2

j
k

t  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɸʥʘʣʠʟ ʘʣʛʦʨʠʪʤʘ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʤʤʫʪʘʮʠʦʥʥʦʡ 

ʬʫʥʢʮʠʠ (6) - (10) ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʢʘʞʜʳʡ ʪʘʢʪʦʚʳʡ ʠʥʪʝʨʚʘʣ 

ʐʀʄ ʜʣʷ ʢʘʞʜʦʡ ʬʘʟʳ j = 1, 2 

ʨʘʟʙʠʚʘʝʪʩʷ ʤʦʤʝʥʪʘʤʠ 

ʢʦʤʤʫʪʘʮʠʠ 1
j

kt  ʠ 2
j

kt  ʥʘ ʪʨʠ 

ʫʯʘʩʪʢʘ ʧʦʩʪʦʷʥʩʪʚʘ ʩʪʨʫʢʪʫʨʳ: 

ï ʧʝʨʚʳʡ: ( ) 11 j
kk t t- t< <, KFj = 0; 

ï ʚʪʦʨʦʡ: 1 2
j j

k kt t t< < , KFj = (-1)N; 

ï ʪʨʝʪʠʡ: 2
j

kt t k< < t, KFj = 0, 

ʛʜʝ k ï ʥʦʤʝʨ ʪʘʢʪʦʚʦʛʦ ʠʥʪʝʨʚʘʣʘ. 

ʅʘ ʧʝʨʚʦʤ ʠ ʪʨʝʪʴʝʤ ʫʯʘʩʪʢʘʭ, ʢʘʢ ʚʠʜʥʦ ʥʘ ʨʠʩʫʥʢʝ 5, ʢʦʤʤʫʪʘʮʠʦʥʥʘʷ 

ʬʫʥʢʮʠʷ ʚʩʝʛʜʘ ʧʨʠʥʠʤʘʝʪ ʥʫʣʝʚʳʝ ʟʥʘʯʝʥʠʷ. ʅʦʤʝʨ ʟʦʥʳ N, ʚ ʢʦʪʦʨʦʡ ʥʘʭʦʜʠʪʩʷ 

ʩʠʛʥʘʣ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʚʪʦʨʦʤ ʫʯʘʩʪʢʝ, ʟʘʚʠʩʠʪ ʦʪ ʟʥʘʢʘ ʩʠʛʥʘʣʘ: 

( ){ }er.sign ,jN U t= X . 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʂʦʰʠ (3), (4) ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʢʘʞʜʦʤ ʠʟ ʫʯʘʩʪʢʦʚ 

ʧʦʩʪʦʷʥʩʪʚʘ ʩʪʨʫʢʪʫʨʳ. ʇʨʠ ʵʪʦʤ ʙʫʜʝʤ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʢʦʤʤʫʪʘʮʠʦʥʥʳʭ ʬʫʥʢʮʠʡ KFj(t, X), j = 1, 2 ʩʪʨʦʠʪʩʷ ʦʪʜʝʣʴʥʦ ʜʣʷ ʢʘʞʜʦʡ ʬʘʟʳ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʤʦʤʝʥʪʦʚ ʢʦʤʤʫʪʘʮʠʠ 1
j

kt  ʠ 2
j

kt  

ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʬʘʟ ʚʝʢʪʦʨ ʧʨʘʚʳʭ ʯʘʩʪʝʡ B(KF) ʤʦʞʝʪ ʠʤʝʪʴ ʚʠʜ 
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.

ʄʋ ɻʆ

1U

2U

ʉʎʇʋ ɻʆ

5U

6U

ʄʋ ʊʆ

3U

4U

ʉʎʇʋ ʊʆ

7U

8U

ʄʂ
ɻʆʅ

ʦʧU

ʪʦN

ʛʦ sinW

űN

ɼʋ ɹʀʋ

ʛʦ cosW

ʪʦ sinW

ʪʦ cosW

ʚ ʛʦW

ʚ ʪʦW

ʨ
ʦ
ʪ
ʦ
ʨ

ʦʚU

ʛʦN

ű

ʩʪʘʪʦʨ

ɻʆ

ʊʆ

 

ʈʠʩʫʥʦʢ 7 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʉʀʋ 

( )
( )0

ʩ

0

1
0,1

N
E

L
M

J

è ø
é ù
-é ù

=é ù
é ù-
é ù
ê ú

B ; ( )

( )0

ʩ

1

1,0 0

N
E

L

M

J

è ø-
é ù
é ù
=é ù
-é ù

é ùê ú

B  ʠʣʠ ( )

ʩ

0

0,0 0

M

J

è ø
é ù
é ù
=é ù
-é ù
é ùê ú

B . (11) 

ʅʘ ʨʠʩʫʥʢʝ 6, ʥʘ ʧʨʠʤʝʨʝ ʦʜʥʦʡ ʟʦʥʳ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʩʝ ʚʦʟʤʦʞʥʳʝ 

ʚʘʨʠʘʥʪʳ ʢʦʤʤʫʪʘʮʠʦʥʥʳʭ ʬʫʥʢʮʠʠ ʥʘ ʪʘʢʪʦʚʦʤ ʠʥʪʝʨʚʘʣʝ. 
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1kt
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2kt
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1
1kt( )1k- t 2

1kt
1

2kt
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2kt kt
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ʜ) 

 

 

1
1kt( )1k- t 2

1kt
1

2kt
2
2kt kt

I II  III  IV  V 

ʝ) 

 
 

ʈʠʩʫʥʦʢ 6 ï ʂʦʤʤʫʪʘʮʠʦʥʥʳʝ ʬʫʥʢʮʠʠ ʥʘ ʪʘʢʪʦʚʦʤ ʠʥʪʝʨʚʘʣʝ ʜʚʫʭʬʘʟʥʦʡ ʩʠʩʪʝʤʳ (ʥʘ 

ʧʨʠʤʝʨʝ ʦʜʥʦʡ ʟʦʥʳ) 
 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʛʣʘ 

ʧʦʣʦʞʝʥʠʷ ʨʘʤʢʠ ʧʦʜʚʝʩʘ 

ʧʨʝʜʣʦʞʝʥʘ ʩʠʩʪʝʤʘ 

ʠʟʤʝʨʝʥʠʷ ʫʛʣʘ, ʚ ʩʦʩʪʘʚ 

ʢʦʪʦʨʦʡ ʚʭʦʜʷʪ ʜʘʪʯʠʢ ʠ 

ʙʣʦʢ ʠʟʤʝʨʝʥʠʷ. ɼʘʪʯʠʢ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ 

ʜʚʫʭʢʘʥʘʣʴʥʳʡ ʩʠʥʫʩʥʦ-

ʢʦʩʠʥʫʩʥʳʡ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨ. ɹʣʦʢ 

ʠʟʤʝʨʝʥʠʷ ʫʛʣʘ 

ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʘʥʘʣʦʛʦʚʳʭ ʩʠʛʥʘʣʦʚ ʩ ʚʳʭʦʜʘ ʜʘʪʯʠʢʘ ʫʛʣʘ ʚ ʮʠʬʨʦʚʦʡ ʢʦʜ. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʦʡ ʉʀʋ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚ ʥʝʡ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʘʪʯʠʢ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʨʝʜʫʢʮʠʠ, ʧʦʢʘʟʘʥʠʷ ʢʦʪʦʨʦʛʦ ʥʝ ʠʤʝʶʪ 

ʦʜʥʦʟʥʘʯʥʦʡ ʩʚʷʟʠ ʩ ʫʛʣʦʤ. ʇʦʵʪʦʤʫ ʢʦʜ ʠʩʪʠʥʥʦʛʦ ʫʛʣʘ ʥʝʦʙʭʦʜʠʤʦ ʚʳʯʠʩʣʷʪʴ 

ʧʦ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʘʣʛʦʨʠʪʤʫ. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʉʀʋ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 7. 

ɼʣʷ ʨʘʙʦʪʳ ʜʘʪʯʠʢʘ ʫʛʣʘ ʥʘ ʝʛʦ ʦʙʤʦʪʢʠ ʚʦʟʙʫʞʜʝʥʠʷ ʛʨʫʙʦʛʦ ʠ ʪʦʯʥʦʛʦ 

ʢʘʥʘʣʦʚ ʧʦʜʘʝʪʩʷ ʩ ʚʳʭʦʜʘ ʛʝʥʝʨʘʪʦʨʘ ʦʧʦʨʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ɻʆʅ ʥʘʧʨʷʞʝʥʠʝ 

ʨʘʚʥʦʝ 

Uʦʚ = U0sinɤ0t, (12) 

ʛʜʝ ɤ0 ï ʯʘʩʪʦʪʘ ʚʦʟʙʫʞʜʝʥʠʷ ʜʘʪʯʠʢʘ; U0 ï ʘʤʧʣʠʪʫʜʘ ʥʘʧʨʷʞʝʥʠʷ 

ʚʦʟʙʫʞʜʝʥʠʷ. 

ɻʨʫʙʳʡ ʠ ʪʦʯʥʳʡ ʢʘʥʘʣʳ ʜʘʪʯʠʢʘ ʫʛʣʘ ʚʳʨʘʙʘʪʳʚʘʶʪ ʤʦʜʫʣʠʨʦʚʘʥʥʳʝ 

ʩʠʥʫʩʦʠʜʘʣʴʥʳʝ ʩʠʛʥʘʣʳ U1, U2, U3, U4, ʢʦʪʦʨʳʝ ʥʦʨʤʠʨʫʶʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʤʘʩʰʪʘʙʥʳʭ ʫʩʠʣʠʪʝʣʝʡ (ʄʋ ɻʆ, ʄʋ ʊʆ) U5, U6, U7, U8. ɼʘʣʝʝ ʘʥʘʣʦʛʦʚʳʝ 

ʩʠʛʥʘʣʳ ʧʦʩʪʫʧʘʶʪ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʣʝʜʷʱʠʝ ʮʠʬʨʦʚʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ 
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ʫʛʣʘ (ʉʎʇʋ ɻʆ, ʉʎʇʋ ʊʆ), ʧʨʝʦʙʨʘʟʫʶʱʠʝ ʠʭ ʚ ʮʠʬʨʦʚʳʝ ʧʘʨʘʣʣʝʣʴʥʳʝ ʢʦʜʳ 

ʪʝʢʫʱʝʛʦ ʟʥʘʯʝʥʠʷ ʫʛʣʦʚ ʛʨʫʙʦʛʦ Nʛ ʠ ʪʦʯʥʦʛʦ Nʪ ʢʘʥʘʣʦʚ. ʉʠʥʭʨʦʥʠʟʘʮʠʷ ʨʘʙʦʪʳ 

ʩʣʝʜʷʱʠʭ ʮʠʬʨʦʚʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʫʛʣʘ ʠ ʜʚʫʭ ʢʘʥʘʣʦʚ ʜʘʪʯʠʢʘ ʫʛʣʘ 

ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʩʠʛʥʘʣʫ Uʦʧ. ʄʠʢʨʦʢʦʥʪʨʦʣʣʝʨ, ʧʝʨʝʩʯʠʪʳʚʘʝʪ ʮʠʬʨʦʚʳʝ ʢʦʜʳ Nʛ 

ʠ Nʪ ʧʦ ʧʨʝʜʣʦʞʝʥʥʦʤʫ ʘʣʛʦʨʠʪʤʫ ʚ ʢʦʜ ʫʛʣʘ Nű ʧʦʚʦʨʦʪʘ ʨʘʤʢʠ. ɿʥʘʯʝʥʠʝ ʯʠʩʣʘ 

ʣɻʝʢʪʨʠʯʝʩʢʦʡ ʨʝʜʫʢʮʠʠ ʧʨʦʛʨʘʤʤʠʨʫʝʪʩʷ ʚ ʧʘʤʷʪʴ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ. 

ɺʳʯʠʩʣʝʥʠʝ ʫʛʣʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʨʘʤʢʠ ű ʨʝʘʣʠʟʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʚʳʨʘʞʝʥʠʷ 

ʛ ʪ

ʛ ʪ

360 360i n

k k

j + ¯ j + ¯
- ¢Dj, (13) 

ʛʜʝ űʛ, űʪ ï ʫʛʦʣ ʛʨʫʙʦʛʦ ʠ ʪʦʯʥʦʛʦ ʦʪʩʯʝʪʘ; kʛ, kʪ ï ʯʠʩʣʦ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʨʝʜʫʢʮʠʠ ʛʨʫʙʦʛʦ ʠ ʪʦʯʥʦʛʦ ʦʪʩʯʝʪʘ ʜʘʪʯʠʢʘ; ȹű ï ʫʛʦʣ ʨʘʩʭʦʞʜʝʥʠʷ ʤʝʞʜʫ 

ʛʨʫʙʳʤ ʠ ʪʦʯʥʳʤ ʢʘʥʘʣʘʤʠ. 

ɺʳʯʠʩʣʝʥʠʝ ʥʘʯʠʥʘʝʪʩʷ ʩ ʧʨʦʚʝʨʢʠ ʫʩʣʦʚʠʷ ʚʳʨʘʞʝʥʠʷ (13) ʧʨʠ ʟʥʘʯʝʥʠʷʭ i 

ʠ n, ʨʘʚʥʳʭ ʝʜʠʥʠʮʝ. ɿʘʪʝʤ ʦʥʦ ʧʨʦʚʝʨʷʝʪʩʷ ʧʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʫʚʝʣʠʯʝʥʠʠ n 

ʥʘ ʝʜʠʥʠʮʫ ʜʦ n = kʪ. ɽʩʣʠ ʫʩʣʦʚʠʝ ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ, ʪʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʥʘ 

ʝʜʠʥʠʮʫ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʟʥʘʯʝʥʠʝ i ʜʦ i = kʛ - 1 ʠ ʧʨʦʮʝʜʫʨʘ ʧʝʨʝʙʦʨʘ n 

ʧʦʚʪʦʨʷʝʪʩʷ. 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʷ ʚʳʨʘʞʝʥʠʷ (13) ʧʨʦʮʝʩʩ ʚʳʯʠʩʣʝʥʠʷ ʧʨʝʢʨʘʱʘʝʪʩʷ 

ʠ ʥʘ ʚʳʭʦʜʝ ʬʦʨʤʠʨʫʝʪʩʷ ʢʦʜ ʫʛʣʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʨʘʤʢʠ 

ʪ

ʪ 0

360 1

D

n
N

k
j

j + ¯
= Ö

j
, (14) 

ʛʜʝ űD0 ï ʫʛʦʣ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʝʜʠʥʠʮʝ ʤʣʘʜʰʝʛʦ ʨʘʟʨʷʜʘ ʢʦʜʘ ʫʛʣʘ ʧʦʚʦʨʦʪʘ 

ʨʘʤʢʠ. 

ɺ ʪʨʝʪʝɹʡ ʛʣʘʚʝ ʜʣʷ ʦʮʝʥʢʠ ʘʜʝʢʚʘʪʥʦʩʪʠ ʤʦʜʝʣʠ ʨʝʘʣʴʥʦʤʫ ʧʨʠʙʦʨʫ ʙʳʣʠ 

ʩʥʷʪʳ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʜʠʘʛʨʘʤʤʳ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ ɺɼ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ (ʨʘʟʛʦʥ, 

ʟʘʤʝʜʣʝʥʠʝ, ʦʩʪʘʥʦʚʢʘ, ʨʝʚʝʨʩ). ɼʠʘʛʨʘʤʤʳ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʨʝʞʠʤʝ 

ʨʘʟʛʦʥʘ ɺɼ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 8. 

ɺ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʘʨʘʤʝʪʨʳ ʨʝʘʣʴʥʦʛʦ ʧʨʠʙʦʨʘ ʩʦ ʩʣʝʜʫʶʱʠʤʠ 

ʜʦʧʫʱʝʥʠʷʤʠ: ʢʣʶʯʠ ʠʜʝʘʣʴʥʳ (ʚʨʝʤʷ ʧʝʨʝʢʣʶʯʝʥʠʷ ʨʘʚʥʦ ʥʫʣʶ); ʠʥʜʫʢʪʠʚʥʳʝ 

ʠ ʝʤʢʦʩʪʥʳʝ ʧʘʨʘʟʠʪʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʠʣʦʚʳʭ ʠʥʚʝʨʪʦʨʦʚ ʥʝ ʫʯʪʝʥʳ; ʥʘ ʰʘʛʝ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʫʛʦʣ ʧʦʣʦʞʝʥʠʷ ʨʦʪʦʨʘ ɺɼ ʥʝʠʟʤʝʥʝʥ (Ū = const), ʟʘ ʪʝʢʫʱʝʝ 

ʟʥʘʯʝʥʠʝ Ū ʧʨʠʥʠʤʘʝʤ ʧʨʝʜʳʜʫʱʝʝ ʟʥʘʯʝʥʠʝ; ʠʥʜʫʢʪʠʚʥʦʩʪʴʶ ʨʘʩʩʝʷʥʠʷ ʩʪʘʪʦʨʘ 

ʧʨʝʥʝʙʨʝʛʘʝʤ. 

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʪʘʢʞʝ ʫʯʠʪʳʚʘʣʩʷ ʪʘʢʦʡ ʬʘʢʪʦʨ ʢʘʢ 

ʯʠʩʣʦ ʢʦʤʤʫʪʘʮʠʡ ʬʘʟʥʳʭ ʢʣʶʯʝʡ ʟʘ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ. ʊʘʢ ʢʘʢ ʚ ʨʝʘʣʴʥʦʤ 

ʧʨʠʙʦʨʝ ʥʝʦʛʨʘʥʠʯʝʥʥʦʝ ʯʠʩʣʦ ʢʦʤʤʫʪʘʮʠʡ ʥʝʠʟʙʝʞʥʦ ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʛʨʝʚʫ 

ʪʨʘʥʟʠʩʪʦʨʦʚ ʠ ʚʳʭʦʜʫ ʠʭ ʠʟ ʩʪʨʦʷ, ʧʦʵʪʦʤʫ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʠʷ ʨʝʘʣʴʥʦʤʫ ʧʨʠʙʦʨʫ 

ʚ ʤʦʜʝʣʠ ʙʳʣʠ ʨʝʘʣʠʟʦʚʘʥʳ ʪʨʠʛʛʝʨʳ ʦʛʨʘʥʠʯʠʚʘʶʱʠʝ ʯʘʩʪʦʪʫ ʧʝʨʝʢʣʶʯʝʥʠʷ 

ʪʨʘʥʟʠʩʪʦʨʦʚ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʯʠʩʣʦ ʢʦʤʤʫʪʘʮʠʡ ʥʝ ʧʨʝʚʳʰʘʝʪ ʜʚʫʭ (ʦʪʢʨʳʪʦʛʦ 

ʠ ʟʘʢʨʳʪʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʣʶʯʘ) ʟʘ ʧʝʨʠʦʜ ʐʀʄ. ʇʨʠ ʘʥʘʣʠʟʝ ʧʦʚʝʜʝʥʠʷ ʤʦʜʝʣʠ 

ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʙʳʣʠ ʦʪʩʣʝʞʝʥʳ ʠ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʳ 

ʧʦʵʪʘʧʥʳʝ ʧʨʦʷʚʣʝʥʠʷ ʘʥʦʤʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʫʜʚʦʝʥʠʝ 

ʧʝʨʠʦʜʘ ʪʦʢʘ (ʨʠʩʫʥʦʢ 9). 
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ʘ) 

 
t, ʩ 

n, ʦʙ/ʤʠʥ 

 

ʚ) 

 
t, ʩ 

i, ɸ 

 

ʙ) 

 
t, ʩ 

M, ʅʤ 

 

ʛ) 

 
t, ʩ 

e, ɺ 

 

ʈʠʩʫʥʦʢ 8 ï ʈʘʟʛʦʥ ɺɼ: ʘ) ï ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ; ʙ) ï ʤʦʤʝʥʪ ʥʘ ʚʘʣʫ; 

ʚ) ï ʬʘʟʥʳʡ ʪʦʢ; ʛ) ï ʕɼʉ ʚʨʘʱʝʥʠʷ 
 

ɼʣʷ ʠʣʣʶʩʪʨʘʮʠʠ ʭʘʨʘʢʪʝʨʘ ʧʦʚʝʜʝʥʠʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʯʘʩʪʦʪʦʡ 

ʚʨʘʱʝʥʠʷ ɺɼ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠʩʩʣʝʜʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʠ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʙʠʬʫʨʢʘʮʠʦʥʥʳʝ ʜʠʘʛʨʘʤʤʳ, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʪʦʯʝʯʥʳʭ 

ʦʪʦʙʨʘʞʝʥʠʡ. ʅʘ ʨʠʩʫʥʢʝ 10, ʘ, ʙ ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʢʠ ʫʩʪʘʥʦʚʠʚʰʠʭʩʷ 

ʤʛʥʦʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʫʩʠʣʝʥʠʷ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʢʦʥʪʫʨʘ ʪʦʢʘ Ŭ ʠ ʧʦʩʪʦʷʥʥʦʡ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʇʀ-ʨʝʛʫʣʷʪʦʨʘ ʢʦʥʪʫʨʘ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ kʠʥʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
 

 
t, ʩ 

i, ɸ 

  

ʈʠʩʫʥʦʢ 9 ï ɺʨʝʤʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʬʘʟʥʦʛʦ ʪʦʢʘ 
 

ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʠʘʛʨʘʤʤʘʭ ʧʨʦʮʝʩʩ ʫʩʪʘʥʦʚʣʝʥʠʷ ʦʧʫʱʝʥ. ʅʘ ʨʠʩʫʥʢʝ 10, 

ʘ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ, ʢʘʢ ʧʨʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʧʣʘʚʥʦʤ ʠʟʤʝʥʝʥʠʠ ʧʘʨʘʤʝʪʨʘ Ŭ 

ʧʨʦʠʩʭʦʜʠʪ ʢʘʯʝʩʪʚʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʨʝʞʠʤʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ. 
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ʘ) 

 

I II  
III  

IV  

V 
VI  

VII  

*
1a 

*
2a  

*
3a  

*
4a  

*
5a  

*
6a  

n, ʦʙ/ʤʠʥ 

a 
 

ʙ) 

 

I 
II  

III  

IV  

V 
VI  VII  VIII  

*
1k  

n, ʦʙ/ʤʠʥ 

kʠʥʪ 
*
2k  

*
3k  

*
4k  

*
5k  

*
6k  

*
7k  

 

ʈʠʩʫʥʦʢ 10 ï ɹʠʬʫʨʢʘʮʠʦʥʥʘʷ ʜʠʘʛʨʘʤʤʘ: ʘ) ï ʢʦʥʪʫʨʘ ʪʦʢʘ; ʙ) ï ʢʦʥʪʫʨʘ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ 
 

ʄʦʤʝʥʪʳ ʠʟʤʝʥʝʥʠʷ ʭʘʨʘʢʪʝʨʘ ʜʚʠʞʝʥʠʷ ʩʠʩʪʝʤʳ ʥʘʟʳʚʘʶʪʩʷ ʪʦʯʢʘʤʠ 

ʙʠʬʫʨʢʘʮʠʠ (* * *
1 2 6, ,a  a  ... , a), ʚ ʥʠʭ ʩʠʩʪʝʤʘ ʧʝʨʝʭʦʜʠʪ ʦʪ ʦʜʥʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʨʝʞʠʤʘ ʢ ʜʨʫʛʦʤʫ. 

ɹʠʬʫʨʢʘʮʠʦʥʥʫʶ ʜʠʘʛʨʘʤʤʫ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʢʦɻʬʬʠʮʠʝʥʪʘʭ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʇʀ-ʨʝʛʫʣʷʪʦʨʘ kʠʥʪ (ʨʠʩʫʥʦʢ 10, ʙ), ʤʦʞʥʦ 

ʫʩʣʦʚʥʦ ʨʘʟʙʠʪʴ ʥʘ VIII  ʦʙʣʘʩʪʝʡ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʨʝʞʠʤʦʚ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ, ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʧʘʨʘʤʝʪʨʦʤ Ŭ. ʊʦʯʢʠ ʢʘʯʝʩʪʚʝʥʥʦʛʦ 

ʠʟʤʝʥʝʥʠʷ ʧʦʚʝʜʝʥʠʷ ʩʠʩʪʝʤʳ ʦʙʦʟʥʘʯʝʥʳ ʢʘʢ * * *
1 2 7, ,k k k  ... , . ʍʘʨʘʢʪʝʨʥʳʤ ʷʚʣʷʝʪʩʷ 

ʯʝʨʝʜʦʚʘʥʠʝ ʭʘʦʪʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ ʩ ʩʫʙʛʘʨʤʦʥʠʯʝʩʢʠʤʠ. 

ɺ ʪʘʙʣʠʮʘʭ 2, 3 ʧʨʠʚʝʜʝʥʳ ʬʘʟʦʚʳʡ ʧʦʨʪʨʝʪ ʠ ʜʠʘʛʨʘʤʤʳ ʤʛʥʦʚʝʥʥʳʭ 

ʟʥʘʯʝʥʠʡ Uʦ ,h KF, i, e ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʙʠʬʫʨʢʘʮʠʦʥʥʳʤ ʜʠʘʛʨʘʤʤʘʤ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʥʘ ʨʠʩʫʥʢʝ 10, ʘ, ʙ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʩʪʨʦʝʥʠʷ ʙʠʬʫʨʢʘʮʠʦʥʥʳʭ ʜʠʘʛʨʘʤʤ ʙʳʣʠ ʚʳʜʝʣʝʥʳ 

ʛʨʘʥʠʮʳ ʦʙʣʘʩʪʝʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʦʝʢʪʥʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ɺɼ ʉɻʇ. ɻʨʘʥʠʮʳ 

ʦʙʣʘʩʪʝʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ 

ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ Ŭ, ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʇʀ-ʨʝʛʫʣʷʪʦʨʘ kʠʥʪ ʧʨʠʚʝʜʝʥʳ 

ʥʘ ʨʠʩʫʥʢʝ 11, ʘ ʠ ʙ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
 

ʘ) 
 

 

n, ʦʙ/ʤʠʥ 

Ŭ 
 

ʙ) 
 

 

n, ʦʙ/ʤʠʥ 

kʠʥʪ x 10
4
 
 

ʈʠʩʫʥʦʢ 11 ï ɻʨʘʥʠʮʳ ʦʙʣʘʩʪʝʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʜʥʦʮʠʢʣʦʚʦʛʦ ʧʨʦʝʢʪʥʦʛʦ ʨʝʞʠʤʘ: 

ʘ) ï ʢʦʥʪʫʨʘ ʪʦʢʘ; ʙ) ï ʢʦʥʪʫʨʘ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ 
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