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ɺɺɽɼɽʅʀɽ 

 

      ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʟʥʘʯʝʥʠʷ ʠ ʫʩʣʦʚʠʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʨʘʜʠʦʩʚʷʟʠ ʝʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʮʝʥʠʚʘʝʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʪʝʭ ʠʣʠ ʠʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ (ʢʨʠʪʝʨʠʝʚ), ʦʩʥʦʚʥʳʤʠ 

ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʠ ʩʧʝʢʪʨʘʣʴʥʳʡ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʘʞʥʝʡʰʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʣʶʙʦʡ ʩʠʩʪʝʤʳ ʨʘʜʠʦʩʚʷʟʠ ʷʚʣʷʶʪʩʷ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʠ ʩʧʝʢʪʨʘʣʴʥʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ ʠ ʧʦʣʦʩʫ 

ʟʘʥʠʤʘʝʤʳʭ ʯʘʩʪʦʪ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʧʝʨʝʜʘʯʠ ʩʦʦʙʱʝʥʠʡ. 

     ʂ ʩʦʞʘʣʝʥʠʶ, ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʜʦʩʪʠʞʝʥʠʝ ʧʨʝʜʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʵʪʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʚʦʟʤʦʞʥʳʤ, ʪʘʢ ʯʪʦ ʚ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ ʧʦʩʪʨʦʝʥʠʷ 

ʩʠʩʪʝʤʳ ʨʘʜʠʦʩʚʷʟʠ ʧʨʠʭʦʜʠʪʩʷ ʨʫʢʦʚʦʜʩʪʚʦʚʘʪʴʩʷ ʢʦʤʧʨʦʤʠʩʥʳʤʠ ʩʦʦʙʨʘʞʝʥʠʷʤʠ ʧʨʠ 

ʦʧʪʠʤʠʟʘʮʠʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʨʝʞʠʤʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ [1-4].            

    ʕʬʬʝʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʤʦʜʫʣʷʮʠʠ ʠ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ ʚʩʝ ʰʠʨʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʮʠʬʨʦʚʳʭ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ (ʊʂʉ). ʇʝʨʝʭʦʜ ʚ 

ʊʂʉ ʢ ʘʥʩʘʤʙʣʷʤ ʤʥʦʛʦʧʦʟʠʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ ʫʚʝʣʠʯʠʚʘʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʩʢʦʨʦʩʪʴ ʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʝʨʝʜʘʯʫ ʙʦʣʴʰʠʭ ʧʦʪʦʢʦʚ ʠʥʬʦʨʤʘʮʠʠ. ʉʦʚʨʝʤʝʥʥʘʷ ʵʣʝʤʝʥʪʥʘʷ ʙʘʟʘ 

ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ ʚ ʊʂʉ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳʝ ʤʝʪʦʜʳ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ ʠ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʪʝʤ ʩʘʤʳʤ ʚʳʩʦʢʫʶ ʚʝʨʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ. ʀʩʩʣʝʜʦʚʘʥʠʶ ʤʝʪʦʜʦʚ 

ʤʦʜʫʣʷʮʠʠ ʠ ʢʦʜʠʨʦʚʘʥʠʷ ʚ ʊʂʉ ʧʦʩʚʷʱʝʥʘ ʦʙʰʠʨʥʘʷ ʣʠʪʝʨʘʪʫʨʘ, ʦʪʨʘʞʘʶʱʘʷ ʢʘʢ 

ʜʦʩʪʠʞʝʥʠʷ ʪʝʦʨʠʠ, ʪʘʢ ʠ ʚʦʧʨʦʩʳ ʝʝ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ [1-18]. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʪʝʦʨʠʷ ʩʠʛʥʘʣʦʚ ʠ ʪʝʦʨʠʷ ʢʦʜʠʨʦʚʘʥʠʷ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʨʘʟʚʠʚʘʣʠʩʴ 

ʥʝʟʘʚʠʩʠʤʦ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʦʩ ʠʥʪʝʨʝʩ ʢ ʥʦʚʦʤʫ ʧʝʨʩʧʝʢʪʠʚʥʦʤʫ 

ʥʘʧʨʘʚʣʝʥʠʶ, ʚʦʟʥʠʢʰʝʤʫ ʥʘ ʩʪʳʢʝ ʵʪʠʭ ʥʘʫʢ. ɺ ʨʘʙʦʪʘʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ 

ʘʚʪʦʨʦʚ ʠʥʪʝʥʩʠʚʥʦ ʠʩʩʣʝʜʫʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʊʂʉ, ʚ ʢʦʪʦʨʳʭ ʜʣʷ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʥʩʘʤʙʣʠ ʤʥʦʛʦʧʦʟʠʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʳʤʠ 

ʢʦʜʘʤʠ, ʧʨʠʯʝʤ, ʧʨʦʮʝʜʫʨʳ ʤʦʜʫʣʷʮʠʠ/ʢʦʜʠʨʦʚʘʥʠʷ (ʜʝʤʦʜʫʣʷʮʠʠ/ʜʝʢʦʜʠʨʦʚʘʥʠʷ) 

ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʩʦʚʤʝʩʪʥʦ. ʇʨʠ ʨʘʮʠʦʥʘʣʴʥʦʤ ʧʦʩʪʨʦʝʥʠʠ ʪʘʢʠʝ ʩʠʛʥʘʣʴʥʦ-ʢʦʜʦʚʳʝ 

ʢʦʥʩʪʨʫʢʮʠʠ (ʉʂʂ) ʩʦʯʝʪʘʶʪ ʚ ʩʝʙʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʢʘʯʝʩʪʚʘ ʢʘʢ ʤʥʦʛʦʧʦʟʠʮʠʦʥʥʳʭ 

ʘʥʩʘʤʙʣʝʡ ʩʠʛʥʘʣʦʚ, ʪʘʢ ʠ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʳʭ ʢʦʜʦʚ, ʜʦʧʫʩʢʘʶʪ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʳʝ ʠ 

ʨʝʘʣʠʟʫʝʤʳʝ ʥʘ ʧʨʘʢʪʠʢʝ ʘʣʛʦʨʠʪʤʳ ʜʝʢʦʜʠʨʦʚʘʥʠʷ ʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʭ ʚ ʊʂʉ 

ʧʦʟʚʦʣʷʶʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʦʜʚʠʥʫʪʴʩʷ ʢ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʧʨʝʜʝʣʘʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ɺʦʧʨʦʩʳ 

ʩʠʥʪʝʟʘ ʪʘʢʠʭ ʩʠʩʪʝʤ ʤʦʜʫʣʷʮʠʠ/ʢʦʜʠʨʦʚʘʥʠʷ, ʘʥʘʣʠʟʘ ʠʭ ʩʪʨʫʢʪʫʨʳ, ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʜʝʤʦʜʫʣʷʮʠʠ/ʜʝʢʦʜʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʶʪ ʦʩʥʦʚʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʥʦʚʦʛʦ 

ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʪʝʦʨʠʠ ʩʚʷʟʠ - ʪʝʦʨʠʠ ʩʠʛʥʘʣʴʥʦ-ʢʦʜʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ.  



 

 

6  

 ʆʜʠʥ ʧʫʪʴ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʚʚʝʜʝʥʥʦʤ ɸ.ɻ. ɿʶʢʦ [1, 2] ʧʦʥʷʪʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤ 

ʩʚʷʟʠ. ɸʥʘʣʠʟ ʠ ʩʨʘʚʥʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤ ʩ ʤʥʦʛʦʧʦʟʠʮʠʦʥʥʳʤʠ ʩʠʛʥʘʣʘʤʠ ʠ 

ʩʠʩʪʝʤ ʩ ʢʦʨʨʝʢʪʠʨʫʶʱʠʤʠ ʢʦʜʘʤʠ ʧʨʠʚʦʜʠʪ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʪʝʦʨʠʠ ʉʂʂ ʢ ʠʜʝʝ ʠʭ 

ʢʦʤʙʠʥʘʮʠʠ ʚ ʝʜʠʥʦʡ ʩʠʛʥʘʣʴʥʦ-ʢʦʜʦʚʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. ʊʘʢʦʡ ʧʫʪʴ ʷʚʣʷʝʪʩʷ ʥʘʛʣʷʜʥʳʤ, 

ʫʙʝʜʠʪʝʣʴʥʳʤ ʠ ʠʟʣʘʛʘʝʪʩʷ ʙʝʟ ʩʪʨʦʛʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʚʳʢʣʘʜʦʢ. ʕʪʦʪ ʧʫʪʴ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʧʦʧʫʣʷʨʥʦʛʦ ʠʟʣʦʞʝʥʠʷ ʦʩʥʦʚʘʥʠʡ ʪʝʦʨʠʠ ʉʂʂ [1-4]. 

ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʪʝʦʨʠʷ ʩʚʷʟʠ ʧʨʝʜʣʘʛʘʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʘʨʠʘʥʪʦʚ ʧʦʩʪʨʦʝʥʠʷ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. ʂʘʢ ʠʟ ʵʪʦʛʦ ʤʥʦʞʝʩʪʚʘ ʚʳʙʨʘʪʴ ʚʘʨʠʘʥʪ, ʥʘʠʙʦʣʝʝ 

ʮʝʣʝʩʦʦʙʨʘʟʥʳʡ ʚ ʟʘʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ? ʇʦ ʢʘʢʠʤ ʢʨʠʪʝʨʠʷʤ ʩʣʝʜʫʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʵʪʦʪ 

ʚʳʙʦʨ? ʅʘʩʢʦʣʴʢʦ ʦʧʨʘʚʜʘʥʦ ʧʨʠʤʝʥʝʥʠʝ ʪʝʭ ʠʣʠ ʠʥʳʭ ʥʦʚʳʭ ʩʠʩʪʝʤ ʠ ʢʘʢ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʩʠʩʪʝʤʳ? ʇʨʠʥʮʠʧʠʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʵʪʠʭ ʚʦʧʨʦʩʦʚ ʚ 

ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʩʚʦʜʠʪʩʷ ʢ ʦʧʪʠʤʠʟʘʮʠʠ ʩʠʩʪʝʤ ʩʚʷʟʠ ʧʦ ʢʨʠʪʝʨʠʷʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ʊʠʧʦʚʘʷ ʩʪʨʫʢʪʫʨʘ ʦʜʥʦʢʘʥʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ ʜʠʩʢʨʝʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ (ʉʇɼʀ) 

ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1.1. ʀʩʪʦʯʥʠʢ ʚʳʨʘʙʘʪʳʚʘʝʪ ʩʦʦʙʱʝʥʠʷ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʜʘʚʘʪʴ 

ʧʦ ʢʘʥʘʣʫ ʉʇɼʀ. ʕʪʦ ʤʦʛʫʪ ʙʳʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʠʩʢʨʝʪʥʳʭ ʩʦʦʙʱʝʥʠʡ (ʜʘʥʥʳʝ, 

ʪʝʣʝʛʨʘʬʥʳʝ ʩʦʦʙʱʝʥʠʷ ʠ ʪ.ʜ.) ʣʠʙʦ ʥʝʧʨʝʨʳʚʥʳʝ ʩʦʦʙʱʝʥʠʷ (ʨʝʯʴ, ʪʝʣʝʚʠʜʝʥʠʝ, ʨʝʟʫʣʴʪʘʪʳ 

ʪʝʣʝʠʟʤʝʨʝʥʠʡ ʠ ʜʨ.), ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʝ ʚ ʮʠʬʨʦʚʫʶ ʬʦʨʤʫ. 

ʈʝʘʣʴʥʳʝ ʩʦʦʙʱʝʥʠʷ ʩʦʜʝʨʞʘʪ ʠʟʙʳʪʦʯʥʦʩʪʴ ʠ ʜʣʷ ʩʦʛʣʘʩʦʚʘʥʠʷ ʠʩʪʦʯʥʠʢʘ ʩ ʢʘʥʘʣʦʤ 

ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʠʩʧʦʣʴʟʫʶʪ ʢʦʜʝʨ ʠʩʪʦʯʥʠʢʘ. ʉʦʚʤʝʩʪʥʦ ʩ ʜʝʢʦʜʝʨʦʤ ʦʥʠ ʦʙʨʘʟʫʶʪ 

ʢʦʜʝʢ ʠʩʪʦʯʥʠʢʘ. ʄʝʪʦʜʳ ʢʦʜʠʨʦʚʘʥʠʷ ʠʩʪʦʯʥʠʢʘ ʠʟʣʦʞʝʥʳ ʚ ʨʘʙʦʪʘʭ [2, 3, 7, 9-11, 13-16, 

18 ].  

ʆʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʉʇɼʀ ʬʦʨʤʫʣʠʨʫʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦ: 

1. ʚʝʨʥʦʩʪʴ, 

2. ʩʢʦʨʦʩʪʴ, 

3. ʩʚʦʝʚʨʝʤʝʥʥʦʩʪʴ ʜʦʩʪʘʚʢʠ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʦʪʧʨʘʚʠʪʝʣʷ ʢ ʧʦʣʫʯʘʪʝʣʶ. 

ɺ ʩʠʩʪʝʤʘʭ ʙʝʟ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ ʚʝʨʥʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ ʟʘʚʠʩʷʪ ʦʪ ʚʠʜʘ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʠʛʥʘʣʦʚ-ʧʝʨʝʥʦʩʯʠʢʦʚ. ʇʨʠʤʝʥʝʥʠʝ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ 

ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʚʝʨʥʦʩʪʴ ʧʝʨʝʜʘʯʠ, ʥʦ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʩʢʦʨʦʩʪʠ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ʚʳʙʦʨʦʤ ʩʠʛʥʘʣʦʚ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʧʦʚʳʰʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ, ʥʦ, 

ʟʘʯʘʩʪʫʶ, ʚ ʫʱʝʨʙ ʚʝʨʥʦʩʪʠ ʧʝʨʝʜʘʯʠ. ʆʜʥʘʢʦ, ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ 

ʢʦʨʨʝʢʪʠʨʫʶʱʠʭ ʢʦʜʦʚ ʚʥʦʩʠʪ ʟʘʜʝʨʞʢʫ ʚ ʧʝʨʝʜʘʯʫ ʮʠʬʨʦʚʳʭ ʜʘʥʥʳʭ, ʯʪʦ ʫʭʫʜʰʘʝʪ ʪʘʢʦʡ 

ʧʦʢʘʟʘʪʝʣʴ, ʢʘʢ ʩʚʦʝʚʨʝʤʝʥʥʦʩʪʴ ʜʦʩʪʘʚʢʠ ʠʥʬʦʨʤʘʮʠʠ. ɺ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ (ʊʂʉ) ʤʦʛʫʪ ʙʳʪʴ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ 

ʚʳʨʘʞʝʥʠʷ ʵʪʠʭ ʪʨʝʙʦʚʘʥʠʡ. ʕʪʦ ʟʘʚʠʩʠʪ ʦʪ ʥʘʟʥʘʯʝʥʠʷ ʊʂʉ ʠ ʚʠʜʘ ʧʝʨʝʜʘʚʘʝʤʦʛʦ 
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ʩʦʦʙʱʝʥʠʷ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʦʢʘʟʘʪʝʣʠ ʚʝʨʥʦʩʪʠ, ʩʢʦʨʦʩʪʠ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦʩʪʠ ʧʝʨʝʜʘʯʠ 

ʠʥʬʦʨʤʘʮʠʠ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʦʪʠʚʦʨʝʯʠʚʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ. 

ʂʨʦʤʝ ʦʪʤʝʯʝʥʥʳʭ ʚʳʰʝ, ʩʣʝʜʫʝʪ ʫʧʦʤʷʥʫʪʴ ʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʪʨʝʙʦʚʘʥʠʷʭ, ʢʦʪʦʨʳʝ 

ʦʧʨʝʜʝʣʷʶʪ ʧʨʠʤʝʥʝʥʠʝ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʤʝʪʦʜʘ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ: 

ʉʧʝʢʪʨʘʣʴʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʉʦʚʨʝʤʝʥʥʳʝ ʊʂʉ ʨʘʙʦʪʘʶʪ ʚ ʫʩʣʦʚʠʷʭ ʜʝʬʠʮʠʪʘ 

ʯʘʩʪʦʪʥʦʛʦ ʩʧʝʢʪʨʘ, ʦʪʚʦʜʠʤʦʛʦ ʜʣʷ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ. ʕʪʦ ʠ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʚʘʞʥʦʩʪʴ 

ʤʝʪʦʜʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʤʧʘʢʪʥʳʭ ʩʧʝʢʪʨʦʚ ʩʠʛʥʘʣʦʚ, ʧʝʨʝʜʘʚʘʝʤʳʭ ʧʦ ʣʠʥʠʷʤ ʩʚʷʟʠ ʩ 

ʦʛʨʘʥʠʯʝʥʥʦʡ ʧʦʣʦʩʦʡ ʯʘʩʪʦʪ. 

       ʉʣʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʦʚ ʤʦʜʫʣʷʮʠʠ-ʢʦʜʠʨʦʚʘʥʠʷ. ʊʝʦʨʠʷ ʠʥʬʦʨʤʘʮʠʠ 

ʫʢʘʟʳʚʘʝʪ ʧʫʪʴ ʧʦʚʳʰʝʥʠʷ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ - ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʣʠʥʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩʠʛʥʘʣʦʚ ʠ ʢʦʜʦʚ, ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʢʦʪʦʨʳʭ ʥʘ 

ʧʨʠʝʤʥʦʡ ʩʪʦʨʦʥʝ ʧʨʠʭʦʜʠʪʩʷ ʧʨʠʤʝʥʷʪʴ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳʝ ʘʣʛʦʨʠʪʤʳ ʦʙʨʘʙʦʪʢʠ. 

ʇʦʵʪʦʤʫ ʢʦʥʩʪʨʫʢʪʠʚʥʘʷ ʪʝʦʨʠʷ ʢʦʜʠʨʦʚʘʥʠʷ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʧʦʠʩʢ ʢʦʨʨʝʢʪʠʨʫʶʱʠʭ ʢʦʜʦʚ, 

ʜʦʧʫʩʢʘʶʱʠʭ ʨʝʘʣʠʟʫʝʤʳʝ ʘʣʛʦʨʠʪʤʳ ʜʝʢʦʜʠʨʦʚʘʥʠʷ [4]. 

 

ʈʠʩ. 1.1.  ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʉʇɼʀ 

ʉʦʛʣʘʩʥʦ ʠʟʚʝʩʪʥʳʭ ʪʝʦʨʝʤ ʂ. ʐʝʥʥʦʥʘ, ʚ ʧʨʠʥʮʠʧʝ ʚʦʟʤʦʞʥʦ ʩʢʦʣʴ ʫʛʦʜʥʦ ʙʦʣʴʰʦʝ 

ʧʦʚʳʰʝʥʠʝ ʚʝʨʥʦʩʪʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ, ʝʩʣʠ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʧʦ ʢʘʥʘʣʫ 
ʢʘʥ

R    ʥʝ 

ʧʨʝʚʳʰʘʝʪ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢʘʥʘʣʘ ʢʉ . ɼʦʩʪʠʛʘʝʪʩʷ ʵʪʦ ʧʨʠʤʝʥʝʥʠʝʤ ʜʦʩʪʘʪʦʯʥʦ 

ʜʣʠʥʥʳʭ ʢʦʨʨʝʢʪʠʨʫʶʱʠʭ ʢʦʜʦʚ (ʂʂ). ʉ ʵʪʦʡ ʮʝʣʴʶ ʚ ʩʪʨʫʢʪʫʨʫ ʂʂ ʚʚʦʜʠʪʩʷ 

ʠʟʙʳʪʦʯʥʦʩʪʴ. 

ʂʦʜʝʢ ʂʂ (ʢʦʜʝʨ ʠ ʜʝʢʦʜʝʨ ʢʘʥʘʣʘ) ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 1.1.  ɺ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʜʣʠʥʘ ʢʦʜʘ 

ʦʛʨʘʥʠʯʝʥʘ ʜʦʧʫʩʪʠʤʦʡ ʩʣʦʞʥʦʩʪʴʶ ʫʩʪʨʦʡʩʪʚ ʢʦʜʠʨʦʚʘʥʠʷ ʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ, 
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ʜʝʢʦʜʠʨʦʚʘʥʠʷ, ʧʦʵʪʦʤʫ ʵʬʬʝʢʪ ʦʪ ʧʨʠʤʝʥʝʥʠʷ ʢʦʨʨʝʢʪʠʨʫʶʱʠʭ ʢʦʜʦʚ ʟʘʚʠʩʠʪ ʦʪ 

ʧʘʨʘʤʝʪʨʦʚ ʢʦʜʘ ʠ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʨʝʘʣʠʟʘʮʠʶ ʢʦʜʝʢʘ ʢʘʥʘʣʘ. 

ʉʦʚʨʝʤʝʥʥʘʷ ʪʝʦʨʠʷ ʧʨʝʜʣʘʛʘʝʪ ʰʠʨʦʢʠʡ ʥʘʙʦʨ ʢʦʨʨʝʢʪʠʨʫʶʱʠʭ ʢʦʜʦʚ, ʨʘʟʣʠʯʥʳʭ ʧʦ 

ʩʪʨʫʢʪʫʨʝ, ʧʨʠʥʮʠʧʘʤ ʧʦʩʪʨʦʝʥʠʷ ʠ ʢʦʨʨʝʢʪʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ. ʂʦʜʝʤ ʉʂʂ ʚʢʣʶʯʘʝʪ ʚ 

ʩʝʙʷ ʩʦʯʝʪʘʥʠʝ ʢʦʜʝʢʘ/ʤʦʜʫʣʷʪʦʨʘ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʝʤʦʜʫʣʷʪʦʨʘ/ʜʝʢʦʜʝʨʘ. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʨʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʩʚʷʟʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦʤ ʠ ʢʘʯʝʩʪʚʦʤ 

ʧʝʨʝʜʘʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʂʦʣʠʯʝʩʪʚʦ ʦʮʝʥʠʚʘʝʪʩʷ ʩʢʦʨʦʩʪʴʶ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʧʦ 

ʢʘʥʘʣʫ  (ʙʠʪ/ʩ), ʘ ʢʘʯʝʩʪʚʦ - ʚʝʣʠʯʠʥʦʡ ʦʰʠʙʢʠ. ʉʦʛʣʘʩʥʦ ʪʝʦʨʝʤʘʤ ʂ. ʐʝʥʥʦʥʘ, ʦʰʠʙʢʘ 

ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʚʳʙʦʨʝ ʤʝʪʦʜʘ ʧʝʨʝʜʘʯʠ (ʤʦʜʫʣʷʮʠʠ/ʢʦʜʠʨʦʚʘʥʠʷ) ʤʦʞʝʪ ʙʳʪʴ 

ʩʜʝʣʘʥʘ ʧʨʦʠʟʚʦʣʴʥʦ ʤʘʣʦʡ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʚʳʰʝ 

ʥʝʢʦʪʦʨʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʨʝʩʫʨʩʘ, ʥʘʟʳʚʘʝʤʦʛʦ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢʘʥʘʣʘ ʉ.  

ɺ ʨʘʙʦʪʝ ɸ.ɻ. ɿʶʢʦ [2] ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʩʯʠʪʘʪʴ ʦʜʥʠʤ ʠʟ ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʩʠʩʪʝʤʳ ʚʝʣʠʯʠʥʫ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʢʘʥR  ʧʨʠ ʢʦ˙̆̒̓̏ ̠̅̌ ̜̏̑̍̔̌̕Ȣʪʦʨʦʡ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʘʜʘʥʥʘʷ ʚʝʨʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ. ʇʨʠ ʵʪʦʤ ʤʦʛʫʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ 

ʩʣʝʜʫʶʱʠʝ ʧʦʢʘʟʘʪʝʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ: 

- ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʩʪʝʧʝʥʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢʘʥʘʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʝʣʠʯʠʥʦʡ 

 

     
ʉ
ʢʘʥR

=h                                                                                                              (1.1) 

ɺ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦʢʘʟʘʪʝʣʴ h  ʚʩʝʛʜʘ ʤʝʥʴʰʝ ʝʜʠʥʠʮʳ. ʏʝʤ ʙʣʠʞʝ h  ʢ ʝʜʠʥʠʮʝ, 

ʪʝʤ ʩʦʚʝʨʰʝʥʥʝʝ ʩʠʩʪʝʤʘ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ. ɼʦʩʪʠʞʝʥʠʝ ʥʝʦʙʭʦʜʠʤʳʭ ʩʢʦʨʦʩʪʠ ʠ 

ʚʝʨʥʦʩʪʠ ʧʝʨʝʜʘʯʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʟʘʪʨʘʪʘʤʠ ʜʨʫʛʠʭ ʚʘʞʥʝʡʰʠʭ ʨʝʩʫʨʩʦʚ: 

ʤʦʱʥʦʩʪʠ ʩʠʛʥʘʣʘ 
c

P  ʠ ʧʦʣʦʩʳ ʯʘʩʪʦʪ ʢʘʥʘʣʘ 
k

F .  ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʠʣ ʚʚʝʩʪʠ 

ʧʦʢʘʟʘʪʝʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ ʩʠʩʪʝʤʳ, ʘ ʠʤʝʥʥʦ: 

- ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

   

0
/ NcP
ʢʘʥR

=b                                                                    (1.2 ) 

ʛʜʝ 
0

N  - ʩʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʤʦʱʥʦʩʪʠ ʰʫʤʘ; 

-  ʏʘʩʪʦʪʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

     
F
ʢʘʥR

=g                                                                                                            (1.3) 
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ʛʜʝ F - ʧʦʣʦʩʘ ʯʘʩʪʦʪ ʢʘʥʘʣʘ. 

ʇʦʢʘʟʘʪʝʣʠ b  ʠ g  ʠʤʝʶʪ ʩʤʳʩʣ ʫʜʝʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ, ʘ ʦʙʨʘʪʥʳʝ ʚʝʣʠʯʠʥʳ bb /1'=  

ʠ gg /1'=   ʦʧʨʝʜʝʣʷʶʪ ʫʜʝʣʴʥʳʝ ʨʘʩʭʦʜʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʝʩʫʨʩʦʚ ʥʘ ʧʝʨʝʜʘʯʫ 

ʠʥʬʦʨʤʘʮʠʠ ʩ ʝʜʠʥʠʯʥʦʡ ʩʢʦʨʦʩʪʴʶ (1 ʙʠʪ/ʩ). 

       ɼʣʷ ʛʘʫʩʩʦʚʩʢʦʛʦ ʢʘʥʘʣʘ ʩ ʧʦʣʦʩʦʡ F ,  ʦʪʥʦʰʝʥʠʝʤ ʤʦʱʥʦʩʪʝʡ ʩʠʛʥʘʣʘ ʠ  

ʰʫʤʘ 
Ph

cP
=r  ʠ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ )1(

2
log r+=Fʉ  ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ 

ʩʚʷʟʴ ʤʝʞʜʫ ʧʦʢʘʟʘʪʝʣʷʤʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

                     

)1(
2

log
b

g
g

h
+

=        ʠ rbg=  

ɼʣʷ ʠʜʝʘʣʴʥʦʡ ʩʠʩʪʝʤʳ )(hʦʧʨʝʜʝʣʝʥʘ ʪʘʢʞʝ ʧʨʝʜʝʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

                    .
12 -

= g
g

b                                                                                                      (1.5) 

ɿʘʚʠʩʠʤʦʩʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʪ ʫʜʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʫʜʦʙʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ 

ʚʠʜʝ ʢʨʠʚʦʡ ʥʘ ʧʣʦʩʢʦʩʪʠ bg (ʨʠʩ. 1.2). ʆʥʘ ʦʪʨʘʞʘʝʪ ʥʘʠʣʫʯʰʠʡ ʦʙʤʝʥ ʤʝʞʜʫ b ʠ g ʚ 

ʥʝʧʨʝʨʳʚʥʦʤ ʢʘʥʘʣʝ (ʅʂ-ʧʨʝʜʝʣ ʐʝʥʥʦʥʘ). ʇʨʠ ʵʪʦʤ ʯʘʩʪʦʪʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ g  

ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0 ʜʦ¤ ʪʦ ʚʨʝʤʷ ʢʘʢ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʛʨʘʥʠʯʝʥʘ 

ʩʚʝʨʭʫ, ʧʦʩʢʦʣʴʢʫ 

   )59,1(443,1
2ln

1

120
lim

0
limmax ʜɹº=

-­
=

­
= g

g

g
b

g
b                                             (1.6) 

ɸʥʘʣʦʛʠʯʥʳʝ ʧʨʝʜʝʣʴʥʳʝ ʢʨʠʚʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʩʪʨʦʝʥʳ ʜʣʷ ʜʨʫʛʠʭ ʪʠʧʦʚ ʢʘʥʘʣʦʚ [2] 

(ɼʅʂ-ʜʠʩʢʨʝʪʥʦ-ʥʝʧʨʝʨʳʚʥʳʡ ʢʘʥʘʣ, ɼʉʂ-ʜʠʩʢʨʝʪʥʳʡ ʩʠʤʤʝʪʨʠʯʥʳʡ ʢʘʥʘʣ ʥʘ ʨʠʩ. 1.2). 

 

ʈʠʩ. 1.2.  ʂʨʠʚʳʝ ʧʨʝʜʝʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤ ʩʚʷʟʠ 
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ʇʦʣʦʩʫ ʯʘʩʪʦʪ, ʟʘʥʠʤʘʝʤʫʶ ʩʠʛʥʘʣʦʤ ʢʦʥʝʯʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʥʝ ʚʩʝʛʜʘ ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʦʜʥʦʟʥʘʯʥʦ. ʇʦʵʪʦʤʫ ʜʘʣʝʝ ʜʣʷ ʘʥʘʣʠʟʘ ʠ ʩʨʘʚʥʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʙʫʜʝʤ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʣʝʜʫʶʱʫʶ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ. 

ʇʦʣʘʛʘʝʤ, ʯʪʦ ʥʘ ʠʥʪʝʨʚʘʣʝ T ʧʦ ʢʘʥʘʣʫ ʧʝʨʝʜʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʥʝʟʘʚʠʩʠʤʳʭ ʦʪʩʯʝʪʦʚ TN  (ʧʦ ɺ. ɸ. ʂʦʪʝʣʴʥʠʢʦʚʫ FTNT 2= ).  

ʊʦʛʜʘ  
T

N
D T=   ʯʠʩʣʦ ʧʝʨʝʜʘʚʘʝʤʳʭ ʦʪʩʯʝʪʦʚ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ. 

ɺ ʵʪʦʡ ʤʦʜʝʣʠ ʤʦʛʫʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʧʦʢʘʟʘʪʝʣʠ: 

- ʋʜʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ 

),/(/ ʦʪʩʯʝʪʙʠʪDʢʘʥRRN=                                                                           (1.7) 

-ʋʜʝʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʝʤʢʦʩʪʴ* ʢʘʥʘʣʘ 

 ),/( ʦʪʩʯʝʪʴʙʠʪ
D

C
N
ʉ =                                                                                      (1.8) 

- ʋʜʝʣʴʥʘʷ ʩʨʝʜʥʷʷ ʵʥʝʨʛʠʷ ʩʠʛʥʘʣʘ, ʟʘʪʨʘʯʠʚʘʝʤʘʷ ʥʘ ʧʝʨʝʜʘʯʫ ʦʜʥʦʛʦ 

ʦʪʩʯʝʪʘ 

          DcPEN /=  

- ʋʜʝʣʴʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢʘʥʘʣ   

          ,hh ==
N

N
N C

R
                                                                                                (1.9) 

- ʋʜʝʣʴʥʘʷ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ (ʫʜʝʣʴʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʩʠʛʥʘʣʘ) 

           ,
/ 0

bb ==
NE

R

N

N
N                                                                                (1.10) 

        - ʋʜʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ 

                       .NN R=g                                                                                                (1.11)                                                       

ʇʝʨʝʭʦʜ ʢ ʫʜʝʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʩʠʛʥʘʣʦʚ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʦʨʪʦʛʦʥʘʣʴʥʦʤ ʙʘʟʠʩʝ. ʇʨʠ ʵʪʦʤ ʫʜʝʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 
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ʵʬʬʝʢʪʠʚʥʦʩʪʠ (1.9) ʠ (1.10) ʪʦʯʥʦ ʩʦʚʧʘʜʘʶʪ ʩ ʢʘʥʦʥʠʯʝʩʢʠʤʠ (1.4), (1.5), ʥʦ ʫʜʘʝʪʩʷ 

ʠʟʙʝʞʘʪʴ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʧʨʠ ʦʮʝʥʢʝ ʧʦʣʦʩʳ ʯʘʩʪʦʪ [1, 2]. 

ɺ ɻʣʘʚʝ 1 ʫʯʝʙʥʦʛʦ ʧʦʩʦʙʠʷ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʮʠʬʨʦʚʳʝ ʚʠʜʳ ʤʦʜʫʣʷʮʠʠ ʠ ʩʠʛʥʘʣʴʥʦʛʦ 

ʢʦʜʠʨʦʚʘʥʠʷ, ʠʭ ʩʧʝʢʪʨʘʣʴʥʘʷ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ     ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʇʨʠʚʦʜʷʪʩʷ ʢʨʘʪʢʠʝ 

ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʩʚʝʜʝʥʠʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʠʭ ʨʝʘʣʠʟʘʮʠʷ ʥʘ ʙʘʟʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ NI 

LabVIEW. ɼʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʦʰʠʙʢʠ ʥʘ ʙʠʪ ʦʪ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ 

ʰʫʤ ʚ ʢʘʥʘʣʝ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʤʦʜʫʣʷʮʠʠ FSK, MSK ʠ GMSK, ʘ ʪʘʢʞʝ QAM, M-QAM, 

PSK, M-PSK, ʩʦʟʚʝʟʜʠʷ ʜʣʷ ʤʥʦʛʦʧʦʟʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʤʦʜʫʣʷʮʠʠ, ʩʧʝʢʪʨʳ, ʛʣʘʟʢʦʚʳʝ 

ʜʠʘʛʨʘʤʤʳ [11] ʠ ʜʞʠʪʪʝʨ. 

 ɺ ɻʣʘʚʝ 2  ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢʘʥʘʣʘ ʩʚʷʟʠ. ʂʦʜʠʨʦʚʘʥʠʝ          

ʠʩʪʦʯʥʠʢʘ. ʊʝʦʨʝʤʘ ʂ.ʐʝʥʥʦʥʘ ʦ ʢʦʜʠʨʦʚʘʥʠʠ ʚ ʜʠʩʢʨʝʪʥʦʤ ʢʘʥʘʣʝ ʙʝʟ ʧʦʤʝʭ. ʇʨʦʚʦʜʠʪʩʷ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʜʠʨʦʚʘʥʠʷ ʠʩʪʦʯʥʠʢʘ ʜʠʩʢʨʝʪʥʳʭ ʩʦʦʙʱʝʥʠʡ ʤʝʪʦʜʘʤʠ ʐʝʥʥʦʥʘ-ʌʘʥʦ, 

ʠʩʩʣʝʜʦʚʘʥʠʝ  ʘʣʛʦʨʠʪʤʦʚ ʃʝʤʧʝʣʷ - ɿʠʚʘ, ʌʨʘʢʪʘʣʴʥʳʝ ʤʝʪʦʜʳ ʢʦʜʠʨʦʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ, 

ʘ ʪʘʢʞʝ ʚʝʡʚʣʝʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ ʠ ʠʟʦʙʨʘʞʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʇʆ MATLAB 

[13]. 

ɺ ɻʣʘʚʝ 3 ʠʩʩʣʝʜʫʝʪʩʷ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʝ ʢʦʜʠʨʦʚʘʥʠʝ ʚ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤʘʭ. ʀʩʩʣʝʜʫʶʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʜʦʚ ʍʝʤʤʠʥʛʘ, ɹʏʍ (ɹʦʫʟʘ-ʏʦʫʜʭʫʨʠ-ʍʦʢʚʝʥʛʝʤʘ) 

ʠ ʈʠʜʘ-ʉʦʣʦʤʦʥʘ ʥʘ ʙʘʟʝ MATLAB. ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ  ʮʠʢʣʠʯʝʩʢʦʛʦ ʠʟʙʳʪʦʯʥʦʛʦ 

ʢʦʜʘ (Cyclic redundancy check) CRC ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʇʆ MATLAB. ʈʘʩʩʤʦʪʨʝʥʳ ʢʦʜʝʨʳ 

ʩʚʝʨʪʦʯʥʳʭ ʢʦʜʦʚ ʠ ʤʝʪʦʜʳ ʠʭ ʜʝʢʦʜʠʨʦʚʘʥʠʝ, ʚʢʣʶʯʘʷ ʤʝʪʦʜ ɺʠʪʝʨʙʠ, ʠʩʩʣʝʜʦʚʘʥʳ ʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ c ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʇʆ MATLAB . ʇʦʜʨʦʙʥʦ ʠʩʩʣʝʜʦʚʘʥʦ ʪʫʨʙʦʢʦʜʠʨʦʚʘʥʠʝ,  

ʦʙʦʙʱʝʥʥʘʷ ʩʭʝʤʘ ʪʫʨʙʦʢʦʜʝʨʘ ʩ ʧʘʨʘʣʣʝʣʴʥʳʤ ʢʘʩʢʘʜʠʨʦʚʘʥʠʝʤ. ʉʚʝʨʪʦʯʥʳʝ ʪʫʨʙʦʢʦʜʳ. 

ɼʝʢʦʜʠʨʦʚʘʥʠʝ ʪʫʨʙʦʢʦʜʦʚ.   ʆʮʝʥʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ ʩʚʝʨʪʦʯʥʳʭ 

ʪʫʨʙʦʢʦʜʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʫʨʙʦʢʦʜʦʚ ʧʨʦʚʝʜʝʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʇʆ MATLAB. 

ʈʘʩʩʤʦʪʨʝʥʳ ʥʠʟʢʦʧʣʦʪʥʦʩʪʥʳʝ ʢʦʜʳ, ʜʘʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ LDPC-ʢʦʜʦʚ, ʧʦʢʘʟʘʥʳ ʤʝʪʦʜʳ 

ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʚʝʨʦʯʥʳʭ ʤʘʪʨʠʮ. ʈʝʘʣʠʟʦʚʘʥʳ ʘʣʛʦʨʠʪʤʳ ʜʝʢʦʜʠʨʦʚʘʥʠʷ ʥʠʟʢʦʧʣʦʪʥʳʭ 

ʢʦʜʦʚ, ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʩʣʦʞʥʦʩʪʠ ʘʣʛʦʨʠʪʤʦʚ ʜʝʢʦʜʠʨʦʚʘʥʠʷ ʥʘ ʙʘʟʝ MATLAB ʠ NI 

LabVIEW,   ʠʩʩʣʝʜʦʚʘʥʳ ʢʘʩʢʘʜʥʳʝ ʢʦʜʳ ʥʘ ʙʘʟʝ MATLAB  Simulink 2015 [1, 3, 8-11, 16]. 

 ɺ ɻʣʘʚʝ 4  ʨʘʩʩʤʦʪʨʝʥʳ ʩʠʛʥʘʣʴʥʦ-ʢʦʜʦʚʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʚ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤʘʭ, ʢʨʠʪʝʨʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ, ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʪʝʦʨʠʷ 

ʩʠʛʥʘʣʴʥʦ-ʢʦʜʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʩʠʩʪʝʤʳ ʤʥʦʛʦʯʘʩʪʦʪʥʦʡ OFDM ʤʦʜʫʣʷʮʠʠ - ʧʨʦʚʝʜʝʥʦ 

ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʩʨʝʜʝ LabVIEW, ʨʝʘʣʠʟʦʚʘʥʳ ʊʨʝʣʣʠʩ ʢʦʜʦʚʘʷ ʤʦʜʫʣʷʮʠʷ 

(ʊʉʄ) ʠ ʧʨʦʚʝʜʝʥ ʝʝ ʘʥʘʣʠʟ  ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ MATLAB, ʨʘʩʩʤʦʪʨʝʥʳ ʤʝʪʦʜʳ 
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ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ (MIMO) ʠ ʦʮʝʥʝʥʘ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʘ ʙʘʟʝ NI 

LabVIEW [12, 16]. 

 ɺ ɻʣʘʚʝ 5 ʨʘʩʩʤʦʪʨʝʥʳ ʤʦʜʝʤʳ ʠ ʢʦʜʝʢʠ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ     

ʩʠʩʪʝʤ, ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʤʦʙʠʣʴʥʦʡ ʩʚʷʟʠ ʩʪʘʥʜʘʨʪʦʚ GSM ʥʘ ʙʘʟʝ ʇʆ 

MATLAB , ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʤʦʙʠʣʴʥʦʡ ʩʚʷʟʠ ʩʪʘʥʜʘʨʪʘ CDMA ʥʘ ʙʘʟʝ 

ʇʆ MATLAB, ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʤʦʙʠʣʴʥʦʡ ʩʚʷʟʠ ʩʪʘʥʜʘʨʪʘ Iɽɽɽ 

802.11 (WiFi) ʥʘ ʙʘʟʝ MATLAB  2015, ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʤʦʙʠʣʴʥʦʡ 

ʩʚʷʟʠ ʩʪʘʥʜʘʨʪʘ IEEE 802.15.4 ZigBee ʥʘ ʙʘʟʝ ʇʆ MATLAB, ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʩʠʩʪʝʤʳ ʤʦʙʠʣʴʥʦʡ ʩʚʷʟʠ ʩʪʘʥʜʘʨʪʘ IEEE 802.15.1  (Bluetooth) ʥʘ ʙʘʟʝ ʇʆ MATLAB , 

ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʤʦʙʠʣʴʥʦʡ ʩʚʷʟʠ ʩʪʘʥʜʘʨʪʘ IEEE 802.16 (WiMAX) ʥʘ 

ʙʘʟʝ ʇʆ MATLAB  [16, 18], ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʤʦʙʠʣʴʥʦʡ ʩʚʷʟʠ 

ʩʪʘʥʜʘʨʪʘ IEEE 802.20 LTE ʥʘ ʙʘʟʝ ʇʆ MATLAB, ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ 

ʮʠʬʨʦʚʦʛʦ ʥʘʟʝʤʥʦʛʦ ʪʝʣʝʚʠʟʠʦʥʥʦʛʦ        ʚʝʱʘʥʠʷ DVB-T [16], ʠʤʠʪʘʮʠʦʥʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʮʠʬʨʦʚʦʛʦ ʩʧʫʪʥʠʢʦʚʦʛʦ ʪʝʣʝʚʠʟʠʦʥʥʦʛʦ  ʚʝʱʘʥʠʷ DVB-S ʠ 

ʩʠʩʪʝʤʳ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʩʧʫʪʥʠʢʦʚʦʛʦ ʊɺ-ʚʝʱʘʥʠʷ DVB-S2 [16], 

ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʮʠʬʨʦʚʦʛʦ ʢʘʙʝʣʴʥʦʛʦ ʪʝʣʝʚʠʟʠʦʥʥʦʛʦ ʚʝʱʘʥʠʷ 

DVB-C ʠ ʩʠʩʪʝʤʳ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʢʘʙʝʣʴʥʦʛʦ ʊɺ-ʚʝʱʘʥʠʷ DVB-ʉ2 [16], 

ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʮʠʬʨʦʚʦʛʦ ʤʦʙʠʣʴʥʦʛʦ ʪʝʣʝʚʠʟʠʦʥʥʦʛʦ ʚʝʱʘʥʠʷ 

DVB-ʅ ʠ ʩʠʩʪʝʤʳ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʤʦʙʠʣʴʥʦʛʦ ʊɺ-ʚʝʱʘʥʠʷ DVB-ʅ2 [16, 19, 

20]. 

 

ɻʃɸɺɸ 1. ʎʀʌʈʆɺʓɽ ɺʀɼʓ ʄʆɼʋʃʗʎʀʀ ʀ ʉʀɻʅɸʃʔʅʆɻʆ ʂʆɼʀʈʆɺɸʅʀʗ, 

                  ʀʍ ʉʇɽʂʊʈɸʃʔʅɸʗ ʀ ʕʅɽʈɻɽʊʀʏɽʉʂɸʗ   ʕʌʌɽʂʊʀɺʅʆʉʊʔ 

1.1. ɸʥʘʣʠʟ ʮʠʬʨʦʚʳʭ ʤʝʪʦʜʦʚ ʤʦʜʫʣʷʮʠʠ 

ʄʦʜʫʣʷʪʦʨ 

ʀʟʚʝʩʪʥʦ [6, 7], ʯʪʦ ʫʟʢʦʧʦʣʦʩʥʳʡ ʤʦʜʫʣʠʨʦʚʘʥʥʳʡ ʩʠʛʥʘʣ ʩ ʧʨʦʠʟʚʦʣʴʥʳʤ ʚʠʜʦʤ 

ʤʦʜʫʣʷʮʠʠ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ: 

),sin()()cos()()( ttQttIts ww -=                                                                                    (1.12) 

ʛʜʝ w- ʥʝʩʫʱʘʷ ʯʘʩʪʦʪʘ ʨʘʜʠʦʩʠʛʥʘʣʘ, )(tI  ʠ )(tQ ʥʘʟʳʚʘʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʩʠʥʬʘʟʥʦʡ ʠ ʢʚʘʜʨʘʪʫʨʥʦʡ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʤʦʜʫʣʠʨʫʶʱʝʛʦ ʩʠʛʥʘʣʘ. 

      ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʚʠʜʘ ʤʦʜʫʣʷʮʠʠ ʩʠʛʥʘʣʘ 

ʥʝʦʙʭʦʜʠʤʦ 

ʚʳʧʦʣʥʠʪʴ ʜʚʝ ʦʧʝʨʘʮʠʠ: (1) ʩʬʦʨʤʠʨʦʚʘʪʴ ʩʠʥʬʘʟʥʫʶ ʠ ʢʚʘʜʨʘʪʫʨʥʫʶ ʩʦʩʪʘʚʣʷʶʱʠʝ 

ʤʦʜʫʣʠʨʫʶʱʝʛʦ ʩʠʛʥʘʣʘ (ʚʠʜ ʜʘʥʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴ ʚʠʜ ʤʦʜʫʣʷʮʠʠ) 
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ʠ ( 2) ʚʳʧʦʣʥʠʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ (1.12). 

ɺʳʧʦʣʥʝʥʠʝ ʦʧʝʨʘʮʠʡ (1) ʠ (2) ʚʳʧʦʣʥʷʝʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʙʣʦʢʘʤʠ ʧʝʨʝʜʘʶʱʝʛʦ ʪʨʘʢʪʘ. 

ʆʧʝʨʘʮʠʷ (1) ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ baseband-ʧʨʦʮʝʩʩʦʨʝ, ʘ ʦʧʝʨʘʮʠʷ (2) ʚ ʢʚʘʜʨʘʪʫʨʥʦʤ )(IQ  

ʤʦʜʫʣʷʪʦʨʝ. 

Baseband-ʤʦʜʫʣʷʪʦʨ ʬʦʨʤʠʨʫʝʪ ʥʠʟʢʦʯʘʩʪʦʪʥʳʝ (baseband) ʩʠʛʥʘʣʳ )(tI  ʠ )(tQ  ʠʟ 

ʟʘʢʦʜʠʨʦʚʘʥʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ (ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʫʣʝʡ ʠ ʝʜʠʥʠʮ). ɿʘʢʦʥ, ʧʦ 

ʢʦʪʦʨʦʤʫ ʚʳʧʦʣʥʷʝʪʩʷ ʜʘʥʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ, ʦʧʨʝʜʝʣʷʝʪ ʚʠʜ ʤʦʜʫʣʷʮʠʠ ʩʠʛʥʘʣʘ. 

 

ʈʠʩ. 1.3.  IQ-ʤʦʜʫʣʷʪʦʨ 

ɼʣʷ IQ-ʤʦʜʫʣʷʪʦʨʘ ʚʭʦʜʥʳʤʠ ʩʠʛʥʘʣʘʤʠ ʷʚʣʷʶʪʩʷ  

         ;)()( tIt
in

I =           )()( tQt
in

Q =  . 

ʉʬʦʨʤʠʨʦʚʘʥʥʳʝ baseband-ʧʨʦʮʝʩʩʦʨʦʤ ʠʟ ʠʩʭʦʜʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ ʠ 

ʦʧʨʝʜʝʣʷʶʱʠʝ ʚʠʜ ʠ ʩʚʦʡʩʪʚʘ ʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʩʠʛʥʘʣʘ. ʅʘ ʤʦʜʫʣʷʪʦʨ ʪʘʢʞʝ ʧʦʩʪʫʧʘʝʪ 

ʥʝʤʦʜʫʣʠʨʦʚʘʥʥʦʝ ʥʝʩʫʱʝʝ ʢʦʣʝʙʘʥʠʝ ʚʠʜʘ )cos( tw . ʅʘ ʚʳʭʦʜʝ ʤʦʜʫʣʷʪʦʨʘ ʦʙʨʘʟʫʝʪʩʷ 

ʩʠʛʥʘʣ (1.12) ʧʦʩʨʝʜʩʪʚʦʤ ʫʤʥʦʞʝʥʠʷ ʩʠʛʥʘʣʘ )(tI  ʥʘ ʥʝʤʦʜʫʣʠʨʦʚʘʥʥʦʝ ʥʝʩʫʱʝʝ 

ʢʦʣʝʙʘʥʠʝ, )(tQ ʥʘ ʥʝʤʦʜʫʣʠʨʦʚʘʥʥʦʝ ʥʝʩʫʱʝʝ ʢʦʣʝʙʘʥʠʝ, ʩʜʚʠʥʫʪʦʝ ʧʦ ʬʘʟʝ ʥʘ 90Á, ʠ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʩʫʤʤʠʨʦʚʘʥʠʷ. 

ɺʠʜʥʦ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ IQ-ʤʦʜʫʣʷʪʦʨʘ ʷʚʣʷʝʪʩʷ ʠʥʚʘʨʠʘʥʪʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʠʜʘ 

ʤʦʜʫʣʷʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʚʠʜʘ ʤʦʜʫʣʷʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʧʨʦʛʨʘʤʤʦʡ, ʚʳʧʦʣʥʷʝʤʦʡ baseband-ʧʨʦʮʝʩʩʦʨʦʤ, ʘ ʠʤʝʥʥʦ ʘʣʛʦʨʠʪʤʦʤ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʢʚʘʜʨʘʪʫʨʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʠʟ ʟʘʢʦʜʠʨʦʚʘʥʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ. IQ-ʤʦʜʫʣʷʪʦʨ 

ʨʘʙʦʪʘʝʪ ʥʘ ʚʳʩʦʢʦʡ (ʥʝʩʫʱʝʡ) ʯʘʩʪʦʪʝ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʷʚʣʷʝʪʩʷ ʘʥʘʣʦʛʦʚʳʤ ʫʩʪʨʦʡʩʪʚʦʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʨʫʢʪʫʨʥʦ ʧʝʨʝʜʘʶʱʠʡ ʪʨʘʢʪ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʮʠʬʨʦʚʫʶ ʠ ʘʥʘʣʦʛʦʚʫʶ 

ʯʘʩʪʠ, ʨʘʟʜʝʣʝʥʥʳʝ ʮʠʬʨʦ-ʘʥʘʣʦʛʦʚʳʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ (ʎɸʇ), ʬʦʨʤʠʨʫʶʱʠʤ ʘʥʘʣʦʛʦʚʳʡ 

ʩʠʛʥʘʣ ʠʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʦʩʪʫʧʘʶʱʠʭ ʥʘ ʥʝʛʦ ʦʪʩʯʝʪʦʚ. 

ɺʦʟʤʦʞʥʘ ʪʘʢʞʝ ʠ ʠʥʘʷ ʨʝʘʣʠʟʘʮʠʷ, ʢʦʛʜʘ IQ-ʤʦʜʫʣʷʪʦʨ ʚʳʧʦʣʥʝʥ ʚ ʮʠʬʨʦʚʦʤ ʚʠʜʝ ʠ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ (1.12) ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ baseband-ʧʨʦʮʝʩʩʦʨʦʤ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘ ʚʳʭʦʜʝ 
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baseband-ʧʨʦʮʝʩʩʦʨʘ ʬʦʨʤʠʨʫʝʪʩʷ ʩʠʛʥʘʣ s(t) ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʯʘʩʪʦʪʝ, ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ 

ʥʠʟʢʦʡ, ʯʝʤ ʥʝʩʫʱʘʷ. ɼʘʥʥʳʡ ʩʠʛʥʘʣ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʘʥʘʣʦʛʦʚʳʡ ʩ ʧʦʤʦʱʴʶ ʎɸʇ ʠ ʟʘʪʝʤ 

ʝʛʦ ʩʧʝʢʪʨ ʧʝʨʝʥʦʩʠʪʩʷ ʥʘ ʥʝʩʫʱʫʶ ʯʘʩʪʦʪʫ ʩ ʧʦʤʦʱʴʶ ʩʤʝʩʠʪʝʣʷ. 

ʎʠʬʨʦʚʳʝ ʚʠʜʳ ʤʦʜʫʣʷʮʠʠ [7] 

ʎʠʬʨʦʚʳʝ ʚʠʜʳ ʤʦʜʫʣʷʮʠʠ (ʯʘʩʪʦ ʮʠʬʨʦʚʘʷ ʤʦʜʫʣʷʮʠʷ ʥʘʟʳʚʘʝʪʩʷ ʤʘʥʠʧʫʣʷʮʠʝʡ), ʢʘʢ ʠ 

ʘʥʘʣʦʛʦʚʳʝ, ʤʦʛʫʪ ʙʳʪʴ ʘʤʧʣʠʪʫʜʥʳʤʠ, ʬʘʟʦʚʳʤʠ, ʯʘʩʪʦʪʥʳʤʠ  ʠʣʠ  ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤʠ  

(ʥʘʧʨʠʤʝʨ,  ʘʤʧʣʠʪʫʜʥʦ-ʬʘʟʦʚʳʤʠ),  ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʢʘʢʦʡ ʠʟ ʧʘʨʘʤʝʪʨʦʚ 

ʥʝʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʥʝʩʫʱʝʛʦ ʢʦʣʝʙʘʥʠʷ )()cos()()( tpttAts += w  ʠʟʤʝʥʷʝʪʩʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʟʤʝʥʝʥʠʝʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ. ʊʘʢ ʢʘʢ ʟʥʘʯʝʥʠʷ ʮʠʬʨʦʚʦʛʦ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ ʷʚʣʷʶʪʩʷ ʜʠʩʢʨʝʪʥʳʤʠ (ʥʘʧʨʠʤʝʨ, {0,1}), ʜʠʩʢʨʝʪʥʳʤ ʷʚʣʷʝʪʩʷ 

ʪʘʢʞʝ ʠ ʚʦʟʤʦʞʥʳʡ ʥʘʙʦʨ ʟʥʘʯʝʥʠʡ ʢʘʞʜʦʛʦ ʠʟ ʧʘʨʘʤʝʪʨʦʚ. ʆʜʥʘʢʦ ʝʩʣʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ 

ʩʠʛʥʘʣ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ baseband-ʬʠʣʴʪʨ ʜʣʷ ʦʛʨʘʥʠʯʝʥʠʷ ʩʧʝʢʪʨʘ, ʝʛʦ ʟʥʘʯʝʥʠʷ ʫʞʝ ʥʝ 

ʷʚʣʷʶʪʩʷ ʜʠʩʢʨʝʪʥʳʤʠ, ʧʦʵʪʦʤʫ ʨʝʘʣʴʥʦ ʧʝʨʝʭʦʜ ʦʪ ʦʜʥʦʛʦ ʜʠʩʢʨʝʪʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ 

ʢʦʣʝʙʘʥʠʷ (ʥʘʧʨʠʤʝʨ, ʠʟʤʝʥʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʠʣʠ ʬʘʟʳ) ʧʨʦʠʩʭʦʜʠʪ ʛʣʘʜʢʦ ʠ ʥʝʧʨʝʨʳʚʥʦ. 

ɸʤʧʣʠʪʫʜʥʳʝ ʚʠʜʳ ʤʦʜʫʣʷʮʠʠ (OOK, ASK, M-ASK) 

ʅʘʠʙʦʣʝʝ  ʧʨʦʩʪʳʤ  ʚʠʜʦʤ  ʤʘʥʠʧʫʣʷʮʠʠ  ʩʠʛʥʘʣʘ  ʷʚʣʷʝʪʩʷ  ʘʤʧʣʠʪʫʜʥʘʷ ʤʘʥʠʧʫʣʷʮʠʷ. 

ʄʦʜʫʣʠʨʦʚʘʥʥʳʡ ʩʠʛʥʘʣ ʠʤʝʝʪ ʚʠʜ: 

),
0

cos())(()( jw++= tBtcAts  
 

ʛʜʝ c(t) - ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʮʠʬʨʦʚʦʡ ʩʠʛʥʘʣ, A, B ʠ ű0 - ʧʦʩʪʦʷʥʥʳʝ, B Ó 0 , ɤ - 

ʥʝʩʫʱʘʷ ʯʘʩʪʦʪʘ. ʇʫʩʪʴ ʤʥʦʞʝʩʪʚʦ ʚʦʟʤʦʞʥʳʭ ʟʥʘʯʝʥʠʡ c(t) {0,1}, B=0. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʤʦʜʫʣʠʨʦʚʘʥʥʳʡ ʩʠʛʥʘʣ ʠʤʝʝʪ ʚʠʜ ),cos()()( 0jw+= ttActs ʝʛʦ ʘʤʧʣʠʪʫʜʘ ʧʨʠʥʠʤʘʝʪ 

ʟʥʘʯʝʥʠʝ 0 ʧʨʠ ʥʫʣʝʚʦʤ ʟʥʘʯʝʥʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ ʠ A ʧʨʠ ʝʜʠʥʠʯʥʦʤ (ʨʠʩ.1.2). 

ʊʘʢʦʡ ʪʠʧ ʤʘʥʠʧʫʣʷʮʠʠ ʥʘʟʳʚʘʝʪʩʷ OOK (On-Off Keying, ɺʢʣʶʯʝʥʦ-ɺʳʢʣʶʯʝʥʦ) ʠ ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʠʩʪʝʤʘʭ ʩʠʛʥʘʣʠʟʘʮʠʠ ʠ ʦʭʨʘʥʥʳʭ ʩʠʩʪʝʤʘʭ. 

 

ʈʠʩ. 1.4. ʄʦʜʫʣʷʮʠʷ OOK: ʘ - ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʩʦʦʙʱʝʥʠʝ; ʙ - ʤʦʜʫʣʠʨʫʶʱʠʡ ʮʠʬʨʦʚʦʡ 

ʩʠʛʥʘʣ; ʚ - ʤʦʜʫʣʠʨʦʚʘʥʥʳʡ ʨʘʜʠʦʩʠʛʥʘʣ 

ɼʦʧʫʩʪʠʤ ʪʝʧʝʨʴ 1=B . ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʘʤʧʣʠʪʫʜʘ ʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʩʠʛʥʘʣʘ ʧʨʠʥʠʤʘʝʪ 

ʟʥʘʯʝʥʠʝ A ʧʨʠ ʥʫʣʝʚʦʤ ʟʥʘʯʝʥʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ ʠ 2A ʧʨʠ  ʝʜʠʥʠʯʥʦʤ.  ɺʠʜ  

ʤʦʜʫʣʷʮʠʠ,  ʜʣʷ  ʢʦʪʦʨʦʛʦ  B >0,  ʥʦʩʠʪ  ʥʘʟʚʘʥʠʝ  ASK (Amplitude Shift Keying - 
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ʘʤʧʣʠʪʫʜʥʘʷ ʤʘʥʠʧʫʣʷʮʠʷ). OOK ʷʚʣʷʝʪʩʷ ʯʘʩʪʥʳʤ ʩʣʫʯʘʝʤ ASK ʧʨʠ B=0. ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ 

ʦʩʥʦʚʥʳʭ ʢʨʠʪʝʨʠʷ ʩʨʘʚʥʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʤʦʜʫʣʷʮʠʠ. ʕʪʦ ʢʨʠʪʝʨʠʠ 

ʩʧʝʢʪʨʘʣʴʥʦʡ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʉʧʝʢʪʨʘʣʴʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʧʦʣʦʩʫ ʯʘʩʪʦʪ, ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʧʝʨʝʜʘʯʠ   ʠʥʬʦʨʤʘʮʠʠ   ʩ   ʦʧʨʝʜʝʣʝʥʥʦʡ   

ʩʢʦʨʦʩʪʴʶ. ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʧʠʩʳʚʘʝʪ ʤʦʱʥʦʩʪʴ, ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʧʝʨʝʜʘʯʠ 

ʠʥʬʦʨʤʘʮʠʠ ʩ ʟʘʜʘʥʥʦʡ ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ (ʚʝʨʦʷʪʥʦʩʪʴʶ ʦʰʠʙʢʠ). ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩʧʝʢʪʨ 

ʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʨʘʜʠʦʯʘʩʪʦʪʝ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʧʦʩʪʦʷʥʥʦʛʦ ʤʥʦʞʠʪʝʣʷ ʩʦʚʧʘʜʘʝʪ 

ʩʦ ʩʧʝʢʪʨʦʤ ʤʦʜʫʣʠʨʫʶʱʝʛʦ (baseband) ʩʠʛʥʘʣʘ, ʦʜʥʘʢʦ, ʮʝʥʪʨ ʩʧʝʢʪʨʘ ʨʘʜʠʦʩʠʛʥʘʣʘ 

ʨʘʟʤʝʱʝʥ ʥʘ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʝ, ʘ ʥʝ ʥʘ ʥʫʣʝʚʦʡ. ʇʦʵʪʦʤʫ, ʢʘʢ ʧʨʘʚʠʣʦ, ʘʥʘʣʠʟʠʨʫʶʪʩʷ 

ʩʧʝʢʪʨʘʣʴʥʳʝ ʧʣʦʪʥʦʩʪʠ ʤʦʜʫʣʠʨʫʶʱʠʭ ʩʠʛʥʘʣʦʚ, ʮʝʥʪʨʠʨʦʚʘʥʥʳʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʫʣʝʚʦʡ 

ʯʘʩʪʦʪʳ. ʉʧʝʢʪʨʘʣʴʥʳʝ ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ ASK ʩʠʛʥʘʣʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ baseband-

ʬʠʣʴʪʨʦʚ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ.1.4. ʅʘ ʨʠʩ.1.4 ʧʦʢʘʟʘʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʬʦʨʤʳ ʠʤʧʫʣʴʩʦʚ 

ʤʦʜʫʣʠʨʫʶʱʝʛʦ ʩʠʛʥʘʣʘ ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ baseband-ʬʠʣʴʪʨʘ. ʀʟ ʩʨʘʚʥʝʥʠʷ ʨʠʩ.1.4 ʠ 

ʨʠʩ.1.5 ʚʠʜʥʦ, ʯʪʦ ʙʦʣʝʝ ʛʣʘʜʢʘʷ ʬʦʨʤʘ ʠʤʧʫʣʴʩʘ ʤʦʜʫʣʠʨʫʶʱʝʛʦ ʩʠʛʥʘʣʘ ʧʨʠʚʦʜʠʪ ʢ 

ʨʘʩʰʠʨʝʥʠʶ ʛʣʘʚʥʦʛʦ ʣʝʧʝʩʪʢʘ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ ʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ 

ʩʠʛʥʘʣʘ ʠ ʙʦʣʝʝ ʙʳʩʪʨʦʤʫ ʫʤʝʥʴʰʝʥʠʶ ʘʤʧʣʠʪʫʜʳ ʙʦʢʦʚʳʭ ʣʝʧʝʩʪʢʦʚ. 

 

ʈʠʩ. 1.5.  ʉʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʤʦʱʥʦʩʪʠ ASK-ʩʠʛʥʘʣʘ. ʌʦʨʤʘ ʠʤʧʫʣʴʩʘ 

ʤʦʜʫʣʠʨʫʶʱʝʛʦ ʩʠʛʥʘʣʘ: 1 - ʧʨʷʤʦʫʛʦʣʴʥʘʷ, 2 - ʢʦʩʠʥʫʩʦʠʜʘʣʴʥʘʷ, 3 - ʧʨʠʧʦʜʥʷʪʳʡ ʢʦʩʠʥʫʩ. 

ʄʥʦʞʝʩʪʚʦ  ʚʦʟʤʦʞʥʳʭ  ʟʥʘʯʝʥʠʡ  ʢʚʘʜʨʘʪʫʨʥʳʭ  ʢʦʤʧʦʥʝʥʪ  I(t)  ʠ  Q(t) ʥʘʟʳʚʘʝʪʩʷ 

ʩʠʛʥʘʣʴʥʳʤ ʩʦʟʚʝʟʜʠʝʤ. ʂʘʢ ʧʨʘʚʠʣʦ, ʜʘʥʥʦʝ ʤʥʦʞʝʩʪʚʦ ʦʪʦʙʨʘʞʘʶʪ ʥʘ ʜʝʢʘʨʪʦʚʦʡ 

ʧʣʦʩʢʦʩʪʠ, ʛʜʝ ʧʦ ʦʩʠ ʘʙʩʮʠʩʩ ʦʪʣʦʞʝʥʳ ʟʥʘʯʝʥʠʷ ʩʠʥʬʘʟʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ I(t), ʘ ʧʦ ʦʩʠ 

ʦʨʜʠʥʘʪ - ʢʚʘʜʨʘʪʫʨʥʦʡ Q(t). ʊʦʯʢʘ ʥʘ ʧʣʦʩʢʦʩʪʠ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ (x,y) ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʩʦʩʪʦʷʥʠʶ ʩʠʛʥʘʣʘ, ʚ ʢʦʪʦʨʦʤ ʩʠʥʬʘʟʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʨʘʚʥʘ x, ʢʚʘʜʨʘʪʫʨʥʘʷ ʨʘʚʥʘ ʫ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʠʛʥʘʣʴʥʦʝ ʩʦʟʚʝʟʜʠʝ - ʵʪʦ ʜʠʘʛʨʘʤʤʘ ʚʦʟʤʦʞʥʳʭ ʩʦʩʪʦʷʥʠʡ ʩʠʛʥʘʣʘ. 

ʀʩʧʦʣʴʟʫʷ ʦʙʱʠʡ ʚʠʜ ʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʨʘʜʠʦʩʠʛʥʘʣʘ, ʤʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʘʤʧʣʠʪʫʜʘ 

ʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʨʘʜʠʦʩʠʛʥʘʣʘ ʚ ʪʝʢʫʱʝʤ ʩʦʩʪʦʷʥʠʠ ʨʘʚʥʘ 

),(2)(2)( tQtItA +=  

ʘ ʬʘʟʘ ʨʘʚʥʘ ʫʛʣʫ ʚʝʢʪʦʨʘ, ʫʢʘʟʳʚʘʶʱʝʛʦ ʚ ʪʦʯʢʫ (I,Q), ʦʪʩʯʠʪʳʚʘʝʤʦʛʦ ʦʪ ʦʩʠ ʘʙʩʮʠʩʩ. 

ɼʣʷ ʤʦʜʫʣʷʮʠʡ OOK ʠ ASK ʩʠʛʥʘʣʴʥʦʝ ʩʦʟʚʝʟʜʠʝ ʠʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 1.6. 

 

ʈʠʩ. 1.6. ɺʠʜʳ ʤʦʜʫʣʷʮʠʠ: ʘ - ʩʠʛʥʘʣʴʥʦʝ ʩʦʟʚʝʟʜʠʝ ʤʦʜʫʣʷʮʠʠ OOK, ʙ - ʩʠʛʥʘʣʴʥʦʝ 

ʩʦʟʚʝʟʜʠʝ ʤʦʜʫʣʷʮʠʠ ASK 

ʄʥʦʛʦʧʦʟʠʮʠʦʥʥʘʷ ʘʤʧʣʠʪʫʜʥʘʷ ʤʦʜʫʣʷʮʠʷ (M-ASK) 

ʇʨʠ ʤʦʜʫʣʷʮʠʠ ASK ʤʥʦʞʝʩʪʚʦ ʚʦʟʤʦʞʥʳʭ ʟʥʘʯʝʥʠʡ ʘʤʧʣʠʪʫʜʳ ʨʘʜʠʦʩʠʛʥʘʣʘ 

ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʜʚʫʤʷ ʟʥʘʯʝʥʠʷʤʠ (ʙʝʟ ʫʯʝʪʘ ʩʛʣʘʞʠʚʘʥʠʷ baseband-ʬʠʣʴʪʨʦʤ). 

ʉʧʝʢʪʨʘʣʴʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʝʥʘ, ʝʩʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʟʥʘʯʝʥʠʡ ʘʤʧʣʠʪʫʜʳ ʨʘʜʠʦʩʠʛʥʘʣʘ. 

ʉʛʨʫʧʧʠʨʫʝʤ ʙʠʪʳ ʠʩʭʦʜʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʦʦʙʱʝʥʠʷ ʚ ʧʘʨʳ. ʂʘʞʜʘʷ ʪʘʢʘʷ ʧʘʨʘ 

ʥʘʟʳʚʘʝʪʩʷ ʩʠʤʚʦʣʦʤ. ɽʩʣʠ ʢʘʞʜʳʡ ʙʠʪ ʠʤʝʝʪ ʤʥʦʞʝʩʪʚʦ ʟʥʘʯʝʥʠʡ {0,1}, ʪʦ ʢʘʞʜʳʡ ʩʠʤʚʦʣ 

ʠʤʝʝʪ ʯʝʪʳʨʝ ʚʦʟʤʦʞʥʳʭ ʟʥʘʯʝʥʠʷ ʠʟ ʤʥʦʞʝʩʪʚʘ {00, 01, 10, 11}. ʉʦʧʦʩʪʘʚʠʤ ʢʘʞʜʦʤʫ ʠʟ 

ʚʦʟʤʦʞʥʳʭ ʟʥʘʯʝʥʠʡ ʩʠʤʚʦʣʘ ʟʥʘʯʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʨʘʜʠʦʩʠʛʥʘʣʘ ʠʟ ʤʥʦʞʝʩʪʚʘ {0, A, 2A, 

3A}. ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʛʨʫʧʧʠʨʦʚʘʪʴ ʪʨʦʡʢʠ, ʯʝʪʚʝʨʢʠ ʠ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʙʠʪ 

ʚ ʦʜʥʦʤ ʩʠʤʚʦʣʝ. ʇʦʣʫʯʠʪʩʷ ʤʥʦʛʦʫʨʦʚʥʝʚʳʡ (ʤʥʦʛʦʧʦʟʠʮʠʦʥʥʳʡ) ʩʠʛʥʘʣ M-ASK ʩ 

ʨʘʟʤʝʨʥʦʩʪʴʶ ʤʥʦʞʝʩʪʚʘ ʚʦʟʤʦʞʥʳʭ ʟʥʘʯʝʥʠʡ ʘʤʧʣʠʪʫʜʳ ʩʠʛʥʘʣʘ M = log2 k, ʛʜʝ k - ʯʠʩʣʦ 

ʙʠʪ ʚ ʦʜʥʦʤ ʩʠʤʚʦʣʝ. 

ʅʘʧʨʠʤʝʨ, ʩʠʛʥʘʣ ʩ ʤʦʜʫʣʷʮʠʝʡ 256-ASK ʠʤʝʝʪ 256 ʚʦʟʤʦʞʥʳʭ ʟʥʘʯʝʥʠʡ ʘʤʧʣʠʪʫʜʳ 

ʩʠʛʥʘʣʘ ʠ 8 ʙʠʪ ʚ ʦʜʥʦʤ ʩʠʤʚʦʣʝ. 

ʅʘ ʨʠʩʫʥʢʝ 1.7 ʠʟʦʙʨʘʞʝʥʘ ʩʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʤʦʱʥʦʩʪʠ ʚʦʩʴʤʠʫʨʦʚʥʝʚʦʛʦ ʩʠʛʥʘʣʘ 

8-ASK ʠ ʩʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʩʠʛʥʘʣʘ ASK ʩ ʠʤʧʫʣʴʩʘʤʠ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʬʦʨʤʳ (ʙʝʟ 

baseband-ʬʠʣʴʪʨʘʮʠʠ). ʄʥʦʛʦʧʦʟʠʮʠʦʥʥʳʡ ʩʠʛʥʘʣ ʠʤʝʝʪ ʤʝʥʴʰʫʶ ʰʠʨʠʥʫ ʛʣʘʚʥʦʛʦ 

ʣʝʧʝʩʪʢʘ (ʟʘʥʠʤʘʝʪ ʤʝʥʴʰʫʶ ʧʦʣʦʩʫ ʯʘʩʪʦʪ) ʠ ʙʦʣʝʝ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʙʦʢʦʚʳʭ ʣʝʧʝʩʪʢʦʚ, ʪ. ʝ. 

ʠʤʝʝʪ ʙʦʣʴʰʫʶ ʩʧʝʢʪʨʘʣʴʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʚʫʭʫʨʦʚʥʝʚʳʤ ʩʠʛʥʘʣʦʤ. 
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ʈʠʩ. 1.7. ʉʨʘʚʥʝʥʠʝ ʩʧʝʢʪʨʘʣʴʥʳʭ ʧʣʦʪʥʦʩʪʝʡ ʤʦʱʥʦʩʪʠ ʜʚʫʭʫʨʦʚʥʝʚʦʛʦ ʠ 

ʚʦʩʴʤʠʫʨʦʚʥʝʚʦʛʦ ɸʄ-ʩʠʛʥʘʣʦʚ: 1 - ʩʠʛʥʘʣ ASK, 2 ï ʩʠʛʥʘʣ 8-ASK 

ɸʤʧʣʠʪʫʜʥʳʝ ʚʠʜʳ ʤʦʜʫʣʷʮʠʠ ʠʤʝʶʪ ʥʝʚʳʩʦʢʫʶ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ (ʪʘʢ 

ʢʘʢ ʩʨʝʜʥʠʡ ʫʨʦʚʝʥʴ ʤʦʱʥʦʩʪʠ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ), ʪʨʝʙʫʶʪ ʚʳʩʦʢʦʡ 

ʣʠʥʝʡʥʦʩʪʠ ʠ ʙʦʣʴʰʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʫʩʠʣʠʪʝʣʷ ʤʦʱʥʦʩʪʠ. ʆʰʠʙʢʘ ʚ 

ʘʤʧʣʠʪʫʜʝ ʩʠʛʥʘʣʘ ʠʟ-ʟʘ ʥʝʣʠʥʝʡʥʦʩʪʠ ʫʩʠʣʠʪʝʣʷ ʧʨʠʚʝʜʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʩʠʤʚʦʣʴʥʦʡ 

ʦʰʠʙʢʝ, ʪ. ʢ. ʟʥʘʯʝʥʠʝ ʩʠʤʚʦʣʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʘʤʧʣʠʪʫʜʦʡ ʩʠʛʥʘʣʘ. ʆʪʥʦʰʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʘʤʧʣʠʪʫʜʳ ʩʠʛʥʘʣʘ ʢ ʤʠʥʠʤʘʣʴʥʦʡ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦ ʠ ʪʨʝʙʫʝʪ ʫʩʠʣʠʪʝʣʷ ʩ ʙʦʣʴʰʠʤ 

ʜʠʥʘʤʠʯʝʩʢʠʤ ʜʠʘʧʘʟʦʥʦʤ. ɺʣʠʷʥʠʝ ʘʜʜʠʪʠʚʥʦʛʦ ʰʫʤʘ ʠʣʠ ʧʦʤʝʭʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʠʟʤʝʥʷʝʪ ʘʤʧʣʠʪʫʜʫ ʩʠʛʥʘʣʘ, ʧʦʵʪʦʤʫ ʘʤʧʣʠʪʫʜʥʳʝ ʚʠʜʳ ʤʦʜʫʣʷʮʠʠ ʥʝ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ 

ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴʶ. ʆʜʥʘʢʦ ʦʥʠ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʳ ʚ ʨʝʘʣʠʟʘʮʠʠ. ʉʠʛʥʘʣʴʥʦʝ ʩʦʟʚʝʟʜʠʝ 

ʜʣʷ 8-ASK ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʦʢ 1.8. 

 

 

ʈʠʩ. 1.8.  ʉʠʛʥʘʣʴʥʦʝ ʩʦʟʚʝʟʜʠʝ ʤʦʜʫʣʷʮʠʠ 8-ASK 

 ʌʘʟʦʚʳʝ ʚʠʜʳ ʤʦʜʫʣʷʮʠʠ (BPSK, QPSK, M-PSK, QAM ) 

ʌʘʟʦʤʦʜʫʣʠʨʦʚʘʥʥʳʡ ʩʠʛʥʘʣ ʠʤʝʝʪ ʚʠʜ: 
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),)(cos()( 0jjw ++= ttAts                                                                                         (1.13) 

ʛʜʝ A ʠ 0j  - ʧʦʩʪʦʷʥʥʳʝ, 0w  - ʥʝʩʫʱʘʷ ʯʘʩʪʦʪʘ. 

ʀʥʬʦʨʤʘʮʠʷ ʢʦʜʠʨʫʝʪʩʷ ʬʘʟʦʡ ű(t) . ʊʘʢ ʢʘʢ ʧʨʠ ʢʦʛʝʨʝʥʪʥʦʡ ʜʝʤʦʜʫʣʷʮʠʠ ʚ ʧʨʠʝʤʥʠʢʝ 

ʠʤʝʝʪʩʷ ʚʦʩʩʪʘʥʦʚʣʝʥʥʘʷ ʥʝʩʫʱʘʷ SC(t) = A cos(ɤt + ű0), ʪʦ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʩʠʛʥʘʣʘ ʩ 

ʥʝʩʫʱʝʡ ʚʳʯʠʩʣʷʝʪʩʷ ʪʝʢʫʱʠʡ ʩʜʚʠʛ ʬʘʟʳ ű(t) . ʀʟʤʝʥʝʥʠʝ ʬʘʟʳ ű(t) ʚʟʘʠʤʥʦʦʜʥʦʟʥʘʯʥʦ 

ʩʚʷʟʘʥʦ ʩ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʩʠʛʥʘʣʦʤ c(t). 

QPSK (Quadrature Phase Shift Keying) - ʂʚʘʜʨʘʪʫʨʥʘʷ ʬʘʟʦʚʘʷ ʤʦʜʫʣʷʮʠʷ 

(ʯʝʪʳʨʸʭʫʨʦʚʥʝʚʘʷ ʬʘʟʦʚʘʷ ʤʦʜʫʣʷʮʠʷ). ɺ ʜʘʥʥʦʡ ʬʘʟʦʚʦʡ ʤʦʜʫʣʷʮʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʯʝʪʳʨʝ 

ʟʥʘʯʝʥʠʷ ʬʘʟʳ ʥʝʩʫʱʝʛʦ ʢʦʣʝʙʘʥʠʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʬʘʟʘ ʩʠʛʥʘʣʘ ʜʦʣʞʥʘ ʧʨʠʥʠʤʘʪʴ ʯʝʪʳʨʝ 

ʟʥʘʯʝʥʠʷ: 0Á, 90Á, 180Á ʠ 270Á. ʆʜʥʘʢʦ ʯʘʱʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʨʫʛʠʝ ʟʥʘʯʝʥʠʷ ʬʘʟ: 45Á, 135Á, 

225Á ʠ 315Á ʩ ʰʘʛʦʤ, ʢʨʘʪʥʳʤ  ́/ 2. 

 ʉʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʩʜʚʠʛʦʤ ʬʘʟʳ ʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʢʦʣʝʙʘʥʠʷ ʠʟ ʤʥʦʞʝʩʪʚʘ {Ñˊ/4, 

Ñ3ˊ/4} ʠ ʤʥʦʞʝʩʪʚʦʤ ʩʠʤʚʦʣʦʚ (ʜʠʙʠʪʦʚ) ʮʠʬʨʦʚʦʛʦ ʩʦʦʙʱʝʥʠʷ {00, 01, 10, 11} 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ ʩʪʘʥʜʘʨʪʦʤ ʥʘ ʨʘʜʠʦʢʘʥʘʣ ʠ ʦʪʦʙʨʘʞʘʝʪʩʷ 

ʩʠʛʥʘʣʴʥʳʤ ʩʦʟʚʝʟʜʠʝʤ. ʉʠʛʥʘʣʴʥʦʝ ʩʦʟʚʝʟʜʠʝ ï ʵʪʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʤʘʥʠʧʫʣʠʨʦʚʘʥʥʳʭ 

ʨʘʜʠʦʩʠʛʥʘʣʦʚ ʥʘ ʢʦʤʧʣʝʢʩʥʦʡ ʧʣʦʩʢʦʩʪʠ.  

ʄʦʜʫʣʠʨʦʚʘʥʥʳʡ ʩʠʛʥʘʣ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ ʚʝʢʪʦʨ ʥʘ ʛʨʘʬʠʢʝ ʚ ʧʦʣʷʨʥʦʡ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ; ʜʣʠʥʘ ʚʝʢʪʦʨʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʘʤʧʣʠʪʫʜʝ ʩʠʛʥʘʣʘ, ʘ ʝʛʦ ʦʨʠʝʥʪʘʮʠʷ ð ʬʘʟʝ.  ʅʘ 

ʨʠʩʫʥʢʝ 1.9 ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʠʛʥʘʣʴʥʦʝ ʩʦʟʚʝʟʜʠʝ ʜʣʷ QPSK ʤʦʜʫʣʷʮʠʠ. 

 

ʈʠʩ. 1.9.  ʉʠʛʥʘʣʴʥʦʝ ʩʦʟʚʝʟʜʠʝ ʜʣʷ QPSK ʤʦʜʫʣʷʮʠʠ. 

ʌʘʟʘ ʤʦʞʝʪ ʧʝʨʝʭʦʜʠʪʴ ʠʟ ʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʜʨʫʛʦʝ. ʊʘʢʠʝ ʧʝʨʝʭʦʜʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 1.10 ʯʸʨʥʳʤʠ ʩʪʨʝʣʢʘʤʠ. 
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ʈʠʩ. 1.10. ʇʝʨʝʭʦʜʳ ʠʟ ʦʜʥʦʛʦ ʬʘʟʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʜʨʫʛʦʝ 

 ʀʟ ʪʝʦʨʠʠ ʩʚʷʟʠ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʥʘʠʚʳʩʰʝʡ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴʶ ʦʙʣʘʜʘʝʪ ʜʚʦʠʯʥʘʷ 

ʬʘʟʦʚʘʷ ʤʦʜʫʣʷʮʠʷ BPSK. ʆʜʥʘʢʦ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ 

ʢʘʥʘʣʘ ʩʚʷʟʠ ʤʦʞʥʦ ʫʚʝʣʠʯʠʪʴ ʝʛʦ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ.  

          ʂʚʘʜʨʘʪʫʨʥʦ-ʘʤʧʣʠʪʫʜʥʘʷ ʤʦʜʫʣʷʮʠʷ - QAM (QAM ï Quadrature Amplitude 

Modulation) ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʨʘʩʰʠʨʝʥʥʘʷ ʤʥʦʛʦʫʨʦʚʥʝʚʘʷ ʌʄ, ʚ ʢʦʪʦʨʦʡ ʜʚʘ 

ʠʩʭʦʜʥʳʭ ʩʠʛʥʘʣʘ ʛʝʥʝʨʠʨʫʶʪʩʷ ʥʝʟʘʚʠʩʠʤʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʜʝʩʴ ʠʤʝʶʪ ʤʝʩʪʦ ʜʚʘ 

ʧʦʣʥʦʩʪʴʶ ʥʝʟʘʚʠʩʠʤʳʭ ʢʚʘʜʨʘʪʫʨʥʳʭ ʢʘʥʘʣʘ, ʚʢʣʶʯʘʶʱʠʝ ʧʨʦʮʝʩʩʳ ʢʦʜʠʨʦʚʘʥʠʷ ʠ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʚ ʦʩʥʦʚʥʦʡ ʧʦʣʦʩʝ. 

ʅʘ ʨʠʩʫʥʢʝ 1.11 ʧʦʢʘʟʘʥʦ ʩʠʛʥʘʣʴʥʦ - ʪʦʯʝʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʜʣʷ ʩʠʩʪʝʤʳ ʩ 16-QAM ʠ 

ʯʝʪʳʨʴʤʷ ʫʨʦʚʥʷʤʠ ʚ ʢʘʞʜʦʤ ʢʚʘʜʨʘʪʫʨʥʦʤ ʢʘʥʘʣʝ. ʊʦʯʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʩʪʘʚʥʦʡ ʩʠʛʥʘʣ, ʘ 

ʰʪʨʠʭʠ ʥʘ ʦʩʷʭ ʦʪʤʝʯʘʶʪ ʫʨʦʚʥʠ ʘʤʧʣʠʪʫʜʳ ʚ ʢʘʞʜʦʤ ʢʚʘʜʨʘʪʫʨʥʦʤ ʢʘʥʘʣʝ.  

 

ʈʠʩ. 1.11.  ʉʠʛʥʘʣʴʥʦ-ʪʦʯʝʯʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʦʜʫʣʷʮʠʠ 

ʜʣʷ 16-QAM 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʌʄ ʩʠʛʥʘʣʦʚ ʩʠʛʥʘʣʳ QAM ʥʝ ʩʦʜʝʨʞʘʪ ʧʦʩʪʦʷʥʥʦʡ ʦʛʠʙʘʶʱʝʡ. ʅʘʣʠʯʠʝ 

ʧʦʩʪʦʷʥʥʦʡ ʦʛʠʙʘʶʱʝʡ ʚ ʌʄ ʦʙʲʷʩʥʷʝʪʩʷ ʧʦʜʜʝʨʞʘʥʠʝʤ ʦʪʥʦʰʝʥʠʷ ʫʨʦʚʥʝʡ ʚ 

ʢʚʘʜʨʘʪʫʨʥʳʭ ʢʘʥʘʣʘʭ. ɺ QAM ʪʘʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʝ ʚʚʦʜʷʪʩʷ ʚʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʚ ʢʘʞʜʦʤ 

ʢʘʥʘʣʝ ʫʨʦʚʥʠ ʥʝʟʘʚʠʩʠʤʳ. 
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ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʰʠʙʦʢ ʩʠʩʪʝʤ QAM ʠ ʌʄ ʤʦʜʫʣʷʮʠʡ ʩʠʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ. ʇʨʠ 

ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʤ ʯʠʩʣʝ ʩʠʛʥʘʣʴʥʳʭ ʪʦʯʝʢ ʩʠʩʪʝʤʳ QAM ʠʤʝʶʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʣʫʯʰʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʯʝʤ ʩʠʩʪʝʤʳ ʩ ʌʄ. ʆʩʥʦʚʥʘʷ ʧʨʠʯʠʥʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʩʠʛʥʘʣʴʥʳʤʠ ʪʦʯʢʘʤʠ ʥʘ ʜʠʘʛʨʘʤʤʝ ʜʣʷ ʩʠʩʪʝʤʳ ʩ QAM ʙʦʣʴʰʝ, ʯʝʤ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʩʠʩʪʝʤʳ ʩ ʌʄ.  

QAM ʠʤʝʝʪ ʧʨʝʠʤʫʱʝʩʪʚʦ ʥʘʜ ʩʠʩʪʝʤʦʡ ʌʄ ʧʨʠ ʪʦʡ ʞʝ ʧʠʢʦʚʦʡ ʤʦʱʥʦʩʪʠ. 

 

ʈʠʩ. 1.12. ɺʝʨʦʷʪʥʦʩʪʠ ʦʰʠʙʦʢ ʚ ʩʠʩʪʝʤʘʭ QAM 

ɼʦʩʪʦʠʥʩʪʚʦ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ ʥʦʤʝʨʘ QAM ï ʵʪʦ ʧʦʚʳʰʝʥʥʘʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ, ʧʦʩʢʦʣʴʢʫ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʙʠʪʦʚ ʠʥʬʦʨʤʘʮʠʠ ʤʦʞʝʪ ʙʳʪʴ 

ʧʝʨʝʜʘʥʦ ʚ ʪʝʯʝʥʠʠ ʦʜʥʦʛʦ ʮʠʢʣʘ. ʆʜʥʘʢʦ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʙʦʣʴʰʝʝ ʯʠʩʣʦ 

ʫʨʦʚʥʝʡ ʘʤʧʣʠʪʫʜʳ ʩʠʛʥʘʣʘ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʙʣʠʟʢʦ ʜʨʫʛ ʢ ʜʨʫʛʫ, ʧʦʚʳʰʘʷ ʪʝʤ ʩʘʤʳʤ 

ʚʝʨʦʷʪʥʦʩʪʴ ʥʝʨʘʟʣʠʯʠʤʦʩʪʠ ʜʚʫʭ ʫʨʦʚʥʝʡ, ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ï ʧʦʚʳʰʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

ʩʠʩʪʝʤʳ ʢ ʰʫʤʫ.  

 ʅʘ ʨʠʩʫʥʢʝ 1.13 ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʪʥʦʰʝʥʠʝ ʧʘʨʘʤʝʪʨʘ SNR ʢ ʧʘʨʘʤʝʪʨʫ BER (Bit Error 

Rate ï ʆʪʥʦʰʝʥʠʝ ɹʠʪ/ʆʰʠʙʢʘ). 

 

ʈʠʩ. 1.13.  ʆʪʥʦʰʝʥʠʝ ʧʘʨʘʤʝʪʨʘ SNR ʢ ʧʘʨʘʤʝʪʨʫ BER 
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ɼʚʦʠʯʥʘʷ ʬʘʟʦʚʘʷ ʤʦʜʫʣʷʮʠʷ (BPSK - Binary  Phase Shift Keying) 

ʄʥʦʞʝʩʪʚʫ ʟʥʘʯʝʥʠʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ {0,1} ʩʪʘʚʠʪʩʷ ʚ ʦʜʥʦʟʥʘʯʥʦʝ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʥʦʞʝʩʪʚʦ ʠʟʤʝʥʝʥʠʡ ʬʘʟʳ {0, ˊ}. ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʟʥʘʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʩʠʛʥʘʣʘ ʬʘʟʘ ʨʘʜʠʦʩʠʛʥʘʣʘ ʠʟʤʝʥʷʝʪʩʷ ʥʘ 180Á. ɺʨʝʤʝʥʥʘʷ ʬʦʨʤʘ ʩʠʛʥʘʣʘ ʠ ʝʛʦ ʩʦʟʚʝʟʜʠʝ 

ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 1.14. 

 

ʈʠʩ. 1.14.  ɺʨʝʤʝʥʥʘʷ ʬʦʨʤʘ ʠ ʩʠʛʥʘʣʴʥʦʝ ʩʦʟʚʝʟʜʠʝ ʩʠʛʥʘʣʘ BPSK: ʘ ï ʮʠʬʨʦʚʦʝ 

ʩʦʦʙʱʝʥʠʝ; ʙ - ʤʦʜʫʣʠʨʫʶʱʠʡ ʩʠʛʥʘʣ; ʚ - ʤʦʜʫʣʠʨʦʚʘʥʥʦʝ ɺʏ-ʢʦʣʝʙʘʥʠʝ; ʛ - ʩʠʛʥʘʣʴʥʦʝ 

ʩʦʟʚʝʟʜʠʝ 

 

ʂʚʘʜʨʘʪʫʨʥʘʷ ʬʘʟʦʚʘʷ ʤʦʜʫʣʷʮʠʷ (QPSK - Quadrature Phase Shift Keying) 

ʂʚʘʜʨʘʪʫʨʥʘʷ ʬʘʟʦʚʘʷ ʤʦʜʫʣʷʮʠʷ ʷʚʣʷʝʪʩʷ ʯʝʪʳʨʝʭʫʨʦʚʥʝʚʦʡ ʬʘʟʦʚʦʡ ʤʦʜʫʣʷʮʠʝʡ 

(M=4), ʧʨʠ ʢʦʪʦʨʦʡ ʬʘʟʘ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʢʦʣʝʙʘʥʠʷ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ 4 ʨʘʟʣʠʯʥʳʭ 

ʟʥʘʯʝʥʠʷ ʩ ʰʘʛʦʤ, ʢʨʘʪʥʳʤ  ́/ 2 . 

ʉʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʩʜʚʠʛʦʤ ʬʘʟʳ ʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʢʦʣʝʙʘʥʠʷ ʠʟ ʤʥʦʞʝʩʪʚʘ 

{Ñˊ/4,Ñ3ˊ/4} ʠ ʤʥʦʞʝʩʪʚʦʤ ʩʠʤʚʦʣʦʚ (ʜʠʙʠʪʦʚ) ʮʠʬʨʦʚʦʛʦ ʩʦʦʙʱʝʥʠʷ {00, 01, 10, 11} 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ ʩʪʘʥʜʘʨʪʦʤ ʥʘ ʨʘʜʠʦʢʘʥʘʣ ʠ ʦʪʦʙʨʘʞʘʝʪʩʷ 

ʩʠʛʥʘʣʴʥʳʤ ʩʦʟʚʝʟʜʠʝʤ, ʘʥʘʣʦʛʠʯʥʳʤ ʨʠʩʫʥʢʝ 1.15. ʉʪʨʝʣʢʘʤʠ ʧʦʢʘʟʘʥʳ ʚʦʟʤʦʞʥʳʝ 

ʧʝʨʝʭʦʜʳ ʠʟ ʦʜʥʦʛʦ ʬʘʟʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʜʨʫʛʦʝ. 

 

ʈʠʩ. 1.15.  ʉʠʛʥʘʣʴʥʦʝ ʩʦʟʚʝʟʜʠʝ ʤʦʜʫʣʷʮʠʠ QPSK 
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ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ ʩʠʤʚʦʣʦʚ ʠ ʬʘʟʦʡ ʩʠʛʥʘʣʘ 

ʫʩʪʘʥʦʚʣʝʥʦ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʚ ʩʦʩʝʜʥʠʭ ʪʦʯʢʘʭ ʩʠʛʥʘʣʴʥʦʛʦ ʩʦʟʚʝʟʜʠʷ ʟʥʘʯʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʠʤʚʦʣʦʚ ʦʪʣʠʯʘʶʪʩʷ ʣʠʰʴ ʚ ʦʜʥʦʤ ʙʠʪʝ. 

ʇʨʠ ʧʝʨʝʜʘʯʝ ʚ ʫʩʣʦʚʠʷʭ ʰʫʤʘ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦʡ ʦʰʠʙʢʦʡ ʙʫʜʝʪ ʦʧʨʝʜʝʣʝʥʠʝ ʬʘʟʳ 

ʩʦʩʝʜʥʝʡ ʪʦʯʢʠ ʩʦʟʚʝʟʜʠʷ. ʇʨʠ ʫʢʘʟʘʥʥʦʤ ʢʦʜʠʨʦʚʘʥʠʠ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʧʨʦʠʟʦʰʣʘ 

ʦʰʠʙʢʘ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʟʥʘʯʝʥʠʷ ʩʠʤʚʦʣʘ, ʵʪʦ ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʦʰʠʙʢʝ ʚ ʦʜʥʦʤ (ʘ ʥʝ 

ʜʚʫʭ) ʙʠʪʝ ʠʥʬʦʨʤʘʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʦʩʪʠʛʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ ʦʰʠʙʢʠ ʥʘ ʙʠʪ. 

ʋʢʘʟʘʥʥʳʡ ʩʧʦʩʦʙ ʢʦʜʠʨʦʚʘʥʠʷ ʥʘʟʳʚʘʝʪʩʷ ʢʦʜʦʤ ɻʨʝʷ. 

ʂʘʞʜʦʤʫ ʟʥʘʯʝʥʠʶ ʬʘʟʳ ʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʩʠʛʥʘʣʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 2 ʙʠʪʘ ʠʥʬʦʨʤʘʮʠʠ, ʠ 

ʧʦʵʪʦʤʫ ʠʟʤʝʥʝʥʠʝ ʤʦʜʫʣʠʨʫʶʱʝʛʦ ʩʠʛʥʘʣʘ ʧʨʠ QPSK - ʤʦʜʫʣʷʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʚ 2 ʨʘʟʘ 

ʨʝʞʝ, ʯʝʤ ʧʨʠ BPSK-ʤʦʜʫʣʷʮʠʠ ʧʨʠ ʦʜʠʥʘʢʦʚʦʡ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ. ʀʟʚʝʩʪʥʦ 

[5], ʯʪʦ ʩʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʤʦʱʥʦʩʪʠ ʤʥʦʛʦʫʨʦʚʥʝʚʦʛʦ ʩʠʛʥʘʣʘ ʩʦʚʧʘʜʘʝʪ ʩʦ 

ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʤʦʱʥʦʩʪʠ ʙʠʥʘʨʥʦʛʦ ʩʠʛʥʘʣʘ ʧʨʠ ʟʘʤʝʥʝ ʙʠʪʦʚʦʛʦ ʠʥʪʝʨʚʘʣʘ Tb ʥʘ 

ʩʠʤʚʦʣʴʥʳʡ ʠʥʪʝʨʚʘʣ Ts = Tb log2 M . ɼʣʷ ʯʝʪʳʨʝʭʫʨʦʚʥʝʚʦʡ ʤʦʜʫʣʷʮʠʠ M=4 ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, Ts = 2Tb. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʝʨʚʳʤʠ ʥʫʣʷʤʠ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ 

ʤʦʱʥʦʩʪʠ ʩʠʛʥʘʣʘ QPSK ʨʘʚʥʦ Af = 1/ Tb, ʯʪʦ ʚ 2 ʨʘʟʘ ʤʝʥʴʰʝ, ʯʝʤ ʜʣʷ ʩʠʛʥʘʣʘ BPSK. 

ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʩʧʝʢʪʨʘʣʴʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʚʘʜʨʘʪʫʨʥʦʡ ʤʦʜʫʣʷʮʠʠ QPSK ʚ 2 ʨʘʟʘ 

ʚʳʰʝ, ʯʝʤ ʙʠʥʘʨʥʦʡ ʤʦʜʫʣʷʮʠʠ BPSK. 

ʄʥʦʛʦʧʦʟʠʮʠʦʥʥʘʷ ʬʘʟʦʚʘʷ ʤʦʜʫʣʷʮʠʷ (M-PSK) 

M-PSK  ʬʦʨʤʠʨʫʝʪʩʷ,  ʢʘʢ  ʠ  ʜʨʫʛʠʝ  ʤʥʦʛʦʧʦʟʠʮʠʦʥʥʳʝ  ʚʠʜʳ  ʤʦʜʫʣʷʮʠʠ, ʧʫʪʝʤ  

ʛʨʫʧʧʠʨʦʚʢʠ  k  =  log2 M  ʙʠʪ  ʚ  ʩʠʤʚʦʣʳ  ʠ  ʚʚʝʜʝʥʠʝʤ  ʚʟʘʠʤʥʦ-ʦʜʥʦʟʥʘʯʥʦʛʦ ʩʦʦʪʚʝʪʩʪʚʠʷ 

ʤʝʞʜʫ ʤʥʦʞʝʩʪʚʦʤ ʟʥʘʯʝʥʠʡ ʩʠʤʚʦʣʘ ʠ ʤʥʦʞʝʩʪʚʦʤ ʟʥʘʯʝʥʠʡ ʩʜʚʠʛʘ ʬʘʟʳ ʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ 

ʢʦʣʝʙʘʥʠʷ. ɿʥʘʯʝʥʠʷ ʩʜʚʠʛʘ ʬʘʟʳ ʠʟ ʤʥʦʞʝʩʪʚʘ ʦʪʣʠʯʘʶʪʩʷ ʥʘ ʦʜʠʥʘʢʦʚʫʶ ʚʝʣʠʯʠʥʫ. ɼʣʷ 

ʧʨʠʤʝʨʘ ʥʘ ʨʠʩʫʥʢʝ 1.16 ʧʨʠʚʝʜʝʥʦ ʩʠʛʥʘʣʴʥʦʝ ʩʦʟʚʝʟʜʠʝ ʜʣʷ 8-PSK ʩ ʢʦʜʠʨʦʚʘʥʠʝʤ ɻʨʝʷ. 

 

ʈʠʩ. 1.16. ʉʠʛʥʘʣʴʥʦʝ ʩʦʟʚʝʟʜʠʝ ʤʦʜʫʣʷʮʠʠ 8-PSK 

ɸʤʧʣʠʪʫʜʥʦ-ʬʘʟʦʚʳʝ ʚʠʜʳ ʤʦʜʫʣʷʮʠʠ (QAM) 

ʄʦʜʫʣʷʮʠʷ, ʧʨʠ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʜʚʫʭ ʧʘʨʘʤʝʪʨʦʚ 
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ʥʝʩʫʱʝʛʦ ʢʦʣʝʙʘʥʠʷ - ʘʤʧʣʠʪʫʜʳ ʠ ʬʘʟʳ -ʥʘʟʳʚʘʝʪʩʷ ʘʤʧʣʠʪʫʜʥʦ-ʬʘʟʦʚʦʡ ʤʦʜʫʣʷʮʠʝʡ. 

ʄʠʥʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʩʠʤʚʦʣʴʥʳʭ ʦʰʠʙʦʢ ʙʫʜʝʪ ʜʦʩʪʠʛʥʫʪ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʨʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʪʦʯʢʘʤʠ ʚ ʩʠʛʥʘʣʴʥʦʤ ʩʦʟʚʝʟʜʠʠ ʙʫʜʝʪ ʦʜʠʥʘʢʦʚʳʤ, ʪ. ʝ. ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʪʦʯʝʢ ʚ ʩʦʟʚʝʟʜʠʠ ʙʫʜʝʪ ʨʘʚʥʦʤʝʨʥʳʤ ʥʘ ʧʣʦʩʢʦʩʪʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʠʛʥʘʣʴʥʦʝ ʩʦʟʚʝʟʜʠʝ 

ʜʦʣʞʥʦ ʠʤʝʪʴ ʨʝʰʝʪʯʘʪʳʡ ʚʠʜ. ʄʦʜʫʣʷʮʠʷ ʩ ʧʦʜʦʙʥʳʤ ʚʠʜʦʤ ʩʠʛʥʘʣʴʥʦʛʦ ʩʦʟʚʝʟʜʠʷ 

ʥʘʟʳʚʘʝʪʩʷ ʢʚʘʜʨʘʪʫʨʥʦʡ ʘʤʧʣʠʪʫʜʥʦʡ ʤʦʜʫʣʷʮʠʝʡ (QAM - Quadrature Amplitude 

Modulation). QAM ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʧʦʟʠʮʠʦʥʥʦʡ ʤʦʜʫʣʷʮʠʝʡ. ʇʨʠ M=4 ʦʥʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

QPSK, ʧʦʵʪʦʤʫ ʬʦʨʤʘʣʴʥʦ ʩʯʠʪʘʝʪʩʷ ʜʣʷ QAM M > 8 (ʪ.ʢ. ʯʠʩʣʦ ʙʠʪ ʥʘ ʩʠʤʚʦʣ k = log2 M, k 

ɽ N, ʪʦ M ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʪʦʣʴʢʦ ʟʥʘʯʝʥʠʷ ʩʪʝʧʝʥʝʡ 2: 2, 4, 8, 16 ʠ ʪ.ʜ.).  ɼʣʷ  ʧʨʠʤʝʨʘ  ʥʘ  

ʨʠʩʫʥʢʝ 1.17  ʧʨʠʚʝʜʝʥʦ  ʩʠʛʥʘʣʴʥʦʝ  ʩʦʟʚʝʟʜʠʝ  16-QAM  ʩ ʢʦʜʠʨʦʚʘʥʠʝʤ ɻʨʝʷ. 

 

ʈʠʩ. 1.17. ʉʠʛʥʘʣʴʥʦʝ ʩʦʟʚʝʟʜʠʝ ʤʦʜʫʣʷʮʠʠ 16-QAM 

ʅʘ  ʧʨʘʢʪʠʢʝ  ʠʩʧʦʣʴʟʫʶʪʩʷ  ʙʦʣʴʰʠʝ  ʟʥʘʯʝʥʠʷ  ʄ,  ʚʧʣʦʪʴ  ʜʦ  1024-QAM. ʊʘʢʠʝ ʚʠʜʳ 

ʤʦʜʫʣʷʮʠʠ ʧʦʟʚʦʣʷʶʪ ʜʦʩʪʠʯʴ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ʆʜʥʘʢʦ, ʢʘʢ ʚʠʜʥʦ ʠʟ ʩʠʛʥʘʣʴʥʦʛʦ ʩʦʟʚʝʟʜʠʷ, ʪʘʢ ʢʘʢ ʠʥʬʦʨʤʘʮʠʷ ʢʦʜʠʨʫʝʪʩʷ ʚ ʪʦʤ ʯʠʩʣʝ 

ʘʤʧʣʠʪʫʜʦʡ ʠ ʠʟʤʝʥʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʚʝʣʠʢʠ, ʪʦ QAM ʧʨʝʜʲʷʚʣʷʝʪ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʣʠʥʝʡʥʦʩʪʠ ʫʩʠʣʠʪʝʣʷ ʤʦʱʥʦʩʪʠ ʠ ʝʛʦ ʜʠʥʘʤʠʯʝʩʢʦʤʫ ʜʠʘʧʘʟʦʥʫ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʙʦʣʴʰʠʭ ʄ. 

ʇʨʘʢʪʠʯʝʩʢʦʝ ʦʩʫʱʝʩʪʚʣʝʥʠʝ QAM-ʤʦʜʫʣʷʮʠʠ ʚʳʧʦʣʥʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɺ ʧʘʤʷʪʠ 

ʧʨʦʮʝʩʩʦʨʘ ʭʨʘʥʠʪʩʷ ʪʘʙʣʠʮʘ ʟʥʘʯʝʥʠʡ ʢʚʘʜʨʘʪʫʨʥʳʭ ʢʦʤʧʦʥʝʥʪ I(t) ʠ Q(t), ʠʤʝʶʱʠʭʩʷ ʚ 

ʩʠʛʥʘʣʴʥʦʤ ʩʦʟʚʝʟʜʠʠ ʠ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʧʦʨʷʜʢʝ ʚʦʟʨʘʩʪʘʥʠʷ ʟʥʘʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʩʠʤʚʦʣʘ. ʇʨʦʮʝʩʩʦʨ ʘʥʘʣʠʟʠʨʫʝʪ ʚʭʦʜʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʙʠʪʦʚ, ʨʘʟʙʠʚʘʝʪ ʝʝ ʥʘ 

ʩʠʤʚʦʣʳ ʠ ʜʣʷ ʢʘʞʜʦʛʦ ʩʠʤʚʦʣʘ ʚʳʙʠʨʘʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʢʚʘʜʨʘʪʫʨʥʳʭ 

ʢʦʤʧʦʥʝʥʪ ʠʟ ʪʘʙʣʠʮʳ. ɿʘʪʝʤ ʚʳʧʦʣʥʷʝʪʩʷ baseband-ʬʠʣʴʪʨʘʮʠʷ ʩʠʛʥʘʣʦʚ I(t) ʠ Q(t). 

ʉʨʘʚʥʝʥʠʝ  ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʤʦʜʫʣʷʮʠʠ 

ʂʘʢ ʫʢʘʟʳʚʘʣʦʩʴ, ʦʩʥʦʚʥʳʤʠ ʢʨʠʪʝʨʠʷʤʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʤʦʜʫʣʷʮʠʠ 

ʷʚʣʷʶʪʩʷ ʢʨʠʪʝʨʠʠ ʩʧʝʢʪʨʘʣʴʥʦʡ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʵʥʝʨʛʠʶ, ʢʦʪʦʨʫʶ ʥʝʦʙʭʦʜʠʤʦ ʟʘʪʨʘʪʠʪʴ ʜʣʷ ʧʝʨʝʜʘʯʠ 

ʠʥʬʦʨʤʘʮʠʠ ʩ ʟʘʜʘʥʥʦʡ ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ (ʚʝʨʦʷʪʥʦʩʪʴʶ ʦʰʠʙʢʠ).   ʉʧʝʢʪʨʘʣʴʥʘʷ   
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ʵʬʬʝʢʪʠʚʥʦʩʪʴ   ʭʘʨʘʢʪʝʨʠʟʫʝʪ   ʧʦʣʦʩʫ   ʯʘʩʪʦʪ, ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʝʨʝʜʘʚʘʪʴ 

ʠʥʬʦʨʤʘʮʠʶ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʢʦʨʦʩʪʴʶ. ʂʨʦʤʝ ʜʘʥʥʳʭ ʢʨʠʪʝʨʠʝʚ, ʚʠʜʳ ʤʦʜʫʣʷʮʠʠ 

ʩʨʘʚʥʠʚʘʶʪʩʷ ʧʦ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʨʘʟʣʠʯʥʳʤ ʪʠʧʘʤ ʧʦʤʝʭ ʠ ʠʩʢʘʞʝʥʠʡ ʠ ʩʣʦʞʥʦʩʪʠ 

ʘʧʧʘʨʘʪʥʦʡ ʨʝʘʣʠʟʘʮʠʠ. ʋʚʝʣʠʯʝʥʠʝ ʧʦʟʠʮʠʡ (ʫʨʦʚʥʝʡ) ʤʦʜʫʣʷʮʠʠ (ʤʦʜʫʣʷʮʠʠ M-ASK, M-

PSK ʠ M-QAM) ʫʚʝʣʠʯʠʚʘʝʪ ʩʧʝʢʪʨʘʣʴʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ k = log2 M ʨʘʟ. ʊʘʢʞʝ ʦʪʤʝʯʝʥʦ, 

ʯʪʦ ʥʘʠʙʦʣʴʰʝʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʩʨʝʜʠ ʯʘʩʪʦʪʥʳʭ ʚʠʜʦʚ ʤʦʜʫʣʷʮʠʠ ʦʙʣʘʜʘʝʪ 

ʤʦʜʫʣʷʮʠʷ MSK. MSK ʷʚʣʷʝʪʩʷ ʩʧʝʢʪʨʘʣʴʥʦ ʚ 2.6 ʨʘʟʘ ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʦʡ, ʯʝʤ QPSK ʠ ʚ 1.3 

ʨʘʟʘ ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʦʡ, ʯʝʤ BPSK. ʉʨʘʚʥʠʤ ʚʠʜʳ ʤʦʜʫʣʷʮʠʠ ʧʦ ʢʨʠʪʝʨʠʶ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ɼʣʷ ʵʪʦʛʦ ʦʮʝʥʠʤ ʜʣʷ ʢʘʞʜʦʛʦ ʚʠʜʘ ʤʦʜʫʣʷʮʠʠ ʪʨʝʙʫʝʤʫʶ ʵʥʝʨʛʠʶ ʜʣʷ 

ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʩ ʦʜʠʥʘʢʦʚʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʦʰʠʙʢʠ ʥʘ ʙʠʪ. ɺ ʪʘʙʣʠʮʝ  ʧʨʠʚʦʜʷʪʩʷ 

ʟʘʚʠʩʠʤʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ ʦʰʠʙʢʠ ʥʘ ʙʠʪ ʦʪ ʦʪʥʦʰʝʥʠʷ Eb / N0 ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ 

ʤʦʜʫʣʷʮʠʠ. 

 

ʈʠʩ. 1.18. ʉʨʘʚʥʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʦʜʫʣʷʮʠʡ ʩ ʦʪʥʦʩʠʪʝʣʴʥʳʤ 

ʢʦʜʠʨʦʚʘʥʠʝʤ: DBPSK, DQPSK ʠ ʥʝʢʦʛʝʨʝʥʪʥʦʡ DBPSK. 

ʆʜʥʘʢʦ  BER  ʜʣʷ  BPSK  ʠ  QPSK  ʦʧʠʩʳʚʘʶʪʩʷ  ʦʜʠʥʘʢʦʚʳʤʠ  ʬʦʨʤʫʣʘʤʠ,  ʧʨʠ  ʵʪʦʤ  

QPSK  ʚ  2  ʨʘʟʘ  ʩʧʝʢʪʨʘʣʴʥʦ  ʵʬʬʝʢʪʠʚʥʝʝ,  ʯʝʤ  BPSK. ʉʣʝʜʦʚʘʪʝʣʴʥʦ,  QPSK  ʚʩʝʛʜʘ  

ʩʫʱʝʩʪʚʝʥʥʦ  ʵʬʬʝʢʪʠʚʥʝʝ,  ʯʝʤ   BPSK,  ʠ, ʦʙʳʢʥʦʚʝʥʥʦ, ʠʤʝʝʪ ʩʤʳʩʣ ʠʩʧʦʣʴʟʦʚʘʪʴ QPSK, 

ʘ ʥʝ BPSK.  

   ʉʨʘʚʥʠʤ ʚʠʜʳ ʤʦʜʫʣʷʮʠʠ ʧʦ ʢʨʠʪʝʨʠʶ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ɼʣʷ ʵʪʦʛʦ 

ʦʮʝʥʠʤ ʜʣʷ ʢʘʞʜʦʛʦ ʚʠʜʘ ʤʦʜʫʣʷʮʠʠ ʪʨʝʙʫʝʤʫʶ ʵʥʝʨʛʠʶ ʜʣʷ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʩ 

ʦʜʠʥʘʢʦʚʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʦʰʠʙʢʠ ʥʘ ʙʠʪ. ɺ [2], [10] ʦʧʨʝʜʝʣʝʥʳ ʩʦʦʪʥʦʰʝʥʠʷ, 

ʩʚʷʟʳʚʘʶʱʠʝ ʚʝʨʦʷʪʥʦʩʪʴ ʙʠʪʦʚʦʡ ʦʰʠʙʢʠ ʩ ʚʝʣʠʯʠʥʦʡ Eb / N0 ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ 

ʤʦʜʫʣʷʮʠʠ: 
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ʛʜʝ BER - ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʢʠ Eb - ʵʥʝʨʛʠʷ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʧʝʨʝʜʘʯʠ ʦʜʥʦʛʦ ʙʠʪʘ 

ʠʥʬʦʨʤʘʮʠʠ, N0 - ʩʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʤʦʱʥʦʩʪʠ ʙʝʣʦʛʦ ʰʫʤʘ ʚ ʢʘʥʘʣʝ. ɽʩʣʠ ʤʦʱʥʦʩʪʴ 
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ʧʝʨʝʜʘʪʯʠʢʘ ʨʘʚʥʘ P, ʪʦ ʚʝʣʠʯʠʥʘ ʵʥʝʨʛʠʠ, ʧʨʠʭʦʜʷʱʘʷʩʷ ʥʘ ʦʜʠʥ ʙʠʪ ʠʥʬʦʨʤʘʮʠʠ, ʨʘʚʥʘ Eb 

= PTb, ʛʜʝ Tb - ʜʣʠʪʝʣʴʥʦʩʪʴ ʙʠʪʘ. ɺ ʪʘʙʣ. 1.1 ʧʨʠʚʦʜʷʪʩʷ ʟʘʚʠʩʠʤʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ ʦʰʠʙʢʠ 

ʥʘ ʙʠʪ ʦʪ ʦʪʥʦʰʝʥʠʷ Eb / N0 ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʤʦʜʫʣʷʮʠʠ [1]. 

ʊʘʙʣʠʮʘ 1.1. ɺʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʢʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʤʦʜʫʣʷʣʠʠ 

 ___________________________________________________________________________ 

 

 

ɺ ʪʘʙʣ.  - ʠʥʪʝʛʨʘʣ ʦʰʠʙʦʢ (ʠʥʪʝʛʨʘʣ ʚʝʨʦʷʪʥʦʩʪʠ),  
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M - ʯʠʩʣʦ ʧʦʟʠʮʠʡ ʜʣʷ ʤʥʦʛʦʧʦʟʠʮʠʦʥʥʳʭ ʚʠʜʦʚ ʤʦʜʫʣʷʮʠʠ, m - ʠʥʜʝʢʩ ʤʦʜʫʣʷʮʠʠ ʜʣʷ 

ʯʘʩʪʦʪʥʦʡ ʤʦʜʫʣʷʮʠʠ, BER - ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʢʠ ʥʘ ʙʠʪ. 

ʀʟ ʪʘʙʣ. ʚʠʜʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʦʟʠʮʠʦʥʥʦʩʪʠ ʤʦʜʫʣʷʮʠʠ, ʚʝʨʦʷʪʥʦʩʪʴ ʙʠʪʦʚʦʡ 

ʦʰʠʙʢʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ (ʩʤ., ʥʘʧʨʠʤʝʨ, ʬʦʨʤʫʣʳ M-ASK ʠ M-PSK, Q(x) ʷʚʣʷʝʪʩʷ ʫʙʳʚʘʶʱʝʡ 

ʬʫʥʢʮʠʝʡ ʘʨʛʫʤʝʥʪʘ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʧʝʢʪʨʘʣʴʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʤʝʥʴʰʘʝʪʩʷ. 

ʆʜʥʘʢʦ BER ʜʣʷ BPSK ʠ QPSK ʦʧʠʩʳʚʘʶʪʩʷ ʦʜʠʥʘʢʦʚʳʤʠ ʬʦʨʤʫʣʘʤʠ, ʧʨʠ ʵʪʦʤ QPSK 

ʚ 2 ʨʘʟʘ ʩʧʝʢʪʨʘʣʴʥʦ ʵʬʬʝʢʪʠʚʥʝʝ, ʯʝʤ BPSK. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, QPSK ʚʩʝʛʜʘ ʩʫʱʝʩʪʚʝʥʥʦ 

ʵʬʬʝʢʪʠʚʥʝʝ, ʯʝʤ BPSK, ʠ, ʦʙʳʢʥʦʚʝʥʥʦ, ʠʤʝʝʪ ʩʤʳʩʣ ʠʩʧʦʣʴʟʦʚʘʪʴ QPSK, ʘ ʥʝ BPSK. 

ʌʠʟʠʯʝʩʢʠ, ʵʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʚ ʩʣʫʯʘʝ QPSK ʜʦʙʘʚʣʷʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʩʪʝʧʝʥʴ 

ʩʚʦʙʦʜʳ: ʢʚʘʜʨʘʪʫʨʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ Q(t). ɺ ʩʣʫʯʘʝ BPSK ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʦʣʴʢʦ ʩʠʥʬʘʟʥʘʷ 

ʩʦʩʪʘʚʣʷʶʱʘʷ I(t). ʂʚʘʜʨʘʪʫʨʥʘʷ ʬʦʨʤʘ ʢʦʛʝʨʝʥʪʥʦʛʦ ʬʘʟʦʚʦʛʦ ʜʝʤʦʜʫʣʷʪʦʨʘ ʧʨʠʚʦʜʠʪ ʢ 

ʪʦʤʫ, ʯʪʦ ʜʚʘ ʢʘʥʘʣʘ ʜʝʪʝʢʪʦʨʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʝʟʘʚʠʩʠʤʳʡ ʧʨʠʝʤ ʜʚʫʭ ʙʠʥʘʨʥʳʭ 

ʬʘʟʦʤʦʜʫʣʠʨʦʚʘʥʥʳʭ ʩʠʛʥʘʣʦʚ. ɸʥʘʣʦʛʠʯʥʦʝ ʷʚʣʝʥʠʝ ʠʤʝʝʪ ʤʝʩʪʦ ʠ ʧʨʠ ʩʨʘʚʥʝʥʠʠ 

ʤʦʜʫʣʷʮʠʡ DBPSK ʠ DQPSK (ʩ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʢʦʜʠʨʦʚʘʥʠʝʤ). ʍʦʪʷ ʚʳʨʘʞʝʥʠʷ ʜʣʷ BER 

ʥʝʩʢʦʣʴʢʦ ʦʪʣʠʯʘʶʪʩʷ, ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʧʨʠʙʣʠʞʝʥʠʷ ʦʥʠ ʩʦʚʧʘʜʘʶʪ (ʨʠʩ.24). 

ʄʦʜʫʣʷʮʠʠ ʩ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʢʦʜʠʨʦʚʘʥʠʝʤ ʠʤʝʶʪ ʥʝʙʦʣʴʰʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʨʦʠʛʨʳʰ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʳʢʥʦʚʝʥʥʳʤʠ BPSK ʠ QPSK (0.3 - 0.9 ʜɹ). DBPSK c ʥʝʢʦʛʝʨʝʥʪʥʳʤ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʝʤ ʪʘʢʞʝ ʠʤʝʝʪ ʥʝʙʦʣʴʰʦʡ ʧʨʦʠʛʨʳʰ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ DBPSK ʩ ʢʦʛʝʨʝʥʪʥʳʤ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʝʤ (ʦʢʦʣʦ 0.5 ʜɹ), ʨʠʩ. 1.20. ʇʦʜ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʚʳʠʛʨʳʰʝʤ ʧʦʥʠʤʘʝʪʩʷ 

ʨʘʟʥʠʮʘ ʚ ʟʥʘʯʝʥʠʠ Eb ' N 0 ʧʨʠ ʦʜʠʥʘʢʦʚʦʤ ʟʥʘʯʝʥʠʠ ʚʝʨʦʷʪʥʦʩʪʠ ʦʰʠʙʢʠ ʥʘ ʙʠʪ. 

 

ʈʠʩ. 1.20. ʉʨʘʚʥʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʦʜʫʣʷʮʠʡ BPSK, DBPSK, 

DBPSK ʠ DQPSK 

          ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʤʝʝʪ ʩʤʳʩʣ ʩʨʘʚʥʠʚʘʪʴ ʚʠʜʳ ʤʦʜʫʣʷʮʠʠ ʩ ʦʜʠʥʘʢʦʚʳʤ ʯʠʩʣʦʤ 

ʧʦʟʠʮʠʡ. ʉʨʘʚʥʠʤ ʜʚʫʭʫʨʦʚʥʝʚʳʝ OOK, BPSK ʠ MSK. ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣ., OOK ʠ MSK 
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ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʫʩʪʫʧʘʶʪ BPSK (ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, QPSK) ʧʦ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 3 ʜɹ (ʨʠʩ.1.21). 

 

ʈʠʩ. 1.21. ʉʨʘʚʥʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʦʜʫʣʷʮʠʡ OOK, MSK ʠ BPSK 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʜʘʥʥʦʛʦ ʩʨʘʚʥʝʥʠʷ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʧʨʠ ʯʠʩʣʝ ʫʨʦʚʥʝʡ ʜʦ 

4 ʚʢʣʶʯʠʪʝʣʴʥʦ QPSK ʷʚʣʷʝʪʩʷ ʩʧʝʢʪʨʘʣʴʥʦ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʚʠʜʦʤ 

ʤʦʜʫʣʷʮʠʠ. ʆʜʥʘʢʦ ʟʜʝʩʴ ʩʣʝʜʫʝʪ ʩʜʝʣʘʪʴ ʦʜʥʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʟʘʤʝʯʘʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʤʦʜʫʣʷʮʠʠ GMSK. ɽʝ ʩʧʝʢʪʨʘʣʴʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʠʞʝ, ʯʝʤ QPSK, ʚ ʩʠʩʪʝʤʘʭ ʩ ʣʠʥʝʡʥʳʤ 

ʫʩʠʣʝʥʠʝʤ. GMSK, ʢʘʢ ʯʘʩʪʦʪʥʳʡ ʚʠʜ ʤʦʜʫʣʷʮʠʠ, ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʝ ʥʝʣʠʥʝʡʥʳʝ ʫʩʠʣʠʪʝʣʠ ʠ ʦʛʨʘʥʠʯʠʪʝʣʠ, ʯʪʦ ʜʘʝʪ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ 

ʚʳʠʛʨʳʰ. ʇʨʠ ʧʨʦʭʦʞʜʝʥʠʠ QPSK ʯʝʨʝʟ ʧʦʜʦʙʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʝʝ ʩʧʝʢʪʨ ʨʘʩʰʠʨʷʝʪʩʷ 

(ʧʨʦʠʩʭʦʜʠʪ ʥʝʢʦʪʦʨʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʙʦʢʦʚʳʭ ʣʝʧʝʩʪʢʦʚ). ʇʦʵʪʦʤʫ, ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ, 

GMSK ʤʦʞʝʪ ʠʤʝʪʴ ʙʦʣʴʰʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʯʝʤ QPSK. ɺ ʯʘʩʪʥʦʩʪʠ ʚ ʩʪʘʥʜʘʨʪʝ GSM 

ʚʳʙʦʨ ʩʜʝʣʘʥ ʚ ʧʦʣʴʟʫ GMSK, ʘ ʚ CDMA - OQPSK. ʆʜʥʘʢʦ, ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʝ ʚʠʜʳ 

ʤʦʜʫʣʷʮʠʠ QPSK (ʥʘʧʨʠʤʝʨ, FQPSK) ʚ ʣʶʙʦʤ ʩʣʫʯʘʝ ʧʨʝʚʦʩʭʦʜʷʪ GMSK. 

ʉʨʘʚʥʠʤ ʪʝʧʝʨʴ ʤʦʜʫʣʷʮʠʠ ʩ ʯʠʩʣʦʤ ʫʨʦʚʥʝʡ M>4. ʅʘ ʨʠʩ. 1.22 ʠʟʦʙʨʘʞʝʥʦ ʩʨʘʚʥʝʥʠʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʣʷ ʘʤʧʣʠʪʫʜʥʦʡ, ʬʘʟʦʚʦʡ ʠ ʘʤʧʣʠʪʫʜʥʦ-ʬʘʟʦʚʦʡ 

ʤʘʥʠʧʫʣʷʮʠʠ ʧʨʠ M=16 ʠ M=64. 

 

ʈʠʩ. 1.22. ʉʨʘʚʥʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʦʜʫʣʷʮʠʡ M-ASK, M-PSK ʠ M-

QAM:  ʘ - M=16, ʙ - M=64 


