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ʂʦʤʧʴʶʪʝʨʥʳʡ ʧʨʘʢʪʠʢʫʤ 1. ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʩʢʨʝʤʙʣʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʚ 

ʩʝʪʷʭ ʠ ʩʠʩʪʝʤʘʭ ʨʘʜʠʦʩʚʷʟʠ 

 

1. ʎʝʣʴ ʨʘʙʦʪʳ 

          ʆʟʥʘʢʦʤʠʪʴʩʷ ʩ ʤʝʪʦʜʘʤʠ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ dsp-

ʩʢʨʝʤʙʣʝʨʦʚ, ʩʭʝʤʘʤʠ ʧʦʣʫʯʝʥʠʷ ʰʠʬʨʦʚʘʥʥʳʭ ʩʠʛʥʘʣʦʚ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʠʭ ʩʚʦʡʩʪʚ. 

ʀʟʫʯʠʪʴ ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʮʠʬʨʦʚʳʭ ʩʠʛʥʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʨʦʚ, ʘ ʪʘʢ ʞʝ ʦʩʥʦʚ ʠʭ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

 

2. ʂʨʘʪʢʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʩʚʝʜʝʥʠʷ 

ʉ ʨʘʟʚʠʪʠʝʤ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʩʣʦʞʥʦʩʪʴ ʩʠʩʪʝʤ ʟʘʱʠʪʳ ʢʦʤʧʴʶʪʝʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʌʠʥʘʥʩʦʚʳʡ ʢʨʠʟʠʩ ʦʙʦʩʪʨʷʝʪ 

ʢʦʥʢʫʨʝʥʮʠʶ ʚ ʨʘʟʣʠʯʥʳʭ ʩʝʢʪʦʨʘʭ ʨʳʥʢʘ ʠ ʚʳʚʦʜʠʪ ʥʘ ʧʝʨʚʳʡ ʧʣʘʥ ʚʦʧʨʦʩʳ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʘʞʝ ʜʣʷ ʪʝʭ ʢʦʤʧʘʥʠʡ, ʢʦʪʦʨʳʝ ʨʘʥʴʰʝ, ʚ ʙʦʣʝʝ ʩʧʦʢʦʡʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʥʝ ʧʨʠʜʘʚʘʣʠ ʵʪʠʤ ʚʦʧʨʦʩʘʤ ʦʩʦʙʦʛʦ ʟʥʘʯʝʥʠʷ. 

ɺ ʜʘʥʥʦʤ ʦʙʟʦʨʝ ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ ʩʦʧʦʩʪʘʚʠʪʴ ʙʘʟʦʚʳʝ ʬʫʥʢʮʠʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ 

ʘʧʧʘʨʘʪʥʳʭ ʫʩʪʨʦʡʩʪʚ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ (ʋɿʀ) ʥʘ ʦʩʥʦʚʝ ʩʚʝʜʝʥʠʡ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ 

ʬʠʨʤʘʤʠ-ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ, ʠ ʚʳʨʘʙʦʪʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʳʙʦʨʫ ʫʩʪʨʦʡʩʪʚʘ. 

ʇʨʝʠʤʫʱʝʩʪʚʝʥʥʳʡ ʠʥʪʝʨʝʩ ʢ ʦʪʝʯʝʩʪʚʝʥʥʳʤ ʧʨʦʜʫʢʪʘʤ ʦʙʫʩʣʦʚʣʝʥ ʪʝʤ, ʯʪʦ 

ʧʨʠʤʝʥʝʥʠʝ ʟʘʨʫʙʝʞʥʳʭ ʩʨʝʜʩʪʚ ʚʩʪʨʝʯʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʪʨʫʜʥʦʩʪʠ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʠʭ 

ʚʳʚʦʟ ʠʟ ʩʪʨʘʥʳ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʟʘʯʘʩʪʫʶ ʚʦʦʙʱʝ ʥʝʚʦʟʤʦʞʝʥ: ʪʘʢ, ʚ ʉʐɸ, ʢʦʪʦʨʳʝ ʥʘʨʷʜʫ 

ʩ ʈʦʩʩʠʝʡ ʦʩʪʘʶʪʩʷ ʣʠʜʝʨʦʤ ʤʠʨʦʚʦʡ ʢʨʠʧʪʦʛʨʘʬʠʠ, ʥʘʣʦʞʝʥ ʟʘʧʨʝʪ ʥʘ ʵʢʩʧʦʨʪ ʩʨʝʜʩʪʚ 

ʰʠʬʨʦʚʘʥʠʷ ʩ ñʩʠʣʴʥʳʤʠò ʢʣʶʯʘʤʠ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʣʝʛʘʣʴʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʟʘʨʫʙʝʞʥʳʭ 

ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʞʝʩʪʢʦ ʨʝʛʣʘʤʝʥʪʠʨʫʝʪʩʷ, ʠ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ 

ʦʧʨʘʚʜʘʥʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʦʩʨʝʜʦʪʦʯʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʧʨʦʜʫʢʪʘʭ.  

ʂʘʢ ʧʨʘʚʠʣʦ, ʘʧʧʘʨʘʪʥʳʝ ʩʨʝʜʩʪʚʘ ʫʩʪʫʧʘʶʪ ʯʠʩʪʦ ʧʨʦʛʨʘʤʤʥʳʤ ʨʝʰʝʥʠʷʤ ʧʦ ʨʷʜʫ 

ʧʘʨʘʤʝʪʨʦʚ (ʩʢʦʨʦʩʪʠ ʰʠʬʨʦʚʘʥʠʷ, ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʦʤʧʴʶʪʝʨʘʭ ʨʘʟʣʠʯʥʳʭ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠʩʧʦʣʥʝʥʠʡ ð ʥʘʧʨʠʤʝʨ, ʥʦʫʪʙʫʢʘʭ), ʥʦ ʧʨʝʚʦʩʭʦʜʷʪ ʠʭ ʧʦ ʛʣʘʚʥʦʤʫ 

ʧʦʢʘʟʘʪʝʣʶ ð ʩʪʦʡʢʦʩʪʠ. ʂʨʦʤʝ ʪʦʛʦ, ʥʝʣʴʟʷ ʧʦʣʥʦʩʪʴʶ ʛʘʨʘʥʪʠʨʦʚʘʪʴ, ʯʪʦ ʚ ʧʨʠʤʝʥʷʝʤʳʭ 

ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ (ʆʉ) ʠ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤʘʭ ʦʪʩʫʪʩʪʚʫʶʪ ʥʝʦʧʠʩʘʥʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ, ʥʝʚʳʷʚʣʝʥʥʳʝ ʦʰʠʙʢʠ ʠʣʠ ʫʤʳʰʣʝʥʥʦ ʨʘʟʤʝʱʝʥʥʳʝ ñʟʘʢʣʘʜʢʠò. 

ʇʦʪʝʥʮʠʘʣʴʥʦ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʠʭ ʤʦʜʠʬʠʢʘʮʠʠ ʦʙʣʘʜʘʶʪ ʥʝ ʪʦʣʴʢʦ ʘʢʪʠʚʥʳʝ 

ʟʣʦʫʤʳʰʣʝʥʥʠʢʠ, ʥʦ ʜʘʞʝ ʦʙʳʯʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʠ ʢʦʤʧʴʶʪʝʨʦʚ: ʠʤʝʷ ʥʘʚʳʢʠ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʷ ʠ ʜʦʩʪʫʧ ʢ ʢʦʤʧʴʶʪʝʨʥʦʡ ʩʠʩʪʝʤʝ, ʦʥʠ ʩʧʦʩʦʙʥʳ 

ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʵʪʫ ʩʠʩʪʝʤʫ, ʩʥʠʞʘʷ ʫʨʦʚʝʥʴ ʝʝ ʥʘʜʝʞʥʦʩʪʠ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʜʦʣʞʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʣʝʜʫʝʪ ʣʠʙʦ ʟʘʥʠʤʘʪʴʩʷ ʘʥʘʣʠʟʦʤ ʠ 

ʘʪʪʝʩʪʘʮʠʝʡ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ ʥʘ ʫʨʦʚʥʝ ʠʭ ʠʩʭʦʜʥʳʭ ʪʝʢʩʪʦʚ, ʣʠʙʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ 

ʩʦʙʩʪʚʝʥʥʫʶ, ʧʦʣʥʦʩʪʴʶ ʢʦʥʪʨʦʣʠʨʫʝʤʫʶ ʆʉ ʠ ʧʦʩʪʦʷʥʥʦ ʟʘʙʦʪʠʪʴʩʷ ʦ ʧʦʜʜʝʨʞʘʥʠʠ ʝʝ 

ʮʝʣʦʩʪʥʦʩʪʠ. ʏʘʱʝ ʚʩʝʛʦ ʧʦʣʴʟʦʚʘʪʝʣʠ ʚʳʙʠʨʘʶʪ ʪʨʝʪʠʡ ʧʫʪʴ, ʦʪʚʝʯʘʶʱʠʡ ʠʭ ʨʝʘʣʴʥʳʤ 

ʚʦʟʤʦʞʥʦʩʪʷʤ: ʧʨʠʥʠʤʘʶʪ ʠʩʧʦʣʴʟʫʝʤʫʶ ʆʉ ʟʘ ʢʦʥʪʨʦʣʠʨʫʝʤʫʶ ʠ ð ʚ ʣʫʯʰʝʤ ʩʣʫʯʘʝ ð 

ʩʪʨʝʤʷʪʩʷ ʦʙʝʩʧʝʯʠʪʴ ʝʝ ʮʝʣʦʩʪʥʦʩʪʴ ʠʤʝʶʱʠʤʠʩʷ ʚ ʥʘʣʠʯʠʠ ʩʨʝʜʩʪʚʘʤʠ (ʘʥʪʠʚʠʨʫʩʥʳʤʠ 

ʧʘʢʝʪʘʤʠ ʠ ʪ.ʧ.). 

ʆʜʥʘʢʦ ʧʨʦʚʝʨʢʫ ʮʝʣʦʩʪʥʦʩʪʠ ʦʜʥʠʭ ʧʨʦʛʨʘʤʤ ʧʨʠ ʧʦʤʦʱʠ ʜʨʫʛʠʭ ʥʝʣʴʟʷ ʧʨʠʟʥʘʪʴ 

ʥʘʜʝʞʥʦʡ, ʧʦʩʢʦʣʴʢʫ ʧʦʜ ʩʦʤʥʝʥʠʝ ʩʪʘʚʠʪʩʷ ʮʝʣʦʩʪʥʦʩʪʴ ʩʘʤʦʡ ʧʨʦʛʨʘʤʤʳ ʧʨʦʚʝʨʢʠ 

ʮʝʣʦʩʪʥʦʩʪʠ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʜʦʩʪʦʚʝʨʥʳʭ ʩʚʝʜʝʥʠʡ ʥʝʦʙʭʦʜʠʤʘ ʥʝʢʘʷ ʥʘʯʘʣʴʥʘʷ ñʪʦʯʢʘ 

ʦʪʩʯʝʪʘò, ʧʦʜʣʠʥʥʦʩʪʴ ʢʦʪʦʨʦʡ ʥʝ ʚʳʟʳʚʘʝʪ ʩʦʤʥʝʥʠʡ. 

ɺ ʧʦʜʦʙʥʦʡ ʨʦʣʠ ʠ ʤʦʛʫʪ ʚʳʩʪʫʧʠʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ 

ʩʦʩʪʘʚʝ ʩʠʩʪʝʤ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ (ʉɿʀ) ʠ ʧʦʟʚʦʣʷʶʱʠʝ ʦʙʝʩʧʝʯʠʪʴ ʮʝʣʦʩʪʥʦʩʪʴ ʪʘʢʠʭ 

ʩʠʩʪʝʤ ʘʧʧʘʨʘʪʥʦʡ ʨʝʘʣʠʟʘʮʠʝʡ ʬʫʥʢʮʠʡ, ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʥʘʜʝʞʥʦʩʪʠ 

ʉɿʀ. ʂ ʯʠʩʣʫ ʪʘʢʠʭ ʬʫʥʢʮʠʡ, ʧʦʣʥʦʩʪʴʶ ʠʣʠ ʯʘʩʪʠʯʥʦ ʚʳʧʦʣʥʷʝʤʳʭ ʘʧʧʘʨʘʪʥʳʤʠ 

ʩʨʝʜʩʪʚʘʤʠ, ʦʪʥʦʩʷʪʩʷ ʩʣʝʜʫʶʱʠʝ. 

ɿʘʧʨʝʪ ʥʘ ʤʦʜʠʬʠʢʘʮʠʶ ʧʨʦʮʝʩʩʘ ʟʘʛʨʫʟʢʠ ʢʦʤʧʴʶʪʝʨʘ.  
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ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʠ ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʜʦ ʟʘʛʨʫʟʢʠ ʆʉ.  

ʂʦʥʪʨʦʣʴ ʮʝʣʦʩʪʥʦʩʪʠ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʠ ʧʨʠʢʣʘʜʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ (ʇʆ).  

ʋʧʨʘʚʣʝʥʠʝ ʜʦʩʪʫʧʦʤ ʧʦʣʴʟʦʚʘʪʝʣʷ ʢ ʨʝʩʫʨʩʘʤ ʢʦʤʧʴʶʪʝʨʘ.  

ɺʝʜʝʥʠʝ ʞʫʨʥʘʣʘ ʜʝʡʩʪʚʠʡ ʧʦʣʴʟʦʚʘʪʝʣʷ.  

ʈʝʘʣʠʟʘʮʠʷ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ, ʛʘʨʘʥʪʠʷ ʠʭ ʩʪʦʡʢʦʩʪʠ ʠ ʥʝʠʟʤʝʥʥʦʩʪʠ.  

ʅʘʜʝʞʥʦʝ ʭʨʘʥʝʥʠʝ ʩʝʢʨʝʪʥʳʭ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ (ʢʣʶʯʝʡ) ʚʥʝ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʟʘʧʦʤʠʥʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ (ʆɿʋ) ʢʦʤʧʴʶʪʝʨʘ.  

ɿʘʛʨʫʟʢʘ ʩʝʢʨʝʪʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʦ ʩʧʝʮʠʘʣʴʥʳʭ ʥʦʩʠʪʝʣʝʡ: ʩʤʘʨʪ-ʢʘʨʪ, 

ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ Touch Memory (ʊʄ) ʠ ʪ.ʧ. ʂ ʧʨʠʤʝʨʫ, ʩʤʘʨʪ-ʢʘʨʪʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʥʦʩʠʪʝʣʷʤʠ (ʜʠʩʢʝʪʘʤʠ) ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʝʡ ʩʪʦʡʢʦʩʪʴʶ ʢ ʤʝʭʘʥʠʯʝʩʢʠʤ, 

ʵʣʝʢʪʨʠʯʝʩʢʠʤ, ʤʘʛʥʠʪʥʳʤ, ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ, ʙʦʣʝʝ ʜʦʣʛʦʚʝʯʥʳ (ʩʨʦʢ ʭʨʘʥʝʥʠʷ 

ʜʘʥʥʳʭ ð ʜʦ 10 ʣʝʪ) ʠ ʫʜʦʙʥʳ ʚ ʧʦʣʴʟʦʚʘʥʠʠ, ʘ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʝ ʢʘʨʪʳ, ʢʨʦʤʝ ʪʦʛʦ, 

ʦʙʣʘʜʘʶʪ ʝʱʝ ʠ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʟʘʱʠʱʝʥʥʦʩʪʠ ʦʪ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ.  

ʅʘʣʠʯʠʝ ʘʧʧʘʨʘʪʥʦʛʦ ʜʘʪʯʠʢʘ ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ. ɸʧʧʘʨʘʪʥʳʡ ʜʘʪʯʠʢ, ʠʩʧʦʣʴʟʫʶʱʠʡ 

ʬʠʟʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ (ʥʘʧʨʠʤʝʨ, ʦʙʨʘʪʥʳʡ ʧʨʦʙʦʡ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʜʠʦʜʘ), 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ, ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʦʝ ʢ ʨʘʚʥʦʚʝʨʦʷʪʥʦʤʫ (ʯʪʦ 

ʥʝʜʦʩʪʫʧʥʦ ʧʨʦʛʨʘʤʤʥʳʤ ʜʘʪʯʠʢʘʤ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ 

ʢʣʶʯʝʡ ʩ ʧʦʤʦʱʴʶ ʘʧʧʘʨʘʪʥʦʛʦ ʜʘʪʯʠʢʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʠʭ 

ʥʘʜʝʞʥʦʩʪʠ.  

ʇʦʣʥʦʩʪʴʶ ʨʝʘʣʠʟʦʚʘʪʴ ʚʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʬʫʥʢʮʠʠ ʦʜʥʠʤ ʪʦʣʴʢʦ ʘʧʧʘʨʘʪʥʳʤ 

ʩʧʦʩʦʙʦʤ ʥʝʚʦʟʤʦʞʥʦ (ʘ ʯʘʩʪʦ ʠ ʥʝ ʥʫʞʥʦ), ʧʦʵʪʦʤʫ ʨʷʜ ʬʫʥʢʮʠʡ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴʩʷ 

ʧʨʦʛʨʘʤʤʥʦ. ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʧʦʩʪʦʷʥʥʦʤ ʟʘʧʦʤʠʥʘʶʱʝʤ 

ʫʩʪʨʦʡʩʪʚʝ (ʇɿʋ) ʋɿʀ, ʣʠʙʦ ʨʘʟʤʝʱʘʪʴʩʷ ʥʘ ʦʙʳʯʥʳʭ ʥʦʩʠʪʝʣʷʭ (ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʟʘʱʠʱʘʪʴ 

ʝʛʦ ʮʝʣʦʩʪʥʦʩʪʴ ʥʝʦʙʭʦʜʠʤʦ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ð ʦʩʦʙʳʤ ʨʝʞʠʤʦʤ ʭʨʘʥʝʥʠʷ, 

ʦʛʨʘʥʠʯʝʥʠʝʤ ʯʠʩʣʘ ʣʠʮ, ʠʤʝʶʱʠʭ ʜʦʩʪʫʧ ʢ ʵʪʦʤʫ ʇʆ, ʠ ʪ.ʜ.). ɺ ʣʶʙʦʤ ʩʣʫʯʘʝ, ʇʆ ʜʦʣʞʥʦ 

ʦʧʠʨʘʪʴʩʷ ʥʘ ʚʦʟʤʦʞʥʦʩʪʠ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʝ ʫʩʪʨʦʡʩʪʚʦʤ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ. 

 

ʉʢʨʝʤʙʣʠʨʦʚʘʥʠʝ ʘʥʘʣʦʛʦʚʳʭ ʩʠʛʥʘʣʦʚ 

ʇʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩ ʠʥʚʝʨʩʠʝʡ ʩʧʝʢʪʨʘ ʠ ʩʪʘʪʠʯʝʩʢʠʤʠ ʧʝʨʝʩʪʘʥʦʚʢʘʤʠ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪ ʨʝʯʝʚʦʛʦ ʩʠʛʥʘʣʘ 
ʉʭʝʤʦʪʝʭʥʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʜʚʫʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚʘʨʠʘʥʪʦʚ ʟʘʤʝʪʥʦ ʦʪʣʠʯʘʝʪʩʷ, 

ʯʪʦ ʠ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʠʭ ʨʘʟʜʝʣʴʥʦʝ ʨʘʩʩʤʦʪʨʝʥʠʝ. ʆʜʥʘʢʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʜʦʩʪʠʛʘʝʤʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʦ ʟʘʱʠʱʝʥʥʦʩʪʠ ʩʠʛʥʘʣʘ ʚ ʢʘʥʘʣʝ ʩʚʷʟʠ ʦʙʘ ʚʘʨʠʘʥʪʘ ʘʥʘʣʦʛʠʯʥʳ. 

ʇʨʦʮʝʩʩ ʠʥʚʝʨʩʠʠ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʘ ʧʨʠ ʧʝʨʝʜʘʯʝ ʠ ʝʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʠ ʧʨʠʝʤʝ 

ʠʣʣʶʩʪʨʠʨʫʝʪʩʷ ʥʘ ʨʠʩʫʥʢʝ 1.1. 
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ʈʠʩʫʥʦʢ 1.1.  ʇʨʦʮʝʩʩ ʠʥʚʝʨʩʠʠ ʩʧʝʢʪʨʘ 

 

ʉʭʝʤʘ ʠʥʚʝʨʪʦʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʘʣʘʥʩʥʳʡ ʩʤʝʩʠʪʝʣʴ. ʇʨʠ ʯʘʩʪʦʪʝ ʛʝʪʝʨʦʜʠʥʘ 

Fʛ, ʨʘʚʥʦʡ ʩʫʤʤʝ ʛʨʘʥʠʯʥʳʭ ʯʘʩʪʦʪ Fʥ ʠ Fʚ ʧʨʝʦʙʨʘʟʫʝʤʦʛʦ ʩʠʛʥʘʣʘ (3700 ɻʮ ʜʣʷ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʪʝʣʝʬʦʥʥʦʛʦ ʢʘʥʘʣʘ ʩ Fʥ = 300 ɻʮ ʠ Fʚ = 3400 ɻʮ) ʥʠʞʥʷʷ ʧʦʣʦʩʘ ʯʘʩʪʦʪ ʧʦʩʣʝ 

ʩʤʝʩʠʪʝʣʷ ʚʦʩʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʠʩʭʦʜʥʦʡ ʧʦʣʦʩʝ ʯʘʩʪʦʪ, ʪ.ʝ. ʚ ʧʦʣʦʩʝ ʢʘʥʘʣʘ ʚ ʠʥʚʝʨʩʥʦʤ ʚʠʜʝ. 

ʇʨʠ ʧʨʠʝʤʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʚʪʦʨʥʘʷ ʠʥʚʝʨʩʠʷ ʠ ʠʩʭʦʜʥʳʡ ʩʠʛʥʘʣ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ. 

ʂʘʯʝʩʪʚʦ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʨʝʯʠ ʟʘʚʠʩʠʪ ʦʪ ʢʘʯʝʩʪʚʘ (ʥʘ ʧʝʨʝʜʘʶʱʝʡ ʠ ʥʘ ʧʨʠʝʤʥʦʡ 

ʩʪʦʨʦʥʘʭ) ʩʤʝʩʠʪʝʣʝʡ, ʬʠʣʴʪʨʦʚ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʩʧʝʢʪʨ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʠ ʚʳʜʝʣʷʶʱʠʭ 

ʥʠʞʥʶʶ ʧʦʣʦʩʫ ʯʘʩʪʦʪ ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʛʦ ʩʠʛʥʘʣʘ, ʘ ʪʘʢʞʝ ʦʪ ʢʦʨʨʝʢʮʠʠ ʥʘ ʧʨʠʝʤʥʦʡ 

ʩʪʦʨʦʥʝ ʯʘʩʪʦʪʥʳʭ ʠʩʢʘʞʝʥʠʡ ʢʘʥʘʣʘ, ʚʣʠʷʥʠʝ ʢʦʪʦʨʳʭ ʪʘʢʞʝ ʩʢʘʟʳʚʘʝʪʩʷ ʠʥʚʝʨʩʥʦ: 

ʟʘʪʫʭʘʥʠʝ ʢʘʥʘʣʘ ʚ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʯʘʩʪʠ ʩʧʝʢʪʨʘ ʥʘ ʧʨʠʝʤʝ ʩʢʘʟʳʚʘʝʪʩʷ ʚ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ 

ʯʘʩʪʠ ʩʠʛʥʘʣʘ ʠ ʥʘʦʙʦʨʦʪ. 

ʇʨʠ ʧʝʨʝʭʚʘʪʝ ʩʠʛʥʘʣ ʩ ʠʥʚʝʨʪʠʨʦʚʘʥʥʳʤ ʩʧʝʢʪʨʦʤ ʤʦʞʝʪ ʙʳʪʴ ʣʝʛʢʦ ʚʦʩʩʪʘʥʦʚʣʝʥ 

ʣʶʙʳʤ ʘʥʘʣʦʛʠʯʥʳʤ ʘʧʧʘʨʘʪʦʤ (ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʦʜʥʦʪʠʧʥʳʤ), ʘ ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʪʨʝʥʠʨʦʚʢʝ ð ʚʦʩʧʨʠʥʷʪ ʯʝʣʦʚʝʢʦʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʩʪʦʡʢʦʩʪʠ ʟʘʱʠʪʳ ʥʝʢʦʪʦʨʳʝ ʠʟʛʦʪʦʚʠʪʝʣʠ ʚʚʦʜʷʪ ʧʝʨʝʤʝʥʥʫʶ 

ʯʘʩʪʦʪʫ ʛʝʪʝʨʦʜʠʥʘ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʫʶ ʧʘʨʪʥʝʨʘʤʠ ʧʦ ʜʦʛʦʚʦʨʝʥʥʦʩʪʠ ʚ ʬʦʨʤʝ ʯʠʩʣʦʚʦʛʦ 

ʢʦʜʘ-ʧʘʨʦʣʷ, ʚʚʦʜʠʤʦʛʦ ʚ ʘʧʧʘʨʘʪ ʧʨʠ ʧʝʨʝʭʦʜʝ ʚ ʟʘʱʠʱʝʥʥʳʡ ʨʝʞʠʤ. 

ɺʦʟʤʦʞʥʦʩʪʠ ʪʘʢʦʛʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʯʘʩʪʦʪʥʦʛʦ ʩʜʚʠʛʘ, ʧʨʠʚʦʜʷʱʝʛʦ ʢ 

ʥʝʩʦʚʧʘʜʝʥʠʶ ʩʧʝʢʪʨʘ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʩʠʛʥʘʣʘ ʠ ʥʦʤʠʥʘʣʴʥʦʡ ʯʘʩʪʦʪʥʦʡ ʧʦʣʦʩʳ ʢʘʥʘʣʘ ʩʚʷʟʠ 

ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢ ʫʭʫʜʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʨʝʯʠ, ʦʛʨʘʥʠʯʝʥʳ ʥʝʩʢʦʣʴʢʠʤʠ 

ʩʦʪʥʷʤʠ ʛʝʨʮ. ɼʦʩʪʠʛʘʝʤʳʡ ʵʬʬʝʢʪ ʚʝʩʴʤʘ ʫʩʣʦʚʝʥ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʨʠ ʧʨʦʩʣʫʰʠʚʘʥʠʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʩʠʛʥʘʣʘ, ʚ ʩʣʫʯʘʝ ʥʝʨʘʚʝʥʩʪʚʘ ʯʘʩʪʦʪ ʛʝʪʝʨʦʜʠʥʦʚ ʥʘ ʧʝʨʝʜʘʯʝ ʠ ʥʘ 

ʧʨʠʝʤʝ, ʚ ʧʝʨʚʳʡ ʤʦʤʝʥʪ ʚʦʟʥʠʢʘʝʪ ʦʱʫʱʝʥʠʝ ʥʝʝʩʪʝʩʪʚʝʥʥʦʡ ʠ ʥʝʧʦʥʷʪʥʦʡ ʨʝʯʠ, ʢʦʪʦʨʦʝ, 

ʦʜʥʘʢʦ, ʧʦʯʪʠ ʥʝ ʤʝʰʘʝʪ ʚʦʩʧʨʠʥʠʤʘʪʴ ʝʝ ʩʤʳʩʣ ʧʦʩʣʝ ʥʝʢʦʪʦʨʦʡ ʘʜʘʧʪʘʮʠʠ. 

ʇʨʦʮʝʩʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤʠ ʧʝʨʝʩʪʘʥʦʚʢʘʤʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪ 

ʨʝʯʝʚʦʛʦ ʩʠʛʥʘʣʘ ʧʨʠ ʧʝʨʝʜʘʯʝ ʠ ʝʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʠ ʧʨʠʝʤʝ ʠʣʣʶʩʪʨʠʨʫʝʪʩʷ ʥʘ ʨʠʩʫʥʢʝ 

1.2. 
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ʈʠʩʫʥʦʢ 1.2. ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤʠ ʧʝʨʝʩʪʘʥʦʚʢʘʤʠ 

 

ʇʨʠ ʪʘʢʦʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʨʘʟʙʦʨʯʠʚʦʩʪʴ ʨʝʯʝʚʦʛʦ ʩʠʛʥʘʣʘ ʥʘʨʫʰʘʝʪʩʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦ 

ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ, ʯʝʤ ʧʨʠ ʧʨʦʩʪʦʡ ʠʥʚʝʨʩʠʠ. ʉʣʝʜʫʝʪ, ʦʜʥʘʢʦ, ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʚʳʙʦʨ 

ʚʘʨʠʘʥʪʦʚ ʯʘʩʪʦʪʥʳʭ ʧʝʨʝʩʪʘʥʦʚʦʢ ʚʝʩʴʤʘ ʦʛʨʘʥʠʯʝʥ. ʌʠʣʴʪʨʳ, ʚʳʜʝʣʷʶʱʠʝ ʯʘʩʪʦʪʥʳʝ 

ʧʦʣʦʩʳ ʚ ʠʩʭʦʜʥʦʤ ʠ ʚ ʣʠʥʝʡʥʦʤ ʩʠʛʥʘʣʝ, ʠʤʝʶʪ ʢʦʥʝʯʥʫʶ ʢʨʫʪʠʟʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʥʘ ʟʘʤʝʪʥʦʤ ʯʘʩʪʦʪʥʦʤ ʠʥʪʝʨʚʘʣʝ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʛʨʘʥʠʮʳ ʯʘʩʪʦʪʥʳʭ ʧʦʣʦʩ 

ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʟʘʤʝʪʥʦʝ ʥʝʚʦʩʩʪʘʥʦʚʠʤʦʝ ʩʤʝʰʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪ ʩʠʛʥʘʣʘ. 

ʇʦʣʥʘʷ ʧʦʣʦʩʘ ʯʘʩʪʦʪ (300-3400 ɻʮ) ʩʦʩʪʘʚʣʷʝʪ 3,5 ʦʢʪʘʚʳ. ʇʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʪʨʝʭ ʧʦʣʦʩ 

(ʧʦ 1,2 ʦʢʪʘʚʳ ʥʘ ʢʘʞʜʫʶ ʧʦʣʦʩʫ) ʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʠʣʴʪʨʦʚ 8-ʛʦ ʧʦʨʷʜʢʘ (ʥʘʨʘʩʪʘʥʠʝ 

ʟʘʪʫʭʘʥʠʷ ʦʢʦʣʦ 48 ʜɹ/ʦʢʪʘʚʫ) ʟʘʪʫʭʘʥʠʝ ʚ ʩʝʨʝʜʠʥʝ (!) ʩʦʩʝʜʥʝʡ ʧʦʣʦʩʳ ʩʦʩʪʘʚʠʪ ʥʝ ʙʦʣʝʝ 

30 ʜɹ, ʯʪʦ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʥʠʟʢʦʝ ʢʘʯʝʩʪʚʦ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʨʝʯʠ. ʉʫʱʝʩʪʚʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʧʦʨ̫ʜʢʘ ʬʠʣʴʪʨʦʚ ʥʘʩʪʦʣʴʢʦ ʫʩʣʦʞʥʷʝʪ ʘʧʧʘʨʘʪʫʨʫ, ʯʪʦ ʦʥʘ ʪʝʨʷʝʪ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʝʨʝʜ 

ʜʨʫʛʠʤʠ ʚʘʨʠʘʥʪʘʤʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ. ɺ ʪʦʞʝ ʚʨʝʤʷ ʯʠʩʣʦ ʚʦʟʤʦʞʥʳʭ ʧʝʨʝʩʪʘʥʦʚʦʢ ʠʟ ʪʨʝʭ 

ʧʦʣʦʩ ð ʚʩʝʛʦ ʣʠʰʴ 6, ʠʟ ʯʝʪʳʨʝʭ ʧʦʣʦʩ ð 24, ʪ.ʝ. ʜʘʞʝ ʚ ʫʩʣʦʚʠʷʭ ʧʨʷʤʦʛʦ ʧʝʨʝʭʚʘʪʘ, ʥʝ 

ʛʦʚʦʨʷ ʫʞʝ ʦʙ ʘʥʘʣʠʟʝ ʟʘʧʠʩʠ, ʧʦʜʙʦʨ ʥʫʞʥʦʡ ʧʦʜʩʪʘʥʦʚʢʠ ʥʝ ʩʦʩʪʘʚʠʪ ʪʨʫʜʘ. 

ʅʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʤ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʢʘʯʝʩʪʚʦʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ  ʷʚʣʷʝʪʩʷ ʠʭ ʘʚʪʦʥʦʤʥʦʩʪʴ, ʪ.ʝ. ʦʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʦ ʚʟʘʠʤʥʦʡ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʝʨʝʜʘʶʱʝʛʦ ʠ ʧʨʠʝʤʥʦʛʦ ʘʧʧʘʨʘʪʘ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʪʩʫʪʩʪʚʠʝ ʟʘʜʝʨʞʢʠ 

ʩʚʷʟʠ ʥʘ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʠ ʚʦʟʤʦʞʥʳʭ ʩʨʳʚʦʚ ʟʘʱʠʱʝʥʥʦʛʦ ʨʝʞʠʤʘ ʠʟ-ʟʘ 

ʢʘʯʝʩʪʚʘ ʢʘʥʘʣʘ, ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʩʠʥʭʨʦʥʠʟʘʮʠʠ. ɽʩʣʠ ʫʜʘʣʦʩʴ ʫʩʪʘʥʦʚʠʪʴ 

ʩʚʷʟʴ ʚ ʦʪʢʨʳʪʦʤ ʨʝʞʠʤʝ ʧʦʩʣʝ ʚʢʣʶʯʝʥʠʷ ʧʘʨʪʥʝʨʘʤʠ ʠʥʚʝʨʪʦʨʦʚ ʙʫʜʝʪ ʨʝʘʣʠʟʦʚʘʥ ʠ 

ʟʘʱʠʱʝʥʥʳʡ ʨʝʞʠʤ. 
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ʇʦʣʦʞʠʪʝʣʴʥʳʤʠ ʢʘʯʝʩʪʚʘʤʠ ʪʘʢʦʡ ʘʧʧʘʨʘʪʫʨʳ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ:  

¶ ʜʝʰʝʚʠʟʥʘ (ʮʝʥʳ ʠʥʚʝʨʪʦʨʦʚ ʩʧʝʢʪʨʘ ʧʦʨʷʜʢʘ 30 ð 50 USD);  

¶ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʩʭʝʤ, ʥʝ ʚʥʦʩʷʱʠʭ ʟʘʜʝʨʞʢʫ ʩʠʛʥʘʣʘ;  

¶ ʤʘʣʘʷ ʢʨʠʪʠʯʥʦʩʪʴ ʢ ʢʘʯʝʩʪʚʫ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʢʘʥʘʣʘ ʩʚʷʟʠ ʠ ʧʨʝʜʝʣʴʥʘʷ 

ʧʨʦʩʪʦʪʘ ʚ ʫʧʨʘʚʣʝʥʠʠ.  

ɸʧʧʘʨʘʪʫʨʘ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴʩʷ ʤʝʞʜʫ ʪʝʣʝʬʦʥʥʳʤ ʘʧʧʘʨʘʪʦʤ ʠ ʣʠʥʠʝʡ ʚ ʩʪʘʥʜʘʨʪʥʳʡ 

ʜʚʫʭʧʨʦʚʦʜʥʦʡ ʩʪʳʢ ʤʝʞʜʫ ʪʝʣʝʬʦʥʥʳʤ ʘʧʧʘʨʘʪʦʤ ʠ ʤʠʢʨʦʪʝʣʝʬʦʥʥʦʡ ʪʨʫʙʢʦʡ, ʤʦʞʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʚʠʜʝ ʥʘʢʣʘʜʢʠ ʥʘ ʤʠʢʨʦʪʝʣʝʬʦʥʥʫʶ ʪʨʫʙʢʫ ʩ ʘʢʫʩʪʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʝʡ 

ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʛʦ ʩʠʛʥʘʣʘ. ʇʝʨʝʭʦʜ ʚ ʟʘʱʠʱʝʥʥʳʡ ʨʝʞʠʤ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʚʟʘʠʤʥʦʡ 

ʜʦʛʦʚʦʨʝʥʥʦʩʪʠ ʧʘʨʪʥʝʨʦʚ ʧʦʩʣʝ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ. ʇʝʨʝʭʦʜ ʧʨʦʠʩʭʦʜʠʪ ʥʝʤʝʜʣʝʥʥʦ 

ʧʦʩʣʝ ʥʘʞʘʪʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʣʘʚʠʰʠ (ʠʣʠ ʜʨʫʛʦʛʦ ʫʧʨʘʚʣʷʶʱʝʛʦ ʜʝʡʩʪʚʠʷ). ɺʢʣʶʯʝʥʠʝ 

ʠ ʚʳʢʣʶʯʝʥʠʝ ʟʘʱʠʱʝʥʥʦʛʦ ʨʝʞʠʤʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʘʞʜʳʤ ʧʘʨʪʥʝʨʦʤ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, 

ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʜʝʡʩʪʚʠʡ ʥʝ ʪʨʝʙʫʝʪʩʷ. 

ʇʨʠ ʨʘʟʛʦʚʦʨʝ ʚ ʣʠʥʠʠ ʧʨʦʩʣʫʰʠʚʘʝʪʩʷ ʭʘʨʘʢʪʝʨʥʳʡ ʩʠʛʥʘʣ, ʧʦ ʩʪʨʫʢʪʫʨʝ ʧʦʣʥʦʩʪʴʶ 

ʧʦʚʪʦʨʷʶʱʠʡ ʧʝʨʝʜʘʚʘʝʤʫʶ ʨʝʯʴ. ɺʦʩʩʪʘʥʦʚʣʝʥʥʳʡ ʩʠʛʥʘʣ ʠʤʝʝʪ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ. ɺ 

ʜʝʰʝʚʳʭ ʘʧʧʘʨʘʪʘʭ ʩ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʬʠʣʴʪʨʘʮʠʝʡ ʚʦʟʤʦʞʥʦ ʥʘʣʠʯʠʝ ʩʚʠʩʪʷʱʠʭ ʪʦʥʦʚ ʠ 

ʠʟʤʝʥʝʥʠʝ ʪʝʤʙʨʘ ʛʦʣʦʩʘ ʛʦʚʦʨʷʱʝʛʦ. ʅʘʣʠʯʠʝ ʧʦʩʪʦʨʦʥʥʠʭ ʰʫʤʦʚ ʚ ʧʦʤʝʱʝʥʠʠ, ʠʟ 

ʢʦʪʦʨʦʛʦ ʚʝʜʝʪʩʷ ʧʝʨʝʜʘʯʘ, ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʢʘʯʝʩʪʚʝ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʩʠʛʥʘʣʘ ʪʘʢ ʞʝ, ʢʘʢ ʚ 

ʦʪʢʨʳʪʦʤ ʨʝʞʠʤʝ, ʥʘ ʩʪʦʡʢʦʩʪʴ ʟʘʱʠʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʯʪʠ ʥʝ ʚʣʠʷʝʪ. 

 

ʇʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩ ʚʨʝʤʝʥʥʳʤʠ ʧʝʨʝʩʪʘʥʦʚʢʘʤʠ (ʩʢʨʝʤʙʣʠʨʦʚʘʥʠʝʤ) ʠ 

ʚʨʝʤʝʥʥʦʡ ʠʥʚʝʨʩʠʝʡ ʵʣʝʤʝʥʪʦʚ ʨʝʯʝʚʦʛʦ ʩʠʛʥʘʣʘ ʩʦ ʩʪʘʪʠʯʝʩʢʠʤ ʟʘʢʦʥʦʤ 

ʧʝʨʝʩʪʘʥʦʚʢʠ 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʘʧʧʘʨʘʪʫʨʳ ʩʭʦʜʝʥ ʩ ʨʘʟʨʫʰʝʥʠʝʤ ʠ ʧʦʩʣʝʜʫʶʱʠʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ 

ʤʦʟʘʠʯʥʦʡ ʢʘʨʪʠʥʳ, ʯʪʦ ʦʙʫʩʣʦʚʠʣʦ ʧʦʷʚʣʝʥʠʝ ʥʘʟʚʘʥʠʷ ñʘʧʧʘʨʘʪʫʨʘ ʤʦʟʘʠʯʥʳʭ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡò. 

ɼʘʥʥʳʡ ʢʣʘʩʩ ʘʧʧʘʨʘʪʫʨʳ ʪʨʝʙʫʝʪ ʥʘʣʠʯʠʷ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʙʣʦʢʘ ʟʘʧʦʤʠʥʘʥʠʷ 

ʩʠʛʥʘʣʘ ʩ ʫʧʨʘʚʣʷʝʤʳʤ ʜʦʩʪʫʧʦʤ ʧʦ ʟʘʧʠʩʠ ʠ ʩʯʠʪʳʚʘʥʠʶ, ʧʦʵʪʦʤʫ ʘʥʘʣʦʛʦʚʦʡ ʪʘʢʫʶ 

ʘʧʧʘʨʘʪʫʨʫ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʫʩʣʦʚʥʦ. ɺʨʝʤʝʥʥʘʷ ʧʝʨʝʩʪʘʥʦʚʢʘ ʵʣʝʤʝʥʪʘʨʥʳʭ ʦʪʨʝʟʢʦʚ 

ʨʝʯʝʚʦʛʦ ʩʠʛʥʘʣʘ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʘ ʧʨʠʝʤʝ ʟʘʥʠʤʘʶʪ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ. ʇʦʵʪʦʤʫ ʦʙʷʟʘʪʝʣʴʥʳʤ ʩʚʦʡʩʪʚʦʤ ʪʘʢʦʡ ʘʧʧʘʨʘʪʫʨʳ 

ʷʚʣʷʝʪʩʷ ʟʘʤʝʪʥʘʷ ʟʘʜʝʨʞʢʘ ʩʠʛʥʘʣʘ ʥʘ ʧʨʠʝʤʥʦʡ ʩʪʦʨʦʥʝ. ʇʨʦʮʝʩʩʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʠʛʥʘʣʘ 

ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 1.3. 
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ʈʠʩʫʥʦʢ 1.3. ʇʨʦʮʝʩʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʠʛʥʘʣʘ 

 

ʏʝʤ ʤʝʥʴʰʝ ʜʣʠʪʝʣʴʥʦʩʪʴ ʵʣʝʤʝʥʪʘʨʥʳʭ ʦʪʨʝʟʢʦʚ, ʥʘ ʢʦʪʦʨʳʝ ʨʘʟʙʠʚʘʝʪʩʷ ʠʩʭʦʜʥʳʡ 

ʨʝʯʝʚʦʡ ʩʠʛʥʘʣ ʠ ʯʝʤ ʙʦʣʴʰʝ ʵʣʝʤʝʥʪʦʚ ʫʯʘʩʪʚʫʶʪ ʚ ʦʧʝʨʘʮʠʠ ʧʝʨʝʩʪʘʥʦʚʢʠ, ʪʝʤ ʩʣʦʞʥʝʝ 

ʧʨʦʮʝʩʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʝʯʠ ʧʦ ʧʝʨʝʭʚʘʯʝʥʥʦʤʫ ʣʠʥʝʡʥʦʤʫ ʩʠʛʥʘʣʫ. 

ʆʜʥʘʢʦ ʧʨʠ ʧʝʨʝʜʘʯʝ ʧʦ ʢʘʥʘʣʫ ʩʚʷʟʠ ʚʦʟʥʠʢʘʶʪ ʢʨʘʝʚʳʝ ʠʩʢʘʞʝʥʠʷ ʵʣʝʤʝʥʪʘʨʥʳʭ 

ʦʪʨʝʟʢʦʚ. ʇʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʨʝʯʠ ʥʘ ʧʨʠʝʤʥʦʡ ʩʪʦʨʦʥʝ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ 

ñʩʰʠʚʦʢò, ʫʭʫʜʰʘʶʱʠʭ ʢʘʯʝʩʪʚʦ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʩʠʛʥʘʣʘ. ʉ ʫʯʝʪʦʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʨʝʘʣʴʥʳʭ ʪʝʣʝʬʦʥʥʳʭ ʢʘʥʘʣʦʚ ʜʣʠʪʝʣʴʥʦʩʪʴ ʵʣʝʤʝʥʪʘʨʥʳʭ ʦʪʨʝʟʢʦʚ ʩʠʛʥʘʣʘ ʦʛʨʘʥʠʯʝʥʘ 

ʩʥʠʟʫ ʥʘ ʫʨʦʚʥʝ 15 ð 20 ʤʠʣʣʠʩʝʢʫʥʜ. 

ʋʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʧʝʨʝʤʝʰʠʚʘʝʤʳʭ ʵʣʝʤʝʥʪʦʚ ʤʦʟʘʠʢʠ ð ʫʚʝʣʠʯʝʥʠʝ ñʛʣʫʙʠʥʳ 

ʧʝʨʝʩʪʘʥʦʚʢʠò ð ʦʛʨʘʥʠʯʝʥʦ ʚʦʟʨʘʩʪʘʥʠʝʤ ʟʘʜʝʨʞʢʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʧʨʠʝʤʝ. 

ʇʨʠ ʜʠʘʣʦʛʝ ʟʘʤʝʪʥʳʝ ʥʝʫʜʦʙʩʪʚʘ ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʟʘʜʝʨʞʢʝ ʙʦʣʝʝ 0,3 ʩʝʢ, ʘ ʧʨʠ ʟʘʜʝʨʞʢʝ 

ʙʦʣʝʝ 1 ʩʝʢ ʜʠʘʣʦʛ ʩʪʘʥʦʚʠʪʩʷ ʥʝʚʦʟʤʦʞʥʳʤ. ʆʙʘ ʫʢʘʟʘʥʥʳʭ ʬʘʢʪʦʨʘ ʦʧʨʝʜʝʣʷʶʪ ʛʣʫʙʠʥʫ 

ʧʝʨʝʩʪʘʥʦʚʢʠ ʥʘ ʫʨʦʚʥʝ 16 ð 64 ʵʣʝʤʝʥʪʘʨʥʳʭ ʦʪʨʝʟʢʦʚ ʨʝʯʠ. 

ʄʘʩʢʠʨʫʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʩʪʨʫʢʪʫʨʫ ʩʠʛʥʘʣʦʚ ʚ ʣʠʥʠʠ ʩʚʷʟʠ ʤʦʞʝʪ ʙʳʪʴ 

ʜʦʩʪʠʛʥʫʪʦ ʚʨʝʤʝʥʥʦʡ ʠʥʚʝʨʩʠʝʡ (ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝʤ ʚ ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦ ʦʪʥʦʰʝʥʠʶ 

ʢ ʟʘʧʠʩʠ) ʚʩʝʭ ʠʣʠ ʦʪʜʝʣʴʥʳʭ ʦʪʨʝʟʢʦʚ. ʊʘʢʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʥʝʵʬʬʝʢʪʠʚʥʦ ʥʘ ʢʦʨʦʪʢʠʭ 

ʦʪʨʝʟʢʘʭ (ʩ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʤʝʥʝʝ ʜʣʠʪʝʣʴʥʦʩʪʠ ʦʜʥʦʛʦ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʟʚʫʢʘ ʨʝʯʠ). 

ʇʨʠʤʝʥʝʥʠʝ ʜʣʠʥʥʳʭ ʦʪʨʝʟʢʦʚ ʫʤʝʥʴʰʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʧʝʨʝʤʝʰʠʚʘʥʠʷ. ʇʦʵʪʦʤʫ 

ʚʨʝʤʝʥʥʘʷ ʠʥʚʝʨʩʠʷ ʧʨʠʤʝʥʷʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʢʘʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚ 
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ʢʦʤʙʠʥʘʮʠʠ ʩ ʚʨʝʤʝʥʥʳʤʠ ʧʝʨʝʩʪʘʥʦʚʢʘʤʠ. ʇʨʠ ʵʪʦʤ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʘ ʚʨʝʤʝʥʥʘʷ 

ʠʥʚʝʨʩʠʷ ʚʩʝʭ ʦʪʨʝʟʢʦʚ. 

ɺʨʝʤʝʥʥʳʝ ʧʝʨʝʩʪʘʥʦʚʢʠ ʠ ʚʨʝʤʝʥʥʘʷ ʠʥʚʝʨʩʠʷ ʧʨʠ ʧʨʘʚʠʣʴʥʦʤ ʚʳʙʦʨʝ ʧʘʨʘʤʝʪʨʦʚ 

ʧʝʨʝʩʪʘʥʦʚʢʠ ʠʩʢʣʶʯʘʶʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʧʨʦʩʣʫʰʠʚʘʥʠʝ ʨʝʯʠ ʚ ʢʘʥʘʣʝ ʩʚʷʟʠ, ʥʦ ʧʨʠ 

ʘʥʘʣʠʟʝ ʟʘʧʠʩʠ ʠʣʠ ʧʨʠ ʦʧʝʨʘʪʠʚʥʦʤ ʘʥʘʣʠʟʝ ʩʠʛʥʘʣʘ ʥʘ ʤʝʩʪʝ ʧʝʨʝʭʚʘʪʘ ʩʪʘʪʠʯʝʩʢʘʷ 

ʧʝʨʝʩʪʘʥʦʚʢʘ, ʧʦʚʪʦʨʷʶʱʘʷʩʷ ʠʟ ʢʘʜʨʘ ʚ ʢʘʜʨ, ʣʝʛʢʦ ʚʳʷʚʣʷʝʪʩʷ ʧʦ ʩʧʝʢʪʨʘʣʴʥʳʤ ʠ 

ʘʤʧʣʠʪʫʜʥʳʤ ʩʚʷʟʷʤ ʦʪʨʝʟʢʦʚ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʠʩʭʦʜʥʘʷ ʨʝʯʴ ʤʦʞʝʪ ʙʳʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʘ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʥʝʩʣʦʞʥʦʡ ʘʧʧʘʨʘʪʫʨʳ (ʇʕɺʄ ʩ ʘʫʜʠʦʧʣʘʪʦʡ). 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʦ ʩʚʦʝʤʫ ʩʦʩʪʘʚʫ ʠ ʩʣʦʞʥʦʩʪʠ ʘʣʛʦʨʠʪʤʘ ʘʧʧʘʨʘʪʫʨʘ ʩ 

ʬʠʢʩʠʨʦʚʘʥʥʳʤʠ ʧʝʨʝʩʪʘʥʦʚʢʘʤʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʘʧʧʘʨʘʪʫʨʳ ʩ ʧʝʨʝʤʝʥʥʳʤʠ 

ʧʝʨʝʩʪʘʥʦʚʢʘʤʠ, ʫʧʨʘʚʣʷʝʤʳʤʠ ʢʨʠʧʪʦʙʣʦʢʦʤ. ʇʦʵʪʦʤʫ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʮʝʧʝʡ 

ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠʤʝʥʷʶʪʩʷ ʧʦʯʪʠ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʘʧʧʘʨʘʪʳ ʩ ʧʝʨʝʤʝʥʥʳʤʠ 

ʧʝʨʝʩʪʘʥʦʚʢʘʤʠ. 

 

ʇʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩ ʚʨʝʤʝʥʥʳʤʠ ʠʣʠ ʯʘʩʪʦʪʥʳʤʠ ʧʝʨʝʩʪʘʥʦʚʢʘʤʠ 

(ʩʢʨʝʤʙʣʠʨʦʚʘʥʠʝʤ) ʩ ʧʝʨʝʤʝʥʥʳʤʠ ʧʝʨʝʩʪʘʥʦʚʢʘʤʠ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʢʨʠʧʪʦʙʣʦʢʘ ʠ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʤʦʟʘʠʯʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ  

ʇʨʠʤʝʥʝʥʠʝ ʧʝʨʝʤʝʥʥʳʭ ʧʝʨʝʩʪʘʥʦʚʦʢ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʟʘʪʨʫʜʥʠʪʴ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠʩʭʦʜʥʦʡ ʨʝʯʠ ʧʦ ʧʝʨʝʭʚʘʪʫ ʩʠʛʥʘʣʘ ʚ ʢʘʥʘʣʝ. ʇʨʠ ʧʨʘʚʠʣʴʥʦʤ ʚʳʙʦʨʝ 

ʢʨʠʧʪʦʘʣʛʦʨʠʪʤʘ ʫʜʘʯʥʳʡ ʧʦʜʙʦʨ ʧʝʨʝʩʪʘʥʦʚʢʠ ʥʘ ʦʜʥʦʤ ʠʥʪʝʨʚʘʣʝ ʥʠʢʘʢ ʥʝ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʧʦʜʙʦʨʫ ʧʝʨʝʩʪʘʥʦʚʦʢ ʥʘ ʧʦʩʣʝʜʫʶʱʠʭ ʠʥʪʝʨʚʘʣʘʭ. ʂʨʦʤʝ ʪʦʛʦ, ʚʚʝʜʝʥʠʝ ʢʨʠʧʪʦʘʣʛʦʨʠʪʤʘ ʩ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʢʣʶʯʦʤ ʠʩʢʣʶʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʧʝʨʝʭʚʘʪʘ ʦʜʥʦʪʠʧʥʦʛʦ 

ʘʧʧʘʨʘʪʘ. 

ɸʧʧʘʨʘʪʫʨʘ ʩʪʨʦʠʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʘ ʙʘʟʝ ʩʠʛʥʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʨʦʚ , ʠʤʝʝʪ ʚ ʩʚʦʝʤ 

ʩʦʩʪʘʚʝ ɸʎʇ, ʎɸʇ, ʢʨʠʧʪʦʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʧʝʨʝʩʪʘʥʦʚʢʦʡ, ʩʠʩʪʝʤʫ ʚʚʦʜʘ ʠʣʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʣʶʯʘ. ʆʙʷʟʘʪʝʣʴʥʳʤ ʵʪʘʧʦʤ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ ʥʘʯʘʣʴʥʘʷ 

ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʘʧʧʘʨʘʪʦʚ ʠ ʠʭ ʧʦʩʣʝʜʫʶʱʘʷ ʧʦʜʩʠʥʭʨʦʥʠʟʘʮʠʷ. 

ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʵʪʘ ʘʧʧʘʨʘʪʫʨʘ ʟʘʤʝʪʥʦ ʜʦʨʦʞʝ ʘʧʧʘʨʘʪʫʨʳ ʯʘʩʪʦʪʥʦʡ ʠʥʚʝʨʩʠʠ ð 200 

- 400 USD ʟʘ ʝʜʠʥʠʮʫ. 

ʇʨʠ ʧʝʨʝʭʦʜʝ ʚ ʟʘʱʠʱʝʥʥʳʡ ʨʝʞʠʤ ʧʦ ʜʦʛʦʚʦʨʝʥʥʦʩʪʠ ʘʙʦʥʝʥʪʦʚ ʚʦʟʥʠʢʘʝʪ ʠʥʪʝʨʚʘʣ 

ʧʨʝʨʳʚʘʥʠʷ ʨʝʯʝʚʦʡ ʩʚʷʟʠ, ʢʦʪʦʨʳʡ ʟʘʥʠʤʘʝʪ ʧʨʦʮʝʩʩ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʠ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʨʠʧʪʦʙʣʦʢʦʚ. ɺ ʨʷʜʝ ʠʟʜʝʣʠʡ ʚ ʵʪʦ ʞʝ ʚʨʝʤʷ ʘʙʦʥʝʥʪ, ʠʩʧʦʣʴʟʫʷ ʪʘʩʪʘʪʫʨʫ 

ʪʝʣʝʬʦʥʥʦʛʦ ʘʧʧʘʨʘʪʘ ʠʣʠ ʪʘʩʪʘʪʫʨʫ ʩʢʨʝʤʙʣʝʨʘ, ʠʣʠ ʧʝʨʩʦʥʘʣʴʥʳʡ ʫʟʝʣ ʧʘʤʷʪʠ, ʜʦʣʞʝʥ 

ʚʚʝʩʪʠ ʢʣʶʯ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʭʦʜ ʚ ʟʘʱʠʱʝʥʥʳʡ ʨʝʞʠʤ ʤʦʞʝʪ ʟʘʥʠʤʘʪʴ ʜʦ 10 ð 20 ʩʝʢʫʥʜ. 

ʇʨʠ ʵʪʦʤ ʥʘʜʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʧʨʠ ʧʣʦʭʦʤ ʢʘʯʝʩʪʚʝ ʢʘʥʘʣʘ ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʠ ʧʝʨʝʭʦʜ ʚ 

ʟʘʱʠʱʝʥʥʳʡ ʨʝʞʠʤ ʤʦʛʫʪ ʥʝ ʩʦʩʪʦʷʪʴʩʷ, ʭʦʪʷ ʩʚʷʟʴ ʚ ʦʪʢʨʳʪʦʤ ʨʝʞʠʤʝ, ʧʫʩʪʴ ʠ ʧʨʠ ʧʣʦʭʦʤ 

ʢʘʯʝʩʪʚʝ, ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ. 

ʅʘʣʠʯʠʝ ʚʨʝʤʝʥʥʦʡ ʟʘʜʝʨʞʢʠ ʧʨʠ ʧʝʨʝʜʘʯʝ ʩʠʛʥʘʣʘ ʧʨʠ ʨʘʙʦʪʝ ʧʦ ʜʚʫʭʧʨʦʚʦʜʥʦʡ 

ʣʠʥʠʠ ʥʝʠʟʙʝʞʥʦ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ñʵʭʘò (ʵʪʦ ʞʝ ʭʘʨʘʢʪʝʨʥʦ ʠ ʜʣʷ ʩʪʘʪʠʯʝʩʢʠʭ 

ʚʨʝʤʝʥʥʳʭ ʧʝʨʝʩʪʘʥʦʚʦʢ). ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʘʧʧʘʨʘʪʫʨʝ ʩʚʷʟʠ ʦʪʨʘʙʦʪʘʥʳ ʚʝʩʴʤʘ ʩʦʚʝʨʰʝʥʥʳʝ 

ʘʣʛʦʨʠʪʤʳ ʧʦʜʘʚʣʝʥʠʷ ʵʭʘ, ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʩʢʦʨʦʩʪʥʳʭ ʤʦʜʝʤʘʭ. ʆʜʥʘʢʦ 

ʯʝʣʦʚʝʯʝʩʢʦʝ ʫʭʦ ʨʝʘʛʠʨʫʝʪ ʥʘ ʫʨʦʚʥʠ ʵʭʦ-ʩʠʛʥʘʣʦʚ, ʟʘʚʝʜʦʤʦ ʥʝʩʫʱʝʩʪʚʝʥʥʳʝ ʜʣʷ ʤʦʜʝʤʦʚ. 

ʇʦʵʪʦʤʫ ʜʘʞʝ ʚ ʥʘʠʙʦʣʝʝ ʫʜʘʯʥʳʭ ʤʦʜʝʣʷʭ ʩʢʨʝʤʙʣʝʨʦʚ ʧʦʜʘʚʣʝʥʠʝ ʵʭʘ ʜʦ ʥʝ ʟʘʤʝʯʘʝʤʦʛʦ 

ʘʙʦʥʝʥʪʦʤ ʫʨʦʚʥʷ ʜʦʩʪʠʛʘʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʩʣʫʯʘʡʥʦʤ ʫʜʘʯʥʦʤ ʩʦʯʝʪʘʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʣʠʥʠʠ 

ʩʚʷʟʠ. 

ʂʨʠʧʪʦʙʣʦʢ, ʫʧʨʘʚʣʷʶʱʠʡ ʧʨʦʮʝʩʩʦʤ ʧʝʨʝʩʪʘʥʦʚʦʢ, ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ 

ʩʠʤʤʝʪʨʠʯʥʫʶ, ʪʘʢ ʠ ʥʝʩʠʤʤʝʪʨʠʯʥʫʶ (ñʩ ʦʪʢʨʳʪʳʤ ʢʣʶʯʦʤò) ʢʣʶʯʝʚʫʶ ʩʠʩʪʝʤʫ. 

ɺʘʨʠʘʥʪʳ ʩ ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʩʠʩʪʝʤʦʡ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ, ʪʘʢ ʢʘʢ ʫʧʨʦʱʘʶʪ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ ʠ ʠʩʢʣʶʯʘʶʪ ʚʩʢʨʳʪʠʝ ʟʘʧʠʩʠ ʧʨʠ ʭʠʱʝʥʠʠ ʣʠʯʥʦʛʦ ʢʣʶʯʘ. 

ʆʜʥʘʢʦ ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʝ ʣʠʯʥʦʛʦ ʧʘʨʦʣʷ ʧʦʣʝʟʥʦ, ʪʘʢ ʢʘʢ ʠʩʢʣʶʯʘʝʪ ʚʭʦʞʜʝʥʠʝ ʚ 

ʩʚʷʟʴ ʧʦʩʪʦʨʦʥʥʠʭ ʣʠʮ. 
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ʋʯʠʪʳʚʘʷ ʪʦ ʚʳʰʝʫʢʘʟʘʥʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ, ʯʪʦ ʧʨʠ ʩʘʤʦʤ ʩʦʚʝʨʰʝʥʥʦʤ 

ʢʨʠʧʪʦʘʣʛʦʨʠʪʤʝ ʧʝʨʝʜʘʚʘʝʤʘʷ ʨʝʯʴ ʤʦʞʝʪ ʙʳʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʘ ʧʦ ʧʝʨʝʭʚʘʪʫ ʣʠʥʝʡʥʦʛʦ 

ʩʠʛʥʘʣʘ ʧʦ ʦʩʪʘʪʦʯʥʳʤ ʧʨʠʟʥʘʢʘʤ ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʵʣʝʤʝʥʪʘʨʥʳʭ ʦʪʨʝʟʢʦʚ, 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʢʨʝʤʙʣʝʨʘʭ ʦʯʝʥʴ ʤʦʱʥʳʭ ʢʨʠʧʪʦʘʣʛʦʨʠʪʤʦʚ ʠ ʢʣʶʯʝʚʳʭ ʢʦʜʦʚ ʙʦʣʴʰʦʡ 

ʜʣʠʥʳ ʥʝ ʦʧʨʘʚʜʘʥʦ. ɺʧʦʣʥʝ ʜʦʩʪʘʪʦʯʥʦʡ ʷʚʣʷʝʪʩʷ ʜʣʠʥʘ ʢʣʶʯʝʚʦʛʦ ʢʦʜʘ ʧʦʨʷʜʢʘ 9 

ʜʝʩʷʪʠʯʥʳʭ (30 ʜʚʦʠʯʥʳʭ) ʟʥʘʢʦʚ ʚ ʩʠʤʤʝʪʨʠʯʥʦʡ ʢʣʶʯʝʚʦʡ ʩʠʩʪʝʤʝ ʠ 30 ʜʝʩʷʪʠʯʥʳʭ 

(ʦʢʦʣʦ 100 ʜʚʦʠʯʥʳʭ) ð ʚ ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʢʣʶʯʝʚʦʡ ʩʠʩʪʝʤʝ. ʇʨʠ ʨʘʟʛʦʚʦʨʝ ʚ ʣʠʥʠʠ 

ʧʨʦʩʣʫʰʠʚʘʝʪʩʷ ʭʘʨʘʢʪʝʨʥʳʡ ñʨʚʘʥʳʡò ʩʠʛʥʘʣ, ʚ ʢʦʪʦʨʦʤ ʜʦʩʪʘʪʦʯʥʦ ʣʝʛʢʦ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʪʨʫʢʪʫʨʘ ʧʝʨʝʜʘʚʘʝʤʦʡ ʨʝʯʠ. ɺʦʩʩʪʘʥʦʚʣʝʥʥʳʡ ʩʠʛʥʘʣ ʠʤʝʝʪ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ, ʤʘʣʦ 

ʦʪʣʠʯʘʶʱʝʝʩʷ ʦʪ ʢʘʯʝʩʪʚʘ ʨʝʯʠ ʚ ʦʪʢʨʳʪʦʤ ʨʝʞʠʤʝ ʥʘ ʪʦʤ ʞʝ ʢʘʥʘʣʝ. ʅʘʣʠʯʠʝ ʧʦʩʪʦʨʦʥʥʠʭ 

ʰʫʤʦʚ ʚ ʧʦʤʝʱʝʥʠʠ, ʠʟ ʢʦʪʦʨʦʛʦ ʚʝʜʝʪʩʷ ʧʝʨʝʜʘʯʘ, ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʢʘʯʝʩʪʚʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʩʠʛʥʘʣʘ ʪʘʢ ʞʝ, ʢʘʢ ʚ ʦʪʢʨʳʪʦʤ ʨʝʞʠʤʝ. ʆʜʥʘʢʦ ʨʠʪʤʠʯʝʩʢʠʝ ʧʦʤʝʭʠ, 

ʩʦʟʜʘʶʱʠʝ ñʰʢʘʣʫ ʚʨʝʤʝʥʠò ʧʘʨʘʣʣʝʣʴʥʫʶ ʧʨʝʦʙʨʘʟʫʝʤʦʤʫ ʩʠʛʥʘʣʫ, ʤʦʛʫʪ ʧʦʚʣʠʷʪʴ ʥʘ 

ʩʪʦʡʢʦʩʪʴ ʟʘʱʠʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. ɸʧʧʘʨʘʪʫʨʘ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴʩʷ ʤʝʞʜʫ ʪʝʣʝʬʦʥʥʳʤ 

ʘʧʧʘʨʘʪʦʤ ʠ ʣʠʥʠʝʡ ʚ ʩʪʘʥʜʘʨʪʥʳʡ ʜʚʫʭʧʨʦʚʦʜʥʦʡ ʩʪʳʢ, ʤʝʞʜʫ ʪʝʣʝʬʦʥʥʳʤ ʘʧʧʘʨʘʪʦʤ ʠ 

ʤʠʢʨʦʪʝʣʝʬʦʥʥʦʡ ʪʨʫʙʢʦʡ, ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʚʠʜʝ ʥʘʢʣʘʜʢʠ ʥʘ ʤʠʢʨʦʪʝʣʝʬʦʥʥʫʶ 

ʪʨʫʙʢʫ ʩ ʘʢʫʩʪʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʝʡ ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʛʦ ʩʠʛʥʘʣʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʥʦʚʥʳʤʠ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʢʘʯʝʩʪʚʘʤʠ ʘʧʧʘʨʘʪʫʨʳ ʤʦʟʘʠʯʥʳʭ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ð ʩʢʨʝʤʙʣʝʨʦʚ ð ʷʚʣʷʶʪʩʷ:  

¶ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʘʷ ʩʪʦʡʢʦʩʪʴ ʟʘʱʠʪʳ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʨʝʯʝʚʦʛʦ ʩʠʛʥʘʣʘ, 

ʠʩʢʣʶʯʘʶʱʘʷ ʝʛʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʧʨʦʩʣʫʰʠʚʘʥʠʝ ʜʘʞʝ ʧʨʠ ʥʘʣʠʯʠʠ ʛʨʫʧʧʳ 

ʚʳʩʦʢʦʪʨʝʥʝʨʦʚʘʥʥʳʭ ʘʫʜʠʪʦʨʦʚ ʠ ʪʨʝʙʫʶʱʘʷ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʝʯʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ 

ʚʨʝʤʝʥʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʠʟʤʝʨʠʪʝʣʴʥʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤʠ ʩʧʝʮʩʣʫʞʙʘʤʠ;  

¶ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ;  

¶ ʧʨʦʩʪʦʪʘ ʵʢʩʧʣʫʘʪʘʮʠʠ (ʜʣʷ ʤʦʜʝʣʝʡ, ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʜʣʷ 

ʥʝʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ).  

ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʘʧʧʘʨʘʪʫʨʳ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ:  

¶ ʟʘʜʝʨʞʢʫ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʧʨʠʝʤʥʦʡ ʩʪʦʨʦʥʝ, ʪʨʝʙʫʶʱʫʶ 

ʧʨʠʚʳʢʘʥʠʷ ʠ ʟʘʪʨʫʜʥʷʶʱʫʶ ʜʠʘʣʦʛ;  

¶ ʥʘʣʠʯʠʝ ʵʭʘ, ʟʘʚʠʩʷʱʝʛʦ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʢʦʤʤʫʪʠʨʫʝʤʦʡ ʣʠʥʠʠ ʩʚʷʟʠ;  

¶ ʟʘʜʝʨʞʢʫ ʩʚʷʟʠ ʥʘ ʚʨʝʤʷ ʧʨʦʭʦʞʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʘʧʧʘʨʘʪʦʚ;  

¶ ʚʦʟʤʦʞʥʦʩʪʴ ʩʨʳʚʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʥʘ ʧʣʦʭʠʭ ʢʘʥʘʣʘʭ.  

ʇʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʢʘʯʝʩʪʚ ʵʪʦʪ ʢʣʘʩʩ ʘʧʧʘʨʘʪʫʨʳ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʧʨʠʝʤʣʝʤʳʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʩʠʩʪʝʤʘʭ ʟʘʱʠʱʝʥʥʦʛʦ ʦʙʤʝʥʘ ʨʝʯʝʚʦʡ 

ʠʥʬʦʨʤʘʮʠʝʡ ʦʧʝʨʘʪʠʚʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʥʝ ʪʨʝʙʫʶʱʝʡ ʜʣʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʩʝʢʨʝʪʥʦʩʪʠ. 

 

ʉʢʨʝʤʙʣʠʨʦʚʘʥʠʝ ʮʠʬʨʦʚʳʭ ʩʠʛʥʘʣʦʚ 

 

ʉʫʪʴ ʩʢʨʝʤʙʣʠʨʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʙʠʪʥʦʤ ʠʟʤʝʥʝʥʠʠ ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ 

ʩʠʩʪʝʤʫ ʧʦʪʦʢʘ ʜʘʥʥʳʭ. ʇʨʘʢʪʠʯʝʩʢʠ ʝʜʠʥʩʪʚʝʥʥʦʡ ʦʧʝʨʘʮʠʝʡ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ ʩʢʨʝʤʙʣʝʨʘʭ 

ʷʚʣʷʝʪʩʷ XOR ï "ʧʦʙʠʪʥʦʝ ʠʩʢʣʶʯʘʶʱʝʝ ʀʃʀ". ʇʘʨʘʣʣʝʣʴʥʦ ʧʨʦʭʦʞʜʝʥʠʶ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʪʦʢʘ ʚ ʩʢʨʝʤʙʣʝʨʝ ʧʦ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʧʨʘʚʠʣʫ ʛʝʥʝʨʠʨʫʝʪʩʷ ʧʦʪʦʢ ʙʠʪ ï 

ʢʦʜʠʨʫʶʱʠʡ ʧʦʪʦʢ. ʂʘʢ ʧʨʷʤʦʝ, ʪʘʢ ʠ ʦʙʨʘʪʥʦʝ ʰʠʬʨʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘʣʦʞʝʥʠʝʤ ʧʦ 

XOR ʢʦʜʠʨʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʘ ʠʩʭʦʜʥʫʶ. 

ɻʝʥʝʨʘʮʠʷ ʢʦʜʠʨʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʙʠʪ ʧʨʦʠʟʚʦʜʠʪʩʷ ʮʠʢʣʠʯʝʩʢʠ ʠʟ 

ʥʝʙʦʣʴʰʦʛʦ ʥʘʯʘʣʴʥʦʛʦ ʦʙʲʝʤʘ ʠʥʬʦʨʤʘʮʠʠ ï ʢʣʶʯʘ ʧʦ ʩʣʝʜʫʶʱʝʤʫ ʘʣʛʦʨʠʪʤʫ. ʀʟ 

ʪʝʢʫʱʝʛʦ ʥʘʙʦʨʘ ʙʠʪ ʚʳʙʠʨʘʶʪʩʷ ʟʥʘʯʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʨʘʟʨʷʜʦʚ ʠ ʩʢʣʘʜʳʚʘʶʪʩʷ ʧʦ XOR 

ʤʝʞʜʫ ʩʦʙʦʡ. ɺʩʝ ʨʘʟʨʷʜʳ ʩʜʚʠʛʘʶʪʩʷ ʥʘ 1 ʙʠʪ, ʘ ʪʦʣʴʢʦ ʯʪʦ ʧʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ 

("0" ʠʣʠ "1") ʧʦʤʝʱʘʝʪʩʷ ʚ ʦʩʚʦʙʦʜʠʚʰʠʡʩʷ ʩʘʤʳʡ ʤʣʘʜʰʠʡ ʨʘʟʨʷʜ. ɿʥʘʯʝʥʠʝ, ʥʘʭʦʜʠʚʰʝʝʩʷ 

ʚ ʩʘʤʦʤ ʩʪʘʨʰʝʤ ʨʘʟʨʷʜʝ ʜʦ ʩʜʚʠʛʘ, ʜʦʙʘʚʣʷʝʪʩʷ ʚ ʢʦʜʠʨʫʶʱʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, 

ʩʪʘʥʦʚʷʩʴ ʦʯʝʨʝʜʥʳʤ ʝʝ ʙʠʪʦʤ (ʩʤ. ʨʠʩ.1.4). 
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ʈʠʩʫʥʦʢ 1.4. ʉʭʝʤʘ ʩʢʨʝʤʙʣʠʨʦʚʘʥʠʷ 

 

ʀʟ ʪʝʦʨʠʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʢʨʠʧʪʦʛʨʘʬʠʷ ʟʘʠʤʩʪʚʦʚʘʣʘ ʜʣʷ ʟʘʧʠʩʠ ʧʦʜʦʙʥʳʭ ʩʭʝʤ 

ʜʚʦʠʯʥʫʶ ʩʠʩʪʝʤʫ ʟʘʧʠʩʠ. ʇʦ ʥʝʡ ʠʟʦʙʨʘʞʝʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ ʩʢʨʝʤʙʣʝʨ ʟʘʧʠʩʳʚʘʝʪʩʷ 

ʢʦʤʙʠʥʘʮʠʝʡ "100112" ï ʝʜʠʥʠʮʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʘʟʨʷʜʘʤ, ʩ ʢʦʪʦʨʳʭ ʩʥʠʤʘʶʪʩʷ ʙʠʪʳ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ.  

ʂʘʢ ʚʠʜʠʤ, ʫʩʪʨʦʡʩʪʚʦ ʩʢʨʝʤʙʣʝʨʘ ʧʨʝʜʝʣʴʥʦ ʧʨʦʩʪʦ. ɽʛʦ ʨʝʘʣʠʟʘʮʠʷ ʚʦʟʤʦʞʥʘ ʢʘʢ ʥʘ 

ʵʣʝʢʪʨʦʥʥʦʡ, ʪʘʢ ʠ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʙʘʟʝ, ʯʪʦ ʠ ʦʙʝʩʧʝʯʠʣʦ ʝʛʦ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ. ɹʦʣʝʝ ʪʦʛʦ, ʪʦʪ ʬʘʢʪ, ʯʪʦ ʢʘʞʜʳʡ ʙʠʪ ʚʳʭʦʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʦʜʥʦʛʦ ʚʭʦʜʥʦʛʦ ʙʠʪʘ, ʝʱʝ ʙʦʣʝʝ ʫʧʨʦʯʠʣʦ ʧʦʣʦʞʝʥʠʝ ʩʢʨʝʤʙʣʝʨʦʚ ʚ 

ʟʘʱʠʪʝ ʧʦʪʦʢʦʚʦʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʥʝʠʟʙʝʞʥʦ ʚʦʟʥʠʢʘʶʱʠʤʠ ʚ ʢʘʥʘʣʝ 

ʧʝʨʝʜʘʯʝ ʧʦʤʝʭʘʤʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʩʢʘʟʠʪʴ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʪʦʣʴʢʦ ʪʝ ʙʠʪʳ, ʥʘ ʢʦʪʦʨʳʝ ʦʥʠ 

ʧʨʠʭʦʜʷʪʩʷ, ʘ ʥʝ ʩʚʷʟʘʥʥʫʶ ʩ ʥʠʤʠ ʛʨʫʧʧʫ ʙʘʡʪ, ʢʘʢ ʵʪʦ ʠʤʝʝʪ ʤʝʩʪʦ ʚ ʙʣʦʯʥʳʭ ʰʠʬʨʘʭ. 

ɼʝʢʦʜʠʨʦʚʘʥʠʝ ʟʘʩʢʨʝʤʙʣʠʨʦʚʘʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʪʦʡ ʞʝ 

ʩʘʤʦʡ ʩʭʝʤʝ, ʯʪʦ ʠ ʢʦʜʠʨʦʚʘʥʠʝ. ʀʤʝʥʥʦ ʜʣʷ ʵʪʦʛʦ ʚ ʘʣʛʦʨʠʪʤʘʭ ʧʨʠʤʝʥʷʝʪʩʷ 

ʨʝʟʫʣʴʪʠʨʫʶʱʝʝ ʢʦʜʠʨʦʚʘʥʠʝ ʧʦ "ʠʩʢʣʶʯʘʶʱʝʤʫ ʀʃʀ" ï ʩʭʝʤʘ, ʦʜʥʦʟʥʘʯʥʦ ʚʦʩʩʪʘʥʦʚʠʤʘʷ 

ʧʨʠ ʨʘʩʢʦʜʠʨʦʚʘʥʠʠ ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ. ʇʨʦʠʟʚʝʜʝʤ 

ʜʝʢʦʜʠʨʦʚʘʥʠʝ ʧʦʣʫʯʝʥʥʦʛʦ ʬʨʘʛʤʝʥʪʘ. 

ʂʘʢ ɺʳ ʤʦʞʝʪʝ ʜʦʛʘʜʘʪʴʩʷ, ʛʣʘʚʥʘʷ ʧʨʦʙʣʝʤʘ ʰʠʬʨʦʚ ʥʘ ʦʩʥʦʚʝ ʩʢʨʝʤʙʣʝʨʦʚ - 

ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʧʝʨʝʜʘʶʱʝʛʦ (ʢʦʜʠʨʫʶʱʝʛʦ) ʠ ʧʨʠʥʠʤʘʶʱʝʛʦ (ʜʝʢʦʜʠʨʫʶʱʝʛʦ) ʫʩʪʨʦʡʩʪʚ. 

ʇʨʠ ʧʨʦʧʫʩʢʝ ʠʣʠ ʦʰʠʙʦʯʥʦʤ ʚʩʪʘʚʣʝʥʠʠ ʭʦʪʷ ʙʳ ʦʜʥʦʛʦ ʙʠʪʘ ʚʩʷ ʧʝʨʝʜʘʚʘʝʤʘʷ 

ʠʥʬʦʨʤʘʮʠʷ ʥʝʦʙʨʘʪʠʤʦ ʪʝʨʷʝʪʩʷ. ʇʦʵʪʦʤʫ, ʚ ʩʠʩʪʝʤʘʭ ʰʠʬʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʩʢʨʝʤʙʣʝʨʦʚ 

ʦʯʝʥʴ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʤʝʪʦʜʘʤ ʩʠʥʭʨʦʥʠʟʘʮʠʠ. ʅʘ ʧʨʘʢʪʠʢʝ ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ 

ʦʙʳʯʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʢʦʤʙʠʥʘʮʠʷ ʜʚʫʭ ʤʝʪʦʜʦʚ: ʘ) ʜʦʙʘʚʣʝʥʠʝ ʚ ʧʦʪʦʢ ʠʥʬʦʨʤʘʮʠʠ 

ʩʠʥʭʨʦʥʠʟʠʨʫʶʱʠʭ ʙʠʪʦʚ, ʟʘʨʘʥʝʝ ʠʟʚʝʩʪʥʳʭ ʧʨʠʝʤʥʦʡ ʩʪʦʨʦʥʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʝʡ ʧʨʠ 

ʥʝʥʘʭʦʞʜʝʥʠʠ ʪʘʢʦʛʦ ʙʠʪʘ ʘʢʪʠʚʥʦ ʥʘʯʘʪʴ ʧʦʠʩʢ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʩ ʦʪʧʨʘʚʠʪʝʣʝʤ, ʠ ʙ) 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʳʩʦʢʦʪʦʯʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ ʚʨʝʤʝʥʥʳʭ ʠʤʧʫʣʴʩʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚ ʤʦʤʝʥʪʳ 

ʧʦʪʝʨʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʠʪʴ ʜʝʢʦʜʠʨʦʚʘʥʠʝ ʧʨʠʥʠʤʘʝʤʳʭ ʙʠʪʦʚ ʠʥʬʦʨʤʘʮʠʠ "ʧʦ 

ʧʘʤʷʪʠ" ʙʝʟ ʩʠʥʭʨʦʥʠʟʘʮʠʠ. 

ʏʠʩʣʦ ʙʠʪ, ʦʭʚʘʯʝʥʥʳʭ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ, ʪʦ ʝʩʪʴ ʨʘʟʨʷʜʥʦʩʪʴ ʫʩʪʨʦʡʩʪʚʘ ʧʘʤʷʪʠ ʜʣʷ 

ʧʦʨʦʞʜʘʶʱʠʭ ʢʦʜʠʨʫʶʱʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʙʠʪ ʥʘʟʳʚʘʝʪʩʷ ʨʘʟʨʷʜʥʦʩʪʴʶ ʩʢʨʝʤʙʣʝʨʘ. 

ʀʟʦʙʨʘʞʝʥʥʳʡ ʚʳʰʝ ʩʢʨʝʤʙʣʝʨ ʠʤʝʝʪ ʨʘʟʨʷʜʥʦʩʪʴ 5. ɺ ʦʪʥʦʰʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ 

ʢʨʠʧʪʦʩʪʦʡʢʦʩʪʠ ʜʘʥʥʘʷ ʚʝʣʠʯʠʥʘ ʧʦʣʥʦʩʪʴʶ ʠʜʝʥʪʠʯʥʘ ʜʣʠʥʝ ʢʣʶʯʘ ʙʣʦʯʥʳʭ ʰʠʬʨʦʚ, 

ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʜʘʣʝʝ. ʅʘ ʜʘʥʥʦʤ ʞʝ ʵʪʘʧʝ ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʯʝʤ ʙʦʣʴʰʝ 

ʨʘʟʨʷʜʥʦʩʪʴ ʩʢʨʝʤʙʣʝʨʘ, ʪʝʤ ʚʳʰʝ ʢʨʠʧʪʦʩʪʦʡʢʦʩʪʴ ʩʠʩʪʝʤʳ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ.  
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ʇʨʠ ʜʦʩʪʘʪʦʯʥʦ ʜʦʣʛʦʡ ʨʘʙʦʪʝ ʩʢʨʝʤʙʣʝʨʘ ʥʝʠʟʙʝʞʥʦ ʚʦʟʥʠʢʘʝʪ ʝʛʦ ʟʘʮʠʢʣʠʚʘʥʠʝ. ʇʦ 

ʚʳʧʦʣʥʝʥʠʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʯʠʩʣʘ ʪʘʢʪʦʚ ʚ ʷʯʝʡʢʘʭ ʩʢʨʝʤʙʣʝʨʘ ʩʦʟʜʘʩʪʩʷ ʢʦʤʙʠʥʘʮʠʷ ʙʠʪ, 

ʢʦʪʦʨʘʷ ʚ ʥʝʤ ʫʞʝ ʦʜʥʘʞʜʳ ʦʢʘʟʳʚʘʣʘʩʴ, ʠ ʩ ʵʪʦʛʦ ʤʦʤʝʥʪʘ ʢʦʜʠʨʫʶʱʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʥʘʯʥʝʪ ʮʠʢʣʠʯʝʩʢʠ ʧʦʚʪʦʨʷʪʴʩʷ ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʧʝʨʠʦʜʦʤ. ɼʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʥʝʫʩʪʨʘʥʠʤʘ 

ʧʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ, ʪʘʢ ʢʘʢ ʚ N ʨʘʟʨʷʜʘʭ ʩʢʨʝʤʙʣʝʨʘ ʥʝ ʤʦʞʝʪ ʧʨʝʙʳʚʘʪʴ ʙʦʣʝʝ 2
N
 ʢʦʤʙʠʥʘʮʠʡ 

ʙʠʪ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʘʢʩʠʤʫʤ, ʯʝʨʝʟ, 2
N
-1 ʮʠʢʣʦʚ ʧʦʚʪʦʨ ʢʦʤʙʠʥʘʮʠʠ ʦʙʷʟʘʪʝʣʴʥʦ 

ʧʨʦʠʟʦʡʜʝʪ. ʂʦʤʙʠʥʘʮʠʷ "ʚʩʝ ʥʫʣʠ" ʩʨʘʟʫ ʞʝ ʠʩʢʣʶʯʘʝʪʩʷ ʠʟ ʮʝʧʦʯʢʠ ʛʨʘʬʘ ʩʦʩʪʦʷʥʠʡ 

ʩʢʨʝʤʙʣʝʨʘ ï ʦʥʘ ʧʨʠʚʦʜʠʪ ʩʢʨʝʤʙʣʝʨ ʢ ʪʘʢʦʤʫ ʞʝ ʧʦʣʦʞʝʥʠʶ "ʚʩʝ ʥʫʣʠ". ʕʪʦ ʫʢʘʟʳʚʘʝʪ 

ʝʱʝ ʠ ʥʘ ʪʦ, ʯʪʦ ʢʣʶʯ "ʚʩʝ ʥʫʣʠ" ʥʝʧʨʠʤʝʥʠʤ ʜʣʷ ʩʢʨʝʤʙʣʝʨʘ. ʂʘʞʜʳʡ ʛʝʥʝʨʠʨʫʝʤʳʡ ʧʨʠ 

ʩʜʚʠʛʝ ʙʠʪ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʙʠʪ ʭʨʘʥʠʤʦʡ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʢʨʝʤʙʣʝʨʦʤ 

ʢʦʤʙʠʥʘʮʠʠ. ʇʦʵʪʦʤʫ ʧʦʩʣʝ ʧʦʚʪʦʨʝʥʠʷ ʥʝʢʦʪʦʨʦʡ ʩʠʪʫʘʮʠʠ, ʦʜʥʘʞʜʳ ʫʞʝ ʚʩʪʨʝʯʘʚʰʝʡʩʷ ʚ 

ʩʢʨʝʤʙʣʝʨʝ, ʚʩʝ ʩʣʝʜʫʶʱʠʝ ʟʘ ʥʝʡ ʙʫʜʫʪ ʚ ʪʦʯʥʦʩʪʠ ʧʦʚʪʦʨʷʪʴ ʮʝʧʦʯʢʫ, ʫʞʝ ʧʨʦʰʝʜʰʫʶ 

ʨʘʥʝʝ ʚ ʩʢʨʝʤʙʣʝʨʝ. 

ɺʦʟʤʦʞʥʳ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʛʨʘʬʦʚ ʩʦʩʪʦʷʥʠʷ ʩʢʨʝʤʙʣʝʨʘ. ʅʘ ʨʠʩʫʥʢʝ 1.5 ʧʨʠʚʝʜʝʥʳ 

ʧʨʠʤʝʨʥʳʝ ʚʘʨʠʘʥʪʳ ʜʣʷ 3-ʨʘʟʨʷʜʥʦʛʦ ʩʢʨʝʤʙʣʝʨʘ. ɺ ʩʣʫʯʘʝ "ɸ" ʢʨʦʤʝ ʚʩʝʛʜʘ 

ʧʨʠʩʫʪʩʪʚʫʶʱʝʛʦ ʮʠʢʣʘ "000">>"000" ʤʳ ʚʠʜʠʤ ʝʱʝ ʜʚʘ ʮʠʢʣʘ ï ʩ 3-ʤʷ ʩʦʩʪʦʷʥʠʷʤʠ ʠ 4-ʤʷ. 

ɺ ʩʣʫʯʘʝ "ɹ" ʤʳ ʚʠʜʠʤ ʮʝʧʦʯʢʫ, ʢʦʪʦʨʘʷ ʩʭʦʜʠʪʩʷ ʢ ʮʠʢʣʫ ʠʟ 3-ʭ ʩʦʩʪʦʷʥʠʡ ʠ ʫʞʝ ʥʠʢʦʛʜʘ 

ʦʪʪʫʜʘ ʥʝ ʚʳʭʦʜʠʪ. ʀ ʥʘʢʦʥʝʮ, ʚ ʩʣʫʯʘʝ "ɺ" ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʩʦʩʪʦʷʥʠʷ ʢʨʦʤʝ ʥʫʣʝʚʦʛʦ, 

ʦʙʲʝʜʠʥʝʥʳ ʚ ʦʜʠʥ ʟʘʤʢʥʫʪʳʡ ʮʠʢʣ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʠʤʝʥʥʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʚʩʝ 2
N
-1 

ʩʦʩʪʦʷʥʠʡ ʩʠʩʪʝʤʳ ʦʙʨʘʟʫʶʪ ʮʠʢʣ, ʧʝʨʠʦʜ ʧʦʚʪʦʨʝʥʠʷ ʚʳʭʦʜʥʳʭ ʢʦʤʙʠʥʘʮʠʡ ʤʘʢʩʠʤʘʣʝʥ, ʘ 

ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʜʣʠʥʦʡ ʮʠʢʣʘ ʠ ʥʘʯʘʣʴʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʩʢʨʝʤʙʣʝʨʘ (ʢʣʶʯʦʤ), ʢʦʪʦʨʘʷ 

ʧʨʠʚʝʣʘ ʙʳ ʢ ʧʦʷʚʣʝʥʠʶ ʙʦʣʝʝ ʩʣʘʙʳʭ ʢʣʶʯʝʡ, ʦʪʩʫʪʩʪʚʫʝʪ. 

 

 
 

ʈʠʩʫʥʦʢ 1.5. ɻʨʘʬʳ ʜʣʷ ʪʨʝʭ ʨʘʟʨʷʜʥʦʛʦ ʩʢʨʝʤʙʣʝʨʘ 

 

ʀ ʚʦʪ ʟʜʝʩʴ ʤʘʪʝʤʘʪʠʢʘ ʧʨʝʧʦʜʥʝʩʣʘ ʧʨʠʢʣʘʜʥʦʡ ʥʘʫʢʝ, ʢʘʢʦʚʦʡ ʷʚʣʷʝʪʩʷ 

ʢʨʠʧʪʦʛʨʘʬʠʷ, ʦʯʝʨʝʜʥʦʡ ʧʦʜʘʨʦʢ. ʉʣʝʜʩʪʚʠʝʤ ʦʜʥʦʡ ʠʟ ʪʝʦʨʝʤ ʜʦʢʘʟʳʚʘʝʪʩʷ (ʚ ʪʝʨʤʠʥʘʭ 

ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʩʢʨʝʤʙʣʠʨʦʚʘʥʠʶ), ʯʪʦ ʜʣʷ ʩʢʨʝʤʙʣʝʨʘ ʣʶʙʦʡ ʨʘʟʨʷʜʥʦʩʪʠ N ʚʩʝʛʜʘ 

ʩʫʝɦʩʪʚʫʝʪ ʪʘʢʦʡ ʚʳʙʦʨ ʦʭʚʘʪʳʚʘʝʤʳʭ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ ʨʘʟʨʷʜʦʚ, ʯʪʦ ʛʝʥʝʨʠʨʫʝʤʘʷ ʠʤʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʙʠʪ ʙʫʜʝʪ ʠʤʝʪʴ ʧʝʨʠʦʜ, ʨʘʚʥʳʡ 2
N
-1 ʙʠʪʘʤ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ 8-ʙʠʪʥʦʤ 

ʩʢʨʝʤʙʣʝʨʝ, ʧʨʠ ʦʭʚʘʪʝ 0-ʛʦ, 1-ʛʦ, 6-ʛʦ ʠ 7-ʛʦ ʨʘʟʨʷʜʦʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʟʘ ʚʨʝʤʷ ʛʝʥʝʨʘʮʠʠ 255 

ʙʠʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʨʦʭʦʜʷʪ ʚʩʝ ʯʠʩʣʘ ʦʪ 1 ʜʦ 255, ʥʝ ʧʦʚʪʦʨʷʷʩʴ ʥʠ ʨʘʟʫ.  

ʉʭʝʤʳ ʩ ʚʳʙʨʘʥʥʳʤʠ ʧʦ ʜʘʥʥʦʤʫ ʟʘʢʦʥʫ ʦʙʨʘʪʥʳʤʠ ʩʚʷʟʷʤʠ ʥʘʟʳʚʘʶʪʩʷ 

ʛʝʥʝʨʘʪʦʨʘʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʥʘʠʙʦʣʴʰʝʡ ʜʣʠʥʳ (ʇʅɼ), ʠ ʠʤʝʥʥʦ ʦʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʩʢʨʝʤʙʣʠʨʫʶʱʝʡ ʘʧʧʘʨʘʪʫʨʝ. ʀʟ ʤʥʦʞʝʩʪʚʘ ʛʝʥʝʨʘʪʦʨʦʚ ʇʅɼ ʟʘʜʘʥʥʦʡ ʨʘʟʨʷʜʥʦʩʪʠ ʚʦ 

ʚʨʝʤʝʥʘ, ʢʦʛʜʘ ʦʥʠ ʨʝʘʣʠʟʦʚʳʚʘʣʠʩʴ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠʣʠ ʤʠʥʠʤʘʣʴʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʙʘʟʝ 

ʚʳʙʠʨʘʣʠʩʴ ʪʝ, ʫ ʢʦʪʦʨʳʭ ʯʠʩʣʦ ʨʘʟʨʷʜʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʩʦʟʜʘʥʠʠ ʦʯʝʨʝʜʥʦʛʦ ʙʠʪʘ, ʙʳʣʦ 

ʤʠʥʠʤʘʣʴʥʳʤ. ʆʙʳʯʥʦ ʛʝʥʝʨʘʪʦʨʘ ʇʅɼ ʫʜʘʚʘʣʦʩʴ ʜʦʩʪʠʯʴ ʟʘ 3 ʠʣʠ 4 ʩʚʷʟʠ. ʉʘʤʘ ʞʝ 

ʨʘʟʨʷʜʥʦʩʪʴ ʩʢʨʝʤʙʣʝʨʦʚ ʧʨʝʚʳʰʘʣʘ 30 ʙʠʪ, ʯʪʦ ʜʘʚʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʜʘʚʘʪʴ ʜʦ 2
40

 ʙʠʪ = 

100 ʄʙʘʡʪ ʠʥʬʦʨʤʘʮʠʠ ʙʝʟ ʦʧʘʩʝʥʠʷ ʥʘʯʘʣʘ ʧʦʚʪʦʨʝʥʠʷ ʢʦʜʠʨʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. 
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ʇʅɼ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʳ ʩ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʪʝʦʨʠʝʡ ʥʝʧʨʠʚʦʜʠʤʳʭ ʧʦʣʠʥʦʤʦʚ. 

ʆʢʘʟʳʚʘʝʪʩʷ, ʜʦʩʪʘʪʦʯʥʦ ʯʪʦʙʳ ʧʦʣʠʥʦʤ ʩʪʝʧʝʥʠ N ʥʝ ʙʳʣ ʧʨʝʜʩʪʘʚʠʤ ʧʦ ʤʦʜʫʣʶ 2 ʚ ʚʠʜʝ 

ʧʨʦʠʟʚʝʜʝʥʠʷ ʥʠʢʘʢʠʭ ʜʨʫʛʠʭ ʧʦʣʠʥʦʤʦʚ, ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʢʨʝʤʙʣʝʨ, ʧʦʩʪʨʦʝʥʥʳʡ ʥʘ ʝʛʦ 

ʦʩʥʦʚʝ, ʩʦʟʜʘʚʘʣ ʇʅɼ. ʅʘʧʨʠʤʝʨ, ʝʜʠʥʩʪʚʝʥʥʳʤ ʥʝʧʨʠʚʦʜʠʤʳʤ ʧʦʣʠʥʦʤʦʤ ʩʪʝʧʝʥʠ 3 

ʷʚʣʷʝʪʩʷ x
3
+x+1, ʚ ʜʚʦʠʯʥʦʤ ʚʠʜʝ ʦʥ ʟʘʧʠʩʳʚʘʝʪʩʷ ʢʘʢ 10112 (ʝʜʠʥʠʮʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʧʨʠʩʫʪʩʪʚʫʶʱʠʤ ʨʘʟʨʷʜʘʤ). ʉʢʨʝʤʙʣʝʨʳ ʥʘ ʦʩʥʦʚʝ ʥʝʧʨʠʚʦʜʠʤʳʭ ʧʦʣʠʥʦʤʦʚ ʦʙʨʘʟʫʶʪʩʷ 

ʦʪʙʨʘʩʳʚʘʥʠʝʤ ʩʘʤʦʛʦ ʩʪʘʨʰʝʛʦ ʨʘʟʨʷʜʘ (ʦʥ ʚʩʝʛʜʘ ʧʨʠʩʫʪʩʪʚʫʝʪ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝʩʝʪ 

ʠʥʬʦʨʤʘʮʠʶ ʪʦʣʴʢʦ ʦ ʩʪʝʧʝʥʠ ʧʦʣʠʥʦʤʘ), ʪʘʢ ʥʘ ʦʩʥʦʚʝ ʫʢʘʟʘʥʥʦʛʦ ʧʦʣʠʥʦʤʘ, ʤʳ ʤʦʞʝʤ 

ʩʦʟʜʘʪʴ ʩʢʨʝʤʙʣʝʨ 0112 ʩ ʧʝʨʠʦʜʦʤ ʟʘʮʠʢʣʠʚʘʥʠʷ 7(=2
3
-1). ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʥʘ ʧʨʘʢʪʠʢʝ 

ʧʨʠʤʝʥʷʶʪʩʷ ʧʦʣʠʥʦʤʳ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʧʦʨʷʜʢʦʚ. ɸ ʪʘʙʣʠʮʳ ʥʝʧʨʠʚʦʜʠʤʳʭ 

ʧʦʣʠʥʦʤʦʚ ʣʶʙʳʭ ʧʦʨʷʜʢʦʚ ʤʦʞʥʦ ʚʩʝʛʜʘ ʥʘʡʪʠ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʩʧʨʘʚʦʯʥʠʢʘʭ. 

ʉʫʱʝʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʩʢʨʝʤʙʣʠʨʫʶʱʠʭ ʘʣʛʦʨʠʪʤʦʚ ʷʚʣʷʝʪʩʷ ʠʭ ʥʝʩʪʦʡʢʦʩʪʴ ʢ 

ʬʘʣʴʩʠʬʠʢʘʮʠʠ. ʇʦʜʨʦʙʥʝʝ ʜʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʨʘʩʩʤʦʪʨʝʥʘ ʥʘ ʩʣʝʜʫʶʱʝʡ ʣʝʢʮʠʠ, 

ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʩʦʟʜʘʥʠʶ ʮʝʣʳʭ ʢʨʠʧʪʦʩʠʩʪʝʤ. 

ɻʝʥʝʨʘʪʦʨʳ ʧʩʝʚʜʦʩʣʫʯʘʡʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. 

ʂʘʢ ʫʞʝ ʛʦʚʦʨʠʣʦʩʴ ʚʳʰʝ, ʩʢʨʝʤʙʣʝʨʳ ʠ ʜʝʩʢʨʝʤʙʣʝʨʳ ʮʠʬʨʦʚʦʛʦ ʩʠʛʥʘʣʘ ʩʪʨʦʷʪʩʷ 

ʥʘ ʦʩʥʦʚʝ ʛʝʥʝʨʘʪʦʨʦʚ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʙʠʪʦʚ. ɻʝʥʝʨʘʪʦʨʳ ʯʘʱʝ ʚʩʝʛʦ 

ʚʳʧʦʣʥʷʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʄ-ʨʘʟʨʷʜʥʳʭ ʩʜʚʠʛʦʚʳʭ ʨʝʛʠʩʪʨʦʚ RG ʩ ʮʝʧʷʤʠ ʦʙʨʘʪʥʦʡ 

ʩʚʷʟʠ (ʨʠʩ. 1.6). 

ʇʦʢʘʟʘʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʨʘʟʣʠʯʘʶʪʩʷ ʧʝʨʠʦʜʦʤ ʛʝʥʝʨʠʨʫʝʤʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

ʙʠʪʦʚ. ɺ ʛʝʥʝʨʘʪʦʨʝ ʧʦ ʩʭʝʤʝ ʥʘ ʨʠʩ. 1.6, ʨʝʛʠʩʪʨ RG ʠʩʭʦʜʥʦ ʫʩʪʘʥʦʚʣʝʥ ʚ ʥʝʢʦʪʦʨʦʝ 

ʥʝʥʫʣʝʚʦʝ ʩʦʩʪʦʷʥʠʝ (ʮʝʧʴ ʥʘʯʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʥʝ ʧʦʢʘʟʘʥʘ). ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʬʨʦʥʪʦʚ 

ʩʠʥʭʨʦʩʠʛʥʘʣʘ CLK ʭʨʘʥʠʤʳʡ ʚ ʨʝʛʠʩʪʨʝ ʢʦʜ ʥʝʧʨʝʨʳʚʥʦ ʮʠʨʢʫʣʠʨʫʝʪ ʚ ʥʝʤ ʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʠʜʦʠʟʤʝʥʷʝʪʩʷ ʙʣʘʛʦʜʘʨʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʶ ʙʠʪʦʚ ʣʦʛʠʯʝʩʢʠʤ ʵʣʝʤʝʥʪʦʤ 

çʀʩʢʣʶʯʘʶʱʝʝ ʀʃʀè (XOR). ɻʝʥʝʨʠʨʫʝʤʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʙʠʪʦʚ ʩʥʠʤʘʝʪʩʷ ʩ ʚʳʭʦʜʘ 

ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ʠʣʠ ʩ ʚʳʭʦʜʘ ʣʶʙʦʛʦ ʨʘʟʨʷʜʘ ʨʝʛʠʩʪʨʘ. ʅʘʧʨʘʚʣʝʥʠʝ ʩʜʚʠʛʘ ʜʘʥʥʳʭ ʚ 

ʨʝʛʠʩʪʨʝ ʧʦʢʘʟʘʥʦ ʩʪʨʝʣʢʦʡ. ɺ ʧʦʣʥʦʤ ʮʠʢʣʝ ʨʘʙʦʪʳ ʛʝʥʝʨʘʪʦʨʘ ʚ ʨʝʛʠʩʪʨʝ ʦʜʥʦʢʨʘʪʥʦ 

ʬʦʨʤʠʨʫʶʪʩʷ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʄ-ʨʘʟʨʷʜʥʳʝ ʢʦʜʳ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʥʫʣʝʚʦʛʦ. ʎʠʢʣʳ ʩʣʝʜʫʶʪ 

ʦʜʠʥ ʟʘ ʜʨʫʛʠʤ ʙʝʟ ʧʘʫʟ. 
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ʈʠʩʫʥʦʢ 1.6. ɻʝʥʝʨʘʪʦʨ ʧʩʝʚʜʦʩʣʫʯʘʡʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʄ-ʨʘʟʨʷʜʥʦʛʦ ʨʝʛʠʩʪʨʘ ʮʝʧʴ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ 

ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ ʨʘʟʨʷʜʘʤ ʩ ʥʦʤʝʨʘʤʠ ʄ ʠ N (M > N). ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʥʘ ʚʳʭʦʜʝ ʛʝʥʝʨʘʪʦʨʘ 

ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʧʩʝʚʜʦʩʣʫʯʘʡʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʙʠʪʦʚ ʩ ʧʝʨʠʦʜʦʤ ʧʦʚʪʦʨʝʥʠʷ, ʨʘʚʥʳʤ 

2
ʄ

-1, ʩʣʝʜʫʝʪ ʚʳʙʠʨʘʪʴ ʪʦʯʢʠ ʧʦʜʢʣʶʯʝʥʠʷ ʮʝʧʠ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ: 

ʄ=3 4 5 6 7 9 10 11 15 17 18 20 21 22 23 25 28 29 31 33 35 36 39 é 

N=2 3 3 5 6 5 7 9 14 14 11 17 19 21 18 22 25 27 28 20 33 25 35 

ʆʪʤʝʪʠʤ, ʯʪʦ ʥʝ ʜʣʷ ʣʶʙʦʡ ʨʘʟʨʷʜʥʦʩʪʠ ʨʝʛʠʩʪʨʘ ʄ ʚʦʟʤʦʞʥʦ ʧʦʩʪʨʦʝʥʠʝ ʛʝʥʝʨʘʪʦʨʘ 

ʩ ʧʝʨʠʦʜʦʤ 2
ʄ

-1 ʧʦ ʪʘʢʦʡ ʧʨʦʩʪʦʡ ʩʭʝʤʝ. 

ʇʩʝʚʜʦʩʣʫʯʘʡʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʙʠʪʦʚ ʩ ʧʝʨʠʦʜʦʤ ʧʦʚʪʦʨʝʥʠʷ, ʨʘʚʥʳʤ 2
ʄ

-1, 

ʦʙʣʘʜʘʝʪ ʩʣʝʜʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

Å ɺ ʧʦʣʥʦʤ ʮʠʢʣʝ (2
ʄ

-1 ʪʘʢʪʦʚ) ʯʠʩʣʦ ʣʦʛ. 1, ʬʦʨʤʠʨʫʝʤʳʭ ʥʘ ʚʳʭʦʜʝ ʛʝʥʝʨʘʪʦʨʘ, ʥʘ 

ʝʜʠʥʠʮʫ ʙʦʣʴʰʝ, ʯʝʤ ʯʠʩʣʦ ʣʦʛ. 0. ɼʦʙʘʚʦʯʥʘʷ ʣʦʛ. 1 ʧʦʷʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʠʩʢʣʶʯʝʥʠʷ 

ʩʦʩʪʦʷʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʚ ʨʝʛʠʩʪʨʝ ʧʨʠʩʫʪʩʪʚʦʚʘʣ ʙʳ ʥʫʣʝʚʦʡ ʢʦʜ. ʕʪʦ ʤʦʞʥʦ ʠʥ-

ʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʪʘʢ, ʯʪʦ ʚʝʨʦʷʪʥʦʩʪʠ ʧʦʷʚʣʝʥʠʷ ʣʦʛʠʯʝʩʢʦʛʦ 0 ʠ 1 ʥʘ ʚʳʭʦʜʝ ʛʝʥʝʨʘʪʦʨʘ 

ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʳ. 

ɺʝʨʦʷʪʥʦʩʪʠ ʧʦʷʚʣʝʥʠʷ ʣʦʛʠʯʝʩʢʦʡ ʝʜʠʥʠʮʳ ʠ ʣʦʛʠʯʝʩʢʦʛʦ ʥʫʣʷ ʚ ʢʘʞʜʦʡ 

ʧʦʩʣʝʜʫʶʱʝʡ ʧʦʟʠʮʠʠ ʧʦʪʦʢʘ ʙʠʪʦʚ ʦʜʠʥʘʢʦʚʳ ʠ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʧʨʝʜʳʩʪʦʨʠʠ. 

ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʤ ʩʠʩʪʝʤʘʤ ʩʢʨʝʤʙʣʠʨʦʚʘʥʠʝ ʧʦʚʳʰʘʝʪ ʥʘʜʝʞʥʦʩʪʴ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʫʩʪʨʦʡʩʪʚ, ʧʦʜʢʣʶʯʝʥʥʳʭ ʢ ʣʠʥʠʠ ʩʚʷʟʠ, ʠ ʫʤʝʥʴʰʘʝʪ ʫʨʦʚʝʥʴ ʧʦʤʝʭ, 

ʠʟʣʫʯʘʝʤʳʭ ʥʘ ʩʦʩʝʜʥʠʝ ʣʠʥʠʠ ʤʥʦʛʦʞʠʣʴʥʦʛʦ ʢʘʙʝʣʷ. ɽʩʪʴ ʠ ʠʥʘʷ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʩʢʨʝʤʙʣʝʨʦʚ ð ʟʘʱʠʪʘ ʧʝʨʝʜʘʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ.  

ɺ ʧʦʣʥʦʤ ʮʠʢʣʝ (2
ʄ

-1 ʪʘʢʪʦʚ) ʧʦʣʦʚʠʥʘ ʩʝʨʠʡ ʠʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʣʦʛ. 1 ʠʤʝʝʪ 

ʜʣʠʥʫ 1, ʦʜʥʘ ʯʝʪʚʝʨʪʘʷ ʩʝʨʠʡ ð ʜʣʠʥʫ 2, ʦʜʥʘ ʚʦʩʴʤʘʷ ð ʜʣʠʥʫ 3 ʠ ʪ. ʜ. ʊʘʢʠʤʠ ʞʝ 

ʩʚʦʡʩʪʚʘʤʠ ʦʙʣʘʜʘʶʪ ʠ ʩʝʨʠʠ ʠʟ ʣʦʛ. 0 ʩ ʫʯʝʪʦʤ ʧʨʦʧʫʱʝʥʥʦʛʦ ʣʦʛ. 0. ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ 

ʚʝʨʦʷʪʥʦʩʪʠ ʧʦʷʚʣʝʥʠʷ çʦʨʣʦʚè ʠ çʨʝʰʝʢè ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʠʩʭʦʜʦʚ ʧʨʝʜʳʜʫʱʠʭ 
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çʧʦʜʙʨʘʩʳʚʘʥʠʡè. ʇʦʵʪʦʤʫ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʩʝʨʠʷ ʠʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʣʦʛ. 1 ʠʣʠ 0 

ʟʘʢʦʥʯʠʪʩʷ ʧʨʠ ʩʣʝʜʫʶʱʝʤ ʧʦʜʙʨʘʩʳʚʘʥʠʠ, ʨʘʚʥʘ 1/2. 

 ɽʩʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʦʣʥʦʛʦ ʮʠʢʣʘ (2
ʄ

-1 ʪʘʢʪʦʚ) ʩʨʘʚʥʠʚʘʪʴ ʩ ʵʪʦʡ ʞʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ, ʥʦ ʮʠʢʣʠʯʝʩʢʠ ʩʜʚʠʥʫʪʦʡ ʥʘ ʣʶʙʦʝ ʯʠʩʣʦ ʪʘʢʪʦʚ W (W ʥʝ ʷʚʣʷʝʪʩʷ 

ʥʫʣʝʤ ʠʣʠ ʯʠʩʣʦʤ, ʢʨʘʪʥʳʤ 2
ʄ

-1), ʪʦ ʯʠʩʣʦ ʥʝʩʦʚʧʘʜʝʥʠʡ ʙʫʜʝʪ ʥʘ ʝʜʠʥʠʮʫ ʙʦʣʴʰʝ, ʯʝʤ 

ʯʠʩʣʦ ʩʦʚʧʘʜʝʥʠʡ. 

ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʡ ʚʘʨʠʘʥʪ ʛʝʥʝʨʘʪʦʨʘ (ʨʠʩ. 1.7) ʬʦʨʤʠʨʫʝʪ ʧʩʝʚʜʦʩʣʫʯʘʡʥʫʶ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʙʠʪʦʚ ʩ ʧʝʨʠʦʜʦʤ ʧʦʚʪʦʨʝʥʠʷ, ʨʘʚʥʳʤ 2
ʄ
. ʂ ʥʝʤʫ ʪʘʢʞʝ ʧʨʠʤʝʥʠʤʘ 

ʪʘʙʣʠʮʘ, ʧʨʠʚʝʜʝʥʥʘʷ ʥʘ ʨʠʩ. 1, ʚ. ɺ ʨʝʛʠʩʪʨʝ RG ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʧʦʨʷʜʢʝ ʬʦʨʤʠʨʫʶʪʩʷ ʚʩʝ 

ʚʦʟʤʦʞʥʳʝ ʢʦʜʳ, ʚʢʣʶʯʘʷ ʥʫʣʝʚʦʡ. ɻʝʥʝʨʘʪʦʨ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʦʜʝʨʞʠʪ ʵʣʝʤʝʥʪ çʀʃʀ-ʅɽè, 

ʠʥʚʝʨʪʦʨ ʠ ʤʫʣʴʪʠʧʣʝʢʩʦʨ MS. ʉʠʛʥʘʣ Z ʥʘ ʚʳʭʦʜʝ ʵʣʝʤʝʥʪʘ çʀʃʀ-ʅɽè ʟʘʜʘʝʪ ʥʘʧʨʘʚʣʝʥʠʝ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʯʝʨʝʟ ʤʫʣʴʪʠʧʣʝʢʩʦʨ. ʇʨʠ Z = 0 ʥʘ ʚʳʭʦʜ ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ ʪʨʘʥʩʣʠʨʫʝʪʩʷ 

ʩʠʛʥʘʣ ʩ ʚʳʭʦʜʘ ʵʣʝʤʝʥʪʘ çʀʩʢʣʶʯʘʶʱʝʝ ʀʃʀè, ʘ ʧʨʠ Z = 1 ð ʩʠʛʥʘʣ ʩ ʚʳʭʦʜʘ ʠʥʚʝʨʪʦʨʘ. 

 

 

 
 

ʈʠʩʫʥʦʢ 1.7.  ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʡ ʚʘʨʠʘʥʪ ʛʝʥʝʨʘʪʦʨʘ ʧʩʝʚʜʦʩʣʫʯʘʡʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

 

ɼʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʘ ʚʭʦʜʘʭ ʵʣʝʤʝʥʪʘ çʀʃʀ-ʅɽè ʧʨʠʩʫʪʩʪʚʫʝʪ ʭʦʪʷ ʙʳ ʦʜʥʘ ʣʦʛ. 1, ʥʘ 

ʝʛʦ ʚʳʭʦʜʝ ʙʫʜʝʪ ʩʠʛʥʘʣ Z = 0. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʫʣʴʪʠʧʣʝʢʩʦʨ MS ʚ ʢʘʞʜʦʤ ʪʘʢʪʝ ʧʝʨʝʜʘʝʪ ʚ 

ʦʩʚʦʙʦʜʠʚʰʠʡʩʷ (ʥʠʞʥʠʡ) ʨʘʟʨʷʜ ʩʜʚʠʛʦʚʦʛʦ ʨʝʛʠʩʪʨʘ ʙʠʪ ʩ ʚʳʭʦʜʘ ʵʣʝʤʝʥʪʘ 

çʀʩʢʣʶʯʘʶʱʝʝ ʀʃʀè ʪʘʢ ʞʝ, ʢʘʢ ʠ ʚ ʩʭʝʤʝ, ʧʦʢʘʟʘʥʥʦʡ ʥʘ ʨʠʩ. 1.6. 

ɺ ʥʝʢʦʪʦʨʦʤ ʪʘʢʪʝ i ʚ ʨʝʛʠʩʪʨʝ ʬʠʢʩʠʨʫʝʪʩʷ ʢʦʜ, ʩʦʜʝʨʞʘʱʠʡ ʝʜʠʥʩʪʚʝʥʥʫʶ ʣʦʛ. 1, 

ʨʘʟʤʝʱʝʥʥʫʶ ʚ ʨʘʟʨʷʜʝ ʄ-1. ʊʘʢ ʢʘʢ ʚ ʨʘʟʨʷʜʘʭ ʄ ʠ N ʧʨʠʩʫʪʩʪʚʫʶʪ ʣʦʛ. 0, ʪʦ ʥʘ ʚʳʭʦʜʝ 

ʵʣʝʤʝʥʪʘ çʀʩʢʣʶʯʘʶʱʝʝ ʀʃʀè ʩʬʦʨʤʠʨʦʚʘʥ ʩʠʛʥʘʣ ʣʦʛ. 0, ʢʦʪʦʨʳʡ ʢ ʥʘʯʘʣʫ ʪʘʢʪʘ i+1 

ʧʦʩʪʫʧʘʝʪ ʥʘ ʚʭʦʜ ʨʝʛʠʩʪʨʘ. ɺ ʥʘʯʘʣʝ ʪʘʢʪʘ i+1 ʣʦʛ. 1 ʧʝʨʝʤʝʱʘʝʪʩʷ ʠʟ ʨʘʟʨʷʜʘ ʄ-1 ʚ ʨʘʟʨʷʜ 

ʄ, ʥʘ ʚʭʦʜʘʭ ʵʣʝʤʝʥʪʘ çʀʃʀ-ʅɽè ʬʦʨʤʠʨʫʝʪʩʷ ʥʫʣʝʚʦʡ ʢʦʜ. ʉʠʛʥʘʣ Z = 1 ʧʝʨʝʚʦʜʠʪ 

ʤʫʣʴʪʠʧʣʝʢʩʦʨ MS ʚ ʩʦʩʪʦʷʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʥʘ ʚʭʦʜ ʥʠʞʥʝʛʦ ʨʘʟʨʷʜʘ ʩʜʚʠʛʦʚʦʛʦ ʨʝʛʠʩʪʨʘ 
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ʧʦʩʪʫʧʘʝʪ ʙʠʪ ʩ ʚʳʭʦʜʘ ʠʥʚʝʨʪʦʨʘ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʵʪʦʪ ʙʠʪ ʨʘʚʝʥ 0, ʧʦʵʪʦʤʫ ʚ ʪʘʢʪʝ i+2 ʚ 

ʨʝʛʠʩʪʨʝ ʬʠʢʩʠʨʫʝʪʩʷ ʥʫʣʝʚʦʡ ʢʦʜ. 

ʂ ʥʘʯʘʣʫ ʪʘʢʪʘ i+3 ʥʘ ʚʭʦʜ ʩʜʚʠʛʦʚʦʛʦ ʨʝʛʠʩʪʨʘ ʩ ʚʳʭʦʜʘ ʠʥʚʝʨʪʦʨʘ ʧʦʩʪʫʧʘʝʪ ʣʦʛ. 1, 

ʧʦʵʪʦʤʫ ʧʦ ʬʨʦʥʪʫ ʩʠʥʭʨʦʩʠʛʥʘʣʘ CLK ʚ ʨʝʛʠʩʪʨʝ ʬʠʢʩʠʨʫʝʪʩʷ ʢʦʜ, ʩʦʜʝʨʞʘʱʠʡ ʣʦʛ. 0 ʚʦ 

ʚʩʝʭ ʨʘʟʨʷʜʘʭ, ʢʨʦʤʝ ʧʝʨʚʦʛʦ. ʉʠʛʥʘʣ Z ʚʥʦʚʴ ʧʨʠʥʠʤʘʝʪ ʥʫʣʝʚʦʝ ʟʥʘʯʝʥʠʝ, ʤʫʣʴʪʠʧʣʝʢʩʦʨ 

ʧʝʨʝʢʣʶʯʘʝʪʩʷ ʚ ʩʦʩʪʦʷʥʠʝ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʘ ʩ ʚʳʭʦʜʘ ʵʣʝʤʝʥʪʘ çʀʩʢʣʶʯʘʶʱʝʝ ʀʃʀè ʠ ʪ. ʜ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʨʝʛʠʩʪʨ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʚʩʝ ʩʦʩʪʦʷʥʠʷ, ʚʢʣʶʯʘʷ ʥʫʣʝʚʦʝ. ɺʦʟʤʦʞʥʳ ʠ ʠʥʳʝ 

ʚʘʨʠʘʥʪʳ ʧʦʩʪʨʦʝʥʠʷ ʛʝʥʝʨʘʪʦʨʦʚ ʩ ʯʠʩʣʦʤ ʩʦʩʪʦʷʥʠʡ, ʨʘʚʥʳʤ 2
ʄ

. 

 

 ʉʠʩʪʝʤʘ ʩ ʥʝʠʟʦʣʠʨʦʚʘʥʥʳʤʠ ʛʝʥʝʨʘʪʦʨʘʤʠ. 

ɺ ʩʠʩʪʝʤʝ, ʧʦʢʘʟʘʥʥʦʡ ʥʘ ʨʠʩ. 1.8, ʩʢʨʝʤʙʣʝʨ ʠ ʜʝʩʢʨʝʤʙʣʝʨ ʩʦʜʝʨʞʘʪ ʬʨʘʛʤʝʥʪʳ 

ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʨʘʥʝʝ ʛʝʥʝʨʘʪʦʨʘ (ʨʠʩ. 1.6) ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʙʠʪʦʚ. ɺ 

ʩʢʨʝʤʙʣʝʨʝ ʮʝʧʴ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʛʝʥʝʨʘʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʩʜʚʠʛʦʚʦʛʦ ʨʝʛʠʩʪʨʘ RG1 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʦʜʝʨʞʠʪ ʵʣʝʤʝʥʪ çʀʩʢʣʶʯʘʶʱʝʝ ʀʃʀè XOR2. ɺ ʜʝʩʢʨʝʤʙʣʝʨʝ ʧʨʠʤʝʥʝʥ 

ʘʥʘʣʦʛʠʯʥʳʡ ʛʝʥʝʨʘʪʦʨ ʥʘ ʦʩʥʦʚʝ ʩʜʚʠʛʦʚʦʛʦ ʨʝʛʠʩʪʨʘ RG2 ʩ ʨʘʟʦʤʢʥʫʪʦʡ ʮʝʧʴʶ ʦʙʨʘʪʥʦʡ 

ʩʚʷʟʠ. 

 
 

ʈʠʩʫʥʦʢ 1.8. ʉʢʨʝʤʙʣʝʨ ʠ ʜʝʩʢʨʝʤʙʣʝʨ ʩ ʥʝʠʟʦʣʠʨʦʚʘʥʥʳʤ ʛʝʥʝʨʘʪʦʨʦʤ 

 

ʅʘ ʵʪʦʤ ʨʠʩʫʥʢʝ ʧʦʢʘʟʘʥʘ ʩʠʩʪʝʤʘ çʩʢʨʝʤʙʣʝʨ ð ʜʝʩʢʨʝʤʙʣʝʨè ʩ ʥʝʠʟʦʣʠʨʦʚʘʥʥʳʤʠ 

ʛʝʥʝʨʘʪʦʨʘʤʠ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʙʠʪʦʚ. 

ɺʩʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʩʠʩʪʝʤʝ, ʩʠʥʭʨʦʥʠʟʠʨʫʶʪʩʷ ʦʪ ʪʘʢʪʦʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ G, 

ʨʘʟʤʝʱʝʥʥʦʛʦ ʚ ʠʩʪʦʯʥʠʢʝ ʜʘʥʥʳʭ (ʚʦʟʤʦʞʥʦ ʪʘʢʞʝ ʝʛʦ ʨʘʟʤʝʱʝʥʠʝ ʚ ʩʢʨʝʤʙʣʝʨʝ). ʊʘʢ-

ʪʦʚʳʡ ʛʝʥʝʨʘʪʦʨ ʬʦʨʤʠʨʫʝʪ ʩʠʛʥʘʣ CLK ð ʥʝʧʨʝʨʳʚʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʪʘʢʪʦʚʳʭ 

ʠʤʧʫʣʴʩʦʚ ʩʦ ʩʢʚʘʞʥʦʩʪʴʶ, ʨʘʚʥʦʡ ʜʚʫʤ. ɺ ʢʘʞʜʦʤ ʪʘʢʪʝ ʧʦ ʬʨʦʥʪʫ ʩʠʛʥʘʣʘ CLK ʥʘ ʚʭʦʜ 

ʩʢʨʝʤʙʣʝʨʘ ʧʦʜʘʝʪʩʷ ʥʦʚʳʡ ʙʠʪ ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ DATA, ʘ ʢʦʜ ʚ ʝʛʦ ʩʜʚʠʛʦʚʦʤ ʨʝʛʠʩʪʨʝ 

RG1 ʧʨʦʜʚʠʛʘʝʪʩʷ ʥʘ ʦʜʠʥ ʨʘʟʨʷʜ ʚʧʨʘʚʦ, ʧʨʠʯʝʤ ʚ ʵʪʦʪ ʞʝ ʤʦʤʝʥʪ ʚ ʦʩʚʦʙʦʜʠʚʰʠʡʩʷ ʨʘʟʨʷʜ 



 18 

ʟʘʥʦʩʠʪʩʷ ʩʪʘʨʳʡ ʙʠʪ ʜʘʥʥʳʭ, ʧʨʦʩʫʤʤʠʨʦʚʘʥʥʳʡ ʧʦ ʤʦʜʫʣʶ ʜʚʘ ʩʦ ʩʪʘʨʳʤ ʙʠʪʦʤ Y ʩ 

ʚʳʭʦʜʘ ʵʣʝʤʝʥʪʘ XOR1. 

ʉʪʨʦʛʦ ʛʦʚʦʨʷ, ʥʘ ʛʨʘʥʠʮʘʭ ʤʝʞʜʫ ʙʠʪʦʚʳʤʠ ʠʥʪʝʨʚʘʣʘʤʠ ʥʘ ʚʳʭʦʜʝ ʵʣʝʤʝʥʪʘ XOR2 

ʤʦʛʫʪ ʩʬʦʨʤʠʨʦʚʘʪʴʩʷ ʢʦʨʦʪʢʠʝ ʣʦʞʥʳʝ ʠʤʧʫʣʴʩʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʝʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʬʦʨʤʠ-

ʨʦʚʘʥʠʷ ʥʦʚʳʭ ʩʠʛʥʘʣʦʚ ʥʘ ʝʛʦ ʚʭʦʜʘʭ (ʩʠʛʥʘʣ Y1 ʧʨʠʭʦʜʠʪ ʯʫʪʴ ʧʦʟʞʝ ʩʠʛʥʘʣʘ DATA). ɼʣʷ 

ʫʩʪʨʘʥʝʥʠʷ ʣʦʞʥʳʭ ʠʤʧʫʣʴʩʦʚ ʤʦʞʥʦ ʚʚʝʩʪʠ ʚ ʮʝʧʴ ʩʠʛʥʘʣʘ SCRD D-ʪʨʠʛʛʝʨ, ʩʠʥʭʨʦʥʠʟʠ-

ʨʫʝʤʳʡ ʩʧʘʜʦʤ ʩʠʛʥʘʣʘ CLK (ʪʨʠʛʛʝʨ ʥʘ ʨʠʩʫʥʢʝ ʥʝ ʧʦʢʘʟʘʥ). ʂʦʨʦʪʢʠʤʠ ʣʦʞʥʳʤʠ 

ʠʤʧʫʣʴʩʘʤʠ ʧʦʢʘ ʧʨʝʥʝʙʨʝʛʘʝʤ ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʠʟʣʦʞʝʥʠʷ ʦʩʥʦʚʥʳʭ ʠʜʝʡ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤ 

çʩʢʨʝʤʙʣʝʨ ð ʜʝʩʢʨʝʤʙʣʝʨè. 

ɽʩʣʠ ʠʩʪʦʯʥʠʢ ʜʘʥʥʳʭ ʧʦʩʳʣʘʝʪ ʚ ʩʢʨʝʤʙʣʝʨ ʜʣʠʥʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʠʛʥʘʣʦʚ 

ʣʦʛ. 0 (DATA ſ 0), ʪʦ ʵʣʝʤʝʥʪ XOR2 ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʦʚʪʦʨʠʪʝʣʴ ʩʠʛʥʘʣʘ Y1. 

ʊʦʛʜʘ ʨʝʛʠʩʪʨ RG1 ʬʘʢʪʠʯʝʩʢʠ ʦʢʘʟʳʚʘʝʪʩʷ ʟʘʤʢʥʫʪʳʤ ʚ ʢʦʣʴʮʦ ʠ ʛʝʥʝʨʠʨʫʝʪ ʪʦʯʥʦ ʪʘʢʫʶ 

ʞʝ ʧʩʝʚʜʦʩʣʫʯʘʡʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʙʠʪʦʚ, ʢʘʢ ʠ ʚ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʨʘʥʝʝ ʩʭʝʤʝ 

ʛʝʥʝʨʘʪʦʨʘ, ʧʨʠʚʝʜʝʥʥʦʡ ʥʘ ʨʠʩ. 1.6. ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʵʪʦʡ ʩʠʪʫʘʮʠʠ ʧʨʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʤ 

ʩʪʝʯʝʥʠʠ ʦʙʩʪʦʷʪʝʣʴʩʪʚ ʝʩʪʴ ʦʧʘʩʥʦʩʪʴ ʧʦʪʝʨʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʢʨʝʤʙʣʝʨʘ, ʝʩʣʠ ʚ 

ʨʝʛʠʩʪʨʝ RG1 ʢ ʥʘʯʘʣʫ ʧʝʨʝʜʘʯʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʠʛʥʘʣʦʚ ʣʦʛ. 0 ʟʘʬʠʢʩʠʨʦʚʘʥ ʥʫʣʝʚʦʡ 

ʢʦʜ (ʧʦʜʨʦʙʥʝʝ ʵʪʦʪ ʩʣʫʯʘʡ ʨʘʩʩʤʦʪʨʠʤ ʥʠʞʝ). ɽʩʣʠ ʦʪ ʠʩʪʦʯʥʠʢʘ ʜʘʥʥʳʭ ʧʦʩʪʫʧʘʝʪ 

ʧʨʦʠʟʚʦʣʴʥʘʷ ʙʠʪʦʚʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, ʪʦ ʦʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ 

ʙʠʪʦʚ ʩ ʚʳʭʦʜʘ ʵʣʝʤʝʥʪʘ XOR1. ɺ ʨʝʟʫʣʴʪʘʪʝ ʬʦʨʤʠʨʫʝʪʩʷ ʥʦʚʘʷ (ʩʢʨʝʤʙʣʠʨʦʚʘʥʥʘʷ) 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʙʠʪʦʚ ʜʘʥʥʳʭ SCRD, ʧʦ ʩʪʨʫʢʪʫʨʝ ʙʣʠʟʢʘʷ ʢ ʩʣʫʯʘʡʥʦʡ. ʕʪʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʦʜʚʠʛʘʝʪʩʷ ʧʦ ʨʝʛʠʩʪʨʫ RG1, ʬʦʨʤʠʨʫʝʪ ʧʦʪʦʢ ʙʠʪʦʚ 

Y1 ʥʘ ʚʳʭʦʜʝ ʵʣʝʤʝʥʪʘ XOR1 ʠ ʪ. ʜ. 

ʉʢʨʝʤʙʣʠʨʦʚʘʥʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʙʠʪʦʚ SCRD ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʧʝʨʝʜʘʶʱʠʡ 

ʫʩʠʣʠʪʝʣʴ ʠ ʧʦ ʣʠʥʠʠ ʩʚʷʟʠ ʧʦʩʪʫʧʘʝʪ ʚ ʜʝʩʢʨʝʤʙʣʝʨ, ʛʜʝ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʧʨʠʝʤʥʳʡ 

ʫʩʠʣʠʪʝʣʴ. ʃʠʥʠʷ ʩʚʷʟʠ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʘ, ʥʘʧʨʠʤʝʨ, ʚ ʚʠʜʝ ʚʠʪʦʡ ʧʘʨʳ ʧʨʦʚʦʜʦʚ 

ʤʥʦʛʦʞʠʣʴʥʦʛʦ ʢʘʙʝʣʷ ʛʦʨʦʜʩʢʦʡ ʪʝʣʝʬʦʥʥʦʡ ʩʝʪʠ. ʉ ʧʦʤʦʱʴʶ ʛʝʥʝʨʘʪʦʨʘ PLL (Phase 

Locked Loop) ʩ ʬʘʟʦʚʦʡ ʘʚʪʦʧʦʜʩʪʨʦʡʢʦʡ ʯʘʩʪʦʪʳ ʠʟ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ SCRD* ʚʳʜʝʣʷʝʪʩʷ 

ʪʘʢʪʦʚʳʡ ʩʠʛʥʘʣ CLK*, ʢʦʪʦʨʳʡ ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʩʠʥʭʨʦʥʠʟʠʨʫʶʱʠʝ ʚʭʦʜʳ ʨʝʛʠʩʪʨʘ RG2 ʠ 

ʧʨʠʝʤʥʠʢʘ ʜʘʥʥʳʭ. 

ɻʝʥʝʨʘʪʦʨ PLL ʩ ʬʘʟʦʚʦʡ ʘʚʪʦʧʦʜʩʪʨʦʡʢʦʡ ʯʘʩʪʦʪʳ ʤʦʞʝʪ ʙʳʪʴ ʧʦʩʪʨʦʝʥ ʧʦ ʦʜʥʦʡ ʠʟ 

ʠʟʚʝʩʪʥʳʭ ʩʭʝʤ (ʥʘʧʨʠʤʝʨ, [6]). ʆʥ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʳʩʦʢʦʩʪʘʙʠʣʴʥʦʛʦ 

ʩʠʥʭʨʦʩʠʛʥʘʣʘ CLK* ʥʘ ʦʩʥʦʚʝ ʥʝʧʨʝʨʳʚʥʦʛʦ ʩʣʝʞʝʥʠʷ ʟʘ ʚʭʦʜʥʳʤ ʩʠʛʥʘʣʦʤ SCRD*. ɺ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʩʧʘʜ ʩʠʛʥʘʣʘ CLK* ʧʨʠʚʷʟʘʥ ʢ ʤʦʤʝʥʪʘʤ ʠʟʤʝʥʝʥʠʷ ʩʠʛʥʘʣʘ SCRD* (0 Ÿ> 1 

ʠʣʠ 1 Ÿ> 0), ʪʘʢ ʯʪʦ ʬʨʦʥʪ ʩʠʛʥʘʣʘ CLK* ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʩʝʨʝʜʠʥʝ ʙʠʪʦʚʦʛʦ ʠʥʪʝʨʚʘʣʘ 

ʩʠʛʥʘʣʘ SCRD*, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʝʛʦ ʫʩʪʘʥʦʚʠʚʰʝʤʫʩʷ ʟʥʘʯʝʥʠʶ. ʉʜʚʠʛ ʜʘʥʥʳʭ ʚ ʨʝʛʠʩʪʨʝ 

RG2 ʠ ʧʨʠʝʤ ʦʯʝʨʝʜʥʦʛʦ ʙʠʪʘ SCRD* ʚ ʝʛʦ ʦʩʚʦʙʦʜʠʚʰʠʡʩʷ ʨʘʟʨʷʜ ʧʨʦʠʩʭʦʜʷʪ ʧʦ ʬʨʦʥʪʫ 

ʩʠʛʥʘʣʘ CLK*. ɼʝʩʢʨʝʤʙʣʠʨʦʚʘʥʥʳʝ ʜʘʥʥʳʝ DATA* ʧʦʩʪʫʧʘʶʪ ʚ ʧʨʠʝʤʥʠʢ ʜʘʥʥʳʭ ʠ ʬʠʢ-

ʩʠʨʫʶʪʩʷ ʚ ʥʝʤ ʧʦ ʬʨʦʥʪʘʤ ʩʠʛʥʘʣʘ CLK*. ɹʣʘʛʦʜʘʨʷ ʜʦʩʪʘʪʦʯʥʦʡ ʠʥʝʨʮʠʦʥʥʦʩʪʠ 

ʛʝʥʝʨʘʪʦʨʘ PLL ʩʠʛʥʘʣ CLK* ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʯʫʚʩʪʚʠʪʝʣʝʥ ʢ çʜʨʦʞʘʥʠʶ ʬʘʟʳè ʩʠʛʥʘʣʘ 

SCRD* ʠ ʠʥʳʤ ʝʛʦ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʤ ʠʩʢʘʞʝʥʠʷʤ, ʚʳʟʚʘʥʥʳʤ ʧʦʤʝʭʘʤʠ ʚ ʣʠʥʠʠ ʩʚʷʟʠ. 

ʇʦʪʦʢʠ ʜʘʥʥʳʭ DATA ʠ DATA* ʩʦʚʧʘʜʘʶʪ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʟʘʜʝʨʞʢʠ ʧʝʨʝʜʘʯʠ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʚ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝ ʚ ʩʜʚʠʛʦʚʳʭ ʨʝʛʠʩʪʨʘʭ RG1 ʠ RG2 ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʦʜʠʥʘʢʦʚʳʝ ʢʦʜʳ, ʪʘʢ ʢʘʢ ʥʘ ʚʭʦʜʳ D ʵʪʠʭ ʨʝʛʠʩʪʨʦʚ ʧʦʜʘʥʳ ʦʜʥʠ ʠ ʪʝ ʞʝ ʜʘʥʥʳʝ SCRD = 

SCRD* (ʩ ʫʯʝʪʦʤ ʟʘʜʝʨʞʢʠ ʧʝʨʝʜʘʯʠ), ʘ ʪʘʢʪʦʚʘʷ ʯʘʩʪʦʪʘ ʦʜʥʘ ʠ ʪʘ ʞʝ. ʇʦʵʪʦʤʫ Y2 = Y1 ʠ ʩ 

ʫʯʝʪʦʤ ʵʪʦʛʦ DATA* = SCRD* É Y2 = SCRD É Y2 = (DATA É Y1) É Y2 = DATA É Y1 É 

Y1 = DATA É 0 = DATA. 

ʈʘʩʩʤʦʪʨʝʥʥʳʡ ʩʧʦʩʦʙ ʩʢʨʝʤʙʣʠʨʦʚʘʥʠʷ-ʜʝʩʢʨʝʤʙʣʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ ʥʝ ʪʨʝʙʫʝʪ 

ʧʨʠʤʝʥʝʥʠʷ ʢʘʢʦʡ-ʣʠʙʦ ʩʧʝʮʠʘʣʴʥʦʡ ʧʨʦʮʝʜʫʨʳ ʥʘʯʘʣʴʥʦʡ ʢʦʜʦʚʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ, ʧʦʩʣʝ 

ʢʦʪʦʨʦʡ ʢʦʜʳ ʚ ʦʙʦʠʭ ʨʝʛʠʩʪʨʘʭ ʩʪʘʥʦʚʷʪʩʷ ʦʜʠʥʘʢʦʚʳʤʠ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘʯʠʥʘʝʪ 

ʚʳʧʦʣʥʷʪʴʩʷ ʫʩʣʦʚʠʝ Y2 = Y1. ʉʠʥʭʨʦʥʠʟʘʮʠʷ ʜʦʩʪʠʛʘʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦʩʣʝ ʟʘʧʦʣʥʝʥʠʷ 

ʨʝʛʠʩʪʨʦʚ ʦʜʠʥʘʢʦʚʳʤʠ ʜʘʥʥʳʤʠ. ʕʪʦ, ʧʦʞʘʣʫʡ, ʝʜʠʥʩʪʚʝʥʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʜʘʥʥʦʛʦ 

ʚʘʨʠʘʥʪʘ ʧʝʨʝʜ ʢʣʘʩʩʠʯʝʩʢʠʤ ʫʩʪʨʦʡʩʪʚʦʤ ʩ ʠʟʦʣʠʨʦʚʘʥʥʳʤʠ ʛʝʥʝʨʘʪʦʨʘʤʠ (ʨʠʩ. 3). 
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ʂ ʩʦʞʘʣʝʥʠʶ, ʝʩʪʴ ʠ ʩʫʱʝʩʪʚʝʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ. ʆ ʧʝʨʚʦʤ ʠʟ ʥʠʭ ʫʞʝ ʚʩʢʦʣʴʟʴ 

ʫʧʦʤʠʥʘʣʦʩʴ ð ʵʪʦ ʧʣʦʭʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʝʢʦʪʦʨʳʤ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤ 

ʢʦʜʦʚʳʤ ʩʠʪʫʘʮʠʷʤ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ʢʘʢ ʧʨʠ ʥʦʨʤʘʣʴʥʦʡ ʨʘʙʦʪʝ ʩʠʩʪʝʤʳ, ʪʘʢ ʠ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʟʣʦʛʦ ʫʤʳʩʣʘ. ʕʪʦʪ ʥʝʜʦʩʪʘʪʦʢ ʠ ʤʝʨʳ ʝʛʦ ʫʩʪʨʘʥʝʥʠʷ ʙʫʜʫʪ ʧʦʜʨʦʙʥʦ 

ʨʘʩʩʤʦʪʨʝʥʳ ʜʘʣʝʝ. 

ɺʪʦʨʦʡ ʥʝʜʦʩʪʘʪʦʢ ʩʦʩʪʦʠʪ ʚ ʨʘʟʤʥʦʞʝʥʠʠ ʦʰʠʙʦʢ. ʇʨʠ ʧʦʷʚʣʝʥʠʠ ʦʜʠʥʦʯʥʦʡ 

ʦʰʠʙʢʠ ʚ ʣʠʥʠʠ ʩʚʷʟʠ ʠʜʝʥʪʠʯʥʦʩʪʴ ʩʦʜʝʨʞʠʤʦʛʦ ʨʝʛʠʩʪʨʦʚ RG1 ʠ RG2 ʚʨʝʤʝʥʥʦ 

ʥʘʨʫʰʘʝʪʩʷ, ʥʦ ʟʘʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ, ʢʘʢ ʪʦʣʴʢʦ ʧʨʘʚʠʣʴʥʳʝ ʜʘʥʥʳʝ 

ʚʥʦʚʴ ʟʘʧʦʣʥʷʪ ʨʝʛʠʩʪʨ RG2. ʆʜʥʘʢʦ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʜʚʠʞʝʥʠʷ ʦʰʠʙʦʯʥʦʛʦ ʙʠʪʘ ʧʦ 

ʩʜʚʠʛʦʚʦʤʫ ʨʝʛʠʩʪʨʫ RG2, ʘ ʠʤʝʥʥʦ ʚ ʧʝʨʠʦʜʳ ʝʛʦ ʧʦʧʘʜʘʥʠʷ ʩʥʘʯʘʣʘ ʥʘ ʦʜʠʥ, ʘ ʟʘʪʝʤ ʥʘ 

ʜʨʫʛʦʡ ʚʭʦʜ ʵʣʝʤʝʥʪʘ XOR3 ʩʠʛʥʘʣ Y2 ʜʚʘʞʜʳ ʧʨʠʥʠʤʘʝʪ ʥʝʧʨʘʚʠʣʴʥʦʝ ʟʥʘʯʝʥʠʝ. ʕʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʤʥʦʞʝʥʠʶ ʦʜʠʥʦʯʥʦʡ ʦʰʠʙʢʠ ð ʦʥʘ ʚʧʝʨʚʳʝ ʧʦʷʚʣʷʝʪʩʷ ʚ ʩʠʛʥʘʣʝ DATA* ʚ 

ʤʦʤʝʥʪ ʧʦʩʪʫʧʣʝʥʠʷ ʠʟ ʣʠʥʠʠ ʠ ʟʘʪʝʤ ʚʦʟʥʠʢʘʝʪ ʝʱʝ ʜʚʘ ʨʘʟʘ ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʤ ʠʩʢʘʞʝʥʠʠ 

ʩʠʛʥʘʣʘ Y2. 

 

ʉʠʩʪʝʤʘ ʩ ʠʟʦʣʠʨʦʚʘʥʥʳʤʠ ʛʝʥʝʨʘʪʦʨʘʤʠ 

ɺ ʩʠʩʪʝʤʝ, ʧʦʢʘʟʘʥʥʦʡ ʥʘ ʨʠʩ. 1.9, ʧʨʠʤʝʥʝʥʳ ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʦʪ ʣʠʥʠʠ ʩʚʷʟʠ 

ʛʝʥʝʨʘʪʦʨʳ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʙʠʪʦʚʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. ʇʨʝʠʤʫʱʝʩʪʚʘ ʵʪʦʡ ʩʠʩʪʝʤʳ 

ʧʝʨʝʜ ʧʨʝʜʳʜʫʱʝʡ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʰʠʙʢʠ, ʧʦʩʪʫʧʘʶʱʠʝ ʠʟ ʣʠʥʠʠ, ʥʝ 

ʨʘʟʤʥʦʞʘʶʪʩʷ, ʠ ʢʘʢ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ ʥʠʞʝ, ʪʘʢʘʷ ʩʠʩʪʝʤʘ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤ ʙʠʪʦʚ, ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʩʠʣʫ ʩʣʫʯʘʡʥʳʭ 

ʩʪʝʯʝʥʠʡ ʦʙʩʪʦʷʪʝʣʴʩʪʚ, ʣʠʙʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʜʥʘʤʝʨʝʥʥʳʭ ʜʝʡʩʪʚʠʡ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

 

 
 

ʈʠʩʫʥʦʢ 1.9.  ʉʢʨʝʤʙʣʝʨ ʠ ʜʝʩʢʨʝʤʙʣʝʨ ʩ ʠʟʦʣʠʨʦʚʘʥʥʳʤ ʛʝʥʝʨʘʪʦʨʦʤ 
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ʅʝʜʦʩʪʘʪʦʢ ʵʪʦʡ ʩʠʩʪʝʤʳ ð ʩʣʦʞʥʦʩʪʴ ʫʩʪʘʥʦʚʣʝʥʠʷ ʢʦʜʦʚʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʢʦʥʮʝ ʩʪʘʪʴʠ ʧʨʝʜʣʦʞʝʥʦ ʨʝʰʝʥʠʝ, ʣʠʰʝʥʥʦʝ ʵʪʦʛʦ ʥʝʜʦʩʪʘʪʢʘ ð ʦʥʦ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʫʩʪʘʥʦʚʣʝʥʠʝ ʠ ʧʦʜʜʝʨʞʘʥʠʝ ʩʠʥʭʨʦʥʥʦʡ ʨʘʙʦʪʳ 

ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʙʠʪʦʚʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. 

ʅʘʯʘʣʴʥʘʷ ʢʦʜʦʚʘʷ ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʩʠʩʪʝʤʳ ʩ ʠʟʦʣʠʨʦʚʘʥʥʳʤʠ ʛʝʥʝʨʘʪʦʨʘʤʠ 

ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʙʠʪʦʚ (ʨʠʩ.1.9) ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ ʜʝʩʢʨʝʤʙʣʝʨʘ ʠ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʠʩʪʦʯʥʠʢʘ ʠ ʧʨʠʝʤʥʠʢʘ ʜʘʥʥʳʭ. ʂ 

ʘʧʧʘʨʘʪʥʳʤ ʩʨʝʜʩʪʚʘʤ ʦʪʥʦʩʷʪʩʷ ʤʫʣʴʪʠʧʣʝʢʩʦʨ MUX ʠ ʧʨʦʛʨʘʤʤʥʦ-ʫʧʨʘʚʣʷʝʤʳʡ ʚʳʭʦʜ 

ʧʨʠʝʤʥʠʢʘ ʜʘʥʥʳʭ, ʥʘ ʢʦʪʦʨʦʤ ʬʦʨʤʠʨʫʝʪʩʷ ʫʧʨʘʚʣʷʶʱʠʡ ʩʠʛʥʘʣ F. ʇʨʠ ʥʦʨʤʘʣʴʥʦʡ ʨʘʙʦʪʝ 

ʩʠʩʪʝʤʳ ʧʨʠʝʤʥʠʢ ʜʘʥʥʳʭ ʧʦʩʪʦʷʥʥʦ ʧʦʜʜʝʨʞʠʚʘʝʪ ʥʘ ʚʳʭʦʜʝ ʩʠʛʥʘʣ F = 0. ʅʘ ʚʳʭʦʜ 

ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ ʪʨʘʥʩʣʠʨʫʝʪʩʷ ʩʠʛʥʘʣ Z2 ʩ ʚʳʭʦʜʘ ʵʣʝʤʝʥʪʘ çʀʩʢʣʶʯʘʶʱʝʝ ʀʃʀè XOR3. 

ɻʝʥʝʨʘʪʦʨ ʧʩʝʚʜʦʩʣʫʯʘʡʥʦʡ ʙʠʪʦʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʨʝʛʠʩʪʨʘ RG2 

ʠʟʦʣʠʨʦʚʘʥ ʦʪ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʩʦ ʩʪʦʨʦʥʳ ʣʠʥʠʠ ʩʚʷʟʠ. 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʜʝʩʢʨʝʤʙʣʝʨ ʥʝ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥ ʩʦ 

ʩʢʨʝʤʙʣʝʨʦʤ. ʊʘʢʘʷ ʩʠʪʫʘʮʠʷ ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ, ʥʘʧʨʠʤʝʨ, ʧʦʩʣʝ ʚʢʣʶʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ 

ʧʠʪʘʥʠʷ ʘʧʧʘʨʘʪʫʨʳ ʧʨʠʝʤʥʦʡ ʩʪʦʨʦʥʳ, ʧʦʩʣʝ ʦʰʠʙʢʠ ʚ ʨʘʙʦʪʝ ʛʝʥʝʨʘʪʦʨʘ PLL 

ʜʝʩʢʨʝʤʙʣʝʨʘ ʠʟ-ʟʘ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʤʝʭ ʥʘ ʣʠʥʠʶ ʩʚʷʟʠ ʠʣʠ ʧʦ ʠʥʳʤ ʧʨʠʯʠʥʘʤ. ʇʨʠ 

ʦʪʩʫʪʩʪʚʠʠ ʢʦʜʦʚʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʤʝʞʜʫ ʩʢʨʝʤʙʣʝʨʦʤ ʠ ʜʝʩʢʨʝʤʙʣʝʨʦʤ ʩʦʜʝʨʞʠʤʦʝ ʨʝʛʠʩ-

ʪʨʦʚ RG1 ʠ RG ʥʝ ʩʦʚʧʘʜʘʝʪ, ʧʦʪʦʢ ʧʨʠʥʠʤʘʝʤʳʭ ʜʘʥʥʳʭ DATA* ʦʰʠʙʦʯʝʥ ʠ ʥʝ ʩʦʚʧʘʜʘʝʪ ʩ 

ʧʦʪʦʢʦʤ ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ DATA. 

ʇʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʫʩʪʦʡʯʠʚʦʛʦ çʭʘʦʩʘè ʚ ʜʘʥʥʳʭ DATA* (ʢʦʛʜʘ ʚ ʧʦʪʦʢʝ ʥʝʪ 

ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ ʧʨʦʪʦʢʦʣʦʤ ʦʙʤʝʥʘ ʨʘʟʜʝʣʝʥʠʷ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʢʘʜʨʳ ʠ ʪ. ʧ.) ʧʨʠʝʤʥʠʢ 

ʬʦʨʤʠʨʫʝʪ ʩʠʛʥʘʣ F = 1. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʤʫʣʴʪʠʧʣʝʢʩʦʨ ʥʘʯʠʥʘʝʪ ʪʨʘʥʩʣʠʨʦʚʘʪʴ ʥʘ ʚʭʦʜ D 

ʨʝʛʠʩʪʨʘ RG2 ʩʠʛʥʘʣ ʩʢʨʝʤʙʣʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ SCRD*, ʢʘʢ ʚ ʨʘʥʝʝ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʩʠʩʪʝʤʝ. 

ʇʨʦʪʦʢʦʣ ʦʙʤʝʥʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʧʝʨʝʩʳʣʢʫ ʜʘʥʥʳʭ ʚ ʚʠʜʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʢʘʜʨʦʚ. ɻʨʫʧʧʳ ʦʙʳʯʥʳʭ ʢʘʜʨʦʚ ʧʝʨʝʤʝʞʘʶʪʩʷ ʩʦ ʩʣʫʞʝʙʥʳʤʠ ʢʘʜʨʘʤʠ. ʅʘʧʨʠʤʝʨ, ʧʦʩʣʝ 

ʛʨʫʧʧʳ ʠʟ 1000 ʦʙʳʯʥʳʭ ʢʘʜʨʦʚ ʩʣʝʜʫʝʪ ʦʜʠʥ ʩʣʫʞʝʙʥʳʡ. ʆʥ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʦʜʝʨʞʠʪ 

ʩʠʥʭʨʦʥʠʟʠʨʫʶʱʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʟ ʥʝʢʦʪʦʨʦʛʦ ʯʠʩʣʘ (ʥʘʧʨʠʤʝʨ, 256) ʥʫʣʝʚʳʭ 

ʙʠʪʦʚ. ʇʨʠ ʚʳʜʘʯʝ ʵʪʠʭ ʙʠʪʦʚ (DATA = 0) ʚ ʩʢʨʝʤʙʣʝʨ ʵʣʝʤʝʥʪ XOR2 ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʶ 

ʧʦʚʪʦʨʠʪʝʣʷ ʩʠʛʥʘʣʘ Z1 ʩ ʚʳʭʦʜʘ ʵʣʝʤʝʥʪʘ XOR1. ʇʦʵʪʦʤʫ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʩʢʨʝʤʙʣʠʨʦʚʘʥʥʳʡ ʩʠʛʥʘʣ SCRD ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʬʨʘʛʤʝʥʪ çʠʩʪʠʥʥʦʡè ʧʩʝʚʜʦʩʣʫʯʘʡʥʦʡ 

ʙʠʪʦʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚ ʪʦʤ ʩʤʳʩʣʝ, ʯʪʦ ʦʥʘ ʥʝ ʩʤʝʰʘʥʘ ʩ ʧʦʪʦʢʦʤ ʧʨʦʠʟʚʦʣʴʥʳʭ 

ʜʘʥʥʳʭ DATA ʠ ʧʦʨʦʞʜʘʝʪʩʷ ʪʦʣʴʢʦ ʛʝʥʝʨʘʪʦʨʦʤ ʩʢʨʝʤʙʣʝʨʘ. 

ʕʪʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʟʘʛʨʫʞʘʝʪʩʷ ʚ ʨʝʛʠʩʪʨ RG2 ʠ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʥʝʛʦ, ʪʘʢ ʢʘʢ F = 

1. ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʩʦʜʝʨʞʠʤʦʝ ʨʝʛʠʩʪʨʦʚ RG1 ʠ RG2 ʦʢʘʟʳʚʘʝʪʩʷ ʦʜʠʥʘʢʦʚʳʤ, ʩʠʛʥʘʣ Z2 

ʥʘʯʠʥʘʝʪ ʧʦʚʪʦʨʷʪʴ ʩʠʛʥʘʣ Z1. ʂʦʜʦʚʘʷ ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʜʦʩʪʠʛʥʫʪʘ. ʅʘ ʚʭʦʜ ʧʨʠʝʤʥʠʢʘ 

ʜʘʥʥʳʭ ʧʦʜʘʝʪʩʷ ʥʝʧʨʝʨʳʚʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʣʦʛ. 0, ʪʘʢ ʢʘʢ DATA* = = DATA ſ 0. 

ʇʦʩʣʝ ʫʚʝʨʝʥʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʜʣʠʥʥʦʡ (ʥʘʧʨʠʤʝʨ, ʩʦʜʝʨʞʘʱʝʡ 220 ʙʠʪ) 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʣʦʛ. 0 ʧʨʠʝʤʥʠʢ ʜʘʥʥʳʭ ʬʦʨʤʠʨʫʝʪ ʩʠʛʥʘʣ F = 0 ʠ ʪʝʤ ʩʘʤʳʤ 

ʚʦʟʚʨʘʱʘʝʪ ʛʝʥʝʨʘʪʦʨ ʧʩʝʚʜʦʩʣʫʯʘʡʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʙʠʪʦʚ ʜʝʩʢʨʝʤʙʣʝʨʘ ʚ ʨʝʞʠʤ 

ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʨʘʙʦʪʳ. ʊʝʧʝʨʴ ʢʦʜʦʚʘʷ ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʥʝ ʪʦʣʴʢʦ ʜʦʩʪʠʛʥʫʪʘ, ʥʦ ʠ çʩʦʭʨʘʥʝ-

ʥʘè ʙʣʘʛʦʜʘʨʷ ʣʦʛʠʯʝʩʢʦʡ ʠʟʦʣʷʮʠʠ ʨʝʛʠʩʪʨʘ RG2 ʦʪ ʣʠʥʠʠ ʩʚʷʟʠ. ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʧʝʨʝʜʘʯʠ 

ʩʣʫʞʝʙʥʦʛʦ (ʩʠʥʭʨʦʥʠʟʠʨʫʶʱʝʛʦ) ʢʘʜʨʘ ʠʩʪʦʯʥʠʢ ʜʘʥʥʳʭ ʧʨʠʩʪʫʧʘʝʪ ʢ ʧʝʨʝʜʘʯʝ ʛʨʫʧʧʳ ʠʟ 

1000 ʦʙʳʯʥʳʭ ʢʘʜʨʦʚ ʩʦʛʣʘʩʥʦ ʧʨʠʥʷʪʦʤʫ ʚ ʩʠʩʪʝʤʝ ʧʨʦʪʦʢʦʣʫ ʦʙʤʝʥʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʩʠʩʪʝʤʝ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʩʠʥʭʨʦʥʥʦʡ ʨʘʙʦʪʳ 

ʩʜʚʠʛʦʚʳʭ ʨʝʛʠʩʪʨʦʚ ʩʢʨʝʤʙʣʝʨʘ ʠ ʜʝʩʢʨʝʤʙʣʝʨʘ (ʚ ʩʣʫʯʘʝ ʥʘʨʫʰʝʥʠʷ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʠʣʠ 

ʧʨʠ ʧʝʨʚʦʥʘʯʘʣʴʥʦʤ ʚʢʣʶʯʝʥʠʠ ʧʨʠʝʤʥʦʡ ʯʘʩʪʠ ʩʠʩʪʝʤʳ) ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʠʦʜʠʯʝʩʢʠ 

ʧʨʝʨʳʚʘʪʴ ʧʝʨʝʜʘʯʫ ʧʦʣʝʟʥʳʭ ʜʘʥʥʳʭ ʠ ʧʝʨʝʜʘʚʘʪʴ ʧʦ ʣʠʥʠʠ ʩʚʷʟʠ ʩʣʫʞʝʙʥʳʝ ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʳʝ ʢʘʜʨʳ, ʩʦʜʝʨʞʘʱʠʝ ʜʦʩʪʘʪʦʯʥʦ ʜʣʠʥʥʳʝ ʮʝʧʦʯʢʠ ʩʠʥʭʨʦʥʠʟʠʨʫʶʱʠʭ ʙʠʪʦʚ (DATA 

ſ 0). ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʤʝʥʴʰʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʘʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʦ ʣʠʥʠʠ, 

ʫʩʣʦʞʥʷʝʪʩʷ ʧʨʦʪʦʢʦʣ ʦʙʤʝʥʘ. ʂʨʦʤʝ ʪʦʛʦ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʠʥʪʝʨʚʘʣʦʚ ʤʝʞʜʫ ʩʣʫʞʝʙʥʳʤʠ 

ʢʘʜʨʘʤʠ (ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʧʝʨʝʜʘʯʝ ʧʦʣʴʟʦʚʘʪʝʣɹʩʢʠʭ ʜʘʥʥʳʭ) 
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ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʨʝʤʷ ʦʞʠʜʘʥʠʷ ʵʪʠʭ ʢʘʜʨʦʚ ʜʝʩʢʨʝʤʙʣʝʨʦʤ ʚ ʩʣʫʯʘʝ ʧʦʪʝʨʠ ʢʦʜʦʚʦʡ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ. ɺ ʪʝʯʝʥʠʝ ʚʨʝʤʝʥʠ ʦʞʠʜʘʥʠʷ ʧʝʨʝʜʘʯʘ ʧʦʣʝʟʥʳʭ ʜʘʥʥʳʭ ʥʝʚʦʟʤʦʞʥʘ. 

 

ʇʦʚʳʰʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ. 

ʉʣʝʜʫʝʪ ʨʘʩʩʤʦʪʨʝʪʴ ʚʦʧʨʦʩʳ ʫʣʫʯʰʝʥʠʷ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʢʨʝʤʙʣʝʨʦʚ 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʝʞʝʣʘʪʝʣʴʥʳʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤ ʙʠʪʦʚ.ʇʨʠ ʧʝʨʝʜʘʯʝ ʜʘʥʥʳʭ ʧʦ ʣʠʥʠʠ 

ʩʚʷʟʠ ʧʨʠʤʝʥʷʶʪ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʢʦʜʠʨʦʚʘʥʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʝ 

ʧʦʣʫʯʠʣʦ NRZ-ʂʆ-ʜʠʨʦʚʘʥʠʝ ʠ ʝʛʦ ʤʦʜʠʬʠʢʘʮʠʠ. ɼʣʷ ʧʝʨʝʜʘʯʠ ʥʫʣʝʚʳʭ ʠ ʝʜʠʥʠʯʥʳʭ ʙʠʪʦʚ 

ʚʳʜʝʣʷʶʪʩʷ ʦʜʠʥʘʢʦʚʳʝ ʠʥʪʝʨʚʘʣʳ ʚʨʝʤʝʥʠ ð çʙʠʪʦʚʳʝ ʠʥʪʝʨʚʘʣʳè. ɺ ʢʘʞʜʦʤ ʙʠʪʦʚʦʤ 

ʠʥʪʝʨʚʘʣʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʷ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʙʠʪʘ (ʣʦʛ. 1 ʠʣʠ 0) ʤʝʞʜʫ ʧʨʦʚʦʜʘʤʠ 

ʚʠʪʦʡ ʧʘʨʳ (ʜʚʫʭʧʨʦʚʦʜʥʦʡ ʣʠʥʠʠ) ʧʨʠʩʫʪʩʪʚʫʝʪ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʠʣʠ ʦʪʨʠʮʘʪʝʣʴʥʦʝ 

ʥʘʧʨʷʞʝʥʠʝ. ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʦʧʪʦʚʦʣʦʢʦʥʥʳʤ ʣʠʥʠʷʤ ʚ ʢʘʞʜʦʤ ʙʠʪʦʚʦʤ ʠʥʪʝʨʚʘʣʝ ʧʦ 

ʦʧʪʠʯʝʩʢʦʤʫ ʚʦʣʦʢʥʫ ʧʝʨʝʜʘʝʪʩʷ ʠʣʠ ʥʝ ʧʝʨʝʜʘʝʪʩʷ ʩʚʝʪʦʚʦʡ ʧʦʪʦʢ. ʊʘʢʦʝ ʢʦʜʠʨʦʚʘʥʠʝ 

ʥʝʧʨʠʤʝʥʠʤʦ ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʧʦ ʣʠʥʠʠ ʤʦʛʫʪ ʧʝʨʝʜʘʚʘʪʴʩʷ ʦʯʝʥʴ ʜʣʠʥʥʳʝ ʮʝʧʦʯʢʠ ʠʟ 

ʦʜʠʥʘʢʦʚʳʭ ʙʠʪʦʚ. ʊʦʛʜʘ ʩʦʩʪʦʷʥʠʝ ʣʠʥʠʠ ʙʫʜʝʪ ʦʩʪʘʚʘʪʴʩʷ ʥʝʠʟʤʝʥʥʳʤ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 

ʜʣʠʪʝʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ, ʠ ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʧʨʠʝʤʥʠʢʘ ʩ ʧʝʨʝʜʘʪʯʠʢʦʤ ʤʦʞʝʪ ʥʘʨʫ-

ʰʠʪʴʩʷ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʨʠʝʤʥʠʢ ʥʘʜʝʞʥʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʩʠʥʭʨʦʩʠʛʥʘʣ ʪʦʣʴʢʦ ʪʦʛʜʘ, 

ʢʦʛʜʘ ʧʘʫʟʳ ʤʝʞʜʫ ʠʟʤʝʥʝʥʠʷʤʠ ʩʠʛʥʘʣʘ ʚ ʣʠʥʠʠ ʥʝ ʩʣʠʰʢʦʤ ʚʝʣʠʢʠ. ʀʟʤʝʥʝʥʠʝ ʩʠʛʥʘʣʘ ʚ 

ʣʠʥʠʠ ʧʦʩʣʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʧʘʫʟʳ ʧʦʟʚʦʣʷʝʪ ʚʩʷʢʠʡ ʨʘʟ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ çʭʦʜ ʯʘʩʦʚè 

ʧʨʠʝʤʥʠʢʘ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʧʘʫʟʳ ʥʘʜʝʞʥʦʩʪʴ çʩʣʫʞʙʳ ʚʨʝʤʝʥʠè ʧʘʜʘʝʪ. ʅʘʧʨʠʤʝʨ, ʧʦʩʣʝ 

ʧʝʨʝʜʘʯʠ ʩʝʨʠʠ ʠʟ 10000 ʥʫʣʝʡ ʧʨʠʝʤʥʠʢ, ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ, ʥʝ ʩʤʦʞʝʪ ʩ ʫʚʝʨʝʥʥʦʩʪʴʶ 

ʦʧʨʝʜʝʣʠʪʴ, ʥʘʭʦʜʠʪʩʷ ʣʠ ʧʦʩʣʝʜʫʶʱʘʷ ʝʜʠʥʠʮʘ ʥʘ ʧʦʟʠʮʠʠ 9999, 10000 ʠʣʠ 10001. ʊʦ ʞʝ 

ʦʪʥʦʩʠʪʩʷ ʠ ʢ ʧʝʨʝʜʘʯʝ ʜʣʠʥʥʳʭ ʮʝʧʦʯʝʢ ʣʦʛ. 1. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʧʨʠ ʧʝʨʝʜʘʯʝ ʜʦʩʪʘʪʦʯʥʦ 

ʙʦʣʴʰʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʫʣʝʡ ʠʣʠ ʝʜʠʥʠʮ ʧʨʠʝʤʥʠʢ ʪʝʨʷʝʪ ʩʠʥʭʨʦʥʠʟʘʮʠʶ ʩ 

ʧʝʨʝʜʘʪʯʠʢʦʤ. 

ʅʘ ʧʨʘʢʪʠʢʝ ʜʘʥʥʳʝ ʛʨʫʧʧʠʨʫʶʪ ʚ ʢʘʜʨʳ ʧʦʩʪʦʷʥʥʦʡ ʠʣʠ ʧʝʨʝʤʝʥʥʦʡ ʜʣʠʥʳ. ʂʘʞʜʳʡ 

ʢʘʜʨ ʩʦʜʝʨʞʠʪ ʥʝʢʦʪʦʨʫʶ ʩʣʫʞʝʙʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʥʘʧʨʠʤʝʨ, ʬʣʘʛʦʚʳʡ ʢʦʜ ʥʘʯʘʣʘ ʢʘʜʨʘ, 

ʧʨʠʯʝʤ ʵʪʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘʚʝʜʦʤʦ ʥʝ ʷʚʣʷʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʦʜʠʥʘʢʦʚʳʭ ʙʠʪʦʚ. ʕʪʦ 

ʦʙʣʝʛʯʘʝʪ ʧʦʜʜʝʨʞʘʥʠʝ ʩʠʥʭʨʦʥʠʟʘʮʠʠ, ʪʘʢ ʢʘʢ ʚʦʟʤʦʞʥʘʷ ʦʜʥʦʨʦʜʥʦʩʪʴ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ 

ʜʘʥʥʳʭ ʧʝʨʠʦʜʠʯʝʩʢʠ ʥʘʨʫʰʘʝʪʩʷ ʟʘʚʝʜʦʤʦ ʥʝʦʜʥʦʨʦʜʥʳʤʠ ʩʣʫʞʝʙʥʳʤʠ ʜʘʥʥʳʤʠ. ʊʝʤ ʥʝ 

ʤʝʥʝʝ, ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʞʝʣʘʪʝʣʴʥʦ ʠʩʢʣʶʯʠʪʴ ʠʟ ʧʦʪʦʢʘ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʜʘʥʥʳʭ ʜʣʠʥʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʫʣʝʚʳʭ ʠʣʠ ʝʜʠʥʠʯʥʳʭ ʙʠʪʦʚ. ʕʪʦ 

ʠ ʜʝʣʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʢʨʝʤʙʣʠʨʦʚʘʥʠʷ ð ʮʝ-ʧʦʯʢʠ ʥʫʣʝʚʳʭ ʠʣʠ ʝʜʠʥʠʯʥʳʭ ʙʠʪʦʚ (ʠ ʥʝ 

ʪʦʣʴʢʦ ʦʥʠ) ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʝ ʙʠʪʦʚʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʚ ʢʦʪʦʨʳʭ 

ʚʝʨʦʷʪʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ ʩʠʛʥʘʣʘ ʚ ʢʘʞʜʦʤ ʧʦʩʣʝʜʫʶʱʝʤ ʙʠʪʦʚʦʤ ʠʥʪʝʨʚʘʣʝ (ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʪʝʢʫʱʝʤʫ ʫʨʦʚʥʶ) ʨʘʚʥʘ 
1
/2 

ɺ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʩʢʘʟʘʥʥʦʛʦ ʦʙ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʨʘʩʩʤʦʪʨʠʤ ʮʝʧʴ 

ʚʳʜʝʣʝʥʠʷ ʩʠʥʭʨʦʩʠʛʥʘʣʘ ʠ ʜʘʥʥʳʭ ʠʟ ʩʠʛʥʘʣʘ ʚ ʣʠʥʠʠ. 

 

 
 

ʈʠʩʫʥʦʢ 1.10.  ʎʝʧʴ ʚʳʜʝʣʝʥʠʷ ʩʠʥʭʨʦʩʠʛʥʘʣʘ 
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ʋʟʝʣ ʩʦʜʝʨʞʠʪ ʚʭʦʜʥʦʡ ʫʩʠʣʠʪʝʣʴ, ʛʝʥʝʨʘʪʦʨ PLL ʩ ʬʘʟʦʚʦʡ ʘʚʪʦʧʦʜʩʪʨʦʡʢʦʡ 

ʯʘʩʪʦʪʳ, ʠʥʚʝʨʪʦʨ ʠ ʪʨʠʛʛʝʨ D2. ɻʝʥʝʨʘʪʦʨ PLL ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʪʨʠʛʛʝʨ D1, ʬʠʣʴʪʨ ʥʠʟʢʠʭ 

ʯʘʩʪʦʪ (RC-ʮʝʧʴ) ʠ ʛʝʥʝʨʘʪʦʨ VCO (Voltage Controlled Oscillator), ʫʧʨʘʚʣʷʝʤʳʡ ʥʘʧʨʷʞʝʥʠʝʤ 

U. ʊʨʠʛʛʝʨʳ D1 ʠ D2 ʧʨʠʥʠʤʘʶʪ ʜʘʥʥʳʝ ʩ ʚʭʦʜʦʚ D ʧʦ ʬʨʦʥʪʫ ʩʠʛʥʘʣʘ ʥʘ ʚʭʦʜʝ ʉ. 

ɻʝʥʝʨʘʪʦʨ VCO ʬʦʨʤʠʨʫʝʪ ʚʳʭʦʜʥʦʡ ʩʠʥʭʨʦʩʠʛʥʘʣ CL. ʏʘʩʪʦʪʘ ʵʪʦʛʦ ʩʠʛʥʘʣʘ ʚ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʧʨʝʜʝʣʘʭ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʷʞʝʥʠʷ U ʥʘ ʝʛʦ 

ʫʧʨʘʚʣʷʶʱʝʤ ʚʭʦʜʝ. ʉ ʧʦʚʳʰʝʥʠʝʤ ʵʪʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʯʘʩʪʦʪʘ ʫʤʝʥʴʰʘʝʪʩʷ, ʠ ʥʘʦʙʦʨʦʪ.  

 

 
 

ʈʠʩʫʥʦʢ 1.11. ʌʦʨʤʠʨʦʚʘʥʠʝ ʩʠʥʭʨʦʩʠʛʥʘʣʘ 

 

ɼʘʥʥʳʝ DATA ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʦʜʦʤ NRZ. ɻʨʘʥʠʮʳ ʙʠʪʦʚʳʭ ʠʥʪʝʨʚʘʣʦʚ ʧʨʠʤʝʨʥʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʦʤʝʥʪʘʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʧʘʜʦʚ ʩʠʛʥʘʣʘ CLK, ʘ ʩʝʨʝʜʠʥʳ ʵʪʠʭ ʠʥʪʝʨʚʘʣʦʚ ð 

ʤʦʤʝʥʪʘʤ ʊ0ðʊ10. 

ʆʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ ʥʘ ʥʝʩʪʘʥʜʘʨʪʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʪʨʠʛʛʝʨʘ D1. ʆʙʳʯʥʦ ʥʘ ʚʭʦʜ ʉ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ D-ʪʨʠʛʛʝʨʘ ʧʦʜʘʝʪʩʷ ʩʠʥʭʨʦʠʤʧʫʣʴʩ, ʘ ʥʘ ʚʭʦʜ D ð ʜʘʥʥʳʝ. ʇʨʠ ʵʪʦʤ 

ʩʦʛʣʘʩʥʦ ʪʝʭʥʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʥʘ ʪʨʠʛʛʝʨ ʢ ʤʦʤʝʥʪʫ ʬʦʨʤʠʨʦʚʘʥʠʷ ʬʨʦʥʪʘ 

ʩʠʥʭʨʦʠʤʧʫʣʴʩʘ ʩʠʛʥʘʣ ʥʘ ʚʭʦʜʝ D ʜʘʥʥʳʭ ʜʦʣʞʝʥ ʧʨʠʥʷʪʴ ʫʩʪʘʥʦʚʠʚʰʝʝʩʷ ʟʥʘʯʝʥʠʝ ʚ 

ʪʝʯʝʥʠʝ ʥʝʢʦʪʦʨʦʛʦ çʚʨʝʤʝʥʠ ʧʨʝʜʫʩʪʘʥʦʚʢʠè ʠ ʩʦʭʨʘʥʷʪʴ ʵʪʦ ʟʥʘʯʝʥʠʝ ʚ ʪʝʯʝʥʠʝ çʚʨʝʤʝʥʠ 

ʫʜʝʨʞʘʥʠʷè, ʢʦʪʦʨʦʝ ʦʪʩʯʠʪʳʚʘʝʪʩʷ ʦʪ ʪʦʛʦ ʞʝ ʬʨʦʥʪʘ. ɿʜʝʩʴ ʞʝ ʨʝʘʣʠʟʦʚʘʥ ʥʝʢʠʡ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʡ ʨʝʞʠʤ. ɺ ʢʘʯʝʩʪʚʝ ʜʘʥʥʳʭ ʥʘ D-ʚʭʦʜ ʪʨʠʛʛʝʨʘ ʧʦʩʪʫʧʘʝʪ ʩʠʥʭʨʦʩʠʛʥʘʣ, ʘ 

ʚ ʢʘʯʝʩʪʚʝ ʩʠʥʭʨʦʩʠʛʥʘʣʘ ʜʘʥʥʳʝ. ʇʨʠ ʵʪʦʤ ʚ ʠʜʝʘʣʴʥʦʤ ʩʣʫʯʘʝ ʬʨʦʥʪ ʩʠʛʥʘʣʘ ʥʘ ʚʭʦʜʝ ʉ 

ʜʦʣʞʝʥ ʩʦʚʧʘʜʘʪʴ ʩ ʬʨʦʥʪʦʤ ʩʠʛʥʘʣʘ ʥʘ ʚʭʦʜʝ D. 

ʂʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.11 ʟʘʪʝʤʥʝʥʥʳʤʠ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘʤʠ, ʩʫʱʝʩʪʚʫʶʪ ʦʙʣʘʩʪʠ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʤʦʤʝʥʪʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʬʨʦʥʪʦʚ ʩʠʛʥʘʣʘ ʜʘʥʥʳʭ. ʅʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ 

ʦʙʫʩʣʦʚʣʝʥʘ ʪʘʢ ʥʘʟʳʚʘʝʤʳʤ ʜʞʠʪʪʝʨʦʤ (ʜʨʦʞʘʥʠʝʤ ʬʨʦʥʪʦʚ). ɼʞʠʪʪʝʨʫ ʚ ʨʘʚʥʦʡ ʤʝʨʝ 

ʧʦʜʚʝʨʞʝʥʳ ʠ ʩʧʘʜʳ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ, ʥʦ ʦʥʠ ʥʘʩ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʝ ʠʥʪʝʨʝʩʫʶʪ. 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʛʝʥʝʨʘʪʦʨ VCO ʫʞʝ ʚʦʰʝʣ ʚ ʩʠʥʭʨʦʥʠʟʘʮʠʶ ʩ ʩʠʛʥʘʣʦʤ, 

ʧʦʩʪʫʧʘʶʱʠʤ ʠʟ ʣʠʥʠʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʬʨʦʥʪʳ ʩʠʛʥʘʣʘ DATA ʩ ʨʘʚʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ 

ʩʦʚʤʝʱʝʥʳ ʚʦ ʚʨʝʤʝʥʠ ʩ ʥʫʣʝʚʳʤʠ ʠʣʠ ʝʜʠʥʠʯʥʳʤʠ ʫʨʦʚʥʷʤʠ ʠʥʚʝʨʪʠʨʦʚʘʥʥʦʛʦ ʩʠʛʥʘʣʘ 

CLK. ʅʘ ʨʠʩʫʥʢʝ ʚʝʨʪʠʢʘʣʴʥʳʝ ʩʪʨʝʣʢʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʚʘ ʬʨʦʥʪʘ ʩʠʛʥʘʣʘ DATA 

ʩʦʚʤʝʱʝʥʳ ʩ ʝʜʠʥʠʯʥʳʤ ʫʨʦʚʥʝʤ ʠʥʚʝʨʪʠʨʦʚʘʥʥʦʛʦ ʩʠʛʥʘʣʘ CLK, ʘ ʪʨʝʪʠʡ ð ʩ ʥʫʣʝʚʳʤ 

ʫʨʦʚʥʝʤ. ʇʨʠ ʨʘʚʥʦʚʝʨʦʷʪʥʦʤ ʧʨʠʝʤʝ ʚ ʪʨʠʛʛʝʨ D1 ʣʦʛ. 0 ʠ 1 ʩʠʛʥʘʣ F ʥʘ ʝʛʦ ʚʳʭʦʜʝ 

ʧʦʩʪʦʷʥʥʦ ʠʟʤʝʥʷʝʪʩʷ, ʥʦ ʚ ʩʨʝʜʥʝʤ ʧʨʝʙʳʚʘʝʪ ʚ ʩʦʩʪʦʷʥʠʠ ʣʦʛ. 0 ʩʪʦʣʴʢʦ ʞʝ ʚʨʝʤʝʥʠ, 

ʩʢʦʣʴʢʦ ʠ ʚ ʩʦʩʪʦʷʥʠʠ ʣʦʛ. 1. ʇʨʠ ʵʪʦʤ ʥʘʧʨʷʞʝʥʠʝ U ʥʘ ʚʳʭʦʜʝ ʠʥʪʝʛʨʠʨʫʶʱʝʡ RC-ʮʝʧʠ 

ʧʨʠʤʝʨʥʦ ʨʘʚʥʦ ʧʦʣʦʚʠʥʝ ʥʘʧʨʷʞʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʫʨʦʚʥʶ ʣʦʛ. 1 ʥʘ ʚʳʭʦʜʝ ʪʨʠʛʛʝʨʘ 

D1. 

ʇʨʝʜʧʦʣʦʞʠʤ ʪʝʧʝʨʴ, ʯʪʦ ʚʝʨʪʠʢʘʣʴʥʳʝ ʩʪʨʝʣʢʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʚʦʝʤ ʫʢʘʟʳʚʘʶʪ ʥʘ 

ʥʫʣʝʚʳʝ ʩʦʩʪʦʷʥʠʷ ʩʠʥʭʨʦʩʠʛʥʘʣʘ ʩ ʚʳʭʦʜʘ ʛʝʥʝʨʘʪʦʨʘ VCO. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʩʣʝʜʫʝʪ 
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ʩʣʝʛʢʘ ʫʚʝʣʠʯʠʪʴ ʯʘʩʪʦʪʫ ʩʠʥʭʨʦʩʠʛʥʘʣʘ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʝʛʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤʫ ʬʘʟʦʚʦʤʫ 

ʦʧʝʨʝʞʝʥʠʶ, ʪ. ʝ. ʢ ʥʝʢʦʪʦʨʦʤʫ çʩʞʘʪʠʶ ʚʣʝʚʦè ʝʛʦ ʚʨʝʤʝʥʥʦʡ ʜʠʘʛʨʘʤʤʳ. ʕʪʦ ʠ 

ʧʨʦʠʟʦʡʜʝʪ ʙʣʘʛʦʜʘʨʷ ʪʦʤʫ, ʯʪʦ ʚ ʜʘʥʥʦʡ ʩʠʪʫʘʮʠʠ ʩʠʛʥʘʣ ʫʧʨʘʚʣʝʥʠʷ F ʙʫʜʝʪ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʫʣʝʚʳʤ, ʥʘʧʨʷʞʝʥʠʝ U ʩʥʠʟʠʪʩʷ, ʯʘʩʪʦʪʘ ʩʠʛʥʘʣʘ CLK ʥʝʟʥʘʯʠʪʝʣʴʥʦ 

ʫʚʝʣʠʯʠʪʩʷ. 

ɺ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʩʠʪʫʘʮʠʠ ʚʨʝʤʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʩʠʥʭʨʦʩʠʛʥʘʣʘ ʠʩʭʦʜʥʦ ʯʫʪʴ 

ʩʤʝʱʝʥʘ ʚʣʝʚʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʢʘʟʘʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ. ʊʦʛʜʘ ʩʪʨʝʣʢʠ ʜʦʣʞʥʳ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦʧʘʜʘʪʴ ʥʘ ʝʜʠʥʠʯʥʳʝ ʩʦʩʪʦʷʥʠʷ ʩʠʥʭʨʦʩʠʛʥʘʣʘ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ 

ʩʠʥʭʨʦʩʠʛʥʘʣ ʚʳʨʘʙʘʪʳʚʘʝʪʩʷ ʩ ʦʧʝʨʝʞʝʥʠʝʤ, ʠ ʝʛʦ ʩʣʝʜʫʝʪ ʟʘʜʝʨʞʘʪʴ. ʉʨʝʜʩʪʚʦʤ ʟʘʜʝʨʞʢʠ 

ʩʣʫʞʠʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʯʘʩʪʦʪʳ. ʆʥʦ ʜʦʩʪʠʛʘʝʪʩʷ ʙʣʘʛʦʜʘʨʷ ʪʦʤʫ, ʯʪʦ ʚ ʜʘʥʥʦʡ 

ʩʠʪʫʘʮʠʠ ʫʧʨʘʚʣʷʶʱʠʡ ʩʠʛʥʘʣ F ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʨʘʚʝʥ ʝʜʠʥʠʮʝ, ʥʘʧʨʷʞʝʥʠʝ U 

ʧʦʚʳʰʘʝʪʩʷ, ʯʘʩʪʦʪʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʘʣʳʭ ʧʦʩʪʦʷʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʦʢʦʣʦ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʥʘʠʙʦʣʝʝ ʧʨʘʚʠʣʴʥʘʷ ʧʨʠʚʷʟʢʘ ʩʠʥʭʨʦʩʠʛʥʘʣʘ CLK ʢ ʩʠʛʥʘʣʫ 

DATA. ʊʘʢʘʷ ʧʨʠʚʷʟʢʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʜʘʥʥʳʭ ʥʘ ʚʭʦʜʝ D ʪʨʠʛʛʝʨʘ D2 ʚ ʤʦʤʝʥʪ 

ʧʨʦʭʦʞʜʝʥʠʷ ʬʨʦʥʪʘ ʩʠʛʥʘʣʘ CLK. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʚʳʭʦʜʝ ʩʭʝʤʳ ʬʦʨʤʠʨʫʝʪʩʷ 

ʩʠʥʭʨʦʩʠʛʥʘʣ ʠ ʜʘʥʥʳʝ, ʚʳʜʝʣʝʥʥʳʝ ʠʟ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ DIN. 

ɽʩʣʠ ʩʠʛʥʘʣ DIN ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʥɹʦʛʦ ʚʨʝʤʝʥʠ ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʳʤ, ʪʦ ʫʧʨʘʚʣʝʥʠʝ 

ʛʝʥʝʨʘʪʦʨʦʤ VCO ʪʝʨʷʝʪʩʷ, ʪʘʢ ʢʘʢ ʧʦʩʪʦʷʥʥʦ ʜʝʡʩʪʚʫʶʱʠʡ ʥʘ ʥʝʛʦ ʯʝʨʝʟ ʠʥʪʝʛʨʠʨʫʶʱʫʶ 

ʮʝʧʴ ʥʫʣʝʚʦʡ ʠʣʠ ʝʜʠʥʠʯʥʳʡ ʩʠʛʥʘʣ F ʚʳʟʳʚʘʝʪ ʥʝʫʢʣʦʥʥʦʝ ʧʦʚʳʰʝʥʠʝ ʠʣʠ ʩʥʠʞʝʥʠʝ 

ʯʘʩʪʦʪʳ ʩʠʥʭʨʦʩʠʛʥʘʣʘ. ʉʢʨʝʤʙʣʠʨʦʚʘʥʠʝ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʧʦ ʣʠʥʠʠ ʩʠʛʥʘʣʘ ʧʨʝʜʦʪʚʨʘʱʘʝʪ 

ʝʛʦ ʜʣʠʪʝʣʴʥʫʶ ʬʠʢʩʘʮʠʶ, ʪ. ʝ. ʧʦʚʳʰʘʝʪ ʥʘʜʝʞʥʦʩʪʴ ʩʠʥʭʨʦʥʠʟʘʮʠʠ. 

 

3. ʇʦʨʷʜʦʢ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ 

ʆʧʠʩʘʥʠʝ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ 

ʃʘʙʦʨʘʪʦʨʥʘʷ ʫʩʪʘʥʦʚʢʘ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʠʪʴ ʬʠʟʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩʠʛʥʘʣʦʚ, 

ʣʘʙʦʨʘʪʦʨʥʘʷ ʫʩʪʘʥʦʚʢʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʘʧʧʘʨʘʪʥʫʶ ʠ ʧʨʦʛʨʘʤʤʥʫʶ ʯʘʩʪʴ,  ʘʧʧʘʨʘʪʥʘʷ 

ʯʘʩʪʴ ʩʦʩʪʦʠʪ ʠʟ (ʦʪʣʘʜʦʯʥʘʷ ʧʣʘʪʘ DSP ʠ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ ʩʦʝʜʠʥʝʥʥʦʛʦ ʩ ʥʝʡ ʧʦ 

ʰʠʥʝ USB) ʧʨʦʛʨʘʤʤʥʘʷ ʯʘʩʪʴ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ (ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʜ, ʩʨʝʜʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

visual dsp). ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.12. 
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ʈʠʩʫʥʦʢ 1.12. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʤʘʢʝʪʘ 

 

ʇʦʨʷʜʦʢ ʚʳʧʦʣʥʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ 

1. ʋʷʩʥʠʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʫʟʣʦʚ ʤʘʢʝʪʘ, ʠ ʧʨʠʥʮʠʧʳ  

     h ʠʬʨʦʚʘʥʠʷ ʜʘʥʥʳʭ 

2. ʉʦʙʨʘʪʴ ʣʘʙʦʨʘʪʦʨʥʫʶ ʫʩʪʘʥʦʚʢʫ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʎʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ 

    ʩʠʛʥʘʣʦʚ 

3. ɺʢʣʶʯʠʪʴ ʣʘʙʦʨʘʪʦʨʥʫʶ ʫʩʪʘʥʦʚʢʫ.  

4. ɺʳʧʦʣʥʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʪʢʨʳʪʳʭ ʩʠʛʥʘʣʦʚ, ʧʩʝʚʜʦʩʣʫʯʘʡʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, 

    h ʠʬʨ ʩʠʛʥʘʣʦʚ, ʬʦʨʤʠʨʫʝʤʳʭ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ. 

ʇʨʠʤʝʯʘʥʠʝ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʟʤʝʥʷʪʴ ʧʦ ʫʢʘʟʘʥʠʶ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʧʘʨʘʤʝʪʨʳ: 

ʉʢʦʨʦʩʪʴ ʚʚʦʜʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʅʘʯʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʨʝʛʠʩʪʨʦʚ (ʢʣʶʯ ʰʠʬʨʦʚʘʥʠʷ) 

ɼʣʠʥʫ ʩʜʚʠʛʦʚʦʛʦ ʨʝʛʠʩʪʨʘ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ ʦʪʚʦʜʦʚ. 

ʀʟʦʙʨʘʞʝʥʠʷ ʧʦʣʫʯʘʝʤʳʭ ʩʠʛʥʘʣʦʚ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʫʢʘʟʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʦʤʝʱʘʪʴ ʥʘ ʛʨʘʬʠʢʘʭ ʦʜʠʥ ʧʦʜ ʜʨʫʛʠʤ ʧʨʠ ʥʝʠʟʤʝʥʥʦʤ ʤʘʩʰʪʘʙʝ ʧʦ ʦʩʠ 

ʚʨʝʤʝʥʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʪʴ ʚ ʩʣʝʜʫʶʱʝʤ ʧʦʨʷʜʢʝ: 

1. ɿʘʧʫʩʪʠʪʴ VisualDSP++ Environment (ʥʘ ʨʠʩʫʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥ ʠʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʤʳ). 

2. ɺ ʟʘʢʣʘʜʢʝ Project ʚʳʙʨʘʪʴ New.  

3. ʅʘʞʘʪʴ CTRL+N ʠ ʥʘʧʠʩʘʪʴ ʠʩʭʦʜʥʳʡ ʪʝʢʩʪ.  

4. ʉʦʭʨʘʥʠʪʴ ʩ ʨʘʩʰʠʨʝʥʠʝʤ asm.  

5. ʇʦʜʢʣʶʯʠʪʴ ʵʪʦʪ ʬʘʡʣ ʚ ʧʨʦʝʢʪ, Project->Add to Project->File.  

6. ɼʣʷ ʩʦʟʜʘʥʠʷ ʬʘʡʣʘ ʘʨʭʠʪʝʢʪʫʨʳ ʧʨʦʮʝʩʩʦʨʘ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ 2-4 ʧʫʥʢʪʳ, 

            ʥʦ ʩʦʭʨʘʥʠʪʴ ʩ ʨʘʩʰʠʨʝʥʠʝʤ ldf.  

7. ɼʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʦʪʦʚʦʛʦ ʬʘʡʣʘ ʘʨʭʠʪʝʢʪʫʨʳ ʧʨʦʮʝʩʩʦʨʘ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ 

            ʧʫʥʢʪ  5 ʠ ʥʘʡʪʠ ʝʛʦ.  

8. ɼʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʬʘʡʣʦʚ ʩ ʨʘʩʰʠʨʝʥʠʝʤ dat (ʥʘʧʨʠʤʝʨ, ʩʦʜʝʨʞʘʱʠʭ ʢʦʵʬʬʠʮʠʝʥʪʳ 
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            ʬʠʣʴʪʨʘ), ʥʝʦʙʭʦʜʠʤʦ ʥʘʞʘʪʴ ʟʘʢʣʘʜʢʠ Project->Add to Project->New Folder. 

9. ʇʦʜʢʣʶʯʠʪʴ ʚ ʧʘʧʢʫ ʬʘʡʣʦʚ ʜʘʥʥʳʭ ʥʝʦʙʭʦʜʠʤʳʝ ʬʘʡʣʳ, ʦʜʥʦʢʨʘʪʥʳʤ ʥʘʞʘʪʠʝʤ 

            ʣʝʚʦʡ ʢʥʦʧʢʦʡ ʤʳʰʢʠ ʥʘ ʩʦʟʜʘʥʥʦʡ ʧʘʧʢʝ, ʠ ʱʝʣʯʢʦʤ ʧʨʘʚʦʡ ʢʥʦʧʢʦʡ ʤʳʰʢʠ 

            ʚʳʙʨʘʪʴ Add File(s) to folder.  

10. ʆʪʨʝʜʘʢʪʠʨʦʚʘʪʴ ʪʝʢʩʪ ʠʩʭʦʜʥʦʡ ʧʨʦʛʨʘʤʤʳ ʠ ʦʪʢʦʤʧʠʣʠʨʦʚʘʪʴ ʥʘʞʘʪʠʝʤ 

            ʢʣʘʚʠʰʠ F7.  

11. ʇʨʠ ʧʦʷʚʣʝʥʠʠ ʦʰʠʙʦʢ ʚ Output window, ʧʦʩʤʦʪʨʝʪʴ ʥʦʤʝʨʘ  ʩʪʨʦʢʠ,  

            ʦʪʨʝʜʘʢʪʠʨʦʚʘʪʴ ʠ ʩʥʦʚʘ ʚʳʧʦʣʥʠʪʴ ʧʫʥʢʪ 10.  

12. ʇʦʰʘʛʦʚʦ ʦʪʣʘʞʠʚʘʪʴ  ʢʣʘʚʠʰʝʡ F11 

13. ʀʩʩʣʝʜʦʚʘʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ; 

14. ʀʩʩʣʝʜʦʚʘʪʴ ʧʩʝʚʜʦʩʣʫʯʘʡʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʥʘʯʘʣʴʥʦʛʦ 

            ʩʦʩʪʦʷʥʠʷ ʨʝʛʠʩʪʨʦʚ, ɼʣʠʥʫ ʩʜʚʠʛʦʚʦʛʦ ʨʝʛʠʩʪʨʘ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ ʦʪʚʦʜʦʚ 

15. ʀʩʩʣʝʜʦʚʘʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʰʠʬʨ ʩʠʛʥʘʣʘ, ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

            ʠʟʤʝʥʝʥʥʳʭ ʚ ʧ2. 

16. ʆʧʨʝʜʝʣʠʪʴ ʢʨʠʧʪʦʩʪʦʡʢʦʩʪʴ ʰʠʬʨ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʣʷ 3 ʟʥʘʯʝʥʠʡ ʜʣʠʥʥʳ  

            ʩʜʚʠʛʦʚʦʛʦ ʨʝʛʠʩʪʨʘ. 

17. ʉʜʝʣʘʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʚʳʚʦʜʳ ʧʦ ʢʘʞʜʦʤʫ ʠʟ ʧʫʥʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

 

4. ʈʝʢʦʤʝʥʜʫʝʤʘʷ ʣʠʪʝʨʘʪʫʨʘ 

1. General DSP Training and Workshops: http://www.analog.com/industry/dsp/training 

2. DSP Designerôs Reference (DSP Solutions) CD-ROM, Analog Devices, 1999.  

4. ʄʘʨʧʣ-ʤʣ. ʉ. ʃ.  ʎʠʬʨʦʚʦʡ ʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ ʠ ʝʛʦ ʧʨʠʣʦʞʝʥʠʷ. - ʄ.: ʄʠʨ, 1990, -

234ʩ. 

5. ɻʦʣʴʜʝʥʙʝʨʛ ʃ.ʄ., ʄʘʪʶʰʢʠʥ ɹ.ɼ., ʇʦʣʷʢ ʄ.ʅ.. ʎʠʬʨʦʚʘʷ ʦʙʨʘʙʦʪʢʘ ʩʠʛʥʘʣʦʚ. - ʄ: ʈʘʜʠʦ 

ʠ ʩʚʷʟʴ, 1985, - 340 ʩ. 

6. ʕʤʤʘʥʫʠʣ C. ɸʡʬʠʯʝʨ, ɹʘʨʨʠ ʋ. ɼʞʝʨʚʠʩ. ʎʠʬʨʦʚʘʷ ʦʙʨʘʙʦʪʢʘ ʩʠʛʥʘʣʦʚ: ʧʨʘʢʪʠʯʝʩʢʠʡ 

ʧʦʜʭʦʜ, 2-ʝ ʠʟʜʘʥʠʝ.-  ʄ.: ʀʟʜ-ʚʦ ɺʠʣʴʷʤʩ, 2004. ï 992 ʩ. 
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ʂʦʤʧʴʶʪʝʨʥʳʡ ʧʨʘʢʪʠʢʫʤ 2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ ʰʠʬʨʦʚʘʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʝʪʷʭ ʠ ʩʠʩʪʝʤʘʭ ʨʘʜʠʦʩʚʷʟʠ 

 

 

1. ʎʝʣʴ ʨʘʙʦʪʳ 

 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʘʧʧʘʨʘʪʥʳʡ ʰʠʬʨʘʪʦʨ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʪʘʥʜʘʨʪʘ 

ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ ʟʘʱʠʪʳ AES. ʉʦʟʜʘʥ ʘʧʧʘʨʘʪʥʳʡ ʢʦʤʧʣʝʢʩ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʡ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʥʜʘʨʪʘ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ ʟʘʱʠʪʳ. ʂʦʤʧʣʝʢʩ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʧʧʘʨʘʪʥʳʡ ʧʨʦʜʫʢʪ ʜʣʷ IBM-PC ʩʦʚʤʝʩʪʠʤʳʭ ʇʂ, ʨʝʘʣʠʟʫʶʱʠʡ 

ʘʣʛʦʨʠʪʤ ʰʠʬʨʦʚʘʥʠʷ Rijndael. ɺ ʢʘʯʝʩʪʚʝ ʘʧʧʘʨʘʪʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʣʘʪʘ 

ʬʠʨʤʳ Analog Devices ï EzKit Lite. 

 

 

2. ʂʨʘʪʢʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʩʚʝʜʝʥʠʷ 

 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʢʦʥʢʫʨʝʥʪʥʦʤ ʤʠʨʝ ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʧʦʩʪʦʷʥʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ 

ʩʪʦʠʤʦʩʪʠ ʚʘʞʥʦʡ ʢʦʤʤʝʨʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʰʠʬʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʩʦʢʨʳʪʠʷ ʝʝ ʦʪ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ. ɺ 

ʜʠʧʣʦʤʥʦʤ ʧʨʦʝʢʪʝ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʘʧʧʘʨʘʪʥʳʡ ʰʠʬʨʘʪʦʨ ʜʣʷ ʰʠʬʨʦʚʘʥʠʷ ʬʘʡʣʦʚ ʠ 

ʦʙʝʩʧʝʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʟʘʱʠʪʳ. ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʫʛʨʦʟʘ ʜʦʩʪʫʧʘ ʢ 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʳʤ ʜʘʥʥʳʤ ʩʦ ʩʪʦʨʦʥʳ ʟʣʦʫʤʳʰʣʝʥʥʠʢʦʚ, ʢʦʥʢʫʨʝʥʪʦʚ, ʩʣʝʜʫʝʪ ʦʩʦʟʥʘʪʴ, 

ʯʪʦ ʰʠʬʨʦʚʘʥʠʝ ʬʘʡʣʦʚ ʠ ʪʝʢʩʪʦʚ ï ʵʪʦ ʛʘʨʘʥʪʠʷ ʮʝʣʦʩʪʥʦʩʪʠ ʠ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʚʩʝʭ 

ʩʚʝʜʝʥʠʡ, ʦʪʯʝʪʦʚ ʠ ʜʘʥʥʳʭ. 

  ʉ ʧʦʚʳʰʝʥʠʝʤ ʮʝʥʥʦʩʪʠ ʠ ʟʥʘʯʠʤʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ ʨʘʩʪʝʪ ʠ ʚʘʞʥʦʩʪʴ ʝʝ ʟʘʱʠʪʳ, 

ʧʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʢʘ ʘʧʧʘʨʘʪʥʦʛʦ ʰʠʬʨʘʪʦʨʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʩʧʨʝʮʝʜʝʥʪʥʦʛʦ ʫʨʦʚʥʷ 

ʰʠʬʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ.  

ɸʧʧʘʨʘʪʥʳʝ ʰʠʬʨʘʪʦʨʳ ʧʦʟʚʦʣʷʶʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʳʩʦʯʘʡʰʠʡ ʫʨʦʚʝʥʴ ʰʠʬʨʦʚʘʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʫʪʝʯʢʠ ʠ ʫʪʨʘʪʳ ʠʥʬʦʨʤʘʮʠʠ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʤʠʥʠʤʠʟʘʮʠʠ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʠ ʤʦʨʘʣʴʥʦʛʦ ʫʱʝʨʙʘ. ʊʘʢʞʝ ʠʥʬʦʨʤʘʮʠʷ ï ʵʪʦ ʦʜʥʘ ʠʟ ʚʘʞʥʳʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʨʦʮʝʩʩʘ ʫʧʨʘʚʣʝʥʠʷ, ʘ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʝ ʚʤʝʰʘʪʝʣʴʩʪʚʦ ʚ ʵʪʦʪ ʧʨʦʮʝʩʩ 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʤ ʧʦʩʣʝʜʩʪʚʠʷʤ.     

  ɺʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʭʦʪʠʪʝ ʣʠ ɺʳ ʦʙʝʟʦʧʘʩʠʪʴ ʩʚʝʜʝʥʠʷ ʦʪ ʜʦʩʪʫʧʘ 

ʟʣʦʫʤʳʰʣʝʥʥʠʢʦʚ, ʩʦʙʩʪʚʝʥʥʳʭ ʩʦʪʨʫʜʥʠʢʦʚ, ʨʦʜʩʪʚʝʥʥʠʢʦʚ ʠʣʠ ʢʦʥʢʫʨʝʥʪʦʚ ʘʧʧʘʨʘʪʥʳʡ 

AES-ʰʠʬʨʘʪʦʨ, ʢʘʢ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʡ ʩʨʝʜʩʪʚʦ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ, ʦʙʝʩʧʝʯʠʪ ʥʘʜʝʞʥʦʝ 

ʰʠʬʨʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʠ ʛʘʨʘʥʪʠʶ ʧʦʣʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ.  

ʉʪʘʥʜʘʨʪ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ ʟʘʱʠʪʳ AES (Advanced Encryption Standard ï 

ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʡ ʩʪʘʥʜʘʨʪ ʰʠʬʨʦʚʘʥʠʷ) ʷʚʣʷʝʪʩʷ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʘʠʙʦʣʝʝ 

ʥʘʜʝʞʥʳʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʜʣʠʥʳ ʢʣʶʯʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ. 

ɽʩʣʠ ʚʟʛʣʷʥʫʪʴ ʥʘ ʣʶʙʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʯʝʣʦʚʝʢʘ, ʛʜʝ ʝʩʪʴ ʤʝʩʪʦ ʜʣʷ ʢʦʤʤʝʨʯʝʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʠ, ʤʳ ʤʦʞʝʤ ʚʩʪʨʝʪʠʪʴ ʩʪʘʥʜʘʨʪ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ ʟʘʱʠʪʳ AES. ɹʫʜʴ ʪʦ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʷ, ʛʜʝ ʥʦʨʤʦʡ ʩʪʘʣʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʫʣʝʡ ʰʠʬʨʦʚʘʥʠʷ, ʠʣʠ ʧʝʨʝʜʘʯʘ 

ʜʘʥʥʳʭ ʯʝʨʝʟ ʵʣʝʢʪʨʦʥʥʫʶ ʧʦʯʪʫ ʠ ʪ.ʜ. 

 

ʐʠʬʨʦʚʘʥʠʝ 

 

ʉ ʨʘʟʚʠʪʠʝʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚʩʝ ʙʦʣʴʰʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ 

ʧʨʦʙʣʝʤʘ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ð ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʝʝ ʫʪʝʯʢʠ, ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʠ 

ʥʝʧʨʝʜʥʘʤʝʨʝʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʥʝʝ. ʆʜʥʘ ʠʟ ʚʘʞʥʝʡʰʠʭ ʦʙʣʘʩʪʝʡ ʵʪʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ï ʢʨʠʧʪʦʛʨʘʬʠʷ, ʢʦʪʦʨʘʷ ʧʨʠʟʚʘʥʘ ʦʙʝʩʧʝʯʠʪʴ ʘʫʪʝʥʪʠʯʥʦʩʪʴ ʠ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ 

ʧʝʨʝʜʘʚʘʝʤʳʭ ʩʦʦʙʱʝʥʠʡ. ɼʣʷ ʨʝʰʝʥʠʷ ʧʝʨʚʦʡ ʟʘʜʘʯʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ʵʣʝʢʪʨʦʥʥʦʡ 



 27 

ʮʠʬʨʦʚʦʡ ʧʦʜʧʠʩʠ ʢʘʢ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʘʥʘʣʦʛʘ ʧʦʜʧʠʩʠ ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ ʣʠʮʘ ʠ ʧʝʯʘʪʠ 

ʦʨʛʘʥʠʟʘʮʠʠ, ʜʣʷ ʨʝʰʝʥʠʷ ʚʪʦʨʦʡ ï ʰʠʬʨʦʚʘʥʠʝ. 

ʇʦʜ ʰʠʬʨʦʤ ʚ ʢʨʠʧʪʦʛʨʘʬʠʠ ʧʦʥʠʤʘʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʦʙʨʘʪʠʤʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ 

ʤʥʦʞʝʩʪʚʘ ʚʦʟʤʦʞʥʳʭ ʦʪʢʨʳʪʳʭ ʜʘʥʥʳʭ ʚʦ ʤʥʦʞʝʩʪʚʦ ʚʦʟʤʦʞʥʳʭ ʟʘʰʠʬʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ, 

ʨʘʩʰʠʬʨʦʚʘʪʴ ʠ ʧʦʥʷʪʴ ʢʦʪʦʨʳʝ ʥʝʣʝʛʘʣʴʥʳʡ ʧʦʣʴʟʦʚʘʪʝʣʴ (ʟʣʦʫʤʳʰʣʝʥʥʠʢ) ʥʝ ʚ ʩʠʣʘʭ. ʕʪʠ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʧʦ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʘʣʛʦʨʠʪʤʫ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʣʶʯʘ ð 

ʢʦʥʢʨʝʪʥʦʛʦ ʩʝʢʨʝʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʥʝʢʦʪʦʨʳʭ ʧʘʨʘʤʝʪʨʦʚ ʢʨʠʧʪʦʘʣʛʦʨʠʪʤʘ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʚʳʙʦʨ ʦʜʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʟ ʚʩʝʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʚʘʨʠʘʥʪʦʚ, ʚʦʟʤʦʞʥʳʭ 

ʜʣʷ ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ. ʉʪʦʡʢʠʝ ʢʨʠʧʪʦʘʣʛʦʨʠʪʤʳ (ʢ ʯʠʩʣʫ ʢʦʪʦʨʳʭ, ʥʘʧʨʠʤʝʨ, ʦʪʥʦʩʠʪʩʷ 

ʦʪʝʯʝʩʪʚʝʥʥʳʡ ɻʆʉʊ 28147_89 ʠʣʠ ʘʤʝʨʠʢʘʥʩʢʠʡ AES) ʩʧʦʩʦʙʥʳ ʦʙʝʩʧʝʯʠʪʴ 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ ʩʦʦʙʱʝʥʠʡ ʜʘʞʝ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʟʣʦʫʤʳʰʣʝʥʥʠʢʫ ʠʟʚʝʩʪʥʳ ʦʪʢʨʳʪʳʝ 

ʠ ʟʘʰʠʬʨʦʚʘʥʥʳʝ ʪʝʢʩʪʳ ʠ ʩʘʤʠ ʧʨʘʚʠʣʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʚ ʦʪʢʨʳʪʳʭ 

ʢʨʠʧʪʦʩʠʩʪʝʤʘʭ ʥʝʦʙʭʦʜʠʤʦ ʩʦʭʨʘʥʷʪʴ ʚ ʪʘʡʥʝ ʪʦʣʴʢʦ ʢʣʶʯʠ. 

ʇʨʠ ʵʪʦʤ ʧʦʣʥʦʩʪʴʶ ʠʩʢʣʶʯʝʥʳ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ, ʩʢʘʞʝʤ, ʢʨʘʞʘ ʰʠʬʨʘʪʦʨʘ ʠʣʠ ʧʫʙʣʠʢʘʮʠʷ 

ʪʝʢʩʪʘ ʘʣʛʦʨʠʪʤʘ ʜʘʩʪ ʟʣʦʫʤʳʰʣʝʥʥʠʢʫ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʢʨʳʪʴ ʟʘʰʠʬʨʦʚʘʥʥʳʝ ʜʘʥʥʳʝ. 

ʉʭʝʤʘ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʰʠʬʨʦʚʘʥʠʝ ʧʝʨʝʜʘʚʘʝʤʦʡ 

ʠʥʬʦʨʤʘʮʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ.2.1.  

 
ʈʠʩʫʥʦʢ 2.1.  ʉʭʝʤʘ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ ʩʠʩʪʝʤ r

 

ʆʪʧʨʘʚʠʪʝʣʴ ʛʝʥʝʨʠʨʫʝʪ ʦʪʢʨʳʪʳʡ ʪʝʢʩʪ ʠʩʭʦʜʥʦʛʦ ʩʦʦʙʱʝʥʠʷ ʄ, ʢʦʪʦʨʦʝ ʜʦʣʞʥʦ 

ʙʳʪʴ ʧʝʨʝʜʘʥʦ ʟʘʢʦʥʥʦʤʫ ʧʦʣʫʯʘʪʝʣʶ ʧʦ ʥʝʟʘʱʠʱʝʥʥʦʤʫ ʢʘʥʘʣʫ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ 

ʟʣʦʫʤʳʰʣʝʥʥʠʢ ʥʝ ʩʤʦʛ ʫʟʥʘʪʴ ʩʦʜʝʨʞʘʥʠʝ ʩʦʦʙʱʝʥʠʷ ʄ, ʦʪʧʨʘʚʠʪʝʣʴ ʟʘʰʠʬʨʦʚʳʚʘʝʪ ʝʛʦ ʧʦ 

ʢʣʶʯʫ ʂ ʩ ʧʦʤʦʱʴʶ ʦʙʨʘʪʠʤʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ KE  ʠ ʩʦʟʜʘʝʪ ʰʠʬʨʪʝʢʩʪ (ʠʣʠ 

ʢʨʠʧʪʦʛʨʘʤʤʫ) ʉ = KE  (ʄ), ʢʦʪʦʨʳʡ ʦʪʧʨʘʚʣʷʝʪ ʧʦʣʫʯʘʪʝʣʶ. ɿʘʢʦʥʥʳʡ ʧʦʣʫʯʘʪʝʣʴ, ʧʨʠʥʷʚ 

ʰʠʬʨʪʝʢʩʪ ʉ, ʨʘʩʰʠʬʨʦʚʳʚʘʝʪ ʝʛʦ ʩ ʧʦʤʦʱʴʶ ʦʙʨʘʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ1)( -= KK ECD (ʉ) = ʠ 

ʧʦʣʫʯʘʝʪ ʠʩʭʦʜʥʦʝ ʩʦʦʙʱʝʥʠʝ ʚ ʚʠʜʝ ʦʪʢʨʳʪʦʛʦ ʪʝʢʩʪʘ ʄ:MMEECD KKK == - )]([)( 1 . ɼʘʥʥʘʷ 

ʩʠʩʪʝʤʘ ʰʠʬʨʦʚʘʥʠʷ ʥʘʟʳʚʘʝʪʩʷ ʩʠʤʤʝʪʨʠʯʥʦʡ, ʧʦʩʢʦʣʴʢʫ ʟʘʰʠʬʨʦʚʘʥʠʝ ʠ ʨʘʩʰʠʬʨʦʚʘʥʠʝ 

ʧʨʦʠʟʚʦʜʷʪʩʷ ʩ ʧʦʤʦʱʴʶ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʢʣʶʯʘ ʂ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʝʥʠʝ 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʵʪʦʛʦ ʢʣʶʯʘ (ʩʠʤʤʝʪʨʠʯʥʳʝ ʩʠʩʪʝʤʳ ʠʤʝʥʫʶʪʩʷ ʪʘʢʞʝ ʦʜʥʦʢʣʶʯʝʚʳʤʠ 

ʠʣʠ ʩʠʩʪʝʤʘʤʠ ʩ ʩʝʢʨʝʪʥʳʤ ʢʣʶʯʦʤ).  

ʂʘʢ ʨʘʟ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʮʝʣʝʡ ʰʠʬʨʦʚʘʥʠʷ ʩʫʱʝʩʪʚʫʶʪ ʫʩʪʨʦʡʩʪʚʘ ʥʘʟʳʚʘʝʤʳʝ 

ʰʠʬʨʘʪʦʨʘʤʠ. 

 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʤʝʪʦʜʦʚ ʰʠʬʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ 

ʆʩʥʦʚʥʳʝ ʦʙʲʝʢʪʳ ʠʟʫʯʝʥʠʷ ʢʣʘʩʩʠʯʝʩʢʦʡ ʢʨʠʧʪʦʛʨʘʬʠʠ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʦʢ 1.2, ʛʜʝ 

ɸ ʠ ɺ - ʟʘʢʦʥʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʠ, W - ʧʨʦʪʠʚʥʠʢ ʠʣʠ ʢʨʠʧʪʦʘʥʘʣʠʪʠʢ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʩʭʝʤʘ ʥʘ 

ʨʠʩʫʥʢʝ 1.2ʘ ʬʘʢʪʠʯʝʩʢʠ ʷʚʣʷʝʪʩʷ ʯʘʩʪʥʳʤ ʩʣʫʯʘʝʤ ʩʭʝʤʳ ʥʘ ʨʠʩʫʥʢʝ 1.2ʙ ʧʨʠ ɺ = ɸ, ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʪʦʣʴʢʦ ʦʥʘ. 

ʇʨʦʮʝʜʫʨʳ ʟʘʰʠʬʨʦʚʘʥʠʷ (encryption) ʠ ʨʘʩʰʠʬʨʦʚʘʥʠʷ (decryption) ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ 

ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 
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c= Ek(p), 

p= Dk(c), 
 

ʛʜʝ  

ʨ ʠ ʩ - ʦʪʢʨʳʪʳʡ (plaintext) ʠ ʟʘʰʠʬʨʦʚʘʥʥʳʡ (ciphertext) ʪʝʢʩʪʳ;  

ke ʠ kd - ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢʣʶʯʠ ʟʘʰʠʬʨʦʚʘʥʠʷ ʠ ʨʘʩʰʠʬʨʦʚʠʠʠʷ; 

Ek ʠ Dk- ʬʫʥʢʮʠʠ ʟʘʰʠʬʨʦʚʘʥʠʷ ʩ ʢʣʶʯʦʤ ʢe ʠ ʨʘʩʰʠʬʨʦʚʘʥʠʷ ʩ ʢʣʶʯʦʤ kd 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠʯʝʤ ʜʣʷ ʣʶʙʦʛʦ ʦʪʢʨʳʪʦʛʦ ʪʝʢʩʪʘ ʨ ʩʧʨʘʚʝʜʣʠʚʦ Dk(Ek(p))=p. 

 
 

ʈʠʩʫʥʦʢ 2.2.  ʂʨʠʧʪʦʟʘʱʠʪʘ: ʘ - ʧʨʠ ʭʨʘʥʝʥʠʠ ʠʥʬʦʨʤʘʮʠʠ; ʙ - ʧʨʠ ʧʝʨʝʜʘʯʝ 

ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʢʘʥʘʣʫ ʩʚʷʟʠ 

 

ʅʘ ʨʠʩʫʥʢʝ  ʧʨʠʚʝʜʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʤʝʪʦʜʦʚ ʰʠʬʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ. ʈʘʟʣʠʯʘʶʪ 

ʜʚʘ ʪʠʧʘ ʘʣʛʦʨʠʪʤʦʚ ʰʠʬʨʦʚʘʥʠʷ: ʩʠʤʤʝʪʨʠʯʥʳʝ (ʩ ʩʝʢʨʝʪʥʳʤ ʢʣʶʯʦʤ) ʠ ʘʩʠʤʤʝʪʨʠʯʥʳʝ (ʩ 

ʦʪʢʨʳʪʳʤ ʢʣʶʯʦʤ). ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʦʙʳʯʥʦ ʢʣʶʯ ʨʘʩʰʠʬʨʦʚʘʥʠʷ ʩʦʚʧʘʜʘʝʪ ʩ ʢʣʶʯʦʤ 

ʟʘʰʠʬʨʦʚʘʥʠʷ, ʪ. ʝ. 

ke = kd = k, 

ʣʠʙʦ ʟʥʘʥʠʝ ʢʣʶʯʘ ʟʘʰʠʬʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ ʚʳʯʠʩʣʠʪʴ ʢʣʶʯ ʨʘʩʰʠʬʨʦʚʘʥʠʷ. 

ɺ ʘʩʠʤʤʝʪʨʠʯʥʳʭ ʘʣʛʦʨʠʪʤʘʭ ʪʘʢʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʩʫʪʩʪʚʫʝʪ: ʜʣʷ ʟʘʰʠʬʨʦʚʘʥʠʷ ʠ 

ʨʘʩʰʠʬʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʥʳʝ ʢʣʶʯʠ, ʧʨʠʯʝʤ ʟʥʘʥʠʝ ʦʜʥʦʛʦ ʠʟ ʥʠʭ ʥʝ ʜʘʝʪ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʦʧʨʝʜʝʣʠʪʴ ʜʨʫʛʦʡ.  
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ʈʠʩʫʥʦʢ 2.3.  ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʤʝʪʦʜʦʚ ʰʠʬʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ 

 

ɺ ʧʨʦʮʝʩʩʝ ʰʠʬʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʷ ʜʝʣʠʪʩʷ ʥʘ ʧʦʨʮʠʠ ʚʝʣʠʯʠʥʦʡ ʦʪ ʦʜʥʦʛʦ ʜʦ ʩʦʪʝʥ 

ʙʠʪ. ʂʘʢ ʧʨʘʚʠʣʦ, ʧʦʪʦʯʥʳʝ ʰʠʬʨʳ ʦʧʝʨʠʨʫʶʪ ʩ ʙʠʪʘʤʠ ʦʪʢʨʳʪʦʛʦ ʠ ʟʘʢʨʳʪʦʛʦ ʪʝʢʩʪʦʚ, ʘ 

ʙʣʦʯʥʳʝ - ʩ ʙʣʦʢʘʤʠ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʜʣʠʥʳ. ʅʦ ʛʣʘʚʥʦʝ ʦʪʣʠʯʠʝ ʤʝʞʜʫ ʵʪʠʤʠ ʜʚʫʤʷ 

ʤʝʪʦʜʘʤʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚ ʙʣʦʯʥʳʭ ʰʠʬʨʘʭ ʜʣʷ ʰʠʬʨʦʚʘʥʠʷ ʚʩʝʭ ʧʦʨʮʠʡ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʢʣʶʯ, ʘ ʚ ʧʦʪʦʯʥʳʭ - ʜʣʷ ʢʘʞʜʦʡ ʧʦʨʮʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʚʦʡ ʢʣʶʯ 

ʪʦʡ ʞʝ ʨʘʟʤʝʨʥʦʩʪʠ. ʀʥʘʯʝ ʛʦʚʦʨʷ, ʚ ʧʦʪʦʯʥʳʭ ʰʠʬʨʘʭ ʠʤʝʝʪ ʤʝʩʪʦ ʟʘʚʠʩʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʘ 

ʰʠʬʨʦʚʘʥʠʷ ʧʦʨʮʠʠ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʝʝ ʧʦʟʠʮʠʠ ʚ ʪʝʢʩʪʝ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʠ ʦʪ 

ʨʝʟʫʣʴʪʘʪʦʚ ʰʠʬʨʦʚʘʥʠʷ ʧʨʝʜʳʜʫʱʠʭ ʧʦʨʮʠʡ ʪʝʢʩʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ 

ʧʦʪʦʯʥʦʡ ʢʨʠʧʪʦʩʠʩʪʝʤʳ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʵʣʝʤʝʥʪʘʭ ʧʘʤʷʪʠ, ʠʟʤʝʥʷʷ ʩʦʩʪʦʷʥʠʝ 

ʢʦʪʦʨʳʭ, ʤʦʞʥʦ ʚʳʨʘʙʘʪʳʚʘʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ (ʧʦʪʦʢ) ʢʣʶʯʝʚʦʡ ʠʥʬʦʨʤʘʮʠʠ. ɹʣʦʯʥʫʶ 

ʞʝ ʢʨʠʧʪʦʩʠʩʪʝʤʫ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʟʘʚʠʩʷʱʫʶ ʦʪ ʢʣʶʯʘ ʧʦʜʩʪʘʥʦʚʢʫ ʥʘ ʤʥʦʞʝʩʪʚʝ 

ʟʥʘʯʝʥʠʡ ʙʣʦʢʦʚ ʦʪʢʨʳʪʦʛʦ ʪʝʢʩʪʘ. 

ɼʦʩʪʦʠʥʩʪʚʦʤ ʧʦʪʦʯʥʳʭ ʰʠʬʨʦʚ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʰʠʬʨʦʚʘʥʠʷ, ʢʦʪʦʨʘʷ ʠ 

ʦʧʨʝʜʝʣʷʝʪ ʦʙʣʘʩʪʴ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʰʠʬʨʦʚʘʥʠʝ ʜʘʥʥʳʭ, ʪʨʝʙʫʶʱʠʭ ʦʧʝʨʘʪʠʚʥʦʡ ʜʦʩʪʘʚʢʠ 

ʧʦʪʨʝʙʠʪʝʣʶ, ʥʘʧʨʠʤʝʨ, ʘʫʜʠʦ- ʠ ʚʠʜʝʦʠʥʬʦʨʤʘʮʠʠ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ 

ʢʣʘʩʩʠʯʝʩʢʠʭ ʙʣʦʯʥʳʭ ʰʠʬʨʦʚ ʦʜʠʥʘʢʦʚʳʤ ʙʣʦʢʘʤ ʦʪʢʨʳʪʦʛʦ ʪʝʢʩʪʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʦʜʠʥʘʢʦʚʳʝ ʙʣʦʢʠ ʰʠʬʨʦʪʝʢʩʪʘ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʩʝʨʴʝʟʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ, ʥʘ ʧʨʘʢʪʠʢʝ ʧʦʣʫʯʠʣʠ 

ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜʳ ʰʠʬʨʦʚʘʥʠʷ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʦʜʠʥ ʠʟ 

ʩʣʝʜʫʶʱʠʭ ʧʨʠʥʮʠʧʦʚ:  

¶ "ʩʮʝʧʣʝʥʠʝ" ʙʣʦʢʦʚ; 

¶ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʪʦʢʘ ʢʣʶʯʝʡ (ʛʘʤʤʳ ʰʠʬʨʘ) ʩ ʧʦʤʦʱʴʶ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ 

ʛʝʥʝʨʘʪʦʨʦʚ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʢʦʜʦʚ (ɻʇʂ), ʚ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʠ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʢʦʪʦʨʳʭ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʫʥʢʮʠʷ ʟʘʰʠʬʨʦʚʘʥʠʷ ʙʣʦʯʥʦʛʦ ʰʠʬʨʘ. 

 

ɹʣʦʯʥʳʝ ʩʦʩʪʘʚʥʳʝ ʰʠʬʨʳ 

 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʡ ʰʠʬʨ G ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ 

G = (P,C,K,F), 
ʛʜʝ 

ʈ - ʤʥʦʞʝʩʪʚʦ ʚʭʦʜʥʳʭ ʟʥʘʯʝʥʠʡ, 

ʉ - ʤʥʦʞʝʩʪʚʦ ʚʳʭʦʜʥʳʭ ʟʥʘʯʝʥʠʡ, 
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ʂ - ʧʨʦʩʪʨʘʥʩʪʚʦ ʢʣʶʯʝʡ, 

F - ʬʫʥʢʮʠʷ ʟʘʰʠʬʨʦʚʘʥʠʷ 

F: P³K ­ ʉ 
ʇʫʩʪʴ ʩʦʩʪʘʚʥʦʡ ʰʠʬʨ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʝʤʝʡʩʪʚʦʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ Gi, ʠʤʝʶʱʠʤʠ ʦʙʱʠʝ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʟʥʘʯʝʥʠʡ, ʪ. ʝ. ʈi = ʉi- = ʄ, ʧʨʠ ʵʪʦʤ ʨʝʟʫʣʴʪʘʪ ʜʝʡʩʪʚʠʷ 

ʬʫʥʢʮʠʠ Fi ʟʘʚʠʩʠʪ ʦʪ ʢʣʶʯʝʚʦʛʦ ʵʣʝʤʝʥʪʘ k i Í K i. ʅʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʩʝʤʝʡʩʪʚʘ ʩ ʧʦʤʦʱʴʶ 

ʦʧʝʨʘʮʠʠ ʢʦʤʧʦʟʠʮʠʠ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʰʠʬʨ, ʟʘʜʘʚʘʝʤʳʡ ʦʪʦʙʨʘʞʝʥʠʝʤ 

F: M ³ (K1 ³ ʂ2 ³ ... ³ ʂʛ) ­ʄr, 
ʧʨʠʯʝʤ 

F = FrÖ...F2ÖF1, 

ʘ ʢʣʶʯʦʤ ʷʚʣʷʝʪʩʷ ʚʝʢʪʦʨ 

(k1,k2,é,kr) Í K1 ³ K2 ³ é ³ K r 

ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ Fi ʥʘʟʳʚʘʝʪʩʷ i-ʤ ʨʘʫʥʜʦʤ ʰʠʬʨʦʚʘʥʠʷ, ʢʣʶʯ k i - ʨʘʫʥʜʦʚʳʤ ʢʣʶʯʦʤ. 

ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʨʘʫʥʜʦʚʳʝ ʢʣʶʯʠ ʧʦʣʫʯʘʶʪʩʷ ʠʟ ʢʣʶʯʘ ʚʩʝʡ ʩʠʩʪʝʤʳ ʩ ʧʦʤʦʱʴʶ 

ʘʣʛʦʨʠʪʤʘ ʚʳʨʘʙʦʪʢʠ ʨʘʫʥʜʦʚʳʭ ʢʣʶʯʝʡ (ʧʨʠ ʵʪʦʤ ʨʘʟʤʝʨ ʢʣʶʯʘ ʩʠʩʪʝʤʳ ʩʫʱʝʩʪʚʝʥʥʦ 

ʤʝʥʴʰʝ ʩʫʤʤʘʨʥʦʛʦ ʨʘʟʤʝʨʘ ʚʩʝʭ ʨʘʫʥʜʦʚʳʭ ʢʣʶʯʝʡ). ɽʩʣʠ ʢʣʶʯʝʚʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʂi ʠ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ Fi ʜʣʷ ʚʩʝʭ ʨʘʫʥʜʦʚ ʩʦʚʧʘʜʘʶʪ, ʪʘʢʦʡ ʩʦʩʪʘʚʥʦʡ ʰʠʬʨ ʥʘʟʳʚʘʝʪʩʷ 

ʠʪʝʨʘʮʠʦʥʥʳʤ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʤ ʩʦʙʦʡ ʢʦʤʧʦʟʠʮʠʶ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ 

ʬʫʥʢʮʠʠ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʩ ʨʘʟʥʳʤʠ ʢʣʶʯʘʤʠ. 

ʀʜʝʷ, ʣʝʞʘʱʘʷ ʚ ʦʩʥʦʚʝ ʩʦʩʪʘʚʥʳʭ (ʠʣʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ) ʙʣʦʯʥʳʭ ʰʠʬʨʦʚ, ʩʦʩʪʦʠʪ ʚ 

ʧʦʩʪʨʦʝʥʠʠ ʢʨʠʧʪʦʩʪʦʡʢʦʡ ʩʠʩʪʝʤʳ ʧʫʪʝʤ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʳʭ 

ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʳʭ ʂ.ʐʝʥʥʦʥ ʧʨʝʜʣʦʞʠʣ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʜʩʪʘʥʦʚʢʠ (substitution) ʠ ʧʝʨʝʩʪʘʥʦʚʢʠ (permutation), ʩʭʝʤʳ, ʨʝʘʣʠʟʫʶʱʠʝ 

ʵʪʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʥʘʟʳʚʘʶʪʩʷ SP-ʩʝʪʷʤʠ. 

ʄʥʦʛʦʢʨʘʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʦʜʩʪʘʥʦʚʢʠ ʠ ʧʝʨʝʩʪʘʥʦʚʢʠ (ʨʠʩ.1.4) 

ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʜʚʘ ʩʚʦʡʩʪʚʘ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʠʩʫʱʠ ʩʪʦʡʢʠʤ ʰʠʬʨʘʤ: 

¶ ʨʘʩʩʝʠʚʘʥʠʝ (diffusion) ʠ  

¶ ʧʝʨʝʤʝʰʠʚʘʥʠʝ (confusion) (ʨʠʩʫʥʦʢ ).  

ʈʘʩʩʝʠʚʘʥʠʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʣʠʷʥʠʷ ʦʜʥʦʛʦ ʟʥʘʢʘ ʦʪʢʨʳʪʦʛʦ ʪʝʢʩʪʘ, ʘ 

ʪʘʢʞʝ ʦʜʥʦʛʦ ʟʥʘʢʘ ʢʣʶʯʘ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʟʥʘʢʦʚ ʰʠʬʨʦʪʝʢʩʪʘ. ʅʘʣʠʯʠʝ ʫ ʰʠʬʨʘ 

ʵʪʦʛʦ ʩʚʦʡʩʪʚʘ ʧʦʟʚʦʣʷʝʪ: 

¶ ʩʢʨʳʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʟʥʘʢʘʤʠ ʦʪʢʨʳʪʦʛʦ ʪʝʢʩʪʘ, ʠʥʘʯʝ ʛʦʚʦʨʷ, 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʠʪʴ ʠʟʙʳʪʦʯʥʦʩʪʴ ʠʩʭʦʜʥʦʛʦ ʷʟʳʢʘ ʧʦʩʨʝʜʩʪʚʦʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʝʝ ʥʘ ʚʝʩʴ 

ʪʝʢʩʪ; 

¶ ʥʝ ʧʦʟʚʦʣʷʝʪ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʥʝʠʟʚʝʩʪʥʳʡ ʢʣʶʯ ʧʦ ʯʘʩʪʷʤ. 
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ʈʠʩʫʥʦʢ 2.4. ʉʭʝʤʘ ʧʨʦʩʪʝʡʰʝʛʦ ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʰʠʬʨʘ 
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ʈʠʩʫʥʦʢ 2.5. ʈʘʩʩʝʠʚʘʥʠʝ ʠ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʚ Sʈ-ʩʝʪʠ 

 

ʎʝʣʴ ʧʝʨʝʤʝʰʠʚʘʥʠʷ - ʩʜʝʣʘʪʴ ʢʘʢ ʤʦʞʥʦ ʙʦʣʝʝ ʩʣʦʞʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʢʣʶʯʦʤ ʠ 

ʰʠʬʨʦʪʝʢʩʪʦʤ. ʂʨʠʧʪʦʘʥʘʣʠʪʠʢ ʥʘ ʦʩʥʦʚʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʝʨʝʤʝʰʘʥʥʦʛʦ ʪʝʢʩʪʘ ʥʝ 

ʜʦʣʞʝʥ ʧʦʣʫʯʠʪʴ ʩʢʦʣʴïʥʠʙʫʜʴ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʥʦʤ 

ʢʣʶʯʝ. 

ʇʨʠʤʝʥʝʥʠʝ ʨʘʩʩʝʠʚʘʥʠʷ ʠ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʧʦʨʦʟʥʴ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʫʶ 

ʩʪʦʡʢʦʩʪʴ, ʥʘʜʝʞʥʘʷ ʢʨʠʧʪʦʩʠʩʪʝʤʘ ʧʦʣʫʯʘʝʪʩʷ ʪʦʣʴʢʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʭ ʩʦʚʤʝʩʪʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʙʣʦʯʥʳʭ ʢʨʠʧʪʦʩʠʩʪʝʤʘʭ ʨʘʫʥʜʦʚʳʝ ʰʠʬʨʳ ʩʪʨʦʷʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʧʝʨʘʮʠʡ ʟʘʤʝʥʳ ʜʚʦʠʯʥʳʭ ʢʦʜʦʚ ʥʝʙʦʣʴʰʦʡ ʨʘʟʨʷʜʥʦʩʪʠ (ʩʭʝʤʳ, 

ʨʝʘʣʠʟʫʶʱʠʝ ʵʪʫ ʥʝʣʠʥʝʡʥʫʶ ʦʧʝʨʘʮʠʶ, ʥʘʟʳʚʘʶʪʩʷ S-ʙʣʦʢʘʤʠ; ʢʘʢ ʧʨʘʚʠʣʦ, ʠʤʝʥʥʦ ʦʪ ʠʭ 

ʩʚʦʡʩʪʚ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʟʘʚʠʩʠʪ ʩʪʦʡʢʦʩʪʴ ʚʩʝʡ ʩʠʩʪʝʤʳ), ʧʝʨʝʩʪʘʥʦʚʢʠ ʵʣʝʤʝʥʪʦʚ 

ʜʚʦʠʯʥʳʭ ʢʦʜʦʚ, ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʠ ʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʥʘʜ ʜʚʦʠʯʥʳʤʠ ʢʦʜʘʤʠ. ʂʘʞʜʳʡ 

ʨʘʫʥʜʦʚʳʡ ʰʠʬʨ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ, ʩʣʘʙʳʤ ʩ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ ʪʦʯʢʠ 

ʟʨʝʥʠʷ. ɽʜʠʥʩʪʚʝʥʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʩʦʩʪʘʚʥʦʛʦ ʰʠʬʨʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʟʘʧʨʝʪʝ 

ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʜʚʫʭ ʩʦʩʝʜʥʠʭ ʨʘʫʥʜʘʭ ʰʠʬʨʦʚʘʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʠʤʝʶʱʠʭ ʦʙʱʫʶ 

ʧʨʦʟʨʘʯʥʦʩʪʴ. 

ʇʫʩʪʴ F: ʭ ð> ʫ, ʭ, ʫ Í ʄ, ʠ ʥʘ ʤʥʦʞʝʩʪʚʝ ʄ ʦʧʨʝʜʝʣʝʥʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ g ʠ h. ɽʩʣʠ F(g(x)) = 

h(y), F ʧʨʦʟʨʘʯʥʦ ʜʣʷ g, a g ʧʨʦʟʨʘʯʥʦ ʜʣʷ F. 

ʇʨʠʤʝʨʘʤʠ ʧʨʦʟʨʘʯʥʳʭ ʦʧʝʨʘʮʠʡ ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ ʦʧʝʨʘʮʠʠ ʮʠʢʣʠʯʝʩʢʦʛʦ ʩʜʚʠʛʘ, 

ʟʘʤʝʥʳ ʠ ʪ. ʧ. ɽʩʣʠ ʜʚʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʚʳʙʨʘʥʥʳʝ ʚ ʢʘʯʝʩʪʚʝ ʩʦʩʝʜʥʠʭ ʨʘʫʥʜʦʚ, ʠʤʝʶʪ 

ʦʙʱʫʶ ʧʨʦʟʨʘʯʥʦʩʪʴ g, ʠ ʧʨʠ ʵʪʦʤ ʩʫʱʝʩʪʚʫʝʪ ʧʨʦʩʪʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ, ʥʝ ʧʨʦʟʨʘʯʥʦʝ ʜʣʷ g, 
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ʵʪʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʩʣʝʜʫʝʪ ʧʦʤʝʩʪʠʪʴ ʤʝʞʜʫ ʜʚʫʤʷ ʨʘʫʥʜʘʤʠ ʰʠʬʨʦʚʘʥʠʷ, ʠ ʧʦʣʫʯʝʥʥʘʷ 

ʢʦʤʧʦʟʠʮʠʷ ʫʞʝ ʥʝ ʙʫʜʝʪ ʧʨʦʟʨʘʯʥʦʡ ʜʣʷ g. ʊʘʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʯʘʱʝ ʚʩʝʛʦ ʥʝ ʟʘʚʠʩʷʱʠʝ 

ʦʪ ʢʣʶʯʘ, ʥʘʟʳʚʘʶʪʩʷ ʙʫʬʝʨʘʤʠ. ʇʦʤʠʤʦ ʚʥʫʪʨʝʥʥʠʭ ʠʥʦʛʜʘ ʧʨʠʤʝʥʷʶʪ ʠ ʚʥʝʰʥʠʝ ʙʫʬʝʨʘ, 

ʚʳʧʦʣʥʷʶʱʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʟʘʚʠʩʷʱʠʝ ʠʣʠ ʥʝ ʟʘʚʠʩʷʱʠʝ ʦʪ ʢʣʶʯʘ. 

ɺʘʞʥʳʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʤʥʦʛʠʭ ʩʦʩʪʘʚʥʳʭ ʰʠʬʨʦʚ ʷʚʣʷʝʪʩʷ ʠʭ ʩʠʤʤʝʪʨʠʯʥʦʩʪʴ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʧʝʨʘʮʠʡ ʟʘʰʠʬʨʦʚʘʥʠʷ ʠ ʨʘʩʰʠʬʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʧʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʤʦʛʫʪ 

ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ ʥʘ ʦʜʥʦʤ ʫʩʪʨʦʡʩʪʚʝ. ʇʝʨʝʭʦʜ ʦʪ ʦʜʥʦʛʦ ʨʝʞʠʤʘ ʢ ʜʨʫʛʦʤʫ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʟʘʤʝʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʨʘʫʥʜʦʚʳʭ ʢʣʶʯʝʡ ʥʘ ʦʙʨʘʪʥʫʶ. 

ʉʦʩʪʘʚʥʳʝ ʰʠʬʨʳ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʚ ʢʘʯʝʩʪʚʝ ʨʘʫʥʜʦʚʳʭ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠ ʩʣʘʙʳʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʩʪʘʥʦʚʷʪʩʷ ʥʝʩʪʦʡʢʠʤʠ, ʝʩʣʠ ʩʪʘʥʦʚʷʪʩʷ ʠʟʚʝʩʪʥʳʤʠ ʢʘʢʠʝ-ʣʠʙʦ 

ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʧʨʠ ʢʨʠʧʪʦʘʥʘʣʠʟʝ ʩʦʩʪʘʚʥʳʭ ʰʠʬʨʦʚ ʷʚʣʷʝʪʩʷ ʥʝʢʦʨʨʝʢʪʥʳʤ. 

ʅʝʦʙʭʦʜʠʤʳʝ ʠ ʜʦʩʪʘʪʦʯʥʳʝ ʫʩʣʦʚʠʷ ʘʙʩʦʣʶʪʥʦʡ ʩʪʦʡʢʦʩʪʠ ʰʠʬʨʘ: 

¶ ʧʦʣʥʘʷ ʩʣʫʯʘʡʥʦʩʪʴ ʢʣʶʯʘ; 

¶ ʨʘʚʝʥʩʪʚʦ ʜʣʠʥ ʢʣʶʯʘ ʠ ʦʪʢʨʳʪʦʛʦ ʪʝʢʩʪʘ; 

¶ ʦʜʥʦʢʨʘʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʣʶʯʘ.ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʰʠʬʨʘʪʦʨʦʚ 

 

ɺʦʟʤʦʞʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʤʤʝʨʯʝʩʢʠʭ ʰʠʬʨʘʪʦʨʦʚ ʧʨʠʚʝʜʝʥʘ ʥʘ  

ʨʠʩ. 2.6. 

 

 
 

ʈʠʩʫʥʦʢ 2.6. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʰʠʬʨʘʪʦʨʦʚ 

 

ɸʣʛʦʨʠʪʤʳ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʘʣʛʦʨʠʪʤʳ ʰʠʬʨʦʚʘʥʠʷ, ʤʦʛʫʪ ʙʳʪʴ 

ʨʝʘʣʠʟʦʚʘʥʳ ʢʘʢ ʧʨʦʛʨʘʤʤʥʳʤ, ʪʘʢ ʠ ʘʧʧʘʨʘʪʥʳʤ ʩʧʦʩʦʙʦʤ. ʆʙʘ ʚʘʨʠʘʥʪʘ ʠʤʝʶʪ ʷʨʢʦ 

ʚʳʨʘʞʝʥʥʳʝ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. ʆʩʥʦʚʥʦʡ ʥʝʜʦʩʪʘʪʦʢ ʫʩʪʨʦʡʩʪʚ ʰʠʬʨʦʚʘʥʠʷ, 

ʨʝʘʣʠʟʫʶʱʠʭ ʘʧʧʘʨʘʪʥʦʝ ʰʠʬʨʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʠ, - ʵʪʦ ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʘʷ 

ʩʪʦʠʤʦʩʪʴ. ʂ ʜʦʩʪʦʠʥʩʪʚʘʤ ʞʝ ʦʪʥʦʩʠʪʩʷ: 

¶ ʘʧʧʘʨʘʪʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʘ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʯʪʦ 

ʛʘʨʘʥʪʠʨʫʝʪ ʮʝʣʦʩʪʥʦʩʪʴ ʘʣʛʦʨʠʪʤʘ;  

¶ ʰʠʬʨʦʚʘʥʠʝ ʠ ʢʣʶʯʠ ʰʠʬʨʦʚʘʥʠʷ ʭʨʘʥʷʪʩʷ ʚ ʩʘʤʦʡ ʧʣʘʪʝ, ʘ ʥʝ ʚ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ 

ʢʦʤʧʴʶʪʝʨʘ;  

¶ ʘʧʧʘʨʘʪʥʳʡ ʜʘʪʯʠʢ ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ ʩʦʟʜʘʝʪ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʩʣʫʯʘʡʥʳʝ ʯʠʩʣʘ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʜʝʞʥʳʭ ʢʣʶʯʝʡ ʰʠʬʨʦʚʘʥʠʷ ʠ ʵʣʝʢʪʨʦʥʥʦʡ ʮʠʬʨʦʚʦʡ ʧʦʜʧʠʩʠ;  

¶ ʟʘʛʨʫʟʢʘ ʢʣʶʯʝʡ ʰʠʬʨʦʚʘʥʠʷ ʚ ʫʩʪʨʦʡʩʪʚʦ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘʧʨʷʤʫʶ, ʤʠʥʫʷ ʆɿʋ ʠ 

ʩʠʩʪʝʤʥʫʶ ʰʠʥʫ ʢʦʤʧʴʶʪʝʨʘ, ʯʪʦ ʠʩʢʣʶʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʭʚʘʪʘ ʢʣʶʯʝʡ;  

¶ ʭʨʘʥʝʥʠʝ ʢʣʶʯʝʡ ʰʠʬʨʦʚʘʥʠʷ ʥʝ ʚ ʆɿʋ ʢʦʤʧʴʶʪʝʨʘ (ʢʘʢ ʚ ʩʣʫʯʘʝ ʩ ʧʨʦʛʨʘʤʤʥʦʡ 

ʨʝʘʣʠʟʘʮʠʝʡ), ʘ ʚ ʧʘʤʷʪʠ ʰʠʬʨʦʧʨʦʮʝʩʩʦʨʘ;  

¶ ʥʘ ʙʘʟʝ ʘʧʧʘʨʘʪʥʳʭ ʰʠʬʨʘʪʦʨʦʚ ʤʦʞʥʦ ʩʦʟʜʘʚʘʪʴ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʦʪ 
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ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ ʠ ʨʘʟʛʨʘʥʠʯʝʥʠʷ ʜʦʩʪʫʧʘ ʢ ʢʦʤʧʴʶʪʝʨʫ;  

¶ ʧʨʠʤʝʥʝʥʠʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʰʠʬʨʦʧʨʦʮʝʩʩʦʨʘ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʨʘʟʛʨʫʞʘʝʪ ʮʝʥʪʨʘʣʴʥʳʡ ʧʨʦʮʝʩʩʦʨ ʢʦʤʧʴʶʪʝʨʘ; 

ʚʦʟʤʦʞʥʘ ʪʘʢʞʝ ʫʩʪʘʥʦʚʢʘ ʥʘ ʦʜʥʦʤ ʢʦʤʧʴʶʪʝʨʝ ʥʝʩʢʦʣʴʢʠʭ ʫʩʪʨʦʡʩʪʚ, ʯʪʦ ʝʱʝ ʙʦʣʝʝ 

ʧʦʚʳʩʠʪ ʩʢʦʨʦʩʪʴ ʰʠʬʨʦʚʘʥʠʷ; 

¶ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʘʨʘʬʘʟʥʳʭ ʰʠʥ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʰʠʬʨʦʧʨʦʮʝʩʩʦʨʘ ʠʩʢʣʶʯʘʝʪ ʫʛʨʦʟʫ 

ʩʥʷʪʠʷ ʢʣʶʯʝʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʚʦʟʥʠʢʘʶʱʠʤ ʚ ʭʦʜʝ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ 

ʢʦʣʝʙʘʥʠʷʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʮʝʧʷʭ çʟʝʤʣʷðʧʠʪʘʥʠʝè ʤʠʢʨʦʩʭʝʤʳ.  

¶ ʦʙʝʩʧʝʯʝʥʠʝ ʥʘʨʷʜʫ ʩʦ ʚʩʝʤʠ ʧʝʨʝʯʠʩʣʝʥʥʳʤʠ ʜʦʩʪʦʠʥʩʪʚʘʤʠ ʩʦʧʦʩʪʘʚʠʤʦʡ ʩ 

ʧʨʦʛʨʘʤʤʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʩʢʦʨʦʩʪʠ ʰʠʬʨʦʚʘʥʠʷ. 

ʏʪʦ ʞʝ ʤʝʰʘʝʪ ʰʠʨʦʢʦʤʫ ʧʨʠʤʝʥʝʥʠʶ ʘʧʧʘʨʘʪʥʳʭ ʰʠʬʨʘʪʦʨʦʚ ð ʠʣʠ, ʚʳʨʘʞʘʷʩʴ 

ʪʦʯʥʝʝ, ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʠʭ ʤʝʥʴʰʫʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʤ 

ʇʆ? 

ʇʨʝʞʜʝ ʚʩʝʛʦ ʮʝʥʘ ð ʚ ʣʶʙʦʤ ʩʣʫʯʘʝ ʩʪʦʠʤʦʩʪʴ ʘʧʧʘʨʘʪʥʦʛʦ ʰʠʬʨʘʪʦʨʘ ʙʫʜʝʪ ʚʳʰʝ, ʯʝʤ 

ʯʠʩʪʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʨʝʰʝʥʠʷ. ʅʦ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʡ, ʚʩʝʨʴʝʟ ʟʘʙʦʪʷʱʠʭʩʷ ʦʙ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʧʧʘʨʘʪʥʳʭ ʰʠʬʨʘʪʦʨʦʚ ʚ ʩʠʣʫ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʧʨʠʯʠʥ 

ʙʝʟʫʩʣʦʚʥʦ ʞʝʣʘʪʝʣʴʥʦ ð ʚʦ ʚʩʷʢʦʤ ʩʣʫʯʘʝ, ʜʣʷ ʟʘʱʠʪʳ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʨʝʩʫʨʩʦʚ. 

ʇʨʦʠʟʚʦʜʠʪʝʣʠ ʘʧʧʘʨʘʪʥʳʭ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʧʦʩʪʦʷʥʥʦ ʜʦʧʦʣʥʷʶʪ ʩʚʦʠ ʧʨʦʜʫʢʪʳ 

ʥʦʚʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ, ʠ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ ʮʝʥʘ/ʢʘʯʝʩʪʚʦ (ʝʩʣʠ ʧʦʥʠʤʘʪʴ ʧʦʜ ʧʦʩʣʝʜʥʠʤ 

ʧʨʝʞʜʝ ʚʩʝʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ) ʘʧʧʘʨʘʪʥʳʝ ʰʠʬʨʘʪʦʨʳ ʚʳʛʣʷʜʷʪ ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ, 

ʝʩʣʠ ʠʭ ʩʨʘʚʥʠʚʘʪʴ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʇʆ. 

ɿʘʯʘʩʪʫʶ ʫ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʦʪʩʫʪʩʪʚʫʝʪ ʧʦʣʥʦʝ ʧʦʥʠʤʘʥʠʝ ʚʩʝʭ ʥʶʘʥʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʧʨʘʚʦʚʳʤ ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʧʨʘʢʪʠʢʠ ʧʨʠʤʝʥʝʥʠʷ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ. ɺʝʨʦʷʪʥʦ, ʟʜʝʩʴ 

ʠʤʝʝʪ ʤʝʩʪʦ ʠ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʡ ʵʬʬʝʢʪ. ʂʘʞʝʪʩʷ, ʛʦʨʘʟʜʦ ʧʨʦʱʝ ʧʝʨʝʧʠʩʘʪʴ ʠʟ ʀʥʪʝʨʥʝʪʘ 

ʦʜʥʫ ʠʟ ʙʝʩʧʣʘʪʥʳʭ ʠʣʠ ʫʩʣʦʚʥʦ-ʙʝʩʧʣʘʪʥʳʭ ʧʨʦʛʨʘʤʤ ʰʠʬʨʦʚʘʥʠʷ ʠ ʘʢʪʠʚʥʦ ʝʝ 

ʠʩʧʦʣʴʟʦʚʘʪʴ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʩʦ ʩʪʦʨʦʥʥʠʤʠ 

ʦʨʛʘʥʠʟʘʮʠʷʤʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʟʘʢʫʧʢʘ ʘʧʧʘʨʘʪʥʦʛʦ ʰʠʬʨʘʪʦʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʘʯʘʣʦʤ 

ʜʦʣʛʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ ʚʩʝʚʦʟʤʦʞʥʳʭ ʣʠʮʝʥʟʠʡ, ʩʙʦʨʘ ʩʦʛʣʘʩʫʶʱʠʭ ʚʠʟ ʠ ʪ. ʧ.. ʀʥʳʤʠ 

ʩʣʦʚʘʤʠ, ʥʘ ʧʝʨʚʳʡ ʧʣʘʥ ʚʳʭʦʜʷʪ ʜʘʞʝ ʥʝ ʜʝʥʝʞʥʳʝ ʩʦʦʙʨʘʞʝʥʠʷ, ʘ ʧʦʧʳʪʢʠ ʩʵʢʦʥʦʤʠʪʴ 

ʚʨʝʤʷ ʠ ʦʙʣʝʛʯʠʪʴ ʩʝʙʝ ʞʠʟʥʴ. 

ʆʜʥʘʢʦ, ʚ ʥʦʨʤʘʪʠʚʥʳʭ ʘʢʪʘʭ ʨʝʛʫʣʠʨʫʶʱʠʭ ʧʨʘʢʪʠʢʫ ʧʨʠʤʝʥʝʥʠʷ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ 

(ʰʠʬʨʦʚʘʣʴʥʳʭ) ʩʨʝʜʩʪʚ, ʥʝ ʧʨʦʚʦʜʠʪʩʷ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʧʨʦʛʨʘʤʤʥʳʤʠ ʠ ʘʧʧʘʨʘʪʥʳʤʠ 

ʩʨʝʜʩʪʚʘʤʠ: ʦʬʦʨʤʣʷʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʨʠʧʪʦʩʨʝʜʩʪʚ ʥʘʜʦ ʚ ʣʶʙʦʤ ʩʣʫʯʘʝ. ɼʨʫʛʦʝ ʜʝʣʦ, ʯʪʦ 

ʜʦʢʫʤʝʥʪʳ ʵʪʠ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʥʳʤʠ ð ʠʣʠ ʣʠʮʝʥʟʠʷ ʌɸʇʉʀ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʢʨʠʧʪʦʩʨʝʜʩʪʚ, ʠʣʠ ʜʦʛʦʚʦʨ ʩ ʦʨʛʘʥʠʟʘʮʠʝʡ, ʠʤʝʶʱʝʡ ʥʝʦʙʭʦʜʠʤʫʶ ʣʠʮʝʥʟʠʶ ʌɸʇʉʀ ʥʘ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʫʩʣʫʛ ʧʦ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ ʟʘʱʠʪʝ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ʇʦʵʪʦʤʫ ʧʝʨʝʭʦʜ ʢ ʧʨʠʤʝʥʝʥʠʶ ʘʧʧʘʨʘʪʥʳʭ ʰʠʬʨʘʪʦʨʦʚ ʤʦʞʥʦ ʩʦʚʤʝʩʪʠʪʴ ʩ ʦʬʦʨʤʣʝʥʠʝʤ 

ʫʧʦʤʷʥʫʪʳʭ ʚʳʰʝ ʜʦʢʫʤʝʥʪʦʚ. 

 

ɸʧʧʘʨʘʪʥʳʝ ʰʠʬʨʘʪʦʨʳ 

 

ɸʧʧʘʨʘʪʥʳʡ ʰʠʬʨʘʪʦʨ ʧʦ ʚʠʜʫ ʠ ʧʦ ʩʫʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙʳʯʥʦʝ ʢʦʤʧʴʶʪʝʨʥʦʝ 

çʞʝʣʝʟʦè, ʯʘʱʝ ʚʩʝʛʦ ʵʪʦ ʧʣʘʪʘ ʨʘʩʰʠʨʝʥʠʷ, ʚʩʪʘʚʣʷʝʤʘʷ ʚ ʨʘʟʲʝʤ ISA ʠʣʠ PCI ʩʠʩʪʝʤʥʦʡ 

ʧʣʘʪʳ ʇʂ. ɹʳʚʘʶʪ ʠ ʜʨʫʛʠʝ ʚʘʨʠʘʥʪʳ, ʥʘʧʨʠʤʝʨ ʯʝʨʝʟ ʨʘʟʲʝʤ USB. 

ʀʩʧʦʣʴʟʦʚʘʪʴ ʮʝʣʫʶ ʧʣʘʪʫ ʪʦʣʴʢʦ ʜʣʷ ʬʫʥʢʮʠʡ ʰʠʬʨʦʚʘʥʠʷ ð ʥʝʧʦʟʚʦʣʠʪʝʣʴʥʘʷ 

ʨʦʩʢʦʰʴ, ʧʦʵʪʦʤʫ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʘʧʧʘʨʘʪʥʳʭ ʰʠʬʨʘʪʦʨʦʚ ʦʙʳʯʥʦ ʩʪʘʨʘʶʪʩʷ ʥʘʩʳʪʠʪʴ ʠʭ 

ʨʘʟʣʠʯʥʳʤʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ: 

¶ ɻʝʥʝʨʘʮʠʷ ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ. ʕʪʦ ʥʫʞʥʦ ʧʨʝʞʜʝ ʚʩʝʛʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʢʣʶʯʝʡ. ʂʨʦʤʝ ʪʦʛʦ, ʤʥʦʛʠʝ ʘʣʛʦʨʠʪʤʳ ʟʘʱʠʪʳ ʠʩʧʦʣʴʟʫʶʪ ʠʭ ʠ ʜʣʷ 

ʜʨʫʛʠʭ ʮʝʣʝʡ, ʥʘʧʨʠʤʝʨ ʘʣʛʦʨʠʪʤ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʜʧʠʩʠ ɻʆʉʊ ʈ 34.10 - 2001. ʇʨʠ ʢʘʞʜʦʤ 

ʚʳʯʠʩʣʝʥʠʠ ʧʦʜʧʠʩʠ ʝʤʫ ʥʝʦʙʭʦʜʠʤʦ ʥʦʚʦʝ ʩʣʫʯʘʡʥʦʝ ʯʠʩʣʦ.  

¶  
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¶ ʂʦʥʪʨʦʣʴ ʚʭʦʜʘ ʥʘ ʢʦʤʧʴʶʪʝʨ. ʇʨʠ ʚʢʣʶʯʝʥʠʠ ʇʂ ʫʩʪʨʦʡʩʪʚʦ ʪʨʝʙʫʝʪ ʦʪ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʚʚʝʩʪʠ ʧʝʨʩʦʥʘʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ (ʥʘʧʨʠʤʝʨ, ʚʩʪʘʚʠʪʴ ʜʠʩʢʝʪʫ ʩ ʢʣʶʯʘʤʠ). 

ʈʘʙʦʪʘ ʙʫʜʝʪ ʨʘʟʨʝʰʝʥʘ ʪʦʣʴʢʦ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʫʩʪʨʦʡʩʪʚʦ ʦʧʦʟʥʘʝʪ ʧʨʝʜʲʷʚʣʝʥʥʳʝ ʢʣʶʯʠ ʠ 

ʩʦʯʪʝʪ ʠʭ "ʩʚʦʠʤʠ". ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʧʨʠʜʝʪʩʷ ʨʘʟʙʠʨʘʪʴ ʩʠʩʪʝʤʥʳʡ ʙʣʦʢ ʠ ʚʳʥʠʤʘʪʴ 

ʦʪʪʫʜʘ ʰʠʬʨʘʪʦʨ, ʯʪʦʙʳ ʟʘʛʨʫʟʠʪʴʩʷ (ʦʜʥʘʢʦ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʠʥʬʦʨʤʘʮʠʷ ʥʘ ʇʂ ʪʦʞʝ ʤʦʞʝʪ 

ʙʳʪʴ ʟʘʰʠʬʨʦʚʘʥʘ).  

¶ ʂʦʥʪʨʦʣʴ ʮʝʣʦʩʪʥʦʩʪʠ ʬʘʡʣʦʚ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. ʕʪʦ ʥʝ ʧʦʟʚʦʣʠʪ 

ʟʣʦʫʤʳʰʣʝʥʥʠʢʫ ʚ ʚʘʰʝ ʦʪʩʫʪʩʪʚʠʝ ʠʟʤʝʥʠʪʴ ʢʘʢʠʝ-ʣʠʙʦ ʜʘʥʥʳʝ. ʐʠʬʨʘʪʦʨ ʭʨʘʥʠʪ ʚ ʩʝʙʝ 

ʩʧʠʩʦʢ ʚʩʝʭ ʚʘʞʥʳʭ ʬʘʡʣʦʚ ʩ ʟʘʨʘʥʝʝ ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʜʣʷ ʢʘʞʜʦʛʦ ʢʦʥʪʨʦʣʴʥʳʤʠ ʩʫʤʤʘʤʠ 

(ʠʣʠ ʭʵʰ-ʟʥʘʯʝʥʠʷʤʠ), ʠ ʝʩʣʠ ʧʨʠ ʩʣʝʜʫʶʱʝʡ ʟʘʛʨʫʟʢʝ ʥʝ ʩʦʚʧʘʜʝʪ ʵʪʘʣʦʥʥʘʷ ʩʫʤʤʘ ʭʦʪʷ ʙʳ 

ʦʜʥʦʛʦ ʠʟ ʥʠʭ, ʢʦʤʧʴʶʪʝʨ ʙʫʜʝʪ ʙʣʦʢʠʨʦʚʘʥ.  

ʇʣʘʪʘ ʩʦ ʚʩʝʤʠ ʧʝʨʝʯʠʩʣʝʥʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʥʘʟʳʚʘʝʪʩʷ ʫʩʪʨʦʡʩʪʚʦʤ 

ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ ʟʘʱʠʪʳ ʜʘʥʥʳʭ ð ʋʂɿɼ. 

ʐʠʬʨʘʪʦʨ, ʚʳʧʦʣʥʷʶʱʠʡ ʢʦʥʪʨʦʣʴ ʚʭʦʜʘ ʥʘ ʇʂ ʠ ʧʨʦʚʝʨʷʶʱʠʡ ʮʝʣʦʩʪʥʦʩʪʴ 

ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʥʘʟʳʚʘʶʪ ʪʘʢʞʝ çʵʣʝʢʪʨʦʥʥʳʤ ʟʘʤʢʦʤè. ʇʦʥʷʪʥʦ, ʯʪʦ ʧʦʩʣʝʜʥʠʤ ʥʝ 

ʦʙʦʡʪʠʩʴ ʙʝʟ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ð ʥʝʦʙʭʦʜʠʤʘ ʫʪʠʣʠʪʘ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ 

ʬʦʨʤʠʨʫʶʪʩʷ ʢʣʶʯʠ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʚʝʜʝʪʩʷ ʠʭ ʩʧʠʩʦʢ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ çʩʚʦʡ/ʯʫʞʦʡè. 

ʂʨʦʤʝ ʪʦʛʦ, ʪʨʝʙʫʝʪʩʷ ʧʨʠʣʦʞʝʥʠʝ ʜʣʷ ʚʳʙʦʨʘ ʚʘʞʥʳʭ ʬʘʡʣʦʚ ʠ ʨʘʩʯʝʪʘ ʠʭ ʢʦʥʪʨʦʣʴʥʳʭ 

ʩʫʤʤ. ʕʪʠ ʧʨʦʛʨʘʤʤʳ ʦʙʳʯʥʦ ʜʦʩʪʫʧʥʳ ʪʦʣʴʢʦ ʘʜʤʠʥʠʩʪʨʘʪʦʨʫ ʧʦ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʢʦʪʦʨʳʡ 

ʜʦʣʞʝʥ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʩʪʨʦʠʪʴ ʚʩʝ ʋʂɿɼ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʘ ʚ ʩʣʫʯʘʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʧʨʦʙʣʝʤ ʨʘʟʙʠʨʘʪʴʩʷ ʚ ʠʭ ʧʨʠʯʠʥʘʭ. 

ʋɿʂɼ ʧʨʦʷʚʠʪʩʷ ʯʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʩʝʢʫʥʜ ʧʦʩʣʝ ʚʢʣʶʯʝʥʠʷ ʢʥʦʧʢʠ Power, ʢʘʢ ʤʠʥʠʤʫʤ 

ʩʦʦʙʱʠʚ ʦ ʩʝʙʝ ʠ ʧʦʧʨʦʩʠʚ ʢʣʶʯʠ. ʐʠʬʨʘʪʦʨ ʚʩʝʛʜʘ ʧʝʨʝʭʚʘʪʳʚʘʝʪ ʫʧʨʘʚʣʝʥʠʝ ʧʨʠ ʟʘʛʨʫʟʢʝ 

ʇʂ (ʢʦʛʜʘ BIOS ʢʦʤʧʴʶʪʝʨʘ ʧʦʦʯʝʨʝʜʥʦ ʦʧʨʘʰʠʚʘʝʪ ʚʩʝ ʚʩʪʘʚʣʝʥʥʦʝ ʚ ʥʝʛʦ çʞʝʣʝʟʦè), ʧʦʩʣʝ 

ʯʝʛʦ ʥʝ ʪʘʢ-ʪʦ ʣʝʛʢʦ ʧʦʣʫʯʠʪʴ ʝʛʦ ʦʙʨʘʪʥʦ . ʋʂɿɼ ʧʦʟʚʦʣʠʪ ʧʨʦʜʦʣʞʠʪʴ ʟʘʛʨʫʟʢʫ ʪʦʣʴʢʦ 

ʧʦʩʣʝ ʚʩʝʭ ʩʚʦʠʭ ʧʨʦʚʝʨʦʢ. ʂʩʪʘʪʠ, ʝʩʣʠ ʇʂ ʧʦ ʢʘʢʦʡ-ʣʠʙʦ ʧʨʠʯʠʥʝ ʥʝ ʦʪʜʘʩʪ ʫʧʨʘʚʣʝʥʠʝ 

ʰʠʬʨʘʪʦʨʫ, ʪʦʪ, ʥʝʤʥʦʛʦ ʧʦʜʦʞʜʘʚ, ʚʩʝ ʨʘʚʥʦ ʝʛʦ ʟʘʙʣʦʢʠʨʫʝʪ. ʀ ʵʪʦ ʪʘʢʞʝ ʧʨʠʙʘʚʠʪ ʨʘʙʦʪʳ 

ʘʜʤʠʥʠʩʪʨʘʪʦʨʫ ʧʦ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʉʪʨʫʢʪʫʨʘ ʰʠʬʨʘʪʦʨʦʚ 

 

ʐʠʬʨʦʧʨʦʮʝʩʩʦʨ ʌʣɻ  h- ʧʘʤ̫ ʪɹ ʇʘʤ̫ ʪɹ ʞʫʨʥʘʣʘ

ʂʦʥʪʨʦʣʣʝʨ 

ʩʠʩʪʝʤʥʦʡ hʠʥr

ɹʣʦʢ ʫʧʨʘʚʣʝʥʠ̫

ɻʝʥʝʨʘʪʦʨ 

ʩʣʫʯʘʡʥr ʭ ʯʠʩʝʣ

ʋʩʪʨʦʡʩʪʚʦ ʚʚʦʜʘ 

ʢʣʁ ʯʝʡ

ɹʣʦʢ ʢʦʤʤʫʪʘʪʦʨʦʚ

ʋʩʪʨʦʡʩʪʚʘ ʚʚʦʜʘ-ʚr ʚʦʜʘ ʠ ʜʘʪʯʠʢʠ

 
ʈʠʩʫʥʦʢ 2.7. ʉʪʨʫʢʪʫʨʘ ʰʠʬʨʘʪʦʨʘ 
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¶ ɹʣʦʢ ʫʧʨʘʚʣʝʥʠʷ - ʦʩʥʦʚʥʦʡ ʤʦʜʫʣʴ ʰʠʬʨʘʪʦʨʘ, ʢʦʪʦʨʳʡ "ʟʘʚʝʜʫʝʪ" ʨʘʙʦʪʦʡ ʚʩʝʭ 

ʦʩʪʘʣʴʥʳʭ. ʆʙʳʯʥʦ ʨʝʘʣʠʟʫʝʪʩʷ ʥʘ ʙʘʟʝ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ, ʩʝʡʯʘʩ ʠʭ ʧʨʝʜʣʘʛʘʝʪʩʷ ʥʝʤʘʣʦ ʠ 

ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʧʦʜʭʦʜʷʱʠʡ. ɻʣʘʚʥʦʝ - ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʠ ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʥʫʪʨʝʥʥʠʭ 

ʨʝʩʫʨʩʦʚ, ʘ ʪʘʢʞʝ ʚʥʝʰʥʠʭ ʧʦʨʪʦʚ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʚʩʝʭ ʥʝʦʙʭʦʜʠʤʳʭ ʤʦʜʫʣʝʡ.  

¶ ʂʦʥʪʨʦʣʣʝʨ ʩʠʩʪʝʤʥʦʡ ʰʠʥʳ ʇʂ (ʥʘʧʨʠʤʝʨ, PCI). ʏʝʨʝʟ ʥʝʛʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʦʩʥʦʚʥʦʡ ʦʙʤʝʥ ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʋʂɿɼ ʠ ʢʦʤʧʴʶʪʝʨʦʤ.  

¶ ʕʥʝʨʛʦʥʝʟʘʚʠʩʠʤʦʝ ʟʘʧʦʤʠʥʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ (ɿʋ) - ʦʙʳʯʥʦ ʥʘ ʙʘʟʝ ʤʠʢʨʦʩʭʝʤ ʬʣʵʰ-

ʧʘʤʷʪʠ. ʆʥʦ ʜʦʣʞʥʦ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ ʝʤʢʠʤ (ʥʝʩʢʦʣʴʢʦ ʤʝʛʘʙʘʡʪ) ʠ ʜʦʧʫʩʢʘʪʴ ʙʦʣʴʰʦʝ ʯʠʩʣʦ 

ʮʠʢʣʦʚ ʟʘʧʠʩʠ. ɿʜʝʩʴ ʨʘʟʤʝʱʘʝʪʩʷ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ, ʢʦʪʦʨʦʝ 

ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʠ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʫʩʪʨʦʡʩʪʚʘ (ʪ. ʝ. ʢʦʛʜʘ ʰʠʬʨʘʪʦʨ ʧʝʨʝʭʚʘʪʳʚʘʝʪ ʫʧʨʘʚʣʝʥʠʝ 

ʧʨʠ ʟʘʛʨʫʟʢʝ ʢʦʤʧʴʶʪʝʨʘ).  

¶ ʇʘʤʷʪʴ ʞʫʨʥʘʣʘ. ʊʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʥʝʨʛʦʥʝʟʘʚʠʩʠʤʦʝ ɿʋ; ʵʪʦ ʜʝʡʩʪʚʠʪʝʣʴʥʦ 

ʝʱʝ ʦʜʥʘ ʬʣʵʰ-ʤʠʢʨʦʩʭʝʤʘ: ʚʦ ʠʟʙʝʞʘʥʠʝ ʚʦʟʤʦʞʥʳʭ ʢʦʣʣʠʟʠʡ ʧʘʤʷʪʴ ʜʣʷ ʧʨʦʛʨʘʤʤ ʠ ʜʣʷ 

ʞʫʨʥʘʣʘ ʥʝ ʜʦʣʞʥʳ ʦʙʲʝʜʠʥʷʪʴʩʷ.  

¶ ʐʠʬʨʦʧʨʦʮʝʩʩʦʨ (ʠʣʠ ʥʝʩʢʦʣʴʢʦ) - ʵʪʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʘʷ ʤʠʢʨʦʩʭʝʤʘ ʠʣʠ 

ʤʠʢʨʦʩʭʝʤʘ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ ʣʦʛʠʢʠ PLD - Programmable Logic Device. ʉʦʙʩʪʚʝʥʥʦ, ʦʥ ʠ 

ʰʠʬʨʫʝʪ ʜʘʥʥʳʝ. ʇʦʜʨʦʙʥʝʝ ʦʙ ʵʪʦʤ ʥʝʤʥʦʛʦ ʧʦʟʞʝ.  

¶ ɻʝʥʝʨʘʪʦʨ ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ. ʆʙʳʯʥʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʢʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʜʘʶʱʝʝ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʩʣʫʯʘʡʥʳʡ ʠ ʥʝʧʨʝʜʩʢʘʟʫʝʤʳʡ ʩʠʛʥʘʣ - ʙʝʣʳʡ ʰʫʤ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ, 

ʥʘʧʨʠʤʝʨ, ʰʫʤʦʚʦʡ ʜʠʦʜ. ɸ ʧʝʨʝʜ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦ ʩʧʝʮʠʘʣʴʥʳʤ ʧʨʘʚʠʣʘʤ ʙʝʣʳʡ ʰʫʤ 

ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʮʠʬʨʦʚʫʶ ʬʦʨʤʫ.  

¶ ɹʣʦʢ ʚʚʦʜʘ ʢʣʶʯʝʚʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʆʙʝʩʧʝʯʠʚʘʝʪ ʟʘʱʠʱʝʥʥʳʡ ʧʨʠʝʤ ʢʣʶʯʝʡ ʩ 

ʢʣʶʯʝʚʦʛʦ ʥʦʩʠʪʝʣʷ, ʯʝʨʝʟ ʥʝʛʦ ʪʘʢʞʝ ʚʚʦʜʠʪʩʷ ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ 

ʧʦʣʴʟʦʚʘʪʝʣʝ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʨʝʰʝʥʠʷ ʚʦʧʨʦʩʘ "ʩʚʦʡ/ʯʫʞʦʡ".  

¶ ɹʣʦʢ ʢʦʤʤʫʪʘʪʦʨʦʚ. ʇʦʤʠʤʦ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʦʩʥʦʚʥʳʭ ʬʫʥʢʮʠʡ, ʋʂɿɼ ʤʦʞʝʪ 

ʧʦ ʚʝʣʝʥʠʶ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʪʢʣʶʯʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʩ ʚʥʝʰʥʠʤʠ 

ʫʩʪʨʦʡʩʪʚʘʤʠ: ʜʠʩʢʦʚʦʜʘʤʠ, CD-ROM, ʧʘʨʘʣʣʝʣʴʥʳʤ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʧʦʨʪʘʤʠ, ʰʠʥʦʡ 

USB ʠ ʪ. ʜ. ɽʩʣʠ ʧʦʣʴʟʦʚʘʪʝʣʴ ʨʘʙʦʪʘʝʪ ʩ ʥʘʩʪʦʣʴʢʦ ʚʘʞʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ, ʯʪʦ ʝʝ ʥʝʣʴʟʷ ʥʠ 

ʧʝʯʘʪʘʪʴ, ʥʠ ʢʦʧʠʨʦʚʘʪʴ, ʋʂɿɼ ʧʨʠ ʚʭʦʜʝ ʥʘ ʢʦʤʧʴʶʪʝʨ ʟʘʙʣʦʢʠʨʫʝʪ ʚʩʝ ʚʥʝʰʥʠʝ ʫʩʪʨʦʡʩʪʚʘ, 

ʚʢʣʶʯʘʷ ʜʘʞʝ ʩʝʪʝʚʫʶ ʢʘʨʪʫ. 

 

ʐʠʬʨʦʧʨʦʮʝʩʩʦʨ 

 

ʆʩʥʦʚʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ʋʂɿɼ - ʰʠʬʨʦʚʘʥʠʝ ʜʘʥʥʳʭ. ʕʪʘ ʦʧʝʨʘʮʠʷ ʚʳʧʦʣʥʷʝʪʩʷ 

ʰʠʬʨʦʧʨʦʮʝʩʩʦʨʦʤ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʤ ʩʦʙʦʡ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʫʶ ʤʠʢʨʦʩʭʝʤʫ, ʢʦʪʦʨʘʷ 

ʚʳʧʦʣʥʷʝʪ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ, ʠʣʠ ʤʠʢʨʦʩʭʝʤʫ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ ʣʦʛʠʢʠ, ʣʠʙʦ 

ʮʠʬʨʦʚʦʡ ʩʠʛʥʘʣʴʥʳʡ ʧʨʦʮʝʩʩʦʨ. ʐʠʬʨʦʧʨʦʮʝʩʩʦʨʦʚ ʤʦʞʝʪ ʙʳʪʴ ʥʝʩʢʦʣʴʢʦ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʩʢʦʨʦʩʪʠ ʠ/ʠʣʠ ʥʘʜʝʞʥʦʩʪʠ ʰʠʬʨʦʚʘʥʠʷ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʩʢʦʨʦʩʪʠ ʠʥʬʦʨʤʘʮʠʶ 

ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʶʪ ʤʝʞʜʫ ʥʠʤʠ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʧʨʦʠʟʚʦʜʷʪ ʦʙʨʘʙʦʪʢʫ ʦʜʥʠʭ ʠ 

ʪʝʭ ʞʝ ʜʘʥʥʳʭ ʜʚʫʤʷ ʰʠʬʨʦʧʨʦʮʝʩʩʦʨʘʤʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʨʘʚʥʝʥʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ ʧʝʨʝʜ ʠʭ 

ʚʳʜʘʯʝʡ. 

ʐʠʬʨʦʚʘʥʠʝ ʚ ʋʂɿɼ ʜʦʣʞʥʦ ʚʳʧʦʣʥʷʪʴʩʷ ʪʘʢ, ʯʪʦʙʳ ʧʦʩʪʦʨʦʥʥʠʤ ʥʝʚʦʟʤʦʞʥʦ ʙʳʣʦ 

ʫʟʥʘʪʴ ʢʣʶʯʠ ʠ ʢʘʢʠʤ-ʣʠʙʦ ʦʙʨʘʟʦʤ ʧʦʚʣʠʷʪʴ ʥʘ ʨʝʘʣʠʟʫʝʤʳʝ ʚ ʥʝʤ ʘʣʛʦʨʠʪʤʳ. ʀʥʦʛʜʘ 

ʙʳʚʘʝʪ ʧʦʣʝʟʥʦ ʟʘʩʝʢʨʝʪʠʪʴ ʠ ʧʨʘʚʠʣʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʣʶʯʝʡ. ʇʦʵʪʦʤʫ ʰʠʬʨʦʧʨʦʮʝʩʩʦʨ 

ʣʦʛʠʯʝʩʢʠ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʝʜʠʥʠʮ (ʨʠʩ. 1.8): 
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ɺr ʯʠʩʣʠʪʝʣɹɺʭʦʜʥʦʡ ʙʫʬʝʨ ɺr ʭʦʜʥʦʡ ʙʫʬʝʨ

ʍʨʘʥʠʣʠɦ ʝ 

ʢʣʁ ʯʝʡ

ɹʣʦʢ ʫʧʨʘʚʣʝʥʠ̫

 
 

ʈʠʩʫʥʦʢ 2.8. ʉʪʨʫʢʪʫʨʘ ʰʠʬʨʦʧʨʦʮʝʩʩʦʨʘ 

 

¶ ɺʳʯʠʩʣʠʪʝʣʴ - ʥʘʙʦʨ ʨʝʛʠʩʪʨʦʚ, ʩʫʤʤʘʪʦʨʦʚ, ʙʣʦʢʦʚ ʧʦʜʩʪʘʥʦʚʢʠ ʠ ʪ. ʧ., ʩʚʷʟʘʥʥʳʭ 

ʤʝʞʜʫ ʩʦʙʦʡ ʰʠʥʘʤʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ʉʦʙʩʪʚʝʥʥʦ, ʦʥ ʠ ʚʳʧʦʣʥʷʝʪ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʝ 

ʜʝʡʩʪʚʠʷ, ʧʨʠʯʝʤ ʜʦʣʞʝʥ ʜʝʣʘʪʴ ʵʪʦ ʤʘʢʩʠʤʘʣʴʥʦ ʙʳʩʪʨʦ. ʅʘ ʚʭʦʜ ʚʳʯʠʩʣʠʪʝʣʴ ʧʦʣʫʯʘʝʪ 

ʦʪʢʨʳʪʳʝ ʜʘʥʥʳʝ, ʢʦʪʦʨʳʝ ʩʣʝʜʫʝʪ ʟʘʰʠʬʨʦʚʘʪʴ, ʠ ʢʣʶʯ ʰʠʬʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʡ, ʢʘʢ ʠʟʚʝʩʪʥʦ, 

ʷʚʣʷʝʪʩʷ ʩʣʫʯʘʡʥʳʤ ʯʠʩʣʦʤ. ɸ ʰʠʬʨʦʚʘʥʠʝ - ʵʪʦ ʩʣʦʞʥʦʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ, 

ʧʦʵʪʦʤʫ ʝʛʦ ʨʝʟʫʣʴʪʘʪ ʪʦʞʝ ʦʯʝʥʴ ʧʦʭʦʞ ʥʘ ʥʘʙʦʨ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ (ʧʦʧʨʦʙʫʡʪʝ ʩʞʘʪʴ 

ʟʘʰʠʬʨʦʚʘʥʥʳʡ ʬʘʡʣ ʢʘʢʠʤ-ʥʠʙʫʜʴ ʘʨʭʠʚʘʪʦʨʦʤ - ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʝʨʴʝʟʥʦʛʦ ʘʣʛʦʨʠʪʤʘ 

ʟʘʱʠʪʳ ʵʪʦ ʙʫʜʝʪ ʥʝʚʦʟʤʦʞʥʦ).  

¶ ɹʣʦʢ ʫʧʨʘʚʣʝʥʠʷ. ʅʘ ʩʘʤʦʤ ʜʝʣʝ ʵʪʦ ʘʧʧʘʨʘʪʥʦ ʨʝʘʣʠʟʦʚʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ, 

ʫʧʨʘʚʣʷʶʱʘʷ ʚʳʯʠʩʣʠʪʝʣʝʤ. ɽʩʣʠ ʧʦ ʢʘʢʦʡ-ʣʠʙʦ ʧʨʠʯʠʥʝ ʧʨʦʛʨʘʤʤʘ ʠʟʤʝʥʠʪʩʷ, ʝʛʦ ʨʘʙʦʪʘ 

ʥʘʯʥʝʪ ʜʘʚʘʪʴ ʩʙʦʠ. ʕʪʦ ʯʨʝʚʘʪʦ, ʥʘʧʨʠʤʝʨ, ʧʦʷʚʣʝʥʠʝʤ ʜʘʥʥʳʭ ʚ ʦʪʢʨʳʪʦʤ ʚʠʜʝ ʚʤʝʩʪʦ 

ʟʘʰʠʬʨʦʚʘʥʥʦʛʦ (ʭʦʪʷ ʵʪʦ ʢʨʘʡʥʠʡ ʩʣʫʯʘʡ; ʙʦʣʝʝ ʚʝʨʦʷʪʥʦ ʧʦʣʫʯʝʥʠʝ ʪʘʢʦʡ ʰʠʬʨʦʚʢʠ, 

ʢʦʪʦʨʫʶ ʥʠ ʚʳ ʩʘʤʠ, ʥʠ ʢʪʦ-ʣʠʙʦ ʝʱʝ ʫʞʝ ʥʝ ʨʘʩʰʠʬʨʫʝʪ ʥʠʢʦʛʜʘ L). ʇʦʵʪʦʤʫ ʧʨʦʛʨʘʤʤʘ 

ʜʦʣʞʥʘ ʥʝ ʪʦʣʴʢʦ ʥʘʜʝʞʥʦ ʭʨʘʥʠʪʴʩʷ ʠ ʫʩʪʦʡʯʠʚʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ, ʥʦ ʠ ʨʝʛʫʣʷʨʥʦ 

ʧʨʦʚʝʨʷʪʴ ʩʘʤʘ ʩʝʙʷ. ʂʩʪʘʪʠ, ʚʥʝʰʥʠʡ ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ (ʦʧʠʩʘʥʥʳʡ ʚʳʰʝ) ʪʦʞʝ 

ʧʝʨʠʦʜʠʯʝʩʢʠ ʧʦʩʳʣʘʝʪ ʝʡ ʢʦʥʪʨʦʣʴʥʳʝ ʟʘʜʘʯʠ. ʅʘ ʧʨʘʢʪʠʢʝ ʜʣʷ ʙʦʣʴʰʝʡ ʫʚʝʨʝʥʥʦʩʪʠ ʩʪʘʚʷʪ 

ʜʚʘ ʰʠʬʨʦʧʨʦʮʝʩʩʦʨʘ, ʢʦʪʦʨʳʝ ʧʦʩʪʦʷʥʥʦ ʩʨʘʚʥʠʚʘʶʪ ʩʚʦʠ ʨʝʟʫʣʴʪʘʪʳ (ʝʩʣʠ ʦʥʠ ʥʝ 

ʩʦʚʧʘʜʘʶʪ, ʰʠʬʨʦʚʘʥʠʝ ʧʨʠʜʝʪʩʷ ʧʦʚʪʦʨʠʪʴ). ɺʩʝ ʵʪʦ ʪʨʝʙʫʝʪʩʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʥʝʠʟʤʝʥʥʦʩʪʠ ʘʣʛʦʨʠʪʤʘ ʰʠʬʨʦʚʘʥʠʷ.  

¶ ɹʫʬʝʨ ʚʚʦʜʘ-ʚʳʚʦʜʘ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʫʩʪʨʦʡʩʪʚʘ: 

ʧʦʢʘ ʰʠʬʨʫʝʪʩʷ ʧʝʨʚʳʡ ʙʣʦʢ ʜʘʥʥʳʭ, ʟʘʛʨʫʞʘʝʪʩʷ ʩʣʝʜʫʶʱʠʡ ʠ ʪ. ʜ. ʊʦ ʞʝ ʩʘʤʦʝ ʧʨʦʠʩʭʦʜʠʪ 

ʠ ʥʘ ʚʳʭʦʜʝ. ʊʘʢʘʷ ʢʦʥʚʝʡʝʨʥʘʷ ʧʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʩʝʨʴʝʟʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʩʢʦʨʦʩʪʴ 

ʰʠʬʨʦʚʘʥʠʷ. 

¶  

 ɹʳʩʪʨʦʜʝʡʩʪʚʠʝ 

ʃʶʙʦʤʫ ʧʦʣʴʟʦʚʘʪʝʣʶ ʇʂ ʞʝʣʘʪʝʣʴʥʦ, ʯʪʦʙʳ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʝʛʦ ʢʦʤʧʴʶʪʝʨʝ 

ʰʠʬʨʘʪʦʨʘ ʥʝ ʦʪʨʘʞʘʣʦʩʴ ʥʘ ʫʜʦʙʩʪʚʝ ʨʘʙʦʪʳ (ʢʦʥʝʯʥʦ, ʝʩʣʠ ʯʝʣʦʚʝʢ ʚʳʧʦʣʥʷʝʪ ʪʦʣʴʢʦ 

ʨʘʟʨʝʰʝʥʥʳʝ ʜʝʡʩʪʚʠʷ). ʅʦ, ʝʩʪʝʩʪʚʝʥʥʦ, ʰʠʬʨʦʚʘʥʠʝ ʜʘʥʥʳʭ ʦʪʥʠʤʘʝʪ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ, ʝʱʝ 

ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʥʘʟʘʜ ʰʠʬʨʘʪʦʨʳ ʦʪʚʣʝʢʘʣʠ ʥʘ ʩʝʙʷ ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʝʩʫʨʩʳ ʧʨʦʮʝʩʩʦʨʘ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʰʠʬʨʘʪʦʨʳ ʰʠʬʨʫʶʪ ʜʘʥʥʳʝ ʙʝʟ ʧʦʤʦʱʠ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ ʇʂ. ɺ 

ʰʠʬʨʘʪʦʨ ʣʠʰʴ ʧʝʨʝʜʘʝʪʩʷ ʢʦʤʘʥʜʘ, ʘ ʟʘʪʝʤ ʦʥ ʩʘʤ ʠʟʚʣʝʢʘʝʪ ʜʘʥʥʳʝ ʠʟ ʆɿʋ ʢʦʤʧʴʶʪʝʨʘ, 

ʰʠʬʨʫʝʪ ʠʭ ʠ ʢʣʘʜʝʪ ʚ ʫʢʘʟʘʥʥʦʝ ʤʝʩʪʦ. ʇʨʦʮʝʩʩʦʨ ʞʝ ʧʨʠ ʵʪʦʤ ʚʧʦʣʥʝ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴ 

ʜʨʫʛʠʝ ʟʘʜʘʯʠ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʋʂɿɼ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚʦ ʚʨʝʤʷ ʠʭ ʨʘʙʦʪʳ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʇʂ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʩʥʠʞʘʝʪʩʷ. 

ɺʦʟʤʦʞʥʦ ʧʨʠʤʝʥʝʥʠʝ ʠ ʥʝʩʢʦʣʴʢʠʭ ʋʂɿɼ ʥʘ ʦʜʥʦʤ ʢʦʤʧʴʶʪʝʨʝ, ʥʘʧʨʠʤʝʨ ʥʘ 

ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʤ ʤʘʨʰʨʫʪʠʟʘʪʦʨʝ: ʦʜʠʥ ʰʠʬʨʫʝʪ ʦʪʧʨʘʚʣʷʝʤʫʶ ʚ ʀʥʪʝʨʥʝʪ ʠʥʬʦʨʤʘʮʠʶ, 
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ʚʪʦʨʦʡ ð ʧʨʠʥʠʤʘʝʤʫʶ. ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʥʝ ʚʥʦʩʠʪ ʟʘʜʝʨʞʝʢ ʚ ʨʘʙʦʪʫ 

ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ Fast Ethernet (100 ʄʙʠʪ/ʩ). 

ʇʦʪʦʢʦʚʘʷ ʩʢʦʨʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ð ʵʪʦ ʦʜʠʥ ʠʟ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʧʦ 

ʢʦʪʦʨʳʤ ʦʮʝʥʠʚʘʶʪ ʘʧʧʘʨʘʪʥʳʝ ʰʠʬʨʘʪʦʨʳ. ʆʥʘ ʠʟʤʝʨʷʝʪʩʷ ʚ ʤʝʛʘʙʘʡʪʘʭ ʚ ʩʝʢʫʥʜʫ ʠ 

ʟʘʚʠʩʠʪ ʧʨʝʞʜʝ ʚʩʝʛʦ ʦʪ ʩʣʦʞʥʦʩʪʠ ʘʣʛʦʨʠʪʤʘ ʰʠʬʨʦʚʘʥʠʷ. ʇʨʦʱʝ ʚʩʝʛʦ ʦʮʝʥʠʪʴ ʝʝ ʧʦ 

ʬʦʨʤʫʣʝ: 

                                                                        V = F ʽ K / n,                                                      (2.1) 

ʛʜʝ F ð ʪʘʢʪʦʚʘʷ ʯʘʩʪʦʪʘ, 

K ð ʨʘʟʤʝʨ ʩʪʘʥʜʘʨʪʥʦʛʦ ʙʣʦʢʘ ʰʠʬʨʦʚʘʥʠʷ, 

n ð ʯʠʩʣʦ ʪʘʢʪʦʚ, ʪʨʝʙʫʶʱʝʝʩʷ ʥʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʩʪʘʥʜʘʨʪʥʦʛʦ ʙʣʦʢʘ. 

ʅʘʧʨʠʤʝʨ, ʦʪʝʯʝʩʪʚʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ɻʆʉʊ 28147ð89 ʠʤʝʝʪ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ 32 ʪʘʢʪʘ 

ʥʘ 64-ʙʠʪʦʚʳʡ ʙʣʦʢ, ʘ ʟʥʘʯʠʪ, ʪʝʦʨʝʪʠʯʝʩʢʠ ʩʢʦʨʦʩʪʴ ʰʠʬʨʦʚʘʥʠʷ ʜʦʣʞʥʘ ʩʪʨʝʤʠʪʴʩʷ ʢ 25 

ʄʙʘʡʪ/ʩ ʧʨʠ ʪʘʢʪʦʚʦʡ ʯʘʩʪʦʪʝ 100 ʄɻʮ. ʆʜʥʘʢʦ ʧʦʩʣʝʜʥʠʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʜʦʩʪʠʞʝʥʠʷ 

ʩʢʦʨʦʩʪʠ ʘʧʧʘʨʘʪʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʛʦ ʘʣʛʦʨʠʪʤʘ ð 9 ʄʙʘʡʪ/ʩ. ʆʛʨʘʥʠʯʝʥʠʷ ʷʚʣʷʶʪʩʷ ʯʠʩʪʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ: ʦʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʛʦ ʫʨʦʚʥʷ ʨʘʟʨʘʙʦʪʦʢ ʠʣʠ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ. 

ʍʦʪʝʣʦʩʴ ʙʳ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʢʨʠʧʪʦɻʆʉʊʘ ʥʘ ʩʘʤʳʭ ʩʦʚʨʝʤʝʥʥʳʭ ʇʂ 

ʜʦʩʪʠʛʘʝʪ 12ð16 ʄʙʘʡʪ/ʩ ʧʨʠ ʪʘʢʪʦʚʦʡ ʯʘʩʪʦʪʝ ʧʨʦʮʝʩʩʦʨʘ 1 ɻɻʮ. ʍʦʪʷ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʘʧʧʘʨʘʪʥʘʷ ʩʢʦʨʦʩʪʴ ʰʠʬʨʦʚʘʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʠ ʤʦʛʣʘ ʙʳ ʙʳʪʴ ʦʢʦʣʦ 250 ʄʙʘʡʪ/ʩ. 

ɼʨʫʛʦʡ ʧʨʠʤʝʨ, ʘʤʝʨʠʢʘʥʩʢʠʡ ʩʪʘʥʜʘʨʪ ʰʠʬʨʦʚʘʥʠʷ AES ʠʤʝʝʪ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ 10 

ʪʘʢʪʦʚ (ʤʦʞʝʪ ʙʳʪʴ ʠ 14 ʪʘʢʪʦʚ, ʝʩʣʠ ʨʘʟʤʝʨ ʙʣʦʢʘ ʠ ʢʣʶʯʘ ï 256 ʙʠʪ) ʥʘ 128-ʙʠʪʦʚʳʡ ʙʣʦʢ, ʘ 

ʟʥʘʯʠʪ, ʪʝʦʨʝʪʠʯʝʩʢʠ ʩʢʦʨʦʩʪʴ ʰʠʬʨʦʚʘʥʠʷ ʜʦʣʞʥʘ ʩʪʨʝʤʠʪʴʩʷ ʢ 160 ʄʙʘʡʪ/ʩ ʧʨʠ ʪʘʢʪʦʚʦʡ 

ʯʘʩʪʦʪʝ 100 ʄɻʮ. ʍʦʪʷ ʜʣʷ ʵʪʦʛʦ ʘʣʛʦʨʠʪʤʘ ʪʘʢʞʝ ʠʤʝʶʪʩʷ ʯʠʩʪʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʦʛʨʘʥʠʯʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ ʬʦʨʤʫʣʘ ʥʝ ʫʯʠʪʳʚʘʝʪ ʧʣʘʪʬʦʨʤʫ ʥʘ ʢʦʪʦʨʦʡ ʙʫʜʝʪ ʨʝʘʣʠʟʦʚʘʥʳ 

ʜʘʥʥʳʝ ʘʣʛʦʨʠʪʤʳ. ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʥʘ 32-ʙʠʪʦʚʳʭ ʧʣʘʪʬʦʨʤʘʭ ɻʆʉʊ ʧʨʦʠʛʨʘʝʪ AES ʚʩʝʛʦ 

10-30%, ʪʦʛʜʘ ʢʘʢ ʧʨʠ ʨʝʘʣʠʟʘʮʠʷʭ ʥʘ 8-ʤʠ ʙʠʪʦʚʳʭ ʧʣʘʪʚʦʨʤʘʭ ʨʘʟʥʠʮʘ ʚ ʩʢʦʨʦʩʪʷʭ ʙʫʜʝʪ ʚ 

4-5 ʨʘʟʘ. 

 

 ʐʠʬʨʘʪʦʨʳ ʜʣʷ ʟʘʱʠʪʳ ʩʝʪʝʡ 

ɼʣʷ ʟʘʱʠʪʳ ʧʝʨʝʜʘʚʘʝʤʦʡ ʚ ʉʝʪʴ ʠʥʬʦʨʤʘʮʠʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʦʙʳʯʥʳʡ 

ʘʧʧʘʨʘʪʥʳʡ ʰʠʬʨʘʪʦʨ, ʪʘʢ ʠ ʧʨʦʭʦʜʥʦʡ ʰʠʬʨʘʪʦʨ (ʇʐ), ʢʦʪʦʨʳʡ, ʧʦʤʠʤʦ ʚʩʝʛʦ 

ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʦʛʦ, ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʧʦʣʥʦʮʝʥʥʳʤ ʩʝʪʝʚʳʤ ʘʜʘʧʪʝʨʦʤ Ethernet (ʪ. ʝ. 

ʰʠʬʨʘʪʦʨ ʠ ʩʝʪʝʚʦʡ ʘʜʘʧʪʝʨ ʚʳʧʦʣʥʝʥʳ ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʡ PCI-ʧʣʘʪʳ). ɽʛʦ ʜʦʩʪʦʠʥʩʪʚʦ ʚ ʪʦʤ, 

ʯʪʦ ʦʥ ʧʦʣʥʦʩʪʴʶ ʢʦʥʪʨʦʣʠʨʫʝʪ ʚʝʩʴ ʦʙʤʝʥ ʜʘʥʥʳʤʠ ʧʦ ʩʝʪʠ, ʘ ʦʙʦʡʪʠ ʝʛʦ (ʢʘʢ ʠʟʥʫʪʨʠ, ʪʘʢ ʠ 

ʩʥʘʨʫʞʠ) ʧʨʦʩʪʦ ʥʝʚʦʟʤʦʞʥʦ. 

ʇʐ ʷʚʣʷʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ, ʪʘʢ ʢʘʢ ʦʥʠ ʚʤʝʩʪʦ ʮʝʥʪʨʘʣʴʥʦʛʦ 

ʧʨʦʮʝʩʩʦʨʘ ʢʦʤʧʴʶʪʝʨʘ ʚʳʥʫʞʜʝʥʳ ʚʳʧʦʣʥʷʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʬʫʥʢʮʠʠ ʧʦ ʦʙʨʘʙʦʪʢʝ 

ʠʥʬʦʨʤʘʮʠʠ. ʆʙʳʯʥʦ ʚ ʇʐ ʩʪʘʚʷʪ ʜʚʘ ʰʠʬʨʦʧʨʦʮʝʩʩʦʨʘ: ʦʜʠʥ ʠʟ ʥʠʭ ʦʪʚʝʯʘʝʪ ʟʘ 

ʰʠʬʨʦʚʘʥʠʝ ʦʪʧʨʘʚʣʷʝʤʳʭ ʜʘʥʥʳʭ, ʘ ʜʨʫʛʦʡ ʨʘʩʰʠʬʨʦʚʳʚʘʝʪ ʧʨʠʥʠʤʘʝʤʳʝ. ʊʘʢʦʝ 

ʫʩʪʨʦʡʩʪʚʦ ʤʦʞʝʪ ʭʨʘʥʠʪʴ ʚ ʩʝʙʝ ʥʝʩʢʦʣʴʢʦ ʩʦʪʝʥ ʢʣʶʯʝʡ, ʯʪʦʙʳ ʢʘʞʜʳʡ ʙʣʦʢ ʠʥʬʦʨʤʘʮʠʠ 

ʙʳʣ ʟʘʰʠʬʨʦʚʘʥ ʥʘ ʩʚʦʝʤ, ʦʪʣʠʯʥʦʤ ʦʪ ʜʨʫʛʠʭ. ʕʪʦ ʜʝʣʘʝʪ ʚʩʝ ʢʣʶʯʠ ʘʙʩʦʣʶʪʥʦ 

ʥʝʜʦʩʪʫʧʥʳʤʠ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘʤ, ʥʦ ʥʝʩʢʦʣʴʢʦ ʟʘʪʨʫʜʥʷʝʪ ʧʨʦʮʝʩʩ ʫʧʨʘʚʣʝʥʠʷ ʠʤʠ. 
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ʇʕɺʄ

Ethernet - ʘʜʘʧʪʝʨʉʝʪɹ

 
 

ʈʠʩʫʥʦʢ 2.9. ʉʪʨʫʢʪʫʨʘ ʧʨʦʭʦʜʥʦʛʦ ʰʠʬʨʘʪʦʨʘ 

 

ʊʝʭʥʠʯʝʩʢʠʝ ʪʨʫʜʥʦʩʪʠ ʥʝ ʧʦʟʚʦʣʷʣʠ ʜʦ ʧʦʩʣʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʨʘʟʨʘʙʦʪʘʪʴ ʥʘʜʝʞʥʳʝ ʠ 

ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʠʝ ʇʐ. ʆʜʥʘʢʦ ʩ ʥʝʜʘʚʥʠʤ ʧʦʷʚʣʝʥʠʝʤ ʥʘ ʨʳʥʢʝ ʜʦʨʦʛʠʭ, ʥʦ ʦʯʝʥʴ 

ʢʘʯʝʩʪʚʝʥʥʳʭ ʤʠʢʨʦʩʭʝʤ ʨʝʰʘʶʪʩʷ ʤʥʦʛʠʝ ʧʨʦʙʣʝʤʳ ʩʦʟʜʘʥʠʷ ʩʣʦʞʥʳʭ 

ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʯʪʦ ʩʪʠʤʫʣʠʨʦʚʘʣʦ ʚʳʧʫʩʢ ʧʝʨʚʳʭ ʧʨʦʭʦʜʥʳʭ 

ʰʠʬʨʘʪʦʨʦʚ. 

ʂʩʪʘʪʠ, ʇʐ ʜʦʧʫʩʢʘʝʪ ʠ ʜʨʫʛʦʝ ʧʨʠʤʝʥʝʥʠʝ: ʦʥ ʤʦʞʝʪ ʩʪʦʷʪʴ ʚ ʨʘʟʨʳʚʝ ʤʝʞʜʫ 

ʞʝʩʪʢʠʤ ʜʠʩʢʦʤ ʢʦʤʧʴʶʪʝʨʘ ʠ ʝʛʦ ʢʦʥʪʨʦʣʣʝʨʦʤ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʩʝ, ʯʪʦ ʧʠʰʝʪʩʷ ʥʘ HDD, 

ʙʫʜʝʪ ʪʘʢʞʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʰʠʬʨʦʚʘʪʴʩʷ. 

ʈʘʟʨʘʙʦʪʯʠʢʠ ʘʧʧʘʨʘʪʥʳʭ ʰʠʬʨʘʪʦʨʦʚ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʥʠʭ, 

ʧʦʣʘʛʘʶʪ, ʯʪʦ ʫʞʝ ʩʢʦʨʦ ʙʫʜʫʪ ʩʦʟʜʘʥʳ ʇʐ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʝ ʫʧʨʘʚʣʝʥʠʝ ʥʝ ʪʦʣʴʢʦ ʨʘʙʦʪʦʡ 

ʜʠʩʢʦʚʦʜʦʚ, CD-ROM ʠ ʧʦʨʪʦʚ ʚʚʦʜʘ-ʚʳʚʦʜʘ, ʥʦ ʚʩʝʤʠ ʨʝʩʫʨʩʘʤʠ ʇʂ. ɺ ʙʣʠʞʘʡʰʝʤ 

ʙʫʜʫʱʝʤ ʢʦʤʧʴʶʪʝʨʫ ʦʩʪʘʥʝʪʩʷ ʪʦʣʴʢʦ ʧʝʨʝʜʘʚʘʪʴ ʦʪʢʨʳʪʳʝ ʜʘʥʥʳʝ ʤʝʞʜʫ ʧʨʦʮʝʩʩʦʨʦʤ ʠ 

ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʴʶ ʠ ʦʙʨʘʙʘʪʳʚʘʪʴ ʠʭ, ʚʩʝ ʦʩʪʘʣʴʥʦʝ ʩʜʝʣʘʝʪ ʩʘʤ ʰʠʬʨʘʪʦʨ. ʗʩʥʦ, ʯʪʦ 

ʘʙʩʦʣʶʪʥʦʤʫ ʙʦʣʴʰʠʥʩʪʚʫ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʵʪʦ ʥʝ ʧʦʪʨʝʙʫʝʪʩʷ. ʅʦ ʪʘʤ, ʛʜʝ ʚʝʜʝʪʩʷ ʨʘʙʦʪʘ ʩ 

ʚʘʞʥʳʤʠ ʠ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ, ʠʥʬʦʨʤʘʮʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʩʝʨʴʝʟʥʦ ʟʘʱʠʱʝʥʘ. 

 

ʇʨʦʛʨʘʤʤʥʳʝ ʠʥʪʝʨʬʝʡʩʳ 

 

ʋʩʪʘʥʦʚʣʝʥʥʳʡ ʥʘ ʢʦʤʧʴʶʪʝʨʝ ʰʠʬʨʘʪʦʨ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʠʤʠ 

ʧʨʦʛʨʘʤʤʘʤʠ, ʥʘʧʨʠʤʝʨ ʧʨʦʛʨʘʤʤʦʡ ʧʨʦʟʨʘʯʥʦʛʦ ʰʠʬʨʦʚʘʥʠʷ, çʧʨʦʛʦʥʷʶʱʝʡè ʜʘʥʥʳʝ 

ʩʢʚʦʟʴ ʰʠʬʨʘʪʦʨ, ʠ ʧʨʦʛʨʘʤʤʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʜʧʠʩʠ, ʠʩʧʦʣʴʟʫʶʱʝʡ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ 

ʧʦʜʧʠʩʠ ʧʦʣʫʯʘʝʤʳʝ ʦʪ ʰʠʬʨʘʪʦʨʘ ʩʣʫʯʘʡʥʳʝ ʯʠʩʣʘ. 
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ɼʨʘʡʚʝʨ hʠʬʨʘʪʦʨʘ

ʂʣʁ ʯʝʚʦʡ ʥʦʩʠʪʝʣɹ

ɼʨʘʡʚʝʨ ʢʣʁ ʯʝʚʦʛʦ 

ʥʦʩʠʪʝʣ̫

ʉʪʘʥʜʘʨʪʥr ʝ ʬʫʥʢʮʠʠ ʨʘʙʦʪr ʩ hʠʬʨʘʪʦʨʘʤʠ ʠ 

ʢʣʁ ʯʝʚrʤʠ ʥʦʩʠʪʝʣ̫ʤʠ

ʇʨʦʛʨʘʤʤr  hʠʬʨʦʚʘʥʠ̫, ʕʎʇ, ʛʝʥʝʨʘʮʠʠ ʢʣʁ ʯʝʡ ʠ 

ʪ.ʜ.

ʇʦʣɹʟʦʚʘʪʝʣɹ

 
 

ʈʠʩʫʥʦʢ 2.10.  ʇʨʦʛʨʘʤʤʥʳʡ ʠʥʪʝʨʬʝʡʩ ʰʠʬʨʘʪʦʨʘ 

 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʥʝ ʚʦʟʥʠʢʘʣʦ ʢʦʣʣʠʟʠʡ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʦʙʨʘʱʝʥʠʠ ʢ ʰʠʬʨʘʪʦʨʫ 

ʨʘʟʥʳʭ ʧʨʦʛʨʘʤʤ (ʧʨʝʜʩʪʘʚʠʤ, ʯʪʦ ʦʜʥʘ ʠʟ ʥʠʭ ʰʠʬʨʫʝʪ ʣʦʛʠʯʝʩʢʠʡ ʜʠʩʢ, ʘ ʚʪʦʨʘʷ ʥʘ ʜʨʫʛʦʤ 

ʢʣʶʯʝ ʨʘʩʰʠʬʨʦʚʳʚʘʝʪ ʬʘʡʣ: ʝʩʣʠ ʥʝ ʫʧʨʘʚʣʷʪʴ ʦʯʝʨʝʜʴʶ ʚʳʧʦʣʥʝʥʠʷ ʰʠʬʨʘʪʦʨʦʤ ʠʭ 

ʪʨʝʙʦʚʘʥʠʡ, ʧʦʣʫʯʠʪʩʷ ʘʙʨʘʢʘʜʘʙʨʘ), ʩʪʘʚʷʪ ʩʧʝʮʠʘʣʴʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

ʫʧʨʘʚʣʝʥʠʷ ʠʤ. ʊʘʢʦʝ ʇʆ ʚʳʜʘʝʪ ʢʦʤʘʥʜʳ ʯʝʨʝʟ ʜʨʘʡʚʝʨ ʰʠʬʨʘʪʦʨʘ ʠ ʧʝʨʝʜʘʝʪ ʧʦʩʣʝʜʥʝʤʫ 

ʜʘʥʥʳʝ, ʩʣʝʜʷ ʟʘ ʪʝʤ, ʯʪʦʙʳ ʧʦʪʦʢʠ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʨʘʟʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʥʝ ʧʝʨʝʩʝʢʘʣʠʩʴ, ʘ 

ʪʘʢʞʝ ʟʘ ʪʝʤ, ʯʪʦʙʳ ʚ ʰʠʬʨʘʪʦʨʝ ʚʩʝʛʜʘ ʥʘʭʦʜʠʣʠʩʴ ʥʫʞʥʳʝ ʢʣʶʯʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʋʂɿɼ 

ʚʳʧʦʣʥʷʝʪ ʜʚʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʨʘʟʥʳʭ ʚʠʜʘ ʢʦʤʘʥʜ: 

Á ʧʝʨʝʜ ʟʘʛʨʫʟʢʦʡ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ - ʢʦʤʘʥʜʳ, ʟʘʰʠʪʳʝ ʚ ʧʘʤʷʪʴ ʰʠʬʨʘʪʦʨʘ. ʆʥʠ 

ʦʩʫʱʝʩʪʚʣʷʶʪ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʧʨʦʚʝʨʢʠ ʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʪʨʝʙʫʝʤʳʡ ʫʨʦʚʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ 

- ʜʦʧʫʩʪʠʤ, ʦʪʢʣʶʯʘʶʪ ʚʥʝʰʥʠʝ ʫʩʪʨʦʡʩʪʚʘ.  

Á ʧʦʩʣʝ ʟʘʛʨʫʟʢʠ, ʥʘʧʨʠʤʝʨ, Windows - ʢʦʤʘʥʜʳ, ʧʦʩʪʫʧʘʶʱʠʝ ʯʝʨʝʟ ʤʦʜʫʣʴ ʫʧʨʘʚʣʝʥʠʷ 

ʰʠʬʨʘʪʦʨʘʤʠ: ʰʠʬʨʦʚʘʪʴ ʜʘʥʥʳʝ, ʧʝʨʝʟʘʛʨʫʞʘʪʴ ʢʣʶʯʠ, ʚʳʯʠʩʣʷʪʴ ʩʣʫʯʘʡʥʳʝ ʯʠʩʣʘ ʠ ʪ. ʜ. 

ʊʘʢʦʝ ʨʘʟʜʝʣʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦ ʠʟ ʩʦʦʙʨʘʞʝʥʠʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ð ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ 

ʢʦʤʘʥʜ ʧʝʨʚʦʛʦ ʙʣʦʢʘ, ʢʦʪʦʨʳʝ ʥʝʣʴʟʷ ʦʙʦʡʪʠ, ʟʣʦʫʤʳʰʣʝʥʥʠʢ ʫʞʝ ʥʝ ʩʤʦʞʝʪ ʩʜʝʣʘʪʴ ʯʪʦ-

ʣʠʙʦ ʟʘʧʨʝʱʝʥʥʦʝ. 

ɽ ʝɦ ʦʜʥʦ ʥʘʟʥʘʯʝʥʠʝ ʇʆ ʫʧʨʘʚʣʝʥʠʷ ʰʠʬʨʘʪʦʨʘʤʠ ð ʦʙʝʩʧʝʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʟʘʤʝʥʳ ʦʜʥʦʛʦ ʰʠʬʨʘʪʦʨʘ ʥʘ ʜʨʫʛʦʡ (ʩʢʘʞʝʤ, ʥʘ ʙʦʣʝʝ çʧʨʦʜʚʠʥʫʪʳʡè ʠʣʠ ʙʳʩʪʨʳʡ), ʥʝ 

ʤʝʥʷʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʘʥʘʣʦʛʠʯʥʦ, ʥʘʧʨʠʤʝʨ, ʩʤʝʥʝ ʩʝʪʝʚʦʡ 

ʢʘʨʪʳ: ʰʠʬʨʘʪʦʨ ʧʦʩʪʘʚʣʷʝʪʩʷ ʚʤʝʩʪʝ ʩ ʜʨʘʡʚʝʨʦʤ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʧʨʦʛʨʘʤʤʘʤ 

ʚʳʧʦʣʥʷʪʴ ʩʪʘʥʜʘʨʪʥʳʡ ʥʘʙʦʨ ʬʫʥʢʮʠʡ. ʊʝ ʞʝ ʧʨʦʛʨʘʤʤʳ ʰʠʬʨʦʚʘʥʠʷ ʠ ʥʝ ʟʘʤʝʪʷʪ ʪʘʢʦʡ 

ʧʦʜʤʝʥʳ, ʥʦ ʙʫʜʫʪ ʨʘʙʦʪʘʪʴ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʙʳʩʪʨʝʝ. 

ʊʘʢʠʤ ʞʝ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʟʘʤʝʥʠʪʴ ʘʧʧʘʨʘʪʥʳʡ ʰʠʬʨʘʪʦʨ ʥʘ ʧʨʦʛʨʘʤʤʥʳʡ. ɼʣʷ ʵʪʦʛʦ 

ʧʨʦʛʨʘʤʤʥʳʡ ʰʠʬʨʘʪʦʨ ʚʳʧʦʣʥʷʶʪ ʦʙʳʯʥʦ ʚ ʚʠʜʝ ʜʨʘʡʚʝʨʘ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʝʛʦ ʪʦʪ ʞʝ ʥʘʙʦʨ 

ʬʫʥʢʮʠʡ. 

ɺʧʨʦʯʝʤ, ʪʘʢʦʝ ʇʆ ʥʫʞʥʦ ʚʦʚʩʝ ʥʝ ʚʩʝʤ ʰʠʬʨʘʪʦʨʘʤ ð ʚ ʯʘʩʪʥʦʩʪʠ, ʇʐ, ʩʪʦʷʱʠʡ ʧʦ 
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ʜʦʨʦʛʝ ʢ HDD, ʜʦʩʪʘʪʦʯʥʦ ʥʘʩʪʨʦʠʪʴ ʦʜʠʥ ʨʘʟ, ʧʦʩʣʝ ʯʝʛʦ ʦ ʥʝʤ ʤʦʞʥʦ ʧʨʦʩʪʦ ʟʘʙʳʪʴ. 

 

ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʘʣʛʦʨʠʪʤʘ ʰʠʬʨʦʚʘʥʠʷ AES 

 

ɸʣʛʦʨʠʪʤ ʦʧʝʨʠʨʫʝʪ ʙʘʡʪʘʤʠ, ʢʦʪʦʨʳʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʵʣʝʤʝʥʪʳ ʢʦʥʝʯʥʦʛʦ ʧʦʣʷ 

GF(2
8
). 

ʕʣʝʤʝʥʪʘʤʠ ʧʦʣʷ GF(2
8
) ʷʚʣʷʶʪʩʷ ʤʥʦʛʦʯʣʝʥʳ ʩʪʝʧʝʥʠ ʥʝ ʙʦʣʝʝ 7, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʟʘʜʘʥʳ ʩʪʨʦʢʦʡ ʩʚʦʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. ɽʩʣʠ ʧʨʝʜʩʪʘʚʠʪʴ ʙʘʡʪ ʚ ʚʠʜʝ  

b7, b6, b5, b4, b3, b2, b1, b0, 

ʪʦ ʵʣʝʤʝʥʪ ʧʦʣʷ ʦʧʠʩʳʚʘʝʪʩʷ ʤʥʦʛʦʯʣʝʥʦʤ ʩ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʠʟ {0, 1}: 

b7 ʭ
7 
+ b6 ʭ

6
 + b5 ʭ

5
 + b4 ʭ

4
 + b3 ʭ

3
 + b2 ʭ

2
 + b1 ʭ

1
 + b0 

ʅʘʧʨʠʤʝʨ, ʙʘʡʪʫ {11001011} (ʠʣʠ {cb} ʚ ʰʝʩʪʥʘʜʮʘʪʝʨʠʯʥʦʡ ʬʦʨʤʝ) ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʤʥʦʛʦʯʣʝʥ ʭ
7
 + ʭ

6
 + ʭ

3
 + ʭ + 1. 

ɼʣʷ ʵʣʝʤʝʥʪʦʚ ʢʦʥʝʯʥʦʛʦ ʧʦʣʷ ʦʧʨʝʜʝʣʝʥʳ ʘʜʜʠʪʠʚʥʳʝ ʠ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʳʝ ʦʧʝʨʘʮʠʠ. 

ʉʣʦʞʝʥʠʝ 

 

ʉʣʦʞʝʥʠʝ ʩʫʪʴ ʦʧʝʨʘʮʠʷ ʧʦʨʘʟʨʷʜʥʦʛʦ XOR ʠ ʧʦʵʪʦʤʫ ʦʙʦʟʥʘʯʘʝʪʩʷ ʢʘʢ Ä. ʇʨʠʤʝʨ 

ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʠ ʩʣʦʞʝʥʠʷ: 

(ʭ
6
 + ʭ

4
 + ʭ

2
 + ʭ + 1) Ä (x

7
 + ʭ+ 1) = ʭ

1
 + ʭ

6
 + ʭ

4
 + ʭ

2 
(ʚ ʚʠʜʝ ʤʥʦʛʦʯʣʝʥʦʚ) 

{01010111} Ä {10000011} = {11010100} (ʜʚʦʠʯʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ) 

{57}Ä{83} = { d4} (ʰʝʩʪʥʘʜʮʘʪʝʨʠʯʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ) 

ɺ ʢʦʥʝʯʥʦʤ ʧʦʣʝ ʜʣʷ ʣʶʙʦʛʦ ʥʝʥʫʣʝʚʦʛʦ ʵʣʝʤʝʥʪʘ ʘ ʩʫʱʝʩʪʚʫʝʪ ʦʙʨʘʪʥʳʡ ʵʣʝʤʝʥʪ -ʘ, 

ʧʨʠ ʵʪʦʤ ʘ + (-ʘ) = 0, ʛʜʝ ʥʫʣʝʚʦʡ ʵʣʝʤʝʥʪ -ʵʪʦ {00}. ɺ GF(2
8
) ʩʧʨʘʚʝʜʣʠʚʦ ʘ + ʘ = 0, ʪ. ʝ. 

ʢʘʞʜʳʡ ʥʝʥʫʣʝʚʦʡ ʵʣʝʤʝʥʪ ʷʚʣʷʝʪʩʷ ʩʚʦʝʡ ʩʦʙʩʪʚʝʥʥʦʡ ʘʜʜʠʪʠʚʥʦʡ ʠʥʚʝʨʩʠʝʡ. 

 

ʋʤʥʦʞʝʥʠʝ 

 

ʋʤʥʦʞʝʥʠʝ, ʦʙʦʟʥʘʯʘʝʤʦʝ ʜʘʣʝʝ ʢʘʢ Å, ʙʦʣʝʝ ʩʣʦʞʥʘʷ ʦʧʝʨʘʮʠʷ. ʋʤʥʦʞʝʥʠʝ ʚ GF(2
8
) - 

ʵʪʦ ʦʧʝʨʘʮʠʷ ʫʤʥʦʞʝʥʠʷ ʤʥʦʛʦʯʣʝʥʦʚ ʩʦ ʚʟʷʪʠʝʤ ʨʝʟʫʣʴʪʘʪʘ ʧʦ ʤʦʜʫʣʶ ʥʝʧʨʠʚʦʜʠʤʦʛʦ 

ʤʥʦʛʦʯʣʝʥʘ m(x) ʚʦʩʴʤʦʡ ʩʪʝʧʝʥʠ ʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʧʝʨʘʮʠʠ XOR ʧʨʠ ʧʨʠʚʝʜʝʥʠʠ 

ʧʦʜʦʙʥʳʭ ʯʣʝʥʦʚ. ɺ RIJNDAEL ʚʳʙʨʘʥ m(x) = ʭ
8
+ ʭ

4
 + ʭ

3
 + ʭ+ 1, ʠʣʠ ʚ ʰʝʩʪʥʘʜʮʘʪʝʨʠʯʥʦʡ 

ʬʦʨʤʝ l{1b} (ʪʘʢʘʷ ʟʘʧʠʩʴ ʦʙʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʠʩʫʪʩʪʚʫʝʪ çʣʠʰʥʠʡè ʜʝʚʷʪʳʡ ʙʠʪ). ʇʨʠʤʝʨ 

ʦʧʝʨʘʮʠʠ ʫʤʥʦʞʝʥʠʷ: 

{57}Ŀ{83} = {cl},  

ʠʣʠ  

(x
6
 + x

4
 + x

2
 + ʭ + 1) (x

7
 + ʭ + 1)= x

13 
+ x

11
 + x

9 
+ x

8
 + x

7
 + x

7
 + x

5
 + x

3
 + x

2
 + x + x

6
 + x

4
 + x

2
 

+ ʭ + 1= x
13

 + x
11

 + x
9
 + x

8
 + x

6 
+ x

5
 + x

4 
+ x

3
 + 1 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ,  

x
13

 + x
11

 + x
9
 + x

8
 + x

6
 + x

5
 + x

4
 + x

8
 + 1 mod (x

8
 + x

4
 + x

3
 + ʭ + 1) = x

7
 + x

6
 + 1 

 

ʈʝʟʫʣʴʪʘʪ ʷʚʣʷʝʪʩʷ ʜʚʦʠʯʥʳʤ ʧʦʣʠʥʦʤʦʤ ʥʝ ʚʳʰʝ 8 ʩʪʝʧʝʥʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʣʦʞʝʥʠʷ, 

ʧʨʦʩʪʦʡ ʦʧʝʨʘʮʠʠ ʫʤʥʦʞʝʥʠʷ ʥʘ ʫʨʦʚʥʝ ʙʘʡʪʦʚ ʥʝ ʩʫʱʝʩʪʚʫʝʪ.  

ʋʤʥʦʞʝʥʠʝ, ʦʧʨʝʜʝʣʝʥʥʦʝ ʚʳʰʝ, ʷʚʣʷʝʪʩʷ ʘʩʩʦʮʠʘʪʠʚʥʳʤ, ʠ ʩʫʱʝʩʪʚʫʝʪ ʝʜʠʥʠʯʥʳʡ 

ʵʣʝʤʝʥʪ ('01'). ɼʣʷ ʣʶʙʦʛʦ ʜʚʦʠʯʥʦʛʦ ʧʦʣʠʥʦʤʘ b(x) ʥʝ ʚʳʰʝ 8-ʡ ʩʪʝʧʝʥʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʨʘʩʰʠʨʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ɽʚʢʣʠʜʘ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʧʦʣʠʥʦʤʦʚ a(x) ʠ c(x) ʪʘʢʠʭ, ʯʪʦ  

b(x) a(x) + m(x) c(x) = 1 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ,  

a(x) b(x) mod m(x) = 1 

ʠʣʠ 

b-1(x) = a(x) mod m(x) 

ɹʦʣʝʝ ʪʦʛʦ, ʤʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ  

a(x) (b(x) + c(x)) = a(x) b(x) + a(x) c(x) 
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ʀʟ ʚʩʝʛʦ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʤʥʦʞʝʩʪʚʦ ʠʟ 256 ʚʦʟʤʦʞʥʳʭ ʟʥʘʯʝʥʠʡ ʙʘʡʪʘ ʦʙʨʘʟʫʝʪ 

ʢʦʥʝʯʥʦʝ ʧʦʣʝ GF (2
8
) c XOR ʚ ʢʘʯʝʩʪʚʝ ʩʣʦʞʝʥʠʷ ʠ ʫʤʥʦʞʝʥʠʝʤ, ʦʧʨʝʜʝʣʝʥʥʳʤ ʚʳʰʝ. 

 

ʋʤʥʦʞʝʥʠʝ ʥʘ ʭ 

 

ɽʩʣʠ ʫʤʥʦʞʠʪʴ 

b(x) = b7 ʭ
7
 + b6 ʭ

6
 + b5 ʭ

5
 + b4 ʭ

4
 + b3 ʭ

3
 + b2 ʭ

2
 + b1 ʭ

1
 + b0 

ʥʘ ʧʦʣʠʥʦʤ ʭ, ʤʳ ʙʫʜʝʤ ʠʤʝʪʴ:  

b7 x
8
 + b6 x

7
 + b5 x

6
 + b4 x

5
 + b3 x

4
 + b2 x

3
 + b1 x

2
 + b0 x 

ɽʩʣʠ b7 = 0, ʪʦ ʤʳ ʩʨʘʟʫ ʧʦʣʫʯʘʝʤ ʨʝʟʫʣʴʪʘʪ ʫʤʥʦʞʝʥʠʷ. ɽʩʣʠ b7 = 1, ʪʦ m(x) ʩʣʝʜʫʝʪ 

ʚʳʯʝʩʪʴ ʠʟ ʨʝʟʫʣʴʪʘʪʘ (ʪ.ʝ. XOR) ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʫʤʥʦʞʝʥʠʝ ʥʘ ʭ ʤʦʞʝʪ ʙʳʪʴ 

ʨʝʘʣʠʟʦʚʘʥʦ ʥʘ ʫʨʦʚʥʝ ʙʘʡʪʘ ʢʘʢ ʣʝʚʳʡ ʩʜʚʠʛ ʠ ʚʦʟʤʦʞʥʦ ʧʦʩʣʝʜʫʶʱʠʡ ʧʦʙʠʪʦʚʳʡ XOR c 

{1b}.  

ʇʫʩʪʴ ʬʫʥʢʮʠʷ xtime() ʦʩʫʱʝʩʪʚʣʷʝʪ ʦʧʝʨʘʮʠʶ ʫʤʥʦʞʝʥʠʷ ʥʘ x ʚʳʰʝʦʧʠʩʘʥʥʳʤ 

ʩʧʦʩʦʙʦʤ. ʇʨʠʤʝʥʷʷ ʬʫʥʢʮʠʶ n ʨʘʟ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʨʝʟʫʣʴʪʘʪ ʫʤʥʦʞʝʥʠʷ ʥʘ x
n
, ʘ ʩʫʤʤʠʨʫʷ 

ʩʪʝʧʝʥʠ x ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʣʶʙʦʡ ʵʣʝʤʝʥʪ ʧʦʣʷ. ʅʘʧʨʠʤʝʨ: 

{57} ¶ {13} = { fe}, ʪʘʢ ʢʘʢ 

{57} ¶ {02=x}= xtime({57})= { ae}  

{57} ¶ {04}= xtime({ ae})= {47}  

{57} ¶ {08}= xtime({47})= {8 e}  

{57} ¶ {10}= xtime({8e})= {07}, ʦʪʢʫʜʘ 

{57} ¶ {13}= {57} ¶ ({01}Ä {02}Ä {10})= {57} Ä { ae} Ä {07}= { fe}  

 

ʇʦʣʠʥʦʤʳ ʩ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʠʟ GF (2
8
) 

 

ʈʘʫʥʜʦʚʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ RIJNDAEL ʦʧʝʨʠʨʫʶʪ 32-ʨʘʟʨʷʜʥʳʤʠ ʩʣʦʚʘʤʠ. 

ʏʝʪʳʨʝʭʙʘʡʪʦʚʦʤʫ ʩʣʦʚʫ ʤʦʞʝʪ ʙʳʪʴ ʧʦʩʪʘʚʣʝʥ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʥʦʛʦʯʣʝʥ a(x) ʩ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʠʟ GF(2
8
) ʩʪʝʧʝʥʠ ʥʝ ʙʦʣʝʝ ʪʨʝʭ: 

 

a(x) = a3 x
3
 + a2 x

2
 + a1 x

1
 + a0 

 

ʇʦʣʠʥʦʤʳ ʤʦʛʫʪ ʙʳʪʴ ʩʣʦʞʝʥʳ ʧʨʦʩʪʳʤ ʩʣʦʞʝʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ. ʂʘʢ ʩʣʦʞʝʥʠʝ ʚ GF (2
8
) ʷʚʣʷʝʪʩʷ ʧʦʙʠʪʦʚʳʤ XOR, ʪʘʢ ʠ ʩʣʦʞʝʥʠʝ ʜʚʫʭ ʩʣʦʚ 

ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʳʤ ʧʦʙʠʪʦʚʳʤ XOR: 

 

a(x)+b(x) = (a3 Ä b3)x
3 
+ (a2 Ä b2)x

2
 + (a1 Ä b1)x

1
 + (a0 Ä b0) 

 

ʋʤʥʦʞʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʦʣʝʝ ʩʣʦʞʥʦʝ ʜʝʡʩʪʚʠʝ. ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʤʳ ʠʤʝʝʤ 

ʜʚʘ ʧʦʣʠʥʦʤʘ ʚ GF (2
8
).  

 

a(x) = a3 x
3
 + a2 x

2
 + a1 x

1
 + a0, 

b(x) = b3 x
3
 + b2 x

2
 + b1 x

1
 + b0, 

 

c(x) = a(x) b(x), 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ʩ(x) = ʩ6 x
6
 + ʩ5 x

5
 + ʩ4 x

4
 + ʩ3 x

3
 + ʩ2 x

3
 + ʩ1 x

1
 + ʩ0, 

ʩ0 = a0 b0, 

ʩ1 = a1b0 Ä a0b1, 

ʩ2 = a2b0 Ä a1b1 Ä a0b2, 

ʩ3 = a3b0 Ä a2b1 Ä a1b2 Ä a0b3, 

ʩ4 = a3b1 Ä a2b2 Ä a1b3, 

ʩ5 = a3b2 Ä a2b3, 
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ʩ6 = a3b3. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʨʝʟʫʣʴʪʘʪ ʫʤʥʦʞʝʥʠʷ ʤʦʛ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ 4-ʙʘʡʪʦʚʳʤ ʩʣʦʚʦʤ, 

ʥʝʦʙʭʦʜʠʤʦ ʚʟʷʪʴ ʨʝʟʫʣʴʪʘʪ ʧʦ ʤʦʜʫʣʶ ʤʥʦʛʦʯʣʝʥʘ ʩʪʝʧʝʥʠ ʥʝ ʙʦʣʝʝ 4. ɸʚʪʦʨʳ ʰʠʬʨʘ 

ʚʳʙʨʘʣʠ ʤʥʦʛʦʯʣʝʥ 

M(x) = x
4
 + 1 

ʪʘʢ ʢʘʢ  

x
i
mod (x

4
 + 1) = x 

imod 4
 

ʈʫʟʫʣʴʪʘʪ, ʧʦʣʫʯʘʝʤʳʡ ʠʟ ʘ(ʭ) ʠ b(x), ʦʙʦʟʥʘʯʘʝʤʳʡ d(x) = a(x) Ã b(x), ʧʦʣʫʯʘʝʪʩʷ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

d0 = a0b0 Ä a3b1 Ä a2b2 Ä a1b3 

d1 = a1b0 Ä a0b1 Ä a3b2 Ä a2b3 

d2 = a2b0 Ä a1b1 Ä a0b2 Ä a3b3 

d3 = a3b0 Ä a2b1 Ä a1b2 Ä a0b3 

ʆʧʝʨʘʮʠʷ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʫʤʥʦʞʝʥʠʷ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʧʦʣʠʥʦʤʘ ʘ(ʭ), ʤʦʞʝʪ ʙʳʪʴ 

ʟʘʧʠʩʘʥʘ ʢʘʢ ʫʤʥʦʞʝʥʠʝ ʤʘʪʨʠʮʳ, ʛʜʝ ʤʘʪʨʠʮʘ ʷʚʣʷʝʪʩʷ ʮʠʢʣʠʯʝʩʢʦʡ: 
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ʇʫʩʪʴ  

b(x) = b3 x
3
 + b2 x

2
 + b1 x

1
 + b0, 

ʫʤʥʦʞʝʥʠʶ ʥʘ x ʤʥʦʛʦʯʣʝʥʘ b(x) ʩ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʠʟ GF(2
8
) ʧʦ ʤʦʜʫʣʶ x

4
 + 1, ʫʯʠʪʳʚʘʷ 

ʩʚʦʡʩʪʚʦ ʧʦʩʣʝʜʥʝʛʦ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʮʠʢʣʠʯʝʩʢʠʡ ʩʜʚʠʛ ʙʘʡʪʦʚ ʚ ʧʨʝʜʝʣʘʭ ʩʣʦʚʘ ʚ ʩʪʦʨʦʥʫ 

ʩʪʘʨʰʝʛʦ ʙʘʡʪʘ, ʪʘ ʢʘʢ 

x Ã b(x) = b2 x
3
 + b1 x

2
 + b0 x

1
 + b3. 

2.1 ɸʣʛʦʨʠʪʤ ʰʠʬʨʦʚʘʥʠʷ AES. 

ɺ Rijndael ɹʣʦʢʠ ʦʪʢʨʳʪʳʭ ʠ ʟʘʰʠʬʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ T ʠ T', 

ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʚʠʜʝ ʤʘʩʩʠʚʦʚ ʠʟ 16, 24 ʠʣʠ 32 ʙʘʡʪʦʚ: 

T = (t1, t2,...,tN) 

T' = (t'1, t'2,...,t'N) 

| t | = | t' | = 8, N {16, 24, 32}. 

ɺ ʩʦʦʪʚʝʪʩʚʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʥʳʤʠ ʘʨʭʠʪʝʢʪʫʨʥʳʤʠ ʧʨʠʥʮʠʧʘʤʠ ʚ ʭʦʜʝ 

ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʠʩʭʦʜʥʳʡ ʠ ʟʘʰʠʬʨʦʚʘʥʥʳʡ ʙʣʦʢʠ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʚʩʝ 

ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʮʝʩʩʘ ʰʠʬʨʦʚʘʥʠʷ ʠʥʪʝʨʧʨʝʪʠʨʫʶʪʩʷ ʢʘʢ ʤʘʪʨʠʮʳ ʙʘʡʪʦʚ 

ʨʘʟʤʝʨʦʤ 4n, ʦʪʢʫʜʘ ʧʦʣʫʯʘʝʤ n = N/4, n {4, 6, 8}. ʄʘʪʨʠʮʳ ʟʘʧʦʣʥʷʶʪʩʷ ʙʘʡʪʘʤʠ ʚʭʦʜʥʦʛʦ 

ʙʣʦʢʘ (ʦʪʢʨʳʪʳʭ ʜʘʥʥʳʭ ʧʨʠ ʟʘʰʠʬʨʦʚʘʥʠʠ ʠ ʟʘʰʠʬʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʧʨʠ ʨʘʩʰʠʬʨʦʚʘʥʠʠ 

ʩʦʦʪʚʝʪʩʚʝʥʥʦ) ʧʦ ʩʪʦʣʙʮʘʤ ʩʚʝʨʭʫ ʚʥʠʟ ʠ ʩʣʝʚʘ ʥʘʧʨʘʚʦ, ʠ ʚ ʪʦʯʥʦ ʪʘʢʦʤ ʞʝ ʧʦʨʷʜʢʝ 

ʠʟʚʣʝʢʘʶʪʩʷ ʙʘʡʪʳ ʠʟ ʤʘʪʨʠʮʳ-ʨʝʟʫʣʴʪʘʪʘ: 

,     . 

ʉʭʝʤʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʘʥʥʳʭ ʧʨʠ ʟʘʰʠʬʨʦʚʘʥʠʠ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ  ʠ ʩʭʝʤʘ 

ʩʦʦʪʚʝʪʩʚʫʶʱʝʛʦ ʘʣʛʦʨʠʪʤʘ - ʥʘ ʨʫʩʫʥʢʝ 2.1 ʠ 2.2. 
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ʈʠʩʫʥʦʢ 2.11.  ʎʠʢʣ ʰʠʬʨʦʚʘʥʠʷ Rijndael - 

ʩʭʝʤʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʘʥʥʳʭ 

  

 
 

 

 

 

 

ʈʠʩʫʥʦʢ 2.12.  ʎʠʢʣ ʰʠʬʨʦʚʘʥʠʷ Rijndael 

- ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ 

ʅʘ ʨʠʩʫʥʢʘʭ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ: 

T, T' - ʦʪʢʨʳʪʳʡ ʠ ʟʘʰʠʬʨʦʚʘʥʥʳʡ ʙʣʦʢʠ ʜʘʥʥʳʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 

ki - i-ʪʳʡ ʢʣʶʯʝʚʦʡ ʵʣʝʤʝʥʪ; 

F, F ' - ʨʝʛʫʣʷʨʥʦʝ ʥʝʣʠʥʝʡʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʦʩʣʝʜʥʝʛʦ ʨʘʫʥʜʘ 

ʩʦʦʪʚʝʪʩʚʝʥʥʦ; 

Xi - ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʩʦʩʪʦʷʥʠʝ ʰʠʬʨʫʝʤʦʛʦ ʙʣʦʢʘ ʧʦʩʣʝ ʧʨʠʙʘʚʣʝʥʠʷ i-ʪʦʛʦ ʢʣʶʯʝʚʦʛʦ 

ʵʣʝʤʝʥʪʘ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʦʚ 2.11 ʠ 2.12, ʧʨʦʮʝʩʩ ʟʘʰʠʬʨʦʚʘʥʠʷ ʩʦʩʪʦʠʪ ʠʟ ʯʝʨʝʜʫʶʱʠʭʩʷ 

ʧʨʠʙʘʚʣʝʥʠʡ ʢʣʶʯʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʢ ʙʣʦʢʫ ʜʘʥʥʳʭ ʠ ʥʝʣʠʥʝʡʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʪʦʛʦ 

ʙʣʦʢʘ: 

T' = EK(T) = kR+1 F '(kR F(kR-1 ... F(k2 F(k1 T))...)). 

ʏʠʩʣʦ R ʨʘʫʥʜʦʚ ʰʠʬʨʦʚʘʥʠʷ ʧʝʨʝʤʝʥʥʦʝ ʠ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʤʝʨʘ ʙʣʦʢʘ ʜʘʥʥʳʭ ʠ ʢʣʶʯʘ. 

ʇʨʠʙʘʚʣʝʥʠʝ ʢʣʶʯʝʚʳʭ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʤ ʥʘʯʠʥʘʝʪʩʷ ʠ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʧʨʦʮʝʩʩ 

ʰʠʬʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ ʦʧʝʨʘʮʠʠ ʨʘʫʥʜʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʳʧʦʣʥʷʝʪʩʷ 

ʧʦʙʘʡʪʥʦ ʚ ʢʦʥʝʯʥʦʤ ʧʦʣʝ ɻʘʣʫʘ GF(2
8
), ʧʦʣʝʚʦʡ ʦʧʝʨʘʮʠʝʡ ʩʣʦʞʝʥʠʷ ʚ ʥʝʤ ʷʚʣʷʝʪʩʷ 

ʧʦʙʠʪʦʚʦʝ ʩʫʤʤʠʨʦʚʘʥʠʝ ʧʦ ʤʦʜʫʣʶ 2. ʉʦʦʪʚʝʪʩʚʝʥʥʦ, ʢʘʞʜʳʡ ʢʣʶʯʝʚʦʡ ʵʣʝʤʝʥʪ ʷʚʣʷʝʪʩʷ 

ʙʘʡʪʦʚʦʡ ʤʘʪʨʠʮʝʡ ʪʦʛʦ ʞʝ ʩʘʤʦʛʦ ʨʘʟʤʝʨʘ, ʯʪʦ ʠ ʙʣʦʢ ʜʘʥʥʳʭ. ɿʘ ʦʜʠʥ ʨʘʫʥʜ ʰʠʬʨʦʚʘʥʠʷ 

ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʧʦʣʥʳʡ ʙʣʦʢ ʜʘʥʥʳʭ, ʘ ʥʝ ʝʛʦ ʯʘʩʪʴ, ʢʘʢ ʚ ʩʝʪʷʭ ʌʝʡʩʪʝʣʷ. ʅʘ ʧʦʩʣʝʜʥʝʤ 

ʨʘʫʥʜʝ ʬʫʥʢʮʠʷ ʥʝʣʠʥʝʡʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʘʥʘʣʦʛʠʯʥʦʡ ʬʫʥʢʮʠʠ, 

ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ ʦʩʪʘʣʴʥʳʭ ʨʘʫʥʜʘʭ - ʵʪʦ ʩʜʝʣʘʥʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʡ 

ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ ʧʨʷʤʦʛʦ ʠ ʦʙʨʘʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʰʠʬʨʦʚʘʥʠʷ. 

ʇʨʦʮʝʩʩ ʨʘʩʰʠʬʨʦʚʘʥʠʷ ʙʣʦʢʘ ʜʘʥʥʳʭ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠ ʠʜʝʥʪʠʯʝʥ ʧʨʦʮʝʩʩʫ ʝʛʦ 

ʟʘʰʠʬʨʦʚʘʥʠʷ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʠʩʫʥʢʠ 2.1 ʠ 2.2 ʪʘʢʞʝ ʩʧʨʘʚʝʜʣʠʚʳ ʠ ʜʣʷ ʥʝʛʦ, ʝʩʣʠ ʯʝʨʝʟ T 

ʦʙʦʟʥʘʯʠʪʴ ʙʣʦʢ ʟʘʰʠʬʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ, ʘ ʯʝʨʝʟ T' - ʦʪʢʨʳʪʳʭ. ʆʜʥʘʢʦ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ 

ʵʪʠʤʠ ʜʚʫʤʷ ʧʨʦʮʝʜʫʨʘʤʠ ʚ ʘʨʭʠʪʝʢʪʫʨʝ "ʂʚʘʜʨʘʪ" ʥʝʩʢʦʣʴʢʦ ʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳ, ʯʝʤ ʚ 

ʩʝʪʷʭ ʌʝʡʩʪʝʣʷ - ʦʥʠ ʨʘʟʣʠʯʘʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʧʦʨʷʜʢʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠ ʢʣʶʯʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʨʘʫʥʜʘʭ ʰʠʬʨʦʚʘʥʠʷ, ʥʦ ʠ ʩʘʤʠʤʠ ʵʪʠʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʠ ʥʝʢʦʪʦʨʳʤʠ ʜʨʫʛʠʤʠ ʢʦʥʩʪʘʥʪʘʤʠ, 

ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʚ ʘʣʛʦʨʠʪʤʝ. ʉʦʦʪʚʝʪʩʚʫʶʱʠʝ ʚʦʧʨʦʩʳ ʨʘʩʩʤʦʪʨʝʥʳ ʥʠʞʝ. 

Rijnael ʵʪʦ ʙʣʦʯʥʳʡ ʰʠʬʨ ʩ ʨʘʟʣʠʯʥʦʡ ʜʣʠʥʦʡ ʙʣʦʢʘ ʰʠʬʨʦʚʘʥʠʷ ʠ ʜʣʠʥʦʡ ʢʣʶʯʘ. 

http://www.enlight.ru/crypto/algorithms/rijndael/rijndael00.htm#note2
http://www.enlight.ru/crypto/algorithms/rijndael/rijndael03.htm
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ɼʣʠʥʳ ʙʣʦʢʘ ʠ ʢʣʶʯʘ ʰʠʬʨʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ 128, 192 ʠ 256 ʙʠʪ. ʐʠʬʨʦʚʘʥʠʝ ʙʣʦʢʘ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʥʝʩʢʦʣʴʢʦ ʨʘʫʥʜʦʚ, ʪʘʢ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʜʣʠʥʝ ʙʣʦʢʘ 128 ʙʠʪ ʠ ʜʣʠʥʝ ʢʣʶʯʘ 

128 ʙʠʪ ʘʣʛʦʨʠʪʤ ʚʢʣʶʯʘʝʪ 10 ʨʘʫʥʜʦʚ. 

 

ʊʘʙʣʠʮʘ 2.1.  ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʣʠʯʝʩʪʚʘ ʨʘʫʥʜʦʚ ʰʠʬʨʦʚʘʥʠʷ ʦʪ ʜʣʠʥʳ ʙʣʦʢʘ ʠ ʜʣʠʥʳ 

ʢʣʶʯʘ ʰʠʬʨʦʚʘʥʠʷ  

 
ʏʠʩʣʦ ʩʪʦʣʙʮʦʚ ʦʙʦʟʥʘʯʝʥʦ ʢʘʢ Nb ʠ ʨʘʚʥʦ ʜʣʠʥʝ ʙʣʦʢʘ, ʜʝʣʝʥʥʦʡ ʥʘ 32. ʂʣʶʯ 

ʰʠʬʨʦʚʘʥʠʷ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʤʘʩʩʠʚʘ ʩ ʯʝʪʳʨʴʤʷ ʩʪʨʦʢʘʤʠ. ʏʠʩʣʦ 

ʩʪʦʣʙʮʦʚ ʦʙʦʟʥʘʯʝʥʦ ʢʘʢ Nk ʠ ʨʘʚʥʦ ʜʣʠʥʝ ʢʣʶʯʘ, ʜʝʣʝʥʥʦʡ ʥʘ 32. 

    ʇʝʨʚʦʤʫ ʨʘʫʥʜʫ ʧʨʝʜʰʝʩʪʚʫʝʪ ʦʧʝʨʘʮʠʷ ʜʦʙʘʚʣʝʥʠʷ  ʢʨʫʛʦʚʦʛʦ ʢʣʶʯʘ. 

  ɺ ʦʪʣʠʯʠʝ ʦʪ DES, ʨʘʫʥʜʳ  Rijnael  ʥʝ ʦʙʣʘʜʘʶʪ ʬʝʡʩʪʝʣʝʚʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ. ɺʤʝʩʪʦ 

ʵʪʦʛʦ ʢʘʞʜʳʡ ʨʘʫʥʜ  ʚʢʣʶʯʘʝʪ  ʨʘʟʣʠʯʥʳʝ ʦʙʨʘʪʠʤʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʜ ʥʘʟʚʘʥʠʝʤ ʩʣʦʠ. 

ʉʭʝʤʘʪʠʯʝʩʢʠ ʢʘʞʜʳʡ ʨʘʫʥʜ, ʢʨʦʤʝ ʧʦʩʣʝʜʥʝʛʦ, ʤʦʞʥʦ  ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ 4 ʦʧʝʨʘʮʠʡ. 

ɼʘʣʝʝ ʤʳ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚʘʨʠʘʥʪ ʰʠʬʨʦʚʘʥʠʷ 128 ʙʠʪʥʦʛʦ ʙʣʦʢʘ ʧʨʠ ʜʣʠʥʝ ʢʣʶʯʘ 128 

ʙʠʪ. ʇʨʠ ʜʨʫʛʠʭ ʜʣʠʥʘʭ ʙʣʦʢʘ ʰʠʬʨʦʚʘʥʠʷ ʠ ʜʣʠʥʳ ʢʣʶʯʘ ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʥʝ ʤʝʥʷʝʪʩʷ, 

ʠʟʤʝʥʷʶʪʩʷ ʣʠʰʴ ʥʝʢʦʪʦʨʳʝ ʢʦʥʩʪʘʥʪʳ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʘ (ʯʠʩʣʦ ʨʘʫʥʜʦʚ ʠ ʧʨʦʯʝʝ). 

ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʦʧʠʩʘʥʠʷ ʚʚʝʜʝʤ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ: ʉʦʩʪʦʷʥʠʝ (State)- 

ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʨʝʟʫʣʴʪʘʪ ʰʠʬʨʦʚʘʥʠʷ. ʉʦʩʪʦʷʥʠʝ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ ʧʨʷʤʦʫʛʦʣʴʥʳʡ 

ʤʘʩʩʠʚ ʙʘʡʪʦʚ. ʇʨʠ ʵʪʦʤ ʙʘʡʪʳ ʩʦʩʪʦʷʥʠʷ ʬʦʨʤʠʨʫʶʪ ʙʣʦʢ ʜʘʥʥʳʭ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 0,0a , 

0,1a , 0,2a , 0,3a , 0,4a , 1,0a , 2,0a , 3,0a ééééé. 

 

0,0a  1,0a  2,0a  3,0a   
0,0k  1,0k  2,0k  3,0k  

0,1a  1,1a  2,1a  3,1a   
0,1k  1,1k  2,1k  3,1k  

0,2a  1,2a  2,2a  3,2a   
0,2k  1,2k  2,2k  3,2k  

0,3a  1,3a  2,3a  3,3a   
0,3k  1,3k  2,3k  3,3k  

 

ʄʘʩʩʠʚ ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʝʭ ʩʪʨʦʢ ʠ ʯʝʪʳʨʝʭ ʩʪʦʣʙʮʦʚ. ʊʘʢʞʝ ʥʘʤ ʧʦʥʘʜʦʙʠʪʩʷ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʵʪʦʛʦ ʙʣʦʢʘ ʢʘʢ ʦʜʥʦʤʝʨʥʦʛʦ ʤʘʩʩʠʚʘ 4-ʙʘʡʪʥʳʭ ʚʝʢʪʦʨʦʚ, ʛʜʝ ʢʘʞʜʳʡ ʚʝʢʪʦʨ 

ʩʦʩʪʦʠʪ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʪʦʣʙʮʘ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʤʘʩʩʠʚʘ.  ʂʣʶʯ ʰʠʬʨʦʚʘʥʠʷ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ. 

ʂʘʞʜʳʡ ʨʘʫʥʜ, ʢʨʦʤʝ ʧʦʩʣʝʜʥʝʛʦ, ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

Round 

{  

ByteSub() 

ShiftRow() 

MixColomn() 

AddRoundKey() 

}  

 

ʇʦʩʣʝʜʥʠʡ ʨʘʫʥʜ ʥʝ ʩʦʜʝʨʞʠʪ ʦʧʝʨʘʮʠʠ MixColomn(). 
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ʈʠʩʫʥʦʢ  2.13.   ʈʘʫʥʜ ʘʣʛʦʨʠʪʤʘ 

 

ByteSub (ɿʘʤʝʥʘ ʙʘʡʪʦʚ) 

ShiftRow (ʉʜʚʠʛ ʩʪʨʦʢ) 

MixColomn (ʉʤʝʰʠʚʘʥʠʝ ʩʪʦʣʙʮʦʚ) 

ɺ ʢʘʞʜʦʤ ʨʘʫʥʜʝ ʘʣʛʦʨʠʪʤʘ ʚʳʧʦʣʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (ʩʤ. ʨʠʩ. 2.3): 

1. ʆʧʝʨʘʮʠʷ SubBytes, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʪʘʙʣʠʯʥʫʶ ʟʘʤʝʥʫ ʢʘʞʜʦʛʦ ʙʘʡʪʘ ʤʘʩʩʠʚʘ 

ʜʘʥʥʳʭ ʩʦʛʣʘʩʥʦ ʩʣʝʜʫʶʱʝʡ ʪʘʙʣʠʮʝ (ʩʤ. ʨʠʩ. 2.4): 

2.  

ʊʘʙʣʠʮʘ 2.2 ï ʊʘʙʣʠʮʘ ʟʘʤʝʥ ʠʩʧʦʣʴʟʫʝʤʘʷ ʩʪʘʥʜʘʨʪʦʤ AES 

 

63 7C 77 7B F2 6B 6F C5 30 01 67 2B FE D7 AB 76 

CA 82 C9 7D FA 59 47 F0 AD D4 A2 AF 9C A4 72 C0 

B7 FD 93 26 36 3F F7 CC 34 A5 E5 F1 71 D8 31 15 

04 C7 23 C3 18 96 05 9A 07 12 80 E2 EB 27 B2 75 

09 83 2C 1A 1B 6E 5A A0 52 3B D6 B3 29 E3 2F 84 

53 D1 00 ED 20 FC B1 5B 6A CB BE 39 4A 4C 58 CF 

D0 EF AA FB 43 4D 33 85 45 F9 02 7F 50 3C 9F A8 

51 A3 40 8F 92 9D 38 F5 BC B6 DA 21 10 FF F3 D2 

CD 0C 13 EC 5F D7 44 17 C4 A7 7E 3D 64 5D 19 73 

60 81 4F DC 22 2A 90 88 46 EE B8 14 DE 5E 0B DB 

E0 32 3A 0A 49 06 24 5C C2 D3 AC 62 91 95 E4 79 

E7 C8 37 6D 8D D5 4E A9 6C 56 F4 EA 65 7A AE 08 

BA 78 25 2E 1C A6 B4 C6 E8 DD 74 1F 4B BD 8B 8A 

70 3E B5 66 48 03 F6 0E 61 35 57 B9 86 C1 1D 9E 

E1 F8 98 11 69 D9 8E 94 9B 1E 87 E9 CE 55 28 DF 

8C A1 89 0D BF E6 42 68 41 99 2D 0F B0 54 BB 16 

                

ʊʘʙʣʠʮʘ ʤʝʥʷʝʪ ʚʭʦʜʥʦʝ ʟʥʘʯʝʥʠʝ 0 ʥʘ 63 (ʰʝʩʪʥʘʜʮʘʪʝʨʠʯʥʦʝ ʟʥʘʯʝʥʠʝ), 1 ï ʥʘ 7C, 2 ï ʥʘ 77 

ʠ ʪ.ʜ. 

 
ʈʠʩʫʥʦʢ 2.14. ʆʧʝʨʘʮʠʷ SubBytes 
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ɺʤʝʩʪʦ ʜʘʥʥʦʡ ʪʘʙʣʠʯʥʦʡ ʟʘʤʝʥʳ ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʵʢʚʠʚʘʣʝʥʪʥʫʶ ʝʡ ʢʦʤʙʠʥʘʮʠʶ ʜʚʫʭ 

ʦʧʝʨʘʮʠʡ: 

1.1.      ɺʳʯʠʩʣʝʥʠʝ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʦʡ ʦʙʨʘʪʥʦʡ ʚʝʣʠʯʠʥʳ ʦʪ ʚʭʦʜʥʦʛʦ   ʟʥʘʯʝʥʠʷ ʚ ʢʦʥʝʯʥʦʤ 

ʧʦʣʝ GF(2
8
); ʦʙʨʘʪʥʦʡ ʚʝʣʠʯʠʥʦʡ ʦʪ 0 ʷʚʣʷʝʪʩʷ 0. 

1.2.      ɺʳʭʦʜʥʦʝ ʟʥʘʯʝʥʠʝ b ʚʳʯʠʩʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

bi = ai  ai + 4 mod 8  ai+5 mod 8  ai+6 mod 8  ai+7 mod 8  ci 
ʛʜʝ ni ʦʙʦʟʥʘʯʘʝʪ i-ʡ ʙʠʪ ʚʝʣʠʯʠʥʳ n, 

a ï ʨʝʟʫʣʴʪʘʪ ʧʨʝʜʳʜʫʱʝʡ ʦʧʝʨʘʮʠʠ, 

c ï ʰʝʩʪʥʘʜʮʘʪʝʨʠʯʥʘʷ ʢʦʥʩʪʘʥʪʘ 63. 

 

ɿʘʤʝʥʘ ʙʘʡʪʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʣʠʥʝʡʥʫʶ ʟʘʤʝʥʫ ʙʘʡʪʦʚ, ʜʝʡʩʪʚʫʶʱʫʶ ʥʘ 

ʢʘʞʜʳʡ ʙʘʡʪ ʩʦʩʪʦʷʥʠʷ ʥʝʟʘʚʠʩʠʤʦ. ʊʘʙʣʠʮʘ ʟʘʤʝʥʳ ʷʚʣʷʝʪʩʷ ʦʙʨʘʪʠʤʦʡ ʠ ʩʪʨʦʠʪʩʷ ʥʘ 

ʦʩʥʦʚʝ ʧʨʦʠʟʚʝʜʝʥʠʷ ʜʚʫʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ: 

ʚʳʯʠʩʣʷʝʪʩʷ ñʦʙʨʘʪʥʳʡ ʙʘʡʪò (ʦʙʨʘʪʠʤʦʩʪʴ ʧʦʥʠʤʘʝʪʩʷ ʥʘʜ ʧʦʣʝʤ GF(256), ʘ  0 ʵʣʝʤʝʥʪ 

ʦʪʦʙʨʘʞʘʝʪʩʷ ʚ ʩʝʙʷ). 

ʂ ʧʦʣʫʯʝʥʥʦʤʫ ʙʘʡʪʫ ʧʨʠʤʝʥʷʝʪʩʷ ʘʬʠʥʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ: 
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ʈʠʩʫʥʦʢ 2.15.  ʆʧʝʨʘʮʠʷ SubBytes ʚ ʤʘʪʨʠʯʥʦʡ ʬʦʨʤʝ 

 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʦʙʨʘʪʥʦʡ ʟʘʤʝʥʳ ʙʘʡʪʦʚ ʧʨʠʤʝʥʷʝʪʩʷ ʦʙʨʘʪʥʘʷ ʪʘʙʣʠʮʘ ʟʘʤʝʥʳ, 

ʢʦʪʦʨʘʷ ʧʦʣʫʯʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʩʥʘʯʘʣʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʙʨʘʪʥʦʝ ʘʬʠʥʥʦʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ, ʘ ʟʘʪʝʤ ʚʳʯʠʩʣʷʝʪʩʷ ʦʙʨʘʪʥʳʡ ʵʣʝʤʝʥʪ ʥʘʜ GF(256). 

 

 2.     ʆʧʝʨʘʮʠʷ ShiftRows, ʢʦʪʦʨʘʷ ʚʳʧʦʣʥʷʝʪ ʮʠʢʣʠʯʝʩʢʠʡ ʩʜʚʠʛ ʚʣʝʚʦ ʚʩʝʭ ʩʪʨʦʢ 

ʤʘʩʩʠʚʘ ʜʘʥʥʳʭ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʥʫʣʝʚʦʡ. ʉʜʚʠʛ i-ʡ ʩʪʨʦʢʠ ʤʘʩʩʠʚʘ (ʜʣʷ i = 1, 2, 3) 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ i ʙʘʡʪ. 

 

 
  

ʈʠʩʫʥʦʢ 2.16.  ʆʧʝʨʘʮʠʷ ShiftRows 

 

3.     ʆʧʝʨʘʮʠʷ MixColumns. ʉʤʝʰʠʚʘʥʠʝ ʩʪʦʣʙʮʦʚ ʧʨʦʠʩʭʦʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ʩʪʦʣʙʝʮ ʩʦʩʪʦʷʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʧʦʣʠʥʦʤ ʥʘʜ GF(256) ʠ ʫʤʥʦʞʘʝʪʩʷ ʧʦ ʤʦʜʫʣʶ 14+x  

ʥʘ ʬʠʢʩʠʨʦʚʘʥʥʳʡ ʧʦʣʠʥʦʤ )(xa , ʛʜʝ '02''01''01''03')( 23 +++= xxxxa .  ʕʪʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 
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ʦʙʨʘʪʠʤʦ, ʧʦʩʢʦʣʴʢʫ ʧʦʣʠʥʦʤ )(xa  ʚʟʘʠʤʥʦ ʧʨʦʩʪ ʩ 14+x . 

ʕʪʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʤʘʪʨʠʯʥʦʤ  ʚʠʜʝ: )()()( xxxaxy Ã= , 
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ʈʠʩʫʥʦʢ 2.17.  ʆʧʝʨʘʮʠʷ MixColumns 

 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʦʙʨʘʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʝʩʪʠ ʫʤʥʦʞʝʥʠʝ ʥʘ ʧʦʣʠʥʦʤ 

'0''09''0''0')( 23 ExxDxBxd +++= . 

 

 4.     ʆʧʝʨʘʮʠʷ AddRoundKey ʚʳʧʦʣʥʷʝʪ ʥʘʣʦʞʝʥʠʝ ʥʘ ʤʘʩʩʠʚ ʜʘʥʥʳʭ ʤʘʪʝʨʠʘʣʘ 

ʢʣʶʯʘ. ɸ ʠʤʝʥʥʦ, ʥʘ i-ʡ ʩʪʦʣʙʝʮ ʤʘʩʩʠʚʘ ʜʘʥʥʳʭ (i = 0é3) ʧʦʙʠʪʦʚʦʡ ʣʦʛʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʝʡ 

çʠʩʢʣʶʯʘʶʱʝʝ ʠʣʠè (XOR) ʥʘʢʣʘʜʳʚʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʦʝ ʩʣʦʚʦ ʨʘʩʰʠʨʝʥʥʦʛʦ ʢʣʶʯʘ W4r+i, 

ʛʜʝ r  ï ʥʦʤʝʨ ʪʝʢʫʱʝʛʦ ʨʘʫʥʜʘ ʘʣʛʦʨʠʪʤʘ, ʥʘʯʠʥʘʷ ʩ 1 (ʧʨʦʮʝʜʫʨʘ ʨʘʩʰʠʨʝʥʠʷ ʢʣʶʯʘ ʙʫʜʝʪ 

ʦʧʠʩʘʥʘ ʥʠʞʝ). ʆʧʝʨʘʮʠʷ AddRoundKey ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 13. 

ʂʦʣʠʯʝʩʪʚʦ ʨʘʫʥʜʦʚ ʘʣʛʦʨʠʪʤʘ R ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʤʝʨʘ ʢʣʶʯʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 

ʊʘʙʣʠʮʘ 2.3 - ʂʦʣʠʯʝʩʪʚʦ ʨʘʫʥʜʦʚ ʘʣʛʦʨʠʪʤʘ ʚ ʟʘʚʠʩʠʪʠ ʦʪ ʨʘʟʤʝʨʘ ʢʣʶʯʘ 

 

ʈʘʟʤʝʨ ʢʣʶʯʘ, ʙʠʪ R 

128 10 

192 12 

256 14 

 

ʇʝʨʝʜ ʧʝʨʚʳʤ ʨʘʫʥʜʦʤ ʘʣʛʦʨʠʪʤʘ ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʥʘʣʦʞʝʥʠʝ ʤʘʪʝʨʠʘʣʘ 

ʢʣʶʯʘ ʩ ʧʦʤʦʱʴʶ ʦʧʝʨʘʮʠʠ AddRoundKey, ʢʦʪʦʨʘʷ ʚʳʧʦʣʥʷʝʪ ʥʘʣʦʞʝʥʠʝ ʥʘ ʦʪʢʨʳʪʳʡ ʪʝʢʩʪ 

ʧʝʨʚʳʭ ʯʝʪʳʨʝʭ ʩʣʦʚ ʨʘʩʰʠʨʝʥʥʦʛʦ ʢʣʶʯʘ W0éW3. 

ʇʦʩʣʝʜʥʠʡ ʞʝ ʨʘʫʥʜ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʨʝʜʳʜʫʱʠʭ ʪʝʤ, ʯʪʦ ʚ ʥʝʤ ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ 

ʦʧʝʨʘʮʠʷ MixColumns. 

   

 
  

ʈʠʩʫʥʦʢ 2.18.  ʆʧʝʨʘʮʠʷ AddRoundKey 
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ʇʦʣʫʯʝʥʠʝ ʢʨʫʛʦʚʦʛʦ ʢʣʶʯʘ. 

 

ʂʣʶʯ ʰʠʬʨʦʚʘʥʠʷ ʜʣʷ ʢʘʞʜʦʛʦ ʨʘʫʥʜʘ ʧʦʣʫʯʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʉʥʘʯʘʣʘ 

ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʰʠʨʝʥʠʝ ʢʣʶʯʘ, ʘ ʟʘʪʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ  ʚʳʙʦʨʢʘ ʠʟ ʨʘʩʰʠʨʝʥʥʦʛʦ ʢʣʶʯʘ 

ʜʣʷ ʢʘʞʜʦʛʦ ʨʘʫʥʜʘ.  

 

 
 

ʈʠʩʫʥʦʢ 2.19.  ʈʘʩʰʠʨʝʥʠʝ ʢʣʶʯʘ ʠ ʚʳʙʦʨʢʘ ʠʟ ʨʘʩʰʠʨʝʥʥʦʛʦ ʢʣʶʯʘ ʢʣʶʯʘ ʜʣʷ 

ʢʘʞʜʦʛʦ ʨʘʫʥʜʘ 

 

ʇʦʣʥʦʝ ʯʠʩʣʦ ʙʠʪʦʚ ʢʨʫʛʦʚʦʛʦ ʢʣʶʯʘ, ʥʝʦʙʭʦʜʠʤʛʦ ʜʣʷ ʰʠʬʨʦʚʘʥʠʷ, ʨʘʚʥʦ ʜʣʠʥʝ 

ʙʣʦʢʘ ʫʤʥʦʞʝʥʥʦʡ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʨʘʫʥʜʦʚ ʧʣʶʩ 1,  ʪʝ ʜʣʷ ʙʣʦʢʘ ʜʣʠʥʦʡ 128 ʙʠʪ ʠ 10 ʨʘʫʥʜʦʚ 

ʥʝʦʙʭʦʜʠʤʦ 1408 ʙʠʪ. ʇʝʨʚʳʝ 128 ʙʠʪ ʢʨʫʛʦʚʦʛʦ ʢʣʶʯʘ ʩʦʚʧʘʜʘʶʪ ʩ ʩʘʤʠʤ ʢʣʶʯʦʤ.  

ʌʦʨʤʠʨʦʚʘʥʠʝ ʢʣʶʯʘ ʧʨʦʠʩʭʦʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʧʝʨʚʳʝ ʯʝʪʳʨʝ ʩʪʦʣʙʮʘ (ʩ 

ʥʦʤʝʨʘʤʠ 0-3)ʩʦʚʧʘʜʘʶʪ ʩ ʩʘʤʠʤ ʢʣʶʯʦʤ, ʜʘʣʝʝ ʩʪʦʣʙʝʮ ʩ ʥʦʤʝʨʦʤ ʯʝʪʳʨʝ ʧʦʣʫʯʘʝʪʩʷ ʠʟ 

ʪʨʝʪʴʝʛʦ ʩ ʧʦʤʦʱʴʶ ʩʣʝʜʫʶʱʝʡ ʢʦʤʧʦʟʠʮʠʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ:  

134 ))(( CKRotByteSubByteK Ä= ,  ʜʘʣʝʝ ʜʣʷ ʩʪʦʣʙʮʦʚ 5-7 ʠʤʝʝʤ: 14 =- Ä= iii KKK .  

ɼʘʣʴʥʝʡʰʠʡ ʧʨʦʮʝʩʩ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʝʢʫʨʩʠʚʥʦ, ʤʝʥʷʝʪʩʷ ʣʠʰʴ ʢʦʥʩʪʘʥʪʘ ʉ.  ɿʜʝʩʴ  SubByte ï 

ʧʨʠʤʝʥʝʥʠʝ ʦʧʝʨʘʮʠʠ ʟʘʤʝʥʳ ʙʘʡʪ, ʘ RotByte- ʩʜʚʠʛ, ʧʨʝʦʙʨʘʟʫʶʱʠʡ ʩʪʦʣʙʝʮ (a,b,c,d) ʚ 

(b,c,d,a). 

ʈʘʩʰʠʨʝʥʠʝ ʢʣʶʯʘ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʜʚʘ ʵʪʘʧʘ, ʥʘ ʧʝʨʚʦʤ ʠʟ ʢʦʪʦʨʳʭ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʠʥʠʮʠʘʣʠʟʘʮʠʷ ʩʣʦʚ ʨʘʩʰʠʨʝʥʥʦʛʦ ʢʣʶʯʘ (ʦʙʦʟʥʘʯʘʝʤʳʭ ʢʘʢ W i): ʧʝʨʚʳʝ Nk (Nk ï ʨʘʟʤʝʨ 

ʠʩʭʦʜʥʦʛʦ ʢʣʶʯʘ ʰʠʬʨʦʚʘʥʠʷ K  ʚ ʩʣʦʚʘʭ, ʪ.ʝ. 4, 6 ʠʣʠ 8) ʩʣʦʚ W i (ʪ.ʝ. i = 0éNk-1) 

ʬʦʨʤʠʨʫʶʪʩʷ ʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʟʘʧʦʣʥʝʥʠʝʤ ʙʘʡʪʘʤʠ ʢʣʶʯʘ (ʩʤ. ʨʠʩ. 2.20). 

  

  

 
  

ʈʠʩʫʥʦʢ 2.20.  ʀʥʠʮʠʘʣʠʟʘʮʠʷ ʧʝʨʚʳʭ ʩʣʦʚ ʨʘʩʰʠʨʝʥʥʦʛʦ ʢʣʶʯʘ 

  

ʇʦʩʣʝʜʫʶʱʠʝ ʩʣʦʚʘ W i ʬʦʨʤʠʨʫʶʪʩʷ ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʦʧʝʨʘʮʠʡ ʜʣʷ 

ʢʘʞʜʦʛʦ i = Nké4*(R+1)-1: 

 

ʐʘʛ 1.           ʀʥʠʮʠʘʣʠʟʠʨʫʝʪʩʷ ʚʨʝʤʝʥʥʘʷ ʧʝʨʝʤʝʥʥʘʷ T: 

T = W i-1. 
ʐʘʛ 2.           ɼʘʥʥʘʷ ʧʝʨʝʤʝʥʥʘʷ ʤʦʜʠʬʠʮʠʨʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

a.     ʝʩʣʠ i ʢʨʘʪʥʦ Nk, ʪʦ: 



 50 

T = SubWord(RotWord(T))  RC ; 
ʦʧʝʨʘʮʠʠ SubWord, RotWord ʙʫʜʫʪ ʦʧʠʩʘʥʳ ʥʠʞʝ, ʘ ʢʦʥʩʪʘʥʪʳ RCn ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʩʣʦʚʘ, ʚ ʢʦʪʦʨʳʭ ʚʩʝ ʙʘʡʪʳ, ʢʨʦʤʝ ʧʝʨʚʦʛʦ ʷʚʣʷʶʪʩʷ ʥʫʣʝʚʳʤʠ, ʘ ʧʝʨʚʳʡ ʙʘʡʪ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ 

2
n-1

 mod 256; 

b.     ʝʩʣʠ Nk = 8 ʠ (i mod Nk) = 4, ʪʦ: 

T = SubWord(T);  
c.     ʚ ʦʩʪʘʣʴʥʳʭ ʩʣʫʯʘʷʭ ʤʦʜʠʬʠʢʘʮʠʷ ʧʝʨʝʤʝʥʥʦʡ T ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ. 

ʐʘʛ 3.           ʌʦʨʤʠʨʫʝʪʩʷ i-ʝ ʩʣʦʚʦ ʨʘʩʰʠʨʝʥʥʦʛʦ ʢʣʶʯʘ: 

W i = Wi-Nk  
ʆʧʝʨʘʮʠʷ SubWord ʚʳʧʦʣʥʷʝʪ ʥʘʜ ʢʘʞʜʳʤ ʙʘʡʪʦʤ ʚʭʦʜʥʦʛʦ ʟʥʘʯʝʥʠʷ ʪʘʙʣʠʯʥʫʶ 

ʟʘʤʝʥʫ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʦʧʠʩʘʥʘ ʚʳʰʝ ï ʩʤ. ʦʧʝʨʘʮʠʶ SubBytes. 

ʆʧʝʨʘʮʠʷ RotWord ʧʦʙʘʡʪʥʦ ʚʨʘʱʘʝʪ ʚʭʦʜʥʦʝ ʩʣʦʚʦ ʥʘ 1 ʙʘʡʪ ʚʣʝʚʦ. 

ʂʘʢ ʚʠʜʥʦ, ʧʨʦʮʝʜʫʨʘ ʨʘʩʰʠʨʝʥʠʷ ʢʣʶʯʘ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦʡ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩʦ ʤʥʦʛʠʤʠ ʜʨʫʛʠʤʠ ʩʦʚʨʝʤʝʥʥʳʤʠ ʘʣʛʦʨʠʪʤʘʤʠ ʰʠʬʨʦʚʘʥʠʷ. ʇʨʦʮʝʜʫʨʘ ʨʘʩʰʠʨʝʥʠʷ ʢʣʶʯʘ 

ʠʤʝʝʪ ʪʘʢʞʝ ʥʝʩʦʤʥʝʥʥʦʝ ʜʦʩʪʦʠʥʩʪʚʦ ʚ ʪʦʤ, ʯʪʦ ʨʘʩʰʠʨʝʥʠʝ ʢʣʶʯʘ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʦ 

çʥʘ ʣʝʪʫè (on-the-fly), ʪ.ʝ. ʧʘʨʘʣʣʝʣʴʥʦ ʩ ʟʘʰʠʬʨʦʚʘʥʠʝʤ ʜʘʥʥʳʭ. 

ɸʚʪʦʨʳ ʘʣʛʦʨʠʪʤʘ ʚ [3] ʧʠʰʫʪ ʪʘʢʞʝ, ʯʪʦ ʥʝ ʩʣʝʜʫʝʪ ʟʘʜʘʚʘʪʴ ʥʘʧʨʷʤʫʶ ʨʘʩʰʠʨʝʥʥʳʡ 

ʢʣʶʯ ï ʧʨʦʛʨʘʤʤʥʘʷ ʠʣʠ ʘʧʧʘʨʘʪʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʘ ʜʦʣʞʥʘ ʠʤʝʥʥʦ ʧʦʣʫʯʘʪʴ 

ʠʩʭʦʜʥʳʡ ʢʣʶʯ ʰʠʬʨʦʚʘʥʠʷ K  ʠ ʚʳʧʦʣʥʷʪʴ ʧʨʦʮʝʜʫʨʫ ʨʘʩʰʠʨʝʥʠʷ ʢʣʶʯʘ. ɿʜʝʩʴ ʩʪʦʠʪ ʩʥʦʚʘ 

ʚʩʧʦʤʥʠʪʴ ʘʣʛʦʨʠʪʤ DES ï ʠʟʚʝʩʪʥʦ, ʯʪʦ DES ʩ ʥʝʟʘʚʠʩʠʤʦ ʟʘʜʘʚʘʝʤʳʤʠ ʢʣʶʯʘʤʠ ʨʘʫʥʜʦʚ 

ʦʢʘʟʘʣʩʷ ʩʣʘʙʝʝ ʧʨʦʪʠʚ ʥʝʢʦʪʦʨʳʭ ʘʪʘʢ, ʯʝʤ ʠʩʭʦʜʥʳʡ ʘʣʛʦʨʠʪʤ DES. 

ʊʦʛʜʘ ʚʝʩʴ ʧʨʦʮʝʩʩ ʰʠʬʨʦʚʘʥʠʷ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʪʘʢ: 

ʀʟʥʘʯʘʣʴʥʦʝ ʜʦʙʘʚʣʝʥʠʝ ʢʨʫʛʦʚʦʛʦ ʢʣʶʯʘ 

N-1 ʨʘʫʥʜ 

ʇʦʩʣʝʜʥʠʡ ʨʘʫʥʜ. 

 

ɸʣʛʦʨʠʪʤ ʜʝʰʠʬʨʦʚʘʥʠʷ AES 

 

 ɺʳʰʝ ʙʳʣʦ ʦʪʤʝʯʝʥʘ ʨʝʘʣʠʟʘʮʠʷ ʦʙʨʘʪʥʦʛʦ ʢ ʢʘʞʜʦʤʫ ʠʟ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʨʘʫʥʜʘ: 

{  

ɼʦʙʘʚʣʝʥʠʝ ʢʨʫʛʦʚʦʛʦ ʢʣʶʯʘ 

ʆʙʨʘʪʥʦʝ ʩʤʝʰʠʚʘʥʠʝ ʩʪʦʣʙʮʦʚ 

ʆʙʨʘʪʥʳʡ ʩʜʚʠʛ ʩʪʨʦʢ 

ʆʙʨʘʪʥʘʷ ʟʘʤʝʥʘ ʙʘʡʪ 

}  

 ɽʜʠʥʩʪʚʝʥʥʦʝ ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʵʪʦ ʠʟʤʝʥʠʪʴ ʧʦʨʷʜʦʢ ʦʧʝʨʘʮʠʡ ʢʘʞʜʦʛʦ ʨʘʫʥʜʘ. 

ʉʣʦʞʥʦʩʪʴ ʦʧʝʨʘʮʠʡ ʜʣʷ ʘʣʛʦʨʠʪʤʘ ʰʠʬʨʦʚʘʥʠʷ ʥʝ ʠʟʤʝʥʷʝʪʩʷ. ʆʜʥʘʢʦ ʠʩʭʦʜʷ ʠʟ 

ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚʭʦʜʷʱʠʭ ʚ ʨʘʫʥʜ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʤʦʞʥʦ ʧʨʠʡʪʠ ʢ ʩʪʨʫʢʪʫʨʝ, ʥʝ 

ʦʪʣʠʯʘʶʱʠʡʩʷ ʦʪ ʧʨʷʤʦʛʦ ʘʣʛʦʨʠʪʤʘ. ʈʘʩʩʤʦʪʨʠʤ ʜʚʫʭʨʘʫʥʜʦʚʳʡ ʦʙʨʘʪʥʳʡ ʘʣʛʦʨʠʪʤ: 

 

AddRoundKey(); 

InvShiftRow(); 

InvByteSub(); 

AddRoundKey(); 

InvMixColumn(); 

InvShiftRow(); 

InvByteSub(); 

AddRoundKey(); 
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ʈʠʩʫʥʦʢ 2.21.  ʈʘʫʥʜ ʨʘʩʰʠʬʨʦʚʘʥʠʷ 

 

ʃʝʛʢʦ ʟʘʤʝʪʠʪʴ,  ʯʪʦ ʦʧʝʨʘʮʠʠ ʩʜʚʠʛʘ ʩʪʨʦʢ ʠ ʟʘʤʝʥʳ ʙʘʡʪ ʤʦʞʥʦ ʧʦʤʝʥʷʪʴ ʤʝʩʪʘʤʠ, 

ʪ.ʢ. ʟʘʤʝʥʘ ʙʘʡʪ ʜʝʡʩʪʚʫʝʪ ʥʘ ʢʘʞʜʳʡ ʙʘʡʪ ʥʝʟʘʚʠʩʠʤʦ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

AddRoundKey(); 

InvMixColumn(); 

 ʤʦʞʥʦ ʟʘʤʝʥʠʪʴ ʥʘ 

InvMixColumn() 

AddRoundKey(InvRoundKey); ɿʜʝʩʴ InvRoundKey  ʦʙʦʟʥʘʯʘʝʪ ʨʝʟʫʣʴʪʘʪ ʧʨʠʤʝʥʝʥʠʷ ʦʧʝʨʘʮʠʠ  

InvMixColumn() ʢ ʢʣʶʯʫ.  ʕʪʦ ʩʣʝʜʫʝʪ ʠʟ ʣʠʥʝʡʥʦʩʪʠ ʦʧʝʨʘʮʠʡ. ʊʦʛʜʘ ʤʳ ʧʦʣʫʯʠʤ 

ʩʣʝʜʫʶʱʫʶ ʩʪʨʫʢʪʫʨʫ ʜʣʷ ʜʚʫʭʨʘʫʥʜʦʚʦʛʦ ʦʙʨʘʪʥʦʛʦ ʘʣʛʦʨʠʪʤʘ: 

AddRoundKey(); 

InvByteSub(); 

InvShiftRow(); 

InvMixColumn(); 

AddRoundKey(Inv); 

InvByteSub(); 

InvShiftRow(); 

AddRoundKey(); 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʧʦʣʫʯʠʣʠ  ʩʪʨʫʢʪʫʨʫ ʧʨʷʤʦʛʦ ʜʚʫʭʨʘʫʥʜʦʚʦʛʦ ʘʣʛʦʨʠʪʤʘ. ɼʣʷ 

ʙʦʣʴʰʝʛʦ ʯʠʩʣʘ ʨʘʫʥʜʦʚ ʧʦʣʫʯʘʝʤ ʪʘʢʦʡ ʞʝ ʨʝʟʫʣʴʪʘʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʨʘʪʥʳʡ ʘʣʛʦʨʠʪʤ 

ʠʤʝʝʪ ʪʫ ʞʝ ʩʪʨʫʢʪʫʨʫ. 

ʇʝʨʝʜ ʧʝʨʚʳʤ ʨʘʫʥʜʦʤ ʨʘʩʰʠʬʨʦʚʘʥʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʦʧʝʨʘʮʠʷ AddRoundKey (ʢʦʪʦʨʘʷ 

ʷʚʣʷʝʪʩʷ ʦʙʨʘʪʥʦʡ ʩʘʤʦʡ ʩʝʙʝ), ʚʳʧʦʣʥʷʶʱʘʷ ʥʘʣʦʞʝʥʠʝ ʥʘ ʰʠʬʨʪʝʢʩʪ ʯʝʪʳʨʝʭ ʧʦʩʣʝʜʥʠʭ 

ʩʣʦʚ ʨʘʩʰʠʨʝʥʥʦʛʦ ʢʣʶʯʘ, ʪ.ʝ. W4RéW4R+3. 

ɿʘʪʝʤ ʚʳʧʦʣʥʷʝʪʩʷ R ʨʘʫʥʜʦʚ ʨʘʩʰʠʬʨʦʚʘʥʠʷ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʚʳʧʦʣʥʷʝʪ 

ʩʣʝʜʫʶʱʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (ʩʤ. ʨʠʩ. 7): 

1.     ʆʧʝʨʘʮʠʷ InvShiftRows ʚʳʧʦʣʥʷʝʪ ʮʠʢʣʠʯʝʩʢʠʡ ʩʜʚʠʛ ʚʧʨʘʚʦ ʪʨʝʭ ʧʦʩʣʝʜʥʠʭ ʩʪʨʦʢ ʤʘʩʩʠʚʘ 

ʜʘʥʥʳʭ ʥʘ ʪʦ ʞʝ ʢʦʣʠʯʝʩʪʚʦ ʙʘʡʪ, ʥʘ ʢʦʪʦʨʦʝ ʚʳʧʦʣʥʷʣʩʷ ʩʜʚʠʛ ʦʧʝʨʘʮʠʝʡ ShiftRows ʧʨʠ 

ʟʘʰʠʬʨʦʚʘʥʠʠ. 

2.     ʆʧʝʨʘʮʠʷ InvSubBytes ʚʳʧʦʣʥʷʝʪ ʧʦʙʘʡʪʥʦ ʦʙʨʘʪʥʫʶ ʪʘʙʣʠʯʥʫʶ ʟʘʤʝʥʫ, ʢʦʪʦʨʘʷ 

ʦʧʨʝʜʝʣʝʥʘ ʩʣʝʜʫʶʱʝʡ ʪʘʙʣʠʮʝʡ: 
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ʊʘʙʣʠʮʘ 2.4.  ʊʘʙʣʠʮʘ ʦʙʨʘʪʥʦʡ ʟʘʤʝʥʳ ʜʣʷ ʩʪʘʥʜʘʨʪʘ AES 

 

52 09 6A D5 30 36 A5 38 BF 40 A3 9E 81 F3 D7 FB 

7C E3 39 82 9B 2F FF 87 34 8E 43 44 C4 DE E9 CB 

54 7B 94 32 A6 C2 23 3D EE 4C 95 0B 42 FA C3 4E 

08 2E A1 66 28 D9 24 B2 76 5B A2 49 6D 8B D1 25 

72 F8 F6 64 86 68 98 16 D4 A4 5C CC 5D 65 B6 92 

6C 70 48 50 FD ED B9 DA 5E 15 46 57 A7 8D 9D 84 

90 D8 AB 00 8C BC D3 0A F7 E4 58 05 B8 B3 45 06 

D0 2C 1E 8F CA 3F 0F 02 C1 AF BD 03 01 13 8A 6B 

3A 91 11 41 4F 67 DC EA 97 F2 CF CE F0 B4 E6 73 

96 AC 74 22 E7 AD 35 85 E2 F9 37 E8 1C 75 DF 6E 

47 F1 1A 71 1D 29 C5 89 6F B7 62 0E AA 18 BE 1B 

FC 56 3E 4B C6 D2 79 20 9A DB C0 FE 78 CD 5A F4 

1F DD A8 33 88 07 C7 31 B1 12 10 59 27 80 EC 5F 

60 51 7F A9 19 B5 4A 0D 2D E5 7A 9F 93 C9 9C EF 

A0 E0 3B 4D AE 2A F5 B0 C8 EB BB 3C 83 53 99 61 

17 2B 04 7E BA 77 D6 26 E1 69 14 63 55 21 0C 7D 

 

ɼʘʥʥʫʶ ʪʘʙʣʠʯʥʫʶ ʟʘʤʝʥʫ ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ, ʧʨʠʤʝʥʠʚ ʢ ʚʭʦʜʥʦʤʫ ʙʘʡʪʫ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ, 

ʦʙʨʘʪʥʦʝ ʦʧʝʨʘʮʠʠ 1.2 (ʩʤ. ʦʧʠʩʘʥʠʝ ʦʧʝʨʘʮʠʠ SubBytes), ʧʦʩʣʝ ʯʝʛʦ ʚʳʯʠʩʣʠʪʴ 

ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʫʶ ʦʙʨʘʪʥʫʶ ʚʝʣʠʯʠʥʫ ʦʪ ʨʝʟʫʣʴʪʘʪʘ ʧʨʝʜʳʜʫʱʝʡ ʦʧʝʨʘʮʠʠ ʚ ʢʦʥʝʯʥʦʤ 

ʧʦʣʝ GF(2
8
). 

3.     ʆʧʝʨʘʮʠʷ AddRoundKey, ʢʘʢ ʠ ʧʨʠ ʟʘʰʠʬʨʦʚʘʥʠʠ, ʚʳʧʦʣʥʷʝʪ ʥʘʣʦʞʝʥʠʝ ʥʘ 

ʦʙʨʘʙʘʪʳʚʘʝʤʳʝ ʜʘʥʥʳʝ ʯʝʪʳʨʝʭ ʩʣʦʚ ʨʘʩʰʠʨʝʥʥʦʛʦ ʢʣʶʯʘ W4réW4r+3. ʆʜʥʘʢʦ, ʥʫʤʝʨʘʮʠʷ 

ʨʘʫʥʜʦʚ r  ʧʨʠ ʨʘʩʰʠʬʨʦʚʘʥʠʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʦʙʨʘʪʥʫʶ ʩʪʦʨʦʥʫ ï ʦʪ R-1 ʜʦ 0. 

4.     ʆʧʝʨʘʮʠʷ InvMixColumns ʚʳʧʦʣʥʷʝʪ ʫʤʥʦʞʝʥʠʝ ʢʘʞʜʦʛʦ ʩʪʦʣʙʮʘ ʤʘʩʩʠʚʘ ʜʘʥʥʳʭ 

ʘʥʘʣʦʛʠʯʥʦ ʧʨʷʤʦʡ ʦʧʝʨʘʮʠʠ MixColumns, ʦʜʥʘʢʦ, ʫʤʥʦʞʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʧʦʣʠʥʦʤ a
-

1
(x), ʦʧʨʝʜʝʣʝʥʥʳʡ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

a
-1

(x) = Bx
3
 + Dx

2
 + 9x + E. 

ɸʥʘʣʦʛʠʯʥʦ ʟʘʰʠʬʨʦʚʘʥʠʶ, ʧʦʩʣʝʜʥʠʡ ʨʘʫʥʜ ʨʘʩʰʠʬʨʦʚʘʥʠʷ ʥʝ ʩʦʜʝʨʞʠʪ ʦʧʝʨʘʮʠʶ 

InvMixColumns. 

 

ʆʪʣʠʯʠʷ AES ʦʪ ʠʩʭʦʜʥʦʛʦ ʘʣʛʦʨʠʪʤʘ Rijndael 

 

 ɸʣʛʦʨʠʪʤ Rindael ʧʦʟʚʦʣʷʝʪ ʰʠʬʨʦʚʘʪʴ ʜʘʥʥʳʝ ʥʝ ʪʦʣʴʢʦ 128-ʙʠʪʥʳʤʠ ʙʣʦʢʘʤʠ, ʥʦ ʠ 

ʙʣʦʢʘʤʠ ʧʦ 192 ʠʣʠ 256 ʙʠʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, AES, ʬʘʢʪʠʯʝʩʢʠ, ʠʤʝʝʪ ʣʠʰʴ ʦʜʥʦ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʦʪʣʠʯʠʝ ʦʪ Rijndael: ʦʥ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʦʣʴʢʦ 128-ʙʠʪʥʳʭ 

ʙʣʦʢʦʚ ʜʘʥʥʳʭ. ʈʘʩʩʤʦʪʨʠʤ ʠʟʤʝʥʝʥʠʷ ʚ ʧʨʠʚʝʜʝʥʥʦʤ ʚʳʰʝ ʦʧʠʩʘʥʠʠ ʘʣʛʦʨʠʪʤʘ AES, 

ʩʚʷʟʘʥʥʳʝ ʩ ʜʨʫʛʠʤʠ ʨʘʟʤʝʨʘʤʠ ʙʣʦʢʦʚ: 

 

1.     ʆʙʨʘʙʘʪʳʚʘʝʤʳʝ ʜʘʥʥʳʝ ʤʦʛʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʚʠʜʝ ʤʘʩʩʠʚʘ ʨʘʟʤʝʨʦʤ 4 X 4, ʥʦ 

ʠ 4 X 6 ʠʣʠ 4 X 8 ʜʣʷ 192- ʠ 256-ʙʠʪʥʳʭ ʙʣʦʢʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

2.     ʂʦʣʠʯʝʩʪʚʦ ʨʘʫʥʜʦʚ R ʘʣʛʦʨʠʪʤʘ Rijndael ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʝʡ ʪʘʙʣʠʮʝʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʥʝ ʪʦʣʴʢʦ ʦʪ ʨʘʟʤʝʨʘ ʢʣʶʯʘ, ʥʦ ʠ ʦʪ ʨʘʟʤʝʨʘ ʙʣʦʢʘ: 
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ʈʘʟʤʝʨ 

ʢʣʶʯʘ, 

ʙʠʪ 

ʈʘʟʤʝʨ ʙʣʦʢʘ, ʙʠʪ 

128 192 256 

128 10 12 14 

192 12 12 14 

256 14 14 14 

 

ʂʦʣʠʯʝʩʪʚʦ ʙʠʪ ʩʜʚʠʛʘ ʩʪʨʦʢ ʪʘʙʣʠʮʳ ʪʘʢʞʝ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʤʝʨʘ ʙʣʦʢʘ: 

 

ʅʦʤʝʨ 

ʩʪʨʦʢʠ 

ʈʘʟʤʝʨ ʙʣʦʢʘ, ʙʠʪ 

128 192 256 

1 1 1 1 

2 2 2 3 

3 3 3 4 

4.      

           ʇʦʩʢʦʣʴʢʫ ʜʣʷ 192- ʠ 256-ʙʠʪʥʦʛʦ ʙʣʦʢʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʩʪʦʣʙʮʦʚ ʤʘʩʩʠʚʘ 

ʜʘʥʥʳʭ ʜʦ 6 ʠ 8 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʦʧʝʨʘʮʠʠ AddRoundKey ʫʯʘʩʪʚʫʶʪ ʫʞʝ 6 ʠʣʠ 8 ʩʣʦʚ 

ʨʘʩʰʠʨʝʥʥʦʛʦ ʢʣʶʯʘ ʚʤʝʩʪʦ ʯʝʪʳʨʝʭ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ r -ʤ ʨʘʫʥʜʝ ʘʣʛʦʨʠʪʤʘ ʚʳʧʦʣʥʷʝʪʩʷ 

ʥʘʣʦʞʝʥʠʝ ʩʣʦʚ ʨʘʩʰʠʨʝʥʥʦʛʦ ʢʣʶʯʘ WNb*réWNb*r+3, ʛʜʝ Nb ï ʢʦʣʠʯʝʩʪʚʦ ʩʪʦʣʙʮʦʚ ʤʘʩʩʠʚʘ 

ʜʘʥʥʳʭ. 

5.     ɺ ʩʚʷʟʠ ʩ ʚʳʰʝʩʢʘʟʘʥʥʳʤ, ʠʟʤʝʥʷʝʪʩʷ ʠ ʧʨʦʮʝʜʫʨʘ ʨʘʩʰʠʨʝʥʠʷ ʢʣʶʯʘ, ʦʜʥʘʢʦ, ʠʟʤʝʥʝʥʠʝ 

ʩʦʩʪʦʠʪ ʣʠʰʴ ʚ ʪʦʤ, ʯʪʦ ʜʘʥʥʘʷ ʧʨʦʮʝʜʫʨʘ ʜʦʣʞʥʘ ʚʳʨʘʙʦʪʘʪʴ Nb*(R+1)-1 ʩʣʦʚ 

ʨʘʩʰʠʨʝʥʥʦʛʦ ʢʣʶʯʘ, ʘ ʥʝ 4*(R+1)-1 (ʯʪʦ, ʚʧʨʦʯʝʤ, ʦʩʪʘʝʪʩʷ ʩʧʨʘʚʝʜʣʠʚʳʤ ʜʣʷ 128-ʙʠʪʥʦʛʦ 

ʙʣʦʢʘ). 

 

ʈʝʘʣʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʘ 

 

ʇʨʦʩʪʘʷ ʩʪʨʫʢʪʫʨʘ ʦʧʝʨʘʮʠʡ ʘʣʛʦʨʠʪʤʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʣʝʛʢʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʠ ʙʳʩʪʨʦʪʫ 

ʠʩʧʦʣʥʝʥʠʷ. ʆʩʥʦʚʥʳʝ ʦʧʝʨʘʮʠʠ, ʧʨʠʤʝʥʷʝʤʳ ʧʨʠ ʵʪʦʤ- ʵʪʦ EXOR,  ʧʨʠʤʝʥʝʥʠʝ S-box, ʠ 

ʩʜʚʠʛ. ʇʨʠ ʵʪʦʤ ʦʩʦʙʝʥʥʦ ʣʝʛʢʦ ʨʝʘʣʠʟʦʚʘʪʴ ʜʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʥʘ ʧʨʦʮʝʩʩʦʨʘʭ ʩ ʜʣʠʥʦʡ ʩʣʦʚʘ 

32 ʙʠʪ ʠ ʙʦʣʝʝ. ʇʨʠ ʵʪʦʤ ʜʣʷ ʙʳʩʪʨʦʪʳ ʨʝʘʣʠʟʘʮʠʠ ʚ ʧʘʤʷʪʠ ʩʦʟʜʘʝʪʩʷ ʪʘʙʣʠʮʘ, ʩʦʜʝʨʞʘʱʘʷ 

ʟʥʘʯʝʥʠʷ S(a), ʘ ʪʘʢʞʝ ʝʱʝ 4 ʪʘʙʣʠʮʳ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʯʝʨʝʟ S(a) (ʚʩʝʛʦ ʦʢʦʣʦ 4 ʢʙʘʡʪ ʧʘʤʷʪʠ), 

ʧʦʩʣʝ ʯʝʛʦ ʚʩʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʚʦʜʷʪʩʷ ʢ ʮʠʢʣʠʯʝʩʢʠʤ ʩʜʚʠʛʘʤ ʠ ʦʧʝʨʘʮʠʷʤ XOR ʩ ʵʪʠʤʠ 

ʪʘʙʣʠʮʘʤʠ ʠ ʢʣʶʯʦʤ. ɺ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʦʙʨʘʪʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʩʦʚʧʘʜʘʝʪ ʩʦ 

ʩʪʨʫʢʪʫʨʦʡ ʧʨʷʤʦʛʦ, ʩʭʝʤʘ ʨʝʘʣʠʟʘʮʠʠ ʥʝ ʠʟʤʝʥʠʪʩʷ, ʥʦ ʟʥʘʯʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʪʘʙʣʠʮʘʭ ʙʫʜʫʪ 

ʜʨʫʛʠʝ, ʠ ʢ ʨʘʩʰʠʨʝʥʥʫʤʫ ʢʣʶʯʫ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʠʪʴ ʦʧʝʨʘʮʠʶ ʦʙʨʘʪʥʦʛʦ ʩʤʝʰʠʚʘʥʠʷ 

ʩʪʦʣʙʮʦʚ ʧʨʠ ʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʠ. 

 

ʊʘʙʣʠʮʘ 2.4.  ʉʢʦʨʦʩʪʴ ʘʣʛʦʨʠʪʤʘ, ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʥʘ ʨʘʟʥʳʭ ʧʣʘʪʬʦʨʤʘʭ 

ɼʣʠʥʘ  (ʙʣʦʢʘ, ʢʣʶʯʘ) Ansi C, Mbit/sec VisualC++, Mbit/sec 

(128,128) 27.0 70.5 

(192,128) 22.8 59.3 

(256,128) 19.8 51.2 

 

ʈʝʞʠʤʳ ʰʠʬʨʦʚʘʥʠʷ 

ɼʣʷ ʨʘʟʣʠʯʥʳʭ ʩʠʪʫʘʮʠʡ, ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʥʘ ʧʨʘʢʪʠʢʝ, ʨʘʟʨʘʙʦʪʘʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʨʝʞʠʤʦʚ ʰʠʬʨʦʚʘʥʠʷ. 

ʅʘʠʙʦʣʝʝ ʦʯʝʚʠʜʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʟʘʢʨʳʪʠʷ ʩʦʦʙʱʝʥʠʡ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʥʝʩʢʦʣʴʢʠʭ 

ʙʣʦʢʦʚ, ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʝʟʘʚʠʩʠʤʦʤ ʰʠʬʨʦʚʘʥʠʠ ʢʘʞʜʦʛʦ ʙʣʦʢʘ ʥʘ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʢʣʶʯʝ 

kAB. ɼʘʥʥʘʷ ʢʣʘʩʩʠʯʝʩʢʘʷ ʩʭʝʤʘ ʙʣʦʯʥʦʛʦ ʰʠʬʨʦʚʘʥʠʷ (ʨʠʩʫʥʦʢ 2.12) ʠʟʚʝʩʪʥʘ ʧʦʜ ʥʘʟʚʘʥʠʝʤ 



 54 

ʨʝʞʠʤʘ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʜʦʚʦʡ ʢʥʠʛʠ (Electronic Code Book (ɽʉɺ)). 

ʋʨʘʚʥʝʥʠʷ ʟʘʰʠʬʨʦʚʘʥʠʷ ʠ ʨʘʩʰʠʬʨʦʚʘʥʠʷ ʚ ʨʝʞʠʤʝ ɽʉɺ ʠʤʝʶʪ ʚʠʜ: 

ci = EAB(pi), 

pi = DAB(ci), 

mi ,1=  

ʈʝʞʠʤ ʠʤʝʝʪ ʪʨʠ ʩʫʱʝʩʪʚʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʘ. ʊʘʢ ʢʘʢ ʙʣʦʢʠ ʰʠʬʨʫʶʪʩʷ ʥʝʟʘʚʠʩʠʤʦ 

ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʧʨʠ ʟʘʰʠʬʨʦʚʘʥʠʠ ʜʚʫʭ ʠʣʠ ʙʦʣʝʝ ʦʜʠʥʘʢʦʚʳʭ ʙʣʦʢʦʚ ʧʦʣʫʯʘʶʪʩʷ ʦʜʠʥʘʢʦʚʳʝ 

ʙʣʦʢʠ ʰʠʬʨʦʪʝʢʩʪʘ ʠ ʥʘʦʙʦʨʦʪ. ɼʘʥʥʦʝ ʩʚʦʡʩʪʚʦ ʨʝʞʠʤʘ ɽʉɺ ʧʦʟʚʦʣʷʝʪ ʧʨʦʪʠʚʥʠʢʫ ʜʝʣʘʪʴ 

ʚʳʚʦʜʳ ʦ ʪʦʞʜʝʩʪʚʝʥʥʦʩʪʠ ʪʝʭ ʙʣʦʢʦʚ ʦʪʢʨʳʪʦʛʦ ʪʝʢʩʪʘ, ʢʦʪʦʨʳʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʜʠʥʘʢʦʚʳʝ 

ʙʣʦʢʠ ʰʠʬʨʦʪʝʢʩʪʘ. ɺ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʜʣʠʥʘ ʠʩʭʦʜʥʦʛʦ ʩʦʦʙʱʝʥʠʷ ʥʝ ʢʨʘʪʥʘ n, ʛʜʝ n - 

ʨʘʟʨʷʜʥʦʩʪʴ ʙʣʦʢʦʚ, ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ ʜʦʧʦʣʥʝʥʠʷ ʧʦʩʣʝʜʥʝʛʦ ʙʣʦʢʘ ʜʦ ʥʫʞʥʦʛʦ ʨʘʟʤʝʨʘ. 

ɼʦʧʦʣʥʝʥʠʝ ʧʦʩʣʝʜʥʝʛʦ ʥʝʧʦʣʥʦʛʦ ʙʣʦʢʘ ʥʝʢʦʝʡ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʢʦʤʙʠʥʘʮʠʝʡ ʙʠʪʦʚ ʚ 

ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʤʦʞʝʪ ʧʦʟʚʦʣʠʪʴ ʧʨʦʪʠʚʥʠʢʫ ʤʝʪʦʜʦʤ ʧʝʨʝʙʦʨʘ ʦʧʨʝʜʝʣʠʪʴ ʵʪʦʪ 

ʥʝʧʦʣʥʳʡ ʙʣʦʢ. ʀ ʥʘʢʦʥʝʮ, ʜʘʥʥʳʡ ʨʝʞʠʤ ʥʝʯʫʚʩʪʚʠʪʝʣʝʥ ʢ ʚʳʧʘʜʝʥʠʶ ʠʣʠ ʚʩʪʘʚʢʝ ʮʝʣʦʛʦ 

ʯʠʩʣʘ ʙʣʦʢʦʚ ʰʠʬʨʦʪʝʢʩʪʘ. 

 
ʈʠʩʫʥʦʢ 2.22.  ʈʝʞʠʤ ʰʠʬʨʦʚʘʥʠʷ ɽʉɺ: ʘ - ʟʘʰʠʬʨʦʚʘʥʠʝ, 6 - ʨʘʩʰʠʬʨʦʚʘʥʠʝ 

  ʆʪʤʝʯʝʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ ʦʛʨʘʥʠʯʠʚʘʶʪ ʦʙʣʘʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʞʠʤʘ ɽʉɺ ʪʦʣʴʢʦ 

ʰʠʬʨʦʚʘʥʠʝʤ ʢʣʶʯʝʚʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʦʙʲʝʤ ʢʦʪʦʨʦʡ ʦʙʳʯʥʦ ʢʨʘʪʝʥ n, ʧʨʠ ʵʪʦʤ 

ʢʘʯʝʩʪʚʝʥʥʳʝ ʢʣʶʯʠ ʥʝ ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʙʣʦʢʦʚ. ʇʨʠʤʝʥʝʥʠʝ ʨʝʞʠʤʘ ɽʉɺ 

ʦʧʨʘʚʜʘʥʦ ʪʘʢʞʝ ʚ ʙʘʟʘʭ ʜʘʥʥʳʭ, ʢʦʛʜʘ ʪʨʝʙʫʝʪʩʷ ʧʨʦʠʟʚʦʣʴʥʳʡ ʜʦʩʪʫʧ ʜʣʷ ʯʪʝʥʠʷ/ʟʘʧʠʩʠ ʢ 

ʨʘʟʣʠʯʥʳʤ ʧʦʣʷʤ. 

ɺʩʝ ʦʩʪʘʣʴʥʳʝ ʨʝʞʠʤʳ ʨʝʘʣʠʟʫʶʪ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʩʭʝʤʳ ʰʠʬʨʦʚʘʥʠʷ ʠ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʟʘʚʠʩʠʤʦʩʪʴ ʢʘʞʜʦʛʦ ʙʣʦʢʘ ʰʠʬʨʦʪʝʢʩʪʘ ʥʝ ʪʦʣʴʢʦ ʦʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʙʣʦʢʘ 

ʦʪʢʨʳʪʦʛʦ ʪʝʢʩʪʘ, ʥʦ ʠ ʦʪ ʝʛʦ ʥʦʤʝʨʘ. ʅʘ ʨʠʩʫʥʢʝ 2.13 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʰʠʬʨʦʚʘʥʠʷ ʚ ʨʝʞʠʤʝ 

ʩʮʝʧʣʝʥʠʷ ʙʣʦʢʦʚ ʰʠʬʨʦʪʝʢʩʪʘ (Ciphertext Block Chaining (CBC)). ʋʨʘʚʥʝʥʠʷ 

ʟʘʰʠʬʨʦʚʘʥʠʷ ʠ ʨʘʩʰʠʬʨʦʚʘʥʠʷ ʚ ʨʝʞʠʤʝ ʉɺʉ ʠʤʝʶʪ ʚʠʜ: 

ci = EAB (pi Ä ci -1), 

pi = DAB (ci) Ä ci -1, 

mi ,1=  

ʛʜʝ ʩʝʢʨʝʪʥʦʩʪʴ n-ʨʘʟʨʷʜʥʦʛʦ ʙʣʦʢʘ ʩ0 (ʩʠʥʭʨʦʧʦʩʳʣʢʠ ʠʣʠ ʚʝʢʪʦʨʘ ʠʥʠʮʠʘʣʠʟʘʮʠʠ) ʥʝ 

ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʦʡ. 
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ʈʠʩʫʥʦʢ 2.23.  ʈʝʞʠʤ ʰʠʬʨʦʚʘʥʠʷ ʉɺʉ: ʘ - ʟʘʰʠʬʨʦʚʘʥʠʝ, 6 - ʨʘʩʰʠʬʨʦʚʘʥʠʝ 

  

ʆʪʣʠʯʠʪʝʣʴʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʨʝʞʠʤʘ ʉɺʉ ʷʚʣʷʶʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʠ ʟʘʰʠʬʨʦʚʘʥʠʠ i-

ʛʦ ʙʣʦʢʘ ʰʠʬʨʦʪʝʢʩʪʘ ʦʪ ʚʩʝʭ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʙʣʦʢʦʚ ʦʪʢʨʳʪʦʛʦ ʪʝʢʩʪʘ ʠ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʠ 

ʨʘʩʰʠʬʨʦʚʘʥʠʠ ʢʘʞʜʦʛʦ ʙʣʦʢʘ ʦʪʢʨʳʪʦʛʦ ʪʝʢʩʪʘ pi, ʪʦʣʴʢʦ ʦʪ ʜʚʫʭ ʙʣʦʢʦʚ ci-1 ʠ ci 

ʰʠʬʨʦʪʝʢʩʪʘ. ʇʝʨʚʦʝ ʩʚʦʡʩʪʚʦ ʜʝʣʘʝʪ ʧʨʠʛʦʜʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʞʠʤʘ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ʢʦʥʪʨʦʣʷ ʮʝʣʦʩʪʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ. ɺʪʦʨʦʝ ʩʚʦʡʩʪʚʦ ʜʝʣʘʝʪ ʨʝʞʠʤ 

ʩʘʤʦʩʠʥʭʨʦʥʠʟʠʨʫʶʱʠʤʩʷ: ʦʜʠʥʦʯʥʘʷ ʦʰʠʙʢʘ ʧʨʠ ʧʝʨʝʜʘʯʝ (ʦʰʠʙʢʘ ʧʨʠ ʧʝʨʝʜʘʯʝ ʦʜʥʦʛʦ 

ʙʣʦʢʘ) ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʧʨʘʚʠʣʴʥʦʤʫ ʨʘʩʰʠʬʨʦʚʘʥʠʶ ʪʦʣʴʢʦ ʜʚʫʭ ʙʣʦʢʦʚ. 

ʉʭʝʤʘ ʨʝʞʠʤʘ ʦʙʨʘʪʥʘʷ ʩʚʷʟʴ ʧʦ ʰʠʬʨʦʪʝʢʩʪʫ (Ciphertext Feedback (CFB)) ʧʦʢʘʟʘʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 2.14. ʋʨʘʚʥʝʥʠʷ ʟʘʰʠʬʨʦʚʘʥʠʷ ʠ ʨʘʩʰʠʬʨʦʚʘʥʠʷ ʠʤʝʶʪ ʚʠʜ: 
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ʛʜʝ 

n - ʨʘʟʨʷʜʥʦʩʪʴ ʨʝʛʠʩʪʨʘ ʩʜʚʠʛʘ, 

t - ʨʘʟʨʷʜʥʦʩʪʴ ʰʠʬʨʫʝʤʳʭ ʙʣʦʢʦʚ ʜʘʥʥʳʭ(1ÒtÒn), 

s0 - ʥʘʯʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʨʝʛʠʩʪʨʘ ʩʜʚʠʛʘ (ʩʠʥʭʨʦʧʦʩʳʣʢʘ/ʚʝʢʪʦʨ ʠʥʠʮʠʘʣʠʟʘʮʠʠ), 

( )
1

)(

-i

t

AB
sE  - t ʩʪʘʨʰʠʭ ʙʠʪʦʚ n-ʨʘʟʨʷʜʥʦʡ ʰʠʬʨʦʛʨʘʤʤʳ EAB(si -1). 

ʉʭʝʤʘ ʰʠʬʨʦʚʘʥʠʝ ʚ ʨʝʞʠʤʝ CFB ʧʨʠ t = n ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.15. ʋʨʘʚʥʝʥʠʷ 

ʟʘʰʠʬʨʦʚʘʥʠʷ ʠ ʨʘʩʰʠʬʨʦʚʘʥʠʷ ʧʨʠʥʠʤʘʶʪ ʚʠʜ: 

 

ci = pi Ä EAB(ci-1) 

pi = ci Ä DAB(ci-1) 
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mi ,1=  

ʉʚʦʡʩʪʚʘ ʜʘʥʥʦʡ ʩʭʝʤʳ ʰʠʬʨʦʚʘʥʠʷ ʘʥʘʣʦʛʠʯʥʳ ʨʝʞʠʤʫ ʉɺʉ: ʧʨʠ ʟʘʰʠʬʨʦʚʘʥʠʠ 

ʢʘʞʜʳʡ ʙʣʦʢ ʰʠʬʨʦʪʝʢʩʪʘ ʟʘʚʠʩʠʪ ʦʪ ʚʩʝʛʦ ʧʨʝʜʰʝʩʪʚʫʶʱʝʛʦ ʝʤʫ ʦʪʢʨʳʪʦʛʦ ʪʝʢʩʪʘ, ʧʨʠ 

ʨʘʩʰʠʬʨʦʚʘʥʠʠ ʦʪʩʫʪʩʪʚʫʝʪ ʵʬʬʝʢʪ "ʨʘʟʤʥʦʞʝʥʠʷ" ʦʰʠʙʦʢ. 

 
ʈʠʩʫʥʦʢ 2.24.  ʈʝʞʠʤ ʰʠʬʨʦʚʘʥʠʷ CFB: ʘ - ʟʘʰʠʬʨʦʚʘʥʠʝ, ʙ - ʨʘʩʰʠʬʨʦʚʘʥʠʝ 
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ʈʠʩʫʥʦʢ 2.25 - ʈʝʞʠʤ ʰʠʬʨʦʚʘʥʠʷ CFB (ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ t = n): 

ʘ - ʟʘʰʠʬʨʦʚʘʥʠʝ; 6 ï ʨʘʩhʠʬʨʦʚʘʥʠʝ 

 

ʉʭʝʤʘ ʰʠʬʨʦʚʘʥʠʷ ʚ ʨʝʞʠʤʝ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʧʦ ʚʳʭʦʜʫ (Output Feedback (OFB)) 

ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.16. ɻʘʤʤʘ ʰʠʬʨʘ ʩʥʠʤʘʝʪʩʷ ʩ ʚʳʭʦʜʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ 

ʢʦʜʦʚ, ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ ʥʘ ʦʩʥʦʚʝ n- ʨʘʟʨʷʜʥʦʛʦ ʨʝʛʠʩʪʨʘ ʩʜʚʠʛʘ, ʚ ʮʝʧʠ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ 

ʢʦʪʦʨʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʫʥʢʮʠʷ ʟʘʰʠʬʨʦʚʘʥʠʷ EAB. 
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ʈʠʩʫʥʦʢ 2.26 - ʈʝʞʠʤ ʰʠʬʨʦʚʘʥʠʷ OFB: ʘ ï ʟʘʰʠʬʨʦʚʘʥʠʝ, 6 - ʨʘʩʰʠʬʨʦʚʘʥʠʝ 

ʋʨʘʚʥʝʥʠʷ ʟʘʰʠʬʨʦʚʘʥʠʷ ʠ ʨʘʩʰʠʬʨʦʚʘʥʠʷ ʠʤʝʶʪ ʚʠʜ: 

ci = pi Ä gi, 

pi = ci Ä gi, 

gi = ( )
1

)(

-i

t

AB
sE , 

( ) n
icis

t
is 2mod12 +-Ö= , 

mi ,1=  

ʛʜʝ 

gi ï ʦʯʝʨʝʜʥʦʡ ʵʣʝʤʝʥʪ ʛʘʤʤʠʨʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, 

n ï ʨʘʟʨʷʜʥʦʩʪʴ ʨʝʛʠʩʪʨʘ ʩʜʚʠʛʘ, 

t ï ʨʘʟʨʷʜʥʦʩʪʴ ʰʠʬʨʫʝʤʳʭ ʙʣʦʢʦʚ ʜʘʥʥʳʭ (1ÒtÒn), 

s0 ï ʥʘʯʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʨʝʛʠʩʪʨʘ ʩʜʚʠʛʘ (ʩʠʥʭʨʦʧʦʩʳʣʢʘ/ʚʝʢʪʦʨ ʠʥʠʮʠʘʣʠʟʘʮʠʠ), 

( )
1

)(

-i

t

AB
sE  - t ʩʪʘʨʰʠʭ ʙʠʪʦʚ n-ʨʘʟʨʷʜʥʦʡ ʰʠʬʨʦʛʨʘʤʤʳ EAB(si -1). 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ g=g1g2égiégm ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʦʪʢʨʳʪʦʛʦ ʪʝʢʩʪʘ ʠ ʧʦʵʪʦʤʫ ʚʩʷʢʠʡ ʨʘʟ 

ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ kAB ʠ s0 ʙʫʜʝʪ ʚʳʨʘʙʘʪʳʚʘʪʴʩʷ ʦʜʥʘ ʠ ʪʘ ʞʝ ʛʘʤʤʘ. ɼʘʥʥʳʡ ʬʘʢʪ ʪʨʝʙʫʝʪ 

ʧʨʠ ʰʠʬʨʦʚʘʥʠʠ ʥʘ ʦʜʥʦʤ ʢʣʶʯʝ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʤʘʩʩʠʚʦʚ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ 

ʩʠʥʭʨʦʧʦʩʳʣʢʠ. 

ʉʭʝʤʘ ʰʠʬʨʦʚʘʥʠʷ ʚ ʨʝʞʠʤʝ OFB ʧʨʠ t = n ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.17. ʋʨʘʚʥʝʥʠʷ 

ʟʘʰʠʬʨʦʚʘʥʠʷ ʠ ʨʘʩʰʠʬʨʦʚʘʥʠʷ ʧʨʠʥʠʤʘʶʪ ʚʠʜ: 

ci = pi Ä EAB(si-1), 

pi = ci Ä EAB(si-1), 

si=EAB(si-1), 

mi ,1=  
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ʈʠʩʫʥʦʢ 2.27 - ʈʝʞʠʤ ʰʠʬʨʦʚʘʥʠʷ OFB (ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ t = n): 

ʘ - ʟʘʰʠʬʨʦʚʘʥʠʝ, 6 - ʨʘʩʰʠʬʨʦʚʘʥʠʝ 

 

ʇʦʜ ʨʝʞʠʤʦʤ ʰʠʬʨʦʚʘʥʠʷ ʧʦʥʠʤʘʝʪʩʷ ʪʘʢʦʡ ʘʣʛʦʨʠʪʤ ʧʨʠʤʝʥʝʥʠʷ ʙʣʦʯʥʦʛʦ ʰʠʬʨʘ, 

ʢʦʪʦʨʳʡ ʧʨʠ ʦʪʧʨʘʚʢʝ ʩʦʦʙʱʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʦʪʢʨʳʪʳʡ ʪʝʢʩʪ ʚ ʰʠʬʨʦʪʝʢʩʪ 

ʠ, ʧʦʩʣʝ ʧʝʨʝʜʘʯʠ ʵʪʦʛʦ ʰʠʬʨʦʪʝʢʩʪʘ ʧʦ ʦʪʢʨʳʪʦʤʫ ʢʘʥʘʣʫ ʦʜʥʦʟʥʘʯʥʦ ʚʦʩʩʪʘʥʦʚʠʪʴ 

ʧʝʨʚʦʥʘʯʘʣʴʥʳʡ ʦʪʢʨʳʪʳʡ ʪʝʢʩʪ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʦʧʨʝʜʝʣʝʥʠʷ ʩʘʤ ʙʣʦʯʥʳʡ ʰʠʬʨ ʪʝʧʝʨʴ 

ʷʚʣʷʝʪʩʷ ʣʠʰʴ ʯʘʩʪʴʶ ʜʨʫʛʦʛʦ ʘʣʛʦʨʠʪʤʘ ï ʘʣʛʦʨʠʪʤʘ ʨʝʞʠʤʘ ʰʠʬʨʦʚʘʥʠʷ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ 

ʪʝʤ, ʯʪʦ ʙʣʦʯʥʳʡ ʰʠʬʨ ʨʘʙʦʪʘʝʪ ʪʦʣʴʢʦ ʩ ʦʪʜʝʣʴʥʳʤ ʙʣʦʢʦʤ ʜʘʥʥʳʭ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʘʣʛʦʨʠʪʤ 

ʨʝʞʠʤʘ ʰʠʬʨʦʚʘʥʠʷ ʠʤʝʝʪ ʜʝʣʦ ʫʞʝ ʩ ʮʝʣʳʤ ʩʦʦʙʱʝʥʠʝʤ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʩʦʩʪʦʷʪʴ ʠʟ 

ʥʝʢʦʪʦʨʦʛʦ ʯʠʩʣʘ n ʙʣʦʢʦʚ. ɹʦʣʝʝ ʪʦʛʦ, ʩʦʦʙʱʝʥʠʝ ʚʦʦʙʱʝ ʥʝ ʦʙʷʟʘʥʦ ʩʦʩʪʦʷʪʴ ʠʟ ʙʣʦʢʦʚ, ʚ 

ʪʦʤ ʩʤʳʩʣʝ, ʯʪʦ ʵʪʦ ʩʦʦʙʱʝʥʠʝ ʥʝ ʚʩʝʛʜʘ ʤʦʞʥʦ ʨʘʟʙʠʪʴ ʥʘ ʮʝʣʦʝ ʯʠʩʣʦ n ʙʣʦʢʦʚ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʚ ʨʘʟʥʳʭ ʨʝʞʠʤʘʭ ʰʠʬʨʦʚʘʥʠʷ ʧʨʠʭʦʜʠʪʴʩʷ ʜʦʧʦʣʥʷʪʴ ʩʦʦʙʱʝʥʠʝ ʨʘʟʣʠʯʥʳʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʙʠʪ. ʊʘʢʦʝ ʜʦʧʦʣʥʝʥʠʝ ʧʦʯʪʠ ʥʝʠʟʙʝʞʥʦ, ʥʦ ʤʠʥʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ, ʢ ʢʦʪʦʨʦʡ 

ʥʫʞʥʦ "ʧʦʜʪʷʥʫʪʴ" ʜʣʠʥʫ ʩʦʦʙʱʝʥʠʷ ʨʘʟʣʠʯʥʘ ʜʣʷ ʨʘʟʥʳʭ ʨʝʞʠʤʦʚ ʰʠʬʨʦʚʘʥʠʷ ʠ ʥʘʧʨʷʤʫʶ 

ʟʘʚʠʩʠʪ ʦʪ ʜʣʠʥʳ ʧʦʨʮʠʠ ʩʦʦʙʱʝʥʠʷ ʩ ʢʦʪʦʨʦʡ ʨʘʙʦʪʘʝʪ ʢʘʞʜʘʷ ʠʪʝʨʘʮʠʷ ʘʣʛʦʨʠʪʤʘ ʜʘʥʥʦʛʦ 

ʨʝʞʠʤʘ.  
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ʉʨʘʚʥʝʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʰʠʬʨʦʚʘʥʠʷ ɻʆʉʊ 28147-89 ʠ AES 

 

ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʣʛʦʨʠʪʤʦʚ ɻʆʉʊ ʠ Rijndael ʧʨʠʚʝʜʝʥʳ ʚ 

ʩʣʝʜʫʶʱʝʡ ʥʠʞʝ ʪʘʙʣʠʮʝ. 

 

ʊʘʙʣʠʮʘ 2.5. ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʣʛʦʨʠʪʤʦʚ ɻʆʉʊ28147-89 ʠ Rijndael 

 

 
 

ɺ ʦʪʣʠʯʠʝ ʦʪ ɻʆʉʊʘ, ʨʘʟʤʝʨ ʰʠʬʨʫʝʤʦʛʦ ʙʣʦʢʘ ʠ ʨʘʟʤʝʨ ʢʣʶʯʘ ʚ ʘʣʛʦʨʠʪʤʝ Rijndael 

ʤʦʛʫʪ ʠʟʤʝʥʷʪʴʩʷ, ʯʪʦ ʜʦʧʫʩʢʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʚ ʥʝʤ ʘʨʭʠʪʝʢʪʫʨʦʡ çʢʚʘʜʨʘʪè. ɼʘʥʥʦʝ 

ʩʚʦʡʩʪʚʦ ʧʦʟʚʦʣʷʝʪ ʚʘʨʴʠʨʦʚʘʪʴ ʩʪʦʡʢʦʩʪʴ ʠ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʘʣʛʦʨʠʪʤʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʚʥʝʰʥʠʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʨʝʘʣʠʟʘʮʠʠ ʚ ʥʝʢʦʪʦʨʳʭ ʧʨʝʜʝʣʘʭ, ïʦʜʥʘʢʦ, ʥʝ ʦʯʝʥʴ ʰʠʨʦʢʠʭ, ï ʯʠʩʣʦ 

ʨʘʫʥʜʦʚ, ʘ ʚʤʝʩʪʝ ʩ ʥʠʤ ʠ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ, ʚ ʢʨʘʡʥʠʭ ʩʣʫʯʘʷʭ ʨʘʟʣʠʯʘʶʪʩʷ ʚ 1.4 ʨʘʟʘ. 

 

ʉʨʘʚʥʝʥʠʝ ʦʙʱʠʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʧʨʠʥʮʠʧʦʚ 

 

ʂʨʠʧʪʦʘʣʛʦʨʠʪʤ ɻʆʉʊ 28147-89, ʢʘʢ ʠ ʙʦʣʴʰʠʥʩʪʚʦ ʰʠʬʨʦʚ çʧʝʨʚʦʛʦ ʧʦʢʦʣʝʥʠʷè, 

ʨʘʟʨʘʙʘʪʳʚʘʚʰʠʭʩʷ ʚ 70-ʝ ʛʦʜʳ ʠ ʚ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʝ 80-ʭ, ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʘʨʭʠʪʝʢʪʫʨʝ 

çʩʙʘʣʘʥʩʠʨʦʚʘʥʥʘʷ ʩʝʪʴ ʌʘʡʩʪʝʣʷè (balanced Feistel network). ʆʩʥʦʚʥʳʤ ʧʨʠʥʮʠʧʦʤ ʵʪʦʡ 

ʘʨʭʠʪʝʢʪʫʨʳ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚʝʩʴ ʧʨʦʮʝʩʩ ʰʠʬʨʦʚʘʥʠʷ ʩʦʩʪʦʠʪ ʠʟ ʩʝʨʠʠ ʦʜʥʦʪʠʧʥʳʭ 

ʨʘʫʥʜʦʚ. ʅʘ ʢʘʞʜʦʤ ʨʘʫʥʜʝ ʰʠʬʨʫʝʤʳʡ ʙʣʦʢ T ʜʝʣʠʪʩʷ ʥʘ ʜʚʝ ʯʘʩʪʠ (T0,T1), ʦʜʥʘ ʠʟ ʢʦʪʦʨʳʭ 

ʤʦʜʠʬʠʮʠʨʫʝʪʩʷ ʧʫʪʝʤ ʧʦʙʠʪʦʚʦʛʦ ʩʣʦʞʝʥʠʷ ʧʦ ʤʦʜʫʣʶ 2 ʩʦ ʟʥʘʯʝʥʠʝʤ, ʚʳʨʘʙʘʪʳʚʘʝʤʦʤ ʠʟ 

ʜʨʫʛʦʡ ʯʘʩʪʠ ʠ ʢʣʶʯʝʚʦʛʦ ʵʣʝʤʝʥʪʘ ʨʘʫʥʜʘ ʩ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʠ ʰʠʬʨʦʚʘʥʠʷ. ʄʝʞʜʫ 

ʨʘʫʥʜʘʤʠ ʯʘʩʪʠ ʙʣʦʢʘ ʤʝʥʷʶʪʩʷ ʤʝʩʪʘʤʠ, ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʩʣʝʜʫʶʱʝʤ ʨʘʫʥʜʝ ʪʝʢʫʱʠʡ 

ʠʟʤʝʥʝʥʥʳʡ ʙʣʦʢ ʩʪʘʥʝʪ ʥʝʠʟʤʝʥʥʳʤ ʠ ʥʘʦʙʦʨʦʪ. ʉʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʰʠʬʨʦʚʘʥʠʷ ʧʦ ɻʆʉʊ 

28147-89 ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1(ʘ). ʇʦʜʦʙʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ ʧʦʣʫʯʠʪʴ 

ʦʙʨʘʪʠʤʦʝ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠʟ ʩʣʦʞʥʦʡ ʠ, ʚʦʟʤʦʞʥʦ ʥʝʦʙʨʘʪʠʤʦʡ, 

ʬʫʥʢʮʠʠ ʰʠʬʨʦʚʘʥʠʷ. ɺʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʵʪʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʟʘ ʨʘʫʥʜ 

ʰʠʬʨʫʝʪʩʷ ʨʦʚʥʦ ʧʦʣʦʚʠʥʘ ʙʣʦʢʘ. 

ʐʠʬʨ Rijndael ʠʤʝʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʜʨʫʛʫʶ ʘʨʭʠʪʝʢʪʫʨʫ, ʧʦʣʫʯʠʚʰʫʶ ʥʘʟʚʘʥʠʝ 
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çʢʚʘʜʨʘʪè (Square) ʧʦ ʠʤʝʥʠ ʧʝʨʚʦʛʦ ʚʳʧʦʣʥʝʥʥʦʛʦ ʚ ʥʝʡ ʰʠʬʨʘ,ï ʦʥ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʪʝʤʠ ʞʝ 

ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʥʝʩʢʦʣʴʢʠʤʠ ʛʦʜʘʤʠ ʨʘʥʴʰʝ. ʕʪʘ ʘʨʭʠʪʝʢʪʫʨʘ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʧʨʷʤʳʭ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʭ ʰʠʬʨʫʝʤʦʛʦ ʙʣʦʢʘ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʬʦʨʤʝ ʤʘʪʨʠʮʳ ʙʘʡʪʦʚ. 

ɿʘʰʠʬʨʦʚʘʥʠʝ ʪʘʢʞʝ ʩʦʩʪʦʠʪ ʠʟ ʩʝʨʠʠ ʦʜʥʦʪʠʧʥʳʭ ʰʘʛʦʚ, ʨʘʫʥʜʦʚ, ʦʜʥʘʢʦ ʥʘ ʢʘʞʜʦʤ 

ʨʘʫʥʜʝ ʙʣʦʢ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʢʘʢ ʝʜʠʥʦʝ ʮʝʣʦʝ ʠ ʥʝ ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʳʭ ʯʘʩʪʝʡ ʙʣʦʢʘ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʟʘ ʨʘʫʥʜ ʰʠʬʨʫʝʪʩʷ ʧʦʣʥʳʡ ʙʣʦʢ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʦʧʦʩʪʘʚʠʤʦʡ 

ʩʣʦʞʥʦʩʪʠ ʠ ʥʝʣʠʥʝʡʥʦʩʪʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʪʘʢʠʭ ʰʘʛʦʚ ʪʨʝʙʫʝʪʩʷ ʚʜʚʦʝ ʤʝʥʴʰʝ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʩʝʪʴʶ ʌʘʡʩʪʝʣʷ. ʂʘʞʜʳʡ ʨʘʫʥʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʙʠʪʦʚʦʤ ʩʣʦʞʝʥʠʠ ʧʦ ʤʦʜʫʣʶ 2 

ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʰʠʬʨʫʝʤʦʛʦ ʙʣʦʢʘ ʠ ʢʣʶʯʝʚʦʛʦ ʵʣʝʤʝʥʪʘ ʨʘʫʥʜʘ, ʟʘ ʢʦʪʦʨʳʤ ʩʣʝʜʫʝʪ 

ʩʣʦʞʥʦʝ ʥʝʣʠʥʝʡʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʙʣʦʢʘ, ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʦʝ ʠʟ ʪʨʝʭ ʙʦʣʝʝ ʧʨʦʩʪʳʭ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚ ʩʣʝʜʫʶʱʝʤ ʨʘʟʜʝʣʝ. ʉʭʝʤʘ ʘʣʛʦʨʠʪʤʘ Rijndael 

ʧʨʠʚʝʜʝʥʘ ʥʠʞʝ ʥʘ ʨʠʩʫʥʢʝ. 

 
 

ʈʠʩʫʥʦʢ 2.28. ʉʭʝʤʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʘʥʥʳʭ ʧʨʠ ʰʠʬʨʦʚʘʥʠʠ ʜʘʥʥʳʭ ʧʦ ʘʣʛʦʨʠʪʤʘʤ 

ɻʆʉʊ28147-89 (ʘ) ʠ Rijndael (ʙ) 

 

 ʅʘ ʨʠʩʫʥʢʝ 2.18 ʠʩʧʦʣʴʟʦʚʘʥʥʳ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ: 

 
 

ʉʨʘʚʥʝʥʠʝ ʨʘʫʥʜʦʚ ʰʠʬʨʦʚʘʥʠʷ 

 

ɺ ʘʣʛʦʨʠʪʤʝ ɻʆʉʊ28147-89 ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʩʣʦʞʥʘʷ ʬʫʥʢʮʠʷ 

ʰʠʬʨʦʚʘʥʠʷ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʘʜʜʠʪʠʚʥʦʡ ʦʧʝʨʘʮʠʠ ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ ʚʭʦʜʥʦʛʦ ʧʦʣʫʙʣʦʢʘ ʩ 

ʢʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ ʨʘʫʥʜʘ ï ʩʣʦʞʝʥʠʷ ʠʭ ʧʦ ʤʦʜʫʣʶ 232, ʧʦʜʩʪʘʥʦʚʢʠ, ʚʳʧʦʣʥʷʝʤʦʡ 

ʥʝʟʘʚʠʩʠʤʦ ʚ ʚʦʩʴʤʠ 4-ʙʠʪʦʚʳʭ ʛʨʫʧʧʘʭ, ʠ ʙʠʪʦʚʦʡ ʧʝʨʝʩʪʘʥʦʚʢʠ ï ʚʨʘʱʝʥʠʷ ʥʘ 11 ʙʠʪ ʚ 
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ʩʪʦʨʦʥʫ ʩʪʘʨʰʠʭ ʨʘʟʨʷʜʦʚ. ʉʭʝʤʘ ʨʘʫʥʜʘ ʰʠʬʨʦʚʘʥʠʷ ʧʦ ɻʆʉʊ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2(ʘ). 

ɺ Rijndael ʰʠʬʨʫʝʤʳʡ ʙʣʦʢ ʠ ʝʛʦ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʩʦʩʪʦʷʥʠʷ ʚ ʭʦʜʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʚʠʜʝ ʤʘʪʨʠʮʳ ʙʘʡʪʦʚ 4 _ n, ʛʜʝ n = 4,6,8 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʘ ʙʣʦʢʘ. 

ʌʫʥʢʮʠʷ ʥʝʣʠʥʝʡʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʘʣʛʦʨʠʪʤʝ Rijndael ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ 

ʩʣʝʜʫʶʱʠʭ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʚʳʧʦʣʥʷʝʤʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ: 

¶ ʙʘʡʪʦʚʘʷ ʧʦʜʩʪʘʥʦʚʢʘ ï ʢʘʞʜʳʡ ʙʘʡʪ ʧʨʝʦʙʨʘʟʫʝʤʦʛʦ ʙʣʦʢʘ ʟʘʤʝʥʷʝʪʩʷ ʥʦʚʳʤ 

ʟʥʘʯʝʥʠʝʤ, ʠʟʚʣʝʢʘʝʤʳʤ ʠʟ ʦʙʱʝʛʦ ʜʣʷ ʚʩʝʭ ʙʘʡʪʦʚ ʤʘʪʨʠʮʳ ʚʝʢʪʦʨʘ ʟʘʤʝʥʳ; 

¶ ʧʦʙʘʡʪʦʚʳʡ ʮʠʢʣʠʯʝʩʢʠʡ ʩʜʚʠʛ ʚ ʩʪʨʦʢʘʭ ʤʘʪʨʠʮʳ: ʧʝʨʚʘʷ ʩʪʨʦʢʘ ʦʩʪʘʝʪʩʷ 

ʥʝʠʟʤʝʥʥʦʡ, 

ʚʪʦʨʘʷ ʩʪʨʦʢʘ ʮʠʢʣʠʯʝʩʢʠ ʩʜʚʠʛʘʝʪʩʷ ʚʣʝʚʦ ʥʘ ʦʜʠʥ ʙʘʡʪ, ʪʨʝʪʴʷ ʠ ʯʝʪʚʝʨʪʘʷ ʩʪʨʦʢʘ 

ʮʠʢʣʠʯʝʩʢʠ ʩʜʚʠʛʘʶʪʩʷ ʚʣʝʚʦ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ 2 ʠ 3 ʙʘʡʪʘ ʜʣʷ n = 4 ʠʣʠ 6, ʠ ʥʘ 3 ʠ 4 ʙʘʡʪʘ 

ʜʣʷ n = 8; 

¶ ʤʘʪʨʠʯʥʦʝ ʫʤʥʦʞʝʥʠʝ ï ʧʦʣʫʯʝʥʥʘʷ ʥʘ ʧʨʝʜʳʜʫʱʝʤ ʰʘʛʝ ʤʘʪʨʠʮʘ ʫʤʥʦʞʘʝʪʩʷ ʩʣʝʚʘ 

ʥʘ ʩʣʝʜʫʶʱʫʶ ʤʘʪʨʠʮʫïʮʠʨʢʫʣʷʥʪ ʨʘʟʤʝʨʘ 4ʭ4: 

. 

ʇʨʠ ʵʪʦʤ ʦʧʝʨʘʮʠʠ ʩ ʵʣʝʤʝʥʪʘʤʠ ʤʘʪʨʠʮ (ʩʣʦʞʝʥʠʝ ʠ ʫʤʥʦʞʝʥʠʝ) ʚʳʧʦʣʥʷʶʪʩʷ ʚ 

ʢʦʥʝʯʥʦʤ ʧʦʣʝ GF(28), ʧʦʨʦʞʜʘʝʤʦʤ ʥʝʧʨʠʚʦʜʠʤʳʤ ʥʘʜ GF(2) ʧʦʣʠʥʦʤʦʤ m(x) = x8 + x4 + 

x3 + x + 1. ɺ ʵʪʦʤ ʢʦʥʝʯʥʦʤ ʧʦʣʝ ʩʣʦʞʝʥʠʝ ʙʘʡʪʦʚ ʚʳʧʦʣʥʷʝʪʩʷ ʢʘʢ ʧʦʙʠʪʦʚʦʝ ʩʫʤʤʠʨʦʚʘʥʠʝ 

ʧʦ ʤʦʜʫʣʶ 2, ʘ ʫʤʥʦʞʝʥʠʝ ï ʥʝʩʢʦʣʴʢʦ ʙʦʣʝʝ ʩʣʦʞʥʳʤ ʩʧʦʩʦʙʦʤ. ʉʭʝʤʘ ʨʘʫʥʜʘ ʘʣʛʦʨʠʪʤʘ 

Rijndael ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʝ. 

 
ʈʠʩʫʥʦʢ 2.29. ʉʭʝʤʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʘʥʥʳʭ ʜʣʷ ʦʜʥʦʛʦ ʨʘʫʥʜʘ ʰʠʬʨʦʚʘʥʠʷ ʧʦ ʘʣʛʦʨʠʪʤʘʤ 

ɻʆʉʊ28147-89 (ʘ) ʠ Rijndael (ʙ) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 
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ʅʘ ʨʠʩʫʥʢʝ 2.29 ʠʩʧʦʣʴʟʦʚʘʥʥʳ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ: 

 
 

ʇʦʢʘʟʘʪʝʣʠ ʩʪʦʡʢʦʩʪʠ ʘʣʛʦʨʠʪʤʦʚ 

 

ʈʘʩʩʤʦʪʨʠʤ ʫʩʪʦʡʯʠʚʦʩʪʴ ʦʙʦʠʭ ʘʣʛʦʨʠʪʤʦʚ ʢ ʠʟʚʝʩʪʥʳʤ ʚʠʜʘʤ ʢʨʠʧʪʦʘʥʘʣʠʟʘ. 

ʅʘʠʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ ʠ ʵʬʬʝʢʪʠʚʥʳʤʠ ʜʣʷ ʘʣʛʦʨʠʪʤʦʚ ʰʠʨʦʢʦʛʦ ʢʣʘʩʩʘ ʷʚʣʷʶʪʩ ̫

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʠ ʣʠʥʝʡʥʳʡ ʚʠʜʳ ʢʨʠʧʪʦʘʥʘʣʠʟʘ. 

ɼʘʪʴ ʦʮʝʥʢʫ ʫʩʪʦʡʯʠʚʦʩʪʠ ʘʣʛʦʨʠʪʤʘ ɻʆʉʊ28147-89 ʢ ʢʦʥʢʨʝʪʥʳʤ ʚʠʜʘʤ 

ʢʨʠʧʪʦʘʥʘʣʠʟʘ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʩʧʝʮʠʬʠʢʘʮʠʠ ʫʟʣʦʚ ʟʘʤʝʥ, ʪʘʢ ʢʘʢ ʢʘʯʝʩʪʚʦ ʵʪʦʛʦ ʰʠʬʨʘ 

ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʟʘʚʠʩʠʪ ʦʪ ʢʘʯʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʫʟʣʦʚ. ʆʜʥʘʢʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʙʣʠʟʢʠʭ ʧʦ ʘʨʭʠʪʝʢʪʫʨʝ ʰʠʬʨʦʚ ʩ ʟʘʜʘʥʥʳʤʠ ʪʘʙʣʠʮʘʤʠ ʧʦʜʩʪʘʥʦʚʦʢ (DES) ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʢʨʠʧʪʦʘʥʘʣʠʟ ʰʠʬʨʘ ʩ 16 ʨʘʫʥʜʘʤʠ ʚ ʧʨʠʥʮʠʧʝ ʦʩʫʱʝʩʪʚʠʤ, ʦʜʥʘʢʦ ʪʨʝʙʫʝʪ ʦʯʝʥʴ ʙʦʣʴʰʦʛʦ 

ʯʠʩʣʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʘ ʧʨʠ 20-24 ʨʘʫʥʜʘʭ ʩʪʘʥʦʚʠʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʠ ʙʝʩʧʦʣʝʟʥʳʤ. ɻʆʉʊ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ 32 ʨʘʫʥʜʘ ʰʠʬʨʦʚʘʥʠʷ, ʠ ʵʪʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʭʚʘʪʘʝʪ ʩ ʟʘʧʘʩʦʤ, ʯʪʦʙʳ 

ʫʩʧʝʰʥʦ ʧʨʦʪʠʚʦʩʪʦʷʪʴ ʫʢʘʟʘʥʥʳʤ ʚʠʜʘʤ ʢʨʠʧʪʦʘʥʘʣʠʟʘ. ɺ ʦʪʢʨʳʪʦʡ ʧʝʯʘʪʠ ʦʪʩʫʪʩʪʚʫʶʪ 

ʩʦʦʙʱʝʥʠʷ ʦʙ ʫʩʧʝʰʥʦʤ ʚʩʢʨʳʪʠʠ ɻʆʉʊʘ ʩ ʢʘʢʠʤʠ-ʣʠʙʦ ʫʟʣʘʤʠ ʟʘʤʝʥ, ï ʢʘʢ ʩ ʪʝʩʪʦʚʳʤʠ, 

ʩʧʝʮʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʚ ʩʪʘʥʜʘʨʪʝ ɻʆʉʊ ʈ34.11-94, ʪʘʢ ʠ ʩ ʪʝʤʠ, ʩ ʢʦʪʦʨʳʤʠ ʨʝʘʣʠʟʘʮʠʠ 

ɻʆʉʊʘ ʧʦʩʪʘʚʣʷʣʠʩʴ ʚ ʢʦʤʤʝʨʯʝʩʢʠʝ ʦʨʛʘʥʠʟʘʮʠʠ. 

ʇʦ ʦʮʝʥʢʘʤ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʰʠʬʨʘ Rijndael, ʫʞʝ ʥʘ ʯʝʪʳʨʝʭ ʨʘʫʥʜʘʭ ʰʠʬʨʦʚʘʥʠʷ ʵʪʦʪ 

ʘʣʛʦʨʠʪʤ ʧʨʠʦʙʨʝʪʘʝʪ ʜʦʩʪʘʪʦʯʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʫʢʘʟʘʥʥʳʤ ʚʠʜʘʤ ʢʨʠʧʪʦʘʥʘʣʠʟʘ. 

ʊʝʦʨʝʪʠʯʝʩʢʦʡ ʛʨʘʥʠʮʝʡ, ʟʘ ʢʦʪʦʨʦʡ ʣʠʥʝʡʥʳʡ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʚʠʜʳ ʢʨʠʧʪʦʘʥʘʣʠʟʘ 

ʪʝʨʷʶʪ ʩʤʳʩʣ, ʷʚʣʷʝʪʩʷ ʨʫʙʝʞ ʚ 6-8 ʨʘʫʥʜʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʘ ʙʣʦʢʘ. ʉʦʛʣʘʩʥʦ 

ʩʧʝʮʠʬʠʢʘʮʠʠ, ʚ ʰʠʬʨʝ ʧʨʝʜʫʩʤʦʪʨʝʥʦ 10-14 ʨʘʫʥʜʦʚ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʰʠʬʨ Rijndael ʪʘʢʞʝ 

ʫʩʪʦʡʯʠʚ ʢ ʫʢʘʟʘʥʥʳʤ ʚʠʜʘʤ ʢʨʠʧʪʦʘʥʘʣʠʟʘ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ ʟʘʧʘʩʦʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʘ ʩʨʘʚʥʠʚʘʝʤʳʭ ʰʠʬʨʘ ʦʙʣʘʜʘʶʪ ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʦʡʢʦʩʪʴʶ ʢ 

ʠʟʚʝʩʪʥʳʤ ʚʠʜʘʤ ʢʨʠʧʪʦʘʥʘʣʠʟʘ. ɺ ʧʝʯʘʪʠ ʦʪʩʫʪʩʪʚʫʶʪ ʢʘʢʠʝ-ʣʠʙʦ ʩʚʝʜʝʥʠʷ ʦʙ ʫʩʧʝʰʥʳʭ 

ʩʣʫʯʘʷʭ ʚʩʢʨʳʪʠʷ ʫʢʘʟʘʥʥʳʭ ʰʠʬʨʦʚ, ʘ ʪʘʢʞʝ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʜʫʨ, ʢʦʪʦʨʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠ 

ʧʦʟʚʦʣʠʣʠ ʙʳ ʜʝʰʠʬʨʦʚʘʪʴ ʩʦʦʙʱʝʥʠʝ ʩ ʤʝʥʴʰʠʤʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʟʘʪʨʘʪʘʤʠ, ʯʝʤ ʧʦʣʥʳʡ 

ʧʝʨʝʙʦʨ ʧʦ ʚʩʝʤʫ ʢʣʶʯʝʚʦʤʫ ʧʨʦʩʪʨʘʥʩʪʚʫ. 

 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʫʜʦʙʩʪʚʦ ʨʝʘʣʠʟʘʮʠʠ 

 

ʇʨʠ ʦʮʝʥʢʝ ʜʦʩʪʠʞʠʤʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʧʧʘʨʘʪʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʰʠʬʨʦʚ ʛʣʘʚʥʳʤ 

ʢʨʠʪʝʨʠʝʤ ʷʚʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʠ ʩʣʦʞʥʦʩʪʴ ʵʣʝʤʝʥʪʘʨʥʳʭ ʦʧʝʨʘʮʠʡ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ 

ʚʳʧʦʣʥʠʪʴ ʚ ʮʠʢʣʝ ʰʠʬʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ. ʇʨʠ 

ʦʮʝʥʢʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʦʟʤʦʞʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʨʝʘʣʠʟʘʮʠʡ ʛʣʘʚʥʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʨʝʘʣʠʟʘʮʠʷ ʥʘ 32-ʙʠʪʦʚʳʭ ʧʣʘʪʬʦʨʤʘʭ, ʪʘʢ ʢʘʢ 32-ʨʘʟʨʷʜʥʳʝ ʤʘʰʠʥʳ ʩʦʩʪʘʚʣʷʶʪ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʴʰʠʥʩʪʚʦ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʧʘʨʢʘ ʯʝʣʦʚʝʯʝʩʪʚʘ. ʊʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʠʥʪʝʨʝʩ ʨʝʘʣʠʟʘʮʠʷ ʰʠʬʨʦʚ ʥʘ 8-ʙʠʪʦʚʳʭ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘʭ, ʷʚʣʷʶʱʠʭʩʷ ʦʩʥʦʚʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʢʘʨʪ. ʇʦʜʦʙʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʨʘʟʣʠʯʥʳʭ 

ʩʠʩʪʝʤʘʭ ʙʝʟʥʘʣʠʯʥʳʭ ʨʘʩʯʝʪʦʚ, ʩʪʘʥʦʚʷʱʠʭʩʷ ʚʩʝ ʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤʠ ʚ ʤʠʨʝ, ï ʯʠʩʣʦ 
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ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʪʘʢʠʭ ʩʠʩʪʝʤ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʨʘʩʪʝʪ ʚʝʩʴʤʘ ʙʳʩʪʨʳʤʠ ʪʝʤʧʘʤʠ. 

ʈʦʩʩʠʡʩʢʠʡ ʩʪʘʥʜʘʨʪ ʰʠʬʨʦʚʘʥʠʷ ɻʆʉʊ 28147-89 ʫʜʦʙʝʥ ʢʘʢ ʜʣʷ ʘʧʧʘʨʘʪʥʦʡ, ʪʘʢ ʠ 

ʜʣʷ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ. ʇʨʠ ʨʘʟʤʝʨʝ ʙʣʦʢʘ ʜʘʥʥʳʭ 64 ʙʠʪʘ, ʦʩʥʦʚʥʘʷ ʨʘʙʦʪʘ ʚʝʜʝʪʩʷ ʩ 

ʧʦʣʦʚʠʥʢʘʤʠ ʵʪʦʛʦ ʙʣʦʢʘ ï 32-ʙʠʪʦʚʳʤʠ ʩʣʦʚʘʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʨʝʘʣʠʟʦʚʘʪʴ 

ʨʦʩʩʠʡʩʢʠʡ ʩʪʘʥʜʘʨʪ ʰʠʬʨʦʚʘʥʠʷ ʥʘ ʙʦʣʴʰʠʥʩʪʚʝ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ. 

ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʥʘ 32-ʙʠʪʦʚʳʭ ʤʘʰʠʥʘʭ ʥʘʠʙʦʣʝʝ ʪʨʫʜʦʝʤʢʦʡ ʦʧʝʨʘʮʠʝʡ ʷʚʣʷʝʪʩʷ 

ʟʘʤʝʥʘ. ʇʨʝʜʫʩʤʦʪʨʝʥʥʳʝ ɻʆʉʊʦʤ ʧʦʜʩʪʘʥʦʚʢʠ ʚ 4-ʙʠʪʦʚʳʭ ʛʨʫʧʧʘʭ ʧʨʠ ʧʨʦʛʨʘʤʤʥʦʡ 

ʨʝʘʣʠʟʘʮʠʠ ʫʜʦʙʥʦ ʧʦʧʘʨʥʦ ʦʙʲʝʜʠʥʠʪʴ ʠ ʚʳʧʦʣʥʷʪʴ ʟʘʤʝʥʫ ʚ 8-ʙʠʪʦʚʳʭ ʛʨʫʧʧʘʭ, ʯʪʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʵʬʬʝʢʪʠʚʥʝʝ. ʅʘʜʣʝʞʘʱʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʟʘʤʝʥʳ ʧʦʟʚʦʣʷʝʪ ʪʘʢʞʝ ʠʟʙʝʞʘʪʴ 

ʚʳʧʦʣʥʝʥʠʷ ʚʨʘʱʝʥʠʷ ʩʣʦʚʘ ʥʘ ʚʳʭʦʜʝ ʬʫʥʢʮʠʠ ʰʠʬʨʦʚʘʥʠʷ, ï ʝʩʣʠ ʭʨʘʥʠʪʴ ʫʟʣʳ ʟʘʤʝʥʳ 

ʢʘʢ ʤʘʩʩʠʚʳ 4-ʙʘʡʪʦʚʳʭ ʩʣʦʚ, ʚ ʢʦʪʦʨʳʭ ʫʞʝ ʚʳʧʦʣʥʝʥʳ ʥʝʦʙʭʦʜʠʤʳʝ ʩʜʚʠʛʠ. ʊʘʢʘʷ 

çʨʘʟʜʫʪʘʷè ʪʘʙʣʠʮʘ ʟʘʤʝʥ ʧʦʪʨʝʙʫʝʪ ʜʣʷ ʩʚʦʝʛʦ ʭʨʘʥʝʥʠʷ 4 _ 28 _4 = 212 ʙʘʡʪ ʠʣʠ 4K 

ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ. ʆʜʥʘ ʟʘʤʝʥʘ ʨʝʘʣʠʟʫʝʪʩʷ ʟʘ ʪʨʠ ʦʜʥʦʪʘʢʪʦʚʳʝ ʤʘʰʠʥʥʳʝ ʢʦʤʘʥʜʳ: 

ʟʘʛʨʫʟʢʘ ʙʘʡʪʘ ʚ ʠʥʜʝʢʩʥʳʡ ʨʝʛʠʩʪʨ, ʟʘʛʨʫʟʢʘ ʟʘʤʝʥʷʶʱʝʛʦ ʟʥʘʯʝʥʠʷ ʚ ʨʝʛʠʩʪʨ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʟʘʛʨʫʞʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚ ʦʧʝʨʘʮʠʠ ʧʦʙʠʪʦʚʦʛʦ ʩʫʤʤʠʨʦʚʘʥʠʷ. ɺ ʠʪʦʛʝ 

ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʰʘʛʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʦʟʚʦʣʷʶʪ ʨʝʘʣʠʟʦʚʘʪʴ ʨʘʫʥʜ ʰʠʬʨʦʚʘʥʠʷ ʧʦ ɻʆʉʊ ʟʘ 15 

ʦʜʥʦʪʘʢʪʦʚʳʭ ʤʘʰʠʥʥʳʭ ʢʦʤʘʥʜ. ʉ ʫʯʝʪʦʤ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʮʝʩʩʦʨʦʚ Intel Pentium ʧʦ 

ʧʘʨʘʣʣʝʣʴʥʦʤʫ ʚʳʧʦʣʥʝʥʠʶ ʢʦʤʘʥʜ, ʨʘʫʥʜ ɻʆʉʊʘ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥ ʟʘ 8 ʪʘʢʪʦʚ ʨʘʙʦʪʳ 

ʧʨʦʮʝʩʩʦʨʘ, ʘ ʚʝʩʴ ʧʨʦʮʝʩʩ ʰʠʬʨʦʚʘʥʠʷ ï ʟʘ 32 _ 8 = 256 ʪʘʢʪʦʚ. ʅʘ ʧʨʦʮʝʩʩʦʨʝ Intel Pentium 

200 ʵʪʦ ʧʦʟʚʦʣʠʪ ʜʦʩʪʠʯʴ ʧʨʝʜʝʣʘ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʰʠʬʨʦʚʘʥʠʷ ʧʨʠʤʝʨʥʦ 6.0 

ʄʙʘʡʪ/ʩ, ʚ ʨʝʘʣʴʥʦʩʪʠ ʵʪʘ ʚʝʣʠʯʠʥʘ ʙʫʜʝʪ ʤʝʥʴʰʝ. 

ɻʆʉʊ ʤʦʞʝʪ ʙʳʪʴ ʪʘʢʞʝ ʵʬʬʝʢʪʠʚʥʦ ʨʝʘʣʠʟʦʚʘʥ ʥʘ 8-ʙʠʪʦʚʳʭ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘʭ, 

ʧʦʩʢʦʣʴʢʫ ʩʦʩʪʘʚʣʷʶʱʠʝ ʝʛʦ ʵʣʝʤʝʥʪʘʨʥʳʝ ʦʧʝʨʘʮʠʠ ʚʭʦʜʷʪ ʚ ʩʠʩʪʝʤʫ ʢʦʤʘʥʜ ʙʦʣʴʰʠʥʩʪʚʘ 

ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʢʦʥʪʨʦʣʣʝʨʦʚ. ʇʨʠ ʵʪʦʤ ʩʫʤʤʠʨʦʚʘʥʠʝ ʧʦ ʤʦʜʫʣʶ 232 ʧʨʠʜʝʪʩʷ 

ʨʘʟʜʝʣʠʪʴ ʥʘ ʦʜʥʫ ʦʧʝʨʘʮʠʶ ʩʣʦʞʝʥʠʷ ʙʝʟ ʧʝʨʝʥʦʩʘ, ʠ ʪʨʠ ʦʧʝʨʘʮʠʠ ʩʣʦʞʝʥʠʷ ʩ ʧʝʨʝʥʦʩʦʤ, 

ʚʳʧʦʣʥʷʝʤʳʝ ʢʘʩʢʘʜʥʦ. ɺʩʝ ʦʩʪʘʣʴʥʳʝ ʦʧʝʨʘʮʠʠ ʪʘʢʞʝ ʣʝʛʢʦ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʝʨʤʠʥʘʭ 8-ʙʘʡʪʦʚʳʭ ʦʧʝʨʘʥʜʦʚ. 

ʇʨʠ ʘʧʧʘʨʘʪʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ɻʆʉʊʘ ʦʜʠʥ ʨʘʫʥʜ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ 

ʚʳʧʦʣʥʝʥʠʝ ʪʨʝʭ ʦʧʝʨʘʮʠʡ ʥʘʜ 32-ʙʠʪʦʚʳʤʠ ʘʨʛʫʤʝʥʪʘʤʠ: ʩʫʤʤʠʨʦʚʘʥʠʝ, ʚʳʧʦʣʥʷʝʤʘʷ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʟʘʤʝʥʘ ʚʦ ʚʩʝʭ ʚʦʩʴʤʠ 4-ʙʠʪʦʚʳʭ ʛʨʫʧʧʘʭ ʠ ʧʦʙʠʪʦʚʦʝ ʩʫʤʤʠʨʦʚʘʥʠʝ ʧʦ 

ʤʦʜʫʣʶ 2. ʎʠʢʣʠʯʝʩʢʠʡ ʩʜʚʠʛ ʥʝ ʷʚʣʷʝʪʩʷ ʦʪʜʝʣʴʥʦʡ ʦʧʝʨʘʮʠʝʡ, ʪ.ʢ. ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʦʩʪʦʡ 

ʢʦʤʤʫʪʘʮʠʝʡ ʧʨʦʚʦʜʥʠʢʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʘʧʧʘʨʘʪʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʮʠʢʣ ʰʠʬʨʦʚʘʥʠʷ 

ʪʨʝʙʫʝʪ ʚʳʧʦʣʥʝʥʠʷ ʩʪʘ ʰʝʩʪʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʦʧʝʨʘʮʠʡ, ʠ ʵʪʘ ʨʘʙʦʪʘ ʥʝ ʤʦʞʝʪ ʙʳʪʴ 

ʨʘʩʧʘʨʘʣʣʝʣʝʥʘ. 

ʊʝʧʝʨʴ ʨʘʩʩʤʦʪʨʠʤ ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʘ Rijndael. ʕʪʦʪ ʘʣʛʦʨʠʪʤ 

ʷʚʣʷʝʪʩʷ ʙʘʡʪ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ, ʪ.ʝ. ʧʦʣʥʦʩʪʴʶ ʤʦʞʝʪ ʙʳʪʴ ʩʬʦʨʤʫʣʠʨʦʚʘʥ ʚ ʪʝʨʤʠʥʘʭ 

ʦʧʝʨʘʮʠʡ ʩ ʙʘʡʪʘʤʠ. ɺ ʘʣʛʦʨʠʪʤʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʣʛʝʙʨʘʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ ʚ ʢʦʥʝʯʥʳʭ 

ʧʦʣʷʭ, ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʦ ʨʝʘʣʠʟʫʝʤʦʡ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʫʤʥʦʞʝʥʠʝ ʚ GF(28). 

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʵʪʠʭ ʦʧʝʨʘʮʠʡ ʧʨʠʚʝʣʦ ʙʳ ʢ ʢʨʘʡʥʝ ʥʝʵʬʬʝʢʪʠʚʥʦʡ 

ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʘ. ʆʜʥʘʢʦ ʙʘʡʪʦʚʘʷ ʩʪʨʫʢʪʫʨʘ ʰʠʬʨʘ ʦʪʢʨʳʚʘʝʪ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ. ɿʘʤʝʥʘ ʙʘʡʪʘ ʧʦ ʪʘʙʣʠʮʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʫʤʥʦʞʝʥʠʝʤ ʥʘ ʢʦʥʩʪʘʥʪʫ ʚ ʢʦʥʝʯʥʦʤ ʧʦʣʝ GF(28) ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʢ ʦʜʥʘ ʟʘʤʝʥʘ 

ʧʦ ʪʘʙʣʠʮʝ. ɺ ʧʨʷʤʦʤ ʰʠʬʨʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʨʠ ʢʦʥʩʪʘʥʪʳ (01, 02, 03), ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʧʦʥʘʜʦʙʷʪʩʷ ʪʨʠ ʪʘʢʠʭ ʪʘʙʣʠʮʳ, ʚ ʦʙʨʘʪʥʦʤ ï ʯʝʪʳʨʝ (0E, 0D, 0B, 09). ʇʨʠ ʥʘʜʣʝʞʘʱʝʡ 

ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʰʠʬʨʦʚʘʥʠʷ ʧʦʩʪʨʦʯʥʳʡ ʙʘʡʪʦʚʳʡ ʩʜʚʠʛ ʤʘʪʨʠʮʳ ʜʘʥʥʳʭ ʤʦʞʥʦ ʥʝ 

ʚʳʧʦʣʥʷʪʴ. ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʥʘ 32-ʙʠʪʦʚʳʭ ʧʣʘʪʬʦʨʤʘʭ ʚʦʟʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʙʘʡʪʦʚʫʶ 

ʟʘʤʝʥʫ ʠ ʫʤʥʦʞʝʥʠʝ ʵʣʝʤʝʥʪʘ ʤʘʪʨʠʮʳ ʜʘʥʥʳʭ ʥʘ ʩʪʦʣʙʝʮ ʤʘʪʨʠʮʳ M ʢʘʢ ʦʜʥʫ ʟʘʤʝʥʫ 8 ʙʠʪ 

ʥʘ 32 ʙʠʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʦʜʥʦʛʦ 32-ʙʠʪʦʚʦʛʦ ʩʣʦʚʘ ʜʘʥʥʳʭ ʚʢʣʶʯʘʝʪ 

ʯʝʪʳʨʝ ʙʘʡʪʦʚʳʝ ʟʘʤʝʥʳ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ, ʢʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚʳʰʝ, ʪʨʝʙʫʝʪ ʪʨʝʭ 

ʦʜʥʦʪʘʢʪʦʚʳʭ ʤʘʰʠʥʥʳʭ ʢʦʤʘʥʜ. ɺ ʠʪʦʛʝ ʯʘʩʪʴ ʨʘʫʥʜʘ ʜʣʷ ʦʜʥʦʛʦ 32-ʙʠʪʦʚʦʛʦ ʩʣʦʚʘ ʤʦʞʝʪ 

ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʘ ʥʘ ʧʨʦʮʝʩʩʦʨʘʭ Intel Pentium ʟʘ 14 ʢʦʤʘʥʜ ʠʣʠ ʟʘ 7 ʪʘʢʪʦʚ, ʯʪʦ ʧʨʠ 14 

ʨʘʫʥʜʘʭ ʰʠʬʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʥʘ ʧʨʦʮʝʩʩʦʨʘʭ Intel Pentium 200 ʜʦʩʪʠʯʴ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ 
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ʧʨʝʜʝʣʘ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʧʨʠʤʝʨʥʦ 7.8 ʄʙʘʡʪ/ʩ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʘ ʙʣʦʢʘ ʜʘʥʥʳʭ ʠ 

ʢʣʶʯʘ. ɼʣʷ ʤʝʥʴʰʝʛʦ ʯʠʩʣʘ ʨʘʫʥʜʦʚ ʩʢʦʨʦʩʪʴ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʚʦʟʨʘʩʪʝʪ. 

ʋʢʘʟʘʥʥʘʷ ʚʳʰʝ ʦʧʪʠʤʠʟʘʮʠʷ ʧʦʪʨʝʙʫʝʪ, ʦʜʥʘʢʦ, ʦʧʨʝʜʝʣʝʥʥʳʭ ʨʘʩʭʦʜʦʚ ʦʧʝʨʘʪʠʚʥʦʡ 

ʧʘʤʷʪʠ. ɼʣʷ ʢʘʞʜʦʛʦ ʩʪʦʣʙʮʘ ʤʘʪʨʠʮʳ M ʩʪʨʦʠʪʩʷ ʩʚʦʡ ʚʝʢʪʦʨ ʟʘʤʝʥʳ ʦʜʥʦʛʦ ʙʘʡʪʘ ʥʘ 4-

ʙʘʡʪʦʚʦʝ ʩʣʦʚʦ, ʧʦʣʫʯʘʝʤ ʪʦʯʥʦ ʪʘʢʫʶ ʞʝ ʧʦ ʨʘʟʤʝʨʫ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ɻʆʉʊ, ʪʘʙʣʠʮʫ ʟʘʤʝʥ, ʝʝ 

ʨʘʟʤʝʨ ʨʘʚʝʥ 4 _ 28 _4 = 212 ʙʘʡʪ ʠʣʠ 4K. ɼʘʣʝʝ, ʪʘʙʣʠʮʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ ʟʘʰʠʬʨʦʚʘʥʠʠ ʠ 

ʨʘʩʰʠʬʨʦʚʘʥʠʠ, ʨʘʟʣʠʯʥʳ, ï ʵʪʦ ʫʜʚʘʠʚʘʝʪ ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ. ʂʨʦʤʝ ʪʦʛʦ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʧʦʩʣʝʜʥʝʛʦ ʨʘʫʥʜʘ ʨʘʩʰʠʬʨʦʚʘʥʠʷ ʥʫʞʝʥ ʦʪʜʝʣʴʥʳʡ ʫʟʝʣ ʟʘʤʝʥ, ʝʛʦ ʨʘʟʤʝʨ 

ʨʘʚʝʥ 256 ʙʘʡʪ ʠʣʠ 0.25ʂ. ɺ ʠʪʦʛʝ ʧʦʣʫʯʘʝʤ, ʯʪʦ ʜʣʷ 32-ʙʠʪʦʚʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʨʝʘʣʠʟʘʮʠʡ 

ʰʠʬʨʘ Rijndael ʥʝʦʙʭʦʜʠʤʦ 8.25 ʂʙʘʡʪ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʜʣʷ ʭʨʘʥʝʥʠʷ ʫʟʣʦʚ ʟʘʤʝʥ. ɼʣʷ 

ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ ʥʘ ʙʘʟʝ Intel Pentium ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʆʉ Windows 9x/NT/2000 

ʵʪʦ ʥʝ ʚʳʛʣʷʜʠʪ ʯʨʝʟʤʝʨʥʳʤ ʪʨʝʙʦʚʘʥʠʝʤ. 

ɹʘʡʪ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʘʣʛʦʨʠʪʤʘ Rijndael ʧʦʟʚʦʣʷʝʪ ʯʨʝʟʚʳʯʘʡʥʦ 

ʵʬʬʝʢʪʠʚʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʝʛʦ ʥʘ 8-ʙʠʪʦʚʳʭ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘʭ, ʠʩʧʦʣʴʟʫʷ ʪʦʣʴʢʦ ʦʧʝʨʘʮʠʠ 

ʟʘʛʨʫʟʢʠ-ʚʳʛʨʫʟʢʠ ʨʝʛʠʩʪʨʦʚ, ʠʥʜʝʢʩʠʨʦʚʘʥʥʦʛʦ ʠʟʚʣʝʯʝʥʠʷ ʙʘʡʪʘ ʠʟ ʧʘʤʷʪʠ ʠ ʧʦʙʠʪʦʚʦʛʦ 

ʩʫʤʤʠʨʦʚʘʥʠʷ ʧʦ ʤʦʜʫʣʶ ʜʚʘ. ʊʘʢʞʝ ʫʢʘʟʘʥʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʧʦʟʚʦʣʠʪ ʚʳʧʦʣʥʠʪʴ 

ʵʬʬʝʢʪʠʚʥʫʶ ʧʨʦʛʨʘʤʤʥʫʶ ʨʝʘʣʠʟʘʮʠʶ ʘʣʛʦʨʠʪʤʘ. ʈʘʫʥʜ ʰʠʬʨʦʚʘʥʠʷ ʪʨʝʙʫʝʪ ʚʳʧʦʣʥʝʥʠʷ 

16 ʙʘʡʪʦʚʳʭ ʟʘʤʝʥ ʧʣʶʩ ʯʝʪʳʨʝ ʦʧʝʨʘʮʠʠ ʧʦʙʠʪʦʚʦʛʦ ʠʩʢʣʶʯʘʶʱʝʛʦ ʠʣʠ ʥʘʜ 128-ʙʠʪʦʚʳʤʠ 

ʙʣʦʢʘʤʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʳ ʚ ʪʨʠ ʵʪʘʧʘ. ɺ ʠʪʦʛʝ ʧʦʣʫʯʘʝʤ 4 ʦʧʝʨʘʮʠʠ ʥʘ ʨʘʫʥʜ 

ʠʣʠ 57 ʦʧʝʨʘʮʠʡ ʥʘ 14-ʨʘʫʥʜʦʚʳʡ ʮʠʢʣ ʰʠʬʨʦʚʘʥʠʷ ʩ ʫʯʝʪʦʤ çʣʠʰʥʝʡè ʦʧʝʨʘʮʠʠ ʧʦʙʠʪʦʚʦʛʦ 

ʧʨʠʙʘʚʣʝʥʠʷ ʢʣʶʯʘ ʧʦ ʤʦʜʫʣʶ ʜʚʘ ï ʵʪʦ ʧʨʠʤʝʨʥʦ ʚʜʚʦʝ ʤʝʥʴʰʝ, ʯʝʤ ʚ ɻʆʉʊʝ. 

ʊʘʢ ʢʘʢ Rijndael ʦʙʣʘʜʘʝʪ ʚʜʚʦʝ ʙʦʣʴʰʠʤ ʨʘʟʤʝʨʦʤ ʙʣʦʢʘ, ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʨʠʤʝʨʥʦ 

ʯʝʪʳʨʝʭʢʨʘʪʥʦʤʫ ʧʨʝʠʤʫʱʝʩʪʚʫ ʚ ʩʢʦʨʦʩʪʠ ʧʨʠ ʫʩʣʦʚʠʠ ʘʧʧʘʨʘʪʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʥʘ ʙʘʟʝ 

ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʪʝʭʥʦʣʦʛʠʠ. ʅʝʦʙʭʦʜʠʤʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʫʢʘʟʘʥʥʘʷ ʚʳʰʝ ʦʮʝʥʢʘ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ 

ʛʨʫʙʦʡ. 

 

ʊʘʙʣʠʮʘ 2.6.  ʇʦʢʘʟʘʪʝʣʠ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʨʝʘʣʠʟʘʮʠʡ ʩʨʘʚʥʠʚʘʝʤʳʭ 

ʘʣʛʦʨʠʪʤʦʚ ʥʘ ʷʟʳʢʝ ʉʠ 

 
 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʘʧʧʘʨʘʪʥʦʡ ʨʝʘʣʠʟʘʮʠʠ, ʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ɻʆʉʊʘ, Rijnael ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ 

ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʧʘʨʘʣʣʝʣʠʟʤʘ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʰʠʬʨʦʚʘʥʠʷ, ʦʧʝʨʠʨʫʝʪ ʙʣʦʢʘʤʠ ʤʝʥʴʰʝʛʦ 

ʨʘʟʤʝʨʘ ʠ ʩʦʜʝʨʞʠʪ ʤʝʥʴʰʝʝ ʯʠʩʣʦ ʨʘʫʥʜʦʚ, ʚ ʩʠʣʫ ʯʝʛʦ ʝʛʦ ʘʧʧʘʨʘʪʥʦʝ ʚʦʧʣʦʱʝʥʠʝ ʤʦʞʝʪ 

ʦʢʘʟʘʪʴʩʷ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʙʳʩʪʨʳʤ. ɽʩʣʠ ʩʫʜʠʪʴ ʧʦ ʜʣʠʥʝ ʥʘʠʙʦʣʴʰʝʛʦ ʧʫʪʠ ʚ ʩʝʪʝʚʦʤ 

ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʦʙʦʠʭ ʘʣʛʦʨʠʪʤʦʚ, ʝʛʦ ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʨʠʤʝʨʥʦ ʯʝʪʳʨʝʭʢʨʘʪʥʦʝ. 

 

 

ʆʧʠʩʘʥʠʝ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

 

ʆʧʠʩʘʥʠʝ ADSP-TS101 ï TigerSHARC 

 

ʎʠʬʨʦʚʦʡ ʉʠʛʥʘʣʴʥʳʡ ʇʨʦʮʝʩʩʦʨ ADSP-TS0101 - TigerSHARCÊ ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʤ 

DSP ʢʦʤʧʘʥʠʠ Analog Devices, ʧʦʩʪʨʦʝʥʥʳʤ ʧʦ ʥʦʚʦʡ ʩʪʘʪʠʯʝʩʢʦʡ ʩʫʧʝʨʩʢʘʣʷʨʥʦʡ 

ʘʨʭʠʪʝʢʪʫʨʝ. ʇʨʦʮʝʩʩʦʨ TigerSHARCÊ ʩʦʟʜʘʥ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʦʙʦʨʫʜʦʚʘʥʠʠ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʧʨʝʜʣʘʛʘʝʪ ʥʦʚʳʡ ʚʳʩʦʯʘʡʰʠʡ ʫʨʦʚʝʥʴ 

ʠʥʪʝʛʨʘʮʠʠ ʠ ʫʥʠʢʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʙʘʪʳʚʘʪʴ 8-, 16-, 32-ʨʘʟʨʷʜʥʳʝ ʪʠʧʳ ʜʘʥʥʳʭ ʩ 

ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʠ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ, ʠʩʧʦʣʴʟʫʷ ʦʜʥʫ ʤʠʢʨʦʩʭʝʤʫ. ʂʘʞʜʳʡ ʠʟ ʵʪʠʭ ʪʠʧʦʚ 
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ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʜʣʷ ʩʣʝʜʫʶʱʝʛʦ ʧʦʢʦʣʝʥʠʷ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʧʨʦʪʦʢʦʣʦʚ, 

ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ, ʚʢʣʶʯʘʷ IMT-2000 (ʪʘʢʞʝ ʠʟʚʝʩʪʥʦʛʦ ʧʦʜ ʥʘʟʚʘʥʠʝʤ 

ʨʘʜʠʦʧʨʦʪʦʢʦʣʘ ʪʨʝʪʴʝʛʦ ʧʦʢʦʣʝʥʠʷ) ʠ xDSL (ʮʠʬʨʦʚʘʷ ʘʙʦʥʝʥʪʩʢʘʷ ʣʠʥʠʷ). ɺ ʦʪʣʠʯʠʠ ʦʪ ʚʩʝʭ 

ʜʨʫʛʠʭ DSP, ʧʨʦʮʝʩʩʦʨ ADSP-TS101 ʠʤʝʝʪ ʫʥʠʢʘʣʴʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʫʚʝʣʠʯʠʚʘʪʴ ʩʢʦʨʦʩʪʴ 

ʦʙʨʘʙʦʪʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʜʘʥʥʳʭ. ɹʦʣʝʝ ʪʦʛʦ, ʢʨʠʩʪʘʣʣ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʯʘʡʰʠʡ 

ʫʨʦʚʝʥʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ. 

ɺ ʦʙʦʨʫʜʦʚʘʥʠʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʧʨʦʪʦʢʦʣʳ ʚʦʢʦʜʝʨʘ ʠ 

ʢʘʥʘʣʴʥʦʛʦ ʢʦʜʝʨʘ ʨʘʟʨʘʙʦʪʘʥʳ ʜʣʷ 16-ʨʘʟʨʷʜʥʦʛʦ ʪʠʧʘ ʜʘʥʥʳʭ. ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ 

ʩʠʛʥʘʣʘ ʤʥʦʛʠʝ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪ ʣʠʥʝʡʥʫʶ ʢʦʨʨʝʢʮʠʶ ʠ 

ʪʝʭʥʦʣʦʛʠʶ ʧʦʜʘʚʣʝʥʠʷ ʵʭʦ-ʩʠʛʥʘʣʦʚ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʘʝʪ ʢʘʯʝʩʪʚʦ ʩʠʛʥʘʣʘ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤʳ. ʕʪʠ ʘʣʛʦʨʠʪʤʳ ʚʳʠʛʨʳʚʘʶʪ, ʙʣʘʛʦʜʘʨʷ ʫʚʝʣʠʯʝʥʠʶ ʪʦʯʥʦʩʪʠ 

ʦʙʨʘʙʦʪʢʠ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ 32-ʨʘʟʨʷʜʥʳʭ ʜʘʥʥʳʭ ʠ ʜʘʥʥʳʭ ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ. ʇʦʜʜʝʨʞʢʘ 

8-ʤʠ ʨʘʟʨʷʜʥʦʛʦ ʬʦʨʤʘʪʘ ʜʘʥʥʳʭ ʫʜʦʙʥʘ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʘʣʛʦʨʠʪʤʘ 

ʜʝʢʦʜʝʨʘ ɺʠʪʝʨʙʠ ʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʠʟʦʙʨʘʞʝʥʠʡ, ʛʜʝ RGB ʩʠʛʥʘʣʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ 

ʦʩʥʦʚʥʳʝ ʮʚʝʪʘ, ʧʨʠʥʷʪʦ ʧʨʝʜʩʪʘʚʣʷʪʴ 8-ʨʘʟʨʷʜʥʳʤʠ ʜʘʥʥʳʤʠ. ʄʥʦʛʠʝ ʠʟ ʵʪʠʭ ʧʨʠʣʦʞʝʥʠʡ 

ʪʨʝʙʫʶʪ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʤʦʛʫʪ ʧʨʝʜʧʦʣʘʛʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʘʣʛʦʨʠʪʤʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠʣʠ ʜʘʞʝ ʦʜʥʦʚʨʝʤʝʥʥʦ. ʊʦʯʥʳʝ ʪʨʝʙʦʚʘʥʠʷ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʦʥʢʨʝʪʥʳʤʠ ʧʨʠʣʦʞʝʥʠʷʤʠ. ɻʠʙʢʦʩʪʴ ʘʨʭʠʪʝʢʪʫʨʳ ʧʨʦʮʝʩʩʦʨʘ TigerSHARC 

ʧʦʟʚʦʣʷʝʪ ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʧʦʣʥʷʪʴ ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʪʦʯʥʦʩʪʠ, 

ʥʝʦʙʭʦʜʠʤʳʝ ʚ ʪʦʤ ʠʣʠ ʠʥʦʤ ʧʨʠʣʦʞʝʥʠʠ, ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʧʦʪʝʨʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ 

ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʦʮʝʩʩʦʨʦʚ TigerSHARC ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʠʩʪʝʤʳ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠʤʝʥʷʝʤʳʤ ʬʦʨʤʘʪʦʤ ʜʘʥʥʳʭ. 

ɸʨʭʠʪʝʢʪʫʨʘ ʧʨʦʮʝʩʩʦʨʦʚ TigerSHARC ʦʭʚʘʪʳʚʘʝʪ ʢʣʶʯʝʚʳʝ ʵʣʝʤʝʥʪʳ ʮʝʣʦʛʦ ʨʷʜʘ 

ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʦʚ. ʕʪʦ RISC (Reduced Instruction Set Computer), VLIW  

(Very Long Instruction Word) ʠ DSP ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʮʠʬʨʦʚʦʛʦ 

ʩʠʛʥʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ. ʅʦʚʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʧʦʜʜʝʨʞʠʚʘʝʪ ʥʘ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʪʘʢʠʝ 

ʧʘʨʘʤʝʪʨʳ, ʧʨʠʩʫʱʠʝ DSP ʧʨʦʮʝʩʩʦʨʘʤ, ʢʘʢ ʢʦʨʦʪʢʠʡ ʤʘʰʠʥʥʳʡ ʮʠʢʣ ʩ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʡ 

ʜʣʠʪʝʣʴʥʦʩʪʴʶ, ʙʳʩʪʨʘʷ ʨʝʘʢʮʠʷ ʥʘ ʧʨʝʨʳʚʘʥʠʷ ʠ ʦʪʣʠʯʥʳʡ ʠʥʪʝʨʬʝʡʩ ʩ ʧʝʨʠʬʝʨʠʡʥʳʤʠ 

ʫʩʪʨʦʡʩʪʚʘʤʠ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚʳʯʠʩʣʝʥʠʡ ʠ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ 

ʚʚʦʜʘ ʠ ʚʳʚʦʜʘ ʜʘʥʥʳʭ. ʏʪʦʙʳ ʜʦʩʪʠʯʴ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʨʘʙʦʪʝ ʷʜʨʘ 

ʧʨʦʮʝʩʩʦʨʘ, ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʪʘʢʠʝ ʩʚʦʡʩʪʚʘ RISC-ʘʨʭʠʪʝʢʪʫʨʳ, ʢʘʢ ʦʧʝʨʘʮʠʠ ʦʜʥʦʚʨʝʤʝʥʥʦʡ 

ʟʘʛʨʫʟʢʠ ʠ ʩʦʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ, ʫʩʪʨʦʡʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ ʚʳʧʦʣʥʝʥʠʝʤ ʢʦʤʘʥʜ ʩ ʛʣʫʙʦʢʠʤ 

ʢʦʥʚʝʡʝʨʦʤ ʠ ʧʨʝʜʩʢʘʟʘʥʠʝʤ ʧʝʨʝʭʦʜʦʚ, ʙʦʣʴʰʦʡ ʨʝʛʠʩʪʨʦʚʳʡ ʬʘʡʣ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

ʤʝʞʜʫ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʙʣʦʢʘʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʘʨʭʠʪʝʢʪʫʨʳ 

VLIW  ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʦʛʨʘʤʤʥʫʶ ʧʘʤʷʪʴ, ʦʩʦʙʝʥʥʦ ʧʨʠ 

ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʦʚ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʟʘʜʘʯ ʫʧʨʘʚʣʝʥʠʷ. 
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ʆʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʘʨʭʠʪʝʢʪʫʨʳ ʧʨʦʮʝʩʩʦʨʘ TigerSHARCÈ 

ʗʜʨʦ 

¶ 1200 MMAC/ʩ ʥʘ ʯʘʩʪʦʪʝ 150 ʄɻʮ -16 ʙʠʪ 

ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʪʦʯʢʦʡ 

¶ 300 MMAC/ʩ ʥʘ ʯʘʩʪʦʪʝ 150 ʄɻʮ - 32 ʙʠʪʘ 

ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ 

¶ 900 MFLOPS - 32 ʙʠʪʘ ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ 

ʇʘʤʷʪʴ 

¶ 6 Mʙʠʪ ʚʩʪʨʦʝʥʥʦʡ SRAM, ʦʨʛʘʥʠʟʦʚʘʥʥʳʝ ʢʘʢ ʝʜʠʥʘʷ ʧʘʤʷʪʴ 

ʚ ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʦʡ ɻʘʨʚʘʨʜʩʢʦʡ ʘʨʭʠʪʝʢʪʫʨʳ 

¶ ʉʨʝʜʩʪʚʘ ʚʚʦʜʘ-ʚʳʚʦʜʘ, ʧʝʨʠʬʝʨʠʡʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʠ ʢʦʨʧʫʩ 

¶ ʉʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʯʝʨʝʟ ʚʥʝʰʥʶʶ ʰʠʥʫ 600 Mʙʘʡʪ/ʩ 

¶ ʉʫʤʤʘʨʥʘʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʯʝʨʝʟ 4 ʧʦʨʪʘ ʩʚʷʟʠ 600 

Mʙʘʡʪ/ʩ 

¶ ʇʦʜʜʝʨʞʢʘ ʤʥʦʛʦʧʨʦʮʝʩʩʦʨʥʦʡ ʢʣʘʩʪʝʨʥʦʡ ʩʠʩʪʝʤʳ ʜʦ 

8 ʧʨʦʮʝʩʩʦʨʦʚ ADSP-TS101 ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʠʢʨʦʩʭʝʤ 

¶ 4 ʧʦʨʪʘ ʚʚʦʜʘ/ʚʳʚʦʜʘ ʦʙʱʝʛʦ ʧʨʠʤʝʥʝʥʠʷ 

¶ ʂʦʥʪʨʦʣʣʝʨ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʘʤʷʪʠ SDRAM 

ʏʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʚʩʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʙʣʦʢʠ ʢʦʤʘʥʜʘʤʠ, ʥʝʦʙʭʦʜʠʤʦ ʵʬʬʝʢʪʠʚʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʦʩʪʫʧʥʫʶ ʰʠʨʠʥʫ ʩʣʦʚʘ ʢʦʤʘʥʜʳ. ʀʥʘʯʝ ʛʦʚʦʨʷ, ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʢʦʤʘʥʜʳ ʜʦʣʞʥʳ ʧʦʜʘʚʘʪʴʩʷ ʥʘ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʙʣʦʢʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʧʘʨʘʣʣʝʣʠʟʤ 

ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʡ ʜʦʣʞʝʥ ʧʣʘʥʠʨʦʚʘʪʴʩʷ ʟʘʨʘʥʝʝ, ʜʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ 

ʧʨʦʛʨʘʤʤʳ. 

ɸʨʭʠʪʝʢʪʫʨʘ ʷʜʨʘ ʧʨʦʮʝʩʩʦʨʘ Tiger SHARC ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ. ʗʜʨʦ ʚʢʣʶʯʘʝʪ 

ʥʝʩʢʦʣʴʢʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʙʣʦʢʦʚ: ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʙʣʦʢʠ, ʧʘʤʷʪʴ, ɸʃʋ ʜʣʷ ʦʧʝʨʘʮʠʡ ʩ 

ʮʝʣʳʤʠ ʯʠʩʣʘʤʠ ʠ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʚʳʧʦʣʥʝʥʠʝʤ ʢʦʤʘʥʜ. ɺ ʘʨʭʠʪʝʢʪʫʨʝ 

ʧʨʦʮʝʩʩʦʨʘ Tiger SHARC ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʙʣʦʢʠ X ʠ Y, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ 

ʩʦʜʝʨʞʠʪ ʫʤʥʦʞʠʪʝʣʴ, ɸʃʋ ʠ 64-ʨʘʟʨʷʜʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʩʜʚʠʛʘ. ɹʣʘʛʦʜʘʨʷ ʨʝʩʫʨʩʘʤ ʵʪʠʭ 

ʙʣʦʢʦʚ, ʧʨʦʮʝʩʩʦʨ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴ ʚʦʩʝʤʴ 40-ʨʘʟʨʷʜʥʳʭ ʦʧʝʨʘʮʠʡ ʫʤʥʦʞʝʥʠʷ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʩʫʤʤʠʨʦʚʘʥʠʝʤ 16-ʨʘʟʨʷʜʥʳʭ ʜʘʥʥʳʭ, ʜʚʝ 40-ʨʘʟʨʷʜʥʳʭ ʦʧʝʨʘʮʠʠ ʫʤʥʦʞʝʥʠʷ 

ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʫʤʤʠʨʦʚʘʥʠʝʤ 16-ʨʘʟʨʷʜʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʯʠʩʝʣ ʠʣʠ ʜʚʝ 80-ʨʘʟʨʷʜʥʳʝ 

ʦʧʝʨʘʮʠʠ ʫʤʥʦʞʝʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʫʤʤʠʨʦʚʘʥʠʝʤ 32-ʨʘʟʨʷʜʥʳʭ ʜʘʥʥʳʤʭ. ɺʩʝ 

ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʦʧʝʨʘʮʠʠ ʚʳʧʦʣʥʷʶʪʩʷ ʚ ʦʜʥʦʤ ʮʠʢʣʝ. ʇʨʦʮʝʩʩʦʨ TigerSHARC ʨʝʘʣʠʟʫʝʪ 

ʘʨʭʠʪʝʢʪʫʨʫ, ʠʩʧʦʣʴʟʫʶʱʫʶ ʧʦʣʥʦʩʪʴʶ ʦʨʪʦʛʦʥʘʣʴʥʳʡ ʨʝʛʠʩʪʨʦʚʳʡ ʬʘʡʣ ʜʣʠʥʦʡ ʚ 32 ʩʣʦʚʘ, 

ʜʦʧʫʩʢʘʶʱʠʡ ʯʪʝʥʠʝ ʠ ʟʘʧʠʩʴ ʚ ʦʜʥʦʤ ʤʘʰʠʥʥʦʤ ʮʠʢʣʝ. 

 
ʈʠʩʫʥʦʢ 2.30.  ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʘʨʭʠʪʝʢʪʫʨʳ ʧʨʦʮʝʩʩʦʨʘ ADSP-TS101 TIGERSHARC 
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ʈʠʩʫʥʦʢ 2.31. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʘʨʭʠʪʝʢʪʫʨʳ ʧʨʦʮʝʩʩʦʨʘ ADSP-TS101 TIGERSHARC 
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ʈʠʩʫʥʦʢ 2.33. ʆʨʛʘʥʠʟʘʮʠʷ ʧʘʤʷʪʠ ʧʨʦʮʝʩʩʦʨʘ ADSP-TS101 

 

ɺ ʘʨʭʠʪʝʢʪʫʨʝ ʧʨʦʮʝʩʩʦʨʘ TigerSHARC ʚʝʢʪʦʨʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʧʘʤʷʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ 

ʚʠʜʝ ʪʨʝʭ 128 ʨʘʟʨʷʜʥʳʭ ʙʣʦʢʦʚ. ʇʨʠ ʦʙʨʘʱʝʥʠʠ ʢ ʧʘʤʷʪʠ ʠʟ ʥʝʝ ʤʦʛʫʪ ʯʠʪʘʪʴʩʷ 

ʫʯʝʪʚʝʨʝʥʥʳʝ, ʜʣʠʥʥʳʝ ʠ ʥʦʨʤʘʣʴʥʳʝ ʩʣʦʚʘ, ʢʦʪʦʨʳʝ ʟʘʥʦʩʷʪʩʷ ʟʘʪʝʤ ʚ ʨʝʛʠʩʪʨʦʚʳʡ ʬʘʡʣ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ. ɺ ʢʘʞʜʦʤ ʮʠʢʣʝ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʚʳʙʦʨʢʘ ʯʝʪʳʨʝʭ 32-ʨʘʟʨʷʜʥʳʭ ʢʦʤʘʥʜ. 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʤʦʛʫʪ ʙʳʪʴ ʟʘʛʨʫʞʝʥʳ ʚ ʨʝʛʠʩʪʨʦʚʳʝ ʬʘʡʣʳ ʠʣʠ ʟʘʧʠʩʘʥʳ ʚ ʧʘʤʷʪʴ 256 ʙʠʪʦʚ 

ʜʘʥʥʳʭ. ɼʘʥʥʳʝ ʩ ʜʣʠʥʦʡ ʩʣʦʚʘ 8, 16 ʠʣʠ 32 ʨʘʟʨʷʜʘ ʤʦʛʫʪ ʟʘʧʠʩʳʚʘʪʴʩʷ ʚ ʧʘʤʷʪʴ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚ ʫʧʘʢʦʚʘʥʥʦʤ ʚʠʜʝ. ɺʥʫʪʨʝʥʥʷʷ ʠ ʚʥʝʰʥʷʷ ʧʘʤʷʪʴ ʦʨʛʘʥʠʟʦʚʘʥʳ ʚ ʚʠʜʝ 

ʝʜʠʥʦʛʦ ʘʜʨʝʩʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʢʦʪʦʨʦʝ ʦʩʪʘʚʣʷʝʪ ʧʦʣʥʫʶ ʩʚʦʙʦʜʫ ʧʨʦʛʨʘʤʤʠʩʪʫ ʜʣʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʘʤʷʪʠ. ʇʨʠ ʨʘʙʦʪʝ ʥʘ ʪʘʢʪʦʚʦʡ ʯʘʩʪʦʪʝ 150 ʄɻʮ ʩʢʦʨʦʩʪʴ ʦʙʤʝʥʘ ʩ 

ʚʥʫʪʨʝʥʥʝʡ ʧʘʤʷʪʴʶ ʜʣʷ ʜʘʥʥʳʭ ʠ ʢʦʤʘʥʜ ʩʦʩʪʘʚʣʷʝʪ 7,2 ɻʙʠʪ/ʩ. 

ɼʚʘ ɸʃʋ, ʚʳʧʦʣʥʷʶʱʠʝ ʦʧʝʨʘʮʠʠ ʩ ʮʝʣʳʤʠ ʯʠʩʣʘʤʠ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʘʜʨʝʩʘʮʠʠ ʜʘʥʥʳʭ ʠ 

ʚʳʯʠʩʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʫʢʘʟʘʪʝʣʝʡ. ʆʥʠ ʧʦʜʜʝʨʞʠʚʘʶʪ ʮʠʢʣʠʯʝʩʢʠʝ ʙʫʬʝʨʳ ʠ ʙʠʪ-

ʨʝʚʝʨʩʠʚʥʫʶ ʘʜʨʝʩʘʮʠʶ, ʧʨʠʯʝʤ ʢʘʞʜʦʝ ʠʤʝʝʪ ʩʚʦʡ ʨʝʛʠʩʪʨʦʚʳʡ ʬʘʡʣ ʜʣʠʥʦʡ 32 ʩʣʦʚʘ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ɸʃʋ ʥʝ ʧʨʦʩʪʦ ʷʚʣʷʶʪʩʷ ʙʣʦʢʘʤʠ, ʛʝʥʝʨʠʨʫʶʱʠʤʠ ʘʜʨʝʩʘ ʜʘʥʥʳʭ, ʥʦ ʠ 

ʤʦʛʫʪ ʩʦʚʤʝʩʪʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʚʳʯʠʩʣʝʥʠʷ ʩ ʮʝʣʳʤʠ ʯʠʩʣʘʤʠ. ʅʘʣʠʯʠʝ ɸʃʋ ʪʘʢʦʛʦ ʚʠʜʘ 

ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʤʧʠʣʷʪʦʨʘ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʜʣʷ ʜʘʥʥʦʛʦ 

ʧʨʦʮʝʩʩʦʨʘ, ʘ ʪʘʢʞʝ ʧʦʚʳʩʠʪʴ ʛʠʙʢʦʩʪʴ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

ɸʨʭʠʪʝʢʪʫʨʘ ʧʨʦʮʝʩʩʦʨʦʚ TigerSHARC ʥʘʟʳʚʘʝʪʩʷ ʩʪʘʪʠʯʝʩʢʦʡ ʩʫʧʝʨʩʢʘʣʷʨʥʦʡ 

ʘʨʭʠʪʝʢʪʫʨʦʡ, ʪ.ʢ. ʦʥʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʳʧʦʣʥʝʥʠʝ ʜʦ ʯʝʪʳʨʝʭ 32-ʨʘʟʨʷʜʥʳʭ ʢʦʤʘʥʜ ʟʘ ʦʜʠʥ 

ʮʠʢʣ, ʠ ʧʨʦʛʨʘʤʤʠʩʪ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʝʟʘʚʠʩʠʤʦ ʟʘʜʘʚʘʪʴ ʢʦʤʘʥʜʳ ʜʣʷ ʚʩʝʭ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ. ʋʩʪʨʦʡʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ ʚʳʧʦʣʥʝʥʠʝʤ ʢʦʤʘʥʜ (program sequencer) 

ʧʦʜʜʝʨʞʠʚʘʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʠʩʧʦʣʥʝʥʠʝ ʢʦʤʘʥʜ, ʧʨʠ ʢʦʪʦʨʦʤ ʢʘʞʜʘʷ ʦʯʝʨʝʜʥʘʷ 

ʠʥʩʪʨʫʢʮʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʟʫʣʴʪʘʪʦʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʟʘʜʘʥʥʦʛʦ ʫʩʣʦʚʠʷ. 

ʂʨʦʤʝ ʪʦʛʦ, ʦʜʥʘ ʠ ʪʘ ʞʝ ʢʦʤʘʥʜʘ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʘ ʜʚʫʤʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʙʣʦʢʘʤʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʜʘʥʥʳʭ (ʵʪʦ ʥʘʟʳʚʘʝʪʩʷ SIMD - ʦʜʥʘ 

ʠʥʩʪʨʫʢʮʠʷ - ʜʚʦʡʥʦʡ ʥʘʙʦʨ ʜʘʥʥʳʭ). 

ɸʨʭʠʪʝʢʪʫʨʘ ʧʨʦʮʝʩʩʦʨʦʚ TigerSHARC ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ ʦʧʝʨʘʮʠʠ ʥʘʜ 8-, 16- ʠ 32-

ʨʘʟʨʷʜʥʳʤʠ ʜʘʥʥʳʤʠ. ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʦʨʘ ʧʦʚʳʰʘʝʪʩʷ ʧʦ ʤʝʨʝ ʫʤʝʥʴʰʝʥʠʷ 
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ʨʘʟʨʷʜʥʦʩʪʠ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʜʘʥʥʳʭ. 

ɼʦʙʘʚʣʝʥʠʝ ʙʫʬʝʨʘ ʘʜʨʝʩʦʚ ʧʝʨʝʭʦʜʘ (Branch Target Buffer, BTB) ʠ ʣʦʛʠʢʠ ʩʪʘʪʠʯʝʩʢʦʛʦ 

ʧʨʝʜʩʢʘʟʘʥʠʷ ʧʝʨʝʭʦʜʘ ʜʝʣʘʝʪ ʥʝʥʫʞʥʳʤ ʟʘʧʦʣʥʝʥʠʝ ʢʦʥʚʝʡʝʨʘ ʢʦʤʘʥʜ ʧʦʩʣʝ ʧʝʨʝʭʦʜʘ. ʂʘʢ 

ʦʪʤʝʯʘʣʦʩʴ ʨʘʥʴʰʝ, ʧʝʨʝʭʦʜ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʦʜʠʥ ʮʠʢʣ. 

ʊʨʠ ʚʥʫʪʨʝʥʥʠʭ 128-ʨʘʟʨʷʜʥʳʭ ʰʠʥʳ ʦʙʨʘʟʫʶʪ ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʠʡ ʢʘʥʘʣ ʦʙʤʝʥʘ 

ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʚʥʫʪʨʝʥʥʠʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʙʣʦʢʘʤʠ ʠ ʚʥʝʰʥʠʤʠ ʧʝʨʠʬʝʨʠʡʥʳʤʠ 

ʫʩʪʨʦʡʩʪʚʘʤʠ. ʊʨʝʭʰʠʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʦʪʚʝʯʘʝʪ ʪʠʧʦʚʳʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʢʦʤʘʥʜʘʤ, 

ʪʨʝʙʫʶʱʠʤ ʥʘʣʠʯʠʷ ʜʚʫʭ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠ ʥʘ ʚʳʭʦʜʝ ʚʳʜʘʶʪ ʦʜʠʥ ʨʝʟʫʣʴʪʘʪ. ʇʨʦʮʝʩʩʦʨ 

ʠʤʝʝʪ ʦʨʪʦʛʦʥʘʣʴʥʫʶ ʧʨʦʛʨʘʤʤʥʫʶ ʤʦʜʝʣʴ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʫʶ ʨʝʘʢʮʠʶ ʥʘ 

ʧʨʝʨʳʚʘʥʠʷ. 

ɸʨʭʠʪʝʢʪʫʨʘ ʧʨʦʮʝʩʩʦʨʘ TigerSHARC ʦʩʥʦʚʘʥʘ ʥʘ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ 

ʘʧʧʘʨʘʪʫʨʳ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʧʦʪʝʨʠ ʮʠʢʣʦʚ ʠ ʫʧʨʦʱʘʝʪ ʨʘʙʦʪʫ ʢʦʤʧʠʣʷʪʦʨʘ. ʉʠʩʪʝʤʘ 

ʢʦʤʘʥʜ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʜʜʝʨʞʠʚʘʝʪ ʚʩʝ ʯʠʩʣʦʚʳʝ ʬʦʨʤʘʪʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʎʆʉ ʠ ʚ 

ʦʙʨʘʙʦʪʢʝ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʚʠʜʝʦʩʠʛʥʘʣʦʚ, ʚʢʣʶʯʘʷ ʟʥʘʢʦʚʳʡ ʠ ʙʝʟʟʥʘʢʦʚʳʡ, ʜʨʦʙʥʳʡ ʠ 

ʮʝʣʦʯʠʩʣʝʥʥʳʡ. ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʩʫʱʝʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʛʨʘʥʠʯʝʥʠʷ ʠʣʠ ʫʩʝʯʝʥʠʷ 

ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʯʠʩʣʝʥʠʡ. 

ʈʘʙʦʪʘʷ ʥʘ ʪʘʢʪʦʚʦʡ ʯʘʩʪʦʪʝ 150 ʄɻʮ, ʧʨʦʮʝʩʩʦʨ ADSP-TS101 ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʥʘʠʣʫʯʰʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʨʝʜʠ ʧʨʦʮʝʩʩʦʨʦʚ ʩʝʤʝʡʩʪʚʘ SHARC ʢʘʢ ʧʨʠ ʦʙʨʘʙʦʪʢʝ 

ʜʘʥʥʳʭ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʪʦʯʢʦʡ, ʪʘʢ ʠ ʧʨʠ ʨʘʙʦʪʝ ʩ ʜʘʥʥʳʤʠ ʚ ʬʦʨʤʘʪʝ ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ. 

ʂʨʦʤʝ ʪʦʛʦ, ʨʘʟʤʝʩʪʠʚ ʥʘ ʢʨʠʩʪʘʣʣʝ 6 ʄʙʠʪ ʩʪʘʪʠʯʝʩʢʦʡ ʧʘʤʷʪʠ, ʢʦʤʧʘʥʠʷ Analog Devices 

ʫʚʝʣʠʯʠʣʘ ʩʪʝʧʝʥʴ ʠʥʪʝʛʨʘʮʠʠ ʧʘʤʷʪʠ ʥʘ 50% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʳʜʫʱʠʤʠ ʯʣʝʥʘʤʠ 

ʩʝʤʝʡʩʪʚʘ SHARC. ʇʨʠ ʧʝʨʝʭʦʜʝ ʢ ʤʝʥʴʰʠʤ ʧʨʦʝʢʪʥʳʤ ʥʦʨʤʘʤ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʢʨʠʩʪʘʣʣʦʚ, ʢʦʤʧʘʥʠʷ Analog Devices ʧʣʘʥʠʨʫʝʪ ʫʚʝʣʠʯʠʪʴ ʪʘʢʪʦʚʫʶ ʯʘʩʪʦʪʫ ʨʘʙʦʪʳ 

ʧʨʦʮʝʩʩʦʨʘ ʠ ʦʙʲʝʤ ʧʘʤʷʪʠ ʥʘ ʢʨʠʩʪʘʣʣʝ ʜʣʷ ʥʦʚʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʩʝʤʝʡʩʪʚʘ TigerSHARC. 

 

ʆʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ TigerSHARC 

¶ ɺr ʧʦʣʥʝʥʠʝ ʦʪ 1 ʜʦ 4 32-ʨʘʟʨʷʜʥʳʭ ʦʧʝʨʘʮʠʡ ʟʘ ʮʠʢʣ 

¶ ʇʨʠʥʮʠʧ "ʆʜʥʘ ʠʥʩʪʨʫʢʮʠʷ, ʤʥʦʛʦ ʜʘʥʥʳʭ" (SIMD) ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ 

ʜʚʫʤʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʙʣʦʢʘʤʠ 

¶ ʇʦʜʜʝʨʞʢʘ ʨʘʟʥʳʭ ʬʦʨʤʘʪʦʚ ʜʘʥʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʙʣʦʢʘʤʠ 

 

¶ ɺ ʢʘʞʜʦʤ ʠʤʝʝʪʩʷ ʨʝʛʠʩʪʨʦʚʳʡ ʬʘʡʣ, MAC, ɸʃʋ, ʫʩʪʨʦʡʩʪʚʦ 

ʩʜʚʠʛʘ 

¶ ʈʘʙʦʪʘ ʩ 32/40-ʨʘʟʨʷʜʥʳʤʠ ʜʘʥʥʳʤʠ ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ 

ʠ ʩ 32-ʨʘʟʨʷʜʥʳʤʠ ʜʘʥʥʳʤʠ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʪʦʯʢʦʡ (6 ʦʧʝʨʘʮʠʡ ʟʘ ʦʜʠʥ ʪʘʢʪ) 

16-ʙʠʪʥʳʝ ʦʧʝʨʘʮʠʠ (24 ʟʘ ʮʠʢʣ) ʠʣʠ 8-ʙʠʪʥʳʝ ʦʧʝʨʘʮʠʠ (32 ʟʘ 

ʮʠʢʣ) 

¶ ʃʦʛʠʢʘ ʩʪʘʪʠʯʝʩʢʦʛʦ ʧʨʝʜʩʢʘʟʘʥʠʷ ʧʝʨʝʭʦʜʦʚ, ʩ ʮʝʣʝʚʳʤ ʙʫʬʝʨʦʤ 

ʧʝʨʝʭʦʜʘ (BTB), ʧʦʜʜʝʨʞʠʚʘʶʱʠʤ ʜʦ 128 ʚʭʦʜʦʚ 

¶ ɺʥʫʪʨʝʥʥʷʷ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 7.2 ɻʙʘʡʪ/ʩ 

¶ ʇʨʦʩʪʘʷ ʧʨʦʛʨʘʤʤʥʘʷ ʤʦʜʝʣʴ ʩ ʛʠʙʢʦʡ ʩʠʩʪʝʤʦʡ ʧʨʝʨʳʚʘʥʠʡ 

 

ʇʨʠʤʝʥʝʥʠʝ ʧʨʦʮʝʩʩʦʨʦʚ ADSP-TS101 ʫʤʝʥʴʰʘʝʪ ʦʙʱʫʶ ʩʪʦʠʤʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʠʩʪʝʤʳ, ʙʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʬʫʥʢʮʠʡ ʚʚʦʜʘ-ʚʳʚʦʜʘ 

ʥʘʙʦʨʘ ʧʝʨʠʬʝʨʠʡʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʢʦʪʦʨʳʝ ʫʤʝʥʴʰʘʶʪ ʠʣʠ ʚʦʦʙʱʝ ʣʠʢʚʠʜʠʨʫʶʪ ʧʦʪʨʝʙʥʦʩʪʴ 

ʚ ʧʨʠʤʝʥʝʥʠʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ. ʈʘʙʦʪʘʷ ʥʘ ʪʘʢʪʦʚʦʡ 

ʯʘʩʪʦʪʝ 150 ʄɻʮ, ʧʨʦʮʝʩʩʦʨ ADSP-TS101 ʦʙʲʝʜʠʥʷʝʪ ʯʝʪʳʨʝ ʧʦʨʪʘ ʩʚʷʟʠ ʩʦ ʩʢʦʨʦʩʪʴʶ 

ʧʝʨʝʜʘʯʠ 600 ʄʙʠʪ/ʩ, ʩʨʝʜʩʪʚʘ ʧʦʜʜʝʨʞʢʠ ʤʫʣʴʪʠʧʨʦʮʝʩʩʦʨʥʦʛʦ ʢʣʘʩʪʝʨʘ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʧʦʜʢʣʶʯʝʥʠʷ ʜʦ ʚʦʩʴʤʠ ʧʨʦʮʝʩʩʦʨʦʚ ADSP-ʊS101, ʢʦʥʪʨʦʣʣʝʨ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʘʤʷʪʠ ʠ 

ʠʥʪʝʨʬʝʡʩ JTAG. ɼʘʥʥʘʷ, ʥʝ ʠʤʝʶʱʘʷ ʘʥʘʣʦʛʦʚ ʢʦʤʙʠʥʘʮʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ʨʝʘʣʠʟʦʚʘʥʘ ʚ 

35ʭ35 ʤʤ ʢʦʨʧʫʩʝ SBGA ʩ 360 ʚʳʚʦʜʘʤʠ. 

ʇʨʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ ʮʠʬʨʦʚʳʭ ʩʠʛʥʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʨʦʚ ʧʨʠʭʦʜʠʪʩʷ ʨʘʙʦʪʘʪʴ ʢʘʢ 
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ʥʘ ʷʟʳʢʝ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ, ʪʘʢ ʠ ʥʘ ʷʟʳʢʝ ʥʠʟʢʦʛʦ ʫʨʦʚʥʷ, ʪʦ ʝʩʪʴ ʥʘ ʘʩʩʝʤʙʣʝʨʝ. ɺʳʙʦʨ ʷʟʳʢʘ 

ʟʘʚʠʩʠʪ ʦʪ ʮʝʣʦʛʦ ʨʷʜʘ ʬʘʢʪʦʨʦʚ, ʚʢʣʶʯʘʶʱʠʭ ʪʨʝʙʫʝʤʫʶ ʩʢʦʨʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʛʨʘʤʤʳ, 

ʨʘʟʤʝʨ ʠʩʧʦʣʴʟʫʝʤʦʡ ʧʘʤʷʪʠ ʠ ʚʨʝʤʷ, ʟʘʪʨʘʯʠʚʘʝʤʦʝ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʠʩʪʝʤʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ, 

ʜʦʣʞʥʘ ʜʘʚʘʪʴ ʧʦʣʴʟʦʚʘʪʝʣʶ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʛʨʘʤʤʠʨʦʚʘʪʴ ʢʘʢ ʥʘ ʷʟʳʢʘʭ ʚʳʩʦʢʦʛʦ, ʪʘʢ ʠ ʥʘ 

ʷʟʳʢʘʭ ʥʠʟʢʦʛʦ ʫʨʦʚʥʷ. ɸʨʭʠʪʝʢʪʫʨʘ ʧʨʦʮʝʩʩʦʨʘ TigerSHARC ʚ ʪʦʯʥʦʩʪʠ ʦʪʚʝʯʘʝʪ ʵʪʠʤ 

ʪʨʝʙʦʚʘʥʠʷʤ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʷʜʨʦ ʧʨʦʮʝʩʩʦʨʘ TigerSHARC ʚʢʣʶʯʘʝʪ 128 32-ʨʘʟʨʷʜʥʳʭ ʨʝʛʠʩʪʨʦʚ 

ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ. ʊʘʢʦʝ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʨʝʛʠʩʪʨʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʉ-ʢʦʤʧʠʣʷʪʦʨʫ ʚʳʩʦʢʫʶ 

ʩʪʝʧʝʥʴ ʛʠʙʢʦʩʪʠ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʨʘʙʦʪʝ ʚʩʝʛʦ ʧʦʪʝʥʮʠʘʣʘ ʘʨʭʠʪʝʢʪʫʨʳ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʮʝʣʦʩʪʥʦʩʪʠ ʜʘʥʥʳʭ ʚʩʝ ʨʝʛʠʩʪʨʳ ʧʦʣʥʦʩʪʴʶ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʳ, 

ʚʩʣʝʜʩʪʚʠʠ ʯʝʛʦ ʧʨʦʛʨʘʤʤʠʩʪʫ ʥʝ ʪʨʝʙʫʝʪʩʷ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʜʝʪʘʣʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʜʚʠʞʝʥʠʝʤ 

ʜʘʥʥʳʭ. ʂʦʨʨʝʢʪʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʳʭ ʧʨʠ ʚʳʯʠʩʣʝʥʠʷʭ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʘʧʧʘʨʘʪʥʦ. 

ʂʨʦʤʝ ʪʦʛʦ, ʜʦʩʪʫʧ ʢʦ ʚʩʝʤ ʨʝʛʠʩʪʨʘʤ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʩʝʭ 

ʚʦʟʤʦʞʥʳʭ ʨʝʞʠʤʦʚ ʘʜʨʝʩʘʮʠʠ (ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʴ), ʠ ʚʩʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʢʦʤʘʥʜʳ ʠʤʝʶʪ 

ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʫʶ ʟʘʜʝʨʞʢʫ ʚʳʧʦʣʥʝʥʠʷ (2 ʮʠʢʣʘ). ʇʦʤʠʤʦ ʧʨʦʯʝʛʦ, ʘʨʭʠʪʝʢʪʫʨʘ 

ʧʨʦʮʝʩʩʦʨʘ TigerSHARC ʚʢʣʶʯʘʝʪ ʙʫʬʝʨ ʘʜʨʝʩʦʚ ʧʝʨʝʭʦʜʘ, ʚ ʢʦʪʦʨʦʤ ʩʦʭʨʘʥʷʝʪʩʷ 

ʵʬʬʝʢʪʠʚʥʳʡ ʘʜʨʝʩ ʧʦʩʣʝʜʥʠʭ 128 ʧʝʨʝʭʦʜʦʚ. ɼʘʥʥʳʡ ʙʫʬʝʨ ʦʙʣʝʛʯʘʝʪ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ 

ʧʨʠ ʟʘʧʦʣʥʝʥʠʠ ʢʦʥʚʝʡʝʨʘ ʢʦʤʘʥʜ ʧʦʩʣʝ ʧʝʨʝʭʦʜʘ. ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʨʘʥʴʰʝ, ʘʨʭʠʪʝʢʪʫʨʘ 

ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʝʨʝʭʦʜ ʢ ʩʣʝʜʫʶʱʝʡ ʢʦʤʘʥʜʝ ʚ ʦʜʥʦʤ ʮʠʢʣʝ. 

 

ʆʉʅʆɺʅʓɽ ʉɺʆʁʉʊɺɸ ʇʈʆʎɽʉʉʆʈʆɺ TigerSHARC 

¶ 128 ʨʝʛʠʩʪʨʦʚ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ 

¶ ɺʩʝ ʨʝʛʠʩʪʨʳ ʧʦʣʥʦʩʪʴʶ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʳ 

¶ ɼʣʷ ʘʜʨʝʩʘʮʠʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʮʝʣʦʯʠʩʣʝʥʥʦʝ ɸʃʋ ʦʙʱʝʛʦ 

ʧʨʠʤʝʥʝʥʠʷ 

¶ ʇʨʝʜʩʢʘʟʘʥʠʝ ʧʝʨʝʭʦʜʦʚ 

¶ ʅʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʝʨʝʢʣʶʯʘʪʴ ʘʧʧʘʨʘʪʥʳʝ ʨʝʞʠʤʳ 

¶ ʆʨʪʦʛʦʥʘʣʴʥʳʝ ʨʝʞʠʤʳ ʘʜʨʝʩʘʮʠʠ 

¶ ʇʦʜʜʝʨʞʢʘ ʷʟʳʢʘ ʘʩʩʝʤʙʣʝʨʘ 

 

ʅʘ ʨʠʩʫʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʜʥʘ ʠʟ ʚʦʟʤʦʞʥʳʭ ʤʫʣʴʪʠʧʨʦʮʝʩʩʦʨʥʳʭ ʩʠʩʪʝʤ, ʧʦʩʪʨʦʝʥʥʘʷ 

ʥʘ ʧʨʦʮʝʩʩʦʨʘʭ TigerSHARC. ɼʦ ʚʦʩʴʤʠ ʧʨʦʮʝʩʩʦʨʦʚ ADSP-TS101 ʤʦʛʫʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ 

ʥʘʧʨʷʤʫʶ ʯʝʨʝʟ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ 64-ʨʘʟʨʷʜʥʳʡ ʠʥʪʝʨʬʝʡʩ ʚʥʝʰʥʝʡ ʰʠʥʳ. ʇʨʠ ʪʘʢʦʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʡ ʧʨʦʪʦʢʦʣ, ʧʦʩʪʨʦʝʥʥʳʡ ʧʦ ʧʨʠʥʮʠʧʫ "ʚʝʜʫʱʠʡ - 

ʚʝʜʦʤʳʡ" (master-slave), ʧʦʟʚʦʣʷʝʪ ʣʶʙʳʤ ʜʚʫʤ ʧʨʦʮʝʩʩʦʨʘʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. 

ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʚʥʝʰʥʝʡ ʰʠʥʝ, ʥʝʦʛʨʘʥʠʯʝʥʥʦʝ ʯʠʩʣʦ ʧʨʦʮʝʩʩʦʨʦʚ ʤʦʞʝʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʤʝʞʜʫ ʩʦʙʦʡ ʯʝʨʝʟ ʧʦʨʪʳ ʩʚʷʟʠ, ʢʦʪʦʨʳʤʠ ʦʩʥʘʱʝʥ ʧʨʦʮʝʩʩʦʨ ADSP-

TS101. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʯʝʨʝʟ ʧʦʨʪʳ ʩʚʷʟʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʙʦʣʴʰʫʶ ʛʠʙʢʦʩʪʴ ʧʨʠ ʤʝʥʴʰʝʡ 

ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʯʝʤ ʧʨʠ ʦʙʤʝʥʝ ʯʝʨʝʟ ʠʥʪʝʨʬʝʡʩ ʚʥʝʰʥʝʡ ʧʘʨʘʣʣʝʣʴʥʦʡ ʰʠʥʳ. 

 ʉʣʝʜʫʝʪ ʝʱʝ ʨʘʟ ʫʧʦʤʷʥʫʪʴ, ʯʪʦ ʧʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʯʝʨʝʟ ʧʦʨʪʳ ʩʚʷʟʠ ʚʳʧʦʣʥʷʝʪʩʷ 

ʦʪʜʝʣʴʥʳʤ ʧʨʦʮʝʩʩʦʨʦʤ ʚʚʦʜʘ-ʚʳʚʦʜʘ ʠ ʥʝ ʪʨʝʙʫʝʪ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʎʇʋ. 

ɽʩʣʠ ʩʣʦʞʠʪʴ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʨʪʦʚ ʩʚʷʟʠ (600 ʄʙʠʪ/ʩ) ʠ ʚʥʝʰʥʝʛʦ ʧʦʨʪʘ 

(600 ʄʙʠʪ/ʩ), ʪʦ ʧʦʣʫʯʠʪʩʷ ʩʫʤʤʘʨʥʘʷ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʮʝʩʩʦʨʘ, ʩʦʩʪʘʚʣʷʶʱʘʷ 

1200 ʄʙʠʪ/ʩ ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʪʘʢʪʦʚʦʡ ʯʘʩʪʦʪʝ 150 ʄɻʮ. ʂ ʪʦʤʫ ʞʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʠʥʪʝʨʬʝʡʩ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʦʨʪʘʭ ʩʚʷʟʠ, ʢʘʢ ʠ ʧʘʨʘʣʣʝʣʴʥʳʡ ʠʥʪʝʨʬʝʡʩ, ʥʝ ʪʨʝʙʫʝʪ ʜʣʷ ʩʚʦʝʡ 

ʨʝʘʣʠʟʘʮʠʠ ʥʠʢʘʢʠʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ. 

ʇʨʦʮʝʩʩʦʨ ADSP-TS101 ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʤ ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʧʣʘʥʠʨʫʝʤʦʛʦ ʩʝʤʝʡʩʪʚʘ 

ʧʨʦʜʫʢʪʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʪʝʭʥʦʣʦʛʠʠ TigerSHARC. ʇʦʩʣʝʜʫʶʱʠʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʩʝʤʝʡʩʪʚʘ 

TigerSHARC ʙʫʜʫʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ ʦʧʪʠʤʘʣʴʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʦʙʲʝʤʦʚ ʚʩʪʨʦʝʥʥʦʡ 

ʧʘʤʷʪʠ ʠ ʧʝʨʠʬʝʨʠʡʥʳʭ ʫʩʪʨʦʡʩʪʚ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦʛʦ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ 
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ʪʨʝʙʦʚʘʥʠʷʤ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʨʳʥʢʦʚ. ʕʪʠ ʨʳʥʢʠ ʚʢʣʶʯʘʶʪ ʙʘʟʦʚʳʝ ʩʪʘʥʮʠʠ ʩʦʪʦʚʳʭ 

ʩʝʪʝʡ ʪʨʝʪʴʝʛʦ ʧʦʢʦʣʝʥʠʷ, ʧʨʠʣʦʞʝʥʠʷ VoIP (ʛʦʣʦʩ ʧʦ ʧʨʦʪʦʢʦʣʫ ʀʥʪʝʨʥʝʪ), ʩʝʨʚʝʨʳ ʠ 

ʩʝʪʝʚʳʝ ʢʦʥʮʝʥʪʨʘʪʦʨʳ. ʆʞʠʜʘʝʤʳʝ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʚ ʪʝʭʥʦʣʦʛʠʠ ʠ ʘʨʭʠʪʝʢʪʫʨʝ 

ʧʨʦʮʝʩʩʦʨʘ ʜʦʣʞʥʳ ʧʨʠʚʝʩʪʠ ʢ ʜʚʫʢʨʘʪʥʦʤʫ ʫʣʫʯʰʝʥʠʶ ʙʘʟʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʮʝʩʩʦʨʦʚ 

ʩʝʤʝʡʩʪʚʘ TigerSHARC. 

 

 
 

ʈʠʩʫʥʦʢ 2.34 - ʄʝʞʧʨʦʮʝʩʩʦʨʥʳʝ ʢʦʤʤʫʥʠʢʘʮʠʠ ʯʝʨʝʟ ʧʦʨʪʳ ʯʚʷʟʠ ʠ ʧʘʨʘʣʣʝʣʴʥʫʶ ʰʠʥʫ ʚ 

ʤʥʦʛʦʧʨʦʮʝʩʩʦʨʥʦʡ ʩʠʩʪʝʤʝ 

 

ʉʨʘʚʥʝʥʠʝ ʮʠʬʨʦʚʳʭ ʩʠʛʥʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʨʦʚ, ʦʩʥʦʚʘʥʥʦʝ ʪʦʣʴʢʦ ʥʘ ʪʘʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʢʘʢ MIPS, MOPS ʠʣʠ MFLOPS, ʥʝ ʜʘʝʪ ʧʦʣʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʷʭ ʧʨʦʮʝʩʩʦʨʦʚ. ʇʦʣʝʟʥʝʝ ʩʨʘʚʥʠʪʴ ʨʘʙʦʪʫ ʎʉʇ ʧʨʠʤʝʥʠʪʝʣʴʥʦ 

ʢ ʨʝʘʣʠʟʘʮʠʠ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ. ɹʇʌ ʠ ʂʀʍ-ʬʠʣʴʪʨ, ʥʘʧʨʠʤʝʨ, ʷʚʣʷʶʪʩʷ 

ʧʦʧʫʣʷʨʥʳʤʠ ʵʪʘʣʦʥʥʳʤʠ ʪʝʩʪʘʤʠ, ʪʘʢʞʝ ʢʘʢ ʠ ɹʀʍ-ʬʠʣʴʪʨ, ʫʤʥʦʞʝʥʠʝ ʤʘʪʨʠʮ, ʜʝʣʝʥʠʝ ʠ 

ʚʳʯʠʩʣʝʥʠʝ ʢʚʘʜʨʘʪʥʦʛʦ ʢʦʨʥʷ. 

ɺ ʪʘʙʣʠʮʘʭ ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʪʝʩʪʦʚ ʧʨʦʮʝʩʩʦʨʘ ADSP-TS101 TigerSHARC, 

ʨʘʙʦʪʘʶʱʝʛʦ ʩ 16-ʨʘʟʨʷʜʥʳʤʠ ʜʘʥʥʳʤʠ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʪʦʯʢʦʡ. ʅʘ ʩʣʝʜʫʶʱʝʤ ʨʠʩʫʥʢʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ 32-ʨʘʟʨʷʜʥʳʭ ʜʘʥʥʳʭ ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ. 

 

ʊʘʙʣʠʮʘ 2.7. ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʦʨʘ ADSP-TS101 ʩ ʪʘʢʪʦʚʦʡ ʯʘʩʪʦʪʦʡ 150 ʄɻʮ ʧʨʠ 

ʨʘʙʦʪʝ ʩ 16 ï ʨʘʟʨʷʜʥʳʤʠ ʜʘʥʥʳʤʠ. (ʇʠʢʦʚʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 1200 MMAC) 

 
 

ʊʘʙʣʠʮʘ  2.8.  ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʦʨʘ ADSP-TS101 ʩ ʪʘʢʪʦʚʦʡ ʯʘʩʪʦʪʦʡ 150 ʄɻʮ ʧʨʠ 

ʨʘʙʦʪʝ ʩ 32 ï ʨʘʟʨʷʜʥʳʤʠ ʜʘʥʥʳʤʠ. (ʇʠʢʦʚʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 300 MMAC) 
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ɸʧʧʘʨʘʪʥʘʷ ʯʘʩʪʴ ʰʠʬʨʘʪʦʨʘ 

 

ɸʧʧʘʨʘʪʥʘʷ ʯʘʩʪʴ ʰʠʬʨʦʧʨʦʮʝʩʩʦʨʘ ʦʙʳʯʥʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʣʠʙʦ ʧʣʘʪʫ 

ʨʘʩʰʠʨʝʥʠʷ  ʜʣʷ ʇʕɺʄ ( ʜʣʷ ʰʠʥ ISA, PCI ), ʣʠʙʦ ʦʪʜʝʣʴʥʳʡ ʘʚʪʦʥʦʤʥʳʡ ʙʣʦʢ. ɺ ʜʘʥʥʦʡ 

ʜʠʧʣʦʤʥʦʡ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ ʘʧʧʘʨʘʪʥʦʡ ʯʘʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʣʘʪʘ ʧʨʦʠʟʚʦʜʩʪʚʘ Analog 

Devices - ADSP-TS101S EZ-KIT Lite (Evaluation Kit for the TigerSHARC Processor). ɼʘʥʥʘʷ 

ʧʣʘʪʘ ʦʙʨʘʙʘʪʳʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʤʦʞʝʪ ʢʘʢ ʘʚʪʦʥʦʤʥʦ, ʪʘʢ ʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʇʕɺʄ. ɼʘʥʥʘʷ ʧʣʘʪʘ ʷʚʣʷʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ʧʦʟʚʦʣʷʶʱʠʤ 

ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʥʘʧʨʠʤʝʨ: ʮʠʬʨʦʚʳʝ ʬʠʣʴʪʨʳ, ʩʧʝʢʪʨʦʛʨʘʬʳ, 

ʰʠʬʨʘʪʦʨʳ ʠ ʪ.ʜ.. ɼʣʷ ʵʪʦʛʦ ʚ ʝʝ ʩʦʩʪʘʚʝ, ʧʦʤʠʤʦ ʮʠʬʨʦʚʦʛʦ ʩʠʛʥʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ, ʪʘʢ ʞʝ 

ʠʤʝʝʪʩʷ: ʘʥʘʣʦʛʦʚʦ-ʮʠʬʨʦʚʦʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ, ʮʠʬʨʦ-ʘʥʘʣʦʛʦʚʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ, ʜʚʘ ʚʠʜʘ 

ʧʘʤʷʪʠ ï SDRAM ʠ Flash Memory ( ʧʦʩʣʝʜʥʷʷ ʠʤʝʝʪ ʤʝʥʴʰʠʡ ʨʘʟʤʝʨ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʭʨʘʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʟʘʛʨʫʟʦʯʥʳʭ ʤʦʜʫʣʝʡ ), ʨʘʟʣʠʯʥʳʝ ʨʘʟʲʝʤʳ ï USB, Stereo Jack, JTAG 

Interface ( ʩ ʧʦʤʦʱʴʶ ʥʝʛʦ ʤʦʞʥʦ ʦʪʣʘʞʠʚʘʪʴ ʨʘʙʦʪʫ ʧʣʘʪʳ ʯʝʨʝʟ VisualDSP, ʫʩʪʘʥʦʚʣʝʥʥʦʡ 

ʥʘ ʢʦʤʧʴʶʪʝʨʝ), ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʠʛʥʘʣʴʥʳʭ ʩʚʝʪʦʜʠʦʜʦʚ ʠ ʧʝʨʝʢʣʶʯʘʪʝʣʝʡ ʠ ʜʨ. 
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ʈʠʩʫʥʦʢ 2.35.  ɸʨʭʠʪʝʢʪʫʨʘ ʧʣʘʪʳ EZ-KIT Lite 

 

 ʅʦ ʵʪʘ ʧʣʘʪʘ ʩʢʦʨʝʝ ʜʦʣʞʥʘ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʪʦʣʴʢʦ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʰʠʬʨʘʪʦʨʦʚ ʠ 

ʠʟʫʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʥʢʨʝʪʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʰʠʬʨʦʚʘʥʠʷ. ɸʧʧʘʨʘʪʥʳʡ ʞʝ ʰʠʬʨʘʪʦʨ - ʵʪʦ 

ʘʧʧʘʨʘʪʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʩ ʧʨʝʜʫʩʪʘʥʦʚʣʝʥʥʳʤ ʤʠʢʨʦʷʜʨʦʤ ʆʉ ʠ ʇʆ, ʩʫʱʝʩʪʚʣʷʶʱʠʤ ʙʘʟʦʚʳʡ 

ʥʘʙʦʨ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʧʨʠʤʠʪʠʚʦʚ ʰʠʬʨʦʚʘʥʠʝ/ʜʝʰʠʬʨʦʚʘʥʠʝ/ ʛʝʥʝʨʘʮʠʷ ʢʣʶʯʝʚʦʡ ʧʘʨʳ 

ʠ ʭʝʰ ʬʫʥʢʮʠʠ) ʠ ʧʨʦʮʝʜʫʨʳ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʩ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ, ʜʦʩʪʫʧ ʢ ʢʦʪʦʨʳʤ 

ʦʧʨʝʜʝʣʷʪʩʷ ʩʪʘʥʜʘʨʪʥʳʤ ʠʥʪʝʨʬʝʡʩʦʤ. ʂʨʦʤʝ ʪʦʛʦ ʨʝʘʣʴʥʳʡ ʘʧʧʘʨʘʪʥʳʡ ʰʠʬʨʘʪʦʨ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʜʘʥʥʦʡ ʧʣʘʪʳ ʪʝʤ, ʯʪʦ ʠʤʝʝʪ ʘʧʧʘʨʘʪʥʳʡ ʜʘʪʯʠʢ ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ, ʯʪʦ ʦʯʝʥʴ 

ʚʘʞʥʦ ʜʣʷ ʣʶʙʦʛʦ ʘʣʛʦʨʠʪʤʘ ʰʠʬʨʦʚʘʥʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ( ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʣʘʪʳ Ezkit, 

ʢʦʪʦʨʘʷ ʥʝ ʠʤʝʝʪ ʘʧʧʘʨʘʪʥʦʛʦ ɼʉʏ ) ʪʘʢʦʡ ʜʘʪʯʠʢ ʷʚʣʷʝʪʩʷ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʤ ʠ ʵʤʫʣʠʨʫʝʪʩʷ 

ʧʨʦʛʨʘʤʤʥʦ. 

ʌʠʟʠʯʝʩʢʠ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʥʝʰʥʝʝ ʠʣʠ ʚʥʫʪʨʝʥʥʝʝ ʫʩʪʨʦʡʩʪʚʦ ʚ ʟʘʱʠʱʝʥʥʦʤ ʦʪ 

ʨʘʟʨʫʰʝʥʠʷ ʠ ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʧʠʨʦʚʘʥʠʷ ʚʘʨʠʘʥʪʝ. ʆʥʦ ʠʤʝʝʪ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠ 

ʧʨʦʛʨʘʤʤʥʳʡ ʠʥʪʝʨʬʝʡʩ.  

  

ɸʣʛʦʨʠʪʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʣʶʯʝʡ 

ɼʚʫʭʢʣʶʯʝʚʘʷ ʩʭʝʤʘ ʰʠʬʨʦʚʘʥʠʷ 

 

ɺ ʜʘʥʥʦʤ ʘʣʛʦʨʠʪʤʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʣʶʯʝʡ ʜʣʷ ʰʠʬʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝ ʦʜʠʥ 

ʢʣʶʯ, ʘ ʜʚʘ. ʆʜʠʥ ʠʟ ʢʣʶʯʝʡ (ʬʘʡʣʦʚʳʡ) ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʰʠʬʨʦʚʘʥʠʷ 

ʦʪʢʨʳʪʦʛʦ ʬʘʡʣʘ, ʘ ʜʨʫʛʦʡ (ʜʦʣʛʦʚʨʝʤʝʥʥʳʡ ʢʣʶʯ ʧʦʣʴʟʦʚʘʪʝʣʷ) ʜʣʷ ʰʠʬʨʦʚʘʥʠʷ ʬʘʡʣʦʚʦʛʦ 

ʢʣʶʯʘ.  
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ʆʪʢʨr ʪrʡ ʪʝʢʩʪ
ɿʘh ʠʬʨʦʚʘʥʥr ʡ 

ʬʘʡʣ

ɿʘʛʦʣʦʚʦʢ

ʌʘʡʣʦʚrʡ ʢʣʁ ʯ

ɼʘʪʯʠʢ ʩʣʫʯʘʡʥr ʭ

ʯʠʩʝʣ

ʂʣʁ ʯ 

ʧʦʣɹʟʦʚʘʪʝʣ̫

ɿʘh ʠʬʨʦʚʘʥʠʝ

ɿʘh ʠʬʨʦʚʘʥʠʝ

 
ʈʠʩʫʥʦʢ 2.36.  ɼʚʫʭʢʣʶʯʝʚʘʷ ʩʭʝʤʘ 

 

ʄʦʞʝʪ ʧʦʢʘʟʘʪʴʩʷ, ʯʪʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʝʪ ʣʦʛʠʢʠ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʘʡʣʦʚʦʛʦ ʢʣʶʯʘ: 

ʧʦʯʝʤʫ ʙʳ ʥʝ ʰʠʬʨʦʚʘʪʴ ʬʘʡʣ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʜʦʣʛʦʚʨʝʤʝʥʥʦʤ ʢʣʶʯʝ, ʥʝ ʟʘʪʨʘʯʠʚʘʷ 

ʚʨʝʤʷ ʠ ʨʝʩʫʨʩʳ ʥʘ ʛʝʥʝʨʘʮʠʶ, ʰʠʬʨʦʚʘʥʠʝ ʠ ʧʝʨʝʜʘʯʫ ʬʘʡʣʦʚʦʛʦ? ʆʜʥʘʢʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʬʘʡʣʦʚʦʛʦ ʢʣʶʯʘ ʧʨʝʩʣʝʜʫʝʪ ʠʥʳʝ ʮʝʣʠ.  

ɺʦ-ʧʝʨʚʳʭ, ʫʤʝʥʴʰʘʝʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʜʦʣʛʦʚʨʝʤʝʥʥʳʡ ʢʣʶʯ (ʪ. ʝ. 

ʜʦʣʛʦʚʨʝʤʝʥʥʳʤ ʢʣʶʯʦʤ ʰʠʬʨʫʶʪʩʷ ʪʦʣʴʢʦ ʢʦʨʦʪʢʠʝ ʬʘʡʣʦʚʳʝ ʢʣʶʯʠ, ʘ ʬʘʡʣʦʚʳʝ ʢʣʶʯʠ 

ʢʘʞʜʳʡ ʨʘʟ ʨʘʟʥʳʝ) - ʵʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʫʩʧʝʭʘ ʪʝʭ ʘʪʘʢ ʥʘ 

ʜʦʣʛʦʚʨʝʤʝʥʥʳʡ ʢʣʶʯ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪ ʙʦʣʴʰʠʝ ʦʙʲʝʤʳ ʟʘʰʠʬʨʦʚʘʥʥʦʡ ʥʘ ʢʦʥʢʨʝʪʥʦʤ 

ʢʣʶʯʝ ʠʥʬʦʨʤʘʮʠʠ.  

ɺʦ-ʚʪʦʨʳʭ, ʧʨʠ ʧʝʨʝʰʠʬʨʦʚʘʥʠʠ (ʧʣʘʥʦʚʦʤ ʠʣʠ ʧʨʠ ʢʦʤʧʨʦʤʝʪʘʮʠʠ ʢʣʶʯʘ) 

ʟʘʰʠʬʨʦʚʘʥʥʦʛʦ ʦʙʲʝʢʪʘ ʩ ʦʜʥʦʛʦ ʜʦʣʛʦʚʨʝʤʝʥʥʦʛʦ ʢʣʶʯʘ ʥʘ ʜʨʫʛʦʡ ʜʦʩʪʘʪʦʯʥʦ ʣʠʰʴ 

ʧʝʨʝʰʠʬʨʦʚʘʪʴ ʢʦʨʦʪʢʠʡ ʬʘʡʣʦʚʳʡ ʢʣʶʯ, ʭʨʘʥʷʱʠʡʩʷ ʚ ʟʘʛʦʣʦʚʢʝ. ʉʘʤ ʞʝ ʦʙʲʝʢʪ ʤʦʞʝʪ 

ʙʳʪʴ ʩʢʦʣʴ ʫʛʦʜʥʦ ʙʦʣʴʰʠʤ - ʥʘʧʨʠʤʝʨ, ʚʝʩʴ ʣʦʛʠʯʝʩʢʠʡ ʜʠʩʢ ʢʦʤʧʴʶʪʝʨʘ. ʅʝ ʩʪʦʠʪ ʧʫʛʘʪʴʩʷ 

ʩʣʦʞʥʦʩʪʠ ʩʭʝʤ ʤʥʦʛʦʢʣʶʯʝʚʦʛʦ ʰʠʬʨʦʚʘʥʠʷ - ʧʨʠʚʝʜʝʥʥʳʝ ʥʘ ʥʠʭ ʦʧʝʨʘʮʠʠ ʚʳʧʦʣʥʷʶʪʩʷ 

ʧʨʦʛʨʘʤʤʘʤʠ ʰʠʬʨʦʚʘʥʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʣʠʰʴ ʫʢʘʟʳʚʘʝʪ ʟʘʱʠʱʘʝʤʳʡ ʬʘʡʣ ʠ 

ʟʘʜʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʥʘʧʨʠʤʝʨ, ʥʘ ʢʘʢʦʤ ʢʣʶʯʝ ʠʣʠ ʜʣʷ ʢʘʢʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ 

ʥʫʞʥʦ ʝʛʦ ʰʠʬʨʦʚʘʪʴ.  

 

ʊʨʝʭʢʣʶʯʝʚʘʷ ʩʭʝʤʘ ʰʠʬʨʦʚʘʥʠʷ 

 

ɸʧʧʘʨʘʪʥʳʝ ʰʠʬʨʘʪʦʨʳ ʜʦʣʞʥʳ ʧʦʜʜʝʨʞʠʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʫʨʦʚʥʝʡ ʢʣʶʯʝʡ 

ʰʠʬʨʦʚʘʥʠʷ. ʆʙʳʯʥʦ ʨʝʘʣʠʟʫʝʪʩʷ ʪʨʝʭʫʨʦʚʥʝʚʘʷ ʠʝʨʘʨʭʠʷ ʢʣʶʯʝʡ: ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʫʨʦʚʥʝʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʫʞʝ ʥʝ ʜʘʝʪ ʟʘʤʝʪʥʦʛʦ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʟʘʱʠʪʳ, ʘ ʤʝʥʴʰʝʛʦ ʤʦʞʝʪ 

ʥʝ ʭʚʘʪʠʪʴ ʜʣʷ ʨʷʜʘ ʢʣʶʯʝʚʳʭ ʩʭʝʤ. ʊʨʝʭʫʨʦʚʥʝʚʘʷ ʠʝʨʘʨʭʠʷ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʝʘʥʩʦʚʳʭ ʠʣʠ ʧʘʢʝʪʥʳʭ ʢʣʶʯʝʡ (1-ʡ ʫʨʦʚʝʥʴ), ʜʦʣʛʦʚʨʝʤʝʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʠʣʠ 

ʩʝʪʝʚʳʭ ʢʣʶʯʝʡ (2-ʡ ʫʨʦʚʝʥʴ) ʠ ʛʣʘʚʥʳʭ ʢʣʶʯʝʡ (3-ʡ ʫʨʦʚʝʥʴ).  

ʂʘʞʜʦʤʫ ʫʨʦʚʥʶ ʢʣʶʯʝʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʣʶʯʝʚʘʷ ʷʯʝʡʢʘ ʧʘʤʷʪʠ ʰʠʬʨʦʧʨʦʮʝʩʩʦʨʘ. 

ʇʨʠ ʵʪʦʤ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ, ʯʪʦ ʰʠʬʨʦʚʘʥʠʝ ʜʘʥʥʳʭ ʚʳʧʦʣʥʷʝʪʩʷ ʪʦʣʴʢʦ ʥʘ ʢʣʶʯʘʭ ʧʝʨʚʦʛʦ 

ʫʨʦʚʥʷ (ʩʝʘʥʩʦʚʳʭ ʠʣʠ ʧʘʢʝʪʥʳʭ), ʦʩʪʘʣʴʥʳʝ ʞʝ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʰʠʬʨʦʚʘʥʠʷ ʩʘʤʠʭ 

ʢʣʶʯʝʡ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʢʣʶʯʝʚʳʭ ʩʭʝʤ.  
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ʊʨʝʭʫʨʦʚʥʝʚʫʶ ʩʭʝʤʫ ʣʫʯʰʝ ʚʩʝʛʦ ʠʣʣʶʩʪʨʠʨʫʝʪ ʫʧʨʦʱʝʥʥʳʡ ʧʨʠʤʝʨ ʧʨʦʮʝʩʩʘ 

ʰʠʬʨʦʚʘʥʠʷ ʬʘʡʣʘ (ʨʠʩ. 4). ʅʘ ʵʪʘʧʝ ʥʘʯʘʣʴʥʦʡ ʟʘʛʨʫʟʢʠ ʚ ʢʣʶʯʝʚʫʶ ʷʯʝʡʢʫ ˉ 3 ʟʘʥʦʩʠʪʩʷ 

ʛʣʘʚʥʳʡ ʢʣʶʯ. ʅʦ ʜʣʷ ʪʨʝʭʫʨʦʚʥʝʚʦʛʦ ʰʠʬʨʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʫʯʠʪʴ ʝʱʝ ʜʚʘ. ʉʝʘʥʩʦʚʳʡ 

ʢʣʶʯ ʛʝʥʝʨʠʨʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʟʘʧʨʦʩʘ ʢ ɼʉʏ ʰʠʬʨʘʪʦʨʘ ʥʘ ʧʦʣʫʯʝʥʠʝ ʩʣʫʯʘʡʥʦʛʦ ʯʠʩʣʘ, 

ʢʦʪʦʨʦʝ ʟʘʛʨʫʞʘʝʪʩʷ ʚ ʢʣʶʯʝʚʫʶ ʷʯʝʡʢʫ ˉ 1, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʩʝʘʥʩʦʚʦʤʫ ʢʣʶʯʫ. ʉ ʝʛʦ 

ʧʦʤʦʱʴʶ ʰʠʬʨʫʝʪʩʷ ʩʦʜʝʨʞʠʤʦʝ ʬʘʡʣʘ ʠ ʩʦʟʜʘʝʪʩʷ ʥʦʚʳʡ ʬʘʡʣ, ʭʨʘʥʷʱʠʡ ʟʘʰʠʬʨʦʚʘʥʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ.  

 

 

 
 

ʈʠʩʫʥʦʢ 2.37.  ʐʠʬʨʦʚʘʥʠʝ ʬʘʡʣʘ ʧʦ ʪʨʝʭʢʣʶʯʝʚʦʡ ʩʭʝʤʝ 

 

 
 

ʈʠʩʫʥʦʢ 2.38.  ɼʝʰʠʬʨʦʚʘʥʠʝ ʬʘʡʣʘ ʧʦ ʪʨʝʭʢʣʶʯʝʚʦʡ ʩʭʝʤʝ 

 

ɼʘʣʝʝ ʫ ʧʦʣʴʟʦʚʘʪʝʣʷ ʟʘʧʨʘʰʠʚʘʝʪʩʷ ʜʦʣʛʦʚʨʝʤʝʥʥʳʡ ʢʣʶʯ, ʢʦʪʦʨʳʡ ʟʘʛʨʫʞʘʝʪʩʷ ʚ 

ʢʣʶʯʝʚʫʶ ʷʯʝʡʢʫ ˉ 2 ʩ ʨʘʩʰʠʬʨʦʚʢʦʡ ʧʦʩʨʝʜʩʪʚʦʤ ʛʣʘʚʥʦʛʦ ʢʣʶʯʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʷʯʝʡʢʝ 

ˉ 3. ʂʩʪʘʪʠ, "ʩʝʨʴʝʟʥʳʡ" ʰʠʬʨʘʪʦʨ ʜʦʣʞʝʥ ʠʤʝʪʴ ʨʝʞʠʤ ʨʘʩʰʠʬʨʦʚʢʠ ʦʜʥʦʛʦ ʢʣʶʯʘ ʩ 

ʧʦʤʦʱʴʶ ʜʨʫʛʦʛʦ ʚʥʫʪʨʠ ʰʠʬʨʦʧʨʦʮʝʩʩʦʨʘ; ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʢʣʶʯ ʚ ʦʪʢʨʳʪʦʤ ʚʠʜʝ ʚʦʦʙʱʝ 

ʥʠʢʦʛʜʘ "ʥʝ ʧʦʢʠʜʘʝʪ" ʰʠʬʨʘʪʦʨʘ. ʀ, ʥʘʢʦʥʝʮ, ʩʝʘʥʩʦʚʳʡ ʢʣʶʯ ʟʘʰʠʬʨʦʚʳʚʘʝʪʩʷ ʧʨʠ 

ʧʦʤʦʱʠ ʜʦʣʛʦʚʨʝʤʝʥʥʦʛʦ ʢʣʶʯʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʷʯʝʡʢʝ ˉ 2, ʚʳʛʨʫʞʘʝʪʩʷ ʠʟ ʰʠʬʨʘʪʦʨʘ ʠ 

ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʟʘʛʦʣʦʚʦʢ ʟʘʰʠʬʨʦʚʘʥʥʦʛʦ ʬʘʡʣʘ.  

ʇʨʠ ʨʘʩʰʠʬʨʦʚʢʝ ʬʘʡʣʘ ʩʥʘʯʘʣʘ ʩ ʧʦʤʦʱʴʶ ʜʦʣʛʦʚʨʝʤʝʥʥʦʛʦ ʢʣʶʯʘ ʧʦʣʴʟʦʚʘʪʝʣʷ 

ʨʘʩʰʠʬʨʦʚʳʚʘʝʪʩʷ ʩʝʘʥʩʦʚʳʡ ʢʣʶʯ, ʘ ʟʘʪʝʤ ʩ ʝʛʦ ʧʦʤʦʱʴʶ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ.  

ɺ ʧʨʠʥʮʠʧʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʰʠʬʨʦʚʘʥʠʷ ʠ ʦʜʠʥ ʢʣʶʯ, ʥʦ ʤʥʦʛʦʢʣʶʯʝʚʘʷ 

ʩʭʝʤʘ ʠʤʝʝʪ ʩʝʨʴʝʟʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ. ɺʦ-ʧʝʨʚʳʭ, ʩʥʠʞʘʝʪʩʷ ʥʘʛʨʫʟʢʘ ʥʘ ʜʦʣʛʦʚʨʝʤʝʥʥʳʡ 

ʢʣʶʯ - ʦʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʦʣʴʢʦ ʜʣʷ ʰʠʬʨʦʚʘʥʠʷ ʢʦʨʦʪʢʠʭ ʩʝʘʥʩʦʚʳʭ ʢʣʶʯʝʡ. ɸ ʵʪʦ ʫʩʣʦʞʥʷʝʪ 

ʧʦʪʝʥʮʠʘʣʴʥʦʤʫ ʟʣʦʫʤʳʰʣʝʥʥʠʢʫ ʢʨʠʧʪʦʘʥʘʣʠʟ ʟʘʰʠʬʨʦʚʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʩ ʮʝʣʴʶ 
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ʧʦʣʫʯʝʥʠʷ ʜʦʣʛʦʚʨʝʤʝʥʥʦʛʦ ʢʣʶʯʘ. ɺʦ-ʚʪʦʨʳʭ, ʧʨʠ ʩʤʝʥʝ ʜʦʣʛʦʚʨʝʤʝʥʥʦʛʦ ʢʣʶʯʘ ʤʦʞʥʦ 

ʦʯʝʥʴ ʙʳʩʪʨʦ ʧʝʨʝʰʠʬʨʦʚʘʪʴ ʬʘʡʣ: ʜʦʩʪʘʪʦʯʥʦ ʧʝʨʝʰʠʬʨʦʚʘʪʴ ʩʝʘʥʩʦʚʳʡ ʢʣʶʯ ʩʦ ʩʪʘʨʦʛʦ 

ʜʦʣʛʦʚʨʝʤʝʥʥʦʛʦ ʥʘ ʥʦʚʳʡ. ʀ ʚ-ʪʨʝʪʴʠʭ, ʨʘʟʛʨʫʞʘʝʪʩʷ ʢʣʶʯʝʚʦʡ ʥʦʩʠʪʝʣʴ - ʥʘ ʥʝʤ ʭʨʘʥʠʪʩʷ 

ʪʦʣʴʢʦ ʛʣʘʚʥʳʡ ʢʣʶʯ, ʘ ʚʩʝ ʜʦʣʛʦʚʨʝʤʝʥʥʳʝ ʢʣʶʯʠ (ʘ ʠʭ ʤʦʞʝʪ ʙʳʪʴ ʩʢʦʣʴʢʦ ʫʛʦʜʥʦ - ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʮʝʣʝʡ) ʤʦʛʫʪ ʭʨʘʥʠʪʴʩʷ ʚ ʟʘʰʠʬʨʦʚʘʥʥʦʤ ʩ ʧʦʤʦʱʴʶ ʛʣʘʚʥʦʛʦ ʢʣʶʯʘ ʚʠʜʝ ʜʘʞʝ 

ʥʘ ʞʝʩʪʢʦʤ ʜʠʩʢʝ ʇʂ.  

 

ʕʣʝʢʪʨʦʥʥʳʡ ʟʘʤʦʢ 

 

ʏʪʦʙʳ ʫʣʫʯʰʠʪʴ ʩʦʦʪʥʦʰʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ/ʮʝʥʘ, ʘʧʧʘʨʘʪʥʳʝ ʰʠʬʨʘʪʦʨʳ 

ʦʩʥʘʱʘʶʪ ʨʘʟʣʠʯʥʳʤʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʟʘʱʠʪʥʳʤʠ ʬʫʥʢʮʠʷʤʠ. ʀʟ ʥʠʭ ʥʘʠʙʦʣʝʝ ʧʦʣʝʟʥʘʷ 

ʠ ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʤʘʷ - ʬʫʥʢʮʠʷ "ʵʣʝʢʪʨʦʥʥʦʛʦ ʟʘʤʢʘ", ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʇʂ ʟʘʱʠʪʫ ʦʪ 

ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ ʠ ʧʦʟʚʦʣʷʶʱʘʷ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʮʝʣʦʩʪʥʦʩʪʴ ʬʘʡʣʦʚ 

ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠʣʦʞʝʥʠʡ.  

ʇʘʤʷʪʴ ʢʘʞʜʦʛʦ ʰʠʬʨʘʪʦʨʘ, ʨʘʙʦʪʘʶʱʝʛʦ ʚ ʨʝʞʠʤʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʟʘʤʢʘ, ʜʦʣʞʥʘ 

ʩʦʜʝʨʞʘʪʴ ʩʣʝʜʫʶʱʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʢʦʪʦʨʘʷ ʬʦʨʤʠʨʫʝʪʩʷ ʘʜʤʠʥʠʩʪʨʘʪʦʨʦʤ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʠʣʠ ʘʥʘʣʦʛʠʯʥʳʤ ʧʦ ʬʫʥʢʮʠʷʤ ʜʦʣʞʥʦʩʪʥʳʤ ʣʠʮʦʤ:  

¶ ʩʧʠʩʦʢ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʢʦʪʦʨʳʤ ʨʘʟʨʝʰʝʥ ʚʭʦʜ ʥʘ ʟʘʱʠʱʘʝʤʳʡ ʜʘʥʥʳʤ ʰʠʬʨʘʪʦʨʦʤ 

ʢʦʤʧʴʶʪʝʨ, ʠ ʜʘʥʥʳʝ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʠʭ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ;  

¶ ʩʧʠʩʦʢ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʬʘʡʣʦʚ ʩ ʨʘʩʩʯʠʪʘʥʥʳʤ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ ʭʵʰ-ʟʥʘʯʝʥʠʝʤ 

(ʢʨʦʤʝ ʬʘʡʣʦʚ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʚ ʵʪʦʪ ʩʧʠʩʦʢ ʤʦʛʫʪ ʚʭʦʜʠʪʴ ʣʶʙʳʝ ʜʨʫʛʠʝ ʬʘʡʣʳ, 

ʥʘʧʨʠʤʝʨ, ʰʘʙʣʦʥ Normal.dot, ʠʩʧʦʣʴʟʫʝʤʳʡ ʧʦ ʫʤʦʣʯʘʥʠʶ ʪʝʢʩʪʦʚʳʤ ʧʨʦʮʝʩʩʦʨʦʤ 

Microsoft Word);  

¶ ʞʫʨʥʘʣ, ʩʦʜʝʨʞʘʱʠʡ ʩʧʠʩʦʢ ʧʦʧʳʪʦʢ ʚʭʦʜʘ ʥʘ ʢʦʤʧʴʶʪʝʨ, ʢʘʢ ʫʩʧʝʰʥʳʭ, ʪʘʢ ʠ ʥʝʪ; ʚ 

ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ - ʩ ʫʢʘʟʘʥʠʝʤ ʧʨʠʯʠʥʳ ʦʪʢʘʟʘ ʚ ʜʦʩʪʫʧʝ.  

 

ɺ ʨʝʞʠʤʝ ʥʘʯʘʣʴʥʦʡ ʟʘʛʨʫʟʢʠ ʵʣʝʢʪʨʦʥʥʳʡ ʟʘʤʦʢ ʰʠʬʨʘʪʦʨʘ ʧʨʝʞʜʝ ʚʩʝʛʦ 

ʟʘʧʨʘʰʠʚʘʝʪ ʫ ʧʦʣʴʟʦʚʘʪʝʣʷ ʘʫʪʝʥʪʠʬʠʢʘʮʠʦʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ. ʆʙʳʯʥʦ ʦʥʘ ʭʨʘʥʠʪʩʷ ʥʘ ʪʦʤ 

ʞʝ ʢʣʶʯʝʚʦʤ ʥʦʩʠʪʝʣʝ, ʯʪʦ ʠ ʛʣʘʚʥʳʡ ʢʣʶʯ, ʠ ʚʚʦʜʠʪʩʷ ʚ ʰʠʬʨʘʪʦʨ ʥʘʧʨʷʤʫʶ. ɺ ʩʣʫʯʘʝ 

ʫʩʧʝʰʥʦʡ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʚʳʧʦʣʥʷʝʪʩʷ ʘʥʘʣʠʟ ʮʝʣʦʩʪʥʦʩʪʠ ʬʘʡʣʦʚ ʩʦʛʣʘʩʥʦ ʩʧʠʩʢʫ, 

ʭʨʘʥʠʤʦʤʫ ʚ ʧʘʤʷʪʠ ʰʠʬʨʘʪʦʨʘ (ʧʫʪʝʤ ʨʘʩʯʝʪʘ ʭʵʰ-ʟʥʘʯʝʥʠʡ ʬʘʡʣʦʚ ʠ ʩʨʘʚʥʝʥʠʷ ʠʭ ʩ 

ʵʪʘʣʦʥʥʳʤʠ). ʇʨʠ ʥʘʨʫʰʝʥʠʠ ʮʝʣʦʩʪʥʦʩʪʠ ʭʦʪʷ ʙʳ ʦʜʥʦʛʦ ʠʟ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʬʘʡʣʦʚ 

ʟʘʛʨʫʟʢʘ ʢʦʤʧʴʶʪʝʨʘ ʙʣʦʢʠʨʫʝʪʩʷ, ʘ ʰʠʬʨʘʪʦʨ ʧʝʨʝʭʦʜʠʪ ʚ ʩʧʝʮʠʘʣʴʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ - 

ʚʧʨʝʜʴ ʚʭʦʜ ʥʘ ʢʦʤʧʴʶʪʝʨ ʙʫʜʝʪ ʨʘʟʨʝʰʝʥ ʪʦʣʴʢʦ ʘʜʤʠʥʠʩʪʨʘʪʦʨʫ ʧʦ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʘ 

ʦʙʳʯʥʳʤ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʚʭʦʜ ʜʦ "ʨʘʟʙʦʨʘ ʧʦʣʝʪʦʚ" ʠ ʫʩʪʨʘʥʝʥʠʷ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʙʫʜʝʪ 

ʟʘʢʨʳʪ. ɿʘʬʠʢʩʠʨʦʚʘʚ ʧʦʧʳʪʢʫ ʚʭʦʜʘ ʚ ʩʦʙʩʪʚʝʥʥʦʤ ʞʫʨʥʘʣʝ, ʰʠʬʨʘʪʦʨ ʚʦʟʚʨʘʱʘʝʪ 

ʢʦʤʧʴʶʪʝʨʫ ʫʧʨʘʚʣʝʥʠʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʜʦʣʞʠʪʴ ʟʘʛʨʫʟʢʫ ʆʉ. ʆʜʥʘʢʦ ʵʣʝʢʪʨʦʥʥʳʡ ʟʘʤʦʢ 

ʧʨʦʜʦʣʞʘʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʟʘʛʨʫʟʢʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʙʣʦʢʠʨʫʷ ʧʦʧʳʪʢʠ ʟʘʛʨʫʟʢʠ ʩ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʥʦʩʠʪʝʣʝʡ - ʜʠʩʢʝʪʳ ʠʣʠ ʢʦʤʧʘʢʪ-ʜʠʩʢʘ.  

 

ʌʦʨʤʘʪ ʟʘʰʠʬʨʦʚʘʥʥʦʛʦ ʦʙʲʝʢʪʘ 

  

ʆʩʪʘʣʦʩʴ ʩʢʘʟʘʪʴ ʥʝʩʢʦʣʴʢʦ ʩʣʦʚ ʦ ʟʘʛʦʣʦʚʢʝ ʟʘʰʠʬʨʦʚʘʥʥʦʛʦ ʦʙʲʝʢʪʘ. ʆʯʝʚʠʜʥʦ, ʯʪʦ 

ʥʝʦʙʭʦʜʠʤ ʥʝʢʠʡ ʵʣʝʤʝʥʪ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʡ ʧʨʘʚʠʣʴʥʦʩʪʴ ʨʘʩʰʠʬʨʦʚʘʥʠʷ ʦʙʲʝʢʪʘ. ʀʥʘʯʝ 

ʧʨʠ ʢʘʢʦʡ-ʣʠʙʦ ʦʰʠʙʢʝ ʨʘʩʰʠʬʨʦʚʘʥʠʷ (ʥʘʧʨʠʤʝʨ, ʧʨʠ ʥʝʩʦʚʧʘʜʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʘʣʛʦʨʠʪʤʘ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝʚʝʨʥʦʛʦ ʜʦʣʛʦʚʨʝʤʝʥʥʦʛʦ ʢʣʶʯʘ ʠ ʪ. ʜ.) ʥʝʚʦʟʤʦʞʥʦ ʙʫʜʝʪ ʧʦʥʷʪʴ, 

ʧʨʘʚʠʣʴʥʦ ʣʠ ʨʘʩʰʠʬʨʦʚʘʥʳ ʜʘʥʥʳʝ (ʢʦʥʝʯʥʦ, ʵʪʦ ʥʝ ʦʪʥʦʩʠʪʩʷ ʢ ʩʣʫʯʘʶ ʙʘʥʘʣʴʥʦʛʦ ʦʙʤʝʥʘ 

ʟʘʰʠʬʨʦʚʘʥʥʳʤʠ ʪʝʢʩʪʦʚʳʤʠ ʩʦʦʙʱʝʥʠʷʤʠ, ʛʜʝ ʢʦʨʨʝʢʪʥʦʩʪʴ ʨʘʩʰʠʬʨʦʚʘʥʠʷ ʤʦʞʥʦ 

ʧʨʦʚʝʨʠʪʴ ʚʠʟʫʘʣʴʥʦ). ʊʘʢʦʡ ʵʣʝʤʝʥʪ ʨʘʟʤʝʱʘʝʪʩʷ ʚ ʟʘʛʦʣʦʚʢʝ ʦʙʲʝʢʪʘ, ʠ ʦʙʳʯʥʦ ʝʛʦ ʨʦʣʴ 

ʚʳʧʦʣʥʷʝʪ ʠʤʠʪʦʧʨʠʩʪʘʚʢʘ (ʠʣʠ ʣʶʙʘʷ ʜʨʫʛʘʷ ʢʦʥʪʨʦʣʴʥʘʷ ʩʫʤʤʘ) ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, 

ʚʳʯʠʩʣʷʝʤʘʷ ʥʘ ʬʘʡʣʦʚʦʤ ʢʣʶʯʝ.  

ʀʤʠʪʦʧʨʠʩʪʘʚʢʘ ʚʳʯʠʩʣʷʝʪʩʷ ʧʝʨʝʜ ʟʘʰʠʬʨʦʚʘʥʠʝʤ, ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʟʘʛʦʣʦʚʦʢ, ʘ ʧʦʩʣʝ 
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ʨʘʩʰʠʬʨʦʚʘʥʠʷ ʝʝ ʟʥʘʯʝʥʠʝ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦʚʪʦʨʥʦ ʠ ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ ʭʨʘʥʷʱʠʤʩʷ ʚ ʟʘʛʦʣʦʚʢʝ. 

ʂʨʦʤʝ ʪʦʛʦ, ʯʪʦʙʳ ʥʝ ʨʘʩʰʠʬʨʦʚʳʚʘʪʴ ʚʝʩʴ ʦʙʲʝʢʪ, ʚ ʝʛʦ ʟʘʛʦʣʦʚʢʝ ʭʨʘʥʠʪʩʷ ʠ ʜʨʫʛʘʷ 

ʠʤʠʪʦʧʨʠʩʪʘʚʢʘ - ʬʘʡʣʦʚʦʛʦ ʢʣʶʯʘ, ʢʦʪʦʨʘʷ ʚʳʯʠʩʣʷʝʪʩʷ ʥʘ ʜʦʣʛʦʚʨʝʤʝʥʥʦʤ ʢʣʶʯʝ ʧʝʨʝʜ 

ʟʘʰʠʬʨʦʚʘʥʠʝʤ ʬʘʡʣʦʚʦʛʦ ʠ ʧʨʦʚʝʨʷʝʪʩʷ ʧʦʩʣʝ ʝʛʦ /ʨʘʩʰʠʬʨʦʚʘʥʠʷ, ʥʦ (!) ʜʦ ʨʘʩʰʠʬʨʦʚʘʥʠʷ 

ʚʩʝʛʦ ʦʙʲʝʢʪʘ. ʉ ʧʦʤʦʱʴʶ ʵʪʦʡ ʚʪʦʨʦʡ ʠʤʠʪʦʧʨʠʩʪʘʚʢʠ ʤʦʞʥʦ ʣʝʛʢʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʪʴ 

ʙʦʣʴʰʠʥʩʪʚʦ ʦʰʠʙʦʢ ʨʘʩʰʠʬʨʦʚʘʥʠʷ ʥʘ ʨʘʥʥʝʡ ʩʪʘʜʠʠ.  

ʀʪʘʢ, ʟʘʰʠʬʨʦʚʘʥʥʳʡ ʦʙʲʝʢʪ ʦʙʳʯʥʦ ʩʦʜʝʨʞʠʪ ʢʘʢ ʤʠʥʠʤʫʤ ʩʣʝʜʫʶʱʠʝ ʜʘʥʥʳʝ:  

¶ ʩʦʙʩʪʚʝʥʥʦ ʠʥʬʦʨʤʘʮʠʷ, ʟʘʰʠʬʨʦʚʘʥʥʘʷ ʥʘ ʬʘʡʣʦʚʦʤ ʢʣʶʯʝ;  

¶ ʬʘʡʣʦʚʳʡ ʢʣʶʯ, ʟʘʰʠʬʨʦʚʘʥʥʳʡ ʥʘ ʜʦʣʛʦʚʨʝʤʝʥʥʦʤ ʢʣʶʯʝ;  

¶ ʠʤʠʪʦʧʨʠʩʪʘʚʢʘ ʬʘʡʣʦʚʦʛʦ ʢʣʶʯʘ ʥʘ ʜʦʣʛʦʚʨʝʤʝʥʥʦʤ ʢʣʶʯʝ;  

¶ ʠʤʠʪʦʧʨʠʩʪʘʚʢʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʥʘ ʬʘʡʣʦʚʦʤ ʢʣʶʯʝ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ,  ʪʨʝʭʢʣʶʯʝʚʘʷ ʩʭʝʤʘ ʦʨʛʘʥʠʟʘʮʠʠ ʧʘʤʷʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʝʜʫʶʱʝʝ: 

 
ʈʠʩʫʥʦʢ 2.39. ʊʨʝʭʢʣʶʯʝʚʘʷ ʩʭʝʤʘ ʦʨʛʘʥʠʟʘʮʠʠ ʧʘʤʷʪʠ 

 

ʊʨʝʙʦʚʘʥʠʷ ʢ ʢʘʯʝʩʪʚʫ ʢʣʶʯʝʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʠʩʪʦʯʥʠʢʠ ʢʣʶʯʝʡ 

 

ʅʝ ʚʩʝ ʢʣʶʯʠ ʠ ʪʘʙʣʠʮʳ ʟʘʤʝʥ ʦʙʝʩʧʝʯʠʚʘʶʪ ʤʘʢʩʠʤʘʣʴʥʫʶ ʩʪʦʡʢʦʩʪʴ ʰʠʬʨʘ. ɼʣʷ 

ʢʘʞʜʦʛʦ ʘʣʛʦʨʠʪʤʘ ʰʠʬʨʦʚʘʥʠʷ ʩʫʱʝʩʪʚʫʶʪ ʩʚʦʠ ʢʨʠʪʝʨʠʠ ʦʮʝʥʢʠ ʢʣʶʯʝʚʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ʊʘʢ, ʜʣʷ ʘʣʛʦʨʠʪʤʘ DES ʠʟʚʝʩʪʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ç ʩʣʘʙʳʭ ʢʣʶʯʝʡ è, ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʪʦʨʳʭ ʩʚʷʟʴ ʤʝʞʜʫ ʦʪʢʨʳʪʳʤʠ ʠ ʟʘʰʠʬʨʦʚʘʥʥʳʤʠ ʜʘʥʥʳʤʠ ʥʝ ʤʘʩʢʠʨʫʝʪʩʷ 

ʜʦʩʪʘʪʦʯʥʳʤ ʦʙʨʘʟʦʤ, ʠ ʰʠʬʨ ʩʨʘʚʥʠʪʝʣʴʥʦ ʧʨʦʩʪʦ ʚʩʢʨʳʚʘʝʪʩʷ. 

ʀʩʯʝʨʧʳʚʘʶʱʠʡ ʦʪʚʝʪ ʥʘ ʚʦʧʨʦʩ ʦ ʢʨʠʪʝʨʠʷʭ ʢʘʯʝʩʪʚʘ ʢʣʶʯʝʡ ʠ ʪʘʙʣʠʮ ʟʘʤʝʥ AES 

ʝʩʣʠ ʠ ʤʦʞʥʦ ʚʦʦʙʱʝ ʛʜʝ-ʣʠʙʦ ʧʦʣʫʯʠʪʴ, ʪʦ ʪʦʣʴʢʦ ʫ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʘʣʛʦʨʠʪʤʘ. 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʘʥʥʳʝ ʥʝ ʙʳʣʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʦʪʢʨʳʪʦʡ ʧʝʯʘʪʠ. ʆʜʥʘʢʦ ʩʦʛʣʘʩʥʦ 

ʫʩʪʘʥʦʚʣʝʥʥʦʤʫ ʧʦʨʷʜʢʫ, ʜʣʷ ʰʠʬʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʠʤʝʶʱʝʡ ʛʨʠʬ, ʜʦʣʞʥʳ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʣʶʯʝʚʳʝ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʦʪ ʫʧʦʣʥʦʤʦʯʝʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ. ʂʦʩʚʝʥʥʳʤ 

ʦʙʨʘʟʦʤ ʵʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʥʘʣʠʯʠʠ ʤʝʪʦʜʠʢ ʧʨʦʚʝʨʢʠ ʢʣʶʯʝʚʳʭ ʜʘʥʥʳʭ ʥʘ 

çʚʰʠʚʦʩʪʴè. ɽʩʣʠ ʥʘʣʠʯʠʝ ʩʣʘʙʳʭ ʢʣʶʯʝʡ ʚ AESï ʜʠʩʢʫʩʩʠʦʥʥʳʡ ʚʦʧʨʦʩ, ʪʦ ʥʘʣʠʯʠʝ ʩʣʘʙʳʭ 

ʫʟʣʦʚ ʟʘʤʝʥʳ ʥʝ ʚʳʟʳʚʘʝʪ ʩʦʤʥʝʥʠʷ. ʆʯʝʚʠʜʥʦ, ʯʪʦ çʪʨʠʚʠʘʣʴʥʘʷè ʪʘʙʣʠʮʘ ʟʘʤʝʥ, ʧʦ ʢʦʪʦʨʦʡ 

ʣʶʙʦʝ ʟʥʘʯʝʥʠʝ ʟʘʤʝʥʷʝʪʩʷ ʠʤ ʞʝ ʩʘʤʠʤ, ʷʚʣʷʝʪʩʷ ʥʘʩʪʦʣʴʢʦ ʩʣʘʙʦʡ, ʯʪʦ ʧʨʠ ʝʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʰʠʬʨ ʚʟʣʘʤʳʚʘʝʪʩʷ ʵʣʝʤʝʥʪʘʨʥʦ, ʢʘʢʦʚ ʙʳ ʥʠ ʙʳʣ ʢʣʶʯ. 

ʂʘʢ ʫʞʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚʳʰʝ, ʢʨʠʪʝʨʠʠ ʦʮʝʥʢʠ ʢʣʶʯʝʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʥʝʜʦʩʪʫʧʥʳ, 

ʦʜʥʘʢʦ ʥʘ ʠʭ ʩʯʝʪ ʚʩʝ ʞʝ ʤʦʞʥʦ ʚʳʩʢʘʟʘʪʴ ʥʝʢʦʪʦʨʳʝ ʦʙʱʠʝ ʩʦʦʙʨʘʞʝʥʠʷ. 

ʂʣʶʯ ʜʦʣʞʝʥ ʷʚʣʷʪʴʩʷ ʤʘʩʩʠʚʦʤ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʳʭ ʙʠʪʦʚ, ʧʨʠʥʠʤʘʶʱʠʭ ʩ 

ʨʘʚʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʟʥʘʯʝʥʠʷ 0 ʠ 1. ʅʝʣʴʟʷ ʧʦʣʥʦʩʪʴʶ ʠʩʢʣʶʯʠʪʴ ʧʨʠ ʵʪʦʤ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ 

ʢʦʥʢʨʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʢʣʶʯʘ ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ çʩʣʘʙʳʤʠè, ʪʦ ʝʩʪʴ ʰʠʬʨ ʤʦʞʝʪ ʥʝ ʦʙʝʩʧʝʯʠʚʘʪʴ 
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ʟʘʜʘʥʥʳʡ ʫʨʦʚʝʥʴ ʩʪʦʡʢʦʩʪʠ ʚ ʩʣʫʯʘʝ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʆʜʥʘʢʦ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʜʦʣʷ 

ʪʘʢʠʭ ʟʥʘʯʝʥʠʡ ʚ ʦʙʱʝʡ ʤʘʩʩʝ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʢʣʶʯʝʡ ʥʠʯʪʦʞʥʦ ʤʘʣʘ. ʇʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, 

ʠʥʪʝʥʩʠʚʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʰʠʬʨʘ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʚʳʷʚʠʣʠ ʥʠ ʦʜʥʦʛʦ ʪʘʢʦʛʦ ʢʣʶʯʘ ʥʠ ʜʣʷ 

ʦʜʥʦʡ ʠʟ ʠʟʚʝʩʪʥʳʭ ʪʘʙʣʠʮ ʟʘʤʝʥ. ʇʦʵʪʦʤʫ ʢʣʶʯʠ, ʚʳʨʘʙʦʪʘʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʥʝʢʦʪʦʨʦʛʦ 

ʜʘʪʯʠʢʘ ʠʩʪʠʥʥʦ ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ, ʙʫʜʫʪ ʢʘʯʝʩʪʚʝʥʥʳʤʠ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ, ʦʪʣʠʯʘʶʱʝʡʩʷ ʦʪ 

ʝʜʠʥʠʮʳ ʥʘ ʥʠʯʪʦʞʥʦ ʤʘʣʫʶ ʚʝʣʠʯʠʥʫ. ɽʩʣʠ ʞʝ ʢʣʶʯʠ ʚʳʨʘʙʘʪʳʚʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʛʝʥʝʨʘʪʦʨʘ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ, ʪʦ ʠʩʧʦʣʴʟʫʝʤʳʡ ʛʝʥʝʨʘʪʦʨ ʜʦʣʞʝʥ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʫʢʘʟʘʥʥʳʝ ʚʳʰʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʠ, ʢʨʦʤʝ ʪʦʛʦ, ʦʙʣʘʜʘʪʴ ʚʳʩʦʢʦʡ 

ʢʨʠʧʪʦʩʪʦʡʢʦʩʪʴʶ, ï ʥʝ ʤʝʥʴʰʝʡ, ʯʝʤ ʫ ʩʘʤʦʛʦ ʘʣʛʦʨʠʪʤʘ ʰʠʬʨʦʚʘʥʠʷ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, 

ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʦʪʩʫʪʩʪʚʫʶʱʠʭ ʯʣʝʥʦʚ ʚʳʨʘʙʘʪʳʚʘʝʤʦʡ ʛʝʥʝʨʘʪʦʨʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʵʣʝʤʝʥʪʦʚ ʥʝ ʜʦʣʞʥʘ ʙʳʪʴ ʧʨʦʱʝ, ʯʝʤ ʟʘʜʘʯʘ ʚʩʢʨʳʪʠʷ ʰʠʬʨʘ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʦʪʙʨʘʢʦʚʢʠ 

ʢʣʶʯʝʡ ʩ ʧʣʦʭʠʤʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʢʨʠʪʝʨʠʠ. ʅʘ ʧʨʘʢʪʠʢʝ ʦʙʳʯʥʦ ʭʚʘʪʘʝʪ ʜʚʫʭ ʢʨʠʪʝʨʠʝʚ, ï ʜʣʷ ʧʨʦʚʝʨʢʠ 

ʨʘʚʥʦʚʝʨʦʷʪʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʙʠʪʦʚ ʢʣʶʯʘ ʤʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ 0 ʠ 1 ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʢʨʠʪʝʨʠʡ ʇʠʨʩʦʥʘ, ʘ ʜʣʷ ʧʨʦʚʝʨʢʠ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʙʠʪʦʚ ʢʣʶʯʘ ï ʢʨʠʪʝʨʠʡ ʩʝʨʠʡ. ʆʙ 

ʫʧʦʤʷʥʫʪʳʭ ʢʨʠʪʝʨʠʷʭ ʤʦʞʥʦ ʧʨʦʯʠʪʘʪʴ ʚ ʫʯʝʙʥʠʢʘʭ ʠʣʠ ʩʧʨʘʚʦʯʥʠʢʘʭ ʧʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʩʪʘʪʠʩʪʠʢʝ. 

ɺ ʩʣʫʯʘʝ ʞʝ, ʢʦʛʜʘ ʥʝʦʙʭʦʜʠʤʦ ʚʳʨʘʙʦʪʘʪʴ ʙʦʣʴʰʦʡ ʧʦ ʦʙʲʝʤʫ ʤʘʩʩʠʚ ʢʣʶʯʝʚʦʡ 

ʠʥʬʦʨʤʘʮʠʠ, ʚʦʟʤʦʞʥʦ ʠ ʦʯʝʥʴ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ 

ʧʨʦʛʨʘʤʤʥʳʭ ʜʘʪʯʠʢʦʚ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ.  

ʅʘʠʣʫʯʰʠʤ ʞʝ ʧʦʜʭʦʜʦʤ ʜʣʷ ʚʳʨʘʙʦʪʢʠ ʢʣʶʯʝʡ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʧʧʘʨʘʪʥʳʭ ʜʘʪʯʠʢʦʚ 

ʉʏ.  

ʊʘʙʣʠʮʘ ʟʘʤʝʥ ʷʚʣʷʝʪʩʷ ʜʦʣʛʦʚʨʝʤʝʥʥʳʤ ʢʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ, ʪʦ ʝʩʪʴ ʜʝʡʩʪʚʫʝʪ ʚ 

ʪʝʯʝʥʠʝ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʦʛʦ ʩʨʦʢʘ, ʯʝʤ ʦʪʜʝʣʴʥʳʡ ʢʣʶʯ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʦʥʘ 

ʷʚʣʷʝʪʩʷ ʦʙʱʝʡ ʜʣʷ ʚʩʝʭ ʫʟʣʦʚ ʰʠʬʨʦʚʘʥʠʷ ʚ ʨʘʤʢʘʭ ʦʜʥʦʡ ʩʠʩʪʝʤʳ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ 

ʟʘʱʠʪʳ. ɼʘʞʝ ʧʨʠ ʥʘʨʫʰʝʥʠʠ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʪʘʙʣʠʮʳ ʟʘʤʝʥ ʩʪʦʡʢʦʩʪʴ ʰʠʬʨʘ ʦʩʪʘʝʪʩʷ 

ʯʨʝʟʚʳʯʘʡʥʦ ʚʳʩʦʢʦʡ ʠ ʥʝ ʩʥʠʞʘʝʪʩʷ ʥʠʞʝ ʜʦʧʫʩʪʠʤʦʛʦ ʧʨʝʜʝʣʘ. ʇʦʵʪʦʤʫ ʥʝʪ ʦʩʦʙʦʡ ʥʫʞʜʳ 

ʜʝʨʞʘʪʴ ʪʘʙʣʠʮʫ ʚ ʩʝʢʨʝʪʝ, ʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʢʦʤʤʝʨʯʝʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ ʪʘʢ ʦʥʦ ʠ ʜʝʣʘʝʪʩʷ. ʉ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʪʘʙʣʠʮʘ ʟʘʤʝʥ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʩʪʦʡʢʦʩʪʠ ʚʩʝʛʦ ʰʠʬʨʘ. ɺʳʙʦʨ ʥʝʥʘʜʣʝʞʘʱʝʡ ʪʘʙʣʠʮʳ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʪʦʤʫ, ʯʪʦ ʰʠʬʨ 

ʙʫʜʝʪ ʣʝʛʢʦ ʚʩʢʨʳʚʘʪʴʩʷ ʠʟʚʝʩʪʥʳʤʠ ʤʝʪʦʜʘʤʠ ʢʨʠʧʪʦʘʥʘʣʠʟʘ. ʂʨʠʪʝʨʠʠ ʚʳʨʘʙʦʪʢʠ ʫʟʣʦʚ 

ʟʘʤʝʥ ï ʪʘʡʥʘ ʟʘ ʩʝʤʴʶ ʧʝʯʘʪʷʤʠ ʠ ʌɸʇʉʀ ʚʨʷʜ ʣʠ ʝʡ ʧʦʜʝʣʠʪʩʷ ʩ ʦʙʱʝʩʪʚʝʥʥʦʩʪʴʶ ʚ 

ʙʣʠʞʘʡʰʝʤ ʦʙʦʟʨʠʤʦʤ ʙʫʜʫʱʝʤ. ɺ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ, ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʢʘʟʘʪʴ, ʷʚʣʷʝʪʩʷ ʣʠ 

ʜʘʥʥʘʷ ʢʦʥʢʨʝʪʥʘʷ ʪʘʙʣʠʮʘ ʟʘʤʝʥ ʭʦʨʦʰʝʡ ʠʣʠ ʧʣʦʭʦʡ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʦʛʨʦʤʥʳʡ 

ʦʙʲʝʤ ʨʘʙʦʪ ï ʤʥʦʛʠʝ ʪʳʩʷʯʠ ʯʝʣʦʚʝʢʦ- ʠ ʤʘʰʠʥʦ-ʯʘʩʦʚ. ɽʜʠʥʦʞʜʳ ʚʳʙʨʘʥʥʘʷ ʠ 

ʠʩʧʦʣʴʟʫʝʤʘʷ ʪʘʙʣʠʮʘ ʧʦʜʣʝʞʠʪ ʟʘʤʝʥʝ ʚ ʪʦʤ ʠ ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʰʠʬʨ ʩ ʝʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʢʘʟʘʣʩʷ ʫʷʟʚʠʤʳʤ ʢ ʪʦʤʫ ʠʣʠ ʠʥʦʤʫ ʚʠʜʫ ʢʨʠʧʪʦʘʥʘʣʠʟʘ. ʇʦʵʪʦʤʫ ʣʫʯʰʠʤ 

ʚʳʙʦʨʦʤ ʜʣʷ ʨʷʜʦʚʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʰʠʬʨʘ ʙʫʜʝʪ ʚʟʷʪʴ ʦʜʥʫ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʪʘʙʣʠʮ, ʩʪʘʚʰʠʭ 

ʜʦʩʪʦʷʥʠʝʤ ʛʣʘʩʥʦʩʪʠ.  

 

ʂʨʠʧʪʦʛʨʘʬʠʯʝʩʢʘʷ ʩʪʦʡʢʦʩʪʴ 

 

ʇʨʠ ʚʳʙʦʨʝ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʦʥʢʨʝʪʥʦʡ 

ʨʘʟʨʘʙʦʪʢʝ ʦʜʥʠʤ ʠʟ ʦʧʨʝʜʝʣʷʶʱʠʭ ʬʘʢʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʝʛʦ ʩʪʦʡʢʦʩʪʴ, ʪʦ ʝʩʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ 

ʧʦʧʳʪʢʘʤ ʧʨʦʪʠʚʥʠʢʘ ʝʛʦ ʨʘʩʢʨʳʪʴ. ɺʦʧʨʦʩ ʦ ʩʪʦʡʢʦʩʪʠ ʰʠʬʨʘ ʧʨʠ ʙʣʠʞʘʡʰʝʤ 

ʨʘʩʩʤʦʪʨʝʥʠʠ ʩʚʦʜʠʪʩʷ ʢ ʜʚʫʤ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʤ ʚʦʧʨʦʩʘʤ: 

¶ ʤʦʞʥʦ ʣʠ ʚʦʦʙʱʝ ʨʘʩʢʨʳʪʴ ʜʘʥʥʳʡ ʰʠʬʨ;  

¶ ʝʩʣʠ ʜʘ, ʪʦ ʥʘʩʢʦʣʴʢʦ ʵʪʦ ʪʨʫʜʥʦ ʩʜʝʣʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠ;  

ʐʠʬʨʳ, ʢʦʪʦʨʳʝ ʚʦʦʙʱʝ ʥʝʚʦʟʤʦʞʥʦ ʨʘʩʢʨʳʪʴ, ʥʘʟʳʚʘʶʪʩʷ ʘʙʩʦʣʶʪʥʦ ʠʣʠ 

ʪʝʦʨʝʪʠʯʝʩʢʠ ʩʪʦʡʢʠʤʠ. ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʧʦʜʦʙʥʳʭ ʰʠʬʨʦʚ ʜʦʢʘʟʳʚʘʝʪʩʷ ʪʝʦʨʝʤʦʡ ʐʝʥʥʦʥʘ, 

ʦʜʥʘʢʦ ʮʝʥʦʡ ʵʪʦʡ ʩʪʦʡʢʦʩʪʠ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʰʠʬʨʦʚʘʥʠʷ 

ʢʘʞʜʦʛʦ ʩʦʦʙʱʝʥʠʷ ʢʣʶʯʘ, ʥʝ ʤʝʥʴʰʝʛʦ ʧʦ ʨʘʟʤʝʨʫ ʩʘʤʦʛʦ ʩʦʦʙʱʝʥʠʷ. ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʟʘ 
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ʠʩʢʣʶʯʝʥʠʝʤ ʨʷʜʘ ʦʩʦʙʳʭ ʵʪʘ ʮʝʥʘ ʯʨʝʟʤʝʨʥʘ, ʧʦʵʪʦʤʫ ʥʘ ʧʨʘʢʪʠʢʝ ʚ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʰʠʬʨʳ, ʥʝ ʦʙʣʘʜʘʶʱʠʝ ʘʙʩʦʣʶʪʥʦʡ ʩʪʦʡʢʦʩʪʴʶ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʠʙʦʣʝʝ ʫʧʦʪʨʝʙʠʪʝʣʴʥʳʝ 

ʩʭʝʤʳ ʰʠʬʨʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʢʨʳʪʳ ʟʘ ʢʦʥʝʯʥʦʝ ʚʨʝʤʷ ʠʣʠ, ʯʪʦ ʪʦʯʥʝʝ, ʟʘ ʢʦʥʝʯʥʦʝ 

ʯʠʩʣʦ ʰʘʛʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʥʝʢʦʪʦʨʦʡ ʦʧʝʨʘʮʠʝʡ ʥʘʜ ʯʠʩʣʘʤʠ. ɼʣʷ ʥʠʭ 

ʥʘʠʚʘʞʥʝʡʰʝʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʧʦʥʷʪʠʝ ʧʨʘʢʪʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʠ, ʚʳʨʘʞʘʶʱʝʝ ʧʨʘʢʪʠʯʝʩʢʫʶ 

ʪʨʫʜʥʦʩʪʴ ʠʭ ʨʘʩʢʨʳʪʠʷ. ʂʦʣʠʯʝʩʪʚʝʥʥʦʡ ʤʝʨʦʡ ʵʪʦʡ ʪʨʫʜʥʦʩʪʠ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʯʠʩʣʦ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʠ ʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ, 

ʯʪʦʙʳ ʨʘʩʢʨʳʪʴ ʰʠʬʨ, ʪʦ ʝʩʪʴ, ʯʪʦʙʳ ʜʣʷ ʟʘʜʘʥʥʦʛʦ ʰʠʬʨʪʝʢʩʪʘ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ, ʥʝ ʤʝʥʴʰʝʡ 

ʟʘʜʘʥʥʦʡ ʚʝʣʠʯʠʥʳ, ʦʧʨʝʜʝʣʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʦʪʢʨʳʪʳʡ ʪʝʢʩʪ. ʇʨʠ ʵʪʦʤ ʚ ʜʦʧʦʣʥʝʥʠʠ ʢ 

ʜʝʰʠʬʨʫʝʤʦʤʫ ʤʘʩʩʠʚʫ ʜʘʥʥʳʭ ʢʨʠʧʪʦʘʥʘʣʠʪʠʢ ʤʦʞʝʪ ʨʘʩʧʦʣʘʛʘʪʴ ʙʣʦʢʘʤʠ ʦʪʢʨʳʪʳʭ 

ʜʘʥʥʳʭ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤ ʟʘʰʠʬʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʠʣʠ ʜʘʞʝ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʦʣʫʯʠʪʴ 

ʜʣʷ ʣʶʙʳʭ ʚʳʙʨʘʥʥʳʭ ʠʤ ʦʪʢʨʳʪʳʭ ʜʘʥʥʳʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʘʰʠʬʨʦʚʘʥʥʳʝ ʜʘʥʥʳʝ ï ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʥʝʫʢʘʟʘʥʥʳʭ ʫʩʣʦʚʠʡ ʨʘʟʣʠʯʘʶʪ ʦʪʜʝʣʴʥʳʝ 

ʚʠʜʳ ʢʨʠʧʪʦʘʥʘʣʠʟʘ. 

ɺʩʝ ʩʦʚʨʝʤʝʥʥʳʝ ʢʨʠʧʪʦʩʠʩʪʝʤʳ ʧʦʩʪʨʦʝʥʳ ʧʦ ʧʨʠʥʮʠʧʫ ʂʠʨʭʛʦʬʬʘ, ʪʦ ʝʩʪʴ 

ʩʝʢʨʝʪʥʦʩʪʴ ʟʘʰʠʬʨʦʚʘʥʥʳʭ ʩʦʦʙʱʝʥʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʝʢʨʝʪʥʦʩʪʴʶ ʢʣʶʯʘ. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ 

ʜʘʞʝ ʝʩʣʠ ʩʘʤ ʘʣʛʦʨʠʪʤ ʰʠʬʨʦʚʘʥʠʷ ʠʟʚʝʩʪʝʥ ʢʨʠʧʪʦʘʥʘʣʠʪʠʢʫ, ʪʦʪ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʥʝ ʚ 

ʩʦʩʪʦʷʥʠʠ ʨʘʩʰʠʬʨʦʚʘʪʴ ʩʦʦʙʱʝʥʠʝ, ʝʩʣʠ ʥʝ ʨʘʩʧʦʣʘʛʘʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʢʣʶʯʦʤ. ʐʠʬʨ 

ʩʯʠʪʘʝʪʩʷ ʭʦʨʦʰʦ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʳʤ, ʝʩʣʠ ʥʝʪ ʩʧʦʩʦʙʘ ʚʩʢʨʳʪʴ ʝʛʦ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ 

ʩʧʦʩʦʙʦʤ, ʯʝʤ ʧʦʣʥʳʤ ʧʝʨʝʙʦʨʦʤ ʧʦ ʚʩʝʤʫ ʢʣʶʯʝʚʦʤʫ ʧʨʦʩʪʨʘʥʩʪʚʫ, ʪ.ʝ. ʧʦ ʚʩʝʤ ʚʦʟʤʦʞʥʳʤ 

ʟʥʘʯʝʥʠʷʤ ʢʣʶʯʘ. AES, ʚʝʨʦʷʪʥʦ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʪʦʤʫ ʧʨʠʥʮʠʧʫ ï ʟʘ ʛʦʜʳ ʠʥʪʝʥʩʠʚʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʝ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʥʠ ʦʜʥʦʛʦ ʨʝʟʫʣʴʪʘʪʠʚʥʦʛʦ ʩʧʦʩʦʙʘ ʝʛʦ ʢʨʠʧʪʦʘʥʘʣʠʟʘ. ɺ 

ʧʣʘʥʝ ʩʪʦʡʢʦʩʪʠ ʦʥ ʥʘ ʤʥʦʛʦ ʧʦʨʷʜʢʦʚ ʧʨʝʚʦʩʭʦʜʠʪ ʧʨʝʞʥʠʡ ʘʤʝʨʠʢʘʥʩʢʠʡ ʩʪʘʥʜʘʨʪ 

ʰʠʬʨʦʚʘʥʠʷ, DES. 

 

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʰʠʬʨʘʪʦʨʘ 

ɺ ʩʦʩʪʘʚ ʰʠʬʨʘʪʦʨʘ ʚʭʦʜʷʪ: 

ɹʣʦʢ ʫʧʨʘʚʣʝʥʠʷ, ʢʘʢ ʩʣʝʜʫʝʪ ʠʟ ʝʛʦ ʥʘʟʚʘʥʠʷ, ʩʣʫʞʠʪ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʨʘʙʦʪʦʡ ʚʩʝʛʦ 

ʰʠʬʨʘʪʦʨʘ. ʆʙʳʯʥʦ ʦʥ ʨʝʘʣʠʟʦʚʘʥ ʥʘ ʙʘʟʝ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ. ʐʠʬʨʦʧʨʦʮʝʩʩʦʨ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʫʶ ʤʠʢʨʦʩʭʝʤʫ ʠʣʠ ʢʘʢ ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ DSP, ʢʦʪʦʨʳʡ ʚʳʧʦʣʥʷʝʪ 

ʰʠʬʨʦʚʘʥʠʝ ʜʘʥʥʳʭ. ɺʦʦʙʱʝ ʛʦʚʦʨʷ, ʋʂɿɼ ʤʦʞʝʪ ʠʤʝʪʴ ʥʝʩʢʦʣʴʢʦ ʰʠʬʨʦʧʨʦʮʝʩʩʦʨʦʚ, 

ʥʘʧʨʠʤʝʨ, ʜʣʷ ʚʟʘʠʤʥʦʛʦ ʢʦʥʪʨʦʣʷ (ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ "ʥʘ ʣʝʪʫ" ʧʦʣʫʯʘʝʤʳʭ ʟʘʰʠʬʨʦʚʘʥʥʳʭ 

ʠʣʠ ʦʪʢʨʳʪʳʭ ʜʘʥʥʳʭ) ʠ/ʠʣʠ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʰʠʬʨʦʚʘʥʠʷ. ɼʣʷ ʛʝʥʝʨʘʮʠʠ 

ʢʣʶʯʝʡ ʰʠʬʨʦʚʘʥʠʷ ʚ ʫʩʪʨʦʡʩʪʚʝ ʧʨʝʜʫʩʤʦʪʨʝʥ ʘʧʧʘʨʘʪʥʳʡ ʜʘʪʯʠʢ ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ (ɼʉʏ), 

ʚʳʨʘʙʘʪʳʚʘʶʱʠʡ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʩʣʫʯʘʡʥʳʡ ʠ ʥʝʧʨʝʜʩʢʘʟʫʝʤʳʡ ʩʠʛʥʘʣ, ʧʨʝʦʙʨʘʟʫʝʤʳʡ ʟʘʪʝʤ 

ʚ ʮʠʬʨʦʚʫʶ ʬʦʨʤʫ. ʆʙʤʝʥ ʢʦʤʘʥʜʘʤʠ ʠ ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʰʠʬʨʘʪʦʨʦʤ ʠ ʢʦʤʧʴʶʪʝʨʦʤ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʢʦʥʪʨʦʣʣʝʨʦʤ, ʦʙʳʯʥʦ PCI (ʠʣʠ ʜʨʫʛʦʡ ʩʠʩʪʝʤʥʦʡ ʰʠʥʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʠʥʪʝʨʬʝʡʩʘ ʰʠʬʨʘʪʦʨʘ). ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʰʠʬʨʘʪʦʨʘ ʩ ʩʠʩʪʝʤʥʦʡ ʧʣʘʪʦʡ ʇʂ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʯʝʨʝʟ ʢʦʥʪʨʦʣʣʝʨ ʋʂɿɼ. ɼʣʷ ʭʨʘʥʝʥʠʷ ʇʆ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʥʝʦʙʭʦʜʠʤʘ ʵʥʝʨʛʦʥʝʟʘʚʠʩʠʤʘʷ 

ʧʘʤʷʪʴ, ʨʝʘʣʠʟʦʚʘʥʥʘʷ ʥʘ ʦʜʥʦʡ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʤʠʢʨʦʩʭʝʤʘʭ. ʕʪʦ ʞʝ ʚʥʫʪʨʝʥʥʝʝ ʇɿʋ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʟʘʧʠʩʠ ʞʫʨʥʘʣʘ ʦʧʝʨʘʮʠʡ ʠ ʜʨʫʛʠʭ ʮʝʣʝʡ. 
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ɺ ʩʦʩʪʘʚ ʦʧʝʨʘʮʠʦʥʥʦʛʦ ʙʣʦʢʘ ʚʭʦʜʷʪ: ʆɿʋ ï ʦʧʝʨʘʪʠʚʥʦʝ ʟʘʧʦʤʠʥʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ, 

ʢʦʪʦʨʦʝ ʭʨʘʥʠʪ ʟʥʘʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʙʣʦʢʘ ʦʪʢʨʳʪʦʛʦ ʪʝʢʪʘ ʠ ʰʠʬʨʪʝʢʩʪʘ ʠ ʢʣʶʯʝʚʦʛʦ 

ʙʣʦʢʘ ʜʣʷ ʢʘʞʜʦʛʦ ʨʘʫʥʜʘ ʰʠʬʨʦʚʘʥʠʷ, ʙʣʦʢ ʟʘʤʝʥʳ, ʨʝʛʠʩʪʨ ʩʜʚʠʛʘ, ʤʠʢʰʝʨ, ʩʫʤʤʘʪʦʨ ï ʵʪʦ 

ʙʣʦʢʠ ʦʪʚʝʯʘʶʱʠʝ ʟʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʧʝʨʘʮʠʠ ʘʣʛʦʨʠʪʤʘ ʰʠʬʨʦʚʘʥʠʷ. 

ʂʨʦʤʝ ʪʦʛʦ ʚ ʩʦʩʪʘʚ ʚʭʦʜʷʪ ʙʣʦʢ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ, 

ʢʦʪʦʨʳʡ ʩʣʫʞʠʪ ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʠʟ ʧʨʦʩʪʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʙʠʪ ʬʦʨʤʠʨʦʚʘʪʴ ʙʣʦʢʠ 

ʨʘʟʤʝʨʦʤ 128, 192 ʠʣʠ 256 ʙʠʪ, ʢʦʪʦʨʳʝ ʟʘʧʦʣʥʷʶʪʩʷ ʜʘʥʥʳʤʠ ʩʚʝʨʭʫ - ʚʥʠʟ ʠ ʩʣʝʚʘ ï ʥʘ 

ʧʨʘʚʦ.  

 

ʇʨʦʛʨʘʤʤʥʘʷ ʯʘʩʪʴ ʰʠʬʨʘʪʦʨʘ 

 

ɽʱʝ ʪʨʠ-ʯʝʪʳʨʝ ʛʦʜʘ ʥʘʟʘʜ ʨʝʘʣʠʟʦʚʘʪʴ ʩʚʦʡ ʘʣʛʦʨʠʪʤ ʥʘ DSP ʚʳ ʤʦʛʣʠ, ʣʠʰʴ 

ʜʦʩʢʦʥʘʣʴʥʦ ʠʟʫʯʠʚ ʷʟʳʢ ʘʩʩʝʤʙʣʝʨʘ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ. ʆʜʥʘʢʦ, ʨʘʟʚʠʪʠʝ 

ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʨʠʚʝʣʦ ʢ ʪʦʤʫ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳʝ ʟʘʜʘʯʠ ʤʦʞʥʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʪʴ ʥʘ ʷʟʳʢʘʭ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ï 

ʥʘ ʉʠ ʠ ʜʘʞʝ ʥʘ ʉ++. ʉʦʚʨʝʤʝʥʥʳʝ ʢʦʤʧʠʣʷʪʦʨʳ ʠ ʢʦʤʧʦʥʦʚʱʠʢʠ ʛʝʥʝʨʠʨʫʶʪ 

ʢʦʜ ʜʣʷ DSP, ʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʳʡ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʧʦʟʚʦʣʷʝʪ ʠʥʞʝʥʝʨʫ ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ 

ʥʘ ʩʦʜʝʨʞʘʪʝʣʴʥʦʡ ʯʘʩʪʠ ʘʣʛʦʨʠʪʤʘ, ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʘʝʪ ʚʨʝʤʷ ʩʦʟʜʘʥʠʷ 

ʧʨʠʣʦʞʝʥʠʡ. 

ʆʜʥʘʢʦ, ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʧʨʦʩʪʦʡ ʠ ʙʳʩʪʨʳʡ ʧʫʪʴ ʜʣʷ ʧʨʦʚʝʨʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ Matlab. 

ɺʦ ʚʩʝʤ ʤʠʨʝ Matlab ʷʚʣʷʝʪʩʷ ʩʪʘʥʜʘʨʪʦʤ ʜʝ-ʬʘʢʪʦ ʧʨʠ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʘʣʛʦʨʠʪʤʘʤʠ ʎʆʉ. 

ʆʥʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʙʦʛʘʪʝʡʰʠʝ ʙʠʙʣʠʦʪʝʢʠ ʛʦʪʦʚʳʭ ʬʫʥʢʮʠʡ ʠ ʧʨʦʮʝʜʫʨ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ, ʠʟʦʙʨʘʞʝʥʠʡ. ɺ ʧʦʩʣʝʜʥʝʡ ʚʝʨʩʠʠ ʵʪʦʡ ʩʠʩʪʝʤʳ (ʥʘ ʤʦʤʝʥʪ ʥʘʧʠʩʘʥʠʷ 

ʢʥʠʛʠ ʵʪʦ V.6.1) ʠʤʝʝʪʩʷ ʜʘʞʝ ʙʠʙʣʠʦʪʝʢʘ ʥʘʧʠʩʘʥʠʷ 

ʧʨʠʣʦʞʝʥʠʡ ʜʣʷ ʎʇʆʉ ʬʠʨʤʳ Texas Inst.. ɺʭʦʜʥʦʡ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʵʪʦʡ 

ʩʨʝʜʳ ʚʦ ʤʥʦʛʦʤ ʧʦʭʦʞ ʥʘ ʉʠ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʦʩʪʘʚ Matlab ʚʭʦʜʠʪ Simulink, ʚ 

ʢʦʪʦʨʦʤ ʨʝʘʣʠʟʦʚʘʥʘ ʢʦʥʮʝʧʮʠʷ ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʘʷ 

ʩʦʟʜʘʚʘʪʴ ʧʨʦʛʨʘʤʤʳ ʧʫʪʝʤ ʨʠʩʦʚʘʥʠʷ ʙʣʦʢ-ʩʭʝʤ ʘʣʛʦʨʠʪʤʦʚ. ʂʣʘʩʩʠʯʝʩʢʠʡ ʧʫʪʴ 

ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʫʩʪʨʦʡʩʪʚ ʪʘʢʦʡ: Matlab -> C -> ʘʩʩʝʤʙʣʝʨ DSP. 

ʇʨʦʮʝʩʩ ʦʪʣʘʜʢʠ ʧʨʦʝʢʪʘ ʧʦʩʣʝ ʥʘʧʠʩʘʥʠʷ ʢʦʜʘ ʧʨʦʛʨʘʤʤʳ ʠ ʫʩʧʝʰʥʦʡ ʢʦʤʧʠʣʷʮʠʠ 

ʚʢʣʶʯʘʝʪ ʪʨʠ ʦʩʥʦʚʥʳʭ ʵʪʘʧʘ: ʤʦʜʝʣʠʨʦʚʘʥʠʝ (Simulation), ʦʮʝʥʢʘ (Evaluation) ʠ ʵʤʫʣʷʮʠʷ 

(Emulation). ʅʘ ʵʪʘʧʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʙʦʪʘʝʪ ʤʦʜʝʣʠʨʫʶʱʘʷ ʧʨʦʛʨʘʤʤʘ (ʩʠʤʫʣʷʪʦʨ), 

ʢʦʪʦʨʘʷ ʠʤʠʪʠʨʫʝʪ ʨʘʙʦʪʫ ʧʨʦʮʝʩʩʦʨʘ. 

ʉʠʤʫʣʷʪʦʨ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʨʦʚʝʨʢʠ ʠ ʦʪʣʘʜʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ ʜʦ ʪʦʛʦ, ʢʘʢ ʙʫʜʝʪ 

ʠʟʛʦʪʦʚʣʝʥʘ ʧʣʘʪʘ ʩ ʧʨʦʮʝʩʩʦʨʦʤ. ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʮʝʥʦʯʥʘʷ ʧʣʘʪʘ EZ-KIT ʜʣʷ 

ʪʦʛʦ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʦʡ ʧʨʦʮʝʩʩʦʨ ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʧʦʜʭʦʜʠʪ ʜʣʷ ʨʝʰʝʥʠʷ ʚʘʰʝʡ 

ʟʘʜʘʯʠ. ʇʣʘʪʘ ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ ʢʦʤʧʴʶʪʝʨʫ ʩ ʧʦʤʦʱʴʶ ʢʘʙʝʣʷ ʯʝʨʝʟ ʧʘʨʘʣʣʝʣʴʥʳʡ, 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʠʣʠ USB-ʧʦʨʪ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʦʮʝʥʦʯʥʳʝ ʧʣʘʪʳ ʩʫʱʝʩʪʚʫʶʪ ʜʣʷ 

ʚʩʝʭ ʪʠʧʦʚ ʧʨʦʮʝʩʩʦʨʦʚ, ʥʘʯʠʥʘʷ ʩ ADSP-2181 ʠ ʟʘʢʘʥʯʠʚʘʷ ʥʦʚʝʡʰʠʤ ʧʨʦʮʝʩʩʦʨʦʤ BlackFin.  

ʅʘ ʪʨʝʪʴʝʤ ʵʪʘʧʝ, ʢʦʛʜʘ ʫʩʪʨʦʡʩʪʚʦ ʫʞʝ ʠʟʛʦʪʦʚʣʝʥʦ, ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʪʝʩʪʠʨʦʚʘʥʠʝ 

ʧʣʘʪʳ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʛʦ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʦʛʦ ʤʦʜʫʣʷ ð ʵʤʫʣʷʪʦʨʘ. ʕʪʦʪ ʤʦʜʫʣʴ 

ʫʧʨʘʚʣʷʝʪ ʮʠʬʨʦʚʳʤ ʩʠʛʥʘʣʴʥʳʤ ʧʨʦʮʝʩʩʦʨʦʤ ʯʝʨʝʟ JTAG-ʠʥʪʝʨʬʝʡʩ ʠ ʧʦʟʚʦʣʷʝʪ ʧʦʜʨʦʙʥʦ 

ʦʪʩʣʝʜʠʪʴ ʚʳʧʦʣʥʝʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ. 

ɽʱʝ ʦʜʥʦʡ ʚʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ, ʥʘ ʢʦʪʦʨʫʶ ʩʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ, ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ 

ʠʥʪʝʨʬʝʡʩ ʧʘʢʝʪʘ VisualDSP++ ʝʜʠʥʳʡ ʜʣʷ ʚʩʝʭ ʩʝʨʠʡ ʩʠʛʥʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʨʦʚ, ʚʢʣʶʯʘʷ 16-, 

32-ʙʠʪʥʳʝ, ʘ ʪʘʢʞʝ TigerSHARC ʠ BlackFin. ʆʪʣʠʯʠʷ ʢʘʩʘʶʪʩʷ ʣʠʰʴ ʥʘʙʦʨʘ ʫʩʪʘʥʦʚʣʝʥʥʳʭ 

ʢʦʤʧʠʣʷʪʦʨʦʚ ʠ ʠʤʝʶʱʝʡʩʷ ʣʠʮʝʥʟʠʠ. 

ɺ ʠʪʦʛʝ ʚʩʝʭ ʵʪʠʭ ʪʨʝʭ ʵʪʘʧʦʚ ʧʦʣʫʯʘʝʤ ʧʨʦʛʨʘʤʤʫ ʢʦʪʦʨʫʶ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠ 

ʠʩʧʦʣʴʟʫʝʪ DSP. ʇʨʦʛʨʘʤʤʘ, ʠʩʧʦʣʥʷʝʤʘʷ ʮʠʬʨʦʚʳʤ ʩʠʛʥʘʣʴʥʳʤ ʧʨʦʮʝʩʩʦʨʦʤ, ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʥʘʙʦʨ ʢʦʤʘʥʜ, ʢʦʪʦʨʳʝ ʧʨʦʮʝʩʩʦʨ ʜʦʣʞʝʥ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʳʧʦʣʥʷʪʴ. ʂʦʤʘʥʜʳ 
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ʧʨʝʜʩʪʘʚʣʷʶʪ 48 ï ʙʠʪʥʳʝ ʩʣʦʚʘ ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʟʘʧʠʩʘʥʳ ʚʦ ʚʥʫʪʨʝʥʥʶʶ ʧʘʤʷʪʴ 

ʧʨʦʮʝʩʩʦʨʘ.  ɺ ʢʘʞʜʫʶ ʷʯʝʡʢʫ ʧʘʤʷʪʠ ʧʨʦʮʝʩʩʦʨʘ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʘ ʪʦʣʴʢʦ ʦʜʥʘ ʢʦʤʘʥʜʘ. 

ʇʦʩʣʝ ʟʘʛʨʫʟʢʠ ʚ ʧʨʦʮʝʩʩʦʨ ʧʨʦʛʨʘʤʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 48 ï 

ʨʘʟʨʷʜʥʳʭ ʩʣʦʚ ʭʨʘʥʷʱʠʭʩʷ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʧʘʤʷʪʠ ʧʨʦʮʝʩʩʦʨʘ. ʋ ʢʘʞʜʦʡ ʷʯʝʡʢʠ ʧʘʤʷʪʠ 

ʧʨʦʮʝʩʩʦʨʘ ʠʤʝʝʪʩʷ ʘʜʨʝʩ, ʦʙʨʘʱʘʷʩʴ ʧʦ ʢʦʪʦʨʦʤʫ, ʧʨʦʮʝʩʩʦʨ ʤʦʞʝʪ ʩʯʠʪʘʪʴ, ʘ ʟʘʪʝʤ ʠ 

ʚʳʧʦʣʥʠʪʴ ʢʦʤʘʥʜʫ. ʈʘʙʦʪʘ ʧʨʦʛʨʘʤʤʳ ʥʘʯʠʥʘʝʪʩʷ ʩ ʪʦʛʦ, ʯʪʦ ʧʨʦʮʝʩʩʦʨ ʦʙʨʘʱʘʝʪʩʷ ʢ 

ʥʘʯʘʣʴʥʦʤʫ ʘʜʨʝʩʫ, ʚ ʢʦʪʦʨʦʤ ʣʝʞʠʪ ʧʝʨʚʘʷ ʢʦʤʘʥʜʘ ʧʨʦʛʨʘʤʤʳ. ʆʢʘʥʯʠʚʘʝʪʩʷ ʨʘʙʦʪʘ 

ʧʨʦʛʨʘʤʤʳ ʠʩʧʦʣʥʝʥʠʝʤ ʧʦʩʣʝʜʥʝʡ ʢʦʤʘʥʜʳ ʠ ʧʝʨʝʭʦʜʦʤ ʧʨʦʮʝʩʩʦʨʘ ʚ ʨʝʞʠʤ ʧʦʥʠʞʝʥʥʦʛʦ 

ʧʦʪʨʝʙʣʝʥʠʷ ʧʠʪʘʥʠʷ.   

 VisualDSP çʫʤʝʝʪè ʨʘʙʦʪʘʪʴ ʩ ʜʚʫʤʷ ʷʟʳʢʘʤʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ: ʘʩʩʝʤʙʣʝʨ ʠ ʉʠ. ʊʘʢ 

ʢʘʢ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʛʝʥʝʨʠʨʫʝʪʩʷ ʢʦʜ ʜʣʷ ʩʘʤʦʛʦ DSP, ʪʦ ʥʝʪ ʨʘʟʥʠʮʳ ʥʘ ʢʘʢʦʤ ʠʟ ʷʟʳʢʦʚ 

ʨʘʙʦʪʘʪʴ ʚʥʫʪʨʠ VisualDSP. 

 

ʌʫʥʢʮʠʷ ʟʘʰʠʬʨʦʚʘʥʠʷ 

 

ʐʠʬʨʦʚʘʥʠʝ AES ʩʦʩʪʦʠʪ: 

¶ ʠʟ ʥʘʯʘʣʴʥʦʛʦ ʜʦʙʘʚʣʝʥʠʷ ʨʘʫʥʜʦʚʦʛʦ ʢʣʶʯʘ; 

¶ Nr - 1 ʨʘʫʥʜʦʚ; 

¶ ʟʘʢʣʶʯʠʪʝʣʴʥʦʛʦ ʨʘʫʥʜʘ,  ʚ ʢʦʪʦʨʦʤ ʦʪʩʫʪʩʪʚʫʝʪ  ʦʧʝʨʘʮʠʷ MixColumns. 

ʅʘ ʚʭʦʜ ʘʣʛʦʨʠʪʤʘ ʧʦʜʘʶʪʩʷ ʙʣʦʢʠ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʚ ʭʦʜʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ 

ʩʦʜʝʨʞʠʤʦʝ ʙʣʦʢʘ ʠʟʤʝʥʷʝʪʩʷ, ʧʦʩʨʝʜʩʪʚʦʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʧʝʨʘʮʠʡ (ʦʧʠʩʘʥʳ ʚʳʰʝ) ʠ ʥʘ 

ʚʳʭʦʜʝ ʦʙʨʘʟʫʝʪʩʷ ʰʠʬʨʦʪʝʢʩʪ, ʦʨʛʘʥʠʟʦʚʘʥʥʳʡ ʦʧʷʪʴ ʞʝ ʚ ʚʠʜʝ ʙʣʦʢʦʚ ʩʦʩʪʦʷʥʠʷ. 

ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʧʝʨʚʦʛʦ ʨʘʫʥʜʘ ʧʨʦʠʩʭʦʜʠʪ ʩʫʤʤʠʨʦʚʘʥʠʝ ʧʦ ʤʦʜʫʣʶ 2 ʩ ʥʘʯʘʣʴʥʳʤ 

ʢʣʶʯʦʤ ʰʠʬʨʦʚʘʥʠʷ, ʟʘʪʝʤ - ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʤʘʩʩʠʚʘ ʙʘʡʪʦʚ ʚ ʪʝʯʝʥʠʝ 10, 12 ʠʣʠ 14 ʨʘʫʥʜʦʚ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʣʠʥʳ ʢʣʶʯʘ. ʇʦʩʣʝʜʥʠʡ ʨʘʫʥʜ ʥʝʩʢʦʣʴʢʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʨʝʜʳʜʫʱʠʭ ʪʝʤ, 

ʯʪʦ ʥʝ ʟʘʜʝʡʩʪʚʫʝʪ ʬʫʥʢʮʠʶ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʙʘʡʪ ʚ ʩʪʦʣʙʮʘʭ MixColumns. 

ʂʨʦʤʝ ʪʦʛʦ ʚ ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʰʠʬʨʘʪʦʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʷʜ ʧʨʦʚʝʨʦʢ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ 

ʢʦʨʨʝʢʪʥʫʶ ʨʘʙʦʪʫ ʘʣʛʦʨʠʪʤʘ ʰʠʬʨʦʚʘʥʠʷ. ʆʜʥʦʡ ʠʟ ʧʨʦʚʝʨʦʢ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʨʢʘ ʜʣʠʥʳ 

ʢʣʶʯʘ ʰʠʬʨʦʚʘʥʠʷ ï ʝʩʣʠ ʜʣʠʥʘ ʢʣʶʯʘ ʰʠʬʨʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʴʰʝ ʠʣʠ ʙʦʣʴʰʝ ʜʣʠʥʳ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʘʣʛʦʨʠʪʤʦʤ, ʪʦ ʚʳʚʦʜʠʪʩʷ ʩʦʦʙʱʝʥʠʝ ʦ ʥʝʧʨʘʚʠʣʴʥʦʡ ʜʣʠʥʝ ʢʣʶʯʘ ʠ 

ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ ʢʣʶʯ ʚʝʨʥʦʡ ʜʣʠʥʥʳ, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʩʠʪʫʘʮʠʷ ʧʦʚʪʦʨʷʝʪʩʷ. 

ɺʪʦʨʘʷ ʧʨʦʚʝʨʢʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʨʘʚʥʝʥʠʠ ʜʣʠʥʳ ʢʣʶʯʘ ʙʣʦʢʘ ʰʠʬʨʦʚʘʥʠʷ ʠ ʜʣʠʥʳ 

ʰʠʬʨʫʝʤʦʛʦ ʙʣʦʢʘ, ʝʩʣʠ ʜʣʠʥʳ ʙʣʦʢʦʚ ʨʘʚʥʳ ʠʣʠ ʜʣʠʥʘ ʢʣʶʯʘ ʤʝʥʴʰʝ, ʪʦ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʩʣʝʜʫʶʱʘʷ ʧʦ ʩʧʠʩʢʫ ʦʧʝʨʘʮʠʷ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʚʦʟʚʨʘʪ ʥʘ ʥʝʩʢʦʣʴʢʦ ʰʘʛʦʚ ʥʘʟʘʜ. 

ʂʨʦʤʝ ʪʦʛʦ, ʝʩʣʠ ʜʣʠʥʘ ʢʣʶʯʘ ʙʣʦʢʘ ʰʠʬʨʦʚʘʥʠʷ ʠ ʜʣʠʥʘ ʰʠʬʨʫʝʤʦʛʦ ʙʣʦʢʘ ʨʘʚʥʳ ʪʦ 

ʚʳʜʘʝʪʩʷ ʨʝʢʦʤʝʥʜʘʮʠʷ ʚʳʙʨʘʪʴ ʤʝʥʴʰʫʶ ʜʣʠʥʫ ʢʣʶʯʘ. ʕʪʦ ʩʜʝʣʘʥʦ ʩ ʮʝʣʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ  

ʘʣʛʦʨʠʪʤʘ ʨʘʩʰʠʨʝʥʠʷ ʢʣʶʯʘ (ʢʣʶʯ ʟʘʜʘʝʪʩʷ ʥʝ ʧʨʷʤʳʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʢʨʠʧʪʦʩʪʦʡʢʦʩʪʠ). 
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ʈʠʩʫʥʦʢ 2.40.  ʇʨʦʮʝʩʩ ʰʠʬʨʦʚʘʥʠʷ/ʜʝʰʠʬʨʦʚʘʥʠʷ ʬʘʡʣʘ 

 

 

 
ʈʠʩʫʥʦʢ 2.41.  ʇʨʦʮʝʩʩ ʨʘʩʰʠʨʝʥʠʷ ʦʨʠʛʠʥʘʣʴʥʦʛʦ ʢʣʶʯʘ 
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ɸʣʛʦʨʠʪʤ ʚʳʨʘʙʦʪʢʠ ʢʣʶʯʝʡ (Key Schedule) 
 

ʈʘʫʥʜʦʚʳʝ ʢʣʶʯʠ ʧʦʣʫʯʘʶʪʩʷ ʠʟ ʢʣʶʯʘ ʰʠʬʨʦʚʘʥʠʷ ʧʦʩʨʝʜʩʪʚʦʤ ʘʣʛʦʨʠʪʤʘ ʚʳʨʘʙʦʪʢʠ 

ʢʣʶʯʝʡ. ʆʥ ʩʦʜʝʨʞʠʪ ʜʚʘ ʢʦʤʧʦʥʝʥʪʘ: ʨʘʩʰʠʨʝʥʠʝ ʢʣʶʯʘ (Key Expansion) ʠ ʚʳʙʦʨ 

ʨʘʫʥʜʦʚʦʛʦ ʢʣʶʯʘ (Round Key Selection). ʆʩʥʦʚʦʧʦʣʘʛʘʶʱʠʝ ʧʨʠʥʮʠʧʳ ʘʣʛʦʨʠʪʤʘ ʚʳʛʣʷʜʷʪ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

¶ ʦʙʱʝʝ ʯʠʩʣʦ ʙʠʪʦʚ ʨʘʫʥʜʦʚʳʭ ʢʣʶʯʝʡ ʨʘʚʥʦ ʜʣʠʥʝ ʙʣʦʢʘ, ʫʤʥʦʞʝʥʥʦʡ ʥʘ ʯʠʩʣʦ 

ʨʘʫʥʜʦʚ, ʧʣʶʩ 1 (ʥʘʧʨʠʤʝʨ, ʜʣʷ ʜʣʠʥʳ ʙʣʦʢʘ 128 ʙʠʪ ʠ 10 ʨʘʫʥʜʦʚ ʪʨʝʙʫʝʪʩʷ 1408 ʙʠʪ 

ʨʘʫʥʜʦʚʳʭ ʢʣʶʯʝʡ); 

¶ ʢʣʶʯ ʰʠʬʨʦʚʘʥʠʷ ʨʘʩʰʠʨʷʝʪʩʷ ʚ ʨʘʩʰʠʨʝʥʥʳʡ ʢʣʶʯ (Expanded Key); 

¶ ʨʘʫʥʜʦʚʳʝ ʢʣʶʯʠ ʙʝʨʫʪʩʷ ʠʟ ʨʘʩʰʠʨʝʥʥʦʛʦ ʢʣʶʯʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʧʝʨʚʳʡ 

ʨʘʫʥʜʦʚʳʡ ʢʣʶʯ ʩʦʜʝʨʞʠʪ ʧʝʨʚʳʝ Nb ʩʣʦʚ, ʚʪʦʨʦʡ - ʩʣʝʜʫʶʱʠʝ Nb ʩʣʦʚ ʠ ʪ. ʜ. 

ʈʘʩʰʠʨʝʥʠʝ ʢʣʶʯʘ (Key Expansion). ʈʘʩʰʠʨʝʥʥʳʡ ʢʣʶʯ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʣʠʥʝʡʥʳʡ 

ʤʘʩʩʠʚ w[i] ʠʟ Nb(Nr+ 1) 4-ʙʘʡʪʦʚʳʭ ʩʣʦʚ, i = 0,1éNb(Nr + 1). ɺ AES ʤʘʩʩʠʚ w[i] ʩʦʩʪʦʠʪ ʠʟ 

4(Nr +1) 4-ʙʘʡʪʦʚʳʭ ʩʣʦʚ, i = 0,1é4(Nr + 1). 

ʇʝʨʚʳʝ Nk ʩʣʦʚ ʩʦʜʝʨʞʘʪ ʢʣʶʯ ʰʠʬʨʦʚʘʥʠʷ. ɺʩʝ ʦʩʪʘʣʴʥʳʝ ʩʣʦʚʘ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʨʝʢʫʨʩʠʚʥʦ ʠʟ ʩʣʦʚ ʩ ʤʝʥʴʰʠʤʠ ʠʥʜʝʢʩʘʤʠ. ɸʣʛʦʨʠʪʤ ʚʳʨʘʙʦʪʢʠ ʢʣʶʯʝʡ ʟʘʚʠʩʠʪ ʦʪ 

ʚʝʣʠʯʠʥʳ Nk. 

ʂʘʢ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ (ʨʠʩʫʥʢʘ , ʘ), ʧʝʨʚʳʝ Nk ʩʣʦʚ ʟʘʧʦʣʥʷʶʪʩʷ ʢʣʶʯʦʤ ʰʠʬʨʦʚʘʥʠʷ. 

ʂʘʞʜʦʝ ʧʦʩʣʝʜʫʶʱʝʝ ʩʣʦʚʦ w[i] ʧʦʣʫʯʘʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ XOR ʧʨʝʜʳʜʫʱʝʛʦ ʩʣʦʚʘ w[i-l] ʠ 

ʩʣʦʚʘ ʥʘ Nk ʧʦʟʠʮʠʡ ʨʘʥʝʝ w[i - Nk]'. 

w[i] = w[i - 1] Ä w[i -Nk]. 

ɼʣʷ ʩʣʦʚ, ʧʦʟʠʮʠʷ ʢʦʪʦʨʳʭ ʢʨʘʪʥʘ Nk, ʧʝʨʝʜ XOR ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʢ w[i-1], 

ʘ ʟʘʪʝʤ ʝʱʝ ʧʨʠʙʘʚʣʷʝʪʩʷ ʨʘʫʥʜʦʚʘʷ ʢʦʥʩʪʘʥʪʘ Rcon. ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʨʝʘʣʠʟʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʜʚʫʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʬʫʥʢʮʠʡ:  

1. RotWord(), ʦʩʫʱʝʩʪʚʣʷʶʱʝʡ ʧʦʙʘʡʪʦʚʳʡ ʩʜʚʠʛ 32-ʨʘʟʨʷʜʥʦʛʦ ʩʣʦʚʘ ʧʦ ʬʦʨʤʫʣʝ {a0 a1 a2 a3} 

­ { a1 a2 a3 a0} ʠ 

2. SubWord(), ʦʩʫʱʝʩʪʚʣʷʶʱʝʡ ʧʦʙʘʡʪʦʚʫʶ ʟʘʤʝʥʫ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ S-ʙʣʦʢʘ ʬʫʥʢʮʠʠ 

SubBytes(). ɿʥʘʯʝʥʠʝ Rcon[j] ʨʘʚʥʦ 2
j-l

. 

ɿʥʘʯʝʥʠʝ w[i] ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʨʘʚʥʦ 

w[i] - SubWord(RotWord(w[i - 1])) Ä Rcon[i/Nk] Äw[i - Nk]. 

 

 
ʈʠʩʫʥʦʢ 2.42.  ʇʨʦʮʝʜʫʨʳ: 

a - ʨʘʩʰʠʨʝʥʠʷ ʢʣʶʯʘ (ʩʚʝʪʣʦ-ʩʝʨʳʤ ʮʚʝʪʦʤ ʚʳʜʝʣʝʥʳ ʩʣʦʚʘ ʨʘʩʰʠʨʝʥʥʦʛʦ ʢʣʶʯʘ, 

ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪʩʷ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʫʥʢʮʠʡ SubWord() ʠ RotWordQ; ʪʝʤʥʦ-ʩʝʨʳʤ 

ʮʚʝʪʦʤ ʚʳʜʝʣʝʥʳ ʩʣʦʚʘ ʨʘʩʰʠʨʝʥʥʦʛʦ ʢʣʶʯʘ, ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ SubWordQ ʠ RotWordQ);  

ʙ - ʚʳʙʦʨʘ ʨʘʫʥʜʦʚʦʛʦ ʢʣʶʯʘ ʜʣʷ Nk ï 4. 

ɺʳʙʦʨ ʨʘʫʥʜʦʚʦʛʦ ʢʣʶʯʘ (Round Key Selection). ʈʘʫʥʜʦʚʳʡ ʢʣʶʯ i ʧʦʣʫʯʘʝʪʩʷ ʠʟ ʩʣʦʚ 

ʤʘʩʩʠʚʘ ʨʘʫʥʜʦʚʦʛʦ ʢʣʶʯʘ ʦʪ W[Nb i] ʠ ʜʦ W[Nb (i + 1)], ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 3.8. 

ʇʨʠʤʝʯʘʥʠʝ. ɸʣʛʦʨʠʪʤ ʚʳʨʘʙʦʪʢʠ ʢʣʶʯʝʡ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʠ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʩʩʠʚʘ 

w[i]. ɼʣʷ ʨʝʘʣʠʟʘʮʠʡ, ʚ ʢʦʪʦʨʳʭ ʩʫʱʝʩʪʚʝʥʥʦ ʪʨʝʙʦʚʘʥʠʝ ʢ ʟʘʥʠʤʘʝʤʦʡ ʧʘʤʷʪʠ, ʨʘʫʥʜʦʚʳʝ 

ʢʣʶʯʠ ʤʦʛʫʪ ʚʳʯʠʩʣʷʪʴʩʷ "ʥʘ ʣʝʪʫ" ʧʦʩʨʝʜʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ  ʙʫʬʝʨʘ ʠʟ Nk ʩʣʦʚ. 
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ʈʘʩʰʠʨʝʥʥʳʡ ʢʣʶʯ ʜʦʣʞʝʥ ʚʩʝʛʜʘ ʧʦʣʫʯʘʪʴʩʷ ʠʟ ʢʣʶʯʘ ʰʠʬʨʦʚʘʥʠʷ ʠ ʥʠʢʦʛʜʘ ʥʝ 

ʫʢʘʟʳʚʘʝʪʩʷ ʥʘʧʨʷʤʫʶ. ʅʝʪ ʥʠʢʘʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʚʳʙʦʨ ʢʣʶʯʘ ʰʠʬʨʦʚʘʥʠʷ. 

 

ɿʘʧʫʩʢ ʰʠʬʨʘʪʦʨʘ 

 

ʇʦ ʙʦʣʴʰʦʤʫ ʩʯʝʪʫ ʫ ʘʧʧʘʨʘʪʥʳʭ ʰʠʬʨʘʪʦʨʦʚ ʩʫʱʝʩʪʚʫʝʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʨʝʞʠʤʘ 

ʨʘʙʦʪʳ: ʥʘʯʘʣʴʥʦʡ ʟʘʛʨʫʟʢʠ ʠ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʡ.  

ʇʝʨʚʳʡ ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ ʟʘʛʨʫʟʢʝ ʢʦʤʧʴʶʪʝʨʘ, ʚ ʪʦʪ ʤʦʤʝʥʪ, ʢʦʛʜʘ BIOS ʇʂ 

ʦʧʨʘʰʠʚʘʝʪ ʚʩʝ ʧʦʜʢʣʶʯʝʥʥʳʝ ʢ ʥʝʤʫ ʚʥʫʪʨʝʥʥʠʝ ʠ ʚʥʝʰʥʠʝ ʫʩʪʨʦʡʩʪʚʘ. ɺ ʵʪʦʪ ʤʦʤʝʥʪ 

ʰʠʬʨʘʪʦʨ ʧʝʨʝʭʚʘʪʳʚʘʝʪ ʫʧʨʘʚʣʝʥʠʝ ʠ ʚʳʧʦʣʥʷʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʢʦʤʘʥʜ, "ʟʘʰʠʪʫʶ" ʚ 

ʝʛʦ ʧʘʤʷʪʴ, ʧʨʝʜʣʘʛʘʷ ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʨʝʞʜʝ ʚʩʝʛʦ ʚʚʝʩʪʠ ʛʣʘʚʥʳʡ ʢʣʶʯ ʰʠʬʨʦʚʘʥʠʷ (ʪ. ʝ. 

ʚʩʪʘʚʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʢʣʶʯʝʚʦʡ ʥʦʩʠʪʝʣʴ), ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ 

ʜʘʣʴʥʝʡʰʝʤ. ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʥʘʯʘʣʴʥʦʡ ʟʘʛʨʫʟʢʠ ʰʠʬʨʘʪʦʨ ʦʞʠʜʘʝʪ ʦʪ ʇʂ ʢʦʤʘʥʜ ʠ 

ʜʘʥʥʳʭ ʥʘ ʠʩʧʦʣʥʝʥʠʝ ʦʧʝʨʘʮʠʡ ʰʠʬʨʦʚʘʥʠʷ.  

ʂʩʪʘʪʠ, ʧʦʤʠʤʦ ʩʦʙʩʪʚʝʥʥʦ ʬʫʥʢʮʠʡ ʰʠʬʨʦʚʘʥʠʷ, ʢʘʞʜʳʡ ʰʠʬʨʘʪʦʨ ʚ ʵʪʦʤ ʨʝʞʠʤʝ 

ʜʦʣʞʝʥ "ʫʤʝʪʴ" ʢʘʢ ʤʠʥʠʤʫʤ:  

¶ ʚʳʧʦʣʥʷʪʴ ʨʘʟʣʠʯʥʳʝ ʦʧʝʨʘʮʠʠ ʩ ʢʣʶʯʘʤʠ ʰʠʬʨʦʚʘʥʠʷ: ʠʭ ʟʘʛʨʫʟʢʫ ʚ 

ʰʠʬʨʦʧʨʦʮʝʩʩʦʨ ʠ ʚʳʛʨʫʟʢʫ ʠʟ ʥʝʛʦ, ʘ ʪʘʢʞʝ ʚʟʘʠʤʥʦʝ ʰʠʬʨʦʚʘʥʠʝ ʢʣʶʯʝʡ;  

¶ ʨʘʩʩʯʠʪʳʚʘʪʴ ʠʤʠʪʦʧʨʠʩʪʘʚʢʠ ʜʣʷ ʜʘʥʥʳʭ ʠ ʢʣʶʯʝʡ (ʠʤʠʪʦʧʨʠʩʪʘʚʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʫʶ ʢʦʥʪʨʦʣʴʥʫʶ ʩʫʤʤʫ, ʚʳʯʠʩʣʝʥʥʫʶ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʤ ʢʣʶʯʝ);  

¶ ʛʝʥʝʨʠʨʦʚʘʪʴ ʩʣʫʯʘʡʥʳʝ ʯʠʩʣʘ ʧʦ ʟʘʧʨʦʩʫ.  

ʈʘʩʩʤʦʪʨʠʤ ʨʘʙʦʪʫ ʰʠʬʨʘʪʦʨʘ ʚ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʩʝʤʝʡʩʪʚʘ Microsoft Windows. ɺ 

ʦʙʱʝʤ ʩʣʫʯʘʝ ʰʠʬʨʘʪʦʨ ʤʦʞʝʪ ʧʦʣʫʯʘʪʴ ʢʦʤʘʥʜʳ ʩʨʘʟʫ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʛʨʘʤʤ. ʅʘʧʨʠʤʝʨ, 

ʵʪʦ ʤʦʛʫʪ ʙʳʪʴ ʢʦʤʘʥʜʳ ʧʨʦʛʨʘʤʤʳ ʰʠʬʨʦʚʘʥʠʷ ʬʘʡʣʦʚ; ʢʦʤʘʥʜʳ ʰʠʬʨʦʚʘʥʠʷ ʜʘʥʥʳʭ ʠ 

ʚʳʯʠʩʣʝʥʠʷ ʠʤʠʪʦʧʨʠʩʪʘʚʦʢ ʦʪ ʜʨʘʡʚʝʨʘ, ʚʳʧʦʣʥʷʶʱʝʛʦ ʧʨʦʟʨʘʯʥʦʝ (ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ) 

ʰʠʬʨʦʚʘʥʠʝ ʩʝʪʝʚʳʭ ʧʘʢʝʪʦʚ (ʩʢʘʞʝʤ, ʨʝʘʣʠʟʫʶʱʝʛʦ ʤʝʭʘʥʠʟʤʳ ʚʠʨʪʫʘʣʴʥʳʭ ʯʘʩʪʥʳʭ 

ʩʝʪʝʡ); ʟʘʧʨʦʩʳ ʥʘ ʛʝʥʝʨʘʮʠʶ ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ ʦʪ ʧʨʦʛʨʘʤʤʳ-ʛʝʥʝʨʘʪʦʨʘ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ 

ʢʣʶʯʝʡ.  

ɺʦ ʠʟʙʝʞʘʥʠʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʦʣʣʠʟʠʡ ʧʨʦʛʨʘʤʤʳ ʥʝ ʠʤʝʶʪ ʧʨʷʤʦʛʦ ʜʦʩʪʫʧʘ ʢ 

ʰʠʬʨʘʪʦʨʫ ʠ ʫʧʨʘʚʣʷʶʪ ʠʤ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʠʣʦʞʝʥʠʡ. 

 

ɺʚʦʜ ʢʣʶʯʘ ʰʠʬʨʦʚʘʥʠʷ 

 

ʇʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʢʣʶʯ ʰʠʬʨʦʚʘʥʠʷ ʤʦʞʥʦ ʚʚʦʜʠʪʴ ʧʦʩʨʝʜʩʪʚʦʤ ʣʠʙʦ ʢʣʘʚʠʘʪʫʨʳ, 

ʣʠʙʦ ʩ ʧʦʤʦʱʴʶ ʩʤʝʥʥʦʛʦ ʥʦʩʠʪʝʣʷ (ʥʘʧʨʠʤʝʨ ʩ ʧʦʤʦʱʴʶ ʩʤʘʨʪ-ʢʘʨʪʳ). ɺʪʦʨʦʡ ʩʧʦʩʦʙ 

ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ, ʪʘʢ ʢʘʢ ʩʫʱʝʩʪʚʫʶʪ ʩʧʦʩʦʙʳ ʫʜʘʣʝʥʥʦʛʦ ʩʯʠʪʳʚʘʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ ʩ ʢʣʘʚʠʘʪʫʨʳ, ʣʠʙʦ ʚʦʟʤʦʞʥʳ ʧʨʦʛʨʘʤʤʥʳʝ ʟʘʢʣʘʜʢʠ. ɺʚʦʜ ʢʣʶʯʘ ʰʠʬʨʦʚʘʥʠʷ 

ʩ ʢʣʘʚʠʘʪʫʨʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʧʨʦʛʨʘʤʤʥʦʤ ʟʘʧʨʦʩʝ. ɺʚʦʜ ʢʣʶʯʘ 

ʰʠʬʨʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʩʤʝʥʥʦʛʦ ʥʦʩʠʪʝʣʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʚʢʣʶʯʝʥʠʠ ʢʦʤʧʴʶʪʝʨʘ, 

ʧʦʩʣʝ ʪʦʛʦ ʢʘʢ BIOS ʦʧʨʦʩʠʪ ʚʩʝ ʧʦʜʢʣʶʯʝʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʠ ʘʧʧʘʨʘʪʥʳʡ ʰʠʬʨʘʪʦʨ 

ʚʢʣʶʯʘʝʪʩʷ ʚ ʨʘʙʦʪʫ.    
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ʈʠʩʫʥʦʢ 2.43.  ɺʚʦʜ ʢʣʶʯʘ ʰʠʬʨʦʚʘʥʠʷ ʩ ʢʣʘʚʠʘʪʫʨʳ ʠ ʦʪʦʙʨʘʞʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʢʘʞʜʦʤ ʨʘʫʥʜʝ 

 

 ʊʝʢʩʪ ʜʣʷ ʰʠʬʨʘʪʦʨʘ ʤʦʞʥʦ ʪʘʢʞʝ ʚʚʦʜʠʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩ ʢʣʘʚʠʘʪʫʨʳ, ʣʠʙʦ 

ʰʠʬʨʦʚʘʪʴ ʠʥʬʦʨʤʘʮʠʠ ʩʦʜʝʨʞʘʱʫʶʩʷ ʚ ʢʘʢʦʤ ï ʣʠʙʦ ʬʘʡʣʝ. ɼʣʷ ʰʠʬʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ 

ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ ʬʘʡʣʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʟʘʧʨʦʩʝ ʫʢʘʟʘʪʴ ʧʫʪʴ ʢ ʧʘʧʢʝ ʛʜʝ 

ʨʘʩʧʦʣʦʞʝʥ ʪʨʝʙʫʝʤʳʡ ʬʘʡʣ. 

 

 
 

ʈʠʩʫʥʦʢ 2.44.  ʆʪʢʨʳʪʠʝ ʪʝʢʩʪʦʚʦʛʦ ʜʦʢʫʤʝʥʪʘ ʜʣʷ ʰʠʬʨʦʚʘʥʠʷ 

 

 

3. ʇʦʨʷʜʦʢ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ 

 

ʄʝʪʦʜʠʢʘ ʩʦʟʜʘʥʠʷ ʠ ʠʩʧʳʪʘʥʠʷ AES ʰʠʬʨʘʪʦʨʘ ʥʘ DSP. 

 ʇʨʘʢʪʠʯʝʩʢʘʷ ʠʥʩʪʨʫʢʮʠʷ 

1. ɼʣʷ ʩʦʟʜʘʥʠʷ AES-ʰʠʬʨʘʪʦʨʘ ʥʘ ʦʩʥʦʚʝ DSP, ʧʦʪʨʝʙʫʝʪʩʷ ʦʪʣʘʜʦʯʥʘʷ ʧʣʘʪʘ Ezkit Lite, 

ʧʨʦʛʨʘʤʤʥʳʝ ʦʙʦʣʦʯʢʠ: VisualDSP++ ʚʝʨʩʠʠ 3.5 ʠʣʠ ʚʳʰʝ ʠ Borland C++ 6.0. 

ʆʩʥʦʚʥʦʡ ʢʦʜ ʧʨʦʛʨʘʤʤʳ ʩʦʟʜʘʝʪʩʷ ʥʘ ʉ++, ʪʘʢ ʢʘʢ ʜʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʛʠʙʢʦ 

ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʟʘʜʫʤʘʥʥʦʝ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ 

ʧʦʟʚʦʣʷʝʪ ʠʥʞʝʥʝʨʫ ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ ʥʘ ʩʦʜʝʨʞʘʪʝʣʴʥʦʡ ʯʘʩʪʠ ʘʣʛʦʨʠʪʤʘ, ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʤʝʥʴʰʘʝʪ ʚʨʝʤʷ ʩʦʟʜʘʥʠʷ ʧʨʠʣʦʞʝʥʠʡ. 

2. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʥʘʧʠʩʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʰʠʬʨʘʪʦʨʘ 

ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʬʠʮʠʘʣʴʥʳʝ ʜʦʢʫʤʝʥʪʳ ʅʀʉʊ ʪʘʢʠʝ ʢʘʢ: FIPS Publication 197. 

Specification for the Advanced Encryption Standard. //http://csrc.nist.gov ï November 26, 2001 ʠ 

AES Round 1 Information. // http://csrc.nist.gov ï January 26, 2001, ʢʨʦʤʝ ʥʠʭ ʤʦʞʥʦ 

ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʦʧʠʩʘʥʠʝʤ ʠ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ ʢʦʪʦʨʳʝ ʜʘʶʪ ʩʘʤʠ ʨʘʟʨʘʙʦʪʯʠʢʠ ʘʣʛʦʨʠʪʤʘ - 

Joan Daemen and Vincent Rijmen, The Design of Rijndael, AES - The Advanced Encryption 

Standard, Springer-Verlag 2002. ɺ ʜʘʥʥʳʭ ʧʫʙʣʠʢʘʮʠʷʭ ʜʦʚʦʣʴʥʦ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʦ ʢʘʢ 
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ʨʘʙʦʪʘʝʪ ʘʣʛʦʨʠʪʤ ʰʠʬʨʦʚʘʥʠʷ, ʜʘʥʳ ʥʝʢʦʪʦʨʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʛʦ 

ʘʣʛʦʨʠʪʤʘ. 

3. ʇʦ ʦʢʦʥʯʘʥʠʶ ʠʟʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʦʙʱʫʶ ʩʪʨʫʢʪʫʨʫ, 

ʦʧʨʝʜʝʣʠʪʩʷ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʚʳʧʦʣʥʷʝʤʳʭ ʤʦʜʫʣʝʡ. 

4. ʇʦʩʣʝ ʵʪʦʛʦ ʤʦʞʥʦ ʧʨʠʩʪʫʧʘʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʥʘʧʠʩʘʥʠʶ ʢʦʜʘ. 

5. ʇʝʨʚʦʝ ʯʪʦ ʩʣʝʜʫʝʪ ʥʘʯʘʪʴ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʧʦʩʣʝ ʦʧʠʩʘʥʠʷ ʦʩʥʦʚʥʳʭ ʯʘʩʪʝʡ 

(ʧʝʨʝʤʝʥʥʳʭ, ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ), ʵʪʦ ʘʣʛʦʨʠʪʤ ʨʘʩʰʠʨʝʥʠʷ ʢʣʶʯʘ. 

6. ʉʣʝʜʫʶʱʠʡ ʰʘʛ ʵʪʦ ʩʦʟʜʘʥʠʝ ʙʣʦʢʘ ʰʠʬʨʦʚʘʥʠʷ ʠ ʨʘʩʰʠʬʨʦʚʘʥʠʷ, ʭʦʪʷ ʵʪʠ ʙʣʦʢʠ ʧʦ 

ʘʣʛʦʨʠʪʤʫ ʠ ʨʘʟʣʠʯʘʶʪʩʷ ʪʦʣʴʢʦ ʢʦʥʩʪʘʥʪʘʤʠ, ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʵʪʦ ʚʩʝ ʞʝ ʙʫʜʝʪ 

ʠʤʝʪʴ ʟʥʘʯʝʥʠʝ. 

7. ʊʘʢ ʞʝ ʥʝʦʙʭʦʜʠʤʦ ʚʳʜʝʣʠʪʴ ʥʝʦʙʭʦʜʠʤʦʝ ʚʨʝʤʷ ʥʘ ʜʦʚʦʜʢʫ ʠ ʦʪʣʘʜʢʫ ʧʨʦʝʢʪʘ. 

8. ʇʦʩʣʝ ʩʦʟʜʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ ʥʘ ʉ++, ʤʦʞʥʦ ʧʨʝʩʪʫʧʘʪʴ ʢ ʨʘʙʦʪʝ ʩ VisualDSP++. 

ɼʘʥʥʳʡ ʧʨʦʜʫʢʪ ʢʘʢ ʨʘʟ ʠ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʨʘʙʦʪʳ ʩ ʮʠʬʨʦʚʳʤʠ 

ʩʠʛʥʘʣʴʥʳʤʠ ʧʨʦʮʝʩʩʦʨʘʤʠ, ʢʨʦʤʝ ʚʩʝʛʦ ʧʨʦʯʝʛʦ ʦʥ ʵʤʫʣʠʨʫʝʪ ʚʳʙʨʘʥʥʳʡ ʮʠʬʨʦʚʦʡ 

ʩʠʛʥʘʣʴʥʳʡ ʧʨʦʮʝʩʩʦʨ ʠ ʧʦʟʚʦʣʷʝʪ ʧʦʩʤʦʪʨʝʪʴ ʨʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ ʙʝʟ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʧʦʜʢʣʶʯʝʥʠʷ ʘʧʧʘʨʘʪʥʦʡ ʯʘʩʪʠ. 

9. ʋʩʪʘʥʦʚʢʘ VisualDSP ʧʨʦʠʟʚʦʜʠʪʩʷ ʪʘʢ ʞʝ ʢʘʢ ʠ ʫʩʪʘʥʦʚʢʘ ʜʨʫʛʠʭ ʧʨʦʛʨʘʤʤʥʳʭ 

ʧʨʦʜʫʢʪʦʚ. ʇʦʩʣʝ ʟʘʧʫʩʢʘ ʚʳʙʠʨʘʝʪʩʷ ʪʦʪ ʮʠʬʨʦʚʦʡ ʩʠʛʥʘʣʴʥʳʡ ʧʨʦʮʝʩʩʦʨ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ 

ʵʤʫʣʠʨʦʚʘʪʴʩʷ. ʉʦʟʜʘʝʤ ʥʦʚʳʡ ʧʨʦʝʢʪ. ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʧʨʦʝʢʪ çFirstProjectè ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʪʨʠ ʧʫʩʪʳʝ ʧʘʧʢʠ. ʇʝʨʚʘʷ ʠʟ ʥʠʭ çSource Filesè ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʬʘʡʣʦʚ ʠʩʭʦʜʥʦʛʦ ʢʦʜʘ 

ʧʨʦʝʢʪʘ (.asm, .cpp, .c). ɺʪʦʨʘʷ çLinker Filesè ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʭʨʘʥʝʥʠʷ ʬʘʡʣʘ ʢʘʨʪʳ ʧʘʤʷʪʠ 

(.ldf ). ʊʨʝʪʴʷ  çHeader Filesè ʩʦʜʝʨʞʠʪ ʟʘʛʦʣʦʚʦʯʥʳʝ ʬʘʡʣʳ ʧʨʦʝʢʪʘ. ɺ ʟʘʛʦʣʦʚʦʯʥʳʭ ʬʘʣʘʭ 

ʦʙʳʯʥʦ ʭʨʘʥʷʪʩʷ ʦʧʠʩʘʥʠʷ ʢʦʥʩʪʘʥʪ, ʩʪʘʥʜʘʨʪʥʳʭ ʦʙʦʟʥʘʯʝʥʠʡ, ʧʝʨʝʤʝʥʥʳʭ, ʢʣʘʩʩʦʚ. 

ʏʪʦʙʳ ʧʨʦʝʢʪ ʤʦʞʥʦ ʙʳʣʦ ʩʢʦʤʧʠʣʠʨʦʚʘʪʴ ʠ ʧʨʝʚʨʘʪʠʪʴ ʚ ʨʘʙʦʯʫʶ ʧʨʦʛʨʘʤʤʫ, ʥʝʦʙʭʦʜʠʤʦ 

ʩʦʟʜʘʪʴ ʬʘʡʣ çCodeFirst.cppè, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʩʦʜʝʨʞʘʪʴ ʠʩʭʦʜʥʳʡ ʢʦʜ ʠ ʜʦʙʘʚʠʪʴ ʝʛʦ ʢ 

ʧʨʦʝʢʪʫ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʬʘʡʣʘ ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʧʫʥʢʪ ʤʝʥʶ çFile->Newè. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘ 

ʵʢʨʘʥʝ ʤʦʥʠʪʦʨʘ ʧʦʷʚʠʪʩʷ ʦʢʥʦ ʥʦʚʦʛʦ ʜʦʢʫʤʝʥʪʘ.  

10. ɼʘʣʝʝ ʚ ʧʨʦʝʢʪ ʜʦʙʘʚʣʷʝʪʩʷ ʢʦʜ ʥʘʧʠʩʘʥʥʳʡ ʥʘ ʉ++, ʢʦʤʧʠʣʠʨʫʝʪʩʷ ʠ ʥʘ ʚʳʭʦʜʝ 

ʧʦʣʫʯʘʝʤ ʠʩʧʦʣʥʷʝʤʳʡ ʤʦʜʫʣʴ. ɽʩʣʠ ʠʤʝʶʪ ʤʝʩʪʦ ʢʘʢʠʝ-ʣʠʙʦ ʦʰʠʙʢʠ, ʪʦ ʥʝʦʙʭʦʜʠʤʦ 

ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʦʰʘʛʦʚʳʤ ʚʳʧʦʣʥʝʥʠʝʤ ʧʨʦʛʨʘʤʤʳ (Shift+F5), ʣʦʢʘʣʠʟʦʚʘʪʴ ʠ ʠʩʧʨʘʚʠʪʴ 

ʦʰʠʙʢʫ. 

11. ʇʨʦʮʝʩʩ ʦʪʣʘʜʢʠ ʧʨʦʝʢʪʘ ʧʦʩʣʝ ʥʘʧʠʩʘʥʠʷ ʢʦʜʘ ʧʨʦʛʨʘʤʤʳ ʠ ʫʩʧʝʰʥʦʡ ʢʦʤʧʠʣʷʮʠʠ 

ʚʢʣʶʯʘʝʪ ʪʨʠ ʦʩʥʦʚʥʳʭ ʵʪʘʧʘ: ʤʦʜʝʣʠʨʦʚʘʥʠʝ (Simulation), ʦʮʝʥʢʘ (Evaluation) ʠ ʵʤʫʣʷʮʠʷ 

(Emulation). ʅʘ ʵʪʘʧʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʙʦʪʘʝʪ ʤʦʜʝʣʠʨʫʶʱʘʷ ʧʨʦʛʨʘʤʤʘ (ʩʠʤʫʣʷʪʦʨ), 

ʢʦʪʦʨʘʷ ʠʤʠʪʠʨʫʝʪ ʨʘʙʦʪʫ ʧʨʦʮʝʩʩʦʨʘ. 

12. ʉʠʤʫʣʷʪʦʨ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʨʦʚʝʨʢʠ ʠ ʦʪʣʘʜʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ ʜʦ ʪʦʛʦ, ʢʘʢ ʙʫʜʝʪ 

ʠʟʛʦʪʦʚʣʝʥʘ ʧʣʘʪʘ ʩ ʧʨʦʮʝʩʩʦʨʦʤ. ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʮʝʥʦʯʥʘʷ ʧʣʘʪʘ EZ-KIT ʜʣʷ 

ʪʦʛʦ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʦʡ ʧʨʦʮʝʩʩʦʨ ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʧʦʜʭʦʜʠʪ ʜʣʷ ʨʝʰʝʥʠʷ ʚʘʰʝʡ 

ʟʘʜʘʯʠ. ʇʣʘʪʘ ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ ʢʦʤʧʴʶʪʝʨʫ ʩ ʧʦʤʦʱʴʶ ʢʘʙʝʣʷ ʯʝʨʝʟ ʧʘʨʘʣʣʝʣʴʥʳʡ, 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʠʣʠ USB-ʧʦʨʪ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʦʮʝʥʦʯʥʳʝ ʧʣʘʪʳ ʩʫʱʝʩʪʚʫʶʪ ʜʣʷ 

ʚʩʝʭ ʪʠʧʦʚ ʧʨʦʮʝʩʩʦʨʦʚ, ʥʘʯʠʥʘʷ ʩ ADSP-2181 ʠ ʟʘʢʘʥʯʠʚʘʷ ʥʦʚʝʡʰʠʤ ʧʨʦʮʝʩʩʦʨʦʤ BlackFin. 

13. ʅʘ ʪʨʝʪʴʝʤ ʵʪʘʧʝ, ʢʦʛʜʘ ʫʩʪʨʦʡʩʪʚʦ ʫʞʝ ʠʟʛʦʪʦʚʣʝʥʦ, ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʪʝʩʪʠʨʦʚʘʥʠʝ 

ʧʣʘʪʳ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʛʦ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʦʛʦ ʤʦʜʫʣʷ ð ʵʤʫʣʷʪʦʨʘ. ʕʪʦʪ ʤʦʜʫʣʴ 

ʫʧʨʘʚʣʷʝʪ ʮʠʬʨʦʚʳʤ ʩʠʛʥʘʣʴʥʳʤ ʧʨʦʮʝʩʩʦʨʦʤ ʯʝʨʝʟ JTAG-ʠʥʪʝʨʬʝʡʩ ʠ ʧʦʟʚʦʣʷʝʪ ʧʦʜʨʦʙʥʦ 

ʦʪʩʣʝʜʠʪʴ ʚʳʧʦʣʥʝʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ. 

14. ɺ ʠʪʦʛʝ ʚʩʝʭ ʵʪʠʭ ʪʨʝʭ ʵʪʘʧʦʚ ʧʦʣʫʯʘʝʤ ʧʨʦʛʨʘʤʤʫ ʢʦʪʦʨʫʶ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠ 

ʠʩʧʦʣʴʟʫʝʪ DSP . ʇʨʦʛʨʘʤʤʘ, ʠʩʧʦʣʥʷʝʤʘʷ ʮʠʬʨʦʚʳʤ ʩʠʛʥʘʣʴʥʳʤ ʧʨʦʮʝʩʩʦʨʦʤ, ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʥʘʙʦʨ ʢʦʤʘʥʜ, ʢʦʪʦʨʳʝ ʧʨʦʮʝʩʩʦʨ ʜʦʣʞʝʥ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʳʧʦʣʥʷʪʴ. ʂʦʤʘʥʜʳ 

ʧʨʝʜʩʪʘʚʣʷʶʪ 48 ï ʙʠʪʥʳʝ ʩʣʦʚʘ ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʟʘʧʠʩʘʥʳ ʚʦ ʚʥʫʪʨʝʥʥʶʶ ʧʘʤʷʪʴ 

ʧʨʦʮʝʩʩʦʨʘ.  ɺ ʢʘʞʜʫʶ ʷʯʝʡʢʫ ʧʘʤʷʪʠ ʧʨʦʮʝʩʩʦʨʘ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʘ ʪʦʣʴʢʦ ʦʜʥʘ ʢʦʤʘʥʜʘ. 

ʇʦʩʣʝ ʟʘʛʨʫʟʢʠ ʚ ʧʨʦʮʝʩʩʦʨ ʧʨʦʛʨʘʤʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 48 ï 

ʨʘʟʨʷʜʥʳʭ ʩʣʦʚ ʭʨʘʥʷʱʠʭʩʷ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʧʘʤʷʪʠ ʧʨʦʮʝʩʩʦʨʘ. ʋ ʢʘʞʜʦʡ ʷʯʝʡʢʠ ʧʘʤʷʪʠ 
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ʧʨʦʮʝʩʩʦʨʘ ʠʤʝʝʪʩʷ ʘʜʨʝʩ, ʦʙʨʘʱʘʷʩʴ ʧʦ ʢʦʪʦʨʦʤʫ, ʧʨʦʮʝʩʩʦʨ ʤʦʞʝʪ ʩʯʠʪʘʪʴ, ʘ ʟʘʪʝʤ ʠ 

ʚʳʧʦʣʥʠʪʴ ʢʦʤʘʥʜʫ. ʈʘʙʦʪʘ ʧʨʦʛʨʘʤʤʳ ʥʘʯʠʥʘʝʪʩʷ ʩ ʪʦʛʦ, ʯʪʦ ʧʨʦʮʝʩʩʦʨ ʦʙʨʘʱʘʝʪʩʷ ʢ 

ʥʘʯʘʣʴʥʦʤʫ ʘʜʨʝʩʫ, ʚ ʢʦʪʦʨʦʤ ʣʝʞʠʪ ʧʝʨʚʘʷ ʢʦʤʘʥʜʘ ʧʨʦʛʨʘʤʤʳ. ʆʢʘʥʯʠʚʘʝʪʩʷ ʨʘʙʦʪʘ 

ʧʨʦʛʨʘʤʤʳ ʠʩʧʦʣʥʝʥʠʝʤ ʧʦʩʣʝʜʥʝʡ ʢʦʤʘʥʜʳ ʠ ʧʝʨʝʭʦʜʦʤ ʧʨʦʮʝʩʩʦʨʘ ʚ ʨʝʞʠʤ ʧʦʥʠʞʝʥʥʦʛʦ 

ʧʦʪʨʝʙʣʝʥʠʷ ʧʠʪʘʥʠʷ.   

 

ʄʝʪʦʜʠʢʘ ʠʩʧʳʪʘʥʠʷ AES ʰʠʬʨʘʪʦʨʘ ʥʘ DSP 

 

1. ɿʘʜʘʚʘʷ ʨʘʟʣʠʯʥʳʝ ʟʥʘʯʝʥʠʷ ʚʭʦʜʥʳʭ ʙʣʦʢʦʚ ʠ ʢʣʶʯʝʡ ʧʨʦʥʘʙʣʶʜʘʪʴ ʢʘʞʜʳʡ ʵʪʘʧ 

ʰʠʬʨʦʚʘʥʠʷ. 

2. ɺ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʳʭ ʙʣʦʢʦʚ ʧʨʠ ʨʘʩʰʠʬʨʦʚʘʥʠʠ ʫʢʘʟʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʰʠʬʨʦʚʘʥʠʷ 

ʧʨʝʜʳʜʫʱʝʛʦ ʧʫʥʢʪʘ. ʂʣʶʯ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʢʦʡ ʞʝ ʢʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʝʤ ʧʫʥʢʪʝ. ʅʘ ʚʳʭʦʜʝ 

ʜʦʣʞʝʥ ʧʦʣʫʯʠʪʩʷ ʙʣʦʢ ʪʦʡ ʜʣʠʥʳ ʠ ʩʦʜʝʨʞʘʥʠʷ ʯʪʦ ʠ ʚ ʧʫʥʢʪʝ 1. 

3. ɿʘʜʘʚʘʷ ʨʘʟʣʠʯʥʳʝ ʟʥʘʯʝʥʠʷ ʠ ʨʘʟʤʝʨʳ ʚʭʦʜʥʦʛʦ ʙʣʦʢʘ ʠ ʢʣʶʯʝʡ ʟʘʤʝʨʠʪʴ ʚʨʝʤʷ 

ʰʠʬʨʦʚʘʥʠʷ ʠ ʜʝʰʠʬʨʦʚʘʥʠʷ.   

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʷ AES ʰʠʬʨʘʪʦʨʘ ʥʘ DSP 

 

 

 
 

PLAINTEXT (ɺʭʦʜʥʦʡ ʙʣʦʢ): 00112233445566778899aabbccddeeff 

KEY (ʂʣʶʯ ʰʠʬʨʦʚʘʥʠʷ): 2b7e151628aed2a6abf7158809cf4f3c 

ʆʧʝʨʘʮʠʷ ʰʠʬʨʦʚʘʥʠʷ CIPHER (ENCRYPT): 

 

round[ 0].input 00112233445566778899aabbccddeeff 

round[ 0].k_sch 000102030405060708090a0b0c0d0e0f 

round[ 1].s_box 63cab7040953d051cd60e0e7ba70e18c 

round[ 1].s_row 6353e08c0960e104cd70b751bacad0e7 

round[ 1].m_col 5f72641557f5bc92f7be3b291db9f91a 

round[ 1].k_sch d6aa74fdd2af72fadaa678f1d6ab76fe 

round[ 2].start 89d810e8855ace682d1843d8cb128fe4 

round[ 2].s_box a761ca9b97be8b45d8ad1a611fc97369 

round[ 2].s_row a7be1a6997ad739bd8c9ca451f618b61 

round[ 2].m_col ff87968431d86a51645151fa773ad009 

round[ 2].k_sch b692cf0b643dbdf1be9bc5006830b3fe 

round[ 3].start 4915598f55e5d7a0daca94fa1f0a63f7 

round[ 3].s_box 3b59cb73fcd90ee05774222dc067fb68 
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round[ 3].s_row 3bd92268fc74fb735767cbe0c0590e2d 

round[ 3].m_col 4c9c1e66f771f0762c3f868e534df256 

round[ 3].k_sch b6ff744ed2c2c9bf6c590cbf0469bf41 

round[ 4].start fa636a2825b339c940668a3157244d17 

round[ 4].s_box 2dfb02343f6d12dd09337ec75b36e3f0 

round[ 4].s_row 2d6d7ef03f33e334093602dd5bfb12c7 

round[ 4].m_col 6385b79ffc538df997be478e7547d691 

round[ 4].k_sch 47f7f7bc95353e03f96c32bcfd058dfd 

round[ 5].start 247240236966b3fa6ed2753288425b6c 

round[ 5].s_box 36400926f9336d2d9fb59d23c42c3950 

round[ 5].s_row 36339d50f9b539269f2c092dc4406d23 

round[ 5].m_col f4bcd45432e554d075f1d6c51dd03b3c 

round[ 5].k_sch 3caaa3e8a99f9deb50f3af57adf622aa 

round[ 6].start c81677bc9b7ac93b25027992b0261996 

round[ 6].s_box e847f56514dadde23f77b64fe7f7d490 

round[ 6].s_row e8dab6901477d4653ff7f5e2e747dd4f 

round[ 6].m_col 9816ee7400f87f556b2c049c8e5ad036 

round[ 6].k_sch 5e390f7df7a69296a7553dc10aa31f6b 

round[ 7].start c62fe109f75eedc3cc79395d84f9cf5d 

round[ 7].s_box b415f8016858552e4bb6124c5f998a4c 

round[ 7].s_row b458124c68b68a014b99f82e5f15554c 

round[ 7].m_col c57e1c159a9bd286f05f4be098c63439 

round[ 7].k_sch 14f9701ae35fe28c440adf4d4ea9c026 

round[ 8].start d1876c0f79c4300ab45594add66ff41f 

round[ 8].s_box 3e175076b61c04678dfc2295f6a8bfc0 

round[ 8].s_row 3e1c22c0b6fcbf768da85067f6170495 

round[ 8].m_col baa03de7a1f9b56ed5512cba5f414d23 

round[ 8].k_sch 47438735a41c65b9e016baf4aebf7ad2 

round[ 9].start fde3bad205e5d0d73547964ef1fe37f1 

round[ 9].s_box 5411f4b56bd9700e96a0902fa1bb9aa1 

round[ 9].s_row 54d990a16ba09ab596bbf40ea111702f 

round[ 9].m_col e9f74eec023020f61bf2ccf2353c21c7 

round[ 9].k_sch 549932d1f08557681093ed9cbe2c974e 

round[10].start bd6e7c3df2b5779e0b61216e8b10b689 

round[10].s_box 7a9f102789d5f50b2beffd9f3dca4ea7 

round[10].s_row 7ad5fda789ef4e272bca100b3d9ff59f 

round[10].k_sch 13111d7fe3944a17f307a78b4d2b30c5 

round[10].output 69c4e0d86a7b0430d8cdb78070b4c55a 

 

ʆʧʝʨʘʮʠʷ ʜʝʰʠʬʨʦʚʘʥʠʷ INVERSE CIPHER (DECRYPT): 

 

round[ 0].iinput 69c4e0d86a7b0430d8cdb78070b4c55a 

round[ 0].ik_sch 13111d7fe3944a17f307a78b4d2b30c5 

round[ 1].istart 7ad5fda789ef4e272bca100b3d9ff59f 

round[ 1].is_row 7a9f102789d5f50b2beffd9f3dca4ea7 

round[ 1].is_box bd6e7c3df2b5779e0b61216e8b10b689 

round[ 1].ik_sch 549932d1f08557681093ed9cbe2c974e 

round[ 1].ik_add e9f74eec023020f61bf2ccf2353c21c7 

round[ 2].istart 54d990a16ba09ab596bbf40ea111702f 

round[ 2].is_row 5411f4b56bd9700e96a0902fa1bb9aa1 

round[ 2].is_box fde3bad205e5d0d73547964ef1fe37f1 

round[ 2].ik_sch 47438735a41c65b9e016baf4aebf7ad2 
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round[ 2].ik_add baa03de7a1f9b56ed5512cba5f414d23 

round[ 3].istart 3e1c22c0b6fcbf768da85067f6170495 

round[ 3].is_row 3e175076b61c04678dfc2295f6a8bfc0 

round[ 3].is_box d1876c0f79c4300ab45594add66ff41f 

round[ 3].ik_sch 14f9701ae35fe28c440adf4d4ea9c026 

round[ 3].ik_add c57e1c159a9bd286f05f4be098c63439 

round[ 4].istart b458124c68b68a014b99f82e5f15554c 

round[ 4].is_row b415f8016858552e4bb6124c5f998a4c 

round[ 4].is_box c62fe109f75eedc3cc79395d84f9cf5d 

round[ 4].ik_sch 5e390f7df7a69296a7553dc10aa31f6b 

round[ 4].ik_add 9816ee7400f87f556b2c049c8e5ad036 

round[ 5].istart e8dab6901477d4653ff7f5e2e747dd4f 

round[ 5].is_row e847f56514dadde23f77b64fe7f7d490 

round[ 5].is_box c81677bc9b7ac93b25027992b0261996 

round[ 5].ik_sch 3caaa3e8a99f9deb50f3af57adf622aa 

round[ 5].ik_add f4bcd45432e554d075f1d6c51dd03b3c 

round[ 6].istart 36339d50f9b539269f2c092dc4406d23 

round[ 6].is_row 36400926f9336d2d9fb59d23c42c3950 

round[ 6].is_box 247240236966b3fa6ed2753288425b6c 

round[ 6].ik_sch 47f7f7bc95353e03f96c32bcfd058dfd 

round[ 6].ik_add 6385b79ffc538df997be478e7547d691 

round[ 7].istart 2d6d7ef03f33e334093602dd5bfb12c7 

round[ 7].is_row 2dfb02343f6d12dd09337ec75b36e3f0 

round[ 7].is_box fa636a2825b339c940668a3157244d17 

round[ 7].ik_sch b6ff744ed2c2c9bf6c590cbf0469bf41 

round[ 7].ik_add 4c9c1e66f771f0762c3f868e534df256 

round[ 8].istart 3bd92268fc74fb735767cbe0c0590e2d 

round[ 8].is_row 3b59cb73fcd90ee05774222dc067fb68 

round[ 8].is_box 4915598f55e5d7a0daca94fa1f0a63f7 

round[ 8].ik_sch b692cf0b643dbdf1be9bc5006830b3fe 

round[ 8].ik_add ff87968431d86a51645151fa773ad009 

round[ 9].istart a7be1a6997ad739bd8c9ca451f618b61 

round[ 9].is_row a761ca9b97be8b45d8ad1a611fc97369 

round[ 9].is_box 89d810e8855ace682d1843d8cb128fe4 

round[ 9].ik_sch d6aa74fdd2af72fadaa678f1d6ab76fe 

round[ 9].ik_add 5f72641557f5bc92f7be3b291db9f91a 

round[10].istart 6353e08c0960e104cd70b751bacad0e7 

round[10].is_row 63cab7040953d051cd60e0e7ba70e18c 

round[10].is_box 00102030405060708090a0b0c0d0e0f0 

round[10].ioutput 00112233445566778899aabbccddeeff 

 

ʇʨʠʤʝʯʘʥʠʝ: 

input: ʙʣʦʢ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ 

s_box: ʩʦʩʪʦʷʥʠʝ ʙʣʦʢʘ ʧʦʩʣʝ SubBytes() 

s_row: ʩʦʩʪʦʷʥʠʝ ʙʣʦʢʘ ʧʦʩʣʝ ShiftRows() 

m_col: ʩʦʩʪʦʷʥʠʝ ʙʣʦʢʘ ʧʦʩʣʝ MixColumns() 

k_sch: ʟʥʘʯʝʥʠʝ ʢʣʶʯʘ  

output: ʙʣʦʢ ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ 

iinput: ʙʣʦʢ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ 

is_box: ʩʦʩʪʦʷʥʠʝ ʙʣʦʢʘ ʧʦʩʣʝ SubBytes() 

is_row: ʩʦʩʪʦʷʥʠʝ ʙʣʦʢʘ ʧʦʩʣʝ ShiftRows() 

ik_sch: ʩʦʩʪʦʷʥʠʝ ʙʣʦʢʘ ʧʦʩʣʝ MixColumns() 
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ik_add: ʟʥʘʯʝʥʠʝ ʢʣʶʯʘ  

ioutput: ʙʣʦʢ ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ 

 

ʂʘʢ ʤʦʞʥʦ ʚʠʜʝʪʴ ʧʨʠ ʟʘʰʠʬʨʦʚʘʥʠʠ ʠ ʨʘʩʰʠʬʨʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪ ʟʘʰʠʬʨʦʚʘʥʠʷ ʧʦʣʫʯʘʝʤ 

ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʙʣʦʢ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦ ʧʨʘʚʠʣʴʥʦʩʪʠ ʰʠʬʨʦʚʘʥʠʷ.  
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ʂʦʤʧʴʶʪʝʨʥʳʡ ʧʨʘʢʪʠʢʫʤ 3. ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʩʝʪʝʡ ʠ ʩʠʩʪʝʤ ʨʘʜʠʦʩʚʷʟʠ 

 

1. ʎʝʣʴ ʨʘʙʦʪʳ 

          ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʝʪʝʡ ʨʘʜʠʦʩʚʷʟʠ, 

ʚʢʣʶʯʘʷ ʤʝʪʦʜʳ ʫʧʨʘʚʣʝʥʠʷ ʨʘʜʠʦʯʘʩʪʦʪʥʳʤ ʩʧʝʢʪʨʦʤ, ʦʮʝʥʢʫ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʦʙʩʪʘʥʦʚʢʠ 

(ʕʄʆ) ʚ ʤʝʩʪʘʭ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʨʘʟʤʝʱʝʥʠʷ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʳʭ ʩʨʝʜʩʪʚ (ʈʕʉ)  ʜʣʷ ʦʙʦʩʥʦʚʘʥʠʷ 

ʨʝʰʝʥʠʡ ʦ ʚʳʜʝʣʝʥʠʠ ʧʦʣʦʩ, ʥʘʟʥʘʯʝʥʠʠ ʨʘʜʠʦʯʘʩʪʦʪ ʠ ʧʨʠʥʷʪʠʷ ʤʝʨ ʧʦ ʧʦʚʳʰʝʥʠʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʜʠʦʯʘʩʪʦʪ, ʥʘ ʦʩʥʦʚʝ ʦʧʪʠʤʠʟʘʮʠʠ ʯʘʩʪʦʪʥʳʭ ʧʨʠʩʚʦʝʥʠʡ, 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʠʟʤʝʨʝʥʠʷ ʛʨʘʥʠʮ ʟʦʥ ʫʚʝʨʝʥʥʦʛʦ ʧʨʠʝʤʘ ʠ ʘʥʘʣʠʟ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ 

ʩʦʚʤʝʩʪʠʤʦʩʪʠ (ʕʄʉ) ʈʕʉ.  

 

2. ʂʨʘʪʢʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʩʚʝʜʝʥʠʷ 

 

ʎʠʬʨʦʚʳʝ ʨʘʜʠʦʨʝʣʝʡʥʳʝ ʩʪʘʥʮʠʠ 

 

  ʉʦʚʨʝʤʝʥʥʘʷ ʮʠʬʨʦʚʘʷ ʈʈʉ - ʩʣʦʞʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ, ʚ ʢʦʪʦʨʳʡ ʚʭʦʜʠʪ 

ʧʨʠʝʤʦʧʝʨʝʜʘʪʯʠʢ, ʤʦʜʝʤ, ʤʫʣʴʪʠʧʣʝʢʩʦʨ, ʧʨʠʝʤʦʧʝʨʝʜʘʶʱʠʝ ʘʥʪʝʥʥʳ, ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ, ʩʠʩʪʝʤʘ ʪʝʣʝʫʧʨʘʚʣʝʥʠʷ ʠ ʪʝʣʝʩʠʛʥʘʣʠʟʘʮʠʠ, ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʘʷ 

ʘʧʧʘʨʘʪʫʨʘ, ʫʩʪʨʦʡʩʪʚʘ ʩʣʫʞʝʙʥʦʡ ʩʚʷʟʠ, ʩʠʩʪʝʤʘ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ. ʈʘʩʩʤʦʪʨʠʤ ʬʫʥʢʮʠʠ ʦʩʥʦʚʥʳʭ 

ʫʩʪʨʦʡʩʪʚ: ʧʨʠʝʤʦʧʝʨʝʜʘʪʯʠʢʘ, ʤʦʜʝʤʘ ʠ ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ. 

  ʇʨʠʝʤʦʧʝʨʝʜʘʪʯʠʢ ʈʈʉ ï ʫʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʠ ʧʨʠʝʤʘ ʠ ʧʝʨʝʜʘʯʠ 

ʤʦʜʫʣʠʨʦʚʘʥʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʟʘʜʘʥʥʳʭ ʯʘʩʪʦʪ. ʇʨʠʝʤʥʠʢ ʚʳʜʝʣʷʝʪ ʵʣʝʢʪʨʠʯʝʩʢʠʡ 

ʩʠʛʥʘʣ ʟʘʜʘʥʥʦʡ ʯʘʩʪʦʪʳ ʠʟ ʩʠʛʥʘʣʦʚ, ʧʨʠʥʷʪʳʭ ʧʨʠʝʤʥʦʡ ʘʥʪʝʥʥʦʡ. ʉ ʚʳʭʦʜʘ ʧʨʠʝʤʥʠʢʘ ʩʠʛʥʘʣ 

ʧʦʩʪʫʧʘʝʪ ʥʘ ʤʦʜʫʣʷʪʦʨ. ʇʝʨʝʜʘʪʯʠʢ ʚʳʨʘʙʘʪʳʚʘʝʪ ʤʦʜʫʣʠʨʦʚʘʥʥʳʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʠʛʥʘʣ 

ʟʘʜʘʥʥʦʡ ʯʘʩʪʦʪʳ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʝʛʦ ʠʟʣʫʯʝʥʠʷ ʧʝʨʝʜʘʶʱʝʡ ʘʥʪʝʥʥʦʡ. ʅʘ ʚʭʦʜ ʧʝʨʝʜʘʪʯʠʢʘ 

ʩʠʛʥʘʣ ʧʦʩʪʫʧʘʝʪ ʠʟ ʤʦʜʫʣʷʪʦʨʘ.  

ʆʜʠʥ ʢʦʤʧʣʝʢʪ ʧʨʠʝʤʦʧʝʨʝʜʘʶʱʝʡ ʘʧʧʘʨʘʪʫʨʳ, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʥʘ ʈʈʉ, ʦʙʨʘʟʫʝʪ ʩʪʚʦʣ. ɼʣʷ 

ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʥʘ ʈʈʉ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʥʝʩʢʦʣʴʢʦ ʢʦʤʧʣʝʢʪʦʚ ʪʘʢʦʡ 

ʘʧʧʘʨʘʪʫʨʳ ï ʩʦʟʜʘʶʪ ʥʝʩʢʦʣʴʢʦ ʩʪʚʦʣʦʚ. 

  ʄʦʜʝʤ ʈʈʉ ï ʦʢʦʥʝʯʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʩʣʫʞʘʱʝʝ ʜʣʷ ʤʦʜʫʣʷʮʠʠ/ʜʝʤʦʜʫʣʷʮʠʠ ʩʠʛʥʘʣʘ. 

ʇʦʩʪʫʧʘʶʱʠʡ ʠʟ ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ ʜʠʩʢʨʝʪʥʳʡ ʩʠʛʥʘʣ ʤʦʜʝʤ ʧʨʝʦʙʨʘʟʫʝʪ ʚ ʘʥʘʣʦʛʦʚʳʡ 

(ʥʝʧʨʝʨʳʚʥʳʡ) ʩʠʛʥʘʣ ʥʝʢʦʪʦʨʦʡ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʯʘʩʪʦʪʳ ʠ ʧʝʨʝʜʘʝʪ ʝʛʦ ʚ ʧʨʠʝʤʦʧʝʨʝʜʘʪʯʠʢ, ʘ 

ʧʨʠ ʧʨʠʝʤʝ ʧʦʩʪʫʧʘʶʱʠʡ ʠʟ ʧʨʠʝʤʦʧʝʨʝʜʘʪʯʠʢʘ ʘʥʘʣʦʛʦʚʳʡ ʩʠʛʥʘʣ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʜʠʩʢʨʝʪʥʳʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʦʩʪʘʚʝ ʮʠʬʨʦʚʦʛʦ ʨʘʜʠʦʨʝʣʝʡʥʦʛʦ ʪʨʘʢʪʘ ʤʦʜʝʤ ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʠ ʮʠʬʨʦʚʦʛʦ 

ʩʪʳʢʘ, ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʷʤ G.703 MKKTT. 

              ʂʘʢ ʧʨʘʚʠʣʦ, ʚ ʤʦʜʝʤʝ ʈʈʉ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʦʟʜʘʶʪʩʷ: 

Å ʨʝʯʝʚʦʡ ʢʘʥʘʣ, ʧʦʟʚʦʣʷʶʱʠʡ ʦʨʛʘʥʠʟʦʚʳʚʘʪʴ ʩʣʫʞʝʙʥʫʶ ʪʝʣʝʬʦʥʥʫʶ ʩʚʷʟʴ;  

Å ʢʘʥʘʣ RS-232 (9600 ɹʠʪ/ʩ), ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʢʘʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʩʝʨʚʠʩʥʳʡ 

ʢʘʥʘʣ ʩʚʷʟʠ, ʪʘʢ ʠ ʜʣʷ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʧʘʨʘʤʝʪʨʦʚ.  

ɺ ʤʥʦʛʦʧʨʦʣʝʪʥʳʭ ʩʠʩʪʝʤʘʭ ʩʚʷʟʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʜʠʩʪʘʥʮʠʦʥʥʦʝ 

ʫʧʨʘʚʣʝʥʠʝ ʠ ʜʠʘʛʥʦʩʪʠʢʫ ʤʦʜʝʤʦʚ. 

ɼʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʠʛʥʘʣʘ ʚ ʤʦʜʝʤʘʭ ʈPʉ ʯʘʱʝ ʚʩʝʛʦ ʧʨʠʤʝʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ 

ʤʦʜʫʣʷʮʠʠ: 

Å FSK (Frequency Shift Keying) ï ʯʘʩʪʦʪʥʘʷ ʤʦʜʫʣʷʮʠʷ (ʏʄ), ʩʫʱʥʦʩʪʴ ʢʦʪʦʨʦʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, 

ʯʪʦ ʜʠʩʢʨʝʪʥʳʝ ʩʠʛʥʘʣʳ 0, 1 ʧʝʨʝʜʘʶʪʩʷ ʛʘʨʤʦʥʠʯʝʩʢʠʤʠ ʩʠʛʥʘʣʘʤʠ (ʩʠʥʫʩʦʠʜʘʤʠ), ʠʤʝʶʱʠʤʠ 

ʨʘʟʣʠʯʥʳʝ ʯʘʩʪʦʪʳ;  

Å PSK (Phase Shift Keying) ï ʬʘʟʦʚʘʷ ʤʦʜʫʣʷʮʠʷ, ʧʨʠ ʢʦʪʦʨʦʡ ʜʠʩʢʨʝʪʥʳʝ ʩʠʛʥʘʣʳ 1 ʠ 0 ʧʝʨʝʜʘʶʪʩʷ 

ʧʫʪʝʤ ʧʝʨʝʢʣʶʯʝʥʠʷ ʜʚʫʭ ʥʝʩʫʱʠʭ, ʩʜʚʠʥʫʪʳʭ ʥʘ ʧʦʣʧʝʨʠʦʜʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ. ɼʨʫʛʦʡ 

ʚʘʨʠʘʥʪ PSK ï ʠʟʤʝʥʝʥʠʝ ʬʘʟʳ ʥʘ 900 ʚ ʢʘʞʜʦʤ ʪʘʢʪʝ ʧʨʠ ʧʝʨʝʜʘʯʝ ʥʫʣʷ ʠ ʥʘ 2700 ʧʨʠ ʧʝʨʝʜʘʯʝ 

ʝʜʠʥʠʮʳ. 
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ʄʫʣʴʪʠʧʣʝʢʩʦʨ ʈʈʉ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʘʩʠʥʭʨʦʥʥʦʛʦ ʦʙʲʝʜʠʥʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʮʠʬʨʦʚʳʭ ʧʦʪʦʢʦʚ ʚ 

ʦʜʠʥ, ʥʘʧʨʠʤʝʨ ɽ1 (2048 ʄʙʠʪ/ʩ), E2 (8448 ʄʙʠʪ/ʩ) ʚ ʩʠʛʥʘʣ ɽ2  

(8448 ʄʙʠʪ/ʩ) ʠʣʠ ʩʠʛʥʘʣ E3 (34368 ʄʙʠʪ/ʩ) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʢʦʤʝʥʜʘʮʠʝʡ G.742 (G.751) 

ʄʂʂʊʊ. 

             ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʩʪʘ, ʢʦʪʦʨʦʝ ʟʘʥʠʤʘʝʪ ʈʈʉ ʚ ʨʘʜʠʦʨʝʣʝʡʥʦʡ ʣʠʥʠʠ, ʨʘʟʣʠʯʘʶʪ 

ʦʢʦʥʝʯʥʳʝ, ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʠ ʫʟʣʦʚʳʝ ʈʈʉ. ʆʢʦʥʝʯʥʳʤʠ ʥʘʟʳʚʘʶʪ ʈʈʉ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ 

ʢʦʥʮʘʭ ʨʘʜʠʦʨʝʣʝʡʥʦʡ ʣʠʥʠʠ; ʨʘʟʤʝʱʝʥʥʳʝ ʤʝʞʜʫ ʦʢʦʥʝʯʥʳʤʠ ʈʈʉ ʥʦʩʷʪ ʥʘʟʚʘʥʠʝ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ. ʇʨʦʤʝʞʫʪʦʯʥʳʝ ʩʪʘʥʮʠʠ, ʥʘ ʢʦʪʦʨʳʭ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʚʳʜʝʣʝʥʠʝ ʢʘʥʘʣʦʚ, 

ʥʘʟʳʚʘʶʪ ʛʣʘʚʥʳʤʠ. ɽʩʣʠ ʥʘ ʛʣʘʚʥʦʡ ʩʪʘʥʮʠʠ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʦʪʚʝʪʚʣʝʥʠʝ ʥʘ ʜʨʫʛʫʶ 

ʨʘʜʠʦʨʝʣʝʡʥʫʶ ʣʠʥʠʶ, ʪʦ ʪʘʢʫʶ ʈʈʉ ʥʘʟʳʚʘʶʪ ʫʟʣʦʚʦʡ. ɻʣʘʚʥʳʝ ʠ ʫʟʣʦʚʳʝ ʈʈʉ ʠʤʝʶʪ 

ʩʧʝʮʠʘʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʚʳʜʝʣʝʥʠʷ ʢʘʥʘʣʦʚ ʠʣʠ ʦʪʚʝʪʚʣʝʥʠʷ. ʂʘʢ ʧʨʘʚʠʣʦ, ʦʢʦʥʝʯʥʳʝ ʠ 

ʛʣʘʚʥʳʝ ʩʪʘʥʮʠʠ ʦʙʩʣʫʞʠʚʘʶʪʩʷ ʩʧʝʮʠʘʣʠʩʪʘʤʠ, ʘ ʦʙʳʯʥʳʝ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ï ʜʠʩʪʘʥʮʠʦʥʥʦ 

ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ ʩ ʦʢʦʥʝʯʥʳʭ ʠ/ʠʣʠ ʛʣʘʚʥʳʭ ʩʪʘʥʮʠʡ ʠ ʧʝʨʩʦʥʘʣʘ ʥʝ ʠʤʝʶʪ.  

ʅʘʣʠʯʠʝ ʵʪʠʭ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʥʝʦʙʩʣʫʞʠʚʘʝʤʳʭ ʈʈʉ, ʧʦʟʚʦʣʷʝʪ ʩʪʨʦʠʪʴ ʥʝ ʪʦʣʴʢʦ ʨʘʜʠʦʨʝʣʝʡʥʳʝ 

ʣʠʥʠʠ ʙʦʣʴʰʦʡ ʧʨʦʪʷʞʝʥʥʦʩʪʠ, ʥʦ ʠ ʨʘʟʚʝʪʚʣʝʥʥʳʝ ʨʘʜʠʦʨʝʣʝʡʥʳʝ ʩʝʪʠ. 

   ʈʘʜʠʦʨʝʣʝʡʥʳʝ ʣʠʥʠʠ ʥʘ ʦʩʥʦʚʝ ʮʠʬʨʦʚʳʭ ʈʈʉ ʩʪʘʣʠ ʚʘʞʥʦʡ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʮʠʬʨʦʚʳʭ 

ʩʝʪʝʡ ʵʣʝʢʪʨʦʩʚʷʟʠ ï ʚʝʜʦʤʩʪʚʝʥʥʳʭ, ʢʦʨʧʦʨʘʪʠʚʥʳʭ, ʨʝʛʠʦʥʘʣʴʥʳʭ, ʥʘʮʠʦʥʘʣʴʥʳʭ ʠ ʜʘʞʝ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ.  

ʈʈʃ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪ ʧʦ ʩʣʝʜʫʶʱʠʤ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʤ ʧʨʠʟʥʘʢʘʤ: 

Å ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ (ʮʠʬʨʦʚʦʛʦ ʧʦʪʦʢʘ) ï ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʦʪʦʨʦʡ ʨʘʟʣʠʯʘʶʪ ʈʈʃ: 

Å ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʝ (ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʩʚʳʰʝ 140 ʄʙʠʪ/ʩ); 

Å ʩʨʝʜʥʝʩʢʦʨʦʩʪʥʳʝ  

(ʜʦ 52 ʄʙʠʪ/ʩ); 

Å ʥʠʟʢʦʩʢʦʨʦʩʪʥʳʝ  

(ʜʦ 8 ʄʙʠʪ/ʩ); 

Å ʝʤʢʦʩʪʴ ʨʘʜʠʦʨʝʣʝʡʥʦʡ ʣʠʥʠʠ (ʢʦʣʠʯʝʩʪʚʦ ʩʪʚʦʣʦʚ ʠ ʢʘʥʘʣʦʚ ʚ ʥʠʭ), ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʪʦʨʦʡ 

ʨʘʟʣʠʯʘʶʪ ʈʈʃ: 

Å ʙʦʣʴʰʦʡ ʝʤʢʦʩʪʠ; 

Å ʩʨʝʜʥʝʡ ʝʤʢʦʩʪʠ; 

Å ʤʘʣʦʢʘʥʘʣʴʥʳʝ. 

Å ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʣʝʪʦʚ ʚ ʨʘʜʠʦʨʝʣʝʡʥʦʡ ʣʠʥʠʠ, ʧʦ ʢʦʪʦʨʦʤʫ ʨʘʟʣʠʯʘʶʪʩʷ ʈʈʃ: 

Å ʦʜʥʦʧʨʦʣʝʪʥʳʝ; 

Å ʤʥʦʛʦʧʨʦʣʝʪʥʳʝ. 

  ɺʳʩʦʢʦʩʢʦʨʦʩʪʥʳʝ ʙʦʣʴʰʦʡ ʝʤʢʦʩʪʠ ʨʘʜʠʦʨʝʣʝʡʥʳʝ ʣʠʥʠʠ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʛʣʦʙʘʣʴʥʳʭ 

ʩʝʪʷʭ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠ ʥʘʟʳʚʘʶʪʩʷ ʤʘʛʠʩʪʨʘʣʴʥʳʤʠ. ʉʨʝʜʥʝʩʢʦʨʦʩʪʥʳʝ ʩʨʝʜʥʝʡ ʝʤʢʦʩʪʠ 

ʨʘʜʠʦʨʝʣʝʡʥʳʝ ʣʠʥʠʠ ï ʜʣʷ ʩʦʟʜʘʥʠʷ ʨʝʛʠʦʥʘʣʴʥʳʭ, ʟʦʥʦʚʳʭ ʩʝʪʝʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠ ʥʘʟʳʚʘʶʪʩʷ 

ʟʦʥʦʚʳʤʠ. ʅʘʢʦʥʝʮ, ʤʘʣʦʢʘʥʘʣʴʥʳʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʩʚʷʟʠ ʥʘ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤ ʪʨʘʥʩʧʦʨʪʝ, ʛʘʟʦʧʨʦʚʦʜʘʭ, ʥʝʬʪʝʧʨʦʚʦʜʘʭ, ʣʠʥʠʷʭ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʠ ʪ. ʧ. 

ʄʘʣʦʢʘʥʘʣʴʥʳʝ ʨʘʜʠʦʨʝʣʝʡʥʳʝ ʣʠʥʠʠ ʩ ʧʦʜʚʠʞʥʳʤʠ ʈʈʉ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʚʦʝʥʥʳʭ ʮʝʣʷʭ.  

ʇʦʣʦʩʳ ʨʘʜʠʦʯʘʩʪʦʪ ʈʈʃ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 2 ʜʦ 50 ɻɻʮ ʠ ʞʝʩʪʢʦ ʨʝʛʣʘʤʝʥʪʠʨʫʶʪʩʷ 

ʚʥʫʪʨʠ ʢʘʞʜʦʡ ʧʦʣʦʩʳ ʢʘʢ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ ITU (ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʩʦʶʟʘ ʵʣʝʢʪʨʦʩʚʷʟʠ), ʪʘʢ ʠ 

ʈʘʜʠʦʨʝʛʣʘʤʝʥʪʦʤ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ.  

ʇʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʩʚʷʟʠ ʧʦ ʮʠʬʨʦʚʦʡ ʨʘʜʠʦʨʝʣʝʡʥʦʡ ʣʠʥʠʠ ʜʦʣʞʥʘ ʙʳʪʴ ʨʝʰʝʥʘ ʧʨʦʙʣʝʤʘ 

ʚʳʜʝʣʝʥʠʷ ʯʘʩʪʦʪ ʧʨʠʝʤʘ ʠ ʧʝʨʝʜʘʯʠ. ɽʝ ʨʝʰʝʥʠʝ ʦʪʥʦʩʠʪʩʷ ʢ ʢʦʤʧʝʪʝʥʮʠʠ ɻʂʈʏ ʈʦʩʩʠʠ, ʠ ʜʣʷ 

ʈʕʉ ʚʩʝʭ ʥʘʟʥʘʯʝʥʠʡ ʵʪʘ ʧʨʦʮʝʜʫʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ çʇʦʣʦʞʝʥʠʝʤ ʦ ʧʦʨʷʜʢʝ 

ʚʳʜʝʣʝʥʠʷ ʧʦʣʦʩ (ʥʦʤʠʥʘʣʦʚ) ʨʘʜʠʦʯʘʩʪʦʪ...è ʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʩʩʤʦʪʨʝʥʠʷ ʚ ʫʩʪʘʥʦʚʣʝʥʥʦʤ 

ʧʦʨʷʜʢʝ ʨʘʜʠʦʯʘʩʪʦʪʥʳʭ ʟʘʷʚʦʢ, ʧʦʩʪʫʧʘʶʱʠʭ ʦʪ ʟʘʷʚʠʪʝʣʝʡ. 

ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ, ʥʘʧʨʠʤʝʨ ʚ ʫʩʣʦʚʠʷʭ ʙʦʣʴʰʠʭ ʛʦʨʦʜʦʚ, ʧʦʣʫʯʝʥʠʝ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʦʯʘʩʪʦʪ ʥʘ 

ʥʝʢʦʪʦʨʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʧʨʦʙʣʝʤʦʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ 

ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʩ ʜʨʫʛʠʤʠ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ (ʈʊʉ). ʈʝʰʝʥʠʝ ʵʪʠʭ ʧʨʦʙʣʝʤ ï ʪʝʤʘ 

ʦʪʜʝʣʴʥʦʛʦ ʨʘʟʛʦʚʦʨʘ.  
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  ʇʦʩʪʨʦʝʥʠʝ ʮʠʬʨʦʚʳʭ ʨʘʜʠʦʨʝʣʝʡʥʳʭ ʣʠʥʠʡ 

 

            ʉʧʝʢʪʨ ʧʨʠʤʝʥʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʮʠʬʨʦʚʳʭ ʨʘʜʠʦʣʠʥʠʡ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢ, ʵʪʦ 

ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʦʥʠ ʧʦʟʚʦʣʷʶʪ: 

Å ʦʧʝʨʘʪʠʚʥʦ ʥʘʨʘʱʠʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʩʠʩʪʝʤʳ ʩʚʷʟʠ ʧʫʪʝʤ ʫʩʪʘʥʦʚʢʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʈʈʉ ʚ 

ʧʦʤʝʱʝʥʠʷʭ ʫʟʣʦʚ ʩʚʷʟʠ, ʠʩʧʦʣʴʟʫʷ ʘʥʪʝʥʥʦ-ʤʘʯʪʦʚʳʝ ʫʩʪʨʦʡʩʪʚʘ ʠ ʜʨʫʛʠʝ ʩʦʦʨʫʞʝʥʠʷ, ʯʪʦ 

ʫʤʝʥʴʰʘʝʪ ʢʘʧʠʪʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʩʦʟʜʘʥʠʝ ʨʘʜʠʦʨʝʣʝʡʥʳʭ ʣʠʥʠʡ ʩʚʷʟʠ; 

Å ʦʨʛʘʥʠʟʦʚʘʪʴ ʤʥʦʛʦʢʘʥʘʣʴʥʫʶ ʩʚʷʟʴ ʚ ʨʝʛʠʦʥʘʭ ʩʦ ʩʣʘʙʦ ʨʘʟʚʠʪʦʡ (ʠʣʠ ʩ ʦʪʩʫʪʩʪʚʫʶʱʝʡ) 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ ʩʚʷʟʠ, ʘ ʪʘʢʞʝ ʥʘ ʫʯʘʩʪʢʘʭ ʤʝʩʪʥʦʩʪʠ ʩʦ ʩʣʦʞʥʳʤ ʨʝʣʴʝʬʦʤ; 

Å ʨʘʟʚʝʨʪʳʚʘʪʴ ʨʘʟʚʝʪʚʣʝʥʥʳʝ ʮʠʬʨʦʚʳʝ ʩʝʪʠ ʚ ʨʝʛʠʦʥʘʭ, ʙʦʣʴʰʠʭ ʛʦʨʦʜʘʭ ʠ ʠʥʜʫʩʪʨʠʘʣʴʥʳʭ 

ʟʦʥʘʭ, ʛʜʝ ʧʨʦʢʣʘʜʢʘ ʥʦʚʳʭ ʢʘʙʝʣʝʡ ʩʣʠʰʢʦʤ ʜʦʨʦʛʘ ʠʣʠ ʥʝʚʦʟʤʦʞʥʘ; 

Å ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʩʚʷʟʴ ʚ ʨʘʡʦʥʘʭ ʩʪʠʭʠʡʥʳʭ ʙʝʜʩʪʚʠʡ ʠʣʠ ʧʨʠ ʩʧʘʩʘʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʷʭ ʠ ʜʨ. 

ʉʝʪʴ ʈʈʉ ʤʦʞʝʪ ʩʪʨʦʠʪʴʩʷ ʢʘʢ ʦʜʥʦʧʨʦʣʝʪʥʘʷ ʣʠʥʠʷ, ʤʥʦʛʦʧʨʦʣʝʪʥʘʷ ʣʠʥʠʷ ʠ ʨʘʜʠʦʨʝʣʝʡʥʘʷ ʩʝʪʴ.  

  ʆʜʥʦʧʨʦʣʝʪʥʘʷ ʈʈʃ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦ ʨʘʟʥʝʩʝʥʥʳʭ ʈʈʉ. ʊʘʢʠʝ ʨʘʜʠʦʣʠʥʠʠ 

ʤʦʛʫʪ ʩʦʟʜʘʚʘʪʴʩʷ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʙʘʟʦʚʳʭ ʮʝʥʪʨʦʚ ʩʦʪʦʚʦʡ ʩʚʷʟʠ, ɸʊʉ ʠ ʜʨʫʛʠʭ ʘʥʘʣʦʛʠʯʥʳʭ 

ʦʙʲʝʢʪʦʚ. ʇʨʠʤʝʨʘʤʠ ʪʘʢʦʡ ʩʪʨʫʢʪʫʨʳ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʨʘʜʠʦʣʠʥʠʠ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʬʠʨʤʦʡ Nera 

(ʅʦʨʚʝʛʠʷ). ʈʘʜʠʦʣʠʥʠʷ ʩ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ 140 ʄʙʠʪ/ʩ ʜʣʷ ʨʦʩʩʠʡʩʢʦʛʦ ʪʝʣʝʚʠʜʝʥʠʷ 

ʩʦʝʜʠʥʠʣʘ ʪʝʣʝʮʝʥʪʨ ʥʘ ʗʤʩʢʦʤ ʧʦʣʝ ʩ ʟʝʤʥʦʡ ʩʪʘʥʮʠʝʡ ʩʧʫʪʥʠʢʦʚʦʡ ʩʚʷʟʠ ʚ ʂʣʠʥʫ, ʦʙʝʩʧʝʯʠʚ 

ʦʜʥʦʚʨʝʤʝʥʥʫʶ ʧʝʨʝʜʘʯʫ 17 ʪʝʣʝʚʠʟʠʦʥʥʳʭ ʢʘʥʘʣʦʚ. ʈʈʃ ʩ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ 155 ʄʙʠʪ/ʩ 

ʠ ʝʤʢʦʩʪʴʶ 1920 ʮʠʬʨʦʚʳʭ ʢʘʥʘʣʦʚ ʈʌ ʩʚʷʟʘʣʘ ʎʝʥʪʨʦʙʘʥʢ ʩ ʝʛʦ ʧʦʜʨʘʟʜʝʣʝʥʠʝʤ, ʫʜʘʣʝʥʥʳʤ ʥʘ 

140 ʢʤ. 

ʇʨʠʤʝʨʦʤ ʨʘʜʠʦʨʝʣʝʡʥʦʡ ʩʝʪʠ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʩʦʟʜʘʥʥʘʷ ʚ ʂʠʨʛʠʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʝ ʚ ʢʘʯʝʩʪʚʝ 

ʧʝʨʚʠʯʥʦʡ ʩʝʪʠ ʮʠʬʨʦʚʘʷ ʨʘʜʠʦʨʝʣʝʡʥʘʷ ʤʘʛʠʩʪʨʘʣʴ ʠʟ 16 ʈʈʉ, ʟʘʤʢʥʫʪʳʭ ʚ ʢʦʣʴʮʦ, ʦʪ ʫʟʣʦʚʳʭ 

ʩʪʘʥʮʠʡ ʢʦʪʦʨʦʡ ʦʪʚʝʜʝʥʳ ʪʨʠ ʨʘʜʠʦʣʠʥʠʠ ʩ ʩʝʤʴʶ ʜʨʫʛʠʤʠ ʈʊʉ. ɻʦʨʥʳʡ ʨʝʣʴʝʬ ʧʦʟʚʦʣʠʣ 

ʫʚʝʣʠʯʠʪʴ ʥʝʢʦʪʦʨʳʝ ʧʨʦʣʝʪʳ ʤʝʞʜʫ ʈʈʉ ʜʦ 165 ʢʤ. ʉʝʪʴ ʦʭʚʘʪʳʚʘʝʪ ʚʩʝ ʨʝʛʠʦʥʳ ʨʝʩʧʫʙʣʠʢʠ ʠ 

ʠʤʝʝʪ ʚʳʭʦʜʳ ʥʘ ʥʘʟʝʤʥʫʶ ʩʪʘʥʮʠʶ ʩʧʫʪʥʠʢʦʚʦʡ ʩʚʷʟʠ COMSTAT (ʉʐɸ) ʩ ʘʥʪʝʥʥʦʡ, 

ʥʘʧʨʘʚʣʝʥʥʦʡ ʥʘ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʩʧʫʪʥʠʢ Intelsat 630, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʷʤʦʡ ʚʳʭʦʜ ʩʝʪʠ ʩʚʷʟʠ 

ʨʝʩʧʫʙʣʠʢʠ ʥʘ ʥʘʮʠʦʥʘʣʴʥʳʝ ʩʝʪʠ ʩʚʷʟʠ ʤʥʦʛʠʭ ʩʪʨʘʥ ɸʟʠʠ ʠ ɽʚʨʦʧʳ.  

  ʐʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʤʘʣʦʛʘʙʘʨʠʪʥʳʝ, ʙʳʩʪʨʦ ʨʘʟʚʦʨʘʯʠʚʘʝʤʳʝ ʈʈʉ ʜʠʘʧʘʟʦʥʦʚ 

18, 23 ʠ 36 ɻɻʮ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʧʝʨʝʜʘʚʘʪʴ ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʜʦ 25 ʢʤ ʢʘʢ ʘʥʘʣʦʛʦʚʫʶ 

(ʪʝʣʝʚʠʟʠʦʥʥʫʶ), ʪʘʢ ʠ ʮʠʬʨʦʚʫʶ ʠʥʬʦʨʤʘʮʠʶ (ʩʦ ʩʢʦʨʦʩʪʴʶ ʜʦ 34 ʄʙʠʪ/ʩ).    ʊʠʧʠʯʥʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʮʠʬʨʦʚʳʭ ʈʈʉ ʜʘʥʥʳʭ ʜʠʘʧʘʟʦʥʦʚ ï ʦʨʛʘʥʠʟʘʮʠʷ ʩʝʪʝʡ ʤʝʩʪʥʦʡ ʩʚʷʟʠ, ʩʝʪʝʡ ʩʦʪʦʚʦʡ 

ʠ ʪʨʘʥʢʦʚʦʡ ʩʚʷʟʠ. ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠʤʝʥʷʶʪʩʷ ʦʜʥʦʧʨʦʣʝʪʥʳʝ ʈʈʃ çʙʘʟʦʚʘʷ 

ʩʪʘʥʮʠʷè ï çʙʘʟʦʚʘʷ ʩʪʘʥʮʠʷè ʠ çʙʘʟʦʚʘʷ ʩʪʘʥʮʠʷè ï çʢʦʤʤʫʥʠʢʘʮʠʦʥʥʘʷ ʩʪʘʥʮʠʷè.  

  ʈʊʉ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʘʢʞʝ ʚʤʝʩʪʦ ʰʠʨʦʢʦʧʦʣʦʩʥʳʭ ʦʧʪʦʚʦʣʦʢʦʥʥʳʭ ʣʠʥʠʡ, 

ʩʦʟʜʘʚʘʝʤʳʭ ʚ ʛʦʨʦʜʩʢʠʭ ʫʩʣʦʚʠʷʭ ʜʣʷ ʩʚʷʟʠ ʤʝʞʜʫ ʫʟʣʦʚʳʤʠ ɸʊʉ ʠ ʜʨʫʛʠʤʠ ʦʙʲʝʢʪʘʤʠ ʩʚʷʟʠ. 

ʊʘʢʠʝ ʈʈʉ ʤʦʛʫʪ ʙʳʪʴ ʚʩʪʨʦʝʥʳ ʚ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʩʝʪʠ, ʦʪʚʝʯʘʶʱʠʝ ʩʪʘʥʜʘʨʪʘʤ 

SDH/SONET.  

ʆʩʥʦʚʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʧʨʠʤʝʥʝʥʠʷ ʨʘʜʠʦʣʠʥʠʡ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʛʫʪ ʙʳʪʴ: 

Å ʤʘʛʠʩʪʨʘʣʴ. ʈʈʃ ʚʧʠʩʳʚʘʝʪʩʷ ʚ ʛʦʨʦʜʩʢʠʝ ʩʝʪʠ SDH/SONET ʠ ʩʣʫʞʠʪ ʜʣʷ ʟʘʤʳʢʘʥʠʷ ʢʦʣʝʮ, ʜʣʷ 

ʩʦʝʜʠʥʝʥʠʷ ʤʝʞʜʫ ʢʦʣʴʮʘʤʠ ʠ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʫʜʘʣʝʥʥʳʭ ʫʟʣʦʚ ʜʦʩʪʫʧʘ. ʃʠʥʠʷ ʤʦʞʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʪʨʘʥʩʧʦʨʪʥʘʷ ʘʣʴʪʝʨʥʘʪʠʚʘ ʦʧʪʦʚʦʣʦʢʥʫ ʠʣʠ ʜʣʷ ʝʛʦ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ;  

Å ʦʨʛʘʥʠʟʘʮʠʷ ʜʦʩʪʫʧʘ ʢ ʩʝʪʠ ɸʊʄ. ʈʈʃ ʩʦʝʜʠʥʷʝʪʩʷ ʩ ʦʢʦʥʝʯʥʳʤ ʩʝʪʝʚʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ɸʊʄ ʠ 

ʢʦʥʮʝʥʪʨʘʪʦʨʦʤ ʜʦʩʪʫʧʘ ɸʊʄ;  

Å ʩʦʧʨʷʞʝʥʠʝ ʤʝʞʜʫ ʩʦʙʦʡ ʩʝʪʝʡ ɸʊʄ, FAST ETHERNET ʠ ʜʨʫʛʠʭ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʷʚʠʣʦʩʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʈʊʉ ʵʪʠʭ ʜʠʘʧʘʟʦʥʦʚ, ʢʦʪʦʨʳʝ ʚʳʧʫʩʢʘʶʪʩʷ 

ʟʘʨʫʙʝʞʥʳʤʠ ʠ ʦʪʝʯʝʩʪʚʝʥʥʳʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ. ʅʘ ʤʠʨʦʚʦʤ ʨʳʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʈʊʉ ʦʢʦʣʦ 15 

ʬʠʨʤ, ʚ ʪʦʤ ʯʠʩʣʝ Microwave Network (ʉʐɸ), Ceragon Networks.  

ʇʨʝʜʣʘʛʘʶʪ ʩʚʦʠ ʤʘʣʦʛʘʙʘʨʠʪʥʳʝ ʈʊʉ ʠ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ. ʉ 1993ï1994 ʛʛ. ʥʘʯʘʣʠ 

ʚʳʧʫʩʢʘʪʴʩʷ ʈʈʉ ʩʝʨʠʠ çʈʘʜʘʥ-ʄʉè, çʈʘʜʘʥ-ʄɻè, ʩʝʤʝʡʩʪʚʦ ʩʪʘʥʮʠʡ çʕʨʠʢʦʤè, çʇʠʭʪʘ-2è, 

çʈʘʜʠʫʩ-15è, çʂʦʤʧʣʝʢʩ-15è ʠ ʨʷʜ ʜʨʫʛʠʭ. ɺ ʪʦʪ ʧʝʨʠʦʜ ʵʪʠ ʈʈʉ ʧʦ ʪʝʭʥʠʯʝʩʢʦʤʫ ʫʨʦʚʥʶ ʠ 

ʥʘʜʝʞʥʦʩʪʠ ʥʝ ʤʦʛʣʠ ʩʨʘʚʥʠʪʴʩʷ ʩ ʟʘʨʫʙʝʞʥʳʤʠ ʘʥʘʣʦʛʘʤʠ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʦʣʦʞʝʥʠʝ ʠʟʤʝʥʠʣʦʩʴ, 
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ʠ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʈʊʉ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ï ʩʝʨʠʷ ʩʪʘʥʮʠʡ çʇʨʦʩʚʝʪè, ʩʪʘʥʮʠʠ çʈʘʜʠʫʩ-ɼʉè, 

çʈʘʜʠʫʩ-15ʄè, çɿʚʝʟʜʘ-11è, çʈʘʜʠʫʩ-18è ʠ ʨʷʜ ʜʨʫʛʠʭ.  

 

            ʆʙʱʠʝ ʧʨʠʥʮʠʧʳ ʧʦʩʪʨʦʝʥʠʷ ʎʈʈʃ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ             
 

     ʈʘʜʠʦʨʝʣʝʡʥʳʝ ʣʠʥʠʠ ʩʚʷʟʠ ʦʩʥʦʚʳʚʘʶʪʩʷ ʥʘ ʧʨʠʥʮʠʧʘʭ ʤʥʦʛʦʢʨʘʪʥʦʡ ʨʝʪʨʘʥʩʣʷʮʠʠ 

ʩʠʛʥʘʣʘ, ʯʪʦ ʠʣʣʶʩʪʨʠʨʫʝʪʩʷ ʫʧʨʦʱʝʥʥʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʦʡ, ʧʦʢʘʟʘʥʥʦʡ ʥʘ ʨʠʩ.3.1. 

ʈʘʟʣʠʯʘʶʪʩʷ ʦʢʦʥʝʯʥʳʝ, ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʠ ʫʟʣʦʚʳʝ ʩʪʘʥʮʠʠ.  

 

 
 

ʈʠʩʫʥʦʢ 3.1. ʉʪʨʫʢʪʫʨʥʘʷ ʉʭʝʤʘ ʦʜʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʈʈʃ 

 

ʆʢʦʥʝʯʥʳʝ ʩʪʘʥʮʠʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʚ ʢʨʘʡʥʠʭ ʧʫʥʢʪʘʭ ʣʠʥʠʠ ʩʚʷʟʠ ʠ ʩʦʜʝʨʞʘʪ 

ʤʦʜʫʣʷʪʦʨʳ ʠ ʧʝʨʝʜʘʪʯʠʢʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʦʚ ʠ ʧʨʠʝʤʥʠʢʠ ʩ ʜʝʤʦʜʫʣʷʪʦʨʘʤʠ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʠʝʤʘ. ɼʣʷ ʧʨʠʝʤʘ ʠ ʧʝʨʝʜʘʯʠ ʧʨʠʤʝʥʷʝʪʩʷ ʦʜʥʘ ʘʥʪʝʥʥʘ, ʩʦʝʜʠʥʝʥʥʘʷ ʩ ʪʨʘʢʪʘʤʠ 

ʧʨʠʝʤʘ ʠ ʧʝʨʝʜʘʯʠ ʧʨʠ ʧʦʤʦʱʠ ʘʥʪʝʥʥʦʛʦ ʨʘʟʚʝʪʚʠʪʝʣʷ (ʜʫʧʣʝʢʩʝʨʘ). ʄʦʜʫʣʷʮʠʷ ʠ ʜʝʤʦʜʫʣʷʮʠʷ 

ʩʠʛʥʘʣʦʚ ʧʨʦʚʦʜʠʪʩʷ ʥʘ ʦʜʥʦʡ ʠʟ ʩʪʘʥʜʘʨʪʥʳʭ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʯʘʩʪʦʪ (70 - 1000 ʄɻʮ). ʇʨʠ ʵʪʦʤ 

ʤʦʜʝʤʳ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʩ ʧʨʠʝʤʦʧʝʨʝʜʘʪʯʠʢʘʤʠ, ʠʩʧʦʣʴʟʫʶʱʠʤʠ ʨʘʟʣʠʯʥʳʝ ʯʘʩʪʦʪʥʳʝ ʜʠʘʧʘʟʦʥʳ. 

ʇʝʨʝʜʘʪʯʠʢʠ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʯʘʩʪʦʪʳ ʚ ʨʘʙʦʯʠʡ 

ʜʠʘʧʘʟʦʥ ʉɺʏ, ʘ ʧʨʠʝʤʥʠʢʠ - ʜʣʷ ʦʙʨʘʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʫʩʠʣʝʥʠʷ ʩʠʛʥʘʣʦʚ ʧʨʦʤʝʞʫʪʦʯʥʦʡ 

ʯʘʩʪʦʪʳ. ʉʫʱʝʩʪʚʫʶʪ ʩʠʩʪʝʤʳ ʈʈʃ ʩ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʤʦʜʫʣʷʮʠʝʡ ʩʠʛʥʘʣʦʚ ʉɺʏ (ʥʘʧʨʠʤʝʨ,  

ʘʧʧʘʨʘʪʫʨʘ ʕʨʠʢʦʤ-11), ʥʦ ʦʥʠ ʠʤʝʶʪ ʦʛʨʘʥʠʯʝʥʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ.  

    ʋʧʨʦʱʝʥʥʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʦʢʦʥʝʯʥʦʡ ʩʪʘʥʮʠʠ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 3.2.  

 

 
 

ʈʠʩʫʥʦʢ 3.2. ʆʢʦʥʝʯʥʘʷ ʩʪʘʥʮʠʷ 

 

     ʇʨʦʤʝʞʫʪʦʯʥʳʝ ʩʪʘʥʮʠʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʧʨʷʤʦʡ ʚʠʜʠʤʦʩʪʠ ʠ ʧʨʝʜʥʘʟʥʘʯʘʶʪʩʷ 

ʜʣʷ ʧʨʠʝʤʘ ʩʠʛʥʘʣʦʚ, ʫʩʠʣʝʥʠʷ ʠʭ ʠ ʜʘʣʴʥʝʡʰʝʡ ʧʝʨʝʜʘʯʝ ʧʦ ʣʠʥʠʠ ʩʚʷʟʠ. ʇʨʠʝʤ ʠ ʧʝʨʝʜʘʯʘ 

ʩʠʛʥʘʣʦʚ ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʪʘʥʮʠʷʭ ʜʦʣʞʥʘ ʧʨʦʚʦʜʠʪʩʷ ʥʘ ʨʘʟʥʳʭ ʯʘʩʪʦʪʘʭ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ 

ʧʘʨʘʟʠʪʥʳʭ ʩʚʷʟʝʡ ʚ ʧʨʠʝʤʦʧʝʨʝʜʘʪʯʠʢʘʭ ʟʘ ʩʯʝʪ  ʚʣʠʷʥʠʷ ʦʙʨʘʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʙʣʠʟʢʦ 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʘʥʪʝʥʥ. ʈʘʟʥʠʮʘ ʤʝʞʜʫ ʯʘʩʪʦʪʘʤʠ ʧʨʠʝʤʘ ʠ ʧʝʨʝʜʘʯʠ ʥʘʟʳʚʘʝʪʩʷ ʯʘʩʪʦʪʦʡ ʩʜʚʠʛʘ 

(fʩʜʚ). ʅʘ ʨʠʩ. 3.3 ʧʦʢʘʟʘʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʩʪʘʥʮʠʠ.  



 98 

 
 

ʈʠʩʫʥʦʢ 3.3. ʇʨʦʤʝʞʫʪʦʯʥʘʷ ʩʪʘʥʮʠʷ 

 

     ʋʟʣʦʚʳʝ ʩʪʘʥʮʠʠ (ʨʠʩ. 3.4) ʚʳʧʦʣʥʷʶʪ ʢʘʢ ʬʫʥʢʮʠʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʪʘʥʮʠʡ, ʪʘʢ ʠ ʬʫʥʢʮʠʠ 

ʚʚʦʜʘ ʠ ʚʳʚʦʜʘ ʠʥʬʦʨʤʘʮʠʠ. ʇʦʵʪʦʤʫ ʦʥʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ  ʚ ʢʨʫʧʥʳʭ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʘʭ ʠʣʠ ʚ 

ʪʦʯʢʘʭ ʧʝʨʝʩʝʯʝʥʠʷ (ʦʪʚʝʪʚʣʝʥʠʷ)  ʣʠʥʠʡ ʩʚʷʟʠ.  

 

 
 

ʈʠʩʫʥʦʢ 3.4. ʋʟʣʦʚʘʷ ʩʪʘʥʮʠʷ 

 

     ʇʨʦʤʝʞʫʪʦʢ ʤʝʞʜʫ ʙʣʠʞʘʡʰʠʤʠ ʩʪʘʥʮʠʷʤʠ ʥʘʟʳʚʘʝʪʩʷ ʧʨʦʣʝʪʦʤ (ʠʣʠ ʠʥʪʝʨʚʘʣʦʤ) ʈʈʃ. 

ʇʨʦʪʷʞʝʥʥʦʩʪʴ ʧʨʦʣʝʪʘ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʛʠʭ ʧʨʠʯʠʥ ʠ, ʚ ʩʨʝʜʥʝʤ, ʜʦʩʪʠʛʘʝʪ 50 - 60 ʢʤ ʚ ʜʠʘʧʘʟʦʥʘʭ 

ʯʘʩʪʦʪ ʜʦ 6 - 8 ɻɻʮ ʠ ʥʝʩʢʦʣʴʢʠʭ ʢʤ ʚ ʜʠʘʧʘʟʦʥʘʭ 30 - 50 ɻɻʮ.  

    ʇʨʦʤʝʞʫʪʦʢ ʤʝʞʜʫ ʦʢʦʥʝʯʥʦʡ ʩʪʘʥʮʠʝʡ ʠ ʙʣʠʞʘʡʰʝʡ ʫʟʣʦʚʦʡ ʠʣʠ ʤʝʞʜʫ ʫʟʣʦʚʳʤʠ ʩʪʘʥʮʠʷʤʠ 

ʥʘʟʳʚʘʝʪʩʷ ʩʝʢʮʠʝʡ ʈʈʃ, ʘ ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʨʠʝʤʦʧʝʨʝʜʘʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʙʨʘʟʫʝʪ  ʩʪʚʦʣ ʈʈʃ. 

ʈʘʟʣʠʯʘʶʪʩʷ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʝ ʩʪʚʦʣʳ ʠ ʜʚʫʥʘʧʨʘʚʣʝʥʥʳʝ (ʜʣʷ ʜʫʧʣʝʢʩʥʦʡ ʩʚʷʟʠ).  

    ʇʨʠ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʦʚ ʚ ʧʨʷʤʦʤ ʠ ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ ʧʨʠʤʝʥʷʶʪʩʷ 2-ʯʘʩʪʦʪʥʳʝ ʠ 4-

ʯʘʩʪʦʪʥʳʝ ʩʠʩʪʝʤʳ.  

 
 

ʈʠʩʫʥʦʢ 3.5.                                                                    ʈʠʩʫʥʦʢ 3.6. 

 

2-ʯʘʩʪʦʪʥʘʷ ʩʠʩʪʝʤʘ (ʨʠʩ. 3.5) ʵʢʦʥʦʤʠʯʥʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʣʦʩʳ ʯʘʩʪʦʪ, 

ʚʳʜʝʣʝʥʥʦʡ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʜʠʦʨʝʣʝʡʥʦʡ ʩʚʷʟʠ, ʥʦ ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ ʘʥʪʝʥʥ ʩ ʭʦʨʦʰʠʤʠ 

ʟʘʱʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʦʪ ʧʨʠʝʤʘ ʠ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʦʚ ʩ ʙʦʢʦʚʳʭ ʠ ʦʙʨʘʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ. ɺ 

ʜʠʘʧʘʟʦʥʘʭ ʯʘʩʪʦʪ ʚʳʰʝ 10 ɻɻʮ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʧʘʨʘʙʦʣʠʯʝʩʢʠʝ ʘʥʪʝʥʥʳ ʫʣʫʯʱʝʥʥʦʛʦ 

ʠʩʧʦʣʥʝʥʠʷ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʵʢʨʘʥʘʤʠ (ʚʦʨʦʪʥʠʢʘʤʠ), ʧʦʟʚʦʣʷʶʱʠʤʠ ʜʦʩʪʠʯʴ ʪʨʝʙʫʝʤʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ.  

    4-ʯʘʩʪʦʪʥʘʷ ʩʠʩʪʝʤʘ (ʨʠʩ. 3.6) ʜʦʧʫʩʢʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʙʦʣʝʝ ʧʨʦʩʪʳʭ ʠ ʜʝʰʝʚʳʭ ʘʥʪʝʥʥ ʠ 

ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʠʪʴ ʟʘʱʠʱʝʥʥʦʩʪʴ ʣʠʥʠʠ ʩʚʷʟʠ ʦʪ ʚʟʘʠʤʥʳʭ ʧʦʤʝʭ, ʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ 

ʨʝʜʢʦ. ʂʘʢ ʧʨʘʚʠʣʦ, ʯʝʪʳʨʝʭʯʘʩʪʦʪʥʫʶ ʩʠʩʪʝʤʫ ʤʦʞʥʦ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʣʠʥʠʡ 

ʩʚʷʟʠ ʧʨʠ ʦʯʝʥʴ ʩʣʦʞʥʦʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʦʙʩʪʘʥʦʚʢʝ.  
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    ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʨʘʜʠʦʨʝʣʝʡʥʳʝ 

ʩʠʩʪʝʤʳ ʯʘʩʪʦ ʜʝʣʘʶʪ ʤʥʦʛʦʩʪʚʦʣʴʥʳʤʠ, ʚ ʢʦʪʦʨʳʭ ʥʘ ʢʘʞʜʦʡ ʩʪʘʥʮʠʠ ʨʘʙʦʪʘʶʪ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʯʘʩʪʦʪʘʤʠ ʥʝʩʢʦʣʴʢʦ ʧʨʠʝʤʦʧʝʨʝʜʘʪʯʠʢʦʚ ʯʝʨʝʟ ʦʙʱʠʝ ʘʥʪʝʥʥʦ-ʬʠʜʝʨʥʳʝ ʫʩʪʨʦʡʩʪʚʘ.  

     ʉ ʮʝʣʴʶ ʫʚʝʣʠʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʨʘʙʦʪʳ ʣʠʥʠʠ ʩʚʷʟʠ  ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ 

ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ. ɺ ʜʠʘʧʘʟʦʥʘʭ ʯʘʩʪʦʪ ʚʳʰʝ 10 ɻɻʮ ʚ ʎʈʈʃ ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʘʶʪ 

ʩʠʩʪʝʤʳ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ 1 + 1, ʢʦʛʜʘ ʥʘ ʦʜʠʥ ʨʘʙʦʯʠʡ ʩʪʚʦʣ ʧʨʠʭʦʜʠʪʩʷ ʦʜʠʥ ʨʝʟʝʨʚʥʳʡ. ɺ 

ʩʣʦʞʥʳʭ ʫʩʣʦʚʠʷʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʚʦʣʥ, ʦʙʘ ʩʪʚʦʣʘ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʟʥʝʩʝʥʥʦʛʦ ʧʨʠʝʤʘ, ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʘʶʱʝʛʦ ʫʩʪʦʡʯʠʚʦʩʪʴ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ 

ʩʚʷʟʠ. ɿʘʯʘʩʪʫʶ ʩʪʨʦʷʪʩʷ ʧʨʦʩʪʳʝ ʦʜʥʦʩʪʚʦʣʴʥʳʝ ʩʠʩʪʝʤʳ ʩʚʷʟʠ ʙʝʟ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ, ʫʯʠʪʳʚʘʷ 

ʚʳʩʦʢʫʶ ʥʘʜʝʞʥʦʩʪʴ ʩʦʚʨʝʤʝʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ. ʂ ʧʨʠʤʝʨʫ, ʚʨʝʤʷ ʥʘʨʘʙʦʪʢʠ ʥʘ ʦʪʢʘʟ ʘʧʧʘʨʘʪʫʨʳ 

ʎʈʈʃ ʪʠʧʘ  MINI - LINK E ʰʚʝʜʩʢʦʡ ʬʠʨʤʳ ERICSSON ʜʦʩʪʠʛʘʝʪ (ʩʦʛʣʘʩʥʦ ʨʝʢʣʘʤʝ) 20 - 30 ʣʝʪ.  

     ʐʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʘʜʠʦʩʝʪʝʡ ʟʘʩʪʘʚʣʷʝʪ ʩʪʨʦʛʦ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʙʦʯʠʭ ʯʘʩʪʦʪ ʚ ʚʳʜʝʣʝʥʥʳʭ ʜʠʘʧʘʟʦʥʘʭ ʚʦʣʥ. ʅʘ ʨʠʩ. 3.7 ʧʦʢʘʟʘʥ ʧʨʠʤʝʨ ʧʣʘʥʘ  

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʙʦʯʠʭ ʯʘʩʪʦʪ ʜʣʷ ʩʠʩʪʝʤʳ ʈʈʃ, ʨʘʙʦʪʘʶʱʝʡ ʚ ʜʠʘʧʘʟʦʥʝ 11 ɻɻʮ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʈʝʢʦʤʝʥʜʘʮʠʷʤʠ 387-2 ʄʉʕ-ʈ.  

 

 
 

ʈʠʩʫʥʦʢ 3.7. ʇʨʠʤʝʨ ʧʣʘʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʙʦʯʠʭ ʯʘʩʪʦʪ 

 

     ɺ ʙʦʣʝʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʜʠʘʧʘʟʦʥʘʭ ʚʦʣʥ ʧʨʠʤʝʥʷʶʪʩʷ ʛʠʙʢʠʝ ʯʘʩʪʦʪʥʳʝ ʧʣʘʥʳ. ʈʘʟʥʦʩ 

ʯʘʩʪʦʪʥʳʭ ʢʘʥʘʣʦʚ ʚ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ (ʩʢʦʨʦʩʪʴʶ ʨʘʙʦʪʳ 

ʎʈʈʃ) ʠ ʚʠʜʦʤ ʤʦʜʫʣʷʮʠʠ. ʏʘʱʝ ʚʩʝʛʦ ʧʨʠʤʝʥʷʝʪʩʷ ʰʘʛ ʨʘʟʥʦʩʘ ʨʘʙʦʯʠʭ ʯʘʩʪʦʪ ʨʘʚʥʳʡ 3.5 ʄɻʮ. 

ʊʦʛʜʘ, ʢ ʧʨʠʤʝʨʫ, ʧʨʠ ʩʢʦʨʦʩʪʠ ʨʘʙʦʪʳ  4 ʄʙʠʪ/ʩ ʠ 4-ʫʨʦʚʥʝʚʦʡ ʤʦʜʫʣʷʮʠʠ ʨʘʟʥʦʩ ʯʘʩʪʦʪ ʤʦʞʥʦ 

ʚʳʙʨʘʪʴ ʨʘʚʥʳʤ ʰʘʛʫ ʨʘʟʥʦʩʘ, ʘ ʧʨʠ ʢʨʘʪʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ  ʨʘʟʥʦʩ  ʪʘʢʞʝ ʢʨʘʪʥʦ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʤʦʞʝʪ ʨʘʚʥʷʪʴʩʷ  

 7, 14 ʠʣʠ 28 ʄɻʮ.  

    ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʨʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʯʘʩʪʦʪʥʳʝ ʧʣʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʚʦʡʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ 

ʨʘʜʠʦʚʦʣʥ, ʧʦʟʚʦʣʷʶʱʠʝ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʯʘʩʪʦʪʥʦʛʦ 

ʩʧʝʢʪʨʘ.  

     ʉʦʚʨʝʤʝʥʥʘʷ ʘʧʧʘʨʘʪʫʨʘ ʨʘʜʠʦʨʝʣʝʡʥʳʭ ʩʠʩʪʝʤ ʜʣʷ ʜʠʘʧʘʟʦʥʦʚ ʯʘʩʪʦʪ ʚʳʰʝ 10 ɻɻʮ ʠʤʝʝʪ 

ʦʧʨʝʜʝʣʝʥʥʳʝ  ʦʩʦʙʝʥʥʦʩʪʠ ʚ ʢʦʥʩʪʨʫʢʪʠʚʥʦʤ ʚʳʧʦʣʥʝʥʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʦʣʝʝ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ 

ʘʧʧʘʨʘʪʫʨʦʡ. ɺ ʜʠʘʧʘʟʦʥʘʭ ʯʘʩʪʦʪ ʜʦ 10 ɻɻʮ ʧʨʠʝʤʦʧʝʨʝʜʘʶʱʘʷ ʘʧʧʘʨʘʪʫʨʘ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʚʠʜʝ ʜʦʩʪʘʪʦʯʥʦ ʛʨʦʤʦʟʜʢʠʭ ʩʪʦʝʢ, ʨʘʩʧʦʣʘʛʘʶʱʠʭʩʷ ʚ ʘʧʧʘʨʘʪʥʳʭ ʧʦʤʝʱʝʥʠʷʭ. 

ʉʚʷʟʴ ʩ ʘʥʪʝʥʥʘʤʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʬʠʜʝʨʥʳʤʠ ʚʦʣʥʦʚʦʜʘʤʠ, ʠʤʝʶʱʠʤʠ ʟʥʘʯʠʪʝʣʴʥʫʶ ʜʣʠʥʫ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʥʦʩʷʱʠʤʠ ʩʫʱʝʩʪʚʝʥʥʳʝ ʧʦʪʝʨʠ. ʇʝʨʝʭʦʜ ʢ ʜʠʘʧʘʟʦʥʘʤ ʯʘʩʪʦʪ ʚʳʰʝ 10 ɻɻʮ 

ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʠʣ ʢʦʥʩʪʨʫʢʪʠʚʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʘʧʧʘʨʘʪʫʨʳ. ɸʧʧʘʨʘʪʫʨʘ, ʨʘʙʦʪʘʶʱʘʷ ʚ 

ʜʠʘʧʘʟʦʥʝ ʚʳʰʝ 10 ɻɻʮ, ʠʤʝʝʪ ʥʝʙʦʣʴʰʠʝ ʛʘʙʘʨʠʪʳ ʠ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʚʝʨʰʠʥʝ ʘʥʪʝʥʥʦʡ ʦʧʦʨʳ, 

ʦʙʲʝʜʠʥʝʥʥʘʷ ʚ ʝʜʠʥʳʡ ʙʣʦʢ ʩ ʘʥʪʝʥʥʦʡ.  
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ʈʠʩʫʥʦʢ 3.8. ʇʨʠʝʤʦʧʝʨʝʜʘʶʱʠʡ ʙʣʦʢ 

 

    ʅʘ ʨʠʩ. 3.8 ʧʦʢʘʟʘʥ ʧʨʠʤʝʨ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʧʨʠʝʤʦʧʝʨʝʜʘʶʱʝʛʦ ʙʣʦʢʘ ʮʠʬʨʦʚʦʡ 

ʘʧʧʘʨʘʪʫʨʳ MINI-LINK ʜʣʷ ʜʠʘʧʘʟʦʥʘ ʯʘʩʪʦʪ 23 - 38 ɻɻʮ. ɿʜʝʩʴ ʧʘʨʘʙʦʣʠʯʝʩʢʘʷ  ʘʥʪʝʥʥʘ ʠʤʝʝʪ 

ʜʠʘʤʝʪʨ 30 ʩʤ ʠ ʩʦʝʜʠʥʷʝʪʩʷ ʩ ʧʨʠʝʤʦʧʝʨʝʜʘʶʱʠʤ ʙʣʦʢʦʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʙʝʟ ʚʦʣʥʦʚʦʜʘ. 

ʕʣʝʤʝʥʪʳ ʜʣʷ ʢʨʝʧʣʝʥʠʷ ʚʩʝʛʦ ʤʦʜʫʣʷ ʢ ʘʥʪʝʥʥʦʡ ʦʧʦʨʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ ʘʥʪʝʥʥʦʤ ʙʣʦʢʝ ʠ 

ʠʤʝʶʪ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʶʩʪʠʨʦʚʢʠ  ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʷʭ. 

ʇʨʠʝʤʦʧʝʨʝʜʘʶʱʠʡ ʙʣʦʢ ʤʦʞʥʦ ʣʝʛʢʦ ʦʪʩʦʝʜʠʥʠʪʴ ʦʪ ʘʥʪʝʥʥʦʛʦ ʙʣʦʢʘ ʜʣʷ ʟʘʤʝʥʳ, ʥʘʩʪʨʦʡʢʠ ʠ 

ʧʨʦʬʠʣʘʢʪʠʢʠ. ɺ ʪʘʢʦʤ ʠʩʧʦʣʥʝʥʠʠ ʚʝʩ ʙʣʦʢʘ ʩʦʩʪʘʚʣʷʝʪ 11-12 ʢʛ. ɸʧʧʘʨʘʪʫʨʘ ʧʦʟʚʦʣʷʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʥʪʝʥʥʳ ʠ ʙʦʣʴʰʝʛʦ ʜʠʘʤʝʪʨʘ (0.6 ʠ 1.2 ʤ).  

    ɺ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ ʘʥʪʝʥʥʳ ʜʠʘʤʝʪʨʦʤ 0.6 ʤ ʢʦʥʩʪʨʫʢʪʠʚʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʦʩʪʘʝʪʩʷ ʪʘʢʠʤ ʞʝ, 

ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.8, ʘ ʘʥʪʝʥʥʘ ʜʠʘʤʝʪʨʦʤ 1.2 ʤ ʩʦʝʜʠʥʷʝʪʩʷ ʩ ʧʨʠʝʤʦʧʝʨʝʜʘʪʯʠʢʦʤ ʢʦʨʦʪʢʠʤ 

ʛʠʙʢʠʤ ʚʦʣʥʦʚʦʜʦʤ.  

        ʇʨʠʤʝʨ ʨʘʩʧʦʣʦʞʝʥʠʷ ʤʦʜʫʣʝʡ ʘʧʧʘʨʘʪʫʨʳ  ʥʘ ʘʥʪʝʥʥʦʡ ʦʧʦʨʝ (ʦʪʝʯʝʩʪʚʝʥʥʘʷ ʘʧʧʘʨʘʪʫʨʘ 

ɹʀʉʊ) ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 3.9.  

 

 
 

ʈʠʩʫʥʦʢ 3.9. ɸʥʪʝʥʥʘʷ ʦʧʦʨʘ ʩ ʘʧʧʘʨʘʪʫʨʦʡ 

     

ʂʦʤʧʘʢʪʥʘʷ ʘʧʧʘʨʘʪʫʨʘ ʩ ʥʝʙʦʣʴʰʠʤʠ ʛʘʙʘʨʠʪʘʤʠ ʠ ʚʝʩʦʤ, ʢʦʪʦʨʘʷ ʧʨʠʤʝʥʷʝʪʩʷ ʚ 

ʜʠʘʧʘʟʦʥʘʭ ʯʘʩʪʦʪ ʚʳʰʝ 10 ɻɻʮ, ʜʦʧʫʩʢʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʣʝʛʯʝʥʥʳʭ ʘʥʪʝʥʥʳʭ ʤʘʯʪ, 

ʚʳʧʦʣʥʝʥʥʳʭ ʚ ʚʠʜʝ ʬʝʨʤ ʪʨʝʫʛʦʣʴʥʦʛʦ ʩʝʯʝʥʠʷ ʠʣʠ ʪʨʫʙʯʘʪʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ 

ʫʩʪʘʥʦʚʠʪʴ ʥʘ ʚʳʩʦʢʠʭ ʟʜʘʥʠʷʭ, ʜʳʤʦʚʳʭ ʪʨʫʙʘʭ ʠʣʠ ʚʦʟʚʳʰʝʥʥʳʭ ʤʝʩʪʘʭ. ʇʨʠʝʤʦʧʝʨʝʜʘʶʱʠʝ 

ʙʣʦʢʠ ʩʦʝʜʠʥʷʶʪʩʷ ʢʦʘʢʩʠʘʣʴʥʳʤʠ ʢʘʙʝʣʷʤʠ ʩ ʤʦʜʝʤʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʨʘʩʧʦʣʘʛʘʶʱʠʤʩʷ ʚ 

ʧʦʤʝʱʝʥʠʠ. ʉʦʚʨʝʤʝʥʥʦʝ ʤʦʜʝʤʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ - ʵʪʦ ʣʝʛʢʦ ʪʨʘʥʩʬʦʨʤʠʨʫʶʱʠʡʩʷ ʢʦʤʧʣʝʢʩ, 

ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʡ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʮʝʥʪʨʘʣʴʥʦʛʦ ʠʣʠ ʤʝʩʪʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ  

. ʄʦʜʝʤʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʦʙʨʘʙʦʪʢʫ ʮʠʬʨʦʚʳʭ ʧʦʪʦʢʦʚ ʥʘ 

ʩʢʦʨʦʩʪʠ ʦʪ 1 ʜʦ 34 ʄʙʠʪ/ʩ, ʧʨʦʚʦʜʠʪʴ ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʝ ʧʦʪʦʢʦʚ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʚ 

ʨʝʞʠʤʘʭ ʦʨʛʘʥʠʟʘʮʠʠ ʩʝʪʝʡ ʩʚʷʟʠ ʣʶʙʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ.  

. ɼʣʷ ʧʨʠʤʝʨʘ, ʥʘ ʨʠʩ. 3.10 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʦʨʛʘʥʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʩʚʷʟʠ ʤʝʞʜʫ ʣʦʢʘʣʴʥʳʤʠ 

ʢʦʤʧʴʶʪʝʨʥʳʤʠ ʩʝʪʷʤʠ. ʇʦʜʦʙʥʫʶ ʩʭʝʤʫ ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʠ ʜʣʷ ʩʚʷʟʠ ʤʝʞʜʫ ʙʘʟʦʚʳʤʠ 

ʩʪʘʥʮʠʷʤʠ ʧʦʜʚʠʞʥʦʡ ʩʚʷʟʠ. 
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ʈʠʩʫʥʦʢ 3.10. 

 

    ʇʨʠʤʝʨ ʪʠʧʦʚʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʮʠʬʨʦʚʦʡ ʩʝʪʠ ʩʚʷʟʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 3.11. ɿʜʝʩʴ ʧʦʢʘʟʘʥʳ 

ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʩʪʘʥʮʠʡ ʈʈʃ, ʨʘʙʦʪʘʶʱʠʭ ʩ  ʨʘʟʥʳʤʠ ʮʠʬʨʦʚʳʤʠ ʧʦʪʦʢʘʤʠ, ʩ  ʨʝʟʝʨʚʠʨʦʚʘʥʠʝʤ ʠ 

ʙʝʟ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʝ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʢʦʤʧʴʶʪʝʨʘ - ʤʝʥʝʜʞʝʨʘ ʩʝʪʠ  

 
 

ʈʠʩʫʥʦʢ 3.11. 

 

    ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘʯʠʥʘʶʪ ʙʫʨʥʦ ʨʘʟʚʠʚʘʪʴʩʷ ʤʠʢʨʦʚʦʣʥʦʚʳʝ ʤʥʦʛʦʢʘʥʘʣʴʥʳʝ ʩʠʩʪʝʤʳ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ (MMDS, MVDS, LMDS). ʊʘʢʠʝ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʶʪ ʦʨʛʘʥʠʟʦʚʘʪʴ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʪʝʣʝʚʠʟʠʦʥʥʳʭ ʧʨʦʛʨʘʤʤ ʠʣʠ ʢʦʤʧʴʶʪʝʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 

ʠʣʠ ʢʦʣʣʝʢʪʠʚʥʳʭ ʘʙʦʥʝʥʪʦʚ. ʉʠʩʪʝʤʳ MMDS ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʝʪʴ ʙʘʟʦʚʳʭ ʩʪʘʥʮʠʡ, 

ʨʘʙʦʪʘʶʱʠʭ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 2.7 ɻɻʮ, ʩ ʘʥʪʝʥʥʘʤʠ, ʠʤʝʶʱʠʤʠ ʢʨʫʛʦʚʫʶ ʜʠʘʛʨʘʤʤʫ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʠ ʫʛʦʣ ʨʘʩʢʨʳʚʘ ʧʦʨʷʜʢʘ 3 - 6 ʛʨʘʜ. ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ 

ʧʣʦʩʢʦʩʪʠ (G = 12-17 ʜɹ).  

    ʄʥʦʞʝʩʪʚʦ ʧʨʠʝʤʥʳʭ ʘʙʦʥʝʥʪʩʢʠʭ ʫʩʪʨʦʡʩʪʚ (ʢʘʢ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ, ʪʘʢ ʠ ʢʦʣʣʝʢʪʠʚʥʦʛʦ 

ʧʦʣʴʟʦʚʘʥʠʷ), ʩ ʥʘʧʨʘʚʣʝʥʥʳʤʠ ʘʥʪʝʥʥʘʤʠ, ʠʤʝʶʱʠʤʠ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ 25 - 35 ʜɹ, 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʟʦʥʝ ʧʨʷʤʦʡ ʚʠʜʠʤʦʩʪʠ ʦʪ ʙʘʟʦʚʳʭ ʩʪʘʥʮʠʡ. ʆʙʤʝʥ ʠʥʬʦʨʤʘʮʠʝʡ ʤʝʞʜʫ 

ʙʘʟʦʚʳʤʠ ʩʪʘʥʮʠʷʤʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ ʩʚʷʟʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʨʠ 

ʧʦʤʦʱʠ ʈʈʃ.  

     ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤʘʭ ʩʚʷʟʠ,  ʜʠʘʧʘʟʦʥʳ 

ʯʘʩʪʦʪ ʚʳʰʝ 10 ɻɻʮ, ʪʘʢ ʢʘʢ ʜʠʘʧʘʟʦʥʳ ʯʘʩʪʦ ʥʠʞʝ 10 ɻɻʮ ʩʠʣʴʥʦ ʟʘʛʨʫʞʝʥʳ ʠ ʥʝ ʧʦʟʚʦʣʷʶʪ 

ʩʪʨʦʠʪʴ ʢʦʤʧʘʢʪʥʳʝ ʧʨʠʝʤʥʳʝ ʫʩʪʨʦʡʩʪʚʘ. ɼʣʷ ʣʦʢʘʣʴʥʳʭ ʩʠʩʪʝʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ 

(LMDS) ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʠʘʧʘʟʦʥ ʯʘʩʪʦʪ 27 - 29 ɻɻʮ.  ʇʨʠʤʝʥʝʥʠʝ ʯʘʩʪʦʪ ʚʳʰʝ 30 

ɻɻʮ ʧʦʟʚʦʣʷʝʪ ʧʨʠʥʠʤʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʩ ʚʳʩʦʢʠʤ ʢʘʯʝʩʪʚʦʤ ʪʦʣʴʢʦ ʥʘ ʥʝʙʦʣʴʰʠʭ ʨʘʩʩʪʦʷʥʠʷʭ (2 - 

7 ʢʤ)  ʠʟ-ʟʘ ʤʘʣʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ ʘʥʪʝʥʥ ʙʘʟʦʚʳʭ ʩʪʘʥʮʠʡ (ʚ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ 

ʢʨʫʛʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ) ʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʦʪʝʨʴ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʚ ʛʠʜʨʦʤʝʪʝʦʨʘʭ ʠ ʛʘʟʘʭ 

ʘʪʤʦʩʬʝʨʳ. ʆʜʥʘʢʦ ʛʘʙʘʨʠʪʳ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʘʥʪʝʥʥ ʠ ʨʝʩʠʚʝʨʦʚ ʧʦʣʫʯʘʶʪʩʷ ʚʝʩʴʤʘ ʤʘʣʳʤʠ. 

ʇʦʵʪʦʤʫ ʚ ɽʚʨʦʧʝ ʚʳʜʝʣʝʥ ʜʠʘʧʘʟʦʥ ʯʘʩʪʦʪ 40,5.42,5 ɻɻʮ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʩʠʩʪʝʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʚʠʜʝʦʠʥʬʦʨʤʘʮʠʠ (MVDS).  

    ʈʘʟʥʠʮʘ ʚ ʥʘʟʚʘʥʠʷʭ ʩʠʩʪʝʤ  ʚʝʩʴʤʘ ʫʩʣʦʚʥʘ, ʧʦʩʢʦʣʴʢʫ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʥʠʭ ʨʘʟʨʘʙʘʪʳʚʘʣʠʩʴ 
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ʥʘ ʨʘʟʥʳʭ ʢʦʥʪʠʥʝʥʪʘʭ. ʉ ʪʝʭʥʠʯʝʩʢʦʡ ʞʝ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʪʦ ʦʜʥʠ ʠ ʪʝ ʞʝ ʫʩʪʨʦʡʩʪʚʘ, 

ʠʟʛʦʪʦʚʣʝʥʥʳʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʨʘʜʠʦʨʝʣʝʡʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʈʘʜʠʦʪʨʘʢʪ ʪʘʢʦʡ 

ʩʠʩʪʝʤʳ "ʧʨʦʟʨʘʯʝʥ" ʜʣʷ ʧʝʨʝʜʘʯʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʘʥʘʣʦʛʦʚʳʭ ʠʣʠ ʮʠʬʨʦʚʳʭ ʩʠʛʥʘʣʦʚ, ʙʫʜʴ ʪʦ 

NTSC, PAL, SECAM ʠʣʠ DVB. ʈʘʟʣʠʯʠʷ ʙʫʜʫʪ ʣʠʰʴ ʚ ʯʠʩʣʝ ʢʘʥʘʣʦʚ.  

    ɼʣʷ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʦʚ ʪʝʣʝʚʠʜʝʥʠʷ ʚʧʦʣʥʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʮʠʬʨʦʚʦʡ ʩʪʘʥʜʘʨʪ MPEG-

2, ʧʦʣʫʯʠʚʰʠʡ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤʘʭ ʪʝʣʝʚʠʟʠʦʥʥʦʛʦ ʚʝʱʘʥʠʷ ʠ 

ʤʦʜʫʣʷʮʠʷ COFDM, ʟʘʱʠʱʝʥʥʘʷ ʦʪ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʠʩʢʘʞʝʥʠʡ. ɼʣʷ ʫʣʫʯʰʝʥʠʷ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ  ʥʘ ʙʘʟʦʚʳʭ ʩʪʘʥʮʠʷʭ, ʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʝʥʠʝ ʩʝʢʪʦʨʥʳʭ ʠ 

ʤʥʦʛʦʣʝʧʝʩʪʢʦʚʳʭ ʘʥʪʝʥʥʳʭ ʩʠʩʪʝʤ ʩ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʫʩʠʣʝʥʠʷ ʜʦ 30 - 40 ʜɹ.  

    ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʠʢʨʦʚʦʣʥʦʚʳʝ ʤʥʦʛʦʢʘʥʘʣʴʥʳʝ ʩʝʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʤʦʛʫʪ 

ʷʚʣʷʪʴʩʷ ʜʦʧʦʣʥʝʥʠʝʤ ʠ ʢʦʥʢʫʨʝʥʪʦʤ ʜʣʷ ʩʠʩʪʝʤ ʢʘʙʝʣʴʥʦʡ, ʨʘʜʠʦʨʝʣʝʡʥʦʡ ʠ ʩʧʫʪʥʠʢʦʚʦʡ ʩʚʷʟʠ.  

 

       ʅʦʨʤʳ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʥʝʛʦʪʦʚʥʦʩʪʠ ʠ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʧʦ ʦʰʠʙʢʘʤ 

 

       ʅʦʨʤʳ, ʧʦ ʨʝʢʦʤʝʥʜʘʮʠʠ ʄʉʕ-ʊ G. 821, ʩʦʩʪʦʷʪ ʠʟ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪ: ʧʦʢʘʟʘʪʝʣʠ 

ʥʝʛʦʪʦʚʥʦʩʪʠ ʠ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʧʦ ʦʰʠʙʢʘʤ.  

        ʇʦʢʘʟʘʪʝʣʠ ʥʝʛʦʪʦʚʥʦʩʪʠ (ʇʅɻ)  
  ʅʝʛʦʪʦʚʥʦʩʪʴ ʘʧʧʘʨʘʪʫʨʳ - ʪʘʢʦʝ ʩʦʩʪʦʷʥʠʝ ʫʯʘʩʪʢʘ ʎʈʈʃ, ʧʨʠ ʢʦʪʦʨʦʤ ʚ ʪʝʯʝʥʠʝ ʜʝʩʷʪʠ 

ʩʝʢʫʥʜʥʳʭ ʠʥʪʝʨʚʘʣʦʚ, ʩʣʝʜʫʶʱʠʭ ʧʦʜʨʷʜ, ʠʤʝʝʪ ʤʝʩʪʦ ʭʦʪʷ ʙʳ ʦʜʥʦ ʠʟ ʩʦʙʳʪʠʡ:  

ʧʨʦʧʘʜʘʥʠʝ ʩʠʛʥʘʣʘ (ʧʦʪʝʨʷ ʩʠʥʭʨʦʥʠʟʘʮʠʠ);  

ʢʦɻʬʬʠʮʠʝʥʪ ʦʰʠʙʦʢ koʰ = Nʦʰ / N > 10
-3
, ʛʜʝ N - ʯʠʩʣʦ ʧʝʨʝʜʘʥʥʳʭ ʩʠʤʚʦʣʦʚ, Nʦʰ - 

ʯʠʩʣʦ ʦʰʠʙʦʯʥʦ ʧʨʠʥʷʪʳʭ ʩʠʤʚʦʣʦʚ. 

ʇʨʠʯʠʥʳ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʥʝʛʦʪʦʚʥʦʩʪʠ ʘʧʧʘʨʘʪʫʨʳ:  

      ʵʢʨʘʥʠʨʫʶʱʝʝ ʚʣʠʷʥʠʝ ʧʨʝʧʷʪʩʪʚʠʷ ʧʨʠ ʩʫʙʨʝʬʨʘʢʮʠʠ;  

      ʚʣʠʷʥʠʝ ʛʠʜʨʦʤʝʪʝʦʨʦʚ (ʫʯʠʪʳʚʘʝʪʩʷ ʧʨʠ ʯʘʩʪʦʪʘʭ ʚʳʰʝ 6 ɻɻʮ);  

      ʚʣʠʷʥʠʝ ʧʨʦʤʳʰʣʝʥʥʳʭ ʘʪʤʦʩʬʝʨʥʳʭ ʤʝʪʝʦʨʦʚ (ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ). ɼʘʥʥʳʝ ʜʣʷ 

ʨʘʩʯʝʪʦʚ ʦʪʩʫʪʩʪʚʫʶʪ;  

      ʥʝʥʘʜʝʞʥʦʩʪʴ ʘʧʧʘʨʘʪʫʨʳ;  

       ʦʰʠʙʢʠ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ.  

              ʊʘʙʣʠʮʘ 3.1. ɿʘʚʠʩʠʤʦʩʪʴ ʢʘʯʝʩʪʚʘ ʣʠʥʠʠ ʠ ʇʅɻ 

 

ʂʘʯʝʩʪʚʦ ʣʠʥʠʠ  ʇʅɻ, % 

ʃʠʥʠʠ ʩʚʷʟʠ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ 0.3 L / 2500 

ʃʠʥʠʠ ʩʚʷʟʠ ʩʨʝʜʥʝʛʦ ʢʘʯʝʩʪʚʘ 

1 ʢʣʘʩʩ   0.033 (L=280 ʢʤ) 

2 ʢʣʘʩʩ   0.05   (L=280 ʢʤ) 

3 ʢʣʘʩʩ 0.05   (L=50 ʢʤ) 

4 ʢʣʘʩʩ 0.1      (L=50 ʢʤ) 

ʃʠʥʠʠ ʩʚʷʟʠ ʣʦʢʘʣʴʥʦʛʦ ʢʘʯʝʩʪʚʘ   0.01-1 

     

ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʧʨʠʥʷʪʦ ʦʮʝʥʠʚʘʪʴ ʩʦʩʪʦʷʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʪʝʨʤʠʥʦʤ "ʛʦʪʦʚʥʦʩʪʴ". ʇʨʠ 

ʵʪʦʤ ʦʙʱʝʝ ʚʨʝʤʷ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʝʪʩʷ ʠʟ ʧʝʨʠʦʜʦʚ ʛʦʪʦʚʥʦʩʪʠ ʠ ʥʝʛʦʪʦʚʥʦʩʪʠ, ʘ 

ʣʠʥʠʷ ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʛʦʪʦʚʥʦʩʪʠ, ʝʩʣʠ  ʦʙʘ ʝʝ ʥʘʧʨʘʚʣʝʥʠʷ "ʛʦʪʦʚʳ".  

 

            ʇʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʧʦ ʦʰʠʙʢʘʤ (ʇʂʆ)  
            ʇʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʧʦ ʦʰʠʙʢʘʤ ʩʠʩʪʝʤʳ ʩʚʷʟʠ  ʦʪʥʦʩʷʪʩʷ ʢ ʪʝʤ ʧʨʦʤʝʞʫʪʢʘʤ ʚʨʝʤʝʥʠ, ʚ 

ʪʝʯʝʥʠʝ ʢʦʪʦʨʳʭ ʩʠʩʪʝʤʘ ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʛʦʪʦʚʥʦʩʪʠ !  

             ʈʘʟʣʠʯʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ:  

             - ʩʠʣʴʥʦ ʧʦʨʘʞʝʥʥʳʝ ʩʝʢʫʥʜʳ (ʉʇʉ);  

             - ʤʠʥʫʪʳ ʧʦʥʠʞʝʥʥʦʛʦ ʢʘʯʝʩʪʚʘ (ʄʇʂ);  

             - ʩʝʢʫʥʜʳ ʩ ʦʰʠʙʢʘʤʠ (ʉʆ);  
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             - ʦʩʪʘʪʦʯʥʳʡ ko  h(ʆʂʆ).  

             ʉʠʣʴʥʦ ʧʦʨʘʞʝʥʥʳʝ ʩʝʢʫʥʜʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʨʦʮʝʥʪ ʚʨʝʤʝʥʠ ʧʨʝʚʳʰʝʥʠʷ ʚʝʣʠʯʠʥʳ 

ko  h = 10
-3

 ʟʘ 1 ʩʝʢʫʥʜʫ. ʄʠʥʫʪʳ ʧʦʥʠʞʝʥʥʦʛʦ ʢʘʯʝʩʪʚʘ - ʧʨʦʮʝʥʪ ʚʨʝʤʝʥʠ ʧʨʝʚʳʰʝʥʠʷ ko  h = 10
-

6
  ʟʘ 1 ʤʠʥʫʪʫ. ʉʝʢʫʥʜʳ ʩ ʦʰʠʙʢʘʤʠ - ʧʨʦʮʝʥʪ ʚʨʝʤʝʥʠ ʧʨʝʚʳʰʝʥʠʷ ko  h = 10

-6
  ʟʘ 1 ʩʝʢʫʥʜʫ (ʵʪʘ 

ʥʦʨʤʘ ʦʧʨʝʜʝʣʷʝʪ ʢʘʯʝʩʪʚʦ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʩʚʷʟʠ ʧʨʠ ʧʝʨʝʜʘʯʝ ʜʘʥʥʳʭ). ɺ ʥʝʢʦʪʦʨʳʭ ʠʩʪʦʯʥʠʢʘʭ 

ʠʤʝʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʩʝʢʫʥʜʳ ʩ ʦʰʠʙʢʘʤʠ ʢʘʢ ʧʨʦʮʝʥʪʥʦʝ ʦʪʥʦʰʝʥʠʝ ʯʠʩʣʘ 

ʙʨʘʢʦʚʘʥʥʳʭ ʩʝʢʫʥʜ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʳʭ ʠʤʝʝʪʩʷ ʦʜʥʘ ʠʣʠ ʙʦʣʴʰʝ ʦʰʠʙʦʢ ʢ ʦʙʱʝʤʫ ʚʨʝʤʝʥʠ 

ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ. ʇʘʨʘʤʝʪʨ ʉʆ ʦʧʨʝʜʝʣʷʝʪʩʷ ʣʶʙʳʤʠ ʧʨʠʯʠʥʘʤʠ (ʘ ʥʝ ʪʦʣʴʢʦ ʟʘʤʠʨʘʥʠʷʤʠ ʥʘ 

ʪʨʘʩʩʝ ʣʠʥʠʠ ʩʚʷʟʠ).  

            ɺʝʣʠʯʠʥʳ ʚʩʝʭ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʟʘʚʠʩʷʪ ʦʪ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʟʘʤʠʨʘʥʠʡ ʩʠʛʥʘʣʘ ʥʘ 

ʠʥʪʝʨʚʘʣʝ ʎʈʈʃ, ʢʦʪʦʨʳʝ ʩʢʣʘʜʳʚʘʶʪʩʷ ʠʟ ʛʣʘʜʢʠʭ ʠ ʯʘʩʪʦʪʥʦ-ʩʝʣʝʢʪʠʚʥʳʭ. ʂ ʛʣʘʜʢʠʤ 

ʟʘʤʠʨʘʥʠʷʤ ʥʝʦʙʭʦʜʠʤʦ ʦʪʥʦʩʠʪʴ ʪʘʢʠʝ ʟʘʤʠʨʘʥʠʷ, ʢʦʪʦʨʳʝ ʥʝ ʠʩʢʘʞʘʶʪ ʯʘʩʪʦʪʥʫʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʩʠʩʪʝʤʳ ʩʚʷʟʠ.  

             ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʯʘʩʪʦʪʥʦ-ʩʝʣʝʢʪʠʚʥʳʝ ʟʘʤʠʨʘʥʠʷ ʚʣʠʷʶʪ ʥʘ ɸʏʍ ʩʪʚʦʣʘ ʈʈʃ, ʪ.ʝ. ʚ 

ʧʨʝʜʝʣʘʭ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʣʠʥʠʠ ʩʚʷʟʠ ʚʥʦʩʷʪ ʨʘʟʣʠʯʥʳʝ ʦʩʣʘʙʣʝʥʠʷ ʥʘ ʨʘʟʥʳʭ ʯʘʩʪʦʪʘʭ. ʕʪʠ 

ʟʘʤʠʨʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʧʦʣʦʩʝ ʧʨʦʧʫʩʢʘʥʠʷ ɺʏ ʩʪʚʦʣʘ ʙʦʣʴʰʝ 10-15 ʄɻʮ.  

 

                     ʊʘʙʣʠʮʘ 3.2.  ʇʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʧʦ ʦʰʠʙʢʘʤ 

  

ʃʠʥʠʠ ʩʚʷʟʠ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ 
ʉʇʉ 0.054% L / 2500 

 ʄʇʂ 0.4% L / 2500 

ʃʠʥʠʠ ʩʚʷʟʠ ʩʨʝʜʥʝʛʦ ʢʘʯʝʩʪʚʘ  

Lʩʝʢʮʠʠ = 280 ʢʤ 

1 ʢʣʘʩʩ 
 ʉʇʉ 006%  

ʄʇʂ 045% 

2 ʢʣʘʩʩ 
  ʉʇʉ 0.0075%  

ʄʇʂ 0.2% 

ʃʠʥʠʠ ʩʚʷʟʠ ʩʨʝʜʥʝʛʦ ʢʘʯʝʩʪʚʘ  

Lʩʝʢʮʠʠ = 50 ʢʤ 

3 ʢʣʘʩʩ 
ʉʇʉ 0.002%  

ʄʇʂ 0.2% 

4 ʢʣʘʩʩ 
ʉʇʉ 0.005%  

ʄʇʂ 0.5% 

ʃʠʥʠʠ ʩʚʷʟʠ ʣʦʢʘʣʴʥʦʛʦ ʢʘʯʝʩʪʚʘ 
  ʉʇʉ 0.015%  

ʄʇʂ 1.5% 

      

 

             ʅʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʚʚʠʜʫ, ʯʪʦ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʦʚʳʭ ʮʠʬʨʦʚʳʭ ʙʝʩʧʨʦʚʦʜʥʳʭ 

ʣʠʥʠʡ ʩʚʷʟʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʦʣʴʟʦʚʘʪʴʩʷ ʥʦʚʳʤʠ, ʙʦʣʝʝ ʞʝʩʪʢʠʤʠ ʥʦʨʤʘʤʠ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʈʝʢ. G.826, ʦʩʦʙʝʥʥʦ, ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʠʩʪʝʤ ʩʚʷʟʠ 

ʩʠʥʭʨʦʥʥʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʝʨʘʨʭʠʠ (SDH). 

 

            ʈʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʳʙʦʨʫ ʨʘʙʦʯʠʭ ʯʘʩʪʦʪ 

  

     ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʚʦʝʥ ʚʝʩʴʤʘ ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʨʘʙʦʯʠʭ ʯʘʩʪʦʪ ʜʣʷ ʮʝʣʝʡ 

ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʨʘʜʠʦʩʚʷʟʠ, ʥʘʯʠʥʘʷ ʩ ʜʠʘʧʘʟʦʥʘ 2 ɻɻʮ.  

 

ɼʠʘʧʘʟʦʥ 2 ɻɻʮ (1.7-2.1 ɻɻʮ) 

     ʕʪʦʪ ʜʠʘʧʘʟʦʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʦʚ ʥʘ  ʜʦʩʪʘʪʦʯʥʦ 

ʧʨʦʪʷʞʝʥʥʳʭ  ʧʨʦʣʝʪʘʭ (ʜʦ 50-80 ʢʤ). ʋʩʪʦʡʯʠʚʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʚʦʣʥ ʚ ʩʠʣʴʥʦʡ 

ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʵʢʨʘʥʠʨʫʶʱʝʛʦ ʜʝʡʩʪʚʠʷ ʧʨʝʧʷʪʩʪʚʠʡ ʥʘ ʠʥʪʝʨʚʘʣʘʭ ʈʈʃ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʡ 

ʨʝʬʨʘʢʮʠʠ. ɺ ʵʪʦʤ ʜʠʘʧʘʟʦʥʝ ʚʦʣʥ ʘʥʪʝʥʥʳ ʦʙʣʘʜʘʶʪ ʚʝʩʴʤʘ ʙʦʣʴʰʠʤʠ ʛʘʙʘʨʠʪʘʤʠ, ʠ ʧʦʵʪʦʤʫ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʩʠʣʝʥʠʷ ʥʝ ʧʨʝʚʳʰʘʶʪ 35-38 ʜɹ ʧʨʠ ʜʠʘʤʝʪʨʘʭ ʧʘʨʘʙʦʣʠʯʝʩʢʠʭ ʘʥʪʝʥʥ ʜʦ 5 ʤ. ʉ 

ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʟʤʝʨʦʚ ʘʥʪʝʥʥ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ ʩʚʷʟʠ ʨʝʟʢʦ ʧʘʜʘʝʪ.  ɼʠʘʧʘʟʦʥ ʧʦʜʚʝʨʞʝʥ 
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ʚʣʠʷʥʠʶ ʧʦʤʝʭ ʦʪ ʜʨʫʛʠʭ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ.  

 

ɼʠʘʧʘʟʦʥ 4 ɻɻʮ (3.4-3.9 ɻɻʮ) 

     ʅʘʠʙʦʣʝʝ ʦʩʚʦʝʥʥʳʡ ʠ ʟʘʛʨʫʞʝʥʥʳʡ ʈʈʃ ʜʠʘʧʘʟʦʥ ʯʘʩʪʦʪ. ɺ ʵʪʦʤ ʜʠʘʧʘʟʦʥʝ ʨʘʙʦʪʘʶʪ 

ʤʥʦʛʠʝ ʤʘʛʠʩʪʨʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʩʚʷʟʠ. ʍʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʦʣʫʯʘʪʴ ʜʦʚʦʣʴʥʦ 

ʧʨʦʪʷʞʝʥʥʳʝ ʧʨʦʣʝʪʳ (40-55 ʢʤ) ʧʨʠ  ʭʦʨʦʰʠʭ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʷʭ. ʆʩʪʨʦʥʘʧʨʘʚʣʝʥʥʳʝ 

ʘʥʪʝʥʥʳ (ʩ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʫʩʠʣʝʥʠʷ ʧʦʨʷʜʢʘ 40 ʜɹ) ʦʙʣʘʜʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʛʘʙʘʨʠʪʘʤʠ ʠ 

ʚʝʩʦʤ (ʧʨʠʣ.2) ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʨʝʙʫʶʪ ʚʝʩʴʤʘ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʘʥʪʝʥʥʳʭ ʦʧʦʨ.  

     ʅʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʠʛʥʘʣʦʚ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʘʪʤʦʩʬʝʨʥʘʷ ʨʝʬʨʘʢʮʠʷ, 

ʧʨʠʚʦʜʷʱʘʷ ʢ ʵʢʨʘʥʠʨʦʚʘʥʠʶ ʩʠʛʥʘʣʘ ʧʨʝʧʷʪʩʪʚʠʷʤʠ ʥʘ ʧʨʦʣʝʪʘʭ, ʠ ʠʥʪʝʨʬʝʨʝʥʮʠʷ ʧʨʷʤʳʭ ʠ 

ʦʪʨʘʞʝʥʥʳʭ ʚʦʣʥ.  

     ɼʠʘʧʘʟʦʥ ʩʣʦʞʝʥ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ, ʪʘʢ ʢʘʢ ʚ ʥʝʤ ʨʘʙʦʪʘʝʪ 

ʤʥʦʞʝʩʪʚʦ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ.  

 

ɼʠʘʧʘʟʦʥ 6 ɻɻʮ (5.6-6.2 ɻɻʮ) 

    ʇʦʧʫʣʷʨʥʳʡ ʚ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʜʠʘʧʘʟʦʥ ʯʘʩʪʦʪ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ 

ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʩʠʩʪʝʤ ʩʚʷʟʠ. ʇʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʳʝ ʩʠʩʪʝʤʳ ʈʈʃ, 

ʧʝʨʝʜʘʶʱʠʝ ʙʦʣʴʰʠʝ ʦʙʲʝʤʳ ʠʥʬʦʨʤʘʮʠʠ. ʉʨʝʜʥʷʷ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʧʨʦʣʝʪʘ ʜʦʩʪʠʛʘʝʪ 40-45 ʢʤ. 

ʈʘʟʤʝʨʳ ʘʥʪʝʥʥ ʥʝ ʩʣʠʰʢʦʤ ʚʝʣʠʢʠ (ʥʘʧʨʠʤʝʨ, ʘʥʪʝʥʥʘ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʫʩʠʣʝʥʠʷ 43 ʜɹ ʠʤʝʝʪ 

ʜʠʘʤʝʪʨ 3.5 ʤ).  

     ʅʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʠʛʥʘʣʦʚ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʘʪʤʦʩʬʝʨʥʘʷ 

ʨʝʬʨʘʢʮʠʷ, ʧʨʠʚʦʜʷʱʘʷ ʢ ʵʢʨʘʥʠʨʦʚʘʥʠʶ ʩʠʛʥʘʣʘ ʧʨʝʧʷʪʩʪʚʠʷʤʠ ʥʘ ʧʨʦʣʝʪʘʭ, ʠ ʠʥʪʝʨʬʝʨʝʥʮʠʷ 

ʧʨʷʤʳʭ ʠ ʦʪʨʘʞʝʥʥʳʭ ʚʦʣʥ.  

 

ɼʠʘʧʘʟʦʥ 8 ɻɻʮ (7.9-8.4 ɻɻʮ) 

     ɼʠʘʧʘʟʦʥ 8 ɻɻʮ ʦʩʚʦʝʥ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ. ɺ ʥʝʤ ʨʘʙʦʪʘʝʪ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʨʘʜʠʦʨʝʣʝʡʥʳʭ ʩʠʩʪʝʤ ʩʨʝʜʥʝʡ ʝʤʢʦʩʪʠ (ʧʦʨʷʜʢʘ 300-700 ʊʃʌ ʢʘʥʘʣʦʚ ʚ ʩʪʚʦʣʝ ʜʣʷ 

ʘʥʘʣʦʛʦʚʳʭ ʩʠʩʪʝʤ ʠ ʜʦ 55 ʄʙʠʪ/ʩ - ʜʣʷ ʮʠʬʨʦʚʳʭ). ʉʫʱʝʩʪʚʫʝʪ ʠ ʘʧʧʘʨʘʪʫʨʘ ʙʦʣʴʰʦʡ ʝʤʢʦʩʪʠ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʧʝʨʝʜʘʯʠ ʧʦʪʦʢʦʚ STM-1.  

     ɺ ʵʪʦʤ ʜʠʘʧʘʟʦʥʝ ʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʠʛʥʘʣʘ ʥʘʯʠʥʘʶʪ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʛʠʜʨʦʤʝʪʝʦʨʳ 

(ʜʦʞʜʴ, ʩʥʝʛ, ʪʫʤʘʥ ʠ ʧʨ.). ʂʨʦʤʝ ʪʦʛʦ, ʚʣʠʷʝʪ ʘʪʤʦʩʬʝʨʥʘʷ ʨʝʬʨʘʢʮʠʷ, ʧʨʠʚʦʜʷʱʘʷ ʢ ʟʘʢʨʳʪʠʶ 

ʪʨʘʩʩʳ ʠʣʠ ʢ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʚʦʣʥ.  

     ʉʨʝʜʥʷʷ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʧʨʦʣʝʪʘ ʈʈʃ ʩʦʩʪʘʚʣʷʝʪ 30-40 ʢʤ. ɸʥʪʝʥʥʳ ʠʤʝʶʪ ʚʳʩʦʢʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʧʨʠ ʜʠʘʤʝʪʨʘʭ ʧʦʨʷʜʢʘ 1.5 - 2.5 ʤ.  

     ʏʠʩʣʦ ʨʘʜʠʦʩʨʝʜʩʪʚ ʚ ʈʦʩʩʠʠ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʵʪʦʪ ʜʠʘʧʘʟʦʥ, ʧʦʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʝʣʠʢʦ, 

ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʦʙʩʪʘʥʦʚʢʘ ʙʣʘʛʦʧʦʣʫʯʥʘ. ʆʜʥʘʢʦ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ 

ʧʦʤʝʭʠ ʦʪ ʩʦʩʝʜʥʠʭ ʨʘʜʠʦʨʝʣʝʡʥʳʭ ʣʠʥʠʡ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʜʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ.  

     ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʠʘʧʘʟʦʥ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʟʦʥʦʚʳʭ ʣʠʥʠʡ ʩʚʷʟʠ ʠ 

ʨʘʟʣʠʯʥʳʭ ʦʪʚʝʪʚʣʝʥʠʡ ʦʪ ʤʘʛʠʩʪʨʘʣʴ-ʥʳʭ ʩʠʩʪʝʤ. ʆʪʝʯʝʩʪʚʝʥʥʳʝ ʠ ʟʘʨʫʙʝʞʥʳʝ ʬʠʨʤʳ ʭʦʨʦʰʦ 

ʦʩʚʦʠʣʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʘʧʧʘʨʘʪʫʨʳ ʠ ʧʨʝʜʣʘʛʘʶʪ ʥʘ ʨʳʥʢʝ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʘʥʘʣʦʛʦʚʳʭ ʠ ʮʠʬʨʦʚʳʭ 

ʩʠʩʪʝʤ ʢʘʢ ʩʨʝʜʥʝʡ, ʪʘʢ ʠ ʙʦʣʴʰʦʡ ʝʤʢʦʩʪʠ.  

 

ɼʠʘʧʘʟʦʥʳ 11 ʠ 13 ɻɻʮ  (10.7-11.7, 12.7-13.2 ɻɻʮ) 

     ʕʪʠ ʜʠʘʧʘʟʦʥʳ ʧʝʨʩʧʝʢʪʠʚʥʳ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤ ʈʈʃ. ʇʨʠ 

ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʧʨʦʣʝʪʘ 15-30 ʢʤ, ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʝ ʘʥʪʝʥʥʳ ʠʤʝʶʪ ʥʝʙʦʣʴʰʠʝ ʛʘʙʘʨʠʪʳ ʠ ʚʝʩ, 

ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʜʝʰʝʚʠʟʥʫ ʘʥʪʝʥʥʳʭ ʦʧʦʨ.  

     ɼʦʣʷ ʚʣʠʷʥʠʷ ʘʪʤʦʩʬʝʨʥʦʡ ʨʝʬʨʘʢʮʠʠ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʨʘ-ʙʦʪʳ ʩʠʩʪʝʤ ʫʤʝʥʴʰʘʝʪʩʷ, ʥʦ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʛʠʜʨʦʤʝʪʝʦʨʦʚ.  

     ɺ ʵʪʠʭ ʜʠʘʧʘʟʦʥʘʭ, ʚ ʦʩʥʦʚʥʦʤ, ʩʪʨʦʷʪʩʷ ʮʠʬʨʦʚʳʝ ʨʘʜʠʦʨʝʣʝʡʥʳʝ ʩʠʩʪʝʤʳ ʩʚʷʟʠ ʥʘ 

ʩʢʦʨʦʩʪʠ ʜʦ 55 ʄʙʠʪ/ʩ, ʭʦʪʷ, ʝʩʪʴ ʧʨʠʤʝʨʳ ʧʝʨʝʜʘʯʠ ʮʠʬʨʦʚʳʭ ʧʦʪʦʢʦʚ ʩʦ ʩʢʦʨʦʩʪʷʤʠ ʜʦ 155 

ʄʙʠʪ/ʩ  

     ɸʧʧʘʨʘʪʫʨʘ ʯʘʩʪʦ ʩʪʨʦʠʪʩʷ ʚ ʚʠʜʝ ʤʦʥʦʙʣʦʢʦʚ, ʪ.ʝ. ʧʨʠʝʤʦʧʝʨʝʜʘʪʯʠʢʠ ʦʙʲʝʜʠʥʝʥʳ ʩ 
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ʘʥʪʝʥʥʦʡ ʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ ʚʝʨʰʠʥʝ ʘʥʪʝʥʥʦʡ ʦʧʦʨʳ.  

     ʅʦ ʵʪʠ ʜʠʘʧʘʟʦʥʳ ʠʩʧʦʣʴʟʫʶʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʜʠʦʩʨʝʜʩʪʚ. ʉʧʫʪʥʠʢʦʚʳʝ ʩʠʩʪʝʤʳ 

ʩʚʷʟʠ, ʨʘʟʣʠʯʥʳʝ ʨʘʜʠʦʣʦʢʘʪʦʨʳ ʠ ʧʝʣʝʥʛʘʪʦʨʳ, ʦʭʨʘʥʥʳʝ ʩʠʩʪʝʤʳ ʩʦʟʜʘʶʪ ʥʝʙʣʘʛʦʧʨʠʷʪʥʫʶ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʫʶ ʦʙʩʪʘʥʦʚʢʫ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʨʘʙʦʪʫ ʚ ʜʘʥʥʳʭ ʜʠʘʧʘʟʦʥʘʭ.  

 

ɼʠʘʧʘʟʦʥʳ 15 ʠ 18 ɻɻʮ (14.5-15.35, 17.7-19.7 ɻɻʮ) 

ʀʥʪʝʥʩʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʩʠʩʪʝʤ ʩʚʷʟʠ ʧʨʠʚʝʣʦ ʢ ʙʫʨʥʦʤʫ ʦʩʚʦʝʥʠʶ ʵʪʠʭ ʜʠʘʧʘʟʦʥʦʚ ʯʘʩʪʦʪ.  

ʉʨʝʜʥʷʷ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʧʨʦʣʝʪʦʚ ʜʦʩʪʠʛʘʝʪ 20 ʢʤ ʜʣʷ ʟʦʥ ʩ ʫʤʝʨʝʥʥʳʤ ʢʣʠʤʘʪʦʤ. ɸʧʧʘʨʘʪʫʨʘ 

ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʚʠʜʝ ʤʦʥʦʙʣʦʢʘ. ʊʠʧʦʚʳʝ ʧʘʨʘʙʦʣʠʯʝʩʢʠʝ ʘʥʪʝʥʥʳ ʠʤʝʶʪ ʜʠʘʤʝʪʨʳ 0.6, 1.2 ʠʣʠ 1.8 

ʤ ʧʨʠ ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʫʩʠʣʝʥʠʷ ʦʪ 38 ʜʦ 46 ʜɹ.  

   ɺ ʨʷʜʝ ʨʝʛʠʦʥʦʚ ʈʦʩʩʠʠ ʜʠʘʧʘʟʦʥ 15 ɻɻʮ ʫʞʝ ʧʝʨʝʛʨʫʞʝʥ ʨʘʜʠʦʩʨʝʜʩʪʚʘʤʠ. ɼʠʘʧʘʟʦʥ 18 ɻɻʮ 

ʧʦʢʘ ʙʦʣʝʝ  ʩʚʦʙʦʜʝʥ.  

     ʅʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʠʛʥʘʣʦʚ ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʶʪ ʛʠʜʨʦʤʝʪʝʦʨʳ ʠ ʠʥʪʝʨʬʝʨʝʥʮʠʷ 

ʧʨʷʤʳʭ ʠ ʦʪʨʘʞʝʥʥʳʭ ʚʦʣʥ. ʆʩʣʘʙʣʝʥʠʝ ʚ ʜʦʞʜʝ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ 1-12 ʜɹ/ʢʤ (ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʜʦʞʜʝʡ 20-160 ʤʤ/ʯʘʩ). ʅʝʢʦʪʦʨʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʠ ʩʘʤʘ ʘʪʤʦʩʬʝʨʘ (ʘʪʦʤʳ ʢʠʩʣʦʨʦʜʘ ʠ 

ʤʦʣʝʢʫʣʳ ʚʦʜʳ), ʦʩʣʘʙʣʝʥʠʝ ʚ ʢʦʪʦʨʦʡ ʜʦʩʪʠʛʘʝʪ 0.1 ʜɹ/ʢʤ.  

 

ɼʠʘʧʘʟʦʥ 23 ɻɻʮ (21.2-23.6 ɻɻʮ) 

ʉʦʛʣʘʩʥʦ ʨʝʢʦʤʝʥʜʘʮʠʷʤ ʄʉʕ-ʈ ʚ ʵʪʦʤ ʜʠʘʧʘʟʦʥʝ ʨʘʟʨʝʰʝʥʦ ʩʪʨʦʠʪʴ  ʩʠʩʪʝʤʳ ʘʥʘʣʦʛʦʚʦʡ ʠ 

ʮʠʬʨʦʚʦʡ ʩʚʷʟʠ ʣʶʙʦʡ ʝʤʢʦʩʪʠ.  

     ʉʨʝʜʥʷʷ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʧʨʦʣʝʪʦʚ ʤʝʥʴʰʝ 20 ʢʤ, ʪʘʢ ʢʘʢ ʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʠʛʥʘʣʦʚ 

ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʶʪ ʛʠʜʨʦʤʝʪʝʦʬʘʢʪʦʨʳ ʠ ʦʩʣʘʙʣʝʥʠʷ ʚ ʘʪʤʦʩʬʝʨʝ. ɾʝʣʘʪʝʣʴʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʝʨʪʠʢʘʣʴʥʫʶ ʧʦʣʷʨʠʟʘʮʠʶ ʨʘʜʠʦʚʦʣʥ, ʭʦʪʷ ʨʘʟʨʝʰʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʣʶʙʦʡ 

ʧʦʣʷʨʠʟʘʮʠʠ. ʊʠʧʦʚʳʝ ʧʘʨʘʙʦʣʠʯʝʩʢʠʝ ʘʥʪʝʥʥʳ ʠʤʝʶʪ ʜʠʘʤʝʪʨʳ 0.3, 0.6 ʠ 1.2 ʤ.  

     ʆʩʣʘʙʣʝʥʠʝ ʚ ʜʦʞʜʷʭ ʤʦʞʝʪ ʙʳʪʴ ʦʪ 2 ʜʦ 18 ʜɹ/ʢʤ, ʘ ʚ ʘʪʤʦʩʬʝʨʝ ʜʦʩʪʠʛʘʝʪ 0.2 ʜɹ/ʢʤ.  

ɼʠʘʧʘʟʦʥ ʨʘʟʨʝʰʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤʘʭ ʩʚʷʟʠ. ʇʦʵʪʦʤʫ ʧʨʠ ʨʘʩʯʝʪʘʭ 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʤʝʭ.  

 

ɼʠʘʧʘʟʦʥ 27 ɻɻʮ (25.25-27.5 ɻɻʮ) 

     ɼʠʘʧʘʟʦʥ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʨʘʜʠʦʦʙʩʣʫʞʠʚʘʥʠʷ. 

ʍʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʤʝʥʴʰʠʤ ʦʩʣʘʙʣʝʥʠʝʤ (ʤʝʥʴʰʝ 0.1 ʜɹ/ʢʤ) ʩʠʛʥʘʣʘ ʚ ʘʪʤʦʩʬʝʨʝ. 

ʉʨʝʜʥʷʷ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʧʨʦʣʝʪʘ 12 ʢʤ. ʆʩʣʘʙʣʝʥʠʝ ʚ ʜʦʞʜʷʭ  3-24 ʜɹ/ʢʤ. ɸʥʪʝʥʥʳ ʠʤʝʶʪ ʜʠʘʤʝʪʨ 

0.3,  0.6 ʤ.  

 

ɼʠʘʧʘʟʦʥ 38 ɻɻʮ (37-39.5, 38.6-40 ɻɻʮ) 

     ʉʦʛʣʘʩʥʦ ʨʝʢʦʤʝʥʜʘʮʠʷʤ ʄʉʕ-ʈ ʚ ʵʪʦʤ ʜʠʘʧʘʟʦʥʝ ʨʘʟʨʝʰʝʥʦ ʩʪʨʦʠʪʴ  ʩʠʩʪʝʤʳ ʘʥʘʣʦʛʦʚʦʡ 

ʠ ʮʠʬʨʦʚʦʡ ʩʚʷʟʠ ʣʶʙʦʡ ʝʤʢʦʩʪʠ. ʇʨʦʪʷʞʝʥʥʦʩʪʴ ʧʨʦʣʝʪʘ ʤʝʥʴʰʝ 8 ʢʤ. ɺ ʩʣʫʯʘʝ ʝʩʣʠ ʧʦʢʘʟʘʪʝʣʴ 

ʥʝʛʦʪʦʚʥʦʩʪʠ ʣʠʥʠʠ ʩʚʷʟʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʣʦʢʘʣʴʥʦʤʫ ʢʘʯʝʩʪʚʫ, ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʠʥʪʝʨʚʘʣʘ ʤʦʞʥʦ 

ʜʦʚʝʩʪʠ ʜʦ 15 ʢʤ.  

     ɸʧʧʘʨʘʪʫʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʦʥʦʙʣʦʢ ʩ ʘʥʪʝʥʥʦʡ ʜʠʘʤʝʪʨʦʤ 0.3 ʤ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʪʦʣʴʢʦ 

ʚʝʨʪʠʢʘʣʴʥʘʷ ʧʦʣʷʨʠʟʘʮʠʷ, ʪʘʢ ʢʘʢ, ʧʨʠ ʵʪʦʤ ʧʦʣʫʯʘʝʪʩʷ ʣʫʯʰʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʠʩʪʝʤʳ ʩʚʷ-ʟʠ ʧʨʠ 

ʥʘʣʠʯʠʠ ʜʦʞʜʝʡ.  

     ʆʩʣʘʙʣʝʥʠʝ ʚ ʘʪʤʦʩʬʝʨʝ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 0.12 ʜɹ/ʢʤ, ʘ ʚ ʛʠʜʨʦʤʝʪʝʦʨʘʭ - ʦʪ 5 ʜʦ 32 

ʜɹ/ʢʤ (ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʦʞʜʝʡ ʦʪ 20 ʜʦ 160 ʤʤ/ʯʘʩ).  

 

ɼʠʘʧʘʟʦʥ 55 ɻɻʮ (54.25-57.2 ɻɻʮ) 

    ʇʨʦʪʷʞʝʥʥʦʩʪʴ ʧʨʦʣʝʪʘ ʩʦʩʪʘʚʣʷʝʪ ʥʝʩʢʦʣʴʢʦ ʢʠʣʦʤʝʪʨʦʚ ʧʨʠ ʘʥʪʝʥʥʘʭ ʜʠʘʤʝʪʨʦʤ 15 ʩʤ.  

ʆʩʣʘʙʣʝʥʠʝ ʩʠʛʥʘʣʘ ʚ ʘʪʤʦʩʬʝʨʝ ʜʦ 5 ʜɹ/ʢʤ, ʘ ʚ ʜʦʞʜʷʭ - ʦʪ 7 ʜʦ 40 ʜɹ/ʢʤ.  

 

ɼʠʘʧʘʟʦʥ 58 ɻɻʮ (57.2-58.2 ɻɻʮ) 

     ɺ ʵʪʦʤ ʜʠʘʧʘʟʦʥʝ ʨʘʟʨʝʰʝʥʦ ʩʪʨʦʠʪʴ  ʩʠʩʪʝʤʳ ʘʥʘʣʦʛʦʚʦʡ ʠ ʮʠʬʨʦʚʦʡ ʩʚʷʟʠ ʣʶʙʦʡ 

ʝʤʢʦʩʪʠ, ʥʦ ʨʝʢʦʤʝʥʜʘʮʠʠ ʪʘʢʞʝ ʧʦʢʘ ʦʪʩʫʪʩʪʚʫʶʪ. ɼʠʘʧʘʟʦʥ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʩʦʟʜʘʥʠʷ 
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ʧʨʦʣʝʪʘ ʈʈʃ ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʚ 1-2 ʢʤ, ʠʩʧʦʣʴʟʫʷ ʘʥʪʝʥʥʳ ʜʠʘʤʝʪʨʦʤ ʤʝʥʴʰʝ 15 ʩʤ. ʆʩʣʘʙʣʝʥʠʝ 

ʩʠʛʥʘʣʘ ʚ ʘʪʤʦʩʬʝʨʝ ʜʦ 12 ʜɹ/ʢʤ, ʘ ʚ ʜʦʞʜʷʭ - ʦʪ 9 ʜʦ 45 ʜɹ/ʢʤ. ʉʠʣʴʥʦʝ ʚʣʠʷʥʠʝ ʜʦʞʜʝʡ ʧʨʠʚʦʜʠʪ 

ʢ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʩʚʷʟʠ.  

     ʅʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʵʪʦʪ ʜʠʘʧʘʟʦʥ ʷʚʣʷʝʪʩʷ ʧʦʯʪʠ ʧʨʝʜʝʣʴʥʳʤ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʨʘʜʠʦʩʠʩʪʝʤ, ʪʘʢ ʢʘʢ ʥʘ ʯʘʩʪʦʪʘʭ ʚʳʰʝ 60 ɻɻʮ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʧʨʦʟʨʘʯʥʦʩʪʴ ʘʪʤʦʩʬʝʨʳ ʜʣʷ 

ʨʘʜʠʦʚʦʣʥ ʠʟ-ʟʘ ʧʦʛʣʦʱʝʥʠʷ ʵʥʝʨʛʠʠ ʚ ʘʪʦʤʘʭ ʢʠʩʣʦʨʦʜʘ (ʨʝʟʦʥʘʥʩʥʳʝ ʯʘʩʪʦʪʳ ʧʦʛʣʦʱʝʥʠʷ ʨʘʚʥʳ 

60 ʠ 120 ɻɻʮ). ʆʜʥʘʢʦ, ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ, ʧʦʷʚʠʣʩʷ ʠʥʪʝʨʝʩ ʢ ʵʪʠʤ ʜʠʘʧʘʟʦʥʘʤ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʙʝʟʣʠʮʝʥʟʠʦʥʥʳʭ ʨʘʜʠʦʩʠʩʪʝʤ ʩ ʧʨʦʣʝʪʘʤʠ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 1-2 ʢʤ.  

     ɺ ʫʩʣʦʚʠʷʭ ʦʯʝʥʴ ʩʫʭʦʛʦ ʢʣʠʤʘʪʘ, ʧʨʠ ʤʘʣʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʦʩʘʜʢʦʚ ʠʣʠ ʥʘ ʢʦʨʦʪʢʠʭ 

ʧʨʦʣʝʪʘʭ, ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʠʘʧʘʟʦʥ ʯʘʩʪʦʪ 84-86 ɻɻʮ ʠ ʚʳʰʝ ɺ ʈʦʩʩʠʠ ʠʤʝʝʪʩʷ ʘʧʧʘʨʘʪʫʨʘ 

ʥʘ ʜʠʘʧʘʟʦʥ ʯʘʩʪʦʪ 93 ɻɻʮ. 

             

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʣʠʥʠʡ ʩʚʷʟʠ 

 

ʅʦʨʤʳ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʠ ʛʦʪʦʚʥʦʩʪʠ 

ʇʨʝʞʜʝ, ʯʝʤ ʧʨʠʩʪʫʧʘʪʴ ʢ ʨʘʩʯʝʪʫ ʧʘʨʘʤʝʪʨʦʚ ʨʘʜʠʦʨʝʣʝʡʥʦʡ ʣʠʥʠʠ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ: 

ʧʦ ʢʘʢʦʡ ʤʝʪʦʜʠʢʠ ʧʨʦʠʟʚʦʜʠʪʴ ʨʘʩʯʝʪʳ, ʘ ʪʘʢʞʝ ʢʘʢʠʤ ʥʦʨʤʘʤ ʵʪʠ ʨʘʩʯʝʪʳ ʜʦʣʞʥʳ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ. ɺʳʙʦʨ ʠ ʦʙʦʩʥʦʚʘʥʠʝ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ ʧʨʠʚʝʜʝʥ ʥʠʞʝ. ɸ ʩʝʡʯʘʩ ʨʘʟʙʝʨʝʤʩʷ ʩ 

ʥʦʨʤʘʤʠ ʥʘ ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʨʘʜʠʦʨʝʣʝʡʥʦʡ ʩʝʪʠ.  

ʇʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʠ ʛʦʪʦʚʥʦʩʪʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʉɺʏ ʩʠʩʪʝʤ ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʩ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʝʪʝʡ ʩʚʷʟʠ. ʕʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʢʦʤʝʥʜʦʚʘʥʳ ʄʉʕ-ʈ ʠ ʄʉʕ-ʊ. ʆʩʥʦʚʥʳʤʠ 

ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ ʷʚʣʷʶʪʩʷ ʨʝʢʦʤʝʥʜʘʮʠʠ ʄʉʕ-ʊ G.801, G.821 ʠ G.826. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ G.82I ʨʝʢʦʤʝʥʜʦʚʘʥʳ ʜʣʷ ʮʠʬʨʦʚʳʭ ʩʝʪʝʡ ʩ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤʠ ʫʩʣʫʛʘʤʠ 

(ISDN) ʠ ʦʪʥʦʩʷʪʩʷ ʢ ʢʘʥʘʣʘʤ ʩʦ ʩʢʦʨʦʩʪʴʶ ʧʝʨʝʜʘʯʠ 64 ʢʙʠʪ/ʩ ʚ ʦʙʦʠʭ ʥʘʧʨʘʚʣʝʥʠ̫ ʭ. ʇʨʠ 

ʠʟʤʝʨʝʥʠʷʭ ʥʘ ʢʘʥʘʣʘʭ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʧʝʨʝʜʘʯʠ ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʩɹʷ 

ʨʝʢʦʤʝʥʜʘʮʠʝʡ G.821 ʄʉʕ-ʊ, ʧʨʠʣʦʞʝʥʠʝ D. ɼʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ ʩʦ ʩʢʦʨʦʩʪʴʶ ʧʝʨʝʜʘʯʠ 

STM-1 ʠ ʚʳʰʝ ʠʩʧʦʣʴʟʫʶʪ ʨʝʢʦʤʝʥʜʘʮʠʶ G.826 ʄʉʕ-ʊ çʇʘʨʘʤʝʪʨʳ ʠ ʥʦʨʤʳ ʧʦʢʘʟʘʪʝʣʝʡ 

ʢʘʯʝʩʪʚʘ ʧʦ ʦʰʠʙʢʘʤ ʜʣʷ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʮʠʬʨʦʚʳʭ ʪʨʘʢʪʦʚ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʧʝʨʝʜʘʯʠ, 

ʨʘʚʥʦʡ ʠʣʠ ʚʳʰʝ ʧʝʨʚʠʯʥʦʡ ʩʢʦʨʦʩʪʠè. 

 

         ɻʠʧʦʪʝʪʠʯʝʩʢʦʝ ʮʠʬʨʦʚʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʪʨʘʢʪ ʠ ʫʯʘʩʪʦʢ 

ɺ ʈʝʢʦʤʝʥʜʘʮʠʠ G.801 ʄʉʕ-ʊ ʦʧʨʝʜʝʣʷʶʪʩʷ ʤʦʜʝʣʠ ʮʠʬʨʦʚʦʡ ʩʝʪʠ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʠ 

ʛʠʧʦʪʝʪʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʜʣʠʥʳ ʠ ʩʦʩʪʘʚʘ. 

ʎʠʬʨʦʚʦʝ ɻʕʉ ð ʵʪʦ ʤʦʜʝʣʴ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʤʦʛʫʪ ʧʨʦʚʦʜʠʪʴʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʦʙʱʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʢʘʯʝʩʪʚʘ, ʯʪʦ ʦʙʣʝʛʯʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʩʪʘʥʜʘʨʪʦʚ ʠ ʥʦʨʤ. ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʧʦʢʘʟʘʪʝʣʷʤ ʢʘʯʝʩʪʚʘ ʩʝʪʠ ʎʉʀʉ ʧʨʠʥʪ̫ʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʯʠʩʪʦ ʮʠʬʨʦʚʦʝ ʩʦʝʜʠʥʝʥʠʝ ʩʦ ʩʢʦʨʦʩʪʴʶ ʧʝʨʝʜʘʯʠ 64 ʢʙʠʪ/ʩ. ʇʦʩʢʦʣʢɹʫ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ 

ʧʦʣʥʦʡ ʩʝʪʠ ʠ ʢʘʞʜʳʡ ʝʝ ʧʘʨʘʤʝʪʨ ʚ ʦʪʜʝʣʴʥʦʩʪʠ ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷʤ 

ʧʦʣʴʟʦʚʘʪʝʣʷ, ʪʦ ʪʘʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʚ ʦʩʥʦʚʥʦʤ ʜʦʣʞʥʳ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʤʦʜʝʣʴʶ ʩʝʪʠ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʦʯʝʥʴ ʜʣʠʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ. ʅʘ ʨʠʩʫʥʢʝ 3.13 ʧʦʢʘʟʘʥʦ ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʝ ʵʪʦʤʫ 

ʪʨʝʙʦʚʘʥʠʶ ʛʠʧʦʪʝʪʠʯʝʩʢʦʝ ʵʪʘʣʦʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 27 500 ʢʤ. 
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ʈʠʩʫʥʦʢ 3.13 ï ɻʠʧʦʪʝʪʠʯʝʩʢʦʝ ʵʪʘʣʦʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ 

ʇʨʠʤʝʯʘʥʠʝ 1.ð ʅʝʚʦʟʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʛʜʝ ʧʨʦʭʦʜʠʪ ʛʨʘʥʠʮʘ ʤʝʞʜʫ ʫʯʘʩʪʢʘʤʠ ʩʨʝʜʥʝʛʦ ʠ 

ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʛʠʧʦʪʝʪʠʯʝʩʢʦʛʦ ʵʪʘʣʦʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. 

ʇʨʠʤʝʯʘʥʠʝ 2.ð LE ʦʙʦʟʥʘʯʘʝʪ "ʤʝʩʪʥʫʶ ʩʪʘʥʮʠʶ" ʠʣʠ ʵʢʚʠʚʘʣʝʥʪʥʫʶ ʪʦʯʢʫ ʩʭʝʤʳ. 

 

ɼʣʷ ʦʙʣʝʛʯʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʭʫʜʰʝʥʠʡ ʮʠʬʨʦʚʦʡ ʧʝʨʝʜʘʯʠ (ʥʘʧʨʠʤʝʨ, ʦʰʠʙʢʠ ʚ ʙʠʪʘʭ, 

ʜʨʦʞʘʥʠʝ ʠ ʜʨʝʡʬ ʬʘʟʳ, ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ, ʚʨʝʤʷ ʧʝʨʝʜʘʯʠ) ʤʦʜʝʣʴ ʩʝʪʠ ʜʦʣʞʥʘ ʚʢʣʶʯʘʪʴ 

ʩʦʯʝʪʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʵʣʝʤʝʥʪʦʚ ʧʝʨʝʜʘʯʠ (ʥʘʧʨʠʤʝʨ, ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ, ʤʫʣʴʪʠʧʣʝʢʩʦʨʳ, 

ʜʝʤʫʣʴʪʠʧʣʝʢʩʦʨʳ, ʮʠʬʨʦʚʳʝ ʪʨʘʢʪʳ, ʪʨʘʥʩʢʦʜʝʨʳ). ʊʘʢʘʷ ʤʦʜʝʣʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ɻʕʎʃ. ɺ 

ʈʝʢʦʤʝʥʜʘʮʠʷʭ ʄʉʕ-ʈ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʨʤʠʥ ɻʕʎʊ. ɽʛʦ ʜʣʠʥʘ ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʦʡ 2500 

ʢʤ. ɻʠʧʦʪʝʪʠʯʝʩʢʠʡ ʵʪʘʣʦʥʥʳʡ ʮʠʬʨʦʚʦʡ ʪʨʘʢʪ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 2500 ʢʤ ʜʣʷ ʨʘʜʠʦʨʝʣʝʡʥʳʭ 

ʩʠʩʪʝʤ ʩʦʩʪʦʠʪ ʠʟ ʜʝʚʷʪʠ ʨʘʜʠʦʫʯʘʩʪʢʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʜʣʠʥʫ ʧʨʠʤʝʨʥʦ 280 ʢʤ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʨʠ ʨʘʩʯʝʪʘʭ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ ʤʦʛʣʠ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʯʝʩʪʚʝʥʥʳʝ 

ʧʘʨʘʤʝʪʨʳ, ʚʟʷʪʳʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʪʝʭʥʠʯʝʩʢʠʭ ʦʧʠʩʘʥʠʡ ʩʠʩʪʝʤ ʧʝʨʝʜʘʯʠ, ʚ ʩʦʩʪʘʚʝ 

ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʥʷʪʠʝ ʛʠʧʦʪʝʪʠʯʝʩʢʠʡ ʵʪʘʣʦʥʥʳʡ ʮʠʬʨʦʚʦʡ ʫʯʘʩʪʦʢ (ɻʕʎʋ). ɺʭʦʜʥʦʡ ʠ 

ʚʳʭʦʜʥʦʡ ʧʦʨʪʳ ʫʢʘʟʘʥʥʦʛʦ ʫʯʘʩʪʢʘ ð ʨʝʢʦʤʝʥʜʫʝʤʳʝ ʠʥʪʝʨʬʝʡʩʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʈʝʢʦʤʝʥʜʘʮʠʷʤ G.703 ʄʉʕ-ʊ ʠ F.556 ʄʉʕ-ʈ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʢʦʨʦʩʪʝʡ ʮʠʬʨʦʚʦʡ ʠʝʨʘʨʭʠʠ. 

ʇʨʦʪʷʞʝʥʥʦʩʪʴ ʫʯʘʩʪʢʦʚ ʚʳʙʨʘʥʘ ʪʠʧʠʯʥʦʡ ʜʣʷ ʮʠʬʨʦʚʳʭ ʫʯʘʩʪʢʦʚ, ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʚ 

ʨʝʘʣʴʥʳʭ ʩʝʪʷʭ, ʠ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ, ʯʪʦʙʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʨʝʘʣʥɹʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʢʘʯʝʩʪʚʘ 

ʮʠʬʨʦʚʳʭ ʨʘʜʠʦʩʠʩʪʝʤ. ʄʦʜʝʣʴ ʷʚʣʷʝʪʩʷ ʦʜʥʦʨʦʜʥʦʡ, ʪʦ ʝʩʪʴ ʦʥʘ ʥʝ ʚʢʣʶʯʘʝʪ ʜʨʫʛʦʛʦ 

ʮʠʬʨʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʪʘʢʦʛʦ ʢʘʢ ʤʫʣʴʪʠʧʣʝʢʩʦʨʳ ʠ ʜʝʤʫʣʪɹʠʧʣʝʢʩʦʨʳ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʝʡ 

ʙʳʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʠʧʦʪʝʪʠʯʝʩʢʦʛʦ ʵʪʘʣʦʥʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʪʨʘʢʪʘ (ɻʕʎʊ). ɺ 

ʈʝʢʦʤʝʥʜʘʮʠʠ G.921 ʄʉʕ-ʊ ʜʣʷ ɻʕʎʋ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʧʨʦʪʷʞʝʥʥʦʩʪʴ 50 ʠ 280 ʢʤ.      

 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʦʪʦʚʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ 

ʄʉʕ-ʊ ʥʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʦʪʦʚʥʦʩʪʠ ʜʣʷ ɻʕʉ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʦʪʦʚʥʦʩʪʠ 

ʜʣʷ ɻʕʎɻ ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʨʝʢʦʤʝʥʜʘʮʠʠ 557 ʄʉʕ-ʈ. 

ɻʕʎʊ ʩʯʠʪʘʝʪʩʷ ʥʝʛʦʪʦʚʦʡ, ʝʩʣʠ ʚ ʪʝʯʝʥʠʝ 10 ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʩʝʢʫʥʜ ʚʦʟʥʠʢʣʠ ʩʣʝʜʫʶʱʠʝ 

ʫʩʣʦʚʠʷ ʠʣʠ ʦʜʥʦ ʠʟ ʥʠʭ: 

¶ ʧʝʨʝʜʘʯʘ ʮʠʬʨʦʚʦʛʦ ʩʠʛʥʘʣʘ ʧʨʝʨʚʘʥʘ; 

¶ ʚ ʢʘʞʜʦʡ ʩʝʢʫʥʜʝ ɺɽR ʭʫʞʝ 10
-3

. 

ʅʝʛʦʪʦʚʥʦʩʪʴ ʘʧʧʘʨʘʪʫʨʳ ʫʧʣʦʪʥʝʥʠʷ ʠʩʢʣʶʯʘʝʪʩʷ. ɽʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʫʜʫʪ ʫʩʪʘʥʦʚʣʝʥʳ 

ʄʉʕ-ʊ ʧʦʟʞʝ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝʛʦʪʦʚʥʦʩʪʠ ʜʝʣʷʪʩʷ ʥʘ ʥʝʛʦʪʦʚʥʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 

ʥʝʛʦʪʦʚʥʦʩʪʴ, ʚʳʟʚʘʥʥʫʶ ʫʩʣʦʚʠʷʤʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʚʦʣʥ. ɺʝʣʠʯʠʥʘ ʵʪʠʭ ʜʦʣʝʡ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʘʜʤʠʥʠʩʪʨʘʮʠʷʤʠ ʠʣʠ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘʤʠ ʣʠʥʠʡ, ʥʦ ʙʦʣʴʰʠʥʩʪʚʦ ʘʜʤʠʥʠʩʪʨʘʮʠʡ 

ʧʨʠʥʷʣʦ ʚʝʣʠʯʠʥʫ ʥʝʛʦʪʦʚʥʦʩʪʠ, ʚʳʟʚʘʥʥʫʶ ʜʦʞʜʝʤ, ʤʝʞʜʫ 30% - 50% . 

 

 

 

ʇʘʨʘʤʝʪʨʳ ʠ ʥʦʨʤʳ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʧʦ ʦʰʠʙʢʘʤ, ʩʦʛʣʘʩʥʦ G.821 
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ɻʕʉ, ɻʕʎʊ ʠ ɻʕʎʋ ʩʣʫʞʘʪ ʦʩʥʦʚʦʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʢʘʯʝʩʪʚʘ ʧʦ 

ʦʰʠʙʢʘʤ ʠ ʛʦʪʦʚʥʦʩʪʠ [11, 22]. 

ʈʝʢʦʤʝʥʜʘʮʠʷ G.821 ʄʉʕ-ʊ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ 15 ʣʝʪ ʥʘʟʘʜ; ʦʥʘ ʙʳʣʘ ʧʝʨʚʦʡ ʈʝʢʦʤʝʥʜʘʮʠʝʡ, 

ʧʦʩʚʷʱʝʥʥʦʡ ʧʦʢʘʟʘʪʝʣʷʤ ʢʘʯʝʩʪʚʘ ʧʦ ʦʰʠʙʢʘʤ ʜʣʷ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʮʠʬʨʦʚʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ. ɺ ʥʝʡ ʦʧʨʝʜʝʣʷʣʠʩʴ ʧʘʨʘʤʝʪʨʳ ʠ ʥʦʨʤʳ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʧʦ ʦʰʠʙʢʘʤ ʜʣʷ 

ʢʘʥʘʣʘ 64 ʢʙʠʪ/ʩ, ʘ ʚ ʇʨʠʣʦʞʝʥʠʠ D ʩʦʜʝʨʞʘʣʘʩʴ ʩʧʝʮʠʘʣʴʥʘʷ ʧʨʦʮʝʜʫʨʘ ʧʝʨʝʩʯʝʪʘ ʥʦʨʤ ʜʣʷ ʪʦʛʦ 

ʩʣʫʯʘʷ, ʝʩʣʠ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʙʠʪʦʚ ʚ ʩʠʩʪʝʤʝ. 

ʅʘ ʨʠʩʫʥʢʝ 4.1 ʧʨʠʚʝʜʝʥʘ ʢʦʥʬʠʛʫʨʘʮʠʷ ʧʦʣʥʦʩʪʴʶ ʮʠʬʨʦʚʦʛʦ ɻʕʉ ʩ ʧʦʢʘʟʘʪʝʣʷʤʠ 

ʢʘʯʝʩʪʚʘ ʧʦ ʦʰʠʙʢʘʤ ʩʦʝʜʠʥʝʥʠʷ ʧʦ ʢʦʤʤʫʪʠʨʫʝʤʦʤʫ ʢʘʥʘʣʫ 64 ʢʙʠʪ/ʩ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 

ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʧʦ ʵʣʝʤʝʥʪʘʤ ʩʦʝʜʠʥʝʥʠʷ. 

ʇʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʧʦ ʦʰʠʙʢʘʤ ʜʦʣʞʥʳ ʦʮʝʥʠʚʘʪʴʩʷ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʩʦʝʜʠʥʝʥʠʝ ʥʘʭʦʜʠʪʩʷ ʚ 

ʩʦʩʪʦʷʥʠʠ ʛʦʪʦʚʥʦʩʪʠ. 

ʇʘʨʘʤʝʪʨʳ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʧʦ ʦʰʠʙʢʘʤ ʧʦʣʫʯʘʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʩʣʝʜʫʶʱʠʭ ʩʦʙʳʪʠʡ: 

¶ ʉʝʢʫʥʜʘ ʩ ʦʰʠʙʢʘʤʠ (ES): ʧʝʨʠʦʜ ʚ 1 ʩʝʢʫʥʜʫ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʥʘʙʣʶʜʘʶʪʩʷ ʦʰʠʙʢʠ 

ʚ ʦʜʥʦʤ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʙʠʪʘʭ. 

¶ ʉʝʢʫʥʜʘ, ʧʦʨʘʞʝʥʥʘʷ ʦʰʠʙʢʘʤʠ (SES): ʧʝʨʠʦʜ ʚ 1 ʩʝʢʫʥʜʫ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪ ʦʰʠʙʦʢ ʧʦ ʙʠʪʘʤ ² 1 ʭ 10
-3
. 

ʇʘʨʘʤʝʪʨʘʤʠ ʷʚʣʷʶʪʩʷ: 

¶ ʂʦʵʬʬʠʮʠʝʥʪ ʩʝʢʫʥʜ ʩ ʦʰʠʙʢʘʤʠ (ESR): ʦʪʥʦʰʝʥʠʝ ʯʠʩʣʘ ES ʢ ʦʙʱʝʤʫ ʯʠʩʣʫ ʩʝʢʫʥʜ ʚ 

ʧʝʨʠʦʜ ʛʦʪʦʚʥʦʩʪʠ ʚ ʪʝʯʝʥʠʝ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʠʟʤʝʨʝʥʠʡ; 

¶ ʂʦʵʬʬʠʮʠʝʥʪ ʩʝʢʫʥʜ, ʧʦʨʘʞʝʥʥʳʭ ʦʰʠʙʢʘʤʠ (SESR): ʦʪʥʦʰʝʥʠʝ ʯʠʩʣʘ SES ʢ ʦʙɦ ʝʤʫ 

ʯʠʩʣʫ ʩʝʢʫʥʜ ʚ ʧʝʨʠʦʜ ʛʦʪʦʚʥʦʩʪʠ ʚ ʪʝʯʝʥʠʝ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʠʟʤʝʨʝʥʠʡ. 

ɺ ʪʘʙʣʠʮʝ 3.3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʧʦ ʦʰʠʙʢʘʤ ʜʣʷ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʩʝʪʠ ʎʉʀʉ ʠ ʝʛʦ ʫʯʘʩʪʢʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʈʝʢʦʤʝʥʜʘʮʠʝʡ G.821 ʄʉʕ-ʊ ʠ 

ʈʝʢʦʤʝʥʜʘʮʠʷʤʠ F.594, F.634 ʠ F.696 ʄʉʕ-ʈ. 

ʊʘʙʣʠʮʘ 3.3.  ʇʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʧʦ ʦʰʠʙʢʘʤ ʜʣʷ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩʝʪʠ 

ʎʉʀʉ ʠ ʝʛʦ ʫʯʘʩʪʢʦʚ 

ʊʠʧ ʫʯʘʩʪʢʘ 

ʇʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʈʝʢ. G.821 

ʇʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʜʣʷ 

ʎʈʈʉ 

ESR SESR ESR SESR 

ʃʦʢʘʣʴʥʦʝ ʢʘʯʝʩʪʚʦ 

(ʟʥʘʯʝʥʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʫʩʨʝʜʥʝʥʦ ʧʦ 

ʙʣʦʢʘʤ) 

 

 

0,012 0,00015 
0,012 

ʈʝʢ. F.697 ʄʉʕ-ʈ 

0,00015 

ʈʝʢ. F.697 ʄʉʕ-ʈ 

ʉʨʝʜʥʝʝ ʢʘʯʝʩʪʚʦ 

(ʟʥʘʯʝʥʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʫʩʨʝʜʥʝʥʦ ʧʦ 

ʙʣʦʢʘʤ) 

0,012 0,00015 
0,012 

ʈʝʢ. F.696 ʄʉʕ-ʈ 

0,0004 

ʈʝʢ. F.696 ʄʉʕ-ʈ 

ɺʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ 

25 000 ʢʤ, 

2500ʢʤ 

0,032 

0,0032 

0,0004 

0,00004 

0,0032 

ʈʝʢ. F.594, 

F.634 ʄʉʕ-ʈ 

0,00054 

ʈʝʢ. F.594, 

F.634 ʄʉʕ-ʈ 

ʄʝʞʜʫʥʘʨʦʜʥʦʝ 

ʩʦʝʜʠʥʝʥʠʝ ʩʝʪʠ 

ʎʉʀʉ, 

27 500 ʢʤ 

<0,08 
< 0,002 

(0,001+0,001) 
  

ʇʨʠʤʝʯʘʥʠʝ 1. ð ʂ ʟʥʘʯʝʥʠʷʤ SESR ʜʣʷ ʫʯʘʩʪʢʦʚ ʩʨʝʜʥʝʛʦ ʠ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʧʨʠʙʘʚʣʷʝʪʩʷ 

ʧʦʧʨʘʚʦʯʥʘʷ ʚʝʣʠʯʠʥʘ 0,001 ʜʣʷ ʫʯʝʪʘ ʚʦʟʥʠʢʘʶʱʠʭ ʚʨʝʤʷ ʦʪ ʚʨʝʤʝʥʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʡ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ ʚ ʩʝʪʠ (ʠʤʝʝʪʩʷ ʚ ʚʠʜʫ ʭʫʜʰʠʡ ʤʝʩʷʮ ʛʦʜʘ). ɺʚʠʜʫ ʩʣʫʯʘʡʥʦʛʦ ʭʘʨʘʢʪʝʨʘ 

ʵʬʬʝʢʪʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʭʫʜʰʠʡ ʤʝʩʷʮ ʛʦʜʘ ʚ ʩʦʝʜʠʥʝʥʠʷʭ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʣʶʙʦʡ ʪʦʯʢʝ 
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ʟʝʤʥʦʛʦ ʰʘʨʘ, ʧʨʠʥʷʪʦ ʩʣʝʜʫʶʱʝʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʙʱʝʡ ʧʦʧʨʘʚʦʯʥʦʡ ʚʝʣʠʯʠʥʳ SESR 0,001: 

¶ 0,0005 SESR ʜʣʷ ɻʕʎʊ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 2500 ʢʤ ʨʘʜʠʦʨʝʣʝʡʥʳʭ ʩʠʩʪʝʤ ʧʨʠ ʠʩʧʦʣʟɹʦʚʘʥʠʠ 

ʚ ʩʦʝʜʠʥʝʥʠʠ ʥʘ ʫʯʘʩʪʢʝ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ; 

¶ 0,0005 SESR ʜʣʷ ɻʕʎʊ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 2500 ʢʤ ʨʘʜʠʦʨʝʣʝʡʥʳʭ ʩʠʩʪʝʤ ʧʨʠ ʠʩʧʦʣʟɹʦʚʘʥʠʠ 

ʚ ʩʦʝʜʠʥʝʥʠʠ ʥʘ ʫʯʘʩʪʢʝ ʩʨʝʜʥʝʛʦ ʢʘʯʝʩʪʚʘ. 

   ʇʘʨʘʤʝʪʨʳ ʠ ʥʦʨʤʳ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʧʦ ʦʰʠʙʢʘʤ, ʩʦʛʣʘʩʥʦ G.826 
ʈʝʢʦʤʝʥʜʘʮʠʷ G.826 ʄʉʕ-ʊ ʧʨʠʤʝʥʷʝʪʩʷ ʢ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʪʨʘʢʪʘʤ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ 

ʧʝʨʝʜʘʯʠ ʙʠʪʦʚ, ʨʘʚʥʦʡ ʠʣʠ ʧʨʝʚʳʰʘʶʱʝʡ ʧʝʨʚʠʯʥʫʶ ʩʢʦʨʦʩʪʴ [23]. ʕʪʠ ʪʨʘʢʪʳ ʤʦʛʫʪ ʙʳʪʴ 

ʦʩʥʦʚʘʥʳ ʥʘ ʧʣʝʟʠʦʭʨʦʥʥʦʡ ʮʠʬʨʦʚʦʡ ʠʝʨʘʨʭʠʠ, ʩʠʥʭʨʦʥʥʦʡ ʮʠʬʨʦʚʦʡ ʠʝʨʘʨʭʠʠ ʠʣʠ ʙʳʪʴ 

ʯʘʩʪʴʶ ʢʘʢʦʡ-ʣʠʙʦ ʜʨʫʛʦʡ ʧʝʨʝʜʘʶʱʝʡ ʩʝʪʠ, ʥʘʧʨʠʤʝʨ, ʩʦʪʦʚʦʡ. ʈʝʢʦʤʝʥʜʘʮʠʷ ʷʚʣʷʝʪʩʷ 

ʦʙʱʝʡ ʚ ʪʦʤ ʩʤʳʩʣʝ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʧʘʨʘʤʝʪʨʳ ʠ ʥʦʨʤʳ ʜʣʷ ʪʨʘʢʪʦʚ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʠʧʘ 

ʩʝʪʠ, ʯʘʩʪʴʶ ʢʦʪʦʨʦʡ ʵʪʠ ʪʨʘʢʪʳ ʷʚʣʷʶʪʩʷ. ɽʩʣʠ ʩʦʝʜʠʥʝʥʠʝ 64 ʢʙʠʪ/ʩ ʫʜʦʚʣʝʪʚʦʨʷʝʪ 

ʪʨʝʙʦʚʘʥʠʷʤ ʵʪʦʡ ʈʝʢʦʤʝʥʜʘʮʠʠ, ʤʦʞʥʦ ʙʳʪʴ ʫʚʝʨʝʥʥʳʤ ʚ ʪʦʤ, ʯʪʦ ʦʥʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ 

ʙʫʜʝʪ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʠ ʪʨʝʙʦʚʘʥʠʷʤ, ʩʦʜʝʨʞʘʱʠʤʩʷ ʚ ʈʝʢʦʤʝʥʜʘʮʠʠ G.821 ʄʉʕ-ʊ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʈʝʢʦʤʝʥʜʘʮʠʷ G.826 ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʦʡ ʈʝʢʦʤʝʥʜʘʮʠʝʡ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ 

ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʧʦ ʦʰʠʙʢʘʤ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʝʪʝʡ ʩ ʧʝʨʚʠʯʥʦʡ 

ʩʢʦʨʦʩʪʴʶ ʧʝʨʝʜʘʯʠ ʠʣʠ ʚʳʰʝ. 

ʈʝʢʦʤʝʥʜʘʮʠʷ G.826 ʄʉʕ-ʊ ʩʦʩʪʘʚʣʝʥʘ ʥʘ ʦʩʥʦʚʝ ʠʟʤʝʨʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʧʦ 

ʦʰʠʙʢʘʤ ʚ ʙʣʦʢʘʭ. ɹʣʦʢʦʤ ʥʘʟʳʚʘʝʪʩʷ ʥʘʙʦʨ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʝʨʝʜʘʚʘʝʤʳʭ ʧʦ ʜʘʥʥʦʤʫ 

ʢʘʥʘʣʫ ʙʠʪʦʚ; ʢʘʞʜʳʡ ʙʠʪ ʧʨʠʥʘʜʣʝʞʠʪ ʦʜʥʦʤʫ ʠ ʪʦʣʴʢʦ ʦʜʥʦʤʫ ʙʣʦʢʫ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʙʠʪʦʚ ʤʦʞʝʪ ʥʝ ʙʳʪʴ ʥʝʧʨʝʨʳʚʥʦʡ ʚʦ ʚʨʝʤʝʥʠ. 

ɺ ʈʝʢʦʤʝʥʜʘʮʠʠ G.826 ʄʉʕ-ʊ ʫʢʘʟʳʚʘʶʪʩʷ ʥʦʨʤʳ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʠ ʛʦʪʦʚʥʦʩʪʠ, 

ʢʦʪʦʨʳʝ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʫ 3.4. 

ʊʘʙʣʠʮʘ 3.4. ʅʦʨʤʳ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʠ ʛʦʪʦʚʥʦʩʪʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʨʝʢʦʤʝʥʜʘʮʠʝʡ G.826  

ʋʯʘʩʪʦʢ 

ɺʉʉ ʈʦʩʩʠʠ 

ɼʣʠʥʘ  

ʪʨʘʢʪʘ, 

ʢʤ 

ʇʦʢʘʟʘʪ

ʝʣʴ  

SESR, 

% 

ʂʦʵʬʬʠʮ

ʠʝʥʪ 

ʥʝʛʦʪʦʚʥʦʩʪʠ 

ʅɻK , % 

ʈʘʩʧʨʝʜʝʣʝʥʠ

ʝ ʜʦʣʠ SESR  ʠ 
ʅɻK  

ʜʣʷ ʨʝʘʣʴʥʳʭ ʣʠʥʠʡ 

ʩʚ̫ʟʠ 

ʄʝʞʜʫʥʘʨ

ʦʜʥʳʡ ʫʯʘʩʪʦʢ 
12500 0.06 1.5 

ʇʨʦʧʦʨʮʠʦʥʘ

ʣʴʥʦ L  ʜʣʷ 

2500L²  ʢʤ 

ʄʘʛʠʩʪʨʘ

ʣʴʥʘʷ ʩʝʪʴ 

(ʥʘʮʠʦʥʘʣʴʥʳʡ 

ʫʯʘʩʪʦʢ) 

2500 0.012 0.3 

ʇʨʦʧʦʨʮʠʦʥʘ

ʣʴʥʦ L  ʜʣʷ 50L²  

ʢʤ 

ɺʥʫʪʨʠʟʦ

ʥʦʚʘʷ ʩʝʪʴ 

600 0.012 0.05 

ʇʨʦʧʦʨʮʠʦʥʘ

ʣʴʥʦ L  ʜʣʷ 600L>  

ʢʤ; 

ʅʝʟʘʚʠʩʠʤʦ 

ʦʪ ʜʣʠʥʳ ʜʣʷ 

200 600L< <  ʢʤ 

200 0.012 0.05 

ʇʨʦʧʦʨʮʠʦʥʘ

ʣʴʥʦ L  ʜʣʷ 

50 200L< <  ʢʤ 

50 0.003 0.0125 
ʅʝʟʘʚʠʩʠʤʦ 

ʦʪ ʜʣʠʥʳ ʜʣʷ 
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50L<  ʢʤ 

ʄʝʩʪʥʘʷ 

ʩʝʪʴ 
100 0.01 0.05 

ʅʝʟʘʚʠʩʠʤʦ 

ʦʪ ʜʣʠʥʳ ʜʣʷ 

100L<  ʢʤ 

ʉʝʪʴ 

ʜʦʩʪʫʧʘ 
- 0.015 0.05 

ʅʝʟʘʚʠʩʠʤʦ 

ʦʪ ʜʣʠʥ  r

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʙʫʜʝʤ ʨʘʩʩʯʠʪʳʚʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʥʝʛʦʪʦʚʥʦʩʪʠ 
ʅɻK  ʠ 

ʢʦʣʠʯʝʩʪʚʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʨʘʞʝʥʥʳʭ ʩʝʢʫʥʜ SESR, ʠʩʧʦʣʴʟʫʷ ʥʦʨʤʳ ʠʟ ʪʘʙʣʠʮʳ 3.4. 

 

ɺʳʙʦʨ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝʪʦʜʠʢ ʨʘʩʯʝʪʘ 

ʨʘʜʠʦʨʝʣʝʡʥʳʭ ʪʨʘʩʩ. ɺʳʙʦʨ ʪʦʡ ʠʣʠ ʠʥʦʡ ʤʝʪʦʜʠʢʠ ʟʘʚʠʩʠʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʪ ʩʣʝʜʫʶʱʠʭ ʜʚʫʭ 

ʬʘʢʪʦʨʦʚ: 

1. ʜʦʩʪʫʧʥʦʩʪʠ ʤʝʪʦʜʠʢʠ; 

2. ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʪʦʜʠʢʠ ʪʝʭʥʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʥʘ ʨʘʩʯʝʪ ʨʘʜʠʦʨʝʣʝʡʥʦʡ ʣʠʥʠʠ. 

ʄʥʦʡ ʙʳʣʠ ʥʘʡʜʝʥʳ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʠʢʠ: 

¶ ʄʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʪʨʘʩʩ ʘʥʘʣʦʛʦʚʳʭ ʠ ʮʠʬʨʦʚʳʭ ʈʈʃ ʧʨʷʤʦʡ ʚʠʜʠʤʦʩʪʠ, ʄʦʩʢʚʘ, 1987 ʛ., 
243 ʩ.; 

¶ ʄʦʨʜʫʭʦʚʠʯ ʃ.ɻ., ʉʪʝʧʘʥʦʚ ɸ.ʇ. ʉʠʩʪʝʤʳ ʨʘʜʠʦʩʚʷʟʠ. ʂʫʨʩʦʚʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ: ʋʯʝʙ. 
ʇʦʩʦʙʠʝ ʜʣʷ ʚʫʟʦʚ. ï ʄ.: ʈʘʜʠʦ ʠ ʩʚʷʟʴ, 1987.-192 ʩ.; 

¶ ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʨʘʜʠʦʨʝʣʝʡʥʳʭ ʣʠʥʠʡ ʧʨʷʤʦʡ ʚʠʜʠʤʦʩʪʠ: ʀʥʛʚʘʨ ʍʝʥʥʝ, ʇʝʨ ʊʦʨʚʘʣʴʜʩʝʥ 

ï ɹʝʨʛʝʥ: Nera Telecommunications, 1994ʛ. 153ʩ.; 

¶ ʉʧʨʘʚʦʯʥʠʢ ʧʦ ʮʠʬʨʦʚʳʤ ʨʘʜʠʦʨʝʣʝʡʥʳʤ ʩʠʩʪʝʤʘʤ, ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʩʦʶʟ ʵʣʝʢʪʨʦʩʚʷʟʠ, 

ɹʶʨʦ ʨʘʜʠʦʩʚʷʟʠ, ʛ. ɾʝʥʝʚʘ, 1996 ʛ. 

ʇʝʨʚʳʝ ʜʚʝ ʤʝʪʦʜʠʢʠ ʥʝ ʙʳʣʠ ʚʟʷʪʳ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʦ ʩʣʝʜʫʶʱʠʤ ʧʨʠʯʠʥʘʤ:  

¶ ʤʝʪʦʜʠʢʠ ʙʳʣʠ ʩʦʩʪʘʚʣʝʥʳ ʚ 1987 ʛʦʜʫ ʠ ʫʞʝ ʤʦʨʘʣʴʥʦ ʫʩʪʘʨʝʣʠ; 

¶ ʥʝʪ ʧʦʣʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʤʝʪʦʜʘʭ ʨʘʩʯʝʪʘ ʮʠʬʨʦʚʳʭ ʈʈʃ, ʭʦʪʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʘʥʘʣʦʛʦʚʳʭ ʈʈʃ ʜʘʝʪʩʷ ʚʧʦʣʥʝ ʜʦʩʪʘʪʦʯʥʦ ʠʥʬʦʨʤʘʮʠʠ; 

¶ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʨʠʚʦʜʠʪʩʷ ʩʣʠʰʢʦʤ ʧʦʣʥʳʡ ʨʘʩʯʝʪ, ʦʪʩʫʪʩʪʚʠʝ ʤʦʜʝʣʝʡ 

ʫʧʨʦʱʸʥʥʦʛʦ ʨʘʩʯʸʪʘ; 

¶ ʦʪʩʫʪʩʪʚʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

ʉʨʝʜʠ ʜʚʫʭ ʦʩʪʘʚʰʠʭʩʷ ʥʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤʘʷ ʤʝʪʦʜʠʢʘ ʬʠʨʤʳ NERA NETWORKS AS, 

ʅʦʨʚʝʛʠʷ. ɸʚʪʦʨ - ʀʥʛʚʘʨ ʍʝʥʥʝ, ʇʝʨ ʊʦʨʚʘʣʴʜʩʝʥ. ʈʘʙʦʪʘ ʜʦʚʦʣʴʥʦ ʧʦʜʨʦʙʥʘʷ, ʩʦʜʝʨʞʘʱʘʷ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʠ ʜʝʪʘʣʴʥʫʶ ʯʘʩʪʴ ʨʘʩʯʸʪʦʚ. ʋʯʠʪʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚʦ ʚʩʝʭ 

ʚʦʟʤʦʞʥʳʭ ʯʘʩʪʦʪʥʳʭ ʜʠʘʧʘʟʦʥʘʭ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ ʣʶʙʦʡ ʘʧʧʘʨʘʪʫʨʝ. ʇʦʩʣʝʜʥʠʡ ʠʟ 

ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʥʝʣʴʟʷ ʧʦʣʥʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʨʘʩʯʝʪʘʭ, ʧʦʩʢʦʣʴʢʫ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ï 

ʵʪʦ ʩʧʨʘʚʦʯʥʘʷ ʣʠʪʝʨʘʪʫʨʘ, ʭʦʪʷ ʥʝʢʦʪʦʨʳʝ ʨʘʩʯʝʪʳ ʧʨʠʚʦʜʷʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʧʦʜʨʦʙʥʦ ʠ 

ʦʙʦʩʥʦʚʘʥʥʦ.  

ʉʨʝʜʠ ʯʘʩʪʥʳʭ ʤʝʪʦʜʠʢ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʝ, ʨʘʩʧʨʦʩʪʨʘʥʷʝʤʳʝ ʚ ʚʠʜʝ ʢʦʤʧʴʶʪʝʨʥʳʭ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ: 

1. DRRL 4.0; 

2. Territories ʬʠʨʤʳ çɿʦʣʦʪʘʷ ʢʦʨʦʥʘè. 

ʆʙʝ ʵʪʠ ʤʝʪʦʜʠʢʠ ʠʩʧʦʣʴʟʫʶʪ ʬʠʨʤʳ, ʟʘʥʠʤʘʶʱʠʝʩʷ ʨʘʩʯʝʪʘʤʠ ʨʘʜʠʦʨʝʣʝʡʥʳʭ ʪʨʘʩʩ. ʂʨʦʤʝ 

ʪʦʛʦ, Territories ʠʤʝʝʪ ʭʦʨʦʰʫʶ ʪʝʭʥʠʯʝʩʢʫʶ ʧʦʜʜʝʨʞʢʫ ʚ ʚʠʜʝ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʮʠʬʨʦʚʳʭ ʢʘʨʪ 

ʧʨʠ ʨʘʩʯʝʪʝ ʧʨʦʬʠʣʷ ʪʨʘʩʩʳ, ʘ ʪʘʢʞʝ ʙʦʣʝʝ ʧʨʘʚʠʣʴʥʳʝ ʨʘʩʯʝʪʳ ʚ ʜʠʘʧʘʟʦʥʝ ʤʝʥʴʰʝ 1 ɻɻʮ ʠ ʧʨʠ 

ʧʝʨʝʜʘʯʝ ʧʦʪʦʢʘ STM-1.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʡ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʦʚ ʤʥʦʡ ʙʳʣʘ ʚʳʙʨʘʥʘ ʤʝʪʦʜʠʢʘ ʬʠʨʤʳ 

NERA NETWORKS, ʢʘʢ ʦʙʱʝʜʦʩʪʫʧʥʘʷ ʠ ʦʪʚʝʯʘʶʱʘʷ ʢʨʠʪʝʨʠʶ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʘʩʯʝʪʦʚ. ɺ 

ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʩʧʨʘʚʦʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʙʳʣʦ ʨʝʰʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʉʧʨʘʚʦʯʥʠʢ ʧʦ 
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ʮʠʬʨʦʚʳʤ ʨʘʜʠʦʨʝʣʝʡʥʳʤ ʩʠʩʪʝʤʘʤ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʩʦʶʟʘ ʵʣʝʢʪʨʦʩʚʷʟʠ. 

 

ʈʘʩʯʝʪ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʜʠʦʨʝʣʝʡʥʳʭ ʣʠʥʠʡ 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ 

ʈʘʩʯʝʪ ʣʶʙʦʡ ʨʘʜʠʦʨʝʣʝʡʥʦʡ ʣʠʥʠʠ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩʚʦʜʠʪʩʷ ʢ ʚʳʙʦʨʫ ʪʨʘʩʩʳ ʠ ʤʝʩʪʘ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʪʘʥʮʠʡ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʩʝʪʠ. ʂʘʢ ʧʨʘʚʠʣʦ, ʣʶʙʦʡ ʧʨʦʝʢʪ ʧʦ ʩʪʨʦʠʪʝʣʴʩʪʚʫ ʈʈʃ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʢʦʥʢʨʝʪʥʳʝ ʤʝʩʪʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʪʘʥʮʠʡ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʚʩʝ ʨʘʜʠʦʨʝʣʝʡʥʳʝ 

ʩʪʘʥʮʠʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚʙʣʠʟʠ ʛʘʟʦʧʨʦʚʦʜʦʚ (ʦʩʥʦʚʥʘʷ ʠʭ ʟʘʜʘʯʘ ï ʦʙʝʩʧʝʯʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʩʚʷʟʠ), ʘ ʪʘʢʞʝ, ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ, ʢʘʢ ʤʦʞʥʦ ʙʣʠʞʝ ʢ ʥʘʩʝʣʝʥʥʳʤ ʧʫʥʢʪʘʤ ʠ ʧʨʦʭʦʜʷʱʠʤ ʜʦʨʦʛʘʤ, 

ʯʪʦ ʦʙʣʝʛʯʘʝʪ ʦʙʩʣʫʞʠʚʘʥʠʝ ʈʈʃ ʠ ʧʦʜʚʦʜ ʥʝʦʙʭʦʜʠʤʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ. ɺʩʝ ʚʥʝʰʥʝʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʨʘʟʤʝʱʘʝʪʩʷ ʣʠʙʦ ʥʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʘʥʪʝʥʥʳʭ ʙʘʰʥʷʭ ʠ ʦʧʦʨʘʭ, ʣʠʙʦ ʥʘ 

ʧʨʦʝʢʪʠʨʫʝʤʳʭ. ɺʥʫʪʨʝʥʥʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʣʠʙʦ ʚ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʪʘʨʳʭ 

ʟʜʘʥʠʷʭ ʥʘ ʤʝʩʪʝ ʜʝʤʦʥʪʠʨʫʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʠʩʪʝʤʳ çʊʨʘʣ 400/24è, ʣʠʙʦ ʚ ʩʧʝʮʠʘʣʴʥʦ 

ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʭ ʢʦʥʪʝʡʥʝʨʘʭ ʪʠʧʘ çʉʝʚʝʨè. ɺʩʝ ʤʫʣʴʪʠʧʣʝʢʩʦʨʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʚʥʫʪʨʝʥʥʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʨʘʜʠʦʨʝʣʝʡʥʦʡ ʩʚʷʟʠ, ʘ ʪʘʢʞʝ ʠʩʪʦʯʥʠʢʠ ʧʠʪʘʥʠʷ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʚ ʧʨʦʝʢʪʠʨʫʝʤʳʝ 

19 ʜʶʡʤʦʚʳʝ ʰʢʘʬʳ ʩʚʷʟʠ. 

ʆʙʱʘʷ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʎʈʈʃ ʩʦʩʪʘʚʣʷʝʪ 275.48 ʢʤ. ʉʨʝʜʥʷʷ ʜʣʠʥʘ ʠʥʪʝʨʚʘʣʘ ï 35,435 ʢʤ. 

ʄʠʥʠʤʘʣʴʥʘʷ ʜʣʠʥʘ ʠʥʪʝʨʚʘʣʘ ï 14,75 ʢʤ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʜʣʠʥʘ ʠʥʪʝʨʚʘʣʘ ï 46,15 ʢʤ. ɹʦʣʴʰʘʷ 

ʯʘʩʪʴ ʧʣʦʱʘʜʦʢ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʎʈʈʃ ʩʦʚʧʘʜʘʶʪ ʩʦ ʩʪʘʥʮʠʷʤʠ ʩʫʱʝʩʪʚʫʶʱʝʡ ʈʈʃ çʊʨʘʣ-400/24è 

ʅʠʞʥʝʚʘʨʪʦʚʩʢ ï ʇʘʨʘʙʝʣʴ ï ʊʦʤʩʢ. ʈʘʟʤʝʱʝʥʠʝ ʥʦʚʳʭ ʩʪʘʥʮʠʡ ʙʫʜʝʪ ʧʨʦʠʟʚʝʜʝʥʦ ʨʷʜʦʤ ʩ ʥ.ʧ. 

ʊʫʥʛʫʩʦʚʦ ʠ ʥ.ʧ. ʂʨʠʚʦʰʝʠʥʦ, ʚʚʠʜʫ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʆʆʆ çʊʦʤʩʢʪʨʘʥʩʛʘʟè. 

ʅʫʤʝʨʘʮʠʷ ʨʘʜʠʦʨʝʣʝʡʥʳʭ ʩʪʘʥʮʠʡ ʚʝʜʝʪʩʷ ʦʪ ʧ. ʏʘʞʝʤʪʦ ʜʦ ʛ. ʊʦʤʩʢʘ. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʧʨʝʚʳʰʝʥʠʷ ʥʦʨʤ ʥʘ ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʚʷʟʠ ʈʈʃ, 

ʧʨʠʤʝʥʷʶʪ ʩʣʝʜʫʶʱʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ: 

1. ʧʦʜʥʠʤʘʶʪ ʘʥʪʝʥʥʳ ʩʪʘʥʮʠʡ ʥʘ ʙʦʣʴʰʫʶ ʚʳʩʦʪʫ, ʯʪʦ ʩʦʧʨʷʞʝʥʦ ʩ ʨʷʜʦʤ ʪʨʫʜʥʦʩʪʝʡ: 
ʢʘʢ ʩ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴʶ ʩʘʤʦʡ ʙʘʰʥʠ (ʤʘʯʪʳ), ʪʘʢ ʠ ʚʦʟʤʦʞʥʦʡ ʩʣʦʞʥʦʡ ʵ/ʤ 

ʦʙʩʪʘʥʦʚʢʦʡ ʩ ʫʞʝ ʠʤʝʶʱʠʤʩʷ ʦʙʦʨʫʜʦʚʘʥʠʝʤ; 

2. ʚʳʙʦʨ ʜʨʫʛʦʛʦ ʤʝʩʪʘ ʧʦʣʦʞʝʥʠʷ ʨʘʜʠʦʨʝʣʝʡʥʦʡ ʩʪʘʥʮʠʠ; 

3. ʧʨʠʤʝʥʝʥʠʝ ʜʨʫʛʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʧʨʠʝʤʥʠʢ, ʙʦʣʝʝ ʤʦʱʥʳʡ 
ʧʝʨʝʜʘʪʯʠʢ, ʘʥʪʝʥʥʳ ʩ ʙʦʣʴʰʠʤ ʜʠʘʤʝʪʨʦʤ); 

4. ʝʱʝ ʦʜʠʥ ʦʯʝʥʴ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʡ ʩʧʦʩʦʙ ï ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʥʝʩʝʥʥʦʛʦ ʧʨʠʝʤʘ, 

ʢʦʪʦʨʳʡ ʙʳʚʘʝʪ ʜʚʫʭ ʚʠʜʦʚ ï ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ (ʨʘʟʥʦʩ ʘʥʪʝʥʥ) ʠ ʯʘʩʪʦʪʥʳʡ 

(ʧʝʨʝʜʘʯʘ ʥʘ ʜʚʫʭ ʯʘʩʪʦʪʘʭ), ʪʘʢʞʝ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʦʤʙʠʥʘʮʠʷ ʵʪʠʭ ʤʝʪʦʜʦʚ. 

ʏʘʩʪʦʪʥʳʡ ʤʝʪʦʜ ʚ ʪʝʨʤʠʥʦʣʦʛʠʠ ʨʘʜʠʦʨʝʣʝʡʥʦʡ ʩʚʷʟʠ ʙʦʣʝʝ ʠʟʚʝʩʪʝʥ ʢʘʢ ʤʝʪʦʜ 

ʚʳʙʦʨʘ çʩʠʩʪʝʤ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷè. ʇʦʩʢʦʣʴʢʫ ʩʠʩʪʝʤ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ ʠʟʚʝʩʪʥʦ 

ʥʝʩʢʦʣʴʢʦ, ʘ ʥʝ ʚʩʝ ʨʘʜʠʦʨʝʣʝʡʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʧʦʜʜʝʨʞʠʚʘʝʪ ʚʩʝ ʠʟ ʥʠʭ, ʪʦ ʥʘʰʘ 

ʟʘʜʘʯʘ ʪʘʢʞʝ ʙʫʜʝʪ ʟʘʢʣʶʯʘʪʴʩʷ ʚ ʚʳʙʦʨʝ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʠʟ ʵʪʠʭ ʩʧʦʩʦʙʦʚ 

ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ.  

ɼʣʷ ʨʘʙʦʪʳ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚʩʝ ʘʢʪʠʚʥʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʚ ʦʜʥʦʤ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʥʠʞʝ ʨʝʞʠʤʘʭ:  

¶ 1 + 0 ï ʧʝʨʝʜʘʯʘ ʨʘʜʠʦʩʠʛʥʘʣʘ ʙʝʟ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ; 

¶ 1 + 1 ʛʦʨʷʯʠʡ ʨʝʟʝʨʚ ï ʧʝʨʝʜʘʯʘ ʨʘʜʠʦʩʠʛʥʘʣʘ ʩ ʧʦʣʥʳʤ ʨʝʟʝʨʚʠʨʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

¶ 1 + 1 ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ ʣʠʥʠʠ ï ʧʝʨʝʜʘʯʘ STM ï 1 ʢʘʥʘʣʘ ʯʝʨʝʟ ʦʩʥʦʚʥʦʡ ʠ ʨʝʟʝʨʚʥʳʡ 

ʨʘʜʠʦʢʘʥʘʣ, ʠʩʧʦʣʴʟʫʷ ʜʚʘ ʥʦʤʠʥʘʣʘ ʯʘʩʪʦʪ ʩ ʧʦʤʦʱʴʶ ʦʜʥʦʡ ʘʥʪʝʥʥʳ. 

 ʈʝʞʠʤ çʛʦʨʷʯʝʛʦ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷè 1 + 1 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʧʨʠ ʢʦʪʦʨʦʤ ʧʝʨʝʜʘʝʪʩʷ ʦʜʠʥ STM ï 1 ʧʦʪʦʢ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʜʥʦʛʦ ʨʘʜʠʦʯʘʩʪʦʪʥʦʛʦ ʢʘʥʘʣʘ. 

ʇʨʠ ʚʳʭʦʜʝ ʠʟ  ʩʪʨʦʷ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʝʨʝʢʣʶʯʘʝʪʩʷ ʥʘ ʨʝʟʝʨʚʥʳʡ 

ʢʦʤʧʣʝʢʪ. ʇʨʠ ʵʪʦʤ ʚʨʝʤʷ ʧʝʨʝʢʣʶʯʝʥʠʝ ʥʘʩʪʦʣʴʢʦ ʤʘʣʦ, ʯʪʦ ʪʘʢʦʝ ʧʨʦʧʘʜʘʥʠʝ ʩʠʛʥʘʣʘ ʥʝ 

ʧʨʝʚʳʰʘʝʪ ʥʦʨʤʳ ʧʦ ʢʘʯʝʩʪʚʝʥʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʨʘʜʠʦʨʝʣʝʡʥʦʡ ʣʠʥʠʠ, ʘ ʥʘ ʧʨʘʢʪʠʢʝ ʩʦʩʪʘʚʣʷʝʪ 

ʤʝʥʝʝ 10 ʥʩ.  ʇʨʠ ʛʦʨʷʯʝʤ ʨʝʟʝʨʚʠʨʦʚʘʥʠʠ ʥʝʦʙʭʦʜʠʤʦ ʥʘʣʠʯʠʝ ʜʚʫʭ ʢʦʤʧʣʝʢʪʦʚ ʇʇʋ, ʢʦʪʦʨʳʝ 

ʨʘʙʦʪʘʶʪ ʥʘ ʦʜʥʫ ʘʥʪʝʥʥʫ (ʨʠʩʫʥʦʢ 5.1). ʉʫʱʝʩʪʚʫʶʪ ʝʱʝ ʜʚʘ ʨʝʞʠʤʘ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ çʪʝʧʣʳʡè ʠ 

çʭʦʣʦʜʥʳʡè, ʠʭ ʦʩʥʦʚʥʦʝ ʦʪʣʠʯʠʝ ʦʪ çʛʦʨʷʯʝʛʦè ʟʘʢʣʶʯʘʝʪʩʷ ʚʦ ʚʨʝʤʝʥʠ ʧʝʨʝʢʣʶʯʝʥʠʷ ʥʘ 
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ʨʝʟʝʨʚʥʳʡ ʢʘʥʘʣ. ʇʨʠ ʵʪʦʤ, ʧʨʠ çʭʦʣʦʜʥʦʤè ʠ çʪʝʧʣʦʤè ʨʝʟʝʨʚʠʨʦʚʘʥʠʠ ʤʦʞʥʦ ʨʘʙʦʪʘʪʴ ʥʘ ʪʦʡ ʞʝ 

ʯʘʩʪʦʪʝ, ʯʪʦ ʠ ʦʩʥʦʚʥʦʡ ʢʘʥʘʣ. ʂʘʢ ʧʨʘʚʠʣʦ, ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʨʘʜʠʦʨʝʣʝʡʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʪʘʨʘʶʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʦʣʴʢʦ çʛʦʨʷʯʠʡè, ʠ ʣʠʰʴ ʚ ʨʝʜʢʠʭ ʩʣʫʯʘʷʭ 

- çʪʝʧʣʳʡè. 

ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʩʪʦʷʥʥʫʶ ʧʝʨʝʜʘʯʫ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʠʥʬʦʨʤʘʮʠʠ ʧʦ 

ʜʚʫʤ ʥʝʟʘʚʠʩʠʤʳʤ ʢʘʥʘʣʘʤ, ʧʨʠ ʵʪʦʤ ʢʘʞʜʳʡ ʢʘʥʘʣ ʠʤʝʝʪ ʩʚʦʝ ʇʇʋ ʠ ʩʚʦʶ ʘʥʪʝʥʥʫ. ʋʩʪʨʦʡʩʪʚʦ 

ʥʘ ʧʨʠʝʤʝ ʧʨʦʠʟʚʦʜʠʪ ʩʨʘʚʥʝʥʠʝ ʩʠʛʥʘʣʦʚ, ʧʦʩʪʫʧʘʶʱʠʭ ʥʘ ʚʭʦʜ ʧʨʠʝʤʥʠʢʦʚ ʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʫʨʦʚʥʷ ʩʠʛʥʘʣʘ, ʚʳʙʠʨʘʝʪ ʥʘʠʣʫʯʰʠʡ. ʊʘʢʦʡ ʩʧʦʩʦʙ ʧʦʟʚʦʣʷʝʪ ʩʚʝʩʪʠ ʧʦʪʝʨʶ ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʚʷʟʠ 

ʩ ʟʘʤʠʨʘʥʠʷʤʠ ʩʠʛʥʘʣʘ ʚ ʘʪʤʦʩʬʝʨʝ ʥʘ ʥʝʪ, ʥʦ ʟʘ ʵʪʦ ʥʘʜʦ ʧʣʘʪʠʪʴ ʢʘʢ ʙʦʣʴʰʠʤ ʟʘʥʠʤʘʝʤʳʤ 

ʯʘʩʪʦʪʥʳʤ ʨʝʩʫʨʩʦʤ, ʪʘʢ ʠ ʙʦʣʴʰʝʡ ʩʪʦʠʤʦʩʪʴʶ ʦʙʦʨʫʜʦʚʘʥʠʷ.  

 
ʈʠʩʫʥʦʢ 3.14 - ʇʨʠʥʮʠʧ ʯʘʩʪʦʪʥʦʛʦ ʨʘʟʥʝʩʝʥʠʷ ʢʘʥʘʣʦʚ 

 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʨʘʩʯʝʪʦʚ 

ʊʨʘʩʩʘ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʎʈʈʃ ʧʨʦʭʦʜʠʪ ʧʦ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʟʦʥʝ ɿʘʧʘʜʥʦ-ʉʠʙʠʨʩʢʦʡ 

ʥʠʟʤʝʥʥʦʩʪʠ ʯʝʨʝʟ ʊʦʤʩʢʠʡ, ʐʝʛʘʨʩʢʠʡ, ʂʦʞʝʚʥʠʢʦʚʩʢʠʡ, ʂʨʠʚʦʰʝʠʥʩʢʠʡ, ʄʦʣʯʘʥʦʚʩʢʠʡ ʠ 

ʂʦʣʧʘh ʝʚʩʢʠʡ ʨʘʡʦʥ ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ.  

ɺʝʣʠʯʠʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʦʞʜʝʡ ʩʦʩʪʘʚʣʷʝʪ 70 ʤʤ/ʯ. 

ʇʘʨʘʤʝʪʨʦʤ ʘʧʧʘʨʘʪʫʨʳ ʮʠʬʨʦʚʳʭ ʈʈʃ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴ ʷʚʣʝ̫ʪʩʷ 

ʧʦʨʦʛʦʚʳʡ ʫʨʦʚʝʥʴ ʩʠʛʥʘʣʘ ʥʘ ʚʭʦʜʝ ʧʨʠʝʤʥʠʢʘ ʇʈʇʆʈP , ʧʨʠ ʢʦʪʦʨʦʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʥʦʨʤʠʨʫʝʤʘʷ ʚʝʣʠʯʠʥʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʰʠʙʦʢ ʆʐ ʄɸʂʉP  (BER). ʈʝʟʫʣʪɹʘʪʳ ʢʘʞʜʦʛʦ 

ʧʨʦʣʝʪʘ ʪʨʘʩʩʳ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʧʨʠ ʧʦʤʦʱʠ ʜʚʫʭ ʤʝʪʦʜʦʚ. ʂʘʢ ʦʩʥʦʚʥʦʡ ʤʝʪʦʜ ʨʘʩʯʝʪʘ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʝʪʦʜʠʢʘ ʬʠʨʤʳ Nera, ʜʣʷ ʧʨʦʚʝʨʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣʘ ʠʩʧʦʣʟɹʦʚʘʥʘ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ Territories. ʅʦʨʤʳ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʧʨʠʥʷʪʳ ʢʘʢ ʜʣʷ 

ʚʥʫʪʨʠʟʦʥʦʚʳʭ ʩʝʪʝʡ. 

ɼʣʷ ʨʘʩʯʝʪʘ ʩʪʘʪʠʩʪʠʢʠ ʛʣʫʙʠʥʳ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʝʜʣʝʥʥʳʭ ʨʝʬʨʘʢʮʠʦʥʥʳʭ ʟʘʤʠʨʘʥʠʡ ʩ 

ʫʯʝʪʦʤ ʥʝʣʠʥʝʡʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚʦʟʜʫʭʘ  ʟʘʤʠʨʘʥʠʷ x ʩ ʚʳʩʦʪʦʡ, 

ʚʚʦʜʠʪʩʷ ʧʦʥʷʪʠʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚʦʟʜʫʭʘ 

g. ʇʦʜ ʚʝʣʠʯʠʥʦʡ g  ʧʦʥʠʤʘʶʪ ʧʦʩʪʦʷʥʥʳʡ ʧʦ ʚʳʩʦʪʝ ʛʨʘʜʠʝʥʪ 
nµ

µe  , ʧʨʠ ʢʦʪʦʨʦʤ 

ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ ʚ ʪʦʯʢʝ ʧʨʠʝʤʘ ʙʫʜʝʪ ʪʘʢʦʡ ʞʝ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʨʝʘʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ x ʥʘ 

ʪʨʘʩʩʝ. ʂʣʠʤʘʪʠʯʝʩʢʠʡ ʨʘʡʦʥ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʎʈʈʃ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ 

ʛʨʘʜʠʝʥʪʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚʦʟʜʫʭʘ 8 110 10g
ʤ

-=- Ö  ʠ ʜʠʩʧʝʨʩʠʝʡ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚʦʟʜʫʭʘ 8 19 10
ʤ

s -= Ö . ʈʘʙʦʯʘʷ ʯʘʩʪʦʪʘ ʘʧʧʘʨʘʪʫʨʳ ʩʦʩʪʘʚʣʷʝʪ 

7.4ʈf ɻɻʮ= . 

 

ʈʘʩʯʝʪ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʣʝʪʦʚ ʎʈʈʃ 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ 

ɺ ʢʘʯʝʩʪʚʝ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʣʝʪʘ ʣʶʙʦʡ ʨʘʜʠʦʨʝʣʝʡʥʦʡ ʣʠʥʠʠ ʠʩʧʦʣʴʟʫʶʪ ʜʚʘ 

ʧʘʨʘʤʝʪʨʘ, ʢʦʪʦʨʳʝ ʤʳ ʠ ʙʫʜʝʤ ʨʘʩʩʯʠʪʳʚʘʪʴ: 

1. ʂʦʵʬʬʠʮʠʝʥʪ ʥʝʛʦʪʦʚʥʦʩʪʠ; 

2. ʂʦʵʬʬʠʮʠʝʥʪ ʩʝʢʫʥʜ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʦʰʠʙʦʢ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʥʝʛʦʪʦʚʥʦʩʪʠ ʣʠʥʠʠ 
ʅɻʂ  ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʩʣʝʜʫʶʱʠʭ ʚʝʣʠʯʠʥ.   



 113 

ʅɻ ʉʋʄ ɼʆɾ ʆɹʆʈʂ ʈ ʈ P= + +    , (3.1) 

ʛʜʝ 
ʉʋʄʈ  - ʦʙʱʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʥʘʨʫʰʝʥʠʷ ʨʘʜʠʦʩʚʷʟʠ, ʚʳʟʚʘʥʥʘʷ ʤʥʦʛʦʣʫʯʝʚʳʤ 

ʟʘʤʠʨʘʥʠʝʤ; 

ɼʆɾʈ  - ʚʝʨʦʷʪʥʦʩʪʴ ʥʘʨʫʰʝʥʠʷ ʨʘʜʠʦʩʚʷʟʠ, ʚʳʟʚʘʥʥʘʷ ʜʦʞʜʝʤ; 

ʆɹʆʈP  - ʚʝʨʦʷʪʥʦʩʪʴ ʥʘʨʫʰʝʥʠʷ ʨʘʜʠʦʩʚʷʟʠ, ʚʳʟʚʘʥʥʘʷ ʦʪʢʘʟʦʤ ʦʙʦʨʫʜʦʚʘʥʠʷ.  

ʇʨʝʞʜʝ, ʯʝʤ ʧʨʠʩʪʫʧʘʪʴ ʢ ʨʘʩʯʝʪʫ ʚʝʨʦʷʪʥʦʩʪʝʡ ʥʘʨʫʰʝʥʠʷ ʩʚʷʟʠ, ʨʘʟʙʝʨʝʤʩʷ ʩ ʪʘʢʠʤ 

ʧʦʥʷʪʠʝʤ, ʢʘʢ ʟʘʧʘʩ ʥʘ ʟʘʤʠʨʘʥʠʝ. 

 

ʈʘʩʯʝʪ ʥʝʦʙʭʦʜʠʤʦʛʦ ʟʘʧʘʩʘ ʥʘ ʟʘʤʠʨʘʥʠʝ 

ɸʪʤʦʩʬʝʨʥʳʝ ʚʦʟʤʫʱʝʥʠʷ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʫʩʣʦʚʠʷ ʧʝʨʝʜʘʯʠ ʥʘ ʨʘʜʠʦʨʝʣʝʡʥʳʭ 

ʣʠʥʠʷʭ ʧʨʷʤʦʡ ʚʠʜʠʤʦʩʪʠ. ʋʨʦʚʝʥʴ ʧʨʠʥʠʤʘʝʤʦʛʦ ʩʠʛʥʘʣʘ ʠʟʤʝʥʷʝʪʩʷ ʚʦ ʚʨʝʤʝʥʠ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴʶ ʪʦʛʦ, ʯʪʦ ʫʨʦʚʝʥʴ ʩʠʛʥʘʣʘ ʫʧʘʜʸʪ ʥʠʞʝ 

ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ, ʠʣʠ ʩʧʝʢʪʨ ʧʨʠʥʠʤʘʝʤʦʛʦ ʩʠʛʥʘʣʘ ʙʫʜʝʪ ʩʠʣʴʥʦ ʠʩʢʘʞʸʥ.  

ʈʘʩʩʤʦʪʨʠʤ ʫʧʨʦʱʝʥʥʫʶ ʩʪʨʫʢʪʫʨʥʫʶ ʩʭʝʤʫ ʠʥʪʝʨʚʘʣʘ ʨʘʜʠʦʣʠʥʠʠ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶɦ ʫʶ 

ʜʠʘʛʨʘʤʤʫ ʫʨʦʚʥʝʡ ʩʠʛʥʘʣʘ (ʨʠʩʫʥʦʢ 5.15). ʆʯʝʚʠʜʥʦ, ʯʪʦ ʢʘʯʝʩʪʚʦ ʨʘʙʦʪʳ ʣʠʥʠʠ ʩʚʷʟʠ, 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʨʦʚʥʝʤ ʩʠʛʥʘʣʘ ʥʘ ʚʭʦʜʝ ʧʨʠʝʤʥʠʢʘ 
ʇʈP ʠ ʚʦʟʤʦʞʥʳʤʠ ʦʪʢʣʦʥʝʥʠʷʤʠ ʵʪʦʛʦ ʫʨʦʚʥʷ 

ʧʨʠ ʟʘʤʠʨʘʥʠʷʭ. 

 

 
 

ʈʠʩʫʥʦʢ 3.15.  ɼʠʘʛʨʘʤʤʘ ʫʨʦʚʥʝʡ ʩʠʛʥʘʣʘ ʥʘ ʧʨʦʣʝʪʝ ʈʈʃ 

 

ʅʘ ʜʠʘʛʨʘʤʤʝ ʫʨʦʚʥʝʡ ʚʠʜʥʦ, ʯʪʦ ʩʠʛʥʘʣ ʠʟʣʫʯʘʝʪʩʷ ʧʝʨʝʜʘʪʯʠʢʦʤ ʩ ʫʨʦʚʥʝʤ ʇɼP , ʧʨʦʭʦʜʠʪ 

ʯʝʨʝʟ ʨʘʟʜʝʣʠʪʝʣʴʥʳʡ ʬʠʣʴʪʨ (ʈʌ), ʚ ʢʦʪʦʨʦʤ ʫʨʦʚʝʥʴ ʫʧʘʜʝʪ ʟʘ ʩʯʝʪ ʚʥʫʪʨʝʥʥʠʭ ʧʦʪʝʨʴ ʠ 

ʧʦʩʪʫʧʘʝʪ ʯʝʨʝʟ ʬʠʜʝʨʥʫʶ ʣʠʥʠʶ ʚ ʧʝʨʝʜʘʶʱʫʶ ʘʥʪʝʥʥʫ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʫʩʠʣʝʥʠʷ 
1G. ɿʘ ʩʯʝʪ 

ʧʦʪʝʨʴ ʚ ʬʠʜʝʨʥʦʡ ʣʠʥʠʠ 1ʬL  ʫʨʦʚʝʥʴ ʩʠʛʥʘʣʘ ʝʱʝ ʫʤʝʥʴʰʠʪʴʩʷ, ʘ ʚ ʧʝʨʝʜʘʶʱʝʡ ʘʥʪʝʥʥʝ 

ʫʚʝʣʠʯʠʪʩʷ ʥʘ ʚʝʣʠʯʠʥʫ 
1G .  

ʇʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʩʠʛʥʘʣʘ ʧʦ ʠʥʪʝʨʚʘʣʫ ʈʈʃ (ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 
0R , ʥʘ ʨʘʙʦʯʝʡ ʯʘʩʪʦʪʝ f ) 

ʫʨʦʚʝʥʴ ʩʠʛʥʘʣʘ ʫʧʘʜʝʪ ʟʘ ʩʯʝʪ ʦʩʣʘʙʣʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʧʦʪʝʨʴ ʚ ʛʘʟʘʭ ʘʪʤʦʩʬʝʨʳ ʠ 

ʥʝʢʦʪʦʨʳʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʦʪʝʨʴ. ʆʙʱʝʝ ʦʩʣʘʙʣʝʥʠʝ ʩʠʛʥʘʣʘ ʟʘ ʩʯʝʪ ʵʪʠʭ ʧʨʠʯʠʥ ʤʦʞʝʪ 

ʜʦʩʪʠʛʥʫʪʴ 130-140 ʜɹ ʠ ʙʦʣʴʰʝ.  

ɺ ʧʨʠʝʤʥʦʡ ʘʥʪʝʥʥʝ ʫʨʦʚʝʥʴ ʩʠʛʥʘʣʘ ʫʚʝʣʠʯʠʪʩʷ ʥʘ ʚʝʣʠʯʠʥʫ 
2G , ʟʘʪʝʤ ʫʤʝʥʴʰʠʪʩʷ ʚ 

ʧʨʠʝʤʥʦʡ ʬʠʜʝʨʥʦʡ ʣʠʥʠʠ, ʚ ʨʘʟʜʝʣʠʪʝʣʴʥʦʤ ʬʠʣʴʪʨʝ ʠ ʧʦʩʪʫʧʠʪ ʥʘ ʚʭʦʜ ʧʨʠʝʤʥʠʢʘ ʩ ʫʨʦʚʥʝʤ 
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ʇʈP . ʕʪʦ ʟʥʘʯʝʥʠʝ ʧʦʣʫʯʘʝʪʩʷ ʚ ʦʪʩʫʪʩʪʚʠʠ ʟʘʤʠʨʘʥʠʡ ʩʠʛʥʘʣʘ ʥʘ ʧʨʦʣʝʪʝ ʈʈʃ. 

ɿʘʧʘʩ ʥʘ ʟʘʤʠʨʘʥʠʷ M  ʷʚʣʷʝʪʩʷ ʨʘʟʥʠʮʝʡ ʤʝʞʜʫ ʫʨʦʚʥʝʤ ʩʠʛʥʘʣʘ ʥʘ ʚʭʦʜʝ ʧʨʠʝʤʥʠʢʘ 
ʇʈP  ʠ 

ʝʛʦ ʧʦʨʦʛʦʚʳʤ ʟʥʘʯʝʥʠʝʤ 
ʇʈʇʆʈP , ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʧʘʨʘʤʝʪʨʦʚ ʢʦʥʢʨʝʪʥʦʡ ʘʧʧʘʨʘʪʫʨʳ 

ʮʠʬʨʦʚʳʭ ʈʈʃ ʜʣʷ ʟʘʜʘʥʥʦʡ ʚʝʣʠʯʠʥ  r 
ʦʰk  ( 310-ʠʣʠ 610- ).  

ʋʨʦʚʝʥʴ ʩʠʛʥʘʣʘ ʥʘ ʚʭʦʜʝ ʧʨʠʝʤʥʠʢʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

1 2 0 1 2ʇʈ ʇɼ ʬ ʬ ɻ ʈʌ ɼʆʇP P G G L L L L L L= + + - - - - - -, (3.2) 

ʛʜʝ 
ʇɼP - ʫʨʦʚʝʥʴ ʤʦʱʥʦʩʪʠ ʧʝʨʝʜʘʪʯʠʢʘ, ʜɹʤ; 

1 2,G G - ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʩʠʣʝʥʠʷ ʧʝʨʝʜʘʶʱʝʡ ʠ ʧʨʠʝʤʥʦʡ ʘʥʪʝʥʥ; 

1 2,ʬ ʬL L - ʦʩʣʘʙʣʝʥʠʝ ʩʠʛʥʘʣʘ ʚ ʬʠʜʝʨʥʳʭ ʣʠʥʠʷʭ (ʌ1, ʌ2), ʜɹ; 

ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʬʠʜʝʨʘ (ʢʦʛʜʘ ʧʨʠʝʤʦʧʝʨʝʜʘʪʯʠʢʠ ʦʙʲʝʜʠʥʝʥʳ ʩ ʘʥʪʝʥʥʦʡ ʚ ʚʠʜʝ ʤʦʥʦʙʣʦʢʘ) 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʫʩʪʨʦʡʩʪʚʘ ʦʙʲʝʜʠʥʝʥʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʵʪʠʭ 

ʩʣʫʯʘʷʭ ʧʦʪʝʨʠ ʚ ʬʠʜʝʨʘʭ ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʨʘʚʥʳʤʠ 0 ʜɹ. ʇʨʠ ʙʦʣʴh ʠʭ ʜʠʘʤʝʪʨʘʭ ʘʥʪʝʥʥ 

ʩʦʝʜʠʥʝʥʠʝ ʧʨʦʚʦʜʠʪʩʷ ʢʦʨʦʪʢʠʤ ʦʪʨʝʟʢʦʤ ʛʠʙʢʦʛʦ ʚʦʣʥʦʚʦʜʘ, ʧʦʪʝʨʠ ʚ ʢʦʪʦʨʦʤ 

1 2 0.5ʬ ʬL L ʜɹ= = ; 

ʈʌL -ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʧʘʨʘʤʝʪʨʦʚ ʘʧʧʘʨʘʪʫʨʳ. ʆʙʳʯʥʦ ʟʥʘʯʝʥʠʝ ʦʩʣʘʙʣʝʥʠʷ ʚ 

ʨʘʟʜʝʣʠʪʝʣʴʥʳʭ ʬʠʣʴʪʨʘʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʫʤʤʝ ʧʦʪʝʨʴ ʚ ʧʝʨʝʜʘʶʱʝʤ   ʠ   ʧʨʠʝʤʥʦʤ  

ʫʩʪʨʦʡʩʪʚʘʭ.    ʇʨʠ  ʤʦʥʦʙʣʦʯʥʦʡ  ʢʦʥʩʪʨʫʢʮʠʠ, ʜʘʥʥʳʝ  ʥʘ ʫʨʦʚʝʥʴ ʤʦʱʥʦʩʪʠ ʧʝʨʝʜʘʪʯʠʢʘ  ʠ 

ʧʦʨʦʛʦʚʳʝ ʟʥʘʯʝʥʠʷ ʫʨʦʚʥʷ ʩʠʛʥʘʣʘ  ʥʘ ʚʭʦʜʝ  ʧʨʠʝʤʥʠʢʘ, ʯʘʩʪʦ  ʦʪʥʦʩʷʪʩʷ  ʢ ʪʦʯʢʘʤ,  

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʫʨʦʚʥʷʤ ʥʘ ʘʥʪʝʥʥʦʤ ʚʦʣʥʦʚʦʜʥʦʤ ʩʦʝʜʠʥʠʪʝʣʝ (ʜʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʚ ʟʥʘʯʝʥʠʷ 

ʫʨʦʚʥʝʡ ʫʞʝ ʟʘʣʦʞʝʥʳ ʧʦʪʝʨʠ ʚ ʨʘʟʜʝʣʠʪʝʣʴʥʳʭ ʬʠʣʴʪʨʘʭ). ɺ ʵʪʠʭ ʩʣʫʯʘʷʭ ʚʝʣʠʯʠʥʘ ʧʦʪʝʨʴ 

0ʈʌL = . ʇʨʠ ʨʘʟʥʝʩʝʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʠʝʤʦʧʝʨʝʜʘʪʯʠʢʦʚ ʠ ʘʥʪʝʥʥ, ʧʦʪʝʨʠ ʚ ʈʌ ʩʦʩʪʘʚʣʷʶʪ  4 

- 5 ʜɹ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʠ ʜʣʠʥʳ ʬʠʜʝʨʘ. 

ɼʆʇL - ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʦʪʝʨʠ, ʩʢʣʘʜʳʚʘʶʱʠʝ ʠʟ ʧʦʪʝʨʴ ʚ ʘʥʪʝʥʥʳʭ ʦʙʪʝʢʘʪʝʣʷʭ 
ɸʆL ʠ 

ʧʦʪʝʨʴ ʦʪ ʧʝʨʝʧʘʜʘ ʚʳʩʦʪ ʧʨʠʝʤʥʦʡ ʠ ʧʝʨʝʜʘʶʱʝʤ ʘʥʪʝʥʥ 
ʇɺL  ( 1 2ɼʆʇL ʜɹ= - ); 

0L -ʦʩʣʘʙʣʝʥʠʝ   ʨʘʜʠʦ   ʚʦʣʥ   ʧʨʠ   ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ   ʚ   ʩʚʦʙʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʨʘʩʩʯʠʪʚrʘʝʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

 

4

0 020 lg(4.189 10 ),L R f ʜɹ= Ö Ö Ö , (3.3) 

ʛʜʝ 
0R -ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʠʥʪʝʨʚʘʣʘ ʈʈʃ, ʢʤ; 

f -ʨʘʙʦʯʘʷ ʯʘʩʪʦʪʘ, ɻɻʮ. 

ɻL -ʘʪʤʦʩʬʝʨʥʳʝ ʧʦʪʝʨʠ (ʧʦʪʝʨʠ ʚ ʛʘʟʘʭ) ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 

0 0 0( )ɻ ʅ ʉʋʄL R Rg g g= + Ö = Ö, (3.4) 

ʛʜʝ 
0gʠ ʅg - ʧʦʛʦʥʥʳʝ  ʟʘʪʫʭʘʥʠʷ  ʚ  ʚʦʜʷʥʳʭ  ʧʘʨʘʭ  ʠ   ʘʪʦʤʘʭ  ʢʠʩʣʦʨʦʜʘ ʘʪʤʦʩʬʝʨʳ,  

ʨʘʩʩʯʠʪʳʚʘʝʤʳʝ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

 

ʈʘʩʯʝʪ ʘʪʤʦʩʬʝʨʥʳʭ ʧʦʪʝʨʴ 

ɸʪʤʦʩʬʝʨʥʳʝ ʧʦʪʝʨʠ, ʚ ʦʩʥʦʚʥʦʤ, ʩʢʣʘʜʳʚʘʶʪʩʷ ʠʟ ʧʦʪʝʨʴ ʚ ʘʪʦʤʘʭ ʢʠʩʣʦʨʦʜʘ ʠ ʚ ʤʦʣʝʢʫʣʘʭ 

ʚʦʜʳ. ʇʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʘʷ ʥʝʧʨʦʟʨʘʯʥʦʩʪʴ ʘʪʤʦʩʬʝʨʳ ʜʣʷ ʨʘʜʠʦʚʦʣʥ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʯʘʩʪʦʪʝ 

118.74 ɻɻʮ (ʨʝʟʦʥʘʥʩʥʦʝ ʧʦʛʣʦʱʝʥʠʝ ʚ ʘʪʦʤʘʭ ʢʠʩʣʦʨʦʜʘ), ʘ ʥʘ ʯʘʩʪʦʪʘʭ ʙʦʣʴʰʝ 60 ɻɻʮ ʧʦʛʦʥʥʦʝ 

ʟʘʪʫʭʘʥʠʝ ʧʨʝʚʳʰʘʝʪ 15 ʜɹ/ʢʤ. ʆʩʣʘʙʣʝʥʠʝ ʚ ʚʦʜʷʥʳʭ ʧʘʨʘʭ ʘʪʤʦʩʬʝʨʳ ʟʘʚʠʩʠʪ ʦʪ ʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʚʝʩʴʤʘ ʚʝʣʠʢʦ ʚʦ ʚʣʘʞʥʦʤ ʪʝʧʣʦʤ ʢʣʠʤʘʪʝ ʠ ʜʦʤʠʥʠʨʫʝʪ ʥʘ ʯʘʩʪʦʪʘʭ ʥʠʞʝ 45 ɻɻʮ.  

ʇʦʛʦʥʥʳʝ ʧʦʪʝʨʠ ʚ ʘʪʦʤʘʭ ʢʠʩʣʦʨʦʜʘ (ʜɹ/ʢʤ): 
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3 2 3

0 2 2

6.09 4.81
7.19 10 10

0.227 ( 57) 1.5
f

f f
g - -è ø
= Ö + + Ö Öé ù

+ - +ê ú
, 

 

(3.5) 

ʛʜʝ f -ʨʘʙʦʯʘʷ ʯʘʩʪʦʪʘ, ɻɻʮ. 

ʕʪʘ  ʬʦʨʤʫʣʘ  ʩʧʨʘʚʝʜʣʠʚʘ  ʜʣʷ   ʨʘʙʦʯʠʭ   ʯʘʩʪʦʪ   ʥʠʞʝ   57   ɻɻʮ,   ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ 

ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʟʜʫʭʘ +15 ʛʨʘʜʫʩʦʚ ʉ.  

ʇʦʛʦʥʥʳʝ ʧʦʪʝʨʠ ʚ ʚʦʜʷʥʳʭ ʧʘʨʘʭ (ʜɹ/ʢʤ):   

 

2 4

2 2 2

3.6 10.6 8.9
0.05 0.0021 10

( 22.2) 8.5 ( 183.3) 9 ( 325.4) 26.3
H f

f f f
g r r-è ø
= + Ö + + + Ö Ö Öé ù

- + - + - +ê ú

, 

 

(

3.6) 

ʛʜʝ r-ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʦʜʷʥʳʭ ʧʘʨʦʚ ʚ ʘʪʤʦʩʬʝʨʝ, ʛ/ʤ3
 (ʦʙʳʯʥʦ  37.5ʛ

ʤ
r= ).  

ʉʫʤʤʘʨʥʳʝ ʧʦʛʦʥʥʳʝ ʧʦʪʝʨʠ (ʜɹ/ʢʤ) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ, ʦʪʣʠʯʥʦʡ ʦʪ 15 ʛʨʘʜʫʩʦʚ ʉ: 

 

[ ] [ ]01 ( 15) 0.01 1 ( 15) 0.06ʉʋʄ ʅt tg g g= - - Ö Ö + - - Ö Ö, (3.7) 

ʛʜʝ t - ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʚ ʛʨʘʜʫʩʘʭ ʉ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʯʝʪ ʟʘʧʘʩʘ ʥʘ ʟʘʤʠʨʘʥʠʷ ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

 

ʇʈ ʇʈʇʆʈM P P= - , (3.8) 

ʛʜʝ ʇʈʇʆʈP -ʤʠʥʠʤʘʣʴʥʦ-ʜʦʧʫʩʪʠʤʳʡ ʫʨʦʚʝʥʴ ʤʦʱʥʦʩʪʠ ʩʠʛʥʘʣʘ ʥʘ ʚʭʦʜʝ ʧʨʠʝʤʥʠʢʘ 

(ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʨʠʝʤʥʠʢʘ). 

 

ʈʘʩʯʝʪ ʚʝʨʦʷʪʥʦʩʪʠ ʥʘʨʫʰʝʥʠʷ ʩʚʷʟʠ ʠʟ-ʟʘ ʤʥʦʛʦʣʫʯʝʚʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʄʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʨʘʟʜʝʣʷʶʱʝʤ ʧʝʨʝʜʘʪʯʠʢ ʠ ʧʨʠʸʤʥʠʢ, ʤʦʛʫʪ 

 ʠʥʦʛʜʘ ʦʢʘʟʳʚʘʪʴ ʚʨʝʜʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʨʠʥʠʤʘʝʤʳʡ ʩʠʛʥʘʣ. ʃʫʯʠ, ʢʦʪʦʨʳʝ ʦʙʳʯʥʦ 

ʟʘʪʫʭʘʶʪ ʚ ʪʨʦʧʦʩʬʝʨʝ, ʤʦʛʫʪ ʧʨʝʣʦʤʣʷʪʴʩʷ ʠ ʧʦʧʘʜʘʪʴ ʚ ʧʨʠʸʤʥʫʶ ʘʥʪʝʥʥʫ ʠ ʚ ʧʨʠʸʤʥʠʢ, ʛʜʝ ʦʥʠ 

ʩʫʤʤʠʨʫʶʪʩʷ ʩ ʧʦʣʝʟʥʳʤ ʩʠʛʥʘʣʦʤ. ɸʤʧʣʠʪʫʜʥʦ-ʬʘʟʦʚʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʵʪʠʤʠ ʩʠʛʥʘʣʘʤʠ 

ʦʧʨʝʜʝʣʷʶʪ ʨʝʟʫʣʪɹʠʨʫʶʱʠʡ ʩʠʛʥʘʣ ʥʘ ʚʳʭʦʜʝ ʧʨʠʸʤʥʠʢʘ.  

ʇʨʠ ʵʪʦʤ ʚʦʟʥʠʢʘʶʪ ʜʚʘ ʵʬʬʝʢʪʘ, ʚʣʠʷʶʱʠʭ ʥʘ ʢʘʯʝʩʪʚʦ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʦʚ. ɺ ʦʜʥʠʭ 

ʩʣʫʯʘʷʭ ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ ʫʤʝʥʴʰʘʶʪʩʷ ʚ ʨʘʚʥʦʡ ʩʪʝʧʝʥʠ. ʕʪʦ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ 

çʧʣʦʩʢʠʝè ʟʘʤʠʨʘʥʠʷ. 

ɺ ʜʨʫʛʠʭ ʩʣʫʯʘʷʭ ʧʦʜʘʚʣʷʶʪʩʷ ʪʦʣʴʢʦ ʥʝʢʦʪʦʨʳʝ ʢʦʤʧʦʥʝʥʪʳ ʩʧʝʢʪʨʘ, ʚʳʟʳʚʘʷ ʝʛʦ 

ʠʩʢʘʞʝʥʠʷ. ʕʪʦ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ çʩʝʣʝʢʪʠʚʥʳʝè ʟʘʤʠʨʘʥʠʷ. ʕʪʠ ʜʚʘ ʵʬʬʝʢʪʘ ʧʨʦʷʚʣʷʶʪʩʷ 

ʨʘʟʜʝʣʴʥʦ.  

ʇʣʦʩʢʠʝ ʟʘʤʠʨʘʥʠʷ  

ɺ ʦʪʯʸʪʝ 338-6 ʄʉʕ-ʈ ʠ ʚ ʨʝʢʦʤʝʥʜʘʮʠʠ 530 ʜʘʶʪʩʷ ʜʚʘ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʘ ʜʣʷ ʨʘʩʯʸʪʘ 

ʚʝʨʦʷʪʥʦʩʪʠ ʧʦʷʚʣʝʥʠʷ ʟʘʤʠʨʘʥʠʡ ʜʣʷ ʭʫʜʰʝʛʦ ʤʝʩʷʮʘ. ʕʪʠ ʤʝʪʦʜʳ ʥʘʟʳʚʘʶʪʩʷ ʤʝʪʦʜ 1 ʠ ʤʝʪʦʜ 2. 

ʄʝʪʦʜ 1 ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ, ʤʝʪʦʜ 2 - ʜʣʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʧʨʦʬʠʣʴ ʥʘʤ ʠʟʚʝʩʪʝʥ, ʜʣʷ ʧʨʦʣʸʪʘ ʏʘʞʝʤʪʦ -ʃʝʙʦʪʝʨ 

ʧʨʦʚʝʜʸʤ ʨʘʩʯʸʪ ʧʝʨʚʳʤ ʤʝʪʦʜʦʤ. 

ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʝʜʸʥʥʳʝ ʚ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʷʭ ʤʠʨʘ (ʦʪʯʸʪ 336-8 ʄʉʕ-ʈ ʠ ʨʝʢʦʤʝʥʜʘʮʠʷ 530), 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʝʨʦʷʪʥʦʩʪʴ ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ ʧʨʠʥʠʤʘʝʤʦʛʦ ʩʠʛʥʘʣʘ ʥʘ M ʜɹʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʫʨʦʚʥʝʤ ʩʠʛʥʘʣʘ ʚ ʩʚʦʙʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ (ʚʝʨʦʷʪʥʦʩʪʴ ʥʘʨʫʰʝʥʠʷ ʩʚʷʟʠ), ʨʘʚʥʘ: 

 

10
0 10

M

ʇʃʆʉʂP P
-

= Ö      %, (3.9) 

ʛʜʝ M  ï ʟʘʧʘʩ ʥʘ ʟʘʤʠʨʘʥʠʝ, ʜɹʤ; 
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0Pï ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʟʘʤʠʨʘʥʠʷ, %, ʢʦʪʦʨʘʷ ʥʘʭʦʜʠʪʩʷ ʧʦ ʩʣʝʜʫʶɦ ʝʡ ʬʦʨʤʫʣʝ: 

 

3.6 0.89 1.4

0 0 (1 )ɺ hP K R f E -= Ö Ö Ö +, % (3.10) 

ʛʜʝ  
hE  ï ʥʘʢʣʦʥ ʧʨʦʣʸʪʘ (ʤʠʣʣʠʨʘʜʠʘʥ): 

 

1 2

0

h

h h
E

R

-
=    ʤʨʘʜ, (3.11) 

ʛʜʝ 
1 2,h h  ï ʘʙʩʦʣʶʪʥʳʝ ʚʳʩʦʪʳ ʧʦʜʚʝʩʘ ʘʥʪʝʥʥ, ʤ; 

K  ï ʛʝʦʢʣʠʤʘʪʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ, ʝʛʦ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʧʦ ʜʘʥʥʳʤ ʟʘʤʠʨʘʥʠʡ ʜʣʷ ʩʨʝʜʥʝʛʦ 

ʭʫʜʰʝʛʦ ʤʝʩʷʮʘ.  

ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʪʘʢʠʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʵʤʧʠʨʠʯʝʩʢʠʝ ʩʦʦʪʥʦh ʝʥʠʷ 

ʜʣʷ ʩʫʭʦʧʫʪʥʳʭ ʪʨʘʩʩ:  

 

5.1 1.510 LK P M-= Ö Ö (3.12) 

 ʛʜʝ PL ï ʵʪʦ ʧʨʦʮʝʥʪ ʚʨʝʤʝʥʠ, ʚ ʪʝʯʝʥʠʠ ʢʦʪʦʨʦʛʦ ʩʨʝʜʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʝʣʦʤʣʝʥʠʷ ʚ 

ʩʘʤʳʭ ʥʠʞʥʠʭ 100 ʤ ʘʪʤʦʩʬʝʨʳ ʤʝʥʴʰʝ, ʯʝʤ ï 100 N/ʢʤ. ɺ ʤʝʪʦʜʠʢʝ Nera ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ PL 

ʜʣʷ ʯʝʪʳʨʸʭ ʨʘʟʣʠʯʥʳʭ ʤʝʩʷʮʝʚ. ɺʳʙʠʨʘʝʪʩʷ ʤʝʩʷʮ, ʠʤʝʶʱʠʡ ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ PL. ʇʦ 

ʨʠʩʫʥʢʘʤ ʚ ʥʘʭʦʜʠʤ ʟʥʘʯʝʥʠʝ PL = 5. ʄ=10
-0,2

 ʵʪʦʪ ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʩʠʣʴʥʦ 

ʠʟʨʝʟʘʥʥʳʭ ʧʨʦʬʠʣʷʭ ʧʨʦʣʸʪʦʚ, ʢʦʛʜʘ ʥʝ ʠʤʝʝʪ ʩʤʳʩʣʘ ʦʧʨʝʜʝʣʷʪʴ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʫʛʣʘ ʢʘʩʘʥʠʷ. 

ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʄ=1. 

ʉʝʣʝʢʪʠʚʥʳʝ ʟʘʤʠʨʘʥʠʷ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʜʠʦʨʝʣʝʡʥʳʭ ʣʠʥʠʡ ʧʨʷʤʦʡ ʚʠʜʠʤʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʩʝʨʴʸʟʥʦ ʫʭʫʜʰʝʥʳ 

ʩʝʣʝʢʪʠʚʥʳʤʠ ʟʘʤʠʨʘʥʠʷʤʠ ʠʟ-ʟʘ ʘʤʧʣʠʪʫʜʥʳʭ ʠ ʬʘʟʦʚʳʭ ʠʩʢʘʞʝʥʠʡ ʚ ʧʦʣʦʩʝ ʩʠʛʥʘʣʘ. ʕʪʠ 

ʤʥʦʛʦʣʫʯʝʚʳʝ (ʠʣʠ ʩʝʣʝʢʪʠʚʥʳʝ) ʟʘʤʠʨʘʥʠʷ ʤʦʛʫʪ ʧʦʷʚʠʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʪʨʘʞʝʥʠʡ ʦʪ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠʣʠ ʘʥʦʤʘʣʠʡ ʚ ʘʪʤʦʩʬʝʨʝ, ʥʘʧʨʠʤʝʨ, ʙʦʣʴʰʦʛʦ ʛʨʘʜʠʝʥʪʘ ʚ ʘʪʤʦʩʬʝʨʥʦʤ ʚʦʣʥʦʚʦʜʝ.  

ʇʨʠ ʥʝʠʟʤʝʥʥʦʡ ʚʦ ʚʨʝʤʝʥʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʨʘʩʩʣʦʝʥʥʦʡ ʘʪʤʦʩʬʝʨʝ ʚʝʨʪʠʢʘʣʴʥʳʡ ʛʨʘʜʠʝʥʪ 

ʧʨʝʣʦʤʣʝʥʠʷ ʚ ʘʪʤʦʩʬʝʨʝ ʚʳʟʳʚʘʝʪ ʧʦʷʚʣʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʣʫʯʝʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʝʞʜʫ 

ʧʝʨʝʜʘʪʯʠʢʦʤ ʠ ʧʨʠʸʤʥʠʢʦʤ ʥʘ ʣʠʥʠʠ ʧʨʷʤʦʡ ʚʠʜʠʤʦʩʪʠ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 3.16. ʅʦ ʵʪʦ 

ʣʠʰʴ ʫʧʨʦʱʝʥʥʘʷ ʤʦʜʝʣʴ, ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʚ ʧʨʠʝʤʥʠʢ ʧʨʠʭʦʜʠʪ ʤʥʦʞʝʩʪʚʦ ʦʪʨʘʞʝʥʥʳʭ ʩʠʛʥʘʣʦʚ 

ʥʘ ʦʜʠʥ ʧʝʨʝʜʘʥʥʳʡ.  

 
 

ʈʠʩʫʥʦʢ 3.16. ʋʧʨʦʱʸʥʥʘʷ ʜʚʫʣʫʯʝʚʘʷ ʤʦʜʝʣʴ ʩʝʣʝʢʪʠʚʥʳʭ ʟʘʤʠʨʘʥʠʡ 

 

ɽʩʣʠ ʯʝʨʝʟ t ʦʙʦʟʥʘʯʠʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ ʤʝʞʜʫ ʜʚʫʤʷ ʧʫʪʷʤʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʚʦʣʥ, ʪʦ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʬʘʟʘ ʤʝʞʜʫ ʜʚʫʤʷ ʩʠʛʥʘʣʘʤʠ ʙʫʜʝʪ ʨʘʚʥʘ 2 fp t, 

ʷʚʣʷʷʩʴ ʬʫʥʢʮʠʝʡ ʯʘʩʪʦʪʳ f . ʊ.ʝ. ʘʤʧʣʠʪʫʜʘ ʠ ʬʘʟʘ ʧʨʠʥʷʪʦʛʦ ʩʠʛʥʘʣʘ ʠʟʤʝʥʷʝʪʩʷ ʩ ʯʘʩʪʦʪʦʡ. 

ʊʘʢʦʝ ʠʟʤʝʥʝʥʠʝ ʩʠʛʥʘʣʘ ʥʘ ʨʘʜʠʦʣʠʥʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʘʩʪʦʪʳ ʥʘʟʳʚʘʝʪʩʷ ʩʝʣʝʢʪʠʚʥʳʤ 
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ʟʘʤʠʨʘʥʠʝʤ.  

ɺʣʠʷʥʠʝ ʩʝʣʝʢʪʠʚʥʦʛʦ ʟʘʤʠʨʘʥʠʷ ʥʘ ʮʠʬʨʦʚʫʶ ʨʘʜʠʦʨʝʣʝʡʥʫʶ ʣʠʥʠʶ ʤʦʞʥʦ ʢʨʘʪʢʦ ʦʧʠʩʘʪʴ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

¶ ʫʤʝʥʴʰʘʝʪʩʷ ʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʰʫʤ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ 

ʦʰʠʙʢʠ (BER); 

¶ ʠʩʢʘʞʘʝʪʩʷ ʬʦʨʤʘ ʠʤʧʫʣʴʩʘ, ʫʚʝʣʠʯʠʚʘʷ ʤʝʞʩʠʤʚʦʣʴʥʫʶ ʠʥʪʝʨʬʝʨʝʥʮʠʶ  ʠ 

ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʢʠ; 

¶ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʚʟʘʠʤʥʳʝ ʧʦʤʝʭʠ ʤʝʞʜʫ ʦʨʪʦʛʦʥʘʣʴʥʳʤʠ ʥʝʩʫʱʠʤʠ, ʧʦʪʦʢʘʤʠ I ʠ Q 

ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ BER. 

ʀʤʝʝʪʩʷ ʮʝʣʳʡ ʨʷʜ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʧʨʦʛʥʦʟʘ ʥʘʨʫʰʝʥʠʡ ʩʚʷʟʠ, ʚʳʟʚʘʥʥʳʭ ʩʝʣʝʢʪʠʚʥʳʤʠ 

ʟʘʤʠʨʘʥʠʷʤʠ. ʌʠʨʤʘ ñNeraò ʚʳʙʨʘʣʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʘ ʩʠʛʥʘʪʫʨ, ʦʧʠʩʘʥʥʳʭ ʚ ʦʪʯʸʪʝ 784-3 

ʄʉʕ-ʈ. 

ʕʪʦʪ ʤʝʪʦʜ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʟʤʝʨʝʥʠʡ ʠ ʷʩʥʦ ʧʦʢʘʟʚrʘʝʪ 

ʩʧʦʩʦʙʥʦʩʪʴ ʨʘʜʠʦʘʧʧʘʨʘʪʫʨʳ ʧʨʦʪʠʚʦʩʪʦʷʪʴ ʩʝʣʝʢʪʠʚʥʳʤ ʟʘʤʠʨʘʥʠʷʤ. 

ɺʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʩʝʣʝʢʪʠʚʥʦʛʦ ʟʘʤʠʨʘʥʠʷ ʨʘʚʥʘ: 

 

2
1

0

4.3 10 m
ʉɽʃP sf

t
h

t

-= Ö Ö Ö Ö    %, (3.13) 

ʛʜʝ 31.8 10sf -= Ö  
 
ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʠʛʥʘʪʫʨʳ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

 

 
mt  ï ʪʠʧʦʚʦʝ ʟʥʘʯʝʥʠʝ ʟʘʜʝʨʞʢʠ ʦʪʨʘʞʸʥʥʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʧʨʦʣʸʪʝ, ʥʩ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

1.5

00.7
50

m

R
t

å õ
= Öæ ö

ç ÷
; 

0t ï ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ ʦʪʨʘʞʸʥʥʦʛʦ ʩʠʛʥʘʣʘ ʚʦ ʚʨʝʤʷ ʠʟʤʝʨʝʥʠʷ ʢʨʠʚʳʭ ʩʠʛʥʘʪʫʨʳ; 
0t= 6,3 

ʥʩ; 

h ï ʢʦʵʬʬʠʮʠʝʥʪ ʘʢʪʠʚʥʦʩʪʠ ʟʘʤʠʨʘʥʠʷ, ʥʘʭʦʜʠʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 
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 (3.14) 

ʆʙʱʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʥʘʨʫʰʝʥʠʷ ʨʘʜʠʦʩʚʷʟʠ, ʚʳʟʚʘʥʥʘʷ ʤʥʦʛʦʣʫʯʝʚʳʤ ʟʘʤʠʨʘʥʠʝʤ, ʨʘʚʥʘ 

ʩʫʤʤʝ ʚʝʨʦʷʪʥʦʩʪʝʡ ʥʘʨʫʰʝʥʠʡ, ʚʳʟʚʘʥʥʳʭ ʧʣʦʩʢʠʤ ʠ ʩʝʣʝʢʪʠʚʥʳʤ ʟʘʤʠʨʘʥʠʝʤ: 

 

ʉʋʄ ʇʃʆʉʂ ʉɽʃP P P= +    %, (3.15) 

ɺ ʤʝʪʦʜʠʢʝ Nera ʥʝʪ ʜʝʪʘʣʴʥʦʛʦ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʘ SESR. ɽʛʦ ʟʥʘʯʝʥʠʝ ʙʫʜʝʤ ʙʨʘʪʴ ʠʟ 

ʧʨʦʛʨʘʤʤʳ Territories. ʋʧʨʦʱʝʥʥʦ ʵʪʦʪ ʨʘʩʯʝʪ ʤʦʞʥʦ ʦʪʦʙʨʘʟʠʪʴ ʩʣʝʜʫʶɦ ʝʡ ʬʦʨʤʫʣʦʡ: 
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 (3.16) 

ʛʜʝ  
ʀʅʊʊ -ʧʨʦʮʝʥʪ ʚʨʝʤʝʥʠ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʚʝʣʠʯʠʥʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʰʠʙʦʢ ʥʘ 

ʚʳʭʦʜʝ ʎʈʈʃ ʧʨʝʚʦʩʭʦʜʠʪ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʦʰʠʙʦʢ ʠʟ- 

ʟʘ ʤʥʦʛʦʣʫʯʝʚʳʭ (ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ) ʟʘʤʠʨʘʥʠʡ ʥʘ ʠʥʪʝʨʚʘʣʝ; 

0ʊ-ʧʨʦʮʝʥʪ ʚʨʝʤʝʥʠ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʚʝʣʠʯʠʥʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʰʠʙʦʢ ʥʘ 

ʚʳʭʦʜʝ ʮʠʬʨʦʚʦʡ ʈʈʃ ʧʨʝʚʦʩʭʦʜʠʪ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʳʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʦʰʠʙʦʢ ʠʟ-ʟʘ ʩʫʙʨʝʬʨʘʢʮʠʦʥʥʳʭ ʟʘʤʠʨʘʥʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʦ ʧʨʠʯʠʥʝ ʵʢʨʘʥʠ- 

ʨʫʶʱʝʛʦ ʚʣʠʷʥʠʷ ʧʨʝʧʷʪʩʪʚʠʡ ʧʨʠ ʩʫʙʨʝʬʨʘʢʮʠʠ; 
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ʀʅʊʂ -ʢʦʵʬʬʠʮʠʝʥʪ ʠʥʪʝʨʬʝʨʝʥʮʠʠ (ʦʙʳʯʥʦ1ʀʅʊʂ = ); 

ʀʅʊj -ʢʦʵʬʬʠʮʠʝʥʪ ʛʦʪʦʚʥʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʟʘʤʠʨʘʥʠʡ; 

0tj -ʢʦʵʬʬʠʮʠʝʥʪ ʛʦʪʦʚʥʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ ʩʫʙʨʝʬʨʘʢʮʠʦʥʥʳʭ ʟʘʤʠʨʘʥʠʡ. 

 

ʈʘʩʯʝʪ ʚʝʨʦʷʪʥʦʩʪʠ ʥʘʨʫʰʝʥʠʷ ʩʚʷʟʠ ʚʳʟʚʘʥʥʦʛʦ ʜʦʞʜʝʤ 

ʇʝʨʝʜʘʯʘ ʉɺʏ-ʩʠʛʥʘʣʘ ʧʦʜʚʝʨʞʝʥʘ ʚʣʠʷʥʠʶ ʦʩʘʜʢʦʚ. ɼʦʞʜʴ, ʩʥʝʛ, ʯʘʩʪʠʯʢʠ ʣʴʜʘ ʠ ʛʨʘʜ 

ʦʩʣʘʙʣʷʶʪ ʠ ʨʘʩʩʝʠʚʘʶʪ ʉɺʏ-ʩʠʛʥʘʣ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʛʦʪʦʚʥʦʩʪʴ ʩʠʩʪʝʤʳ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʘʯʝʩʪʚʘ 

ʧʝʨʝʜʘʯʠ. ʕʥʝʨʛʠʷ ʦʩʣʘʙʣʷʝʪʩʷ ʠʟ-ʟʘ ʧʝʨʝʠʟʣʫʯʝʥʠʷ (ʨʘʩʩʝʷʥʠʝ) ʠ ʧʦʛʣʦʱʝʥʠʷ (ʥʘʛʨʝʚʘʥʠʷ). 

 ʊʘʢ ʢʘʢ ʨʘʜʠʦʚʦʣʥʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʝʨʝʤʝʥʥʦʝ ʚʦ ʚʨʝʤʝʥʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, 

ʦʥʦ ʥʘʚʦʜʠʪ ʚ ʜʦʞʜʝʚʦʡ ʢʘʧʣʝ ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ. ɼʠʧʦʣʴ ʜʦʞʜʝʚʦʡ ʢʘʧʣʠ ʠʟʤʝʥʷʝʪʩʷ ʚʦ ʚʨʝʤʝʥʠ 

ʪʘʢ ʞʝ, ʢʘʢ ʠ ʨʘʜʠʦʚʦʣʥʘ ʠ ʧʦʵʪʦʤʫ ʜʝʡʩʪʚʫʝʪ ʢʘʢ ʘʥʪʝʥʥʘ, ʧʝʨʝʠʟʣʫʯʘʶɦ ʘʷ ʵʥʝʨʛʠʶ. ɼʦʞʜʝʚʘʷ 

ʢʘʧʣʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʥʪʝʥʥʫ ʩ ʦʯʝʥʴ ʥʝʙʦʣʴʰʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴʶ ʠ ʢʘʢʘʷ-ʪʦ ʜʦʣʷ ʵʥʝʨʛʠʠ 

ʧʝʨʝʠʟʣʫʯʘʝʪʩʷ ʧʦ ʨʘʟʣʠʯʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʯʘʩʪʳʤ ʧʦʪʝʨʷʤ ʵʥʝʨʛʠʠ. ʂʦʛʜʘ 

ʜʣʠʥʥʘ ʚʦʣʥʳ ʤʝʥʴʰʝ ʨʘʟʤʝʨʘ ʜʦʞʜʝʚʳʭ ʢʘʧʝʣʴ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʵʥʝʨʛʠʠ ʫʭʦʜʠʪ ʥʘ ʥʘʛʨʝʚʘʥʠʝ 

ʢʘʧʝʣʴ. ʅʘʧʨʷʞʸʥʥʦʩʪʴ ʧʦʣʷ ʨʘʜʠʦʚʦʣʥʳ ʩʠʣʴʥʦ ʤʝʥʷʝʪʩʷ ʠʟ-ʟʘ ʥʘʚʝʜʝʥʠʷ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ. 

 ʋʚʝʣʠʯʝʥʠʝ ʜʦʞʜʝʚʳʭ ʢʘʧʝʣʴ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʠʭ ʬʦʨʤʳ, ʦʥʠ ʧʨʠʦʙʨʝʪʘʶʪ ʬʦʨʤʫ 

ʦʪʣʠʯʥʫʶ ʦʪ ʩʬʝʨʠʯʝʩʢʦʡ. ʕʪʦ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʩʬʝʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʚʳʟʳʚʘʝʪ ʠʭ ʨʘʩʪʷʞʝʥʠʝ ʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʘʧʣʠ ʙʫʜʫʪ ʦʩʣʘʙʣʷʪʴ ʛʦʨʠʟʦʥʪʘʣʴʥʦ 

ʧʦʣʷʨʠʟʦʚʘʥʥʫʶ ʚʦʣʥʫ ʙʦʣʴʰʝ, ʯʝʤ ʚʝʨʪʠʢʘʣʴʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʫʶ. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʚʝʨʪʠʢʘʣʴʥʘʷ 

ʧʦʣʷʨʠʟʘʮʠʷ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʡ ʥʘ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ, ʛʜʝ ʜʦʤʠʥʠʨʫʝʪ çʧʨʦʩʪʦʡè ʨʘʜʠʦʣʠʥʠʠ, 

ʚrʟʚʘʥʥʳʡ ʜʦʞʜʸʤ. 

 ʇʦʩʢʦʣʴʢʫ ʜʦʞʜʴ ʠʤʝʝʪ ʪʝʥʜʝʥʮʠʶ ʠʜʪʠ ʟʘʨʷʜʘʤʠ (ʦʩʦʙʝʥʥʦ ʜʦʞʜʠ ʩ  ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ), 

ʪʦʣʴʢʦ ʯʘʩʪʴ ʧʨʦʣʸʪʘ ʨʘʜʠʦʣʠʥʠʠ ʙʫʜʝʪ ʧʦʜʚʝʨʞʝʥʘ ʚʣʠʥ̫ʠʶ ʜʦʞʜʷ.  

 ʕʬʬʝʢʪʠʚʥʘʷ ʜʣʠʥʘ ʧʨʦʣʸʪʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʜʦʞʜʝʚʳʝ ʟʘʨʷʜʳ,  ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ: 
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ʛʜʝ 70ʤʤI
ʯ

=  ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʦʞʜʷ (ʟʥʘʯʝʥʠʝ ʙʳʣʦ ʧʨʠʚʝʜʝʥʦ ʚ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, 

ʚʳʙʠʨʘʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʛʠʦʥʘ). 

ɿʘʪʫʭʘʥʠʝ ʥʘ ʧʨʦʣʸʪʝ, ʚʳʟʚʘʥʥʦʝ ʜʦʞʜʸʤ, ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥʦ ʧʦ ʬʦʨʤʫʣʝ: 

 

,A k R ʜɹay= Ö Ö  (3.18) 

ʛʜʝ  k = 0.00454, Ŭ = 1.327 ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʝʛʨʝʩʩʠʠ ʜʣʷ ʜʘʥʥʦʛʦ ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ, ʢʘʢ 

ʬʫʥʢʮʠʠ ʯʘʩʪʦʪʳ ʠ ʧʦʣʷʨʠʟʘʮʠʠ (ʚʟʷʪʳ ʠʟ ʤʝʪʦʜʠʢʠ ʬʠʨʤʳ Nera). ʈʘʩʯʸʪ ʥʝʛʦʪʦʚʥʦʩʪʠ, ʚʳʟʚʘʥʥʦʡ 

ʜʦʞʜʸʤ, ʙʫʜʝʪ ʚʝʩʪʠʩʴ ʜʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ, ʪ.ʢ. ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʟʘʪʫʭʘʥʠʝ ʚ ʦʩʘʜʢʘʭ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʚʳʰʝ. 

ʅʝʛʦʪʦʚʥʦʩʪʴ, ʚʳʟʚʘʥʥʘʷ ʜʦʞʜʸʤ, ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥʘ ʧʦ ʬʦʨʤʫʣʝ: 
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(3.19) 

ʏʪʦʙʳ ʠʟʙʝʞʘʪʴ ʤʥʠʤʳʭ ʟʥʘʯʝʥʠʡ, ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʢʨʫʛʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ 

0.155A
M
= , ʝʩʣʠ 0.155A

M
< . 

 

ʋʯʝʪ ʨʝʬʨʘʢʮʠʠ ʨʘʜʠʦʚʦʣʥ 
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ʈʝʬʨʘʢʮʠʝʡ ʥʘʟʳʚʘʝʪʩʷ ʠʩʢʨʠʚʣʝʥʠʝ ʪʨʘʝʢʪʦʨʠʠ ʚʦʣʥ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʥʝʦʜʥʦʨʦʜʥʳʤ 

ʩʪʨʦʝʥʠʝʤ ʪʨʦʧʦʩʬʝʨʳ. ʂʦʵʬʬʠʮʠʝʥʪ ʧʨʝʣʦʤʣʝʥʠʷ ʚ ʪʨʦʧʦʩʬʝʨʝ: 

 

1
1

2
n

e
e

+
= º +

,
 (3.20) 

ʛʜʝ e-ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʚʦʟʜʫʭʘ, ʢʦʪʦʨʘʷ ʥʘʭʦʜʠʪʩʷ: 
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 (3.21) 

ʛʜʝ  0 0273T C t C= +  ï ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʧʦ ʘʙʩʦʣʶʪʥʦʡ ʰʢʘʣʝ; 

 P-ʦʙʱʝʝ ʜʘʚʣʝʥʠʝ ʚʦʟʜʫʭʘ,  ɻʇʘ (1ɻʧʘ = 1ʤʙʘʨ); 

 e-ʜʘʚʣʝʥʠʝ ʚʦʜʷʥʦʛʦ ʧʘʨʘ, ɻʧʘ; 

ʂʦʵʬʬʠʮʠʝʥʪ ʧʨʝʣʦʤʣʝʥʠʷn, ʪʘʢʞʝ ʢʘʢ ʠe, ʚ ʠʥʪʝʨʝʩʫʶʱʝʤ ʥʘʩ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʧʦ 
ʚʝʣʠʯʠʥʝ ʙʣʠʟʦʢ ʢ ʝʜʠʥʠʮʝ, ʧʦʵʪʦʤʫ ʯʘʱʝ ʧʦʣʴʟʫʶʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʨʝʣʦʤʣʝʥʠʷ ʚʳʨʘʞʝʥʥʦʤ ʚ 

çNïʝʜʠʥʠʮʘʭè: 
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ʊʘʢ ʢʘʢ ,P eʠT̫ʚʣʷʶʪʩʷ ʬʫʥʢʮʠʷʤʠ ʚʳʩʦʪʳ, N ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʚʳʩʦʪʳ. ɼʣʷ 

ʥʦʨʤʘʣʴʥʦʡ ʘʪʤʦʩʬʝʨʳ (ʩʪʘʥʜʘʨʪʥʦʡ, ʭʦʨʦʰʦ ʩʤʝʰʘʥʥʦʡ) ʠʟʤʝʥʝʥʠʝ N ʩ ʚʳʩʦʪʦʡ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʚʳʨʘʞʝʥʠʝʤ: 

 

(0.316 )( ) 315 hN h e- Ö= Ö , (3.23) 

ʛʜʝ h-ʚʳʩʦʪʘ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ɿʝʤʣʠ, ʢʤ. 

ʇʦʜ ʚʝʣʠʯʠʥʦʡ 
ʕa ʧʦʥʠʤʘʶʪ ʪʘʢʦʝ ʟʥʘʯʝʥʠʝ ʨʘʜʠʫʩʘ ɿʝʤʣʠ, ʧʨʠ ʢʦʪʦʨʦʤ ʪʨʘʝʢʪʦʨʠʶ 

ʨʘʜʠʦʚʦʣʥ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʧʨʷʤʦʣʠʥʝʡʥʦʡ 
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 (3.24) 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʨʠʚʠʟʥʳ ʣʫʯʘ ʥʘ ʧʨʘʢʪʠʢʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʥʷʪʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʝʬʨʘʢʮʠʠ: 
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(3.25) 

ɼʣʷ ʥʦʨʤʘʣʴʥʦʡ ʘʪʤʦʩʬʝʨʳ 40dN
dh
=-. ʉʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ʂ ʧʦ ʬʦʨʤʫʣʝ 3.25 

ʨʘʚʥʦ: 
( )6

1 4

31 6370 ( 40) 10
K

-
= =
+ Ö - Ö

 ʕʪʦ ʟʥʘʯʝʥʠʝ ʠ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʚʦʣʥ ʚ 

ʜʘʣʴʥʝʡh ʠʭ ʨʘʩʯʝʪʘʭ. 

 

 

ɸʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʎʈʈʃ 



 120 

 

ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʧʨʝʜʳʜʫʱʠʭ ʨʘʟʜʝʣʦʚ ʤʦʞʥʦ ʩʦʩʪʘʚʠʪʴ ʦʙʱʠʡ ʘʣʛʦʨʠʪʤ ʨʘʩʯʝʪʦʚ, ʢʦʪʦʨʳʡ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʧʦʜʙʦʨʝ ʧʘʨʘʤʝʪʨʦʚ ʘʧʧʘʨʘʪʫʨʳ ʠ ʪʨʘʩʩʳ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʟʘʜʘʥʥʳʭ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. ʅʘ ʧʨʘʢʪʠʢʝ ʚʩʪʨʝʯʘʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʟʘʜʘʯ ʧʨʠ ʨʘʩʯʝʪʘʭ 

ʎʈʈʃ. ʇʝʨʝʯʠʩʣʠʤ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʚʘʨʠʘʥʪʳ.  

1.  ʈʘʩʩʯʠʪʘʪʴ ʣʠʥʠʶ ʩʚʷʟʠ ʧʨʠ ʟʘʜʘʥʥʳʭ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ  ʢʘʯʝʩʪʚʝʥʥʳʭ 

     ʧʦʢʘʟʘʪʝʣʷʭ.  

2.  ʈʘʩʩʯʠʪʘʪʴ ʣʠʥʠʶ ʩʚʷʟʠ ʧʨʠ ʟʘʜʘʥʥʳʭ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʜʠʘʧʘʟʦʥʝ ʨʘʙʦʯʠʭ 

     ʯʘʩʪʦʪ ʠ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʷʭ.  

3.  ʆʧʨʝʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʣʠʥʠʠ ʩʚʷʟʠ ʧʨʠ ʟʘʜʘʥʥʳʭ ʘʧʧʘʨʘʪʫʨʝ 

     ʠ ʢʦʥʝʯʥʳʭ ʧʫʥʢʪʘʭ.  

4.  ʇʨʦʚʝʩʪʠ ʤʦʜʝʨʥʠʟʘʮʠʶ ʩʫʱʝʩʪʚʫʶʱʝʡ ʣʠʥʠʠ ʩʚʷʟʠ.  

5.  ʆʧʨʝʜʝʣʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʣʠʥʠʠ ʩʚʷʟʠ ʤʝʞʜʫ ʧʫʥʢʪʘʤʠ ʧʨʠ 

     ʥʘʠʤʝʥʴʰʝʡ ʩʪʦʠʤʦʩʪʠ ʩʠʩʪʝʤʳ.  

 

 

 

 
 

     ɽʩʪʝʩʪʚʝʥʥʦ, ʘʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʧʦ ʨʘʟʥʳʤ ʚʘʨʠʘʥʪʘʤ ʥʝʦʙʭʦʜʠʤʦ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʜʣʷ 

ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʡ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʨʘʩʯʝʪ ʥʘʯʠʥʘʝʪʩʷ ʩ ʚʳʙʦʨʘ ʜʠʘʧʘʟʦʥʘ ʨʘʙʦʯʠʭ 

ʯʘʩʪʦʪ, ʪʠʧʦʚ ʘʧʧʘʨʘʪʫʨʳ ʠ ʧʘʨʘʤʝʪʨʦʚ ʘʥʪʝʥʥ. ɸʧʧʘʨʘʪʫʨʫ ʞʝʣʘʪʝʣʴʥʦ ʚʳʙʠʨʘʪʴ ʩ ʚʦʟʤʦʞʥʦ 

ʤʝʥʴʰʠʤ ʟʥʘʯʝʥʠʝʤ ʫʨʦʚʥʷ ʧʦʨʦʛʦʚʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʚʭʦʜʝ ʧʨʠʝʤʥʠʢʘ ʧʨʠ ʟʘʜʘʥʥʦʡ ʧʨʦʧʫʩʢʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʘʨʴʠʨʦʚʘʥʠʷ ʥʝʩʢʦʣʴʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʫʨʦʚʥʝʡ ʤʦʱʥʦʩʪʝʡ 
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ʧʝʨʝʜʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ.  

     ʇʨʠ ʚʳʙʦʨʝ ʘʥʪʝʥʥ ʥʫʞʥʦ ʧʦʣʴʟʦʚʘʪʴʩʷ ʥʝʩʢʦʣʴʢʠʤʠ ʩʦʦʙʨʘʞʝʥʠʷʤʠ. ɸʥʪʝʥʥʳ ʩ ʙʦʣʴʰʠʤ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʫʩʠʣʝʥʠʷ ʫʚʝʣʠʯʠʚʘʶʪ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʩʠʛʥʘʣʦʚ ʥʘ ʣʠʥʠʠ ʩʚʷʟʠ, ʯʪʦ 

ʫʣʫʯʰʘʝʪ ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ. ʊʘʢʠʝ ʘʥʪʝʥʥʳ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʤʝʨʝ ʤʦʛʫʪ ʫʣʫʯʰʠʪʴ 

ʧʦʤʝʭʦʚʫʶ ʩʠʪʫʘʮʠʶ ʥʘ ʪʨʘʩʩʝ ʈʈʃ ʟʘ ʩʯʝʪ ʭʦʨʦʰʝʛʦ ʟʘʱʠʪʥʦʛʦ ʜʝʡʩʪʚʠʷ. ʆʜʥʘʢʦ ʘʥʪʝʥʥʳ ʩ 

ʙʦʣʴʰʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʫʩʠʣʝʥʠʷ ʠʤʝʶʪ ʠ ʙʦʣʴʰʠʝ ʨʘʟʤʝʨʳ. ʆʥʠ ʧʦʜʚʝʨʞʝʥʳ ʩʠʣʴʥʳʤ 

ʚʝʪʨʦʚʳʤ ʥʘʛʨʫʟʢʘʤ ʠ ʪʨʝʙʫʶʪ ʞʝʩʪʢʦʛʦ ʢʨʝʧʣʝʥʠʷ ʠ ʞʝʩʪʢʠʭ ʘʥʪʝʥʥʳʭ ʦʧʦʨ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ 

ʩʪʦʠʤʦʩʪʴ ʣʠʥʠʠ ʩʚʷʟʠ. ʇʦʵʪʦʤʫ ʥʫʞʥʦ ʚʳʙʠʨʘʪʴ ʨʘʟʫʤʥʳʡ ʢʦʤʧʨʦʤʠʩʩ ʤʝʞʜʫ ʩʪʦʠʤʦʩʪʴʶ ʠ 

ʢʘʯʝʩʪʚʦʤ.  

     ʇʨʠ ʚʳʙʦʨʝ ʤʝʩʪ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʪʘʥʮʠʡ ʠ ʧʨʦʜʦʣʴʥʳʭ ʧʨʦʬʠʣʝʡ ʧʨʦʣʝʪʦʚ ʤʦʞʥʦ 

ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ, ʧʨʠʚʝʜʝʥʥʳʤʠ ʚʳʰʝ. ʕʪʦ ʦʯʝʥʴ ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʵʪʘʧ, ʚʦ ʤʥʦʛʦʤ 

ʦʧʨʝʜʝʣʷʶʱʠʡ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʣʠʥʠʠ ʩʚʷʟʠ. ʇʨʠ ʵʪʦʤ ʥʫʞʥʦ ʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʯʝʩʪʚʝʥʥʳʤ 

ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʤ ʤʘʪʝʨʠʘʣʦʤ, ʘ ʚ ʥʘʠʙʦʣʝʝ ʢʨʠʪʠʯʝʩʢʠʭ ʩʣʫʯʘʷʭ ʧʨʦʚʦʜʠʪʴ ʧʨʘʢʪʠʯʝʩʢʦʝ 

ʦʙʩʣʝʜʦʚʘʥʠʝ ʤʝʩʪʥʦʩʪʠ ʩʦ ʩʲʝʤʢʦʡ ʦʩʥʦʚʥʳʭ ʚʳʩʦʪʥʳʭ ʦʪʤʝʪʦʢ. ɺʳʩʦʪʳ ʧʦʜʚʝʩʘ ʘʥʪʝʥʥ 

ʦʧʨʝʜʝʣʷʶʪʩʷ (ʚ ʜʠʘʧʘʟʦʥʘʭ ʯʘʩʪʦʪ ʚʳʰʝ 10 ɻɻʮ) ʧʦ ʢʨʠʪʝʨʠʷʤ.  

            ʇʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʪʘʥʮʠʡ ʠ ʫʪʦʯʥʝʥʠʠ ʧʨʦʪʷʞʝʥʥʦʩʪʝʡ ʧʨʦʣʝʪʦʚ ʈʈʃ 

ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʥʦʨʤʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʢʘʞʜʦʤʫ ʧʨʦʣʝʪʫ, ʧʦʣʴʟʫʷʩʴ ʜʘʥʥʳʤʠ, ʧʨʠʚʝʜʝʥʥʳʤʠ 

ʚʳʰʝ. ʅʝʦʙʭʦʜʠʤʦ ʥʘʧʦʤʥʠʪʴ, ʯʪʦ ʥʦʨʤʳ ʥʘ ʮʠʬʨʦʚʳʝ ʈʈʃ ʥʝ ʫʩʪʘʥʦʚʣʝʥʳ ʦʢʦʥʯʘʪʝʣʴʥʦ. 

ʇʦʵʪʦʤʫ ʥʫʞʥʦ ʩʣʝʜʠʪʴ ʟʘ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ ʄʉʕ-ʈ ʧʦ ʜʘʥʥʳʤ ʚʦʧʨʦʩʘʤ.  

            ʅʘ ɻʪʘʧʝ ʨʘʩʯʝʪʘ ʟʘʧʘʩʘ ʥʘ ʟʘʤʠʨʘʥʠʷ ʚ ʧʨʦʣʝʪʘʭ ʈʈʃ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ 

ʚʳʚʦʜʳ ʦ ʧʨʘʚʠʣʴʥʦʩʪʠ ʚʳʙʦʨʘ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʣʝʪʦʚ, ʘʧʧʘʨʘʪʫʨʳ ʠ ʘʥʪʝʥʥ. ɺ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʟʘʧʘʩ ʥʘ ʟʘʤʠʨʘʥʠʷ ʥʝ ʜʦʣʞʝʥ ʙʳʪʴ ʤʝʥʴʰʝ 26 - 28 ʜɹ. ʇʨʠ ʪʘʢʦʤ ʟʘʧʘʩʝ, ʚ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʝʱʝ ʚʦʟʤʦʞʥʦ ʚʳʧʦʣʥʝʥʠʝ ʥʦʨʤ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʎʈʈʃ. ʉʣʠʰʢʦʤ ʙʦʣʴʰʠʝ 

ʟʘʧʘʩʳ ʥʘ ʟʘʤʠʨʘʥʠʷ (50-60 ʜɹ) ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʝʦʧʨʘʚʜʘʥʥʳ ʠ ʠʭ ʥʫʞʥʦ ʠʟʙʝʛʘʪʴ.  

            ʇʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ ʨʘʩʯʝʪʘ ʧʦʢʘʟʘʪʝʣʝʡ ʥʝʛʦʪʦʚʥʦʩʪʠ ʪʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ ʬʘʢʪʦʨʳ, 

ʧʨʠʚʦʜʷʱʠʝ ʢ ʥʘʨʫʰʝʥʠʷʤ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʣʠʥʠʠ ʩʚʷʟʠ. ʂʘʢ ʧʨʘʚʠʣʦ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʜʠʘʧʘʟʦʥʘʭ ʯʘʩʪʦʪ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʣʠʥʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ, ʚ ʦʩʥʦʚʥʦʤ, ʚʣʠʷʥʠʝʤ ʜʦʞʜʝʡ 

(ʛʠʜʨʦʤʝʪʝʦʨʦʚ). ɿʘʢʨʳʪʠʷ ʪʨʘʩʩ ʤʘʣʦʚʝʨʦʷʪʥʳ ʧʨʠ  ʤʘʣʦʡ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʧʨʦʣʝʪʦʚ ʠ 

ʫʯʠʪʳʚʘʶʪʩʷ ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ.  

            ʀʟ ʚʩʝʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʧʦ ʦʰʠʙʢʘʤ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʦʮʝʥʪʥʘʷ 

ʚʝʣʠʯʠʥʘ ʩʠʣʴʥʦ ʧʦʨʘʞʝʥʥʳʭ ʩʝʢʫʥʜ, ʦʩʪʘʣʴʥʳʝ ʚʝʣʠʯʠʥʳ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʦ ʧʦʪʨʝʙʥʦʩʪʠ.  

            ɽʩʣʠ ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʜʝʡʩʪʚʠʡ ʥʦʨʤʳ ʥʘ ʥʝʛʦʪʦʚʥʦʩʪʴ ʠ 

ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʥʝ ʚʳʧʦʣʥʷʶʪʩʷ, ʨʘʩʯʝʪ ʧʦʚʪʦʨʷʝʪʩʷ ʩ ʜʨʫʛʠʤʠ ʜʘʥʥʳʤʠ ʥʘ ʘʧʧʘʨʘʪʫʨʫ, 

ʘʥʪʝʥʥʳ ʠʣʠ ʧʨʦʣʝʪʳ ʜʦ ʧʦʣʫʯʝʥʠʷ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ.  

            ʉʣʝʜʫʶʱʠʡ ʧʫʥʢʪ ʨʘʩʯʝʪʦʚ - ʫʯʝʪ ʧʦʤʝʭʦʚʦʡ  ʩʠʪʫʘʮʠʠ ʜʣʷ ʢʘʞʜʦʛʦ ʧʨʦʣʝʪʘ. ɿʜʝʩʴ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʚʩʝʭ ʠʩʪʦʯʥʠʢʦʚ ʧʦʤʝʭ, ʧʨʦʚʝʩʪʠ ʨʘʩʯʝʪʳ ʦʪʥʦʰʝʥʠʡ ʉ/ʇ ʠ 

ʦʧʨʝʜʝʣʠʪʴ ʚʝʣʠʯʠʥʳ ʜʝʛʨʘʜʘʮʠʠ ʧʦʨʦʛʦʚ ʧʨʠʝʤʥʳʭ ʫʩʪʨʦʡʩʪʚ. ʇʦʩʣʝ ʵʪʦʛʦ, ʧʝʨʝʩʯʠʪʳʚʘʶʪʩʷ 

ʟʘʧʘʩʳ ʥʘ ʟʘʤʠʨʘʥʠʷ ʩ ʫʯʝʪʦʤ ʚʝʣʠʯʠʥ ʜʝʛʨʘʜʘʮʠʠ ʧʦʨʦʛʦʚ ʠ ʧʦʚʪʦʨʷʶʪʩʷ ʚʩʝ ʨʘʩʯʝʪʳ ʚ ʮʝʣʷʭ 

ʧʦʣʫʯʝʥʠʷ ʪʨʝʙʫʝʤʳʭ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. ʇʨʠ ʥʝʚʳʧʦʣʥʝʥʠʠ ʥʦʨʤ ʧʨʠʤʝʥʷʶʪʩʷ ʤʝʨʳ ʧʦ 

ʫʚʝʣʠʯʝʥʠʶ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ ʩʠʛʥʘʣʦʚ ʥʘ ʧʨʦʣʝʪʘʭ, ʠʟʤʝʥʝʥʠʶ ʘʟʠʤʫʪʦʚ ʧʨʦʣʝʪʦʚ, ʧʣʘʥʦʚ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʙʦʯʠʭ ʯʘʩʪʦʪ ʠʣʠ ʩʪʨʫʢʪʫʨʳ ʣʠʥʠʠ ʩʚʷʟʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʢʨʝʪʥʦʡ ʩʠʪʫʘʮʠʠ.  

            ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʦʞʥʳʭ ʩʣʫʯʘʷʭ ʧʨʠʭʦʜʠʪʩʷ ʧʨʠʤʝʥʷʪʴ ʤʝʨʳ ʧʦ ʧʦʚʳʰʝʥʠʶ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʩʚʷʟʠ ʥʘ ʦʪʜʝʣʴʥʳʭ ʧʨʦʣʝʪʘʭ. ʅʦ ʧʦʜʦʙʥʳʝ ʩʧʦʩʦʙʳ  ʥʫʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʦʣʴʢʦ ʚ 

ʩʣʫʯʘʷʭ ʢʨʘʡʥʝʡ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʪʘʢ ʢʘʢ ʦʥʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʝʚʳʛʦʜʥʳ. 

 

           ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʮʠʬʨʦʚʳʭ ʨʘʜʠʦʨʝʣʝʡʥʳʭ ʣʠʥʠʡ  

 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʫʱʝʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʙʳʩʪʨʦ ʠ ʪʦʯʥʦ ʨʘʩʩʯʠʪʳʚʘʪʴ ʢʘʯʝʩʪʚʝʥʥʳʝ 

ʧʦʢʘʟʘʪʝʣʠ ʮʠʬʨʦʚʳʭ ʨʘʜʠʦʨʝʣʝʡʥʳʭ ʣʠʥʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʢʨʫʞʘʶʱʝʡ ʠʭ ʦʙʩʪʘʥʦʚʢʠ ï ʵʪʦʡ 

ʮʝʣʠ ʢʘʢ ʨʘʟ ʠ ʩʣʫʞʘʪ ʧʨʦʛʨʘʤʤʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʦ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʈʈʃ. 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʦʙʨʘʟʮʦʚ ʜʘʥʥʦʛʦ ʇʆ: 

1. RPS2: Radio Planning System 2 
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2. ɹʘʣʪʠʢʘ-ʈʈʃ 

3. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʘʥʘʣʠʟ ʨʘʜʠʦʩʝʪʝʡ (ʇʀɸʈ) 

4. DRRL ʚʝʨʩʠʷ 3.1 

             

             RPS2: Radio Planning System 2 

             ʋʥʠʚʝʨʩʘʣʴʥʘʷ ʉʠʩʪʝʤʘ RPS-2 ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʝʪʝʡ ʨʘʟʣʠʯʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ (ʨʘʜʠʦʨʝʣʝʡʥʳʭ, ʪʨʘʥʢʠʥʛʦʚʳʭ, ʩʦʪʦʚʳʭ), 

ʧʨʠʤʝʥʷʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʩʪʘʥʜʘʨʪʳ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʝʪ ʚ ʩʞʘʪʳʝ 

ʩʨʦʢʠ ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʦʝʢʪ ʥʦʚʦʡ ʩʝʪʠ ʠʣʠ ʨʘʩʰʠʨʠʪʴ ʫʞʝ ʨʘʟʚʝʨʥʫʪʫʶ ʩʝʪʴ, ʦʮʝʥʠʪʴ ʝʝ 

ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʦʢʘʟʘʪʝʣʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ 

ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʩʝʪʠ ʩ ʜʨʫʛʠʤʠ ʩʝʪʷʤʠ, ʨʘʙʦʪʘʶʱʠʤʠ ʚ ʪʦʡ ʞʝ ʤʝʩʪʥʦʩʪʠ, ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩ ʫʯʝʪʦʤ ʢʦʥʢʨʝʪʥʳʭ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʤʝʩʪʥʦʩʪʠ ʧʨʠ ʟʘʜʘʥʥʦʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʪʨʘʬʠʢʘ ʠ ʠʩʪʦʯʥʠʢʦʚ ʧʦʤʝʭ.  

             ʇʦ ʩʚʦʠʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʚʦʟʤʦʞʥʦʩʪʷʤ, ʪʦʯʥʦʩʪʠ ʠ ʧʦʣʥʦʪʝ ʨʘʩʯʝʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʪʠ, 

ʧʦ ʫʜʦʙʩʪʚʫ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ, ʧʨʦʛʨʘʤʤʘ RPS-2 ʥʝ ʫʩʪʫʧʘʝʪ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʤ 

ʟʘʨʫʙʝʞʥʳʤ ʘʥʘʣʦʛʘʤ, ʚʳʛʦʜʥʦ ʦʪʣʠʯʘʷʩʴ ʦʪ ʥʠʭ ʮʝʥʦʡ, ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʥʠʟʢʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ 

ʢ ʢʦʥʬʠʛʫʨʘʮʠʠ ʢʦʤʧʴʶʪʝʨʘ, ʨʫʩʩʢʠʤ ʠʥʪʝʨʬʝʡʩʦʤ, ʜʦʩʪʫʧʥʦʩʪʴʶ ʪʝʭʥʠʯʝʩʢʦʡ ʧʦʜʜʝʨʞʢʠ ʠ 

ʩʦʧʨʦʚʦʞʜʝʥʠʷ.  

            ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʷʚʣʷʶʪʩʷ:  
¶ ʎʠʬʨʦʚʳʝ ʢʘʨʪʳ ʤʝʩʪʥʦʩʪʠ. ʆʥʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʦʜʥʦʤ ʠʟ ʩʪʘʥʜʘʨʪʥʳʭ 

ʬʦʨʤʘʪʦʚ (ñMapInfoò, ñPlanetò ʠ ʪ.ʜ.) ʠ ʩ ʧʦʤʦʱʴʶ ʧʨʠʣʘʛʘʝʤʦʛʦ ʢʦʥʚʝʨʪʦʨʘ ʧʨʝʦʙʨʘʟʦʚʘʥʳ 

ʚʦ ʚʥʫʪʨʝʥʥʠʡ ʬʦʨʤʘʪ ʧʨʦʛʨʘʤʤʳ, ʙʦʣʝʝ ʵʢʦʥʦʤʥʳʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ 

ʨʘʩʯʝʪʦʚ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʥʝ ʚʳʭʦʜʷ ʠʟ ʧʨʦʛʨʘʤʤʳ, ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʤʦʞʥʦ 

ʦʪʨʝʜʘʢʪʠʨʦʚʘʪʴ, ʜʦʙʘʚʠʚ ʥʦʚʳʝ ʦʙʲʝʢʪʳ ï ʧʨʝʧʷʪʩʪʚʠʷ ʠ ʪʠʧʳ ʤʝʩʪʥʦʩʪʠ.  

¶ ɹʘʟʘ ʜʘʥʥʳʭ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʨʠʤʝʥʷʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʯʘʩʪʦʪʥʳʡ ʜʠʘʧʘʟʦʥ, 

ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʠ ʫʩʠʣʝʥʠʝ ʘʥʪʝʥʥ, ʯʘʩʪʦʪʥʳʝ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʨʠʝʤʦʧʝʨʝʜʘʪʯʠʢʦʚ, ʧʦʪʝʨʠ ʚ ʬʠʜʝʨʘʭ ʠ ʪ.ʜ.).  

            ʇʨʦʛʨʘʤʤʘ ʧʦʟʚʦʣʷʝʪ:  
¶ ʨʘʟʤʝʱʘʪʴ ʨʘʜʠʦʩʪʘʥʮʠʠ ʚ ʟʘʜʘʥʥʦʤ ʤʝʩʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ, ʨʘʙʦʪʘʶʱʠʝ ʚ 

ʣʶʙʦʤ ʠʟ ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʈʦʩʩʠʠ ʠ ʟʘ ʨʫʙʝʞʦʤ ʩʪʘʥʜʘʨʪʦʚ (NMT-450, AMPS, D-AMPS, 

GSM, IS-95, SmarTrunk, TETRA, MPT 1327, EDACS ʠ ʪ.ʜ.). ʂʨʦʤʝ ʪʦʛʦ, ʧʦʣʴʟʦʚʘʪʝʣʴ ʠʤʝʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʠʪʴ ʩʚʦʡ ʩʪʘʥʜʘʨʪ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʩʝʪʠ, ʚʚʝʜʷ ʝʛʦ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ: 

ʯʘʩʪʦʪʥʳʡ ʜʠʘʧʘʟʦʥ, ʰʠʨʠʥʫ ʢʘʥʘʣʘ ʠ ʪ.ʜ.;  

¶ ʦʧʨʝʜʝʣʷʪʴ ʜʣʷ ʨʘʜʠʦʩʪʘʥʮʠʡ ʦʧʪʠʤʘʣʴʥʳʡ ʩʦʩʪʘʚ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ, ʢʦʪʦʨʘʷ 

ʤʦʞʝʪ ʧʦʧʦʣʥʷʪʴʩʷ ʠ ʨʝʜʘʢʪʠʨʦʚʘʪʴʩʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ;  

¶ ʟʘʜʘʚʘʪʴ ʠ ʨʝʜʘʢʪʠʨʦʚʘʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʪʨʘʬʠʢʘ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʨʝʛʠʦʥʝ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʪʦʚʳʭ ʠ ʪʨʘʥʢʠʥʛʦʚʳʭ ʩʠʩʪʝʤ ʚ ʫʩʣʦʚʠʷʭ 

ʨʘʟʣʠʯʥʦʡ ʟʘʛʨʫʟʢʠ;  

¶ ʨʘʩʩʯʠʪʳʚʘʪʴ, ʦʪʦʙʨʘʞʘʪʴ ʥʘ ʵʢʨʘʥʝ ʠ ʚʳʜʘʚʘʪʴ ʥʘ ʧʝʯʘʪʴ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʣʘʥʠʨʫʝʤʦʡ ʩʝʪʠ;  

¶ ʨʘʩʩʯʠʪʳʚʘʪʴ ʧʦʢʘʟʘʪʝʣʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ (ʫʨʦʚʝʥʴ ʚʟʘʠʤʥʳʭ ʧʦʤʝʭ) 

ʧʣʘʥʠʨʫʝʤʦʡ ʩʝʪʠ ʩ ʜʨʫʛʠʤʠ ʩʝʪʷʤʠ;  

¶ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʧʣʘʥʠʨʫʝʤʦʡ ʩʝʪʠ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ 

ʨʘʜʠʦʩʪʘʥʮʠʡ, ʘ ʪʘʢʞʝ ʚʘʨʴʠʨʫʷ ʩʦʩʪʘʚ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʟʤʝʱʘʝʤʦʛʦ ʥʘ ʥʠʭ 

ʦʙʦʨʫʜʦʚʘʥʠʷ (ʧʨʦʛʨʘʤʤʘ ʩʥʘʙʞʝʥʘ ʫʜʦʙʥʳʤ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʤ ʠʥʪʝʨʬʝʡʩʦʤ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʪʝʨʘʢʪʠʚʥʦ ʧʨʦʚʦʜʠʪʴ ʫʢʘʟʘʥʥʳʝ ʠʟʤʝʥʝʥʠʷ);  

¶ ʦʪʦʙʨʘʞʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʫʨʦʚʥʷ ʧʨʠʥʠʤʘʝʤʦʛʦ ʩʠʛʥʘʣʘ ʠ ʩʨʘʚʥʠʚʘʪʴ ʠʭ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʩʯʝʪʘ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʦʧʪʠʤʠʟʘʮʠʝʡ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠʤʝʥʷʝʤʳʭ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʨʘʩʯʝʪʘ.  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʝʪʠ, ʨʘʩʩʯʠʪʳʚʘʝʤʳʝ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ RPS-2:  
¶ ʦʙʣʘʩʪʴ ʧʨʷʤʦʡ ʚʠʜʠʤʦʩʪʠ ʨʘʜʠʦʩʪʘʥʮʠʠ;  

¶ ʫʨʦʚʝʥʴ ʩʠʛʥʘʣʘ (ʧʦʢʨʳʪʠʝ) ʚ ʟʘʜʘʥʥʦʡ ʦʢʨʝʩʪʥʦʩʪʠ ʫʢʘʟʘʥʥʦʡ ʨʘʜʠʦʩʪʘʥʮʠʠ ʩ ʫʯʝʪʦʤ 



 123 

ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʠʟʣʫʯʘʶʱʝʡ ʘʥʪʝʥʥʳ;  

¶ ʪʨʝʙʫʝʤʘʷ ʤʦʱʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʘʙʦʥʝʥʪʘ, ʜʦʩʪʘʪʦʯʥʘʷ ʜʣʷ ʥʘʜʝʞʥʦʛʦ ʧʨʠʝʤʘ ʝʛʦ ʩʠʛʥʘʣʘ;  

¶ ʧʦʤʝʭʠ ʦʪ ʙʣʠʟʣʝʞʘʱʠʭ ʠ ʫʜʘʣʝʥʥʳʭ ʨʘʜʠʦʩʪʘʥʮʠʡ;  

¶ ʧʨʦʬʠʣʴ ʣʶʙʦʡ ʨʘʜʠʦʣʠʥʠʠ;  

¶ ʧʦʪʝʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʝʞʜʫ ʧʝʨʝʜʘʶʱʝʡ ʠ ʧʨʠʝʤʥʦʡ ʘʥʪʝʥʥʘʤʠ;  

¶ ʩʠʛʥʘʣ ʥʘ ʚʭʦʜʝ ʧʨʠʝʤʥʦʡ ʘʥʪʝʥʥʳ ʘʙʦʥʝʥʪʘ;  

¶ ʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʰʫʤ ʚ ʧʨʷʤʦʡ ʠ ʦʙʨʘʪʥʦʡ ʣʠʥʠʷʭ ʩ ʫʯʝʪʦʤ ʚʩʝʭ ʚʠʜʦʚ ʚʥʫʪʨʠʩʠʩʪʝʤʥʳʭ 

ʠ ʚʥʝʰʥʠʭ ʧʦʤʝʭ;  

¶ ʟʦʥʳ, ʦʙʩʣʫʞʠʚʘʝʤʘʷ ʩʝʢʪʦʨʘʤʠ ʙʘʟʦʚʳʭ ʩʪʘʥʮʠʡ ʚ ʫʩʣʦʚʠʷʭ ʧʦʤʝʭ ʠ ʠʭ ʨʝʘʣʴʥʘʷ 

ʟʘʛʨʫʞʝʥʥʦʩʪʴ (ʪʨʘʬʠʢ, ʧʨʠʭʦʜʷʱʠʡʩʷ ʥʘ ʢʘʞʜʳʡ ʩʝʢʪʦʨ);  

¶ ʟʦʥʳ, ʚ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʢʣʶʯʝʥʠʝ ʘʙʦʥʝʥʪʦʚ ʩ ʦʜʥʦʡ ʩʪʘʥʮʠʠ ʥʘ ʜʨʫʛʫʶ, ʠʣʠ ʩ 

ʦʜʥʦʛʦ ʥʘ ʜʨʫʛʦʡ ʠʭ ʩʝʢʪʦʨ (ʟʦʥʳ hand-off);  

¶ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʩʪʴ ʧʨʷʤʦʡ ʠ ʦʙʨʘʪʥʦʡ ʣʠʥʠʡ ʙʘʟʦʚʳʭ ʩʪʘʥʮʠʡ.  

            ʇʨʠ ʨʘʩʯʝʪʝ ʨʘʜʠʦʧʦʢʨʳʪʠʷ ʧʦʣʴʟʦʚʘʪʝʣʴ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʨʘʪʴ ʦʜʥʫ ʠʟ ʥʝʩʢʦʣʴʢʠʭ 

ʤʦʜʝʣʝʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʚʦʣʥ. ɺʩʝ ʦʥʠ ʨʝʢʦʤʝʥʜʦʚʘʥʳ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʄʂʂʈ. ɺ 

ʧʨʦʛʨʘʤʤʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʍʘʪʘ ʠ ʋʦʣʬʠʰ-ʀʢʝʛʘʤʠ, ʚ 

ʢʦʪʦʨʳʭ ʛʨʫʙʦ ʫʯʠʪʳʚʘʝʪʩʷ ʭʘʨʘʢʪʝʨ ʤʝʩʪʥʦʩʪʠ (ʩʝʣʴʩʢʘʷ, ʧʨʠʛʦʨʦʜ, ʛʦʨʦʜʩʢʘʷ, ʧʣʦʪʥʘʷ 

ʛʦʨʦʜʩʢʘʷ), ʤʦʜʝʣʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʄʂʂʈ - ʨʝʢʦʤʝʥʜʘʮʠʷ 370-5, ʚ ʢʦʪʦʨʦʡ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʨʦʬʠʣʷ ʨʘʜʠʦʣʠʥʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʤʦʜʝʣʴ, ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʩʪʨʦʛʦʤ ʘʥʘʣʠʟʝ ʧʨʦʬʠʣʷ ʨʘʜʠʦʣʠʥʠʠ ʩ ʚʳʜʝʣʝʥʠʝʤ ʧʨʝʧʷʪʩʪʚʠʡ ʠ ʫʯʝʪʦʤ 

ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʧʦʪʝʨʴ ʥʘ ʥʠʭ, ʧʦʠʩʢʦʤ ʪʦʯʝʢ ʦʪʨʘʞʝʥʠʷ ʠ ʫʯʝʪʦʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʪʝʨʴ. ɿʜʝʩʴ 

ʞʝ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʫʯʝʩʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʦʪʝʨʠ ʚ ʣʠʩʪʚʝ ʜʝʨʝʚʴʝʚ, ʵʬʬʝʢʪʳ ʜʠʬʨʘʢʮʠʠ ʥʘ 

ʢʨʳʰʘʭ ʠ ʵʢʨʘʥʠʨʦʚʢʠ ʚ ʛʦʨʦʜʩʢʦʡ ʤʝʩʪʥʦʩʪʠ. ʀʤʝʷ ʭʦʨʦʰʫʶ ʮʠʬʨʦʚʫʶ ʢʘʨʪʫ, ʤʦʞʥʦ ʩ ʚʳʩʦʢʦʡ 

ʪʦʯʥʦʩʪʴʶ ʨʘʩʩʯʠʪʘʪʴ ʧʦʢʨʳʪʠʝ ʠ ʜʨʫʛʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝʪʠ.  

            ʇʨʦʛʨʘʤʤʫ RPS-2 ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʧʣʘʥʠʨʦʚʘʥʠʷ ʢʘʢ ʤʘʢʨʦ-, ʪʘʢ ʠ ʤʠʢʨʦ-ʷʯʝʝʢ 

ʩʦʪʦʚʳʭ ʩʝʪʝʡ, ʚʢʣʶʯʘʷ ʤʠʢʨʦʩʦʪʦʚʳʝ ʩʠʩʪʝʤʳ, ʨʘʙʦʪʘʶʱʠʝ ʚʥʫʪʨʠ ʟʜʘʥʠʡ. ʇʨʠ ʨʘʩʯʝʪʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʦʚ ʚʥʫʪʨʠ ʟʜʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʥʘ ʦʨʠʛʠʥʘʣʴʥʘʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ.  

            RPS-2 ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʧʨʦʛʨʘʤʤʥʳʭ ʤʦʜʫʣʝʡ:  
¶ ʤʦʜʫʣʴ ʨʘʩʯʝʪʘ ʨʘʜʠʦʨʝʣʝʡʥʳʭ ʩʝʪʝʡ;  

¶ ʤʦʜʫʣʴ ʨʘʩʯʝʪʘ ʪʨʘʥʢʠʥʛʦʚʳʭ ʠ ʩʦʪʦʚʳʭ ʩʝʪʝʡ ʚʩʝʭ ʩʪʘʥʜʘʨʪʦʚ;  

¶ ʤʦʜʫʣʴ ʨʘʩʯʝʪʘ ʩʝʪʝʡ ʚ ʩʪʘʥʜʘʨʪʝ CDMA;  

¶ ʤʦʜʫʣʴ ʨʘʩʯʝʪʘ ʩʝʪʝʡ, ʨʘʙʦʪʘʶʱʠʭ ʚʥʫʪʨʠ ʟʜʘʥʠʡ;  

¶ ʤʦʜʫʣʴ ʠʤʧʦʨʪʘ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʠʭ ʦʪʦʙʨʘʞʝʥʠʷ, ʩʨʘʚʥʝʥʠʷ ʩ ʨʘʩʯʝʪʦʤ ʠ 

ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʧʘʨʘʤʝʪʨʦʚ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʦʜʝʣʝʡ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʪʦʛʦ ʩʨʘʚʥʝʥʠʷ;  

¶ ʤʦʜʫʣʴ ʨʘʩʯʝʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʩʘʥʠʪʘʨʥʦʛʦ ʧʘʩʧʦʨʪʘ ʤʝʩʪʘ;  

¶ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʢʦʥʚʝʨʪʦʨ ʮʠʬʨʦʚʦʡ ʢʘʨʪʳ ʠʟ ʩʪʘʥʜʘʨʪʥʦʛʦ ʬʦʨʤʘʪʘ ʚʦ ʚʥʫʪʨʝʥʥʠʡ ʬʦʨʤʘʪ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʜʘʥʥʳʭ.  

            ʇʦ ʞʝʣʘʥʠʶ ʟʘʢʘʟʯʠʢʘ ʚʦʟʤʦʞʥʘ ʧʦʩʪʘʚʢʘ ʧʨʦʛʨʘʤʤʳ ʩ ʣʶʙʳʤ ʥʘʙʦʨʦʤ ʫʢʘʟʘʥʥʳʭ 

ʤʦʜʫʣʝʡ.  

            ʄʠʥʠʤʘʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʦʥʬʠʛʫʨʘʮʠʠ ʢʦʤʧʴʶʪʝʨʘ:  
¶ ʇʨʦʮʝʩʩʦʨ Pentium II, 400 ʄɻʮ ʠʣʠ ʘʥʘʣʦʛʠʯʥʳʡ;  

¶ MS Windows 9x/Me/NT/2k/XP;  

¶ 32 ʄʙ ʆɿʋ;  

¶ ʥʝ ʤʝʥʝʝ 120 ʄʙ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʪʩʪʚʘ ʥʘ ʞʝʩʪʢʦʤ ʜʠʩʢʝ;  

¶ ʤʦʥʠʪʦʨ ʩ ʨʘʟʨʝʰʝʥʠʝʤ 800x600 High Color.  

            ʆʧʪʠʤʘʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʦʥʬʠʛʫʨʘʮʠʠ ʢʦʤʧʴʶʪʝʨʘ:  
¶ ʧʨʦʮʝʩʩʦʨ Pentium 4, 2 ɻɻʮ ʠʣʠ ʘʥʘʣʦʛʠʯʥʳʡ;  

¶ 128 ʄʙ ʆɿʋ;  

¶ 200 ʄʙ ʩʚʦʙʦʜʥʦʛʦ ʤʝʩʪʘ ʥʘ ʞʝʩʪʢʦʤ ʜʠʩʢʝ;  

¶ ʤʦʥʠʪʦʨ ʩ ʨʘʟʨʝʰʝʥʠʝʤ 1280x1024 True Color.  
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ʅʝʦʙʭʦʜʠʤʘʷ ʤʦʱʥʦʩʪʴ ʘʙʦʥʝʥʪʦʚ 

 

 

 

 
ɺʳʙʦʨ ʘʥʪʝʥʥ ʚ ʙʘʟʝ ʜʘʥʥʳʭ ʧʨʦʛʨʘʤʤʳ 

 

            ɹʘʣʪʠʢʘ-ʈʈʃ 

ʈʝʰʘʝʤʳʝ ʟʘʜʘʯʠ:  
¶ ʧʦʩʪʨʦʝʥʠʝ ʧʨʦʬʠʣʷ ʪʨʘʩʩ ʈʈʃ;  

¶ ʨʘʩʯʝʪ ʧʦʪʝʨʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʚʦʣʥ;  

¶ ʨʘʩʯʝʪ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʚʷʟʠ;  

¶ ʦʧʪʠʤʠʟʘʮʠʷ ʚʳʩʦʪʳ ʧʦʜʚʝʩʘ ʘʥʪʝʥʥ.  

ʇʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʦʙʝʩʧʝʯʠʚʘʝʪ:  
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¶ ʚʚʦʜ ʜʘʥʥʳʭ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʬʠʣʝʡ ʠʥʪʝʨʚʘʣʦʚ;  

¶ ʚʚʦʜ ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʨʘʩʯʝʪʦʚ;  

¶ ʩʦʭʨʘʥʝʥʠʝ ʚʩʝʭ ʜʘʥʥʳʭ ʩ ʮʝʣʴʶ ʠʭ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ;  

¶ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʧʝʯʘʪʴ ʦʪʯʝʪʘ.  

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʘʩʯʝʪʦʚ ʫʯʠʪʳʚʘʝʪʩʷ:  
¶ ʯʘʩʪʦʪʘ ʩʠʛʥʘʣʘ;  

¶ ʧʦʣʷʨʠʟʘʮʠʷ;  

¶ ʤʦʱʥʦʩʪʴ ʧʝʨʝʜʘʪʯʠʢʘ;  

¶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʨʠʝʤʥʠʢʘ;  

¶ ʧʦʪʝʨʠ ʚ ʘʥʪʝʥʥʦ-ʬʠʜʝʨʥʳʭ ʪʨʘʢʪʘʭ ʧʝʨʝʜʘʪʯʠʢʘ ʠ ʧʨʠʝʤʥʠʢʘ;  

¶ ʚʳʩʦʪʳ ʧʦʜʚʝʩʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʩʠʣʝʥʠʷ ʘʥʪʝʥʥ;  

¶ ʧʘʨʘʤʝʪʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʨʘʜʠʝʥʪʘ ʠʥʜʝʢʩʘ ʨʝʬʨʘʢʮʠʠ;  

¶ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʚ ʘʪʤʦʩʬʝʨʝ;  

¶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʳʧʘʜʝʥʠʷ ʦʩʘʜʢʦʚ;  

¶ ʧʨʦʬʠʣʴ ʨʝʣʴʝʬʘ ʤʝʩʪʥʦʩʪʠ;  

¶ ʭʘʨʘʢʪʝʨ ʤʝʩʪʥʦʩʪʠ.  

ʈʘʩʯʝʪʳ:  
¶ ʧʦʪʝʨʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩ ʫʯʝʪʦʤ ʜʠʬʨʘʢʮʠʠ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʧʨʦʬʠʣʷ ʤʝʩʪʥʦʩʪʠ;  

¶ ʦʩʣʘʙʣʝʥʠʷ ʚ ʘʪʤʦʩʬʝʨʥʳʭ ʛʘʟʘʭ;  

¶ ʟʘʧʘʩʘ ʥʘ ʟʘʤʠʨʘʥʠʷ;  

¶ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʩʚʷʟʠ ʥʘ ʠʥʪʝʨʚʘʣʝ ʚ ʫʩʣʦʚʠʷʭ ʥʘʠʭʫʜʰʝʛʦ ʤʝʩʷʮʘ, ʚ ʪʦʤ ʯʠʩʣʝ:  

o ʩʦʩʪʘʚʣʷʶʱʝʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʩʚʷʟʠ ʧʨʠ ʩʫʙʨʝʬʨʘʢʮʠʠ;  

o ʩʦʩʪʘʚʣʷʶʱʝʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʩʚʷʟʠ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʚʣʠʷʥʠʝʤ ʜʦʞʜʝʡ;  

o ʩʦʩʪʘʚʣʷʶʱʝʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʩʚʷʟʠ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʤʥʦʛʦʣʫʯʝʚʳʤ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʚ ʘʪʤʦʩʬʝʨʝ. 

 

 
ʀʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʤʳ 
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ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ 

 

ʈʘʩʯʝʪʳ ʦʩʥʦʚʘʥʳ ʥʘ ʨʝʢʦʤʝʥʜʘʮʠʷʭ ʄʉʕ P.530-7, P.526-4, P.676-3, P.838 ʠ "ʄʝʪʦʜʠʢʝ ʨʘʩʯʝʪʘ 

ʪʨʘʩʩ ʘʥʘʣʦʛʦʚʳʭ ʠ ʮʠʬʨʦʚʳʭ ʈʈʃ ʧʨʷʤʦʡ ʚʠʜʠʤʦʩʪʠ" (ʅʀʀʈ). 

 

 

 

 

 

 

 

 

 

3. ʇʦʨʷʜʦʢ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ  

           ʉʠʩʪʝʤʘ ʇʀɸʈ  

           ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʘʥʘʣʠʟ ʨʘʜʠʦʩʝʪʝʡ (ʇʀɸʈ) 

           ʚʝʨʩʠʷ 4.53 

           ʊʝʭʥʦʣʦʛʠʠ ʫʧʨʘʚʣʝʥʠʷ ʨʘʜʠʦʯʘʩʪʦʪʥʳʤ ʩʧʝʢʪʨʦʤ ʚʢʣʶʯʘʶʪ ʚ ʯʠʩʣʝ ʧʨʦʯʠʭ ʩʣʝʜʫʶʱʠʝ 

ʟʘʜʘʯʠ:  

o ʦʮʝʥʢʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʦʙʩʪʘʥʦʚʢʠ (ʕʄʆ) ʚ ʤʝʩʪʘʭ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʨʘʟʤʝʱʝʥʠʷ ʈʕʉ 

ʜʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʨʝʰʝʥʠʡ ʦ ʚʳʜʝʣʝʥʠʠ ʧʦʣʦʩ, ʥʘʟʥʘʯʝʥʠʠ ʨʘʜʠʦʯʘʩʪʦʪ ʠ ʧʨʠʥʷʪʠʷ ʤʝʨ ʧʦ 

ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʜʠʦʯʘʩʪʦʪ, ʥʘ ʦʩʥʦʚʝ ʦʧʪʠʤʠʟʘʮʠʠ ʯʘʩʪʦʪʥʳʭ 

ʧʨʠʩʚʦʝʥʠʡ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʠʟʤʝʨʝʥʠʷ ʛʨʘʥʠʮ ʟʦʥ ʫʚʝʨʝʥʥʦʛʦ ʧʨʠʝʤʘ;  

o ʘʥʘʣʠʟ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʕʄʉ ʈʕʉ (ɺʏ ʫʩʪʨʦʡʩʪʚ).  

            ɼʣʷ ʨʝʰʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʟʘʜʘʯ ʚ ʅʇʌ çʗʈè ʨʘʟʨʘʙʦʪʘʥʘ ʩʠʩʪʝʤʘ çʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʘʥʘʣʠʟʘ 

ʨʘʜʠʦʩʝʪʝʡè (ʇʀɸʈ). ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʨʘʩʯʝʪʘ ʕʄʆ ʠ ʕʄʉ ʠʟʤʝʨʷʶʪʩʷ ʠ ʧʨʦʛʥʦʟʠʨʫʶʪʩʷ ʧʦ 

ʚʝʨʠʬʠʮʠʨʦʚʘʥʥʦʡ ʤʝʪʦʜʠʢʝ, ʤʝʪʨʦʣʦʛʠʯʝʩʢʠ ʘʪʪʝʩʪʦʚʘʥʥʦʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ ʈ8.563-96 

(ʉʚʠʜʝʪʝʣʴʩʪʚʦ N 32/037-2002 ʦʪ 19.03.2002 ʛʦʜʘ), ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʠʭ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʛʘʨʘʥʪʠʨʫʝʪʩʷ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ɻʝʦʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ (ɻʀʉ) ʇʀɸʈ ʚʝʨʩʠʠ 4.53 ʥʘʭʦʜʠʪʩʷ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʚ 52 ʨʝʛʠʦʥʘʭ ʈʦʩʩʠʠ.  
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ʀʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʤʳ ʇʀɸʈ 4.53 

 

    ɻʀʉ ʇʀɸʈ ʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʟʘʜʘʯʠ:  

o ʧʨʦʠʟʚʦʜʠʪʴ ʘʥʘʣʠʟ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʧʝʨʝʜʘʪʯʠʢʦʚ,  

o ʚʳʧʦʣʥʷʪʴ ʨʘʩʯʝʪ ʢʘʨʪ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ,  

o ʩʪʨʦʠʪʴ ʟʦʥʳ ʫʚʝʨʝʥʥʦʛʦ ʨʘʜʠʦʧʨʠʝʤʘ ʠ ʨʘʜʠʦʩʚʷʟʠ,  

o ʨʘʩʩʯʠʪʳʚʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʥʘʩʝʣʝʥʠʷ ʚ ʟʦʥʝ ʫʚʝʨʝʥʥʦʛʦ ʧʨʠʝʤʘ,  

o ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʕʄʉ ʈʕʉ.  

ɺ ʧʘʢʝʪ ʧʦʩʪʘʚʢʠ ʚʭʦʜʠʪ ʫʪʠʣʠʪʘ ʜʣʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʤʥʦʞʝʩʪʚʘ ʟʦʥ ʧʦʢʨʳʪʠʷ, 

ʧʦʟʚʦʣʷʶʱʘʷ, ʥʘʧʨʠʤʝʨ, ʩʪʨʦʠʪʴ ʧʝʨʝʩʝʯʝʥʠʷ, ʦʙʲʝʜʠʥʝʥʠʷ ʟʦʥ ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ. ʂʨʦʤʝ ʪʦʛʦ, 

ɿʘʢʘʟʯʠʢʫ ʧʦʩʪʘʚʣʷʶʪʩʷ ʟʘʧʦʣʥʝʥʥʳʝ ʩʧʨʘʚʦʯʥʠʢʠ ʪʠʧʦʚ ʈʕʉ (ʙʦʣʝʝ ʪʳʩʷʯʠ ʥʘʠʤʝʥʦʚʘʥʠʡ), 

ʘʥʪʝʥʥ ʠ ʢʣʘʩʩʦʚ ʠʟʣʫʯʝʥʠʡ. ɼʘʥʥʳʝ ʩʧʨʘʚʦʯʥʠʢʠ ʧʦʩʪʦʷʥʥʦ ʧʦʧʦʣʥʷʶʪʩʷ ʬʠʣʴʪʨʫʝʤʳʤʠ ʠʟ 

ʤʥʦʞʝʩʪʚʘ ʠʩʪʦʯʥʠʢʦʚ ʜʦʩʪʦʚʝʨʥʳʤʠ ʩʚʝʜʝʥʠʷʤʠ.  

 
   

          ʍʦʯʝʪʩʷ ʦʪʤʝʪʠʪʴ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʵʪʦ ʝʜʠʥʩʪʚʝʥʥʳʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴ ʢʦʪʦʨʳʡ ʧʨʝʜʦʩʪʘʚʠʣ ʜʝʤʦ 

ï ʚʝʨʩʠʶ  ʩʚʦʝʡ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʦʟʥʘʢʦʤʣʝʥʠʷ. ʇʨʦʛʨʘʤʤʘ ʦʙʣʘʜʘʝʪ ʫʜʦʙʥʳʤ  ʠ ʧʦʥʷʪʥʳʤ 

ʠʥʪʝʨʬʝʡʩʦʤ ʠ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ ʚʩʝ ʟʘʷʚʣʝʥʥʳʝ ʜʝʡʩʪʚʠʷ, ʚ ʧʨʝʜʝʣʘʭ ʜʦʩʪʫʧʥʳʭ ʚ 

ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʦʡ ʚʝʨʩʠʠ. 

 

4. ʈʝʢʦʤʝʥʜʫʝʤʘʷ ʣʠʪʝʨʘʪʫʨʘ 
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ʂʦʤʧʴʶʪʝʨʥʳʡ ʧʨʘʢʪʠʢʫʤ 4. ʀʩʩʣʝʜʦʚʘʥʠʝ ʟʘʱʠʱʝʥʥʦʩʪʠ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʝʪʝʡ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ  

 

1. ʎʝʣʴ ʨʘʙʦʪʳ 

 

           ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʙʝʩʧʨʦʚʦʜʥʘʷ ʚʳʩʦʢʦʟʘʱʠʱʝʥʥʘʷ ʩʝʪʴ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ. ɹʝʩʧʨʦʚʦʜʥʘʷ ʚʳʩʦʢʦʟʘʱʠʱʝʥʥʘʷ ʩʝʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʨʘʙʦʪʘʶʱʘʷ ʧʦ ʩʪʘʥʜʘʨʪʫ 

802.11g ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 2.4-2.483 ɻɻʮ. ʉʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʤʝʥʝʝ 24 

ʄʙʠʪ/ʩʝʢ, ʚ ʨʘʩʯʝʪʝ ʥʘ ʦʜʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ. ɺ ʩʠʩʪʝʤʝ, ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʙʝʩʰʦʚʥʳʡ ʨʦʫʤʠʥʛ, 

ʧʨʠʤʝʥʷʝʪʩʷ ʥʘʜʝʞʥʘʷ ʜʚʫʭʩʪʦʨʦʥʥʷʷ ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ, ʜʣʷ ʰʠʬʨʦʚʘʥʠʷ ʧʝʨʝʜʘʚʘʝʤʦʡ ʧʦ 

ʨʘʜʠʦʢʘʥʘʣʫ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠʤʝʥʷʝʪʩʷ ʘʣʛʦʨʠʪʤ ʰʠʬʨʦʚʘʥʠʷ AES. ɺ ʩʝʪʠ ʧʨʠʤʝʥʷʝʪʩʷ 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʢʦʤʧʘʥʠʠ NETGEAR. 

ʆʩʥʦʚʥʳʤʠ ʟʘʜʘʯʘʤʠ ʩʝʪʠ ʷʚʣʷʶʪʩʷ: 

¶ ʆʙʝʩʧʝʯʝʥʠʝ ʨʦʫʤʠʥʛʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʦʭʚʘʯʝʥʥʦʡ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʝʪʴʶ 

¶ ʆʧʨʝʜʝʣʝʥʠʝ ʟʦʥ ʧʦʢʨʳʪʠʷ ʢʘʞʜʦʡ ʠʟ ʪʦʯʝʢ ʜʦʩʪʫʧʘ ʠ ʯʘʩʪʦʪʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ 

¶ ʆʙʝʩʧʝʯʝʥʠʝ ʟʘʜʘʥʥʦʡ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ  

¶ ɺʳʙʦʨ ʥʘʜʝʞʥʳʭ ʤʝʪʦʜ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʠ ʰʠʬʨʦʚʘʥʠʷ ʪʨʘʬʠʢʘ 

¶ ɺʳʙʦʨ ʧʨʦʛʨʘʤʤʥʦ ï ʘʧʧʘʨʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʇʨʦʚʝʜʝʥʠʝ ʢʘʨʪʠʨʦʚʘʥʠʷ ʜʘʝʪ ʜʦʩʪʦʚʝʨʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʘʟʤʝʨʘʭ ʟʦʥ ʧʦʢʨʳʪʠʷ 

ʢʘʞʜʦʡ ʠʟ ʪʦʯʝʢ. ʇʨʠ ʨʘʟʚʝʨʪʳʚʘʥʠʠ ʨʘʜʠʦʢʘʥʣʘ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʫʜʘʣʝʥʥʦʛʦ ʦʬʠʩʘ ʙʳʣ 

ʫʯʪʝʥ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʚ ʟʜʘʥʠʠ ʬʠʨʤʳ ʫʞʝ ʨʘʟʚʝʨʥʫʪʘ ʙʝʩʧʨʦʚʦʜʥʘʷ ʩʝʪʴ, ʙʳʣʠ ʧʨʠʥʷʪʳ ʤʝʨʳ 

http://www.kunegin.narod.ru/
http://www.kunegin.narod.ru/
http://morion.ru/
http://nec.ru/
http://nera.com.ru/
http://www.rps2.ru/
http://www.loniir.ru/
http://www.dsplab.uniyar.ac.ru/
http://www.ctt-group.ru/
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ʧʦ ʩʥʠʞʝʥʠʶ ʚʟʘʠʤʥʦʛʦ ʚʣʠʷʥʠʷ. ɺ ʩʝʪʠ ʧʨʠʤʝʥʷʝʪʩʷ ʚʟʘʠʤʥʘʷ ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʥʘ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ EAP-PEAP-MSCHAP v2. ɼʣʷ ʰʠʬʨʦʚʘʥʠʷ ʧʝʨʝʜʘʚʘʝʤʦʡ ʧʦ 

ʨʘʜʠʦʢʘʥʘʣʫ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠʤʝʥʷʝʪʩʷ ʘʣʛʦʨʠʪʤ ʰʠʬʨʦʚʘʥʠʷ AES. ʉʠʩʪʝʤʘ ʨʝʘʣʠʟʦʚʘʥʘ ʥʘ 

ʙʘʟʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʠʤʦʛʦ ʬʠʨʤʦʡ NETGEAR, ʦʙʦʨʫʜʦʚʘʥʠʝ ʧʦʣʥʦʩʪʴʶ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʪʘʥʜʘʨʪʫ 802.11g ʠ ʦʙʣʘʜʘʝʪ ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴʶ.  

 

2. ʂʨʘʪʢʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʩʚʝʜʝʥʠʷ 

 

ɹʝʩʧʨʦʚʦʜʥʳʝ ʩʝʪʠ ʩʪʘʥʜʘʨʪʘ 802.11 ʠʣʠ Wi-Fi, ʧʨʠʦʙʨʝʪʘʶʪ ʚʩʝ ʙʦʣʴʰʫʶ 

ʧʦʧʫʣʷʨʥʦʩʪʴ. ɺ ʢʘʯʝʩʪʚʝ ʩʨʝʜʳ ʧʝʨʝʜʘʯʠ  ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʘʜʠʦʬʠʨ.  ʇʦ ʤʝʨʝ ʨʘʟʚʠʪʠʷ 

ʩʪʘʥʜʘʨʪʘ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ, ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʣʠʩʴ ʤʝʪʦʜʳ ʟʘʱʠʪʳ 

ʧʝʨʝʜʘʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʫʨʦʚʝʥʴ ʟʘʱʠʱʝʥʥʦʩʪʠ ʪʨʘʬʠʢʘ ʩʨʘʚʥʠʤ ʩ 

ʪʘʢʦʚʳʤ ʚ ʧʨʦʚʦʜʥʳʭ ʩʝʪʷʭ Ethernet, ʦʜʥʘʢʦ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʚʩʝ ʝʱʝ 

ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʯʝʤ ʚ ʧʨʦʚʦʜʥʳʭ ʩʝʪʷʭ. ʉʪʘʥʜʘʨʪʳ 802.11a/g ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʚ 

ʨʘʩʧʦʨʷʞʝʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʧʦʣʫʜʫʧʣʝʢʩʥʳʡ ʢʘʥʘʣ ʩ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ 54 ʄʙʠʪ/ʩ. 

ʆʜʥʘʢʦ ʙʝʩʧʨʦʚʦʜʥʳʝ ʩʝʪʠ ʜʘʨʷʪ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʤʦʙʠʣʴʥʦʩʪʴ, ʙʳʩʪʨʝʝ ʨʘʟʚʝʨʪʳʚʘʶʪʩʷ ʠ ʚ 

ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʜʝʰʝʚʣʝ. ɹʝʩʧʨʦʚʦʜʥʳʝ ʩʝʪʠ ʨʘʟʚʝʨʪʳʚʘʶʪʩʷ ʢʘʢ ʧʨʘʚʠʣʦ ʪʘʤ ʛʜʝ ʥʝ 

ʥʫʞʥʳ ʚʳʩʦʢʠʝ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ (ʢʘʬʝ, ʚʦʢʟʘʣʳ, ʘʵʨʦʧʦʨʪʳ). 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʚʦʧʨʦʩʘʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʝʩʧʨʦʚʦʜʥʦʡ ʚʳʩʦʢʦʟʘʱʠɦ ʝʥʥʦʡ 

ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʬʠʨʤʳ çʉʪʝʢè, ʚ ʟʘʜʘʯʠ ʢʦʪʦʨʦʡ ʚʭʦʜʷʪ: 

- ʆʙʝʩʧʝʯʝʥʠʝ ʜʦʩʪʫʧʘ ʩʦʪʨʫʜʥʠʢʦʚ ʦʨʛʘʥʠʟʘʮʠʠ ʢ ʨʝʩʫʨʩʘʤ ʃɺʉ 

- ʆʨʛʘʥʠʟʘʮʠʷ ʩʚʷʟʠ ʩ ʫʜʘʣʝʥʥʳʤ ʦʬʠʩʦʤ 

- ʆʙʝʩʧʝʯʝʥʠʝ ʜʦʩʪʫʧʘ ʢ ʩʝʪʠ Internet   

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʥʘʯʘʪʴ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʪʘʢʦʡ ʩʝʪʠ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʩʪʘʚʠʪʴ ʝʝ 

ʩʪʨʫʢʪʫʨʫ, ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ, ʨʘʩʩʤʦʪʨʝʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ 

ʜʝʥʴ ʩʪʘʥʜʘʨʪʳ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ɺʳʧʦʣʥʠʪʴ ʠʭ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʪ 

ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʘʷ ʠʟ ʨʘʜʠʦʪʝʭʥʦʣʦʛʠʡ ʧʦʟʚʦʣʠʪ ʧʦʩʪʨʦʠʪʴ ʜʘʥʥʫʶ ʩʠʩʪʝʤʫ ʦʧʪʠʤʘʣʴʥʳʤ 

ʦʙʨʘʟʦʤ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʙʫʜʝʪ ʟʘʜʘʪʴʩʷ ʥʝʢʠʤʠ ʢʘʯʝʩʪʚʝʥʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ 

ʩʠʩʪʝʤʝ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʥʘʤ  ʥʘ ʦʩʥʦʚʝ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʭ ʢʨʠʪʝʨʠʝʚ ʢʘʯʝʩʪʚʘ ʚʳʙʨʘʪʴ 

ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʡ ʢʦʤʧʣʝʢʩ. ʅʘ ʙʘʟʝ ʢʦʪʦʨʦʛʦ ʙʫʜʝʪ ʨʘʟʚʝʨʥʫʪʘ ʨʘʜʠʦʩʝʪʴ. 

ʅʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʝʩʪʠ ʧʣʘʥʠʨʦʚʘʥʠʝ ʨʘʟʤʝʱʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤʳ, ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʠʭ 

ʫʩʪʘʥʦʚʢʦʡ, ʘ ʪʘʢʞʝ ʘʥʘʣʠʟ ʟʘʱʠʱʝʥʥʦʩʪʠ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʝʪʠ, ʩ ʧʨʦʚʝʜʝʥʠʝʤ 

ʠʩʧʳʪʘʥʠʡ ʩʠʩʪʝʤʳ. ɺ ʨʝʟʫʣɹʪʘʪʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʳ ʧʦʣʫʯʠʤ ʙʝʩʧʨʦʚʦʜʥʫʶ ʩʝʪʴ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ ʫʜʦʚʣʝʪʚʦʨʷʶʱʫʶ ʫʩʣʦʚʠʷʤ ʊɿ. 

 

ʅʘʟʥʘʯʝʥʠʝ ʠ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʩʠʩʪʝʤʳ 

  

ʇʨʦʝʢʪʠʨʫʝʤʘʷ ʩʝʪʴ ʩʪʘʥʜʘʨʪʘ 802.11g ʦʪʥʦʩʠʪʩʷ ʢ ʢʣʘʩʩʫ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʝʪʝʡ, ʪ.ʝ. ʚ 

ʢʘʯʝʩʪʚʝ ʩʨʝʜʳ ʧʝʨʝʜʘʯʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʘʜʠʦʵʬʠʨ. ʇʝʨʝʜʘʯʘ ʚʝʜʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 2.4 

ɻɻʮ. ɹʝʩʧʨʦʚʦʜʥʳʝ ʩʝʪʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʤʦʙʠʣʴʥʦʩʪʴ ʧʦʣʴʟʦʚʘʪʝʣʶ ʠʤʝʶʱʝʤʫ ʧʦʨʪʘʪʠʚʥʳʡ 

ʇʂ, ʪʝʭʥʦʣʦʛʠʠ ʨʦʫʤʠʥʛʘ ʚ ʩʝʪʷʭ 802.11 ʧʦʟʚʦʣʷʶʪ ʘʙʦʥʝʥʪʫ ʧʝʨʝʤʝʱʘʪʴʩʷ ʚ ʧʨʝʜʝʣʘʭ ʟʦʥʳ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʧʨʠ ʵʪʦʤ ʩʦʭʨʘʥʷʪʴ ʪʝʢʫʱʠʝ ʩʦʝʜʠʥʝʥʠʷ. ɺʦ  ʤʥʦʛʠʭ ʢʦʤʧʘʥʠʷʭ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʝʣʝʬʦʥʳ ʩʪʘʥʜʘʨʪʘ 802.11, ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʣʘʜʝʣʴʮʘʤ ʙʝʟ 

ʧʦʪʝʨʠ ʩʚʷʟʠ ʧʝʨʝʤʝʱʘʪʴʩʷ ʧʦ ʟʦʥʝ ʧʦʢʨʳʪʦʡ ʩʝʪʴʶ. ʊʘʢʘʷ ʩʚʷʟʴ ʟʥʘʯʠʪʝʣʴʥʦ ʜʝʰʝʚʣʝ 

ʩʦʪʦʚʦʡ, ʪʘʢ ʢʘʢ ʟʘʪʨʘʪʳ ʩʚʷʟʘʥʳ ʪʦʣʴʢʦ ʩ ʧʨʠʦʙʨʝʪʝʥʠʝʤ ʠ ʥʘʩʪʨʦʡʢʦʡ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʈʘʟʚʝʨʪʳʚʘʪʴ ʙʝʩʧʨʦʚʦʜʥʳʝ ʩʝʪʠ ʟʥʘʯʠʪʝʣʴʥʦ ʙʳʩʪʨʝʝ ʠ ʚ ʥʝʢʦʪʦʨʳʭ   ʩʣʫʯʘʷʭ ʜʝh ʝʚʣʝ, ʢ 

ʪʦʤʫ ʞʝ ʢʦʥʬʠʛʫʨʘʮʠʶ (ʟʦʥʫ ʧʦʢʨʳʪʠʷ, ʢʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ) ʤʦʞʥʦ ʤʝʥʷʪʴ ʙʝʟ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʟʘʪʨʘʪ ʠ ʚ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ.  

ʆʩʥʦʚʥʳʤ ʥʘʟʥʘʯʝʥʠʝʤ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʝʪʝʡ, ʢʘʢ ʠ ʣʶʙʳʭ ʩʝʪʝʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, 

ʷʚʣʷʝʪʩʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʤʝʥʠʚʘʪʴʩʷ ʜʘʥʥʳʤʠ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʠ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʜʦʩʪʫʧʘ ʢ ʀʥʪʝʨʥʝʪ. ʅʝ ʤʘʣʦ ʚʘʞʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʝʪʠ ʷʚʣʷʶʪʩʷ 
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ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʠ ʟʘʜʝʨʞʢʠ ʧʨʠ ʧʝʨʝʜʘʯʠ ʧʘʢʝʪʦʚ. ɹʝʩʧʨʦʚʦʜʥʳʝ ʩʝʪʠ ʥʝ ʤʦʛʫʪ 

ʧʦʭʚʘʩʪʘʪʴʩʷ ʚʳʩʦʢʠʤʠ ʩʢʦʨʦʩʪʷʤʠ ʧʝʨʝʜʘʯʠ.  ʉʝʪʠ ʩʪʘʥʜʘʨʪʘ 802.11g ʧʨʝʜʣʘʛʘʶʪ 

ʧʦʪʨʝʙʠʪʝʣʶ ʧʦʣʫʜʫʧʣʝʢʩʥʳʡ ʢʘʥʘʣ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ ʧʝʨʝʜʘʯʠ 54 ʄʙʠʪ/ʩ. ɽʩʣʠ 

ʧʨʝʜʧʦʣʦʞʠʪʴ ʯʪʦ ʦʜʥʘ ʪʦʯʢʘ ʜʦʩʪʫʧʘ ʦʙʩʣʫʞʠʚʘʝʪ 16 ʢʣʠʝʥʪʦʚ, ʪʦ ʢʘʞʜʦʤʫ ʠʟ ʥʠʭ 

ʜʦʩʪʘʥʝʪʩʷ ʧʦ 3.4 ʄʙʠʪ/ʩ. ɿʘʜʝʨʞʢʠ ʚ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʝʪʷʭ ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʝ ʯʝʤ ʚ 

ʧʨʦʚʦʜʥʳʭ, ʠ ʩʠʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ ʟʘʰʫʤʣʝʥʥʦʩʪʠ ʵʬʠʨʘ, ʦʜʥʘʢʦ ʵʪʦ ʥʝ ʤʝʰʘʝʪ ʫʩʧʝʰʥʦ 

ʧʝʨʝʜʘʚʘʪʴ ʛʦʣʦʩʦʚʦʡ ʪʨʘʬʠʢ.  

 

ʌʫʥʢʮʠʠ ʩʝʪʠ 

 

 ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʣʝʜʫʝʪ ʯʝʪʢʦ ʦʧʨʝʜʝʣʠʪʴ ʬʫʥʢʮʠʠ ʧʨʦʝʢʪʠʨʫʝʤʦʡ 

ʩʝʪʠ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʵʪʦ ʧʦʟʚʦʣʠʪ ʧʦʩʪʨʦʠʪʴ ʦʧʪʠʤʘʣʴʥʫʶ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʥɹʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʠʩʪʝʤʫ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʫʶ ʧʦʪʨʝʙʥʦʩʪʷʤ ʦʨʛʘʥʠʟʘʮʠʠ.  

ɻʣʘʚʥʦʡ ʬʫʥʢʮʠʝʡ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʩʝʪʠ ʷʚʣʷʝʪʩʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʩʦʪʨʫʜʥʠʢʘʤ ʬʠʨʤʳ ʜʦʩʪʫʧʘ 

ʢ ʨʝʩʫʨʩʘʤ ʣʦʢʘʣʴʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʝʪʠ. ɺ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʝʪʠ ʮʠʨʢʫʣʠʨʫʝʪ 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ, ʥʫʞʜʘʶʱʘʷʩʷ ʚ ʟʘʱʠʪʝ, ʧʦʵʪʦʤʫ ʚʪʦʨʦʡ ʥʝʤʘʣʦʚʘʞʥʦʡ 

ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʝʝ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ. ʂʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪʩʷ 

ʧʨʠʤʝʥʝʥʠʝʤ ʰʠʬʨʦʚʘʥʠʷ ʠ ʥʘʜʝʞʥʦʡ, ʞʝʣʘʪʝʣʴʥʦ ʜʚʫʭʩʪʦʨʦʥʥʝʡ ʘʫʪʝʥʪʠʬʠʢʘʮʠʝʡ. ɺ 

ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ ʥʝ ʪʨʝʙʫʝʪʩʷ ʧʦʜʩʯʝʪ ʪʨʘʬʠʢʘ ʧʦʪʨʝʙʣʝʥʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʝʤ, ʪʘʢ ʢʘʢ 

ʵʪʦ ʙʫʜʝʪ ʜʝʣʘʪʴ ʰʣʶʟ ʧʨʦʚʦʜʥʦʡ LAN. ʀʪʘʢ ʩʬʦʨʤʫʣʠʨʫʝʤ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ: 

¶ ʇʨʝʜʦʩʪʘʚʣʝʥʠʝ ʜʦʩʪʫʧʘ ʢ ʨʝʩʫʨʩʘʤ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʝʪʠ 

¶ ɿʘʱʠʪʘ ʧʝʨʝʜʘʚʘʝʤʦʡ ʧʦ ʩʝʪʠ ʠʥʬʦʨʤʘʮʠʠ 

¶ ʅʘʜʝʞʥʘʷ ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ   

 

ʉʦʩʪʘʚ ʩʝʪʠ 

 

ʀʩʭʦʜʷ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʬʫʥʢʮʠʡ ʤʦʞʥʦ ʫʢʘʟʘʪʴ ʤʠʥʠʤʘʣʴʥʳʡ ʩʦʩʪʘʚ ʩʠʩʪʝʤʳ: 

 

1. ʂʣʠʝʥʪʩʢʠʝ ʫʩʪʨʦʡʩʪʚʘ. ɹʫʜʝʤ ʧʦʥʠʤʘʪʴ ʣʶʙʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʩʪʘʥʜʘʨʪʫ 802.11g. (ʥʘʧʨʠʤʝʨ  ʇʂ ʠʣʠ ʥʦʫʪʙʫʢ ʩ ʙʝʩʧʨʦʚʦʜʥʳʤʠ ʩʝʪʝʚʳʤ 

ʘʜʘʧʪʝʨʦʤ). 

2. ʋʩʪʨʦʡʩʪʚʦ ʙʝʩʧʨʦʚʦʜʥʦʛʦ ʜʦʩʪʫʧʘ ʚ ʃɺʉ. ʇʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʡ ʢʦʤʧʣʝʢʩ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʧʝʨʝʜʘʚʘʪʴ ʜʘʥʥʳʝ ʧʦ ʙʝʩʧʨʦʚʦʜʥʦʤʫ ʢʘʥʘʣʫ (ʪʦʯʢʘ ʜʦʩʪʫʧʘ).  

3. ɹʝʩʧʨʦʚʦʜʥʦʡ ʢʦʤʤʫʪʘʪʦʨ, ʚ ʟʘʜʘʯʠ ʢʦʪʦʨʦʛʦ ʚʭʦʜʠʪ ʦʙʝʩʧʝʯʝʥʠʝ ʨʦʫʤʠʥʛʘ ʤʝʞʜʫ 

ʪʦʯʢʘʤʠ ʜʦʩʪʫʧʘ.  

4. ʉʠʩʪʝʤʘ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ. ʉʠʩʪʝʤʘ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ ʥʘ ʙʘʟʝ ʩʝʨʚʝʨʘ 

RADIUS (Remote Access Dial-In User Service ï ʩʝʨʚʠʩ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ 

ʜʦʩʪʫʧʘ). 

    

ʄʝʪʦʜʳ ʧʦʩʪʨʦʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʝʪʝʡ 

 

 ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʨʠ ʦʩʥʦʚʥʳʭ ʚʘʨʠʘʥʪʘ ʧʦʩʪʨʦʝʥʠʷ (ʪʦʧʦʣʦʛʠʡ) ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʝʪʝʡ 

ʩʪʘʥʜʘʨʪʘ 802.11: 

¶ ʅʝʟʘʚʠʩʠʤʳʝ ʙʘʟʦʚʳʝ ʟʦʥʳ ʦʙʩʣʫʞʠʚʘʥʠʷ (independent basic service sets, IBSSs). 

¶ ɹʘʟʦʚʳʝ ʟʦʥʳ ʦʙʩʣʫʞʠʚʘʥʠʷ (basic service sets, BSSs). 

¶ ʈʘʩʰʠʨʝʥʥʳʝ ʟʦʥʳ ʦʙʩʣʫʞʠʚʘʥʠʷ (extended service sets, ESSs). 

ɿʦʥʘ ʦʙʩʣʫʞʠʚʘʥʠʷ (service set) ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ð ʵʪʦ ʣʦʛʠʯʝʩʢʠ ʩʛʨʫʧʧʠʨʦʚʘʥʥʳʝ 

ʫʩʪʨʦʡʩʪʚʘ. ʊʝʭʥʦʣʦʛʠʷ WLAN ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʩʪʫʧ ʢ ʩʝʪʠ ʧʫʪʝʤ ʧʝʨʝʜʘʯʠ ʰʠʨʦʢʦʚʝ-

ʱʘʪʝʣʴʥʳʭ ʩʠʛʥʘʣʦʚ ʯʝʨʝʟ ʵʬʠʨ ʥʘ ʥʝʩʫʱʝʡ ʚ ʜʠʘʧʘʟʦʥʝ ʨʘʜʠʦʯʘʩʪʦʪ. ʇʨʠʥʠʤʘʶʱʘʷ ʩʪʘʥʮʠʷ 

ʤʦʞʝʪ ʧʦʣʫʯʘʪʴ ʩʠʛʥʘʣʳ ʚ ʜʠʘʧʘʟʦʥʝ ʨʘʙʦʪʳ ʥʝʩʢʦʣʴʢʠʭ ʧʝʨʝʜʘʶʱʠʭ ʩʪʘʥʮʠʡ. ʇʝʨʝʜʘʶʱʘʷ 

ʩʪʘʥʮʠʷ ʚʥʘʯʘʣʝ ʧʝʨʝʜʘʝʪ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʟʦʥʳ ʦʙʩʣʫʞʠʚʘʥʠʷ (service set identifier, SSID). 

ʉʪʘʥʮʠʷ-ʧʨʠʝʤʥʠʢ ʠʩʧʦʣʴʟʫʝʪ SSID ʜʣʷ ʬʠʣʴʪʨʘʮʠʠ ʧʦʣʫʯʘʝʤʳʭ ʩʠʛʥʘʣʦʚ ʠ ʚʳʜʝʣʝʥʠʷ ʪʦʛʦ, 
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ʢʦʪʦʨʳʡ ʝʡ ʥʫʞʝʥ.  

 

ʅʝʟʘʚʠʩʠʤʳʝ ʙʘʟʦʚʳʝ ʟʦʥʳ ʦʙʩʣʫʞʠʚʘʥʠʷ IBSS 

 

IBSS ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʨʫʧʧʫ ʨʘʙʦʪʘʶʱʠʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʘʥʜʘʨʪʦʤ 802.11 

ʩʪʘʥʮʠʡ, ʩʚʷʟʳʚʘʶʱʠʭʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʜʥʘ ʩ ʜʨʫʛʦʡ. IBSS ʪʘʢʞʝ ʥʘʟʳʚʘʶʪ ʩʧʝʮʠʘʣʥɹʦʡ, 

ʠʣʠ ʥʝʧʣʘʥʦʚʦʡ (ad-hoc) ʩʝʪʴʶ, ʧʦʪʦʤʫ ʯʪʦ ʦʥʘ, ʧʦ ʩʫʪʠ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʩʪʫʶ 

ʦʜʥʦʨʘʥʛʦʚʫʶ WLAN. ʉʧʝʮʠʘʣʴʥʘʷ ʩʝʪʴ, ʠʣʠ ʥʝʟʘʚʠʩʠʤʘʷ ʙʘʟʦʚʘʷ ʟʦʥʘ ʦʙʩʣʫʞʠʚʘʥʠʷ (IBSS), 

ʚʦʟʥʠʢʘʝʪ, ʢʦʛʜʘ ʦʪʜʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ-ʢʣʠʝʥʪʳ ʬʦʨʤʠʨʫʶʪ ʩʘʤʦʧʦʜʜʝʨʞʠʚʘʶɦ ʫʶʩʷ ʩʝʪʴ 

ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʪʜʝʣʴʥʦʡ ʪʦʯʢʠ ʜʦʩʪʫʧʘ (ʨʠʩ. 4.1).  

 

 
ʈʠʩʫʥʦʢ 4.1.  ʉʪʨʫʢʪʫʨʘ IBSS 

 

ʇʨʠ ʩʦʟʜʘʥʠʠ ʪʘʢʠʭ ʩʝʪʝʡ ʥʝ ʨʘʟʨʘʙʘʪʳʚʘʶʪ ʢʘʢʠʝ-ʣʠʙʦ ʢʘʨʪʳ ʤʝʩʪʘ ʠʭ ʨʘʟʚʝʨʪʚrʘʥʠʷ 

ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʧʣʘʥʳ, ʧʦʵʪʦʤʫ ʦʥʠ ʦʙʳʯʥʦ ʥʝʚʝʣʠʢʠ ʠ ʠʤʝʶʪ ʦʛʨʘʥʠʯʝʥʥʫʶ 

ʧʨʦʪʷʞʝʥʥʦʩʪʴ, ʜʦʩʪʘʪʦʯʥʫʶ ʜʣʷ ʧʝʨʝʜʘʯʠ ʩʦʚʤʝʩʪʥʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʘʥʥʳʭ ʧʨʠ 

ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʪʘʢʦʡ ʥʝʦʙʭʦʜʠʤʦʩʪʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʚʘʨʠʘʥʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʩʰʠʨʝʥʥʦʡ 

ʟʦʥʳ ʦʙʩʣʫʞʠʚʘʥʠʷ (ESS), ʢʣʠʝʥʪʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʩʦʝʜʠʥʝʥʠʷ ʜʨʫʛ ʩ 

ʜʨʫʛʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʩʦʟʜʘʝʪʩʷ ʪʦʣʴʢʦ ʦʜʥʘ ʙʘʟʦʚʘʷ ʟʦʥʘ ʦʙʩʣʫʞʠʚʘʥʠʷ (BSS), ʥʝ 

ʠʤʝʶʱʘʷ ʠʥʪʝʨʬʝʡʩʘ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʧʨʦʚʦʜʥʦʡ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ (ʪ.ʝ. ʦʪʩʫʪʩʪʚʫʝʪ ʢʘʢʘʷ-

ʣʠʙʦ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ, ʢʦʪʦʨʘʷ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʦʙʲʝʜʠʥʝʥʠʷ BSS ʠ ʦʨʛʘʥʠʟʘʮʠʠ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ ESS). ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʢʘʢʠʭ-ʣʠʙʦ ʦʛʦʚʦʨʝʥʥʳʭ ʩʪʘʥʜʘʨʪʦʤ 

ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʫʩʪʨʦʡʩʪʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʭʦʜʠʪʴ ʚ ʦʜʥʫ ʥʝʟʘʚʠʩʠʤʫʶ ʙʘʟʦʚʫʶ 

ʟʦʥʫ ʦʙʩʣʫʞʠʚʘʥʠʷ. ʅʦ, ʧʦʩʢʦʣʴʢʫ ʢʘʞʜʦʝ ʫʩʪʨʦʡʩʪʚʦ ʷʚʣʷʝʪʩʷ ʢʣʠʝʥʪʦʤ, ʟʘʯʘʩʪʫʶ 

ʦʧʨʝʜʝʣʝʥʥʦʝ ʯʠʩʣʦ ʯʣʝʥʦʚ IBSS ʥʝ ʤʦʞʝʪ ʩʚʷʟʳʚʘʪʴʩʷ ʦʜʠʥ ʩ ʜʨʫʛʠʤ ʚʩʣʝʜʩʪʚʠʝ ʧʨʦʙʣʝʤʳ 

ʩʢʨʳʪʦʛʦ ʫʟʣʘ (hidden node issue). ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʚ IBSS ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʢʘʢʦʛʦ-ʣʠʙʦ 

ʤʝʭʘʥʠʟʤʘ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʬʫʥʢʮʠʠ ʨʝʪʨʘʥʩʣʷʮʠʠ. 

ʇʦʩʢʦʣʴʢʫ ʚ IBSS ʦʪʩʫʪʩʪʚʫʝʪ ʪʦʯʢʘ ʜʦʩʪʫʧʘ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʨʝʤʝʥʠ (timing) ʦʩʫ-

ʱʝʩʪʚʣʷʝʪʩʷ ʥʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦ. ʂʣʠʝʥʪ, ʥʘʯʠʥʘʶʱʠʡ ʧʝʨʝʜʘʯʫ ʚ IBSS, ʟʘʜʘʝʪ ʩʠʛʥʘʣʴʥʳʡ 

(ʝʛʦ ʝʱʝ ʥʘʟʳʚʘʶʪ ʤʘʷʯʢʦʚʳʡ) ʠʥʪʝʨʚʘʣ (beacon interval) ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʘʙʦʨʘ ʤʦʤʝʥʪʦʚ 

ʚʨʝʤʝʥʠ ʧʝʨʝʜʘʯʠ ʤʘʷʯʢʦʚʦʛʦ ʩʠʛʥʘʣʘ (set of target beacon transmission time, TBTT). ʂʦʛʜʘ 

ʟʘʚʝʨʰʘʝʪʩʷ ʊɺʊʊ, ʢʘʞʜʳʡ ʢʣʠʝʥʪ IBSS ʚʳʧʦʣʥʷʝʪ ʩʣʝʜʫʶʱʝʝ: 

¶ ʇʨʠʦʩʪʘʥʘʚʣʠʚʘʝʪ ʚʩʝ ʥʝʩʨʘʙʦʪʘʚʰʠʝ ʪʘʡʤʝʨʳ ʟʘʜʝʨʞʢʠ (backoff timer) ʠʟ ʧʨʝ-

ʜʳʜʫʱʝʛʦ ʊɺʊʊ. 

¶ ʆʧʨʝʜʝʣʷʝʪ ʥʦʚʫʶ ʩʣʫʯʘʡʥʫʶ ʟʘʜʝʨʞʢʫ. 

¶ ɽʩʣʠ ʤʘʷʯʢʦʚʳʡ ʩʠʛʥʘʣ ʧʦʩʪʫʧʘʝʪ ʜʦ ʦʢʦʥʯʘʥʠʷ ʩʣʫʯʘʡʥʦʡ ʟʘʜʝʨʞʢʠ, ʚʦʟʦʙʥʦʚʣʷʝʪ 

ʨʘʙʦʪʫ ʧʨʠʦʩʪʘʥʦʚʣʝʥʥʳʭ ʪʘʡʤʝʨʦʚ ʟʘʜʝʨʞʢʠ. ɽʩʣʠ ʥʠʢʘʢʦʡ ʤʘʷʯʢʦʚʳʡ ʩʠʛʥʘʣ ʥʝ ʧʦʩʪʫʧʘʝʪ 

ʜʦ ʦʢʦʥʯʘʥʠʷ ʩʣʫʯʘʡʥʦʡ ʟʘʜʝʨʞʢʠ, ʧʦʩʳʣʘʝʪ ʤʘʷʯʢʦʚʳʡ ʩʠʛʥʘʣ ʠ ʚʦʟʦʙʥʦʚʣʷʝʪ ʨʘʙʦʪʫ 

ʧʨʠʦʩʪʘʥʦʚʣʝʥʥʳʭ ʪʘʡʤʝʨʦʚ ʟʘʜʝʨʞʢʠ. 

ʆʪʩʶʜʘ ʚʠʜʥʦ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʨʝʤʝʥʠ ʜʣʷ ʧʝʨʝʜʘʯʠ ʤʘʷʯʢʦʚʳʭ ʩʠʛʥʘʣʦʚ ʦʩʫɦ ʝʩʪ-

ʚʣʷʝʪʩʷ ʚ ʩʧʝʮʠʘʣʴʥʳʭ ʩʝʪʷʭ ʥʝ ʪʦʯʢʦʡ ʜʦʩʪʫʧʘ ʠ ʥʝ ʢʘʢʠʤ-ʪʦ ʦʜʥʠʤ ʠʟ ʢʣʠʝʥʪʦʚ. ʇʦʩʢʦʣʴʢʫ 

ʪʘʢʦʡ ʩʭʝʤʝ ʩʚʷʟʠ ʧʨʠʩʫʱʘ ʧʨʦʙʣʝʤʘ ʩʢʨʳʪʦʛʦ ʫʟʣʘ, ʚʧʦʣʥʝ ʚʦʟʤʦʞʥʦ, ʯʪʦ ʚ ʪʝʯʝʥʠʝ 

ʩʠʛʥʘʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʙʫʜʝʪ ʧʝʨʝʜʘʥʦ ʤʥʦʞʝʩʪʚʦ ʤʘʷʯʢʦʚʳʭ ʩʠʛʥʘʣʦʚ ʦʪ ʨʘʟʥʳʭ ʢʣʠʝʥʪʦʚ ʠ 

ʜʨʫʛʠʝ ʢʣʠʝʥʪʳ ʧʦʣʫʯʘʪ ʤʥʦʞʝʩʪʚʦ ʤʘʷʯʢʦʚʳʭ ʩʠʛʥʘʣʦʚ. ʆʜʥʘʢʦ, ʩʪʘʥʜʘʨʪ ʚʧʦʣʥʝ ʜʦʧʫʩʢʘʝʪ 

ʪʘʢʫʶ ʩʠʪʫʘʮʠʶ ʠ ʥʠʢʘʢʠʭ ʧʨʦʙʣʝʤ ʥʝ ʚʦʟʥʠʢʘʝʪ, ʧʦʩʢʦʣʴʢʫ ʢʣʠʝʥʪʳ ʦʞʠʜʘʶʪ ʧʨʠʝʤʘ ʪʦʣʴʢʦ 

ʧʝʨʚʦʛʦ ʤʘʷʯʢʦʚʦʛʦ ʩʠʛʥʘʣʘ, ʦʪʥʦʩʷʱʝʛʦʩʷ ʢ ʠʭ ʩʦʙʩʪʚʝʥʥʦʤʫ ʪʘʡʤʝʨʫ ʩʣʫʯʘʡʥʦʡ ʟʘʜʝʨʞʢʠ. 
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ɺ ʤʘʷʯʢʦʚʳʝ ʩʠʛʥʘʣʳ ʚʩʪʨʦʝʥʘ ʬʫʥʢʮʠʷ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʪʘʡʤʝʨʘ (timer synchronization 

function, TSF). ʂʘʞʜʳʡ ʢʣʠʝʥʪ ʩʨʘʚʥʠʚʘʝʪ TSF ʚ ʤʘʷʯʢʦʚʦʤ ʩʠʛʥʘʣʝ ʩʦ ʩʚʦʠʤ ʩʦʙʩʪʚʝʥʥʳʤ 

ʪʘʡʤʝʨʦʤ ʠ, ʝʩʣʠ ʧʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʙʦʣʴʰʝ, ʩʯʠʪʘʝʪ, ʯʪʦ ʯʘʩʳ ʧʝʨʝʜʘʶʱʝʡ ʩʪʘʥʮʠʠ ʠʜʫʪ 

ʙʳʩʪʨʝʝ ʠ ʧʦʜʩʪʨʘʠʚʘʝʪ ʩʚʦʡ ʩʦʙʩʪʚʝʥʥʳʡ ʪʘʡʤʝʨ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʣʫʯʝʥʥʳʤ ʟʥʘʯʝʥʠʝʤ. 

ʕʪʦ ʠʤʝʝʪ ʜʦʣʛʦʚʨʝʤʝʥʥʳʡ ʵʬʬʝʢʪ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʨʘʙʦʪʳ ʚʩʝʡ ʥʝʧʣʘʥʦʚʦʡ ʩʝʪʠ ʧʦ ʢʣʠʝʥʪʫ ʩ 

ʩʘʤʳʤ ʙʳʩʪʨʳʤ ʪʘʡʤʝʨʦʤ. ɺ ʙʦʣʴʰʠʭ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʥʝʧʣʘʥʦʚʳʭ ʩʝʪʷʭ, ʢʦʛʜʘ ʤʥʦʛʠʝ 

ʢʣʠʝʥʪʳ ʥʝ ʤʦʛʫʪ ʩʚʷʟʳʚʘʪʴʩʷ ʥʘʧʨʷʤʫʶ, ʤʦʞʝʪ ʧʦʥʘʜʦʙʠʪʴʩʷ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʜʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʚʩʝʭ ʢʣʠʝʥʪʦʚ. 

 

ɹʘʟʦʚʳʝ ʟʦʥʳ ʦʙʩʣʫʞʠʚʘʥʠʷ BSS 

 

BSS ð ʵʪʦ ʛʨʫʧʧʘ ʨʘʙʦʪʘʶʱʠʭ ʧʦ ʩʪʘʥʜʘʨʪʫ 802.11 ʩʪʘʥʮʠʡ, ʩʚʷʟʳʚʘʶʱʠʭʩʷ ʦʜʥʘ ʩ 

ʜʨʫʛʦʡ. ʊʝʭʥʦʣʦʛʠʷ BSS ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʘʣʠʯʠʝ ʦʩʦʙʦʡ ʩʪʘʥʮʠʠ, ʢʦʪʦʨʘʷ ʥʘʟʳʚʘʝʪʩʷ ʪʦʯʢʘ 

ʜʦʩʪʫʧʘ (access point) (ʨʠʩ. 4.2).  
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ʈʠʩʫʥʦʢ 4.2. ʉʪʨʫʢʪʫʨʘ BSS 

ʊʦʯʢʘ ʜʦʩʪʫʧʘ ð ʵʪʦ ʮʝʥʪʨʘʣʴʥʳʡ ʧʫʥʢʪ ʩʚʷʟʠ ʜʣʷ ʚʩʝʭ ʩʪʘʥʮʠʡ BSS. ʂʣʠʝʥʪʩʢʠʝ 

ʩʪʘʥʮʠʠ ʥʝ ʩʚʷʟʳʚʘʶʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʜʥʘ ʩ ʜʨʫʛʦʡ. ɺʤʝʩʪʦ ʵʪʦʛʦ ʦʥʠ ʩʚʷʟʳʚʘʶʪʩʷ ʩ 

ʪʦʯʢʦʡ ʜʦʩʪʫʧʘ, ʘ ʫʞʝ ʦʥʘ ʥʘʧʨʘʚʣʷʝʪ ʬʨʝʡʤʳ ʩʪʘʥʮʠʠ-ʘʜʨʝʩʘʪʫ. ʊʦʯʢʘ ʜʦʩʪʫʧʘ ʤʦʞʝʪ ʠʤʝʪʴ 

ʧʦʨʪ ʚʦʩʭʦʜʷʱʝʛʦ ʢʘʥʘʣʘ (uplink port), ʯʝʨʝʟ ʢʦʪʦʨʳʡ BSS ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ ʧʨʦʚʦʜʥʦʡ ʩʝʪʠ 

(ʥʘʧʨʠʤʝʨ, ʚʦʩʭʦʜʷʱʠʡ ʢʘʥʘʣ Ethernet). ʇʦʵʪʦʤʫ BSS ʠʥʦʛʜʘ ʥʘʟʳʚʘʶʪ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ 

BSS. 

 

ʈʘʩʰʠʨʝʥʥʳʝ ʟʦʥʳ ʦʙʩʣʫʞʠʚʘʥʠʷ ESS 

 

ʅʝʩʢʦʣʴʢʦ ʠʥʬʨʘʩʪʨʫʢʪʫʨ BSS ʤʦʛʫʪ ʙʳʪʴ ʩʦʝʜʠʥʝʥʳ ʯʝʨʝʟ ʠʭ ʠʥʪʝʨʬʝʡʩʳ ʚʦʩʭʦ-

ʜʷʱʝʛʦ ʢʘʥʘʣʘ. ʊʘʤ, ʛʜʝ ʜʝʡʩʪʚʫʝʪ ʩʪʘʥʜʘʨʪ 802.11, ʠʥʪʝʨʬʝʡʩ ʚʦʩʭʦʜʷʱʝʛʦ ʢʘʥʘʣʘ ʩʦʝʜʠʥʷʝʪ 

BSS ʩ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʦʡ (distribution system, DS). ʅʝʩʢʦʣʴʢʦ BSS, ʩʦʝʜʠʥʝʥʥʳʭ 

ʤʝʞʜʫ ʩʦʙʦʡ ʯʝʨʝʟ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʫʶ ʩʠʩʪʝʤʫ, ʦʙʨʘʟʫʶʪ ʨʘʩʰʠʨʝʥʥʫʶ ʟʦʥʫ ʦʙʩʣʫʞʠʚʘʥʠʷ 

(ESS). ɺʦʩʭʦʜʷʱʠʡ ʢʘʥʘʣ ʢ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʝ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʜʦʣʞʝʥ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʨʦʚʦʜʥʦʝ ʩʦʝʜʠʥʝʥʠʝ. ʅʘ ʨʠʩʫʥʢʝ 4.3 ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʠʤʝʨ ʩʪʨʫʢʪʫʨʳ ESS. ʉʧʝʮʠʬʠʢʘʮʠʷ 

ʩʪʘʥʜʘʨʪʘ 802.11 ʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʛʦ ʢʘʥʘʣʘ ʚ ʚʠʜʝ ʙʝʩʧʨʦʚʦʜʥʦʛʦ. ʅʦ 

ʯʘʱʝ ʚʦʩʭʦʜʷʱʠʝ ʢʘʥʘʣʳ ʢ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʘʥʘʣʳ 

ʧʨʦʚʦʜʥʦʡ Ethernet. 
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ʈʠʩʫʥʦʢ 4.3.  ʉʪʨʫʢʪʫʨʘ ESS 

  

 

ʆʙʟʦʨ ʤʝʭʘʥʠʟʤʦʚ ʜʦʩʪʫʧʘ ʢ ʩʨʝʜʝ 

  

ʇʨʝʜʦʪʚʨʘʱʝʥʠʝ ʢʦʣʣʠʟʠʡ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʤʦʤʝʥʪʦʤ ʜʣʷ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʝʪʝʡ, 

ʧʦʩʢʦʣʴʢʫ ʧʦʩʣʝʜʥʠʝ ʥʝ ʠʤʝʶʪ ʷʚʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʜʣʷ ʠʭ ʦʙʥʘʨʫʞʝʥʠʷ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʪʝʭʥʦʣʦʛʠʠ CSMA/CA, ʢʦʣʣʠʟʠʷ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʥʝʧʦʣʫʯʝʥʠʠ ʧʝʨʝʜʘʶɦ ʝʡ 

ʩʪʘʥʮʠʝʡ ʦʞʠʜʘʝʤʦʛʦ ʧʦʜʪʚʝʨʞʜʝʥʠʷ. ʈʝʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʠ CSMA/CA ʩʪʘʥʜʘʨʪʦʤ 802.11 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʬʫʥʢʮʠʠ ʢʦʦʨʜʠʥʘʮʠʠ (distributed 

coordination function, DCF). ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʢʦʣʣʠʟʠʡ ʚ ʩʝʪʷʭ ʩ ʪʦʯʢʦʡ ʜʦʩʪʫʧʘ 

ʧʨʝʜʫʩʤʦʪʨʝʥ ʦʧʮʠʦʥʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʬʫʥʢʮʠʠ ʢʦʦʨʜʠʥʘʮʠʠ  PCF (Point 

Coordination Function). 

 

ʌʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʢʦʦʨʜʠʥʘʮʠʠ DCF 
 

ʅʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ ʦʨʛʘʥʠʟʦʚʘʪʴ ʩʦʚʤʝʩʪʥʳʡ ʜʦʩʪʫʧ ʢ ʩʨʝʜʝ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʣʠʰʴ ʦʙʝʩʧʝʯʠʪʴ, ʯʪʦʙʳ ʚʩʝ ʫʟʣʳ ʧʝʨʝʜʘʚʘʣʠ 

ʜʘʥʥʳʝ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʩʨʝʜʘ ʷʚʣʷʝʪʩʷ ʩʚʦʙʦʜʥʦʡ, ʪʦ ʝʩʪʴ ʢʦʛʜʘ ʥʠ ʦʜʠʥ ʠʟ ʫʟʣʦʚ ʥʝ 

ʧʨʦʠʟʚʦʜʠʪ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ. ʆʜʥʘʢʦ ʪʘʢʦʡ ʤʝʭʘʥʠʟʤ ʥʝʠʟʙʝʞʥʦ ʧʨʠʚʝʜʝʪ ʢ ʢʦʣʣʠʟʠʷʤ, 

ʧʦʩʢʦʣʢɹʫ ʚʝʣʠʢʘ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʜʚʘ ʠʣʠ ʙʦʣʝʝ ʫʟʣʦʚ ʦʜʥʦʚʨʝʤʝʥʥʦ, ʧʳʪʘʷʩʴ ʧʦʣʫʯʠʪʴ 

ʜʦʩʪʫʧ ʢ ʩʨʝʜʝ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʨʝʰʘʪ, ʯʪʦ ʩʨʝʜʘ ʩʚʦʙʦʜʥʘ ʠ ʥʘʯʥʫʪ ʦʜʥʦʚʨʝʤʝʥʥʫʶ 

ʧʝʨʝʜʘʯʫ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʘʣʛʦʨʠʪʤ, ʩʧʦʩʦʙʥʳʡ ʩʥʠʟʠʪʴ 

ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʦʣʣʠʟʠʡ ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʚʩʝʤ ʫʟʣʘʤ ʩʝʪʠ 

ʨʘʚʥʦʧʨʘʚʥʳʡ ʜʦʩʪʫʧ ʢ ʩʨʝʜʝ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. 

ʆʜʥʠʤ ʠʟ ʚʘʨʠʘʥʪʦʚ ʦʨʛʘʥʠʟʘʮʠʠ ʪʘʢʦʛʦ ʨʘʚʥʦʧʨʘʚʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʩʨʝʜʝ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʢʦʦʨʜʠʥʘʮʠʠ (DCF). ʕʪʘ ʬʫʥʢʮʠʷ ʦʩʥʦʚʘʥʘ ʥʘ 

ʤʝʪʦʜʝ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʜʦʩʪʫʧʘ ʩ ʦʙʥʘʨʫʞʝʥʠʝʤ ʥʝʩʫʱʝʡ ʠ ʤʝʭʘʥʠʟʤʦʤ ʠʟʙʝʞʘʥʠʷ ʢʦʣʣʠʟʠʡ 

(Carrier Sense Multiple Access/Collision Avoidance, CSMA/CA). ʇʨʠ ʪʘʢʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʢʘʞʜʳʡ 

ʫʟʝʣ, ʧʨʝʞʜʝ ʯʝʤ ʥʘʯʘʪʴ ʧʝʨʝʜʘʯʫ, çʧʨʦʩʣʫʰʠʚʘʝʪè ʩʨʝʜʫ, ʧʳʪʘʷʩʴ ʦʙʥʘʨʫʞʠʪʴ ʥʝʩʫʱʠʡ 

ʩʠʛʥʘʣ, ʠ ʪʦʣʴʢʦ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʩʨʝʜʘ ʩʚʦʙʦʜʥʘ, ʤʦʞʝʪ ʥʘʯʘʪʴ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ. 

ʆʜʥʘʢʦ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʚʝʣʠʢʘ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʦʣʣʠʟʠʡ: ʢʦʛʜʘ ʜʚʘ ʠʣʠ 

ʙʦʣʝʝ ʫʟʣʦʚ ʩʝʪʠ ʦʜʥʦʚʨʝʤʝʥʥʦ (ʠʣʠ ʧʦʯʪʠ ʦʜʥʦʚʨʝʤʝʥʥʦ) ʨʝʰʘʪ, ʯʪʦ ʩʨʝʜʘ ʩʚʦʙʦʜʥʘ, ʠ 

ʥʘʯʥʫʪ ʧʨʝʜʘʚʘʪʴ ʜʘʥʥʳʝ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʩʥʠʟʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʜʦʙʥʳʭ 

ʩʠʪʫʘʮʠʡ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʭʘʥʠʟʤ ʠʟʙʝʞʘʥʠʷ ʢʦʣʣʠʟʠʡ (Collision Avoidance, CA). ʉʫʪʴ 

ʜʘʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ. ʂʘʞʜʳʡ ʫʟʝʣ ʩʝʪʠ, ʫʙʝʜʠʚʰʠʩʴ, ʯʪʦ ʩʨʝʜʘ 

ʩʚʦʙʦʜʥʘ, ʧʨʝʞʜʝ ʯʝʤ ʥʘʯʘʪʴ ʧʝʨʝʜʘʯʫ, ʚʳʞʠʜʘʝʪ ʚ ʪʝʯʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʨʦʤʝʞʫʪʢʘ 

ʚʨʝʤʝʥʠ. ʕʪʦʪ ʧʨʦʤʝʞʫʪʦʢ ʷʚʣʷʝʪʩʷ ʩʣʫʯʘʡʥʳʤ ʠ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʜʚʫʭ ʩʦʩʪʘʚʣʷʶʱʠʭ: 

ʦʙʷʟʘʪʝʣʴʥʦʛʦ ʧʨʦʤʝʞʫʪʢʘ DIFS (DCF Interframe Space) ʠ ʚʳʙʠʨʘʝʤʦʛʦ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ 

ʧʨʦʤʝʞʫʪʢʘ ʦʙʨʘʪʥʦʛʦ ʦʪʩʯʝʪʘ (backoff time). ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʘʞʜʳʡ ʫʟʝʣ ʩʝʪʠ ʧʝʨʝʜ ʥʘʯʘʣʦʤ 
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ʧʝʨʝʜʘʯʠ ʚʳʞʠʜʘʝʪ ʚ ʪʝʯʝʥʠʝ ʩʣʫʯʘʡʥʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ, ʯʪʦ, ʝʩʪʝʩʪʚʝʥʥʦ, ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʥʠʞʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʦʣʣʠʟʠʡ, ʧʦʩʢʦʣʴʢʫ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʜʚʘ ʫʟʣʘ ʩʝʪʠ 

ʙʫʜʫʪ ʚʳʞʠʜʘʪʴ ʚ ʪʝʯʝʥʠʝ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ, ʯʨʝʟʚʳʯʘʡʥʦ ʤʘʣʘ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʚʩʝʤ ʫʟʣʘʤ ʩʝʪʠ ʨʘʚʥʦʧʨʘʚʥʳʡ ʜʦʩʪʫʧ ʢ ʩʨʝʜʝ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ, ʥʝʦʙʭʦʜʠʤʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʦʙʨʘʟʦʤ ʦʧʨʝʜʝʣʠʪʴ ʘʣʛʦʨʠʪʤ ʚʳʙʦʨʘ ʜʣʠʪʝʣʴʥʦʩʪʠ 

ʧʨʦʤʝʞʫʪʢʘ ʦʙʨʘʪʥʦʛʦ ʦʪʩʯʝʪʘ (backoff time). ʇʨʦʤʝʞʫʪʦʢ ʦʙʨʘʪʥʦʛʦ ʦʪʩʯʝʪʘ ʭʦʪʷ ʠ ʷʚʣʷʝʪʩʷ 

ʩʣʫʯʘʡʥʳʤ, ʥʦ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʤʥʦʞʝʩʪʚʘ ʥʝʢʦʪʦʨʳʭ ʜʠʩʢʨʝʪʥʳʭ 

ʧʨʦʤʝʞʫʪʢʦʚ ʚʨʝʤʝʥʠ, ʪʦ ʝʩʪʴ, ʨʘʚʝʥ ʮʝʣʦʤʫ ʯʠʩʣʫ ʵʣʝʤʝʥʪʘʨʥʳʭ ʚʨʝʤʝʥʥʳʭ ʧʨʦʤʝʞʫʪʢʦʚ, 

ʥʘʟʳʚʘʝʤʳʭ ʪʘʡʤ-ʩʣʦʪʘʤʠ (SlotTime). ɼʣʷ ʚʳʙʦʨʘ ʧʨʦʤʝʞʫʪʢʘ ʦʙʨʘʪʥʦʛʦ ʦʪʩʯʝʪʘ ʢʘʞʜʳʡ ʫʟʝʣ 

ʩʝʪʠ ʬʦʨʤʠʨʫʝʪ ʪʘʢ ʥʘʟʳʚʘʝʤʦʝ ʦʢʥʦ ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʜʦʩʪʫʧʘ (Contention Window, CW), 

ʠʩʧʦʣʴʟʫʶʱʝʝʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʪʘʡʤ-ʩʣʦʪʦʚ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʳʭ ʩʪʘʥʮʠʷ 

ʚʳʞʠʜʘʣʘ ʧʝʨʝʜ ʧʝʨʝʜʘʯʝʡ. ʌʘʢʪʠʯʝʩʢʠ ʦʢʥʦ CW ï ʵʪʦ ʜʠʘʧʘʟʦʥ ʜʣʷ ʚʳʙʦʨʘ ʢʦʣʠʯʝʩʪʚʘ ʪʘʡʤ-

ʩʣʦʪʦʚ, ʧʨʠʯʝʤ ʤʠʥʠʤʘʣʴʥʦʡ ʨʘʟʤʝʨ ʦʢʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ 31 ʪʘʡʤ-ʩʣʦʪ, ʘ ʤʘʢʩʠʤʘʣʴʥʳʡ 

ʨʘʟʤʝʨ ð ʚ 1023 ʪʘʡʤ-ʩʣʦʪʘ. ʇʨʦʤʝʞʫʪʦʢ ʦʙʨʘʪʥʦʛʦ ʦʪʩʯʝʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʢʦʣʠʯʝʩʪʚʦ 

ʪʘʡʤ-ʩʣʦʪʦʚ, ʦʧʨʝʜʝʣʷʝʤʦʝ ʠʩʭʦʜʷ ʠʟ ʨʘʟʤʝʨʘ ʦʢʥʘ CW: 

 
            ʂʦʛʜʘ ʫʟʝʣ ʩʝʪʠ ʧʳʪʘʝʪʩʷ ʧʦʣʫʯʠʪʴ ʜʦʩʪʫʧ ʢ ʩʨʝʜʝ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʪʦ ʧʦʩʣʝ 

ʦʙʷʟʘʪʝʣʥɹʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʦʞʠʜʘʥʠʷ DIFS ʟʘʧʫʩʢʘʝʪʩʷ ʧʨʦʮʝʜʫʨʘ ʦʙʨʘʪʥʦʛʦ ʦʪʩʯʝʪʘ, ʪʦ ʝʩʪʴ 

ʚʢʣʁʯʘʝʪʩʷ ʦʙʨʘʪʥʳʡ ʦʪʩʯʝʪ ʩʯʝʪʯʠʢʘ ʪʘʡʤ-ʩʣʦʪʦʚ ʥʘʯʠʥʘʷ ʦʪ ʚʳʙʨʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʦʢʥʘ CW. 

ɽʩʣʠ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʧʨʦʤʝʞʫʪʢʘ ʦʞʠʜʘʥʠʷ ʩʨʝʜʘ ʦʩʪʘʚʘʣʘʩʴ ʩʚʦʙʦʜʥʦʡ (ʩʯʝʪʯʠʢ ʦʙʨʘʪʥʦʛʦ 

ʦʪʩʯʝʪʘ ʨʘʚʝʥ ʥʫʣʶ), ʪʦ ʫʟʝʣ ʥʘʯʠʥʘʝʪ ʧʝʨʝʜʘʯʫ. 

ʇʦʩʣʝ ʫʩʧʝʰʥʦʡ ʧʝʨʝʜʘʯʠ ʦʢʥʦ CW ʬʦʨʤʠʨʫʝʪʩʷ ʚʥʦʚʴ. ɽʩʣʠ ʞʝ ʟʘ ʚʨʝʤʷ ʦʞʠʜʘʥʠʷ 

ʧʝʨʝʜʘʯʫ ʥʘʯʘʣ ʜʨʫʛʦʡ ʫʟʝʣ ʩʝʪʠ, ʪʦ ʟʥʘʯʝʥʠʝ ʩʯʝʪʯʠʢʘ ʦʙʨʘʪʥʦʛʦ ʦʪʩʯʝʪ ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʠ 

ʧʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʦʪʢʣʘʜʳʚʘʝʪʩʷ. ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʩʨʝʜʘ ʩʪʘʥʝʪ ʩʚʦʙʦʜʥʦʡ, ʜʘʥʥʳʡ ʫʟʝʣ ʩʥʦʚʘ 

ʥʘʯʠʥʘʝʪ ʧʨʦʮʝʜʫʨʫ ʦʙʨʘʪʥʦʛʦ ʦʪʩʯʝʪʘ, ʥʦ ʫʞʝ ʩ ʤʝʥʴʰʠʤ ʨʘʟʤʝʨʦʤ ʦʢʥʘ CW, ʦʧʨʝʜʝʣʷʝʤʦʛʦ 

ʧʨʝʜʳʜʫʱʠʤ ʟʥʘʯʝʥʠʝʤ ʩʯʝʪʯʠʢʘ ʦʙʨʘʪʥʦʛʦ ʦʪʩʯʝʪʘ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩ ʤʝʥʴʰʠʤ ʟʥʘʯʝʥʠʝʤ 

ʚʨʝʤʝʥʠ ʦʞʠʜʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʯʝʤ ʙʦʣʴʰʝʝ ʯʠʩʣʦ ʨʘʟ ʫʟʝʣ ʦʪʢʣʘʜʳʚʘʝʪ ʧʝʨʝʜʘʯʫ 

ʧʦ ʧʨʠʯʠʥʝ ʟʘʥʷʪʦʩʪʠ ʩʨʝʜʳ, ʪʝʤ ʚʳʰʝ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʚ ʩʣʝʜʫʶʱʠʡ ʨʘʟ ʦʥ ʧʦʣʫʯʠʪ 

ʜʦʩʪʫʧ ʢ ʩʨʝʜʝ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ (ʨʠʩ. 4.4). 

 

 
 

ʈʠʩʫʥʦʢ 4.4. ʈʝʘʣʠʟʘʮʠʷ ʨʘʚʥʦʧʨʘʚʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʩʨʝʜʝ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ ʤʝʪʦʜʝ DCF 

 

ʈʘʩʩʤʦʪʨʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʨʝʘʣʠʟʘʮʠʠ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʩʨʝʜʝ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

ʛʘʨʘʥʪʠʨʫʝʪ ʨʘʚʥʦʧʨʘʚʥʳʡ ʜʦʩʪʫʧ ʚʩʝʭ ʫʟʣʦʚ ʩʝʪʠ ʢ ʩʨʝʜʝ. ʆʜʥʘʢʦ ʧʨʠ ʪʘʢʦʤ ʧʦʜʭʦʜʝ 

ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʦʣʣʠʟʠʡ ʭʦʪʷ ʠ ʤʘʣʘ, ʥʦ ʚʩʝ-ʪʘʢʠ ʩʫʱʝʩʪʚʫʝʪ. ʇʦʥʷʪʥʦ, ʯʪʦ 

ʩʥʠʟʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʦʣʣʠʟʠʡ ʤʦʞʥʦ ʧʫʪʝʤ ʫʚʝʣʠʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʨʘʟʤʝʨʘ ʬʦʨʤʠʨʫʝʤʦʛʦ ʦʢʥʘ CW. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʵʪʦ ʫʚʝʣʠʯʠʪ ʚʨʝʤʝʥʘ ʟʘʜʝʨʞʝʢ ʧʨʠ ʧʝʨʝʜʘʯʠ 

ʠ ʪʝʤ ʩʘʤʳʤ ʩʥʠʟʠʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʝʪʠ. ʇʦʵʪʦʤʫ ʚ ʤʝʪʦʜʝ DCF ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ 

ʢʦʣʣʠʟʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʡ ʘʣʛʦʨʠʪʤ. ʇʦʩʣʝ ʢʘʞʜʦʛʦ ʫʩʧʝʰʥʦʛʦ ʧʨʠʝʤʘ ʢʘʜʨʘ 

ʧʨʠʥʠʤʘʶʱʘʷ ʩʪʦʨʦʥʘ ʯʝʨʝʟ ʢʦʨʦʪʢʠʡ ʧʨʦʤʝʞʫʪʦʢ SIFS (Short Interframe Space) 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʫʩʧʝʰʥʳʡ ʧʨʠʝʤ, ʧʦʩʳʣʘʷ ʦʪʚʝʪʥʫʶ ʢʚʠʪʘʥʮʠʶ ï ʢʘʜʨ ACK 

(ACKnowledgement) (ʨʠʩ. 4.5). ɽʩʣʠ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚʦʟʥʠʢʣʘ ʢʦʣʣʠʟʠʷ, ʪʦ 

ʧʝʨʝʜʘʶʱʘʷ ʩʪʦʨʦʥʘ ʥʝ ʧʦʣʫʯʘʝʪ ʢʘʜʨ ACK ʦʙ ʫʩʧʝʰʥʦʤ ʧʨʠʝʤʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʨʘʟʤʝʨ CW-
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ʦʢʥʘ ʜʣʷ ʧʝʨʝʜʘʶʱʝʛʦ ʫʟʣʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦʯʪʠ ʚʜʚʦʝ. ʊʘʢ, ʝʩʣʠ ʜʣʷ ʧʝʨʚʦʡ ʧʝʨʝʜʘʯʠ ʨʘʟʤʝʨ 

ʦʢʥʘ ʨʘʚʝʥ 31 ʩʣʦʪʫ, ʪʦ ʜʣʷ ʚʪʦʨʦʡ ʧʦʧʳʪʢʠ ʧʝʨʝʜʘʯʠ ʦʥ ʫʞʝ ʩʦʩʪʘʚʣʷʝʪ 63 ʩʣʦʪʘ, ʜʣʷ ʪʨʝʪʴʝʡ 

ï 127 ʩʣʦʪʦʚ, ʜʣʷ ʯʝʪʚʝʨʪʦʡ ï 255, ʜʣʷ ʧʷʪʦʡ ï 511, ʘ ʜʣʷ ʚʩʝʭ ʧʦʩʣʝʜʫʶʱʠʭ ï 1023 ʩʣʦʪʘ. ʊʦ 

ʝʩʪʴ ʜʣʷ ʢʘʞʜʦʡ i-ʡ ʧʝʨʝʜʘʯʠ (ʝʩʣʠ ʚʩʝ ʧʨʝʜʳʜʫʱʠʝ ʦʢʘʟʘʣʠʩʴ ʙʝʟʫʩʧʝʰʥʳʤʠ) ʨʘʟʤʝʨ CW-

ʦʢʥʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʤʫ ʧʨʘʚʠʣʫ: 

 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʚʝʣʠʯʝʥʠʝ ʨʘʟʤʝʨʘ ʦʢʥʘ ʧʨʦʠʩʭʦʜʠʪ ʜʠʥʘʤʠʯʝʩʢʠ ʧʦ ʤʝʨʝ ʨʦʩʪʘ ʯʠʩʣʘ 

ʢʦʣʣʠʟʠʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʫʤʝʥʴʰʠʪʴ ʚʨʝʤʝʥʥʳʝ ʟʘʜʝʨʞʢʠ ʠ, ʩ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ, ʩʥʠʟʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʦʣʣʠʟʠʡ. 

 

 
 

ʈʠʩʫʥʦʢ 4.5.  ʂʘʜʨʳ ʢʚʠʪʘʥʮʠʠ, ʦʪʩʳʣʘʝʤʳʝ ʚ ʩʣʫʯʘʝ ʫʩʧʝʰʥʦʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

 

ɻʦʚʦʨʷ ʦʙ ʘʣʛʦʨʠʪʤʝ ʨʝʘʣʠʟʘʮʠʠ ʨʘʚʥʦʧʨʘʚʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʩʨʝʜʝ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, 

ʥʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʫʯʠʪʳʚʘʪʴ ʠ ʨʘʟʤʝʨ ʢʘʜʨʘ ʜʘʥʥʳʭ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʝʩʣʠ ʢʘʜʨʳ ʜʘʥʥʳʭ 

ʙʫʜʫʪ ʩʣʠʰʢʦʤ ʙʦʣʴʰʠʤʠ, ʪʦ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʢʦʣʣʠʟʠʡ ʧʨʠʜʝʪʩʷ ʧʦʚʪʦʨʥʦ ʧʝʨʝʜʘʚʘʪʴ 

ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʠʥʬʦʨʤʘʮʠʠ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʩʥʠʞʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʝʪʠ. ʂʨʦʤʝ ʪʦʛʦ, 

ʧʨʠ ʙʦʣʴʰʦʤ ʨʘʟʤʝʨʝ ʢʘʜʨʦʚ ʜʘʥʥʳʭ ʫʟʣʳ ʩʝʪʠ ʚʳʥʫʞʜʝʥʳ ʧʨʦʩʪʘʠʚʘʪʴ ʚ ʪʝʯʝʥʠʝ ʜʦʚʦʣʴʥʦ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʧʨʝʞʜʝ ʯʝʤ ʥʘʯʘʪʴ ʧʝʨʝʜʘʯʫ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʜʨʦʚ ʜʘʥʥʳʭ ʥʝʙʦʣʴʰʦʛʦ ʨʘʟʤʝʨʘ, ʭʦʪʷ ʠ ʧʦʟʚʦʣʷʝʪ 

ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʨʘʚʥʦʧʨʘʚʥʳʡ ʜʦʩʪʫʧ ʚʩʝʭ ʫʟʣʦʚ ʢ ʩʨʝʜʝ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠ ʤʠʥʠʤʠʟʠʨʫʝʪ 

ʠʟʜʝʨʞʢʠ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʢʦʣʣʠʟʠʡ, ʥʝ ʤʦʞʝʪ ʥʝ ʦʪʨʘʟʠʪʴʩʷ ʥʝʛʘʪʠʚʥʦ ʥʘ ʧʦʣʝʟʥʦʤ 

ʩʝʪʝʚʦʤ ʪʨʘʬʠʢʝ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʢʘʞʜʳʡ ʢʘʜʨ ʥʘʨʷʜʫ ʩ ʧʦʣʝʟʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʩʦʜʝʨʞʠʪ 

ʠʥʬʦʨʤʘʮʠʶ ʩʣʫʞʝʙʥʫʶ (ʟʘʛʦʣʦʚʦʢ ʢʘʜʨʘ). ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʨʘʟʤʝʨʘ ʢʘʜʨʘ ʩʦʢʨʘʱʘʝʪʩʷ 

ʚʝʣʠʯʠʥʘ ʠʤʝʥʥʦ ʧʦʣʝʟʥʦʡ ʠʥʬʦʨʤʘʮʠʠ (ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʜʘʥʥʳʭ), ʯʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ 

ʧʝʨʝʜʘʯʫ  ʧʦ ʩʝʪʠ ʠʟʙʳʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʣʫʞʝʙʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʇʦʵʪʦʤʫ ʨʘʟʤʝʨ ʢʘʜʨʘ ð 

ʵʪʦ ʩʚʦʝʛʦ ʨʦʜʘ ʟʦʣʦʪʘʷ ʩʝʨʝʜʠʥʘ, ʦʪ ʧʨʘʚʠʣʴʥʦʛʦ ʚʳʙʦʨʘ ʢʦʪʦʨʦʡ ʟʘʚʠʩʠʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʨʝʜʳ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. 

ʈʘʩʩʤʦʪʨʝʥʥʳʡ ʤʝʭʘʥʠʟʤ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʠʷ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʩʨʝʜʝ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ ʠʤʝʝʪ ʦʜʥʦ ʫʟʢʦʝ ʤʝʩʪʦ ð ʪʘʢ ʥʘʟʳʚʘʝʤʫʶ ʧʨʦʙʣʝʤʫ ʩʢʨʳʪʳʭ ʫʟʣʦʚ. ʀʟ-ʟʘ ʥʘʣʠʯʠʷ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʧʨʝʧʷʪʩʪʚʠʡ ʚʦʟʤʦʞʥʘ ʩʠʪʫʘʮʠʷ, ʢʦʛʜʘ ʜʚʘ ʫʟʣʘ ʩʝʪʠ ʥʝ ʤʦʛʫʪ çʩʣʳʰʘʪʴè ʜʨʫʛ 

ʜʨʫʛʘ ʥʘʧʨʷʤʫʶ. ʊʘʢʠʝ ʫʟʣʳ ʥʘʟʳʚʘʶʪ ʩʢʨʳʪʳʤʠ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʨʘʟʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʩʢʨʳʪʳʭ ʫʟʣʦʚ, ʬʫʥʢʮʠʷ DCF ʦʧʮʠʦʥʘʣʴʥʦ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʘ RTS/CTS. 

 

ɸʣʛʦʨʠʪʤ RTS/CTS 
 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ c ʘʣʛʦʨʠʪʤʦʤ RTS/CTS ʢʘʞʜʳʡ ʫʟʝʣ ʩʝʪʠ, ʧʝʨʝʜ ʪʝʤ ʢʘʢ ʧʦʩʣʘʪʴ 

ʜʘʥʥʳʝ ʚ çʵʬʠʨè, ʩʥʘʯʘʣʘ ʦʪʧʨʘʚʣʷʝʪ ʩʧʝʮʠʘʣʴʥʦʝ ʢʦʨʦʪʢʦʝ ʩʦʦʙʱʝʥʠʝ, ʢʦʪʦʨʦʝ ʥʘʟʳʚʘʝʪʩʷ 

RTS (Ready To Send) ʠ ʦʟʥʘʯʘʝʪ ʛʦʪʦʚʥʦʩʪʴ ʜʘʥʥʦʛʦ ʫʟʣʘ ʢ ʦʪʧʨʘʚʢʝ ʜʘʥʥʳʭ. ʊʘʢʦʝ RTS-

ʩʦʦʙʱʝʥʠʝ ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʨʝʜʩʪʦʷʱʝʡ ʧʝʨʝʜʘʯʠ ʠ ʦʙ ʘʜʨʝʩʘʪʝ 

ʠ ʜʦʩʪʫʧʥʦ ʚʩʝʤ ʫʟʣʘʤ ʚ ʩʝʪʠ (ʝʩʣʠ ʪʦʣʴʢʦ ʦʥʠ ʥʝ ʩʢʨʳʪʳ ʦʪ ʦʪʧʨʘʚʠʪʝʣʷ). ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʜʨʫʛʠʤ ʫʟʣʘʤ ʟʘʜʝʨʞʘʪʴ ʧʝʨʝʜʘʯʫ ʥʘ ʚʨʝʤʷ, ʨʘʚʥʦʝ ʦʙʲʷʚʣʝʥʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʦʦʙʱʝʥʠʷ. 
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ʇʨʠʝʤʥʘʷ ʩʪʘʥʮʠʷ, ʧʦʣʫʯʠʚ ʩʠʛʥʘʣ RTS, ʦʪʚʝʯʘʝʪ ʧʦʩʳʣʢʦʡ ʩʠʛʥʘʣʘ CTS (Clear To Send), 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʝʛʦ ʦ ʛʦʪʦʚʥʦʩʪʠ ʩʪʘʥʮʠʠ ʢ ʧʨʠʝʤʫ ʠʥʬʦʨʤʘʮʠʠ. ʇʦʩʣʝ ʵʪʦʛʦ ʧʝʨʝʜʘʶʱʘʷ 

ʩʪʘʥʮʠʷ ʧʦʩʳʣʘʝʪ ʧʘʢʝʪ ʜʘʥʥʳʭ, ʘ ʧʨʠʝʤʥʘʷ ʩʪʘʥʮʠʷ ʜʦʣʞʥʘ ʧʝʨʝʜʘʪʴ ʢʘʜʨ ACK, 

ʧʦʜʪʚʝʨʞʜʘʶʱʠʡ ʙʝʟʦʰʠʙʦʯʥʳʡ ʧʨʠʝʤ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʪʧʨʘʚʢʠ ʢʘʜʨʦʚ ʤʝʞʜʫ ʜʚʫʤʷ 

ʫʟʣʘʤʠ ʩʝʪʠ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 4.6. 

 

 
ʈʠʩʫʥʦʢ 4.6.  ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʜʚʫʤʷ ʫʟʣʘʤʠ ʩʝʪʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʘʣʛʦʨʠʪʤʦʤ 

RTS/CTS 

 

ʊʝʧʝʨʴ ʨʘʩʩʤʦʪʨʠʤ ʩʠʪʫʘʮʠʶ, ʢʦʛʜʘ ʩʝʪʴ ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʝʭ ʫʟʣʦʚ: A, B, C ʠ D (ʨʠʩ. 

4.4). ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʫʟʝʣ C ʥʘʭʦʜʠʪʩʷ ʚ ʟʦʥʝ ʜʦʩʷʛʘʝʤʦʩʪʠ ʪʦʣʴʢʦ ʫʟʣʘ A, ʫʟʝʣ A 

ʥʘʭʦʜʠʪʩʷ ʚ ʟʦʥʝ ʜʦʩʷʛʘʝʤʦʩʪʠ ʫʟʣʦʚ C ʠ B, ʫʟʝʣ B ʥʘʭʦʜʠʪʩʷ ʚ ʟʦʥʝ ʜʦʩʷʛʘʝʤʦʩʪʠ ʫʟʣʦʚ A ʠ 

D, ʘ ʫʟʝʣ D ʥʘʭʦʜʠʪʩʷ ʚ ʟʦʥʝ ʜʦʩʷʛʘʝʤʦʩʪʠ ʪʦʣʴʢʦ ʫʟʣʘ B. ʊʦ ʝʩʪʴ ʚ ʪʘʢʦʡ ʩʝʪʠ ʠʤʝʶʪʩʷ 

ʩʢʨʳʪʳʝ ʫʟʣʳ: ʫʟʝʣ C ʩʢʨʳʪ ʦʪ ʫʟʣʦʚ B ʠ D, ʫʟʝʣ A ʩʢʨʳʪ ʦʪ ʫʟʣʘ D. 

ɺ ʧʦʜʦʙʥʦʡ ʩʝʪʠ ʘʣʛʦʨʠʪʤ RTS/CTS ʧʦʟʚʦʣʷʝʪ ʩʧʨʘʚʠʪʴʩʷ ʩ ʧʨʦʙʣʝʤʦʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʢʦʣʣʠʟʠʡ, ʢʦʪʦʨʘʷ ʥʝ ʨʝʰʘʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʙʘʟʦʚʦʛʦ ʩʧʦʩʦʙʘ ʦʨʛʘʥʠʟʘʮʠʠ 

ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʜʦʩʪʫʧʘ ʚ DCF. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʫʩʪʴ ʫʟʝʣ A ʧʳʪʘʝʪʩʷ ʧʝʨʝʜʘʪʴ ʜʘʥʥʳʝ ʫʟʣʫ B. 

ɼʣʷ ʵʪʦʛʦ ʦʥ ʧʦʩʳʣʘʝʪ ʩʠʛʥʘʣ RTS, ʢʦʪʦʨʳʡ, ʧʦʤʠʤʦ ʫʟʣʘ B, ʧʦʣʫʯʘʝʪ ʪʘʢʞʝ ʫʟʝʣ C, ʥʦ ʥʝ 

ʧʦʣʫʯʘʝʪ ʫʟʝʣ D. ʋʟʝʣ C, ʧʦʣʫʯʠʚ ʜʘʥʥʳʡ ʩʠʛʥʘʣ, ʙʣʦʢʠʨʫʝʪʩʷ, ʪʦ ʝʩʪʴ ʧʨʠʦʩʪʘʥʘʚʣʠʚʘʝʪ 

ʧʦʧʳʪʢʠ ʧʝʨʝʜʘʚʘʪʴ ʩʠʛʥʘʣ ʜʦ ʤʦʤʝʥʪʘ ʦʢʦʥʯʘʥʠʷ ʧʝʨʝʜʘʯʠ ʤʝʞʜʫ ʫʟʣʘʤʠ A ʠ B. ʋʟʝʣ B, ʚ 

ʦʪʚʝʪ ʥʘ ʧʦʣʫʯʝʥʥʳʡ ʩʠʛʥʘʣ RTS, ʧʦʩʳʣʘʝʪ ʢʘʜʨ CTS, ʢʦʪʦʨʳʡ ʧʦʣʫʯʘʶʪ ʫʟʣʳ A ʠ D. ʋʟʝʣ D, 

ʧʦʣʫʯʠʚ ʜʘʥʥʳʡ ʩʠʛʥʘʣ, ʪʘʢʞʝ ʙʣʦʢʠʨʫʝʪʩʷ ʥʘ ʚʨʝʤʷ ʧʝʨʝʜʘʯʠ ʤʝʞʜʫ ʫʟʣʘʤʠ A ʠ B.  

 
ʈʠʩʫʥʦʢ 4.7.  ʈʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʩʢʨʳʪʳʭ ʫʟʣʦʚ ʚ ʘʣʛʦʨʠʪʤʝ RTS/CTS 

 

ʋ ʘʣʛʦʨʠʪʤʘ RTS/CTS ʠʤʝʶʪʩʷ ʩʚʦʠ ʧʦʜʚʦʜʥʳʝ ʢʘʤʥʠ, ʢʦʪʦʨʳʝ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʩʠʪʫʘʮʠʷʭ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʩʥʠʞʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʨʝʜʳ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ. ʂ ʧʨʠʤʝʨʫ, ʚ ʥʝʢʦʪʦʨʳʭ ʩʠʪʫʘʮʠʷʭ ʚʦʟʤʦʞʥʦ ʪʘʢʦʝ ʷʚʣʝʥʠʝ, ʢʘʢ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʵʬʬʝʢʪʘ ʣʦʞʥʳʭ ʙʣʦʢʠʨʦʚʦʢ ʫʟʣʦʚ, ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʪʫʧʦʨʫ ʚ ʩʝʪʠ. 
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ʈʘʩʩʤʦʪʨʠʤ, ʢ ʧʨʠʤʝʨʫ, ʩʝʪʴ, ʧʦʢʘʟʘʥʥʫʶ ʥʘ ʨʠʩ. 4.5. ʇʫʩʪʴ ʫʟʝʣ B ʧʳʪʘʝʪʩʷ ʧʝʨʝʜʘʪʴ 

ʜʘʥʥʳʝ ʫʟʣʫ A, ʧʦʩʳʣʘʷ ʝʤʫ ʢʘʜʨ RTS. ʇʦʩʢʦʣʴʢʫ ʵʪʦʪ ʢʘʜʨ ʧʦʣʫʯʘʝʪ ʪʘʢʞʝ ʠ ʫʟʝʣ C, ʪʦ ʦʥ 

ʙʣʦʢʠʨʫʝʪʩʷ ʥʘ ʚʨʝʤʷ ʧʝʨʝʜʘʯʠ ʤʝʞʜʫ ʫʟʣʘʤʠ A ʠ B. ʋʟʝʣ D, ʧʳʪʘʷʩʴ ʧʝʨʝʜʘʪʴ ʜʘʥʥʳʝ ʫʟʣʫ 

C, ʧʦʩʳʣʘʝʪ ʢʘʜʨ RTS, ʥʦ ʧʦʩʢʦʣʴʢʫ ʫʟʝʣ C ʟʘʙʣʦʢʠʨʦʚʘʥ, ʪʦ ʦʥ ʥʝ ʧʦʣʫʯʘʝʪ ʦʪʚʝʪʘ ʠ 

ʥʘʯʠʥʘʝʪ ʧʨʦʮʝʜʫʨʫ ʦʙʨʘʪʥʦʛʦ ʦʪʩʯʝʪʘ ʩ ʫʚʝʣʠʯʝʥʥʳʤ ʨʘʟʤʝʨʦʤ ʦʢʥʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʢʘʜʨ 

RTS, ʧʦʩʣʘʥʥʳʡ ʫʟʣʦʤ D, ʧʦʣʫʯʘʝʪ ʠ ʫʟʝʣ E, ʢʦʪʦʨʳʡ, ʣʦʞʥʦ ʧʨʝʜʧʦʣʘʛʘʷ, ʯʪʦ ʟʘ ʵʪʠʤ 

ʧʦʩʣʝʜʫʝʪ ʩʝʘʥʩ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʦʪ ʫʟʣʘ D ʢ ʫʟʣʫ ʉ, ʙʣʦʢʠʨʫʝʪʩʷ. ʆʜʥʘʢʦ ʵʪʦ ʣʦʞʥʘʷ 

ʙʣʦʢʠʨʦʚʢʘ, ʧʦʩʢʦʣʴʢʫ ʨʝʘʣʴʥʦ ʤʝʞʜʫ ʫʟʣʘʤʠ D ʠ C ʧʝʨʝʜʘʯʠ ʥʝʪ. ɹʦʣʝʝ ʪʦʛʦ, ʝʩʣʠ ʫʟʝʣ F 

ʧʦʧʳʪʘʝʪʩʷ ʧʝʨʝʜʘʪʴ ʜʘʥʥʳʝ ʣʦʞʥʦ ʟʘʙʣʦʢʠʨʦʚʘʥʥʦʤʫ ʫʟʣʫ E ʠ ʧʦʰʣʝʪ ʩʚʦʡ ʢʘʜʨ RTS, ʪʦ ʦʥ 

ʣʦʞʥʦ ʟʘʙʣʦʢʠʨʫʝʪ ʫʟʝʣ G. 

 

 
 

ʈʠʩʫʥʦʢ 4.7 - ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʣʦʞʥʳʭ ʙʣʦʢʠʨʦʚʦʢ ʫʟʣʦʚ ʩʝʪʠ 

 

ʆʧʠʩʘʥʥʦʝ ʷʚʣʝʥʠʝ ʣʦʞʥʦʡ ʙʣʦʢʠʨʦʚʢʠ ʫʟʣʦʚ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʤʫ 

ʩʪʫʧʦʨʫ ʚʩʝʡ ʩʝʪʠ. 

 

ʌʨʘʛʤʝʥʪʘʮʠʷ ʬʨʝʡʤʘ ʧʦ ʩʪʘʥʜʘʨʪʫ 802.11 

 

ʌʨʘʛʤʝʥʪʘʮʠʷ ʬʨʝʡʤʘ ï ʵʪʦ ʚʳʧʦʣʥʷʝʤʘʷ ʥʘ ʫʨʦʚʥʝ ʄɸʉ ʬʫʥʢʮʠʷ, ʥʘʟʘʥʘʯʝʥʠʝ 

ʢʦʪʦʨʦʡ ï ʧʦʚʳʩʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʬʨʝʡʤʦʚ ʯʝʨʝʟ ʙʝʩʧʨʦʚʦʜʥʫʶ ʩʨʝʜʫ. ʇʦʜ 

ʬʨʘʛʤʝʥʪʘʮʠʝʡ ʧʦʥʠʤʘʝʪʩʷ ʜʨʦʙʣʝʥʠʝ ʬʨʝʡʤʘ ʥʘ ʤʝʥʴʰʠʝ ʬʨʘʛʤʝʥʪʳ ʠ ʧʝʨʝʜʘʯʘ ʢʘʞʜʦʛʦ ʠʟ 

ʥʠʭ ʦʪʜʝʣʴʥʦ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚʝʨʦʷʪʥʦʩʪʴ ʫʩʧʝʰʥʦʡ ʧʝʨʝʜʘʯʠ ʤʝʥʴʰʝʛʦ ʬʨʘʛʤʝʥʪʘ 

ʯʝʨʝʟ ʟʘʰʫʤʣʝʥʥʫʶ ʙʝʩʧʨʦʚʦʜʥʫʶ ʩʨʝʜʫ ʚʳʰʝ. ʇʦʣʫʯʝʥʠʝ ʢʘʞʜʦʛʦ ʬʨʘʛʤʝʥʪʘ ʬʨʝʡʤʘ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʦʪʜʝʣʴʥʦ; ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʝʩʣʠ ʢʘʢʦʡ-ʥʠʙʫʜʴ ʬʨʘʛʤʝʥʪ ʬʨʝʡʤʘ ʙʫʜʝʪ ʧʝʨʝʜʘʥ 

ʩ ʦʰʠʙʢʦʡ ʠʣʠ ʚʩʪʫʧʠʪ ʚ ʢʦʣʣʠʟʠʶ, ʪʦʣʴʢʦ ʝʛʦ ʧʨʠʜʝʪʩʷ ʧʝʨʝʜʘʚʘʪʴ ʧʦʚʪʦʨʥʦ, ʘ ʥʝ ʚʝʩʴ 

ʬʨʝʡʤ. ʕʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʩʨʝʜʳ.  

ʈʘʟʤʝʨ ʬʨʘʛʤʝʥʪʘ ʤʦʞʝʪ ʟʘʜʘʚʘʪʴ ʘʜʤʠʥʠʩʪʨʘʪʦʨ ʩʝʪʠ. ʌʨʘʛʤʝʥʪʘʮʠʠ ʧʦʜʚʝʨʛʘʪʁʩʷ 

ʪʦʣʴʢʦ ʦʜʥʦʘʜʨʝʩʥʳʝ ʬʨʝʡʤʳ. ʐʠʨʦʢʦʚʝʱʘʪʝʣʴʥʳʝ, ʠʣʠ ʤʥʦʛʦʘʜʨʝʩʥʳʝ, ʬʨʝʡʤʳ ʧʝʨʝʜʘʶʪʩʷ 

ʮʝʣʠʢʦʤ. ʂʨʦʤʝ ʪʦʛʦ, ʬʨʘʛʤʝʥʪʳ ʬʨʝʡʤʘ ʧʝʨʝʜʘʶʪʩʷ ʧʘʢʝʪʦʤ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʦʣʴʢʦ 

ʦʜʥʦʡ ʠʪʝʨʘʮʠʠ ʤʝʭʘʥʠʟʤʘ ʜʦʩʪʫʧʘ ʢ ʩʨʝʜʝ DSF. 

ʍʦʪʷ ʟʘ ʩʯʝʪ ʬʨʘʛʤʝʥʪʘʮʠʠ ʤʦʞʥʦ ʧʦʚʳʩʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʬʨʝʡʤʦʚ ʚ 
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ʙʝʩʧʨʦʚʦʜʥʳʭ ʣʦʢʘʣʴʥʳʭ ʩʝʪʷʭ. ʆʥʘ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ çʥʘʢʣʘʜʥʳʭ ʨʘʩʭʦʜʦʚè ʄɸʉ-

ʧʨʦʪʦʢʦʣʘ ʩʪʘʥʜʘʨʪʘ 802.11. ʂʘʞʜʳʡ ʬʨʘʛʤʝʥʪ ʬʨʝʡʤʘ ʚʢʣʶʯʘʝʪ ʠʥʬʦʨʤʘʮʠʶ, 

ʩʦʜʝʨʞʘɦ ʫʶʩʷ ʚ ʟʘʛʦʣʦʚʢʝ 802.11 ʄɸʉ, ʘ ʪʘʢʞʝ ʪʨʝʙʫʝʪ ʧʝʨʝʜʘʯʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʬʨʝʡʤʘ 

ʧʦʜʪʚʝʨʞʜʝʥʠʷ. ʕʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʯʠʩʣʦ ʩʣʫʞʝʙʥʳʭ ʩʠʛʥʘʣʦʚ ʄɸʉ-ʧʨʦʪʦʢʦʣʘ ʠ ʩʥʠʞʘʝʪ 

ʨʝʘʣʴʥʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʪʘʥʮʠʠ. ʌʨʘʛʤʝʥʪʘʮʠʷ ï ʵʪʦ ʙʘʣʘʥʩ ʤʝʞʜʫ 

ʥʘʜʝʞʥʦʩʪʴʶ ʠ ʥʝʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʡ ʟʘʛʨʫʟʢʦʡ ʩʨʝʜʳ.  

 

ʌʫʥʢʮʠʷ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʢʦʦʨʜʠʥʘʮʠʠ PCF 

 

ʈʘʩʩʤʦʪʨʝʥʥʳʡ ʚʳʰʝ ʤʝʭʘʥʠʟʤ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʢʦʦʨʜʠʥʘʮʠʠ DCF ʷʚʣʷʝʪʩʷ ʙʘʟʦʚʳʤ 

ʜʣʷ ʧʨʦʪʦʢʦʣʦʚ 802.11 ʠ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʚ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʝʪʷʭ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʭ 

ʚ ʨʝʞʠʤʝ Ad-Hoc, ʪʘʢ ʠ ʚ ʩʝʪʷʭ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʭ ʚ ʨʝʞʠʤʝ Infrastructure, ʪʦ ʝʩʪʴ ʚ ʩʝʪʷʭ, 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʳʭ ʚʢʣʶʯʘʝʪ ʪʦʯʢʫ ʜʦʩʪʫʧʘ. 

ʆʜʥʘʢʦ ʜʣʷ ʩʝʪʝʡ ʚ ʨʝʞʠʤʝ Infrastructure ʙʦʣʝʝ ʝʩʪʝʩʪʚʝʥʥʳʤ ʷʚʣʷʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʠʥʦʡ 

ʤʝʭʘʥʠʟʤ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʠʷ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʜʦʩʪʫʧʘ, ʠʟʚʝʩʪʥʳʡ ʢʘʢ ʬʫʥʢʮʠʷ 

ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʢʦʦʨʜʠʥʘʮʠʠ (Point Coordination Function, PCF). ʆʪʤʝʪʠʤ, ʯʪʦ ʤʝʭʘʥʠʟʤ 

PCF ʷʚʣʝ̫ʪʩʷ ʦʧʮʠʦʥʘʣʴʥʳʤ ʠ ʧʨʠʤʝʥʷʝʪʩʷ ʪʦʣʴʢʦ ʚ ʩʝʪʷʭ ʩ ʪʦʯʢʦʡ ʜʦʩʪʫʧʘ. 

ɺ ʩʣʫʯʘʝ ʟʘʜʝʡʩʪʚʦʚʘʥʠʷ ʤʝʭʘʥʠʟʤʘ PCF ʦʜʠʥ ʠʟ ʫʟʣʦʚ ʩʝʪʠ (ʪʦʯʢʘ ʜʦʩʪʫʧʘ) ʷʚʣʝ̫ʪʩʷ 

ʮʝʥʪʨʘʣʴʥʳʤ ʠ ʥʘʟʳʚʘʝʪʩʷ ʮʝʥʪʨʦʤ ʢʦʦʨʜʠʥʘʮʠʠ (Point Coordinator, PC). ʅʘ ʮʝʥʪʨ 

ʢʦʦʨʜʠʥʘʮʠʠ ʚʦʟʣʘʛʘʝʪʩʷ ʟʘʜʘʯʘ ʫʧʨʘʚʣʝʥʠʷ ʢʦʣʣʝʢʪʠʚʥʳʤ ʜʦʩʪʫʧʦʤ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʫʟʣʦʚ 

ʩʝʪʠ ʢ ʩʨʝʜʝ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʦʧʨʦʩʘ ʠʣʠ ʠʩʭʦʜʷ ʠʟ 

ʧʨʠʦʨʠʪʝʪʦʚ ʫʟʣʦʚ ʩʝʪʠ. ʊʦ ʝʩʪʴ ʮʝʥʪʨ ʢʦʦʨʜʠʥʘʮʠʠ ʦʧʨʘʰʠʚʘʝʪ ʚʩʝ ʫʟʣʳ ʩʝʪʠ, ʚʥʝʩʝʥʥʳʝ ʚ 

ʝʛʦ ʩʧʠʩʦʢ, ʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ ʦʧʨʦʩʘ ʦʨʛʘʥʠʟʫʝʪ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ ʤʝʞʜʫ ʚʩʝʤʠ ʫʟʣʘʤʠ 

ʩʝʪʠ. ɺʘʞʥʦ, ʯʪʦ ʪʘʢʦʡ ʧʦʜʭʦʜ ʧʦʣʥʦʩʪʴʶ ʠʩʢʣʶʯʘʝʪ ʢʦʥʢʫʨʠʨʫʶʱʠʡ ʜʦʩʪʫʧ ʢ ʩʨʝʜʝ, ʢʘʢ ʚ 

ʩʣʫʯʘʝ ʤʝʭʘʥʠʟʤʘ DCF, ʠ ʜʝʣʘʝʪ ʥʝʚʦʟʤʦʞʥʳʤ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʢʦʣʣʠʟʠʡ, ʘ ʜʣʷ 

ʚʨʝʤʝʟʘʚʠʩʠʤʳʭ ʧʨʠʣʦʞʝʥʠʡ ʛʘʨʘʥʪʠʨʫʝʪ ʧʨʠʦʨʠʪʝʪʥʳʡ ʜʦʩʪʫʧ ʢ ʩʨʝʜʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, PCF 

ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʠʦʨʠʪʝʪʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʩʨʝʜʝ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. 

ʌʫʥʢʮʠʷ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʢʦʦʨʜʠʥʘʮʠʠ ʥʝ ʦʪʨʠʮʘʝʪ ʬʫʥʢʮʠʶ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ 

ʢʦʦʨʜʠʥʘʮʠʠ, ʘ ʩʢʦʨʝʝ, ʜʦʧʦʣʥʷʝʪ ʝʝ, ʥʘʢʣʘʜʳʚʘʷʩʴ ʧʦʚʝʨʭ. ʌʘʢʪʠʯʝʩʢʠ ʚ ʩʝʪʷʭ ʩ ʤʝʭʘʥʠʟʤʦʤ 

PCF ʨʝʘʣʠʟʫʝʪʩʷ ʢʘʢ ʤʝʭʘʥʠʟʤ PCF, ʪʘʢ ʠ ʪʨʘʜʠʮʠʦʥʥʳʡ ʤʝʭʘʥʠʟʤ DCF. ɺ ʪʝʯʝʥʠʝ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ ʨʝʘʣʠʟʫʝʪʩʷ ʤʝʭʘʥʠʟʤ PCF, ʟʘʪʝʤ ï DCF, ʘ ʧʦʪʦʤ ʚʩʝ 

ʧʦʚʪʦʨʷʝʪʩʷ ʟʘʥʦʚʦ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʯʝʨʝʜʦʚʘʪʴ ʨʝʞʠʤʳ PCF ʠ DCF, ʥʝʦʙʭʦʜʠʤʦ, 

ʯʪʦʙʳ ʪʦʯʢʘ ʜʦʩʪʫʧʘ, ʚʳʧʦʣʥʷʶʱʘʷ ʬʫʥʢʮʠʠ ʮʝʥʪʨʘ ʢʦʦʨʜʠʥʘʮʠʠ ʠ ʨʝʘʣʠʟʫʶʱʘʷ ʨʝʞʠʤ PCF, 

ʠʤʝʣʘ ʙʳ ʧʨʠʦʨʠʪʝʪʥʳʡ ʜʦʩʪʫʧ ʢ ʩʨʝʜʝ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ʕʪʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ, ʝʩʣʠ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʥʢʫʨʝʥʪʥʳʡ ʜʦʩʪʫʧ ʢ ʩʨʝʜʝ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ (ʢʘʢ ʠ ʚ ʤʝʪʦʜʝ DCF), ʥʦ ʜʣʷ 

ʮʝʥʪʨʘ ʢʦʦʨʜʠʥʘʮʠʠ ʨʘʟʨʝʰʠʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʦʤʝʞʫʪʦʢ ʦʞʠʜʘʥʠʷ, ʤʝʥʴʰʠʡ DIFS. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʝʩʣʠ ʮʝʥʪʨ ʢʦʦʨʜʠʥʘʮʠʠ ʧʳʪʘʝʪʩʷ ʧʦʣʫʯʠʪʴ ʜʦʩʪʫʧ ʢ ʩʨʝʜʝ, ʪʦ ʦʥ ʦʞʠʜʘʝʪ (ʢʘʢ ʠ ʚʩʝ 

ʦʩʪʘʣʴʥʳʝ ʫʟʣʳ ʩʝʪʠ) ʦʢʦʥʯʘʥʠʷ ʪʝʢʫʱʝʡ ʧʝʨʝʜʘʯʠ ʠ, ʧʦʩʢʦʣʴʢʫ ʜʣʷ ʥʝʛʦ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʤʠʥʠʤʘʣʴʥʳʡ ʨʝʞʠʤ ʦʞʠʜʘʥʠʷ ʧʦʩʣʝ ʦʙʥʘʨʫʞʝʥʠʷ çʪʠʰʠʥʳè ʚ ʵʬʠʨʝ, ʧʝʨʚʳʤ ʧʦʣʫʯʘʝʪ 

ʜʦʩʪʫʧ ʢ ʩʨʝʜʝ. ʇʨʦʤʝʞʫʪʦʢ ʦʞʠʜʘʥʠʷ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʜʣʷ ʮʝʥʪʨʘ ʢʦʦʨʜʠʥʘʮʠʠ, ʥʘʟʳʚʘʝʪʩʷ 

PIFS (PCF Interframe Space), ʧʨʠʯʝʤ SIFS<PIFS<DIFS. 

ʈʝʞʠʤʳ DCF ʠ PCF ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʪʘʢ ʥʘʟʳʚʘʝʤʦʤ ʩʫʧʝʨʬʨʝʡʤʝ, ʢʦʪʦʨʳʡ ʦʙʨʘʟʫʝʪʩʷ 

ʠʟ ʧʨʦʤʝʞʫʪʢʘ ʙʝʩʢʦʥʢʫʨʝʥʪʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʩʨʝʜʝ, ʥʘʟʳʚʘʝʤʦʛʦ CFP (Contention-Free Period), 

ʠ ʩʣʝʜʫʶʱʝʛʦ ʟʘ ʥʠʤ ʧʨʦʤʝʞʫʪʢʘ ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʩʨʝʜʝ CP (Contention Period) (ʨʠʩ. 

4.8).  

 

 
 

ʈʠʩʫʥʦʢ 4.8.  ʆʙʲʝʜʠʥʝʥʠʝ ʨʝʞʠʤʦʚ PCF ʠ DCF ʚ ʦʜʥʦʤ ʩʫʧʝʨʬʨʝʡʤʝ 
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ʉʫʧʝʨʬʨʝʡʤ ʥʘʯʠʥʘʝʪʩʷ ʩ ʢʘʜʨʘ-ʤʘʷʯʢʘ (beacon), ʧʦʣʫʯʠʚ ʢʦʪʦʨʳʡ ʚʩʝ ʫʟʣʳ ʩʝʪʠ 

ʧʨʠʦʩʪʘʥʘʚʣʠʚʘʶʪ ʧʦʧʳʪʢʠ ʧʝʨʝʜʘʚʘʪʴ ʜʘʥʥʳʝ ʥʘ ʚʨʝʤʷ, ʦʧʨʝʜʝʣʷʝʤʦʝ ʧʝʨʠʦʜʦʤ CFP. ʂʘʜʨʳ 

ʤʘʷʯʢʠ ʥʝʩʫʪ ʩʣʫʞʝʙʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ CFP-ʧʨʦʤʝʞʫʪʢʘ ʠ ʧʦʟʚʦʣʷʶʪ 

ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʚʩʝʭ ʫʟʣʦʚ ʩʝʪʠ. 

ɺʦ ʚʨʝʤʷ ʨʝʞʠʤʘ PCF ʪʦʯʢʘ ʜʦʩʪʫʧʘ ʦʧʨʘʰʠʚʘʝʪ ʚʩʝ ʫʟʣʳ ʩʝʪʠ ʦ ʢʘʜʨʘʭ, ʢʦʪʦʨʳʝ ʩʪʦʷʪ ʚ 

ʦʯʝʨʝʜʠ ʥʘ ʧʝʨʝʜʘʯʫ, ʧʦʩʳʣʘʷ ʠʤ ʩʣʫʞʝʙʥʳʝ ʢʘʜʨʳ CF_POLL. 

ʆʧʨʘʰʠʚʘʝʤʳʝ ʫʟʣʳ ʚ ʦʪʚʝʪ ʥʘ ʧʦʣʫʯʝʥʠʝ ʢʘʜʨʦʚ CF_POLL ʧʦʩʳʣʘʶʪ ʧʦʜʪʚʝʨʞʜʝʥʠʝ 

ʉF_ACK. ɽʩʣʠ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʥʝ ʧʦʣʫʯʝʥʦ, ʪʦ ʪʦʯʢʘ ʜʦʩʪʫʧʘ ʧʝʨʝʭʦʜʠʪ ʢ ʦʧʨʦʩʫ ʩʣʝʜʫʶʱʝʛʦ 

ʫʟʣʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʯʪʦʙʳ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʦʨʛʘʥʠʟʦʚʘʪʴ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ ʤʝʞʜʫ ʚʩʝʤʠ 

ʫʟʣʘʤʠ ʩʝʪʠ, ʪʦʯʢʘ ʜʦʩʪʫʧʘ ʤʦʞʝʪ ʧʝʨʝʜʘʚʘʪʴ ʢʘʜʨ ʜʘʥʥʳʭ (DATA) ʠ ʩʦʚʤʝʱʘʪʴ ʢʘʜʨ ʦʧʨʦʩʘ ʩ 

ʧʝʨʝʜʘʯʝʡ ʜʘʥʥʳʭ (ʢʘʜʨ DATA+CF_POLL). ɸʥʘʣʦʛʠʯʥʦ ʫʟʣʳ ʩʝʪʠ ʤʦʛʫʪ ʩʦʚʤʝɦ ʘʪʴ ʢʘʜʨʳ 

ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʩ ʧʝʨʝʜʘʯʝʡ ʜʘʥʥʳʭ DATA+CF_ACK (ʨʠʩ. 4.7). 

ɼʦʧʫʩʢʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʪʠʧʳ ʢʘʜʨʦʚ ʚʦ ʚʨʝʤʷ ʨʝʞʠʤʘ PCF:  

Å DATA ï ʢʘʜʨ ʜʘʥʥʳʭ 

Å CF_ACK ï ʢʘʜʨ ʧʦʜʪʚʝʨʞʜʝʥʠʷ 

Å CF_POLL ï ʢʘʜʨ ʦʧʨʦʩʘ 

Å DATA+CF_ACK ï ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʢʘʜʨ ʜʘʥʥʳʭ ʠ ʧʦʜʪʚʝʨʞʜʝʥʠʷ 

Å DATA+CF_POLL ï ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʢʘʜʨ ʜʘʥʥʳʭ ʠ ʦʧʨʦʩʘ 

Å DATA+CF_ACK+CF_POLL ð ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʢʘʜʨ ʜʘʥʥʳʭ, ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʠ ʦʧʨʦʩʘ 

Å CF_ACK+CF_POLL ï ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʢʘʜʨ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʠ ʦʧʨʦʩʘ 

 

 
 

ʈʠʩʫʥʦʢ 4.9.  ʆʨʛʘʥʠʟʘʮʠʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʤʝʞʜʫ ʫʟʣʘʤʠ ʩʝʪʠ ʚ ʨʝʞʠʤʝ PCF 

 

 

ʌʠʟʠʯʝʩʢʠʝ ʫʨʦʚʥʠ ʩʪʘʥʜʘʨʪʦʚ 

 

ʆʩʥʦʚʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ ʩʪʘʥʜʘʨʪʘ 802.11 ï ʦʙʝʩʧʝʯʝʥʠʝ ʤʝʭʘʥʠʟʤʘ 

ʙʝʩʧʨʦʚʦʜʥʦʡ ʧʝʨʝʜʘʯʠ ʜʣʷ ʧʦʜʫʨʦʚʥʷ ʄɸʉ, ʘ ʪʘʢʞʝ ʧʦʜʜʝʨʞʘʥʠʝ ʚʪʦʨʠʯʥʳʭ ʬʫʥʢʮʠʡ 

(ʦʮʝʥʢʘ ʩʦʩʪʦʷʥʠʝ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʨʝʜʳ ʠ ʩʦʦʙʱʝʥʠʝ ʦʙ ʵʪʦʤ ʄɸʉ). ʄɸʉ ʠ PHY ʥʝ ʟʘʚʠʩʠʤʳ 

ʵʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʦʣʝʝ ʩʢʦʨʦʩʪʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʫʨʦʚʥʠ, ʦʧʠʩʘʥʥʳʝ ʚ 

ʩʪʘʥʜʘʨʪʘʭ 802.11a/b/g. 

ʂʘʞʜʳʡ ʬʠʟʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʩʪʘʥʜʘʨʪʘ ʠʤʝʝʪ ʜʚʘ ʧʦʜʫʨʦʚʥʷ: 

¶ PLCP (Physical Layer Convergence Procedure) ï ʧʨʦʮʝʜʫʨʘ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʦʷʥʠʷ 

ʬʠʟʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ 

¶ PMD (Physical Medium Dependent) ï ʧʦʜʫʨʦʚʝʥʴ ʬʠʟʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ, ʟʘʚʠʩʷʱʠʡ ʦʪ 

ʩʨʝʜʳ ʧʝʨʝʜʘʯʠ 

ʅʘ ʨʠʩʫʥʢʝ 4.10 ʧʦʢʘʟʘʥʘ ʢʘʢ ʵʪʠ ʫʨʦʚʥʠ ʩʦʦʪʥʦʩʷʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʚʳʰʝʩʪʦʷʱʠʤʠ 

ʫʨʦʚʥʷʤʠ.   
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ʈʠʩʫʥʦʢ 4.10.  ʇʦʜʫʨʦʚʥʠ ʫʨʦʚʥʷ PHY ʤʦʜʝʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʪʢʨʳʪʳʭ ʩʠʩʪʝʤ (OSI) 

 

ʇʦʜʫʨʦʚʝʥʴ PLCP ʷʚʣʷʝʪʩʷ ʫʨʦʚʥʝʤ ʦʙʝʩʧʝʯʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʥʘ ʢʦʪʦʨʦʤ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʝʤʝʱʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʜʘʥʥʳʭ ʧʨʦʪʦʢʦʣʘ ʄɸʉ (ʄɸʉ protocol data units, 

MPDU) ʤʝʞʜʫ ʄɸʉ ï ʩʪʘʥʮʠʷʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʜʫʨʦʚʥʷ PMD, ʥʘ ʢʦʪʦʨʦʤ ʨʝʘʣʠʟʫʝʪʩʷ 

ʪʦʪ ʠʣʠ ʠʥʦʡ ʤʝʪʦʜ ʧʝʨʝʜʘʯʠ ʠ ʧʨʠʝʤʘ ʜʘʥʥʳʭ ʯʝʨʝʟ ʙʝʩʧʨʦʚʦʜʥʫʶ ʩʝʪʴ. ʇʦʜʫʨʦʚʥʠ PLCP ʠ  

PMD ʦʪʣʠʯʘʶʪʩʷ ʚ ʨʘʟʥʳʭ ʚʘʨʠʘʥʪʘʭ ʩʪʘʥʜʘʨʪʘ 802.11. 

 

ʌʠʟʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʝʪʝʡ ʩʪʘʥʜʘʨʪʘ 802.11 

 

ʀʩʭʦʜʥʳʡ ʩʪʘʥʜʘʨʪ 802.11 ʦʧʨʝʜʝʣʷʝʪ ʜʚʘ ʤʝʪʦʜʘ ʧʝʨʝʜʘʯʠ ʥʘ ʬʠʟʠʯʝʩʢʦʤ ʫʨʦʚʥʝ. 

Å    ʊʝʭʥʦʣʦʛʠʷ ʨʘʩʰʠʨʝʥʠʷ ʩʧʝʢʪʨʘ ʧʫʪʝʤ ʩʢʘʯʢʦʦʙʨʘʟʥʦʡ ʧʝʨʝʩʪʨʦʡʢʠ ʯʘʩʪʦʪʳ (FHSS) 

Å    ʊʝʭʥʦʣʦʛʠʷ ʰʠʨʦʢʦʧʦʣʦʩʥʦʡ ʤʦʜʫʣʷʮʠʠ ʩ ʨʘʩʰʠʨʝʥʠʝʤ ʩʧʝʢʪʨʘ ʤʝʪʦʜʦʤ ʧʨʷʤʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (DSSS) 

ʆʙʝ  ʪʝʭʥʦʣʦʛʠʠ ʨʘʙʦʪʘʶʪ ʚ ʜʠʘʧʘʟʦʥʝ 2,4 ɻɻʮ, ʚ ʢʦʪʦʨʦʤ ʚʳʜʝʣʝʥʘ ʧʦʣʦʩʘ ʰʠʨʠʥʦʡ 

82 ʄɻʮ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ, ʥʘʫʯʥʦʛʦ ʠ ʤʝʜʠʮʠʥʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ (ISM).  

 

ɹʝʩʧʨʦʚʦʜʥʳʝ ʣʦʢʘʣʴʥʳʝ ʩʝʪʠ ʩʦ ʩʢʘʯʢʦʦʙʨʘʟʥʦʡ ʧʝʨʝʩʪʨʦʡʢʦʡ ʯʘʩʪʦʪʳ (FHSS) 

 

ɹʝʩʧʨʦʚʦʜʥʳʝ ʣʦʢʘʣʴʥʳʝ ʩʝʪʠ FHSS (Frequency Hopping Spread Spectrum) 

ʧʦʜʜʝʨʞʠʚʘʶʪ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ 1 ʠ 2 ʄʙʠʪ/ʩ. ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʥʘʟʚʘʥʠʷ, ʫʩʪʨʦʡʩʪʚʘ FHSS 

ʦʩʫʱʝʩʪʚʣʷʶʪ ʩʢʘʯʢʦʦʙʨʘʟʥʫʶ ʧʝʨʝʩʪʨʦʡʢʫ ʯʘʩʪʦʪʳ ʧʦ ʧʨʝʜʦʧʨʝʜʝʣʝʥʥʦʡ ʩʭʝʤʝ, ʢʘʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4.11. ʋʩʪʨʦʡʩʪʚʘ FHSS ʜʝʣʷʪ ʧʨʝʜʥʘʟʥʘʯʝʥʥʫʶ ʜʣʷ ʠʭ ʨʘʙʦʪʳ ʧʦʣʦʩʫ ʯʘʩʪʦʪ 

ʦʪ 2,402 ʜʦ 2,480 ɻɻʮ ʥʘ 79 ʥʝʧʝʨʝʢʨʳʚʘʶʱʠʭʩʷ ʢʘʥʘʣʦʚ (ʵʪʦ ʩʧʨʘʚʝʜʣʠʚʦ ʜʣʷ ʉʝʚʝʨʥʦʡ 

ɸʤʝʨʠʢʠ ʠ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ɽʚʨʦʧʳ). ʐʠʨʠʥʘ ʢʘʞʜʦʛʦ ʠʟ 79 ʢʘʥʘʣʦʚ ʩʦʩʪʘʚʣʷʝʪ 1 ʄɻʮ. 
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ʈʠʩʫʥʦʢ 4.11. ʇʨʠʤʝʨ ʩʢʘʯʢʦʦʙʨʘʟʥʦʡ ʧʝʨʝʩʪʨʦʡʢʠ ʯʘʩʪʦʪʳ 

 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʝʨʝʩʪʨʦʡʢʠ ʯʘʩʪʦʪʳ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: ʯʘʩʪʦʪʘ 

ʧʝʨʝʩʢʦʢʦʚ  ʥʝ ʤʝʥʝʝ 2,5 ʨʘʟ ʚ ʩʝʢʫʥʜʫ, ʢʘʢ ʤʠʥʠʤʫʤ ʤʝʞʜʫ 6-ʶ ʢʘʥʘʣʘʤʠ. ʏʪʦʙʳ ʠʟʙʝʞʘʪʴ 

ʢʦʣʣʠʟʠʡ ʤʝʞʜʫ ʧʝʨʝʢʨʳʚʘʶʱʠʤʠʩʷ ʟʦʥʘʤʠ  ʧʦʢʨʳʪʠʷ, ʚʦʟʤʦʞʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʥɹʦʩʪʠ 

ʧʝʨʝʩʢʦʢʦʚ ʨʘʟʙʠʪʳ ʥʘ ʪʨʠ ʥʘʙʦʨʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʜʣʠʥʘ ʢʦʪʦʨʳʭ ʜʣʷ ʩʝʚʝʨʥʦʡ 

ɸʤʝʨʠʢʠ ʠ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ɽʚʨʦʧʳ ʨʘʚʥʘ 26. ɺ ʪʘʙʣʠʮʝ 4.1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʭʝʤʳ 

ʩʢʘʯʢʦʦʙʨʘʟʥʦʡ ʧʝʨʝʩʪʨʦʡʢʠ ʯʘʩʪʦʪʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʤʠʥʠʤʘʣʴʥʳʝ ʧʝʨʝʢʨʳʪʠʷ.  

 

 

ʊʘʙʣʠʮʘ 4.1.  ʉʭʝʤʳ ʩʢʘʯʢʦʦʙʨʘʟʥʦʡ ʧʝʨʝʩʪʨʦʡʢʠ ʯʘʩʪʦʪʳ 

ʅʘʙʦʨ ʯʘʩʪʦʪ ʉʭʝʤʘ ʩʢʘʯʢʦʦʙʨʘʟʥʦʡ ʧʝʨʝʩʪʨʦʡʢʠ ʯʘʩʪʦʪʳ 

1 0,3,6,9,12,15,18,21,24,27,30,33,36,39,42,45,48,51,54,57,60,63,66,69,72,75      

2 1,4,7,10,13,16,19,22,25,28,31,34,37,40,43,46,49,52,55,58,61,64,67,70,7376  

3 2,5,8,11,14,17,20,23,26,29,32,35,38,41,44,47,50,53,56,59,62,65,68,71,72,77 

 

ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʫʨʦʚʝʥʴ MAC ʧʨʦʧʫʩʢʘʝʪ MAC ï ʬʨʝʡʤ, ʢʦʪʦʨʳʡ ʚ ʣʦʢʘʣʴʥʳʭ 

ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʝʪʷʭ ʠʤʝʝʪ ʥʘʟʚʘʥʠʝ PSDU (ʩʦʢʨʘʱʝʥʠʝ ʦʪ PLCP service data unit), ʧʦʜʫʨʦʚʝʥʴ 

PLCP ʜʦʙʘʚʣʷʝʪ ʜʚʘ ʧʦʣʷ ʚ ʥʘʯʘʣʦ ʬʨʝʡʤʘ, ʯʪʦʙʳ ʩʬʦʨʤʠʨʦʚʘʪʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʬʨʝʡʤ PPDU 

(ʵʣʝʤʝʥʪ ʜʘʥʥʳʭ ʧʨʦʪʦʢʦʣʘ PLCP). ʅʦ ʨʠʩʫʥʢʝ 4.12 ʧʨʝʜʩʪʘʚʣʝʥ ʬʦʨʤʘʪ ʬʨʝʡʤʘ FHSS 

ʧʦʜʫʨʦʚʥʷ PLCP. 

 

 
 

ʈʠʩʫʥʦʢ 4.12. ʌʦʨʤʘʪ ʬʨʝʡʤʘ FHSS ʧʦʜʫʨʦʚʥʷ PLCP 

 

      ʇʨʝʘʤʙʫʣʘ PLCP ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʧʦʜʧʦʣʝʡ: 

¶ ʇʦʜʧʦʣʝ Sync ʨʘʟʤʝʨʦʤ 80 ʙʠʪ. ʉʪʨʦʢʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʯʝʨʝʜʫʶʱʠʭʩʷ 0 ʠ 1, 

ʥʘʯʠʥʘʝʪʩʷ ʩ ʥʫʣʷ. ʇʨʠʝʤʥʘʷ ʩʪʘʥʮʠʷ ʠʩʧʦʣʴʟʫʝʪ ʵʪʦ ʧʦʣʝ, ʯʪʦʙʳ ʧʨʠʥʷʪʴ ʨʝʰʝʥʠʝ ʦ ʚʳʙʦʨʝ 

ʘʥʪʝʥʥʳ ʧʨʠ ʥʘʣʠʯʠʠ ʪʘʢʦʡ ʚʦʟʤʦʞʥʦʩʪʠ, ʦʪʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʫʭʦʜ ʯʘʩʪʦʪʳ (frequency offset) ʠ 

ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʘʢʝʪʦʚ (packet timing). 

¶ ʇʦʜʧʦʣʝ ʬʣʘʛʘ ʥʘʯʘʣʘ ʬʨʝʡʤʘ (start of frame delimiter, SFD) ʨʘʟʤʝʨʦʤ 16 ʙʠʪ.  

ʉʦʩʪʦʠʪ ʠʟ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʩʪʨʦʢʠ (0000 1100 1011 1101, ʢʨʘʡʥʠʡ ʩʣʝʚʘ ʙʠʪ ʧʝʨʚʳʡ), 

ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʬʨʝʡʤʦʚ ʚ ʧʨʠʝʤʥʦʡ ʩʪʘʥʮʠʠ. 

                 ɿʘʛʦʣʦʚʦʢ ʬʨʝʡʤʘ PLCP ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʧʦʜʧʦʣʝʡ 

¶ PSDU Length Word (PLW) - ʩʣʦʚʦ ʜʣʠʥʳ ʩʣʫʞʝʙʥʦʛʦ ʵʣʝʤʝʥʪʘ ʜʘʥʥʳʭ PLCP (PSDU), 

ʫʢʘʟʳʚʘʝʪ ʨʘʟʤʝʨ ʬʨʝʡʤʘ ʄɸʉ ʚ ʦʢʪʝʪʘʭ. 

¶ ʉʠʛʥʘʣʴʥʦʝ ʧʦʣʝ PLCP (signaling field PLCP, PSF) ʨʘʟʤʝʨʦʤ 4 ʙʠʪʘ. ʋʢʘʟʳʚʘʝʪ 

ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʢʦʥʢʨʝʪʥʦʛʦ ʬʨʝʡʤʘ.     

        ʇʦʜʫʨʦʚʝʥʴ PLCP ʧʨʝʦʙʨʘʟʫʝʪ ʬʨʝʡʤ ʚ ʧʦʪʦʢ ʙʠʪʦʚ ʠ ʧʝʨʝʜʘʝʪ ʝʛʦ ʥʘ ʧʦʜʫʨʦʚʝʥʴ 

PMD. ʇʦʜʫʨʦʚʝʥʴ PMD ʪʝʭʥʦʣʦʛʠʠ FHSS ʤʦʜʫʣʠʨʫʝʪ ʧʦʪʦʢ ʜʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʦʜʫʣʷʮʠʠ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʛʘʫʩʩʦʚʦʤ ʧʝʨʝʢʣʶʯʝʥʠʠ ʯʘʩʪʦʪ (Gaussian frequency shift keying, 

GFSK). ɼʣʷ ʩʢʦʨʦʩʪʠ 1 ʄʙʠʪ/ʩ ʤʦʜʫʣʷʪʦʨ ʠʩʧʦʣʴʟʫʝʪ ʜʣʷ ʧʝʨʝʜʘʯʠ 0 ʠ 1, ʜʚʘ ʨʘʟʣʠʯʥʳʭ ʧʦ 

ʯʘʩʪʦʪʝ ʩʠʛʥʘʣʘ ʨʠʩ 4.13.    
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ʈʠʩʫʥʦʢ 4.13. ʄʦʜʫʣʷʮʠʷ GFSK 

 

ʏʪʦʙʳ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʝʨʝʜʘʯʫ ʩʦ ʩʢʦʨʦʩʪʴʶ 2 ʄʙʠʪ/ʩ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʦʜʫʣʷʮʠʷ 4GFSK, ʚ 

ʵʪʦʤ ʩʣʫʯʘʝ 2 ʙʠʪʘ ʤʦʜʫʣʠʨʫʶʪ ʩʠʛʥʘʣ ʦʜʥʦʚʨʝʤʝʥʥʦ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʛʦ ʤʝʪʦʜʘ ʪʨʝʙʫʝʪʩʷ 

ʯʝʪʳʨʝ ʨʘʟʣʠʯʥʳʝ ʯʘʩʪʦʪʳ, ʚ ʪʘʙʣʠʮʝ 4.2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʨʪʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʠʤʚʦʣʦʚ ʚ 

ʯʘʩʪʦʪʫ. 

ʊʘʙʣʠʮʘ 4.2.  ʂʘʨʪʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʠʤʚʦʣʦʚ ʚ ʯʘʩʪʦʪʫ ʧʨʠ ʤʦʜʫʣʷʮʠʠ 4GFSK 

 

ʉʠʤʚʦʣ ʏʘʩʪʦʪʘ 

01 fc +fd1 

11 fc +fd2 

01 fc - fd1 

00 fc - fd2 

     

 

    ʆʩʥʦʚʥʳʝ ʥʝʜʦʩʪʘʪʢʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʤʝʪʦʜʘ: 

¶ ʅʝ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ (ʤʘʢʩʠʤʫʤ 2 ʄʙʠʪ/ʩ) 

¶ ʅʝʪ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʢʦʪʦʨʳʝ ʙʳ ʧʦʟʚʦʣʷʣ ʠʩʢʣʶʯʘʪʴ ʪʝ   

ʯʘʩʪʦʪʥʳʝ ʢʘʥʘʣʳ, ʥʘ ʢʦʪʦʨʳʭ ʧʦʤʝʭʠ ʦʩʦʙʝʥʥʦ ʦʰʫʪʠʤʳ 

¶ ʅʝʪ ʤʝʭʘʥʠʟʤʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʠʣʠ ʢʦʦʨʜʠʥʘʮʠʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

ʧʝʨʝʢʣʶʯʝʥʠʷ ʯʘʩʪʦʪʳ ʜʣʷ ʩʦʩʝʜʩʪʚʫʶʱʠʭ ʪʦʯʝʢ ʜʦʩʪʫʧʘ. ɺ ʩʣʝʜʩʪʚʠʠ ʯʝʛʦ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʝʨʝʢʣʶʯʝʥʠʡ ʩʦʩʝʜʥʠʭ ʪʦʯʝʢ ʜʦʩʪʫʧʘ ʤʦʛʫʪ ʧʝʨʝʢʨʳʚʘʶʪʩʷ. 

ɹʝʩʧʨʦʚʦʜʥʳʝ ʣʦʢʘʣʴʥʳʝ ʩʝʪʠ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʰʠʨʦʢʦʧʦʣʦʩʥʫʶ ʤʦʜʫʣʮ̫ʠʶ DSSS 

ʩ  ʨʘʩʰʠʨʝʥʠʝʤ ʩʧʝʢʪʨʘ ʤʝʪʦʜʦʤ ʧʨʷʤʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʂʘʢ ʙʳʣʦ ʫʢʘʟʘʥʦ ʚ ʩʪʘʥʜʘʨʪʝ 802.11 ʨʘʟʨʘʙʦʪʢʠ 1997 ʛʦʜʘ, ʪʝʭʥʦʣʦʛʠʷ DSSS 

ʧʦʜʜʝʨʞʠʚʘʝʪ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ 1 ʠ 2 ʄʙʠʪ/ʩ. ɹʝʩʧʨʦʚʦʜʥʳʝ ʣʦʢʘʣʴʥʳʝ ʩʝʪʠ DSSS 

ʠʩʧʦʣʟɹʫʶʪ ʢʘʥʘʣʳ ʰʠʨʠʥʦʡ 22 ʄɻʮ. ʂʘʥʘʣʳ ʰʠʨʠʥʦʡ 22 ʄɻʮ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʪʴ ʚ 

ʜʠʘʧʘʟʦʥʝ 2,4ð2,483 ɻɻʮ ʪʨʠ ʥʝ ʧʝʨʝʢʨʳʚʘʶʱʠʭʩʷ ʢʘʥʘʣʘ ʧʝʨʝʜʘʯʠ.  

ɸʥʘʣʦʛʠʯʥʦ ʧʦʜʫʨʦʚʥʶ PLCP, ʠʩʧʦʣʴʟʫʝʤʦʤʫ ʚ ʪʝʭʥʦʣʦʛʠʠ FHSS, ʧʦʜʫʨʦʚʝʥʴ PLCP 

ʪʝʭʥʦʣʦʛʠʠ DSSS ʩʪʘʥʜʘʨʪʘ 802.11 ʜʦʙʘʚʣʷʝʪ ʜʚʘ ʧʦʣʷ ʚʦ ʬʨʝʡʤ MAC, ʯʪʦʙʳ ʩʬʦʨʤʠʨʦʚʘʪʴ 

PPDU: ʧʨʝʘʤʙʫʣʫ PLCP ʠ ʟʘʛʦʣʦʚʦʢ PLCP. ʌʦʨʤʘʪ ʬʨʝʡʤʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 4.14. 

 

 
 

ʈʠʩʫʥʦʢ 4.14. ʌʦʨʤʘʪ ʬʨʝʡʤʘ DSSS PPDU ʩʪʘʥʜʘʨʪʘ 802.11 

  

ʇʨʝʘʤʙʫʣʘ PLCP ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʧʦʜʧʦʣʝʡ  



 144 

¶ ʇʦʜʧʦʣʝ Sync ʰʠʨʠʥʦʡ 128 ʙʠʪ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʝ ʩʦʙʦʡ ʩʪʨʦʢʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ 

ʝʜʠʥʠʮ. ɿʘʜʘʯʘ ʵʪʦʛʦ ʧʦʣʷ ï ʦʙʝʩʧʝʯʠʪʴ ʩʠʥʭʨʦʥʠʟʘʮʠʶ ʜʣʷ ʧʨʠʝʤʥʦʡ ʩʪʘʥʮʠʠ 

¶ ʇʦʜʧʦʣʝ SFD ʰʠʨʠʥʦʡ 16 ʙʠʪ, ʩʦʜʝʨʞʠʪ ʩʧʝʮʠʬʠʯʝʩʢʫʶ ʩʪʨʦʢʫ 0ʭF3A0; 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʘʡʤʠʥʛ ʜʣʷ ʧʨʠʝʤʥʦʡ ʩʪʘʥʮʠʠ      

 

ɿʘʛʦʣʦʚʦʢ PLCP ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʝʭ ʧʦʜʧʦʣʝʡ 

¶ ʇʦʜʧʦʣʝ Signal ʰʠʨʠʥʦʡ 8 ʙʠʪ, ʫʢʘʟʳʚʘʝʪ ʪʠʧ ʤʦʜʫʣʷʮʠʠ ʠ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʦʛʦ ʬʨʝʡʤʘ  

¶ ʇʦʜʧʦʣʝ Service ʰʠʨʠʥʦʡ 8 ʙʠʪ, ʟʘʨʝʟʝʨʚʠʨʦʚʘʥʦ 

¶ ʇʦʜʧʦʣʝ Length ʰʠʨʠʥʦʡ 16 ʙʠʪ, ʫʢʘʟʳʚʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʤʠʢʨʦʩʝʢʫʥʜ (ʠʟ 

ʜʠʘʧʘʟʦʥʘ 16 ï 2
16

-1), ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʧʝʨʝʜʘʯʠ ʯʘʩʪʠ ʄɸʉ ʬʨʝʡʤʘ 

 

ʇʦʜʫʨʦʚʝʥʴ PLCP ʧʨʝʦʙʨʘʟʫʝʪ ʬʨʝʡʤ ʚ ʧʦʪʦʢ ʙʠʪʦʚ ʠ ʧʝʨʝʜʘʝʪ ʜʘʥʥʳʝ ʥʘ ʧʦʜʫʨʦʚʝʥʴ 

PMD. ɺʝʩʴ PPDU ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʧʨʦʮʝʩʩ ʩʢʨʝʤʙʣʠʨʦʚʘʥʠʷ ʩ ʮʝʣʴʶ ʨʘʥʜʦʤʠʟʘʮʠʠ ʜʘʥʥʳʭ.  

  ʉʢʨʝʤʙʣʠʨʦʚʘʥʥʘʷ ʧʨʝʘʤʙʫʣʘ PLCP ʚʩʝʛʜʘ ʧʝʨʝʜʘʝʪʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ 1 ʄʙʠʪ/ʩ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʩʢʨʝʤʙʣʠʨʦʚʘʥʥʳʡ ʬʨʝʡʤ MPDU ʧʝʨʝʜʘʝʪʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ, ʫʢʘʟʘʥʥʦʡ ʚ ʧʦʜʧʦʣʝ 

Signal. ʇʦʜʫʨʦʚʝʥʴ PMD ʤʦʜʫʣʠʨʫʝʪ ʦʪʜʝʣʝʥʥʳʡ ʧʦʪʦʢ ʙʠʪʦʚ, ʠʩʧʦʣʴʟʫʷ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ 

ʤʦʜʫʣʷʮʠʠ. 

Å    ɼʚʦʠʯʥʘʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʬʘʟʦʚʘʷ ʤʘʥʠʧʫʣʷʮʠʷ (differential binary phase shift keying, 

DBPSK) ʜʣʷ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ 1 ʄʙʠʪ/ʩ 

Å    ʂʚʘʜʨʘʪʫʨʥʘʷ ʬʘʟʦʚʘʷ ʤʘʥʠʧʫʣʷʮʠʷ (quadrature phase shift key, QPSK) ʜʣʷ ʩʢʦʨʦʩʪʠ 

ʧʝʨʝʜʘʯʠ 2 ʄʙʠʪ/ʩ 

 

ʊʝʭʥʦʣʦʛʠʠ ʨʘʩʰʠʨʝʥʠʷ ʩʧʝʢʪʨʘ 

 

ʇʨʠ ʤʝʪʦʜʝ DSSS ʢʘʞʜʳʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʩʠʤʚʦʣ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 11-ʨʘʟʨʷʜʥʳʤ 

ʢʦʜʦʤ ɹʘʨʢʝʨʘ ʚʠʜʘ 11100010010. ʂʦʜʳ ɹʘʨʢʝʨʘ ʦʙʣʘʜʘʶʪ ʥʘʠʣʫʯʰʠʤʠ ʩʨʝʜʠ ʠʟʚʝʩʪʥʳʭ 

ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩʚʦʡʩʪʚʘʤʠ ʰʫʤʦʧʦʜʦʙʥʦʩʪʠ, ʯʪʦ ʠ ʦʙʫʩʣʦʚʠʣʦ ʠʭ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʘʧʧʘʨʘʪʫʨʝ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʝʪʝʡ. ɼʣʷ ʧʝʨʝʜʘʯʠ ʝʜʠʥʠʯʥʦʛʦ ʠ ʥʫʣʝʚʦʛʦ ʩʠʤʚʦʣʦʚ 

ʩʦʦʙʱʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠʥʚʝʨʩʥʘʷ ʠ ʧʨʷʤʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

 
 

ʈʠʩʫʥʦʢ 4.15 ʈʘʩʰʠʨʝʥʠʝ ʩʧʝʢʪʨʘ ʧʦ ʪʝʭʥʦʣʦʛʠʠ DSSS 

 

ɼʣʷ ʤʦʜʫʣʷʮʠʠ ʥʝʩʫʱʝʛʦ ʢʦʣʝʙʘʥʠʷ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʫʞʝ ʥʝ ʠʩʭʦʜʥʳʝ 

ʩʠʤʚʦʣʳ ʩʦʦʙʱʝʥʠʷ, ʘ ʧʨʷʤʳʝ ʠʣʠ ʠʥʚʝʨʩʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ɹʘʨʢʝʨʘ. ʇʨʠ 

ʠʩʧʦʣʟɹʦʚʘʥʠʠ  DSSS ʧʨʦʠʩʭʦʜʠʪ "ʨʘʟʤʘʟʳʚʘʥʠʝ" ʤʦʱʥʦʩʪʠ ʩʠʛʥʘʣʘ ʚ ʧʦʣʦʩʝ ʯʘʩʪʦʪ, ʚ 11 ʨʘʟ 

ʧʨʝʚʳʰʘʶʱʝʡ ʧʦʣʦʩʫ ʠʩʭʦʜʥʦʛʦ ʫʟʢʦʧʦʣʦʩʥʦʛʦ ʩʠʛʥʘʣʘ. ɿʜʝʩʴ ʩʣʝʜʫʝʪ ʫʧʦʤʷʥʫʪʴ ʦ ʜʦʚʦʣʴʥʦ 

ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʝʤʩʷ ʚ ʣʠʪʝʨʘʪʫʨʝ ʪʝʟʠʩʝ ʦ ʪʦʤ, ʯʪʦ ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ ʪʝʭʥʦʣʦʛʠʠ DSSS 

ʚʦʟʤʦʞʥʘ ʨʘʙʦʪʘ ʥʘ ʧʦʥʠʞʝʥʥʳʭ ʤʦʱʥʦʩʪʷʭ ʧʝʨʝʜʘʪʯʠʢʘ. ʕʪʦ ʚʝʨʥʦ ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʤʳʩʣʝ, ʯʪʦ 

ʩʥʠʞʘʝʪʩʷ ʩʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʤʦʱʥʦʩʪʠ ʠʟʣʫʯʘʝʤʦʛʦ ʩʠʛʥʘʣʘ ʧʨʠ ʥʝʠʟʤʝʥʥʦʡ 

ʠʟʣʫʯʘʝʤʦʡ ʧʝʨʝʜʘʪʯʠʢʦʤ ʤʦʱʥʦʩʪʠ.  

ɺ ʧʨʠʝʤʥʠʢʝ ʧʦʣʫʯʝʥʥʳʡ ʩʠʛʥʘʣ ʩʥʦʚʘ ʩʢʣʘʜʳʚʘʝʪʩʷ ʧʦ ʤʦʜʫʣʶ ʜʚʘ ʩ ʢʦʜʦʤ ɹʘʨʢʝʨʘ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʦʥ ʩʪʘʥʦʚʠʪʩʷ ʫʟʢʦʧʦʣʦʩʥʳʤ, ʧʦʵʪʦʤʫ ʝʛʦ ʬʠʣʴʪʨʫʶʪ ʚ ʫʟʢʦʡ ʧʦʣʦʩʝ ʯʘʩʪʦʪ, 
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ʨʘʚʥʦʡ ʫʜʚʦʝʥʥʦʡ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ. ʃʶʙʘʷ ʧʦʤʝʭʘ, ʧʦʧʘʜʘʶʱʘʷ ʚ ʧʦʣʦʩʫ ʠʩʭʦʜʥʦʛʦ 

ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʩʠʛʥʘʣʘ, ʧʦʩʣʝ ʫʤʥʦʞʝʥʠʷ ʥʘ ʢʦʜ ɹʘʨʢʝʨʘ, ʥʘʦʙʦʨʦʪ, ʩʪʘʥʦʚʠʪʩʷ 

ʰʠʨʦʢʦʧʦʣʦʩʥʦʡ, ʧʦʵʪʦʤʫ ʚ ʫʟʢʫʶ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʧʦʣʦʩʫ ʧʦʧʘʜʘʝʪ ʣʠʰʴ ʯʘʩʪʴ ʧʦʤʝʭʠ, 

ʧʨʠʤʝʨʥʦ ʚ 11 ʨʘʟ ʤʝʥʴʰʘʷ ʧʦ ʤʦʱʥʦʩʪʠ ʧʦʤʝʭʠ, ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʚʭʦʜʝ ʧʨʠʝʤʥʠʢʘ. ɻʣʘʚʥʦʡ 

ʧʨʦʙʣʝʤʦʡ, ʚʦʟʥʠʢʘʶʱʝʡ ʧʨʠ ʨʝʰʝʥʠʠ ʵʪʦʡ ʟʘʜʘʯʠ, ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʩʠʥʭʨʦʥʠʟʘʮʠʠ 

ʧʨʠʝʤʥʠʢʘ ʧʦ ʧʝʨʝʜʘʚʘʝʤʦʤʫ ʩʠʛʥʘʣʫ. ʅʘ ʫʨʦʚʥʝ ʬʠʟʠʯʝʩʢʦʛʦ ʢʘʥʘʣʘ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ 

ʩʠʥʭʨʦʥʠʟʘʮʠʶ ʧʦ ʬʘʟʝ ʥʝʩʫʱʝʛʦ ʢʦʣʝʙʘʥʠʷ, ʪʘʢʪʦʚʦʡ ʯʘʩʪʦʪʝ ʢʦʜʘ ɹʘʨʢʝʨʘ ʠ ʪʘʢʪʦʚʦʡ 

ʯʘʩʪʦʪʝ ʩʦʦʙʱʝʥʠʷ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʧʝʨʝʜʘʪʯʠʢ ʥʝ ʨʝʞʝ, ʯʝʤ ʦʜʠʥ ʨʘʟ ʟʘ 100 ʤʩ 

ʧʝʨʝʜʘʝʪ ʩʧʝʮʠʘʣʴʥʳʡ ʩʠʥʭʨʦʩʠʛʥʘʣ.  

ʇʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ DSSS ʧʦʟʚʦʣʷʝʪ ʪʘʢʞʝ ʵʬʬʝʢʪʠʚʥʦ ʙʦʨʦʪʴʩʷ ʩ 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʡ ʧʦʤʝʭʦʡ, ʚʦʟʥʠʢʘʶʱʝʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʪʨʘʞʝʥʠʷ ʩʠʛʥʘʣʘ ʦʪ ʩʪʝʥ ʠ 

ʤʝʩʪʥʳʭ ʧʨʝʜʤʝʪʦʚ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʟʘʢʨʳʪʳʭ ʧʦʤʝʱʝʥʠʡ. 

 

ɼʚʦʠʯʥʘʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʬʘʟʦʚʘʷ ʤʘʥʠʧʫʣʷʮʠʷ (DBPSK) 

 

ɼʘʥʥʳʡ ʚʠʜ ʤʦʜʫʣʷʮʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʩʦ ʩʢʦʨʦʩʪʴ 1 ʄʙʠʪ/ʩ. 

ɼʣʷ ʤʦʜʫʣʷʮʠʠ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʥʝʩʫʱʝʛʦ ʩʠʛʥʘʣʘ  ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʜʚʦʠʯʥʘʷ 

ʬʘʟʦʚʘʷ ʤʦʜʫʣʷʮʠʷ (Differential Binary Phase Shift Key, DBPSK). ʇʨʠ ʵʪʦʤ ʢʦʜʠʨʦʚʘʥʠʝ 

ʠʥʬʦʨʤʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʩʜʚʠʛʘ ʬʘʟʳ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʩʠʛʥʘʣʘ ʧʦ ʦʪʥʦh ʝʥʠʶ ʢ 

ʧʨʝʜʳʜʫʱʝʤʫ ʩʦʩʪʦʷʥʠʶ ʩʠʛʥʘʣʘ. ɼʚʦʠʯʥʘʷ ʬʘʟʦʚʘʷ ʤʦʜʫʣʷʮʠʷ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʜʚʘ 

ʚʦʟʤʦʞʥʳʭ ʟʥʘʯʝʥʠʷ ʩʜʚʠʛʘ ʬʘʟʳ ð 0 ʠ ˊ. ʊʦʛʜʘ ʣʦʛʠʯʝʩʢʠʡ ʥʫʣʴ ʤʦʞʝʪ ʧʝʨʝʜʘʚʘʪʴʩʷ 

ʩʠʥʬʘʟʥʳʤ ʩʠʛʥʘʣʦʤ (ʩʜʚʠʛ ʧʦ ʬʘʟʝ ʨʘʚʝʥ 0), ʘ ʝʜʠʥʠʮʘ ð ʩʠʛʥʘʣʦʤ, ʢʦʪʦʨʳʡ ʩʜʚʠʥʫʪ ʧʦ 

ʬʘʟʝ ʥʘ ˊ. 

 

 ʂʚʘʜʨʘʪʫʨʥʘʷ ʬʘʟʦʚʘʷ ʤʘʥʠʧʫʣʷʮʠʷ (QPSK) 

 

ɼʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʥʘ ʩʢʦʨʦʩʪʠ 2 ʄʙʠʪ/ʩ  ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʢʚʘʜʨʘʪʫʨʥʘʷ 

ʬʘʟʦʚʘʷ ʤʦʜʫʣʷʮʠʷ (Differential Quadrature Phase Shiftey). ʇʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʢʚʘʜʨʘʪʫʨʥʦʡ 

ʬʘʟʦʚʦʡ ʤʦʜʫʣʷʮʠʠ ʩʜʚʠʛ ʬʘʟ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʯʝʪʳʨʝ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷ: 0, ˊ/2, ˊ ʠ 3ˊ/2. 

ʀʩʧʦʣʴʟʫʷ ʯʝʪʳʨʝ ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʦʷʥʠʷ ʩʠʛʥʘʣʘ, ʤʦʞʥʦ ʚ ʦʜʥʦʤ ʜʠʩʢʨʝʪʥʦʤ ʩʦʩʪʦʷʥʠʠ 

ʟʘʢʦʜʠʨʦʚʘʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʚʫʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʙʠʪ (ʜʠʙʠʪ) ʠ ʪʝʤ ʩʘʤʳʤ ʚ ʜʚʘ ʨʘʟʘ 

ʧʦʚʳʩʠʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ.  ɼʠʙʠʪʫ 00 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʜʚʠʛ ʬʘʟʳ, ʨʘʚʥʳʡ 

0; ʜʠʙʠʪʫ 01 ð ʩʜʚʠʛ ʬʘʟʳ, ʨʘʚʥʳʡ ˊ/2; ʜʠʙʠʪʫ 11 ð ʩʜʚʠʛ ʬʘʟʳ, ʨʘʚʥʳʡ ˊ; ʜʠʙʠʪʫ 10 ð 

ʩʜʚʠʛ ʬʘʟʳ, ʨʘʚʥʳʡ 3ˊ/2. 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʨʘʩʩʤʦʪʨʝʥʠʷ ʬʠʟʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʧʨʦʪʦʢʦʣʘ 802.11 ʦʪʤʝʪʠʤ, ʯʪʦ ʧʨʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʢʦʨʦʩʪʠ 2 ʄʙʠʪ/ʩ ʩʢʦʨʦʩʪʴ ʩʣʝʜʦʚʘʥʠʷ ʦʪʜʝʣʴʥʳʭ ʯʠʧʦʚ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ɹʘʨʢʝʨʘ ʦʩʪʘʝʪʩʷ ʧʨʝʞʥʝʡ, ʪʦ ʝʩʪʴ 11Ĭ10
6
 ʯʠʧ/ʩ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝ 

ʤʝʥʷʝʪʩʷ ʠ ʰʠʨʠʥʘ ʩʧʝʢʪʨʘ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʩʠʛʥʘʣʘ. 

ɻʣʘʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʪʝʭʥʦʣʦʛʠʡ DSSS ʠ FHSS ʷʚʣʷʝʪʩʷ ʥʠʟʢʘʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ. ʅʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʶʪʩʷ ʫʩʪʘʨʝʚʰʠʤʠ ʠ ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ. 

 

ʌʠʟʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʩʝʪʝʡ ʩʪʘʥʜʘʨʪʘ 802.11b 

 

ʇʦʷʚʠʚʰʠʡʩʷ ʚ 1999 ʛʦʜʫ ʩʪʘʥʜʘʨʪ 802.11b ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʣ ʧʨʘʚʠʣʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʪʝʭʥʦʣʦʛʠʠ HR ï DSSS, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ 5,5 ʄʙʠʪ/ʩ ʠ 

11 ʄʙʠʪ/ʩ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʪʘʢʠʭ ʩʢʦʨʦʩʪʝʡ ʧʨʠʤʝʥʷʣʦʩʴ ʢʦʜʠʨʦʚʘʥʠʝ ʩ ʠʩʧʦʣʟɹʦʚʘʥʠʝʤ 

ʢʦʤʧʣʝʤʝʥʪʘʨʥʳʭ ʢʦʜʦʚ (complementary code keying, CCK) ʠʣʠ ʪʝʭʥʦʣʦʛʠʠ ʜʚʦʠʯʥʦʛʦ 

ʧʘʢʝʪʥʦʛʦ ʩʚʝʨʪʦʯʥʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ (packet binary convolution coding, PBCC). ɺ ʪʝʭʥʦʣʦʛʠʠ 

HR-DSSS ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʪʘ ʞʝ ʩʭʝʤʘ ʦʨʛʘʥʠʟʘʮʠʠ ʢʘʥʘʣʦʚ ʯʪʦ ʠ DSSS ï ʧʦʣʦʩʘ ʢʘʥʘʣʘ 22 

ʄɻʮ, 11 ʢʘʥʘʣʦʚ, 3 ʥʝ ʧʝʨʝʢʨʳʚʘʶʱʠʭʩʷ, ISM ʜʠʘʧʘʟʦʥ 2,4 ɻɻʮ.         

 

ʇʦʜʫʨʦʚʝʥʴ PLCP ʪʝʭʥʦʣʦʛʠʠ HR-DSSS ʩʪʘʥʜʘʨʪʘ 802.11b 
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ʇʦʜʫʨʦʚʝʥʴ PLCP ʪʝʭʥʦʣʦʛʠʠ HR-DSSS ʠʩʧʦʣʴʟʫʝʪ ʬʨʝʡʤʳ PPDU ʜʚʫʭ ʪʠʧʦʚ: 

ʜʣʠʥʥʳʡ ʠ ʢʦʨʦʪʢʠʡ. ʇʨʝʘʤʙʫʣʘ ʠ ʟʘʛʦʣʦʚʦʢ ʜʣʠʥʥʦʛʦ ʬʨʝʡʤʘ ʚʩʝʛʜʘ ʧʝʨʝʜʘʶʪʩʷ ʩʦ 

ʩʢʦʨʦʩʪʴʶ 1 ʄʙʠʪ/ʩ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʦʙʨʘʪʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʩ ʪʝʭʥʦʣʦʛʠʝʡ DSSS. ɼʣʠʥʥʳʡ 

ʬʨʝʡʤ HR-DSSS ʧʦʯʪʠ ʪʘʢʦʡ ʞʝ ʢʘʢ ʚ DSSS ʥʦ ʩ ʥʝʙʦʣʴʰʠʤʠ ʦʪʣʠʯʠʷʤʠ, ʥʘʧʨʘʚʣʝʥʥʳʤʠ ʥʘ 

ʧʦʚʳʰʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ: 

¶ ɺ ʧʦʜʧʦʣʝ Signal ʤʦʛʫʪ ʙʳʪʴ ʫʢʘʟʘʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

(0ʭ37 ï 5,5 ʄʙʠʪ/ʩ; 0ʭ6ɽ ï 11 ʄʙʠʪ/ʩ) 

¶ ʇʦʜʧʦʣʝ Service ʦʧʨʝʜʝʣʷʝʪ ʨʘʥʝʝ ʟʘʨʝʟʝʨʚʠʨʦʚʘʥʥʳʝ ʙʠʪʳ (ʊʘʙʣʠʮʘ 43) 

¶ ʇʦʜʧʦʣʝ Length ʧʦ ʧʨʝʞʥʝʤʫ ʫʢʘʟʳʚʘʝʪ ʚʨʝʤʷ ʚ ʤʠʢʨʦʩʝʢʫʥʜʘʭ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ 

ʧʝʨʝʜʘʯʠ PSDU  

¶  

ʊʘʙʣʠʮʘ 4.3. ʆʧʨʝʜʝʣʝʥʠʝ ʙʠʪʦʚ ʧʦʜʧʦʣʷ Service 

ɹʠʪ ʅʘʠʤʝʥʦʚʘʥʠʝ ɿʥʘʯʝʥʠʝ 

ɺ2 ɻʝʥʝʨʘʪʦʨʳ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʳ 

(locked clocks) 

0 = ʥʝ ʩʝʥʭʨʘʥʠʟʠʨʦʚʘʥʳ, 1 = ʟʘʜʘʶʱʠʝ 

ʛʝʥʝʨʘʪʦʨʳ ʯʘʩʪʦʪʳ ʠ ʩʠʤʚʦʣʦʚ 

ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʳ 

ɺ3 ɺʳʙʦʨ ʤʦʜʫʣʷʮʠʠ (modulation 

selection) 

0 = CCK; 1 = PBCC 

ɺ7 ʋʚʝʣʠʯʝʥʠʝ ʜʣʠʥʳ ʀʩʧʦʣʴʟʫʝʪʩʷ ʧʦʜʧʦʣʝʤ ʜʣʠʥʳ 

 

   

ʂʦʨʦʪʢʠʡ ʬʨʝʡʤ PLCP PPDU ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʨʝʜʩʪʚʦ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʯʠʩʣʘ 

ʩʣʫʞʝʙʥʳʭ ʩʠʛʥʘʣʦʚ, ʚʩʝ ʝʱʝ ʧʦʟʚʦʣʷʶʱʠʭ, ʧʝʨʝʜʘʪʯʠʢʫ ʠ ʧʨʠʝʤʥʠʢʫ ʩʚʷʟʘʪʴʩʷ ʩ ʜʨʫʛ 

ʜʨʫʛʦʤ ʥʘʜʣʝʞʘʱʠʤ ʦʙʨʘʟʦʤ. ʂʦʨʦʪʢʠʡ ʬʨʝʡʤ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 5.7.  ʆʥ ʠʩʧʦʣʴʟʫʝʪ ʪʝ ʞʝ 

ʟʘʛʦʣʦʚʦʢ, ʧʨʝʘʤʙʫʣʫ ʠ ʬʦʨʤʘʪ PSDU, ʥʦ ʟʘʛʦʣʦʚʦʢ PLCP ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʩʢʦʨʦʩʪʠ 2 ʄʙʠʪ/ʩ, ʚ 

ʪʦ ʚʨʝʤʷ ʢʘʢ PSDU ʧʝʨʝʜʘʝʪʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ 2; 5,5; 11 ʄʙʠʪ/ʩ. ʂʨʦʤʝ ʪʦʛʦ ʝʛʦ ʧʦʜʧʦʣʷ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

¶ ʐʠʨʠʥʘ ʧʦʣʷ Sync ʩʦʢʨʘʱʝʥʘ ʩʦ 128 ʜʦ 56 ʙʠʪʦʚ, ʦʥʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʪʨʦʢʫ 

ʩʦʩʪʦʷʱʫʶ ʠʟ ʦʜʥʠʭ ʥʫʣʝʡ. 

¶ ʇʦʣʝ SFD ʰʠʨʠʥʦʡ 16 ʙʠʪ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʯʘʣʦ ʬʨʝʡʤʘ ʠ ʥʘ ʠʩʧʦʣʴʟʫʝʤʳʡ 

ʟʘʛʦʣʦʚʦʢ (ʢʦʨʦʪʢʠʡ ʠʣʠ ʜʣʠʥʥʳʡ) 

 

 
 

ʈʠʩʫʥʦʢ 4.16 ʂʦʨʦʪʢʠʡ PPDU ʪʝʭʥʦʣʦʛʠʠ HR-DSSS 

 

ʄʦʜʫʣʷʮʠʷ ʉʉʂ ʥʘ ʧʦʜʫʨʦʚʥʝ PMD ʩʪʘʥʜʘʨʪʘ 802.11b 

 

ɺ ʩʪʘʥʜʘʨʪʝ IEEE 802.11b ʠʩʧʦʣʴʟʫʶʪʩʷ  ʢʦʤʧʣʝʢʩʥʳʝ ʢʦʤʧʣʝʤʝʥʪʘʨʥʳʝ 8-ʯʠʧʦʚʳʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʥʘ ʤʥʦʞʝʩʪʚʝ ʢʦʤʧʣʝʢʩʥʳʭ ʵʣʝʤʝʥʪʦʚ {1, ï1, j, ïj}. 

ʕʣʝʤʝʥʪʳ 8-ʯʠʧʦʚʦʡ CCK-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʤʦʛʫʪ ʧʨʠʥʠʤʘʪʴ ʦʜʥʦ ʠʟ ʩʣʝʜʫʶʱʠʭ ʚʦʩʴʤʠ 

ʟʥʘʯʝʥʠʡ: 1, ï1, j, ïj, 1+j, 1ïj, ï1+j, ï1ïj. ʆʩʥʦʚʥʦʝ ʦʪʣʠʯʠʝ CCK-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʦʪ 

ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʨʘʥʝʝ ʢʦʜʦʚ ɹʘʨʢʝʨʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʥʝ ʩʪʨʦʛʦ ʟʘʜʘʥʥʘʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʙʳʣʦ ʢʦʜʠʨʦʚʘʪʴ ʣʠʙʦ ʣʦʛʠʯʝʩʢʠʡ ʥʫʣʴ, 

ʣʠʙʦ ʝʜʠʥʠʮʫ, ʘ ʮʝʣʳʡ ʥʘʙʦʨ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ CCK-ʢʦʜʦʚ ʧʦʟʚʦʣʷʝʪ 

ʢʦʜʠʨʦʚʘʪʴ 8 ʙʠʪ ʥʘ ʦʜʠʥ ʩʠʤʚʦʣ ʧʨʠ ʩʢʦʨʦʩʪʠ 11 ʄʙʠʪ/ʩ ʠ 4 ʙʠʪ ʥʘ ʩʠʤʚʦʣ ʧʨʠ ʩʢʦʨʦʩʪʠ 5,5 

ʄʙʠʪ/ʩ. 
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ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʝʨʝʜʘʚʘʪʴ ʜʘʥʥʳʝ ʩʦ ʩʢʦʨʦʩʪʴʶ 5,5 ʄʙʠʪ/ʩ, ʥʫʞʥʦ ʩʛʨʫʧʧʠʨʦʚʘʪʴ 

ʩʢʨʝʤʙʣʠʨʦʚʘʥʥʳʡ ʧʦʪʦʢ ʙʠʪʦʚ ʚ ʩʠʤʚʦʣʳ ʧʦ 4 ʙʠʪʘ (b0, b1, b2 ʠ bɿ). ʇʦʩʣʝʜʥʠʝ ʜʚʘ ʙʠʪʘ (b2 

ʠ bɿ) ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 4 ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʢʦʤʧʣʝʢʩʥʳʭ ʯʠʧʦʚ, ʢʘʢ ʧʦʢʘʟʘʥʦ 

ʚ ʪʘʙʣ. 4.1, ʛʜʝ {cl, ʩ2, ʩɿ, ʩ4, ʩ5, ʩ6, ʩ7, ʩ8} ʧʨʝʜʩʪʘʚʣʷʶʪ ʯʠʧʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ.  

 

ʊʘʙʣʠʮʘ 4.4. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʯʠʧʦʚ CCK 

b2,b3 C1 C2 C3 C4 C5 C6 C7 C8 

00 J 1 j -1 J 1 -1 1 

01 -J -1 -j 1 J 1 -j 1 

10 -j 1 -j -1 -j  1 j 1 

11 j -1 j 1 -i 1 j 1 

 

ʊʝʧʝʨʴ, ʠʤʝʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʯʠʧʦʚ, ʦʧʨʝʜʝʣʝʥʥʫʶ ʙʠʪʘʤʠ (b2, bɿ), ʤʦʞʥʦ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʧʝʨʚʳʝ ʜʚʘ ʙʠʪʘ (b0, b1) ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʚʦʨʦʪʘ ʬʘʟʳ, ʦʩʫʱʝʩʪʚʣʷʝʤʦʛʦ ʧʨʠ 

ʤʦʜʫʣʷʮʠʠ ʧʦ ʤʝʪʦʜʫ DQPSK, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʧʨʠʤʝʥʝʥ ʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. 

 

ʊʘʙʣʠʮʘ 4.5. ʇʦʚʦʨʦʪ ʬʘʟʳ ʧʨʠ CCK ʤʦʜʫʣʷʮʠʠ 

00 0 ʛʨʘʜʫʩʦʚ 

01 90 ʛʨʘʜʫʩʦʚ 

11 180 ʛʨʘʜʫʩʦʚ 

10 90 ʛʨʘʜʫʩʦʚ 

 

ʆʧʨʝʜʝʣʝʥʥʦʝ ʙʠʪʘʤʠ ʚʨʘʱʝʥʠʝ ʬʘʟʳ ʧʨʠʤʝʥʷʝʪʩʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 8 ʢʦʤʧʣʝʢʩʥʳʤ 

ʯʠʧʘʤ ʩʠʤʚʦʣʘ, ʟʘʪʝʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʤʦʜʫʣʷʮʠʷ ʥʘ ʧʦʜʭʦʜʷʱʝʡ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʝ.   

ʉʣʝʜʫʝʪ ʠʤʝʪʴ ʚʚʠʜʫ, ʯʪʦ ʨʝʯʴ ʠʜʝʪ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ DQPSK, ʘ ʥʝ QPSK, ʠ ʧʦʵʪʦʤʫ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ ʠʟʤʝʥʝʥʠʷ ʬʘʟʳ ʦʪʩʯʠʪʳʚʘʶʪʩʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʨʝʜʳʜʫɦ ʝʤʫ 

ʩʠʤʚʦʣʫ ʠʣʠ, ʚ ʩʣʫʯʘʝ ʧʝʨʚʦʛʦ ʩʠʤʚʦʣʘ PSDU, ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʦʩʣʝʜʥʝʤʫ ʩʠʤʚʦʣʫ 

ʧʨʝʜʳʜʫʱʝʛʦ DQPSK ʩʠʤʚʦʣʘ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʝʨʝʜʘʚʘʪʴ ʜʘʥʥʳʝ ʥʘ ʩʢʦʨʦʩʪʠ 11 ʄʙʠʪ/ʩ, ʩʢʨʝʤʙʣʠʨʦʚʘʥʥʘʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʙʠʪʦʚ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʛʨʫʧʧʳ ʧʦ 8 ʙʠʪ. ʇʦʩʣʝʜʥʠʝ 6 ʙʠʪʦʚ ʚʳʙʠʨʘʶʪ ʦʜʥʫ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, ʩʦʩʪʦʷʱʫʶ ʠʟ 8 ʢʦʤʧʣʝʢʩʥʳʭ ʯʠʧʦʚ ʠʟ ʯʠʩʣʘ 64 ʚʦʟʤʦʞʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʧʝʨʚʳʝ ʙʠʪʳ ʪʘʢ ʞʝ ʢʘʢ ʠ ʜʣʷ ʩʢʦʨʦʩʪʠ 5,5 ʄʙʠʪ/ʩ ʦʧʨʝʜʝʣʷʶʪ 

ʠʟʤʝʥʝʥʠʝ ʬʘʟʳ ʩʠʤʚʦʣʦʚ.      

 

ɼʚʦʠʯʥʦʝ ʧʘʢʝʪʥʦʝ ʩʚʝʨʪʦʯʥʦʝ ʢʦʜʠʨʦʚʘʥʠʝ PBCC 
 

ʀʜʝʷ ʩʚʝʨʪʦʯʥʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ. ɺʭʦʜʷʱʘʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʙʠʪ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʩʧʝʮʠʘʣʴʥʦʤ ʩʚʝʨʪʦʯʥʦʤ ʢʦʜʝʨʝ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʢʘʞʜʦʤʫ ʚʭʦʜʥʦʤʫ ʙʠʪʫ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʙʦʣʝʝ ʦʜʥʦʛʦ ʚʳʭʦʜʥʦʛʦ. ʊʦ 

ʝʩʪʴ ʩʚʝʨʪʦʯʥʳʡ ʢʦʜʝʨ ʜʦʙʘʚʣʷʝʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʠʟʙʳʪʦʯʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʢ ʠʩʭʦʜʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʥɹʦʩʪʠ. ɽʩʣʠ, ʢ ʧʨʠʤʝʨʫ, ʢʘʞʜʦʤʫ ʚʭʦʜʥʦʤʫ ʙʠʪʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʚʘ ʚʳʭʦʜʥʳʭ, 

ʪʦ ʛʦʚʦʨʷʪ ʦ ʩʚʝʨʪʦʯʥʦʤ ʢʦʜʠʨʦʚʘʥʠʠ ʩʦ ʩʢʦʨʦʩʪʴʶ r = 1/2. 

ʃʶʙʦʡ ʩʚʝʨʪʦʯʥʳʡ ʢʦʜʝʨ ʩʪʨʦʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʥʝʩʢʦʣʴʢʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʚʷʟʘʥʥʳʭ 

ʟʘʧʦʤʠʥʘʶʱʠʭ ʷʯʝʝʢ ʠ ʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʩʚʷʟʳʚʘʶʱʠʭ ʵʪʠ ʷʯʝʡʢʠ ʤʝʞʜʫ ʩʦʙʦʡ. 

ʂʦʣʠʯʝʩʪʚʦ ʟʘʧʦʤʠʥʘʶʱʠʭ ʷʯʝʝʢ ʦʧʨʝʜʝʣʷʝʪ ʢʦʣʠʯʝʩʪʚʦ ʚʦʟʤʦʞʥʳʭ ʩʦʩʪʦʷʥʠʡ ʢʦʜʝʨʘ. ɽʩʣʠ, 

ʢ ʧʨʠʤʝʨʫ, ʚ ʩʚʝʨʪʦʯʥʦʤ ʢʦʜʝʨʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʰʝʩʪʴ ʟʘʧʦʤʠʥʘʶʱʠʭ ʷʯʝʝʢ, ʪʦ ʚ ʢʦʜʝʨʝ 

ʭʨʘʥʠʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʰʝʩʪʠ ʧʨʝʜʳʜʫʱʠʭ ʩʦʩʪʦʷʥʠʷʭ ʩʠʛʥʘʣʘ, ʘ ʩ ʫʯʝʪʦʤ ʟʥʘʯʝʥʠʷ 

ʚʭʦʜʷʱʝʛʦ ʙʠʪʘ ʧʦʣʫʯʠʤ, ʯʪʦ ʚ ʪʘʢʦʤ ʢʦʜʝʨʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʝʤʴ ʙʠʪ ʚʭʦʜʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ʊʘʢʦʡ ʩʚʝʨʪʦʯʥʳʡ ʢʦʜʝʨ ʥʘʟʳʚʘʝʪʩʷ ʢʦʜʝʨʦʤ ʥʘ ʩʝʤʴ ʩʦʩʪʦʷʥʠʡ (K = 7). 
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ɺʳʭʦʜʥʳʝ ʙʠʪʳ, ʬʦʨʤʠʨʫʝʤʳʝ ʚ ʩʚʝʨʪʦʯʥʦʤ ʢʦʜʝʨʝ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʟʥʘʯʝʥʠʷʤʠ 

ʚʭʦʜʥʦʛʦ ʙʠʪʘ ʠ ʙʠʪʘʤʠ, ʭʨʘʥʠʤʳʤʠ ʚ ʟʘʧʦʤʠʥʘʶʱʠʭ ʷʯʝʡʢʘʭ, ʪʦ ʝʩʪʴ ʟʥʘʯʝʥʠʝ ʢʘʞʜʦʛʦ 

ʬʦʨʤʠʨʫʝʤʦʛʦ ʚʳʭʦʜʥʦʛʦ ʙʠʪʘ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʚʭʦʜʷʱʝʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʙʠʪʘ, ʥʦ ʠ 

ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʧʨʝʜʳʜʫʱʠʭ ʙʠʪʦʚ. 

ɺ ʪʝʭʥʦʣʦʛʠʠ PBCC ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʚʝʨʪʦʯʥʳʝ ʢʦʜʝʨʳ ʥʘ ʩʝʤʴ ʩʦʩʪʦʷʥʠʡ (K = 7) ʩʦ 

ʩʢʦʨʦʩʪʴʶ r=1/2. ɻʣʘʚʥʳʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʩʚʝʨʪʦʯʥʳʭ ʢʦʜʝʨʦʚ ʷʚʣʷʝʪʩʷ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴ 

ʬʦʨʤʠʨʫʝʤʦʡ ʠʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʠʟʙʳʪʦʯʥʦʩʪʠ ʢʦʜʠʨʦʚʘʥʠʷ ʜʘʞʝ 

ʚ ʩʣʫʯʘʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʰʠʙʦʢ ʧʨʠʝʤʘ ʠʩʭʦʜʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʙʠʪ ʤʦʞʝʪ ʙʳʪʴ 

ʙʝʟʦʰʠʙʦʯʥʦ ʚʦʩʩʪʘʥʦʚʣʝʥʘ. ɼʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʩʭʦʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʙʠʪʦʚ ʥʘ 

ʩʪʦʨʦʥʝ ʧʨʠʝʤʥʠʢʘ ʧʨʠʤʝʥʷʝʪʩʷ ʜʝʢʦʜʝʨ ɺʠʪʝʨʙʠ. 

ɼʠʙʠʪ, ʬʦʨʤʠʨʫʝʤʳʡ ʚ ʩʚʝʨʪʦʯʥʦʤ ʢʦʜʝʨʝ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʜʘʣʴʥʝʡʰʝʤ ʚ ʢʘʯʝʩʪʚʝ 

ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʩʠʤʚʦʣʘ, ʥʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʵʪʦʪ ʜʠʙʠʪ ʧʦʜʚʝʨʛʘʝʪʩʷ ʬʘʟʦʚʦʡ ʤʦʜʫʣʷʮʠʠ. 

ʇʨʠʯʝʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʚʦʟʤʦʞʥʘ ʜʚʦʠʯʥʘʷ, ʢʚʘʜʨʘʪʫʨʥʘʷ ʠʣʠ ʜʘʞʝ 

ʚʦʩʴʤʠʧʦʟʠʮʠʦʥʥʘʷ ʬʘʟʦʚʘʷ ʤʦʜʫʣʷʮʠʷ. 

ʄʝʪʦʜ ʧʘʢʝʪʥʦʛʦ ʩʚʝʨʪʦʯʥʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ ʦʧʮʠʦʥʘʣʴʥʦ ʧʨʝʜʫʩʤʦʪʨʝʥ ʢʘʢ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʤʝʪʦʜ ʢʦʜʠʨʦʚʘʥʠʷ ʚ ʧʨʦʪʦʢʦʣʝ 802.11b ʥʘ ʩʢʦʨʦʩʪʷʭ ʧʝʨʝʜʘʯʠ 5,5 ʠ 11 

ʄʙʠʪ/ʩ. ʂʨʦʤʝ ʪʦʛʦ, ʠʤʝʥʥʦ ʜʘʥʥʳʡ ʨʝʞʠʤ ʢʦʜʠʨʦʚʘʥʠʷ ʣʝʛ ʚ ʦʩʥʦʚʫ ʧʨʦʪʦʢʦʣʘ 802.11b+ ð 

ʨʘʩh ʠʨʝʥʠʷ ʧʨʦʪʦʢʦʣʘ 802.11b. ʉʦʙʩʪʚʝʥʥʦ, ʧʨʦʪʦʢʦʣʘ 802.11b+ ʢʘʢ ʪʘʢʦʚʦʛʦ ʦʬʠʮʠʘʣʴʥʦ ʥʝ 

ʩʫʱʝʩʪʚʫʝʪ, ʦʜʥʘʢʦ ʜʘʥʥʦʝ ʨʘʩʰʠʨʝʥʠʝ ʧʦʜʜʝʨʞʘʥʦ ʤʥʦʛʠʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʙʝʩʧʨʦʚʦʜʥʳʭ 

ʫʩʪʨʦʡʩʪʚ. ɺ ʧʨʦʪʦʢʦʣʝ 802.11b+ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʝʱʝ ʦʜʥʘ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ð 

22 ʄʙʠʪ/ʩ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ PBCC. 

ʇʨʠ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ 5,5 ʄʙʠʪ/ʩ ʜʣʷ ʤʦʜʫʣʷʮʠʠ ʜʠʙʠʪʘ, ʬʦʨʤʠʨʫʝʤʦʛʦ ʩʚʝʨʪʦʯʥʳʤ 

ʢʦʜʝʨʦʤ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʚʦʠʯʥʘʷ ʬʘʟʦʚʘʷ ʤʦʜʫʣʷʮʠʷ, ʘ ʧʨʠ ʩʢʦʨʦʩʪʠ 11 ʄʙʠʪ/ʩ ð 

ʢʚʘʜʨʘʪʫʨʥʘʷ ʬʘʟʦʚʘʷ ʤʦʜʫʣʷʮʠʷ. ʇʨʠ ʵʪʦʤ ʜʣʷ ʩʢʦʨʦʩʪʠ 11 ʄʙʠʪ/ʩ ʚ ʢʘʞʜʦʤ ʩʠʤʚʦʣʝ 

ʢʦʜʠʨʫʝʪʩʷ ʧʦ ʦʜʥʦʤʫ ʚʭʦʜʥʦʤʫ ʙʠʪʫ ʠ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʙʠʪ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʢʦʨʦʩʪʠ 

ʧʝʨʝʜʘʯʠ ʩʠʤʚʦʣʦʚ, ʘ ʧʨʠ ʩʢʦʨʦʩʪʠ 5,5 ʄʙʠʪ/ʩ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʙʠʪʦʚ ʨʘʚʥʘ ʧʦʣʦʚʠʥʝ 

ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʩʠʤʚʦʣʦʚ (ʧʦʩʢʦʣʴʢʫ ʢʘʞʜʦʤʫ ʚʭʦʜʥʦʤʫ ʙʠʪʫ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʚʘ ʚʳʭʦʜʥʳʭ ʩʠʤʚʦʣʘ). ʇʦʵʪʦʤʫ ʠ ʜʣʷ ʩʢʦʨʦʩʪʠ 5,5 ʄʙʠʪ/ʩ, ʠ ʜʣʷ ʩʢʦʨʦʩʪʠ 11 

ʄʙʠʪ/ʩ ʩʠʤʚʦʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 11Ĭ10
6
 ʩʠʤʚʦʣʦʚ ʚ ʩʝʢʫʥʜʫ. 

ɼʣʷ ʩʢʦʨʦʩʪʠ 22 ʄʙʠʪ/ʩ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʫʞʝ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʥʘʤʠ ʩʭʝʤʦʡ PBCC ʧʝʨʝʜʘʯʘ 

ʜʘʥʥʳʭ ʠʤʝʝʪ ʜʚʝ ʦʩʦʙʝʥʥʦʩʪʠ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʠʩʧʦʣʴʟʫʝʪʩʷ  8-ʧʦʟʠʮʠʦʥʥʘʷ ʬʘʟʦʚʘʷ 

ʤʦʜʫʣʷʮʠʷ (8-PSK), ʪʦ ʝʩʪʴ ʬʘʟʘ ʩʠʛʥʘʣʘ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʚʦʩʝʤʴ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʚ ʦʜʥʦʤ ʩʠʤʚʦʣʝ ʢʦʜʠʨʦʚʘʪʴ ʫʞʝ 3 ʙʠʪʘ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʭʝʤʫ ʢʨʦʤʝ ʩʚʝʨʪʦʯʥʦʛʦ 

ʢʦʜʝʨʘ ʜʦʙʘʚʣʝʥ ʧʫʥʢʪʫʨʥʳʡ ʢʦʜʝʨ (Puncture). ʉʤʳʩʣ ʪʘʢʦʛʦ ʨʝʰʝʥʠʷ ʜʦʚʦʣʴʥʦ ʧʨʦʩʪ: 

ʠʟʙʳʪʦʯʥʦʩʪʴ ʩʚʝʨʪʦʯʥʦʛʦ ʢʦʜʝʨʘ, ʨʘʚʥʘʷ 2 (ʥʘ ʢʘʞʜʳʡ ʚʭʦʜʥʦʡ ʙʠʪ ʧʨʠʭʦʜʠʪʩʷ ʜʚʘ 

ʚʳʭʦʜʥʳʭ), ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘ ʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦʤʝʭʦʚʦʡ ʦʙʩʪʘʥʦʚʢʠ ʷʚʣʷʝʪʩʷ 

ʠʟʣʠʰʥʝʡ, ʧʦʵʪʦʤʫ ʤʦʞʥʦ ʫʤʝʥʴʰʠʪʴ ʠʟʙʳʪʦʯʥʦʩʪʴ, ʯʪʦʙʳ, ʢ ʧʨʠʤʝʨʫ, ʢʘʞʜʳʤ ʜʚʫʤ 

ʚʭʦʜʥʳʤ ʙʠʪʘʤ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʪʨʠ ʚʳʭʦʜʥʳʭ. 

ɼʣʷ ʵʪʦʛʦ ʤʦʞʥʦ, ʢʦʥʝʯʥʦ, ʨʘʟʨʘʙʦʪʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʩʚʝʨʪʦʯʥʳʡ ʢʦʜʝʨ, ʥʦ ʣʫʯʰʝ 

ʜʦʙʘʚʠʪʴ ʚ ʩʭʝʤʫ ʩʧʝʮʠʘʣʴʥʳʡ ʧʫʥʢʪʫʨʥʳʡ ʢʦʜʝʨ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʧʨʦʩʪʦ ʫʥʠʯʪʦʞʘʪʴ ʣʠʰʥʠʝ 

ʙʠʪʳ. 

ɼʦʧʫʩʪʠʤ, ʯʪʦ ʧʫʥʢʪʫʨʥʳʡ ʢʦʜʝʨ ʫʜʘʣʷʝʪ ʦʜʠʥ ʙʠʪ ʠʟ ʢʘʞʜʳʭ ʯʝʪʳʨʝʭ ʚʭʦʜʥʳʭ ʙʠʪʦʚ. 

ʊʦʛʜʘ ʢʘʞʜʳʤ ʯʝʪʳʨʝʤ ʚʭʦʜʷʱʠʤ ʙʠʪʘʤ ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʪʨʠ ʚʳʭʦʜʷʱʠʭ. ʉʢʦʨʦʩʪʴ 

ʪʘʢʦʛʦ ʢʦʜʝʨʘ ʩʦʩʪʘʚʣʷʝʪ 4/3. 

ɽʩʣʠ ʞʝ ʪʘʢʦʡ ʢʦʜʝʨ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʧʘʨʝ ʩʦ ʩʚʝʨʪʦʯʥʳʤ ʢʦʜʝʨʦʤ ʩʦ ʩʢʦʨʦʩʪʴʶ 1/2, ʪʦ 

ʦʙʱʘʷ ʩʢʦʨʦʩʪʴ ʢʦʜʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʠʪ ʫʞʝ 2/3, ʪʦ ʝʩʪʴ ʢʘʞʜʳʤ ʜʚʫʤ ʚʭʦʜʥʳʤ ʙʠʪʘʤ ʙʫʜʝʪ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʪʨʠ ʚʳʭʦʜʥʳʭ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʦʙʩʫʞʜʝʥʠʷ ʧʨʦʪʦʢʦʣʘ 802.11b/b+ ʧʨʠʚʝʜʝʤ ʪʘʙʣʠʮʫ ʩʦʦʪʚʝʪʩʪʚʠʷ 

ʤʝʞʜʫ ʩʢʦʨʦʩʪʷʤʠ ʧʝʨʝʜʘʯʠ ʠ ʪʠʧʦʤ ʢʦʜʠʨʦʚʘʥʠʷ (ʪʘʙʣ. 4.2).  
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ʊʘʙʣʠʮʘ 4.6. ʉʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʩʢʦʨʦʩʪʷʤʠ ʧʝʨʝʜʘʯʠ ʠ ʪʠʧʦʤ ʢʦʜʠʨʦʚʘʥʠʷ ʚ  

ʩʪʘʥʜʘʨʪʝ 802.11b 

 

ʉʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ, 

ʄʙʠʪ/ʩ 

ʄʝʪʦʜ 

ʢʦʜʠʨʦʚʘʥʠʷ 
ʄʦʜʫʣʷʮʠʷ 

ʉʢʦʨʦʩʪʴ 

ʩʚʝʨʪʦʯʥʦʛʦ 

ʢʦʜʠʨʦʚʘʥʠʷ 

ʉʠʤʚʦʣʴʥʘ

ʷ ʩʢʦʨʦʩʪʴ, 

106 

ʩʠʤʚʦʣ/ʩ 

ʂʦʣʠʯʝʩʪʚ

ʦ ʙʠʪ ʚ 

ʦʜʥʦʤ 

ʩʠʤʚʦʣʝ 

1 (ʦʙʷʟʘʪʝʣʴʥʦ) ʂʦʜ ɹʘʨʢʝʨʘ DBPSK - 1 1 

2 (ʦʙʷʟʘʪʝʣʴʥʦ) ʂʦʜ ɹʘʨʢʝʨʘ DQPSK - 1 2 

5,5 
(ʦʙʷʟʘʪʝʣʴʥʦ) ʉʉK DQPSK - 

1,37

5 
2 

(ʦʧʮʠʦʥʘʣʴʥʦ) PBCC DBPSK 1/2 11 0,5 

11 

(ʦʙʷʟʘʪʝʣʴʥʦ) ʉʉK DQPSK - 
1,37

5 
8 

(ʦʧʮʠʦʥʘʣʴʥʦ) PBCC DQPSK 1/2 11 1 

 

 

 

ʌʠʟʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʩʪʘʥʜʘʨʪʘ  802.11g 

 

 

ʉʪʘʥʜʘʨʪ IEEE 802.11g ʷʚʣʷʝʪʩʷ ʣʦʛʠʯʝʩʢʠʤ ʧʨʦʜʦʣʞʝʥʠʝʤ ʩʪʘʥʜʘʨʪʘ 802.11b ʠ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ ʚ ʪʦʤ ʞʝ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ, ʥʦ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ 
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ʩʢʦʨʦʩʪʷʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʩʪʘʥʜʘʨʪ 802.11g ʧʦʣʥʦʩʪʴʶ ʩʦʚʤʝʩʪʠʤ ʩ 802.11b, ʪʦ ʝʩʪʴ ʣʶʙʦʝ 

ʫʩʪʨʦʡʩʪʚʦ 802.11g ʜʦʣʞʥʦ ʧʦʜʜʝʨʞʠʚʘʪʴ ʨʘʙʦʪʫ ʩ ʫʩʪʨʦʡʩʪʚʘʤʠ 802.11b. ʄʘʢʩʠʤʘʣʴʥʘʷ 

ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʚ ʩʪʘʥʜʘʨʪʝ 802.11g ʩʦʩʪʘʚʣʷʝʪ 54 ʄʙʠʪ/ʩ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʪʘʥʜʘʨʪʘ 802.11g ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʥʝʩʢʦʣʴʢʦ ʢʦʥʢʫʨʠʨʫʶʱʠʭ 

ʪʝʭʥʦʣʦʛʠʡ: ʤʝʪʦʜ ʦʨʪʦʛʦʥʘʣʴʥʦʛʦ ʯʘʩʪʦʪʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ OFDM, ʧʨʝʜʣʦʞʝʥʥʳʡ ʢ 

ʨʘʩʩʤʦʪʨʝʥʠʶ ʢʦʤʧʘʥʠʝʡ Intersil, ʠ ʤʝʪʦʜ ʜʚʦʠʯʥʦʛʦ ʧʘʢʝʪʥʦʛʦ ʩʚʝʨʪʦʯʥʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ 

PBCC, ʦʧʮʠʦʥʘʣʴʥʦ ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʚ ʩʪʘʥʜʘʨʪʝ 802.11b ʠ ʧʨʝʜʣʦʞʝʥʥʳʡ ʢʦʤʧʘʥʠʝʡ Texas 

Instruments. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʪʘʥʜʘʨʪ 802.11g ʦʩʥʦʚʘʥ ʥʘ ʢʦʤʧʨʦʤʠʩʩʥʦʤ ʨʝʰʝʥʠʠ: ʚ ʢʘʯʝʩʪʚʝ 

ʙʘʟʦʚʳʭ ʧʨʠʤʝʥʷʶʪʩʷ ʪʝʭʥʦʣʦʛʠʠ OFDM ʠ CCK, ʘ ʦʧʮʠʦʥʘʣʴʥʦ ʧʨʝʜʫʩʤʦʪʨʝʥʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ PBCC. 

 

ʆʨʪʦʛʦʥʘʣʴʥʦʝ ʯʘʩʪʦʪʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʢʘʥʘʣʦʚ ʩ ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʝʤ 

 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʠʛʥʘʣʦʚ ʚ ʦʪʢʨʳʪʦʡ ʩʨʝʜʝ, ʢʦʝʡ ʷʚʣʷʝʪʩʷ ʨʘʜʠʦʵʬʠʨ, ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʧʦʤʝʭ. ʂʣʘʩʩʠʯʝʩʢʠʡ ʧʨʠʤʝʨ ʪʘʢʦʛʦ ʨʦʜʘ ʧʦʤʝʭ ð ʵʬʬʝʢʪ 

ʤʥʦʛʦʣʫʯʝʚʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʩʠʛʥʘʣʦʚ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʪʦʤ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʤʥʦʛʦʢʨʘʪʥʳʭ ʦʪʨʘʞʝʥʠʡ ʩʠʛʘʣʘ ʦʪ ʝʩʪʝʩʪʚʝʥʥʳʭ ʧʨʝʛʨʘʜ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʩʠʛʥʘʣ ʤʦʞʝʪ 

ʧʦʧʘʜʘʪʴ ʚ ʧʨʠʝʤʥʠʢ ʨʘʟʣʠʯʥʳʤʠ ʧʫʪʷʤʠ. ʅʦ ʧʦʜʦʙʥʳʝ ʧʫʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʤʝʶʪ ʠ 

ʨʘʟʥʳʝ ʜʣʠʥʳ, ʘ ʧʦʪʦʤʫ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʫʪʝʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʩʣʘʙʣʝʥʠʝ ʩʠʛʥʘʣʘ ʙʫʜʝʪ 

ʥʝʦʜʠʥʘʢʦʚʳʤ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʪʦʯʢʝ ʧʨʠʝʤʘ ʨʝʟʫʣʴʪʠʨʫʶʱʠʡ ʩʠʛʥʘʣ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʫʧʝʨʧʦʟʠʮʠʶ (ʠʥʪʝʨʬʝʨʝʥʮʠʶ) ʤʥʦʛʠʭ ʩʠʛʥʘʣʦʚ, ʠʤʝʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʘʤʧʣʠʪʫʜʳ ʠ 

ʩʤʝʱʝʥʥʳʭ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ ʧʦ ʚʨʝʤʝʥʠ, ʯʪʦ ʵʢʚʠʚʘʣʝʥʪʥʦ ʩʣʦʞʝʥʠʶ ʩʠʛʥʘʣʦʚ ʩ 

ʨʘʟʥʳʤʠ ʬʘʟʘʤʠ. 

ʉʣʝʜʩʪʚʠʝʤ ʤʥʦʛʦʣʫʯʝʚʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʷʚʣʷʝʪʩʷ ʠʩʢʘʞʝʥʠʝ ʧʨʠʥʠʤʘʝʤʦʛʦ ʩʠʛʥʘʣʘ. 

ʄʥʦʛʦʣʫʯʝʚʘʷ ʠʥʪʝʨʬʝʨʝʥʮʠʷ ʧʨʠʩʫʱʘ ʣʶʙʦʤʫ ʪʠʧʫ ʩʠʛʥʘʣʦʚ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʥʪʝʨʬʝʨʝʥʮʠʠ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʯʘʩʪʦʪʳ ʩʢʣʘʜʳʚʘʶʪʩʷ ʩʠʥʬʘʟʥʦ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʠʛʥʘʣʘ, ʘ 

ʥʝʢʦʪʦʨʳʝ, ʥʘʦʙʦʨʦʪ, ð ʧʨʦʪʠʚʦʬʘʟʥʦ, ʚʳʟʳʚʘʷ ʦʩʣʘʙʣʝʥʠʝ ʩʠʛʥʘʣʘ ʥʘ ʜʘʥʥʦʡ ʯʘʩʪʦʪʝ. 

ɻʦʚʦʨʷ ʦ ʤʥʦʛʦʣʫʯʝʚʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʠ, ʚʦʟʥʠʢʘʶʱʝʡ ʧʨʠ ʧʝʨʝʜʘʯʝ ʩʠʛʥʘʣʦʚ, 

ʨʘʟʣʠʯʘʶʪ ʜʚʘ ʢʨʘʡʥʠʭ ʩʣʫʯʘʷ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʤʘʢʩʠʤʘʣʴʥʘʷ ʟʘʜʝʨʞʢʘ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ 

ʩʠʛʥʘʣʘʤʠ ʥʝ ʧʨʝʚʦʩʭʦʜʠʪ ʚʨʝʤʝʥʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʦʜʥʦʛʦ ʩʠʤʚʦʣʘ ʠ ʠʥʪʝʨʬʝʨʝʥʮʠʷ ʚʦʟʥʠʢʘʝʪ 

ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʩʠʤʚʦʣʘ. ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʤʘʢʩʠʤʘʣʴʥʘʷ ʟʘʜʝʨʞʢʘ ʤʝʞʜʫ 

ʨʘʟʣʠʯʥʳʤʠ ʩʠʛʥʘʣʘʤʠ ʙʦʣʴʰʝ ʜʣʠʪʝʣʴʥʦʩʪʠ ʦʜʥʦʛʦ ʩʠʤʚʦʣʘ, ʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʥʪʝʨʬʝʨʝʥʮʠʠ 

ʩʢʣʘʜʳʚʘʶʪʩʷ ʩʠʛʥʘʣʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʨʘʟʥʳʝ ʩʠʤʚʦʣʳ, ʠ ʚʦʟʥʠʢʘʝʪ ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ 

ʤʝʞʩʠʤʚʦʣʴʥʘʷ ʠʥʪʝʨʬʝʨʝʥʮʠʷ (Inter Symbol Interference, ISI). 

ʅʘʠʙʦʣʝʝ ʦʪʨʠʮʘʪʝʣʴʥʦ ʥʘ ʠʩʢʘʞʝʥʠʝ ʩʠʛʥʘʣʘ ʚʣʠʷʝʪ ʤʝʞʩʠʤʚʦʣʴʥʘʷ ʠʥʪʝʨʬʝʨʝʥʮʠʷ. 

ʇʦʩʢʦʣʴʢʫ ʩʠʤʚʦʣ ð ʵʪʦ ʜʠʩʢʨʝʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩʠʛʥʘʣʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝʩʷ ʟʥʘʯʝʥʠʷʤʠ 

ʯʘʩʪʦʪʳ ʥʝʩʫʱʝʡ, ʘʤʧʣʠʪʫʜʳ ʠ ʬʘʟʳ, ʪʦ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʠʤʚʦʣʦʚ ʤʝʥʷʶʪʩʷ ʘʤʧʣʠʪʫʜʘ ʠ ʬʘʟʘ 

ʩʠʛʥʘʣʘ, ʧʦʵʪʦʤʫ ʚʦʩʩʪʘʥʦʚʠʪʴ ʠʩʭʦʜʥʳʡ ʩʠʛʥʘʣ ʢʨʘʡʥʝ ʩʣʦʞʥʦ. 

ʏʪʦʙʳ ʯʘʩʪʠʯʥʦ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʵʬʬʝʢʪ ʤʥʦʛʦʣʫʯʝʚʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, 

ʠʩʧʦʣʟɹʫʶʪʩʷ ʯʘʩʪʦʪʥʳʝ ʵʢʚʘʣʘʡʟʝʨʳ, ʦʜʥʘʢʦ ʧʦ ʤʝʨʝ ʨʦʩʪʘ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʣʠʙʦ 

ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʩʠʤʚʦʣʴʥʦʡ ʩʢʦʨʦʩʪʠ, ʣʠʙʦ ʠʟ-ʟʘ ʫʩʣʦʞʥʝʥʠʷ ʩʭʝʤʳ ʢʦʜʠʨʦʚʘʥʠʷ, 

ʬɻʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʢʚʘʣʘʡʟʝʨʦʚ ʧʘʜʘʝʪ. 

ʇʦʵʪʦʤʫ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ ʧʝʨʝʜʘʯʠ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʠʥʦʡ 

ʤʝʪʦʜ ʢʦʜʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ ï ʦʨʪʦʛʦʥʘʣʴʥʦʝ ʯʘʩʪʦʪʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʢʘʥʘʣʦʚ ʩ 

ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʝʤ (Orthogonal Frequency Division Multiplexing, OFDM). ʀʜʝʷ ʜʘʥʥʦʛʦ 

ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʦʪʦʢ ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʤʥʦʞʝʩʪʚʫ 

ʯʘʩʪʦʪʥʳʭ ʧʦʜʢʘʥʘʣʦʚ ʠ ʧʝʨʝʜʘʯʘ ʚʝʜʝʪʩʷ ʧʘʨʘʣʣʝʣʴʥʦ ʥʘ ʚʩʝʭ ʵʪʠʭ ʧʦʜʢʘʥʘʣʘʭ. ʇʨʠ ʵʪʦʤ 

ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʦʩʪʠʛʘʝʪʩʷ ʠʤʝʥʥʦ ʟʘ ʩʯʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʦ 

ʚʩʝʤ ʢʘʥʘʣʘʤ, ʘ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʚ ʦʪʜʝʣʴʥʦʤ ʧʦʜʢʘʥʘʣʝ ʤʦʞʝʪ ʙʳʪʴ ʠ ʥʝʚʳʩʦʢʦʡ. 

ʇʦʩʢʦʣʴʢʫ ʚ ʢʘʞʜʦʤ ʠʟ ʯʘʩʪʦʪʥʳʭ ʧʦʜʢʘʥʘʣʦʚ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʥʝ 

ʩʣʠʰʢʦʤ ʚʳʩʦʢʦʡ, ʵʪʦ ʩʦʟʜʘʝʪ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʦʜʘʚʣʝʥʠʷ ʤʝʞʩʠʤʚʦʣʥɹʦʡ 

ʠʥʪʝʨʬʝʨʝʥʮʠʠ. 
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ʇʨʠ ʯʘʩʪʦʪʥʦʤ ʨʘʟʜʝʣʝʥʠʠ ʢʘʥʘʣʦʚ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʰʠʨʠʥʘ ʦʪʜʝʣʴʥʦʛʦ ʢʘʥʘʣʘ 

ʙʳʣʘ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʜʦʩʪʘʪʦʯʥʦ ʫʟʢʦʡ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʠʩʢʘʞʝʥʠʷ ʩʠʛʥʘʣʘ ʚ ʧʨʝʜʝʣʘʭ 

ʦʪʜʝʣʴʥʦʛʦ ʢʘʥʘʣʘ, ʘ ʩ ʜʨʫʛʦʡ ð ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦʡ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʙʫʝʤʦʡ ʩʢʦʨʦʩʪʠ 

ʧʝʨʝʜʘʯʠ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʵʢʦʥʦʤʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʩʝʡ ʧʦʣʦʩʳ ʢʘʥʘʣʘ, ʨʘʟʜʝʣʷʝʤʦʛʦ ʥʘ 

ʧʦʜʢʘʥʘʣʳ, ʞʝʣʘʪʝʣʴʥʦ ʢʘʢ ʤʦʞʥʦ ʙʦʣʝʝ ʧʣʦʪʥʦ ʨʘʩʧʦʣʦʞʠʪʴ ʯʘʩʪʦʪʥʳʝ ʧʦʜʢʘʥʘʣʳ, ʥʦ ʧʨʠ 

ʵʪʦʤ ʠʟʙʝʞʘʪʴ ʤʝʞʢʘʥʘʣʴʥʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʠ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʧʦʣʥʫʶ ʥʝʟʘʚʠʩʠʤʦʩʪʴ 

ʢʘʥʘʣʦʚ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʏʘʩʪʦʪʥʳʝ ʢʘʥʘʣʳ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʧʝʨʝʯʠʩʣʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ, 

ʥʘʟʳʚʘʶʪʩʷ ʦʨʪʦʛʦʥʘʣʴʥʳʤʠ. ʅʝʩʫʱʠʝ ʩʠʛʥʘʣʳ ʚʩʝʭ ʯʘʩʪʦʪʥʳʭ ʧʦʜʢʘʥʘʣʦʚ (ʘ ʪʦʯʥʝʝ, 

ʬʫʥʢʮʠʠ, ʦʧʠʩʳʚʘʶʱʠʝ ʵʪʠ ʩʠʛʥʘʣʳ) ʦʨʪʦʛʦʥʘʣʴʥʳ ʜʨʫʛ ʜʨʫʛʫ. 

ɺʘʞʥʦ, ʯʪʦ ʭʦʪʷ ʩʘʤʠ ʯʘʩʪʦʪʥʳʝ ʧʦʜʢʘʥʘʣʳ ʤʦʛʫʪ ʯʘʩʪʠʯʥʦ ʧʝʨʝʢʨʳʚʘʪʴ ʜʨʫʛ ʜʨʫʛʘ, 

ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʴ ʥʝʩʫʱʠʭ ʩʠʛʥʘʣʦʚ ʛʘʨʘʥʪʠʨʫʝʪ ʯʘʩʪʦʪʥʫʶ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʢʘʥʘʣʦʚ ʜʨʫʛ ʦʪ 

ʜʨʫʛʘ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʦʪʩʫʪʩʪʚʠʝ ʤʝʞʢʘʥʘʣʴʥʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʠ (ʨʠʩ. 4.17). 

 
 

ʈʠʩʫʥʦʢ 4.17. ʇʨʠʤʝʨ ʧʝʨʝʢʨʳʚʘʶʱʠʭʩʷ ʯʘʩʪʦʪʥʳʭ ʢʘʥʘʣʦʚ ʩ ʦʨʪʦʛʦʥʘʣʴʥʳʤʠ ʥʝʩʫʱʠʤʠ 

 

ʈʘʩʩʤʦʪʨʝʥʥʳʡ ʩʧʦʩʦʙ ʜʝʣʝʥʠʷ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʢʘʥʘʣʘ ʥʘ ʦʨʪʦʛʦʥʘʣʴʥʳʝ ʯʘʩʪʦʪʥʳʝ 

ʧʦʜʢʘʥʘʣʳ ʥʘʟʳʚʘʝʪʩʷ ʦʨʪʦʛʦʥʘʣʴʥʳʤ ʯʘʩʪʦʪʥʳʤ ʨʘʟʜʝʣʝʥʠʝʤ ʩ ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʝʤ 

(OFDM). ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʤʝʪʦʜʘ OFDM ʷʚʣʷʝʪʩʷ ʩʦʯʝʪʘʥʠʝ ʚʳʩʦʢʦʡ 

ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʩ ʵʬʬʝʢʪʠʚʥʳʤ ʧʨʦʪʠʚʦʩʪʦʷʥʠʝʤ ʤʥʦʛʦʣʫʯʝʚʦʤʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ. ɽʩʣʠ 

ʛʦʚʦʨʠʪʴ ʪʦʯʥʝʝ, ʪʦ ʩʘʤʘ ʧʦ ʩʝʙʝ ʪʝʭʥʦʣʦʛʠʷ OFDM ʥʝ ʫʩʪʨʘʥʷʝʪ ʤʥʦʛʦʣʫʯʝʚʦʛʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʥʦ ʩʦʟʜʘʝʪ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʵʬʬʝʢʪʘ ʤʝʞʩʠʤʚʦʣʴʥʦʡ 

ʠʥʪʝʨʬʝʨʝʥʮʠʠ. ʅʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʪʝʭʥʦʣʦʛʠʠ OFDM ʷʚʣʷʝʪʩʷ ʦʭʨʘʥʥʳʡ ʠʥʪʝʨʚʘʣ (Guard 

Interval, GI) ð ʮʠʢʣʠʯʝʩʢʦʝ ʧʦʚʪʦʨʝʥʠʝ ʦʢʦʥʯʘʥʠʷ ʩʠʤʚʦʣʘ, ʧʨʠʩʪʨʘʠʚʘʝʤʦʝ ʚ ʥʘʯʘʣʝ ʩʠʤʚʦʣʘ 

(ʨʠʩ. 4.18).  

 

 
 

ʈʠʩʫʥʦʢ 4.18. ʆʭʨʘʥʥʳʡ ʠʥʪʝʨʚʘʣ GI 

 

ʆʭʨʘʥʥʳʡ ʠʥʪʝʨʚʘʣ ʷʚʣʷʝʪʩʷ ʠʟʙʳʪʦʯʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʠ ʚ ʵʪʦʤ ʩʤʳʩʣʝ ʩʥʠʞʘʝʪ 
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ʧʦʣʝʟʥʫʶ (ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ) ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ, ʥʦ ʠʤʝʥʥʦ ʦʥ ʩʣʫʞʠʪ ʟʘʱʠʪʦʡ ʦʪ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʤʝʞʩʠʤʚʦʣʴʥʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʠ. ʕʪʘ ʠʟʙʳʪʦʯʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʜʦʙʘʚʣʷʝʪʩʷ ʢ 

ʧʝʨʝʜʘʚʘʝʤʦʤʫ ʩʠʤʚʦʣʫ ʚ ʧʝʨʝʜʘʪʯʠʢʝ ʠ ʦʪʙʨʘʩʳʚʘʝʪʩʷ ʧʨʠ ʧʨʠʝʤʝ ʩʠʤʚʦʣʘ ʚ ʧʨʠʝʤʥʠʢʝ. 

ʅʘʣʠʯʠʝ ʦʭʨʘʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʩʦʟʜʘʝʪ ʚʨʝʤʝʥʥʳʝ ʧʘʫʟʳ ʤʝʞʜʫ ʦʪʜʝʣʴʥʳʤʠ 

ʩʠʤʚʦʣʘʤʠ, ʠ ʝʩʣʠ ʜʣʠʪʝʣʴʥʦʩʪʴ ʦʭʨʘʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʧʨʝʚʳʰʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʚʨʝʤʷ 

ʟʘʜʝʨʞʢʠ ʩʠʛʥʘʣʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʥʦʛʦʣʫʯʝʚʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʪʦ ʤʝʞʩʠʤʚʦʣʴʥʦʡ 

ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʥʝ ʚʦʟʥʠʢʘʝʪ (ʨʠʩ. 4.19). 

 

 

 

 

 

 

 

 

 
 

ʈʠʩʫʥʦʢ 4.19. ʀʟʙʝʞʘʥʠʝ ʤʝʞʩʠʤʚʦʣʴʥʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʦʭʨʘʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ 

 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʠ OFDM ʜʣʠʪʝʣʴʥʦʩʪʴ ʦʭʨʘʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʩʦʩʪʘʚʣʷʝʪ 

ʦʜʥʫ ʯʝʪʚʝʨʪʫʶ ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʘʤʦʛʦ ʩʠʤʚʦʣʘ. ʇʨʠ ʵʪʦʤ ʩʘʤ ʩʠʤʚʦʣ ʠʤʝʝʪ ʜʣʠʪʝʣʥɹʦʩʪʴ 3,2 

ʤʢʩ, ʘ ʦʭʨʘʥʥʳʡ ʠʥʪʝʨʚʘʣ ð 0,8 ʤʢʩ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʩʠʤʚʦʣʘ ʚʤʝʩʪʝ ʩ 

ʦʭʨʘʥʥʳʤ ʠʥʪʝʨʚʘʣʦʤ ʩʦʩʪʘʚʣʷʝʪ 4 ʤʢʩ. 

 

ʉʢʦʨʦʩʪʥʳʝ ʨʝʞʠʤʳ ʠ ʤʝʪʦʜʳ ʢʦʜʠʨʦʚʘʥʠʷ ʚ ʧʨʦʪʦʢʦʣʝ 802.11g 

 

ɺ ʧʨʦʪʦʢʦʣʝ 802.11g ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʧʝʨʝʜʘʯʘ ʥʘ ʩʢʦʨʦʩʪʷʭ 1, 2, 5,5, 6, 9, 11, 12, 18, 22, 

24, 33, 36, 48 ʠ 54 ʄʙʠʪ/ʩ. ʆʙʷʟʘʪʝʣʴʥʳʤʠ ʷʚʣʷʶʪʩʷ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ 1; 2; 5,5; 6; 11; 12 ʠ 24 

ʄʙʠʪ/ʩ, ʘ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ (33, 36, 48 ʠ 54 ʄʙʠʪ/ʩ) ð ʦʧʮʠʦʥʘʣʥɹʳʤʠ. ʂʘʢ 

ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʧʨʦʪʦʢʦʣ 802.11g ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ  ʧʦʜʤʥʦʞʝʩʪʚʦ ʧʨʦʪʦʢʦʣʳ 802.11b. 

ʊʝʭʥʦʣʦʛʠʷ ʢʦʜʠʨʦʚʘʥʠʷ PBCC ʦʧʮʠʦʥʘʣʴʥʦ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʘ ʩʢʦʨʦʩʪʷʭ 5,5; 11; 22 ʠ 

33 ʄʙʠʪ/ʩ. ʂʨʦʤʝ ʪʦʛʦ, ʦʜʥʘ ʠ ʪʘ ʞʝ ʩʢʦʨʦʩʪʴ ʤʦʞʝʪ ʨʝʘʣʠʟʦʚʳʚʘʪʴʩʷ ʧʨʠ ʨʘʟʣʠʯʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʢʦʜʠʨʦʚʘʥʠʷ. ʉʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ ʧʝʨʝʜʘʯʠ ʠ 

ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʤʝʪʦʜʘʤʠ ʢʦʜʠʨʦʚʘʥʠʷ ʦʪʦʙʨʘʞʝʥʦ ʚ ʪʘʙʣ. 5.7. 

ɻʦʚʦʨʷ ʦ ʪʝʭʥʦʣʦʛʠʠ ʯʘʩʪʦʪʥʦʛʦ ʦʨʪʦʛʦʥʘʣʴʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʢʘʥʘʣʦʚ OFDM, 

ʧʨʠʤʝʥʷʝʤʦʡ ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʢʦʨʦʩʪʷʭ ʚ ʧʨʦʪʦʢʦʣʝ 802.11g, ʤʳ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʢʘʩʘʣʠʩʴ 

ʚʦʧʨʦʩʘ ʦ ʤʝʪʦʜʝ ʤʦʜʫʣʷʮʠʠ ʥʝʩʫʱʝʛʦ ʩʠʛʥʘʣʘ. 

ʇʝʨʝʡʜʝʤ ʢ ʨʘʩʩʤʦʪʨʝʥʠʶ ʤʝʪʦʜʦʚ ʤʦʜʫʣʷʮʠʠ ʧʨʠʤʝʥʷʝʤʳʭ ʩʪʘʥʜʘʨʪʦʤ 802.11g. 

ʅʘʧʦʤʥʶ, ʯʪʦ ʚ ʧʨʦʪʦʢʦʣʝ 802.11b ʜʣʷ ʤʦʜʫʣʷʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʣʠʙʦ ʜʚʦʠʯʥʘʷ 

(BDPSK), ʣʠʙʦ ʢʚʘʜʨʘʪʫʨʥʘʷ (QDPSK) ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʬʘʟʦʚʘʷ ʤʦʜʫʣʷʮʠʷ. ɺ ʧʨʦʪʦʢʦʣʝ 

802.11g ʥʘ ʥʠʟʢʠʭ ʩʢʦʨʦʩʪʷʭ ʧʝʨʝʜʘʯʠ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʘʟʦʚʘʷ ʤʦʜʫʣʷʮʠʷ (ʪʦʣʴʢʦ ʥʝ 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ), ʪʦ ʝʩʪʴ ʜʚʦʠʯʥʘʷ ʠ ʢʚʘʜʨʘʪʫʨʥʘʷ ʬʘʟʦʚʳʝ ʤʦʜʫʣʷʮʠʠ BPSK ʠ QPSK. ʇʨʠ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʠ BPSK-ʤʦʜʫʣʷʮʠʠ ʚ ʦʜʥʦʤ ʩʠʤʚʦʣʝ ʢʦʜʠʨʫʝʪʩʷ ʪʦʣʴʢʦ ʦʜʠʥ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ 

ʙʠʪ, ʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ QPSK-ʤʦʜʫʣʷʮʠʠ ð ʜʚʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʙʠʪʘ. ʄʦʜʫʣʮ̫ʠʷ BPSK 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʥʘ ʩʢʦʨʦʩʪʷʭ 6 ʠ 9 ʄʙʠʪ/ʩ, ʘ ʤʦʜʫʣʷʮʠʷ QPSK ð ʥʘ 

ʩʢʦʨʦʩʪʷʭ 12 ʠ 18 ʄʙʠʪ/ʩ. 

ɼʣʷ ʧʝʨʝʜʘʯʠ ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʚʘʜʨʘʪʫʨʥʘʷ ʘʤʧʣʠʪʫʜʥʘʷ 

ʤʦʜʫʣʷʮʠʷ QAM (Quadrature Amplitude Modulation), ʧʨʠ ʢʦʪʦʨʦʡ ʠʥʬʦʨʤʘʮʠʷ ʢʦʜʠʨʫʝʪʩʷ ʟʘ 

ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʬʘʟʳ ʠ ʘʤʧʣʠʪʫʜʳ ʩʠʛʥʘʣʘ. ɺ ʧʨʦʪʦʢʦʣʝ 802.11g ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʦʜʫʣʮ̫ʠʷ 16-

QAM ʠ 64-QAM. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʠʤʝʝʪʩʷ 16 ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʦʷʥʠʡ ʩʠʛʥʘʣʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʟʘʢʦʜʠʨʦʚʘʪʴ 4 ʙʠʪʘ ʚ ʦʜʥʦʤ ʩʠʤʚʦʣʝ. ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʠʤʝʝʪʩʷ ʫʞʝ 64 ʚʦʟʤʦʞʥʳʭ 

ʩʦʩʪʦʷʥʠʡ ʩʠʛʥʘʣʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʟʘʢʦʜʠʨʦʚʘʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 6 ʙʠʪ ʚ ʦʜʥʦʤ ʩʠʤʚʦʣʝ. 

ʄʦʜʫʣʷʮʠʷ 16-QAM ʧʨʠʤʝʥʷʝʪʩʷ ʥʘ ʩʢʦʨʦʩʪʷʭ 24 ʠ 36 ʄʙʠʪ/ʩ, ʘ ʤʦʜʫʣʷʮʠʷ 64-QAM ð ʥʘ 

ʩʢʦʨʦʩʪʷʭ 48 ʠ 54 ʄʙʠʪ/ʩ. 

 
 

ʈʠʩʫʥʦʢ 4.20. ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʩʠʛʥʘʣʘ ʧʨʠ QAM-16 

 

ʀʟ ʪʘʙʣʠʮʳ 4.7 ʚʠʜʥʦ ʯʪʦ ʧʨʠ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʪʠʧʝ ʤʦʜʫʣʷʮʠʠ ʚʦʟʤʦʞʥʳ ʨʘʟʣʠʯʥʳʝ 

ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ.   ʈʘʩʩʤʦʪʨʠʤ ʢʘʢ ʦʥʠ ʧʦʣʫʯʘʶʪʩʷ ʥʘ ʧʨʠʤʝʨʝ ʤʦʜʫʣʷʮʠʠ BPSK, ʧʨʠ 

ʢʦʪʦʨʦʡ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʩʦʩʪʘʚʣʷʝʪ 6 ʠʣʠ 9 ʄʙʠʪ/ʩ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʪʝʭʥʦʣʦʛʠʠ OFDM ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʚʝʨʪʦʯʥʦʝ ʢʦʜʠʨʦʚʘʥʠʝ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʫʥʢʪʫʨʥʳʤʠ 

ʢʦʜʝʨʘʤʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʣʠʯʥʦʡ ʩʢʦʨʦʩʪʠ ʩʚʝʨʪʦʯʥʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʪʠʧʘ ʤʦʜʫʣʷʮʠʠ ʤʦʛʫʪ ʧʦʣʫʯʘʪʴʩʷ ʨʘʟʥʳʝ ʟʥʘʯʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʢʦʨʦʩʪʠ ð ʚʩʝ ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ ʩʚʝʨʪʦʯʥʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ. ʊʘʢ, ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ BPSK-ʤʦʜʫʣʷʮʠʠ ʩʦ ʩʢʦʨʦʩʪʴʶ ʩʚʝʨʪʦʯʥʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ 1/2 ʧʦʣʫʯʘʝʤ 

ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʩʢʦʨʦʩʪʴ 6 ʄʙʠʪ/ʩ, ʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʚʝʨʪʦʯʥʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ ʩʦ 

ʩʢʦʨʦʩʪʴʶ 3/4 ð 9 ʄʙʠʪ/ʩ. 

ʊʘʙʣʠʮʘ 4.7. ʉʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʩʢʦʨʦʩʪʷʤʠ ʧʝʨʝʜʘʯʠ ʠ ʪʠʧʦʤ ʢʦʜʠʨʦʚʘʥʠʷ ʚ 

ʩʪʘʥʜʘʨʪʝ 802.11g 

ʉʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ (ʄʙʠʪ/ʩ) ʄʝʪʦʜ ʢʦʜʠʨʦʚʘʥʠʷ ʄʦʜʫʣʷʮʠʷ 

1 (ʦʧʮʠʦʥʘʣʴʥʦ) ʂʦʜ ɹʘʨʢʝʨʘ DBPSK 

2 (ʦʧʮʠʦʥʘʣʴʥʦ) ʂʦʜ ɹʘʨʢʝʨʘ DQPSK 

5.5 (ʦʙʷʟʘʪʝʣʴʥʦ) CCK DQPSK 

(ʦʧʮʠʦʥʘʣʴʥʦ) PBCC DBPSK 

6 (ʦʙʷʟʘʪʝʣʴʥʦ) OFDM BPSK 

(ʦʧʮʠʦʥʘʣʴʥʦ) CCK-OFDM BPSK 

9 (ʦʧʮʠʦʥʘʣʴʥʦ) OFDM, CCK-OFDM BPSK 

11 (ʦʙʷʟʘʪʝʣʴʥʦ) CCK DQPSK 

(ʦʧʮʠʦʥʘʣʴʥʦ) PBCC DQPSK 

12 (ʦʙʷʟʘʪʝʣʴʥʦ) OFDM QPSK 

(ʦʧʮʠʦʥʘʣʴʥʦ) CCK-OFDM QPSK 
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18 (ʦʙʷʟʘʪʝʣʴʥʦ) OFDM, CCK-OFDM QPSK 

22 (ʦʧʮʠʦʥʘʣʴʥʦ) PBCC DQPSK 

24 (ʦʙʷʟʘʪʝʣʴʥʦ) OFDM 16-QAM 

(ʦʧʮʠʦʥʘʣʴʥʦ) CCK-OFDM  

33 (ʦʧʮʠʦʥʘʣʴʥʦ) PBCC  

36 (ʦʧʮʠʦʥʘʣʴʥʦ) OFDM, CCK-OFDM 16-QAM 

48 (ʦʧʮʠʦʥʘʣʴʥʦ) OFDM, CCK-OFDM 16-QAM 

54 (ʦʧʮʠʦʥʘʣʴʥʦ) OFDM, CCK-OFDM 16-QAM 

 

ʉʪʘʥʜʘʨʪ ʪʘʢʞʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʛʠʙʨʠʜʥʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ. ɼʣʷ ʪʦʛʦ 

ʯʪʦʙʳ ʧʦʥʷʪʴ ʩʫʱʥʦʩʪʴ ʵʪʦʛʦ ʪʝʨʤʠʥʘ, ʚʩʧʦʤʥʠʤ, ʯʪʦ ʣʶʙʦʡ ʧʝʨʝʜʘʚʘʝʤʳʡ ʧʘʢʝʪ ʜʘʥʥʳʭ 

ʩʦʜʝʨʞʠʪ ʟʘʛʦʣʦʚʦʢ/ʧʨʝʘʤʙʫʣʫ ʩʦ ʩʣʫʞʝʙʥʳʡ ʠʥʬʦʨʤʘʮʠʝʡ ʠ ʧʦʣʝ ʜʘʥʥʳʭ. ʂʦʛʜʘ ʨʝʯʴ ʠʜʝʪ ʦ 

ʧʘʢʝʪʝ ʚ ʬʦʨʤʘʪʝ CCK, ʠʤʝʝʪʩʷ ʚ ʚʠʜʫ, ʯʪʦ ʟʘʛʦʣʦʚʦʢ ʠ ʜʘʥʥʳʝ ʢʘʜʨʘ ʧʝʨʝʜʘʶʪʩʷ ʚ ʬʦʨʤʘʪʝ 

CCK. ɸʥʘʣʦʛʠʯʥʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʠ OFDM ʟʘʛʦʣʦʚʦʢ ʢʘʜʨʘ ʠ ʜʘʥʥʳʝ 

ʧʝʨʝʜʘʶʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ OFDM-ʢʦʜʠʨʦʚʘʥʠʷ. ʇʨʠ ʧʨʠʤʝʥʝʥʠʠ ʪʝʭʥʦʣʦʛʠʠ CCK-OFDM 

ʟʘʛʦʣʦʚʦʢ ʢʘʜʨʘ ʢʦʜʠʨʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ CCK-ʢʦʜʦʚ, ʥʦ ʩʘʤʠ ʜʘʥʥʳʝ ʢʘʜʨʘ ʧʝʨʝʜʘʁ ʪʩʷ 

ʧʦʩʨʝʜʩʪʚʦʤ ʤʥʦʛʦʯʘʩʪʦʪʥʦʛʦ OFDM-ʢʦʜʠʨʦʚʘʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʭʥʦʣʦʛʠʷ CCK-OFDM 

ʷʚʣʷʝʪʩʷ ʩʚʦʝʦʙʨʘʟʥʳʤ ʛʠʙʨʠʜʦʤ CCK ʠ OFDM. ʊʝʭʥʦʣʦʛʠʷ CCK-OFDM ð ʥʝ ʝʜʠʥʩʪʚʝʥʥʘʷ 

ʛʠʙʨʠʜʥʘʷ ʪʝʭʥʦʣʦʛʠʷ: ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʘʢʝʪʥʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ PBCC ʟʘʛʦʣʦʚʦʢ ʢʘʜʨʘ 

ʧʝʨʝʜʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ CCK-ʢʦʜʦʚ ʠ ʪʦʣʴʢʦ ʜʘʥʥʳʝ ʢʘʜʨʘ ʢʦʜʠʨʫʶʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ PBCC. 

 

           ɹʝʟʦʧʘʩʥʦʩʪʴ ʙʝʩʧʨʦʚʦʜʥʳʭ LAN 

 

ʊʘʢ ʢʘʢ ʙʝʩʧʨʦʚʦʜʥʳʝ ʩʝʪʠ ʠʩʧʦʣʴʟʫʶʪ ʚ ʢʘʯʝʩʪʚʝ ʩʨʝʜʳ ʧʝʨʝʜʘʯʠ ʨʘʜʠʦʵʬʠʨ ʦʥʠ 

ʙʦʣʴʰʝ ʦʩʪʘʣʴʥʳʭ ʧʦʜʚʝʨʞʝʥʳ ʦʧʘʩʥʦʩʪʠ, ʣʶʙʦʡ ʞʝʣʘʶʱʠʡ ʤʦʞʝʪ ʧʦʣʫʯʠʪʴ ʜʦʩʪʫʧ ʢ 

ʠʥʬʦʨʤʘʮʠʠ ʧʝʨʝʜʘʚʘʝʤʦʡ ʧʦ ʨʘʜʠʦʢʘʥʘʣʫ. ɽʜʠʥʩʪʚʝʥʥʳʤ ʚʘʨʠʘʥʪʦʤ ʦʙʝʩʧʝʯʝʥʠʷ 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʠ ʮʝʣʦʩʪʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʩʪʦʡʢʠʭ ʘʣʛʦʨʠʪʤʦʚ 

ʰʠʬʨʦʚʘʥʠʷ ʠ ʥʘʜʝʞʥʳʭ ʤʝʪʦʜʦʚ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ. ɺ ʧʝʨʚʳʭ ʨʝʜʘʢʮʠʷʭ ʩʪʘʥʜʘʨʪʘ ʟʘʱʠʪʝ, ʥʘ 

ʤʦʡ ʚʟʛʣʷʜ, ʙʳʣʦ ʫʜʝʣʝʥʦ ʥʝ ʜʦʩʪʘʪʦʯʥʦ ʚʥʠʤʘʥʠʷ, ʦʪʩʫʪʩʪʚʦʚʘʣʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʧʨʠʤʝʥʷʣʩʷ ʥʝ ʩʪʦʡʢʠʡ ʘʣʛʦʨʠʪʤ ʰʠʬʨʦʚʘʥʠʷ WEP. ʆʜʥʘʢʦ ʩ 

ʪʝʭ ʧʦʨ ʤʥʦʛʦʝ ʠʟʤʝʥʠʣʦʩʴ, ʠ ʧʦ ʤʝʨʝ ʧʦʚʳʰʝʥʠʷ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ 

ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʝʪʝʡ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʣʠʩʴ ʠ ʩʪʘʥʜʘʨʪʳ ʦʙʝʩʧʝʯʝʥʠʷ ʠʭ ʙʝʟʦʧʘʩʥʦʩʪʠ. WPA ʠ 

WPA2 ð ʥʦʚʝʡʰʠʝ ʧʨʦʪʦʢʦʣʳ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʝʪʝʡ, 

ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʩʪʘʥʜʘʨʪʘ IEEE 802.11i, ð ʧʦʤʦʛʘʶʪ ʥʘʜʝʞʥʦ ʟʘʱʠʪʠʪʴ ʪʨʘʬʠʢ ʚ 

ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʝʪʷʭ ʜʘʞʝ ʚ ʩʠʪʫʘʮʠʷʭ, ʧʨʝʜʲʷʚʣʷʶʱʠʭ ʧʦʚʳʰʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. ʇʨʠ ʧʨʘʚʠʣʴʥʦʡ ʥʘʩʪʨʦʡʢʝ ʩʠʩʪʝʤʳ ʩ ʧʦʜʜʝʨʞʢʦʡ ʵʪʠʭ ʩʪʘʥʜʘʨʪʦʚ ʟʘʱʠʱʝʥʳ 

ʛʦʨʘʟʜʦ ʥʘʜʝʞʥʝʝ, ʯʝʤ ʧʨʝʞʥʠʝ ʨʝʰʝʥʠʷ, ʠ ʠʭ ʤʦʞʥʦ ʩʤʝʣʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʦʨʧʦʨʘʪʠʚʥʳʭ 

ʩʠʩʪʝʤʘʭ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ.  

ɺ ʪʘʙʣʠʮʝ ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʧʦʜʭʦʜʳ ʢ ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʙʝʩʧʨʦʚʦʜʥʳʭ 

ʩʝʪʝʡ.  

 

ʊʘʙʣʠʮʘ 4.8.  ʉʨʘʚʥʝʥʠʝ ʧʦʜʭʦʜʦʚ ʢ ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʝʪʝʡ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ WPA WPA2 WEP VPN IPsec 

ʉʪʨʦʛʘʷ ʧʨʦʚʝʨʢʘ ʧʦʜʣʠʥʥʦʩʪʠ ɼʘ ɼʘ ʥʝʪ ɼʘ
1
 ɼʘ

2
 

ʅʘʜʝʞʥʦʝ ʰʠʬʨʦʚʘʥʠʝ ʜʘʥʥʳʭ ɼʘ ɼʘ ʥʝʪ ɼʘ ɼʘ 

ʇʨʦʟʨʘʯʥʦʝ ʧʦʜʢʣʶʯʝʥʠʝ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʧʦʜʢʣʶʯʝʥʠʷ 

ɼʘ ɼʘ ɼʘ ʥʝʪ ʅʝʪ 

ʇʨʦʚʝʨʢʘ ʧʦʜʣʠʥʥʦʩʪʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ɼʘ ɼʘ ʥʝʪ ɼʘ ʥʝʪ 

ʇʨʦʚʝʨʢʘ ʧʦʜʣʠʥʥʦʩʪʠ ʢʦʤʧʴʶʪʝʨʦʚ ɼʘ ɼʘ ɼʘ ʅʝʪ ɼʘ 

ɿʘʱʠʪʘ ʪʨʘʬʠʢʘ ʧʨʠ ʰʠʨʦʢʦʚʝʱʘʪʝʣʴʥʦʡ ʠ 

ʤʥʦʛʦʘʜʨʝʩʥʦʡ ʧʝʨʝʜʘʯʝ 

ɼʘ ɼʘ ɼʘ ɼʘ ʥʝʪ 

ʇʦʪʨʝʙʥʦʩʪʴ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʝʪʝʚʳʭ ɼʘ
3
 ɼʘ

3
 ʅʝʪ ɼʘ

4
 ʅʝʪ 
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ʫʩʪʨʦʡʩʪʚʘʭ 

ɿʘʱʠʪʘ ʜʦʩʪʫʧʘ ʢ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʝʪʠ ʧʦʤʠʤʦ 

ʜʦʩʪʫʧʘ ʢ ʧʘʢʝʪʘʤ 

ɼʘ ɼʘ ɼʘ ʅʝʪ ʅʝʪ 

 

1 - ʝʩʣʠ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʚʝʨʢʘ ʧʦʜʣʠʥʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʦʙʱʠʭ ʢʣʶʯʝʡ 

2 - ʝʩʣʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʚʝʨʢʘ ʧʦʜʣʠʥʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʩʝʨʪʠʬʠʢʘʪʦʚ ʠʣʠ ʧʦ 

ʧʨʦʪʦʢʦʣʫ Kerberos 

3 - ʪʨʝʙʫʶʪʩʷ ʩʝʨʚʝʨʳ RADIUS 

4 - ʪʨʝʙʫʶʪʩʷ ʩʠʩʪʝʤʳ VPN ʠ ʩʝʨʚʝʨʳ RADIUS  

ʈʘʩʩʤʦʪʨʠʤ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʢʘʞʜʳʡ ʠʟ ʧʦʜʭʦʜʦʚ ʢ ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

 

ɸʣʛʦʨʠʪʤ ʰʠʬʨʦʚʘʥʠʷ WEP 

 

ʇʝʨʚʘʷ ʉʧʝʮʠʬʠʢʘʮʠʷ ʩʪʘʥʜʘʨʪʘ 802.11 ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʦʙʝʩʧʝʯʝʥʠʝ ʟʘʱʠʪʳ ʜʘʥʥʳʭ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʛʦʨʠʪʤʘ WEP (Wired Equivalent Protection). ʕʪʦʪ ʘʣʛʦʨʠʪʤ ʦʩʥʦʚʘʥ ʥʘ 

ʧʨʠʤʝʥʝʥʠʠ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʧʦʪʦʯʥʦʛʦ ʰʠʬʨʘ RC4. ʉʠʤʤʝʪʨʠʯʥʦʩʪʴ RC4 ʦʟʥʘʯʘʝʪ, ʯʪʦ 

ʩʦʛʣʘʩʦʚʘʥʥʳʝ WEP-ʢʣʶʯʠ ʨʘʟʤʝʨʦʤ 40 ʠʣʠ 104 ʙʠʪ ʩʪʘʪʠʯʥʦ ʢʦʥʬʠʛʫʨʠʨʫʶʪʩʷ ʥʘ 

ʢʣʠʝʥʪʩʢʠʭ ʫʩʪʨʦʡʩʪʚʘʭ ʠ ʚ ʪʦʯʢʘʭ ʜʦʩʪʫʧʘ. ʇʨʦʠʟʚʦʜʠʪʝʣʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʝʜʣʘʛʘʶʪ ʜʚʘ 

ʩʧʦʩʦʙʘ ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʷ ʢʣʶʯʝʡ, ʚʝʜʝʥʠʝ ʚ ʧʦʣʝ çkeyè n-ʙʠʪʥʦʛʦ HEX ʯʠʩʣʘ ʠʣʠ ʙʦʣʝʝ 

ʫʜʦʙʥʳʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩʧʦʩʦʙ, ʚʚʝʜʝʥʠʝ ʥʝʢʦʪʦʨʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ASCII 

ʩʠʤʚʦʣʦʚ ʢʦʪʦʨʘʷ ʚ ʜʘʣʴʥʝʡʰʝʤ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʚ ʢʣʶʯ. ɸʣʛʦʨʠʪʤ WEP ʙʳʣ ʚʳʙʨʘʥ 

ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʧʦʪʦʤʫ, ʯʪʦ ʦʥ ʥʝ ʪʨʝʙʫʝʪ ʦʙʲʝʤʥʳʭ ʚʳʯʠʩʣʝʥʠʡ. WEP ð ʧʨʦʩʪʦʡ ʚ 

ʧʨʠʤʝʥʝʥʠʠ ʘʣʛʦʨʠʪʤ, ʜʣʷ ʟʘʧʠʩʠ ʢʦʪʦʨʦʛʦ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʜʦʩʪʘʪʦʯʥʦ 30 ʩʪʨʦʢ ʢʦʜʘ. 

ʄʘʣʳʝ ʥʝʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʨʘʩʭʦʜʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʵʪʦʛʦ ʘʣʛʦʨʠʪʤʘ, ʜʝʣʘʶʪ 

ʝʛʦ ʠʜʝʘʣʴʥʳʤ ʘʣʛʦʨʠʪʤʦʤ ʰʠʬʨʦʚʘʥʠʷ ʜʣʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʫʩʪʨʦʡʩʪʚ. 

ʏʪʦʙʳ ʠʟʙʝʞʘʪʴ ʰʠʬʨʦʚʘʥʠʷ ʚ ʨʝʞʠʤʝ ɽʉɺ (Electronic Code Book ï ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʪʦʛʦ ʨʝʞʠʤʘ  ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʦʪʢʨʳʪʳʡ ʪʝʢʩʪ ʧʦʩʣʝ ʰʠʬʨʦʚʘʥʠʷ ʧʨʝʦʙʨʘʟʫʝʪʩʷ 

ʚ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʟʘʰʠʬʨʦʚʘʥʥʳʡ ʪʝʢʩʪ). ʕʪʦʪ ʬʘʢʪʦʨ ʧʦʪʝʥʮʠʘʣʴʥʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʛʨʦʟʫ 

ʜʣʷ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʧʦʩʢʦʣʴʢʫ ʟʣʦʫʤʳʰʣʝʥʥʠʢʠ ʤʦʛʫʪ ʧʦʣʫʯʘʪʴ ʦʙʨʘʟʮʳ ʟʘʰʠʬʨʦʚʘʥʥʦʛʦ 

ʪʝʢʩʪʘ ʠ ʚʳʜʚʠʛʘʪʴ ʢʘʢʠʝ-ʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦʙ ʠʩʭʦʜʥʦʤ ʪʝʢʩʪʝ ), WEP ʠʩʧʦʣʴʟʫʝʪ 24-

ʨʘʟʨʷʜʥʳʡ ʚʝʢʪʦʨ ʠʥʠʮʠʘʣʠʟʘʮʠʠ, ʢʦʪʦʨʳʡ ʜʦʙʘʚʣʷʝʪʩʷ ʢ ʢʣʶʯʫ ʧʝʨʝʜ ʚʳʧʦʣʥʝʥʠʝʤ 

ʦʙʨʘʙʦʪʢʠ ʧʦ ʘʣʛʦʨʠʪʤʫ RC4. ɺʝʢʪʦʨ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʜʦʣʞʝʥ ʠʟʤʝʥʷʪʴʩʷ ʧʦʬʨʝʡʤʦʚʦ ʚʦ 

ʠʟʙʝʞʘʥʠʝ ʢʦʣʣʠʟʠʡ. ʂʦʣʣʠʟʠʠ ʪʘʢʦʛʦ ʨʦʜʘ ʧʨʦʠʩʭʦʜʷʪ, ʢʦʛʜʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʜʠʥ ʠ ʪʦʪ ʞʝ 

ʚʝʢʪʦʨ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʠ ʦʜʠʥ ʠ ʪʦʪ ʞʝ WEP-ʢʣʶʯ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʜʣʷ ʰʠʬʨʦʚʘʥʠʷ ʬʨʝʡʤʘ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʢʣʶʯʝʚʦʡ ʧʦʪʦʢ. ʊʘʢʘʷ ʢʦʣʣʠʟʠʷ ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʟʣʦʫʤʳʰʣʝʥʥʠʢʘʤ ʙʦʣʴʰʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦ ʨʘʟʛʘʜʳʚʘʥʠʶ ʜʘʥʥʳʭ ʦʪʢʨʳʪʦʛʦ ʪʝʢʩʪʘ ʧʫʪʝʤ 

ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʧʦʜʦʙʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʝʢʪʦʨʘ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʚʘʞʥʦ 

ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʧʦʜʦʙʥʳʡ ʩʮʝʥʘʨʠʡ, ʧʦʵʪʦʤʫ ʚʝʢʪʦʨ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʯʘʩʪʦ ʤʝʥʷʶʪ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʧʨʝʜʣʘʛʘʶʪ ʧʦʬʨʝʡʤʦʚʳʝ ʚʝʢʪʦʨʳ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʚ ʩʚʦʠʭ 

ʫʩʪʨʦʡʩʪʚʘʭ ʜʣʷ ʙʝʩʧʨʦʚʦʜʥʳʭ LAN. ʅʘ ʨʠʩʫʥʢʝ 4.21 ʧʦʢʘʟʘʥ ʬʨʝʡʤ ʟʘʰʠʬʨʦʚʘʥʥʳʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʛʦʨʠʪʤʘ WEP. 

 



 156 

 
 

ʈʠʩʫʥʦʢ 4.21. ʌʨʝʡʤ, ʟʘʰʠʬʨʦʚʘʥʥʳʡ ʘʣʛʦʨʠʪʤʦʤ WEP 

 

 

ʉʧʝʮʠʬʠʢʘʮʠʷ ʩʪʘʥʜʘʨʪʘ 802.11 ʪʨʝʙʫʝʪ, ʯʪʦʙʳ ʦʜʠʥʘʢʦʚʳʝ WEP-ʢʣʶʯʠ ʙʳʣʠ 

ʩʢʦʥʬʠʛʫʨʠʨʦʚʘʥʳ ʢʘʢ ʥʘ ʢʣʠʝʥʪʘʭ, ʪʘʢ ʠ ʥʘ ʫʩʪʨʦʡʩʪʚʘʭ, ʦʙʨʘʟʫʶʱʠʭ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʩʝʪʠ. 

ʄʦʞʥʦ ʦʧʨʝʜʝʣʷʪʴ ʜʦ ʯʝʪʳʨʝʭ ʢʣʶʯʝʡ ʥʘ ʦʜʥʦ ʫʩʪʨʦʡʩʪʚʦ, ʥʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʣʷ ʰʠʬʨʦʚʘʥʠʷ 

ʦʪʧʨʘʚʣʷʝʤʳʭ ʬʨʝʡʤʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʦʣʴʢʦ ʦʜʠʥ ʠʟ ʥʠʭ.WEP-ʰʠʬʨʦʚʘʥʠʝ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʪʦʣʴʢʦ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʬʨʝʡʤʘʤ ʜʘʥʥʳʭ ʠ ʚʦ ʚʨʝʤʷ ʧʨʦʮʝʜʫʨʳ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʩ ʩʦʚʤʝʩʪʥʦ 

ʠʩʧʦʣʴʟʫʝʤʳʤ ʢʣʶʯʦʤ. ʇʦ ʘʣʛʦʨʠʪʤʫ WEP ʰʠʬʨʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʧʦʣʷ ʬʨʝʡʤʘ ʜʘʥʥʳʭ 

ʩʪʘʥʜʘʨʪʘ 802.11. 

¶ ɼʘʥʥʳʝ ʠʣʠ ʧʦʣʝʟʥʘʷ ʥʘʛʨʫʟʢʘ (payload). 

¶ ʂʦʥʪʨʦʣʴʥʳʡ ʧʨʠʟʥʘʢ ʮʝʣʦʩʪʥʦʩʪʠ (integrity check value, ICV). 

 

ɿʥʘʯʝʥʠʷ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʧʦʣʝʡ ʧʝʨʝʜʘʶʪʩʷ ʙʝʟ ʰʠʬʨʦʚʘʥʠʷ. ɺʝʢʪʦʨ ʠʥʠʮʠʘʣʠʟʘʮʠʠ 

ʜʦʣʞʝʥ ʙʳʪʴ ʧʦʩʣʘʥ ʥʝʟʘʰʠʬʨʦʚʘʥʥʳʤ ʚʥʫʪʨʠ ʬʨʝʡʤʘ, ʯʪʦʙʳ ʧʨʠʝʤʥʘʷ ʩʪʘʥʮʠʷ ʤʦʛʣʘ 

ʧʦʣʫʯʠʪʴ ʝʛʦ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʢʦʨʨʝʢʪʥʦʡ ʨʘʩʰʠʬʨʦʚʢʠ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ ʠ ICV. ʅʘ 

ʨʠʩʫʥʢʝ 4.22 ʩʭʝʤʘʪʠʯʥʦ ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʦʮʝʩʩ ʰʠʬʨʦʚʘʥʠʷ. 

ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʰʠʬʨʦʚʘʥʠʶ ʜʘʥʥʳʭ ʩʧʝʮʠʬʠʢʘʮʠʷ ʩʪʘʥʜʘʨʪʘ 802.11 ʧʨʝʜʣʘʛʘʝʪ 

ʠʩʧʦʣʟɹʦʚʘʪʴ 32-ʨʘʟʨʷʜʥʦʝ ʟʥʘʯʝʥʠʝ, ʬʫʥʢʮʠʷ ʢʦʪʦʨʦʛʦ ð ʦʩʫʱʝʩʪʚʣʷʪʴ ʢʦʥʪʨʦʣʴ ʮʝ-

ʣʦʩʪʥʦʩʪʠ. ʕʪʦʪ ʢʦʥʪʨʦʣʴʥʳʡ ʧʨʠʟʥʘʢ ʮʝʣʦʩʪʥʦʩʪʠ ʛʦʚʦʨʠʪ ʧʨʠʝʤʥʠʢʫ ʦ ʪʦʤ, ʯʪʦ ʬʨʝʡʤ ʙʳʣ 

ʧʦʣʫʯʝʥ ʙʝʟ ʧʦʚʨʝʞʜʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʜʘʯʠ. ʂʦʥʪʨʦʣʴʥʳʡ ʧʨʠʟʥʘʢ ʮʝʣʦʩʪʥʦʩʪʠ 

ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʚʩʝʤ ʧʦʣʷʤ ʬʨʝʡʤʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 32-ʨʘʟʨʷʜʥʦʡ ʧʦʣʠʥʦʤʠʘʣʴʥʦʡ ʬʫʥʢʮʠʠ 

ʢʦʥʪʨʦʣʷ ʠ ʩ ʧʦʤʦʱʴʶ ʮʠʢʣʠʯʝʩʢʦʛʦ ʠʟʙʳʪʦʯʥʦʛʦ ʢʦʜʘ (CRC-32). ʉʪʘʥʮʠʷ ʦʪʧʨʘʚʠʪʝʣʴ 

ʚʳʯʠʩʣʷʝʪ ʵʪʦ ʟʥʘʯʝʥʠʝ ʠ ʧʦʤʝʱʘʝʪ ʝʛʦ ʚ ʧʦʣʝ ICV, ʧʨʠʝʤʥʘʷ ʩʪʦʨʦʥʘ ʨʘʩʰʠʬʨʦʚʳʚʘʝʪ 

ʬʨʝʡʤ ʚʯrʠʩʣʷʝʪ ʟʥʘʯʝʥʠʝ ICV  ʠ ʩʨʘʚʥʠʚʘʝʪ ʝʛʦ ʩʦ ʟʥʘʯʝʥʠʝʤ ʚ ʧʦʣʝ ICV. ɽʩʣʠ ʟʥʘʯʝʥʠʷ 

ʩʦʚʧʘʜʘʶʪ ʩʯʠʪʘʝʪʩʷ ʯʪʦ ʬʨʝʡʤ ʥʝ ʧʦʜʜʝʣʴʥʳʡ, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʬʨʝʡʤ ʦʪʙʨʘʩʳʚʘʝʪʩʷ. ʅʘ 

ʨʠʩʫʥʢʘʭ 4.22 ʠ 4.23 ʧʦʢʘʟʘʥ ʧʨʦʮʝʩʩ ʜʝʰʠʬʨʦʚʘʥʠʷ ʬʨʝʡʤʦʚ ʠ ʚʳʯʠʩʣʝʥʠʷ ʢʦʥʪʨʦʣʴʥʦʛʦ 

ʧʨʠʟʥʘʢʘ ʮʝʣʦʩʪʥʦʩʪʠ. 
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ʈʠʩʫʥʦʢ 4.22. ʐʠʬʨʦʚʘʥʠʝ ʧʦ ʘʣʛʦʨʠʪʤʫ WEP 

 

 

 
 

ʈʠʩʫʥʦʢ 4.23. ɼʝʰʠʬʨʦʚʘʥʠʝ ʧʦ ʘʣʛʦʨʠʪʤʫ WEP 

 

 
 

ʈʠʩʫʥʦʢ 4.24. ɼʠʘʛʨʘʤʤʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʝʭʘʥʠʟʤʘ ICV 

 

 

ʄʝʭʘʥʠʟʤʳ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʩʪʘʥʜʘʨʪʘ 802.11 

 

ʉʧʝʮʠʬʠʢʘʮʠʷ ʩʪʘʥʜʘʨʪʘ 802.11 ʦʛʦʚʘʨʠʚʘʝʪ ʜʚʘ ʤʝʭʘʥʠʟʤʘ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʤʝ-

ʥʷʪʴʩʷ ʜʣʷ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʢʣʠʝʥʪʦʚ WLAN.  

Å    ʆʪʢʨʳʪʘʷ ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ (open authentication). 

Å    ɸʫʪʝʥʪʠʬʠʢʘʮʠʷ ʩ ʩʦʚʤʝʩʪʥʦ ʠʩʧʦʣʴʟʫʝʤʳʤ ʢʣʶʯʦʤ (shared key authentication). 



 158 

ʆʪʢʨʳʪʘʷ ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ ʧʦ ʩʫʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʣʛʦʨʠʪʤ ʩ ʥʫʣʝʚʦʡ ʘʫʪʝʥʪʠʬʠ-

ʢʘʮʠʝʡ (null authentication algorithm). ʊʦʯʢʘ ʜʦʩʪʫʧʘ ʧʨʠʥʠʤʘʝʪ ʣʶʙʦʡ ʟʘʧʨʦʩ ʥʘ ʘʫʪʝʥʪʠ-

ʬʠʢʘʮʠʶ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʩʪʦ ʙʝʩʩʤʳʩʣʝʥʥʳʡ ʩʠʛʥʘʣ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʫʢʘʟʘʥʠʷ ʥʘ 

ʧʨʠʤʝʥʝʥʠʝ ʠʤʝʥʥʦ ʵʪʦʛʦ ʘʣʛʦʨʠʪʤʘ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ, ʪʝʤ ʥʝ ʤʝʥʝʝ ʦʪʢʨʳʪʘʷ ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ 

ʠʛʨʘʝʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʨʦʣʴ ʚ ʩʝʪʷʭ ʩʪʘʥʜʘʨʪʘ 802.11. ʉʪʦʣʴ ʧʨʦʩʪʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʘʫ-

ʪʝʥʪʠʬʠʢʘʮʠʠ ʧʦʟʚʦʣʷʶʪ ʫʩʪʨʦʡʩʪʚʘʤ ʙʳʩʪʨʦ ʧʦʣʫʯʠʪʴ ʜʦʩʪʫʧ ʢ ʩʝʪʠ. 

ʂʦʥʪʨʦʣʴ ʜʦʩʪʫʧʘ ʧʨʠ ʦʪʢʨʳʪʦʡ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʟʘʨʘʥʝʝ ʩʢʦʥʬʠʛʫʨʠʨʦʚʘʥʥʦʛʦ WEP-ʢʣʶʯʘ ʚ ʪʦʯʢʝ ʜʦʩʪʫʧʘ ʠ ʥʘ ʢʣʠʝʥʪʩʢʦʡ ʩʪʘʥʮʠʠ. ʕʪʘ 

ʩʪʘʥʮʠʷ ʠ ʪʦʯʢʘ ʜʦʩʪʫʧʘ ʜʦʣʞʥʳ ʠʤʝʪʴ ʦʜʠʥʘʢʦʚʳʝ ʢʣʶʯʠ, ʪʦʛʜʘ ʦʥʠ ʤʦʛʫʪ ʩʚʷʟʳʚʘʪʴʩʷ 

ʤʝʞʜʫ ʩʦʙʦʡ. ɽʩʣʠ ʩʪʘʥʮʠʷ ʠ ʪʦʯʢʘ ʜʦʩʪʫʧʘ ʥʝ ʧʦʜʜʝʨʞʠʚʘʶʪ ʘʣʛʦʨʠʪʤ WEP, ʚ BSS 

ʥʝʚʦʟʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʟʘʱʠʪʫ. ʃʶʙʦʝ ʫʩʪʨʦʡʩʪʚʦ ʤʦʞʝʪ ʧʦʜʢʣʶʯʠʪʴʩʷ ʢ ʪʘʢʦʤʫ BSS, ʠ ʚʩʝ 

ʬʨʝʡʤʳ ʜʘʥʥʳʭ ʧʝʨʝʜʘʶʪʩʷ ʥʝʟʘʰʠʬʨʦʚʘʥʥʳʤʠ. 

ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʦʪʢʨʳʪʦʡ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʠ ʟʘʚʝʨʰʝʥʠʷ ʧʨʦʮʝʩʩʘ ʘʩʩʦʮʠʠʨʦʚʘʥʠʷ 

ʢʣʠʝʥʪ ʤʦʞʝʪ ʥʘʯʘʪʴ ʧʝʨʝʜʘʯʫ ʠ ʧʨʠʝʤ ʜʘʥʥʳʭ. ɽʩʣʠ ʢʣʠʝʥʪ ʩʢʦʥʬʠʛʫʨʠʨʦʚʘʥ ʪʘʢ, ʯʪʦ ʝʛʦ 

ʢʣʶʯ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʢʣʶʯʘ ʪʦʯʢʠ ʜʦʩʪʫʧʘ, ʦʥ ʥʝ ʩʤʦʞʝʪ ʧʨʘʚʠʣʴʥʦ ʟʘʰʠʬʨʦʚʳʚʘʪʴ ʠ ʨʘʩ-

ʰʠʬʨʦʚʳʚʘʪʴ ʬʨʝʡʤʳ, ʠ ʪʘʢʠʝ ʬʨʝʡʤʳ ʙʫʜʫʪ ʦʪʙʨʦʰʝʥʳ ʢʘʢ ʪʦʯʢʦʡ ʜʦʩʪʫʧʘ, ʪʘʢ ʠ ʢʣʠ-

ʝʥʪʩʢʦʡ ʩʪʘʥʮʠʝʡ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʦʚʦʣʴʥʦ-ʪʘʢʠ ʵʬʬʝʢʪʠʚʥʦʝ ʩʨʝʜʩʪʚʦ 

ʢʦʥʪʨʦʣʷ ʜʦʩʪʫʧʘ.  

ɺ ʦʪʣʠʯʠʝ ʦʪ ʦʪʢʨʳʪʦʡ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ, ʧʨʠ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʩ ʩʦʚʤʝʩʪʥʦ ʠʩʧʦʣʴ-

ʟʫʝʤʳʤ ʢʣʶʯʦʤ ʪʨʝʙʫʝʪʩʷ, ʯʪʦʙʳ ʢʣʠʝʥʪʩʢʘʷ ʩʪʘʥʮʠʷ ʠ ʪʦʯʢʘ ʜʦʩʪʫʧʘ ʙʳʣʠ ʩʧʦʩʦʙʥʳ 

ʧʦʜʜʝʨʞʠʚʘʪʴ WEP ʠ ʠʤʝʣʠ ʦʜʠʥʘʢʦʚʳʝ WEP-ʢʣʶʯʠ. ʇʨʦʮʝʩʩ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʩ ʩʦʚʤʝʩʪʥʦ 

ʠʩʧʦʣʴʟʫʝʤʳʤ ʢʣʶʯʦʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

ʂʣʠʝʥʪ ʧʦʩʳʣʘʝʪ ʪʦʯʢʝ ʜʦʩʪʫʧʘ ʟʘʧʨʦʩ ʥʘ ʘʫʪʝʥʪʠʬʠʢʘʮʠʶ ʩ ʩʦʚʤʝʩʪʥʦ ʠʩʧʦʣʴʟʫʝʤʳʤ ʢʣʶʯʦʤ. 

ʊʦʯʢʘ ʜʦʩʪʫʧʘ ʦʪʚʝʯʘʝʪ ʬʨʝʡʤʦʤ ʚʳʟʦʚʘ (challenge frame), ʩʦʜʝʨʞʘʱʠʤ ʦʪʢʨʳʪʳʡ ʪʝʢʩʪ. 

ʂʣʠʝʥʪ ʰʠʬʨʫʝʪ ʚʳʟʦʚ ʠ ʧʦʩʳʣʘʝʪ ʝʛʦ ʦʙʨʘʪʥʦ ʪʦʯʢʝ ʜʦʩʪʫʧʘ. 

ɽʩʣʠ ʪʦʯʢʘ ʜʦʩʪʫʧʘ ʤʦʞʝʪ ʧʨʘʚʠʣʴʥʦ ʨʘʩʰʠʬʨʦʚʘʪʴ ʵʪʦʪ ʬʨʝʡʤ ʠ ʧʦʣʫʯʠʪʴ ʩʚʦʡ ʠʩʭʦʜʥʳʡ 

ʚʳʟʦʚ, ʢʣʠʝʥʪʫ ʧʦʩʳʣʘʝʪʩʷ ʩʦʦʙʱʝʥʠʝ ʦʙ ʫʩʧʝʰʥʦʡ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ. 

ʂʣʠʝʥʪ ʧʦʣʫʯʘʝʪ ʜʦʩʪʫʧ WLAN. 

 
 

ʈʠʩʫʥʦʢ 4.25. ʇʨʦʮʝʩʩ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʩ ʩʦʚʤʝʩʪʥʦ ʠʩʧʦʣʴʟʫʝʤʳʤ ʢʣʶʯʦʤ 

 

ʇʨʝʜʧʦʩʳʣʢʠ, ʥʘ ʢʦʪʦʨʳʭ ʦʩʥʦʚʘʥʘ ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ ʩ ʩʦʚʤʝʩʪʥʦ ʠʩʧʦʣʴʟʫʝʤʳʤ 

ʢʣʶʯʦʤ, ʪʦʯʥʦ ʪʘʢʠʝ ʞʝ, ʢʘʢ ʠ ʪʝ, ʢʦʪʦʨʳʝ ʧʨʝʜʧʦʣʘʛʘʣʠʩʴ ʧʨʠ ʦʪʢʨʳʪʦʡ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ, 

ʠʩʧʦʣʴʟʫʶʱʝʡ WEP-ʢʣʶʯʠ ʚ ʢʘʯʝʩʪʚʝ ʩʨʝʜʩʪʚʘ ʢʦʥʪʨʦʣʷ ʜʦʩʪʫʧʘ. ʈʘʟʥʠʮʘ ʤʝʞʜʫ ʵʪʠʤʠ 

ʜʚʫʤʷ ʩʭʝʤʘʤʠ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʢʣʠʝʥʪ ʥʝ ʤʦʞʝʪ ʘʩʩʦʮʠʠʨʦʚʘʪʴ ʩʝʙʷ ʩ ʪʦʯʢʦʡ ʜʦʩʪʫʧʘ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʭʘʥʠʟʤʘ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʩ ʩʦʚʤʝʩʪʥʦ ʠʩʧʦʣʴʟʫʝʤʳʤ ʢʣʶʯʦʤ, ʝʩʣʠ ʝʛʦ ʢʣʶʯ 

ʥʝ ʩʢʦʥʬʠʛʫʨʠʨʦʚʘʥ ʜʦʣʞʥʳʤ ʦʙʨʘʟʦʤ.  

 

ʋʷʟʚʠʤʦʩʪʠ ʘʣʛʦʨʠʪʤʘ WEP 

 

ʇʨʦʙʣʝʤʳ ʘʣʛʦʨʠʪʤʘ WEP ʥʦʩʷʪ ʢʦʤʧʣʝʢʩʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʢʨʦʶʪʩʷ ʚ ʮʝʣʦʡ ʩʝʨʠʠ 

ʩʣʘʙʳʭ ʤʝʩʪ: ʤʝʭʘʥʠʟʤʝ ʦʙʤʝʥʘ ʢʣʶʯʘʤʠ (ʘ ʪʦʯʥʝʝ, ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʤ ʝʛʦ ʦʪʩʫʪʩʪʚʠʠ); 

ʤʘʣʳʭ ʨʘʟʨʷʜʥʦʩʪʷʭ ʢʣʶʯʘ ʠ ʚʝʢʪʦʨʘ ʠʥʠʮʠʘʣʠʟʘʮʠʠ (Initialization Vector - IV); ʤʝʭʘʥʠʟʤʝ 

ʧʨʦʚʝʨʢʠ ʮʝʣʦʩʪʥʦʩʪʠ ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ; ʩʧʦʩʦʙʝ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʠ ʘʣʛʦʨʠʪʤʝ 

ʰʠʬʨʦʚʘʥʠʷ RC4. 
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ʇʨʦʮʝʩʩ ʰʠʬʨʦʚʘʥʠʷ WEP ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʜʚʘ ʵʪʘʧʘ. ɺʥʘʯʘʣʝ ʧʦʜʩʯʠʪʳʚʘʝʪʩʷ 

ʢʦʥʪʨʦʣʴʥʘʷ ʩʫʤʤʘ (Integrity Checksum Value - ICV) ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʘʣʛʦʨʠʪʤʘ Cyclic 

Redundancy Check (CRC-32), ʜʦʙʘʚʣʷʝʤʘʷ ʚ ʢʦʥʝʮ ʥʝʟʘʰʠʬʨʦʚʘʥʥʦʛʦ ʩʦʦʙʱʝʥʠʷ ʠ ʩʣʫʞʘʱʘʷ 

ʜʣʷ ʧʨʦʚʝʨʢʠ ʝʛʦ ʮʝʣʦʩʪʥʦʩʪʠ ʧʨʠʥʠʤʘʝʤʦʡ ʩʪʦʨʦʥʦʡ. ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʰʠʬʨʦʚʘʥʠʝ. ʂʣʶʯ ʜʣʷ WEP-ʰʠʬʨʦʚʘʥʠʷ - ʦʙʱʠʡ ʩʝʢʨʝʪʥʳʡ ʢʣʶʯ, 

ʢʦʪʦʨʳʡ ʜʦʣʞʥʳ ʟʥʘʪʴ ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʦʙʝʠʭ ʩʪʦʨʦʥʘʭ ʙʝʩʧʨʦʚʦʜʥʦʛʦ ʢʘʥʘʣʘ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. 

ʕʪʦʪ ʩʝʢʨʝʪʥʳʡ 40-ʙʠʪʥʳʡ ʢʣʶʯ ʚʤʝʩʪʝ ʩʦ ʩʣʫʯʘʡʥʳʤ 24-ʙʠʪʥʳʤ IV ʷʚʣʷʝʪʩʷ ʚʭʦʜʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʜʣʷ ʛʝʥʝʨʘʪʦʨʘ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ, ʙʘʟʠʨʫʶʱʝʛʦʩʷ ʥʘ ʰʠʬʨʝ 

ɺʝʨʥʘʤʘ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʩʪʨʦʢʠ ʩʣʫʯʘʡʥʳʭ ʩʠʤʚʦʣʦʚ, ʥʘʟʳʚʘʝʤʦʡ ʢʣʶʯʝʚʳʤ ʧʦʪʦʢʦʤ (key 

stream). ɼʘʥʥʘʷ ʦʧʝʨʘʮʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʮʝʣʴʶ ʠʟʙʝʞʘʥʠʷ ʤʝʪʦʜʦʚ ʚʟʣʦʤʘ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʦʪʢʨʳʪʦʛʦ ʪʝʢʩʪʘ. 

IV ʠʩʧʦʣʴʟʫʝʪʩʷ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʜʣʷ ʢʘʞʜʦʛʦ ʩʦʦʙʱʝʥʠʷ ʩʚʦʡ ʫʥʠʢʘʣʴʥʳʡ 

ʢʣʶʯʝʚʦʡ ʧʦʪʦʢ. ɿʘʰʠʬʨʦʚʘʥʥʦʝ ʩʦʦʙʱʝʥʠʝ ʦʙʨʘʟʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʠ 

XOR ʥʘʜ ʥʝʟʘʰʠʬʨʦʚʘʥʥʳʤ ʩʦʦʙʱʝʥʠʝʤ ʩ ICV ʠ ʢʣʶʯʝʚʳʤ ʧʦʪʦʢʦʤ. ʏʪʦʙʳ ʧʦʣʫʯʘʪʝʣʴ ʤʦʛ 

ʧʨʦʯʠʪʘʪʴ ʝʛʦ, ʚ ʧʝʨʝʜʘʚʘʝʤʳʡ ʧʘʢʝʪ ʚ ʦʪʢʨʳʪʦʤ ʚʠʜʝ ʜʦʙʘʚʣʷʝʪʩʷ IV. ʂʦʛʜʘ ʠʥʬʦʨʤʘʮʠʷ 

ʧʨʠʥʠʤʘʝʪʩʷ ʥʘ ʜʨʫʛʦʡ ʩʪʦʨʦʥʝ, ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʙʨʘʪʥʳʡ ʧʨʦʮʝʩʩ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʤʦʞʝʤ ʧʦʣʫʯʠʪʴ ʥʝʟʘʰʠʬʨʦʚʘʥʥʳʡ ʪʝʢʩʪ, ʷʚʣʷʶʱʠʡʩʷ 

ʨʝʟʫʣʴʪʘʪʦʤ ʦʧʝʨʘʮʠʠ XOR ʤʝʞʜʫ ʜʚʫʤʷ ʜʨʫʛʠʤʠ ʦʨʠʛʠʥʘʣʴʥʳʤʠ ʪʝʢʩʪʘʤʠ. ʇʨʦʮʝʜʫʨʘ ʠʭ 

ʠʟʚʣʝʯʝʥʠʷ ʥʝ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʴʰʦʛʦ ʪʨʫʜʘ. ʅʘʣʠʯʠʝ ʦʨʠʛʠʥʘʣʴʥʦʛʦ ʪʝʢʩʪʘ ʠ IV ʧʦʟʚʦʣʷʝʪ 

ʚʳʯʠʩʣʠʪʴ ʢʣʶʯ, ʯʪʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʜʘʩʪ ʚʦʟʤʦʞʥʦʩʪʴ ʯʠʪʘʪʴ ʚʩʝ ʩʦʦʙʱʝʥʠʷ ʜʘʥʥʦʡ 

ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʝʪʠ. 

ʇʦʩʣʝ ʥʝʩʣʦʞʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʞʥʦ ʣʝʛʢʦ ʨʘʩʩʯʠʪʘʪʴ, ʢʦʛʜʘ ʧʦʚʪʦʨʠʪʩʷ ʢʣʶʯʝʚʦʡ ʧʦʪʦʢ. 

ʊʘʢ ʢʘʢ ʢʣʶʯ ʧʦʩʪʦʷʥʥʳʡ, ʘ ʢʦʣʠʯʝʩʪʚʦ ʚʘʨʠʘʥʪʦʚ IV ʩʦʩʪʘʚʣʷʝʪ 2
24
=16 777 216, ʪʦ ʧʨʠ 

ʜʦʩʪʘʪʦʯʥʦʡ ʟʘʛʨʫʟʢʝ ʪʦʯʢʠ ʜʦʩʪʫʧʘ, ʩʨʝʜʥʝʤ ʨʘʟʤʝʨʝ ʧʘʢʝʪʘ ʚ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʝʪʠ, ʨʘʚʥʦʤ 

1500 ʙʘʡʪ (12 000 ʙʠʪ), ʠ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʥʘʧʨʠʤʝʨ 5 Mbps (ʧʨʠ 

ʤʘʢʩʠʤʘʣʴʥʦʡ 11 Mbps), ʤʳ ʧʦʣʫʯʠʤ, ʯʪʦ ʪʦʯʢʦʡ ʜʦʩʪʫʧʘ ʙʫʜʝʪ ʧʝʨʝʜʘʚʘʪʴʩʷ 416 ʩʦʦʙʱʝʥʠʡ 

ʚ ʩʝʢʫʥʜʫ, ʠʣʠ ʞʝ 1 497 600 ʩʦʦʙʱʝʥʠʡ ʚ ʯʘʩ, ʪ. ʝ. ʧʦʚʪʦʨʝʥʠʝ ʧʨʦʠʟʦʡʜʝʪ ʯʝʨʝʟ 11 ʯ 12 ʤʠʥ 

(2
24
/1 497 600=11,2 ʯ). ɼʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ "ʢʦʣʣʠʟʠʷ ʚʝʢʪʦʨʦʚ". ʉʫʱʝʩʪʚʫʝʪ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʧʦʩʦʙʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʫʩʢʦʨʠʪʴ ʵʪʦʪ ʧʨʦʮʝʩʩ. ʂʨʦʤʝ ʪʦʛʦ, ʤʦʛʫʪ 

ʧʨʠʤʝʥʷʪʴʩʷ ʘʪʘʢʠ "ʩ ʠʟʚʝʩʪʥʳʤ ʧʨʦʩʪʳʤ ʪʝʢʩʪʦʤ", ʢʦʛʜʘ ʦʜʥʦʤʫ ʠʟ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩʝʪʠ 

ʧʦʩʳʣʘʝʪʩʷ ʩʦʦʙʱʝʥʠʝ ʩ ʟʘʨʘʥʝʝ ʠʟʚʝʩʪʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʠ ʧʨʦʩʣʫʰʠʚʘʝʪʩʷ ʟʘʰʠʬʨʦʚʘʥʥʳʡ 

ʪʨʘʬʠʢ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʠʤʝʷ ʪʨʠ ʩʦʩʪʘʚʣʷʶʱʠʝ ʠʟ ʯʝʪʳʨʝʭ (ʥʝʟʘʰʠʬʨʦʚʘʥʥʳʡ ʪʝʢʩʪ, ʚʝʢʪʦʨ 

ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʠ ʟʘʰʠʬʨʦʚʘʥʥʳʡ ʪʝʢʩʪ), ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʢʣʶʯ. ɺ ʨʘʙʦʪʝ "Intercepting 

Mobile Communications: The Insecurity of 802.11" ʙʳʣʦ ʦʧʠʩʘʥʦ ʤʥʦʞʝʩʪʚʦ ʪʠʧʦʚ ʘʪʘʢ, 

ʚʢʣʶʯʘʷ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʳʝ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʤʘʥʠʧʫʣʷʮʠʠ ʩ ʩʦʦʙʱʝʥʠʷʤʠ ʠ ʠʭ ʧʦʜʤʝʥʫ, 

ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʥʝʥʘʜʝʞʥʦʤ ʤʝʪʦʜʝ ʧʨʦʚʝʨʢʠ ʮʝʣʦʩʪʥʦʩʪʠ ʩʦʦʙʱʝʥʠʡ (CRC-32) ʠ 

ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʢʣʠʝʥʪʦʚ. ʉ ICV, ʠʩʧʦʣʴʟʫʝʤʳʤ ʚ WEP-ʘʣʛʦʨʠʪʤʝ, ʜʝʣʘ ʦʙʩʪʦʷʪ ʘʥʘʣʦʛʠʯʥʦ. 

ɿʥʘʯʝʥʠʝ CRC-32 ʧʦʜʩʯʠʪʳʚʘʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʧʦʣʷ ʜʘʥʥʳʭ ʩʦʦʙɦ ʝʥʠʷ. ʕʪʦ ʭʦʨʦʰʠʡ ʤʝʪʦʜ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʦʰʠʙʦʢ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʧʝʨʝʜʘʯʝ ʠʥʬʦʨʤʘʮʠʠ, ʥʦ ʦʥ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʮʝʣʦʩʪʥʦʩʪʴ ʜʘʥʥʳʭ, ʪ. ʝ. ʥʝ ʛʘʨʘʥʪʠʨʫʝʪ, ʯʪʦ ʦʥʠ ʥʝ ʙʳʣʠ ʧʦʜʤʝʥʝʥʳ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʜʘʯʠ. 

ʂʦʥʪʨʦʣʴʥʘʷ ʩʫʤʤʘ CRC-32 ʠʤʝʝʪ ʣʠʥʝʡʥʦʝ ʩʚʦʡʩʪʚʦ: CRC(A XOR B)=CRC(A)XOR CRC(B), 

ʧʨʝʜʦʩʪʘʚʣʷʶʱʝʝ ʥʘʨʫʰʠʪʝʣʶ ʚʦʟʤʦʞʥʦʩʪʴ ʣʝʛʢʦ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʟʘʰʠʬʨʦʚʘʥʥʳʡ ʧʘʢʝʪ 

ʙʝʟ ʟʥʘʥʠʷ WEP-ʢʣʶʯʘ ʠ ʧʝʨʝʩʯʠʪʘʪʴ ʜʣʷ ʥʝʛʦ ʥʦʚʦʝ ʟʥʘʯʝʥʠʝ ICV. ʇʦʷʚʠʚʰʘʷʩʷ ʚ 2001 ʛ. 

ʩʧʝʮʠʬʠʢʘʮʠʷ WEP2, ʢʦʪʦʨʘʷ ʫʚʝʣʠʯʠʣʘ ʜʣʠʥʫ ʢʣʶʯʘ ʜʦ 104 ʙʠʪ, ʥʝ ʨʝʰʠʣʘ ʧʨʦʙʣʝʤʳ, ʪʘʢ 

ʢʘʢ ʜʣʠʥʘ ʚʝʢʪʦʨʘ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʠ ʩʧʦʩʦʙ ʧʨʦʚʝʨʢʠ ʮʝʣʦʩʪʥʦʩʪʠ ʜʘʥʥʳʭ ʦʩʪʘʣʠʩʴ 

ʧʨʝʞʥʠʤʠ. ɹʦʣʴʰʠʥʩʪʚʦ ʪʠʧʦʚ ʘʪʘʢ ʨʝʘʣʠʟʦʚʳʚʘʣʠʩʴ ʪʘʢ ʞʝ ʧʨʦʩʪʦ, ʢʘʢ ʠ ʨʘʥʴʰʝ. ʅʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʘ WEP ʜʣʷ ʧʦʩʪʨʦʝʥʠʝ ʟʘʱʠʱʝʥʥʳʭ ʙʝʩʧʨʦʚʦʜʥʳʭ 

ʩʝʪʝʡ ʥʝ ʜʦʧʫʩʪʠʤʦ. 

 

           VPN 

 

ʉʝʛʦʜʥʷ ʪʝʭʥʦʣʦʛʠʷ VPN (Virtual Private Network - ʚʠʨʪʫʘʣʴʥʘʷ ʯʘʩʪʥʘʷ ʩʝʪʴ) ʟʘʚʦʝʚʘʣʘ 
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ʚʩʝʦʙʱʝʝ ʧʨʠʟʥʘʥʠʝ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʢʦʤʧʘʥʠʷ ʦʨʛʘʥʠʟʦʚʳʚʘʶʪ VPN-ʢʘʥʘʣʳ ʜʣʷ 

ʩʦʪʨʫʜʥʠʢʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʚʥʝ ʦʬʠʩʘ. C ʧʦʤʦʱʴʶ VPN ʤʦʞʥʦ ʦʨʛʘʥʠʟʦʚʘʪʴ ʟʘʱʠʱʝʥʥʳʡ 

ʚʠʨʪʫʘʣʴʥʳʡ ʢʘʥʘʣ ʯʝʨʝʟ ʧʫʙʣʠʯʥʳʝ ʩʝʪʠ.  ɿʘʰʠʪʘ ʪʨʘʬʠʢʘ ʦʩʥʦʚʘʥʘ ʥʘ ʢʨʠʧʪʦʛʨʘʬʠʠ. 

ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʤ ʘʣʛʦʨʠʪʤʦʤ ʢʦʜʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ Triple DES, ʢʦʪʦʨʳʡ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʨʦʡʥʦʝ ʰʠʬʨʦʚʘʥʠʝ (168 ʨʘʟʨʷʜʦʚ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʝʭ ʨʘʟʥʳʭ ʢʣʶʯʝʡ. 

ʊʝʭʥʦʣʦʛʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʨʦʚʝʨʢʫ ʮʝʣʦʩʪʥʦʩʪʠ ʜʘʥʥʳʭ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, 

ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʚ VPN. ʇʝʨʚʘʷ ʛʘʨʘʥʪʠʨʫʝʪ, ʯʪʦ ʜʘʥʥʳʝ ʜʦʰʣʠ ʜʦ ʘʜʨʝʩʘʪʘ ʠʤʝʥʥʦ ʚ ʪʦʤ 

ʚʠʜʝ, ʚ ʢʘʢʦʤ ʙʳʣʠ ʧʦʩʣʘʥʳ. ʉʘʤʳʝ ʧʦʧʫʣʷʨʥʳʝ ʘʣʛʦʨʠʪʤʳ ʧʨʦʚʝʨʢʠ ʮʝʣʦʩʪʥʦʩʪʠ ʜʘʥʥʳʭ - 

MD5 ʠ SHA1. ɼʘʣʝʝ ʩʠʩʪʝʤʘ ʧʨʦʚʝʨʷʝʪ, ʥʝ ʙʳʣʠ ʣʠ ʠʟʤʝʥʝʥʳ ʜʘʥʥʳʝ ʚʦ ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ ʧʦ 

ʩʝʪʷʤ, ʧʦ ʦʰʠʙʢʝ ʠʣʠ ʟʣʦʥʘʤʝʨʝʥʥʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʩʪʨʦʝʥʠʝ VPN ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʦʟʜʘʥʠʝ 

ʟʘʱʠʱʝʥʥʳʭ ʦʪ ʧʦʩʪʦʨʦʥʥʝʛʦ ʜʦʩʪʫʧʘ ʪʫʥʥʝʣʝʡ ʤʝʞʜʫ ʥʝʩʢʦʣʴʢʠʤʠ ʣʦʢʘʣʴʥʳʤʠ ʩʝʪʷʤʠ ʠʣʠ 

ʫʜʘʣʝʥʥʳʤʠ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ VPN ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʥʘ ʦʙʦʠʭ ʢʦʥʮʘʭ ʣʠʥʠʠ 

ʩʚʷʟʠ ʧʨʦʛʨʘʤʤʳ ʰʠʬʨʦʚʘʥʠʷ ʠʩʭʦʜʷʱʝʛʦ ʠ ʜʝʰʠʬʨʦʚʘʥʠʷ ʚʭʦʜʷʱʝʛʦ ʪʨʘʬʠʢʦʚ. ʆʥʠ ʤʦʛʫʪ 

ʨʘʙʦʪʘʪʴ ʢʘʢ ʥʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʘʧʧʘʨʘʪʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ, ʪʘʢ ʠ ʥʘ ʇʂ ʩ ʪʘʢʠʤʠ 

ʦʧʝʨʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʢʘʢ Windows, Linux ʠʣʠ NetWare. ʏʪʦʙʳ ʦʨʛʘʥʠʟʦʚʘʪʴ ʥʘʜʝʞʥʫʶ 

ʟʘʱʠʪʫ ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ ʠ ʦʙʝʩʧʝʯʠʪʴ ʧʨʦʟʨʘʯʥʦʩʪʴ ʜʣʷ ʫʩʪʨʦʡʩʪʚ ʥʘʭʦʜʷʱʠʭʩʷ ʤʝʞʜʫ 

ʢʦʥʮʘʤʠ ʚʠʨʪʫʘʣʴʥʦʛʦ ʪʫʥʥʝʣʷ ʧʨʠʤʝʥʷʝʪʩʷ ʠʥʢʘʧʩʫʣʷʮʠʷ, ʪ.ʝ.  ʢʘʜʨ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʡ ʫʟʣʦʤ-

ʦʪʧʨʘʚʠʪʝʣʝʤ ʰʠʬʨʫʝʪʩʷ ʠ ʩʥʘʙʞʘʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʟʘʛʦʣʦʚʢʦʤ ʩʦʜʝʨʞʘʱʠʤ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʤʘʨʰʨʫʪʝ. ʅʘ ʜʨʫʛʦʤ ʢʦʥʮʝ ʪʫʥʥʝʣʷ ʟʘʛʦʣʦʚʦʢ ʦʪʙʨʘʩʳʚʘʝʪʩʷ, ʢʘʜʨ 

ʜʝʰʠʬʨʫʝʪʩʷ ʠ ʜʦʩʪʘʚʣʷʝʪʩʷ ʧʦ ʫʢʘʟʘʥʥʦʤʫ ʚ ʥʝʤ ʘʜʨʝʩʫ.  

    ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʫʥʥʝʣʝʡ VPN ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʦʪʦʢʦʣʳ PPTP, L2TP, IPsec, IP-IP. 

ʇʨʦʪʦʢʦʣ PPTP - ʧʦʟʚʦʣʷʝʪ ʠʥʢʘʧʩʫʣʠʨʦʚʘʪʴ IP-, IPX- ʠ NetBEUI-ʪʨʘʬʠʢ ʚ ʟʘʛʦʣʦʚʢʠ IP ʜʣʷ 

ʧʝʨʝʜʘʯʠ ʧʦ IP-ʩʝʪʠ, ʥʘʧʨʠʤʝʨ Internet.  

ʇʨʦʪʦʢʦʣ L2TP - ʧʦʟʚʦʣʷʝʪ ʰʠʬʨʦʚʘʪʴ ʠ ʧʝʨʝʜʘʚʘʪʴ IP-ʪʨʘʬʠʢ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʣʶʙʳʭ ʧʨʦʪʦʢʦʣʦʚ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʨʝʞʠʤ `ʪʦʯʢʘ-ʪʦʯʢʘ` ʜʦʩʪʘʚʢʠ ʜʝʡʪʘʛʨʘʤʤ. ʅʘʧʨʠʤʝʨ, ʢ 

ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʧʨʦʪʦʢʦʣ IP, ʨʝʪʨʘʥʩʣʷʮʠʷ ʢʘʜʨʦʚ ʠ ʘʩʠʥʭʨʦʥʥʳʡ ʨʝʞʠʤ ʧʝʨʝʜʘʯʠ (ɸʊʄ). 

ʇʨʦʪʦʢʦʣ IPsec - ʧʦʟʚʦʣʷʝʪ ʰʠʬʨʦʚʘʪʴ ʠ ʠʥʢʘʧʩʫʣʠʨʦʚʘʪʴ ʧʦʣʝʟʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʧʨʦʪʦʢʦʣʘ 

IP ʚ ʟʘʛʦʣʦʚʢʠ IP ʜʣʷ ʧʝʨʝʜʘʯʠ ʧʦ IP-ʩʝʪʷʤ.  

ɼʣʷ ʪʝʭʥʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ VPN, ʢʨʦʤʝ ʩʪʘʥʜʘʨʪʥʦʛʦ ʩʝʪʝʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʧʦʥʘʜʦʙʠʪʩʷ ʰʣʶʟ VPN, ʚʳʧʦʣʥʷʶʱʠʡ ʚʩʝ ʬʫʥʢʮʠʠ ʧʦ ʬʦʨʤʠʨʦʚʘʥʠʶ ʪʫʥʥʝʣʝʡ, ʟʘʱʠʪʝ 

ʠʥʬʦʨʤʘʮʠʠ, ʢʦʥʪʨʦʣʶ ʪʨʘʬʠʢʘ, ʘ ʥʝʨʝʜʢʦ ʠ ʬʫʥʢʮʠʠ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. 

ʈʘʩʩʤʦʪʨʝʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʤʦʱʥʳʤ ʩʨʝʜʩʪʚʦʤ ʟʘʰʠʪʳ ʧʝʨʝʜʘʚʘʝʤʦʛʦ 

ʪʨʘʬʠʢʘ, ʦʜʥʘʢʦ ʝʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʝʪʷʭ ʠʤʝʝʪ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ. ʆʩʥʦʚʥʦʡ ʠʟ 

ʥʠʭ: ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʠ ʥʝʦʙʭʦʜʠʤ VPN ʰʣʁ ʟ, ʜʣʷ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʢʣʠʝʥʪʦʚ ʵʪʦʪ 

ʫʯʘʩʪʦʢ ʩʝʪʠ ʤʦʞʝʪ ʩʪʘʪʴ ʫʟʢʠʤ ʤʝʩʪʦʤ ʠ ʩʥʠʟʠʪ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ. ʂ ʪʦʤʫ ʞʝ 

ʙʝʩʧʨʦʚʦʜʥʳʤ ʢʣʠʝʥʪʘʤ ʧʨʠʜʝʪʩʷ ʩʥʘʯʘʣʘ ʧʨʦʭʦʜʠʪʴ ʧʨʦʮʝʜʫʨʫ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʥʘ ʪʦʯʢʝ ʘ 

ʟʘʪʝʤ ʫʩʪʘʥʘʚʣʠʚʘʪʴ VPN ʩʦʝʜʠʥʝʥʠʝ, ʯʪʦ ʥʝ ʩʦʚʩʝʤ ʫʜʦʙʥʦ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʪʝʭʥʦʣʦʛʠʶ VPN ʢʘʢ ʚʘʨʠʘʥʪ ʟʘʰʠʪʳ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʝʪʠ ʥʝ ʩʪʦʠʪ, 

ʪʝʭʥʦʣʦʛʠʷ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʩʷ ʣʠʰʴ ʚ ʩʝʪʷʭ ʥʝ ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ 

ʟʘʰʠʪʳ ʜʘʥʥʳʭ (WPA ʠʣʠ WPA2) ʢʘʢ ʧʦʩʣʝʜʥʷʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʚʳʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʙʝʟ 

ʛʣʦʙʘʣʴʥʦʛʦ ʦʙʥʦʚʣʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ.   

  
           IPSec.  ɸʨʭʠʪʝʢʪʫʨʘ IPSec 

 

IP Security - ʵʪʦ ʢʦʤʧʣʝʢʪ ʧʨʦʪʦʢʦʣʦʚ, ʢʘʩʘʶʱʠʭʩʷ ʚʦʧʨʦʩʦʚ ʰʠʬʨʦʚʘʥʠʷ, 

ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʱʠʪʳ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ IP-ʧʘʢʝʪʦʚ; ʚ ʝʛʦ ʩʦʩʪʘʚ ʩʝʡʯʘʩ 

ʚʭʦʜʷʪ ʧʦʯʪʠ 20 ʧʨʝʜʣʦʞʝʥʠʡ ʧʦ ʩʪʘʥʜʘʨʪʘʤ ʠ 18 RFC. ʉʧʝʮʠʬʠʢʘʮʠʷ IP Security (ʠʟʚʝʩʪʥʘʷ 

ʩʝʛʦʜʥʷ ʢʘʢ IPsec) ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʨʘʙʦʯʝʡ ʛʨʫʧʧʦʡ IP Security Protocol IETF. ʇʝʨʚʦʥʘʯʘʣʴʥʦ 

IPsec ʚʢʣʶʯʘʣ ʚ ʩʝʙʷ 3 ʘʣʛʦʨʠʪʤʦ-ʥʝʟʘʚʠʩʠʤʳʝ ʙʘʟʦʚʳʝ ʩʧʝʮʠʬʠʢʘʮʠʠ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʚ 

ʢʘʯʝʩʪʚʝ RFC-ʜʦʢʫʤʝʥʪʦʚ "ɸʨʭʠʪʝʢʪʫʨʘ ʙʝʟʦʧʘʩʥʦʩʪʠ IP", "ɸʫʪʝʥʪʠʬʠʮʠʨʫʶʱʠʡ ʟʘʛʦʣʦʚʦʢ 

(AH)", "ʀʥʢʘʧʩʫʣʷʮʠʷ ʟʘʰʠʬʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ (ESP)" (RFC1825, 1826 ʠ 1827). ʉʝʡʯʘʩ 

ʧʨʝʜʣʦʞʝʥʳ ʥʦʚʳʝ ʚʝʨʩʠʠ ʵʪʠʭ ʩʧʝʮʠʬʠʢʘʮʠʡ, ʵʪʦ RFC2401 - RFC2412. ʆʪʤʝʯʫ, ʯʪʦ 
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RFC1825-27 ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʫʞʝ ʥʝʩʢʦʣʴʢʠʭ ʣʝʪ ʩʯʠʪʘʶʪʩʷ ʫʩʪʘʨʝʚʰʠʤʠ. ʂʨʦʤʝ ʵʪʦʛʦ, 

ʩʫʱʝʩʪʚʫʶʪ ʥʝʩʢʦʣʴʢʦ ʘʣʛʦʨʠʪʤʦ-ʟʘʚʠʩʠʤʳʭ ʩʧʝʮʠʬʠʢʘʮʠʡ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʧʨʦʪʦʢʦʣʳ MD5, 

SHA, DES. 

ɻʘʨʘʥʪʠʠ ʮʝʣʦʩʪʥʦʩʪʠ ʠ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʜʘʥʥʳʭ ʚ ʩʧʝʮʠʬʠʢʘʮʠʠ IPsec 

ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʠ ʰʠʬʨʦʚʘʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʩʣʝʜʥʠʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʩʥʦʚʘʥʳ ʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤ ʩʦʛʣʘʩʦʚʘʥʠʠ 

ʩʪʦʨʦʥʘʤʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʪ.ʥ. "ʢʦʥʪʝʢʩʪʘ ʙʝʟʦʧʘʩʥʦʩʪʠ" ï ʧʨʠʤʝʥʷʝʤʳʭ 

ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ, ʘʣʛʦʨʠʪʤʦʚ ʫʧʨʘʚʣʝʥʠʷ ʢʣʶʯʝʚʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʠ ʠʭ 

ʧʘʨʘʤʝʪʨʦʚ. ʉʧʝʮʠʬʠʢʘʮʠʷ IPsec ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʜʝʨʞʢʠ ʩʪʦʨʦʥʘʤʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʨʘʟʣʠʯʥʳʭ ʧʨʦʪʦʢʦʣʦʚ ʠ ʧʘʨʘʤʝʪʨʦʚ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʠ 

ʰʠʬʨʦʚʘʥʠʷ ʧʘʢʝʪʦʚ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʥʳʭ ʩʭʝʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʣʶʯʝʡ. ʇʨʠ ʵʪʦʤ 

ʨʝʟʫʣʴʪʘʪʦʤ ʩʦʛʣʘʩʦʚʘʥʠʷ ʢʦʥʪʝʢʩʪʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ ʠʥʜʝʢʩʘ ʧʘʨʘʤʝʪʨʦʚ 

ʙʝʟʦʧʘʩʥʦʩʪʠ (SPI), ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʦʙʦʡ ʫʢʘʟʘʪʝʣʴ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʵʣʝʤʝʥʪ ʚʥʫʪʨʝʥʥʝʡ 

ʩʪʨʫʢʪʫʨʳ ʩʪʦʨʦʥʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ, ʦʧʠʩʳʚʘʶʱʝʡ ʚʦʟʤʦʞʥʳʝ ʥʘʙʦʨʳ ʧʘʨʘʤʝʪʨʦʚ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʇʦ ʩʫʪʠ, IPSec,  ʨʘʙʦʪʘʝʪ ʥʘ ʪʨʝʪʴʝʤ ʫʨʦʚʥʝ, ʪ. ʝ. ʥʘ ʩʝʪʝʚʦʤ ʫʨʦʚʥʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʧʝʨʝʜʘʚʘʝʤʳʝ IP-ʧʘʢʝʪʳ  ʟʘʱʠʱʝʥʳ ʧʨʦʟʨʘʯʥʳʤ ʜʣʷ ʩʝʪʝʚʳʭ ʧʨʠʣʦʞʝʥʠʡ ʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 

ʦʙʨʘʟʦʤ. ɺ ʦʪʣʠʯʠʝ ʦʪ SSL (Secure Socket Layer), ʢʦʪʦʨʳʡ ʨʘʙʦʪʘʝʪ ʥʘ ʯʝʪʚʝʨʪʦʤ (ʪ. ʝ. 

ʪʨʘʥʩʧʦʨʪʥʦʤ) ʫʨʦʚʥʝ ʠ ʪʝʩʥʝʝ ʩʚʷʟʘʥ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʫʨʦʚʥʷʤʠ ʤʦʜʝʣʠ OSI, IPSec ʧʨʠʟʚʘʥ 

ʦʙʝʩʧʝʯʠʪʴ ʥʠʟʢʦʫʨʦʚʥʝʚʫʶ ʟʘʱʠʪʫ.  

ʂ IP-ʜʘʥʥʳʤ, ʛʦʪʦʚʳʤ ʢ ʧʝʨʝʜʘʯʝ ʧʦ ʚʠʨʪʫʘʣʴʥʦʡ ʯʘʩʪʥʦʡ ʩʝʪʠ, IPSec ʜʦʙʘʚʣʷʝʪ 

ʟʘʛʦʣʦʚʦʢ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʟʘʱʠʱʝʥʥʳʭ ʧʘʢʝʪʦʚ. ʇʝʨʝʜ ʧʝʨʝʜʘʯʝʡ ʧʦ Internet ʵʪʠ ʧʘʢʝʪʳ 

ʠʥʢʘʧʩʫʣʠʨʫʶʪʩʷ ʚ ʜʨʫʛʠʝ IP-ʧʘʢʝʪʳ. IPSec ʧʦʜʜʝʨʞʠʚʘʝʪ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ʰʠʬʨʦʚʘʥʠʷ, ʚ 

ʪʦʤ ʯʠʩʣʝ Data Encryption Standard (DES) ʠ Message Digest 5 (MD5).  

ʏʪʦʙʳ ʫʩʪʘʥʦʚʠʪʴ ʟʘʱʠʱʝʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʦʙʘ ʫʯʘʩʪʥʠʢʘ ʩʝʘʥʩʘ ʜʦʣʞʥʳ ʠʤʝʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʙʳʩʪʨʦ ʩʦʛʣʘʩʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʟʘʱʠʪʳ, ʪʘʢʠʝ ʢʘʢ ʘʣʛʦʨʠʪʤʳ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʠ 

ʢʣʶʯʠ. IPSec ʧʦʜʜʝʨʞʠʚʘʝʪ ʜʚʘ ʪʠʧʘ ʩʭʝʤ ʫʧʨʘʚʣʝʥʠʷ ʢʣʶʯʘʤʠ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ 

ʫʯʘʩʪʥʠʢʠ ʤʦʛʫʪ ʩʦʛʣʘʩʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʩʝʘʥʩʘ.  

ʉ ʪʝʢʫʱʝʡ ʚʝʨʩʠʝʡ IP, IPv4, ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʠʣʠ Internet Secure Association Key 

Management Protocol (ISAKMP), ʠʣʠ Simple Key Management for Internet Protocol. ʉ ʚʝʨʩʠʝʡ 

IPv6, ʧʨʠʜʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ISAKMP. 

 

ɿʘʛʦʣʦʚʦʢ AH 

 

ɸʫʪʝʥʪʠʬʠʮʠʨʫʶʱʠʡ ʟʘʛʦʣʦʚʦʢ (AH) ʷʚʣʷʝʪʩʷ ʦʙʳʯʥʳʤ ʦʧʮʠʦʥʘʣʴʥʳʤ ʟʘʛʦʣʦʚʢʦʤ ʠ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʤʝʞʜʫ ʦʩʥʦʚʥʳʤ ʟʘʛʦʣʦʚʢʦʤ ʧʘʢʝʪʘ IP ʠ ʧʦʣʝʤ ʜʘʥʥʳʭ. ʅʘʣʠʯʠʝ 

AH ʥʠʢʘʢ ʥʝ ʚʣʠʷʝʪ ʥʘ ʧʨʦʮʝʩʩ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʠ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ 

ʫʨʦʚʥʝʡ. ʆʩʥʦʚʥʳʤ ʠ ʝʜʠʥʩʪʚʝʥʥʳʤ ʥʘʟʥʘʯʝʥʠʝʤ AH ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʟʘʱʠʪʳ ʦʪ ʘʪʘʢ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʩʦʜʝʨʞʠʤʦʛʦ ʧʘʢʝʪʘ, ʠ ʚ ʪʦʤ ʯʠʩʣʝ ʦʪ 

ʧʦʜʤʝʥʳ ʠʩʭʦʜʥʦʛʦ ʘʜʨʝʩʘ ʩʝʪʝʚʦʛʦ ʫʨʦʚʥʷ. ʇʨʦʪʦʢʦʣʳ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʜʦʣʞʥʳ ʙʳʪʴ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʳ ʚ ʮʝʣʷʭ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʨʦʚʝʨʢʠ ʘʫʪʝʥʪʠʯʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ. 

ʌʦʨʤʘʪ AH ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪ ʠ ʩʦʩʪʦʠʪ ʠʟ 96-ʙʠʪʦʚʦʛʦ ʟʘʛʦʣʦʚʢʘ ʠ ʜʘʥʥʳʭ 

ʧʝʨʝʤʝʥʥʦʡ ʜʣʠʥʳ, ʩʦʩʪʦʷʱʠʭ ʠʟ 32-ʙʠʪʦʚʳʭ ʩʣʦʚ. ʅʘʟʚʘʥʠʷ ʧʦʣʝʡ ʜʦʩʪʘʪʦʯʥʦ ʷʩʥʦ 

ʦʪʨʘʞʘʶʪ ʠʭ ʩʦʜʝʨʞʠʤʦʝ: Next Header ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʣʝʜʫʶʱʠʡ ʟʘʛʦʣʦʚʦʢ, Payload Len 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʜʣʠʥʫ ʧʘʢʝʪʘ, SPI ʷʚʣʷʝʪʩʷ ʫʢʘʟʘʪʝʣʝʤ ʥʘ ʢʦʥʪʝʢʩʪ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ Sequence 

Number Field ʩʦʜʝʨʞʠʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʥʦʤʝʨ ʧʘʢʝʪʘ. 
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ʈʠʩʫʥʦʢ 4.26. ʌʦʨʤʘʪ ʟʘʛʦʣʦʚʢʘ AH 

 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʥʦʤʝʨ ʧʘʢʝʪʘ ʙʳʣ ʚʚʝʜʝʥ ʚ AH ʚ 1997 ʛʦʜʫ ʚ ʭʦʜʝ ʧʨʦʮʝʩʩʘ 

ʧʝʨʝʩʤʦʪʨʘ ʩʧʝʮʠʬʠʢʘʮʠʠ IPsec. ɿʥʘʯʝʥʠʝ ʵʪʦʛʦ ʧʦʣʷ ʬʦʨʤʠʨʫʝʪʩʷ ʦʪʧʨʘʚʠʪʝʣʝʤ ʠ ʩʣʫʞʠʪ 

ʜʣʷ ʟʘʱʠʪʳ ʦʪ ʘʪʘʢ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʚʪʦʨʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ ʧʨʦʮʝʩʩʘ 

ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ. ʇʦʩʢʦʣʴʢʫ ʩʝʪʴ ʀʥʪʝʨʥʝʪ ʥʝ ʛʘʨʘʥʪʠʨʫʝʪ ʧʦʨʷʜʦʢ ʜʦʩʪʘʚʢʠ ʧʘʢʝʪʦʚ, 

ʧʦʣʫʯʘʪʝʣʴ ʜʦʣʞʝʥ ʭʨʘʥʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʤʘʢʩʠʤʘʣʴʥʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʥʦʤʝʨʝ ʧʘʢʝʪʘ, 

ʧʨʦʰʝʜʰʝʛʦ ʫʩʧʝʰʥʫʶ ʘʫʪʝʥʪʠʬʠʢʘʮʠʶ, ʠ ʦ ʧʦʣʫʯʝʥʠʠ ʥʝʢʦʪʦʨʦʛʦ ʯʠʩʣʘ ʧʘʢʝʪʦʚ, 

ʩʦʜʝʨʞʘʱʠʭ ʧʨʝʜʜrʫʱʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʥʦʤʝʨʘ (ʦʙʳʯʥʦ ʵʪʦ ʯʠʩʣʦ ʨʘʚʥʦ 64). 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʘʣʛʦʨʠʪʤʦʚ ʚʳʯʠʩʣʝʥʠʷ ʢʦʥʪʨʦʣʴʥʦʡ ʩʫʤʤʳ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʧʨʦʪʦʢʦʣʘʭ 

ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʢʦʤʤʫʪʠʨʫʝʤʳʤ ʣʠʥʠʷʤ ʩʚʷʟʠ ʠʣʠ ʧʦ ʢʘʥʘʣʘʤ ʣʦʢʘʣʴʥʳʭ ʩʝʪʝʡ ʠ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʠʩʧʨʘʚʣʝʥʠʝ ʩʣʫʯʘʡʥʳʭ ʦʰʠʙʦʢ ʩʨʝʜʳ ʧʝʨʝʜʘʯʠ, ʤʝʭʘʥʠʟʤʳ 

ʦʙʝʩʧʝʯʝʥʠʷ ʮʝʣʦʩʪʥʦʩʪʠ ʜʘʥʥʳʭ ʚ ʦʪʢʨʳʪʳʭ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʝʪʷʭ ʜʦʣʞʥʳ ʠʤʝʪʴ 

ʩʨʝʜʩʪʚʘ ʟʘʱʠʪʳ ʦʪ ʚʥʝʩʝʥʠʷ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʤʝʭʘʥʠʟʤʦʚ 

ʷʚʣʷʝʪʩʷ ʩʧʝʮʠʘʣʴʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʘʣʛʦʨʠʪʤʘ MD5: ʚ ʧʨʦʮʝʩʩʝ ʬʦʨʤʠʨʦʚʘʥʠʷ AH 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʳʯʠʩʣʷʝʪʩʷ ʭʵʰ-ʬʫʥʢʮʠʷ ʦʪ ʦʙʲʝʜʠʥʝʥʠʷ ʩʘʤʦʛʦ ʧʘʢʝʪʘ ʠ ʥʝʢʦʪʦʨʦʛʦ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʢʣʶʯʘ, ʘ ʟʘʪʝʤ ʦʪ ʦʙʲʝʜʠʥʝʥʠʷ ʧʦʣʫʯʝʥʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʠ 

ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʛʦ ʢʣʶʯʘ.  

 

ɿʘʛʦʣʦʚʦʢ ESP 

 

ɺ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʢʘʧʩʫʣʷʮʠʠ ʟʘʰʠʬʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʟʘʛʦʣʦʚʦʢ ESP ʷʚʣʷʝʪʩʷ 

ʧʦʩʣʝʜʥʠʤ ʚ ʨʷʜʫ ʦʧʮʠʦʥʘʣʴʥʳʭ ʟʘʛʦʣʦʚʢʦʚ, "ʚʠʜʠʤʳʭ" ʚ ʧʘʢʝʪʝ. ʇʦʩʢʦʣʴʢʫ ʦʩʥʦʚʥʦʡ ʮʝʣʴʶ 

ESP ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʜʘʥʥʳʭ, ʨʘʟʥʳʝ ʚʠʜʳ ʠʥʬʦʨʤʘʮʠʠ ʤʦʛʫʪ 

ʪʨʝʙʦʚʘʪʴ ʧʨʠʤʝʥʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʰʠʬʨʦʚʘʥʠʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʬʦʨʤʘʪ ESP ʤʦʞʝʪ ʧʨʝʪʝʨʧʝʚʘʪʴ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʦʙʷʟʘʪʝʣʴʥʳʝ 

ʧʦʣʷ: SPI, ʫʢʘʟʳʚʘʶʱʝʝ ʥʘ ʢʦʥʪʝʢʩʪ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ Sequence Number Field, ʩʦʜʝʨʞʘʱʝʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʥʦʤʝʨ ʧʘʢʝʪʘ. ʇʦʣʝ "ESP Authentication Data" (ʢʦʥʪʨʦʣʴʥʘʷ ʩʫʤʤʘ), ʥʝ 

ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ ʚ ʟʘʛʦʣʦʚʢʝ ESP. ʇʦʣʫʯʘʪʝʣʴ ʧʘʢʝʪʘ ESP ʨʘʩʰʠʬʨʦʚʳʚʘʝʪ ESP 

ʟʘʛʦʣʦʚʦʢ ʠ ʠʩʧʦʣʴʟʫʝʪ ʧʘʨʘʤʝʪʨʳ ʠ ʜʘʥʥʳʝ ʧʨʠʤʝʥʷʝʤʦʛʦ ʘʣʛʦʨʠʪʤʘ ʰʠʬʨʦʚʘʥʠʷ ʜʣʷ 

ʜʝʢʦʜʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʫʨʦʚʥʷ. 
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ʈʘʟʣʠʯʘʶʪ ʜʚʘ ʨʝʞʠʤʘ ʧʨʠʤʝʥʝʥʠʷ ESP ʠ AH  - ʪʨʘʥʩʧʦʨʪʥʳʡ ʠ ʪʫʥʥʝʣʴʥʳʡ. 

 

ʊʨʘʥʩʧʦʨʪʥʳʡ ʨʝʞʠʤ 

 

ʊʨʘʥʩʧʦʨʪʥʳʡ ʨʝʞʠʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʰʠʬʨʦʚʘʥʠʷ ʧʦʣʷ ʜʘʥʥʳʭ IP ʧʘʢʝʪʘ, 

ʩʦʜʝʨʞʘʱʝʛʦ ʧʨʦʪʦʢʦʣʳ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʫʨʦʚʥʷ (TCP, UDP, ICMP), ʢʦʪʦʨʦʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʧʨʠʢʣʘʜʥʳʭ ʩʣʫʞʙ. ʇʨʠʤʝʨʦʤ ʧʨʠʤʝʥʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʨʝʞʠʤʘ 

ʷʚʣʷʝʪʩʷ ʧʝʨʝʜʘʯʘ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʳ. ɺʩʝ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʫʟʣʳ ʥʘ ʤʘʨʰʨʫʪʝ ʧʘʢʝʪʘ ʦʪ 

ʦʪʧʨʘʚʠʪʝʣʷ ʢ ʧʦʣʫʯʘʪʝʣʶ ʠʩʧʦʣʴʟʫʶʪ ʪʦʣʴʢʦ ʦʪʢʨʳʪʫʶ ʠʥʬʦʨʤʘʮʠʶ ʩʝʪʝʚʦʛʦ ʫʨʦʚʥʷ ʠ, 

ʚʦʟʤʦʞʥʦ, ʥʝʢʦʪʦʨʳʝ ʦʧʮʠʦʥʘʣʴʥʳʝ ʟʘʛʦʣʦʚʢʠ ʧʘʢʝʪʘ (ʚ IPv6). ʅʝʜʦʩʪʘʪʢʦʤ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʨʝʞʠʤʘ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʤʝʭʘʥʠʟʤʦʚ ʩʢʨʳʪʠʷ ʢʦʥʢʨʝʪʥʳʭ ʦʪʧʨʘʚʠʪʝʣʷ ʠ ʧʦʣʫʯʘʪʝʣʷ 

ʧʘʢʝʪʘ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʪʨʘʬʠʢʘ. ʈʝʟʫʣʴʪʘʪʦʤ ʪʘʢʦʛʦ ʘʥʘʣʠʟʘ ʤʦʞʝʪ 

ʩʪʘʪʴ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʦʙʲʝʤʘʭ ʠ ʥʘʧʨʘʚʣʝʥʠʷʭ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ, ʦʙʣʘʩʪʠ ʠʥʪʝʨʝʩʦʚ 

ʘʙʦʥʝʥʪʦʚ, ʨʘʩʧʦʣʦʞʝʥʠʝ ʨʫʢʦʚʦʜʠʪʝʣʝʡ. 

 

ʊʫʥʥʝʣʴʥʳʡ ʨʝʞʠʤ 

 

ʊʫʥʥʝʣʴʥʳʡ ʨʝʞʠʤ ʧʨʝʜʧʦʣʘʛʘʝʪ ʰʠʬʨʦʚʘʥʠʝ ʚʩʝʛʦ ʧʘʢʝʪʘ, ʚʢʣʶʯʘʷ ʟʘʛʦʣʦʚʦʢ 

ʩʝʪʝʚʦʛʦ ʫʨʦʚʥʷ. ʊʫʥʥʝʣʴʥʳʡ ʨʝʞʠʤ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʢʨʳʪʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʦʨʛʘʥʠʟʘʮʠʠ ʩ ʚʥʝʰʥʠʤ ʤʠʨʦʤ. ʇʨʠ ʵʪʦʤ, ʘʜʨʝʩʥʳʝ ʧʦʣʷ ʟʘʛʦʣʦʚʢʘ 

ʩʝʪʝʚʦʛʦ ʫʨʦʚʥʷ ʧʘʢʝʪʘ, ʠʩʧʦʣʴʟʫʶʱʝʛʦ ʪʫʥʥʝʣʴʥʳʡ ʨʝʞʠʤ, ʟʘʧʦʣʥʷʶʪʩʷ ʤʝʞʩʝʪʝʚʳʤ 

ʵʢʨʘʥʦʤ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʥʝ ʩʦʜʝʨʞʘʪ ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʦʥʢʨʝʪʥʦʤ ʦʪʧʨʘʚʠʪʝʣʝ ʧʘʢʝʪʘ. ʇʨʠ 

ʧʝʨʝʜʘʯʝ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʚʥʝʰʥʝʛʦ ʤʠʨʘ ʚ ʣʦʢʘʣʴʥʫʶ ʩʝʪʴ ʦʨʛʘʥʠʟʘʮʠʠ ʚ ʢʘʯʝʩʪʚʝ ʘʜʨʝʩʘ 

ʥʘʟʥʘʯʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʝʪʝʚʦʡ ʘʜʨʝʩ ʤʝʞʩʝʪʝʚʦʛʦ ʵʢʨʘʥʘ. ʇʦʩʣʝ ʨʘʩʰʠʬʨʦʚʢʠ ʤʝʞʩʝʪʝʚʳʤ 

ʵʢʨʘʥʦʤ ʥʘʯʘʣʴʥʦʛʦ ʟʘʛʦʣʦʚʢʘ ʩʝʪʝʚʦʛʦ ʫʨʦʚʥʷ ʧʘʢʝʪ ʥʘʧʨʘʚʣʷʝʪʩʷ ʧʦʣʫʯʘʪʝʣʶ. 

 

Security Associations 

 

Security Association (SA) ï ʵʪʦ ʩʦʝʜʠʥʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʩʣʫʞʙʳ ʦʙʝʩʧʝʯʝʥʠʷ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʨʘʬʠʢʘ, ʢʦʪʦʨʳʡ ʧʝʨʝʜʘʸʪʩʷ ʯʝʨʝʟ ʥʝʛʦ. ɼʚʘ ʢʦʤʧʴʶʪʝʨʘ ʥʘ ʢʘʞʜʦʡ ʩʪʦʨʦʥʝ SA 

ʭʨʘʥʷʪ ʨʝʞʠʤ, ʧʨʦʪʦʢʦʣ, ʘʣʛʦʨʠʪʤʳ ʠ ʢʣʶʯʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ SA. ʂʘʞʜʳʡ SA ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʪʦʣʴʢʦ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ɼʣʷ ʜʚʫʥʘʧʨʘʚʣʝʥʥʦʡ ʩʚʷʟʠ ʪʨʝʙʫʝʪʩʷ ʜʚʘ SA. ʂʘʞʜʳʡ SA 

ʨʝʘʣʠʟʫʝʪ ʦʜʠʥ ʨʝʞʠʤ ʠ ʧʨʦʪʦʢʦʣ; ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʣʠ ʜʣʷ ʦʜʥʦʛʦ ʧʘʢʝʪʘ ʥʝʦʙʭʦʜʠʤʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʚʘ ʧʨʦʪʦʢʦʣʘ (ʢʘʢ ʥʘʧʨʠʤʝʨ AH ʠ ESP), ʪʦ ʪʨʝʙʫʝʪʩʷ ʜʚʘ SA. 

 

ʇʦʣʠʪʠʢʘ ʙʝʟʦʧʘʩʥʦʩʪʠ 

 

ʇʦʣʠʪʠʢʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʭʨʘʥʠʪʩʷ ʚ SPD (ɹʘʟʘ ʜʘʥʥʳʭ ʧʦʣʠʪʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ). SPD 

ʤʦʞʝʪ ʫʢʘʟʘʪʴ ʜʣʷ ʧʘʢʝʪʘ ʜʘʥʥʳʭ ʦʜʥʦ ʠʟ ʪʨʸʭ ʜʝʡʩʪʚʠʡ: ʦʪʙʨʦʩʠʪʴ ʧʘʢʝʪ, ʥʝ ʦʙʨʘʙʘʪʚrʘʪʴ 

ʧʘʢʝʪ ʩ ʧʦʤʦʱʴʶ IPSec, ʦʙʨʘʙʦʪʘʪʴ ʧʘʢʝʪ ʩ ʧʦʤʦʱʴʶ IPSec. ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ SPD ʪʘʢʞʝ 

ʫʢʘʟʳʚʘʝʪ, ʢʘʢʦʡ SA ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ (ʝʩʣʠ, ʢʦʥʝʯʥʦ, ʧʦʜʭʦʜʷʱʠʡ SA ʫʞʝ ʙʳʣ 

ʩʦʟʜʘʥ) ʠʣʠ ʫʢʘʟʳʚʘʝʪ, ʩ ʢʘʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʦʣʞʝʥ ʙʳʪʴ ʩʦʟʜʘʥ ʥʦʚʳʡ SA. 

SPD ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʛʠʙʢʠʤ ʤʝʭʘʥʠʟʤʦʤ ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʡ ʜʦʧʫʩʢʘʝʪ ʦʯʝʥʴ 

ʭʦʨʦʰʝʝ ʫʧʨʘʚʣʝʥʠʝ ʦʙʨʘʙʦʪʢʦʡ ʢʘʞʜʦʛʦ ʧʘʢʝʪʘ. ʇʘʢʝʪʳ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʧʦ ʙʦʣʴʰʦʤʫ 

ʯʠʩʣʫ ʧʦʣʝʡ, ʠ SPD ʤʦʞʝʪ ʧʨʦʚʝʨʷʪʴ ʥʝʢʦʪʦʨʳʝ ʠʣʠ ʚʩʝ ʧʦʣʷ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʜʝʡʩʪʚʠʝ. ʕʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʪʦʤʫ, ʯʪʦ ʚʝʩʴ ʪʨʘʬʠʢ ʤʝʞʜʫ ʜʚʫʤʷ 

ʤʘʰʠʥʘʤʠ ʙʫʜʝʪ ʧʝʨʝʜʘʚʘʪʴʩʷ ʧʨʠ ʧʦʤʦʱʠ ʦʜʥʦʛʦ SA, ʣʠʙʦ ʦʪʜʝʣʴʥʳʝ SA ʙʫʜʫʪ 

ʠʩʧʦʣʟɹʦʚʘʪʴʩʷ ʜʣʷ ʢʘʞʜʦʛʦ ʧʨʠʣʦʞʝʥʠʷ, ʠʣʠ ʜʘʞʝ ʜʣʷ ʢʘʞʜʦʛʦ TCP ʩʦʝʜʠʥʝʥʠʷ. 

IPsec ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʧʨʦʪʠʚʦʩʪʦʠʪ ʙʦʣʴʰʠʥʩʪʚʫ  ʠʟʚʝʩʪʥʳʤ ʩʝʪʝʚʳʤ ʘʪʘʢʘʤ 

(sniffing, spoofing, hijacking). ɹʣʘʛʦʜʘʨʷ ʪʦʤʫ ʯʪʦ ʧʨʝʜʫʩʤʦʪʨʝʥ ʤʝʭʘʥʠʟʤ ʦʪʙʨʘʢʦʚʢʠ ʧʘʢʝʪʦʚ 

ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʧʦʣʠʪʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ, IPsec ʥʝ ʧʣʦʭʦ ʩʧʨʘʚʣʷʝʪʩʷ ʩ ʘʪʘʢʘʤʠ Denial-Of-
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Service (DOS). Replay Attack - ʥʠʚʝʣʠʨʫʝʪʩʷ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ Sequence Number.  

ʂ ʩʦʞʘʣʝʥʠʶ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʪʦʢʦʣʘ IPsec ʜʣʷ ʟʘʱʠʪʳ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʝʪʝʡ 

ʩʚʷʟʘʥʳ ʥʝʢʦʪʦʨʳʝ ʧʨʦʙʣʝʤʳ 

¶ ʇʨʦʪʦʢʦʣ IPsec ʥʝ ʧʦʟʚʦʣʷʝʪ ʟʘʱʠʱʘʪʴ ʪʨʘʬʠʢ ʧʨʠ ʰʠʨʦʢʦʚʝʱʘʪʝʣʴʥʦʡ ʠʣʠ 

ʤʥʦʛʦʘʜʨʝʩʥʦʡ ʧʝʨʝʜʘʯʝ, ʧʦʪʦʤʫ ʯʪʦ ʝʛʦ ʜʝʡʩʪʚʠʝ ʤʦʞʝʪ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʪʦʣʴʢʦ ʥʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʜʚʫʭ ʩʪʦʨʦʥ, ʦʙʤʝʥʷʚʰʠʭʩʷ ʢʣʶʯʘʤʠ ʠ ʚʳʧʦʣʥʠʚʰʠʭ ʚʟʘʠʤʥʫʶ ʧʨʦʚʝʨʢʫ ʠʭ 

ʧʦʜʣʠʥʥʦʩʪʠ 

¶ ʇʨʦʪʦʢʦʣ IPsec ʟʘʱʠʱʘʝʪ ʪʦʣʴʢʦ ʩʝʪʝʚʳʝ ʧʘʢʝʪʳ, ʥʦ ʥʝ ʩʘʤʫ ʙʝʩʧʨʦʚʦʜʥʫʶ ʩʝʪʴ 

¶ ʅʝʩʤʦʪʨʷ ʥʘ ʧʨʦʟʨʘʯʥʦʩʪʴ ʧʨʦʪʦʢʦʣʘ IPsec ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʜʣʷ ʩʝʪʝʚʳʭ ʫʩʪʨʦʡʩʪʚ 

ʦʥ ʧʨʦʟʨʘʯʝʥ ʥʝ ʧʦʣʥʦʩʪʴʶ, ʧʦʪʦʤʫ ʯʪʦ ʨʘʙʦʪʘʝʪ ʥʘ ʩʝʪʝʚʦʤ ʫʨʦʚʥʝ, ʘ ʥʝ ʥʘ MAC-ʫʨʦʚʥʝ. ʕʪʦ 

ʧʨʝʜʲʷʚʣʷʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʨʘʚʠʣʘʤ ʜʣʷ ʙʨʘʥʜʤʘʫʵʨʦʚ 

¶ ɺʩʝ ʫʩʪʨʦʡʩʪʚʘ, ʥʝ ʧʦʜʜʝʨʞʠʚʘʶʱʠʝ IPsec, ʫʷʟʚʠʤʳ ʧʝʨʝʜ ʟʦʥʜʠʨʦʚʘʥʠʝʤ ʠʣʠ ʘʪʘʢʘʤʠ 

ʩʦ ʩʪʦʨʦʥʳ ʣʶʙʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʩʧʦʩʦʙʥʳʭ ʦʩʫʱʝʩʪʚʣʷʪʴ ʤʦʥʠʪʦʨʠʥʛ ʪʨʘʬʠʢʘ ʚ 

ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʝʪʠ 

¶ ɽʩʣʠ ʧʨʦʪʦʢʦʣ IPsec ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʨʫʧʥʦʡ ʩʠʩʪʝʤʝ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʟʘʱʠʪʳ ʪʨʘʬʠʢʘ 

ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʝʪʠ, ʥʦ ʠ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʡ ʟʘʱʠʪʳ ʪʨʘʬʠʢʘ ʜʨʫʛʠʭ ʧʨʠʣʦʞʝʥʠʡ, ʫʧʨʘʚʣʷʪʴ 

ʧʦʣʠʪʠʢʘʤʠ IPSec ʙʫʜʝʪ ʩʣʦʞʥʦ 

 

            ʇʦʪʦʢʦʣ WPA 

 

WPA ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʫʣʫʯʰʝʥʥʳʡ ʤʝʭʘʥʠʟʤ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʠ ʰʠʬʨʦʚʘʥʠʷ. ʕʪʠ 

ʠʟʤʝʥʝʥʠʷ ʙʳʣʠ ʚʥʝʩʝʥʳ ʚ ʧʨʦʝʢʪ ʩʪʘʥʜʘʨʪʘ 802.11i, ʦʜʥʘʢʦ ɸʣʴʷʥʩ Wi-Fi ʩʦʙʨʘʚ ʧʦʜʥʘʙʦʨ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʪʘʥʜʘʨʪʫ 802.11i  ʥʝ ʜʦʞʠʜʘʷʩʴ ʦʬʠʮʠʘʣʴʥʦʛʦ ʧʨʠʥʷʪʠʷ 

ʚʥʝʜʨʠʣ ʠʭ ʧʦʜʜʝʨʞʢʫ ʚ ʚʳʧʫʩʢʘʝʤʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. ʇʨʦʪʦʢʦʣ ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ 

çʟʘʱʠʱʝʥʥʳʡ ʜʦʩʪʫʧ ʢ Wi-Fiè (Wi-Fi Protected Access, WPA).  

ɿʘʱʠʪʘ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʝʪʝʡ ʠʤʝʝʪ ʯʝʪʳʨʝ ʩʦʩʪʘʚʣʷʶʱʠʝ: 

¶ ɹʘʟʦʚʘʷ ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ (authentication framework). ʇʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʝʭʘʥʠʟʤ, 

ʢʦʪʦʨʳʡ ʫʩʠʣʠʚʘʝʪ ʜʝʡʩʪʚʠʝ ʘʣʛʦʨʠʪʤʘ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʧʫʪʝʤ ʦʨʛʘʥʠʟʘʮʠʠ ʟʘʱʠʱʝʥʥʦʛʦ 

ʦʙʤʝʥʘ ʩʦʦʙʱʝʥʠʷʤʠ ʤʝʞʜʫ ʢʣʠʝʥʪʦʤ, ʪʦʯʢʦʡ ʜʦʩʪʫʧʘ ʠ ʩʝʨʚʝʨʦʤ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ. 

¶ ɸʣʛʦʨʠʪʤ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ. ʇʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʣʛʦʨʠʪʤ, ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʪʦʨʦʛʦ 

ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ ʧʦʣʥʦʤʦʯʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

¶ ɸʣʛʦʨʠʪʤ ʟʘʱʠʪʳ ʜʘʥʥʳʭ. ʆʙʝʩʧʝʯʠʚʘʝʪ ʟʘʱʠʪʫ ʧʨʠ ʧʝʨʝʜʘʯʝ ʯʝʨʝʟ ʙʝʩʧʨʦʚʦʜʥʫʶ 

ʩʨʝʜʫ ʬʨʝʡʤʦʚ ʜʘʥʥʳʭ. 

¶ ɸʣʛʦʨʠʪʤ ʦʙʝʩʧʝʯʝʥʠʷ ʮʝʣʦʩʪʥʦʩʪʠ. (data integrity algorithm). ʆʙʝʩʧʝʯʠʚʘʝʪ 

ʮʝʣʦʩʪʥʦʩʪʴ ʜʘʥʥʳʭ ʧʨʠ ʧʝʨʝʜʘʯʝ ʠʭ ʯʝʨʝʟ ʙʝʩʧʨʦʚʦʜʥʫʶ ʩʨʝʜʫ, ʧʦʟʚʦʣʷʷ ʧʨʠʝʤʥʠʢʫ 

ʫʙʝʜʠʪʴʩʷ ʚ ʪʦʤ, ʯʪʦ ʜʘʥʥʳʝ ʥʝ ʙʳʣʠ ʧʦʜʤʝʥʝʥʳ.    

 

        ɹʘʟʦʚʘʷ ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ  

 

ʆʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʵʬʬʝʢʪʠʚʥʫʶ ʘʫʪʝʥʪʠʬʠʢʘʮʠʶ ï ʵʪʦ : 

1. ʎʝʥʪʨʘʣʠʟʦʚʘʥʥʘʷ ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʥʘ ʧʦʣʴʟʦʚʘʪʝʣʷ; 

2. ɼʠʥʘʤʠʯʝʩʢʠʝ ʢʣʶʯʠ; 

3. ʋʧʨʘʚʣʝʥʠʝ ʟʘʰʠʬʨʦʚʘʥʥʳʤʠ ʢʣʶʯʘʤʠ; 

4. ɺʟʘʠʤʥʘʷ ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ. 

ɸʫʪʝʥʪʠʬʠʢʘʮʠʷ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʥʘ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʘ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʱʠʪʳ ʩʝʪʠ. ɸʫʪʝʥʪʠʬʠʢʘʮʠʷ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʥʘ ʫʩʪʨʦʡʩʪʚʘ, ʧʦʜʦʙʥʘʷ 

ʩʢʨrʪʦʡ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʠ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʩ ʩʦʚʤʝʩʪʥʦ ʠʩʧʦʣʴʟʫʝʤʳʤ ʢʣʶʯʦʤ, ʥʝ ʩʧʦʩʦʙʥʘ 

ʚʦʩʧʨʝʧʷʪʩʪʚʦʚʘʪʴ ʥʝʘʚʪʦʨʠʟʦʚʘʥʥʳʤ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʘʚʪʦʨʠʟʦʚʘʥʥʳʤ 

ʫʩʪʨʦʡʩʪʚʦʤ. ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ ʧʦʪʝʨʝ ʠ ʢʨʘʞʝ ʪʘʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠʣʠ ʧʦ ʦʢʦʥʯʘʥʠʠ 

ʨʘʙʦʪʳ ʧʦ ʥʘʡʤʫ ʘʜʤʠʥʠʩʪʨʘʪʦʨ ʩʝʪʠ ʙʫʜʝʪ ʚʳʥʫʞʜʝʥ ʚʨʫʯʥʫʶ ʠʟʤʝʥʷʪʴ ʢʣʶʯʠ ʚʩʝʭ ʪʦʯʝʢ 

ʜʦʩʪʫʧʘ ʠ ʢʣʠʝʥʪʦʚ ʩʝʪʠ ʩʪʘʥʜʘʨʪʘ 802.11. ʇʨʠ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʤ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʤ ʥʘ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʫʧʨʘʚʣʝʥʠʠ ʯʝʨʝʟ ʩʝʨʚʝʨ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ, ʘʚʪʦʨʠʟʘʮʠʠ ʠ ʫʯʝʪʘ (authentication, 
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authorization and accounting, AAA), ʪʘʢʦʡ ʢʘʢ Radius, ʘʜʤʠʥʠʩʪʨʘʪʦʨ ʤʦʞʝʪ ʟʘʧʨʝʪʠʪʴ ʜʦʩʪʫʧ ʢ 

ʩʝʪʠ ʦʪʜʝʣʴʥʳʤ ʧʦʣʴʟʦʚʘʪʝʣʷʤ, ʘ  ʥʝ ʠʭ ʫʩʪʨʦʡʩʪʚʘʤ. 

ɸʫʪʝʥʪʠʬʠʢʘʮʠʷ, ʢʦʪʦʨʘʷ ʧʦʜʜʝʨʞʠʚʘʝʪ ʩʦʟʜʘʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʢʣʶʯʝʡ, ʭʦʨʦʰʦ 

ʧʦʜʭʦʜʠʪ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʟʘʱʠʪʳ ʙʝʩʧʨʦʚʦʜʥʳʭ LAN ʠ ʤʦʜʝʣʠ ʫʧʨʘʚʣʝʥʠʷ ʠʤʠ. 

ɼʠʥʘʤʠʯʝʩʢʠʝ ʢʣʶʯʠ, ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʜʣʷ ʢʘʞʜʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʦʩʚʦʙʦʞʜʘʶʪ 

ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ ʦʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʪʘʪʠʯʝʩʢʠ ʫʧʨʘʚʣʷʝʤʳʭ ʢʣʶʯʝʡ. 

ɼʠʥʘʤʠʯʝʩʢʠʝ ʢʣʶʯʠ ʩʘʤʠ ʥʘʟʥʘʯʘʶʪʩʷ ʠ ʘʥʥʫʣʠʨʫʶʪʩʷ, ʢʦʛʜʘ ʧʦʣʴʟʦʚʘʪʝʣʴ ʧʨʦʭʦʜʠʪ 

ʘʫʪʝʥʪʠʬʠʢʘʮʠʶ. 

ɺʟʘʠʤʥʘʷ ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ ï ʵʪʦ ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ, ʧʨʠ ʢʦʪʦʨʦʡ ʥʝ ʪʦʣʴʢʦ ʩʝʪʴ 

ʘʫʪʝʥʪʠʬʠʮʠʨʫʝʪ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʥʦ ʠ ʧʦʣʴʟʦʚʘʪʝʣʴ ʩʝʪʴ.  

ʊʝʭʥʦʣʦʛʠʷ WPA, ʧʨʠʟʚʘʥʥʘʷ ʚʨʝʤʝʥʥʦ (ʚ ʦʞʠʜʘʥʠʠ ʧʝʨʝʭʦʜʘ ʢ 802.11i) ʟʘʢʨʳʪʴ ʙʨʝʰʠ WEP, 

ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ:  

¶ ʧʨʦʪʦʢʦʣ 802.1x - ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʧʨʦʪʦʢʦʣ ʜʣʷ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ, ʘʚʪʦʨʠʟʘʮʠʠ ʠ 

ʫʯʝʪʘ (AAA)  

¶ ʧʨʦʪʦʢʦʣ EAP - ʨʘʩʰʠʨʷʝʤʳʡ ʧʨʦʪʦʢʦʣ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ (Extensible Authentication 

Protocol)  

¶ ʧʨʦʪʦʢʦʣ TKIP - ʧʨʦʪʦʢʦʣ ʚʨʝʤʝʥʥʦʡ ʮʝʣʦʩʪʥʦʩʪʠ ʢʣʶʯʝʡ, ʜʨʫʛʦʡ ʚʘʨʠʘʥʪ ʧʝʨʝʚʦʜʘ 

- ʧʨʦʪʦʢʦʣ ʮʝʣʦʩʪʥʦʩʪʠ ʢʣʶʯʝʡ ʚʦ ʚʨʝʤʝʥʠ (Temporal Key Integrity Protocol)  

¶ MIC - ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʘʷ ʧʨʦʚʝʨʢʘ ʮʝʣʦʩʪʥʦʩʪʠ ʧʘʢʝʪʦʚ (Message Integrity Code)  

¶ ʧʨʦʪʦʢʦʣ RADIUS  

 

          ʇʨʦʢʪʦʢʦʣ 802.1X 

 

ʇʨʦʪʦʢʦʣ 802.1x ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴ ʥʝʩʢʦʣʴʢʦ ʬʫʥʢʮʠʡ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʘʩ 

ʠʥʪʝʨʝʩʫʶʪ ʬʫʥʢʮʠʠ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʣʶʯʝʡ ʰʠʬʨʦʚʘʥʠʷ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ ʧʨʦʠʩʭʦʜʠʪ çʥʘ ʫʨʦʚʥʝ ʧʦʨʪʘè - ʪʦ ʝʩʪʴ ʧʦʢʘ 

ʧʦʣʴʟʦʚʘʪʝʣʴ ʥʝ ʙʫʜʝʪ ʘʫʪʝʥʪʠʬʠʮʠʨʦʚʘʥ, ʝʤʫ ʨʘʟʨʝʰʝʥʦ ʧʦʩʳʣʘʪʴ/ʧʨʠʥʠʤʘʪʴ ʧʘʢʝʪʳ, 

ʢʘʩʘʶʱʠʝʩʷ ʪʦʣʴʢʦ ʧʨʦʮʝʩʩʘ ʝʛʦ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ (ʫʯʝʪʥʳʭ ʜʘʥʥʳʭ) ʠ ʥʝ ʙʦʣʝʝ ʪʦʛʦ. ʀ ʪʦʣʴʢʦ 

ʧʦʩʣʝ ʫʩʧʝʰʥʦʡ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʧʦʨʪ ʫʩʪʨʦʡʩʪʚʘ (ʙʫʜʴ ʪʦ ʪʦʯʢʘ ʜʦʩʪʫʧʘ ʠʣʠ  ʢʦʤʤʫʪʘʪʦʨ) 

ʙʫʜʝʪ ʦʪʢʨʳʪ ʠ ʧʦʣʴʟʦʚʘʪʝʣʴ ʧʦʣʫʯʠʪ ʜʦʩʪʫʧ ʢ ʨʝʩʫʨʩʘʤ ʩʝʪʠ. IEEE 802.11x ʦʧʨʝʜʝʣʷʝʪ ʪʨʠ 

ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʘ ʚ ʩʝʪʝʚʦʤ ʦʢʨʫʞʝʥʠʠ: ʉʘʧʧʣʠʢʘʥʪ (supplicant) ï ʦʙʲʝʢʪ ʢʦʪʦʨʦʤʫ 

ʥʝʦʙʭʦʜʠʤʘ ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ. ʉʝʨʚʝʨ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ (authentication server) ï ʦʙʲʝʢʪ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʩʣʫʞʙʳ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ. ɺ ʩʪʘʥʜʘʨʪʝ ʯʝʪʢʦ ʥʝ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʜʦʣʞʥʦ 

ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʩʝʨʚʝʨʘ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ, ʥʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʤ ʷʚʣʝ̫ʪʩʷ ʩʝʨʚʝʨ RADIUS 

(Remote Access Dial In User Service).  

ɸʫʪʝʥʪʠʬʠʢʘʪʦʨ (authenticator) ï ʦʙʲʝʢʪ ʥʘ ʢʦʥʮʝ ʩʝʛʤʝʥʪʘ "ʪʦʯʢʘ--ʪʦʯʢʘ" ʣʦʢʘʣʥɹʦʡ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʝʪʠ, ʢʦʪʦʨʳʡ ʩʧʦʩʦʙʩʪʚʫʝʪ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʵʪʦ 

ʫʩʪʨʦʡʩʪʚʦ-ʧʦʩʨʝʜʥʠʢ, ʨʘʩʧʦʣʘʛʘʝʤʦʝ ʤʝʞʜʫ ʩʝʨʚʝʨʦʤ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʠ ʩʘʧʧʣʠʢʘʥʪʦʤ. 

ʆʙʳʯʥʦ ʝʛʦ ʨʦʣʴ ʚʳʧʦʣʥʷʝʪ ʙʝʩʧʨʦʚʦʜʥʘʷ ʪʦʯʢʘ ʜʦʩʪʫʧʘ.  

ɸʫʪʝʥʪʠʬʠʢʘʪʦʨ ʩʦʟʜʘʝʪ ʣʦʛʠʯʝʩʢʠʡ ʧʦʨʪ ʜʣʷ ʫʩʪʨʦʡʩʪʚʘ ʩʘʧʧʣʠʢʘʥʪʘ. ʕʪʦʪ ʣʦʛʠʯʝʩʢʠʡ 

ʧʦʨʪ ʠʤʝʝʪ ʜʚʘ ʪʨʘʢʪʘ ʧʨʦʭʦʞʜʝʥʠʷ ʜʘʥʥʳʭ: ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʳʡ ʠ ʢʦʥʪʨʦʣʠʨʫʝʤʳʡ. 

ʅʝʢʦʥʪʨʦʣʠʨʫʝʤʳʡ ʧʦʨʪ ʧʦʟʚʦʣʷʝʪ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʪʨʘʢʪ ʚʩʝʤʫ ʪʨʘʬʠʢʫ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ. 

ʂʦʥʪʨʦʣʠʨʫʝʤʳʡ ʪʨʘʢʪ ʙʣʦʢʠʨʫʝʪ ʧʨʦʭʦʞʜʝʥʠʝ ʪʨʘʬʠʢʘ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʙʫʜʝʪ 

ʦʩʫʱʝʩʪʚʣʝʥʘ ʫʩʧʝʰʥʘʷ ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ ʢʣʠʝʥʪʘ. ʉʤ. ʨʠʩʫʥʦʢ 6.8. 

ɺʦ ʚʨʝʤʷ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʦʙʤʝʥ ʩʦʦʙʱʝʥʠʷʤʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

1. ʂʣʠʝʥʪ-ʧʨʦʩʠʪʝʣʴ ʘʩʩʦʮʠʠʨʫʝʪʩʷ ʩ ʘʫʪʝʥʪʠʬʠʢʘʪʦʨʦʤ ʪʦʯʢʦʡ ʜʦʩʪʫʧʘ. 

2. ɸʫʪʝʥʪʠʬʠʢʘʪʦʨ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʦʨʪ ʧʨʦʩʠʪʝʣʶ. ʇʝʨʝʚʦʜʠʪ ʧʦʨʪ  ʚ ʥʝʘʚʪʦʨʠʟʦʚʘʥʥʦʝ 

ʩʦʩʪʦʷʥʠʝ. 

3. ʂʣʠʝʥʪ ʥʘʯʠʥʘʝʪ ʘʫʪʝʥʪʠʬʠʢʘʮʠʶ 

4. ɸʫʪʝʥʪʠʬʠʢʘʪʦʨ ʦʪʚʝʯʘʝʪ ʩʦʦʙʱʝʥʠʝʤ ʩ EAP ʟʘʧʨʦʩʦʤ ʥʘ ʘʫʪʝʥʪʠʬʠʢʘʮʠʶ ʧʨʦʩʠʪʝʣʶ, 

ʯʪʦʙʳ ʫʜʦʩʪʦʚʝʨʠʪʴʩʷ ʚ ʠʜʝʥʪʠʯʥʦʩʪʠ ʢʣʠʝʥʪʘ. 

5. ʅʘ ʩʝʨʚʝʨ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʦʪʧʨʘʚʣʷʝʪʩʷ ʧʘʢʝʪ, ʩʦʜʝʨʞʘʱʠʡ ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʳʝ 



 166 

ʜʘʥʥʳʝ ʢʣʠʝʥʪʘ. 

6. ɺ ʟʘʚʝʨʰʝʥʠʠ ʧʦʩʳʣʘʝʪʩʷ ʧʘʢʝʪ RADUIS-ACCEPS, RADIUS-REJECT, ʥʘʧʨʘʚʣʝʥʥʳʡ 

ʦʪ ʩʝʨʚʝʨʘ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʢ ʪʦʯʢʝ ʜʦʩʪʫʧʘ. 

7. ɸʫʪʝʥʪʠʬʠʢʘʪʦʨ ʧʝʨʝʚʦʜʠʪ ʧʦʨʪ ʢʣʠʝʥʪʘ ʚ ʩʦʩʪʦʷʥʠʝ ñʘʚʪʦʨʠʟʦʚʘʥò.  

 

ɿʘɦ ʠɦ ʝʥʥʘ̫

ʩʝʪɹ

ʇʨʦʩʠʪʝʣɹ

 ʩʪʘʥʜʘʨʪʘ 802.11

ʉʝʨʚʝʨ

ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ

ʊʨʘʬʠʢ ʩʪʘʥʜʘʨʪʘ

802.1x ʯʝʨʝʟ

ʥʝʢʦʥʪʨʦʣʠʨʫʝʤr ʡ

ʧʦʨʪ

ʆʙr ʯʥr ʡ ʪʨʘʬʠʢ

ʯʝʨʝʟ

ʢʦʥʪʨʦʣʠʨʫʝʤr ʡ ʧʦʨʪ

 
 

ʈʠʩʫʥʦʢ 4.28. ʃʦʛʠʯʝʩʢʠʝ ʧʦʨʪʳ ʘʫʪʝʥʪʠʬʠʢʘʪʦʨʘ ʩʪʘʥʜʘʨʪʘ 802.1X 

 

            ʇʨʦʪʦʢʦʣ EAP 

 

ʇʨʦʪʦʢʦʣ EAP (Extensible Authentication Protocol) ʙʳʣ ʩʦʟʜʘʥ ʩ ʮʝʣʴʶ ʫʧʨʘʟʜʥʝʥʠʷ 

ʯʘʩʪʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʭ ʧʦʜʭʦʜʦʚ ï 

ʩʭʝʤ ʪʠʧʘ "ʟʘʧʨʦʩ-ʦʪʚʝʪ" (challenge-response) ʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʧʫʙʣʠʯʥʳʭ 

ʢʣʶʯʘʭ ʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʩʝʨʪʠʬʠʢʘʪʘʭ. ʉʪʘʥʜʘʨʪʠʟʘʮʠʷ ʤʝʭʘʥʠʟʤʦʚ EAP ʧʦʟʚʦʣʠʣʘ 

ʩʜʝʣʘʪʴ ʧʨʦʮʝʜʫʨʫ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʧʨʦʟʨʘʯʥʦʡ ʜʣʷ ʩʝʨʚʝʨʦʚ ʜʦʩʪʫʧʘ ʨʘʟʣʠʯʥʳʭ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʧʦʜʢʣʶʯʝʥʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʢ ʩʝʨʚʝʨʫ ʫʜʘʣʝʥʥʦʛʦ ʜʦʩʪʫʧʘ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʭʘʥʠʟʤʘ EAP ʧʨʦʪʦʢʦʣʘ PPP ʜʣʷ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʩʘʤ ʩʝʨʚʝʨ ʜʦʩʪʫʧʘ ʥʝ 

ʜʦʣʞʝʥ ʟʥʘʪʴ ʠʣʠ ʧʦʜʜʝʨʞʠʚʘʪʴ ʢʦʥʢʨʝʪʥʳʝ ʤʝʭʘʥʠʟʤʳ ʠʣʠ ʘʣʛʦʨʠʪʤʳ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ, ʝʛʦ 

ʟʘʜʘʯʘ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ï ʣʠʰʴ ʧʝʨʝʜʘʪʴ ʧʘʢʝʪʳ EAP-ʩʦʦʙʱʝʥʠʡ RADIUS-ʩʝʨʚʝʨʫ, ʥʘ ʢʦʪʦʨʦʤ 

ʬʘʢʪʠʯʝʩʢʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʝʨʚʝʨ ʜʦʩʪʫʧʘ ʠʩʧʦʣʥʷʝʪ ʨʦʣʴ 

ʧʦʩʨʝʜʥʠʢʘ ʤʝʞʜʫ ʢʣʠʝʥʪʦʤ ʠ RADIUS-ʩʝʨʚʝʨʦʤ, ʚ ʟʘʜʘʯʠ ʢʦʪʦʨʦʛʦ ʚʭʦʜʠʪ ʧʝʨʝʜʘʯʘ EAP-

ʩʦʦʙʱʝʥʠʡ ʤʝʞʜʫ ʥʠʤʠ. 

ʇʝʨʝʯʠʩʣʠʤ ʥʘʠʙʦʣʝʝ  ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʤʝʪʦʜʳ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ  

¶ LEAP ï ʘʣʛʦʨʠʪʤ ʚʟʘʠʤʥʦʡ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʨʦʣʷ. 

ʇʨʦʧʨʝʦʨʝʪʘʨʥʳʡ ʤʝʪʦʜ ʦʪ Cisco systems. ʇʦʜʜʝʨʞʠʚʘʝʪʩʷ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʢʦʤʧʘʥʠʠ Cisco.  

¶ EAP-MD5 - ʧʨʦʮʝʜʫʨʘ ʦʜʥʦʩʪʦʨʦʥʥʝʡ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʩʘʧʧʣʠʢʘʥʪʘ ʩʝʨʚʝʨʦʤ 

ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʭʵʰ-ʩʫʤʤʳ MD5 ʠʤʝʥʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʧʘʨʦʣʷ 

ʢʘʢ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʜʣʷ ʩʝʨʚʝʨʘ RADIUS. ɼʘʥʥʳʡ ʤʝʪʦʜ ʥʝ ʧʦʜʜʝʨʞʠʚʘʝʪ ʥʠ ʫʧʨʘʚʣʝʥʠʷ 

ʢʣʶʯʘʤʠ, ʥʠ ʩʦʟʜʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʢʣʶʯʝʡ. ʗʚʣʷʝʪʩʷ ʧʨʦʩʪʝʡʰʠʤ ʠ ʥʝ ʩʪʦʡʢʠʤ ʤʝʪʦʜʦʤ.   

¶ EAP-TLS - ʧʨʦʮʝʜʫʨʘ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ, ʢʦʪʦʨʘʷ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʮʠʬʨʦʚʳʭ ʩʝʨʪʠʬʠʢʘʪʦʚ ʍ.509 ʚ ʨʘʤʢʘʭ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʦʪʢʨʳʪʳʭ ʢʣʶʯʝʡ (Public Key 

Infrastructure ï PKI). EAP-TLS ʧʦʜʜʝʨʞʠʚʘʝʪ ʜʠʥʘʤʠʯʝʩʢʦʝ ʩʦʟʜʘʥʠʝ ʢʣʶʯʝʡ ʠ ʚʟʘʠʤʥʫʶ 

ʘʫʪʝʥʪʠʬʠʢʘʮʠʶ ʤʝʞʜʫ ʩʘʧʧʣʠʢʘʥʪʦʤ ʠ ʩʝʨʚʝʨʦʤ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ. ʅʝʜʦʩʪʘʪʢʦʤ ʜʘʥʥʦʛʦ 

ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʜʜʝʨʞʢʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʦʪʢʨʳʪʳʭ ʢʣʶʯʝʡ. 
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¶ EAP-TTLS - EAP, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʢʦʤʧʘʥʠʷʤʠ Funk Software ʠ Certicom ʠ 

ʨʘʩʰʠʨʷʶʱʠʡ ʚʦʟʤʦʞʥʦʩʪʠ EAP-TLS. EAP-TTLS ʠʩʧʦʣʴʟʫʝʪ ʙʝʟʦʧʘʩʥʦʝ ʩʦʝʜʠʥʝʥʠʝ, 

ʫʩʪʘʥʦʚʣʝʥʥʦʝ ʚ ʨʝʟʫʣʴʪʘʪʝ TLS-ʢʚʠʪʠʨʦʚʘʥʠʷ ʜʣʷ ʦʙʤʝʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ 

ʤʝʞʜʫ ʩʘʧʧʣʠʢʘʥʪʦʤ ʠ ʩʝʨʚʝʨʦʤ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʘʣʴʥʝʡʰʠʡ ʧʨʦʮʝʩʩ ʤʦʞʝʪ 

ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʩ ʧʦʤʦʱʴʶ ʜʨʫʛʠʭ ʧʨʦʪʦʢʦʣʦʚ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ, ʥʘʧʨʠʤʝʨ ʪʘʢʠʭ, ʢʘʢ: PAP, 

CHAP, MS-CHAP ʠʣʠ MS-CHAP-V2. 

¶ EAP-PEAP ï ʵʪʦʪ ʤʝʪʦʜ ʧʝʨʝʜ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʘʫʪʝʥʪʠʬʠʢʘʮʠʝʡ ʧʦʣʴʟʦʚʘʪʝʣʷ 

ʩʥʘʯʘʣʘ ʦʙʨʘʟʫʝʪ TLS-ʪʫʥʥʝʣʴ ʤʝʞʜʫ ʢʣʠʝʥʪʦʤ ʠ ʩʝʨʚʝʨʦʤ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ. ɸ ʫʞʝ ʚʥʫʪʨʠ 

ʵʪʦʛʦ ʪʫʥʥʝʣʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʘʤʘ ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʦʛʦ EAP 

(MD5, TLS, MSCHAP V2).  

¶ EAP-MSCHAP V2 - ʤʝʪʦʜ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʣʦʛʠʥʘ/ʧʘʨʦʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʚ 

MS-ʩʝʪʷʭ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʦʜʜʝʨʞʠʚʘʝʪ ʬʫʥʢʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʢʣʶʯʘʤʠ ʠ ʩʦʟʜʘʥʠʷ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʢʣʶʯʝʡ.  

  

ʇʨʦʪʦʢʦʣ TKIP 

 

Temporal Key Integrity Protocol (TKIP) ï ʧʨʦʪʦʢʦʣ, ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʡ ʩʧʝʮʠʬʠʢʘʮʠʝʡ 

WPA. TKIP ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʨʝʰʝʥʠʷ ʦʩʥʦʚʥʳʭ ʧʨʦʙʣʝʤ WEP ʚ ʦʙʣʘʩʪʠ ʰʠʬʨʦʚʘʥʠʷ 

ʜʘʥʥʳʭ. ɼʣʷ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤ ʘʧʧʘʨʘʪʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ TKIP ʠʩʧʦʣʴʟʫʝʪ ʪʦʪ 

ʞʝ ʘʣʛʦʨʠʪʤ ʰʠʬʨʦʚʘʥʠʷ, ʯʪʦ ʠ WEP ï RC4. TKIP ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʥʝʩʢʦʣʴʢʦ ʩʧʦʩʦʙʦʚ 

ʧʦʚʳʰʝʥʠʷ ʟʘʱʠʱʝʥʥʦʩʪʠ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʝʪʝʡ: 

¶ ʜʠʥʘʤʠʯʝʩʢʠʝ ʢʣʶʯʠ 

¶ ʠʟʤʝʥʝʥʥʳʡ ʤʝʪʦʜ ʛʝʥʝʨʘʮʠʠ ʢʣʶʯʝʡ  

¶ ʙʦʣʝʝ ʥʘʜʝʞʥʳʡ ʤʝʭʘʥʠʟʤ ʧʨʦʚʝʨʢʠ ʮʝʣʦʩʪʥʦʩʪʠ ʩʦʦʙʱʝʥʠʡ 

¶ ʫʚʝʣʠʯʝʥʥʳʡ ʧʦ ʜʣʠʥʝ ʚʝʢʪʦʨ ʠʥʠʮʠʘʣʠʟʘʮʠʠ (ʜʦ 48-ʨʘʟʨʷʜʥʦʛʦ) 

¶ ʥʫʤʝʨʘʮʠʷ ʧʘʢʝʪʦʚ  

ʆʩʥʦʚʥʳʝ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ, ʚʥʝʩʝʥʥʳʝ ʧʨʦʪʦʢʦʣʦʤ TKIP, ʪʘʢʦʚʳ: 

¶ ʇʦʬʨʝʡʤʦʚʦʝ ʠʟʤʝʥʝʥʠʝ ʢʣʶʯʝʡ ʰʠʬʨʦʚʘʥʠʷ.  

¶ ʂʦʥʪʨʦʣʴ ʮʝʣʦʩʪʥʦʩʪʠ ʩʦʦʙʱʝʥʠʷ (message integrity check, MIC). ʆʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʵʬʬʝʢʪʠʚʥʳʡ ʢʦʥʪʨʦʣʴ ʮʝʣʦʩʪʥʦʩʪʠ ʬʨʝʡʤʦʚ ʜʘʥʥʳʭ ʩ ʮʝʣʴʶ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʨʦʚʝʜʝʥʠʷ 

ʪʘʡʥʳʭ ʤʘʥʠʧʫʣʷʮʠʡ ʩ ʬʨʝʡʤʘʤʠ ʠ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʬʨʝʡʤʦʚ. 

ʆʩʥʦʚʥʦʡ ʧʨʠʥʮʠʧ, ʥʘ ʢʦʪʦʨʦʤ ʦʩʥʦʚʘʥʦ ʧʦʬʨʝʡʤʦʚʦʝ ʠʟʤʝʥʝʥʠʝ ʢʣʶʯʘ, ʩʦʩʪʦʠʪ ʚ ʪʦʤ, 

ʯʪʦ IV, ʄɸʉ - ʘʜʨʝʩ  ʧʝʨʝʜʘʪʯʠʢʘ ʠ WEP ï ʢʣʶʯ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʚʤʝʩʪʝ ʩ ʧʦʤʦʱʴʶ 

ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʡ ʬʫʥʢʮʠʠ ʧʝʨʝʤʝʰʠʚʘʥʠʷ. ɺʝʢʪʦʨ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʠʤʝʝʪ 48 ʨʘʟʨʷʜʥʳʡ 

ʨʘʟʤʝʨ (ʚ ʦʪʣʠʯʠʝ ʦʪ 24 ʨʘʟʨʷʜʥʦʛʦ ʚ ʜʨʫʛʠʭ ʧʨʦʪʦʢʦʣʘʭ) ʠ ʦʥ ʨʘʟʙʠʪ ʥʘ ʜʚʝ ʯʘʩʪʠ ï ʩʪʘʨh ʠʝ 

32 ʨʘʟʨʷʜʘ ʠ ʤʣʘʜʰʠʝ 16 ʨʘʟʨʷʜʦʚ.  

ʇʦʬʨʝʡʤʦʚʦ ʠʟʤʝʥʷʝʤʳʡ ʢʣʶʯ ʠʤʝʝʪ ʩʠʣʫ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ 16-ʨʘʟʨʷʜʥʳʝ ʟʥʘʯʝʥʠʷ 

IV ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦʚʪʦʨʥʦ. ɽʩʣʠ 16-ʨʘʟʨʷʜʥʳʝ ʟʥʘʯʝʥʠʷ IV ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʘʞʜʳ, 

ʧʨʦʠʩʭʦʜʠʪ ʢʦʣʣʠʟʠʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʩʪʠ ʘʪʘʢʫ ʠ ʚʳʚʝʩʪʠ 

ʢʣʁʯʝʚʦʡ ʧʦʪʦʢ. ʏʪʦʙʳ ʠʟʙʝʞʘʪʴ ʢʦʣʣʠʟʠʡ IV, ʟʥʘʯʝʥʠʝ ʢʣʶʯʘ 1-ʦʡ ʬʘʟʳ ʚʳʯʠʩʣʷʝʪʩʷ ʟʘʥʦʚʦ 

ʧʫʪʝʤ ʫʚʝʣʠʯʝʥʠʷ ʩʪʘʨʰʠʭ 32 ʨʘʟʨʷʜʦʚ IV ʥʘ 1 ʠ ʧʦʚʪʦʨʥʦʛʦ ʚʳʯʠʩʣʝʥʠʷ ʧʦʬʨʝʡʤʦʚʦʛʦ 

ʢʣʶʯʘ. 

ʇʨʦʮʝʩʩ ʧʦʬʨʝʡʤʦʚʦʛʦ ʠʟʤʝʥʝʥʠʷ ʢʣʶʯʘ ʧʨʦʠʩʭʦʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

1. ɹʘʟʦʚʳʡ ʢʣʶʯ, ʧʦʣʫʯʝʥʥʳʡ ʚʦ ʚʨʝʤʷ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʠ ʠʤʝʶʱʠʡ ʨʘʟʤʝʨʥʦʩʪʴ ʚ 128 

ʨʘʟʨʷʜʦʚ, ʧʝʨʝʤʝʰʠʚʘʝʪʩʷ ʩʦ ʩʪʘʨʰʠʤʠ 32 ʨʘʟʨʷʜʘʤʠ 48 ʨʘʟʨʷʜʥʦʛʦ ʚʝʢʪʦʨʘ ʠʥʠʮʠʘʣʠʟʘʮʠʠ  

ʠ 48-ʨʘʟʨʷʜʥʳʤ MAC ʘʜʨʝʩʦʤ ʧʝʨʝʜʘʪʯʠʢʘ (TA). ʈʝʟʫʣʴʪʘʪ ʵʪʦʛʦ ʜʝʡʩʪʚʠʷ ʥʘʟʳʚʘʝʪʩʷ 

ʢʣʶʯʦʤ ʧʝʨʚʦʡ ʬʘʟʳ (80-ʨʘʟʨʷʜʥʳʡ). 

2. ʂʣʶʯ ʧʝʨʚʦʡ ʬʘʟʳ ʩʥʦʚʘ ʧʝʨʝʤʝʰʠʚʘʝʪʩʷ ʩ IV ʠ TA ʜʣʷ ʚʳʨʘʙʦʪʢʠ ʟʥʘʯʝʥʠʷ 

ʧʦʬʨʝʡʤʦʚʦʛʦ ʢʣʶʯʘ (128-ʨʘʟʨʷʜʥʳʡ, ʧʝʨʚʳʝ 16 ʨʘʟʨʷʜʦʚ ï ʵʪʦ IV). 

3. IV, ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʧʝʨʝʜʘʯʠ ʬʨʝʡʤʘ ʠʤʝʝʪ ʨʘʟʤʝʨ 16 ʙʠʪʦʚ (0-65535) 

4. ʇʦʬʨʝʡʤʦʚʳʡ ʢʣʶʯ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʰʠʬʨʦʚʘʥʠʷ ʜʘʥʥʳʭ. 

5. ʂʦʛʜʘ 16-ʙʠʪʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ IV ʦʢʘʟʳʚʘʝʪʩʷ ʠʩʯʝʨʧʘʥʥʳʤ, ʢʣʶʯ 1-ʡ ʬʘʟʳ 



 168 

ʦʪʙʨʘʩʳʚʘʝʪʩʷ ʠ 32 ʩʪʘʨʰʠʭ ʨʘʟʨʷʜʘ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʥʘ 1 

6. ɿʘʥʦʚʦ ʚʳʯʠʩʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝ ʧʦʬʨʝʡʤʦʚʦʛʦ ʢʣʶʯʘ (ʨʠʩʫʥʦʢ 4.29) 

 

 
 

ʈʠʩʫʥʦʢ 4.29. ʇʦʬʨʝʡʤʦʚʦʝ ʠʟʤʝʥʝʥʠʝ ʢʣʶʯʝʡ 

 

6.5.5 ʇʨʦʚʝʨʢʘ ʮʝʣʦʩʪʥʦʩʪʠ ʩʦʦʙʱʝʥʠʡ MIC  

 

MIC ʇʨʦʚʝʨʢʘ ʮʝʣʦʩʪʥʦʩʪʠ ʩʦʦʙʱʝʥʠʡ (Message Integrity Check, MIC) ʧʨʝʜʥʘʟʥʘʯʝʥʘ 

ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʟʘʭʚʘʪʘ ʧʘʢʝʪʦʚ ʜʘʥʥʳʭ, ʠʟʤʝʥʝʥʠʷ ʠʭ ʩʦʜʝʨʞʠʤʦʛʦ ʠ ʧʦʚʪʦʨʥʦʡ 

ʧʝʨʝʩʳʣʢʠ. MIC ʧʦʩʪʨʦʝʥʘ ʥʘ ʙʘʟʝ ʤʦʱʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ, ʢʦʪʦʨʫʶ ʧʨʠʤʝʥʷʶʪ 

ʦʪʧʨʘʚʠʪʝʣʴ ʠ ʧʦʣʫʯʘʪʝʣʴ, ʘ ʟʘʪʝʤ ʩʨʘʚʥʠʚʘʶʪ ʨʝʟʫʣʴʪʘʪ. ɽʩʣʠ ʦʥ ʥʝ ʩʦʚʧʘʜʘʝʪ, ʪʦ ʜʘʥʥʳʝ 

ʩʯʠʪʘʶʪʩʷ ʣʦʞʥʳʤʠ ʠ ʧʘʢʝʪ ʦʪʙʨʘʩʳʚʘʝʪʩʷ.  

ɺ ʦʪʣʠʯʠʝ ʦʪ WEP, ʛʜʝ ʜʣʷ ʢʦʥʪʨʦʣʷ ʮʝʣʦʩʪʥʦʩʪʠ ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

CRC-32, TKIP ʧʨʠʤʝʥʷʝʪ MIC, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʫʶ ʢʦʥʪʨʦʣʴʥʫʶ ʩʫʤʤʫ ʦʪ 

ʥʝʩʢʦʣʴʢʠʭ ʧʦʣʝʡ (ʘʜʨʝʩ ʠʩʪʦʯʥʠʢʘ, ʘʜʨʝʩ ʥʘʟʥʘʯʝʥʠʷ ʠ ʧʦʣʷ ʜʘʥʥʳʭ). ʊʘʢ ʢʘʢ ʢʣʘʩʩʠʯʝʩʢʠʝ 

MIC-ʘʣʛʦʨʠʪʤʳ (ʥʘʧʨʠʤʝʨ, HMAC-MD5 ʠʣʠ HMAC-SHA1) ʜʣʷ ʩʫʱʝʩʪʚʫʶʱʝʛʦ 

ʙʝʩʧʨʦʚʦʜʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʷʚʣʷʣʠʩʴ ʦʯʝʥʴ "ʪʷʞʝʣʳʤʠ" ʠ ʪʨʝʙʦʚʘʣʠ ʙʦʣʴʰʠʭ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ, ʪʦ ʩʧʝʮʠʘʣʴʥʦ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʝʪʷʭ ʅʠʣʴʩʦʤ 

ʌʝʨʛʶʩʦʥʦʤ (Niels Ferguson) ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ Michael. ɼʣʷ ʰʠʬʨʦʚʘʥʠʷ ʦʥ 

ʧʨʠʤʝʥʷʝʪ 64-ʙʠʪʥʳʡ ʢʣʶʯ ʠ ʚʳʧʦʣʥʷʝʪ ʜʝʡʩʪʚʠʷ ʥʘʜ 32-ʙʠʪʥʳʤʠ ʙʣʦʢʘʤʠ ʜʘʥʥʳʭ. MIC 

ʚʢʣʶʯʘʝʪʩʷ ʚ ʟʘʰʠʬʨʦʚʘʥʥʫʶ ʯʘʩʪʴ ʬʨʝʡʤʘ ʤʝʞʜʫ ʧʦʣʝʤ ʜʘʥʥʳʭ ʠ ʧʦʣʝʤ ICV. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʮʝʣʦʩʪʥʦʩʪʠ ʜʘʥʥʳʭ ʚ ʧʨʦʪʦʢʦʣʝ TKIP, ʧʦʤʠʤʦ ʤʝʭʘʥʠʟʤʘ MIC, 

ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʝʱʝ ʦʜʥʘ ʬʫʥʢʮʠʷ, ʦʪʩʫʪʩʪʚʦʚʘʚʰʘʷ ʚ WEP, -- ʥʫʤʝʨʘʮʠʷ ʧʘʢʝʪʦʚ. ɺ ʢʘʯʝʩʪʚʝ 

ʥʦʤʝʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ IV, ʢʦʪʦʨʳʡ ʪʝʧʝʨʴ ʥʘʟʳʚʘʝʪʩʷ TKIP Sequence Counter (TSC) ʠ ʠʤʝʝʪ 

ʜʣʠʥʫ 48 ʙʠʪ, ʚ ʦʪʣʠʯʠʝ ʦʪ 24 ʙʠʪ ʚ WEP. ʋʚʝʣʠʯʝʥʠʝ ʜʣʠʥʳ IV ʜʦ 48 ʙʠʪ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ 

ʢʦʣʣʠʟʠʠ ʚʝʢʪʦʨʦʚ ʠ ʛʘʨʘʥʪʠʨʫʝʪ, ʯʪʦ ʦʥʠ ʥʝ ʧʦʚʪʦʨʷʪʩʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʤʥʦʛʠʭ ʣʝʪ. 

ʆʩʥʦʚʥʳʤ ʠ ʩʘʤʳʤ ʚʘʞʥʳʤ ʦʪʣʠʯʠʝʤ TKIP ʦʪ WEP ʷʚʣʷʝʪʩʷ ʤʝʭʘʥʠʟʤ ʫʧʨʘʚʣʝʥʠʷ 

ʢʣʶʯʘʤʠ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʝʨʠʦʜʠʯʝʩʢʠ ʠʟʤʝʥʷʪʴ ʢʣʶʯʠ ʠ ʧʨʦʠʟʚʦʜʠʪʴ ʦʙʤʝʥ ʠʤʠ ʤʝʞʜʫ 

ʚʩʝʤʠ ʫʯʘʩʪʥʠʢʘʤʠ ʩʝʪʝʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ: ʩʘʧʧʣʠʢʘʥʪʦʤ, ʘʫʪʝʥʪʠʬʠʢʘʪʦʨʦʤ ʠ ʩʝʨʚʝʨʦʤ 

ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ. ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʠ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʥʘ ʨʘʟʥʳʭ ʵʪʘʧʘʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ 

ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʮʝʣʝʡ ʛʝʥʝʨʠʨʫʶʪʩʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʢʣʶʯʠ. 

ʅʘ ʨʠʩʫʥʢʝ 4.30 ʧʦʢʘʟʘʥ ʤʝʭʘʥʠʟʤ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ MIC. 
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ʈʠʩʫʥʦʢ 4.30. ʈʘʙʦʪʘ ʘʣʛʦʨʠʪʤʘ MIC 

 

ʀʪʘʢ, ʟʥʘʷ ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʦʠʩʭʦʜʠʪ ʧʦʬʨʝʡʤʦʚʦʝ ʠʟʤʝʥʝʥʠʝ ʢʣʶʯʝʡ, ʘ ʪʘʢʞʝ 

ʧʦʥʠʤʘʷ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʢʦʥʪʨʦʣʷ ʮʝʣʦʩʪʥʦʩʪʠ ʩʦʦʙʱʝʥʠʡ MIC, ʤʦʞʥʦ 

ʨʘʩʩʤʦʪʨʝʪʴ  ʘʣʛʦʨʠʪʤ ʰʠʬʨʦʚʘʥʠʷ ʜʘʥʥʳʭ TKIP (ʨʠʩ. 4.31) 

1. ɻʝʥʝʨʠʨʫʝʪʩʷ ʧʦʬʨʝʡʤʦʚʳʡ ʢʣʶʯ. 

2. ɸʣʛʦʨʠʪʤ MIC ʛʝʥʝʨʠʨʫʝʪ MIC ʜʣʷ ʬʨʝʡʤʘ ʚʮʝʣʦʤ. 

3. ʌʨʝʡʤ ʬʨʘʛʤʝʥʪʠʨʫʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʩʪʘʥʦʚʢʘʤʠ MAC ʜʣʷ ʬʨʝʡʤʘ ʚ ʮʝʣʦʤ. 

4. ʌʨʘʛʤʝʥʪʳ ʬʨʝʡʤʘ ʰʠʬʨʫʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʦʬʨʝʡʤʦʚʦʛʦ ʢʣʶʯʘ. 

5. ʆʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʝʜʘʯʘ ʟʘʰʠʬʨʦʚʘʥʥʳʭ ʬʨʝʡʤʦʚ. 

 

 
 

ʈʠʩʫʥʦʢ 4.31 ï ɸʣʛʦʨʠʪʤ ʰʠʬʨʦʚʘʥʠʷ TKIP 

 

           ʉʪʘʥʜʘʨʪ 802.11i  

 

ʉʪʘʥʜʘʨʪ 802.11i ʠʣʠ WPA2 ʙʳʣ ʧʨʠʥʷʪ ʚ ʩʝʥʪʷʙʨʝ 2004 ʛʦʜʘ ʦʨʛʘʥʠʟʘʮʠʝʡ Wi-Fi 
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Alliance ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʫʶ ʩʦʚʤʝʩʪʠʤʫʶ ʚʝʨʩʠʶ ʧʦʣʥʦʡ 

ʩʧʝʮʠʬʠʢʘʮʠʠ IEEE 802.11i, ʧʨʠʥʷʪʦʡ ʚ ʠʶʥʝ 2004 ʛʦʜʘ. ʂʘʢ ʠ ʧʨʝʜʰʝʩʪʚʫʶʱʠʡ ʝʤʫ 

ʩʪʘʥʜʘʨʪ, WPA2 ʧʦʜʜʝʨʞʠʚʘʝʪ ʧʨʦʚʝʨʢʫ ʧʦʜʣʠʥʥʦʩʪʠ ʧʦ ʧʨʦʪʦʢʦʣʫ IEEE 802.1X/EAP ʠʣʠ 

ʪʝʭʥʦʣʦʛʠʶ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʢʣʶʯʝʡ, ʥʦ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʚʦʝʛʦ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ, ʩʦʜʝʨʞʠʪ 

ʥʦʚʳʡ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʡ ʤʝʭʘʥʠʟʤ ʰʠʬʨʦʚʘʥʠʷ AES (Advanced Encryption Standard) ʩʦ 

128 ʙʠʪʥʳʤ ʢʣʶʯʦʤ. 

 AES ʧʨʠʰʝʣ ʥʘ ʩʤʝʥʫ DES, ʚ ʝʛʦ ʦʩʥʦʚʝ ʣʝʞʠʪ ʘʣʛʦʨʠʪʤ Rijndael. ʉʦʛʣʘʩʥʦ ʦʮʝʥʢʘʤ, 

Rijndael ʥʝ ʧʦʜʚʝʨʞʝʥ ʩʣʝʜʫʶʱʠʤ ʚʠʜʘʤ ʢʨʠʧʪʦʘʥʘʣʠʪʠʯʝʩʢʠʭ ʘʪʘʢ: 

1. ʋ ʘʣʛʦʨʠʪʤʘ ʦʪʩʫʪʩʪʚʫʶʪ ʩʣʘʙʳʝ ʢʣʶʯʠ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʠ ʝʛʦ ʚʩʢʨʳʪʠʷ ʩ  ʧʦʤʦʱʴʶ 

ʘʪʘʢ ʥʘ ʩʚʷʟʘʥʥʳʭ ʢʣʶʯʘʭ. 

2. ʂ ʘʣʛʦʨʠʪʤʫ ʥʝ ʧʨʠʤʝʥʠʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʢʨʠʧʪʦʘʥʘʣʠʟ. 

3. ɸʣʛʦʨʠʪʤ ʥʝ ʘʪʘʢʫʝʤ ʩ ʧʦʤʦʱʴʶ ʣʠʥʝʡʥʦʛʦ ʢʨʠʧʪʦʘʥʘʣʠʟʘ ʠ ʫʩʝʯʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʦʚ. 

4. Square-ʘʪʘʢʘ (ʩʧʝʮʠʬʠʯʥʘʷ ʘʪʘʢʘ ʥʘ ʘʣʛʦʨʠʪʤʳ ʩʦ ʩʪʨʫʢʪʫʨʦʡ çʢʚʘʜʨʘʪè, ʢ ʢʦʪʦʨʳʤ 

ʦʪʥʦʩʠʪʩʷ ʠ AES) ʪʘʢʞʝ ʥʝ ʧʨʠʤʝʥʠʤʘ ʢ ʘʣʛʦʨʠʪʤʫ Rijndael. 

5. ɸʣʛʦʨʠʪʤ ʥʝ ʚʩʢʨʳʚʘʝʪʩʷ ʤʝʪʦʜʦʤ ʠʥʪʝʨʧʦʣʷʮʠʠ. 

 

ʉʪʨʫʢʪʫʨʘ ʘʣʛʦʨʠʪʤʘ ʰʠʬʨʦʚʘʥʠʷ RIJNDAEL  

  

RIJNDAEL ï ʵʪʦ ʠʪʝʨʘʮʠʦʥʥʳʡ ʙʣʦʯʥʳʡ ʰʠʬʨ, ʠʤʝʶʱʠʡ ʘʨʭʠʪʝʢʪʫʨʫ çʢʚʘʜʨʘʪè. 

ʐʠʬʨ ʠʤʝʝʪ ʧʝʨʝʤʝʥʥʫʶ ʜʣʠʥʫ ʙʣʦʢʦʚ ʠ ʨʘʟʣʠʯʥʳʝ ʜʣʠʥʥʳ ʢʣʶʯʝʡ. ɼʣʠʥʘ ʢʣʶʯʘ ʠ ʜʣʠʥʘ 

ʙʣʦʢʘ ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʤʦʛʫʪ ʩʦʩʪʘʚʣʷʪʴ 128, 192 ʠ 256 ʙʠʪ. ɺ ʩʪʘʥʜʘʨʪʝ AES 

ʦʧʨʝʜʝʣʝʥʘ ʜʣʠʥʘ ʙʣʦʢʘ ʜʘʥʥʳʭ ʨʘʚʥʷʷ 128 ʙʠʪʘʤ. 

 ʇʨʦʤʝʞʫʪʦʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʚʳʧʦʣʥʷʝʤʳʝ ʘʣʛʦʨʠʪʤʦʤ, ʥʘʟʳʚʘʶʪʩʷ 

ʩʦʩʪʦʷʥʠʷʤʠ (State). ʉʦʩʪʦʷʥʠʷ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʤʘʩʩʠʚʘ ʙʘʡʪʦʚ. 

ʇʨʠ ʨʘʟʤʝʨʝ ʙʣʦʢʘ ʜʘʥʥʳʭ ʨʘʚʥʦʤ 128 ʙʠʪʘʤ, ʵʪʦʪ 16 ï ʙʘʡʪʦʚʳʡ ʤʘʩʩʠʚ ʠʤʝʝʪ 4 ʩʪʨʦʢʠ ʠ 4 

ʩʪʦʣʙʮʘ (ʢʘʞʜʳʡ ʩʪʦʣʙʝʮ ʠ ʢʘʞʜʘʷ ʩʪʨʦʢʘ ʧʨʠ ʵʪʦʤ ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ 32 ï ʨʘʟʨʷʜʥʳʝ 

ʩʣʦʚʘ). ɺʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʰʠʬʨʘ ʦʙʦʟʥʘʯʘʶʪʩʷ  ʢʘʢ ʙʘʡʪʳ ʩʦʩʪʦʷʥʠʷ ʚ ʧʦʨʷʜʢʝ s00, s10, s20, 

s30,é ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʜʝʡʩʪʚʠʷ ʰʠʬʨʘ ʚʳʭʦʜʥʳʝ ʜʘʥʥʳʝ ʧʦʣʫʯʘʶʪʩʷ ʠʟ ʙʘʡʪʦʚ ʩʦʩʪʦʷʥʠʷ ʚ 

ʪʦʤ ʞʝ ʧʦʨʷʜʢʝ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʯʠʩʣʦ ʩʪʦʣʙʮʦʚ Nb ʨʘʚʥʦ ʜʣʠʥʝ ʙʣʦʢʘ, ʜʝʣʝʥʥʦʡ ʥʘ 32.      

 

 
ʈʠʩʫʥʦʢ 4.32. ʌʦʨʤʘʪʳ ʜʘʥʥʳʭ: ʘ ï ʧʨʠʤʝʨ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʙʣʦʢʘ (Nb=4) 

ʙ ï ʢʣʶʯʘ ʰʠʬʨʦʚʘʥʠʷ (Nk=4), ʛʜʝ sij ʠ kij ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʙʘʡʪʳ ʤʘʩʩʠʚʘ state ʠ ʢʣʶʯʘ, 

ʥʘʭʦʜʷʱʠʝʩʷ ʥʘ ʧʝʨʝʩʝʯʝʥʠʠ iïʛʦ ʠ jïʛʦ ʩʪʦʣʙʮʘ. 

 

ʂʣʶʯ ʰʠʬʨʦʚʘʥʠʷ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʤʘʩʩʠʚʘ ʩ ʯʝʪʳʨʴʤʷ 

ʩʪʨʦʢʘʤʠ (ʨʠʩ 4.32). ʏʠʩʣʦ ʩʪʦʣʙʮʦʚ ʵʪʦʛʦ ʤʘʩʩʠʚʘ ʨʘʚʥʦ ʜʣʠʥʝ ʢʣʶʯʘ ʜʝʣʝʥʥʦʡ ʥʘ 32. ɺ 

ʩʪʘʥʜʘʨʪʝ AES ʦʧʨʝʜʝʣʝʥʳ ʜʣʠʥʳ ʚʩʝʭ ʪʨʝʭ ʨʘʟʤʝʨʦʚ ï 128, 192 ʠ 256 ʙʠʪ, ʪʦ ʝʩʪʴ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 4, 6 ʠ 8 32-ʨʘʟʨʷʜʥʳʭ ʩʣʦʚʘ.  ʏʠʩʣʦ ʨʘʫʥʜʦʚ ʚ ʘʣʛʦʨʠʪʤʝ ʟʘʚʠʩʠʪ ʦʪ ʟʥʘʯʝʥʠʡ 

Nk ʠ Nb, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ ʪʘʙʣʠʮʝ 4.9. ɺ ʩʪʘʥʜʘʨʪʝ AES ʦʧʨʝʜʝʣʝʥʦ ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ 

ʨʘʟʤʝʨʦʤ ʢʣʶʯʘ, ʨʘʟʤʝʨʦʤ ʙʣʦʢʘ ʜʘʥʥʳʭ ʠ ʯʠʩʣʘ ʨʘʫʥʜʦʚ ʰʠʬʨʦʚʘʥʠʷ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ 

ʪʘʙʣʠʮʝ 4.10 

ʊʘʙʣʠʮʘ 4.9 - ʏʠʩʣʦ ʨʘʫʥʜʦʚ Nr ʢʘʢ ʬʫʥʢʮʠʷ ʦʪ ʜʣʠʥʳ ʢʣʶʯʘ ʠ ʨʘʟʤʝʨʘ ʙʣʦʢʘ 



 171 

Nr Nb = 4 Nb = 6 Nb = 8 

Nk = 4 10 12 14 

Nk = 6 12 12 14 

Nk = 8 14 14 14 

 

ʊʘʙʣʠʮʘ 4.10  ʉʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ ʨʘʟʤʝʨʦʤ ʢʣʶʯʘ, ʨʘʟʤʝʨʦʤ ʙʣʦʢʘ ʜʘʥʥʳʭ ʠ ʯʠʩʣʘ ʨʘʫʥʜʦʚ 

ʰʠʬʨʦʚʘʥʠʷ 

ʉʪʘʥʜʘʨʪ ɼʣʠʥʘ ʢʣʶʯʘ ʈʘʟʤʝʨ ʙʣʦʢʘ ʜʘʥʥʳʭ ʏʠʩʣʦ ʨʘʫʥʜʦʚ 

AES-128 10 12 14 

AES-192 12 12 14 

AES-256 14 14 14 

ɺ ʩʧʝʮʠʬʠʢʘʮʠʠ ʩʪʘʥʜʘʨʪʘ 802.11i ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ AES-128.     

 

       ʈʘʫʥʜʦʚʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

 

ʈʘʫʥʜ ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʝʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ: 

¶ ɿʘʤʝʥʘ ʙʘʡʪʦʚ SubBytes() ï ʧʦʙʘʡʪʦʚʘʷ ʧʦʜʩʪʘʥʦʚʢʘ ʚ S-ʙʣʦʢʘʭ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ 

ʪʘʙʣʠʮʝʡ ʟʘʤʝʥ ʨʘʟʤʝʨʥʦʩʪʴʶ 8Ĭ256; 

¶ ʉʜʚʠʛʘ ʩʪʨʦʢ ShiftRows() ï ʧʦʙʘʡʪʦʚʦʛʦ ʩʜʚʠʛʘ ʩʪʨʦʢ ʤʘʩʩʠʚʘ Sate ʥʘ ʨʘʟʣʠʯʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʙʘʡʪ; 

¶ ʇʝʨʝʤʝʰʠʚʘʥʠʷ ʩʪʦʣʙʮʦʚ MixColumns() ï ʫʤʥʦʞʝʥʠʝ ʩʪʦʣʙʮʦʚ ʩʦʩʪʦʷʥʠʷ, 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʢʘʢ ʤʥʦʛʦʯʣʝʥʳ ʥʘʜ GF(2
8
), ʥʘ ʤʥʦʛʦʯʣʝʥ ʪʨʝʪʴʝʡ ʩʪʝʧʝʥʠ g(x) ʧʦ ʤʦʜʫʣʶ 

x
4
+1; 

¶ ʉʣʦʞʝʥʠʝ ʩ ʨʘʫʥʜʦʚʳʤ ʢʣʶʯʦʤ AddRoundKey() ï ʧʦʨʘʟʨʷʜʥʦʛʦ XOR ʩ ʪʝʢʫʱʠʤ 

ʤʦʤʝʥʪʦʤ ʨʘʟʚʝʨʥʫʪʦʛʦ ʢʣʶʯʘ. 

 

ɿʘʤʝʥʘ ʙʘʡʪʦʚ 

 

ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ  SubBytes ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʣʠʥʝʡʥʫʶ ʟʘʤʝʥʫ ʙʘʡʪʦʚ, ʚʳʧʦʣʥʷʝʤʫʶ 

ʥʝʟʘʚʠʩʠʤʦ ʩ ʢʘʞʜʳʤ ʙʘʡʪʦʤ ʩʦʩʪʦʷʥʠʷ. ʊʘʙʣʠʮʳ ʟʘʤʝʥʳ S-ʙʣʦʢʦʚ ʷʚʣʷʶʪʩʷ 

ʠʥʚʝʨʪʠʨʫʝʤʳʤʠ ʠ ʧʦʩʪʨʦʝʥʳ ʠʟ ʢʦʤʧʦʟʠʮʠʠ ʩʣʝʜʫʶʱʠʭ ʜʚʫʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ  ʚʭʦʜʥʦʛʦ 

ʙʘʡʪʘ: 

1. ʧʦʣʫʯʝʥʠʝ ʦʙʨʘʪʥʦʛʦ ʵʣʝʤʝʥʪʘ ʫʤʥʦʞʝʥʠʷ ʚ ʧʦʣʝ GF(2
8
), ʥʫʣʝʚʦʡ ʵʣʝʤʝʥʪ 00 

ʧʝʨʝʭʦʜʠʪ ʩʘʤ ʚ ʩʝʙʷ 

2. ʧʨʠʤʝʥʝʥʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʥʘʜ GF(2), ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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ʃʦʛʠʢʘ ʨʘʙʦʪʳ S-ʙʣʦʢʘ ʧʨʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʙʘʡʪʘ {xy} ʦʪʨʘʞʝʥʘ ʚ ʪʘʙʣʠʮʝ 4.. 

ʅʘʧʨʠʤʝʨ, ʨʝʟʫʣʴʪʘʪ {ed} ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʙʘʡʪʘ {53} ʥʘʭʦʜʠʪʩʷ ʥʘ ʧʝʨʝʩʝʯʝʥʠʠ 5-ʡ ʩʪʨʦʢʠ ʠ 
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3-ʛʦ ʩʪʨʦʢʘ. 

ʊʘʙʣʠʮʘ 4.11 - ʊʘʙʣʠʮʘ ʟʘʤʝʥ S-ʙʣʦʢʘ. 

x y 

0 1 2 3 4 5 6 7 8 9 a b c d e f 

0 63 7c 77 7b f2 6b 6f c5 30 01 67 2b fe d7 ab 76 

1 ca 82 c9 7d fa 59 47 fo ad d4 a2 af 9c a4 72 c0 

2 b7 fd 93 26 36 3f f7 cc 34 a5 e5 f1 71 d8 31 15 

3 04 c7 23 c3 18 96 05 9a 07 12 80 e2 eb 27 b2 75 

4 09 83 2c 1a 1b 6e 5a a0 52 3b d6 b3 29 e3 2f 84 

5 53 d1 00 ed 20 fc b1 5b 6a cb be 39 4a 4c 58 cf 

6 d0 ef aa fb 43 4d 33 85 45 f9 02 7f 50 3c 9f a8 

7 51 a3 40 8f 92 9d 38 f5 bc b6 da 21 10 ff  f3 d2 

8 cd 0c 13 ec 5f 97 44 17 c4 a7 7e 3d 64 5d 19 73 

9 60 81 4f dc 22 2a 90 88 46 ee b8 14 de 5e 0b db 

a e0 32 3a 0a 49 06 24 5c c2 d3 ac 62 91 95 e4 79 

b e7 c8 37 6d 8d d5 4e a9 6c 56 14 ea 65 7a ae 08 

c ba 78 25 2e 1c a6 b4 c6 e8 dd 74 1f 4b bd 8b 8a 

d 70 3e B5 66 48 03 f6 0e 61 35 57 b9 86 c1 1d 9e 

e e1 f8 98 11 69 d6 8e 94 9b 1e 87 e9 ce 55 28 df 

f 8c a1 89 0d bf e6 42 68 41 99 2d 0f b0 54 bb 16 

 

 

ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʩʜʚʠʛʘ ʩʪʨʦʢʠ (ShiftRows) 

 

ʇʦʩʣʝʜʥʠʝ ʪʨʠ ʩʪʨʦʢʠ ʮʠʢʣʠʯʝʩʢʠ ʩʜʚʠʛʘʶʪʩʷ ʚʣʝʚʦ ʥʘ ʨʘʟʣʠʯʥʦʝ ʯʠʩʣʦ ʙʘʡʪ. ʉʪʨʦʢʘ 1 

ʩʜʚʠʛʘʝʪʩʷ ʥʘ ʩ1 ʙʘʡʪ, ʩʪʨʦʢʘ 2 ʥʘ ʩ2 ʙʘʡʪ, ʩʪʨʦʢʘ ʪʨʠ ʥʘ ʩ3 ʙʘʡʪ.  ɿʥʘʯʝʥʠʝ ʩʜʚʠʛʦʚ ʩ1, ʩ2, ʩ3 

ʟʘʚʠʩʷʪ ʦʪ ʜʣʠʥʳ ʙʣʦʢʘ Nb. ɼʣʷ ʩʪʘʥʜʘʨʪʘ AES-128 ʩʜʚʠʛʠ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ  ʩ1 = 1, 

ʩ2 = 2, ʩ3 = 3. 

ʆʧʝʨʘʮʠʷ ʩʜʚʠʛʘ ʧʦʩʣʝʜʥʠʭ ʪʨʝʭ ʙʠʪ, ShiftRows, ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ )))) 

 

 
 

ʈʠʩʫʥʦʢ 4.33. - ɼʝʡʩʪʚʠʝ ShiftRows  ʥʘ ʩʪʨʦʢʠ ʩʦʩʪʦʷʥʠʷ 

 

ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʩʪʦʣʙʮʦʚ MixColumns() 

 

ɺ ʵʪʦʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʩʪʦʣʙʮʳ ʩʦʩʪʦʷʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʤʥʦʛʦʯʣʝʥʳ ʥʘʜ 

GF(2
8
) ʠ ʫʤʥʦʞʘʶʪʩʷ ʧʦ ʤʦʜʫʣʶ x

4
 + 1ʥʘ ʤʥʦʛʦʯʣʝʥ g(x)={03} x

3 
+ {01}x

2
 + {01}x + 1. ʕʪʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʤʘʪʨʠʯʥʦʤ ʚʠʜʝ: 
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ɻʜʝ ʩ ï ʥʦʤʝʨ ʩʪʦʣʙʮʘ ʤʘʩʩʠʚʘ State. 

ʇʨʠʤʝʥʝʥʠʝ ʵʪʦʡ ʦʧʝʨʘʮʠʠ ʢʦ ʚʩʝʤ ʯʝʪʳʨʝʤ ʩʪʦʣʙʮʘʤ ʩʦʩʪʦʷʥʠʷ ʦʙʦʟʥʘʯʝʥʦ ʢʘʢ  

MixColumns(State) 

 

ɼʦʙʘʚʣʝʥʠʝ ʨʘʫʥʜʦʚʦʛʦ ʢʣʶʯʘ 

 

ɺ ʦʧʝʨʘʮʠʠ ʨʘʫʥʜʦʚʳʡ ʢʣʶʯ ʜʦʙʘʚʣʷʝʪʩʷ ʢ ʩʦʩʪʦʷʥʠʶ ʧʦ ʩʨʝʜʩʪʚʘʤ ʧʨʦʩʪʦʛʦ 

ʧʦʨʘʟʨʷʜʥʦʛʦ XOR. ʈʘʫʥʜʦʚʳʡ ʢʣʶʯ ʚʳʨʘʙʘʪʳʚʘʝʪʩʷ ʠʟ ʢʣʶʯʘ ʰʠʬʨʦʚʘʥʠʷ ʧʦʩʨʝʜʩʪʚʦʤ 

ʘʣʛʦʨʠʪʤʘ ʚʳʨʘʙʦʪʢʠ ʢʣʶʯʝʡ (key schedule). ɼʣʠʥʘ ʨʘʫʥʜʦʚʦʛʦ ʢʣʶʯʘ (ʚ 32-ʨʘʟʨʷʜʥʳʭ 

ʩʣʦʚʘʭ) ʨʘʚʥʘ ʜʣʠʥʝ ʙʣʦʢʘ Nb. ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ, ʩʦʜʝʨʞʘʱʝʝ ʜʦʙʘʚʣʝʥʠʝ ʧʦʩʨʝʜʩʪʚʦʤ XOR 

ʨʘʫʥʜʦʚʦʛʦ ʢʣʶʯʘ ʢ ʩʦʩʪʦʷʥʠʶ (ʨʠʩʫʥʦʢ 4.34), ʦʙʦʟʥʘʯʝʥʦ ʢʘʢ AddRoundKey()   

  

 
 

ʈʠʩʫʥʦʢ 4.34. ʆʧʝʨʘʮʠʷ AddRoundKey 

 

ɸʣʛʦʨʠʪʤ ʚʳʨʘʙʦʪʢʠ ʢʣʶʯʝʡ 

 

ʈʘʫʥʜʦʚʳʝ ʢʣʶʯʠ ʧʦʣʫʯʘʶʪʩʷ ʠʟ ʢʣʶʯʘ ʰʠʬʨʦʚʘʥʠʷ ʧʦ ʩʨʝʜʩʪʚʘʤ ʘʣʛʦʨʠʪʤʘ 

ʚʳʨʘʙʦʪʢʠ ʢʣʶʯʝʡ. ʆʥ  ʩʦʜʝʨʞʠʪ ʜʚʘ ʢʦʤʧʦʥʝʥʪʘ: ʨʘʩʰʠʨʝʥʠʝ ʢʣʶʯʘ (Key Expansion) ʠ 

ʚrʙʦʨ ʨʘʫʥʜʦʚʦʛʦ ʢʣʶʯʘ (Round Key Selection). ʆʩʥʦʚʦʧʦʣʘʛʘʶʱʠʝ ʧʨʠʥʮʠʧʳ ʘʣʛʦʨʠʪʤʘ 

ʚʳʛʣʷʜʷʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

¶ ʦʙʱʝʝ ʯʠʩʣʦ ʙʠʪʦʚ ʨʘʫʥʜʦʚʳʭ ʢʣʶʯʝʡ ʨʘʚʥʦ ʜʣʠʥʝ ʙʣʦʢʘ, ʫʤʥʦʞʝʥʥʦʡ ʥʘ 

ʯʠʩʣʦ ʨʘʫʥʜʦʚ, ʧʣʶʩ 1 (ʥʘʧʨʠʤʝʨ, ʜʣʷ ʜʣʠʥʳ ʙʣʦʢʘ 128 ʙʠʪ ʠ 10 ʨʘʫʥʜʦʚ ʪʨʝʙʫʝʪʩʷ 1408 ʙʠʪ 

ʨʘʫʥʜʦʚʳʭ ʢʣʶʯʝʡ) 

¶ ʢʣʶʯ ʰʠʬʨʦʚʘʥʠʷ ʨʘʩʰʠʨʷʝʪʩʷ ʚ ʨʘʩʰʠʨʝʥʥʳʡ ʢʣʶʯ 
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¶ ʨʘʫʥʜʦʚʳʝ ʢʣʶʯʠ ʙʝʨʫʪʩʷ ʠʟ ʨʘʩʰʠʨʝʥʥʦʛʦ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʧʝʨʚʳʡ 

ʨʘʫʥʜʦʚʳʡ ʢʣʠʯ ʩʦʜʝʨʞʠʪ ʧʝʨʚʳʝ Nb ʩʣʦʚ, ʚʪʦʨʦʡ ʧʦʩʣʝʜʫʶʱʠʝ Nb, ʠ ʪ. ʜ.    

ʇʝʨʚʳʝ Nk ʩʣʦʚ ʩʦʜʝʨʞʘʪ ʢʣʶʯ ʰʠʬʨʦʚʘʥʠʷ, ʢʘʞʜʦʝ ʧʦʩʣʝʜʫʶʱʝʝ ʩʣʦʚʦ w[i] 

ʧʦʣʫʯʘʝʪʩʷ ʧʦʩʨʝʜʩʪʚʘʤ XOR  ʧʨʝʜʳʜʫʱʝʛʦ ʩʣʦʚʘ w[i-1] ʠ ʩʣʦʚʘ ʥʘ Nk ʧʦʟʠʮʠʠ ʨʘʥʝʝ w[i-Nk]: 

][]1[][ kNiwiwiw -Ä-=  

ɼʣʷ ʩʣʦʚ ʧʦʟʠʮʠʷ ʢʦʪʦʨʳʭ ʢʨʘʪʥʘ Nk, ʧʝʨʝʜ XOR ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʢ w[i-1], 

ʘ ʟʘʪʝʤ ʝʱʝ ʧʨʠʙʘʚʣʷʝʪʩʷ ʨʘʫʥʜʦʚʘʷ ʢʦʥʩʪʘʥʪʘ Rcon. ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʨʝʘʣʠʟʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʜʚʫʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʬʫʥʢʮʠʡ: RotWord() ï ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʦʙʘʡʪʦʚʳʡ ʩʜʚʠʛ ʧʦ ʬʦʨʤʫʣʝ { ʘ0, 
ʘ1, ʘ2, ʘ3}> { ʘ1, ʘ2, ʘ3, ʘ0}, ʠ Subword() ï ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʦʙʘʡʪʥʫʶ ʟʘʤʝʥʫ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ S ï 

ʙʣʦʢʘ ʬʫʥʢʮʠʠ SubByte(). ɿʥʘʯʝʥʠʝ Rcon[j] ʨʘʚʥʦ 2
j-1
. ɿʥʘʯʝʥʠʝ w[i] ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʨʘʚʥʦ:     

][][]))1[((][ k
k

Niw
N

iRconiwRotWordSubWordiw -ÄÄ-=  

 
ʈʠʩʫʥʦʢ 4.34. ʇʨʦʮʝʜʫʨʳ: ʘ ï ʨʘʩʰʠʨʝʥʠʷ ʢʣʶʯʘ (ʩʚʝʪʣʦ-ʩʝʨʳʤ ʮʚʝʪʦʤ ʚʳʜʝʣʝʥʦ ʩʣʦʚʘ 

ʨʘʩʰʠʨʝʥʥʦʛʦ ʢʣʶʯʘ,  ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪʩʷ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʫʥʢʮʠʠ RotWord ʠ Subword, 

ʩʝʨʳʤ ʮʚʝʪʦʤ ʦʙʦʟʥʘʯʝʥʳ ʩʣʦʚʘ ʬʦʨʤʠʨʫʝʤʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʪʠʭ ʬʫʥʢʮʠʡ) ʙ ï ʚʳʙʦʨ 

ʨʘʫʥʜʦʚʦʛʦ ʢʣʶʯʘ ʜʣʷ Nk = 4 

 

ʌʫʥʢʮʠʠ ʟʘʰʠʬʨʦʚʘʥʠʷ                           
 

ʐʠʬʨ Rijndael ʩʦʩʪʦʠʪ (ʨʠʩʫʥʦʢ 4.35): 

¶ ʀʟ ʥʘʯʘʣʴʥʦʛʦ ʜʦʙʘʚʣʝʥʠʷ ʨʘʫʥʜʦʚʦʛʦ ʢʣʶʯʘ; 

¶ Nr-1 ʨʘʫʥʜʦʚ 

¶ ɿʘʢʣʶʯʠʪʝʣʴʥʦʛʦ ʨʘʫʥʜʘ, ʚ ʢʦʪʦʨʦʤ ʦʪʩʫʪʩʪʚʫʝʪ ʦʧʝʨʘʮʠʷ MixColumns() 

ʅʘ ʚʭʦʜ ʘʣʛʦʨʠʪʤʘ ʧʦʜʘʶʪʩʷ ʙʣʦʢʠ ʜʘʥʥʳʭ State, ʚ ʭʦʜʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʩʦʜʝʨʞʠʤʦʝ 

ʙʣʦʢʘ ʠʟʤʝʥʷʝʪʩʷ ʠ ʥʘ ʚʭʦʜʝ ʦʙʨʘʟʫʝʪʩʷ ʰʠʬʨʦʪʝʢʩʪ, ʦʨʛʘʥʠʟʦʚʘʥʥʳʡ ʚ ʚʠʜʝ ʙʣʦʢʦʚ State.  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʠʩʭʦʜʥʦʛʦ ʪʝʢʩʪʘ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʦʙʨʘʪʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʥɹʦʩʪʴ 

ʜʝʡʩʪʚʠʡ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʧʦʤʥʠʪʴ ʯʪʦ ʧʦʨʷʜʦʢ ʨʘʫʥʜʦʚʳʭ ʢʣʶʯʝʡ ʷʚʣʷʝʪʩʷ ʦʙʨʘʪʥʳʤ 

ʪʦʤʫ ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʨʠ ʰʠʬʨʦʚʘʥʠʠ.  
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ɺʭʦʜʥʦʡ ʙʣʦʢ 

ɼʦʙʘʚʣʝʥʠʝ ʨʘʫʥʜʦʚʦʛʦ ʢʣʁʯʘ

AddRoundKey

ɿʘʤʝʥʘ ʙʘʡʪʦʚ

SubByte

ʉʜʚʠʛ ʩʪʨʦʢ

ShiftRows

ʇʝʨʝʤʝhʠʚʘʥʠʝ ʩʪʦʣʙʮʦʚ

MixColumns

ɼʦʙʘʚʣʝʥʠʝ ʨʘʫʥʜʦʚʦʛʦ ʢʣʁʯʘ

AddRoundKey

ɿʘʤʝʥʘ ʙʘʡʪʦʚ

SubByte

ʉʜʚʠʛ ʩʪʨʦʢ

ShiftRows

ʇʝʨʝʤʝhʠʚʘʥʠʝ ʩʪʦʣʙʮʦʚ

MixColumns

ɼʦʙʘʚʣʝʥʠʝ ʨʘʫʥʜʦʚʦʛʦ ʢʣʁʯʘ

AddRoundKey

ɿʘʤʝʥʘ ʙʘʡʪʦʚ

SubByte

ʉʜʚʠʛ ʩʪʨʦʢ

ShiftRows

ɼʦʙʘʚʣʝʥʠʝ ʨʘʫʥʜʦʚʦʛʦ ʢʣʁʯʘ

AddRoundKey

ɺr ʭʦʜʥʦʡ ʙʣʦʢ 

1-ʡ ʨʘʫʥʜ

9-ʡ ʨʘʫʥʜ

10-ʡ ʨʘʫʥʜ

ʌ
ʫ
ʥ
ʢ
ʮ
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ʨ
ʦ
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ʈʠʩʫʥʦʢ 4.35. ʉʭʝʤʘ ʬʫʥʢʮʠʠ ʟʘʰʠʬʨʦʚʘʥʠʷ ʢʨʠʧʪʦʘʣʛʦʨʠʪʤʘ Rijndael ʧʨʠ Nk = Nb = 4 

 

  

ʈʝʞʠʤ ʩʮʝʧʣʝʥʠʷ ʙʣʦʢʦʚ 

 

ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ ʚ ʩʪʘʥʜʘʨʪʝ wpa2, ʦʧʨʝʜʝʣʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʘ 

ʰʠʬʨʦʚʘʥʠʷ AES ʚ ʨʝʞʠʤʝ ʩʮʝʧʣʝʥʠʷ ʙʣʦʢʦʚ ʰʠʬʨʦʪʝʢʩʪʘ (Ciphertext Block Chaining).  

 ɼʘʥʥʳʡ ʨʝʞʠʤ ʦʙʝʩʧʝʯʠʚʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʟʘʰʠʬʨʦʚʘʥʥʦʛʦ ʙʣʦʢʘ ʥʝ ʪʦʣʴʢʦ ʦʪ ʦʪʢʨʳʪʦʛʦ 

ʪʝʢʩʪʘ ʥʦ ʠ ʦʪ ʝʛʦ ʥʦʤʝʨʘ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ʅʘ ʨʠʩʫʥʢʝ ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʠʣʣʶʩʪʨʠʨʫʶʱʘʷ 

ʨʘʙʦʪʫ ʘʣʛʦʨʠʪʤʘ ʚ ʨʝʞʠʤʝ CBC.    
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ʈʠʩʫʥʦʢ 4.36. ʈʝʞʠʤ ʰʠʬʨʦʚʘʥʠʷ ʉɺʉ: ʘ ï ʟʘʰʠʬʨʦʚʘʥʠʝ; ʙ ï ʨʘʩʰʠʬʨʦʚʘʥʠʝ 

 

ʋʨʘʚʥʝʥʠʷ ʟʘʰʠʬʨʦʚʘʥʠʷ ʠ ʨʘʩʰʠʬʨʦʚʘʥʠʷ  ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

miccDp

cpEc

iiABi

iiABi

,..1;)(

)(

1

1

=Ä=

Ä=

-

-
 

 

ɻʜʝ, EAB ʠ DAB ï ʬʫʥʢʮʠʠ ʟʘʰʠʬʨʦʚʘʥʠʷ ʠ ʨʘʩʰʠʬʨʦʚʘʥʠʷ  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʩi ʠ pi -  ʟʘʰʠʬʨʦʚʘʥʥʦʝ ʠ ʦʪʢʨʳʪʦʝ ʩʦʦʙʱʝʥʠʷ   

 

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʨʝʞʠʤʘ ʉɺʉ ʷʚʣʷʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʠ ʟʘʰʠʬʨʦʚʘʥʠʠ i-

ʛʦ ʙʣʦʢʘ ʰʠʬʨʦʪʝʢʩʪʘ ʦʪ ʚʩʝʭ ʧʨʝʜʳʜʫʱʠʭ ʙʣʦʢʦʚ ʦʪʢʨʳʪʦʛʦ ʪʝʢʩʪʘ ʠ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪʢʨʳʪʦʛʦ 

ʪʝʢʩʪʘ ʨi ʪʦʣʴʢʦ ʦʪ ʜʚʫʭ ʙʣʦʢʦʚ ci-1 ʠ ci. ʇʝʨʚʦʝ ʩʚʦʡʩʪʚʦ ʜʝʣʘʝʪ ʧʨʠʛʦʜʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʨʝʞʠʤʘ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʢʦʥʪʨʦʣʷ ʮʝʣʦʩʪʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ. ɺʪʦʨʦʝ ʩʚʦʡʩʪʚʦ ʜʝʣʘʝʪ ʨʝʞʠʤ 

ʩʘʤʦʩʠʥʭʨʦʥʠʟʠʨʫʶʱʠʤʩʷ: ʦʜʠʥʦʯʥʘʷ ʦʰʠʙʢʘ ʧʨʠ ʧʝʨʝʜʘʯʝ (ʦʰʠʙʢʘ ʧʨʠ ʧʝʨʝʜʘʯʠ ʦʜʥʦʛʦ 

ʙʣʦʢʘ) ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʧʨʘʚʠʣʴʥʦʤʫ ʨʘʩʰʠʬʨʦʚʘʥʠʶ ʪʦʣʴʢʦ ʜʚʫʭ ʙʣʦʢʦʚ.   

    ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʝʪ ʜʘʥʥʳʭ ʦ ʫʩʧʝʰʥʳʭ ʘʪʘʢʘʭ ʥʘ ʨʘʩʩʤʦʪʨʝʥʥʳʡ ʘʣʛʦʨʠʪʤ, ʧʦ 

ʵʪʦʤʫ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʘʨʘʥʪʠʨʫʝʪ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʟʘʰʠʪʳ ʧʝʨʝʜʘʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ.  

 

 

 

ɺʳʙʦʨ ʩʪʘʥʜʘʨʪʘ ʟʘʰʠʪʳ  

 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʧʦʜʩʠʩʪʝʤʳ ʟʘʱʠʪʳ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʪʘʥʜʘʨʪ 

802.1i. ʆʥ ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ ʥʘʜʝʞʥʳʝ ʤʝʪʦʜʳ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʠ ʩʪʦʡʢʠʡ ʘʣʛʦʨʠʪʤ 

ʰʠʬʨʦʚʘʥʠʷ. ʇʝʨʝʜ ʪʝʤ ʢʘʢ ʧʝʨʝʭʦʜʠʪʴ ʢ ʚʳʙʦʨʫ ʤʝʪʦʜʘ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ, ʩʬʦʨʤʫʣʠʨʫʝʤ 

ʥʝʩʢʦʣʴʢʦ ʢʨʠʪʝʨʠʝʚ: 

¶ ɸʫʪʝʥʪʠʬʠʢʘʮʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʚʟʘʠʤʥʦʡ (ʚ ʧʨʦʮʝʩʩʝ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʦʙʝ 

ʩʪʦʨʦʥʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʩʚʦʶ ʧʦʜʣʠʥʥʦʩʪʴ) 

¶ ɸʫʪʝʥʪʠʬʠʢʘʮʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʠ  ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʥʘ 

ʧʦʣɹʟʦʚʘʪʝʣʷ         
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¶  ɼʦʣʞʥʳ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʠʥʘʤʠʯʥʦ ʰʠʬʨʫʝʤʳʝ ʢʣʶʯʠ 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʥʘ ʧʦʣʴʟʦʚʘʪʝʣʷ 

ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʥʝʘʚʪʦʨʠʟʦʚʘʥʥʳʡ ʟʣʦʫʤʳʰʣʝʥʥʠʢ ʥʝ ʩʤʦʞʝʪ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʘʚʪʦʨʠʟʦʚʘʥʥʳʤ ʫʩʪʨʦʡʩʪʚʘʤ ʜʣʷ ʜʦʩʪʫʧʘ ʢ ʨʝʩʫʨʩʘʤ ʩʝʪʠ, ʤʦʞʥʦ ʪʘʢʞʝ ʟʘʧʨʝʪʠʪʴ ʦʪʜʝʣʴʥʳʤ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʜʦʩʪʫʧ ʢ ʨʝʩʫʨʩʘʤ ʩʝʪʠ. ɺʟʘʠʤʥʘʷ ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ ʧʨʝʧʷʪʩʪʚʫʝʪ ʘʪʘʢʘʤ ʚ ʭʦʜʝ 

ʢʦʪʦʨʳʭ ʟʣʦʫʤʳʰʣʝʥʥʠʢ ʚʳʜʘʚʘʷ ʩʚʦʶ ʪʦʯʢʫ ʟʘ çʟʘʢʦʥʥʫʶè ʧʦʣʫʯʘʝʪ çʩʝʢʨʝʪè ʧʦʣʴʟʦʚʘʪʝʣʷ.       

ʅʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʧʫʥʢʪʝ 6.5.3 ʤʝʪʦʜʦʚ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ 

ʷʚʣʷʝʪʩʷ EAP-PEAP (Protected ɽɸʈ - ʟʘʱʠʱʝʥʥʳʡ EAP), ʧʝʨʝʜ ʘʫʪʝʥʪʠʬʠʢʘʮʠʝʡ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ TLS ï ʪʫʥʥʝʣʴ,  ʘ ʚʥʫʪʨʠ ʵʪʦʛʦ ʪʫʥʥʝʣʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʘʤʘ ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʦʛʦ EAP - MSCHAP V2 (ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ ʥʘ ʦʩʥʦʚʝ ʣʦʛʠʥʘ ʠ 

ʧʘʨʦʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ). ʇʦʣʴʟʦʚʘʪʝʣʠ ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʝʩʧʨʦʚʦʜʥʫʶ ʩʝʪʴ ʥʝ 

ʜʦʣʞʥʳ ʠʤʝʪʴ ʩʣʠʰʢʦʤ ʧʨʦʩʪʦʡ ʧʘʨʦʣʴ. ɸʜʤʠʥʠʩʪʨʘʪʦʨʦʤ ʩʝʪʠ ʙʫʜʝʪ ʩʦʟʜʘʥʦ ʧʨʘʚʠʣʦ, ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʪʦʨʳʤ ʧʦʣʴʟʦʚʘʪʝʣʠ ʜʦʣʞʥʳ ʙʫʜʫʪ ʠʤʝʪʴ ʧʘʨʦʣʴ ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʡ 

ʪʨʝʙʦʚʘʥʠʷʤ ʩʣʦʞʥʦʩʪʠ (ʜʣʠʥʘ ʥʝ ʤʝʥʝʝ 8 ʩʠʤʚʦʣʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʟʘʛʣʘʚʥʳʭ ʠ ʧʨʦʧʠʩʥʳʭ 

ʙʫʢʚ, ʮʠʬʨ ʠ ʟʥʘʢʦʚ).      

ʈʘʩʩʤʦʪʨʠʤ ʩʭʝʤʫ ʨʘʙʦʪʳ ʧʨʦʪʦʢʦʣʘ EAP-PEAP-MSCHAP V2. ʇʨʠ ʵʪʦʤ ʤʦʞʥʦ 

ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʨʝʞʠʤʳ ʨʘʙʦʪʳ: 

1. ʂʣʠʝʥʪ ʧʦʣʫʯʘʷ ʜʦʩʪʫʧ ʢ ʩʨʝʜʝ ʧʦʩʳʣʘʝʪ ʪʦʯʢʝ ʜʦʩʪʫʧʘ ʩʦʦʙʱʝʥʠʝ EAP ï Start 

ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʥʦʝ ʧʦ ʩʪʘʥʜʘʨʪʫ 802.1ʭ 

2. ʊʦʯʢʘ ʜʦʩʪʫʧʘ ʧʝʨʝʜʘʝʪ ʩʦʦʙʱʝʥʠʝ  EAP ï Start ʙʝʩʧʨʦʚʦʜʥʦʤʫ ʢʦʤʤʫʪʘʪʦʨʫ 

3. ʂʦʤʤʫʪʘʪʦʨ ʙʣʦʢʠʨʫʝʪ ʧʦʨʪ ʧʦʟʚʦʣʷʷ ʧʝʨʝʜʘʚʘʪʴ ʪʦʣʴʢʦ ʜʘʥʥʳʡ ʩʪʘʥʜʘʨʪʘ 802.1ʭ ʠ  

ʧʦʩʳʣʘʝʪ ʩʦʦʙʱʝʥʠʝ EAP ï ʟʘʧʨʦʩʦʤ ʥʘ ʘʫʪʝʥʪʠʬʠʢʘʮʠʶ 

4. ʊʦʯʢʘ ʜʦʩʪʫʧʘ ʧʝʨʝʩʳʣʘʝʪ ʩʦʦʙʱʝʥʠʝ ʩ EAP ï ʟʘʧʨʦʩʦʤ ʥʘ ʘʫʪʝʥʪʠʬʠʢʘʮʠʶ 

5. ʂʣʠʝʥʪ ʦʪʚʝʯʘʝʪ EAP ï ʦʪʚʝʪʦʚ ʩʦʜʝʨʞʘʱʠʤ ʠʜʝʥʪʠʬʠʢʘʪʦʨ (ʠʤʷ ʧʦʣʴʟʦʚʘʪʝʣʷ)  

6. ʊʦʯʢʘ ʜʦʩʪʫʧʘ ʧʝʨʝʜʘʝʪ ʧʦʣʫʯʝʥʥʦʝ ʩʦʦʙʱʝʥʠʝ ʙʝʩʧʨʦʚʦʜʥʦʤʫ ʢʦʤʤʫʪʘʪʦʨʫ, ʘ ʦʥ ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʝʨʝʧʨʘʚʣʷʝʪ ʧʦʣʫʯʝʥʥʦʝ ʩʦʦʙʱʝʥʠʝ, ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʥʦʝ ʚ ʧʘʢʝʪ ʟʘʧʨʦʩʘ ʢ 

ʩʝʨʚʝʨʫ RADIUS, ʩʝʨʚʝʨʫ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ. 

7.  ʉʝʨʚʝʨ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʩ ʢʣʠʝʥʪʦʤ TLS ï ʪʫʥʥʝʣʴ (ʚ ʤʦʝʤ ʩʣʫʯʘʝ ʫ ʢʣʠʝʥʪʘ ʠʤʝʝʪʩʷ 

ʩʝʨʪʠʬʠʢʘʪ ʩʝʨʚʝʨʘ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ. ʉʝʨʚʝʨ ʧʝʨʝʜʘʝʪ ʟʘʰʠʬʨʦʚʘʥʥʳʡ ʢʣʶʯ ʩʝʘʥʩʘ, ʢʣʠʝʥʪ 

ʠʩʧʦʣʴʟʫʷ ʦʪʢʨʳʪʳʡ ʢʣʶʯ ʩʦʜʝʨʞʘʱʠʡʩʷ ʚ ʩʝʨʪʠʬʠʢʘʪʝ ʠ ʨʘʩʰʠʬʨʦʚʚrʘʝʪ ʢʣʶʯ ʩʝʘʥʩʘ) 

8. ʉʝʨʚʝʨ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʚʥʫʪʨʠ ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʪʫʥʥʝʣʷ ʥʘʯʠʥʘʝʪ ʘʫʪʝʥʪʠʬʠʢʘʮʠʶ 

ʢʣʠʝʥʪʘ, ʜʣʷ ʵʪʦʛʦ ʧʦʩʳʣʘʝʪʩʷ ʟʘʧʨʦʩ ʥʘ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ 

ʠʥʬʦʨʤʘʮʠʠ 

9. ʊʘʢ ʢʘʢ ʠʩʧʦʣʴʟʫʝʪʩʷ  MSCHAP V2 ʢʣʠʝʥʪ ʧʝʨʝʩʳʣʘʝʪ ʩʚʦʡ ʣʦʛʠʥ ʠ ʧʘʨʦʣʴ 

10. ʉʝʨʚʝʨ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʧʨʦʚʝʨʷʝʪ ʠʤʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʧʘʨʦʣʴ ʚ Active Directory ʠ 

ʧʦʩʣʝ ʫʜʘʯʥʦʡ ʧʨʦʚʝʨʢʠ ʧʦʩʳʣʘʝʪ ʙʝʩʧʨʦʚʦʜʥʦʤʫ ʢʦʤʤʫʪʘʪʦʨʫ ʩʦʦʙʱʝʥʠʝ RADIUS ACCEPT 

ʩʦʜʝʨʞʘʱʝʝ ʜʠʥʘʤʠʯʝʩʢʠʡ ʢʣʶʯ ʜʣʷ ʰʠʬʨʦʚʘʥʠʷ ʪʨʘʬʠʢʘ 

11. ʢʦʤʤʫʪʘʪʦʨ  ʧʝʨʝʜʘʝʪ ʜʠʥʘʤʠʯʝʩʢʠʡ ʢʣʶʯ ʢʣʠʝʥʪʫ ʠʩʧʦʣʴʟʫʷ ʢʣʶʯ ʩʝʘʥʩʘ  

12. ʢʦʤʤʫʪʘʪʦʨ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʩ ʢʣʠʝʥʪʦʤ ʟʘʱʠʱʝʥʥʦʝ VPN ʩʦʝʜʠʥʝʥʠʷ ʠ  ʧʝʨʝʚʦʜʠʪ 

ʢʣʠʝʥʪʩʢʠʡ  ʧʦʨʪ ʚ ʩʦʩʪʦʷʥʠʝ ʜʦʧʫʩʢʘʶʱʝʝ ʧʝʨʝʥʘʧʨʘʚʣʝʥʠʝ ʪʨʘʬʠʢʘ  
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ʂʣʠʝʥʪ
ʊʦʯʢʘ ʜʦʩʪʫʧʘ RADIUS

 802.1ʭ(EAP ï Start) 

802.1ʍ(EAP ï ʟʘʧʨʦ
ʩ ʥʘ ʠʜʝ

ʥʪʠʯʥʦʩ
ʪɹ) 

802.1ʍ (EAP ï ʦʪʚʝʪ ʥʘ ʠʜʝʥʪʠʯʥʦʩʪɹ) 

 RADIUS (EAP ï ʦʪʚʝʪ ʥʘ ʠʜʝʥʪʠʯʥʦʩʪɹ) 

 RADIUS (ʩʦʟʜʘʥʠ
ʝ TLS ʪʫʥʝʣ̫ )

 

ʂʦʤʤʫʪʘʪʦʨ ʙʣʦʢʠʨʫʝʪ ʚʝʩɹ 

ʪʨʘʬʠʢ ʥʝ ʩʦʦʪʚʪʝʪʩʪʚʫʁ ʠɦʡ 

ʩʪʘʥʜʘʦʪʫ 802.1ʍ

802.1ʍ (ʩʦʟʜʘʥʠ
ʝ TLS ʪʫʥʝʣ̫ )

 

802.1ʍ (ʧʦʜʪʚʝʨʞʜʝʥʠʝ ) 
RADIUS (ʧʦʜʪʚʝʨʞʜʝʥʠʝ ) 

 RADIUS (ʚrʟʦʚ ʥ
ʘ ʘʫʪʝʥʪʠ

ʬʠʢʘʮʠʁ
 ) 

 802.1ʍ (ʚrʟʦʚ ʥ
ʘ ʘʫʪʝʥʪ

ʠʬʠʢʘʮʠʁ
 ) 

 802.1ʍ (ʦʪʚʝʪ ʥʘ ʚrʟʦʚ ) 
 RADIUS(ʦʪʚʝʪ ʥʘ ʚrʟʦʚ ) 

 RADIUS ACCEPT 

ʐʠʨʦʢʦ
ʚʝɦʘʪʝʣɹ

ʥrʡ ʢʣʁ
ʯ

ʇʝʨʝʜʘʯʘ ʜʘʥʥrʭ

ɹʝʩʧʨʦʚʦʜʥʦʡ ʢʦʤʤʫʪʘʪʦʨ

ʇʝʨʝʜʘʯʘ ʜʘʥʥrʭ

ʈʝʪʨʘʥʩʣ̫ʮʠ̫

ʈʝʪʨʘʥʩʣ̫ʮʠ̫

 
 

ʈʠʩʫʥʦʢ 4.37. ʇʨʦʮʝʜʫʨʘ ʧʨʦʭʦʞʜʝʥʠʷ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ EAP-PEAP-MSCHAP V2 

 

    ʈʦʫʤʠʥʛ ʚ ʩʝʪʷʭ 802.11 

 

ʈʦʫʤʠʥʛ ʜʝʣʠʪʩʷ ʥʘ ʜʚʘ ʦʩʥʦʚʥʳʭ ʚʠʜʘ: 

¶ ɹʝʩʰʦʚʥʳʡ ʨʦʫʤʠʥʛ (seamless roaming) 

¶ ʂʦʯʝʚʦʡ ʨʦʫʤʠʥʛ (nomadic roaming) 

ɹʝʩʰʦʚʥʳʡ ʨʦʫʤʠʥʛ ʦʙʝʩʧʝʯʠʚʘʝʪ çʥʝʟʘʤʝʪʥʳʡè ʜʣʷ ʘʙʦʥʝʥʪʘ ʧʝʨʝʭʦʜ ʚ ʟʦʥʫ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʥʦʚʦʡ ʙʘʟʦʚʦʡ ʩʪʘʥʮʠʠ, ʪ.ʝ. ʙʝʟ ʧʦʪʝʨʠ ʩʦʝʜʠʥʝʥʠʷ ʠ ʟʘ ʥʝʙʦʣʴʰʦʡ ʧʨʦʤʝʞʫʪʦʢ 

ʚʨʝʤʝʥʠ (ʥʘʧʨʠʤʝʨ, ʧʨʠ ʧʝʨʝʭʦʜʝ ʘʙʦʥʝʥʪʘ ʩʝʪʠ GSM ʦʥ ʤʦʞʝʪ ʧʨʦʜʦʣʞʘʪʴ ʛʦʚʦʨʠʪʴ). 

ʂʦʯʝʚʦʡ ʨʦʫʤʠʥʛ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʘʙʦʥʝʥʪ ʜʦʣʞʝʥ ʨʘʟʦʨʚʘʪʴ ʪʝʢʫʱʠʡ ʩʝʘʥʩ ʩʚʷʟʠ ʥʘʡʪʠ ʥʦʚʫʶ 

ʙʘʟʦʚʫʶ ʩʪʘʥʮʠʶ ʠ ʘʩʩʦʮʠʠʨʦʚʘʪʴʩʷ ʩ ʥʝʡ. ʀʤʝʥʥʦ ʢʦʯʝʚʦʡ ʨʦʫʤʠʥʛ ʤʦʞʝʪ ʙʳʪʴ 

ʦʨʛʘʥʠʟʦʚʘʥ, ʚ ʩʝʪʷʭ ʩʪʘʥʜʘʨʪʘ 802.11 ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɼʣʷ 

ʵʪʦʛʦ ʥʘ ʢʣʠʝʥʪʩʢʦʤ ʇʂ ʥʝʦʙʭʦʜʠʤʦ ʥʘʩʪʨʦʠʪʴ ʩʦʝʜʠʥʝʥʠʷ ʩ ʢʘʞʜʦʡ ʠʟ ʪʦʯʝʢ ʜʦʩʪʫʧʘ 

(ʥʘʩʪʨʦʠʪʴ ʧʘʨʘʤʝʪʨʳ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ). ʆʜʥʘʢʦ ʵʪʦ ʥʝ ʦʯʝʥʴ ʫʜʦʙʥʦ ʪʘʢ ʢʘʢ ʧʝʨʝʭʦʜʷ ʚ ʟʦʥʫ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʢʣʠʝʥʪ ʜʦʣʞʝʥ ʙʫʜʝʪ ʚʥʦʚʴ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʚʩʝ ʩʝʪʝʚʳʝ ʩʝʘʥʩʳ, ʢ ʪʦʤʫ ʞʝ ʦʥ 

ʜʦʣʞʝʥ ʙʫʜʝʪ ʧʦʚʪʦʨʥʦ ʧʨʦʭʦʜʠʪʴ ʧʨʦʮʝʜʫʨʫ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʢʦʪʦʨʘʷ ʟʘʥʠʤʘʝʪ 10 ï 40 

ʩʝʢʫʥʜ. ʇʦ ʵʪʦʤʫ ʚ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʩʝʪʠ ʙʫʜʝʪ ʨʝʘʣʠʟʦʚʘʥ ʙʝʩʰʦʚʥʳʡ ʨʦʫʤʠʥʛ.  ʇʨʝʞʜʝ ʯʝʤ 

ʧʝʨʝʭʦʜʠʪʴ ʢ ʨʘʩʩʤʦʪʨʝʥʠʶ ʧʨʦʮʝʩʩʘ ʙʝʩʰʦʚʥʦʛʦ ʨʦʫʤʠʥʛʘ ʧʦʟʥʘʢʦʤʠʤʩʷ ʩ ʦʩʥʦʚʥʳʤʠ 

ʧʦʥ̫ʪʠʷʤʠ: 

ɼʦʤʝʥ ʨʦʫʤʠʥʛʘ. ʇʦʜ ʜʦʤʝʥʦʤ ʨʦʫʤʠʥʛʘ ʧʦʥʠʤʘʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʪʦʯʝʢ ʜʦʩʪʫʧʘ, 

ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʦʜʥʦʤʫ ʰʠʨʦʢʦʚʝʱʘʪʝʣʴʥʦʤʫ ʜʦʤʝʥʫ, ʠ ʩʢʦʥʬʠʛʫʨʠʨʦʚʘʥʥʳʭ, ʪʘʢ ʯʪʦ ʦʥʠ 

ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʳʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʟʦʥʳ ʦʙʩʣʫʞʠʚʘʥʠʷ (SSID).   

ɼʣʠʪʝʣʴʥʦʩʪʴ ʨʦʫʤʠʥʛʘ. ʇʦʜ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʨʦʫʤʠʥʛʘ ʧʦʥʠʤʘʝʪʩʷ ʚʨʝʤʷ ʥʝʦʙʭʦʜʠʤʦʝ 

ʜʣʷ ʦʩʦʮʠʠʨʦʚʘʥʠʷ ʘʙʦʥʝʥʪʘ ʩ ʥʦʚʦʡ ʪʦʯʢʦʡ ʜʦʩʪʫʧʘ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ 

ʬʘʟʳ: ʧʨʦʮʝʩʩ ʟʦʥʜʠʨʦʚʘʥʠʷ; ʧʨʦʮʝʩʩ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʧʦ ʩʪʘʥʜʘʨʪʫ 802.11; ʧʨʦʮʝʩʩ 

ʘʩʩʦʮʠʠʨʦʚʘʥʠʷ ʧʦ ʩʪʘʥʜʘʨʪʫ 802.11; ʧʨʦʮʝʩʩ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʧʦ ʩʪʘʥʜʘʨʪʫ 802.1ʍ. 

ʉʫʤʤʘʨʥʘʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʩʦʩʪʘʚʣʷʝʪ ʜʣʠʪʝʣʴʥʦʩʪʴ ʨʦʫʤʠʥʛʘ. 
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ʇʨʦʚʦʜʥʘ̫ ʩʝʪɹ

ɼʦʤʝʥ ʨʦʫʤʠʥʛʘ

ʊʦʯʢʘ 

ɼʦʩʪʫʧʘ 

ʊʦʯʢʘ 

ɼʦʩʪʫʧʘ 

ʂʦʤʤʫʪʘʪʦʨ

ʋʨʦʚʥ̫ 2

ʂʦʤʤʫʪʘʪʦʨ

ʋʨʦʚʥ̫ 2

ʇʝʨʝʤʝɦ ʘʁ ʠɦʡʩ̫ 

ʧʦʣɹʟʦʚʘʪʝʣɹ

 
 

ʈʠʩʫʥʦʢ 4.38. ɼʦʤʝʥ ʨʦʫʤʠʥʛʘ ʫʨʦʚʥʷ ʜʚʘ 

 

           ʆʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʘʙʦʥʝʥʪʘ  

 

ʄʝʭʘʥʠʟʤ ʦʧʨʝʜʝʣʷʶʱʠʡ ʪʦʯʢʫ ʜʦʩʪʫʧʘ, ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʢʦʪʦʨʦʡ ʜʚʠʞʝʪʩʷ ʘʙʦʥʝʥʪ ʥʝ 

ʦʧʨʝʜʝʣʝʥ ʩʪʘʥʜʘʨʪʦʤ, ʢʘʞʜʳʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴ ʨʝʰʘʝʪ ʵʪʫ ʟʘʜʘʯʫ ʧʦ ʩʚʦʝʤʫ. ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʜʚʘ ʚʘʨʠʘʥʪʘ ʨʝʘʣʠʟʘʮʠʠ: 

¶ ʇʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʦʙʥʘʨʫʞʝʥʠʝ ʪʦʯʢʠ ʜʦʩʪʫʧʘ 

¶ ʆʙʥʘʨʫʞʝʥʠʝ ʪʦʯʢʠ ʜʦʩʪʫʧʘ ʚʦ ʚʨʝʤʷ ʧʝʨʝʤʝʱʝʥʠʷ 

ʂʘʞʜʳʡ ʠʟ ʜʚʫʭ ʚʘʨʠʘʥʪʦʚ ʤʦʞʝʪ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʜʠʥ ʠʟ ʩʣʝʜʫʶʱʠʭ 

ʤʝʭʘʥʠʟʤʦʚ. 

ɸʢʪʠʚʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ. ʂʣʠʝʥʪ ʘʢʪʠʚʥʦ ʠʱʝʪ ʪʦʯʢʫ ʜʦʩʪʫʧʘ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʦʙʳʯʥʦ 

ʚʢʣʶʯʘʝʪ ʦʪʧʨʘʚʢʫ ʢʣʠʝʥʪʦʤ ʟʦʥʜʠʨʫʶʱʠʭ ʟʘʧʨʦʩʦʚ ʧʦ ʢʘʞʜʦʤʫ ʠʟ ʩʢʦʥʬʠʛʫʨʠʨʦʚʘʥʥʳʭ ʥʘ 

ʥʝʤ ʢʘʥʘʣʦʚ ʠ ʦʞʠʜʘʥʠʝ ʦʪʚʝʪʦʚ ʦʪ ʪʦʯʝʢ ʜʦʩʪʫʧʘ ʥʘ ʟʦʥʜʠʨʫʶʱʠʝ ʟʘʧʨʦʩʳ. ɿʘʪʝʤ ʢʣʠʝʥʪ 

ʦʧʨʝʜʝʣʷʝʪ, ʢʘʢʘʷ ʠʟ ʪʦʯʝʢ ʧʦʜʭʦʜʠʪ ʜʣʷ ʥʝʛʦ ʣʫʯʰʝ ʚʩʝʛʦ. 

 ʇʘʩʩʠʚʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ. ʂʣʠʝʥʪ ʥʝ ʧʝʨʝʜʘʝʪ ʬʨʝʡʤʳ, ʘ ʧʨʦʩʪʦ ʧʨʦʩʣʫʰʠʚʘʝʪ 

ʩʠʛʥʘʣʴʥʳʝ ʬʨʝʡʤʳ, ʧʝʨʝʜʘʚʘʝʤʳʝ ʧʦ ʢʘʞʜʦʤʫ ʠʟ ʢʘʥʘʣʦʚ. ʂʣʠʝʥʪ ʧʨʦʜʦʣʞʘʝʪ ʧʝʨʝʭʦʜʠʪʴ ʩ 

ʢʘʥʘʣʘ ʥʘ ʢʘʥʘʣ ʯʝʨʝʟ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ, ʢʘʢ ʧʨʠ ʘʢʪʠʚʥʦʤ ʩʢʘʥʠʨʦʚʘʥʠʠ, 

ʥʦ ʧʨʠ ʵʪʦʤ ʥʝ ʧʦʩʳʣʘʝʪ ʟʦʥʜʠʨʫʶʱʠʝ ʟʘʧʨʦʩʳ. 

 ɸʢʪʠʚʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ ʩʯʠʪʘʝʪʩʷ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʧʦʠʩʢʘ  ʪʦʯʢʠ 

ʜʦʩʪʫʧʘ, ʧʦʪʦʤʫ ʯʪʦ ʧʨʠ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʢʪʠʚʥʦ ʨʘʩʩʳʣʘʶʪʩʷ ʟʘʧʨʦʩʳ ʧʦ ʚʩʝʤ ʯʘʩʪʦʪʥʳʤ 

ʢʘʥʘʣʘʤ. ʇʨʠ ʵʪʦʤ ʪʨʝʙʫʝʪʩʷ ʯʪʦʙʳ ʢʣʠʝʥʪ ʦʩʪʘʚʘʣʩʷ ʥʘ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʢʘʥʘʣʝ  ʦʪ 10 ʜʦ 20 

ʤʩ, ʦʞʠʜʘʷ ʦʪʚʝʪ ʥʘ ʟʦʥʜʠʨʫʶʱʠʡ ʟʘʧʨʦʩ.  

 ʇʨʠ ʧʘʩʩʠʚʥʦʤ ʩʢʘʥʠʨʦʚʘʥʠʠ ʢʣʠʝʥʪ ʤʝʜʣʝʥʥʝʝ ʧʨʦʭʦʜʠʪ ʧʦ ʢʘʥʘʣʘʤ, ʯʝʤ ʧʨʠ 

ʘʢʪʠʚʥʦʤ, ʪʘʢ ʢʘʢ ʧʨʦʩʣʫʰʠʚʘʝʪ ʩʠʛʥʘʣʴʥʳʝ ʬʨʝʡʤʳ, ʧʦʩʳʣʘʝʤʳʝ ʪʦʯʢʘʤʠ ʜʦʩʪʫʧʘ ʩ 

ʧʨʝʜʦʧʨʝʜʝʣʝʥʥʦʡ ʯʘʩʪʦʪʦʡ (ʦʙʳʯʥʦ 10 ʩʠʛʥʘʣʴʥʳʭ ʬʨʝʡʤʦʚ ʚ ʩʝʢʫʥʜʫ). ʊʘʢʦʡ ʢʣʠʝʥʪ 

ʜʦʣʞʝʥ ʦʩʪʘʚʘʪʴʩʷ ʥʘ ʢʘʥʘʣʝ ʜʦʣʴʰʝ ʯʪʦʙʳ ʙʳʪʴ ʫʚʝʨʝʥʥʳʤ ʯʪʦ ʧʦʣʫʯʠʣ ʩʠʛʥʘʣʴʥʳʝ ʬʨʝʡʤʳ 

ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʯʠʩʣʘ ʪʦʯʝʢ ʜʦʩʪʫʧʘ ʜʣʷ ʜʘʥʥʦʛʦ ʢʘʥʘʣʘ. ʀʥʦʛʜʘ ʧʘʩʩʠʚʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ 

ʥʝ ʧʨʠʤʝʥʠʤʦ, ʥʘʧʨʠʤʝʨ, ʝʩʣʠ ʘʜʤʠʥʠʩʪʨʘʪʦʨ, ʚ ʮʝʣʷʭ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʦʪʢʣʶʯʠʣ ʧʝʨʝʜʘʯʫ ʚ 

ʩʠʛʥʘʣʴʥʳʭ ʬʨʝʡʤʘʭ ʠʤʝʥʠ SSID, ʢʣʠʝʥʪ ʥʝ ʤʦʞʝʪ ʦʧʨʝʜʝʣʠʪʴ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʪʦʯʢʠ ʢ 

ʜʦʤʝʥʫ ʨʦʫʤʠʥʛʘ. 
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ʇʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʦʙʥʘʨʫʞʝʥʠʝ ʪʦʯʢʠ ʜʦʩʪʫʧʘ 
 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʨʦʫʤʠʥʛ ð ʵʪʦ ʬʫʥʢʮʠʷ, ʢʦʪʦʨʘʷ ʥʘʜʝʣʷʝʪ ʢʣʠʝʥʪʘ ʩʧʦʩʦʙʥʦʩʪʴʶ 

ʧʝʨʝʭʦʜʠʪʴ ʢ ʦʙʩʣʫʞʠʚʘʥʠʶ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʦʯʢʦʡ ʜʦʩʪʫʧʘ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ 

ʢʣʠʝʥʪ ʧʨʠʤʝʪ ʨʝʰʝʥʠʝ ʧʝʨʝʤʝʱʘʪʴʩʷ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʪʨʝʙʫʝʪ ʤʠʥʠʤʘʣʴʥʦʛʦ ʦʙʱʝʛʦ ʚʨʝʤʝʥʠ 

ʨʦʫʤʠʥʛʘ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʩʥʠʞʘʝʪʩʷ ʚʦʟʜʝʡʩʪʚʠʝ ʨʦʫʤʠʥʛʘ ʥʘ ʨʘʙʦʪʫ ʧʨʠʣʦʞʝʥʠʡ. ʆʜʥʘʢʦ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʨʦʫʤʠʥʛ ʥʝ ʩʚʦʙʦʜʝʥ ʦʪ ʥʝʜʦʩʪʘʪʢʦʚ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʢʣʠʝʥʪ ʤʦʛ ʦʧʨʝʜʝʣʠʪʴ, ʢ ʢʘʢʦʡ ʪʦʯʢʝ ʜʦʩʪʫʧʘ ʥʫʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʧʦʜʢʣʶʯʝʥʠʝ, ʦʥ ʜʦʣʞʝʥ ʩʢʘʥʠʨʦʚʘʪʴ ʪʦʯʢʠ ʜʦʩʪʫʧʘ ʚ ʪʝʯʝʥʠʝ ʧʝʨʠʦʜʘ ʥʦʨʤʘʣʥɹʦʡ, ʙʝʟ 

ʨʦʫʤʠʥʛʘ, ʨʘʙʦʪʳ. ʂʦʛʜʘ ʢʣʠʝʥʪ ʦʩʫʱʝʩʪʚʣʷʝʪ ʩʢʘʥʠʨʦʚʘʥʠʝ, ʦʥ ʜʦʣʞʝʥ ʧʝʨʝʭʦʜʠʪʴ ʩ ʢʘʥʘʣʘ 

ʥʘ ʢʘʥʘʣ, ʯʪʦʙʳ ʠʣʠ ʧʨʦʩʣʫʰʠʚʘʪʴ ʜʨʫʛʠʝ ʪʦʯʢʠ ʜʦʩʪʫʧʘ, ʠʣʠ ʨʘʩʩʣrʘʪʴ ʟʦʥʜʠʨʫʶʱʠʝ 

ʟʘʧʨʦʩʳ. ʊʘʢʦʝ ʠʟʤʝʥʝʥʠʝ ʤʦʞʝʪ ʧʦʪʝʥʮʠʘʣʴʥʦ ʧʨʠʚʝʩʪʠ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʜʚʫʭ ʧʨʦʙʣʝʤ ʜʣʷ 

ʢʣʠʝʥʪʘ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʚʣʠʷʪʴ ʥʘ ʨʘʙʦʪʫ ʧʨʠʣʦʞʝʥʠʡ. 

¶ ʂʣʠʝʥʪ ʥʝ ʤʦʞʝʪ ʧʦʣʫʯʘʪʴ ʜʘʥʥʳʝ ʦʪ ʪʦʯʢʠ ʜʦʩʪʫʧʘ, ʩ ʢʦʪʦʨʦʡ ʦʥ ʚ ʜʘʥʥʦʝ ʚʨʝʤʷ 

ʘʩʩʦʮʠʠʨʦʚʘʥ, ʧʦʢʘ ʦʥ ʩʢʘʥʠʨʫʝʪ ʢʘʥʘʣʳ (ʘʢʪʠʚʥʦ ʠʣʠ ʧʘʩʩʠʚʥʦ). ɽʩʣʠ ʪʦʯʢʘ ʜʦʩʪʫʧʘ ʧʦʩʳʣʘʝʪ 

ʜʘʥʥʳʝ ʢʣʠʝʥʪʫ ʚ ʪʦ ʚʨʝʤʷ, ʢʦʛʜʘ ʦʥ ʩʢʘʥʠʨʫʝʪ ʢʘʥʘʣʳ (ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʢʣʠʝʥʪ ʨʘʙʦʪʘʝʪ 

ʥʘ ʜʨʫʛʦʤ ʢʘʥʘʣʝ, ʥʝʞʝʣʠ ʪʦʯʢʘ ʜʦʩʪʫʧʘ), ʢʣʠʝʥʪ ʧʨʦʧʫʩʪʠʪ ʵʪʠ ʜʘʥʥʳʝ ʠ ʧʦʪʨʝʙʫʝʪʩʷ 

ʧʦʚʪʦʨʥʘʷ ʧʝʨʝʜʘʯ ʠʭ ʪʦʯʢʦʡ ʜʦʩʪʫʧʘ. 

¶ ʇʨʠʣʦʞʝʥʠʝ ʢʣʠʝʥʪʘ ʤʦʞʝʪ ʠʩʧʳʪʘʪʴ ʚʦʟʜʝʡʩʪʚʠʝ ʩʥʠʞʝʥʠʷ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ. ʂʣʠʝʥʪ 

ʥʝ ʤʦʞʝʪ ʧʝʨʝʜʘʚʘʪʴ ʜʘʥʥʳʝ ʚʦ ʚʨʝʤʷ ʩʢʘʥʠʨʦʚʘʥʠʷ ʢʘʥʘʣʦʚ (ʘʢʪʠʚʥʦʛʦ ʣʠʙʦ ʧʘʩʩʠʚʥʦʛʦ), 

ʧʦʵʪʦʤʫ ʥʝʢʦʪʦʨʳʝ ʧʨʠʣʦʞʝʥʠʷ, ʚʳʧʦʣʥʷʝʤʳʝ ʢʣʠʝʥʪʦʤ, ʤʦʛʫʪ ʦʱʫʪʠʪʴ ʩʥʠʞʝʥʠʝ 

ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ. 

 

ʆʙʥʘʨʫʞʝʥʠʝ ʪʦʯʢʠ ʜʦʩʪʫʧʘ ʚʦ ʚʨʝʤʷ ʧʝʨʝʤʝʱʝʥʠʷ 

 

ɼʨʫʛʦʡ ʚʘʨʠʘʥʪ ʦʙʥʘʨʫʞʝʥʠʷ ʪʦʯʢʠ ʜʦʩʪʫʧʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʝʝ ʧʦʠʩʢ ʥʘʯʠʥʘʝʪʩʷ ʫʞʝ 

ʧʦʩʣʝ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʦ ʨʦʫʤʠʥʛʝ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʧʦʭʦʞ ʥʘ ʪʘʢʦʚʦʡ, ʢʦʛʜʘ ʢʣʠʝʥʪ 

ʦʩʫʱʝʩʪʚʣʷʝʪ ʥʘʯʘʣʴʥʦʝ ʚʢʣʶʯʝʥʠʝ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʪʦʛʦ ʯʪʦ ʟʘʧʨʦʩ ʥʘ ʘʩʩʦʮʠʘʮʠʶ, 

ʧʦʩʳʣʘʝʤʳʡ ʢʣʠʝʥʪʦʤ ʥʦʚʦʡ ʪʦʯʢʝ ʜʦʩʪʫʧʘ, ʷʚʣʷʝʪʩʷ ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʬʨʝʡʤʦʤ ʟʘʧʨʦʩʘ ʥʘ 

ʨʝʘʩʩʦʮʠʘʮʠʶ. 

ʆʙʥʘʨʫʞʝʥʠʝ ʪʦʯʢʠ ʜʦʩʪʫʧʘ ʚʦ ʚʨʝʤʷ ʧʝʨʝʤʝʱʝʥʠʷ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʥʘ-

ʢʣʘʜʥʳʭ ʨʘʩʭʦʜʦʚ, ʭʘʨʘʢʪʝʨʥʦʤʫ ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʪʦʯʢʠ ʜʦʩʪʫʧʘ (ʚ ʪʦ ʚʨʝʤʷ, 

ʢʦʛʜʘ ʨʦʫʤʠʥʛ ʥʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ), ʧʦʪʦʤʫ ʯʪʦ ʢʣʠʝʥʪ ʥʝ ʟʥʘʝʪ, ʩ ʢʘʢʦʡ ʪʦʯʢʦʡ ʜʦʩʪʫʧʘ ʦʥ 

ʜʦʣʞʝʥ ʨʝʘʩʩʦʮʠʠʨʦʚʘʪʴʩʷ, ʥʦ ʟʘʪʦ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ ʪʨʘʪʠʪʩʷ ʥʘ ʩʘʤ ʧʨʦʮʝʩʩ ʨʦ-ʫʤʠʥʛʘ.  

 

          ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʙʝʩʧʨʦʚʦʜʥʳʭ ʢʦʤʤʫʪʘʪʦʨʦʚ 

 

           ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʤʦʜʝʣʠ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʝʪʝʡ ʪʦʯʢʠ ʜʦʩʪʫʧʘ ʨʘʙʦʪʘʶʪ ʢʘʢ ʠʟʦʣʠʨʦʚʘʥʥʳʝ 

ʩʠʩʪʝʤʳ, ʦʙʝʩʧʝʯʠʚʘʷ ʪʘʢʠʝ ʬʫʥʢʮʠʠ ʩʪʘʥʜʘʨʪʘ 802.11, ʢʘʢ ʰʠʬʨʦʚʘʥʠʝ ʜʘʥʥʳʭ ʠ 

ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ. ɺ ʘʨʭʠʪʝʢʪʫʨʝ, ʙʘʟʠʨʫʶʱʝʡʩʷ ʥʘ ʪʝʭʥʦʣʦʛʠʠ ʙʝʩʧʨʦʚʦʜʥʦʡ 

ʢʦʤʤʫʪʘʮʠʠ, ʚʩʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʬʫʥʢʮʠʠ, ʢʦʪʦʨʳʝ ʚʳʧʦʣʥʷʣʠʩʴ ʪʦʯʢʘʤʠ ʜʦʩʪʫʧʘ, 

ʜʝʣʝʛʠʨʫʶʪʩʷ ʮʝʥʪʨʘʣʴʥʦʤʫ ʙʝʩʧʨʦʚʦʜʥʦʤʫ ʢʦʤʤʫʪʘʪʦʨʫ, ʩʧʝʮʠʘʣʴʥʦ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦʤʫ 

ʜʣʷ ʩʢʦʨʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʘʢʝʪʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʧʨʦʱʘʶʪʩʷ ʟʘʜʘʯʠ ʪʦʯʝʢ ʜʦʩʪʫʧʘ, 

ʢʦʪʦʨʳʝ, ʧʦ ʩʫʪʠ, ʚʳʧʦʣʥʷʶʪ ʨʦʣʴ ʪʨʘʥʩʠʚʝʨʦʚ. ʉʦʝʜʠʥʝʥʥʳʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩ 

ʙʝʩʧʨʦʚʦʜʥʳʤ ʢʦʤʤʫʪʘʪʦʨʦʤ, ʦʥʠ ʩʪʘʥʦʚʷʪʩʷ ʢʘʢ ʙʳ ʝʛʦ ʫʜʘʣʝʥʥʳʤʠ ʧʦʨʪʘʤʠ ʜʦʩʪʫʧʘ, 

ʥʘʧʨʘʚʣʷʶʱʠʤʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʪʨʘʬʠʢ ʢʦʤʤʫʪʘʪʦʨʫ ʜʣʷ ʦʙʨʘʙʦʪʢʠ. 

ʌʫʥʢʮʠʠ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʥʘʧʨʠʤʝʨ ʰʠʬʨʦʚʘʥʠʝ, ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ ʠ ʫʧʨʘʚʣʝʥʠʝ ʜʦʩʪʫʧʦʤ, 

ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʙʝʩʧʨʦʚʦʜʥʦʤ ʢʦʤʤʫʪʘʪʦʨʝ ʪʘʢ, ʯʪʦ ʦʥʠ "ʦʪʩʣʝʞʠʚʘʶʪ" ʧʦʣʴʟʦʚʘʪʝʣʷ, ʧʦʟʚʦʣʷʷ 

ʝʤʫ ʧʝʨʝʜʚʠʛʘʪʴʩʷ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʜʦʩʪʫʧʘ, ʢʦʤʤʫʪʘʪʦʨʘʤʠ, ʚʠʨʪʫʘʣʥɹʳʤʠ ʩʝʪʷʤʠ ʠ 

ʧʦʜʩʝʪʷʤʠ ʙʝʟ ʧʦʪʝʨʠ ʩʦʝʜʠʥʝʥʠʷ. 

ɹʝʩʧʨʦʚʦʜʥʳʝ ʢʦʤʤʫʪʘʪʦʨʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʪʘʢʞʝ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʫʧʨʘʚʣʝʥʠʷ 
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ʩʝʪʷʤʠ Wi-Fi. ʇʦʩʢʦʣʴʢʫ ʢʦʥʬʠʛʫʨʘʮʠʠ ʪʦʯʝʢ ʜʦʩʪʫʧʘ ʭʨʘʥʷʪʩʷ ʚ ʢʦʤʤʫʪʘʪʦʨʝ ʠ 

ʟʘʧʠʪʳʚʘʶʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʪʘʢʞʝ ʦʪ ʥʝʛʦ (Power over Ethernet -- PoE), ʪʦ ʙʝʩʧʨʦʚʦʜʥʦʡ 

ʢʦʤʤʫʪʘʪʦʨ ʩʧʦʩʦʙʝʥ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʠʪʴ ʦʪʢʘʟʘʚʰʫʶ ʪʦʯʢʫ ʜʦʩʪʫʧʘ ʠ ʜʘʪʴ ʢʦʤʘʥʜʫ 

ʩʦʩʝʜʥʠʤ ʫʚʝʣʠʯʠʪʴ ʤʦʱʥʦʩʪʴ ʠ ʠʟʤʝʥʠʪʴ ʥʘʩʪʨʦʡʢʠ ʢʘʥʘʣʦʚ, ʯʪʦʙʳ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ 

ʥʝʠʩʧʨʘʚʥʦʩʪʴ. ʂʦʛʜʘ ʚʳʰʝʜʰʝʝ ʠʟ ʩʪʨʦʷ ʫʩʪʨʦʡʩʪʚʦ ʟʘʤʝʥʷʝʪʩʷ, ʢʦʤʤʫʪʘʪʦʨ ʨʝʛʠʩʪʨʠʨʫʝʪ 

ʵʪʦ ʩʦʙʳʪʠʝ ʠ ʢʦʥʬʠʛʫʨʠʨʫʝʪ ʥʦʚʫʶ ʪʦʯʢʫ ʜʦʩʪʫʧʘ. ɹʝʩʧʨʦʚʦʜʥʦʡ ʢʦʤʤʫʪʘʪʦʨ ʧʦʩʪʦʷʥʥʦ 

ʚʳʧʦʣʥʷʝʪ ʤʦʥʠʪʦʨʠʥʛ ʵʬʠʨʘ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʜʢʣʶʯʝʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʟʘʛʨʫʟʢʠ 

ʩʝʪʠ ʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʘʨʰʨʫʪʘʤʠ ʧʝʨʝʜʚʠʞʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʜʠʥʘʤʠʯʝʩʢʠ ʥʘʩʪʨʘʠʚʘʝʪ 

ʧʦʣʦʩʫ ʧʨʦʧʫʩʢʘʥʠʷ, ʫʧʨʘʚʣʷʝʪ ʜʦʩʪʫʧʦʤ, ʢʘʯʝʩʪʚʦʤ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʜʨʫʛʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 

 

      ɸʨʭʠʪʝʢʪʫʨʘ 

 

            ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʰʠʨʝʥʥʦʛʦ ʥʘʙʦʨʘ ʬʫʥʢʮʠʡ ʩʪʘʥʜʘʨʪʥʳʝ ʫʨʦʚʥʠ 2 ʠ 3 

(ʢʘʥʘʣʴʥʳʡ ʠ ʩʝʪʝʚʦʡ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʩʪʝʢʘ ʧʨʦʪʦʢʦʣʦʚ ʚ ʩʠʩʪʝʤʝ, ʙʘʟʠʨʦʚʘʥʥʦʡ ʥʘ 

ʙʝʩʧʨʦʚʦʜʥʳʭ ʢʦʤʤʫʪʘʪʦʨʘʭ, ʧʦʧʦʣʥʷʶʪʩʷ ʪʨʝʤʷ ʫʥʠʢʘʣʴʥʳʤʠ ʙʣʦʢʘʤʠ:  

¶ mobility management (ʫʧʨʘʚʣʝʥʠʝ ʤʦʙʠʣʴʥʦʩʪʴʶ);  

¶ security management (ʫʧʨʘʚʣʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʴʶ);  

¶ air traffic management (ʫʧʨʘʚʣʝʥʠʝ ʨʘʜʠʦʪʨʘʬʠʢʦʤ). 

ɹʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʤʦʙʠʣʴʥʦʩʪʴʶ ʦʙʲʝʜʠʥʷʝʪ ʧʨʦʪʦʢʦʣʳ Mobile IP ʠ DHCP (Dynamic 

Host Configuration Protocol) ʩ ʪʘʢʠʤʠ ʬʫʥʢʮʠʷʤʠ ʙʣʦʢʘ ʫʧʨʘʚʣʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʴʶ, ʢʘʢ 

ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʤʦʙʠʣʴʥʳʡ ʙʨʘʥʜʤʘʫʵʨ, ʧʦʣʠʪʠʢʠ ʫʧʨʘʚʣʝʥʠʷ ʜʦʩʪʫʧʦʤ, 

ʤʦʥʠʪʦʨʠʥʛ ʩʦʩʪʦʷʥʠʷ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʉʪʘʪʫʩʳ ʘʢʪʠʚʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ 

ʩʦʜʝʨʞʘʪʩʷ ʚ ʛʣʦʙʘʣʴʥʦʡ ʙʘʟʝ ʜʘʥʥʳʭ (Active User Database), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʥʝʧʨʝʨʳʚʥʦ 

ʧʦʩʪʘʚʣʷʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʩʝʨʚʠʩʳ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʧʝʨʝʤʝʱʝʥʠʡ ʩ ʩʦʙʣʶʜʝʥʠʝʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʣʠʪʠʢ ʙʝʟʦʧʘʩʥʦʩʪʠ.  

            ʋʨʦʚʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ ʧʨʦʮʝʜʫʨʝ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʠ ʟʘʱʠʪʝ ʩ ʧʦʤʦʱʴʶ 

ʤʦʙʠʣʴʥʦʛʦ ʙʨʘʥʜʤʘʫʵʨʘ ʚʳʧʦʣʥʷʝʪ ʪʘʢʞʝ VPN-ʰʠʬʨʦʚʘʥʠʝ ʜʣʷ ʢʘʞʜʦʛʦ ʧʦʨʪʘ, ʛʘʨʘʥʪʠʨʫʷ 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ ʙʝʩʧʨʦʚʦʜʥʦʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ʈʘʙʦʪʘʷ ʩʦʚʤʝʩʪʥʦ ʩ ʙʣʦʢʦʤ 

ʫʧʨʘʚʣʝʥʠʷ ʨʘʜʠʦʪʨʘʬʠʢʦʤ, ʦʥ ʙʣʦʢʠʨʫʝʪ ʪʨʘʬʠʢ ʦʪ ʥʝʠʩʧʨʘʚʥʳʭ ʪʦʯʝʢ ʜʦʩʪʫʧʘ. 

            ʋʨʦʚʝʥʴ ʫʧʨʘʚʣʝʥʠʷ ʨʘʜʠʦʪʨʘʬʠʢʦʤ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʙʥʘʨʫʞʝʥʠʝ ʩʠʛʥʘʣʘ ʚ ʟʦʥʝ 

ʧʦʢʨʳʪʠʷ. ʆʥ ʨʝʛʫʣʠʨʫʝʪ ʧʦʣʦʩʫ ʧʨʦʧʫʩʢʘʥʠʷ ʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʥʝʦʙʭʦʜʠʤʳʡ ʢʣʘʩʩ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʙʝʩʧʨʦʚʦʜʥʳʤ ʢʣʠʝʥʪʘʤ. ɺʩʝ ʠʥʩʪʨʫʤʝʥʪʳ, ʚʢʣʶʯʘʶʱʠʝ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ 

ʦʙʥʘʨʫʞʝʥʠʝ ʠ ʢʘʣʠʙʨʦʚʢʫ ʪʦʯʝʢ ʜʦʩʪʫʧʘ, ʙʝʩʧʨʦʚʦʜʥʦʡ ʫʜʘʣʝʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ (RMON) ʠ 

ʟʘʭʚʘʪ ʧʘʢʝʪʦʚ ʜʘʥʥʳʭ, ʩʪʨʦʷʪʩʷ ʚʦʢʨʫʛ ʫʨʦʚʥʷ ʫʧʨʘʚʣʝʥʠʷ ʨʘʜʠʦʪʨʘʬʠʢʦʤ. 

 

              ɸʣʛʦʨʠʪʤ ʨʘʙʦʪʳ 

 

               ɹʝʩʧʨʦʚʦʜʥʦʡ ʢʣʠʝʥʪ ʧʦʣʫʯʘʝʪ ʜʦʩʪʫʧ ʢ ʩʝʪʠ, ʧʳʪʘʷʩʴ ʧʦʜʢʣʶʯʠʪʴʩʷ ʜʣʷ ʵʪʦʛʦ ʢ 

ʪʦʯʢʝ ʜʦʩʪʫʧʘ ʩ ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʳʤ ʩʠʛʥʘʣʦʤ. ɿʘʧʨʦʩ ʥʘ ʩʦʝʜʠʥʝʥʠʝ ʤʦʞʝʪ ʠʩʭʦʜʠʪʴ ʦʪ ʥʦʚʦʛʦ 

ʧʦʣʴʟʦʚʘʪʝʣʷ, ʨʝʛʠʩʪʨʠʨʫʶʱʝʛʦʩʷ ʚ ʩʝʪʠ, ʠʣʠ ʦʪ ʘʢʪʠʚʥʦʛʦ, ʠʟʤʝʥʠʚʰʝʛʦ ʩʚʦʝ 

ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʝ. ɿʘʧʨʦʩ ʥʘ ʩʦʝʜʠʥʝʥʠʝ ʥʘʧʨʘʚʣʷʝʪʩʷ ʢ ʙʝʩʧʨʦʚʦʜʥʦʤʫ ʢʦʤʤʫʪʘʪʦʨʫ, 

ʢʦʪʦʨʳʡ ʧʳʪʘʝʪʩʷ ʚʦʩʩʪʘʥʦʚʠʪʴ ʩʦʩʪʦʷʥʠʝ ʢʣʠʝʥʪʘ ʠʟ ɹɼ ʘʢʪʠʚʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ɽʩʣʠ 

ʧʦʩʣʘʚʰʠʡ ʟʘʧʨʦʩ ʥʝ ʙʳʣ ʨʘʥʝʝ ʘʢʪʠʚʝʥ, ʪʦ ʢʦʤʤʫʪʘʪʦʨ ʥʘʯʥʝʪ ʧʨʦʮʝʩʩ ʨʝʛʠʩʪʨʘʮʠʠ ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʪʦʢʦʣʘ 802.11ʭ ʠ ʙʘʟʦʚʳʭ ʤʝʭʘʥʠʟʤʦʚ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ, ʥʘʧʨʠʤʝʨ RADIUS, 

Active Directory. ʇʨʦʮʝʩʩ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʟʘʚʝʨʰʘʝʪʩʷ ʜʦʙʘʚʣʝʥʠʝʤ ʥʦʚʦʛʦ ʢʣʠʝʥʪʘ ʚ ɹɼ ʩʦ 

ʚʩʝʡ ʥʝʦʙʭʦʜʠʤʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʝʛʦ ʩʪʘʪʫʩʝ. ɿʘʪʝʤ ʤʝʞʜʫ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʠ ʙʝʩʧʨʦʚʦʜʥʳʤ 

ʢʦʤʤʫʪʘʪʦʨʦʤ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ VPN-ʩʝʩʩʠʷ. 
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MAC-ʘʜʨʝʩ

 A.B

ʊʘʙʣʠʮʘ ʄɸʉ-

ʘʜʨʝʩʦʚ

Int1: ɸ.ɺ.

MAC-ʘʜʨʝʩ

 A.B

ʊʘʙʣʠʮʘ ʄɸʉ-

ʘʜʨʝʩʦʚ

Int2: ɸ.ɺ.

 
 

ʈʠʩʫʥʦʢ 4.39. ʇʨʦʮʝʩʩ ʨʦʫʤʠʥʛʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʝʩʧʨʦʚʦʜʥʦʛʦ ʢʦʤʤʫʪʘʪʦʨʘ 

 

 

 

 

           ʆʧʠʩʘʥʠʝ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

 

ʂʨʠʪʝʨʠʠ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʩʠʩʪʝʤʳ 

 

ɼʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʝʪʠ, ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʪʴʩʷ ʥʝʢʦʪʦʨʳʤʠ ʢʘʯʝʩʪʚʝʥʥʳʤʠ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʩʠʩʪʝʤʝ. ʕʪʦ ʧʦʟʚʦʣʠʪ, ʚ ʜʘʣʴʥʝʡʰʝʤ, ʦʧʨʝʜʝʣʠʪʴ ʪʝʭʥʦʣʦʛʠʶ, ʥʘʠʣʫʯʰʠʤ 

ʦʙʨʘʟʦʤ ʧʦʜʭʦʜʷʱʫʶ ʜʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ.  

ʀʪʘʢ, ʩʬʦʨʤʫʣʠʨʫʝʤ ʠ ʧʦʷʩʥʠʤ ʦʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʚʳʙʠʨʘʝʤʦʤʫ 

ʩʪʘʥʜʘʨʪʫ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʢ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʤʫ ʢʦʤʧʣʝʢʩʫ: 

1. ɼʠʘʧʘʟʦʥ ʨʘʙʦʯʠʭ ʯʘʩʪʦʪ. ɼʘʥʥʳʡ ʧʘʨʘʤʝʪʨ ʷʚʣʷʝʪʩʷ ʦʩʦʙʝʥʥʦ ʚʘʞʥʳʤ, ʧʦʩʢʦʣʢɹʫ 

ʨʘʟʚʝʨʪʳʚʘʝʤʘʷ ʙʝʩʧʨʦʚʦʜʥʘʷ ʩʝʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʜʦʣʞʥʘ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʧʧʘʨʘʪʫʨʫ, 

ʨʘʙʦʪʘʶʱʫʶ ʚ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ, ʨʘʟʨʝʰʝʥʥʦʤ ɻʂʈʏ ʈʌ (ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʢʦʤʠʩʩʠʷ ʧʦ 

ʨʘʜʠʦʯʘʩʪʦʪʘʤ).  ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʈʦʩʩʠʠ, ʜʣʷ ʚʥʫʪʨʠʦʬʠʩʥʳʭ ʩʠʩʪʝʤ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ, ʨʘʟʨʝʰʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʦʩʳ ʯʘʩʪʦʪ 2400 - 2483,5 ʄɻʮ (ʨʝʰʝʥʠʝ ˉ 04-03-04-003 

ʦʪ 6.12.2004ʛ.). ʇʦ ʵʪʦʤʫ ʧʨʠʤʝʥʝʥʠʝ ʩʪʘʥʜʘʨʪʘ 802.11ʘ, ʨʘʩʯʠʪʘʥʦʛʦ ʥʘ ʨʘʙʦʪʫ ʚ ʜʠʘʧʘʟʦʥʝ 5 

ɻɻʮ, ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ.   

2. ɼʘʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʷ ʨʘʜʠʦʩʠʩʪʝʤʳ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʡ ʩʚʷʟʠ ʤʦʙʠʣʴʥʳʭ 

ʫʩʪʨʦʡʩʪʚ ʩ ʩʝʪʴʶ ʚʦ ʚʩʝʭ ʪʨʝʙʫʝʤʳʭ ʫʯʘʩʪʢʘʭ ʧʦʤʝʱʝʥʠʷ, ʨʘʜʠʦʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʪʴ 

ʜʦʩʪʘʪʦʯʥʦʝ ʜʣʷ ʫʚʝʨʝʥʥʦʛʦ ʧʨʠʝʤʘ ʩʠʛʥʘʣʦʚ ʧʦʢʨʳʪʠʝ ʨʘʜʠʦʠʟʣʫʯʝʥʠʝʤ. ʉʪʘʥʜʘʨʪʳ 802.11b 

ʠ 802.11g ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʦ ʧʦʜʛʦʪʦʚʣʝʥʳ ʢ ʨʘʙʦʪʝ ʚ ʫʩʣʦʚʠʷʭ ʤʥʦʛʦʣʫʯʝʚʦʛʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʦʚ. ʇʦʢʨʳʪʠʝ ʣʶʙʦʛʦ ʧʦʤʝʱʝʥʠʷ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʝʪʴʶ ʪʨʝʙʫʝʪ ʥʝ 

ʩʪʦʣʴʢʦ ʠʥʞʝʥʝʨʩʢʦʛʦ ʨʘʩʯʝʪʘ, ʩʢʦʣʴʢʦ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʟʘʤʝʨʦʚ. 

3. ʉʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ. ʊʨʝʙʦʚʘʥʠʷ ʢ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʝʪʠ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʦʩʥʦʚʥʳʭ. ʆʥʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ 

ʩʢʦʨʦʩʪʠ ʜʦʩʪʫʧʘ ʢʦ ʚʩʝʤ ʠʩʧʦʣʴʟʫʝʤʳʤ ʩʝʨʚʠʩʘʤ ʠ ʨʝʩʫʨʩʘʤ ʩʝʪʠ (ʢ ʙʘʟʘʤ ʜʘʥʥʳʭ, 

ʪʝʨʤʠʥʘʣʴʥʳʤ ʠ ʬʘʡʣʦʚʳʤ ʩʝʨʚʝʨʘʤ). ʀʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʳʰʝ ʩʪʘʥʜʘʨʪʦʚ, ʦʧʪʠʤʘʣʴʥʳʤ ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʢʦʨʦʩʪʠ, ʷʚʣʷʝʪʩʷ ʩʪʘʥʜʘʨʪ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 802.11g, ʧʦʟʚʦʣʷʶʱʠʡ ʧʝʨʝʜʘʚʘʪʴ 

ʠʥʬʦʨʤʘʮʠʶ ʩʦ ʩʢʦʨʦʩʪʴ ʜʦ 54 ʄʙʠʪ/ʩ. 

4. ɹʝʟʦʧʘʩʥʦʩʪʴ ʠ ʟʘʱʠʱʝʥʥʦʩʪʴ ʩʝʪʠ. ɼʣʷ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʝʪʠ, ʢʣʶʯʝʚʦʡ ʟʘʜʘʯʝʡ 

ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʪʨʝʙʫʝʤʦʛʦ ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ, ʮʠʨʢʫʣʠʨʫʶɦ ʝʡ ʚ ʩʝʪʠ. 

ɺʦʧʨʦʩʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʠ ʪʝʭʥʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʝʪʠ ʩʪʘʥʦʚʷʪʩʷ 

ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʤʠ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʪʘʢʦʡ ʩʠʩʪʝʤʳ. ʆʩʪʨʦʪʘ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʩʚʷʟʘʥʘ, 

ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩ ʠʩʧʦʣʴʟʫʝʤʦʡ ʩʨʝʜʦʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ - ʨʘʜʠʦʵʬʠʨʦʤ. ʆʩʫʱʝʩʪʚʠʪʴ ʧʝʨʝʭʚʘʪ 

ʠʥʬʦʨʤʘʮʠʠ ʚ ʨʘʜʠʦʵʬʠʨʝ ʥʘʤʥʦʛʦ ʧʨʦʱʝ, ʯʝʤ ʚ ʧʨʦʚʦʜʥʳʭ ʩʝʪʷʭ, - ʜʦʩʪʘʪʦʯʥʦ ʠʤʝʪʴ 

ʢʦʤʧʣʝʢʪ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ ʩʦʬʪ. ʆʙʝʩʧʝʯʝʥʠʝ 
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ʙʝʟʦʧʘʩʥʦʩʪʠ ʨʘʜʠʦʩʝʪʠ, ʢʘʢ ʠ ʣʶʙʦʡ ʜʨʫʛʦʡ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʩʚʦʜʠʪʩʷ ʢ 

ʨʝʰʝʥʠʶ ʪʨʝʭ ʧʨʦʙʣʝʤ ï ʟʘʱʠʪʳ ʦʪ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʩʝʪʠ ʥʝʣʝʛʘʣʴʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʨʝʩʫʨʩʘʤ ʩʝʪʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ 

ʧʦʪʨʝʙʠʪʝʣʝʡ ʠ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʮʝʣʦʩʪʥʦʩʪʠ ʠ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʜʘʥʥʳʭ, 

ʧʝʨʝʜʘʚʘʝʤʳʭ ʧʦ ʨʘʜʠʦʢʘʥʘʣʘʤ. ɺʳʙʠʨʘʝʤʳʡ ʩʪʘʥʜʘʨʪ, ʚ ʨʘʚʥʦʡ ʩʪʝʧʝʥʠ, ʢʘʢ ʠ ʧʨʦʛʨʘʤʤʥʦ-

ʘʧʧʘʨʘʪʥʳʡ ʢʦʤʧʣʝʢʩ, ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʪʴ ʨʝʰʝʥʠʝ ʵʪʠʭ ʧʨʦʙʣʝʤ. ɼʣʷ ʨʝʰʝʥʠʷ ʧʝʨʚʳʭ ʜʚʫʭ 

ʟʘʜʘʯ ʩʝʛʦʜʥʷ ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʦʮʝʜʫʨʳ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ, ʘʚʪʦʨʠʟʘʮʠʠ  ʠ ʫʯʝʪʘ, ʜʣʷ ʨʝʰʝʥʠʷ 

ʪʨʝʪʴʝʡ ʧʨʦʙʣʝʤʳ ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʦʮʝʜʫʨʳ ʰʠʬʨʦʚʘʥʠʷ, ʧʨʦʚʝʨʢʠ ʮʝʣʦʩʪʥʦʩʪʠ ʧʘʢʝʪʦʚ ʠ ʪ.ʜ.  

¶ ɸʫʪʝʥʪʠʬʠʢʘʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʮʝʩʩ ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʦʜʣʠʥʥʦʩʪʠ 

ʘʙʦʥʝʥʪʘ.  

¶ ɸʚʪʦʨʠʟʘʮʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʥʪʨʦʣʴ ʥʘʜ ʜʦʩʪʫʧʦʤ ʣʝʛʘʣʴʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʢ 

ʨʝʩʫʨʩʘʤ ʩʝʪʠ. ʋʩʧʝʰʥʦ ʧʨʦʡʜʷ ʜʘʥʥʫʶ ʧʨʦʮʝʜʫʨʫ, ʧʦʪʨʝʙʠʪʝʣʴ ʧʦʣʫʯʘʝʪ ʪʦʣʴʢʦ ʪʝ ʧʨʘʚʘ, 

ʢʦʪʦʨʳʝ ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʝʤʫ ʘʜʤʠʥʠʩʪʨʘʪʦʨʦʤ ʩʝʪʠ.  

¶ ʉʠʩʪʝʤʘ ʫʯʝʪʘ ʬʠʢʩʠʨʫʝʪ ʚʩʝ ʩʦʙʳʪʠʷ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʩʝʪʠ. ʕʪʘ ʩʠʩʪʝʤʘ 

ʨʝʛʠʩʪʨʠʨʫʝʪ ʢʦʣʠʯʝʩʪʚʦ ʨʝʩʫʨʩʦʚ, ʧʦʪʨʝʙʣʷʝʤʳʭ ʢʘʞʜʳʤ ʧʦʣʴʟʦʚʘʪʝʣʝʤ, ʚʨʝʤʷ ʝʛʦ ʨʘʙʦʪʳ ʚ 

ʩʝʪʠ ʠ ʪ. ʜ., ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʩʝʪʴʶ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ 

ʢʦʥʪʨʦʣʷ ʜʦʩʪʫʧʘ. ʐʠʬʨʘʮʠʷ ʜʘʥʥʳʭ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ, 

ʟʘʱʠʱʝʥʥʳʭ ʢʦʜʦʚʳʤʠ ʢʣʶʯʘʤʠ, ʩ ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʤʠ ʧʨʦʮʝʜʫʨʘʤʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʤʝʥʳ 

ʢʣʶʯʝʡ ʰʠʬʨʦʚʘʥʠʷ ʠ ʪ.ʧ.  

ʅʘ ʦʩʥʦʚʝ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʭ ʢʨʠʪʝʨʠʝʚ ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʧʦʜʭʦʜʷʱʠʡ ʩʪʘʥʜʘʨʪ. ʉʨʘʟʫ 

ʠʩʢʣʶʯʘʝʤ ʠʟ ʨʘʩʩʤʦʪʨʝʥʠʷ ʩʪʘʥʜʘʨʪ 802.11ʘ ʪʘʢ ʢʘʢ ʦʥ ʠʩʧʦʣʴʟʫʝʪ ʥʝ ʨʘʟʨʝʰʝʥʥʳʡ ʚ ʈʦʩʩʠʠ 

ʯʘʩʪʦʪʥʳʡ ʜʠʘʧʘʟʦʥ. ʀʟ ʜʚʫʭ ʦʩʪʘʚʰʠʭʩʷ ʩʪʘʥʜʘʨʪʦʚ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ 

802.11g ʪʘʢ ʢʘʢ ʦʥ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʴʰʫʶ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ, ʦʙʦʨʫʜʦʚʘʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 

ʵʪʦʤʫ ʩʪʘʥʜʘʨʪʫ ʧʦʜʜʝʨʞʠʚʘʝʪ ʩʧʝʮʠʬʠʢʘʮʠʶ WPA2, ʢʦʪʦʨʘʷ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʥʘʜʝʞʥʫʶ ʟʘʱʠʪʫ ʧʝʨʝʜʘʚʘʝʤʦʡ ʧʦ ʨʘʜʠʦʢʘʥʘʣʫ ʠʥʬʦʨʤʘʮʠʠ (ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʣʛʦʨʠʪʤ 

ʰʠʬʨʦʚʘʥʠʷ AES) ʠ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʤʝʪʦʜʳ ʥʘʜʝʞʥʦʡ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ.   

 

ʆʧʠʩʘʥʠʝ ʠ ʚʳʙʦʨ ʩʝʨʚʝʨʘ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ 

 

   ɼʣʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʜʦʩʪʫʧʘ ʧʨʘʚʦʤʦʯʥʳʭ  ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʢ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʩʝʪʠ 

ʙʫʜʝʪ ʧʨʠʤʝʥʷʪʴʩʷ RADIUS ʩʝʨʚʝʨ. ɺ ʝʛʦ ʟʘʜʘʯʠ ʚʭʦʜʠʪ ʧʨʦʚʝʨʢʘ ʧʦʜʣʠʥʥʦʩʪʠ ʠ ʘʚʪʦʨʠʟʘʮʠʷ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʟʘʰʠʪʘ ʩʝʪʠ ʦʪ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ, ʧʨʦʪʦʢʦʣʠʨʦʚʘʥʠʝ ʩʦʙʳʪʠʡ. 

ʈʘʙʦʪʘ ʩʝʨʚʝʨʘ ʦʩʥʦʚʘʥʘ ʥʘ ʧʨʦʪʦʢʦʣʝ RADIUS (Remote Authentication Dial-In User Service) ð 

ʵʪʦ ʦʪʨʘʩʣʝʚʦʡ ʩʪʘʥʜʘʨʪʥʳʡ ʧʨʦʪʦʢʦʣ, ʦʧʠʩʘʥʥʳʡ ʚ ʜʦʢʫʤʝʥʪʘʭ RFC 2865 çRemote 

Authentication Dial-in User Service (RADIUS)è ʠ RFC 2866 çRADIUS Accountingè. ʇʨʦʪʦʢʦʣ 

RADIUS ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʨʦʚʝʨʢʠ ʧʦʜʣʠʥʥʦʩʪʠ, ʘʚʪʦʨʠʟʘʮʠʠ ʠ ʫʯʝʪʘ. 

ʂʣʠʝʥʪ RADIUS (ʦʙʳʯʥʦ ʩʝʨʚʝʨ ʫʜʘʣʝʥʥʦʛʦ ʜʦʩʪʫʧʘ, VPN-ʩʝʨʚʝʨ ʠʣʠ ʪʦʯʢʘ ʜʦʩʪʫʧʘ ʢ 

ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʝʪʠ) ʧʦʩʳʣʘʝʪ ʫʯʝʪʥʳʝ ʜʘʥʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʧʘʨʘʤʝʪʨʳ ʧʦʜʢʣʯʁʝʥʠʷ ʚ 

ʬʦʨʤʝ ʩʦʦʙʱʝʥʠʷ RADIUS ʥʘ ʩʝʨʚʝʨ RADIUS. ʉʝʨʚʝʨ RADIUS ʧʨʦʚʝʨʷʝʪ ʧʦʜʣʠʥʥʦʩʪʴ ʠ 

ʘʚʪʦʨʠʟʫʝʪ ʟʘʧʨʦʩ ʢʣʠʝʥʪʘ RADIUS, ʘ ʟʘʪʝʤ ʧʦʩʳʣʘʝʪ ʦʙʨʘʪʥʦ ʦʪʚʝʪʥʦʝ ʩʦʦʙɦ ʝʥʠʝ RADIUS. 

ʂʣʠʝʥʪʳ RADIUS ʧʦʩʳʣʘʶʪ ʥʘ ʩʝʨʚʝʨʳ RADIUS ʪʘʢʞʝ ʩʦʦʙʱʝʥʠʷ ʫʯʝʪʘ RADIUS. ʂʨʦʤʝ 

ʪʦʛʦ ʩʪʘʥʜʘʨʪ RADIUS ʧʦʜʜʝʨʞʠʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʢʩʠ-ʩʝʨʚʝʨʦʚ RADIUS. ʇʨʦʢʩʠ-

ʩʝʨʚʝʨ RADIUS ð ʵʪʦ ʢʦʤʧʴʶʪʝʨ, ʧʝʨʝʩʳʣʘʶʱʠʡ ʩʦʦʙʱʝʥʠʷ RADIUS ʤʝʞʜʫ ʢʦʤʧʴʶʪʝʨʘʤʠ, 

ʧʦʜʜʝʨʞʠʚʘʶʱʠʤʠ ʧʨʦʪʦʢʦʣ RADIUS. 

ɼʣʷ ʧʝʨʝʜʘʯʠ ʩʦʦʙʱʝʥʠʡ RADIUS ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʪʦʢʦʣ UDP (User Datagram 

Protocol). ɼʣʷ ʩʦʦʙʱʝʥʠʡ ʧʨʦʚʝʨʢʠ ʧʦʜʣʠʥʥʦʩʪʠ RADIUS ʠʩʧʦʣʴʟʫʝʪʩʷ UDP-ʧʦʨʪ 1812, ʘ ʜʣʷ 

ʩʦʦʙʱʝʥʠʡ ʫʯʝʪʘ RADIUS ð UDP-ʧʦʨʪ 1813. ʅʝʢʦʪʦʨʳʝ ʩʝʨʚʝʨʳ ʜʦʩʪʫʧʘ ʢ ʩʝʪʠ ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ UDP-ʧʦʨʪ 1645 ʜʣʷ ʩʦʦʙʱʝʥʠʡ ʧʨʦʚʝʨʢʠ ʧʦʜʣʠʥʥʦʩʪʠ RADIUS ʠ UDP-ʧʦʨʪ 

1646 ʜʣʷ ʩʦʦʙʱʝʥʠʡ ʫʯʝʪʘ RADIUS. ɺ ʜʦʢʫʤʝʥʪʘʭ RFC 2865 ʠ RFC 2866 ʦʧʨʝʜʝʣʝʥʳ 

ʩʣʝʜʫʶʱʠʝ ʪʠʧʳ ʩʦʦʙʱʝʥʠʡ RADIUS. 

¶ Access-Request (ʟʘʧʨʦʩ ʜʦʩʪʫʧʘ) ʇʦʩʳʣʘʝʪʩʷ ʢʣʠʝʥʪʦʤ RADIUS ʜʣʷ ʟʘʧʨʦʩʘ ʧʨʦʚʝʨʢʠ 

ʧʦʜʣʠʥʥʦʩʪʠ ʠ ʘʚʪʦʨʠʟʘʮʠʠ ʧʦʧʳʪʢʠ ʧʦʜʢʣʶʯʝʥʠʷ. 
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¶ Access-Accept (ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʜʦʩʪʫʧʘ) ʇʦʩʳʣʘʝʪʩʷ ʩʝʨʚʝʨʦʤ RADIUS ʚ ʦʪʚʝʪ ʥʘ 

ʩʦʦʙʱʝʥʠʝ ʟʘʧʨʦʩʘ ʜʦʩʪʫʧʘ. ʕʪʦ ʩʦʦʙʱʝʥʠʝ ʠʥʬʦʨʤʠʨʫʝʪ ʢʣʠʝʥʪʘ RADIUS ʦ ʪʦʤ, ʯʪʦ ʜʣʷ 

ʧʦʧʪrʢʠ ʧʦʜʢʣʶʯʝʥʠʷ ʢʣʠʝʥʪʘ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʧʨʦʚʝʨʢʘ ʧʦʜʣʠʥʥʦʩʪʠ ʠ ʘʚʪʦʨʠʟʘʮʠʷ.  

¶ Access-Reject (ʟʘʧʨʝʱʝʥʠʝ ʜʦʩʪʫʧʘ) ʇʦʩʳʣʘʝʪʩʷ ʩʝʨʚʝʨʦʤ RADIUS ʚ ʦʪʚʝʪ ʥʘ 

ʩʦʦʙʱʝʥʠʝ ʟʘʧʨʦʩʘ ʜʦʩʪʫʧʘ. ʕʪʦ ʩʦʦʙʱʝʥʠʝ ʠʥʬʦʨʤʠʨʫʝʪ ʢʣʠʝʥʪʘ RADIUS ʦ ʪʦʤ, ʯʪʦ 

ʧʦʧʳʪʢʘ ʧʦʜʢʣʶʯʝʥʠʷ ʢʣʠʝʥʪʘ ʙʳʣʘ ʦʪʢʣʦʥʝʥʘ. ʉʝʨʚʝʨ RADIUS ʧʦʩʳʣʘʝʪ ʵʪʦ ʩʦʦʙʱʝʥʠʝ ʚ 

ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʥʝʜʝʡʩʪʚʠʪʝʣʴʥʳ ʫʯʝʪʥʳʝ ʜʘʥʥʳʝ ʠʣʠ ʥʝ ʘʚʪʦʨʠʟʦʚʘʥʘ ʧʦʧʳʪʢʘ 

ʧʦʜʢʣʶʯʝʥʠʷ. 

¶ Access-Challenge (ʟʘʧʨʦʩ ʫʪʦʯʥʝʥʠʷ) ʇʦʩʳʣʘʝʪʩʷ ʩʝʨʚʝʨʦʤ RADIUS ʚ ʦʪʚʝʪ ʥʘ 

ʩʦʦʙʱʝʥʠʝ ʟʘʧʨʦʩʘ ʜʦʩʪʫʧʘ. ʕʪʦ ʩʦʦʙʱʝʥʠʝ ʷʚʣʷʝʪʩʷ ʟʘʧʨʦʩʦʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʢʣʠʝʥʪʘ RADIUS, ʢʦʪʦʨʳʡ ʪʨʝʙʫʝʪ ʦʪʚʝʪʘ.  

¶ Accounting-Request (ʟʘʧʨʦʩ ʫʯʝʪʘ) ʇʦʩʳʣʘʝʪʩʷ ʢʣʠʝʥʪʦʤ RADIUS ʜʣʷ ʫʢʘʟʘʥʠʷ 

ʫʯʝʪʥʳʭ ʩʚʝʜʝʥʠʡ ʦ ʨʘʟʨʝʰʝʥʥʦʤ ʧʦʜʢʣʶʯʝʥʠʠ. 

¶ Accounting-Response (ʦʪʚʝʪ ʫʯʝʪʘ) ʇʦʩʳʣʘʝʪʩʷ ʩʝʨʚʝʨʦʤ RADIUS ʚ ʦʪʚʝʪ ʥʘ ʩʦʦʙɦ ʝʥʠʝ 

ʟʘʧʨʦʩʘ ʫʯʝʪʘ. ʕʪʦ ʩʦʦʙʱʝʥʠʝ ʧʦʜʪʚʝʨʞʜʘʝʪ ʫʩʧʝʰʥʦʝ ʧʦʣʫʯʝʥʠʝ ʠ ʦʙʨʘʙʦʪʢʫ ʩʦʦʙʱʝʥʠʷ 

ʟʘʧʨʦʩʘ ʫʯʝʪʘ. 

ʉʦʦʙʱʝʥʠʝ RADIUS ʩʦʩʪʦʠʪ ʪʦʣʴʢʦ ʠʟ ʟʘʛʦʣʦʚʢʘ RADIUS ʠʣʠ ʠʟ ʟʘʛʦʣʦʚʢʘ RADIUS ʠ 

ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʘʪʨʠʙʫʪʦʚ RADIUS. ʂʘʞʜʳʡ ʘʪʨʠʙʫʪ RADIUS ʩʦʜʝʨʞʠʪ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʩʚʝʜʝʥʠʷ ʦ ʧʦʧʳʪʢʝ ʧʦʜʢʣʶʯʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʠʤʝʶʪʩʷ ʘʪʨʠʙʫʪʳ RADIUS ʜʣʷ 

ʠʤʝʥʠ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʧʘʨʦʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʪʠʧʘ ʫʩʣʫʛ, ʟʘʧʨʘʰʠʚʘʝʤʳʭ ʧʦʣʟɹʦʚʘʪʝʣʝʤ, ʠ IP-

ʘʜʨʝʩʘ ʩʝʨʚʝʨʘ ʜʦʩʪʫʧʘ. ɸʪʨʠʙʫʪʳ RADIUS ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʤʝʞʜʫ 

ʢʣʠʝʥʪʘʤʠ RADIUS, ʧʨʦʢʩʠ-ʩʝʨʚʝʨʘʤʠ RADIUS ʠ ʩʝʨʚʝʨʘʤʠ RADIUS. ʅʘʧʨʠʤʝʨ, ʩʧʠʩʦʢ 

ʘʪʨʠʙʫʪʦʚ ʚ ʩʦʦʙʱʝʥʠʠ ʟʘʧʨʦʩʘ ʜʦʩʪʫʧʘ ʚʢʣʶʯʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʫʯʝʪʥʳʭ ʜʘʥʥʳʭ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʧʘʨʘʤʝʪʨʘʭ ʧʦʧʳʪʢʠ ʧʦʜʢʣʶʯʝʥʠʷ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʵʪʦʛʦ ʩʦʦʙʱʝʥʠʝ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʜʦʩʪʫʧʘ ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʪʠʧʝ ʧʦʜʢʣʶʯʝʥʠʷ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ 

ʦʩʫʱʝʩʪʚʣʝʥʦ, ʦʛʨʘʥʠʯʝʥʠʷʭ ʧʦʜʢʣʶʯʝʥʠʷ ʠ ʠʤʝʶʱʠʭʩʷ ʦʩʦʙʳʭ ʘʪʨʠʙʫʪʘʭ ʚʝʥʜʦʨʘ (Vendor-

Specific Attribute, VSA). 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʤʥʦʞʝʩʪʚʦ RADIUS ʩʝʨʚʝʨʦʚ, 

ʨʝʘʣʠʟʦʚʘʥʥʳʭ  ʢʘʢ ʧʨʦʛʨʘʤʤʥʦ, ʪʘʢ ʠ ʘʧʧʘʨʘʪʥʦ. ɹʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ï ʵʪʦ ʢʦʤʤʝʨʯʝʩʢʠʝ 

ʧʨʦʜʫʢʪʳ. ɼʣʷ ʚʳʙʦʨʘ ʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʛʦ ʧʨʦʜʫʢʪʘ ʩʬʦʨʤʫʣʠʨʫʶ ʜʚʘ ʦʩʥʦʚʥʳʭ ʢʨʠʪʝʨʠʷ: 

1. ʇʨʦʜʫʢʪ ʜʦʣʞʝʥ ʠʤʝʪʴ ʩʝʨʪʠʬʠʢʘʪ ʩʦʦʪʚʝʪʩʪʚʠʷ ʪʨʝʙʦʚʘʥʠʷʤ ɻʦʩʪʝʭʢʦʤʠʩʩʠʠ  

ʈʦʩʩʠʠ, ʚ ʦʙʣʘʩʪʠ ʟʘʰʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʅʉɼ.   

2. ʇʨʦʜʫʢʪ ʜʦʣʞʝʥ ʠʤʝʪʴ ʢʘʢ ʤʦʞʥʦ ʤʝʥʴʰʫʶ ʩʪʦʠʤʦʩʪʴʶ, ʧʨʠ ʵʪʦʤ ʦʙʣʘʜʘʪʴ 

ʜʦʩʪʘʪʦʯʥʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴʶ.   

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʧʧʘʨʘʪʥʳʭ RADIUS ʩʝʨʚʝʨʦʚ ʜʣʷ ʥʝʙʦʣʴʰʠʭ ʩʝʪʝʡ  ʥʝ ʦʧʨʘʚʜʘʥʦ ʠʟ-ʟʘ 

ʠʭ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ. ʉʚʦʙʦʜʥʦ ʨʘʩʧʨʦʩʪʨʘʥʷʝʤʳʝ ʧʨʦʜʫʢʪʳ ʥʝ ʠʤʝʶʪ ʩʝʨʪʠʬʠʢʘʪʦʚ 

ʩʦʦʪʚʝʪʩʪʚʠʷ,  ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʥʝ ʙʝʟʦʧʘʩʥʳʤ (ʧʨʦʛʨʘʤʤʘ  ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ 

ʚʨʝʜʦʥʦʩʥʳʡ ʢʦʜ, ʥʝ ʛʘʨʘʥʪʠʨʫʝʪʩʷ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ ʠ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʘʷ ʟʘʱʠʪʘ 

ʠʥʬʦʨʤʘʮʠʠ ʩ ʢʦʪʦʨʦʡ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʧʨʦʛʨʘʤʤʘ). ʇʦʜʭʦʜʷʱʠʤ ʚʘʨʠʘʥʪʦʤ ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʢʣʶʯʝʥʥʦʛʦ ʚ ʩʦʩʪʘʚ Windows server 2003 Enterprise Edition  RADIUS ï 

ʩʝʨʚʝʨʘ (ʩʣʫʞʙʘ IAS). ʆʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʠʤʝʝʪ ʩʝʨʪʠʬʠʢʘʪ ʩʦʦʪʚʝʪʩʪʚʠʷ (ˉ112-0938 

ʚʳʜʘʥ 23.10.06 ʮʝʥʪʨʦʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʚʷʟʠ ʌʉɹ ʈʦʩʩʠʠ) ʠ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʩʷ ʚ ʩʦʩʪʘʚʝ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʨʘʙʦʪʘʶʱʠʭ ʩ ʠʥʬʦʨʤʘʮʠʝʡ ʥʝ ʩʦʜʝʨʞʘʱʝʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʫʶ ʪʘʡʥʫ. ɼʣʷ ʨʘʟʣʠʯʥʳʭ ʨʝʰʝʥʠʡ ʤʦʛʫʪ ʙʳʪʴ ʩʦʟʜʘʥʳ ʨʘʟʣʠʯʥʳʝ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʣʫʞʙʳ Internet Authentication Service (IAS): 

¶ ɹʝʩʧʨʦʚʦʜʥʦʡ ʜʦʩʪʫʧ 

¶ ʋʜʘʣʝʥʥʳʡ ʜʦʩʪʫʧ ʦʨʛʘʥʠʟʘʮʠʡ ʯʝʨʝʟ ʢʦʤʤʫʪʠʨʫʝʤʦʝ ʧʦʜʢʣʶʯʝʥʠʝ ʠʣʠ 

ʚʠʨʪʫʘʣʴʥʫʶ ʯʘʩʪʥʫʶ ʩʝʪʴ (VPN). 

¶ ʋʜʘʣʝʥʥʳʡ ʢʦʤʤʫʪʠʨʫʝʤʳʡ ʠʣʠ ʙʝʩʧʨʦʚʦʜʥʦʡ ʜʦʩʪʫʧ ʯʝʨʝʟ ʚʥʝʰʥʠʭ 

ʧʦʩʪʘʚʱʠʢʦʚ 

¶ ɼʦʩʪʫʧ ʢ ʀʥʪʝʨʥʝʪʫ 

¶ ɼʦʩʪʫʧ ʩ ʧʨʦʚʝʨʢʦʡ ʧʦʜʣʠʥʥʦʩʪʠ ʢ ʨʝʩʫʨʩʘʤ ʵʢʩʪʨʘʩʝʪʠ ʜʣʷ ʜʝʣʦʚʳʭ ʧʘʨʪʥʝʨʦʚ 
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ʗ ʙʫʜʫ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʣʫʞʙʫ IAS ʜʣʷ ʘʚʪʦʨʠʟʘʮʠʠ ʢʣʠʝʥʪʦʚ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʝʪʠ. 

ʆʩʥʦʚʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʣʫʞʙʳ:  

¶ ʇʦʜʜʝʨʞʠʚʘʶʪʩʷ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʤʝʪʦʜʳ ʧʨʦʚʝʨʢʠ ʧʦʜʣʠʥʥʦʩʪʠ:  

1. ʇʦʜʜʝʨʞʠʚʘʶʪʩʷ ʧʨʦʪʦʢʦʣʳ PPP ʧʨʦʚʝʨʢʠ ʧʦʜʣʠʥʥʦʩʪʠ ʩ ʧʘʨʦʣʝʤ, ʪʘʢʠʝ ʢʘʢ 

ʧʨʦʪʦʢʦʣ PAP (Password Authentication Protocol), ʧʨʦʪʦʢʦʣ CHAP (Challenge Handshake 

Authentication Protocol), ʧʨʦʪʦʢʦʣ MS-CHAP (Microsoft Challenge Handshake Authentication 

Protocol) ʠ MS-CHAP ʚʝʨʩʠʠ 2 (MS-CHAP v2) 

2. ʇʨʦʪʦʢʦʣ EAP ʀʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʩʪʘʥʜʘʨʪʘʭ ʀʥʪʝʨʥʝʪʘ ʠ 

ʨʘʟʨʝʰʘʶʱʘʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʨʦʠʟʚʦʣʴʥʳʝ ʤʝʪʦʜʳ ʧʨʦʚʝʨʢʠ ʧʦʜʣʠʥʥʦʩʪʠ, ʪʘʢʠʝ ʢʘʢ ʩʤʘʨʪ-

ʢʘʨʪʳ, ʩʝʨʪʠʬʠʢʘʪʳ, ʦʜʥʦʨʘʟʦʚʳʝ ʧʘʨʦʣʠ ʠ ʛʝʥʝʨʘʪʦʨʳ ʢʦʜʘ ʜʦʩʪʫʧʘ. ʉʧʦʩʦʙ ʧʨʦʚʝʨʢʠ 

ʧʦʜʣʠʥʥʦʩʪʠ, ʚ ʢʦʪʦʨʦʤ ʧʨʠʤʝʥʷʝʪʩʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ EAP, ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙʦʤ ʪʠʧʘ EAP. ɺ 

ʩʣʫʞʙʫ IAS ʚʢʣʶʯʝʥʘ ʧʦʜʜʝʨʞʢʘ ʩʧʦʩʦʙʦʚ EAP-Message Digest 5 (MD5) ʠ EAP-Transport 

Level Security (EAP-TLS).  

¶ ʇʦʜʜʝʨʞʠʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʘʚʪʦʨʠʟʘʮʠʠ: 

1. ʇʨʦʪʦʢʦʣ DNIS (Dialed Number Identification Service). ɸʚʪʦʨʠʟʘʮʠʷ ʧʦʧʳʪʢʠ 

ʧʦʜʢʣʶʯʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʥʘʙʠʨʘʝʤʦʛʦ ʥʦʤʝʨʘ. ʉʣʫʞʙʘ DNIS ʧʦʢʘʟʳʚʘʝʪ ʥʘʙʨʘʥʥʳʡ ʥʦʤʝʨ 

ʧʦʣʫʯʘʪʝʣʶ ʚʳʟʦʚʘ. ʕʪʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʙʦʣʴʰʠʥʩʪʚʦʤ ʦʙʳʯʥʳʭ ʪʝʣʝʬʦʥʥʳʭ 

ʢʦʤʧʘʥʠʡ. 

2. ʇʨʦʪʦʢʦʣ ANI/CLI (Automatic Number Identification/Calling Line Identification). 

ɸʚʪʦʨʠʟʘʮʠʷ ʧʦʧʳʪʢʠ ʧʦʜʢʣʶʯʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʥʦʤʝʨʘ ʪʝʣʝʬʦʥʘ, ʩ ʢʦʪʦʨʦʛʦ ʚʳʧʦʣʥʷʝʪʩʷ 

ʚʳʟʦʚ. ʉʣʫʞʙʘ ANI/CLI ʧʦʢʘʟʳʚʘʝʪ ʧʦʣʫʯʘʪʝʣʶ ʚʳʟʦʚʘ ʥʦʤʝʨ ʪʝʣʝʬʦʥʘ, ʩ ʢʦʪʦʨʦʛʦ 

ʚʳʧʦʣʥʷʝʪʩʷ ʚʳʟʦʚ. ʕʪʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʙʦʣʴʰʠʥʩʪʚʦʤ ʦʙʳʯʥʳʭ ʪʝʣʝʬʦʥʥʳʭ 

ʢʦʤʧʘʥʠʡ. 

3. ɸʚʪʦʨʠʟʘʮʠʷ ʜʣʷ ʛʦʩʪʝʡ. ʋʯʝʪʥʘʷ ʟʘʧʠʩʴ ʛʦʩʪʷ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʧʨʠ ʫʩʪʘʥʦʚʣʝʥʠʠ ʧʦʜʢʣʶʯʝʥʠʷ ʙʝʟ ʫʯʝʪʥʳʭ ʜʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʷ (ʠʤʝʥʠ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʧʘʨʦʣʷ). 

¶ ʅʝʦʜʥʦʨʦʜʥʳʝ ʩʝʨʚʝʨʳ ʜʦʩʪʫʧʘ. ʉʣʫʞʙʘ IAS ʧʦʜʜʝʨʞʠʚʘʝʪ ʩʝʨʚʝʨʳ ʜʦʩʪʫʧʘ, 

ʨʝʘʣʠʟʦʚʘʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʜʦʢʫʤʝʥʪʦʚ RADIUS RFC 2865 ʠ 2866. ʇʦʤʠʤʦ ʩʝʨʚʝʨʦʚ 

ʫʜʘʣʝʥʥʦʛʦ ʜʦʩʪʫʧʘ ʩʣʫʞʙʘ IAS ʧʦʜʜʝʨʞʠʚʘʝʪ ʩʣʝʜʫʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʠ. 

1. ʊʦʯʢʠ ʜʦʩʪʫʧʘ ʢ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʝʪʠ. ʇʨʠʤʝʥʝʥʠʝ ʧʦʣʠʪʠʢ ʫʜʘʣʝʥʥʦʛʦ ʜʦʩʪʫʧʘ ʠ 

ʧʘʨʘʤʝʪʨʦʚ ʧʦʨʪʘ Wireless-IEEE 802.11 ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʣʫʞʙʫ IAS ʚ ʢʘʯʝʩʪʚʝ 

ʩʝʨʚʝʨʘ RADIUS ʜʣʷ ʪʦʯʝʢ ʜʦʩʪʫʧʘ ʢ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʝʪʠ, ʚ ʢʦʪʦʨʳʭ ʧʨʦʚʝʨʢʘ ʧʦʜʣʠʥʥʦʩʪʠ ʠ 

ʘʚʪʦʨʠʟʘʮʠʷ ʜʣʷ ʙʝʩʧʨʦʚʦʜʥʳʭ ʫʟʣʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ RADIUS. 

2. ʂʦʤʤʫʪʘʪʦʨʳ ʩ ʧʨʦʚʝʨʢʦʡ ʧʦʜʣʠʥʥʦʩʪʠ. ʇʨʠʤʝʥʝʥʠʝ ʧʦʣʠʪʠʢ ʫʜʘʣʝʥʥʦʛʦ 

ʜʦʩʪʫʧʘ ʠ ʧʘʨʘʤʝʪʨʦʚ ʧʦʨʪʘ Ethernet ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʣʫʞʙʫ IAS ʚ ʢʘʯʝʩʪʚʝ ʩʝʨʚʝʨʘ 

RADIUS ʜʣʷ ʢʦʤʤʫʪʘʪʦʨʦʚ ʩʝʪʠ Ethernet, ʚ ʢʦʪʦʨʳʭ ʧʨʦʚʝʨʢʘ ʧʦʜʣʠʥʥʦʩʪʠ ʠ ʘʚʪʦʨʠʟʘʮʠʷ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ RADIUS. 

3. ʀʥʪʝʛʨʘʮʠʷ ʩʦ ʩʣʫʞʙʦʡ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʠ ʫʜʘʣʝʥʥʦʛʦ ʜʦʩʪʫʧʘ. ʉʣʫʞʙʳ IAS ʠ 

ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʠ ʫʜʘʣʝʥʥʦʛʦ ʜʦʩʪʫʧʘ ʠʩʧʦʣʴʟʫʶʪ ʦʙʱʠʝ ʧʦʣʠʪʠʢʠ ʫʜʘʣʝʥʥʦʛʦ ʜʦʩʪʫʧʘ ʠ 

ʚʦʟʤʦʞʥʦʩʪʠ ʚʝʜʝʥʠʷ ʬʘʡʣʘ ʞʫʨʥʘʣʘ. ʊʘʢʘʷ ʠʥʪʝʛʨʘʮʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʛʣʘʩʦʚʘʥʥʫʶ ʨʘʙʦʪʫ 

ʩʣʫʞʙ IAS ʠ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʠ ʫʜʘʣʝʥʥʦʛʦ ʜʦʩʪʫʧʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʟʚʝʨʪʳʚʘʪʴ ʩʣʫʞʙʫ 

ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʠ ʫʜʘʣʝʥʥʦʛʦ ʜʦʩʪʫʧʘ ʥʘ ʥʝʙʦʣʴʰʠʭ ʫʟʣʘʭ, ʥʝ ʧʨʝʜʲʷʚʣʷʷ ʪʨʝʙʦʚʘʥʠʡ ʢ 

ʥʘʣʠʯʠʶ ʦʪʜʝʣʴʥʦʛʦ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ IAS-ʩʝʨʚʝʨʘ. ʆʙʝʩʧʝʯʠʚʘʝʪʩʷ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʤʦʜʝʣʠ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʫʜʘʣʝʥʥʳʤ ʜʦʩʪʫʧʦʤ, ʢʦʛʜʘ ʚ 

ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʷʚʷʪʩʷ ʥʝʩʢʦʣʴʢʦ ʩʝʨʚʝʨʦʚ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʠ ʫʜʘʣʝʥʥʦʛʦ ʜʦʩʪʫʧʘ. ʉʣʫʞʙʘ IAS 

ʩʦʚʤʝʩʪʥʦ ʩ ʩʝʨʚʝʨʘʤʠ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʠ ʫʜʘʣʝʥʥʦʛʦ ʜʦʩʪʫʧʘ ʠʩʧʦʣʴʟʫʶʪ ʦʜʥʫ ʪʦʯʢʫ 

ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʷ ʜʣʷ ʫʜʘʣʝʥʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʩʝʪʠ ʯʝʨʝʟ ʚʥʝʰʥʝʛʦ ʧʦʩʪʘʚʱʠʢʘ, ʚʳʟʦʚʘ ʧʦ 

ʪʨʝʙʦʚʘʥʠʶ ʠ ʜʦʩʪʫʧʘ ʯʝʨʝʟ VPN. ʇʦʣʠʪʠʢʠ ʩʣʫʞʙʳ IAS ʙʦʣʴʰʦʛʦ ʮʝʥʪʨʘʣʴʥʦʛʦ ʩʘʡʪʘ ʤʦʞʥʦ 

ʵʢʩʧʦʨʪʠʨʦʚʘʪʴ ʥʘ ʥʝʟʘʚʠʩʠʤʳʡ ʩʝʨʚʝʨ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʠ ʫʜʘʣʝʥʥʦʛʦ ʜʦʩʪʫʧʘ ʤʘʣʦʛʦ ʩʘʡʪʘ. 

4. ʇʨʦʢʩʠ-ʩʝʨʚʝʨ RADIUS. ʉʣʫʞʙʘ IAS ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʩʳʣʘʪʴ ʚʭʦʜʷʱʠʝ ʟʘʧʨʦʩʳ 

RADIUS ʥʘ ʜʨʫʛʠʝ RADIUS-ʩʝʨʚʝʨʳ ʜʣʷ ʧʨʦʚʝʨʢʠ ʧʦʜʣʠʥʥʦʩʪʠ ʠ ʘʚʪʦʨʠʟʘʮʠʠ ʠʣʠ ʫʯʝʪʘ. 

ɼʝʡʩʪʚʫʷ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʢʩʠ-ʩʝʨʚʝʨʘ RADIUS, ʩʣʫʞʙʘ IAS ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʘ ʚʩʷʢʠʡ ʨʘʟ 
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ʢʦʛʜʘ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʟʘʧʨʦʩʘ RADIUS ʥʘ ʜʨʫʛʦʡ RADIUS-ʩʝʨʚʝʨ. 

ʉʣʫʞʙʘ IAS ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʩʳʣʘʪʴ ʟʘʧʨʦʩʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʤʝʥʠ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʧʦʣʫʯʘʪʴ 

ʜʦʩʪʫʧ ʢ IP-ʘʜʨʝʩʫ ʩʝʨʚʝʨʘ, ʠʜʝʥʪʠʬʠʢʘʪʦʨʫ ʩʝʨʚʝʨʘ ʠ ʜʨʫʛʠʤ ʧʘʨʘʤʝʪʨʘʤ 

5. ʆʙʝʩʧʝʯʝʥʠʝ ʫʜʘʣʝʥʥʦʛʦ ʠ ʙʝʩʧʨʦʚʦʜʥʦʛʦ ʜʦʩʪʫʧʘ ʚ ʩʝʪʴ ʯʝʨʝʟ ʚʥʝʰʥʝʛʦ 

ʧʦʩʪʘʚʱʠʢʘ. ʇʨʠ ʫʜʘʣʝʥʥʦʤ ʜʦʩʪʫʧʝ ʯʝʨʝʟ ʚʥʝʰʥʝʛʦ ʧʦʩʪʘʚʱʠʢʘ ʟʘʢʣʶʯʘʝʪʩʷ ʜʦʛʦʚʦʨ ʤʝʞʜʫ 

ʦʨʛʘʥʠʟʘʮʠʝʡ (ʟʘʢʘʟʯʠʢʦʤ) ʠ ʧʦʩʪʘʚʱʠʢʦʤ ʫʩʣʫʛ ʀʥʪʝʨʥʝʪʘ (ISP). ʇʦʩʪʘʚʱʠʢ ʫʩʣʫʛ 

ʀʥʪʝʨʥʝʪʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʜʢʣʶʯʝʥʠʝ ʩʦʪʨʫʜʥʠʢʦʚ ʦʨʛʘʥʠʟʘʮʠʠ ʢ ʩʚʦʝʡ ʩʝʪʠ ʧʝʨʝʜ 

ʫʩʪʘʥʦʚʣʝʥʠʝʤ ʪʫʥʥʝʣʷ VPN ʚ ʯʘʩʪʥʫʶ ʩʝʪʴ ʦʨʛʘʥʠʟʘʮʠʠ. ʂʦʛʜʘ ʩʦʪʨʫʜʥʠʢ ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ 

ʩʝʨʚʝʨʫ NAS ʧʦʩʪʘʚʱʠʢʘ ʫʩʣʫʛ ʀʥʪʝʨʥʝʪʘ, ʥʘ ʩʝʨʚʝʨ IAS, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚ ʦʨʛʘʥʠʟʘʮʠʠ, 

ʧʝʨʝʩʳʣʘʶʪʩʷ ʟʘʧʠʩʠ ʧʨʦʚʝʨʢʠ ʧʦʜʣʠʥʥʦʩʪʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʉʝʨʚʝʨ IAS ʧʦʟʚʦʣʷʝʪ 

ʦʨʛʘʥʠʟʘʮʠʠ ʫʧʨʘʚʣʷʪʴ ʧʨʦʚʝʨʢʦʡ ʧʦʜʣʠʥʥʦʩʪʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʦʪʩʣʝʞʠʚʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʝʪʠ ʧʦʩʪʘʚʱʠʢʘ ʫʩʣʫʛ ʀʥʪʝʨʥʝʪʘ ʠ ʫʧʨʘʚʣʷʪʴ ʜʦʩʪʫʧʦʤ ʩʦʪʨʫʜʥʠʢʦʚ ʢ ʥʝʡ.ʇʨʝʠʤʫʱʝʩʪʚʦ 

ʜʦʩʪʫʧʘ ʯʝʨʝʟ ʚʥʝʰʥʝʛʦ ʧʦʩʪʘʚʱʠʢʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʢʦʥʦʤʠʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʚ, ʩʝʨʚʝʨʦʚ ʩʝʪʝʚʦʛʦ ʜʦʩʪʫʧʘ ʠ ʜʦʩʪʫʧʘ ʢ ʢʘʥʘʣʘʤ ʛʣʦʙʘʣʴʥʦʡ ʩʝʪʠ, 

ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʭ ʧʦʩʪʘʚʱʠʢʦʤ ʫʩʣʫʛ, ʚʤʝʩʪʦ ʧʨʠʦʙʨʝʪʝʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ, ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʟʥʘʯʠʪʝʣʴʥʫʶ ʵʢʦʥʦʤʠʶ ʥʘ ʟʘʪʨʘʪʘʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʙʦʨʫʜʦʚʘʥʠʝʤ (ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ). 

ʄʝʞʜʫʥʘʨʦʜʥʳʝ ʧʦʜʢʣʶʯʝʥʠʷ ʯʝʨʝʟ ʧʦʩʪʘʚʱʠʢʘ ʫʩʣʫʛ ʀʥʪʝʨʥʝʪʘ ʧʦʟʚʦʣʷʶʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʩʦʢʨʘʪʠʪʴ ʩʯʝʪʘ ʦʨʛʘʥʠʟʘʮʠʠ ʟʘ ʤʝʞʜʫʛʦʨʦʜʥʠʝ ʪʝʣʝʬʦʥʥʳʝ ʟʚʦʥʢʠ. ɹʣʘʛʦʜʘʨʷ 

ʧʝʨʝʢʣʘʜʳʚʘʥʠʶ ʥʘ ʧʦʩʪʘʚʱʠʢʘ ʟʘʙʦʪ ʧʦ ʧʦʜʜʝʨʞʢʝ ʩʝʪʠ ʠʩʢʣʶʯʘʶʪʩʷ ʨʘʩʭʦʜʳ ʥʘ ʝʝ 

ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʝ.ʂʨʦʤʝ ʪʦʛʦ, ʯʝʨʝʟ ʚʥʝʰʥʝʛʦ ʧʦʩʪʘʚʱʠʢʘ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʠ 

ʙʝʩʧʨʦʚʦʜʥʦʡ ʜʦʩʪʫʧ. ʇʦʩʪʘʚʱʠʢ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʙʝʩʧʨʦʚʦʜʥʦʡ ʜʦʩʪʫʧ ʩ ʫʜʘʣʝʥʥʦʡ 

ʪʝʨʨʠʪʦʨʠʠ ʠ, ʠʩʧʦʣʴʟʫʷ ʠʤʷ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʧʝʨʝʩʳʣʘʪʴ ʟʘʧʨʦʩ ʥʘ ʧʦʜʢʣʶʯʝʥʠʝ ʜʣʷ ʧʨʦʚʝʨʢʠ 

ʧʦʜʣʠʥʥʦʩʪʠ ʠ ʘʚʪʦʨʠʟʘʮʠʠ ʥʘ ʪʦʪ RADIUS-ʩʝʨʚʝʨ, ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʪʩʷ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ 

ʦʨʛʘʥʠʟʘʮʠʠ. ʍʦʨʦʰʠʤ ʧʨʠʤʝʨʦʤ ʩʣʫʞʠʪ ʜʦʩʪʫʧ ʢ ʀʥʪʝʨʥʝʪʫ ʚ ʘʵʨʦʧʦʨʪʘʭ. 

6. ʎʝʥʪʨʘʣʠʟʦʚʘʥʥʘʷ ʧʨʦʚʝʨʢʘ ʧʦʜʣʠʥʥʦʩʪʠ ʠ ʘʚʪʦʨʠʟʘʮʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʇʨʠ 

ʧʨʦʚʝʨʢʝ ʧʦʜʣʠʥʥʦʩʪʠ ʟʘʧʨʦʩʘ ʥʘ ʧʦʜʢʣʶʯʝʥʠʝ ʩʣʫʞʙʘ IAS ʩʚʝʨʷʝʪ ʫʯʝʪʥʳʝ ʜʘʥʥʳʝ 

ʧʦʜʢʣʶʯʝʥʠʷ ʩ ʫʯʝʪʥʳʤʠ ʟʘʧʠʩʷʤʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚ ʣʦʢʘʣʴʥʦʤ ʜʠʩʧʝʪʯʝʨʝ ʫʯʝʪʥʳʭ ʟʘʧʠʩʝʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ (SAM) ʜʦʤʝʥʘ MicrosoftÈ Windows NTÈ Server 4.0 ʠʣʠ ʜʦʤʝʥʘ Active 

DirectoryÈ. ɼʣʷ ʜʦʤʝʥʘ Active Directory ʚ ʩʣʫʞʙʝ IAS ʠʤʝʝʪʩʷ ʧʦʜʜʝʨʞʢʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʦʩʥʦʚʥʳʭ ʠʤʝʥ ʧʦʣʴʟʦʚʘʪʝʣʝʡ (User Principal Name, UPN) Active Directory ʠ ʫʥʠʚʝʨʩʘʣʴʥʳʭ 

ʛʨʫʧʧ. ɼʣʷ ʘʚʪʦʨʠʟʘʮʠʠ ʟʘʧʨʦʩʘ ʥʘ ʧʦʜʢʣʶʯʝʥʠʝ ʚ ʩʣʫʞʙʝ IAS ʧʨʠʤʝʥʷʶʪʩʷ ʧʘʨʘʤʝʪʨʳ 

ʚʭʦʜʷʱʠʭ ʟʚʦʥʢʦʚ ʜʣʷ ʫʯʝʪʥʦʡ ʟʘʧʠʩʠ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʘʢ ʫʯʝʪʥʳʤ ʜʘʥʥʳʤ 

ʧʦʜʢʣʶʯʝʥʠʷ, ʪʘʢ ʠ ʧʦʣʠʪʠʢʘʤ ʫʜʘʣʝʥʥʦʛʦ ʜʦʩʪʫʧʘ. ʋʧʨʘʚʣʝʥʠʝ ʨʘʟʨʝʰʝʥʠʝʤ ʫʜʘʣʝʥʥʦʛʦ 

ʜʦʩʪʫʧʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʦ, ʦʜʥʘʢʦ ʪʘʢʦʡ ʧʦʜʭʦʜ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʧʦ ʤʝʨʝ ʨʦʩʪʘ ʦʨʛʘʥʠʟʘʮʠʠ. ʇʦʣʠʪʠʢʠ ʫʜʘʣʝʥʥʦʛʦ ʜʦʩʪʫʧʘ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʙʦʣʝʝ ʤʦʱʥʦʝ ʠ ʛʠʙʢʦʝ ʫʧʨʘʚʣʝʥʠʝ ʨʘʟʨʝʰʝʥʠʷʤʠ ʫʜʘʣʝʥʥʦʛʦ ʜʦʩʪʫʧʘ. ɸʚʪʦʨʠʟʘʮʠʷ ʜʦʩʪʫʧʘ 

ʚ ʩʝʪʴ ʤʦʞʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʥʘ ʦʩʥʦʚʝ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʚʢʣʶʯʘʷ ʦʧʠʩʘʥʥʳʝ ʜʘʣʝʝ. 

(ɺʭʦʞʜʝʥʠʝ ʫʯʝʪʥʦʡ ʟʘʧʠʩʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʚ ʛʨʫʧʧʫ, ɺʨʝʤʷ ʩʫʪʦʢ ʠʣʠ ʜʝʥʴ ʥʝʜʝʣʠ, ʊʠʧ 

ʫʩʪʨʦʡʩʪʚʘ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʜʢʣʶʯʝʥʠʝ (ʥʘʧʨʠʤʝʨ ʙʝʩʧʨʦʚʦʜʥʦʝ 

ʫʩʪʨʦʡʩʪʚʦ, ʢʦʤʤʫʪʘʪʦʨ Ethernet, ʤʦʜʝʤ ʠʣʠ ʪʫʥʥʝʣʴ VPN, ʅʦʤʝʨ ʚʳʟʳʚʘʝʤʦʛʦ ʪʝʣʝʬʦʥʘ, 

ʉʝʨʚʝʨ ʜʦʩʪʫʧʘ, ʩ ʢʦʪʦʨʦʛʦ ʙʳʣ ʧʦʣʫʯʝʥ ʟʘʧʨʦʩ, ʀʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ʙʝʟʜʝʡʩʪʚʠʷ, 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʜʥʦʛʦ ʩʝʘʥʩʘ, ɺʳʙʦʨ ʧʨʠʤʝʥʷʝʤʳʭ ʩʧʦʩʦʙʦʚ ʧʨʦʚʝʨʢʠ 

ʧʦʜʣʠʥʥʦʩʪʠ, ʇʨʠʤʝʥʝʥʠʝ ʰʠʬʨʦʚʘʥʠʷ ʠ ʩʪʝʧʝʥʴ ʝʛʦ ʩʪʦʡʢʦʩʪʠ) 

7. ʎʝʥʪʨʘʣʠʟʦʚʘʥʥʦʝ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʝ ʚʩʝʭ ʩʝʨʚʝʨʦʚ ʜʦʩʪʫʧʘ ʦʨʛʘʥʠʟʘʮʠʠ. 

ʇʦʜʜʝʨʞʢʘ ʩʪʘʥʜʘʨʪʘ RADIUS ʧʦʟʚʦʣʷʝʪ ʩʣʫʞʙʝ IAS ʫʧʨʘʚʣʷʪʴ ʧʘʨʘʤʝʪʨʘʤʠ ʧʦʜʢʣʶʯʝʥʠʷ 

ʜʣʷ ʣʶʙʦʛʦ ʩʝʨʚʝʨʘ NAS, ʠʩʧʦʣʴʟʫʶʱʝʛʦ ʩʪʘʥʜʘʨʪ RADIUS. ʉʪʘʥʜʘʨʪ RADIUS ʪʘʢʞʝ 

ʧʦʟʚʦʣʷʝʪ ʦʪʜʝʣʴʥʳʤ ʧʦʩʪʘʚʱʠʢʘʤ ʫʜʘʣʝʥʥʦʛʦ ʜʦʩʪʫʧʘ ʩʦʟʜʘʚʘʪʴ ʩʦʙʩʪʚʝʥʥʳʝ ʨʘʩʰʠʨʝʥʠʷ, 

ʥʘʟʳʚʘʝʤʳʝ ʦʩʦʙʳʤʠ ʘʪʨʠʙʫʪʘʤʠ ʚʝʥʜʦʨʘ (Vendor-Specific Attribute, VSA). ʉʣʫʞʙʘ IAS 

ʦʙʲʝʜʠʥʷʝʪ ʨʘʩʰʠʨʝʥʠʷ, ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʝ ʥʝʩʢʦʣʴʢʠʤʠ ʧʦʩʪʘʚʱʠʢʘʤʠ, ʚ ʦʜʠʥ ʩʣʦʚʘʨʴ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʘʪʨʠʙʫʪʳ VSA ʤʦʛʫʪ ʙʳʪʴ ʚʥʝʩʝʥʳ ʚ ʧʨʦʬʠʣʴ ʦʪʜʝʣʴʥʳʭ ʧʦʣʠʪʠʢ 

ʫʜʘʣʝʥʥʦʛʦ ʜʦʩʪʫʧʘ 

8. ʎʝʥʪʨʘʣʠʟʦʚʘʥʥʳʡ ʘʫʜʠʪ ʠ ʫʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ.  ʇʦʜʜʝʨʞʢʘ ʩʪʘʥʜʘʨʪʘ RADIUS 
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ʧʦʟʚʦʣʷʝʪ ʩʣʫʞʙʝ IAS ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦ ʩʦʙʠʨʘʪʴ ʟʘʧʠʩʠ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ (ʟʘʧʠʩʠ ʫʯʝʪʘ), 

ʦʪʧʨʘʚʣʝʥʥʳʝ ʚʩʝʤʠ ʩʝʨʚʝʨʘʤʠ ʜʦʩʪʫʧʘ. ʉʣʫʞʙʘ IAS ʭʨʘʥʠʪ ʩʚʝʜʝʥʠʷ ʘʫʜʠʪʘ (ʥʘʧʨʠʤʝʨ, 

ʫʩʧʝʭʠ ʧʨʦʚʝʨʢʠ ʧʦʜʣʠʥʥʦʩʪʠ ʠ ʦʪʢʘʟʳ) ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ (ʥʘʧʨʠʤʝʨ, ʧʦʜʢʣʶʯʝʥʠʷ ʠ 

ʦʪʢʣʶʯʝʥʠʷ) ʚ ʬʘʡʣʘʭ ʞʫʨʥʘʣʦʚ. ʉʣʫʞʙʘ IAS ʧʦʜʜʝʨʞʠʚʘʝʪ ʬʦʨʤʘʪ ʬʘʡʣʘ ʞʫʨʥʘʣʘ, 

ʜʦʧʫʩʢʘʶʱʠʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ ʠʤʧʦʨʪ ʚ ʙʘʟʫ ʜʘʥʥʳʭ. ʇʦʩʣʝʜʫʶʱʠʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʤʦʞʝʪ 

ʙʳʪʴ ʚʳʧʦʣʥʝʥ ʩ ʧʦʤʦʱʴʶ ʣʶʙʦʛʦ ʦʙʳʯʥʦʛʦ ʧʘʢʝʪʘ ʘʥʘʣʠʟʘ 

     

IAS ʚ ʢʘʯʝʩʪʚʝ RADIUS-ʩʝʨʚʝʨʘ 

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩʣʫʞʙʘ Internet Authentication Service ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ 

RADIUS ï ʩʝʨʚʝʨʘ. ʉʝʨʚʝʨ RADIUS ʙʫʜʝʪ ʚʳʧʦʣʥʷʪʴ ʧʨʦʚʝʨʢʠ ʧʦʜʣʠʥʥʦʩʪʠ, ʘʚʪʦʨʠʟʘʮʠʶ ʠ 

ʫʯʝʪ  ʢʣʠʝʥʪʦʚ RADIUS. ɺ ʤʦʝʤ ʩʣʫʯʘʝ ʢʣʠʝʥʪʦʤ ʨʘʜʠʫʩ ʢʣʠʝʥʪʘʤʠ RADIUS ʙʫʜʫʪ ʪʦʯʢʠ 

ʜʦʩʪʫʧʘ. ɼʣʷ ʘʚʪʦʨʠʟʘʮʠʠ ʧʦʜʢʣʶʯʝʥʠʷ IAS-ʩʝʨʚʝʨ ʧʨʠʤʝʥʷʝʪ ʧʘʨʘʤʝʪʨʳ ʚʭʦʜʷʱʠʭ ʟʚʦʥʢʦʚ 

ʫʯʝʪʥʦʡ ʟʘʧʠʩʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʧʦʣʠʪʠʢʫ ʫʜʘʣʝʥʥʦʛʦ ʜʦʩʪʫʧʘ, ʟʘʧʨʦʩʳ ʫʯʝʪʘ ʙʫʜʫʪ ʩʦʭʨʘʥʷʪʩʷ 

ʜʣʷ ʘʥʘʣʠʟʘ ʚ ʣʦʢʘʣʴʥʦʤ ʬʘʡʣʝ ʞʫʨʥʘʣʘ. ʅʘ  ʨʠʩʫʥʢʝ 4.39 ʧʦʢʘʟʘʥ IAS-ʩʝʨʚʝʨ ʚ ʢʘʯʝʩʪʚʝ 

ʩʝʨʚʝʨʘ RADIUS ʜʣʷ ʢʣʠʝʥʪʦʚ ʙʝʩʧʨʦʚʦʜʥʦʛʦ ʜʦʩʪʫʧʘ. ʉʝʨʚʝʨ IAS ʠʩʧʦʣʴʟʫʝʪ ʜʦʤʝʥ Active 

Directory ʜʣʷ ʧʨʦʚʝʨʢʠ ʧʦʜʣʠʥʥʦʩʪʠ ʫʯʝʪʥʳʭ ʜʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʷ ʚ ʧʦʩʪʫʧʘʶʱʠʭ 

ʩʦʦʙʱʝʥʠʷʭ ʟʘʧʨʦʩʦʚ ʜʦʩʪʫʧʘ RADIUS. 

 

 
 

ʈʠʩʫʥʦʢ 4.39. ʀʩʧʦʣʴʟʦʚʘʥʠʝ IAS ʚ ʢʘʯʝʩʪʚʝ RADIUS-ʩʝʨʚʝʨʘ 

 

ɽʩʣʠ IAS-ʩʝʨʚʝʨ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʩʝʨʚʝʨ RADIUS, ʩʦʦʙʱʝʥʠʷ RADIUS ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʧʨʦʚʝʨʢʫ ʧʦʜʣʠʥʥʦʩʪʠ, ʘʚʪʦʨʠʟʘʮʠʶ ʠ ʫʯʝʪ ʧʦʜʢʣʶʯʝʥʠʡ ʢ ʩʝʪʠ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

1. ʉʝʨʚʝʨʳ ʜʦʩʪʫʧʘ, ʥʘʧʨʠʤʝʨ ʩʝʨʚʝʨʳ ʫʜʘʣʝʥʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʩʝʪʠ, VPN-ʩʝʨʚʝʨʳ ʠ ʪʦʯʢʠ 

ʜʦʩʪʫʧʘ ʢ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʝʪʠ, ʧʦʣʫʯʘʶʪ ʟʘʧʨʦʩʳ ʧʦʜʢʣʶʯʝʥʠʷ ʦʪ ʢʣʠʝʥʪʦʚ ʜʦʩʪʫʧʘ. 

2. ʉʝʨʚʝʨ ʜʦʩʪʫʧʘ, ʥʘʩʪʨʦʝʥʥʳʡ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ RADIUS ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʪʦʢʦʣʘ 

ʧʨʦʚʝʨʢʠ ʧʦʜʣʠʥʥʦʩʪʠ, ʘʚʪʦʨʠʟʘʮʠʠ ʠ ʫʯʝʪʘ, ʩʦʟʜʘʝʪ ʩʦʦʙʱʝʥʠʝ ʟʘʧʨʦʩʘ ʜʦʩʪʫʧʘ ʠ ʧʦʩʳʣʘʝʪ 

ʝʛʦ ʥʘ IAS-ʩʝʨʚʝʨ. 

3. ʉʝʨʚʝʨ IAS ʦʮʝʥʠʚʘʝʪ ʩʦʦʙʱʝʥʠʝ ʟʘʧʨʦʩʘ ʜʦʩʪʫʧʘ. 

4. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ IAS-ʩʝʨʚʝʨ ʧʦʩʳʣʘʝʪ ʟʘʧʨʦʩ ʫʪʦʯʥʝʥʠʷ ʥʘ ʩʝʨʚʝʨ ʜʦʩʪʫʧʘ. ʉʝʨʚʝʨ 

ʜʦʩʪʫʧʘ ʦʙʨʘʙʘʪʳʚʘʝʪ ʟʘʧʨʦʩ ʫʪʦʯʥʝʥʠʷ ʠ ʧʦʩʳʣʘʝʪ ʦʙʥʦʚʣʝʥʥʳʡ ʟʘʧʨʦʩ ʜʦʩʪʫʧʘ ʥʘ IAS-

ʩʝʨʚʝʨ. 

5. ʇʨʦʠʟʚʦʜʠʪʩʷ ʧʨʦʚʝʨʢʘ ʫʯʝʪʥʳʭ ʜʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʘ ʪʘʢʞʝ ʧʦʣʫʯʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ 

ʚʭʦʜʷʱʠʭ ʟʚʦʥʢʦʚ ʫʯʝʪʥʦʡ ʟʘʧʠʩʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʯʝʨʝʟ ʙʝʟʦʧʘʩʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʩ ʢʦʥʪʨʦʣʣʝʨʦʤ 
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ʜʦʤʝʥʘ. 

6. ʇʦʧʳʪʢʘ ʧʦʜʢʣʶʯʝʥʠʷ ʘʚʪʦʨʠʟʫʝʪʩʷ ʩ ʫʯʝʪʦʤ ʧʘʨʘʤʝʪʨʦʚ ʚʭʦʜʷʱʠʭ ʟʚʦʥʢʦʚ ʫʯʝʪʥʦʡ 

ʟʘʧʠʩʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʧʦʣʠʪʠʢʠ ʫʜʘʣʝʥʥʦʛʦ ʜʦʩʪʫʧʘ. 

7. ɽʩʣʠ ʜʣʷ ʧʦʧʳʪʢʠ ʧʦʜʢʣʶʯʝʥʠʷ ʧʨʦʚʝʨʢʘ ʧʦʜʣʠʥʥʦʩʪʠ ʠ ʘʚʪʦʨʠʟʘʮʠʷ ʚʳʧʦʣʥʝʥʘ, IAS-

ʩʝʨʚʝʨ ʧʦʩʳʣʘʝʪ ʩʦʦʙʱʝʥʠʝ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʜʦʩʪʫʧʘ ʥʘ ʩʝʨʚʝʨ ʜʦʩʪʫʧʘ. ɽʩʣʠ ʧʦʧʳʪʢʘ 

ʧʦʜʢʣʶʯʝʥʠʷ ʥʝ ʧʨʦʰʣʘ ʧʨʦʚʝʨʢʫ ʧʦʜʣʠʥʥʦʩʪʠ ʠʣʠ ʘʚʪʦʨʠʟʘʮʠʶ, IAS-ʩʝʨʚʝʨ ʧʦʩʳʣʘʝʪ 

ʩʦʦʙʱʝʥʠʝ ʟʘʧʨʝʱʝʥʠʷ ʜʦʩʪʫʧʘ ʥʘ ʩʝʨʚʝʨ ʜʦʩʪʫʧʘ. 

8. ʉʝʨʚʝʨ ʜʦʩʪʫʧʘ ʟʘʚʝʨʰʘʝʪ ʧʨʦʮʝʩʩ ʧʦʜʢʣʶʯʝʥʠʷ ʩ ʢʣʠʝʥʪʦʤ ʜʦʩʪʫʧʘ ʠ ʧʦʩʳʣʘʝʪ 

ʩʦʦʙʱʝʥʠʝ ʟʘʧʨʦʩʘ ʫʯʝʪʘ ʥʘ IAS-ʩʝʨʚʝʨ, ʥʘ ʢʦʪʦʨʦʤ ʩʦʦʙʱʝʥʠʝ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʞʫʨʥʘʣ. 

9. ʉʝʨʚʝʨ IAS ʧʦʩʳʣʘʝʪ ʦʪʚʝʪ ʫʯʝʪʘ ʥʘ ʩʝʨʚʝʨ ʜʦʩʪʫʧʘ 

 

ɺʳʙʦʨ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʩʝʪʠ 

 

 ʇʨʦʝʢʪʠʨʫʝʤʘʷ ʩʝʪʴ ʩʪʨʦʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʙʝʩʧʨʦʚʦʜʥʦʛʦ ʢʦʤʤʫʪʘʪʦʨʘ Netgear ProSafe 

Smart WFS709TP. ɽʛʦ ʦʧʠʩʘʥʠʝ ʧʨʠʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʝ 4.12.  ʂʦʤʤʫʪʘʪʦʨ ʩʧʦʩʦʙʝʥ ʨʘʙʦʪʘʪʴ ʩ 

ʪʦʯʢʘʤʠ ʜʦʩʪʫʧʘ ʩʣʝʜʫʶʱʠʭ ʤʦʜʝʣʝʡ: NETGEAR ProSafe 802.11a/g Dual Band Light Wireless 

Access Point (WAGL102); NETGEAR ProSafe 802.11g Light Wireless Access Point (WGL102); ʠ 

NETGEAR WG102 ʠ WAG102. ʄʦʜʝʣʠ WG102 ʠ WGL102  ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʳʝ ʬʠʟʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʦʪʣʠʯʘʶʪʩʷ ʣʠʰʴ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʤ ʥʘ ʥʠʭ. 

ʄʦʜʝʣʠ  WAGL102 ʠ WAG102 ʪʘʢʞʝ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʳʝ ʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʊʦʯʢʠ  

WG102 ʠ WAG102 ʚʳʧʫʱʝʥʳ ʨʘʥʴʰʝ ʙʝʩʧʨʦʚʦʜʥʦʛʦ ʢʦʤʤʫʪʘʪʦʨʘ ʠ ʚ ʩʚʦʝʡ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʥʝ ʤʦʛʫʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʙʝʩʧʨʦʚʦʜʥʳʤ ʢʦʤʤʫʪʘʪʦʨʦʤ, ʦʜʥʘʢʦ 

ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʚʳʧʫʩʪʠʣʠ ʩʚʝʞʫʶ ʧʨʦʰʠʚʢʫ. ɽʝ ʤʦʞʥʦ ʩʚʦʙʦʜʥʦ ʩʢʘʯʘʪʴ ʩ ʩʘʡʪʘ ʢʦʤʧʘʥʠʠ 

NETGEAR. ɺʳʙʦʨ ʙʫʜʝʤ ʧʨʦʠʟʚʦʜʠʪʴ ʠʟ ʜʚʫʭ ʤʦʜʝʣʝʡ WG102 ʠ WAG102, ʙʦʣʝʝ ʥʦʚʳʝ 

ʤʦʜʝʣʠ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʘʢ ʢʘʢ ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʩ ʙʦʣʝʝ 

ʩʪʘʨʳʤʠ ʪʦʯʢʘʤʠ ʠʭ ʮʝʥʘ ʧʨʝʚʳʰʘʝʪ ʧʦʩʣʝʜʥʠʝ ʙʦʣʝʝ ʯʝʤ ʥʘ 1000 ʨʫʙʣʝʡ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʪʦʯʝʢ  ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 4.13 ʠ 4.14 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  ʀʟ ʭʦʜʷ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣʠʮʘʭ 

ʜʘʥʥʳʭ ʙʳʣʦ ʨʝʰʝʥʦ ʯʪʦ ʜʣʷ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʡ ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʴ 

NETGEAR WG102. WG102 ʧʦʜʜʝʨʞʠʚʘʝʪ ʪʝʭʥʦʣʦʛʠʶ Power over Ethernet (POE), 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʦʪʧʘʜʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʧʨʦʢʣʘʜʢʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ ʚ ʤʝʩʪʘ ʫʩʪʘʥʦʚʢʠ 

ʪʦʯʝʢ. ɽʱʝ ʦʜʠʥ ʥʝ ʤʘʣʦ ʚʘʞʥʳʡ ʧʣʶʩ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʷʪʴ 

ʧʠʪʘʥʠʝʤ ʚʢʣʶʯʘʪʴ/ʚʳʢʣʶʯʘʪʴ ʪʦʯʢʠ ʜʦʩʪʫʧʘ ʩ ʧʦʤʦʱʴʶ ʙʝʩʧʨʦʚʦʜʥʦʛʦ ʢʦʤʤʫʪʘʪʦʨʘ (ʝʩʣʠ 

ʪʦʯʢʘ  ʜʦʩʪʫʧʘ ʧʦ ʢʘʢʠʤ ʪʦ ʧʨʠʯʠʥʘʤ ʧʦʚʠʩʥʝʪ ʘʜʤʠʥʠʩʪʨʘʪʦʨ ʩʤʦʞʝʪ ʧʝʨʝʟʘʛʨʫʟʠʪʴ ʝʝ ʥʝ 

ʚʩʪʘʚʘʷ ʩ ʨʘʙʦʯʝʛʦ ʤʝʪʘ).  ʊʦʯʢʠ ʜʦʩʪʫʧʘ WG102 ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶ ʩʪʘʥʜʘʨʪʫ 802.11g.             

    

ʊʘʙʣʠʮʘ 4.12 Xʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʤʫʪʘʪʦʨʘ  Netgear ProSafe Smart WFS709TP 

ʊʠʧ ʦʙʦʨʫʜʦʚʘʥʠʷ ɹʝʩʧʨʦʚʦʜʥʦʡ ʢʦʤʤʫʪʘʪʦʨ 

ʌʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ɻʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ 4.45 x 44.2 x 33 ʩʤ 

ɺʝʩ 4.5 ʢʛ 

 

ʕʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ 200 ɺʪ 

ʇʠʪʘʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ 180 ï 246 ɺ AC; 47-63 ɻʮ 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʝʤʢʦʩʪʴ ʙʝʩʧʨʦʚʦʜʥʦʛʦ ʢʦʤʤʫʪʘʪʦʨʘ 

ʋʧʨʘʚʣʝʥʠʝ ʪʦʯʢʘʤʠ ʜʦʩʪʫʧʘ ɼʦ 16 ʪʦʯʝʢ 

ʇʦʣʴʟʦʚʘʪʝʣʝʡ 256 

MAC-ʘʜʨʝʩʦʚ 4096 

IP-ʠʥʪʝʨʬʝʡʩʦʚ VLAN 128 

ʇʦʨʪʳ Fast Ethernet 8 ʧʦʨʪʦʚ 10/100Base-T PoE 

ʇʦʨʪʳ  Gigabit Ethernet 1 ʧʦʨʪ uplink 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʧʦʨʪʳ 1 ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʢʦʥʯʦʣʠ 

ʆʙʱʘʷ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 1 Gbps 
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ʇʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩ ʰʠʬʨʦʚʘʥʠʝʤ 

(AES-CCM) 

200 Mbps 

ɹʝʟʦʧʘʩʥʦʩʪʴ ʙʝʩʧʨʦʚʦʜʥʳʭ LAN ʠ ʬʫʥʢʮʠʠ ʫʧʨʘʚʣʝʥʠʷ 

ɹʝʟʦʧʘʩʥʦʩʪʴ 802.11i ʩʝʨʪʠʬʠʮʠʨʦʚʘʥ WFA ʧʦ WPA2 ʠ WPA 

ɸʫʪʝʥʪʠʬʠʢʘʮʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʫʩʪʨʦʡʩʪʚ 

802.1x 

ʝʩʪʴ 

ʇʦʜʜʝʨʞʢʘ EAP-PEAP, EAP-TLS ʠ EAP-

TTLS 

ʝʩʪʴ 

ʂʵʰʠʨʦʚʘʥʠʝ 802.11i PMK ʜʣʷ ʧʨʠʣʦʞʝʥʠʡ 

ʨʦʫʤʠʥʛʘ 

ʝʩʪʴ 

ɸʫʪʝʥʪʠʬʠʢʘʮʠʷ Stateful 802.1x ʜʣʷ 

ʦʪʜʝʣʥɹʦʡ AP 

ʝʩʪʴ 

ɸʫʪʝʥʪʠʬʠʢʘʮʠʷ ʥʘ ʙʘʟʝ MAC-ʘʜʨʝʩʦʚ, 

SSID ʠ ʤʝʩʪʦʨʘʩʧʦʣʦʞʝʥʠʷ 

ʝʩʪʴ 

ʇʦʜʜʝʨʞʢʘ Multi-SSID ʜʣʷ ʨʘʙʦʪʳ 

ʥʝʩʢʦʣʢɹʠʭ WLAN 

ʝʩʪʴ 

ɺʳʙʦʨ ʩʝʨʚʝʨʘ RADIUS ʥʘ ʙʘʟʝ SSID ʝʩʪʴ 

ɹʝʟʦʧʘʩʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʠ ʢʦʥʪʨʦʣʴ AP ʯʝʨʝʟ 

IPSEC ʠʣʠ GRE 

ʝʩʪʴ 

ʌʫʥʢʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʨʘʜʠʦʢʘʥʘʣʦʤ IntellWiFi 
ɸʚʪʦʤʘʪʠʯʝʩʢʘʷ ʥʘʩʪʨʦʡʢʘ ʢʘʥʘʣʦʚ ʠ 

ʤʦɦʥʦʩʪʠ ʜʣʷ ʫʧʨʘʚʣʷʝʤʳʭ ʪʦʯʝʢ ʜʦʩʪʫʧʘ 

ʝʩʪʴ 

ʆʜʥʦʚʨʝʤʝʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʨʘʜʠʦʢʘʥʘʣʦʚ 

ʠ ʩʝʨʚʠʩʳ ʜʣʷ ʢʦʥʝʯʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ 

ʝʩʪʴ 

ɸʚʪʦʤʘʪʠʯʝʩʢʘʷ ʧʦʜʩʪʨʦʡʢʘ ʧʦʢʨʳʪʠʷ ʥʘ 

ʦʩʥʦʚʝ ʠʟʤʝʥʝʥʠʷ ʫʩʣʦʚʠʡ ʜʣʷ ʧʝʨʝʜʘʯʠ 

ʨʘʜʠʦʩʠʛʥʘʣʘ 

ʝʩʪʴ 

ɹʘʣʘʥʩʠʨʦʚʢʘ ʥʘʛʨʫʟʢʠ ʪʦʯʝʢ ʜʦʩʪʫʧʘ ʥʘ 

ʦʩʥʦʚʝ ʯʠʩʣʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ 

ʝʩʪʴ 

ʆʙʥʘʨʫʞʝʥʠʝ ʤʝʨʪʚʳʭ ʟʦʥ ʠ ʥʘʣʦʞʝʥʠʡ 

ʨʘʜʠʦʩʠʛʥʘʣʦʚ 

ʝʩʪʴ 

ʌʫʥʢʮʠʠ ʟʘʱʠʪʳ ʦʪ ʚʟʣʦʤʘ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʝʪʠ 
ʀʥʪʝʛʨʘʮʠʷ ʩ ʙʝʩʧʨʦʚʦʜʥʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ 

ʝʩʪʴ 

ʌʫʥʢʮʠʠ ʤʦʥʠʪʦʨʠʥʛʘ ʝʩʪʴ 

ʆʙʥʘʨʫʞʝʥʠʝ ʠ ʚʩʪʨʦʝʥʥʘʷ ʚʠʟʫʘʣʠʟʘʮʠʷ 

ʤʝʩʪʦʨʘʩʧʦʣʦʞʝʥʠʷ ʬʘʣʴʰʠʚʳʭ ʪʦʯʝʢ 

ʜʦʩʪʫʧʘ 

ʝʩʪʴ 

ʉʝʪʝʚʳʝ ʬʫʥʢʮʠʠ ʠ ʨʘʩʰʠʨʝʥʥʳʝ ʩʝʨʚʠʩʳ 
ʂʦʤʤʫʪʘʮʠʷ L2 ʠ L3 ʜʣʷ ʨʘʜʠʦʢʘʥʘʣʘ ʠ 

ʧʨʦʚʦʜʥʦʡ ʩʝʪʠ 

ʝʩʪʴ 

ʇʫʣʳ VLAN ʜʣʷ ʣʝʛʢʦʛʦ ʠ 

ʤʘʩʰʪʘʙʠʨʫʝʤʦʛʦ ʧʦʩʪʨʦʝʥʠʷ ʩʝʪʠ 

ʝʩʪʴ 

ʄʦʙʠʣʴʥʦʩʪʴ VLAN ʜʣʷ ʨʦʫʤʠʥʛʘ L2 ʝʩʪʴ 

ʇʨʦʢʩʠ ʤʦʙʠʣʴʥʳʭ IP ʠ ʧʨʦʢʩʠ ʨʦʫʤʠʥʛʘ 

DHCP L3 

ʝʩʪʴ 

ʌʫʥʢʮʠʠ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʷ ʙʝʩʧʨʦʚʦʜʥʦʛʦ ʢʦʤʤʫʪʘʪʦʨʘ 
ɼʦʩʪʫʧ ʩ ʧʦʤʦʱʴʶ Web-ʠʥʪʝʨʬʝʡʩʘ 

ʧʦʣɹʟʦʚʘʪʝʣʷ ʧʦ HTTP ʠ HTTPS 

ʝʩʪʴ 

ʕʢʨʘʥʳ Quickstart ʜʣʷ ʫʧʨʦʱʝʥʠʷ 

ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʷ ʢʦʥʪʨʦʣʣʝʨʘ 

ʝʩʪʴ 

ʆʛʨʘʥʠʯʝʥʥʳʡ ʜʦʩʪʫʧ CLI ʩ ʝʩʪʴ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʥʩʦʣʠ, ʟʘʙʣʦʢʠʨʦʚʘʥʥʳʡ 

ʧʦ ʫʤʦʣʯʘʥʠʶ ʜʦʩʪʫʧ CLI, ʢʦʥʩʦʣʴ SSH ʠ 

telnet 

ʈʦʣʝʚʦʡ ʢʦʥʪʨʦʣʴ ʜʦʩʪʫʧʘ ʜʣʷ ʦʛʨʘʥʠʯʝʥʠʷ 

ʜʦʩʪʫʧʘ admin 

ʝʩʪʴ 

ɸʫʪʝʥʪʠʬʠʢʘʮʠʷ ʜʦʩʪʫʧʘ ʩ ʧʦʤʦʱʴʶ 

RADIUS, LDAP ʠʣʠ ʚʥʫʪʨʝʥʥʝʡ ʙʘʟʳ 

ʜʘʥʥʳʭ 

ʝʩʪʴ 

SNMPv3 ʠ SNMPv2 ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ 

ʢʦʥʪʨʦʣʣʝʨʘ 

ʝʩʪʴ 

 ʝʩʪʴ 

ʉʝʨʪʠʬʠʢʘʪʳ ʩʦʦʪʚʝʪʩʪʚʠʷ ʩʪʘʥʜʘʨʪʘʤ ʠ 

ʧʨʘʚʠʣʘʤ ʙʝʟʦʧʘʩʥʦʩʪʠ 

 

¶ ʄʘʨʢʠʨʦʚʢʘ CE (ʜʣʷ ʚʥʝʰʥʝʛʦ 

ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ AC/DC) 

¶ ʄʘʨʢʠʨʦʚʢʘ PSE (ʜʣʷ ʚʥʝʰʥʝʛʦ 

ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ AC/DC) 

¶ Underwriters Laboratories (UL) 60950 

¶ Canadian Standards Association 

CAN/CSA) C22.2 No. 60950 

¶ EN 60950 / IEC 60950 CB Scheme 

¶ FCC Part 15 Class A 

¶ VCCI Class A 

¶ AS/NZS CISPR 22 Class A 

¶ AS/NZS4771 (C-Tick) 

ʋʩʣʦʚʠʷ ʵʩʢʧʣʫʘʪʘʮʠʠ 

ʊʝʤʧʝʨʘʪʫʨʘ 0 ï 40ÁC 

ɺʣʘʞʥʦʩʪ 10% - 70% 

 

 

 

ʊʘʙʣʠʮʘ 4.13 - ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʦʯʢʠ ʜʦʩʪʫʧʘ NETGEAR WG102 

 

ʆʙʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʊʠʧ ʦʙʦʨʫʜʦʚʘʥʠʷ ʪʦʯʢʘ ʜʦʩʪʫʧʘ 

ʉʝʨʠʷ ProSafe 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʩʪʘʥʜʘʨʪʘʤ  cʦʦʪʚʝʪʩʪʚʫʝʪ IEEE 802.11g, ʦʙʨʘʪʥʘʷ ʩʦʚʤʝʪʠʤʦʩʪʴ ʩ 

802.11b 

ɼʠʘʧʘʟʦʥ  ʨʘʙʦʯʠʭ ʯʘʩʪʦʪ 2.4 - 2.4835 ɻɻʮ 

ʈʝʞʠʤʳ ʨʘʙʦʪʳ 

ʈʝʞʠʤ ʪʦʯʢʠ ʜʦʩʪʫʧʘ ɽʩʪʴ 

ʈʝʞʠʤ ʤʦʩʪʘ ɽʩʪʴ 

ʀʥʪʝʨʬʝʡʩʳ ʚʚʦʜʘ/ʚʳʚʦʜʘ 

LAN ʧʦʨʪ  1 ʧʦʨʪ 10/100 Base-T Ethernet (RJ - 45) c ʧʦʜʜʝʨʞʢʦʡ 

POE ʠ MDI-X  

ɸʥʪʝʥʥʘ ʦʜʥʘ, ʩʲʝʤʥʘʷ, ʚʩʝʥʘʧʨʘʚʣʝʥʥʘʷ ʢʦʵʬʬʠʮʠʝʥʪ 

ʫʩʠʣʝʥʠʷ 5 dBi  

ʀʥʜʠʢʘʪʦʨʳ 4 ʩʚʝʪʦʜʠʦʜʘ: Power, LAN, WLAN, TEST  

ʈʘʟʲʝʤ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ɹʇ  ʝʩʪʴ, 12 ɺ 1,2 ɸ 

ʄʦʥʠʪʦʨʠʥʛ ʠ ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʝ 

ɺʝʙ ï ʠʥʪʝʨʬʝʡʩ  ʝʩʪʴ 

Telnet ʝʩʪʴ 

ʇʦʜʜʝʨʞʢʘ SNMP ʝʩʪʴ 

ɹʝʟʦʧʘʩʥʦʩʪʴ 
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Wi-Fi Protected Access (WPA) ʝʩʪʴ 

Wi-Fi Protected Access 2(WPA2) ʝʩʪʴ 

Block SSID Broadcast  ʝʩʪʴ 

ʌʠʣʴʪʨʘʮʠʷ ʄɸʉ ï ʘʜʨʝʩʦʚ  ʝʩʪʴ 

ɸʫʪʝʥʪʠʬʠʢʘʮʠʷ ʧʦ ʩʪʘʥʜʘʨʪʫ 802.1ʍ, ʧʦʜʜʝʨʞʢʘ EAP, PEAP  

ʇʦʜʜʝʨʞʠʚʘʝʤʳʝ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʨʠʝʤʥʠʢʘ 

802.11b 2     Mbps       ï 93 dBm 

5.5  Mbps       ï 91 dBm  

11   Mbps       ï 89 dBm 

802.11g 6     Mbps       ï 91 dBm 

9     Mbps       ï 90 dBm 

12   Mbps       ï 89 dBm 

18   Mbps       ï 87 dBm 

24   Mbps       ï 84 dBm 

36   Mbps       ï 81 dBm 

48   Mbps       ï 77 dBm 

54   Mbps       ï 75 dBm 

108 Mbps       ï 71 dBm 

  

ʇʦʪʨʝʙʣʷʝʤʘʷ ʤʦʱʥʦʩʪʴ  4,3 ɺʪ 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʠʟʣʫʯʘʝʤʘʷ ʤʦʱʥʦʩʪʴ 

802.11b +19 dBm 

802.11g mode 6 to 24 Mbps +18 dBm 

802.11g mode 36, 48, 54 Mbps +17/16/16 dBm 

ʌʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ɻʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ 14.1Ĭ10Ĭ2.7 ʩʤ 

ɺʝʩ 386 ʛʨ. 

ʋʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ɼʠʘʧʘʟʦʥ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 0 ʜʦ +40 
0
ʉ 

ɺʣʘʞʥʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ ʥʝ ʙʦʣʝʝ 90%, ʙʝʟ ʢʦʥʜʝʥʩʘʪʘ  

ʉʦʚʤʝʩʪʠʤʦʩʪʴ ʩ ʆʉ Windows 98/2000/XP/Vista 

 

 

 

ʊʘʙʣʠʮʘ 4.14 - ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʦʯʢʠ ʜʦʩʪʫʧʘ NETGEAR WAG102 

 

ʆʙʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʊʠʧ ʦʙʦʨʫʜʦʚʘʥʠʷ ʪʦʯʢʘ ʜʦʩʪʫʧʘ 

ʉʝʨʠʷ ProSafe 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʩʪʘʥʜʘʨʪʘʤ  cʦʦʪʚʝʪʩʪʚʫʝʪ IEEE 802.11g, ʦʙʨʘʪʥʘʷ ʩʦʚʤʝʪʠʤʦʩʪʴ ʩ 

802.11b 

ɼʠʘʧʘʟʦʥ  ʨʘʙʦʯʠʭ ʯʘʩʪʦʪ 2.4 - 2.4835 ɻɻʮ 

ʈʝʞʠʤʳ ʨʘʙʦʪʳ 

ʈʝʞʠʤ ʪʦʯʢʠ ʜʦʩʪʫʧʘ ɽʩʪʴ 

ʈʝʞʠʤ ʤʦʩʪʘ ɽʩʪʴ 

ʀʥʪʝʨʬʝʡʩʳ ʚʚʦʜʘ/ʚʳʚʦʜʘ 

LAN ʧʦʨʪ  1 ʧʦʨʪ 10/100 Base-T Ethernet (RJ - 45) c ʧʦʜʜʝʨʞʢʦʡ 

MDI-X  

ɸʥʪʝʥʥʘ ʜʚʝ, ʩʲʝʤʥʳʝ, ʚʩʝʥʘʧʨʘʚʣʝʥʥʘʷ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ 

5 dBi  

ʀʥʜʠʢʘʪʦʨʳ 4 ʩʚʝʪʦʜʠʦʜʘ: Power, LAN, WLAN, TEST  

ʈʘʟʲʝʤ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ɹʇ  ʝʩʪʴ, 12 ɺ 1,2 ɸ 
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ʄʦʥʠʪʦʨʠʥʛ ʠ ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʝ 

ɺʝʙ ï ʠʥʪʝʨʬʝʡʩ  ʝʩʪʴ 

Telnet ʝʩʪʴ 

ʇʦʜʜʝʨʞʢʘ SNMP ʝʩʪʴ 

ɹʝʟʦʧʘʩʥʦʩʪʴ 

Wi-Fi Protected Access (WPA) ʝʩʪʴ 

Wi-Fi Protected Access 2(WPA2) ʝʩʪʴ 

Block SSID Broadcast  ʝʩʪʴ 

ʌʠʣʴʪʨʘʮʠʷ ʄɸʉ ï ʘʜʨʝʩʦʚ  ʝʩʪʴ 

ɸʫʪʝʥʪʠʬʠʢʘʮʠʷ ʧʦ ʩʪʘʥʜʘʨʪʫ 802.1ʍ, ʧʦʜʜʝʨʞʢʘ EAP, PEAP  

ʇʦʜʜʝʨʞʠʚʘʝʤʳʝ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʨʠʝʤʥʠʢʘ 

802.11b 2     Mbps       ï 93 dBm 

5.5  Mbps       ï 92 dBm  

11   Mbps       ï 89 dBm 

802.11g 6     Mbps       ï 90 dBm 

9     Mbps       ï 90 dBm 

12   Mbps       ï 89 dBm 

18   Mbps       ï 87 dBm 

24   Mbps       ï 85 dBm 

36   Mbps       ï 80 dBm 

48   Mbps       ï 75 dBm 

54   Mbps       ï 70 dBm 

 

  

ʇʦʪʨʝʙʣʷʝʤʘʷ ʤʦʱʥʦʩʪʴ  4,3 ɺʪ 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʠʟʣʫʯʘʝʤʘʷ ʤʦʱʥʦʩʪʴ 

802.11b +19 dBm 

802.11g mode 6 to 24 Mbps +18 dBm 

802.11g mode 36, 48, 54 Mbps +17/16/16 dBm 

ʌʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ɻʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ 32Ĭ190.5Ĭ122 ʤʤ 

ɺʝʩ 620 ʛʨ. 

  

ʋʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ɼʠʘʧʘʟʦʥ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 0 ʜʦ +40 
0
ʉ 

ɺʣʘʞʥʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ ʥʝ ʙʦʣʝʝ 90%, ʙʝʟ ʢʦʥʜʝʥʩʘʪʘ  

ʉʦʚʤʝʩʪʠʤʦʩʪʴ ʩ ʆʉ Windows 98/2000/XP/Vista 

 

      ɺʳʙʦʨ ʘʥʪʝʥʥ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʫʜʘʣʝʥʥʦʤʫ ʦʬʠʩʫ 

 

ɼʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʙʝʩʧʨʦʚʦʜʥʦʛʦ ʢʘʥʘʣʘ ʤʝʞʜʫ ʟʜʘʥʠʷʤʠ ʧʨʝʜʧʨʠʷʪʠʷ. ʇʨʝʜʧʦʣʦʞʠʤ, 

ʯʪʦ ʟʜʘʥʠʷ ʫʜʘʣʝʥʳ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʥʘ ʨʘʩʩʪʦʷʥʠʝ 400 ʤʝʪʨʦʚ, ʪʨʘʩʩʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ 

ʯʘʩʪʠʯʥʦ ʧʝʨʝʢʨʳʚʘʝʪʩʷ ʚʝʨʰʠʥʘʤʠ ʜʝʨʝʚʴʝʚ. ɼʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʙʝʩʧʨʦʚʦʜʥʦʛʦ ʢʘʥʘʣʘ ʙʫʜʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ  ʦʬʠʩʥʳʝ ʙʝʩʧʨʦʚʦʜʥʳʝ ʪʦʯʢʠ ʜʦʩʪʫʧʘ NETGEAR WG102, ʩ ʚʥʝʰʥʠʤʠ 

ʥʘʧʨʘʚʣʝʥʥʳʤʠ ʘʥʪʝʥʥʘʤʠ. ʅʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʥʝ ʥʠʞʝ 54 ʄʙʠʪ/ʩ.       

 ʇʨʝʞʜʝ ʯʝʤ ʧʝʨʝʭʦʜʠʪʴ ʢ ʚʳʙʦʨʫ ʘʥʪʝʥʥʦ-ʬʠʜʝʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʣʝʜʫʝʪ 

ʦʧʨʝʜʝʣʠʪʴ  ʩʫʤʤʘʨʥʦʝ ʫʩʠʣʝʥʠʝ ʪʨʘʢʪʘ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʘ ʥʘ ʨʘʩʩʪʦʷʥʠʝ 

400 ʤʝʪʨʦʚ. ʇʦ ʛʨʘʬʠʢʫ ʧʨʠʚʝʜʝʥʥʦʤʫ ʥʘ ʨʠʩʫʥʢʝ 4.40 ʩʣʝʜʫʝʪ ʦʧʨʝʜʝʣʠʪʴ ʩʫʤʤʘʨʥʦʝ 

ʫʩʠʣʝʥʠʝ ʪʨʘʢʪʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʟʘʜʘʥʥʦʤʫ ʨʘʩʩʪʦʷʥʠʶ.  ɼʘʥʥʳʡ ʛʨʘʬʠʢ ʥʝ ʫʯʠʪʳʚʘʝʪ 

ʚʣʠʷʥʠʝ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ, ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʥʳʭ ʰʫʤʦʚ ʠ ʧʦʤʝʭ ʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʩʠʛʥʘʣʘ. ʇʦ ʵʪʦʤʫ ʩʪʦʠʪ ʚʳʙʨʘʪʴ ʟʥʘʯʝʥʠʝ ʩʫʤʤʘʨʥʦʛʦ ʫʩʠʣʝʥʠʷ ʪʨʘʢʪʘ ʩ ʟʘʧʘʩʦʤ. ʀʪʘʢ ʜʣʷ 

ʪʦʛʦ ʯʪʦʙʳ ʦʨʛʘʥʠʟʦʚʘʪʴ ʙʝʩʧʨʦʚʦʜʥʦʡ ʢʘʥʘʣ ʤʝʞʜʫ ʟʜʘʥʠʷʤʠ ʫʜʘʣʝʥʥʳʤʠ ʥʘ ʨʘʩʩʪʦʷʥʠʝ 400 
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ʤʝʪʨʦʚ, ʩʫʤʤʘʨʥʦʝ ʫʩʠʣʝʥʠʝ ʪʨʘʢʪʘ ʜʦʣʞʥʦ ʩʦʩʪʘʚʣʷʪʴ ʥʝ ʤʝʥʝʝ 105 ʜɹ.  

 

 

 
 

ʈʠʩʫʥʦʢ 4.40. ɿʘʚʠʩʠʤʦʩʪʴ ʜʘʣʴʥʦʩʪʠ ʨʘʜʠʦʩʚʷʟʠ ʧʨʠ ʧʨʷʤʦʡ ʚʠʜʠʤʦʩʪʠ ʦʪ 

ʩʫʤʤʘʨʥʦʛʦ ʫʩʠʣʝʥʠʷ ʪʨʘʢʪʘ ʨʘʜʠʦʩʠʛʥʘʣʘ 

 

 ʉʦʛʣʘʩʥʦ ʩʫʤʤʘʨʥʦʝ ʫʩʠʣʝʥʠʝ ʪʨʘʢʪʘ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ:  

 

       (4.1) 

, ʛʜʝ:  

Pt,ʜʙ ï ʤʦʱʥʦʩʪʴ ʧʝʨʝʜʘʪʯʠʢʘ;  

Gt,ʜʙ ï ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʧʝʨʝʜʘʶʱʝʡ ʘʥʪʝʥʥʳ; 

Gr,ʜʙ ï ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʧʨʠʝʤʥʦʡ ʘʥʪʝʥʥʳ; 

Pmin,ʜʙ ï ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʨʠʝʤʥʠʢʘ; 

Lt,ʜʙ ï ʧʦʪʝʨʠ ʩʠʛʥʘʣʘ ʚ ʢʦʘʢʩʠʘʣʴʥʦʤ ʢʘʙʝʣʝ ʠ ʨʘʟʲʝʤʘʭ ʧʝʨʝʜʘʶʱʝʛʦ ʪʨʘʢʪʘ; 

Lr,ʜʙ ï ʧʦʪʝʨʠ ʩʠʛʥʘʣʘ ʚ ʢʦʘʢʩʠʘʣʴʥʦʤ ʢʘʙʝʣʝ ʠ ʨʘʟʲʝʤʘʭ ʧʨʠʝʤʥʦʛʦ ʪʨʘʢʪʘ. 

ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʠʤ ʢʘʞʜʳʡ ʧʘʨʘʤʝʪʨ: 

1. ʄʦʱʥʦʩʪʴ ʧʝʨʝʜʘʪʯʠʢʘ - ʤʦʱʥʦʩʪʴ ʙʝʩʧʨʦʚʦʜʥʦʡ ʪʦʯʢʠ ʜʦʩʪʫʧʘ ʠʣʠ ʘʜʘʧʪʝʨʘ ʚ 

dBm. ʕʪʫ ʠʥʬʦʨʤʘʮʠʶ  ʤʦʞʥʦ ʥʘʡʪʠ ʚ ʩʧʝʮʠʬʠʢʘʮʠʠ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʝ ʪʘʙʣʠʮʘ 4.13. ɼʣʷ 

ʪʦʯʢʠ ʜʦʩʪʫʧʘ NETGEAR WG102,  16 dBm, ʜʣʷ ʩʢʦʨʦʩʪʠ 54 ʄʙʠʪ/ʩ. 

2. ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʨʠʝʤʥʠʢʘ, ʢʦʪʦʨʫʶ  ʪʘʢʞʝ ʤʦʞʥʦ ʥʘʡʪʠ ʚ ʩʧʝʮʠʬʠʢʘʮʠʠ ʥʘ 

ʦʙʦʨʫʜʦʚʘʥʠʝ. ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʨʠʝʤʥʠʢʘ ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ ʥʘ ʢʦʪʦʨʦʤ ʨʘʙʦʪʘʝʪ 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʟʘʜʘʝʪʩʷ ʩʦ ʟʥʘʢʦʤ "ʤʠʥʫʩ". ɿʥʘʯʝʥʠʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʨʠʸʤʥʠʢʘ ʜʣʷ 

ʩʢʦʨʦʩʪʠ 54 ʄʙʠʪ/ʩ ʩʦʩʪʘʚʣʷʝʪ ï 75 ʜɹʤ. 

5. ʇʦʪʝʨʠ ʚ ʢʦʘʢʩʠʘʣʴʥʦʤ ʢʘʙʝʣʝ ʠ ʨʘʟʲʸʤʘʭ. ʊʦʯʢʘ ʜʦʩʪʫʧʘ ʙʫʜʝʪ ʩʦʝʜʠʥʝʥʘ ʩ 

ʘʥʪʝʥʥʦʡ ʢʘʙʝʣʝʤ ANT24-ODU(LMR-200) ʜʣʠʥʥʦʡ 2 ʤʝʪʨʘ, ʩ ʟʘʪʫʭʘʥʠʝʤ 0.6 ʜɹ/ʤ.    

ɼʣʷ ʟʘʰʠʪʳ ʪʦʯʝʢ ʙʫʜʝʪ ʧʨʠʤʝʥʷʪʩʷ ʤʦʜʫʣʴ ʛʨʦʟʦʟʘʱʠʪʳ ANT24-SP, ʚʥʦʩʠʤʦʝ 

ʤʦʜʫʣʝʤ ʟʘʪʫʭʘʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 0.5 ʜɹ. ʇʦʪʝʨʠ ʚ ʨʘʟʲʝʤʘʭ ʥʝ ʤʝʥʝʝ 0.3 ʜɹ. ʉʫʤʤʘʨʥʦʝ 

ʟʘʪʫʭʘʥʠʝ ʚʥʦʩʠʤʦʝ ʢʘʙʝʣʷʤʠ ʠ ʨʘʟʲʝʤʘʤʠ ʩʦʩʪʘʚʣʷʝʪ 2.3 ʜɹ. ʊ.ʢ. ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʨʠʝʤʥʦʛʦ ʠ 

ʧʝʨʝʜʘʶʱʝʛʦ ʪʨʘʢʪʦʚ ʦʜʠʥʘʢʦʚʳ ʚʥʦʩʠʤʳʝ ʧʦʪʝʨʠ ʪʘʢʞʝ ʦʜʠʥʘʢʦʚʳ.  

ʊʝʧʝʨʴ ʧʦʜʩʪʘʚʠʚ ʚ ʬʦʨʤʫʣʫ 4.1 ʚʩʝ ʠʟʚʝʩʪʥʳʝ ʚʝʣʠʯʠʥʳ, ʦʧʨʝʜʝʣʠʤ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʫʩʠʣʝʥʠʷ ʧʨʠʝʤʥʦʡ ʠ ʧʝʨʝʜʘʶʱʝʡ ʘʥʪʝʥʥ.  

 

6.183.23.27516105Gr.ʜ.. =++--=+ʜɹtG  ʜɹ 



 194 

 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ ʯʪʦ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʦʜʠʥʘʢʦʚʳʝ ʘʥʪʝʥʥʘ, ʩʦʛʣʘʩʥʦ ʨʘʩʯʝʪʘʤ 

ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʢʘʞʜʦʡ ʠʟ ʥʠʭ ʜʦʣʞʝʥ ʩʦʩʪʘʚʣʷʪʴ ʥʝ ʤʝʥʝʝ 10 ʜɹ.       

ʇʝʨʝʜ ʚʳʙʦʨʦʤ ʘʥʪʝʥʥ ʦʧʨʝʜʝʣʠʤ ʥʝʢʦʪʦʨʳʝ ʪʨʝʙʦʚʘʥʠʷ:  

 - ɸʥʪʝʥʥʳ ʜʦʣʞʥʳ ʨʘʙʦʪʘʪʴ ʚʥʝ ʧʦʤʝʱʝʥʠʷ  

-ɸʥʪʝʥʥʳ ʜʦʣʞʥʳ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʥʳʤʠ 

-ɼʘʣʴʥʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʦʚ ʜʦʣʞʥʘ ʙʳʪʴ ʙʦʣʴʰʝ ʜʘʣʴʥʦʩʪʠ ʜʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʫʜʘʣʝʥʥʦʛʦ ʦʬʠʩʘ, ʧʦʪʦʤʫ ʢʘʢ  ʚ ʨʘʟʣʠʯʥʳʭ ʤʝʪʝʦʫʩʣʦʚʠʷʭ, ʘ ʪʘʢʞʝ ʚ ʯʝʨʪʝ ʛʦʨʦʜʘ ʜʘʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʛʫʪ ʤʝʥʷʪʴʩʷ  

-ɸʥʪʝʥʥʳ ʜʦʣʞʥʳ ʧʦʜʢʣʶʯʘʪʴʩʷ ʢ ʚʥʫʪʨʝʥʥʠʤ ʪʦʯʢʘʤ ʜʦʩʪʫʧʘ 

-ɸʥʪʝʥʥʳ ʜʦʣʞʥʳ ʠʤʝʪʴ ʧʨʠʝʤʣʝʤʫʶ ʩʪʦʠʤʦʩʪʴ 

ʀʩʭʦʜʷ ʠʟ ʧʦʩʣʝʜʥʝʛʦ ʫʩʣʦʚʠʷ, ʦʩʪʘʥʦʚʠʤʩʷ ʥʘ ʘʥʪʝʥʥʘʭ ʧʨʦʠʟʚʦʜʠʤʳʭ ʬʠʨʤʦʡ D-link, 

ʦʥʠ ʠʤʝʶʪ ʜʦʩʪʘʪʦʯʥʫʶ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʦʡ ʮʝʥʝ. ʂʦʵʬʬʠʮʠʝʥʪ 

ʫʩʠʣʝʥʠʷ ʘʥʪʝʥʥ ʜʦʣʞʝʥ ʙʳʪʴ ʥʝ ʤʥʦʛʦ ʙʦʣʴʰʝ ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʧʦʨʷʜʢʘ 12 -14 ʜɹ.    

 

D-Link  ANT 24-1400 

 

ɸʥʪʝʥʥʘ ʨʘʙʦʪʘʝʪ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 2,3 ï2,5 ɻɻʮ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʝʝ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʩʦʚʤʝʩʪʥʦ ʩ ʘʧʧʘʨʘʪʫʨʦʡ, ʚʳʧʫʩʢʘʝʤʦʡ ʜʣʷ ʤʝʜʠʮʠʥʳ ʠ ʥʘʫʢʠ. ɸʥʪʝʥʥʘ ANT24-1400 

ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ ʙʝʩʧʨʦʚʦʜʥʳʤ ʫʩʪʨʦʡʩʪʚʘʤ, ʠʤʝʶʱʠʤ ʨʝʚʝʨʩʥʳʡ SMA-ʨʘʟʲʝʤ ʠ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʰʠʨʠʪʴ ʧʣʦʱʘʜʴ ʧʦʢʨʳʪʠʷ ʩʫʱʝʩʪʚʫʶʱʝʡ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʝʪʠ, 

ʨʘʙʦʪʘʶʱʝʡ ʚ ʜʠʘʧʘʟʦʥʝ 2,4 ɻɻʮ. ʂʦʨʧʫʩ ʘʥʪʝʥʥʳ ʩʜʝʣʘʥ ʫʩʪʦʡʯʠʚʳʤ ʢ ʧʦʛʦʜʥʳʤ ʷʚʣʝʥʠ̫ ʤ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʝ ʥʝ ʪʦʣʴʢʦ ʚʥʫʪʨʠ ʧʦʤʝʱʝʥʠʡ. ɺ ʢʦʤʧʣʝʢʪ ʧʦʩʪʘʚʢʠ ʘʥʪʝʥʥʳ 

ʚʢʣʶʯʝʥ ʤʦʜʫʣʴ ʛʨʦʟʦʟʘʱʠʪʳ ʠ ʢʘʙʝʣʴ-ʧʝʨʝʭʦʜʥʠʢ ʜʣʷ ʨʘʟʲʝʤʘ SMA  

 

 

 
 

ʈʠʩʫʥʦʢ  4.41. ʅʘʧʨʘʚʣʝʥʥʘʷ ʘʥʪʝʥʥʘ ANT24-1400 

 

ʊʘʙʣʠʮʘ 4.15 - ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʥʪʝʥʥʳ ANT24-1400 

ɼʠʘʧʘʟʦʥ ʯʘʩʪʦʪ 

ʆʪ 2.3ɻɻʮ ʜʦ 2.5ɻɻʮ 
ʇʦʣʷʨʠʟʘʮʠʷ 

ʃʠʥʝʡʥʘʷ, ʚʝʨʪʠʢʘʣʴʥʘʷ 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ 

50 ʆʤ 
ɼʠʘʛʨʘʤʤʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ 

ʧʦ ʚʝʨʪʠʢʘʣʠ 15 ʛʨʘʜ 

ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ 15 ʛʨʘʜ 
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ʄʘʢʩʠʤʘʣʴʥʦʝ ʫʩʠʣʝʥʠʝ (ʙʝʟ ʟʘʪʫʭʘʥʠʷ ʚ 

ʢʘʙʝʣʝ) 

14 dBi  

ʇʦʜʚʦʜʠʤʘʷ ʤʦʱʥʦʩʪʴ 

50 ɺʪ 

ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʨʘʩʩʪʦʷʥʠʝ ʧʝʨʝʜʘʯʠ ʧʨʠ 

ʩʢʦʨʦʩʪʠ 1 ʄʙʠʪ/ʩ/11 ʄʙʠʪ/ʩ (ʧʨʠ ʨʘʙʦʪʝ ʩ 

ʚʥʫʪʨʝʥʥʠʤʠ ʪʦʯʢʘʤʠ ʜʦʩʪʫʧʘ)* 

ɼʦ 2,5ʢʤ/900ʤ 

ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʨʘʩʩʪʦʷʥʠʝ ʧʝʨʝʜʘʯʠ ʧʨʠ 

ʩʢʦʨʦʩʪʠ 1 ʄʙʠʪ/ʩ / 11 ʄʙʠʪ/ʩ (ʧʨʠ 

ʨʘʙʦʪʝ ʩ ʚʥʝʰʥʠʤʠ ʪʦʯʢʘʤʠ ʜʦʩʪʫʧʘ) 

ɼʦ 4ʢʤ/1,5ʢʤ 

  

 
 

ʈʠʩʫʥʦʢ 4.42. ɼʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʜʣʷ ʘʥʪʝʥʥʳ ANT24-1400 

 

D-Link  ANT24-1201 

 

ʅʘʧʨʘʚʣʝʥʥʘʷ ʚʥʝʰʥʷʷ ʘʥʪʝʥʥʘ ʪʠʧʘ ʗʛʠ D-Link ANT24-1201 ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ 

ʙʝʩʧʨʦʚʦʜʥʳʤ ʫʩʪʨʦʡʩʪʚʘʤ, ʨʘʙʦʪʘʶʱʠʤ ʚ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ 2,4 ɻɻʮ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ 

ʧʣʦʱʘʜʠ ʧʦʢʨʳʪʠʷ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʝʪʠ. ʂʦʨʧʫʩ ʘʥʪʝʥʥʳ ʩʜʝʣʘʥ ʠʟ ʫʩʪʦʡʯʠʚʦʛʦ ʢ ʧʦʛʦʜʥʳʤ 

ʷʚʣʝʥʠʷʤ ʤʘʪʝʨʠʘʣʘ. ɸʥʪʝʥʥʘ ʧʦʩʪʘʚʣʷʝʪʩʷ ʩ ʢʘʙʝʣʝʤ ï ʧʝʨʝʭʦʜʥʠʢʦʤ, ʧʦʟʚʦʣʷʶʱʠʤ 

ʧʦʜʢʣʶʯʘʪʴ ʘʥʪʝʥʥʫ ʢ ʙʝʩʧʨʦʚʦʜʥʳʤ ʫʩʪʨʦʡʩʪʚʘʤ ʩ ʨʝʚʝʨʩʥʳʤ ʨʘʟʲʝʤʦʤ SMA. 

       

 
 

ʈʠʩʫʥʦʢ 4.43. ʅʘʧʨʘʚʣʝʥʥʘʷ ʚʥʝʥhʷʷ ʘʥʪʝʥʥʘ ANT24-1201 
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ʈʠʩʫʥʦʢ 4.44. ɼʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʝʡ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʷʭ 

ʘʥʪʝʥʥʳ ANT24-1201 

 

ʊʘʙʣʠʮʘ 4.16. ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʥʪʝʥʥʳ ANT24-1201 

 

 

 

D-Link ANT24 -1800 

 

ɸʥʪʝʥʥʘ ʨʘʙʦʪʘʝʪ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 2,4 ï2,5 ɻɻʮ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ  ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʝ 

ʩʦʚʤʝʩʪʥʦ ʩ ʘʧʧʘʨʘʪʫʨʦʡ, ʚʳʧʫʩʢʘʝʤʦʡ ʜʣʷ ʤʝʜʠʮʠʥʳ ʠ ʥʘʫʢʠ. ɸʥʪʝʥʥʘ ANT24-1800 

ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ ʙʝʩʧʨʦʚʦʜʥʳʤ ʫʩʪʨʦʡʩʪʚʘʤ, ʠʤʝʶʱʠʤ ʨʝʚʝʨʩʥʳʡ SMA-ʨʘʟʲʝʤ ʠ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʰʠʨʠʪʴ ʧʣʦʱʘʜʴ ʧʦʢʨʳʪʠʷ ʩʫʱʝʩʪʚʫʶʱʝʡ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʝʪʠ, 

ʨʘʙʦʪʘʶɦ ʝʡ ʚ ʜʠʘʧʘʟʦʥʝ 2,4 ɻɻʮ.  

ʂʦʨʧʫʩ ʘʥʪʝʥʥʳ ʩʜʝʣʘʥ ʫʩʪʦʡʯʠʚʳʤ ʢ ʧʦʛʦʜʥʳʤ ʷʚʣʝʥʠʷʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʝ ʥʝ 

ʪʦʣʴʢʦ ʚʥʫʪʨʠ ʧʦʤʝʱʝʥʠʡ. ɺ ʢʦʤʧʣʝʢʪ ʧʦʩʪʘʚʢʠ ʘʥʪʝʥʥʳ ʚʭʦʜʠʪ ʢʨʝʧʝʞ ʜʣʷ ʤʦʥʪʘʞʘ ʠ 

ʢʘʙʝʣʴ-ʧʝʨʝʭʦʜʥʠʢ ʜʣʷ ʨʘʟʲʝʤʘ RP-SMA.  

 

 
 

ɼʠʘʧʘʟʦʥ ʯʘʩʪʦʪ 

ʆʪ 2.4ɻɻʮ ʜʦ 2.5ɻɻʮ 

ʇʦʣʷʨʠʟʘʮʠʷ 

ʃʠʥʝʡʥʘʷ  ʚʝʨʪʠʢʘʣʴʥʘʷ 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ 

50 ʆʤ 

ɼʠʘʛʨʘʤʤʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ 

ʧʦ ʚʝʨʪʠʢʘʣʠ 50 ʛʨʘʜ 

ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ 50 ʛʨʘʜ 

 ʄʘʢʩʠʤʘʣʴʥʦʝ ʫʩʠʣʝʥʠʝ (ʙʝʟ ʟʘʪʫʭʘʥʠʷ ʚ 

ʢʘʙʝʣʝ) 

12 dBi  

ʇʦʜʚʦʜʠʤʘʷ ʤʦʱʥʦʩʪʴ 

50 ɺʪ 

ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʨʘʩʩʪʦʷʥʠʝ ʧʝʨʝʜʘʯʠ ʧʨʠ 

ʩʢʦʨʦʩʪʠ 1 ʄʙʠʪ/ʩ/11 ʄʙʠʪ/ʩ (ʧʨʠ ʨʘʙʦʪʝ ʩ 

ʚʥʫʪʨʝʥʥʠʤʠ ʪʦʯʢʘʤʠ ʜʦʩʪʫʧʘ)* 

ɼʦ 1,5ʢʤ/500ʤ 

ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʨʘʩʩʪʦʷʥʠʝ ʧʝʨʝʜʘʯʠ ʧʨʠ 

ʩʢʦʨʦʩʪʠ 1 ʄʙʠʪ/ʩ / 11 ʄʙʠʪ/ʩ (ʧʨʠ ʨʘʙʦʪʝ 

ʩ ʚʥʝʰʥʠʤʠ ʪʦʯʢʘʤʠ ʜʦʩʪʫʧʘ) 

2,5ʢʤ/1ʢʤ 
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ʈʠʩʫʥʦʢ 4.45. ʅʘʧʨʘʚʣʝʥʥʘʷ ʘʥʪʝʥʥʘ ANT24-1800 

 

 

 
ʈʠʩʫʥʦʢ 4.46. ɼʠʘʛʨʘʤʤʳ ʧʦʢʨʳʪʠʷ ʜʣʷ ʘʥʪʝʥʥʳ ANT24-1800 

 

ʊʘʙʣʠʮʘ 4.17. ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʥʪʝʥʥʳ ANT24-1800 

 

ɼʠʘʧʘʟʦʥ ʯʘʩʪʦʪ 

ʆʪ 2.4ɻɻʮ ʜʦ 2.5ɻɻʮ 
ʇʦʣʷʨʠʟʘʮʠʷ 

ʃʠʥʝʡʥʘʷ,  ʚʝʨʪʠʢʘʣʴʥʘʷ 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ 

50 ʆʤ 

ɼʠʘʛʨʘʤʤʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ 

ʧʦ ʚʝʨʪʠʢʘʣʠ 15 ʛʨʘʜ 

ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ 15 ʛʨʘʜ 

 ʄʘʢʩʠʤʘʣʴʥʦʝ ʫʩʠʣʝʥʠʝ (ʙʝʟ ʟʘʪʫʭʘʥʠʷ ʚ 

ʢʘʙʝʣʝ) 

18 dBi  

ʇʦʜʚʦʜʠʤʘʷ ʤʦʱʥʦʩʪʴ 

50 ɺʪ 

ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʨʘʩʩʪʦʷʥʠʝ ʧʝʨʝʜʘʯʠ ʧʨʠ 

ʩʢʦʨʦʩʪʠ 1 ʄʙʠʪ/ʩ/11 ʄʙʠʪ/ʩ (ʧʨʠ ʨʘʙʦʪʝ ʩ 

ʚʥʫʪʨʝʥʥʠʤʠ ʪʦʯʢʘʤʠ ʜʦʩʪʫʧʘ)* 

ɼʦ 5ʢʤ/2ʢʤ 

ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʨʘʩʩʪʦʷʥʠʝ ʧʝʨʝʜʘʯʠ ʧʨʠ 

ʩʢʦʨʦʩʪʠ 1 ʄʙʠʪ/ʩ / 11 ʄʙʠʪ/ʩ (ʧʨʠ ʨʘʙʦʪʝ 

ʩ ʚʥʝʰʥʠʤʠ ʪʦʯʢʘʤʠ ʜʦʩʪʫʧʘ) 

8ʢʤ/3ʢʤ 

  

 

 

 D-Link ANT24 -1801 

 

ʅʘʧʨʘʚʣʝʥʥʘʷ ʘʥʪʝʥʥʘ  ʪʠʧʘ ʗʛʠ. ɸʥʪʝʥʥʘ ʨʘʙʦʪʘʝʪ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 2,4 ï2,5 ɻɻʮ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʝʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʚʤʝʩʪʥʦ ʩ ʘʧʧʘʨʘʪʫʨʦʡ, ʚʳʧʫʩʢʘʝʤʦʡ ʜʣʷ ʤʝʜʠʮʠʥʳ ʠ ʥʘʫʢʠ. 

ɸʥʪʝʥʥʘ ANT24-1801 ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ ʙʝʩʧʨʦʚʦʜʥʳʤ ʫʩʪʨʦʡʩʪʚʘʤ, ʠʤʝʶʱʠʤ ʨʝʚʝʨʩʥʳʡ 

SMA-ʨʘʟʲʝʤ ʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʰʠʨʝʥʠʷ ʧʣʦʱʘʜʠ ʧʦʢʨʳʪʠʷ ʩʫʱʝʩʪʚʫʶɦ ʝʡ 

ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʝʪʠ, ʨʘʙʦʪʘʶʱʝʡ ʚ ʜʠʘʧʘʟʦʥʝ 2,4 ɻɻʮ.  
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ʈʠʩʫʥʦʢ 4.47. ʅʘʧʨʘʚʣʝʥʘʷ ʘʥʪʝʥʥʘ ʪʠʧʘ ʚʦʣʥʦʚʦʡ ʢʘʥʘʣ ANT24-1801 

 

 
 

ʈʠʩʫʥʦʢ  4.48. ɼʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʝʡ ʘʥʪʝʥʥʳ ANT24-1801 

 

ʊʘʙʣʠʮʘ 4.18 - ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʥʪʝʥʥʳ ANT24-1801 

 

 

 D-Link ANT24 -2100 

 

D-Link ANT24-2100 ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ ʙʝʩʧʨʦʚʦʜʥʳʤ ʫʩʪʨʦʡʩʪʚʘʤ D-Link ʩʪʘʥʜʘʨʪʦʚ 

802.11b ʠ 802.11g (2.4 ɻɻʮ) ʠ ʠʤʝʝʪ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ 21 dBi. ɸʥʪʝʥʥʘ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ 

ɼʠʘʧʘʟʦʥ ʯʘʩʪʦʪ 

ʆʪ 2.4ɻɻʮ ʜʦ 2.5ɻɻʮ 
ʇʦʣʷʨʠʟʘʮʠʷ 

ʃʠʥʝʡʥʘʷ  ʚʝʨʪʠʢʘʣʴʥʘʷ 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ 

50 ʆʤ 
ɼʠʘʛʨʘʤʤʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ 

ʧʦ ʚʝʨʪʠʢʘʣʠ 15 ʛʨʘʜ 

ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ 15 ʛʨʘʜ 

 ʄʘʢʩʠʤʘʣʴʥʦʝ ʫʩʠʣʝʥʠʝ (ʙʝʟ ʟʘʪʫʭʘʥʠʷ ʚ 

ʢʘʙʝʣʝ) 

18 dBi  

ʇʦʜʚʦʜʠʤʘʷ ʤʦʱʥʦʩʪʴ 

50 ɺʪ 

ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʨʘʩʩʪʦʷʥʠʝ ʧʝʨʝʜʘʯʠ ʧʨʠ 

ʩʢʦʨʦʩʪʠ 1 ʄʙʠʪ/ʩ/11 ʄʙʠʪ/ʩ (ʧʨʠ ʨʘʙʦʪʝ ʩ 

ʚʥʫʪʨʝʥʥʠʤʠ ʪʦʯʢʘʤʠ ʜʦʩʪʫʧʘ)* 

ɼʦ 5ʢʤ/2ʢʤ 

ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʨʘʩʩʪʦʷʥʠʝ ʧʝʨʝʜʘʯʠ ʧʨʠ 

ʩʢʦʨʦʩʪʠ 1 ʄʙʠʪ/ʩ / 11 ʄʙʠʪ/ʩ (ʧʨʠ 

ʨʘʙʦʪʝ ʩ ʚʥʝʰʥʠʤʠ ʪʦʯʢʘʤʠ ʜʦʩʪʫʧʘ) 

8ʢʤ/3ʢʤ 
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ʧʦʜʢʣʶʯʝʥʘ ʢ ʙʝʩʧʨʦʚʦʜʥʦʤʫ ʦʙʦʨʫʜʦʚʘʥʠʶ 802.11b ʠ 802.11g ʜʨʫʛʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. D-

Link ANT24-2100 ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʠʪʴ ʧʣʦʱʘʜʴ ʧʦʢʨʳʪʠʷ 

ʩʫʱʝʩʪʚʫʶʱʝʡ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʝʪʠ ʠ/ʠʣʠ ʩʦʟʜʘʪʴ ʙʝʩʧʨʦʚʦʜʥʦʡ ʤʦʩʪ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʥʘ 

ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ.  

ʏʝʨʝʟ ʢʘʙʝʣʴ-ʧʝʨʝʭʦʜʥʠʢ SMA N-ʪʠʧʘ, ʚʭʦʜʷʱʠʡ ʚ ʢʦʤʧʣʝʢʪ ʧʦʩʪʘʚʢʠ ʘʥʪʝʥʥʳ, 

ANT24-2100 ʣʝʛʢʦ ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ ʣʶʙʳʤ ʚʥʫʪʨʠʦʬʠʩʥʳʤ ʪʦʯʢʘʤ ʜʦʩʪʫʧʘ ʠ ʙʝʩʧʨʦʚʦʜʥʳʤ 

ʘʜʘʧʪʝʨʘʤ, ʩʦ ʩʲʝʤʥʳʤʠ ʰʪʘʪʥʳʤʠ ʘʥʪʝʥʥʘʤʠ. ʉʘʤʘ ʘʥʪʝʥʥʘ ʠʤʝʝʪ ʨʘʟʲʝʤ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ 

N-ʪʠʧʘ (N-type-female), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʜʢʣʶʯʘʪʴ ʝʸ ʢ ʚʥʝʰʥʠʤ ʪʦʯʢʘʤ ʜʦʩʪʫʧʘ. ɺʳʩʦʢʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʘʥʪʝʥʥʳ (21 dBi) ʧʦʟʚʦʣʷʝʪ ʩʪʨʦʠʪʴ ʨʘʜʠʦʤʦʩʪʳ ʥʘ ʙʦʣʴʰʠʝ 

ʨʘʩʩʪʦʷʥʠʷ. ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʜʘʣʴʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ANT24-2100 ʩʦʚʤʝʩʪʥʦ ʩ 

ʘʢʪʠʚʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ 2,4ɻɻʮ ʤʦʱʥʦʩʪʴʶ 35mW* ʥʘ ʦʙʦʠʭ ʢʦʥʮʘʭ ʙʝʩʧʨʦʚʦʜʥʦʛʦ ʢʘʥʘʣʘ 

ʩʚʷʟʠ (ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢʘʙʝʣʴʥʳʭ ʩʙʦʨʦʢ) ʜʣʷ ʩʢʦʨʦʩʪʠ 1 Mʙʠʪ/ʩ 

ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 10 ʢʤ. 

ɺ ʢʦʤʧʣʝʢʪ ʧʦʩʪʘʚʢʠ ANT24-2100 ʚʭʦʜʠʪ ʤʦʜʫʣʴ ʛʨʦʟʦʟʘʱʠʪʳ (surge protector), 

ʚ̫ʣʷʶʱʠʡʩʷ ʚʘʞʥʳʤ ʘʢʩʝʩʩʫʘʨʦʤ ʜʣʷ ʚʥʝʰʥʠʭ ʘʥʪʝʥʥ. ɼʘʞʝ ʧʨʠ ʥʘʣʠʯʠʠ ʥʘ ʢʨʳʰʝ ʤʘʯʪ 

ʛʨʦʤʦʦʪʚʦʜʦʚ, ʢʦʪʦʨʳʝ ʠʩʢʣʶʯʘʶʪ ʧʨʷʤʦʝ ʧʦʧʘʜʘʥʠʝ ʤʦʣʥʠʠ ʚ ʘʥʪʝʥʥʫ, ʤʦʱʥʳʡ ʛʨʦʟʦʚʦʡ 

ʨʘʟʨʷʜ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʚʥʝʰʥʝʡ ʘʥʪʝʥʥʳ ʤʦʞʝʪ ʧʦʣʥʦʩʪʴʶ ʚʳʚʝʩʪʠ ʠʟ ʩʪʨʦʷ 

ʚʩʸ ʧʨʠʸʤʦ-ʧʝʨʝʜʘʶʱʝʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. ʄʦʜʫʣʴ ʛʨʦʟʦʟʘʱʠʪʳ ʚʢʣʶʯʘʝʪʩʷ ʚ ʘʥʪʝʥʥʦ-ʬʠʜʝʨʥʳʡ 

ʪʨʘʢʪ ʠ ʟʘʟʝʤʣʷʝʪʩʷ.  

 
    

ʈʠʩʫʥʦʢ 4.49. ʇʘʨʘʙʦʣʠʯʝʩʢʘʷ ʥʘʧʨʘʚʣʝʥʥʘʷ ʘʥʪʝʥʥʘ ANT24-2100 

 

 
 

ʈʠʩʫʥʦʢ 4.50. ɼʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʝʡ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʷʭ 

ʘʥʪʝʥʥʳ ANT24-2100 

 

 



 200 

ʊʘʙʣʠʮʘ 4.19 ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʥʪʝʥʥʳ ANT24-2100 

 

 

ʀʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʘʥʪʝʥʥ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʡ ʷʚʣʷʝʪʩʷ D-Link ANT 24-1400, ʦʥʘ ʠʤʝʝʪ 

ʙʦʣʝʝ ʯʝʤ ʜʦʩʪʘʪʦʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʠ ʫʟʢʫʶ ʜʠʘʛʨʘʤʤʫ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ.     

 

 

ɼʠʘʧʘʟʦʥ ʯʘʩʪʦʪ 

ʆʪ 2.4ɻɻʮ ʜʦ 2.5ɻɻʮ 
ʇʦʣʷʨʠʟʘʮʠʷ 

ʃʠʥʝʡʥʘʷ,  ʚʝʨʪʠʢʘʣʴʥʘʷ 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ 

50 ʆʤ 
ɼʠʘʛʨʘʤʤʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ 

ʧʦ ʚʝʨʪʠʢʘʣʠ 8 ʛʨʘʜ 

ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ 5 ʛʨʘʜ 

 ʄʘʢʩʠʤʘʣʴʥʦʝ ʫʩʠʣʝʥʠʝ (ʙʝʟ ʟʘʪʫʭʘʥʠʷ ʚ 

ʢʘʙʝʣʝ) 

21 dBi  

ʇʦʜʚʦʜʠʤʘʷ ʤʦʱʥʦʩʪʴ 

50 ɺʪ 

ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʨʘʩʩʪʦʷʥʠʝ ʧʝʨʝʜʘʯʠ ʧʨʠ 

ʩʢʦʨʦʩʪʠ 1 ʄʙʠʪ/ʩ/11 ʄʙʠʪ/ʩ (ʧʨʠ ʨʘʙʦʪʝ ʩ 

ʚʥʫʪʨʝʥʥʠʤʠ ʪʦʯʢʘʤʠ ʜʦʩʪʫʧʘ)* 

ɼʦ 8ʢʤ/3ʢʤ 

ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʨʘʩʩʪʦʷʥʠʝ ʧʝʨʝʜʘʯʠ ʧʨʠ 

ʩʢʦʨʦʩʪʠ 1 ʄʙʠʪ/ʩ / 11 ʄʙʠʪ/ʩ (ʧʨʠ 

ʨʘʙʦʪʝ ʩ ʚʥʝʰʥʠʤʠ ʪʦʯʢʘʤʠ ʜʦʩʪʫʧʘ) 

10ʢʤ/4,5ʢʤ 

 

3. ʇʦʨʷʜʦʢ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ 

 

ʅʘʩʪʨʦʡʢʘ ʦʙʦʨʫʜʦʚʘʥʠʷ 

 

ʂʦʥʬʠʛʫʨʠʨʦʚʘʥʠʝ RADIUS ʩʝʨʚʝʨʘ 

 

ɼʣʷ ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʷ ʩʣʫʞʙʳ IAS ʥʝʦʙʭʦʜʠʤʦ ʦʪʢʨʳʪʴ ʧʘʥʝʣʴ ʫʧʨʘʚʣʝʥʠʝ ʠ ʜʚʘʞʜʳ 

ʱʝʣʢʥʫʪʴ  ʟʥʘʯʦʢ çɸʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʝè, ʟʘʪʝʤ ʚ ʦʪʢʨʳʚʰʝʤʩʷ ʩʧʠʩʢʝ ʚʳʙʨʘʪʴ ʢʦʤʧʦʥʝʥʪ 

çʉʣʫʞʙʳ ʧʨʦʚʝʨʢʠ ʧʦʜʣʠʥʥʦʩʪʠ ʚ ʠʥʪʝʨʥʝʪè.  

 

 
 

ʈʠʩʫʥʦʢ 4.53.  ʂʦʥʩʦʣʴ ʫʧʨʘʚʣʝʥʠʷ ʩʣʫʞʙʦʡ IAS 
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ʅʘʩʪʨʦʡʢʘ ʩʣʫʞʙʳ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʘ. ʇʨʝʞʜʝ ʚʩʝʛʦ ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʘʚʠʪʴ ʢʣʠʝʥʪʦʚ 

RADIUS (ʚʩʝ ʠʤʝʶʱʠʝʩʷ ʪʦʯʢʠ ʜʦʩʪʫʧʘ),  ʜʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʱʝʣʢʥʫʪʴ ʧʨʘʚʦʡ ʢʥʦʧʢʦʡ 

ʤʳʰʠ ʫʟʝʣ çRADIUS-ʢʣʠʝʥʪʳè ʠ ʚʳʙʨʘʪʴ ʢʦʤʘʥʜʫ çʅʦʚʳʡ RAS-ʢʣʠʝʥʪè ʨʠʩʫʥʦʢ 4.54. 

 

 
 

ʈʠʩʫʥʦʢ 4.54. ɼʦʙʘʚʣʝʥʠʝ RAS-ʢʣʠʝʥʪʘ 

 

ɼʘʣʝʝ ʚ ʦʪʢʨʳʚʰʝʤʩʷ ʦʢʥʝ, ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʚʝʩʪʠ ʧʦʥʷʪʥʦʝ ʠʤʷ ʚ ʢʘʯʝʩʪʚʝ ʪʘʢʦʚʦʛʦ 

ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ IP ï ʘʜʨʝʩʘ ʪʦʯʝʢ ʜʦʩʪʫʧʘ. 

 

 
 

ʈʠʩʫʥʦʢ 4.55.   ʅʘʩʪʨʦʡʢʘ ʧʘʨʘʤʝʪʨʦʚ ʢʣʠʝʥʪʘ 

 

ɺ ʩʣʝʜʫʶʱʝʤ ʦʢʥʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʳʙʨʘʪʴ ʧʦʩʪʘʚʱʠʢʘ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʪʘʢ ʢʘʢ 

ʠʩʧʦʣʴʟʫʝʤʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʥʝ ʚʢʣʶʯʝʥʦ ʚ ʩʧʠʩʦʢ, ʚ ʧʫʥʢʪʝ ʢʣʠʝʥʪ ï ʚʝʥʜʦʨ ʫʢʘʟʳʚʘʝʤ 

RADIUS Standard. ɼʘʣʝʝ ʩʣʝʜʫʝʪ ʫʢʘʟʘʪʴ ʦʙʱʠʡ ʩʝʢʨʝʪ ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʪʦʯʢʘ ʜʦʩʪʫʧʘ ʠ 

ʩʝʨʚʝʨ RADIUS ʙʫʜʫʪ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʜʨʫʛ ʜʨʫʛʘ. ʉʝʢʨʝʪ ʟʘʜʘʝʪʩʷ ʜʣʷ ʢʘʞʜʦʛʦ ʥʦʚʦʛʦ 

RAS-ʢʣʠʝʥʪʘ ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʠ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʜʦ 64 ʩʠʤʚʦʣʦʚ (ʠʩʭʦʜʷ ʠʟ ʩʦʦʙʨʘʞʝʥʠʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʙʱʠʡ ʩʝʢʨʝʪ ʜʦʣʞʝʥ ʩʦʜʝʨʞʘʪʴ ʮʠʬʨʘ, ʟʘʛʣʘʚʥʳʝ ʠ ʩʪʨʦʯʥʳʝ ʙʫʢʚʳ ʠ 

ʩʠʤʚʦʣʳ, ʪʘʢʞʝ ʠʤʝʝʪ ʩʤʳʩʣ ʧʝʨʠʦʜʠʯʝʩʢʠ ʤʝʥʷʪʴ ʦʙʱʠʡ ʩʝʢʨʝʪ). ɽʩʣʠ ʘʪʨʠʙʫʪ ʧʨʦʚʝʨʢʠ 

ʧʦʜʣʠʥʥʦʩʪʠ ʩʦʦʙʱʝʥʠʷ ʚʢʣʶʯʝʥ, ʚʩʝ ʩʦʦʙʱʝʥʠʝ RADIUS ʟʘʰʠʬʨʦʚʘʥʦ, ʘ ʦʙʱʠʡ ʩʝʢʨʝʪ 
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ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʢʣʶʯʘ.   

 

 
 

ʈʠʩʫʥʦʢ 4.56. 

 

ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʚʩʝ ʪʦʯʢʠ ʜʦʩʪʫʧʘ ʜʦʙʘʚʣʝʥʳ, ʧʝʨʝʡʜʝʤ ʢ ʥʘʩʪʨʦʡʢʝ ʞʫʨʥʘʣʘ 

ʫʜʘʣʝʥʥʦʛʦ ʜʦʩʪʫʧʘ. ɺ ʞʫʨʥʘʣʝ ʧʦ ʞʝʣʘʥʠʶ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ ʤʦʛʫʪ ʬʠʢʩʠʨʫʶʪʩʷ ʟʘʧʨʦʩʳ 

ʫʯʝʪʳ, ʟʘʧʨʦʩʳ ʧʨʦʚʝʨʢʠ ʧʦʜʣʠʥʥʦʩʪʠ, ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʩʦʩʪʦʷʥʠʷ. 

 

 
 

ʈʠʩʫʥʦʢ 4.57.  ʅʘʩʪʨʦʡʢʘ ʞʫʨʥʘʣʘ ʫʜʘʣʝʥʥʦʛʦ ʜʦʩʪʫʧʘ 

 

ɼʘʣʝʝ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦʣʠʪʠʢʠ ʫʜʘʣʝʥʥʦʛʦ ʜʦʩʪʫʧʘ, ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʦʣʠʪʠʢʠ ʚ 

ʜʝʨʝʚʝ ʢʦʥʩʦʣʠ ʥʫʞʥʦ ʱʝʣʢʥʫʪʴ ʧʨʘʚʦʡ ʢʥʦʧʢʦʡ ʤʳʰʠ çʇʦʣʠʪʠʢʘ ʫʜʘʣʝʥʥʦʛʦ ʜʦʩʪʫʧʘè ʠ 
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ʚʳʙʨʘʪʴ ʠʟ ʢʦʥʪʝʢʩʪʥʦʛʦ ʤʝʥʶ ʢʦʤʘʥʜʫ çʉʦʟʜʘʪʴ ʧʦʣʠʪʠʢʫ ʫʜʘʣʝʥʥʦʛʦ ʜʦʩʪʫʧʘè. 

 

 

  
ʈʠʩʫʥʦʢ 4.58. ʉʦʟʜʘʥʠʝ ʧʦʣʠʪʠʢʠ ʫʜʘʣʝʥʥʦʛʦ ʜʦʩʪʫʧʘ 

 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʧʦʣʠʪʠʢʠ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʘʩʪʝʨʘ ʩʦʟʜʘʥʠʷ ʧʦʣʠʪʠʢʠ ʫʜʘʣʝʥʥʦʛʦ 

ʜʦʩʪʫʧʘ. ʇʦʩʣʝ ʟʘʧʫʩʢʘ ʤʘʩʪʝʨʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʳʙʨʘʪʴ ʩʧʦʩʦʙ ʜʦʩʪʫʧʘ ʢ ʩʝʪʠ, ʠʟ 

ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʩʧʠʩʢʘ ʚʳʙʠʨʘʝʤ çɹʝʩʧʨʦʚʦʜʥʦʡ ʜʦʩʪʫʧè 

 

 
 

ʈʠʩʫʥʦʢ 4.59.  ʄʘʩʪʝʨ ʩʦʟʜʘʥʠʷ ʧʦʣʠʪʠʢʠ 

 

ɼʘʣʝʝ ʩʣʝʜʫʝʪ ʚʳʙʨʘʪʴ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠʣʠ ʛʨʫʧʧʳ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʢʦʪʦʨʳʤ ʨʘʟʨʝh ʝʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʝʩʧʨʦʚʦʜʥʦʡ ʜʦʩʪʫʧ (ʚ ʤʦʝʤ ʩʣʫʯʘʝ ʚ Active Directory ʩʦʟʜʘʥʘ ʛʨʫʧʧʘ, ʢʫʜʘ 

ʚʥʝʩʝʥʳ ʚʩʝ ʧʦʣʴʟʦʚʘʪʝʣʠ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʧʦʣʴʟʦʚʘʪʴʩʷ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʚʷʟʴʶ, ʝʝ ʤʳ ʠ 

ʜʦʙʘʚʣʷʝʤ).   
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ʈʠʩʫʥʦʢ 4.60.  ʉʦʟʜʘʥʠʝ ʧʦʣʠʪʠʢʠ ʫʜʘʣʝʥʥʦʛʦ ʜʦʩʪʫʧʘ 

 

ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʤʝʪʦʜʳ ʧʨʦʚʝʨʢʠ ʧʦʜʣʠʥʥʦʩʪʠ, ʢʘʢ ʙʳʣʦ 

ʦʧʠʩʘʥʦ ʚ ʧʫʥʢʪʝ 6.7,  ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʟʘʱʠʱʝʥʥʳʡ ʧʨʦʪʦʢʦʣ 

ʨʘʩʰʠʨʝʥʥʦʡ ʧʨʦʚʝʨʢʠ ʧʦʜʣʠʥʥʦʩʪʠ (Protected Extensible Authentication Protocol, PEAP). 

ɺr ʙʠʨʘʝʤ PEAP, ʞʤʝʤ ʢʥʦʧʢʫ ʥʘʩʪʨʦʠʪʴ, ʚ  ʧʦʷʚʠʚʰʝʤʩʷ ʦʢʥʝ çʟʘʱʠʱʝʥʥʳʝ ʩʚʦʡʩʪʚʘ EAPè 

ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʤʝʪʦʜʳ ʧʨʦʚʝʨʢʠ ʧʦʜʣʠʥʥʦʩʪʠ, ʚʳʙʠʨʘʝʤ EAP ï MSCHAP v2 (Microsoft 

Challenge Handshake Authentication Protocol, ʚʝʨʩʠʷ 2).     

 

 
 

ʈʠʩʫʥʦʢ 4.61. ʅʘʩʪʨʦʡʢʘ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ 
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ʈʠʩʫʥʦʢ 4.62.  ɺʳʙʦʨ ʤʝʪʦʜʘ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ 

 

ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʧʦʣʠʪʠʢʘ ʩʦʟʜʘʥʘ ʧʨʦʠʟʚʝʜʝʤ ʝʝ ʦʢʦʥʯʘʪʝʣʴʥʦʝ ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ. ɼʣʷ 

ʵʪʦʛʦ ʥʫʞʥʦ  ʚ ʦʙʣʘʩʪʠ ʩʚʝʜʝʥʠʡ ʜʚʘʞʜʳ ʱʝʣʢʥʠʪʝ ʧʦʣʠʪʠʢʫ, ʢʦʪʦʨʫʶ ʪʨʝʙʫʝʪʩʷ ʠʟʤʝʥʠʪʴ, ʚ 

ʦʪʢʨʳʚʰʝʤʩʷ ʦʢʥʝ ʩʣʝʜʫʝʪ ʚʳʙʨʘʪʴ ʜʝʡʩʪʚʠʝ ʢʦʪʦʨʦʝ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʝʩʣʠ ʟʘʧʨʦʩ 

ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʟʘʜʘʥʥʳʤ ʚ ʧʦʣʠʪʠʢʝ ʫʩʣʦʚʠʷʤ. ɺʳʙʠʨʘʝʤ ʧʨʝʜʦʩʪʘʚʠʪʴ ʧʨʘʚʦ ʫʜʘʣʝʥʥʦʛʦ 

ʜʦʩʪʫʧʘ, ʪʘʢ ʢʘʢ ʚ ʜʘʥʥʦʤ ʧʨʦʝʢʪʝ ʨʝʘʣʠʟʫʝʪʩʷ ʧʦʣʠʪʠʢʘ çʟʘʧʨʝʱʝʥʦ ʚʩʝ, ʯʪʦ ʚ ʷʚʥʦʤ ʚʠʜʝ ʥʝ 

ʨʘʟʨʝʰʝʥʦè, ʪ.ʝ. ʪʦʣʴʢʦ ʧʦʣʴʟʦʚʘʪʝʣʠ, ʚʭʦʜʷʱʠʝ ʚ ʛʨʫʧʧʫ aut, ʩʤʦʛʫʪ ʘʚʪʦʨʠʟʦʚʘʪʴʩʷ ʥʘ 

ʩʝʨʚʝʨʝ.    

 

 
 

ʈʠʩʫʥʦʢ 4.63. ɺʳʙʦʨ ʜʝʡʩʪʚʠʷ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ 
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ʇʝʨʝʡʜʝʤ ʢ ʥʘʩʪʨʦʡʢʝ ʧʨʦʬʠʣʷ ʧʦʣʠʪʠʢʠ ʫʜʘʣʝʥʥʦʛʦ ʜʦʩʪʫʧʘ, ʥʘ ʚʢʣʘʜʢʝ ʦʛʨʘʥʠʯʝʥʠʝ 

ʧʦ ʚʭʦʜʷʱʠʤ ʟʚʦʥʢʘʤ ʨʘʟʨʝʰʠʤ ʜʦʩʪʫʧ ʪʦʣʴʢʦ ʚ ʦʧʨʝʜʝʣʝʥʥʦʝ ʚʨʝʤʷ (ʝʞʝʜʥʝʚʥʦ ʩ 7.00 ʜʦ 

22.00). ɺ ʧʫʥʢʪʝ ʪʠʧ ʧʦʨʪʘ NAS ʫʢʘʟʳʚʘʝʤ Wireless ï IEEE 802.11.   

 

 
 

ʈʠʩʫʥʦʢ 4.64. ʀʟʤʝʥʝʥʠʝ ʧʨʦʬʠʣʷ ʢʦʤʤʫʪʠʨʫʝʤʳʭ ʧʦʜʢʣʶʯʝʥʠʡ 

 

ʅʘ ʚʢʣʘʜʢʝ IP ʥʝʦʙʭʦʜʠʤʦ ʫʢʘʟʘʪʴ, ʯʪʦ IP ʘʜʨʝʩ ʢʣʠʝʥʪʘ ʜʦʣʞʝʥ ʙʳʪʴ ʥʘʟʥʘʯʝʥ 

ʩʝʨʚʝʨʦʤ. ʅʘ ʚʢʣʘʜʢʝ ʧʨʦʚʝʨʢʘ ʧʦʜʣʠʥʥʦʩʪʠ ʥʫʞʥʦ ʦʪʢʨʳʪʴ ʦʢʥʦ ʚʳʙʦʨ ʧʦʩʪʘʚʱʠʢʦʚ EAP ʠ 

ʜʦʙʘʚʠʪʴ ʪʠʧ EAP Protected EAP, ʱʝʣʢʥʫʪʴ ʢʥʦʧʢʫ ʠʟʤʝʥʠʪʴ ʠ ʫʢʘʟʘʪʴ, ʯʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʰʠʬʨʦʚʘʥʥʘʷ ʧʨʦʚʝʨʢʘ ʧʦʜʣʠʥʥʦʩʪʠ MSCHAP v2.  

 

 
 

ʈʠʩʫʥʦʢ 4.65. ʇʨʦʚʝʨʢʘ ʧʦʜʣʠʥʦʩʪʠ 
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ʅʘʩʪʨʦʡʢʘ ʪʦʯʝʢ ʜʦʩʪʫʧʘ 

 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʝʨʝʡʪʠ ʢ ʥʘʩʪʨʦʡʢʝ ʪʦʯʢʠ ʜʦʩʪʫʧʘ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʢʣʶʯʠʪʴ ʝʝ ʢ ʇʂ ʧʦ 

ʩʨʝʜʩʪʚʘʤ Ethernet ʠ ʧʦʜʢʣʶʯʠʪʩʷ ʢ ʥʝʡ, ʠʩʧʦʣʴʟʫʷ telnet ʠʣʠ WEB ï ʠʥʪʝʨʬʝʡʩ. ʄʳ ʙʫʜʫ 

ʠʩʧʦʣʴʟʦʚʘʪʴ  WEB ï ʠʥʪʝʨʬʝʡʩ, ʦʥ ʙʦʣʝʝ ʧʨʦʩʪ ʠ ʥʘʛʣʷʜʝʥ. ʇʦ ʫʤʦʣʯʘʥʠʶ ʪʦʯʢʠ ʜʦʩʪʫʧʘ 

NETGEAR WG102, ʠʤʝʶʪ IP ï ʘʜʨʝʩ 192.168.0.229, ʠʤʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ñadminò ʠ ʧʘʨʦʣʴ 

ñpasswordò.  

 

 
 

ʈʠʩʫʥʦʢ 4.66.  ʇʦʜʢʣʶʯʝʥʠʝ ʢ ʙʝʩʧʨʦʚʦʜʥʦʡ ʪʦʯʢʝ ʜʦʩʪʫʧʘ 

ʇʨʝʞʜʝ ʚʩʝʛʦ, ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʢʘʥʘʣ ʥʘ ʢʦʪʦʨʦʤ ʙʫʜʝʪ ʨʘʙʦʪʘʪʴ ʪʦʯʢʘ. ɺ ʧʫʥʢʪʝ 

12.2. ʜʣʷ ʢʘʞʜʦʡ ʪʦʯʢʠ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʘʥʘʣʳ ʘ ʪʘʢʞʝ ʫʨʦʚʝʥʴ ʚʳʭʦʜʥʦʡ 

ʤʦʱʥʦʩʪʠ. ɼʣʷ ʠʭ ʥʘʩʪʨʦʡʢʠ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʡʪʠ ʥʘ ʚʢʣʘʜʢʫ Wireless Settings, ʚ ʧʦʣʝ 

Channel/Frequency ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʫʞʥʳʡ ʢʘʥʘʣʘ (1, 6, 11); ʏʪʦʙʳ ʩʦʭʨʘʥʠʪʴ ʩʦʚʤʝʩʪʠʤʦʩʪʴ 

ʩʦ ʩʪʘʥʜʘʨʪʥʦʤ 802.11b ʚ ʧʦʣʝ Operating  Mode ʩʣʝʜʫʝʪ ʚʙrʨʘʪʴ çAuto(802.11g/802.11b)è.     

 

 
 

ʈʠʩʫʥʦʢ 4.67.  ɺʳʙʦʨ ʯʘʩʪʦʪʥʦʛʦ ʢʘʥʘʣʘ 

 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʩʚʦʠʪʴ ʪʦʯʢʝ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʟʦʥʳ ʦʙʩʣʫʞʠʚʘʥʠʷ 

(SSID) ʠ ʫʩʪʘʥʦʚʠʪʴ ʧʘʨʘʤʝʪʨʳ ʟʘʰʠʪʳ, ʜʣʷ ʵʪʦʛʦ ʧʝʨʝʭʦʜʠʤ ʥʘ ʚʢʣʘʜʢʫ Security Profile 

Setting ʨʠʩʫʥʦʢ 4.68. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʦʫʤʥʛʘ ʪʨʝʙʫʝʪʩʷ ʯʪʦʙʳ ʚʩʝ ʪʦʯʢʠ ʠʤʝʣʠ ʦʜʠʥʘʢʦʚʳʡ 

SSID. 
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ʈʠʩʫʥʦʢ  4.68. ʅʘʩʪʨʦʡʢʘ ʧʘʨʘʤʝʪʨʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ 

 

ʊʘʢ ʢʘʢ  ʜʣʷ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʚ ʩʝʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ RADIUS ʩʝʨʚʝʨ, ʚ ʧʫʥʢʪʝ Network 

Authentication  ʩʣʝʜʫʝʪ ʫʢʘʟʘʪʴ ñWPA2 with Radiusò. ɺ ʢʘʯʝʩʪʚʝ ʘʣʛʦʨʠʪʤʘ ʰʠʬʨʦʚʘʥʠʷ 

ʩʣʝʜʫʝʪ ʚʳʙʨʘʪʴ AES. ʇʘʨʘʤʝʪʨʳ RADIUS ʩʝʨʚʝʨʘ ʟʘʜʘʶʪʩʷ ʚ ʧʫʥʢʪʝ Radius Server Settings. 

ʉʣʝʜʫʝʪ ʫʢʘʟʘʪʴ IP ʘʜʨʝʩ ʩʝʨʚʝʨʘ, ʧʦʨʪ, ʠ ʦʙʱʠʡ ʩʝʢʨʝʪ ʨʠʩ. 4.69.     

 

 
 

ʈʠʩʫʥʦʢ 4.69. ʅʘʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ RADIUS ʩʝʨʚʝʨʘ 

 

ɺ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʩʝʪʠ ʪʦʯʢʠ ʜʦʩʪʫʧʘ ʙʫʜʫʪ ʠʤʝʪʴ ʬʠʢʩʠʨʦʚʘʥʥʳʝ IP ʘʜʨʝʩʘ, ʧʦ ʵʪʦʤʫ 
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ʠʭ ʥʫʞʥʦ ʧʨʦʧʠʩʘʪʴ ʥʘ  ʢʘʞʜʦʡ ʪʦʯʢʝ, ʪʘʢʞʝ ʩʪʦʠʪ ʫʢʘʟʘʪʴ DNS ʠ ʐʣʶʟ ʨʠʩʫʥʦʢ 4.70.  

 

 
 

ʈʠʩʫʥʦʢ  4.70. ʉʝʪʝʚʳʝ ʥʘʩʪʨʦʡʢʠ ʪʦʯʢʠ 

 

ɺ ʮʝʣʷʭ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʣʝʜʫʝʪ ʩʤʝʥʠʪʴ ʩʪʘʥʜʘʨʪʥʳʡ ʧʘʨʦʣʴ, ʜʣʷ ʵʪʦʛʦ ʧʝʨʝʭʦʜʠʤ ʥʘ 

ʚʢʣʘʜʢʫ Change Password, ʚʥʘʯʘʣʝ ʫʢʘʟʳʚʘʝʪʩʷ ʩʪʘʨʳʡ ʧʘʨʦʣʴ ʟʘʪʝʤ ʥʦʚʳʡ ʠ ʧʦʜʪʚʝʨʞʜʝʥʠʝ 

(ʞʝʣʘʪʝʣʴʥʦ ʯʪʦʙʳ ʧʘʨʦʣʴ ʫʜʦʚʣʝʪʚʦʨʷʣ ʪʨʝʙʦʚʘʥʠʷʤ ʩʣʦʞʥʦʩʪʠ).  

 

 
 

ʈʠʩʫʥʦʢ 4.71.  ʀʟʤʝʥʝʥʠʝ ʧʘʨʦʣʷ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ 

 

ɼʣʷ ʚʩʪʫʧʣʝʥʠʷ ʥʘʩʪʨʦʝʢ ʚ ʩʠʣʫ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʟʘʛʨʫʟʠʪʴ ʪʦʯʢʫ ʜʦʩʪʫʧʘ ʜʣʷ ʵʪʦʛʦ 

ʧʝʨʝʭʦʜʠʤ ʥʘ ʚʢʣʘʜʢʫ Rebut AP. 
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ʅʘʩʪʨʦʡʢʘ ʢʣʠʝʥʪʢʦʡ ʩʠʩʪʝʤʳ 

 

ʅʘ ʚʩʝʭ ʢʦʤʧʴʶʪʝʨʘʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʫʩʪʘʥʦʚʣʝʥʘ ʦʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ Windows XP 

SP2. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʢʣʠʝʥʪ ʩʤʦʛ ʧʨʦʚʝʨʠʪʴ ʧʦʜʣʠʥʥʦʩʪʴ ʩʝʨʚʝʨʘ ʠ ʦʨʛʘʥʠʟʦʚʘʪʴ ʩ ʥʠʤ  

ʰʠʬʨʦʚʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ï ʢʣʠʝʥʪʫ ʥʫʞʥʦ ʠʤʝʪʴ ʩʝʨʪʠʬʠʢʘʪ ʩʝʨʚʝʨʘ. ʕʪʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʥʝʩʢʦʣʴʢʠʤʠ ʩʧʦʩʦʙʘʤʠ. ʆʪʢʨʳʪʴ internet explorer ʠ ʚ ʧʦʣʝ ʘʜʨʝʩʘ ʥʘʧʠʩʘʪʴ 

http://CA_ʘʜʨʝʩ/certsrv, ʥʘ ʦʪʢʨʳʚʰʝʡʩʷ ʩʪʨʘʥʠʮʝ ʚʳʙʨʘʪʴ ʧʫʥʢʪ ʫʩʪʘʥʦʚʢʘ ʩʝʨʪʠʬʠʢʘʪʘ ʠ 

ʩʣʝʜʦʚʘʪʴ ʫʢʘʟʘʥʠʷʤ ʤʘʩʪʝʨʘ. ɹʦʣʝʝ ʧʦʜʭʦʜʷʱʠʡ ʚ ʤʦʝʤ ʩʣʫʯʘʝ ʚʘʨʠʘʥʪ (ʢʦʤʧʴʶʪʝʨʳ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʝʱʝ ʥʝ ʠʤʝʶʪ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʩʝʪʠ ʧʨʝʜʧʨʠʷʪʠʷ), ʩʢʦʧʠʨʦʚʘʪʴ ʩʝʨʪʠʬʠʢʘʪ 

ʚʳʜʘʥʥʳʡ ʩʝʨʚʝʨʫ RADIUS ʢʦʨʥʝʚʳʤ ʮʝʥʪʨʦʤ ʩʝʨʪʠʬʠʢʘʮʠʠ ʥʘ ʩʲʝʤʥʳʡ ʥʦʩʠʪʝʣʴ ʠ 

ʧʨʦʠʟʚʝʩʪʠ ʫʩʪʘʥʦʚʢʫ ʥʘ ʤʘʰʠʥʳ ʢʣʠʝʥʪʦʚ ʩ ʵʪʦʛʦ ʥʦʩʠʪʝʣʷ. ʇʨʠ ʜʚʦʡʥʦʤ ʱʝʣʯʢʝ ʧʦ ʬʘʡʣʫ 

ʩʝʨʪʠʬʠʢʘʪʘ ʥʘ ʵʢʨʘʥʝ ʧʦʷʚʣʷʝʪʩʷ ʦʢʥʦ ʠʟʦʙʨʘʞʝʥʥʦʝ ʥʘ ʨʠʩ. 4.72.  

 

 
 

ʈʠʩʫʥʦʢ 4.72.  ʋʩʪʘʥʦʚʢʘ ʩʝʨʪʠʬʠʢʘʪʘ 

 

ʅʘ ʚʢʣʘʜʢʝ ʩʦʩʪʘʚ ʤʦʞʥʦ ʧʨʦʩʤʦʪʨʝʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝʨʪʠʬʠʢʘʪʘ (ʘʣʛʦʨʠʪʤ 

ʮʠʬʨʦʚʦʡ ʧʦʜʧʠʩʠ, ʩʝʨʠʡʥʳʡ ʥʦʤʝʨ ʩʝʨʪʠʬʠʢʘʪʘ, ʢʝʤ ʠ ʢʦʛʜʘ ʚʳʜʘʥ, ʜʘʪʘ ʦʢʦʥʯʘʥʠʷ ʩʨʦʢʘ 

ʜʝʡʩʪʚʠʷ, ʘʣʛʦʨʠʪʤ ʠ ʜʣʠʥʘ ʦʪʢʨʳʪʦʛʦ ʢʣʶʯʘ). ʏʪʦʙʳ ʫʩʪʘʥʦʚʠʪʴ ʩʝʨʪʠʬʠʢʘʪ ʥʝʦʙʭʦʜʠʤʦ 

ʢʣʠʢʥʫʪʴ ʢʥʦʧʢʫ ʫʩʪʘʥʦʚʠʪʴ ʩʝʨʪʠʬʠʢʘʪ ʠ ʩʣʝʜʦʚʘʪʴ ʫʢʘʟʘʥʠʷʤ ʤʘʩʪʝʨʘ ʫʩʪʘʥʦʚʢʠ 

ʩʝʨʪʠʬʠʢʘʪʦʚ.  

ɼʘʣʝʝ ʩʣʝʜʫʝʪ ʚʳʙʨʘʪʴ ʨʝʞʠʤ, ʚ ʢʦʪʦʨʦʤ ʙʫʜʝʪ ʨʘʙʦʪʘʪʴ ʩʝʪʝʚʘʷ ʢʘʨʪʘ (ʨʠʩ. 4.73). ɺ 

ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ Windows ʧʨʝʜʣʘʛʘʝʪʩʷ 3 ʦʩʥʦʚʥʳʝ ʥʘʩʪʨʦʡʢʠ. ʕʪʦ ʧʦʜʩʦʝʜʠʥʝʥʠʝ ʢ 

ʣʶʙʦʡ ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʝʪʠ, ʧʦʜʢʣʶʯʝʥʠʝ ʢ ʪʦʯʢʝ ʜʦʩʪʫʧʘ  AP ʠ ʨʝʞʠʤ ʨʘʙʦʪʳ Ad-Hoc 

(ʩʦʝʜʠʥʝʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ ʢʦʤʧʴʶʪʝʨʘʤʠ). ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ, ʚʦ ʠʟʙʝʞʘʥʠʝ ʢʦʥʬʣʠʢʪʦʚ ʩʝʪʠ, 

ʩʣʝʜʫʝʪ ʚʳʙʨʘʪʴ ʨʝʞʠʤ Access Point network only (ʨʝʞʠʤ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʪʦʣʴʢʦ ʩ ʪʦʯʢʘʤʠ 

ʜʦʩʪʫʧʘ). 

http://ca_адрес/certsrv
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ʈʠʩʫʥʦʢ 4.73.  ɺʳʙʦʨ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʩʝʪʝʚʦʡ ʢʘʨʪʳ 

 

ʉʣʝʜʫʶʱʠʡ ʰʘʛ, ʥʘʩʪʨʦʡʢʘ ʙʝʩʧʨʦʚʦʜʥʳʭ ʘʜʘʧʪʝʨʦʚ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʢʦʤʧʴʶʪʝʨʦʚ, 

ʜʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʦʪʢʨʳʪʴ ʧʘʧʢʫ ʩʝʪʝʚʳʝ ʧʦʜʢʣʶʯʝʥʠʷ ʠ ʧʝʨʝʡʪʠ ʚ ʩʚʦʡʩʪʚʘ 

ʙʝʩʧʨʦʚʦʜʥʦʛʦ ʘʜʘʧʪʝʨʘ, ʥʘ ʚʢʣʘʜʢʫ ʙʝʩʧʨʦʚʦʜʥʳʝ ʩʝʪʠ. ɼʘʣʝʝ ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʘʚʠʪʴ ʪʦʯʢʫ 

ʜʦʩʪʫʧʘ, ʩ ʢʦʪʦʨʦʡ ʙʫʜʝʪ ʨʘʙʦʪʘʪʴ ʧʦʣʴʟʦʚʘʪʝʣʴ, ʜʣʷ ʵʪʦʛʦ ʚ ʧʦʣʝ çʧʨʝʜʧʦʯʠʪʘʝʤʳʝ 

ʙʝʩʧʨʦʚʦʜʥʳʝ ʩʝʪʠè ʥʫʞʥʦ ʥʘʞʘʪʴ ʢʥʦʧʢʫ ʜʦʙʘʚʠʪʴ.  ɺ ʧʦʷʚʠʚʰʝʤʩʷ ʦʢʥʝ ʩʚʦʡʩʪʚʘ 

ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʝʪʠ ʥʝʦʙʭʦʜʠʤʦ ʫʢʘʟʘʪʴ SSID ʩʝʪʠ ʚ ʤʦʝʤ ʩʣʫʯʘʝ çtestè, ʧʨʦʚʝʨʢʘ ʧʦʜʣʠʥʥʦʩʪʠ 

WPA, ʰʠʬʨʦʚʘʥʠʝ ʜʘʥʥʳʭ AES. ɼʘʣʝʝ ʧʝʨʝʭʦʜʠʤ ʥʘ ʚʢʣʘʜʢʫ ʧʨʦʚʝʨʢʘ ʧʦʜʣʠʥʥʦʩʪʠ.  

 

 
 

ʈʠʩʫʥʦʢ 4.74.  ɺʳʙʦʨ ʤʝʪʦʜʘ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ 
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ɺ ʧʦʣʝ ʪʠʧ EAP ʫʢʘʟʳʚʘʝʤ ɿʘʱʠʱʝʥʥʳʡ EAP (PEAP), ʜʘʣʝʝ ʥʘʞʘʚ ʢʥʦʧʢʫ ʩʚʦʡʩʪʚʘ 

ʧʝʨʝʭʦʜʠʤ ʚ ʦʢʥʦ ʟʘʱʠʱʝʥʥʳʝ ʩʚʦʡʩʪʚʘ EAP (ʨʠʩʫʥʦʢ 4.75), ʫʩʪʘʥʘʚʣʠʚʘʝʤ ʛʘʣʦʯʢʫ ʚ ʧʦʣʝ 

ʧʨʦʚʝʨʷʪʴ ʩʝʨʪʠʬʠʢʘʪ ʩʝʨʚʝʨʘ ʠ ʚʳʙʠʨʘʝʤ ʜʦʚʝʨʝʥʥʳʝ ʢʦʨʥʝʚʳʝ ʮʝʥʪʨʳ ʩʝʨʪʠʬʠʢʘʮʠʠ 

ʚʳʙʠʨʘʝʤ ʥʘʰ ʮʝʥʪʨ ʩʝʨʪʠʬʠʢʘʮʠʠ. ɺ ʧʦʣʝ ʚʳʙʦʨ ʤʝʪʦʜʘ ʧʨʦʚʝʨʢʠ ʧʦʜʣʠʥʥʦʩʪʠ ʫʢʘʟʳʚʘʝʤ 

ʙʝʟʦʧʘʩʥʳʡ ʧʘʨʦʣʴ (EAP-MSCHAP v2).  

 

 
 

ʈʠʩʫʥʦʢ 4.75. ɿʘʱʠʱʝʥʥʳʝ ʩʚʦʡʩʪʚʘ EAP 

 

ʇʨʦʙʫʝʤ ʧʦʜʢʣʶʯʠʪʴʩʷ ʢ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʝʪʠ ʧʦʧʳʪʢʘ ʦʢʘʟʳʚʘʝʪʩʷ ʫʜʘʯʥʦʡ. ɺ ʞʫʨʥʘʣʝ 

ʩʦʙʳʪʠʡ ʦʪʦʙʨʘʞʘʝʪʩʷ ʫʚʝʜʦʤʣʝʥʠʝ, ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʝ  ʩʣʫʞʙʦʡ IAS, ʦ ʪʦʤ ʯʪʦ ʧʦʣʟɹʦʚʘʪʝʣʶ 

test1 ʚʭʦʜʷʱʝʤʫ ʚ ʛʨʫʧʧʫ aut, ʧʨʝʜʦʩʪʘʚʣʝʥ ʜʦʩʪʫʧ, ʢʣʠʝʥʪ ʪʘʢʞʝ ʧʦʣʫʯʠʣ ip ʘʜʨʝʩ ʠ ʢ ʥʠʤʫ 

ʧʨʠʤʝʥʠʣʘʩʴ ʛʨʫʧʧʦʚʘʷ ʧʦʣʠʪʠʢʘ.  

 

 
ʈʠʩʫʥʦʢ 4.76. ʇʨʦʩʤʦʪʨ ʩʦʙʳʪʠʡ 


