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ʇʦʚʳʰʝʥʠʝ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʦʙʲʝʜʠʥʝʥʥʦʡ ʚʦʟʜʫʰʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʩʝʪʠ ʩʚʷʟʠ 

 

ʏʘʩʪʴ 1. ʄʦʜʝʣʠ ʠ ʤʝʪʦʜʠʢʘ ʧʦʚʳʰʝʥʠʷ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʦʙʲʝʜʠʥʝʥʥʦʡ ʩʝʪʠ ʩʚʷʟʠ ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ Mesh-ʪʝʭʥʦʣʦʛʠʡ 

 

ʀʚʘʥʦʚ ʄ. ʉ., ɸʛʘʥʝʩʦʚ ɸ. ɺ., ʄʘʢʘʨʝʥʢʦ ʉ. ʀ. 

 
ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ: ʢʘʢ ʧʦʢʘʟʳʚʘʝʪ ʦʧʳʪ ʚʝʜʝʥʠʷ ʙʦʝʚʳʭ ʜʝʡʩʪʚʠʡ, ɺʦʟʜʫʰʥʦ-ʢʦʩʤʠʯʝʩʢʠʝ 

ʩʠʣʳ ʧʨʠʤʝʥʷʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʩʧʝʮʠʘʣʴʥʳʭ ʚʦʝʥʥʳʭ ʦʧʝʨʘʮʠʡ ʥʘ ʧʨʠʣʝʛʘʶʱʠʭ 

ʪʝʨʨʠʪʦʨʠʷʭ ʢ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʥʦ ʠ ʜʣʷ ʦʪʩʪʘʠʚʘʥʠʷ ʠʥʪʝʨʝʩʦʚ ʈʦʩʩʠʠ ʟʘ ʝʝ ʧʨʝʜʝʣʘʤʠ, ʛʜʝ 

ʥʝ ʚʩʝʛʜʘ ʚʦʟʤʦʞʥʦ ʦʨʛʘʥʠʟʦʚʘʪʴ ʦʧʝʨʘʪʠʚʥʦʝ ʛʣʦʙʘʣʴʥʦʝ ʫʧʨʘʚʣʝʥʠʝ. ʆʙʝʩʧʝʯʝʥʠʝ ʛʣʦʙʘʣʴʥʦʩʪʠ 

ʫʧʨʘʚʣʝʥʠʷ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʩʦʧʨʷʞʝʥʠʷ ʩʝʪʠ ʚʦʟʜʫʰʥʦʡ ʨʘʜʠʦʩʚʷʟʠ (ʉɺʈʉ) ʫʧʨʘʚʣʝʥʠʷ ʘʚʠʘ-

ʮʠʠ ʠ ʩʧʫʪʥʠʢʦʚʦʡ ʩʝʪʠ ʩʚʷʟʠ (ʉʉʉ), ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʛʣʦʙʘʣʴʥʦʝ ʧʦʢʨʳʪʠʝ ʥʘ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ 

ɿʝʤʣʠ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʧʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʪʘʢʦʛʦ ʩʦʧʨʷʞʝʥʠʷ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʘ 

ʧʨʦʩʪʦʡ ʫʩʪʘʥʦʚʢʦʡ ʩʨʝʜʩʪʚ ʨʘʜʠʦʩʚʷʟʠ ʉɺʈʉ ʠ ʉʉʉ ʚ ʩʦʩʪʘʚ ʘʚʠʘʮʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩʚʷʟʠ, ʵʪʦ 

ʩʚʷʟʘʥʥʦ ʩ ʨʝʰʝʥʠʝʤ ʨʷʜʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʪʘʢʠʭ ʢʘʢ: ʩʦʛʣʘʩʦʚʘʥʠʝ ʩʢʦʨʦ-

ʩʪʝʡ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ, ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʪʦʢʦʣʦʚ ʩʦʚʤʝʩʪʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʉɺʈʉ ʠ ʉʉʉ, ʨʘʟʨʘ-

ʙʦʪʢʘ ʧʨʦʪʦʢʦʣʦʚ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʠ ʨʝʪʨʘʥʩʣʷʮʠʠ ʩʦʦʙʱʝʥʠʡ, ʘ ʪʘʢʞʝ ʚʳʧʦʣʥʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʧʦ 

ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʝ ʩʝʛʤʝʥʪʦʚ ʚʦʟʜʫʰʥʦʡ ʠ ʢʦʩʤʠʯʝʩʢʦʡ ʨʘʜʠʦʩʚʷʟʠ. ʎʝʣʴ ʨʘʙʦʪʳ: ʧʦʚʳʰʝʥʠʝ ʧʨʦ-

ʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʦʙʲʝʜʠʥʸʥʥʦʡ ʚʦʟʜʫʰʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʩʝʪʠ ʩʚʷʟʠ (ʆɺʂʉʉ) ʟʘ ʩʯʝʪ ʨʘʟʨʘʙʦʪʢʠ 

ʤʦʜʝʣʝʡ ʠ ʤʝʪʦʜʠʢʠ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʧʨʠʥʮʠʧʘ ʨʝʪʨʘʥʩʣʷʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ʚ ʩʝʪʷʭ 

ʚʦʟʜʫʥhʦʡ ʠ ʢʦʩʤʠʯʝʩʢʦʡ ʨʘʜʠʦʩʚʷʟʠ. ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʮʝʣʠ ʨʘʙʦʪʳ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʘʪʝʤʘʪʠʯʝ-

ʩʢʠʡ ʘʧʧʘʨʘʪ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʠ, ʪʝʦʨʠʠ ʛʨʘʬʦʚ, ʪʝʦʨʠʠ ʩʠʩʪʝʤ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ. ʅʦ-

ʚʠʟʥʘ. ʂ ʵʣʝʤʝʥʪʘʤ ʥʦʚʠʟʥʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʤʦʜʝʣʝʡ, ʦʪʥʦʩʠʪʩʷ ʨʘʩʩʤʦʪʨʝʥʠʝ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ 

ʩʝʪʠ ʩʚʷʟʠ, ʷʜʨʦʤ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʉʉʉ, ʘ ʥʠʞʥʠʡ ʫʨʦʚʝʥʴ ʦʙʨʘʟʦʚʘʥ ʉɺʈʉ, ʘ ʪʘʢʞʝ ʫʯʝʪ ʩʧʝʮʠ-

ʬʠʢʠ Mesh-ʪʝʭʥʦʣʦʛʠʠ ʚ ʉɺʈʉ ʜʣʷ ʤʦʜʝʣʠ ʩ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʧʦʪʦʢʦʚ. ʅʦʚʠʟʥʦʡ ʤʝʪʦʜʠʢʠ, ʦʪʣʠʯʘʶʱʝʡ ʝʝ ʦʪ ʘʥʘʣʦʛʠʯʥʳʭ ʨʘʙʦʪ, ʷʚʣʷʝʪʩʷ ʩʦʚʤʝʩʪʥʳʡ ʫʯʝʪ 

ʩʧʝʮʠʬʠʢʠ ʢʘʢ ʚʦʟʜʫʰʥʳʭ ʩʝʪʝʡ ʨʘʜʠʦʩʚʷʟʠ, ʪʘʢ ʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʩʝʛʤʝʥʪʘ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʤʝʪʦʜʘ ʅʴʶʪʦʥʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʝʰʝʥʠʷ. ʈʝʟʫʣʴʪʘʪ. ʇʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʙʘʣʘʥʩʠʨʦʚʢʘ ʥʘʛʨʫʟʢʠ ʮʝʣʝʩʦʦʙʨʘʟʥʘ ʠ ʚʦʟʤʦʞʥʘ ʜʣʷ ʆɺʂʉʉ ʩ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʩʚʷʟʥʦʩʪʠ ʩʝʪʝʡ 

ʚʦʟʜʫʰʥʦʛʦ ʩʝʛʤʝʥʪʘ. ʇʨʠ ʵʪʦʤ ʨʘʩʯʝʪʥʦʝ ʟʥʘʯʝʥʠʝ ʜʦʣʠ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʯʝʨʝʟ ʢʦʩʤʠʯʝʩʢʠʡ ʩʝʛʤʝʥʪ 

ʪʨʘʬʠʢʘ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʟʘʜʝʨʞʢʝ ʧʝʨʝʜʘʯʠ ï ʯʝʤ ʚʳʰʝ ʜʦʣʷ ʩʧʫʪʥʠʢʦʚʦʛʦ ʪʨʘʬʠʢʘ, ʪʝʤ 

ʚʳʰʝ ʩʨʝʜʥʷʷ ʟʘʜʝʨʞʢʘ ʧʝʨʝʜʘʯʠ ʩʦʦʙʱʝʥʠʡ. ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ: ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʨʘʙʦʪʘʥ-

ʥʦʡ ʤʝʪʦʜʠʢʠ ʧʦʟʚʦʣʷʝʪ ʦʙʦʩʥʦʚʘʪʴ ʜʦʣʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ, ʨʝʪʨʘʥʩʣʠʨʫʝʤʳʭ ʯʝʨʝʟ ʚʦʟ-

ʜʫʰʥʳʡ ʠ ʢʦʤʠʯʝʩʢʠʡ ʩʝʛʤʝʥʪʳ ʆɺʂʉʉ ʩ ʮʝʣʴʶ ʙʘʣʘʥʩʠʨʦʚʢʠ ʥʘʛʨʫʟʢʠ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦ-

ʢʦʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʪʨʝʙʫʝʤʦʛʦ ʫʨʦʚʥʷ ʩʚʦʝʚʨʝʤʝʥʥʦʩʪʠ ʧʝʨʝʜʘʯʠ ʩʦʦʙʱʝʥʠʡ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʝʪʴ ʚʦʟʜʫʰʥʦʡ ʨʘʜʠʦʩʚʷʟʠ, ʩʧʫʪʥʠʢʦʚʘʷ ʩʝʪʴ ʩʚʷʟʠ, ʦʨʛʘʥʠʟʘʮʠʷ ʩʚʷʟʠ, ʚʦ-

ʝʥʥʘʷ ʘʚʠʘʮʠʷ, ʫʧʨʘʚʣʝʥʠʝ ʣʝʪʘʪʝʣʴʥʳʤʠ ʘʧʧʘʨʘʪʘʤʠ. 

 

                                                 
 ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʘʷ ʩʩʳʣʢʘ ʥʘ ʩʪʘʪʴʶ: 

ʀʚʘʥʦʚ ʄ. ʉ., ɸʛʘʥʝʩʦʚ ɸ. ɺ., ʄʘʢʘʨʝʥʢʦ ʉ. ʀ. ʇʦʚʳʰʝʥʠʝ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʦʙʲʝʜʠʥʝʥʥʦʡ 

ʚʦʟʜʫʰʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʩʝʪʠ ʩʚʷʟʠ. ʏʘʩʪʴ 1. ʄʦʜʝʣʠ ʠ ʤʝʪʦʜʠʢʘ ʧʦʚʳʰʝʥʠʷ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʦʙʲʝʜʠʥʝʥʥʦʡ ʩʝʪʠ ʩʚʷʟʠ ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ Mesh-ʪʝʭʥʦʣʦʛʠʡ // ʉʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʩʚʷʟʠ ʠ 
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ɺʚʝʜʝʥʠʝ 

ʉʣʦʞʥʘʷ ʚʦʝʥʥʦ-ʧʦʣʠʪʠʯʝʩʢʘʷ ʦʙʩʪʘʥʦʚʢʘ ʚ ʤʠʨʝ, ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠ-

ʚʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ɺʦʟʜʫʰʥʦ-ʢʦʩʤʠʯʝʩʢʠʭ ʉʠʣ (ɺʂʉ) ʚ ʨʘʟʣʠʯʥʳʭ 

ʪʦʯʢʘʭ ɿʝʤʣʠ, ʚ ʢʦʪʦʨʳʭ ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ (ʈʌ) ʠʤʝʝʪ ʩʚʦʠ ʠʥʪʝʨʝʩʳ. ʆʜ-

ʥʠʤ ʠʟ ʧʨʠʤʝʨʦʚ ʪʘʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ɺʂʉ ʷʚʣʷʝʪʩʷ ʟʘʜʝʡʩʪʚʦʚʘʥʠʝ ʦʧʝʨʘʪʠʚʥʦ-

ʪʘʢʪʠʯʝʩʢʦʡ ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʦʡ ʘʚʠʘʮʠʠ ʚ ʦʧʝʨʘʮʠʠ ʧʨʦʪʠʚ ʪʝʨʨʦʨʠʩʪʠʯʝʩʢʠʭ 

ʚʦʝʥʠʟʠʨʦʚʘʥʥʳʭ ʬʦʨʤʠʨʦʚʘʥʠʡ ʧʦ ʧʨʦʩʴʙʝ ʧʨʘʚʠʪʝʣʴʩʪʚʘ ʉʠʨʠʠ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ ʘʢʪʫʘʣʴʥʦʡ ʚʦʝʥʥʦ-ʧʨʠʢʣʘʜʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʛʣʦʙʘʣʴʥʦʛʦ 

ʧʦʣʷ ʫʧʨʘʚʣʝʥʠʷ ʘʚʠʘʮʠʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ, ʠ ʟʘ ʧʨʝʜʝʣʘʤʠ ʈʌ. ʆʙʝʩʧʝʯʝʥʠʝ ʛʣʦ-

ʙʘʣʴʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ ʩʦʧʨʷʞʝʥʠʷ ʩʝʪʠ ʚʦʟʜʫʰ-

ʥʦʡ ʨʘʜʠʦʩʚʷʟʠ (ʉɺʈʉ) ʫʧʨʘʚʣʝʥʠʷ ʘʚʠʘʮʠʠ ʠ ʩʧʫʪʥʠʢʦʚʦʡ ʩʝʪʠ ʩʚʷʟʠ (ʉʉʉ), 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʛʣʦʙʘʣʴʥʦʝ ʧʦʢʨʳʪʠʝ ʥʘ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ɿʝʤʣʠ. ʊʘʢʦʝ ʩʦ-

ʧʨʷʞʝʥʠʝ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʢʦʥʮʝʧʮʠʝʡ ʧʦʩʪʨʦʝʥʠʷ ʚʦʝʥʥʳʭ ʩʠ-

ʩʪʝʤ ʩʚʷʟʠ ʠ ʧʦʟʚʦʣʠʪ ʩʦʟʜʘʪʴ ʝʜʠʥʫʶ ʚʦʟʜʫʰʥʦ-ʢʦʩʤʠʯʝʩʢʫʶ ʩʝʪʴ ʩʚʷʟʠ ʛʣʦ-

ʙʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʘʚʠʘʮʠʝʡ ʚ ʤʘʩʰʪʘʙʘʭ ɿʝʤʣʠ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʧʨʘʢʪʠʯʝʩʢʘʷ 

ʨʝʘʣʠʟʘʮʠʷ ʩʦʧʨʷʞʝʥʠʷ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʘ ʧʨʦʩʪʦʡ ʫʩʪʘʥʦʚʢʦʡ ʩʨʝʜʩʪʚ 

ʨʘʜʠʦʩʚʷʟʠ ʉɺʈʉ ʠ ʉʉʉ ʚ ʩʦʩʪʘʚ ʘʚʠʘʮʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩʚʷʟʠ, ʵʪʦ ʩʚʷʟʘʥʥʦ 

ʩ ʨʝʰʝʥʠʝʤ ʨʷʜʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ.  

ʂ ʪʘʢʠʤ, ʟʘʜʘʯʘʤ ʦʪʥʦʩʠʪʩʷ ʩʦʛʣʘʩʦʚʘʥʠʝ ʩʢʦʨʦʩʪʝʡ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ, 

ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʪʦʢʦʣʦʚ ʩʦʚʤʝʩʪʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʉɺʈʉ ʠ ʉʉʉ, ʨʘʟʨʘ-

ʙʦʪʢʘ ʧʨʦʪʦʢʦʣʦʚ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʠ ʨʝʪʨʘʥʩʣʷʮʠʠ ʩʦʦʙʱʝʥʠʡ ʚ ʦʙʲʝʜʠʥʸʥʥʦʡ 

ʚʦʟʜʫʰʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʩʝʪʠ ʩʚʷʟʠ (ʆɺʂʉʉ) ʠ ʜʨʫʛʠʝ ʟʘʜʘʯʠ. ʂʨʦʤʝ ʪʦʛʦ, ʦʧʳʪ 

ʧʨʠʤʝʥʝʥʠʷ ʘʚʠʘʮʠʠ ɺʂʉ ʈʌ ʚ ʉʠʨʠʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʘʚʠʘʮʠʶ, ʧʦʤʠʤʦ ʥʘʥʝʩʝʥʠʷ 

ʫʜʘʨʦʚ ʧʦ ʥʘʟʝʤʥʳʤ ʮʝʣʷʤ, ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʨʘʟʚʝʜʢʠ ʥʘʟʝʤʥʳʭ ʮʝʣʝʡ, 

ʮʝʣʝʫʢʘʟʘʥʠʷ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚʳʩʦʢʦʪʦʯʥʦʛʦ ʦʨʫʞʠʷ (ɺʊʆ) ʤʦʨʩʢʦʛʦ ʙʘʟʠʨʦ-

ʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʢʦʥʪʨʦʣʷ ʨʝʟʫʣʴʪʘʪʦʚ ʫʜʘʨʦʚ ɺʊʆ. ʕʪʠ ʟʘʜʘʯʠ ʪʨʝʙʫʶʪ ʧʝʨʝʜʘʯʠ 

ʧʦ ʆɺʂʉʉ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʨʘʟʚʝʜʳʚʘʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ (ʠʟʦʙʨʘʞʝʥʠʷ ʠ 

ʚʠʜʝʦ ʚ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʤ ʠ ʦʧʪʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ), ʘ ʪʘʢʞʝ ʠʥʪʝʥʩʠʚʥʦʛʦ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʤʝʞʜʫ ʘʙʦʥʝʥʪʘʤʠ ɺʂʉ, ɺʦʝʥʥʦ-ʤʦʨʩʢʦʛʦ ʬʣʦʪʘ 

(ɺʄʌ) ʠ ʧʫʥʢʪʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʦʧʝʨʘʮʠʝʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʉʠʨʠʠ ʠ ʥʘ ʪʝʨʨʠʪʦ-

ʨʠʠ ʈʌ. ʇʨʠ ʵʪʦʤ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʝʪʠ ʩʚʷʟʠ, ʜʣʷ ʧʝ-

ʨʝʜʘʯʠ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʠʥʬʦʨʤʘʮʠʠ, ʟʘʯʘʩʪʫʶ ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦʡ, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʳʩʦʢʠʤ ʟʘʜʝʨʞʢʘʤ ʚ ʧʝʨʝʜʘʯʠ ʠ ʧʦʪʝʨʠ ʦʧʝʨʘʪʠʚʥʦʡ ʮʝʥʥʦʩʪʠ 

ʠʥʬʦʨʤʘʮʠʠ. ʕʪʦ ʜʝʣʘʝʪ ʘʢʪʫʘʣʴʥʳʤ ʧʨʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʧʦʚʳʰʝʥʠʷ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʚ ʆɺʂʉʉ. 

 

1. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʨʘʟʚʠʪʠʷ ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ 

ʧʦʚʳʰʝʥʠʷ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʦʙʲʝʜʠʥʝʥʥʦʡ 

ʚʦʟʜʫʰʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʩʝʪʠ ʩʚʷʟʠ 

 

1.1. ɸʥʘʣʠʟ ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʧʨʦʪʦʢʦʣʴʥʳʭ ʨʝʰʝʥʠʡ ʧʦ ʨʝʪʨʘʥʩʣʷʮʠʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ʚ ʩʝʪʷʭ ʚʦʟʜʫʰʥʦʡ ʨʘʜʠʦʩʚʷʟʠ  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʢʦʥʮʝʧʮʠʝʡ ʧʦʩʪʨʦʝ-

ʥʠʷ ʩʠʩʪʝʤ ʩʚʷʟʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʧʝʨʝʭʦʜ ʢ ʤʥʦ-

ʛʦʵʰʝʣʦʥʠʨʦʚʘʥʥʦʤʫ ʧʨʠʥʮʠʧʫ ʧʦʩʪʨʦʝʥʠʷ ʦʙʲʝʜʠʥʝʥʥʳʭ ʩʠʩʪʝʤ ʩʚʷʟʠ ɺʦ-
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ʦʨʫʞʝʥʥʳʭ ʩʠʣ (ɺʉ). ʇʨʠ ʵʪʦʤ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʩʠʩʪʝʤ ʩʚʷʟʠ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʚ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʜʝʡʩʪʚʦʚʘʪʴ ʢʦʤʤʝʨʯʝʩʢʠʝ ʠ ʦʪʢʨʳʪʳʝ ʩʪʘʥʜʘʨʪʳ ʠ 

ʧʨʦʪʦʢʦʣʳ.  

ʂʘʢ ʧʦʢʘʟʘʣ ʘʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʧʦ ʧʦʩʪʨʦʝ-

ʥʠʶ ʩʠʩʪʝʤ ʩʚʷʟʠ [1-8] ʚ ʦʩʥʦʚʫ ʥʘʟʝʤʥʳʭ (ʧʦʣʝʚʳʭ) ʩʠʩʪʝʤ ʩʚʷʟʠ, ʘ ʪʘʢʞʝ ʚʦʟ-

ʜʫʰʥʳʭ ʩʝʪʝʡ ʨʘʜʠʦʩʚʷʟʠ ʙʫʜʫʪ ʧʦʣʦʞʝʥʳ ʨʘʜʠʦʩʝʪʠ, ʨʝʘʣʠʟʦʚʘʥʥʳʝ ʥʘ ʦʩʥʦʚʝ 

ʧʨʦʪʦʢʦʣʦʚ ʩʣʫʯʘʡʥʦʛʦ ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʜʦʩʪʫʧʘ ʠ ʦʙʲʝʜʠʥʷʝʤʳʝ ʚ ʝʜʠʥʦʝ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʟʘ ʩʯʝʪ ʘʙʦʥʝʥʪʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʟʦʥʝ ʜʝʡʩʪʚʠʷ 

ʩʤʝʞʥʳʭ ʨʘʜʠʦʩʝʪʝʡ ʠ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩ. 1. 
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ʨʝʪʨʘʥʩʣ̫ʮʠʠ

 
ʈʠʩ. 1. ʆʙʱʘʷ ʩʭʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘʟʝʤʥʦʛʦ, ʚʦʟʜʫʰʥʦʛʦ 

ʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʵʰʝʣʦʥʦʚ ʦʙʲʝʜʠʥʝʥʥʦʡ ʩʠʩʪʝʤ rʩʚʷʟʠ ʜʣʷ ɺʉ ʈʌ 

 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʨʝʪʨʘʥʩʣʷʮʠʠ ʩʦʦʙʱʝʥʠʡ ʤʝʞʜʫ ʦʪʜʝʣʴʥʳʤʠ ʩʝʪʷʤʠ, 

ʧʦʪʨʝʙʫʝʪ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʨʝʪʨʘʥʩ-

ʣʷʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ, ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʫʚʝʣʠʯʠʪ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ 

ʥʘʛʨʫʟʢʫ ʥʘ ʩʝʪʠ ʟʘ ʩʯʝʪ ʪʨʘʥʟʠʪʥʦʛʦ ʪʨʘʬʠʢʘ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʜʘʥʥʦʛʦ ʢʘʯʝ-

ʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʪʨʘʬʠʢʘ ʚ ʦʙʲʝʜʠʥʝʥʥʦʡ ʩʝʪʠ ʩʚʷʟʠ ʪʨʝ-

ʙʫʝʪʩʷ ʚʳʨʘʙʦʪʘʪʴ ʝʜʠʥʳʝ ʧʨʦʪʦʢʦʣʳ ʨʝʪʨʘʥʩʣʷʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ 

ʩ ʫʯʝʪʦʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʩʦʟʜʘʚʘʝʤʦʡ ʪʨʘʥʟʠʪʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ. 

ɼʘʥʥʘʷ ʟʘʜʘʯʘ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʘ ʜʣʷ ʉɺʈʉ ʚ ʋʂɺ ʜʠʘʧʘʟʦʥʝ, ʩʪʳʢʫʝʤʳʭ ʯʝ-

ʨʝʟ ʉʉʉ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ ʠʤʝʥʥʦ ʥʘ ʉɺʈʉ, ʚ ʫʩʣʦʚʠʷʭ ʧʨʦ-

ʚʝʜʝʥʠʷ ʚʦʝʥʥʦʡ ʦʧʝʨʘʮʠʠ, ʧʣʘʥʠʨʫʝʪʩʷ ʚʦʟʣʦʞʠʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʦʙʝʩʧʝʯʝ-

ʥʠʝ ʘʚʠʘʮʠʠ ʠ ʨʝʪʨʘʥʩʣʷʮʠʶ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ʦʪ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʩʫ-

ʭʦʧʫʪʥʳʭ ʚʦʡʩʢ, ʠ ʦʪ ʨʘʟʚʝʨʪʳʚʘʝʤʳʭ ʚ ʨʘʡʦʥʝ ʦʧʝʨʘʮʠʠ ʨʘʟʚʝʜʳʚʘʪʝʣʴʥʳʭ ʩʝ-

ʪʝʡ ʥʘ ʦʩʥʦʚʝ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ (ɹʃɸ). ʂʨʦʤʝ ʪʦʛʦ, ʢʘʢ ʧʦ-

ʢʘʟʘʥʦ ʚ ʨʘʙʦʪʘʭ [9-14], ʉɺʈʉ ʜʦʩʪʫʧʥʳ ʥʘʟʝʤʥʳʤ ʠ ʘʚʠʘʮʠʦʥʥʳʤ ʩʨʝʜʩʪʚʘʤ 

ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʛʦ ʧʦʜʘʚʣʝʥʠʷ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʪʨʫʜʥʷʝʪ ʨʝʪʨʘʥʩʣʷʮʠʶ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ. 
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ɸʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʚ ʨʘʙʦʪʘʭ 

[15-23] ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʦʩʥʦʚʫ ʚʦʟʜʫʰʥʦʛʦ ʵʰʝʣʦʥʘ ʙʫʜʫʪ ʧʦʣʦʞʝʥʳ ʩʠʩʪʝʤʳ 

ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ (ʉʆɼ) ʚ ʠʥʪʝʨʝʩʘʭ ʢʦʪʦʨʳʭ, ʟʘ ʩʯʝʪ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʨʝʜʩʪʚ ʠ 

ʢʦʤʧʣʝʢʩʦʚ ʩʚʷʟʠ, ʙʫʜʫʪ ʨʘʟʚʝʨʥʫʪʳ ʦʪʜʝʣʴʥʳʝ ʉɺʈʉ ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʚʳʩʦ-

ʢʦʩʢʦʨʦʩʪʥʦʡ ʮʠʬʨʦʚʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʦʙʤʝʥ. ʉʆɼ ʙʫʜʫʪ ʦʙʣʘʜʘʪʴ ʚʳʩʦʢʦʡ 

ʩʦʚʤʝʩʪʠʤʦʩʪʴʶ ʩ ʥʘʟʝʤʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʨʘʜʠʦʩʚʷʟʠ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʙʝʩʰʦʚ-

ʥʫʶ ʨʝʪʨʘʥʩʣʷʮʠʶ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ. ɺ ʪʘʙʣ. 1 ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʩʠʩʪʝʤ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ, 

ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʠʟ [17]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʣʫʯʠʣʘ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʉʆɼ 

ʥʘ ʙʘʟʝ ʊʂʉ-2 (ʊʂʉ-2ʄ), ʦʜʥʘʢʦ ʥʘʠʙʦʣʴʰʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʦʙʣʘʜʘʝʪ çʆʙ̡-

ʝʜʠʥʝʥʥʘʷ ʩʠʩʪʝʤʘ ʩʚʷʟʠ, ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ, ʥʘʚʠʛʘʮʠʠ ʠ ʦʧʦʟʥʘʚʘʥʠʷè (ʆʉʅʆɼ), 

ʢʦʪʦʨʘʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʣʘʥʠʨʫʝʪʩʷ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʉɺʈʉ. 

 

ʊʘʙʣʠʮʘ 1 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ 

ˉ ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʊʂʉ-2 

(ʊʂʉ-2ʄ) 
ʆʉʅʆɼ 

1 ʅʘʟʥʘʯʝʥʠʝ ʊʠʧʦʚʦʡ ʢʦʤʧʣʝʢʩ ʩʚʷʟʠ 

ʜʣʷ ʦʙʤʝʥʘ ʪʝʣʝʢʦʜʦʚʦʡ 

ʠʥʬʦʨʤʘʮʠʝʡ 

ʆʙʲʝʜʠʥʝʥʥʘʷ ʩʠʩʪʝʤʘ ʩʚʷʟʠ, ʦʙʤʝʥʘ 

ʜʘʥʥʳʤʠ, ʥʘʚʠʛʘʮʠʠ ʠ ʦʧʦʟʥʘʚʘʥʠʷ 

2 ɺʠʜʳ ʩʝʪʝʡ ʦʙʤʝʥʘ  

ʜʘʥʥʳʭ 

ʉʆɼ ʤʝʞʜʫ ʩʘʤʦʣʝʪʘʤʠ, 

ʤʝʞʜʫ ʧʫʥʢʪʘʤʠ ʫʧʨʘʚʣʝ-

ʥʠʷ (ʇʋ) ʠ ʩʘʤʦʣʝʪʘʤʠ 

ʉʝʪʴ ʦʙʤʝʥʘ ʚʩʝʤʠ ʚʠʜʘʤʠ ʠʥʬʦʨ-

ʤʘʮʠʠ ʤʝʞʜʫ ʘʚʠʘʮʠʦʥʥʳʤʠ ʢʦʤ-

ʧʣʝʢʩʘʤʠ (ɸʂ), ʤʝʞʜʫ ɸʂ ʠ ʇʋ, 

ʤʝʞʜʫ ʇʋ 

3 ɺʦʟʤʦʞʥʦʩʪʴ ʟʘʢʨʳʪʠʷ ɽʩʪʴ ɽʩʪʴ 

4 ʂʦʣʠʯʝʩʪʚʦ ʘʙʦʥʝʥʪʦʚ 20  

 

1800 

5 ʆʙʲʝʤ ʩʦʦʙʱʝʥʠʷ, ʙʠʪ 1024 1024, 2048 

6 ɺʦʟʤʦʞʥʦʩʪʴ ʘʚʪʦʤʘʪʠʯʝ-

ʩʢʦʡ ʨʝʪʨʘʥʩʣʷʮʠʠ ʩʦʦʙ-

ʱʝʥʠʡ 

ɽʩʪʴ ɽʩʪʴ 

7 ɼʠʘʧʘʟʦʥ ʯʘʩʪʦʪ ɼʂʄɺ, ʄɺ-ɼʄɺ ɼʄɺ 

* ʊʂʉ-2ʄ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʊʂʉ-2 ʮʠʢʣʦʛʨʘʤʤʦʡ ʨʘʙʦʪʳ ʠ ʩʦʩʪʘʚʦʤ ʧʝʨʝʜʘʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

 

ʊʝʭʥʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʉʆɼ ʚʦʟʜʫʰʥʦʛʦ ʵʰʝʣʦʥʘ ʩʪʘʥʫʪ, 

ʢʦʤʧʣʝʢʩʳ ʩʚʷʟʠ ʉ-103, ʉ-107, ʉ-111, ʢʦʪʦʨʳʝ ʥʝ ʪʦʣʴʢʦ ʦʙʝʩʧʝʯʘʪ ʣʝʪʘʪʝʣʴʥʳʝ 

ʘʧʧʘʨʘʪʳ ʦʧʝʨʘʪʠʚʥʦ-ʪʘʢʪʠʯʝʩʢʦʡ, ʩʪʨʘʪʝʛʠʯʝʩʢʦʡ ʠ ʘʨʤʝʡʩʢʦʡ ʘʚʠʘʮʠʠ ʚʳʩʦʢʦ-

ʩʢʦʨʦʩʪʥʦʡ ʮʠʬʨʦʚʦʡ ʩʚʷʟʴʶ, ʥʦ ʠ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʦʚʤʝʩʪʥʦ ʩ ʥʘʟʝʤʥʳʤʠ 

ʧʦʜʨʘʟʜʝʣʝʥʠʷʤʠ ʩʫʭʦʧʫʪʥʳʭ ʚʦʡʩʢ.  

ʊʊʍ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʚʷʟʠ, ʟʥʘʯʠʤʳʝ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʨʝ-

ʪʨʘʥʩʣʷʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 2 ʧʦ ʜʘʥʥʳʤ ʨʘʙʦʪ 

[7, 17, 24]. ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʪʘʙʣ. 2, ʚ ʩʦʩʪʘʚ ʢʦʤʧʣʝʢʩʘ ʘʚʠʘʮʠ-

ʦʥʥʦʡ ʩʚʷʟʠ ʚʢʣʶʯʝʥʘ ʩʪʘʥʮʠʷ ʩʧʫʪʥʠʢʦʚʦʡ ʩʚʷʟʠ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʪ ʦʨʛʘʥʠʟʦ-

ʚʘʪʴ ʩʦʧʨʷʞʝʥʠʝ ʉʆɼ ʯʝʨʝʟ ʉʉʉ. 
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ʊʘʙʣʠʮʘ 2 ï ʅʝʢʦʪʦʨʳʝ ʪʘʢʪʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʊʊʍ) 

ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʚʷʟʠ 
 ̄ ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ɿʥʘʯʝʥʠʝ 

1 ʉʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʢʙʠʪ/ʩ: 

ï ɼʂʄɺ 

ï ʄɺ-ɼʄɺ 

ï ʆʉʅʆɼ (ʵʬʬʝʢʪ.) 

ï ʉʄɺ 

ï ʩʧʫʪʥʠʢʦʚʘʷ ʣʠʥʠʷ ʩʚʷʟʠ ɽʉʉʉ-2 (ɽʉʉʉ-3) ɼʄɺ-2 

 

ʜʦ 2,4 

ʜʦ 16 

ʜʦ 40 (100) 

ʜʦ 34 400 

ʜʦ 2,4 (ʜʦ 2048) 

2 ʂʦʣʠʯʝʩʪʚʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʙʩʣʫʞʠʚʘʝʤʳʭ ʩʝʪʝʡ ʜʦ 38 

4 ʅʘʧʨʘʚʣʝʥʠʡ ʩʚʷʟʠ: 

ï ɼʂʄɺ 

ï ʄɺ-ɼʄɺ 

ï ʆʉʅʆɼ (ʵʬʬʝʢʪ.) 

ï ʉʄɺ 

ï ʩʧʫʪʥʠʢʦʚʘʷ ʣʠʥʠʷ ʩʚʷʟʠ ɽʉʉʉ-2 (ɽʉʉʉ-3) ɼʄɺ-2 

 

1 

2 

1 

1 

1 

5 ɼʘʣʴʥʦʩʪʴ ʩʚʷʟʠ, ʢʤ: 

ï ʚ ʥʘʧʨʘʚʣʝʥʠʠ çʟʝʤʣʷ-ʙʦʨʪè ʜʣʷ ɼʂʄɺ 

ï ʚ ʥʘʧʨʘʚʣʝʥʠʠ çʟʝʤʣʷ-ʙʦʨʪè ʜʣʷ ʄɺ-ɼʄɺ, ʆʉʅʆɼ 

ï ʚ ʥʘʧʨʘʚʣʝʥʠʠ çʙʦʨʪ-ʙʦʨʪè ʜʣʷ ʄɺ-ɼʄɺ, ʆʉʅʆɼ 

 

1500 

350 

500 

 

ʊʘʙʣʠʮʘ 3 ï ɼʦʧʫʩʪʠʤʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʧʨʠ ʧʝʨʝʜʘʯʝ ʤʫʣʴʪʠʤʝʜʠʡʥʦʛʦ ʪʨʘʬʠʢʘ [27, 28] 
ʊʠʧ ʩʝʨʚʠʩʘ ʇʘʨʘʤʝʪʨʳ ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ 

 ɺʨʝʤʷ  

ʫʩʪʘʥʦʚʣʝʥʠʷ  

ʩʦʝʜʠʥʝʥʠʷ, ʩ 

ɺʝʨʦʷʪʥʦʩʪʴ  

ʨʘʟʨʳʚʘ  

ʩʦʝʜʠʥʝʥʠʷ 

ɿʘʜʝʨʞʢʘ,  

ʤʩ 

ɼʞʠʪʪʝʨ, 

ʤʩ 

ɺʝʨʦʷʪʥʦʩʪʴ 

ʧʦʪʝʨʠ 

 ʜʘʥʥʳʭ 

IP-ʪʝʣʝʬʦʥʠʷ 0,5-1 10-3 25-500 100-150 10-3 

ɺʠʜʝʦʢʦʥʬʝʨʝʥʮʠʷ 0,5-1 10-3 30 30-100 10-3 

ʎʠʬʨʦʚʦʝ ʚʠʜʝʦ ʧʦ 

ʟʘʧʨʦʩʫ 

0,5-1 10-3 30 30-100 10-3 

ʇʝʨʝʜʘʯʘ ʜʘʥʥʳʭ 0,5-1 10-6 50-1000 - 10-6 

ʊʝʣʝʚʠʟʠʦʥʥʦʝ  

ʚʝʱʘʥʠʝ 

0,5-1 10-8 1000 - 10-8 

 

ʂʦʥʮʝʧʮʠʝʡ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤ ʩʚʷʟʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʧʨʝʜʧʦ-

ʣʘʛʘʝʪʩʷ, ʯʪʦ ʉʉʉ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʞʠʤ ʢʦʤʤʫʪʘʮʠʠ ʧʘʢʝʪʦʚ ʩ ʠʭ ʦʙʨʘ-

ʙʦʪʢʦʡ ʥʘ ʙʦʨʪʫ [25, 26], ʧʨʠ ʵʪʦʤ ʩʧʫʪʥʠʢʠ-ʨʝʪʨʘʥʩʣʷʪʦʨʳ (ʉʈ) ʙʫʜʫʪ ʠʩʧʦʣʴ-

ʟʦʚʘʪʴʩʷ ʜʣʷ ʠʝʨʘʨʭʠʯʝʩʢʦʛʦ çʨʦʫʤʠʥʛʘè ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ, ʧʝʨʝʜʘʶ-

ʱʠʭʩʷ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʚʦʟʜʫʰʥʳʤʠ ʠ ʥʘʟʝʤʥʳʤʠ ʨʘʜʠʦʩʝʪʷʤʠ, ʠʤʝʶʱʠʭ 

ʨʘʟʣʠʯʥʫʶ ʚʦʡʩʢʦʚʫʶ ʠ ʚʝʜʦʤʩʪʚʝʥʥʫʶ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʠʣʠ ʥʝ ʠʤʝʶʱʠʭ 

ʧʨʷʤʦʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʜʦʩʪʫʧʥʦʩʪʠ, ʥʦ ʦʩʥʘʱʝʥʥʳʝ ʩʨʝʜʩʪʚʘʤʠ ʩʧʫʪʥʠʢʦ-

ʚʦʡ ʩʚʷʟʠ çɹʘʛʝʪ-ʂè, çʃʠʚʝʥʴè, çʃʝʛʝʥʜʘè ʠ ʜʨ. ʩʦ ʩʢʦʨʦʩʪʷʤʠ ʜʦ 2,4 ʢʙʠʪ/ʩ (ʘ 

ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ ɽʉʉʉ-3 ï ʜʦ 2 ʄʙʠʪ/ʩ) [7]. ʇʨʠ ʵʪʦʤ ʚ ʩʦʩʪʘʚʝ ʉʉʉ ʜʣʷ ʦʨʛʘʥʠ-

ʟʘʮʠʠ ʪʘʢʦʛʦ çʨʦʫʤʠʥʛʘè ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʥʘʣʳ ʠ ʯʘʩʪʦʪʥʳʝ 

ʜʠʘʧʘʟʦʥʳ, ʦʪʚʦʜʠʤʳʝ ʧʦʜ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʧʦʜʚʠʞʥʳʭ ʉʉʉ, ʘ ʦʨʛʘʥʠʟʘʮʠʶ 

ʜʦʩʪʫʧʘ ʘʙʦʥʝʥʪʦʚ ʚʦʟʜʫʰʥʳʭ ʠ ʥʘʟʝʤʥʳʭ ʧʦʣʝʚʳʭ ʩʝʪʝʡ ʢ ʉʈ ʧʨʦʠʟʚʦʜʠʪʴ ʧʦ 

ʧʨʦʪʦʢʦʣʫ ʩʣʫʯʘʡʥʦʛʦ ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʜʦʩʪʫʧʘ S-Aloha. 
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ɺʳʰʝʫʢʘʟʘʥʥʳʝ ʬʘʢʪʦʨʳ ʦʧʨʝʜʝʣʷʶʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʠʭ ʩʧʦʩʦʙʦʚ ʨʝʪʨʘʥʩʣʷʮʠʠ ʪʨʘʬʠʢʘ ʉɺʈʉ ʯʝʨʝʟ ʉʉʉ, ʢʘʢ ʩʦʩʪʘʚʥʦʡ ʯʘ-

ʩʪʠ ʙʦʣʝʝ ʦʙʱʝʡ ʟʘʜʘʯʠ, ʘ ʠʤʝʥʥʦ: ʨʘʟʨʘʙʦʪʢʠ ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʚ ʦʙʲʝʜʠʥʝʥʥʳʭ ʚʦʟʜʫʰʥʦ-ʢʦʩʤʠʯʝʩʢʠʭ ʩʝʪʷʭ 

ʩʚʷʟʠ ʩ ʟʘʜʘʥʥʳʤ ʢʘʯʝʩʪʚʦʤ ʦʙʩʣʫʞʠʚʘʥʠʷ. 

 

ʊʘʙʣʠʮʘ 4 ï ʊʨʝʙʦʚʘʥʠʷ ʢ ʢʘʯʝʩʪʚʫ ʫʩʣʫʛ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ 

ʤʫʣʴʪʠʩʝʨʚʠʩʥʳʤʠ ʩʝʪʷʤʠ ʩʚʷʟʠ [27, 28] 

ʊʠʧ  

ʜʘʥʥʳʭ 

ʅʘʟʚʘʥʠʝ  

ʫʩʣʫʛʠ 

ʊʨʝʙʫʝʤʘʷ 

ʩʢʦʨʦʩʪʴ  

ʧʝʨʝʜʘʯʠ 

ʇʘʨʘʤʝʪʨʳ ʢʘʯʝʩʪʚʘ ʫʩʣʫʛʠ  

ɿʘʜʝʨʞʢʘ, ʤʩ 
ɼʞʠʪʪʝʨ 

ɸʫʜʠʦ 

ʊʝʣʝʬʦʥʠʷ 4-64 ʢʙʠʪ/ ʩ 
<150 ʤʩ (ʦʪʣʠʯʥʦʝ QoS); 

<400 ʤʩ (ʜʦʧʫʩʪʠʤʦʝ QoS) 

<1 ʤʩ 

ʇʝʨʝʜʘʯʘ ʛʦʣʦʩʘ 4-32 ʢʙʠʪ /ʩ 
<1 ʩ (ʜʣʷ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ); 

<2 ʩ (ʜʣʷ ʟʘʧʠʩʠ) 

<1 ʤʩ 

ɿʚʫʢʦʚʦʝ ʚʝʱʘʥʠʝ 16-128 ʢʙʠʪ/ ʩ <10 ʩ <<1 ʤʩ 

ɺʠʜʝʦ ɺʠʜʝʦʢʦʥʬʝʨʝʥʮʠʷ >384 ʢʙʠʪ/ʩ 
<150 ʤʩ (ʦʪʣʠʯʥʦʝ QoS); 

<400 ʤʩ (ʜʦʧʫʩʪʠʤʦʝ QoS) 

 

ɼʘʥʥʳʝ 

ʇʨʦʩʤʦʪʨ  

WEB-ʩʪʨʘʥʠʮ 
º10 ʢɹ 

<2 ʩ/ʩʪʨ. (ʦʪʣʠʯʥʦʝ QoS); 

<4 ʩ/ʩʪʨ.  

(ʜʦʧʫʩʪʠʤʦʝ QoS) 

 

- 

ʇʝʨʝʜʘʯʘ  

ʬʘʡʣʦʚ 
10 ʢɹ ï 10 ʄɹ 

<15 ʩ (ʦʪʣʠʯʥʦʝ QoS); 

<60 ʩ (ʜʦʧʫʩʪʠʤʦʝ QoS) 

- 

ʇʝʨʝʜʘʯʘ  

ʠʟʦʙʨʘʞʝʥʠʡ 
100 ʢɹ 

<15 ʩ (ʦʪʣʠʯʥʦʝ QoS); 

<60 ʩ (ʜʦʧʫʩʪʠʤʦʝ QoS) 

- 

ɼʦʩʪʫʧ ʢ ʵʣʝʢʪʨʦʥ-

ʥʦʡ ʧʦʯʪʝ 
<10 ʢɹ 

<2 ʩ (ʦʪʣʠʯʥʦʝ QoS); 

<4 ʩ (ʜʦʧʫʩʪʠʤʦʝ QoS) 

- 

ʌʘʢʩ º10 ʢɹ <30 ʩ/ ʩʪʨ. - 

 

ʇʦʨʷʜʦʢ ʨʝʪʨʘʥʩʣʷʮʠʠ ʩʦʦʙʱʝʥʠʡ ʉʆɼ ʧʦ ʉɺʈʉ ʦʧʨʝʜʝʣʷʝʪʩʷ ʘʣʛʦʨʠʪ-

ʤʦʤ ʤʥʦʛʦʩʪʘʥʮʠʦʥʥʦʛʦ ʜʦʩʪʫʧʘ (ɸʄʉɼ) ʢ ʨʘʟʜʝʣʷʝʤʦʡ ʩʨʝʜʝ ʧʝʨʝʜʘʯʠ (ʙʘʟʦ-

ʚʘʷ ʯʘʩʪʦʪʘ ʨʘʙʦʪʳ ʨʘʜʠʦʩʪʘʥʮʠʡ ʘʙʦʥʝʥʪʦʚ ʉʆɼ). ɺ ʩʣʫʯʘʝ ʉɺʈʉ ʨʘʟʜʝʣʷʝʤʦʡ 

ʩʨʝʜʦʡ ʷʚʣʷʝʪʩʷ ʦʙʱʠʡ ʢʘʥʘʣ ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʜʦʩʪʫʧʘ (ʂʄɼ). ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʉʆɼ ʧʨʠ ʜʦʩʪʫʧʝ ʢ ʂʄɼ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ 

ɸʄʉɼ [24, 29, 30]: 

- ɸʄʉɼ çʟʘʧʨʦʩ-ʦʪʚʝʪè, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʪʦʨʳʤ ʧʝʨʝʜʘʯʘ ʩʦʦʙʱʝʥʠʡ 

ʘʙʦʥʝʥʪʘʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʚ ʦʪʚʝʪ ʥʘ ʧʦʣʫʯʝʥʥʳʡ ʟʘʧʨʦʩ; 

- ɸʄʉɼ çʧʦ ʨʘʩʧʠʩʘʥʠʶè, ʦʪʣʠʯʘʶʱʝʛʦʩʷ ʪʝʤ, ʯʪʦ ʢʘʞʜʳʡ ʘʙʦʥʝʥʪ ʧʝ-

ʨʝʜʘʝʪ ʩʦʦʙʱʝʥʠʷ ʚ ʥʘʟʥʘʯʝʥʥʦʝ ʚʨʝʤʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʯʘʣʘ ʩʝʘʥʩʘ 

ʧʝʨʝʜʘʯʠ; 

- ɸʄʉɼ çʨʘʙʦʪʘ ʧʦ ʩʝʘʥʩʘʤè, ʧʦ ʢʦʪʦʨʦʤʫ ʢʘʞʜʳʡ ʘʙʦʥʝʥʪ ʩʝʪʠ ʧʝʨʝ-

ʜʘʝʪ ʩʦʦʙʱʝʥʠʝ ʚ ʟʘʜʘʥʥʳʡ ʨʘʩʧʠʩʘʥʠʝʤ ʩʚʷʟʠ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ; 

- ɸʣʛʦʨʠʪʤ ʩʣʫʯʘʡʥʦʛʦ ʤʥʦʛʦʩʪʘʥʮʠʦʥʥʦʛʦ ʜʦʩʪʫʧʘ (ɸʉʄʉɼ), ʧʨʝʜ-

ʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʜʘʚʘʪʴ ʩʦʦʙʱʝʥʠʷ ʚ ʣʶʙʦʡ ʩʚʦʙʦʜʥʳʡ ʤʦ-

ʤʝʥʪ ʚʨʝʤʝʥʠ ʥʘ ʦʩʥʦʚʝ ʩʣʫʯʘʡʥʦʛʦ ʦʙʨʘʱʝʥʠʷ ʘʙʦʥʝʥʪʦʚ ʢ ʂʄɼ. 

ʂʘʞʜʦʤʫ ʚʳʰʝʧʨʠʚʝʜʝʥʥʦʤʫ ɸʄʉɼ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʚʦʷ ʤʦʜʝʣʴ ʥʘ ʙʘʟʝ 

ʢʦʪʦʨʦʡ ʚʝʜʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʉɺʈʉ, ʧʦʩʪʨʦʝʥʥʦʡ ʥʘ ʜʘʥʥʦʤ ʪʠʧʝ ɸʄʉɼ. ʆʜ-
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ʥʘʢʦ ʠʩʩʣʝʜʦʚʘʥʠʷ [29-31] ʧʦʢʘʟʘʣʠ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ɸʄʉɼ ʧʦ 

ʢʨʠʪʝʨʠʶ ʤʘʢʩʠʤʠʟʘʮʠʠ ʚʝʨʦʷʪʥʦʩʪʥʦ-ʚʨʝʤʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ɺɺʍ) ʜʦ-

ʩʪʘʚʢʠ ʩʦʦʙʱʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ. 

ʅʘ ʨʠʩ. 2-4 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ɸʂ ʩ ʇʋ ʚ ʝʜʠʥʦʡ ʉɺʈʉ ʩ ʨʘʟʣʠʯʥʳʤʠ ɸʄʉɼ. ʇʦ ʦʩʠ ʘʙʩʮʠʩʩ ʦʪ-

ʣʦʞʝʥʦ ʚʨʝʤʷ ʜʦʩʪʘʚʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʘ ʧʦ ʦʩʠ ʦʨʜʠʥʘʪ ï ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ 

ʚʨʝʤʷ ʜʦʩʪʘʚʢʠ ʧʨʠʤʝʪ ʜʘʥʥʦʝ ʠʣʠ ʤʝʥʝʝ ʟʥʘʯʝʥʠʝ.  

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ: 

- ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʉɺʈʉ: 1,2 ʢʙʠʪ/ʩ (ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʘʧʧʘʨʘʪʫʨʝ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ (ɸʇɼ) ʊʂʉ-2), 4,8 ʢʙʠʪ/ʩ (ʜʣʷ ɸʇɼ ʊʂʉ-2ʄ);  

- ʢʦʣʠʯʝʩʪʚʦ ɸʂ ʚ ʉɺʈʉ: Nɸʂ = 4, 12. 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦ ʧʨʠʤʝʥʝʥʠ ʁ ʚʳʰʝʫʢʘʟʘʥʥʳʭ 

ɸʄʉɼ ʚ ʉɺʈʉ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ɸʄʉɼ çʟʘʧʨʦʩ-ʦʪʚʝʪè ʥʝ ʧʦʟʚʦʣʷʝʪ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʫʜʦ-

ʚʣʝʪʚʦʨʠʪʴ ʧʦʪʨʝʙʥʦʩʪʠ ʩʠʩʪʝʤʳ ʩʚʷʟʠ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ɸʂ. ʊʘʢ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ 

12 ɸʂ ʠ ʚʳʧʦʣʥʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʧʦ ʧʝʨʝʜʘʯʝ ʩʦʦʙʱʝʥʠʷ ʦʙʲʝʤʦʤ 1024 ʙʠʪ 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʮʠʢʣʘ ʩʝʘʥʩʦʚ ʩʚʷʟʠ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 24 ʩ, ʧʨʠ ʵʪʦʤ ʧʦʪʨʝʙʫʝʪʩʷ 

ʦʨʛʘʥʠʟʘʮʠʷ ʪʨʝʭ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʥʝʟʘʚʠʩʠʤʳʭ ʧʦʜʩʝʪʝʡ ɺʈʉ (ʧʦ 4 ɸʂ ʚ ʢʘʞ-

ʜʦʡ) ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʨʘʩʭʦʜʫ ʢʘʥʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ. ɸ ʪʨʝʙʦ-

ʚʘʥʠʷ ʧʦ ʧʝʨʝʜʘʯʝ ʢʦʨʦʪʢʠʭ ʩʦʦʙʱʝʥʠʡ ʧʝʨʚʦʡ ʢʘʪʝʛʦʨʠʠ ʩʨʦʯʥʦʩʪʠ (ʦʙʲʝʤʦʤ 

256 ʙʠʪ) ʥʝ ʚʳʧʦʣʥʷʶʪʩʷ ʜʘʞʝ ʥʘ ʩʢʦʨʦʩʪʠ 4,8 ʢʙʠʪ/ʩ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ 

ʨʠʩ. 2. 

 

  

ʘ. ʙ. 

ʈʠʩ. 2. ɺɺʍ ʧʨʦʮʝʩʩʘ ʜʦʩʪʘʚʢʠ ʧʨʠ ɸʄʉɼ çʟʘʧʨʦʩ-ʦʪʚʝʪè 

 

http://sccs.intelgr.com/


 
ȷɎɗɘɋɒɡ əɕɖɆɈɑɋɓɎɥ, ɗɈɥɍɎ Ɏ ɇɋɍɔɕɆɗɓɔɗɘɎ ɷ 3. 2022  

 Systems of Control, Communication and Security  sccs.intelgr.com  
 

 

 
DOI: 10.24412/2410-9916-2022-3-183-259 

 
 

URL: https://sccs.intelgr.com/archive/202 2-03/08-Ivanov.pdf 
 

190 

  

ʘ. ʙ. 

ʈʠʩ. 3. ɺɺʍ ʧʨʦʮʝʩʩʘ ʜʦʩʪʘʚʢʠ ʧʨʠ ɸʄʉɼ ʩ ʚʨʝʤʝʥʥʳʤ ʨʘʟʜʝʣʝʥʠʝʤ ʂʄɼ 

(ɸʄʉɼ çʧʦ ʨʘʩʧʠʩʘʥʠʶè ʠ çʨʘʙʦʪʘ ʧʦ ʩʝʘʥʩʘʤè) 

 

  
ʘ. ʙ. 

ʈʠʩ. 4. ɺɺʍ ʧʨʦʮʝʩʩʘ ʜʦʩʪʘʚʢʠ ʧʨʠ ɸʉʄʉɼ 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ɸʄʉɼ ʩ ʚʨʝʤʝʥʥʳʤ ʨʘʟʜʝʣʝʥʠʝʤ (ɸʄʉɼ çʧʦ ʨʘʩʧʠʩʘ-

ʥʠʶè ʠ çʨʘʙʦʪʘ ʧʦ ʩʝʘʥʩʘʤè) ʧʦʟʚʦʣʷʝʪ ʧʨʠʙʣʠʟʠʪʴʩʷ ʢ ʚʳʧʦʣʥʝʥʠʶ ɺɺʍ ʜʦ-

ʩʪʘʚʢʠ ʩʦʦʙʱʝʥʠʡ ʚ ʉɺʈʉ ʜʣʷ ʩʦʦʙʱʝʥʠʡ ʧʝʨʚʦʡ ʢʘʪʝʛʦʨʠʠ ʩʨʦʯʥʦʩʪʠ (ʦʙʲʝ-

ʤʦʤ 256 ʙʠʪ) ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ 12 ɸʂ, ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 3. ɺ ʨʘʙʦʪʝ [32] ʫʢʘ-

ʟʳʚʘʝʪʩʷ, ʯʪʦ ʮʠʢʣ ʦʙʤʝʥʘ ʩ 1 ɸʂ ʩʦʩʪʘʚʣʷʝʪ 0,5 ʩ, ʘ ʩ ʛʨʫʧʧʦʡ ʠʟ 12 ɸʂ ï ʜʦ 

12 ʩ, ʥʘ ʩʢʦʨʦʩʪʠ 4,8 ʢʙʠʪ/ʩ. ʎʝʣʝʩʦʦʙʨʘʟʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ ɸʄʉɼ ʩʚʷ-

ʟʳʚʘʝʪʩʷ ʩ ʧʝʨʩʧʝʢʪʠʚʘʤʠ ʨʝʘʣʠʟʘʮʠʝʡ ʚ ʊʂʉ-2ʄ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ 16 ʢʙʠʪ/ʩ, 

ʪʦʣʴʢʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʜʘʥʥʳʡ ɸʄʉɼ ʚ ʥʝʢʦʪʦʨʦʡ ʤʝʨʝ ʙʫʜʝʪ ʫʜʦʚʣʝʪʚʦʨʷʪʴ 

ʪʨʝʙʦʚʘʥʠʷʤ ʧʦ ɺɺʍ ʧʝʨʝʜʘʯʠ ʩʦʦʙʱʝʥʠʡ. 
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ʀʩʧʦʣʴʟʦʚʘʥʠʝ ɸʉʄʉɼ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4, ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʠʪʴ 

ʪʨʝʙʦʚʘʥʠʷ ɺɺʍ ʧʝʨʝʜʘʯʠ ʩʦʦʙʱʝʥʠʡ ʦʙʲʝʤʦʤ ʜʦ 1024 ʙʠʪʘ ʥʘ ʩʢʦʨʦʩʪʠ 

4,8 ʢʙʠʪ/ʩ (ʩʪʘʥʜʘʨʪʥʘʷ ʩʢʦʨʦʩʪʴ ɸʇɼ ʊʂʉ-2ʄ) ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʫʧʨʘʚʣʝ-

ʥʠʠ 12 ɸʂ. ʂ ʜʦʩʪʦʠʥʩʪʚʘʤ ʜʘʥʥʦʛʦ ɸʄʉɼ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʚʳʩʦʢʫʶ ʧʨʦʧʫʩʢ-

ʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʠʥʚʘʨʠʘʥʪʥʦʩʪʴ ʢ ʢʦʣʠʯʝʩʪʚʫ ʘʙʦʥʝʥʪʦʚ. ʆʩʥʦʚʥʳʤ ʥʝʜʦ-

ʩʪʘʪʢʦʤ ɸʉʄʉɼ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʘʣʛʦʨʠʪʤʘ ʢ ʨʦʩʪʫ ʠʥʪʝʥ-

ʩʠʚʥʦʩʪʠ ʚʭʦʜʥʦʛʦ ʪʨʘʬʠʢʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʫʢʘʟʘʥʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ʠʤʝʥʥʦ ɸʄʉɼ 

ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʉɺʈʉ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʦʙʤʝʥ ʩʦ-

ʦʙʱʝʥʠʷʤʠ ʚ ʉɺʈʉ ʙʫʜʝʪ ʙʘʟʠʨʦʚʘʪʴʩʷ ʥʘ ɸʉʄʉɼ. ʇʨʠʤʝʥʝʥʠʝ ʞʝ ʜʨʫʛʠʭ 

ɸʄʉɼ ʦʙʫʩʣʦʚʣʝʥʦ ʫʩʪʘʨʝʚʰʝʡ ɸʇɼ ʥʘʭʦʜʷʱʝʡʩʷ ʥʘ ʥʘʟʝʤʥʳʭ ʪʝʨʤʠʥʘʣʘʭ ʠ 

ɸʂ. ʊʦ ʝʩʪʴ, ʤʦʜʝʣʴ ʉɺʈʉ ʜʦʣʞʥʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʂʄɼ ɸʉʄʉɼ ʢʘʢ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʦʤʫ ʠʟ ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ (ʩ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʩ ʨʘʟ-

ʚʠʪʠʝʤ ʉʆɼ ʦʥ ʚʳʪʝʩʥʠʪ ʧʨʠʤʝʥʝʥʠʝ ʦʩʪʘʣʴʥʳʭ ɸʄʉɼ). ʌʘʢʪʠʯʝʩʢʠ ɸʉʄʉɼ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʦʪʦʢʦʣʫ ʩʣʫʯʘʡʥʦʛʦ ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʜʦʩʪʫʧʘ ʩ ʧʨʝʜʦʪʚʨʘʱʝ-

ʥʠʝʤ ʢʦʣʣʠʟʠʡ ï CSMA/CA (Carrier Sense Multiple Access With Collision Avoid-

ance). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʉɺʈʉ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʂʄɼ ʩʦ 

ʩʣʫʯʘʡʥʳʤ ʜʦʩʪʫʧʦʤ ʥʘ ʦʩʥʦʚʝ CSMA/CA, ʘ ʙʘʟʦʚʦʡ ʤʦʜʝʣʴʶ, ʠʩʧʦʣʟɹʫʝʤʦʡ 

ʜʣʷ ʦʮʝʥʢʠ ï ʤʦʜʝʣʴ ʩʠʩʪʝʤʳ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ (ʉʄʆ) çʅʝʥʘʩʪʦʡʯʠʚʦ-

ʛʦ ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʜʦʩʪʫʧʘ ʩ ʧʨʦʚʝʨʢʦʡ ʥʝʩʫʱʝʡè [31]. 

 

1.2. ɸʥʘʣʠʟ ʚʘʨʠʘʥʪʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʧʦ ʩʦʧʨʷʞʝʥʠʶ 

ʦʪʜʝʣʴʥʳʭ ʩʝʪʝʡ ʚʦʟʜʫʰʥʦʡ ʨʘʜʠʦʩʚʷʟʠ ʯʝʨʝʟ ʩʝʪʴ ʩʧʫʪʥʠʢʦʚʦʡ ʩʚʷʟʠ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʉɺʈʉ ʤʦʛʫʪ ʙʳʪʴ ʩʦʧʨʷʞʝʥʳ ʯʝʨʝʟ ʉʉʉ ʟʘ ʩʯʝʪ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʩʨʝʜʩʪʚ ʩʧʫʪʥʠʢʦʚʦʡ ʩʚʷʟʠ çɹʘʛʝʪ-ʂè, ç4ʈʊ-ʉè, çʂʫʣʦʥ-ɺè, ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 5 [7]. 

ʉʪʘʥʮʠʷ çʂʫʣʦʥ-ɺè ʷʚʣʷʝʪʩʷ ʧʝʨʚʦʡ ʩʘʤʦʣʝʪʥʦʡ ʩʪʘʥʮʠʝʡ, ʠʩʧʦʣʴʟʫʶ-

ʱʝʡ ʜʦ ʜʝʩʷʪʠ ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʳʭ ʢʘʥʘʣʦʚ. ɺʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʠ ʤʠʢʨʦʫʟʣʦʚʦʡ 

ʟʝʤʥʦʡ ʩʪʘʥʮʠʠ (ɿʉ) ʢʦʩʤʠʯʝʩʢʦʡ ʩʚʷʟʠ, ʨʘʙʦʪʘʶʱʝʡ ʚ ʦʧʝʨʘʪʠʚʥʦ-

ʪʘʢʪʠʯʝʩʢʠʭ ʩʧʝʮʠʘʣʴʥʳʭ ʩʝʪʷʭ ʩʚʷʟʠ. ʉʪʘʥʮʠʷ ʧʦʟʚʦʣʷʝʪ ʦʨʛʘʥʠʟʦʚʘʪʴ ʢʨʫʛʣʦ-

ʩʫʪʦʯʥʫʶ ʥʝʧʨʝʨʳʚʥʫʶ ʩʚʷʟʴ ʥʘ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ʉʝʚʝʨʥʦʛʦ ʧʦʣʫʰʘʨʠʷ ɿʝʤ-

ʣʠ [7]. 

ʉʪʘʥʮʠʷ çɹʘʛʝʪ-ʂè ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ ʩʘʤʦʣʝʪʦʚ ɺʦʝʥʥʦ-ʚʦʟʜʫʰʥʳʭ ʩʠʣ ʠ ɺʄʌ ʜʘʣʴʥʝʡ ʧʦʤʝʭʦʟʘʱʠʱʝʥ-

ʥʦʡ, ʟʘʩʝʢʨʝʯʝʥʥʦʡ ʪʝʣʝʬʦʥʥʦʡ ʠ ʪʝʣʝʢʦʜʦʚʦʡ ʨʘʜʠʦʩʚʷʟʴʶ ʩ ʥʘʟʝʤʥʳʤʠ ʠ ʢʦ-

ʨʘʙʝʣʴʥʳʤʠ ʧʫʥʢʪʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʯʝʨʝʟ ʉʈ ʥʘ ʩʪʘʮʠʦʥʘʨʥʳʭ ʠ ʵʣʣʠʧʪʠʯʝʩʢʠʭ 

ʦʨʙʠʪʘʭ ɽʜʠʥʦʡ ʩʠʩʪʝʤʳ ʩʧʫʪʥʠʢʦʚʦʡ ʩʚʷʟʠ (ɽʉʉʉ). ʋʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʩʘʤʦ-

ʣʝʪʘʭ ʪʠʧʘ ʊʫ-160 [7]. 

ʉʪʘʥʮʠʷ ç4ʈʊ-ʉè ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʠʝʤ ʠ ʧʝʨʝʜʘʯʫ ʪʝʣʝʢʦʜʦʚʦʡ ʠ ʪʝʣʝ-

ʛʨʘʬʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʯʝʨʝʟ ʉʈ ʥʘ ʚʳʩʦʢʦʡ ʵʣʣʠʧʪʠʯʝʩʢʦʡ ʦʨʙʠʪʝ ɽʉʉʉ [7]. 

ʉʨʝʜʩʪʚʦ ʩʧʫʪʥʠʢʦʚʦʡ ʩʚʷʟʠ çʂʫʣʦʥ-ɺè ʚ ʨʘʤʢʘʭ ɽʉʉʉ-2 ʩʧʦʩʦʙʥʦ ʦʨʛʘ-

ʥʠʟʦʚʳʚʘʪʴ ʢʘʥʘʣʳ ʜʦ 2,4-9,6 ʢʙʠʪ/ʩ, ʚ ɽʉʉʉ-3 ʩʢʦʨʦʩʪ ɹʤʦʙʠʣʴʥʳʭ ʘʚʠʘʮʠʦʥ-

ʥʳʭ ʘʙʦʥʝʥʪʦʚ ʫʚʝʣʠʯʝʥʘ ʜʦ 2 ʄʙʠʪ/ʩ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʦʨʛʘʥʠʟʦʚʘʪʴ ʧʦʣʥʦʮʝʥ-

ʥʫʶ ʤʘʨʰʨʫʪʠʟʘʮʠʶ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ʦʪʜʝʣʴʥʳʭ ʉɺʈʉ ʯʝʨʝʟ ʉʉʉ. 
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ʈʘʩʩʤʦʪʨʠʤ ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʠ ʝʝ ʦʩʦʙʝʥ-

ʥʦʩʪʠ, ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʉʉʉ. 

 

ʊʘʙʣʠʮʘ 5 ï ʅʝʢʦʪʦʨʳʝ ʊʊʍ ʘʚʠʘʮʠʦʥʥʳʭ ʩʨʝʜʩʪʚ ʩʧʫʪʥʠʢʦʚʦʡ ʩʚʷʟʠ [7] 
 ʂʫʣʦʥ-ɺ ɹʘʛʝʪ-ʂ 4ʈʊ-ʉ 

ɼʠʘʧʘʟʦʥ ʯʘʩʪʦʪ, ɻɻʮ 4/6 0,3/0,4 4/6 

ɼʘʣʴʥʦʩʪʴ ʩʚʷʟʠ, ʢʤ ʜʦ 17 000 ʜʦ 17 000 ʜʦ 17 000 

ʂʦʣʠʯʝʩʪʚʦ ʢʘʥʘʣʦʚ ʩʚʷʟʠ: 

ï ʪʝʣʝʬʦʥʥʳʝ 

ï ʪʝʣʝʛʨʘʬʥʳʝ 

 

8Ĭ1,2 ʢʙʠʪ/ʩ 

6Ĭ0,25 ʢʙʠʪ/ʩ 

 

2Ĭ1,2 ʢʙʠʪ/ʩ 

2Ĭ0,25 ʢʙʠʪ/ʩ 

 

- 

- 

 

ʇʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʚ ʉʉʉ ʧʦʤʠʤʦ ʩʪʘʥʜʘʨʪʥʳʭ ʧʦʢʘʟʘ-

ʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʢʘʥʘʣʦʚ ʩʚʷʟʠ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʦʩʦʙʝʥ-

ʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʣʦʞʥʷʶʪ ʧʨʦʮʝʜʫʨʳ ʤʘʨʰʨʫʪʠʟʘʮʠʠ, ʨʘʟʨʘʙʦ-

ʪʘʥʥʳʝ ʜʣʷ ʥʘʟʝʤʥʳʭ ʩʝʪʝʡ. ʕʪʠ ʦʩʦʙʝʥʥʦʩʪʠ ʩʚʷʟʘʥʳ ʩʦ ʩʧʦʩʦʙʘʤʠ ʠʟʣʫʯʝʥʠʷ, 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʧʨʠʝʤʘ ʨʘʜʠʦʩʠʛʥʘʣʦʚ, ʘ ʪʘʢʞʝ ʥʝʙʦʣʴʰʠʤ ʚʨʝʤʝʥʝʤ çʞʠʟ-

ʥʠè ʪʦʧʦʣʦʛʠʠ ʢʘʥʘʣʦʚ ʩʚʷʟʠ ʥʝʛʝʦʩʪʘʮʠʦʥʘʨʥʳʭ ʉʉʉ, ʦʩʦʙʝʥʥʦ ʥʠʟʢʦʦʨʙʠ-

ʪʘʣʴʥʳʭ ʩʝʪʝʡ, ʚʩʣʝʜʩʪʚʠʝ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʉʈ (ʧʦʜ ʚʨʝʤʝʥʝʤ 

çʞʠʟʥʠè ʪʦʧʦʣʦʛʠʠ ʧʦʥʠʤʘʝʪʩʷ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ʩʦʭʨʘʥʝʥʠʷ ʥʝʠʟʤʝʥʥʦʡ ʪʦ-

ʧʦʣʦʛʠʠ ʩʝʪʠ ʩʚʷʟʠ). ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʮʝʣʝʚʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʉʉʉ ʥʘ ʉʈ, ʧʨʠ 

ʤʝʞʩʧʫʪʥʠʢʦʚʦʡ ʨʝʪʨʘʥʩʣʷʮʠʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʝʥʘʧʨʘʚʣʝʥʥʳʝ, ʩʣʘʙʦ- 

ʠʣʠ ʚʳʩʦʢʦʥʘʧʨʘʚʣʝʥʥʳʝ ʘʥʪʝʥʥʳʝ ʩʠʩʪʝʤʳ. ʀʟʣʫʯʝʥʥʳʡ ʨʝʪʨʘʥʩʣʷʪʦʨʦʤ ʨʘ-

ʜʠʦʩʠʛʥʘʣ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝʥʘʧʨʘʚʣʝʥʥʳʭ ʠʣʠ ʩʣʘʙʦʥʘʧʨʘʚʣʝʥʥʳʭ ʘʥʪʝʥʥ 

ʤʦʞʝʪ ʧʦʩʪʫʧʠʪʴ ʥʘ ʚʭʦʜʳ ʧʨʠʝʤʥʠʢʦʚ ʥʝʩʢʦʣʴʢʠʭ ʉʈ-ʩʦʩʝʜʝʡ, ʢʦʪʦʨʳʝ ʥʘʭʦ-

ʜʷʪʩʷ ʚ ʟʦʥʝ ʨʘʜʠʦʚʠʜʠʤʦʩʪʠ. ɿʦʥʘ ʨʘʜʠʦʚʠʜʠʤʦʩʪʠ ʨʝʪʨʘʥʩʣʷʪʦʨʦʚ ʦʧʨʝʜʝʣʷ-

ʝʪʩʷ ʥʘʧʨʘʚʣʝʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʙʦʨʪʦʚʳʭ ʧʨʠʝʤʦ-ʧʝʨʝʜʘʶʱʠʭ ʘʥʪʝʥʥʦ-

ʬʠʜʝʨʥʳʭ ʩʠʩʪʝʤ, ʤʦʱʥʦʩʪʴʶ ʧʝʨʝʜʘʪʯʠʢʦʚ, ʜʠʘʧʘʟʦʥʦʤ ʠʩʧʦʣʴʟʫʝʤʳʭ ʯʘʩʪʦʪ, 

ʚʳʩʦʪʦʡ ʦʨʙʠʪ ʠ ʜʨ., ʥʘʧʨʠʤʝʨ, ʧʨʠ ʤʘʣʦʡ ʚʳʩʦʪʝ ʦʨʙʠʪ ʠʟ-ʟʘ ʢʨʠʚʠʟʥʳ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʟʦʥʘ ʨʘʜʠʦʚʠʜʠʤʦʩʪʠ ʤʝʥʴʰʝ, ʯʝʤ ʧʨʠ ʙʦʣʴʰʝʡ ʚʳʩʦʪʝ ʦʨʙʠʪ. 

ʊʘʢ, ʧʨʠ ʚʳʩʦʪʝ ʦʨʙʠʪ ʦʪ 800 ʜʦ 1400 ʢʤ ʚʨʝʤʷ çʞʠʟʥʠè ʪʦʧʦʣʦʛʠʠ ʩʦʩʪʘʚʣʷʝʪ 

ʧʨʠʤʝʨʥʦ ʦʪ 3 ʜʦ 10 ʤʠʥʫʪ [33].  

ɺ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʨʦʝʢʪʘʭ, ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʩʝʪʠ ʩʚʷ-

ʟʠ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʙʲʝʜʠʥʝʥʠʝ ʩʧʫʪʥʠʢʦʚʳʭ ʠ ʥʘʟʝʤʥʳʭ ʩʝʪʝʡ 

ʩʚʷʟʠ [34]. ʉʧʫʪʥʠʢʦʚʳʡ ʩʝʛʤʝʥʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙʲʝʜʠʥʝʥʥʫʶ ʩʝʪʴ ʛʝʦ-

ʩʪʘʮʠʦʥʘʨʥʳʭ, ʚʳʩʦʢʦʵʣʣʠʧʪʠʯʝʩʢʠʭ, ʩʨʝʜʥʝ- ʠʣʠ ʥʠʟʢʦʦʨʙʠʪʘʣʴʥʳʭ ʩʝʪʝʡ 

ʩʧʫʪʥʠʢʦʚ-ʨʝʪʨʘʥʩʣʷʪʦʨʦʚ. ɺʦʟʤʦʞʥʳʝ ʤʘʨʰʨʫʪʳ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ʚ 

ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ [33, 35-38]: 

- ʤʝʞʩʧʫʪʥʠʢʦʚʳʝ ʢʘʥʘʣʳ ʩʚʷʟʠ (ʤʝʞʜʫ ʥʠʟʢʦʦʨʙʠʪʘʣʴʥʳʤʠ ʩʧʫʪʥʠʢʘ-

ʤʠ, ʤʝʞʜʫ ʥʠʟʢʦ- ʠ ʚʳʩʦʢʦʦʨʙʠʪʘʣʴʥʳʤʠ ʨʝʪʨʘʥʩʣʷʪʦʨʘʤʠ, ʤʝʞʜʫ ʚʳ-

ʩʦʢʦʦʨʙʠʪʘʣʴʥʳʤʠ ʨʝʪʨʘʥʩʣʷʪʦʨʘʤʠ); 

- ʢʘʥʘʣʳ ʩʚʷʟʠ ʉʈ ï ʟʝʤʥʘʷ ʩʪʘʥʮʠʷ; 

- ʢʘʥʘʣʳ ʩʚʷʟʠ ʥʘʟʝʤʥʳʭ ʩʝʪʝʡ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʘʣʛʦʨʠʪʤʳ ʤʘʨʰʨʫʪʠʟʘʮʠʠ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʩʝʛʤʝʥʪʘʭ ʵʪʠʭ ʩʝʪʝʡ, ʙʫʜʫʪ ʨʘʟʣʠʯʥʳʤʠ. ʉ ʮʝʣʴʶ ʫʧʨʦʱʝ-

ʥʠʷ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ, ʚ ʪʘʢʠʭ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʩʝʪʷʭ ʮʝʣʝʩʦ-
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ʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʜʥʫ ʫʥʠʚʝʨʩʘʣʴʥʫʶ ʩʭʝʤʫ ʚʳʙʦʨʘ ʤʘʨʰʨʫʪʘ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʚʦ ʚʩʝʭ ʩʝʛʤʝʥʪʘʭ ʩʝʪʠ ʙʫʜʫʪ ʠʟʤʝʨʷʪʴʩʷ ʠ ʨʘʩʩʯʠʪʳʚʘʪʴʩʷ ʦʜʥʠ ʠ ʪʝ ʞʝ 

ʧʦʢʘʟʘʪʝʣʠ, ʥʘ ʙʘʟʝ ʢʦʪʦʨʳʭ ʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʦʧʪʠʤʘʣʴʥʳʝ ʚ ʚʳʙʨʘʥʥʦʡ ʤʝʪʨʠ-

ʢʝ ʤʘʨʰʨʫʪʳ. ʆʜʥʘʢʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʣʠʯʥʳʝ ʩʝʛʤʝʥʪʳ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ 

ʩʝʪʝʡ ʧʨʦʝʢʪʠʨʫʶʪʩʷ ʠ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ, ʯʪʦ, ʩ 

ʫʯʝʪʦʤ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʚ ʉʉʉ, ʧʨʠʜʘʝʪ ʟʘʜʘʯʝ 

ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʚ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʥʘʟʝʤʥʦ-ʢʦʩʤʠʯʝʩʢʠʭ ʩʝʪʷʭ ʩʚʷʟʠ ʦʩʦʙʫʶ 

ʘʢʪʫʘʣʴʥʦʩʪʴ. 

ʀʟʤʝʥʝʥʠʷ ʪʦʧʦʣʦʛʠʠ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʘʬʠʢʘ ʚ ʉʉʉ ʭʦʪʷ ʠ ʥʦʩʷʪ ʚʳʩʦ-

ʢʦʜʠʥʘʤʠʯʥʳʡ ʭʘʨʘʢʪʝʨ, ʥʦ ʚ ʙʦʣʴʰʝʡ ʩʚʦʝʡ ʯʘʩʪʠ ʷʚʣʷʶʪʩʷ ʧʨʝʜʩʢʘʟʫʝʤʳʤʠ. 

ɺ ʯʘʩʪʥʦʩʪʠ [33, 35-38]: 

- ʟʦʥʳ ʨʘʜʠʦʚʠʜʠʤʦʩʪʠ ʠ ʪʦʧʦʣʦʛʠʷ ʦʨʙʠʪʘʣʴʥʦʡ ʩʝʪʠ ʩʚʷʟʠ ʚʧʦʣʥʝ ʜʝ-

ʪʝʨʤʠʥʠʨʦʚʘʥʳ, ʪʘʢ ʢʘʢ ʨʝʪʨʘʥʩʣʷʪʦʨʳ ʜʚʠʞʫʪʩʷ ʧʦ ʦʨʙʠʪʘʤ ʩ ʧʦʩʪʦ-

ʷʥʥʳʤʠ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟʤʝʥʥʳʤʠ ʙʘʣʣʠʩʪʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 

ʇʦʵʪʦʤʫ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʉʈ ʠ ʟʦʥ ʨʘʜʠʦʚʠʜʠʤʦʩʪʠ ʩ ʜʨʫʛʠʤʠ ʨʝ-

ʪʨʘʥʩʣʷʪʦʨʘʤʠ ʦʨʙʠʪʘʣʴʥʦʡ ʛʨʫʧʧʠʨʦʚʢʠ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʘ ʟʘ-

ʨʘʥʝʝ;  

- ʦʨʙʠʪʘʣʴʥʳʝ ʛʨʫʧʧʠʨʦʚʢʠ ʜʣʷ ʉʉʉ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʨʝʛʫʣʷʨʥʫʶ ʩʪʨʫʢʪʫʨʫ. 

ʅʘʧʨʠʤʝʨ, ʉʉʉ Iridium ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʘʟʚʝʨʪʢʫ ʮʠʣʠʥʜʨʘ ʩ ʜʝ-

ʪʝʨʤʠʥʠʨʦʚʘʥʥʦʡ ʨʝʰʝʪʯʘʪʦʡ ʩʪʨʫʢʪʫʨʦʡ;  

- ʤʦʤʝʥʪʳ ʧʦʷʚʣʝʥʠʷ ʪʨʘʬʠʢʘ ʚ ʣʠʥʠʷʭ ʩʚʷʟʠ çʚʚʝʨʭè ʜʣʷ ʢʘʞʜʦʛʦ ʉʈ 
ʚʧʦʣʥʝ ʧʨʝʜʩʢʘʟʫʝʤʳ, ʪʘʢ ʢʘʢ ʟʘʨʘʥʝʝ ʠʟʚʝʩʪʥʳ ʤʦʤʝʥʪʳ ʧʦʷʚʣʝʥʠʷ 

ʢʘʞʜʦʛʦ ʉʈ ʥʘʜ ʢʘʞʜʳʤ ʛʝʦʛʨʘʬʠʯʝʩʢʠʤ ʨʘʡʦʥʦʤ ɿʝʤʣʠ;  

- ʥʘʜ ʧʦʣʶʩʘʤʠ ʚ ʦʨʙʠʪʘʣʴʥʦʡ ʛʨʫʧʧʠʨʦʚʢʝ ʉʉʉ ʚʦʟʥʠʢʘʶʪ ʙʦʣʴʰʠʝ 

ʩʢʦʧʣʝʥʠʷ (ʧʫʯʥʦʩʪʠ) ʨʝʪʨʘʥʩʣʷʪʦʨʦʚ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚ ʟʦʥʝ ʨʘʜʠʦʚʠ-

ʜʠʤʦʩʪʠ ʢʘʞʜʦʛʦ ʉʈ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʙʦʣʝʝ ʜʝʩʷʪʢʘ ʨʝʪʨʘʥʩʣʷʪʦʨʦʚ 

ʜʨʫʛʠʭ ʦʨʙʠʪ ʠ ʜʨ.  

ʋʯʝʪ ʚʩʝʭ ʵʪʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʩʣʦʞʥʦʩʪʴ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʠ ʨʘʟʨʘʙʦʪʘʪʴ ʚ ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʝʧʝʥʠ ʵʬʬʝʢ-

ʪʠʚʥʳʝ ʘʣʛʦʨʠʪʤʳ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʚ ʉʉʉ [33, 35-41].  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʘʥʳ ʜʚʘ ʙʘʟʦʚʳʭ ʘʣʛʦʨʠʪʤʘ ʤʘʨʰʨʫʪʠʟʘʮʠʠ 

ʫʯʠʪʳʚʘʶʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʪʦʧʦʣʦʛʠʠ ʉʉʉ [33]: 

- DT-DVTR (Discrete Time Dynamic Virtual Topology Routing); 

- VN (Virtual Node).  

ɸʣʛʦʨʠʪʤ DT-DVTR ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʠ ʨʝʛʫʣʷʨʥʦʩʪʠ ʠʟ-

ʤʝʥʝʥʠʡ ʪʦʧʦʣʦʛʠʠ ʦʨʙʠʪʘʣʴʥʦʡ ʛʨʫʧʧʠʨʦʚʢʠ. ɼʣʠʪʝʣʴʥʦʩʪʴ ʦʜʥʦʛʦ ʚʠʪʢʘ ʚʦ-

ʢʨʫʛ ɿʝʤʣʠ ʜʣʷ ʢʘʞʜʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ (ʂɸ) ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʠʥʪʝʨʚʘʣʳ 

ʩʪʘʮʠʦʥʘʨʥʦʩʪʠ, ʥʘ ʢʦʪʦʨʳʭ ʪʦʧʦʣʦʛʠʷ ʉʉʉ ʥʝʠʟʤʝʥʥʘ. ʅʘ ʢʘʞʜʦʤ ʠʥʪʝʨʚʘʣʝ 

ʟʘʜʘʯʘ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʨʝʰʘʝʪʩʷ ʦʜʥʠʤ ʠʟ ʠʟʚʝʩʪʥʳʭ ʤʝʪʦʜʦʚ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʩʦ-

ʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʘʙʣʠʮ ʤʘʨʰʨʫʪʠʟʘʮʠʠ, ʥʘʙʦʨ ʢʦʪʦʨʳʭ ʜʣʷ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ 

ʠʥʪʝʨʚʘʣʦʚ ʩʪʘʮʠʦʥʘʨʥʦʩʪʠ ʭʨʘʥʠʪʩʷ ʥʘ ʙʦʨʪʫ ʢʘʞʜʦʛʦ ʂɸ [33].  

ɸʣʛʦʨʠʪʤ VN ʠʩʧʦʣʴʟʫʝʪ ʧʦʥʷʪʠʝ ʚʠʨʪʫʘʣʴʥʦʡ ʪʦʧʦʣʦʛʠʠ ʉʉʉ, ʢʦʪʦʨʘʷ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʫʧʝʨʧʦʟʠʮʠʶ ʚʠʨʪʫʘʣʴʥʳʭ ʫʟʣʦʚ ʠ ʬʠʟʠʯʝʩʢʦʡ (ʨʝʘʣʴʥʦʡ) 
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ʪʦʧʦʣʦʛʠʠ ʦʨʙʠʪʘʣʴʥʦʡ ʛʨʫʧʧʠʨʦʚʢʠ. ʆʢʦʣʦʟʝʤʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʨʘʟʙʠʪʦ ʥʘ 

ʨʷʜ ʩʦʧʨʠʢʘʩʘʶʱʠʭʩʷ ʦʙʣʘʩʪʝʡ. ɺ ʪʝʯʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ 

ʢʘʞʜʦʤʫ ʚʠʨʪʫʘʣʴʥʦʤʫ ʫʟʣʫ ʩʦʧʦʩʪʘʚʣʝʥ ʦʧʨʝʜʝʣʝʥʥʳʡ ʬʠʟʠʯʝʩʢʠʡ ʩʧʫʪʥʠʢ, 

ʥʘʭʦʜʷʱʠʡʩʷ ʚ ʦʜʥʦʡ ʠʟ ʵʪʠʭ ʦʙʣʘʩʪʝʡ. ɺʦ ʚʨʝʤʷ ʧʨʝʙʳʚʘʥʠʷ ʂɸ ʚ ʵʪʦʡ ʦʙʣʘ-

ʩʪʠ ʚʠʨʪʫʘʣʴʥʘʷ ʪʦʧʦʣʦʛʠʷ ʉʉʉ ʩʯʠʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʦʡ. ʂʘʢ ʪʦʣʴʢʦ ʩʧʫʪʥʠʢ ʧʦ-

ʢʠʜʘʝʪ ʵʪʫ ʦʙʣʘʩʪʴ, ʜʘʥʥʦʤʫ ʚʠʨʪʫʘʣʴʥʦʤʫ ʫʟʣʫ ʩʪʘʚʠʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʜʨʫʛʦʡ 

ʩʧʫʪʥʠʢ, ʢʦʪʦʨʳʡ ʚʭʦʜʠʪ ʚ ʵʪʫ ʦʙʣʘʩʪʴ ʠ ʢʦʪʦʨʦʤʫ ʧʝʨʝʜʘʝʪʩʷ ʚʩʷ ʠʥʬʦʨʤʘʮʠʷ, 

ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʨʘʙʦʪʳ ʜʘʥʥʦʛʦ ʚʠʨʪʫʘʣʴʥʦʛʦ ʫʟʣʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʨʘʩʯʝʪ ʤʘʨʰʨʫʪʦʚ ʚʝʜʝʪʩʷ ʚ ʚʠʨʪʫʘʣʴʥʦʡ ʪʦʧʦʣʦʛʠʠ ʉʉʉ [33].  

ɺ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʨʦʝʢʪʘʭ ʉʉʉ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ 

Asynchrony Transfer Mode (ATM) ï ʘʩʠʥʭʨʦʥʥʦʛʦ ʨʝʞʠʤʘ ʧʝʨʝʜʘʯʠ. ɼʣʷ ʤʘʨʰ-

ʨʫʪʠʟʘʮʠʠ ʚ ʥʠʭ ʨʘʟʨʘʙʦʪʘʥʘ ATM-ʚʝʨʩʠʷ ʘʣʛʦʨʠʪʤʘ DT-DVTR. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʢʘʞʜʘʷ ʧʘʨʘ ʩʦʩʝʜʥʠʭ ʂɸ ʩʛʨʫʧʧʠʨʦʚʘʥʘ ʚ ʚʠʨʪʫʘʣʴʥʳʡ ʧʫʪʴ VPC (Virtual Path 

Connection) ʠ ʙʦʨʪʦʚʦʡ ʧʨʦʮʝʩʩʦʨ ʂɸ ʧʨʠ ʨʘʩʯʝʪʝ ʤʘʨʰʨʫʪʦʚ ʨʘʙʦʪʘʝʪ, ʠʩʭʦʜʷ 

ʠʟ ʤʝʪʦʢ ʵʪʦʛʦ VPC [33].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʮʝʣʦʤ ʩʭʝʤʘ ʩʦʧʨʷʞʝʥʠʷ ʉɺʈʉ ʯʝʨʝʟ ʉʉʉ ʙʫʜʝʪ ʠʤʝʪʴ 

ʚʠʜ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩ. 5.  

ʂʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ, ʉʉʉ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʦʪʜʝʣʴʥʳʤ ʉɺʈʉ ʫʩʣʫʛʠ 

ʛʣʦʙʘʣʴʥʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʝʪʠ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ ʦʥʠ ʩʦʧʨʷʛʘʶʪʩʷ ʤʝʞʜʫ ʩʦ-

ʙʦʡ, ʘ ʪʘʢʞʝ ʩ ʥʘʟʝʤʥʦʡ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ. ʉʉʉ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʚʘ 

ʩʝʛʤʝʥʪʘ ï ʉʈ ʥʘ ʚʳʩʦʢʦʵʣʣʠʧʪʠʯʝʩʢʦʡ ʦʨʙʠʪʝ, ʨʝʰʘʶʱʠʝ ʟʘʜʘʯʠ ʦʙʝʩʧʝʯʝʥʠʷ 

ʩʚʷʟʴʶ ʚ ʧʨʠʧʦʣʷʨʥʳʭ ʨʘʡʦʥʘʭ ʠ ʉʈ ʥʘ ʛʝʦʩʪʘʮʠʦʥʘʨʥʦʡ ʦʨʙʠʪʝ, ʦʙʝʩʧʝʯʠʚʘ-

ʶʱʠʝ ʩʚʷʟʴʶ ʨʘʡʦʥʳ ɿʝʤʣʠ ʦʪ 600 ʩʝʚʝʨʥʦʡ ʰʠʨʦʪʳ ʠ ʶʞʥʝʝ. ʇʦʜʢʣʶʯʝʥʠʝ 

ʦʪʜʝʣʴʥʳʭ ʉɺʈʉ ʢ ʉʉʉ ʚ ʨʘʤʢʘʭ ʦʜʥʦʛʦ ʩʪʚʦʣʘ ʉʈ ʚʝʜʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʦʪʦ-

ʢʦʣʘ ʩʣʫʯʘʡʥʦʛʦ ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʜʦʩʪʫʧʘ S-Aloha. ʀʥʬʦʨʤʘʮʠʦʥʥʳʡ ʦʙʤʝʥ ʧʦ 

ʤʝʞʩʧʫʪʥʠʢʦʚʳʤ ʨʘʜʠʦʣʠʥʠʷʤ, ʘ ʪʘʢʞʝ ʧʦ ʢʘʥʘʣʘʤ ʉʈ-ʰʣʶʟʦʚʘʷ ʩʪʘʥʮʠʷ ʚʝ-

ʜʝʪʩʷ ʧʦ ʩʪʘʥʜʘʨʪʫ DVB-S/S2. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʩʣʝʜʦʚʘʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʧʨʦʪʦʢʦʣʦʚ 

ʨʝʪʨʘʥʩʣʷʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ʚ ʆɺʂʉʉ ʥʘ ʦʩʥʦʚʝ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦ-

ʛʦ (ʦʙʤʝʥ ʉɺʈʉ ʤʝʞʜʫ ʩʦʙʦʡ ʚʝʜʝʪʩʷ ʯʝʨʝʟ ʉʉʉ) ʠ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʧʨʠʥ-

ʮʠʧʘ (ʦʙʤʝʥ ʉɺʈʉ ʤʝʞʜʫ ʩʦʙʦʡ ʚʝʜʝʪʩʷ ʯʝʨʝʟ ʉʉʉ ʠ ʩʤʝʞʥʳʝ ʉɺʈʉ ʦʙʲʝʜʠ-

ʥʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ Mesh-ʪʝʭʥʦʣʦʛʠʡ). ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚʳʙʨʘʪʴ ʨʘʮʠʦʥʘʣʴʥʳʡ ʩʧʦʩʦʙ ʨʝʪʨʘʥʩʣʷʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ, ʘ ʪʘʢ-

ʞʝ ʧʨʝʜʣʦʞʠʪʴ ʚʘʨʠʘʥʪʳ ʪʝʭʥʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʩʧʦʩʦʙʘ ʚ ʚʠ-

ʜʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʚ ʚʦʟʜʫʰʥʦʛʦ ʵʰʝʣʦʥʘ ʩʚʷʟʠ. 
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ʈʠʩ. 5. ʉʭʝʤʘ ʩʦʧʨʷʞʝʥʠʷ ʉɺʈʉ ʯʝʨʝʟ ʉʉʉ 

 

 

1.2. ɸʥʘʣʠʟ ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʧʦʚʳʰʝʥʠʷ ʧʨʦʧʫʩʢʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʩʝʪʝʡ ʚʦʟʜʫʰʥʦʡ ʠ ʩʧʫʪʥʠʢʦʚʦʡ ʩʚʷʟʠ 

ɺʦʧʨʦʩʳ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʩʚʷʟʠ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʘʚʠʘʮʠʝʡ ʷʚ-

ʣʷʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ. ʇʨʦʙʣʝʤʘʪʠʢʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʠʩʪʝʤ ʩʚʷʟʠ ʫʧʨʘʚʣʝ-

ʥʠʷ ʘʚʠʘʮʠʝʡ ʧʦʩʚʷʱʝʥʳ ʨʘʙʦʪʳ: ʌʝʜʦʩʦʚʘ ɽ.ɸ. [17], ʂʠʪʢʘʝʚʘ ʉ.ɺ. [42], ʂʦʥʦ-

ʚʘʣʦʚʘ ʆ.ɸ., ɹʫʩʣʘʝʚʘ ɸ.ʀ., ʄʘʣʠʢʦʚʘ ʉ.ɺ. [8], ɺʦʡʪʢʝʚʠʯʘ ʂ.ʃ. [20-23, 43, 44-

47], ʉʫʣʠʤʘ ɸ.ɸ. [20, 43], ɹʝʣʦʫʩʦʚʘ ɽ.ɸ. [21, 22, 47]. 
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ɺ ʦʪʢʨʳʪʦʡ ʣʠʪʝʨʘʪʫʨʝ ʚʦʧʨʦʩʳ ʦʨʛʘʥʠʟʘʮʠʠ ʉɺʈʉ ʠ ʫʧʨʘʚʣʝʥʠʷ ʝʝ ʨʝ-

ʩʫʨʩʘʤʠ ʚ ʠʥʪʝʨʝʩʘʭ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʝʡʩʪʚʠʡ ʘʚʠʘʮʠʠ ʠʩʩʣʝ-

ʜʦʚʘʣʠʩʴ ʚ ʨʘʙʦʪʘʭ: ɼʤʠʪʨʠʝʚʘ ɸ.ʅ. [29, 30, 48-50], ʄʦʪʠʥʘ ʆ.ɺ. [29, 30, 51], 

ʄʘʢʩʠʤʦʚʘ ɸ.ɺ. [29, 30, 50], ɹʣʘʢʠʪʥʦʛʦ ʆ.ɸ. [48], ʄʘʢʘʨʝʥʢʦ ʉ.ʀ. [11, 52-54], 

ɻʠʤʙʠʮʢʦʛʦ ɺ.ɸ. [55-60], ʉʥʳʪʢʠʥʘ ʀ.ʀ. [55-57], ʂʘʣʠʥʠʥʘ ɺ.ʀ. [61-63], ɻʦʮʫ-

ʮʦʚʘ ʉ.ʖ. [64], ʂʘʣʠʤʫʣʠʥʦʡ ʕ.ʖ. [65], ʄʦʨʦʟʦʚʘ ɸ.ʅ. [66], ʇʨʦʭʦʨʦʚʘ ɸ.ɺ. 

[67-69], ʂʦʣʷʜʦʚʘ ɼ.ɺ. [67, 68], ɹʦʥʜʘʨʷ ɼ.ʉ. [69], ɺʦʡʪʢʝʚʠʯʘ ʂ.ʃ. [20-23, 44-

47], ʉʫʣʠʤʘ ɸ.ɸ. [20, 43], ɹʝʣʦʫʩʦʚʘ ɽ.ɸ. [21, 22, 47], ɹʨʷʥʮʝʚʘ ɺ.ʌ. [21, 22, 

47], ʂʝʡʩʪʦʚʠʯʘ ɸ.ɺ. [21, 22], ʉʘʡʬʝʪʜʠʥʦʚʘ ʍ.ʀ. [21, 22, 47]. 

ɺ ʨʘʙʦʪʘʭ ɻʦʮʫʮʦʚʘ ʉ.ʖ. [64] ʂʘʣʠʤʫʣʠʥʦʡ ʕ.ʖ. [65] ʠ ʄʦʨʦʟʦʚʘ ɸ.ʅ. 

[66] ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʘʩʧʝʢʪʳ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʪʨʘʬʠʢʘ ʋɺɼ ʚ ʉɺʈʉ 

ʥʘ ʦʩʥʦʚʝ ʛʨʘʞʜʘʥʩʢʠʭ ʩʨʝʜʩʪʚ ʩʚʷʟʠ, ʩ ʫʯʝʪʦʤ ʬʘʢʪʦʨʘ ʥʘʜʝʞʥʦʩʪʠ ʢʘʥʘʣʦʚ. ɺ 

ʨʘʙʦʪʘʭ ʇʨʦʭʦʨʦʚʘ ɸ.ɺ. [67-69], ʂʦʣʷʜʦʚʘ ɼ.ɺ. [67, 68], ɹʦʥʜʘʨʷ ɼ.ʉ. [69] ʨʘʩ-

ʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʦʙʩʣʫʞʠʚʘʥʠʷ ʪʨʘʬʠʢʘ ʢʨʠʪʠʯʥʦʛʦ ʢ ʟʘʜʝʨʞʢʘʤ ʚ ʉɺʈʉ 

ʋɺɼ. ʆʜʥʘʢʦ ʜʘʥʥʳʝ ʨʘʙʦʪʳ ʚ ʦʩʥʦʚʥʦʤ ʢʘʩʘʣʠʩʴ ʧʨʠʥʮʠʧʦʚ ʋɺɼ ʛʨʘʞʜʘʥ-

ʩʢʦʡ ʘʚʠʘʮʠʠ ʠ ʥʝ ʫʯʠʪʳʚʘʣʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʫʧʨʘʚʣʝʥʠʷ ʙʦʝʚʦʡ ʘʚʠʘʮʠʝʡ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʚ ʜʘʥʥʳʭ ʨʘʙʦʪʘʭ ʥʝ ʫʯʠʪʳʚʘʣʠʩʴ ʚʦʟʤʦʞʥʦʩʪʠ ʙʳʩʪʨʦʛʦ ʚʦʟʨʘʩʪʘ-

ʥʠʷ ʦʙʲʝʤʘ ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ ʧʨʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʦʙʝʩ-

ʧʝʯʝʥʠʠ ɸʂ, ʥʘ ʵʪʘʧʘʭ ʘʪʘʢʠ ʮʝʣʠ ʠ ʚʝʜʝʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʙʦʷ, ʥʝ ʫʯʠʪʳʚʘʣʠʩʴ 

ʚʦʟʤʦʞʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ ʩʦʧʨʷʞʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʉɺʈʉ ʯʝʨʝʟ ʉʉʉ. 

ʅʘʠʙʦʣʝʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʚ ʦʙʣʘʩʪʠ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʠ 

ʨʝʪʨʘʥʩʣʷʮʠʠ ʪʨʘʬʠʢʘ ʚ ʘʚʠʘʮʠʦʥʥʳʭ ʉɺʈʉ ʷʚʣʷʝʪʩʷ ʜʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ 

ɺʦʡʪʢʝʚʠʯʘ ʂ.ʃ. [44]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʬʘʢʪʠʯʝʩʢʠ ʦʧʠʩʘʥʳ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʝ 

ʧʦʜʭʦʜʳ ʢ ʨʝʪʨʘʥʩʣʷʮʠʠ ʪʨʘʬʠʢʘ ʚ ʉɺʈʉ ʫʧʨʘʚʣʝʥʠʷ ʘʚʠʘʮʠʝʡ, ʨʘʩʩʤʦʪʨʝʥʘ 

ʧʨʠʤʝʥʠʤʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʧʦʠʩʢʘ ʧʫʪʝʡ ʚ ʠʥʪʝʨʝʩʘʭ ʟʘʜʘʯʠ ʤʘʨʰ-

ʨʫʪʠʟʘʮʠʠ ʠ ʨʝʪʨʘʥʩʣʷʮʠʠ ʪʨʘʬʠʢʘ ʚ ʦʙʲʝʜʠʥʝʥʥʳʭ ʥʘʟʝʤʥʦ-ʚʦʟʜʫʰʥʳʭ ʩʝʪʷʭ. 

ʆʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʉɺʈʉ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʨʘʙʦʪʝ 

ɺʦʡʪʢʝʚʠʯʘ ʂ.ʃ.  [44] ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʦʣʫʯʠʣʠ ʨʘʟʚʠʪʠʝ ʚ ʨʘʙʦʪʘʭ: ɸʣʝʭʠ-

ʥʘ ʉ.ɺ. [45], ʉʫʣʠʤʘ ɸ.ɸ. [20, 43], ɿʘʮ ʇ.ɸ. [43], ɹʝʣʦʫʩʦʚʘ ɽ.ɸ. [21, 22, 47], 

ɹʨʷʥʮʝʚʘ ɺ.ʌ. [21, 22, 47], ʂʝʡʩʪʦʚʠʯʘ ɸ.ɺ. [21, 22], ʉʘʡʬʝʪʜʠʥʦʚʘ ʍ.ʀ. [21, 22, 

47]. ɺ ʥʠʭ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʨʘʟʣʠʯʥʳʝ ʘʩʧʝʢʪʳ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʨʝʪʨʘʥʩʣʷʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ʚ ʉɺʈʉ, ʘ ʪʘʢʞʝ ʚʦʧʨʦʩʳ ʩʦʚʝʨʰʝʥ-

ʩʪʚʦʚʘʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʘʚʠʘʮʠʦʥʥʦʡ ʩʚʷʟʠ ʛʨʘʞʜʘʥʩʢʦʛʦ ʠ ʜʚʦʡʥʦʛʦ ʥʘʟʥʘʯʝ-

ʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʟʘ ʩʯʝʪ ʩʦʟʜʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦ ʢʦʥʬʠʛʫʨʠʨʫʝʤʳʭ ʩʝʪʝʡ ʠ ʨʘʜʠʦ-

ʩʪʘʥʮʠʡ. 

ʆʩʦʙʝʥʥʦʩʪʠ ʧʦʩʪʨʦʝʥʠʷ ʉɺʈʉ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʠʤʝʥʥʦ ʙʦʝʚʦʡ ʘʚʠʘʮʠʝʡ 

ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʨʘʙʦʪʘʭ: ɼʤʠʪʨʠʝʚʘ ɸ.ʅ. [29, 30, 48-50], ʄʦʪʠʥʘ ʆ.ɺ. [29, 30, 

51], ʄʘʢʩʠʤʦʚʘ ɸ.ɺ. [29, 30, 48, 50], ɹʣʘʢʠʪʥʦʛʦ ʆ.ɸ. [48], ʄʘʢʘʨʝʥʢʦ ʉ.ʀ. [32, 

52-54], ɻʠʤʙʠʮʢʦʛʦ ɺ.ɸ. [55-60], ʉʥʳʪʢʠʥʘ ʀ.ʀ. [55-57]. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʨʘʙʦʪʘʭ 

ɼʤʠʪʨʠʝʚʘ ɸ.ʅ., ʄʦʪʠʥʘ ʆ.ɺ., ʄʘʢʩʠʤʦʚʘ ɸ.ɺ., ɹʣʘʢʠʪʥʦʛʦ ʆ.ɸ. [29, 30, 48-51] 

ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʦʮʝʥʢʠ ʦʨʛʘʥʠʟʘʮʠʠ ʉɺʈʉ ʥʘ ʦʩʥʦʚʝ ʨʘʟʣʠʯʥʳʭ ɸʄʉɼ, 

ʘ ʪʘʢʞʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʚ ʥʠʭ. ɺ ʨʘʙʦʪʘʭ ɻʠʤʙʠʮʢʦ-

ʛʦ ɺ.ɸ. ʠ ʉʥʳʪʢʠʥʘ ʀ.ʀ. [55-60] ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʧʦʩʪʨʦʝʥʠʷ ʵʬʬʝʢʪʠʚ-

ʥʦʡ ʩʠʩʪʝʤʳ ʩʚʷʟʠ ʫʧʨʘʚʣʝʥʠʷ ʘʚʠʘʮʠʝʡ ʨʝʛʠʦʥʘ ʥʘ ʦʩʥʦʚʝ ʠʝʨʘʨʭʠʯʝʩʢʠʭ 

ʉɺʈʉ, ʘ ʪʘʢʞʝ ʧʦʨʷʜʦʢ ʨʝʪʨʘʥʩʣʷʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ʚ ʥʠʭ, ʧʨʠ 
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ʫʧʨʘʚʣʝʥʠʠ ʤʘʩʩʠʨʦʚʘʥʥʳʤʠ ʜʝʡʩʪʚʠʷʤʠ ʨʘʟʥʦʨʦʜʥʦʡ ʛʨʫʧʧʠʨʦʚʢʠ ʘʚʠʘʮʠʠ. ɺ 

ʨʘʙʦʪʘʭ ɹʘʯʝʚʩʢʦʛʦ ʉ. ɺ., ɼʚʦʨʥʠʢʦʚʘ ʉ. ɺ., ɼʚʦʨʥʠʢʦʚʘ ʉ. ʉ., ʎʘʨʝʣʫʥʛʦ ɸ. ɹ. 

[97], ʄʘʢʘʨʝʥʢʦ ʉ.ʀ. [32, 52-54] ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝ-

ʥʠʷ ʨʝʩʫʨʩʘʤʠ ʉɺʈʉ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʟʘʜʘʥʥʦʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʚ ʠʥ-

ʪʝʨʝʩʘʭ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠʩʪʨʝʙʠʪʝʣʴʥʦʡ ʘʚʠʘʮʠʠ. 

ɺ ʨʘʙʦʪʘʭ ʉʢʦʨʦʚʘʨʦʚʘ ɸ.ʉ. [70], ɹʦʨʠʩʦʚʘ ɺ.ʀ., ɿʠʥʯʫʢʘ ɺ.ʄ., ʃʠʤʘʨʝ-

ʚʘ ɸ.ɽ. [14], ʉʝʤʠʩʦʰʝʥʢʦ ʄ.ɸ. [71], ʄʘʢʘʨʝʥʢʦ ʉ.ʀ. [13, 72, 73], ʀʚʘʥʦ-

ʚʘ ʄ.ʉ., ʇʦʧʦʚʘ ʉ.ɸ. [13], ɺʣʘʜʠʤʠʨʦʚʘ ɺ.ʀ. [74], ɹʘʙʫʩʝʥʢʦ ʉ.ʀ. [75, 76], 

ɼʚʦʨʥʠʢʦʚʘ ʉ. ɺ., ʀʚʘʥʦʚʘ ʈ. ɺ., ʇʦʧʦʚʘ ɽ.ɸ., ʇʦʛʦʨʝʣʦʚʘ ɸ.ɸ., ʄʦʨʦʟʦʚʘ ɽ.ɺ. 

[98, 100-102], ʉʘʤʦʡʣʝʥʢʦ ɼ. ɺ., ʌʠʥʴʢʦ ʆ. ɸ. [99], ɹʘʣʶʢʘ ɸ. ɸ., ʂʨʫʧʝ-

ʥʠʥʘ ɸ. ɺ., ʄʘʭʦʚʘ ɼ. ʉ., ʌʠʥʴʢʦ ʆ. ɸ., ʉʘʤʦʡʣʝʥʢʦ ɼ. ɺ., ɽʨʝʤʝʝʚʘ ʄ. ɸ. [103-

107] ʨʘʩʩʤʦʪʨʝʥʳ ʨʘʟʣʠʯʥʳʝ ʘʩʧʝʢʪʳ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʤʝʭʦ- ʠ ʠʤʠʪʦ-ʟʘʱʠʪʳ 

ʉɺʈʉ ʠ ʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʚʦʟʜʝʡʩʪʚʠʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʧʨʝʜ-

ʥʘʤʝʨʝʥʥʳʭ ʧʦʤʝʭ.  

ɺ ʨʘʙʦʪʘʭ ʂʘʣʠʥʠʥʘ ɺ.ʀ. [61-63], ʐʦʨʠʥʘ ʆ.ɸ. [77] ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʦʩʦʙʝʥʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʨʝʩʫʨʩʘʤʠ ʉɺʈʉ ʧʨʠ ʦʙʝʩʧʝʯʝʥʠʠ ʟʘʜʘʥʥʦʛʦ ʢʘʯʝʩʪʚʘ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʜʣʷ ʚʳʩʦʢʦʤʦʙʠʣʴʥʳʭ ʘʙʦʥʝʥʪʦʚ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʚ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʨʘʙʦʪʘʭ [13, 70-76] ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʪʨʘʥʩʣʷʮʠʠ ʯʘʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʪʨʘʬʠʢʘ ʯʝʨʝʟ ʉʉʉ, ʘ ʪʘʢ-

ʞʝ ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʪʨʘʥʩʣʷʮʠʠ ʪʨʘʥʟʠʪʥʳʭ ʧʦʪʦʢʦʚ ʯʝʨʝʟ 

ʉɺʈʉ. ɺ ʨʘʙʦʪʘʭ ʧʦ ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʦʩʪʠ ʉɺʈʉ ʉʢʦʨʦʚʘʨʦʚʘ ɸ.ʉ., ɹʦʨʠʩʦ-

ʚʘ ɺ.ʀ., ɿʠʥʯʫʢʘ ɺ.ʄ., ʃʠʤʘʨʝʚʘ ɸ.ɽ., ʉʝʤʠʩʦʰʝʥʢʦ ʄ.ɸ., ʄʘʢʘʨʝʥʢʦ ʉ.ʀ., 

ʀʚʘʥʦʚʘ ʄ.ʉ., ʇʦʧʦʚʘ ʉ.ɸ. [13, 14, 70, 71] ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʦʣʴʢʦ ʧʘʨʘʤʝʪʨʳ 

ʬʠʟʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ, ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʵʬʬʝʢʪʳ ʦʪ ʩʥʠʞʝʥʠʷ ʧʨʦʧʫʩʢʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʉɺʈʉ ʢʘʢ ʨʝʟʫʣʴʪʘʪʘ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʝʜʥʘʤʝʨʝʥʥʳʭ ʧʦʤʝʭ. ɺ ʨʘʙʦ-

ʪʘʭ ɺʣʘʜʠʤʠʨʦʚʘ ɺ.ʀ., ɹʘʙʫʩʝʥʢʦ ʉ.ʀ., ʄʘʢʘʨʝʥʢʦ ʉ.ʀ, [9-12, 74-76] ʧʦʜʨʦʙʥʦ 

ʨʘʩʩʤʦʪʨʝʥʳ ʵʬʬʝʢʪʳ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʝʜʥʘʤʝʨʝʥʥʳʭ ʧʦʤʝʭ ʥʘ ʩʝʪʝʚʦʤ 

ʫʨʦʚʥʝ ʠ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʨʝʪʨʘʥʩʣʷʮʠʶ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ, ʥʦ ʧʨʠ ʵʪʦʤ ʚ 

ʧʦʢʘʟʘʪʝʣʷʭ ʉɺʈʉ ʥʝ ʫʯʠʪʳʚʘʣʘʩʴ ʩʚʷʟʥʦʩʪʴ ʉɺʈʉ, ʘ ʪʘʢʞʝ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ 

ʪʨʘʥʟʠʪʥʘʷ ʥʘʛʨʫʟʢʘ. 

ʈʘʟʣʠʯʥʳʝ ʘʩʧʝʢʪʳ ʧʦʩʪʨʦʝʥʠʷ ʩʝʪʝʚʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʥʘ ʦʩ-

ʥʦʚʝ ʉʉʉ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʙʦʪʘʭ ʂʘʤʥʝʚʘ ɺ.ɽ., ʏʝʨʢʘʩʦʚʘ ɺ.ɺ., ʏʝʯʠʥʘ ɻ.ɺ. 

[33], ʄʘʣʴʮʝʚʘ ɻ.ʅ. [40], ɸʜʘʜʫʨʦʚʘ ʉ.ɽ., ʇʘʩʪʫʭʦʚʘ ɸ.ʉ. [78, 79], ɼʘʨʥʦ-

ʧr ʭ ɺ.ɺ. [41], ʇʘʥʪʝʥʢʦʚʘ ɼ. ɻ., ʃʦʤʘʢʠʥʘ ɸ.ɸ., ɺʝʣʠʢʦʠʚʘʥʝʥʢʦ ɺ. ʀ. [93, 94], 

ʄʠʭʘʡʣʦʚʘ ʈ. ʃ. [95, 96]. ʆʜʥʘʢʦ ʚ ʜʘʥʥʳʭ ʨʘʙʦʪʘʭ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʦʩʦʙʝʥ-

ʥʦʩʪʠ ʧʦʩʪʨʦʝʥʠʷ ʤʥʦʛʦʫʨʦʚʥʝʚʳʭ ʩʠʩʪʝʤ ʩʚʷʟʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʉʉʉ, ʘ ʪʘʢ-

ʞʝ ʚʦʧʨʦʩʳ ʨʝʪʨʘʥʩʣʷʮʠʠ ʪʨʘʬʠʢʘ ʚ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤʘʭ. ʀʤʝʶʪʩʷ ʨʘʙʦʪʳ ɸʙʦ-

ʣʠʮʘ ɸ.ʀ. [34], Chen C. [35, 36], Ekici E. [35, 36, 38], Akyildiz  I.F. [36, 38], Durre-

si A., Dash D., Anderson B.L., Kannan R., Kota S., Jain R. [37], ʎʚʝʪʢʦʚʘ ʂ.ʖ., 

ʈʦʜʠʦʥʦʚʘ ɸ.ɺ., ɸʢʤʦʣʦʚʘ ɸ.ʌ. [80-83] ʚ ʢʦʪʦʨʳʭ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ 

ʩʣʦʞʥʳʭ ʤʥʦʛʦʫʨʦʚʥʝʚʳʭ ʩʠʩʪʝʤ ʩʚʷʟʠ ʥʘ ʦʩʥʦʚʝ ʉʉʉ. ʂʘʢ ʧʨʘʚʠʣʦ, ʦʩʥʦʚʦʡ 

ʪʘʢʠʭ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʦʙʲʝʜʠʥʝʥʠʝ ʦʨʙʠʪʘʣʴʥʳʭ ʛʨʫʧʧʠʨʦʚʦʢ ʉʈ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʚʳʩʦʪʘʭ ʠ ʠʭ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʝ ʩ ʥʘʟʝʤʥʳʤʠ ʩʝʪʷʤʠ ʩʚʷʟʠ. ɺʦʧʨʦ-

ʩʳ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʠ ʨʝʪʨʘʥʩʣʷʮʠʠ ʪʨʘʬʠʢʘ ʚ ʪʘʢʠʭ ʩʣʦʞʥʳʭ ʤʥʦʛʦʫʨʦʚʥʝʚʳʭ 

ʩʠʩʪʝʤʘʭ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʚ ʨʘʙʦʪʘʭ Chen C. [35, 36], Ekici E. [35, 36, 38], 
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Akyil diz I.F. [36, 38], Durresi A., Dash D., Anderson B.L., Kannan R., Kota S., 

Jain R. [37], ʎʚʝʪʢʦʚʘ ʂ.ʖ., ʈʘʜʠʦʥʦʚʘ ɸ.ɺ., ɸʢʤʦʣʦʚʘ ɸ.ʌ. [80-83]. ʆʜʥʘʢʦ ʚ 

ʵʪʠʭ ʨʘʙʦʪʘʭ ʧʦ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʪʨʘʬʠʢʘ ʚ ʤʥʦʛʦʫʨʦʚʥʝʚʳʭ 

ʩʠʩʪʝʤʘʭ ʩʚʟ̫ʠ ʥʘ ʦʩʥʦʚʝ ʉʉʉ [33, 34, 39-41, 78, 79] ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ ʥʝʩʪʘʮʠʦ-

ʥʘʨʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʪʨʘʬʠʢʘ ʚ ʉɺʈʉ ʚʦʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʚʳʩʦʢʘʷ ʜʠ-

ʥʘʤʠʯʝʩʢʘʷ ʨʝʢʦʥʬʠʛʫʨʘʮʠʷ ʘʚʠʘʮʠʦʥʥʳʭ ʩʝʪʝʡ [84], ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝ-

ʪʨʘʥʩʣʷʮʠʠ ʯʘʩʪʠ ʪʨʘʥʟʠʪʥʳʭ ʧʦʪʦʢʦʚ ʦʪʜʝʣʴʥʳʭ ʉɺʈʉ ʯʝʨʝʟ ʩʤʝʞʥʳʝ ʩʝʪʠ 

ʚʦʟʜʫʰʥʦʛʦ ʵʰʝʣʦʥʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʨʘʥʝʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʨʘʙʦʪ ʚ ʠʩ-

ʩʣʝʜʫʝʤʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʧʦʟʚʦʣʠʣ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʧʨʦʪʠʚʦʨʝʯʠʝ ʚ 

ʥʘʫʢʝ ï ʤʝʞʜʫ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʦʙʲʝʜʠʥʝʥʥʦʡ ʚʦʟʜʫʰʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʩʝʪʠ ʩʚʷʟʠ ʜʣʷ ʧʝʨʝʜʘʯʠ ʙʦʣʴʰʠʭ ʦʙʲʝ-

ʤʦʚ ʠʥʬʦʨʤʘʮʠʠ ʠ ʥʝʚʦʟʤʦʞʥʦʩʪʴʶ, ʥʘ ʦʩʥʦʚʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ʫʨʦʚʥʷ ʨʘʟʚʠʪʠʷ 

ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ, ʦʙʝʩʧʝʯʠʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʧʦ ʩʦ-

ʧʨʷʞʝʥʠʶ ʚʦʟʜʫʰʥʦʛʦ ʠ ʢʦʤʠʯʝʩʢʦʛʦ ʩʝʛʤʝʥʪʦʚ ʚʦʟʜʫʰʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʩʝʪʠ 

ʩʚʷʟʠ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʫʶ ʨʝʪʨʘʥʩʣʷʮʠʶ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ʚ 

ʥʝʡ. 

 

1.3. ʇʦʩʪʘʥʦʚʢʘ ʥʘʫʯʥʦʡ ʟʘʜʘʯʠ ʨʘʟʚʠʪʠʷ ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʛʦ 

ʘʧʧʘʨʘʪʘ ʧʦʚʳʰʝʥʠʷ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʦʙʲʝʜʠʥʝʥʥʦʡ 

ʚʦʟʜʫʰʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʩʝʪʠ ʩʚʷʟʠ 

ɼʣʷ ʨʘʟʨʝʰʝʥʠʷ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʦʛʦ ʧʨʦʪʠʚʦʨʝʯʠʷ ʚ ʥʘʫʢʝ ʠ ʜʦʩʪʠʞʝʥʠʷ 

ʮʝʣʠ ʥʘʫʯʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʧʦʚʳʰʝʥʠʷ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʦʙʲʝʜʠ-

ʥʝʥʥʦʡ ʚʦʟʜʫʰʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʩʝʪʠ ʩʚʷʟʠ, ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʥʘʫʯʥʫʶ ʟʘʜʘ-

ʯʫ ï ʨʘʟʚʠʪʠʝ ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʧʦʚʳʰʝʥʠʷ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙ-

ʥʦʩʪʠ ʦʙʲʝʜʠʥʝʥʥʦʡ ʚʦʟʜʫʰʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʩʝʪʠ ʩʚʷʟʠ ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʷ Mesh-ʪʝʭʥʦʣʦʛʠʡ. 

ʊʦʛʜʘ ʚ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʩʪʫʧʠʪ ï ʦʙʲʝʜʠʥʝʥʥʘʷ ʚʦʟ-

ʜʫʰʥʦ-ʢʦʩʤʠʯʝʩʢʘʷ ʩʝʪʴ ʩʚʷʟʠ, ʘ ʧʨʝʜʤʝʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙ-

ʥʦʩʪʴ ʦʙʲʝʜʠʥʝʥʥʦʡ ʚʦʟʜʫʰʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʩʝʪʠ ʩʚʷʟʠ ʧʦ ʧʦʢʘʟʘʪʝʣʶ ʢʦʣʠ-

ʯʝʩʪʚʘ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʙʩʣʫʞʠʚʘʝʤʳʭ ʘʙʦʥʝʥʪʦʚ. 

ɼʣʷ ʬʦʨʤʘʣʠʟʘʮʠʠ ʥʘʫʯʥʦʡ ʟʘʜʘʯʠ ʚʚʦʜʷʪʩʷ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ: 

N ï ʢʦʣʠʯʝʩʪʚʦ ʉɺʈʉ ʚ ʆɺʂʉʉ; 

Mn ï ʢʦʣʠʯʝʩʪʚʦ ʘʙʦʥʝʥʪʦʚ n-ʡ ʉɺʈʉ; 

ʉn ï ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ n-ʡ ʉɺʈʉ ʚ ʩʦʩʪʘʚʝ ʆɺʂʉʉ; 

ʉʉʉʉ ï ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʉʉʉ ʚ ʩʦʩʪʘʚʝ ʆɺʂʉʉ; 

ʉe ï ʵʬʬʝʢʪʠʚʥʘʷ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʆɺʂʉʉ; 

ɚn,m ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʨʘʬʠʢʘ ʦʪ m-ʛʦ ʘʙʦʥʝʥʪʘ ʚ n-ʡ ʉɺʈʉ; 

kʚʥ n=0é1 ï ʢʦʵʬʬʠʮʠʝʥʪ ʚʥʝʰʥʝʛʦ ʪʨʘʬʠʢʘ ʦʪʧʨʘʚʣʷʝʤʦʛʦ ʠʟ n-ʡ ʉɺʈʉ; 

kʚʥ ʉʉʉ=0é1 ï ʢʦʵʬʬʠʮʠʝʥʪ ʚʥʝʰʥʝʛʦ ʪʨʘʬʠʢʘ, ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʚ ʆɺʂʉʉ 

ʯʝʨʝʟ ʉʉʉ; 

ʊʟʘʜ ʀʅʉ ï ʟʘʜʝʨʞʢʘ ʧʝʨʝʜʘʯʠ ʧʘʢʝʪʘ ʧʦ ʀʅʉ ʚ ʆɺʂʉʉ; 

ʊʟʘʜ 
ʪʨʝʙ ï ʪʨʝʙʫʝʤʦʝ ʟʥʘʯʝʥʠʝ ʩʚʦʝʚʨʝʤʝʥʥʦʩʪʠ ʧʝʨʝʜʘʯʠ ʩʦʦʙʱʝʥʠʷ ʚ 

ʆɺʂʉʉ. 

http://sccs.intelgr.com/


 
ȷɎɗɘɋɒɡ əɕɖɆɈɑɋɓɎɥ, ɗɈɥɍɎ Ɏ ɇɋɍɔɕɆɗɓɔɗɘɎ ɷ 3. 2022  

 Systems of Control, Communication and Security  sccs.intelgr.com  
 

 

 
DOI: 10.24412/2410-9916-2022-3-183-259 

 
 

URL: https://sccs.intelgr.com/archive/202 2-03/08-Ivanov.pdf 
 

199 

ɺ ʦʙʱʝʡ ʚʝʨʙʘʣʴʥʦʡ ʬʦʨʤʝ, ʧʦʩʪʘʥʦʚʢʘ ʥʘʫʯʥʦʡ ʟʘʜʘʯʠ ʤʦʞʝʪ ʙʳʪʴ 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʪʘʢ ï ʧʦʚʳʰʝʥʠʝ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʆɺʂʉʉ (ʉe), ʧʫʪʝʤ 

ʩʦʚʤʝʩʪʥʦʛʦ ʥʘʭʦʞʜʝʥʠʷ: 

a) ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʧʨʠʥʮʠʧʘ ʨʝʪʨʘʥʩʣʷʮʠʠ ʚ ʆɺʂʉʉ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷ-

ʝʪ ʩʦʙʦʡ ʦʧʝʨʘʪʦʨ A, ʢʦʪʦʨʳʡ ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʤʥʦʞʝʩʪʚʘ ʠʥʬʦʨ-

ʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ɚn,m ʦʪ Mn ʢʦʣʠʯʝʩʪʚʘ ʘʙʦʥʝʥʪʦʚ n-ʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʉɺʈʉ, ʩ 

ʫʯʝʪʦʤ ʧʨʦʧʫʩʢʥʳʭ ʩʧʦʩʦʙʥʦʩʪʝʡ ʢʘʞʜʦʡ ʠʟ n ʉɺʈʉ (ʉn) ʠ ʉʉʉ (ʉʉʉʉ), ʘ ʪʘʢʞʝ 

ʜʦʣʠ ʚʥʝʰʥʝʛʦ ʪʨʘʬʠʢʘ ʚ ʢʘʞʜʦʡ ʉɺʈʉ (kʚʥ n),  

ʙ) ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʚʳʙʦʨʘ ʢʦʵʬʬʠʮʠʝʥʪʘ (kʚʥ ʉʉʉ) ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ʧʦ ʚʦʟʜʫʰʥʦʤʫ ʠ ʢʦʩʤʠʯʝʩʢʦʤʫ ʩʝʛʤʝʥʪʫ ʦʙʲʝʜʠʥʝʥʥʦʡ ʩʝʪʠ 

ʧʨʠ ʚʳʙʨʘʥʥʦʤ ʧʨʠʥʮʠʧʝ ʨʝʪʨʘʥʩʣʷʮʠʠ, ʩ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ ʩʦ-

ʦʙʱʝʥʠʡ ʧʨʠ ʠʭ ʧʝʨʝʜʘʯʝ ʧʦ ʀʅʉ ʥʝ ʧʨʝʚʳʩʠʪ ʟʘʜʘʥʥʳʝ ʪʨʝʙʦʚʘʥʠʡ ʧʦ ʩʚʦʝ-

ʚʨʝʤʝʥʥʦʩʪʠ ʊʟʘʜ ʀʅʉÒʊʟʘʜ
ʪʨʝʙ. 

ɺ ʬʦʨʤʘʣʴʥʦʤ ʚʠʜʝ ʜʘʥʥʫʶ ʥʘʫʯʥʫʶ ʟʘʜʘʯʫ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ: 

ï ʚʳʙʦʨ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʧʨʠʥʮʠʧʘ ʨʝʪʨʘʥʩʣʷʮʠʠ ɸi (ʛʜʝ i=1 ï ʠʝʨʘʨʭʠʯʝ-

ʩʢʠʡ ʧʨʠʥʮʠʧ, i=2 ï ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʡ): 

 

A1:(n, {ʉn}, { Mn}, {ɚn,m}, { kʚʥ n}, ʉʉʉʉ)ŸCe 1, 

A2:(n, {ʉn}, { Mn}, {ɚn,m}, { kʚʥ n}, ʉʉʉʉ)ŸCe 2, 

A=Aiƅ Ce i = max(Ce 1, Ce 2). 

 

ï ʚʳʙʦʨ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ (kʚʥ ʉʉʉ) ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ʧʦ ʚʦʟʜʫʰʥʦʤʫ ʠ ʢʦʩʤʠʯʝʩʢʦʤʫ ʩʝʛʤʝʥʪʫ ʦʙʲʝʜʠ-

ʥʝʥʥʦʡ ʩʝʪʠ ʧʨʠ ʚʳʙʨʘʥʥʦʤ ʧʨʠʥʮʠʧʝ ʨʝʪʨʘʥʩʣʷʮʠʠ ɸ: 

 

kʚʥ ʉʉʉ = arg A(kʚʥ ʉʉʉ, n, {ʉn}, { Mn}, {ɚn,m}, { kʚʥ n}, ʉʉʉʉ) 

ƅʊʟʘʜ ʀʅʉÒʊʟʘʜ
ʪʨʝʙ. 

 

ɼʣʷ ʨʝʰʝʥʠʷ ʦʙʱʝʡ ʥʘʫʯʥʦʡ ʟʘʜʘʯʠ ʚ ʠʥʪʝʨʝʩʘʭ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥ-

ʥʦʡ ʮʝʣʠ, ʦʥʘ ʙʳʣʘ ʜʝʢʦʤʧʦʟʠʨʦʚʘʥʘ ʥʘ ʯʘʩʪʥʳʝ ʥʘʫʯʥʳʝ ʟʘʜʘʯʠ: 

1) ʨʘʟʨʘʙʦʪʢʘ ʤʦʜʝʣʠ ʦʙʲʝʜʠʥʝʥʥʦʡ ʚʦʟʜʫʰʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʩʝʪʠ ʩʚʷʟʠ ʩ 

ʠʝʨʘʨʭʠʯʝʩʢʠʤ ʧʨʠʥʮʠʧʦʤ ʨʝʪʨʘʥʩʣʷʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ; 

2) ʨʘʟʨʘʙʦʪʢʘ ʤʦʜʝʣʠ ʦʙʲʝʜʠʥʝʥʥʦʡ ʚʦʟʜʫʰʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʩʝʪʠ ʩʚʷʟʠ ʩ 

ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʤ ʧʨʠʥʮʠʧʦʤ ʨʝʪʨʘʥʩʣʷʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ʥʘ 

ʦʩʥʦʚʝ Mesh-ʪʝʭʥʦʣʦʛʠʡ; 

3) ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ʧʦ ʚʦʟ-

ʜʫʰʥʦʤʫ ʠ ʢʦʩʤʠʯʝʩʢʦʤʫ ʩʝʛʤʝʥʪʫ ʦʙʲʝʜʠʥʝʥʥʦʡ ʚʦʟʜʫʰʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʩʝʪʠ 

ʩʚʷʟʠ.  

ʂ ʦʩʥʦʚʥʳʤ ʨʘʤʢʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʪʥʦʩʠʪʩʷ ʩʣʝʜʫʶʱʝʝ. 

1. ʆʧʝʨʘʪʠʚʥʦ ʪʘʢʪʠʯʝʩʢʠʡ ʬʦʥ ï ʦʧʝʨʘʮʠʷ ʩʫʭʦʧʫʪʥʳʭ ʚʦʡʩʢ ʩ ʧʦʜʜʝʨʞ-

ʢʦʡ ʬʨʦʥʪʦʚʦʡ ʘʚʠʘʮʠʠ. 

2. ʋʨʦʚʝʥʴ ʚʦʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ï ʪʘʢʪʠʯʝʩʢʦʝ ʟʚʝʥʦ ʫʧʨʘʚʣʝʥʠʷ. 

3. ʆʙʝʩʧʝʯʝʥʠʝ ʚʦʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ï ʯʝʨʝʟ ʚʦʟʜʫʰʥʳʝ ʩʝʪʠ ʩʚʷʟʠ, ʩʦ-

ʧʨʷʛʘʝʤʳʝ ʟʘ ʩʯʝʪ ʰʣʶʟʦʚʳʭ ʫʟʣʦʚ ʥʘ ɸʂ, ʩʝʪʴ ʢʦʪʦʨʳʭ ʨʘʟʚʝʨʥʫʪʘ ʚ ʟʦʥʝ ʦʧʝ-

ʨʘʮʠʠ. ʐʣʶʟʦʚʳʝ ʫʟʣʳ ʥʘ ɸʂ ʦʙʨʘʟʫʶʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʝ ʩʝʪʠ ʚʦʟʜʫʰʥʦʡ ʨʘ-
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ʜʠʦʩʚʷʟʠ, ʘ ʪʘʢʞʝ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʩʦʧʨʷʞʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʩʝʪʝʡ ʚʦʟʜʫʰʥʦʡ 

ʨʘʜʠʦʩʚʷʟʠ ʫʧʨʘʚʣʝʥʠʷ ʬʨʦʥʪʦʚʦʡ ʘʚʠʘʮʠʝʡ. ʐʣʶʟʦʚʳʝ ʫʟʣʳ ʥʘ ɸʂ ʠʤʝʶʪ 

ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʩʦʧʨʷʞʝʥʠʷ ʩ ʉʉʉ ʢʦʩʤʠʯʝʩʢʦʛʦ ʩʝʛʤʝʥʪʘ ʆɸʎʉʉ. 

4. ʉʝʪʴ ʚʦʟʜʫʰʥʦʡ ʨʘʜʠʦʩʚʷʟʠ ï ʧʝʨʩʧʝʢʪʠʚʥʘʷ ʩʝʪʴ ʧʘʢʝʪʥʦʡ ʮʠʬʨʦʚʦʡ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʦʝʢʪʦʤ ʚʦʟʜʫʰʥʦʛʦ ʵʰʝʣʦʥʘ ʆɸʎʉʉ ʥʘ 

ʦʩʥʦʚʝ ʢʘʥʘʣʘ ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʜʦʩʪʫʧʘ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʝʛʦ ʧʦ ʧʨʦʪʦʢʦʣʫ 

CSMA/CA. 

5. ʉʝʪʴ ʩʧʫʪʥʠʢʦʚʦʡ ʩʚʷʟʠ ï ʧʝʨʩʧʝʢʪʠʚʥʘʷ ʩʝʪʴ ʧʘʢʝʪʥʦʡ ʮʠʬʨʦʚʦʡ ʧʝ-

ʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʦʝʢʪʦʤ ʢʦʩʤʠʯʝʩʢʦʛʦ ʵʰʝʣʦʥʘ ʆɸʎʉʉ ʥʘ 

ʦʩʥʦʚʝ ʂʄɼ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʝʛʦ ʧʦ ʧʨʦʪʦʢʦʣʫ S-Aloha. 

6. ʆʙʲʝʜʠʥʝʥʥʘʷ ʚʦʟʜʫʰʥʦ-ʢʦʩʤʠʯʝʩʢʘʷ ʩʝʪʴ ʩʚʷʟʠ ï ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʝʰʝ-

ʥʠʷʤʠ ʧʦ ʩʦʧʨʷʞʝʥʠʶ ʚʦʟʜʫʰʥʦʛʦ ʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʵʰʝʣʦʥʦʚ ʆɸʎʉʉ. 

7. ʇʨʦʪʦʢʦʣʴʥʳʝ ʨʝʰʝʥʠʷ ʧʦ ʨʝʪʨʘʥʩʣʷʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ï 

Mesh-ʪʝʭʥʦʣʦʛʠʠ. 

8. ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʪʦʧʦʣʦʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʜʣʷ ʩʝʪʝʡ ï ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʨʝʰʝʥʠʷʤʠ ʧʦ ʩʦʧʨʷʞʝʥʠʶ ʩʝʪʝʡ ʩʚʷʟʠ ʚʦʟʜʫʰʥʦʛʦ ʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʵʰʝʣʦʥʦʚ 

ʆɸʎʉʉ. 

9. ʇʨʠʥʮʠʧʳ ʩʦʧʨʷʞʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʩʝʪʝʡ ʚʦʟʜʫʰʥʦʡ ʨʘʜʠʦʩʚʷʟʠ: 

a) ʠʝʨʘʨʭʠʯʝʩʢʠʡ, ʯʝʨʝʟ ʩʝʪʴ ʩʧʫʪʥʠʢʦʚʦʡ ʩʚʷʟʠ; 

ʙ) ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʡ, ʯʝʨʝʟ ʩʝʪʴ ʩʧʫʪʥʠʢʦʚʦʡ ʩʚʷʟʠ ʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

Mesh-ʪʝʭʥʦʣʦʛʠʠ ʨʝʪʨʘʥʩʣʷʮʠʠ ʯʝʨʝʟ ʩʤʝʞʥʳʝ ʩʝʪʠ ʚʦʟʜʫʰʥʦʡ ʨʘʜʠʦʩʚʷʟʠ. 

ʂ ʦʩʥʦʚʥʳʤ ʜʦʧʫʱʝʥʠʷʤ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʦʜʝʣʝʡ ʠ ʤʝʪʦʜʠʢʠ ʦʪʥʦʩʠʪʩʷ 

ʩʣʝʜʫʶʱʝʝ:  

1. ɺʩʝ ʘʙʦʥʝʥʪʳ ʉɺʈʉ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʧʨʷʤʦʡ ʚʠʜʠʤʦʩʪʠ, ʩʢʨʳʪʳʝ 

ʘʙʦʥʝʥʪʳ ʦʪʩʫʪʩʪʚʫʶʪ.  

2. ɺʩʝ ʘʙʦʥʝʥʪʳ ʚʥʫʪʨʠ ʉɺʈʉ, ʘ ʪʘʢʞʝ ʦʪʜʝʣʴʥʳʝ ʉɺʈʉ ʚ ʩʦʩʪʘʚʝ 

ʆɺʂʉʉ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʳ, ʜʦʤʠʥʠʨʫʶʱʠʝ ʠʩʪʦʯʥʠʢʠ ï ʦʪʩʫʪʩʪʚʫʶʪ. 

3. ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʥʘʛʨʫʟʢʘ ʚ ʢʘʥʘʣʘʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʟʘʚʠʩʠʤʳʡ 

ʧʨʦʮʝʩʩ. ʀʩʪʦʯʥʠʢʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʥʘʛʨʫʟʢʠ (ʉɺʈʉ ʠ ʘʙʦʥʝʥʪʳ ʚ ʥʠʭ) ʦʙʨʘ-

ʟʫʶʪ ʩʫʤʤʘʨʥʳʡ ʥʝʟʘʚʠʩʠʤʳʡ ʧʨʦʮʝʩʩ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʇʫʘʩʩʦʥʦʚʩʢʠʤ. 

4. ɺ ʩʝʪʷʭ ʉʉʉ ʠ ʉɺʈʉ ʚʝʜʝʪʩʷ ʢʚʠʪʠʨʦʚʘʥʠʝ ʫʩʧʝʰʥʦʡ ʜʦʩʪʘʚʢʠ ʧʨʠ 

ʵʪʦʤ ʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʢʚʠʪʘʥʮʠʠ ʧʨʠʙʳʚʘʶʪ ʥʘʜʝʞʥʦ ʠ ʙʝʟ ʧʦʪʝʨʴ.  

5. ʂʘʥʘʣʳ ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʜʦʩʪʫʧʘ ʉʉʉ ʠ ʉɺʈʉ ʷʚʣʷʶʪʩʷ ʙʝʩʰʫʤʥʳʤʠ.  

6. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠ ʧʦʣʫʯʝʥʳ ʚ ʧʨʠʙʣʠʞʝʥʠʠ, ʯʪʦ ʥʘʛʨʫʟʢʘ ʩʝʪʠ ʩʪʨʝ-

ʤʠʪʩʷ ʢ ʥʫʣʶ. 

ʆʩʥʦʚʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʳ ʊʊʍ 

ʩʦʚʨʝʤʝʥʥʳʭ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʨʝʜʩʪʚ ʨʘʜʠʦʩʚʷʟʠ ʚ ʚʦʟʜʫʰʥʦʤ ʠ ʢʦʩʤʠʯʝʩʢʦʤ 

ʵʰʝʣʦʥʘʭ ʆɸʎʉʉ, ʘ ʪʘʢʞʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʧʨʦʝʢʪʘʤʠ ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʠ ʧʦ-

ʩʪʨʦʝʥʠʶ ʆɸʎʉʉ. ʂ ʩʨʝʜʩʪʚʘʤ ʨʘʜʠʦʩʚʷʟʠ ʚ ʚʦʟʜʫʰʥʦʤ ʠ ʢʦʩʤʠʯʝʩʢʦʤ ʵʰʝ-

ʣʦʥʘʭ ʆɸʎʉʉ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʦʛʨʘʥʠʯʝʥʠʷ ʦʪʥʦʩʷʪʩʷ. 

1. ʉʦʚʨʝʤʝʥʥʳʝ ʩʨʝʜʩʪʚʘ ʘʚʠʘʮʠʦʥʥʦʡ ʨʘʜʠʦʩʚʷʟʠ: ʈ-833 çɹʝʢʘʩè,  

ʈ-997, ʈ-999, ʇʨʠʤʘ-ʄɺ, ʘ ʪʘʢʞʝ ʢʦʤʧʣʝʢʩ rʩʚʷʟʠ ʉ-103 ʠ ʉ-111. 

2. ʉʦʚʨʝʤʝʥʥʳʝ ʩʨʝʜʩʪʚʘ ʩʧʫʪʥʠʢʦʚʦʡ ʨʘʜʠʦʩʚʷʟʠ: çʂʫʣʦʥ-ɺè, çɹʘʛʝʪ-ʂè, 

ç4ʈʊ-ʉè. 
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3. ʇʝʨʩʧʝʢʪʠʚʥʳʝ ʩʨʝʜʩʪʚʘ ʘʚʠʘʮʠʦʥʥʦʡ ʨʘʜʠʦʩʚʷʟʠ ʩʦʟʜʘʥʠʝ ʢʦʪʦʨʳʭ 

ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʧʨʦʝʢʪʦʤ ʨʘʟʚʠʪʠʷ ʚʦʟʜʫʰʥʦʛʦ ʵʰʝʣʦʥʘ ʆɸʎʉʉ ï ʨʘʜʠʦʩʪʘʥ-

ʮʠʠ ʩʦ ʩʣʫʯʘʡʥʳʤ ʤʥʦʞʝʩʪʚʝʥʥʳʤ ʜʦʩʪʫʧʦʤ ʘʙʦʥʝʥʪʦʚ ʠ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙ-

ʥʦʩʪʴʶ ʢʘʥʘʣʘ ʜʦ 34 ʄʙʠʪ/ʩ. 

4. ʇʝʨʩʧʝʢʪʠʚʥʳʝ ʩʨʝʜʩʪʚʘ ʩʧʫʪʥʠʢʦʚʦʡ ʨʘʜʠʦʩʚʷʟʠ ʨʝʘʣʠʟʘʮʠʷ ʢʦʪʦʨʳʭ 

ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʚ ʨʘʤʢʘʭ ʩʦʟʜʘʥʠʷ ʝʜʠʥʦʡ ʩʠʩʪʝʤʳ ʩʧʫʪʥʠʢʦʚʦʡ ʩʚʷʟʠ 3-ʛʦ ʧʦ-

ʢʦʣʝʥʠʷ ɽʉʉʉ-3 ï ʨʘʜʠʦʩʪʘʥʮʠʠ ʩʦ ʩʣʫʯʘʡʥʳʤ ʤʥʦʞʝʩʪʚʝʥʥʳʤ ʜʦʩʪʫʧʦʤ ʘʙʦ-

ʥʝʥʪʦʚ ʧʦ ʧʨʦʪʦʢʦʣʫ S-Aloha ʠ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢʘʥʘʣʘ ʜʦ 2 ʄʙʠʪ/ʩ. 

ʉʪʘʪʴʷ ʧʨʦʜʦʣʞʘʝʪ ʠ ʨʘʟʚʠʚʘʝʪ ʮʠʢʣ ʧʨʝʜʳʜʫʱʠʭ ʨʘʙʦʪ ʘʚʪʦʨʦʚ [9-12], 

ʧʦʩʚʷʱʝʥʥʳʭ ʪʝʤʘʪʠʢʝ ʧʦʚʳʰʝʥʠʷ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʩʢʦʨʦʩʪʠ ʧʝʨʝ-

ʜʘʯʠ ʜʘʥʥʳʭ ʚ ʩʝʪʷʭ ʩʚʷʟʠ ʫʧʨʘʚʣʝʥʠʷ ʃɸ ʚʦʝʥʥʦʡ ʘʚʠʘʮʠʠ. 

 

2. ʄʦʜʝʣʠ ʠ ʤʝʪʦʜʠʢʘ ʧʦʚʳʰʝʥʠʷ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʦʙʲʝʜʠʥʝʥʥʦʡ ʚʦʟʜʫʰʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʩʝʪʠ ʩʚʷʟʠ 

ʈʘʟʨʝʰʝʥʠʝ ʘʢʪʫʘʣʴʥʦʡ ʥʘʫʯʥʦʡ ʟʘʜʘʯʠ ʨʘʟʚʠʪʠ ̫ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʛʦ 

ʘʧʧʘʨʘʪʘ ʧʦʚʳʰʝʥʠʷ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʦʙʲʝʜʠʥʝʥʥʦʡ ɺʂʉʉ ʥʘ ʦʩʥʦʚʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ Mesh-ʪʝʭʥʦʣʦʛʠʡ, ʚ ʠʥʪʝʨʝʩʘʭ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ï 

ʧʦʚʳʰʝʥʠ ̫ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʆɺʂʉʉ, ʚʝʜʝʪʩʷ ʧʫʪʝʤ ʝʝ ʜʝʢʦʤʧʦʟʠʮʠʠ 

ʥʘ ʯʘʩʪʥʳʝ ʥʘʫʯʥʳʝ ʟʘʜʘʯʠ. ɸ ʠʤʝʥʥʦ: 

- ʨʘʟʨʘʙʦʪʢʘ ʤʦʜʝʣʠ ʦʙʲʝʜʠʥʝʥʥʦʡ ʚʦʟʜʫʰʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʩʝʪʠ ʩʚʷʟʠ ʩ 

ʠʝʨʘʨʭʠʯʝʩʢʠʤ ʧʨʠʥʮʠʧʦʤ ʨʝʪʨʘʥʩʣʷʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ; 

- ʨʘʟʨʘʙʦʪʢʘ ʤʦʜʝʣʠ ʦʙʲʝʜʠʥʝʥʥʦʡ ʚʦʟʜʫʰʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʩʝʪʠ ʩʚʷʟʠ ʩ 

ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʤ ʧʨʠʥʮʠʧʦʤ ʨʝʪʨʘʥʩʣʷʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦ-

ʪʦʢʦʚ ʥʘ ʦʩʥʦʚʝ Mesh-ʪʝʭʥʦʣʦʛʠʡ; 

- ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ʧʦ ʚʦʟ-

ʜʫʰʥʦʤʫ ʠ ʢʦʩʤʠʯʝʩʢʦʤʫ ʩʝʛʤʝʥʪʫ ʦʙʲʝʜʠʥʝʥʥʦʡ ʚʦʟʜʫʰʥʦ-

ʢʦʩʤʠʯʝʩʢʦʡ ʩʝʪʠ ʩʚʷʟʠ. 

ʆʙʱʘʷ ʩʭʝʤʘ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʠʥʪʝʨʝʩʘʭ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ 

ʥʘʫʯʥʦʡ ʨʘʙʦʪʳ, ʦʩʥʦʚʥʳʝ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʥʠʤʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 6. 

 

2.1. ʄʦʜʝʣʴ ʩʝʪʠ ʚʦʟʜʫʰʥʦʡ ʨʘʜʠʦʩʚʷʟʠ ʥʘ ʦʩʥʦʚʝ 

ʧʨʦʪʦʢʦʣʘ ʩʣʫʯʘʡʥʦʛʦ ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʜʦʩʪʫʧʘ CSMA/CA 

ʂʘʢ ʧʦʢʘʟʘʣ ʘʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʧʦ ʧʦʩʪʨʦʝ-

ʥʠʶ ʩʠʩʪʝʤ ʩʚʷʟʠ, ʚ ʦʩʥʦʚʫ ʩʦʚʨʝʤʝʥʥʦʡ ʩʝʪʠ ʩʚʷʟʠ ʙʫʜʫʪ ʧʦʣʦʞʝʥʳ ʧʨʠʥʮʠʧʳ 

ʙʝʩʰʦʚʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʪʜʝʣʴʥʳʭ ʵʰʝʣʦʥʦʚ ʦʙʲʝʜʠʥʝʥʥʦʡ ʩʝʪʠ ʩʚʷʟʠ ɺʉ. 

ʈʝʪʨʘʥʩʣʷʮʠʷ ʩʦʦʙʱʝʥʠʡ ʤʝʞʜʫ ʦʪʜʝʣʴʥʳʤʠ ʩʝʪʷʤʠ, ʧʦʪʨʝʙʫʝʪ ʩʦʟʜʘʥʠʷ 

ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʨʝʪʨʘʥʩʣʷʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥ-

ʥʳʭ ʧʦʪʦʢʦʚ, ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʫʚʝʣʠʯʠʪ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʥʘʛʨʫʟʢʫ ʥʘ ʩʝʪʠ ʟʘ 

ʩʯʝʪ ʪʨʘʥʟʠʪʥʦʛʦ ʪʨʘʬʠʢʘ.  

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʜʘʥʥʦʛʦ ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ 

ʪʨʘʬʠʢʘ ʚ ʦʙʲʝʜʠʥʝʥʥʦʡ ʩʝʪʠ ʩʚʷʟʠ ʪʨʝʙʫʝʪʩʷ ʚʳʨʘʙʦʪʘʪʴ ʝʜʠʥʳʝ ʧʨʦʪʦʢʦʣʳ 

ʨʝʪʨʘʥʩʣʷʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ʩ ʫʯʝʪʦʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʩʦ-

ʟʜʘʚʘʝʤʦʡ ʪʨʘʥʟʠʪʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ. ɼʘʥʥʘʷ ʟʘʜʘʯʘ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʘ ʜʣʷ 

ʉɺʈʉ ʚ ʋʂɺ ʜʠʘʧʘʟʦʥʝ, ʪʘʢ ʢʘʢ ʠʤʝʥʥʦ ʥʘ ʥʠʭ, ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʚʝʜʝʥʠʷ ʚʦʝʥʥʦʡ 
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ʦʧʝʨʘʮʠʠ, ʧʣʘʥʠʨʫʝʪʩʷ ʚʦʟʣʦʞʠʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʘʚʠʘʮʠʠ ʠ ʨʝ-

ʪʨʘʥʩʣʷʮʠʶ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ʦʪ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʩʫʭʦʧʫʪʥʳʭ ʚʦʡʩʢ, ʠ 

ʦʪ ʨʘʟʚʝʨʪʳʚʘʝʤʳʭ ʚ ʨʘʡʦʥʝ ʦʧʝʨʘʮʠʠ ʨʘʟʚʝʜʳʚʘʪʝʣʴʥʳʭ ʩʝʪʝʡ ʥʘ ʦʩʥʦʚʝ ɹʃɸ. 

ʂʨʦʤʝ ʪʦʛʦ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʘʭ [9-14] ʉɺʈʉ ʜʦʩʪʫʧʥʳ ʥʘʟʝʤʥʳʤ ʠ ʘʚʠʘʮʠ-

ʦʥʥʳʤ ʩʨʝʜʩʪʚʘʤ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʛʦ ʧʦʜʘʚʣʝʥʠʷ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʪʨʫʜʥʷʝʪ 

ʨʝʪʨʘʥʩʣʷʮʠʶ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ.  

 
ʎʝʣɹ

ʇʦʚr ʝhʥʠʝ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ɺʂʉʉ

ʅʘʫʯʥʘ̫ ʟʘʜʘʯʘ

ʈʘʟʚʠʪʠʝ ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʧʦʚr ʝhʥʠ̫ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʦʙ̡ʝʜʠʥʝʥʥʦʡ ɺʂʉʉ ʥʘ ʦʩʥʦʚʝ 

ʠʩʧʦʣɹʟʦʚʘʥʠ̫ Mesh-ʪʝʭʥʦʣʦʛʠʡ

ʏʘʩʪʥr ʝ ʥʘʫʯʥr ʝ ʟʘʜʘʯʠ

ʈʘʟʨʘʙʦʪʢʘ ʤʦʜʝʣʠ 

ʦʙ̡ʝʜʠʥʝʥʥʦʡ ɺʂʉʉ ʩ 

ʠʝʨʘʨʭʠʯʝʩʢʠʤ 

ʧʨʠʥʮʠʧʦʤ ʨʝʪʨʘʥʩʣ̫ʮʠʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥr ʭ ʧʦʪʦʢʦʚ

ʈʘʟʨʘʙʦʪʢʘ ʤʦʜʝʣʠ 

ʦʙ̡ʝʜʠʥʝʥʥʦʡ ɺʂʉʉ ʩ 

ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥr ʤ 

ʧʨʠʥʮʠʧʦʤ ʨʝʪʨʘʥʩʣ̫ʮʠʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥr ʭ ʧʦʪʦʢʦʚ

ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠ̫ 

ʠʥʬʦʨʤʘʮʠʦʥʥr ʭ ʧʦʪʦʢʦʚ 

ʧʦ ʚʦʟʜʫh ʥʦʤʫ ʠ 

ʢʦʩʤʠʯʝʩʢʦʤʫ ʩʝʛʤʝʥʪʫ 

ʦʙ̡ʝʜʠʥʝʥʥʦʡ ɺʂʉʉ

ʅʘʫʯʥr ʝ ʨʝʟʫʣɹʪʘʪr

ʄʦʜʝʣɹ  ʦʙ̡ʝʜʠʥʝʥʥʦʡ ɺʂʉʉ ʩ 

ʠʝʨʘʨʭʠʯʝʩʢʠʤ ʧʨʠʥʮʠʧʦʤ 

ʨʝʪʨʘʥʩʣ̫ʮʠʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥr ʭ ʧʦʪʦʢʦʚ

(ʧʝʨʚrʡ ʥʘʫʯʥr ʡ ʨʝʟʫʣɹʪʘʪ)

ʄʦʜʝʣɹ  ʦʙ̡ʝʜʠʥʝʥʥʦʡ ɺʂʉʉ ʩ 

ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥr ʤ 

ʧʨʠʥʮʠʧʦʤ ʨʝʪʨʘʥʩʣ̫ʮʠʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥr ʭ ʧʦʪʦʢʦʚ

(ʚʪʦʨʦʡ ʥʘʫʯʥr ʡ ʨʝʟʫʣɹʪʘʪ)

ʄʝʪʦʜʠʢʘ ʨʘʩʧʨʝʜʝʣʝʥʠ̫ 

ʠʥʬʦʨʤʘʮʠʦʥʥr ʭ ʧʦʪʦʢʦʚ ʧʦ 

ʚʦʟʜʫh ʥʦʤʫ ʠ ʢʦʩʤʠʯʝʩʢʦʤʫ 

ʩʝʛʤʝʥʪʫ ʦʙ̡ʝʜʠʥʝʥʥʦʡ ɺʂʉʉ

(ʪʨʝʪʠʡ ʥʘʫʯʥr ʡ ʨʝʟʫʣɹʪʘʪ)

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʧʫʩʢʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ɺʂʉʉ

ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʘʯʝʩʪʚʘ 

ʦʙʩʣʫʞʠʚʘʥʠ̫ ʚ ʦʙ̡ʝʜʠʥʝʥʥʦʡ 

ɺʂʉʉ ʥʘ ʦʩʥʦʚʝ 

ʠʝʨʘʨʭʠʯʝʩʢʦʛʦ ʧʨʠʥʮʠʧʘ 

ʨʝʪʨʘʥʩʣ̫ʮʠʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥr ʭ ʧʦʪʦʢʦʚ

ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʘʯʝʩʪʚʘ 

ʦʙʩʣʫʞʠʚʘʥʠ̫ ʚ ʦʙ̡ʝʜʠʥʝʥʥʦʡ 

ɺʂʉʉ ʥʘ ʦʩʥʦʚʝ 

ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ 

ʧʨʠʥʮʠʧʘ ʨʝʪʨʘʥʩʣ̫ʮʠʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥr ʭ ʧʦʪʦʢʦʚ

ʉʨʘʚʥʠʪʝʣɹʥr ʡ ʘʥʘʣʠʟ 

ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠ̫ ʚ 

ɺʂʉʉ ʥʘ ʦʩʥʦʚʝ 

ʠʝʨʘʨʭʠʯʝʩʢʦʛʦ ʠ 

ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ 

ʧʨʠʥʮʠʧʦʚ ʨʝʪʨʘʥʩʣ̫ʮʠʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥr ʭ ʧʦʪʦʢʦʚ

ʈʘʤʢʠ ʠʩʩʣʝʜʦʚʘʥʠ̫

ɼʦʧʫɦ ʝʥʠ̫ ʆʛʨʘʥʠʯʝʥʠ̫

ʉʦʚʨʝʤʝʥʥr ʝ ʠ ʧʝʨʩʧʝʢʪʠʚʥr ʝ 

ʩʨʝʜʩʪʚʘ ʩʚ̫ʟʠ ʚʦʟʜʫh ʥʦʛʦ ʠ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ɻh ʝʣʦʥʘ ʆɸʎʉʉ

ʀʩʭʦʜʥr ʝ ʜʘʥʥr ʝ ʜʣ̫ 

ʤʦʜʝʣʠʨʦʚʘʥʠ̫
ʀʟʚʝʩʪʥr ʝ ʤʦʜʝʣʠ

ʄʦʜʝʣɹ ʩʝʪʠ 

ʚʦʟʜʫh ʥʦʡ 

ʨʘʜʠʦʩʚ̫ʟʠ ʥʘ 

ʦʩʥʦʚʝ ʧʨʦʪʦʢʦʣʘ 

ʩʣʫʯʘʡʥʦʛʦ 

ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ 

ʜʦʩʪʫʧʘ CSMA/CA

ʄʦʜʝʣɹ ʩʝʪʠ 

ʩʧʫʪʥʠʢʦʚʦʡ ʩʚ̫ʟʠ 

ʥʘ ʦʩʥʦʚʝ 

ʧʨʦʪʦʢʦʣʘ 

ʩʣʫʯʘʡʥʦʛʦ 

ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ 

ʜʦʩʪʫʧʘ S-Aloha

ʅʦʚr ʝ ʬʘʢʪʦʨr

ʋʯʝʪ ʪʨʘʥʟʠʪʥʦʡ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʥʘʛʨʫʟʢʠ

ʋʯʝʪ ʚʦʟʤʦʞʥʦʩʪʠ 

ʨʝʪʨʘʥʩʣ̫ʮʠʠ ʚ 

ʩʤʝʞʥr ʝ ʩʝʪʠ

ʏʘʩʪʥʘ̫ ʧʨʠʢʣʘʜʥʘ̫ ʟʘʜʘʯʘ

ʈʘʟʨʘʙʦʪʢʘ ʨʘʟʨʘʙʦʪʢʘ 

ʘʣʛʦʨʠʪʤʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠ̫ 

ʠʥʬʦʨʤʘʮʠʦʥʥr ʭ ʧʦʪʦʢʦʚ 

ʜʣ̫ ʤʘʨh ʨʫʪʠʟʘʪʦʨʘ ʫʟʣʘ 

ʦʙ̡ʝʜʠʥʝʥʥʦʡ ɺʂʉʉ

ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʘʯʝʩʪʚʘ 

ʦʙʩʣʫʞʠʚʘʥʠ̫ ʚ ʦʙ̡ʝʜʠʥʝʥʥʦʡ 

ɺʂʉʉ ʧʨʠ ʨʘʟʣʠʯʥr ʭ 

ʚʘʨʠʘʥʪʘʭ ʨʘʩʧʨʝʜʝʣʝʥʠ̫ 

ʠʥʬʦʨʤʘʮʠʦʥʥr ʭ ʧʦʪʦʢʦʚ ʧʦ 

ʚʦʟʜʫh ʥʦʤʫ ʠ ʢʦʩʤʠʯʝʩʢʦʤʫ 

ʩʝʛʤʝʥʪʫ ʦʙ̡ʝʜʠʥʝʥʥʦʡ ʩʝʪʠ 

ʩʚ̫ʟʠ

ʆʙʦʩʥʦʚʘʥʠʝ ʠʩʧʦʣɹʟʦʚʘʥʠ̫ 

ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ 

ʧʨʠʥʮʠʧʘ ʨʝʪʨʘʥʩʣ̫ʮʠʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥr ʭ ʧʦʪʦʢʦʚ ʚ 

ɺʂʉʉ ʜʣ̫ ʧʦʚr ʝhʥʠ̫ ʝʝ 

ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ

ʏʘʩʪʥr ʡ ʧʨʠʢʣʘʜʥʦʡ ʨʝʟʫʣɹʪʘʪ

ɸʣʛʦʨʠʪʤ ʨʘʩʧʨʝʜʝʣʝʥʠ̫ 

ʠʥʬʦʨʤʘʮʠʦʥʥr ʭ ʧʦʪʦʢʦʚ ʜʣ̫ 

ʤʘʨh ʨʫʪʠʟʘʪʦʨʘ ʫʟʣʘ 

ʦʙ̡ʝʜʠʥʝʥʥʦʡ ɺʂʉʉ

ʇʨʝʜʣʦʞʝʥʠ̫ ʧʦ ʪʝʭʥʠʯʝʩʢʦʡ 

ʨʝʘʣʠʟʘʮʠʠ

ʇʨʝʜʣʦʞʝʥʠ̫ ʧʦ ʪʝʭʥʠʯʝʩʢʦʡ 

ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠ̫ ʠʥʬʦʨʤʘʮʠʦʥʥr ʭ 

ʧʦʪʦʢʦʚ ʚ ʙʦʨʪʦʚʦʤ ʢʦʤʧʣʝʢʩʝ 

ʩʚ̫ʟʠ ʉ-103

ɺr ʚʦʜ ʦ ʜʦʩʪʠʞʝʥʠʠ ʮʝʣʠ 

ʠʩʩʣʝʜʦʚʘʥʠ̫ ï ʧʦʚr ʝhʥʠʠ 

ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ɺʂʉʉ

 
ʈʠʩ. 6. ʆʙʱʘʷ ʩʭʝʤʘ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʠʥʪʝʨʝʩʘʭ 

ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʥʘʫʯʥʦʡ ʨʘʙʦʪʳ 
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ɺʳʰʝʫʢʘʟʘʥʥʳʝ ʬʘʢʪʦʨʳ ʦʧʨʝʜʝʣʷʶʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʤʦʜʝʣʠ 

ʉɺʈʉ, ʩ ʫʯʝʪʦʤ ʥʘʛʨʫʟʢʠ ʪʨʘʥʟʠʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʘʢ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʠ ʙʦʣʝʝ 

ʦʙʱʝʡ ʟʘʜʘʯʠ, ʘ ʠʤʝʥʥʦ: ʨʘʟʨʘʙʦʪʢʠ ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯʠ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʚ ʚʦʟʜʫʰʥʦ-ʢʦʩʤʠʯʝʩʢʠʭ ʩʝʪʷʭ ʩʚʷʟʠ ʩ ʟʘʜʘʥʥʳʤ ʢʘʯʝ-

ʩʪʚʦʤ ʦʙʩʣʫʞʠʚʘʥʠʷ. 

ɺ ʜʘʥʥʦʤ ʧʦʜʨʘʟʜʝʣʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʯʘʩʪʥʘʷ ʟʘʜʘʯʘ: ʨʘʟʨʘʙʦʪʢʘ ʤʦʜʝʣʠ 

ʉɺʈʉ ʩ ʫʯʝʪʦʤ ʥʘʛʨʫʟʢʠ ʪʨʘʥʟʠʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʡ ʩʦʩʪʦʠʪ ʠʟ 

ʜʚʫʭ ʵʪʘʧʦʚ:  

- ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʧʨʦʪʦ-

ʢʦʣʴʥʳʭ ʨʝʰʝʥʠʡ ʧʦ ʨʝʪʨʘʥʩʣʷʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ʚ ʉɺʈʉ; 

- ʚʪʦʨʳʤ ʵʪʘʧʦʤ ʩʣʝʜʫʝʪ ʨʘʟʨʘʙʦʪʢʘ ʤʦʜʝʣʠ ʉɺʈʉ ʩ ʫʯʝʪʦʤ ʥʘʛʨʫʟʢʠ 

ʪʨʘʥʟʠʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ɸʥʘʣʠʟ, ʧʨʦʚʝʜʝʥʥʳʡ ʚʳʰʝ, ʧʦʟʚʦʣʠʣ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʚ ʧʝʨ-

ʩʧʝʢʪʠʚʝ ʦʙʤʝʥ ʩʦʦʙʱʝʥʠʷʤʠ ʚ ʉɺʈʉ ʚʦʟʜʫʰʥʦʛʦ ʵʰʝʣʦʥʘ ʙʫʜʝʪ ʙʘʟʠʨʦʚʘʪʴʩʷ 

ʥʘ ɸʉʄʉɼ. ʇʨʠʤʝʥʝʥʠʝ ʞʝ ʜʨʫʛʠʭ ɸʄʉɼ ʦʙʫʩʣʦʚʣʝʥʦ ʫʩʪʘʨʝʚʰʝʡ ɸʇɼ 

ʥʘʭʦʜʷʱʝʡʩʷ ʥʘ ʥʘʟʝʤʥʳʭ ʪʝʨʤʠʥʘʣʘʭ ʠ ɸʂ. ʊʦ ʝʩʪʴ, ʤʦʜʝʣʴ ʉɺʈʉ ʜʦʣʞʥʘ ʩʦ-

ʦʪʚʝʪʩʪʚʦʚʘʪʴ ʂʄɼ ɸʉʄʉɼ ʢʘʢ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʦʤʫ ʠʟ ʧʨʠʤʝʥʷʝʤʳʭ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ (ʩ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʩ ʨʘʟʚʠʪʠʝʤ ʉʆɼ ʦʥ ʚʳʪʝʩʥʠʪ ʧʨʠʤʝʥʝʥʠʝ 

ʦʩʪʘʣʴʥʳʭ ɸʄʉɼ). ʌʘʢʪʠʯʝʩʢʠ ɸʉʄʉɼ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʦʪʦʢʦʣʫ ʩʣʫʯʘʡʥʦʛʦ 

ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʜʦʩʪʫʧʘ ʩ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝʤ ʢʦʣʣʠʟʠʡ ï CSMA/CA (Carrier 

Sense Multiple Access With Collision Avoidance). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʉɺʈʉ ʮʝʣʝʩʦ-

ʦʙʨʘʟʥʦ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʂʄɼ ʩʦ ʩʣʫʯʘʡʥʳʤ ʜʦʩʪʫʧʦʤ ʥʘ ʦʩʥʦʚʝ 

CSMA/CA, ʘ ʚ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʡ ʤʦʜʝʣʠ, ʜʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʦʜʝʣʴ ʉʄʆ çʅʝʥʘʩʪʦʡʯʠʚʦʛʦ ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʜʦʩʪʫʧʘ ʩ 

ʧʨʦʚʝʨʢʦʡ ʥʝʩʫʱʝʡè. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʉɺʈʉ ʥʘ ʦʩʥʦʚʝ ɸʉʄʉɼ ʚʟʷʚ 

ʟʘ ʦʩʥʦʚʫ ʤʦʜʝʣʴ çʅʝʥʘʩʪʦʡʯʠʚʦʛʦ ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʜʦʩʪʫʧʘ ʩ ʧʨʦʚʝʨʢʦʡ ʥʝʩʫ-

ʱʝʡ (ʄɼʇʅ)è ʠʟ ʨʘʙʦʪʳ [31] ʠ ʦʧʠʩʘʥʠʝ ʘʣʛʦʨʠʪʤʘ CSMA/CA, ʨʘʥʝʝ ʧʨʝʜʩʪʘʚ-

ʣʝʥʥʦʝ ʚ ʨʘʙʦʪʝ [85]. 

ɸʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʧʦʣʴʟʦʚʘʪʝʣʷ (ʪʝʨʤʠʥʘʣʘ) ʚ ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʣʝʜʫʶʱʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʡ: 

- ʝʩʣʠ ʢʘʥʘʣ ʩʚʦʙʦʜʝʥ, ʪʦ ʪʝʨʤʠʥʘʣ ʧʝʨʝʜʘʝʪ ʧʘʢʝʪ; 

- ʝʩʣʠ ʢʘʥʘʣ ʟʘʥʷʪ, ʪʦ ʪʝʨʤʠʥʘʣ ʦʪʢʣʘʜʳʚʘʝʪ ʩʚʦʶ ʧʝʨʝʜʘʯʫ ʥʘ ʙʦʣʝʝ 
ʧʦʟʜʥʝʝ ʚʨʝʤʷ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʟʘʜʝʨʞʢʠ ʧʦʚʪʦʨʥʦʡ 

ʧʝʨʝʜʘʯʠ. ʂʦʛʜʘ ʥʘʩʪʫʧʘʝʪ ʵʪʦ ʚʨʝʤʷ, ʪʝʨʤʠʥʘʣ ʚʥʦʚʴ ʧʨʦʚʝʨʷʝʪ ʢʘʥʘʣ 

ʠ ʧʦʚʪʦʨʷʝʪ ʦʧʠʩʘʥʥʳʡ ʘʣʛʦʨʠʪʤ. 

ʆʙʱʘʷ ʩʭʝʤʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʘ CSMA/CA ʧʨʠʚʝʜʝʥ ʥʘ 

ʨʠʩ. 7 [85]. 

ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʷʚʣʷʶʪʩʷ: 

M ï ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʝʡ (ʪʝʨʤʠʥʘʣʦʚ) ʩʦʚʤʝʩʪʥʦ ʠʩʧʦʣʴʟʫʶʱʠʭ 

ʩʧʫʪʥʠʢʦʚʳʡ ʢʘʥʘʣ; 

Pwin ï ʜʣʠʥʘ ʧʘʢʝʪʘ, ʚʳʨʘʞʝʥʥʘʷ ʯʝʨʝʟ ʚʨʝʤʷ ʧʝʨʝʜʘʯʠ ʧʘʢʝʪʘ (ʜʣʠʥʥʘ ʦʢ-

ʥʘ); 
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Sm ï ʚʝʨʦʷʪʥʦʩʪʴ, ʯʪʦ ʧʝʨʝʜʘʯʘ m-ʛʦ ʪʝʨʤʠʥʘʣʘ ʧʨʦʰʣʘ ʫʩʧʝʰʥʦ, ʥʦʨʤʠ-

ʨʦʚʘʥʥʘʷ ʢ ʜʣʠʥʝ ʦʢʥʘ;  

S = 
1

M

m

m

S
=

ä  ï ʩʨʝʜʥʝʝ ʢʦʣʠʯʝʩʪʚʦ ʫʩʧʝʰʥʳʭ ʧʝʨʝʜʘʯ ʥʘ ʦʢʥʦ, ʧʨʠʭʦʜʷʱʝʝʩʷ 

ʥʘ ʚʩʝ ʪʝʨʤʠʥʘʣʳ; 

 

ɼʦʩʪʫʧ ʢ ʢʘʥʘʣʫ  

ʩʚʷʟʠ

ʇʝʨʝʜʘʝʪ ʣʠ 

ʜʨʫʛʦʡ ʘʙʦʥʝʥʪ

ʇʝʨʝʜʘʯʘ 

ʜʨʫʛʦʛʦ ʘʙʦʥʝʥʪʘ 

ʟʘʢʦʥʯʠʣʘʩʴ

ʇʨʦʰʣʦ ʚʨʝʤʷ

 ʪʘʡʤ-ʩʣʦʪʘ 

ʧʝʨʝʜʘʯʠ

ʆʞʠʜʘʥʠʝ ʪʘʡʤ-ʩʣʦʪʘ 

ʪʝʢʫʱʝʡ ʧʝʨʝʜʘʯʠ

ɼʘ

ɼʘ
ʅʝʪ

ʅʝʪ

ʅʝʪ

ʆʞʠʜʘʥʠʝ ʚʩʝʛʦ 

ʚʨʝʤʝʥʠ ʪʘʡʤ-ʩʣʦʪ 

ʧʝʨʝʜʘʯʠ

ʅʘʯʘʣʦ ʧʝʨʝʜʘʯʠ 

ʩʦʦʙʱʝʥʠʷ

ʇʨʦʜʦʣʞʝʥʠʝ 

ʧʝʨʝʜʘʯʠ ʩʦʦʙʱʝʥʠʷ

ʆʙʥʘʨʫʞʝʥʘ 

ʢʦʣʣʠʟʠʷ ?

ʆʢʦʥʯʝʥʘ 

ʧʝʨʝʜʘʯʘ ?

ʅʝʪ

ʅʝʪ

ʇʘʢʝʪ ʧʝʨʝʜʘʥ 

ʫʩʧʝʰʥʦ

ʀʤʝʝʪʩʷ ʧʘʢʝʪ 

ʦʞʠʜʘʶʱʠʡ ʧʝʨʝʜʘʯʠ
ʇʦʩʣʘʪʴ ʜʘʥʥʳʝ 

jam signal 

(çʧʨʦʙʢʠè)

ʋʚʝʣʠʯʠʪʴ ʩʯʝʪʯʠʢ 

ʧʦʧʳʪʦʢ

ɺʳʯʠʩʣʠʪʴ ʩʣʫʯʘʡʥʦʝ 

ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ

ʆʞʠʜʘʪʴ 

ʚʳʯʠʩʣʝʥʥʦʝ ʚʨʝʤʷ 

ʟʘʜʝʨʞʢʠ

ʇʝʨʝʜʘʯʘ ʥʝ ʫʜʘʣʘʩʴ 

ʠʟ-ʟʘ ʚʳʩʦʢʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʢʦʣʣʠʟʠʡ

ʅʝʪ

ɼʘ

ɼʘ

ɼʘ

ʅʘʯʘʣʦ

ʂʦʣʠʯʝʩʪʚʦ 

ʧʦʧʳʪʦʢ 

ʙʦʣʴʰʝ K

ʂʦʥʝʮ

ɼʘ

 
ʈʠʩ. 7. ʆʙʱʠʡ ʘʣʛʦʨʠʪʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʘ CSMA/CA [85] 

 

Gm ï ʚʝʨʦʷʪʥʦʩʪʴ, ʯʪʦ m-ʳʡ ʧʦʣʴʟʦʚʘʪʝʣʴ ʧʝʨʝʜʘʝʪ ʧʘʢʝʪ ʚ ʢʘʢʦʤ ʣʠʙʦ 

ʦʢʥʝ; 

1

1
M

m

m

G G
=

= =ä  ï ʩʨʝʜʥʠʡ ʪʨʘʬʠʢ ʚ ʢʘʥʘʣʝ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʢʘʢ ʯʠʩʣʦ ʧʦʧʳ-

ʪʦʢ ʧʝʨʝʜʘʯ ʧʘʢʝʪʦʚ ʟʘ ʚʨʝʤʷ ʦʢʥʘ Pwin; 

ʊ ï ʩʨʝʜʥʝʝ ʚʨʝʤʷ, ʚ ʯʠʩʣʝ ʦʢʦʥ, ʟʘ ʢʦʪʦʨʦʝ ʧʘʢʝʪ ʙʫʜʝʪ ʫʩʧʝʰʥʦ ʧʨʠʥʷʪ; 

S/G ï ʚʝʨʦʷʪʥʦʩʪʴ ʫʩʧʝʰʥʦʡ ʧʝʨʝʜʘʯʠ ʘʙʦʥʝʥʪʘ ʚ ʉɺʈʉ; 

G/S ï ʩʨʝʜʥʝʝ ʯʠʩʣʦ ʥʝʦʙʭʦʜʠʤʳʭ ʧʦʧʳʪʦʢ ʧʝʨʝʜʘʯ ʧʘʢʝʪʘ, ʧʦʢʘ ʥʝ ʧʨʦ-

ʠʟʦʡʜʝʪ ʝʛʦ ʫʩʧʝʰʥʘʷ ʧʝʨʝʜʘʯʘ; 
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a ï ʤʘʢʩʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚ ʦʜʥʫ ʩʪʦʨʦʥʫ, ʥʦʨʤʠʨʦʚʘʥʥʦʝ 

ʢʦ ʚʨʝʤʝʥʠ ʦʢʥʘ; 

K ï ʟʘʜʝʨʞʢʘ ʧʦʚʪʦʨʥʦʡ ʧʝʨʝʜʘʯʠ ʚ ʢʦʣʠʯʝʩʪʚʝ ʦʢʦʥ, ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝ-

ʜʝʣʝʥʥʘʷ ʩʦ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ ʂ ʝʜʠʥʠʮ ʥʘ ʦʢʥʦ; 

ɓ ï ʥʦʨʤʠʨʦʚʘʥʥʦʝ ʚʨʝʤʷ ʜʦ ʧʦʣʫʯʝʥʠʷ ʢʚʠʪʘʥʮʠʠ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ 

ʙʣʦʢʠʨʦʚʘʥʥʳʡ ʧʘʢʝʪ ʠʣʠ ʧʦʪʝʨʧʝʚʰʠʡ ʥʘʣʦʞʝʥʠʝ ʧʘʢʝʪ ʟʘʜʝʨʞʠʚʘʝʪʩʷ ʥʘ 

ʚʨʝʤʷ ʜʦ ʧʦʣʫʯʝʥʠʷ ʢʚʠʪʘʥʮʠʠ; 

Dmes ï ʜʣʠʥʘ ʧʘʢʝʪʘ ʚ ʙʠʪʘʭ; 

ʉ ï ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢʘʥʘʣʘ ʚ ʙʠʪ/ʩ; 

ʉe ï ʵʬʬʝʢʪʠʚʥʘʷ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢʘʥʘʣʘ ʚ ʙʠʪ/ʩ; 

Tm ï ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʞʠʟʥʠ ʧʘʢʝʪʘ (ʦʙʷʟʘʪʝʣʴʥʦʝ 

ʫʩʣʦʚʠʝ ʜʣʷ ʩʠʩʪʝʤ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ) ʚ ʩʝʢʫʥʜʘʭ; 

t ï ʚʨʝʤʷ ʞʠʟʥʠ ʧʘʢʝʪʘ ʥʘ ʤʦʤʝʥʪ ʧʦʩʪʫʧʣʝʥʠʷ ʚ ʧʝʨʝʜʘʶʱʠʡ ʪʝʨʤʠʥʘʣ; 

Ta ï ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ ʧʘʢʝʪʘ ʚ ʢʘʥʘʣʝ ʚ ʩʝʢʫʥʜʘʭ; 

ɚ ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʪʦʢʘ ʚ ʙʠʪ/ʩ ʧʦʩʪʫʧʘʶʱʠʡ ʚ ʪʝʨ-

ʤʠʥʘʣ ʉɺʈʉ; 

ȿ1 ï ʦʙɦʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʨʘʬʠʢʘ ʚ ʦʜʥʦʡ ʉɺʈʉ; 

kvn ï ʢʦʵʬʬʠʮʠʝʥʪ ʦʧʨʝʜʝʣʷʶʱʠʡ ʜʦʣʶ ʪʨʘʬʠʢʘ ʉɺʈʉ ʦʪʧʨʘʚʣʷʝʤʦʛʦ ʚ 

ʜʨʫʛʠʝ ʩʤʝʞʥʳʝ ʩʝʪʠ; 

kkv ï ʢʦʵʬʬʠʮʠʝʥʪ ʦʧʨʝʜʝʣʷʶʱʠʡ ʜʦʣʶ ʪʨʘʬʠʢʘ ʚ ʉɺʈʉ ʧʨʠʭʦʜʷʱʝʛʦʩʷ 

ʥʘ ʢʚʠʪʘʥʮʠʠ ʦʙ ʫʩʧʝʰʥʦʡ ʜʦʩʪʘʚʢʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʘʢʝʪʦʚ. ʌʘʢʪʠʯʝʩʢʠ 

ʟʥʘʯʝʥʠʝ kkv  ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘ ʢʘʞʜʳʝ 1/kkv  ʧʘʢʝʪʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʪʨʘʬʠ-

ʢʘ, ʧʨʠʭʦʜʠʪʩʷ ʦʜʠʥ ʧʘʢʝʪ ʢʚʠʪʘʥʮʠʠ ʦʙ ʫʩʧʝʰʥʦʡ ʜʦʩʪʘʚʢʝ. 

ʆʛʨʘʥʠʯʝʥʠʷ ʤʦʜʝʣʠ: ʢʘʥʘʣ ʷʚʣʷʝʪʩʷ ʙʝʩʰʫʤʥʳʤ; ʚʩʝ ʪʝʨʤʠʥʘʣʳ ʥʘʭʦ-

ʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʧʨʷʤʦʡ ʚʠʜʠʤʦʩʪʠ; ʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʢʚʠʪʘʥʮʠʠ ʧʨʠʙʳʚʘʶʪ 

ʥʘʜʝʞʥʦ. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠ ʧʦʣʫʯʝʥʳ ʚ ʧʨʠʙʣʠʞʝʥʠʠ, ʯʪʦ ʥʘʛʨʫʟʢʘ ʩʝʪʠ ʩʪʨʝ-

ʤʠʪʩʷ ʢ ʥʫʣʶ. 

ɼʦʧʫʱʝʥʠʷ ʤʦʜʝʣʠ: ʚʩʝ ʪʝʨʤʠʥʘʣʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʳ, ʜʦʤʠʥʠ-

ʨʫʶʱʠʝ ʠʩʪʦʯʥʠʢʠ ʦʪʩʫʪʩʪʚʫʶʪ; ʪʨʘʬʠʢ ʚ ʢʘʥʘʣʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʟʘʚʠ-

ʩʠʤʳʡ ʧʨʦʮʝʩʩ; ʠʩʪʦʯʥʠʢʠ ʦʙʨʘʟʫʶʪ ʩʫʤʤʘʨʥʳʡ ʥʝʟʘʚʠʩʠʤʳʡ ʧʨʦʮʝʩʩ ʢʦʪʦʨʳʡ 

ʷʚʣʷʝʪʩʷ ʇʫʘʩʩʦʥʦʚʩʢʠʤ; ʥʘʛʨʫʟʢʘ ʩʝʪʠ ʩʪʨʝʤʠʪʩʷ ʢ ʥʫʣʶ. 

ʉʨʝʜʥʝʝ ʯʠʩʣʦ ʫʩʧʝʰʥʳʭ ʧʝʨʝʜʘʯ ʟʘ ʦʢʥʦ ʜʣʠʥʥʦʡ Pwin ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʢʘʢ [31]: 

(1 2 )

aG

aG

Ge
S

G a e

-

-
=

+ +
.          (1) 

ʉʨʝʜʥʷʷ ʟʘʜʝʨʞʢʘ ʧʘʢʝʪʘ, ʚʳʨʘʞʝʥʥʘʷ ʚ ʢʦʣʠʯʝʩʪʚʝ ʦʢʦʥ [64]: 

 1 (2 1 ) 1
G

T a K a
S

b
å õ
= - + + + + +æ ö
ç ÷

.         (2) 

ɺʳʨʘʟʠʤ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ ʯʝʨʝʟ ʘʙʩʦʣʶʪʥʳʝ ʚʝʣʠʯʠʥʳ. ʇʘʨʘʤʝʪʨ a ʚ 

(1) ʠ (2) ʟʘʚʠʩʠʪ ʦʪ ʨʘʜʠʫʩʘ ʨʘʜʠʦʩʝʪʠ (ʤʘʢʩʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʘʤʳ-

ʤʠ ʫʜʘʣʝʥʥʳʤʠ ʪʝʨʤʠʥʘʣʘʤʠ ʩʝʪʠ) [31]: 

max max/

win mes

d c d C
a

P cD
= = ,         (3) 
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ʛʜʝ ʩ=300 000 ʢʤ/ʩ ï ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ; 

dmax ï ʤʘʢʩʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʘʤʳʤʠ ʫʜʘʣʝʥʥʳʤʠ ʪʝʨʤʠʥʘʣʘʤʠ 

ʉɺʈʉ ʚ ʢʤ. 

ʇʦʣʫʯʠʤ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʉe ʠ Ta ʦʪ ɚm, ʉ. ɼʣʠʥʘ ʦʢʥʘ ʷʚʥʳʤ ʦʙʨʘʟʦʤ ʟʘ-

ʚʠʩʠʪ ʦʪ ʜʣʠʥʥʳ ʩʦʦʙʱʝʥʠʷ ʠ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢʘʥʘʣʘ: 

mes
win

D
P

C
= .            (4) 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʩʪʫʧʣʝʥʠʷ ʧʘʢʝʪʦʚ ʚ ʪʝʨʤʠʥʘʣ ʵʢʚʠʚʘʣʝʥʪʥʘ ʢʦʣʠʯʝʩʪʚʫ 

ʧʦʨʦʞʜʘʝʤʳʭ ʵʪʠʤ ʪʝʨʤʠʥʘʣʦʤ ʧʘʢʝʪʦʚ, ʜʣʠʥʦʡ Dmes ʙʠʪ, ʟʘ ʚʨʝʤʷ ʜʣʠʪʝʣʴʥʦ-

ʩʪʠ ʦʢʥʘ. ʊʦ ʝʩʪʴ: 

win
m

mes

P
G

D

l
= , 

ʦʪʢʫʜʘ ʩʣʝʜʫʝʪ  

1

1 1/

M M
win mes

m m

m mmes mes

P D M
G

D C D C C

l
l l

= =

L
= = = =ä ä .     (5) 

ʋʯʪʝʤ ʚ ʩʦʩʪʘʚʝ ʧʦʩʪʫʧʘʶʱʝʛʦ ʚ ʉɺʈʉ ʪʨʘʬʠʢʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʪʨʘʥ-

ʟʠʪʥʳʡ ʪʨʘʬʠʢ, ʜʦʣʷ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ kvn. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʦʙʱʠʡ ʪʨʘʬʠʢ ʚ ʉɺʈʉ ʙʫʜʝʪ: 

( )1 1 vnkL + . 

ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʚ ʉɺʈʉ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʚʠʪʠʨʦʚʘʥʠʝ 

ʫʩʧʝʰʥʳʭ ʧʝʨʝʜʘʯ ʧʘʢʝʪʦʚ, ʠ ʜʦʣʷ ʪʨʘʬʠʢʘ ʢʚʠʪʘʥʮʠʡ ʩʦʩʪʘʚʣʷʝʪ kkv (kkv=0é1) 

ʦʪ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʪʨʘʬʠʢʘ, ʪʦ ʦʙʱʠʡ ʪʨʘʬʠʢ ʚ ʉɺʈʉ ʙʫʜʝʪ: 

( )( )1 1 1vn kvk kL + + ,         (6) 

ʪʦʛʜʘ  

( )( )1 1
1

k kvn kv
G

C

L + +
= .         (7) 

ʕʬʬʝʢʪʠʚʥʘʷ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢʘʥʘʣʘ ʦʧʨʝʜʝʣʷʝʪʩʷ, ʢʘʢ ʢʦʣʠʯʝ-

ʩʪʚʦ ʫʩʧʝʰʥʳʭ ʧʝʨʝʜʘʯ ʩʦʦʙʱʝʥʠʡ ʜʣʠʥʦʡ Dmes ʙʠʪ, ʟʘ ʚʨʝʤʷ Pwin ʠ ʨʘʚʥʘ: 

/

mes mes
e

win mes

D D
C S S SC

P D C
= = = .        (8) 

ʇʦʜʩʪʘʚʣʷʷ (1), (3), (5) ʚ (8), ʩ ʫʯʝʪʦʤ (6) ʧʦʣʫʯʠʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝ-

ʣʝʥʠʷ ʩʨʝʜʥʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʫʩʧʝʰʥʳʭ ʧʝʨʝʜʘʯ ʥʘ ʦʢʥʦ. ʋʯʠʪʳʚʘʷ, ʯʪʦ S ï ʥʦʨ-

ʤʠʨʦʚʘʥʥʘʷ ʚʝʣʠʯʠʥʘ ʠ ʚʳʨʘʞʘʷ ʵʬʬʝʢʪʠʚʥʫʶ ʩʢʦʨʦʩʪʴ ʢʘʥʘʣʘ ʯʝʨʝʟ ʉe ʧʦʣʫ-

ʯʠʤ: 

( )( )
( )( )

( )( )
( )( )

max
1

max
1

1 1

1

1
1 1

max1

1
1 1

1 2 1 1

vn kv
mes

vn kv
mes

d
k k

cD

vn kv

e d C
k k

cD C

vn kv

mes

k k e
CC SC C

d C
k k e

C cD

- L + +

- L + +

L + +

= = =
å õL
+ + + +æ ö
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( )( )
( )( )

( )( )
( )( )

max 1

max 1

1 1

1

1 1

max
1

1 1

1 2 1 1

vn kv

mes

vn kv

mes

d k k

cD

vn kv

d k k

cD

vn kv

mes

C k k e

d C
k k Ce

cD

L + +
-

L + +
-

L + +
=

å õ
L + + + +æ ö
ç ÷

.    (9) 

ʆʧʨʝʜʝʣʠʤ ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ ʚ ʩʝʢʫʥʜʘʭ ʠʟ ʚʳʨʘʞʝʥʠʷ (2). ʇʘʨʘʤʝʪʨ ɓ, ʦʪ-

ʚʝʯʘʶʱʠʡ ʟʘ ʜʦʩʪʘʚʢʫ ʢʚʠʪʘʥʮʠʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʢʘʥʘʣʘ ʚ ʤʦʜʝʣʠ, 

ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʚ [31], ʯʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʚʝʜʝʥʥʳʤʠ ʚ ʤʦʜʝʣʴ ʦʛʨʘʥʠʯʝʥʠʷʤʠ. 

ɽʩʣʠ ʠʟ [31] ʫʙʨʘʪʴ ʦʛʨʘʥʠʯʝʥʠʷ, ʯʪʦ ʢʚʠʪʘʥʮʠʠ ʜʦʩʪʘʚʣʷʶʪʩʷ ʥʘʜʝʞʥʦ ʧʦ ʦʪ-

ʜʝʣʴʥʦʤʫ ʢʘʥʘʣʫ ʠ ʙʝʟ ʟʘʪʨʘʪ, ʧʦʣʫʯʠʤ: ʢʚʠʪʘʥʮʠʠ ʜʦʩʪʘʚʣʷʶʪʩʷ ʧʦ ʪʦʤʫ ʞʝ 

ʢʘʥʘʣʫ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʠʟ (2) ʩ ʫʯʝʪʦʤ ʚʳʨʘʞʝʥʠʷ (6) ʧʦʣʫʯʠʤ ɓ, ʢʘʢ ʟʘʜʝʨʞʢʫ 

ʧʘʢʝʪʘ ʢʚʠʪʘʥʮʠʠ, ʢʦʪʦʨʳʡ ʥʝ ʪʨʝʙʫʝʪ ʢʚʠʪʘʥʮʠʠ ʫʩʧʝʰʥʦʛʦ ʧʨʠʝʤʘ: 

1 (2 1 ) 1
S

a K a
G

b
å õ
= - + + + +æ ö
ç ÷

.               (10) 

ʊʦʛʜʘ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʚʨʝʤʝʥʠ ʟʘʜʝʨʞʢʠ, ʚʳʨʘʞʝʥʥʦʡ ʚ ʩʝʢʫʥʜʘʭ ʙʫʜʝʪ 

ʦʧʨʝʜʝʣʷʪʩʷ ʠʟ (2) ʠ (10): 

( )1 2 1 1mes
a

D G G
T a K a

C S S

è øå õå õ
= - + + + + =æ öæ öé ù

ç ÷ç ÷ê ú
 

( )( )1 1 1
1

vn kvmes
k kD

C SC

èL + +å õ
= - ³éæ ö
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( )( )
( )1 1 1
2 1 1 1

vn kvk k
a K a a

SC

øL + +å õ
³ + + + + + +ùæ ö
ç ÷ ú

,           (11) 

ʛʜʝ: G ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ (7), a ʚʳʨʘʞʝʥʠʝʤ (3), ʘ S ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʚʝʥ-

ʩʪʚʦʤ: 

( )( )
( )( )

( )( )
( )( )

max
1

max
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1 1

1

1 1
max
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1 2 1 1
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k k e
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- L + +
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.          (12) 

ɺ ʩʣʫʯʘʝ ʝʩʣʠ ʢʚʠʪʠʨʦʚʘʥʠʝ ʚ ʉɺʈʉ ʥʝ ʧʨʠʤʝʥʷʝʪʩʷ, ʪʦ ʚʳʨʘʞʝʥʠʝ (11), 

ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ: 

( )
( )1 1

1 2 1 1
vnk

T a K a
S

L +å õ
= - + + + +æ ö
ç ÷

, 

ʩ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʚ ʚʳʨʘʞʝʥʠʠ (12) ʜʣʷ S ʟʥʘʯʝʥʠʝ kkv=0. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʜʣʷ ʩʠʩʪʝʤ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʥʘʢʣʘʜʳʚʘʝʪʩʷ ʦʛʨʘʥʠʯʝʥʠʝ 

ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʜʦʩʪʘʚʢʠ ʧʘʢʝʪʘ ʧʦ ʩʝʪʠ ï Tm. ɼʣʷ ʚʳʨʘʞʝʥʠʷ (12) ʂ ʚ̫-

ʣʷʝʪʩʷ ʚʘʨʴʠʨʫʝʤʳʤ ʧʘʨʘʤʝʪʨʦʤ, ʦʜʥʘʢʦ ʥʝʦʙʭʦʜʠʤʦ ʥʘʣʦʞʝʥʠʝ ʫʩʣʦʚʠʷ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʧʝʨʝʜʘʯʘ ʟʘʷʚʢʠ ʠʤʝʝʪ ʩʤʳʩʣ. ʇʨʠ ʧʨʝʚʳʰʝʥʠʠ ʚʨʝʤʝʥʠ ʥʘʭʦʞʜʝʥʠʷ ʚ 

ʩʝʪʠ t ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʛʦ ʧʦʨʦʛʘ ʊm ʧʝʨʝʜʘʯʘ ʟʘʷʚʢʠ ʪʝʨʷʝʪ ʩʤʳʩʣ. ʇʦ-

ʵʪʦʤʫ ʥʘ ʂ ʥʘʢʣʘʜʳʚʘʝʪʩʷ ʦʛʨʘʥʠʯʝʥʠʝ: 

m

win

T t
K

P

-
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ʋʯʠʪʳʚʘʷ (4) ʧʦʣʫʯʠʤ ʢʨʠʪʝʨʠʡ ʩʦʦʪʚʝʪʩʪʚʠʷ ʜʦʩʪʘʚʢʠ ʧʘʢʝʪʦʚ ʪʨʘʬʠʢʘ 

ʫʩʣʦʚʠʷʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʚ ʪʘʙ. 3 ʠ 4:  
( )m

mes

C T t
K

D

-
¢  .                  (13) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʠʤ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦ-

ʩʦʙʥʦʩʪʠ ʠ ʟʘʜʝʨʞʢʠ ʧʝʨʝʜʘʯʠ ʪʨʘʬʠʢʘ ʚ ʉɺʈʉ ʩ ɸʉʄʉɼ ʧʦ ʧʨʦʪʦʢʦʣʫ 

CSMA/CA. 
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.          (14) 

ʉʠʩʪʝʤʘ (14) ʦʧʠʩʳʚʘʝʪ ʧʦʚʝʜʝʥʠʝ ʉɺʈʉ ʦʙʨʘʟʦʚʘʥʥʦʡ ʂʄɼ ʩ ɸʉʄʉɼ 

ʧʦ ʧʨʦʪʦʢʦʣʫ CSMA/CA, ʚ ʢʦʪʦʨʦʤ ʥʘʜʝʞʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʧʘʢʝʪʦʚ ʦʙʝʩʧʝʯʠʚʘ-

ʝʪʩʷ ʢʚʠʪʘʥʮʠʷʤʠ ʦʙ ʫʩʧʝʰʥʦʤ ʧʨʠʝʤʝ, ʧʝʨʝʜʘʶʱʠʤʠʩʷ ʧʦ ʵʪʦʤʫ ʞʝ ʢʘʥʘʣʫ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʦʣʫʯʝʥʥʳʝ ʚ ʜʘʥʥʦʤ ʧʦʜʨʘʟʜʝʣʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʢʘʯʝʩʪʚʘ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʩʧʫʪʥʠʢʦʚʦʡ ʩʝʪʠ ʩʚʷʟʠ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʩʦʩʪʘʚʝ ʤʦʜʝʣʝʡ 

ʆɺʂʉʉ ʩ ʠʝʨʘʨʭʠʯʝʩʢʠʤ ʠ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʤ ʧʨʠʥʮʠʧʘʤʠ ʨʝʪʨʘʥʩʣʷʮʠʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ. 

 

2.2. ʄʦʜʝʣʴ ʩʝʪʠ ʩʧʫʪʥʠʢʦʚʦʡ ʩʚʷʟʠ ʥʘ ʦʩʥʦʚʝ ʧʨʦʪʦʢʦʣʘ 

ʩʣʫʯʘʡʥʦʛʦ ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʜʦʩʪʫʧʘ S-Aloha 

ʄʦʜʝʣʴ çʉʠʥʭʨʦʥʥʘʷ ALOHAè ʧʨʝʜʣʦʞʝʥʥʘʷ ʚ ʨʘʙʦʪʝ [31] ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʜʣʷ ʦʧʠʩʘʥʠʷ ʘʙʦʥʝʥʪʩʢʦʛʦ ʢʘʥʘʣʘ ʉɺʈʉ ʩ ʜʦʩʪʫʧʦʤ ʚ ʤʘʛʠʩʪʨʘʣʴʥʫʶ ʉʉʉ ʧʦ 

ʧʨʦʪʦʢʦʣʫ S-Aloha. 

ɸʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʘʙʦʥʝʥʪʘ ʉʉʉ ʚ ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʝʜʫʶ-

ʱʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʡ: 

- ʝʩʣʠ ʢʘʥʘʣ ʩʚʦʙʦʜʝʥ, ʪʦ ʘʙʦʥʝʥʪ ʧʝʨʝʜʘʝʪ ʧʘʢʝʪ; 

- ʧʝʨʝʜʘʚʘʷ ʧʘʢʝʪ, ʘʙʦʥʝʥʪ ʧʨʦʩʣʫʰʠʚʘʝʪ ʢʘʥʘʣ, ʝʩʣʠ ʧʨʦʠʟʦʰʣʦ ʥʘʣʦ-

ʞʝʥʠʝ ʧʝʨʝʜʘʯʠ ʥʘ ʧʝʨʝʜʘʯʫ ʜʨʫʛʠʤ ʘʙʦʥʝʥʪʦʤ, ʪʦ ʧʝʨʝʜʘʯʘ ʦʪʢʣʘʜʳ-

ʚʘʝʪʩʷ, ʝʩʣʠ ʧʨʠ ʧʝʨʝʜʘʯʝ ʧʘʢʝʪʘ ʥʘʣʦʞʝʥʠʷ ʥʝ ʧʨʦʠʟʦʰʣʦ, ʪʦ ʧʘʢʝʪ 

ʩʯʠʪʘʝʪʩʷ ʫʩʧʝʰʥʦ ʧʝʨʝʜʘʥʥʳʤ; 

- ʝʩʣʠ ʢʘʥʘʣ ʟʘʥʷʪ, ʪʦ ʘʙʦʥʝʥʪ ʦʪʢʣʘʜʳʚʘʝʪ ʩʚʦʶ ʧʝʨʝʜʘʯʫ ʥʘ ʙʦʣʝʝ 

ʧʦʟʜʥʝʝ ʚʨʝʤʷ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʟʘʜʝʨʞʢʠ ʧʦʚʪʦʨʥʦʡ 
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ʧʝʨʝʜʘʯʠ. ʂʦʛʜʘ ʥʘʩʪʫʧʘʝʪ ʵʪʦ ʚʨʝʤʷ, ʘʙʦʥʝʥʪ ʚʥʦʚʴ ʧʨʦʚʝʨʷʝʪ ʢʘʥʘʣ ʠ 

ʧʦʚʪʦʨʷʝʪ ʦʧʠʩʘʥʥʳʡ ʘʣʛʦʨʠʪʤ. 

 

ɼʦʩʪʫʧ ʢ ʢʘʥʘʣʫ  
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ʅʝʪ

ʅʝʪ
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ʆʞʠʜʘʥʠʝ ʦʢʦʥʯʘʥʠʷ 

ʪʘʡʤ-ʩʣʦʪʘ ʪʝʢʫʱʝʡ 

ʧʝʨʝʜʘʯʠ

ʇʝʨʝʜʘʯʘ ʥʝ ʫʜʘʣʘʩʴ 

ʠʟ-ʟʘ ʚʳʩʦʢʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʢʦʣʣʠʟʠʡ

ʅʝʪ

ɼʘ

ɼʘ

ɼʘ

ʅʘʯʘʣʦ

ʂʦʣʠʯʝʩʪʚʦ 
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ʈʠʩ. 8. ʆʙʘɦ ̫ʩʭʝʤʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʘ S-Aloha 

 

ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʷʚʣʷʶʪʩʷ: 

M ï ʢʦʣʠʯʝʩʪʚʦ ʉɺʈʉ (ʘʙʦʥʝʥʪʦʚ ʉʉʉ) ʩʦʚʤʝʩʪʥʦ ʠʩʧʦʣʴʟʫʶʱʠʭ ʩʧʫʪ-

ʥʠʢʦʚʳʡ ʢʘʥʘʣ; 

Pwin ï ʜʣʠʥʥʘ ʧʘʢʝʪʘ ʚʳʨʘʞʝʥʥʘʷ ʯʝʨʝʟ ʚʨʝʤʷ ʧʝʨʝʜʘʯʠ ʧʘʢʝʪʘ (ʜʣʠʥʘ ʦʢ-

ʥʘ); 

Sm ï ʚʝʨʦʷʪʥʦʩʪʴ, ʯʪʦ ʧʝʨʝʜʘʯʘ m-ʛʦ ʘʙʦʥʝʥʪʘ ʧʨʦʰʣʘ ʫʩʧʝʰʥʦ, ʥʦʨʤʠʨʦ-

ʚʘʥʥʘ ̫ʢ ʜʣʠʥʝ ʦʢʥʘ; 

Gm ï ʚʝʨʦʷʪʥʦʩʪʴ, ʯʪʦ m-ʳʡ ʘʙʦʥʝʥʪ ʧʝʨʝʜʘʝʪ ʧʘʢʝʪ ʚ ʢʘʢʦʤ ʣʠʙʦ ʦʢʥʝ. 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠ ʧʦʣʫʯʝʥʳ ʚ ʧʨʠʙʣʠʞʝʥʠʠ, ʯʪʦ ʥʘʛʨʫʟʢʘ ʩʝʪʠ ʩʪʨʝʤʠʪ-

ʩʷ ʢ ʥʫʣʶ. 

ɼʦʣʷ ʪʨʘʬʠʢʘ m-ʦʛʦ ʘʙʦʥʝʥʪʘ, ʚʝʜʫʱʝʛʦ ʫʩʧʝʰʥʫʶ ʧʝʨʝʜʘʯʫ ʨʘʚʥʘ ʚʝʨʦ-

ʷʪʥʦʩʪʠ ʪʦʛʦ ʯʪʦ, ʢʦʛʜʘ ʦʥ ʧʝʨʝʜʘʚʘʣ ï ʜʨʫʛʠʝ ʘʙʦʥʝʥʪʳ ʙʝʟʜʝʡʩʪʚʦʚʘʣʠ. ɼʣʷ 

ʘʙʦʥʝʥʪʦʚ, ʩʦʚʤʝʩʪʥʦ ʠʩʧʦʣʴʟʫʶʱʠʭ ʩʧʫʪʥʠʢʦʚʳʡ ʢʘʥʘʣ ʙʫʜʝʪ ʜʝʡʩʪʚʠʪʝʣʴʥʘ 
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ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʥʘʙʦʨʳ ʩʢʦʨʦʩʪʝʡ ʠʩʪʦʯʥʠʢʦʚ, ʢʦʪʦʨʳʝ ʢʘ-

ʥʘʣ ʤʦʞʝʪ ʦʙʩʣʫʞʠʪʴ: 

( )1 , 1..m m m

i m

S G G m M
¸

= - =Ô .               (15) 

ʆʙʦʟʥʘʯʠʤ:  

( )
1

1
M

i

i

g G
=

= -Ô ,                 (16) 

ʪʦʛʜʘ:  

( )
1

1
1

i

i m

g
G

G¸

- =
-

Ô .                (17) 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʫʨʘʚʥʝʥʠʝ (15) ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ: 

1

m
m

m

G
S g

G
=
-

,                          (18) 

ʜʣʷ ʚʩʝʭ 1..m M= . 

ʆʪʤʝʪʠʤ ʥʝʦʙʭʦʜʠʤʦʝ ʫʩʣʦʚʠʝ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʧʝʨʝ-

ʜʘʯʠ ʜʣʷ ʩʠʩʪʝʤʳ çʉʠʥʭʨʦʥʥʘʷ ALOHAè: 

1

1
M

m

m

G G
=

= =ä                  (19) 

ʛʜʝ G ï ʩʨʝʜʥʠʡ ʪʨʘʬʠʢ ʚ ʢʘʥʘʣʝ ʦʧʨʝʜʝʣʷʝʤʳʡ ʢʘʢ ʯʠʩʣʦ ʧʦʧʳʪʦʢ ʧʝʨʝʜʘʯ ʧʘ-

ʢʝʪʦʚ ʟʘ ʚʨʝʤʷ ʦʢʥʘ Pwin. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ Gm ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʝʨʦʷʪ-

ʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʧʘʢʝʪʘ, ʩʫʤʤʘ G ʤʦʞʝʪ ʧʨʝʚʳʰʘʪʴ 1, ʚ ʩʠʣʫ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʧʦ-

ʨʦʞʜʝʥʠʷ ʧʘʢʝʪʦʚ ʘʙʦʥʝʥʪʘʤʠ ʉʉʉ. ʇʦ ʩʫʪʠ, ʧʘʨʘʤʝʪʨ G ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʧʨʝʜʣʘʛʘʝʤʳʡ ʢ ʧʝʨʝʜʘʯʝ ʪʨʘʬʠʢ ʦʪ ʚʩʝʭ ʘʙʦʥʝʥʪʦʚ ʉʉʉ, ʚʳʨʘʞʝʥʥʳʡ ʚ ʧʘʢʝ-

ʪʘʭ ʠ ʥʦʨʤʠʨʦʚʘʥʥʳʡ ʢ ʜʣʠʥʝ ʦʢʥʘ. 

ɺʚʝʜʝʤ ʧʝʨʝʤʝʥʥʳʝ: 

1

M

m

m

S S
=

=ä  ï ʩʨʝʜʥʝʝ ʢʦʣʠʯʝʩʪʚʦ ʫʩʧʝʰʥʳʭ ʧʝʨʝʜʘʯ ʥʘ ʦʢʥʦ, ʧʨʠʭʦʜʷʱʠʭ 

ʥʘ ʚʩʝʭ ʘʙʦʥʝʥʪʦʚ; 

R ï ʯʠʩʣʦ ʦʢʦʥ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʚʣʦʞʠʪʴ ʚ ʦʜʥʦ ʚʨʝʤʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʜʦ ʉʈ ʠ ʦʙʨʘʪʥʦ; 

ʂ ï ʢʦʣʠʯʝʩʪʚʦ ʦʢʦʥ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʳʭ ʧʦʣʴʟʦʚʘʪʝʣʴ ʧʳʪʘʝʪʩʷ ʧʝʨʝʜʘʪʴ 

ʧʘʢʝʪ, ʝʩʣʠ ʧʝʨʚʘʷ ʧʝʨʝʜʘʯʘ ʟʘʚʝʨʰʠʣʘʩʴ ʥʘʣʦʞʝʥʠʝʤ ʧʘʢʝʪʘ; 

1/ʂ ï ʚʝʨʦʷʪʥʦʩʪʴ ʚʳʙʦʨʘ ʦʢʥʘ ʜʣʷ ʧʦʚʪʦʨʥʦʡ ʧʝʨʝʜʘʯʠ; 

ʊ ï ʩʨʝʜʥʝʝ ʚʨʝʤʷ, ʟʘ ʢʦʪʦʨʦʝ ʧʘʢʝʪ ʙʫʜʝʪ ʫʩʧʝʰʥʦ ʧʨʠʥʷʪ, ʚʳʨʘʞʝʥʥʘʷ ʚ 

ʯʠʩʣʝ ʦʢʦʥ; 

S/G ï ʚʝʨʦʷʪʥʦʩʪʴ ʫʩʧʝʰʥʦʡ ʧʝʨʝʜʘʯʠ; 

G/S ï ʩʨʝʜʥʝʝ ʯʠʩʣʦ ʥʝʦʙʭʦʜʠʤʳʭ ʧʦʧʳʪʦʢ ʧʝʨʝʜʘʯ ʧʘʢʝʪʘ, ʧʦʢʘ ʥʝ ʧʨʦ-

ʠʟʦʡʜʝʪ ʝʛʦ ʫʩʧʝʰʥʘʷ ʧʝʨʝʜʘʯʘ; 

q ï ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʥʦʚʳʡ ʧʘʢʝʪ ʫʩʧʝʰʥʦ ʧʝʨʝʜʘʥ; 

qt ï ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʨʘʥʝʝ ʙʣʦʢʠʨʦʚʘʥʥʳʡ ʧʘʢʝʪ ʫʩʧʝʰʥʦ ʧʝʨʝʜʘʥ. 

ʈʝʟʫʣʴʪʘʪʳ ʙʫʜʫʪ ʧʦʣʫʯʝʥʳ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʧʨʝʜʧʦʣʦʞʝʥʠʷʭ: ʪʨʘʬʠʢ ʚ 

ʢʘʥʘʣʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʟʘʚʠʩʠʤʳʡ ʧʨʦʮʝʩʩ (ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ 
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ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ [31]); ʠʩʪʦʯʥʠʢʠ ʦʙʨʘʟʫʶʪ 

ʩʫʤʤʘʨʥʳʡ ʥʝʟʘʚʠʩʠʤʳʡ ʧʨʦʮʝʩʩ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʇʫʘʩʩʦʥʦʚʩʢʠʤ. 

ʇʨʠʥʷʚ ʚʦ ʚʥʠʤʘʥʠʝ ʚʣʠʷʥʠʝ ʥʘ ʢʘʥʘʣ ʧʘʢʝʪʦʚ ʥʝ ʧʝʨʝʜʘʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘ-

ʪʝ ʥʘʣʦʞʝʥʠʡ ʠ ʫʯʠʪʳʚʘʷ, ʯʪʦ ʧʘʢʝʪʳ, ʠʩʧʳʪʘʚʰʠʝ ʥʘʣʦʞʝʥʠʝ, ʧʝʨʝʜʘʶʪʩʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʙʨʘʥʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʂ ʧʦʣʫʯʠʤ [31]: 

1

t

t

q
S G

q q
=

+ -
, 

ʛʜʝ [31]: 

K
G

G SK
G

q e e e
K

-
- -
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= +æ ö
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-
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- -
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å õ
å õ-æ ö= +æ öæ ö- ç ÷æ ö

ç ÷

.      (20) 

ʉʠʩʪʝʤʘ (20) ʜʦʣʞʥʘ ʙʳʪʴ ʨʝʰʝʥʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʷʚʥʦʛʦ ʚʳʨʘʞʝʥʠʷ ʜʣʷ S 

ʯʝʨʝʟ G ʠ ʂ. ʆʜʥʘʢʦ ʦʥʘ ʥʝ ʠʤʝʝʪ ʷʚʥʦʛʦ ʨʝʰʝʥʠʷ. ɺ [31] ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʘʟ-

ʣʠʯʥʳʝ ʧʨʠʙʣʠʞʝʥʠʷ ʜʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ. ʆʜʥʠʤ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ 

ʧʨʠʙʣʠʞʝʥʠʝ ʜʣʷ ʂ [31]: 

lim lim lim G

t
K K K

S
q q e

G

-

¤ ¤ ¤
= = = .               (21) 

ʇʨʠʯʝʤ ʧʫʪʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʦʢʘʟʳʚʘʝʪʩʷ [86], ʯʪʦ 

ʫʞʝ ʧʨʠ ʂÓ15 ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʨʠʙʣʠʞʝʥʠʝ (21).  

ʉʨʝʜʥʷʷ ʟʘʜʝʨʞʢʘ ʧʘʢʝʪʘ T, ʚʳʨʘʞʝʥʥʘʷ ʚ ʯʠʩʣʝ ʦʢʦʥ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘ-

ʚʝʥʩʪʚʦʤ [31]: 

1 1
1 1

2t

q K
T R R

q

- -å õ
= + + + +æ ö

ç ÷
.              (22) 

ɺʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʬʦʨʤʫʣʦʡ ʃʠʪʣʘ ʧʦʣʫʯʠʤ ʟʥʘʯʝʥʠʝ ʩʨʝʜʥʝʛʦ ʯʠʩʣʘ 

ʧʘʢʝʪʦʚ ʚ ʩʠʩʪʝʤʝ N [31]: 

1 1
1

2 2

K K
N ST G R S

- -å õ å õ
= = + + +æ ö æ ö

ç ÷ ç ÷
.             (23) 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ [31, 86] ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʫʩʣʦʚʠʷ ʫʩʪʦʡʯʠ-

ʚʦʩʪʠ ʩʧʫʪʥʠʢʦʚʦʛʦ ʢʘʥʘʣʘ ʠ ʧʨʠʚʦʜʷʪʩʷ ʤʦʜʝʣʠ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ 

ʝʛʦ ʫʩʪʦʡʯʠʚʦʩʪʠ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʫʩʣʦʚʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʘʥʘʣʘ ʚʳʛʣʷʜʠʪ ʢʘʢ 

ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʚʭʦʜʥʫʶ ʩʢʦʨʦʩʪʴ, ʢʦʪʦʨʘʷ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ ʚʳʭʦʜʥʫʶ 

ʩʢʦʨʦʩʪʴ ʩʠʩʪʝʤʳ: 

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

1 1 1 1
n M n n M n

outputS S p M n np ps s s
- - - -è ø¢ = - - - + - -

úê
(24) 

ʛʜʝ p=(R+(K+1)/2)-1 ï ʚʝʨʦʷʪʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʟʘʜʦʣʞʝʥʥʦʛʦ ʧʘʢʝʪʘ (ʧʨʠ ʨʘʚʥʦ-

ʤʝʨʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ); n ï ʢʦʣʠʯʝʩʪʚʦ ʘʙʦʥʝʥʪʦʚ, ʠʤʝʶʱʠʭ ʧʘʢʝʪ ʜʣʷ ʧʝʨʝʜʘ-

ʯʠ, ʠ ʛʦʪʦʚʳʭ ʝʛʦ ʧʝʨʝʜʘʚʘʪʴ; ů ï ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʨʦʞʜʝʥʠʷ ʥʦʚʳʭ ʧʘʢʝʪʦʚ. 

ʆʜʥʘʢʦ ʨʘʩʩʤʦʪʨʝʥʠʝ ʫʧʨʘʚʣʝʥʠʷ ʢʘʥʘʣʦʤ ʚ ʫʩʣʦʚʠʷʭ ʝʛʦ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ 

ʚʳʭʦʜʠʪ ʟʘ ʨʘʤʢʠ ʨʘʙʦʪʳ ʠ ʟʜʝʩʴ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʥʝ ʙʫʜʝʪ. 

ʀʟʤʝʥʠʤ ʠʟʣʦʞʝʥʥʫʶ ʚʳʰʝ ʤʦʜʝʣʴ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʷʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʚʤʝʩʪʦ ʚʝʨʦʷʪʥʦʩʪʥʳʭ. ɺʚʝʜʝʤ ʥʦʚʳʝ ʧʝʨʝʤʝʥʥʳʝ: 

Dmes ï ʜʣʠʥʥʘ ʧʘʢʝʪʘ ʚ ʙʠʪʘʭ; 
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ʉ ï ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢʘʥʘʣʘ ʚ ʙʠʪ/c; 

ʉe ï ʵʬʬʝʢʪʠʚʥʘʷ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢʘʥʘʣʘ ʚ ʙʠʪ/c; 

Tm ï ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʞʠʟʥʠ ʧʘʢʝʪʘ (ʦʙʷʟʘʪʝʣʴʥʦʝ 

ʫʩʣʦʚʠʝ ʜʣʷ ʩʠʩʪʝʤ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ) ʚ ʩʝʢʫʥʜʘʭ; 

t ï ʚʨʝʤʷ ʞʠʟʥʠ ʧʘʢʝʪʘ ʥʘ ʤʦʤʝʥʪ ʧʦʩʪʫʧʣʝʥʠʷ ʚ ʧʝʨʝʜʘʶʱʠʡ ʪʝʨʤʠʥʘʣ, ʚ 

ʩʝʢʫʥʜʘʭ; 

ʊʟʘʜ ʉʉʉ ï ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ ʧʘʢʝʪʘ ʚ ʢʘʥʘʣʝ ʚ ʩʝʢʫʥʜʘʭ; 

ɚm ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʪʦʢʘ ʚ ʙʠʪ/ʩ ʧʦʩʪʫʧʘʶʱʠʡ ʚ m-

ʥʦʤʫ ʘʙʦʥʝʥʪʫ ʉʉʉ ʠʟ ʝʛʦ ʉɺʈʉ. 

ʇʦʣʫʯʠʤ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʉe ʠ Ta ʦʪ ʧʘʨʘʤʝʪʨʦʚ ɚm ʠ ʉ. ɼʣʠʥʘ ʦʢʥʘ ʷʚʥʳʤ 

ʦʙʨʘʟʦʤ ʟʘʚʠʩʠʪ ʦʪ ʜʣʠʥʳ ʩʦʦʙʱʝʥʠʷ ʠ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢʘʥʘʣʘ: 

mes
win

D
P

C
= .                       (25) 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʩʪʫʧʣʝʥʠʷ ʧʘʢʝʪʦʚ ʚ ʪʝʨʤʠʥʘʣ ʵʢʚʠʚʘʣʝʥʪʥʘ ʢʦʣʠʯʝʩʪʚʫ 

ʧʦʨʦʞʜʘʝʤʳʭ ʵʪʠʤ ʪʝʨʤʠʥʘʣʦʤ ʧʘʢʝʪʦʚ, ʜʣʠʥʦʡ Dmes ʙʠʪ, ʟʘ ʚʨʝʤʷ ʜʣʠʪʝʣʴʥʦ-

ʩʪʠ ʦʢʥʘ. ʊʦ ʝʩʪʴ: 

m win
m

mes

P
G

D

l
= , 

ʦʪʢʫʜʘ ʩʣʝʜʫʝʪ: 

1 1 1

1

/

M M M
win mes

m m m

m m mmes mes

P D
G

D C D C
l l l

= = =

= = =ä ä ä.             (26) 

ʕʬʬʝʢʪʠʚʥʘʷ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢʘʥʘʣʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʢʦʣʠʯʝ-

ʩʪʚʦ ʫʩʧʝʰʥʳʭ ʧʝʨʝʜʘʯ ʩʦʦʙʱʝʥʠʡ ʜʣʠʥʥʦʡ Dmes ʙʠʪ, ʟʘ ʚʨʝʤʷ Pwin ʠ ʨʘʚʥʦ: 

/

mes mes
e

win mes

D D
C S S SC

P D C
= = = .               (27) 

ʇʦʜʩʪʘʚʣʷʷ (26) ʠ (27) ʚ (20) ʧʦʣʫʯʠʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʨʝʜ-

ʥʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʫʩʧʝʰʥʳʭ ʧʝʨʝʜʘʯ ʥʘ ʦʢʥʦ. ʋʯʠʪʳʚʘʷ, ʯʪʦ S ï ʥʦʨʤʠʨʦʚʘʥʥʘʷ 

ʚʝʣʠʯʠʥʘ ʠ ʚʳʨʘʞʘʷ ʩʢʦʨʦʩʪʴ ʢʘʥʘʣʘ ʯʝʨʝʟ ʉe (27) ʧʦʣʫʯʠʤ: 

 
( ) ( )1 1

1

1 1 1

M M
t t t

e m m

m mt t t

q q q
C SC CG C

q q q q C q q
l l

= =

= = = =
+ - + - + -

ä ä .  (28) 

ʆʪʤʝʪʠʤ, ʯʪʦ ʜʣʷ ʩʠʩʪʝʤ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʥʘʢʣʘʜʳʚʘʝʪʩʷ ʦʛʨʘʥʠʯʝʥʠʝ 

ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʜʦʩʪʘʚʢʠ ʧʘʢʝʪʘ ʧʦ ʩʝʪʠ ï Tm. ɼʣʷ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʂ ʚ̫-

ʣʷʝʪʩʷ ʚʘʨʴʠʨʫʝʤʳʤ ʧʘʨʘʤʝʪʨʦʤ, ʦʜʥʘʢʦ ʥʝʦʙʭʦʜʠʤʦ ʥʘʣʦʞʝʥʠʝ ʫʩʣʦʚʠʷ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʧʝʨʝʜʘʯʘ ʟʘʷʚʢʠ ʠʤʝʝʪ ʩʤʳʩʣ. ʇʨʠ ʧʨʝʚʳʰʝʥʠʠ ʚʨʝʤʝʥʠ ʥʘʭʦʞʜʝʥʠʷ ʚ 

ʩʝʪʠ t ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʛʦ ʧʦʨʦʛʘ ʊm ʧʝʨʝʜʘʯʘ ʟʘʷʚʢʠ ʪʝʨʷʝʪ ʩʤʳʩʣ. ʇʦ-

ʵʪʦʤʫ ʥʘ ʂ ʥʘʢʣʘʜʳʚʘʝʪʩʷ ʦʛʨʘʥʠʯʝʥʠʝ: 

m

win

T t
K

P

-
¢ , 

ʧʦʜʩʪʘʚʣʷʷ (25) ʧʦʣʫʯʠʤ:  

( )m

mes

C T t
K

D

-
¢ .                 (29) 
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ʇʦʣʫʯʠʤ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ, ʦʧʨʝʜʝʣʝʥʥʳʭ ʜʣʷ ʚʩʝʭ ʂ, ʜʣʷ ʢʦʪʦʨʳʭ ʚr -

ʧʦʣʥʷʝʪʩʷ (29): 

( )
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- -
- - -

=

-

ë
î
î
î =
î + -
î
î å õ
î æ öä äî

æ ö= +ì
æ öî
æ ö

î ç ÷
î

å õî å õä ä
æ öî ä äæ ö-
æ ö= +î æ ö
æ öäî æ öæ öæ ö-î ç ÷ç ÷í

ä

ä

ä

          (30) 

ʋʯʠʪʳʚʘʷ ʧʨʠʙʣʠʞʝʥʠʝ (21) ʤʦʞʥʦ ʫʧʨʦʩʪʠʪʴ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʉʝ: 

( )

1

1

1

15

M

m

m

M
C

e m

m

m

mes

C e

C T t
K

D

l

l=

-

=

ë ä å õî = æ öî ç ÷
ì

-î
¢ ¢î

í

ä
.                (31) 

ʆʜʥʘʢʦ ʧʨʠʙʣʠʞʝʥʠʝ (21) ʥʝ ʫʯʠʪʳʚʘʝʪ ʚʣʠʷʥʠʝ ʧʘʨʘʤʝʪʨʘ ʂ ʚ ʷʚʥʦʤ ʚʠ-

ʜʝ, ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʚʳʨʘʞʝʥʠʝ (31) ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʂ. ɺ [8] ʧʨʝʜʣʦʞʝʥʦ ʧʨʠʙʣʠ-

ʞʝʥʠʝ, ʷʚʥʦ ʫʯʠʪʳʚʘʶʱʝʝ ʜʘʥʥʳʡ ʧʘʨʘʤʝʪʨ: 

1 G

t

K
q e

K

--
º .                 (32) 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʠʟ (20) ʠ (21), ʜʣʷ q, ʧʦʣʫʯʠʤ: 

( 1)

2 1

G

G

K e
S G

K Ke

-

-

-
=

- +
.                (33) 

ʆʢʦʥʯʘʪʝʣʴʥʦ ʠʤʝʝʤ ʩʠʩʪʝʤʫ ʪʨʝʭ ʫʨʘʚʥʝʥʠʡ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʝʥʘ ʧʨʠ 

ʫʩʣʦʚʠʠ (29): 
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1

1

1

1

1

1
1

1

1

( 1)

1

M

m

m

M

m

m

M

m

m

M

m

m

C M

e m

m
C

C

C

t

K e
C

K e

q e

K
q e

K

l

l

l

l

l
=

=

=

=

å õ
- æ ö
æ ö
ç ÷

å õ
- æ ö =
æ ö
ç ÷

å õ
- æ ö
æ ö
ç ÷

å õ
- æ ö
æ ö
ç ÷

ë ä
î - å õ
=î æ ö

ç ÷î ä
-î

î
äì

=î
î

ä-î
=î

î
í

ä

.              (34) 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʜʪʚʝʨʜʠʣʦ [31] ʬʘʢʪ ʩʭʦʜʠʤʦʩʪʠ ʨʝ-

ʟʫʣʴʪʘʪʦʚ ʜʣʷ S(G, K) ʜʣʷ KÓ15.  

ʆʧʨʝʜʝʣʠʤ ʟʘʜʝʨʞʢʫ ʩʦʦʙʱʝʥʠʡ ʧʨʠ ʧʝʨʝʜʘʯʝ T. ʊʘʢ ʢʘʢ ʊ ʟʘʚʠʩʠʪ ʦʪ R 

(ʩʤ. (22)), ʦʧʨʝʜʝʣʠʤ R ʯʝʨʝʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʥʘʣʘ: 

2 2/sot sot

win mes

d d C
R

P cD

c
= = ,                (35) 

ʛʜʝ ʩ=300 000 ʢʤ/ʩ ï ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ; dsot ï 

ʜʘʣʴʥʦʩʪʴ ʦʪ ʪʝʨʤʠʥʘʣʘ ʜʦ ʩʧʫʪʥʠʢʘ ʚ ʢʠʣʦʤʝʪʨʘʭ. ʇʨʠ ʵʪʦʤ, ʚ ʨʘʙʦʪʝ [31] ʠʩ-

ʧʦʣʴʟʫʝʪʩʷ ʧʨʠʙʣʠʞʝʥʠʝ: ʜʘʣʴʥʦʩʪʴ ʦʪ ʪʝʨʤʠʥʘʣʘ ʜʦ ʩʧʫʪʥʠʢʘ ʨʘʚʥʘ ʚʳʩʦʪʝ 

ʧʦʣʝʪʘ ʩʧʫʪʥʠʢʦʚʦʛʦ ʨʝʪʨʘʥʩʣʷʪʦʨʘ, ʯʪʦ ʜʣʷ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʩ ʙʦʣʴʰʦʡ 

ʚʳʩʦʪʦʡ ʧʦʣʝʪʘ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʥʘʭʦʞʜʝʥʠʠ ʩʧʫʪʥʠʢʘ ʫ ʣʠʥʠʠ ʛʦʨʠʟʦʥʪʘ ʧʨʠʚʦ-

ʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʳʤ ʧʦʛʨʝʰʥʦʩʪʷʤ ʚʳʯʠʩʣʝʥʠʡ. 

ʊʦʛʜʘ ʟʘʜʝʨʞʢʘ, ʚʳʨʘʞʝʥʥʘʷ ʚ ʩʝʢʫʥʜʘʭ, ʙʫʜʝʪ ʨʘʚʥʘ (ʠʟ ʬʦʨʤʫʣʳ (22)): 
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.  (36) 

ʇʘʨʘʤʝʪʨ ʂ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʩʣʦʚʠʝʤ (29), ʘ q ʠ qt ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʟ (34). 

ʆʪʤʝʪʠʤ, ʯʪʦ ʩʧʫʪʥʠʢʦʚʳʡ ʢʘʥʘʣ ʥʝ ʥʫʞʜʘʝʪʩʷ ʚ ʦʙʨʘʪʥʳʭ ʢʚʠʪʘʥʮʠʷʭ ʦ ʧʨʘ-

ʚʠʣʴʥʦʤ ʧʨʠʝʤʝ ʩʦʦʙʱʝʥʠʷ, ʪʘʢ ʢʘʢ ʪʝʨʤʠʥʘʣ ʤʦʞʝʪ ʩʘʤ ʧʨʦʩʣʫʰʘʪʴ ʩʚʦʶ ʧʝ-

ʨʝʜʘʯʫ ʩʧʫʩʪʷ ʚʨʝʤʷ R, ʠ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʝʝ ʫʩʧʝʰʥʦʩʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʳ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʯʝʩʪʚʘ ʦʙ-

ʩʣʫʞʠʚʘʥʠʷ ʩʧʫʪʥʠʢʦʚʦʛʦ ʢʘʥʘʣʘ ʩ ʢʦʤʤʫʪʘʮʠʝʡ ʧʘʢʝʪʦʚ ï Ta ʠ ʉe ʚ ʟʘʚʠʩʠʤʦ-

ʩʪʠ ʥʝ ʦʪ ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʘ ʦʪ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʥʘʣʘ 

ʩʚʷʟʠ ʠ ʘʙʦʥʝʥʪʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʦʪʜʝʣʴʥʳʝ ʉɺʈʉ.  

ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʨʘʩʯʝʪʘ ʆɺʂʉʉ ʠ 

ʦʙʦʩʥʦʚʘʥʠʷ ʝʝ ʩʪʨʫʢʪʫʨʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʢʘʥʘʣʘ ʜʦʩʪʫʧʘ ʢ ʉʉʉ 

ʢʘʥʘʣʘ ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʜʦʩʪʫʧʘ ʥʘ ʦʩʥʦʚʝ ʧʨʦʪʦʢʦʣʘ S-Aloha.  
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2.3. ʄʦʜʝʣʴ ʦʙʲʝʜʠʥʝʥʥʦʡ ʚʦʟʜʫʰʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʩʝʪʠ ʩʚʷʟʠ ʩ 

ʠʝʨʘʨʭʠʯʝʩʢʠʤ ʧʨʠʥʮʠʧʦʤ ʨʝʪʨʘʥʩʣʷʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ 

ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʜʘʥʥʦʡ ʥʘʫʯʥʦʡ ʨʘʙʦʪʳ ʙʫʜʝʪ ʨʘʟʨʘʙʦʪʢʘ ʤʦʜʝʣʠ 

ʦʙʲʝʜʠʥʝʥʥʦʡ ɺʂʉʉ, ʧʦʩʪʨʦʝʥʥʦʡ ʥʘ ʦʩʥʦʚʝ ʠʝʨʘʨʭʠʯʝʩʢʦʛʦ ʧʨʠʥʮʠʧʘ ʨʝ-

ʪʨʘʥʩʣʷʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ. ʉʭʝʤʘ ʪʘʢʦʡ ʆɺʂʉʉ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩ. 9. ɼʘʥʥʘʷ ʩʝʪʴ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʨʝʪʨʘʥʩʣʷʮʠʠ ʢʦʤʘʥʜ ʫʧʨʘʚʣʝʥʠʷ ɸʂ, ʘ 

ʪʘʢʞʝ ʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʦʪʩʫʪʩʪʚʠʷ ʥʘʟʝʤʥʦʡ ʠʥ-

ʬʨʘʩʪʨʫʢʪʫʨʳ ʩʚʷʟʠ. 

 

ʉʝʪɹ 

ʚʦʟʜʫh ʥʦʡ 

ʨʘʜʠʦʩʚ̫ʟʠ

 1

ʉʝʪɹ 

ʚʦʟʜʫh ʥʦʡ 

ʨʘʜʠʦʩʚ̫ʟʠ

 2

ʉʝʪɹ 

ʚʦʟʜʫh ʥʦʡ 

ʨʘʜʠʦʩʚ̫ʟʠ

 N

...

ʉʧʫʪʥʠʢ-

ʨʝʪʨʘʥʩʣ̫ʪʦʨ

...

CSMA/CA

S-Aloha

CSMA/CA CSMA/CA  
ʈʠʩ. 9. ʆʙʲʝʜʠʥʝʥʥʘʷ ʚʦʟʜʫʰʥʦ-ʢʦʩʤʠʯʝʩʢʘʷ ʩʝʪʴ ʩʚʷʟʠ ʥʘ ʦʩʥʦʚʝ 

ʠʝʨʘʨʭʠʯʝʩʢʦʛʦ ʧʨʠʥʮʠʧʘ ʨʝʪʨʘʥʩʣʷʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ 

 

ɺ ʦʩʥʦʚʫ ʤʦʜʝʣʠ ʆɺʂʉʉ ʙʳʣʠ ʧʦʣʦʞʝʥʳ ʧʦʣʫʯʝʥʥʳʝ ʨʘʥʝʝ ʨʝʟʫʣʴʪʘʪʳ, 

ʚ ʢʦʪʦʨʳʭ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʦʜʝʣ ɹʉɺʈʉ ʥʘ ʦʩʥʦʚʝ ʧʨʦʪʦʢʦʣʘ CSMA/CA ʠ 

ʤʦʜʝʣʴ ʦʪʜʝʣʴʥʦʡ ʉʉʉ ʥʘ ʦʩʥʦʚʝ ʧʨʦʪʦʢʦʣʘ S-Aloha. 

ɼʣʷ ʬʦʨʤʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʚ ʆɺʂʉʉ ʩ ʠʝʨʘʨ-

ʭʠʯʝʩʢʠʤ ʧʨʠʥʮʠʧʦʤ ʨʝʪʨʘʥʩʣʷʮʠʠ ʚʚʝʜʝʤ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ: 

Mn ï ʢʦʣʠʯʝʩʪʚʦ ʘʙʦʥʝʥʪʦʚ n-ʡ ʉɺʈʉ; 

ʉn ï ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʂʄɼ n-ʡ ʉɺʈʉ, [ʙʠʪ/ʩ]; 

ʉʉʉʉ ï ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʂʄɼ ʉʉʉ, [ʙʠʪ/ʩ]; 

Sn ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʂʄɼ n-ʡ ʉɺʈʉ, ʥʦʨʤʠʨʦ-

ʚʘʥʥʘʷ ʢ ʉn; 

Sʉʉʉ ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʂʄɼ ʉʉʉ, ʥʦʨʤʠʨʦʚʘʥʥʘʷ 

ʢ ʉʉʉʉ; 

ʉe n ï ʵʬʬʝʢʪʠʚʥʘʷ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʂʄɼ n-ʡ ʉɺʈʉ, [ʙʠʪ/ʩ]; 

ʉe ʉʉʉ ï ʵʬʬʝʢʪʠʚʥʘʷ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʂʄɼ ʉʉʉ, [ʙʠʪ/ʩ]; 

ʉe ʀʅʉ ï ʵʬʬʝʢʪʠʚʥʘʷ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʥʘʧʨʘʚ-

ʣʝʥʠʷ ʩʚʷʟʠ (ʀʅʉ), [ʙʠʪ/ʩ]; 

Dmes n ï ʦʙʲʝʤ ʧʘʢʝʪʘ ʚ n-ʡ ʉɺʈʉ, [ʙʠʪ]; 

Dmes ʉʉʉ ï ʦʙʲʝʤ ʧʘʢʝʪʘ ʚ ʉʉʉ, [ʙʠʪ]; 

dmax n ï ʨʘʜʠʫʩ ʩʝʪʠ n-ʡ ʉɺʈʉ, [ʢʤ]; 

dsot ï ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʩʧʫʪʥʠʢʘ-ʨʝʪʨʘʥʩʣʷʪʦʨʘ (ʉʈ) ʦʙʨʘʟʫʶʱʝʛʦ ʉʉʉ, [ʢʤ]. 

ɼʣʷ ʥʠʟʢʦʦʨʙʠʪʘʣʴʥʳʭ ʉʉʉ dsot=500..1500 ʢʤ, ʜʣʷ ʛʝʦʩʪʘʮʠʦʥʘʨʥʳʭ CCC 

dsot=40000 ʢʤ, ʜʣʷ ʚʳʩʦʢʦʵʣʣʠʧʪʠʯʝʩʢʠʭ CCC dsot>40000 ʢʤ; 

ʩ ï ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ, [ʢʤ/ʩ]; 
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ʂn ï ʥʘʩʪʦʡʯʠʚʦʩʪʴ ʧʨʦʪʦʢʦʣʘ ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʜʦʩʪʫʧʘ n-ʡ ʉɺʈʉ. ʆʧʨʝ-

ʜʝʣʷʝʪʩʷ ʢʘʢ ʯʠʩʣʦ ʧʦʧʳʪʦʢ ʧʝʨʝʜʘʯʠ ʧʘʢʝʪʘ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʧʨʝʜʳʜʫʱʠʝ ʧʦ-

ʧʳʪʢʠ ʦʢʘʥʯʠʚʘʶʪʩʷ ʥʝʫʜʘʯʝʡ; 

ʂCCC ï ʥʘʩʪʦʡʯʠʚʦʩʪʴ ʧʨʦʪʦʢʦʣʘ ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʜʦʩʪʫʧʘ S-Aloha, ʠʩ-

ʧʦʣʴʟʫʝʤʦʛʦ ʚ ʉʉʉ; 

ɚm,n ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʨʘʬʠʢʘ, ʧʦʩʪʫʧʘʶʱʝʛʦ ʦʪ m-ʛʦ ʘʙʦʥʝʥʪʘ n-ʡ ʉɺʈʉ, 

[ʙʠʪ/ʩ]; 

kʚʥ n=0é1 ï ʢʦʵʬʬʠʮʠʝʥʪ ʚʥʝʰʥʝʛʦ ʪʨʘʬʠʢʘ n-ʡ ʉɺʈʉ. ʆʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 

ʜʦʣʷ ʪʨʘʬʠʢʘ ʉɺʈʉ, ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʯʝʨʝʟ ʉʉʉ; 

kʚʥ n,j=0é1 ï ʢʦʵʬʬʠʮʠʝʥʪ ʚʥʝʰʥʝʛʦ ʪʨʘʬʠʢʘ, ʥʘʧʨʘʚʣʷʝʤʦʛʦ ʠʟ n-ʡ ʉɺʈʉ 

ʚ j-  ʁʉɺʈʉ ʯʝʨʝʟ ʉʉʉ; 

kʢʚ=0é1 ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʪʨʘʬʠʢʘ ʢʚʠʪʘʥʮʠʡ. ʆʧʨʝʜʝʣʷ-

ʝʪʩʷ ʢʘʢ ʜʦʣʷ ʦʪ ʦʩʥʦʚʥʦʛʦ ʪʨʘʬʠʢʘ ʩʦʜʝʨʞʘʱʘʷ ʢʚʠʪʘʥʮʠʠ ʦʙ ʫʩʧʝʰʥʦʤ ʧʨʠʝ-

ʤʝ ʧʘʢʝʪʘ. ɿʥʘʯʝʥʠʝ kʢʚ=0,1 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʣʫʯʘʶ, ʢʦʛʜʘ ʥʘ 10 ʧʘʢʝʪʦʚ ʦʩʥʦʚʥʦ-

ʛʦ ʪʨʘʬʠʢʘ ʦʪʧʨʘʚʣʷʝʪʩʷ 1 ʧʘʢʝʪ ʢʚʠʪʘʥʮʠʠ ʦʙ ʠʭ ʫʩʧʝʰʥʦʤ ʧʨʠʝʤʝ; 

ȿn ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʨʘʬʠʢʘ ʚ n-ʡ ʉɺʈʉ ʙʝʟ ʫʯʝʪʘ ʪʨʘʬʠʢʘ ʢʚʠʪʘʥʮʠʡ ʦʙ 

ʫʩʧʝʰʥʦʡ ʜʦʩʪʘʚʢʝ ʠ ʚʥʝʰʥʝʛʦ ʪʨʘʬʠʢʘ, ʧʦʩʪʫʧʘʶʱʝʛʦ ʚ ʉɺʈʉ, [ʙʠʪ/ʩ]; 

ȿʉʉʉ ï ʦʙʱʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʨʘʬʠʢʘ ʚ ʉʉʉ, ʩ ʫʯʝʪʦʤ ʪʨʘʬʠʢʘ ʢʚʠʪʘʥʮʠʡ 

ʦʙ ʫʩʧʝʰʥʦʡ ʜʦʩʪʘʚʢʝ, [ʙʠʪ/ʩ]; 

ȿʉɺʈʉ n ï ʦʙʱʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʨʘʬʠʢʘ ʚ n-ʡ ʉɺʈʉ, ʩ ʫʯʝʪʦʤ ʚʥʝʰʥʝʛʦ 

ʪʨʘʬʠʢʘ ʠ ʪʨʘʬʠʢʘ ʢʚʠʪʘʥʮʠʡ ʦʙ ʫʩʧʝʰʥʦʡ ʜʦʩʪʘʚʢʝ, [ʙʠʪ/ʩ]; 

ʊʟʘʜ n ï ʟʘʜʝʨʞʢʘ ʧʝʨʝʜʘʯʠ ʧʘʢʝʪʘ ʧʦ n-ʡ ʉɺʈʉ, [ʩ]; 

ʊʟʘʜ ʉʉʉ ï ʟʘʜʝʨʞʢʘ ʧʝʨʝʜʘʯʠ ʧʘʢʝʪʘ ʧʦ ʉʉʉ, [ʩ]; 

ʊʟʘʜ ʀʅʉ ï ʟʘʜʝʨʞʢʘ ʧʝʨʝʜʘʯʠ ʧʘʢʝʪʘ ʧʦ ʀʅʉ, [ʩ]. 

ʈʘʤʢʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʧʨʦʪʦʢʦʣ ʩʚʷʟʠ ʚ ʉɺʈʉ ï CSMA/CA; ʧʨʦʪʦʢʦʣ ʩʚʷʟʠ 

ʚ ʉʉʉ ï S-Aloha; ʚʩʝ ʉɺʈʉ ʩʦʝʜʠʥʝʥʳ ʯʝʨʝʟ ʉʉʉ ʧʦ ʧʨʠʥʮʠʧʫ çʟʚʝʟʜʳè, ʧʨʠ-

ʯʝʤ ʢʘʞʜʘʷ ʉɺʈʉ ʜʦʩʪʫʧʥʘ ʠʟ ʜʨʫʛʦʡ ʩʝʪʠ ʟʘ ʦʜʠʥ ʰʘʛ ʨʝʪʨʘʥʩʣʷʮʠʠ ʯʝʨʝʟ 

ʉʉʉ; ʪʨʘʬʠʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʩʪʝʡʰʠʡ ʧʫʘʩʩʦʥʦʚʩʢʠʡ ʧʦʪʦʢ ʩʦʙʳʪʠʡ, 

ʩʦʩʪʦʷʱʠʭ ʚ ʧʦʩʪʫʧʣʝʥʠʠ ʦʪʜʝʣʴʥʳʭ ʧʘʢʝʪʦʚ. 

ʎʝʣʴʶ ʨʘʟʨʘʙʦʪʢʠ ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʚʨʝʤʝʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʟʘ-

ʜʝʨʞʢʠ ʧʝʨʝʜʘʯʠ ʧʘʢʝʪʦʚ ʠ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʆɺʂʉʉ, ʠʩʧʦʣʴʟʫʶʱʝʡ 

ʠʝʨʘʨʭʠʯʝʩʢʠʡ ʧʨʠʥʮʠʧ ʨʝʪʨʘʥʩʣʷʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʨʘʩʯʝʪʘ ʚʨʝʤʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʆɺʂʉʉ ʠ ʧʨʦʧʫʩʢʥʳʭ ʩʧʦʩʦʙʥʦʩʪʝʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʩʚʷʟʠ 

ʩʬʦʨʤʠʨʫʝʤ ʥʘʯʘʣʴʥʳʝ ʨʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʪʨʘʬʠʢʘ ʚ ʨʘʟʣʠʯ-

ʥʳʭ ʩʝʛʤʝʥʪʘʭ ʩʝʪʠ.  

ɺ ʢʘʞʜʦʡ n-ʡ ʉɺʈʉ ʦʪ ʘʙʦʥʝʥʪʦʚ ʚ ʩʝʪʴ ʧʦʩʪʫʧʘʝʪ ʧʦʪʦʢ ʩ ʠʥʪʝʥʩʠʚʥʦ-

ʩʪʴʶ: 

1

nM

n m

m

l
=

L =ä .                  (37) 

ʀʟ n-ʡ ʉɺʈʉ ʚ ʜʨʫʛʠʝ ʉɺʈʉ ʯʝʨʝʟ ʉʉʉ ʦʪʧʨʘʚʣʷʝʪʩʷ ʧʦʪʦʢ ʩ ʠʥʪʝʥʩʠʚ-

ʥʦʩʪʴʶ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʢʦʵʬʬʠʮʠʝʥʪʦʤ kʚʥ n: 

ʚʥn nk L ,                   (38) 
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ʛʜʝ ,

1

N

ʚʥn ʚʥn j

j

k k
=

=ä , ʧʨʠ ʵʪʦʤ ʚ ʜʘʥʥʦʡ ʩʫʤʤʝ kʚʥ n,n=0. 

ʊʘʢʞʝ ʚ n-  ʁʉɺʈʉ ʠʟ ʜʨʫʛʠʭ j-ʳʭ ʉɺʈʉ ʯʝʨʝʟ ʉʉʉ ʦʪʧʨʘʚʣʷʝʪʩʷ ʧʦʪʦʢ 

ʚʥʝʰʥʝʛʦ ʪʨʘʬʠʢʘ, ʨʘʚʥʳʡ: 

,

1

N

ʚʥ j n j

j

k
=

Lä ,                  (39) 

ʧʨʠ ʵʪʦʤ ʚ ʜʘʥʥʦʡ ʩʫʤʤʝ kʚʥ n,n=0. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʨʘʬʠʢʘ, ʮʠʨʢʫʣʠʨʫʶʱʝʛʦ ʚ ʧʨʦʠʟʚʦʣʴʥʦʡ 

n-ʡ ʩʝʪʠ ʉɺʈʉ, ʙʫʜʝʪ: 

,

1

N

n ʚʥ j n j

j
j n

k
=
¸

L + Lä .                 (40) 

ʈʘʩʩʤʦʪʨʠʤ ʪʨʘʬʠʢ, ʧʦʩʪʫʧʘʶʱʠʡ ʚ ʉʉʉ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʜʘʥʥʦʛʦ ʪʨʘʬʠ-

ʢʘ ʩ ʫʯʝʪʦʤ, ʪʦʛʦ, ʯʪʦ ʧʨʠ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʝʡ ʚʩʝ 

ʤʝʞʩʝʪʝʚʳʝ ʩʦʝʜʠʥʝʥʠʷ çʉɺʈʉ-ʉɺʈʉè ʠʜʫʪ ʯʝʨʝʟ ʉʉʉ, ʙʫʜʝʪ ʨʘʚʥʦ: 

1

N

ʚʥn n

n

k
=

Lä .                  (41) 

ʆʙʱʘʷ ʩʭʝʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʪʨʘʬʠʢʘ, 

ʮʠʨʢʫʣʠʨʫʶʱʝʛʦ ʚ ʆɺʂʉʉ ʙʝʟ ʫʯʝʪʘ ʢʚʠʪʠʨʦʚʘʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 10. 
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ʈʠʩ. 10. ʆʙʱʘʷ ʩʭʝʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʪʨʘʬʠʢʘ, ʮʠʨʢʫʣʠʨʫʶʱʝʛʦ ʚ ʆɺʂʉʉ ʙʝʟ ʫʯʝʪʘ ʢʚʠʪʠʨʦʚʘʥʠʷ 
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ɽʩʣʠ ʫʯʝʩʪʴ, ʯʪʦ ʥʘ ʢʘʞʜʳʝ ɜ ʧʘʢʝʪʦʚ ʚ ʆɺʂʉʉ ʦʪʧʨʘʚʣʷʝʪʩʷ 1 ʧʘʢʝʪ ʢʚʠ-

ʪʘʥʮʠʠ ʦʙ ʫʩʧʝʰʥʦʤ ʧʨʠʝʤʝ ʵʪʠʭ ʧʘʢʝʪʦʚ, ʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʪʨʘʬʠʢʘ ʢʚʠʪʘʥʮʠʡ ʙʫʜʝʪ ʨʘʚʝʥ kʢʚ=1/ɜ. ʉ ʫʯʝʪʦʤ ʵʪʦʛʦ ʚʳʨʘʞʝʥʠʷ (40) ʠ (41) 

ʧʨʠʤʫʪ ʦʢʦʥʯʘʪʝʣʴʥʳʡ ʚʠʜ: 

ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʨʘʬʠʢʘ, ʮʠʨʢʫʣʠʨʫʶʱʝʛʦ ʚ ʧʨʦʠʟʚʦʣʴʥʦʡ n-ʡ ʉɺʈʉ: 

( ) ,

1

1
N

CɺʈCn ʢʚ n ʚʥ j n j

j
j n

k k
=
¸

å õ
æ öL = + L + L
æ öæ ö
ç ÷

ä ,              (42) 

ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʨʘʬʠʢʘ ʚ ʉʉʉ: 

( )
1

1
N

CCC ʢʚ ʚʥn n

n

k k
=

L = + Lä .                (43) 

ʈʘʩʩʤʦʪʨʠʤ ʚʨʝʤʷ ʧʝʨʝʜʘʯʠ ʩʦʦʙʱʝʥʠʡ ʚ ʪʘʢʦʡ ʩʝʪʠ. ʆʙʱʠʡ ʚʠʜ ʀʅʉ ʚ 

ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʆɺʂʉʉ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 11. 
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ʈʠʩ. 11. ʆʙʱʘʷ ʩʭʝʤʘ ʀʅʉ ʚ ʆɺʂʉʉ 

 

ɺ ʀʅʉ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩ. 11, ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ ʧʝʨʝʜʘʯʠ ʧʘʢʝʪʘ ʤʝʞ-

ʜʫ ʘʙʦʥʝʥʪʘʤʠ n-ʡ ʠ j-ʡ ʉɺʈʉ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʩʫʤʤʦʡ ʟʘʜʝʨʞʝʢ ʧʘʢʝʪʘ ʥʘ ʚʩʝʭ 

ʟʚʝʥʴʷʭ ʀʅʉ: 

Tʟʘʜ ʀʅʉ= Tʟʘʜ n+ Tʟʘʜ CCC+ Tʟʘʜ j. 

ʇʨʠ ʵʪʦʤ ʢʘʢ ʧʦʢʘʟʘʥʦ ʨʘʥʝʝ ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ ʧʘʢʝʪʘ ʧʨʠ ʧʝʨʝʜʘʯʝ ʧʦ ʚʩʝʤ 

ʦʪʜʝʣʴʥʳʤ ʟʚʝʥʴʷʤ ʩ ʫʯʝʪʦʤ ʚʳʨʘʞʝʥʠʡ (42) ʠ (43) ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪɹʩʷ ʢʘʢ: 

1) ʜʣʷ ʉɺʈʉ ʥʘ ʦʩʥʦʚʝ ʧʨʦʪʦʢʦʣʘ CSMA/CA: 

( )1 2 1 1 1
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2) ʜʣʷ ʉʉʉ ʥʘ ʦʩʥʦʚʝ ʧʨʦʪʦʢʦʣʘ S-Aloha: 
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ʇʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʀʅʉ ʚ ʆɺʂʉʉ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʤʠʥʠʤʘʣʴ-

ʥʦʡ ʵʬʬʝʢʪʠʚʥʦʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʦʪʜʝʣʴʥʦʛʦ ʟʚʝʥʘ ʀʅʉ: 

ʉe ʀʅʉ = min{Ce n, Ce CCC, Ce j},  

ʧʨʠ ʵʪʦʤ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ ʨʘʥʝʝ, ʵʬʬʝʢʪʠʚʥʳʝ ʧʨʦʧʫʩʢʥʳʝ ʩʧʦʩʦʙʥʦʩʪʠ ʜʣʷ ʦʪ-

ʜʝʣʴʥʳʭ ʟʚʝʥʴʝʚ ʩ ʫʯʝʪʦʤ ʚʳʨʘʞʝʥʠʡ (42) ʠ (43) ʙʫʜʫʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʢʘʢ: 

1) ʜʣʷ ʉɺʈʉ ʥʘ ʦʩʥʦʚʝ ʧʨʦʪʦʢʦʣʘ CSMA/CA: 

e n n nC S C= , 

ʛʜʝ ʧʦʢʘʟʘʪʝʣʠ Sn, ʉn ʦʧʨʝʜʝʣʷʶʪʩʷ ʪʘʢʞʝ, ʢʘʢ ʠ ʚ ʚʳʨʘʞʝʥʠʠ ʜʣʷ ʚʨʝʤʝʥʠ ʟʘ-

ʜʝʨʞʢʠ ʧʝʨʝʜʘʯʠ ʧʘʢʝʪʘ. 

2) ʜʣʷ ʉʉʉ ʥʘ ʦʩʥʦʚʝ ʧʨʦʪʦʢʦʣʘ S-Aloha: 

( 1)
CCC

CCC

CCC

CCC

C

CCC CCC
e CCC

C

CCC

K e
C

K e

L
-

L
-

L -
=

+

. 

ʇʘʨʘʤʝʪʨʳ Tʟʘʜ ʀʅʉ ʠ ʉe ʀʅʉ ʬʦʨʤʠʨʫʶʪ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘ-

ʥʠʷ ʆɺʂʉʉ. 

ɼʣʷ ʯʠʩʣʝʥʥʦʡ ʦʮʝʥʢʠ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʆɺʂʉʉ 

ʧʨʦʚʝʜʝʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʫʧʨʦʱʝʥʠʝ ʤʦʜʝʣʠ ʆɺʂʉʉ ʥʘ ʦʩʥʦʚʝ ʠʝʨʘʨʭʠʯʝ-

ʩʢʦʛʦ ʧʨʠʥʮʠʧʘ ʨʝʪʨʘʥʩʣʷʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʚʚʝ-

ʜʝʤ ʩʣʝʜʫʶʱʠʝ ʜʦʧʫʱʝʥʠʷ:  

- ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʪʨʘʬʠʢ, ʮʠʨʢʫʣʠʨʫʶʱʠʡ ʚʦ ʚʩʝʭ ʉɺʈʉ, ʠʤʝʝʪ ʨʘʚ-

ʥʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ȿ1; 

- ʚʩʝ ʉɺʈʉ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʳʝ ʧʘʨʘʤʝʪʨʳ ʦʙʲʝʤʘ ʧʘʢʝʪʘ, ʨʘʜʠʫʩʘ ʩʝʪʠ, 
ʥʘʩʪʦʡʯʠʚʦʩʪʠ ʧʨʦʪʦʢʦʣʘ CSMA/CA, ʨʘʚʥʳʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ï Dmes, 

dmax, ʂ; 

- ʢʦʵʬʬʠʮʠʝʥʪ ʚʥʝʰʥʝʛʦ ʪʨʘʬʠʢʘ ʫ ʚʩʝʭ ʉɺʈʉ ʦʜʠʥʘʢʦʚ ʠ ʨʘʚʝʥ kʚʥ, 

ʧʨʠʯʝʤ ʚʥʝʰʥʠʡ ʪʨʘʬʠʢ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥ ʧʦ ʉɺʈʉ ʠ ʢʦʵʬʬʠ-

ʮʠʝʥʪʳ ʪʨʘʬʠʢʘ ʧʦ ʚʩʝʤ ʤʝʞʩʝʪʝʚʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʉɺʈʉiŸʉɺʈʉJ 

ʠʤʝʶʪ ʨʘʚʥʳʝ ʟʥʘʯʝʥʠʷ: kʚʥ i,j=kʚʥ /(N-1). 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʘʥʥʳʭ ʫʧʨʦʱʝʥʠʡ ʩʭʝʤʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʳʯʠʩʣʝʥʠʡ ʜʣʷ 

ʤʦʜʝʣʠ ʆɺʂʉʉ ʥʘ ʦʩʥʦʚʝ ʠʝʨʘʨʭʠʯʝʩʢʦʛʦ ʧʨʠʥʮʠʧʘ ʨʝʪʨʘʥʩʣʷʮʠʠ ʠʥʬʦʨʤʘʮʠ-

ʦʥʥʳʭ ʧʦʪʦʢʦʚ ʧʨʠʤʝʪ ʚʠʜ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩ. 12. 

ɺʦ ʚʪʦʨʦʡ ʯʘʩʪʠ ʜʘʥʥʦʡ ʥʘʫʯʥʦʡ ʨʘʙʦʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝ-

ʜʦʚʘʥʠ ̫ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʦ ʦʙʩʣʫʞʠʚʘʥʠʶ ʘʙʦʥʝʥʪʦʚ ʜʣʷ ʆɺʂʉʉ ʩ ʠʝʨʘʨʭʠʯʝ-

ʩʢʠʤ ʧʨʠʥʮʠʧʦʤ ʨʝʪʨʘʥʩʣʷʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ. ʂʘʢ ʧʦʢʘʟʘʣʠ ʨʝ-

ʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʚʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʧʫʪʥʠʢʦʚʦ-

ʛʦ ʩʝʛʤʝʥʪʘ ʆɺʂʉʉ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʉɺʈʉ, ʪʦ ʦʙ-

ʱʘʷ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʠʩʪʝʤʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ 

ʠʤʝʥʥʦ ʉʉʉ ʩʝʛʤʝʥʪʘ. ʊʘʢʦʡ ʞʝ ʚʳʚʦʜ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʠ ʦ ʚʨʝʤʝʥʠ ʟʘʜʝʨʞʢʠ 

ʧʝʨʝʜʘʯʠ ʩʦʦʙʱʝʥʠʡ ʚ ʀʅʉ ï ʠʤʝʥʥʦ ʩʧʫʪʥʠʢʦʚʳʡ ʩʝʛʤʝʥʪ ʆɺʂʉʉ ʦʧʨʝʜʝʣʷʝʪ 

ʟʘʜʝʨʞʢʫ ʧʝʨʝʜʘʯʠ ʧʦ ʀʅʉ. 

ʅʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʤ ʬʘʢʪʦʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ QoS ʚ ʆɺʂʉʉ ʷʚʣʷ-

ʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʚʥʝʰʥʝʛʦ ʪʨʘʬʠʢʘ kʚʥ. ʇʦ ʤʝʨʝ ʨʦʩʪʘ ʜʦʣʠ ʪʨʘʬʠʢʘ, ʨʝʪʨʘʥʩ-

ʣʠʨʫʝʤʦʛʦ ʚ ʜʨʫʛʠʝ ʉɺʈʉ, ʥʘʛʨʫʟʢʘ ʥʘ ʉʉʉ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʉ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ 
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ʠʤʝʥʥʦ ʉʉʉ ʷʚʣʷʝʪʩʷ ʟʚʝʥʦʤ ʚ ʀʅʉ ʩ ʥʘʠʤʝʥʴʰʝʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, 

ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʚʨʝʤʝʥʠ ʧʝʨʝʜʘʯʠ ʩʦʦʙʱʝʥʠʡ ʧʦ ʀʅʉ ʚ 

ʆɺʂʉʉ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʟʥʘʯʝʥʠʷ ʆɺʂʉʉ ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʙʩʣʫʞʠʪʴ ʤʫʣʴʪʠʤʝʜʠʡ-

ʥʳʡ ʪʨʘʬʠʢ (ʨʝʯʴ, ʚʠʜʝʦ, ʠʟʦʙʨʘʞʝʥʠʷ, ʧʝʨʝʜʘʚʘʝʤʳʝ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ), ʪʘʢ 

ʢʘʢ ʪʨʝʙʫʝʤʦʝ ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ ʧʨʠ ʝʛʦ ʧʝʨʝʜʘʯʝ ʥʝ ʜʦʣʞʥʦ ʧʨʝʚʳʰʘʪʴ 0,5-0,6 ʩ.  
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ʈʠʩ. 12. ʋʧʨʦʰʝʥʥʘʷ ʩʭʝʤʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʳʯʠʩʣʝʥʠʡ ʜʣʷ ʤʦʜʝʣʠ ʆɺʂʉʉ ʥʘ 

ʦʩʥʦʚʝ ʠʝʨʘʨʭʠʯʝʩʢʦʛʦ ʧʨʠʥʮʠʧʘ ʨʝʪʨʘʥʩʣʷʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ 

 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʦʙʝʩʧʝʯʝʥʠʷ QoS ʤʫʣʴʪʠʤʝʜʠʡʥʦʛʦ ʪʨʘʬʠʢʘ ʚ ʆɺʂʉʉ 

ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ: 

1) ʨʘʩʰʠʨʝʥʠʝ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢʘʥʘʣʦʚ ʩʚʷʟʠ, ʯʪʦ ʧʦʪʨʝʙʫʝʪ ʠʟ-

ʤʝʥʝʥʠʷ ʨʝʛʣʘʤʝʥʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʦʪ ʘʚʠʘʮʠʦʥʥʦʡ ʨʘʜʠʦʩʚʷʟʠ, ʘ 

ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʩʨʝʜʩʪʚ ʘʚʠʘʮʠʦʥʥʦʡ ʩʚʷʟʠ ʩ ʥʦʚʳʤʠ ʠʥʬʦʨ-

ʤʘʮʠʦʥʥʦ-ʸʤʢʠʤʠ ʩʦʟʚʝʟʜʠʷʤʠ ʩʠʛʥʘʣʦʚ ʠ ʘʜʘʧʪʠʚʥʳʤʠ ʩʭʝʤʘʤʠ ʩʠʛ-

ʥʘʣʴʥʦ-ʢʦʜʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ; 

2) ʨʘʟʨʘʙʦʪʢʦʡ ʨʘʮʠʦʥʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʨʝʪʨʘʥʩʣʷʮʠʠ ʪʨʘʬʠʢʘ ʚ 

ʆɺʂʉʉ, ʯʪʦ ʧʦʪʨʝʙʫʝʪ ʠʟʤʝʥʝʥʠʷ ʪʦʣʴʢʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʩʨʝʜʩʪʚ ʘʚʠʘʮʠʦʥʥʦʡ ʩʚʷʟʠ. 

ɺʪʦʨʦʡ ʩʧʦʩʦʙ ʦʙʝʩʧʝʯʝʥʠʷ QoS ʪʨʘʬʠʢʘ ʚ ʆɺʂʉʉ ʷʚʣʷʝʪʩʷ ʵʢʦʥʦʤʠʯʝ-

ʩʢʠ ʙʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ, ʠ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥ ʟʘ ʩʯʝʪ ʚʥʝʜʨʝʥʠʷ ʚ ʉɺʈʉ 

Mesh-ʪʝʭʥʦʣʦʛʠʡ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʦʙʤʝʥʘ. ɼʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʤʦʛʫʪ ʙʳʪʴ 

ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʩʨʝʜʩʪʚ 
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ʘʚʠʘʮʠʦʥʥʦʡ ʩʚʷʟʠ ʚ ʫʩʣʦʚʠʷʭ ʧʝʨʝʭʦʜʘ ʧʦʩʣʝʜʥʠʭ ʢ ʪʝʭʥʦʣʦʛʠʠ çʧʨʦʛʨʘʤʤʥʦ-

ʛʦ ʨʘʜʠʦè [47]. 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʦʜʝʣʴ ʆɺʂʉʉ ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ ʢʘʯʝʩʪʚʦ ʦʙʩʣʫʞʠ-

ʚʘʥʠʷ ʘʙʦʥʝʥʪʦʚ ʚ ʜʘʥʥʦʡ ʩʝʪʠ, ʘ ʪʘʢʞʝ ʦʮʝʥʠʪʴ ʧʨʝʜʝʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʆɺʂʉʉ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʦʙʩʣʫʞʠʚʘʝʤʳʭ ʘʙʦʥʝʥʪʦʚ ʠ ʧʦʜʩʝʪʝʡ ʉɺʈʉ ʧʨʠ ʟʘʜʘʥ-

ʥʳʭ ʦʛʨʘʥʠʯʝʥʠʷʭ ʥʘ ʧʨʦʧʫʩʢʥʳʝ ʩʧʦʩʦʙʥʦʩʪʠ ʢʘʥʘʣʦʚ. ʂ ʵʣʝʤʝʥʪʘʤ ʥʦʚʠʟʥʳ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʤʦʜʝʣʠ, ʦʪʥʦʩʠʪʩʷ ʨʘʩʩʤʦʪʨʝʥʠʝ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ʩʝʪʠ ʩʚʷʟʠ, 

ʷʜʨʦʤ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʉʉʉ, ʘ ʥʠʞʥʠʡ ʫʨʦʚʝʥʴ ʦʙʨʘʟʦʚʘʥ ʉɺʈʉ. ʕʪʦ ʦʪʣʠʯʘʝʪ 

ʝʝ ʦʪ ʠʟʚʝʩʪʥʳʭ ʤʦʜʝʣʝʡ ʤʥʦʛʦʫʨʦʚʥʝʚʳʭ ʩʝʪʝʡ ʩʚʷʟʠ ʥʘ ʦʩʥʦʚʝ ʉʉʉ, ʧʨʝʜ-

ʩʪʘʚʣʝʥʥʳʭ ʚ ʨʘʙʦʪʘʭ [35-38, 81, 87, 88], ʪʘʢ ʢʘʢ ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʤʦʜʝʣʴ ʫʯʠʪʳ-

ʚʘʝʪ ʩʧʝʮʠʬʠʢʫ ʧʨʦʪʦʢʦʣʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʚ ʉɺʈʉ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ 

ʘʚʠʘʮʠʝʡ.  

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʥʘ ʦʩʥʦʚʝ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʤʦʜʝʣʠ, ʧʦʟʚʦʣʷʶʪ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʥʠʟʢʦʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʆɺʂʉʉ ʩ ʠʝʨʘʨʭʠʯʝʩʢʠʤ 

ʧʨʠʥʮʠʧʦʤ ʨʝʪʨʘʥʩʣʷʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ, ʘ ʪʘʢʞʝ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʨʘʟʨʘʙʦʪʢʠ ʆɺʂʉʉ ʥʘ ʦʩʥʦʚʝ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʭ ʧʨʠʥʮʠʧʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʨʘʟʚʠʪʠʝ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʤʦʜʝʣʠ ʟʘ ʩʯʝʪ ʫʯʝʪʘ ʚʦʟ-

ʤʦʞʥʦʩʪʝʡ ʤʝʞʩʝʪʝʚʦʛʦ ʦʙʤʝʥʘ ʚ ʉɺʈʉ ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʚ ʥʠʭ Mesh-ʪʝʭʥʦʣʦʛʠʡ. 

 

2.4. ʄʦʜʝʣʴ ʦʙʲʝʜʠʥʸʥʥʦʡ ʚʦʟʜʫʰʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʩʝʪʠ ʩʚʷʟʠ ʩ 

ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʤ ʧʨʠʥʮʠʧʦʤ ʨʝʪʨʘʥʩʣʷʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʧʦʪʦʢʦʚ ʥʘ ʦʩʥʦʚʝ Mesh-ʪʝʭʥʦʣʦʛʠʡ 

ɸʥʘʣʠʟ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤ ʘʚʠʘʮʠʦʥʥʦʡ ʩʚʷʟʠ [7, 8] ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʝʜʣʘʛʘʝ-

ʤʳʝ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʧʦ ʩʦʟʜʘ-

ʥʠʶ ʆɺʂʉʉ ʦʩʥʦʚʘʥʳ ʥʘ ʠʝʨʘʨʭʠʯʝʩʢʦʤ ʧʨʠʥʮʠʧʝ ʨʝʪʨʘʥʩʣʷʮʠʠ ʠʥʬʦʨʤʘʮʠ-

ʦʥʥʳʭ ʧʦʪʦʢʦʚ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʧʣʘʥʘʤʠ ʨʘʟʚʠ-

ʪʠʷ ʩʠʩʪʝʤ ʘʚʠʘʮʠʦʥʥʦʡ ʩʚʷʟʠ [13, 89-91] ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʚʥʝʜʨʝʥʠʝ Mesh-

ʪʝʭʥʦʣʦʛʠʡ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ ʨʝʪʨʘʥʩʣʠʨʦʚʘʪʴ ʯʘʩʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦ-

ʢʦʚ ʤʝʞʜʫ ʉɺʈʉ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʫ ʵʪʠʭ ʩʝʪʝʡ ʠʤʝʶʪʩʷ ʦʙʱʠʝ ʘʙʦʥʝʥʪʳ (ʨʠʩ. 13). 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʜʘʥʥʦʡ ʥʘʫʯʥʦʡ ʨʘʙʦʪʳ ʨʘʩʩʤʦʪʨʝʥ ʚʦʧʨʦʩ ʩʦʟʜʘʥʠʷ ʤʦ-

ʜʝʣʠ ʦʙʲʝʜʠʥʝʥʥʦʡ ɺʂʉʉ, ʧʦʩʪʨʦʝʥʥʦʡ ʥʘ ʦʩʥʦʚʝ Mesh-ʪʝʭʥʦʣʦʛʠʠ ʨʝʪʨʘʥʩʣʷ-

ʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ. ʉʭʝʤʘ ʪʘʢʦʡ ʆɺʂʉʉ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 13. 

ɼʘʥʥʘʷ ʩʝʪʴ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʨʝʪʨʘʥʩʣʷʮʠʠ ʢʦʤʘʥʜ ʫʧʨʘʚʣʝʥʠʷ ɸʂ, ʘ ʪʘʢʞʝ 

ʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʦʪʩʫʪʩʪʚʠʷ ʥʘʟʝʤʥʦʡ ʠʥʬʨʘ-

ʩʪʨʫʢʪʫʨʳ ʩʚʷʟʠ. ɺ ʦʩʥʦʚʫ ʤʦʜʝʣʠ ʆɺʂʉʉ ʙʳʣʠ ʧʦʣʦʞʝʥʳ ʨʘʥʝʝ ʧʨʦʚʝʜʸʥʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʦʜʝʣʴ ʉɺʈʉ ʥʘ ʦʩʥʦʚʝ ʧʨʦʪʦʢʦʣʘ 

CSMA/CA ʠ ʤʦʜʝʣʴ ʦʪʜʝʣʴʥʦʡ ʉʉʉ ʥʘ ʦʩʥʦʚʝ ʧʨʦʪʦʢʦʣʘ S-Aloha. 
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ʉʝʪɹ 

ʚʦʟʜʫh ʥʦʡ 

ʨʘʜʠʦʩʚ̫ʟʠ

 1

ʉʝʪɹ 

ʚʦʟʜʫh ʥʦʡ 

ʨʘʜʠʦʩʚ̫ʟʠ

 2

ʉʝʪɹ 

ʚʦʟʜʫh ʥʦʡ 

ʨʘʜʠʦʩʚ̫ʟʠ

 N

ʉʧʫʪʥʠʢ-

ʨʝʪʨʘʥʩʣ̫ʪʦʨ

...
S-Aloha

CSMA/CA CSMA/CACSMA/CA

...

 
ʈʠʩ. 13. ʆʙʲʝʜʠʥʝʥʥʘʷ ʚʦʟʜʫʰʥʦ-ʢʦʩʤʠʯʝʩʢʘʷ ʩʝʪʴ ʩʚʷʟʠ ʩ 

ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʤ ʧʨʠʥʮʠʧʦʤ ʨʝʪʨʘʥʩʣʷʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʧʦʪʦʢʦʚ ʥʘ ʦʩʥʦʚʝ Mesh-ʪʝʭʥʦʣʦʛʠʡ 

 

ɼʣʷ ʬʦʨʤʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʚ ʆɺʂʉʉ ʩ ʜʝʮʝʥ-

ʪʨʘʣʠʟʦʚʘʥʥʳʤ ʧʨʠʥʮʠʧʦʤ ʨʝʪʨʘʥʩʣʷʮʠʠ ʚʚʝʜʝʤ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ: 

Mn ï ʢʦʣʠʯʝʩʪʚʦ ʘʙʦʥʝʥʪʦʚ n-ʡ ʉɺʈʉ; 

ʉn ï ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʂʄɼ n-ʡ ʉɺʈʉ [ʙʠʪ/ʩ]; 

ʉʉʉʉ ï ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʂʄɼ ʉʉʉ [ʙʠʪ/ʩ]; 

Sn ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʂʄɼ n-ʡ ʉɺʈʉ, ʥʦʨʤʠʨʦ-

ʚʘʥʥʘʷ ʢ ʉn; 

Sʉʉʉ ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʂʄɼ ʉʉʉ ʥʦʨʤʠʨʦʚʘʥʥʘʷ 

ʢ ʉʉʉʉ; 

ʉe n ï ʵʬʬʝʢʪʠʚʥʘʷ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʂʄɼ n-ʡ ʉɺʈʉ [ʙʠʪ/ʩ]; 

ʉe ʉʉʉ ï ʵʬʬʝʢʪʠʚʥʘʷ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʂʄɼ ʉʉʉ [ʙʠʪ/ʩ]; 

ʉe ʀʅʉ ï ʵʬʬʝʢʪʠʚʥʘʷ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʀʅʉ [ʙʠʪ/ʩ]; 

Dmes n ï ʦʙʲʝʤ ʧʘʢʝʪʘ ʚ n-ʡ ʉɺʈʉ [ʙʠʪ]; 

Dmes ʉʉʉ ï ʦʙʲʝʤ ʧʘʢʝʪʘ ʚ ʉʉʉ [ʙʠʪ]; 

dmax n ï ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʘʜʠʫʩ ʩʝʪʠ n-ʡ ʉɺʈʉ [ʢʤ]; 

dsot ï ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʉʈ, ʦʙʨʘʟʫʶʱʝʛʦ ʉʉʉ [ʢʤ]. ɼʣʷ ʥʠʟʢʦʦʨʙʠʪʘʣʴʥʳʭ 

ʉʉʉ dsot=500..1500 ʢʤ, ʜʣʷ ʛʝʦʩʪʘʮʠʦʥʘʨʥʳʭ CCC dsot=40000 ʢʤ, ʜʣʷ ʚʳʩʦʢʦʵʣ-

ʣʠʧʪʠʯʝʩʢʠʭ CCC dsot>40000 ʢʤ; 

ʩ ï ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ [ʢʤ/ʩ]; 

ʂn ï ʥʘʩʪʦʡʯʠʚʦʩʪʴ ʧʨʦʪʦʢʦʣʘ ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʜʦʩʪʫʧʘ n-ʡ ʉɺʈʉ, ʦʧʨʝ-

ʜʝʣʷʝʤʘʷ ʢʘʢ ʯʠʩʣʦ ʧʦʧʳʪʦʢ ʧʝʨʝʜʘʯʠ ʧʘʢʝʪʘ, ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʧʨʝʜʳʜʫʱʠʝ ʧʦ-

ʧʳʪʢʠ ʦʢʘʥʯʠʚʘʶʪʩʷ ʥʝʫʜʘʯʝʡ; 

ʂCCC ï ʥʘʩʪʦʡʯʠʚʦʩʪʴ ʧʨʦʪʦʢʦʣʘ ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʜʦʩʪʫʧʘ S-Aloha, ʠʩ-

ʧʦʣʴʟʫʝʤʦʛʦ ʚ ʉʉʉ; 

ɚm ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʨʘʬʠʢʘ, ʧʦʩʪʫʧʘʶʱʝʛʦ ʦʪ m-ʛʦ ʘʙʦʥʝʥʪʘ ʚ n-ʡ ʉɺʈʉ 

[ʙʠʪ/ʩ]; 

kʚʥ n=0é1 ï ʢʦʵʬʬʠʮʠʝʥʪ ʚʥʝʰʥʝʛʦ ʪʨʘʬʠʢʘ n-ʡ ʉɺʈʉ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 

ʜʦʣʷ ʪʨʘʬʠʢʘ ʉɺʈʉ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʢʘʢ ʯʝʨʝʟ ʉʉʉ, ʪʘʢ ʠ ʯʝʨʝʟ ʩʤʝʞʥʳʝ ʉɺʈʉ, 

ʦʙʲʝʜʠʥʝʥʥʳʝ ʧʦ Mesh-ʪʝʭʥʦʣʦʛʠʠ; 

kʚʥ n,j=0é1 ï ʢʦʵʬʬʠʮʠʝʥʪ ʚʥʝʰʥʝʛʦ ʪʨʘʬʠʢʘ, ʥʘʧʨʘʚʣʷʝʤʦʛʦ ʠʟ n-ʡ ʉɺʈʉ 

ʚ j-  ʁʉɺʈʉ ʢʘʢ ʯʝʨʝʟ ʉʉʉ ʪʘʢ ʠ ʯʝʨʝʟ ʩʤʝʞʥʳʝ ʉɺʈʉ ʦʙʲʝʜʠʥʝʥʥʳʝ ʧʦ Mesh-

ʪʝʭʥʦʣʦʛʠʠ; 
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kʚʥ ʉʉʉ n=0é1 ï ʢʦʵʬʬʠʮʠʝʥʪ ʦʧʨʝʜʝʣʷʶʱʠʡ ʜʦʣʶ ʚʥʝʰʥʝʛʦ ʪʨʘʬʠʢʘ n-ʡ 

ʉɺʈʉ, ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʪʦʣʴʢʦ ʯʝʨʝʟ ʉʉʉ; 

kʚʥ ʉʉʉ n,j=0é1 ï ʢʦʵʬʬʠʮʠʝʥʪ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʜʦʣʶ ʚʥʝʰʥʝʛʦ ʪʨʘʬʠʢʘ ʠʟ 

n-ʡ ʉɺʈʉ ʚ j-  ʁʉɺʈʉ, ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʪʦʣʴʢʦ ʯʝʨʝʟ ʉʉʉ; 

kʢʚ=0é1 ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʪʨʘʬʠʢʘ ʢʚʠʪʘʥʮʠʡ, ʦʧʨʝʜʝʣʷ-

ʝʪʩʷ ʢʘʢ ʜʦʣʷ ʦʪ ʦʩʥʦʚʥʦʛʦ ʪʨʘʬʠʢʘ ʩʦʜʝʨʞʘʱʘʷ ʢʚʠʪʘʥʮʠ ʁʦʙ ʫʩʧʝʰʥʦʤ ʧʨʠ-

ʝʤʝ ʧʘʢʝʪʘ. ɿʥʘʯʝʥʠʝ kʢʚ=0,1 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʣʫʯʘʶ, ʢʦʛʜʘ ʥʘ 10 ʧʘʢʝʪʦʚ ʦʩʥʦʚ-

ʥʦʛʦ ʪʨʘʬʠʢʘ ʦʪʧʨʘʚʣʷʝʪʩʷ 1 ʧʘʢʝʪ ʢʚʠʪʘʥʮʠʠ ʦʙ ʠʭ ʫʩʧʝʰʥʦʤ ʧʨʠʝʤʝ; 

zn ï ʢʦʣʠʯʝʩʪʚʦ ʠʩʭʦʜʷʱʠʭ Mesh-ʢʘʥʘʣʦʚ ʠʟ n-ʡ ʉɺʈʉ ʚ ʩʤʝʞʥʳʝ ʉɺʈʉ; 

kʩʚ n=0é1 ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʚʷʟʥʦʩʪʠ n-ʡ ʉɺʈʉ ʩʦ ʩʤʝʞʥʳʤʠ ʉɺʈʉ, ʩ ʢʦ-

ʪʦʨʳʤʠ ʠʤʝʶʪʩʷ Mesh-ʢʘʥʘʣʳ; 

kʩʚ=0é1 ï ʩʨʝʜʥʝʩʝʪʝʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʩʚʷʟʥʦʩʪʠ ʉɺʈʉ ʩʦ ʩʤʝʞʥʳʤʠ 

ʉɺʈʉ ʧʦ Mesh-ʢʘʥʘʣʘʤ; 

R ï ʩʨʝʜʥʝʩʝʪʝʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʝʪʨʘʥʩʣʷʮʠʡ ʯʝʨʝʟ ʉɺʈʉ, ʦʙʲʝʜʠʥʝʥʥʳʭ 

ʥʘ ʦʩʥʦʚʝ Mesh-ʪʝʭʥʦʣʦʛʠʡ, ʧʨʠ ʜʦʩʪʘʚʢʝ ʧʘʢʝʪʘ ʠʟ ʉɺʈʉ-ʠʩʪʦʯʥʠʢʘ ʚ ʉɺʈʉ-

ʧʦʣʫʯʘʪʝʣʴ; 

ȿn ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʨʘʬʠʢʘ ʚ n-ʡ ʉɺʈʉ ʙʝʟ ʫʯʝʪʘ ʪʨʘʬʠʢʘ ʢʚʠʪʘʥʮʠʡ ʦʙ 

ʫʩʧʝʰʥʦʡ ʜʦʩʪʘʚʢʝ ʠ ʚʥʝʰʥʝʛʦ ʪʨʘʬʠʢʘ, ʧʦʩʪʫʧʘʶʱʝʛʦ ʚ ʉɺʈʉ [ʙʠʪ/ʩ]; 

ȿʉʉʉ ï ʦʙʱʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʨʘʬʠʢʘ ʚ ʉʉʉ ʩ ʫʯʝʪʦʤ ʪʨʘʬʠʢʘ ʢʚʠʪʘʥʮʠʡ 

ʦʙ ʫʩʧʝʰʥʦʡ ʜʦʩʪʘʚʢʝ [ʙʠʪ/ʩ]; 

ȿʉɺʈʉ n ï ʦʙʱʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʨʘʬʠʢʘ ʚ n-ʡ ʉɺʈʉ ʩ ʫʯʝʪʦʤ ʚʥʝʰʥʝʛʦ 

ʪʨʘʬʠʢʘ ʠ ʪʨʘʬʠʢʘ ʢʚʠʪʘʥʮʠʡ ʦʙ ʫʩʧʝʰʥʦʡ ʜʦʩʪʘʚʢʝ [ʙʠʪ/ʩ]; 

ʊʟʘʜ n ï ʟʘʜʝʨʞʢʘ ʧʝʨʝʜʘʯʠ ʧʘʢʝʪʘ ʧʦ n-ʡ ʉɺʈʉ [ʩ]; 

ʊʟʘʜ ʉʉʉ ï ʟʘʜʝʨʞʢʘ ʧʝʨʝʜʘʯʠ ʧʘʢʝʪʘ ʧʦ ʉʉʉ [ʩ]; 

ʊʟʘʜ ʀʅʉ ï ʟʘʜʝʨʞʢʘ ʧʝʨʝʜʘʯʠ ʧʘʢʝʪʘ ʧʦ ʀʅʉ [ʩ]. 

ʊm ï ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ ʟʘʜʝʨʞʢʘ ʧʝʨʝʜʘʯʠ ʧʘʢʝʪʘ ʧʦ ʉɺʈʉ [ʩ]. 

ʈʘʤʢʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʧʨʦʪʦʢʦʣ ʩʚʷʟʠ ʚ ʉɺʈʉ ï CSMA/CA; ʧʨʦʪʦʢʦʣ ʩʚʷʟʠ 

ʚ ʉʉʉ ï S-Aloha; ʚʩʝ ʉɺʈʉ ʩʦʝʜʠʥʝʥʳ ʯʝʨʝʟ ʉʉʉ ʧʦ ʧʨʠʥʮʠʧʫ çʟʚʝʟʜʳè, ʧʨʠ-

ʯʝʤ ʢʘʞʜʘʷ ʉɺʈʉ ʜʦʩʪʫʧʥʘ ʠʟ ʜʨʫʛʦʡ ʩʝʪʠ ʟʘ ʦʜʠʥ ʰʘʛ ʨʝʪʨʘʥʩʣʷʮʠʠ ʯʝʨʝʟ 

ʉʉʉ; ʚʩʝ ʉɺʈʉ ʩʦʝʜʠʥʝʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʠʩʭʦʜʷ-

ʱʠʭ Mesh-ʢʘʥʘʣʦʚ; ʪʨʘʬʠʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʩʪʝʡʰʠʡ ʧʫʘʩʩʦʥʦʚʩʢʠʡ ʧʦ-

ʪʦʢ ʩʦʙʳʪʠʡ, ʩʦʩʪʦʷʱʠʭ ʚ ʧʦʩʪʫʧʣʝʥʠʠ ʦʪʜʝʣʴʥʳʭ ʧʘʢʝʪʦʚ. 

ʎʝʣʴʶ ʨʘʟʨʘʙʦʪʢʠ ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʚʨʝʤʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʟʘ-

ʜʝʨʞʢʠ ʧʝʨʝʜʘʯʠ ʩʦʦʙʱʝʥʠʡ ʠ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʀʅʉ ʚ ʆɺʂʉʉ, ʠʩ-

ʧʦʣʴʟʫʶʱʝʡ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʡ ʧʨʠʥʮʠʧ ʨʝʪʨʘʥʩʣʷʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʧʦʪʦʢʦʚ ʥʘ ʦʩʥʦʚʝ Mesh-ʪʝʭʥʦʣʦʛʠʠ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʩ ʮʝʣʴʶ ʨʘʩʯʝʪʘ ʚʨʝʤʝʥʥʳʭ ʧʘʨʘʤʝʪ-

ʨʦʚ ʆɺʂʉʉ ʠ ʧʨʦʧʫʩʢʥʳʭ ʩʧʦʩʦʙʥʦʩʪʝʡ ʀʅʉ ʩʬʦʨʤʠʨʫʝʤ ʥʘʯʘʣʴʥʳʝ ʨʘʩʯʝʪ-

ʥʳʝ ʟʥʘʯʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʪʨʘʬʠʢʘ ʚ ʨʘʟʣʠʯʥʳʭ ʩʝʛʤʝʥʪʘʭ ʩʝʪʠ.  

ɺ ʧʨʦʠʟʚʦʣʴʥʦʡ n-ʡ ʉɺʈʉ ʦʪ ʘʙʦʥʝʥʪʦʚ ʚ ʩʝʪʴ ʧʦʩʪʫʧʘʝʪ ʧʦʪʦʢ ʩ ʠʥʪʝʥ-

ʩʠʚʥʦʩʪʴʶ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʘʙʦʥʝʥʪʦʚ ɚm ʠ ʠʭ ʢʦ-

ʣʠʯʝʩʪʚʫ Mn: 

1

nM

n m

m

l
=

L =ä                   (44) 
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ʀʟ n-ʡ ʩʝʪʠ ʉɺʈʉ ʚ ʜʨʫʛʠʝ j-ʝ ʉɺʈʉ ʢʘʢ ʯʝʨʝʟ ʉʉʉ, ʪʘʢ ʠ ʯʝʨʝʟ ʩʤʝʞʥʳʝ 

ʉɺʈʉ ʦʪʧʨʘʚʣʷʝʪʩʷ ʩʫʤʤʘʨʥʳʡ ʧʦʪʦʢ ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʢʦɻ ʬ-

ʬʠʮʠʝʥʪʦʤ kʚʥ n: 

ʚʥn nk L ,                  (45) 

ʛʜʝ ʚʥ ʚʥ ,

1

N

n n j

j

k k
=

=ä , kʚʥ n,j ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʘʬʠʢʘ, ʥʘʧʨʘʚʣʷʝʤʦʛʦ ʠʟ n-ʡ ʉɺʈʉ ʚ 

j-  ʁʉɺʈʉ, ʧʨʠ ʵʪʦʤ kʚʥ n,n=0. 

ɼʘʥʥʳʡ ʪʨʘʬʠʢ ʜʝʣʠʪʩʷ ʥʘ ʦʪʧʨʘʚʣʷʝʤʳʡ ʯʝʨʝʟ ʉʉʉ, ʜʦʣʷ ʢʦʪʦʨʦʛʦ ʚʦ 

ʚʥʝʰʥʝʤ ʪʨʘʬʠʢʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ kʚʥ ʉʉʉ n ʠ ʩʦʩʪʘʚʣʷʝʪ ʟʥʘʯʝʥʠʝ 

( )ʚʥ ʚʥCCCn n nk k L ,                 (46) 

ʠ ʪʨʘʬʠʢ, ʦʪʧʨʘʚʣʷʝʤʳʡ ʯʝʨʝʟ ʩʤʝʞʥʳʝ ʉɺʈʉ ʧʦ Mesh-ʢʘʥʘʣʘʤ, ʟʥʘʯʝʥʠʝ ʢʦ-

ʪʦʨʦʛʦ ʨʘʚʥʦ 

( )ʚʥ ʚʥCCC1n n nk k- L.                (47) 

ɽʩʣʠ ʫʯʝʩʪʴ, ʯʪʦ ʥʘ ʢʘʞʜʳʝ ɜ ʧʘʢʝʪʦʚ ʚ ʆɺʂʉʉ ʦʪʧʨʘʚʣʷʝʪʩʷ 1 ʧʘʢʝʪ ʢʚʠ-

ʪʘʥʮʠʠ ʦʙ ʫʩʧʝʰʥʦʤ ʧʨʠʝʤʝ ʵʪʠʭ ʧʘʢʝʪʦʚ, ʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʪʨʘʬʠʢʘ ʢʚʠʪʘʥʮʠʡ ʙʫʜʝʪ ʨʘʚʝʥ kʢʚ=1/ɜ. ʉ ʫʯʝʪʦʤ ʵʪʦʛʦ ʚʳʨʘʞʝʥʠʷ (46) ʠ (47) 

ʧʨʠʤʫʪ ʦʢʦʥʯʘʪʝʣʴʥʳʡ ʚʠʜ: 

ï ʪʨʘʬʠʢ ʠʟ ʉɺʈʉ ʚ ʩʤʝʞʥʳʝ ʚʦʟʜʫʰʥʳʝ ʩʝʪʠ, ʦʪʧʨʘʚʣʷʝʤʳʡ ʧʦ Mesh-

ʢʘʥʘʣʘʤ: 

( )( )ʚʥ ʚʥCCC ʢʚ1n n nk k k+ L;               (48) 

ï ʪʨʘʬʠʢ ʠʟ ʉɺʈʉ ʚ ʜʨʫʛʠʝ ʉɺʈʉ, ʦʪʧʨʘʚʣʷʝʤʳʡ ʯʝʨʝʟ ʉʉʉ: 

 ( )( )ʚʥ ʚʥCCC ʢʚ1 1n n nk k k- + L;               (49) 

ʛʜʝ: ʚʥʉʉʉ ʚʥʉʉʉ ,

1

N

n n j

j

k k
=

=ä . 

ʅʘ ʦʩʥʦʚʝ ʚʳʨʘʞʝʥʠʷ (48) ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʫʤʤʘʨʥʳʡ ʪʨʘʬʠʢ, ʧʦʩʪʫ-

ʧʘʶʱʠʡ ʚ ʉʉʉ ʦʪ N ʉɺʈʉ: 

( )CCC ʢʚ ʚʥ ʚʥʉʉʉ

1

1
N

n n n

n

k k k
=

L = + Ö ÖLä ,              (50) 

ʘ ʠʟ ʚʳʨʘʞʝʥʠʷ (49) ï ʩʫʤʤʘʨʥʳʡ ʚʥʝʰʥʠʡ ʪʨʘʬʠʢ, ʨʝʪʨʘʥʩʣʠʨʫʝʤʳʡ ʤʝʞʜʫ 

ʚʩʝʤʠ ʉɺʈʉ ʦʙʲʝʜʠʥʝʥʥʳʤʠ ʧʦ Mesh-ʪʝʭʥʦʣʦʛʠʠ (ʙʝʟ ʫʯʝʪʘ ʢʦʣʠʯʝʩʪʚʘ ʧʦ-

ʚʪʦʨʥʳʭ ʨʝʪʨʘʥʩʣʷʮʠʡ): 

( ) ( )ʢʚ ʚʥ , ʚʥ CCC ,

1 1

1 1
N N

i j i j i

i j
j i j i

k k k
= =
¸ ¸

å õ
æ ö+ - L
æ öæ ö
ç ÷

ää ,             (51) 

ʛʜʝ: 

,

1

N

ʚʥi ʚʥi j

j

k k
=

=ä , ʚʥCCC ʚʥCCC ,

1

N

i i j

j

k k
=

=ä . 

ʈʘʩʩʤʦʪʨʠʤ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʧʨʠʤʝʥʝʥʠʷ Mesh-ʪʝʭʥʦʣʦʛʠʠ ʠ ʨʝʪʨʘʥʩʣʷ-

ʮʠʶ ʪʨʘʬʠʢʘ ʤʝʞʜʫ ʉɺʈʉ ʚ ʚʦʟʜʫʰʥʦʤ ʩʝʛʤʝʥʪʝ ʆɺʂʉʉ. 
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ɺʚʝʜʝʤ ʢʦʵʬʬʠʮʠʝʥʪ ʩʚʷʟʥʦʩʪʠ ʜʣʷ ʢʘʞʜʦʡ ʉɺʈʉ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʠʩʭʦ-

ʜʷʱʠʭ ʠʟ ʢʦʥʢʨʝʪʥʦʡ n-ʡ ʉɺʈʉ Mesh-ʢʘʥʘʣʦʚ ʚ ʩʤʝʞʥʳʝ ʚʦʟʜʫʰʥʳʝ ʩʝʪʠ zn ʢ 

ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʤʫ ʠʭ ʯʠʩʣʫ ʧʨʠ ʧʦʣʥʦʩʚʷʟʥʦʡ ʪʦʧʦʣʦʛʠʠ (N-1): 

ʩʚ
1

n
n

z
k

N
=
-

.                 (52) 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʨʝʜʥʝʩʝʪʝʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʩʚʷʟʥʦʩʪʠ kʩʚ ʚʦʟʜʫʰʥʦʛʦ ʩʝʛ-

ʤʝʥʪʘ ʆɺʂʉʉ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʦʙʦʡ ʦʙʲʝʜʠʥʝʥʠʝ ʉɺʈʉ ʥʘ ʦʩʥʦʚʝ Mesh-

ʪʝʭʥʦʣʦʛʠʡ, ʙʫʜʝʪ ʨʘʚʝʥ: 

( )
ʩʚ ʩʚ

1 1

1 1

1

N N

i i

i i

k k z
N N N= =

= =
-

ä ä .              (53) 

ɺʚʝʜʝʤ ʜʦʧʫʱʝʥʠʝ, ʯʪʦ ʬʫʥʢʮʠʷ R(kcʚ), ʦʧʨʝʜʝʣʷʶʱʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʣʠ-

ʯʝʩʪʚʘ ʨʝʪʨʘʥʩʣʷʮʠʡ (ʭʦʧʦʚ), ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʩʚʷʟʥʦʩʪʠ ʩʝʪʠ:  

R=1/kcʚ.                   (54) 

ʊʘʢʦʝ ʜʦʧʫʱʝʥʠʝ ʥʦʩʠʪ ʜʠʩʢʫʩʩʠʦʥʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʦʙʫʩʣʦʚʣʝʥʦ ʥʝʦʙʭʦ-

ʜʠʤʦʩʪʴʶ ʧʦʜʙʦʨʘ ʬʫʥʢʮʠʠ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʡ ʩʣʝʜʫʶʱʠʤ ʫʩʣʦʚʠʷʤ. ɺ ʩʣʫʯʘʝ 

ʥʝʩʚʷʟʥʦʡ ʩʝʪʠ ʜʦʩʪʠʯʴ ʫʟʣʘ ʥʘʟʥʘʯʝʥʠʷ ʥʝʚʦʟʤʦʞʥʦ, ʪ.ʝ. R(kcʚ=0)=Ð, ʘ ʚ ʩʣʫʯʘʝ 

ʧʦʣʥʦʩʚʷʟʥʦʡ ʩʝʪʠ ʣʶʙʦʡ ʫʟʝʣ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʦʜʠʥ ʰʘʛ: R(kcʚ=1)=1. 

ʉ ʫʯʝʪʦʤ ʜʦʧʫʱʝʥʠʷ (54) ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʩʨʝʜʥʝʩʝʪʝʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʝ-

ʪʨʘʥʩʣʷʮʠʡ R, ʢʦʪʦʨʦʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʝʩʪʠ ʚ ʚʦʟʜʫʰʥʦʤ ʩʝʛʤʝʥʪʝ ʉɺʈʉ ʩ 

ʫʯʝʪʦʤ ʝʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʚʷʟʥʦʩʪʠ kcʚ (53): 

ʩʚ

ʩʚ

ʩʚ

1
, ʧʨʠ

1

1 1
,ʧʨʠ

1

k
N

R

k
k N

ë
¤ <î -î

=ì
î ²

-îí

.               (55) 

ʋʩʣʦʚʠʝ kcʚ<1/(N-1) ʚ ʜʘʥʥʦʤ ʚʳʨʘʞʝʥʠʠ ʦʧʨʝʜʝʣʷʝʪ ʤʠʥʠʤʘʣʴʥʳʡ ʫʨʦ-

ʚʝʥʴ ʩʚʷʟʝʡ (N-1) ʤʝʞʜʫ ʉɺʈʉ, ʧʦʩʣʝ ʢʦʪʦʨʦʛʦ ʚʦʟʜʫʰʥʳʡ ʩʝʛʤʝʥʪ ʆɺʂʉʉ ʙʫ-

ʜʝʪ ʨʘʩʧʘʜʘʪʴʩʷ ʥʘ ʥʝʩʚʷʟʘʥʥʳʝ ʢʣʘʩʪʝʨʘ, ʠ ʦʪʜʝʣʴʥʳʝ ʛʨʫʧʧʳ ʫʟʣʦʚ ʦʢʘʞʫʪʩʷ 

ʥʝʜʦʩʪʫʧʥʳʤʠ (ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʥʘʯʝʥʠʶ R=Ð). 

ɿʥʘʯʝʥʠʝ ʩʨʝʜʥʝʩʝʪʝʚʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʝʪʨʘʥʩʣʷʮʠʡ R ʦʧʨʝʜʝʣʷʝʪ ʨʦʩʪ 

ʫʨʦʚʥʷ ʪʨʘʥʟʠʪʥʦʛʦ ʪʨʘʬʠʢʘ ʚ ʚʦʟʜʫʰʥʦʤ ʩʝʛʤʝʥʪʝ ʆɺʂʉʉ, ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ 

ʦʪʜʝʣʴʥʳʝ ʉɺʈʉ. ʇʨʠʯʝʤ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʣʠʥʳ ʧʫʪʠ R ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʨʘʩ-

ʪʝʪ ʥʘʛʨʫʟʢʘ ʠ ʚ ʚʦʟʜʫʰʥʦʤ ʩʝʛʤʝʥʪʝ ʆɺʂʉʉ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʠʟ ʚʳʨʘʞʝʥʠʷ 

(50) ʧʦʣʫʯʠʤ ʩʫʤʤʘʨʥʳʡ ʚʥʝʰʥʠʡ ʪʨʘʬʠʢ, ʨʝʪʨʘʥʩʣʠʨʫʝʤʳʡ ʤʝʞʜʫ ʚʩʝʤʠ 

ʉɺʈʉ, ʦʙʲʝʜʠʥʝʥʥʳʤʠ ʧʦ Mesh-ʪʝʭʥʦʣʦʛʠʠ, ʩ ʫʯʝʪʦʤ ʢʦʣʠʯʝʩʪʚʘ ʨʝʪʨʘʥʩʣʷ-

ʮʠʡ R: 

( ) ( )ʢʚ ʚʥ , ʚʥ CCC ,

1 1

1 1
N N

i j i j i

i j
j i j i

R k k k
= =
¸ ¸

å õ
æ ö+ - L
æ öæ ö
ç ÷

ää .             (56) 

ʇʨʠ ʵʪʦʤ ʩʨʝʜʥʷʷ ʜʦʣʷ ʪʨʘʥʟʠʪʥʦʛʦ ʪʨʘʬʠʢʘ (56), ʧʨʠʭʦʜʷʱʘʷʩʷ ʥʘ ʢʦʥ-

ʢʨʝʪʥʫʶ ʉɺʈʉ, ʦʧʨʝʜʝʣʷʝʪʩʷ: 
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( )
( )ʢʚ

ʚʥ , ʚʥ CCC ,

1 1

1
1

N N

i j i j i

i j
j i j i

R k
k k

N = =
¸ ¸

å õ
+ æ ö- L

æ öæ ö
ç ÷

ää .             (57) 

ɺʳʨʘʞʝʥʠʷ (48), (49) ʠ (57) ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʦʙʱʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʪʨʘʬʠʢʘ ʚ ʧʨʦʠʟʚʦʣʴʥʦʡ n-ʡ ʉɺʈʉ ʩ ʫʯʝʪʦʤ ʚʥʫʪʨʝʥʥʝʛʦ ʠ ʚʥʝʰʥʝʛʦ (ʦʪ ʉʉʉ ʠ 

ʩʤʝʞʥʳʭ ʉɺʈʉ) ʪʨʘʬʠʢʘ: 

( ) ( ) ( )CɺʈC ʢʚ ʚʥ , ʚʥ CCC , ʚʥ , ʚʥ CCC ,

1 1 1

1 1
N N N

n n i j i j i j n j n j

i j j
j i j i j n

k k k k k
= = =
¸ ¸ ¸

å õ
æ öL = + ³ L + - L + Ö ÖL
æ ö
æ ö
ç ÷

ää ä . (58) 

ɺʳʨʘʞʝʥʠʷ (50) ʠ (58) ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʨʘʬʠʢʘ, 

ʮʠʨʢʫʣʠʨʫʶʱʝʛʦ ʚ ʉʉʉ ʠ ʚ ʦʪʜʝʣʴʥʦʡ ʉɺʈʉ, ʠ ʷʚʣʷʶʪʩʷ ʠʩʭʦʜʥʳʤʠ ʜʣʷ ʨʘʩ-

ʯʝʪʘ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʚʨʝʤʝʥʠ ʟʘʜʝʨʞʢʠ ʧʝʨʝʜʘʯʠ ʧʘʢʝʪʦʚ ʚ ʀʅʉ 

ʆɺʂʉʉ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʝʨʝʜʘʯʫ ʩʦʦʙʱʝʥʠʡ ʚ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʆɺʂʉʉ (ʨʠʩ. 13). 

ɺ ʪʘʢʦʡ ʩʝʪʠ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʘʙʦʥʝʥʪʦʚ ʚʦʟʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ 2-ʘ ʚʠʜʘ ʀʅʉ: 

1) ʯʝʨʝʟ ʉʉʉ, ʪʘʢ ʢʘʢ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʨʘʥʝʝ; 

2) ʯʝʨʝʟ ʉɺʈʉ, ʩʦʝʜʠʥʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ Mesh-ʪʝʭʥʦʣʦʛʠʡ, ʢʦʛʜʘ ʨʝʪʨʘʥʩ-

ʣʷʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʯʝʨʝʟ ʘʙʦʥʝʥʪʦʚ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʨʘʟʥʳʤ ʩʝʪʷʤ, ʥʦ ʥʘʭʦʜʷ-

ʱʠʭʩʷ ʚ ʟʦʥʝ ʨʘʜʠʦʚʠʜʠʤʦʩʪʠ ʜʨʫʛ ʜʨʫʛʘ (ʨʠʩ. 14). 

ɺ ʀʅʉ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩ. 14, ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ ʧʝʨʝʜʘʯʠ ʧʘʢʝʪʘ ʤʝʞ-

ʜʫ ʘʙʦʥʝʥʪʘʤʠ n-ʡ ʠ j-ʡ ʉɺʈʉ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʩʫʤʤʦʡ ʟʘʜʝʨʞʝʢ ʧʘʢʝʪʘ ʥʘ ʚʩʝʭ 

ʟʚʝʥʴʷʭ ʀʅʉ: 

ï ʧʨʠ ʧʝʨʝʜʘʯʝ ʯʝʨʝʟ ʉʉʉ: 

Tʟʘʜ ʀʅʉ= Tʟʘʜ n+ Tʟʘʜ CCC+ Tʟʘʜ j;                        (59) 

ï ʧʨʠ ʧʝʨʝʜʘʯʝ ʯʝʨʝʟ ʉɺʈʉ ʩʦʝʜʠʥʝʥʥʳʝ ʧʦ Mesh-ʪʝʭʥʦʣʦʛʠʠ: 

ʟʘʜʀʅʉ ʟʘʜi

i R

T T
Í

=ä .                 (60) 

ɺʨʝʤʷ ʟʘʜʝʨʞʢʠ ʧʘʢʝʪʘ ʧʨʠ ʧʝʨʝʜʘʯʝ ʧʦ ʦʪʜʝʣʴʥʳʤ ʟʚʝʥʴʷʤ ʀʅʉ ʩ ʫʯʝ-

ʪʦʤ ʚʳʨʘʞʝʥʠʡ ʜʣʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʨʘʬʠʢʘ ȿʉʉʉ (50) ʠ ȿʉɺʈʉ n (58) ʙʫʜʝʪ ʦʧʨʝ-

ʜʝʣʷʪʴʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

1)  ʜʣʷ ʉɺʈʉ ʥʘ ʦʩʥʦʚʝ ʧʨʦʪʦʢʦʣʘ CSMA/CA: 

( )1 2 1 1 1
mes n ʉɺʈʉn ʉɺʈʉn

ʟʘʜn n n n n

n n n n n

D
T a K a a

C S C S C

è øL Lå õ å õ
= - ³ + + + + + +é ùæ ö æ ö

ç ÷ ç ÷ê ú
,  (61) 

ʛʜʝ:  
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max

1 2

n
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mes n
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ʉɺʈʉn

mes n

d

cD

ʉɺʈʉn

n d

cD

ʉɺʈʉn n n

e
S

a C e

- L

- L

L
=

L + +

, 
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n

mes n

d C
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( )n m
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mes n

C T t
K

D

-
¢ . 

2) ʜʣʷ ʉʉʉ ʥʘ ʦʩʥʦʚʝ ʧʨʦʪʦʢʦʣʘ S-Aloha: 
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.    (62) 

ʇʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʀʅʉ ʚ ʆɺʂʉʉ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʤʠʥʠʤʘʣʴ-

ʥʦʡ ʵʬʬʝʢʪʠʚʥʦʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʦʪʜʝʣʴʥʦʛʦ ʟʚʝʥʘ ʀʅʉ: 

ï ʧʨʠ ʧʝʨʝʜʘʯʝ ʯʝʨʝʟ ʉʉʉ: 

ʉe ʀʅʉ = min{ Ce n, Ce CCC, Ce j};  

ï ʧʨʠ ʧʝʨʝʜʘʯʝ ʯʝʨʝʟ ʉɺʈʉ, ʩʦʝʜʠʥʝʥʥʳʝ ʧʦ Mesh-ʪʝʭʥʦʣʦʛʠʠ: 

ʉe ʀʅʉ = min{Ce i}, i=néj. 
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ʈʠʩ. 13. ʆʙʲʝʜʠʥʝʥʥʘʷ ʚʦʟʜʫʰʥʦ-ʢʦʩʤʠʯʝʩʢʘʷ ʩʝʪʴ ʩʚʷʟʠ ʩ 

ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʤ ʧʨʠʥʮʠʧʦʤ ʨʝʪʨʘʥʩʣʷʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ʥʘ 

ʦʩʥʦʚʝ Mesh-ʪʝʭʥʦʣʦʛʠʡ 

 

http://sccs.intelgr.com/


 
ȷɎɗɘɋɒɡ əɕɖɆɈɑɋɓɎɥ, ɗɈɥɍɎ Ɏ ɇɋɍɔɕɆɗɓɔɗɘɎ ɷ 3. 2022  

 Systems of Control, Communication and Security  sccs.intelgr.com  
 

 

 
DOI: 10.24412/2410-9916-2022-3-183-259 

 
 

URL: https://sccs.intelgr.com/archive/202 2-03/08-Ivanov.pdf 
 

228 

1 ʉɺʈʉ 1 ʉʉʉ ʉɺʈʉ n Mn 

1

1

ʟʘʜ

e

ʊ

ʉ

ʟʘʜCCC

e CCC

ʊ

ʉ

ʟʘʜn

e n

ʊ

ʉ

 
ʘ. 

1 ʉɺʈʉ 1 ʉɺʈʉ 2 Mn 

1

1

ʟʘʜ

e

ʊ

ʉ

2

2

ʟʘʜ

e

ʊ

ʉ

ʟʘʜn

e n

ʊ

ʉ

ʉɺʈʉ n...
 

ʙ. 

ʈʠʩ. 14. ʆʙʘɦʷ ʩʭʝʤʘ ʀʅʉ ʚ ʆɺʂʉʉ: ʘ) ʯʝʨʝʟ ʉʉʉ;  

ʙ) ʨʝʪʨʘʥʩʣʷʮʠʷ ʯʝʨʝʟ ʉɺʈʉ, ʩʦʝʜʠʥʝʥʥʳʭ ʧʦ Mesh-ʪʝʭʥʦʣʦʛʠʠ 

 

ʇʨʠ ʵʪʦʤ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʨʘʥʝʝ, ʵʬʬʝʢʪʠʚʥʳʝ ʧʨʦʧʫʩʢʥʳʝ ʩʧʦʩʦʙʥʦʩʪʠ ʜʣʷ 

ʦʪʜʝʣʴʥʳʭ ʟʚʝʥʴʝʚ ʩ ʫʯʝʪʦʤ ʚʳʨʘʞʝʥʠʡ ʜʣʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʨʘʬʠʢʘ ȿʉʉʉ (50) ʠ 

ȿʉɺʈʉ n (58) ʙʫʜʫʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʢʘʢ: 

1) ʜʣʷ ʉɺʈʉ ʥʘ ʦʩʥʦʚʝ ʧʨʦʪʦʢʦʣʘ CSMA/CA: 

e n n nC S C= ,                  (63) 

ʛʜʝ ʧʦʢʘʟʘʪʝʣʠ Sn, ʉn ʦʧʨʝʜʝʣʷʶʪʩʷ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʚ ʚʳʨʘʞʝʥʠʠ ʜʣʷ ʚʨʝʤʝʥʠ ʟʘ-

ʜʝʨʞʢʠ ʧʝʨʝʜʘʯʠ ʧʘʢʝʪʘ; 

2) ʜʣʷ ʉʉʉ ʥʘ ʦʩʥʦʚʝ ʧʨʦʪʦʢʦʣʘ S-Aloha: 

( 1)

CCC

CCC

CCC

CCC

C

CCC CCC
e CCC

C

CCC

K e
C

K e

L
-

L
-

L -
=

-

.               (64) 

ʇʦʢʘʟʘʪʝʣʠ Tʟʘʜ ʀʅʉ ʠ ʉe ʀʅʉ ʬʦʨʤʠʨʫʶʪ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘ-

ʥʠʷ ʆɺʂʉʉ.  

ɼʣʷ ʯʠʩʣʝʥʥʦʡ ʦʮʝʥʢʠ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʆɺʂʉʉ 

ʧʨʦʚʝʜʝʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʫʧʨʦʱʝʥʠʝ ʤʦʜʝʣʠ ʆɺʂʉʉ ʥʘ ʦʩʥʦʚʝ ʜʝʮʝʥʪʨʘʣʠ-

ʟʦʚʘʥʥʦʛʦ ʧʨʠʥʮʠʧʘ ʨʝʪʨʘʥʩʣʷʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ 

ʚʚʝʜʝʤ ʩʣʝʜʫʶʱʠʝ ʜʦʧʫʱʝʥʠʷ:  

- ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʪʨʘʬʠʢ, ʮʠʨʢʫʣʠʨʫʶʱʠʡ ʚʦ ʚʩʝʭ ʉɺʈʉ, ʠʤʝʝʪ ʨʘʚ-

ʥʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ȿ1; 

- ʚʩʝ ʉɺʈʉ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʳʝ ʧʘʨʘʤʝʪʨʳ ʦʙʲʝʤʘ ʧʘʢʝʪʘ, ʨʘʜʠʫʩʘ ʩʝʪʠ, 
ʥʘʩʪʦʡʯʠʚʦʩʪʠ ʧʨʦʪʦʢʦʣʘ CSMA/CA, ʨʘʚʥʳʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ Dmes, dmax, 

ʂ; 

- ʢʦʵʬʬʠʮʠʝʥʪ ʚʥʝʰʥʝʛʦ ʪʨʘʬʠʢʘ ʫ ʚʩʝʭ ʉɺʈʉ ʦʜʠʥʘʢʦʚ ʠ ʨʘʚʝʥ kʚʥ, 

ʧʨʠʯʝʤ ʚʥʝʰʥʠʡ ʪʨʘʬʠʢ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥ ʧʦ ʉɺʈʉ ʠ ʢʦʵʬʬʠ-

ʮʠʝʥʪʳ ʪʨʘʬʠʢʘ ʧʦ ʚʩʝʤ ʤʝʞʩʝʪʝʚʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʉɺʈʉiŸʉɺʈʉJ 

ʠʤʝʶʪ ʨʘʚʥʳʝ ʟʥʘʯʝʥʠʷ: kʚʥ i,j=kʚʥ/(N-1);  

- ʢʦʵʬʬʠʮʠʝʥʪ ʜʦʣʠ ʚʥʝʰʥʝʛʦ ʪʨʘʬʠʢʘ, ʥʘʧʨʘʚʣʷʝʤʦʛʦ ʚ ʉʉʉ, ʫ ʚʩʝʭ 

ʉɺʈʉ ʦʜʠʥʘʢʦʚ ʠ ʨʘʚʝʥ kʚʥ ʉʉʉ, ʧʨʠ ʵʪʦʤ ʪʨʘʬʠʢ ʯʝʨʝʟ ʉʉʉ ʪʘʢʞʝ ʨʘʚ-
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ʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥ ʧʦ ʚʩʝʤ ʤʝʞʩʝʪʝʚʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ 

ʉɺʈʉi ŸʉɺʈʉJ; 

- ʢʦʣʠʯʝʩʪʚʦ ʠʩʭʦʜʷʱʠʭ ʚʥʝʰʥʠʭ Mesh-ʢʘʥʘʣʦʚ ʩʚʷʟʠ ʠʟ ʉɺʈʉ ʦʜʠʥʘ-

ʢʦʚʦ ʠ ʨʘʚʥʦ z, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʚʷʟʥʦʩʪʴ ʚʩʝʭ ʉɺʈʉ ʪʘʢʞʝ ʦʜʠʥʘʢʦʚʘ 

ʠ ʨʘʚʥʘ kʩʚ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʘʥʥʳʭ ʫʧʨʦʱʝʥʠʡ ʩʭʝʤʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʳʯʠʩʣʝʥʠʡ ʜʣʷ 

ʤʦʜʝʣʠ ʆɺʂʉʉ ʥʘ ʦʩʥʦʚʝ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʧʨʠʥʮʠʧʘ ʨʝʪʨʘʥʩʣʷʮʠʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ʧʨʠʤʝʪ ʚʠʜ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩ. 15. 

 
ɺʦʟʜʫh ʥr ʡ ʩʝʛʤʝʥʪ ɺʂʉʉ ʦʙ̡ ʝʜʠʥʝʥʥr ʡ ʥʘ ʦʩʥʦʚʝ Mesh-ʪʝʭʥʦʣʦʛʠʡ
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, 0 1z z N¢ ¢ -

( )1 1ʚʥ ʢʚk kL +

( ) 11CCC ʢʚ ʚʥ ʚʥʉCʉN k k kL = + Ö ÖL

ʂʦɻʬʬʠʮʠʝʥʪ 

ʜʦʧʦʣʥʠʪʝʣɹʥʦʛʦ 

ʪʨʘʬʠʢʘ ʢʚʠʪʘʥʮʠʡ

ʢʚk

ʆʙɦ ʘ̫ ʠʥʪʝʥʩʠʚʥʦʩʪɹ ʪʨʘʬʠʢʘ ʚ n-ʦʡ ʉɺʈʉ ʩ ʫʯʝʪʦʤ ʚʥʫʪʨʝʥʥʝʛʦ ʠ ʚʥʝh ʥʝʛʦ ʪʨʘʬʠʢʘ 

ʧʦʩʪʫʧʘʁ ʝɦʛʦ ʦʪ ʚʦʟʜʫh ʥr ʭ ʩʝʪʝʡ ʠ ʉʉʉ, ʘ ʪʘʢʞʝ ʪʨʘʬʠʢʘ ʢʚʠʪʘʥʮʠʡ
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ʇʦʢʘʟʘʪʝʣʠ QoS ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠ̫ ʩʚ̫ʟʠ ʚ ɺʂʉʉ ʯʝʨʝʟ ʉʉʉ

ʇʨʦʧʫʩʢʥʘ̫ ʩʧʦʩʦʙʥʦʩʪɹ ʀʅʉ 

ʉe ʀʅʉ = min{ Ce , Ce CCC}

ɺʨʝʤ̫ ʧʝʨʝʜʘʯʠ ʧʘʢʝʪʘ ʧʦ ʀʅʉ

Tʟʘʜ ʀʅʉ= 2Tʟʘʜ + Tʟʘʜ CCC

ʚʥk

ʂʦɻʬʬʠʮʠʝʥʪ ʦʧʨʝʜʝʣ̫ʶɦ ʠʡ 

ʜʦʣʁ  ʚʥʝh ʥʝʛʦ ʪʨʘʬʠʢʘ n-ʦʛʦ 

ʉɺʈʉ ʦʪʧʨʘʚʣ̫ʝʤʦʛʦ ʚ ʉʉʉ

ʚʥCCCk

ɺʥʝh ʥʠʡ ʪʨʘʬʠʢ n-ʦʡ ʉɺʈʉ ʦʪ ʚʥʫʪʨʝʥʥʠʭ ʘʙʦʥʝʥʪʦʚ ʚ ʜʨʫʛʠʝ 

j- ʝr ʩʝʪʠ ʯʝʨʝʟ Mesh-ʨʝʪʨʘʥʩʣ̫ʮʠʁ  ʧʦ ʉɺʈʉ

ɺʥʝh ʥʠʡ ʪʨʘʬʠʢ ʜʘʥʥʦʡ ʉɺʈʉ 
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ʜʨʫʛʠʝ ʉɺʈʉ ʯʝʨʝʟ ʉʉʉ
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( ) ( ) 11 1ʢʚ ʚʥ ʚʥ CCCN k k k+ - L

ɺʝʩɹ ʚʥʝh ʥʠʡ ʪʨʘʬʠʢ 
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ʉɺʈʉ ʦʙ̡ʝʜʠʥʝʥʥr ʭ ʧʦ Mesh-

ʪʝʭʥʦʣʦʛʠʠ ʩ ʫʯʝʪʦʤ ʯʠʩʣʘ ʝʛʦ 

ʨʝʪʨʘʥʩʣ̫ʮʠʡ

( ) ( ) 11 1ʢʚ ʚʥ ʚʥ CCCR k k k+ - L

ʇʦʢʘʟʘʪʝʣʠ QoS ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 
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ʦʩʥʦʚʝ Mesh-ʪʝʭʥʦʣʦʛʠʡ

ʇʨʦʧʫʩʢʥʘ̫ ʩʧʦʩʦʙʥʦʩʪɹ ʀʅʉ 
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( ) ( ) 11 1ʢʚ ʚʥ ʚʥ CCCR N k k k+ - L

ʇʦʢʘʟʘʪʝʣʠ QoS ʉɺʈʉ ʥʘ ʦʩʥʦʚʝ CSMA/CA

ʕʬʬʝʢʪʠʚʥʘ̫ ʧʨʦʧʫʩʢʥʘ̫ ʩʧʦʩʦʙʥʦʩʪɹ n-ʦʡ ʉɺʈʉ

ɺʨʝʤ̫ ʟʘʜʝʨʞʢʠ ʧʨʠ ʧʝʨʝʜʘʯʠ ʧʘʢʝʪʦʚ ʚ n-ʦʡ ʉɺʈʉ

 
ʈʠʩ. 15. ʋʧʨʦɦʝʥʥʘʷ ʩʭʝʤʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʳʯʠʩʣʝʥʠʡ ʜʣʷ ʤʦʜʝʣʠ 

ʆɺʂʉʉ ʩ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʤ ʧʨʠʥʮʠʧʦʤ ʨʝʪʨʘʥʩʣʷʮʠʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ʥʘ ʦʩʥʦʚʝ Mesh-ʪʝʭʥʦʣʦʛʠʡ 

 

ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩ. 15 ʫʧʨʦʱʝʥʥʦʡ ʩʭʝʤʝ ʚʳʯʠʩʣʝʥʠʡ ʠʥʪʝʥʩʠʚʥʦ-

ʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ȿʉʉʉ ʠ ȿʉɺʈʉ n ʨʘʥʝʝ ʦʧʨʝʜʝʣʷʝʤʳʭ ʧʦ ʚʳʨʘʞʝʥʠ-

ʷʤ (50) (58), ʪʝʧʝʨʴ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʥʦʚʴ ʚʚʝʜʝʥʥʳʤʠ ʜʦʧʫʱʝ-

ʥʠʷʤʠ:  

ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʨʘʬʠʢʘ, ʮʠʨʢʫʣʠʨʫʶʱʝʛʦ ʚ ʧʨʦʠʟʚʦʣʴʥʦʡ ʉɺʈʉ: 

,          (65) 

ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʨʘʬʠʢʘ ʚ ʉʉʉ: 

.             (66) 
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