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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɸʢʪʫʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ 

ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʠʩʪʝʤ 

ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ, ʦʙʨʘʙʦʪʢʘ, ʭʨʘʥʝʥʠʝ ʠ ʧʝʨʝʜʘʯʘ ʠʥʬʦʨʤʘʮʠʠ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʩ ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʩʠʛʥʘʣʦʚ. ʆʜʥʘʢʦ ʜʣʷ ʘʥʘʣʠʟʘ, 

ʩʠʥʪʝʟʘ ʠ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ, ʯʘʩʪʦʪʘ ʢʦʪʦʨʳʭ ʠʟʤʝʥʷʝʪʩʷ ʚʦ ʚʨʝʤʝʥʠ, 

ʦʙʳʯʥʳʡ ʩʧʝʢʪʨ ʷʚʣʷʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʤʘʣʦʠʥʬʦʨʤʘʪʠʚʥʳʤ. ʋʯʠʪʳʚʘʷ 

ʵʪʦ, ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʤʝʪʦʜʳ ʚʨʝʤʷ-ʯʘʩʪʦʪʥʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʠʛʥʘʣʦʚ, ʩʘʤʳʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʠʟ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʶʪ 

ʚʝʡʚʣʝʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ [1, 2, 24, 27, 28, 46, 63, 77]. 

ɸʣʛʦʨʠʪʤʳ ʜʠʩʢʨʝʪʥʦʛʦ ʚʝʡʚʣʝʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʥʘʰʣʠ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ ʘʥʘʣʠʟʝ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ ʩʠʛʥʘʣʦʚ ʠ ʠʟʦʙʨʘʞʝʥʠʡ ʚ 

ʢʦʤʧʴʶʪʝʨʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤʘʭ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʧʘʨʘʤʝʪʨʦʚ 

ʧʨʦʮʝʩʩʦʚ ʠ ʩʨʝʜ, ʜʣʷ ʢʦʤʧʨʝʩʩʠʠ ʠ ʦʯʠʩʪʢʠ ʦʪ ʰʫʤʘ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʠʩʪʝʤʘʭ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʚ ʪʘʢʠʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ ʠ 

ʪʝʭʥʠʢʠ ʢʘʢ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʠ, ʨʘʜʠʦʪʝʭʥʠʢʘ, ʵʥʝʨʛʝʪʠʢʘ, ʩʚʷʟʴ, ʛʝʦʬʠʟʠʢʘ, 

ʤʝʜʠʮʠʥʘ ʠ ʜʨ. [42, 43, 51, 61, 72, 78, 87, 97, 104]. 

ʇʨʠ ʵʪʦʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʠʛʥʘʣʦʚ ʚ ʤʘʣʦʚʦʣʥʦʚʦʡ 

ʦʙʣʘʩʪʠ, ʠʭ ʘʥʘʣʠʟ ʠ ʦʙʨʘʙʦʪʢʘ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʷʪ ʦʪ ʚʳʙʦʨʘ ʙʘʟʦʚʳʭ 

ʬʫʥʢʮʠʡ, ʢʦʪʦʨʳʝ ʧʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ. ʕʬʬʝʢʪʠʚʥʳʡ ʚʳʙʦʨ ʪʘʢʠʭ 

ʬʫʥʢʮʠʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʫʶ ʪʦʯʥʦʩʪʴ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 

ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʩʠʛʥʘʣʦʚ ʚʦ ʚʨʝʤʷ-ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ, ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ 

ʢʘʯʝʩʪʚʝʥʥʫʶ ʜʝʢʦʤʧʦʟʠʮʠʶ ʠ ʩʦʩʨʝʜʦʪʦʯʠʪʴ ʵʥʝʨʛʠʶ ʩʠʛʥʘʣʘ ʚ ʥʝʙʦʣʴʰʦʤ 

ʢʦʣʠʯʝʩʪʚʝ ʟʥʘʯʠʤʳʭ ʥʝʥʫʣʝʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ [87]. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʦʮʝʜʫʨʘ ʚʳʙʦʨʘ ʙʘʟʦʚʳʭ (ʤʘʪʝʨʠʥʩʢʠʭ) ʚʝʡʚʣʝʪ 

ʬʫʥʢʮʠʡ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʩʩʣʝʜʦʚʘʥʘ ʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʨʦʠʩʭʦʜʠʪ 

ʥʝʦʙʦʩʥʦʚʘʥʥʦ. ɺ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ, ʧʨʠ ʚʳʙʦʨʝ ʤʘʪʝʨʠʥʩʢʦʡ 

ʬʫʥʢʮʠʠ, ʫʯʠʪʳʚʘʶʪʩʷ ʪʘʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʘʢ ʨʘʟʤʝʨ ʥʦʩʠʪʝʣʷ, 

ʢʦʣʠʯʝʩʪʚʦ ʥʫʣʝʚʳʭ ʤʦʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʠʭ ʛʣʘʜʢʦʩʪʴ.  
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ʆʜʥʘʢʦ, ʫʢʘʟʘʥʥʳʝ ʩʚʦʡʩʪʚʘ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʣʠʰʴ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ 

ʦʧʠʩʘʥʠʝ ʙʘʟʦʚʳʭ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʡ, ʢʦʪʦʨʦʝ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʷʚʥʳʭ 

ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʤʫ ʧʨʠʤʝʥʝʥʠʶ ʜʣʷ ʘʥʘʣʠʟʘ, ʩʠʥʪʝʟʘ ʠ 

ʦʙʨʘʙʦʪʢʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʩʠʛʥʘʣʦʚ. ʇʦʵʪʦʤʫ, ʩ ʮʝʣʴʶ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʳʭ 

ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʡ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʠʢʝ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʧʦʜʭʦʜʳ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʣʝʞʘʪ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ, ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʢʨʠʪʝʨʠʠ [83, 88, 99, 100, 107-109]. 

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʥʦʚʳʝ ʧʦʜʭʦʜʳ ʢ ʚʳʙʦʨʫ ʦʧʪʠʤʘʣʴʥʳʭ 

ʤʘʣʦʚʦʣʥʦʚʳʭ ʬʫʥʢʮʠʡ ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʜʦʩʪʠʞʝʥʠʷʭ ʤʥʦʛʠʭ ʤʠʨʦʚʳʭ ʫʯʝʥʳʭ, 

ʚ ʯʘʩʪʥʦʩʪʠ: ʄ. ɺʠʢʝʨʛʦʡʟʝʨʘ [106], ʀ. ɼʦʙʝʰʠ [80-82], ɼ. ɼʦʥʦʭʦ [84, 85], ʈ. 

ʂʦʡʬʤʘʥʘ [75], ʄʘʢʘʨʠʯʝʚʘ ɺ.ɸ., ʉ. ʄʘʣʣʘʪʘ [41, 93, 94], ʁ. ʄʝʡʝʨʘ [95], ʏ. 

ʏʫʠ [77, 78] ʠ ʜʨ. ɺʝʩʦʤʳʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʧʨʠʢʣʘʜʥʳʭ 

ʦʩʥʦʚ ʚʨʝʤʷ-ʯʘʩʪʦʪʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʠʛʥʘʣʦʚ ʚʥʝʩʣʠ ʪʘʢʞʝ ʦʪʝʯʝʩʪʚʝʥʥʳʝ 

ʘʚʪʦʨʳ: ɸʩʪʘʬʴʝʚʘ ʅ.ʄ., ɹʝʭʪʠʥ ʖ.ʉ., ɺʘʪʦʣʠʥ ɼ.ʉ., ʂʨʘʚʯʝʥʢʦ ɺ.ʌ., 

ʇʫʩʪʦʚʦʡʪ ɺ. ʀ., ʈʚʘʯʝʚ ɺ.ʃ., ʉʠʜʦʨʝʥʢʦ ʄ.ʉ., ʏʫʨʠʢʦʚ ɼ. ɺ., ɼʚʦʨʥʠʢʦʚ ʉ.ɺ. 

ʠ ʜʨ. 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʦʜʭʦʜʦʚ ʢ ʚʳʙʦʨʫ ʦʧʪʠʤʘʣʴʥʳʭ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʡ ʜʣʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʠʧʦʚ ʩʠʛʥʘʣʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʪʘʢʠʭ ʦʙʣʘʩʪʷʭ, ʢʘʢ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʠ, ʤʝʜʠʮʠʥʩʢʘʷ ʜʠʘʛʥʦʩʪʠʢʘ, ʙʠʦʤʝʜʠʮʠʥʩʢʘʷ ʠʥʞʝʥʝʨʠʷ, 

ʚʠʙʨʦʜʠʘʛʥʦʩʪʠʢʘ, ʜʝʬʝʢʪʦʩʢʦʧʠʷ, ʫʣʴʪʨʘʟʚʫʢʦʚʘʷ ʜʠʘʛʥʦʩʪʠʢʘ, ʵʥʝʨʛʝʪʠʢʘ ʠ 

ʩʠʩʪʝʤʥʘʷ ʠʥʞʝʥʝʨʠʷ. ʆʜʥʘʢʦ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʥʠʢʘʢʠʭ 

ʦʙʦʙʱʝʥʥʳʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʜʣʷ ʚʳʙʦʨʘ ʤʘʪʝʨʠʥʩʢʠʭ 

ʬʫʥʢʮʠʡ ʜʣʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʩʠʛʥʘʣʦʚ. 

ʇʨʦʙʣʝʤʘ ʦʙʨʘʙʦʪʢʠ ʮʠʬʨʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ. 

ʆʜʥʠʤ ʠʟ ʘʩʧʝʢʪʦʚ ʷʚʣʷʝʪʩʷ ʩʞʘʪʠʝ ʜʘʥʥʳʭ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ ʧʦʪʝʨʷʤʠ 

ʢʘʯʝʩʪʚʘ ʠʟʦʙʨʘʞʝʥʠʡ. ʉʞʘʪʠʝ ʠʟʦʙʨʘʞʝʥʠʡ ʠʤʝʝʪ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ. ʆʜʥʘ ʠʟ 

ʥʠʭ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʯʝʣʦʚʝʯʝʩʢʠʡ ʛʣʘʟ ʷʚʣʷʝʪʩʷ ʣʫʯʰʠʤ ʢʨʠʪʝʨʠʝʤ ʜʣʷ 

ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʦʙʨʘʙʦʪʢʠ. ʀʩʧʦʣʴʟʫʷ ʘʣʛʦʨʠʪʤʳ ʩʞʘʪʠʷ ʩ ʧʦʪʝʨʷʤʠ, ʤʦʞʥʦ 
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ʜʦʙʠʪʴʩʷ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʩʦʢʨʘʱʝʥʠʷ ʨʝʩʫʨʩʦʚ ʧʨʠ ʥʝʟʘʤʝʪʥʳʭ ʠʣʠ ʧʦʯʪʠ 

ʥʝʟʘʤʝʪʥʳʭ ʠʟʤʝʥʝʥʠʷʭ ʠʩʭʦʜʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. ɺʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʘʣʛʦʨʠʪʤʘ ʩʞʘʪʠʷ ʜʘʥʥʳʭ ʩ ʧʦʪʝʨʝʡ ʢʘʯʝʩʪʚʘ ʟʘʚʠʩʠʪ ʦʪ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʠʤʝʥʷʝʤʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ. ɺ ʧʦʩʣʝʜʥʝʡ 

ʧʦʣʦʚʠʥʝ ʜʚʘʜʮʘʪʦʛʦ ʚʝʢʘ ʧʦʷʚʠʣʠʩʴ ʥʦʚʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʘʧʧʨʦʢʩʠʤʘʮʠʠ, 

ʪʘʢʠʝ, ʢʘʢ ʘʪʦʤʘʨʥʳʝ ʬʫʥʢʮʠʠ, ʥʘʧʨʠʤʝʨ, ʬʫʥʢʮʠʠ ʂʨʘʚʯʝʥʢʦ-ʈʚʘʯʝʚʘ ʠ 

ʦʙʦʙʱʝʥʥʳʝ ʘʪʦʤʘʨʥʳʝ ʚʝʡʚʣʝʪʳ. ʇʨʠʯʠʥʦʡ ʪʦʤʫ ʧʦʩʣʫʞʠʣʘ ʥʝʚʦʟʤʦʞʥʦʩʪʴ 

ʨʝʰʠʪʴ ʨʘʟʣʠʯʥʳʝ ʠʥʞʝʥʝʨʥʳʝ ʟʘʜʘʯʠ ʩ ʧʦʤʦʱʴʶ ʢʣʘʩʩʠʯʝʩʢʠʭ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ. ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʧʦʟʚʦʣʠʣʘ 

ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʭʘʥʠʟʤ ʢʦʥʪʨʦʣʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʧʦʪʝʨʝʡ ʢʘʯʝʩʪʚʘ ʠʟʦʙʨʘʞʝʥʠʡ. 

ʅʘ ʢʘʬʝʜʨʝ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʠ ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ɻʋɸʇ 

ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʩʧʝʢʪʨʘʣʴʥʦ-ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʛʥʘʣʦʚ ʠ ʦʙʨʘʙʦʪʢʠ 

ʮʠʬʨʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʘʪʦʤʘʨʥʳʭ ʬʫʥʢʮʠʡ ʂʨʘʚʯʝʥʢʦ-ʈʚʘʯʝʚʘ ʠ 

ʦʙʦʙʱʝʥʥʳʭ ʘʪʦʤʘʨʥʳʭ ʚʝʡʚʣʝʪʦʚ. 

 ɼʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʠ ʮʠʬʨʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ 

ʧʨʠʤʝʥʝʥ ʤʝʭʘʥʠʟʤ ʢʦʥʪʨʦʣʷ ʧʦʪʝʨʠ ʢʘʯʝʩʪʚʘ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʧʦʧʝʨʝʯʥʠʢʘ ɸ.ʅ. ʂʦʣʤʦʛʦʨʦʚʘ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʣʫʯʝʥʠʷ ʜʦʧʫʩʪʠʤʦʡ ʩʪʝʧʝʥʠ ʠʩʢʘʞʝʥʠʡ. 

ʋʯʠʪʳʚʘʷ ʵʪʦ, ʘʢʪʫʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʥʘʫʯʥʘʷ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ ʧʦʠʩʢʘ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʳʙʦʨʘ ʙʘʟʦʚʳʭ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʡ ʜʣʷ ʩʠʛʥʘʣʦʚ ʠ ʠʟʦʙʨʘʞʝʥʠʡ, 

ʠʥʩʪʨʫʤʝʥʪʘʨʠʝʤ ʘʥʘʣʠʟʘ, ʩʠʥʪʝʟʘ ʠ ʦʙʨʘʙʦʪʢʠ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʚʝʡʚʣʝʪ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ. 

ʎʝʣʴ ʠ ʟʘʜʘʯʠ ʨʘʙʦʪʳ. ʎʝʣʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ 

ʩʧʝʢʪʨʘʣʴʥʦ-ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʛʥʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʘʪʦʤʘʨʥʳʭ ʬʫʥʢʮʠʡ 

ʂʨʘʚʯʝʥʢʦ-ʈʚʘʯʝʚʘ, ʢʦʪʦʨʳʝ ʙʳ ʦʙʝʩʧʝʯʠʚʘʣʠ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ ʚʦ ʚʨʝʤʷ-

ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ ʠ ʧʦʟʚʦʣʷʣʠ ʙʳ ʩʦʩʨʝʜʦʪʦʯʠʪʴ ʵʥʝʨʛʠʶ ʩʠʛʥʘʣʘ ʚ 

ʥʝʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʟʥʘʯʠʤʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ ʩ 
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ʫʯʝʪʦʤ ʤʝʭʘʥʠʟʤʘ ʢʦʥʪʨʦʣʷ ʧʦʪʝʨʴ ʢʘʯʝʩʪʚʘ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ 

ʮʝʣʠ ʚ ʨʘʙʦʪʝ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʟʘʜʘʯʠ: 

- ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʩʧʦʩʦʙʦʚ ʧʦʩʪʨʦʝʥʠʷ ʠ ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜʠʢʫ 

ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʥʘʭʦʞʜʝʥʠʷ ʬʦʨʤ ʩʧʝʢʪʨʘʣʴʥʦ-ʵʬʬʝʢʪʠʚʥʳʭ 

ʩʠʛʥʘʣʦʚ ʩ ʘʤʧʣʠʪʫʜʥʦ-ʬʘʟʦʚʦʡ ʤʦʜʫʣʷʮʠʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩʠʛʥʘʣʦʚ ʩ 

ʤʝʞʩʠʤʚʦʣʴʥʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʝʡ ʥʘ ʦʩʥʦʚʝ ʘʪʦʤʘʨʥʳʭ ʬʫʥʢʮʠʡ ʂʨʘʚʯʝʥʢʦ-

ʈʚʘʯʝʚʘ; 

- ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʠʥʮʠʧʳ ʧʦʩʪʨʦʝʥʠʷ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ 

ʘʣʛʦʨʠʪʤʳ ʧʨʠʝʤʘ ʧʦʣʫʯʝʥʥʳʭ ʥʦʚʳʭ ʩʧʝʢʪʨʘʣʴʥʦ-ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʛʥʘʣʦʚ; 

- ʦʩʫʱʝʩʪʚʠʪʴ ʘʥʘʣʠʟ ʠ ʚʳʙʨʘʪʴ ʩʧʦʩʦʙʳ ʠ ʩʨʝʜʩʪʚʘ ʦʙʨʘʙʦʪʢʠ 

ʮʠʬʨʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʦʙʦʙʱʝʥʥʳʭ ʚʝʡʚʣʝʪʦʚ; 

- ʠʩʩʣʝʜʦʚʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʳʭ ʩʧʦʩʦʙʦʚ, ʘʣʛʦʨʠʪʤʦʚ ʠ 

ʢʨʠʪʝʨʠʝʚ ʚʳʙʦʨʘ ʤʘʪʝʨʠʥʩʢʠʭ ʬʫʥʢʮʠʡ; 

- ʧʨʦʚʝʩʪʠ ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ 

ʩʠʛʥʘʣʦʚ ʠ ʠʟʦʙʨʘʞʝʥʠʡ. 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ - ʧʨʦʮʝʩʩʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ 

ʥʝʧʝʨʠʦʜʠʯʝʩʢʠʭ ʦʜʥʦʤʝʨʥʳʭ ʩʠʛʥʘʣʦʚ ʠ ʠʟʦʙʨʘʞʝʥʠʡ. 

ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ - ʤʝʪʦʜʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ 

ʮʠʬʨʦʚʳʭ ʩʠʛʥʘʣʦʚ ʠ ʠʟʦʙʨʘʞʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʨʘʪʥʦ-ʤʘʩʰʪʘʙʥʦʛʦ 

ʘʥʘʣʠʟʘ.  

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʘʥʘʣʠʟ, 

ʢʨʘʪʥʦ-ʤʘʩʰʪʘʙʥʳʡ ʘʥʘʣʠʟ, ʪʝʦʨʠʷ ʩʠʥʪʝʟʘ ʩʠʛʥʘʣʦʚ, ʤʝʪʦʜʳ ʮʠʬʨʦʚʦʡ 

ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ, ʤʝʪʦʜʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʢʦʥʩʪʨʫʢʪʠʚʥʳʡ 

ʘʥʘʣʠʟ, ʪʝʦʨʠʷ ʘʧʧʨʦʢʩʠʤʘʮʠʡ, ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ 

ʨʘʜʠʦʪʝʭʥʠʢʠ, ʪʝʦʨʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ, ʤʝʪʦʜʳ ʦʧʪʠʤʠʟʘʮʠʠ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʠ 

ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ. ʈʘʟʨʘʙʦʪʘʥ ʩʧʦʩʦʙ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʡ 

ʦʧʪʠʤʠʟʘʮʠʠ ʚʳʙʦʨʘ ʦʙʦʙʱʝʥʥʳʭ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʡ ʜʣʷ ʦʙʨʘʙʦʪʢʠ 

ʦʜʥʦʤʝʨʥʳʭ ʥʝʧʝʨʠʦʜʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ, ʢʦʪʦʨʳʡ ʚ ʦʪʣʠʯʠʝ ʦʪ ʠʟʚʝʩʪʥʳʭ 
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ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʘʧʧʘʨʘʪʘ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʦʚʳʩʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʳʙʦʨʘ ʦʙʦʙʱʝʥʥʳʭ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʡ. ʇʨʝʜʣʦʞʝʥʦ ʠ 

ʦʙʦʩʥʦʚʘʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʠʥʜʝʢʩʘ ʢʘʯʝʩʪʚʘ ʩʠʛʥʘʣʘ ʢʘʢ 

ʥʦʚʦʛʦ ʢʨʠʪʝʨʠʷ ʚʳʙʦʨʘ ʙʘʟʦʚʳʭ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʡ, ʢʦʪʦʨʳʡ ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʠʟʚʝʩʪʥʳʭ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʚʳʙʦʨ ʦʙʦʙʱʝʥʥʳʭ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʡ ʥʘ 

ʦʩʥʦʚʝ ʩʦʚʦʢʫʧʥʦʩʪʠ ʦʮʝʥʦʢ ʢʦʨʨʝʣʠʨʦʚʘʥʥʦʩʪʠ, ʠʟʤʝʥʝʥʠʷ ʩʨʝʜʥʝʛʦ 

ʟʥʘʯʝʥʠʷ ʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʩʠʛʥʘʣʘ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ 

ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʝʡʚʣʝʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʧʨʦʮʝʩʩʝ 

ʦʯʠʩʪʢʠ ʩʠʛʥʘʣʦʚ ʦʪ ʰʫʤʘ.  

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ. ʇʦʣʫʯʠʣʠ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ: ʩʧʦʩʦʙʳ 

ʠ ʫʩʪʨʦʡʩʪʚʘ ʩʠʥʪʝʟʘ ʩʧʝʢʪʨʘʣʴʥʦ-ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʛʥʘʣʦʚ ʥʘ ʦʩʥʦʚʝ 

ʘʪʦʤʘʨʥʳʭ ʬʫʥʢʮʠʡ ʂʨʘʚʯʝʥʢʦ-ʈʚʘʯʝʚʘ, ʩʧʦʩʦʙʳ ʦʙʨʘʙʦʪʢʠ ʮʠʬʨʦʚʳʭ 

ʠʟʦʙʨʘʞʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʦʙʦʙʱʝʥʥʳʭ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʡ, ʩʧʦʩʦʙ ʦʮʝʥʢʠ 

ʢʘʯʝʩʪʚʘ ʦʙʨʘʙʦʪʢʠ ʮʠʬʨʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ.  ʄʝʪʦʜ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʚʳʙʦʨʘ ʤʘʪʝʨʠʥʩʢʠʭ ʬʫʥʢʮʠʡ ʧʦ ʢʨʠʪʝʨʠʶ ʩʦʦʪʥʦʰʝʥʠʷ ʵʥʝʨʛʠʠ ʚʝʡʚʣʝʪ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠ ʵʥʪʨʦʧʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ ʐʝʥʥʦʥʘ, ʢʦʪʦʨʳʡ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʠʟʚʝʩʪʥʳʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʦʪʥʦʰʝʥʠʷ ʥʦʨʤʳ ʵʥʝʨʛʠʠ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʢ ʵʥʪʨʦʧʠʠ ʜʝʪʘʣʴʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ; ʧʦ 

ʢʨʠʪʝʨʠʶ ʦʮʝʥʢʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʟʘʠʤʥʦʡ ʢʦʨʨʝʣʷʮʠʠ, ʢʦʪʦʨʳʡ ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʠʩʧʦʣʴʟʫʝʪ ʚʟʘʠʤʥʫʶ ʢʦʨʨʝʣʷʮʠʶ ʤʝʞʜʫ ʘʥʘʣʠʟʠʨʫʝʤʳʤ 

ʩʠʛʥʘʣʦʤ ʠ ʚʝʡʚʣʝʪ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ; ʧʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤʫ ʢʨʠʪʝʨʠʶ, 

ʢʦʪʦʨʳʡ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʠʟʚʝʩʪʥʳʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʦʪʥʦʰʝʥʠʷ ʚʟʘʠʤʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʢ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʵʥʪʨʦʧʠʠ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʩʠʛʥʘʣʘ, ʯʪʦ 

ʧʦʟʚʦʣʠʣʦ ʩʦʩʨʝʜʦʪʦʯʠʪʴ ʵʥʝʨʛʠʶ ʩʠʛʥʘʣʘ ʚ ʥʝʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʟʥʘʯʠʤʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʦʙʝʩʧʝʯʠʪʴ ʥʝʦʙʭʦʜʠʤʫʶ ʪʦʯʥʦʩʪʴ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʠ 

ʥʘʠʙʦʣʝʝ ʧʦʣʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʠʛʥʘʣʦʚ ʚʦ ʚʨʝʤʷ-ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ. 

ʇʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʈʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ 

ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʳ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʠ ʘʣʛʦʨʠʪʤʳ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʚʳʙʦʨʘ ʦʙʦʙʱʝʥʥʳʭ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 
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ʨʘʟʨʘʙʦʪʢʠ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʦʙʨʘʙʦʪʢʠ 

ʩʠʛʥʘʣʦʚ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʠʩʪʝʤʘʭ, 

ʢʦʤʧʴʶʪʝʨʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤʘʭ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʧʘʨʘʤʝʪʨʦʚ 

ʧʨʦʮʝʩʩʦʚ ʠ ʩʨʝʜ, ʩʠʩʪʝʤʘʭ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʣʫʯʘʡʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ 

ʧʦʣʝʡ, ʩʠʩʪʝʤʘʭ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʩʠʛʥʘʣʦʚ, ʩʠʩʪʝʤʘʭ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʢʦʥʪʨʦʣʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʜʨ., ʯʪʦ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʟʦʙʨʘʞʝʥʠʡ ʠ 

ʚʠʜʝʦʩʠʛʥʘʣʦʚ, ʫʯʠʪʳʚʘʷ ʧʦʚʳʰʝʥʠʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʧʝʨʝʜʘʯʠ ʪʘʢʠʭ 

ʩʠʛʥʘʣʦʚ ʠ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʦ ʚʨʝʤʷ-ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

- ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʤʦʜʝʣʴ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʚʳʙʦʨʘ 

ʙʘʟʦʚʳʭ ʤʘʣʦʚʦʣʥʦʚʳʭ ʬʫʥʢʮʠʡ ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ 

ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʠ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʡ ʤʘʣʦʚʦʣʥʦʚʦʡ ʬʫʥʢʮʠʠ ʠ ʧʦʚʳʩʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʠʛʥʘʣʦʚ ʚ ʤʘʣʦʚʦʣʥʦʚʦʡ ʦʙʣʘʩʪʠ, ʠʭ ʘʥʘʣʠʟ ʠ 

ʦʙʨʘʙʦʪʢʫ; 

- ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʳ ʤʝʪʦʜʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ, ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʢʨʠʪʝʨʠʝʚ ʧʦʚʳʩʠʣʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʳʙʦʨʘ ʙʘʟʦʚʳʭ ʬʫʥʢʮʠʡ ʢʘʢ ʚʦ ʚʨʝʤʝʥʥʦʡ, ʪʘʢ ʠ ʚʦ ʚʨʝʤʷ-

ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʷʭ; 

- ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ ʠ 

ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʠʥʜʝʢʩʘ ʢʘʯʝʩʪʚʘ ʩʠʛʥʘʣʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʫʤʝʥʴʰʝʥʠʷ ʫʨʦʚʥʷ ʰʫʤʘ ʚ ʩʠʛʥʘʣʝ ʚ ʧʨʝʜʝʣʘʭ 4-10 % ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʤʝʪʦʜʦʤ ʦʧʪʠʤʠʟʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʦʮʝʥʢʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ.  

- ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʘ ʚʳʙʦʨʘ ʤʘʪʝʨʠʥʩʢʦʡ ʬʫʥʢʮʠʠ ʥʘ ʦʩʥʦʚʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʢʨʠʪʝʨʠʷ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʨʝʢʦʥʩʪʨʫʢʮʠʠ 

ʩʠʛʥʘʣʘ ʥʘ 15-20% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʠ 

ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʢʨʠʪʝʨʠʝʚ. 
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ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ. 

1. ʄʝʪʦʜ ʧʦʩʪʨʦʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʦ-ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʛʥʘʣʦʚ ʥʘ ʦʩʥʦʚʝ 

ʘʪʦʤʘʨʥʳʭ ʬʫʥʢʮʠʡ ʂʨʘʚʯʝʥʢʦ-ʈʚʘʯʝʚʘ, ʦʪʣʠʯʘʶʱʠʡʩʷ ʫʚʝʣʠʯʝʥʠʝʤ 

ʩʢʦʨʦʩʪʠ ʚʳʯʠʩʣʝʥʠʡ ʠ ʦʙʝʩʧʝʯʝʥʠʠ ʪʨʝʙʫʝʤʦʡ ʪʦʯʥʦʩʪʠ ʧʦʩʪʨʦʝʥʠʷ 

ʦʛʠʙʘʶʱʝʡ ʩʠʛʥʘʣʦʚ ʩ ʟʘʜʘʥʥʦʡ ʢʨʫʪʠʟʥʦʡ ʝʝ ʩʧʘʜʘ. 

2. ʄʝʪʦʜʠʢʘ ʦʙʨʘʙʦʪʢʠ ʥʦʚʳʭ ʩʧʝʢʪʨʘʣʴʥʦ-ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʛʥʘʣʦʚ, 

ʠʤʝʶʱʠʭ ʩʣʦʞʥʳʝ ʟʘʢʦʥʳ ʠʟʤʝʥʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʷ, ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʠʟʚʝʩʪʥʳʭ, ʩ ʟʘʜʘʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʩʧʘʜʘ ʩʧʝʢʪʨʘ ʚʥʝ ʟʘʥʠʤʘʝʤʦʡ ʧʦʣʦʩʳ ʧʨʠ 

ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʥʝʨʛʠʠ ʚʥʫʪʨʠ ʟʘʥʠʤʘʝʤʦʡ ʧʦʣʦʩʳ ʯʘʩʪʦʪ ʠ 

ʦʙʣʘʜʘʶʱʝʡ ʧʦʚʳʰʝʥʥʦʡ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴʶ. 

3. ʄʝʪʦʜʠʢʘ ʦʙʨʘʙʦʪʢʠ ʮʠʬʨʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ 

ʦʙʦʙʱʝʥʥʳʭ ʘʪʦʤʘʨʥʳʭ ʚʝʡʚʣʝʪʘʭ, ʦʪʣʠʯʘʶʱʘʷʩʷ ʥʘʣʠʯʠʝʤ ʤʝʭʘʥʠʟʤʘ 

ʢʦʥʪʨʦʣʷ ʧʦʪʝʨʴ ʢʘʯʝʩʪʚʘ ʠʟʦʙʨʘʞʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʨʘʚʥʦʤʝʨʥʦʡ ʤʝʪʨʠʢʠ, 

ʦʧʨʝʜʝʣʷʝʤʦʡ ʤʘʢʩʠʤʘʣʴʥʳʤ ʘʙʩʦʣʶʪʥʳʤ ʦʪʢʣʦʥʝʥʠʝʤ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʥʷʪʠʷ ʧʦʧʝʨʝʯʥʠʢʘ ɸ.ʅ. ʂʦʣʤʦʛʦʨʦʚʘ, ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʡ 

ʤʝʪʨʠʢʠ ʠ ʦʪʥʦʰʝʥʠʷ ʧʠʢʦʚʦʛʦ ʩʠʛʥʘʣʘ ʢ ʰʫʤʫ. 

4. ʅʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʨʝʘʣʠʟʘʮʠʠ ʦʙʨʘʙʦʪʢʠ ʠ ʩʞʘʪʠʷ 

ʠʟʦʙʨʘʞʝʥʠʡ, ʚ ʙʘʟʠʩʘʭ ʦʙʦʙʱʝʥʥʳʭ ʚʝʡʚʣʝʪʦʚ, ʚ ʪʨʘʢʪʘʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ 

ʦʙʨʘʙʦʪʢʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʩ ʫʯʝʪʦʤ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ.  

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠ ʘʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ 

ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʘʙʦʪʝ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʘʧʨʦʙʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʘ ʪʘʢʞʝ 

ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴʶ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʈʝʟʫʣʴʪʘʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ, ʜʦʣʦʞʝʥʳ ʠ ʦʙʩʫʞʜʝʥʳ ʥʘ ʩʣʝʜʫʶʱʠʭ 

ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ: çʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ - ʘʢʪʫʘʣʴʥʘʷ 

ʧʨʦʙʣʝʤʘ ʩʦʚʨʝʤʝʥʥʦʩʪʠ. ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠè, ʛ. 



11 
 

 
 

ʂʨʘʩʥʦʜʘʨ, 2013-2025; ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çProfessional Search in 

the Modern Worldè, St. Petersburg, Russia, 2014; International Conference for 

young researchers çWave Electronics and its application in information and 

telecommunication systemsè St. Petersburg, Russia, 2020-2025. ʊʘʢʞʝ 

ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʙʩʫʞʜʝʥʳ ʥʘ ʥʘʫʯʥʳʭ ʩʝʤʠʥʘʨʘʭ ʢʘʬʝʜʨʳ 

ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʠ ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ɻʋɸʇ, 2018-2025. 

ʇʫʙʣʠʢʘʮʠʠ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʠ ʠʟʣʦʞʝʥʳ ʚ 18 ʩʪʘʪʴʷʭ 

ʠ ʤʘʪʝʨʠʘʣʘʭ ʢʦʥʬʝʨʝʥʮʠʡ, ʠʟ ʢʦʪʦʨʳʭ 10 ʩʪʘʪʝʡ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʠʟʜʘʥʠʷʭ, 

ʚʢʣʶʯʝʥʥʳʭ ʚ ʧʝʨʝʯʝʥʴ ɺɸʂ, (3 ʠʟ ʥʠʭ ʙʝʟ ʩʦʘʚʪʦʨʦʚ) ʠ 8 ʨʘʙʦʪ ï ʚ ʩʙʦʨʥʠʢʘʭ 

ʪʨʫʜʦʚ ʠ ʪʝʟʠʩʦʚ ʢʦʥʬʝʨʝʥʮʠʡ (2 ʠʟ ʥʠʭ ʙʝʟ ʩʦʘʚʪʦʨʦʚ), 12 ʧʘʪʝʥʪʘʭ ʥʘ 

ʠʟʦʙʨʝʪʝʥʠʝ, 4 ʩʚʠʜʝʪʝʣʴʩʪʚʘʭ ʦ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʛʨʘʤʤ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ 

ʨʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʯʝʪʳʨʝʭ ʛʣʘʚ, ʟʘʢʣʶʯʝʥʠʷ, ʧʨʠʣʦʞʝʥʠʷ ʠ ʩʧʠʩʢʘ 

ʣʠʪʝʨʘʪʫʨʳ. ʆʙʲʝʤ ʩʦʩʪʘʚʣʷʝʪ 183 ʩʪʨʘʥʠʮ,r 57 ʨʠʩʫʥʢoʚ, ʩʧʠʩʦʢ ʮʠʪʠʨʫʝʤʦʡ 

ʣʠʪʝʨʘʪʫʨʳ ʚʢʣʶʯʘʝʪ 118 ʧʦʟʠʮʠʡ. 
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1. ʄɽʊʆɼʓ ʉʀʅʊɽɿɸ ʉʇɽʂʊʈɸʃʔʅʆ-ʕʌʌɽʂʊʀɺʅʓʍ 

ʉʀɻʅɸʃʆɺ, ʆʉʅʆɺɸʅʅʓʍ ʅɸ ʇʈʀʄɽʅɽʅʀʀ ɸʊʆʄɸʈʅʓʍ 

ʌʋʅʂʎʀʁ ʂʈɸɺʏɽʅʂʆ-ʈɺɸʏɽɺɸ 

ɺ ʩʚʷʟʠ ʩ ʠʥʪʝʥʩʠʚʥʳʤ ʨʘʟʚʠʪʠʝʤ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʧʝʨʝʜʘʯʠ 

ʜʠʩʢʨʝʪʥʳʭ ʩʦʦʙʱʝʥʠʡ ʦʱʫʱʘʝʪʩʷ ʥʝʭʚʘʪʢʘ ʩʧʝʢʪʨʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ, 

ʚʦʟʨʘʩʪʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʦʙʲʝʤʦʚ ʧʝʨʝʜʘʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʚʳʰʘʶʪʩʷ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʘʯʝʩʪʚʫ ʧʝʨʝʜʘʯʠ ʩʦʦʙʱʝʥʠʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʨʘʩʪʘʝʪ 

ʘʢʪʫʘʣʴʥʦʩʪʴ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʧʦʣʫʯʝʥʠʷ ʩʠʛʥʘʣʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʚʳʩʦʢʦʡ 

ʩʢʦʨʦʩʪʴʶ ʩʧʘʜʘ ʫʨʦʚʥʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ ʧʨʠ ʦʙʝʩʧʝʯʝʥʠʠ 

ʥʝʦʙʭʦʜʠʤʦʡ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʨʠʝʤʘ ʩʦʦʙʱʝʥʠʡ. ʆʩʦʙʝʥʥʦ ʚʘʞʥʘ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʚ ʪʘʢʠʭ ʨʘʟʚʠʚʘʶʱʠʭʩʷ 

ʤʥʦʛʦʢʘʥʘʣʴʥʳʭ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ, ʢʘʢ ʩʧʫʪʥʠʢʦʚʳʝ ʠ ʩʦʪʦʚʳʝ, ʘ 

ʪʘʢʞʝ ʧʨʠ ʪʨʘʥʩʣʷʮʠʠ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠ ʧʝʨʝʜʘʯʝ 

ʚʠʜʝʦʠʟʦʙʨʘʞʝʥʠʡ ʚ ʮʠʬʨʦʚʦʤ ʪʝʣʝʚʠʜʝʥʠʠ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ, ʚ 

ʚʠʜʝʦʢʦʥʬʝʨʝʥʮʠʷʭ, ʢʘʢ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʨʝʜʩʪʚʘʭ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ ʠ ʩʚʷʟʠ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʩʢʦʨʦʩʪʠ ʩʧʘʜʘ ʫʨʦʚʥʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ (ʫʨʦʚʥʷ 

ʚʥʝʧʦʣʦʩʥʳʭ ʠʟʣʫʯʝʥʠʡ) ʧʨʠʤʝʥʷʶʪʩʷ ʦʪʜʝʣʴʥʦ ʠ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʨʘʟʣʠʯʥʳʝ 

ʤʝʪʦʜʳ: ʩʧʝʮʠʘʣʴʥʳʝ ʚʠʜʳ ʤʦʜʫʣʷʮʠʠ ï ʢʚʘʜʨʘʪʫʨʥʘʷ ʘʤʧʣʠʪʫʜʥʘʷ 

ʤʘʥʠʧʫʣʷʮʠʷ (ʂɸʄ), ʘʤʧʣʠʪʫʜʥʦ-ʬʘʟʦʚʘʷ ʤʘʥʠʧʫʣʷʮʠʷ (ɸʌʄ), ʯʘʩʪʦʪʥʘʷ 

ʤʘʥʠʧʫʣʷʮʠʷ ʩ ʥʝʧʨʝʨʳʚʥʦʡ ʬʘʟʦʡ (ʏʄʅʌ); ʵʬʬʝʢʪʠʚʥʳʝ ʤʝʪʦʜʳ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩʠʛʥʘʣʦʚ ï ʚʚʝʜʝʥʠʝ ʤʝʞʩʠʤʚʦʣʴʥʦʡ 

ʠʥʪʝʨʬʝʨʝʥʮʠʠ, ʚʚʝʜʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʬʦʨʤʳ ʩʠʛʥʘʣʦʚ ʦʪ ʚʠʜʘ ʧʝʨʝʜʘʚʘʝʤʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʠʤʚʦʣʦʚ (ʟʘʚʠʩʠʤʳʝ ʩʠʛʥʘʣʳ), ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʘ 

ʢʘʥʘʣʴʥʦʛʦ ʘʣʬʘʚʠʪʘ; ʩʛʣʘʞʠʚʘʥʠʝ ʘʤʧʣʠʪʫʜʳ, ʬʘʟʳ ʠʣʠ ʯʘʩʪʦʪʳ ʚ ʤʦʤʝʥʪʳ 

ʧʝʨʝʩʢʦʢʘ ʬʘʟʳ ʠʣʠ ʩʤʝʥʳ ʟʥʘʯʝʥʠʡ ʩʠʤʚʦʣʦʚ; ʩʧʝʢʪʨʘʣʴʥʦ-ʵʬʬʝʢʪʠʚʥʳʝ 

ʢʦʜʳ; ʮʠʬʨʦʚʳʝ ʤʝʪʦʜʳ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʧʨʠʝʤʘ 

ʩʠʛʥʘʣʦʚ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʪʦʤʘʨʥʳʭ ʬʫʥʢʮʠʡ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʦ-

ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʛʥʘʣʦʚ ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ ʬʦʨʤʠʨʦʚʘʪʴ ʦʨʪʦʛʦʥʘʣʴʥʳʝ 
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ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʦʜʦʙʥʳʝ ʬʫʥʢʮʠʷʤ ʋʦʣʰʘ, ʍʘʘʨʘ. ʇʨʦʩʪʦ ʟʘʜʘʝʪʩʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʥʝʨʛʠʠ ʚ ʧʦʣʦʩʝ ʠ ʩʢʦʨʦʩʪʴ ʩʧʘʜʘ ʫʨʦʚʥʷ ʚʥʝʧʦʣʦʩʥʳʭ 

ʠʟʣʫʯʝʥʠʡ. ɺʚʝʜʝʥʠʝ ʤʝʞʩʠʤʚʦʣʴʥʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ 

ʟʥʘʯʝʥʠʷ ʧʠʢ-ʬʘʢʪʦʨʘ ʢʦʣʝʙʘʥʠʡ, ʯʪʦ ʦʯʝʥʴ ʚʘʞʥʦ ʚ ʨʘʜʠʦʩʠʩʪʝʤʘʭ ʩ 

ʦʛʨʘʥʠʯʝʥʥʳʤ ʵʥʝʨʛʦʨʝʩʫʨʩʦʤ. 

1.1. ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʩʠʛʥʘʣʦʚ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʷʤʠ 

ʈʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʚʝʡʚʣʝʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʘʥʘʣʠʟʘ ʩʠʛʥʘʣʦʚ [1-5]. ɺʦ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ 

ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʚʝʣʠʯʠʥʘ ʬʣʫʢʪʫʘʮʠʠ, ʘ ʠʤʝʥʥʦ ʢʦʣʝʙʘʥʠʷ ʚʦʢʨʫʛ 

ʫʩʨʝʜʥʝʥʥʳʭ ʟʥʘʯʝʥʠʡ. ɺʝʡʚʣʝʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʚʝʣʠʯʠʥʫ 

ʪʘʢʠʭ ʬʣʫʢʪʫʘʮʠʡ [17, 35]. 

ʇʫʩʪʴ ʩʠʛʥʘʣ ()s t  ʟʘʜʘʥ ʥʘ ʠʥʪʝʨʚʘʣʝ ʦʪ 0 ʜʦ 1, ʘ ʥʘʠʣʫʯʰʘʷ 

ʨʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʵʪʦʛʦ ʩʠʛʥʘʣʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʧʨʠ ʨʘʟʜʝʣʝʥʠʠ ʠʥʪʝʨʚʘʣʘ ʥʘ 16 ʯʘʩʪʝʡ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʝʟʫʣʴʪʘʪʦʤ ʷʚʣʷʝʪʩʷ 

16 ʫʩʨʝʜʥʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʩʠʛʥʘʣʘ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʠʟʦʙʨʘʟʠʪʴ ʩ ʧʦʤʦʱʴʶ 

ʛʠʩʪʦʛʨʘʤʤʳ, ʠʟʦʙʨʘʞʝʥʥʦʡ ʥʘ ʨʠʩ. 1.1.ʘ. 

ʉʠʛʥʘʣ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

() ()
15

4, 4,

0

i i

i

s t s t
=

= jä ,    (1.1) 

ʛʜʝ ()
1

4 16

i
s t s

å õ
= æ ö
ç ÷

; 
4,ij  ï ʵʪʦ ʬʫʥʢʮʠʷ ʩ ʝʜʠʥʠʯʥʦʡ ʥʦʨʤʦʡ, ʢʦʪʦʨʘʷ ʠʤʝʝʪ 

ʰʠʨʠʥʫ 1/16, ʘ ʚʳʩʦʪʫ 4. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʬʫʥʢʮʠʷ 
,j ij  ʠʤʝʝʪ ʚʠʜ 

() ( )2
, 2 2 1

j

j

j i t tj = j -, ʧʨʠʯʝʤ j ʦʧʨʝʜʝʣʷʝʪ ʢʦʣʠʯʝʩʪʚʦ ʦʧʝʨʘʮʠʡ ʫʩʨʝʜʥʝʥʠʷ 

ʥʘʯʘʣʴʥʦʡ ʜʠʩʢʨʝʪʠʟʠʨʦʚʘʥʥʦʡ ʬʫʥʢʮʠʠ. ʕʪʘ ʬʫʥʢʮʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʤʘʩʰʪʘʙʠʨʫʶʱʝʡ ʬʫʥʢʮʠʠ. 
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ʈʠʩʫʥʦʢ 1.1. ï ɼʠʩʢʨʝʪʠʟʠʨʦʚʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʩʠʛʥʘʣʘ ()s t  ʜʣʷ ʠʥʪʝʨʚʘʣʦʚ 

ʜʣʠʥʦʡ 1/16 - ʘ); ʫʩʨʝʜʥʝʥʥʳʝ ʠ ʨʘʟʥʦʩʪʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘ ʠʥʪʝʨʚʘʣʘʭ ʜʣʠʥʦʡ 

1/8 - ʙ). 

ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʫʥʢʮʠʠ ʥʘ ʠʥʪʝʨʚʘʣʘʭ 

ʜʣʠʥʦʡ 1/8. ʇʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʫʩʨʝʜʥʝʥʠʝ ʟʥʘʯʝʥʠʡ ʩʠʛʥʘʣʘ ʥʘ ʜʚʫʭ 

ʩʦʩʝʜʥʠʭ ʠʥʪʝʨʚʘʣʘʭ ʜʣʠʥʦʡ 1/16. ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʩʠʛʥʘʣʘ ʥʘ ʠʥʪʝʨʚʘʣʘʭ 

ʜʣʠʥʦʡ 1/8 ʟʘʜʘʶʪ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ 
3,is , ʘ ʨʘʟʥʠʮʳ ʤʝʞʜʫ ʵʪʠʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ï 
3,id  (ʨʠʩ. 1.1 ʙ). ʇʨʦʚʦʜʷ ʘʥʘʣʦʛʠʯʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʦʙʱʠʝ ʚʳʨʘʞʝʥʠʷ ʩʫʤʤ ʠ ʨʘʟʥʦʩʪʝʡ ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ j: 

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

1 1
,  

2 2
j i j i j i j i j i j is s s d s s- + - += + = - .   (1.2) 

ʅʝʦʙʭʦʜʠʤʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʨʘʟʥʦʩʪʠ ʤʦʛʫʪ ʠʤʝʪʴ ʨʘʟʥʳʝ ʟʥʘʢʠ, ʘ ʧʦʪʦʤʫ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʚʝʩʪʠ ʝʜʠʥʠʯʥʫʶ ʬʫʥʢʮʠʶ ɣ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ 

ʟʥʘʯʝʥʠʷ -1 ʠ 1 ʥʘ ʠʥʪʝʨʚʘʣʝ ʦʪ 0 ʜʦ 1, ʠ ʢʦʪʦʨʘʷ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 1.2. 

ʅʦʨʤʠʨʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʵʪʦʡ ʬʫʥʢʮʠʠ ʧʦʜʦʙʥʦ ʬʫʥʢʮʠʠ j: 

() ( )2
, 2 2

j

j

j i t t iy = y -. 
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ʈʠʩʫʥʦʢ 1.2 ï ɹʘʟʦʚʘʷ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʷ ʍʘʘʨʘ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʠʛʥʘʣ ʙʫʜʝʪ ʠʤʝʪʴ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

() () ()
7 7

3, 3, 3,

0 0

i i i

i i

s t s t d t
= =

= j + yä ä .   (1.3) 

ʇʨʦʚʦʜʷ ʜʘʣʝʝ ʦʧʝʨʘʮʠʠ ʫʩʨʝʜʥʝʥʠʷ ʠ ʥʘʭʦʞʜʝʥʠʷ ʨʘʟʥʦʩʪʝʡ ʤʝʞʜʫ 

ʩʦʩʝʜʥʠʤʠ ʫʨʦʚʥʷʤʠ ʩʠʛʥʘʣʘ ʜʣʷ ʠʥʪʝʨʚʘʣʦʚ ʜʣʠʥʘʤʠ 1/4, 1/2 ʠ 1, ʧʦʣʫʯʠʤ 

ʪʘʢʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʩʠʛʥʘʣʘ: 

() () () ()

() ()

1

0,0 0,0 0,0 0,0 1,0 1,0

0

3 7

2,0 2,0 3,0 3,0

0 0

.

i

i i

s t s t d t d t

d t d t

=

= =

= j + j + y +

+ y + y

ä

ä ä

   (1.4) 

ɺʳʨʘʞʝʥʠʝ (1.4) ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʚʝʡʚʣʝʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʠʛʥʘʣʘ 

ʠ ʦʧʨʝʜʝʣʷʝʪ ʬʣʫʢʪʫʘʮʠʠ ʩʠʛʥʘʣʘ ʜʣʷ ʨʘʟʥʳʭ ʤʘʩʰʪʘʙʦʚ j ʠ ʚ ʨʘʟʥʳʭ ʪʦʯʢʘʭ i, 

ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪʩʷ ʚ ʢʦʵʬʬʠʮʠʝʥʪʘʭ 
,j id . ʂʦʵʬʬʠʮʠʝʥʪ 0,0s  ʩʦʜʝʨʞʠʪ ʦʙʱʫʶ 

ʩʨʝʜʥʶʶ ʚʝʣʠʯʠʥʫ ʩʠʛʥʘʣʘ ʥʘ ʮʝʣʦʤ ʠʥʪʝʨʚʘʣʝ. ʌʫʥʢʮʠʷ ()ty  ʦʪʥʦʩʠʪʩʷ ʢ 

ʚʝʡʚʣʝʪ ʪʠʧʫ. 

ɺ ʩʣʫʯʘʝ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʜʦʩʪʘʪʦʯʥʦ ʛʣʘʜʢʠʭ 

ʩʠʛʥʘʣʦʚ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʚʩʧʣʝʩʢʠ ʥʘ ʥʝʢʦʪʦʨʳʭ ʢʦʨʦʪʢʠʭ ʚʨʝʤʝʥʥʳʭ 

ʦʪʨʝʟʢʘʭ, ʙʦʣʴʰʠʥʩʪʚʦ ʨʘʟʥʦʩʪʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 
,j id  ʷʚʣʷʶʪʩʷ ʦʯʝʥʴ 

ʤʘʣʳʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʤʠ ʧʨʝʥʝʙʨʝʛʘʪʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʫʣʠ ʠʣʠ ʤʘʣʳʝ 

ʟʥʘʯʝʥʠʷ ʨʘʟʥʦʩʪʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʧʨʝʜʝʣʷʶʪ ʛʣʘʜʢʠʝ ʦʙʣʘʩʪʠ ʩʠʛʥʘʣʘ 

[35]. 

ʈʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʠʩʢʨʝʪʥʦʛʦ ʚʝʡʚʣʝʪ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (ɼɺʇ), ʢʦʪʦʨʦʝ ʠʩʧʦʣʴʟʫʝʪ ʜʠʩʢʨʝʪʥʳʝ ʚʦ ʚʨʝʤʝʥʠ ʚʭʦʜʥʳʝ 
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ʩʠʛʥʘʣʳ [],  s n n ZÍ . ʄʥʦʛʦʫʨʦʚʥʝʚʦʝ ʨʘʟʣʦʞʝʥʠʝ []s n  ʥʘ j ʦʢʪʘʚʘʭ, ʢʦʪʦʨʳʝ 

ʠʤʝʶʪ ʟʥʘʯʝʥʠʷ 1,...,j J=  ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʣʝʜʫʶʱʝʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ [44]: 

[] , ,

1

2 2j J

j k j J k J

j k Z k Z

s n c h n k b g n k
¤

= Í Í

è ø è ø= - + -ê ú ê úää ä .   (1.5) 

ɺʳʨʘʞʝʥʠʝ 2 j

jh n kè ø-ê ú ʷʚʣʷʝʪʩʷ ʩʠʥʪʝʟʠʨʫʶʱʝʡ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʝʡ, 

ʜʠʩʢʨʝʪʥʳʡ ʵʢʚʠʚʘʣʝʥʪ ʢʦʪʦʨʦʡ ʝʩʪʴ ( )( )22 2 2
j

j jt k
-

-y - . ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʙʘʟʦʚʘʷ 

ʩʠʥʪʝʟʠʨʫʶʱʘʷ ʤʘʩʰʪʘʙʥʘʷ ʬʫʥʢʮʠʷ 2J

Jg n kè ø-ê ú. 

ʇʨʠ ʧʨʷʤʦʤ ɼɺʇ ʚʳʯʠʩʣʷʶʪʩʷ ʚʝʡʚʣʝʪ ʢʦʵʬʬʠʮʠʝʥʪʳ 
,j kʩ , ʜʣʷ 

1,...,j J= ʠ ʤʘʩʰʪʘʙʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ 
,J kb , ʩʦʛʣʘʩʥʦ ʚʳʨʘʞʝʥʠʷʤ: 

[]{ } [],;2 , 2 2J J J

j k J

n

ɼBʇ s n k c s n h n k*è ø= = -ê úä ;   (1.6) 

[], 2J

J k J

n

b s n g n k*è ø= -ê úä ,     (1.7) 

ʛʜʝ 2J

Jh n k*è ø-ê úï ʘʥʘʣʠʟʠʨʫʶʱʘʷ ʜʠʩʢʨʝʪʥʘʷ  ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʷ; 2J

Jg n k*è ø-ê ú ï 

ʘʥʘʣʠʟʠʨʫʶʱʘʷ ʤʘʩʰʪʘʙʥʘʷ ʬʫʥʢʮʠʷ. 

ɽʱʝ ʦʜʥʘ ʩʭʝʤʘ ʚʳʯʠʩʣʝʥʠʷ ɼBʇ ʠʩʧʦʣʴʟʫʝʪ ʙʣʦʢʠ ʬʠʣʴʪʨʦʚ. ʇʫʩʪʴ ʜʚʝ 

ʠʤʧʫʣʴʩʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʦʣʫʯʝʥʳ ʥʘ ʚʳʭʦʜʘʭ ʚʳʩʦʢʦʧʨʦʧʫʩʢʥʦʛʦ 

ʬʠʣʴʪʨʘ c ʚʳʩʦʢʦʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ []h n  ʠ ʩ ʥʠʟʢʦʡ ʧʨʦʧʫʩʢʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ï []g n . ʊʦʛʜʘ ʚʝʡʚʣʝʪ ʠ ʤʘʩʰʪʘʙʥʳʝ ʬʫʥʢʮʠʠ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʩ ʧʦʤʦʱʴʶ ʩʣʝʜʫʶʱʝʛʦ ʠʪʝʨʘʪʠʚʥʦʛʦ ʧʨʦʮʝʩʩʘ [44, 48]: 

[] []1g n g n= ,     (1.8) 

[] []1h n h n=  ,     (1.9) 

[] [][ ]1 2j j

k

g n g k g n k+ = -ä ,    (1.10) 

[] [][ ]1 2j j

k

h n h k g n k+ = -ä ,    (1.11) 
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ʪʦ ʝʩʪʴ ʟʜʝʩʴ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʦʪ ʦʜʥʦʡ ʦʢʪʘʚʳ j ʢ ʩʣʝʜʫʶʱʝʡ ( )1j+

kf f­   ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʦʛʦ ʦʧʝʨʘʪʦʨʘ 

[] [][ ]2
k

f n f k g n k­ -ä ,    (1.12) 

ʢʦʪʦʨʳʡ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʢʘʢ ʜʠʩʢʨʝʪʥʳʡ ʵʢʚʠʚʘʣʝʥʪ ʨʘʩʰʠʨʝʥʠʷ 

()
1

22

t
f t f

å õ
­ æ ö

ç ÷
. ʉ ʫʯʝʪʦʤ (1.5) ʠ (1.8) ï (1.12), ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʦʜʥʦʛʦ ʫʨʦʚʥʷ 

ʨʘʟʣʦʞʝʥʠʷ ʜʠʩʢʨʝʪʥʦʛʦ ʚʝʡʚʣʝʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ 

[] 1 1

1, 1 1, 12 2j j

j k j j k j

k Z k Z

s n c h n k b g n k+ +

+ + + +

Í Í

è ø è ø= - + -ê ú ê úä ä .   (1.13) 

ɽʩʣʠ ʫʯʝʩʪʴ ʚʳʨʘʞʝʥʠʷ (1.10), (1.11) ʠ ʦʨʪʦʥʦʨʤʠʨʦʚʘʥʥʦʩʪʴ ʙʘʟʦʚʳʭ 

ʬʫʥʢʮʠʡ, ʪʦ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʬʦʨʤʫʣʳ ʜʣʷ ʙʳʩʪʨʦʛʦ ʜʠʩʢʨʝʪʥʦʛʦ ʚʝʡʚʣʝʪ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ: 

1

1, , 2 j

j k j k j

k

c b h n k* +

+
è ø= -ê úä ,    (1.14) 

1

1, , 2 j

j k j k j

k

b b g n k* +

+
è ø= -ê úä .    (1.15) 

ʉʭʝʤʘ ʚʳʯʠʩʣʝʥʠʷ ɼɺʇ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʙʘʥʢʫ ʦʢʪʘʚʥʦ-ʧʦʣʦʩʥʳʭ 

ʬʠʣʴʪʨʦʚ [48]. ʇʨʷʤʦʝ ɼɺʇ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʙʘʥʢʫ ʘʥʘʣʠʟʠʨʫʶʱʝʛʦ ʬʠʣʴʪʨʘ, ʘ 

ʦʙʨʘʪʥʦʝ ï ʙʘʥʢʫ ʩʠʥʪʝʟʠʨʫʶʱʝʛʦ ʬʠʣʴʪʨʘ. ʇʨʠ ʧʦʣʫʯʝʥʠʠ N ʚʭʦʜʥʳʭ 

ʚʳʙʦʨʦʢ ʚ ʧʨʦʮʝʩʩʝ ɼɺʇ ʚʳʯʠʩʣʷʝʪʩʷ 
1 22 2 ... 2 JN N N N- - -+ + + º 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ. ʆʢʪʘʚʥʳʡ ʧʘʨʘʤʝʪʨ j  ̫ ʚʣʷʝʪʩʷ ʦʛʨʘʥʠʯʝʥʥʳʤ ( )1j ² , ʠ ʧʦʵʪʦʤʫ 

ʯʘʩʪʦʪʘ ʚʳʙʦʨʢʠ ʤʘʣʦʚʦʣʥʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʩʝʛʜʘ ʤʝʥʴʰʝ ʰʝʡ, ʯʝʤ 

ʯʘʩʪʦʪʘ ʚʳʙʦʨʦʢ ʩʠʛʥʘʣʘ. ʋʯʠʪʳʚʘʷ ʵʪʦ, ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ ʠʤʝʝʪ ʜʨʫʛʦʝ 

ʥʘʟʚʘʥʠʝ ï ʧʦʜʧʦʣʦʩʥʦʝ ʢʦʜʠʨʦʚʘʥʠʝ. 

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʧʨʷʤʦʛʦ ʠ ʦʙʨʘʪʥʦʛʦ ɼɺʇ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1.3. ɺ 

ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʩʭʝʤʳ ʚʳʧʦʣʥʷʝʪʩʷ ʥʠʟʢʦʯʘʩʪʦʪʥʘʷ ʬʠʣʴʪʨʘʮʠʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʢʦʪʦʨʦʡ ʬʦʨʤʠʨʫʝʪʩʷ ʥʝʢʦʪʦʨʘʷ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʩʠʛʥʘʣʘ - ʥʠʟʢʦʯʘʩʪʦʪʥʘʷ 

ʧʦʜʩʭʝʤʘ. ʅʠʞʥʷʷ ʯʘʩʪʴ ʩʭʝʤʳ ʧʦʢʘʟʳʚʘʝʪ ʚʳʩʦʢʦʯʘʩʪʦʪʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ, 

ʘ ʠʤʝʥʥʦ ʜʝʪʘʣʠʟʘʮʠʶ ʩʠʛʥʘʣʘ. 
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ʈʠʩʫʥʦʢ 1.3. ï ʉʭʝʤʘ ʜʚʫʭʧʦʣʦʩʥʦʛʦ ʙʘʥʢʘ ʬʠʣʴʪʨʦʚ 

ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʠ ʜʝʪʘʣʠʟʘʮʠʠ 

ʘʨʛʫʤʝʥʪʳ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʬʠʣʴʪʨʦʚ ʜʦʣʞʥʳ ʙʳʪʴ: ( )lh h l-= - ʠ 

( )lg g l-= -. ɺ ʩʣʝʜʫʶʱʠʭ ʙʣʦʢʘʭ ʩʭʝʤʳ ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʦʨʝʞʠʚʘʥʠʝ ʩʠʛʥʘʣʦʚ 

ʥʘ ʚʳʭʦʜʝ ʬʠʣʴʪʨʦʚ ʚ ʜʚʘ ʨʘʟʘ. 

ɺ ʧʨʘʚʦʡ ʯʘʩʪʠ ʩʭʝʤʳ ʚʳʧʦʣʥʷʝʪʩʷ ʤʘʣʦʚʦʣʥʦʚʘʷ ʨʝʢʦʥʩʪʨʫʢʮʠʷ 

ʩʠʛʥʘʣʘ. ʕʪʘ ʧʨʦʮʝʜʫʨʘ ʠʩʧʦʣʴʟʫʝʪ ʦʧʝʨʘʮʠʠ ʠʥʪʝʨʧʦʣʷʮʠʠ ʠ ʬʠʣʴʪʨʘʮʠʠ 

ʬʠʣʴʪʨʘʤʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ H  ʠ G, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʬʠʣʴʪʨʘʮʠʶ 

ʬʠʣʴʪʨʘʤʠ 
lh-  ʠ 

lg-  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʧʝʨʘʮʠʷ ʠʥʪʝʨʧʦʣʷʮʠʠ ʩ ʬʘʢʪʦʨʦʤ 2 

ʷʚʣʷʝʪʩʷ ʦʙʨʘʪʥʦʡ ʢ ʜʝʮʠʤʘʮʠʠ ʩ ʬʘʢʪʦʨʦʤ 2 ʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ 

ʫʚʝʣʠʯʝʥʠʷ ʚ ʜʚʘ ʨʘʟʘ ʯʠʩʣʘ ʩʦʩʪʘʚʣʷʶʱʠʭ ʜʦʙʘʚʣʝʥʠʝʤ ʥʫʣʝʚʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ. ʇʨʠ ʩʣʦʞʝʥʠʠ ʩʠʛʥʘʣʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʚʳʭʦʜʝ ʬʠʣʴʪʨʦʚ H  ʠ 

G, ʬʦʨʤʠʨʫʝʪʩʷ ʩʠʛʥʘʣ, ʧʦʜʦʙʥʳʡ ʚʭʦʜʥʦʤʫ, ʪʦ ʝʩʪʴ ʧʨʦʠʩʭʦʜʠʪ ʝʛʦ 

ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝ ʥʘ ʥʘʯʘʣʴʥʦʤ ʫʨʦʚʥʝ. 

ʀʟ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʡ ʚʳʚʦʜ: 

- ʚʝʡʚʣʝʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʦʙʣʘʜʘʝʪ ʧʦʜʚʠʞʥʳʤ ʯʘʩʪʦʪʥʦ-

ʚʨʝʤʝʥʥʳʤ ʦʢʥʦʤ, ʦʜʠʥʘʢʦʚʦ ʭʦʨʦʰʦ ʚʳʷʚʣʷʝʪ ʠ ʥʠʟʢʦʯʘʩʪʦʪʥʳʝ ʠ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʛʥʘʣʦʚ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ɻʘʙʦʨʘ, ʥʝʜʦʩʪʘʪʢʦʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʞʝʩʪʢʦʝ ʚʨʝʤʷ-ʯʘʩʪʦʪʥʦʝ ʦʢʥʦ, ʠ 

ʧʦʵʪʦʤʫ ʦʥʦ ʤʘʣʦʧʨʠʛʦʜʥʦ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ ʩ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ 

(ʨʠʩ. 1.3); 

- ʙʘʟʦʚʳʤʠ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʷʤʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʦʠʟʚʦʣʴʥʳʝ ʬʫʥʢʮʠʠ, 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʦʧʨʝʜʝʣʝʥʥʳʤ ʜʦʧʫʩʪʠʤʳʤ ʫʩʣʦʚʠʷʤ. ʃʦʢʘʣʠʟʘʮʠʷ 

ʩʠʛʥʘʣʘ ʩ ʧʦʤʦʱʴʶ ʪʘʢʠʭ ʬʫʥʢʮʠʡ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʠ ʚʦ ʚʨʝʤʝʥʥʦʡ, ʠ ʚ 
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ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʷʭ. ʇʨʠ ʵʪʦʤ ʨʘʟʜʝʣʠʪʝʣʴʥʳʝ ʩʧʦʩʦʙʥʦʩʪʠ ʚʦ ʚʨʝʤʝʥʠ ʠ ʧʦ 

ʯʘʩʪʦʪʝ ʷʚʣʷʶʪʩʷ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʤʠ ʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʝʨʘʚʝʥʩʪʚʦʤ 

ɻʝʡʟʝʥʙʝʨʛʘ 1
2

t fDD ² , ʢʦʪʦʨʦʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʨʘʟʨʝʰʝʥʠʝ ʧʦ ʯʘʩʪʦʪʝ ʠ 

ʚʨʝʤʝʥʠ ʷʚʣʷʶʪʩʷ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʤʠ [48 - 50]. 

 
ʈʠʩʫʥʦʢ 1.4. ï ʈʘʟʨʝʰʘʶʱʠʝ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦ ʚʨʝʤʝʥʠ ʠ ʧʦ ʯʘʩʪʦʪʝ ʦʩʥʦʚʥʳʭ 

ʤʝʪʦʜʦʚ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʠʛʥʘʣʦʚ 

1.2. ʄʝʪʦʜ rʧʦʩʪʨʦʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʦ-ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʛʥʘʣʦʚ 

1.2.1 ɸʥʘʣʠʟ ʤʥʦʛʦʢʘʥʘʣʴʥʳʭ ʩʠʩʪʝʤ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ,  

ʠʩʧʦʣʴʟʫʶʱʠʭ ʩʧʝʢʪʨʘʣʴʥʦ-ʵʬʬʝʢʪʠʚʥʳʝ ʩʠʛʥʘʣʳ 

ʈʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʚʠʜʳ ʤʥʦʛʦʢʘʥʘʣʴʥʳʭ ʮʠʬʨʦʚʳʭ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʢ ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ:  

Á ʩʠʩʪʝʤʳ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʨʘʜʠʦʚʳʟʦʚʘ; 

Á ʩʠʩʪʝʤʳ ʨʘʜʠʦʩʚʷʟʠ ʩ ʧʦʜʚʠʞʥʳʤʠ ʦʙʲʝʢʪʘʤʠ (ʩʠʩʪʝʤʳ ʩʦʪʦʚʦʡ 

ʩʚʷʟʠ); 

Á ʩʠʩʪʝʤʳ ʮʠʬʨʦʚʦʛʦ ʪʝʣʝʚʠʟʠʦʥʥʦʛʦ ʚʝʱʘʥʠʷ; 

Á ʩʠʩʪʝʤʳ ʨʘʜʠʦʩʝʪʝʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ Ethernet. 

ʋʢʘʟʘʥʥʳʝ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʶʪ ʫʯʝʩʪʴ ʨʘʟʣʠʯʠʷ 

ʧʦ ʦʩʥʦʚʥʳʤ ʪʝʭʥʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ:  
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Á ʰʠʨʠʥʝ ʧʦʣʦʩʳ ʟʘʥʠʤʘʝʤʳʭ ʯʘʩʪʦʪ, 

Á ʩʧʦʩʦʙʫ ʤʦʜʫʣʷʮʠʠ, 

Á ʩʧʦʩʦʙʫ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʘ ʠ ʪ.ʜ. [6, 7, 8].  

ɺ ʩʠʩʪʝʤʘʭ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʨʘʜʠʦʚʳʟʦʚʘ (ʇʈɺ), ʠʣʠ ʧʝʡʜʞʠʥʛʘ, ʧʦʣʦʩʘ 

ʯʘʩʪʦʪ 169,4é 169,8 ʄɻʮ ʜʝʣʠʪʩʷ ʥʘ 16 ʦʪʜʝʣʴʥʳʭ ʢʘʥʘʣʦʚ ʧʦ 25 ʢɻʮ ʢʘʞʜʳʡ. 

ʉʝʪʠ ʇʈɺ ʠʩʧʦʣʴʟʫʶʪ ʩʪʘʥʜʘʨʪʥʦʝ ʘʧʧʘʨʘʪʥʦʝ ʠ ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ POCSAG.  ʕʪʦʪ ʩʪʘʥʜʘʨʪ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʜʥʦʩʪʦʨʦʥʥʶ  ʁʧʝʨʝʜʘʯʫ 

ʢʦʨʦʪʢʠʭ ʮʠʬʨʦʚʳʭ ʠʣʠ ʙʫʢʚʝʥʥʦ-ʮʠʬʨʦʚʳʭ ʩʦʦʙʱʝʥʠʡ ʩʦ ʩʢʦʨʦʩʪʷʤʠ 512, 

1200 ʠʣʠ 2400 ʙʠʪ ʚ ʩʝʢʫʥʜʫ ʧʦ ʨʘʜʠʦʢʘʥʘʣʫ ʩ ʧʦʣʦʩʦʡ 25 ʢɻʮ ʯʘʩʪʦʪʥʳʭ 

ʜʠʘʧʘʟʦʥʘʭ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʧʝʡʜʞʠʥʛʦʚʳʭ ʩʝʪʝʡ. 

ʅʦʚʦʝ ʧʦʢʦʣʝʥʠʝ ʩʝʪʝʡ ʇʈɺ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʩʪʘʥʜʘʨʪʘ FLEX 

ʠ ʝʛʦ ʤʦʜʠʬʠʢʘʮʠʡ. 

FLEX ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʦʡ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʨʘʜʠʦʚʳʟʦʚʘ, ʢʦʪʦʨʘʷ 

ʠʩʧʦʣʴʟʫʝʪ ʥʝʩʢʦʣʴʢʦ ʧʨʦʪʦʢʦʣʦʚ ʧʝʡʜʞʠʥʛʦʚʦʡ ʩʚʷʟʠ. ʉʨʝʜʠ ʥʠʭ ʧʨʦʪʦʢʦʣʳ 

ReFLEXtm25 ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʜʚʫʩʪʦʨʦʥʥʠʡ ʦʙʤʝʥ ʮʠʬʨʦʚʦʡ ʠ ʪʝʢʩʪʦʚʦʡ 

ʠʥʬʦʨʤʘʮʠʝʡ ʥʘ ʯʘʩʪʦʪʘʭ ʚ ʜʠʘʧʘʟʦʥʝ 929é932 ʠ 940é941 ʄɻʮ ʜʣʷ ʦʪʧʨʘʚʢʠ 

ʩʦʦʙʱʝʥʠʡ ʧʦʣʴʟʦʚʘʪʝʣʷʤ, ʘ ʪʘʢʞʝ ʥʘ ʯʘʩʪʦʪʘʭ 901é902 ʄɻʮ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʦʪʚʝʪʦʚ. ʇʨʠ ʵʪʦʤ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʩʦʩʪʘʚʣʷʶʪ ʚʝʣʠʯʠʥʫ 1600, 

3200 ʠʣʠ 6400 ʙʠʪ/ʩ ʚ ʧʦʣʦʩʝ 25 ʠʣʠ 50 ʢɻʮ, ʘ ʚ ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ - ʜʦ 

9600 ʙʠʪ/ʩ ʚ ʧʦʣʦʩʝ 12,5 ʢɻʮ. 

ʇʨʦʪʦʢʦʣ ReFLEXTM50 ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʚʫʩʪʦʨʦʥʥʝʛʦ 

ʦʙʤʝʥʘ ʮʠʬʨʦʚʦʡ ʠ ʪʝʢʩʪʦʚʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʚ ʪʝʭ ʞʝ ʧʦʣʦʩʘʭ ʯʘʩʪʦʪ ʩʦ ʩʢʦʨʦ-

ʩʪʴʶ ʧʝʨʝʜʘʯʠ ʜʦ 25 600 ʙʠʪ/ʩ ʧʨʠ ʰʠʨʠʥʝ ʢʘʥʘʣʘ ʧʨʷʤʦʡ ʧʝʨʝʜʘʯʠ 50 ʢɻʮ ʠ 

ʦʙʨʘʪʥʦʡ ʧʝʨʝʜʘʯʠ ʩʦ ʩʢʦʨʦʩʪʴʶ 9600 ʙʠʪ/ʩ ʚ ʧʦʣʦʩʝ 12,5 ʢɻʮ. 

ʇʨʦʪʦʢʦʣʳ InFLEXionTM ʦʙʝʩʧʝʯʠʚʘʶʪ ʦʜʥʦʩʪʦʨʦʥʥʶʶ ʧʝʨʝʜʘʯʫ 

ʛʦʣʦʩʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠ ʮʠʬʨʦʚʦʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʘ ʥʘ 

ʩʢʦʨʦʩʪʠ 9600 ʙʠʪ/ʩ ʠʣʠ ʜʚʫʩʪʦʨʦʥʥʠʡ ʦʙʤʝʥ ʜʘʥʥʳʤʠ. 

ɼʣʷ ʫʢʘʟʘʥʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʩʠʩʪʝʤ ʇʈɺ ʭʘʨʘʢʪʝʨʥʘ ʫʟʢʘʷ ʟʘʥʠʤʘʝʤʘʷ 

ʧʦʣʦʩʘ ʯʘʩʪʦʪ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ. 
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ʇʝʨʝʡʜʝʤ ʢ ʨʘʩʩʤʦʪʨʝʥʠʶ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʠʩʪʝʤ ʨʘʜʠʦʩʚʷʟʠ ʩ 

ʧʦʜʚʠʞʥʳʤʠ ʦʙʲʝʢʪʘʤʠ. ʆʜʥʘ ʠʟ ʚʘʞʥʝʡʰʠʭ ʬʫʥʢʮʠʡ, ʦʩʫʱʝʩʪʚʣʷʝʤʳʭ 

ʢʦʤʧʣʝʢʩʦʤ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʨʘʜʠʦʩʚʷʟʠ, ʩʦʩʪʦʠʪ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʦʪʦʢʦʚ ʠʥʬʦʨʤʘʮʠʠ, ʪ.ʝ. ʯʘʩʪʦʪʥʦ-ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʣʦʢʘʣʠʟʘʮʠʝʡ ʢʘʥʘʣʦʚ ʩʚʷʟʠ ʠ ʦʙʲʝʜʠʥʝʥʠʝʤ ʠʭ ʚ ʧʨʝʜʝʣʘʭ ʦʙʱʠʭ ʬʠʟʠʯʝʩʢʠʭ 

ʪʨʘʢʪʦʚ ʧʝʨʝʜʘʯʠ. ʕʪʦ ʚ ʨʘʚʥʦʡ ʩʪʝʧʝʥʠ ʦʪʥʦʩʠʪʩʷ ʢ ʩʠʩʪʝʤʘʤ ʢʘʢ ʧʦʜʚʠʞʥʦʡ 

(ʩ ʧʦʜʚʠʞʥʳʤʠ ʦʙʲʝʢʪʘʤʠ), ʪʘʢ ʠ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʨʘʜʠʦʩʚʷʟʠ. 

ɼʘʥʥʘʷ ʟʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʣʠʙʦ ʧʫʪʝʤ ʦʙʲʝʜʠʥʝʥʠʷ ʨʘʜʠʦʢʘʥʘʣʦʚ, ʣʠʙʦ 

ʧʫʪʝʤ ʫʧʣʦʪʥʝʥʠʷ ʘʙʦʥʝʥʪʩʢʠʭ ʢʘʥʘʣʦʚ [5]. 

ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʦʜʥʦʤʫ ʨʘʜʠʦʢʘʥʘʣʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʜʠʥ ʧʝʨʝʜʘʪʯʠʢ, 

ʦʙʲʝʜʠʥʝʥʠʝ ʨʘʜʠʦʢʘʥʘʣʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʣʠʥʝʡʥʦʤ ʪʨʘʢʪʝ (ʥʘ ʥʝʩʫʱʠʭ 

ʯʘʩʪʦʪʘʭ ʠ ʥʦʤʠʥʘʣʴʥʳʭ ʫʨʦʚʥʷʭ ʤʦʱʥʦʩʪʠ). 

ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʫʧʣʦʪʥʝʥʠʝ ʢʘʥʘʣʦʚ ʨʝʘʣʠʟʫʝʪʩʷ ʢʘʢ ʦʙʲʝʜʠʥʝʥʠʝ 

ʥʝʩʢʦʣʴʢʠʭ ʘʙʦʥʝʥʪʩʢʠʭ ʢʘʥʘʣʦʚ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʦʙʱʝʛʦ ʨʘʜʠʦʢʘʥʘʣʘ.  

ɿʘʜʘʯʘ ʫʧʣʦʪʥʝʥʠʷ ʘʙʦʥʝʥʪʩʢʠʭ ʢʘʥʘʣʦʚ ʨʝʰʘʝʪʩʷ ʥʘ ʤʘʣʳʭ ʫʨʦʚʥʷʭ 

ʤʦʱʥʦʩʪʠ ʠ ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʯʘʩʪʦʪʘʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʥʠʢʘʝʪ ʩʣʦʞʥʳʡ 

ʩʠʛʥʘʣ (ʩʦʩʪʘʚʣʝʥʥʳʡ ʠʟ ʵʣʝʤʝʥʪʘʨʥʳʭ ʩʠʛʥʘʣʦʚ ʘʙʦʥʝʥʪʩʢʠʭ ʢʘʥʘʣʦʚ), 

ʢʦʪʦʨʳʡ ʧʦʩʪʫʧʘʝʪ ʚ ʤʦʜʫʣʷʪʦʨ ʧʝʨʝʜʘʪʯʠʢʘ. 

ʈʘʩʰʠʨʝʥʠʝ ʧʦʣʦʩʳ ʯʘʩʪʦʪ, ʟʘʥʠʤʘʝʤʦʡ ʩʧʝʢʪʨʦʤ, ʠ ʫʩʣʦʞʥʝʥʠʝ ʬʦʨʤʳ 

ʩʠʛʥʘʣʘ ʢʘʢ ʬʫʥʢʮʠʠ ʚʨʝʤʝʥʠ ʟʘʚʠʩʷʪ ʦʪ ʤʝʪʦʜʘ ʫʧʣʦʪʥʝʥʠʷ. ʀʩʧʦʣʴʟʫʝʤʳʝ 

ʤʝʪʦʜʳ ʫʧʣʦʪʥʝʥʠʷ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 3 ʢʣʘʩʩʘ: ʯʘʩʪʦʪʥʦʝ ʫʧʣʦʪʥʝʥʠʝ, 

ʚʨʝʤʝʥʥʦʝ ʠ ʢʦʜʦʚʦʝ (ʚ ʧʦʜʚʠʞʥʦʡ ʨʘʜʠʦʩʚʷʟʠ - ʘʙʙʨʝʚʠʘʪʫʨʳ FDMA, TDMA 

ʠ CDMA, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) [9]. 

ʇʨʠ ʯʘʩʪʦʪʥʦʤ ʫʧʣʦʪʥʝʥʠʠ ʯʘʩʪʦʪʥʳʝ ʧʦʣʦʩʳ ʩʧʝʢʪʨʦʚ ʘʙʦʥʝʥʪʩʢʠʭ 

ʩʠʛʥʘʣʦʚ ʥʝ ʧʝʨʝʩʝʢʘʶʪʩʷ ʥʘ ʯʘʩʪʦʪʥʦʡ ʦʩʠ, ʠ ʘʙʦʥʝʥʪʩʢʠʝ ʢʘʥʘʣʳ 

ʦʙʲʝʜʠʥʷʶʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʯʘʩʪʦʪʥʦ-ʠʟʙʠʨʘʪʝʣʴʥʳʭ (ʯʘʩʪʦʪʥʦ-

ʨʘʟʜʝʣʠʪʝʣʴʥʳʭ) ʫʩʪʨʦʡʩʪʚ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʠʛʥʘʣʦʚ ʠʣʠ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʧʦ ʜʠʘʧʘʟʦʥʫ ʯʘʩʪʦʪ ʷʚʣʷʝʪʩʷ ʜʦʣʛʦʩʨʦʯʥʳʤ ʠʣʠ ʧʦʩʪʦʷʥʥʳʤ. 

ʈʝʩʫʨʩ ʩʚʷʟʠ ʤʦʞʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʦʜʝʨʞʘʪʴ ʥʝʩʢʦʣʴʢʦ ʩʠʛʥʘʣʦʚ, 
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ʨʘʟʥʝʩʝʥʥʳʭ ʚ ʩʧʝʢʪʨʝ.  ʆʙʣʘʩʪʠ ʩʧʝʢʪʨʘ, ʥʘʭʦʜʷʱʠʝʩʷ ʤʝʞʜʫ ʠʩʧʦʣʴʟʫʝʤʳʤʠ 

ʜʠʘʧʘʟʦʥʘʤʠ, ʥʘʟʳʚʘʶʪʩʷ ʟʘʱʠʪʥʳʤʠ ʧʦʣʦʩʘʤʠ ʯʘʩʪʦʪ. ɿʘʱʠʪʥʳʝ ʧʦʣʦʩʳ 

ʚʳʧʦʣʥʷʶʪ ʨʦʣʴ ʙʫʬʝʨʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʠʥʪʝʨʬʝʨʝʥʮʠʶ ʤʝʞʜʫ 

ʩʦʩʝʜʥʠʤʠ (ʧʦ ʯʘʩʪʦʪʝ) ʢʘʥʘʣʘʤʠ. ʐʠʨʠʥʘ ʧʦʣʦʩʳ ʢʘʞʜʦʛʦ ʤʦʜʫʣʠʨʫʝʤʦʛʦ 

ʢʘʥʘʣʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʪʨʘʬʘʨʝʪʦʤ ʠʟʣʫʯʝʥʠʷ ʨʘʜʠʦʧʝʨʝʜʘʪʯʠʢʘ. ʉʠʛʥʘʣ, ʧʨʠ 

ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʪʯʠʢʘ 22 ʢʙʠʪ/ʩ, ʟʘʥʠʤʘʝʪ ʙʦʣʝʝ ʫʟʢʫʶ ʧʦʣʦʩʫ ʯʘʩʪʦʪ, ʯʝʤ ʪʘ, 

ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʝʥʘ ʌʝʜʝʨʘʣʴʥʦʡ ʢʦʤʠʩʩʠʝʡ ʩʚʷʟʠ, ʠʩʭʦʜʷ ʠʟ ʝʝ ʩʫʱʝʩʪʚʝʥʥʳʭ 

ʪʨʝʙʦʚʘʥʠʡ ʢ ʫʨʦʚʥʶ ʚʥʝʧʦʣʦʩʥʳʭ ʠʟʣʫʯʝʥʠʡ. ʏʪʦʙʳ ʚʳʧʦʣʥʠʪʴ ʵʪʦ 

ʪʨʝʙʦʚʘʥʠʝ, ʥʫʞʝʥ ʫʚʝʣʠʯʝʥʥʳʡ ʯʘʩʪʦʪʥʳʡ ʨʘʟʥʦʩ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ 

ʢʘʥʘʣʘʤʠ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʚʘʞʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʩʠʛʥʘʣʦʚ, 

ʠʤʝʶʱʠʭ ʤʘʢʩʠʤʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʩʧʘʜʘ ʫʨʦʚʥʷ ʚʥʝʧʦʣʦʩʥʳʭ ʠʟʣʫʯʝʥʠʡ. 

ʏʘʩʪʦʪʥʦʝ ʫʧʣʦʪʥʝʥʠʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʧʨʠ ʘʥʘʣʦʛʦʚʦʡ, ʪʘʢ ʠ ʧʨʠ 

ʮʠʬʨʦʚʦʡ ʬʦʨʤʝ ʠʩʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ. ɸʥʘʣʦʛʦʚʘʷ ʬʦʨʤʘ ʠʩʧʦʣʴʟʫʝʪʩʷ, 

ʥʘʧʨʠʤʝʨ, ʚ ʩʠʩʪʝʤʘʭ ʩʦʪʦʚʦʡ ʨʘʜʠʦʩʚʷʟʠ ʧʦ ʩʪʘʥʜʘʨʪʘʤ NMT-450, NMT-900, 

AMPS, ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʨʘʜʠʦʩʚʷʟʠ ʜʠʘʧʘʟʦʥʘ ɺʏ ʠ ʙʦʣʝʝ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ, 

ʮʠʬʨʦʚʘʷ - ʚ ʩʠʩʪʝʤʘʭ ʨʘʜʠʦʨʝʣʝʡʥʦʡ ʩʚʷʟʠ ʧʨʷʤʦʡ ʚʠʜʠʤʦʩʪʠ ʠ ʪ.ʜ.  

ʇʨʠ ʚʳʙʦʨʝ ʩʠʛʥʘʣʦʚ ʥʝʦʙʭʦʜʠʤʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʦʙʝʩʧʝʯʠʪʴ, ʚʦʟʤʦʞʥʦ 

ʙʦʣʝʝ ʫʟʢʫʶ ʧʦʣʦʩʫ ʯʘʩʪʦʪ, ʟʘʥʠʤʘʝʤʫʶ ʩʧʝʢʪʨʦʤ ʩʠʛʥʘʣʘ, ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ 

ʧʨʠ ʧʨʠʝʤʝ ʜʦʧʫʩʪʠʤʦʛʦ ʫʨʦʚʥʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʪʝʨʴ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʫʭʫʜʰʝʥʠʝʤ ʚʟʘʠʤʥʦ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʘʥʩʘʤʙʣʷ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʩʠʛʥʘʣʦʚ. 

ʈʘʟʣʠʯʘʶʪ ʪʘʢʠʝ ʧʦʥʷʪʠʷ ʢʘʢ ʥʝʦʙʭʦʜʠʤʘʷ 
HFD  ʠ ʟʘʥʠʤʘʝʤʘʷ 

3FD  

ʧʦʣʦʩʳ ʯʘʩʪʦʪ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʦʚ. ʅʝʞʝʣʘʪʝʣʴʥʳʝ ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ, 

ʷʚʣʷʶʱʠʝʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʤʦʜʫʣʷʮʠʠ ʩʠʛʥʘʣʘ ʚ ʧʦʣʦʩʝ ʯʘʩʪʦʪ, ʧʨʠʤʳʢʘʶʱʝʡ 

ʢ ʥʝʦʙʭʦʜʠʤʦʡ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʥʝʧʦʣʦʩʥʳʝ ʠʟʣʫʯʝʥʠʷ. ʇʨʠ ʵʪʦʤ 
HFD  

ʷʚʣʷʝʪʩʷ ʤʠʥʠʤʘʣʴʥʦʡ ʧʦʣʦʩʦʡ ʯʘʩʪʦʪ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʠʟʣʫʯʝʥʠʷ, ʜʦʩʪʘʪʦʯʥʦʡ 

ʜʣʷ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʘ ʩ ʪʨʝʙʫʝʤʳʤʠ ʩʢʦʨʦʩʪʴʶ ʠ ʢʘʯʝʩʪʚʦʤ. ɼʣʷ ʦʮʝʥʢʠ 

ʰʠʨʠʥʳ ʧʦʣʦʩʳ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʘʜʠʦʧʝʨʝʜʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ 

ʚʚʝʜʝʥʦ ʧʦʥʷʪʠʝ ʟʘʥʠʤʘʝʤʦʡ ʧʦʣʦʩʳ ʯʘʩʪʦʪ 
3FD , ʟʘ ʧʨʝʜʝʣʘʤʠ ʢʦʪʦʨʦʡ 
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ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʥʝʢʦʪʦʨʘʷ ʯʘʩʪʴ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʠ 
CPP    ʠʟʣʫʯʘʝʤʳʭ ʢʦʣʝʙʘʥʠʡ 

(ʨʠʩ. 1.5). ɼʣʷ ʯʠʩʣʝʥʥʦʡ ʦʮʝʥʢʠ ʚʚʦʜʷʪ ʧʦʥʷʪʠʝ ʦʛʨʘʥʠʯʠʪʝʣʴʥʦʛʦ ʫʨʦʚʥʷ, 

ʢʦʪʦʨʳʡ ʥʘ X ʜɹ ʤʝʥʝʝ ʠʩʭʦʜʥʦʛʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʫʨʦʚʥʷ 

ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ, ʧʨʠʥʷʪʦʛʦ ʟʘ 0 ʜɹ. ʅʠʞʥʠʤ ʫʨʦʚʥʷʤ 

ʠʟʤʝʨʷʝʤʦʡ ʤʦʱʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʙʫʜʝʤ ʩʯʠʪʘʪʴ -60 ʜɹ. 

ɺʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʚʘʞʥʦ ʥʝ ʪʦʣʴʢʦ ʩʫʟʠʪʴ ʧʦʣʦʩʫ ʯʘʩʪʦʪ, ʥʘʧʨʠʤʝʨ, 

ʵʢʚʠʚʘʣʝʥʪʥʫʶ ʧʦʣʦʩʫ FeD   ʠʣʠ ʧʦʣʦʩʫ 
99%FD , ʥʦ ʠ ʦʙʝʩʧʝʯʠʪʴ ʜʦʩʪʘʪʦʯʥʦ 

ʤʘʣʳʡ ʫʨʦʚʝʥʴ ʚʥʝʧʦʣʦʩʥʳʭ ʠʟʣʫʯʝʥʠʡ [11]. 

ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʟʢʦʧʦʣʦʩʥʳʤ 

ʩʠʛʥʘʣʘʤ (ʮʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʦʪʘ 
0 0ɤ 2ˊ 1f T= ), ʙʫʜʝʤ ʦʧʨʝʜʝʣʷʪʴ ʧʦʣʦʩʫ 

ʯʘʩʪʦʪ FeD   ʠʟ ʫʩʣʦʚʠʷ 

ɤ

0

0

2 (ɤ) (ɤ)

Ů(ɤ)

(ɤ) (ɤ)

G d

G d

¤
=
ñ

ñ
          (1.16) 

ʛʜʝ ()ɤG  ï ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʩʧʝʢʪʨ. 

 
ʈʠʩʫʥʦʢ 1.5. ï ʅʝʦʙʭʦʜʠʤʘʷ ʠ ʟʘʥʠʤʘʝʤʘʷ ʧʦʣʦʩʳ ʯʘʩʪʦʪ ʠ ʚʥʝʧʦʣʦʩʥʳʝ 

ʠʟʣʫʯʝʥʠʷ. 

ʆʯʝʥʴ ʯʘʩʪʦ ʚʘʞʥʦ ʟʥʘʪʴ ʟʘʢʦʥ ʩʧʘʜʘ ()ɤG  ʥʘ ʜʦʩʪʘʪʦʯʥʳʭ ʦʪʩʪʨʦʡʢʘʭ 

ʦʪ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʳ. ɼʣʷ ʣʶʙʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ ʧʨʠ ʙʦʣʴʰʠʭ    

( )0w-wʤʦʞʥʦ ʥʘʡʪʠ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ () 2ɡɤ ~1 ɤG , ʛʜʝ 2ɡï 

  

ˤ͔ͤͨͦͦͫͤ͡·͔ 

͙ͯ͘͡;͔͙ͤΎ 

-сл͒ˣ 
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ʧʦʢʘʟʘʪʝʣʴ ʩʪʝʧʝʥʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʩʢʦʨʦʩʪʴ ʩʧʘʜʘ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʩʧʝʢʪʨʘ [17]. ɿʥʘʷ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʩʧʝʢʪʨʘ, ʤʦʞʥʦ ʦʮʝʥʠʪʴ 

ʟʥʘʯʝʥʠʝ ()ɤG ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʡ ʦʪʩʪʨʦʡʢʝ ʦʪ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʳ 
0w . 

ʇʨʠ ʯʘʩʪʦʪʥʦʤ ʫʧʣʦʪʥʝʥʠʠ ʰʠʨʠʥʘ ʧʦʣʦʩʳ ʢʘʥʘʣʘ ʧʨʠʤʝʨʥʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʯʘʩʪʦʪʥʦʤʫ ʨʘʟʥʦʩʫ ʤʝʞʜʫ ʢʘʥʘʣʘʤʠ (ʩ ʫʯʝʪʦʤ ʟʘʱʠʪʥʳʭ 

ʠʥʪʝʨʚʘʣʦʚ, ʯʘʩʪʦʪʥʦʛʦ ʧʣʘʥʘ ʠ ʪ.ʜ.) ʠ ʩʦʩʪʘʚʣʷʝʪ 10é30 ʢɻʮ. ʅʘʧʨʠʤʝʨ, ʚ 

ʩʪʘʥʜʘʨʪʘʭ ʘʥʘʣʦʛʦʚʦʡ ʩʦʪʦʚʦʡ ʨʘʜʠʦʩʚʷʟʠ ʧʨʠʥʷʪʳ ʩʣʝʜʫʶʱʠʝ ʨʘʟʥʦʩʳ [8]: 

30 ʢɻʮ (ʩʪʘʥʜʘʨʪ AMPS), 25 ʢɻʮ ʠʣʠ 20 ʢɻʮ (NMT-450), 12,5 ʢɻʮ (NMT-900), 

20 ʢɻʮ ʠʣʠ 10 ʢɻʮ (ʉ-450). 

ʆʩʥʦʚʥʳʤ ʩʣʘʙʳʤ ʤʝʩʪʦʤ ʵʪʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʦʩʳ ʯʘʩʪʦʪ. 

ʉʦʪʦʚʳʝ ʩʠʩʪʝʤʳ ʩ ʘʥʘʣʦʛʦʚʦʡ ʬʦʨʤʦʡ ʩʠʛʥʘʣʘ ʠ ʯʘʩʪʦʪʥʳʤ 

ʫʧʣʦʪʥʝʥʠʝʤ (ʩʪʘʥʜʘʨʪ NMT) ʠʩʧʦʣʴʟʫʶʪ ʜʠʘʧʘʟʦʥʳ 450 ʄɻʮ ʠ 900 ʄɻʮ 

(ʟʜʝʩʴ ʠ ʜʘʣʝʝ ʧʨʠ ʫʢʘʟʘʥʠʠ ʜʠʘʧʘʟʦʥʦʚ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ ʩʚʷʟʠ ʜʘʶʪʩʷ 

ʫʩʣʦʚʥʳʝ ʯʘʩʪʦʪʳ; ʨʝʘʣʴʥʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʠʘʧʘʟʦʥʳ ʣʝʞʘʪ ʚʙʣʠʟʠ ʵʪʠʭ 

ʟʥʘʯʝʥʠʡ). ʊʨʘʥʢʠʥʛʦʚʳʝ ʩʠʩʪʝʤʳ (ʢʦʨʧʦʨʘʪʠʚʥʳʝ, ʩʧʝʮʠʘʣʴʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ), ʢʨʦʤʝ ʪʦʛʦ, ʠʩʧʦʣʴʟʫʶʪ ʜʠʘʧʘʟʦʥʳ 150 ʄɻʮ, 200 ʄɻʮ, 300 ʄɻʮ, 

400 ʄɻʮ [8]. 

ɺ ʩʠʩʪʝʤʘʭ ʨʘʜʠʦʨʝʣʝʡʥʦʡ ʩʚʷʟʠ ʧʨʷʤʦʡ ʚʠʜʠʤʦʩʪʠ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʜʠʘʧʘʟʦʥʳ 2 ɻɻʮ, 4 ɻɻʮ, 6 ɻɻʮ ʠ ʜʨ. [10]. ɼʣʷ ʪʨʦʧʦʩʬʝʨʥʦʡ ʨʘʜʠʦʨʝʣʝʡʥʦʡ 

ʩʚʷʟʠ ʚʳʜʝʣʝʥʳ ʜʠʘʧʘʟʦʥʳ 1 ɻɻʮ, 2 ɻɻʮ ʠ 4,5 ɻɻʮ ʠ ʜʨ. [10]. ɺ ʩʧʫʪʥʠʢʦʚʳʭ 

ʩʠʩʪʝʤʘʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʠʘʧʘʟʦʥʳ 600 ʄɻʮ, 6 ɻɻʮ, 15 ɻɻʮ ʜʨ. [9]. ɺ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʙʫʜʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʤʝʪʦʜʳ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʯʘʩʪʦʪʥʦʛʦ ʫʧʣʦʪʥʝʥʠʷ ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ, 

ʠʤʝʶʱʠʭ ʙʦʣʝʝ ʫʟʢʠʝ ʧʦʣʦʩʳ ʟʘʥʠʤʘʝʤʳʭ ʯʘʩʪʦʪ ʠ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʩʧʘʜʘ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ ʚʥʝ ʟʘʥʠʤʘʝʤʦʡ ʧʦʣʦʩʳ. 

ʇʨʠ ʚʨʝʤʝʥʥʦʤ ʫʧʣʦʪʥʝʥʠʠ ʘʙʦʥʝʥʪʩʢʠʡ ʩʠʛʥʘʣ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ 

ʮʠʬʨʦʚʦʡ ʬʦʨʤʝ ʠ ʧʝʨʝʜʘʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʨʦʪʢʠʭ ʠʤʧʫʣʴʩʦʚ. ʇʨʠ ʵʪʦʤ 

ʢʘʞʜʦʤʫ ʩʠʛʥʘʣʫ ʜʣʷ ʠʤʧʫʣʴʩʘ ʚʳʜʝʣʷʝʪʩʷ ʚʧʦʣʥʝ ʦʧʨʝʜʝʣʝʥʥʦʝ ʤʝʩʪʦ ʥʘ ʦʩʠ 
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ʚʨʝʤʝʥʠ ʚ ʧʨʝʜʝʣʘʭ ʥʝʢʦʪʦʨʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ (ʚʨʝʤʝʥʥʦʛʦ ʢʘʜʨʘ), 

ʦʙʱʝʛʦ ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ ʫʧʣʦʪʥʷʝʤʳʭ ʢʘʥʘʣʦʚ [8]. 

ʀʤʧʫʣʴʩʳ ʩʤʝʞʥʳʭ ʢʘʥʘʣʦʚ ʥʝ ʧʝʨʝʩʝʢʘʶʪʩʷ ʥʘ ʦʩʠ ʚʨʝʤʝʥʠ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ, ʯʘʩʪʦʪʥʳʝ ʧʦʣʦʩʳ ʩʧʝʢʪʨʦʚ ʦʪʜʝʣʴʥʳʭ ʘʙʦʥʝʥʪʩʢʠʭ ʢʘʥʘʣʦʚ 

ʧʝʨʝʩʝʢʘʶʪʩʷ ʥʘ ʯʘʩʪʦʪʥʦʡ ʦʩʠ. ɼʘʥʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʥʝ ʧʦʟʚʦʣʷʝʪ 

ʨʘʟʜʝʣʠʪʴ ʢʘʥʘʣʳ ʧʦʩʨʝʜʩʪʚʦʤ ʯʘʩʪʦʪʥʦ-ʠʟʙʠʨʘʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ. ʇʦʵʪʦʤʫ 

ʨʘʟʜʝʣʝʥʠʝ (ʥʘ ʧʨʠʝʤʥʦʡ ʩʪʦʨʦʥʝ) ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ: 

ʪʨʘʢʪ ʧʨʠʝʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʜʘʥʥʦʛʦ ʘʙʦʥʝʥʪʩʢʦʛʦ ʢʘʥʘʣʘ çʦʪʢʨʳʚʘʝʪʩʷè (ʪ.ʝ. 

ʧʨʦʧʫʩʢʘʝʪ ʩʠʛʥʘʣ) ʠʤʝʥʥʦ ʚ ʪʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʧʝʨʝʜʘʝʪʩʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʠʤʧʫʣʴʩ [8]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʣʠ ʧʨʠ ʯʘʩʪʦʪʥʦʤ ʫʧʣʦʪʥʝʥʠʠ ʯʘʩʪʦʪʥʳʝ ʧʦʣʦʩʳ 

ʩʧʝʢʪʨʦʚ ʩʠʛʥʘʣʦʚ ʨʘʟʥʝʩʝʥʳ ʥʘ ʦʩʠ ʯʘʩʪʦʪ (ʘ ʩʘʤʠ ʩʠʛʥʘʣʳ ʥʘ ʦʩʠ ʚʨʝʤʝʥʠ 

ʩʦʚʤʝʱʝʥʳ), ʪʦ ʧʨʠ ʚʨʝʤʝʥʥʦʤ ʫʧʣʦʪʥʝʥʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʨʫʛʦʡ ʧʨʠʥʮʠʧ ï 

ʩʠʛʥʘʣʳ ʨʘʟʥʝʩʝʥʳ ʥʘ ʦʩʠ ʚʨʝʤʝʥʠ, ʪʦʛʜʘ ʢʘʢ ʯʘʩʪʦʪʥʳʝ ʧʦʣʦʩʳ ʩʧʝʢʪʨʦʚ 

ʧʝʨʝʩʝʢʘʶʪʩʷ.  

ʇʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʠʛʥʘʣʦʚ ʩ ʛʘʫʩʩʦʚʩʢʦʡ ʯʘʩʪʦʪʥʦʡ ʤʘʥʠʧʫʣʷʮʠʝʡ ʩ 

ʤʠʥʠʤʘʣʴʥʳʤ ʯʘʩʪʦʪʥʳʤ ʩʜʚʠʛʦʤ (ɻʄʄʉ) ʠʩʧʦʣʴʟʫʝʪʩʷ ʛʘʫʩʩʦʚʩʢʠʡ 

ʥʠʟʢʦʯʘʩʪʦʪʥʳʡ ʬʠʣʴʪʨ (ɻʌʅʏ) ʤʦʜʫʣʠʨʫʶʱʠʭ ʧʦʩʳʣʦʢ. ɻʘʫʩʩʦʚʩʢʠʤ ʦʥ 

ʥʘʟʳʚʘʝʪʩʷ ʧʦʪʦʤʫ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ ʠʤʧʫʣʴʩʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʠʣʴʪʨʘ 

ʠʩʧʦʣʴʟʫʶʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ɻʘʫʩʩʘ. 

ʅʘ ʚʭʦʜ ɻʌʅʏ ʧʦʜʘʝʪʩʷ ʩʠʤʤʝʪʨʠʯʥʳʡ ʩʠʛʥʘʣ ʜʘʥʥʳʭ, ʦʧʨʝʜʝʣʷʝʤʳʡ 
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ʏʘʩʪʦʪʥʘʷ ʠ ʠʤʧʫʣʴʩʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɻʌʅʏ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʩʣʝʜʫʶʱʠʤʠ ʚʳʨʘʞʝʥʠʷʤʠ [62]: 
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2
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exp ;
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G f

B
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       (1.17) 
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,           (1.18) 

ʛʜʝ ɺ ï ʰʠʨʠʥʘ ʧʦʣʦʩʳ ɻʌʅʏ ʧʦ ʫʨʦʚʥʶ 3 ʜɹ. ʉʠʛʥʘʣ ʥʘ ʚʳʭʦʜʝ ɻʌʅʏ [62] 
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ʉʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʤʦʱʥʦʩʪʠ ()G f  ʜʣʷ ʩʠʛʥʘʣʘ ʩ ɻʄʄʉ ʠʤʝʝʪ 

ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 
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ʛʜʝ  
mU  ï ʘʤʧʣʠʪʫʜʘ ʥʝʩʫʱʝʛʦ ʢʦʣʝʙʘʥʠʷ. 

ʇʝʨʝʜʘʯʘ ʘʙʦʥʝʥʪʩʢʦʛʦ ʩʠʛʥʘʣʘ ʚ ʚʠʜʝ ʢʦʨʦʪʢʠʭ ʠʤʧʫʣʴʩʦʚ ʧʨʠʚʦʜʠʪ ʢ 

ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʨʘʩʰʠʨʝʥʠʶ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʯʘʩʪʦʪʥʳʤ ʫʧʣʦʪʥʝʥʠʝʤ) 

ʯʘʩʪʦʪʥʦʡ ʧʦʣʦʩʳ, ʟʘʥʷʪʦʡ ʝʛʦ ʩʧʝʢʪʨʦʤ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʫʱʝʩʪʚʝʥʥʦ 

ʨʘʩʰʠʨʷʝʪʩʷ ʯʘʩʪʦʪʥʘʷ ʧʦʣʦʩʘ ʦʜʥʦʛʦ ʨʘʜʠʦʢʘʥʘʣʘ, ʦʙʩʣʫʞʠʚʘʝʤʦʛʦ ʦʜʥʠʤ 

ʧʝʨʝʜʘʪʯʠʢʦʤ. ʊʘʢ, ʚ ʥʝʢʦʪʦʨʳʭ ʩʪʘʥʜʘʨʪʘʭ ʮʠʬʨʦʚʦʡ ʩʦʪʦʚʦʡ ʩʚʷʟʠ ʰʠʨʠʥʘ 

ʧʦʣʦʩʳ ʩʦʩʪʘʚʣʷʝʪ [8]: 200 ʢɻʮ (ʩʪʘʥʜʘʨʪ GSM, 8 ʫʧʣʦʪʥʷʝʤʳʭ ʘʙʦʥʝʥʪʩʢʠʭ 

ʢʘʥʘʣʦʚ), 30 ʢɻʮ (D-AMPS, 3 ʫʧʣʦʪʥʷʝʤʳʭ ʢʘʥʘʣʘ), 25 ʢɻʮ (JDC, 3 

ʫʧʣʦʪʥʷʝʤʳʭ ʢʘʥʘʣʘ) ʠ ʪ.ʜ. [62]. 

ɺ ʩʦʪʦʚʳʭ ʩʠʩʪʝʤʘʭ ʧʦʜʚʠʞʥʦʡ ʨʘʜʠʦʩʚʷʟʠ ʩ ʚʨʝʤʝʥʥʳʤ ʫʧʣʦʪʥʝʥʠʝʤ 

[9] ʠʩʧʦʣʴʟʫʶʪʩʷ ʯʘʩʪʦʪʥʳʝ ʜʠʘʧʘʟʦʥʳ 450 ʄɻʮ, 900 ʄɻʮ, 1800 ʄɻʮ. ɺ 

ʨʘʙʦʪʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʧʫʪʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤ ʧʝʨʝʜʘʯʠ 
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ʠʥʬʦʨʤʘʮʠʠ ʩ ʚʨʝʤʝʥʥʳʤ ʫʧʣʦʪʥʝʥʠʝʤ ʧʫʪʝʤ ʧʨʠʤʝʥʝʥʠʷ ʩʠʛʥʘʣʦʚ ʩ ʙʦʣʝʝ 

ʢʦʤʧʘʢʪʥʳʤ ʩʧʝʢʪʨʦʤ, ʯʝʤ ʫ ʩʠʛʥʘʣʦʚ ʩ ʛʘʫʩʩʦʚʩʢʦʡ ʤʦʜʫʣʷʮʠʝʡ [62]. 

ʂʦʜʦʚʦʝ ʫʧʣʦʪʥʝʥʠʝ ʩʦʩʪʦʠʪ ʚ ʢʦʜʠʨʦʚʘʥʠʠ ʠʩʭʦʜʥʳʭ ʘʙʦʥʝʥʪʩʢʠʭ 

ʩʠʛʥʘʣʦʚ ʩʧʝʮʠʘʣʴʥʳʤʠ ʬʫʥʢʮʠʷʤʠ (ʠʤʧʫʣʴʩʥʳʤʠ) - ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʤʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ, ʬʫʥʢʮʠʷʤʠ ʋʦʣʰʘ, ʍʘʘʨʘ ʠ ʪ.ʜ., ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ 

ʦʨʪʦʛʦʥʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʠʣʠ ʙʣʠʟʢʠʝ ʢ ʪʘʢʦʚʳʤ [11]. ʀʩʭʦʜʥʳʡ ʩʠʛʥʘʣ 

ʧʝʨʝʜʘʝʪʩʷ ʚ ʮʠʬʨʦʚʦʡ ʬʦʨʤʝ, ʠʤʧʫʣʴʩʳ ʤʦʜʫʣʠʨʫʶʪʩʷ ʩʠʛʥʘʣʘʤʠ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʫʢʘʟʘʥʥʳʤ ʬʫʥʢʮʠʷʤ. ʅʘ ʧʨʠʝʤʥʦʡ ʩʪʦʨʦʥʝ ʩʫʤʤʘʨʥʳʡ 

ʩʠʛʥʘʣ ʩʢʘʣʷʨʥʦ ʫʤʥʦʞʘʝʪʩʷ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʜʘʥʥʦʤʫ ʘʙʦʥʝʥʪʩʢʦʤʫ 

ʢʘʥʘʣʫ ʬʫʥʢʮʠʶ, ʯʪʦ, ʙʣʘʛʦʜʘʨʷ ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʠ, ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ 

ʘʙʦʥʝʥʪʩʢʠʡ ʩʠʛʥʘʣ ʠʟ ʩʫʤʤʘʨʥʦʛʦ ʩʠʛʥʘʣʘ. 

ʉ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʠ ʢʦʜʦʚʦʤ ʫʧʣʦʪʥʝʥʠʠ ʠʩʧʦʣʴʟʦʚʘʥ 

ʪʦʪ ʞʝ ʧʨʠʥʮʠʧ, ʯʪʦ ʠ ʧʨʠ ʚʨʝʤʝʥʥʦʤ ʫʧʣʦʪʥʝʥʠʠ. ʈʘʟʣʠʯʠʝ ʩʦʩʪʦʠʪ ʪʦʣʴʢʦ ʚ 

ʚʳʙʦʨʝ ʙʘʟʠʩʥʳʭ ʬʫʥʢʮʠʡ. ʀʤʝʥʥʦ ʵʪʠʤ ʦʙʲʷʩʥʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʫʧʣʦʪʥʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʛʦ ʯʠʩʣʘ ʢʘʥʘʣʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʨʝʤʝʥʥʳʤ 

ʫʧʣʦʪʥʝʥʠʝʤ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʷʝʪʩʷ ʧʦʣʦʩʘ ʯʘʩʪʦʪ, 

ʟʘʥʷʪʘʷ ʩʧʝʢʪʨʦʤ ʦʪʜʝʣʴʥʦʛʦ ʘʙʦʥʝʥʪʩʢʦʛʦ ʩʠʛʥʘʣʘ ʠ ʩʫʤʤʘʨʥʦʛʦ ʩʠʛʥʘʣʘ, ʪ.ʝ. 

ʧʦʣʦʩʘ ʯʘʩʪʦʪ ʨʘʜʠʦʢʘʥʘʣʘ, ʦʙʩʣʫʞʠʚʘʝʤʦʛʦ ʦʜʥʠʤ ʧʝʨʝʜʘʪʯʠʢʦʤ. 

ʊʘʢ, ʚ ʩʦʪʦʚʦʡ ʩʠʩʪʝʤʝ DCS (ʩʪʘʥʜʘʨʪ IS-95) ʚ ʦʜʥʦʤ ʨʘʜʠʦʢʘʥʘʣʝ 

ʬʦʨʤʠʨʫʝʪʩʷ 64 ʘʙʦʥʝʥʪʩʢʠʭ ʢʘʥʘʣʘ (ʪʦʯʥʝʝ, ʥʝʩʢʦʣʴʢʦ ʤʝʥʴʰʝ ʠʟ-ʟʘ 

ʚʳʜʝʣʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʢʘʥʘʣʦʚ ʜʣʷ ʩʣʫʞʝʙʥʳʭ ʥʫʞʜ) ʧʨʠ ʧʦʣʦʩʝ ʨʘʜʠʦʢʘʥʘʣʘ 

1,23 ʄɻʮ [8]. 

ʂʦʜʦʚʦʝ ʫʧʣʦʪʥʝʥʠʝ ʩʯʠʪʘʝʪʩʷ ʚʝʩʴʤʘ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʚ ʩʠʩʪʝʤʘʭ 

ʩʦʪʦʚʦʡ ʧʦʜʚʠʞʥʦʡ ʨʘʜʠʦʩʚʷʟʠ [9] (ʜʠʘʧʘʟʦʥʳ - 900 ʄɻʮ, 1800 ʄɻʮ), 

ʥʝʢʦʪʦʨʦʝ ʧʨʠʤʝʥʝʥʠʝ ʦʥʦ ʥʘʭʦʜʠʪ ʚ ʨʘʜʠʦʨʝʣʝʡʥʦʡ ʩʚʷʟʠ [10]. 

ɼʣʷ ʩʠʩʪʝʤ ʩ ʢʦʜʦʚʳʤ ʫʧʣʦʪʥʝʥʠʝʤ ʢʘʥʘʣʦʚ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʣʫʯʘʡʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩʧʝʢʪʨʘʣʴʥʦ-ʵʬʬʝʢʪʠʚʥʳʭ 

ʩʠʛʥʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʬʫʥʢʮʠʡ ʋʦʣʰʘ, ʍʘʘʨʘ ʧʦʟʚʦʣʷʶʱʠʭ ʧʦʣʫʯʠʪʴ ʪʨʝʙʫʝʤʳʝ 

ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʨʷʜʫ ʩ ʤʥʦʛʦʘʜʨʝʩʥʦʩʪʴʶ ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ. 
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ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʩʪʘʥʜʘʨʪʦʚ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʜʣʷ ʩʠʩʪʝʤ ʮʠʬʨʦʚʦʛʦ 

ʪʝʣʝʚʠʜʝʥʠʷ, ʷʚʣʷʝʪʩʷ ʩʪʘʥʜʘʨʪ DVB-T, ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ 

ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʝ ʘʩʧʝʢʪʳ ʦʨʛʘʥʠʟʘʮʠʠ ʪʝʣʝʚʠʟʠʦʥʥʳʭ ʚʝʱʘʪʝʣʴʥʳʭ 

ʢʘʥʘʣʦʚ, ʫʩʪʘʥʘʚʣʠʚʘʶʱʠʡ ʩʧʦʩʦʙ ʤʦʜʫʣʷʮʠʠ, ʘ ʪʘʢʞʝ ʩʦʜʝʨʞʘʱʠʡ ʚ ʩʝʙʝ ʚʩʝ 

ʥʝʦʙʭʦʜʠʤʳʝ ʜʘʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʥʘʣʦʚ. 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʦʤʫ ʩʪʘʥʜʘʨʪʫ ʮʠʬʨʦʚʦʝ ʪʝʣʝʚʠʟʠʦʥʥʦʝ ʚʝʱʘʥʠʝ ʚʝʜʝʪʩʷ 

ʥʘ ʯʘʩʪʦʪʘʭ ʜʝʮʠʤʝʪʨʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʞʝ 

ʠʤʝʶʱʫʶʩʷ ʘʥʪʝʥʥʫʶ ʙʘʟʫ. 

ɼʣʷ ʨʘʙʦʪʳ ʦʜʠʥʦʯʥʳʭ ʧʝʨʝʜʘʪʯʠʢʦʚ ʠ ʩʝʪʝʡ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʩ ʨʘʟʣʠʯʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʥʝʩʫʱʠʭ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ 

ʦʜʥʠ ʩʪʨʘʥʳ ʠʟʥʘʯʘʣʴʥʦ ʧʣʘʥʠʨʫʶʪ ʚʚʝʜʝʥʠʝ ʙʦʣʴʰʠʭ ʦʜʥʦʯʘʩʪʦʪʥʳʭ ʩʝʪʝʡ, 

ʘ ʜʨʫʛʠʝ ʥʝ ʧʨʝʜʧʦʣʘʛʘʶʪ ʵʪʦʛʦ ʜʝʣʘʪʴ. ʉʪʘʥʜʘʨʪ DVB-T ʜʦʧʫʩʢʘʝʪ ʜʚʘ ʨʝ-

ʞʠʤʘ ʨʘʙʦʪʳ: 2k ʠ 8k. ʈʝʞʠʤ 2k ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʜʣʷ ʦʜʠʥʦʯʥʳʭ 

ʧʝʨʝʜʘʪʯʠʢʦʚ ʠ ʤʘʣʳʭ ʩʝʪʝʡ, ʨʝʞʠʤ 8k ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʙʦʣʴʰʠʤ ʩʝʪʷʤ, ʭʦʪʷ ʦʥ 

ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʠ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʧʝʨʝʜʘʪʯʠʢʦʚ. 

ʉʝʪʠ ʮʠʬʨʦʚʦʛʦ ʨʘʜʠʦʚʝʱʘʥʠʷ ʨʝʘʣʠʟʫʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʩʪʘʥʜʘʨʪʘ DAB 

(Digital Audio Broadcasting). ʉʦʛʣʘʩʥʦ ʜʘʥʥʦʛʦ ʩʪʘʥʜʘʨʪʘ ʥʘʟʝʤʥʦʝ ʚʝʱʘʥʠʝ 

(ʦʨʛʘʥʠʟʘʮʠʷ ʢʘʥʘʣʦʚ) ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 1452é1492 ʄɻʮ. ʐʠʨʠʥʘ 

ʧʦʣʦʩʳ ʦʜʥʦʛʦ ʢʘʥʘʣʘ ʩʦʩʪʘʚʣʷʝʪ 2ʄɻʮ. 

ʊʝʭʥʦʣʦʛʠʷ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʰʫʤʦʧʦʜʦʙʥʳʭ ʩʠʛʥʘʣʦʚ (ʐʇʉ), ʨʝʛʣʘʤʝʥʪʠʨʫʝʤʘʷ ʩʪʘʥʜʘʨʪʘʤʠ ʢʦʤʠʪʝʪʘ 

IEEE 802.11, ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʤʝʪʦʜ DSSS (Direct Sequence Spread Spectrum) 

ʐʇʉ-ʤʦʜʫʣʷʮʠʠ, ʧʦʣʫʯʠʣʘ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʨʠ ʩʦʟʜʘʥʠʠ 

ʨʘʜʠʦʩʝʪʝʡ Ethernet (RadioEthernet).  

ʉʪʘʥʜʘʨʪʳ 802.11, 802.11b ʜʦʧʫʩʢʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʦ 

ʢʘʥʘʣʘʤ RadioEthernet ʩʦ ʩʢʦʨʦʩʪʷʤʠ 1,0; 2,0; 5,5 ʠ 11 ʄʙʠʪ/ʩ ʚ ʧʦʣʦʩʘʭ ʯʘʩʪʦʪ 

902é928 ʄɻʮ, 2400é2483,5 ʄɻʮ ʠ 5700é6000 ʄɻʮ [12]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʜʠʦʯʘʩʪʦʪʥʳʡ ʩʠʛʥʘʣ ʚ ʩʠʩʪʝʤʝ RadioEthernet 

ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʰʠʨʦʢʦʧʦʣʦʩʥʳʤ.  
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1.2.2.  ʆʙʱʠʡ ʧʦʜʭʦʜ ʢ ʧʦʩʪʨʦʝʥʠʶ ʩʧʝʢʪʨʘʣʴʥʦ-ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʛʥʘʣʦʚ 

 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʣʫʯʘʡʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʧʝʢʪʨʘʣʴʥʦ-

ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʛʥʘʣʦʚ ʩ ʘʤʧʣʠʪʫʜʥʦ-ʬʘʟʦʚʦʡ ʤʦʜʫʣʷʮʠʝʡ (ɸʌʄ) 

ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʊ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʠʤʚʦʣʘʤ ʜʚʦʠʯʥʦʛʦ ʢʘʥʘʣʴʥʦʛʦ 

ʘʣʬʘʚʠʪʘ ( ),  1,2rd r= . ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʟ N ʪʘʢʠʭ ʩʠʛʥʘʣʦʚ ʩ ʘʤʧʣʠʪʫʜʦʡ 

0A  ʠ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʦʡ 
0ɤ  ʠʤʝʝʪ ʚʠʜ: 

() ( )()
1

0 0

0

cosɤ
N

k

r

k

y t A a t kT d t
-

=

= -ä , 0 t NT¢ ¢    (1.20) 

1,2r = , () 1,  1,

1,  2,

k

r

r
d

r

=ë
=ì
- =í

  

ʘ ʬʫʥʢʮʠʷ ()a t  ̫ ʚʣʷʝʪʩʷ ʦʛʠʙʘʶʱʝʡ ʩʠʛʥʘʣʘ, ʠʤʝʶʱʝʛʦ ʜʣʠʪʝʣʴʥʦʩʪʴ ʊ.  

ʂʦʤʧʣʝʢʩʥʘʷ ʦʛʠʙʘʶʱʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (1.20) ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʘ 

ʚ ʬʦʨʤʝ: 

() ( )()
1

0

0

N
k

c r

k

y t A a t kT d
-

=

= -ä     (1.21) 

ʏʘʩʪʥʳʤ ʩʣʫʯʘʝʤ ɸʌʄ ʩʠʛʥʘʣʦʚ ʷʚʣʷʶʪʩʷ ʂɸʄ ʩʠʛʥʘʣʳ ï ʩ 

ʜʠʩʢʨʝʪʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʫʨʦʚʥʝʡ ʘʤʧʣʠʪʫʜʳ ʠ ʬʘʟʳ. ʉʠʛʥʘʣʳ ʦʧʠʩʳʚʘʶʪʩʷ 

ʢʘʢ: 

() 0 02 / cosɤ 2/ sinɤ ; 0 , 1,...,i i iy t Ta t Tb t t T i M= - ¢ ¢ =    (1.22) 

ʠʣʠ 

 () ( )02 / cosɤ ű , 1,...,i i is t T A t i M= Ö + = ,                   (1.23) 

ʛʜʝ ( )2 2,  ű arctg /i i i i i iA a b b a= + =
. 

 

ʀʩʧʦʣʴʟʫʷ ʬʫʥʢʮʠʠ  ( )02 / cosɤT t  ʠ ( )02 / sin ɤT t-  ʚ ʢʘʯʝʩʪʚʝ 

ʙʘʟʠʩʥʳʭ, ʩʠʛʥʘʣ ()is t  ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ (1.22) ʠ (1.23) ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʣʠʙʦ ʢʘʢ ʜʚʫʤʝʨʥʳʡ ʚʝʢʪʦʨ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ 
ia  ʠ 

ib  ʚ ʜʝʢʘʨʪʦʚʦʡ ʩʠʩʪʝʤʝ, ʣʠʙʦ 

ʢʘʢ ʚʝʢʪʦʨ ʩ ʘʤʧʣʠʪʫʜʦʡ 
iA  ʠ ʬʘʟʦʡ űi

 ʚ ʧʦʣʷʨʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. ɺ 

ʧʨʠʥʮʠʧʝ ʜʣʷ ʢʘʞʜʦʛʦ ʯʠʩʣʘ ʄ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʙʝʩʢʦʥʝʯʥʦʝ ʯʠʩʣʦ 
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ʘʥʩʘʤʙʣʝʡ ɸʌʄ ʩʠʛʥʘʣʦʚ. ʇʦʵʪʦʤʫ, ʚʘʞʥʦʡ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʘ ʥʘʭʦʞʜʝʥʠʷ 

ʦʧʪʠʤʘʣʴʥʳʭ ʘʥʩʘʤʙʣʝʡ. 

ʇʦʣʴʟʫʷʩʴ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʪʨʘʢʪʦʚʢʦʡ, ʢʘʞʜʦʤʫ ʩʠʛʥʘʣʫ ()iy t  ʤʦʞʥʦ 

ʧʦʩʪʘʚʠʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʥʝʢʦʪʦʨʫʶ ʦʙʣʘʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩʠʛʥʘʣʦʚ, ʢʦʪʦʨʫʶ 

ʦʙʳʯʥʦ ʥʘʟʳʚʘʶʪ ʩʦʙʩʪʚʝʥʥʦʡ ʦʙʣʘʩʪʴʶ ʠʣʠ ʦʙʣʘʩʪʴʶ ʧʨʘʚʠʣʴʥʦʛʦ ʧʨʠʝʤʘ. 

ɼʣʷ ʜʠʩʢʨʝʪʥʳʭ ʩʦʦʙʱʝʥʠʡ ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʘʚʠʣʴʥʦʛʦ ʧʨʠʝʤʘ ʝʩʪʴ 

ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʧʘʜʘʥʠʷ ʢʦʥʮʘ ʚʝʢʪʦʨʘ ʧʨʠʥʷʪʦʛʦ ʩʠʛʥʘʣʘ ʚ ʩʦʙʩʪʚʝʥʥʫʶ 

ʦʙʣʘʩʪʴ iS  ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʩʠʛʥʘʣʘ ()iy t
. 

ʇʨʠ ʨʘʚʥʦʚʝʨʦʷʪʥʦʡ ʧʝʨʝʜʘʯʝ ʩʦʦʙʱʝʥʠʡ ʦʧʪʠʤʠʟʘʮʠʷ ʘʥʩʘʤʙʣʷ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʘʢʦʤ ʨʘʟʤʝʱʝʥʠʠ ʩʠʛʥʘʣʴʥʳʭ ʪʦʯʝʢ, ʧʨʠ ʢʦʪʦʨʳʭ ʩʦʙʩʪʚʝʥʥʳʝ 

ʦʙʣʘʩʪʠ 
iS , 1, ,i M=  ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʳ ʠ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʳʡ ʦʙʲʝʤ 

(ʧʣʦʱʘʜʴ). ʕʪʘ ʟʘʜʘʯʘ ʩʚʦʜʠʪʩʷ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʢ ʧʣʦʪʥʝʡʰʝʡ ʫʢʣʘʜʢʝ ʩʬʝʨ 

ʦʜʠʥʘʢʦʚʦʛʦ ʨʘʜʠʫʩʘ ʚ M-ʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʠʛʥʘʣʦʚ ʠʣʠ, ʢʘʢ ʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ, ʢ ʧʣʦʪʥʝʡʰʝʡ ʫʢʣʘʜʢʝ ʦʢʨʫʞʥʦʩʪʝʡ ʥʘ ʧʣʦʩʢʦʩʪʠ. 

ʇʨʠ ʵʪʦʤ ʮʝʥʪʨʳ ʩʬʝʨ ʠʣʠ ʦʢʨʫʞʥʦʩʪʝʡ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʠʛʥʘʣʴʥʳʤ ʪʦʯʢʘʤ. 

 
ʈʠʩʫʥʦʢ 1.6. ï ɸʥʩʘʤʙʣʠ ʂɸʄ ʩʠʛʥʘʣʦʚ 

ɹʦʣʴʰʠʥʩʪʚʦ ʠʟʚʝʩʪʥʳʭ ʘʥʩʘʤʙʣʝʡ ʂɸʄ ʩʠʛʥʘʣʦʚ ʙʳʣʠ ʥʘʡʜʝʥʳ 

ʵʚʨʠʩʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. ʅʘ ʨʠʩ. 1.6 ʘ), ʙ) ʧʦʢʘʟʘʥʳ ʘʥʩʘʤʙʣʠ ʩʠʛʥʘʣʦʚ ʥʘ 

ʦʩʥʦʚʝ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʪʨʝʫʛʦʣʴʥʦʡ ʠ ʢʚʘʜʨʘʪʥʦʡ ʩʝʪʠ. ʅʘ ʨʠʩ. 1.6 ʚ) ï 

ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʢʨʫʛʦʚʳʭ ʨʘʩʧʦʣʦʞʝʥʠʡ ʩʠʛʥʘʣʴʥʳʭ ʪʦʯʝʢ. 
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ʂʣʘʩʩ ʂɸʄ ʩʠʛʥʘʣʦʚ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʠʛʥʘʣʳ ʩ ʄ-ʠʯʥʦʡ ʬʘʟʦʚʦʡ 

ʤʘʥʠʧʫʣʷʮʠʝʡ ʦʙʨʘʟʫʶʪ ʢʨʫʛʦʚʫʶ ʩʝʪʴ ʩ ʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʪʦʯʝʢ 

ʧʦ ʦʢʨʫʞʥʦʩʪʠ. 

( )0 0( ) cosɤ 2ˊ / , 1,...,iy t A t i M i M= + = .     (1.24) 

ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʦʛʠʙʘʶʱʝʡ ʩʣʫʯʘʡʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ɸʌʄ 

ʩʠʛʥʘʣʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʘʥʘʣʠʪʠʯʝʩʢʦʤʫ ʚʳʨʘʞʝʥʠʶ (1.22), ʤʦʞʥʦ 

ʥʘʙʣʶʜʘʪʴ ʥʘ ʨʠʩ. 1.7 (1 ï ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʢʣʘʩʩʠʯʝʩʢʠʭ 

ʬʘʟʦʤʘʥʠʧʫʣʠʨʦʚʘʥʥʳʭ ʩʠʛʥʘʣʦʚ, ʮʠʬʨʦʡ 2 ï ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ (1.22) ʩ 

ʩʠʥʫʩʦʠʜʘʣʴʥʦʡ ʦʛʠʙʘʶʱʝʡ ()a t ). 

 
ʈʠʩʫʥʦʢ 1.7. ï ʆʛʠʙʘʶʱʘʷ ʩʣʫʯʘʡʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ɸʌʄ ʩʠʛʥʘʣʦʚ 

ɿʥʘʯʠʪʝʣʴʥʦ ʩʫʟʠʪʴ ʧʦʣʦʩʫ ʯʘʩʪʦʪ ʧʦʟʚʦʣʷʶʪ ʩʠʛʥʘʣʳ ʜʣʠʪʝʣʴʥʦʩʪʠ LT 

(ʛʜʝ 1,2,3L= ) c ʤʝʞʩʠʤʚʦʣʴʥʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʝʡ, ʥʘʟʳʚʘʝʤʳʝ ʪʘʢʞʝ 

ʩʠʛʥʘʣʘʤʠ ʩ ʯʘʩʪʠʯʥʳʤ ʦʪʢʣʠʢʦʤ (ʉʏʆ) ï ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ ʩʠʛʥʘʣʘʤ ʩ 

ʧʦʣʥʳʤ ʦʪʢʣʠʢʦʤ. ʉʠʛʥʘʣʳ ʩ ʤʝʞʩʠʤʚʦʣʴʥʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʝʡ (ʄʉʀ) 

ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʩʧʘʜʘ ʫʨʦʚʥʷ ʚʥʝʧʦʣʦʩʥʳʭ ʠʟʣʫʯʝʥʠʡ ʠ ʙʦʣʝʝ 

ʫʟʢʦʡ ʧʦʣʦʩʦʡ ʯʘʩʪʦʪ ʧʦ ʧʨʠʯʠʥʝ ʙʦʣʝʝ ʜʣʠʥʥʦʛʦ ʚ L ʨʘʟ ʘʤʧʣʠʪʫʜʥʦʛʦ 

ʠʤʧʫʣʴʩʘ. ʇʨʝʜʩʪʘʚʠʤ ʵʪʠ ʩʠʛʥʘʣʳ ʚ ʬʦʨʤʝ: 

() ( )()
1

0

0

cosɤ
N

k

r

k

y t A t kT d t
-

=

= -ä , 

ʧʨʠʯʝʤ ʬʫʥʢʮʠʷ ()A t  ʠʤʝʝʪ ʜʣʠʪʝʣʴʥʦʩʪʴ LT. 

ʂʦʤʧʣʝʢʩʥʘʷ ʦʛʠʙʘʶʱʘʷ ʵʪʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: 

() ( )()
1

0

N
k

c r

k

y t A t kT d
-

=

= -ä . 

ɻʨʘʬʠʯʝʩʢʠʡ ʚʠʜ ʢʦʤʧʣʝʢʩʥʦʡ ʦʛʠʙʘʶʱʝʡ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ 
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ʘʤʧʣʠʪʫʜʥʦʛʦ ʠʤʧʫʣʴʩʘ ʠʟʦʙʨʘʞʝʥ ʥʘ ʨʠʩ. 1.8. ʇʨʠ ʵʪʦʤ ʚʠʜ ()cy t  ʥʘ 

ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ( ), 1kT k T+è øê ú ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤ k-ʤ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʩʠʤʚʦʣʦʤ, ʘ ʪʘʢʞʝ  ( )1k- -ʤ, ( )2k- -ʤ,...,( )1k n- +-ʤ 

ʧʨʝʜʰʝʩʪʚʫʶʱʠʤʠ ʠ ( )1k+ -ʤ,  ( )2k+ -ʤ,...,( )1k n+ --ʤ ʧʦʩʣʝʜʫʶʱʠʤʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʩʠʤʚʦʣʘʤʠ. 

 

ʈʠʩʫʥʦʢ 1.8. ï ʆʛʠʙʘʶʱʘʷ ʩʣʫʯʘʡʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ɸʌʄ ʩʠʛʥʘʣʦʚ 

ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʚʠʜʘ ʩ ʤʝʞʩʠʤʚʦʣʴʥʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʝʡ 

ʇʦʤʠʤʦ ʭʦʨʦʰʠʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʪʘʢʠʝ ʩʠʛʥʘʣʳ ʧʨʦʩʪʳ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ, ʠʤʝʶʪ ʪʦ ʞʝ ʟʥʘʯʝʥʠʝ ʧʠʢ-ʬʘʢʪʦʨʘ, ʯʪʦ ʩʠʛʥʘʣʳ ʩ ʧʦʣʥʳʤ 

ʦʪʢʣʠʢʦʤ. ʅʝʜʦʩʪʘʪʢʠ ʩʠʛʥʘʣʦʚ ʩ ʄʉʀ: ʩʣʦʞʥʳʝ ʘʣʛʦʨʠʪʤʳ ʦʙʨʘʙʦʪʢʠ, ʧʨʠ 

ʢʦʪʦʨʳʭ, ʦʜʥʘʢʦ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴ, ʙʣʠʟʢʫʶ ʢ 

ʧʦʪʝʥʮʠʘʣʴʥʦʡ. 

ɺ ʩʠʩʪʝʤʘʭ ʩʚʷʟʠ ʚ ʦʩʥʦʚʥʦʤ ʧʨʠʤʝʥʷʶʪ ʂɸʄ- ʩʠʛʥʘʣʳ ʩ ʜʠʩʢʨʝʪʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʘʤʧʣʠʪʫʜʳ ʠ ʬʘʟʳ. ʆʜʥʘʢʦ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʟʤʦʞʥʦ ʠ ʧʨʠʤʝʥʝʥʠʝ ʩʛʣʘʞʠʚʘʥʠʷ ʘʤʧʣʠʪʫʜʥʳʭ ʠ ʬʘʟʦʚʳʭ 

ʠʤʧʫʣʴʩʦʚ. 

ɹʦʣʴʰʠʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʂɸʄ ʩʠʛʥʘʣʦʚ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʠʝ ʫʜʝʣʴʥʳʝ 

ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʙʣʘʛʦʜʘʨʷ ʙʦʣʴʰʦʤʫ ʦʙʲʝʤʫ ʘʣʬʘʚʠʪʘ (ʥʘʭʦʜʷʪ 

ʧʨʠʤʝʥʝʥʠʝ ʩʠʛʥʘʣʳ ʂɸʄ-256, ʂɸʄ-1024 ʠ ʜʨ.). ʆʜʥʘʢʦ, ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ 

ʧʠʢ-ʬʘʢʪʦʨʘ - ʙʦʣʝʝ 10 ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ ʂɸʄ ʪʦʣʴʢʦ ʚ ʉʇɼʀ ʩ ʚʳʩʦʢʦʡ 

ʣʠʥʝʡʥʦʩʪʴʶ ʪʨʘʢʪʘ. ʆʙʤʝʥ ʤʦʱʥʦʩʪʠ ʩʠʛʥʘʣʦʚ ʥʘ ʧʦʣʦʩʫ ʯʘʩʪʦʪ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʂɸʄ ʩʠʛʥʘʣʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʤʝʥʴʰʠʤʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ 

ʟʘʪʨʘʪʘʤʠ, ʯʝʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʥʦʛʦʧʦʟʠʮʠʦʥʥʦʡ ʌʄ. 
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1.3. ʆʩʥʦʚʳ ʪʝʦʨʠʠ ʧʨʠʤʝʥʝʥʠʷ ʘʪʦʤʘʨʥʳʭ ʬʫʥʢʮʠʡ ʂʨʘʚʯʝʥʢʦ-

ʈʚʘʯʝʚʘ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʦ-ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʛʥʘʣʦʚ 

ʊʨʝʙʫʝʪʩʷ ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʧʦʩʪʨʦʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʦ-ʵʬʬʝʢʪʠʚʥʳʭ 

ʩʠʛʥʘʣʦʚ ʩ ʟʘʜʘʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʩʧʘʜʘ ʩʧʝʢʪʨʘ ʚʥʝ ʟʘʥʠʤʘʝʤʦʡ ʧʦʣʦʩʳ ʧʨʠ 

ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʥʝʨʛʠʠ ʚʥʫʪʨʠ ʟʘʥʠʤʘʝʤʦʡ ʧʦʣʦʩʳ ʯʘʩʪʦʪ. ɺ ʦʙʱʝʤ 

ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʪʘʢʠʝ ʚʨʝʤʝʥʥʳʝ ʬʫʥʢʮʠʠ ()űk t , ʯʪʦʙʳ ʩ 

ʧʦʤʦʱʴʶ ʚʳʨʘʞʝʥʠʡ ()
1

ű
N

k k

k

c t
=

ä  ʤʦʞʥʦ ʙʳʣʦ ʦʙʝʩʧʝʯʠʪʴ ʟʘʜʘʥʥʫʶ ʩʢʦʨʦʩʪʴ 

ʩʧʘʜʘ ʩʧʝʢʪʨʘ ʚʥʝ ʟʘʥʠʤʘʝʤʦʡ ʧʦʣʦʩʳ. ʃʠʥʝʡʥʳʝ ʢʦʤʙʠʥʘʮʠʠ ʬʫʥʢʮʠʡ ()űk t  

ʜʦʣʞʥʳ ʧʨʠʙʣʠʞʘʪʴ ʩʠʥʪʝʟʠʨʫʝʤʳʡ ʩʧʝʢʪʨ ʩʠʛʥʘʣʘ ʢ ʪʨʝʙʫʝʤʦʤʫ ʩ 

ʥʘʠʙʦʣʴʰʝʡ ʚʦʟʤʦʞʥʦʡ ʧʦ ʪʝʦʨʠʠ ʩʢʦʨʦʩʪʴʶ, ʪ.ʝ. ʦʙʣʘʜʘʪʴ ʩʚʦʡʩʪʚʦʤ 

ʘʧʧʨʦʢʩʠʤʘʮʠʦʥʥʦʡ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ. ʕʪʦ ʥʘʢʣʘʜʳʚʘʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʚʳʙʦʨʫ ʢʣʘʩʩʘ ʬʫʥʢʮʠʡ. 

ʈʝʰʝʥʠʝ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʦ ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʠʠ R-

ʦʪʦʙʨʘʞʝʥʠʡ [3], ʦʧʠʩʳʚʘʶʱʝʡ ʧʦʩʪʨʦʝʥʠʝ ʣʦʢʘʣʴʥʳʭ ʬʫʥʢʮʠʡ ʢʣʘʩʩʘ C¤, 

ʦʙʣʘʜʘʶʱʠʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʚʦʡʩʪʚʘʤʠ ʤʥʦʛʦʯʣʝʥʦʚ ʠ ʩʧʣʘʡʥʦʚ. ʊʘʢʠʝ 

ʬʫʥʢʮʠʠ ʧʦʣʫʯʠʣʠ ʥʘʟʚʘʥʠʝ ʘʪʦʤʘʨʥʳʭ.  

ʉʢʦʨʦʩʪʴ ʩʧʘʜʘ ʫʨʦʚʥʷ ʚʥʝʧʦʣʦʩʥʳʭ ʠʟʣʫʯʝʥʠʡ ʜʣʷ ʩʠʛʥʘʣʦʚ, 

ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʥʦʤʦʚ g ï ʦʡ ʩʪʝʧʝʥʠ ʢʦʥʝʯʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ  

ʙʫʜʝʪ ʫʙʳʚʘʪʴ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ 
ɔ 1/ ɤC +
, ʝʩʣʠ ʚʩʝ ʧʨʦʠʟʚʦʜʥʳʝ ʦʛʠʙʘʶʱʝʡ 

ʩʠʛʥʘʣʘ ʚʧʣʦʪʴ ʜʦ ʧʨʦʠʟʚʦʜʥʦʡ ( )1g--ʛʦ ʧʦʨʷʜʢʘ ʥʝ ʠʤʝʶʪ ʩʢʘʯʢʦʚ, ʘ g ï ʘʷ 

ʧʨʦʠʟʚʦʜʥʘʷ ʚʩʶʜʫ ʢʦʥʝʯʥʘ [13]. 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʧʣʘʡʥʳ ʩʪʝʧʝʥʠ g ï ʵʪʦ ʬʫʥʢʮʠʠ, ʷʚʣʷʶʱʠʝʩʷ 

çʢʫʩʦʯʥʳʤʠè ʤʥʦʛʦʯʣʝʥʘʤʠ ʩʪʝʧʝʥʠ g, ʧʨʠʯʝʤ ʚ ʫʟʣʘʭ ʩʦʧʨʷʞʝʥʠʷ ʜʦ ( )1g-ï 

ʦʡ ʧʨʦʠʟʚʦʜʥʦʡ. 

ɸʪʦʤʘʨʥʳʝ ʬʫʥʢʮʠʠ ʷʚʣʷʶʪʩʷ ʬʠʥʠʪʥʳʤʠ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʨʝʰʝʥʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʚʠʜʘ: 

() () () () ( )( ) ( 1)

1 1
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¡+ + + + = -ä .  (1.25) 
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ʅʘʠʙʦʣʝʝ ʧʨʦʩʪʳʝ ʠ ʚʘʞʥʳʝ ʘʪʦʤʘʨʥʳʝ ʬʫʥʢʮʠʠ ʩʦʩʪʘʚʣʝʥʳ ʠʟ 

ʙʝʩʢʦʥʝʯʥʳʭ ʩʚʝʨʪʦʢ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʠʤʧʫʣʴʩʦʚ. 

 ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʘʢʠʭ ʩʚʝʨʪʦʢ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʧʧʘʨʘʪʘ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ. 

ʉ ʧʦʤʦʱʴʶ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ ʧʨʷʤʦʫʛʦʣʴʥʳʡ ʠʤʧʫʣʴʩ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ (ʢʘʢ ʠʟʚʝʩʪʥʦ, ʝʛʦ ʩʧʝʢʪʨ ʠʤʝʝʪ ʚʠʜ sin /x x) 

()
( )sin / 21

ű
2ˊ /2

jut u
t e du

u

¤

-¤

= ñ . 

N ï ʢʨʘʪʥʘʷ ʩʚʝʨʪʢʘ ( )1N+  ʦʜʠʥʘʢʦʚʳʭ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʠʤʧʫʣʴʩʦʚ ()űt  

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʬʠʥʠʪʥʳʡ ʩʧʣʘʡʥ ()ɗN t . 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʥʝʧʨʝʨʳʚʥʦʡ ʬʠʥʠʪʥʦʡ ʬʫʥʢʮʠʠ ʨʘʩʩʤʦʪʨʠʤ ʩʚʝʨʪʢʫ 

ʠʤʧʫʣʴʩʦʚ ʧʝʨʝʤʝʥʥʦʡ ʜʣʠʥʳ ()űn t  (ʨʠʩ. 1.9): 
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ʈʠʩʫʥʦʢ 1.9. ï ʉʚʝʨʪʢʘ ʠʤʧʫʣʴʩʦʚ ʧʝʨʝʤʝʥʥʦʡ ʜʣʠʥʳ 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʝʱʝ ʙʦʣʝʝ ʛʣʘʜʢʦʡ ʬʫʥʢʮʠʠ ʵʪʦ ʧʨʦʮʝʩʩ ʤʦʞʥʦ 

ʧʦʚʪʦʨʠʪʴ, ʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʬʫʥʢʮʠʠ ʙʝʩʢʦʥʝʯʥʦʡ ʛʣʘʜʢʦʩʪʠ ʝʛʦ ʥʫʞʥʦ 

ʧʦʚʪʦʨʠʪʴ ʙʝʩʢʦʥʝʯʥʦʝ ʯʠʩʣʦ ʨʘʟ. ʏʪʦʙʳ ʧʨʠ ʵʪʦʤ ʥʦʩʠʪʝʣʴ ʪʘʢʦʡ 

ʙʝʩʢʦʥʝʯʥʦʡ ʩʚʝʨʪʢʠ ʙʳʣ ʢʦʥʝʯʝʥ, ʥʫʞʥʦ ʙʨʘʪʴ ʩʚʝʨʪʢʠ ʩʞʘʪʠʡ ʪʘʢʠʭ 

ʬʫʥʢʮʠʡ () () ()1 2ű ű űnt t t* * * * ʪʘʢ, ʯʪʦʙʳ ʩʭʦʜʠʣʩʷ ʨʷʜ 
1

n

n

a
¤

=

<+¤ä . 

ʇʨʦʩʪʝʡʰʠʡ ʩʭʦʜʷʱʠʡʩʷ ʨʷʜ ʵʪʦ ʩʫʤʤʘ ʙʝʩʢʦʥʝʯʥʦ ʫʙʳʚʘʶʱʝʡ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʧʨʦʛʨʝʩʩʠʠ ʩʦ ʟʥʘʤʝʥʘʪʝʣʝʤ 2. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʦʤ 

 

             -1          0          1 

 -2                        0                        2 

 

 -3                                              0                                                 3 
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ʪʘʢʦʡ ʙʝʩʢʦʥʝʯʥʦʡ ʩʚʝʨʪʢʠ ʷʚʣʷʝʪʩʷ ʥʦʚʘʷ ʬʠʥʠʪʥʘʷ ʬʫʥʢʮʠʷ, ʦʧʨʝʜʝʣʝʥʥʘʷ 

ʥʘ ʠʥʪʝʨʚʘʣʝ [ ]1; 1- . ʅʝʪʨʫʜʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʦʥʘ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʨʘʚʥʝʥʠʶ 

(1.25) ʚ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʦʡ ʬʦʨʤʝ 

() ( ) ( )2 2 1 2 2 1y t y t y t¡ = + - -, 

ʩ ʫʩʣʦʚʠʷʤʠ ( )supp 1;1- , ( ) ()1 1 0y y- = =, ()0 1y =. ʈʘʩʩʤʦʪʨʠʤ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ ʦʪ ʦʙʝʠʭ ʯʘʩʪʝʡ ʧʨʦʩʪʝʡʰʝʛʦ ʫʨʘʚʥʝʥʠʷ: 

[ ]() ( ) ( )ɚ ɚexp ɚ 2 1 2 1 .i t i ti t y t dt a y t e dt y t e dt

¤ ¤ ¤

-¤ -¤ -¤

è ø
¡ = + - -é ù

ê ú
ñ ñ ñ  

ʊʦʛʜʘ 

() () ()
ɚ( 1) ɚ( 1)

ɚ 2 2ɚ
2

i u i u

i t a
i e y t dt y u e du y u e du

¤ ¤ ¤- +

-¤ -¤ -¤

è ø
- = -é ù

ê ú
ñ ñ ñ . 

ʄʦʞʥʦ ʟʘʧʠʩʘʪʴ, ʯʪʦ 

 ()

ɚ
sin

ɚ 2
ɚ

2 ɚ
y yF aF

è ø
é ùå õê ú= æ ö

ç ÷
,                     (1.26) 

ʛʜʝ ()ɚyF - ʮʝʣʘʷ ʬʫʥʢʮʠʷ. ʌʦʨʤʫʣʘ (1.26) ʧʦʣʫʯʝʥʘ ʚ ʨʘʙʦʪʝ [3] (ʪʝʦʨʝʤʘ 6). 

ʈʘʟʣʘʛʘʷ ʧʨʘʚʫʶ ʠ ʣʝʚʫʶ ʯʘʩʪʴ ʜʘʥʥʦʛʦ ʚʳʨʘʞʝʥʠʷ ʚ ʩʪʝʧʝʥʥʦʡ ʨʷʜ ʠ 

ʧʨʠʨʘʚʥʠʚʘʷ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʩʪʝʧʝʥʷʭ l, ʧʦʣʫʯʘʝʤ 2a= .  

ʊʦʛʜʘ ()
1

1

0 ( ) (0) 1yF y t dt y
-

= = =ñ . ʆʪʩʶʜʘ ʜʣʷ ()()0n

yF  ʧʦʣʫʯʘʝʪʩʷ 

ʨʝʢʫʨʨʝʥʪʥʘʷ ʬʦʨʤʫʣʘ 

() ( )
[ ]

( )( )

( 2 )0.5
(0)( )

1

!
0 1

2 1 2 ! 2 1 !

n kn
k yn

y n
k

Fn
F

n k k

-

=

= -
- - +
ä . 

ʀʪʘʢ, ʩʫʱʝʩʪʚʫʝʪ ʥʝ ʙʦʣʝʝ ʦʜʥʦʛʦ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ (1.25) ʩ 

ʫʢʘʟʘʥʥʳʤʠ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ. ɺ ʨʘʙʦʪʝ [3] ʜʦʢʘʟʘʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ 

ʪʘʢʦʛʦ ʨʝʰʝʥʠʷ ʠ ʦʥʦ ʦʙʦʟʥʘʯʘʝʪʩʷ ʢʘʢ ʬʫʥʢʮʠʷ ʂʨʘʚʯʝʥʢʦ-ʈʚʘʯʝʚʘ ()up t  ʠ, 
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ʧʦʣʴʟʫʷʩʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʥʘ ʦʩʥʦʚʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ ï 

()( )
( )

1

sin
2up

2

n k

k
k

u

F t
u

=

=Ô , ʠʤʝʝʤ  

()
( )

1

sin 21
up

2ˊ 2

k

iut

k
k

u
t e du

u

-¤ ¤

-
=-¤

= Ôñ .       (1.27) 

ʆʪʣʠʯʠʪʝʣʴʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʘʪʦʤʘʨʥʳʭ ʬʫʥʢʮʠʡ ʷʚʣʷʝʪʩʷ: 

1. ɸʥʘʣʠʪʠʯʥʦʩʪʴ. 

2. ʂʦʤʙʠʥʘʮʠʷ ʬʠʥʠʪʥʦʩʪʠ ʬʫʥʢʮʠʠ ʩ ʙʳʩʪʨʳʤ ʫʙʳʚʘʥʠʝʤ (ʙʳʩʪʨʝʝ 

ʣʶʙʦʡ ʩʪʝʧʝʥʠ) ʝʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ. 

3. ʗʚʥʘʷ ʩʚʷʟʴ ʧʨʦʠʟʚʦʜʥʳʭ ʩ ʩʘʤʦʡ ʬʫʥʢʮʠʝʡ, ʘ ʪʘʢʞʝ ʷʚʥʦʝ 

ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʩʧʝʢʪʨʘ. 

4. ʂʦʤʧʘʢʪʥʦʩʪʴ ʥʦʩʠʪʝʣʷ ( )supp 1;1- . 

1.4. ʏʠʩʣʝʥʥʳʡ ʤʝʪʦʜ ʥʘʭʦʞʜʝʥʠʷ ʘʪʦʤʘʨʥʳʭ  

ʬʫʥʢʮʠʡ ʂʨʘʚʯʝʥʢʦ-ʈʚʘʯʝʚʘ 

ʇʨʠ ʯʠʩʣʝʥʥʦʤ ʨʝʰʝʥʠʠ ʚʳʨʘʞʝʥʠʷ (1.27) ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ 

ʯʠʩʣʦ n ʯʣʝʥʦʚ ʧʨʦʠʟʚʝʜʝʥʠʷ, ʢʦʪʦʨʦʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʟʘʜʘʥʥʦʝ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʧʦʣʫʯʝʥʥʦʡ ʬʫʥʢʮʠʠ ()a t  ʦʪ ʠʩʪʠʥʥʦʛʦ 

ʟʥʘʯʝʥʠʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʫʪʝʤ  ʪʦʯʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ.  

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʠʤ ʯʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʥʘʭʦʞʜʝʥʠʷ 

ʟʥʘʯʝʥʠʡ ʬʫʥʢʮʠʠ ()up t ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ n .  

ɼʣʷ 3:n=  
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ɼʣʷ 4:n=  
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ʠ ʪ.ʜ. 

ʅʘ ʨʠʩ. 1.10 ʧʦʢʘʟʘʥʳ ʟʥʘʯʝʥʠʷ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ 

ʬʫʥʢʮʠʠ ()up t  ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ ʧʘʨʘʤʝʪʨʘ n. ʅʘ ʜʘʥʥʦʤ ʨʠʩʫʥʢʝ 

ʟʥʘʯʝʥʠʷ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ 

ʧʘʨʘʤʝʪʨʘ n ʫʩʣʦʚʥʦ ʩʦʝʜʠʥʝʥʳ ʧʫʥʢʪʠʨʥʳʤʠ ʣʠʥʠʷʤʠ. ɻʨʘʬʠʢ ʬʦʨʤʳ 

ʬʫʥʢʮʠʠ ()a t  ʜʣʷ n=2,3,4,5,6,8 ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1.10. 

ʎʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʯʠʩʣʘ n, 

ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʪʦʤ, ʯʪʦ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʤʝʞʜʫ ʜʚʫʤʷ ʚʳʯʠʩʣʝʥʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ()a t , ʠʤʝʶʱʠʤʠ ʩʦʩʝʜʥʠʝ ʥʦʤʝʨʘ n 

ʠ n+1 : 
2

1Ů( ) ( ) ( )m mm a t a t-= - . 

 

a)    ʙ) 

ʈʠʩʫʥʦʢ 1.10. ï ɿʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʬʫʥʢʮʠʠ  

()up t  , ʧʦʣʫʯʝʥʥʳʭ ʯʠʩʣʝʥʥʳʤ ʤʝʪʦʜʦʤ ʧʨʠ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ n a)  ʠ ʙ) ʧʨʠ 

2n= (ʢʨʠʚʘʷ 1), 3n=  (ʢʨʠʚʘʷ 2) ʠ ʧʨʠ 4,5,6,8n= (ʢʨʠʚʘʷ 3) 

ɺʳʙʦʨ ʜʦʧʫʩʪʠʤʦʛʦ ʟʥʘʯʝʥʠʷ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ 

ʬʦʨʤʳ ʬʫʥʢʮʠʡ  ()up t  ʦʧʨʝʜʝʣʷʝʪʩʷ, ʚ ʦʩʥʦʚʥʦʤ,  ʜʦʧʫʩʪʠʤʳʤ ʦʪʢʣʦʥʝʥʠʝʤ 

ʬʦʨʤʳ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ ʩʣʫʯʘʡʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʩʠʥʪʝʟʠʨʫʝʤʳʭ ʩʠʛʥʘʣʦʚ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʨʠ ʚʳʙʦʨʝ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʯʠʩʣʘ n 

ʯʣʝʥʦʚ ʧʨʦʠʟʚʝʜʝʥʠʷ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʩʠʛʥʘʣʦʚ ʧʨʦʠʩʭʦʜʠʪ 
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ʫʚʝʣʠʯʝʥʠʝ ʫʨʦʚʥʷ ʚʥʝʧʦʣʦʩʥʳʭ ʠʟʣʫʯʝʥʠʡ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʦʧʨʝʜʝʣʝʥʠʝ 

ʜʦʧʫʩʪʠʤʦʛʦ ʯʠʩʣʘ n ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʦʚʦʜʠʪʴ, ʥʘʯʠʥʘʷ ʩ ʟʘʜʘʥʠʷ 

ʜʦʧʫʩʪʠʤʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʫʨʦʚʥʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ ʚʥʝ ʟʘʥʠʤʘʝʤʦʡ 

ʧʦʣʦʩʳ ʯʘʩʪʦʪ.  ɺ ʵʪʦʤ ʟʘʢʣʶʯʘʝʪʩʷ ʩʫʪʴ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʯʠʩʣʝʥʥʦʛʦ ʤʝʪʦʜʘ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʥʘʭʦʞʜʝʥʠʷ ʬʦʨʤʳ ʦʛʠʙʘʶʱʝʡ ʠ ʦʮʝʥʢʝ ʪʦʯʥʦʩʪʠ ʝʝ ʨʝʰʝʥʠʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʣʷ 6n²  ʫʨʦʚʝʥʴ ʦʩʣʘʙʣʝʥʠʷ 

ʙʦʢʦʚʳʭ ʣʝʧʝʩʪʢʦʚ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 50 ʜɹ. ʅʘʯʠʥʘʷ ʩ 10n= , ʪʦʯʥʦʩʪʴ 

ʚʳʯʠʩʣʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʤʝʝʪ ʧʦʛʨʝʰʥʦʩʪʴ 

3010- . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʙʦʨ ʬʫʥʢʮʠʡ ʂʨʘʚʯʝʥʢʦ-ʈʚʘʯʝʚʘ ʜʣʷ ʨʝʰʝʥʠʷ 

ʧʦʩʪʘʚʣʝʥʥʦʡ ʧʨʦʙʣʝʤʳ ʦʙʲʷʩʥʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʧʨʠʯʠʥʘʤʠ: 

1. ʌʫʥʢʮʠʠ ʂʨʘʚʯʝʥʢʦ-ʈʚʘʯʝʚʘ ʦʩʥʦʚʘʥʳ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʬʫʥʢʮʠʡ, 

ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʢʦʤʧʘʢʪʥʳʤʠ ʢʘʢ ʚʦ ʚʨʝʤʝʥʥʦʡ, ʪʘʢ ʠ ʚ ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʷʭ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʙʦʣʝʝ ʪʦʯʥʫʶ ʣʦʢʘʣʠʟʘʮʠʶ ʜʘʥʥʳʭ ʩʠʛʥʘʣʦʚ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤʠ, ʥʘʧʨʠʤʝʨ, ʌʫʨʴʝ, ɻʘʙʦʨʘ ʠ ʪ.ʧ. 

2. ʌʫʥʢʮʠʠ ʂʨʘʚʯʝʥʢʦ-ʈʚʘʯʝʚʘ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʬʠʣʴʪʨʘʮʠʠ 

ʟʘʰʫʤʣʝʥʥʳʭ ʩʠʛʥʘʣʦʚ (ʠʟʦʙʨʘʞʝʥʠʡ). 

3. ʄʝʪʦʜʳ ʠ ʘʣʛʦʨʠʪʤʳ ʩʞʘʪʠʷ ʜʘʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʤʥʦʛʠʭ ʢʣʘʩʩʦʚ, 

ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʬʫʥʢʮʠʡ ʂʨʘʚʯʝʥʢʦ-ʈʚʘʯʝʚʘ, ʧʨʝʚʦʩʭʦʜʷʪ ʠʭ ʘʥʘʣʦʛʠ 

ʢʘʢ ʧʦ ʩʪʝʧʝʥʠ ʧʦʪʝʨʴ ʢʘʯʝʩʪʚʘ, ʪʘʢ ʠ ʧʦ ʩʢʦʨʦʩʪʠ ʚʳʯʠʩʣʝʥʠʷ.  

4. ʂʘʢ ʬʠʣʴʪʨʘʮʠʷ, ʪʘʢ ʠ ʩʞʘʪʠʝ ʜʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʬʫʥʢʮʠʡ ʂʨʘʚʯʝʥʢʦ-

ʈʚʘʯʝʚʘ ʠʩʧʦʣʴʟʫʶʪ ʧʦʨʦʛʦʚʦʝ ʦʪʩʝʯʝʥʠʝ ʚʳʯʠʩʣʷʝʤʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. 

ɺʳʚʦʜ rʧʦ ʨʘʟʜʝʣʫ 1 

1. ɼʣʷ ʤʥʦʛʦʢʘʥʘʣʴʥʳʭ ʩʠʩʪʝʤ ʩ ʯʘʩʪʦʪʥʳʤ ʫʧʣʦʪʥʝʥʠʝʤ ʢʘʥʘʣʦʚ 

ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʩʧʝʢʪʨʘʣʴʥʦ-ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʛʥʘʣʦʚ, 

ʠʤʝʶʱʠʭ ʤʘʢʩʠʤʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʩʧʘʜʘ ʫʨʦʚʥʷ ʚʥʝʧʦʣʦʩʥʳʭ ʠʟʣʫʯʝʥʠʡ ʧʨʠ 

ʩʦʭʨʘʥʝʥʠʠ ʚʳʩʦʢʦʡ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʨʠʝʤʘ ʠʥʬʦʨʤʘʮʠʠ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ 

ʫʤʝʥʴʰʠʪʴ ʟʥʘʯʝʥʠʷ ʟʘʱʠʪʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʤʝʞʜʫ ʢʘʥʘʣʘʤʠ ʠ ʩʥʠʟʠʪʴ ʫʨʦʚʥʠ 

ʤʝʞʢʘʥʘʣʴʥʳʭ ʧʦʤʝʭ. 
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2. ʕʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʯʘʩʪʦʪʥʦʛʦ ʨʝʩʫʨʩʘ ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ 

ʩʚʷʟʘʥʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʥʝʨʛʠʠ ʩʧʝʢʪʨʘ ʩʣʫʯʘʡʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩʠʛʥʘʣʦʚ ʚ ʟʘʜʘʥʥʦʡ ʧʦʣʦʩʝ ʯʘʩʪʦʪ. ʋʚʝʣʠʯʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʥʝʨʛʠʠ ʚʦʟʤʦʞʥʦ ʧʫʪʝʤ ʧʨʠʤʝʥʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʦ-

ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʛʥʘʣʦʚ ʩ ʤʝʞʩʠʤʚʦʣʴʥʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʝʡ.  

3. ɼʣʷ ʩʠʩʪʝʤ ʩ ʢʦʜʦʚʳʤ ʫʧʣʦʪʥʝʥʠʝʤ ʢʘʥʘʣʦʚ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʣʫʯʘʡʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩʧʝʢʪʨʘʣʴʥʦ-ʵʬʬʝʢʪʠʚʥʳʭ 

ʩʠʛʥʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʬʫʥʢʮʠʡ ʋʦʣʰʘ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʦʣʫʯʠʪʴ ʪʨʝʙʫʝʤʳʝ 

ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʨʷʜʫ ʩ ʤʥʦʛʦʘʜʨʝʩʥʦʩʪʴʶ ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ. 

4. ʅʝʜʦʩʪʘʪʢʦʤ ʩʧʝʢʪʨʘʣʴʥʦ-ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʛʥʘʣʦʚ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ 

ʥʘ ʦʩʥʦʚʝ ʘʤʧʣʠʪʫʜʥʦ-ʬʘʟʦʚʦʛʦ ʤʝʪʦʜʘ, ʷʚʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʧʠʢ-

ʬʘʢʪʦʨʘ ʠʟʣʫʯʘʝʤʳʭ ʢʦʣʝʙʘʥʠʡ. 

5. ʉʠʛʥʘʣʳ ʩ ʢʚʘʜʨʘʪʫʨʥʦʡ ʘʤʧʣʠʪʫʜʥʦʡ ʤʘʥʠʧʫʣʷʮʠʝʡ (ʂɸʄ ʩʠʛʥʘʣʳ) 

ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʩʧʘʜʘ ʫʨʦʚʥʷ ʚʥʝʧʦʣʦʩʥʳʭ ʠʟʣʫʯʝʥʠʡ ʠ 

ʚʳʩʦʢʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʵʥʝʨʛʠʠ ʚʥʫʪʨʠ ʟʘʥʠʤʘʝʤʦʡ ʧʦʣʦʩʳ ʯʘʩʪʦʪ. ɺ ʵʪʦʡ 

ʩʚʷʟʠ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʦʠʩʢ ʢʚʘʜʨʘʪʫʨʥʳʭ ʩʠʛʥʘʣʦʚ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ 

ʥʘ ʦʩʥʦʚʝ ʩʧʝʢʪʨʘʣʴʥʦ-ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʛʥʘʣʦʚ. 

6. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʢʪʨʘʣʴʥʦ-ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʛʥʘʣʦʚ, ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ 

ʦʩʥʦʚʝ ʘʪʦʤʘʨʥʳʭ ʬʫʥʢʮʠʡ ()up t , ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʠʪʴ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʩʧʘʜʘ 

ʫʨʦʚʥʷ ʚʥʝʧʦʣʦʩʥʳʭ ʠʟʣʫʯʝʥʠʡ ʠ ʚʳʩʦʢʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʵʥʝʨʛʠʠ ʚʥʫʪʨʠ 

ʟʘʥʠʤʘʝʤʦʡ ʧʦʣʦʩʳ ʯʘʩʪʦʪ. 

7. ʇʨʝʜʣʦʞʝʥʥʳʡ ʯʠʩʣʝʥʥʳʡ ʤʝʪʦʜ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʥʘʭʦʞʜʝʥʠʷ 

ʬʫʥʢʮʠʠ ()up t  ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʥʝʦʙʭʦʜʠʤʦʝ ʤʠʥʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʯʣʝʥʦʚ 

ʧʨʦʠʟʚʝʜʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʪʨʝʙʫʝʤʘʷ ʪʦʯʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ 

ʦʛʠʙʘʶʱʝʡ ʩʧʝʢʪʨʘʣʴʥʦ-ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʛʥʘʣʦʚ ʩ AʌM ʤʘʥʠʧʫʣʷʮʠʝʡ ʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʜʦʧʫʩʪʠʤʳʡ ʫʨʦʚʝʥʴ ʫʚʝʣʠʯʝʥʠʷ ʫʨʦʚʥʷ ʚʥʝʧʦʣʦʩʥʳʭ 

ʠʟʣʫʯʝʥʠʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ ʚʥʝ ʟʘʥʠʤʘʝʤʦʡ ʧʦʣʦʩʳ ʯʘʩʪʦʪ. 
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2. ʇʈʀʅʎʀʇʓ ʇʆʉʊʈʆɽʅʀʗ ʋʉʊʈʆʁʉʊɺ ʌʆʈʄʀʈʆɺɸʅʀʗ 

ʀ ʇʈʀɽʄɸ ʉʀɻʅɸʃʆɺ 

2.1. ʇʨʠʥʮʠʧʳ ʧʦʩʪʨʦʝʥʠʷ ʫʩʪʨʦʡʩʪʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʧʝʢʪʨʘʣʴʥʦ-

ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʛʥʘʣʦʚ 

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʩʧʝʢʪʨʘʣʴʥʦ-ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʩʠʛʥʘʣʦʚ ʷʚʣʷʝʪʩʷ ʤʘʢʩʠʤʠʟʘʮʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʣʦʩʳ 

ʯʘʩʪʦʪ. ɼʦʙʠʪʴʩʷ ʵʪʦʛʦ ʧʦʟʚʦʣʷʶʪ ʜʠʩʢʨʝʪʥʳʝ ʤʝʪʦʜʳ, ʠʤʝʶʱʠʝ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʝʨʝʜ ʘʥʘʣʦʛʦʚʳʤʠ: ʩʨʘʚʥʠʪʝʣʴʥʫʶ ʧʨʦʩʪʦʪʫ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ ʩʦ ʩʣʦʞʥʳʤʠ ʟʘʢʦʥʘʤʠ ʠʟʤʝʥʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʠ ʬʘʟʳ; 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʩʪʨʦʡʢʠ ʬʦʨʤ ʛʝʥʝʨʠʨʫʝʤʳʭ ʩʠʛʥʘʣʦʚ; ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʧʘʨʘʤʝʪʨʦʚ ʠ ʪ. ʜ. [62]. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʩʠʛʥʘʣʦʚ [62], ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʘʪʦʤʘʨʥʳʭ 

ʬʫʥʢʮʠʡ, ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʦ ʣʠʙʦ ʧʨʷʤʳʤ, ʣʠʙʦ ʢʚʘʜʨʘʪʫʨʥʳʤ ʩʧʦʩʦʙʦʤ. 

ʈʘʩʩʤʦʪʨʝʥʥʳʡ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʘʤʧʣʠʪʫʜʥʦ-ʤʘʥʠʧʫʣʠʨʦʚʘʥʥʳʡ ʩʠʛʥʘʣ 

ʦʪʥʦʩʠʪʩʷ ʢ ʥʝʟʘʚʠʩʠʤʳʤ ʩʠʛʥʘʣʘʤ ʜʣʠʪʝʣʴʥʦʩʪʠ nT ʠ ʧʨʝʜʩʪʘʚʣʝʥ 

ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʦʡ: 

() ()( ) ( )0 0, cosɤ
k

ɸʄ rs t ɸa t kT d t= - .        (2.1) 

ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ɸʄ ʩʠʛʥʘʣʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʜʠʥ ʢʘʥʘʣ ʬʦʨʤʠʨʦʚʘʪʝʣʷ 

ʩʠʛʥʘʣʦʚ (ʨʠʩ. 2.1). ʇʨʠ ʵʪʦʤ ʚʩʝ ʜʘʥʥʳʝ 
()k
rd  ʧʦʩʪʫʧʘʶʪ ʥʘ ʋʌ. ɼʘʣʝʝ ʩʠʛʥʘʣ 

ʤʝʩʪʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʧʝʨʝʤʥʦʞʘʝʪʩʷ ʩ ʩʠʛʥʘʣʦʤ  
()( ),
k

ra t k d- , ʦʛʨʘʥʠʯʝʥʥʳʤ 

ʧʦ ʧʦʣʦʩʝ. ʕʪʦ ʧʝʨʝʤʥʦʞʝʥʠʝ ʬʘʢʪʠʯʝʩʢʠ ʠ ʝʩʪʴ ʧʨʦʮʝʩʩ ʤʦʜʫʣʷʮʠʠ. ɺ ʩʣʫʯʘʝ, 

ʢʦʛʜʘ ʬʠʣʴʪʨ ʋʌ ʧʨʠ ʧʝʨʝʜʘʯʝ ʩʠʛʥʘʣʘ ʚ ʦʩʥʦʚʥʦʡ ʧʦʣʦʩʝ ʩʫʱʝʩʪʚʝʥʥʦ 

ʦʛʨʘʥʠʯʠʚʘʝʪ ʩʧʝʢʪʨ ʩʠʛʥʘʣʘ ʠʩʪʦʯʥʠʢʘ ʜʚʦʠʯʥʳʭ ʩʦʦʙʱʝʥʠʡ 
()k
rd , ʛʦʚʦʨʷʪ, 

ʯʪʦ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʝʜʤʦʜʫʣʷʮʠʦʥʥʘʷ ʬʠʣʴʪʨʘʮʠʷ. ɸ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ 

ʦʛʨʘʥʠʯʝʥʠʝ ʧʦʣʦʩʳ ʯʘʩʪʦʪ ʧʨʠ ʧʝʨʝʜʘʯʝ ʩʠʛʥʘʣʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʣʦʩʦʚʳʤ 

ʬʠʣʴʪʨʦʤ (ʇʌ), ʪʦ ʠʤʝʝʪ ʤʝʩʪʦ ʧʦʩʣʝʤʦʜʫʣʷʮʠʦʥʥʘʷ ʬʠʣʴʪʨʘʮʠʷ [15]. 
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ʈʠʩʫʥʦʢ 2.1. ï ʉʭʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ɸʌʄ ʩʠʛʥʘʣʘ. 

ɿʘʜʘʯʫ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ ʩʦ ʩʣʦʞʥʳʤʠ ʟʘʢʦʥʘʤʠ ʠʟʤʝʥʝʥʠʷ 

ʘʤʧʣʠʪʫʜʳ ʠ ʬʘʟʳ ʢʦʣʝʙʘʥʠʷ ʤʦʞʥʦ ʨʝʰʠʪʴ ʩ ʧʦʤʦʱʴʶ ʩʣʝʜʫʶʱʝʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʠʛʥʘʣʦʚ: 

() () ()( ) () ( ) () ( )0 0 0cosɤ ɢ ɗ cos ɤ sin ɤcy t y t t t t t I t t= - = +   (2.2) 

ʛʜʝ () () ()tg ɢ Im /Rec ct y t y t¡= è ø è øê ú ê ú. 

ʅʘʯʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʜʚʦʠʯʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʩʠʤʚʦʣʦʚ 
() ( ) () ( ) ( ){ }0 1 1 1

,..., , , ,...,
k k k N

N p p r s psD d d d d d
- + -

= , ʩʬʦʨʤʠʨʦʚʘʥʥʫʶ 

ʛʝʥʝʨʘʪʦʨʦʤ ʇʉʇ. ʇʨʠ ʨʘʟʜʝʣʝʥʠʠ ʥʘʯʘʣʴʥʳʭ ʜʘʥʥʳʭ ʥʘ ʜʚʘ ʢʚʘʜʨʘʪʫʨʥʳʭ 

ʢʘʥʘʣʘ ʬʦʨʤʠʨʫʝʪʩʷ ʜʚʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: ʯʝʪʥʳʝ ʙʠʪʳ ʧʦʩʪʫʧʘʶʪ ʚ 

ʩʠʥʬʘʟʥʳʡ ʢʘʥʘʣ, ʥʝʯʝʪʥʳʝ - ʚ ʢʚʘʜʨʘʪʫʨʥʳʡ. ɼʣʠʪʝʣʴʥʦʩʪʴ ʩʠʤʚʦʣʦʚ ʚ 

ʢʘʞʜʦʤ ʠʟ ʢʘʥʘʣʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 2 ʨʘʟʘ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʧʨʝʞʥʝʡ ʩʢʦʨʦʩʪʠ 

ʧʝʨʝʜʘʯʠ. 

ʅʠʟʢʦʯʘʩʪʦʪʥʳʝ ʢʚʘʜʨʘʪʫʨʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ()ɗt  ʠ ()I t  ʤʦʛʫʪ ʙʳʪʴ 

ʩʬʦʨʤʠʨʦʚʘʥ  rʨʘʟʜʝʣʴʥʦ, ʘ ʩʧʝʢʪʨ ʧʝʨʝʥʝʩʝʥ ʚ ʦʙʣʘʩʪʴ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ 
0ɤ  

ʧʫʪʝʤ ʠʭ ʫʤʥʦʞʝʥʠʷ ʥʘ ( )0cos ɤt  ʠ ( )0sin ɤt , ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʩʣʦʞʝʥʠʷ 

ʩʦʛʣʘʩʥʦ ʚʳʨʘʞʝʥʠʶ (2.2). ʇʨʠ ʵʪʦʤ ʢʘʞʜʘʷ ʢʚʘʜʨʘʪʫʨʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʚʠʜʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʠʤʧʫʣʴʩʦʚ ʩ 

ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʘʤʧʣʠʪʫʜʥʦ-ʠʤʧʫʣʴʩʥʦʡ ʤʦʜʫʣʷʮʠʠ (ɸʀʄ). ʊʘʢʠʝ ɸʀʄ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ: 

() ( ) ( )
1

ɗ

0

ɗ ɣ ;
J

c t

k

f t k t t k t
-

D

=

= D - Dä    (2.3) 

() ( ) ( )
1

ɗ

0

ɣ ,
J

s t

k

f t I k t t k t
-

D

=

= D - Dä    (2.4) 



42 
 

 
 

ʛʜʝ ()
1,  0 ;

ɣ
0, 0,  0.

t

t t
t

t t
D

¢ ¢Dë
=ì

< >í
 J ï ʯʠʩʣʦ ʚʳʙʦʨʦʯʥʳʭ ʟʥʘʯʝʥʠʡ ʢʘʞʜʦʡ ʠʟ 

ʢʚʘʜʨʘʪʫʨʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ()y t  ʥʘ ʠʥʪʝʨʚʘʣʝ ʬʦʨʤʠʨʦʚʘʥʠʷ, tDï ʠʥʪʝʨʚʘʣ 

ʜʠʩʢʨʝʪʠʟʘʮʠʠ. 

ʇʝʨʝʭʦʜ ʦʪ ʩʪʫʧʝʥʯʘʪʦ-ʠʟʤʝʥʷʶʱʠʭʩʷ ()ɗcf t  ʠ ()ɗsf t  ʥʝʧʨʝʨʳʚʥʳʤ 

ʬʫʥʢʮʠʷʤ ()ɗt  ʠ ()I t  ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʬʠʣʴʪʨʘʤʠ ʥʠʞʥʠʭ ʯʘʩʪʦʪ ʌʅʏ (ʨʠʩ. 

2.2). ʅʘʯʘʣʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʦʤʝʥʪʦʤ 
0t  ʧʦʩʪʫʧʣʝʥʠʷ 

ʫʧʨʘʚʣʷʶʱʝʛʦ ʠʤʧʫʣʴʩʘ ʥʘ ʚʭʦʜʳ 
cʋʌ ʠ 

sʋʌ ï ʫʩʪʨʦʡʩʪʚ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ɸʀʄ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ (2.3) ʠ (2.4). ʇʝʨʝʥʦʩ ʩʧʝʢʪʨʘ ʢʦʣʝʙʘʥʠʡ ʚ ʦʙʣʘʩʪʴ 

ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ 
0ɤ  ʧʨʦʠʩʭʦʜʠʪ ʩ ʧʦʤʦʱʴʶ ʘʥʘʣʦʛʦʚʳʭ ʧʝʨʝʤʥʦʞʠʪʝʣʝʡ ʠ 

ʩʫʤʤʘʪʦʨʘ. ʅʘ ʚʳʭʦʜʝ ʪʘʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʦʙʳʯʥʦ ʩʪʦʠʪ ʘʤʧʣʠʪʫʜʥʳʡ 

ʦʛʨʘʥʠʯʠʪʝʣʴ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʤʦʱʥʦʩʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʠʛʥʘʣʘ ʠ ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʧʦʣʦʩʦʚʦʡ 

ʦʛʨʘʥʠʯʠʪʝʣʴ ʩ ʢʫʩʦʯʥʦ-ʣʠʥʝʡʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ. 

 

ʈʠʩʫʥʦʢ 2.2. ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʂʌʄ ʩʠʛʥʘʣʘ. 

ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʠʤʚʦʣʦʚ ʚ ʜʚʘ ʢʘʥʘʣʘ 

ʚʳʧʦʣʥʷʝʪʩʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩʠʛʥʘʣʦʚ 

ʩ ʢʚʘʜʨʘʪʫʨʥʦʡ ʬʘʟʦʚʦʡ ʤʘʥʠʧʫʣʷʮʠʝʡ ʩʦ ʩʜʚʠʛʦʤ (ʂʌʄʉ). 

ʅʘ ʨʠʩ. 2.3 ʧʨʠʚʝʜʝʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʢʚʘʜʨʘʪʫʨʥʦʛʦ ʤʦʜʫʣʷʪʦʨʘ. ɺ 

ʩʦʩʪʘʚ ʫʩʪʨʦʡʩʪʚʘ ʚʭʦʜʷʪ: ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-ʧʘʨʘʣʣʝʣʴʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ 

ʚʭʦʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʠʤʚʦʣʦʚ ʢʘʥʘʣʴʥʦʛʦ ʘʣʬʘʚʠʪʘ, ʜʚʘ 

ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʢʚʘʜʨʘʪʫʨʥʳʭ ʢʘʥʘʣʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʛʠʙʘʶʱʝʡ ʩʠʛʥʘʣʦʚ, 
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ʤʦʜʫʣʴ ʜʣʷ ʧʝʨʝʥʦʩʘ ʩʧʝʢʪʨʘ ʚ ʜʠʘʧʘʟʦʥ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪ ʠ ʨʘʜʠʦʧʝʨʝʜʘʶʱʝʝ 

ʘʧʧʘʨʘʪʫʨʘ. 

 

ʈʠʩʫʥʦʢ 2.3. ï   ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʢʚʘʜʨʘʪʫʨʥʦʛʦ ʤʦʜʫʣʷʪʦʨʘ. 

 

ɺ ʢʘʯʝʩʪʚʝ ʠʣʣʶʩʪʨʘʮʠʠ, ʥʘ ʨʠʩ. 2.4 ʧʦʢʘʟʘʥʳ ʚʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ 

ʧʨʦʮʝʩʩʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʧʝʢʪʨʘʣʴʥʦ-ʵʬʬʝʢʪʠʚʥʳʭ 

ʩʠʛʥʘʣʦʚ ʠ ʠʟʤʝʥʝʥʠʷ ʬʘʟʳ ʢʦʣʝʙʘʥʠʷ. ɿʜʝʩʴ: (a) ï ʠʩʭʦʜʥʘʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʠʤʚʦʣʦʚ ʢʘʥʘʣʴʥʦʛʦ ʘʣʬʘʚʠʪʘ (1101001110011); (b) ʠ (c) 

ï ʥʘʙʦʨ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʯʝʪʥʳʭ 
(2 ) 1r

kd =° ʠ ʥʝʯʝʪʥʳʭ  
(2 1) 1k

ld + =° 

ʩʠʤʚʦʣʦʚ, ʠʤʝʶʱʠʭ ʜʣʠʪʝʣʴʥʦʩʪʴ 2T ʠ ʩʤʝʱʝʥʥʳʭ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ 

ʥʘ ʚʝʣʠʯʠʥʫ ʠʥʪʝʨʚʘʣʘ T, ʛʜʝ , 1,2,3,...,r l m= , 1,2,3,...,k N= , N ï ʢʦʣʠʯʝʩʪʚʦ 

ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ,  m ï ʦʙʲʝʤ ʢʘʥʘʣʴʥʦʛʦ ʘʣʬʘʚʠʪʘ.  

 

 

ʈʠʩʫʥʦʢ 2.4. ï  ɺʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʨʘʙʦʪʳ ʢʚʘʜʨʘʪʫʨʥʦʛʦ ʤʦʜʫʣʷʪʦʨʘ 

-1

0

1

-1

0

1

-1

0

1

a )  

-1

0

1

-2 0 2 4 6 8 10 12  

-1

0

1

t/T

b )  

c )  

d )  

e )  
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-4

-3
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-1

0

t/T
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ʅʘ ʜʘʥʥʦʤ ʨʠʩʫʥʢʝ (d) ʠ (e) ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʧʦʩʪʨʦʝʥʠʷ ʚ ʢʘʞʜʦʤ 

ʢʚʘʜʨʘʪʫʨʥʦʤ ʢʘʥʘʣʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʧʝʢʪʨʘʣʴʥʦ-ʵʬʬʝʢʪʠʚʥʳʭ 

ʩʠʛʥʘʣʦʚ ʩ ʚʝʱʝʩʪʚʝʥʥʦʡ ʦʛʠʙʘʶʱʝʡ ()a t  ʩʣʝʜʫʶʱʝʛʦ ʚʠʜʘ: 

()
ˊ

sin ,0 2 ;
2

0,             0 2 .

t
t T

a t T

t T

ë å õ
¢ ¢î æ ö

= ç ÷ì
î > >í

 

ɿʜʝʩʴ ʞʝ (f) ʧʦʢʘʟʘʥʘ ʜʠʘʛʨʘʤʤʘ ʬʘʟʦʚʳʭ ʠʟʤʝʥʝʥʠʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʠʛʥʘʣʦʚ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʧʦʜʦʙʥʳʝ ʩʠʛʥʘʣʳ ʥʘʭʦʜʷʪ 

ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʩʚʷʟʠ [14], ʠʭ 

ʫʜʝʣʴʥʳʝ ʯʘʩʪʦʪʥʳʝ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ 

ʧʨʝʜʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ, ʟʘʜʘʚʘʝʤʳʭ ʪʝʦʨʝʤʦʡ ʐʝʥʥʦʥʘ ʜʣʷ ʥʝʧʨʝʨʳʚʥʳʭ 

ʢʘʥʘʣʦʚ ʩ ʰʫʤʦʤ.  

ɼʣʷ ʧʨʠʙʣʠʞʝʥʠʷ ʢ ʛʨʘʥʠʮʘʤ ʐʝʥʥʦʥʘ ʪʨʝʙʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʚʝʱʝʩʪʚʝʥʥʳʝ ʦʛʠʙʘʶʱʠʝ ()a t , ʬʦʨʤʘ ʢʦʪʦʨʳʭ ʟʘʜʘʝʪʩʷ ʘʪʦʤʘʨʥʳʤʠ 

ʬʫʥʢʮʠʷʤʠ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʤʘʣʳʭ ʟʥʘʯʝʥʠʡ ʫʜʝʣʴʥʳʭ ʟʘʪʨʘʪ ʧʦʣʦʩʳ ʯʘʩʪʦʪ 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʩʠʛʥʘʣʦʚ ʚ ʢʘʞʜʦʤ ʢʚʘʜʨʘʪʫʨʥʦʤ ʢʘʥʘʣʝ ʜʦʣʞʥʘ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ 

ʧʨʝʚʳʰʘʪʴ ʜʣʠʪʝʣʴʥʦʩʪ ɹT, ʯʪʦ ʨʝʘʣʠʟʫʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʚʚʝʜʝʥʠʠ ʫʧʨʘʚʣʷʝʤʦʡ 

ʤʝʞʩʠʤʚʦʣʴʥʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʠ. 

ʅʘ ʚʳʭʦʜʝ ʤʦʜʫʣʷ ʩʫʤʤʠʨʦʚʘʥʠʷ ʢʚʘʜʨʘʪʫʨʥʦʛʦ ʤʦʜʫʣʷʪʦʨʘ ʩʣʫʯʘʡʥʫʶ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʧʝʢʪʨʘʣʴʥʦ-ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʛʥʘʣʦʚ ʩʦ ʩʨʝʜʥʝʡ ʯʘʩʪʦʪʦʡ 

0ɤ  ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  
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ʉʧʝʢʪʨʘʣʴʥʦ-ʵʬʬʝʢʪʠʚʥʳʝ ʏʄ ʩʠʛʥʘʣ rʩ ɻʄʄʉ (ʛʘʫʩʩʦʚʩʢʘʷ ʯʘʩʪʦʪʥʘʷ 

ʤʘʥʠʧʫʣʷʮʠʷ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʯʘʩʪʦʪʥʳʤ ʩʜʚʠʛʦʤ) ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ 

ʩʬʦʨʤʠʨʦʚʘʥʳ ʧʨʠ ʧʦʤʦʱʠ ʢʚʘʜʨʘʪʫʨʥʦʛʦ ʤʦʜʫʣʷʪʦʨʘ (ʨʠʩ. 2.5). 
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ʈʠʩʫʥʦʢ 2.5. ï ʉʭʝʤʘ ʢʚʘʜʨʘʪʫʨʥʦʛʦ ʤʦʜʫʣʷʪʦʨʘ ʩʠʛʥʘʣʦʚ ʏʄ ʩ ɻʄʄʉ 

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʤʦʜʫʣʷʪʦʨʘ ʩʠʛʥʘʣʦʚ FQPSK [15] ʩ ʥʝʣʠʥʝʡʥʳʤ 

ʫʩʠʣʠʪʝʣʝʤ ʤʦʱʥʦʩʪʠ ʩʦʚʧʘʜʘʝʪ ʩʦ ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʦʡ ʏʄ ʩʠʛʥʘʣʦʚ ʩ 

ɻʄʄʉ. ɺʭʦʜʥʘʷ ʜʚʦʠʯʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʘʥʥʳʭ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʜʚʝ 

ʥʝʟʘʚʠʩʠʤʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʠʤʚʦʣʦʚ ʢʘʥʘʣʦʚ I/Q, ʢʦʪʦʨʳʝ ʟʘʪʝʤ 

ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʬʠʣʴʪʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʬʦʨʤʫ ʠʤʧʫʣʴʩʦʚ ʠ ʠʤʝʶʱʠʤ 

ʠʤʧʫʣʴʩʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ. 

()
( )0.5 1 cosˊ , ;

0,                             .

s s
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t T t T
a t

t T

ë è ø+ ¢î ê ú
=ì

²îí

    (2.5) 

ʅʘ ʚʳʭʦʜʝ ʢʚʘʜʨʘʪʫʨʥʦʛʦ ʤʦʜʫʣʷʪʦʨʘ ʠ ʞʝʩʪʢʦʛʦ ʦʛʨʘʥʠʯʠʪʝʣʷ 

ʧʦʣʫʯʘʝʤ ʩʠʛʥʘʣ ʚʠʜʘ: 
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() ()
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ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʜʘʥʥʦʝ ʚʨʝʤʷ ʚ ʦʩʥʦʚʥʦʤ ʧʨʠʤʝʥʷʶʪ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʧʝʢʪʨʘʣʴʥʦ-ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʛʥʘʣʦʚ ʥʘ ʩʠʛʥʘʣʴʥʳʭ 

ʧʨʦʮʝʩʩʦʨʘʭ (ʥʘʧʨʠʤʝʨ, ʩʠʛʥʘʣʳ ʏʄ ʩ ɻʄʄʉ ʚ ʩʪʘʥʜʘʨʪʝ ʩʦʪʦʚʦʡ ʩʚʷʟʠ GSM) 

[11]. 

2.2. ʉʧʦʩʦʙʳ ʪʝʭʥʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʫʩʪʨʦʡʩʪʚ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʩʧʝʢʪʨʘʣʴʥʦ-ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʛʥʘʣʦʚ 

ɸʚʪʦʨ ʨʘʟʨʘʙʦʪʘʣ ʫʩʪʨʦʡʩʪʚʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʧʝʢʪʨʘʣʴʥʦ-ʵʬʬʝʢʪʠʚʥʳʭ 

ʩʠʛʥʘʣʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʦʚ ʧʝʨʝʜʘʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ 

ʦʪʚʝʜʝʥʥʦʡ ʧʦʣʦʩʝ ʯʘʩʪʦʪ ʠ ʫʚʝʣʠʯʝʥʠʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ 
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ʩʧʝʢʪʨʘʣʴʥʦ-ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʛʥʘʣʦʚ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʝʥʠʝ ʩʪʝʧʝʥʠ ʟʘʱʠʪʳ 

ʧʝʨʝʜʘʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ (ʩʤ. ʨʠʩ. 2.6). 

ɿʘʜʘʯʝʡ, ʨʝʰʘʝʤʦʡ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʫʩʪʨʦʡʩʪʚʘ (ʩʤ. ʨʠʩ. 2.6), ʷʚʣʷʝʪʩʷ 

ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʦʚ ʧʝʨʝʜʘʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʦʪʚʝʜʝʥʥʦʡ ʧʦʣʦʩʝ ʯʘʩʪʦʪ. 

ʋʩʪʨʦʡʩʪʚʦ ʩʦʜʝʨʞʠʪ ʙʣʦʢ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ɹɼ, ʵʣʝʢʪʨʦʥʥʳʝ ʢʣʶʯʠ ʕʂ, 

ʩʫʤʤʘʪʦʨ Ɇ, ʤʥʦʛʦʦʪʚʦʜʥʫʶ ʣʠʥʠʶ ʟʘʜʝʨʞʢʠ ʃɿ-1,é,ʃɿ-ʄ, ʛʝʥʝʨʘʪʦʨ 

ʪʘʢʪʦʚʳʭ ʠʤʧʫʣʴʩʦʚ ɻʀ, ʬʦʨʤʠʨʦʚʘʪʝʣʴ ʫʧʨʘʚʣʷʶʱʠʭ ʠʤʧʫʣʴʩʦʚ ʌʋʀ, 

ʚʟʚʝʰʠʚʘʶʱʠʝ ʵʣʝʤʝʥʪʳ ɺʕ-1,é,ɺʕ-ʄ ʵʣʝʤʝʥʪ ʟʘʜʝʨʞʢʠ ʕɿ, ʠʥʚʝʨʪʦʨ ʀ ʠ 

ʬʠʣʴʪʨ ʥʠʞʥʠʭ ʯʘʩʪʦʪ ʌʅʏ [ʩʤ. 8, ʩʧʠʩʦʢ ʧʘʪʝʥʪʦʚ]. 

 

ʈʠʩʫʥʦʢ 2.6. ï ʋʩʪʨʦʡʩʪʚʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʧʝʢʪʨʘʣʴʥʦ-ʵʬʬʝʢʪʠʚʥʳʭ 

ʩʠʛʥʘʣʦʚ 

ɺʨʝʤʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʨʘʙʦʪʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2.7. ʀʥʬʦʨʤʘʮʠʷ 

ʧʝʨʝʜʘʝʪʩʷ ʧʫʪʝʤ ʩʤʝʥʳ ʧʦʣʷʨʥʦʩʪʠ ʚʠʜʝʦʠʤʧʫʣʴʩʦʚ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʊ. 

ɺʭʦʜʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʠʤʚʦʣʦʚ, ʩʦʩʪʦʷʱʘʷ ʠʟ 

ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʚʠʜʝʦʠʤʧʫʣʴʩʦʚ ʨʘʟʣʠʯʥʦʡ ʧʦʣʷʨʥʦʩʪʠ, ʧʦʩʪʫʧʘʝʪ ʥʘ ʧʝʨʚʳʡ 

ʚʭʦʜ ʙʣʦʢʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ɹɼ (ʜʠʘʛʨʘʤʤʘ 1). ʅʘ ʚʪʦʨʦʡ ʚʭʦʜ ʙʣʦʢʘ 

ʜʠʩʢʨʝʪʠʟʘʮʠʠ ɹɼ ʧʦʩʪʫʧʘʶʪ ʪʘʢʪʦʚʳʝ ʠʤʧʫʣʴʩʳ ʜʣʠʪʝʣʴʥʦʩʪʴʶ Ű, ʠʤʝʶʱʠʝ 

ʧʝʨʠʦʜ ʩʣʝʜʦʚʘʥʠʷ  
ʀT . ɼʣʠʪʝʣʴʥʦʩʪʴ ʵʪʠʭ ʠʤʧʫʣʴʩʦʚ ʚʳʙʠʨʘʝʪʩʷ ʠʟ ʫʩʣʦʚʠʷ 

Ű ʀT<< . ʅʘ ʚʳʭʦʜʝ ʙʣʦʢʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ɹɼ ʬʦʨʤʠʨʫʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʠʤʧʫʣʴʩʦʚ ʜʣʠʪʝʣʴʥʦʩʪʴʶ Ű, ʘʤʧʣʠʪʫʜʘ ʢʘʞʜʦʛʦ ʠʟ ʢʦʪʦʨʳʭ ʨʘʚʥʘ ʘʤʧʣʠʪʫʜʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʚʠʜʝʦʠʤʧʫʣʴʩʘ ʥʘ ʚʭʦʜʝ ʫʩʪʨʦʡʩʪʚʘ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʩʠʛʥʘʣʦʚ. ɼʣʠʪʝʣʴʥʦʩʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʵʪʠʭ ʠʤʧʫʣʴʩʦʚ ʨʘʚʥʘ ʊ. ʕʪʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʯʝʨʝʟ ʧʝʨʚʳʡ ʵʣʝʢʪʨʦʥʥʳʡ ʢʣʶʯ ʕʂ ʧʦʩʪʫʧʘʝʪ ʥʘ ʧʝʨʚʳʡ 
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ʚʭʦʜ ʩʫʤʤʘʪʦʨʘ Ɇ. ʇʨʦʭʦʜʷ ʙʝʟ ʠʟʤʝʥʝʥʠʷ (ʥʘ ʚʪʦʨʦʤ ʚʭʦʜʝ ʩʫʤʤʘʪʦʨʘ ʩʠʛʥʘʣ 

ʦʪʩʫʪʩʪʚʫʝʪ), ʩʠʛʥʘʣ ʧʦʩʪʫʧʘʝʪ ʥʘ ʚʭʦʜ ʜʠʩʢʨʝʪʥʦ-ʘʥʘʣʦʛʦʚʦʛʦ 

ʥʝʨʝʢʫʨʩʠʚʥʦʛʦ ʬʠʣʴʪʨʘ. ʉ ʧʦʤʦʱʴʶ ʚʟʚʝʰʠʚʘʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʬʦʨʤʠʨʫʝʪʩʷ 

ʠʤʧʫʣʴʩʥʳʡ ʦʪʢʣʠʢ ʜʠʩʢʨʝʪʥʦ-ʘʥʘʣʦʛʦʚʦʛʦ ʥʝʨʝʢʫʨʩʠʚʥʦʛʦ ʬʠʣʴʪʨʘ. ʏʠʩʣʦ 

ʚʟʚʝʰʠʚʘʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʷʯʝʝʢ ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ ʨʘʚʥʦ ʯʠʩʣʫ ʄ ʚʳʙʦʨʦʯʥʳʭ 

ʟʥʘʯʝʥʠʡ ʥʘ ʜʣʠʪʝʣʴʥʦʩʪʠ ʊ. ʅʘ ʚʳʭʦʜʝ ʚʟʚʝʰʠʚʘʶʱʠʭ ʵʣʝʤʝʥʪʦʚ (ʚʭʦʜ 

ʯʝʪʚʝʨʪʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʣʶʯʘ ʕʂ ʬʦʨʤʠʨʫʝʪʩʷ ʩʠʛʥʘʣ ʪʨʝʫʛʦʣʴʥʦʡ ʬʦʨʤʳ, 

ʩʦʚʧʘʜʘʶʱʠʡ ʩ ʚʠʜʦʤ ʨʝʘʢʮʠʠ ʬʠʣʴʪʨʘ ʥʘ ʚʭʦʜʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʚ ʚʠʜʝ 

ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʚʠʜʝʦʠʤʧʫʣʴʩʘ (ʜʠʘʛʨʘʤʤʘ 2). ʇʨʠ ʵʪʦʤ ʜʣʠʪʝʣʴʥʦʩʪʴ ʵʪʦʛʦ 

ʩʠʛʥʘʣʘ ʨʘʚʥʘ ʫʜʚʦʝʥʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʚʠʜʝʦʠʤʧʫʣʴʩʘ 2ʊ. 

ʕʪʦʪ ʩʠʛʥʘʣ ʧʦ ʣʠʥʠʠ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʦʩʪʫʧʘʝʪ ʥʘ ʪʨʝʪʠʡ 

ʵʣʝʢʪʨʦʥʥʳʡ ʢʣʶʯ ʕʂ, ʵʣʝʤʝʥʪ ʟʘʜʝʨʞʢʠ ʕɿ (ʟʘʜʝʨʞʠʚʘʷʩʴ ʥʘ ʚʨʝʤʷ 2ʊ) ʠ 

ʯʝʨʝʟ ʚʪʦʨʦʡ ʵʣʝʢʪʨʦʥʥʳʡ ʢʣʶʯ ʕʂ ʥʘ ʚʪʦʨʦʡ ʚʭʦʜ ʩʫʤʤʘʪʦʨʘ Ɇ. ʇʨʦʭʦʜʷ ʙʝʟ 

ʠʟʤʝʥʝʥʠʷ (ʪ.ʢ. ʥʘ ʧʝʨʚʦʤ ʚʭʦʜʝ ʩʫʤʤʘʪʦʨʘ ʩʠʛʥʘʣ ʦʪʩʫʪʩʪʚʫʝʪ), ʩʠʛʥʘʣ 

ʧʦʩʪʫʧʘʝʪ ʥʘ ʚʭʦʜ ʤʥʦʛʦʦʪʚʦʜʥʦʡ ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ. ʋʧʨʘʚʣʝʥʠʝ ʨʘʙʦʪʦʡ 

ʤʥʦʛʦʦʪʚʦʜʥʦʡ ʣʠʥʠʝʡ ʟʘʜʝʨʞʢʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʪ ʛʝʥʝʨʘʪʦʨʘ ʪʘʢʪʦʚʳʭ 

ʠʤʧʫʣʴʩʦʚ ɻʀ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʠʤʧʫʣʴʩʥʳʡ ʦʪʢʣʠʢ ʜʠʩʢʨʝʪʥʦ-ʘʥʘʣʦʛʦʚʦʛʦ 

ʥʝʨʝʢʫʨʩʠʚʥʦʛʦ ʬʠʣʴʪʨʘ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ, ʠʟʦʙʨʘʞʝʥʥʳʡ ʥʘ ʜʠʘʛʨʘʤʤʝ 3. ʅʘ 

ʚʳʭʦʜʝ ʵʪʦʛʦ ʬʠʣʴʪʨʘ ʬʦʨʤʠʨʫʝʪʩʷ ʩʠʛʥʘʣ, ʧʦ ʬʦʨʤʝ ʩʦʚʧʘʜʘʶʱʠʡ ʩʦ 

ʩʚʝʨʪʢʦʡ ʚʠʜʝʦʠʤʧʫʣʴʩʘ ʪʨʝʫʛʦʣʴʥʦʡ ʬʦʨʤʳ ʜʣʠʪʝʣʴʥʦʩʪʠ   ʠ ʠʤʧʫʣʴʩʥʦʛʦ 

ʦʪʢʣʠʢʘ ʬʠʣʴʪʨʘ ʜʣʠʪʝʣʴʥʦʩʪʠ ʊ. ɼʣʠʪʝʣʴʥʦʩʪʴ ʩʠʛʥʘʣʘ ʥʘ ʚʳʭʦʜʝ 

ʚʟʚʝʰʠʚʘʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʨʘʚʥʘ 3ʊ. ʏʝʨʝʟ ʯʝʪʚʝʨʪʳʡ ʵʣʝʢʪʨʦʥʥʳʡ ʢʣʶʯ ʠ 

ʬʠʣʴʪʨ ʥʠʞʥʠʭ ʯʘʩʪʦʪ ʩʠʛʥʘʣ ʧʦʩʪʫʧʘʝʪ ʥʘ ʚʳʭʦʜ ʫʩʪʨʦʡʩʪʚʘ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʩʠʛʥʘʣʦʚ (ʜʠʘʛʨʘʤʤʘ 4). ʌʠʣʴʪʨ ʥʠʞʥʠʭ ʯʘʩʪʦʪ ʦʩʫʱʝʩʪʚʣʷʝʪ ʩʛʣʘʞʠʚʘʥʠʝ 

ʩʪʫʧʝʥʯʘʪʦʡ ʬʦʨʤʳ ʩʚʝʨʪʢʠ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʜʠʩʢʨʝʪʥʦ-ʘʥʘʣʦʛʦʚʦʛʦ ʬʠʣʴʪʨʘ ʚ 

ʥʘʧʨʷʞʝʥʠʝ ʥʝʧʨʝʨʳʚʥʦʡ ʬʦʨʤʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʚʳʭʦʜʝ ʫʩʪʨʦʡʩʪʚʘ 

ʩʬʦʨʤʠʨʦʚʘʥʳ ʩʠʛʥʘʣʳ, ʠʤʝʶʱʠʝ ʫʚʝʣʠʯʝʥʥʫʶ ʜʣʠʪʝʣʴʥʦʩʪʴ ʠ ʩʢʨʫʛʣʝʥʠʝ 

ʬʦʨʤʳ ʦʛʠʙʘʶʱʝʡ. ʋʚʝʣʠʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʩʫʞʝʥʠʶ 

ʟʘʥʠʤʘʝʤʦʡ ʧʦʣʦʩʳ ʯʘʩʪʦʪ, ʘ ʩʢʨʫʛʣʝʥʠʝ ʬʦʨʤʳ ʦʛʠʙʘʶʱʝʡ ʢʦʣʝʙʘʥʠʷ 
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ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʢʦʨʦʩʪʠ ʩʧʘʜʘ ʚʥʝʧʦʣʦʩʥʳʭ ʠʟʣʫʯʝʥʠʡ. ɿʘ ʩʯʝʪ ʵʪʦʛʦ 

ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʫʚʝʣʠʯʝʥʠʷ ʯʠʩʣʘ ʧʘʨʮʠʘʣʴʥʳʭ ʢʘʥʘʣʦʚ ʚ 

ʤʥʦʛʦʢʘʥʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʩ ʯʘʩʪʦʪʥʳʤ ʨʘʟʜʝʣʝʥʠʝʤ 

ʢʘʥʘʣʦʚ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʦʚ ʧʝʨʝʜʘʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ 

ʦʪʚʝʜʝʥʥʦʡ ʧʦʣʦʩʝ ʯʘʩʪʦʪ. 

 

ʈʠʩʫʥʦʢ 2.7. ï ɺʨʝʤʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚʘ 

ʈʘʟʨʘʙʦʪʘʥʦ ʮʠʬʨʦʚʦʝ ʫʩʪʨʦʡʩʪʚʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʧʝʢʪʨʘʣʴʥʦ-

ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʛʥʘʣʦʚ (ʨʠʩ. 2.8), ʚʢʣʶʯʘʶʱʝʝ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʡ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ, ʫʧʨʘʚʣʷʶʱʠʡ ʚʭʦʜ ʢʦʪʦʨʦʛʦ ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ ʚʳʭʦʜʫ ʙʣʦʢʘ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ, ʧʝʨʚʳʡ ʤʫʣʴʪʠʧʣʝʢʩʦʨ, ʧʘʨʘʣʣʝʣʴʥʳʡ ʨʝʛʠʩʪʨ, ʩʫʤʤʘʪʦʨ ʠ 

ʧʝʨʚʳʡ ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ, ʮʠʬʨʦ-ʘʥʘʣʦʛʦʚʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ, ʜʚʘ 

ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ, ʜʚʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-ʧʘʨʘʣʣʝʣʴʥʳʭ ʤʥʦʛʦʨʘʟʨʷʜʥʳʭ 

ʨʝʛʠʩʪʨʘ, ʚʪʦʨʦʡ ʠ ʪʨʝʪʠʡ ʙʣʦʢʠ ʫʧʨʘʚʣʝʥʠʷ, ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʦʙʨʘʪʥʦʡ 

ʩʚʷʟʴʶ, ʬʠʣʴʪʨ ʥʠʞʥʠʭ ʯʘʩʪʦʪ. ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʜʘʥʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ, ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʩʧʝʢʪʨʘʣʴʥʦ-ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʛʥʘʣʦʚ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʝʥʠʝ ʩʪʝʧʝʥʠ ʟʘʱʠʪʳ 

ʧʝʨʝʜʘʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ [ʩʤ. 9, ʩʧʠʩʦʢ ʧʘʪʝʥʪʦʚ]. 

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ, ʨʝʰʘʝʤʦʡ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʫʩʪʨʦʡʩʪʚʘ (ʩʤ. ʨʠʩ. 2.8) 

ʷʚʣʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʧʝʢʪʨʘʣʴʥʦ-

ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʛʥʘʣʦʚ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʝʥʠʝ ʩʪʝʧʝʥʠ ʟʘʱʠʪʳ ʧʝʨʝʜʘʚʘʝʤʦʡ 

ʠʥʬʦʨʤʘʮʠʠ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʨʘʟʨʘʙʦʪʘʥʦ ʮʠʬʨʦʚʦʝ ʫʩʪʨʦʡʩʪʚʦ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʧʝʢʪʨʘʣʴʥʦ-ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʛʥʘʣʦʚ. ʋʩʪʨʦʡʩʪʚʦ ʚʢʣʶʯʘʝʪ 

ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ (ɸʎʇ), ʫʧʨʘʚʣʷʶʱʠʡ ʚʭʦʜ ʢʦʪʦʨʦʛʦ 
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ʩʦʝʜʠʥʝʥ ʩ ʚʳʭʦʜʦʤ ʙʣʦʢʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ (ɹʉ), ʧʝʨʚʳʡ ʤʫʣʴʪʠʧʣʝʢʩʦʨ (ʄʇ), 

ʧʘʨʘʣʣʝʣʴʥʳʡ ʨʝʛʠʩʪʨ (ʇʈ), ʩʫʤʤʘʪʦʨ (ʉ) ʠ ʧʝʨʚʳʡ ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ (ɹʋ), 

ʮʠʬʨʦ-ʘʥʘʣʦʛʦʚʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ (ʎɸʇ), ʜʚʘ ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ (ʄʇ), ʜʚʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-ʧʘʨʘʣʣʝʣʴʥʳʭ ʤʥʦʛʦʨʘʟʨʷʜʥʳʭ ʨʝʛʠʩʪʨʘ (ʇʇʄʈ), ʚʪʦʨʦʡ ʠ 

ʪʨʝʪʠʡ ʙʣʦʢʠ ʫʧʨʘʚʣʝʥʠʷ (ɹʋ), ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ (ɹʋ ʆʉ), 

ʬʠʣʴʪʨ ʥʠʞʥʠʭ ʯʘʩʪʦʪ (ʌʅʏ). ʉʠʛʥʘʣʴʥʳʝ ʤʥʦʛʦʨʘʟʨʷʜʥʳʝ ʚʳʭʦʜʳ ʧʝʨʚʦʛʦ 

ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ ʩʦʝʜʠʥʝʥʳ ʩ ʩʠʛʥʘʣʴʥʳʤʠ ʚʭʦʜʘʤʠ ʧʝʨʚʦʛʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-

ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʤʥʦʛʦʨʘʟʨʷʜʥʦʛʦ ʨʝʛʠʩʪʨʘ, ʠʤʝʶʱʝʛʦ ʛʨʫʧʧʳ ʤʥʦʛʦʨʘʟʨʷʜʥʳʭ 

ʚʳʭʦʜʦʚ. 

 

ʈʠʩʫʥʦʢ 2.8. ï ʎʠʬʨʦʚʦʝ ʫʩʪʨʦʡʩʪʚʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʧʝʢʪʨʘʣʴʥʦ-

ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʛʥʘʣʦʚ 

ʈʝʛʠʩʪʨ ʧʦʜʢʣʶʯʝʥ ʢ ʩʠʛʥʘʣʴʥʳʤ ʚʭʦʜʘʤ ʚʪʦʨʦʛʦ ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ, ʫ 

ʢʦʪʦʨʦʛʦ ʫʧʨʘʚʣʷʶʱʠʝ ʚʭʦʜʳ ʩʦʝʜʠʥʝʥʳ ʩ ʚʳʭʦʜʘʤʠ ʧʝʨʚʦʛʦ ʙʣʦʢʘ 

ʫʧʨʘʚʣʝʥʠʷ, ʘ ʝʛʦ ʚʳʭʦʜʳ ʧʦʜʢʣʶʯʝʥʳ ʢ ʧʝʨʚʦʡ ʛʨʫʧʧʝ ʚʭʦʜʦʚ ʩʫʤʤʘʪʦʨʘ, 

ʚʳʭʦʜʳ, ʢʦʪʦʨʦʛʦ ʧʦʜʢʣʶʯʝʥʳ ʢ ʚʭʦʜʘʤ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʨʝʛʠʩʪʨʘ. ɹʣʦʢ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʩʦʝʜʠʥʝʥ ʩ ʧʝʨʚʳʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-ʧʘʨʘʣʣʝʣʴʥʳʤ 



50 
 

 
 

ʤʥʦʛʦʨʘʟʨʷʜʥʳʤ ʨʝʛʠʩʪʨʦʤ, ʧʝʨʚʳʤ ʙʣʦʢʦʤ ʫʧʨʘʚʣʝʥʠʷ, ʧʘʨʘʣʣʝʣʴʥʳʤ 

ʨʝʛʠʩʪʨʦʤ, ʮʠʬʨʦ-ʘʥʘʣʦʛʦʚʳʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʠ ʚʭʦʜʦʤ ʙʣʦʢʘ ʫʧʨʘʚʣʝʥʠʷ 

ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ. ʇʝʨʚʳʡ ʚʳʭʦʜ ʙʣʦʢʘ ʫʧʨʘʚʣʝʥʠʷ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ ʩʦʝʜʠʥʝʥ 

ʩ ʫʧʨʘʚʣʷʶʱʠʤ ʚʭʦʜʦʤ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʨʝʛʠʩʪʨʘ, ʚʪʦʨʦʡ ʝʛʦ ʚʳʭʦʜ ʩ 

ʫʧʨʘʚʣʷʶʱʠʤ ʚʭʦʜʦʤ ʚʪʦʨʦʛʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-ʧʘʨʘʣʣʝʣʴʥʦʛʦ 

ʤʥʦʛʦʨʘʟʨʷʜʥʦʛʦ ʨʝʛʠʩʪʨʘ, ʪʨʝʪʠʡ ʠ ʯʝʪʚʝʨʪʳʡ ʚʳʭʦʜʳ ʩʦʝʜʠʥʝʥʳ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩ ʚʭʦʜʘʤʠ ʚʪʦʨʦʛʦ ʠ ʪʨʝʪʴʝʛʦ ʙʣʦʢʦʚ ʫʧʨʘʚʣʝʥʠʷ. ɺʳʭʦʜʳ 

ʪʨʝʪʴʝʛʦ ʙʣʦʢʘ ʫʧʨʘʚʣʝʥʠʷ ʩʦʝʜʠʥʝʥʳ ʩ ʫʧʨʘʚʣʷʶʱʠʤʠ ʚʭʦʜʘʤʠ ʧʝʨʚʦʛʦ 

ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ, ʫ ʢʦʪʦʨʦʛʦ ʧʝʨʚʳʝ ʩʠʛʥʘʣʴʥʳʝ ʚʭʦʜʳ ʩʦʝʜʠʥʝʥʳ ʩ ʚʳʭʦʜʘʤʠ 

ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ, ʘ ʚʪʦʨʳʝ ʩʠʛʥʘʣʴʥʳʝ ʚʭʦʜʳ ʩʦʝʜʠʥʝʥʳ ʩ 

ʚʳʭʦʜʘʤʠ ʪʨʝʪʴʝʛʦ ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ, ʫ ʢʦʪʦʨʦʛʦ ʛʨʫʧʧʳ ʤʥʦʛʦʨʘʟʨʷʜʥʳʭ 

ʩʠʛʥʘʣʴʥʳʭ ʚʭʦʜʦʚ ʧʦʜʢʣʶʯʝʥʳ ʢ ʤʥʦʛʦʨʘʟʨʷʜʥʳʤ ʚʳʭʦʜʘʤ ʚʪʦʨʦʛʦ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʤʥʦʛʦʨʘʟʨʷʜʥʦʛʦ ʨʝʛʠʩʪʨʘ. ɺʭʦʜʳ ʨʝʛʠʩʪʨʘ 

ʩʦʝʜʠʥʝʥʳ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʚʳʭʦʜʘʤʠ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʨʝʛʠʩʪʨʘ, ʚʪʦʨʦʡ 

ʛʨʫʧʧʦʡ ʚʭʦʜʦʚ ʩʫʤʤʘʪʦʨʘ, ʠ ʚʭʦʜʘʤʠ ʮʠʬʨʦ-ʘʥʘʣʦʛʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ, ʘ 

ʝʛʦ ʚʳʭʦʜ ʩʦʝʜʠʥʝʥ ʩ ʚʭʦʜʦʤ ʬʠʣʴʪʨʘ ʥʠʞʥʠʭ ʯʘʩʪʦʪ, ʚʳʭʦʜ ʢʦʪʦʨʦʛʦ 

ʷʚʣʷʝʪʩʷ ʚʳʭʦʜʦʤ ʮʠʬʨʦʚʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʧʝʢʪʨʘʣʴʥʦ-

ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʛʥʘʣʦʚ. 

ʇʝʨʚʳʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-ʧʘʨʘʣʣʝʣʴʥʳʡ ʤʥʦʛʦʨʘʟʨʷʜʥʳʡ ʨʝʛʠʩʪʨ, 

ʚʪʦʨʦʡ ʤʫʣʴʪʠʧʣʝʢʩʦʨ, ʪʨʝʪʠʡ ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ, ʩʫʤʤʘʪʦʨ, ʙʣʦʢ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ, ʧʘʨʘʣʣʝʣʴʥʳʡ ʨʝʛʠʩʪʨ, ʘ ʪʘʢʞʝ ʮʝʧʴ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ, 

ʦʙʨʘʟʦʚʘʥʥʘʷ ʙʣʦʢʦʤ ʫʧʨʘʚʣʝʥʠʷ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ, ʚʪʦʨʳʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-

ʧʘʨʘʣʣʝʣʴʥʳʤ ʤʥʦʛʦʨʘʟʨʷʜʥʳʤ ʨʝʛʠʩʪʨʦʤ, ʪʨʝʪʴʠʤ ʤʫʣʴʪʠʧʣʝʢʩʦʨʦʤ, 

ʚʪʦʨʳʤ ʠ ʪʨʝʪʴʠʤ ʙʣʦʢʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʦʙʨʘʟʫʶʪ ʮʠʬʨʦʚʦʡ ʩʦʛʣʘʩʦʚʘʥʥʳʡ 

ʬʠʣʴʪʨ, ʢʦʪʦʨʳʡ ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚʘ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʩʧʝʢʪʨʘʣʴʥʦ-ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʛʥʘʣʦʚ. 

ɺʚʝʜʝʥʠʝ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʧʦʟʚʦʣʷʝʪ ʬʦʨʤʠʨʦʚʘʪʴ ʧʨʦʠʟʚʦʣʴʥʳʡ 

ʠʤʧʫʣʴʩʥʳʡ ʦʪʢʣʠʢ ʠ ʤʥʦʛʦʢʨʘʪʥʦ ʧʦʚʪʦʨʷʪʴ ʦʧʝʨʘʮʠʶ ʩʚʝʨʪʢʠ ʚʭʦʜʥʦʛʦ 

ʩʠʛʥʘʣʘ ʠ ʠʤʧʫʣʴʩʥʦʛʦ ʦʪʢʣʠʢʘ ʮʠʬʨʦʚʦʛʦ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʬʠʣʴʪʨʘ. ʕʪʦ ʚ 
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ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʩʛʣʘʞʠʚʘʥʠʶ ʬʦʨʤʳ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʠ, ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʚʦ-ʧʝʨʚʳʭ, ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʢʦʨʦʩʪʠ ʩʧʘʜʘ ʚʥʝʧʦʣʦʩʥʳʭ ʠʟʣʫʯʝʥʠʡ 

ʠ, ʚʦ-ʚʪʦʨʳʭ, ʢ ʫʤʝʥʴʰʝʥʠʶ ʧʦʣʦʩʳ ʟʘʥʠʤʘʝʤʳʭ ʯʘʩʪʦʪ. ʋʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ 

ʩʧʘʜʘ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʦʢʨʫʛʣʝʥʠʷ ʬʦʨʤʳ ʩʠʛʥʘʣʦʚ, ʘ ʫʤʝʥʴʰʝʥʠʝ ʧʦʣʦʩʳ 

ʯʘʩʪʦʪ - ʠʟ-ʟʘ ʫʚʝʣʠʯʝʥʠʷ ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʠʛʥʘʣʦʚ. 

ʊʘʢʦʝ ʠʟʤʝʥʝʥʠʝ ʬʦʨʤʳ ʩʠʛʥʘʣʦʚ ʤʦʞʝʪ ʙʳʪʴ ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʩʪʝʧʝʥʠ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ 

ʨʘʜʠʦʧʝʨʝʭʚʘʪʘ ʩʦʦʙʱʝʥʠʡ. ʇʝʨʝʜʘʚʘʝʤʳʝ ʩʠʛʥʘʣʳ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʟʤʝʥʝʥʠʷ ʬʦʨʤʳ ʦʛʠʙʘʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʯʝʩʢʠ, ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚ 

ʧʝʨʝʜʘʯʠ-ʧʨʠʝʤʘ ʠʥʬʦʨʤʘʮʠʠ. 

ʇʨʦʮʝʜʫʨʫ ʨʘʙʦʪʳ ʮʠʬʨʦʚʦʛʦ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʬʠʣʴʪʨʘ ʤʦʞʥʦ ʦʧʠʩʘʪʴ 

ʚʳʨʘʞʝʥʠʝʤ:  

   ( ) ()( )()( )
1

0

N
p pq

ɺʓʍ BX

i

S k t g i t s k i t
-

=

D = D - Dè øê úä     (2.7) 

ʛʜʝ ( )q

ɺʓʍS k tD ï ʚʳʙʦʨʦʯʥʳʝ ʟʥʘʯʝʥʠʷ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʚʳʭʦʜʝ 

ʮʠʬʨʦʚʦʛʦ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʬʠʣʴʪʨ ʚ ʬʦʨʤʝ q-ʨʘʟʨʷʜʥʳʭ ʯʠʩʝʣ; 
()( )p

g i tD  ï 

ʚʳʙʦʨʦʯʥʳʝ ʟʥʘʯʝʥʠʷ ʠʤʧʫʣʴʩʥʦʛʦ ʦʪʢʣʠʢʘ ʮʠʬʨʦʚʦʛʦ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ 

ʬʠʣʴʪʨʘ ʚ ʬʦʨʤʝ p-ʨʘʟʨʷʜʥʳʭ ʯʠʩʝʣ; ()( )p

BXs k i t- Dè øê ú ï  ʚʳʙʦʨʦʯʥʳʝ ʟʥʘʯʝʥʠʷ 

ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʚ ʬʦʨʤʝ n-ʨʘʟʨʷʜʥʳʭ ʯʠʩʝʣ; N ï ʯʠʩʣʦ ʚʳʙʦʨʦʯʥʳʭ ʟʥʘʯʝʥʠʡ 

ʥʘ ʜʣʠʪʝʣʴʥʦʩʪʠ ʊ ʠʤʧʫʣʴʩʥʦʛʦ ʦʪʢʣʠʢʘ ʮʠʬʨʦʚʦʛʦ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʬʠʣʴʪʨʘ;

tD ï ʠʥʪʝʨʚʘʣ ʜʠʩʢʨʝʪʠʟʘʮʠʠ. 

ʇʨʠʚʝʜʝʥʥʦʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʨʘʙʦʪʳ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ 

ʬʠʣʴʪʨʘ ʩʧʨʘʚʝʜʣʠʚʦ ʜʣʷ ʚʠʜʝʦʩʠʛʥʘʣʦʚ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʬʦʨʤʳ, ʥʦ ʚʦʟʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʛʥʘʣʦʚ ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʦʨʤʳ. ɽʩʣʠ ʬʠʣʴʪʨ ʠʤʝʝʪ, ʥʘʧʨʠʤʝʨ, 

ʠʤʧʫʣʴʩʥʳʡ ʦʪʢʣʠʢ ʚ ʬʦʨʤʝ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʚʠʜʝʦʠʤʧʫʣʴʩʘ ʝʜʠʥʠʯʥʦʡ 

ʘʤʧʣʠʪʫʜʳ, ʪʦ 
()( ) 1
p

g i tD =. 
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ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʦʮʝʜʫʨʘ ʨʘʙʦʪʳ ʮʠʬʨʦʚʦʛʦ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʬʠʣʴʪʨʘ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘʝʪʩʷ, ʘ ʠʤʝʥʥʦ ʚʳʙʦʨʦʯʥʳʝ ʟʥʘʯʝʥʠʷ ʚʳʭʦʜʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʙʫʜʫʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʩʣʝʜʫʶʱʠʤʠ ʚʳʨʘʞʝʥʠʷʤʠ:  

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

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

0 0 2 ... 1

1 0 2 ... 2

...

1 1 2 3 ... 0

q n n n n

ɺʓʍ BX BX BX BX

q n n n n n

ɺʓʍ BX BX BX BX BX

q n n n n

ɺʓʍ BX BX BX BX

s s s t s t s N t

s s t s s t s t s N t

s N s N t s N t s N t s

= + -D + - D + + - - D

= D + + -D + - D + + - - D

- = - D + - D + - D + +

(2.8) 

ʉ ʫʯʝʪʦʤ ʵʪʠʭ ʚʳʨʘʞʝʥʠʡ ʧʨʦʮʝʜʫʨʘ ʨʘʙʦʪʳ ʬʠʣʴʪʨʘ ʤʦʞʝʪ ʙʳʪʴ 

ʚʳʧʦʣʥʝʥʘ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʛʦ ʟʘʧʦʤʠʥʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʠ ʟʘʧʦʤʠʥʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʫʚʝʣʠʯʠʪʴ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ 

ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʬʠʣʴʪʨʘ ʠ ʚʩʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʚ ʮʝʣʦʤ. 

ʋʚʝʣʠʯʝʥʠʝ ʩʪʝʧʝʥʠ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ 

ʧʨʠʝʤʘ ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʬʦʨʤʳ ʩʠʛʥʘʣʦʚ ʚ 

ʧʨʦʮʝʩʩʝ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ. ɼʠʥʘʤʠʯʝʩʢʦʝ ʠʟʤʝʥʝʥʠʝ ʬʦʨʤʳ ʩʠʛʥʘʣʦʚ 

ʜʦʩʪʠʛʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʠʟʤʝʥʝʥʠʷ ʯʠʩʣʘ ʦʧʝʨʘʮʠʡ ʩʚʝʨʪʢʠ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ 

ʠ ʠʤʧʫʣʴʩʥʦʛʦ ʦʪʢʣʠʢʘ ʮʠʬʨʦʚʦʛʦ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʬʠʣʴʪʨʘ. ʕʪʘ ʧʨʦʮʝʜʫʨʘ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʮʝʧʠ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʫʩʪʨʦʡʩʪʚʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚ ʧʨʦʮʝʩʩʝ 

ʧʝʨʝʜʘʯʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʠʛʥʘʣʦʚ ʠʭ ʬʦʨʤʘ ʙʫʜʝʪ ʠʟʤʝʥʷʪʴʩʷ. ʉʯʠʪʘʷ, 

ʯʪʦ ʟʘʢʦʥ ʠʟʤʝʥʝʥʠʷ ʬʦʨʤʳ ʩʠʛʥʘʣʦʚ ʠʟʚʝʩʪʝʥ ʪʦʣʴʢʦ ʧʨʠʝʤʥʦʡ ʩʪʦʨʦʥʝ, ʧʨʠ 

ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʤ ʧʨʠʝʤʝ ʙʫʜʝʪ ʥʝʚʦʟʤʦʞʥʦ ʜʦʩʪʦʚʝʨʥʦ ʧʨʠʥʠʤʘʪʴ 

ʠʥʬʦʨʤʘʮʠʶ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ ʤʥʦʛʦʢʘʥʘʣʴʥʳʭ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʠʩʪʝʤʘʭ 

ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ. 

2.3. ʄʝʪʦʜʳ ʧʨʠʝʤʘ ʩʧʝʢʪʨʘʣʴʥʦ-ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʛʥʘʣʦʚ 

ɸʣʛʦʨʠʪʤ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʦʛʝʨʝʥʪʥʦʛʦ ʧʨʠʝʤʘ ʩʠʛʥʘʣʦʚ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 

ʊ ʙʝʟ ʤʝʞʩʠʤʚʦʣʴʥʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʠʤʝʝʪ ʚʠʜ: 

() ()0

0

0 

T

s t x t dtÖ >ñ ,     (2.9) 
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ʛʜʝ () () () ()0 ,  x t s t n t n t= +  ï ʛʘʫʩʩʦʚʩʢʠʡ ʰʫʤ, ()0s t  ï ʧʦʣʝʟʥʳʡ ʩʠʛʥʘʣ. 

ʇʨʠ ʧʨʠʝʤʝ ʩʠʛʥʘʣʦʚ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʨʷʤʳʤ ʤʝʪʦʜʦʤ, ʥʘ ʚʭʦʜʝ 

ʫʩʪʨʦʡʩʪʚʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠʝʤʥʳʡ ʧʦʣʦʩʦʚʦʡ ʬʠʣʴʪʨ (ʨʠʩ. 2.9), ʢʦʪʦʨʳʡ 

ʫʩʪʨʘʥʷʝʪ ʚʥʝʧʦʣʦʩʥʳʝ ʰʫʤʳ ʠ ʧʦʤʝʭʠ. ʉʭʝʤʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʝʩʫʱʝʡ 

ʬʦʨʤʠʨʫʝʪ ʠʟ ʧʨʠʥʠʤʘʝʤʦʡ ʤʦʜʫʣʠʨʦʚʘʥʥʦʡ ʥʝʩʫʱʝʡ ʯʠʩʪʫʶ 

(ʥʝʤʦʜʫʣʠʨʦʚʘʥʥʫʶ) ʥʝʩʫʱʫʶ. ʇʝʨʝʤʥʦʞʠʪʝʣʴ ʧʨʠʝʤʥʠʢʘ, ʟʘ ʢʦʪʦʨʳʤ 

ʩʣʝʜʫʝʪ ʧʨʠʝʤʥʳʡ ʬʠʣʴʪʨ ʥʠʞʥʠʭ ʯʘʩʪʦʪ, ʜʝʤʦʜʫʣʠʨʫʝʪ ʧʨʠʥʷʪʳʡ ʩʠʛʥʘʣ. 

ɼʝʤʦʜʫʣʠʨʦʚʘʥʥʳʡ ʠ ʦʛʨʘʥʠʯʝʥʥʳʡ ʧʦ ʧʦʣʦʩʝ ʩʠʛʥʘʣ ʧʦʩʪʫʧʘʝʪ ʥʘ ʧʦʨʦʛʦʚʳʡ 

ʢʦʤʧʘʨʘʪʦʨ, ʩʪʨʦʙʠʨʫʝʤʳʡ ʩʠʛʥʘʣʦʤ ʪʘʢʪʦʚʦʡ (ʩʠʤʚʦʣʴʥʦʡ) ʯʘʩʪʦʪʳ. ʕʪʘ 

ʯʘʩʪʦʪʘ ʬʦʨʤʠʨʫʝʪʩʷ ʩʭʝʤʦʡ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʪʘʢʪʦʚʦʡ ʯʘʩʪʦʪʳ. 

 

ʈʠʩʫʥʦʢ 2.9. ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʢʦʛʝʨʝʥʪʥʦʛʦ ʜʝʤʦʜʫʣʷʪʦʨʘ ɸʄ ʩʠʛʥʘʣʦʚ 

ʉʭʝʤʘ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʜʝʤʦʜʫʣʷʮʠʠ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 2.10. 

ɸʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʜʝʤʦʜʫʣʷʪʦʨ ʚʳʧʦʣʥʷʝʪ ʜʝʤʦʜʫʣʷʮʠʶ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ 

ʬʘʟ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʜʝʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʩʠʛʥʘʣʘ ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝ 

ʪʨʝʙʫʝʪʩʷ ʥʘʣʠʯʠʷ ʩʭʝʤʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʝʩʫʱʝʡ. ʄʦʜʫʣʠʨʦʚʘʥʥʳʡ ʩʠʛʥʘʣ 

ʧʝʨʝʤʥʦʞʘʝʪʩʷ ʩ ʟʘʜʝʨʞʘʥʥʦʡ ʥʘ 1 ʙʠʪ ʢʦʧʠʝʡ ʩʠʛʥʘʣʘ ʠ ʬʠʣʴʪʨʫʝʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʬʠʣʴʪʨʘ ʅʏ. 

 

ʈʠʩʫʥʦʢ 2.10. ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʜʝʤʦʜʫʣʷʪʦʨʘ ɸʄ 

ʩʠʛʥʘʣʦʚ. 
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ʇʨʠ ʢʦʛʝʨʝʥʪʥʦʡ ʜʝʤʦʜʫʣʷʮʠʠ ʥʝʩʫʱʘʷ ʯʘʩʪʦʪʘ ʠ ʬʘʟʘ ʧʨʠʥʠʤʘʝʤʦʛʦ 

ʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʩʠʛʥʘʣʘ ʜʦʣʞʥʳ ʙʳʪʴ ʪʦʯʥʦ ʚʦʩʩʪʘʥʦʚʣʝʥʳ. 

ʄʝʪʦʜʳ ʧʨʠʝʤʘ ʩʠʛʥʘʣʦʚ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʚʘʜʨʘʪʫʨʥʦʛʦ ʧʨʠʥʮʠʧʘ, ʧʨʝʜʧʦʣʘʛʘʶʪ ʨʘʟʜʝʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ ʚʭʦʜʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʚ ʩʠʥʬʘʟʥʦʤ ʠ ʢʚʘʜʨʘʪʫʨʥʦʤ ʢʘʥʘʣʝ. ʇʨʠ ʵʪʦʤ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʧʨʠʤʝʥʷʶʪʩʷ ʢʦʛʝʨʝʥʪʥʳʝ ʩʧʦʩʦʙʳ ʧʨʠʝʤʘ, ʧʨʝʜʧʦʣʘʛʘʶʱʠʝ ʚʳʜʝʣʝʥʠʝ 

ʩʣʫʯʘʡʥʦʡ ʥʘʯʘʣʴʥʦʡ ʬʘʟʳ ʧʨʠʥʠʤʘʝʤʳʭ ʢʦʣʝʙʘʥʠʡ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʘʢʪʦʚʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʥʘʯʘʣʘ ʧʨʠʥʠʤʘʝʤʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʜʘʥʥʳʭ.  

ʅʘ ʧʨʘʢʪʠʢʝ ʚʳʜʝʣʝʥʠʝ ʦʧʦʨʥʦʛʦ ʢʦʣʝʙʘʥʠʷ ʧʨʠ ʧʨʠʝʤʝ ʩʧʝʢʪʨʘʣʴʥʦ-

ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʛʥʘʣʦʚ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦ ʩʨʝʜʩʪʚʘʤ ʧʦʣʦʩʦʚʦʡ ʬʠʣʴʪʨʘʮʠʠ 

ʦʩʪʘʪʢʘ ʥʝʩʫʱʝʛʦ ʢʦʣʝʙʘʥʠʷ, ʜʦʙʘʚʣʷʝʤʦʛʦ ʚ ʧʝʨʝʜʘʚʘʝʤʳʡ ʛʨʫʧʧʦʚʦʡ ʩʠʛʥʘʣ, 

ʣʠʙʦ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʩʠʩʪʝʤ ʬʘʟʦʚʦʡ ʘʚʪʦʧʦʜʩʪʨʦʡʢʠ ʯʘʩʪʦʪʳ [11,16]. 

ʐʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʘ ʩʭʝʤʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʧʨʠ 

ʧʨʠʝʤʝ ʩʠʛʥʘʣʦʚ ʏʄ ʩ ʄʄʉ [11].  ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʠ ʚʳʜʝʣʝʥʠʷ ʥʝʩʫʱʝʛʦ ʢʦʣʝʙʘʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ 

ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʨʠʝʤʘ ʠʥʬʦʨʤʘʮʠʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʰʫʤʦʚʘʷ ʧʦʣʦʩʘ ʩʠʩʪʝʤʳ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʥʝʩʫʱʝʡ ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʠʝʤʘ. 

ʊʘʢ, ʧʨʠ ʧʨʠʝʤʝ ʩʠʛʥʘʣʦʚ ʏʄ ʩ ɻʄʄʉ  ʩ 0.25FTD =  ʚ ʥʝʧʨʝʨʳʚʥʦʤ 

ʛʘʫʩʩʦʚʩʢʦʤ ʢʘʥʘʣʝ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʧʨʠ 

ʧʨʠʝʤʝ ʠʥʬʦʨʤʘʮʠʠ  ʩʦʩʪʘʚʣʷʶʪ 2 ʜɹ ʧʨʠ 
510ʆʐp -= . 

ɼʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʝʩʫʱʝʛʦ ʢʦʣʝʙʘʥʠʷ ʧʨʠ ʧʨʠʝʤʝ ʩʠʛʥʘʣʦʚ ʩ 

ʤʝʞʩʠʤʚʦʣʴʥʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʝʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʩ 

ʧʦʣʥʳʤ ʦʪʢʣʠʢʦʤ (ʚ ʯʘʩʪʥʦʩʪʠ, ʫʩʣʦʞʥʝʥʠʝ ʩʭʝʤʳ ʂʦʩʪʘʩʘ ʧʨʠ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʥʝʩʫʱʝʡ). ʅʘʠʙʦʣʴʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪʩʷ ʤʝʪʦʜʘʤʠ, 

ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʤʠ ʜʣʷ ʧʨʠʝʤʘ ʩʠʛʥʘʣʦʚ ʩ ʤʝʞʩʠʤʚʦʣʴʥʦʡ 

ʠʥʪʝʨʬʝʨʝʥʮʠʝʡ [11]. ɼʣʷ ʪʘʢʠʭ ʩʠʛʥʘʣʦʚ ʦʩʣʦʞʥʷʝʪʩʷ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ 

ʚʳʜʝʣʝʥʠʷ ʪʘʢʪʦʚʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ: ʚ ʩʧʝʢʪʨʝ ʦʪʩʫʪʩʪʚʫʝʪ ʩʦʩʪʘʚʣʷʶʱʘʷ ʥʘ 

ʯʘʩʪʦʪʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʘʢʪʦʚʦʡ, ʚ ʥʝʢʦʪʦʨʳʭ ʩʠʛʥʘʣʘʭ ʩ ʤʝʞʩʠʤʚʦʣʴʥʦʡ 
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ʠʥʪʝʨʬʝʨʝʥʮʠʝʡ ʦʪʩʫʪʩʪʚʫʝʪ ʠ ʩʦʩʪʘʚʣʷʶʱʠʝ ʥʘ ʯʘʩʪʦʪʝ, ʨʘʚʥʦʡ ʥʝʩʫʱʝʡ. 

ʕʬʬʝʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʪʘʢʪʦʚʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ɹʠʥʛʘʤʦʤ 

(Bingham) [15]. 

ʂʘʢ ʠʟʚʝʩʪʥʦ [11], ʜʣʷ ʜʚʦʠʯʥʳʭ ʩʠʛʥʘʣʦʚ ʜʣʠʪʝʣʴʥʦʩʪʴʶ T ʙʝʟ 

ʤʝʞʩʠʤʚʦʣʴʥʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʚ ʢʘʞʜʦʤ ʢʚʘʜʨʘʪʫʨʥʦʤ ʢʘʥʘʣʝ ʘʣʛʦʨʠʪʤ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʦʛʝʨʝʥʪʥʦʛʦ ʧʨʠʝʤʘ ʠʤʝʝʪ ʚʠʜ: 

() ()
0

0,  1,2

T

ls t x t dt lÖ > =ñ      (2.10) 

ʛʜʝ () () () (),  lx t s t n t n t= +  ï ʛʘʫʩʩʦʚʩʢʠʡ ʰʫʤ, ()ls t ï ʧʦʣʝʟʥʳʡ ʩʠʛʥʘʣ. 

ʇʨʠ ʧʨʠʝʤʝ ʩʠʛʥʘʣʦʚ ʩ ʤʝʞʩʠʤʚʦʣʴʥʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʝʡ ʘʣʛʦʨʠʪʤ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʦʛʝʨʝʥʪʥʦʛʦ ʧʨʠʝʤʘ, ʨʝʘʣʠʟʫʶʱʠʡ ʢʨʠʪʝʨʠʡ ʤʘʢʩʠʤʫʤʘ 

ʦʪʥʦʰʝʥʠʷ ʧʨʘʚʜʦʧʦʜʦʙʠʷ ʠʤʝʝʪ ʚʠʜ [11]: 

( ) ( ) ( ) ( )
1 1 1 1

, , , ,

1 1 1 10 0

1 1
exp exp

n n n nm m m m
i j i j i j i j

l l r r

i j i j

B E B E
N N

- - - -

= = = =

è ø è ø
- > -é ù é ù

ê ú ê ú
ää ää  ,     (2.11)                        

ʛʜʝ      
( ) () ()( ) ( ) ( )

( )
,

0

1
, ,

k n T

i j k

r r

kT

B x t s t kT y t i y t j dt
N

+

- +
è ø= - + +
ê úñ , 

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

2
,

0

1
, ,

k n T

i j k

r r

kT

E s t kT y t i y t j dt
N

+

- +
è ø= - + +
ê úñ , ( ) () ( )

1

, ;
k M

p

r r

p k

y t i d s t kT
-

-

= -

= -ä  

( ) () ( )
1

,
k M

p

r r

p k

y t i d s t kT
+

+

= +

= -ä . 

ʈʝʘʣʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʘ (2.11) ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʘ ʠ ʧʨʠ ʙʦʣʴʰʠʭ 

ʩʢʦʨʦʩʪʷʭ ʧʝʨʝʜʘʯʠ ʩʠʤʚʦʣʦʚ ʢʘʥʘʣʴʥʦʛʦ ʘʣʬʘʚʠʪʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ. ɹʦʣʝʝ ʧʨʦʩʪʳʤ ʚ ʨʝʘʣʠʟʘʮʠʠ ʦʢʘʟʳʚʘʝʪʩʷ ʧʦʜʦʧʪʠʤʘʣʴʥʳʡ 

ʤʝʪʦʜ ʧʦʵʣʝʤʝʥʪʥʦʛʦ ʧʨʠʝʤʘ [11]: 

()()( )
( )

()()( )
( )

1 1

2 2

k n T k n T

k k
l rl r

kT kT

x t s t kT dt E x t s t kT dt E

+ +

- - > - -ñ ñ ,       (2.12) 

ʛʜʝ 
( )

1 1

,

1 1
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n nm m
i j

r r

i j

E E

- -

= =

=ää  
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ɺ ʫʩʣʦʚʠʷʭ ʤʝʞʩʠʤʚʦʣʴʥʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʣʛʦʨʠʪʤʳ ʧʨʠʝʤʘ çʚ ʮʝʣʦʤè ʥʘ ʦʩʥʦʚʝ ʘʣʛʦʨʠʪʤʘ ɺʠʪʝʨʙʠ [11]. 

ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʨʦʠʟʚʦʣʴʥʘʷ i-ʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʠʛʥʘʣʦʚ ()rs t  ʠʤʝʝʪ ʚʠʜ:  

( ) () ( )
1

0

, ,  1,2,..., ;  1,2,...,
N

k N

ri r

k

s t i d s t kT r m i m
-

=

= - = =ä  

ʛʜʝ N ï ʯʠʩʣʦ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʩʠʛʥʘʣʦʚ ʧʨʠ ʧʨʠʝʤʝ çʚ ʮʝʣʦʤè, 
()k
rid  ï ʩʠʤʚʦʣ 

ʢʘʥʘʣʴʥʦʛʦ ʘʣʬʘʚʠʪʘ ʩ ʧʦʨʷʜʢʦʚʳʤ ʥʦʤʝʨʦʤ k ʚ iïʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ.  

ʊʦʛʜʘ ʘʣʛʦʨʠʪʤ ɺʠʪʝʨʙʠ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ: 

()( )
( )

( )
( )

()( )
( )

( )
( )

1 1

2

0 0

1 1

2

0 0

1
, ,

2

1
, , .

2

N T nT N T nT

N T nT N T nT

x t s t l dt s t l dt

x t s t i dt s t i dt

- + - +

- + - +

- >

> -

ñ ñ

ñ ñ

.       (2.13) 

ʈʝʛʠʩʪʨʠʨʫʝʪʩʷ ( ),rs t l , ʝʩʣʠ ʜʣʷ ʚʩʝʭ ( ) , 1,2,..., Ni j i j m¸ = . 

ʈʝʘʣʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʘ (2.13) ʚʦʟʤʦʞʥʘ ʩ ʧʦʤʦʱʴʶ ʨʝʢʫʨʨʝʥʪʥʳʭ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʜʫʨ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʳ ʩ ʧʦʤʦʱʴʶ 

ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʦʚ. 

ɼʦʚʦʣʴʥʦ ʧʨʦʩʪʳʤ ʚ ʨʝʘʣʠʟʘʮʠʠ ʠ ʵʬʬʝʢʪʠʚʥʳʤ ʚ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ 

ʷʚʣʷʝʪʩʷ ʘʣʛʦʨʠʪʤ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʦʵʣʝʤʝʥʪʥʦʛʦ ʧʨʠʝʤʘ ʧʨʠ 

ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʘʥʘʣʠʟʘ. ɸʥʘʣʠʪʠʯʝʩʢʘʷ ʟʘʧʠʩʴ ʘʣʛʦʨʠʪʤʘ ʠʤʝʝʪ 

ʚʠʜ: 

                        () ()
0

0

0.
aT

l

t

t

x t s t dt

+

Ö >ñ     (2.14) 

ʇʨʠ ʵʪʦʤ 
aT  ï ʠʥʪʝʨʚʘʣ ʘʥʘʣʠʟʘ ʚʳʙʠʨʘʝʪʩʷ ʤʝʥʴʰʝ ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʠʛʥʘʣʘ LT. 

ʈʝʘʣʠʟʘʮʠʷ ʵʪʦʛʦ ʘʣʛʦʨʠʪʤʘ ʚʝʩʴʤʘ ʧʨʦʩʪʘʷ ʠ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʧʨʠʝʤ 

ʩʠʛʥʘʣʦʚ ʩʦ ʩʢʦʨʦʩʪʷʤʠ ʧʝʨʝʜʘʯʠ ʩʠʤʚʦʣʦʚ ʜʦ 2 ʄʙʠʪ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʥʘ ʨʠʩ. 2.11 ʧʨʠʚʝʜʝʥʘ ʤʦʜʝʣʴ ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ 

ʩʧʝʢʪʨʘʣʴʥʦ-ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʛʥʘʣʦʚ [15] ʩ ʩʠʥʫʩʦʠʜʘʣʴʥʦʡ ʬʦʨʤʦʡ 
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ʦʛʠʙʘʶʱʝʡ ʚ ʢʚʘʜʨʘʪʫʨʥʳʭ ʢʘʥʘʣʘʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʝʟ ʤʝʞʩʠʤʚʦʣʴʥʦʡ 

ʠʥʪʝʨʬʝʨʝʥʮʠʠ. ɺ ʩʦʩʪʘʚ ʩʠʩʪʝʤʳ ʚʭʦʜʠʪ ʢʚʘʜʨʘʪʫʨʥʳʡ ʧʝʨʝʜʘʪʯʠʢ ʠ 

ʧʨʠʝʤʥʠʢ (ʜʝʤʦʜʫʣʷʪʦʨ). ɺ ʩʦʩʪʘʚ ʧʨʠʝʤʥʠʢʘ ʚʭʦʜʠʪ ʩʠʩʪʝʤʘ ʚʳʜʝʣʝʥʠʷ 

ʥʝʩʫʱʝʛʦ ʢʦʣʝʙʘʥʠʷ (ʉɺʅ) ʠ ʩʠʩʪʝʤʘ ʚʳʜʝʣʝʥʠʷ ʪʘʢʪʦʚʦʡ ʯʘʩʪʦʪʳ (ʉɺʊʏ). 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚ ʢʘʥʘʣʝ ʧʝʨʝʜʘʯʠ ʧʨʠʩʫʪʩʪʚʫʝʪ ʣʠʰʴ ʘʜʜʠʪʠʚʥʳʡ 

ʛʘʫʩʩʦʚʩʢʠʡ ʰʫʤ. 

ʌʦʨʤʠʨʦʚʘʪʝʣɹ  

ʠʤʧʫʣɹʩʘ 

ʩʠʥʫʩʦʠʜʘʣɹʥʦʡ 
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ʌʦʨʤʠʨʦʚʘʪʝʣɹ  
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ʇʦʨʦʛʦʚʘ̫ 

ʨʝh ʘʁ ʘɦ̫ 
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ʨʝh ʘʁ ʘɦ̫ 

ʩʭʝʤʘ

ʇʦʩʣʝʜʦʚʘʪʝʣɹʥʦ-

ʧʘʨʘʣʝʣɹʥr ʡ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣɹ

ɿʘʜʝʨʞʢʘ ʜʣ̫ 

ʚʨʝʤʝʥʥʦʛʦ 

ʩʜʚʠʛʘ

ʌʘʟʦ-

ʚʨʘɦ ʘʪʝʣɹ 

ʥʘ 90ę

Ɇ Ɇ

ʇʨʠʝʤʥr ʡ 
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ts
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)2cos( 0tfp
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0
tfp

ɹʝʣr ʡ

ɻʘʫʩʩʦʚʩʢʠʡ

ʫhʤ

ʧʝʨʝʜʘʪʯʠʢ ʂʘʥʘʣ ʧʝʨʝʜʘʯʠ ʧʨʠʝʤʥʠʢ  

ʈʠʩʫʥʦʢ 2.11. ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʢʚʘʜʨʘʪʫʨʥʦʛʦ ʤʦʜʫʣʷʪʦʨʘ ʠ ʢʦʛʝʨʝʥʪʥʦʛʦ 

ʜʝʤʦʜʫʣʷʪʦʨʘ ʩʧʝʢʪʨʘʣʴʥʦ-ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʛʥʘʣʦʚ 

ɸʥʘʣʠʟʠʨʫʷ ʨʘʩʩʤʦʪʨʝʥʥʫʶ ʚʳʰʝ ʩʪʨʫʢʪʫʨʥʫʶ ʩʭʝʤʫ ʧʝʨʝʜʘʯʠ 

ʩʦʦʙʱʝʥʠʡ ʤʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ, ʩʦʭʨʘʥʷʷ ʠʜʝʦʣʦʛʠʶ ʧʦʩʪʨʦʝʥʠʷ ʢʚʘʜʨʘʪʫʨʥʦʛʦ 

ʤʦʜʫʣʷʪʦʨʘ ʠ ʜʝʤʦʜʫʣʷʪʦʨʘ ʚʦʟʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʧʝʨʝʜʘʯʫ ʠ ʧʨʠʝʤ 

ʩʧʝʢʪʨʘʣʴʥʦ-ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʛʥʘʣʦʚ ʩ ʧʨʦʠʟʚʦʣʴʥʳʤʠ ʟʘʢʦʥʘʤʠ ʠʟʤʝʥʝʥʠʷ 

ʯʘʩʪʦʪʳ ʩʠʛʥʘʣʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʨʠ ʥʘʣʠʯʠʠ ʤʝʞʩʠʤʚʦʣʴʥʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʠ, 

ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʚʚʦʜʠʪʴʩʷ ʩʧʝʮʠʘʣʴʥʦ ʚ ʙʣʦʢʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʤʧʫʣʴʩʘ. 

2.4. ʉʧʦʩʦʙʳ ʪʝʭʥʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʩʫʧʝʨʛʝʪʝʨʦʜʠʥʥʳʭ ʧʨʠʝʤʥʳʭ 

ʫʩʪʨʦʡʩʪʚ ʩʧʝʢʪʨʘʣʴʥʦ-ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʛʥʘʣʦʚ 

ʇʦʚʳʰʝʥʠʝ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠʝʤʘ ʩʧʝʢʪʨʘʣʴʥʦ-ʵʬʬʝʢʪʠʚʥʳʭ 

ʩʠʛʥʘʣʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ, ʨʘʟʨʘʙʦʪʘʥʥʳʤʠ ʩʫʧʝʨʛʝʪʝʨʦʜʠʥʥʳʤʠ 

ʧʨʠʝʤʥʠʢʘʤʠ ʧʫʪʝʤ: 

- ʧʦʚʳʰʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠʝʤʥʠʢʘ ʧʫʪʝʤ 

ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʠʝʤʘ ʧʦʣʝʟʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ ʦʜʥʦʡ ʙʦʢʦʚʦʡ 

ʧʦʣʦʩʝ, ʠ ʩʫʞʝʥʠʷ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʧʨʠʝʤʥʠʢʘ, 
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- ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʠʝʤʘ ʧʦʣʝʟʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʯʘʩʪʦʪʘʭ ʦʩʥʦʚʥʦʛʦ ʠ 

ʟʝʨʢʘʣʴʥʦʛʦ ʢʘʥʘʣʦʚ ʧʨʠʝʤʘ,  

- ʨʘʩʰʠʨʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʫʪʝʤ ʦʙʝʩʧʝʯʝʥʠʷ 

ʧʨʠʝʤʘ ʧʦʣʝʟʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ ʩʠʛʥʘʣʘʭ ʜʚʫʭ ʧʦʣʷʨʠʟʘʮʠʡ 

[89-91]. 

ʈʘʩʩʤʦʪʨʠʤ ʩʫʧʝʨʛʝʪʝʨʦʜʠʥʥʦʝ ʧʨʠʝʤʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʩ ʨʘʟʜʝʣʝʥʠʝʤ 

ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʧʦ ʧʦʣʷʨʠʟʘʮʠʠ [89]. ʇʨʠʤʝʥʝʥʠʝ ʩʫʧʝʨʛʝʪʝʨʦʜʠʥʥʦʛʦ 

ʨʘʜʠʦʧʨʠʝʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʚʣʠʷʥʠʝ ʘʢʪʠʚʥʳʭ ʧʦʪʝʨʴ 

ʧʦʣʷʨʠʟʘʪʦʨʦʚ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʭ ʥʘ ʚʭʦʜʝ ʧʨʠʝʤʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʥʘ 

ʪʝʤʧʝʨʘʪʫʨʫ ʰʫʤʦʚ ʚʭʦʜʥʳʭ ʢʘʩʢʘʜʦʚ ʵʪʠʭ ʫʩʪʨʦʡʩʪʚ. ʊʨʝʙʫʝʤʳʡ ʨʝʟʫʣʴʪʘʪ 

ʜʦʩʪʠʛʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʥʘ ʚʭʦʜʝ ʧʨʠʝʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʘʟʜʝʣʝʥʠʝ 

ʚʭʦʜʥʦʡ ʚʦʣʥʳ, ʠʤʝʶʱʝʡ ʧʨʦʠʟʚʦʣʴʥʫʶ ʧʦʣʷʨʠʟʘʮʠʶ, ʥʘ ʦʨʪʦʛʦʥʘʣʴʥʦ 

ʧʦʣʷʨʠʟʦʚʘʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʢʦʪʦʨʳʝ ʫʩʠʣʠʚʘʶʪʩʷ ʤʘʣʦʰʫʤʷʱʠʤʠ 

ʫʩʠʣʠʪʝʣʷʤʠ ʠ ʜʘʣʝʝ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦ ʩʢʣʘʜʳʚʘʶʪʩʷ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ. 

ʋʢʘʟʘʥʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʠʟʦʙʨʝʪʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʚʣʠʷʥʠʝ 

ʘʢʪʠʚʥʳʭ ʧʦʪʝʨʴ ʧʦʣʷʨʠʟʘʪʦʨʦʚ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʰʫʤʦʚ ʚʭʦʜʥʳʭ ʢʘʩʢʘʜʦʚ 

ʧʨʠʝʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʟʘ ʩʯʝʪ ʨʘʟʜʝʣʝʥʠʷ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ, ʠʤʝʶʱʝʛʦ 

ʧʨʦʠʟʚʦʣʴʥʫʶ ʧʦʣʷʨʠʟʘʮʠʶ, ʥʘ ʜʚʝ ʦʨʪʦʛʦʥʘʣʴʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ ʫʩʠʣʝʥʠʝ ʢʘʞʜʦʡ ʢʦʤʧʦʥʝʥʪʳ, ʤʘʣʦʰʫʤʷʱʠʤʠ ʫʩʠʣʠʪʝʣʷʤʠ, 

ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʤʫ ʩʣʦʞʝʥʠʶ ʫʩʠʣʝʥʥʳʭ ʩʠʛʥʘʣʦʚ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʠ ʧʦʩʣʝʜʫʶʱʝʤʫ ʧʨʝʦʙʨʘʟʦʚʘʥʠʶ ʧʦʣʷʨʠʟʘʮʠʠ. 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʦʨʪʦʛʦʥʘʣʴʥʳʝ 

ʩʦʩʪʘʚʣʷʶʱʠʝ, ʫʩʠʣʝʥʠʝ ʢʘʞʜʦʡ ʠʟ ʥʠʭ, ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʝ ʩʣʦʞʝʥʠʝ ʠ ʜʘʣʝʝ 

ʫʧʨʘʚʣʝʥʠʝ ʧʦʣʷʨʠʟʘʮʠʝʡ ʩ ʧʦʤʦʱʴʶ ʧʦʣʷʨʠʟʘʪʦʨʘ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʠʟʤʝʥʷʝʪ 

ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣʘ ʢ ʰʫʤʫ, ʧʦʩʢʦʣʴʢʫ ʧʦʪʝʨʠ ʚ ʨʘʟʜʝʣʠʪʝʣʝ ʦʨʪʦʛʦʥʘʣʴʥʦ 

ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʚʢʣʶʯʝʥʥʦʤ ʧʝʨʝʜ ʤʘʣʦʰʫʤʷʱʠʤʠ 

ʫʩʠʣʠʪʝʣʷʤʠ, ʥʦʩʷʪ ʨʝʘʢʪʠʚʥʳʡ ʭʘʨʘʢʪʝʨ, ʪʘʢ ʢʘʢ, ʚ ʦʩʥʦʚʥʦʤ, ʦʧʨʝʜʝʣʷʶʪʩʷ 
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ʢʘʯʝʩʪʚʦʤ ʩʦʛʣʘʩʦʚʘʥʠʷ ʠ ʥʝ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ 

ʢʦʬɻʬʠʮʠʝʥʪ ʰʫʤʘ ʧʨʠʝʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʯʪʦ ʠ ʨʝʰʘʝʪ ʧʦʩʪʘʚʣʝʥʥʫʶ ʟʘʜʘʯʫ. 

ʇʨʠʝʤʥʦʝ ʫʩʪʨʦʡʩʪʚʦ (ʩʤ. ʨʠʩ. 2.12) ʩʦʜʝʨʞʠʪ ʚʭʦʜʥʫʶ ʣʠʥʠʶ 

ʧʝʨʝʜʘʯʠ, ʨʝʘʣʠʟʦʚʘʥʥʫʶ ʚʦʣʥʦʚʦʜʥʦʡ ʣʠʥʠʝʡ, ʨʘʟʜʝʣʠʪʝʣʴ ʦʨʪʦʛʦʥʘʣʴʥʦ 

ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʆʇʈ, ʤʘʣʦʰʫʤʷʱʠʝ ʫʩʠʣʠʪʝʣʠ ʄʐʋ, 

ʩʫʤʤʘʪʦʨ ʦʨʪʦʛʦʥʘʣʴʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ Ɇ, ʧʦʣʷʨʠʟʘʪʦʨ ʇ, 

ʩʤʝʩʠʪʝʣʴ ʉʄ, ʛʝʪʝʨʦʜʠʥ ɻ, ʬʠʣʴʪʨ ʌ, ʫʩʠʣʠʪʝʣʴ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʯʘʩʪʦʪʳ 

ʋʇʏ ʠ ʜʝʪʝʢʪʦʨ ɼ. 

 
ʈʠʩʫʥʦʢ 2.12 ï ʉʫʧʝʨʛʝʪʝʨʦʜʠʥʥʦʝ ʨʘʜʠʦʧʨʠʝʤʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʩ ʨʘʟʜʝʣʝʥʠʝʤ 

ʧʦ ʧʦʣʷʨʠʟʘʮʠʠ 

ɼʨʫʛʠʤ ʧʨʠʤʝʨʦʤ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʩʫʧʝʨʛʝʪʝʨʦʜʠʥʥʦʝ ʧʨʠʝʤʥʦʝ 

ʫʩʪʨʦʡʩʪʚʦ ʩ ʦʙʨʘʙʦʪʢʦʡ ʩʧʝʢʪʨʘʣʴʥʦ-ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʛʥʘʣʦʚ ʥʘ ʯʘʩʪʦʪʘʭ 

ʦʩʥʦʚʥʦʛʦ ʠ ʟʝʨʢʘʣʴʥʦʛʦ ʢʘʥʘʣʘʭ ʧʨʠʝʤʘ [90]. 

ɼʦʩʪʠʛʘʝʤʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʨʝʟʫʣʴʪʘʪ - ʧʦʚʳʰʝʥʠʝ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ 

ʧʫʪʝʤ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʠʝʤʘ ʧʦʣʝʟʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʯʘʩʪʦʪʘʭ ʦʩʥʦʚʥʦʛʦ ʠ 

ʟʝʨʢʘʣʴʥʦʛʦ ʢʘʥʘʣʦʚ ʧʨʠʝʤʘ. ʅʘʠʙʦʣʝʝ ʦʧʘʩʥʳʤ ʧʦʙʦʯʥʳʤ ʢʘʥʘʣʦʤ ʧʨʠʝʤʘ 

ʷʚʣʷʝʪʩʷ ʟʝʨʢʘʣʴʥʳʡ ʢʘʥʘʣ ʧʨʠʝʤʘ, ʯʘʩʪʦʪʘ ʢʦʪʦʨʦʛʦ 
ɿf  ʦʪʩʪʦʠʪ ʦʪ ʯʘʩʪʦʪʳ 

ʦʩʥʦʚʥʦʛʦ ʢʘʥʘʣʘ ʧʨʠʝʤʘ 
ʉf  ʥʘ ʫʜʚʦʝʥʥʫʶ ʧʨʦʤʝʞʫʪʦʯʥʫʶ ʯʘʩʪʦʪʫ (2 ʇʈf ) ʚ 

ʩʪʦʨʦʥʫ ʨʘʩʧʦʣʦʞʝʥʠʷ ʯʘʩʪʦʪʳ ʛʝʪʝʨʦʜʠʥʘ 
ɻf , ʪ.ʝ. ʥʘ ʯʘʩʪʦʪʥʦʡ ʦʩʠ 

ʟʝʨʢʘʣʴʥʳʡ ʠ ʦʩʥʦʚʥʦʡ ʢʘʥʘʣʳ ʧʨʠʝʤʘ ʩʠʤʤʝʪʨʠʯʥʦ ʨʘʩʧʦʣʦʞʝʥʳ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʯʘʩʪʦʪʳ ʛʝʪʝʨʦʜʠʥʘ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʦʜʥʦ ʠ ʪʦʞʝ 

ʟʥʘʯʝʥʠʝ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʯʘʩʪʦʪʳ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʝʤʘ 

ʩʠʛʥʘʣʦʚ ʥʘ ʜʚʫʭ ʯʘʩʪʦʪʘʭ 
ʉf  ʠ 

ɿf , ʪ.ʝ. ʇʈ C ɻf f f= -  ʠ 
ʇʈ ɻ Cf f f= - . ʇʨʠ ʵʪʦʤ 

ʩ ʯʘʩʪʦʪʳ ʧʨʠʝʤʘ ʦʩʥʦʚʥʦʛʦ ʢʘʥʘʣʘ 
ʉf  ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʫʶ ʯʘʩʪʦʪʫ 

ʇʈf  

ʧʝʨʝʥʦʩʠʪʩʷ ʧʦʣʝʟʥʘʷ ʠʥʬʦʨʤʘʮʠʷ, ʘ ʚʩʝ, ʯʪʦ ʧʝʨʝʥʦʩʠʪʩʷ ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʫʶ 
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ʯʘʩʪʦʪʫ 
ʇʈf  ʩ ʯʘʩʪʦʪʳ ʟʝʨʢʘʣʴʥʦʛʦ ʢʘʥʘʣʘ ʧʨʠʝʤʘ f, ʠʛʨʘʝʪ ʨʦʣʴ ʧʦʤʝʭʠ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʢʘʯʝʩʪʚʘ ʧʨʠʝʤʘ ʧʦʣʝʟʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʩʥʠʞʝʥʠʶ 

ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠʝʤʥʠʢʘ. ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʦ ʟʝʨʢʘʣʴʥʦʤʫ ʢʘʥʘʣʫ 

ʧʨʠʝʤʘ ʧʨʦʠʩʭʦʜʠʪ ʩ ʪʝʤ ʞʝ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 
ʇʈK , ʯʪʦ ʠ ʧʦ 

ʦʩʥʦʚʥʦʤʫ ʢʘʥʘʣʫ ʧʨʠʝʤʘ. ʇʦʩʢʦʣʴʢʫ ʟʝʨʢʘʣʴʥʳʡ ʢʘʥʘʣ ʧʨʠʝʤʘ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʜʨʫʛʠʤʠ ʧʦʙʦʯʥʳʤʠ ʢʘʥʘʣʘʤʠ ʧʨʠʝʤʘ ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ 

ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʦʩʪʴ ʩʫʧʝʨʛʝʪʝʨʦʜʠʥʥʦʛʦ ʧʨʠʝʤʥʠʢʘ, ʪʦ ʠʩʧʦʣʴʟʫʶʪ 

ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʦʩʣʘʙʣʝʥʠʷ ʚʣʠʷʥʠʷ ʜʘʥʥʦʛʦ ʢʘʥʘʣʘ ʧʨʠʝʤʘ. ʆʩʥʦʚʥʳʤʠ 

ʤʝʪʦʜʘʤʠ ʦʩʣʘʙʣʝʥʠʷ ʧʨʠʝʤʘ ʧʦ ʟʝʨʢʘʣʴʥʦʤʫ ʢʘʥʘʣʫ ʷʚʣʷʶʪʩʷ ʫʣʫʯʰʝʥʠʝ 

ʠʟʙʠʨʘʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ ʧʨʝʩʝʣʝʢʪʦʨʘ, ʪ.ʝ. ʠʟʙʠʨʘʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ ʵʣʝʤʝʥʪʦʚ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʜʦ ʧʝʨʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ, ʠ ʫʚʝʣʠʯʝʥʠʝ ʟʥʘʯʝʥʠʷ 

ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʯʘʩʪʦʪʳ 
ʇʈf . ʈʝʰʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ, ʦʯʝʚʠʜʥʦ, ʫʧʨʦʱʘʝʪʩʷ ʧʨʠ 

ʚʳʙʦʨʝ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʯʘʩʪʦʪʳ. ʆʜʥʘʢʦ ʧʦʩʣʝʜʥʝʝ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʟʘʪʨʫʜʥʷʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʨʝʙʫʝʤʦʡ ʨʝʟʦʥʘʥʩʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʫʩʠʣʠʪʝʣʷ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʯʘʩʪʦʪʳ, ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʧʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ ʝʛʦ 

ʜʦʣʞʥʘ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ ʫʟʢʦʡ. ʈʘʟʨʝʰʝʥʠʝ ʚʦʟʥʠʢʘʶʱʝʛʦ ʧʨʦʪʠʚʦʨʝʯʠʷ 

ʚʦʟʤʦʞʥʦ ʧʫʪʝʤ ʧʨʠʤʝʥʝʥʠʷ ʜʚʦʡʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʯʘʩʪʦʪʳ, ʘ ʠʥʦʛʜʘ ʠ 

ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. 

ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ, ʦʩʦʙʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ ʩʣʦʞʥʦʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ 

ʦʙʩʪʘʥʦʚʢʠ ʠ ʩʠʣʴʥʳʭ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʤʝʭ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʥʝ ʦʩʣʘʙʣʷʪʴ, 

ʘ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʦʪ ʥʝʞʝʣʘʪʝʣʴʥʳʡ ʧʦʙʦʯʥʳʡ ʢʘʥʘʣ ʧʨʠʝʤʘ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ ʩʫʧʝʨʛʝʪʝʨʦʜʠʥʥʦʛʦ ʧʨʠʝʤʥʠʢʘ. 

ʇʦʩʪʘʚʣʝʥʥʘʷ ʟʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʚ ʩʫʧʝʨʛʝʪʝʨʦʜʠʥʥʳʡ ʧʨʠʝʤʥʠʢ, 

ʩʦʜʝʨʞʘʱʠʡ ʘʥʪʝʥʥʫ, ʫʩʠʣʠʪʝʣʴ ʨʘʜʠʦʯʘʩʪʦʪʳ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʢʣʶʯʝʥʥʳʝ 

ʩʤʝʩʠʪʝʣʴ, ʚʪʦʨʦʡ ʚʭʦʜ ʢʦʪʦʨʦʛʦ ʩʦʝʜʠʥʝʥ ʩ ʚʳʭʦʜʦʤ ʛʝʪʝʨʦʜʠʥʘ, ʫʩʠʣʠʪʝʣʴ 

ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʯʘʩʪʦʪʳ, ʜʝʪʝʢʪʦʨ, ʫʩʠʣʠʪʝʣʴ ʯʘʩʪʦʪʳ ʤʦʜʫʣʷʮʠʠ ʠ ʦʢʦʥʝʯʥʦʝ 

ʫʩʪʨʦʡʩʪʚʦ, ʩʥʘʙʞʝʥ ʜʚʫʤʷ ʧʦʣʦʩʦʚʳʤʠ ʬʠʣʴʪʨʘʤʠ ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʧʦʣʦʩʘʤʠ 

ʧʨʦʧʫʩʢʘʥʠʷ, ʯʘʩʪʦʪʳ ʥʘʩʪʨʦʡʢʠ ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʯʘʩʪʦʪʘʤ ʦʩʥʦʚʥʦʛʦ 

ʠ ʟʝʨʢʘʣʴʥʦʛʦ ʢʘʥʘʣʦʚ ʧʨʠʝʤʘ, ʜʚʫʤʷ ʠʟʤʝʨʠʪʝʣʷʤʠ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ, 
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ʢʣʶʯʦʤ, ʙʣʦʢʦʤ ʩʨʘʚʥʝʥʠʷ, ʩʠʩʪʝʤʦʡ ɸʈʋ ʠ ʵʣʝʢʪʨʦʥʥʳʤ ʢʦʤʤʫʪʘʪʦʨʦʤ, 

ʧʨʠʯʝʤ ʚʳʭʦʜ ʧʨʠʝʤʥʦʡ ʘʥʪʝʥʥʳ ʩʦʝʜʠʥʝʥ ʩ ʚʭʦʜʦʤ ʫʩʠʣʠʪʝʣʷ ʨʘʜʠʦʯʘʩʪʦʪʳ, 

ʚʳʭʦʜ ʢʦʪʦʨʦʛʦ ʯʝʨʝʟ ʧʝʨʚʳʡ ʧʦʣʦʩʦʚʦʡ ʬʠʣʴʪʨ ʩʦʝʜʠʥʝʥ ʩ ʚʭʦʜʦʤ ʧʝʨʚʦʛʦ 

ʠʟʤʝʨʠʪʝʣʷ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ ʠ ʩ ʧʝʨʚʳʤ ʩʠʛʥʘʣʴʥʳʤ ʚʭʦʜʦʤ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʦʤʤʫʪʘʪʦʨʘ, ʚʳʭʦʜ ʫʩʠʣʠʪʝʣʷ ʨʘʜʠʦʯʘʩʪʦʪʳ ʯʝʨʝʟ ʚʪʦʨʦʡ 

ʧʦʣʦʩʦʚʦʡ ʬʠʣʴʪʨ ʩʦʝʜʠʥʝʥ ʩ ʚʭʦʜʦʤ ʚʪʦʨʦʛʦ ʠʟʤʝʨʠʪʝʣʷ ʦʪʥʦʰʝʥʠʷ 

ʩʠʛʥʘʣ/ʰʫʤ, ʩ ʚʪʦʨʳʤ ʩʠʛʥʘʣʴʥʳʤ ʚʭʦʜʦʤ ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʦʤʤʫʪʘʪʦʨʘ ʠ 

ʩʠʛʥʘʣʴʥʳʤ ʚʭʦʜʦʤ ʢʣʶʯʘ, ʚʳʭʦʜ ʧʝʨʚʦʛʦ ʠʟʤʝʨʠʪʝʣʷ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ 

ʩʦʝʜʠʥʝʥ ʩ ʧʝʨʚʳʤ ʫʧʨʘʚʣʷʶʱʠʤ ʚʭʦʜʦʤ ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʦʤʤʫʪʘʪʦʨʘ ʠ 

ʧʝʨʚʳʤ ʚʭʦʜʦʤ ʙʣʦʢʘ ʩʨʘʚʥʝʥʠʷ, ʘ ʚʳʭʦʜ ʚʪʦʨʦʛʦ ʠʟʤʝʨʠʪʝʣʷ ʦʪʥʦʰʝʥʠʷ 

ʩʠʛʥʘʣ/ʰʫʤ ʩʦʝʜʠʥʝʥ ʩ ʚʪʦʨʳʤ ʫʧʨʘʚʣʷʶʱʠʤ ʚʭʦʜʦʤ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʢʦʤʤʫʪʘʪʦʨʘ ʠ ʚʪʦʨʳʤ ʚʭʦʜʦʤ ʙʣʦʢʘ ʩʨʘʚʥʝʥʠʷ, ʚʳʭʦʜ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʢʦʤʤʫʪʘʪʦʨʘ ʩʦʝʜʠʥʝʥ ʩ ʚʭʦʜʦʤ ʩʤʝʩʠʪʝʣʷ, ʚʳʭʦʜ ʙʣʦʢʘ ʩʨʘʚʥʝʥʠʷ ʩʦʝʜʠʥʝʥ 

ʩ ʫʧʨʘʚʣʷʶʱʠʤʠ ʚʭʦʜʦʤ ʢʣʶʯʘ, ʚʳʭʦʜ ʢʦʪʦʨʦʛʦ ʩʦʝʜʠʥʝʥ ʩ ʚʭʦʜʦʤ ʩʤʝʩʠʪʝʣʷ, 

ʚʳʭʦʜ ʫʩʠʣʠʪʝʣʷ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʯʘʩʪʦʪʳ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ɸʈʋ ʩʦʝʜʠʥʝʥ ʩ 

ʚʪʦʨʳʤ ʚʭʦʜʦʤ ʵʪʦʛʦ ʫʩʠʣʠʪʝʣʷ [91]. 

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʩʫʧʝʨʛʝʪʝʨʦʜʠʥʥʦʛʦ ʧʨʠʝʤʥʠʢʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2.13.  

 

ʈʠʩʫʥʦʢ 2.13. ï ʉʫʧʝʨʛʝʪʝʨʦʜʠʥʥʦʝ ʨʘʜʠʦʧʨʠʝʤʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʧʦʚʳʰʝʥʥʦʡ 

ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ 

ʉʫʧʝʨʛʝʪʝʨʦʜʠʥʥʳʡ ʧʨʠʝʤʥʠʢ ʩʦʜʝʨʞʠʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʢʣʶʯʝʥʥʳʝ 

ʧʨʠʝʤʥʫʶ ʘʥʪʝʥʥʫ 1, ʫʩʠʣʠʪʝʣʴ 2 ʨʘʜʠʦʯʘʩʪʦʪʳ, ʧʝʨʚʳʡ 3 ʧʦʣʦʩʦʚʦʡ ʬʠʣʴʪʨ 

ʥʘʩʪʨʦʝʥ ʥʘ ʯʘʩʪʦʪʫ ʦʩʥʦʚʥʦʛʦ ʢʘʥʘʣʘ ʧʨʠʝʤʘ, ʚʳʭʦʜ ʢʦʪʦʨʦʛʦ ʩʦʝʜʠʥʝʥ ʩ 

ʚʭʦʜʦʤ ʧʝʨʚʦʛʦ 5 ʠʟʤʝʨʠʪʝʣʷ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ ʠ ʩ ʧʝʨʚʳʤ ʩʠʛʥʘʣʴʥʳʤ 
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ʚʭʦʜʦʤ ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʦʤʤʫʪʘʪʦʨʘ 7, ʚʳʭʦʜ ʫʩʠʣʠʪʝʣʷ 2 ʨʘʜʠʦʯʘʩʪʦʪʳ ʯʝʨʝʟ 

ʚʪʦʨʦʡ 4 ʧʦʣʦʩʦʚʦʡ ʬʠʣʴʪʨ, ʥʘʩʪʨʦʝʥʥʳʡ ʥʘ ʯʘʩʪʦʪʫ ʟʝʨʢʘʣʴʥʦʛʦ ʢʘʥʘʣʘ 

ʧʨʠʝʤʘ, ʩʦʝʜʠʥʝʥ ʩ ʚʭʦʜʦʤ ʚʪʦʨʦʛʦ 6 ʠʟʤʝʨʠʪʝʣʷ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ, ʩ 

ʚʪʦʨʳʤ ʩʠʛʥʘʣʴʥʳʤ ʚʭʦʜʦʤ ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʦʤʤʫʪʘʪʦʨʘ 7 ʠ ʩʠʛʥʘʣʴʥʳʤ 

ʚʭʦʜʦʤ ʢʣʶʯʘ 9, ʚʳʭʦʜ ʧʝʨʚʦʛʦ 5 ʠʟʤʝʨʠʪʝʣʷ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ ʩʦʝʜʠʥʝʥ 

ʩ ʧʝʨʚʳʤ ʫʧʨʘʚʣʷʶʱʠʤ ʚʭʦʜʦʤ ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʦʤʤʫʪʘʪʦʨʘ 7 ʠ ʧʝʨʚʳʤ ʚʭʦʜʦʤ 

ʙʣʦʢʘ ʩʨʘʚʥʝʥʠʷ 8, ʘ ʚʳʭʦʜ ʚʪʦʨʦʛʦ 6 ʠʟʤʝʨʠʪʝʣʷ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ 

ʩʦʝʜʠʥʝʥ ʩ ʚʪʦʨʳʤ ʫʧʨʘʚʣʷʶʱʠʤ ʚʭʦʜʦʤ ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʦʤʤʫʪʘʪʦʨʘ 7 ʠ 

ʚʪʦʨʳʤ ʚʭʦʜʦʤ ʙʣʦʢʘ ʩʨʘʚʥʝʥʠʷ 8. ɺʳʭʦʜ ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʦʤʤʫʪʘʪʦʨʘ 7 

ʩʦʝʜʠʥʝʥ ʩ ʚʭʦʜʦʤ ʩʤʝʩʠʪʝʣʷ 10, ʢ ʚʪʦʨʦʤʫ ʚʭʦʜʫ ʢʦʪʦʨʦʛʦ ʧʦʜʢʣʶʯʝʥ 

ʛʝʪʝʨʦʜʠʥ 11, ʚʳʭʦʜ ʙʣʦʢʘ ʩʨʘʚʥʝʥʠʷ 8 ʩʦʝʜʠʥʝʥ ʩ ʫʧʨʘʚʣʷʶʱʠʤ ʚʭʦʜʦʤ 

ʢʣʶʯʘ 9, ʚʳʭʦʜ ʢʦʪʦʨʦʛʦ ʩʦʝʜʠʥʝʥ ʩ ʚʭʦʜʦʤ ʩʤʝʩʠʪʝʣʷ 10. ʂ ʚʳʭʦʜʫ ʩʤʝʩʠʪʝʣʷ 

10 ʧʦʜʩʦʝʜʠʥʝʥʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʝ ʫʩʠʣʠʪʝʣʴ ʧʨʦʤʝʞʫʪʦʯʥʦʡ 

ʯʘʩʪʦʪʳ 12, ʜʝʪʝʢʪʦʨ 14, ʫʩʠʣʠʪʝʣʴ 15 ʯʘʩʪʦʪʳ ʤʦʜʫʣʷʮʠʠ ʠ ʦʢʦʥʝʯʥʦʝ 

ʫʩʪʨʦʡʩʪʚʦ 16, ʧʨʠʯʝʤ ʚʳʭʦʜ ʫʩʠʣʠʪʝʣʷ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʯʘʩʪʦʪʳ 12 ʯʝʨʝʟ 

ʩʠʩʪʝʤʫ ɸʈʋ 13 ʩʦʝʜʠʥʝʥ ʩ ʚʪʦʨʳʤ ʚʭʦʜʦʤ ʵʪʦʛʦ ʫʩʠʣʠʪʝʣʷ. 

ʇʨʠʥʠʤʘʝʤʳʝ ʩʠʛʥʘʣʳ ʥʘ ʯʘʩʪʦʪʘʭ 
ʉf  ʦʩʥʦʚʥʦʛʦ ʠ ʟʝʨʢʘʣʴʥʦʛʦ 

ɿf  

ʢʘʥʘʣʦʚ ʧʨʠʝʤʘ ʩ ʚʳʭʦʜʘ ʧʨʠʝʤʥʦʡ ʘʥʪʝʥʥʳ 1 ʯʝʨʝʟ ʰʠʨʦʢʦʧʦʣʦʩʥʳʡ 

ʫʩʠʣʠʪʝʣʴ 2, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʠʭ ʦʜʠʥʘʢʦʚʦʝ ʫʩʠʣʝʥʠʝ, ʧʦʩʪʫʧʘʶʪ ʥʘ ʚʭʦʜʳ 

ʧʦʣʦʩʦʚʳʭ ʬʠʣʴʪʨʦʚ 3 ʠ 4 ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʧʦʣʦʩʘʤʠ ʧʨʦʧʫʩʢʘʥʠʷ, ʯʘʩʪʦʪʳ 

ʥʘʩʪʨʦʡʢʠ ʢʦʪʦʨʳʭ ʨʘʚʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʯʘʩʪʦʪʘʤ ʦʩʥʦʚʥʦʛʦ 
ʉf  ʠ 

ʟʝʨʢʘʣʴʥʦʛʦ 
ɿf  ʢʘʥʘʣʦʚ ʧʨʠʝʤʘ. ʉ ʚʳʭʦʜʦʚ ʧʦʣʦʩʦʚʳʭ ʬʠʣʴʪʨʦʚ 3 ʠ 4 ʩʠʛʥʘʣʳ 

ʥʘ ʯʘʩʪʦʪʘʭ 
ʉf  ʠ 

ɿf  ʧʦʩʪʫʧʘʶʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ ʚʭʦʜʳ ʧʝʨʚʦʛʦ 5 ʠ ʚʪʦʨʦʛʦ 

6 ʠʟʤʝʨʠʪʝʣʝʡ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ, ʘ ʪʘʢʞʝ ʥʘ ʧʝʨʚʳʡ ʠ ʚʪʦʨʦʡ ʩʠʛʥʘʣʴʥʳʝ 

ʚʭʦʜʳ ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʦʤʤʫʪʘʪʦʨʘ 7. ʂʨʦʤʝ ʪʦʛʦ, ʩ ʚʳʭʦʜʘ ʧʦʣʦʩʦʚʦʛʦ ʬʠʣʴʪʨʘ 

4 ʩʠʛʥʘʣ ʧʦʜʘʝʪʩʷ ʥʘ ʩʠʛʥʘʣʴʥʳʡ ʚʭʦʜ ʢʣʶʯʘ 9. ʅʘ ʚʳʭʦʜʝ ʠʟʤʝʨʠʪʝʣʝʡ 5 ʠ 6 

ʦʪʥʦʰʝʥʠʡ ʩʠʛʥʘʣ/ʰʫʤ ʚʳʨʘʙʘʪʳʚʘʶʪʩʷ ʫʧʨʘʚʣʷʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ, 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʝ ʦʪʥʦʰʝʥʠʷʤ ʩʠʛʥʘʣ/ʰʫʤ ʚ ʦʩʥʦʚʥʦʤ ʠ ʟʝʨʢʘʣʴʥʦʤ 

ʢʘʥʘʣʘʭ, ʢʦʪʦʨʳʝ ʧʦʜʘʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ ʧʝʨʚʳʡ ʠ ʚʪʦʨʦʡ ʫʧʨʘʚʣʷʶʱʠʝ 
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ʚʭʦʜʳ ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʦʤʤʫʪʘʪʦʨʘ 7, ʘ ʪʘʢʞʝ ʥʘ ʜʚʘ ʚʭʦʜʘ ʙʣʦʢʘ 8 ʩʨʘʚʥʝʥʠʷ. 

ʕʣʝʢʪʨʦʥʥʳʡ ʢʦʤʤʫʪʘʪʦʨ 7 ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʧʨʘʚʣʷʶʱʠʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ, 

ʧʦʩʪʫʧʘʶʱʠʤʠ ʥʘ ʝʛʦ ʧʝʨʚʳʡ ʠ ʚʪʦʨʦʡ ʫʧʨʘʚʣʷʶʱʠʝ ʚʭʦʜʳ, ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʧʨʦʭʦʞʜʝʥʠʝ ʥʘ ʝʛʦ ʚʳʭʦʜ ʩʠʛʥʘʣʦʚ, ʧʦʩʪʫʧʘʶʱʠʭ ʥʘ ʩʠʛʥʘʣʴʥʳʝ ʚʭʦʜʳ ʩ 

ʦʩʥʦʚʥʦʛʦ ʠ ʟʝʨʢʘʣʴʥʦʛʦ ʢʘʥʘʣʦʚ, ʩ ʙʦʣʴʰʠʤ ʦʪʥʦʰʝʥʠʝʤ ʩʠʛʥʘʣ/ʰʫʤ. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʦʙʩʪʘʥʦʚʢʠ ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʠʛʥʘʣ ʠʣʠ ʥʘ 

ʯʘʩʪʦʪʝ ʦʩʥʦʚʥʦʛʦ 
ʉf  ʠʣʠ ʟʝʨʢʘʣʴʥʦʛʦ 

ɿf  ʢʘʥʘʣʦʚ ʧʨʠʝʤʘ. ʉʠʛʥʘʣ ʥʘ ʯʘʩʪʦʪʝ 

ʉf  ʠʣʠ 
ɿf  ʩ ʙʦʣʴʰʠʤ ʦʪʥʦʰʝʥʠʝʤ ʩʠʛʥʘʣ/ʰʫʤ ʩ ʚʳʭʦʜʘ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʢʦʤʤʫʪʘʪʦʨʘ 7 ʧʦʩʪʫʧʘʝʪ ʥʘ ʧʝʨʚʳʡ ʚʭʦʜ ʩʤʝʩʠʪʝʣʷ 10 ʠ ʩ ʧʦʤʦʱʴʶ 

ʛʝʪʝʨʦʜʠʥʘ 11 ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʫʶ ʯʘʩʪʦʪʫ 
ʇʈf . ʇʦʩʣʝ ʫʩʠʣʝʥʠʷ 

ʩʠʛʥʘʣʘ ʫʩʠʣʠʪʝʣʝʤ 12 ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʯʘʩʪʦʪʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ ʩʠʛʥʘʣʘ ʜʝʪʝʢʪʦʨʦʤ 14 ʠ ʫʩʠʣʝʥʠʝ ʧʨʦʜʝʪʝʢʪʠʨʦʚʘʥʥʦʛʦ 

ʩʠʛʥʘʣʘ ʚ ʫʩʠʣʠʪʝʣʝ 15 ʯʘʩʪʦʪʳ ʤʦʜʫʣʷʮʠʠ, ʧʦʩʣʝ ʯʝʛʦ ʥʠʟʢʦʯʘʩʪʦʪʥʳʡ 

ʩʠʛʥʘʣ, ʩʦʜʝʨʞʘʱʠʡ ʧʦʣʝʟʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʦʢʦʥʝʯʥʳʤ 

ʫʩʪʨʦʡʩʪʚʦʤ 16. ʉʠʛʥʘʣ ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʯʘʩʪʦʪʝ ʩ ʚʳʭʦʜʘ ʫʩʠʣʠʪʝʣʷ 12 

ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʯʘʩʪʦʪʳ ʧʦʩʪʫʧʘʝʪ ʥʘ ʩʭʝʤʫ 13 ɸʈʋ, ʥʘ ʚʳʭʦʜʝ ʢʦʪʦʨʦʡ 

ʚʳʨʘʙʘʪʳʚʘʝʪʩʷ ʫʧʨʘʚʣʷʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ 
ʋʇʈU  , ʢʦʪʦʨʦʝ ʧʦʜʘʝʪʩʷ ʥʘ ʚʪʦʨʦʡ 

ʚʭʦʜ ʫʩʠʣʠʪʝʣʷ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʯʘʩʪʦʪʳ, ʦʙʝʩʧʝʯʠʚʘʷ ʥʝʦʙʭʦʜʠʤʫʶ 

ʨʝʛʫʣʠʨʦʚʢʫ ʝʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ. 

ɽʩʣʠ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ ʥʘ ʚʳʭʦʜʝ ʠʟʤʝʨʠʪʝʣʝʡ 5 ʠ 6 ʙʫʜʫʪ 

ʦʜʠʥʘʢʦʚʳ, ʪʦ ʵʣʝʢʪʨʦʥʥʳʡ ʢʦʤʤʫʪʘʪʦʨ 7 ʚ ʵʪʦʡ ʩʠʪʫʘʮʠʠ ʥʝ ʨʘʙʦʪʘʝʪ, ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʠʛʥʘʣ ʥʘ ʝʛʦ ʚʳʭʦʜʝ ʦʪʩʫʪʩʪʚʫʝʪ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʫʧʨʘʚʣʷʶʱʠʝ 

ʥʘʧʨʷʞʝʥʠʷ ʩ ʚʳʭʦʜʦʚ ʠʟʤʝʨʠʪʝʣʝʡ 5 ʠ 6 ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ ʧʦʜʘʶʪʩʷ ʥʘ 

ʚʭʦʜʳ ʙʣʦʢʘ ʩʨʘʚʥʝʥʠʷ 8. ʇʨʠ ʨʘʚʝʥʩʪʚʝ ʥʘʧʨʷʞʝʥʠʡ, ʧʦʩʪʫʧʘʶʱʠʭ ʥʘ ʚʭʦʜʳ 

ʙʣʦʢʘ ʩʨʘʚʥʝʥʠʷ 8, ʥʘ ʝʛʦ ʚʳʭʦʜʝ ʬʦʨʤʠʨʫʝʪʩʷ ʥʘʧʨʷʞʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʦʜʘʝʪʩʷ 

ʥʘ ʫʧʨʘʚʣʷʶʱʠʡ ʚʭʦʜ ʢʣʶʯʘ 9, ʦʪʢʨʳʚʘʷ ʝʛʦ. ʉʠʛʥʘʣ ʩ ʚʳʭʦʜʘ ʢʣʶʯʘ 9 

ʧʦʜʘʝʪʩʷ ʥʘ ʚʭʦʜ ʩʤʝʩʠʪʝʣʷ, ʦʙʝʩʧʝʯʠʚʘʷ ʙʝʩʧʝʨʝʙʦʡʥʫʶ ʨʘʙʦʪʫ ʧʨʠʝʤʥʠʢʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʫʧʝʨʛʝʪʝʨʦʜʠʥʥʳʡ ʧʨʠʝʤʥʠʢ ʠʤʝʝʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ 

ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ ʫʩʣʦʚʠʷʭ ʩʣʦʞʥʦʡ 
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ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʦʙʩʪʘʥʦʚʢʠ ʠ ʧʦʩʪʘʥʦʚʢʠ ʧʦʤʝʭ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ 

ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʠʝʤʘ ʧʦʣʝʟʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʧʝʨʝʜʘʚʘʝʤʦʡ ʥʘ ʜʚʫʭ ʯʘʩʪʦʪʘʭ, 

ʯʘʩʪʦʪʘʭ ʦʩʥʦʚʥʦʛʦ 
ʉf  ʠ ʟʝʨʢʘʣʴʥʦʛʦ 

ɿf  ʢʘʥʘʣʦʚ ʧʨʠʝʤʘ. ʏʘʩʪʦʪʥʳʡ ʨʘʟʥʦʩ 

ʤʝʞʜʫ ʵʪʠʤʠ ʢʘʥʘʣʘʤʠ, ʨʘʚʥʳʡ ʫʜʚʦʝʥʥʦʡ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʯʘʩʪʦʪʝ 2
ʇʈf , 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʵʪʠʭ ʢʘʥʘʣʦʚ. ɸʥʘʣʠʟ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ ʚ 

ʜʚʫʭ ʥʝʟʘʚʠʩʠʤʳʭ ʢʘʥʘʣʘʭ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʚʳʙʦʨ ʥʘʠʙʦʣʴʰʝʛʦ ʠʟ ʥʠʭ 

ʧʦʟʚʦʣʷʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦʜʢʣʶʯʘʪʴ ʢ ʧʝʨʚʦʤʫ ʚʭʦʜʫ ʩʤʝʩʠʪʝʣʷ ʪʦʪ ʢʘʥʘʣ, ʚ 

ʢʦʪʦʨʦʤ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʙʫʜʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʦʪʥʦʰʝʥʠʝ 

ʩʠʛʥʘʣ/ʰʫʤ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʚ ʪʘʢʦʤ ʧʨʠʝʤʥʠʢʝ ʫʩʪʨʘʥʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʡ 

ʧʦʙʦʯʥʳʡ ʢʘʥʘʣ ʧʨʠʝʤʘ. 

ɽʱʝ ʦʜʥʠʤ ʧʨʠʤʝʨʦʤ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʨʠʝʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʤʦʞʝʪ 

ʚʳʩʪʫʧʘʪʴ ʩʫʧʝʨʛʝʪʝʨʦʜʠʥʥʦʝ ʧʨʠʝʤʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʩ ʧʨʠʝʤʦʤ ʧʦʣʝʟʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ, ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ ʩʠʛʥʘʣʘʭ ʜʚʫʭ ʧʦʣʷʨʠʟʘʮʠʡ [91]. 

 

ʈʠʩʫʥʦʢ 2.14. ï ʉʫʧʝʨʛʝʪʝʨʦʜʠʥʥʦʝ ʨʘʜʠʦʧʨʠʝʤʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʩ 

ʨʘʩʰʠʨʝʥʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ 

ɼʦʩʪʠʛʘʝʤʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʨʝʟʫʣʴʪʘʪ - ʨʘʩʰʠʨʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ ʧʦʚʳʰʝʥʠʝ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠʝʤʥʠʢʘ ʧʫʪʝʤ 

ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʠʝʤʘ ʧʦʣʝʟʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ ʩʠʛʥʘʣʘʭ ʜʚʫʭ 

ʧʦʣʷʨʠʟʘʮʠʡ. 

ʇʦʩʪʘʚʣʝʥʥʘʷ ʟʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʚ ʩʫʧʝʨʛʝʪʝʨʦʜʠʥʥʳʡ ʧʨʠʝʤʥʠʢ 

(ʨʠʩ. 2.14), ʩʦʜʝʨʞʘʱʠʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʝ ʧʝʨʚʫʶ ʘʥʪʝʥʥʫ, 

ʧʝʨʚʫʶ ʚʭʦʜʥʫʶ ʮʝʧʴ, ʧʝʨʚʳʝ ʫʩʠʣʠʪʝʣʴ ʨʘʜʠʦʯʘʩʪʦʪʳ, ʩʤʝʩʠʪʝʣʴ, ʚʪʦʨʦʡ 

ʚʭʦʜ ʢʦʪʦʨʦʛʦ ʩʦʝʜʠʥʝʥ ʩ ʚʳʭʦʜʦʤ ʛʝʪʝʨʦʜʠʥʘ, ʫʩʠʣʠʪʝʣʴ ʧʨʦʤʝʞʫʪʦʯʥʦʡ 
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ʯʘʩʪʦʪʳ ʠ ʜʝʪʝʢʪʦʨ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʝ ʫʩʠʣʠʪʝʣʴ ʯʘʩʪʦʪʳ 

ʤʦʜʫʣʷʮʠʠ ʠ ʦʢʦʥʝʯʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʚʝʜʝʥʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʩʦʝʜʠʥʝʥʥʳʝ ʚʪʦʨʳʝ ʘʥʪʝʥʥʘ, ʚʭʦʜʥʘʷ ʮʝʧʴ, ʫʩʠʣʠʪʝʣʴ ʨʘʜʠʦʯʘʩʪʦʪʳ, 

ʩʤʝʩʠʪʝʣʴ, ʚʪʦʨʦʡ ʚʭʦʜ ʢʦʪʦʨʦʛʦ ʩʦʝʜʠʥʝʥ ʩ ʚʳʭʦʜʦʤ ʛʝʪʝʨʦʜʠʥʘ, ʫʩʠʣʠʪʝʣʴ 

ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʯʘʩʪʦʪʳ ʠ ʜʝʪʝʢʪʦʨ, ʘ ʪʘʢʞʝ ʜʚʘ ʠʟʤʝʨʠʪʝʣʷ ʦʪʥʦʰʝʥʠʷ 

ʩʠʛʥʘʣ/ʰʫʤ, ʜʚʘ ʢʣʶʯʘ, ʵʣʝʢʪʨʦʥʥʳʡ ʢʦʤʤʫʪʘʪʦʨ, ʙʣʦʢ ʩʨʘʚʥʝʥʠʷ, ʩʫʤʤʘʪʦʨ, 

ʩʭʝʤʘ ɸʈʋ, ʚʳʭʦʜ ʢʦʪʦʨʦʡ ʩʦʝʜʠʥʝʥ ʩ ʚʪʦʨʳʤʠ ʚʭʦʜʘʤʠ ʦʙʦʠʭ ʫʩʠʣʠʪʝʣʝʡ 

ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʯʘʩʪʦʪʳ, ʧʨʠʯʝʤ ʚʳʭʦʜʳ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʫʩʠʣʠʪʝʣʝʡ 

ʨʘʜʠʦʯʘʩʪʦʪʳ ʧʦʜʩʦʝʜʠʥʝʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢ ʚʭʦʜʘʤ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ 

ʠʟʤʝʨʠʪʝʣʝʡ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ, ʚʳʭʦʜʳ ʢʦʪʦʨʳʭ ʩʦʝʜʠʥʝʥʳ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩ ʧʝʨʚʳʤ ʠ ʚʪʦʨʳʤ ʫʧʨʘʚʣʷʶʱʠʤʠ ʚʭʦʜʘʤʠ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʢʦʤʤʫʪʘʪʦʨʘ ʠ ʩ ʧʝʨʚʳʤ ʠ ʚʪʦʨʳʤ ʚʭʦʜʘʤʠ ʙʣʦʢʘ ʩʨʘʚʥʝʥʠʷ, ʚʳʭʦʜʳ ʧʝʨʚʦʛʦ 

ʠ ʚʪʦʨʦʛʦ ʜʝʪʝʢʪʦʨʦʚ ʩʦʝʜʠʥʝʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩ ʧʝʨʚʳʤ ʠ ʚʪʦʨʳʤ 

ʩʠʛʥʘʣʴʥʳʤʠ ʚʭʦʜʘʤʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʦʤʤʫʪʘʪʦʨʘ ʠ ʩʠʛʥʘʣʴʥʳʤʠ ʚʭʦʜʘʤʠ 

ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʢʣʶʯʝʡ, ʢ ʫʧʨʘʚʣʷʶʱʠʤ ʚʭʦʜʘʤ ʢʦʪʦʨʳʭ ʧʦʜʩʦʝʜʠʥʝʥ 

ʚʳʭʦʜ ʙʣʦʢʘ ʩʨʘʚʥʝʥʠʷ, ʘ ʚʳʭʦʜ ʢʣʶʯʝʡ ʧʦʜʩʦʝʜʠʥʝʥ ʢ ʚʭʦʜʘʤ ʩʫʤʤʘʪʦʨʘ, 

ʚʳʭʦʜ ʢʦʪʦʨʦʛʦ ʩʦʝʜʠʥʝʥ ʩ ʚʭʦʜʦʤ ʫʩʠʣʠʪʝʣʷ ʯʘʩʪʦʪʳ ʤʦʜʫʣʷʮʠʠ, ʩ ʚʳʭʦʜʦʤ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʦʤʤʫʪʘʪʦʨʘ ʠ ʩ ʚʭʦʜʦʤ ʩʭʝʤʳ ɸʈʋ. 

ʉʫʧʝʨʛʝʪʝʨʦʜʠʥʥʳʡ ʧʨʠʝʤʥʠʢ ʚʢʣʶʯʘʝʪ ʜʚʘ ʢʘʥʘʣʘ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ 

ʩʦʩʪʦʠʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʭ ʧʨʠʝʤʥʳʭ ʘʥʪʝʥʥ 1 

ʠ 2, ʚʭʦʜʥʳʭ ʮʝʧʝʡ 3 ʠ 4, ʫʩʠʣʠʪʝʣʝʡ ʨʘʜʠʦʯʘʩʪʦʪʳ 5 ʠ 6, ʩʤʝʩʠʪʝʣʝʡ 7 ʠ 8, 

ʚʪʦʨʳʝ ʚʭʦʜʳ ʢʦʪʦʨʳʭ ʩʦʝʜʠʥʝʥʳ ʩ ʚʳʭʦʜʦʤ ʛʝʪʝʨʦʜʠʥʘ 9, ʫʩʠʣʠʪʝʣʝʡ 

ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʯʘʩʪʦʪʳ 10 ʠ 11, ʜʝʪʝʢʪʦʨʦʚ 12 ʠ 13, ʠ ʢʣʶʯʝʡ 14 ʠ 15, ʜʚʫʭ 

ʠʟʤʝʨʠʪʝʣʝʡ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ 16 ʠ 17, ʚʭʦʜʳ ʢʦʪʦʨʳʭ ʩʦʝʜʠʥʝʥʳ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩ ʚʳʭʦʜʘʤʠ ʫʩʠʣʠʪʝʣʝʡ ʨʘʜʠʦʯʘʩʪʦʪʳ 5 ʠ 6, ʘ ʚʳʭʦʜʳ 

ʧʦʜʢʣʶʯʝʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢ ʧʝʨʚʦʤʫ ʠ ʚʪʦʨʦʤʫ ʫʧʨʘʚʣʷʶʱʠʤ ʚʭʦʜʘʤ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʦʤʤʫʪʘʪʦʨʘ 18 ʠ ʢ ʧʝʨʚʦʤʫ ʠ ʚʪʦʨʦʤʫ ʚʭʦʜʘʤ ʙʣʦʢʘ ʩʨʘʚʥʝʥʠʷ 

19, ʚʳʭʦʜ ʢʦʪʦʨʦʛʦ ʩʦʝʜʠʥʝʥ ʩ ʫʧʨʘʚʣʷʶʱʠʤʠ ʚʭʦʜʘʤʠ ʢʣʶʯʝʡ 14 ʠ 15. ʂ 

ʧʝʨʚʦʤʫ ʠ ʚʪʦʨʦʤʫ ʩʠʛʥʘʣʴʥʳʤ ʚʭʦʜʘʤ ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʦʤʤʫʪʘʪʦʨʘ 
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ʧʦʜʢʣʶʯʝʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʳʭʦʜʳ ʜʝʪʝʢʪʦʨʦʚ 12 ʠ 13. ɺʳʭʦʜʳ ʢʣʶʯʝʡ 14 ʠ 

15 ʩʦʝʜʠʥʝʥʳ ʩ ʚʭʦʜʘʤʠ ʩʫʤʤʘʪʦʨʘ 20, ʚʳʭʦʜ ʢʦʪʦʨʦʛʦ ʧʦʜʢʣʶʯʝʥ ʢ ʚʭʦʜʫ 

ʫʩʠʣʠʪʝʣʷ ʯʘʩʪʦʪʳ ʤʦʜʫʣʷʮʠʠ 21, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʦʛʦ ʩ 

ʦʢʦʥʝʯʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ 22. ɺʳʭʦʜ ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʦʤʤʫʪʘʪʦʨʘ 18 ʧʦʜʢʣʶʯʝʥ 

ʢ ʚʳʭʦʜʫ ʩʫʤʤʘʪʦʨʘ 20, ʚʭʦʜʫ ʩʭʝʤʳ ɸʈʋ, ʚʳʭʦʜ ʢʦʪʦʨʦʡ ʩʦʝʜʠʥʝʥ ʩ ʚʪʦʨʳʤʠ 

ʚʭʦʜʘʤʠ ʫʩʠʣʠʪʝʣʝʡ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʯʘʩʪʦʪʳ 10 ʠ 11. 

ʉʫʧʝʨʛʝʪʝʨʦʜʠʥʥʳʡ ʧʨʠʝʤʥʠʢ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɼʣʷ 

ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʧʨʠʝʤʥʘʷ ʘʥʪʝʥʥʘ 1 ʧʨʠʥʠʤʘʝʪ ʩʠʛʥʘʣ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ, ʘ ʧʨʠʝʤʥʘʷ ʘʥʪʝʥʥʘ 2 - ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʧʦʣʷʨʠʟʘʮʠʠ. ʇʨʠʥʷʪʳʝ ʩʠʛʥʘʣʳ ʩ ʚʝʨʪʠʢʘʣʴʥʦʡ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʧʦʣʷʨʠʟʘʮʠʝʡ ʥʘ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʝ 
ʉf  ʧʨʦʭʦʜʷʪ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʭʦʜʥʳʝ ʮʝʧʠ 3 ʠ 4, ʫʩʠʣʠʚʘʶʪʩʷ ʫʩʠʣʠʪʝʣʷʤʠ 

ʨʘʜʠʦʯʘʩʪʦʪʳ 5 ʠ 6 ʠ ʧʦʩʪʫʧʘʶʪ ʥʘ ʚʭʦʜʳ ʩʤʝʩʠʪʝʣʝʡ 7 ʠ 8, ʥʘ ʚʪʦʨʳʝ ʚʭʦʜʳ 

ʢʦʪʦʨʳʭ ʧʦʜʘʝʪʩʷ ʯʘʩʪʦʪʘ 
ɻf  ʩ ʛʝʪʝʨʦʜʠʥʘ 9, ʦʙʱʝʛʦ ʜʣʷ ʢʘʥʘʣʦʚ ʦʙʝʠʭ 

ʧʦʣʷʨʠʟʘʮʠʡ. ʅʘ ʚʳʭʦʜʝ ʩʤʝʩʠʪʝʣʝʡ 7 ʠ 8 ʚʳʜʝʣʷʝʪʩʷ ʧʨʦʤʝʞʫʪʦʯʥʘʷ ʯʘʩʪʦʪʘ 

ʇʈf  ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʟʘʢʦʥʘ ʤʦʜʫʣʷʮʠʠ ʧʨʠʥʷʪʦʛʦ ʩʠʛʥʘʣʘ. ʉʠʛʥʘʣʳ ʥʘ 

ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʯʘʩʪʦʪʝ ʫʩʠʣʠʚʘʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʫʩʠʣʠʪʝʣʷʤʠ 

ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʯʘʩʪʦʪʳ 10 ʠ 11 ʠ ʧʦʜʘʶʪʩʷ ʥʘ ʜʝʪʝʢʪʦʨʳ 12 ʠ 13, ʥʘ ʥʘʛʨʫʟʢʘʭ 

ʢʦʪʦʨʳʭ ʚʳʜʝʣʷʶʪʩʷ ʩʠʛʥʘʣʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʘʢʦʥʘʤ ʤʦʜʫʣʷʮʠʠ. 

ʇʨʦʜʝʪʝʢʪʠʨʦʚʘʥʥʳʝ ʩʠʛʥʘʣʳ ʩ ʚʳʭʦʜʘ ʜʝʪʝʢʪʦʨʘ 12 ʧʦʜʘʶʪʩʷ ʥʘ ʧʝʨʚʳʡ 

ʩʠʛʥʘʣʴʥʳʡ ʚʭʦʜ ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʦʤʤʫʪʘʪʦʨʘ 18 ʠ ʥʘ ʩʠʛʥʘʣʴʥʳʡ ʚʭʦʜ ʢʣʶʯʘ 

14, ʘʥʘʣʦʛʠʯʥʦ ʩ ʚʳʭʦʜʘ ʜʝʪʝʢʪʦʨʘ 13 ʩʠʛʥʘʣ ʧʦʜʘʝʪʩʷ ʥʘ ʚʪʦʨʦʡ ʩʠʛʥʘʣʴʥʳʡ 

ʚʭʦʜ ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʦʤʤʫʪʘʪʦʨʘ 18 ʠ ʥʘ ʩʠʛʥʘʣʴʥʳʡ ʚʭʦʜ ʢʣʶʯʘ 15. 

ʀʟʙʠʨʘʪʝʣʴʥʳʝ ʠ ʫʩʠʣʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʣʝʤʝʥʪʦʚ ʚ ʢʘʥʘʣʘʭ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʦʣʷʨʠʟʘʮʠʡ ʜʦʣʞʥʳ ʙʳʪʴ ʦʜʠʥʘʢʦʚʳ. ʉ 

ʚʳʭʦʜʦʚ ʫʩʠʣʠʪʝʣʝʡ ʨʘʜʠʦʯʘʩʪʦʪʳ 5 ʠ 6 ʩʠʛʥʘʣʳ ʚʝʨʪʠʢʘʣʴʥʦʡ ʠ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʦʣʷʨʠʟʘʮʠʡ ʥʘ ʯʘʩʪʦʪʝ 
ʉf  ʧʦʩʪʫʧʘʶʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ 

ʚʭʦʜʳ ʠʟʤʝʨʠʪʝʣʝʡ 16 ʠ 17. ʅʘ ʚʳʭʦʜʝ ʵʪʠʭ ʠʟʤʝʨʠʪʝʣʝʡ ʦʪʥʦʰʝʥʠʡ 

ʩʠʛʥʘʣ/ʰʫʤ ʚʳʨʘʙʘʪʳʚʘʶʪʩʷ ʫʧʨʘʚʣʷʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʝ 
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ʦʪʥʦʰʝʥʠʷʤ ʩʠʛʥʘʣ/ʰʫʤ ʚ ʢʘʥʘʣʝ ʚʝʨʪʠʢʘʣʴʥʦʡ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʧʦʣʷʨʠʟʘʮʠʡ, ʢʦʪʦʨʳʝ ʧʦʜʘʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ ʧʝʨʚʳʡ ʠ ʚʪʦʨʦʡ 

ʫʧʨʘʚʣʷʶʱʠʝ ʚʭʦʜʳ ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʦʤʤʫʪʘʪʦʨʘ 18, ʘ ʪʘʢʞʝ ʥʘ ʜʚʘ ʚʭʦʜʘ ʙʣʦʢʘ 

19 ʩʨʘʚʥʝʥʠʷ. ʕʣʝʢʪʨʦʥʥʳʡ ʢʦʤʤʫʪʘʪʦʨ 18 ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʧʨʘʚʣʷʶʱʠʤʠ 

ʥʘʧʨʷʞʝʥʠʷʤʠ, ʧʦʩʪʫʧʘʶʱʠʤʠ ʥʘ ʝʛʦ ʧʝʨʚʳʡ ʠ ʚʪʦʨʦʡ ʫʧʨʘʚʣʷʶʱʠʝ ʚʭʦʜʳ, 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʭʦʞʜʝʥʠʝ ʥʘ ʝʛʦ ʚʳʭʦʜ ʩʠʛʥʘʣʦʚ, ʧʦʩʪʫʧʘʶʱʠʭ ʥʘ 

ʩʠʛʥʘʣʴʥʳʝ ʚʭʦʜʳ ʩ ʚʳʭʦʜʦʚ ʜʝʪʝʢʪʦʨʦʚ 12 ʠ 13 ʩ ʙʦʣʴʰʠʤ ʦʪʥʦʰʝʥʠʝʤ 

ʩʠʛʥʘʣ/ʰʫʤ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʦʙʩʪʘʥʦʚʢʠ ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ 

ʩʠʛʥʘʣ ʠʣʠ ʧʦ ʢʘʥʘʣʫ ʚʝʨʪʠʢʘʣʴʥʦʡ, ʠʣʠ ʧʦ ʢʘʥʘʣʫ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʧʦʣʷʨʠʟʘʮʠʠ. 

ɽʩʣʠ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ ʥʘ ʚʳʭʦʜʝ ʠʟʤʝʨʠʪʝʣʝʡ 16 ʠ 17 ʙʫʜʫʪ 

ʦʜʠʥʘʢʦʚʳ, ʪʦ ʵʣʝʢʪʨʦʥʥʳʡ ʢʦʤʤʫʪʘʪʦʨ 18 ʚ ʵʪʦʡ ʩʠʪʫʘʮʠʠ ʥʝ ʨʘʙʦʪʘʝʪ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʠʛʥʘʣ ʥʘ ʝʛʦ ʚʳʭʦʜʝ ʦʪʩʫʪʩʪʚʫʝʪ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʫʧʨʘʚʣʷʶʱʠʝ 

ʥʘʧʨʷʞʝʥʠʷ ʩ ʚʳʭʦʜʦʚ ʠʟʤʝʨʠʪʝʣʝʡ 16 ʠ 17 ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ ʧʦʜʘʶʪʩʷ 

ʥʘ ʚʭʦʜʳ ʙʣʦʢʘ ʩʨʘʚʥʝʥʠʷ 19. ʇʨʠ ʨʘʚʝʥʩʪʚʝ ʥʘʧʨʷʞʝʥʠʡ, ʧʦʩʪʫʧʘʶʱʠʭ ʥʘ 

ʚʭʦʜʳ ʙʣʦʢʘ ʩʨʘʚʥʝʥʠʷ 19, ʥʘ ʝʛʦ ʚʳʭʦʜʝ ʬʦʨʤʠʨʫʝʪʩʷ ʥʘʧʨʷʞʝʥʠʝ, ʢʦʪʦʨʦʝ 

ʧʦʜʘʝʪʩʷ ʥʘ ʫʧʨʘʚʣʷʶʱʠʝ ʚʭʦʜʳ ʢʣʶʯʝʡ 14 ʠ 15, ʦʪʢʨʳʚʘʷ ʠʭ. ʉʠʛʥʘʣʳ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʦʣʷʨʠʟʘʮʠʡ ʩ ʚʳʭʦʜʘ ʢʣʶʯʝʡ 14 ʠ 15 

ʧʦʜʘʶʪʩʷ ʥʘ ʚʭʦʜ ʩʫʤʤʘʪʦʨʘ 20, ʩ ʚʳʭʦʜʘ ʢʦʪʦʨʦʛʦ ʩʫʤʤʘʨʥʳʡ ʩʠʛʥʘʣ 

ʧʦʜʘʝʪʩʷ ʥʘ ʚʭʦʜ ʫʩʠʣʠʪʝʣʷ ʯʘʩʪʦʪʳ ʤʦʜʫʣʷʮʠʠ 21, ʦʙʝʩʧʝʯʠʚʘʷ 

ʙʝʩʧʝʨʝʙʦʡʥʫʶ ʨʘʙʦʪʫ ʧʨʠʝʤʥʠʢʘ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩʠʛʥʘʣ, ʢʦʪʦʨʳʡ ʧʦʜʘʝʪʩʷ 

ʥʘ ʚʭʦʜ ʫʩʠʣʠʪʝʣʷ ʯʘʩʪʦʪʳ ʤʦʜʫʣʷʮʠʠ, ʧʦʜʘʝʪʩʷ ʥʘ ʩʭʝʤʫ 23 ɸʈʋ, ʥʘ ʚʳʭʦʜʝ 

ʢʦʪʦʨʦʡ ʚʳʨʘʙʘʪʳʚʘʝʪʩʷ ʫʧʨʘʚʣʷʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ 
ʋʇʈU , ʢʦʪʦʨʦʝ ʧʦʜʘʝʪʩʷ ʥʘ 

ʚʪʦʨʳʝ ʚʭʦʜʳ ʫʩʠʣʠʪʝʣʝʡ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʯʘʩʪʦʪʳ 10 ʠ 11, ʦʙʝʩʧʝʯʠʚʘʷ 

ʥʝʦʙʭʦʜʠʤʫʶ ʨʝʛʫʣʠʨʦʚʢʫ ʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʩʠʣʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʩʫʧʝʨʛʝʪʝʨʦʜʠʥʥʳʡ ʧʨʠʝʤʥʠʢ ʠʤʝʝʪ 

ʙʦʣʝʝ ʰʠʨʦʢʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʙʦʣʝʝ ʚʳʩʦʢʫʶ 

ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ ʫʩʣʦʚʠʷʭ ʩʣʦʞʥʦʡ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʦʙʩʪʘʥʦʚʢʠ ʠ ʧʦʩʪʘʥʦʚʢʠ ʧʦʤʝʭ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ 
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ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʠʝʤʘ ʧʦʣʝʟʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ ʥʝʟʘʚʠʩʠʤʳʭ 

ʩʠʛʥʘʣʘʭ ʚʝʨʪʠʢʘʣʴʥʦʡ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʦʣʷʨʠʟʘʮʠʡ. ɸʥʘʣʠʟ ʦʪʥʦʰʝʥʠʷ 

ʩʠʛʥʘʣ/ʰʫʤ ʚ ʜʚʫʭ ʥʝʟʘʚʠʩʠʤʳʭ ʢʘʥʘʣʘʭ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʚʳʙʦʨ 

ʥʘʠʙʦʣʴʰʝʛʦ ʠʟ ʥʠʭ ʧʦʟʚʦʣʷʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦʜʢʣʶʯʘʪʴ ʢ ʦʢʦʥʝʯʥʦʤʫ 

ʫʩʪʨʦʡʩʪʚʫ ʪʦʪ ʢʘʥʘʣ, ʚ ʢʦʪʦʨʦʤ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʙʫʜʝʪ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʰʫʤ. ɺ ʩʣʫʯʘʝ ʨʘʚʝʥʩʪʚʘ ʦʪʥʦʰʝʥʠʡ 

ʩʠʛʥʘʣ/ʰʫʤ ʚ ʢʘʥʘʣʘʭ, ʢ ʦʢʦʥʝʯʥʦʤʫ ʫʩʪʨʦʡʩʪʚʫ ʧʦʜʘʝʪʩʷ ʩʫʤʤʘʨʥʳʡ ʩʠʛʥʘʣ. 

ʇʦʣʘʛʘʷ, ʯʪʦ ʩʣʦʞʝʥʠʝ ʧʦʣʝʟʥʳʭ ʩʠʛʥʘʣʦʚ ʧʨʦʠʩʭʦʜʠʪ ʘʨʠʬʤʝʪʠʯʝʩʢʠ, ʘ 

ʰʫʤʦʚ ʛʝʦʤʝʪʨʠʯʝʩʢʠ, ʧʦʣʫʯʘʝʪʩʷ ʚʳʠʛʨʳʰ ʚ ʦʪʥʦʰʝʥʠʠ ʩʠʛʥʘʣ/ʰʫʤ 

ʧʨʠʤʝʨʥʦ ʚ 1.41 ʨʘʟʘ. ʂʨʦʤʝ ʪʦʛʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʵʪʦʤ ʩʫʧʝʨʛʝʪʝʨʦʜʠʥʥʦʤ 

ʧʨʠʝʤʥʠʢʝ ʪʘʢʠʭ ʦʙʱʠʭ ʜʣʷ ʢʘʥʘʣʦʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʧʦʣʷʨʠʟʘʮʠʡ ʵʣʝʤʝʥʪʦʚ, ʢʘʢ ʛʝʪʝʨʦʜʠʥ ʠ ʩʭʝʤʘ ɸʈʋ, ʧʦʟʚʦʣʷʝʪ ʚʩʝ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʩʭʝʤʝ ʵʣʝʤʝʥʪʳ ʧʨʠʝʤʥʠʢʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʨʘʟʤʝʩʪʠʪʴ ʚ 

ʦʜʥʦʤ ʢʦʨʧʫʩʝ ʠ ʦʙʣʝʛʯʠʪʴ ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʚʫʤʷ 

ʧʨʠʝʤʥʠʢʘʤʠ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʨʠʝʤʘ ʩʠʛʥʘʣʦʚ ʪʦʣʴʢʦ 

ʦʜʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ. 

ʈʘʟʨʘʙʦʪʘʥʘ ʤʫʣʴʪʠʩʝʥʩʦʨʥʘʷ ʨʘʜʠʦʩʠʩʪʝʤʘ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʢʦʪʦʨʘʷ 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ, ʦʙʨʘʙʦʪʢʠ, ʭʨʘʥʝʥʠʷ 

ʪʝʣʝʤʝʪʨʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʚʳʨʘʙʦʪʢʠ ʫʧʨʘʚʣʷʶʱʠʭ ʨʝʰʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ 

ʚʦʟʜʝʡʩʪʚʠʷ ʠʤʧʫʣʴʩʥʳʭ ʧʦʤʝʭ ʠ ʫʟʢʦʧʦʣʦʩʥʳʭ ʧʦʤʝʭ ʩʝʪʠ [93-95]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʤʝʱʝʥʥʳʭ ʥʘ ʧʫʥʢʪʝ ʫʧʨʘʚʣʝʥʠʷ ʫʩʪʨʦʡʩʪʚʘ ʭʨʘʥʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʘʟʳ ʪʝʣʝʤʝʪʨʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ, ʫʩʪʨʦʡʩʪʚʘ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʘʟʳ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʨʘʙʦʪʢʠ ʠ 

ʘʥʘʣʠʟʘ ʪʝʣʝʤʝʪʨʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʫʩʪʨʦʡʩʪʚʘ ʭʨʘʥʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʘʟʳ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʧʦ ʜʘʥʥʳʤ ʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ 

ʪʝʣʝʤʝʪʨʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʨʘʥʝʝ ʥʘʢʦʧʣʝʥʥʦʛʦ ʦʧʳʪʘ ʧʨʠʥʷʪʠʷ ʫʧʨʘʚʣʷʶʱʠʭ ʨʝʰʝʥʠʡ, ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʧʦʚʳʰʘʶʪʩʷ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʝ ʩʚʦʡʩʪʚʘ [92, 115]. 

 



69 
 

 
 

ɺʳʚʦʜʳ ʧʦ ʨʘʟʜʝʣʫ 2 

1.   ʅʝʜʦʩʪʘʪʢʦʤ ʧʨʷʤʳʭ ʤʝʪʦʜʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʧʝʢʪʨʘʣʴʥʦ-

ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʛʥʘʣʦʚ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ ʧʠʢ-ʬʘʢʪʦʨʘ ʢʦʣʝʙʘʥʠʡ, 

ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʚ ʨʘʜʠʦʩʠʩʪʝʤʘʭ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤ 

ʵʥʝʨʛʦʨʝʩʫʨʩʦʤ. 

2.  ɸʣʛʦʨʠʪʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʧʝʢʪʨʘʣʴʥʦ-ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʛʥʘʣʦʚ 

ʩʦ ʩʣʦʞʥʳʤʠ ʟʘʢʦʥʘʤʠ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ ʠ ʬʘʟʳ ʢʦʣʝʙʘʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʧʨʠ ʥʘʣʠʯʠʠ ʤʝʞʩʠʤʚʦʣʴʥʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʠ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʚʚʦʜʠʪʴʩʷ 

ʩʧʝʮʠʘʣʴʥʦ ʚ ʙʣʦʢʠ ʬʦʨʤʠʨʦʚʘʥʠʷ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʥʘ ʦʩʥʦʚʝ 

ʢʚʘʜʨʘʪʫʨʥʦʛʦ ʤʦʜʫʣʷʪʦʨʘ. 

3.  ʈʘʟʨʘʙʦʪʘʥʳ ʩʧʦʩʦʙʳ ʪʝʭʥʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʫʩʪʨʦʡʩʪʚ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʧʝʢʪʨʘʣʴʥʦ-ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʛʥʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʦʧʪʠʤʘʣʴʥʦʡ 

ʬʠʣʴʪʨʘʮʠʠ. 

4.  ɸʣʛʦʨʠʪʤʳ ʧʨʠʝʤʘ ʩʠʛʥʘʣʦʚ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ 

ʢʚʘʜʨʘʪʫʨʥʦʛʦ ʤʝʪʦʜʘ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʩʪʨʦʠʪʴ ʥʘ ʦʩʥʦʚʝ ʢʦʛʝʨʝʥʪʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʚʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʨʘʟʜʝʣʴʥʦ ʚ ʩʠʥʬʘʟʥʦʤ ʠ ʢʚʘʜʨʘʪʫʨʥʦʤ ʢʘʥʘʣʝ. 

ʇʨʠ ʵʪʦʤ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʚʳʜʝʣʝʥʠʝ ʩʣʫʯʘʡʥʦʡ ʥʘʯʘʣʴʥʦʡ ʬʘʟʳ ʧʨʠʥʠʤʘʝʤʳʭ 

ʢʦʣʝʙʘʥʠʡ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʘʢʪʦʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʥʘʯʘʣʘ 

ʧʨʠʥʠʤʘʝʤʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʘʥʥʳʭ. 

5. ɺ ʢʘʯʝʩʪʚʝ ʩʧʦʩʦʙʦʚ ʪʝʭʥʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʧʨʠʝʤʥʳʭ ʫʩʪʨʦʡʩʪʚ ʚ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʘʚʪʦʨʦʤ ʨʘʩʩʤʦʪʨʝʥʳ ʩʫʧʝʨʛʝʪʝʨʦʜʠʥʥʳʝ ʧʨʠʝʤʥʳʝ 

ʫʩʪʨʦʡʩʪʚʘ ʩ ʨʘʩʰʠʨʝʥʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʠ 

ʧʦʚʳʰʝʥʥʦʡ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʨʠʝʤ ʩʧʝʢʪʨʘʣʴʥʦ-

ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʛʥʘʣʦʚ. 

6. ʈʘʟʨʘʙʦʪʘʥʘ ʤʫʣʴʪʠʩʝʥʩʦʨʥʘʷ ʨʘʜʠʦʩʠʩʪʝʤʘ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, 

ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ, ʦʙʨʘʙʦʪʢʠ, ʭʨʘʥʝʥʠʷ 

ʪʝʣʝʤʝʪʨʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʚʳʨʘʙʦʪʢʠ ʫʧʨʘʚʣʷʶʱʠʭ ʨʝʰʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ 

ʚʦʟʜʝʡʩʪʚʠʷ ʠʤʧʫʣʴʩʥʳʭ ʧʦʤʝʭ ʠ ʫʟʢʦʧʦʣʦʩʥʳʭ ʧʦʤʝʭ ʩʝʪʠ.  
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3. ʄɽʊʆɼʀʂɸ ʆɹʈɸɹʆʊʂʀ ʉʀɻʅɸʃʆɺ ʀ ʀɿʆɹʈɸɾɽʅʀʁ 

ʆɹʆɹʑɽʅʅʓʄʀ ɸʊʆʄɸʈʅʓʄʀ ɺɽʁɺʃɽʊɸʄʀ 

3.1. ɸʥʘʣʠʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʣʫʯʘʡʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʩʠʛʥʘʣʦʚ ʘʪʦʤʘʨʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʂʨʘʚʯʝʥʢʦ-ʈʚʘʯʝʚʘ 

ɺ ʦʙʱʝʤ, ʚʩʝ ʩʠʛʥʘʣʳ ʩ ʘʤʧʣʠʪʫʜʥʳʤʠ ʤʝʪʦʜʘʤʠ ʦʛʨʘʥʠʯʝʥʠʷ ʩʧʝʢʪʨʘ 

ʤʦʞʥʦ ʠʤʝʥʦʚʘʪʴ ʢʘʢ ʩʠʛʥʘʣʳ ʩ ʘʤʧʣʠʪʫʜʥʦ-ʬʘʟʦʚʦʡ ʤʦʜʫʣʷʮʠʝʡ (ɸʌʄ). 

ɺ ʦʙʱʝʤ ʚʠʜʝ ʪʘʢʦʡ ʩʠʛʥʘʣ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʢʘʢ 

() ()( ) 0

1
ɤ

0

Re , 0
N

k j t

r

k

s t d a t kT e t NT
-

=

ë û
= - ¢ ¢ì ü
í ý
ä ;    (3.1)   

ʛʜʝ () űk

k k

k j

r I Q kd d jd A e= + =  ï ʢʦʤʧʣʝʢʩʥʳʝ ʩʣʫʯʘʡʥʳʝ ʚʝʣʠʯʠʥʳ, ()a t  ï 

ʬʫʥʢʮʠʷ, ʦʧʠʩʳʚʘʶʱʘʷ ʬʦʨʤʫ ʤʦʜʫʣʠʨʫʝʤʳʭ ʠʤʧʫʣʴʩʦʚ. 

ʈʘʩʩʤʦʪʨʠʤ ʠʤʧʫʣʴʩʳ ()a t , ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʘʪʦʤʘʨʥʦʡ ʬʫʥʢʮʠʠ 

()up t . ɼʣʷ ʨʘʩʯʝʪʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʨʝʢʫʨʨʝʥʪʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʜʣʷ 

ʤʦʤʝʥʪʦʚ: 

0 2 11, 0;na a += =
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2 1 2 2 ! 2 1
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n k
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k

n a
a

n k k

-

=
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- - +
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0 2 20.5, / 2;n nb b a= =
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1
2

2 1 2 2 2 2 22 1
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1

2 1 !

n
k

n n k n kn
k

b C a
n

+

+ + - ++
=

= Ö
Ö +

ä ; 

ʛʜʝ ()
1

1

upn

na t t dt
-

=ñ , ()
1

0

upn

nb t t dt=ñ . 

ɿʥʘʯʝʥʠʷ ʬʫʥʢʮʠʠ ()up t  ʚ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʜʚʦʠʯʥʦ-ʨʘʮʠʦʥʘʣʴʥʳʭ 

ʪʦʯʢʘʭ / 2nk  - ʨʘʮʠʦʥʘʣʴʥʳʝ ʯʠʩʣʘ, ʚ ʯʘʩʪʥʦʩʪʠ, 

( ) ( )( )
1

1 /2
up 1 2

2 1 !

n n

n n

b

n

- -

-
- + =

-
.        (3.2) 

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ()up t  ʚ ʧʨʦʠʟʚʦʣʴʥʳʭ ʪʦʯʢʘʭ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʙʳʩʪʨʦʩʭʦʜʷʱʠʡʩʷ ʨʷʜ ʚʠʜʘ [27]: 

( ) ( ) ( )
1

1

1 0

up 1 1 0,n

n
kS

n nk n

n k

t a A t a a
¤

+

= =

- = - -ä ä ,  (3.3) 
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ʛʜʝ 
1

n i

i

S a
¤

=

=ä , ʘ 
ia  ï ʨʘʟʨʷʜʳ ʜʚʦʠʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʘʨʛʫʤʝʥʪʘ 

1

2 i

i

i

t a
¤

-

=

= Öä  . 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʨʷʜʘ (3.3) ʦʧʨʝʜʝʣʷʶʪʩʷ ʟʥʘʯʝʥʠʷʤʠ ʚ ʜʚʦʠʯʥʦ-

ʨʘʮʠʦʥʘʣʴʥʳʭ ʪʦʯʢʘʭ [27]: 

( )( )
2

12 up 1 2

!

k
n kC

nkA
k

+
- -

Ö -
= . 

ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʰʝ ʦʧʨʝʜʝʣʝʥʠʡ ʤʦʞʥʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʣʫʯʠʪʴ 

ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʬʫʥʢʮʠʠ ()up t  [27]. 

ʌʫʥʢʮʠʷ ()up t  ʷʚʣʷʝʪʩʷ ʯʝʪʥʦʡ (ʨʠʩ. 3.1), ʪ.ʝ. () ( )up upt t= - [27]. ʆʥʘ 

ʚʦʟʨʘʩʪʘʝʪ ʥʘ [ ]1;0- , ʫʙʳʚʘʝʪ ʥʘ [ ]0;1  ʠ ʦʭʚʘʪʳʚʘʝʪ ʝʜʠʥʠʯʥʫʶ ʧʣʦʱʘʜʴ:

()
1

1

up 1t dt
-

=ñ . 

ʇʝʨʚʘʷ ʧʨʦʠʟʚʦʜʥʘʷ ʬʫʥʢʮʠʠ ()up t  ʠʤʝʝʪ ʧʨʦʩʪʫʶ ʩʚʷʟʴ ʩ ʩʘʤʦʡ 

ʬʫʥʢʮʠʝʡ (ʨʠʩ. 3.2 ʘ) [27]: 

() ( ) ( )up 2 up 2 1 2 up 2 1t t t¡ = Ö + - Ö -.       (3.4) 

ɸʥʘʣʦʛʠʯʥʦ ʧʦʜʩʪʘʥʦʚʢʦʡ ʚ (3.4) ʧʦʣʫʯʘʶʪʩʷ ʧʨʦʠʟʚʦʜʥʳʝ ʙʦʣʝʝ 

ʚʳʩʦʢʦʛʦ ʧʦʨʷʜʢʘ [27]. 

 

ʈʠʩʫʥʦʢ 3.1. ï ɻʨʘʬʠʢ ʘʪʦʤʘʨʥʦʡ ʬʫʥʢʮʠʠ ()up t  
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ʘ)        ʙ)        ʚ) 

ʈʠʩʫʥʦʢ 3.2. ï ʇʝʨʚʘʷ,  ʚʪʦʨʘʷ  ʠ ʪʨʝʪʴʷ ʧʨʦʠʟʚʦʜʥʳʝ ʬʫʥʢʮʠʠ  ()up t  

ʇʨʦʠʟʚʦʜʥʘʷ n-ʦʛʦ ʧʦʨʷʜʢʘ ʚʳʯʠʩʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʬʦʨʤʫʣʳ: 

()() ( )
2

2
1

1

up 2 ŭ 2 2 1 2

n

n
n C n n

k

k

t t k
+

=

= + + -ä ,   (3.5) 

ʛʜʝ ŭk
 ʦʧʨʝʜʝʣʷʶʪʩʷ ʨʝʢʫʨʨʝʥʪʥʳʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ: 

1ŭ 1= , 
2ŭ ŭk k=-, 

2 1ŭ ŭk k-= . 

ʌʫʥʢʮʠʷ ()up t  ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝʤ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ çʟʘʜʘʯʠ ʦ ʨʘʟʙʠʝʥʠʠ 

ʝʜʠʥʠʮʳè [116], ʪ.ʢ. ʝʝ ʩʜʚʠʛʠ ʦʙʨʘʟʫʶʪ const 1= : ( )up 1
k

t k
+¤

=-¤

- ¹ä . ʇʨʠ 

ʩʜʚʠʛʘʭ ʥʘ ʙʦʣʝʝ ʢʦʨʦʪʢʠʡ ʰʘʛ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʣʶʙʳʝ ʩʪʝʧʝʥʠ, ʠʟ ʢʦʪʦʨʳʭ 

ʩʦʩʪʘʚʣʷʝʪʩʷ ʣʶʙʦʡ ʧʦʣʠʥʦʤ [27] () ( )up 2 1N

k

C k t k
+¤

-

=-¤

- Ö ¹ä . 

ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ ʬʫʥʢʮʠʠ ()up t , ʢʘʢ ʙʳʣʦ ʫʧʦʤʷʥʫʪʦ ʚʳʰʝ,  

ʟʘʜʘʥʦ ʚ ʷʚʥʦʤ ʚʠʜʝ (){ }
( )

1

sin 2
up

2

k

k
k

u
t

u

-¤

-
=

Ö
À =

Ö
Ô . 

ʂʘʢ ʚʠʜʥʦʡ ʠʟ ʨʠʩʫʥʢʦʚ ʧʝʨʚʦʡ, ʚʪʦʨʦʡ ʠ ʪʨʝʪʴʝʡ ʧʨʦʠʟʚʦʜʥʦʡ ʬʫʥʢʮʠʠ 

()up t , ʠʟʤʝʥʝʥʠʝ ʬʦʨʤʳ ʵʪʠʭ ʬʫʥʢʮʠʡ ʦʢʘʟʳʚʘʝʪʩʷ ʘʥʘʣʦʛʠʯʥʦʡ ʠʟʤʝʥʝʥʠʶ 

ʬʫʥʢʮʠʡ ʋʦʣʰʘ. ʕʪʦ ʩʚʦʡʩʪʚʦ ʦʢʘʟʳʚʘʝʪʩʷ ʫʥʠʢʘʣʴʥʳʤ ʠ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʦ-ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʛʥʘʣʦʚ ʚ ʢʘʥʘʣʘʭ 

ʧʝʨʝʜʘʯʠ ʩ ʢʦʜʦʚʳʤ ʨʘʟʜʝʣʝʥʠʝʤ. 

ɼʘʣʝʝ ʥʘ ʨʠʩ. 3.3 ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʢʠ ʩʣʫʯʘʡʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

ʩʠʛʥʘʣʦʚ, ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʘʪʦʤʘʨʥʦʡ ʬʫʥʢʮʠʠ ()up t  ʜʣʠʪʝʣʴʥʦʩʪʠ ʊ   

ʙʝʟ ʤʝʞʩʠʤʚʦʣʴʥʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʝʡ. 
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ʈʠʩʫʥʦʢ 3.3. ï ɺʠʜ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʠʛʥʘʣʦʚ ʧʨʠ ʬʦʨʤʝ () ()upa t t= , 

5n=  ʜʣʠʪʝʣʴʥʦʩʪʴʶ [ ]0;t TÍ ʙʝʟ ʄʉʀ 

ʀʟ ʩʚʝʨʪʢʠ ʬʫʥʢʮʠʡ ()ɗn t  ʠ ()up t  ʩʦʩʪʘʚʣʷʝʪʩʷ ʜʨʫʛʘʷ ʚʘʞʥʘʷ ʬʫʥʢʮʠʷ, 

ʦʧʨʝʜʝʣʝʥʥʘʷ ʥʘ ʠʥʪʝʨʚʘʣʝ ( ) ( )2 / 2; 2 / 2N N- + +è øê ú, ʢʦʪʦʨʘʷ ʦʙʦʟʥʘʯʘʝʪʩʷ 

()fupN t : 

() () () () ()1fup ɗ up 2 ɗ upN N Nt t t t t-= * = * ,   (3.6) 

ʧʨʠʯʝʤ () ()0fup upt t¹ . 

ʌʫʥʢʮʠʷ ()fupN t  ʜʣʷ ʢʘʞʜʦʛʦ N ʯʝʪʥʘʷ, ʧʦʣʦʞʠʪʝʣʴʥʘʷ, ʩ ʥʦʩʠʪʝʣʝʤ 

() ( ) ( )supp fup 2 / 2; 2 / 2N t N N= - + +è øê ú, ʦʭʚʘʪʳʚʘʝʪ ʝʜʠʥʠʯʥʫʶ ʧʣʦʱʘʜʴ:

()
1

1

fup 1.N t dt
-

=ñ  ʇʨʦʠʟʚʦʜʥʘʷ ʬʫʥʢʮʠʠ ()fupN t  ʠʤʝʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʫʶ ʩʚʷʟʴ 

ʩ ʬʫʥʢʮʠʝʡ ()1fupN t-
: 

() 1 1

1 1
fup fup fup

2 2
N N Nt t x- -

å õ å õ
¡ = + - -æ ö æ ö

ç ÷ ç ÷
.   (3.7) 

ɽʝ ʛʨʘʬʠʢ, ʘ ʪʘʢʞʝ ʛʨʘʬʠʢʠ ʚʪʦʨʦʡ ʠ ʪʨʝʪʴʝʡ ʧʨʦʠʟʚʦʜʥʦʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩ. 3.6 ʘ-ʚ. 
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ʀʩʩʣʝʜʫʝʤ ʠʤʧʫʣʴʩʳ ()a t , ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʵʪʦʡ ʬʫʥʢʮʠʠ. 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʩʧʦʩʦʙʦʚ ʚʳʯʠʩʣʝʥʠʷ ʝʝ ʟʥʘʯʝʥʠʡ, ʟʜʝʩʴ ʠʩʧʦʣʴʟʦʚʘʥ 

ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʫʧʦʪʨʝʙʣʷʝʤʳʡ ï ʨʘʟʣʦʞʝʥʠʝ ʚ ʙʳʩʪʨʦʩʭʦʜʷʱʠʡʩʷ ʨʷʜ ʌʫʨʴʝ 

ʧʨʠ ʧʝʨʠʦʜʠʯʝʩʢʦʤ ʧʨʦʜʦʣʞʝʥʠʠ ʩ ʧʝʨʠʦʜʦʤ ʨʘʚʥʳʤ ʜʣʠʥʝ ʥʦʩʠʪʝʣʷ [27]. 

ʅʘʧʨʠʤʝʨ, ʜʣʷ ʬʫʥʢʮʠʠ 

 ()
/4 1

1

1

1 1

ˊ 2ˊ
sinsin

2ˊ
fup 1 2 cos

ˊ ˊ 2

N i

N

N i
k i
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N ktN
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k k N

N N

-
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ë ûå õÖå õå õ
î îæ öæ öæ öî îç ÷ ç ÷æ ö= +ì ü

Öæ öî î
æ ö

î îç ÷í ý

ä Ô        (3.8) 

ʯʠʩʣʦ ʯʣʝʥʦʚ ʩʫʤʤʳ ʤʦʞʥʦ ʦʛʨʘʥʠʯʠʪʴ ʯʝʪʚʝʨʪʴʶ ʧʦʨʷʜʢʘ ʬʫʥʢʮʠʠ. ɼʣʷ 

ʬʫʥʢʮʠʠ ʙʦʣʴʰʦʛʦ ʧʦʨʷʜʢʘ N ʙʝʩʢʦʥʝʯʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʚ (3.8) ʤʦʞʥʦ 

ʦʧʫʩʪʠʪʴ, ʪ.ʝ. ʟʘʤʝʥʠʪʴ ʝʝ ʬʠʥʠʪʥʳʤ ʩʧʣʘʡʥʦʤ ʙʝʟ ʟʘʤʝʪʥʦʡ ʧʦʪʝʨʠ ʪʦʯʥʦʩʪʠ 

[27]. ʅʘ ʨʠʩ. 3.5 a) ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʢʠ ʬʫʥʢʮʠʡ ()fupN t  ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ N, ʘ ʜʘʣʝʝ ʥʘ ʨʠʩ. 3.5 ʙ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʦʨʤʠʨʦʚʘʥʥʳʝ 

ʠʤʧʫʣʴʩʳ () ()fup fup 0N Nt . 

 

ʘ)      ʙ) 

ʈʠʩʫʥʦʢ 3.5. ï ʘ) ʚʠʜ ʦʛʠʙʘʶʱʝʡ () ()fupNa t t= , [ ];t T TÍ -  ʧʨʠ 2,3,6N=

(ʢʨʠʚʳʝ 1,2,3) ʠ 8N=  (ʢʨʠʚʘʷ 4); ʙ) ʚʠʜ ʥʦʨʤʠʨʫʶʱʝʡ ʦʛʠʙʘʶʱʝʡ 

() () ()fup fup 0N Na t t= , ʧʨʠ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ 
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ʘ)        ʙ)      ʚ) 

ʈʠʩʫʥʦʢ 3.6. ï  ɺʠʜ ʧʨʦʠʟʚʦʜʥʳʭ ʬʫʥʢʮʠʠ ()fupN t . 

ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ ()fupN t  ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ 

()( )
( ) ( )

1

sin 2sin / 2
fup

/ 2 2

N k

N k
k

uu
x du

u u

-¤

-
=

Öå õ
À =æ ö

Öç ÷
Ô .   (3.9) 

ʈʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʠʛʥʘʣʦʚ, ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ 

ʦʩʥʦʚʝ ʩʝʤʝʡʩʪʚʘ ʵʪʠʭ ʬʫʥʢʮʠʡ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʊ ʙʝʟ ʤʝʞʩʠʤʚʦʣʴʥʦʡ 

ʠʥʪʝʨʬʝʨʝʥʮʠʠ (ʨʠʩ. 3.7). 

 

ʈʠʩʫʥʦʢ 3.7. ï ɺʠʜ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʠʛʥʘʣʦʚ ʧʨʠ ʬʦʨʤʝ () ()2fupa t t=  

ʜʣʠʪʝʣʴʥʦʩʪʴʶ [ ]0;t TÍ  ʙʝʟ ʄʉʀ 

ʈʘʩʩʤʦʪʨʠʤ ʜʘʣʝʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʠʛʥʘʣʦʚ ʩ ʤʝʞʩʠʤʚʦʣʴʥʦʡ 

ʠʥʪʝʨʬʝʨʝʥʮʠʝʡ. ʇʨʠ ʵʪʦʤ, ʫʯʠʪʳʚʘʷ, ʯʪʦ ()a t  ʷʚʣʷʝʪʩʷ ʯʝʪʥʦʡ, ʠʤʝʝʤ ʥʘ 

ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ [ ]0;T : 

() ( ) ( ) ( )1 0 12 2s t d a t T d a t T d a t T-= + + - + - 
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ʛʜʝ 
1 0 1,  ,  d d d-

 ʧʨʠʥʠʤʘʶʪ ʟʥʘʯʝʥʠʷ 1°. 

ʅʘ ʨʠʩ. 3.8 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʣʫʯʘʡʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʠʛʥʘʣʦʚ ʥʘ 

ʦʩʥʦʚʝ ʘʪʦʤʘʨʥʳʭ ʬʫʥʢʮʠʡ ʧʨʠ ʥʘʣʠʯʠʠ ʤʝʞʩʠʤʚʦʣʴʥʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʠ. 

         

ʘ)       ʙ) 

ʈʠʩʫʥʦʢ 3.8. ï ɺʠʜ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʠʛʥʘʣʦʚ ʧʨʠ 5n=  ʜʣʠʪʝʣʴʥʦʩʪʴʶ 

[ ]0;t TÍ  ʠ ʧʨʠ ʥʘʣʠʯʠʠ ʄʉʀ ʩ ʬʦʨʤʘʤʠ: ʘ) () ()upa t t= ; ʙ) () ()2fupa t t=   

ɺ ʪʘʙʣʠʮʝ 3.1 ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʧʠʢ-ʬʘʢʪʦʨʘ ʢʦʣʝʙʘʥʠʡ ʩʠʛʥʘʣʦʚ ʥʘ 

ʦʩʥʦʚʝ ʘʪʦʤʘʨʥʳʭ ʬʫʥʢʮʠʡ ʧʨʠ ʧʨʷʤʦʤ ʤʝʪʦʜʝ ʬʦʨʤʠʨʦʚʘʥʠʷ. ɺʠʜʥʦ, ʯʪʦ 

ʚʚʝʜʝʥʠʝ ʫʧʨʘʚʣʷʝʤʦʡ ʤʝʞʩʠʤʚʦʣʴʥʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ 

ʵʪʦ ʧʘʨʘʤʝʪʨ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʬʫʥʢʮʠʠ ()up t  ʚʳʠʛʨʳʰ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 

ʯʝʤ ʜʚʘ ʨʘʟʘ. ʆʜʥʘʢʦ, ʝʛʦ ʟʥʘʯʝʥʠʝ ʜʣʷ ʘʪʦʤʘʨʥʳʭ ʬʫʥʢʮʠʡ ()fupN t  ʧʦ-

ʧʨʝʞʥʝʤʫ ʦʩʪʘʝʪʩʷ ʥʝʜʦʧʫʩʪʠʤʦ ʚʳʩʦʢʠʤ. 

ʊʘʙʣʠʮʘ 3.1. ï ɿʥʘʯʝʥʠʷ ʧʠʢ-ʬʘʢʪʦʨʘ ʢʦʣʝʙʘʥʠʡ ʩʠʛʥʘʣʦʚ ʥʘ ʦʩʥʦʚʝ 

ʘʪʦʤʘʨʥʳʭ ʬʫʥʢʮʠʡ ʧʨʠ ʧʨʷʤʦʤ ʤʝʪʦʜʝ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʆʛʠʙʘʶʱʘʷ 
ʇʠʢ-ʬʘʢʪʦʨ 

ʙʝʟ ʄʉʀ ʩ ʄʉʀ 

()up t  2.5 1.17 

()2fup x  2 1.48 

()3fup x  2.11 1.58 

()6fup x  2.37 1.76 

()8fup x  2.5 1.85 
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ʘ)        ʙ) 

ʈʠʩʫʥʦʢ 3.9. ï ɺʠʜ ʦʛʠʙʘʶʱʝʡ () ()upa t t=  ʧʨʠ 5n=  (ʢʨʠʚʘʷ 1) ʠ 7,10n=

(ʢʨʠʚʳʝ 2,3 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʘ); ʚʠʜ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʠʛʥʘʣʦʚ ʧʨʠ ʬʦʨʤʝ 

() ()upa t t=  ʜʣʠʪʝʣʴʥʦʩʪʴʶ [ ],t T TÍ -  ʧʨʠ 5n= : ()I t  ʠ ()Q t  ï ʦʛʠʙʘʶʱʠʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʠʛʥʘʣʦʚ ʚ ʢʚʘʜʨʘʪʫʨʥʳʭ ʢʘʥʘʣʘʭ, ()IQ t  ï 

ʨʝʟʫʣʴʪʠʨʫʶʱʝʝ ʢʦʣʝʙʘʥʠʝ ʥʘ ʚʳʭʦʜʝ ʩʫʤʤʘʪʦʨʘ ʙ).  

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʥʠʟʠʪʴ ʵʪʠ ʟʥʘʯʝʥʠʷ ʨʘʩʩʤʦʪʨʠʤ ʚʠʜʳ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩʠʛʥʘʣʦʚ, ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʨʘʟʣʠʯʥʳʭ ʘʪʦʤʘʨʥʳʭ 

ʬʫʥʢʮʠʡ ʧʨʠ ʢʚʘʜʨʘʪʫʨʥʳʭ ʤʝʪʦʜʘʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʧʝʢʪʨʘʣʴʥʦ-

ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʛʥʘʣʦʚ. ʅʘ ʨʠʩ. 3.9 ʘ) ʧʨʝʜʩʪʘʚʣʝʥ ʚʠʜ ʦʛʠʙʘʶʱʝʡ ʬʫʥʢʮʠʠ, ʘ 

ʜʘʣʝʝ ʥʘ ʨʠʩ. 3.9 ʙ) ʚʠʜ ʩʣʫʯʘʡʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʠʛʥʘʣʦʚ ʚ ʢʘʞʜʦʤ ʠʟ 

ʢʚʘʜʨʘʪʫʨʥʳʭ ʢʘʥʘʣʦʚ.  

ʅʘ ʩʣʝʜʫʶʱʠʭ ʛʨʘʬʠʢʘʭ (ʨʠʩ. 3.10) ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʠʛʥʘʣʳ ʥʘ ʦʩʥʦʚʝ 

ʘʪʦʤʘʨʥʦʡ ʬʫʥʢʮʠʠ ()fupN t , ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʘ N. 

ʈʘʩʩʤʦʪʨʠʤ ʜʘʣʝʝ ʩʠʛʥʘʣʳ ʧʨʠ ʥʘʣʠʯʠʠ ʤʝʞʩʠʤʚʦʣʴʥʦʡ 

ʠʥʪʝʨʬʝʨʝʥʮʠʠ. ʂʘʢ ʫʧʦʤʠʥʘʣʦʩʴ ʚʳʰʝ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʚʘʜʨʘʪʫʨʥʦʛʦ 

ʤʝʪʦʜʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʜʚʘ ʢʘʥʘʣʘ: ()I t - 

ʦʛʠʙʘʶʱʘʷ ʩʣʫʯʘʡʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʠʛʥʘʣʦʚ ʥʘ ʩʠʥʬʘʟʥʦʤ ʢʘʥʘʣʝ;  

()Q t  - ʦʛʠʙʘʶʱʘʷ ʩʣʫʯʘʡʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʘ ʢʚʘʜʨʘʪʫʨʥʦʤ ʢʘʥʘʣʝ 

ʬʦʨʤʠʨʦʚʘʥʠʷ. 
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ʘ)                                                    ʙ) 

ʈʠʩʫʥʦʢ 3.10. ï ɺʠʜ ʦʛʠʙʘʶʱʝʡ () ()fupNa t t=  ʧʨʠ 2,3,6N= (ʢʨʠʚʳʝ 1,2,3) ʠ 

8N=  (ʢʨʠʚʘʷ 4) ʘ); ʚʠʜ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʠʛʥʘʣʦʚ ʧʨʠ ʬʦʨʤʝ 

() ()fupNa t t=  ʜʣʠʪʝʣʴʥʦʩʪʴʶ [ ],t T TÍ -  ʧʨʠ 2N= : ()I t  ʠ ()Q t  ï 

ʦʛʠʙʘʶʱʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʠʛʥʘʣʦʚ ʚ ʢʚʘʜʨʘʪʫʨʥʳʭ ʢʘʥʘʣʘʭ, ()IQ t  ï 

ʨʝʟʫʣʴʪʠʨʫʶʱʝʝ ʢʦʣʝʙʘʥʠʝ ʥʘ ʚʳʭʦʜʝ ʩʫʤʤʘʪʦʨʘ ʙ). 

 

    
ʘ)       ʙ) 

ʈʠʩʫʥʦʢ 3.11. ï ɺʠʜ ʦʛʠʙʘʶʱʝʡ () ()fupNa t t=  ʧʨʠ 2,3,6N=  (ʢʨʠʚʳʝ 1,2,3) ʠ 

8N=  (ʢʨʠʚʘʷ 4) ʘ); ʚʠʜ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʠʛʥʘʣʦʚ ʧʨʠ ʬʦʨʤʝ 

() ()fupNa t t=  ʜʣʠʪʝʣʴʥʦʩʪʴʶ [ ]2 ,2t T TÍ -  ʧʨʠ 2N= : ()I t  ʠ ()Q t  ï 

ʦʛʠʙʘʶʱʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʠʛʥʘʣʦʚ ʚ ʢʚʘʜʨʘʪʫʨʥʳʭ ʢʘʥʘʣʘʭ, ()IQ t  ï 

ʨʝʟʫʣʴʪʠʨʫʶʱʝʝ ʢʦʣʝʙʘʥʠʝ ʥʘ ʚʳʭʦʜʝ ʩʫʤʤʘʪʦʨʘ ʙ). 

ʇʨʠ ʵʪʦʤ, ʫʯʠʪʳʚʘʷ,  ʯʪʦ ʬʫʥʢʮʠʠ ()a t  ʷʚʣʷʝʪʩʷ ʯʝʪʥʦʡ, ʠʤʝʝʤ ʥʘ 

ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ [ ]0;2T : 

() ( ) ( ) ( )1 1 3 3I t d a t T d a t T d a t T-= + + - + -; 

() () ( )0 2 2Q t d a t d a t T= + - ; 

ʛʜʝ  1 0 1 2 3,  ,  ,  ,  d d d d d-   ʧʨʠʥʠʤʘʶʪ ʟʥʘʯʝʥʠʷ 1°. 
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ʅʘ ʛʨʘʬʠʢʘʭ (ʨʠʩ. 3.12-3.13) ʧʨʠʚʝʜʝʥʳ ʪʘʢʠʝ ʩʠʛʥʘʣʳ ʥʘ ʦʩʥʦʚʝ 

ʘʪʦʤʘʨʥʳʭ ʬʫʥʢʮʠʡ ʩ ʨʘʟʣʠʯʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʴʶ. 

   

ʘ)      ʙ) 

ʈʠʩʫʥʦʢ 3.12. ï ɺʠʜ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʠʛʥʘʣʦʚ ʧʨʠ ʬʦʨʤʝ () ()upa t t= , 

5n=  ʜʣʠʪʝʣʴʥʦʩʪʴʶ [ ],t T TÍ - : ()I t  ʠ ()Q t  ï ʦʛʠʙʘʶʱʠʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʠʛʥʘʣʦʚ ʚ ʢʚʘʜʨʘʪʫʨʥʳʭ ʢʘʥʘʣʘʭ, ()IQ t ï 

ʨʝʟʫʣʴʪʠʨʫʶʱʝʝ ʢʦʣʝʙʘʥʠʝ ʥʘ ʚʳʭʦʜʝ ʩʫʤʤʘʪʦʨʘ ʘ); ʚʠʜ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʩʠʛʥʘʣʦʚ ʧʨʠ ʬʦʨʤʝ () ()upa t t= , 5n=  ʜʣʠʪʝʣʴʥʦʩʪʴʶ [ ]2 ,2t T TÍ -  ʙ) [62]. 

 

   
ʘ)       ʙ) 

ʈʠʩʫʥʦʢ 3.13. ï ɺʠʜ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʠʛʥʘʣʦʚ ʧʨʠ ʬʦʨʤʝ () ()2fupa t t=   

ʜʣʠʪʝʣʴʥʦʩʪʴʶ  [ ],t T TÍ - : ()I t  ʠ ()Q t ï ʦʛʠʙʘʶʱʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʩʠʛʥʘʣʦʚ ʚ ʢʚʘʜʨʘʪʫʨʥʳʭ ʢʘʥʘʣʘʭ, ()IQ t ï ʨʝʟʫʣʴʪʠʨʫʶʱʝʝ ʢʦʣʝʙʘʥʠʝ ʥʘ 

ʚʳʭʦʜʝ ʩʫʤʤʘʪʦʨʘ ʘ); ʚʠʜ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʠʛʥʘʣʦʚ ʧʨʠ ʬʦʨʤʝ 

() ()2fupa t t=  ʜʣʠʪʝʣʴʥʦʩʪʴʶ [ ]2 ,2t T TÍ - ʙ) [62]. 

ɺ ʪʘʙʣʠʮʝ 3.2 ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʧʠʢ-ʬʘʢʪʦʨʘ ʢʦʣʝʙʘʥʠʡ ʩʠʛʥʘʣʦʚ ʥʘ 

ʦʩʥʦʚʝ ʘʪʦʤʘʨʥʳʭ ʬʫʥʢʮʠʡ ʧʨʠ ʢʚʘʜʨʘʪʫʨʥʦʤ ʤʝʪʦʜʝ ʬʦʨʤʠʨʦʚʘʥʠʷ. ʇʨʠ 

ʥʘʣʠʯʠʠ ʤʝʞʩʠʤʚʦʣʴʥʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʝʛʦ ʟʥʘʯʝʥʠʷ ʯʫʪʴ ʥʠʞʝ, ʯʝʤ ʫ 

ʩʠʛʥʘʣʦʚ, ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʧʨʷʤʦʛʦ ʤʝʪʦʜʘ. 
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ʊʘʙʣʠʮʘ 3.2. ï ʟʥʘʯʝʥʠʷ ʧʠʢ-ʬʘʢʪʦʨʘ ʢʦʣʝʙʘʥʠʡ ʩʠʛʥʘʣʦʚ ʥʘ ʦʩʥʦʚʝ 

ʘʪʦʤʘʨʥʳʭ ʬʫʥʢʮʠʡ ʧʨʠ ʢʚʘʜʨʘʪʫʨʥʦʤ ʤʝʪʦʜʝ ʬʦʨʤʠʨʦʚʘʥʠʷ. 

ʆʛʠʙʘʶʱʘʷ ɼʣʠʪʝʣʴʥʦʩʪʴ 
ʇʠʢ-ʬʘʢʪʦʨ 

ɹʝʟ ʄʉʀ ʩ ʄʉʀ 

()up x  2T 1.23 1.35 

4T 1.15 1.72 

()2fup x  2T 2.09 2.03 

4T 2.09 2.03 

()3fup x  2T 2.21 1.84 

4T 2.22 1.84 

()6fup x  2T 2.48 1.55 

4T 2.48 1.58 

()8fup x  2T 2.61 1.54 

4T 2.61 1.56 

3.2. ʉʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʣʫʯʘʡʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

ʥʘ ʦʩʥʦʚʝ ʘʪʦʤʘʨʥʳʭ ʬʫʥʢʮʠʡ ʂʨʘʚʯʝʥʢʦ-ʈʚʘʯʝʚʘ 

3.2.1. ʇʨʷʤʦʡ ʤʝʪʦʜ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʉʧʝʢʪʨ ʢʦʤʧʣʝʢʩʥʦʡ ʦʛʠʙʘʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʠʛʥʘʣʦʚ 

ʧʨʝʜʩʪʘʚʠʤ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

() ( )() ( ) () ()
1

0 0

00

ɤ cosɤ exp ɤ ɤ ɤ

NT N
k

r

k

S A a t kT d t i t dt S S
-

+ -

=

= - Ö - = +äñ ,      (3.10) 

ʛʜʝ () ( ) ( )( )
1

( )0
0

00

ɤ exp ɤ ɤ ,
2

NT N
k

r

k

A
S a t kT d i t dt

-

+

=

= - - +äñ  

() ( ) ( )( )
1

( )0
0

00

ɤ exp ɤ ɤ
2

NT N
k

r

k

A
S a t kT d i t dt

-

-

=

= - -äñ . 

ʇʦʩʣʝ ʟʘʤʝʥʳ ʧʝʨʝʤʝʥʥʦʡ x t kT= -  ʧʦʣʫʯʠʤ: 

() () () ( )
1

0

0

ɤ ɤ exp ɤ ɤ
N

k

a r

k

S F d i t
-

+

=

è ø= - -ê úä ,   (3.11) 

ʛʜʝ () () ( )0
0

0

ɤ exp ɤ ɤ
2

T

a

A
F a t i dtè ø= - -ê úñ  ï ʩʧʝʢʪʨ ʦʛʠʙʘʶʱʝʡ ()a t . 

ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʩʧʝʢʪʨ ʩʣʫʯʘʡʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (3.10) 

ʚʳʯʠʩʣʷʝʪʩʷ ʧʨʠ ʩʪʨʝʤʣʝʥʠʠ N ʢ ʙʝʩʢʦʥʝʯʥʦʩʪʠ: 
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() (){ }21

1
ɤ lim ɤ

N
G m S

NT­¤
=       (3.12) 

ʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ (){ }21 ɤm S , ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʫʪʝʤ ʫʩʨʝʜʥʝʥʠʷ ʧʦ 

ʚʩʝʤ ʚʦʟʤʦʞʥʳʤ ʢʦʥʝʯʥʳʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤ ʩʠʤʚʦʣʦʚ ʢʘʥʘʣʴʥʦʛʦ 

ʘʣʬʘʚʠʪʘ. 

ɺʳʨʘʞʝʥʠʝ ʜʣʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (3.12) ʩ 

ʫʯʝʪʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʫʟʢʦʧʦʣʦʩʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʠʛʥʘʣʦʚ ʠʤʝʝʪ ʚʠʜ 

[62]:                                       () () ()ɤ ɤ ɤG G G+ -= + ,      (3.13) 

ʛʜʝ 

() (){ }21

1
ɤ lim ɤ ,

N
G m S

NT
+ +

­¤
=     (3.14) 

() (){ }21

1
ɤ lim ɤ .

N
G m S

NT
- -

­¤
=     (3.15) 

ɼʣʷ (){ }21 ɤm S+ , ʦʯʝʚʠʜʥʦ, ʠʤʝʝʤ: 

(){ } ( ) ( ) () (){ }
1 1

22

1 1

0 0

ɤ ɤ exp ɤ
N N

k l

a r q

k l

m S F i k l m d d
- -

+

= =

= D -D -è øê úää ,       (3.16) 

ʛʜʝ 
0ɤ ɤ ɤD = -. 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʡ, ʩ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, 

ʩʣʫʯʘʡ ʨʘʚʥʦʚʝʨʦʷʪʥʳʭ ʠ ʥʝʟʘʚʠʩʠʤʳʭ ʩʠʤʚʦʣʦʚ ʧʦʣʫʯʘʝʤ: 

() (){ }1

1,  ,

0,  .

k l

r q

k l
m d d

k l

=ë
=ì

¸í
        (3.17) 

ʇʦʜʩʪʘʚʣʷʷ (3.17) ʚ (3.14) ʠ (3.15), ʧʦʣʫʯʠʤ ʦʢʦʥʯʘʪʝʣʴʥʦʝ ʚʳʨʘʞʝʥʠʝ 

ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ ʩʣʫʯʘʡʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʩʧʝʢʪʨʘʣʴʥʦ-ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʛʥʘʣʦʚ c ɸʌʄ ʚ ʦʙʣʘʩʪʠ ɤ 0> : 

 () ( ){ } ( )
2 21 1

ɤ lim ɤ ɤ
4 4

a a
N

G N F F
NT T

+
­¤

= D = D.   (3.18) 
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ʊʦ ʝʩʪʴ, ʩʧʝʢʪʨ ʩʣʫʯʘʡʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ɸʌʄ ʩʠʛʥʘʣʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʌʫʨʴʝ ʦʪ ʦʜʠʥʦʯʥʦʛʦ ʠʤʧʫʣʴʩʘ ʠ ʠʤʝʝʪ ʪʫ ʞʝ 

ʰʠʨʠʥʫ ʧʦʣʦʩʳ ʯʘʩʪʦʪ [62]. 

ɺ ʨʘʤʢʘʭ ʨʘʩʩʤʦʪʨʝʥʠʷ ʩʠʛʥʘʣʦʚ ʙʝʟ ʤʝʞʩʠʤʚʦʣʴʥʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʠ 

ʧʨʦʚʝʜʝʤ ʩʨʘʚʥʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʦʚ ʩʣʫʯʘʡʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩʠʛʥʘʣʦʚ ʜʣʷ ʦʛʠʙʘʶʱʠʭ ʚʠʜʘ ()up t , ()fupN t ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ  n (ʨʠʩ. 3.14). 

  

a)       ʙ) 

ʈʠʩʫʥʦʢ 3.14. ï ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʩʣʫʯʘʡʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

ʩʠʛʥʘʣʦʚ ʩ ʦʛʠʙʘʶʱʝʡ () up( )a t t=  ʜʣʠʪʝʣʴʥʦʩʪʴʶ [ ]0,t TÍ  ʘ); 

ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʩʣʫʯʘʡʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩʠʛʥʘʣʦʚ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʬʦʨʤʘʤʠ ʦʛʠʙʘʶʱʝʡ () ()fupNa t t=  ʜʣʠʪʝʣʴʥʦʩʪʴʶ [ ]0,t TÍ  ʙ). 

ɼʘʣʝʝ ʩʨʘʚʥʠʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʩʠʛʥʘʣʦʚ ʙʝʟ ʤʝʞʩʠʤʚʦʣʴʥʦʡ 

ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʩ ʟʘʢʦʥʦʤ ʠʟʤʝʥʝʥʠʷ ʦʛʠʙʘʶʱʝʡ ʚʠʜʘ ()fupN t  ʜʣʷ ʨʘʟʣʠʯʥʳʡ 

ʟʥʘʯʝʥʠʡ N (ʨʠʩ. 3.14 ʙ). 

ʍʦʨʦʰʦ ʚʠʜʥʦ, ʯʪʦ ʜʘʞʝ ʧʨʠ ʤʘʣʳʭ ʦʪʩʪʨʦʡʢʘʭ ʦʪ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʳ, 

ʬʫʥʢʮʠʷ ()fupN t  ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʯʝʥʴ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʩʧʘʜʘ ʫʨʦʚʥʷ 

ʚʥʝʧʦʣʦʩʥʳʭ ʠʟʣʫʯʝʥʠʡ. 

ɼʘʣʝʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʩʠʛʥʘʣʦʚ ()up t , ()fupN t  ʩ 

ʤʝʞʩʠʤʚʦʣʴʥʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʝʡ (ʨʠʩ. 3.15). 

ɺʚʝʜʝʥʠʝ ʤʝʞʩʠʤʚʦʣʴʥʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʥʘʨʷʜʫ ʩʦ ʩʥʠʞʝʥʠʝʤ ʧʠʢ-

ʬʘʢʪʦʨʘ ʢʦʣʝʙʘʥʠʡ ʜʘʝʪ ʥʝʙʦʣʴʰʦʝ ʫʣʫʯʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʩʧʘʜʘ ʫʨʦʚʥʷ 
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ʚʥʝʧʦʣʦʩʥʳʭ ʠʟʣʫʯʝʥʠʡ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʬʫʥʢʮʠʠ ()3fup t  ʧʨʠ ʦʪʩʪʨʦʡʢʝ 3 2T

ʫʨʦʚʝʥʴ ʧʝʨʚʦʛʦ ʙʦʢʦʚʦʛʦ ʣʝʧʝʩʪʢʘ ʨʘʚʝʥ 70 ʜɹ, ʯʪʦ ʥʘ 10 ʜɹ ʤʝʥʴʰʝ, ʯʝʤ ʚ 

ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʠʷ ʠʥʪʝʨʬʝʨʝʥʮʠʠ. 

   

ʘ)      ʙ) 

ʈʠʩʫʥʦʢ 3.15. ï ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʩʣʫʯʘʡʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

ʩʠʛʥʘʣʦʚ ʩ ʦʛʠʙʘʶʱʝʡ () up( )a t t=  ʜʣʠʪʝʣʴʥʦʩʪʴʶ [ ]0,t TÍ  ʩ ʄʉʀ ʘ); 

() ()fupNa t t=  ʜʣʠʪʝʣʴʥʦʩʪʴʶ [ ]0,t TÍ  ʩ ʄʉʀ ʙ). 

ɺ ʪʘʙʣ.3.3 ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʟʘʥʠʤʘʝʤʦʡ ʧʦʣʦʩʳ ʯʘʩʪʦʪ ʧʦʣʫʯʝʥʥʳʭ 

ʩʠʛʥʘʣʦʚ ʙʝʟ ʤʝʞʩʠʤʚʦʣʴʥʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʊ. ʀʟ ʪʘʙʣʠʮʳ 

ʚʠʜʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʟʥʘʯʝʥʠʡ N ʚʝʣʠʯʠʥʘ ʧʦʣʦʩʳ ʯʘʩʪʦʪ ʩʠʛʥʘʣʘ ʧʦ 

ʫʨʦʚʥʶ -40ʜɹ ʠ -60ʜɹ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʣʷ ʬʫʥʢʮʠʠ ()up t .  

ʊʘʙʣʠʮʘ 3.3. ï ɿʥʘʯʝʥʠʷ ʟʘʥʠʤʘʝʤʦʡ ʧʦʣʦʩʳ ʯʘʩʪʦʪ ʧʦʣʫʯʝʥʥʳʭ ʩʠʛʥʘʣʦʚ ʙʝʟ 

ʤʝʞʩʠʤʚʦʣʴʥʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʊ. 

ʆʛʠʙʘʶʱʘʷ N
 

ɹʝʟ ʄʉʀ ʉ ʄʉʀ 

ȹF-

40ʜɹ, 

(1/ʊ) 

ȹF-

60ʜɹ, 

(1/ʊ) 

ȹF99%, 
(1/ʊ) 

ȹF-

40ʜɹ, 

(1/ʊ) 

ȹF-

60ʜɹ, 

(1/ʊ) 

ȹF99%, 
(1/ʊ) 

()fupN t  

2 1.1 1.8 0.5 1.0 1.8 0.5 

3 0.9 1.5 0.45 0.8 1.2 0.46 

6 0.6 0.85 0.35 0.6 0.8 0.36 

8 0.5 0.7 0.31 0.5 0.7 0.33 

()up t  
5 1.95 2.7 0.75 1.8 2.6 0.78 

7 2.4 3.4 0.76 2.2 3.3 0.67 

10 2.4 3.8 0.76 2.3 3.6 0.74 
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ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ N ʚʦʟʨʘʩʪʘʝʪ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʵʥʝʨʛʠʠ ʚʙʣʠʟʠ ʦʩʥʦʚʥʳʭ ʣʝʧʝʩʪʢʦʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʫ 

ʬʫʥʢʮʠʡ ʩʝʤʝʡʩʪʚʘ ()fupN t  ʥʘʙʣʶʜʘʝʪʩʷ ʩʫʞʝʥʠʝ ʧʦʣʦʩʳ ʜʘʞʝ ʧʨʠ ʤʘʣʳʭ 

ʦʪʩʪʨʦʡʢʘʭ. 

3.2.2. ʂʚʘʜʨʘʪʫʨʥʳʡ ʤʝʪʦʜ ʬʦʨʤʠʨʦʚʘʥʠʷ. 

ʈʘʩʩʤʦʪʨʠʤ ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʣʫʯʘʡʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩʠʛʥʘʣʦʚ ʩ ʢʚʘʜʨʘʪʫʨʥʦʡ ʬʘʟʦʚʦʡ ʤʘʥʠʧʫʣʷʮʠʝʡ. 

ʇʨʝʜʩʪʘʚʠʤ ʢʦʤʧʣʝʢʩʥʫʶ ʦʛʠʙʘʶʱʫʶ ʂʌʄ ʩʠʛʥʘʣʘ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

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

0 0

( ) ( 2 ) ( 2 )
N N

k k

c r q

k k

y t A t kT d j A t kT T d
- -

= =

è ø è ø= - + - -ê ú ê úä ä .     (3.19) 

ʊʦʛʜʘ ʩʧʝʢʪʨ ʢʦʤʧʣʝʢʩʥʦʡ ʦʛʠʙʘʶʱʝʡ ()cy t : 

() ( ) () ( )
( )

( ) () ( )( )
( )

() ( )

1 /2 1 /2
ɤ 22 ɤ2 2

0 0

( 1)/2
(2 ) ( ɤ ) (2 ) ( ɤ2 )

0

ɤ ɤ ɤ

1
ɤ ,

2

N N
j kT Tk j kT k

c r A q A

k k

N
k j T k j kT

A r q

k

S d F e j d F e

F d je d e

- -
- --

= =

-
-

=

è ø è ø= + =
ê ú ê ú

= +

ä ä

ä

    (3.20) 

ʛʜʝ () ( ɤ )

0

ɤ ( )

T

j t

AF A t e dt-=ñ . 

ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʩʧʝʢʪʨ: 

() ( ){ }21 0

1
ɤ lim ɤ ɤ

4
c

N
G m S

NT
+

­¤
= - .            (3.21) 

ʇʦʜʩʪʘʚʣʷʷ (3.20) ʚ (3.21) ʠʤʝʝʤ: 

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

( ) ( ) ( ) () ( ) ( ) (){ }

0

1 /2 1 /2
ɤ ɤ

0 0

2 ɤ 2 2 1 ɤ (2 1)

1

1
ɤ lim

4

ɤ ɤ .

N N
j k l T

N
k l

k j T k l j T l

r q A r q A

G e
NT

m d je d F d je d F

- -
- - -

+
­¤

= =

- - *

= ³

è ø è ø³ + ³ +
ê ú ê ú

ä ä
        (3.22) 

ʋʯʠʪʳʚʘʷ (3.22) ʠ ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʜʣʷ ʨʘʚʥʦʚʝʨʦʷʪʥʳʭ ʠ 

ʥʝʟʘʚʠʩʠʤʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʤʚʦʣʦʚ 

( )( ){ }(2 1) ( ) (2 1) (2 1) ( ) (2 1)

1

2,     ;

0,     .

k j T k l j T l

r q s p

k l
m d je d d je d

k l

w w- - - -
=ë

+ + =ì
¸í

 

ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʩʧʝʢʪʨ ʪʘʢʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʠʛʥʘʣʦʚ ʠʤʝʝʪ ʚʠʜ: 
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() ()( ){ } ()
2 21 1

ɤ lim ɤ 1 ɤ
4 4

A A
N

G F N F
NT T

+
­¤

= - = ,      (3.23) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʩʧʝʢʪʨ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʠʛʥʘʣʦʚ ʩ 

ʂʌʄ ʨʘʚʝʥ ʩʫʤʤʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʦʚ ʠʭ ʥʝʟʘʚʠʩʠʤʳʭ ʢʚʘʜʨʘʪʫʨʥʳʭ 

ʢʦʤʧʦʥʝʥʪ, ʘ ʢʘʞʜʘʷ ʠʟ ʥʠʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʫʯʘʡʥʫʶ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʥʝʟʘʚʠʩʠʤʳʭ ʩʠʛʥʘʣʦʚ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 2ʊ ʧʨʠ 

ʘʤʧʣʠʪʫʜʥʳʭ ʤʝʪʦʜʘʭ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦʣʦʩʳ [62]. 

ʅʘ ʨʠʩ. 3.16-3.17 ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʩʠʛʥʘʣʦʚ ʥʘ 

ʦʩʥʦʚʝ ʘʪʦʤʘʨʥʳʭ ʬʫʥʢʮʠʡ ʂʨʘʚʯʝʥʢʦ-ʈʚʘʯʝʚʘ ʨʘʟʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ, ʢʘʢ ʩ 

ʠʥʪʝʨʬʝʨʝʥʮʠʝʡ, ʪʘʢ ʠ ʙʝʟ ʥʝʝ. 

   

ʘ)       ʙ) 

ʈʠʩʫʥʦʢ 3.16. ï ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʩʧʝʢʪʨ ʩʣʫʯʘʡʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʩʠʛʥʘʣʦʚ ʧʨʠ ʬʦʨʤʝ () up( )a t t=  ʜʣʠʪʝʣʴʥʦʩʪʴʶ [ ],t T TÍ - ʘ); ʧʨʠ ʬʦʨʤʝ 

() ()fupNa t t=  ʜʣʠʪʝʣʴʥʦʩʪʴʶ [ ],t T TÍ -  ʜʣʷ 2,3,6N=  ʠ 8. 

     

ʘ)       ʙ) 
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ʈʠʩʫʥʦʢ 3.17. ï ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʩʧʝʢʪʨ ʩʣʫʯʘʡʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʩʠʛʥʘʣʦʚ ʧʨʠ ʬʦʨʤʝ () up( )a t t=  ʜʣʠʪʝʣʴʥʦʩʪʴʶ [ ]2 ,2t T TÍ -  ʜʣʷ 5,7n=  ʠ 

10 ʧʨʠ ʥʘʣʠʯʠʠ ʄʉʀ ʘ); ʧʨʠ ʬʦʨʤʝ () ()fupNa t t=  ʜʣʠʪʝʣʴʥʦʩʪʴʶ 

[ ]2 ,2t T TÍ -  ʜʣʷ 2,3,6N=  ʠ 8 ʧʨʠ ʥʘʣʠʯʠʠ ʄʉʀ ʙ). 

ɺ ʪʘʙʣ. 3.4 ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʧʦʣʦʩʳ ʯʘʩʪʦʪ ʩʠʛʥʘʣʦʚ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 

2ʊ ʙʝʟ ʤʝʞʩʠʤʚʦʣʴʥʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʠ 4ʊ ʩ ʤʝʞʩʠʤʚʦʣʴʥʦʡ 

ʠʥʪʝʨʬʝʨʝʥʮʠʝʡ, ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʢʚʘʜʨʘʪʫʨʥʦʛʦ ʤʝʪʦʜʘ. 

ʊʘʙʣʠʮʘ 3.4. ï ɿʥʘʯʝʥʠʷ ʧʦʣʦʩʳ ʯʘʩʪʦʪ ʩʠʛʥʘʣʦʚ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 2ʊ ʙʝʟ 

ʤʝʞʩʠʤʚʦʣʴʥʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʠ 4ʊ ʩ ʤʝʞʩʠʤʚʦʣʴʥʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʝʡ. 

ʆʛʠʙʘʶʱʘʷ N  

ɹʝʟ ʄʉʀ ʉ ʄʉʀ 

ȹF-

40ʜɹ, 

(1/ʊ) 

ȹF-

60ʜɹ, 

(1/ʊ) 

ȹF99%, 

(1/ʊ) 

ȹF-

40ʜɹ, 

(1/ʊ) 

ȹF-

60ʜɹ, 

(1/ʊ) 

ȹF99%, 

(1/ʊ) 

()fupN t  

 0.5 0.9 0.25 0.3 0.5 0.15 

 0.4 0.7 0.22 0.25 0.35 0.13 

6 0.3 0.4 9 0.15 0.2 0.09 

8 0.25 0.35  0.125 0.175 0.08 

()up t  
5 1 1.4 0.4 0.35 0.7 0.185 

7 1 1.6 0.37 0.45 0.8 0.185 

10 1 1.8 0.38 0.45 0.9 0.185 

 

ʇʨʠ ʩʠʥʪʝʟʝ ʩʧʝʢʪʨʘʣʴʥʦ-ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʛʥʘʣʦʚ ʩ ʘʤʧʣʠʪʫʜʥʦ-ʬʘʟʦʚʦʡ 

ʤʘʥʠʧʫʣʷʮʠʝʡ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 2ʊ ʚ ʢʘʞʜʦʤ ʢʚʘʜʨʘʪʫʨʥʦʤ ʢʘʥʘʣʝ ʫʤʝʥʴʰʘʝʪʩʷ 

ʟʥʘʯʝʥʠʝ ʧʠʢ-ʬʘʢʪʦʨʘ ʢʦʣʝʙʘʥʠʡ, ʫʤʝʥʴʰʘʝʪʩʷ ʟʥʘʯʝʥʠʝ ʧʦʣʦʩʳ ʯʘʩʪʦʪ ʠ 

ʜʦʩʪʠʛʘʝʪʩʷ ʪʨʝʙʫʝʤʘʷ ʩʢʦʨʦʩʪʴ ʩʧʘʜʘ ʫʨʦʚʥʷ ʚʥʝʧʦʣʦʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʇʨʠ 

ʩʠʥʪʝʟʝ ʩʧʝʢʪʨʘʣʴʥʦ-ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʛʥʘʣʦʚ ʩ ʘʤʧʣʠʪʫʜʥʦ-ʬʘʟʦʚʦʡ 

ʤʘʥʠʧʫʣʷʮʠʝʡ ʩ ʤʝʞʩʠʤʚʦʣʴʥʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʝʡ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 4T ʚ ʢʘʞʜʦʤ 

ʢʚʘʜʨʘʪʫʨʥʦʤ ʢʘʥʘʣʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʫʞʘʝʪʩʷ ʧʦʣʦʩʘ ʯʘʩʪʦʪ, ʫʤʝʥʴʰʘʝʪʩʷ 

ʟʥʘʯʝʥʠʝ ʧʠʢ-ʬʘʢʪʦʨʘ ʢʦʣʝʙʘʥʠʡ ʠ ʚʦʟʨʘʩʪʘʝʪ ʩʢʦʨʦʩʪʴ ʩʧʘʜʘ ʫʨʦʚʥʷ 

ʚʥʝʧʦʣʦʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ.  

ʉʧʝʢʪʨʘʣʴʥʦ-ʵʬʬʝʢʪʠʚʥʳʝ ʩʠʛʥʘʣʳ ʥʘ ʦʩʥʦʚʝ ʘʪʦʤʘʨʥʦʡ ʬʫʥʢʮʠʠ 

()fupN t  ʩ ʤʝʞʩʠʤʚʦʣʴʥʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʝʡ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 4T ʚ ʢʘʞʜʦʤ 



87 
 

 
 

ʢʚʘʜʨʘʪʫʨʥʦʤ ʢʘʥʘʣʝ ʧʦʟʚʦʣʷʶʪ ʦʙʝʩʧʝʯʠʪʴ ʟʥʘʯʝʥʠʷ ʧʦʣʦʩʳ ʯʘʩʪʦʪ ʧʦ 

ʫʨʦʚʥʶ -60ʜɹ,  ʨʘʚʥʦʡ 0.45/T ʧʨʠ 2N=  ʠ 0.2/T ʧʨʠ  8N= . ʕʪʦ ʟʥʘʯʝʥʠʝ 

ʧʦʣʦʩʳ ʯʘʩʪʦʪ ʚ 2 ʨʘʟʘ ʤʝʥʴʰʝ, ʯʝʤ ʫ ʩʠʛʥʘʣʦʚ ʙʝʟ ʤʝʞʩʠʤʚʦʣʴʥʦʡ 

ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʧʨʠ ʪʝʭ ʞʝ ʟʥʘʯʝʥʠʷʭ ʧʠʢ-ʬʘʢʪʦʨʘ ʠʟʣʫʯʘʝʤʳʭ ʢʦʣʝʙʘʥʠʡ. 

ʇʨʠ ʵʪʦʤ ʩʢʦʨʦʩʪʠ ʩʧʘʜʘ ʫʨʦʚʥʷ ʚʥʝʧʦʣʦʩʥʳʭ ʠʟʣʫʯʝʥʠʡ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, 

ʯʝʤ ʫ ʩʠʛʥʘʣʦʚ ʩ ɻʄʄʉ [62]. 

3.3. ʆʙʦʙʱʝʥʥʳʝ ʘʪʦʤʘʨʥʳʝ ʚʝʡʚʣʝʪʳ ʚ ʟʘʜʘʯʘʭ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ 

ʠ ʠʟʦʙʨʘʞʝʥʠʡ 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʚʝʡʚʣʝʪ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ ʦʙʲʷʩʥʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʦʚʝʜʝʥʠʷ ʪʘʢ 

ʥʘʟʳʚʘʝʤʦʛʦ ʢʨʘʪʥʦʤʘʩʰʪʘʙʥʦʛʦ ʘʥʘʣʠʟʘ ʠʟʦʙʨʘʞʝʥʠʡ (multiresolution 

analysis), ʢʦʪʦʨʳʡ ʦʙʲʝʜʠʥʷʝʪ ʩʫʙʧʦʣʦʩʥʦʝ ʢʦʜʠʨʦʚʘʥʠʝ ʠʟ ʪʝʦʨʠʠ ʦʙʨʘʙʦʪʢʠ 

ʩʠʛʥʘʣʦʚ, ʢʚʘʜʨʘʪʫʨʥʫʶ ʟʝʨʢʘʣʴʥʫʶ ʬʠʣʴʪʨʘʮʠʶ ʠʟ ʪʝʦʨʠʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʨʝʯʠ ʠ ʧʠʨʘʤʠʜʘʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ ʠʟʦʙʨʘʞʝʥʠʡ [6].  

ʉʨʝʜʥʠʡ ʨʘʟʤʝʨ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʠʭ ʧʦʣʫʯʝʥʠʷ ʙʳʩʪʨʦ 

ʫʚʝʣʠʯʠʚʘʶʪʩʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʴʰʦʤʫ ʦʙʲʝʤʫ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ 

ʥʝʦʙʭʦʜʠʤʦ ʭʨʘʥʠʪʴ ʠ ʧʝʨʝʜʘʚʘʪʴ ʧʦ ʣʠʥʠʷʤ ʩʚʷʟʠ. ʕʪʦ ʦʙʲʷʩʥʷʝʪ, ʧʦʯʝʤʫ 

ʩʫʱʝʩʪʚʫʝʪ ʦʯʝʚʠʜʥʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʵʬʬʝʢʪʠʚʥʦʤ ʩʞʘʪʠʠ ʠʟʦʙʨʘʞʝʥʠʡ. 

ʉʞʘʪʠʝ ʙʝʟ ʧʦʪʝʨʴ ʯʘʩʪʦ ʥʝ ʤʦʞʝʪ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʦʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʦʙʲʝʤʫ ʜʘʥʥʳʭ, ʧʦʩʢʦʣʴʢʫ ʩʪʝʧʝʥʴ ʩʞʘʪʠʷ ʩʣʠʰʢʦʤ ʤʘʣʘ. ʊʦʛʜʘ ʧʨʠʭʦʜʠʪʩʷ 

ʧʨʠʤʝʥʷʪʴ ʩʞʘʪʠʝ ʩ ʧʦʪʝʨʷʤʠ, ʢʦʪʦʨʦʝ ʚʥʦʩʠʪ ʠʩʢʘʞʝʥʠʷ. 

ʉʞʘʪʠʝ ʩ ʧʦʪʝʨʷʤʠ ʤʦʞʝʪ ʙʳʪʴ ʦʩʥʦʚʘʥʦ ʥʘ ʨʘʟʣʠʯʥʳʭ ʧʨʠʥʮʠʧʘʭ, 

ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʪʘʥʜʘʨʪʘʭ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʩʪʘʥʜʘʨʪʳ ʠ 

ʜʨʫʛʠʝ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʩʞʘʪʠʷ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪ ʦʨʪʦʛʦʥʘʣʴʥʳʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʜʠʩʢʨʝʪʥʦʝ ʢʦʩʠʥʫʩʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠʣʠ 

ʚʝʡʚʣʝʪʳ. ʊʠʧ ʠ ʩʚʦʡʩʪʚʘ ʚʝʡʚʣʝʪʦʚ ʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʤʝʪʦʜʘ ʩʞʘʪʠʷ [5]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʚʳʙʦʨ ʚʝʡʚʣʝʪʥʦʛʦ ʙʘʟʠʩʘ ʠ ʪʱʘʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʝʛʦ ʩʚʦʡʩʪʚ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ 

ʟʘʜʘʯʝʡ ʧʨʠ ʩʞʘʪʠʠ ʠʟʦʙʨʘʞʝʥʠʡ ʩ ʧʦʪʝʨʷʤʠ. 
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ɸʪʦʤʘʨʥʳʝ ʚʝʡʚʣʝʪʳ ʩʦʯʝʪʘʶʪ ʚ ʩʝʙʝ ʨʷʜ ʧʦʣʝʟʥʳʭ ʩʚʦʡʩʪʚ, ʯʪʦ ʜʝʣʘʝʪ 

ʠʭ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʘʥʘʣʠʟʘ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ (ʧʦʜʨʦʙʥʦʝ 

ʦʙʩʫʞʜʝʥʠʝ ʧʨʠʚʝʜʝʥʦ ʚ [9]). ʆʜʥʠʤ ʠʟ ʧʨʠʤʝʥʝʥʠʡ ʵʪʠʭ ʬʫʥʢʮʠʡ ʷʚʣʷʝʪʩʷ 

ʩʞʘʪʠʝ ʮʠʬʨʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʦʠʩʢ ʤʝʭʘʥʠʟʤʘ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʧʨʠʤʝʥʠʤ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʧʦʪʝʨʷʤʠ ʢʘʯʝʩʪʚʘ, ʥʝ ʷʚʣʷʝʪʩʷ ʪʨʠʚʠʘʣʴʥʳʤ. ʉʨʝʜʠ ʨʘʙʦʪ, 

ʧʦʩʚʷʱʝʥʥʳʭ ʵʪʦʡ ʧʨʦʙʣʝʤʝ, ʦʪʤʝʪʠʤ [10 - 12]. ɹʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ 

ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʦ ʥʘ ʦʙʝʩʧʝʯʝʥʠʠ ʞʝʣʘʝʤʦʡ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʡ ʦʰʠʙʢʠ ʠʣʠ 

ʧʠʢʦʚʦʛʦ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ. ʆʜʥʘʢʦ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠ ʜʨʫʛʠʭ 

ʢʨʠʪʝʨʠʝʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʩʦʭʨʘʥʝʥʠʝ ʩʧʝʢʪʨʘʣʴʥʳʭ ʧʨʠʟʥʘʢʦʚ ʚʘʞʥʦ ʧʨʠ 

ʩʞʘʪʠʠ ʤʥʦʛʦʢʘʥʘʣʴʥʳʭ ʜʘʥʥʳʭ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʙʝʟ ʧʦʪʝʨʴ 

[13], ʘ ʤʠʥʠʤʘʣʴʥʳʝ ʠʩʢʘʞʝʥʠʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠ ʮʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʜʦʧʫʩʪʠʤʳ ʧʨʠ ʩʞʘʪʠʠ ʩ ʧʦʪʝʨʷʤʠ ʤʝʜʠʮʠʥʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ [14]. 

ʆʙʦʙʱʝʥʥʳʝ ʘʪʦʤʘʨʥʳʝ ʚʝʡʚʣʝʪʳ ʩʦʯʝʪʘʶʪ ʚ ʩʝʙʝ ʨʷʜ ʧʦʣʝʟʥʳʭ 

ʩʚʦʡʩʪʚ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʘʥʘʣʠʟʘ ʠ ʦʙʨʘʙʦʪʢʠ 

ʜʘʥʥʳʭ [9]. ʆʜʥʠʤ ʠʟ ʧʨʠʤʝʥʝʥʠʡ ʵʪʠʭ ʬʫʥʢʮʠʡ ʷʚʣʷʝʪʩʷ ʩʞʘʪʠʝ ʮʠʬʨʦʚʳʭ 

ʠʟʦʙʨʘʞʝʥʠʡ [10 - 12]. ɼʠʩʢʨʝʪʥʦʝ ʘʪʦʤʘʨʥʦʝ ʩʞʘʪʠʝ ʮʠʬʨʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ, 

ʢʦʪʦʨʦʝ ʙʳʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʵʪʠʭ ʨʘʙʦʪʘʭ, ʦʩʥʦʚʘʥʦ ʥʘ ʩʣʝʜʫʶʱʝʡ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʩʭʝʤʝ ʩʞʘʪʠʷ: ʜʠʩʢʨʝʪʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ Ÿ ʢʚʘʥʪʦʚʘʥʠʝ Ÿ 

ʢʦʜʠʨʦʚʘʥʠʝ.  

ʇʨʠʤʝʥʝʥʠʝ ʧʨʦʮʝʜʫʨʳ ʢʚʘʥʪʦʚʘʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʞʘʪʠʷ, 

ʘ ʪʘʢʞʝ ʧʦʪʝʨʠ ʢʘʯʝʩʪʚʘ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʠʟʤʝʨʠʪʴ ʩ ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ 

ʤʝʪʨʠʢ. ʉʪʝʧʝʥʴ ʧʨʠʝʤʣʝʤʦʩʪʠ ʵʪʠʭ ʠʟʤʝʥʝʥʠʡ ʜʘʥʥʳʭ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ 

ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʘʣʛʦʨʠʪʤʘ ʩʞʘʪʠʷ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʣʝʜʫʶʱʠʡ ʚʦʧʨʦʩ: ʢʘʢʠʝ ʧʘʨʘʤʝʪʨʳ ʘʣʛʦʨʠʪʤʘ ʩʞʘʪʠʷ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ, 

ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʧʦʪʝʨʶ ʢʘʯʝʩʪʚʘ, ʧʨʠʝʤʣʝʤʫʶ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʝʢʦʪʦʨʦʡ 

ʟʘʜʘʥʥʦʡ ʤʝʪʨʠʢʠ? 

ʈʘʩʩʤʦʪʨʠʤ ʨʘʚʥʦʤʝʨʥʫʶ ʤʝʪʨʠʢʫ ʠʣʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʘʙʩʦʣʶʪʥʦʝ 

ʦʪʢʣʦʥʝʥʠʝ  
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1,2,...,
max i i

i n
MAD x y

=
= -     (3.24) 

ʛʜʝ ( )1 2, ,..., nx x x x=  ʠ ( )1 2, ,..., ny y y y=  ʵʪʦ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʠ 

ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʝ ʜʘʥʥʳʝ ʧʦʩʣʝ ʠʭ ʦʙʨʘʙʦʪʢʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɻʣʘʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʵʪʦʡ ʤʝʪʨʠʢʠ ʷʚʣʷʝʪʩʷ ʝʝ ʯʨʝʟʚʳʯʘʡʥʦ ʚʳʩʦʢʘʷ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʣʶʙʳʤ ʣʦʢʘʣʴʥʳʤ ʠʟʤʝʥʝʥʠʷʤ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʝʩʣʠ 

ʭʦʪʷ ʙʳ ʦʜʠʥ ʵʣʝʤʝʥʪ 
kx  ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʟʥʘʯʝʥʠʷ 

ky , ʪʦ ʵʪʦ 

ʩʨʘʟʫ ʞʝ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʧʨʠʤʝʥʷʝʤʦʡ ʤʝʪʨʠʢʝ. ʍʦʪʷ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ 

ʦʪʢʣʦʥʝʥʠʷ ʥʝ ʦʟʥʘʯʘʝʪ ʙʦʣʴʰʦʡ ʧʦʪʝʨʠ ʢʘʯʝʩʪʚʘ ʠʟʦʙʨʘʞʝʥʠʷ. ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʝʩʣʠ ʵʪʦ ʟʥʘʯʝʥʠʝ ʤʘʣʦ, ʪʦ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʢʘʞʜʦʡ ʧʘʨʦʡ 
jx  ʠ 

jy ʪʘʢʞʝ ʤʘʣʘ, 

ʪ.ʝ. ʧʦʪʝʨʠ ʢʘʯʝʩʪʚʘ ʥʝʚʝʣʠʢʠ.  

ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ʧʨʠʤʝʥʝʥʠʷ ʦʙʦʙʱʝʥʥʳʭ 

ʘʪʦʤʘʨʥʳʭ ʚʝʡʚʣʝʪʦʚ ʚ ʦʩʥʦʚʝ ʤʝʪʦʜʠʢʠ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʦʪʝʨʷʤʠ ʢʘʯʝʩʪʚʘ, 

ʚʦʟʥʠʢʘʶʱʠʤʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʣʛʦʨʠʪʤʘ ʜʠʩʢʨʝʪʥʦʛʦ ʘʪʦʤʘʨʥʦʛʦ ʩʞʘʪʠʷ 

ʮʠʬʨʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʧʝʨʝʯʥʠʢ ɸ.ʅ. ʂʦʣʤʦʛʦʨʦʚʘ [15].  

ʈʘʩʩʤʦʪʨʠʤ ʤʥʦʞʝʩʪʚʦ ʬʫʥʢʮʠʡ (){ }
0k k

v x
¤

=
 ʪʘʢʠʭ, ʯʪʦ  

() () [ ]
1

exp
2

k kv x V t itx dt=
pñ

,    (3.25) 

ʛʜʝ ()
1

0

2
sin

2
cos

2

k

jk

k k

j

t

N t t
V t F

t N N

N

=

=

å õ
æ ö

å õå õç ÷= Öæ öæ ö
ç ÷ç ÷

Ô , 0N¸  ʠ ()F t  ʷʚʣʷʝʪʩʷ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʌʫʨʴʝ ʬʫʥʢʮʠʠ () ()f x CÍ , ʢʦʪʦʨʘʷ ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ 

ʩʣʝʜʫʶʱʠʝ ʩʚʦʡʩʪʚʘ: ()[ ]supp 1,1f x = - ; ()f x  ʷʚʣʷʝʪʩʷ ʯʝʪʥʦʡ ʬʫʥʢʮʠʝʡ;

()
1

0
x

f x
<

> ; () 1f x dx=ñ . 

ɿʜʝʩʴ, ()supp f x  ï ʵʪʦ ʢʦʤʧʘʢʪʥʳʡ ʥʦʩʠʪʝʣʴ ʬʫʥʢʮʠʠ ()f x , ʪ.ʝ. 

() (){ }supp : 0f x x f x= ¸. ʆʯʝʚʠʜʥʦ, ʯʪʦ 



90 
 

 
 

()
1 12 2

supp ,
k k

kv x
N N

+ +è ø
= -é ù
ê ú

.    (3.26) 

ʀʟʚʝʩʪʥʳ ʦʙʦʙʱʝʥʥʳʝ ʘʪʦʤʘʨʥʳʝ ʚʝʡʚʣʝʪʳ (){ }kw x  ʥʘ ʦʩʥʦʚʝ ʵʪʠʭ 

ʬʫʥʢʮʠʡ [27]: 

()
5

, 1

1

2k

k k j k

j

j
w x c v x

N
-

=

å õ
= -æ ö

ç ÷
ä ,    (3.27) 

 

ʛʜʝ 
,1 ,5 1k k kʩ c b-= - ,

2 4 1 12k kʩ c a b- -= = + , ( )3 1 12 k kʩ a b- -=- + ; ()2

1 1k ka v x dx- -=ñ ;

()1 1 1

2k

k k kb v x v x dx
N

- - -

å õ
= -æ ö

ç ÷
ñ . 

ʆʩʥʦʚʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ()kw x  ʷʚʣʷʶʪʩʷ: ʢʦʤʧʘʢʪʥʦʩʪʴ ʥʦʩʠʪʝʣʷ

()
6 2

supp 0;
k

kw x
N

è øÖ
=é ù
ê ú

 ʠ ʛʣʘʜʢʦʩʪʴ, ʧʦʨʷʜʦʢ ʢʦʪʦʨʦʡ ʟʘʚʠʩʠʪ ʦʪ ʚʳʙʦʨʘ 

ʬʫʥʢʮʠʠ ()f x . ɺʳʙʠʨʘʷ ʤʘʪʝʨʠʥʩʢʫʶ ʬʫʥʢʮʠʶ ()f x  (ʨʠʩ. 3.18), ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʫʜʦʙʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʘʥʘʣʠʟʘ ʠʟʦʙʨʘʞʝʥʠʡ ʩ ʪʨʝʙʫʝʤʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. 

   

ʈʠʩʫʥʦʢ 3.18. ï ʇʨʠʤʝʨ ʤʘʪʝʨʠʥʩʢʦʡ ʬʫʥʢʮʠʠ 

ʅʘ ʧʨʘʢʪʠʢʝ ʜʣʷ ʩʞʘʪʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʧʨʠʤʝʥʷʶʪʩʷ ʦʙʦʙʱʝʥʥʳʝ 

ʘʪʦʤʘʨʥʳʝ ʚʝʡʚʣʝʪʳ (3.25).  

ʆʪʤʝʪʠʤ, ʯʪʦ ʵʪʠ ʬʫʥʢʮʠʠ ʷʚʣʷʶʪʩʷ ʙʝʩʢʦʥʝʯʥʦ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʳʤʠ ʠ 

ʥʝʘʥʘʣʠʪʠʯʝʩʢʠʤʠ [9]. ʕʪʠ ʦʩʦʙʝʥʥʦʩʪʠ ʚʘʞʥʳ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʮʠʬʨʦʚʳʭ 
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ʠʟʦʙʨʘʞʝʥʠʡ ʩ ʧʣʘʚʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʮʚʝʪʘ. ʂʨʦʤʝ ʪʦʛʦ, ʥʝʘʥʘʣʠʪʠʯʥʦʩʪʴ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʦʙʦʙʱʝʥʥʳʝ ʘʪʦʤʘʨʥʳʝ ʚʝʡʚʣʝʪʳ ʤʝʥʝʝ ʛʣʘʜʢʠʝ, ʯʝʤ 

ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʝ ʧʦʣʠʥʦʤʳ ( ) ( ){ }cos ,sinnx nx . ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʣʝʜʫʶʱʘʷ 

ʛʠʧʦʪʝʟʘ ʚʝʨʥʘ: ʦʙʦʙʱʝʥʥʳʝ ʘʪʦʤʘʨʥʳʝ ʚʝʡʚʣʝʪʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʣʫʯʰʝʝ 

ʩʞʘʪʠʝ ʠʟʦʙʨʘʞʝʥʠʡ ʩ ʢʦʥʪʨʘʩʪʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʮʚʝʪʘ, ʯʝʤ 

ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʝ ʧʦʣʠʥʦʤʳ. 

ʉʠʩʪʝʤʘ ʬʫʥʢʮʠʡ 
1 1

1,..., ;

2 2
,

n n

k n

k n j

j j
w x v x

N N

+ +

= Í

ë ûå õ å õ
- -ì üæ ö æ ö

ç ÷ ç ÷í ý
ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʙʘʟʠʩ ʧʨʦʩʪʨʘʥʩʪʚʘ () () 0

2
: j

j

j
L f x f x c v x

N

ë ûå õ
= = -ì üæ ö

ç ÷í ý
ä . 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʧʝʨʝʯʥʠʢʘ ɸ.ʅ. ʂʦʣʤʦʛʦʨʦʚʘ, ʵʪʦ ʧʨʦʩʪʨʘʥʩʪʚʦ 

ʦʙʣʘʜʘʝʪ ʭʦʨʦʰʠʤʠ ʘʧʧʨʦʢʩʠʤʘʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɺʦ ʤʥʦʛʦʤ ʙʣʘʛʦʜʘʨʷ 

ʠʤʝʥʥʦ ʵʪʦʤʫ ʩʚʦʡʩʪʚʫ, ʧʨʠʤʝʥʝʥʠʝ ʜʠʩʢʨʝʪʥʦʛʦ ʘʪʦʤʘʨʥʦʛʦ ʩʞʘʪʠʷ 

ʮʠʬʨʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʫʶ ʧʦʪʝʨʶ ʢʘʯʝʩʪʚʘ [10 - 

12].  

ɼʘʣʝʝ ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʜʘʥʥʳʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʬʫʥʢʮʠʝʡ 

()
1 1

,

1

2 2k kn

k j k j n

k j j

j j
d x w x v x

N N

+ +

=

å õ å õ
= w - + u -æ ö æ ö

ç ÷ ç ÷
ää ä .  (3.28) 

ʄʳ ʧʦʣʫʯʘʝʤ ʦʮʝʥʢʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ { }, ,k j jw u, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʢʚʘʥʪʦʚʘʥʠʷ ʵʪʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʥʘ 

ʧʦʪʝʨʶ ʢʘʯʝʩʪʚʘ ʚ ʩʤʳʩʣʝ ʨʘʚʥʦʤʝʨʥʦʡ ʤʝʪʨʠʢʠ (3.24). ɻʣʘʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 

ʵʪʦʡ ʤʝʪʨʠʢʠ ʷʚʣʷʝʪʩʷ ʝʝ ʯʨʝʟʚʳʯʘʡʥʦ ʚʳʩʦʢʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʣʶʙʳʤ 

ʣʦʢʘʣʴʥʳʤ ʠʟʤʝʥʝʥʠʷʤ. 

ʆʧʨʝʜʝʣʠʤ ʥʝʢʦʪʦʨʳʝ ʩʚʦʡʩʪʚʘ ʬʫʥʢʮʠʡ ()k
v x . ɼʣʷ ʣʶʙʦʛʦ kÍ  

ʚʳʧʦʣʥʷʝʪʩʷ ʩʣʝʜʫʶʱʝʝ ʨʘʚʝʥʩʪʚʦ: 

() ()1 1 1

1 2 2
2

4

k k

k k k k
v x v x v x v x

N N
- - -

å õå õ å õ
= + + + -æ öæ ö æ ö

ç ÷ ç ÷ç ÷
.   (3.29) 
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ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʬʫʥʢʮʠʷ ()k
v x  ʷʚʣʷʝʪʩʷ ʣʠʥʝʡʥʦʡ ʢʦʤʙʠʥʘʮʠʝʡ 

ʩʜʚʠʛʦʚ ()1k
v x
-

. ɿʘʧʠʰʝʤ  

()

1 1

1

1
0

2 2
sin cos

2
cos

2

k k

jk

kk
j

t t
t tN NV t F

t N N

N

- -

-

-
=

å õ
= =æ ö

ç ÷
Ô  

1

12
2

1
0

2
sin

2 2
cos cos

2

k

j kk

k
j

t
t t tN F

t N N N

N

-

--

-
=

å õå õ
= =æ ö æ ö

ç ÷ ç ÷
Ô  

 

() ()

()

2
1 1

1

2

1 1

1

2 2
exp exp

2
cos

2

1 2 2
exp exp .

4

k k

k

k k

k k

k

t t
i i

t N N
V t V t

N

t t
V t i i

N N

- -

-

- -

-

å õè ø è ø
+ -æ öé ù é ùå õ ê ú ê úæ ö= = =æ ö

æ öç ÷
æ ö
ç ÷

å õè ø è ø
= + -æ öé ù é ù

ê ú ê úç ÷

    (3.30) 

ʀʟ ʩʚʦʡʩʪʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ ʩʣʝʜʫʝʪ, ʯʪʦ ʨʘʚʝʥʩʪʚʦ (3.29) 

ʚʳʧʦʣʥʷʝʪʩʷ. ʊʘʢʞʝ ʤʦʞʥʦ ʜʦʢʘʟʘʪʴ, ʯʪʦ 

()

()

1 1

1 1

2 2
0,  ;    )

2 2
0,  ;    )

k k

k

k k

k

v x x a
N N

v x x ʙ
N N

+ +

+ +

ë å õ
= Î -î æ ö

î ç ÷
ì

å õî > Í -æ öî ç ÷í

   (3.31) 

ʛʜʝ 0,1,2,...k=  

ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ 
k

L  ʧʨʦʩʪʨʘʥʩʪʚʦ ʬʫʥʢʮʠʡ 

()
()

12k

j k
j I f

j
f x c v x

N

+

Í

å õ
= -æ ö

ç ÷
ä ,    (3.32) 

ʛʜʝ ()I f  ï ʢʦʥʝʯʥʦʝ ʧʦʜʤʥʦʞʝʩʪʚʦ ʮʝʣʳʭ ʯʠʩʝʣ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ 
k

L  ï ʵʪʦ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʢʦʥʝʯʥʳʭ ʣʠʥʝʡʥʳʭ ʢʦʤʙʠʥʘʮʠʡ ʬʫʥʢʮʠʠ ()k
v x  ʩʜʚʠʛʦʚ. 
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ʇʫʩʪʴ ʜʣʷ ʣʶʙʦʛʦ ʥʘʪʫʨʘʣʴʥʦʛʦ k ʩʫʱʝʩʪʚʫʝʪ ʬʫʥʢʮʠʷ ()kw x  ʪʘʢʘʷ, ʯʪʦ: 

ʩʠʩʪʝʤʘ ʬʫʥʢʮʠʡ 
12k

k

j

j
w x

N

+

Í

ë ûå õ
-ì üæ ö

ç ÷í ý
ʷʚʣʷʝʪʩʷ ʙʘʟʠʩʦʤ ʧʨʦʩʪʨʘʥʩʪʚʘ 

k
W ; 

()
6 2

0; ,  0
k

k

x w x
N

Öå õ
Î " =æ ö
ç ÷

; () 0.
k

w x dx
¤

-¤

=ñ  

ʇʦʩʢʦʣʴʢʫ ()k
v x  ʦʙʦʙʱʘʝʪ ʬʫʥʢʮʠʶ (),Fups n x , ʢʦʪʦʨʘʷ ʙʳʣʘ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʘʪʦʤʘʨʥʳʭ ʚʝʡʚʣʝʪʦʚ, ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ, ʯʪʦ 

()kw x  ʷʚʣʷʝʪʩʷ ʦʙʦʙʱʝʥʥʳʤ ʘʪʦʤʘʨʥʳʤ ʚʝʡʚʣʝʪʦʤ, ʘ ʣʠʥʝʡʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ 

k
W  ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʦʤ ʦʙʦʙʱʝʥʥʳʭ ʘʪʦʤʘʨʥʳʭ ʚʝʡʚʣʝʪʦʚ. 

ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʚʝʡʚʣʝʪʦʚ.  

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʬʫʥʢʮʠʝʡ ()d x . 

ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ ()p x  ʦʨʪʦʛʦʥʘʣʴʥʫʶ ʧʨʦʝʢʮʠʶ ʵʪʦʡ ʬʫʥʢʮʠʠ ʥʘ ʣʠʥʝʡʥʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ 
0L . ʀ ʧʫʩʪʴ () () ()r x d x p x= - . ɺ ʵʪʦʡ ʩʠʩʪʝʤʝ ʦʙʦʟʥʘʯʝʥʠʡ

() () ()f x p x r x= + . 

ʀʟ ʩʚʦʡʩʪʚ ʧʨʦʩʪʨʘʥʩʪʚʘ ʬʫʥʢʮʠʡ 
k

L  (3.30) ʩʣʝʜʫʝʪ, ʯʪʦ 
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() ()

1 1
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2 2

k

k kn

kj k j n
k j I d j J d
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ç ÷ ç ÷
ä ä ä .  (3.33) 

ʄʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ()p x  ʷʚʣʷʝʪʩʷ ʦʙʦʙʱʝʥʥʳʤ ʘʪʦʤʘʨʥʳʤ 

ʚʝʡʚʣʝʪ-ʨʘʟʣʦʞʝʥʠʝʤ ʬʫʥʢʮʠʠ ()d x . ʇʫʩʪʴ ()
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1,2,...,k n=  ʠ ()
()

12k
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j J d

j
q x v x
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Í

å õ
= u -æ ö

ç ÷
ä . ɺ ʵʪʠʭ ʪʝʨʤʠʥʘʭ,

() () () ()1
...

n
p x p x p x q x= + + + .  

ʂʘʞʜʘʷ ʬʫʥʢʮʠʷ ()kp x  ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʧʨʝʜʝʣʝʥʥʳʤ ʯʘʩʪʦʪʘʤ, ʘ ()q x  

ʦʧʠʩʳʚʘʝʪ ʛʣʘʚʥʦʝ ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ ʜʘʥʥʳʭ ()d x  ʩʤ. ʨʠʩ. 3.19-3.21, 3n= .  
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ʇʫʩʪʴ { }, :k k jE j= s Í  ʦʛʨʘʥʠʯʝʥʥʦʝ ʤʥʦʞʝʩʪʚʦ ʚʝʱʝʩʪʚʝʥʥʳʭ ʯʠʩʝʣ 

ʜʣʷ ʣʶʙʦʛʦ 1,2,..., 1k n= +. Cʯʠʪʘʝʤ, ʯʪʦ ,suppk k j
jÍ

e = s. ʊʦʛʜʘ ʜʣʷ ʚʪʦʨʦʛʦ 

ʩʣʘʛʘʝʤʦʛʦ ʠʟ (3.33) ()
()

12k

j n
j J d

j
q x v x
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+

Í
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= u -æ ö

ç ÷
ä , ʛʜʝ 

1,j j n j+u =u +s. ʉ ʫʯʝʪʦʤ  

ʩʚʦʡʩʪʚ ʬʫʥʢʮʠʠ ()nv x   
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ʜʣʷ ʣʶʙʦʛʦ pÍ  ʠ 
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 (3.35) 

ɺʳʨʘʞʝʥʠʝ (3.24) ʧʨʠʥʠʤʘʝʪ ʚʠʜ: 

1

1
max

2

n
i i n

i

N
x y +

+
Í

e
- ¢ .    (3.36) 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʝʩʣʠ 
1n+e  ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʴʰʝʡ ʥʠʞʥʝʡ ʛʨʘʥʠʮʝʡ ʘʙʩʦʣʶʪʥʦʡ 

ʧʦʛʨʝʰʥʦʩʪʠ ʚʳʯʠʩʣʝʥʠʡ { }ju , ʪʦʛʜʘ ʤʘʢʩʠʤʘʣʴʥʦʝ ʘʙʩʦʣʶʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ 

ʬʫʥʢʮʠʠ ()q x  ʥʝ ʧʨʝʚʳʰʘʝʪ 1

12

n

n

N+
+

e
. 

 

ʈʠʩʫʥʦʢ 3.19. ï ɻʨʘʬʠʢ ʬʫʥʢʮʠʠ ʜʘʥʥʳʭ ()d x  
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ʈʠʩʫʥʦʢ 3.20. ï ɻʨʘʬʠʢ ()3p x , ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʥʠʟʢʦʫʨʦʚʥʝʚʳʤ ʯʘʩʪʦʪʘʤ 

ʠ ()2p x  ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʯʘʩʪʦʪʘʤ ʩʨʝʜʥʝʛʦ ʫʨʦʚʥʷ 

  

ʈʠʩʫʥʦʢ 3.21 ï  ɻʨʘʬʠʢ ()1p x , ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʯʘʩʪʦʪʘʤ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ, 

ʦʩʪʘʪʦʯʥʦʛʦ ʯʣʝʥʘ ()r x , ʢʦʪʦʨʳʡ ʦʧʠʩʳʚʘʝʪ ʦʰʠʙʢʫ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʬʫʥʢʮʠʠ 

ʜʘʥʥʳʭ ()d x  ʝʝ ʦʙʦʙʱʝʥʥʳʤ ʘʪʦʤʘʨʥʳʤ ʚʝʡʚʣʝʪ-ʨʘʟʣʦʞʝʥʠʝʤ. 

ʌʫʥʢʮʠʷ ()r x  (ʵʪʦ ʯʣʝʥ ʩ ʦʩʪʘʪʢʦʤ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʰʠʙʢʫ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʬʫʥʢʮʠʠ ()d x  ʝʝ ʦʙʦʙʱʝʥʥʳʤ ʘʪʦʤʘʨʥʳʤ ʚʝʡʚʣʝʪ-

ʨʘʟʣʦʞʝʥʠʝʤ. ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʪʘʢʘʷ ʦʰʠʙʢʘ ʟʘʚʠʩʠʪ ʦʪ 

ʘʧʧʨʦʢʩʠʤʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʧʨʦʩʪʨʘʥʩʪʚʘ 
0L  ʠ ʤʘʪʝʨʠʥʩʢʦʡ ʬʫʥʢʮʠʠ ()f x . 

ɺʳʚʦʜʳ ʧʦ ʨʘʟʜʝʣʫ 3 

1.  ʂʘʢ ʚʠʜʥʦʡ ʠʟ ʨʠʩʫʥʢʦʚ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʧʨʦʠʟʚʦʜʥʦʡ ʬʫʥʢʮʠʠ 

()up t , ʠʟʤʝʥʝʥʠʝ ʬʦʨʤʳ ʵʪʠʭ ʬʫʥʢʮʠʡ ʦʢʘʟʳʚʘʝʪʩʷ ʘʥʘʣʦʛʠʯʥʦʡ ʠʟʤʝʥʝʥʠʶ 

ʬʫʥʢʮʠʡ ʋʦʣʰʘ, ʍʘʘʨʘ. ʕʪʦ ʩʚʦʡʩʪʚʦ ʦʢʘʟʳʚʘʝʪʩʷ ʫʥʠʢʘʣʴʥʳʤ ʠ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʦ-ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʛʥʘʣʦʚ ʚ ʢʘʥʘʣʘʭ 

ʧʝʨʝʜʘʯʠ ʩ ʢʦʜʦʚʳʤ ʨʘʟʜʝʣʝʥʠʝʤ. 

2.  ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʩʠʥʪʝʟʝ ʩʧʝʢʪʨʘʣʴʥʦ-ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʛʥʘʣʦʚ ʩ 

ʘʤʧʣʠʪʫʜʥʦ-ʬʘʟʦʚʦʡ ʤʘʥʠʧʫʣʷʮʠʝʡ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 2ʊ ʚ ʢʘʞʜʦʤ 

ʢʚʘʜʨʘʪʫʨʥʦʤ ʢʘʥʘʣʝ ʫʤʝʥʴʰʘʝʪʩʷ ʟʥʘʯʝʥʠʝ ʧʠʢ-ʬʘʢʪʦʨʘ ʢʦʣʝʙʘʥʠʡ, 

ʫʤʝʥʴʰʘʝʪʩʷ ʟʥʘʯʝʥʠʝ ʧʦʣʦʩʳ ʯʘʩʪʦʪ ʠ ʜʦʩʪʠʛʘʝʪʩʷ ʪʨʝʙʫʝʤʘʷ ʩʢʦʨʦʩʪʴ ʩʧʘʜʘ 

ʫʨʦʚʥʷ ʚʥʝʧʦʣʦʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. 
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3.  ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʩʠʥʪʝʟʝ ʩʧʝʢʪʨʘʣʴʥʦ-ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʛʥʘʣʦʚ ʩ 

ʘʤʧʣʠʪʫʜʥʦ-ʬʘʟʦʚʦʡ ʤʘʥʠʧʫʣʷʮʠʝʡ ʩ ʤʝʞʩʠʤʚʦʣʴʥʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʝʡ 

ʜʣʠʪʝʣʴʥʦʩʪʴʶ 4T ʚ ʢʘʞʜʦʤ ʢʚʘʜʨʘʪʫʨʥʦʤ ʢʘʥʘʣʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʫʞʘʝʪʩʷ 

ʧʦʣʦʩʘ ʯʘʩʪʦʪ, ʫʤʝʥʴʰʘʝʪʩʷ ʟʥʘʯʝʥʠʝ ʧʠʢ-ʬʘʢʪʦʨʘ ʢʦʣʝʙʘʥʠʡ ʠ ʚʦʟʨʘʩʪʘʝʪ 

ʩʢʦʨʦʩʪʴ ʩʧʘʜʘ ʫʨʦʚʥʷ ʚʥʝʧʦʣʦʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

4.  ʉʧʝʢʪʨʘʣʴʥʦ-ʵʬʬʝʢʪʠʚʥʳʝ ʩʠʛʥʘʣʳ ʥʘ ʦʩʥʦʚʝ ʘʪʦʤʘʨʥʦʡ ʬʫʥʢʮʠʠ 

()Nfup t  ʩ ʤʝʞʩʠʤʚʦʣʴʥʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʝʡ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 4T ʚ ʢʘʞʜʦʤ 

ʢʚʘʜʨʘʪʫʨʥʦʤ ʢʘʥʘʣʝ ʧʦʟʚʦʣʷʶʪ ʦʙʝʩʧʝʯʠʪʴ ʟʥʘʯʝʥʠʷ ʧʦʣʦʩʳ ʯʘʩʪʦʪ ʧʦ 

ʫʨʦʚʥʶ -60ʜɹ,  ʨʘʚʥʦʡ 0.45/T ʧʨʠ 2N= ʠ 0.2/T ʧʨʠ 8N= . ʕʪʦ ʟʥʘʯʝʥʠʝ 

ʧʦʣʦʩʳ ʯʘʩʪʦʪ ʚ 2 ʨʘʟʘ ʤʝʥʴʰʝ, ʯʝʤ ʫ ʩʠʛʥʘʣʦʚ ʙʝʟ ʤʝʞʩʠʤʚʦʣʴʥʦʡ 

ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʧʨʠ ʪʝʭ ʞʝ ʟʥʘʯʝʥʠʷʭ ʧʠʢ-ʬʘʢʪʦʨʘ ʠʟʣʫʯʘʝʤʳʭ ʢʦʣʝʙʘʥʠʡ. 

ʇʨʠ ʵʪʦʤ ʩʢʦʨʦʩʪʠ ʩʧʘʜʘ ʫʨʦʚʥʷ ʚʥʝʧʦʣʦʩʥʳʭ ʠʟʣʫʯʝʥʠʡ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, 

ʯʝʤ ʫ ʩʠʛʥʘʣʦʚ ʩ ɻʄʄʉ. 

5. ʇʨʠʤʝʥʝʥʠʝ ʧʨʦʮʝʜʫʨʳ ʢʚʘʥʪʦʚʘʥʠʷ ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʞʘʪʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ ʥʝʠʟʙʝʞʥʦʡ ʧʦʪʝʨʝʡ ʢʘʯʝʩʪʚʘ, 

ʤʦʞʝʪ ʙʳʪʴ ʦʮʝʥʝʥʦ ʥʘ ʦʩʥʦʚʝ ʨʘʚʥʦʤʝʨʥʦʡ ʤʝʪʨʠʢʠ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ 

ʨʝʟʫʣʴʪʘʪʦʤ ʜʘʥʥʦʡ ʨʘʙʦʪʳ. ʄʝʪʦʜʠʢʘ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʠʟʦʙʨʘʞʝʥʠʷ ʦʩʥʦʚʘʥʘ 

ʥʘ ʧʦʣʫʯʝʥʥʳʭ ʚʝʨʭʥʠʭ ʦʮʝʥʢʘʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʙʦʙʱʝʥʥʳʭ ʘʪʦʤʘʨʥʳʭ 

ʚʝʡʚʣʝʪ-ʨʘʟʣʦʞʝʥʠʡ. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʜʪʚʝʨʞʜʝʥʳ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ 

ʵʢʩʧʝʨʠʤʝʥʪʦʤ. ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʠʢʠ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʚʳʯʠʩʣʝʥʠʠ 

ʧʦʧʝʨʝʯʥʠʢʘ ɸ.ʅ. ʂʦʣʤʦʛʦʨʦʚʘ, ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʦʮʝʥʢʠ 

ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʦʪʝʨʷʤʠ ʢʘʯʝʩʪʚʘ, ʚʦʟʥʠʢʘʶʱʠʤʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʘʣʛʦʨʠʪʤʘ ʜʠʩʢʨʝʪʥʦʛʦ ʘʪʦʤʘʨʥʦʛʦ ʩʞʘʪʠʷ ʮʠʬʨʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ. 
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4. ʇʈʀʄɽʅɽʅʀɽ ʆɹʆɹʑɽʅʅʓʍ ɸʊʆʄɸʈʅʓʍ ɺɽʁɺʃɽʊʆɺ ɼʃʗ 

ʆɹʈɸɹʆʊʂʀ ʎʀʌʈʆɺʓʍ ʀɿʆɹʈɸɾɽʅʀʁ ʉ ʋʇʈɸɺʃʗɽʄʓʄ 

ʂɸʏɽʉʊɺʆʄ ʆʎɽʅʂʀ ʇʆʊɽʈʔ 

4.1. ʆʙʦʱʝʥʥʳʝ ʘʪʦʤʘʨʥʳʝ ʚʝʡʚʣʝʪʳ ʚ ʟʘʜʘʯʘʭ  

ʦʙʨʘʙʦʪʢʠ ʮʠʬʨʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ 

ɺ [5] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʣʠʥʝʡʥʳʭ ʢʦʤʙʠʥʘʮʠʡ up-

ʬʫʥʢʮʠʡ ɺ.ɸ. ʈʚʘʯʝʚʘ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʵʢʩʪʨʝʤʘʣʴʥʳ ʜʣʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 

ʧʝʨʠʦʜʠʯʝʩʢʠ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʳʭ ʬʫʥʢʮʠʡ ʚ ʥʦʨʤʝ ʧʨʦʩʪʨʘʥʩʪʚʘ C. ʊʘʢʞʝ 

ʙʳʣʦ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʵʪʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʵʢʩʪʨʝʤʘʣʴʥʳ ʜʣʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 

ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʳʭ ʬʫʥʢʮʠʡ ʚ 
2L -ʥʦʨʤʝ. ʂʨʦʤʝ ʪʦʛʦ, 

ʘʩʠʤʧʪʦʪʠʯʝʩʢʘʷ ʵʢʩʪʨʝʤʘʣʴʥʦʩʪʴ ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ ʘʪʦʤʘʨʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ 

ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʚ [6]. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʝʦʨʠʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ 

ʘʪʦʤʘʨʥʳʝ ʬʫʥʢʮʠʠ ʷʚʣʷʶʪʩʷ ʪʘʢʠʤ ʞʝ ʩʦʚʝʨʰʝʥʥʳʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ, ʢʘʢ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʝ ʧʦʣʠʥʦʤʳ. 

ʆʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʷʚʣʷʝʪʩʷ 

ʥʝʢʦʤʧʘʢʪʥʦʩʪʴ ʠʭ ʥʦʩʠʪʝʣʷ. ʇʦʵʪʦʤʫ ʩʠʩʪʝʤʳ ʬʫʥʢʮʠʡ ʩ ʢʦʤʧʘʢʪʥʳʤ 

ʥʦʩʠʪʝʣʝʤ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʠʣʦʞʝʥʠʷʭ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ 

ʦʙʨʘʙʦʪʢʝ ʠ ʩʞʘʪʠʠ ʮʠʬʨʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ [7]. ʆʪʤʝʪʠʤ, ʯʪʦ ʘʣʛʦʨʠʪʤ 

ʩʞʘʪʠʷ JPEG2000, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʚʝʡʚʣʝʪʘʭ, ʜʦʣʞʝʥ ʙʳʣ ʩʪʘʪʴ ʟʘʤʝʥʦʡ JPEG 

[8], ʦʜʥʘʢʦ ʰʠʨʦʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʥ ʥʝ ʧʦʣʫʯʠʣ. 

ʇʨʦʩʪʨʘʥʩʪʚʘ ʘʪʦʤʘʨʥʳʭ ʬʫʥʢʮʠʡ ʩʦʯʝʪʘʶʪ ʚ ʩʝʙʝ ʭʦʨʦʰʠʝ 

ʘʧʧʨʦʢʩʠʤʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʩ ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ ʣʦʢʘʣʴʥʦ ʧʦʜʜʝʨʞʠʚʘʝʤʦʛʦ 

ʥʦʩʠʪʝʣʷ. ʇʦʵʪʦʤʫ ʠʜʝʷ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʩʞʘʪʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʩ ʧʦʪʝʨʷʤʠ 

ʚʧʦʣʥʝ ʝʩʪʝʩʪʚʝʥʥʘ.  ɺ ʨʘʙʦʪʝ [2] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʘʪʦʤʘʨʥʳʝ ʬʫʥʢʮʠʠ 

ʂʨʘʚʯʝʥʢʦ-ʈʚʘʯʝʚʘ (1.27) ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʧʦʣʝʟʥʳʤʠ ʧʨʠ ʩʞʘʪʠʠ 

ʧʦʣʥʦʮʚʝʪʥʳʭ ʮʠʬʨʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ. ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʧʨʠʤʝʥʝʥʠʝ ʘʪʦʤʘʨʥʳʭ ʬʫʥʢʮʠʡ ʜʣʷ ʩʞʘʪʠʷ ʤʝʜʠʮʠʥʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʙʳʣʦ 

ʨʘʩʩʤʦʪʨʝʥʦ ʚ [9]. 

ʕʪʘ ʬʫʥʢʮʠʷ ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝʤ ʥʘ ʠʥʪʝʨʚʘʣʝ [-1,1] ʨʘʟʥʦʩʪʥʦʛʦ 

ʫʨʘʚʥʝʥʠʷ (1.25). 
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ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʥʝʥʠʝ ʜʠʩʢʨʝʪʥʦʛʦ ʘʪʦʤʘʨʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, 

ʢʦʪʦʨʦʝ ʦʩʥʦʚʘʥʦ ʥʘ ʘʪʦʤʘʨʥʦʡ ʬʫʥʢʮʠʠ  ()up x , ʢʦʪʦʨʦʝ ʙʳʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʚ [1], ʜʣʷ ʩʞʘʪʠʷ ʧʦʣʥʦʮʚʝʪʥʳʭ ʮʠʬʨʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʩ ʧʦʪʝʨʷʤʠ. 

ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʣʛʦʨʠʪʤʦʚ ʩʞʘʪʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʩ ʧʦʪʝʨʷʤʠ 

ʩʦʜʝʨʞʠʪ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ: ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ, ʜʠʩʢʨʝʪʥʦʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʜʘʥʥʳʭ, ʢʚʘʥʪʦʚʘʥʠʝ ʠ ʢʦʜʠʨʦʚʘʥʠʝ ʢʚʘʥʪʦʚʘʥʥʳʭ ʜʘʥʥʳʭ 

(ʨʠʩ. 4.1). ɺ ʘʣʛʦʨʠʪʤʝ ʩʞʘʪʠʷ ʠʟʦʙʨʘʞʝʥʠʡ JPEG ʧʨʠʤʝʥʝʥʦ ʜʠʩʢʨʝʪʥʦʝ 

ʢʦʩʠʥʫʩʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ (ɼʂʇ). ʇʦʩʢʦʣʴʢʫ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʝ 

ʧʦʣʠʥʦʤʳ ʦʙʣʘʜʘʶʪ ʭʦʨʦʰʠʤʠ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʜʘʥʥʳʝ 

ʭʦʨʦʰʦ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ɼʂʇ-ʢʦʵʬʬʠʮʠʝʥʪoʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʫʤʝʥʴʰʠʪʴ ʠʟʙʳʪʦʯʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʠ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʞʘʪʴ ʠʟʦʙʨʘʞʝʥʠʝ 

 

ʈʠʩʫʥʦʢ 4.1. ï ʉʭʝʤʘ ʩʞʘʪʠʷ ʩ ʧʦʪʝʨʷʤʠ 

ʀʟʚʝʩʪʥʦ ʜʠʩʢʨʝʪʥʦʝ ʘʪʦʤʘʨʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ (ɼɸʇ) [3]. ʊʘʢʞʝ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʪʘ ʧʨʦʮʝʜʫʨʘ ʤʦʞʝʪ ʙʳʪʴ ʛʦʨʘʟʜʦ ʵʬʬʝʢʪʠʚʥʝʝ, ʯʝʤ ɼʂʇ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ɼɸʇ ʜʣʷ ʩʞʘʪʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʩ ʧʦʪʝʨʷʤʠ 

ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ. ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ 

ʘʣʛʦʨʠʪʤʘ ʩʞʘʪʠʷ ʧʦʣʥʦʮʚʝʪʥʦʛʦ 24-ʙʠʪʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ɼɸʇ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 
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ʈʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʦʝ ʧʦʣʥʦʮʚʝʪʥʦʝ 24-ʙʠʪʥʦʝ ʨʘʩʪʨʦʚʦʝ ʠʟʦʙʨʘʞʝʥʠʝ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ RGB-ʤʘʪʨʠʮʝʡ. ʅʘ ʨʠʩ. 4.2 ʧʦʢʘʟʘʥ ʧʨʦʮʝʩʩ ʝʛʦ ʩʞʘʪʠʷ ʩ 

ʧʦʤʦʱʴʶ ɼɸʇ. 

 

ʈʠʩʫʥʦʢ 4.2 ï ɼʠʩʢʨʝʪʥʦʝ ʘʪʦʤʘʨʥʦʝ ʩʞʘʪʠʝ ʧʦʣʥʦʮʚʝʪʥʳʭ 24-ʙʠʪʥʳʭ 

ʮʠʬʨʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʵʪʦʛʦ ʘʣʛʦʨʠʪʤʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠʟ 

ʮʚʝʪʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ RGB ʚ ʮʚʝʪʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ YCrCb. ʇʦʩʣʝ ʵʪʦʛʦ 

ʰʘʛʘ ʤʳ ʧʦʣʫʯʠʤ ʤʘʪʨʠʮʫ []YW  ʢʦʤʧʦʥʝʥʪʦʚ ʷʨʢʦʩʪʠ ʠ ʜʚʝ ʤʘʪʨʠʮʳ [ ]CrW  

ʠ [ ]CbW  ʮʚʝʪʦʨʘʟʥʦʩʪʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʅʘ ʰʘʛ 2 ʤʳ ʧʨʠʤʝʥʷʝʤ ɼɸʇ-

ʧʨʦʮʝʜʫʨʫ, ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝ 

()
( )

,up : up
2

s n s n
k

k
x x

s

ë ûå õî î
= j j = -æ öì üæ ö
î îç ÷í ý

ä    (4.1) 

ʢ ʢʘʞʜʦʡ ʠʟ ʵʪʠʭ ʤʘʪʨʠʮ [9]. ʇʨʠ ʵʪʦʤ ʧʦʣʫʯʘʝʤ ʪʨʠ ʤʘʪʨʠʮʳ ɼɸʇ-

ʢʦʵʬʬʠʮʠʝʥʪʦʚ [ ]CbW , [ ]CrW , [ ]CbW . ɺ ʜʘʣʴʥʝʡʰʝʤ ʵʣʝʤʝʥʪʳ ʵʪʠʭ ʤʘʪʨʠʮ 

ʢʚʘʥʪʫʶʪʩʷ ʠ ʦʢʨʫʛʣʷʶʪʩʷ ʜʦ ʮʝʣʳʭ ʯʠʩʝʣ.  

ʏʝʣʦʚʝʯʝʩʢʠʡ ʛʣʘʟ ʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ ʧʦʪʝʨʷʤ ʢʘʯʝʩʪʚʘ ʚ ʷʨʢʦʩʪʠ, ʯʝʤ 

ʚ ʮʚʝʪʥʦʩʪʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʙʦʣʴʰʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʚʘʥʪʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʵʣʝʤʝʥʪʦʚ ʤʘʪʨʠʮ [ ]CrW  ʠ [ ]CbW .  
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ʅʘʢʦʥʝʮ, ʢʚʘʥʪʦʚʘʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʜʠʨʫʶʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʘʣʛʦʨʠʪʤʦʚ ʩʞʘʪʠʷ ʙʝʟ ʧʦʪʝʨʴ. ɼʣʷ ʵʪʦʡ ʮʝʣʠ ʧʦʜʭʦʜʷʪ ʢʦʜʠʨʦʚʘʥʠʝ ʧʦ ʜʣʠʥʝ 

ʩʪʨʦʢʠ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʩʞʘʪʠʷ ʜʘʥʥʳʭ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ 

ʜʝʢʦʜʠʨʦʚʘʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʚʳʧʦʣʥʷʶʪ ʦʙʨʘʪʥʳʝ ʜʝʡʩʪʚʠʷ. 

ɼʠʩʢʨʝʪʥʦʝ ʘʪʦʤʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʦʩʥʦʚʘʥʦ ʥʘ ʩʣʝʜʫʶʱʝʤ 

ʨʘʟʣʦʞʝʥʠʠ (3.31). ʌʫʥʢʮʠʷ ()p x ï ʬʫʥʢʮʠʷ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʥʝʢʦʪʦʨʳʝ 

ʜʠʩʢʨʝʪʥʳʝ ʜʘʥʥʳʝ { }1 2, ,..., mD d d d= , n - ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʮʝʣʦʝ ʯʠʩʣʦ, N - 

ʥʝʥʫʣʝʚʘʷ ʢʦʥʩʪʘʥʪʘ ʠ ʩʠʩʪʝʤʘ 
1 12 2

,
k n

k n

j j
w x v x

N N

+ +ë ûå õ å õ
- -ì üæ ö æ ö

ç ÷ ç ÷í ý
 ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʩʠʩʪʝʤʫ ʘʪʦʤʘʨʥʳʭ ʚʝʡʚʣʝʪʦʚ [3, 6]. ʕʪʠ ʚʝʡʚʣʝʪʳ ʩʪʨʦʷʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʘʪʦʤʘʨʥʦʡ ʬʫʥʢʮʠʠ (1.27). 
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ä   ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʣʘʚʥʦʝ ʟʥʘʯʝʥʠʝ ()p x , ʪ.ʝ.  

ʤʘʣʝʥʴʢʘʷ ʢʦʧʠʷ ʜʘʥʥʳʭ D, ʠ ʢʘʞʜʘʷ ʬʫʥʢʮʠʷ ()
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ʦʧʠʩʳʚʘʝʪ ʦʨʪʦʛʦʥʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʝʡʚʣʝʪʫ ()kw x . 

ʌʫʥʢʮʠʷ ()p x  - ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʠʩʪʝʤʦʡ ʘʪʦʤʘʨʥʳʭ ʚʝʡʚʣʝʪ-ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

{ }, ,k j jW= w u, ʯʪʦ ʵʢʚʠʚʘʣʝʥʪʥʦ ʦʧʠʩʘʥʠʶ ʜʠʩʢʨʝʪʥʳʭ ʜʘʥʥʳʭ D ʯʝʨʝʟ W. 

ʇʨʦʮʝʜʫʨʘ ʘʪʦʤʘʨʥʦʛʦ ʚʝʡʚʣʝʪ-ʚʳʯʠʩʣʝʥʠʷ ʥʘʟʳʚʘʝʪʩʷ ʜʠʩʢʨʝʪʥʳʤ 

ʘʪʦʤʘʨʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ (ɼɸʇ) ʜʘʥʥʳʭ D (ʨʠʩ. 4.3). ʂʨʦʤʝ ʪʦʛʦ, ʯʠʩʣʦ n 

ʥʘʟʳʚʘʝʪʩʷ ʝʛʦ ʛʣʫʙʠʥʦʡ. ʆʪʤʝʪʠʤ, ʯʪʦ ʛʣʫʙʠʥʫ ɼɸʇ ʤʦʞʥʦ ʚʘʨʴʠʨʦʚʘʪʴ. ʕʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʝʟʫʣʴʪʘʪ ɼɸʇ ʤʦʞʝʪ ʙʳʪʴ ʠʟʤʝʥʝʥ. 
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ʈʠʩʫʥʦʢ 4.3. ï ɼʠʩʢʨʝʪʥʦʝ ʘʪʦʤʘʨʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʤʘʩʩʠʚʘ. 

ʈʘʩʩʤʦʪʨʠʤ ʩʣʝʜʫʶʱʠʡ ʩʧʦʩʦʙ ʧʦʩʪʨʦʝʥʠʷ ɼɸʇ ʜʚʫʤʝʨʥʳʭ ʜʘʥʥʳʭ 

ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʦʙʨʘʙʦʪʢʝ ʠʟʦʙʨʘʞʝʥʠʡ. ʇʫʩʪʴ D ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʧʨʷʤʦʫʛʦʣʴʥʫʶ ʤʘʪʨʠʮʫ []DW .  ʉʥʘʯʘʣʘ, ʦʙʝʩʧʝʯʠʚʘʝʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 

ʤʘʩʩʠʚʘ ɼɸʇ ʛʣʫʙʠʥʳ n ʢ ʢʘʞʜʦʡ ʩʪʨʦʢʝ ʤʘʪʨʠʮʳ []DW , ʘ ʟʘʪʝʤ ʢ ʢʘʞʜʦʤʫ 

ʩʪʦʣʙʮʫ ʤʘʪʨʠʮʳ ɼɸʇ-ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʧʦʣʫʯʝʥʥʦʡ ʥʘ ʧʨʝʜʳʜʫʱʝʤ ʰʘʛʝ (ʩʤ. 

ʨʠʩ. 4.4).  

 

ʈʠʩʫʥʦʢ 4.4. ïʇʨʦʮʝʜʫʨʘ ɼɸʇ ʜʠʩʢʨʝʪʥʦʛʦ ʘʪʦʤʘʨʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʤʘʪʨʠʮʳ []DW . 

ʈʘʩʩʤʦʪʨʝʥʥʘʷ ʧʨʦʮʝʜʫʨʘ ɼɸʇ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʣʛʦʨʠʪʤ 

ʜʠʩʢʨʝʪʥʦʛʦ ʘʪʦʤʘʨʥʦʛʦ ʩʞʘʪʠʷ (ɼɸʉ) ʮʠʬʨʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʩʦʯʝʪʘʥʠʝ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʠ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʩʞʘʪʠʷ 

ʜʦʩʪʠʛʘʝʪʩʷ ʙʣʘʛʦʜʘʨʷ ʫʜʦʙʥʳʤ ʩʚʦʡʩʪʚʘʤ ɼɸʇ [6]. 

ʂʘʢ ʚʠʜʥʦ, ɼɸʉ - ʵʪʦ ʘʣʛʦʨʠʪʤ ʩʞʘʪʠʷ ʩ ʧʦʪʝʨʷʤʠ. ʆʩʥʦʚʥʳʝ ʧʦʪʝʨʠ 

ʢʘʯʝʩʪʚʘ ʧʨʦʠʩʭʦʜʷʪ ʥʘ ʵʪʘʧʝ ʢʚʘʥʪʦʚʘʥʠʷ. ɺʘʨʴʠʨʫʷ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʢʚʘʥʪʦʚʘʥʠʷ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʨʘʟʥʦʛʦ ʨʘʟʤʝʨʘ ʠ ʢʘʯʝʩʪʚʘ. 

ʆʩʥʦʚʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʣʛʦʨʠʪʤʘ ʩʞʘʪʠʷ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ 

ʢʦʵʬʬʠʮʠʝʥʪ ʩʞʘʪʠʷ (
CRK ) 
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ʨʘʟʤʝʨ ʠʩʭʦʜʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ

ʨʘʟʤʝʨ ʩʞʘʪʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ
CRK =  

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ 
CRK  ʦʟʥʘʯʘʝʪ ʙʦʣʴʰʫʶ ʵʢʦʥʦʤʠʷ 

ʧʘʤʷʪʠ. ɼʣʷ ʘʣʛʦʨʠʪʤʦʚ ʩʞʘʪʠʷ ʩ ʧʦʪʝʨʷʤʠ ʝʱʝ ʦʜʥʠʤ ʚʘʞʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ 

ʷʚʣʷʝʪʩʷ ʤʝʨʘ ʧʦʪʝʨʠ ʢʘʯʝʩʪʚʘ. ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʯʠʩʣʦʚʳʭ ʢʨʠʪʝʨʠʝʚ 

ʜʣʷ ʦʮʝʥʢʠ ʧʦʪʝʨʠ ʢʘʯʝʩʪʚʘ, ʥʦ ʥʠ ʦʜʠʥ ʠʟ ʥʠʭ ʥʝ ʷʚʣʷʝʪʩʷ ʥʘʜʝʞʥʳʤ. 

ʏʝʣʦʚʝʯʝʩʢʠʡ ʛʣʘʟ - ʣʫʯʰʠʡ ʢʨʠʪʝʨʠʡ. ʉʦʙʩʪʚʝʥʥʦ, ʚ ʵʪʦʤ ʠ ʟʘʢʣʶʯʘʝʪʩʷ ʦʜʥʘ 

ʠʟ ʧʨʦʙʣʝʤ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ. 

ʈʘʩʩʤʦʪʨʠʤ ʤʝʭʘʥʠʟʤ ʢʦʥʪʨʦʣʷ ʧʦʪʝʨʴ ʢʘʯʝʩʪʚʘ. ʎɸʇ - ʵʪʦ ʘʣʛʦʨʠʪʤ 

ʩʞʘʪʠʷ ʩ ʧʦʪʝʨʷʤʠ. ʆʩʥʦʚʥʳʝ ʠʩʢʘʞʝʥʠʷ ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʢʚʘʥʪʦʚʘʥʠʠ ɼɸʇ-

ʢʦʵʬʬʠʮʠʝʥʪʦʚ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʚʘʥʪʦʚʘʥʠʷ. ɺ ʩʪʘʥʜʘʨʪʘʭ ʥʝʢʦʪʦʨʳʭ ʘʣʛʦʨʠʪʤʦʚ (ʥʘʧʨʠʤʝʨ, 

JPEG) ʧʨʠʚʝʜʝʥʳ ʨʝʢʦʤʝʥʜʫʝʤʳʝ ʟʥʘʯʝʥʠʷ. ʆʜʥʘʢʦ ʠʥʦʛʜʘ ʨʘʟʨʘʙʦʪʯʠʢʠ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʫʩʪʨʦʡʩʪʚ ʧʨʠʤʝʥʷʶʪ ʩʚʦʠ ʩʦʙʩʪʚʝʥʥʳʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ. ʇʦʜʯʝʨʢʥʝʤ, ʯʪʦ ʧʦʪʝʨʷ ʢʘʯʝʩʪʚʘ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʚʘʥʪʦʚʘʥʠʷ. ʇʦʵʪʦʤʫ ʠʭ ʚʳʙʦʨ ʜʦʣʞʝʥ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʚʳʧʦʣʥʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʢ ʢʘʯʝʩʪʚʫ ʚ ʪʝʨʤʠʥʘʭ ʥʝʢʦʪʦʨʳʭ ʟʘʜʘʥʥʳʭ ʤʝʪʨʠʢ. 

ɹʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʢʨʠʪʝʨʠʠ: 

1. ʈʘʚʥʦʤʝʨʥʘʷ ʤʝʪʨʠʢʘ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʤʘʢʩʠʤʘʣʴʥʳʤ ʘʙʩʦʣʶʪʥʳʤ 

ʦʪʢʣʦʥʝʥʠʝʤ (U-ʤʝʪʨʠʢʘ), ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʥʷʪʠʷ ʧʦʧʝʨʝʯʥʠʢʘ 

ɸ.ʅ. ʂʦʣʤʦʛʦʨʦʚʘ (3.24) 

( )
,

, max ij ij
i j

d X Y x y= - ,     (4.2) 

ʛʜʝ ( ) ( ),ij ijX x Y y= =  ï ʠʩʭʦʜʥʦʝ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʷ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʚʳʩʦʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʣʦʢʘʣʴʥʳʭ 

ʠʟʤʝʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʵʪʦʡ ʤʝʨʳ. 

2. ʉʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʘʷ ʤʝʪʨʠʢʘ (RMS-ʤʝʪʨʠʢʘ) 

( ) ( )
,

2

, 1

1
,

n m

ij ij

i j

d X Y x y
nm =

= -ä .    (4.3) 
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ʕʪʘ ʤʝʨʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʫʩʨʝʜʥʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚʩʝʭ ʧʠʢʩʝʣʝʡ. ʅʠʟʢʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʣʦʢʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʠ ʚʳʩʦʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʛʣʦʙʘʣʴʥʳʭ 

ʠʟʤʝʥʝʥʠʡ ï ʢʣʶʯʝʚʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʵʪʦʡ ʤʝʨʳ.  

ʆʪʤʝʪʠʤ, ʯʪʦ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ U- ʠ RMS-ʤʝʪʨʠʢʠ ʦʟʥʘʯʘʝʪ ʭʫʜʰʝʝ 

ʢʘʯʝʩʪʚʦ ʨʝʟʫʣʴʪʘʪʘ. 

3. ʆʪʥʦʰʝʥʠʝ ʧʠʢʦʚʦʛʦ ʩʠʛʥʘʣʘ ʢ ʰʫʤʫ (PSNR-ʤʝʪʨʠʢʘ) 

( )
( )

( )

2

,
2

, 1

255
, 10ln

n m

ij ij

i j

nm
d X Y

x y
=

=

-ä
.    (4.4) 

ʆʥ ʦʪʣʠʯʘʝʪʩʷ ʦʪ RMS ʪʦʣʴʢʦ ʜʨʫʛʦʡ ʰʢʘʣʦʡ. ɹʦʣʝʝ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ ʵʪʦʡ 

ʤʝʨʳ ʦʟʥʘʯʘʝʪ ʣʫʯʰʝʝ ʢʘʯʝʩʪʚʦ ʨʝʟʫʣʴʪʘʪʘ. ɺ (4.1), (3.33), (3.36) X ʠ Y ï ʵʪʦ 

ʤʘʪʨʠʮʳ ʠʟʦʙʨʘʞʝʥʠʡ ʜʦ ʠ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ.  

ɼʣʷ ʧʦʣʥʦʮʚʝʪʥʳʭ ʮʠʬʨʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʚʳʨʘʞʘʝʤʳʭ ʤʘʪʨʠʮʝʡ 

RGB, ʠʩʧʦʣʴʟʫʝʤ 

( ) [][] [][] [][] [][] [][] [][]{ }
,

, max , ,x y x y x y
i j

d X Y r i j r i j g i j g i j b i j b i j= - - -  (4.5) 

( ),
3

S
d X Y

nm
=       (4.6) 

ʠ  

( )
( )

2
255 3

, 10ln
nm

d X Y
S

Ö
= ,    (4.7) 

ʛʜʝ 

[][] [][]( ) [][] [][]( ) [][] [][]( )( )
,

2 2 2

, 1

n m

x y x y x y

i j

S r i j r i j g i j g i j b i j b i j
=

= - + - + -ä , 

ʚʤʝʩʪʦ (4.2) - (4.4) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɿʜʝʩʴ ʢʘʞʜʳʡ ʵʣʝʤʝʥʪ X ʠ Y ʠʤʝʝʪ ʢʨʘʩʥʫʶ, 

ʟʝʣʝʥʫʶ ʠ ʩʠʥʶʶ ʩʦʩʪʘʚʣʷʶʱʠʝ: 

[][] [][] [][] [][]( ),  ,  x x xx i j r i j g i j b i j= , [][] [][] [][] [][]( ),  ,  y y yy i j r i j g i j b i j= . 

ɸʣʛʦʨʠʪʤ ʩʞʘʪʠʷ ʦʙʳʯʥʦ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʪʦʤ, ʥʘʩʢʦʣʴʢʦ ʵʬʬʝʢʪʠʚʥʳʤ 

ʠ ʧʦʜʭʦʜʷʱʠʤ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʷʝʤʳʡ ʤʝʪʦʜ. ɼʣʷ ʩʣʫʯʘʷ ʩʞʘʪʠʷ ʦʜʥʦʛʦ 
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ʠʟʦʙʨʘʞʝʥʠʷ ʝʩʪʝʩʪʚʝʥʥʳʤ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ ʦʧʪʠʤʘʣʴʥʳʭ ʥʘʩʪʨʦʝʢ 

ʢʦʤʧʨʝʩʩʦʨʘ. ʆʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʦʩʪʴ ʦʟʥʘʯʘʝʪ ʥʘʠʤʝʥʴʰʠʡ 

ʨʘʟʤʝʨ ʧʨʠ ʟʘʜʘʥʥʦʤ ʫʨʦʚʥʝ ʢʘʯʝʩʪʚʘ ʠʣʠ ʥʘʠʣʫʯʰʝʝ ʢʘʯʝʩʪʚʦ ʧʨʠ ʟʘʜʘʥʥʦʤ 

ʧʨʝʜʝʣʴʥʦʤ ʨʘʟʤʝʨʝ. ʇʨʦʮʝʜʫʨʘ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʳʭ ʥʘʩʪʨʦʝʢ ʤʦʞʝʪ ʙʳʪʴ 

ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʦʡ. 

ɺ ʩʣʫʯʘʝ ʩʞʘʪʠʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʟʦʙʨʘʞʝʥʠʡ ʧʦʠʩʢ ʦʧʪʠʤʘʣʴʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʩʣʠʰʢʦʤ ʜʦʨʦʛʠʤ. 

ʂʦʤʧʨʦʤʠʩʩʥʳʤ ʨʝʰʝʥʠʝʤ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʪʘʢʦʛʦ ʨʝʞʠʤʘ 

ʨʘʙʦʪʳ ʢʦʤʧʨʝʩʩʦʨʘ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʧʦʜʭʦʜʷʱʠʤ ʜʣʷ ʛʨʫʧʧʳ ʪʝʩʪʦʚʳʭ 

ʠʟʦʙʨʘʞʝʥʠʡ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʨʘʚʥʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʘʣʛʦʨʠʪʤʦʚ 

ʩʞʘʪʠʷ ʩʚʦʜʠʪʩʷ ʢ ʩʨʘʚʥʝʥʠʶ ʨʝʟʫʣʴʪʘʪʦʚ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʩ ʥʝʢʦʪʦʨʳʤʠ 

ʬʠʢʩʠʨʦʚʘʥʥʳʤʠ ʥʘʩʪʨʦʡʢʘʤʠ. 

ʄʝʭʘʥʠʟʤ ʢʦʥʪʨʦʣʷ ʧʦʪʝʨʠ ʢʘʯʝʩʪʚʘ ʜʣʷ ʘʣʛʦʨʠʪʤʘ ɼɸʉ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʧʝʨʝʯʥʠʢʘ ɸ.ʅ. ʂʦʣʤʦʛʦʨʦʚʘ (4.4) ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʞʝʣʘʝʤʳʭ ʠʩʢʘʞʝʥʠʡ.  

ɺʳʩʦʢʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʜʘʞʝ ʢ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʠʩʢʘʞʝʥʠʷʤ - 

ʢʣʶʯʝʚʘʷ ʦʩʦʙʝʥʥʦʩʪʴ U-ʤʝʪʨʠʢʠ. ʆʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ, ʝʩʣʠ ʟʥʘʯʝʥʠʝ (4.4) 

ʤʘʣʦ, ʪʦ ʧʦʪʝʨʠ ʢʘʯʝʩʪʚʘ, ʧʦʣʫʯʘʝʤʳʝ ʧʨʠ ʦʙʨʘʙʦʪʢʝ (ʥʘʧʨʠʤʝʨ, ʠʟ-ʟʘ ʩʞʘʪʠʷ 

ʩ ʧʦʪʝʨʷʤʠ), ʥʝʟʥʘʯʠʪʝʣʴʥʳ. ɽʩʣʠ ʞʝ ʟʥʘʯʝʥʠʝ, ʚʳʯʠʩʣʷʝʤʦʝ (4.4) ʚʝʣʠʢʦ, ʪʦ 

ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ, ʭʦʪʷ ʙʳ ʦʜʠʥ ʧʠʢʩʝʣʴ ʟʥʘʯʠʪʝʣʴʥʦ ʠʟʤʝʥʠʣʩʷ. ʍʦʪʷ, ʝʩʣʠ 

ʪʦʣʴʢʦ ʥʝʩʢʦʣʴʢʦ ʧʠʢʩʝʣʝʡ ʠʤʝʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʮʚʝʪʘ ʷʨʢʦʩʪʠ, 

ʢʘʯʝʩʪʚʦ ʠʟʦʙʨʘʞʝʥʠʷ ʤʦʞʝʪ ʦʩʪʘʚʘʪʴʩʷ ʚʳʩʦʢʠʤ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʦʙʨʘʙʦʪʢʝ 

ʠʟʦʙʨʘʞʝʥʠʡ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, U-ʤʝʪʨʠʢʘ ʜʦʣʞʥʘ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʤʝʪʨʠʢʠ ʠʩʢʘʞʝʥʠʡ ʚ ʩʣʫʯʘʝ ʧʦʪʝʨʠ ʢʘʯʝʩʪʚʘ ʠʣʠ 

ʩʞʘʪʠʷ ʧʦʯʪʠ ʙʝʟ ʧʦʪʝʨʴ. ɼʘʣʝʝ ʩʨʘʚʥʠʤ ʥʝʩʢʦʣʴʢʦ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ɼɸʇ ʠ 

JPEG. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʝʤ ʩʣʝʜʫʶʱʫʶ ʧʨʦʮʝʜʫʨʫ, ʚʢʣʶʯʘʶʱʫʶ: 

1) ʬʠʢʩʘʮʠʷ ʨʝʞʠʤʦʚ ɼɸʇ ʠ JPEG ʠ ʩʞʘʪʠʝ ʪʝʩʪʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ; 

2) ʨʘʩʯʝʪ CR-ʟʥʘʯʝʥʠʡ, U-ʤʝʪʨʠʢʠ, RMS-ʤʝʪʨʠʢʠ ʠ PSNR-ʤʝʪʨʠʢʠ ʜʣʷ 

ʢʘʞʜʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʩʞʘʪʠʷ; 
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3) ʩʨʘʚʥʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʥʘʯʝʥʠʡ CR, U, RMS ʠ PSNR ʜʣʷ ʢʘʞʜʦʛʦ 

ʪʝʩʪʦʚʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. 

ʊʘʙʣʠʮʘ 4.1. ï ʈʝʟʫʣʴʪʘʪʳ ʩʞʘʪʠʷ ʢʣʘʩʩʠʯʝʩʢʠʭ ʪʝʩʪʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʩ 

ʧʦʤʦʱʴʶ ɼɸʇ "ʆʧʪʠʤʘʣʴʥʳʡ"  

 ̄ ʠʩʭʦʜʥʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ 

ɼɸʇ "ʆʧʪʠʤʘʣʴʥʳʡ" "JPEG100" 

ʀʤ ̫ ʈʘʟʤ

ʝʨ 

 (kB) 

ʈʘʟʤ

ʝʨ 

 (kB) 

CR ʧʦʪʝʨʷ 

ʢʘʯʝʩʪʚʘ 

ʈʘʟ

ʤʝʨ 

 

(kB

) 

CR ʧʦʪʝʨʷ ʢʘʯʝʩʪʚʘ 

U RM

S 

PSN

R 

U RM

S 

PSN

R 

1 baboo

n  

769  331  2,32

4  

2

7  

5,31

5  

33,62

1  

334  2,30

2  

73  8,75  29,29

1 

2 Barbar

a  

1216  282  4,31

2  

2

3  

3,06

5  

38,40

2  

375  3,24

3  

36  2,69

4  

39,52

2 

3 boats  1330  229  5,80

8   

1

6  

2,31

3  

40,84

8  

344  3,86

6  

31 1,95

2  

42,32 

4 cablec

ar  

721  163  4,42

3   

2

5  

2,83

1  

39,09

3  

199  3,62

3  

57  3,48  37,29

8 

5 cornfi

eld  

721  193  3,73

6  

2

4  

3,1  38,30

2  

221  3,26

2   

55  3,87

8  

36,35

8 

6 f16  769  151  5,09

3   

2

1  

2,67

1  

39,59

6  

206  3,73

3  

93  4,12

3  

35,82

7  

7 flower

s  

 531  172  3,08

7   

2

6  

3,56

8  

37,08

2  

188  2,82

5 

90  5,08

7  

34,00

2 

8 fruits  721  157  4,59

2  

2

7  

2,77

5  

39,26

5  

197  3,66  66  3,48

3  

37,29

3 

9 goldhi

ll  

1216  272  4,47

1  

2

2  

3,28

4  

37,80

4  

377  3,22

5  

50  2,81

8  

39,13

2  

1

0 

Lena  769   164  4,68

9  

2

9  

3,43

6  

37,41

1  

222  3,46

4  

93  3,40

9  

37,47

7 

1

1 

monar

ch  

1153  186  6,19

9  

1

6  

2,22

5  

41,18

6  

293  3,93

5  

34  1,5  44,61

1 

1

2 

pepper

s  

 769  186  4,13

4  

2

4  

4,11

3  

35,84

9  

241  3,19

1  

120  5,84

1  

32,80

1 

1

3 

sailbo

at  

769  241  3,19

1  

2

7  

4,66

8  

34,74

9  

271  2,83

8  

96  6,79

9  

31,48

2 

1

4 

splash  769  124  6,20

2  

2

1 

2,49

9  

40,17

7  

195  3,94

4  

165  4,15

3  

35,76

2 

1

5 

Tiffan

y  

769  164  4,68

9  

2

4  

3,27

4  

37,82

9  

221  3,48  135  5,70

2  

33,01

1  
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ɼʣʷ ʩʨʘʚʥʝʥʠʷ ɼɸʇ ʩ JPEG ʤʳ ʠʩʧʦʣʴʟʫʝʤ ʥʘʙʦʨ ʢʣʘʩʩʠʯʝʩʢʠʭ 

ʪʝʩʪʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʥʘʙʦʨ ʢʣʘʩʩʠʯʝʩʢʠʭ ʘʵʨʦʬʦʪʦʩʥʠʤʢʦʚ [15]. ʏʪʦʙʳ 

ʧʦʣʫʯʠʪʴ JPEG-ʩʞʘʪʠʝ ʪʝʩʪʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʦʤʧʴʶʪʝʨʥʳʝ 

ʧʨʦʛʨʘʤʤʳ MS Picture Manager ʠ MS Paint, ʢʦʪʦʨʳʝ ʣʝʛʢʦ ʜʦʩʪʫʧʥʳ 

ʧʦʣʴʟʦʚʘʪʝʣʶ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ɼɸʇ-ʩʞʘʪʠʷ ʪʝʩʪʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʢʦʤʧʴʶʪʝʨʥʘʷ ʧʨʦʛʨʘʤʤʘ "Discrete Atomic Compression: User Kit" ʩ ʨʝʞʠʤʘʤʠ 

"Optimal" ʠ "Allowable" [16]. ʀʩʧʦʣʴʟʫʷ ʧʝʨʚʳʡ ʠʟ ʥʠʭ, ʤʳ ʧʦʣʫʯʘʝʤ ʨʝʟʫʣʴʪʘʪ 

ʦʙʨʘʙʦʪʢʠ ɼɸʇ ʩ ʚʳʩʦʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʩʞʘʪʠʷ ʠ ʙʝʟ ʚʠʜʠʤʳʭ ʠʟʤʝʥʝʥʠʡ. 

ʇʨʠʤʝʥʝʥʠʝ ʚʪʦʨʦʛʦ ʨʝʞʠʤʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʩʞʘʪʠʷ ʩ 

ʙʦʣʝʝ ʟʘʤʝʪʥʦʡ ʧʦʪʝʨʝʡ ʢʘʯʝʩʪʚʘ.  

ʊʝʧʝʨʴ ʩʨʘʚʥʠʤ ɼɸʇ "ʆʧʪʠʤʘʣʴʥʳʡ" ʩ "JPEG100" ʠ ɼɸʇ 

"ɼʦʧʫʩʪʠʤʳʡ" ʩ "Paint JPEG". ɺ ʪʘʙ. 4.1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʞʘʪʠʷ 

ʢʣʘʩʩʠʯʝʩʢʠʭ ʪʝʩʪʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʠʟ ʥʠʭ ʩʣʝʜʫʝʪ, ʯʪʦ: 

1) ɼɸʇ "ʆʧʪʠʤʘʣʴʥʳʡ" ʵʢʦʥʦʤʠʪ ʙʦʣʴʰʝ ʧʘʤʷʪʠ, ʯʝʤ "JPEG 100" 

(ʬʘʢʪʠʯʝʩʢʠ, ʨʘʟʤʝʨ ɼɸʇ-ʬʘʡʣʘ ʤʝʥʴʰʝ ʨʘʟʤʝʨʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ JPEG-

ʬʘʡʣʘ ʚ ʩʨʝʜʥʝʤ ʥʘ 30,59 ʧʨʦʮʝʥʪʘ); 

2) "JPEG 100" ʜʘʝʪ ʙʦʣʴʰʫʶ ʣʦʢʘʣʴʥʫʶ ʧʦʪʝʨʶ ʢʘʯʝʩʪʚʘ, ʯʝʤ ɼɸʇ 

"ʆʧʪʠʤʘʣʴʥʳʡ"; 

3) ɼɸʇ "ʆʧʪʠʤʘʣʴʥʳʡ" ʠ "JPEG 100" ʠʤʝʶʪ ʧʦʯʪʠ ʦʜʠʥʘʢʦʚʳʝ ʫʩʨʝʜʥʝʥʥʳʝ 

ʧʦʪʝʨʠ ʢʘʯʝʩʪʚʘ. 

4.2. ʆʩʦʙʝʥʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʚʳʙʦʨʘ ʙʘʟʦʚʳʭ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʡ 

ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʠ ʮʠʬʨʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ 

ʇʨʠ ʧʨʠʤʝʥʝʥʠʠ ʚʝʡʚʣʝʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʚʦʡʩʪʚʦ 

ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʡ ʵʬʬʝʢʪʠʚʥʦ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʪʴ ʥʝʢʦʪʦʨʳʝ ʢʣʘʩʩʳ ʩʠʛʥʘʣʦʚ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʥʝʥʫʣʝʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. 

ʊʘʢʘʷ ʩʠʪʫʘʮʠʷ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʘʥʘʣʠʟʝ, ʩʠʥʪʝʟʝ ʠ ʦʙʨʘʙʦʪʢʝ ʩʠʛʥʘʣʦʚ, ʚ 

ʯʘʩʪʥʦʩʪʠ ʧʨʠ ʩʞʘʪʠʠ, ʬʠʣʴʪʨʘʮʠʠ ʠʣʠ ʙʳʩʪʨʳʭ ʚʳʯʠʩʣʝʥʠʷʭ. ʇʦʵʪʦʤʫ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʠ ()ty  ʜʦʣʞʥʦ ʧʨʦʠʩʭʦʜʠʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 



107 
 

 
 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʝʡʚʣʝʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʧʨʠʙʣʠʞʘʶʪʩʷ ʢ 

ʥʫʣʶ. ʊʦʛʜʘ ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʡ ʩʠʛʥʘʣ ʙʫʜʝʪ ʠʤʝʪʴ ʥʝʩʢʦʣʴʢʦ ʟʥʘʯʠʤʳʭ 

ʚʝʡʚʣʝʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠ ʙʦʣʴʰʠʥʩʪʚʦ ʧʦʯʪʠ ʥʫʣʝʚʳʭ, ʫʢʘʟʳʚʘʶʱʠʭ ʥʘ 

ʚʳʩʦʢʦʝ ʨʘʟʨʝʰʝʥʠʝ. ʅʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʚʳʙʦʨ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʠ ʠʤʝʶʪ 

ʨʘʟʤʝʨ ʥʦʩʠʪʝʣʷ, ʢʦʣʠʯʝʩʪʚʦ ʥʫʣʝʚʳʭ ʤʦʤʝʥʪʦʚ ʠ ʛʣʘʜʢʦʩʪʴ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʡ 

[41, 48, 73, 74, 77, 80-82, 96]. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʣʶʙʘʷ ʣʦʢʘʣʠʟʦʚʘʥʥʘʷ ʬʫʥʢʮʠʷ ()2LyÍ  ʦʪʥʦʩʠʪʩʷ ʢ 

ʪʠʧʫ ʚʝʡʚʣʝʪ, ʝʩʣʠ ʜʣʷ ʥʝʝ ʦʧʨʝʜʝʣʝʥʘ ʬʫʥʢʮʠʷ ()2L
*

yÍ  ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ 

ʩʝʤʝʡʩʪʚʘ { }jky  ʠ { }jk

*

y  ʷʚʣʷʶʪʩʷ ʧʘʨʥʳʤʠ ʙʘʟʠʩʘʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ()2L  [45, 48]. 

ʇʦʵʪʦʤʫ, ʣʶʙʘʷ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʷ ɣ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ, ʦʨʪʦʛʦʥʘʣʴʥʘʷ 

ʦʥʘ ʠʣʠ ʥʝʪ, ʧʦʟʚʦʣʷʝʪ ʣʶʙʫʶ ʬʫʥʢʮʠʶ ʠʟ ʧʨʦʩʪʨʘʥʩʪʚʘ ()2L  ʠʟʦʙʨʘʟʠʪʴ ʚ 

ʚʠʜʝ ʨʷʜʘ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʥʪʝʛʨʘʣʴʥʳʤ ʚʝʡʚʣʝʪ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʵʪʦʡ ʬʫʥʢʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 
*

y. 

ʆʙʱʘʷ ʢʣʘcʩʠʬʠʢʘʮʠʷ ʙʘʟʦʚʳʭ ʚʝʡʚʣʝʪ-ʬʫʥʢʮʠʡ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ (ʪʘʙʣ. ʇ.1) [54, 60, 68]: 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʪʘʙʣʠʮʫ ʇ.1, ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʝʝ 

ʦʜʥʦʡ ʤʘʪʝʨʠʥʩʢʦʡ ʬʫʥʢʮʠʠ ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʵʪʠ ʩʚʦʡʩʪʚʘ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʣʠʰʴ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʙʘʟʦʚʳʭ ʚʝʡʚʣʝʪ 

ʬʫʥʢʮʠʡ, ʢʦʪʦʨʦʝ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʷʚʥʳʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʠʭ 

ʧʨʘʢʪʠʯʝʩʢʦʤʫ ʧʨʠʤʝʥʝʥʠʶ ʜʣʷ ʘʥʘʣʠʟʘ ʠ ʦʙʨʘʙʦʪʢʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ 

ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʩʠʛʥʘʣʦʚ. 

ɸʣʛʦʨʠʪʤ ʬʠʣʴʪʨʘʮʠʠ ʠ ʘʣʛʦʨʠʪʤ ʢʦʤʧʨʝʩʩʠʠ ʩʠʛʥʘʣʦʚ ʦʯʝʥʴ ʧʦʭʦʞʠ 

ʤʝʞʜʫ ʩʦʙʦʡ. ɺ ʦʩʥʦʚʝ ʵʪʠʭ ʘʣʛʦʨʠʪʤʦʚ ʣʝʞʘʪ ʪʨʠ ʵʪʘʧʘ: 

1) ʨʘʟʣʦʞʝʥʠʝ ʩʠʛʥʘʣʘ; 

2) ʧʦʨʦʛʦʚʘʷ ʦʙʨʘʙʦʪʢʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠʣʠ ʞʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 

ʢʚʘʥʪʦʚʘʥʠʝ ʠ ʢʦʜʠʨʦʚʘʥʠʝ; 
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3) ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʩʠʛʥʘʣʘ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʩ ʧʦʤʦʱʴʶ ʜʠʩʢʨʝʪʥʦʛʦ ʚʝʡʚʣʝʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʧʨʦʚʦʜʠʪʩʷ ʜʝʢʦʤʧʦʟʠʮʠʷ ʩʠʛʥʘʣʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʚʝʡʚʣʝʪʦʚ. ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʚʳʙʠʨʘʝʪʩʷ ʯʘʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʣʷ ʧʦʨʦʛʦʚʦʡ 

ʦʙʨʘʙʦʪʢʠ, ʩʦʭʨʘʥʷʷ ʥʝʧʦʚʨʝʞʜʝʥʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʫʨʦʚʥʷ. ʅʘ ʪʨʝʪʴʝʤ ʵʪʘʧʝ ʥʘ ʦʩʥʦʚʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʧʨʦʚʦʜʠʪʩʷ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʩʠʛʥʘʣʘ ʦʙʨʘʪʥʳʤ ʜʠʩʢʨʝʪʥʳʤ 

ʚʝʡʚʣʝʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʢʦʤʧʨʝʩʩʠʠ ʠ ʬʠʣʴʪʨʘʮʠʠ ʩʠʛʥʘʣʦʚ ʚʘʞʥʳʤ ʚʦʧʨʦʩʦʤ 

ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʜʦʩʪʘʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʨʝʢʦʥʩʪʨʫʢʮʠʠ 

ʩʠʛʥʘʣʘ ʩ ʟʘʜʘʥʥʳʤ ʢʘʯʝʩʪʚʦʤ. ʇʦʵʪʦʤʫ ʦʜʥʠʤ ʠʟ ʪʨʝʙʦʚʘʥʠʡ ʢ ʙʘʟʦʚʳʤ 

ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʡ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦʡ ʨʝʢʦʥʩʪʨʫʢʮʠʠ 

ʩʠʛʥʘʣʘ ʧʨʠ ʦʙʨʘʪʥʦʤ ʚʝʡʚʣʝʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ [30, 31]. 

4.3. ɼʝʢʦʜʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ ʨʘʜʠʦʛʦʣʦʛʨʘʤʤ ʩʧʫʪʥʠʢʦʚʳʭ ʩʥʠʤʢʦʚ 

ʄʝʪʘʜʘʥʥʳʝ ʢʦʩʤʠʯʝʩʢʦʛʦ ʩʥʠʤʢʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʜʝʨʞʘʪ ʚʩʶ 

ʥʝʦʙʭʦʜʠʤʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʦʮʝʩʩʝ ʝʛʦ ʧʦʣʫʯʝʥʠʷ. ɺ ʩʦʩʪʘʚ ʪʘʢʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʚʭʦʜʷʪ ʢʦʦʨʜʠʥʘʪʳ ʩʥʠʤʢʘ, ʚʨʝʤʷ ʝʛʦ ʨʝʛʠʩʪʨʘʮʠʠ, ʧʘʨʘʤʝʪʨʳ 

ʥʘʩʪʨʦʡʢʠ ʩʝʥʩʦʨʘ, ʧʦʣʦʞʝʥʠʝ ʩʧʫʪʥʠʢʘ ʥʘ ʦʨʙʠʪʝ, ʫʛʦʣ ʥʘʢʣʦʥʘ ʉʦʣʥʮʘ ʠ ʪ.ʜ. 

ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤʠ ʧʦʣʫʯʝʥʥʫʶ ʩʮʝʥʫ, 

ʷʚʣʷʶʪʩʷ ʝʝ ʢʦʦʨʜʠʥʘʪʳ ʠ ʚʨʝʤʷ ʨʝʛʠʩʪʨʘʮʠʠ. ʆʙʣʘʜʘʷ ʵʪʠʤʠ ʜʘʥʥʳʤʠ, 

ʤʦʞʥʦ ʛʝʦʛʨʘʬʠʯʝʩʢʠ ʧʨʠʚʷʟʘʪʴ ʩʥʠʤʦʢ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʥʘʣʦʞʝʥʠʷ ʥʘ 

ʚʝʢʪʦʨʥʳʝ ʢʘʨʪʳ ʠʣʠ ʧʦʢʨʳʪʠʷ ʮʠʬʨʦʚʳʤʠ ʩʥʠʤʢʘʤʠ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʧʨʦʚʝʨʢʫ ʩʦʦʪʚʝʪʩʪʚʠʷ 

ʧʦʣʫʯʝʥʥʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʩʥʠʤʢʘ ʪʦʤʫ ʧʦʣʦʞʝʥʠʶ ʂɸ ʥʘ ʦʨʙʠʪʝ, ʚ ʢʦʪʦʨʦʤ 

ʦʥ ʥʘʭʦʜʠʣʩʷ ʚʦ ʚʨʝʤʷ ʩʲʝʤʢʠ. 

ɼʝʢʦʜʠʨʦʚʘʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʜʘʥʥʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ 

ʩʣʝʜʫʶʱʝʡ ʩʭʝʤʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩ. 4.5. 

ɼʣʷ ʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʧʨʠ ʠʟʚʝʩʪʥʳʭ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʦʤ ʨʘʟʨʝʰʝʥʠʠ ʠ 

ʢʦʣʠʯʝʩʪʚʝ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʠʘʧʘʟʦʥʦʚ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʠʟʦʙʨʘʞʝʥʠʝ ʧʦ 
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ʢʘʥʘʣʘʤ. ɼʣʷ ʨʘʜʘʨʥʳʭ ʩʠʩʪʝʤ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠʤʝʥʷʶʪʩʷ ʘʣʛʦʨʠʪʤʳ ʩʞʘʪʠʷ 

ɹɸʂ ʩ ʨʘʟʣʠʯʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʩʞʘʪʠʷ. 

 
 

ʈʠʩʫʥʦʢ 4.5. ï ʆʙʦʙʱʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ 

ʬʦʨʤʠʨʫʝʤʳʭ ʦʧʪʠʯʝʩʢʠʤ ʠ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʩʧʫʪʥʠʢʦʚʦʡ ʩʠʩʪʝʤʳ ɼɿɿ 

 

ɺ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʪʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ ʤʦʱʥʦʩʪʴ 

ʩʠʛʥʘʣʘ ʥʘ ʚʭʦʜʝ ʥʘʟʝʤʥʦʛʦ ʧʨʠʝʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠ ʚʳʯʠʩʣʝʥʠʝ ʟʦʥ 

ʜʦʩʪʫʧʥʦʩʪʠ: 

()2
ɖ ɖʇʈɼ ʇʈɼ ʇʈʄ ʇʈɼ ʇʈʄ

C

ʉɺ

P G G
P V t

A
=     (4.8) 

ʛʜʝ 
ʇʈɼP  - ʤʦʱʥʦʩʪʴ ʩʠʛʥʘʣʘ ʥʘ ʚʳʭʦʜʝ ʧʝʨʝʜʘʪʯʠʢʘ; G  - ʢʦʵʬʬʠʮʠʝʥʪ 

ʫʩʠʣʝʥʠʷ ʧʝʨʝʜʘʶʱʝʡ (ʧʨʠʝʤʥʦʡ) ʘʥʪʝʥʥʳ; ɖ - ʂʇɼ ʬʠʜʝʨʥʦʛʦ ʪʨʘʢʪʘ ʥʘ 

ʧʝʨʝʜʘʶʱʝʡ (ʧʨʠʝʤʥʦʡ) ʩʪʦʨʦʥʝ;
2

4ˊ

ɚ
CB

R
A

å õ
=æ ö
ç ÷

 - ʦʩʣʘʙʣʝʥʠʝ ʩʠʛʥʘʣʘ ʩ ʜʣʠʥʥʦʡ 

ʚʦʣʥʳ   ʚ ʩʚʦʙʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʨʘʩʩʪʦʷʥʠʷ  R; ()V t - 

ʤʥʦʞʠʪʝʣʴ ʦʩʣʘʙʣʝʥʠʷ ʩʠʛʥʘʣʘ. 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʠʪʫʘʮʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʙʨʘʙʦʪʢʦʡ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ 

ʜʘʥʥʳʭ, ʥʝʠʟʙʝʞʥʦ ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ï 

ʠʟʦʙʨʘʞʝʥʠʷ ʧʦ ʯʘʩʪʠ ʠʩʭʦʜʥʦʡ ʨʘʜʠʦʛʦʣʦʛʨʘʤʤʳ. ʅʘʨʫʰʝʥʠʷ ʮʝʣʦʩʪʥʦʩʪʠ 
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ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʨʘʟʥʳʤʠ ʧʨʠʯʠʥʘʤʠ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ 

ʦʰʠʙʢʠ ʩʝʥʩʦʨʘ, ʦʰʠʙʢʠ ʧʨʠ ʧʝʨʝʜʘʯʝ ʜʘʥʥʳʭ ʠʣʠ ʦʰʠʙʢʠ ʚʩʣʝʜʩʪʚʠʝ 

ʤʥʦʛʦʣʫʯʝʚʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʚʦʣʥ ʠ ʜʨ. 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʧʦ ʩʣʝʜʫʶʱʠʤ ʧʨʠʯʠʥʘʤ: 

1) ʈʘʜʠʦʣʦʢʘʮʠʦʥʥʳʝ ʜʘʥʥʳʝ ʷʚʣʷʶʪʩʷ ʢʦʤʧʣʝʢʩʥʦʟʥʘʯʥʳʤʠ. ʌʘʟʘ 

ʧʠʢʩʝʣʷ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʘ ʥʘ ʧʨʦʤʝʞʫʪʢʝ [ ]0, 2́ . ɺʝʱʝʩʪʚʝʥʥʘʷ ʠ 

ʤʥʠʤʘʷ ʯʘʩʪʠ ʦʙʳʯʥʦ ʩʦʜʝʨʞʘʪ ʤʥʦʛʦ ʰʫʤʘ ʠ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʦʙʳʯʥʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʝʣʳʡ ʰʫʤ. 

2) ʈʘʜʠʦʣʦʢʘʮʠʦʥʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʠʩʢʘʞʘʶʪʩʷ ʩʧʝʢʣʦʤ, ʢʦʪʦʨʳʡ 

ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʢʦʛʝʨʝʥʪʥʦʤ ʩʫʤʤʠʨʦʚʘʥʠʠ ʦʪʢʣʠʢʦʚ ʦʪ ʥʝʩʢʦʣʴʢʠʭ 

ʨʘʩʩʝʠʚʘʪʝʣʝʡ ʠ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʦʥʠʤʘʝʪʩʷ ʢʘʢ "ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʳʡ 

ʰʫʤ". ʅʘ ʩʘʤʦʤ ʜʝʣʝ, ʩʧʝʢʣ ʷʚʣʷʝʪʩʷ ʥʝ ʰʫʤʦʤ, ʘ ʝʩʪʝʩʪʚʝʥʥʳʤ ʢʦʛʝʨʝʥʪʥʳʤ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʨʘʩʩʝʷʥʠʝʤ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʘʜʜʠʪʠʚʥʦʛʦ ʰʫʤʘ, ʩʧʝʢʣ 

ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʢʦʣʝʙʘʥʠʡ ʚ ʨʘʟʤʝʨʝ ʫʩʨʝʜʥʝʥʥʦʡ ʦʪʨʘʞʘʪʝʣʴʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ. ɹʣʘʛʦʜʘʨʷ ʩʧʝʢʣ ʠ ʰʫʤʦʧʦʜʦʙʥʳʤ ʬʘʟʘʤ, ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʝʜʠʥʦʛʦ 

ʧʦʜʭʦʜʘ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ. 

3) ʈʘʜʠʦʣʦʢʘʮʠʦʥʥʳʝ ʜʘʥʥʳʝ ʠʤʝʶʪ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʰʠʨʦʢʠʡ 

ʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ, ʯʝʤ ʦʧʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ. ʅʘ ʧʨʘʢʪʠʢʝ, ʝʩʣʠ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʨʝʞʝʥʥʳʝ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ, ʪʦʣʴʢʦ ʥʘʠʙʦʣʝʝ ʷʨʢʘʷ ʠʭ ʯʘʩʪʴ ʙʫʜʝʪ 

ʚʦʩʩʪʘʥʦʚʣʝʥʘ. ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʮʝʣʴʶ ʥʝ ʷʚʣʷʝʪʩʷ ʦʙʥʘʨʫʞʝʥʠʝ ʷʨʢʦ 

ʚʳʨʘʞʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʥʘ ʢʦʩʤʠʯʝʩʢʦʤ ʩʥʠʤʢʝ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʨʝʞʝʥʥʳʭ 

ʤʝʪʦʜʦʚ ʧʨʠʚʝʜʝʪ ʢ ʧʦʪʝʨʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʝʪʘʣʝʡ. 

ʉʫʱʝʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʧʨʦʮʝʜʫʨʳ ʦʙʨʘʪʥʦʛʦ ʧʨʦʝʮʠʨʦʚʘʥʠʷ ʠ 

ʧʨʠʤʝʥʝʥʠʷ ʬʠʣʴʪʨʘ ʩʦʦʪʚʝʪʩʪʚʠʷ ʷʚʣʷʝʪʩʷ ʠʭ ʚʳʩʦʢʘʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ 

ʩʣʦʞʥʦʩʪʴ. ʋʩʢʦʨʝʥʠʝ ʨʦʩʪʘ ʩʣʦʞʥʦʩʪʠ ʥʝ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʣʛʦʨʠʪʤʳ 

ʜʣʷ ʘʥʘʣʠʟʘ ʨʝʘʣʴʥʳʭ ʜʘʥʥʳʭ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʦʩʣʝʜʥʠʭ ʜʚʫʭ ʧʦʜʭʦʜʦʚ 

ʘʣʛʦʨʠʪʤʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʜʘʣʴʥʦʩʪʥʦʛʦ ʠ ʘʟʠʤʫʪʘʣʴʥʦʛʦ ʩʞʘʪʠʷ 
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ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʚ ʩʤʳʩʣʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʠ. ɺʪʦʨʳʤ 

ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʦʪʘ ʨʝʘʣʠʟʘʮʠʠ (ʥʘʧʨʠʤʝʨ, ʧʦʩʨʝʜʩʪʚʦʤ ʩʨʝʜʳ 

MATLAB).  

ɸʣʛʦʨʠʪʤ ʧʨʦʮʝʜʫʨʳ ʜʘʣʴʥʦʩʪʥʦʛʦ ʩʞʘʪʠʷ ʚʢʣʶʯʘʝʪ ʜʦʧʦʣʥʝʥʠʷ ʣʠʥʠʠ 

ʠʟʦʙʨʘʞʝʥʠʷ ʧʦ ʜʘʣʴʥʦʩʪʠ ʩ ʧʦʪʝʨʝʡ ʠʥʬʦʨʤʘʮʠʠ ʜʦ ʪʨʝʙʫʝʤʦʡ ʜʠʥʳ ʥʫʣʷʤʠ, 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ ʧʦʣʫʯʝʥʥʦʛʦ ʚʳʨʘʞʝʥʠʷ, ʚʳʯʠʩʣʝʥʠʷ ʬʫʥʢʮʠʠ (4.9), 

ʦʙʨʘʪʥʦʛʦ ʌʫʨʴʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʦʩʪʨʦʝʥʠʷ ʧʦʚʨʝʞʜʝʥʥʳʭ ʦʙʣʘʩʪʝʡ. 

ɸʟʠʤʫʪʘʣʴʥʦʝ ʩʞʘʪʠʝ ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʦʛʠʯʥʦ.  

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʳʭ ʧʨʦʮʝʜʫʨ ʪʨʝʙʫʝʪʩʷ ʚʳʯʠʩʣʠʪʴ ʩʠʛʥʘʣ ʥʘ 

ʚʳʭʦʜʝ ʬʠʣʴʪʨʘ ʩʦʛʣʘʩʦʚʘʥʠʷ ʠ ʦʩʫʱʝʩʪʚʠʪʴ ʧʨʦʮʝʜʫʨʫ ʩʞʘʪʠʷ [10, ʩʪʘʪʴʠ, 

ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʚ ʠʟʜʘʥʠʷʭ, ʚʢʣʶʯʸʥʥʳʭ ʚ ʧʝʨʝʯʝʥʴ ɺɸʂ]: 
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ʛʜʝ: TXPRR ï ʣʠʥʝʡʥʘʷ  ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ ʚ FM-ʜʠʘʧʘʟʦʥʝ ʚ ʪʝʯʝʥʠʝ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʘ, ()R f  ï ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ ʬʫʥʢʮʠʠ 

() 21
ref exp 2́

2

TXPRR
t i TXPSF t t

N

è øå õ
= Ö +æ öé ù

ç ÷ê ú
, TXPSF ï ʯʘʩʪʦʪa ʥʘʯʘʣʘ ʠʤʧʫʣʴʩʘ, N ï 

ʧʦʢʘʟʘʪʝʣʴ ʩʪʝʧʝʥʠ, f ï ʯʘʩʪʦʪʘ ʩʠʛʥʘʣʘ. 

ɺ ʣʶʙʦʤ ʠʟ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʩʮʝʥʘʨʠʝʚ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʝʧʦʣʥʳʭ 

ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʣʛʦʨʠʪʤʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʘ 

ʦʩʥʦʚʝ ʧʨʦʮʝʜʫʨʳ ʦʙʨʘʪʥʦʛʦ ʧʨʦʝʮʠʨʦʚʘʥʠʷ ʥʝʜʦʩʪʘʶʱʠʝ ʜʘʥʥʳʝ ʩʯʠʪʘʶʪʩʷ 

ʥʫʣʷʤʠ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ ʥʝʞʝʣʘʪʝʣʴʥʳʭ 

ʘʨʪʝʬʘʢʪʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʝʛʦ ʢʘʯʝʩʪʚʦ ʠ ʩʜʝʣʘʪʴ 

ʥʝʚʦʟʤʦʞʥʳʤ ʜʘʣʴʥʝʡʰʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʨʝʰʝʥʠʠ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ.  

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʠʟʦʙʨʘʞʝʥʠʷ ʤʘʪʨʠʮʘ ʥʘʙʣʶʜʝʥʠʷ ʌ 

ʜʦʣʞʥʘ ʙʳʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʘ ʥʘʜʣʝʞʘʱʠʤ ʦʙʨʘʟʦʤ. ʉʪʘʥʜʘʨʪʥʳʡ ʩʧʦʩʦʙ 

ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʩ 

ʨʝʛʫʣʷʨʠʟʘʮʠʝʡ: 
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ʛʜʝ L ï ʨʝʛʫʣʷʨʠʟʠʨʫʶʱʘʷ ʬʫʥʢʮʠʷ, f ï ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ, y ï 

ʚʭʦʜʥʦʡ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʡ ʩʠʛʥʘʣ. ʊʠʧʠʯʥʳʤ ʧʨʠʤʝʨʦʤ ʨʝʛʫʣʷʨʠʟʠʨʫʶʱʝʡ 

ʬʫʥʢʮʠʠ ʷʚʣʷʶʪʩʷ ʥʦʨʤʳ 
p

p
p fl

~
= , ʢʦʪʦʨʳʝ ʧʨʠ 1¢p  ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʢʦʥʪʝʢʩʪʝ ʩʫʧʝʨʨʘʟʨʝʰʝʥʠʷ ʨʘʜʘʨʥʳʭ ʜʘʥʥʳʭ ʠ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚ ʦʙʨʘʙʦʪʢʝ 

ʥʝʧʦʣʥʳʭ ʨʘʜʘʨʥʳʭ ʜʘʥʥʳʭ. ɺ ʟʘʜʘʯʘʭ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʦʨʝʞʝʥʥʳʭ ʜʘʥʥʳʭ 

(compressive sensing) ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʮʝʥʢʘ ʟʥʘʯʝʥʠʡ ʥʦʨʤ pl . ʄʦʞʝʪ ʙʳʪʴ 

ʨʘʩʩʤʦʪʨʝʥ ʠʪʝʨʘʪʠʚʥʳʡ ʤʝʪʦʜ ʚʳʯʠʩʣʝʥʠʷ ʦʧʝʨʘʪʦʨʘ ʌ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʙʳʩʪʨʦʛʦ ʘʣʛʦʨʠʪʤʘ ʦʙʨʘʪʥʦʛʦ ʧʨʦʝʮʠʨʦʚʘʥʠʷ ʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʳʩʦʢʦʝ 

ʢʘʯʝʩʪʚʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦ ʥʝʧʦʣʥʳʤ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʤ 

ʜʘʥʥʳʤ. ɺ ʢʘʯʝʩʪʚʝ ʫʧʨʦʱʝʥʠʷ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʘʚʪʦʨʳ 

ʠʩʧʦʣʴʟʫʶʪ ʤʦʥʦʩʪʘʪʠʯʝʩʢʠʡ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʡ ʩʠʛʥʘʣ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʡ ʧʫʯʦʢ ʩʬʦʢʫʩʠʨʦʚʘʥ ʥʘ ʦʜʥʦ ʠ ʪʫ ʞʝ ʪʝʨʨʠʪʦʨʠʶ ʜʣʷ ʚʩʝʭ 

ʠʩʧʫʩʢʘʝʤʳʭ ʚʦʣʥ. ʊʝʤ ʥʝ ʤʝʥʝʝ ʧʨʝʜʣʦʞʝʥʥʳʡ ʠʤʠ ʘʣʛʦʨʠʪʤ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʣʶʙʳʭ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ. 

ɺ ʢʘʯʝʩʪʚʝ ʜʝʤʦʥʩʪʨʘʮʠʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʙʳʩʪʨʦʛʦ ʘʣʛʦʨʠʪʤʘ 

ʧʝʨʝʧʨʦʝʮʠʨʦʚʘʥʠʷ ʚ ʪʘʙʣ. 4.2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʥʘʯʝʥʠʷ ʚʨʝʤʝʥʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʨʘʟʤʝʨʘʤʠ  N N³ ʧʦ ʨʘʜʠʦʛʦʣʦʛʨʘʤʤʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʦʙʨʘʪʥʦʛʦ ʧʨʦʝʮʠʨʦʚʘʥʠʷ (ʆʇ), 

ʙʳʩʪʨʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʝʨʝʧʨʦʝʮʠʨʦʚʘʥʠʷ (ɹʇ), ʘʣʛʦʨʠʪʤʘ ʥʘ ʦʩʥʦʚʝ 

ʜʘʣʴʥʦʩʪʥʦʡ ʠ ʘʟʠʤʫʪʘʣʴʥʦʡ ʢʦʤʧʨʝʩʩʠʠ (ɼɸʂ), ʘʣʛʦʨʠʪʤʘ ʥʘ ʦʩʥʦʚʝ ʙʳʩʪʨʦʡ 

ʠʪʝʨʘʪʠʚʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʧʩʝʚʜʦʦʙʨʘʪʥʦʡ ʤʘʪʨʠʮʳ (F) ʠ ʘʣʛʦʨʠʪʤʘ ʥʘ 

ʦʩʥʦʚʝ ʙʳʩʪʨʦʡ ʠʪʝʨʘʪʠʚʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʥʦʨʤʳ l1 ʧʨʠ ʧʦʤʦʱʠ 

ʨʝʛʫʣʷʨʠʟʘʮʠʠ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ (l1). 

ɹʳʩʪʨʳʡ ʘʣʛʦʨʠʪʤʳ ʚʳʯʠʩʣʝʥʠʷ ʧʩʝʚʜʦʦʙʨʘʪʥʦʡ ʤʘʪʨʠʮʳ ʌ ʙʳʣ 

ʧʦʣʫʯʝʥ ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʝʩʷʪʠ ʠʪʝʨʘʮʠʡ ʤʝʪʦʜʘ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ 

ʤʠʥʠʤʘʣʴʥʦʛʦ ʦʩʪʘʪʢʘ (LSMR), ʠʩʧʦʣʴʟʫʷ ʙʳʩʪʨʳʡ ʦʧʝʨʘʪʦʨ 

ʧʝʨʝʧʨʦʝʮʠʨʦʚʘʥʠʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚ ʟʥʘʯʝʥʠʝ ʧʦʨʷʜʢʘ ʩʣʦʞʥʦʩʪʠ ʙʳʣʦ 
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( )NINO 2
2 log2 , ʛʜʝ I - ʯʠʩʣʦ ʠʪʝʨʘʮʠʡ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʞʠʜʘʥʠʷʤʠ, ʜʘʥʥʳʡ 

ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʘʝʪ ʚ 20 ʨʘʟ ʤʝʜʣʝʥʥʝʝ ʙʳʩʪʨʦʛʦ ʘʣʛʦʨʠʪʤʘ 

ʧʝʨʝʧʨʦʝʮʠʨʦʚʘʥʠʷ. 

ʊʘʙʣʠʮʘ 4.2. - ʉʨʘʚʥʝʥʠʝ ʚʨʝʤʝʥʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ 

ʠʟʦʙʨʘʞʝʥʠʷ 

N ʆʇ ɹʇ ɼɸʂ ʌ l1 

256 2.5 1.06 0.11 22.54 26.46 

512 20.01 5.08 0.6 108.76 130.17 

1024 157.32 24.87 5.55 534.4 714.05 

2048 1254.48 118.69 38.19 2537.71 3574.87 

 

ɹʳʩʪʨʳʡ ʘʣʛʦʨʠʪʤ ʨʝʛʫʣʷʨʠʟʘʮʠʠ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ l1 ʩʦʩʪʦʠʪ ʠʟ 

10 ʠʪʝʨʘʮʠʡ ʧʨʦʝʢʮʠʠ ʛʨʘʜʠʝʥʪʘ ʜʣʷ ʨʘʟʨʝʞʝʥʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ (GPSR) ʩ 

ʧʦʤʦʱʴʶ ʙʳʩʪʨʦʛʦ ʦʧʝʨʘʪʦʨʘ ʧʝʨʝʧʨʦʝʮʠʨʦʚʘʥʠʷ ʦʧʷʪʴ ʧʨʠʚʦʜʠʪ ʢ 

ʩʣʦʞʥʦʩʪʠ ʧʦʨʷʜʢʘ ( )NINO 2
2 log2 . ɺʨʝʤʷ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ 

ʠʟʦʙʨʘʞʝʥʠʷ ʨʘʩʪʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʟʤʝʨʘ ʠʟʦʙʨʘʞʝʥʠʷ ʥʝʤʥʦʛʦ ʙʳʩʪʨʝʝ, 

ʯʝʤ ʜʣʷ ʙʳʩʪʨʦʛʦ ʘʣʛʦʨʠʪʤʘ ʚʳʯʠʩʣʝʥʠʷ ʧʩʝʚʜʦʦʙʨʘʪʥʦʡ ʤʘʪʨʠʮʳ ʌ. 

ɼʘʣʝʝ ʨʘʩʩʤʦʪʨʠʤ ʘʣʛʦʨʠʪʤ ʥʘ ʦʩʥʦʚʝ ʜʘʣʴʥʦʩʪʥʦʡ ʠ ʘʟʠʤʫʪʘʣʴʥʦʡ 

ʢʦʤʧʨʝʩʩʠʠ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦ ʧʨʠʯʠʥʝ ʝʛʦ ʚʳʩʦʢʦʡ 

ʩʢʦʨʦʩʪʠ. ʇʨʦʛʨʘʤʤʥʳʡ ʤʦʜʫʣʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʮʠʬʨʦʚʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦ 

ʢʦʤʧʣʝʢʩʥʦʟʥʘʯʥʦʡ ʨʘʜʠʦʛʦʣʦʛʨʘʤʤʝ ʨʘʟʨʘʙʦʪʘʥ ʥʘ ʷʟʳʢʝ Matlab. 

ʈʝʢʫʨʩʠʚʥʘʷ ʬʘʢʪʦʨʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʘ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʨʝʜʳ Matlab ʠ ʩʦʜʝʨʞʘʣʘ 2log 6N-  ʫʨʦʚʥʝʡ ʨʝʢʫʨʩʠʠ. ʇʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʫʨʦʚʥʝʡ ʨʝʢʫʨʩʠʠ ʚʨʝʤʷ ʚʳʯʠʩʣʝʥʠʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʚʦʟʨʘʩʪʘʝʪ. ʀʩʭʦʜʥʘʷ ʨʘʜʠʦʛʦʣʦʛʨʘʤʤʘ c ʨʘʟʤʝʨʦʤ 20482048³  ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʝʡ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ c ʨʘʟʤʝʨʦʤ 2048104 ³  

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 4.6. ʊʘʢ ʢʘʢ ʨʘʜʠʦʛʦʣʦʛʨʘʤʤʘ ʷʚʣʷʝʪʩʷ 

ʢʦʤʧʣʝʢʩʥʦʟʥʘʯʥʦʡ, ʚ ʢʘʯʝʩʪʚʝ ʝʝ ʦʪʦʙʨʘʞʝʥʠʷ ʧʦʢʘʟʘʥʳ ʟʥʘʯʝʥʠʷ ʤʦʜʫʣʷ ʚ 
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ʢʘʞʜʦʡ ʪʦʯʢʝ. ʈʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ ʧʦʚʨʝʞʜʝʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 4.6. 

ʘ)   

ʙ)  

ʈʠʩʫʥʦʢ 4.6. ï ʀʩʭʦʜʥʘʷ ʨʘʜʠʦʛʦʣʦʛʨʘʤʤʘ (ʘ) ʠ ʨʝʟʫʣʴʪʘʪ ʨʝʢʦʥʩʪʨʫʢʮʠʠ (ʙ) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʢʘʯʝʩʪʚʦ ʩʞʘʪʠʷ ʩʠʛʥʘʣʘ ʠ ʦʯʠʩʪʢʠ ʝʛʦ ʦʪ ʧʦʤʝʭ 

ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʪʴ ʚʠʜ ʠ ʧʦʨʷʜʦʢ ʙʘʟʦʚʦʡ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʠ [36]. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʦʩʪʨʘʷ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʧʦʠʩʢʝ ʚʝʡʚʣʝʪ ʙʘʟʦʚʳʭ 

ʬʫʥʢʮʠʡ, ʦʧʪʠʤʘʣʴʥʳʭ ʧʦ ʢʨʠʪʝʨʠʶ ʦʪʥʦʰʝʥʠʷ ʩʪʝʧʝʥʠ ʩʞʘʪʠʷ ʢ ʢʘʯʝʩʪʚʫ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʩʠʛʥʘʣʘ. ʇʦʵʪʦʤʫ, ʜʣʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʘʣʛʦʨʠʪʤʦʚ ʩʞʘʪʠʷ ʠ 

ʬʠʣʴʪʨʘʮʠʠ ʩʠʛʥʘʣʦʚ ʦʪ ʧʦʤʝʭ ʦʩʥʦʚʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʷʚʣʷʶʪʩʷ: 

- ʤʘʢʩʠʤʘʣʴʥʦʝ ʦʩʣʘʙʣʝʥʠʝ ʫʨʦʚʥʷ ʧʦʤʝʭ ʠ ʩʞʘʪʠʷ, ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ 

ʧʦʣʝʟʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʠʛʥʘʣʘ; 

- ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʠʛʥʘʣʘ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʢʘʯʝʩʪʚʦʤ. 

4.4. ʄʝʪʦʜʳ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʝʡʚʣʝʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ 

ɼʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʝʡʚʣʝʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ ʥʘʠʙʦʣʝʝ 

ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʢʨʠʪʝʨʠʠ: ʧʦʛʨʝʰʥʦʩʪʴ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʛʦ 

ʦʪʢʣʦʥʝʥʠʷ, ʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʰʫʤ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ 

ʘʥʘʣʠʟʠʨʫʝʤʳʤ ʩʠʛʥʘʣʦʤ S ʠ ʦʯʠʱʝʥʥʳʤ ʦʪ ʰʫʤʘ S [84]. 
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ʉʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ (MSE) ʢʘʢ ʦʮʝʥʢʘ ʢʘʯʝʩʪʚʘ 

ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʩʠʛʥʘʣʘ.  ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ ʧʨʠʤʝʥʷʝʤʦʡ ʦʮʝʥʢʦʡ 

ʢʘʯʝʩʪʚʘ ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʩʠʛʥʘʣʘ ʷʚʣʷʝʪʩʷ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ 

(MSE) [84]. ɺ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʢʨʠʪʝʨʠʡ MSE ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ 

ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʠ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʠʜʝʘʣʴʥʦʡ ʨʝʢʦʥʩʪʨʫʢʮʠʝʡ 

ʩʠʛʥʘʣʘ. ʆʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʢʘʢ [85]: 

( )
2

1

1 N

t

i

MSE S S
N =

= -ä ,     (4.11) 

ʛʜʝ S ï ʠʩʭʦʜʥʳʡ ʩʠʛʥʘʣ, S ï ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʡ ʩʠʛʥʘʣ. 

ʂʨʦʤʝ ʪʦʛʦ, MSE ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʦʮʝʥʢʠ ʚʢʣʘʜʘ 

ʜʝʪʘʣʠʟʠʨʫʶʱʠʭ ʚʝʡʚʣʝʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ: 

( )
2

1

1 N

f ʐʋʄ

i

MSE c c
N =

= -ä ,      (4.12) 

ʛʜʝ ʩ ï ʚʝʡʚʣʝʪ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ, 
ʐʋʄc  ï ʚʝʡʚʣʝʪ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʰʫʤʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʠʛʥʘʣʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ MSE ʤʦʞʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʯʘʩʪʦʪʥʦʛʦ ʢʨʠʪʝʨʠʷ. 

ɺʝʡʚʣʝʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʤʦʞʝʪ ʩʯʠʪʘʪʴʩʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ, ʚ ʪʦʤ 

ʩʣʫʯʘʝ, ʢʦʛʜʘ ʦʮʝʥʢʘ MSE ʷʚʣʷʝʪʩʷ ʤʠʥʠʤʘʣʴʥʦʡ. 

ʆʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʰʫʤ (SNR) ʢʘʢ ʦʮʝʥʢʘ ʢʘʯʝʩʪʚʘ 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʩʠʛʥʘʣʘ. ʆʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʰʫʤ (SNR) ʧʦʢʘʟʳʚʘʝʪ ʥʘ 

ʩʢʦʣʴʢʦ ʩʠʛʥʘʣ ʠʩʢʘʞʝʥ ʰʫʤʦʤ [41, 94]. 

2

1

2

1
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i i
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SNR

S S
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å õ
æ ö
æ ö=
æ ö-æ ö
ç ÷

ä

ä
,    (4.13) 

ʛʜʝ S ï ʠʩʭʦʜʥʳʡ ʩʠʛʥʘʣ, S ï ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʡ ʩʠʛʥʘʣ. 

ɼʘʥʥʳʡ ʢʨʠʪʝʨʠʡ ʩʯʠʪʘʝʪʩʷ ʥʘʠʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʢʨʠʪʝʨʠʝʤ 

ʢʘʯʝʩʪʚʘ, ʢʦʪʦʨʳʡ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ 

ʩʠʛʥʘʣʘ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʦʚ ʬʠʣʴʪʨʘʮʠʠ. ʏʝʤ ʚʳʰʝ ʟʥʘʯʝʥʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʘ SNR, ʪʝʤ ʚʳʰʝ ʢʘʯʝʩʪʚʦ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʦʛʦ ʩʠʛʥʘʣʘ. 
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ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʢʘʢ ʦʮʝʥʢʠ ʩʭʦʜʩʪʚʘ 

ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʦʛʦ ʩʠʛʥʘʣʘ. ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʦʧʨʝʜʝʣʷʝʪ 

ʩʪʝʧʝʥʴ ʩʭʦʜʩʪʚʘ ʜʠʩʢʨʝʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʠʩʭʦʜʥʦʛʦ ʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʩʠʛʥʘʣʘ. ʏʝʤ ʙʣʠʞʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʢ 

ʝʜʠʥʠʮʝ, ʪʝʤ ʙʦʣʝʝ ʧʦʜʦʙʥʳʤ ʷʚʣʷʝʪʩʷ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʡ ʩʠʛʥʘʣ ʢ 

ʠʩʭʦʜʥʦʤʫ. 
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ʆʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʠʭ ʢʨʠʪʝʨʠʝʚ ʷʚʣʷʝʪʩʷ 

ʧʨʦʩʪʦʪʘ ʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʚʳʨʘʞʝʥʠʷ ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ 

ʟʘʪʨʘʪʳ ʧʨʠ ʠʭ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ. 

4.4.1. ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʚʳʙʦʨʘ ʙʘʟʦʚʳʭ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʡ ʠ ʦʮʝʥʢʘ 

ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ɹʘʟʦʚʳʝ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʪʘʢʠʤʠ ʦʩʥʦʚʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʢʘʢ ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʴ, ʩʠʤʤʝʪʨʠʷ ʠ ʢʦʤʧʘʢʪʥʦʩʪʴ ʥʦʩʠʪʝʣʷ. ʕʪʠ 

ʩʚʦʡʩʪʚʘ ʠʛʨʘʶʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʨʦʣʴ ʧʨʠ ʚʳʙʦʨʝ ʙʘʟʦʚʦʡ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʠ ʜʣʷ 

ʘʥʘʣʠʟʘ ʩʠʛʥʘʣʘ. ʊʘʢ, ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʴ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʡ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʵʬʬʝʢʪʠʚʥʦʝ ʨʘʟʣʦʞʝʥʠʝ ʩʠʛʥʘʣʘ ʚ ʥʝʧʝʨʝʢʨʳʚʘʶʱʠʭʩʷ ʧʦʣʦʩʘʭ ʯʘʩʪʦʪ ʠ 

ʚʳʩʦʢʫʶ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʜʠʩʢʨʝʪʥʦʛʦ 

ʚʝʡʚʣʝʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. ʉʠʤʤʝʪʨʠʯʥʦʩʪʴ ʧʨʠʜʘʝʪ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʷʤ 

ʩʚʦʡʩʪʚʘ ʣʠʥʝʡʥʦʛʦ ʬʘʟʦʚʦʛʦ ʬʠʣʴʪʨʘ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʧʨʠ 

ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʦʧʝʨʘʮʠʡ ʬʠʣʴʪʨʘʮʠʠ ʩʠʛʥʘʣʦʚ, ʪʘʢ ʢʘʢ ʝʝ ʦʪʩʫʪʩʪʚʠʝ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʠʩʢʘʞʝʥʠʶ ʬʘʟʳ. ʂʦʤʧʘʢʪʥʦʩʪʴ ʥʦʩʠʪʝʣʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʪʣʠʯʠʝ ʦʪ 

ʥʫʣʷ ʟʥʘʯʝʥʠʡ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʠ ʥʘ ʢʦʥʝʯʥʦʤ ʠʥʪʝʨʚʘʣʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʵʬʬʝʢʪʠʚʥʦ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʠʛʥʘʣʳ, ʠʤʝʶʱʠʝ ʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ. 

ʆʜʥʘʢʦ, ʵʪʠ ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʣʠʰʴ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ 

ʦʧʠʩʘʥʠʝ ʙʘʟʦʚʳʭ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʡ, ʢʦʪʦʨʦʝ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʷʚʥʳʭ 

ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʤʫ ʧʨʠʤʝʥʝʥʠʶ ʜʣʷ ʘʥʘʣʠʟʘ ʠ ʦʙʨʘʙʦʪʢʠ 
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ʦʧʨʝʜʝʣʝʥʥʳʭ ʪʠʧʦʚ ʩʠʛʥʘʣʦʚ. ʋʯʠʪʳʚʘʷ ʵʪʦ, ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʷʚʣʷʝʪʩʷ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʡ ʙʠʙʣʠʦʪʝʢʠ ʙʘʟʦʚʳʭ ʬʫʥʢʮʠʡ, ʦʧʪʠʤʘʣʴʥʳʡ 

ʚʳʙʦʨ ʢʦʪʦʨʳʭ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʧʦ ʥʝʢʦʪʦʨʦʤʫ ʢʨʠʪʝʨʠʶ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʪʠʧʦʚ ʩʠʛʥʘʣʦʚ. ʇʦʵʪʦʤʫ, ʩ ʮʝʣʴʶ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʳʭ ʚʝʡʚʣʝʪ 

ʬʫʥʢʮʠʡ, ʚ ʪʝʭʥʠʢʝ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʧʦʜʭʦʜʳ, ʚ ʦʩʥʦʚʝ 

ʢʦʪʦʨʳʭ ʣʝʞʘʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʢʨʠʪʝʨʠʠ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʣʝʜʫʶʱʠʝ ʩʝʤʝʡʩʪʚʘ ʦʨʪʦʛʦʥʘʣʴʥʳʭ 

ʬʫʥʢʮʠʡ ʩ ʢʦʤʧʘʢʪʥʳʤ ʥʦʩʠʪʝʣʝʤ ɼʦʙʝʰʠ (db1...db20), ʢʦʡʬʣʝʪʳ 

(coif1...coif5), ʩʠʤʤʣʝʪʳ (sym1...sym20) (ʩʤ. ʇʨʠʣʦʞʝʥʠʝ 1) ʠ ʪʝʩʪʦʚʳʝ 

ʩʠʛʥʘʣʳ ʧʘʢʝʪʘ Matlab: blocks, bumps, doppler, heavy sine, sumlichr, trsin, 

vonkoch, wcantor [18, 19, 60]. ʊʝʩʪʦʚʳʝ ʩʠʛʥʘʣʳ ʚʳʙʠʨʘʣʠʩʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʯʪʦʙʳ ʦʥʠ ʦʪʣʠʯʘʣʠʩʴ, ʢʘʢ ʧʦ ʬʦʨʤʝ, ʪʘʢ ʠ ʧʦ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʩʦʜʝʨʞʘʥʠʶ 

(ʨʠʩ. 4.7). 

 

ʈʠʩʫʥʦʢ 4.7. ï ʊʝʩʪ-ʩʠʛʥʘʣʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʨʠʪʝʨʠʝʚ 

ʚʳʙʦʨʘ ʙʘʟʦʚʳʭ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʡ 

4.4.2. ʆʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʥʘʣʠʟʘ ʠ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʥʘ ʦʩʥʦʚʝ 

ʵʥʪʨʦʧʠʠ ʐʝʥʥʦʥʘ 

ɿʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʧʨʠ ʘʥʘʣʠʟʝ ʠ ʦʙʨʘʙʦʪʢʝ ʩʠʛʥʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʚʝʡʚʣʝʪ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʤʝʝʪ ʩʧʝʢʪʨʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʥʝʨʛʠʠ ʚʝʡʚʣʝʪ 
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ʢʦʵʬʬʠʮʠʝʥʪʦʚ. ʂʦʣʠʯʝʩʪʚʝʥʥʦʡ ʤʝʨʦʡ ʪʘʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ 

ʷʚʣʷʝʪʩʷ ʵʥʪʨʦʧʠʷ ʐʝʥʥʦʥʘ [75]: 

logm m

m

En p p=- Öä     (4.15) 

ʕʥʪʨʦʧʠʷ ʚʝʡʚʣʝʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʤʝʨʦʡ 

ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ/ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʩʠʛʥʘʣʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʧʦʣʝʟʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʦʩʥʦʚʥʦʤ ʜʠʥʘʤʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ, ʩʚʷʟʘʥʥʦʤ ʩ 

ʩʠʛʥʘʣʦʤ. ɺ ʦʙʱʝʤ, ʫʧʦʨʷʜʦʯʝʥʥʳʡ ʧʨʦʮʝʩʩ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʧʝʨʠʦʜʠʯʝʩʢʠʡ ʦʜʥʦʯʘʩʪʦʪʥʳʡ ʩʠʛʥʘʣ (ʩʠʛʥʘʣ ʩ ʫʟʢʦʧʦʣʦʩʥʳʤ ʩʧʝʢʪʨʦʤ). 

ɺʝʡʚʣʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʪʘʢʦʛʦ ʩʠʛʥʘʣʘ ʙʫʜʝʪ ʦʪʦʙʨʘʞʝʥʦ ʥʘ ʦʜʥʦʤ ʫʨʦʚʥʝ 

ʜʝʢʦʤʧʦʟʠʮʠʠ, ʪʦ ʝʩʪʴ ʚʩʝ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʚʝʡʚʣʝʪ ʵʥʝʨʛʠʠ ʙʫʜʫʪ ʧʨʘʢʪʠʯʝʩʢʠ 

ʨʘʚʥʳ ʥʫʣʶ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʫʨʦʚʥʷ ʜʝʢʦʤʧʦʟʠʮʠʠ, ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ 

ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʫʶ ʯʘʩʪʦʪʫ ʩʠʛʥʘʣʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʯʝʤ ʤʝʥʴʰʝ ʙʫʜʝʪ 

ʟʥʘʯʝʥʠʝ ʵʥʪʨʦʧʠʠ ʐʝʥʥʦʥʘ, ʪʝʤ ʚʳʰʝ ʙʫʜʝʪ ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʥʝʨʛʠʠ ʧʨʠ 

ʚʝʡʚʣʝʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʩʠʛʥʘʣʘ. 

ʉʠʛʥʘʣ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʣʫʯʘʡʥʳʡ ʧʨʦʮʝʩʩ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʩʠʛʥʘʣ ʩ ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʤ ʧʦʚʝʜʝʥʠʝʤ. ɺʝʡʚʣʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʪʘʢʦʛʦ 

ʩʠʛʥʘʣʘ ʙʫʜʝʪ ʠʤʝʪʴ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʥʘ ʚʩʝʭ ʯʘʩʪʦʪʥʳʭ ʜʠʘʧʘʟʦʥʘʭ. 

ʂʨʦʤʝ ʪʦʛʦ, ʤʦʞʥʦ ʦʞʠʜʘʪʴ, ʯʪʦ ʚʩʝ ʚʢʣʘʜʳ ʙʫʜʫʪ ʦʜʠʥʘʢʦʚʦʛʦ ʧʦʨʷʜʢʘ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʵʥʝʨʛʠʷ ʚʝʡʚʣʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʠʛʥʘʣʘ ʙʫʜʝʪ 

ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʦʡ ʜʣʷ ʚʩʝʭ ʫʨʦʚʥʝʡ ʜʝʢʦʤʧʦʟʠʮʠʠ. 

ɼʣʷ ʢʘʞʜʦʛʦ ʪʝʩʪʦʚʦʛʦ ʩʠʛʥʘʣʘ ʠ ʚʳʙʨʘʥʥʳʭ ʙʘʟʦʚʳʭ ʬʫʥʢʮʠʡ 

ʩʨʝʜʩʪʚʘʤʠ Matlab ʧʨʦʚʝʜʝʤ ʦʮʝʥʢʫ ʟʥʘʯʝʥʠʡ ʜʣʷ ʢʨʠʪʝʨʠʷ ʦʪʥʦʰʝʥʠʷ 

ʵʥʝʨʛʠʠ ʢ ʵʥʪʨʦʧʠʠ ʐʝʥʥʦʥʘ: 

CE
EER

En
=      (4.16) 

ʇʨʠ ʤʥʦʛʦʫʨʦʚʥʝʚʦʤ ʨʘʟʣʦʞʝʥʠʠ ʩʠʛʥʘʣʘ, ʦʮʝʥʢʫ ʩʦʦʪʥʦʰʝʥʠʷ ʵʥʝʨʛʠʠ 

ʠ ʵʥʪʨʦʧʠʠ ʐʝʥʥʦʥʘ ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʚ ʯʘʩʪʥʦʩʪʠ ʜʣʷ ʢʘʞʜʦʛʦ ʫʨʦʚʥʷ, ʪʘʢ 

ʢʘʢ ʚʝʡʚʣʝʪ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʨʦʩʪʳʤ ʩʧʦʩʦʙʦʤ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʧʦʣʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʣʦʢʘʣʴʥʳʭ ʵʥʝʨʛʠʷʭ ʥʘ ʨʘʟʥʳʭ ʤʘʩʰʪʘʙʘʭ. ʕʪʦ ʜʘʝʪ 
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ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʨʘʪʴ ʦʧʪʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʫʨʦʚʥʝʡ ʨʘʟʣʦʞʝʥʠʷ ʩʠʛʥʘʣʘ. 

ʇʦʵʪʦʤʫ ʚʳʨʘʞʝʥʠʝ (4.16) ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ, ʢʘʢ: 

mC

m

m

E
EER

En
=      (4.17) 

ʛʜʝ m ï ʫʨʦʚʝʥʴ ʨʘʟʣʦʞʝʥʠʷ ʩʠʛʥʘʣʘ. 

ɺʦ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʩʠʛʥʘʣʦʚ ʧʨʠ ʨʘʩʯʝʪʝ ʟʥʘʯʝʥʠʡ ʧʦ ʢʨʠʪʝʨʠʶ, 

ʦʧʨʝʜʝʣʷʝʤʦʤʫ ʚʳʨʘʞʝʥʠʝʤ (4.18) ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ 

ʦʧʪʠʤʘʣʴʥʦʡ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʠ. 

ʇʦʩʢʦʣʴʢʫ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 
na  ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʥʠʟʢʦʯʘʩʪʦʪʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʩʠʛʥʘʣʘ ʠ ʩʦʜʝʨʞʘʪ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ 

ʢʦʤʧʦʥʝʥʪʳ ʩʠʛʥʘʣʘ ʠ ʤʝʥʝʝ ʠʩʢʘʞʝʥʥʳʝ ʰʫʤʦʤ, ʪʦ ʯʝʤ ʙʦʣʴʰʝ ʵʥʝʨʛʠʷ 

ʙʫʜʝʪ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʚ ʵʪʠʭ ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʫʞʝ ʥʘ ʧʝʨʚʦʤ ʫʨʦʚʥʝ ʨʘʟʣʦʞʝʥʠʷ, 

ʪʝʤ ʢʘʯʝʩʪʚʝʥʥʝʝ ʙʫʜʫʪ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʘ. 

ʇʫʩʪʴ ʜʦʣʷ ʵʥʝʨʛʠʠ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚ ʦʙʱʝʡ 

ʵʥʝʨʛʠʠ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʩʠʛʥʘʣʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ [79]: 
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     (4.18) 

ʛʜʝ 
na  ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʘʧʧʨʦʢʩʠʤʘʮʠʠ, 

nd  ï ʜʝʪʘʣʠʟʠʨʫʶʱʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʜʠʩʢʨʝʪʥʦʛʦ ʚʝʡʚʣʝʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. 

ʏʝʤ ʙʦʣʝʝ ʧʨʠʙʣʠʞʝʥʦ ʟʥʘʯʝʥʠʝ 
Eg ʢ ʝʜʠʥʠʮʝ, ʪʝʤ ʙʦʣʴʰʝ ʵʥʝʨʛʠʠ 

ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʚ ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʘʧʧʨʦʢʩʠʤʘʮʠʠ. ɼʝʪʘʣʠʟʠʨʫʶʱʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʦʜʝʨʞʘʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ 

ʩʠʛʥʘʣʘ ʥʘ ʚʩʝʭ ʫʨʦʚʥʷʭ ʨʘʟʣʦʞʝʥʠʷ ʠ ʷʚʣʷʶʪʩʷ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʤʠ ʚʦʢʨʫʛ 

ʵʪʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ. ʇʦʵʪʦʤʫ, ʯʝʤ ʤʝʥʴʰʝ ʵʥʪʨʦʧʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ 

ʜʝʪʘʣʠʟʠʨʫʶʱʠʭ ʚʝʡʚʣʝʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 
nd , ʪʝʤ ʣʫʯʰʝ ʦʥʠ ʚʳʷʚʣʷʶʪ ʵʪʠ 

ʦʩʦʙʝʥʥʦʩʪʠ ʩʠʛʥʘʣʘ. ɼʣʷ ʧʨʠʚʝʜʝʥʠʷ ʢʨʠʪʝʨʠʝʚ ʢ ʦʜʥʦʤʫ ʤʘʩʰʪʘʙʫ, 

ʠʩʧʦʣʴʟʫʝʤ ʥʦʨʤʠʨʦʚʘʥʥʫʶ ʵʥʪʨʦʧʠʶ: 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʨʠʪʝʨʠʡ ʦʪʥʦʰʝʥʠʷ ʵʥʝʨʛʠʠ ʢ ʵʥʪʨʦʧʠʠ ʐʝʥʥʦʥʘ ʜʣʷ 

ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʳʙʨʘʥʥʦʡ ʙʘʟʦʚʦʡ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʠ ʤʦʞʝʪ ʙʳʪʴ 

ʦʧʨʝʜʝʣʝʥ ʩ ʧʦʤʦʱʴʶ ʩʣʝʜʫʶʱʝʛʦ ʩʦʦʪʥʦʰʝʥʠʷ: 
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EEER
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=       (4.21) 

    

ʘ)        ʙ) 

ʈʠʩʫʥʦʢ 4.8. ï ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʨʘʩʯʝʪʘ ʟʥʘʯʝʥʠʡ ʜʣʷ ʢʨʠʪʝʨʠʷ 

ʦʪʥʦʰʝʥʠʷ ʵʥʝʨʛʠʠ ʢ ʤʦʱʥʦʩʪʠ ʐʝʥʥʦʥʘ ʘ); ʧʦ ʢʨʠʪʝʨʠʶ ʦʮʝʥʢʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʙ) 

 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʪʦʜʦʚ ʚʳʙʦʨʘ ʙʘʟʦʚʳʭ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʡ ʦʮʝʥʠʚʘʣʘʩʴ 

ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʘ ʚʳʜʝʣʝʥʠʷ ʩʠʛʥʘʣʦʚ ʠʟ ʰʫʤʘ. ɼʣʷ 

ʢʘʞʜʦʛʦ ʪʝʩʪʦʚʦʛʦ ʩʠʛʥʘʣʘ ʠ ʚʳʙʨʘʥʥʳʭ ʙʘʟʦʚʳʭ ʬʫʥʢʮʠʡ ʩʨʝʜʩʪʚʘʤʠ Matlab 

ʧʨʦʚʝʜʝʤ ʦʮʝʥʢʫ ʟʥʘʯʝʥʠʡ ʜʣʷ ʢʨʠʪʝʨʠʷ ʦʪʥʦʰʝʥʠʷ ʵʥʝʨʛʠʠ ʢ ʵʥʪʨʦʧʠʠ 
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ʐʝʥʥʦʥʘ ʩʦʛʣʘʩʥʦ ʚʳʨʘʞʝʥʠʶ (4.21). ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʨʘʩʯʝʪʘ ʟʥʘʯʝʥʠʡ 

ʜʣʷ ʜʘʥʥʦʛʦ ʢʨʠʪʝʨʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 4.8 ʘ). 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʟʥʘʯʝʥʠʡ ʧʦ ʢʨʠʪʝʨʠʶ EER ʜʣʷ ʢʘʞʜʦʡ ʚʝʡʚʣʝʪ 

ʬʫʥʢʮʠʠ ʠ ʚʩʝʭ ʪʝʩʪʦʚʳʭ ʩʠʛʥʘʣʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʜʠʘʛʨʘʤʤ ʥʘ ʨʠʩ. ʇ2.1 

ï ʇ2.8. ʅʘ ʢʘʞʜʦʤ ʠʟ ʨʠʩʫʥʢʦʚ ʣʫʯʰʠʝ ʚʳʙʨʘʥʥʳʝ ʙʘʟʦʚʳʝ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʠ 

ʚʳʜʝʣʝʥʳ ʯʝʨʥʳʤ ʮʚʝʪʦʤ. 

ʊʘʙʣʠʮʘ 4.3. ï ʃʫʯʰʠʝ ʙʘʟʦʚʳʝ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʠ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʪʝʩʪʦʚʳʭ 

ʩʠʛʥʘʣʦʚ ʧʦ ʢʨʠʪʝʨʠʶ EER 

ʊʝʩʪʦʚʳʝ ʩʠʛʥʘʣʳ ʆʪʥʦʰʝʥʠʝ ʵʥʝʨʛʠʠ ʢ ʵʥʪʨʦʧʠʠ ʐʝʥʥʦʥʘ 

ñblocksò  sym20 

ñbumpsò  sym12 

ñdopplerò  db19, db20 

ñheavy sineò  sym7, sym11 

ñsumlichrò  db19, db20 

ñtrsinò  sym19, sym20 

ñvonkochò  db4 

ñwcantorò  sym20 

ɺ ʪʘʙʣʠʮʝ 4.3 ʧʨʠʚʝʜʝʥʳ ʙʘʟʦʚʳʝ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʠ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ 

ʧʦʣʫʯʝʥʳ ʣʫʯʰʠʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʢʨʠʪʝʨʠʷ EER. 

ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʢʨʠʪʝʨʠʡ ʦʪʥʦʰʝʥʠʷ 

ʵʥʝʨʛʠʠ ʢ ʵʥʪʨʦʧʠʠ ʐʝʥʥʦʥʘ ʥʝ ʜʘʝʪ ʦʜʥʦʟʥʘʯʥʦ ʚʳʨʘʞʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʆʜʥʘʢʦ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʩʠʛʥʘʣʦʚ "doppler" (ʨʠʩ. ʇ2.3), "sumlichr" 

(ʨʠʩ. ʇ2.5) ʠ "trsin" (ʨʠʩ. ʇ2.6), ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʛʘʨʤʦʥʠʯʝʩʢʫʶ 

ʩʦʩʪʘʚʣʷʶʱʫʶ, ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʙʘʟʦʚʳʤʠ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʷʤʠ ʧʦ 

ʵʪʦʤʫ ʢʨʠʪʝʨʠʶ ʷʚʣʷʶʪʩʷ ʬʫʥʢʮʠʠ ʩʝʤʝʡʩʪʚ Dobeshi ʠ Symlet ʧʦʨʷʜʢʘ 19 ʠ 

20. ɸ ʜʣʷ ʩʠʛʥʘʣʦʚ "blocks"(ʨʠʩ. ʇ2.1) ʠ "wcantor" (ʨʠʩ. ʇ2.8), ʢʦʪʦʨʳʝ ʠʤʝʶʪ 

ʩʪʫʧʝʥʯʘʪʫʶ ʬʦʨʤʫ, ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʙʘʟʦʚʦʡ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʝʡ 

ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʷ ʩʝʤʝʡʩʪʚʘ Symlet ʧʦʨʷʜʢʘ 20. ɼʣʷ ʧʨʦʠʟʚʦʣʴʥʦ ʧʝʨʝʤʝʥʥʳʭ 

ʩʠʛʥʘʣʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ "bumps" ʠ "vonkoch", ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʜʦʙʥʳʝ ʩʠʛʥʘʣʘʤ ʠʟʦʙʨʘʞʝʥʠʡ, ʚʳʙʦʨ ʙʘʟʦʚʳʭ ʬʫʥʢʮʠʡ 

ʦʩʦʙʝʥʥʦ ʫʩʣʦʞʥʝʥ (ʩʤ. ʨʠʩ. ʇ2.2 ʠ ʇ2.7). 
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4.4.3. ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʛʦ ʤʝʪʦʜʘ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ 

ʠ ʠʟʦʙʨʘʞʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʢʨʠʪʝʨʠʷ ʦʮʝʥʢʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ 

ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʛʦ ʤʝʪʦʜʘ ʥʘ ʦʩʥʦʚʝ ʢʨʠʪʝʨʠʷ 

ʦʮʝʥʢʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʜʣʷ ʢʘʞʜʦʛʦ ʪʝʩʪʦʚʦʛʦ ʩʠʛʥʘʣʘ ʠ 

ʚʳʙʨʘʥʥʳʭ ʙʘʟʦʚʳʭ ʬʫʥʢʮʠʡ ʩʨʝʜʩʪʚʘʤʠ Matlab ʩʦʛʣʘʩʥʦ ʚʳʨʘʞʝʥʠʶ (4.22). 

ɺ ʦʙʱʝʤ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʚʝʡʚʣʝʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʦʧʨʝʜʝʣʷʝʪ ʩʭʦʜʩʪʚʦ 

ʤʝʞʜʫ ʘʥʘʣʠʟʠʨʫʝʤʳʤ ʩʠʛʥʘʣʦʤ ʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʥʦʡ ʚʝʨʩʠʝʡ ʙʘʟʦʚʦʡ 

ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʠ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʝʧʝʥʠ ʩʭʦʜʩʪʚʘ ʦʙʦʠʭ ʩʠʛʥʘʣʦʚ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʥʷʪʠʝ ʢʦʨʨʝʣʷʮʠʠ. ɺ ʨʘʙʦʪʘʭ [99, 100] ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʟʘʠʤʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʢʘʢ ʢʨʠʪʝʨʠʷ ʚʳʙʦʨʘ 

ʙʘʟʦʚʦʡ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʠ. 

S
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     (4.22) 

ʛʜʝ 
ʉORRK  ï ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʘʥʘʣʠʟʠʨʫʝʤʳʤ ʩʠʛʥʘʣʦʤ ʠ 

ʙʘʟʦʚʦʡ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʝʡ; SCOV
y
 ï ʚʟʘʠʤʥʘʷ ʢʦʚʘʨʠʘʮʠʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ; 
Ss  ʠ 

ys  ï ʩʪʘʥʜʘʨʪʥʳʝ ʦʪʢʣʦʥʝʥʠʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. 

ɸʙʩʦʣʶʪʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʚ 

ʧʨʝʜʝʣʘʭ ʦʪ 0 ʜʦ 1. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʯʝʤ ʙʦʣʴʰʝ ʩʭʦʜʩʪʚʦ ʤʝʞʜʫ ʩʠʛʥʘʣʦʤ ʠ 

ʙʘʟʦʚʦʡ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʝʡ, ʪʝʤ ʙʦʣʴʰʝ ʙʫʜʝʪ ʧʨʠʙʣʠʞʝʥʠʝ ʢ 1 ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʢʦʨʨʝʣʷʮʠʠ. 

ʀʪʘʢ, ʙʘʟʦʚʘʷ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʷ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʫʶ 

ʢʦʨʨʝʣʷʮʠʶ ʩ ʘʥʘʣʠʟʠʨʫʝʤʳʤ ʩʠʛʥʘʣʦʤ, ʙʫʜʝʪ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʦʡ ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʠ ʵʪʦʛʦ ʩʠʛʥʘʣʘ. 

ɸʣʛʦʨʠʪʤ ʚʳʯʠʩʣʝʥʠʷ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʵʪʘʧʦʚ (ʨʠʩ. 4.8 ʙ): 

1. ɺʳʙʦʨ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʩʪʦʚʦʛʦ ʩʠʛʥʘʣʘ ʠʟ ʩʧʠʩʢʘ 

ʚʳʙʨʘʥʥʳʭ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʡ. 
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2. ʆʩʫʱʝʩʪʚʣʝʥʠʝ ʠʪʝʨʘʮʠʠ ʙʘʟʦʚʦʡ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʠ ʠʣʠ ʪʝʩʪʦʚʦʛʦ 

ʩʠʛʥʘʣʘ, ʧʦʢʘ ʠʭ ʨʘʟʤʝʨʳ ʥʝ ʩʨʘʚʥʷʶʪʩʷ. 

3. ʉʜʚʠʛ ʪʝʩʪʦʚʦʛʦ ʩʠʛʥʘʣʘ ʠʣʠ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʠ ʚʜʦʣʴ ʦʩʠ ʘʨʛʫʤʝʥʪʦʚ, 

ʧʦʢʘ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʦʙʦʠʭ ʙʫʜʝʪ ʥʘ ʦʜʥʦʡ ʧʦʟʠʮʠʠ. 

4. ɺʳʯʠʩʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ CORR ʤʝʞʜʫ ʜʚʫʤʷ ʩʠʛʥʘʣʘʤʠ. 

5. ɿʘʧʠʩʴ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ CORR ʚ ʤʘʩʩʠʚ. 

6. ɺʳʙʦʨ ʩʣʝʜʫʶʱʝʡ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʠ ʠ ʧʦʚʪʦʨʝʥʠʝ ʰʘʛʦʚ 2-4. 

ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʨʘʩʯʝʪʘ ʟʥʘʯʝʥʠʡ ʧʦ ʜʘʥʥʦʤʫ ʢʨʠʪʝʨʠʶ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 4.8 ʙ). 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʟʥʘʯʝʥʠʡ ʧʦ ʢʨʠʪʝʨʠʶ ʦʮʝʥʢʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʢʦʨʨʝʣʷʮʠʠ ʜʣʷ ʢʘʞʜʦʡ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʜʠʘʛʨʘʤʤ ʜʣʷ 

ʚʩʝʭ ʪʝʩʪʦʚʳʭ ʩʠʛʥʘʣʦʚ ʥʘ ʨʠʩ. ʇ2.9 ï ʇ2.16. 

ɺ ʪʘʙʣʠʮʝ 4.4 ʧʨʠʚʝʜʝʥʳ ʙʘʟʦʚʳʝ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʠ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ 

ʧʦʣʫʯʝʥʳ ʣʫʯʰʠʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʟʘʠʤʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʜʣʷ ʪʝʩʪʦʚʳʭ 

ʩʠʛʥʘʣʦʚ. 

ʊʘʙʣʠʮʘ 4.4. ï ɹʘʟʦʚʳʝ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʠ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʪʝʩʪʦʚʳʭ ʩʠʛʥʘʣʦʚ, 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʦ ʢʨʠʪʝʨʠʶ ʦʮʝʥʢʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ CORR 

 

ʊʝʩʪʦʚʳʡ 

ʩʠʛʥʘʣ 

ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ 

ñblocksò db2, sym2, sym14, sym16, coif1 

ñbumpsò db1, db2, sym, coif1,coif2 

ñdopplerò db2, sym2, sym7, sym11-sym14, sym20, coif1 

ñheavy sineò db1, db2, sym1, sym2, sym12-sym14 

ñsumlichrò coif1 

ñtrsinò sym2, coif1, sym7, sym11, sym14, sym16, sym20 

ñvonkochò db1, db2, db3, sym, coif1, coif2 

ñwcantorò db1, db2, sym1, sym2, coif1 

 

ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʢʨʠʪʝʨʠʡ ʦʮʝʥʢʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʪʘʢʞʝ ʥʝ ʜʘʝʪ ʦʜʥʦʟʥʘʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʆʜʥʘʢʦ, 

ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʚʩʝʭ ʪʝʩʪʦʚʳʭ ʩʠʛʥʘʣʦʚ, ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ 

ʙʘʟʦʚʳʤʠ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʷʤʠ ʧʦ ʢʦʨʨʝʣʷʮʠʦʥʥʦʤʫ ʢʨʠʪʝʨʠʶ ʷʚʣʷʶʪʩʷ ʚʩʝ 
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ʬʫʥʢʮʠʠ ʩʝʤʝʡʩʪʚʘ symlet. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʳʙʦʨ ʙʘʟʦʚʦʡ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʠ 

ʪʦʣʴʢʦ ʧʦ ʜʘʥʥʦʤʫ ʢʨʠʪʝʨʠʶ ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʳʤ. 

ɽʩʣʠ ʢʦʨʨʝʣʷʮʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʪʦʣʴʢʦ ʣʠʥʝʡʥʫʶ ʩʚʷʟʴ ʧʝʨʝʤʝʥʥʳʭ, ʪʦ 

ʠʥʬʦʨʤʘʮʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʣʶʙʫʶ ʩʚʷʟʴ. ʇʨʠʯʝʤ ʪʠʧ ʩʚʷʟʠ ʤʦʞʝʪ ʙʳʪʴ 

ʘʙʩʦʣʶʪʥʦ ʣʶʙʳʤ ʠ, ʙʦʣʝʝ ʪʦʛʦ, ʥʝʠʟʚʝʩʪʥʳʤ. ʇʦʵʪʦʤʫ, ʚ ʨʘʙʦʪʘʭ [25, 88, 106, 

107] ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʦʩʥʦʚʥʳʭ ʧʦʣʦʞʝʥʠʡ ʪʝʦʨʠʠ 

ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʩʨʘʚʥʝʥʠʷ ʤʝʞʜʫ ʩʦʙʦʡ ʪʘʢʠʭ ʨʘʟʥʦʪʠʧʥʳʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ, ʢʘʢ ʩʠʛʥʘʣ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʝʤʫ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʝʡʚʣʝʪ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. 

ɺʝʡʚʣʝʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʜʣʷ ʘʥʘʣʠʟʘ ʠ 

ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ, ʧʦʵʪʦʤʫ ʧʨʠʤʝʥʝʥʠʝ ʪʘʢʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʤʝʨʳ ʢʘʢ 

ʵʥʪʨʦʧʠʷ ʷʚʣʷʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ. 

4.4.4. ɸʥʘʣʠʟ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʠ ʠʟʦʙʨʘʞʝʥʠʡ ʥʘ ʦʩʥʦʚʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʢʨʠʪʝʨʠʝʚ 

ʆʪʥʦʰʝʥʠʝ ʵʥʝʨʛʠʠ ʢ ʵʥʪʨʦʧʠʠ ʐʝʥʥʦʥʘ, ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʚʳʨʘʞʝʥʠʝʤ (4.18) ʦʮʝʥʠʚʘʝʪ ʪʦʣʴʢʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚʝʡʚʣʝʪ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʠ 

ʩʨʘʚʥʠʪʴ ʝʛʦ ʩ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʠʛʥʘʣʘ, ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʢʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʢʨʠʪʝʨʠʠ ʢʘʢ ʦʙʱʘʷ ʵʥʪʨʦʧʠʷ, ʫʩʣʦʚʥʘʷ 

ʵʥʪʨʦʧʠʷ ʠ ʚʟʘʠʤʥʘʷ ʠʥʬʦʨʤʘʮʠʷ [107]. 

ʉʦʛʣʘʩʥʦ ʦʩʥʦʚʥʳʤ ʧʦʩʪʫʣʘʪʘʤ ʪʝʦʨʠʠ ʠʥʬʦʨʤʘʮʠʠ [76], ʝʩʣʠ ʦʙʘ 

ʠʩʪʦʯʥʠʢʘ ʢʘʢʠʤ-ʪʦ ʦʙʨʘʟʦʤ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ, ʪʦ ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ, ʯʪʦ 

ʩʦʙʳʪʠʝ ʦʜʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʧʦʟʚʦʣʷʝʪ ʜʝʣʘʪʴ ʥʝʢʦʪʦʨʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ 

ʩʦʙʳʪʠʠ ʜʨʫʛʦʛʦ, ʪʦ ʝʩʪʴ ʠʩʪʦʯʥʠʢʠ ʦʙʤʝʥʠʚʘʶʪʩʷ ʚʟʘʠʤʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ.  

ʇʫʩʪʴ, ʩʠʛʥʘʣ S ï ʧʝʨʚʳʡ ʠʩʪʦʯʥʠʢ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ()p s  

ʠ ʚʝʡʚʣʝʪ ʢʦʵʬʬʠʮʠʝʥʪʳ ʉ ï ʚʪʦʨʦʡ ʠʩʪʦʯʥʠʢ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

()p c . ɺʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʧʘʨʳ ʩʦʙʳʪʠʡ ( ),p s c  ï ʦʙʱʘʷ ʚʝʨʦʷʪʥʦʩʪʴ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʠʛʥʘʣʘ ʠ ʚʝʡʚʣʝʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ.  
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ʊʦʛʜʘ, ʫʩʣʦʚʥʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ( )p C S  ï ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʩʦʙʳʪʠʷ C ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʧʨʦʠʟʦʰʣʦ ʩʦʙʳʪʠʝ S. ʊʘʢʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ 

ʩʠʩʪʝʤʘ ʩʭʝʤʘʪʠʯʝʩʢʠ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 4.9 ʘ). 

    
ʘ)      ʙ) 

ʈʠʩʫʥʦʢ 4.9. ï ʉʦʚʤʝʩʪʥʘʷ ʠ ʫʩʣʦʚʥʳʝ ʚʝʨʦʷʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʠʛʥʘʣʘ ʠ 

ʚʝʡʚʣʝʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʘ); ʩʚʷʟʴ ʤʝʞʜʫ ʦʙʱʝʡ ʵʥʪʨʦʧʠʝʡ, ʫʩʣʦʚʥʦʡ 

ʵʥʪʨʦʧʠʝʡ ʠ ʚʟʘʠʤʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʩʠʛʥʘʣʘ S ʠ ʚʝʡʚʣʝʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʉ 

ʙ). 

ʉʚʷʟʴ ʤʝʞʜʫ ʦʙʱʝʡ ʵʥʪʨʦʧʠʝʡ, ʫʩʣʦʚʥʦʡ ʵʥʪʨʦʧʠʝʡ ʠ ʚʟʘʠʤʥʦʡ 

ʠʥʬʦʨʤʘʮʠʝʡ ʤʦʞʥʦ ʠʟʦʙʨʘʟʠʪʴ ʩ ʧʦʤʦʱʴʶ ʜʠʘʛʨʘʤʤʳ ʕʡʣʝʨʘ-ɺʝʥʥʘ, 

ʧʨʠʚʝʜʝʥʥʦʡ ʥʘ ʨʠʩ. 4.9 ʙ). 

ɺʟʘʠʤʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ( ),I S C  ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʢ ʧʝʨʝʩʝʯʝʥʠʝ ʜʚʫʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʜʘʥʥʳʭ. ʏʝʤ ʙʦʣʴʰʝ ʚʟʘʠʤʥʘʷ ʠʥʬʦʨʤʘʮʠʷ, ʪʝʤ ʙʦʣʝʝ 

ʧʦʭʦʞʠ ʜʚʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʘʥʥʳʭ. ʋʩʣʦʚʥʳʝ ʵʥʪʨʦʧʠʠ ( )/H S C  ʠʣʠ 

( )/H ʉ S ʦʪʨʘʞʘʶʪ ʠʥʬʦʨʤʘʮʠʶ, ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʜʣʷ ʢʘʞʜʦʡ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʘʥʥʳʭ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʙʱʘʷ ʵʥʪʨʦʧʠʷ 

( ),H Sʉ  ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʚʩʶ ʠʥʬʦʨʤʘʮʠʶ ʠʟ ʜʚʫʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

ʜʘʥʥʳʭ. 

ʉʚʷʟʴ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩ. 4.9 ʙ) ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ 

ʚʳʙʦʨʘ ʵʬʬʝʢʪʠʚʥʦʡ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʠ. ʏʝʤ ʙʦʣʴʰʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʠʛʥʘʣʝ S 

ʩʦʜʝʨʞʘʪ ʚʝʡʚʣʝʪ ʢʦʵʬʬʠʮʠʝʥʪʳ ʉ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʦʚʘʣʠʩʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ɼʄʇ, 

ʪʝʤ ʵʬʬʝʢʪʠʚʥʝʝ ʷʚʣʷʝʪʩʷ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʷ. 

ʕʥʪʨʦʧʠʷ ʩʠʛʥʘʣʘ ()H S  ʠ ʵʥʪʨʦʧʠʷ ʚʝʡʚʣʝʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ()H C  

ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʣʝʜʫʶʱʠʤʠ ʚʳʨʘʞʝʥʠʷʤʠ [107]: 
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() () ()ln
s S

H S p s p s
Í

=- Öä      (4.23) 

() () ()ln
c C

H C p c p c
Í

=- Öä      (4.24) 

ʛʜʝ ()p s  ʠ ()p c  ï ʚʝʨʦʷʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʠʛʥʘʣʘ ʠ ʚʝʡʚʣʝʪ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʆʙʱʘʷ ʵʥʪʨʦʧʠʷ ʜʚʫʭ ʠʩʪʦʯʥʠʢʦʚ ʠʥʬʦʨʤʘʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʚʩʝʭ ʧʘʨ ʩʦʙʳʪʠʡ.  

ʆʙʱʘʷ ʵʥʪʨʦʧʠʷ ʜʚʫʭ ʜʠʩʢʨʝʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʥʬʦʨʤʘʮʠʠ, ʘ ʠʤʝʥʥʦ 

ʩʠʛʥʘʣʘ ʠ ʝʛʦ ʚʝʡʚʣʝʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ( )|H C S , ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʦʙʱʝʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʵʪʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ [26, 76]: 

( ) ( ) ( ), , ln ,
s S c C

H S C p s c p s c
Í Í

=- Öää     (4.25) 

ʛʜʝ ( ),p s c  ï ʦʙʱʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʠʛʥʘʣʘ ʠ ʝʛʦ ʚʝʡʚʣʝʪ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ. 

ɼʣʷ ʜʘʥʥʦʛʦ ʩʣʫʯʘʷ, ʫʩʣʦʚʥʘʷ ʵʥʪʨʦʧʠʷ ( )|H C S  ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʨʝʜʥʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ, ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ ʚʝʡʚʣʝʪ ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʉ ʧʨʠ 

ʥʘʣʠʯʠʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʚʟʘʠʤʦʩʚʷʟʠ ʩ ʩʠʛʥʘʣʦʤ S [26, 76]: 

( ) () ( ) ( )| | ln |
s S c C

H C S p s p c s p c s
Í Í

=- Öä ä     (4.26) 

ʛʜʝ ( )
( )
()

,
|

p s c
p c s

p s
=  ï ʫʩʣʦʚʥʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʡʚʣʝʪ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʠʛʥʘʣʘ. 

ɺʟʘʠʤʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ( ),I S C  ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʩʨʝʜʥʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʫʶ ʩʦʜʝʨʞʘʪ ʚʝʡʚʣʝʪ ʢʦʵʬʬʠʮʠʝʥʪʳ ʦ ʩʠʛʥʘʣʝ [26, 76]: 

( ) ( )
( )
()()

,
, , ln

s S c C

p s c
I S C p s c

p s p cÍ Í

=-ää     (4.27) 

ʛʜʝ ( ),p s c  ï ʦʙʱʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʠʛʥʘʣʘ ʠ ʝʛʦ ʚʝʡʚʣʝʪ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ()p s  ʠ ()p c  ï ʚʝʨʦʷʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʠʛʥʘʣʘ ʠ ʚʝʡʚʣʝʪ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ɿʘʧʠʰʝʤ ʚʳʨʘʞʝʥʠʝ (4.27) ʯʝʨʝʟ ʵʥʪʨʦʧʠʠ ʩʠʛʥʘʣʘ ʠ ʝʛʦ ʚʝʡʚʣʝʪ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ: 

( ) ( ) () (), ,I S C H S C H S H C=- + +     (4.28) 

ʛʜʝ ( ),H Sʉ ( ),H Sʉ  ï ʦʙʱʘʷ ʵʥʪʨʦʧʠʷ ʩʠʛʥʘʣʘ ʠ ʝʛʦ ʚʝʡʚʣʝʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, 

()H S  ï ʵʥʪʨʦʧʠʷ ʩʠʛʥʘʣʘ, ()H C  ï ʵʥʪʨʦʧʠʷ ʚʝʡʚʣʝʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. 

ɽʱʝ ʦʜʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʚ ʪʝʦʨʠʠ ʠʥʬʦʨʤʘʮʠʠ ʷʚʣʷʝʪʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʵʥʪʨʦʧʠʷ ʠʣʠ ʜʠʚʝʨʛʝʥʮʠʷ ʂʫʣʴʙʘʢʘ-ʃʝʡʙʣʝʨʘ, ʢʦʪʦʨʘʷ 

ʷʚʣʷʝʪʩʷ ʤʝʨʦʡ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʜʚʫʤʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷʤʠ ʚʝʨʦʷʪʥʦʩʪʝʡ, 

ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʚ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʘʣʬʘʚʠʪʝ. ɼʠʚʝʨʛʝʥʮʠʷ ʂʫʣʴʙʘʢʘ ï ʃʝʡʙʣʝʨʘ 

ʷʚʣʷʝʪʩʷ ʤʝʨʦʡ ʪʦʛʦ, ʥʘʩʢʦʣʴʢʦ ʦʜʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʝʡ ʦʪʣʠʯʘʝʪʩʷ 

ʦʪ ʚʪʦʨʦʛʦ ï ʵʪʘʣʦʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ. 

ɺ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ ʚʟʘʠʤʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʤʝʨʦʡ 

ʫʜʘʣʝʥʥʦʩʪʠ ʜʚʫʭ ʧʝʨʝʤʝʥʥʳʭ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʵʥʪʨʦʧʠʷ ʦʧʨʝʜʝʣʷʝʪ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷʤʠ [76]. 

( ) ()
()
( ),

|| ln i

i

i S C i

p S
D S C p S

p CÍ

=ä     (4.29) 

ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ ʩʭʦʜʩʪʚʦ ʨʘʩʧʨʝʜʝʣʝʥʠʡ, ʪʦ 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʵʥʪʨʦʧʠʷ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʪʘʢʦʝ ʩʭʦʜʩʪʚʦ ʩ ʜʦʩʪʘʪʦʯʥʦ 

ʙʦʣʴʰʦʡ ʪʦʯʥʦʩʪʴʶ. ɽʩʣʠ () ()p s p c= , ʪʦ ( )|| 0D S C = . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙʝʩʧʝʯʝʥʠʷ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʟʘʠʤʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʤʠʥʠʤʘʣʴʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʵʥʪʨʦʧʠʠ, ʤʦʞʝʪ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥ ʢʨʠʪʝʨʠʡ ʜʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʚʳʙʨʘʥʥʦʡ ʙʘʟʦʚʦʡ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʠ ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ 

ʩʦʦʪʥʦʰʝʥʠʝʤ: 

( )
( )

,

||

I S C
IER

D S C
=      (4.30) 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ 

ʦ ʪʦʤ, ʯʪʦ ʦʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ ʟʘʩʣʫʞʠʚʘʝʪ ʤʝʪʦʜ ʥʘ ʦʩʥʦʚʝ ʢʨʠʪʝʨʠʷ ʦʮʝʥʢʠ 

ʩʦʦʪʥʦʰʝʥʠʷ ʚʟʘʠʤʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʵʥʪʨʦʧʠʠ. 
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ʉ ʵʪʦʡ ʮʝʣʴʶ ʜʣʷ ʢʘʞʜʦʛʦ ʪʝʩʪʦʚʦʛʦ ʩʠʛʥʘʣʘ ʠ ʚʳʙʨʘʥʥʳʭ ʙʘʟʦʚʳʭ 

ʬʫʥʢʮʠʡ ʩʨʝʜʩʪʚʘʤʠ Matlab ʧʨʦʚʦʜʠʣʘʩʴ ʦʮʝʥʢʘ ʟʥʘʯʝʥʠʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʵʥʪʨʦʧʠʡʥʦʛʦ ʢʨʠʪʝʨʠʷ ʩʦʛʣʘʩʥʦ ʚʳʨʘʞʝʥʠʶ (4.30). ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ 

ʨʘʩʯʝʪʘ ʟʥʘʯʝʥʠʡ ʩʦʛʣʘʩʥʦ ʜʘʥʥʦʛʦ ʢʨʠʪʝʨʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 4.10. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʟʥʘʯʝʥʠʡ ʢʨʠʪʝʨʠʷ ʦʮʝʥʢʠ ʩʦʦʪʥʦʰʝʥʠʷ ʚʟʘʠʤʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʵʥʪʨʦʧʠʠ ʜʣʷ ʢʘʞʜʦʡ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʜʠʘʛʨʘʤʤ ʜʣʷ ʚʩʝʭ ʪʝʩʪʦʚʳʭ ʩʠʛʥʘʣʦʚ ʥʘ ʨʠʩ. ʇ2.17 ï 

ʇ2.24. 

 

ʈʠʩʫʥʦʢ 4.10. ï ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʨʘʩʯʝʪʘ ʟʥʘʯʝʥʠʡ ʧʦ ʢʨʠʪʝʨʠʶ ʦʮʝʥʢʠ 

ʩʦʦʪʥʦʰʝʥʠʷ ʚʟʘʠʤʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʵʥʪʨʦʧʠʠ 

ʅʘ ʢʘʞʜʦʤ ʠʟ ʨʠʩʫʥʢʦʚ ʯʝʨʥʳʤ ʮʚʝʪʦʤ ʚʳʜʝʣʝʥʳ ʙʘʟʦʚʳʝ ʚʝʡʚʣʝʪ 

ʬʫʥʢʮʠʠ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʜʣʷ ʦʙʨʘʙʦʪʢʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʪʝʩʪʦʚʦʛʦ ʩʠʛʥʘʣʘ. 

ɺ ʪʘʙʣʠʮʝ 4.5 ʧʨʠʚʝʜʝʥʳ ʙʘʟʦʚʳʝ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʠ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ 

ʧʦʣʫʯʝʥʳ ʣʫʯʰʠʝ ʟʥʘʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʵʥʪʨʦʧʠʡʥʦʛʦ ʢʨʠʪʝʨʠʷ ʜʣʷ 

ʪʝʩʪʦʚʳʭ ʩʠʛʥʘʣʦʚ. 
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ʊʘʙʣʠʮʘ 4.5. ï ʆʧʪʠʤʘʣʴʥʳʝ ʙʘʟʦʚʳʝ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʠ ʜʣʷ ʦʙʨʘʙʦʪʢʠ 

ʪʝʩʪʦʚʳʭ ʩʠʛʥʘʣʦʚ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʦ ʢʨʠʪʝʨʠʶ ʦʮʝʥʢʠ ʩʦʦʪʥʦʰʝʥʠʷ ʚʟʘʠʤʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʵʥʪʨʦʧʠʠ 

 

ʊʝʩʪʦʚʳʝ ʩʠʛʥʘʣʳ ɹʘʟʦʚʳʝ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʠ 

ñblocksò db19 

ñbumpsò db20 

ñdopplerò sym14, coif1 

ñheavy sineò db2, sym2 

ñsumlichrò db11 

ñtrsinò db19 

ñvonkochò db18 

ñwcantorò coif1 

ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʳʙʦʨ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʭ ʙʘʟʦʚʳʭ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʡ, ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʦ ʜʘʥʥʦʤʫ ʢʨʠʪʝʨʠʶ 

ʜʣʷ ʚʩʝʭ ʪʝʩʪʦʚʳʭ ʩʠʛʥʘʣʦʚ ʙʦʣʝʝ ʯʝʪʢʦ ʦʧʨʝʜʝʣʝʥ, ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʨʠʪʝʨʠʝʚ. ʆʜʥʘʢʦ, ʜʣʷ ʩʠʛʥʘʣʦʚ doppler, 

heavy_sine ʠ vonkoch ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʦʮʝʥʦʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʦ ʢʨʠʪʝʨʠʶ 

IER ʥʝʟʥʘʯʠʪʝʣʴʥʘ ʠ ʩʦʩʪʘʚʣʷʝʪ 0,1%. 

ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʜʣʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ, 

ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʢʨʠʪʝʨʠʝʚ (ʪʘʙʣʠʮʳ 4.2 - 4.4), ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʦʜʥʦʟʥʘʯʥʦʛʦ ʩʦʦʪʚʝʪʩʪʚʠʷ ʤʝʞʜʫ ʚʠʜʘʤʠ 

ʪʝʩʪʦʚʳʭ ʩʠʛʥʘʣʦʚ ʠ ʙʘʟʦʚʳʤʠ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʷʤʠ ʜʣʷ ʢʘʞʜʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʥʦʛʦ ʢʨʠʪʝʨʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʢʘʞʜʦʛʦ ʠʟ ʢʨʠʪʝʨʠʝʚ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʦʚʦʜʠʪʴ ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʙʘʟʦʚʳʭ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʡ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣʠʮʘʭ 4.2 - 4.4. 

ʊʘʢ ʢʘʢ, ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʦʙʨʘʙʦʪʢʠ 

ʩʠʛʥʘʣʦʚ ʤʝʪʦʜʘʤʠ ʜʠʩʢʨʝʪʥʦʛʦ ʚʝʡʚʣʝʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʚʳʜʝʣʝʥʠʝ 

ʩʠʛʥʘʣʘ ʠʟ ʰʫʤʘ ʠ ʧʦʤʝʭ, ʪʦ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʚʦʜʠʣʦʩʴ 

ʥʘʣʦʞʝʥʠʝ ʰʫʤʘ ʥʘ ʢʘʞʜʳʡ ʪʝʩʪʦʚʳʡ ʩʠʛʥʘʣ (ʨʠʩ. 4.11) ʠ ʜʘʣʴʥʝʡʰʘʷ ʝʛʦ 

ʬʠʣʴʪʨʘʮʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʘʟʦʚʳʭ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʡ, ʦʧʨʝʜʝʣʝʥʥʳʭ ʢʘʢ 

ʵʬʬʝʢʪʠʚʥʳʝ ʧʦ ʢʘʞʜʦʤʫ ʠʟ ʢʨʠʪʝʨʠʝʚ. 
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ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʪʝʩʪʦʚʳʭ ʩʠʛʥʘʣʦʚ ʠʟ ʰʫʤʘ ʠʩʧʦʣʴʟʦʚʘʥ ʘʣʛʦʨʠʪʤ 

ʧʦʨʦʛʦʚʦʡ ʬʠʣʴʪʨʘʮʠʠ ʠ ʬʫʥʢʮʠʷ ʧʘʢʝʪʘ Matlab ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʫʜʘʣʝʥʠʷ ʰʫʤʘ wden ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ [18, 60]: 

- ʘʜʘʧʪʠʚʥʳʡ ʚʳʙʦʨ ʧʦʨʦʛʘ ʧʦ ʧʨʠʥʮʠʧʫ ʥʝʩʤʝʱʝʥʥʦʡ ʦʮʝʥʢʠ ʨʠʩʢʘ 

ʐʪʝʡʥʘ; 

- ʞʝʩʪʢʘʷ ʧʦʨʦʛʦʚʘʷ ʦʙʨʘʙʦʪʢʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʝʪʘʣʠʟʘʮʠʠ; 

- ʬʠʢʩʠʨʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦʨʦʛʘ ʜʣʷ ʚʩʝʭ ʫʨʦʚʥʝʡ ʨʘʟʣʦʞʝʥʠʷ ʩʠʛʥʘʣʘ. 

ɼʣʷ ʢʘʞʜʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʩʠʛʥʘʣʘ ʧʨʦʚʦʜʠʣʦʩʴ ʚʳʯʠʩʣʝʥʠʝ 

ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ, ʧʦʛʨʝʰʥʦʩʪʴ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʘʥʘʣʠʟʠʨʫʝʤʳʤ ʩʠʛʥʘʣʦʤ S ʠ ʦʯʠʱʝʥʥʳʤ ʦʪ 

ʰʫʤʘ S. 

 

ʈʠʩʫʥʦʢ 4.11. ï ʊʝʩʪʦʚʳʝ ʩʠʛʥʘʣʳ ʩ ʥʘʥʝʩʝʥʥʳʤ ʰʫʤʦʤ, ʢʦʪʦʨʳʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʨʠʪʝʨʠʝʚ ʚʳʙʦʨʘ ʙʘʟʦʚʳʭ 

ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʡ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʣʫʯʝʥʦ ʤʥʦʞʝʩʪʚʦ ʟʥʘʯʝʥʠʡ ʦʮʝʥʦʢ 

ʩʦʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ (SNR), ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ (MSE) ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʜʣʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʙʘʟʦʚʳʭ ʬʫʥʢʮʠʡ, 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʢʘʞʜʳʤ ʠʟ ʢʨʠʪʝʨʠʝʚ ʜʣʷ ʚʩʝʭ ʪʝʩʪʦʚʳʭ ʩʠʛʥʘʣʦʚ. ʈʝʟʫʣʴʪʘʪʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʜʝʣʝʥʠʷ ʪʝʩʪʦʚʳʭ ʩʠʛʥʘʣʦʚ ʠʟ ʰʫʤʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʘʟʦʚʳʭ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʡ, ʦʧʨʝʜʝʣʝʥʥʳʭ ʢʘʢ ʥʘʠʙʦʣʝʝ 
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ʵʬʬʝʢʪʠʚʥʳʝ ʧʦ ʢʘʞʜʦʤʫ ʢʨʠʪʝʨʠʶ ʥʘ ʦʩʥʦʚʝ ʦʮʝʥʦʢ SNR, MSE ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ Cr ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 4.6. 

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʦʜʠʪʩʷ ʩʨʘʚʥʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʞʜʦʡ ʙʘʟʦʚʦʡ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʠ, 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʩ ʧʦʤʦʱʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʨʠʪʝʨʠʷ. ʅʘ ʨʠʩ. ʇ2.25 

ʧʨʠʚʝʜʝʥʳ ʜʠʘʛʨʘʤʤʳ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ SNR, MSE ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʢʦʨʨʝʣʷʮʠʠ Cr, ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʦʯʠʩʪʢʠ ʩʠʛʥʘʣʦʚ ʦʪ ʰʫʤʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʙʘʟʦʚʳʭ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣ. 4.4-4.6 ʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʢʘʢ 

ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʧʦ ʢʘʞʜʦʤʫ ʢʨʠʪʝʨʠʶ. 

ʊʘʙʣʠʮʘ 4.6. ï ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʯʠʩʪʢʠ 

ʪʝʩʪʦʚʳʭ ʩʠʛʥʘʣʦʚ ʦʪ ʰʫʤʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʘʟʦʚʳʭ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʡ, 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʢʘʢ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʧʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ, 

ʢʦʨʨʝʣʷʮʠʦʥʥʳʤ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʢʨʠʪʝʨʠʷʤ 

ʊʝʩʪʦʚʳʡ 

ʩʠʛʥʘʣ ʠ 

ʰʫʤ 

SNR, 

dB 

ʂʨʠʪʝʨʠʡ EER ʂʨʠʪʝʨʠʡ IER ʂʨʠʪʝʨʠʡ CORR 

SNR, 

dB 

MSE Cr SNR, 

dB 

MSE Cr SNR, 

dB 

MSE Cr 

blocks  11,7  20,7  0,076  0,9956  21,32  0,064  0,9964  15,15  0,286  0,9839  

bumps  7,4  18,16  0,0498  0,9923  20,84  0,0267  0.9960  18,9  0,042  0.9936  

doppler  9,4  16,18  0,0019  0,9884  18,74  0,0011  0,9935  16,45  0,0019  0,9890  

heavy 

sine  

12,25  26,37  0,0221  0,9988  26,98  0,0191  0,9989  24,7  0,0328  0,9983  

ñtrsin  9,9  15,85  0,0147  0,9871  16,14  0,0140  0,9878  5,05  0,1413  0,8693  

vonkoch 11,7  26,48  6.7e-6  0,9988  27,77  5.0e-6  0,9991  27,58  5.3e-6  0,9991  

wcantor  9,7  28,4  0,0008  0,9993  28,81  0,0007  0,9993  28,61  0,0008  0,9994  

 

ʅʘ ʦʩʥʦʚʝ ʧʨʠʚʝʜʝʥʥʳʭ ʥʘ ʨʠʩ. ʇ2.26 ʟʥʘʯʝʥʠʡ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʦʮʝʥʢʘʤ SNR, MSE ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʢʦʨʨʝʣʷʮʠʠ ʧʦʣʫʯʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʡ, ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʦ 

ʢʨʠʪʝʨʠʶ ʦʪʥʦʰʝʥʠʷ ʚʟʘʠʤʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʢ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʵʥʪʨʦʧʠʠ. 

ɸʥʘʣʠʟ ʦʮʝʥʢʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʨʠʩ. ʇ2.26 (ʚ) ʧʦʟʚʦʣʷʝʪ 

ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʩʠʛʥʘʣʦʚ (ʢʨʦʤʝ "trsin") ʧʦʣʫʯʝʥʳ 

ʢʘʯʝʩʪʚʝʥʥʳʝ, ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʦʣʴʟʫʷ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʠ, 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʚʩʝʤʠ ʪʨʝʤʷ ʢʨʠʪʝʨʠʷʤʠ. 
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ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚʳʙʦʨ ʢʦʥʢʨʝʪʥʦʛʦ 

ʢʨʠʪʝʨʠʷ ʟʘʚʠʩʠʪ ʚ ʦʩʥʦʚʥʦʤ ʦʪ ʪʠʧʘ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ, ʥʝʦʙʭʦʜʠʤʦʡ ʟʘʜʘʥʥʦʡ 

ʪʦʯʥʦʩʪʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʩʠʛʥʘʣʘ ʚʦ ʚʨʝʤʷ-ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ, ʜʦʧʫʩʪʠʤʳʭ 

ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʭ ʟʘʪʨʘʪ ʠ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʘ. 

ɺ 2002 ʛʦʜʫ Zhou Wang ʠ Alan C Bovik ʧʨʝʜʣʦʞʠʣʠ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ 

ʦʮʝʥʢʝ ʢʘʯʝʩʪʚʘ ʠʟʦʙʨʘʞʝʥʠʡ [105], ʘ ʠʤʝʥʥʦ ʦʮʝʥʠʚʘʥʠʝ ʩʠʛʥʘʣʘ ʧʦ ʷʨʢʦʩʪʠ, 

ʢʦʥʪʨʘʩʪʥʦʩʪʠ ʠ ʩʪʨʫʢʪʫʨʥʳʤ ʠʩʢʘʞʝʥʠʷʤ. 

( )( )2 2 2 2
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SS
Q

S S
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=

+ s +s
    (4.31) 

ʛʜʝ S - ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ; S - ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʡ ʩʠʛʥʘʣ; S  - ʩʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ; S  - ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʦʛʦ 

ʩʠʛʥʘʣʘ; Ss  - ʜʠʩʧʝʨʩʠʷ ʠʩʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ; 
S
s  - ʜʠʩʧʝʨʩʠʷ 

ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʦʛʦ ʩʠʛʥʘʣʘ; 
SS
s  - ʢʦʵʬʬʠʮʠʝʥʪ ʚʟʘʠʤʥʦʡ ʢʦʨʨʝʣʷʮʠʠ 

ʤʝʞʜʫ ʠʩʭʦʜʥʳʤ ʩʠʛʥʘʣʦʤ ʠ ʦʙʨʘʙʦʪʘʥʥʳʤ. 

ɼʘʥʥʘʷ ʦʮʝʥʢʘ ʧʦʣʫʯʠʣʘ ʥʘʟʚʘʥʠʝ - ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʠʥʜʝʢʩ ʢʘʯʝʩʪʚʘ 

(UQI - Universal Quality Index). ʉ ʪʦʛʦ ʚʨʝʤʝʥʠ ʜʘʥʥʳʡ ʢʨʠʪʝʨʠʡ ʙʳʣ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥ ʜʣʷ ʨʘʙʦʪʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ 

ʠʟʦʙʨʘʞʝʥʠʡ. 

ɺ ʨʘʙʦʪʝ [105] ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʠʥʜʝʢʩ ʢʘʯʝʩʪʚʘ ʧʨʝʜʩʪʘʚʣʝʥ ʢʘʢ 

ʧʨʦʠʟʚʝʜʝʥʠʝ ʪʨʝʭ ʢʦʤʧʦʥʝʥʪʦʚ: 

2 22 2

22 SSS S
corr dyn mean

S SS S

SS
Q Q Q Q

S S

s s s
= =

s s s +s+
.   (4.32) 

ʇʝʨʚʳʡ ʩʦʤʥʦʞʠʪʝʣʴ SS

S S

s

s s
 ï ʵʪʦ ʦʮʝʥʢʘ ʢʦʨʨʝʣʠʨʦʚʘʥʥʦʩʪʠ ʠʩʭʦʜʥʦʛʦ 

ʩʠʛʥʘʣʘ ʠ ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ, ʢʦʪʦʨʘʷ ʠʟʤʝʥʷʝʪʩʷ ʚ 

ʜʠʘʧʘʟʦʥʝ [-1;1]. ɺʪʦʨʦʡ 
2 2

2SS

S S+
 ï ʦʮʝʥʢʘ ʠʟʤʝʥʝʥʠʷ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ 
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ʧʦʣʫʯʝʥʥʦʛʦ ʩʠʛʥʘʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʩʭʦʜʥʦʛʦ. ʊʨʝʪʴʷ ʩʦʩʪʘʚʣʷʶʱʘʷ 
2 2

2 S S

S S

s s

s +s
 

ï ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʮʝʥʢʫ ʠʟʤʝʥʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʩʠʛʥʘʣʦʚ S ʠ S. 

ʋʯʠʪʳʚʘʷ ʧʨʠʚʝʜʝʥʥʳʝ ʚʳʰʝ ʪʦʣʢʦʚʘʥʠʷ, ʚ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʠʥʜʝʢʩʘ ʢʘʯʝʩʪʚʘ ʜʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʨʘʙʦʪʢʠ ʦʜʥʦʤʝʨʥʳʭ ʩʠʛʥʘʣʦʚ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʚʝʡʚʣʝʪ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ [39]. ʊʘʢʘʷ ʦʮʝʥʢʘ ʦʩʦʙʝʥʥʦ ʧʨʠʛʦʜʥʘ ʧʨʠ ʦʙʨʘʙʦʪʢʝ 

ʤʘʣʦʤʦʱʥʳʭ ʩʠʛʥʘʣʦʚ ʠ ʩʠʛʥʘʣʦʚ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʰʫʤʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʠʥʜʝʢʩ 

ʢʘʯʝʩʪʚʘ (4.31), (4.32) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ 

ʩʠʛʥʘʣʘ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʚʠʜʝʦʢʦʜʝʢʦʚ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʘʥʘʣʠʟʝ ʟʘʢʦʜʠʨʦʚʘʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

[116]. ʉ ʵʪʦʡ ʮʝʣʴʶ ʩʪʨʦʠʪʩʷ RD-ʢʨʠʚʘʷ (Rate-Distortion). ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʚr ʙʨʘʥʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʞʠʤʘʝʪʩʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʟʘʜʘʥʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʙʠʪʨʝʡʪʘ, ʠ ʟʘʤʝʨʷʝʪʩʷ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʝʥʥʳʭ ʧʦʩʣʝ ʢʦʜʠʨʦʚʘʥʠʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ (ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʜʥʦʡ ʠʟ ʚʳʙʨʘʥʥʳʭ ʤʝʪʨʠʢ ʢʘʯʝʩʪʚʘ 

ʩʞʘʪʦʛʦ ʚʠʜʝʦ). ʅʝʜʦʩʪʘʪʢʦʤ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʫʯʝʪʘ 

ʢʘʯʝʩʪʚʘ ʢʦʜʠʨʦʚʘʥʠʷ ʦʪʜʝʣʴʥʳʭ ʢʘʜʨʦʚ ʠʟ-ʟʘ ʫʩʨʝʜʥʝʥʠʷ ʧʦ ʚʩʝʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʨʦʩʣʝʜʠʪʴ ʨʘʙʦʪʫ ʢʦʜʝʢʘ ʚʦ ʚʨʝʤʝʥʠ 

[118]. ɸʚʪʦʨʘʤʠ [118] ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 

ʪʘʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʫʶ RD ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʜʣʷ 

ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʚʠʜʝʦ-ʠʟʦʙʨʘʞʝʥʠʷ, ʠ ʤʝʨʠʪʴ ʢʘʯʝʩʪʚʦ ʩʞʘʪʠʷ ʦʪʜʝʣʴʥʳʭ 

ʢʘʜʨʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʘʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʨʠʩ. 4.12). ʊ.ʝ., ʥʘ ʛʨʘʬʠʢ 

ɹʠʪʨʝʡʪ/ʂʘʯʝʩʪʚʦ ʥʘʥʦʩʷʪʩʷ ʪʦʯʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʪʜʝʣʴʥʳʤ ʢʘʜʨʘʤ, ʠ 

ʩʯʠʪʘʝʪʩʷ ʨʘʩʩʪʦʷʥʠʝ ʩʦ ʟʥʘʢʦʤ ʜʦ ʫʩʨʝʜʥʸʥʥʦʡ RD ʢʨʠʚʦʡ (ʝʩʣʠ ʪʦʯʢʘ 

ʥʘʭʦʜʠʪʩʷ ʚʳʰʝ ʢʨʠʚʦʡ, ʪʦ ʟʥʘʢ çʧʣʶʩè, ʝʩʣʠ ʥʠʞʝ, ʪʦ ʩʦ ʟʥʘʢʦʤ çʤʠʥʫʩè),  

[ ]
( ) 1

0,..., 1 0,1
min min 1i i

i n t
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ʛʜʝ{ },i i iP r q=   ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʝ ʪʦʯʢʠ ʫʩʨʝʜʥʸʥʥʦʡ ʢʨʠʚʦʡ,

{ },P r q=  ï ʪʦʯʢʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʜʘʥʥʦʤʫ ʢʘʜʨʫ, 1S=° ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʦʛʦ, ʣʫʯʰʝ ʵʪʦʪ ʢʘʜʨ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʠʣʠ ʭʫʞʝ. 

 

ʘ)       ʙ) 

ʈʠʩʫʥʦʢ 4.12. ï ʋʩʨʝʜʥʸʥʥʘʷ RD-ʢʨʠʚʘʷ ʠ RD-ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʪʜʝʣʴʥʳʭ 

ʢʘʜʨʦʚ ʘ); ʤʝʪʨʠʢʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ PSNR (4.34) ʙ) [118]. 

ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʤʝʨʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʢʘʯʝʩʪʚʘ 

ʢʘʜʨʦʚ, ʢʦʪʦʨʳʝ ʫʯʠʪʳʚʘʶʪ, ʢʘʢ ʨʘʟʤʝʨ, ʪʘʢ ʠ ʢʦʣʠʯʝʩʪʚʦ ʧʦʪʝʨʴ ʧʨʠ ʩʞʘʪʠʠ. 

ʕʪʦʪ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦʥʷʪʴ, ʢʘʢʠʝ ʠʟ ʢʘʜʨʦʚ ʙʳʣʠ ʟʘʢʦʜʠʨʦʚʘʥʳ ʣʫʯʰʝ, ʘ 

ʢʘʢʠʝ ʭʫʞʝ, ʫʯʠʪʳʚʘʷ, ʢʘʢ ʨʘʟʤʝʨ, ʪʘʢ ʠ ʢʘʯʝʩʪʚʦ. 

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ 

ʠʟʦʙʨʘʞʝʥʠʡ ʩ ʫʯʝʪʦʤ ʤʝʭʘʥʠʟʤʘ ʢʦʥʪʨʦʣʷ ʧʦʪʝʨʴ ʢʘʯʝʩʪʚʘ ʜʣʷ ʩʧʫʪʥʠʢʦʚʳʭ 

ʩʠʩʪʝʤ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ ʧʦʜʪʚʝʨʞʜʝʥʳ ʩʚʠʜʝʪʝʣʴʩʪʚʦʤ ʦ 

ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʛʨʘʤʤ [4, ʩʧʠʩʦʢ ʩʚʠʜʝʪʝʣʴʩʪʚ ʦ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʛʨʘʤʤ]. 

ɺʳʚʦʜʳ ʧʦ ʨʘʟʜʝʣʫ 4 

1. ʇʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ: ɼɸʉ ʣʫʯʰʝ ʘʣʛʦʨʠʪʤʘ JPEG ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ U-ʢʨʠʪʝʨʠʷ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʨʠʪʝʨʠʝʚ RMS ʠ PSNR ʤʝʞʜʫ ɼɸʉ 

ʠ JPEG ʥʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʦʪʣʠʯʠʡ. ʂʦʵʬʬʠʮʠʝʥʪ ʩʞʘʪʠʷ ʘʣʛʦʨʠʪʤʘ ɼɸʉ 

ʚʳʰʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʞʘʪʠʷ ʘʣʛʦʨʠʪʤʘ JPEG. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʩ ʧʦʤʦʱʴʶ 

ɼɸʉ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʙʦʣʴʰʫʶ ʵʢʦʥʦʤʠʶ ʧʘʤʷʪʠ, ʯʝʤ ʧʨʠ ʧʦʤʦʱʠ JPEG, ʧʨʠ 

ʥʝ ʭʫʜʰʝʤ ʢʘʯʝʩʪʚʝ ʨʝʟʫʣʴʪʘʪʦʚ. ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʪʘʢʠʭ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʘʪʦʤʘʨʥʳʭ ʬʫʥʢʮʠʡ, ʢʘʢ ʭʦʨʦʰʠʝ 

ʘʧʧʨʦʢʩʠʤʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ, ʚʳʩʦʢʠʡ ʧʦʨʷʜʦʢ ʛʣʘʜʢʦʩʪʠ ʠ ʩʫʱʝʩʪʚʦʚʘʥʠʝ 
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ʙʘʟʠʩʘ ʩ ʣʦʢʘʣʴʥʳʤ ʥʦʩʠʪʝʣʝʤ ʚ ʧʨʦʩʪʨʘʥʩʪʚʘʭ ʘʪʦʤʘʨʥʳʭ ʬʫʥʢʮʠʡ. ʊʘʢ ʢʘʢ 

ʦʙʦʙʱʸʥʥʳʝ up-ʬʫʥʢʮʠʠ ʠʤʝʶʪ ʪʘʢʠʝ ʞʝ ʫʜʦʙʥʳʝ ʩʚʦʡʩʪʚʘ, ʚʧʦʣʥʝ 

ʝʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʘʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʞʘʪʠʷ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʨʠ 

ʧʦʤʦʱʠ ʦʙʦʙʱʸʥʥʦʛʦ ʜʠʩʢʨʝʪʥʦʛʦ ʘʪʦʤʘʨʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʢʦʪʦʨʦʝ 

ʦʩʥʦʚʘʥʦ ʥʘ ʠʭ ʧʨʠʤʝʥʝʥʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʠʤʝʥʝʥʠʝ ʦʙʦʙʱʝʥʥʳʭ 

ʚʝʡʚʣʝʪʦʚ, ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʘʪʦʤʘʨʥʳʭ ʬʫʥʢʮʠʷʭ ʠʤʝʝʪ ʷʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ 

ʧʝʨʝʜ ʘʣʛʦʨʠʪʤʦʤ JPEG ʠ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʨʠ 

ʦʙʨʘʙʦʪʢʝ ʮʠʬʨʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ. 

2. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʤʝʪʦʜ ʚʳʙʦʨʘ ʙʘʟʦʚʳʭ ʬʫʥʢʮʠʡ ʥʘ ʦʩʥʦʚʝ ʢʨʠʪʝʨʠʷ 

ʩʦʦʪʥʦʰʝʥʠʷ ʵʥʝʨʛʠʠ ʚʝʡʚʣʝʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠ ʵʥʪʨʦʧʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʵʥʝʨʛʠʠ ʐʝʥʥʦʥʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʘʥʥʳʡ ʢʨʠʪʝʨʠʡ ʥʝ ʜʘʝʪ ʦʜʥʦʟʥʘʯʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʜʣʷ ʤʥʦʛʠʭ ʪʠʧʦʚ ʪʝʩʪʦʚʳʭ ʩʠʛʥʘʣʦʚ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʧʨʝʜʣʦʞʝʥ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʦʧʨʝʜʝʣʝʥʠʠ ʦʪʥʦʰʝʥʠʷ ʥʦʨʤʳ 

ʵʥʝʨʛʠʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʢ ʵʥʪʨʦʧʠʠ ʜʝʪʘʣʴʥʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʜʥʦʟʥʘʯʥʦʩʪʴ ʚʳʙʦʨʘ ʙʘʟʦʚʳʭ ʬʫʥʢʮʠʡ. 

2. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʚʳʙʦʨʘ ʙʘʟʦʚʳʭ ʬʫʥʢʮʠʡ ʥʘ ʦʩʥʦʚʝ ʢʨʠʪʝʨʠʷ ʦʮʝʥʢʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʟʘʠʤʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʘʥʘʣʠʟʠʨʫʝʤʳʤ ʩʠʛʥʘʣʦʤ ʠ 

ʙʘʟʦʚʦʡ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʝʡ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʦʤ ʟʘʰʫʤʣʝʥʠʠ 

ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʩʠʛʥʘʣʘ, ʜʘʥʥʳʡ ʢʨʠʪʝʨʠʡ ʤʘʣʦʵʬʬʝʢʪʠʚʝʥ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʨʠʪʝʨʠʷ ʦʮʝʥʢʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʟʘʠʤʥʦʡ ʢʦʨʨʝʣʷʮʠʠ 

ʤʝʞʜʫ ʘʥʘʣʠʟʠʨʫʝʤʳʤ ʩʠʛʥʘʣʦʤ ʠ ʚʝʡʚʣʝʪ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʤʦʞʥʦ ʜʦʩʪʠʯʴ 

ʣʫʯʰʠʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

3. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʪʥʦʰʝʥʠʝ ʵʥʝʨʛʠʠ ʢ ʵʥʪʨʦʧʠʠ ʐʝʥʥʦʥʘ ʦʮʝʥʠʚʘʝʪ 

ʪʦʣʴʢʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚʝʡʚʣʝʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. ʉ ʮʝʣʴʶ 

ʧʦʣʫʯʝʥʠʷ ʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʠ ʩʨʘʚʥʝʥʠʷ ʝʛʦ ʩ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʠʛʥʘʣʘ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʪʘʢʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʢʨʠʪʝʨʠʝʚ ʢʘʢ ʦʙʱʘʷ ʵʥʪʨʦʧʠʷ, ʫʩʣʦʚʥʘʷ ʵʥʪʨʦʧʠʷ, 

ʚʟʘʠʤʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʠ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʵʥʪʨʦʧʠʷ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪ 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷʤʠ. ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ 
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ʧʨʝʜʣʦʞʝʥ ʢʨʠʪʝʨʠʡ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ ʦʪʥʦʰʝʥʠʷ 

ʚʟʘʠʤʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʢ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʵʥʪʨʦʧʠʠ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʩʠʛʥʘʣʘ, 

ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʜʦʩʪʠʯʴ ʙʦʣʝʝ ʦʜʥʦʟʥʘʯʥʦʛʦ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʡ ʙʘʟʦʚʦʡ 

ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʠ. 

4. ɼʣʷ ʫʧʦʤʷʥʫʪʳʭ ʚʳʰʝ ʢʨʠʪʝʨʠʝʚ ʫʩʪʘʥʦʚʣʝʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ 

ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʠ ʚʳʙʦʨʘ ʙʘʟʦʚʦʡ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʠ, ʜʣʷ ʨʝʰʝʥʠʷ ʢʦʪʦʨʦʡ 

ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʥʘ ʦʩʥʦʚʝ 

ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ. ʅʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʧʨʝʜʳʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʨʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʡ 

ʦʧʪʠʤʠʟʘʮʠʠ ʚʳʙʦʨʘ ʙʘʟʦʚʦʡ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʠ. 

5. ʇʨʝʜʣʦʞʝʥʦ ʠ ʦʙʦʩʥʦʚʘʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʥʷʪʠʷ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ 

ʠʥʜʝʢʩʘ ʢʘʯʝʩʪʚʘ ʩʠʛʥʘʣʘ, ʢʘʢ ʥʦʚʦʛʦ ʢʨʠʪʝʨʠʷ ʚʳʙʦʨʘ ʙʘʟʦʚʳʭ ʚʝʡʚʣʝʪ 

ʬʫʥʢʮʠʡ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʣʫʯʰʝ ʦʙʨʘʙʘʪʳʚʘʪʴ ʤʘʣʦʤʦʱʥʳʝ ʩʠʛʥʘʣʳ ʠ ʩʠʛʥʘʣʳ 

ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʰʫʤʦʚ. ʈʘʟʨʘʙʦʪʘʥʦ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʬʘʡʣʘ ʤʝʪʘʜʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʤʝʪʦʜʘ ʦʙʨʘʙʦʪʢʠ 

ʠʟʦʙʨʘʞʝʥʠʡ ʩ ʫʯʝʪʦʤ ʤʝʭʘʥʠʟʤʘ ʢʦʥʪʨʦʣʷ ʧʦʪʝʨʴ ʢʘʯʝʩʪʚʘ ʜʣʷ ʩʧʫʪʥʠʢʦʚʳʭ 

ʩʠʩʪʝʤ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ. 

6. ʇʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʚʳʙʦʨʘ ʙʘʟʦʚʳʭ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʡ ʥʘ ʦʩʥʦʚʝ 

ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ 

ʧʦ ʢʨʠʪʝʨʠʷʤ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ MSE ʠ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ 

ʠʥʜʝʢʩʘ ʢʘʯʝʩʪʚʘ ʩʠʛʥʘʣʘ. 

7. ʀʩʩʣʝʜʦʚʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʪʝʨʠʥʩʢʠʭ ʙʘʟʦʚʳʭ 

ʬʫʥʢʮʠʡ, ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʦ ʢʘʞʜʦʤʫ ʠʟ ʢʨʠʪʝʨʠʝʚ ʧʨʠ ʚʳʜʝʣʝʥʠʠ ʩʠʛʥʘʣʦʚ ʠʟ 

ʰʫʤʘ, ʤʝʪʦʜʦʤ ʧʦʨʦʛʦʚʦʡ ʬʠʣʴʪʨʘʮʠʠ, ʧʦʢʘʟʘʣʦ, ʯʪʦ ʥʘ ʦʩʥʦʚʝ ʦʮʝʥʢʠ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ SNR, MSE ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ 

ʥʘʠʣʫʯʰʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʛʦ ʢʨʠʪʝʨʠʷ ʦʮʝʥʢʠ ʦʪʥʦʰʝʥʠʷ ʚʟʘʠʤʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʢ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʵʥʪʨʦʧʠʠ. 
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8. ʈʘʟʨʘʙʦʪʘʥʘ ʠ ʠʩʩʣʝʜʦʚʘʥʘ ʤʦʜʝʣʴ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ 

ʚʳʙʦʨʘ ʙʘʟʦʚʦʡ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʠ ʚ ʩʨʝʜʝ Matlab Fuzzy Logic Toolbox. 

ʇʦʣʫʯʝʥʳ ʙʘʟʦʚʳʝ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʠ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʢʘʢ ʦʧʪʠʤʘʣʴʥʳʝ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʚʳʙʨʘʥʥʳʭ ʪʝʩʪʦʚʳʭ ʩʠʛʥʘʣʦʚ. ʆʪʤʝʯʝʥʦ, ʯʪʦ ʪʘʢʦʡ ʤʝʪʦʜ 

ʧʦʟʚʦʣʷʝʪ ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʷʪʴ ʥʝʦʙʭʦʜʠʤʫʶ ʙʘʟʦʚʫʶ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʶ 

ʧʨʠ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦ ʨʘʟʥʳʤ ʢʨʠʪʝʨʠʷʤ. 
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ɿɸʂʃʖʏɽʅʀɽ 

 

ɺ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ, ʥʘ ʦʩʥʦʚʝ ʚʳʧʦʣʥʝʥʥʳʭ ʘʚʪʦʨʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʚʝʜʝʥʳ ʥʦʚʳʝ ʠ ʨʘʟʚʠʪʳ ʠʟʚʝʩʪʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ 

ʧʨʘʢʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʚʳʙʦʨʘ ʙʘʟʦʚʳʭ ʚʝʡʚʣʝʪ 

ʬʫʥʢʮʠʡ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʨʝʰʝʥʘ ʥʘʫʯʥʘʷ ʟʘʜʘʯʘ, ʟʘʢʣʶʯʘʶʱʘʷʩʷ ʚ 

ʦʧʨʝʜʝʣʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ ʧʦʠʩʢʝ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʠ 

ʘʣʛʦʨʠʪʤʦʚ ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʳʙʦʨʘ ʙʘʟʦʚʳʭ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʡ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʪʠʧʦʚ ʩʠʛʥʘʣʦʚ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʪʘʢʠʭ ʩʠʛʥʘʣʦʚ ʚʦ ʚʨʝʤʝʥʥʦ-ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ, ʩʦʩʨʝʜʦʪʦʯʠʪʴ ʵʥʝʨʛʠʶ 

ʩʠʛʥʘʣʘ ʚ ʥʝʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʟʥʘʯʠʤʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠ ʧʦʚʳʩʠʪʴ 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. 

1. ʇʨʦʚʝʜʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʩʠʛʥʘʣʦʚ ʠ ʩʧʦʩʦʙʦʚ ʠʭ ʦʙʨʘʙʦʪʢʠ. 

ʆʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʚʝʡʚʣʝʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʥʝʧʝʨʠʦʜʠʯʝʩʢʠʭ, ʰʠʨʦʢʦʧʦʣʦʩʥʳʭ, ʩʣʫʯʘʡʥʳʭ ʩʠʛʥʘʣʦʚ, 

ʙʣʘʛʦʜʘʨʷ ʩʚʦʡʩʪʚʫ ʙʘʟʦʚʳʭ ʬʫʥʢʮʠʡ ʚʝʡʚʣʝʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʟʤʝʥʷʪʴ 

ʨʘʟʨʝʰʝʥʠʝ ʧʦ ʚʨʝʤʝʥʠ ʠ ʧʦ ʯʘʩʪʦʪʝ, ʘ ʪʘʢʞʝ ʜʣʷ ʘʥʘʣʠʟʘ ʠ ʩʠʥʪʝʟʘ 

ʥʝʧʝʨʠʦʜʠʯʝʩʢʠʭ ʰʠʨʦʢʦʧʦʣʦʩʥʳʭ ʩʠʛʥʘʣʦʚ, ʠʟ-ʟʘ ʚʦʟʤʦʞʥʦʩʪʠ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʜʝʢʦʨʝʣʷʮʠʶ ʩʠʛʥʘʣʦʚ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʦ ʚʨʝʤʝʥʥʦʡ ʠ ʯʘʩʪʦʪʥʦʡ 

ʦʙʣʘʩʪʷʭ. 

2. ʇʨʦʚʝʜʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʙʘʟʦʚʳʭ ʤʘʣʦʚʦʣʥʦʚʳʭ 

ʬʫʥʢʮʠʡ. ɺʳʙʨʘʥʳ ʩʝʤʝʡʩʪʚʘ ʤʘʣʦʚʦʣʥʦʚʳʭ ʬʫʥʢʮʠʡ ɼʦʙʝʰʠ, ʩʠʤʤʣʝʪ ʠ 

ʢʦʡʬʣʝʪ, ʢʘʢ ʪʘʢʠʭ, ʢʦʪʦʨʳʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʜʘʣʴʥʝʡʰʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ. 

3. ɺʧʝʨʚʳʝ ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʚʳʙʦʨʘ 

ʙʘʟʦʚʳʭ ʤʘʣʦʚʦʣʥʦʚʳʭ ʬʫʥʢʮʠʡ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʦʜʥʦʤʝʨʥʳʭ ʥʝʧʝʨʠʦʜʠʯʝʩʢʠʭ 

ʩʠʛʥʘʣʦʚ, ʥʘ ʦʩʥʦʚʝ ʘʧʧʘʨʘʪʘ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʨʝʰʠʪʴ 

ʧʨʦʙʣʝʤʫ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʠ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʡ ʤʘʣʦʚʦʣʥʦʚʦʡ ʬʫʥʢʮʠʠ ʠ 

ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʠʛʥʘʣʦʚ ʚ ʤʘʣʦʚʦʣʥʦʚʦʡ ʦʙʣʘʩʪʠ, ʠʭ 

ʘʥʘʣʠʟ ʠ ʦʙʨʘʙʦʪʢʫ. 
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4. ɺʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥʦ ʠ ʦʙʦʩʥʦʚʘʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ 

ʠʥʜʝʢʩʘ ʢʘʯʝʩʪʚʘ ʩʠʛʥʘʣʘ ʢʘʢ ʥʦʚʦʛʦ ʢʨʠʪʝʨʠʷ ʚʳʙʦʨʘ ʙʘʟʦʚʳʭ ʤʘʣʦʚʦʣʥʦʚʳʭ 

ʬʫʥʢʮʠʡ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʚʳʙʦʨ ʙʘʟʦʚʳʭ ʤʘʣʦʚʦʣʥʦʚʳʭ 

ʬʫʥʢʮʠʡ ʥʘ ʦʩʥʦʚʝ ʩʦʚʦʢʫʧʥʦʩʪʠ ʦʮʝʥʦʢ ʢʦʨʨʝʣʠʨʦʚʘʥʥʦʩʪʠ, ʠʟʤʝʥʝʥʠʷ 

ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʩʠʛʥʘʣʘ, ʯʪʦ 

ʧʦʟʚʦʣʠʣʦ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʣʦʚʦʣʥʦʚʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʦʯʠʩʪʢʠ ʩʠʛʥʘʣʦʚ ʦʪ ʰʫʤʘ. 

5. ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥ ʤʝʪʦʜ ʚʳʙʦʨʘ ʙʘʟʦʚʳʭ ʤʘʣʦʚʦʣʥʦʚʳʭ ʬʫʥʢʮʠʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ ʥʘ ʦʩʥʦʚʝ ʜʦʩʪʠʞʝʥʠʷ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ, ʯʪʦ ʜʘʣʦ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʯʠʱʝʥʠʷ ʩʠʛʥʘʣʦʚ ʦʪ ʰʫʤʘ ʟʘ ʩʯʝʪ 

ʫʤʝʥʴʰʝʥʠʷ ʫʨʦʚʥʷ ʰʫʤʘ ʚ ʩʠʛʥʘʣʝ ʚ ʧʨʝʜʝʣʘʭ 4-10 % ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʤʝʪʦʜʦʤ 

ʦʧʪʠʤʠʟʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʦʮʝʥʢʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ. 

6. ʇʦʣʫʯʠʣʠ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʚʳʙʦʨʘ ʦʙʦʙʱʝʥʥʳʭ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʡ ʧʦ ʢʨʠʪʝʨʠʶ ʩʦʦʪʥʦʰʝʥʠʷ ʵʥʝʨʛʠʠ 

ʚʝʡʚʣʝʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠ ʵʥʪʨʦʧʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ ʐʝʥʥʦʥʘ, 

ʢʦʪʦʨʳʡ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʠʟʚʝʩʪʥʳʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʦʪʥʦʰʝʥʠʷ ʥʦʨʤʳ 

ʵʥʝʨʛʠʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʢ ʵʥʪʨʦʧʠʠ ʜʝʪʘʣʴʥʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ; ʧʦ ʢʨʠʪʝʨʠʶ ʦʮʝʥʢʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʟʘʠʤʥʦʡ ʢʦʨʨʝʣʷʮʠʠ, 

ʢʦʪʦʨʳʡ ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʠʩʧʦʣʴʟʫʝʪ ʚʟʘʠʤʥʫʶ ʢʦʨʨʝʣʷʮʠʶ 

ʤʝʞʜʫ ʘʥʘʣʠʟʠʨʫʝʤʳʤ ʩʠʛʥʘʣʦʤ ʠ ʚʝʡʚʣʝʪ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ; ʧʦ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʤʫ ʢʨʠʪʝʨʠʶ, ʢʦʪʦʨʳʡ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʠʟʚʝʩʪʥʳʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʦʪʥʦʰʝʥʠʷ ʚʟʘʠʤʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʢ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʵʥʪʨʦʧʠʠ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʩʠʛʥʘʣʘ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʩʦʩʨʝʜʦʪʦʯʠʪʴ ʵʥʝʨʛʠʶ 

ʩʠʛʥʘʣʘ ʚ ʥʝʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʟʥʘʯʠʤʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʦʙʝʩʧʝʯʠʪʴ 

ʥʝʦʙʭʦʜʠʤʫʶ ʪʦʯʥʦʩʪʴ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʠ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

ʩʠʛʥʘʣʦʚ ʚʦ ʚʨʝʤʝʥʥʦ-ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʤʝʪʦʜʘ ʚʳʙʦʨʘ ʦʙʦʙʱʝʥʥʦʡ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʠ ʥʘ ʦʩʥʦʚʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʢʨʠʪʝʨʠʷ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʩʠʛʥʘʣʘ ʥʘ 15-20% ʧʦ 
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ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʥʘ ʦʩʥʦʚʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʠ 

ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʢʨʠʪʝʨʠʝʚ. 

7. ʈʘʟʨʘʙʦʪʘʥʦ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʚʳʙʦʨʘ ʦʙʦʙʱʝʥʥʳʭ 

ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʡ, ʧʦʟʚʦʣʷʶʱʝʝ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʳʙʦʨʘ ʤʘʪʝʨʠʥʩʢʠʭ 

ʬʫʥʢʮʠʡ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʝʛʦ ʚ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚʘʭ 

ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʚ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʠʩʪʝʤʘʭ. 

ʉʇʀʉʆʂ ʉʆʂʈɸʑɽʅʀʁ ʀ ʋʉʃʆɺʅʓʍ ʆɹʆɿʅɸʏɽʅʀʁ 

ʉʛ - ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʜʚʫʭ ʜʠʩʢʨʝʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

(ʘʥʛʣ. Correlation coefficient); 

EER - ʦʪʥʦʰʝʥʠʝ ʵʥʝʨʛʠʠ ʚʝʡʚʣʝʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢ ʵʥʪʨʦʧʠʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ ʐʝʥʥʦʥʘ (ʘʥʛʣ. Energy to Shannon Entropy ratio); 

IER - ʦʪʥʦʰʝʥʠʝ ʚʟʘʠʤʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʢ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʵʥʪʨʦʧʠʠ 

ʩʠʛʥʘʣʘ (ʘʥʛʣ. Mutual information to relative entropy ratio); 

MSE - ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ (ʘʥʛʣ. Mean Squeare Error); 

SNR - ʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʰʫʤ (ʘʥʛʣ. Signal-to-noise ratio); 

UQI - ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʠʥʜʝʢʩ ʢʘʯʝʩʪʚʘ (ʘʥʛʣ. Universal Quality Index); 

ɻʋɸʇ ï ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʛʦ 

ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʷ; 

ɼɸʇ ï ʜʠʩʢʨʝʪʥʦʝ ʘʪʦʤʘʨʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ; 

ɼɸʉ ï ʜʠʩʢʨʝʪʥʦʝ ʘʪʦʤʘʨʥʦʝ ʩʞʘʪʠʝ; 

ɼɺʇ - ʜʠʩʢʨʝʪʥʦʝ ʚʝʡʚʣʝʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ; 

ɼʏɺʈ - ʜʠʩʢʨʝʪʥʳʝ ʚʦ ʚʨʝʤʝʥʠ ʚʝʡʚʣʝʪ ʨʷʜʳ; 

ɼʇʌ - ʜʠʩʢʨʝʪʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ; 

ʅʄ - ʥʝʯʝʪʢʦʝ ʤʥʦʞʝʩʪʚʦ; 

ʆɼʄʇ - ʦʙʨʘʪʥʦʝ ʜʠʩʢʨʝʪʥʦʝ ʚʝʡʚʣʝʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ; 

ʇʈɺ ï ʧʝʨʩʦʥʘʣʴʥʳʡ ʨʘʜʠʦʚʳʟʦʚ 

ʌɺʏ - ʬʠʣʴʪʨ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪ; 

ʌʅʏ - ʬʠʣʴʪʨ ʥʠʟʢʠʭ ʯʘʩʪʦʪ. 
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ʇʈʀʃʆɾɽʅʀɽ 1. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʩʝʤʝʡʩʪʚʘ ʚʝʡʚʣʝʪ 

ʬʫʥʢʮʠʡ, ʦʩʥʦʚʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʴ, ʥʘʣʠʯʠʝ 

ʤʘʩʰʪʘʙʠʨʫʶʱʝʡ ʬʫʥʢʮʠʠ, ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠ ʚʦʟʤʦʞʥʦʩʪʴ 

ʜʠʩʢʨʝʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʜʣʷ ʘʥʘʣʠʟʘ ʠ ʦʙʨʘʙʦʪʢʠ ʜʠʩʢʨʝʪʥʳʭ 

ʥʝʧʝʨʠʦʜʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʠ ʮʠʬʨʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ. 

ʇ.1.1. ɺʝʡʚʣʝʪ  ʍʘʘʨʘ 

ɺʝʡʚʣʝʪ ʍʘʘʨʘ ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʝʡʰʝʡ ʠʟ ʠʟʚʝʩʪʥʳʭ ʤʘʣʦʚʦʣʥʦʚʳʭ 

ʬʫʥʢʮʠʡ. ɸʥʘʣʠʪʠʯʝʩʢʠ ʦʥʘ ʟʘʧʠʩʳʚʘʝʪʩʷ ʪʘʢ: 

()

1,      0 0.5

1,   0.5 1

0,     0 1

t

t t

t

¢ <ë
î

y = - ¢ <ì
î > ²í

     (ʇ.1) 

ʘ ʝʝ ʚʠʜ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. ʇ.1.  

 
ʘ)     ʙ)     ʚ) 

ʈʠʩʫʥʦʢ ʇ.1 ï ʄʘʩʰʪʘʙʠʨʫʶʱʘʷ ʬʫʥʢʮʠʷ ʘ), ʚʝʡʚʣʝʪ ʙ) ʠ ʩʧʝʢʪʨ ʍʘʘʨʘ ʚ) 

 

ɺʝʡʚʣʝʪ ʍʘʘʨʘ ʠʤʝʝʪ ʩʚʦʡʩʪʚʦ ʣʦʢʘʣʴʥʦʩʪʠ, ʧʦʩʢʦʣʴʢʫ ʝʝ ʦʙʣʘʩʪʴ 

ʦʧʨʝʜʝʣʝʥʠʷ ʦʛʨʘʥʠʯʝʥʘ ʠ ʩʦʩʪʘʚʣʷʝʪ 2 1 1M- =. ɺʩʝ ʚʳʩʰʠʝ ʤʦʤʝʥʪʳ 

ʤʘʣʦʚʦʣʥʦʚʦʡ ʬʫʥʢʮʠʠ ʍʘʘʨʘ ʦʪʣʠʯʥʳ ʦʪ ʥʫʣʷ ʠ ʪʦʣʴʢʦ ʥʫʣʝʚʦʡ ʤʦʤʝʥʪ, ʘ 

ʠʤʝʥʥʦ ʠʥʪʝʛʨʘʣ ʦʪ ʩʘʤʦʡ ʬʫʥʢʮʠʠ, ʧʨʠʦʙʨʝʪʘʝʪ ʥʫʣʝʚʦʝ ʟʥʘʯʝʥʠʝ. 

ʄʘʩʰʪʘʙʠʨʫʶʱʘʷ ʬʫʥʢʮʠʷ ʜʣʷ ʤʘʣʦʚʦʣʥʦʚʦʡ ʬʫʥʢʮʠʠ ʍʘʘʨʘ ʠʤʝʝʪ ʚʠʜ 

()
1,   0 1;

0,  0 1.

t
t

t

¢ ¢ë
j =ì

> >í
      (ʇ.2) 



142 
 

 
 

ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ (1.7) ʜʣʷ ʙʘʟʦʚʦʡ ʬʫʥʢʮʠʠ ʍʘʘʨʘ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ 

[52, 67], ʨʠʩ. ʇ1 ʚ): 

()
4

sin
4

j
wå õ

y w =æ ö
wç ÷

    (ʇ.3) 

ɺʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ ʬʫʥʢʮʠʷ ʍʘʘʨʘ ʷʚʣʷʝʪʩʷ ʚʝʡʚʣʝʪʦʤ ʩ ʢʦʤʧʘʢʪʥʳʤ 

ʥʦʩʠʪʝʣʝʤ ʥʘ ʧʨʦʤʝʞʫʪʢʝ [0,1]. ʆʩʥʦʚʥʳʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ ʤʘʣʦʚʦʣʥʦʚʦʡ 

ʬʫʥʢʮʠʠ ʷʚʣʷʶʪʩʷ ʥʝʩʠʤʤʝʪʨʠʯʥʦʩʪʴ ʝʝ ʬʦʨʤʳ, ʥʘʣʠʯʠʝ ʨʝʟʢʠʭ ʧʝʨʝʧʘʜʦʚ ʥʘ 

ʛʨʘʥʠʮʘʭ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ ʠ ʨʘʟʨʳʚʦʚ ʬʫʥʢʮʠʠ. ɺʩʣʝʜʩʪʚʠʝ ʯʝʛʦ, ʚʝʡʚʣʝʪ 

ʍʘʘʨʘ ʧʣʦʭʦ ʣʦʢʘʣʠʟʦʚʘʥ ʚ ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ ʠ ʥʝʵʬʬʝʢʪʠʚʝʥ ʧʨʠ 

ʨʘʟʣʦʞʝʥʠʠ ʩʠʛʥʘʣʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʛʣʘʜʢʠʭ ʬʫʥʢʮʠʡ. 

ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʚʝʡʚʣʝʪʦʚ ʍʘʘʨʘ ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʦʪʘ ʧʨʠʤʝʥʝʥʠʷ, ʩʢʦʨʦʩʪʴ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʘʤʷʪʠ. 

ʇ.1.2. ɹʘʟʦʚʳʝ ʚʝʡʚʣʝʪʳ ɼʦʙʝʰʠ 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʝʡʚʣʝʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʦʠʩʢ ʤʘʩʰʪʘʙʠʨʫʶʱʠʭ ʠ ʤʘʣʦʚʦʣʥʦʚʳʭ ʬʫʥʢʮʠʡ ()tj  ʠ ()ty  

ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʢʦʤʧʘʢʪʥʳʤ ʥʦʩʠʪʝʣʝʤ ʠ M ʥʫʣʝʚʳʤʠ ʤʦʤʝʥʪʘʤʠ. 

ʀʤʝʥʥʦ ʚʝʡʚʣʝʪʳ ɼʦʙʝʰʠ ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʪʴ ʚʳʧʦʣʥʝʥʠʝ ʪʘʢʠʭ ʪʨʝʙʦʚʘʥʠʡ. 

ɺ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʙʝʩʧʝʯʝʥʠʷ M ʥʫʣʝʚʳʭ ʤʦʤʝʥʪʦʚ ʚʝʡʚʣʝʪʘ 

()ty  ʬʠʣʴʪʨʫʶʱʘʷ ʬʫʥʢʮʠʷ ()0H w  ʜʦʣʞʥʘ ʠʤʝʪʴ ʩʣʝʜʫʶʱʠʡ ʚʠʜ [60] 

() ()
[ ]

0

1 exp

2

M

j
H S

å õ+ - w
w = wæ ö

ç ÷
    (ʇ.4) 

ʛʜʝ ()S w  ï ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʡ ʤʥʦʛʦʯʣʝʥ, 0,..., 1k M= -. ʂʦʵʬʬʠʮʠʝʥʪʳ 

ʬʠʣʴʪʨʘ {}nh  ʤʘʩʰʪʘʙʠʨʫʶʱʝʡ ʬʫʥʢʮʠʠ ()tj  ʜʦʣʞʥʳ ʫʜʦʚʣʝʪʚʦʨʷʪʴ 

ʩʣʝʜʫʶʱʠʤ ʫʩʣʦʚʠʷʤ [60]: 

( )2; 1 0
n k

n n

n n

h n h= - =ä ä .    (ʇ.5) 

ʇʦʩʢʦʣʴʢʫ ʤʘʩʰʪʘʙʠʨʫʶʱʘʷ ʬʫʥʢʮʠʷ ʩʚʷʟʘʥʘ ʩ ʬʠʣʴʪʨʫʶʱʝʡ 

ʬʫʥʢʮʠʝʡ ()0H w  ʩʣʝʜʫʶʱʠʤ ʚʳʨʘʞʝʥʠʝʤ: 
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() ()0 0 0 0
Ĕ ...

2 4 8
H H H H

w w wå õ å õ å õ
j w = wæ ö æ ö æ ö

ç ÷ ç ÷ ç ÷
   (ʇ.6) 

ʪʦ ʜʣʷ ʬʠʣʴʪʨʫʶʱʝʡ ʬʫʥʢʮʠʠ ʜʦʣʞʥʦ ʚʳʧʦʣʥʷʪʴʩʷ ʫʩʣʦʚʠʝ 

() ( )
2 2

0 0 1H Hw + w+p =.    (ʇ.7) 

ʀʟʥʘʯʘʣʴʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʠʣʴʪʨʫʶʱʘʷ ʬʫʥʢʮʠʷ ()0H w  ʩʦʛʣʘʩʥʦ 

ʚʳʨʘʞʝʥʠʶ (ʇ.4), ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʩʣʦʚʠʶ (ʇ.7). ʉ ʵʪʦʡ ʮʝʣʴʶ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʫʥʢʮʠʷ ()0M w : 

() ()
2

0

1 cos sin

4

M
j

H S
+ w- wå õ

w = wæ ö
ç ÷

,   (ʇ.8) 

() () 2

0 cos
2

L

M T
wå õ

w = wæ ö
ç ÷

,    (ʇ.9) 

ʛʜʝ () ()
2

0 0M Hw = w, () ()
2

T Sw = w. 

ʌʠʣʴʪʨʫʶʱʘʷ ʬʫʥʢʮʠʷ ()0H w  ʩʦʛʣʘʩʥʦ ʚʳʨʘʞʝʥʠʶ (ʇ.4) 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʩʣʦʚʠʶ (ʇ.7), ʝʩʣʠ ʬʫʥʢʮʠʷ ()T w  ʷʚʣʷʝʪʩʷ 

ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʤ ʧʦʣʠʥʦʤʦʤ ʚʠʜʘ 
2sin

2
P
å w õå õ

æ öæ ö
ç ÷ç ÷

. ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ 

ʬʠʣʴʪʨʫʶʱʝʡ ʬʫʥʢʮʠʠ ʥʫʞʥʦ ʥʘʡʪʠ ʢʚʘʜʨʘʪʥʳʡ ʢʦʨʝʥʴ ʠʟ ()0M w . 

ʊʘʢ, ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʝʡʚʣʝʪʘ ɼʦʙʝʰʠ db2, ʢʦʣʠʯʝʩʪʚʦ ʥʫʣʝʚʳʭ 

ʤʦʤʝʥʪʦʚ M ʙʫʜʝʪ ʨʘʚʥʦ 2, ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʡ ʧʦʣʠʥʦʤ ()S w  ʙʫʜʝʪ ʠʤʝʪʴ 

ʧʝʨʚʫʶ ʩʪʝʧʝʥʴ, ʘ ʬʠʣʴʪʨʫʶʱʘʷ ʬʫʥʢʮʠʷ ʙʫʜʝʪ ʠʤʝʪʴ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

() ()
[ ]

2

0

1 exp
.

2

j
H S

å õ+ - w
w = wæ ö

ç ÷
   (ʇ.10) 

ʇʫʪʝʤ ʟʘʤʝʥʳ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʥʘ ʢʦʤʧʣʝʢʩʥʫʶ 

ʧʝʨʝʤʝʥʥʫʶ [ ]expz j= - w ʚʳʯʠʩʣʷʝʪʩʷ ()0M w : 



144 
 

 
 

()
( ) ( )

( ) ( )( ) ( )( )

2 2

2 2

0

4

3

1 1 / 2 1 1 / 2
1 sin sin 1 2

2 2 2 2

1
1 2 3 2 3 .                                         (ʇ.11)

8

z z z z
M P

z z z
z

å õå õ+ + - +w wå õ å õ
æ öæ öw = - = + =æ ö æ öæ öæ öç ÷ ç ÷ç ÷ç ÷

=- + - + - -

   

ʆʢʦʥʯʘʪʝʣʴʥʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʬʠʣʴʪʨʫʶʱʝʡ ʬʫʥʢʮʠʠ ʟʘʧʠʰʝʪʩʷ ʢʘʢ 

() [ ]( ) ( ) [ ]( )
2

0

1
1 exp 1 3 1 3 exp

8
H j jw = + - w + + - - w   (ʇ.12) 

ʠ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʬʠʣʴʪʨʘ ʩʦʛʣʘʩʥʦ ʫʩʣʦʚʠʷʤ (ʇ.5): 

0 1 2 3

1 3 3 3 3 3 1 3
, ,  ,  

4 2 4 2 4 2 4 2
h h h h

+ + - -
= = = =    (ʇ.13) 

ɻʨʘʬʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʤʘʩʰʪʘʙʠʨʫʶʱʝʡ ʠ ʚʝʡʚʣʝʪʘ ɼʦʙʝʰʠ db2 

ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩ. ʇ.2. 

 

ʈʠʩʫʥʦʢ ʇ.2 ï ʄʘʩʰʪʘʙʠʨʫʶʱʘʷ ʬʫʥʢʮʠʷ ʠ ʚʝʡʚʣʝʪ ɼʦʙʝʰʠ db2 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʜʣʷ ʙʘʟʦʚʳʭ ʚʝʡʚʣʝʪʦʚ ɼʦʙʝʰʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʧʦʨʷʜʢʦʚ, 

ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʘʥʘʣʦʛʠʯʥʦ. 

ʀʪʘʢ, ʩʝʤʝʡʩʪʚʦ ʚʝʡʚʣʝʪʦʚ ɼʦʙʝʰʠ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ: 

- ʤʠʥʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʥʦʩʠʪʝʣʷ ()tj  ʠ ()ty  ʩʦʩʪʘʚʣʷʝʪ 2 1M-, ʛʜʝ 

M ï ʢʦʣʠʯʝʩʪʚʦ ʥʫʣʝʚʳʭ ʤʦʤʝʥʪʦʚ ʚʝʡʚʣʝʪʘ ()ty ; ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʤʘʢʩʠʤʘʣʴʥʳʡ ʵʬʬʝʢʪ ʧʨʠ ʩʞʘʪʠʠ ʩʠʛʥʘʣʦʚ; 

- ʛʣʘʜʢʦʩʪʴ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʡ ʚʦʟʨʘʩʪʘʝʪ ʩ ʯʠʩʣʦʤ ʥʫʣʝʚʳʭ 

ʤʦʤʝʥʪʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʙʦʣʴʰʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ 

ʦʙʨʘʪʥʦʛʦ ʚʝʡʚʣʝʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ; 
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ɺ ʧʨʦʮʝʩʩʝ ʚʝʡʚʣʝʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠʤʝʥʝʥʠʝ ʚʝʡʚʣʝʪʦʚ ɼʦʙʝʰʠ 

ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʩʦʭʨʘʥʷʪʴ ʵʥʝʨʛʠʶ ʩʠʛʥʘʣʦʚ ʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʪʴ ʵʪʫ 

ʵʥʝʨʛʠʶ ʚ ʙʦʣʝʝ ʢʦʤʧʘʢʪʥʫʶ ʬʦʨʤʫ. 

ʅʝʜʦʩʪʘʪʢʦʤ ʚʝʡʚʣʝʪʦʚ ɼʦʙʝʰʠ ʷʚʣʷʝʪʩʷ ʘʩʠʤʤʝʪʨʠʯʥʦʩʪʴ (ʚ 

ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʤʘʣʳʭ ʟʥʘʯʝʥʠʡ M). 

ʇ.1.3. ʉʝʤʝʡʩʪʚʦ ʚʝʡʚʣʝʪʦʚ ʩʠʤʤʣʝʪʳ 

ɺ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʤʝʥʝʥʠʷʭ ʚʘʞʥʳʤ ʩʚʦʡʩʪʚʦʤ, ʢʦʪʦʨʦʝ ʜʦʣʞʥʳ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʠ ʷʚʣʷʝʪʩʷ ʩʚʦʡʩʪʚʦ ʩʠʤʤʝʪʨʠʠ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʬʠʣʴʪʨʘ ʷʚʣʷʶʪʩʷ ʩʠʤʤʝʪʨʠʯʥʳʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʢʦʪʦʨʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ, ʘ ʬʠʣʴʪʨʫʶʱʘʷ ʬʫʥʢʮʠʷ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

() [ ]0

0 0

1
exp 2 cos exp

2 22

M M

n n

n n

M
H h jn h n jM

= =

wå õ è ø
w = - w = - w -æ ö é ù

ç ÷ ê ú
ä ä . (ʇ.14) 

ɽʩʣʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʬʠʣʴʪʨʘ ʷʚʣʷʶʪʩʷ ʘʩʠʤʤʝʪʨʠʯʥʳʤʠ, ʪʦ ʬʠʣʴʪʨʫʶʱʘʷ 

ʬʫʥʢʮʠʷ ʙʫʜʝʪ ʪʘʢʦʡ: 

() [ ]0

0 0

1
exp 2 cos exp

2 22

M M

n n

n n

M
H h jn j h n jM

= =

wå õ è ø
w = - w = - w -æ ö é ù

ç ÷ ê ú
ä ä .  (ʇ.15) 

ʆʙʱʠʤ ʜʣʷ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʣʫʯʘʝʚ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʣʠʥʝʡʥʦʡ ʬʘʟʳ 

() a bj w = w+ ʜʣʷ ʬʠʣʴʪʨʫʶʱʝʡ ʬʫʥʢʮʠʠ ()0H w. ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʨʘʥʝʝ 

ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʠ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʠʤʤʝʪʨʠʯʥʳʤʠ ʠ ʠʤʝʶʪ 

ʢʦʤʧʘʢʪʥʳʡ ʥʦʩʠʪʝʣʴ ï ʵʪʦ ʚʝʡʚʣʝʪʳ ʍʘʘʨʘ. ɼʣʷ ʩʠʤʤʝʪʨʠʯʥʳʭ ʚʝʡʚʣʝʪ 

ʬʫʥʢʮʠʡ ʬʘʟʘ ʯʘʩʪʦʪʥʦʡ ʬʠʣʴʪʨʫʶʱʝʡ ʬʫʥʢʮʠʠ ʨʘʚʥʘ ʥʫʣʶ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʧʦʯʪʠ ʩʠʤʤʝʪʨʠʯʥʳʭ ʩʚʦʡʩʪʚ ʥʫʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʤʠʥʠʤʘʣʴʥʫʶ ʬʘʟʫ, ʯʪʦ 

ʥʘʢʣʘʜʳʚʘʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʫʩʣʦʚʠʷ ʥʘ ʚʳʙʦʨ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʣʠʥʦʤʘ 

()S w . ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʢ ʩʝʤʝʡʩʪʚʫ ʚʝʡʚʣʝʪʦʚ ï ʩʠʤʤʣʝʪʦʚ, 

ʦʩʥʦʚʦʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʠ, 

ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʤʠʥʠʤʘʣʴʥʫʶ ʘʩʠʤʤʝʪʨʠʶ. 

ɼʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʘʞʥʦ ʪʦ, ʯʪʦ ʬʠʣʴʪʨʫʶʱʘʷ ʬʫʥʢʮʠʷ 

()0H w  ʷʚʣʷʝʪʩʷ ʧʨʦʠʟʚʝʜʝʥʠʝʤ ʤʥʦʞʠʪʝʣʝʡ ʚʠʜʘ ( )( )i iz z z z- -  ʠʣʠ ( )iz r- , 
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ʛʜʝ z, 
iz  ʷʚʣʷʶʪʩʷ ʢʦʤʧʣʝʢʩʥʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ, 

ir  ï ʜʝʡʩʪʚʠʪʝʣʴʥʳʤʠ, ʘ 

ʧʦʪʦʤʫ ʥʘ ʨʝʟʫʣʴʪʠʨʫʶʱʫʶ ʬʘʟʫ ʚʣʠʷʝʪ ʢʘʞʜʳʡ ʠʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ 

ʤʥʦʞʠʪʝʣʝʡ. 

ɿʘʧʠʩʘʚ ʢʦʤʧʣʝʢʩʥʳʝ ʧʝʨʝʤʝʥʥʳʝ ,  iz z  ʚ ʚʠʜʝ 

[ ] [ ]exp , expi i iz j z R ja= - w = , ʧʦʣʫʯʠʤ ʟʥʘʯʝʥʠʝ ʧʨʦʠʟʚʝʜʝʥʠʷ: 

( )( ) [ ] [ ]( ) [ ] [ ]( )

[ ] [ ] [ ]( )2

exp exp exp exp

exp exp 2 cos exp .

i i i i i i

i i i

z z z z j R ja j R ja

j j R a R j

- - = - w - - w - - =

= w w - + - w
 

ʊʦʛʜʘ ʬʘʟʘ ʬʠʣʴʪʨʫʶʱʝʡ ʬʫʥʢʮʠʠ ()0H w  ʙʫʜʝʪ ʠʤʝʪʴ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

()
( )

( )

2

2

1 sin
arctg

1 cos 2 cos

i

i

i i i

R

R R a

- w
j w =

+ w-
 .    (ʇ.16) 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʜʣʷ ʤʥʦʞʠʪʝʣʷ [ ]exp exp exp
2 2

i iz r j r j j
å w w õè ø è ø

- = - wæ öé ù é ù
ê ú ê úç ÷

  ʬʘʟʘ 

ʨʘʚʥʘ 

()
1

arctg tg .
1 2

i
i

i

r

r

å õ+ w
j w = æ ö

-ç ÷
    (ʇ.17) 

ʏʪʦʙʳ ʧʦʩʪʨʦʠʪʴ ʤʘʩʰʪʘʙʠʨʫʶʱʫʶ ʠ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʠ ʩʝʤʝʡʩʪʚʘ 

ʩʠʤʤʣʝʪʦʚ ʥʫʞʥʦ ʧʝʨʝʙʨʘʪʴ ʚʩʝ ʧʘʨʳ ʢʦʤʧʣʝʢʩʥʦ ʩʦʧʨʷʞʝʥʥʳʭ ʢʦʨʥʝʡ ʠ 

ʧʦʩʪʨʦʠʪʴ ʯʘʩʪʦʪʥʫʶ ʬʠʣʴʪʨʫʶʱʫʶ ʬʫʥʢʮʠʶ ()0H w  ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʬʘʟʦʡ. 

 
ʈʠʩʫʥʦʢ ʇ.3 ï ɻʨʘʬʠʢʠ ʤʘʩʰʪʘʙʠʨʫʶʱʝʡ ʠ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʡ sym8 

 

ʇʨʠʤʝʨ ʤʘʩʰʪʘʙʠʨʫʶʱʝʡ ʠ ʤʘʣʦʚʦʣʥʦʚʦʡ ʬʫʥʢʮʠʡ ʩʝʤʝʡʩʪʚʘ 

ʩʠʤʤʣʝʪʦʚ sym8 ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. ʇ.3. 
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ɺ ʦʙʱʝʤ, ʩʠʤʤʣʝʪʳ ï ɻ ʪʦ ʦʨʪʦʛʦʥʘʣʴʥʳʝ ʠ ʧʦʯʪʠ ʩʠʤʤʝʪʨʠʯʥʳʝ ʚʝʡʚʣʝʪ 

ʬʫʥʢʮʠʠ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʀ. ɼʦʙʝʰʠ, ʢʘʢ ʤʦʜʠʬʠʢʘʮʠʠ ʚʝʡʚʣʝʪ 

ʩʝʤʝʡʩʪʚʘ ʬʫʥʢʮʠʡ ɼʦʙʝʰʠ. ʉʚʦʡʩʪʚʘ ʜʚʫʭ ʚʝʡʚʣʝʪ ʩʝʤʝʡʩʪʚ ʧʦʭʦʞʠ, ʧʨʠʯʝʤ 

ʩʚʦʡʩʪʚʦ ʩʠʤʤʝʪʨʠʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʠʥʠʤʘʣʴʥʳʝ ʬʘʟʦʚʳʝ ʠʩʢʘʞʝʥʠʷ. ɺʝʡʚʣʝʪ 

ʬʫʥʢʮʠʠ ʩʠʤʤʣʝʪʳ ʩʦʚʧʘʜʘʶʪ ʩ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʷʤʠ ɼʦʙʝʰʠ ʜʦ 4 ʧʦʨʷʜʢʘ. 

ʇ.1.4. ɺʝʡʚʣʝʪʳ ʂʦʡʬʤʘʥʘ (ʢʦʡʬʣʝʪʳ) 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʥʫʣʝʚʳʝ ʤʦʤʝʥʪʳ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʠ ()ty  ʜʣʷ ʩʠʛʥʘʣʘ 

ʛʣʘʜʢʦʡ ʬʦʨʤʳ ʫʤʝʥʴʰʘʶʪ ʚʝʣʠʯʠʥʫ ʚʝʡʚʣʝʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ( ),jk jkd s= y ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʟʥʘʯʝʥʠʷ  j [60]. ʆʜʥʘʢʦ ʵʪʦ ʥʝ ʢʘʩʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

( ),jk jka s= j . ʇʫʩʪʴ ʥʦʩʠʪʝʣʴ ʤʘʩʰʪʘʙʠʨʫʶʱʝʡ ʬʫʥʢʮʠʠ ()tj  ʥʘʭʦʜʠʪʩʷ ʚ 

ʦʢʨʝʩʪʥʦʩʪʠ ʪʦʯʢʠ 
0t . ʊʦʛʜʘ ʥʦʩʠʪʝʣʴ ʩʜʚʠʥʫʪʦʡ ʤʘʩʰʪʘʙʠʨʫʶʱʝʡ ʬʫʥʢʮʠʠ 

() ( )2 2j j

jk t t kj = -, ʙʫʜʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʪʦʯʢʠ 
2

jk j

k
t = . ʊʦʛʜʘ ʜʣʷ 

ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʡ J ʠ ʛʣʘʜʢʦʛʦ ʩʠʛʥʘʣʘ ()s t  ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ 

( )
1

,
22

Jk Jk JJ

k
a s s

å õ
= j = æ ö

ç ÷
.    (ʇ.18) 

ʇʦʩʣʝʜʥʝʝ ʚʳʨʘʞʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʚʝʡʚʣʝʪ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚ 

ʫʤʝʥʴʰʝʥʥʦʤ ʤʘʩʰʪʘʙʝ. ʊʦʛʜʘ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʥʫʣʝʚʳʝ ʤʦʤʝʥʪʳ ʬʫʥʢʮʠʡ j 

ʠ ɣ. 

() () ()1; 0,  1,..., 1; 0, 1,..., 1k kt dt t t dt k M t t dt k M

¤ ¤ ¤

-¤ -¤ -¤

j = j = = - y = = -ñ ñ ñ  (ʇ.19) 

ʌʫʥʢʮʠʠ ()tj  ʠ ()ty  ʩ ʢʦʤʧʘʢʪʥʳʤʠ ʥʦʩʠʪʝʣʷʤʠ, ʢʦʪʦʨʳʝ 

ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʫʩʣʦʚʠʷ (ʇ.19) ʥʘʟʳʚʘʶʪʩʷ ʢʦʡʬʣʝʪʘʤʠ. ɺ ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ 

ʫʩʣʦʚʠʷ (ʇ.19) ʙʫʜʫʪ ʠʤʝʪʴ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

() ()() ()()Ĕ ĔĔ Ĕ Ĕ0 =1; 0 0,  1,..., 1; 0 =0,  1,..., 1
k k

k I k Ij j = = - y = -   (ʇ.20) 

ʏʠʩʣʦ ʄ ʥʘʟʳʚʘʝʪʩʷ ʧʦʨʷʜʢʦʤ ʢʦʡʬʣʝʪʘ.  
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ʏʘʩʪʦʪʥʘʷ ʬʠʣʴʪʨʫʶʱʘʷ ʬʫʥʢʮʠʷ ()0H w  ʜʣʷ ʢʦʡʬʣʝʪʦʚ ʷʚʣʷʝʪʩʷ ʪʘʢʦʡ 

ʞʝ, ʢʘʢ ʠ ʜʣʷ ʚʝʡʚʣʝʪʦʚ ɼʦʙʝʰʠ (ʇ.10). ʂʘʢ ʙʳʣʦ ʫʢʘʟʘʥʦ ʨʘʥʝʝ, ʜʣʷ 

ʬʠʣʴʪʨʫʶʱʝʡ ʬʫʥʢʮʠʠ ()0H w  ʪʘʢʞʝ ʜʦʣʞʥʦ ʚʳʧʦʣʥʷʪʴʩʷ ʫʩʣʦʚʠʝ (ʇ.13). 

ʇʫʩʪʴ, ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʡ ʢʦʡʬʣʝʪʦʚ ʧʦʨʷʜʦʢ ʙʫʜʝʪ 

ʯʝʪʥʳʤ, ʘ ʠʤʝʥʥʦ 2M N= . ʊʦʛʜʘ, ʫʯʠʪʳʚʘʷ, ʯʪʦ 

[ ]
[ ]

[ ]( ) [ ]

2

2

2
2

1 exp
cos exp ,

2 2

1 exp 2 sin exp ;
2

N

N

N
N

j
j N

j j j N

å õ+ - w wå õ
= - wæ ö æ ö

ç ÷ç ÷

å w õå õ
- - w = - wæ öæ ö

ç ÷ç ÷

  (ʇ.21) 

ʧʦʣʫʯʠʤ 

() ()2 2

1 2cos 1 sin
2 2

N NP P
w wå õ å õ

w = + wæ ö æ ö
ç ÷ ç ÷

,   (ʇ.22) 

ʛʜʝ ()1P w , ()2P w  ï ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʝ ʧʦʣʠʥʦʤʳ. 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʫʩʣʦʚʠʷ (ʇ.21) ʥʫʞʥʦ ʥʘʡʪʠ ʧʦʣʠʥʦʤ 

() ()
1

2 2

1 1

0

sin sin
2 2

N
i i N

N i

i

P C U
-

- +

=

w wå õ å õ
w = + wæ ö æ ö

ç ÷ ç ÷
ä ,  (ʇ.23) 

ʛʜʝ ()U w  ï ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʡ ʧʦʣʠʥʦʤ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʪʦʨʦʛʦ ʧʦʜʙʠʨʘʶʪ, 

ʧʦʢʘ ʥʝ ʚʳʧʦʣʥʠʪʩʷ ʫʩʣʦʚʠʝ (ʇ.21). ʅʘʡʜʝʥʥʳʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʦʧʨʝʜʝʣʷʶʪ ʤʘʩʰʪʘʙʠʨʫʶʱʫʶ ʬʫʥʢʮʠʶ ʠ ʚʝʡʚʣʝʪ ʢʦʡʬʣʝʪʦʚ coif 2. ʅʘ ʨʠʩ. 

ʇ.4 ʠʟʦʙʨʘʞʝʥʳ ʢʦʡʬʣʝʪʳ 2-ʛʦ ʧʦʨʷʜʢʘ. 

 
ʈʠʩʫʥʦʢ ʇ.4. ï ʄʘʩʰʪʘʙʠʨʫʶʱʘʷ ʬʫʥʢʮʠʷ ʠ ʚʝʡʚʣʝʪ coif 2 
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ɺʝʡʚʣʝʪ ʂʦʡʬʣʝʪ ʷʚʣʷʶʪʩʷ ʩʝʤʝʡʩʪʚʦʤ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ: ʢʦʣʠʯʝʩʪʚʦ ʥʫʣʝʚʳʭ 

ʤʦʤʝʥʪʦʚ ʚʝʡʚʣʝʪʘ ʢʦʡʬʣʝʪ ʩʦʩʪʘʚʣʷʝʪ 2M, ʘ ʤʘʩʰʪʘʙʠʨʫʶʱʠʭ ʬʫʥʢʮʠʡ 

2 1M-; ʤʠʥʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʥʦʩʠʪʝʣʷ ()tj  ʠ ()ty ʩʦʩʪʘʚʣʷʝʪ 3 1M- ; 

ʊʘʙʣʠʮʘ ʇ.1. ʆʩʥʦʚʥʳʝ ʩʝʤʝʡʩʪʚʘ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʡ ʠ ʠʭ ʩʚʦʡʩʪʚʘ 

ʉʚʦʡʩʪʚʘ ʉʝʤʝʡʩʪʚʘ ʙʘʟʦʚʳʭ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʡ 

ɻ
ʘ
ʫ
ʩ
ʩ
ʘ

 

ʄ
ʅ
ɸ
ʊ 

ʄ
ʦ
ʨ
ʣ
ʝ

 

ʄ
ʝ
ʡ
ʝ
ʨ
ʘ

 

ʄ
ʝ
ʡ
ʝ
ʨ
ʘ
 

ʜ
ʠ
ʩ
ʢ
ʨ
.

 
ʍ
ʘ
ʘ
ʨ
ʘ

 

ɼ
ʦ
ʙ
ʝ
ʰ
ʠ

 

ʉ
ʠ
ʤ
ʤ
ʣ
ʝ
ʪ
ʳ

 

ʂ
ʦ
ʡ
ʬ
ʣ
ʝ
ʪ
ʳ

 

ɹ
ʠ
ʦ
ʨ
ʪ
ʦ
ʛ
ʦ
ʥ
ʘ
ʣ

ʴ
ʥ
ʳ
ʝ

 

ɹʝʩʢʦʥʝʯʥʘʷ 

ʨʝʛʫʣʷʨʥʦʩʪʴ 

+ + + +       

ʇʨʦʠʟʚʦʣʴʥʘʷ 

ʨʝʛʫʣʷʨʥʦʩʪʴ 

      + + + + 

ʆʨʪʦʛʦʥʘʣʴʥʦʩʪʴ 

(ʙʠʦʨʪʦʛʦʥʘʣʴʥʦʩʪʴ) 

ʩ ʢʦʤʧʘʢʪʥʳʤ 

ʥʦʩʠʪʝʣʝʤ 

     + + + + + 

ʉʠʤʤʝʪʨʠʯʥʦʩʪʴ + + + + + +    + 

ɸʩʠʤʤʝʪʨʠʯʥʦʩʪʴ         +  

ʇʦʯʪʠ 

ʩʠʤʤʝʪʨʠʯʥʦʩʪʴ 

       +   

ʇʨʦʠʟʚʦʣʴʥʦʝ ʯʠʩʣʦ 

ʥʫʣʝʚʳʭ ʤʦʤʝʥʪʦʚ 

      + + + + 

ʉʫʱʝʩʪʚʦʚʘʥʠʝ 

ʬʫʥʢʮʠʠ ű 

   +  + + + + + 

ʅʫʣʝʚʳʝ ʤʦʤʝʥʪʳ 

ʜʣʷ ű 

        +  

ʆʨʪʦʛʦʥʘʣʴʥʳʡ 

(ʙʠʦʨʪʦʛʦʥʘʣʴʥʳʡ) 

ʘʥʘʣʠʟ 

   +  + + + + + 

ʊʦʯʥʘʷ 

ʨʝʢʦʥʩʪʨʫʢʮʠʷ 

+ +  +  + + + + + 

ʂʀʍ ʬʠʣʴʪʨʳ     + + + + + + 

ʅʝʧʨʝʨʳʚʥʦʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 

+ + + +  + + + + + 

ɼʠʩʢʨʝʪʥʦʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 

   + + + + + + + 

ɹʳʩʪʨʳʡ ʘʣʛʦʨʠʪʤ   +  + + + + + + 

ʗʚʥʦʝ ʚʳʨʘʞʝʥʠʝ + + +   +     

ɸʧʧʨʦʢʩʠʤʘʮʠʷ ʩ 

ʂʀʍ ʬʠʣʴʪʨʘʤʠ 

    +      
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ʇʈʀʃʆɾɽʅʀɽ 2. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʟʥʘʯʝʥʠʡ ʧʦ ʢʨʠʪʝʨʠʶ EER ʜʣʷ ʢʘʞʜʦʡ ʚʝʡʚʣʝʪ 

ʬʫʥʢʮʠʠ ʠ ʚʩʝʭ ʪʝʩʪʦʚʳʭ ʩʠʛʥʘʣʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʜʠʘʛʨʘʤʤ ʥʘ ʨʠʩ. ʇ2.1 

ï ʇ2.8. ʅʘ ʢʘʞʜʦʤ ʠʟ ʨʠʩʫʥʢʦʚ ʣʫʯʰʠʝ ʚʳʙʨʘʥʥʳʝ ʙʘʟʦʚʳʝ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʠ 

ʚʳʜʝʣʝʥʳ ʯʝʨʥʳʤ ʮʚʝʪʦʤ. 

 

ʈʠʩʫʥʦʢ ʇ2.1. ï ɿʘʚʠʩʠʤʦʩʪʴ ʟʥʘʯʝʥʠʡ ʧʦ ʢʨʠʪʝʨʠʶ EER ʜʣʷ ʙʘʟʦʚʳʭ ʚʝʡʚʣʝʪ 

ʬʫʥʢʮʠʡ ʠ ʪʝʩʪʦʚʦʛʦ ʩʠʛʥʘʣʘ "blocks.mat" 

 

ʈʠʩʫʥʦʢ ʇ2.2. ï ɿʘʚʠʩʠʤʦʩʪʴ ʟʥʘʯʝʥʠʡ ʧʦ ʢʨʠʪʝʨʠʶ EER ʜʣʷ ʙʘʟʦʚʳʭ ʚʝʡʚʣʝʪ 

ʬʫʥʢʮʠʡ ʠ ʪʝʩʪʦʚʦʛʦ ʩʠʛʥʘʣʘ "bumps.mat" 

 

ʈʠʩʫʥʦʢ ʇ2.3. ïɿʘʚʠʩʠʤʦʩʪʴ ʟʥʘʯʝʥʠʡ ʧʦ ʢʨʠʪʝʨʠʶ EER ʜʣʷ ʙʘʟʦʚʳʭ ʚʝʡʚʣʝʪ 

ʬʫʥʢʮʠʡ ʠ ʪʝʩʪʦʚʦʛʦ ʩʠʛʥʘʣʘ "doppler.mat" 
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ʈʠʩʫʥʦʢ ʇ2.4. ïɿʘʚʠʩʠʤʦʩʪʴ ʟʥʘʯʝʥʠʡ ʧʦ ʢʨʠʪʝʨʠʶ EER ʜʣʷ ʙʘʟʦʚʳʭ ʚʝʡʚʣʝʪ 

ʬʫʥʢʮʠʡ ʠ ʪʝʩʪʦʚʦʛʦ ʩʠʛʥʘʣʘ "heavy sine.mat" 

 
ʈʠʩʫʥʦʢ ʇ2.5. ïɿʘʚʠʩʠʤʦʩʪʴ ʟʥʘʯʝʥʠʡ ʧʦ ʢʨʠʪʝʨʠʶ EER ʜʣʷ ʙʘʟʦʚʳʭ ʚʝʡʚʣʝʪ 

ʬʫʥʢʮʠʡ ʠ ʪʝʩʪʦʚʦʛʦ ʩʠʛʥʘʣʘ "sumlichr.mat" 

 
ʈʠʩʫʥʦʢ ʇ2.6. ï ɿʘʚʠʩʠʤʦʩʪʴ ʟʥʘʯʝʥʠʡ ʧʦ ʢʨʠʪʝʨʠʶ EER ʜʣʷ ʙʘʟʦʚʳʭ 

ʤʘʣʦʚʦʣʥʦʚʳʭ ʬʫʥʢʮʠʡ ʠ ʪʝʩʪʦʚʦʛʦ ʩʠʛʥʘʣʘ "trsin.mat" 
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ʈʠʩʫʥʦʢ ʇ2.7. ï ɿʘʚʠʩʠʤʦʩʪʴ ʟʥʘʯʝʥʠʡ ʧʦ ʢʨʠʪʝʨʠʶ EER ʜʣʷ ʙʘʟʦʚʳʭ 

ʤʘʣʦʚʦʣʥʦʚʳʭ ʬʫʥʢʮʠʡ ʠ ʪʝʩʪʦʚʦʛʦ ʩʠʛʥʘʣʘ "vonkoch.mat" 

 

ʈʠʩʫʥʦʢ ʇ2.8. ï ɿʘʚʠʩʠʤʦʩʪʴ ʟʥʘʯʝʥʠʡ ʧʦ ʢʨʠʪʝʨʠʶ EER ʜʣʷ ʙʘʟʦʚʳʭ 

ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʡ ʠ ʪʝʩʪʦʚʦʛʦ ʩʠʛʥʘʣʘ "wcantor.mat" 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʟʥʘʯʝʥʠʡ ʧʦ ʢʨʠʪʝʨʠʶ ʦʮʝʥʢʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʢʦʨʨʝʣʷʮʠʠ ʜʣʷ ʢʘʞʜʦʡ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʜʠʘʛʨʘʤʤ ʜʣʷ 

ʚʩʝʭ ʪʝʩʪʦʚʳʭ ʩʠʛʥʘʣʦʚ ʥʘ ʨʠʩ. ʇ2.9 ï ʇ2.16. 

 

ʈʠʩʫʥʦʢ ʇ2.9. ï ɿʘʚʠʩʠʤʦʩʪʴ ʟʥʘʯʝʥʠʡ ʧʦ ʢʨʠʪʝʨʠʶ ʦʮʝʥʢʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʢʦʨʨʝʣʷʮʠʠ ʦʪ ʙʘʟʦʚʳʭ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʡ ʜʣʷ ʪʝʩʪʦʚʦʛʦ ʩʠʛʥʘʣʘ "blocks" 
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ʈʠʩʫʥʦʢ ʇ2.10. ï ɿʘʚʠʩʠʤʦʩʪʴ ʟʥʘʯʝʥʠʡ ʧʦ ʢʨʠʪʝʨʠʶ ʦʮʝʥʢʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʢʦʨʨʝʣʷʮʠʠ ʦʪ ʙʘʟʦʚʳʭ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʡ ʜʣʷ ʪʝʩʪʦʚʦʛʦ ʩʠʛʥʘʣʘ "bumps" 

 

ʈʠʩʫʥʦʢ ʇ2.11. ï ɿʘʚʠʩʠʤʦʩʪʴ ʟʥʘʯʝʥʠʡ ʧʦ ʢʨʠʪʝʨʠʶ ʦʮʝʥʢʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʢʦʨʨʝʣʷʮʠʠ ʦʪ ʙʘʟʦʚʳʭ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʡ ʜʣʷ ʪʝʩʪʦʚʦʛʦ ʩʠʛʥʘʣʘ "doppler" 

 
ʈʠʩʫʥʦʢ ʇ2.12. ïɿʘʚʠʩʠʤʦʩʪʴ ʟʥʘʯʝʥʠʡ ʧʦ ʢʨʠʪʝʨʠʶ ʦʮʝʥʢʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʢʦʨʨʝʣʷʮʠʠ ʦʪ ʙʘʟʦʚʳʭ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʡ ʜʣʷ ʪʝʩʪʦʚʦʛʦ ʩʠʛʥʘʣʘ "heavy sine" 

 
ʈʠʩʫʥʦʢ ʇ2.13. ïɿʘʚʠʩʠʤʦʩʪʴ ʟʥʘʯʝʥʠʡ ʧʦ ʢʨʠʪʝʨʠʶ ʦʮʝʥʢʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʢʦʨʨʝʣʷʮʠʠ ʦʪ ʙʘʟʦʚʳʭ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʡ ʜʣʷ ʪʝʩʪʦʚʦʛʦ ʩʠʛʥʘʣʘ "sumlichr" 
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ʈʠʩʫʥʦʢ ʇ2.14. ï ɿʘʚʠʩʠʤʦʩʪʴ ʟʥʘʯʝʥʠʡ ʧʦ ʢʨʠʪʝʨʠʶ ʦʮʝʥʢʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʢʦʨʨʝʣʷʮʠʠ ʦʪ ʙʘʟʦʚʳʭ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʡ ʜʣʷ ʪʝʩʪʦʚʦʛʦ ʩʠʛʥʘʣʘ "trsin" 

 

ʈʠʩʫʥʦʢ ʇ2.15. ï ɿʘʚʠʩʠʤʦʩʪʴ ʟʥʘʯʝʥʠʡ ʧʦ ʢʨʠʪʝʨʠʶ ʦʮʝʥʢʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʢʦʨʨʝʣʷʮʠʠ ʦʪ ʙʘʟʦʚʳʭ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʡ ʜʣʷ ʪʝʩʪʦʚʦʛʦ ʩʠʛʥʘʣʘ "vonkoch" 

 

ʈʠʩʫʥʦʢ ʇ2.16. ï ɿʘʚʠʩʠʤʦʩʪʴ ʟʥʘʯʝʥʠʡ ʧʦ ʢʨʠʪʝʨʠʶ ʦʮʝʥʢʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʢʦʨʨʝʣʷʮʠʠ ʦʪ ʙʘʟʦʚʳʭ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʡ ʜʣʷ ʪʝʩʪʦʚʦʛʦ ʩʠʛʥʘʣʘ "wcantor" 
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ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʟʥʘʯʝʥʠʡ ʢʨʠʪʝʨʠʷ ʦʮʝʥʢʠ ʩʦʦʪʥʦʰʝʥʠʷ ʚʟʘʠʤʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʵʥʪʨʦʧʠʠ ʜʣʷ ʢʘʞʜʦʡ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʜʠʘʛʨʘʤʤ ʜʣʷ ʚʩʝʭ ʪʝʩʪʦʚʳʭ ʩʠʛʥʘʣʦʚ ʥʘ ʨʠʩ. ʇ2.17 ï 

ʇ2.24. 

 
ʈʠʩʫʥʦʢ ʇ2.17. ï ɿʘʚʠʩʠʤʦʩʪʴ ʟʥʘʯʝʥʠʡ ʧʦ ʢʨʠʪʝʨʠʶ ʦʮʝʥʢʠ ʩʦʦʪʥʦʰʝʥʠʷ 

ʚʟʘʠʤʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʵʥʪʨʦʧʠʠ ʦʪ ʙʘʟʦʚʳʭ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʡ 

ʜʣʷ ʪʝʩʪʦʚʦʛʦ ʩʠʛʥʘʣʘ "blocks" 

 
ʈʠʩʫʥʦʢ ʇ2.18. ï ɿʘʚʠʩʠʤʦʩʪʴ ʟʥʘʯʝʥʠʡ ʧʦ ʢʨʠʪʝʨʠʶ ʦʮʝʥʢʠ ʩʦʦʪʥʦʰʝʥʠʷ 

ʚʟʘʠʤʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʵʥʪʨʦʧʠʠ ʦʪ ʙʘʟʦʚʳʭ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʡ 

ʜʣʷ ʪʝʩʪʦʚʦʛʦ ʩʠʛʥʘʣʘ "bumps" 

 
ʈʠʩʫʥʦʢ ʇ2.19. ï ɿʘʚʠʩʠʤʦʩʪʴ ʟʥʘʯʝʥʠʡ ʧʦ ʢʨʠʪʝʨʠʶ ʦʮʝʥʢʠ ʩʦʦʪʥʦʰʝʥʠʷ 

ʚʟʘʠʤʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʵʥʪʨʦʧʠʠ ʦʪ ʙʘʟʦʚʳʭ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʡ 

ʜʣʷ ʪʝʩʪʦʚʦʛʦ ʩʠʛʥʘʣʘ "doppler" 
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ʈʠʩʫʥʦʢ ʇ2.20. ï ɿʘʚʠʩʠʤʦʩʪʴ ʟʥʘʯʝʥʠʡ ʧʦ ʢʨʠʪʝʨʠʶ ʦʮʝʥʢʠ ʩʦʦʪʥʦʰʝʥʠʷ 

ʚʟʘʠʤʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʵʥʪʨʦʧʠʠ ʦʪ ʙʘʟʦʚʳʭ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʡ 

ʜʣʷ ʪʝʩʪʦʚʦʛʦ ʩʠʛʥʘʣʘ "heavy sine" 

 
ʈʠʩʫʥʦʢ ʇ2.21. ï ɿʘʚʠʩʠʤʦʩʪʴ ʟʥʘʯʝʥʠʡ ʧʦ ʢʨʠʪʝʨʠʶ ʦʮʝʥʢʠ ʩʦʦʪʥʦʰʝʥʠʷ 

ʚʟʘʠʤʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʵʥʪʨʦʧʠʠ ʦʪ ʙʘʟʦʚʳʭ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʡ 

ʜʣʷ ʪʝʩʪʦʚʦʛʦ ʩʠʛʥʘʣʘ "sumlichr" 

 

ʈʠʩʫʥʦʢ ʇ2.22. ï ɿʘʚʠʩʠʤʦʩʪʴ ʟʥʘʯʝʥʠʡ ʧʦ ʢʨʠʪʝʨʠʶ ʦʮʝʥʢʠ ʩʦʦʪʥʦʰʝʥʠʷ 

ʚʟʘʠʤʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʵʥʪʨʦʧʠʠ ʦʪ ʙʘʟʦʚʳʭ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʡ 

ʜʣʷ ʪʝʩʪʦʚʦʛʦ ʩʠʛʥʘʣʘ "trsin" 

 

ʈʠʩʫʥʦʢ ʇ2.23. ï ɿʘʚʠʩʠʤʦʩʪʴ ʟʥʘʯʝʥʠʡ ʧʦ ʢʨʠʪʝʨʠʶ ʦʮʝʥʢʠ ʩʦʦʪʥʦʰʝʥʠʷ 

ʚʟʘʠʤʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʵʥʪʨʦʧʠʠ ʦʪ ʙʘʟʦʚʳʭ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʡ 

ʜʣʷ ʪʝʩʪʦʚʦʛʦ ʩʠʛʥʘʣʘ "vonkoch" 



157 
 

 
 

 
ʈʠʩʫʥʦʢ ʇ2.24. ï ɿʘʚʠʩʠʤʦʩʪʴ ʟʥʘʯʝʥʠʡ ʧʦ ʢʨʠʪʝʨʠʶ ʦʮʝʥʢʠ ʩʦʦʪʥʦʰʝʥʠʷ 

ʚʟʘʠʤʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʵʥʪʨʦʧʠʠ ʦʪ ʙʘʟʦʚʳʭ ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʡ 

ʜʣʷ ʪʝʩʪʦʚʦʛʦ ʩʠʛʥʘʣʘ "wcantor" 

 
ʚ) 

ʈʠʩʫʥʦʢ ʇ2.25. ï ʉʨʘʚʥʝʥʠʝ ʟʥʘʯʝʥʠʡ: (a) SNR, (ʙ) MSE ʠ (ʚ) ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʢʦʨʨʝʣʷʮʠʠ Cr, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʜʝʣʝʥʠʷ ʩʠʛʥʘʣʦʚ ʠʟ ʰʫʤʘ ʜʣʷ 

ʚʝʡʚʣʝʪ ʬʫʥʢʮʠʡ, ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʦ ʢʘʞʜʦʤʫ ʢʨʠʪʝʨʠʶ. 
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ʇʈʀʃʆɾɽʅʀɽ 3. 
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