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ɺʚʝʜʝʥʠʝ 

 

ɺʦʧʨʦʩʘʤ ʩʦʟʜʘʥʠʷ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʝʪʝʡ ʧʦʩʚʷʱʝʥ ʜʦʩʪʘʪʦʯʥʦ 

ʦʙʩʪʦʷʪʝʣʴʥʳʡ ʫʯʝʙʥʠʢ [1], ʢʦʪʦʨʳʡ ʚʳʜʝʨʞʘʣ ʨʷʜ ʠʟʜʘʥʠʡ. ʆʜʥʘʢʦ ʙʦʣʴʰʦʡ 

ʦʙʲʝʤ ʫʯʝʙʥʠʢʘ ʟʘʪʨʫʜʥʷʝʪ ʧʦʣʴʟʦʚʘʥʠʝ ʠʤ ʩʪʫʜʝʥʪʘʤ. ʂʨʦʤʝ ʪʦʛʦ, ʚ 

ʫʯʝʙʥʠʢʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʠ ʧʨʠʤʝʨʳ 

ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʷ ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ ʩʝʪʝʡ ʩʚʷʟʠ, ʯʪʦ ʩʪʘʣʦ ʘʢʪʫʘʣʴʥʦ ʚ 

ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ.  

ʇʨʠ ʩʦʟʜʘʥʠʠ ʩʝʪʝʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʧʧʘʨʘʪʥʳʝ ʩʨʝʜʩʪʚʘ ʬʠʨʤʳ Huawei. ɺʦʧʨʦʩʳ 

ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʷ, ʦʪʣʘʜʢʠ ʠ ʧʨʦʚʝʨʢʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʪʘʢʠʭ ʩʝʪʷʭ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʫʟʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʫʯʝʙʥʳʭ ʨʫʢʦʚʦʜʩʪʚʘʭ [2-5]. 

ʆʜʥʘʢʦ ʚʩʝ ʫʢʘʟʘʥʥʳʝ ʨʫʢʦʚʦʜʩʪʚʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʯʝʥʴ ʙʦʣʴʰʠʤ ʦʙʲʝʤʦʤ 

ʠ ʩʣʦʞʥʦʩʪʴʶ ʠʟʣʦʞʝʥʠʷ. ʅʘʠʙʦʣʝʝ ʥʦʚʘʷ ʠ ʧʦʣʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʦ ʚʦʧʨʦʩʫ 

ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʷ ʠ ʦʪʣʘʜʢʠ ʩʦʜʝʨʞʠʪʩʷ ʚ ʫʯʝʙʥʦʤ ʨʫʢʦʚʦʜʩʪʚʝ [6] ʥʘ ʩʘʡʪʝ   

http://support.huawei.com, ʛʜʝ ʥʝʦʙʭʦʜʠʤʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴʩʷ. 

çʇʫʪʝʚʦʜʠʪʝʣʴè ʧʦ ʩʘʡʪʫ ʧʨʠʚʝʜʝʥ ʚ ʇʨʠʣʦʞʝʥʠʠ. ʄʘʪʝʨʠʘʣʳ ʩʘʡʪʘ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʘʥʛʣʠʡʩʢʦʤ, ʘ ʪʘʢʞʝ ʥʘ ʢʠʪʘʡʩʢʦʤ ʷʟʳʢʝ. 

ʇʦʪɻʦʤʫ ʚʦʟʥʠʢʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʢʦʤʧʘʢʪʥʦʤ ʧʦʩʦʙʠʠ ʜʣʷ ʦʙʫʯʝʥʠʷ 

ʩʪʫʜʝʥʪʦʚ ʠ ʩʣʫʰʘʪʝʣʝʡ ʢʫʨʩʦʚ ʧʦʚʳʰʝʥʠʷ ʢʚʘʣʠʬʠʢʘʮʠʠ ʪʝʭʥʦʣʦʛʠʷʤ 

ʧʘʢʝʪʥʦʡ ʢʦʤʤʫʪʘʮʠʠ. ɺ ʫʯʝʙʥʳʭ ʧʦʩʦʙʠʷʭ [7, 8] ʚʦʧʨʦʩʳ ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʷ 

ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ ʨʘʩʩʤʦʪʨʝʥʳ ʥʘ ʧʨʠʤʝʨʘʭ ʘʧʧʘʨʘʪʫʨʳ Cisco. ʋʢʘʟʘʥʥʳʝ 

ʫʯʝʙʥʳʝ ʧʦʩʦʙʠʷ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʤ 

ʠʟʫʯʝʥʠʠ ʢʫʨʩʘ. ɺ ʧʨʝʜʣʘʛʘʝʤʦʤ ʠʟʜʘʥʠʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʠʥʮʠʧʳ 

ʪʝʭʥʦʣʦʛʠʡ ʩʝʪʝʡ ʧʘʢʝʪʥʦʡ ʢʦʤʤʫʪʘʮʠʠ ʥʘ ʧʨʠʤʝʨʘʭ ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʷ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʚ ʠ ʢʦʤʤʫʪʘʪʦʨʦʚ Huawei.  

ʊʝʦʨʝʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʟʘʢʨʝʧʣʷʝʪʩʷ ʚ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʨʘʙʦʪ [9] ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʥʷʪʠʡ. 

 

  

http://support.huawei.com/
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ʏʘʩʪʴ 1. ʆʩʥʦʚʳ ʧʦʩʪʨʦʝʥʠʷ ʩʝʪʝʡ ʧʘʢʝʪʥʦʡ 

ʢʦʤʤʫʪʘʮʠʠ 

 
1. ʆɹʑʀɽ ɺʆʇʈʆʉʓ ʊɽʍʅʆʃʆɻʀʁ ʉɽʊɽʁ ʇɸʂɽʊʅʆʁ 

ʂʆʄʄʋʊɸʎʀʀ 

 

1.1. ʆʩʥʦʚʥʳʝ ʪʝʨʤʠʥʳ ʠ ʦʧʨʝʜʝʣʝʥʠʷ 

 

ʉʝʪʠ ʠ ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩ 

ʘʧʧʘʨʘʪʥʳʭ ʠ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʦʙʤʝʥ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʩʦʦʙʱʝʥʠʷʤʠ ʤʝʞʜʫ ʘʙʦʥʝʥʪʘʤʠ ʩ ʟʘʜʘʥʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʢʘʯʝʩʪʚʘ. ʇʦ ʩʠʩʪʝʤʘʤ ʠ ʩʝʪʷʤ ʧʝʨʝʜʘʶʪʩʷ ʪʝʣʝʬʦʥʥʳʝ 

ʩʦʦʙʱʝʥʠʷ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʠ ʧʦʜʚʠʞʥʦʡ (ʤʦʙʠʣʴʥʦʡ) ʩʚʷʟʠ, ʮʠʬʨʦʚʳʝ 

ʜʘʥʥʳʝ ʢʦʤʧʴʶʪʝʨʦʚ, ʚʠʜʝʦʠʥʬʦʨʤʘʮʠʷ.  

ʉʦʦʙʱʝʥʠʝ ï ʬʦʨʤʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʫʜʦʙʥʘʷ ʜʣʷ ʧʝʨʝʜʘʯʠ 

ʥʘ ʨʘʩʩʪʦʷʥʠʝ. ʆʪʦʙʨʘʞʝʥʠʝ ʩʦʦʙʱʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʢʘʢʦʛʦ-

ʣʠʙʦ ʧʘʨʘʤʝʪʨʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʬʠʟʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ. ɺ ʩʝʪʷʭ ʠ ʩʠʩʪʝʤʘʭ ʧʝʨʝʜʘʯʠ ʩʦʦʙʱʝʥʠʡ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʩʠʛʥʘʣʳ, ʧʝʨʝʜʘʯʘ ʠ ʧʨʠʝʤ ʢʦʪʦʨʳʭ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʥʘʧʨʘʚʣʷʶʱʝʡ ʩʨʝʜʝ: ʧʦ ʤʝʜʥʳʤ ʧʨʦʚʦʜʘʤ, ʧʦ ʦʧʪʠʯʝʩʢʦʤʫ 

ʚʦʣʦʢʥʫ ʠʣʠ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʨʝʜʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ.  

ʄʥʦʞʝʩʪʚʦ ʠʩʪʦʯʥʠʢʦʚ ʠ ʧʨʠʝʤʥʠʢʦʚ ʩʦʦʙʱʝʥʠʡ, ʩʦʝʜʠʥʝʥʥʳʭ ʤʝʞʜʫ 

ʩʦʙʦʡ ʘʧʧʘʨʘʪʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʠ ʩʨʝʜʦʡ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʦʚ (ʣʠʥʠʷʤʠ ʩʚʷʟʠ), 

ʦʙʨʘʟʫʶʪ ʩʝʪʴ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ (ʠʥʬʦʢʦʤʤʫʥʠʢʘʮʠʦʥʥʫʶ ʩʝʪʴ). 

ɸʙʦʥʝʥʪʳ, ʧʦʣʫʯʘʶʱʠʝ ʫʩʣʫʛʠ ʠʥʬʦʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʝʪʝʡ ʧʦ ʦʙʤʝʥʫ 

ʩʦʦʙʱʝʥʠʷʤʠ (ʢʦʤʧʴʶʪʝʨʥʳʤʠ ʜʘʥʥʳʤʠ, ʘʫʜʠʦ- ʠ ʚʠʜʝʦʠʥʬʦʨʤʘʮʠʝʡ), 

ʷʚʣʷʶʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʩʝʪʝʚʳʭ ʫʩʣʫʛ. 

ɸʧʧʘʨʘʪʫʨʘ ʘʙʦʥʝʥʪʦʚ (ʨʠʩ. 1.1) ʧʨʝʜʩʪʘʚʣʝʥʘ ʫʟʣʘʤʠ (ʋ) ʠʣʠ, ʧʦ-

ʜʨʫʛʦʤʫ, ʢʦʥʝʯʥʳʤʠ ʫʟʣʘʤʠ ʩʝʪʝʡ, ʢʦʪʦʨʳʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʝ ʘʥʛʣʦʷʟʳʯʥʦʝ ʥʘʠʤʝʥʦʚʘʥʠʝ Host (ʭʦʩʪ). ʉʦʝʜʠʥʝʥʠʝ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʫʟʣʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʙʦʣʴʰʦʤ ʨʘʩʩʪʦʷʥʠʠ ʤʝʞʜʫ ʩʦʙʦʡ, 

ʦʙʳʯʥʦ ʧʨʦʠʟʚʦʜʠʪʩʷ ʯʝʨʝʟ ʪʨʘʥʟʠʪʥʳʝ (ʧʨʦʤʝʞʫʪʦʯʥʳʝ) ʩʝʪʝʚʳʝ ʵʣʝʤʝʥʪʳ 

(ʉʕ) ʠʣʠ ʧʫʥʢʪʳ ʩʚʷʟʠ.  
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ʉʕ1
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ʋ4

ʋ5
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ʈʠʩ.1.1. ʉʝʪʴ ʧʝʨʝʜʘʯʠ ʩʦʦʙʱʝʥʠʡ 

 

ʂʦʥʝʯʥʳʝ ʫʟʣʳ ʩʝʪʝʡ (ʩʝʨʚʝʨʳ, ʨʘʙʦʯʠʝ ʩʪʘʥʮʠʠ, ʧʝʨʩʦʥʘʣʴʥʳʝ 

ʢʦʤʧʴʶʪʝʨʳ, ʥʦʫʪʙʫʢʠ, ʧʣʘʥʰʝʪ,r ʩʤʘʨʪʬʦʥʳ, ʪʝʣʝʬʦʥʥʳʝ ʘʧʧʘʨʘʪʳ ʠ ʪ.ʜ.) 

ʩʦʟʜʘʶʪ ʠ ʧʨʠʥʠʤʘʶʪ ʧʝʨʝʜʘʚʘʝʤʳʝ ʩʦʦʙʱʝʥʠʷ, ʦʙʳʯʥʦ ʚ ʚʠʜʝ ʮʠʬʨʦʚʳʭ 

ʜʘʥʥʳʭ. ʂʦʥʝʯʥʳʝ ʫʟʣʳ ʚʩʝʭ ʚʠʜʦʚ ʫʩʣʦʚʥʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1.1 ʚ ʚʠʜʝ 

ʢʦʤʧʴʶʪʝʨʦʚ. ʉʝʪʝʚʳʝ ʵʣʝʤʝʥʪʳ ʥʘʧʨʘʚʣʷʶʪ ʧʝʨʝʜʘʚʘʝʤʳʝ ʩʦʦʙʱʝʥʠʷ ʧʦ 

ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʧʫʪʠ (ʤʘʨʰʨʫʪʫ) ʦʪ ʠʩʪʦʯʥʠʢʘ ʜʦ ʧʦʣʫʯʘʪʝʣʷ ʠ ʫʧʨʘʚʣʷʶʪ 

ʧʝʨʝʜʘʚʘʝʤʳʤ ʧʦʪʦʢʦʤ ʜʘʥʥʳʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʥʬʦʢʦʤʤʫʥʠʢʘʮʠʦʥʥʘʷ ʩʝʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʫʟʣʦʚ (ʋ) ʠ ʩʝʪʝʚʳʭ ʵʣʝʤʝʥʪʦʚ (ʉʕ), ʩʦʝʜʠʥʝʥʥʳʭ ʣʠʥʠʷʤʠ 

(ʢʘʥʘʣʘʤʠ) ʩʚʷʟʠ. ʇʨʠ ʵʪʦʤ ʩʝʪʝʚʳʝ ʵʣʝʤʝʥʪʳ ʧʨʦʠʟʚʦʜʷʪ ʧʝʨʝʢʣʶʯʝʥʠʝ 

(ʢʦʤʤʫʪʘʮʠʶ) ʧʦʩʪʫʧʠʚʰʝʛʦ ʩʦʦʙʱʝʥʠʷ ʩ ʚʭʦʜʥʦʛʦ ʧʦʨʪʘ (ʠʥʪʝʨʬʝʡʩʘ) ʥʘ 

ʚʳʭʦʜʥʦʡ. ʅʘʧʨʠʤʝʨ, ʚ ʩʝʪʠ ʨʠʩ. 1.1 ʧʨʠ ʧʝʨʝʜʘʯʝ ʩʦʦʙʱʝʥʠʷ ʦʪ ʢʦʥʝʯʥʦʛʦ 

ʫʟʣʘ ʋ1 ʫʟʣʫ ʋ6 ʩʝʪʝʚʦʡ ʵʣʝʤʝʥʪ ʉʕ1 ʧʨʦʠʟʚʦʜʠʪ ʢʦʤʤʫʪʘʮʠʶ ʩʦʦʙʱʝʥʠʷ ʩ 

ʚʭʦʜʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ɺ ʥʘ ʚʳʭʦʜʥʦʡ ʠʥʪʝʨʬʝʡʩ ʉ, ʩʝʪʝʚʦʡ ʵʣʝʤʝʥʪ ʉʕ3 ï ʩ 

ʚʭʦʜʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ɺ ʥʘ ʚʳʭʦʜʥʦʡ ɽ. ʇʨʠ ʵʪʦʤ ʬʦʨʤʠʨʫʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʡ 

ʢʘʥʘʣ (ʠʣʠ ʤʘʨʰʨʫʪ), ʧʦ ʢʦʪʦʨʦʤʫ ʧʝʨʝʜʘʝʪʩʷ ʩʦʦʙʱʝʥʠʝ. ʇʨʦʮʝʩʩ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʘʥʘʣʘ ʠ ʧʝʨʝʜʘʯʠ ʩʦʦʙʱʝʥʠʷ ʩ ʚʭʦʜʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʥʘ 

ʚʳʭʦʜʥʦʡ ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ ʢʦʤʤʫʪʘʮʠʷ. ɺ ʩʝʪʷʭ ʩ ʢʦʤʤʫʪʘʮʠʝʡ ʢʘʥʘʣʦʚ 
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ʩʬʦʨʤʠʨʦʚʘʥʥʳʡ ʢʘʥʘʣ ʧʝʨʝʜʘʝʪʩʷ ʘʙʦʥʝʥʪʘʤ (ʧʦʣʴʟʦʚʘʪʝʣʷʤ) ʥʘ 

ʦʧʨʝʜʝʣʝʥʥʦʝ ʚʨʝʤʷ ʠʣʠ ʚ ʧʦʩʪʦʷʥʥʦʝ ʧʦʣʴʟʦʚʘʥʠʝ.  

ɺ ʥʝʢʦʪʦʨʳʭ ʩʝʪʷʭ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʤʘʨʰʨʫʪʳ ʟʘʨʘʥʝʝ ʩʦʟʜʘʥʳ ʠ 

ʥʝʦʙʭʦʜʠʤʦ ʪʦʣʴʢʦ ʚʳʙʨʘʪʴ ʦʧʪʠʤʘʣʴʥʳʡ. ʇʨʦʮʝʩʩ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʤʘʨʰʨʫʪʘ ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ ʤʘʨʰʨʫʪʠʟʘʮʠʷ, ʘ ʫʩʪʨʦʡʩʪʚʦ ʝʝ ʨʝʘʣʠʟʫʶʱʝʝ 

ï ʤʘʨʰʨʫʪʠʟʘʪʦʨ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʩʝʪʝʚʳʝ ʵʣʝʤʝʥʪʳ ʤʦʛʫʪ 

ʚʳʧʦʣʥʷʪʴ ʬʫʥʢʮʠʠ ʢʦʤʤʫʪʘʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪ ʤʘʨʰʨʫʪ, ʠ (ʠʣʠ) 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʧʨʦʠʟʚʦʜʷʪ ʚʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʨʰʨʫʪʘ. 

ʉʦʚʦʢʫʧʥʦʩʪʴ ʧʝʨʝʜʘʚʘʝʤʳʭ ʩʦʦʙʱʝʥʠʡ, ʠʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʝʜʠʥʠʮ, ʦʙʲʝʜʠʥʝʥʥʳʭ ʦʙʱʠʤʠ ʧʨʠʟʥʘʢʘʤʠ, ʧʦʣʫʯʠʣʘ 

ʥʘʟʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʧʦʪʦʢ. 

ɺ ʩʚʷʟʠ ʩ ʙʦʣʴʰʠʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʚʠʜʦʚ ʧʝʨʝʜʘʚʘʝʤʳʭ ʩʦʦʙʱʝʥʠʡ ʠ 

ʩʠʛʥʘʣʦʚ, ʩʨʝʜʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʤʝʪʦʜʦʚ ʠ ʫʩʪʨʦʡʩʪʚ ʢʦʤʤʫʪʘʮʠʠ ʠʣʠ 

ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʩʠʛʥʘʣʦʚ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ʩʫʱʝʩʪʚʫʶʱʠʝ ʩʝʪʠ 

ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʩʦʛʣʘʩʥʦ ʪʨʝʙʦʚʘʥʠʷʤ ɽʜʠʥʦʡ ʩʝʪʠ ʵʣʝʢʪʨʦʩʚʷʟʠ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ɽʉʕ ʈʌ). ʈʘʟʥʦʦʙʨʘʟʥʳʝ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʝ 

ʧʨʠʟʥʘʢʠ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʘʨʘʤʝʪʨʳ ʦʙʫʩʣʦʚʠʣʠ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʠʜʦʚ 

(ʪʠʧʦʚ) ʩʝʪʝʡ, ʧʨʠʤʝʨʘʤʠ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʩʣʫʞʠʪʴ: 

- ʩʝʪʠ ʪʨʘʥʩʧʦʨʪʥʳʝ ʠ ʩʝʪʠ ʜʦʩʪʫʧʘ; 

- ʩʝʪʠ ʤʘʛʠʩʪʨʘʣʴʥʳʝ ʠ ʤʝʩʪʥʳʝ; 

- ʩʝʪʠ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʩʚʷʟʠ ʠʣʠ ʪʝʣʝʬʦʥʥʳʝ ʩʝʪʠ ʦʙʱʝʛʦ ʧʦʣʴʟʦʚʘʥʠʷ 

(ʊʬʆʇ), ʠ ʩʝʪʠ ʧʦʜʚʠʞʥʦʡ ʩʚʷʟʠ (ʩʦʪʦʚʳʝ, ʩʧʫʪʥʠʢʦʚʳʝ);  

- ʩʝʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ (ʢʦʤʧʴʶʪʝʨʥʳʝ, ʪʝʣʝʛʨʘʬʥʳʝ); 

- ʩʝʪʠ ʩ ʢʦʤʤʫʪʘʮʠʝʡ ʢʘʥʘʣʦʚ ʠ ʩʝʪʠ ʩ ʢʦʤʤʫʪʘʮʠʝʡ ʧʘʢʝʪʦʚ; 

- ʩʝʪʠ ʣʦʢʘʣʴʥʳʝ ʠ ʛʣʦʙʘʣʴʥʳʝ. 

ɺ ʥʘʩʪʦʷʱʝʤ ʢʫʨʩʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ, ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ, ʚʩʝ ʩʝʪʠ 

ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʩ ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʤʠ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʤʠ 

ʧʨʠʟʥʘʢʘʤʠ. ɿʘ ʦʩʥʦʚʫ ʧʨʠʥʷʪʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʩʝʪʝʡ ʩ ʢʦʤʤʫʪʘʮʠʝʡ 

ʢʘʥʘʣʦʚ ʠ ʢʦʤʤʫʪʘʮʠʝʡ ʧʘʢʝʪʦʚ. ɺ ʩʝʪʷʭ ʩ ʢʦʤʤʫʪʘʮʠʝʡ ʢʘʥʘʣʦʚ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʬʦʨʤʠʨʦʚʘʥʥʳʡ ʢʘʥʘʣ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʚ ʨʘʩʧʦʨʷʞʝʥʠʝ 

ʘʙʦʥʝʥʪʦʚ, ʦʙʤʝʥʠʚʘʶʱʠʭʩʷ ʩʦʦʙʱʝʥʠʷʤʠ. ʇʦʵʪʦʤʫ ʚ ʪʘʢʠʭ ʩʝʪʷʭ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʣʝʛʢʦ ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ ʪʨʝʙʦʚʘʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ 

ʧʝʨʝʜʘʯʠ ʩʦʦʙʱʝʥʠʡ, ʦʜʥʘʢʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʥʘʣʘ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʘʷ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʢʘʥʘʣʦʚ ʨʝʘʣʠʟʫʶʪ ʢʦʤʤʫʪʘʪʦʨʳ. 
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ɺ ʩʝʪʷʭ ʩ ʢʦʤʤʫʪʘʮʠʝʡ ʧʘʢʝʪʦʚ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʤʘʨʰʨʫʪʳ ʟʘʨʘʥʝʝ 

ʩʦʟʜʘʥʳ (ʩʢʦʤʤʫʪʠʨʦʚʘʥʳ) ʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʚʳʙʠʨʘʝʪ ʦʧʪʠʤʘʣʴʥʳʡ ʧʫʪʴ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʥʘʣʦʚ ʚ ʩʝʪʷʭ ʩ ʢʦʤʤʫʪʘʮʠʝʡ ʧʘʢʝʪʦʚ ʚʳʰʝ, 

ʯʝʤ ʚ ʩʝʪʷʭ ʩ ʢʦʤʤʫʪʘʮʠʝʡ ʢʘʥʘʣʦʚ. ʇʦʵʪʦʤʫ ʩʝʪʠ ʩ ʢʦʤʤʫʪʘʮʠʝʡ ʧʘʢʝʪʦʚ 

ʩʪʘʣʠ ʦʩʥʦʚʦʡ ʧʨʠ ʩʦʟʜʘʥʠʠ ʚʩʝʤʠʨʥʦʡ ʩʝʪʠ ʀʥʪʝʨʥʝʪ. 

ɺʩʝʤʠʨʥʘʷ ʩʝʪʴ ʀʥʪʝʨʥʝʪ ʦʙʨʘʟʦʚʘʥʘ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʩʝʪʝʡ ʦʧʝʨʘʪʦʨʦʚ 

ʠ ʧʨʦʚʘʡʜʝʨʦʚ (Internet Service Provider ï ISP) ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʠ ʤʦʙʠʣʴʥʦʡ 

ʩʚʷʟʠ (ʨʠʩ. 1.2). ʇʨʦʚʘʡʜʝʨʳ ISP ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʜʦʩʪʫʧ ʚ ʀʥʪʝʨʥʝʪ (ʠ 

ʩʚʷʟʘʥʥʳʝ ʩ ʵʪʠʤ ʩʝʪʝʚʳʝ ʫʩʣʫʛʠ) ʦʪʜʝʣʴʥʳʤ ʧʦʣʴʟʦʚʘʪʝʣʷʤ (ʘʙʦʥʝʥʪʘʤ), 

ʧʦʣʴʟʦʚʘʪʝʣʷʤ, ʦʙʲʝʜʠʥʝʥʥʳʤ ʚ ʣʦʢʘʣʴʥʳʝ ʩʝʪʠ, ʘ ʪʘʢʞʝ ʩʝʪʷʤ ʧʨʝʜʧʨʠʷʪʠʡ.  

ʌʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʀʥʪʝʨʥʝʪʘ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʪʝʭʥʦʣʦʛʠʷʭ ʩʝʪʝʡ ʩ 

ʢʦʤʤʫʪʘʮʠʝʡ ʧʘʢʝʪʦʚ, ʦʩʥʦʚʫ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ ʥʘʙʦʨ (ʩʪʝʢ) ʧʨʦʪʦʢʦʣʦʚ 

TCP/IP (Transmission Control Protocol/Internet Protocol ï ʇʨʦʪʦʢʦʣ 

ʫʧʨʘʚʣʝʥʠʷ ʧʝʨʝʜʘʯʝʡ/ʄʝʞʩʝʪʝʚʦʡ ʧʨʦʪʦʢʦʣ). ʂʘʞʜʳʡ ʧʨʦʪʦʢʦʣ ʩʪʝʢʘ 

TCP/IP ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʨʘʚʠʣ, ʧʦʟʚʦʣʷʶʱʠʭ ʘʙʦʥʝʥʪʘʤ 

ʩʦʚʤʝʩʪʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʝʪʝʚʳʝ ʨʝʩʫʨʩʳ. 

ʃʦʢʘʣɹʥʘ̫ ʩʝʪɹʃʦʢʘʣɹʥʘ̫ ʩʝʪɹ

ʇʦʣɹʟʦʚʘʪʝʣʠ

 

ʆʧʝʨʘʪʦʨ 

ʬʠʢʩʠʨʦʚʘʥʥʦʡ 

ʩʚ̫ʟʠ 

ʇʨʦʚʘʡʜʝʨ 

 

ʇʨʦʚʘʡʜʝʨ 

ʉʝʪɹ ʜʦʩʪʫʧʘ

ʇʦʣɹʟʦʚʘʪʝʣʠ

 

ʆʧʝʨʘʪʦʨ 

ʤʦʙʠʣɹʥʦʡ 

ʩʚ̫ʟʠ 

 
 

ʈʠʩ.1.2. ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʩʝʪʠ ʀʥʪʝʨʥʝʪ 
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ʂʘʢ ʧʨʘʚʠʣʦ, ʩʝʪʝʚʳʝ ʨʝʩʫʨʩʳ ʠ ʫʩʣʫʛʠ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʥʘ ʚʳʜʝʣʝʥʥʳʭ 

ʩʝʨʚʝʨʘʭ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʦʤʧʴʶʪʝʨʳ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 

ʩʝʨʚʝʨʥʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ, ʥʘʧʨʠʤʝʨ, ʚʝʙ-ʩʝʨʚʝʨ.r ʅʘ 

ʢʦʤʧʴʶʪʝʨʘʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩʝʪʝʚʳʭ ʫʩʣʫʛ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʢʣʠʝʥʪʩʢʦʝ 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʥʘʧʨʠʤʝʨ, ʚʝʙ-ʙʨʘʫʟʝʨ.r ɼʣʷ ʧʦʣʫʯʝʥʠʷ 

ʪʨʝʙʫʝʤʳʭ ʫʩʣʫʛ ʢʣʠʝʥʪʳ ʦʙʨʘʱʘʶʪʩʷ ʢ ʩʝʨʚʝʨʘʤ. 

 

 

 

1.2. ʃʦʢʘʣʴʥʳʝ ʠ ʛʣʦʙʘʣʴʥʳʝ ʩʝʪʠ 

 

ʃʦʢʘʣʴʥʳʝ ʩʝʪʠ (Local Area Network ï LAN ) ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʚ 

ʧʨʝʜʝʣʘʭ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ (ʚ ʧʨʝʜʝʣʘʭ ʢʦʤʥʘʪʳ, 

ʵʪʘʞʘ, ʟʜʘʥʠʷ ʠʣʠ ʛʨʫʧʧʳ ʙʣʠʟʢʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʟʜʘʥʠʡ). ʉʦʚʦʢʫʧʥʦʩʪʴ 

ʥʝʩʢʦʣʴʢʠʭ ʣʦʢʘʣʴʥʳʭ ʩʝʪʝʡ, ʦʙʲʝʜʠʥʝʥʥʳʭ ʣʠʥʠʷʤʠ ʩʚʷʟʠ, ʥʘʟʳʚʘʶʪ 

ʩʦʩʪʘʚʥʦʡ, ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʠʣʠ ʛʣʦʙʘʣʴʥʦʡ ʩʝʪʴʶ (Wide Area Network ï 

WAN). ɻʣʦʙʘʣʴʥʳʝ ʩʝʪʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʚʷʟʴ ʤʝʞʜʫ ʜʘʣʝʢʦ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ 

ʣʦʢʘʣʴʥʳʤʠ ʩʝʪʷʤʠ, ʫʜʘʣʝʥʥʳʤʠ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ (ʨʠʩ. 1.3). ʉʝʪʠ WAN 

ʜʦʣʞʥʳ ʧʝʨʝʥʦʩʠʪʴ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʪʨʘʬʠʢʘ (ʛʦʣʦʩ, ʚʠʜʝʦ, ʜʘʥʥʳʝ) ʩ 

ʪʨʝʙʫʝʤʳʤ ʢʘʯʝʩʪʚʦʤ ʦʙʩʣʫʞʠʚʘʥʠʷ. ʉʝʪʠ WAN ʩʪʨʦʷʪ ʥʘ ʦʩʥʦʚʝ ʨʘʟʣʠʯʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʢʦʤʤʫʪʘʮʠʝʡ ʢʘʥʘʣʦʚ ʠ ʩ ʢʦʤʤʫʪʘʮʠʝʡ ʧʘʢʝʪʦʚ. 

 

RB

RDRA

RC

SwB

SwA

ʃʦʢʘʣɹʥʘ̫ ʩʝʪɹ ɸ

ʃʦʢʘʣɹʥʘ̫ ʩʝʪɹ ɺ
ɻʣʦʙʘʣɹʥʘ̫ ʩʝʪɹ ʉ

ʋB1

ʋɸn

ʋBmʋɸ1

 
 

ʈʠʩ. 1.3. ʃʦʢʘʣʴʥʳʝ ʠ ʛʣʦʙʘʣʴʥʳʝ ʩʝʪʠ 
 

ʃʶʙʳʝ ʩʝʪʠ (ʣʦʢʘʣʴʥʳʝ, ʛʣʦʙʘʣʴʥʳʝ) ʚʢʣʶʯʘʶʪ ʪʨʠ ʩʦʩʪʘʚʣʷʶʱʠʭ: 

ʫʩʪʨʦʡʩʪʚʘ, ʩʨʝʜʘ ʧʝʨʝʜʘʯʠ, ʫʩʣʫʛʠ (ʩʝʨʚʠʩʳ). ʂʦʥʝʯʥʳʝ ʫʟʣʳ ʥʘ ʨʠʩ. 1.3 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʦʤʧʴʶʪʝʨʘʤʠ (ʋɸ1, ʋɸn, ʋɺ1, ʋɺm), ʧʨʦʤʝʞʫʪʦʯʥʳʝ 
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ʩʝʪʝʚʳʝ ʫʩʪʨʦʡʩʪʚʘ ï ʢʦʤʤʫʪʘʪʦʨʘʤʠ (Switch ï SwA, SwB) ʠ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤʠ (Router ï RA, RB, RC, RD). 

ɺ ʢʘʯʝʩʪʚʝ ʩʨʝʜʳ ʚ ʩʝʪʷʭ ʧʝʨʝʜʘʯʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʤʝʜʥʳʝ ʠ 

ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʝ ʢʘʙʝʣʠ, ʘ ʪʘʢʞʝ ʨʘʜʠʦʢʘʥʘʣʳ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʨʝʜʳ. 

ʇʨʠ ʚʳʙʦʨʝ ʩʨʝʜʳ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʩʢʦʨʦʩʪʴ ʠ 

ʨʘʩʩʪʦʷʥʠʝ, ʥʘ ʢʦʪʦʨʦʝ ʪʨʝʙʫʝʪʩʷ ʧʝʨʝʜʘʚʘʪʴ ʩʠʛʥʘʣʳ, ʘ ʪʘʢʞʝ ʫʩʣʦʚʠʷ 

ʵʢʩʧʣʫʘʪʘʮʠʠ (ʛʦʨʦʜ, ʩʝʣʴʩʢʘʷ ʤʝʩʪʥʦʩʪʴ, ʛʦʨʳ, ʙʦʣʦʪʘ ʠ ʪ.ʜ.). 

ʆʧʨʝʜʝʣʷʶʱʫʶ ʨʦʣʴ ʯʘʩʪʦ ʠʛʨʘʝʪ ʩʪʦʠʤʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʨʦʢʣʘʜʢʠ 

ʢʘʙʝʣʝʡ, ʩʪʦʠʤʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʂʦʥʝʯʥʳʝ ʫʟʣʳ ʩʝʪʝʡ ʩʦʟʜʘʶʪ ʠ ʧʨʠʥʠʤʘʶʪ ʧʝʨʝʜʘʚʘʝʤʳʝ ʧʦ ʩʝʪʠ 

ʩʦʦʙʱʝʥʠʷ (ʢʦʤʧʴʶʪʝʨʳ, ʚʠʜʝʦʢʘʤʝʨʳ, ʩʝʪʝʚʳʝ ʧʨʠʥʪʝʨʳ, ʘʧʧʘʨʘʪʳ IP-

ʪʝʣʝʬʦʥʠʠ ʠ ʪ.ʜ.). ʂʦʥʝʯʥʳʝ ʫʟʣʳ ʚʩʝʭ ʚʠʜʦʚ ʫʩʣʦʚʥʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩ.1.3 ʚ ʚʠʜʝ ʢʦʤʧʴʶʪʝʨʦʚ. ʏʪʦʙʳ ʧʝʨʝʜʘʯʘ ʩʦʦʙʱʝʥʠʡ ʙʳʣʘ ʘʜʨʝʩʥʦʡ, ʚʩʝʤ 

ʫʟʣʘʤ ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʠʩʚʦʝʥʳ ʘʜʨʝʩʘ. 

ʇʨʦʤʝʞʫʪʦʯʥʳʝ ʩʝʪʝʚʳʝ ʫʩʪʨʦʡʩʪʚʘ (ʤʘʨʰʨʫʪʠʟʘʪʦʨʳ, ʢʦʤʤʫʪʘʪʦʨʳ) 

ʩʘʤʠ ʥʝ ʩʦʟʜʘʶʪ ʠ ʥʝ ʠʟʤʝʥʷʶʪ ʧʝʨʝʜʘʚʘʝʤʳʝ ʩʦʦʙʱʝʥʠʷ, ʥʦ ʚʳʙʠʨʘʶʪ 

ʥʘʠʣʫʯʰʠʡ ʧʫʪʴ ʦʪ ʠʩʪʦʯʥʠʢʘ ʜʦ ʘʜʨʝʩʘʪʘ ʥʘʟʥʘʯʝʥʠʷ ʠ ʫʧʨʘʚʣʷʶʪ 

ʧʝʨʝʜʘʚʘʝʤʳʤʠ ʧʦʪʦʢʘʤʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʪʨʝʙʫʝʤʳʡ ʫʨʦʚʝʥʴ ʢʘʯʝʩʪʚʘ ʠ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʝʨʝʜʘʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʬʠʣʴʪʨʫʷ ʧʦʪʦʢʠ ʜʘʥʥʳʭ. ʇʨʠ 

ʚʳʭʦʜʝ ʠʟ ʩʪʨʦʷ ʦʩʥʦʚʥʦʛʦ ʧʫʪʠ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʧʝʨʝʥʘʧʨʘʚʣʷʶʪ 

ʩʦʦʙʱʝʥʠʷ ʧʦ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤ ʤʘʨʰʨʫʪʘʤ.   

ʃʦʢʘʣʴʥʳʝ ʩʝʪʠ LAN, ʬʫʥʢʮʠʦʥʠʨʫʷ ʥʘ ʦʛʨʘʥʠʯʝʥʥʦʤ ʛʝʦʛʨʘʬʠʯʝʩʢʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʨʠ ʦʛʨʘʥʠʯʝʥʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʩʦʦʙʱʝʥʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʣʦʙʘʣʴʥʳʤʠ 

ʩʝʪʷʤʠ WAN. ʋʧʨʘʚʣʝʥʠʝ ʣʦʢʘʣʴʥʳʤʠ ʩʝʪʷʤʠ ʦʙʳʯʥʦ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʜʥʦʡ 

ʦʨʛʘʥʠʟʘʮʠʝʡ (ʘʜʤʠʥʠʩʪʨʘʪʦʨʦʤ), ʯʪʦ ʧʦʚʳʰʘʝʪ ʢʘʯʝʩʪʚʦ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʧʝʨʝʜʘʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ.  

ɸʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʝ ʛʣʦʙʘʣʴʥʳʭ ʩʝʪʝʡ, ʨʘʟʥʝʩʝʥʥʳʭ ʥʘ ʙʦʣʴʰʠʝ 

ʨʘʩʩʪʦʷʥʠʷ, ʨʝʘʣʠʟʫʶʪ ʨʘʟʥʳʝ ʧʨʦʚʘʡʜʝʨʳ ISP. ʇʨʠʯʝʤ, ʜʣʷ ʨʘʟʥʳʭ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ, ʧʝʨʝʜʘʚʘʝʤʳʭ ʧʦ ʛʣʦʙʘʣʴʥʳʤ ʩʝʪʷʤ, 

ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʨʘʟʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʩʢʦʨʦʩʪʠ, ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ.  
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ʅʘ ʨʠʩ. 1.4 ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʣʦʢʘʣʴʥʳʭ ʠ ʛʣʦʙʘʣʴʥʳʭ 

ʩʝʪʝʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ɺ ʣʦʢʘʣʴʥʳʭ ʩʝʪʷʭ ʠʩʧʦʣʴʟʫʶʪʩʷ Ethernet-

ʩʦʚʤʝʩʪʠʤʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʩʢʦʨʦʩʪʴʶ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. 

ɺ ʩʝʪʷʭ ʩ ʢʦʤʤʫʪʘʮʠʝʡ ʧʘʢʝʪʦʚ (ʨʠʩ. 1.4) ʦʩʥʦʚʥʦʡ ʷʚʣʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ 

ʀʥʪʝʨʥʝʪ ʧʨʦʪʦʢʦʣʘ (Internet  Protocol ï IP), ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪ 

ʜʝʡʪʘʛʨʘʤʤʥʳʡ ʤʝʪʦʜ ʧʝʨʝʜʘʯʠ ʩʦʦʙʱʝʥʠʡ. ʉʦʚʤʝʩʪʠʤʳʤʠ ʩ IP-ʩʝʪʷʤʠ 

ʷʚʣʷʶʪʩʷ ʩʝʪʠ ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʦʩʥʦʚʝ ʧʨʦʪʦʢʦʣʘ ʢʦʤʤʫʪʘʮʠʠ ʧʦ ʤʝʪʢʘʤ (Multi  

Protocol Label Switching ï MPLS). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ MPLS ʷʚʣʷʝʪʩʷ 

ʦʩʥʦʚʥʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʩʝʪʝʡ ʩ ʧʘʢʝʪʥʦʡ ʢʦʤʤʫʪʘʮʠʝʡ.  

 

ʊʝʭʥʦʣʦʛʠʠ ʩʝʪʝʡ 
ʧʝʨʝʜʘʯʠ ʜʘʥʥrʭ

ʃʦʢʘʣɹʥrʝ ɻʣʦʙʘʣɹʥrʝ

Fast 

Ethernet

Gigabit 

Ethernet

ʉ ʢʦʤʤʫʪʘʮʠʝʡ 
ʧʘʢʝʪʦʚ

ʉ ʢʦʤʤʫʪʘʮʠʝʡ 
ʢʘʥʘʣʦʚ

ɺr ʜʝʣʝʥʥrʝ 

ʣʠʥʠʠ

IP

MPLS
FR

ATM

PDH, SDH,

WDM, OTN

10 Gigabit 

Ethernet

100 Gigabit 

Ethernet

 
 

ʈʠʩ. 1.4. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʪʝʭʥʦʣʦʛʠʡ ʩʝʪʝʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 
 

ɻʣʦʙʘʣʴʥʳʝ ʩʝʪʠ ʩ ʢʦʤʤʫʪʘʮʠʝʡ ʢʘʥʘʣʦʚ (ʨʠʩ. 1.4) ʠʩʧʦʣʴʟʫʶʪ 

ʪʝʭʥʦʣʦʛʠʠ ʧʣʝʟʠʦʭʨʦʥʥʦʡ ʮʠʬʨʦʚʦʡ ʠʝʨʘʨʭʠʠ (Plesiochronous Digital 

Hierarchy ï PDH), ʩʠʥʭʨʦʥʥʦʡ ʮʠʬʨʦʚʦʡ ʠʝʨʘʨʭʠʠ (Synchronous Digital 

Hierarchy ï SDH), ʘ ʪʘʢʞʝ ʪʝʭʥʦʣʦʛʠʠ ʦʧʪʠʯʝʩʢʠʭ ʣʠʥʠʡ ʩʚʷʟʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʫʧʣʦʪʥʝʥʠʷ ʧʦ ʜʣʠʥʝ ʚʦʣʥʳ (Wave-length Division Multiplexing ï WDM ). ʀʭ 

ʦʙʲʝʜʠʥʷʶʪ ʪʝʭʥʦʣʦʛʠʠ ʦʧʪʠʯʝʩʢʠʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʝʪʝʡ ï ʆʊʉ (Optical 

Transport Network ï OTN). ʉʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʦ ʩʝʪʷʤ ʪʝʭʥʦʣʦʛʠʠ 

PDH ʩʦʩʪʘʚʣʷʝʪ ʦʪ 2 ʄʙʠʪ/ʩ ʜʦ 139 ʄʙʠʪ/ʩ; ʪʝʭʥʦʣʦʛʠʠ SDH ï ʦʪ 155 ʄʙʠʪ/ʩ 

ʜʦ 40 ɻʙʠʪ/ʩ. ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʜʦʩʪʠʛʥʫʪʦ 

ʚ ʩʠʩʪʝʤʘʭ ʩʦ ʩʧʝʢʪʨʘʣʴʥʳʤ ʫʧʣʦʪʥʝʥʠʝʤ ʧʦ ʜʣʠʥʝ ʚʦʣʥʳ (ʪʝʭʥʦʣʦʛʠʠ 

CWDM, DWDM) ʥʘ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʢʘʙʝʣʷʭ.  
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1.3. ʆʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʝʪʷʤ 

 

ʇʝʨʝʜʘʚʘʝʤʳʝ ʧʦ ʩʝʪʷʤ ʩʦʦʙʱʝʥʠʷ (ʜʠʩʢʨʝʪʥʳʝ ʜʘʥʥʳʝ, ʘʫʜʠʦ- ʠ 

ʚʠʜʝʦʠʥʬʦʨʤʘʮʠʷ) ʨʘʟʣʠʯʥʳ ʧʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ, ʧʦʵʪʦʤʫ ʨʘʟʣʠʯʥʳ ʠ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʝʪʷʤ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ. ʊʨʘʜʠʮʠʦʥʥʦ ʜʣʷ ʧʝʨʝʜʘʯʠ 

ʪʝʣʝʬʦʥʥʳʭ ʩʦʦʙʱʝʥʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʝʪʠ ʩ ʢʦʤʤʫʪʘʮʠʝʡ ʢʘʥʘʣʦʚ, ʛʜʝ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʩʦʝʜʠʥʝʥʠʝ ʤʝʞʜʫ ʘʙʦʥʝʥʪʘʤʠ (ʩʦʟʜʘʝʪʩʷ 

ʢʘʥʘʣ ʩʚʷʟʠ), ʟʘʪʝʤ ʧʦ ʩʦʟʜʘʥʥʦʤʫ ʢʘʥʘʣʫ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʙʤʝʥ ʩʦʦʙʱʝʥʠʷʤʠ. 

ɺ ʮʠʬʨʦʚʳʭ ʪʝʣʝʬʦʥʥʳʭ ʩʝʪʷʭ ʧʨʠ ʧʝʨʝʜʘʯʝ ʘʫʜʠʦ-ʩʠʛʥʘʣʦʚ ʪʨʘʬʠʢ 

ʨʘʚʥʦʤʝʨʥʳʡ (ʧʦʪʦʢʦʚʳʡ), ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.5ʘ. ʇʨʠ ʧʝʨʝʜʘʯʝ 

ʧʦʪʦʢʦʚʦʛʦ ʪʨʘʬʠʢʘ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʪʨʝʙʦʚʘʥʠʷ ʤʠʥʠʤʠʟʘʮʠʠ ʟʘʜʝʨʞʢʠ ʠ 

ʚʘʨʠʘʮʠʠ ʟʘʜʝʨʞʝʢ (ʜʞʠʪʪʝʨʘ), ʯʪʦʙʳ ʥʝ ʚʣʠʷʪʴ ʥʘ ʢʘʯʝʩʪʚʦ ʧʝʨʝʜʘʚʘʝʤʦʡ 

ʠʥʬʦʨʤʘʮʠʠ. ʇʦʪʝʨʷ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦʪʦʢʘ ʥʝ ʢʨʠʪʠʯʥʘ. 

ʇʦʩʢʦʣʴʢʫ ʢʘʥʘʣ ʩʚʷʟʠ ʧʦʣʥʦʩʪʴʶ ʚʳʜʝʣʷʝʪʩʷ ʧʘʨʝ ʘʙʦʥʝʥʪʦʚ, ʪʦ ʜʣʷ 

ʥʝʛʦ ʤʦʞʥʦ ʟʘʜʘʪʴ ʧʘʨʘʤʝʪʨʳ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʦʙʝʩʧʝʯʠʚ ʪʨʝʙʫʝʤʳʝ 

ʟʥʘʯʝʥʠʷ ʟʘʜʝʨʞʢʠ ʠ ʚʘʨʠʘʮʠʠ ʟʘʜʝʨʞʝʢ ï ʜʞʠʪʪʝʨʘ. ʂʦʛʜʘ ʚʩʝ ʜʦʩʪʫʧʥʳʝ 

ʢʘʥʘʣʳ ʟʘʥʷʪʳ, ʥʦʚʦʤʫ ʟʘʧʨʦʩʫ ʥʘ ʩʦʝʜʠʥʝʥʠʝ ʦʪʢʘʟʳʚʘʶʪ ʚ ʦʙʩʣʫʞʠʚʘʥʠʠ. 

ɺʳʜʝʣʝʥʥʳʡ ʚ ʨʘʩʧʦʨʷʞʝʥʠʝ ʧʘʨʳ ʘʙʦʥʝʥʪʦʚ ʩʢʦʤʤʫʪʠʨʦʚʘʥʥʳʡ ʢʘʥʘʣ 

ʩʚʷʟʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝ ʵʬʬʝʢʪʠʚʥʦ. ʂʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʥʘʣʘ 

ʦʙʳʯʥʦ ʦʮʝʥʠʚʘʶʪ ʟʥʘʯʝʥʠʝʤ 0,25.  
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ʈʠʩ. 1.5. ʈʘʚʥʦʤʝʨʥʳʡ (ʘ) ʠ ʥʝʨʘʚʥʦʤʝʨʥʳʡ (ʙ) ʧʦʪʦʢʠ ʜʘʥʥʳʭ 
 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʝʪʝʡ ʩ ʢʦʤʤʫʪʘʮʠʝʡ ʢʘʥʘʣʦʚ ʩʝʪʠ ʩ ʢʦʤʤʫʪʘʮʠʝʡ ʧʘʢʝʪʦʚ 

ʤʦʛʫʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʚʦʠ ʨʝʩʫʨʩʳ. ʉʝʪʠ ʩ ʢʦʤʤʫʪʘʮʠʝʡ 

ʩʦʦʙʱʝʥʠʡ ʠʣʠ ʧʘʢʝʪʦʚ (ʢʦʤʧʴʶʪʝʨʥʳʝ ʩʝʪʠ) ʠʟʥʘʯʘʣʴʥʦ ʩʦʟʜʘʚʘʣʠʩʴ ʜʣʷ 
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ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʧʦʵʪʦʤʫ ʟʥʘʯʝʥʠʷ ʟʘʜʝʨʞʢʠ ʠ ʜʞʠʪʪʝʨ ʥʝ ʠʛʨʘʣʠ 

ʩʫʱʝʩʪʚʝʥʥʦʡ ʨʦʣʠ. ʇʨʠ ʧʝʨʝʜʘʯʝ ʢʦʤʧʴʶʪʝʨʥʳʭ ʜʘʥʥʳʭ ʪʨʘʬʠʢ (ʨʠʩ. 1.5ʙ) 

ʷʚʣʷʝʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʳʤ (ʧʫʣʴʩʠʨʫʶʱʠʤ ʠʣʠ ɻ ʣʘʩʪʠʯʥʳʤ). 

ʇʝʨʝʜʘʚʘʝʤʳʝ ʜʘʥʥʳʝ ʩʣʘʙʦ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʟʘʜʝʨʞʢʘʤ ʠ ʜʞʠʪʪʝʨʫ, ʦʜʥʘʢʦ 

ʦʯʝʥʴ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʧʦʪʝʨʷʤ ʠ ʠʩʢʘʞʝʥʠʷʤ ʧʘʢʝʪʦʚ. ʇʦʵʪʦʤʫ ʥʘʨʷʜʫ ʩʦ 

ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʴʶ ʪʨʘʬʠʢʘ ʠ ʝʛʦ ʧʫʣʴʩʘʮʠʝʡ, ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ 

ʥʘʜʝʞʥʦʩʪʴ ʧʨʠʝʤʘ ʧʝʨʝʜʘʚʘʝʤʳʭ ʧʘʢʝʪʦʚ. 

ʀʟ ʨʠʩ. 1.5ʙ ʚʠʜʥʦ, ʯʪʦ ʥʘ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ ʊ2 ʢʘʥʘʣ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʧʘʨʦʡ ʘʙʦʥʝʥʪʦʚ (ʠʩʪʦʯʥʠʢʦʤ ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ ʠ ʘʜʨʝʩʘʪʦʤ ï 

ʧʦʣʫʯʘʪʝʣʝʤ). ʇʦʵʪʦʤʫ ʥʘ ʵʪʦʤ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ ʤʦʞʥʦ ʧʝʨʝʜʘʚʘʪʴ 

ʠʥʬʦʨʤʘʮʠʶ ʜʨʫʛʠʭ ʘʙʦʥʝʥʪʦʚ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʝʪʠ ʩ 

ʧʘʢʝʪʥʦʡ ʢʦʤʤʫʪʘʮʠʝʡ.  

ɺ ʩʦʟʜʘʚʘʝʤʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʝʪʷʭ ʩʣʝʜʫʶʱʝʛʦ ʧʦʢʦʣʝʥʠʷ (Next 

Generation Network - NGN) ʠʩʧʦʣʴʟʫʶʪ ʢʦʤʤʫʪʘʮʠʶ ʧʘʢʝʪʦʚ ʜʣʷ ʧʝʨʝʜʘʯʠ 

ʚʩʝʭ ʚʠʜʦʚ ʪʨʘʬʠʢʘ: ʘʫʜʠʦ-ʩʠʛʥʘʣʦʚ (IP-ʪʝʣʝʬʦʥʠʷ), ʚʠʜʝʦʠʥʬʦʨʤʘʮʠʠ, 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʜʘʥʥʳʭ. ʇʦʜʦʙʥʳʝ ʩʝʪʠ ʪʘʢʞʝ ʥʘʟʳʚʘʶʪ ʤʫʣʴʪʠʩʝʨʚʠʩʥʳʤʠ 

ʚ ʦʪʣʠʯʠʝ ʦʪ ʨʘʥʝʝ ʩʫʱʝʩʪʚʦʚʘʚʰʠʭ ʤʦʥʦʩʝʨʚʠʩʥʳʭ ʩʝʪʝʡ. ʇʦʩʢʦʣʴʢʫ ʚ ʩʝʪʠ 

NGN ʧʝʨʝʜʘʝʪʩʷ ʪʨʘʬʠʢ ʨʘʟʣʠʯʥʦʛʦ ʚʠʜʘ, ʪʦ ʠ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʘʯʝʩʪʚʫ 

ʦʙʩʣʫʞʠʚʘʥʠʷ (Quality of Service ï QoS) ʨʘʟʥʳʭ ʚʠʜʦʚ ʧʝʨʝʜʘʚʘʝʤʦʛʦ 

ʪʨʘʬʠʢʘ ʙʫʜʫʪ ʨʘʟʣʠʯʥʳ. ʂʘʯʝʩʪʚʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʩʝʪʝʚʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʢʘʯʝʩʪʚʘ ʦʧʨʝʜʝʣʝʥʳ ʈʝʢʦʤʝʥʜʘʮʠʝʡ ʄʉʕ-ʊ Y.1541.  

ʇʨʠ ʧʝʨʝʜʘʯʝ ʧʦʪʦʢʦʚʦʛʦ ʪʨʘʬʠʢʘ ʘʫʜʠʦ- ʠ ʚʠʜʝʦʠʥʬʦʨʤʘʮʠʠ ʛʣʘʚʥʳʤ 

ʪʨʝʙʦʚʘʥʠʝʤ ʷʚʣʷʝʪʩʷ ʤʠʥʠʤʠʟʘʮʠʷ ʟʘʜʝʨʞʢʠ ʠ ʜʞʠʪʪʝʨʘ. ʇʦʵʪʦʤʫ ʪʘʢʠʝ 

ʩʦʦʙʱʝʥʠʷ ʜʦʣʞʥʳ ʧʝʨʝʜʘʚʘʪʴʩʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ. ʇʨʠ ʧʝʨʝʜʘʯʝ 

ʵʣʘʩʪʠʯʥʦʛʦ ʪʨʘʬʠʢʘ ʛʣʘʚʥʳʤ ʪʨʝʙʦʚʘʥʠʝʤ ʷʚʣʷʝʪʩʷ ʥʘʜʝʞʥʦʩʪʴ ʧʝʨʝʜʘʯʠ 

ʩʦʦʙʱʝʥʠʡ. ʇʨʠ ʧʦʪʝʨʝ ʦʪʜʝʣʴʥʳʭ ʧʘʢʝʪʦʚ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʩʦʦʙʱʝʥʠʷ ʦʥʠ 

ʜʦʣʞʥʳ ʙʳʪʴ ʧʝʨʝʜʘʥʳ ʧʦʚʪʦʨʥʦ, ʥʘ ʯʪʦ ʪʨʘʪʠʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʚʨʝʤʷ. 

ʂʦ ʚʩʝʤ ʩʝʪʷʤ, ʠ ʦʩʦʙʝʥʥʦ ʢ ʤʫʣʴʪʠʩʝʨʚʠʩʥʳʤ, ʧʨʝʜʲʷʚʣʷʝʪʩʷ ʨʷʜ 

ʪʨʝʙʦʚʘʥʠʡ: ʥʘʜʝʞʥʦʩʪʴ, ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ, ʢʘʯʝʩʪʚʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, 

ʙʝʟʦʧʘʩʥʦʩʪʴ. 

ʅʘʜʝʞʥʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʨʝʟʝʨʚʠʨʦʚʘʥʠʝʤ ʫʩʪʨʦʡʩʪʚ ʠ ʩʦʝʜʠʥʝʥʠʡ. 

ʇʨʠ ʚʳʭʦʜʝ ʠʟ ʩʪʨʦʷ ʢʘʢʦʛʦ-ʣʠʙʦ ʫʩʪʨʦʡʩʪʚʘ ʠʣʠ ʩʦʝʜʠʥʝʥʠʷ ʚ ʩʝʪʠ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʝʨʝʢʣʶʯʝʥʠʝ ʥʘ ʨʝʟʝʨʚʥʳʡ ʢʘʥʘʣ, ʯʪʦʙʳ ʧʦʣʴʟʦʚʘʪʝʣʴ 
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ʧʨʦʜʦʣʞʘʣ ʧʦʣʫʯʘʪʴ ʟʘʪʨʝʙʦʚʘʥʥʫʶ ʫʩʣʫʛʫ. ʊʦ ʝʩʪʴ, ʩʝʪʠ ʜʦʣʞʥʳ ʙʳʪʴ 

ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʳ ʠ ʚʩʝʛʜʘ ʜʦʩʪʫʧʥʳ ʜʣʷ ʘʚʪʦʨʠʟʦʚʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ.  

ʄʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʰʠʨʝʥʠʷ ʩʝʪʠ ʙʝʟ 

ʩʥʠʞʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʠ ʫʭʫʜʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʫʩʣʫʛ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʝʪʠ. 

ʊʨʝʙʦʚʘʥʠʷ ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ (QoS) ʜʣʷ ʨʘʟʥʳʭ ʚʠʜʦʚ 

ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʪʨʘʬʠʢʘ ʨʘʟʣʠʯʥʳ. ʆʥʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʚʷʟʘʥʳ ʩʦ ʩʢʦʨʦʩʪʴʶ, 

ʟʘʜʝʨʞʢʘʤʠ ʠ ʥʘʜʝʞʥʦʩʪʴʶ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ʂʦʛʜʘ ʪʨʝʙʫʝʤʘʷ ʩʢʦʨʦʩʪʴ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʨʝʚʳʰʘʝʪ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʢʘʥʘʣʘ, ʪʦ ʚ ʩʝʪʠ 

ʚʦʟʥʠʢʘʝʪ ʧʝʨʝʛʨʫʟʢʘ (ʟʘʪʦʨ), ʧʨʠ ʵʪʦʤ ʚʦʟʥʠʢʘʝʪ ʦʯʝʨʝʜʴ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ. 

ʇʦʵʪʦʤʫ ʚ ʩʝʪʷʭ ʬʦʨʤʠʨʫʝʪʩʷ ʩʠʩʪʝʤʘ ʧʨʠʦʨʠʪʝʪʦʚ ʧʝʨʝʜʘʯʠ ʨʘʟʥʳʭ ʚʠʜʦʚ 

ʩʦʦʙʱʝʥʠʡ. ʇʨʠʦʨʠʪʝʪ ʧʝʨʝʜʘʯʠ ʘʫʜʠʦ- ʠ ʚʠʜʝʦʠʥʬʦʨʤʘʮʠʠ, ʚʳʰʝ 

ʧʨʠʦʨʠʪʝʪʘ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ (ʵʣʝʢʪʨʦʥʥʘʷ ʧʦʯʪʘ, ʧʝʨʝʩʳʣʢʘ ʬʘʡʣʦʚ). 

ɺ ʩʝʪʠ ʀʥʪʝʨʥʝʪ, ʚ ʢʦʨʧʦʨʘʪʠʚʥʳʭ, ʛʣʦʙʘʣʴʥʳʭ ʠ ʣʦʢʘʣʴʥʳʭ ʩʝʪʷʭ, ʧʦ 

ʢʦʪʦʨʳʤ ʧʝʨʝʜʘʶʪʩʷ ʧʘʢʝʪʳ ʮʠʬʨʦʚʳʭ ʜʘʥʥʳʭ, ʘʫʜʠʦ- ʠ ʚʠʜʝʦʠʥʬʦʨʤʘʮʠʠ, 

ʚʘʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ. ʇʦʩʢʦʣʴʢʫ ʩʝʪʴ 

ʀʥʪʝʨʥʝʪ ʷʚʣʷʝʪʩʷ ʦʙʱʝʜʦʩʪʫʧʥʦʡ, ʪʦ ʝʡ ʤʦʛʫʪ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʟʣʦʫʤʳʰʣʝʥʥʠʢʠ (ʭʘʢʝʨʳ) ʜʣʷ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚʦ ʚʥʫʪʨʝʥʥʠʝ ʩʝʪʠ 

ʧʨʝʜʧʨʠʷʪʠʡ, ʥʘ ʩʝʨʚʝʨʳ ʠ ʥʘ ʢʦʥʝʯʥʳʝ ʫʟʣʳ ʧʦʣʴʟʦʚʘʪʝʣʝʡ.  

ʉʪʘʥʜʘʨʪ ISO/IEC 27002 ʦʧʨʝʜʝʣʷʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʢʘʢ çʩʦʭʨʘʥʝʥʠʝ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ (ʫʚʝʨʝʥʥʦʩʪʠ ʚ ʪʦʤ, ʯʪʦ ʠʥʬʦʨʤʘʮʠʷ 

ʜʦʩʪʫʧʥʘ ʪʦʣʴʢʦ ʪʝʤ, ʢʪʦ ʫʧʦʣʥʦʤʦʯʝʥ ʠʤʝʪʴ ʪʘʢʦʡ ʜʦʩʪʫʧ), ʮʝʣʦʩʪʥʦʩʪʠ 

(ʛʘʨʘʥʪʠʠ ʪʦʯʥʦʩʪʠ ʠ ʧʦʣʥʦʪʳ ʠʥʬʦʨʤʘʮʠʠ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʦʚ ʝʸ ʦʙʨʘʙʦʪʢʠ) ʠ 

ʜʦʩʪʫʧʥʦʩʪʠ (ʛʘʨʘʥʪʠʠ ʪʦʛʦ, ʯʪʦ ʫʧʦʣʥʦʤʦʯʝʥʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʠ ʠʤʝʶʪ 

ʜʦʩʪʫʧ ʢ ʠʥʬʦʨʤʘʮʠʠ ʠ ʩʚʷʟʘʥʥʳʤ ʩ ʥʝʡ ʨʝʩʫʨʩʘʤ)è. 

ʉʠʩʪʝʤʘ ʤʝʨ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚʢʣʶʯʘʝʪ ʘʥʪʠʚʠʨʫʩʥʦʝ 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʫʧʨʘʚʣʝʥʠʝ ʜʦʩʪʫʧʦʤ ʢ ʩʝʪʠ ʠ ʬʘʡʣʘʤ (ʧʘʨʦʣʠ, 

ʩʨʝʜʩʪʚʘ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʫʩʪʘʥʦʚʠʪʴ ʧʦʜʣʠʥʥʦʩʪʴ ʣʠʯʥʦʩʪʠ), 

ʰʠʬʨʦʚʘʥʠʝ ʧʝʨʝʜʘʚʘʝʤʦʡ ʧʦ ʩʝʪʠ ʠʥʬʦʨʤʘʮʠʠ, ʩʠʩʪʝʤʳ ʦʙʥʘʨʫʞʝʥʠʷ ʠ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʚʪʦʨʞʝʥʠʷ, ʩʨʝʜʩʪʚʘ ʬʠʟʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ.  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʠ ʦʜʠʥ ʠʟ ʤʝʪʦʜʦʚ, ʫʩʪʨʦʡʩʪʚ ʠʣʠ ʩʨʝʜʩʪʚ ʥʝ 

ʩʧʦʩʦʙʝʥ ʦʙʝʩʧʝʯʠʪʴ ʥʘʜʝʞʥʫʶ ʟʘʱʠʪʫ ʠʥʬʦʨʤʘʮʠʠ. ʊʦʣʴʢʦ ʢʦʤʧʣʝʢʩ ʤʝʨ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʝʟʦʧʘʩʥʦʩʪʴ ʪʨʝʙʫʝʤʦʛʦ ʫʨʦʚʥʷ. ʈʷʜ ʧʨʠʥʮʠʧʦʚ ʠʣʠ ʢʦʤʧʣʝʢʩ 

ʤʝʨ ʧʦ ʟʘʱʠʪʝ ʠʥʬʦʨʤʘʮʠʠ ʥʘʟʳʚʘʝʪʩʷ ʧʦʣʠʪʠʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ.  
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ɺʦʧʨʦʩʳ ʧʦ ʨʘʟʜʝʣʫ 1 

 

1. ʏʪʦ ʩʦʙʦʡ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʝʪʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ? 

2. ʇʦʯʝʤʫ ʥʝʣʴʟʷ ʩʦʝʜʠʥʠʪʴ ʚʩʝʭ ʘʙʦʥʝʥʪʦʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʤʝʞʜʫ ʩʦʙʦʡ? 

3. ʂʘʢʠʝ ʵʣʝʤʝʥʪʳ ʚʭʦʜʷʪ ʚ ʦʙʦʙʱʝʥʥʫ  ʁʩʪʨʫʢʪʫʨʥʫ  ʁʩʭʝʤʫ ʩʠʩʪʝʤʳ 

ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ? 

4. ʂʘʢʠʝ ʬʫʥʢʮʠʠ ʚʳʧʦʣʥʷʶʪ ʢʦʥʝʯʥʳʝ ʫʟʣʳ ʠ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʩʝʪʝʚʳʝ 
ʵʣʝʤʝʥʪʳ? 

5. ʏʝʤ ʦʪʣʠʯʘʶʪʩʷ ʩʝʪʠ ʩ ʢʦʤʤʫʪʘʮʠʝʡ ʢʘʥʘʣʦʚ ʦʪ ʩʝʪʝʡ ʩ ʢʦʤʤʫʪʘʮʠʝʡ 

ʩʦʦʙʱʝʥʠʡ (ʧʘʢʝʪʦʚ)? 

6. ʂʘʢʠʝ ʬʫʥʢʮʠʠ ʚʳʧʦʣʥʷʝʪ ʢʦʤʤʫʪʘʪʦʨ? ʂʘʢʠʝ ʬʫʥʢʮʠʠ ʚʳʧʦʣʥʷʝʪ 
ʤʘʨʰʨʫʪʠʟʘʪʦʨ? 

7. ɺ ʯʝʤ ʨʘʟʣʠʯʠʝ ʢʦʤʤʫʪʘʮʠʠ ʧʘʢʝʪʦʚ ʠ ʢʦʤʤʫʪʘʮʠʠ ʩʦʦʙʱʝʥʠʡ? 

8. ɺ ʯʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʧʨʦʮʝʩʩ ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʷ? 

9. ʂʪʦ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʜʦʩʪʫʧ ʚ ʀʥʪʝʨʥʝʪ? 

10. ʂʘʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʣʦʢʘʣʴʥʳʭ ʠ ʛʣʦʙʘʣʴʥʳʭ ʩʝʪʷʭ?  

11. ʇʦʯʝʤʫ ʪʝʭʥʦʣʦʛʠʶ IP ʥʘʟʳʚʘʶʪ ʜʝʡʪʘʛʨʘʤʤʥʦʡ? 

12. ʂ ʢʘʢʠʤ ʧʘʨʘʤʝʪʨʘʤ ʢʘʥʘʣʘ ʯʫʚʩʪʚʠʪʝʣʝʥ ʨʘʚʥʦʤʝʨʥʳʡ (ʧʦʪʦʢʦʚʳʡ) 
ʪʨʘʬʠʢ? 

13. ʂ ʢʘʢʠʤ ʧʘʨʘʤʝʪʨʘʤ ʢʘʥʘʣʘ ʯʫʚʩʪʚʠʪʝʣʝʥ ʥʝʨʘʚʥʦʤʝʨʥʳʡ 
(ʧʫʣʴʩʠʨʫʶʱʠʡ) ʪʨʘʬʠʢ? 

14. ʅʘ ʙʘʟʝ ʢʘʢʦʛʦ ʩʪʝʢʘ (ʥʘʙʦʨʘ) ʧʨʦʪʦʢʦʣʦʚ ʩʦʟʜʘʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʩʝʪʠ?  

15. ʂʘʢ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ? 

 

 

 

ʋʧʨʘʞʥʝʥʠʷ 
 

1. ʀʟʦʙʨʘʟʠʪʝ ʩʪʨʫʢʪʫʨʥʫʶ ʩʭʝʤʫ ʩʝʪʠ ʧʝʨʝʜʘʯʠ. ʆʙʲʷʩʥʠʪʝ ʬʫʥʢʮʠʠ 

ʢʦʥʝʯʥʳʭ ʫʟʣʦʚ ʠ ʩʝʪʝʚʳʭ ʵʣʝʤʝʥʪʦʚ. 

2. ʀʟʦʙʨʘʟʠʪʝ ʩʪʨʫʢʪʫʨʥʫʶ ʩʭʝʤʫ ʩʝʪʠ ʀʥʪʝʨʥʝʪ. ʆʙʲʷʩʥʠʪʝ ʬʫʥʢʮʠʠ ISP. 

3. ʆʙʲʷʩʥʠʪʝ, ʚ ʯʝʤ ʨʘʟʣʠʯʠʝ ʩʝʪʝʡ LAN ʠ WAN. 

4. ʇʨʠʚʝʜʠʪʝ ʢʣʘʩʩʠʬʠʢʘʮʠ ʁʪʝʭʥʦʣʦʛʠʡ ʩʝʪʝʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ʆʙʲʷʩʥʠʪʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʡ. 

5. ʀʟʦʙʨʘʟʠʪʝ ʨʘʚʥʦʤʝʨʥʳʡ ʠ ʥʝʨʘʚʥʦʤʝʨʥʳʡ ʪʨʘʬʠʢʠ ʩʦʦʙʱʝʥʠʡ. 

ʇʨʦʚʝʜʠʪʝ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʠʭ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. 

6. ɼʘʡʪʝ ʦʧʨʝʜʝʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 
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2. ʇʈʆʊʆʂʆʃʓ ʆɹʄɽʅɸ ʉʆʆɹʑɽʅʀʗʄʀ 

 

2.1. ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ ʦ ʧʨʦʪʦʢʦʣʘʭ ʦʙʤʝʥʘ ʩʦʦʙʱʝʥʠʷʤʠ ʧʦ ʩʝʪʠ 
 

ɼʣʷ ʫʩʧʝʰʥʦʛʦ ʦʙʤʝʥʘ ʩʦʦʙʱʝʥʠʷʤʠ ʤʝʞʜʫ ʠʩʪʦʯʥʠʢʦʤ ʠ ʧʦʣʫʯʘʪʝʣʝʤ 

ʠʥʬʦʨʤʘʮʠʠ ʥʝʦʙʭʦʜʠʤʳ ʧʨʘʚʠʣʘ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʢʦʥʢʨʝʪʥʳʝ 

ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʧʝʨʝʜʘʯʝ ʩʦʦʙʱʝʥʠʡ: 

ʪʠʧ ʩʦʦʙʱʝʥʠʷ (ʢʦʤʧʴʶʪʝʨʥʳʝ ʜʘʥʥʳʝ, ʘʫʜʠʦ- ʠʣʠ ʚʠʜʝʦ ʩʦʦʙʱʝʥʠʝ); 

ʨʘʟʤʝʨ ʩʦʦʙʱʝʥʠʷ, ʝʛʦ ʬʦʨʤʘʪ; 

ʤʝʪʦʜʳ ʜʦʩʪʘʚʢʠ ʩʦʦʙʱʝʥʠʷ ʠ ʜʨʫʛʠʝ ʧʘʨʘʤʝʪʨʳ. 

ʉʦʚʦʢʫʧʥʦʩʪʴ ʧʨʘʚʠʣ ʧʦ ʨʝʘʣʠʟʘʮʠʠ ʢʦʥʢʨʝʪʥʦʛʦ ʪʨʝʙʦʚʘʥʠʷ 

ʩʦʩʪʘʚʣʷʝʪ ʧʨʦʪʦʢʦʣ, ʘ ʥʘʙʦʨ ʧʨʦʪʦʢʦʣʦʚ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʦʙʤʝʥʘ 

ʩʦʦʙʱʝʥʠʷʤʠ ʧʦ ʩʝʪʠ ʥʘʟʳʚʘʝʪʩʷ ʩʪʝʢ ʧʨʦʪʦʢʦʣʦʚ (stack). ʇʨʦʪʦʢʦʣʳ ʩʪʝʢʘ 

ʨʘʥʞʠʨʦʚʘʥʳ ʧʦ ʫʨʦʚʥʷʤ, ʠ ʥʠʞʝʣʝʞʘʱʠʝ ʫʨʦʚʥʠ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʫʩʣʫʛʠ 

ʚʳʰʝʣʝʞʘʱʠʤ. ʉʣʦʞʥʦʩʪʴ ʩʝʪʝʚʳʭ ʩʪʨʫʢʪʫʨ ʠ ʨʘʟʥʦʦʙʨʘʟʠʝ ʫʩʪʨʦʡʩʪʚ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ, ʚʳʧʫʩʢʘʝʤʳʭ ʨʘʟʣʠʯʥʳʤʠ ʬʠʨʤʘʤʠ, ʧʨʠʚʝʣʠ ʢ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʢʘʢ ʫʩʪʨʦʡʩʪʚ, ʪʘʢ ʠ ʧʨʦʮʝʜʫʨ ʦʙʤʝʥʘ 

ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ. ɽʩʣʠ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʝ ʩʨʝʜʩʪʚʘ 

ʩʝʪʝʡ ʦʪʚʝʯʘʶʪ ʟʘʜʘʥʥʳʤ ʩʪʘʥʜʘʨʪʥʳʤ ʧʨʘʚʠʣʘʤ (ʧʨʦʪʦʢʦʣʘʤ) ʠ ʫ ʥʠʭ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʪʘʥʜʘʨʪʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʩʦʧʨʷʞʝʥʠʷ (ʠʥʪʝʨʬʝʡʩʳ), ʪʦ ʦʥʠ 

ʩʧʦʩʦʙʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʤʝʞʜʫ ʩʦʙʦʡ, ʜʘʞʝ ʝʩʣʠ ʩʦʟʜʘʥʳ ʨʘʟʥʳʤʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ.  

ʇʨʦʪʦʢʦʣʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʦʙʤʝʥʘ ʩʦʦʙʱʝʥʠʷʤʠ ʧʦ ʩʝʪʠ, ʤʦʛʫʪ 

ʙr ʪʴ ʦʪʢʨʳʪʳʤʠ ʠ çʧʨʦʧʨʠʝʪʘʨʥʳʤʠè, ʪ.ʝ. ʯʘʩʪʥʳʤʠ, ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʢʦʪʦʨʳʭ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʝʰʝʥʠʝ ʨʘʟʨʘʙʦʪʯʠʢʘ. ʅʝʢʦʪʦʨʳʝ ʧʨʦʧʨʠʝʪʘʨʥʳʝ 

ʧʨʦʪʦʢʦʣʳ ʩʦ ʚʨʝʤʝʥʝʤ ʩʪʘʥʦʚʷʪʩʷ ʦʪʢʨʳʪʳʤʠ.  

ʅʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʤ ʦʪʢʨʳʪʳʤ ʩʪʝʢʦʤ ʧʨʦʪʦʢʦʣʦʚ ʷʚʣʷʝʪʩʷ TCP/IP, ʚ 

ʢʦʪʦʨʦʤ ʚʳʜʝʣʝʥʦ 4 ʫʨʦʚʥʷ (ʨʠʩ. 2.1). ʅʘ ʚʝʨʭʥʝʤ ʧʨʠʢʣʘʜʥʦʤ ʫʨʦʚʥʝ 

ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʧʨʦʪʦʢʦʣʳ ʧʝʨʝʜʘʯʠ ʩʦʦʙʱʝʥʠʡ (ʧʨʠʣʦʞʝʥʠʷ). ʅʘʧʨʠʤʝʨ, 

ʧʨʦʪʦʢʦʣ ʧʝʨʝʜʘʯʠ ʛʠʧʝʨʪʝʢʩʪʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ (Hypertext Transfer Protocol ï 

HTTP ) ʦʧʨʝʜʝʣʷʝʪ ʧʨʘʚʠʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʝʙ-ʢʣʠʝʥʪʘ ʠ ʚʝʙ-ʩʝʨʚʝʨʘ. ɺʝʙ-

ʢʣʠʝʥʪ ʧʦʩʳʣʘʝʪ ʟʘʧʨʦʩʳ ʥʘ ʚʝʙ-ʩʝʨʚʝʨ ʠ ʧʦʣʫʯʘʝʪ ʦʪʚʝʪʳ. 
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ʇʨʦʪʦʢʦʣr ʧʝʨʝʜʘʯʠ ʩʦʦʙɦ ʝʥʠʡ

(ʇʨʠʣʦʞʝʥʠ̫ ï HTTP, SMTP, FTP)

ʇʨʦʪʦʢʦʣr ʫʧʨʘʚʣʝʥʠ̫ ʧʝʨʝʜʘʯʝʡ

(ʊʨʘʥʩʧʦʨʪʥrʝ ï TCP, UDP)

ʇʨʦʪʦʢʦʣr ʤʝʞʩʝʪʝʚʦʛʦ ʦʙʤʝʥʘ

(Internet Protocol ï IPv4, IPv6)

ʇʨʦʪʦʢʦʣr ʩʝʪʝʚʦʛʦ ʜʦʩʪʫʧʘ

(Ethernet)
 

 

ʈʠʩ. 2.1. ʉʪʝʢ ʧʨʦʪʦʢʦʣʦʚ TCP/IP 

 

ʇʨʦʮʝʩʩʦʤ ʧʝʨʝʜʘʯʠ ʩʦʦʙʱʝʥʠʡ ʫʧʨʘʚʣʷʶʪ ʧʨʦʪʦʢʦʣʳ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʫʨʦʚʥʷ (TCP, UDP). ʆʥʠ ʦʧʨʝʜʝʣʷʶʪ, ʢʘʢʦʝ ʧʨʠʣʦʞʝʥʠʝ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ 

ʪʨʝʙʫʝʪʩʷ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʦʛʦ ʩʦʦʙʱʝʥʠʷ. ɽʩʣʠ ʩʦʦʙʱʝʥʠʝ ʙʦʣʴʰʦʛʦ 

ʨʘʟʤʝʨʘ, ʪʦ ʜʝʣʷʪ ʝʛʦ ʥʘ ʙʦʣʝʝ ʤʝʣʢʠʝ ʯʘʩʪʠ ï ʩʝʛʤʝʥʪʳ. ʂʨʦʤʝ ʪʦʛʦ, 

ʧʨʦʪʦʢʦʣ TCP ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʜʝʞʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ï ʧʨʠ ʧʦʪʝʨʝ ʠʣʠ 

ʠʩʢʘʞʝʥʠʠ ʯʘʩʪʠ ʩʦʦʙʱʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʝʛʦ ʧʦʚʪʦʨʥʘʷ ʧʝʨʝʜʘʯʘ.  

ʇʨʦʪʦʢʦʣʳ ʫʨʦʚʥʷ ʤʝʞʩʝʪʝʚʦʛʦ ʦʙʤʝʥʘ (IPv4, IPv6) ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʜʦʩʪʘʚʢʫ ʩʦʦʙʱʝʥʠʷ ʧʦ ʥʘʠʣʫʯʰʝʤʫ (ʦʧʪʠʤʘʣʴʥʦʤʫ) ʤʘʨʰʨʫʪʫ ʘʜʨʝʩʘʪʫ 

ʥʘʟʥʘʯʝʥʠʷ. ɽʜʠʥʠʮʳ ʠʥʬʦʨʤʘʮʠʠ, ʧʝʨʝʜʘʚʘʝʤʳʝ ʥʘ ʵʪʦʤ ʫʨʦʚʥʝ, ʧʦʣʫʯʠʣʠ 

ʥʘʟʚʘʥʠʝ ʧʘʢʝʪʳ. ʇʦʜʜʝʨʞʢʫ ʧʨʦʪʦʢʦʣʘ IP ʦʩʫɦʝʩʪʚʣʷʝʪ ʧʨʦʪʦʢʦʣ 

ʤʝʞʩʝʪʝʚʳʭ ʫʧʨʘʚʣʷʶʱʠʭ ʩʦʦʙʱʝʥʠʡ (Internet Control Message Protocol ï

ICMP), ʘ ʪʘʢʞʝ ʧʨʦʪʦʢʦʣʳ ʤʘʨʰʨʫʪʠʟʘʮʠʠ.  

ʇʨʦʪʦʢʦʣʳ ʩʝʪʝʚʦʛʦ ʜʦʩʪʫʧʘ (ʥʘʧʨʠʤʝʨ, Ethernet ʠ ʩʦʚʤʝʩʪʠʤʳʝ ʩ 

ʥʠʤ) ʘʜʘʧʪʠʨʫʶʪ ʧʝʨʝʜʘʚʘʝʤʳʝ ʧʘʢʝʪʳ ʢ ʬʠʟʠʯʝʩʢʦʡ ʩʨʝʜʝ ʧʝʨʝʜʘʯʠ 

ʩʦʦʙʱʝʥʠʡ. ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʜʦʩʪʫʧʘ ʢ ʩʨʝʜʝ. ʉʨʝʜʘ ʤʦʞʝʪ 

ʙʳʪʴ ʨʘʟʥʦʡ (ʤʝʜʥʘʷ, ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʘʷ, ʙʝʩʧʨʦʚʦʜʥʘʷ), ʧʦʵʪʦʤʫ ʠ 

ʧʝʨʝʜʘʚʘʝʤʳʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʩʠʛʥʘʣʳ ʙʫʜʫʪ ʨʘʟʥʳʤʠ. ʅʘ ʵʪʦʤ ʫʨʦʚʥʝ 

ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʜʨʘʡʚʝʨʳ ʠʥʪʝʨʬʝʡʩʦʚ. 
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2.2. ʆʨʛʘʥʠʟʘʮʠʠ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʧʨʦʪʦʢʦʣʦʚ 

 

ɺ ʩʚʷʟʠ ʩ ʤʥʦʞʝʩʪʚʦʤ ʟʘʜʘʯ ʧʦ ʧʝʨʝʜʘʯʝ ʩʦʦʙʱʝʥʠʡ ʧʦ ʩʝʪʠ ʩʦʟʜʘʥʦ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʝʪʝʚʳʭ ʧʨʦʪʦʢʦʣʦʚ. ʎʝʣʳʡ ʨʷʜ ʦʨʛʘʥʠʟʘʮʠʡ 

ʨʘʟʨʘʙʘʪʳʚʘʶʪ ʠ ʚʥʝʜʨʷʶʪ ʦʪʢʨʳʪʳʝ ʩʪʘʥʜʘʨʪʳ. ʉʨʝʜʠ ʦʨʛʘʥʠʟʘʮʠʡ ʧʦ 

ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʩʝʪʝʚʳʭ ʧʨʦʪʦʢʦʣʦʚ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʤʠ ʷʚʣʷʶʪʩʷ: 

ISOC ï ʆʙʱʝʩʪʚʦ ʀʥʪʝʨʥʝʪ (Internet Society), ʢʦʪʦʨʦʝ ʦʩʫʱʝʩʪʚʣʷʝʪ 

ʦʙʱʝʝ ʨʫʢʦʚʦʜʩʪʚʦ ʧʦ ʨʘʟʚʠʪʠʶ ʠ ʦʙʝʩʧʝʯʝʥʠʶ ʜʦʩʪʫʧʥʦʩʪʠ ʩʝʪʠ ʀʥʪʝʨʥʝʪʘ. 

ʷʚʣʷʝʪʩʷ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʦʩʥʦʚʦʡ ʜʣʷ ʨʷʜʘ ʦʨʛʘʥʠʟʘʮʠʡ (IAB, IETF, IRTF). 

IAB  ï ʉʦʚʝʪ ʧʦ ʘʨʭʠʪʝʢʪʫʨʝ (Internet Architecture Board) ʨʫʢʦʚʦʜʠʪ 

ʨʘʟʨʘʙʦʪʢʦʡ ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʦʚ ʠ ʧʨʦʪʦʢʦʣʦʚ ʀʥʪʝʨʥʝʪ. 

IETF  ï ʀʥʞʝʥʝʨʥʘʷ ʛʨʫʧʧʘ ʧʦ ʨʘʟʚʠʪʠʶ ʀʥʪʝʨʥʝʪʘ (Internet 

Engineering Task Force) ʨʝʰʘʝʪ ʪʝʢʫʱʠʝ ʟʘʜʘʯʠ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʠ ʧʦʜʜʝʨʞʢʝ 

ʪʝʭʥʦʣʦʛʠʡ TCP/IP, ʚ ʪʦʤ ʯʠʩʣʝ ʩʦʟʜʘʥʠʝ ʜʦʢʫʤʝʥʪʦʚ RFC (Request for 

Comments), ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʨʘʙʦʯʠʤʠ ʧʨʝʜʣʦʞʝʥʠʷʤʠ ʩʪʘʥʜʘʨʪʦʚ ʠ ʤʦʛʫʪ 

ʦʙʩʫʞʜʘʪʴʩʷ. ʉʦʟʜʘʝʪ ʩʪʘʥʜʘʨʪʳ ʧʨʦʩʪʨʘʥʩʪʚʘ ʦʪ ʤʝʞʩʝʪʝʚʦʛʦ ʫʨʦʚʥʷ ʜʦ 

ʫʨʦʚʥʷ ʧʨʠʣʦʞʝʥʠʡ. 

IRTF  ï ʀʥʞʝʥʝʨʥʘʷ ʛʨʫʧʧʘ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʜʦʣʛʦʩʨʦʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ (Internet Research Task Force). 

IEEE ï ʀʥʩʪʠʪʫʪ ʠʥʞʝʥʝʨʦʚ ʧʦ ʵʣʝʢʪʨʦʪʝʭʥʠʢʝ ʠ ʵʣʝʢʪʨʦʥʠʢʝ (Institute 

of Electrical and Electronics Engineers) ʨʘʟʨʘʙʦʪʘʣ ʮʝʣʳʡ ʨʷʜ ʚʘʞʥʝʡʰʠʭ 

ʩʪʘʥʜʘʨʪʦʚ ʚ ʦʙʣʘʩʪʠ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʚʦʜʥʳʭ ʠ ʙʝʩʧʨʦʚʦʜʥʳʭ ʣʦʢʘʣʴʥʳʭ 

ʩʝʪʝʡ. ʅʘʧʨʠʤʝʨ, IEEE 802.1, IEEE 802.3, IEEE 802.11, IEEE 802.16 ʠ ʜʨ. 

ʐʠʨʦʢʦ ʠʟʚʝʩʪʥʳʡ ʩʪʘʥʜʘʨʪ IEEE 802.3 ʦʧʨʝʜʝʣʷʝʪ ʧʨʘʚʠʣʘ ʜʦʩʪʫʧʘ ʢ 

ʧʨʦʚʦʜʥʦʡ ʩʨʝʜʝ ʧʝʨʝʜʘʯʠ ʜʣʷ ʣʦʢʘʣʴʥʳʭ ʩʝʪʝʡ ʩʪʘʥʜʘʨʪʦʚ, ʩʦʚʤʝʩʪʠʤʳʭ ʩ 

Ethernet (FastEthernet, GigabitEthernet, 10 GigabitEthernet, 100 GigabitEthernet). 

ʉʪʘʥʜʘʨʪ IEEE 802.11 ʦʧʨʝʜʝʣʷʝʪ ʧʨʘʚʠʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʫʩʪʨʦʡʩʪʚ 

ʙʝʩʧʨʦʚʦʜʥʳʭ ʣʦʢʘʣʴʥʳʭ ʩʝʪʝʡ (Wi-Fi). ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʪʘʥʜʘʨʪʦʚ IEEE 

ʧʨʝʜʣʘʛʘʝʪ ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʨʝʩʫʨʩʳ.  

ISO ï ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ (International 

Organization for Standardization) ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʘ ʚ ʩʚʷʟʠ ʩ ʩʦʟʜʘʥʠʝʤ 

ʩʝʤʠʫʨʦʚʥʝʚʦʡ ʙʘʟʦʚʦʡ ʵʪʘʣʦʥʥʦʡ ʤʦʜʝʣʠ ʦʪʢʨʳʪʳʭ ʩʠʩʪʝʤ (Open Systems 

Interconnection Basic Reference Model ï OSI). ISO ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ 
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ʄʝʞʜʫʥʘʨʦʜʥʦʡ ɻʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʡ ʢʦʤʠʩʩʠʝʡ ï ʄʕʂ (International 

Electrotechnical Commission ï IEC ). 

ɺ ʪʘʙʣʠʮʝ 2.1 ʧʨʠʚʝʜʝʥ ʝʱʝ ʨʷʜ ʦʨʛʘʥʠʟʘʮʠʡ, ʟʘʥʠʤʘʶʱʠʭʩʷ 

ʨʘʟʨʘʙʦʪʢʦʡ ʩʪʘʥʜʘʨʪʦʚ ʩʝʪʝʚʳʭ ʧʨʦʪʦʢʦʣʦʚ.  

ʊʘʙʣʠʮʘ 2.1 

ʆʨʛʘʥʠʟʘʮʠʠ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʩʝʪʝʚʳʭ ʧʨʦʪʦʢʦʣʦʚ 

ICANN  ʀʥʪʝʨʥʝʪ ʢʦʨʧʦʨʘʮʠʷ ʧʦ ʧʨʠʩʚʦʝʥʠʶ ʠʤʝʥ ʠ ʥʦʤʝʨʦʚ. ʉʦʟʜʘʝʪ 

ʧʦʣʠʪʠʢʫ ʚʳʜʝʣʝʥʠʷ ʜʦʤʝʥʥʳʭ ʠʤʝʥ ʠ IP-ʘʜʨʝʩʦʚ, ʢʦʪʦʨʳʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʠʩʪʝʤʦʡ ʜʦʤʝʥʥʳʭ ʠʤʝʥ DNS. ɿʘʜʘʝʪ 

ʠʜʝʥʪʠʬʠʢʘʪʦʨʳ ʧʨʦʪʦʢʦʣʦʚ ʫʨʦʚʥʷ ʧʨʠʣʦʞʝʥʠʡ. ʉʦʛʣʘʩʦʚʳʚʘʝʪ 

ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʠʤʝʥʘ ʩʘʡʪʦʚ ʠ IP-ʘʜʨʝʩʦʚ. 

IANA  ɸʜʤʠʥʠʩʪʨʘʮʠʷ ʘʜʨʝʩʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʀʥʪʝʨʥʝʪ ʷʚʣʷʝʪʩʷ 

ʦʪʜʝʣʦʤ ICANN , ʢʦʪʦʨʳʡ ʨʘʩʧʨʝʜʝʣʷʝʪ IP-ʘʜʨʝʩʘ ʠ ʚʳʜʝʣʷʝʪ 

ʜʦʤʝʥʥʳʝ ʠʤʝʥʘ. ʗʚʣʷʝʪʩʷ ʭʨʘʥʠʣʠʱʝʤ ʜʣʷ ʨʝʝʩʪʨʘ ʠʤʝʥ ʠ 

ʥʦʤʝʨʦʚ ʧʨʦʪʦʢʦʣʦʚ. ʋʧʨʘʚʣʷʝʪ ʢʦʨʥʝʚʦʡ ʟʦʥʦʡ ʩʠʩʪʝʤʳ DNS. 

ITU -T ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʩʦʶʟ ʵʣʝʢʪʨʦʩʚʷʟʠ, ʩʝʢʪʦʨ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ 

ʵʣʝʢʪʨʦʩʚʷʟʠ ʦʧʨʝʜʝʣʷʝʪ ʩʪʘʥʜʘʨʪʳ ʧʝʨʝʜʘʯʠ ʪʝʣʝʚʠʜʝʥʠʷ (IPTV), 

ʩʞʘʪʠʷ ʚʠʜʝʦʠʥʬʦʨʤʘʮʠʠ. ITU ʪʘʢʞʝ ʟʘʥʠʤʘʝʪʩʷ ʛʣʦʙʘʣʴʥʳʤʠ 

ʚʦʧʨʦʩʘʤʠ ʛʦʣʦʜʘ, ʠʟʤʝʥʝʥʠʡ ʢʣʠʤʘʪʘ. 

EIA  ɸʩʩʦʮʠʘʮʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʩʦʟʜʘʝʪ ʩʪʘʥʜʘʨʪʳ ʧʦ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʤ ʩʪʦʡʢʘʤ, ʨʘʟʲʝʤʘʤ ʠ ʢʘʙʝʣʷʤ. 

TIA  ɸʩʩʦʮʠʘʮʠʷ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʩʦʟʜʘʝʪ 

ʩʪʘʥʜʘʨʪʳ ʩʪʘʥʮʠʡ ʩʦʪʦʚʦʡ ʩʚʷʟʠ, ʫʩʪʨʦʡʩʪʚ ʛʦʣʦʩʦʚʦʡ ʩʚʷʟʠ ʧʦ 

IP. ʄʝʞʜʫʥʘʨʦʜʥʳʝ ʩʪʘʥʜʘʨʪʳ ʧʦ ʢʘʙʝʣʴʥʳʤ ʨʘʟʲʝʤʘʤ, ʘ ʪʘʢʞʝ 

ʩʪʘʥʜʘʨʪʳ ʧʦ ʦʙʣʘʯʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ. ɺʦʧʨʦʩʳ ʵʢʩʪʨʝʥʥʦʛʦ 

ʨʝʘʛʠʨʦʚʘʥʠʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʮʠʦʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

 

ɺ ʧʨʝʜʣʘʛʘʝʤʦʤ ʢʫʨʩʝ ʧʨʠʚʦʜʷʪʩʷ ʩʩʳʣʢʠ ʥʘ ʧʝʨʝʯʠʩʣʝʥʥʳʝ 

ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʠʤʠ ʩʪʘʥʜʘʨʪʳ. 



21 

 

2.3. ʉʝʤʠʫʨʦʚʥʝʚʘʷ ʤʦʜʝʣʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʪʢʨʳʪʳʭ ʩʠʩʪʝʤ 

  

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ (International Standards 

Organization - ISO) ʩʦʟʜʘʣʘ ʙʘʟʦʚʫʶ ʵʪʘʣʦʥʥʫʶ ʤʦʜʝʣʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʦʪʢʨʳʪʳʭ ʩʠʩʪʝʤ (Open System Interconnection reference model - OSI), 

ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪ ʢʦʥʮʝʧʮʠʶ ʠ ʤʝʪʦʜʦʣʦʛʠʶ ʩʦʟʜʘʥʠʷ ʩʝʪʝʡ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ. ʄʦʜʝʣʴ ʦʧʠʩʳʚʘʝʪ ʩʪʘʥʜʘʨʪʥʳʝ ʧʨʘʚʠʣʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʫʩʪʨʦʡʩʪʚ ʠ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʧʨʠ ʦʙʤʝʥʝ ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʫʟʣʘʤʠ ʚ 

ʦʪʢʨʳʪʦʡ ʩʠʩʪʝʤʝ. ʆʪʢʨʳʪʘʷ ʩʠʩʪʝʤʘ ʩʦʩʪʦʠʪ ʠʟ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʭ 

ʩʨʝʜʩʪʚ, ʩʧʦʩʦʙʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʤʝʞʜʫ ʩʦʙʦʡ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʩʪʘʥʜʘʨʪʥʳʭ ʧʨʘʚʠʣ ʠ ʫʩʪʨʦʡʩʪʚ ʩʦʧʨʷʞʝʥʠʷ (ʠʥʪʝʨʬʝʡʩʦʚ).  

ʄʦʜʝʣʴ ISO/OSI ʚʢʣʶʯʘʝʪ ʩʝʤʴ ʫʨʦʚʥʝʡ. ʅʘ ʨʠʩ. 2.2 ʧʦʢʘʟʘʥʘ ʤʦʜʝʣʴ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʚʫʭ ʫʩʪʨʦʡʩʪʚ: ʫʟʣʘ ʠʩʪʦʯʥʠʢʘ (source) ʠ ʫʟʣʘ ʥʘʟʥʘʯʝʥʠʷ 

(destination). ʉʦʚʦʢʫʧʥʦʩʪʴ ʧʨʘʚʠʣ, ʧʦ ʢʦʪʦʨʳʤ ʧʨʦʠʩʭʦʜʠʪ ʦʙʤʝʥ 

ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ, ʥʘʭʦʜʷʱʠʤʠʩʷ 

ʥʘ ʦʜʥʦʤ ʫʨʦʚʥʝ, ʥʘʟʳʚʘʝʪʩʷ ʧʨʦʪʦʢʦʣʦʤ. ʅʘʙʦʨ ʧʨʦʪʦʢʦʣʦʚ ʥʘʟʳʚʘʝʪʩʷ 

ʩʪʝʢʦʤ ʧʨʦʪʦʢʦʣʦʚ ʠ ʟʘʜʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʤ ʩʪʘʥʜʘʨʪʦʤ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʤʝʞʜʫ ʫʨʦʚʥʷʤʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʘʥʜʘʨʪʥʳʤʠ ʠʥʪʝʨʬʝʡʩʘʤʠ. 

 

  1. ʌʠʟʠʯʝʩʢʠʡ

  6. ʇʨʝʜʩʪʘʚʣʝʥʠ̫

  2. ʂʘʥʘʣɹʥrʡ

  3. ʉʝʪʝʚʦʡ

  4. ʊʨʘʥʩʧʦʨʪʥrʡ

  5. ʉʝʘʥʩʦʚrʡ

  7. ʇʨʠʢʣʘʜʥʦʡ

ʋʨʦʚʥʠ ʫʟʣʘ ʠʩʪʦʯʥʠʢʘ

  1. ʌʠʟʠʯʝʩʢʠʡ

  6. ʇʨʝʜʩʪʘʚʣʝʥʠ̫

  2. ʂʘʥʘʣɹʥrʡ

  3. ʉʝʪʝʚʦʡ

  4. ʊʨʘʥʩʧʦʨʪʥrʡ

  5. ʉʝʘʥʩʦʚrʡ

  7. ʇʨʠʢʣʘʜʥʦʡ

ʋʨʦʚʥʠ ʫʟʣʘ ʥʘʟʥʘʯʝʥʠ̫

  ASCII, MPEG, JPEG

  Ethernet, GigabitEthernet

  IPv4, IPv6

  TCP, UDP

  HTTP, FTP, SMTP,DNS

ʇʨʠʤʝʨr ʧʨʦʪʦʢʦʣʦʚ

  ISO/IEC 11801 
 

 

ʈʠʩ. 2.2. ʉʝʤʠʫʨʦʚʥʝʚʘʷ ʤʦʜʝʣʴ ISO/OSI 

 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʨʦʚʥʝʡ ʩʝʪʝʚʳʭ ʫʩʪʨʦʡʩʪʚ ʷʚʣʷʝʪʩʷ 

ʚʠʨʪʫʘʣʴʥʳʤ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʬʠʟʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ, ʥʘ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ 
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ʦʙʤʝʥ ʜʘʥʥʳʤʠ ʧʦ ʬʠʟʠʯʝʩʢʦʡ ʩʨʝʜʝ, ʩʦʝʜʠʥʷʶʱʝʡ ʢʦʤʧʴʶʪʝʨʳ. ʅʘ ʨʠʩ. 2.2 

ʧʨʠʚʝʜʝʥʳ ʪʘʢʞʝ ʧʨʠʤʝʨʳ ʧʨʦʪʦʢʦʣʦʚ, ʫʧʨʘʚʣʷʶʱʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʫʟʣʦʚ 

ʥʘ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʷʭ ʤʦʜʝʣʠ OSI.  

ɺʠʨʪʫʘʣʴʥʳʡ ʦʙʤʝʥ ʤʝʞʜʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʫʨʦʚʥʷʤʠ ʫʟʣʦʚ A ʠ B 

(ʨʠʩ. 2.3) ʧʨʦʠʩʭʦʜʠʪ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʝʜʠʥʠʮʘʤʠ ʠʥʬʦʨʤʘʮʠʠ. ʅʘ ʪʨʝʭ 

ʚʝʨʭʥʠʭ ʫʨʦʚʥʷʭ ï ʵʪʦ ʩʦʦʙʱʝʥʠʷ ʠʣʠ ʜʘʥʥʳʝ. ʅʘ ʪʨʘʥʩʧʦʨʪʥʦʤ ʫʨʦʚʥʝ ï 

ʩʝʛʤʝʥʪʳ (Segment), ʥʘ ʩʝʪʝʚʦʤ ʫʨʦʚʥʝ ï ʧʘʢʝʪʳ (Packet), ʥʘ ʢʘʥʘʣʴʥʦʤ 

ʫʨʦʚʥʝ ï ʢʘʜʨʳ (Frame) ʠ ʥʘ ʬʠʟʠʯʝʩʢʦʤ ï ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ  ʙʠʪʦʚ.  

 

  1. ʌʠʟʠʯʝʩʢʠʡ

  6. ʇʨʝʜʩʪʘʚʣʝʥʠ̫

  2. ʂʘʥʘʣɹʥrʡ

  3. ʉʝʪʝʚʦʡ

  4. ʊʨʘʥʩʧʦʨʪʥrʡ

  5. ʉʝʘʥʩʦʚrʡ

  7. ʇʨʠʢʣʘʜʥʦʡ

ʋʟʝʣ ɸ

  1. ʌʠʟʠʯʝʩʢʠʡ

  6. ʇʨʝʜʩʪʘʚʣʝʥʠ̫

  2. ʂʘʥʘʣɹʥrʡ

  3. ʉʝʪʝʚʦʡ

  4. ʊʨʘʥʩʧʦʨʪʥrʡ

  5. ʉʝʘʥʩʦʚrʡ

  7. ʇʨʠʢʣʘʜʥʦʡ

ʋʟʝʣ ɺ

ɼʘʥʥrʝ

ɹʠʪr

ʂʘʜʨr

ʇʘʢʝʪr

ʉʝʛʤʝʥʪr

ɼʘʥʥrʝ

ɼʘʥʥrʝ

Sw

Hub

ʄʘʨh ʨʫʪʠʟʘʪʦʨ

(Router)

ʂʦʤʤʫʪʘʪʦʨ

(Switch)

ʂʦʥʮʝʥʪʨʘʪʦʨ

(Hub)

 

 

ʈʠʩ. 2.3. ʋʩʪʨʦʡʩʪʚʘ ʠ ʝʜʠʥʠʮʳ ʠʥʬʦʨʤʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʨʦʚʥʝʡ 

 

ɹʘʟʦʚʘʷ ʵʪʘʣʦʥʥʘʷ ʤʦʜʝʣʴ OSI (ʨʠʩ. 2.2, 2.3) ʨʝʛʣʘʤʝʥʪʠʨʫʝʪʩʷ ɻʆʉʊʦʤ 

ʈ ʀʉʆ/ʄʕʂ 7498ï1ï99, ʛʜʝ ʢʘʥʘʣʴʥʳʡ ʫʨʦʚʝʥʴ 2 ʧʨʝʜʩʪʘʚʣʝʥ, ʢʘʢ ʫʨʦʚʝʥʴ 

ʟʚʝʥʘ ʜʘʥʥʳʭ. ʆʜʥʘʢʦ ʚ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʣʠʪʝʨʘʪʫʨʳ ʵʪʦʪ ʫʨʦʚʝʥʴ ʠʤʝʥʫʝʪʩʷ 

ʢʘʥʘʣʴʥʳʤ. ɺ ʥʝʢʦʪʦʨʳʭ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʘʭ, ʥʘʧʨʠʤʝʨ [7], ʚʝʨʭʥʠʡ 

ʫʨʦʚʝʥʴ 7 ʥʘʟʳʚʘʝʪʩʷ ʫʨʦʚʥʝʤ ʧʨʠʣʦʞʝʥʠʡ. 

ɼʣʷ ʢʘʞʜʦʡ ʩʝʪʝʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩʫʱʝʩʪʚʫʶʪ ʩʚʦʠ ʧʨʦʪʦʢʦʣʳ ʠ ʩʚʦʠ 

ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ, ʯʘʩʪʴ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʫʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ, 

ʧʨʠʚʝʜʝʥʥʳʝ ʥʘ ʨʠʩ. 2.3. ɼʘʥʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʚʚʝʜʝʥʳ ʬʠʨʤʦʡ Cisco ʠ ʩʪʘʣʠ 

ʦʙʱʝʧʨʠʥʷʪʳʤʠ. ʉʨʝʜʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʬʠʟʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʩʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ ʢʘʙʝʣʠ, ʨʘʟʲʝʤʳ, ʧʦʚʪʦʨʠʪʝʣʠ ʩʠʛʥʘʣʦʚ (repeater), ʤʥʦʛʦʧʦʨʪʦʚʳʝ 
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ʧʦʚʪʦʨʠʪʝʣʠ ʠʣʠ ʢʦʥʮʝʥʪʨʘʪʦʨʳ (hub), ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʩʨʝʜʳ (transceiver), 

ʥʘʧʨʠʤʝʨ, ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʚ ʦʧʪʠʯʝʩʢʠʝ ʠ ʥʘʦʙʦʨʦʪ. 

ʅʘ ʢʘʥʘʣʴʥʦʤ ʫʨʦʚʥʝ ʵʪʦ ʤʦʩʪʳ (bridge) ʠ ʢʦʤʤʫʪʘʪʦʨʳ (switch). ʅʘ ʩʝʪʝʚʦʤ 

ʫʨʦʚʥʝ ï ʤʘʨʰʨʫʪʠʟʘʪʦʨʳ (router). ʉʝʪʝʚʳʝ ʢʘʨʪʳ ʠʣʠ ʘʜʘʧʪʝʨʳ (Network 

Interface Card ï NIC) ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʢʘʢ ʥʘ ʢʘʥʘʣʴʥʦʤ, ʪʘʢ ʠ ʥʘ ʬʠʟʠʯʝʩʢʦʤ 

ʫʨʦʚʥʝ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʩʝʪʝʚʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʠ ʩʨʝʜʦʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. 

 ʇʨʠ ʧʝʨʝʜʘʯʝ ʜʘʥʥʳʭ ʦʪ ʠʩʪʦʯʥʠʢʘ ʢ ʫʟʣʫ ʥʘʟʥʘʯʝʥʠʷ, ʧʦʜʛʦʪʦʚʣʝʥʥʳʝ 

ʧʝʨʝʜʘʚʘʝʤʳʝ ʜʘʥʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʨʦʭʦʜʷʪ ʦʪ ʩʘʤʦʛʦ ʚʝʨʭʥʝʛʦ 7-ʛʦ 

ʇʨʠʢʣʘʜʥʦʛʦ ʫʨʦʚʥʷ ʫʟʣʘ ʠʩʪʦʯʥʠʢʘ ʠʥʬʦʨʤʘʮʠʠ ʜʦ ʩʘʤʦʛʦ ʥʠʞʥʝʛʦ ï 

ʌʠʟʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ 1, ʟʘʪʝʤ ʧʝʨʝʜʘʶʪʩʷ ʧʦ ʬʠʟʠʯʝʩʢʦʡ ʩʨʝʜʝ ʫʟʣʫ 

ʥʘʟʥʘʯʝʥʠʷ, ʛʜʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʨʦʭʦʜʷʪ ʦʪ ʥʠʞʥʝʛʦ ʫʨʦʚʥʷ 1 ʜʦ ʫʨʦʚʥʷ 7.  

ʉʘʤʳʡ ʚʝʨʭʥʠʡ ʫʨʦʚʝʥʴ 7 ʇʨʠʢʣʘʜʥʦʡ (Application Layer) ʦʧʝʨʠʨʫʝʪ 

ʥʘʠʙʦʣʝʝ ʦʙʱʝʡ ʝʜʠʥʠʮʝʡ ʜʘʥʥʳʭ ï ʩʦʦʙʱʝʥʠʝʤ. ʅʘ ʵʪʦʤ ʫʨʦʚʥʝ 

ʨʝʘʣʠʟʫʝʪʩʷ ʫʧʨʘʚʣʝʥʠʝ ʦʙʱʠʤ ʜʦʩʪʫʧʦʤ ʢ ʩʝʪʠ, ʧʦʪʦʢʦʤ ʜʘʥʥʳʭ, ʩʝʪʝʚʳʤʠ 

ʩʣʫʞʙʘʤʠ (ʧʨʦʪʦʢʦʣʘʤʠ), ʪʘʢʠʤʠ ʢʘʢ FTP, TFTP, HTTP, SMTP, SNMP ʠ ʜʨ. 

ʋʨʦʚʝʥʴ 6 ʇʨʝʜʩʪʘʚʣʝʥʠʷ (Presentation Layer) ʠʟʤʝʥʷʝʪ ʬʦʨʤʫ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ. ʅʘʧʨʠʤʝʨ, ʧʝʨʝʜʘʚʘʝʤʳʝ ʩ ʫʨʦʚʥʷ 7 ʜʘʥʥʳʝ 

ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ ʦʙʱʝʧʨʠʥʷʪʳʡ ʬʦʨʤʘʪ ASCII. ʇʨʠ ʧʨʠʝʤʝ ʜʘʥʥʳʭ 

ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʪʥʳʡ ʧʨʦʮʝʩʩ. ʅʘ ʫʨʦʚʥʝ 6 ʪʘʢʞʝ ʧʨʦʠʩʭʦʜʠʪ ʩʞʘʪʠʝ ʜʘʥʥʳʭ 

(ʧʨʦʪʦʢʦʣʳ MPEG, JPEG). 

 ʉʝʘʥʩʦʚʳʡ (Session Layer) ʫʨʦʚʝʥʴ 5 ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʩʝʘʥʩ ʩʚʷʟʠ ʜʚʫʭ 

ʢʦʥʝʯʥʳʭ ʫʟʣʦʚ (ʢʦʤʧʴʶʪʝʨʦʚ), ʦʧʨʝʜʝʣʷʝʪ, ʢʘʢʦʡ ʫʟʝʣ ʷʚʣʷʝʪʩʷ ʚʝʜʫʱʠʤ, ʘ 

ʢʘʢʦʡ ʚʝʜʦʤʳʤ, ʟʘʜʘʝʪ ʜʣʷ ʧʝʨʝʜʘʶʱʝʡ ʩʪʦʨʦʥʳ ʚʨʝʤʷ ʧʝʨʝʜʘʯʠ. ʕʪʦʪ 

ʫʨʦʚʝʥʴ ʦʧʨʝʜʝʣʷʝʪ ʩʝʘʥʩ ʩʚʷʟʠ ʩ ʩʝʪʴʶ ʀʥʪʝʨʥʝʪ. 

 ʊʨʘʥʩʧʦʨʪʥʳʡ  ʫʨʦʚʝʥʴ 4 (Transport Layer) ʜʝʣʠʪ ʙʦʣʴʰʦʝ ʩʦʦʙʱʝʥʠʝ 

ʫʟʣʘ ʠʩʪʦʯʥʠʢʘ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʯʘʩʪʠ, ʧʨʠ ʵʪʦʤ ʜʦʙʘʚʣʷʝʪ ʟʘʛʦʣʦʚʦʢ ʠ 

ʬʦʨʤʠʨʫʝʪ ʩʝʛʤʝʥʪʳ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʦʙʲʝʤʘ, ʘ ʢʦʨʦʪʢʠʝ ʩʦʦʙʱʝʥʠʷ ʤʦʞʝʪ 

ʦʙʲʝʜʠʥʷʪʴ ʚ ʦʜʠʥ ʩʝʛʤʝʥʪ. ɺ ʫʟʣʝ ʥʘʟʥʘʯʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʪʥʳʡ 

ʧʨʦʮʝʩʩ. ɺ ʟʘʛʦʣʦʚʢʝ ʩʝʛʤʝʥʪʘ ʟʘʜʘʶʪʩʷ ʥʦʤʝʨʘ ʧʦʨʪʦʚ ʠʩʪʦʯʥʠʢʘ ʠ 

ʥʘʟʥʘʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʘʜʨʝʩʫʶʪ ʩʣʫʞʙʳ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ (ʧʨʠʣʦʞʝʥʠ)̫ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʦʛʦ ʩʝʛʤʝʥʪʘ. ʂʨʦʤʝ ʪʦʛʦ, ʪʨʘʥʩʧʦʨʪʥʳʡ ʫʨʦʚʝʥʴ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʜʝʞʥʫʶ ʜʦʩʪʘʚʢʫ ʧʘʢʝʪʦʚ. ʇʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʧʦʪʝʨʴ ʠ 

ʦʰʠʙʦʢ ʥʘ ʵʪʦʤ ʫʨʦʚʥʝ ʬʦʨʤʠʨʫʝʪʩʷ ʟʘʧʨʦʩ ʧʦʚʪʦʨʥʦʡ ʧʝʨʝʜʘʯʠ, ʧʨʠ ʵʪʦʤ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʪʦʢʦʣ TCP. ʂʦʛʜʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʨʢʠ ʧʨʘʚʠʣʴʥʦʩʪʠ 
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ʜʦʩʪʘʚʣʝʥʥʦʛʦ ʩʦʦʙʱʝʥʠʷ ʦʪʩʫʪʩʪʚʫʝʪ, ʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʦʣʝʝ ʧʨʦʩʪʦʡ ʠ 

ʙʳʩʪʨʳʡ ʧʨʦʪʦʢʦʣ ʜʝʡʪʘʛʨʘʤʤ ʧʦʣʴʟʦʚʘʪʝʣ  ̫ (User Datagram Protocol ï

UDP). ʇʨʦʪʦʢʦʣ UDP ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʝ ʧʝʨʝʜʘʯʝ ʧʦʪʦʢʦʚʳʭ ʜʘʥʥʳʭ (ʘʫʜʠʦ- 

ʠ ʚʠʜʝʦʠʥʬʦʨʤʘʮʠʠ). 

 ʉʝʪʝʚʦʡ ʫʨʦʚʝʥʴ (Network Layer) 3 ʘʜʨʝʩʫʝʪ ʩʦʦʙʱʝʥʠʝ, ʟʘʜʘʚʘʷ 

ʝʜʠʥʠʮʝ ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ (ʧʘʢʝʪʫ) ʣʦʛʠʯʝʩʢʠʝ ʩʝʪʝʚʳʝ ʘʜʨʝʩʘ ʫʟʣʘ 

ʥʘʟʥʘʯʝʥʠʷ ʠ ʫʟʣʘ ʠʩʪʦʯʥʠʢʘ (IP-ʘʜʨʝʩʘ), ʦʧʨʝʜʝʣʷʝʪ ʤʘʨʰʨʫʪ, ʧʦ ʢʦʪʦʨʦʤʫ 

ʙʫʜʝʪ ʦʪʧʨʘʚʣʝʥ ʧʘʢʝʪ ʜʘʥʥʳʭ, ʪʨʘʥʩʣʠʨʫʝʪ ʣʦʛʠʯʝʩʢʠʝ ʩʝʪʝʚʳʝ ʘʜʨʝʩʘ ʚ 

ʬʠʟʠʯʝʩʢʠʝ, ʘ ʥʘ ʧʨʠʝʤʥʦʡ ʩʪʦʨʦʥʝ ï ʬʠʟʠʯʝʩʢʠʝ ʘʜʨʝʩʘ ʚ ʣʦʛʠʯʝʩʢʠʝ. 

ʉʝʪʝʚʳʝ ʣʦʛʠʯʝʩʢʠʝ IP-ʘʜʨʝʩʘ ʧʨʠʥʘʜʣʝʞʘʪ ʧʦʣʴʟʦʚʘʪʝʣʷʤ. 

 ʂʘʥʘʣʴʥʳʡ  ʫʨʦʚʝʥʴ 2 (Data Link) ʬʦʨʤʠʨʫʝʪ ʠʟ ʧʘʢʝʪʦʚ ʢʘʜʨʳ 

ʜʘʥʥʳʭ (frames). ʅʘ ʵʪʦʤ ʫʨʦʚʥʝ ʟʘʜʘʶʪʩʷ ʬʠʟʠʯʝʩʢʠʝ ʘʜʨʝʩʘ ʫʩʪʨʦʡʩʪʚʘ-

ʦʪʧʨʘʚʠʪʝʣʷ ʠ ʫʩʪʨʦʡʩʪʚʘ-ʧʦʣʫʯʘʪʝʣʷ ʜʘʥʥʳʭ, ʥʘʧʨʠʤʝʨ, ʄɸʉ-ʘʜʨʝʩʘ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʠ Ethernet. ʅʘ ʵʪʦʤ ʞʝ ʫʨʦʚʥʝ ʢ ʧʝʨʝʜʘʚʘʝʤʳʤ 

ʜʘʥʥʳʤ ʜʦʙʘʚʣʷʝʪʩʷ ʢʦʥʪʨʦʣʴʥʘʷ ʩʫʤʤʘ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʘ 

ʮʠʢʣʠʯʝʩʢʦʛʦ ʢʦʜʘ. ʅʘ ʧʨʠʝʤʥʦʡ ʩʪʦʨʦʥʝ ʧʦ ʢʦʥʪʨʦʣʴʥʦʡ ʩʫʤʤʝ ʦʧʨʝʜʝʣʷʶʪ 

ʥʘʣʠʯʠʝ ʦʰʠʙʦʢ. 

 ʌʠʟʠʯʝʩʢʠʡ  ʫʨʦʚʝʥʴ 1 (Physical) ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʝʨʝʜʘʯʫ ʧʦʪʦʢʘ ʙʠʪʦʚ 

ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʬʠʟʠʯʝʩʢʦʡ ʩʨʝʜʝ (ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʠʣʠ ʦʧʪʠʯʝʩʢʠʡ 

ʢʘʙʝʣʴ, ʨʘʜʠʦʢʘʥʘʣ) ʯʝʨʝʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʠʥʪʝʨʬʝʡʩ. ʅʘ ʵʪʦʤ ʫʨʦʚʥʝ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʢʦʜʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ, ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʧʝʨʝʜʘʚʘʝʤʳʭ ʙʠʪʦʚ 

ʠʥʬʦʨʤʘʮʠʠ. 

ɺʘʞʥʳʤ ʧʨʦʮʝʩʩʦʤ ʧʨʠ ʧʝʨʝʜʘʯʝ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʠʥʢʘʧʩʫʣʷʮʠʷ 

(encapsulation) ʜʘʥʥʳʭ, ʢʦʛʜʘ ʥʘ ʢʘʞʜʦʤ ʫʨʦʚʥʝ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʤʣʝʥʠʝ 

ʜʘʥʥʳʭ ʟʘʛʦʣʦʚʢʘʤʠ ʩʦ ʩʣʫʞʝʙʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ. ʅʘʟʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʝʜʠʥʠʮ ʥʘ ʢʘʞʜʦʤ ʫʨʦʚʥʝ, ʠʭ ʨʘʟʤʝʨ ʠ ʜʨʫʛʠʝ ʧʘʨʘʤʝʪʨʳ ʠʥʢʘʧʩʫʣʷʮʠʠ 

ʟʘʜʘʶʪʩʷ ʩʦʛʣʘʩʥʦ ʧʨʦʪʦʢʦʣʫ ʝʜʠʥʠʮ ʜʘʥʥʳʭ (Protocol Data Unit ï PDU). 

ʀʪʘʢ, ʥʘ ʪʨʝʭ ʚʝʨʭʥʠʭ ʫʨʦʚʥʷʭ ï ʵʪʦ ʩʦʦʙʱʝʥʠʝ (Data), ʥʘ ʊʨʘʥʩʧʦʨʪʥʦʤ 

ʋʨʦʚʥʝ 4 ï ʩʝʛʤʝʥʪ (Segment), ʥʘ ʉʝʪʝʚʦʤ ʋʨʦʚʥʝ 3 ï ʧʘʢʝʪ (Packet), ʥʘ 

ʂʘʥʘʣʴʥʦʤ ʋʨʦʚʥʝ 2 ï ʢʘʜʨ (Frame), ʥʘ ʌʠʟʠʯʝʩʢʦʤ ʋʨʦʚʥʝ 1 ï 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʙʠʪʦʚ. 

ʇʝʨʝʜʘʚʘʝʤʦʝ ʩʦʦʙʱʝʥʠʝ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʝ ʧʨʠʣʦʞʝʥʠʝʤ, ʧʨʦʭʦʜʠʪ 

ʪʨʠ ʚʝʨʭʥʠʭ ʫʨʦʚʥʷ ʠ ʧʦʩʪʫʧʘʝʪ ʥʘ ʪʨʘʥʩʧʦʨʪʥʳʡ ʫʨʦʚʝʥʴ, ʛʜʝ ʜʝʣʠʪʩʷ ʥʘ 

ʯʘʩʪʠ ʠ ʢʘʞʜʘʷ ʯʘʩʪʴ ʠʥʢʘʧʩʫʣʠʨʫʝʪʩʷ (ʧʦʤʝʱʘʝʪʩʷ) ʚ ʩʝʛʤʝʥʪ ʜʘʥʥʳʭ 
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(ʨʠʩ.2.4). ɺ ʟʘʛʦʣʦʚʢʝ ʩʝʛʤʝʥʪʘ ʩʦʜʝʨʞʠʪʩʷ ʥʦʤʝʨ ʧʦʨʪʘ ʠʩʪʦʯʥʠʢʘ, 

ʧʦʜʛʦʪʦʚʠʚʰʝʛʦ ʩʦʦʙʱʝʥʠʝ, ʠ ʥʦʤʝʨ ʧʦʨʪʘ ʥʘʟʥʘʯʝʥʠʷ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ 

ʦʙʨʘʙʘʪʳʚʘʪʴ ʜʘʥʥʳʡ ʩʝʛʤʝʥʪ. ʅʘʧʨʠʤʝʨ, ʩʝʨʚʝʨ r ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʳ ʩ 

ʥʦʤʝʨʘʤʠ ʧʦʨʪʦʚ 25 ʠ 110 ʧʦʟʚʦʣʷʪʁ ʧʦʩʳʣʘʪʴ e-mail ʩʦʦʙʱʝʥʠʷ ʠ 

ʧʨʠʥʠʤʘʪʴ ʠʭ, ˉ ʧʦʨʪʘ 80 ʘʜʨʝʩʫʝʪ ʚʝʙ-ʩʝʨʚʝʨ. 

ʇʨʠʢʣʘʜʥʦʡ

ʇʨʝʜʩʪʘʚʣʝʥʠ̫

ʉʝʘʥʩʦʚrʡ

ʊʨʘʥʩʧʦʨʪʥrʡ

ʉʝʪʝʚʦʡ

ʂʘʥʘʣɹʥrʡ

ʌʠʟʠʯʝʩʢʠʡ

ɿʘʛʦʣʦʚʦʢ 

ʢʘʜʨʘ

ɿʘʛʦʣʦʚʦʢ 

ʧʘʢʝʪʘ
ʂʦʥʮʝʚʠʢ

ɿʘʛʦʣʦʚʦʢ 

ʩʝʛʤʝʥʪʘ
ɼʘʥʥrʝ

ɹʠʪr ʧʝʨʝʜʘʚʘʝʤr ʭ ʜʘʥʥrʭ

ɿʘʛʦʣʦʚʦʢ 

ʩʝʛʤʝʥʪʘ
ɼʘʥʥrʝ

ɿʘʛʦʣʦʚʦʢ 

ʧʘʢʝʪʘ

ɿʘʛʦʣʦʚʦʢ 

ʩʝʛʤʝʥʪʘ
ɼʘʥʥrʝ

ɼʘʥʥrʝ

ʉʝʛʤʝʥʪ

ʇʘʢʝʪ

ʂʘʜʨ

 
 

ʈʠʩ. 2.4. ʀʥʢʘʧʩʫʣʷʮʠʷ ʜʘʥʥʳʭ 

 

ʅʘ ʩʝʪʝʚʦʤ ʫʨʦʚʥʝ ʩʝʛʤʝʥʪ ʠʥʢʘʧʩʫʣʠʨʫʝʪʩʷ ʚ ʧʘʢʝʪ ʜʘʥʥʳʭ, ʟʘʛʦʣʦʚʦʢ 

(header) ʢʦʪʦʨʦʛʦ ʩʦʜʝʨʞʠʪ, ʢʨʦʤʝ ʧʨʦʯʝʛʦ, ʩʝʪʝʚʳʝ (ʣʦʛʠʯʝʩʢʠʝ) ʘʜʨʝʩʘ 

ʦʪʧʨʘʚʠʪʝʣʷ ʠʥʬʦʨʤʘʮʠʠ (ʠʩʪʦʯʥʠʢʘ) ï Source Address (SA) ʠ ʧʦʣʫʯʘʪʝʣʷ 

(ʥʘʟʥʘʯʝʥʠʷ) ï Destination Address (DA), IP-ʘʜʨʝʩʘ. 

ʅʘ ʢʘʥʘʣʴʥʦʤ ʫʨʦʚʥʝ ʧʘʢʝʪ ʠʥʢʘʧʩʫʣʠʨʫʝʪʩʷ ʚ ʢʘʜʨ (frame) ʜʘʥʥʳʭ, 

ʟʘʛʦʣʦʚʦʢ ʢʦʪʦʨʦʛʦ ʩʦʜʝʨʞʠʪ ʬʠʟʠʯʝʩʢʠʝ ʘʜʨʝʩʘ ʫʟʣʘ ʧʝʨʝʜʘʪʯʠʢʘ ʠ 

ʧʨʠʝʤʥʠʢʘ, ʘ ʪʘʢʞʝ ʜʨʫʛʫʶ ʠʥʬʦʨʤʘʮʠʶ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʵʪʦʤ ʫʨʦʚʥʝ 

ʜʦʙʘʚʣʷʝʪʩʷ ʢʦʥʮʝʚʠʢ (ʪʨʝʡʣʝʨ) ʢʘʜʨʘ, ʩʦʜʝʨʞʘʱʠʡ ʠʥʬʦʨʤʘʮʠʶ, 

ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʧʨʦʚʝʨʢʠ ʧʨʘʚʠʣʴʥʦʩʪʠ ʧʨʠʥʷʪʦʡ ʠʥʬʦʨʤʘʮʠʠ.  

ʇʦʤʠʤʦ ʩʝʤʠʫʨʦʚʥʝʚʦʡ OSI ʤʦʜʝʣʠ ʥʘ ʧʨʘʢʪʠʢʝ ʧʨʠʤʝʥʷʝʪʩʷ 

ʯʝʪʳʨʝʭʫʨʦʚʥʝʚʘʷ ʤʦʜʝʣʴ TCP/IP (ʨʠʩ. 2.5). 
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ʇʨʠʢʣʘʜʥʦʡ

ʇʨʝʜʩʪʘʚʣʝʥʠ̫

ʉʝʘʥʩʦʚrʡ

ʊʨʘʥʩʧʦʨʪʥrʡ

ʉʝʪʝʚʦʡ

ʂʘʥʘʣɹʥrʡ

ʌʠʟʠʯʝʩʢʠʡ

ʇʨʠʢʣʘʜʥʦʡ

ʊʨʘʥʩʧʦʨʪʥrʡ

ʄʝʞʩʝʪʝʚʦʡ

ʉʝʪʝʚʦʛʦ ʜʦʩʪʫʧʘ

ʄʦʜʝʣɹ OSI ʄʦʜʝʣɹ TCP/IP

 

ʈʠʩ. 2.5. ʄʦʜʝʣʠ OSI ʠ TCP/IP 

ʇʨʠʢʣʘʜʥʦʡ ʫʨʦʚʝʥʴ ʤʦʜʝʣʠ TCP/IP ʧʦ ʥʘʟʚʘʥʠʶ ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʟʚʘʥʠʝʤ 

ʤʦʜʝʣʠ OSI, ʥʦ ʧʦ ʬʫʥʢʮʠʷʤ ʛʦʨʘʟʜʦ ʰʠʨʝ, ʧʦʩʢʦʣʴʢʫ ʦʭʚʘʪʳʚʘʝʪ ʪʨʠ 

ʚʝʨʭʥʠʭ ʫʨʦʚʥʷ (ʇʨʠʢʣʘʜʥʦʡ, ʇʨʝʜʩʪʘʚʣʝʥʠʷ ʠ ʉʝʘʥʩʦʚʳʡ). ʊʨʘʥʩʧʦʨʪʥʳʡ 

ʫʨʦʚʝʥʴ ʦʙʝʠʭ ʤʦʜʝʣʝʡ ʠ ʧʦ ʥʘʟʚʘʥʠʶ, ʠ ʧʦ ʬʫʥʢʮʠʷʤ ʦʜʠʥʘʢʦʚ. ʉʝʪʝʚʦʡ 

(Network) ʫʨʦʚʝʥʴ ʤʦʜʝʣʠ OSI ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʝʞʩʝʪʝʚʦʤʫ (Internet) ʫʨʦʚʥʶ 

ʤʦʜʝʣʠ TCP/IP, ʘ ʜʚʘ ʥʠʞʥʠʭ ʫʨʦʚʥʷ (ʢʘʥʘʣʴʥʳʡ ʠ ʬʠʟʠʯʝʩʢʠʡ) 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʙʲʝʜʠʥʝʥʥʳʤ ʫʨʦʚʥʝʤ ʩʝʪʝʚʦʛʦ ʜʦʩʪʫʧʘ (Network Access). 

 

ʇʨʦʪʦʢʦʣʳ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʫʨʦʚʥʷ (TCP, UDP) ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ 

ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʧʨʦʪʦʢʦʣʘʤʠ ʧʨʠʢʣʘʜʥʦʛʦ ʫʨʦʚʥʷ. ʊʘʢ ʧʨʦʪʦʢʦʣ TCP, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʥʘʜʝʞʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ 

ʧʨʦʪʦʢʦʣʘʤʠ HTTP, FTP, SMTP ʠ ʜʨ. ʆʥ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʝ ʪʦʣʴʢʦ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʦʚʪʦʨʥʫʶ ʧʝʨʝʜʘʯʫ ʧʦʪʝʨʷʥʥʳʭ ʧʘʢʝʪʦʚ, ʥʦ ʠ ʫʧʨʘʚʣʷʪʴ 

ʧʦʪʦʢʦʤ ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ, ʧʨʝʜʦʪʚʨʘʱʘʷ ʠʭ ʧʦʪʝʨʶ ʠʟ-ʟʘ ʯʨʝʟʤʝʨʥʦ 

ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʠʩʪʦʯʥʠʢʦʤ ʠʥʬʦʨʤʘʮʠʠ. 
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ɺʤʝʩʪʝ ʩ ʬʠʟʠʯʝʩʢʠʤʠ, ʥʘʧʨʠʤʝʨ, ʄɸʉ-ʘʜʨʝʩʘʤʠ, ʠ ʣʦʛʠʯʝʩʢʠʤʠ IP-

ʘʜʨʝʩʘʤʠ ʟʘʜʘʥʠʝ ʥʦʤʝʨʦʚ ʧʦʨʪʦʚ ʦʙʨʘʟʫʝʪ ʪʨʦʡʥʫʶ ʩʠʩʪʝʤʫ ʘʜʨʝʩʘʮʠʠ, 

ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʘʜʨʝʩʦʚʘʪʴ ʫʩʪʨʦʡʩʪʚʘ, ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ ʧʨʠʣʦʞʝʥʠʡ. 

 

 

2.4. ʇʨʦʮʝʩʩ ʧʝʨʝʜʘʯʠ ʩʦʦʙʱʝʥʠʡ ʧʦ ʩʝʪʠ 

 

ʇʨʦʮʝʩʩ ʧʝʨʝʜʘʯʠ ʦʜʥʦʛʦ ʙʦʣʴʰʦʛʦ ʩʦʦʙʱʝʥʠʷ ʧʦ ʩʝʪʠ ʤʦʞʝʪ ʟʘʥʷʪʴ 

ʤʥʦʛʦ ʚʨʝʤʝʥʠ, ʜʦ ʟʘʚʝʨʰʝʥʠʷ ʢʦʪʦʨʦʛʦ ʜʨʫʛʠʝ ʧʦʣʴʟʦʚʘʪʝʣʠ ʥʝ ʠʤʝʣʠ ʙʳ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʝʜʘʚʘʪʴ ʩʚʦʠ ʜʘʥʥʳʝ. ʇʦʵʪʦʤʫ ʙʦʣʴʰʦʝ ʩʦʦʙʱʝʥʠʝ ʜʝʣʠʪʩʷ 

ʥʘ ʩʝʛʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʝʥʥʳʤ ʦʙʨʘʟʦʤ ʥʫʤʝʨʫʶʪʩʷ, ʠ ʧʦ ʩʝʪʠ 

ʧʝʨʝʜʘʝʪʩʷ ʯʝʨʝʜʫʶʱʘʷʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʝʛʤʝʥʪʦʚ ʨʘʟʥʳʭ ʩʦʦʙʱʝʥʠʡ. 

ʇʨʦʮʝʩʩ ʯʝʨʝʜʦʚʘʥʠʷ ʩʝʛʤʝʥʪʦʚ ʨʘʟʥʳʭ ʩʦʦʙʱʝʥʠʡ ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ 

ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʝ. 

ɼʣʷ ʜʦʩʪʘʚʢʠ ʩʦʦʙʱʝʥʠʷ ʦʪ ʠʩʪʦʯʥʠʢʘ ʜʦ ʥʘʟʥʘʯʝʥʠʷ, ʧʝʨʝʜʘʚʘʝʤʳʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʝʜʠʥʠʮʳ (ʩʝʛʤʝʥʪʳ, ʧʘʢʝʪʳ, ʢʘʜʨʳ ï ʩʤ. ʨʠʩ. 2.4) ʜʦʣʞʥʳ 

ʘʜʨʝʩʦʚʘʪʴʩʷ. ʅʘ ʪʨʘʥʩʧʦʨʪʥʦʤ ʫʨʦʚʥʝ ʟʘʜʘʶʪʩʷ ʥʦʤʝʨʘ ʧʦʨʪʦʚ, ʥʘ ʩʝʪʝʚʦʤ 

ʫʨʦʚʥʝ ï ʣʦʛʠʯʝʩʢʠʝ ʘʜʨʝʩʘ, ʥʘ ʢʘʥʘʣʴʥʦʤ ʫʨʦʚʥʝ ï ʬʠʟʠʯʝʩʢʠʝ ʘʜʨʝʩʘ, ʯʪʦ 

ʦʙʨʘʟʫʝʪ ʪʨʦʡʥʫʶ ʩʠʩʪʝʤʫ ʘʜʨʝʩʘʮʠʠ ʩʦʦʙʱʝʥʠʡ. 

ʃʦʛʠʯʝʩʢʠʝ IP-ʘʜʨʝʩʘ ʟʘʜʘʶʪʩʷ ʧʨʦʪʦʢʦʣʦʤ IPv4 ʚ ʚʠʜʝ 32-ʭ ʨʘʟʨʷʜʥʦʛʦ 

ʜʚʦʠʯʥʦʛʦ ʢʦʜʘ. ɺ ʜʦʢʫʤʝʥʪʘʮʠʠ IP-ʘʜʨʝʩʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʯʝʪʳʨʝʭ 

ʦʢʪʝʪʦʚ (ʙʘʡʪʦʚ) ʚ ʜʝʩʷʪʠʯʥʦʤ ʢʦʜʝ, ʦʢʪʝʪʳ ʦʪʜʝʣʝʥʳ ʜʝʩʷʪʠʯʥʦʡ ʪʦʯʢʦʡ, 

ʥʘʧʨʠʤʝʨ, 192.168.10.73. ʇʨʦʪʦʢʦʣʦʤ IPv6 ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʘʜʨʝʩʘ ʜʣʠʥʦʡ 128 

ʜʚʦʠʯʥʳʭ ʨʘʟʨʷʜʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʰʝʩʪʥʘʜʮʘʪʝʨʠʯʥʦʡ ʩʠʩʪʝʤʝ, 

ʥʘʧʨʠʤʝʨ, 2001:0DB8:000A:0001:0002:B3FF:FE18:A1D7. ʌʠʟʠʯʝʩʢʠʝ MAC-

ʘʜʨʝʩʘ ʩʦʜʝʨʞʘʪ 48 ʜʚʦʠʯʥʳʭ ʨʘʟʨʷʜʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʜʦʢʫʤʝʥʪʘʮʠʠ ʚ 

ʰʝʩʪʥʘʜʮʘʪʝʨʠʯʥʦʡ ʩʠʩʪʝʤʝ ʚ ʦʜʥʦʡ ʠʟ ʩʣʝʜʫʶʱʠʭ ʬʦʨʤ; 

 03:A7:BE:59:4D:8C; 03-A7-BE-59-4D-8C; 03A7.BE59.4D8C. 

ɺ ʟʘʛʦʣʦʚʢʝ ʧʘʢʝʪʘ ʫʢʘʟʳʚʘʝʪʩʷ ʢʘʢ IP-ʘʜʨʝʩ ʠʩʪʦʯʥʠʢʘ ʩʦʦʙʱʝʥʠʷ, 

ʪʘʢ ʠ IP-ʘʜʨʝʩ ʥʘʟʥʘʯʝʥʠʷ (ʨʠʩ. 2.6). ʕʪʠ ʘʜʨʝʩʘ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʚʦ ʚʩʝʡ ʩʝʪʠ 

ʀʥʪʝʨʥʝʪ. IP-ʘʜʨʝʩʘ ʷʚʣʷʶʪʩʷ ʠʝʨʘʨʭʠʯʝʩʢʠʤʠ: ʩʪʘʨʰʘʷ ʯʘʩʪʴ ʘʜʨʝʩʘ 

ʟʘʜʘʝʪ ʥʦʤʝʨ ʩʝʪʠ, ʘ ʤʣʘʜʰʘʷ ʯʘʩʪʴ ï ʥʦʤʝʨ ʫʟʣʘ ʚ ʵʪʦʡ ʩʝʪʠ. ɽʩʣʠ ʠʩʪʦʯʥʠʢ 

ʩʦʦʙʱʝʥʠʷ ʠ ʘʜʨʝʩʘʪ ʥʘʟʥʘʯʝʥʠʷ ʥʘʭʦʜʷʪʩʷ ʚ ʦʜʥʦʡ ʩʝʪʠ, ʪʦ ʢʘʜʨ ʩʦʦʙʱʝʥʠʷ 
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ʢʘʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʧʝʨʝʜʘʝʪʩʷ ʧʦ ʢʘʥʘʣʫ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʠʟʠʯʝʩʢʠʭ, 

ʥʘʧʨʠʤʝʨ, ʄɸʉ-ʘʜʨʝʩʦʚ. ɺ ʟʘʛʦʣʦʚʢʝ ʢʘʜʨʘ ʫʢʘʟʳʚʘʝʪʩʷ ʢʘʢ ʄɸʉ-ʘʜʨʝʩ 

ʠʩʪʦʯʥʠʢʘ ʩʦʦʙʱʝʥʠʷ, ʪʘʢ ʠ ʄɸʉ-ʘʜʨʝʩ ʥʘʟʥʘʯʝʥʠʷ. 
 

ʄɸʉ-ʘʜʨʝʩ

ʥʘʟʥʘʯʝʥʠ̫

ʄɸʉ-ʘʜʨʝʩ

ʠʩʪʦʯʥʠʢʘ

IP-ʘʜʨʝʩ

ʠʩʪʦʯʥʠʢʘ

IP-ʘʜʨʝʩ

ʥʘʟʥʘʯʝʥʠ̫
ʊʨʝʡʣʝʨɼʘʥʥrʝ

 

ʈʠʩ.2.6. ɸʜʨʝʩʘʮʠʷ ʥʘʟʥʘʯʝʥʠʷ ʠ ʠʩʪʦʯʥʠʢʘ ʚ ʧʘʢʝʪʝ ʠ ʢʘʜʨʝ ʜʘʥʥʳʭ 

ʅʘ ʧʝʨʝʜʘʶʱʝʡ ʩʪʦʨʦʥʝ ʩʦʦʙʱʝʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʨʦʭʦʜʠʪ ʚʩʝ 

ʫʨʦʚʥʠ ʤʦʜʝʣʠ OSI (ʨʠʩ. 2.2, 2.4) ʩʚʝʨʭʫ ʚʥʠʟ. ɺ ʧʨʦʮʝʩʩʝ ʠʥʢʘʧʩʫʣʷʮʠʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʬʦʨʤʠʨʫʶʪʩʷ ʩʝʛʤʝʥʪʳ ʩ ʥʦʤʝʨʘʤʠ ʧʦʨʪʦʚ, ʧʘʢʝʪʳ ʩ 

ʣʦʛʠʯʝʩʢʠʤʠ IP-ʘʜʨʝʩʘʤʠ, ʢʘʜʨʳ ʩ ʬʠʟʠʯʝʩʢʠʤʠ ʄɸʉ-ʘʜʨʝʩʘʤʠ. ʅʦʤʝʨʘ 

ʧʦʨʪʦʚ ʟʘʜʘʶʪʩʷ ʠʩʭʦʜʷ ʠʟ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʩʝʨʚʠʩʘ (ʩʝʨʚʝʨ HTTP, SMTP, FTP 

ʠʣʠ ʜʨ.). ʃʦʛʠʯʝʩʢʠʝ IP-ʘʜʨʝʩʘ ʦʧʨʝʜʝʣʷʶʪ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʌʠʟʠʯʝʩʢʠʡ ʄɸʉ-

ʘʜʨʝʩ ʠʩʪʦʯʥʠʢʘ ʥʘʟʥʘʯʘʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʘʤʠʤ ʫʩʪʨʦʡʩʪʚʦʤ-ʠʩʪʦʯʥʠʢʦʤ 

ʧʝʨʝʜʘʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʄɸʉ-ʘʜʨʝʩʘ ʥʘʟʥʘʯʝʥʠʷ ʧʦ IP-ʘʜʨʝʩʫ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʧʨʦʪʦʢʦʣ ʨʘʟʨʝʰʝʥʠʷ ʘʜʨʝʩʦʚ (Address Resolution Protocol ï ARP). ʋʟʝʣ, 

ʧʝʨʝʜʘʶʱʠʡ ʩʦʦʙʱʝʥʠʝ, ʧʦʩʳʣʘʝʪ ʚ ʩʚʦʶ ʣʦʢʘʣʴʥʫʶ ʩʝʪʴ 

ʰʠʨʦʢʦʚʝʱʘʪʝʣʴʥʳʡ ARP-ʟʘʧʨʦʩ, ʚ ʢʦʪʦʨʦʤ ʫʢʘʟʘʥ IP-ʘʜʨʝʩ ʥʘʟʥʘʯʝʥʠʷ. 

ʋʟʝʣ, ʨʘʩʧʦʟʥʘʚʰʠʡ ʩʚʦʡ IP-ʘʜʨʝʩ ʚ ʟʘʧʨʦʩʝ, ʧʦʩʳʣʘʝʪ ʦʪʚʝʪ ʩʦ ʩʚʦʠʤ ʄɸʉ-

ʘʜʨʝʩʦʤ.  

ɽʩʣʠ ʘʜʨʝʩʘʪ ʥʘʟʥʘʯʝʥʠʷ ʥʘʭʦʜʠʪʩʷ ʚ ʜʨʫʛʦʡ ʩʝʪʠ, ʪʦ ʚ ʦʪʚʝʪ ʥʘ 

ʰʠʨʦʢʦʚʝʱʘʪʝʣʴʥʳʡ ARP-ʟʘʧʨʦʩ ʧʨʠʭʦʜʠʪ ʄɸʉ-ʘʜʨʝʩ ʰʣʶʟʘ ʧʦ 

ʫʤʦʣʯʘʥʠʶ. ʐʣʶʟ ʧʦ ʫʤʦʣʯʘʥʠʶ ʵʪʦ ʠʥʪʝʨʬʝʡʩ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ, ʯʝʨʝʟ 

ʢʦʪʦʨʳʡ ʧʘʢʝʪʳ ʠʟ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ ʧʝʨʝʜʘʶʪʩʷ ʚ ʩʦʩʪʘʚʥʫʶ ʩʝʪʴ. ɽʩʣʠ ʰʣʶʟ 

ʧʦ ʫʤʦʣʯʘʥʠʶ ʩʢʦʥʬʠʛʫʨʠʨʦʚʘʥ ʥʝʚʝʨʥʦ, ʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʚʦʟʤʦʞʝʥ ʦʙʤʝʥ 

ʩʦʦʙʱʝʥʠʷʤʠ ʪʦʣʴʢʦ ʤʝʞʜʫ ʫʟʣʘʤʠ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ, ʥʦ ʥʝ ʚʦʟʤʦʞʝʥ ʦʙʤʝʥ ʩ 

ʫʜʘʣʝʥʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʠʟ ʜʨʫʛʠʭ ʩʝʪʝʡ. 

ʀʩʪʦʯʥʠʢ ʩʦʦʙʱʝʥʠʷ ʚʩʝʛʜʘ ʝʜʠʥʩʪʚʝʥʥʳʡ, ʧʦʵʪʦʤʫ ʠʤʝʝʪ ʫʥʠʢʘʣʴʥʳʡ 

ʣʦʛʠʯʝʩʢʠʡ ʠ ʬʠʟʠʯʝʩʢʠʡ ʘʜʨʝʩ. ʆʜʥʘʢʦ ʩʦʦʙʱʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʘʜʨʝʩʦʚʘʥʦ 

ʝʜʠʥʩʪʚʝʥʥʦʤʫ (ʫʥʠʢʘʣʴʥʦʤʫ) ʫʩʪʨʦʡʩʪʚʫ, ʠʣʠ ʛʨʫʧʧʝ ʫʩʪʨʦʡʩʪʚ, ʠʣʠ ʚʩʝʤ 

ʫʩʪʨʦʡʩʪʚʘʤ ʚ ʩʝʪʠ. ʇʨʠ ʵʪʦʤ ʨʝʘʣʠʟʫʝʪʩʷ ʣʠʙʦ ʦʜʥʦʘʜʨʝʩʥʘʷ ʨʘʩʩʳʣʢʘ 

ʩʦʦʙʱʝʥʠʷ (unicast), ʣʠʙʦ ʤʥʦʛʦʘʜʨʝʩʥʘʷ ʛʨʫʧʧʦʚʘʷ (multicast), ʣʠʙʦ 
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ʰʠʨʦʢʦʚʝʱʘʪʝʣʴʥʘʷ ʨʘʩʩʳʣʢʘ ʩʦʦʙʱʝʥʠʷ (broadcast). ɼʣʷ ʢʘʞʜʦʛʦ ʚʠʜʘ 

ʨʘʩʩʳʣʢʠ ʩʦʦʙʱʝʥʠʷ ʩʫʱʝʩʪʚʫʶʪ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ ʟʘʜʘʥʠʷ ʘʜʨʝʩʦʚ. 

ʇʦʩʢʦʣʴʢʫ ʥʘ ʪʨʝʭ ʥʠʞʥʠʭ ʫʨʦʚʥʷʭ ʤʦʜʝʣʠ OSI ʬʫʥʢʮʠʦʥʠʨʫʶʪ 

ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ, ʪʦ ʦʙʨʘʙʦʪʢʘ ʩʦʦʙʱʝʥʠʷ ʧʨʦʚʦʜʠʪʩʷ ʩ 

ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ. ʅʘ ʚʝʨʭʥʠʭ ʞʝ ʫʨʦʚʥʷʭ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʧʨʦʛʨʘʤʤʥʳʝ 

ʩʨʝʜʩʪʚʘ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ.  

ɺ ʨʝʘʣʴʥʳʭ ʩʝʪʷʭ ʩʦʦʙʱʝʥʠʝ ʦʪ ʦʜʥʦʛʦ ʢʦʥʝʯʥʦʛʦ ʫʟʣʘ ʜʦ ʜʨʫʛʦʛʦ 

ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʮʝʣʳʡ ʨʷʜ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʫʩʪʨʦʡʩʪʚ (ʢʦʤʤʫʪʘʪʦʨʦʚ, 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʚ). ʇʦʵʪʦʤʫ ʜʣʷ ʩʥʠʞʝʥʠʷ ʚʨʝʤʝʥʠ ʟʘʜʝʨʞʢʠ (ʧʦʚʳʰʝʥʠʷ 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ) ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʩʦʦʙʱʝʥʠʝ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ 

ʩʨʝʜʩʪʚʘʤʠ ʪʦʣʴʢʦ ʪʨʝʭ, ʠʣʠ ʜʘʞʝ ʜʚʫʭ, ʥʠʞʥʠʭ ʫʨʦʚʥʝʡ (ʨʠʩ. 2.7). 
 

ʌʠʟʠʯʝʩʢʠʡ

ʇʨʠʢʣʘʜʥʦʡ

ʇʨʝʜʩʪʚʣʝʥʠ̫

ʉʝʘʥʩʦʚrʡ

ʊʨʘʥʩʧʦʨʪʥrʡ

ʉʝʪʝʚʦʡ

ʂʘʥʘʣɹʥrʡ

ʌʠʟʠʯʝʩʢʠʡ

ʇʨʠʢʣʘʜʥʦʡ

ʇʨʝʜʩʪʚʣʝʥʠ̫

ʉʝʘʥʩʦʚrʡ

ʊʨʘʥʩʧʦʨʪʥrʡ

ʉʝʪʝʚʦʡ

ʂʘʥʘʣɹʥrʡ

ʌʠʟʠʯʝʩʢʠʡ

ʉʝʪʝʚʦʡ

ʂʘʥʘʣɹʥrʡ

ʌʠʟʠʯʝʩʢʠʡ

ʉʝʪʝʚʦʡ

ʂʘʥʘʣɹʥrʡ

ʂʦʥʝʯʥrʡ ʫʟʝʣ Yʂʦʥʝʯʥrʡ ʫʟʝʣ X

ʇʨʦʤʝʞʫʪʦʯʥrʡ 

ʫʟʝʣ ɺ

ʇʨʦʤʝʞʫʪʦʯʥrʡ 

ʫʟʝʣ ɸ

 

 

ʈʠʩ. 2.7. ʇʝʨʝʜʘʯʘ ʩʦʦʙʱʝʥʠʷ ʧʦ ʩʝʪʠ 
 

ʉʬʦʨʤʠʨʦʚʘʥʥʦʝ ʥʘ ʫʟʣʝ ʠʩʪʦʯʥʠʢʝ ʩʦʦʙʱʝʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʧʨʦʭʦʜʠʪ ʚʩʝ ʩʝʤʴ ʫʨʦʚʥʝʡ ʩ 7 ʧʦ 1, ʥʘ ʯʪʦ ʪʨʘʪʠʪʩʷ ʤʥʦʛʦ ʚʨʝʤʝʥʠ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʊʨʘʥʩʧʦʨʪʥʳʡ ʫʨʦʚʝʥʴ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʥʘʜʝʞʥʦʩʪʴ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ, ʠ ʚʝʨʭʥʠʝ ʫʨʦʚʥʠ (ʇʨʠʣʦʞʝʥʠʡ, ʇʨʝʜʩʪʘʚʣʝʥʠʷ, ʉʝʘʥʩʦʚʳʡ) 

ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʪʦʣʴʢʦ ʥʘ ʢʦʥʝʯʥʳʭ ʫʟʣʘʭ, ʯʪʦ ʩʥʠʞʘʝʪ ʟʘʜʝʨʞʢʫ ʧʝʨʝʜʘʯʠ 

ʩʦʦʙʱʝʥʠʷ ʧʦ ʚʩʝʡ ʩʝʪʠ ʦʪ ʦʜʥʦʛʦ ʢʦʥʝʯʥʦʛʦ ʫʟʣʘ ʜʦ ʜʨʫʛʦʛʦ. ɺ ʧʨʠʚʝʜʝʥʥʦʤ 

ʧʨʠʤʝʨʝ (ʨʠʩ. 2.7) ʧʨʦʪʦʢʦʣ IP ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʥʘ ʚʩʝʭ ʩʝʪʝʚʳʭ ʵʣʝʤʝʥʪʘʭ, ʘ 

ʧʦʣʥʳʡ ʩʪʝʢ ʧʨʦʪʦʢʦʣʦʚ TCP/IP ï ʪʦʣʴʢʦ ʥʘ ʢʦʥʝʯʥʳʭ ʫʟʣʘʭ. 
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ɺʦʧʨʦʩʳ ʧʦ ʨʘʟʜʝʣʫ 2 

 

1. ʂʘʢʠʝ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʪʝʭʥʦʣʦʛʠʷʭ ʩʝʪʝʡ ʧʘʢʝʪʥʦʡ ʢʦʤʤʫʪʘʮʠʠ?  

2. ʂʘʢʠʝ ʠʟʚʝʩʪʥʳ ʫʨʦʚʥʠ ʤʦʜʝʣʠ TCP/IP? 

3. ʂʘʢʦʚʳ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ ʋʨʦʚʥʷ 1 ʤʦʜʝʣʠ OSI? 

4. ʂʘʢʦʚʳ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ ʋʨʦʚʥʷ 2 ʤʦʜʝʣʠ OSI? 

5. ʂʘʢʦʚʳ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ ʋʨʦʚʥʷ 3 ʤʦʜʝʣʠ OSI? 

6. ʂʘʢʦʚʳ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ ʋʨʦʚʥʷ 4 ʤʦʜʝʣʠ OSI? 

7. ʂʘʢʦʚʳ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ ʋʨʦʚʥʷ 5 ʤʦʜʝʣʠ OSI? 

8. ʂʘʢʦʚʳ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ ʋʨʦʚʥʷ 6 ʤʦʜʝʣʠ OSI? 

9. ʂʘʢʦʚʳ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ ʋʨʦʚʥʷ 7 ʤʦʜʝʣʠ OSI? 

10. ʏʪʦ ʩʦʙʦʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʢʘʧʩʫʣʷʮʠʷ ʜʘʥʥʳʭ? 

11. ʅʘ ʢʘʢʦʤ ʫʨʦʚʥʝ ʤʦʜʝʣʠ OSI ʟʘʜʘʶʪʩʷ IP ʘʜʨʝʩʘ? 

12. ʂʘʢʠʝ ʫʩʪʨʦʡʩʪʚʘ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʥʘ ʋʨʦʚʥʝ 3 ʤʦʜʝʣʠ OSI? 

13. ʂʘʢʠʝ ʫʩʪʨʦʡʩʪʚʘ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʥʘ ʋʨʦʚʥʝ 2 ʤʦʜʝʣʠ OSI? 

14. ʂʘʢʠʝ ʫʩʪʨʦʡʩʪʚʘ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʥʘ ʋʨʦʚʥʝ 1 ʤʦʜʝʣʠ OSI? 

15. ʂʘʢʠʝ ʫʨʦʚʥʠ ʤʦʜʝʣʝʡ OSI ʠ TCP/IP ʦʜʠʥʘʢʦʚʳ ʧʦ ʬʫʥʢʮʠʷʤ ʠ ʧʦ 

ʥʘʟʚʘʥʠʶ? 

16. ʏʪʦ ʦʧʨʝʜʝʣʷʝʪ PDU? 

17. ɺ ʯʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʫʧʨʘʚʣʝʥʠʝ ʧʦʪʦʢʦʤ ʧʨʦʪʦʢʦʣʦʤ TCP? 

18. ʂʘʢʦʚʳ ʬʫʥʢʮʠʠ ʧʨʦʪʦʢʦʣʘ TCP? 

19. ʇʨʠ ʧʝʨʝʜʘʯʝ ʢʘʢʠʭ ʚʠʜʦʚ ʪʨʘʬʠʢʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʪʦʢʦʣ UDP? 

20. ʂʘʢʠʝ ʚʠʜʳ ʨʘʩʩʳʣʢʠ ʩʦʦʙʱʝʥʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʝʪʷʭ? 

21. ʂʘʢʠʝ ʪʨʠ ʩʠʩʪʝʤʳ ʘʜʨʝʩʘʮʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʝʪʝʚʳʭ ʪʝʭʥʦʣʦʛʠʷʭ? 

22. ʂʘʢʦʚʳ ʬʫʥʢʮʠʠ ʧʨʦʪʦʢʦʣʘ ARP? 

23. ɽʩʣʠ ʘʜʨʝʩʘʪ ʥʘʟʥʘʯʝʥʠʷ ʥʘʭʦʜʠʪʩʷ ʚ ʜʨʫʛʦʡ ʩʝʪʠ, ʢʘʢʦʡ ʄɸʉ-ʘʜʨʝʩ 

ʥʘʟʥʘʯʝʥʠʷ ʙʫʜʝʪ ʫʩʪʘʥʦʚʣʝʥ ʚ ʟʘʛʦʣʦʚʢʝ ʢʘʜʨʘ? 

 

 

ʋʧʨʘʞʥʝʥʠʷ 
 

1. ʀʟʦʙʨʘʟʠʪʝ ʵʪʘʣʦʥʥʫʶ ʤʦʜʝʣʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʪʢʨʳʪʳʭ ʩʠʩʪʝʤ ISO/OSI. 

2. ʉʨʘʚʥʠʪʝ ʬʫʥʢʮʠʠ ʫʨʦʚʥʝʡ ʤʦʜʝʣʝʡ OSI ʠ TCP/IP. 

3. ʀʟʦʙʨʘʟʠʪʝ ʩʭʝʤʫ ʠʥʢʘʧʩʫʣʷʮʠʠ ʝʜʠʥʠʮ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʪʨʘʥʩʧʦʨʪʥʦʤ, 

ʩʝʪʝʚʦʤ ʠ ʢʘʥʘʣʴʥʦʤ ʫʨʦʚʥʷʭ. 

4. ʇʨʠʚʝʜʠʪʝ ʧʨʠʤʝʨʳ ʣʦʛʠʯʝʩʢʠʭ ʠ ʬʠʟʠʯʝʩʢʠʭ ʘʜʨʝʩʦʚ. 

5. ʆʙʲʷʩʥʠʪʝ, ʧʦʯʝʤʫ ʚ ʩʝʪʷʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʨʠ ʩʠʩʪʝʤʳ ʘʜʨʝʩʘʮʠʠ. 
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3. ʌʀɿʀʏɽʉʂʀʁ ʋʈʆɺɽʅʔ ʉɽʊɽɺʆʁ ʄʆɼɽʃʀ 

 

3.1. ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ ʦ ʬʠʟʠʯʝʩʢʦʤ ʫʨʦʚʥʝ 

 

ʇʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʝ ʩʨʝʜʩʪʚʘ ʥʠʞʥʠʭ ʫʨʦʚʥʝʡ ʤʦʜʝʣʠ ʩʝʪʠ (OSI 

ʠʣʠ TCP/IP) ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʦʩʪʫʧ ʢ ʩʝʪʝʚʦʡ ʩʨʝʜʝ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ. 

ʇʨʦʛʨʘʤʤʥʳʝ ʠ ʘʧʧʘʨʘʪʥʳʝ ʩʨʝʜʩʪʚʘ ʬʠʟʠʯʝʩʢʦʛʦ ʠ ʢʘʥʘʣʴʥʦʛʦ ʫʨʦʚʥʝʡ 

ʟʘʚʠʩʷʪ ʦʪ ʩʝʪʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ. ɸʧʧʘʨʘʪʥʳʝ ʩʨʝʜʩʪʚʘ ʬʠʟʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʝʜʥʳʤʠ ʠ ʦʧʪʦʚʦʣʦʢʦʥʥʳʤʠ ʢʘʙʝʣʷʤʠ, ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʨʝʜʦʡ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʨʘʟʲʝʤʘʤʠ, ʧʦʚʪʦʨʠʪʝʣʷʤʠ ʩʠʛʥʘʣʦʚ, ʤʥʦʛʦʧʦʨʪʦʚʳʤʠ 

ʧʦʚʪʦʨʠʪʝʣʷʤʠ ʠʣʠ ʢʦʥʮʝʥʪʨʘʪʦʨʘʤʠ (hub), ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ ʩʨʝʜʳ 

(transceiver), ʥʘʧʨʠʤʝʨ, ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʚ 

ʦʧʪʠʯʝʩʢʠʝ ʠ ʥʘʦʙʦʨʦʪ. ɸʧʧʘʨʘʪʥʳʝ ʩʨʝʜʩʪʚʘ ʢʘʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʦʤʤʫʪʘʪʦʨʘʤʠ (switch). ʆʪʜʝʣʴʥʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʩʝʪʝʚʳʝ 

ʢʘʨʪʳ ʠʣʠ ʘʜʘʧʪʝʨʳ (Network Interface Card ï NIC), ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ 

ʢʦʪʦʨʳʭ ʦʭʚʘʪʳʚʘʝʪ ʢʘʢ ʢʘʥʘʣʴʥʳʡ, ʪʘʢ ʠ ʬʠʟʠʯʝʩʢʠʡ ʫʨʦʚʥʠ. ɺ ʤʦʜʝʣʠ 

TCP/IP ʢʘʥʘʣʴʥʳʡ ʠ ʬʠʟʠʯʝʩʢʠʡ ʫʨʦʚʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʙʲʝʜʠʥʝʥʥʳʤ 

ʫʨʦʚʥʝʤ ʩʝʪʝʚʦʛʦ ʜʦʩʪʫʧʘ Network Access.  

ɺ ʢʘʯʝʩʪʚʝ ʩʨʝʜʳ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʫʶʪ ʢʦʘʢʩʠʘʣʴʥʳʡ ʢʘʙʝʣʴ, 

ʥʝʵʢʨʘʥʠʨʦʚʘʥʥʫʶ (UTP ï unshielded twisted pair) ʠʣʠ ʵʢʨʘʥʠʨʦʚʘʥʥʫʶ 

ʚʠʪʫʶ ʧʘʨʫ (STP ï shielded twisted pair), ʦʧʪʦʚʦʣʦʢʦʥʥʳʡ ʢʘʙʝʣʴ (fiber optic), 

ʙʝʩʧʨʦʚʦʜʥʳʝ ʨʘʜʠʦʢʘʥʘʣʳ. ɼʣʷ ʢʘʞʜʦʡ ʩʨʝʜʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ ʦʧʨʝʜʝʣʝʥʳ ʩʚʦʠ ʧʨʦʪʦʢʦʣʳ ʠ ʩʪʘʥʜʘʨʪʳ, ʨʘʟʨʘʙʦʪʢʦʡ ʢʦʪʦʨʳʭ 

ʟʘʥʠʤʘʝʪʩʷ ʮʝʣʳʡ ʨʷʜ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ (ʩʤ. ʨʘʟʜʝʣ 2.2).   

ʈʘʟʣʠʯʥʘʷ ʬʠʟʠʯʝʩʢʘʷ ʩʨʝʜʘ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʜʘʚʘʪʴ ʜʘʥʥʳʝ ʧʦ ʩʝʪʠ ʩ 

ʨʘʟʥʦʡ ʩʢʦʨʦʩʪʴʶ. ʇʨʠ ʵʪʦʤ ʠʟʤʝʨʷʶʪʩʷ ʠ ʫʯʠʪʳʚʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ 

ʧʘʨʘʤʝʪʨʳ:  

ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ (bandwidth), ʦʪʦʙʨʘʞʘʶʱʘʷ ʦʙʲʝʤ 

ʧʝʨʝʜʘʥʥʳʭ ʜʘʥʥʳʭ ʟʘ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ (ʂʙʠʪ/ʩ, ʄʙʠʪ/ʩ, ɻʙʠʪ/ʩ);  

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ (throughput) ʥʠʞʝ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠʟ-ʟʘ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʯʝʨʝʜʝʡ ʠ ʨʘʟʣʠʯʥʳʭ ʟʘʜʝʨʞʝʢ ʧʨʠ ʧʝʨʝʜʘʯʝ ʜʘʥʥʳʭ;  

ʧʦʣʝʟʥʘʷ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ (goodput) ï ʵʪʦ ʦʙʲʝʤ ʧʝʨʝʜʘʥʥʳʭ ʟʘ 

ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ ʜʘʥʥʳʭ ʙʝʟ ʫʯʝʪʘ ʟʘʛʦʣʦʚʢʦʚ ʩʝʛʤʝʥʪʦʚ, ʧʘʢʝʪʦʚ, ʢʘʜʨʦʚ, ʘ 

ʪʘʢʞʝ ʜʨʫʛʦʡ ʩʣʫʞʝʙʥʦʡ ʠʥʬʦʨʤʘʮʠʠ.  
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ʂʘʢ ʧʨʘʚʠʣʦ, ʥʘʠʙʦʣʴʰʫʶ ʩʢʦʨʦʩʪʴ ʠ ʜʘʣʴʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʦʧʪʦʚʦʣʦʢʦʥʥʳʝ ʢʘʙʝʣʠ, ʫ ʢʦʪʦʨʳʭ ʤʝʥʴʰʝ ʚʣʠʷʥʠʝ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ (EMI ) ʠ ʨʘʜʠʦʯʘʩʪʦʪʥʳʭ ʧʦʤʝʭ (RFI), ʘ ʪʘʢʞʝ 

ʦʪʩʫʪʩʪʚʫʶʪ ʧʝʨʝʢʨʝʩʪʥʳʝ ʧʦʤʝʭʠ (crosstalk) ʠʟ-ʟʘ ʚʟʘʠʤʥʦʛʦ ʚʣʠʷʥʠʷ 

ʩʠʛʥʘʣʦʚ ʚ ʩʦʩʝʜʥʠʭ ʚʦʣʦʢʥʘʭ.  

ɹʝʩʧʨʦʚʦʜʥʘʷ ʩʨʝʜʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʘʣʦʡ ʩʢʦʨʦʩʪʴʶ ʠ 

ʜʘʣʴʥʦʩʪʴʶ ʧʝʨʝʜʘʯʠ. ʆʜʥʘʢʦ ʤʦʙʠʣʴʥʦʩʪʴ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʣʝʛʢʦʩʪʴ 

ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʝʪʝʡ ʧʨʝʜʦʧʨʝʜʝʣʠʣʠ ʠʭ ʙʫʨʥʦʝ ʨʘʟʚʠʪʠʝ. 

ɻʣʘʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʝʪʝʡ ʩʪʘʣʘ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ 

ʙʝʟʦʧʘʩʥʦʩʪʴ.  

 

 

3.2. ʄʝʜʥʳʝ ʢʘʙʝʣʠ 

 

ʄʝʜʥʳʝ ʢʘʙʝʣʠ ʠʤʝʶʪ ʩʨʝʜʥʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʩ 

ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʨʝʜʦʡ ʠ ʦʧʪʦʚʦʣʦʢʦʥʥʳʤʠ ʢʘʙʝʣʷʤʠ. ʄʝʜʥʳʝ ʢʘʙʝʣʠ 

ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʣʦʢʘʣʴʥʳʭ ʩʝʪʷʭ ʪʝʭʥʦʣʦʛʠʡ Fast 

Ethernet, Gigabit Ethernet, 10 Gigabit Ethernet. 

ʃʦʢʘʣʴʥʳʝ ʩʝʪʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʪʨʦʷʪʩʷ ʥʘ ʦʩʥʦʚʝ ʥʝʵʢʨʘʥʠʨʦʚʘʥʥʦʡ 

ʚʠʪʦʡ ʧʘʨʳ (Unshielded Twisted Pair ï UTP). ʕʢʨʘʥʠʨʦʚʘʥʥʘʷ ʚʠʪʘʷ ʧʘʨʘ 

(STP), ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʵʢʨʘʥʠʨʦʚʘʥʥʦʡ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʣʫʯʰʫʶ ʟʘʱʠʪʫ 

ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʩʠʛʥʘʣʘ ʦʪ ʧʦʤʝʭ, ʦʜʥʘʢʦ UTP ʜʝʰʝʚʣʝ. ʂʘʙʝʣʠ UTP 

ʥʘʟʳʚʘʶʪ ʩʠʤʤʝʪʨʠʯʥʳʤʠ ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʦʘʢʩʠʘʣʴʥʳʭ ʤʝʜʥʳʭ ʢʘʙʝʣʝʡ.  

ʉʠʤʤʝʪʨʠʯʥʳʝ ʢʘʙʝʣʠ UTP ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʝʨʝʜʘʯʫ ʩʠʛʥʘʣʦʚ ʥʘ 

ʨʘʩʩʪʦʷʥʠʝ ʜʦ 100 ʤ. 

ɺ ʢʘʙʝʣʝ UTP ʯʝʪʳʨʝ ʧʘʨʳ ʩʚʠʪʳʭ ʤʝʜʥʳʭ ʧʨʦʚʦʜʦʚ. ɼʣʷ ʧʦʜʢʣʶʯʝʥʠʷ 

ʢʘʙʝʣʷ ʢ ʩʝʪʝʚʳʤ ʫʩʪʨʦʡʩʪʚʘʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʘʟʲʝʤ (ʢʦʥʥʝʢʪʦʨ) 8ʈ8ʉ (8 

Position, 8 Contact) ʠʣʠ, ʧʦ-ʜʨʫʛʦʤʫ RJ-45, ʠʤʝʶʱʠʡ 8 ʢʦʥʪʘʢʪʦʚ. 

ʆʩʥʦʚʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʢʘʙʝʣʝʡ ʷʚʣʷʶʪʩʷ: ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʯʘʩʪʦʪʘ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʧʦ ʢʘʙʝʣʶ ʩʠʛʥʘʣʘ, ʟʘʪʫʭʘʥʠʝ, ʚʝʣʠʯʠʥʘ ʧʝʨʝʢʨʝʩʪʥʳʭ 

ʧʦʤʝʭ. ɼʣʷ ʩʥʠʞʝʥʠʷ ʚʣʠʷʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ (EMI ) ʠ ʨʘʜʠʦʯʘʩʪʦʪʥʳʭ 

ʧʦʤʝʭ (RFI), ʚʳʟʚʘʥʥʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤʠ ʧʦʣʷʤʠ ʵʣʝʢʪʨʦʤʦʪʦʨʦʚ, ʧʝʯʝʡ 

ʉɺʏ, ʣʘʤʧ ʜʥʝʚʥʦʛʦ ʩʚʝʪʘ, ʧʘʨr ʤʝʜʥʳʭ ʧʨʦʚʦʜʦʚ ʩʚʠʚʘʶʪ, ʯʪʦ ʪʘʢʞʝ 

ʩʥʠʞʘʝʪ ʧʝʨʝʢʨʝʩʪʥʳʝ ʧʦʤʝʭʠ (crosstalk) ʚ ʩʦʩʝʜʥʠʭ ʚʠʪʳʭ ʧʘʨʘʭ.  
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ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʙʝʣʝʡ ʩʧʝʮʠʬʠʮʠʨʦʚʘʥʳ ʤʝʞʜʫʥʘʨʦʜʥʳʤ 

ʩʪʘʥʜʘʨʪʦʤ ISO/IEC 11801 (ʠʣʠ ʩʪʘʥʜʘʨʪʦʤ TIA/EIA-568A, 568ɺ), ʢʦʪʦʨʳʡ 

ʩʧʝʮʠʬʠʮʠʨʫʝʪ ʢʘʙʝʣʠ ʧʦ ʢʘʪʝʛʦʨʠʷʤ (ʪʘʙʣ. 3.1).  

ʊʘʙʣʠʮʘ 3.1 

ʂʘʪʝʛʦʨʠʠ ʢʘʙʝʣʝʡ ʠ ʨʘʟʲʝʤʦʚ 

ʂʘʪʝʛʦʨʠʷ 

ʢʘʙʝʣʷ ʠ 

ʨʘʟʲʝʤʘ 

ʇʦʣʦʩʘ 

ʯʘʩʪʦʪ, 

ʄɻʮ 

ʉʢʦʨʦʩʪʴ 

ʧʝʨʝʜʘʯʠ, 

ʄʙʠʪ/c 

 

ʊʠʧʦʚʳʝ ʧʨʠʣʦʞʝʥʠʷ 

ʂʘʪʝʛʦʨʠʷ 1 0,1 0,5 ʊʝʣʝʬʦʥʥʳʡ ʢʘʙʝʣʴ ʜʣʷ ʧʝʨʝʜʘʯʠ 

ʛʦʣʦʩʘ ʠʣʠ ʜʘʥʥʳʭ ʧʨʠ ʧʦʤʦʱʠ ʤʦʜʝʤʘ 

ʂʘʪʝʛʦʨʠʷ 2 1 4 ʃʦʢʘʣʴʥʳʝ ʩʝʪʠ Token Ring 

ʂʘʪʝʛʦʨʠʷ 3 16 10 

100 

ʃʦʢʘʣʴʥʳʝ ʩʝʪʠ Ethernet 10Base-T 

ʃʦʢʘʣʴʥʳʝ ʩʝʪʠ Ethernet 100Base-T4 

ʂʘʪʝʛʦʨʠʷ 5 100 100 ʉʝʪʠ Fast Ethernet 100Base-Tʍ 

ʂʘʪʝʛʦʨʠʷ 6 250 1000 ʉʝʪʠ Fast Ethernet ʠ Gigabit Ethernet 

ʂʘʪʝʛʦʨʠʷ 7 600 10000 ʉʝʪʠ 10 Gigabit Ethernet 

 

ʂʘʙʝʣʠ ʢʘʪʝʛʦʨʠʡ 3 ï 7, ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʨʘʙʦʪʳ ʚ ʩʝʪʷʭ Ethernet ʠ 

ʩʦʚʤʝʩʪʠʤʳʭ ʩ ʥʠʤʠ, ʧʦʟʚʦʣʷʶʪ ʧʝʨʝʜʘʚʘʪʴ ʜʘʥʥʳʝ ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʜʦ 100 ʤ. 

ʐʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʠʤʤʝʪʨʠʯʥʳʡ ʢʘʙʝʣʴ 

UTP ʢʘʪʝʛʦʨʠʠ 5 ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ: ʟʘʪʫʭʘʥʠʝʤ ʦʪ 0,8 ʜɹ ʥʘ ʯʘʩʪʦʪʝ 64 ʢɻʮ ʜʦ 

22 ʜɹ ʥʘ ʯʘʩʪʦʪʝ 100 ʄɻʮ; ʚʦʣʥʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 100 ʠʣʠ 120 ʆʤ; ʘʢʪʠʚʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʝ ʙʦʣʝʝ 9,4 ʆʤ ʥʘ 100 ʤ; ʝʤʢʦʩʪʴ ʥʝ ʙʦʣʝʝ 5,6 ʥʌ ʥʘ 100 ʤ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʘʙʝʣʴ UTP ʢʘʪʝʛʦʨʠʠ 5 ʚ ʩʝʪʷʭ Fast Ethernet 

100Base-Tʍ ʟʘʤʝʥʷʝʪʩʷ ʢʘʙʝʣʝʤ ʢʘʪʝʛʦʨʠʠ 5ʝ, ʧʦ ʢʦʪʦʨʦʤʫ ʤʦʞʥʦ 

ʧʝʨʝʜʘʚʘʪʴ ʜʘʥʥʳʝ ʩʦ ʩʢʦʨʦʩʪʴʶ ʚʳʰʝ 125 ʄʙʠʪ/ʩ.  

ʂʘʙʝʣʠ ʢʘʪʝʛʦʨʠʠ 7 ï ʵʢʨʘʥʠʨʦʚʘʥʥʳʝ, ʦʥʠ ʠʤʝʝʪ ʦʙʱʠʡ ʵʢʨʘʥ ʠ 

ʵʢʨʘʥʳ ʚʦʢʨʫʛ ʢʘʞʜʦʡ ʧʘʨʳ. ʉʝʜʴʤʘʷ ʢʘʪʝʛʦʨʠʷ, ʩʪʨʦʛʦ ʛʦʚʦʨʷ, ʥʝ UTP, ʘ 

S/FTP (Screened Fully Shielded Twisted Pair). 

ɺʠʪʘʷ ʧʘʨʘ ʢʘʪʝʛʦʨʠʠ 7a ʩ ʧʦʣʦʩʦʡ ʯʘʩʪʦʪ ʜʦ 1200 ʄɻʮ ʨʘʟʨʘʙʦʪʘʥʘ ʜʣʷ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʥʘ ʩʢʦʨʦʩʪʷʭ ʜʦ 40 ɻʙʠʪ/ʩ ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʜʦ 50 ʤ, ʘ ʧʨʠ 

ʩʢʦʨʦʩʪʠ ʜʦ 100 ɻʙʠʪ/ʩ ï ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʜʦ 15 ʤ. ʕʪʦ ʤʝʥʴʰʝ ʦʙʳʯʥʦʛʦ ʜʣʷ 

ʚʠʪʦʡ ʧʘʨʳ ʨʘʩʩʪʦʷʥʠʷ 100 ʤ, ʥʦ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʦʯʝʥʴ ʚʳʩʦʢʘʷ. 

ʅʘ ʨʠʩ. 3.1, 3.2 ʧʨʠʚʝʜʝʥʘ ʩʭʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʠʪʳʭ ʧʘʨ 

ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʢʘʙʝʣʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 8-ʤʠ ʢʦʥʪʘʢʪʥʦʛʦ ʨʘʟʲʝʤʘ 8ʈ8ʉ 

(RJ-45). ʊʘʢʠʝ ʢʘʙʝʣʠ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʚ ʣʦʢʘʣʴʥʳʭ ʩʝʪʷʭ Ethernet. 
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ʈʠʩ. 3.1. ʉʭʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʠʪʳʭ ʧʘʨ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʢʘʙʝʣʷ  
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ʈʠʩ. 3.2. ʉʠʤʤʝʪʨʠʯʥʳʡ ʢʘʙʝʣ ɹ

 

ʇʝʨʚʘʷ ʧʘʨʘ ʧʨʦʚʦʜʦʚ (ʙʝʣʦ-ʦʨʘʥʞʝʚʦʛʦ ʠ ʦʨʘʥʞʝʚʦʛʦ ʮʚʝʪʘ, ʢʦʥʪʘʢʪʳ 

1, 2) ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʝʨʝʜʘʯʠ, ʚʪʦʨʘʷ ʧʘʨʘ (ʙʝʣʦ-ʟʝʣʝʥʦʛʦ ʠ ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ, 

ʢʦʥʪʘʢʪʳ 3, 6) ï ʜʣʷ ʧʨʠʝʤʘ. ʆʩʪʘʚʰʠʝʩʷ 2 ʧʘʨʳ (ʩʠʥʝʛʦ ʠ ʙʝʣʦ-ʩʠʥʝʛʦ ʮʚʝʪʘ, 

ʢʦʥʪʘʢʪʳ 4, 5; ʙʝʣʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʠ ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ, ʢʦʥʪʘʢʪʳ 7, 8) 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦ-ʨʘʟʥʦʤʫ. 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʩʝʪʝʚʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʠʤʝʶʪʩʷ ʦʧʨʝʜʝʣʠʪʝʣʠ ʪʠʧʘ 

ʧʦʨʪʦʚ (ʪʝʭʥʦʣʦʛʠʷ Auto-MDIX ) ʩʦʝʜʠʥʷʝʤʳʭ ʫʩʪʨʦʡʩʪʚ, ʢʦʪʦʨʳʝ ʧʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʳʧʦʣʥʷʶʪ ʢʨʦʩʩʠʨʦʚʘʥʠʝ ʩʦʝʜʠʥʝʥʠʷ ʚʥʫʪʨʠ 

ʫʩʪʨʦʡʩʪʚʘ.  

ɼʣʷ ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʷ ʢʦʤʤʫʪʘʪʦʨʘ ʠʣʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʠʭ 

ʢʦʥʩʦʣʴʥʳʡ ʧʦʨʪ (Console) ʩʦʝʜʠʥʷʶʪ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʉʆʄ-ʧʦʨʪʦʤ 

(RS-232) ʠʣʠ ʩ USB-ʧʦʨʪʦʤ ʢʦʤʧʴʶʪʝʨʘ (ʪʝʨʤʠʥʘʣʘ). ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʢʦʥʩʦʣʴʥʳʡ ʢʘʙʝʣʴ, ʥʘʟʳʚʘʝʤʳʡ ʪʘʢʞʝ Rollover Cable (ʨʠʩ. 3.3). 

ʂʦʥʩʦʣʴʥʳʡ ʢʘʙʝʣʴ ï ʧʣʦʩʢʠʡ, ʛʦʣʫʙʦʛʦ ʠʣʠ ʯʝʨʥʦʛʦ ʮʚʝʪʘ. ɺ ʢʦʥʩʦʣʴʥʳʭ 

ʢʘʙʝʣʷʭ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʫʩʪʘʥʦʚʣʝʥ ʨʘʟʲʝʤ RJ-45, ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ 

ʨʘʟʲʝʤ DB-9 ʠʣʠ USB. 
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ʈʠʩ. 3.3. ʂʦʥʩʦʣʴʥʳʡ ʢʘʙʝʣʴ 

 

 

 

 

3.3. ɺʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʝ ʢʘʙʝʣʠ 

 

ɺ ʢʘʯʝʩʪʚʝ ʩʨʝʜʳ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʦʚ ʚ ʩʝʪʷʭ ʥʘʨʷʜʫ ʩ ʤʝʜʥʳʤʠ 

ʢʘʙʝʣʷʤʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʝ ʢʘʙʝʣʠ (fiber optic). 

ɼʦʩʪʦʠʥʩʪʚʦʤ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʛʦ ʢʘʙʝʣʷ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʧʨʦʙʣʝʤʳ 

ʧʝʨʝʢʨʝʩʪʥʳʭ ʧʦʤʝʭ (crosstalk) ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ ʦʪ ʚʥʝʰʥʠʭ 

ʠʩʪʦʯʥʠʢʦʚ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʜʘʚʘʪʴ ʩʠʛʥʘʣʳ ʩ ʙʦʣʴʰʝʡ ʩʢʦʨʦʩʪʴʶ ʠ ʥʘ 

ʙʦʣʴʰʝʝ ʨʘʩʩʪʦʷʥʠʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʝʜʥʳʤ ʢʘʙʝʣʝʤ. 

ʇʝʨʝʜʘʯʘ ʦʧʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʪʨʝʭ ʜʠʘʧʘʟʦʥʘʭ (ʦʢʥʘʭ 

ʧʨʦʟʨʘʯʥʦʩʪʠ) ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʣʦʢʥʘ (ʆɺ) ʩʦ ʩʨʝʜʥʝʡ ʜʣʠʥʦʡ ʚʦʣʥʳ 830 ʥʤ, 

1310 ʥʤ, 1550 ʥʤ, ʛʜʝ ʟʘʪʫʭʘʥʠʝ a ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʥʘ ʩʦʩʝʜʥʠʭ 

ʫʯʘʩʪʢʘʭ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʜʠʘʧʘʟʦʥʘ. ʇʨʠʯʝʤ, ʟʘʪʫʭʘʥʠʝ ʩʥʠʞʘʝʪʩʷ ʧʨʠʤʝʨʥʦ 

ʚʜʚʦʝ ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ ʙʦʣʝʝ ʜʣʠʥʥʦʚʦʣʥʦʚʦʤʫ ʜʠʘʧʘʟʦʥʫ.  

ɼʠʘʧʘʟʦʥ ʫʛʣʦʚ ʧʘʜʝʥʠʷ ʣʫʯʘ ʩʚʝʪʘ ʥʘ ʪʦʨʝʮ ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʣʦʢʥʘ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʨʝʘʣʠʟʫʝʪʩʷ ʧʝʨʚʦʝ ʫʩʣʦʚʠʝ ʧʦʣʥʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʦʪʨʘʞʝʥʠʷ (J1 > 

Jʢʨ), ʥʘʟʳʚʘʝʪʩʷ ʯʠʩʣʦʚʦʡ ʘʧʝʨʪʫʨʦʡ ʚʦʣʦʢʥʘ Jɸ (ʨʠʩ. 3.4). ʃʫʯʠ ʩʚʝʪʘ 

ʜʦʣʞʥʳ ʚʭʦʜʠʪʴ ʚ ʩʝʨʜʮʝʚʠʥʫ ʪʦʣʴʢʦ ʧʦʜ ʫʛʣʦʤ, ʥʘʭʦʜʷʱʠʤʩʷ ʚʥʫʪʨʠ 

ʯʠʩʣʦʚʦʡ ʘʧʝʨʪʫʨʳ ʚʦʣʦʢʥʘ. 

 

Jɸ
 

 

ʈʠʩ. 3.4. ɺʚʦʜ ʣʫʯʘ ʩʚʝʪʘ ʚ ʦʧʪʠʯʝʩʢʦʝ ʚʦʣʦʢʥʦ 
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ʇʦʩʢʦʣʴʢʫ ʩʦʩʪʘʚʣʷʶʱʠʝ ʣʫʯʘ ʩʚʝʪʘ ʚʭʦʜʷʪ ʚ ʦʧʪʠʯʝʩʢʦʝ ʚʦʣʦʢʥʦ ʧʦʜ 

ʨʘʟʥʳʤʠ ʫʛʣʘʤʠ, ʪʦ ʦʥʠ ʦʪʨʘʞʘʶʪʩʷ ʦʪ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʩʝʨʜʮʝʚʠʥʳ ʠ 

ʦʙʦʣʦʯʢʠ ʧʦʜ ʨʘʟʥʳʤʠ ʫʛʣʘʤʠ, ʧʨʠ ʵʪʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʤʝʞʜʫ ʩʦʙʦʡ 

(ʠʥʪʝʨʬʝʨʠʨʫʶʪ) ʠ ʯʘʩʪʠʯʥʦ ʧʦʜʘʚʣʷʶʪ ʠʣʠ ʫʩʠʣʠʚʘʶʪ ʜʨʫʛ ʜʨʫʛʘ. 

ʆʩʪʘʚʰʠʝʩʷ ʫʩʠʣʝʥʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʯʘʩʪʠ ʣʫʯʘ ʩʚʝʪʘ ʬʦʨʤʠʨʫʶʪ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʝ ʤʦʜr. ʇʦʩʢʦʣʴʢʫ ʤʦʜʳ ʧʨʦʭʦʜʷʪ ʨʘʟʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʜʦ 

ʫʩʪʨʦʡʩʪʚʘ ʥʘʟʥʘʯʝʥʠʷ (ʨʠʩ. 3.5ʘ), ʪʦ ʬʦʨʤʠʨʫʝʤʳʡ ʥʘ ʚʳʭʦʜʝ ʦʧʪʠʯʝʩʢʦʛʦ 

ʚʦʣʦʢʥʘ ʠʤʧʫʣʴʩ ʥʝ ʪʦʣʴʢʦ ʟʘʜʝʨʞʠʚʘʝʪʩʷ ʥʘ ʚʨʝʤʷ tʟ ʠ ʧʦʜʚʝʨʛʘʝʪʩʷ 

ʟʘʪʫʭʘʥʠʶ, ʥʦ ʠ ʧʦʣʫʯʘʝʪʩʷ ʨʘʟʤʳʪʳʤ (ʨʠʩ. 3.5ʙ).  

 

tʟ

t

t

pʚʭ

pʚrʭ

 

ʘ)      ʙ) 

ʈʠʩ. 3.5. ʇʨʦʭʦʞʜʝʥʠʝ ʠʤʧʫʣʴʩʥʦʛʦ ʩʠʛʥʘʣʘ ʧʦ ʦʧʪʠʯʝʩʢʦʤʫ ʚʦʣʦʢʥʫ 

 

ʗʚʣʝʥʠʝ ʨʘʟʤʳʚʘ (ʫʰʠʨʝʥʠʷ) ʠʤʧʫʣʴʩʘ ʥʘ ʚʳʭʦʜʝ ʦʧʪʠʯʝʩʢʦʛʦ 

ʚʦʣʦʢʥʘ ʧʦʣʫʯʠʣʦ ʥʘʟʚʘʥʠʝ ʜʠʩʧʝʨʩʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʣʠʯʠʝ ʤʥʦʛʠʭ ʤʦʜ 

ʚ ʦʧʪʠʯʝʩʢʦʤ ʚʦʣʦʢʥʝ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʤʝʞʤʦʜʦʚʦʡ ʜʠʩʧʝʨʩʠʠ 

ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʩʠʛʥʘʣʘ, ʠʟ-ʟʘ ʢʦʪʦʨʦʡ ʩʥʠʞʘʝʪʩʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. 

ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʤʥʦʛʠʭ ʤʦʜ ʚ ʚʦʣʦʢʥʝ ʚʦʟʤʦʞʥʦ, ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʙʦʣʴʰʦʤ 

ʜʠʘʤʝʪʨʝ ʩʝʨʜʮʝʚʠʥʳ. ʊʘʢʦʝ ʚʦʣʦʢʥʦ ʥʘʟʳʚʘʝʪʩʷ ʤʥʦʛʦʤʦʜʦʚʳʤ (multimode 

ï ʄʄ). ɺ ʤʥʦʛʦʤʦʜʦʚʦʤ ʦʧʪʠʯʝʩʢʦʤ ʢʘʙʝʣʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʦʣʦʢʥʦ ʩ 

ʩʝʨʜʮʝʚʠʥʦʡ ʜʠʘʤʝʪʨʦʤ 62,5 ʠʣʠ 50 ʤʠʢʨʦʥ ʠ ʦʙʦʣʦʯʢʦʡ ʜʠʘʤʝʪʨʦʤ 125 

ʤʠʢʨʦʥ. ʊʘʢʠʝ ʢʘʙʝʣʠ ʦʙʦʟʥʘʯʘʶʪʩʷ 62,5/125 ʠʣʠ 50/125. 

ʆʜʥʦʤʦʜʦʚʦʝ ʚʦʣʦʢʥʦ (singlemode ï SM) ʠʤʝʝʪ ʤʝʥʴʰʠʡ ʜʠʘʤʝʪʨ 

ʩʝʨʜʮʝʚʠʥʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʪʦʣʴʢʦ ʦʜʥʦʡ ʤʦʜʝ ʣʫʯʘ ʩʚʝʪʘ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ 

ʧʦ ʩʝʨʜʮʝʚʠʥʝ ʚʜʦʣʴ ʦʩʠ ʚʦʣʦʢʥʘ (ʨʠʩ. 3.6). ɼʠʘʤʝʪʨ ʩʝʨʜʮʝʚʠʥʳ 

ʦʜʥʦʤʦʜʦʚʦʛʦ ʚʦʣʦʢʥʘ ʫʤʝʥʴʰʝʥ ʜʦ ʟʥʘʯʝʥʠʷ 8 ï 10 ʤʠʢʨʦʥ. ʆʙʳʯʥʦ 

ʦʜʥʦʤʦʜʦʚʦʝ ʚʦʣʦʢʥʦ ʤʘʨʢʠʨʫʶʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ ï 9/125. ʕʪʦ ʦʟʥʘʯʘʝʪ, 

ʯʪʦ ʜʠʘʤʝʪʨ ʩʝʨʜʮʝʚʠʥʳ ʩʦʩʪʘʚʣʷʝʪ 9 ʤʠʢʨʦʥ, ʘ ʦʙʦʣʦʯʢʠ ï 125 ʤʠʢʨʦʥ. 

ʆʜʥʦʤʦʜʦʚʦʝ ʚʦʣʦʢʥʦ ʙʦʣʝʝ ʜʦʨʦʛʦʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʥʦʛʦʤʦʜʦʚʳʤ.  
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ʈʠʩ. 3.6. ʆʜʥʦʤʦʜʦʚʦʝ ʚʦʣʦʢʥʦ 

 

ʆʜʥʘʢʦ ʚ ʦʜʥʦʤʦʜʦʚʳʭ ʢʘʙʝʣʷʭ ʚʳʰʝ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠ ʙʦʣʴʰʝ 

ʨʘʩʩʪʦʷʥʠʝ, ʥʘ ʢʦʪʦʨʦʝ ʤʦʛʫʪ ʙʳʪʴ ʧʝʨʝʜʘʥʳ ʜʘʥʥʳʝ. ʇʦʵʪʦʤʫ ʢʘʙʝʣʠ ʩ 

ʦʜʥʦʤʦʜʦʚʳʤ ʚʦʣʦʢʥʦʤ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʪʁʩʷ ʚ ʪʝʭʥʦʣʦʛʠʷʭ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʩʝʪʝʡ ï ʜʣʷ ʤʝʞʜʫʛʦʨʦʜʥʝʡ ʩʚʷʟʠ. 

ɺ ʦʜʥʦʤʦʜʦʚʦʤ ʚʦʣʦʢʥʝ ʤʝʞʤʦʜʦʚʘʷ ʜʠʩʧʝʨʩʠʷ ʦʪʩʫʪʩʪʚʫʝʪ. ʆʜʥʘʢʦ, 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʭʨʦʤʘʪʠʯʝʩʢʘʷ ʜʠʩʧʝʨʩʠʷ, ʭʘʨʘʢʪʝʨʥʘ ̫ʢʘʢ ʜʣʷ ʤʥʦʛʦʤʦʜʦʚʦʛʦ, 

ʪʘʢ ʠ ʜʣʷ ʦʜʥʦʤʦʜʦʚʦʛʦ ʚʦʣʦʢʥʘ. ɺ ʤʥʦʛʦʤʦʜʦʚʦʤ ʚʦʣʦʢʥʝ ʦʥʘ ʥʝʟʘʤʝʪʥʘ ʥʘ 

ʬʦʥʝ ʙʦʣʴʰʦʛʦ ʟʥʘʯʝʥʠʷ ʤʝʞʤʦʜʦʚʦʡ ʜʠʩʧʝʨʩʠʠ. ʍʨʦʤʘʪʠʯʝʩʢʘʷ ʜʠʩʧʝʨʩʠʷ 

ʚʦʟʥʠʢʘʝʪ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʚʦʣʥʳ ʩʚʝʪʘ ʨʘʟʥʦʡ ʜʣʠʥʳ ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ 

ʦʧʪʠʯʝʩʢʦʝ ʚʦʣʦʢʥʦ ʩ ʥʝʩʢʦʣʴʢʦ ʨʘʟʣʠʯʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʭʨʦʤʘʪʠʯʝʩʢʘʷ ʜʠʩʧʝʨʩʠʷ ʦʜʥʦʤʦʜʦʚʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ 

ʚʦʣʦʢʥʘ ʟʘʚʠʩʠʪ ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ. ʇʘʨʘʤʝʪʨʳ ʆɺ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʩʦʶʟʘ ʵʣʝʢʪʨʦʩʚʷʟʠ (G.652, G.653, G.654, 

G.655). ɼʣʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʜʥʦʤʦʜʦʚʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʣʦʢʥʘ (G.652) ʵʪʘ 

ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʥʦʣʴ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 1310 ʥʤ. ʇʦʵʪʦʤʫ ʜʣʷ 

ʨʘʙʦʪʳ ʚ ʜʣʠʥʥʦʚʦʣʥʦʚʦʤ ʜʠʘʧʘʟʦʥʝ (ɚ = 1550 ʥʤ), ʛʜʝ ʥʘʠʤʝʥʴʰʝʝ 

ʟʘʪʫʭʘʥʠʝ, ʨʘʟʨʘʙʦʪʘʥʦ ʦʜʥʦʤʦʜʦʚʦʝ ʦʧʪʠʯʝʩʢʦʝ ʚʦʣʦʢʥʦ (G.653) ʩʦ 

ʩʤʝʱʝʥʥʦʡ ʜʠʩʧʝʨʩʠʝʡ, ʫ ʢʦʪʦʨʦʛʦ ʥʫʣʝʚʦʝ ʟʥʘʯʝʥʠʝ ʜʠʩʧʝʨʩʠʠ ʩʤʝʱʝʥʦ ʚ 

ʨʘʡʦʥ 1550 ʥʤ. ʆʧʪʠʯʝʩʢʦʝ ʚʦʣʦʢʥʦ (G.655) ʩʦ ʩʤʝʱʝʥʥʦʡ ʥʝʥʫʣʝʚʦʡ 

ʜʠʩʧʝʨʩʠʝʡ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʨʘʙʦʪʳ ʚ ʩʠʩʪʝʤʘʭ ʩʦ ʩʧʝʢʪʨʘʣʴʥʳʤ 

ʫʧʣʦʪʥʝʥʠʝʤ ʧʦ ʜʣʠʥʝ ʚʦʣʥʳ WDM.  

ɺ ʣʠʥʠʷʭ ʧʝʨʝʜʘʯʠ ʢʦʤʙʠʥʠʨʫʶʪ ʫʯʘʩʪʢʠ ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʣʦʢʥʘ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʜʠʩʧʝʨʩʠʝʡ, ʩ ʫʯʘʩʪʢʘʤʠ ʚʦʣʦʢʥʘ ʩ 

ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʜʠʩʧʝʨʩʠʝʡ, ʯʪʦʙʳ ʚ ʥʝʢʦʪʦʨʦʡ ʤʝʨʝ ʩʢʦʤʧʝʥʩʠʨʦʚʘʪʴ 

ʜʠʩʧʝʨʩʠʶ. 
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ɼʣʷ ʧʨʠʝʤʘ ʦʧʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʠʩʧʦʣʴʟʫʶʪ ʬʦʪʦʜʠʦʜʳ, ʢʦʪʦʨʳʝ 

ʨʘʙʦʪʘʶʪ ʥʘ ʜʣʠʥʘʭ ʚʦʣʥ 850, 1310 ʠʣʠ 1550 ʥʤ, ʧʨʝʦʙʨʘʟʫʷ ʧʨʠʥʷʪʳʝ 

ʦʧʪʠʯʝʩʢʠʝ ʠʤʧʫʣʴʩʳ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ.  

ʅʘʠʙʦʣʝʝ ʧʦʣʥʫʶ ʧʨʦʚʝʨʢʫ ʦʧʪʦʚʦʣʦʢʦʥʥʳʭ ʢʘʙʝʣʝʡ ʨʝʘʣʠʟʫʶʪ 

ʦʧʪʠʯʝʩʢʠʝ ʨʝʬʣʝʢʪʦʤʝʪʨʳ (OTDR). ʊʝʩʪʠʨʫʶʱʠʡ ʩʚʝʪʦʚʦʡ ʠʤʧʫʣʴʩ 

ʦʪʨʘʞʘʝʪʩʷ ʦʪ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʚʦʣʦʢʥʘ (ʦʙʨʘʪʥʦʝ ʨʘʩʩʝʠʚʘʥʠʝ), ʯʪʦ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʣʦʢʘʣʠʟʘʮʠʠ ʵʪʠʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ.  

ɼʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʦʧʪʦʚʦʣʦʢʦʥʥʳʭ ʢʘʙʝʣʝʡ ʢ ʩʝʪʝʚʳʤ ʫʩʪʨʦʡʩʪʚʘʤ 

ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʣʠʯʥʳʝ ʩʦʝʜʠʥʠʪʝʣʠ (ʨʘʟʲʝʤʳ), ʧʨʠʚʝʜʝʥʥʳʝ ʥʘ ʨʠʩ. 3.7.  

 

  

  

ʈʠʩ. 3.7. ʉʦʝʜʠʥʠʪʝʣʠ (ʨʘʟʲʝʤʳ) ʦʧʪʦʚʦʣʦʢʦʥʥʳʭ ʢʘʙʝʣʝʡ (ST, SC, FC, LC) 
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3.4. ɹʝʩʧʨʦʚʦʜʥʘʷ ʩʨʝʜʘ 

ɹʝʩʧʨʦʚʦʜʥʘʷ ʩʨʝʜʘ ʦʙʨʘʟʫʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʨʘʜʠʦʢʘʥʘʣʦʚ, 

ʩʛʨʫʧʧʠʨʦʚʘʥʥʳʭ ʚ ʥʝʩʢʦʣʴʢʦ ʯʘʩʪʦʪʥʳʭ ʜʠʘʧʘʟʦʥʦʚ. ʊʨʠ ʯʘʩʪʦʪʥʳʭ 

ʜʠʘʧʘʟʦʥʘ: 900 ʄɻʮ, 2,4 ɻɻʮ ʠ 5 ɻɻʮ, ʨʝʢʦʤʝʥʜʦʚʘʥʳ ʄʝʞʜʫʥʘʨʦʜʥʳʤ 

ʩʦʶʟʦʤ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ ITU  ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʥʘʫʢʝ 

ʠ ʤʝʜʠʮʠʥʝ (Industrial, Scientific, Medical ï ISM) ʠ ʥʝ ʪʨʝʙʫʶʪ 

ʣʠʮʝʥʟʠʨʦʚʘʥʠʷ. ɺ ʫʢʘʟʘʥʥʳʭ ʯʘʩʪʦʪʥʳʭ ʜʠʘʧʘʟʦʥʘʭ ʠ ʩʪʨʦʠʪʩʷ ʙʦʣʴʰʠʥʩʪʚʦ 

ʙʝʩʧʨʦʚʦʜʥʳʭ ʣʦʢʘʣʴʥʳʭ ʠ ʛʣʦʙʘʣʴʥʳʭ ʩʝʪʝʡ ʩʚʷʟʠ. ɹʦʣʝʝ ʥʠʟʢʠʡ ʯʘʩʪʦʪʥʳʡ 

ʜʠʘʧʘʟʦʥ ʫʚʝʣʠʯʠʚʘʝʪ ʨʘʩʩʪʦʷʥʠʝ ʧʝʨʝʜʘʯʠ ʠ ʫʣʫʯʰʘʝʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʨʘʜʠʦʚʦʣʥ ʚʥʫʪʨʠ ʟʜʘʥʠʡ. ʆʜʥʘʢʦ ʯʠʩʣʦ ʢʘʥʘʣʦʚ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʧʨʠ ʵʪʦʤ ʩʥʠʞʘʝʪʩʷ.  

ʊʝʭʥʠʢʘ ʤʦʜʫʣʷʮʠʠ ʰʠʨʦʢʦʧʦʣʦʩʥʳʭ ʩʠʛʥʘʣʦʚ ʧʦʟʚʦʣʷʶʪ ʧʦʚʳʩʠʪʴ 

ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʦʩʪʴ ʧʨʠ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʭ ʧʦʤʝʭʘʭ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʠ 

ʥʠʟʢʦʤ ʫʨʦʚʥʝ ʩʠʛʥʘʣʘ. ʅʘ ʧʨʘʢʪʠʢʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʝʭʥʦʣʦʛʠʠ 

ʧʨʷʤʦʛʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʨʘʩʰʠʨʝʥʠ ̫ ʩʧʝʢʪʨʘ (Direct Sequence Spread 

Spectrum ï DSSS) ʠ ʦʨʪʦʛʦʥʘʣʴʥʦʛʦ ʯʘʩʪʦʪʥʦʛʦ ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʷ 

(Orthogonal Frequency Division Multiplexing ï OFDM ). ʋʩʪʨʦʡʩʪʚʘ, 

ʠʩʧʦʣʴʟʫʶʱʠʝ OFDM, ʠʤʝʶʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. 

ʆʜʥʘʢʦ ʫʩʪʨʦʡʩʪʚʘ ʩ ʤʦʜʫʣʷʮʠʝʡ DSSS ï ʧʨʦʱʝ ʠ ʜʝʰʝʚʣʝ. 

ʄʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʝ ʢʘʥʘʣʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʪʝʭʥʠʢʠ, ʥʘʟʳʚʘʝʤʦʡ 

ʄʥʦʞʝʩʪʚʝʥʥʳʤ ʜʦʩʪʫʧʦʤ ʩ ʢʦʜʦʚʳʤ ʨʘʟʜʝʣʝʥʠʝʤ (Code Division Multiple 

Access ï CDMA ). 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʙʝʩʧʨʦʚʦʜʥʳʝ ʩʝʪʠ, ʢʦʪʦʨʳʝ 

ʨʝʘʣʠʟʫʶʪ ʩʦʝʜʠʥʝʥʠʷ ʘʙʦʥʝʥʪʦʚ ʯʝʨʝʟ ʪʦʯʢʠ ʙʝʩʧʨʦʚʦʜʥʦʛʦ ʜʦʩʪʫʧʘ 

(Wireless Access Point ï WAP). ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʪʦʯʢʠ ʙʝʩʧʨʦʚʦʜʥʦʛʦ ʜʦʩʪʫʧʘ 

ʤʦʛʫʪ ʩʦʝʜʠʥʷʪʴʩʷ ʩ ʜʨʫʛʠʤʠ ʩʝʪʝʚʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ, ʥʘʧʨʠʤʝʨ ʩ 

ʢʦʤʤʫʪʘʪʦʨʘʤʠ, ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤʠ, ʧʦʩʨʝʜʩʪʚʦʤ ʢʘʙʝʣʝʡ, ʦʙʨʘʟʫʷ 

ʜʦʩʪʘʪʦʯʥʦ ʨʘʟʚʝʪʚʣʝʥʥʫʶ ʩʝʪʴ. 

ɹʝʩʧʨʦʚʦʜʥʘʷ (wireless) ʩʨʝʜʘ ʨʝʛʣʘʤʝʥʪʠʨʫʝʪʩʷ ʥʘʙʦʨʦʤ ʩʪʘʥʜʘʨʪʦʚ, 

ʢʦʪʦʨʳʝ ʨʘʟʣʠʯʘʶʪʩʷ ʯʘʩʪʦʪʥʳʤ ʜʠʘʧʘʟʦʥʦʤ, ʩʢʦʨʦʩʪʴʶ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠ 

ʨʘʩʩʪʦʷʥʠʝʤ. ʉʪʘʥʜʘʨʪ IEEE 802.11 (Wi-Fi) ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʩʪʘʥʜʘʨʪʦʤ 

ʙʝʩʧʨʦʚʦʜʥʳʭ ʣʦʢʘʣʴʥʳʭ ʩʝʪʝʡ (Wireless LAN ï WLAN ). ʇʘʨʘʤʝʪʨʳ 

ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʝʪʝʡ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʩʧʦʣʴʟʫʝʤʦʡ 
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ʪʝʭʥʠʢʦʡ ʤʦʜʫʣʷʮʠʠ. ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʪʝʭʥʦʣʦʛʠʡ ʩʪʘʥʜʘʨʪʘ 802.11 (Wi-

Fi) ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 3.2. 

ʊʘʙʣʠʮʘ 3.2 

ʇʘʨʘʤʝʪʨʳ ʩʪʘʥʜʘʨʪʦʚ Wi-Fi ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʨʝʜʳ ʧʝʨʝʜʘʯʠ 

ʉʪʘʥʜʘʨʪ  ʏʘʩʪʦʪʥʳʡ 

ʜʠʘʧʘʟʦʥ, ɻɻʮ 

ʄʘʢʩ. ʩʢʦʨʦʩʪʴ 

ʧʝʨʝʜʘʯʠ, ʄʙʠʪ/ʩ 

ʉʦʚʤʝʩʪʠʤʦʩʪʴ ʩ 

ʜʨʫʛʠʤʠ ʩʪʘʥʜʘʨʪʘʤʠ  

802.11a  5  54  ʥʝʪ 

802.11b  2,4 11 ʥʝʪ 

802.11g  2,4 54  802.11 b 

802.11n  2,4 ʠʣʠ 5 200 ï 600  802.11 a/b/g 

802.11ac  2,4 ʠ 5 450 ï 1300 802.11 a/ b/g/n 

802.11ad  2,4, 5 ʠ 60 7000 802.11 a/ b/g/n/ac  
 

ʉʪʘʥʜʘʨʪ IEEE 802.11a ʨʝʛʣʘʤʝʥʪʠʨʫʝʪ ʨʘʙʦʪʫ ʫʩʪʨʦʡʩʪʚ WLAN ʚ 

ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ 5 ɻɻʮ. ʉʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ï ʜʦ 54 ʄʙʠʪ/ʩ, ʘ ʚ 

ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ï ʜʦ 108 ʄʙʠʪ/ʩ. ɺ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʩʝʪʷʭ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʦʙʳʯʥʦ ʦʮʝʥʠʚʘʝʪʩʷ ʚ 20-26 ʄʙʠʪ/ʩ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ 5 ɻɻʮ ʩʪʘʥʜʘʨʪʘ 802.11a ʦʛʨʘʥʠʯʠʚʘʝʪ 

ʨʘʩʩʪʦʷʥʠʝ ʧʝʨʝʜʘʯʠ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʨʘʜʠʦʚʦʣʥ ʚʥʫʪʨʠ ʟʜʘʥʠʡ. 

ʀʩʧʦʣʴʟʫʝʤʳʡ ʚʠʜ ʤʦʜʫʣʷʮʠʠ ï OFDM. ʋʩʪʨʦʡʩʪʚʘ ʩʪʘʥʜʘʨʪʘ 802.11a ʥʝ 

ʤʦʛʫʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʫʩʪʨʦʡʩʪʚʘʤʠ ʩʪʘʥʜʘʨʪʘ 802.11b ʠ 802.11g, 

ʧʦʩʢʦʣʴʢʫ ʧʦʩʣʝʜʥʠʝ ʨʘʙʦʪʘʶʪ ʚ ʜʠʘʧʘʟʦʥʝ 2,4 ɻɻʮ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʩʢʦʨʦʩʪʴʶ ʧʝʨʝʜʘʯʠ ʜʦ 11 ʄʙʠʪ/ʩ, ʚʠʜ ʤʦʜʫʣʷʮʠʠ ï DSSS..  

ʋʩʪʨʦʡʩʪʚʘ ʩʪʘʥʜʘʨʪʘ 802.11n ʩʧʦʩʦʙʥʳ ʨʘʙʦʪʘʪʴ ʢʘʢ ʚ ʯʘʩʪʦʪʥʦʤ 

ʜʠʘʧʘʟʦʥʝ 5 ɻɻʮ, ʪʘʢ ʠ 2,4 ɻɻʮ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ 

200 ï 600 ʄʙʠʪ/ʩ. ʋʩʪʨʦʡʩʪʚʘ ʩʪʘʥʜʘʨʪʘ 802.11n  ʩʦʚʤʝʩʪʠʤʳ ʩ ʫʩʪʨʦʡʩʪʚʘʤʠ 

ʩʪʘʥʜʘʨʪʦʚ 802.11a/b/g.  

ʅʦʚʳʝ ʫʩʪʨʦʡʩʪʚʘ ʩʪʘʥʜʘʨʪʦʚ 802.11ac ʠ 802.11ad ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʦʣʝʝ 

ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ (ʪʘʙʣ. 3.2) ʠ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʩ ʧʨʝʜʳʜʫʱʠʤʠ 

ʩʪʘʥʜʘʨʪʘʤʠ. 

ɺʩʝ ʪʝʭʥʦʣʦʛʠʠ 802.11 ʠʩʧʦʣʴʟʫʶʪ ʤʝʪʦʜ ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʜʦʩʪʫʧʘ ʢ 

ʩʨʝʜʝ ʩ ʢʦʥʪʨʦʣʝʤ ʥʝʩʫʱʝʡ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝʤ (ʠʟʙʝʞʘʥʠʝʤ) ʢʦʣʣʠʟʠʡ 

(Carrier Sense Multiple Access / Collision Avoidance ï CSMA/CA). ʉʦʛʣʘʩʥʦ 

ʵʪʦʤʫ ʤʝʪʦʜʫ ʫʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʤʫ ʪʨʝʙʫʝʪʩʷ ʧʝʨʝʜʘʪʴ ʜʘʥʥʳʝ, ʧʨʦʚʝʨʷʝʪ 

ʩʨʝʜʫ ʧʝʨʝʜʘʯʠ ʥʘ ʥʘʣʠʯʠʝ ʩʠʛʥʘʣʘ ʜʘʥʥʳʭ. ɽʩʣʠ ʩʨʝʜʘ ʩʚʦʙʦʜʥʘ, ʫʩʪʨʦʡʩʪʚʦ 
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ʦʪʧʨʘʚʣʷʝʪ ʫʚʝʜʦʤʣʝʥʠʝ ʦ ʩʚʦʝʤ ʥʘʤʝʨʝʥʠʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʝ. ɿʘʪʝʤ 

ʫʩʪʨʦʡʩʪʚʦ ʦʪʧʨʘʚʣʷʝʪ ʜʘʥʥʳʝ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʤʝʪʦʜʘ ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʩʨʝʜʝ ʩ ʢʦʥʪʨʦʣʝʤ 

ʥʝʩʫʱʝʡ ʠ ʦʙʥʘʨʫʞʝʥʠʝʤ ʢʦʣʣʠʟʠʡ (Carrier Sense Multiple Access / Collision 

Detection ï CSMA/CD), ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ ʨʘʥʥʠʭ ʚʝʨʩʠʷʭ Ethernet, 

ʤʝʪʦʜ CSMA/CA ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʢʦʣʣʠʟʠʡ ʚ 

ʩʝʪʠ ʩ ʨʘʟʜʝʣʷʝʤʦʡ ʩʨʝʜʦʡ ʧʝʨʝʜʘʯʠ, ʥʦ ʥʝ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʠʭ ʧʦʣʥʦʩʪʴʶ.  
 

 ʇʦʤʠʤʦ ʩʝʪʝʡ ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʭ ʩʪʘʥʜʘʨʪʦʚ 802.11 ʩʦʟʜʘʶʪʩʷ ʠ 

ʵʢʩʧʣʫʘʪʠʨʫʶʪʩʷ ʩʝʪʠ ʩʪʘʥʜʘʨʪʘ IEEE 802.15 (Wireless Personal Area Network 

ï WPAN) ʠʣʠ "Bluetooth", ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʧʨʠʤʝʨʦʤ ʧʝʨʩʦʥʘʣʴʥʳʭ ʩʝʪʝʡ 

(Personal Area Network ï PAN). ʂʨʦʤʝ ʪʦʛʦ, ʩʝʪʠ ʩʪʘʥʜʘʨʪ IEEE 802.16 

(Worldwide Interoperability for Microwave Access ï WiMAX ), ʢʦʪʦʨʳʝ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʰʠʨʦʢʦʧʦʣʦʩʥʫʶ ʩʚʷʟʴ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʝ ʨʘʩʩʪʦʷʥʠʝ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ.  
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ɺʦʧʨʦʩʳ ʧʦ ʨʘʟʜʝʣʫ 3 

 

1. ɺ ʯʝʤ ʩʦʩʪʦʠʪ ʨʘʟʣʠʯʠʝ ʠʟʤʝʨʷʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʝʪʠ: ʧʨʦʧʫʩʢʥʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ (bandwidth); ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ (throughput); ʧʦʣʝʟʥʘʷ 

ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ (goodput)?  

2. ʂʘʢʠʝ ʪʠʧʳ ʢʘʙʝʣʝʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʣʦʢʘʣʴʥʳʭ ʩʝʪʷʭ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ? 

3. ʂʘʢʠʝ ʤʝʨʳ ʙʦʨʴʙʳ ʧʨʠʥʠʤʘʶʪ ʜʣʷ ʩʥʠʞʝʥʠʷ ʚʣʠʷʥʠʷ ʚʥʝʰʥʠʭ (EMI, 

RFI) ʠ ʧʝʨʝʢʨʝʩʪʥʳʭ ʧʦʤʝʭ ʚ ʩʠʤʤʝʪʨʠʯʥʳʭ ʤʝʜʥʳʭ ʢʘʙʝʣʷʭ? 

4. ʂʘʢʦʚʘ ʩʢʦʨʦʩʪʴ ʠ ʜʘʣʴʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʢʘʙʝʣʷ UTP 5, 5ʝ ʢʘʪʝʛʦʨʠʠ? 

5. ɼʣʷ ʩʦʝʜʠʥʝʥʠʷ, ʢʘʢʠʭ ʫʩʪʨʦʡʩʪʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʥʩʦʣʴʥʳʡ ʢʘʙʝʣʴ? 

6. ɺ ʯʝʤ ʧʨʝʠʤʫʱʝʩʪʚʘ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʛʦ ʢʘʙʝʣʷ ʧʝʨʝʜ ʤʝʜʥʳʤ? 

7. ʅʘ ʢʘʢʠʭ ʜʣʠʥʘʭ ʚʦʣʥ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʝʨʝʜʘʯʘ ʩʠʛʥʘʣʦʚ ʧʦ ʦʧʪʠʯʝʩʢʦʤʫ 

ʢʘʙʝʣʶ? 

8. ʂʘʢʠʝ ʨʘʟʲʝʤʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʢʘʙʝʣʷʭ? 

9. ʂʘʢʠʝ ʧʨʦʙʣʝʤʳ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʩʦʟʜʘʥʠʠ ʙʝʩʧʨʦʚʦʜʥʳʭ 
ʩʝʪʝʡ? 

10. ʂʘʢʠʝ ʯʘʩʪʦʪʥʳʝ ʜʠʘʧʘʟʦʥʳ ʨʝʢʦʤʝʥʜʦʚʘʥʳ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 
ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʥʘʫʢʝ ʠ ʤʝʜʠʮʠʥʝ ʠ ʥʝ ʪʨʝʙʫʶʪ ʣʠʮʝʥʟʠʨʦʚʘʥʠʷ? 

11. ʂʘʢʦʡ ʩʪʘʥʜʘʨʪ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʚ ʙʝʩʧʨʦʚʦʜʥʳʭ ʣʦʢʘʣʴʥʳʭ ʩʝʪʷʭ? 

12. ʂʘʢʦʡ ʩʪʘʥʜʘʨʪ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ ʚ ʜʠʘʧʘʟʦʥʝ 5 ɻɻʮ ʩʦ 
ʩʢʦʨʦʩʪʴʶ ʜʦ 54 ʄʙʠʪ/ʩ? 

13. ʂʘʢʦʡ ʩʪʘʥʜʘʨʪ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ ʚ ʜʠʘʧʘʟʦʥʝ 2,4 ɻɻʮ 
ʩʦ ʩʢʦʨʦʩʪʴʶ ʜʦ 54 ʄʙʠʪ/ʩ? 

14. ʂʘʢʦʡ ʤʝʭʘʥʠʟʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʨʦʚʝʨʢʠ ʦʪʩʫʪʩʪʚʠʷ ʦʰʠʙʦʢ ʚ 
ʧʝʨʝʜʘʚʘʝʤʦʡ ʚ ʢʘʜʨʝ ʠʥʬʦʨʤʘʮʠʠ?  

 

 

 

ʋʧʨʘʞʥʝʥʠʷ   
 

1. ʋʢʘʞʠʪʝ ʩʢʦʨʦʩʪʠ ʠ ʜʘʣʴʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʩʠʤʤʝʪʨʠʯʥʳʭ ʤʝʜʥʳʭ ʢʘʙʝʣʝʡ.  

2. ʀʟʦʙʨʘʟʠʪʝ ʩʭʝʤʳ ʧʨʷʤʦʛʦ, ʢʨʦʩʩʦʚʦʛʦ ʠ ʢʦʥʩʦʣʴʥʦʛʦ ʢʘʙʝʣʝʡ. 

3. ʆʙʲʷʩʥʠʪʝ ʫʩʣʦʚʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʚʦʟʥʠʢʘʝʪ ʧʦʣʥʦʝ ʚʥʫʪʨʝʥʥʝʝ ʦʪʨʘʞʝʥʠʝ 
ʚ ʚʦʣʦʢʥʝ ʦʧʪʠʯʝʩʢʦʛʦ ʢʘʙʝʣʷ. 

4. ʋʢʘʞʠʪʝ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʪʘʥʜʘʨʪʦʚ Wi-Fi ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʨʝʜʳ 

ʧʝʨʝʜʘʯʠ. 
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4. ʂɸʅɸʃʔʅʓʁ ʋʈʆɺɽʅʔ ʉɽʊɽɺʆʁ ʄʆɼɽʃʀ OSI 

 

4.1. ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ ʦ ʢʘʥʘʣʴʥʦʤ ʫʨʦʚʥʝ 

 

ʇʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʝ ʩʨʝʜʩʪʚʘ ʢʘʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ (Data Link) 

ʤʦʜʝʣʠ OSI ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʦʩʪʫʧ ʢ ʩʝʪʝʚʦʡ ʩʨʝʜʝ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ, ʠ 

ʦʨʛʘʥʠʟʫʶʪ ʦʙʤʝʥ ʜʘʥʥʳʤʠ ʯʝʨʝʟ ʦʙʱʫʶ ʣʦʢʘʣʴʥʫʶ ʩʨʝʜʫ. ʂʘʥʘʣʴʥʳʡ 

ʫʨʦʚʝʥʴ ʥʘʭʦʜʠʪʩʷ ʤʝʞʜʫ ʩʝʪʝʚʳʤ ʠ ʬʠʟʠʯʝʩʢʠʤ ʫʨʦʚʥʷʤʠ ʤʦʜʝʣʠ OSI, 

ʧʦʵʪʦʤʫ ʦʥ ʜʦʣʞʝʥ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʩʝʨʚʠʩ ʚʳʰʝʣʝʞʘʱʝʤʫ ʫʨʦʚʥʶ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʩ ʩʝʪʝʚʳʤ ʧʨʦʪʦʢʦʣʦʤ, ʠ ʦʙʝʩʧʝʯʠʚʘʷ ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʥʳʤ ʚ 

ʢʘʜʨ ʧʘʢʝʪʘʤ ʜʦʩʪʫʧ ʢ ʩʝʪʝʚʦʡ ʩʨʝʜʝ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʢʘʥʘʣʴʥʳʡ ʫʨʦʚʝʥʴ 

ʫʧʨʘʚʣʷʝʪ ʧʨʦʮʝʩʩʦʤ ʨʘʟʤʝʱʝʥʠʷ ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ ʚ ʬʠʟʠʯʝʩʢʦʡ ʩʨʝʜʝ. 

ʇʦʵʪʦʤʫ ʢʘʥʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʨʘʟʜʝʣʝʥ ʥʘ 2 ʧʦʜʫʨʦʚʥʷ (ʨʠʩ. 4.1): ʚʝʨʭʥʠʡ 

ʧʦʜʫʨʦʚʝʥʴ ʫʧʨʘʚʣʝʥʠʷ ʣʦʛʠʯʝʩʢʠʤ ʢʘʥʘʣʦʤ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ (Logical 

Link Control ï LLC), ʷʚʣʷʶʱʠʡʩʷ ʦʙʱʠʤ ʜʣʷ ʚʩʝʭ ʪʝʭʥʦʣʦʛʠʡ, ʠ ʥʠʞʥʠʡ 

ʧʦʜʫʨʦʚʝʥʴ ʫʧʨʘʚʣʝʥʠʷ ʜʦʩʪʫʧʦʤ ʢ ʩʨʝʜʝ (Media Access Control ï MAC ). 

ʂʨʦʤʝ ʪʦʛʦ, ʩʨʝʜʩʪʚʘ ʢʘʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʧʦʟʚʦʣʷʶʪ ʦʙʥʘʨʫʞʠʚʘʪʴ ʦʰʠʙʢʠ ʚ 

ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ. 

 

 

ʇʦʜʫʨʦʚʝʥɹ ʣʦʛʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥrʭ

Logical Link Control - LLC

100Base-TX 100Base-FX100Base-T410 Base-T 10 Base-FB 10 Base-FL

Ethernet (802.3)

802.2

Fast Ethernet (802.3u)

ʉʧʝʮʠʬʠʢʘʮʠʠ

ʇʦʜʫʨʦʚʝʥɹ
      ʄɸʉ

ʇʦʜʫʨʦʚʝʥɹ
LLC

ʆʧʪʦʚʦʣʦʢʥʦɺʠʪʘ̫ ʧʘʨʘ ɺʠʪʘ̫ ʧʘʨʘ ɺʠʪʘ̫ ʧʘʨʘʆʧʪʦʚʦʣʦʢʥʦ ʆʧʪʦʚʦʣʦʢʥʦ
 

 

ʈʠʩ. 4.1. ʇʦʜʫʨʦʚʥʠ ʢʘʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ 

 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʫʟʣʦʚ ʣʦʢʘʣʴʥʳʭ ʩʝʪʝʡ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʦʩʥʦʚʝ 

ʧʨʦʪʦʢʦʣʦʚ ʢʘʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ. ʇʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʚ ʣʦʢʘʣʴʥʳʭ ʩʝʪʷʭ 

ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʩʨʘʚʥʠʪʝʣʴʥʦ ʢʦʨʦʪʢʠʝ ʨʘʩʩʪʦʷʥʠʷ (ʚʥʫʪʨʠ ʟʜʘʥʠʡ ʠʣʠ ʤʝʞʜʫ 

ʙʣʠʟʢʦ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʟʜʘʥʠʷʤʠ), ʥʦ ʩ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ (10 ʄʙʠʪ/ʩ ï 
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100 ɻʙʠʪ/ʩ). ʈʘʩʩʪʦʷʥʠʝ ʠ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʘʧʧʘʨʘʪʫʨʦʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʪʘʥʜʘʨʪʦʚ. 

ʄʝʞʜʫʥʘʨʦʜʥʳʤ ʠʥʩʪʠʪʫʪʦʤ ʠʥʞʝʥʝʨʦʚ ʧʦ ʵʣʝʢʪʨʦʪʝʭʥʠʢʝ ʠ 

ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʝ (Institute of Electrical and Electronics Engineers ï IEEE ) 

ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʩʝʤʝʡʩʪʚʦ ʩʪʘʥʜʘʨʪʦʚ 802.ʭ, ʢʦʪʦʨʦʝ ʨʝʛʣʘʤʝʥʪʠʨʫʝʪ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʢʘʥʘʣʴʥʦʛʦ ʠ ʬʠʟʠʯʝʩʢʦʛʦ ʫʨʦʚʥʝʡ  ʩʝʤʠʫʨʦʚʥʝʚʦʡ 

ʤʦʜʝʣʠ ISO/OSI. ʈʷʜ ʵʪʠʭ ʧʨʦʪʦʢʦʣʦʚ ʷʚʣʷʶʪʩʷ ʦʙʱʠʤʠ ʜʣʷ ʚʩʝʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʥʘʧʨʠʤʝʨ ʩʪʘʥʜʘʨʪ 802.2, ʜʨʫʛʠʝ ʧʨʦʪʦʢʦʣʳ (ʥʘʧʨʠʤʝʨ, 802.3, 802.3u, 802.5) 

ʦʧʨʝʜʝʣʷʶʪ ʦʩʦʙʝʥʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʡ ʣʦʢʘʣʴʥʳʭ ʩʝʪʝʡ.  

ʇʦʜʫʨʦʚʝʥʴ LLC  ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʦʛʨʘʤʤʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ. ʅʘ 

ʧʦʜʫʨʦʚʥʝ LLC ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʧʨʦʮʝʜʫʨ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ 

ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʠʣʠ ʥʝ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʩʚʷʟʴ ʧʝʨʝʜ ʧʝʨʝʜʘʯʝʡ ʢʘʜʨʦʚ, 

ʩʦʜʝʨʞʘʱʠʭ ʜʘʥʥʳʝ, ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʠʣʠ ʥʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʢʘʜʨʳ ʧʨʠ ʠʭ 

ʧʦʪʝʨʝ ʠʣʠ ʦʙʥʘʨʫʞʝʥʠʠ ʦʰʠʙʦʢ. ʇʦʜʫʨʦʚʝʥʴ LLC  ʨʝʘʣʠʟʫʝʪ ʩʚʷʟʴ ʩ 

ʧʨʦʪʦʢʦʣʘʤʠ ʩʝʪʝʚʦʛʦ ʫʨʦʚʥʷ, ʦʙʳʯʥʦ ʩ ʧʨʦʪʦʢʦʣʦʤ IP. ʉʚʷʟʴ ʩ ʩʝʪʝʚʳʤ 

ʫʨʦʚʥʝʤ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʜʫʨ ʧʝʨʝʜʘʯʠ ʢʘʜʨʦʚ ʧʦ ʩʝʪʠ 

ʨʝʘʣʠʟʫʝʪ ʧʨʦʪʦʢʦʣ 802.2. ʇʨʦʪʦʢʦʣ 802.1 ʜʘʝʪ ʦʙʱʠʝ ʦʧʨʝʜʝʣʝʥʠʷ 

ʣʦʢʘʣʴʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʝʪʝʡ, ʩʚʷʟʴ ʩ ʤʦʜʝʣʴʶ ISO/OSI. ʉʫʱʝʩʪʚʫʶʪ 

ʪʘʢʞʝ ʤʦʜʠʬʠʢʘʮʠʠ ʵʪʦʛʦ ʧʨʦʪʦʢʦʣʘ.  

ʇʦʜʫʨʦʚʝʥʴ ʄɸʉ ʦʧʨʝʜʝʣʷʝʪ ʦʩʦʙʝʥʥʦʩʪʠ ʜʦʩʪʫʧʘ ʢ ʬʠʟʠʯʝʩʢʦʡ 

ʩʨʝʜʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʣʦʢʘʣʴʥʳʭ ʩʝʪʝʡ. ʂʘʞʜʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʄɸʉ-ʫʨʦʚʥʷ (ʢʘʞʜʦʤʫ ʧʨʦʪʦʢʦʣʫ: 802.3, 802.3u, 802.3z ʠ ʜʨ.) 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʩʧʝʮʠʬʠʢʘʮʠʡ (ʧʨʦʪʦʢʦʣʦʚ) ʬʠʟʠʯʝʩʢʦʛʦ 

ʫʨʦʚʥʷ (ʨʠʩ. 4.1). ʉʧʝʮʠʬʠʢʘʮʠ ̫ ʪʝʭʥʦʣʦʛʠʠ ʄɸʉ-ʫʨʦʚʥʷ ï ʦʧʨʝʜʝʣʷʝʪ 

ʩʨʝʜʫ ʬʠʟʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʠ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ (ʩʢʦʨʦʩʪʴ 

ʧʝʨʝʜʘʯʠ, ʚʠʜ ʩʨʝʜʳ, ʫʟʢʦʧʦʣʦʩʥʘʷ ʠʣʠ ʰʠʨʦʢʦʧʦʣʦʩʥʘʷ). 

ʅʘ ʢʘʥʘʣʴʥʦʤ ʫʨʦʚʥʝ ʧʝʨʝʜʘʶʱʝʡ ʩʪʦʨʦʥʳ ʬʦʨʤʠʨʫʝʪʩʷ ʢʘʜʨ, ʚ 

ʢʦʪʦʨʳʡ ʠʥʢʘʧʩʫʣʠʨʫʝʪʩʷ ʧʘʢʝʪ. ɺ ʧʨʦʮʝʩʩʝ ʠʥʢʘʧʩʫʣʷʮʠʠ ʢ ʧʘʢʝʪʫ 

ʩʝʪʝʚʦʛʦ ʧʨʦʪʦʢʦʣʘ, ʥʘʧʨʠʤʝʨ IP, ʜʦʙʘʚʣʷʝʪʩʷ ʟʘʛʦʣʦʚʦʢ ʠ ʢʦʥʮʝʚʠʢ 

(ʪʨʝʡʣʝʨ) ʢʘʜʨʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʜʨ ʣʶʙʦʡ ʩʝʪʝʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩʦʩʪʦʠʪ ʠʟ 

ʪʨʝʭ ʯʘʩʪʝʡ:  

- ʟʘʛʦʣʦʚʢʘ,  

- ʧʦʣʷ ʜʘʥʥʳʭ, ʛʜʝ ʨʘʟʤʝʱʝʥ ʧʘʢʝʪ, 

- ʢʦʥʮʝʚʠʢʘ.  
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ʅʘ ʧʨʠʝʤʥʦʡ ʩʪʦʨʦʥʝ ʨʝʘʣʠʟʫʝʪʩʷ ʦʙʨʘʪʥʳʡ ʧʨʦʮʝʩʩ ʜʝʢʘʧʩʫʣʷʮʠʠ, 

ʢʦʛʜʘ ʠʟ ʢʘʜʨʘ ʠʟʚʣʝʢʘʝʪʩʷ ʧʘʢʝʪ.  

ɿʘʛʦʣʦʚʦʢ ʚʢʣʶʯʘʝʪ ʨʘʟʜʝʣʠʪʝʣʠ ʢʘʜʨʦʚ, ʧʦʣʷ ʘʜʨʝʩʦʚ ʠ ʫʧʨʘʚʣʝʥʠʷ. 

ʈʘʟʜʝʣʠʪʝʣʠ ʢʘʜʨʦʚ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʥʘʯʘʣʦ ʢʘʜʨʘ ʠ ʦʙʝʩʧʝʯʠʪʴ 

ʩʠʥʭʨʦʥʠʟʘʮʠʶ ʤʝʞʜʫ ʧʝʨʝʜʘʪʯʠʢʦʤ ʠ ʧʨʠʝʤʥʠʢʦʤ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

Ethernet-ʩʦʚʤʝʩʪʠʤʳʭ ʪʝʭʥʦʣʦʛʠʡ ʘʜʨʝʩʘʮʠʶ ʜʘʥʥʳʭ ʚ ʣʦʢʘʣʴʥʳʭ ʩʝʪʷʭ 

ʦʩʫʱʝʩʪʚʣʷʶʪ ʄɸʉ-ʘʜʨʝʩʘ. 

ʂʦʥʮʝʚʠʢ ʩʦʜʝʨʞʠʪ ʧʦʣʝ ʢʦʥʪʨʦʣʴʥʦʡ ʩʫʤʤʳ (Frame Check Sequence ï 

FCS), ʢʦʪʦʨʘʷ ʚʳʯʠʩʣʷʝʪʩʷ ʧʨʠ ʧʝʨʝʜʘʯʝ ʢʘʜʨʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʮʠʢʣʠʯʝʩʢʦʛʦ ʢʦʜʘ CRC. ʅʘ ʧʨʠʝʤʥʦʡ ʩʪʦʨʦʥʝ ʢʦʥʪʨʦʣʴʥʘʷ ʩʫʤʤʘ ʢʘʜʨʘ 

ʚʳʯʠʩʣʷʝʪʩʷ ʚʥʦʚʴ ʠ ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ ʧʨʠʥʷʪʦʡ. ɽʩʣʠ ʦʥʠ ʩʦʚʧʘʜʘʶʪ, ʪʦ 

ʩʯʠʪʘʶʪ, ʯʪʦ ʢʘʜʨ ʧʝʨʝʜʘʥ ʙʝʟ ʦʰʠʙʦʢ. ʇʨʠ ʨʘʩʭʦʞʜʝʥʠʠ ʟʥʘʯʝʥʠʡ FCS ʢʘʜʨ 

ʦʪʙʨʘʩʳʚʘʝʪʩʷ ʠ ʪʨʝʙʫʝʪʩʷ ʝʛʦ ʧʦʚʪʦʨʥʘʷ ʧʝʨʝʜʘʯʘ.  

ʇʨʠ ʧʝʨʝʜʘʯʝ ʧʦ ʩʝʪʠ ʢʘʜʨ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʨʦʭʦʜʠʪ ʮʝʣʳʡ ʨʷʜ 

ʩʦʝʜʠʥʝʥʠʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʨʘʟʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʩʨʝʜʦʡ. ʅʘʧʨʠʤʝʨ, ʧʨʠ 

ʧʝʨʝʜʘʯʝ ʜʘʥʥʳʭ ʩ ʋʟʣʘ ɸ ʥʘ ʋʟʝʣ ɺ (ʨʠʩ. 4.2) ʜʘʥʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ  

 

ʄʝʜɹ

ʄʝʜɹ

ʆʧʪʠʢʘ WAP

ʈʘʜʠʦʢʘʥʘʣr

ʄʝʜɹ

ɹʝʩʧʨʦʚʦʜʥʘ̫ 

ʪʦʯʢʘ ʜʦʩʪʫʧʘ

ʋʟʝʣ ɸ
ʋʟʝʣ ɺ

ɺɸ

 

ʈʠʩ. 4.2. ʉʝʪʴ ʩ ʨʘʟʥʦʨʦʜʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ 

ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ: ʩʦʝʜʠʥʝʥʠʝ Ethernet ʤʝʞʜʫ ʋʟʣʦʤ ɸ ʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʤ ɸ 

(ʤʝʜʴ, ʥʝʵʢʨʘʥʠʨʦʚʘʥʥʘʷ ʚʠʪʘʷ ʧʘʨʘ), ʩʦʝʜʠʥʝʥʠʝ ʤʝʞʜʫ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤʠ 

ɸ ʠ ɺ (ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʡ ʢʘʙʝʣʴ), ʤʝʜʥʳʡ ʢʘʙʝʣʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ çʪʦʯʢʘ-ʪʦʯʢʘè ʤʝʞʜʫ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʤ ɺ ʠ ʙʝʩʧʨʦʚʦʜʥʦʡ 

ʪʦʯʢʦʡ ʜʦʩʪʫʧʘ WAP, ʙʝʩʧʨʦʚʦʜʥʦʝ ʩʦʝʜʠʥʝʥʠʝ (ʨʘʜʠʦʢʘʥʘʣ) ʤʝʞʜʫ WAP ʠ 

ʢʦʥʝʯʥʳʤ ʋʟʣʦʤ ɺ. ʇʦʵʪʦʤʫ ʜʣʷ ʢʘʞʜʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʬʦʨʤʠʨʫʝʪʩʷ ʩʚʦʡ 

ʢʘʜʨ ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʬʦʨʤʘʪʘ.  
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ʇʘʢʝʪ, ʧʦʜʛʦʪʦʚʣʝʥʥʳʡ ʋʟʣʦʤ ɸ, ʠʥʢʘʧʩʫʣʠʨʫʝʪʩʷ ʚ ʢʘʜʨ ʣʦʢʘʣʴʥʦʡ 

ʩʝʪʠ, ʢʦʪʦʨʳʡ ʧʝʨʝʜʘʝʪʩʷ ʚ ʤʘʨʰʨʫʪʠʟʘʪʦʨ ɸ. ʄʘʨʰʨʫʪʠʟʘʪʦʨ ʜʝʢʘʧʩʫʣʠʨʫʝʪ 

ʧʘʢʝʪ ʠʟ ʧʨʠʥʷʪʦʛʦ ʢʘʜʨʘ, ʦʧʨʝʜʝʣʷʝʪ ʥʘ ʢʘʢʦʡ ʚʳʭʦʜʥʦʡ ʠʥʪʝʨʬʝʡʩ ʧʝʨʝʜʘʪʴ 

ʧʘʢʝʪ, ʟʘʪʝʤ ʬʦʨʤʠʨʫʝʪ ʥʦʚʳʡ ʢʘʜʨ ʜʣʷ ʧʝʨʝʜʘʯʠ ʧʦ ʦʧʪʠʯʝʩʢʦʡ ʩʨʝʜʝ. 

ʄʘʨʰʨʫʪʠʟʘʪʦʨ ɺ ʜʝʢʘʧʩʫʣʠʨʫʝʪ ʧʘʢʝʪ ʠʟ ʧʨʠʥʷʪʦʛʦ ʢʘʜʨʘ, ʦʧʨʝʜʝʣʷʝʪ ʥʘ 

ʢʘʢʦʡ ʚʳʭʦʜʥʦʡ ʠʥʪʝʨʬʝʡʩ ʧʝʨʝʜʘʪʴ ʧʘʢʝʪ, ʟʘʪʝʤ ʬʦʨʤʠʨʫʝʪ ʥʦʚʳʡ ʢʘʜʨ ʜʣʷ 

ʧʝʨʝʜʘʯʠ ʧʦ ʤʝʜʥʦʡ ʩʨʝʜʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ çʪʦʯʢʘ-ʪʦʯʢʘè. 

ɹʝʩʧʨʦʚʦʜʥʘʷ ʪʦʯʢʘ ʜʦʩʪʫʧʘ WAP, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʬʦʨʤʠʨʫʝʪ ʩʚʦʡ ʢʘʜʨ ʜʣʷ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʦ ʨʘʜʠʦʢʘʥʘʣʫ ʥʘ ʢʦʥʝʯʥʳʡ ʋʟʝʣ ɺ.   

ʉʦʚʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʨʝʜʳ ʥʝʩʢʦʣʴʢʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ 

ʨʝʘʣʠʟʫʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʦʚ: 

- ʤʝʪʦʜ ʢʦʥʢʫʨʝʥʪʥʦʛʦ (ʥʝʜʝʪʝʨʤʠʥʠʨʦʚʘʥʦʛʦ) ʜʦʩʪʫʧʘ (Contention-

based Access), ʢʦʛʜʘ ʚʩʝ ʫʟʣʳ ʩʝʪʠ ʨʘʚʥʦʧʨʘʚʥʳ, ʦʯʝʨʝʜʥʦʩʪʴ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ ʥʝ ʦʨʛʘʥʠʟʦʚʘʥʘ. ɼʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʡ ʫʟʝʣ ʜʦʣʞʝʥ ʧʨʦʩʣʫʰʘʪʴ 

ʩʨʝʜʫ, ʝʩʣʠ ʦʥʘ ʩʚʦʙʦʜʥʘ, ʪʦ ʤʦʞʥʦ ʧʝʨʝʜʘʪʴ ʠʥʬʦʨʤʘʮʠʶ. ʇʨʠ ʵʪʦʤ ʤʦʛʫʪ 

ʚʦʟʥʠʢʥʫʪʴ ʢʦʥʬʣʠʢʪʳ (ʢʦʣʣʠʟʠʠ), ʢʦʛʜʘ ʜʚʘ (ʠʣʠ ʙʦʣʝʝ) ʫʟʣʘ ʥʘʯʠʥʘʶʪ 

ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ; 

- ʤʝʪʦʜ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ (ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʛʦ) ʜʦʩʪʫʧʘ (Controlled 

Access), ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʟʣʘʤ ʦʯʝʨʝʜʥʦʩʪʴ ʜʦʩʪʫʧʘ ʢ ʩʨʝʜʝ ʜʣʷ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. 

ʅʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʩʦʟʜʘʥʠʷ Ethernet-ʩʝʪʝʡ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʪʦʧʦʣʦʛʠʷ 

çʰʠʥʘè, ʨʘʟʜʝʣʷʝʤʘʷ ʩʨʝʜʘ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʷʚʣʷʣʘʩʴ ʦʙʱʝʡ ʜʣʷ ʚʩʝʭ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʇʨʠ ʵʪʦʤ ʨʝʘʣʠʟʦʚʘʣʩʷ ʤʝʪʦʜ ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʜʦʩʪʫʧʘ ʢ 

ʦʙʱʝʡ ʩʨʝʜʝ ʧʝʨʝʜʘʯʠ (ʧʨʦʪʦʢʦʣ 802.3). ʇʨʠ ʵʪʦʤ ʪʨʝʙʦʚʘʣʩʷ ʢʦʥʪʨʦʣʴ 

ʥʝʩʫʱʝʡ, ʥʘʣʠʯʠʝ ʢʦʪʦʨʦʡ ʛʦʚʦʨʠʣʦ ʦ ʪʦʤ, ʯʪʦ ʢʘʢʦʡ-ʪʦ ʫʟʝʣ ʫʞʝ ʧʝʨʝʜʘʝʪ 

ʜʘʥʥʳʝ ʧʦ ʦʙʱʝʡ ʩʨʝʜʝ. ʇʦʵʪʦʤʫ ʫʟʝʣ, ʞʝʣʘʶʱʠʡ ʧʝʨʝʜʘʪʴ ʜʘʥʥʳʝ, ʜʦʣʞʝʥ 

ʙʳʣ ʜʦʞʜʘʪʴʩʷ ʦʢʦʥʯʘʥʠʷ ʧʝʨʝʜʘʯʠ ʠ ʧʨʠ ʦʩʚʦʙʦʞʜʝʥʠʠ ʩʨʝʜʳ ʧʦʧʳʪʘʪʴʩʷ 

ʧʝʨʝʜʘʪʴ ʜʘʥʥʳʝ.  

ʇʝʨʝʜʘʥʥʫʶ ʚ ʩʝʪʴ ʠʥʬʦʨʤʘʮʠʶ ʤʦʞʝʪ ʧʦʣʫʯʠʪʴ ʣʶʙʦʡ ʢʦʤʧʴʶʪʝʨ, ʫ 

ʢʦʪʦʨʦʛʦ ʘʜʨʝʩ ʩʝʪʝʚʦʛʦ ʘʜʘʧʪʝʨʘ NIC ʩʦʚʧʘʜʘʝʪ ʩ ʄɸʉ-ʘʜʨʝʩʦʤ ʥʘʟʥʘʯʝʥʠʷ 

ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʢʘʜʨʘ, ʠʣʠ ʚʩʝ ʢʦʤʧʴʶʪʝʨʳ ʩʝʪʠ ʧʨʠ ʰʠʨʦʢʦʚʝʱʘʪʝʣʴʥʦʡ 

ʧʝʨʝʜʘʯʝ. ʆʜʥʘʢʦ ʧʝʨʝʜʘʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʤʦʞʝʪ 

ʪʦʣʴʢʦ ʦʜʠʥ ʫʟʝʣ. ʇʨʝʞʜʝ ʯʝʤ ʥʘʯʘʪʴ ʧʝʨʝʜʘʯʫ, ʫʟʝʣ ʜʦʣʞʝʥ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ 

ʦʙʱʘʷ ʰʠʥʘ ʩʚʦʙʦʜʥʘ, ʜʣʷ ʯʝʛʦ ʫʟʝʣ ʧʨʦʩʣʫʰʠʚʘʝʪ ʩʨʝʜʫ. 
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ʇʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʧʝʨʝʜʘʯʝ ʜʘʥʥʳʭ ʜʚʫʤʷ ʠʣʠ ʙʦʣʝʝ ʢʦʤʧʴʶʪʝʨʘʤʠ 

ʚʦʟʥʠʢʘʝʪ ʢʦʥʬʣʠʢʪ (ʢʦʣʣʠʟʠʷ), ʢʦʛʜʘ ʜʘʥʥʳʝ ʧʝʨʝʜʘʶʱʠʭ ʫʟʣʦʚ 

ʥʘʢʣʘʜʳʚʘʶʪʩʷ ʜʨʫʛ ʥʘ ʜʨʫʛʘ, ʧʨʦʠʩʭʦʜʠʪ ʠʩʢʘʞʝʥʠʝ ʠ ʧʦʪʝʨʷ ʠʥʬʦʨʤʘʮʠʠ. 

ʇʦʵʪʦʤʫ ʪʨʝʙʫʝʪʩʷ ʦʙʨʘʙʦʪʢʘ ʢʦʣʣʠʟʠʠ ʠ ʧʦʚʪʦʨʥʘʷ ʧʝʨʝʜʘʯʘ ʫʯʘʩʪʚʦʚʘʚʰʠʭ 

ʚ ʢʦʣʣʠʟʠʠ ʢʘʜʨʦʚ.  

 ʇʦʜʦʙʥʳʡ ʤʝʪʦʜ ʥʝʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʛʦ (ʘʩʩʦʮʠʘʪʠʚʥʦʛʦ) ʜʦʩʪʫʧʘ ʢ 

ʩʨʝʜʝ ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʩʨʝʜʝ ʩ ʢʦʥʪʨʦʣʝʤ 

ʥʝʩʫʱʝʡ ʠ ʦʙʥʘʨʫʞʝʥʠʝʤ ʢʦʣʣʠʟʠʡ (Carrier Sense Multiply Access with 

Collision Detection ï CSMA/CD). 

ʄʝʪʦʜ CSMA/CD ʥʝ ʦʨʛʘʥʠʟʫʝʪ ʠ ʥʝ ʦʙʩʣʫʞʠʚʘʝʪ ʦʯʝʨʝʜʥʦʩʪʴ ʜʦʩʪʫʧʘ 

ʢ ʩʨʝʜʝ ʧʝʨʝʜʘʯʠ, ʧʦʵʪʦʤʫ ʥʝ ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʠ 

ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʝʪʠ. ʆʜʥʘʢʦ ʧʨʠ ʚʳʩʦʢʦʡ ʟʘʛʨʫʟʢʝ ʩʝʪʠ ʢʦʣʠʯʝʩʪʚʦ 

ʢʦʣʣʠʟʠʡ ʚʦʟʨʘʩʪʘʝʪ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ (throughput) ʩʥʠʞʘʝʪʩʷ. ɼʘʥʥʳʡ 

ʤʝʪʦʜ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ ʩʝʪʷʭ ʪʝʭʥʦʣʦʛʠʠ Ethernet, ʚʳʧʦʣʥʝʥʥʳʤʠ ʥʘ 

ʢʦʥʮʝʥʪʨʘʪʦʨʘʭ ʩ ʧʦʣʫʜʫʧʣʝʢʩʥʳʤʠ ʧʨʦʚʦʜʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ (ʤʝʜʥʳʤʠ ʠ 

ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʤʠ ʢʘʙʝʣʷʤʠ).  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʣʦʢʘʣʴʥʳʭ ʩʝʪʷʭ ʢʦʤʤʫʪʘʪʦʨʦʚ ʩ 

ʧʦʣʥʦʜʫʧʣʝʢʩʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʧʦʟʚʦʣʠʣʦ ʧʦʣʥʦʩʪʴʶ ʫʩʪʨʘʥʠʪʴ 

ʢʦʣʣʠʟʠʠ. ʆʜʥʘʢʦ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʘ CSMA/CD 

ʩʦʭʨʘʥʠʣʘʩʴ.  

ɺ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʝʪʷʭ ʪʝʭʥʦʣʦʛʠʡ 802.11 ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʘʩʩʦʮʠʘʪʠʚʥʳʡ ʤʝʪʦʜ ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʩʨʝʜʝ ʩ ʢʦʥʪʨʦʣʝʤ 

ʥʝʩʫʱʝʡ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝʤ (ʠʟʙʝʞʘʥʠʝʤ) ʢʦʣʣʠʟʠʡ (Carrier Sense Multiple 

Access / Collision Avoidance ï CSMA/CA). ʆʙʤʝʥ ʩʦʦʙʱʝʥʠʷʤʠ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʯʝʨʝʟ ʙʝʩʧʨʦʚʦʜʥʫʶ ʪʦʯʢʫ ʜʦʩʪʫʧʘ. ʉʦʛʣʘʩʥʦ ʵʪʦʤʫ ʤʝʪʦʜʫ, ʫʩʪʨʦʡʩʪʚʦ, 

ʢʦʪʦʨʦʤʫ ʪʨʝʙʫʝʪʩʷ ʧʝʨʝʜʘʪʴ ʜʘʥʥʳʝ, ʧʨʦʚʝʨʷʝʪ ʩʨʝʜʫ ʧʝʨʝʜʘʯʠ ʥʘ ʥʘʣʠʯʠʝ 

ʩʠʛʥʘʣʘ ʥʝʩʫʱʝʡ. ɽʩʣʠ ʩʨʝʜʘ ʩʚʦʙʦʜʥʘ, ʫʩʪʨʦʡʩʪʚʦ ʦʪʧʨʘʚʣʷʝʪ ʫʚʝʜʦʤʣʝʥʠʝ 

ʙʝʩʧʨʦʚʦʜʥʦʡ ʪʦʯʢʝ ʜʦʩʪʫʧʘ ʦ ʩʚʦʝʤ ʥʘʤʝʨʝʥʠʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʝ. ɿʘʪʝʤ 

ʫʩʪʨʦʡʩʪʚʦ ʦʪʧʨʘʚʣʷʝʪ ʜʘʥʥʳʝ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʤʝʪʦʜʘ ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʩʨʝʜʝ ʩ ʢʦʥʪʨʦʣʝʤ 

ʥʝʩʫʱʝʡ ʠ ʦʙʥʘʨʫʞʝʥʠʝʤ ʢʦʣʣʠʟʠʡ (CSMA/CD), ʤʝʪʦʜ CSMA/CA ʧʦʟʚʦʣʷʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʢʦʣʣʠʟʠʡ ʚ ʩʝʪʠ ʩ ʨʘʟʜʝʣʷʝʤʦʡ ʩʨʝʜʦʡ 

ʧʝʨʝʜʘʯʠ, ʥʦ ʥʝ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʠʭ ʧʦʣʥʦʩʪʴʶ. 
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4.2. ʌʦʨʤʘʪ rʢʘʜʨʦʚ ʢʘʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ 

 

ɺ ʣʦʢʘʣʴʥʳʭ ʠ ʛʣʦʙʘʣʴʥʳʭ ʩʝʪʷʭ ʥʘ ʢʘʥʘʣʴʥʦʤ ʫʨʦʚʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʨʘʟʣʠʯʥʳʝ ʧʨʦʪʦʢʦʣʳ ʠ ʨʘʟʣʠʯʥʳʝ ʬʦʨʤʘʪʳ ʢʘʜʨʦʚ. ɺ ʣʦʢʘʣʴʥʳʭ ʩʝʪʷʭ 

ʦʩʥʦʚʥʳʤ ʧʨʦʪʦʢʦʣʦʤ ʢʘʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʷʚʣʷʝʪʩʷ Ethernet ʠ ʩʦʚʤʝʩʪʠʤʳʝ ʩ 

ʥʠʤ. ɺ ʛʣʦʙʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ çʪʦʯʢʘ-ʪʦʯʢʘè ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ 

ʷʚʣʷʝʪʩʷ ʧʨʦʪʦʢʦʣ Point-to-Point Protocol ï PPP. ɺ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʝʪʷʭ 

ʪʝʭʥʦʣʦʛʠʡ 802.11 ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʩʨʝʜʝ ʩ 

ʢʦʥʪʨʦʣʝʤ ʥʝʩʫʱʝʡ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝʤ (ʠʟʙʝʞʘʥʠʝʤ) ʢʦʣʣʠʟʠʡ (CSMA/CA). 

 

ʌʦʨʤʘʪ ʢʘʜʨʘ Ethernet 

 

ʌʦʨʤʘʪ ʢʘʜʨʦʚ ʢʘʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚ ʜʣʷ ʚʩʝʭ 

Ethernet ʩʦʚʤʝʩʪʠʤʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʊʝʭʥʦʣʦʛʠʷ Ethernet ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ 

ʢʘʜʨʳ ʯʝʪʳʨʝʭ ʬʦʨʤʘʪʦʚ, ʢʦʪʦʨʳʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. 

ʆʜʠʥ ʠʟ ʬʦʨʤʘʪʦʚ ʢʘʜʨʘ (802.3) ʧʦʜʫʨʦʚʥʷ ʄɸʉ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. 4.3.  

 

FCSSASFD L/TDA Data

10101011

ʇʨʝʘʤʙʫʣʘ

4 ʙʘʡʪʘ2 ʙʘʡʪʘ6 ʙʘʡʪ7 ʙʘʡʪ (10101010)  46 - 1500 ʙʘʡʪ6 ʙʘʡʪ
 

 

ʈʠʩ. 4.3. ʌʦʨʤʘʪ ʢʘʜʨʘ ʧʦʜʫʨʦʚʥʷ ʄɸʉ  

 

ʈʘʟʜʝʣʠʪʝʣ ɹ ʢʘʜʨʦʚ, ʧʦʟʚʦʣʷʶʱʠʡ ʦʧʨʝʜʝʣʠʪʴ ʥʘʯʘʣʦ ʢʘʜʨʘ ʠ 

ʦʙʝʩʧʝʯʠʪʴ ʩʠʥʭʨʦʥʠʟʘʮʠʶ ʤʝʞʜʫ ʧʝʨʝʜʘʪʯʠʢʦʤ ʠ ʧʨʠʝʤʥʠʢʦʤ, ʧʨʝʜʩʪʘʚʣʝʥ 

ʧʨʝʘʤʙʫʣʦʡ ʠ ʥʘʯʘʣʴʥʳʤ ʦʛʨʘʥʠʯʠʪʝʣʝʤ ʢʘʜʨʘ (Start of Frame Delimiter - 

SFD). ʇʨʝʘʤʙʫʣʘ ʢʘʜʨʘ ʩʦʩʪʦʠʪ ʠʟ ʩʝʤʠ ʙʘʡʪ 10101010, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ 

ʚʭʦʞʜʝʥʠʷ ʧʨʠʝʤʥʠʢʘ ʚ ʨʝʞʠʤ ʩʠʥʭʨʦʥʠʟʘʮʠʠ. ʅʘʯʘʣʴʥʳʡ ʦʛʨʘʥʠʯʠʪʝʣʴ ï 

10101011 ʦʪʤʝʯʘʝʪ ʥʘʯʘʣʦ ʢʘʜʨʘ. ɺ ʥʝʢʦʪʦʨʳʭ ʬʦʨʤʘʪʘʭ ʚʩʝ 8 ʙʘʡʪ, ʢʦʪʦʨʳʝ 

ʧʝʨʝʯʠʩʣʝʥʳ, ʥʘʟʳʚʘʶʪʩʷ ʧʨʝʘʤʙʫʣʦʡ.  

ʌʦʨʤʘʪ ʢʘʜʨʘ ʚʢʣʶʯʘʝʪ ʧʦʣʷ ʬʠʟʠʯʝʩʢʠʭ ʘʜʨʝʩʦʚ ʫʟʣʘ ʥʘʟʥʘʯʝʥʠʷ (DA 

ï Destination Address) ʠ ʫʟʣʘ ʠʩʪʦʯʥʠʢʘ (SA ï Source Address). ɺ ʪʝʭʥʦʣʦʛʠʷʭ  

Ethernet ʬʠʟʠʯʝʩʢʠʝ ʘʜʨʝʩʘ ʧʦʣʫʯʠʣʠ ʥʘʟʚʘʥʠʝ ʄɸʉ-ʘʜʨʝʩʦʚ. ʄɸʉ-ʘʜʨʝʩʘ 

ʩʦʜʝʨʞʘʪ 48 ʜʚʦʠʯʥʳʭ ʨʘʟʨʷʜʦʚ ʠ ʦʪʦʙʨʘʞʘʶʪʩʷ ʚ ʰʝʩʪʥʘʜʮʘʪʝʨʠʯʥʦʡ 

ʩʠʩʪʝʤʝ ʦʜʥʦʡ ʠʟ ʩʣʝʜʫʶʱʠʭ ʬʦʨʤ: 00-19-D1-93-7E-BC, 00:19:D1:93:7E:BC, 

0019.D193.7EBC. ʄɸʉ-ʘʜʨʝʩʘ ʷʚʣʷʶʪʩʷ çʧʣʦʩʢʠʤʠè ʥʝ ʠʝʨʘʨʭʠʯʝʩʢʠʤʠ.  
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ɺ ʣʦʢʘʣʴʥʳʭ ʩʝʪʷʭ ʘʜʨʝʩʘʮʠʷ ʩʦʦʙʱʝʥʠʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʦʩʥʦʚʝ 

ʄɸʉ-ʘʜʨʝʩʦʚ, ʢʦʪʦʨʳʝ çʧʨʦʰʠʪʳè ʚ ʇɿʋ ʩʝʪʝʚʳʭ ʢʘʨʪ ʢʦʥʝʯʥʳʭ ʫʟʣʦʚ ʠ ʥʘ 

ʠʥʪʝʨʬʝʡʩʘʭ ʩʝʪʝʚʳʭ ʵʣʝʤʝʥʪʦʚ. ʇʨʠ ʟʘʧʫʩʢʝ ʢʦʤʧʴʶʪʝʨʘ ʄɸʉ-ʘʜʨʝʩ ʠʟ 

ʇɿʋ ʢʦʧʠʨʫʝʪʩʷ ʚ ʦʧʝʨʘʪʠʚʥʫʶ ʧʘʤʷʪʴ ʆɿʋ. ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʘʧʧʘʨʘʪʫʨʝ 

ʵʣʝʢʪʨʦʥʥʳʝ ʧʨʦʛʨʘʤʤʘʪʦʨʳ ʧʦʟʚʦʣʷʶʪ ʠʟʤʝʥʷʪʴ ʄɸʉ-ʘʜʨʝʩʘ, ʯʪʦ ʩʥʠʞʘʝʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʬʠʣʴʪʨʘʮʠʠ ʪʨʘʬʠʢʘ ʥʘ ʦʩʥʦʚʝ ʄɸʉ-ʘʜʨʝʩʦʚ, ʪ.ʝ. ʩʥʠʞʘʝʪ 

ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ. 

ɸʜʨʝʩ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʚʩʝʭ ʝʜʠʥʠʮ FF-FF-FF-FF-FF-FF, ʷʚʣʷʝʪʩʷ 

ʰʠʨʦʢʦʚʝʱʘʪʝʣʴʥʳʤ ʘʜʨʝʩʦʤ (broadcast), ʢʦʛʜʘ ʧʝʨʝʜʘʚʘʝʤʘʷ ʚ ʢʘʜʨʝ 

ʠʥʬʦʨʤʘʮʠʷ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʚʩʝʤ ʫʟʣʘʤ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ. 

ʄʣʘʜʰʠʝ 24 ʨʘʟʨʷʜʘ ʄɸʉ-ʘʜʨʝʩʘ (6 ʰʝʩʪʥʘʜʮʘʪʝʨʠʯʥʳʭ ʨʘʟʨʷʜʦʚ) 

ʟʘʜʘʶʪ ʫʥʠʢʘʣʴʥʳʡ ʥʦʤʝʨ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʘʧʨʠʤʝʨ, ʥʦʤʝʨ ʩʝʪʝʚʦʡ ʢʘʨʪʳ. 

ʉʪʘʨʰʠʝ 24 ʨʘʟʨʷʜʘ ʬʠʟʠʯʝʩʢʦʛʦ ʄɸʉ-ʘʜʨʝʩʘ, ʥʘʟʳʚʘʝʤʳʝ ʫʥʠʢʘʣʴʥʳʤ 

ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʤ ʦʨʛʘʥʠʟʘʮʠʠ (OUI), ʧʨʠʩʚʘʠʚʘʶʪʩʷ ʧʨʦʠʟʚʦʜʠʪʝʣʶ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠʥʩʪʠʪʫʪʦʤ IEEE.  

ʇʦʣʝ L  (ʨʠʩ. 5.3) ʦʧʨʝʜʝʣʷʝʪ ʜʣʠʥʫ ʧʦʣʷ ʜʘʥʥʳʭ Data, ʢʦʪʦʨʦʝ ʤʦʞʝʪ 

ʙʳʪʴ ʦʪ 46 ʜʦ 1500 ʙʘʡʪ. ɽʩʣʠ ʧʦʣʝ ʜʘʥʥʳʭ ʤʝʥʴʰʝ 46 ʙʘʡʪ, ʪʦ ʦʥʦ 

ʜʦʧʦʣʥʷʝʪʩʷ ʜʦ 46 ʙʘʡʪ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʦʨʤʘʪ ʢʘʜʨʘ ʩʪʘʥʜʘʨʪʘ Ethernet 

II, ʚ ʢʦʪʦʨʦʤ ʚʤʝʩʪʦ ʧʦʣʷ L ʟʘʜʘʝʪʩʷ ʧʦʣʝ ʪʠʧʘ ʊ, ʛʜʝ ʫʢʘʟʘʥ ʧʨʦʪʦʢʦʣ 

ʩʝʪʝʚʦʛʦ ʫʨʦʚʥʷ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʘ ʩʝʪʝʚʦʤ ʫʨʦʚʥʝ ʧʨʦʪʦʢʦʣʘ 

IPv4 ʰʝʩʪʥʘʜʮʘʪʝʨʠʯʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦʣʷ ʊ ʙʫʜʝʪ 0Ĭ0800. ɺ ʩʣʫʯʘʝ ʧʝʨʝʜʘʯʠ 

ʢʘʜʨʘ ʧʨʦʪʦʢʦʣʘ ARP ʟʥʘʯʝʥʠʝ ʧʦʣʷ ʊ ï 0Ĭ0806. ʆʩʪʘʣʴʥʳʝ ʧʦʣʷ ʢʘʜʨʘ 

Ethernet II  ʠʜʝʥʪʠʯʥʳ ʢʘʜʨʫ ʩʪʘʥʜʘʨʪʘ 802.3. 

ʇʦʣʝ ʢʦʥʪʨʦʣʴʥʦʡ ʩʫʤʤʳ (FCS ï Frame Check Sequence) ʜʣʠʥʦʡ ʚ 4 

ʙʘʡʪʘ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʥʘʣʠʯʠʝ ʦʰʠʙʦʢ ʚ ʧʦʣʫʯʝʥʥʦʤ ʢʘʜʨʝ, ʟʘ ʩʯʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʘ ʧʨʦʚʝʨʢʠ ʥʘ ʦʩʥʦʚʝ ʮʠʢʣʠʯʝʩʢʦʛʦ ʢʦʜʘ CRC.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʠʥʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʢʘʜʨʘ ʩ ʫʯʝʪʦʤ ʘʜʨʝʩʥʦʛʦ ʧʦʣʷ 

(12 ʙʘʡʪ), ʧʦʣʷ L/T (2 ʙʘʡʪʘ) ʠ ʧʦʣʷ ʢʦʥʪʨʦʣʴʥʦʡ ʩʫʤʤʳ FCS (4 ʙʘʡʪʘ) 

ʩʦʩʪʘʚʣʷʝʪ 64 ʙʘʡʪʘ, ʘ ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ï 1518 ʙʘʡʪ. ʉ ʫʯʝʪʦʤ 

ʧʨʝʘʤʙʫʣʳ ʤʠʥʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʢʘʜʨʘ ï 72 ʙʘʡʪʘ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚʠʨʪʫʘʣʴʥʳʭ 

ʣʦʢʘʣʴʥʳʭ ʩʝʪʝʡ (Virtual Local Area Network ï VLAN ) ʚ ʬʦʨʤʘʪʝ ʢʘʜʨʘ 

ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʪʴ ʠʟʤʝʥʝʥʠʷ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʧʨʦʪʦʢʦʣʦʤ 802.1Q: 
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ʠʜʝʥʪʠʬʠʢʘʪʦʨ VLAN  (12 ʙʠʪ), ʠʥʜʠʢʘʪʦʨ ʬʦʨʤʘʪʘ (1 ʙʠʪ), ʧʨʠʦʨʠʪʝʪ (3 

ʙʠʪʘ) ʠ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʧʨʦʪʦʢʦʣʘ (2 ʙʘʡʪʘ), ʠʪʦʛʦ 4 ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʙʘʡʪʘ. 

ʇʦʵʪʦʤʫ ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʢʘʜʨʘ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʩʪʘʥʜʘʨʪʦʤ IEEE 

802.3ac, ʩʦʩʪʘʚʣʷʝʪ 1522 ʙʘʡʪʘ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ 4 ʙʘʡʪʘ ʟʘʛʦʣʦʚʢʘ 

ʚʩʪʘʚʣʷʶʪʩʷ ʤʝʞʜʫ ʧʦʣʝʤ ʘʜʨʝʩʘ ʠʩʪʦʯʥʠʢʘ ʠ ʧʦʣʝʤ L/T (ʨʠʩ. 4.4). 

 

ʇʨʝʘʤʙʫʣʘ ɼʘʥʥrʝSFD DA

7 ʙʘʡʪ 1 ʙʘʡʪ 6 ʙʘʡʪ 6 ʙʘʡʪ

SA VLAN L/T

4 ʙʘʡʪʘ 2 ʙʘʡʪʘ 46 ï 1500 ʙʘʡʪ

FCS

4 ʙʘʡʪʘ

 

 

ʈʠʩ. 4.4. ʌʦʨʤʘʪ ʢʘʜʨʘ VLAN  (802.3ac) 

 

ʂʦʛʜʘ ʩʝʪʝʚʦʝ ʫʩʪʨʦʡʩʪʚʦ ʧʨʠʥʠʤʘʝʪ ʢʘʜʨ, ʨʘʟʤʝʨ ʢʦʪʦʨʦʛʦ ʤʝʥʴʰʝ 

ʤʠʥʠʤʘʣʴʥʦʛʦ ʠʣʠ ʙʦʣʴʰʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ, ʪʦ ʫʩʪʨʦʡʩʪʚʦ ʦʪʙʨʘʩʳʚʘʝʪ ʪʘʢʦʡ 

ʢʘʜʨ, ʧʦʩʢʦʣʴʢʫ ʩʯʠʪʘʝʪ, ʯʪʦ ʢʘʜʨ ʠʩʢʘʞʝʥ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʣʣʠʟʠʠ ʠʣʠ 

ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʤʝʭ. 

 

 

ʌʦʨʤʘʪ ʢʘʜʨʘ ʙʝʩʧʨʦʚʦʜʥʦʡ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ 

 

ɺ ʪʝʭʥʦʣʦʛʠʷʭ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʝʪʝʡ ʩʪʘʥʜʘʨʪʘ 802.11, ʥʘʟʳʚʘʝʤʳʭ 

ʪʘʢʞʝ Wi-Fi (Wireless Fidelity), ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʦʨʤʘʪ ʢʘʜʨʘ, ʠʟʦʙʨʘʞʝʥʥʳʡ ʥʘ 

ʨʠʩ. 4.5.  

 

ʋʧʨʘʚʣ.

ʢʘʜʨʦʤ

ɼʣʠʪʝʣɹ/ 

ʀʜʝʥʪʠʬ
DA SA RA

ʋʧʨʘʚʣ.

ʧʦʩʣʝʜʦʚ
TA

ʆʩʥʦʚʥʦʡ 

ʪʝʢʩʪ ʢʘʜʨʘ
FCS

 

ʈʠʩ. 4.5. ʌʦʨʤʘʪ ʢʘʜʨʘ ʩʪʘʥʜʘʨʪʘ 802.11 

ʊʘʢʞʝ ʢʘʢ ʚ ʩʝʪʷʭ Ethernet ʚ ʩʝʪʷʭ Wi-Fi ʥʘ ʫʨʦʚʥʝ ʫʧʨʘʚʣʝʥʠʷ 

ʣʦʛʠʯʝʩʢʠʤ ʢʘʥʘʣʦʤ LLC ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʪʦʢʦʣ 802.2. ɺ ʬʦʨʤʘʪʝ ʢʘʜʨʘ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʄɸʉ-ʘʜʨʝʩ ʥʘʟʥʘʯʝʥʠʷ DA ʠ ʄɸʉ-ʘʜʨʝʩ ʠʩʪʦʯʥʠʢʘ SA ʧʦ 48 

ʜʚʦʠʯʥʳʭ ʨʘʟʨʷʜʘ. ʂʦʥʮʝʚʠʢ ʢʘʜʨʘ ʩʦʜʝʨʞʠʪ ʢʦʥʪʨʦʣʴʥʫʶ ʩʫʤʤʫ FCS ʜʣʷ 

ʧʨʦʚʝʨʢʠ ʧʨʠʥʷʪʦʛʦ ʢʘʜʨʘ ʥʘ ʥʘʣʠʯʠʝ ʦʰʠʙʦʢ. 
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ʆʙʤʝʥ ʩʦʦʙʱʝʥʠʷʤʠ ʚ ʩʝʪʷʭ Wi-Fi ʦʙʳʯʥʦ ʧʨʦʠʟʚʦʜʠʪʩʷ ʯʝʨʝʟ 

ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʫʩʪʨʦʡʩʪʚʘ (ʙʝʩʧʨʦʚʦʜʥʳʝ ʪʦʯʢʠ ʜʦʩʪʫʧʘ). ʇʦʵʪʦʤʫ ʚ 

ʬʦʨʤʘʪʝ ʢʘʜʨʘ 802.11 ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʝʜʫʩʤʦʪʨʝʥʳ: 

- ʧʦʣʝ ʘʜʨʝʩʘ ʧʨʠʝʤʥʠʢʘ (Receiver Address ï RA), ʢʦʪʦʨʦʝ ʩʦʜʝʨʞʠʪ 

ʄɸʉ-ʘʜʨʝʩ ʙʝʩʧʨʦʚʦʜʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʷʚʣʷʶʱʝʛʦʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ 

ʧʦʣʫʯʘʪʝʣʝʤ ʢʘʜʨʘ;  

- ʧʦʣʝ ʘʜʨʝʩʘ ʧʝʨʝʜʘʪʯʠʢʘ (Transmitter Address ï TA ), ʢʦʪʦʨʦʝ ʩʦʜʝʨʞʠʪ 

ʄɸʉ-ʘʜʨʝʩ ʙʝʩʧʨʦʚʦʜʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʧʝʨʝʜʘʚʰʝʛʦ ʢʘʜʨ. 

ʇʦʣʝ ʫʧʨʘʚʣʝʥʠʷ ʢʘʜʨʦʤ ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʝʨʩʠʠ ʧʨʦʪʦʢʦʣʘ, 

ʪʠʧʝ ʢʘʜʨʘ (ʢʦʥʪʨʦʣʴ, ʫʧʨʘʚʣʝʥʠʝ, ʜʘʥʥʳʝ), ʦ ʥʘʣʠʯʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʬʨʘʛʤʝʥʪʦʚ ʢʘʜʨʦʚ, ʦ ʰʠʬʨʦʚʘʥʠʠ ʜʘʥʥʳʭ, ʠ ʜʨʫʛʫʶ ʠʥʬʦʨʤʘʮʠʶ.    

ʇʦʣʝ ɼʣʠʪʝʣʴʥʦʩʪʴ/ʀʜʝʥʪʠʬʠʢʘʪʦʨ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦ-ʨʘʟʥʦʤʫ, ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʢʘʜʨʘ. ɺ ʵʪʦʤ ʧʦʣʝ ʫʢʘʟʳʚʘʝʪʩʷ ʣʠʙʦ ʚʨʝʤʷ, ʪʨʝʙʫʝʤʦʝ 

ʜʣʷ ʧʝʨʝʜʘʯʠ ʢʘʜʨʘ, ʣʠʙʦ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʩʪʘʥʮʠʠ, ʧʝʨʝʜʘʚʰʝʡ ʢʘʜʨ. 

ʇʦʣʝ ʫʧʨʘʚʣʝʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʨʘʟʤʝʨʦʤ ʚ 2 ʙʘʡʪʘ ʩʦʩʪʦʠʪ 

ʠʟ ʜʚʫʭ ʯʘʩʪʝʡ: ʧʝʨʚʳʝ 4 ʙʠʪʘ ʟʘʜʘʶʪ ʥʦʤʝʨ ʬʨʘʛʤʝʥʪʘ ʢʘʜʨʘ; ʦʩʪʘʚʰʠʝʩʷ 12 

ʙʠʪ ʟʘʜʘʶʪ ʥʦʤʝʨ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʢʦʪʦʨʳʡ ʙʳʣ ʧʨʠʩʚʦʝʥ ʢʘʜʨʫ.  

ɺ ʢʘʜʨʘʭ ʤʦʛʫʪ ʧʝʨʝʜʘʚʘʪʴʩʷ ʜʘʥʥʳʝ (ʧʘʢʝʪ IP) ʠʣʠ ʩʣʫʞʝʙʥʘʷ 

ʠʥʬʦʨʤʘʮʠʷ, ʨʘʟʤʝʱʘʝʤʳʝ ʚ ʧʦʣʝ ʦʩʥʦʚʥʦʛʦ ʪʝʢʩʪʘ ʢʘʜʨʘ (Frame Body).  

 

 

 

 

4.3. ɸʜʨʝʩʘʮʠʷ ʚ ʣʦʢʘʣʴʥʳʭ ʩʝʪʷʭ 

 

ɸʜʨʝʩʘʮʠʷ ʚ ʣʦʢʘʣʴʥʳʭ ʩʝʪʷʭ ʨʝʘʣʠʟʫʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʄɸʉ-ʘʜʨʝʩʦʚ. 

ɸʜʨʝʩʘʮʠʷ ʤʦʞʝʪ ʙʳʪʴ ʦʜʥʦʘʜʨʝʩʥʘʷ (unicast), ʤʥʦʛʦʘʜʨʝʩʥʘʷ (multicast), 

ʰʠʨʦʢʦʚʝʱʘʪʝʣʴʥʘʷ (broadcast). ɺ ʦʜʥʦʘʜʨʝʩʥʦʤ ʨʝʞʠʤʝ ʫʟʝʣ-ʠʩʪʦʯʥʠʢ, 

ʥʘʧʨʠʤʝʨ, ʩ IP-ʘʜʨʝʩʦʤ 192.168.10.11 ʧʝʨʝʜʘʝʪ ʜʘʥʥʳʝ ʪʦʣʴʢʦ ʦʜʥʦʤʫ ʫʟʣʫ ʩ 

IP-ʘʜʨʝʩʦʤ 192.168.10.22 (ʨʠʩ. 4.6). 
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192.168.10.11

01-C9-FA-DB-55-89

192.168.10.22

01-C9-FA-E5-77-2A

192.168.10.33

01-C9-FA-E5-77-FF

 192.168.10.44

01-C9-FA-B4-32-85
 

ʈʠʩ. 4.6. ʆʜʥʦʘʜʨʝʩʥʳʡ ʨʝʞʠʤ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

 

ʇʨʠ ʵʪʦʤ ʧʝʨʝʜʘʚʘʝʤʳʡ ʧʦ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ ʢʘʜʨ (ʨʠʩ. 4.7) ʩʦʜʝʨʞʠʪ ʚ ʩʚʦʝʤ 

ʟʘʛʦʣʦʚʢʝ ʄɸʉ-ʘʜʨʝʩʘ ʥʘʟʥʘʯʝʥʠʷ ʠ ʠʩʪʦʯʥʠʢʘ.  
 

01-C9-FA-E5-77-2A 01-C9-FA-DB-55-89 192.168.10.11 192.168.10.22

ɼʘʥʥrʝ

FCS

MAC-ʘʜʨʝʩ ʠʩʪʦʯʥ.MAC-ʘʜʨʝʩ ʥʘʟʥʘʯʝʥ IP-ʘʜʨʝʩ ʠʩʪʦʯIP-ʘʜʨʝʩ ʥʘʟʥ.

IP-ʧʘʢʝʪ

ʂʦʥʪʨ. 

ʩʫʤʤʘ

 

ʈʠʩ. 4.7. ʂʘʜʨ ʦʜʥʦʘʜʨʝʩʥʦʡ ʨʘʩʩʳʣʢʠ 
 

ɺ ʤʥʦʛʦʘʜʨʝʩʥʦʤ ʨʝʞʠʤʝ (ʛʨʫʧʧʦʚʘʷ ʘʜʨʝʩʘʮʠʷ) IP-ʘʜʨʝʩʘ ʟʘʜʘʶʪʩʷ ʠʟ 

ʜʠʘʧʘʟʦʥʘ 224.0.0.0 ï 239.255.255.255. ʊʘʢ ʫʟʝʣ-ʠʩʪʦʯʥʠʢ, ʩ IP-ʘʜʨʝʩʦʤ 

192.168.10.11 ʧʝʨʝʜʘʝʪ ʜʘʥʥʳʝ ʪʝʤ ʫʟʣʘʤ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʛʨʫʧʧʦʚʦʡ ʘʜʨʝʩ, 

ʥʘʧʨʠʤʝʨ, 224.0.0.202 (ʨʠʩ. 4.8, 4.9). 

 

01-00-5ɽ-00-00-ʉA 01-C9-FA-DB-55-89 192.168.10.11 224.0.0.202

ɼʘʥʥrʝ

FCS

MAC-ʘʜʨʝʩ ʠʩʪʦʯʥ.MAC-ʘʜʨʝʩ ʥʘʟʥʘʯʝʥ IP-ʘʜʨʝʩ ʠʩʪʦʯIP-ʘʜʨʝʩ ʥʘʟʥ.

IP-ʧʘʢʝʪ

ʂʦʥʪʨ. 

ʩʫʤʤʘ

 

ʈʠʩ. 4.8. ʂʘʜʨ ʤʥʦʛʦʘʜʨʝʩʥʦʡ ʨʘʩʩʳʣʢʠ  

 

ɻʨʫʧʧʦʚʳʤ IP-ʘʜʨʝʩʘʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʄɸʉ-ʘʜʨʝʩʘ, ʥʘʯʠʥʘʶʱʠʝʩʷ ʩ 

01-00-5ɽ. ʄʣʘʜʰʠʝ ʨʘʟʨʷʜʳ ʄɸʉ-ʘʜʨʝʩʘ ʬʦʨʤʠʨʫʶʪʩʷ ʠʟ ʤʣʘʜʰʠʭ ʨʘʟʨʷʜʦʚ 

IP-ʘʜʨʝʩʘ. ʅʘʧʨʠʤʝʨ,  IP-ʘʜʨʝʩʫ 224.0.0.202 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʛʨʫʧʧʦʚʦʡ ʄɸʉ-

ʘʜʨʝʩ 01-00-5ɽ-00-00-ʉɸ. 
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192.168.10.11

01-C9-FA-DB-55-89

224.0.0.202

01-00-5ɽ-00-00-ʉA

192.168.10.33

01-C9-FA-E5-77-FF

224.0.0.202

01-00-5ɽ-00-00-ʉɸ
 

ʈʠʩ. 4.9. ʄʥʦʛʦʘʜʨʝʩʥʳʡ ʨʝʞʠʤ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

 

ɺ ʰʠʨʦʢʦʚʝʱʘʪʝʣʴʥʦʤ ʨʝʞʠʤʝ ʫʟʝʣ-ʠʩʪʦʯʥʠʢ, ʥʘʧʨʠʤʝʨ, ʩ IP-ʘʜʨʝʩʦʤ 

192.168.10.11 ʧʝʨʝʜʘʝʪ ʜʘʥʥʳʝ ʚʩʝʤ ʫʟʣʘʤ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ ʧʦ ʘʜʨʝʩʫ 

192.168.10.255 (ʨʠʩ. 4.10, 4.11). ʐʠʨʦʢʦʚʝʱʘʪʝʣʴʥʳʡ ʄɸʉ-ʘʜʨʝʩ ʥʘʟʥʘʯʝʥʠʷ 

FF-FF-FF-FF-FF-FF ʩʦʜʝʨʞʠʪ 48 ʝʜʠʥʠʮ. 

 

FF-FF-FF-FF-FF-FF 01-C9-FA-DB-55-89 192.168.10.11 192.168.10.255

ɼʘʥʥrʝ

FCS

MAC-ʘʜʨʝʩ ʠʩʪʦʯʥ.MAC-ʘʜʨʝʩ ʥʘʟʥʘʯʝʥ IP-ʘʜʨʝʩ ʠʩʪʦʯIP-ʘʜʨʝʩ ʥʘʟʥ.

IP-ʧʘʢʝʪ

ʂʦʥʪʨ. 

ʩʫʤʤʘ

 

ʈʠʩ.4.10. ʂʘʜʨ ʰʠʨʦʢʦʚʝʱʘʪʝʣʴʥʦʡ ʨʘʩʩʳʣʢʠ 

 

192.168.10.11

01-C9-FA-DB-55-89

192.168.10.22

01-C9-FA-E5-77-2A

192.168.10.33

01-C9-FA-E5-77-FF

 192.168.10.44

01-C9-FA-B4-32-85
 

 

ʈʠʩ.4.11. ʐʠʨʦʢʦʚʝʱʘʪʝʣʴʥʳʡ ʨʝʞʠʤ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 
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4.4. ʇʨʦʪʦʢʦʣ ARP 

 

ɺ ʣʦʢʘʣʴʥʳʭ ʩʝʪʷʭ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ ʫʩʪʨʦʡʩʪʚʘʤ ʥʝʦʙʭʦʜʠʤʳ ʢʘʢ 

ʬʠʟʠʯʝʩʢʠʡ ʄɸʉ-ʘʜʨʝʩ, ʪʘʢ ʠ ʣʦʛʠʯʝʩʢʠʡ IP-ʘʜʨʝʩ, ʢʦʪʦʨʳʝ ʦʜʥʦʟʥʘʯʥʦ 

ʘʜʨʝʩʫʶʪ ʣʶʙʦʝ ʫʩʪʨʦʡʩʪʚʦ ʚ ʩʝʪʠ, ʦʙʨʘʟʫ ̫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʧʘʨʫ. 

ʋʢʘʟʘʥʥʳʝ ʧʘʨʳ ʄɸʉ- ʠ IP-ʘʜʨʝʩʦʚ ʫʟʣʦʚ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ (ʥʘʟʳʚʘʝʤʳʝ 

ʪʘʢʞʝ ʩʦʧʦʩʪʘʚʣʝʥʠʷʤʠ) ʭʨʘʥʷʪʩʷ ʚ ʪʘʙʣʠʮʝ ʧʨʦʪʦʢʦʣʘ ʨʘʟʨʝʰʝʥʠʷ ʘʜʨʝʩʦʚ 

(Address Resolution Protocol ï ARP). ʇʨʦʪʦʢʦʣ ARP ʚʭʦʜʠʪ ʚ ʩʪʝʢ ʧʨʦʪʦʢʦʣʦʚ 

TCP/IP ʠ ʨʝʘʣʠʟʫʝʪ ʧʨʦʮʝʩʩ ʥʘʭʦʞʜʝʥʠʷ ʄɸʉ-ʘʜʨʝʩʘ ʧʦ ʠʟʚʝʩʪʥʦʤʫ 

ʩʝʪʝʚʦʤʫ IP-ʘʜʨʝʩʫ.  

ʅʘ ʢʘʞʜʦʤ ʢʦʥʝʯʥʦʤ ʫʟʣʝ ʤʦʞʥʦ ʧʦʩʤʦʪʨʝʪʴ ʝʛʦ ʬʠʟʠʯʝʩʢʠʡ ʘʜʨʝʩ ʠ 

IP-ʘʜʨʝʩ ʧʦ ʢʦʤʘʥʜʝ ipconfig ʠʣʠ ipconfig /all (ʨʠʩ. 4.12).  

 

 
 

ʈʠʩ. 4.12. ʈʝʟʫʣʴʪʘʪ ʚʳʧʦʣʥʝʥʠʷ ʢʦʤʘʥʜʳ ipconfig /all 

ʀʟ ʨʘʩʧʝʯʘʪʢʠ ʩʣʝʜʫʝʪ, ʯʪʦ ʬʠʟʠʯʝʩʢʠʤ ʄɸʉ-ʘʜʨʝʩʦʤ ʢʦʥʝʯʥʦʛʦ ʫʟʣʘ 

ʷʚʣʷʝʪʩʷ 00-19-D1-93-7E-BE, ʘ ʣʦʛʠʯʝʩʢʠʤ IP-ʘʜʨʝʩʦʤ ï 10.0.118.52. 

 ʇʨʦʪʦʢʦʣ ARP ʤʦʞʝʪ ʧʦ IP-ʘʜʨʝʩʫ ʦʧʨʝʜʝʣʠʪʴ ʄɸʉ-ʘʜʨʝʩ ʫʩʪʨʦʡʩʪʚʘ. 

ʂʘʞʜʦʝ ʫʩʪʨʦʡʩʪʚʦ ʚ ʩʝʪʠ ʧʦʜʜʝʨʞʠʚʘʝʪ ʪʘʙʣʠʮʫ ARP, ʢʦʪʦʨʘʷ ʩʦʜʝʨʞʠʪ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ MAC ʠ IP ʘʜʨʝʩʘ ʜʨʫʛʠʭ ʫʩʪʨʦʡʩʪʚ ʪʦʡ ʞʝ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ. 

ʊʘʙʣʠʮʘ ARP ʣʶʙʦʛʦ ʫʟʣʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʩʤʦʪʨʝʥʘ ʧʦ ʢʦʤʘʥʜʝ arp ïa 
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(ʨʠʩ.4.13). ɿʘʧʠʩʠ ʪʘʙʣʠʮʳ ʭʨʘʥʷʪʩʷ ʚ ʧʘʤʷʪʠ RAM, ʛʜʝ ʜʠʥʘʤʠʯʝʩʢʠ 

ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ. ɽʩʣʠ ʫʟʣʳ ʜʦʣʛʦ ʥʝ ʧʝʨʝʜʘʶʪ ʜʘʥʥʳʝ, ʪʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʟʘʧʠʩʠ ʠʟ ʪʘʙʣʠʮʳ ʫʜʘʣʷʶʪʩʷ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 4.13, ʛʜʝ ʪʘʙʣʠʮʘ 

ʩʦʜʝʨʞʠʪ ʪʦʣʴʢʦ ʦʜʥʫ ʧʘʨʫ IP ʠ MAC ʘʜʨʝʩʦʚ.  

 

 
 

ʈʠʩ. 4.13. ʊʘʙʣʠʮʘ ARP 
 

ʊʘʙʣʠʮʘ ARP ʧʦʧʦʣʥʷʝʪʩʷ ʜʠʥʘʤʠʯʝʩʢʠ ʧʫʪʝʤ ʢʦʥʪʨʦʣʷ ʪʨʘʬʠʢʘ 

ʣʦʢʘʣʴʥʦʛʦ ʩʝʛʤʝʥʪʘ ʩʝʪʠ. ɺʩʝ ʫʟʣʳ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ Ethernet ʘʥʘʣʠʟʠʨʫʶʪ 

ʪʨʘʬʠʢ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ, ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʣʠ ʜʘʥʥʳʝ ʜʣʷ ʥʠʭ. ʇʨʠ ʵʪʦʤ IP ʠ 

MAC-ʘʜʨʝʩʘ ʠʩʪʦʯʥʠʢʦʚ ʜʝʡʪʘʛʨʘʤʤ ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʪʘʙʣʠʮʝ ARP. 

ʅʘʧʨʠʤʝʨ, ʧʦʩʣʝ ʦʙʱʝʥʠʷ ʩ ʫʟʣʦʤ 10.0.118.65 ʚ ʪʘʙʣʠʮʝ ARP ʧʦʷʚʣʷʝʪʩʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʠʩ. 4.13, ʟʘʧʠʩʴ (ʨʠʩ. 4.14).  

 

 

 

ʈʠʩ. 4.14. ʀʟʤʝʥʝʥʠʷ ʚ ʪʘʙʣʠʮʝ ARP 

 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʟʘʧʠʩʝʡ ARP-ʪʘʙʣʠʮʳ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʢʦʤʘʥʜʘ show ip  arp . ʂʦʛʜʘ ʫʩʪʨʦʡʩʪʚʦ ʧʝʨʝʜʘʝʪ ʧʘʢʝʪ ʧʦ IP-ʘʜʨʝʩʫ 

ʥʘʟʥʘʯʝʥʠʷ, ʦʥʦ ʧʨʦʚʝʨʷʝʪ, ʠʤʝʝʪʩʷ ʣʠ ʚ ARP-ʪʘʙʣʠʮʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 

ʄɸʉ-ʘʜʨʝʩ ʥʘʟʥʘʯʝʥʠʷ. ɽʩʣʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʟʘʧʠʩʴ ʠʤʝʝʪʩʷ, ʪʦ ʦʥʘ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʠʥʢʘʧʩʫʣʷʮʠʠ ʧʘʢʝʪʘ ʚ ʢʘʜʨ ʜʘʥʥʳʭ. ɼʘʥʥʳʝ ʧʝʨʝʜʘʶʪʩʷ 

ʧʦ ʩʝʪʝʚʦʡ ʩʨʝʜʝ, ʫʩʪʨʦʡʩʪʚʦ ʥʘʟʥʘʯʝʥʠʷ ʧʨʠʥʠʤʘʝʪ ʠʭ. 
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ɽʩʣʠ ʫʟʝʣ ʥʝ ʥʘʭʦʜʠʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʟʘʧʠʩʠ ʚ ʪʘʙʣʠʮʝ ARP, ʪʦ ʦʥ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ MAC-ʘʜʨʝʩʘ ʥʘʟʥʘʯʝʥʠʷ ʧʦʩʳʣʘʝʪ ʚ ʣʦʢʘʣʴʥʫʶ ʩʝʪʴ 

ʰʠʨʦʢʦʚʝʱʘʪʝʣʴʥʳʡ ARP-ʟʘʧʨʦʩ, ʚ ʢʦʪʦʨʦʤ ʟʘʜʘʝʪʩʷ ʩʝʪʝʚʦʡ ʣʦʛʠʯʝʩʢʠʡ 

IP-ʘʜʨʝʩ ʫʩʪʨʦʡʩʪʚʘ ʥʘʟʥʘʯʝʥʠʷ. ɺʩʝ ʜʨʫʛʠʝ ʫʩʪʨʦʡʩʪʚʘ ʩʝʪʠ ʘʥʘʣʠʟʠʨʫʶʪ 

ʝʛʦ. ɽʩʣʠ ʫ ʦʜʥʦʛʦ ʠʟ ʫʩʪʨʦʡʩʪʚ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ IP-ʘʜʨʝʩ ʩʦʚʧʘʜʘʝʪ ʩ 

ʟʘʧʨʘʰʠʚʘʝʤʳʤ, ʪʦ ʫʩʪʨʦʡʩʪʚʦ ʧʦʩʳʣʘʝʪ ARP-ʦʪʚʝʪ, ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ ʧʘʨʫ 

IP ʠ MAC ʘʜʨʝʩʦʚ. ʕʪʘ ʧʘʨʘ IP ʠ MAC ʘʜʨʝʩʦʚ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ARP-ʪʘʙʣʠʮʝ. 

ɽʩʣʠ ʚ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ ʥʝʪ ʟʘʧʨʘʰʠʚʘʝʤʦʛʦ IP-ʘʜʨʝʩʘ, ʪʦ ʫʩʪʨʦʡʩʪʚʦ 

ʠʩʪʦʯʥʠʢ ʩʦʦʙʱʘʝʪ ʦʙ ʦʰʠʙʢʝ.  

ʂʦʛʜʘ ʜʘʥʥʳʝ ʧʝʨʝʜʘʶʪʩʷ ʟʘ ʧʨʝʜʝʣʳ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ, ʪʦ ʜʣʷ ʧʝʨʝʜʘʯʠ 

ʩʦʦʙʱʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳ IP ʠ MAC-ʘʜʨʝʩʘ ʢʘʢ ʫʩʪʨʦʡʩʪʚʘ ʥʘʟʥʘʯʝʥʠʷ, ʪʘʢ ʠ 

ʄɸʉ-ʘʜʨʝʩʘ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʤʘʨʰʨʫʪʠʟʠʨʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ. ʇʦʩʢʦʣʴʢʫ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʳ ʥʝ ʪʨʘʥʩʣʠʨʫʶʪ ʰʠʨʦʢʦʚʝʱʘʪʝʣʴʥʳʝ ʟʘʧʨʦʩʳ ʚ ʜʨʫʛʠʝ 

ʩʝʛʤʝʥʪʳ ʩʝʪʠ, ʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʚ ʦʪʚʝʪ ʥʘ ʟʘʧʨʦʩ ʧʦʩʳʣʘʝʪ 

ARP-ʦʪʚʝʪ ʩ MAC -ʘʜʨʝʩʦʤ ʩʚʦʝʛʦ ʚʭʦʜʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ, ʥʘ ʢʦʪʦʨʳʡ 

ʧʦʩʪʫʧʠʣ ʟʘʧʨʦʩ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʡ ʢʦʥʝʯʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ 

ʢʘʜʨ ʧʦʩʪʫʧʠʪ ʥʘ ʚʭʦʜʥʦʡ ʠʥʪʝʨʬʝʡʩ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ, ʢʦʪʦʨʳʡ ʧʦʩʣʝ 

ʘʥʘʣʠʟʘ ʘʜʨʝʩʘ ʩʝʪʠ ʥʘʟʥʘʯʝʥʠʷ ʠ ʦʙʨʘʱʝʥʠʷ ʢ ʪʘʙʣʠʮʝ ʤʘʨʰʨʫʪʠʟʘʮʠʠ 

ʧʨʦʜʚʠʥʝʪ ʧʘʢʝʪ ʥʘ ʚʳʭʦʜʥʦʡ ʠʥʪʝʨʬʝʡʩ. 

ɺʭʦʜʥʦʡ ʠʥʪʝʨʬʝʡʩ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ, ʯʝʨʝʟ ʢʦʪʦʨʳʡ ʫʟʣʳ ʣʦʢʘʣʴʥʦʡ 

ʩʝʪʠ ʤʦʛʫʪ ʧʝʨʝʜʘʚʘʪʴ ʩʦʦʙʱʝʥʠʷ ʚ ʫʜʘʣʝʥʥʳʝ ʩʝʪʠ, ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ ʰʣʶʟ. 

IP-ʘʜʨʝʩ ʚʭʦʜʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʥʘ ʧʫʪʠ ʢ ʫʩʪʨʦʡʩʪʚʫ 

ʥʘʟʥʘʯʝʥʠʷ (ʣhʶʟ ʧʦ ʫʤʦʣʯʘʥʠʶ ï Default Gateway) ʦʙʳʯʥʦ 

ʢʦʥʬʠʛʫʨʠʨʫʝʪʩʷ ʥʘ ʚʩʝʭ ʢʦʥʝʯʥʳʭ ʫʟʣʘʭ. ʀʩʪʦʯʥʠʢ ʩʦʦʙʱʝʥʠʷ ʩʨʘʚʥʠʚʘʝʪ 

IP-ʘʜʨʝʩ ʥʘʟʥʘʯʝʥʠʷ ʩʦ ʩʚʦʠʤ IP-ʘʜʨʝʩʦʤ ʠ ʦʧʨʝʜʝʣʷʝʪ, ʥʘʭʦʜʷʪʩʷ ʣʠ ʵʪʠ 

ʘʜʨʝʩʘ ʚ ʦʜʥʦʤ ʩʝʛʤʝʥʪʝ ʩʝʪʠ ʠʣʠ ʚ ʨʘʟʥʳʭ ʩʝʛʤʝʥʪʘʭ. ɽʩʣʠ ʦʥʠ ʥʘʭʦʜʷʪʩʷ ʚ 

ʨʘʟʥʳʭ ʩʝʛʤʝʥʪʘʭ, ʪʦ ʜʘʥʥʳʝ ʙʫʜʫʪ ʧʝʨʝʜʘʥʳ ʪʦʣʴʢʦ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ 

ʫʩʪʘʥʦʚʣʝʥ ʰʣʶʟ ʧʦ ʫʤʦʣʯʘʥʠʶ.  
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʧʝʨʝʜʘʯʝ ʜʘʥʥʳʭ ʧʦ ʩʝʪʠ ʫʟʝʣ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ 

ʄɸʉ-ʘʜʨʝʩʘ ʥʘʟʥʘʯʝʥʠʷ ʧʦʩʳʣʘʝʪ ʚ ʩʝʪʴ ʰʠʨʦʢʦʚʝʱʘʪʝʣʴʥʳʡ ARP 

ʟʘʧʨʦʩ, ʚ ʢʦʪʦʨʦʤ ʟʘʜʘʝʪʩʷ IP-ʘʜʨʝʩ ʫʩʪʨʦʡʩʪʚʘ ʥʘʟʥʘʯʝʥʠʷ, ʥʘ ʢʦʪʦʨʳʡ 

ʚ ʦʪʚʝʪ ʧʦʣʫʯʘʝʪ: ʣʠʙʦ ʄɸʉ-ʘʜʨʝʩ ʫʟʣʘ ʥʘʟʥʘʯʝʥʠʷ ʠʟ ʪʦʡ ʞʝ ʣʦʢʘʣʴʥʦʡ 

ʩʝʪʠ, ʣʠʙʦ ʄɸʉ-ʘʜʨʝʩ ʚʭʦʜʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ (ʰʣʶʟʘ ʧʦ 

ʫʤʦʣʯʘʥʠʶ), ʝʩʣʠ ʘʜʨʝʩʘʪ ʥʘʭʦʜʠʪʩʷ ʚ ʫʜʘʣʝʥʥʦʡ ʩʝʪʠ. 
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ʇʨʠ ʧʝʨʝʜʘʯʝ ʧʦ ʩʝʪʠ IP-ʘʜʨʝʩʘ ʠʩʪʦʯʥʠʢʘ ʠ ʥʘʟʥʘʯʝʥʠʷ ʦʩʪʘʶʪʩʷ 

ʥʝʠʟʤʝʥʥʳʤʠ ʥʘ ʚʩʝʤ ʧʫʪʠ ʩʣʝʜʦʚʘʥʠʷ ʧʘʢʝʪʘ. ʇʨʠ ʧʦʩʪʫʧʣʝʥʠʠ ʚ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʠʟ ʢʘʜʨʘ ʠʟʚʣʝʢʘʝʪʩʷ ʧʘʢʝʪ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘ ʢʘʢʦʡ ʚʳʭʦʜʥʦʡ 

ʠʥʪʝʨʬʝʡʩ ʥʝʦʙʭʦʜʠʤʦ ʝʛʦ ʧʨʦʜʚʠʥʫʪʴ. ʅʘ ʚʳʭʦʜʥʦʤ ʠʥʪʝʨʬʝʡʩʝ 

ʬʦʨʤʠʨʫʝʪʩʷ ʥʦʚʳʡ ʢʘʜʨ, ʚ ʢʦʪʦʨʦʤ ʟʘʜʘʶʪʩʷ ʥʦʚʳʝ ʄɸʉ-ʘʜʨʝʩʘ ʠʩʪʦʯʥʠʢʘ 

ʠ ʥʘʟʥʘʯʝʥʠʷ. ʊʦ ʝʩʪʴ, ʄɸʉ-ʘʜʨʝʩʘ ʠʟʤʝʥʷʶʪʩʷ ʚ ʢʘʞʜʦʤ ʤʘʨʰʨʫʪʠʟʘʪʦʨʝ. 

ɺ ʢʨʫʧʥʳʭ ʩʝʪʷʭ ʰʠʨʦʢʦʚʝʱʘʪʝʣʴʥʳʝ ARP-ʟʘʧʨʦʩʳ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ 

ʧʝʨʝʛʨʫʟʢʝ ʩʝʪʠ. ʂʨʦʤʝ ʪʦʛʦ, ʰʠʨʦʢʦʚʝʱʘʪʝʣʴʥʳʝ ʟʘʧʨʦʩʳ ʣʝʛʢʦ 

ʧʝʨʝʭʚʘʪʳʚʘʶʪ ʭʘʢʝʨʳ, ʧʦʣʫʯʘʷ ʠʥʬʦʨʤʘʮʠʶ ʦʙ IP- ʠ ʄɸʉ-ʘʜʨʝʩʘʭ ʩʝʪʠ. 

ʇʦʵʪʦʤʫ ʜʣʷ ʩʦʢʨʘʱʝʥʠʷ ʰʠʨʦʢʦʚʝʱʘʪʝʣʴʥʳʭ ARP-ʟʘʧʨʦʩʦʚ ʘʜʤʠʥʠʩʪʨʘʪʦʨ 

ʤʦʞʝʪ ʩʦʟʜʘʚʘʪʴ ʟʘʧʠʩʠ ʚ ʪʘʙʣʠʮʝ ARP ʩʪʘʪʠʯʝʩʢʠ. ʉʪʘʪʠʯʝʩʢʠʝ ʟʘʧʠʩʠ 

ʜʠʥʘʤʠʯʝʩʢʠ ʥʝ ʫʜʘʣʷʶʪʩʷ, ʫʜʘʣʠʪʴ ʠʭ ʤʦʞʝʪ ʪʦʣʴʢʦ ʩʘʤ ʘʜʤʠʥʠʩʪʨʘʪʦʨ. 
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ɺʦʧʨʦʩʳ ʧʦ ʨʘʟʜʝʣʫ 4 

 

1. ʂʘʢʠʝ ʬʫʥʢʮʠʠ ʚʳʧʦʣʥʷʝʪ ʚʝʨʭʥʠʡ ʧʦʜʫʨʦʚʝʥʴ ʢʘʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ? 

2. ʂʘʢʠʝ ʬʫʥʢʮʠʠ ʚʳʧʦʣʥʷʝʪ ʥʠʞʥʠʡ ʧʦʜʫʨʦʚʝʥʴ ʢʘʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ? 

3. ʏʪʦ ʦʧʨʝʜʝʣʷʶʪ ʩʧʝʮʠʬʠʢʘʮʠʠ ʪʝʭʥʦʣʦʛʠʠ ʄɸʉ-ʫʨʦʚʥʷ? 

4. ʉʢʦʣʴʢʦ ʜʚʦʠʯʥʳʭ ʨʘʟʨʷʜʦʚ ʩʦʜʝʨʞʠʪ ʄɸʉ-ʘʜʨʝʩ ʠ ʚ ʢʘʢʦʡ ʩʠʩʪʝʤʝ ʦʥ 

ʧʨʝʜʩʪʘʚʣʝʥ? 

5. ʏʪʦ ʟʘʜʘʶʪ ʧʝʨʚʳʝ ʠ ʧʦʩʣʝʜʥʠʝ ʪʨʠ ʙʘʡʪʘ ʄɸʉ-ʘʜʨʝʩʘ? 

6. ʂʘʢʠʤ ʪʠʧʦʤ ʘʜʨʝʩʘ ʷʚʣʷʝʪʩʷ FF-FF-FF-FF-FF-FF? 

7. ʂʘʢʦʡ ʄɸʉ-ʘʜʨʝʩ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʛʨʫʧʧʦʚʦʤʫ IP-ʘʜʨʝʩʫ 224.0.61.200? 

8. ʂʘʢʠʝ ʘʜʨʝʩʘ ʦʩʪʘʶʪʩʷ ʥʝʠʟʤʝʥʥʳʤʠ ʥʘ ʚʩʝʤ ʧʫʪʠ ʩʣʝʜʦʚʘʥʠʷ ʧʘʢʝʪʘ, ʘ 

ʢʘʢʠʝ ʠʟʤʝʥʷʶʪʩʷ ʚ ʢʘʞʜʦʤ ʤʘʨʰʨʫʪʠʟʘʪʦʨʝ? 

9. ʂʘʢʦʡ ʧʨʦʪʦʢʦʣ ʤʦʞʝʪ ʧʦ IP-ʘʜʨʝʩʫ ʦʧʨʝʜʝʣʠʪʴ ʄɸʉ-ʘʜʨʝʩ ʫʩʪʨʦʡʩʪʚʘ?  

10. ʂʘʢʠʝ ʥʝʜʦʩʪʘʪʢʠ ARP-ʧʨʦʪʦʢʦʣʘ? 

11. ʂʘʢʦʡ ʤʝʪʦʜ ʜʦʩʪʫʧʘ ʢ ʩʨʝʜʝ ʦʪʦʙʨʘʞʘʝʪʩʷ ʘʙʙʨʝʚʠʘʪʫʨʦʡ CSMA/CD? 

12. ɺ ʯʝʤ ʨʘʟʣʠʯʠʝ ʘʩʩʦʮʠʘʪʠʚʥʦʛʦ (ʢʦʥʢʫʨʝʥʪʥʦʛʦ) ʠ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʛʦ 

(ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ) ʤʝʪʦʜʦʚ ʜʦʩʪʫʧʘ ʢ ʩʨʝʜʝ?  

13. ɼʣʷ ʯʝʛʦ ʥʝʦʙʭʦʜʠʤʘ ʧʨʝʘʤʙʫʣʘ ʚ ʢʘʜʨʝ Ethernet? 

14. ʂʘʢ ʘʜʨʝʩʫʶʪʩʷ ʠʩʪʦʯʥʠʢ ʠ ʫʩʪʨʦʡʩʪʚʦ ʥʘʟʥʘʯʝʥʠʷ ʚ ʢʘʜʨʝ Ethernet? 

15. ʂʘʢʫʶ ʬʫʥʢʮʠʶ ʚʳʧʦʣʥʷʝʪ ʢʦʥʪʨʦʣʴʥʘʷ ʩʫʤʤʘ ʚ ʢʘʜʨʝ Ethernet? 

16. ʏʪʦ ʪʘʢʦʝ ʢʦʣʣʠʟʠʷ? 

17. ʂʘʢʦʝ ʫʩʪʨʦʡʩʪʚʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʢʦʣʣʠʟʠʶ ʧʨʝʜʝʣʘʤʠ ʦʜʥʦʛʦ ʩʝʛʤʝʥʪʘ? 

18. ʅʘ ʙʘʟʝ ʢʘʢʠʭ ʘʜʨʝʩʦʚ ʧʨʦʠʩʭʦʜʠʪ ʘʜʨʝʩʘʮʠʷ ʫʟʣʦʚ ʚ ʣʦʢʘʣʴʥʳʭ ʩʝʪʷʭ? 

19. ʏʝʤ ʨʘʟʣʠʯʘʶʪʩʷ ʧʨʦʜʚʠʞʝʥʠʝ ʠ ʬʠʣʴʪʨʘʮʠʷ ʢʘʜʨʦʚ? 

20. ʂʘʢʦʝ ʫʩʪʨʦʡʩʪʚʦ ʜʝʣʠʪ ʩʝʪʴ ʥʘ ʰʠʨʦʢʦʚʝʱʘʪʝʣʴʥʳʝ ʜʦʤʝʥʳ? 

21. ʂʘʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʢʦʤʤʫʪʘʪʦʨʘ? 

 

 
 

ʋʧʨʘʞʥʝʥʠʷ   
 

1. ʇʝʨʝʯʠʩʣʠʪʝ ʩʧʝʮʠʬʠʢʘʮʠʠ ʪʝʭʥʦʣʦʛʠʡ Ethernet, Fast Ethernet. ʇʨʠʚʝʜʠʪʝ 

ʠʭ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

2. ʀʟʦʙʨʘʟʠʪʝ ʬʦʨʤʘʪ ʢʘʜʨʘ ʄɸʉ. ʋʢʘʞʠʪʝ ʨʘʟʤʝʨ ʠ ʥʘʟʥʘʯʝʥʠʝ ʝʛʦ ʧʦʣʝʡ. 

3. ʆʙʲʷʩʥʠʪʝ, ʧʦʯʝʤʫ ʟʘʜʘʝʪʩʷ ʤʠʥʠʤʘʣʴʥʘʷ ʜʣʠʥʘ ʧʦʣʷ ʜʘʥʥʳʭ. 

4. ʀʟʦʙʨʘʟʠʪʝ ʩʭʝʤʫ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ ʥʘ ʢʦʤʤʫʪʘʪʦʨʝ ʩ ʧʷʪʴʶ ʢʦʥʝʯʥʳʤʠ 
ʫʟʣʘʤʠ, ʫʢʘʞʠʪʝ ʥʦʤʝʨʘ ʧʦʨʪʦʚ ʠ ʄɸʉ-ʘʜʨʝʩʘ ʫʟʣʦʚ.   
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5. ʉɽʊɽɺʆʁ ʋʈʆɺɽʅʔ ʄʆɼɽʃʀ OSI 

 

5.1. ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ ʦ ʩʝʪʝʚʦʤ ʫʨʦʚʥʝ 

 

ʆʙʲʝʜʠʥʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʣʦʢʘʣʴʥʳʭ ʩʝʪʝʡ ʚ ʛʣʦʙʘʣʴʥʫʶ 

(ʨʘʩʧʨʝʜʝʣʝʥʥʫʶ, ʩʦʩʪʘʚʥʫʶ) WAN ʩʝʪʴ ʧʨʦʠʩʭʦʜʠʪ ʩ ʧʦʤʦʱʴʶ ʫʩʪʨʦʡʩʪʚ 

ʠ ʧʨʦʪʦʢʦʣʦʚ ʩʝʪʝʚʦʛʦ ʫʨʦʚʥʷ 3 ʩʝʤʠʫʨʦʚʥʝʚʦʡ ʵʪʘʣʦʥʥʦʡ ʤʦʜʝʣʠ ʠʣʠ 

ʫʨʦʚʥʷ ʤʝʞʩʝʪʝʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʜʝʣʠ TCP/IP. ɽʩʣʠ LAN ʦʙʲʝʜʠʥʷʶʪ 

ʨʘʙʦʯʠʝ ʩʪʘʥʮʠʠ, ʧʝʨʠʬʝʨʠʶ, ʪʝʨʤʠʥʘʣʳ ʠ ʜʨʫʛʦʝ ʩʝʪʝʚʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʚ 

ʦʜʥʦʡ ʘʫʜʠʪʦʨʠʠ ʠʣʠ ʚ ʦʜʥʦʤ ʟʜʘʥʠʠ, ʪʦ WAN ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʦʝʜʠʥʝʥʠʝ 

LAN ʥʘ ʰʠʨʦʢʦʤ ʛʝʦʛʨʘʬʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɺ ʩʦʩʪʘʚʥʫʶ 

ʨʘʩʧʨʝʜʝʣʝʥʥʫʶ ʩʝʪʴ (internetwork, internet) ʚʭʦʜʷʪ ʢʘʢ ʣʦʢʘʣʴʥʳʝ ʩʝʪʠ ʠ 

ʧʦʜʩʝʪʠ, ʪʘʢ ʠ ʦʪʜʝʣʴʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʠ.  

ʇʨʠ ʧʝʨʝʜʘʯʝ ʧʦ ʩʝʪʠ ʙʦʣʴʰʦʝ ʩʦʦʙʱʝʥʠʝ ʩʝʛʤʝʥʪʠʨʫʝʪʩʷ, ʘ ʩʝʛʤʝʥʪʳ 

ʠʥʢʘʧʩʫʣʠʨʫʶʪʩʷ ʚ ʧʘʢʝʪ,r ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʬʦʨʤʘʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʜʘʥʥʳʭ ʪʨʝʪʴʝʛʦ ʩʝʪʝʚʦʛʦ ʫʨʦʚʥʷ. ɼʣʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦ-

ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ ʩʝʪʝʚʦʛʦ ʫʨʦʚʥʷ 3 ʥʝʦʙʭʦʜʠʤʦ ʨʝʘʣʠʟʦʚʘʪʴ ʧʨʦʮʝʩʩʳ 

ʘʜʨʝʩʘʮʠʠ ʧʘʢʝʪʦʚ, ʠʭ ʤʘʨʰʨʫʪʠʟʘʮʠʠ, ʠʥʢʘʧʩʫʣʷʮʠʠ ʩʝʛʤʝʥʪʦʚ ʚ ʧʘʢʝʪʳ 

ʥʘ ʧʝʨʝʜʘʶʱʝʡ ʩʪʦʨʦʥʝ ʠ ʜʝʢʘʧʩʫʣʷʮʠʠ ʩʝʛʤʝʥʪʦʚ ʠʟ ʧʘʢʝʪʦʚ ʥʘ ʧʨʠʝʤʥʦʡ.  

ʆʩʥʦʚʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ, ʦʙʲʝʜʠʥʷʶʱʠʤʠ LAN ʚ ʩʦʩʪʘʚʥʫʶ ʩʝʪʴ, 

ʷʚʣʷʶʪʩʷ ʤʘʨhʨʫʪʠʟʘʪʦʨʳ (routers). ʌʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʚ 

ʥʘ ʋʨʦʚʥʝ 3 ʤʦʜʝʣʠ OSI ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʧʨʘʚʠʣʘʤ ʩʝʪʝʚʳʭ ʧʨʦʪʦʢʦʣʦʚ 

(Internet Protocol) ʚʝʨʩʠʡ 4 ʠʣʠ 6 (IPv4 ʠʣʠ IPv6). ʉʝʪʝʚʳʝ ʧʨʦʪʦʢʦʣʳ IP 

ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ 

(connectionless) ʤʝʞʜʫ ʠʩʪʦʯʥʠʢʦʤ ʠ ʧʦʣʫʯʘʪʝʣʝʤ ʩʦʦʙʱʝʥʠʷ. ʇʨʠ ʵʪʦʤ 

ʜʦʩʪʘʚʢʘ ʩʦʦʙʱʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʫʩʠʣʠʷʤʠ (best effort 

delivery), ʥʦ ʙʝʟ ʛʘʨʘʥʪʠʡ, ʪ.ʝ. ʜʦʩʪʘʚʢʘ ʥʝʥʘʜʝʞʥʘʷ (unreliable). ʊʘʢʦʡ 

ʤʝʪʦʜ ʜʦʩʪʘʚʢʠ (ʧʝʨʝʜʘʯʠ) ʜʘʥʥʳʭ ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ ʜʝʡʪʘʛʨʘʤʤʥʳʡ. 

ʇʦʩʢʦʣʴʢʫ ʧʨʠ ʜʝʡʪʘʛʨʘʤʤʥʦʤ ʤʝʪʦʜʝ ʧʝʨʝʜʘʯʠ ʧʘʢʝʪʳ ʦʪʧʨʘʚʣʷʶʪʩʷ 

ʘʜʨʝʩʘʪʫ ʥʘʟʥʘʯʝʥʠʷ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ, ʪʦ 

ʧʘʢʝʪ ʙʫʜʝʪ ʦʪʧʨʘʚʣʝʥ ʜʘʞʝ, ʝʩʣʠ ʘʜʨʝʩʘʪ ʥʝ ʤʦʞʝʪ ʝʛʦ ʧʨʠʥʷʪʴ. ʇʨʠ 

ʧʦʚʨʝʞʜʝʥʠʠ ʧʘʢʝʪʦʚ ʠʣʠ ʠʭ ʧʦʪʝʨʝ ʪʨʝʙʫʝʪʩʷ ʧʦʚʪʦʨʥʘʷ ʧʝʨʝʜʘʯʘ 

ʧʦʚʨʝʞʜʝʥʥʳʭ ʠʣʠ ʧʦʪʝʨʷʥʥʳʭ ʜʘʥʥʳʭ. ʉʝʪʝʚʳʝ ʧʨʦʪʦʢʦʣʳ IP ʥʝ ʠʤʝʶʪ 

ʩʨʝʜʩʪʚ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʜʦʩʪʘʚʢʠ ʧʘʢʝʪʦʚ, ʠʭ ʮʝʣʦʩʪʥʦʩʪʠ, ʯʪʦ ʠ ʦʧʨʝʜʝʣʷʝʪ 
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ʥʝʥʘʜʝʞʥʦʩʪʴ ʜʦʩʪʘʚʢʠ. ʆʜʥʘʢʦ ʜʝʡʪʘʛʨʘʤʤʥʳʝ ʧʨʦʪʦʢʦʣʳ IP ʩʦʟʜʘʶʪ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʫʶ ʥʘʛʨʫʟʢʫ ʥʘ ʩʝʪʴ, ʯʪʦ ʦʧʨʝʜʝʣʠʣʦ ʠʭ ʚʳʩʦʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ. ʊʘʢʦʡ ʩʧʦʩʦʙ ʜʦʩʪʘʚʢʠ 

ʥʘʟʳʚʘʶʪ ʦʧʪʠʤʘʣʴʥʳʤ. ʌʫʥʢʮʠʠ ʥʘʜʝʞʥʦʩʪʠ ʜʦʩʪʘʚʢʠ ʚʦʟʣʦʞʝʥʳ ʥʘ 

ʜʨʫʛʠʝ ʧʨʦʪʦʢʦʣʳ, ʚ ʯʘʩʪʥʦʩʪʠ ʥʘ ʧʨʦʪʦʢʦʣ TCP ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʫʨʦʚʥʷ. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʝʪʝʚʳʝ ʧʨʦʪʦʢʦʣʳ ʥʝʟʘʚʠʩʠʤʳ ʦʪ ʩʨʝʜʳ 

ʧʝʨʝʜʘʯʠ. ʇʦʵʪʦʤʫ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʧʘʢʝʪ ʤʦʞʝʪ ʧʝʨʝʜʘʚʘʪʴʩʷ ʧʦ ʤʝʜʥʳʤ ʠ 

ʦʧʪʦʚʦʣʦʢʦʥʥʳʤ ʢʘʙʝʣʷʤ, ʨʘʜʠʦʢʘʥʘʣʘʤ. ʆʜʥʘʢʦ ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʧʦʣʷ 

ʜʘʥʥʳʭ ʢʘʜʨʘ ʤʦʞʝʪ ʨʘʟʣʠʯʘʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʨʝʜʳ, ʧʦʵʪʦʤʫ ʧʘʢʝʪʳ ʚ 

ʨʷʜʝ ʩʣʫʯʘʝʚ ʨʘʟʙʠʚʘʶʪʩʷ ʥʘ ʙʦʣʝʝ ʤʝʣʢʠʝ ʬʨʘʛʤʝʥʪʳ (ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʠʝ). 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʠʣʫʯʰʝʛʦ ʧʫʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʯʝʨʝʟ 

ʩʚʷʟʳʚʘʝʤʳʝ ʩʝʪʠ, ʤʘʨʰʨʫʪʠʟʘʪʦʨʳ ʩʪʨʦʷʪ ʪʘʙʣʠʮʳ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʠ 

ʦʙʤʝʥʠʚʘʶʪʩʷ ʩʝʪʝʚʦʡ ʤʘʨʰʨʫʪʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʩ ʜʨʫʛʠʤʠ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤʠ. ʄʘʨʰʨʫʪʠʟʘʪʦʨʳ ʧʨʠʥʠʤʘʶʪ ʨʝʰʝʥʠʷ, ʙʘʟʠʨʫʷʩʴ ʥʘ 

ʩʝʪʝʚʳʭ ʣʦʛʠʯʝʩʢʠʭ ʘʜʨʝʩʘʭ (IP-ʘʜʨʝʩʘʭ), ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʟʘʛʦʣʦʚʢʝ ʧʘʢʝʪʘ 

(ʜʝʡʪʘʛʨʘʤʤʳ). ɸʜʤʠʥʠʩʪʨʘʪʦʨ ʤʦʞʝʪ ʢʦʥʬʠʛʫʨʠʨʦʚʘʪʴ ʩʪʘʪʠʯʝʩʢʠʝ 

ʤʘʨʰʨʫʪʳ ʠ ʧʦʜʜʝʨʞʠʚʘʪʴ ʪʘʙʣʠʮʳ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʚʨʫʯʥʫʶ. ʆʜʥʘʢʦ 

ʙʦʣʴʰʠʥʩʪʚʦ ʪʘʙʣʠʮ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʩʦʟʜʘʝʪʩʷ ʠ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ 

ʜʠʥʘʤʠʯʝʩʢʠ, ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʪʦʢʦʣʦʚ ʤʘʨʰʨʫʪʠʟʘʮʠʠ (routing 

protocol), ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʙʤʝʥʠʚʘʪʴʩʷ 

ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʩʝʪʝʚʦʡ ʪʦʧʦʣʦʛʠʠ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʪ.ʝ. ʨʘʟʜʝʣʷʪʴ ʤʘʨʰʨʫʪʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ. 

 

 

 

 

5.2. ʇʨʦʪʦʢʦʣ IPv4 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʝʪʝʚʦʡ ʧʨʦʪʦʢʦʣ IPv4 ʠ 

ʚʥʝʜʨʷʝʪʩʷ IPv6. ʌʦʨʤʘʪ ʧʘʢʝʪʘ ʩʝʪʝʚʦʛʦ ʧʨʦʪʦʢʦʣʘ IPv4 (ʨʠʩ. 5.1) ʚʢʣʶʯʘʝʪ 

ʟʘʛʦʣʦʚʦʢ, ʩʦʩʪʦʷʱʠʡ ʠʟ 12 ʧʦʣʝʡ ʦʙʱʝʡ ʜʣʠʥʦʡ ʚ 160 ʙʠʪ (5 ʩʣʦʚ ʧʦ 4 ʙʘʡʪʘ, 

ʪ.ʝ. 20 ʙʘʡʪ), ʧʦʣʝ ʦʧʮʠʡ ʧʝʨʝʤʝʥʥʦʡ ʜʣʠʥʳ ʠ ʧʦʣʝ ʜʘʥʥʳʭ.  
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ʈʠʩ. 5.1. ʌʦʨʤʘʪ ʟʘʛʦʣʦʚʢʘ ʧʘʢʝʪʘ IPv4 

 

1. ʇʝʨʚʦʝ 4-ʭ ʨʘʟʨʷʜʥʦʝ ʧʦʣʝ (Vers) ʟʘʜʘʝʪ ʥʦʤʝʨ ʚʝʨʩʠʠ ʧʨʦʪʦʢʦʣʘ. 

ʅʘʧʨʠʤʝʨ, ʚ ʟʘʛʦʣʦʚʢʝ ʥʦʤʝʨ ʚʝʨʩʠʠ IPv4 ʙʫʜʝʪ ʟʘʜʘʥ ʚ ʜʚʦʠʯʥʦʡ ʩʠʩʪʝʤʝ ï 

0100. ɺ ʦʧʠʩʘʥʠʷʭ ʚʝʨʩʠʷ 4 ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: Version = 4 (0x4).  

2. ɼʣʠʥʘ ʟʘʛʦʣʦʚʢʘ ï ʢʦʣʠʯʝʩʪʚʦ 32-ʨʘʟʨʷʜʥʳʭ ʩʣʦʚ ʚ ʟʘʛʦʣʦʚʢʝ, 

ʟʘʜʘʝʪʩʷ ʚʪʦʨʳʤ ʧʦʣʝʤ (HLEN). ʅʘʧʨʠʤʝʨ, ʢʦʜ ʚ ʵʪʦʤ ʧʦʣʝ ï 0101 ʠʣʠ ʟʘʧʠʩʴ 

Header Length = 20 (0x14) ʦʟʥʘʯʘʝʪ, ʯʪʦ ʟʘʛʦʣʦʚʦʢ ʩʦʜʝʨʞʠʪ 5 ʩʣʦʚ ʧʦ 32 

ʨʘʟʨʷʜʘ ʠʣʠ 20 ʙʘʡʪ. 

3. ɺ ʥʦʚʳʭ ʩʧʝʮʠʬʠʢʘʮʠʷʭ ʧʨʦʪʦʢʦʣʘ IPv4 ʪʨʝʪʴʝ ʧʦʣʝ ʥʘʟʳʚʘʝʪʩʷ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʝ ʩʝʨʚʠʩʳ (DS). ʉʪʘʨʰʠʝ ʰʝʩʪʴ ʙʠʪ ʧʦʣʷ ʦʧʨʝʜʝʣʷʶʪ 

ʢʦʜ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʩʝʨʚʠʩʦʚ (DSCP) ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʢʘʯʝʩʪʚʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ QoS. ɼʚʘ ʤʣʘʜʰʠʭ ʙʠʪʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʫʚʝʜʦʤʣʝʥʠʷ ʦ 

ʧʝʨʝʛʨʫʟʢʝ ʩʝʪʠ (ECN). ɺ ʩʪʘʨʳʭ ʩʧʝʮʠʬʠʢʘʮʠʷʭ ʵʪʦ ʧʦʣʝ ʪʠʧʘ ʩʝʨʚʠʩʘ 

(Type of Service ï ToS) ʜʣʠʥʦʡ 8 ʙʠʪ ʚʢʣʶʯʘʣʦ ʯʝʪʳʨʝ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ: 

ʪʨʝʭʨʘʟʨʷʜʥʳʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ PR ʠ ʦʜʥʦʨʘʟʨʷʜʥʳʝ D, T, R. ʀʜʝʥʪʠʬʠʢʘʪʦʨ 

PR ʦʧʨʝʜʝʣʷʣ ʪʠʧ ʧʘʢʝʪʘ (ʥʦʨʤʘʣʴʥʳʡ, ʫʧʨʘʚʣʷʶʱʠʡ ʠ ʜʨ.) ʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ 

ʩ ʵʪʠʤ ʟʘʜʘʚʘʣʩʷ ʧʨʠʦʨʠʪʝʪ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʧʘʢʝʪʘ. ʋʩʪʘʥʦʚʢʘ 1 ʚ ʨʘʟʨʷʜʝ D 

ʦʟʥʘʯʘʣʦ ʪʨʝʙʦʚʘʥʠʝ ʤʠʥʠʤʠʟʘʮʠʠ ʟʘʜʝʨʞʢʠ ʧʨʠ ʧʝʨʝʜʘʯʝ ʧʘʢʝʪʘ; ʝʜʠʥʠʮʘ ʚ 

ʨʘʟʨʷʜʝ ʊ ʦʟʥʘʯʘʣʦ ʪʨʝʙʦʚʘʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ; 

ʫʩʪʘʥʦʚʢʘ 1 ʚ ʨʘʟʨʷʜʝ R ʪʨʝʙʦʚʘʣʦ ʦʙʝʩʧʝʯʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʥʘʜʝʞʥʦʩʪʠ. 

 

4. ʇʦʣʝ Total Length ʟʘʜʘʝʪ ʦʙʱʫʶ ʜʣʠʥʫ ʧʘʢʝʪʘ, ʚʢʣʶʯʘʷ 

ʟʘʛʦʣʦʚʦʢ ʠ ʧʦʣʝ ʜʘʥʥʳʭ. 16 ʨʘʟʨʷʜʦʚ ʧʦʣʷ ʧʦʟʚʦʣʷʶʪ ʟʘʜʘʚʘʪʴ 
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ʤʘʢʩʠʤʘʣʴʥʫʶ ʜʣʠʥʫ 64 ʂʙʘʡʪ (65 535 ʙʘʡʪ). ʇʦʩʢʦʣʴʢʫ ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʣʠʥʘ 

ʧʦʣʷ ʜʘʥʥʳʭ ʢʘʜʨʘ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʪʝʭʥʦʣʦʛʠʡ ʣʦʢʘʣʴʥʳʭ ʩʝʪʝʡ ʤʝʥʴʰʝ 64 

ʂʙʘʡʪ, ʥʘʧʨʠʤʝʨ, ʚ Ethernet ʦʥʘ ʩʦʩʪʘʚʣʷʝʪ 1500 ʙʘʡʪ, ʪʦ ʙʦʣʴʰʠʝ ʧʘʢʝʪʳ 

ʨʘʟʙʠʚʘʶʪ ʥʘ ʬʨʘʛʤʝʥʪʳ. ʇʨʠ ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʠʠ ʧʘʢʝʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʠʥʬʦʨʤʘʮʠʷ 5, 6 ʠ 7 ʧʦʣʝʡ. ɺʩʝ ʬʨʘʛʤʝʥʪʳ ʜʦʣʞʥʳ ʠʤʝʪʴ: 

ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʳʡ ʥʦʤʝʨ ʧʘʢʝʪʘ; ʦʧʨʝʜʝʣʠʪʝʣʴ ʧʦʨʷʜʢʘ ʩʣʝʜʦʚʘʥʠʷ 

ʬʨʘʛʤʝʥʪʘ ʧʨʠ ʩʙʦʨʢʝ ʧʘʢʝʪʘ; ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ. 

ʌʨʘʛʤʝʥʪʠʨʦʚʘʥʠʝ ʧʘʢʝʪʦʚ ʤʦʞʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʢʦʥʝʯʥʳʡ ʫʟʝʣ, ʠʩʭʦʜʷ ʠʟ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʘʟʤʝʨʘ ʝʜʠʥʠʮʳ ʧʝʨʝʜʘʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ (Maximum 

Transmission Unit ï MTU) ʥʘ ʢʘʥʘʣʴʥʦʤ ʫʨʦʚʥʝ. ɺʪʦʨʠʯʥʫ  ʁʬʨʘʛʤʝʥʪʘʮʠʶ 

ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴ ʪʨʘʥʟʠʪʥʳʡ ʩʝʪʝʚʦʡ ʵʣʝʤʝʥʪ, ʝʩʣʠ ʧʘʢʝʪ ʧʝʨʝʜʘʝʪʩʷ ʠʟ ʩʝʪʠ 

ʩ ʙʦʣʴʰʠʤ ʟʥʘʯʝʥʠʝʤ MTU ʚ ʩʝʪʴ ʩ ʤʝʥʴʰʠʤ MTU.  

5. ʇʷʪʦʝ ʧʦʣʝ ʟʘʛʦʣʦʚʢʘ ʀʜʝʥʪʠʬʠʢʘʪʦʨ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ 

ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʠʠ ʧʘʢʝʪʘ ʠ ʩʦʜʝʨʞʠʪ ʝʛʦ ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʳʡ ʥʦʤʝʨ. 

6. ʊʨʝʭʨʘʟʨʷʜʥʦʝ ʧʦʣʝ ʬʣʘʛʦʚ (Flags) ʩʦʜʝʨʞʠʪ ʜʚʘ ʦʜʥʦʨʘʟʨʷʜʥʳʭ 

ʬʣʘʛʘ ʬʨʘʛʤʝʥʪʘʮʠʠ. ʋʩʪʘʥʦʚʢʘ 1 ʚ ʨʘʟʨʷʜʝ DF ʟʘʧʨʝʱʘʝʪ ʤʘʨʰʨʫʪʠʟʘʪʦʨʫ 

ʧʨʦʠʟʚʦʜʠʪʴ ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʧʘʢʝʪʘ. ɽʜʠʥʠʯʢʘ ʚ ʨʘʟʨʷʜʝ MF 

ʫʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʘʥʥʳʡ ʧʘʢʝʪ ʥʝ ʷʚʣʷʝʪʩʷ ʧʦʩʣʝʜʥʠʤ. 

7. 13-ʨʘʟʨʷʜʥʦʝ ʧʦʣʝ ʩʤʝʱʝʥʠʷ ʜʘʥʥʳʭ (Fragment Offset) ʧʦʤʦʛʘʝʪ 

ʩʦʙʨʘʪʴ ʬʨʘʛʤʝʥʪʳ ʚ ʝʜʠʥʳʡ ʧʘʢʝʪ. ʆʥʦ ʟʘʜʘʝʪ ʩʤʝʱʝʥʠʝ ʚ ʙʘʡʪʘʭ ʧʦʣʷ 

ʜʘʥʥʳʭ ʵʪʦʛʦ ʧʘʢʝʪʘ ʦʪ ʥʘʯʘʣʘ ʦʙʱʝʛʦ ʧʦʣʷ ʜʘʥʥʳʭ ʠʩʭʦʜʥʦʛʦ ʥʝ 

ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʘʢʝʪʘ.  

8. ʀʟ ʟʘʜʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚʨʝʤʷ ʞʠʟʥʠ (Time to Live ï TTL ), 

ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʟʥʘʯʝʥʠʝ ʦʪ 0 ʜʦ 255, ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʢʘʞʜʦʛʦ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ (ʠʣʠ ʢʘʞʜʫʶ ʩʝʢʫʥʜʫ) ʚʳʯʠʪʘʝʪʩʷ 1. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʠʩʣʦ 

ʫʟʣʦʚ, ʯʝʨʝʟ ʢʦʪʦʨʳʝ ʤʦʞʝʪ ʧʨʦʡʪʠ ʧʘʢʝʪ, ʦʛʨʘʥʠʯʝʥʦ. 

9. ʇʦʣʝ ʧʨʦʪʦʢʦʣ (Protocol) ʫʢʘʟʳʚʘʝʪ ʪʠʧ ʧʨʦʪʦʢʦʣʘ ʚʝʨʭʥʝʛʦ 

ʫʨʦʚʥʷ (TCP ï ʪʠʧ 6, UDP ï ʪʠʧ 17 ʠ ʜʨ.), ʢʦʪʦʨʦʤʫ ʙʫʜʝʪ ʧʝʨʝʜʘʥ ʧʨʠʥʷʪʳʡ 

ʧʘʢʝʪ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ IP ʧʨʦʮʝʩʩʘ.  

10. ʇʦʣʝ ʢʦʥʪʨʦʣʴʥʦʡ ʩʫʤʤʳ ʟʘʛʦʣʦʚʢʘ (Header Checksum). 

ʇʦʩʢʦʣʴʢʫ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʟʥʘʯʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʧʦʣʝʡ 

ʟʘʛʦʣʦʚʢʘ ʠʟʤʝʥʷʶʪʩʷ, ʥʘʧʨʠʤʝʨ ʚʨʝʤʷ ʞʠʟʥʠ TTL, ʪʦ ʨʘʩʯʝʪ ʢʦʥʪʨʦʣʴʥʦʡ 

ʩʫʤʤʳ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʢʘʞʜʦʤ ʤʘʨʰʨʫʪʠʟʘʪʦʨʝ ʟʘʥʦʚʦ.  

11. ʉʦʛʣʘʩʥʦ ʚʝʨʩʠʠ IPv4, ʜʣʠʥʘ ʘʜʨʝʩʘ ʠʩʪʦʯʥʠʢʘ ʠʥʬʦʨʤʘʮʠʠ 
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(Source IP address) ʨʘʚʥʘ 32 ʜʚʦʠʯʥʳʤ ʨʘʟʨʷʜʘʤ (4 ʙʘʡʪʘʤ).  

12. ɸʜʨʝʩ ʥʘʟʥʘʯʝʥʠʷ (Destination IP address) ʜʣʠʥʦʡ 4 ʙʘʡʪʘ (32 

ʨʘʟʨʷʜʘ). ʇʨʠ ʧʝʨʝʜʘʯʝ ʧʦ ʩʝʪʠ ʘʜʨʝʩʘ ʠʩʪʦʯʥʠʢʘ ʠ ʥʘʟʥʘʯʝʥʠʷ ʦʩʪʘʶʪʩʷ 

ʥʝʠʟʤʝʥʥʳʤʠ. 

13. ʇʦʣʝ ʦʧʮʠʡ (IP option) ʧʦʟʚʦʣʷʝʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʨʘʟʣʠʯʥʳʝ 

ʦʧʮʠʠ, ʥʘʧʨʠʤʝʨ, ʦʧʮʠʶ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ. ʇʦʩʢʦʣʴʢʫ ʵʪʦ ʧʦʣʝ ʤʦʞʝʪ 

ʠʤʝʪʴ ʨʘʟʥʫʶ ʜʣʠʥʫ, ʪʦ ʦʥʦ ʜʦʧʦʣʥʷʝʪʩʷ ʥʫʣʷʤʠ ʜʦ 32 ʨʘʟʨʷʜʦʚ.  

14. ʇʦʣʝ ʜʘʥʥʳʭ Data ʠʤʝʝʪ ʜʣʠʥʫ ʙʦʣʝʝ 64 ʜʚʦʠʯʥʳʭ ʨʘʟʨʷʜʦʚ. 

 

 

 

5.3. ʇʨʦʪʦʢʦʣ IPv6 
 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʦ ʩʝʪʠ ʚ ʧʨʦʪʦʢʦʣʝ IPv6, 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʦʪʦʢʦʣʦʤ IPv4, ʠʩʢʣʶʯʝʥʳ ʥʝʢʦʪʦʨʳʝ ʬʫʥʢʮʠʠ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ. ʊʘʢ, ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʥʝ ʚʳʧʦʣʥʷʝʪ ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʠʝ 

ʧʘʢʝʪʦʚ, ʦʙʲʝʤ ʢʦʪʦʨʳʭ ʧʨʝʚʳʰʘʝʪ MTU ʢʘʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ. ʌʫʥʢʮʠʷ 

ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʠʷ ʚʦʟʣʦʞʝʥʘ ʥʘ ʢʦʥʝʯʥʳʝ ʫʟʣʳ. ʇʦʵʪʦʤʫ ʠʥʬʦʨʤʘʮʠʷ ʦ 

ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʠʠ ʫʜʘʣʝʥʘ ʠʟ ʦʩʥʦʚʥʦʛʦ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʟʘʛʦʣʦʚʢʘ ʠ, ʧʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʤʦʞʝʪ ʙʳʪʴ ʚʢʣʶʯʝʥʘ ʚ ʨʘʩʰʠʨʝʥʥʳʝ ʟʘʛʦʣʦʚʢʠ. 

ʈʘʩʰʠʨʝʥʥʳʝ ʟʘʛʦʣʦʚʢʠ ʦʙʳʯʥʦ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʢʦʥʝʯʥʳʤʠ ʫʟʣʘʤʠ. ʂʨʦʤʝ 

ʪʦʛʦ, ʠʩʢʣʶʯʝʥʘ ʬʫʥʢʮʠʷ ʚʳʯʠʩʣʝʥʠʷ ʠ ʧʨʦʚʝʨʢʠ ʢʦʥʪʨʦʣʴʥʦʡ ʩʫʤʤʳ, 

ʧʦʩʢʦʣʴʢʫ ʧʦʜʦʙʥʘʷ ʧʨʦʚʝʨʢʘ ʧʨʦʚʦʜʠʪʩʷ ʥʘ ʢʘʥʘʣʴʥʦʤ ʠ ʪʨʘʥʩʧʦʨʪʥʦʤ 

ʫʨʦʚʥʝ. ɺʳʯʠʩʣʝʥʠʝ ʢʦʥʪʨʦʣʴʥʦʡ ʩʫʤʤʳ ʚ ʢʘʞʜʦʤ ʤʘʨʰʨʫʪʠʟʘʪʦʨʝ ʙʳʣʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʟʥʘʯʝʥʠʝ ʧʦʣʷ TTL ʜʝʢʨʝʤʝʥʪʠʨʦʚʘʣʦʩʴ.  

ʇʘʢʝʪ ʧʨʦʪʦʢʦʣʘ IPv6 ʚʢʣʶʯʘʝʪ ʬʠʢʩʠʨʦʚʘʥʥʳʡ ʟʘʛʦʣʦʚʦʢ ʠ ʧʦʣʝ 

ʧʦʣʝʟʥʳʭ ʜʘʥʥʳʭ (ʥʘʛʨʫʟʢʫ). ʂʨʦʤʝ ʦʩʥʦʚʥʦʛʦ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʟʘʛʦʣʦʚʢʘ 

ʫʧʨʘʚʣʷʶʱʘʷ ʠʥʬʦʨʤʘʮʠʷ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴʩʷ ʚ ʦʜʥʦʤ ʠʟ ʥʝʦʙʷʟʘʪʝʣʴʥʳʭ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ (ʨʘʩʰʠʨʝʥʥʳʭ) ʟʘʛʦʣʦʚʢʦʚ. ʈʘʩʰʠʨʝʥʥʳʝ ʟʘʛʦʣʦʚʢʠ 

ʨʘʟʤʝʱʘʶʪʩʷ ʤʝʞʜʫ ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʟʘʛʦʣʦʚʢʦʤ ʠ ʟʘʛʦʣʦʚʢʦʤ ʧʨʦʪʦʢʦʣʘ 

ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ. ʇʦʣʝʟʥʳʝ ʜʘʥʥʳʝ ʦʙʳʯʥʦ ʚʢʣʶʯʘʶʪ ʩʝʛʤʝʥʪʳ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʫʨʦʚʥʷ ʠʣʠ ʜʘʥʥʳʝ ʩʝʪʝʚʦʛʦ ʫʨʦʚʥʷ, ʥʘʧʨʠʤʝʨ ʩʦʦʙʱʝʥʠʷ 

ʧʨʦʪʦʢʦʣʘ ICMP. 

ʌʦʨʤʘʪ ʟʘʛʦʣʦʚʢʘ ʧʘʢʝʪʘ IPv6 ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. 5.2. ʆʥ ʩʦʩʪʦʠʪ ʠʟ 9 

ʧʦʣʝʡ ʦʙʱʝʡ ʜʣʠʥʦʡ ʚ 320 ʙʠʪ (10 ʩʣʦʚ ʧʦ 32 ʙʠʪʘ ʠʣʠ ʧʦ 4 ʙʘʡʪʘ, ʪ.ʝ. ʚʩʝʛʦ 
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40 ʙʘʡʪ). ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʟʘʛʦʣʦʚʢʦʚ IPv4 (ʨʠʩ. 5.1) ʠ IPv6 ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʚ ʟʘʛʦʣʦʚʢʝ IPv6 ʩʦʭʨʘʥʠʣʦʩʴ ʧʦʣʝ ʚʝʨʩʠʠ, ʢʦʪʦʨʦʝ ʩʦʜʝʨʞʠʪ ʟʥʘʯʝʥʠʝ 

0110. ʀʟʤʝʥʠʣʩʷ ʨʘʟʤʝʨ ʧʦʣʝʡ ʘʜʨʝʩʘ ʠʩʪʦʯʥʠʢʘ ʠʥʬʦʨʤʘʮʠʠ ʠ ʘʜʨʝʩʘ 

ʥʘʟʥʘʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʩʪʘʣʠ ʧʦ 128 ʙʠʪ (4 ʩʪʨʦʢʠ ʧʦ 4 ʙʘʡʪʘ). ɺʤʝʩʪʦ ʧʦʣʷ 

çɺʨʝʤʷ ʞʠʟʥʠè ʧʦʷʚʠʣʦʩʴ ʧʦʣʝ çʆʛʨʘʥʠʯʝʥʠʷ ʧʝʨʝʭʦʜʦʚè (Hop Limit ) c 

ʘʥʘʣʦʛʠʯʥʳʤʠ ʬʫʥʢʮʠʷʤʠ.  

ɺ ʟʘʛʦʣʦʚʢʝ IPv6 ʚʤʝʩʪʦ ʧʦʣʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʝ ʩʝʨʚʠʩʳ (ʪʠʧ 

ʩʝʨʚʠʩʘ) IPv4 ʧʦʷʚʠʣʦʩʴ ʧʦʣʝ çʂʣʘʩʩ ʪʨʘʬʠʢʘè (Traffic Class), ʢʦʪʦʨʦʝ 

ʦʧʨʝʜʝʣʷʝʪ ʧʨʠʦʨʠʪʝʪ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʧʘʢʝʪʘ. ʇʝʨʚʳʝ 6 ʙʠʪ ʦʧʨʝʜʝʣʷʶʪ ʢʣʘʩʩ 

ʪʨʘʬʠʢʘ, ʦʩʪʘʚʰʠʝʩʷ 2 ʙʠʪʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʢʦʥʪʨʦʣʷ ʧʝʨʝʛʨʫʟʢʠ. 
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ʈʠʩ. 5.2. ʌʦʨʤʘʪ ʟʘʛʦʣʦʚʢʘ ʧʘʢʝʪʘ IPv6 

ʅʦʚʦʝ ʧʦʣʝ IPv6 çʄʝʪʢʘ ʧʦʪʦʢʘè (Flow Label ï FL) ʧʦʟʚʦʣʷʝʪ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʧʦʪʦʢʠ ʙʝʟ ʜʝʢʘʧʩʫʣʷʮʠʠ ʧʘʢʝʪʘ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʫʨʦʚʥʷ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʝʨʩʠʠ IPv4 ʪʦʣʴʢʦ ʥʘ 

ʪʨʘʥʩʧʦʨʪʥʦʤ ʫʨʦʚʥʝ ʟʘʜʘʚʘʣʩʷ ʥʦʤʝʨ ʧʦʨʪʘ, ʪ.ʝ. ʘʜʨʝʩʦʚʘʣʦʩʴ ʧʨʠʣʦʞʝʥʠʝ 

ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ. çʄʝʪʢʘ ʧʦʪʦʢʘè ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʩʪʠʪʴ 

ʤʘʨʰʨʫʪʠʟʘʮʠ ʁ ʦʜʥʦʨʦʜʥʦʛʦ ʧʦʪʦʢʘ ʧʘʢʝʪʦʚ. ʇʨʠ ʵʪʦʤ ʤʘʨʰʨʫʪʠʟʘʪʦʨʳ 

ʙʫʜʫʪ ʧʝʨʝʜʘʚʘʪʴ ʧʘʢʝʪʳ ʩʦʦʙʱʝʥʠʷ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ (ʘʫʜʠʦ- ʠ 

ʚʠʜʝʦʠʥʬʦʨʤʘʮʠʷ) ʚʜʦʣʴ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʧʫʪʠ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʚʘʨʠʘʮʠʠ 
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ʟʘʜʝʨʞʝʢ (ʜʞʠʪʪʝʨʘ) ʠ ʠʟʙʝʞʘʪʴ ʧʨʠʝʤʘ ʧʘʢʝʪʦʚ ʥʝ ʚ ʪʦʤ ʧʦʨʷʜʢʝ, ʚ ʢʦʪʦʨʦʤ 

ʦʥʠ ʧʝʨʝʜʘʚʘʣʠʩʴ. 

ɺʤʝʩʪʦ ʧʦʣʷ çʆʙʱʘʷ ʜʣʠʥʘ ʧʘʢʝʪʘè ʚ ʥʦʚʦʡ ʚʝʨʩʠʠ ʧʦʷʚʠʣʦʩʴ çɼʣʠʥʘ 

ʧʦʣʷ ʥʘʛʨʫʟʢʠè (Payload Length), ʢʦʪʦʨʦʝ ʥʝ ʫʯʠʪʳʚʘʝʪ ʜʣʠʥʫ ʟʘʛʦʣʦʚʢʘ.  

ɺ ʟʘʛʦʣʦʚʢʝ IPv6 ʦʪʩʫʪʩʪʚʫʶʪ ʧʦʣʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʠʝʤ 

ʧʘʢʝʪʦʚ, ʥʝʪ ʧʦʣʷ ʢʦʥʪʨʦʣʴʥʦʡ ʩʫʤʤʳ ʟʘʛʦʣʦʚʢʘ ʠ ʧʦʣʷ ʦʧʮʠʡ. ʌʫʥʢʮʠʷ 

ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʠʷ ʧʘʢʝʪʘ ʧʝʨʝʜʘʥʘ ʢʦʥʝʯʥʳʤ ʫʟʣʘʤ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ 

ʨʘʟʤʝʨ ʝʜʠʥʠʮʳ ʧʝʨʝʜʘʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ MTU ʚʜʦʣʴ ʚʩʝʛʦ ʤʘʨʰʨʫʪʘ 

ʧʝʨʝʜʘʯʠ ʧʘʢʝʪʘ. ɼʣʷ ʵʪʦʛʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʳ ʧʦʩʳʣʘʶʪ ʩʦʦʙʱʝʥʠʝ ʧʨʦʪʦʢʦʣʘ 

ICMP ʢʦʥʝʯʥʦʤʫ ʫʟʣʫ ʠʩʪʦʯʥʠʢʫ, ʢʦʪʦʨʳʡ ʫʤʝʥʴʰʘʝʪ ʨʘʟʤʝʨ ʧʘʢʝʪʘ. 

ʇʦʣʝ çʉʣʝʜʫʶʱʝʛʦ ʟʘʛʦʣʦʚʢʘè (Next Header) ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ 

ʨʘʩʰʠʨʝʥʥʳʝ (ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ) ʟʘʛʦʣʦʚʢʠ, ʟʘʜʘʚʘʷ ʟʘʛʦʣʦʚʢʠ 

ʤʘʨʰʨʫʪʠʟʘʮʠʠ, ʬʨʘʛʤʝʥʪʘʮʠʠ, ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ, ʘ ʪʘʢʞʝ ʪʠʧ ʟʘʛʦʣʦʚʢʘ, ʛʜʝ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʦʪʦʢʦʣ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʫʨʦʚʥʷ (TCP, UDP). ʈʘʩʰʠʨʝʥʥʳʡ 

ʟʘʛʦʣʦʚʦʢ ʤʦʞʝʪ ʪʘʢʞʝ ʦʧʨʝʜʝʣʷʪʴ ʪʠʧ ʧʨʠʣʦʞʝʥʠʷ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʨʘʩʰʠʨʝʥʥʳʝ ʟʘʛʦʣʦʚʢʠ ʩʦʜʝʨʞʘʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʠ 

ʨʘʟʤʝʱʝʥʳ ʤʝʞʜʫ ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʟʘʛʦʣʦʚʢʦʤ ʠ ʟʘʛʦʣʦʚʢʦʤ ʧʨʦʪʦʢʦʣʘ ʙʦʣʝʝ 

ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ (ʨʠʩ. 5.3).  

 

ʌʠʢʩʠʨʦʚʘʥʥrʡ ʟʘʛʦʣʦʚʦʢ IPv6

ɼʦʧʦʣʥʠʪʝʣɹʥrʡ ʟʘʛʦʣʦʚʦʢ ʤʘʨh ʨʫʪʠʟʘʮʠʠ

ʇʦʣʝ ʜʘʥʥrʭ

ɼʦʧʦʣʥʠʪʝʣɹʥrʡ ʟʘʛʦʣʦʚʦʢ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ

...

 

 

ʈʠʩ. 5.3. ʈʘʩʰʠʨʝʥʥʳʝ (ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ) ʟʘʛʦʣʦʚʢʠ IPv6 

 

ʇʦʜʚʦʜʷ ʠʪʦʛ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ IPv6 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

IPv4. ʆʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʘʩʰʠʨʝʥʥʦʡ IP ʘʜʨʝʩʘʮʠʝʡ, ʣʝʛʢʠʤ 
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ʘʛʨʝʛʠʨʦʚʘʥʠʝʤ ʧʨʝʬʠʢʩʦʚ ʘʜʨʝʩʦʚ. ʂʦʥʝʯʥʳʡ ʫʟʝʣ ʤʦʞʝʪ ʠʤʝʪʴ ʥʝʩʢʦʣʴʢʦ 

IP-ʘʜʨʝʩʦʚ ʧʦʚʝʨʭ ʦʜʥʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʨʝʘʣʠʟʦʚʘʪʴ ʩʦʝʜʠʥʝʥʠʝ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʀʥʪʝʨʥʝʪ-ʩʝʨʚʠʩ ʧʨʦʚʘʡʜʝʨʘʤʠ. 

ʋʧʨʦʱʝʥʥʳʡ ʟʘʛʦʣʦʚʦʢ ʧʦʚʳʰʘʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʤʘʨʰʨʫʪʠʟʘʮʠʠ. ʇʨʠ 

ʵʪʦʤ ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʰʠʨʦʢʦʚʝʱʘʪʝʣʴʥʳʝ ʧʝʨʝʜʘʯʠ, ʥʝ ʚʳʯʠʩʣʷʝʪʩʷ 

ʢʦʥʪʨʦʣʴʥʘʷ ʩʫʤʤʘ ʟʘʛʦʣʦʚʢʘ, ʧʝʨʝʜʘʚʘʝʤʳʝ ʧʦʪʦʢʠ ʧʦʤʝʯʘʶʪʩʷ. ʇʨʦʪʦʢʦʣ 

IPv6 ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʜʚʠʞʥʫʶ ʩʚʷʟʴ ʠ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʧʝʨʝʜʘʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ IPv4. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠ ̫

ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʦʪʦʢʦʣ IPv6 ʠʩʧʦʣʴʟʫʝʪ ʧʨʦʪʦʢʦʣ IPSec, ʧʦʜʜʝʨʞʢʘ ʢʦʪʦʨʦʛʦ 

ʷʚʣʷʝʪʩʷ ʜʣʷ ʥʝʛʦ ʦʙʷʟʘʪʝʣʴʥʦʡ, ʠ ʘʫʪʝʥʪʠʬʠʢʘʮʠʶ. ʋʧʨʦʱʝʥʥʳʡ ʟʘʛʦʣʦʚʦʢ 

ʧʦʚʳʰʘʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʤʘʨʰʨʫʪʠʟʘʮʠʠ. 

ʇʨʦʪʦʢʦʣ IPv6 ʠʤʝʝʪ ʝʱʝ ʮʝʣʳʡ ʨʷʜ ʦʪʣʠʯʠʡ ʦʪ IPv4. ʅʘʧʨʠʤʝʨ, ʜʣʷ 

ʩʘʤʦʪʝʩʪʠʨʦʚʘʥʠʷ (loopback) ʚ IPv4 ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʘʜʨʝʩ 127.0.0.1, ʘ ʚ ʚʝʨʩʠʠ  

IPv6 ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ ʧʨʝʜʫʩʤʦʪʨʝʥ ʘʜʨʝʩ 0:0:0:0:0:0:0:1, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥ ʢʘʢ ":: 1".  

ʇʝʨʝʭʦʜ ʦʪ IPv6 ʢ IPv4 ʠ ʦʙʨʘʪʥʦ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʩʦʟʜʘʥʠʷ 

ʜʚʦʡʥʦʛʦ ʩʪʝʢʘ ʠ ʪʫʥʥʝʣʝʡ. ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʜʚʦʡʥʦʛʦ ʩʪʝʢʘ ʥʘ ʠʥʪʝʨʬʝʡʩʝ 

ʢʘʞʜʦʛʦ ʫʟʣʘ ʢʦʥʬʠʛʫʨʠʨʫʝʪʩʷ ʜʚʘ ʩʪʝʢʘ ʧʨʦʪʦʢʦʣʦʚ, ʪ.ʝ. ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʠ 

ʢʦʤʤʫʪʘʪʦʨ ʢʦʥʬʠʛʫʨʠʨʫʶʪʩʷ, ʯʪʦʙʳ ʧʦʜʜʝʨʞʠʚʘʪʴ ʦʙʘ ʧʨʦʪʦʢʦʣʘ, ʧʨʠʯʝʤ, 

IPv6, ʷʚʣʷʝʪʩʷ ʧʨʠʚʠʣʝʛʠʨʦʚʘʥʥʳʤ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʫʟʣʫ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʩʦʝʜʠʥʝʥʠʷ ʢʘʢ ʩ ʩʝʪʴʶ IPv4, ʪʘʢ ʠ ʩ ʩʝʪɹʁ IPv6.  

ʇʨʠ ʪʫʥʥʝʣʠʨʦʚʘʥʠʠ ʧʘʢʝʪ IPv6 ʠʥʢʘʧʩʫʣʠʨʫʝʪʩʷ ʚʥʫʪʨʴ ʧʨʦʪʦʢʦʣʘ, 

ʥʘʧʨʠʤʝʨ, IPv4, ʢʦʛʜʘ ʧʘʢʝʪ ʚʢʣʶʯʘʝʪ 20-ʙʘʡʪʦʚʳʡ ʟʘʛʦʣʦʚʦʢ IPv4 ʙʝʟ ʦʧʮʠʡ, 

ʟʘʛʦʣʦʚʦʢ IPv6 ʠ ʧʦʣʝʟʥʫʶ ʥʘʛʨʫʟʢʫ.  
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5.4. ʇʨʠʥʮʠʧʳ ʤʘʨʰʨʫʪʠʟʘʮʠʠ 

 

ɿʘʛʦʣʦʚʦʢ ʧʘʢʝʪʘ ʩʦʜʝʨʞʠʪ ʩʝʪʝʚʳʝ IP-ʘʜʨʝʩʘ ʫʟʣʘ ʥʘʟʥʘʯʝʥʠʷ ʠ ʫʟʣʘ 

ʠʩʪʦʯʥʠʢʘ. ʅʘ ʦʩʥʦʚʝ ʵʪʦʡ ʠʥʬʦʨʤʘʮʠʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨʳ ʦʩʫʱʝʩʪʚʣʷʶʪ 

ʧʝʨʝʜʘʯʫ ʧʘʢʝʪʦʚ ʤʝʞʜʫ ʢʦʥʝʯʥʳʤʠ ʫʟʣʘʤʠ ʩʦʩʪʘʚʥʦʡ ʩʝʪʠ ʧʦ 

ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʥʘʠʣʫʯʰʝʤʫ ʤʘʨʰʨʫʪʫ. ʇʨʦʮʝʩʩ ʧʨʦʢʣʘʜʳʚʘʥʠʷ ʥʘʠʣʫʯʰʝʛʦ 

ʤʘʨʰʨʫʪʘ ʢ ʘʜʨʝʩʘʪʫ ʥʘʟʥʘʯʝʥʠʷ ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ ʤʘʨʰʨʫʪʠʟʘʮʠʷ. 

ʂʦʥʝʯʥʳʡ ʫʟʝʣ ʤʦʞʝʪ ʘʜʨʝʩʦʚʘʪʴ ʩʦʦʙʱʝʥʠʝ ʫʟʣʫ ʠʟ ʪʦʡ ʞʝ ʣʦʢʘʣʴʥʦʡ 

ʩʝʪʠ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʤʘʨʰʨʫʪʠʟʘʮʠʷ ʥʝ ʧʦʪʨʝʙʫʝʪʩʷ, ʜʦʩʪʘʚʢʘ ʩʦʦʙʱʝʥʠʷ 

ʨʝʘʣʠʟʫʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʄɸʉ-ʘʜʨʝʩʦʚ. ʇʨʠ ʘʜʨʝʩʘʮʠʠ ʩʦʦʙʱʝʥʠʷ ʫʟʣʫ 

ʚ ʫʜʘʣʝʥʥʦʡ ʩʝʪʠ ʧʝʨʝʩʳʣʢʘ ʜʘʥʥʳʭ ʧʨʦʠʩʭʦʜʠʪ ʯʝʨʝʟ ʤʘʨʰʨʫʪʠʟʘʪʦʨ,  

ʧʦʜʢʣʶʯʝʥʥʳʡ ʢ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ, ʠ ʥʘʟʳʚʘʝʤʳʡ ʰʣʶʟʦʤ ʧʦ ʫʤʦʣʯʘʥʠʶ 

(Default Gateway). ʊʦʯʥʝʝ, ʰʣʶʟʦʤ ʧʦ ʫʤʦʣʯʘʥʠʶ ʥʘʟʳʚʘʝʪʩʷ ʚʭʦʜʥʦʡ 

ʠʥʪʝʨʬʝʡʩ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ, ʯʝʨʝʟ ʢʦʪʦʨʳʡ ʧʘʢʝʪʳ ʠʟ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ 

ʧʝʨʝʩʳʣʘʶʪʩʷ ʚ ʫʜʘʣʝʥʥʳʝ ʩʝʪʠ. 

ʄʘʨʰʨʫʪʠʟʘʪʦʨ ʦʮʝʥʠʚʘʝʪ ʜʦʩʪʫʧʥʳʝ ʧʫʪʠ ʢ ʘʜʨʝʩʘʪʫ ʥʘʟʥʘʯʝʥʠʷ ʠ 

ʚʳʙʠʨʘʝʪ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳʡ ʤʘʨʰʨʫʪ ʥʘ ʦʩʥʦʚʝ ʥʝʢʦʪʦʨʦʛʦ ʢʨʠʪʝʨʠʷ ï 

ʤʝʪʨʠʢʠ. ʇʨʠ ʦʮʝʥʢʝ ʚʦʟʤʦʞʥʳʭ ʧʫʪʝʡ ʤʘʨʰʨʫʪʠʟʘʪʦʨʳ ʠʩʧʦʣʴʟʫʶʪ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʪʦʧʦʣʦʛʠʠ ʩʝʪʠ. ʕʪʘ ʠʥʬʦʨʤʘʮʠʷ ʤʦʞʝʪ ʙʳʪʴ 

ʩʢʦʥʬʠʛʫʨʠʨʦʚʘʥʘ ʩʝʪʝʚʳʤ ʘʜʤʠʥʠʩʪʨʘʪʦʨʦʤ ʠʣʠ ʩʦʙʨʘʥʘ ʚ ʭʦʜʝ ʧʨʦʮʝʩʩʘ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʦʙʤʝʥʘ ʩʣʫʞʝʙʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʤʝʞʜʫ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤʠ, 

ʢʦʪʦʨʳʡ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʩʝʪʠ ʧʨʦʪʦʢʦʣʘʤʠ ʤʘʨʰʨʫʪʠʟʘʮʠʠ.  

ʇʨʦʮʝʩʩ ʧʨʦʢʣʘʜʳʚʘʥʠʷ ʤʘʨʰʨʫʪʘ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʦʪ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʢ ʤʘʨʰʨʫʪʠʟʘʪʦʨʫ. ʇʨʠ ʧʨʦʢʣʘʜʳʚʘʥʠʠ ʧʫʪʠ ʜʣʷ ʧʘʢʝʪʘ 

ʢʘʞʜʳʡ ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʘʥʘʣʠʟʠʨʫʝʪ ʩʝʪʝʚʫʶ ʯʘʩʪʴ ʘʜʨʝʩʘ ʫʟʣʘ ʥʘʟʥʘʯʝʥʠʷ, 

ʟʘʜʘʥʥʦʛʦ ʚ ʟʘʛʦʣʦʚʢʝ ʧʦʩʪʫʧʠʚʰʝʛʦ ʧʘʢʝʪʘ, ʪ.ʝ. ʚʳʯʣʝʥʷʝʪ ʘʜʨʝʩ ʩʝʪʠ 

ʥʘʟʥʘʯʝʥʠʷ ʠʟ ʘʜʨʝʩʘ ʫʟʣʘ. ɿʘʪʝʤ ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʦʙʨʘʱʘʝʪʩʷ ʢ ʪʘʙʣʠʮʝ 

ʤʘʨʰʨʫʪʠʟʘʮʠʠ, ʚ ʢʦʪʦʨʦʡ ʭʨʘʥʷʪʩʷ ʘʜʨʝʩʘ ʚʩʝʭ ʜʦʩʪʫʧʥʳʭ ʩʝʪʝʡ, ʠ 

ʦʧʨʝʜʝʣʷʝʪ ʩʚʦʡ ʚʳʭʦʜʥʦʡ ʠʥʪʝʨʬʝʡʩ, ʥʘ ʢʦʪʦʨʳʡ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʜʘʪʴ 

(ʧʨʦʜʚʠʥʫʪʴ) ʧʘʢʝʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʨʝʪʨʘʥʩʣʠʨʫʝʪ ʧʘʢʝʪ, 

ʧʨʦʜʚʠʛʘʷ ʝʛʦ ʩ ʚʭʦʜʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʥʘ ʚʳʭʦʜʥʦʡ, ʜʣʷ ʯʝʛʦ ʠʩʧʦʣʴʟʫʝʪ 

ʩʝʪʝʚʫʶ ʯʘʩʪʴ ʘʜʨʝʩʘ ʥʘʟʥʘʯʝʥʠʷ ʠ ʦʙʨʘʱʘʝʪʩʷ ʢ ʪʘʙʣʠʮʝ 

ʤʘʨʰʨʫʪʠʟʘʮʠʠ. 
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ɺ ʧʨʦʮʝʩʩʝ ʧʝʨʝʜʘʯʠ ʧʘʢʝʪʦʚ ʦʪ ʢʦʥʝʯʥʦʛʦ ʫʟʣʘ xi ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ ʍ 

ʯʝʨʝʟ ʤʘʨʰʨʫʪʠʟʘʪʦʨ RA ʜʦ ʫʟʣʘ yj, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʩʝʪʠ Y, ʧʨʠʩʦʝʜʠʥʝʥʥʦʡ 

ʢ  ʤʘʨʰʨʫʪʠʟʘʪʦʨʫ Rɺ (ʨʠʩ. 5.4), ʤʦʞʝʪ ʙʳʪʴ ʚʳʙʨʘʥ ʦʜʠʥ ʠʟ ʧʫʪʝʡ:  

1. ʏʝʨʝʟ ʤʘʨʰʨʫʪʠʟʘʪʦʨ Rʉ; 

2. ʏʝʨʝʟ ʤʘʨʰʨʫʪʠʟʘʪʦʨʳ RD ʠ RE; 

3. ʏʝʨʝʟ ʤʘʨʰʨʫʪʠʟʘʪʦʨʳ RF, RG ʠ RH. 

ʇʘʢʝʪ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʡ ʫʟʣʦʤ xi ʚ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ ʍ ʠ ʧʨʠʥʷʪʳʡ ʥʘ 

ʚʭʦʜʥʦʤ ʠʥʪʝʨʬʝʡʩʝ 1a, ʤʘʨʰʨʫʪʠʟʘʪʦʨ RA ʜʦʣʞʝʥ ʧʝʨʝʜʘʪʴ (ʧʨʦʜʚʠʥʫʪʴ) ʥʘ 

ʜʨʫʛʦʡ (ʚʳʭʦʜʥʦʡ) ʠʥʪʝʨʬʝʡʩ ʥʘ ʧʫʪʠ ʢ ʘʜʨʝʩʘʪʫ ʥʘʟʥʘʯʝʥʠʷ (2a, 3a ʠʣʠ 4a). 
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ʈʠʩ. 5.4. ʆʧʨʝʜʝʣʝʥʠʷ ʧʫʪʠ ʧʘʢʝʪʘ 
 

ʆʮʝʥʢʘ ʠ ʚʳʙʦʨ ʥʘʠʣʫʯʰʝʛʦ ʧʫʪʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʤʝʪʨʠʢʠ. 

ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʤʝʪʨʠʢʘ ʫʯʠʪʳʚʘʝʪ ʪʦʣʴʢʦ ʢʦʣʠʯʝʩʪʚʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʚ ʥʘ 

ʧʫʪʠ ʢ ʘʜʨʝʩʘʪʫ, ʪʦ ʙʫʜʝʪ ʚʳʙʨʘʥ ʧʝʨʚʳʡ (ʚʝʨʭʥʠʡ) ʤʘʨʰʨʫʪ. ɽʩʣʠ ʞʝ 

ʤʝʪʨʠʢʘ ʫʯʠʪʳʚʘʝʪ ʧʦʣʦʩʫ ʧʨʦʧʫʩʢʘʥʠʷ ʣʠʥʠʡ ʩʚʷʟʠ, ʩʦʝʜʠʥʷʶʱʠʭ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʳ, ʪʦ ʤʦʞʝʪ ʙʳʪʴ ʚʳʙʨʘʥ ʚʪʦʨʦʡ ʠʣʠ ʪʨʝʪʠʡ ʤʘʨʰʨʫʪ ʧʨʠ 

ʫʩʣʦʚʠʠ, ʯʪʦ ʥʘ ʵʪʦʤ ʧʫʪʠ ʙʫʜʫʪ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦʧʦʣʦʩʥʳʝ ʣʠʥʠʠ ʩʚʷʟʠ. 

ʄʘʨʰʨʫʪʠʟʘʪʦʨʳ ʚ ʮʝʣʦʤ ʩʝʪʝʚʦʛʦ ʘʜʨʝʩʘ ʥʝ ʠʤʝʶʪ, ʥʦ ʢʘʞʜʳʡ 

ʠʥʪʝʨʬʝʡʩ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʠʤʝʝʪ ʫʥʠʢʘʣʴʥʳʡ ʘʜʨʝʩ, ʩʝʪʝʚʘʷ ʯʘʩʪʴ ʢʦʪʦʨʦʛʦ 

ʩʦʚʧʘʜʘʝʪ ʩ ʘʜʨʝʩʦʤ ʩʝʪʠ, ʩʦʝʜʠʥʝʥʥʦʡ ʩ ʜʘʥʥʳʤ ʠʥʪʝʨʬʝʡʩʦʤ. ɺ 

ʧʨʠʚʝʜʝʥʥʦʤ ʚʳʰʝ ʧʨʠʤʝʨʝ (ʨʠʩ. 5.4) ʩʝʪʝʚʘʷ ʯʘʩʪʴ ʘʜʨʝʩʘ ʠʥʪʝʨʬʝʡʩʘ 1ʘ 

ʩʦʚʧʘʜʘʝʪ ʩ ʘʜʨʝʩʦʤ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ X, ʛʜʝ ʥʘʭʦʜʠʪʩʷ ʠʩʪʦʯʥʠʢ ʩʦʦʙʱʝʥʠʷ ï 

ʢʦʥʝʯʥʳʡ ʫʟʝʣ xi.  
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ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʠʣʫʯʰʝʛʦ ʧʫʪʠ ʢ ʩʝʪʠ ʥʘʟʥʘʯʝʥʠʷ (ʩʝʪʴ Y ʩ ʫʟʣʦʤ 

ʥʘʟʥʘʯʝʥʠʷ yj) ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʠʩʧʦʣʴʟʫʝʪ ʪʘʙʣʠʮʫ ʤʘʨʰʨʫʪʠʟʘʮʠʠ, 

ʦʩʥʦʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʢʦʪʦʨʦʡ ʷʚʣʷʶʪʩʷ ʘʜʨʝʩ (ʥʦʤʝʨ) ʩʝʪʠ ʥʘʟʥʘʯʝʥʠʷ ʠ 

ʘʜʨʝʩ ʚʭʦʜʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʩʣʝʜʫʶʱʝʛʦ (ʩʦʩʝʜʥʝʛʦ) ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʥʘ ʧʫʪʠ 

ʢ ʘʜʨʝʩʘʪʫ ʥʘʟʥʘʯʝʥʠʷ. ʕʪʦʪ ʘʜʨʝʩ ʠʥʪʝʨʬʝʡʩʘ ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ 

ʩʣʝʜʫʶʱʝʛʦ ʧʝʨʝʭʦʜʘ (next hop).  
 

ʇʘʨʘʤʝʪʨʳ ʪʘʙʣʠʮ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʫʩʪʨʦʡʩʪʚ ʨʘʟʥʳʭ ʬʠʨʤ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʘʧʧʘʨʘʪʫʨʳ ʤʦʛʫʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ, ʥʦ ʦʙʳʯʥʦ ʚ ʪʘʙʣʠʮʘʭ 

ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʟʘʜʘʶʪʩʷ: 

- ʠʩʪʦʯʥʠʢʠ ʩʦʟʜʘʥʥʦʛʦ ʤʘʨʰʨʫʪʘ; 

- ʘʜʨʝʩʘ ʩʝʪʝʡ ʥʘʟʥʘʯʝʥʠʷ, ʤʘʩʢʠ;  

- ʧʨʝʜʧʦʯʪʝʥʠʝ ʠʩʪʦʯʥʠʢʘ ʩʦʟʜʘʥʥʦʛʦ ʤʘʨʰʨʫʪʘ (ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʝ 

ʨʘʩʩʪʦʷʥʠʝ) ʠʣʠ ʜʨʫʛʦʡ ʘʥʘʣʦʛʠʯʥʳʡ ʧʘʨʘʤʝʪʨ; 

- ʟʥʘʯʝʥʠ ̫ʤʝʪʨʠʢʠ; 

- ʘʜʨʝʩʘ ʩʣʝʜʫʶʱʝʛʦ ʧʝʨʝʭʦʜʘ (next hop); 

- ʚʳʭʦʜʥʦʡ ʠʥʪʝʨʬʝʡʩ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʥʘ ʧʫʪʠ ʢ ʩʝʪʠ ʥʘʟʥʘʯʝʥʠʷ. 
 

ɺ ʪʘʙʣʠʮʝ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʫʢʘʟʳʚʘʶʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ (ʧʨʷʤʦ) 

ʧʨʠʩʦʝʜʠʥʝʥʥʳʝ ʩʝʪʠ (directly connected) ʠ ʤʘʨʰʨʫʪʳ ʢ ʫʜʘʣʝʥʥʳʤ ʩʝʪʷʤ.  

ɽʩʣʠ ʚ ʪʘʙʣʠʮʝ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʥʝ ʩʦʟʜʘʥ ʧʫʪʴ ʢ ʩʝʪʠ ʥʘʟʥʘʯʝʥʠʷ 

ʧʘʢʝʪʘ, ʪʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʦʪʙʨʘʩʳʚʘʝʪ (discard) ʪʘʢʦʡ ʧʘʢʝʪ. ʆʜʥʘʢʦ ʥʘ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʝ ʤʦʞʥʦ ʩʢʦʥʬʠʛʫʨʠʨʦʚʘʪʴ ʤʘʨʰʨʫʪ ʧʦ ʫʤʦʣʯʘʥʠʶ, ʢʦʛʜʘ 

ʧʘʢʝʪʳ ʩ ʥʝʟʘʜʘʥʥʳʤʠ ʚ ʪʘʙʣʠʮʝ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʘʜʨʝʩʘʤʠ ʩʝʪʠ ʥʘʟʥʘʯʝʥʠʷ, 

ʙʫʜʫʪ ʧʝʨʝʩʳʣʘʪʴʩʷ ʯʝʨʝʟ ʦʧʨʝʜʝʣʝʥʥʳʡ ʠʥʪʝʨʬʝʡʩ, ʥʘʟʳʚʘʝʤʳʡ çʰʣʶʟʦʤ 

ʧʦʩʣʝʜʥʝʡ ʥʘʜʝʞʜʳè ï Gateway of last resort.  

ʂʦʥʝʯʥʳʡ ʫʟʝʣ ʪʘʢʞʝ ʬʦʨʤʠʨʫʝʪ ʪʘʙʣʠʮʫ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʢ ʜʨʫʛʠʤ 

ʫʟʣʘʤ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ, ʯʪʦʙʳ ʧʘʢʝʪʳ ʥʘʧʨʘʚʣʷʣʠʩʴ ʚ ʩʝʪʴ ʥʘʟʥʘʯʝʥʠʷ. ʕʪʫ 

ʪʘʙʣʠʮʫ ʤʦʞʥʦ ʧʦʩʤʦʪʨʝʪʴ ʧʦ ʢʦʤʘʥʜʝ netstat  ïr   ʠʣʠ route  print  

ʫʟʣʘ. ʅʘ ʨʠʩ. 5.5 ʧʨʠʚʝʜʝʥʘ ʪʘʙʣʠʮʘ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʨʝʘʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ, 

ʧʦʜʢʣʶʯʝʥʥʦʛʦ ʢ ʩʝʪʠ ʀʥʪʝʨʥʝʪ.  

ʊʘʙʣʠʮʘ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʫʟʣʘ (ʭʦʩʪʘ) ʩʦʜʝʨʞʠʪ ʧʷʪʴ ʩʪʦʣʙʮʦʚ:  

- ʩʝʪʝʚʦʡ ʘʜʨʝʩ ʩʦʜʝʨʞʠʪ ʘʜʨʝʩʘ ʜʦʩʪʫʧʥʳʭ ʩʝʪʝʡ ʥʘʟʥʘʯʝʥʠʷ;  

- ʤʘʩʢʠ ʩʝʪʠ ʦʧʨʝʜʝʣʷʶʪ ʩʝʪʝʚʫʶ ʯʘʩʪʴ ʘʜʨʝʩʘ;  
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- ʘʜʨʝʩ ʰʣʶʟʘ, ʯʝʨʝʟ ʢʦʪʦʨʳʡ ʧʘʢʝʪʳ ʤʦʛʫʪ ʧʝʨʝʜʘʚʘʪʴʩʷ ʟʘ ʧʨʝʜʝʣʳ 

ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ;  

- ʠʥʪʝʨʬʝʡʩ ʧʨʝʜʩʪʘʚʣʷʝʪ IP-ʘʜʨʝʩ ʬʠʟʠʯʝʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʫʟʣʘ, ʯʝʨʝʟ 

ʢʦʪʦʨʳʡ ʧʘʢʝʪʳ ʥʘʧʨʘʚʣʷʶʪʩʷ ʢ ʰʣʶʟʫ;  

- ʤʝʪʨʠʢʫ ʠʩʧʦʣʴʟʫʝʪ ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʠʣʫʯʰʝʛʦ 

ʧʫʪʠ ʢ ʫʩʪʨʦʡʩʪʚʫ ʥʘʟʥʘʯʝʥʠʷ. 

 

 
 

ʈʠʩ. 5.5. ʊʘʙʣʠʮʘ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʢʦʥʝʯʥʦʛʦ ʫʟʣʘ 
 

ʉʘʤʳʡ ʧʝʨʚʳʡ ʧʫʪʴ ʩ ʘʜʨʝʩʦʤ 0.0.0.0 ʠ ʤʘʩʢʦʡ 0.0.0.0 ʷʚʣʷʝʪʩʷ 

ʤʘʨʰʨʫʪʦʤ ʧʦ ʫʤʦʣʯʘʥʠʶ. ɺʩʝ ʧʘʢʝʪʳ, ʫ ʢʦʪʦʨʳʭ ʘʜʨʝʩʘ ʩʝʪʝʡ ʥʘʟʥʘʯʝʥʠʷ 

ʩ ʣʶʙʳʤʠ ʤʘʩʢʘʤʠ ʦʪʩʫʪʩʪʚʫʶʪ ʚ ʪʘʙʣʠʮʝ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʭʦʩʪʘ, 

ʧʝʨʝʩʳʣʘʶʪʩʷ ʢ ʰʣʶʟʫ ʩ IP-ʘʜʨʝʩʦʤ 10.225.75.13 (ʚ ʜʘʥʥʦʤ ʧʨʠʤʝʨʝ). ʐʣʶʟ 

ʧʝʨʝʩʳʣʘʝʪ ʧʘʢʝʪ ʥʘ ʚʳʭʦʜʥʦʡ ʠʥʪʝʨʬʝʡʩ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʘʜʨʝʩʦʤ ʥʘʟʥʘʯʝʥʠʷ ʠ ʪʘʙʣʠʮʝʡ ʤʘʨʰʨʫʪʠʟʘʮʠʠ. ɼʣʷ ʘʜʨʝʩʘʮʠʠ ʫʟʣʦʚ ʚʥʫʪʨʠ 

ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ ʰʣʶʟ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ. ʋʟʣʳ ʜʦʣʞʥʳ ʩʦʟʜʘʚʘʪʴ ʠ 

ʧʦʜʜʝʨʞʠʚʘʪʴ ʩʦʙʩʪʚʝʥʥʫʶ ʣʦʢʘʣʴʥʫʶ ʪʘʙʣʠʮʫ ʤʘʨʰʨʫʪʠʟʘʮʠʠ. 
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ɺʦʧʨʦʩʳ ʧʦ ʨʘʟʜʝʣʫ 5 

 

1. ʂʘʢʠʝ ʫʩʪʨʦʡʩʪʚʘ ʦʙʲʝʜʠʥʷʶʪ LAN ʚ ʨʘʩʧʨʝʜʝʣʝʥʥʫʶ ʩʦʩʪʘʚʥʫʶ ʩʝʪʴ? 

2. ʂʘʢʠʝ ʩʝʪʝʚʳʝ ʧʨʦʪʦʢʦʣʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʝʪʠ ʀʥʪʝʨʥʝʪ? 

3. ʇʦʯʝʤʫ ʜʝʡʪʘʛʨʘʤʤʥʳʡ ʩʧʦʩʦʙ ʜʦʩʪʘʚʢʠ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤ?  

4. ʏʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʜʝʞʥʦʩʪ ɹʜʦʩʪʘʚʢʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʜʝʡʪʘʛʨʘʤʤʥʳʭ ʩʝʪʝʚʳʭ ʧʨʦʪʦʢʦʣʦʚ? 

5. ʅʘ ʦʩʥʦʚʘʥʠʠ ʯʝʛʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʨʝʪʨʘʥʩʣʠʨʫʝʪ ʧʘʢʝʪ, ʧʨʦʜʚʠʛʘʷ ʝʛʦ ʩ 

ʚʭʦʜʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʥʘ ʚʳʭʦʜʥʦʡ? 

6. ʏʪʦ ʩʣʫʞʠʪ ʦʮʝʥʢʦʡ ʥʘʠʣʫʯʰʝʛʦ ʧʫʪʠ ʢ ʘʜʨʝʩʘʪʫ ʥʘʟʥʘʯʝʥʠʷ? 

7. ʂʘʢʠʝ ʧʦʣʷ ʟʘʛʦʣʦʚʢʘ IPv4, IPv6 ʦʧʨʝʜʝʣʷʶʪ ʧʨʠʦʨʠʪʝʪ ʧʘʢʝʪʘ? 

8. ɼʣʷ ʯʝʛʦ ʚʚʝʜʝʥʦ ʥʦʚʦʝ ʧʦʣʝ IPv6 çʄʝʪʢʘ ʧʦʪʦʢʘè (FL)? 

9. ʇʦʯʝʤʫ ʧʨʦʪʦʢʦʣ IPv6 ʥʝ ʬʨʘʛʤʝʥʪʠʨʫʝʪ ʧʘʢʝʪʳ? ʅʘ ʢʦʛʦ ʚʦʟʣʦʞʝʥʘ ʵʪʘ 

ʬʫʥʢʮʠʷ? 

10. ʂʘʢʦʝ ʧʦʣʝ, ʚʤʝʩʪʦ çɺʨʝʤʷ ʞʠʟʥʠè (TTL) ʧʨʦʪʦʢʦʣʘ IPv4, ʚʚʝʜʝʥʦ ʚ 

ʟʘʛʦʣʦʚʢʝ IPv6?  

11. ʂʘʢʫʶ ʠʥʬʦʨʤʘʮʠʶ ʩʦʜʝʨʞʘʪ ʥʝʦʙʷʟʘʪʝʣʴʥʳʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

(ʨʘʩʰʠʨʝʥʥʳʝ) ʟʘʛʦʣʦʚʢʠ IPv6? 

12. ʂʘʢʦʡ ʨʘʟʤʝʨ ʘʜʨʝʩʘ ʥʘʟʥʘʯʝʥʠʷ ʠ ʠʩʪʦʯʥʠʢʘ ʧʨʦʪʦʢʦʣʘ IPv6? 

13. ʇʦʯʝʤʫ ʚ ʩʝʪʷʭ ʧʨʦʪʦʢʦʣʘ IPv6 ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʨʘʥʩʣʷʪʦʨ NAT? 

14. ʂʘʢ ʬʦʨʤʠʨʫʶʪʩʷ ʪʘʙʣʠʮʳ ʤʘʨʰʨʫʪʠʟʘʮʠʠ? 

15. ʂʘʢʠʝ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʦʜʝʨʞʠʪ ʪʘʙʣʠʮʘ ʤʘʨʰʨʫʪʠʟʘʮʠʠ? 

16. ʏʪʦ ʦʟʥʘʯʘʝʪ ʪʝʨʤʠʥ ʘʜʨʝʩ ʩʣʝʜʫʶʱʝʛʦ ʧʝʨʝʭʦʜʘ (next hop)? 

17.  ʏʪʦ ʦʟʥʘʯʘʝʪ ʪʝʨʤʠʥ ʐʣʶʟ ʧʦ ʫʤʦʣʯʘʥʠʶ? 

18. ʂʘʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩʦʜʝʨʞʠʪ ʪʘʙʣʠʮʘ ʤʘʨʱʨʫʪʠʟʘʮʠʠ? 

19. ɼʣʷ ʯʝʛʦ ʫʟʣʳ ʜʦʣʞʥʳ ʩʦʟʜʘʚʘʪʴ ʠ ʧʦʜʜʝʨʞʠʚʘʪʴ ʩʦʙʩʪʚʝʥʥʫʶ ʣʦʢʘʣʴʥʫʶ 

ʪʘʙʣʠʮʫ ʤʘʨʰʨʫʪʠʟʘʮʠʠ? 

 

 

ʋʧʨʘʞʥʝʥʠʷ   
 

1. ʇʦʷʩʥʠʪʝ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʢʦʡ ʣʠʥʠʠ ʩʦʟʜʘʝʪʩʷ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʳʡ 
ʬʘʡʣ, ʠ ʛʜʝ ʦʥ ʤʦʞʝʪ ʩʦʭʨʘʥʷʪʴʩʷ.  

2. ʀʟʦʙʨʘʟʠʪʝ ʩʭʝʤʫ ʩʦʩʪʘʚʥʦʡ ʩʝʪʠ ʠʟ ʯʝʪʳʨʝʭ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʚ, 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʭ ʯʝʨʝʟ FastEthernet ʠʥʪʝʨʬʝʡʩʳ. ʆʙʦʟʥʘʯʴʪʝ 

ʠʥʪʝʨʬʝʡʩʳ. ʋʢʘʞʠʪʝ, ʄɸʉ-ʘʜʨʝʩʘ ʢʘʢʠʭ ʠʥʪʝʨʬʝʡʩʦʚ ʙʫʜʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʘʜʨʝʩʦʚ ʠʩʪʦʯʥʠʢʦʚ ʠ ʘʜʨʝʩʦʚ ʥʘʟʥʘʯʝʥʠʷ 

ʧʝʨʝʜʘʚʘʝʤʳʭ ʢʘʜʨʘʭ ʧʨʠ ʠʭ ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ ʢʘʞʜʳʡ ʤʘʨʰʨʫʪʠʟʘʪʦʨ.  

3. ʋʢʘʞʠʪʝ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʪʘʙʣʠʮʳ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ɺ 
(ʨʠʩ. 6.5), ʜʣʷ ʯʝʛʦ ʠʩʧʦʣʴʟʫʡʪʝ ʨʘʩʧʝʯʘʪʢʫ.  

4. ʇʦʷʩʥʠʪʝ, ʢʘʢʠʝ ʧʘʨʘʤʝʪʨʳ ʤʦʞʥʦ ʧʦʩʤʦʪʨʝʪʴ ʥʘ ʢʘʞʜʦʤ ʢʦʥʝʯʥʦʤ ʫʟʣʝ 
ʧʦ ʢʦʤʘʥʜʝ ipconfig /all.  
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6. ʊʈɸʅʉʇʆʈʊʅʓʁ ʋʈʆɺɽʅʔ ʄʆɼɽʃɽʁ OSI, TCP/IP 

 

6.1. ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ ʦ ʪʨʘʥʩʧʦʨʪʥʦʤ ʫʨʦʚʥʝ 

 

ʆʩʥʦʚʥʦʡ ʬʫʥʢʮʠʝʡ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʫʨʦʚʥʷ ʷʚʣʷʝʪʩʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ 

ʩʦʦʙʱʝʥʠʡ ʤʝʞʜʫ ʧʨʠʣʦʞʝʥʠʷʤʠ ʫʟʣʘ ʠʩʪʦʯʥʠʢʘ ʠ ʫʟʣʘ ʥʘʟʥʘʯʝʥʠʷ. 

ʇʨʠʣʦʞʝʥʠʝ ʫʟʣʘ ʠʩʪʦʯʥʠʢʘ ʬʦʨʤʠʨʫʝʪ ʩʦʦʙʱʝʥʠʝ ʠ ʧʝʨʝʜʘʝʪ ʝʛʦ ʥʘ 

ʧʨʠʣʦʞʝʥʠʝ ʫʟʣʘ ʥʘʟʥʘʯʝʥʠʷ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʤʘʨʰʨʫʪʘ, ʪ.ʝ. ʥʝʟʘʚʠʩʠʤʦ ʦʪ 

ʧʨʦʪʦʢʦʣʦʚ ʩʝʪʝʚʦʛʦ ʫʨʦʚʥʷ, ʠ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʩʨʝʜʳ ʧʝʨʝʜʘʯʠ, ʪ.ʝ. 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʧʨʦʪʦʢʦʣʦʚ ʢʘʥʘʣʴʥʦʛʦ ʠ ʬʠʟʠʯʝʩʢʦʛʦ ʫʨʦʚʥʝʡ. ʊʨʘʥʩʧʦʨʪʥʳʡ 

ʫʨʦʚʝʥʴ ʨʝʘʣʠʟʫʝʪ ʫʧʨʘʚʣʝʥʠʝ ʧʦʪʦʢʦʤ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʠʩʪʦʯʥʠʢʘ ʜʦ 

ʫʩʪʨʦʡʩʪʚʘ ʥʘʟʥʘʯʝʥʠʷ.  

ʊʨʘʥʩʧʦʨʪʥʳʡ  ʫʨʦʚʝʥʴ ʜʝʣʠʪ ʙʦʣʴʰʦʝ ʩʦʦʙʱʝʥʠʝ ʫʟʣʘ ʠʩʪʦʯʥʠʢʘ 

ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʯʘʩʪʠ, ʧʨʠ ʵʪʦʤ ʜʦʙʘʚʣʷʝʪ ʟʘʛʦʣʦʚʦʢ ʠ ʬʦʨʤʠʨʫʝʪ ʩʝʛʤʝʥʪʳ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʦʙʲʝʤʘ, ʘ ʢʦʨʦʪʢʠʝ ʩʦʦʙʱʝʥʠʷ ʤʦʞʝʪ ʦʙʲʝʜʠʥʷʪʴ ʚ ʦʜʠʥ 

ʩʝʛʤʝʥʪ. ɺ ʫʟʣʝ ʥʘʟʥʘʯʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʪʥʳʡ ʧʨʦʮʝʩʩ. ɺ ʟʘʛʦʣʦʚʢʝ 

ʩʝʛʤʝʥʪʘ ʟʘʜʘʶʪʩʷ ʥʦʤʝʨʘ ʧʦʨʪʘ ʠʩʪʦʯʥʠʢʘ ʠ ʥʘʟʥʘʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʘʜʨʝʩʫʶʪ 

ʩʣʫʞʙʳ ʚʝʨʭʥʝʛʦ ʧʨʠʢʣʘʜʥʦʛʦ ʫʨʦʚʥʷ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʦʛʦ ʩʝʛʤʝʥʪʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʪʨʘʥʩʧʦʨʪʥʳʡ ʫʨʦʚʝʥʴ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʥʘʜʝʞʥʫʶ ʜʦʩʪʘʚʢʫ 

ʧʘʢʝʪʦʚ. ʇʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʧʦʪʝʨʴ ʠ ʦʰʠʙʦʢ ʥʘ ʵʪʦʤ ʫʨʦʚʥʝ ʬʦʨʤʠʨʫʝʪʩʷ 

ʟʘʧʨʦʩ ʧʦʚʪʦʨʥʦʡ ʧʝʨʝʜʘʯʠ, ʧʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʪʦʢʦʣ TCP. ʂʦʛʜʘ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʠ ʧʨʦʚʝʨʢʠ ʧʨʘʚʠʣʴʥʦʩʪʠ 

ʜʦʩʪʘʚʣʝʥʥʦʛʦ ʩʦʦʙʱʝʥʠʷ ʦʪʩʫʪʩʪʚʫʝʪ, ʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʦʣʝʝ ʧʨʦʩʪʦʡ ʠ 

ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʠʡ ʧʨʦʪʦʢʦʣ ʜʝʡʪʘʛʨʘʤʤ ʧʦʣʴʟʦʚʘʪʝʣʷ (User Datagram 

Protocol ï UDP).  

ʊʨʘʥʩʧʦʨʪʥʳʡ ʫʨʦʚʝʥʴ ʤʦʜʝʣʝʡ OSI ʠ TCP/IP ʦʜʠʥʘʢʦʚ ʢʘʢ ʧʦ 

ʬʫʥʢʮʠʷʤ, ʪʘʢ ʠ ʧʦ ʥʘʟʚʘʥʠʶ. ʊʝʨʤʠʥ TCP/IP ï ʵʪʦ ʢʦʤʙʠʥʘʮʠʷ ʜʚʫʭ 

ʧʨʦʪʦʢʦʣʦʚ. ʇʨʦʪʦʢʦʣ IP ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʥʘ ʩʝʪʝʚʦʤ ʋʨʦʚʥʝ 3 ʤʦʜʝʣʠ OSI, 

ʦʥ ʷʚʣʷʝʪʩʷ ʧʨʦʪʦʢʦʣʦʤ ʜʝʡʪʘʛʨʘʤʤʥʦʛʦ ʪʠʧʘ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ (connectionless), ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʩʪʘʚʢʫ ʩʦʦʙʱʝʥʠʷ ʯʝʨʝʟ 

ʩʝʪʴ ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ, ʪ.ʝ. ʜʦʩʪʘʚʢʫ ʩ ʥʘʠʙʦʣʴʰʠʤʠ ʚʦʟʤʦʞʥʳʤʠ ʫʩʠʣʠʷʤʠ 

(best-effort delivery), ʥʦ ʙʝʟ ʛʘʨʘʥʪʠʡ, ʪ.ʝ. ʜʦʩʪʘʚʢʘ ʥʝ ʥʘʜʝʞʥʘʷ.  

ʇʨʦʪʦʢʦʣ ʫʧʨʘʚʣʝʥʠʷ ʧʝʨʝʜʘʯʝʡ TCP ʨʘʙʦʪʘʝʪ ʥʘ ʪʨʘʥʩʧʦʨʪʥʦʤ 

ʋʨʦʚʥʝ 4 ʤʦʜʝʣʠ OSI ʠ ʷʚʣʷʝʪʩʷ ʧʨʦʪʦʢʦʣʦʤ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ ʥʘ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʩʦʝʜʠʥʝʥʠʝ (connection-oriented), ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʥʪʨʦʣʴ 
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ʧʦʪʦʢʘ ʠ ʥʘʜʝʞʥʦʩʪʴ ʜʦʩʪʘʚʢʠ. ʂʦʛʜʘ ʵʪʠ ʧʨʦʪʦʢʦʣʳ (TCP/IP) ʦʙʲʝʜʠʥʝʥʳ, 

ʦʥʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʦʣʝʝ ʰʠʨʦʢʠʡ ʦʙʲʝʤ ʫʩʣʫʛ: ʤʘʣʫʶ ʟʘʜʝʨʞʢʫ ʠ ʚʳʩʦʢʫʶ 

ʥʘʜʝʞʥʦʩʪʴ. ɺʩʝʤʠʨʥʘʷ ʩʝʪʴ ʀʥʪʝʨʥʝʪ ʩʪʨʦʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʥʘʙʦʨʘ (ʩʪʝʢʘ) 

ʧʨʦʪʦʢʦʣʦʚ TCP/IP. 

ʂʦʥʪʨʦʣʴ ʜʦʩʪʘʚʢʠ ʩʦʦʙʱʝʥʠʷ ʠʟ ʦʜʥʦʛʦ ʢʦʥʮʘ ʩʦʝʜʠʥʝʥʠʷ ʜʦ ʜʨʫʛʦʛʦ 

ʠ ʥʘʜʝʞʥʦʩʪʴ ʦʙʝʩʧʝʯʝʥʳ ʮʝʣʳʤ ʨʷʜʦʤ ʧʘʨʘʤʝʪʨʦʚ, ʧʝʨʝʜʘʚʘʝʤʳʭ ʚ 

ʟʘʛʦʣʦʚʢʘʭ ʩʝʛʤʝʥʪʦʚ:  

ʥʦʤʝʨʘʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʝʨʝʜʘʚʘʝʤʳʭ ʩʝʛʤʝʥʪʦʚ ʜʘʥʥʳʭ, 

ʨʘʟʤʝʨʦʤ, ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ, ʩʢʦʣʴʟʷʱʝʛʦ ʦʢʥʘ,   

ʢʚʠʪʠʨʦʚʘʥʠʝʤ, ʪ.ʝ. ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʧʨʠʝʤʘ ʩʦʦʙʱʝʥʠʷ.  

ʊʨʘʥʩʧʦʨʪʥʳʡ ʫʨʦʚʝʥʴ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʣʦʛʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ ʤʝʞʜʫ 

ʜʚʫʤʷ ʢʦʥʝʯʥʳʤʠ ʪʦʯʢʘʤʠ ʩʝʪʠ. ʇʨʦʪʦʢʦʣʳ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʫʨʦʚʥʷ 

ʩʝʛʤʝʥʪʠʨʫʶʪ ʜʘʥʥʳʝ, ʧʦʩʣʘʥʥʳʝ ʧʨʠʣʦʞʝʥʠʷʤʠ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ ʥʘ 

ʧʝʨʝʜʘʶʱʝʡ ʩʪʦʨʦʥʝ, ʠ ʧʦʚʪʦʨʥʦ ʩʦʙʠʨʘʶʪ (ʨʝʘʩʩʝʤʙʣʠʨʫʶʪ) ʠʟ ʧʦʣʫʯʝʥʥʳʭ 

ʩʝʛʤʝʥʪʦʚ ʮʝʣʦʝ ʩʦʦʙʱʝʥʠʝ ʥʘ ʧʨʠʝʤʥʦʡ ʩʪʦʨʦʥʝ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʪʦʢʦʣʳ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʫʨʦʚʥʷ ʨʝʘʣʠʟʫʶʪ 

ʩʝʛʤʝʥʪʘʮʠʶ ʜʘʥʥʳʭ ʠ ʧʦʚʪʦʨʥʫʶ ʩʙʦʨʢʫ ʮʝʣʦʛʦ ʩʦʦʙʱʝʥʠʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ 

ʩʝʛʤʝʥʪʦʚ. ɹʦʣʴʰʠʥʩʪʚʦ ʩʝʪʝʡ ʠʤʝʝʪ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʦʙʲʝʤ ʧʝʨʝʜʘʚʘʝʤʳʭ 

ʩʦʦʙʱʝʥʠʡ. ʇʦʵʪʦʤʫ ʊʨʘʥʩʧʦʨʪʥʳʡ ʫʨʦʚʝʥʴ ʜʝʣʠʪ ʙʦʣʴʰʦʝ ʩʦʦʙʱʝʥʠʝ 

ʫʨʦʚʥʷ ʧʨʠʣʦʞʝʥʠʡ ʥʘ ʩʝʛʤʝʥʪʳ ʜʘʥʥʳʭ, ʨʘʟʤʝʨ ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʪʨʝʙʦʚʘʥʠʷʤ ʧʨʦʪʦʢʦʣʘ ʝʜʠʥʠʮ ʜʘʥʥʳʭ (Protocol Data Unit ï PDU) ʙʦʣʝʝ 

ʥʠʟʢʠʭ ʫʨʦʚʥʝʡ ʩʝʪʝʚʦʡ ʤʦʜʝʣʠ. ʂʨʦʤʝ ʪʦʛʦ, ʝʩʣʠ ʚ ʧʨʦʮʝʩʩʝ ʢʦʥʪʨʦʣʷ 

ʦʙʥʘʨʫʞʠʪʩʷ, ʯʪʦ ʧʨʠʥʷʪʦʝ ʩʦʦʙʱʝʥʠʝ ʩʦʜʝʨʞʠʪ ʦʰʠʙʢʫ, ʪʦ ʚʦʟʥʠʢʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʚʪʦʨʥʦʡ ʧʝʨʝʜʘʯʠ ʚʩʝʛʦ ʙʦʣʴʰʦʛʦ ʩʦʦʙʱʝʥʠʷ. ʇʨʠ 

ʦʙʥʘʨʫʞʝʥʠʠ ʦʰʠʙʢʠ ʚ ʦʜʥʦʤ ʠʟ ʧʨʠʥʷʪʳʭ ʩʝʛʤʝʥʪʦʚ ʪʦʣʴʢʦ ʜʘʥʥʳʡ ʩʝʛʤʝʥʪ 

ʙʫʜʝʪ ʧʝʨʝʜʘʥ ʧʦʚʪʦʨʥʦ.  

ʄʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʝ ʩʝʛʤʝʥʪʦʚ ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʝʨʝʜʘʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʧʦʪʦʢʠ ʜʘʥʥʳʭ. ʇʨʠ ʵʪʦʤ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʧʦʪʦʢ ʧʝʨʝʜʘʚʘʝʤʳʭ ʩʦʦʙʱʝʥʠʡ, ʥʘʧʨʠʤʝʨ ʚʠʜʝʦ-ʧʦʪʦʢ, 

ʥʝ ʟʘʙʣʦʢʠʨʫʝʪ ʜʨʫʛʠʝ ʩʦʦʙʱʝʥʠʷ. 

ʅʘ ʢʘʞʜʦʤ ʢʦʥʝʯʥʦʤ ʫʟʣʝ ʩʝʪʠ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʫʱʝʥʦ ʤʥʦʛʦ ʨʘʟʥʳʭ 

ʧʨʠʣʦʞʝʥʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʩʝʛʤʝʥʪʳ ʤʦʛʫʪ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʳ ʦʜʥʦʤʫ ʠʣʠ 

ʤʥʦʛʠʤ ʫʟʣʘʤ ʥʘʟʥʘʯʝʥʠʷ. ʇʨʦʮʝʩʩ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʧʨʠʣʦʞʝʥʠʷʤʠ 

ʠʩʪʦʯʥʠʢʘ ʠ ʥʘʟʥʘʯʝʥʠʷ ʥʘʟʳʚʘʝʪʩʷ ʩʝʘʥʩʦʤ ʩʚʷʟʠ. ʇʨʦʪʦʢʦʣʳ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 
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ʫʨʦʚʥʷ ʦʙʝʩʧʝʯʠʚʘʶʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʪʝʢʘʶʱʠʝ 

ʧʨʦʮʝʩʩʳ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ, ʪ.ʝ. ʦʪʩʣʝʞʠʚʘʶʪ ʦʪʜʝʣʴʥʳʝ ʩʝʘʥʩʳ ʩʚʷʟʠ. 

ʄʥʦʞʝʩʪʚʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʦʮʝʩʩʦʚ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ 

ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ (ʤʥʦʞʝʩʪʚʦ ʩʝʘʥʩʦʚ ʩʚʷʟʠ) ʤʦʞʝʪ ʙʳʪʴ ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʦ 

ʧʦʚʝʨʭ ʦʜʥʦʛʦ ʣʦʛʠʯʝʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ.  

ʏʪʦʙʳ ʧʝʨʝʜʘʚʘʪʴ ʧʦʪʦʢʠ ʜʘʥʥʳʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʧʨʠʣʦʞʝʥʠʷʤ, 

ʧʨʦʪʦʢʦʣ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʫʨʦʚʥʷ ʜʦʣʞʝʥ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʢʘʞʜʦʝ 

ʧʨʠʣʦʞʝʥʠʝ. ɺ ʧʨʦʪʦʢʦʣʘʭ TCP ʠ UDP ʚ ʢʘʯʝʩʪʚʝ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ 

ʧʨʠʣʦʞʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪ ʥʦʤʝʨ ʧʦʨʪʘ. ʅʦʤʝʨ ʧʦʨʪʘ ʚ ʟʘʛʦʣʦʚʢʝ ʩʝʛʤʝʥʪʘ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʫʨʦʚʥʷ ʫʢʘʟʳʚʘʝʪ, ʢʘʢʦʝ ʧʨʠʣʦʞʝʥʠʝ ʩʦʟʜʘʣʦ ʧʝʨʝʜʘʚʘʝʤʦʝ 

ʩʦʦʙʱʝʥʠʝ, ʠ ʢʘʢʦʝ ʜʦʣʞʥʦ ʦʙʨʘʙʘʪʳʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ. ʇʨʠ 

ʤʥʦʞʝʩʪʚʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʦʮʝʩʩʘʭ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʢʘʞʜʦʤʫ 

ʠʟ ʧʨʠʣʦʞʝʥʠʡ ʠʣʠ ʫʩʣʫʛ ʥʘʟʥʘʯʘʝʪʩʷ ʩʚʦʡ ʘʜʨʝʩ (ʥʦʤʝʨ ʧʦʨʪʘ) ʪʘʢ, ʯʪʦʙʳ 

ʪʨʘʥʩʧʦʨʪʥʳʡ ʫʨʦʚʝʥʴ ʤʦʛ ʦʧʨʝʜʝʣʠʪʴ, ʩ ʢʘʢʠʤ ʢʦʥʢʨʝʪʥʦ ʧʨʠʣʦʞʝʥʠʝʤ ʠʣʠ 

ʩʣʫʞʙʦʡ ʜʦʣʞʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʧʝʨʝʜʘʚʘʝʤʳʝ ʜʘʥʥʳʝ. 

ʇʨʦʪʦʢʦʣ ʢʦʥʪʨʦʣʷ ʧʝʨʝʜʘʯʠ TCP ʷʚʣʷʝʪʩʷ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ ʥʘ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʩʦʝʜʠʥʝʥʠʝ (connection-oriented). ʇʦʤʠʤʦ ʜʝʣʝʥʠʷ 

ʩʦʦʙʱʝʥʠʷ ʥʘ ʩʝʛʤʝʥʪʳ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʨʠʣʦʞʝʥʠʡ (ʟʘʜʘʥʠʝ ʥʦʤʝʨʦʚ 

ʧʦʨʪʦʚ ʠʩʪʦʯʥʠʢʘ ʠ ʥʘʟʥʘʯʝʥʠʷ) TCP ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʜʝʞʥʦʩʪʴ ʠ ʢʦʥʪʨʦʣʴ 

ʧʦʪʦʢʘ. ʆʥ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʧʨʦʪʦʢʦʣʘʤʠ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ ʧʨʠʣʦʞʝʥʠʡ: 

HTTP, SMTP, FTP, Telnet ʠ ʜʨʫʛʠʤʠ.  

ʇʨʦʪʦʢʦʣ UDP ʷʚʣʷʝʪʩʷ ʧʨʦʪʦʢʦʣʦʤ ʜʝʡʪʘʛʨʘʤʤʥʦʛʦ ʪʠʧʘ 

(connectionless), ʦʥ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʪʘʢʠʤʠ ʧʨʦʪʦʢʦʣʘʤʠ ʧʨʠʢʣʘʜʥʦʛʦ 

ʫʨʦʚʥʷ, ʢʘʢ ʩʠʩʪʝʤʘ ʜʦʤʝʥʥʳʭ ʠʤʝʥ (DNS), ʧʝʨʝʜʘʯʠ ʧʦʪʦʢʘ ʚʠʜʝʦʜʘʥʥʳʭ 

(Video Steaming), ʛʦʣʦʩ ʧʦʚʝʨʭ IP (Voice over IP) ʠ ʨʷʜʦʤ ʜʨʫʛʠʭ. ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʠʩʪʝʤʘ DNS ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʢʘʢ ʩ TCP, ʪʘʢ ʠ ʩ UDP. 

ʇʨʦʪʦʢʦʣ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʫʨʦʚʥʷ TCP ʧʦʤʠʤʦ ʜʝʣʝʥʠʷ ʩʦʦʙʱʝʥʠʷ ʥʘ 

ʩʝʛʤʝʥʪʳ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʨʠʣʦʞʝʥʠʡ ʦʙʝʩʧʝʯʠʚʘʝʪ:  

1. ʂʦʥʪʨʦʣʴ ʧʦʪʦʢʘ.  

2. ʅʘʜʝʞʥʦʩʪʴ ʜʦʩʪʘʚʢʠ ʩʦʦʙʱʝʥʠʷ.  

ʂʦʥʪʨʦʣʴ ʧʦʪʦʢʘ ʥʝʦʙʭʦʜʠʤ, ʯʪʦʙʳ ʛʘʨʘʥʪʠʨʦʚʘʪʴ, ʯʪʦ ʠʩʪʦʯʥʠʢ, 

ʧʝʨʝʜʘʚʘʷ ʜʘʥʥʳʝ ʩ ʥʝʢʦʪʦʨʦʡ ʩʢʦʨʦʩʪʴʶ, ʥʝ ʧʝʨʝʧʦʣʥʷʝʪ ʙʫʬʝʨʥʳʝ 

ʫʩʪʨʦʡʩʪʚʘ ʫʟʣʘ ʥʘʟʥʘʯʝʥʠʷ. ɽʩʣʠ ʫʟʝʣ ʥʘʟʥʘʯʝʥʠʷ ʥʝ ʤʦʞʝʪ ʦʙʨʘʙʘʪʳʚʘʪʴ 

ʜʘʥʥʳʝ ʚ ʪʝʤʧʝ ʠʭ ʧʦʩʪʫʧʣʝʥʠʷ, ʪʦ ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ ʧʝʨʝʧʦʣʥʝʥʠʝ ʙʫʬʝʨʦʚ 
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ʠ ʧʦʪʝʨʷ ʜʘʥʥʳʭ. ʋʧʨʘʚʣʝʥʠʝ ʩʢʦʨʦʩʪʴʶ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʠʟʤʝʥʝʥʠʝʤ ʨʘʟʤʝʨʘ ʦʢʥʘ (Window Size), ʢʦʪʦʨʳʡ ʫʢʘʟʳʚʘʝʪ, ʩʢʦʣʴʢʦ ʙʘʡʪ 

ʜʘʥʥʳʭ ʜʦʣʞʥʦ ʙʳʪʴ ʧʝʨʝʜʘʥʦ ʟʘ ʦʜʥʫ ʧʦʨʮʠʶ. ʇʨʠ ʧʝʨʝʧʦʣʥʝʥʠʠ ʙʫʬʝʨʥʳʭ 

ʫʩʪʨʦʡʩʪʚ ʫʟʝʣ ʥʘʟʥʘʯʝʥʠʷ ʧʦʩʳʣʘʝʪ ʠʩʪʦʯʥʠʢʫ ʪʨʝʙʦʚʘʥʠʝ ʫʤʝʥʴʰʝʥʠʷ 

ʨʘʟʤʝʨʘ ʦʢʥʘ, ʪ.ʝ. ʩʥʠʞʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ.  

ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʢʘʞʜʦʡ ʧʦʨʮʠʠ ʜʘʥʥʳʭ ʫʟʝʣ ʥʘʟʥʘʯʝʥʠʷ ʧʦʩʳʣʘʝʪ 

ʠʩʪʦʯʥʠʢʫ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʧʨʠʥʷʪʳʭ ʜʘʥʥʳʭ ʠʣʠ ʧʦʜʪʚʝʨʞʜʝʥʠʝ 

ʜʦʩʪʘʚʢʠ (acknowledgment). ʇʦʜʪʚʝʨʞʜʝʥʠʝ (ʢʚʠʪʠʨʦʚʘʥʠʝ) ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʥʘʜʝʞʥʦʩʪʴ ʩʝʪʠ. ɽʩʣʠ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʥʝ ʧʦʣʫʯʝʥʦ, ʪʦ ʥʝʧʦʜʪʚʝʨʞʜʝʥʥʘʷ 

ʯʘʩʪʴ ʜʘʥʥʳʭ ʧʝʨʝʜʘʝʪʩʷ ʫʟʣʦʤ ʠʩʪʦʯʥʠʢʦʤ ʧʦʚʪʦʨʥʦ. 

ɺ ʜʝʡʪʘʛʨʘʤʤʥʳʭ IP-ʩʝʪʷʭ ʧʘʢʝʪʳ ʦʜʥʦʛʦ ʩʦʦʙʱʝʥʠʷ ʤʝʞʜʫ ʜʚʫʤʷ 

ʢʦʥʝʯʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʤʦʛʫʪ ʧʨʦʭʦʜʠʪʴ ʨʘʟʥʳʤʠ ʧʫʪʷʤʠ. ʇʦʵʪʦʤʫ ʥʘ ʫʟʝʣ 

ʥʘʟʥʘʯʝʥʠʷ ʩʝʛʤʝʥʪʳ ʤʦʛʫʪ ʧʨʠʡʪʠ ʥʝ ʚ ʪʦʤ ʧʦʨʷʜʢʝ, ʚ ʢʦʪʦʨʦʤ ʙʳʣʠ 

ʧʝʨʝʜʘʥʳ. ʅʘʜʝʞʥʳʡ ʧʨʦʪʦʢʦʣ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʫʨʦʚʥʷ (ʊʉʈ) ʜʦʣʞʝʥ 

ʚʦʩʩʪʘʥʦʚʠʪʴ ʧʨʘʚʠʣʴʥʳʡ ʧʦʨʷʜʦʢ ʩʝʛʤʝʥʪʦʚ ʠ ʩʦʙʨʘʪʴ ʧʝʨʝʜʘʥʥʦʝ 

ʩʦʦʙʱʝʥʠʝ, ʪ.ʝ. ʨʝʘʩʩʝʤʙʣʠʨʦʚʘʪʴ ʝʛʦ. 

ɸʜʨʝʩʘʮʠʷ ʧʨʠʣʦʞʝʥʠʡ, ʥʘʜʝʞʥʦʩʪʴ, ʢʦʥʪʨʦʣʴ ʧʦʪʦʢʘ, ʩʝʛʤʝʥʪʘʮʠʷ 

ʩʦʦʙʱʝʥʠʡ ʠ ʠʭ ʨʝʘʩʩʝʤʙʣʠʨʦʚʘʥʠʝ, ʨʝʘʣʠʟʫʶʪʩʷ ʧʫʪʝʤ ʟʘʜʘʥʠʷ ʨʷʜʘ 

ʧʘʨʘʤʝʪʨʦʚ ʚ ʟʘʛʦʣʦʚʢʝ ʩʝʛʤʝʥʪʘ TCP (ʨʠʩ. 6.1), ʨʘʟʤʝʨ ʢʦʪʦʨʦʛʦ 20 ʙʘʡʪ. 

 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 

ʅʦʤʝʨ ʧʦʨʪʘ ʠʩʪʦʯʥʠʢʘ ʅʦʤʝʨ ʧʦʨʪʘ ʥʘʟʥʘʯʝʥʠʷ 

ʅʦʤʝʨ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʅʦʤʝʨ ʧʦʜʪʚʝʨʞʜʝʥʠʷ 

ɼɿ ʈʝʟʝʨʚ  ʂʦʜ ʈʘʟʤʝʨ ʦʢʥʘ 

ʂʦʥʪʨʦʣʴʥʘʷ ʩʫʤʤʘ ʀʥʜʠʢʘʪʦʨ  

ʆʧʮʠʠ 

ɼʘʥʥʳʝ 
 

ʈʠʩ. 6.1. ʌʦʨʤʘʪ ʟʘʛʦʣʦʚʢʘ ʩʝʛʤʝʥʪʘ TCP 
 

ʇʦʣʷ ʟʘʛʦʣʦʚʢʘ TCP ʩʝʛʤʝʥʪʘ ʦʧʨʝʜʝʣʷʶʪ ʩʣʝʜʫʶʱʝʝ:  

- ʅʦʤʝʨ ʧʦʨʪʘ ʠʩʪʦʯʥʠʢʘ (Source Port) ï 16 ʙʠʪ ʥʦʤʝʨʘ ʧʦʨʪʘ, 

ʢʦʪʦʨʳʡ ʧʦʩʳʣʘʝʪ ʜʘʥʥʳʝ; 

- ʅʦʤʝʨ ʧʦʨʪʘ ʥʘʟʥʘʯʝʥʠʷ (Destination Port) ï 16 ʙʠʪ ʥʦʤʝʨʘ ʧʦʨʪʘ, 

ʢʦʪʦʨʳʡ ʧʨʠʥʠʤʘʝʪ ʜʘʥʥʳʝ;  
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- ʅʦʤʝʨ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (Sequence Number) ï 32 ʙʠʪʘ ʥʦʤʝʨʘ 

ʧʝʨʚʦʛʦ ʙʘʡʪʘ ʚ ʩʝʛʤʝʥʪʝ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ, ʯʪʦʙʳ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʦʙʲʝʜʠʥʝʥʠʝ 

ʯʘʩʪʝʡ (ʧʦʨʮʠʡ) ʜʘʥʥʳʭ ʚ ʢʦʨʨʝʢʪʥʦʤ ʧʦʨʷʜʢʝ ʚ ʫʩʪʨʦʡʩʪʚʝ ʥʘʟʥʘʯʝʥʠʷ; 

- ʅʦʤʝʨ ʧʦʜʪʚʝʨʞʜʝʥʠʷ (Acknowledgment Number) ï 32 ʙʠʪʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʥʦʤʝʨʘ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʨʠʥʷʪʳʭ ʜʘʥʥʳʭ, (ʥʘʯʘʣʴʥʳʡ 

ʥʦʤʝʨ ʙʘʡʪʘ ʩʣʝʜʫʶʱʝʡ ʦʞʠʜʘʝʤʦʡ ʧʦʨʮʠʠ ʜʘʥʥʳʭ); 

- ɼɿ ï ʜʣʠʥʘ ʟʘʛʦʣʦʚʢʘ (ʯʠʩʣʦ 32-ʨʘʟʨʷʜʥʳʭ ʩʣʦʚ ʚ ʟʘʛʦʣʦʚʢʝ, ʚ 

ʧʨʠʤʝʨʝ ʨʠʩ. 9.1 ï ʧʷʪʴ ʩʣʦʚ); 

- ʈʝʟʝʨʚ ï ʨʘʟʨʷʜʳ ʧʦʣʷ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʚ ʥʦʣʴ; 

- ʂʦʜ ï 6 ʨʘʟʨʷʜʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʪʠʧ ʩʝʛʤʝʥʪʘ, ʥʘʧʨʠʤʝʨ, ʩʝʛʤʝʥʪ 

ʫʩʪʘʥʦʚʢʠ ʩʦʝʜʠʥʝʥʠʷ (SYN) ʠ ʟʘʚʝʨʰʝʥʠʷ ʩʝʘʥʩʘ (FIN ), ʩʝʛʤʝʥʪ 

ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʨʠʥʷʪʳʭ ʜʘʥʥʳʭ (ACK ), ʩʨʦʯʥʦʛʦ ʩʦʦʙʱʝʥʠʷ (URG), ʘ 

ʪʘʢʞʝ PSH ï ʧʨʦʪʦʣʢʥʫʪʴ ʜʘʥʥʳʝ ʠ RST ï ʦʙʦʨʚʘʪʴ ʩʦʝʜʠʥʝʥʠʝ; 

- ʈʘʟʤʝʨ ʦʢʥʘ (Window Size) ï ʯʠʩʣʦ ʙʘʡʪʦʚ, ʧʝʨʝʜʘʚʘʝʤʳʭ ʟʘ ʦʜʥʫ 

ʧʦʨʮʠʶ; 

- ʂʦʥʪʨʦʣʴʥʘʷ ʩʫʤʤʘ (Checksum) ï ʟʥʘʯʝʥʠʝ ʢʦʥʪʨʦʣʴʥʦʡ ʩʫʤʤʳ 

ʟʘʛʦʣʦʚʢʘ ʠ ʧʦʣʷ ʜʘʥʥʳʭ; 

- ʀʥʜʠʢʘʪʦʨ (Urgent pointer) ï ʠʥʜʠʮʠʨʫʝʪ ʢʦʥʝʮ ʩʨʦʯʥʳʭ ʜʘʥʥʳʭ; 

- ʆʧʮʠʠ (Option) ï ʧʦʣʝ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦʝ, ʢʘʞʜʘʷ ʪʝʢʫʱʘʷ ʦʧʮʠʷ 

ʦʧʨʝʜʝʣʷʝʪ ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ TCP ʩʝʛʤʝʥʪʘ;  

- ɼʘʥʥʳʝ (Data) ï ʩʦʦʙʱʝʥʠʝ ʧʨʦʪʦʢʦʣʘ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ. 

ɿʘʛʦʣʦʚʦʢ TCP (ʨʠʩ. 6.1) ʩʦʜʝʨʞʠʪ ʥʦʤʝʨ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

(Sequence Number), ʠʩʧʦʣʴʟʫʝʤʳʡ, ʯʪʦʙʳ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʦʙʲʝʜʠʥʝʥʠʝ ʯʘʩʪʝʡ 

(ʩʝʛʤʝʥʪʦʚ) ʩʦʦʙʱʝʥʠʷ ʚ ʪʦʤ ʧʦʨʷʜʢʝ, ʚ ʢʦʪʦʨʦʤ ʦʥʠ ʙʳʣʠ ʧʝʨʝʜʘʥʳ. TCP 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʜʝʞʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʩʦʦʙʱʝʥʠʡ ʟʘ ʩʯʝʪ ʧʝʨʝʜʘʯʠ ʥʦʤʝʨʘ 

ʧʦʜʪʚʝʨʞʜʝʥʠʷ, ʠ ʢʦʥʪʨʦʣʴ ʧʦʪʦʢʘ, ʫʧʨʘʚʣʷʝʤʦʛʦ ʨʘʟʤʝʨʦʤ ʦʢʥʘ. ʆʜʥʘʢʦ 

TCP ʧʦʪʨʝʙʣʷʝʪ ʤʥʦʛʦ ʨʝʩʫʨʩʦʚ ʠ ʚʥʦʩʠʪ ʟʘʜʝʨʞʢʫ ʚ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ. ʇʨʠ 

ʧʝʨʝʜʘʯʝ ʥʝʢʦʪʦʨʳʭ ʚʠʜʦʚ ʪʨʘʬʠʢʘ (ʘʫʜʠʦ- ʠ ʚʠʜʝʦʠʥʬʦʨʤʘʮʠʷ) ʟʘʜʝʨʞʢʘ ʠ 

ʦʩʦʙʝʥʥʦ ʝʝ ʚʘʨʠʘʮʠʷ ʤʦʛʫʪ ʠʩʢʘʟʠʪʴ ʧʝʨʝʜʘʚʘʝʤʳʝ ʩʦʦʙʱʝʥʠʷ.  

ʂʦʛʜʘ ʪʨʝʙʦʚʘʥʠʷ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʤʠʥʠʤʠʟʘʮʠʠ 

ʟʘʜʝʨʞʝʢ ʠ ʜʞʠʪʪʝʨʘ ʧʨʝʚʘʣʠʨʫʶʪ ʥʘʜ ʥʘʜʝʞʥʦʩʪʴʶ ʠ ʛʘʨʘʥʪʠʝʡ ʜʦʩʪʘʚʢʠ 

ʩʦʦʙʱʝʥʠʷ, ʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʦʣʝʝ ʧʨʦʩʪʦʡ ʠ ʙʳʩʪʨʳʡ ʧʨʦʪʦʢʦʣ ʜʝʡʪʘʛʨʘʤʤ 

ʧʦʣʴʟʦʚʘʪʝʣʷ (UDP). ɽʛʦ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚʳʰʝ, ʯʝʤ TCP. 
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UDP ʷʚʣʷʝʪʩʷ ʧʨʦʪʦʢʦʣʦʤ ʜʝʡʪʘʛʨʘʤʤʥʦʛʦ ʪʠʧʘ, ʧʦʵʪʦʤʫ ʚ ʟʘʛʦʣʦʚʢʝ 

ʝʛʦ ʩʝʛʤʝʥʪʘ (ʨʠʩ. 6.2) ʦʪʩʫʪʩʪʚʫʶʪ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʢʘʢ ʅʦʤʝʨ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʅʦʤʝʨ ʧʦʜʪʚʝʨʞʜʝʥʠʷ, ʈʘʟʤʝʨ ʦʢʥʘ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ 

TCP.  

 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 

ʅʦʤʝʨ ʧʦʨʪʘ ʠʩʪʦʯʥʠʢʘ ʅʦʤʝʨ ʧʦʨʪʘ ʥʘʟʥʘʯʝʥʠʷ 

ɼʣʠʥʘ ʂʦʥʪʨʦʣʴʥʘʷ ʩʫʤʤʘ 

ɼʘʥʥʳʝ 

 

ʈʠʩ. 6.2. ʌʦʨʤʘʪ ʩʝʛʤʝʥʪʘ UDP 
 

ʇʦʣʷ UDP ʩʝʛʤʝʥʪʘ ʦʧʨʝʜʝʣʷʶʪ ʩʣʝʜʫʶʱʝʝ:  

- ʅʦʤʝʨ ʧʦʨʪʘ ʠʩʪʦʯʥʠʢʘ (Source Port) ï 16 ʙʠʪ ʥʦʤʝʨʘ ʧʦʨʪʘ, 

ʢʦʪʦʨʳʡ ʧʦʩʳʣʘʝʪ ʜʘʥʥʳʝ; 

- ʅʦʤʝʨ ʧʦʨʪʘ ʥʘʟʥʘʯʝʥʠʷ (Destination Port) ï 16 ʙʠʪ ʥʦʤʝʨʘ ʧʦʨʪʘ, 

ʢʦʪʦʨʳʡ ʧʨʠʥʠʤʘʝʪ ʜʘʥʥʳʝ;  

- ɼʣʠʥʘ (Length) ï ʯʠʩʣʦ ʙʘʡʪʦʚ ʚ ʟʘʛʦʣʦʚʢʝ ʠ ʚ ʧʦʣʝ ʜʘʥʥʳʭ; 

-  ʂʦʥʪʨʦʣʴʥʘʷ ʩʫʤʤʘ (Checksum) ï ʢʦʥʪʨʦʣʴʥʘʷ ʩʫʤʤʘ ʟʘʛʦʣʦʚʢʘ ʠ 

ʧʦʣʷ ʜʘʥʥʳʭ; 

- ɼʘʥʥʳʝ (Data) ï ʩʦʦʙʱʝʥʠʝ ʧʨʦʪʦʢʦʣʘ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ. 

ʇʦʩʢʦʣʴʢʫ ʧʨʦʪʦʢʦʣ UDP ʥʝ ʦʙʣʘʜʘʝʪ ʤʝʭʘʥʠʟʤʘʤʠ ʥʘʜʝʞʥʦʩʪʠ, ʪʦ ʦʥʘ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʦʪʦʢʦʣʘʤʠ ʚʝʨʭʥʝʛʦ ʧʨʠʢʣʘʜʥʦʛʦ ʫʨʦʚʥʷ.  

ʂʦʤʙʠʥʘʮʠʷ ʥʦʤʝʨʘ ʧʦʨʪʘ ʠ IP-ʘʜʨʝʩʘ ʦʙʨʘʟʫʝʪ ʢʦʤʧʣʝʢʩʥʳʡ ʘʜʨʝʩ, 

ʥʘʟʳʚʘʝʤʳʡ ʩʦʢʝʪ (socket address), ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʫʥʠʢʘʣʴʥʦʝ 

ʫʩʪʨʦʡʩʪʚʦ, ʥʦ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʠʩʧʦʣʴʟʫʝʤʦʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠ 

ʦʙʨʘʙʦʪʢʠ ʩʦʦʙʱʝʥʠʷ, ʥʘʧʨʠʤʝʨ, 192.168.10.17:1275; 10.1.10.6:53. 

ʅʦʤʝʨʘ ʧʦʨʪʦʚ ʜʝʣʷʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ: 

- ʠʟʚʝʩʪʥʳʝ ʥʦʤʝʨʘ (Well Known Ports), ʜʠʘʧʘʟʦʥ ʘʜʨʝʩʦʚ ʢʦʪʦʨʳʭ 

ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0 ʜʦ 1023, ʥʘʟʥʘʯʘʶʪʩʷ ʩʝʨʚʝʨʘʤ; 

- ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʧʦʨʪʳ ʩ ʥʦʤʝʨʘʤʠ ʦʪ 1024 ʜʦ 49151 

ʥʘʟʥʘʯʘʶʪʩʷ ʢʘʢ ʩʝʨʚʝʨʘʤ, ʪʘʢ ʠ ʧʦʣʴʟʦʚʘʪʝʣʷʤ; 

- ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʦʨʪʳ ʩ ʥʦʤʝʨʘʤʠ ʦʪ 49151 ʜʦ 65535, ʢʦʪʦʨʳʝ 

ʦʙʳʯʥʦ ʜʠʥʘʤʠʯʝʩʢʠ ʧʨʠʩʚʘʠʚʘʶʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʷʤ.  
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ʅʦʤʝʨʘ ʠʟʚʝʩʪʥʳʭ ʧʦʨʪʦʚ ʟʘʜʘʥʳ ʦʨʛʘʥʠʟʘʮʠʝʡ Internet Assigned 

Numbers Authority (IANA), ʨʘʩʧʨʝʜʝʣʷʶʱʝʡ ʘʜʨʝʩʘ ʚ ʀʥʪʝʨʥʝʪʝ. ʅʦʤʝʨʘ 

ʠʟʚʝʩʪʥʳʭ ʧʦʨʪʦʚ ʥʘʟʥʘʯʘʶʪʩʷ ʧʨʦʪʦʢʦʣʘʤ ʠ ʩʣʫʞʙʘʤ ʩʝʨʚʠʩʘ ʧʨʠʢʣʘʜʥʦʛʦ 

ʫʨʦʚʥʷ. ʅʦʤʝʨʘ ʥʝʢʦʪʦʨʳʭ ʠʟʚʝʩʪʥʳʭ ʧʦʨʪʦʚ ʧʨʦʪʦʢʦʣʘ TCP ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣ. 6.1 

ʊʘʙʣʠʮʘ 6.1 

ʅʦʤʝʨʘ ʠʟʚʝʩʪʥʳʭ ʧʦʨʪʦʚ 

ʇʨʦʪʦʢʦʣʳ FTP Telnet SMTP HTTP HTTPS POP3 

ʇʦʨʪʳ 20, 21 23 25 80 443 110 

 

ɺ ʧʨʠʣʦʞʝʥʠʠ ʧʨʦʪʦʢʦʣʘ ʧʝʨʝʜʘʯʠ ʬʘʡʣʦʚ FTP ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʘ 

ʠʟʚʝʩʪʥʳʭ (ʩʪʘʥʜʘʨʪʥʳʭ) ʥʦʤʝʨʘ ʧʦʨʪʘ 20 ʠ 21. ʇʦʨʪ 20 ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʘ ʧʦʨʪ 21 ï ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʩʦʝʜʠʥʝʥʠʝʤ. 

ʉʨʝʜʠ ʥʦʤʝʨʦʚ ʠʟʚʝʩʪʥʳʭ ʧʦʨʪʦʚ ʧʨʦʪʦʢʦʣʘ UDP ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ: ʧʨʦʪʦʢʦʣ TFTP ï 69, RIP ï 520.  

ʉʣʫʞʙʘ DNS ʩ ʥʦʤʝʨʦʤ ʧʦʨʪʘ 53 ʠ ʧʨʦʩʪʦʡ ʧʨʦʪʦʢʦʣ ʫʧʨʘʚʣʝʥʠʷ ʩʝʪʴʶ 

(Simple Network Management Protocol ï SNMP) ʩ ʥʦʤʝʨʦʤ ʧʦʨʪʘ 161 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʢʘʢ ʩ ʧʨʦʪʦʢʦʣʦʤ TCP, ʪʘʢ ʠ ʩ UDP. 

ɿʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʧʦʨʪʳ ʥʘʟʥʘʯʘʶʪʩʷ ʢʘʢ ʧʦʣʴʟʦʚʘʪʝʣʷʤ, ʪʘʢ ʠ 

ʧʨʠʣʦʞʝʥʠʷʤ. ʅʘʧʨʠʤʝʨ, ʠʟ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʥʦʤʝʨʦʚ ʧʦʨʪʦʚ ʤʦʞʥʦ 

ʦʪʤʝʪʠʪʴ 8008 ʠ 8080, ʢʦʪʦʨʳʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ Proxy-ʩʝʨʚʝʨʘʤʠ.  

ʂʦʤʧʣʝʢʩʥʳʝ ʘʜʨʝʩʘ (ʩʦʢʝʪʳ) ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʦʙʨʘʱʝʥʠʠ 

ʢʣʠʝʥʪʦʚ ʢ ʩʝʨʚʝʨʘʤ. ʀʩʪʦʯʥʠʢ ʟʘʧʨʦʩʘ ʠʜʝʥʪʠʬʠʮʠʨʫʝʪʩʷ ʩʦʢʝʪʦʤ, 

ʦʙʨʘʟʦʚʘʥʥʳʤ IP-ʘʜʨʝʩʦʤ ʠ ʥʦʤʝʨʦʤ ʧʦʨʪʘ, ʢʦʪʦʨʳʡ ʛʝʥʝʨʠʨʫʝʪʩʷ 

ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ. ʅʘʧʨʠʤʝʨ, ʩʦʢʝʪ 10.0.118.52:1244 ʦʧʨʝʜʝʣʷʝʪ ʢʣʠʝʥʪʘ, 

ʢʘʢ ʠʩʪʦʯʥʠʢ ʟʘʧʨʦʩʘ. ʉʦʢʝʪ 10.0.118.3:80 ʦʧʨʝʜʝʣʷʝʪ IP-ʘʜʨʝʩ ʫʩʪʨʦʡʩʪʚʘ ʠ 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʠʩʧʦʣʴʟʫʝʤʦʝ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʟʘʧʨʦʩʘ ï ʩʝʨʚʝʨ 

HTTP. ʇʨʠ ʦʪʚʝʪʝ ʩʝʨʚʝʨ ʬʦʨʤʠʨʫʝʪ ʩʦʦʙʱʝʥʠʝ, ʛʜʝ ʩʦʢʝʪ 10.0.118.52:1244 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʘʜʨʝʩʘ ʥʘʟʥʘʯʝʥʠʷ. ʈʘʟʥʳʝ ʥʦʤʝʨʘ ʧʦʨʪʦʚ ʩ ʦʜʥʠʤ 

IP-ʘʜʨʝʩʦʤ ʠʩʪʦʯʥʠʢʘ ʧʦʟʚʦʣʷʶʪ ʢʣʠʝʥʪʫ ʬʦʨʤʠʨʦʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʨʘʟʥʳʭ 

ʟʘʧʨʦʩʦʚ. 

ɽʩʣʠ ʥʝʦʙʭʦʜʠʤʦ ʫʟʥʘʪʴ, ʢʘʢʠʝ TCP ʩʦʝʜʠʥʝʥʠʷ ʘʢʪʠʚʥʳ ʥʘ ʩʝʪʝʚʦʤ 

ʢʦʥʝʯʥʦʤ ʫʟʣʝ, ʪʦ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʤʘʥʜʫ netstat ʚ ʨʝʞʠʤʝ ʢʦʤʘʥʜʥʦʡ 

ʩʪʨʦʢʠ. ɺ ʨʘʩʧʝʯʘʪʢʝ ʢʦʤʘʥʜʳ (ʨʠʩ. 6.3) ʫʢʘʟʘʥʳ: ʧʨʦʪʦʢʦʣ (TCP), ʣʦʢʘʣʴʥʳʝ 
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ʘʜʨʝʩʘ (ʠʤʝʥʘ) ʫʟʣʦʚ ʩ ʜʠʥʘʤʠʯʝʩʢʠ ʥʘʟʥʘʯʝʥʥʳʤʠ ʥʦʤʝʨʘʤʠ ʧʦʨʪʦʚ, 

ʚʥʝʰʥʠʝ ʘʜʨʝʩʘ (ʠʤʝʥʘ) ʫʟʣʦʚ ʥʘʟʥʘʯʝʥʠʷ ʩ ʥʦʤʝʨʦʤ ʧʦʨʪʘ, ʘ ʪʘʢʞʝ 

ʩʦʩʪʦʷʥʠʝ ʩʚʷʟʠ. ɺ ʜʘʥʥʦʤ ʧʨʠʤʝʨʝ (ʨʠʩ. 6.3) ʥʦʤʝʨ ʧʦʨʪʘ ʣʦʢʘʣʴʥʦʛʦ ʘʜʨʝʩʘ 

ʷʚʣ̫ʝʪʩʷ ʜʠʥʘʤʠʯʝʩʢʠ ʥʘʟʥʘʯʘʝʤʳʤ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʤ ʧʦʨʪʦʤ ʠʩʪʦʯʥʠʢʘ ʩ 

ʥʦʤʝʨʦʤ ʙʦʣʴʰʝ 1023. ɼʣʷ ʘʜʨʝʩʘ www.cisco.com ʚʥʝʰʥʠʡ ʧʦʨʪ ʟʘʜʘʥ 

ʩʠʤʚʦʣʠʯʝʩʢʠ (http). ʉʦʩʪʦʷʥʠʝ ʩʚʷʟʠ ʤʦʞʝʪ ʙʳʪʴ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤ 

ʩʦʝʜʠʥʝʥʠʝʤ (ESTABLISHED) ʠʣʠ ʩ ʦʞʠʜʘʥʠʝʤ ʦʢʦʥʯʘʥʠʷ ʩʦʝʜʠʥʝʥʠʷ 

(TIME_WAIT), ʢʦʛʜʘ ʙʳʣ ʧʦʩʣʘʥ ʟʘʧʨʦʩ ʦʢʦʥʯʘʥʠʷ ʩʦʝʜʠʥʝʥʠʷ (FIN). 

 
 

ʈʠʩ. 6.3. ʈʝʟʫʣʴʪʘʪ ʚʳʧʦʣʥʝʥʠʷ ʢʦʤʘʥʜʳ netstat 

 

 

 

6.2. ʋʩʪʘʥʦʚʣʝʥʠʝ ʩʦʝʜʠʥʝʥʠʷ 
 

ʇʦʩʢʦʣʴʢʫ TCP ʷʚʣʷʝʪʩʷ ʧʨʦʪʦʢʦʣʦʤ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ ʥʘ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʩʦʝʜʠʥʝʥʠʝ (connection-oriented), ʪʦ ʩʥʘʯʘʣʘ ʥʝʦʙʭʦʜʠʤʦ 

ʫʩʪʘʥʦʚʠʪʴ ʩʝʩʩʠʶ ʤʝʞʜʫ ʧʨʠʣʦʞʝʥʠʷʤʠ ʢʦʥʝʯʥʳʭ ʫʩʪʨʦʡʩʪʚ. ʋʟʝʣ 

ʦʪʧʨʘʚʠʪʝʣʴ ʠʥʠʮʠʘʣʠʟʠʨʫʝʪ ʩʦʝʜʠʥʝʥʠʝ, ʢʦʪʦʨʦʝ ʜʦʣʞʥʦ ʙʳʪʴ 

ʧʦʜʪʚʝʨʞʜʝʥʦ ʫʟʣʦʤ ʧʦʣʫʯʘʪʝʣʝʤ. ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʨʦʪʦʢʦʣʘ TCP 

ʦʙʤʝʥʠʚʘʝʪʩʷ ʩʦʦʙʱʝʥʠʷʤʠ ʯʝʨʝʟ ʩʝʪʴ, ʯʪʦʙʳ ʧʨʦʚʝʨʠʪʴ, ʯʪʦ ʧʝʨʝʜʘʯʘ 

ʨʘʟʨʝʰʝʥʘ ʠ ʯʪʦ ʦʙʝ ʩʪʦʨʦʥʳ ʛʦʪʦʚʳ ʢ ʥʝʡ.  

ʉʦʝʜʠʥʝʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ ʫʩʪʨʦʡʩʪʚʘʤʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʟʘ ʪʨʠ ʵʪʘʧʘ 

(ʨʠʩ. 6.4).  
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ʈʠʩ. 6.4. ʋʩʪʘʥʦʚʣʝʥʠʝ ʩʦʝʜʠʥʝʥʠʷ 

ɺʦ-ʧʝʨʚʳʭ, ʫʟʝʣ ʦʪʧʨʘʚʠʪʝʣʴ ʠʥʠʮʠʘʣʠʟʠʨʫʝʪ ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʚʷʟʠ 

ʧʫʪʝʤ ʧʦʩʳʣʢʠ ʫʟʣʫ ʧʦʣʫʯʘʪʝʣʶ ʟʘʧʨʦʩʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ SYN (1).  

ɺʦ-ʚʪʦʨʳʭ, ʫʟʝʣ ʧʦʣʫʯʘʪʝʣʴ ʧʦʜʪʚʝʨʞʜʘʝʪ ʟʘʧʨʦʩ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʠ 

ʟʘʜʘʝʪ ʩʚʦʠ ʧʘʨʘʤʝʪʨʳ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ACK (2). 

ɺ-ʪʨʝʪʴʠʭ, ʫʟʣʫ ʧʦʣʫʯʘʪʝʣʶ ʧʦʩʳʣʘʝʪʩʷ ʧʦʜʪʚʝʨʞʜʝʥʠʝ, ʯʪʦ ʦʙʝ 

ʩʪʦʨʦʥʳ ʛʦʪʦʚʳ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ (3).  

ʊʘʢʦʡ ʤʝʭʘʥʠʟʤ ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ ʪʨʝʭʵʪʘʧʥʦʛʦ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʚʷʟʠ 

(Three-way handshake). ʆʙʘ ʫʟʣʘ ʜʦʣʞʥʳ ʩʦʛʣʘʩʦʚʘʪʴ ʥʘʯʘʣʴʥʳʝ ʥʦʤʝʨʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʝʨʝʜʘʚʘʝʤʳʭ ʯʘʩʪʝʡ ʠʥʬʦʨʤʘʮʠʠ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʯʝʨʝʟ 

ʦʙʤʝʥ ʩʝʛʤʝʥʪʘʤʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ (SYN) ʠ ʧʦʜʪʚʝʨʞʜʝʥʠʷ (ACK).  

ʉʠʥʭʨʦʥʠʟʘʮʠʷ ʪʨʝʙʫʝʪ, ʯʪʦʙʳ ʢʘʞʜʘʷ ʩʪʦʨʦʥʘ ʧʦʩʣʘʣʘ ʩʦʙʩʪʚʝʥʥʳʡ 

ʥʘʯʘʣʴʥʳʡ ʥʦʤʝʨ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠ ʧʦʣʫʯʠʣʘ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʦʪ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ. ʂʘʞʜʘʷ ʩʪʦʨʦʥʘ, ʧʦʣʫʯʠʚ ʥʘʯʘʣʴʥʳʡ ʥʦʤʝʨ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʪ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʦʪʚʝʯʘʝʪ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ACK. ʅʘʧʨʠʤʝʨ, 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʨʠʩ. 6.4, ʙʫʜʝʪ ʩʣʝʜʫʶʱʝʡ:  

1. ʋʟʝʣ ʦʪʧʨʘʚʠʪʝʣʴ (A) ʠʥʠʮʠʘʣʠʟʠʨʫʝʪ ʩʦʝʜʠʥʝʥʠʝ, ʧʦʩʳʣʘʷ 

ʩʝʛʤʝʥʪ ʩ ʬʣʘʛʦʤ SYN ʫʟʣʫ ʧʦʣʫʯʘʪʝʣʶ (B), ʚ ʢʦʪʦʨʦʤ ʫʢʘʟʳʚʘʝʪ ʥʦʤʝʨ 

ʩʚʦʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ Sequence Number ʜʣʠʥʦʡ 32 ʙʠʪʘ, ʥʘʧʨʠʤʝʨ, SECɸ 

= 101. ʌʣʘʛ SYN ʫʩʪʘʥʦʚʣʝʥ ʚ ʧʦʣʝ ʂʦʜ (ʨʠʩ. 6.1). ʅʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʥʦʤʝʨʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ SEC ʚʳʙʠʨʘʝʪʩʷ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʠ 

ʠʥʢʨʝʤʝʥʪʠʨʫʝʪʩʷ (ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ ʝʜʠʥʠʮʫ) ʧʨʠ ʧʝʨʝʜʘʯʝ ʢʘʞʜʦʛʦ ʙʘʡʪʘ 

ʜʘʥʥʳʭ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʪʩʣʝʞʠʚʘʪʴ ʧʦʪʦʢ ʜʘʥʥʳʭ. 

2.  ʇʦʣʫʯʠʚ ʩʝʛʤʝʥʪ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʩʦʝʜʠʥʝʥʠʷ, ʫʟʝʣ B ʜʝʣʘʝʪ 

ʟʘʧʠʩʴ ʧʨʠʥʷʪʦʛʦ ʥʦʤʝʨʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 101 ʠ ʬʦʨʤʠʨʫʝʪ ʦʪʚʝʪ ʩ 

ʬʣʘʛʘʤʠ ACK  ʠ SYN. ʇʦʜʪʚʝʨʞʜʝʥʠʝ ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ ACKɺ 

= 101 + 1 = 102. ʆʪʚʝʪ ACKɺ = 102 ʦʟʥʘʯʘʝʪ, ʯʪʦ ʭʦʩʪ B ʧʦʣʫʯʠʣ ʩʝʛʤʝʥʪ 
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ʜʘʥʥʳʭ, ʚʢʣʶʯʘʷ ʙʘʡʪ ʩ ʥʦʤʝʨʦʤ 101, ʠ ʦʞʠʜʘʝʪ ʩʣʝʜʫʶʱʠʡ ʙʘʡʪ ʩ ʥʦʤʝʨʦʤ 

102. ʆʜʥʦʚʨʝʤʝʥʥʦ ʭʦʩʪ B ʬʦʨʤʠʨʫʝʪ ʥʘʯʘʣʴʥʳʡ ʥʦʤʝʨ ʩʚʦʝʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʘʥʥʳʭ, ʥʘʧʨʠʤʝʨ, SECɺ = 51.   

3. ʋʟʝʣ A, ʧʦʣʫʯʠʚ ʩʝʛʤʝʥʪ ʦʪ B ʩʦ ʟʥʘʯʝʥʠʷʤʠ ACKɺ = 102, SECɺ = 

51, ʬʦʨʤʠʨʫʝʪ ʦʪʚʝʪ ACKɸ = 52, SECɸ = 102, ʢʦʪʦʨʳʡ ʟʘʚʝʨʰʘʝʪ ʧʨʦʮʝʩʩ 

ʩʦʝʜʠʥʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʫʩʪʘʥʦʚʣʝʥ ʬʣʘʛ ACK . 

 

 

6.3. ʇʝʨʝʜʘʯʘ ʜʘʥʥʳʭ 

 

ʇʨʠ ʫʩʪʘʥʦʚʣʝʥʠʠ ʩʦʝʜʠʥʝʥʠʷ ʟʘʜʘʝʪʩʷ ʥʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʥʦʤʝʨʘ 

ʙʘʡʪʘ ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ. ʕʪʦʪ ʥʦʤʝʨ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦ ʤʝʨʝ ʧʝʨʝʜʘʯʠ 

ʙʘʡʪ. ʇʦʵʪʦʤʫ ʥʘ ʧʨʠʝʤʥʦʡ ʩʪʦʨʦʥʝ ʤʦʞʥʦ ʦʪʩʣʝʜʠʪʴ ʧʦʪʝʨʷʥʥʳʝ ʩʝʛʤʝʥʪʳ. 

ʉʝʛʤʝʥʪʳ ʜʘʥʥʳʭ ʥʫʞʥʦ ʧʨʝʜʦʩʪʘʚʠʪʴ ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʦʣʫʯʘʪʝʣʶ ʚ ʪʦʤ 

ʞʝ ʧʦʨʷʜʢʝ, ʚ ʢʦʪʦʨʦʤ ʦʥʠ ʙʳʣʠ ʧʝʨʝʜʘʥʳ. ʉʙʦʡ ʧʨʦʠʩʭʦʜʠʪ, ʝʩʣʠ ʢʘʢʠʝ-ʪʦ 

ʩʝʛʤʝʥʪʳ ʜʘʥʥʳʭ ʧʦʪʝʨʷʥʳ, ʧʦʚʨʝʞʜʝʥʳ ʠʣʠ ʧʦʣʫʯʝʥʳ ʚ ʥʝʚʝʨʥʦʤ ʧʦʨʷʜʢʝ. 

ʇʦʵʪʦʤʫ ʧʦʣʫʯʘʪʝʣʴ ʜʦʣʞʝʥ ʧʦʜʪʚʝʨʜʠʪʴ ʧʦʣʫʯʝʥʠʝ ʢʘʞʜʦʛʦ ʩʝʛʤʝʥʪʘ. 

ʆʜʥʘʢʦ ʝʩʣʠ ʙʳ ʦʪʧʨʘʚʠʪʝʣʴ ʞʜʘʣ ʦʪʚʝʪ ACK ʧʦʩʣʝ ʧʦʩʳʣʢʠ ʢʘʞʜʦʛʦ 

ʩʝʛʤʝʥʪʘ, ʪʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʝʪʠ ʙʳʣʘ ʙʳ ʥʠʟʢʦʡ. ʇʦʵʪʦʤʫ, ʥʘʜʝʞʥʳʡ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʧʨʦʪʦʢʦʣ TCP, ʧʦʟʚʦʣʷʝʪ 

ʧʦʩʣʘʪʴ ʥʝʩʢʦʣʴʢʦ ʩʝʛʤʝʥʪʦʚ ʧʨʝʞʜʝ, ʯʝʤ ʦʪʧʨʘʚʠʪʝʣʴ ʧʦʣʫʯʠʪ 

ʧʦʜʪʚʝʨʞʜʝʥʠʝ ACK.  

ʈʘʟʤʝʨ ʦʢʥʘ (Window Size) ʟʘʛʦʣʦʚʢʘ ʩʝʛʤʝʥʪʘ TCP ʦʧʨʝʜʝʣʷʝʪ, 

ʩʢʦʣʴʢʦ ʙʘʡʪ ʧʝʨʝʜʘʝʪʩʷ ʚ ʦʜʥʦʡ ʧʦʨʮʠʠ ʧʦʜʪʚʝʨʞʜʘʝʤrʭ ʜʘʥʥʳʭ. ʈʘʟʤʝʨ 

ʦʢʥʘ ʚ ʟʘʛʦʣʦʚʢʝ ʩʝʛʤʝʥʪʘ ʟʘʜʘʝʪʩʷ ʚ ʢʦʣʠʯʝʩʪʚʝ ʧʝʨʝʜʘʚʘʝʤʳʭ ʙʘʡʪʦʚ. ʋʟʝʣ-

ʧʦʣʫʯʘʪʝʣʴ ʧʝʨʝʜʘʝʪ ʦʪʧʨʘʚʠʪʝʣʶ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ACK, ʢʦʛʜʘ ʧʨʠʤʝʪ 

ʫʢʘʟʘʥʥʦʝ ʚ ʦʢʥʝ ʢʦʣʠʯʝʩʪʚʦ ʙʘʡʪʦʚ ʜʘʥʥʳʭ.  

ʅʘ ʨʠʩ. 6.5 ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ, ʢʦʛʜʘ ʨʘʟʤʝʨ ʦʢʥʘ ʩʦʩʪʘʚʣʷʝʪ 3000 ʙʘʡʪ. 
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ʋʟʝʣ-ʦʪʧʨʘʚʠʪʝʣʴ

ʇʝʨʝʜʘʯʘ ʧʘʢʝʪʘ 1

ʇʝʨʝʜʘʯʘ ʧʘʢʝʪʘ 2

ʋʟʝʣ-ʧʦʣʫʯʘʪʝʣʴ 

ʇʦʣʫʯʝʥʠʝ ʧʘʢʝʪʘ 1
ʩ 1 ʧʦ 1500 ʙʘʡʪ

ʇʦʣʫʯʝʥʠʝ ʧʘʢʝʪʘ 2
ʩ 1501 ʧʦ 3000 ʙʘʡʪ

ʇʦʜʪʚʝʨʞʜʝʥʠʝ
1 ACK = 300

1500 ʙʘʡʪ

1500 ʙʘʡʪ

ʈʘʟʤʝʨ ʦʢʥʘ = 3000

ʇʝʨʝʜʘʯʘ ʧʘʢʝʪʘ 3

ʇʝʨʝʜʘʯʘ ʧʘʢʝʪʘ 4

ʇʦʣʫʯʝʥʠʝ ʧʘʢʝʪʘ 3
ʩ 3001 ʧʦ 4500 ʙʘʡʪ

ʇʦʣʫʯʝʥʠʝ ʧʘʢʝʪʘ 4
ʩ 4501 ʧʦ 6000 ʙʘʡʪ

ʇʦʜʪʚʝʨʞʜʝʥʠʝ
1 ACK = 600

ʇʦʣʫʯʝʥʠʝ
ʧʦʜʪʚʝʨʞʜʝʥʠʷ

ʇʦʣʫʯʝʥʠʝ
ʧʦʜʪʚʝʨʞʜʝʥʠʷ

1500 ʙʘʡʪ

1500 ʙʘʡʪ

 

ʈʠʩ. 6.5. ʇʨʦʮʝʩʩ ʧʝʨʝʜʘʯʠ ʙʘʡʪ ʜʘʥʥʳʭ 
 

ʂʘʞʜʳʡ ʧʝʨʝʜʘʚʘʝʤʳʡ ʩʝʛʤʝʥʪ ʩʦʜʝʨʞʠʪ 1500 ʙʘʡʪ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʨʘʟʤʝʨʫ ʧʦʣʷ ʜʘʥʥʳʭ ʢʘʜʨʘ Ethernet. ʇʦʵʪʦʤʫ ʫʟʝʣ-ʦʪʧʨʘʚʠʪʝʣʴ ʧʝʨʝʜʘʝʪ ʜʚʘ 

ʩʝʛʤʝʥʪʘ ʧʦʜʨʷʜ, ʥʘ ʢʦʪʦʨʳʝ ʫʟʝʣ-ʧʦʣʫʯʘʪʝʣʴ ʧʦʩʳʣʘʝʪ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ACK 

ʩ ʥʦʤʝʨʦʤ ʩʣʝʜʫʶʱʝʛʦ ʦʞʠʜʘʝʤʦʛʦ ʙʘʡʪʘ, ʪ.ʝ. ACK = 3001. ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ 

ʫʟʣʦʤ-ʦʪʧʨʘʚʠʪʝʣʝʤ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʨʦʮʝʩʩ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʦʚʪʦʨʷʝʪʩʷ. 

ɽʩʣʠ ʢʘʢʦʡ-ʪʦ ʩʝʛʤʝʥʪ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʜʘʯʠ ʙʳʣ ʧʦʪʝʨʷʥ, ʥʘʧʨʠʤʝʨ, ʠʟ-

ʟʘ ʧʝʨʝʛʨʫʟʢʠ ʩʝʪʠ, ʪʦ ʫʟʝʣ-ʧʦʣʫʯʘʪʝʣʴ ʚ ʦʪʚʝʪʝ ʫʢʘʞʝʪ ʥʘʯʘʣʴʥʳʡ ʥʦʤʝʨ 

ʧʦʪʝʨʷʥʥʦʛʦ ʩʝʛʤʝʥʪʘ (ʨʠʩ. 6.6), ʯʪʦʙʳ ʵʪʦʪ ʩʝʛʤʝʥʪ ʙʳʣ ʧʝʨʝʜʘʥ ʧʦʚʪʦʨʥʦ. 

ʇʨʠ ʵʪʦʤ ʨʘʟʤʝʨ ʦʢʥʘ ʤʦʞʝʪ ʙʳʪʴ ʫʤʝʥʴʰʝʥ ʜʦ 1500 ʙʘʡʪ, ʪ.ʝ. ʜʦ ʨʘʟʤʝʨʘ 

ʦʜʥʦʛʦ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʩʝʛʤʝʥʪʘ. 

ʇʝʨʝʛʨʫʟʢʘ ʙʫʬʝʨʦʚ ʜʘʥʥʳʭ ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ ʧʦ ʧʨʠʯʠʥʘʤ:  

1. ɺʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʫʟʝʣ-ʦʪʧʨʘʚʠʪʝʣʴ ʛʝʥʝʨʠʨʫʝʪ ʪʨʘʬʠʢ ʙʳʩʪʨʝʝ, ʯʝʤ 

ʩʝʪʴ ʤʦʞʝʪ ʧʝʨʝʜʘʪʴ ʝʛʦ, ʘ ʫʟʝʣ-ʧʦʣʫʯʘʪʝʣʴ ʧʨʠʥʷʪʴ.  

2.  ʅʝʩʢʦʣʴʢʦ ʫʟʣʦʚ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦʩʳʣʘʶʪ ʩʦʦʙʱʝʥʠʷ ʦʜʥʦʤʫ ʫʟʣʫ-

ʧʦʣʫʯʘʪʝʣʶ.  

ʂʦʛʜʘ ʜʘʥʥʳʝ ʧʨʠʙʳʚʘʶʪ ʥʘ ʫʟʝʣ-ʧʦʣʫʯʘʪʝʣʴ ʩʣʠʰʢʦʤ ʙʳʩʪʨʦ, ʪʦ 

ʙʫʬʝʨʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʘʜʨʝʩʘʪʘ ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʧʝʨʝʛʨʫʞʝʥʳ ʠ ʧʨʠʭʦʜʷʱʠʝ 

ʧʘʢʝʪʳ ʙʫʜʫʪ ʦʪʙʨʘʩʳʚʘʪʴʩʷ. ʏʪʦʙʳ ʥʝ ʧʦʪʝʨʷʪʴ ʜʘʥʥʳʝ, ʧʨʦʮʝʩʩ TCP ʥʘ 

ʫʟʣʝ-ʧʦʣʫʯʘʪʝʣʝ ʤʦʞʝʪ ʧʦʩʣʘʪʴ ʦʪʧʨʘʚʠʪʝʣʶ ʠʥʜʠʢʘʪʦʨ çʥʝ ʛʦʪʦʚè, ʯʪʦʙʳ 

ʦʪʧʨʘʚʠʪʝʣʴ ʧʨʠʦʩʪʘʥʦʚʠʣ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ.  
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ʋʟʝʣ-ʦʪʧʨʘʚʠʪʝʣʴ

ʇʝʨʝʜʘʯʘ ʧʘʢʝʪʘ 1

ʇʝʨʝʜʘʯʘ ʧʘʢʝʪʘ 2

ʋʟʝʣ-ʧʦʣʫʯʘʪʝʣʴ 

ʇʦʣʫʯʝʥʠʝ ʧʘʢʝʪʘ 1
ʩ 1 ʧʦ 1500 ʙʘʡʪ

ʇʦʣʫʯʝʥʠʝ ʧʘʢʝʪʘ 2
ʩ 1501 ʧʦ 3000 ʙʘʡʪ

ʇʦʜʪʚʝʨʞʜʝʥʠʝ
1 ACK = 300

1500 ʙʘʡʪ

1500 ʙʘʡʪ

ʈʘʟʤʝʨ ʦʢʥʘ = 3000

ʇʝʨʝʜʘʯʘ ʧʘʢʝʪʘ 3

ʇʝʨʝʜʘʯʘ ʧʘʢʝʪʘ 4

ʇʝʨʝʜʘʯʘ ʧʘʢʝʪʘ 3

ʇʘʢʝʪ 3 ʙʳʣ
ʧʦʪʝʨʷʥ

ʇʦʣʫʯʝʥʠʝ ʧʘʢʝʪʘ 4
ʩ 4501 ʧʦ 6000 ʙʘʡʪ

ʇʦʜʪʚʝʨʞʜʝʥʠʝ
1 ACK = 300

Window = 1500

ʇʦʣʫʯʝʥʠʝ
ʧʦʜʪʚʝʨʞʜʝʥʠʷ

ʇʦʣʫʯʝʥʠʝ
ʧʦʜʪʚʝʨʞʜʝʥʠʷ

1500 ʙʘʡʪ

1500 ʙʘʡʪ

ʈʘʟʤʝʨ ʦʢʥʘ = 1500

ʇʦʣʫʯʝʥʠʝ ʧʘʢʝʪʘ 3
ʩ 3001 ʧʦ 4500 ʙʘʡʪ

1500 ʙʘʡʪ

ʇʦʜʪʚʝʨʞʜʝʥʠʝ
1 ACK = 450

ʇʦʣʫʯʝʥʠʝ
ʧʦʜʪʚʝʨʞʜʝʥʠʷ  

 

ʈʠʩ. 6.6. ʇʝʨʝʛʨʫʟʢʘ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 
 

ʂʦʛʜʘ ʧʦʣʫʯʘʪʝʣʴ ʚʥʦʚʴ ʩʤʦʞʝʪ ʦʙʨʘʙʘʪʳʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʜʘʥʥʳʝ, 

ʦʥ ʧʦʩʳʣʘʝʪ ʠʥʜʠʢʘʪʦʨ çʛʦʪʦʚè. ʂʦʛʜʘ ʵʪʦʪ ʠʥʜʠʢʘʪʦʨ ʧʦʣʫʯʝʥ, ʦʪʧʨʘʚʠʪʝʣʴ 

ʤʦʞʝʪ ʧʨʦʜʦʣʞʠʪʴ ʧʝʨʝʜʘʯʫ. 

ʇʨʠ ʧʝʨʝʜʘʯʝ ʩʨʦʯʥʳʭ ʩʦʦʙʱʝʥʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʠʪ URG ʚ ʧʦʣʝ ʢʦʜʘ 

ʧʝʨʝʜʘʚʘʝʤʳʭ ʩʝʛʤʝʥʪʦʚ. ʊʘʢʠʝ ʩʝʛʤʝʥʪʳ ʧʝʨʝʜʘʶʪʩʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ.  

 

ɿʘʚʝʨʰʝʥʠʝ ʩʦʝʜʠʥʝʥʠʷ 

ɿʘʚʝʨʰʝʥʠʝ ʩʦʝʜʠʥʝʥʠʷ ʚ ʢʦʥʮʝ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʨʦʠʩʭʦʜʠʪ ʚ 4 ʵʪʘʧʘ:  

1. ʋʟʝʣ-ʦʪʧʨʘʚʠʪʝʣʴ, ʠʥʠʮʠʘʣʠʟʠʨʦʚʘʚʰʠʡ ʦʙʤʝʥ ʜʘʥʥʳʤʠ, ʧʦʩʳʣʘʝʪ 

ʩʝʛʤʝʥʪ ʢʦʥʮʘ ʧʝʨʝʜʘʯʠ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʬʣʘʛʦʤ FIN, ʩʠʛʥʘʣʠʟʠʨʫʶʱʠʡ, 

ʯʪʦ ʜʘʥʥʳʭ ʜʣʷ ʧʝʨʝʜʘʯʠ ʙʦʣʴʰʝ ʥʝʪ;  

2. ɺ ʦʪʚʝʪ ʥʘ ʵʪʦ ʫʟʝʣ-ʧʦʣʫʯʘʪʝʣʴ ʧʦʜʪʚʝʨʞʜʘʝʪ (ACK) ʢʦʥʝʮ ʧʝʨʝʜʘʯʠ; 

3. ʋʟʝʣ-ʧʦʣʫʯʘʪʝʣʴ ʪʘʢʞʝ ʧʦʩʳʣʘʝʪ ʩʠʛʥʘʣ ʢʦʥʮʘ ʧʝʨʝʜʘʯʠ FIN .  

4. ʋʟʝʣ-ʦʪʧʨʘʚʠʪʝʣʴ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʦʣʫʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ (ACK ).  

ʅʘ ʵʪʦʤ ʩʦʝʜʠʥʝʥʠʝ ʟʘʢʘʥʯʠʚʘʝʪʩʷ, ʪ.ʝ. ʟʘʚʝʨʰʝʥʠʝ ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʯʝʪʳʨʝ ʵʪʘʧʘ. 
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ɺʦʧʨʦʩʳ ʧʦ ʨʘʟʜʝʣʫ 6 

 

1. ɺ ʯʝʤ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʧʨʦʪʦʢʦʣʘʤʠ TCP ʠ UDP?  

2. ʇʦ ʢʘʢʦʡ ʢʦʤʘʥʜʝ ʤʦʞʥʦ ʫʟʥʘʪʴ, ʢʘʢʠʝ TCP ʩʦʝʜʠʥʝʥʠʷ ʘʢʪʠʚʥʳ ʥʘ 

ʩʝʪʝʚʦʤ ʢʦʥʝʯʥʦʤ ʫʟʣʝ?  

3. ʂʘʢʫʶ ʬʫʥʢʮʠʶ ʚ ʟʘʛʦʣʦʚʢʝ ʩʝʛʤʝʥʪʘ TCP ʚʳʧʦʣʥʷʝʪ ʥʦʤʝʨ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ?  

4. ʂʘʢʫʶ ʬʫʥʢʮʠʶ ʚ ʟʘʛʦʣʦʚʢʝ ʩʝʛʤʝʥʪʘ TCP ʚʳʧʦʣʥʷʝʪ ʧʦʜʪʚʝʨʞʜʝʥʠʝ?  

5. ʏʪʦ ʟʘʜʘʝʪ ʨʘʟʤʝʨ ʦʢʥʘ ʚ ʟʘʛʦʣʦʚʢʝ ʩʝʛʤʝʥʪʘ TCP?  

6. ʂʘʢʫʶ ʬʫʥʢʮʠʶ ʚ ʟʘʛʦʣʦʚʢʝ ʩʝʛʤʝʥʪʘ TCP, UDP ʚʳʧʦʣʥʷʶʪ ʥʦʤʝʨʘ 

ʧʦʨʪʘ?  

7. ɿʘ ʩʢʦʣʴʢʦ ʵʪʘʧʦʚ ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʦʝʜʠʥʝʥʠʷ 
ʫ ʧʨʦʪʦʢʦʣʘ TCP? ʂʘʢʠʝ ʬʣʘʛʠ ʧʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ? 

8. ʏʝʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʤʝʨ ʧʦʣʷ ʜʘʥʥʳʭ ʩʝʛʤʝʥʪʘ? 

9. ʂʘʢʦʡ ʜʠʘʧʘʟʦʥ ʥʦʤʝʨʦʚ ʠʤʝʶʪ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʝ ʧʦʨʪʳ? ʂʦʤʫ ʦʥʠ 
ʥʘʟʥʘʯʘʶʪʩʷ? 

10. ʂʘʢʠʝ ʜʠʘʧʘʟʦʥʳ ʥʦʤʝʨʦʚ ʠʤʝʶʪ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ 
ʧʦʨʪʳ? ʂʦʤʫ ʦʥʠ ʥʘʟʥʘʯʘʶʪʩʷ? 

11. ʂʘʢʦʡ ʥʦʤʝʨ ʧʦʨʪʘ ʠʩʪʦʯʥʠʢʘ ʚʳʙʝʨʝʪ ʧʨʠʣʦʞʝʥʠʝ ʢʣʠʝʥʪʘ? 

12. ʉ ʢʘʢʠʤʠ ʧʨʠʣʦʞʝʥʠʷʤʠ ʨʘʙʦʪʘʝʪ ʧʨʦʪʦʢʦʣ TCP? 

13. ʉ ʢʘʢʠʤʠ ʧʨʠʣʦʞʝʥʠʷʤʠ ʨʘʙʦʪʘʝʪ ʧʨʦʪʦʢʦʣ UDP? ɺ ʯʝʤ ʝʛʦ 

ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ TCP? 

14. ɽʩʣʠ ʧʨʠ ʟʘʧʨʦʩʝ ʧʨʠʣʦʞʝʥʠʷ TFTP ʥʝ ʙʫʜʝʪ ʧʦʣʫʯʝʥ ʦʪʚʝʪ, ʪʦ ʙʫʜʝʪ ʣʠ 

ʧʦʚʪʦʨʥʳʡ ʟʘʧʨʦʩ? ɽʩʣʠ ʙʫʜʝʪ, ʪʦ ʢʪʦ ʝʛʦ ʩʬʦʨʤʠʨʫʝʪ? 

15. ʂʘʢʠʝ ʧʨʠʣʦʞʝʥʠʷ ʨʘʙʦʪʘʶʪ ʠ ʩ UDP ʠ ʩ TCP? 

16. ʂʘʢʦʚʳ ʵʪʘʧʳ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʪʦʢʦʣ TCP? 

17. ʂʘʢ ʙʫʜʝʪ ʨʝʘʛʠʨʦʚʘʪʴ ʩʠʩʪʝʤʘ ʧʨʠ ʧʦʪʝʨʝ ʧʝʨʚʦʛʦ ʧʘʢʝʪʘ TFTP? 

18. ʂʘʢʦʡ ʧʨʦʪʦʢʦʣ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʫʨʦʚʥʷ ʤʦʞʝʪ ʧʝʨʝʫʧʦʨʷʜʦʯʠʪʴ ʩʝʛʤʝʥʪʳ? 

 

 

ʋʧʨʘʞʥʝʥʠʷ   
 

1. ʇʨʠʚʝʜʠʪʝ ʥʦʤʝʨʘ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʭ ʧʦʨʪʦʚ. 

2. ʀʟʦʙʨʘʟʠʪʝ ʬʦʨʤʘʪ ʟʘʛʦʣʦʚʢʘ ʩʝʛʤʝʥʪʘ TCP. ʆʙʲʷʩʥʠʪʝ ʥʘʟʥʘʯʝʥʠʝ ʧʦʣʝʡ 

ʟʘʛʦʣʦʚʢʘ.  

3. ʉʨʘʚʥʠʪʝ ʬʦʨʤʘʪʳ ʟʘʛʦʣʦʚʢʦʚ ʩʝʛʤʝʥʪʦʚ TCP ʠ UDP. 

4. ʀʟʦʙʨʘʟʠʪʝ ʧʨʦʮʝʩʩ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʪʦʢʦʣʘ TCP.  

5. ʀʟʦʙʨʘʟʠʪʝ ʧʨʦʮʝʩʩ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʦʪʦʢʦʣʘ TCP.  

6. ʆʙʲʷʩʥʠʪʝ, ʟʘ ʩʯʝʪ ʯʝʛʦ ʧʨʦʪʦʢʦʣ TCP ʨʝʘʣʠʟʫʝʪ ʥʘʜʝʞʥʦʩʪʴ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ. 
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7. ʇʈʀʂʃɸɼʅʆʁ ʋʈʆɺɽʅʔ  

 

7.1. ʌʫʥʢʮʠʠ ʧʨʠʢʣʘʜʥʦʛʦ ʫʨʦʚʥʷ  

  

ʇʨʠʢʣʘʜʥʦʡ ʫʨʦʚʝʥʴ ʤʦʜʝʣʠ OSI ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʧʨʷʞʝʥʠʝ ʘʙʦʥʝʥʪʘ ʩ 

ʩʝʪʝʚʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʦʙʱʘʪʴʩʷ ʤʝʞʜʫ ʩʦʙʦʡ 

ʯʝʨʝʟ ʩʝʪʴ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʧʨʠʢʣʘʜʥʦʡ ʫʨʦʚʝʥʴ ʩʦʟʜʘʝʪ ʠʥʪʝʨʬʝʡʩ ʤʝʞʜʫ 

ʧʨʠʣʦʞʝʥʠʷʤʠ ʢʦʥʝʯʥʳʭ ʫʩʪʨʦʡʩʪʚ ʧʨʠ ʧʝʨʝʜʘʯʝ ʩʦʦʙʱʝʥʠʡ ʧʦ ʩʝʪʠ.  

ʋʨʦʚʝʥʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 6 ʠʟʤʝʥʷʝʪ ʬʦʨʤʫ ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ ʚ ʚʠʜ 

ʫʜʦʙʥʳʡ ʜʣʷ ʧʝʨʝʜʘʯʠ ʧʦ ʩʝʪʠ ʘʜʨʝʩʘʪʫ. ʅʘʧʨʠʤʝʨ, ʧʝʨʝʜʘʚʘʝʤʳʝ ʩ ʚʝʨʭʥʝʛʦ 

ʫʨʦʚʥʷ 7 ʜʘʥʥʳʝ ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ ʦʙʱʝʧʨʠʥʷʪʳʡ ʬʦʨʤʘʪ ASCII; ʧʨʠ 

ʧʝʨʝʜʘʯʝ ʠʟʦʙʨʘʞʝʥʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʬʦʨʤʘʪʳ ʦʙʤʝʥʘ ʛʨʘʬʠʯʝʩʢʠʤʠ 

ʜʘʥʥʳʤʠ GIF, PNG. ʅʘ ʫʨʦʚʥʝ 6 ʪʘʢʞʝ ʧʨʦʠʩʭʦʜʠʪ ʩʞʘʪʠʝ ʜʘʥʥʳʭ 

(ʧʨʦʪʦʢʦʣʳ MPEG, JPEG). 

ʉʝʘʥʩʦʚʳʡ ʫʨʦʚʝʥʴ 5 ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʠ ʧʦʜʜʝʨʞʠʚʘʝʪ ʩʝʘʥʩ ʩʚʷʟʠ ʜʚʫʭ 

ʧʨʠʣʦʞʝʥʠʡ ʢʦʥʝʯʥʳʭ ʫʟʣʦʚ (ʢʦʤʧʴʶʪʝʨʦʚ), ʦʧʨʝʜʝʣʷʝʪ, ʢʘʢʦʡ ʫʟʝʣ ʷʚʣʷʝʪʩʷ 

ʚʝʜʫʱʠʤ, ʘ ʢʘʢʦʡ ʚʝʜʦʤʳʤ, ʟʘʜʘʝʪ ʜʣʷ ʧʝʨʝʜʘʶʱʝʡ ʩʪʦʨʦʥʳ ʚʨʝʤʷ ʧʝʨʝʜʘʯʠ. 

ʕʪʦʪ ʫʨʦʚʝʥʴ ʦʧʨʝʜʝʣʷʝʪ ʪʘʢʞʝ ʩʝʘʥʩ ʩʚʷʟʠ ʩ ʩʝʪʴʶ ʀʥʪʝʨʥʝʪ. 

ʇʨʠʢʣʘʜʥʦʡ ʫʨʦʚʝʥʴ TCP/IP ʦʭʚʘʪʳʚʘʝʪ ʪʨʠ ʫʨʦʚʥʷ ʤʦʜʝʣʠ OSI 

(ʧʨʠʣʦʞʝʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʠʷ, ʩʝʘʥʩʦʚʳʡ). ʐʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʠʟʚʝʩʪʥʳʝ 

ʧʨʠʣʦʞʝʥʠʷ: HTTP, FTP, SMTP, DNS.  

ʇʨʦʪʦʢʦʣʳ ʠ ʩʣʫʞʙʳ ʧʨʠʢʣʘʜʥʦʛʦ ʫʨʦʚʥʷ ʦʙʳʯʥʦ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʩʝʨʚʝʨʘʤʠ. ʆʜʥʘʢʦ ʩʝʨʚʝʨ, ʢʘʢ ʦʪʜʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, 

ʤʦʞʝʪ ʦʙʲʝʜʠʥʷʪʴ ʬʫʥʢʮʠʠ ʥʝʩʢʦʣʴʢʠʭ ʩʣʫʞʙ ʩʝʨʚʠʩʘ; ʠʣʠ ʥʘʦʙʦʨʦʪ, ʩʣʫʞʙʘ 

ʦʜʥʦʛʦ ʚʠʜʘ ʫʩʣʫʛ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʥʦʛʠʤʠ ʩʝʨʚʝʨʘʤʠ.  

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʧʨʦʪʦʢʦʣʘʤʠ ʠ ʩʣʫʞʙʘʤʠ ʧʨʠʢʣʘʜʥʦʛʦ 

ʫʨʦʚʥʷ ʷʚʣʷʶʪʩʷ: 

- ʧʨʦʪʦʢʦʣʳ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʳ (Simple Mail Transfer Protocol ï SMTP, 

Post Office Protocol ï POP, Internet Messaging Access Protocol ï IMAP ); 

- ʧʨʦʪʦʢʦʣ ʧʝʨʝʜʘʯʠ ʛʠʧʝʨʪʝʢʩʪʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠʣʠ web-ʩʝʨʚʝʨ 

(Hypertext Transfer Protocol ï HTTP);  

- ʧʨʦʪʦʢʦʣ ʧʝʨʝʜʘʯʠ ʬʘʡʣʦʚ (File Transfer Protocol ï FTP) ʠ ʧʨʦʩʪʦʡ 

ʧʨʦʪʦʢʦʣ ʧʝʨʝʜʘʯʠ ʬʘʡʣʦʚ (Trivial FTP ï TFTP); 

- ʩʠʩʪʝʤʘ ʜʦʤʝʥʥʳʭ ʠʤʝʥ (Domain Name System ï DNS); 
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- ʧʨʦʪʦʢʦʣ ʫʜʘʣʝʥʥʦʛʦ ʜʦʩʪʫʧʘ (Telnet), ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʚʠʨʪʫʘʣʴʥʦʝ 

ʩʦʝʜʠʥʝʥʠʝ ʩ ʫʜʘʣʝʥʥʳʤʠ ʩʝʪʝʚʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʠ ʧʨʦʪʦʢʦʣ ʫʜʘʣʝʥʥʦʛʦ 

ʜʦʩʪʫʧʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʰʠʬʨʦʚʘʥʠʝ ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ (Secure Shell ï 

SSH); 

- ʧʨʦʪʦʢʦʣ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʷ ʫʟʣʦʚ (Dynamic Host 

Configuration Protocol ï DHCP). 

 

 

 

7.2. ʄʦʜʝʣʠ ʧʦʩʪʨʦʝʥʠʷ ʩʝʪʠ 

 

ʉʫʱʝʩʪʚʫʶʪ ʜʚʝ ʤʦʜʝʣʠ ʧʦʩʪʨʦʝʥʠʷ ʩʝʪʠ: 

1. ʄʦʜʝʣʴ çʢʣʠʝʥʪ ï ʩʝʨʚʝʨè; 

2. ʄʦʜʝʣʴ ʩʦʝʜʠʥʝʥʠʷ ʨʘʚʥʦʧʨʘʚʥʳʭ ʫʟʣʦʚ ʩʝʪʠ (peer-to-peer ï ʈ2ʈ) ʠʣʠ, 

ʧʦ-ʜʨʫʛʦʤʫ, ʤʦʜʝʣʴ ʦʜʥʦʨʘʥʛʦʚʦʡ ʩʝʪʠ. 

ʇʨʠ ʩʦʝʜʠʥʝʥʠʠ ʨʘʚʥʦʧʨʘʚʥʳʭ ʫʟʣʦʚ ʩʚʷʟʘʥʥʳʝ ʯʝʨʝʟ ʩʝʪʴ ʢʦʥʝʯʥʳʝ 

ʫʩʪʨʦʡʩʪʚʘ ʨʘʟʜʝʣʷʶʪ ʦʙʱʠʝ ʨʝʩʫʨʩʳ (ʥʘʧʨʠʤʝʨ, ʧʨʠʥʪʝʨʳ, ʬʘʡʣʳ) ʙʝʟ 

ʚʳʜʝʣʝʥʥʦʛʦ ʩʝʨʚʝʨʘ. ʄʦʜʝʣʴ ʩʦʝʜʠʥʝʥʠʷ ʨʘʚʥʦʧʨʘʚʥʳʭ ʫʟʣʦʚ ʩʝʪʠ (peer-to-

peer ï ʈ2ʈ) ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʜʥʦʨʘʥʛʦʚʳʤʠ ʩʝʪʷʤʠ ʠ ʈ2ʈ ʧʨʠʣʦʞʝʥʠʷʤʠ.  

ʆʜʥʦʨʘʥʛʦʚʳʝ ʩʝʪʠ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʦʛʨʘʥʠʯʝʥʥʦʤ 

ʢʦʣʠʯʝʩʪʚʝ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʦʥʠ ʧʣʦʭʦ ʤʘʩʰʪʘʙʠʨʫʶʪʩʷ. ʂʘʞʜʦʝ ʢʦʥʝʯʥʦʝ 

ʫʩʪʨʦʡʩʪʚʦ (peer) ʤʦʞʝʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʣʠʙʦ ʢʘʢ ʩʝʨʚʝʨ, ʣʠʙʦ ʢʘʢ ʢʣʠʝʥʪ. 

ʂʦʤʧʴʶʪʝʨ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴ ʨʦʣʴ ʩʝʨʚʝʨʘ ʜʣʷ ʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʠ ʨʦʣʴ 

ʢʣʠʝʥʪʘ ʜʣʷ ʜʨʫʛʦʛʦ, ʪ.ʝ. ʨʦʣʴ ʢʣʠʝʥʪʘ ʠʣʠ ʩʝʨʚʝʨʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʢʘʞʜʦʤ 

ʦʪʜʝʣʴʥʦʤ ʟʘʧʨʦʩʝ. ʈʝʩʫʨʩʳ ʩʝʪʠ ʠ ʫʧʨʘʚʣʝʥʠʝ ʝʡ ʷʚʣʷʶʪʩʷ 

ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʤʠ. ʇʦʵʪʦʤʫ ʪʨʫʜʥʦ ʦʙʝʩʧʝʯʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ. 

ʈʘʚʥʦʧʨʘʚʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʈ2ʈ ʥʘ ʢʦʥʝʯʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʧʦʟʚʦʣʷʶʪ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʠʤ ʠ ʢʘʢ ʩʝʨʚʝʨ, ʠ ʢʘʢ ʢʣʠʝʥʪ ʚ ʦʜʥʦʤ ʩʝʘʥʩʝ 

ʩʚʷʟʠ. ʅʝʢʦʪʦʨʳʝ ʧʨʠʣʦʞʝʥʠʷ ʈ2ʈ ʠʩʧʦʣʴʟʫʶʪ ʛʠʙʨʠʜʥʫʶ ʩʠʩʪʝʤʫ, ʢʦʛʜʘ 

ʨʝʩʫʨʩʳ ʠ ʜʦʩʪʫʧ ʢ ʥʠʤ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʳ, ʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʥʘʭʦʞʜʝʥʠʠ 

ʨʝʩʫʨʩʦʚ ʥʘʭʦʜʠʪʩʷ ʚ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʤ ʢʘʪʘʣʦʛʝ.  

ʉʦʛʣʘʩʥʦ ʤʦʜʝʣʠ çʢʣʠʝʥʪ ï ʩʝʨʚʝʨè ʦʙʤʝʥ ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʢʣʠʝʥʪʘʤʠ 

ʧʨʦʠʩʭʦʜʠʪ ʯʝʨʝʟ ʚʳʜʝʣʝʥʥʳʡ ʩʝʨʚʝʨ. ʂʣʠʝʥʪ ʟʘʧʨʘʰʠʚʘʝʪ ʠʥʬʦʨʤʘʮʠʶ, 

ʧʝʨʝʩʳʣʘʷ ʟʘʧʨʦʩ ʚʳʜʝʣʝʥʥʦʤʫ ʩʝʨʚʝʨʫ (upload), ʢʦʪʦʨʳʡ ʚ ʦʪʚʝʪ ʥʘ ʟʘʧʨʦʩ 
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ʧʦʩʳʣʘʝʪ ʬʘʡʣ ʜʘʥʥʳʭ (download), ʧʨʠʥʠʤʘʝʤʳʡ ʢʣʠʝʥʪʦʤ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʢʣʠʝʥʪ ʠʥʠʮʠʠʨʫʝʪ ʧʨʦʮʝʩʩ ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʝʡ ʚ ʩʨʝʜʝ çʢʣʠʝʥʪ ï ʩʝʨʚʝʨè 

ʠ ʧʦʣʫʯʘʝʪ ʦʪ ʩʝʨʚʝʨʘ ʪʨʝʙʫʝʤʫʶ ʠʥʬʦʨʤʘʮʠʶ. ʇʝʨʝʩʳʣʢʘ ʩʦʦʙʱʝʥʠʷ ʦʪ 

ʢʣʠʝʥʪʘ ʥʘ ʩʝʨʚʝʨ ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ ʦʪʧʨʘʚʢʘ, ʘ ʩ ʩʝʨʚʝʨʘ ʢʣʠʝʥʪʫ ï 

ʟʘʛʨʫʟʢʘ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʪʘʢʦʡ ʤʦʜʝʣʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʦʣʞʥʦ 

ʩʦʩʪʦʷʪʴ ʠʟ ʜʚʫʭ ʯʘʩʪʝʡ: ʢʣʠʝʥʪʩʢʦʛʦ (ʢʣʠʝʥʪ) ʠ ʩʝʨʚʝʨʥʦʛʦ (ʩʝʨʚʝʨ) 

ʧʨʠʣʦʞʝʥʠʡ. 

ɻʣʘʚʥʳʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʤʦʜʝʣʠ çʢʣʠʝʥʪ ï ʩʝʨʚʝʨè ʷʚʣʷʝʪʩʷ 

ʮʝʥʪʨʘʣʠʟʘʮʠʷ ʫʧʨʘʚʣʝʥʠʷ ʩʝʪʴʶ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʝʪʠ.  

 

 

7.3. ʇʨʦʪʦʢʦʣʳ ʧʨʠʢʣʘʜʥʦʛʦ ʫʨʦʚʥʷ  

ʇʨʦʪʦʢʦʣʳ ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʳ 
 

ʇʨʠ ʧʝʨʝʜʘʯʝ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʳ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʧʦʯʪʦʚʳʭ ʩʝʨʚʝʨʦʚ 

ʤʝʞʜʫ ʩʦʙʦʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʩʪʦʡ ʧʨʦʪʦʢʦʣ ʧʝʨʝʜʘʯʠ ʧʦʯʪʳ (Simple Mail 

Transfer Protocol ï SMTP), ʫ ʢʦʪʦʨʦʛʦ ʥʦʤʝʨ ʧʦʨʪʘ 25. ɼʣʷ ʧʦʣʫʯʝʥʠʷ 

ʢʣʠʝʥʪʦʤ ʩʦʦʙʱʝʥʠʷ ʩ ʩʝʨʚʝʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʪʦʢʦʣ ʧʦʯʪʦʚʦʛʦ ʦʪʜʝʣʝʥʠʷ 

(Post Office Protocol ï POP) ʩ ʥʦʤʝʨʦʤ ʧʦʨʪʘ 110 ʠʣʠ ʧʨʦʪʦʢʦʣ ʜʦʩʪʫʧʘ ʢ 

ʩʦʦʙʱʝʥʠʷʤ (Internet Messaging Access Protocol ï IMAP ).  

ʅʘ ʨʠʩ. 7.1 ʧʨʠʚʝʜʝʥʘ ʤʦʜʝʣʴ ʢʣʠʝʥʪ-ʩʝʨʚʝʨ ʚ ʩʣʫʞʙʝ ʵʣʝʢʪʨʦʥʥʦʡ 

ʧʦʯʪʳ. ʇʨʠ ʧʝʨʝʩʳʣʢʝ ʧʦʯʪʳ ʦʪ ʢʣʠʝʥʪʘ ʥʘ ʩʝʨʚʝʨ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʪʦʢʦʣ 

SMTP. ʇʦʣʫʯʠʚ ʩʦʦʙʱʝʥʠʝ ʢʣʠʝʥʪʘ, ʩʝʨʚʝʨ ʩʪʘʚʠʪ ʝʛʦ ʚ ʦʯʝʨʝʜʴ ʠʣʠ 

ʧʝʨʝʩʳʣʘʝʪ ʥʘ ʜʨʫʛʦʡ ʩʝʨʚʝʨ, ʠʩʧʦʣʴʟʫʷ ʧʨʦʪʦʢʦʣ SMTP.  
 

ʉʝʨʚʝʨ

ʂʣʠʝʥʪ

Download

    POP
Upload

SMTP

 

 

ʈʠʩ. 7.1. ʄʦʜʝʣʴ ʢʣʠʝʥʪ-ʩʝʨʚʝʨ ʚ ʩʣʫʞʙʝ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʳ 
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ʂʦʛʜʘ ʧʦʯʪʦʚʳʡ ʩʝʨʚʝʨ ʧʦʣʫʯʘʝʪ ʩʦʦʙʱʝʥʠʝ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ ʝʛʦ 

ʢʣʠʝʥʪʘ, ʦʥ ʭʨʘʥʠʪ ʵʪʦ ʩʦʦʙʱʝʥʠʝ ʠ ʞʜʝʪ, ʢʦʛʜʘ ʘʜʨʝʩʘʪ ʥʘʟʥʘʯʝʥʠʷ ʟʘʙʝʨʝʪ 

ʩʚʦʶ ʧʦʯʪʫ, ʠʩʧʦʣʴʟʫʷ ʦʜʠʥ ʠʟ ʧʦʯʪʦʚʳʭ ʧʨʦʪʦʢʦʣʦʚ (POP3 ʠʣʠ IMAP4), 

ʢʦʪʦʨʳʝ ʥʘ ʪʨʘʥʩʧʦʨʪʥʦʤ ʫʨʦʚʥʝ ʠʩʧʦʣʴʟʫʶʪ ʧʨʦʪʦʢʦʣ TCP ʜʣʷ ʥʘʜʝʞʥʦʡ 

ʜʦʩʪʘʚʢʠ ʜʘʥʥʳʭ.  

ʇʦʯʪʦʚʳʝ ʩʝʨʚʝʨʳ ʦʙʱʘʶʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʠʩʧʦʣʴʟʫʷ ʧʨʦʪʦʢʦʣ SMTP, 

ʢʦʪʦʨʳʡ ʪʨʘʥʩʧʦʨʪʠʨʫʝʪ ʧʦʯʪʦʚʳʝ ʩʦʦʙʱʝʥʠʷ ʚ ʪʝʢʩʪʦʚʦʤ ʬʦʨʤʘʪʝ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʩ TCP.  

ɺ ʧʨʦʮʝʩʩʝ ʧʦʜʛʦʪʦʚʢʠ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʳ ʠʩʧʦʣʴʟʫʝʪʩ ̫ʢʣʠʝʥʪʩʢʦʝ 

ʧʨʠʣʦʞʝʥʠʝ, ʥʘʟʳʚʘʝʤʦʝ ʧʦʯʪʦʚʳʡ ʘʛʝʥʪ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʧʦʯʪʦʚʳʡ ʢʣʠʝʥʪ 

(Mail User Agent ï MUA). ʇʨʠʣʦʞʝʥʠʝ MUA ʧʦʟʚʦʣʷʝʪ ʧʦʩʳʣʘʪʴ ʩʦʦʙʱʝʥʠʷ 

ʠ ʧʦʤʝʱʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʩʦʦʙʱʝʥʠʷ ʚ ʧʦʯʪʦʚʳʡ ʷʱʠʢ ʢʣʠʝʥʪʘ (ʨʠʩ. 7.2).   

 

 

ʉʝʨʚʝʨʉʝʨʚʝʨ

    ʂʣʠʝʥʪ
ʦʪʧʨʘʚʠʪʝʣɹ

   ʂʣʠʝʥʪ
ʧʦʣʫʯʘʪʝʣɹ

POPSMTP SMTP

Mail Transfer Agent
           MTA 

Mail Delivery Agent
           MDA 

Mail User Agent
        MUA 

Mail User Agent
        MUA 

Mail Transfer Agent
           MTA  

ʈʠʩ. 7.2. ʇʝʨʝʜʘʯʘ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʳ ʧʦ ʩʝʪʠ 
 

ʇʨʠ ʧʝʨʝʜʘʯʝ ʩʦʦʙʱʝʥʠʡ ʤʝʞʜʫ ʩʝʨʚʝʨʘʤʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ɸʛʝʥʪ 

ʧʝʨʝʜʘʯʠ ʧʦʯʪʳ (Mail Transfer Agent ï MTA). ɸʛʝʥʪ MTA ʧʦʣʫʯʘʝʪ 

ʩʦʦʙʱʝʥʠʷ ʦʪ MUA ʠʣʠ ʦʪ ʜʨʫʛʦʛʦ MTA ʠ ʧʝʨʝʜʘʝʪ ʠʭ ʧʦ ʩʝʪʠ. ɸʛʝʥʪʳ MTA 

ʠʩʧʦʣʴʟʫʶʪ ʧʨʦʪʦʢʦʣ SMTP, ʜʣʷ ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʳ ʤʝʞʜʫ 

ʩʝʨʚʝʨʘʤʠ. ɽʩʣʠ ʩʦʦʙʱʝʥʠʝ ʠʟ ʩʝʨʚʝʨʘ ʤʦʞʝʪ ʙʳʪʴ ʦʪʧʨʘʚʣʝʥʦ ʩʨʘʟʫ ʢʣʠʝʥʪʫ 

ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ, ʪʦ ʧʦʜʢʣʶʯʘʝʪʩʷ ɸʛʝʥʪ ʜʦʩʪʘʚʢʠ ʧʦʯʪʳ (Mail Delivery Agent 

ï MDA). ɸʛʝʥʪ MDA ʧʦʣʫʯʘʝʪ ʧʨʠʙʳʚʘʶʱʫʶ ʧʦʯʪʫ ʦʪ MTA ʠ ʧʦʤʝʱʘʝʪ ʝʝ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʯʪʦʚʳʝ ʷʱʠʢʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʠʩʧʦʣʴʟʫʷ ʧʨʦʪʦʢʦʣ ʈʆʈ. 
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ʇʨʦʪʦʢʦʣ HTTP 
 

ʉʘʤʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʧʨʦʪʦʢʦʣʦʤ ʧʨʠʢʣʘʜʥʦʛʦ ʫʨʦʚʥʷ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʧʨʦʪʦʢʦʣ ʧʝʨʝʜʘʯʠ ʛʠʧʝʨʪʝʢʩʪʦʚʦʡ 

ʠʥʬʦʨʤʘʮʠʠ (Hypertext Transfer Protocol ï HTTP), ʢʦʪʦʨʳʡ ʨʘʙʦʪʘʝʪ ʚ ʩʝʪʠ 

ʀʥʪʝʨʥʝʪ. ɽʛʦ ʦʩʥʦʚʥʳʤ ʧʨʠʣʦʞʝʥʠʝʤ ʷʚʣʷʝʪʩʷ Web-ʙʨʘʫʟʝʨ, ʢʦʪʦʨʳʡ 

ʦʪʦʙʨʘʞʘʝʪ ʜʘʥʥʳʝ ʥʘ Web-ʩʪʨʘʥʠʮʘʭ, ʠʩʧʦʣʴʟʫʷ ʪʝʢʩʪ, ʛʨʘʬʠʢʫ, ʟʚʫʢ ʠ 

ʚʠʜʝʦ. Web-ʩʪʨʘʥʠʮʳ ʩʦʟʜʘʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʷʟʳʢʘ ʨʘʟʤʝʪʢʠ 

ʛʠʧʝʨʪʝʢʩʪʘ Hypertext Markup Language (HTML), ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʪʝʢʩʪʘ, ʬʘʡʣʦʚ ʠ ʦʙʲʝʢʪʦʚ, ʢʦʪʦʨʳʝ 

ʜʦʣʞʥʳ ʙʳʪʴ ʧʝʨʝʜʘʥʳ ʦʪ ʩʝʨʚʝʨʘ ʧʦ ʩʝʪʠ ʜʦ Web-ʙʨʘʫʟʝʨʘ. ʇʨʦʪʦʢʦʣ HTTP 

ʠʤʝʝʪ ʥʦʤʝʨ ʧʦʨʪʘ ï 80, ʠ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʩʦʚʤʝʩʪʥʦ ʩ ʧʨʦʪʦʢʦʣʦʤ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʫʨʦʚʥʷ TCP.  

ʇʨʦʪʦʢʦʣ HTTP ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ 

ʙʝʟʦʧʘʩʥʦʩʪʠ, ʧʦʩʢʦʣʴʢʫ ʧʝʨʝʜʘʚʘʝʤʳʝ ʧʦ ʩʝʪʠ ʩʦʦʙʱʝʥʠʷ ʥʝ ʟʘʰʠʬʨʦʚʘʥʳ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʝʨʝʜʘʯʠ ʩʦʦʙʱʝʥʠʡ ʯʝʨʝʟ ʀʥʪʝʨʥʝʪ 

ʨʘʟʨʘʙʦʪʘʥ ʧʨʦʪʦʢʦʣ HTTP Secure (HTTPS). ɺ ʵʪʦʤ ʧʨʦʪʦʢʦʣʝ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʧʨʦʮʝʩʩ ʰʠʬʨʦʚʘʥʠʷ (ʢʨʠʧʪʦʛʨʘʬʠʨʦʚʘʥʠʷ) ʜʘʥʥʳʭ (encryption) ʠ 

ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ (authentication), ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ ʫʨʦʚʝʥʴ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. ʅʦʤʝʨ ʧʦʨʪʘ ʧʨʦʪʦʢʦʣʘ HTTPS ï 443.   

 

 

ʉʠʩʪʝʤʘ ʜʦʤʝʥʥʳʭ ʠʤʝʥ DNS 

 

ʉʠʩʪʝʤʘ ʜʦʤʝʥʥʳʭ ʠʤʝʥ (Domain Name System ï DNS), ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʚ ʀʥʪʝʨʥʝʪʝ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʝʨʝʚʦʜʠʪʴ ʠʤʝʥʘ ʩʘʡʪʦʚ ʠʣʠ ʜʦʤʝʥʦʚ ʚ 

ʯʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ IP-ʘʜʨʝʩʘ. ʇʨʠ ʧʝʨʝʜʘʯʝ ʩʦʦʙʱʝʥʠʡ ʧʦ ʩʝʪʠ ʠʩʧʦʣʴʟʫʶʪʩʷ 

IP-ʘʜʨʝʩʘ. ʆʜʥʘʢʦ ʣʶʜʷʤ ʣʝʛʯʝ ʟʘʧʦʤʥʠʪʴ ʜʦʤʝʥʥʦʝ ʠʤʷ, ʥʘʧʨʠʤʝʨ, 

support.huawei.com, ʯʝʤ ʯʠʩʣʦʚʦʡ ʘʜʨʝʩ 87.245.195.73. ʂʨʦʤʝ ʪʦʛʦ, 

ʯʠʩʣʦʚʳʝ ʘʜʨʝʩʘ ʤʦʛʫʪ ʩʦ ʚʨʝʤʝʥʝʤ ʤʝʥʷʪʴʩʷ.  

ʇʦʩʢʦʣʴʢʫ ʜʣʷ ʧʝʨʝʜʘʯʠ ʧʦ ʩʝʪʠ ʪʨʝʙʫʝʪʩʷ ʯʠʩʣʦʚʦʡ IP-ʘʜʨʝʩ, ʪʦ 

ʢʦʥʝʯʥʳʡ ʫʟʝʣ (ʭʦʩʪ) ʦʙʨʘʱʘʝʪʩʷ ʢ DNS-ʩʝʨʚʝʨʫ ʠ ʧʦ ʠʤʝʥʠ ʩʘʡʪʘ ʧʦʣʫʯʘʝʪ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʘʜʨʝʩ. ʉʣʫʞʙʘ DNS ʠʩʧʦʣʴʟʫʝʪ ʨʘʩʧʨʝʜʝʣʝʥʥʳʡ ʥʘʙʦʨ 

ʩʝʨʚʝʨʦʚ ʨʘʟʥʦʛʦ ʫʨʦʚʥʷ ʠʝʨʘʨʭʠʠ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʪʨʝʙʫʝʤʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ 

ʤʝʞʜʫ ʠʤʝʥʝʤ ʠ ʯʠʩʣʦʚʳʤ IP-ʘʜʨʝʩʦʤ.  
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ʆʧʝʨʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʢʦʤʧʴʶʪʝʨʦʚ ʩʦʜʝʨʞʘʪ ʫʪʠʣʠʪʫ nslookup, 

ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʚʨʫʯʥʫʶ ʟʘʧʨʘʰʠʚʘʪʴ ʘʜʨʝʩ ʩʝʨʚʝʨʘ ʠ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʥʘʟʚʘʥʠʝ ʭʦʩʪʘ.  

  

 

ʇʨʦʪʦʢʦʣ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʷ ʫʟʣʦʚ DHCP  

  

ɺʩʝʤ ʫʩʪʨʦʡʩʪʚʘʤ, ʢʦʪʦʨʳʝ ʦʙʤʝʥʠʚʘʶʪʩʷ ʩʦʦʙʱʝʥʠʷʤʠ ʯʝʨʝʟ ʩʝʪʴ 

ʀʥʪʝʨʥʝʪ, ʥʝʦʙʭʦʜʠʤʳ ʫʥʠʢʘʣʴʥʳʝ IP-ʘʜʨʝʩʘ. ʕʪʠ ʘʜʨʝʩʘ ʤʦʛʫʪ ʥʘʟʥʘʯʘʪʴʩʷ 

ʚ ʩʪʘʪʠʯʝʩʢʦʤ ʠʣʠ ʜʠʥʘʤʠʯʝʩʢʦʤ ʨʝʞʠʤʝ. ɺ ʩʪʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʘʜʨʝʩʘ 

ʚʨʫʯʥʫʶ ʥʘʟʥʘʯʘʝʪ ʘʜʤʠʥʠʩʪʨʘʪʦʨ ʧʨʠ ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʠ ʩʝʨʚʝʨʦʚ, 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʚ, ʩʝʪʝʚʳʭ ʧʨʠʥʪʝʨʦʚ ʠ ʜʨʫʛʠʭ ʫʩʪʨʦʡʩʪʚ, ʘʜʨʝʩʘ ʢʦʪʦʨʳʭ 

ʤʝʥʷʪʁʩʷ ʨʝʜʢʦ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʘʜʨʝʩʘ ʨʘʙʦʯʠʭ ʩʪʘʥʮʠʡ ʤʦʛʫʪ ʠʟʤʝʥʷʪʴʩʷ 

ʜʦʩʪʘʪʦʯʥʦ ʯʘʩʪʦ.  

ʇʨʦʪʦʢʦʣ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʷ ʫʟʣʦʚ (Dynamic Host 

Configuration Protocol ï DHCP) ʧʦʟʚʦʣʷʝʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ 

ʥʘʟʥʘʯʝʥʠʷ IP-ʘʜʨʝʩʦʚ ʨʘʙʦʯʠʤ ʩʪʘʥʮʠʷʤ ʠʟ ʜʠʘʧʘʟʦʥʘ, ʧʨʝʜʦʩʪʘʚʣʝʥʥʦʛʦ 

ʘʜʤʠʥʠʩʪʨʘʪʦʨʫ ʧʨʦʚʘʡʜʝʨʦʤ. ɼʠʥʘʤʠʯʝʩʢʦʝ ʥʘʟʥʘʯʝʥʠʝ ʘʜʨʝʩʦʚ 

ʧʨʦʪʦʢʦʣʦʤ DHCP ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʟʘʧʨʦʩʫ ʢʣʠʝʥʪʘ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʡ 

ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ, ʜʣʷ ʧʨʦʜʣʝʥʠʷ ʢʦʪʦʨʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʴ ʜʦʣʞʝʥ 

ʧʝʨʠʦʜʠʯʝʩʢʠ ʦʙʨʘʱʘʪʴʩʷ ʢ ʩʝʨʚʝʨʫ. ʇʨʠ ʦʩʚʦʙʦʞʜʝʥʠʠ IP-ʘʜʨʝʩʦʚ ʦʥʠ 

ʚʦʟʚʨʘʱʘʶʪʩʷ DHCP-ʩʝʨʚʝʨʫ, ʢʦʪʦʨʳʡ ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʝʪ ʠʭ. ʇʨʠ ʧʦʚʪʦʨʥʦʤ 

ʟʘʧʨʦʩʝ ʢʣʠʝʥʪʘ, ʦʩʚʦʙʦʜʠʚʰʝʛʦ IP-ʘʜʨʝʩ, ʩʝʨʚʝʨ ʧʳʪʘʝʪʩʷ ʥʘʟʥʘʯʠʪʴ ʨʘʥʝʝ 

ʠʩʧʦʣʴʟʦʚʘʚʰʠʡʩʷ ʘʜʨʝʩ. ʇʦʤʠʤʦ IP-ʘʜʨʝʩʘ ʧʨʦʪʦʢʦʣ DHCP ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʧʦʣʴʟʦʚʘʪʝʣʶ ʝʱʝ ʮʝʣʳʡ ʨʷʜ ʧʘʨʘʤʝʪʨʦʚ (ʤʘʩʢʫ ʧʦʜʩʝʪʠ, ʰʣʶʟ ʧʦ 

ʫʤʦʣʯʘʥʠʶ, IP-ʘʜʨʝʩ ʩʝʨʚʝʨʘ DNS ʠ ʜʨ.). 

ɺ ʢʘʯʝʩʪʚʝ DHCP-ʩʝʨʚʝʨʘ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʨʘʟʣʠʯʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʧʨʠ 

ʫʩʪʘʥʦʚʢʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ɺ ʣʦʢʘʣʴʥʳʭ ʩʝʪʷʭ 

ʩʝʨʚʝʨ ʢʦʥʬʠʛʫʨʠʨʫʝʪʩʷ ʣʠʙʦ ʥʘ ʚʳʜʝʣʝʥʥʦʤ ʧʝʨʩʦʥʘʣʴʥʦʤ ʢʦʤʧʴʶʪʝʨʝ, 

ʣʠʙʦ ʥʘ ʣʦʢʘʣʴʥʦʤ ʤʘʨʰʨʫʪʠʟʘʪʦʨʝ, ʢʦʪʦʨʳʡ ʧʦʣʫʯʘʝʪ IP-ʘʜʨʝʩʘ ʩ DHCP-

ʩʝʨʚʝʨʘ ʧʨʦʚʘʡʜʝʨʘ. 

ʇʦʣʫʯʝʥʠʝ ʘʜʨʝʩʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʪ DHCP-ʩʝʨʚʝʨʘ (IP-ʘʜʨʝʩ, ʤʘʩʢʘ 

ʧʦʜʩʝʪʠ, ʘʜʨʝʩ ʰʣʶʟʘ ʧʦ ʫʤʦʣʯʘʥʠʶ, ʘʜʨʝʩ DNS-ʩʝʨʚʝʨʘ) ʧʨʦʠʩʭʦʜʠʪ ʟʘ 4 

ʵʪʘʧʘ (ʨʠʩ. 7.3): 
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1. ʂʣʠʝʥʪ, ʢʦʪʦʨʦʤʫ ʥʝʦʙʭʦʜʠʤʘ ʘʜʨʝʩʥʘʷ ʠʥʬʦʨʤʘʮʠʷ, ʧʦʩʳʣʘʝʪ ʚ ʩʝʪʴ 

ʢʘʜʨ ʩ ʄɸʉ-ʘʜʨʝʩʦʤ ʥʘʟʥʘʯʝʥʠʷ FF-FF-FF-FF-FF-FF ʰʠʨʦʢʦʚʝʱʘʪʝʣʴʥʦʛʦ 

ʟʘʧʨʦʩʘ DHCP DISCOVER ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʩʝʨʚʝʨʦʚ. 

2. ʉʝʨʚʝʨ ʦʪʚʝʯʘʝʪ ʧʨʝʜʣʦʞʝʥʠʝʤ ʘʨʝʥʜʦʚʘʪʴ IP-ʘʜʨʝʩ (DHCP OFFER) ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʜʥʦʘʜʨʝʩʥʦʡ ʨʘʩʩʳʣʢʠ. 

3. ɺ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ ʤʦʞʝʪ ʙʳʪʴ ʥʝʩʢʦʣʴʢʦ DHCP-ʩʝʨʚʝʨʦʚ. ʇʦʵʪʦʤʫ 

ʢʣʠʝʥʪ ʚʳʙʠʨʘʝʪ ʩʝʨʚʝʨ ʠ ʧʦʩʳʣʘʝʪ ʝʤʫ ʟʘʧʨʦʩ DHCP REQUEST. 

 ʉʝʨʚʝʨ ʦʪʚʝʯʘʝʪ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ DHCP PACK  ʠʣʠ ʜʘʝʪ 

ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʦʪʚʝʪ DHCP NAK, ʝʩʣʠ ʠʩʪʝʢʣʦ ʚʨʝʤʷ ʜʝʡʩʪʚʠʷ ʧʨʝʜʣʦʞʝʥʠʷ 

ʠʣʠ ʧʨʝʜʣʦʞʝʥʥʳʡ ʘʜʨʝʩ ʫʞʝ ʧʝʨʝʜʘʥ ʜʨʫʛʦʤʫ ʢʣʠʝʥʪʫ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʘʜʨʝʩʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʥʫʞʥʦ ʥʘʯʘʪʴ ʟʘʥʦʚʦ ʩ ʧʦʩʳʣʢʠ 

ʰʠʨʦʢʦʚʝʱʘʪʝʣʴʥʦʛʦ ʟʘʧʨʦʩʘ DHCP DISCOVER. ʇʨʦʜʣʝʥʠʝ ʩʨʦʢʘ ʘʨʝʥʜʳ 

IP-ʘʜʨʝʩʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʫʪʝʤ ʧʦʩʳʣʢʠ ʟʘʧʨʦʩʘ DHCP REQUEST. 

 

ʉʝʨʚʝʨ 

DHCP

ʉʝʨʚʝʨ 

DHCP

DHCP PACK

DHCP DISCOVER

DHCP OFFER

DHCP REQUEST

 

ʈʠʩ. 7.3. ʇʦʣʫʯʝʥʠʝ ʘʜʨʝʩʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʪ DHCP-ʩʝʨʚʝʨʘ 

 

 

 

ʇʨʦʪʦʢʦʣ rʫʜʘʣʝʥʥʦʛʦ ʜʦʩʪʫʧʘ  
  

ʇʨʦʪʦʢʦʣ Telnet ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʜʢʣʶʯʝʥʠʝ ʢ ʢʦʤʘʥʜʥʦʡ ʩʪʨʦʢʝ 

ʫʜʘʣʝʥʥʦʛʦ ʫʟʣʘ, ʪ.ʝ. ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʠʨʪʫʘʣʴʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ 

ʫʜʘʣʝʥʥʳʤʠ ʩʝʪʝʚʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ: ʢʦʤʧʴʶʪʝʨʘʤʠ, ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤʠ, 

ʢʦʤʤʫʪʘʪʦʨʘʤʠ. ʏʪʦʙʳ ʩʜʝʣʘʪʴ ʧʦʜʢʣʶʯʝʥʠʝ ʢʣʠʝʥʪʘ ʧʦ ʧʨʦʪʦʢʦʣʫ Telnet, 

ʟʘʜʘʶʪ ʠʤʷ ʫʜʘʣʝʥʥʦʛʦ ʫʟʣʘ. ɺ ʢʘʯʝʩʪʚʝ ʠʤʝʥʠ ʫʟʣʘ ʠʩʧʦʣʴʟʫʝʪʩʷ IP-ʘʜʨʝʩ 

ʠʣʠ ʠʤʷ ʜʦʤʝʥʥʦʡ ʩʠʩʪʝʤʳ DNS ʫʜʘʣʝʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. ɺʩʷ ʦʙʨʘʙʦʪʢʘ 

ʠʥʬʦʨʤʘʮʠʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʘʤʷʪʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʧʨʦʮʝʩʩʦʨʝ 

ʫʜʘʣʝʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʘ ʦʪʦʙʨʘʞʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʷ 
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ʧʨʦʪʦʢʦʣ Telnet ʪʨʘʥʩʣʠʨʫʝʪ ʥʘ ʤʦʥʠʪʦʨ ʧʦʣʴʟʦʚʘʪʝʣʷ. Telnet ʨʘʙʦʪʘʝʪ ʥʘ 

ʧʨʠʢʣʘʜʥʦʤ ʫʨʦʚʥʝ ʤʦʜʝʣʠ TCP/IP, OSI, ʧʦʵʪʦʤʫ ʦʭʚʘʪʳʚʘʝʪ ʚʩʝ ʫʨʦʚʥʠ 

ʤʦʜʝʣʠ. ʅʦʤʝʨ ʧʦʨʪʘ ʧʨʦʪʦʢʦʣʘ Telnet ï 23. 

ʇʨʦʪʦʢʦʣ Telnet ʧʦʜʜʝʨʞʠʚʘʝʪ ʘʫʪʝʥʪʠʬʠʢʘʮʠʶ, ʧʦʵʪʦʤʫ ʥʘ ʫʜʘʣʝʥʥʦʤ 

ʫʩʪʨʦʡʩʪʚʝ ʟʘʜʘʝʪʩʷ ʧʘʨʦʣʴ, ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ ʟʥʘʪʴ ʧʦʣʴʟʦʚʘʪʝʣʴ. ʆʜʥʘʢʦ 

Telnet ʥʝ ʧʦʜʜʝʨʞʠʚʘʝʪ ʢʨʠʧʪʦʛʨʘʬʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʧʝʨʝʜʘʶʪʩʷ ʧʦ 

ʩʝʪʠ ʢʘʢ ʧʨʦʩʪʦʡ ʪʝʢʩʪ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʜʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʝʨʝʭʚʘʯʝʥʳ. 

ɼʣʷ ʟʘʱʠʪʳ ʧʝʨʝʜʘʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʨʘʟʨʘʙʦʪʘʥ ʧʨʦʪʦʢʦʣ ʫʜʘʣʝʥʥʦʛʦ 

ʜʦʩʪʫʧʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʰʠʬʨʦʚʘʥʠʝ ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ (Secure Shell ï 

SSH). ʆʥ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʨʠʧʪʦʛʨʘʬʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ ʠ ʙʦʣʝʝ ʥʘʜʝʞʥʫʶ 

ʘʫʪʝʥʪʠʬʠʢʘʮʠʶ, ʥʦʤʝʨ ʧʦʨʪʘ ï 22.  

  

 

 

ɺʦʧʨʦʩʳ ʧʦ ʨʘʟʜʝʣʫ 7 

 

1. ʂʘʢʠʝ ʫʨʦʚʥʠ ʤʦʜʝʣʠ OSI ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʫʨʦʚʥʶ ʧʨʠʣʦʞʝʥʠʡ ʤʦʜʝʣʠ 

TCP/IP? 

2. ɻʜʝ ʥʘʭʦʜʷʪʩʷ ʦʩʥʦʚʥʳʝ ʨʝʩʫʨʩʳ ʩʝʪʠ ʤʦʜʝʣʠ çʢʣʠʝʥʪ ï ʩʝʨʚʝʨè?  

3. ɻʜʝ ʥʘʭʦʜʷʪʩʷ ʦʩʥʦʚʥʳʝ ʨʝʩʫʨʩʳ ʩʝʪʠ ʤʦʜʝʣʠ çpeer-to-peerè?  

4. ɺ ʯʝʤ ʨʘʟʣʠʯʠʝ ʩʝʪʝʡ ʤʦʜʝʣʝʡ ʩ ʚʳʜʝʣʝʥʥʳʤ ʩʝʨʚʝʨʦʤ ʠ ʦʜʥʦʨʘʥʛʦʚʳʭ ʩ 

ʪʦʯʢʠ ʫʧʨʘʚʣʝʥʠʷ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ? 

5. ʂʘʢʠʝ ʬʫʥʢʮʠʠ ʚʳʧʦʣʥʷʝʪ ʧʨʦʪʦʢʦʣ HTTP?  

6. ɺ ʯʝʤ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʧʨʦʪʦʢʦʣʘʤʠ HTTP ʠ HTTPS?  

7. ɼʣʷ ʯʝʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʠʩʪʝʤʘ ʜʦʤʝʥʥʳʭ ʠʤʝʥ DNS?  

8.  ʇʦ ʢʘʢʦʡ ʢʦʤʘʥʜʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʘʜʨʝʩ DNS ʩʝʨʚʝʨʘ?  

9.  ɽʩʣʠ ʫʜʘʣʝʥʥʳʡ ʩʘʡʪ ʩʤʝʥʠʣ IP-ʘʜʨʝʩ, ʪʦ ʤʦʞʝʪ ʣʠ ʧʦʣʴʟʦʚʘʪʝʣʴ 

ʧʦʣʫʯʠʪʴ ʜʦʩʪʫʧ ʢ ʥʝʤʫ? 

10. ʂʘʢʠʝ ʧʨʦʪʦʢʦʣ rʦʙʝʩʧʝʯʠʚʘʶʪ ʫʜʘʣʝʥʥʳʡ ʜʦʩʪʫʧ, ʪ.ʝ. ʧʦʜʢʣʶʯʝʥʠʝ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʢ ʢʦʤʘʥʜʥʦʡ ʩʪʨʦʢʝ ʫʜʘʣʝʥʥʦʛʦ ʫʟʣʘ? 

11.  ʂʘʢʦʡ ʧʨʦʪʦʢʦʣ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʠʥʘʤʠʯʝʩʢʦʝ ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʝ ʫʟʣʦʚ?  

12.  ʂʘʢʠʝ ʩʦʦʙʱʝʥʠʷ ʠʩʧʦʣʴʟʫʪʁʩʷ ʜʣʷ ʦʙʨʘʱʝʥʠʷ ʢ DHCP ʩʝʨʚʝʨʫ? 

 

ʋʧʨʘʞʥʝʥʠʷ   
 

1. ʇʝʨʝʯʠʩʣʠʪʝ ʥʦʤʝʨʘ ʧʦʨʪʦʚ ʧʨʦʪʦʢʦʣʦʚ HTTP, HTTPS, FTP, DNS, Telnet, 

SMTP, ʈʆʈ. ʋʢʘʞʠʪʝ, ʢʘʢʠʝ ʬʫʥʢʮʠʠ ʚʳʧʦʣʥʷʶʪ ʜʘʥʥʳʝ ʧʨʦʪʦʢʦʣʳ.  

2. ʅʘʟʦʚʠʪʝ ʧʨʦʪʦʢʦʣʳ ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʳ. ʆʙʲʷʩʥʠʪʝ ʨʘʟʣʠʯʠʝ 

ʧʨʦʪʦʢʦʣʦʚ POP ʠ IMAP. 

3. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʘʥʜʥʦʡ ʩʪʨʦʢʠ ʚʳʧʦʣʥʠʪʝ ʢʦʤʘʥʜʳ: ipconfig, 

nslookup ʥʘ ʩʚʦʝʤ ʢʦʤʧʴʶʪʝʨʝ. ʇʨʦʢʦʤʤʝʥʪʠʨʫʡʪʝ ʨʝʟʫʣʴʪʘʪ.  
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8. ɸɼʈɽʉɸʎʀʗ ɺ IP - ʉɽʊʗʍ 

 

8.1. ʃʦʛʠʯʝʩʢʠʝ ʘʜʨʝʩʘ ʚʝʨʩʠʠ IPv4 
 

ʋʟʣʳ IP-ʩʝʪʠ ʠʤʝʶʪ ʫʥʠʢʘʣʴʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʠ ʣʦʛʠʯʝʩʢʠʝ ʘʜʨʝʩʘ. 

ʌʠʟʠʯʝʩʢʠʡ ʘʜʨʝʩ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʠʟʛʦʪʦʚʠʪʝʣʝʤ ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ, 

ʥʘʧʨʠʤʝʨ, ʄɸʉ-ʘʜʨʝʩ ʩʝʪʝʚʦʡ ʢʘʨʪʳ NIC, ʢʦʪʦʨʳʡ çʧʨʦʰʠʚʘʝʪʩʷè ʚ ʇɿʋ. 

ʃʦʛʠʯʝʩʢʠʡ ʘʜʨʝʩ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʘʜʤʠʥʠʩʪʨʘʪʦʨʦʤ ʠʣʠ ʥʘʟʥʘʯʘʝʪʩʷ 

ʜʠʥʘʤʠʯʝʩʢʠ ʧʨʦʪʦʢʦʣʦʤ DHCP ʠʟ ʜʠʘʧʘʟʦʥʘ ʚʳʜʝʣʝʥʥʳʭ ʧʨʦʚʘʡʜʝʨʦʤ 

ʘʜʨʝʩʦʚ.  

ʃʦʛʠʯʝʩʢʠʝ ʘʜʨʝʩʘ ʫʟʣʦʚ ʚ IP-ʩʝʪʷʭ ʚʝʨʩʠʠ IPv4, ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʩʦʜʝʨʞʘʪ 32 ʜʚʦʠʯʥʳʭ ʨʘʟʨʷʜʘ, ʪ.ʝ. 4 ʙʘʡʪʘ (4 ʦʢʪʝʪʘ). 

ʂʘʞʜʳʡ ʠʟ 4 ʙʘʡʪ ʘʜʨʝʩʘ ʚ ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʦʪʦʙʨʘʞʘʝʪʩʷ 

ʜʝʩʷʪʠʯʥʳʤ ʯʠʩʣʦʤ, ʘ ʙʘʡʪʳ ʨʘʟʜʝʣʷʶʪʩʷ ʪʦʯʢʦʡ, ʥʘʧʨʠʤʝʨ, 172.100.220.14. 

ʏʘʩʪʴ ʵʪʦʛʦ ʘʜʨʝʩʘ (ʩʪʘʨʰʠʝ ʨʘʟʨʷʜʳ) ʷʚʣʷʝʪʩʷ ʥʦʤʝʨʦʤ ʩʝʪʠ, ʘ ʜʨʫʛʘʷ 

ʯʘʩʪʴ (ʤʣʘʜʰʠʝ ʨʘʟʨʷʜʳ) ï ʥʦʤʝʨʦʤ ʫʟʣʘ ʚ ʩʝʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, IP-ʘʜʨʝʩʘ 

ʷʚʣʷʶʪʩʷ ʠʝʨʘʨʭʠʯʝʩʢʠʤʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʣʦʩʢʠʭ ʄɸʉ-ʘʜʨʝʩʦʚ.  

ɻʨʘʥʠʮʘ ʤʝʞʜʫ ʩʝʪʝʚʦʡ ʠ ʫʟʣʦʚʦʡ ʯʘʩʪʴʶ ʤʦʞʝʪ ʧʨʦʭʦʜʠʪʴ ʚ 

ʧʨʦʠʟʚʦʣʴʥʦʡ ʯʘʩʪʠ ʘʜʨʝʩʘ, ʧʨʠ ʵʪʦʤ ʘʜʨʝʩʘʮʠʷ ʥʘʟʳʚʘʝʪʩʷ ʙʝʩʢʣʘʩʩʦʚʦʡ 

(classless). ʇʨʠ ʘʜʨʝʩʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʧʦʣʥʦʛʦ ʢʣʘʩʩʘ (classfull) ʛʨʘʥʠʮʘ ʤʝʞʜʫ 

ʩʝʪʝʚʦʡ ʠ ʫʟʣʦʚʦʡ ʯʘʩʪʴʶ ʧʨʦʭʦʜʠʪ ʧʦ ʛʨʘʥʠʮʝ ʙʘʡʪʦʚ ʠ ʩʝʪʝʚʘʷ ʯʘʩʪʴ ʩʪʨʦʛʦ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʨʘʟʤʝʨʘ. ɸʜʨʝʩʘ ʜʝʣʷʪʩʷ ʥʘ ʢʣʘʩʩʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʤ, 

ʩʢʦʣʴʢʦ ʙʘʡʪ ʘʜʨʝʩʘ ʦʪʥʦʩʠʪʩʷ ʢ ʥʦʤʝʨʫ ʩʝʪʠ, ʘ ʩʢʦʣʴʢʦ ʢ ʥʦʤʝʨʫ ʫʟʣʘ. ɼʣʷ 

ʫʥʠʢʘʣʴʥʦʡ ʘʜʨʝʩʘʮʠʠ ʫʟʣʦʚ (unicast) ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʨʠ ʢʣʘʩʩʘ ʘʜʨʝʩʦʚ.  

ɺ ʘʜʨʝʩʝ ʢʣʘʩʩʘ ɸ ʩʪʘʨʰʠʡ ʙʘʡʪ ʟʘʜʘʝʪ ʘʜʨʝʩ ʩʝʪʠ, ʘ ʪʨʠ ʤʣʘʜʰʠʭ 

ʙʘʡʪʘ ï ʘʜʨʝʩ ʫʟʣʘ (host). ʇʨʠʯʝʤ ʩʪʘʨʰʠʡ ʙʠʪ ʘʜʨʝʩʘ ʨʘʚʝʥ 0. 

  

 

 

 

ɺ ʘʜʨʝʩʝ ʢʣʘʩʩʘ ɺ ʜʚʘ ʩʪʘʨʰʠʭ ʙʘʡʪʘ ʟʘʜʘʶʪ ʘʜʨʝʩ ʩʝʪʠ, ʘ ʜʚʘ ʤʣʘʜʰʠʭ ʙʘʡʪʘ 

ï ʘʜʨʝʩ ʫʟʣʘ. ɿʥʘʯʝʥʠʝ ʜʚʫʭ ʩʪʘʨʰʠʭ ʙʠʪʘ ʘʜʨʝʩʘ ï 10.  

 

 

 

0 ³ ³ ³ ³ ³ ³ ³ 2-ʦʡ ʙʘʡʪ 3-ʠʡ ʙʘʡʪ 4-ʳʡ ʙʘʡʪ 

ˉ ʩʝʪʠ ï 1 ʙʘʡʪ ˉ ʫʟʣʘ ï 3 ʙʘʡʪʘ 

1 0 ³ ³ ³ ³ ³ ³ 2-ʦʡ ʙʘʡʪ 3-ʠʡ ʙʘʡʪ 4-ʳʡ ʙʘʡʪ 

ˉ ʩʝʪʠ ï 2 ʙʘʡʪʘ ˉ ʫʟʣʘ ï 2 ʙʘʡʪʘ 



94 

 

ɺ ʘʜʨʝʩʝ ʢʣʘʩʩʘ ʉ ʪʨʠ ʩʪʘʨʰʠʭ ʙʘʡʪʘ ʟʘʜʘʶʪ ʘʜʨʝʩ ʩʝʪʠ, ʘ ʤʣʘʜʰʠʡ ʙʘʡʪ ï 

ʘʜʨʝʩ ʫʟʣʘ. ɿʥʘʯʝʥʠʝ ʪʨʝʭ ʩʪʘʨʰʠʭ ʙʠʪʦʚ ʘʜʨʝʩʘ ï 110. 

  

 

 

ʉʫʱʝʩʪʚʫʝʪ ʪʘʢʞʝ ʤʥʦʛʦʘʜʨʝʩʥʳʡ ʠʣʠ ʛʨʫʧʧʦʚʦʡ (multicast) ʢʣʘʩʩ D 

ʠ ʨʝʟʝʨʚʥʳʡ ʢʣʘʩʩ E. ʇʨʠ ʛʨʫʧʧʦʚʦʡ ʘʜʨʝʩʘʮʠʠ ʩʦʦʙʱʝʥʠʝ ʧʝʨʝʜʘʝʪʩʷ ʚʩʝʤ 

ʫʟʣʘʤ ʠ ʠʥʪʝʨʬʝʡʩʘʤ, ʥʘ ʢʦʪʦʨʳʭ ʧʦʤʠʤʦ ʫʥʠʢʘʣʴʥʳʭ ʘʜʨʝʩʦʚ unicast 

ʩʢʦʥʬʠʛʫʨʠʨʦʚʘʥʳ ʘʜʨʝʩʘ ʢʣʘʩʩʘ D (multicast). ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ 

ʧʦ ʢʣʘʩʩʘʤ ʠ ʘʜʨʝʩʘʤ ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣ. 8.1. 

ʊʘʙʣʠʮʘ 8.1 

ʂʣʘʩʩʳ IP ʘʜʨʝʩʦʚ 

ʂʣʘʩʩ 
ʇʝʨʚʳʡ ʙʘʡʪ 

ʘʜʨʝʩʘ 

ʅʘʠʤʝʥʴʰʠʡ 

ʘʜʨʝʩ ʩʝʪʠ 

ʅʘʠʙʦʣʴʰʠʡ 

ʘʜʨʝʩ ʩʝʪʠ 

ʄʘʢʩʠʤʘʣʴʥʦʝ 

ʯʠʩʣʦ ʫʟʣʦʚ 

A 0³³³³³³³ 1.0.0.0 126.0.0.0 2
24

 - 2 

B 10³³³³³³ 128.0.0.0 191.255.0.0 2
16

 - 2 

C 110³³³³³ 192.0.0.0 223.255.255.0 254 

D 1110³³³³ 224.0.0.0 239.255.255.255 multicast 

E 11110³³³ 240.0.0.0 247.255.255.255 ʈʝʟʝʨʚ 

 

ʅʦʤʝʨ ʫʟʣʘ (ʘʜʨʝʩ host) ʥʝ ʤʦʞʝʪ ʩʦʩʪʦʷʪʴ ʪʦʣʴʢʦ ʠʟ ʦʜʥʠʭ ʝʜʠʥʠʮ ʠʣʠ 

ʥʫʣʝʡ. ɽʩʣʠ ʚ ʧʦʣʝ ʘʜʨʝʩʘ ʫʟʣʘ ʚʩʝ ʥʫʣʠ, ʪʦ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʟʘʜʘʝʪʩʷ 

ʥʦʤʝʨ (ʘʜʨʝʩ) ʩʝʪʠ ʠʣʠ ʧʦʜʩʝʪʠ. ɽʩʣʠ ʞʝ ʚ ʵʪʦʤ ʧʦʣʝ ʚʩʝ ʜʚʦʠʯʥʳʝ ʨʘʟʨʷʜʳ 

ʨʘʚʥʳ ʝʜʠʥʠʮʝ, ʪʦ ʵʪʦ ʦʟʥʘʯʘʝʪ ʰʠʨʦʢʦʚʝʱʘʪʝʣʴʥʳʡ (broadcast) ʘʜʨʝʩ, 

ʢʦʛʜʘ ʩʦʦʙʱʝʥʠʝ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʚʩʝʤ ʫʟʣʘʤ ʩʝʪʠ, ʚ ʢʦʪʦʨʦʡ ʥʘʭʦʜʠʪʩʷ ʫʟʝʣ, 

ʩʬʦʨʤʠʨʦʚʘʚʰʠʡ ʜʘʥʥʳʡ ʧʘʢʝʪ, ʪ.ʝ. ʠʩʪʦʯʥʠʢ ʧʝʨʝʜʘʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ʕʪʠʤ ʦʙʲʷʩʥʷʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʯʠʩʣʘ ʫʟʣʦʚ ʚ ʩʝʪʠ ʥʘ 2 (ʩʤ. 

ʪʘʙʣ.8.1). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʘʢʩʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʫʟʣʦʚ ʚ ʩʝʪʠ ʢʣʘʩʩʘ ʉ ʙʫʜʝʪ 

ʨʘʚʥʦ 2
8
 ï 2 = 254.  

ʉʪʘʨʰʠʡ ʨʘʟʨʷʜ ʘʜʨʝʩʘ ʢʣʘʩʩʘ ɸ ʚʩʝʛʜʘ ʨʘʚʝʥ 0, ʧʦʵʪʦʤʫ ʘʜʨʝʩʘ ʩʝʪʝʡ 

ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 1 ʜʦ 127. ʆʜʥʘʢʦ ʘʜʨʝʩ 127.0.0.1 

ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʩʘʤʦʪʝʩʪʠʨʦʚʘʥʠʷ, ʧʦ ʵʪʦʤʫ ʘʜʨʝʩʫ ʫʟʝʣ ʦʙʨʘʱʘʝʪʩʷ ʢ 

ʩʘʤʦʤʫ ʩʝʙʝ, ʧʨʦʚʝʨʷʷ, ʫʩʪʘʥʦʚʣʝʥ ʣʠ ʧʨʦʪʦʢʦʣ TCP/IP ʥʘ ʵʪʦʤ ʫʟʣʝ. 

ʇʦʵʪʦʤʫ ʘʜʨʝʩ ʩʝʪʠ 127.0.0.0 ʥʝ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʘʜʨʝʩʦʚ ʪʘʙʣʠʮʳ 8.1.  

1 1 0 ³ ³ ³ ³ ³ 2-ʦʡ ʙʘʡʪ 3-ʠʡ ʙʘʡʪ 4-ʳʡ ʙʘʡʪ 

ˉ ʩʝʪʠ ï 3 ʙʘʡʪʘ ˉ ʫʟʣʘ ï 1 ʙʘʡʪ 
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ʉ ʮʝʣʴʶ ʩʦʢʨʘʱʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʘʜʨʝʩʦʚ, ʢʦʪʦʨʳʤʠ ʦʧʝʨʠʨʫʝʪ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨ, ʚ ʝʛʦ ʪʘʙʣʠʮʝ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʟʘʜʘʶʪʩʷ ʘʜʨʝʩʘ ʩʝʪʝʡ, ʘ ʥʝ 

ʫʟʣʦʚ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʚ ʘʜʨʝʩʥʦʡ ʯʘʩʪʠ ʧʘʢʝʪʘ ʟʘʜʘʶʪʩʷ ʘʜʨʝʩʘ ʫʟʣʦʚ (ʩʤ. ʨʠʩ. 

5.1). ʇʦʵʪʦʤʫ ʤʘʨʰʨʫʪʠʟʘʪʦʨ, ʧʦʣʫʯʠʚ ʧʘʢʝʪ, ʜʦʣʞʝʥ ʠʟ ʘʜʨʝʩʘ ʫʟʣʘ 

ʥʘʟʥʘʯʝʥʠʷ ʧʦʣʫʯʠʪʴ ʘʜʨʝʩ ʩʝʪʠ. ʕʪʫ ʦʧʝʨʘʮʠʶ ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʨʝʘʣʠʟʫʝʪ 

ʧʫʪʝʤ ʣʦʛʠʯʝʩʢʦʛʦ ʫʤʥʦʞʝʥʠʷ ʩʝʪʝʚʦʛʦ ʘʜʨʝʩʘ ʫʟʣʘ ʥʘ ʤʘʩʢʫ. ʏʠʩʣʦ 

ʨʘʟʨʷʜʦʚ ʤʘʩʢʠ ʨʘʚʥʦ ʯʠʩʣʫ ʨʘʟʨʷʜʦʚ IP-ʘʜʨʝʩʘ. ʅʝʧʨʝʨʳʚʥʘʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʝʜʠʥʠʮ ʚ ʩʪʘʨʰʠʭ ʨʘʟʨʷʜʘʭ ʤʘʩʢʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʯʠʩʣʫ 

ʨʘʟʨʷʜʦʚ ʘʜʨʝʩʘ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʥʦʤʝʨʫ ʩʝʪʠ. ʄʣʘʜʰʠʝ ʨʘʟʨʷʜʳ ʤʘʩʢʠ, 

ʨʘʚʥʳʝ ʥʫʣʶ, ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʘʟʨʷʜʘʤ ʘʜʨʝʩʘ ʫʟʣʘ ʚ ʩʝʪʠ. ʇʨʠ ʣʦʛʠʯʝʩʢʦʤ 

ʫʤʥʦʞʝʥʠʠ ʘʜʨʝʩʘ ʫʟʣʘ ʥʘ ʤʘʩʢʫ ʧʦʣʫʯʘʝʪʩʷ ʘʜʨʝʩ ʩʝʪʠ. ʅʘʧʨʠʤʝʨ, ʧʨʠ 

ʫʤʥʦʞʝʥʠʠ IP-ʘʜʨʝʩʘ 192.100.12.67 ʥʘ ʩʪʘʥʜʘʨʪʥʫʶ ʤʘʩʢʫ ʢʣʘʩʩʘ ʉ, ʨʘʚʥʫʶ 

255.255.255.0, ʧʦʣʫʯʘʝʪʩʷ ʩʣʝʜʫʶʱʠʡ ʨʝʟʫʣʴʪʘʪ: 
 

11000000.01100100.00001100.01000011 

11111111.11111111.11111111.00000000 

11000000.01100100.00001100.00000000  
 

ʪ.ʝ. ʧʦʣʫʯʝʥ ʘʜʨʝʩ ʩʝʪʠ 192.100.12.0.  

ɸʥʘʣʦʛʠʯʥʘʷ ʟʘʧʠʩʴ ʧʨʝʜʳʜʫʱʝʛʦ ʘʜʨʝʩʘ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʤʘʩʢʦʡ 

ʢʣʘʩʩʘ ʉ ʤʦʞʝʪ ʪʘʢʞʝ ʠʤʝʪʴ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 192.100.12.67/24, ʦʟʥʘʯʘʶʱʠʡ, 

ʯʪʦ ʤʘʩʢʘ ʩʦʜʝʨʞʠʪ ʝʜʠʥʠʮʳ ʚ 24 ʩʪʘʨʰʠʭ ʨʘʟʨʷʜʘʭ. ʇʨʠ ʵʪʦʤ 24 ʩʪʘʨʰʠʭ 

ʨʘʟʨʷʜʘ ʙʫʜʫʪ ʦʜʠʥʘʢʦʚʳ ʜʣʷ ʚʩʝʭ ʫʟʣʦʚ ʩʝʪʠ, ʪ.ʝ. ʦʙʨʘʟʫʶʪ ʦʙʱʫʶ ʯʘʩʪʴ 

ʘʜʨʝʩʘ, ʥʘʟʳʚʘʝʤʫʶ ʧʨʝʬʠʢʩʦʤ. ʀʤʝʥʥʦ ʧʨʝʬʠʢʩ ʠʤʝʝʪ ʦʙʦʟʥʘʯʝʥʠʝ /24 ʚ 

ʜʘʥʥʦʤ ʧʨʠʤʝʨʝ.. 

ʉʪʘʥʜʘʨʪʥʘʷ ʤʘʩʢʘ ʘʜʨʝʩʘ ʢʣʘʩʩʘ ɺ ʠʤʝʝʪ 16 ʝʜʠʥʠʮ ʚ ʩʪʘʨʰʠʭ 

ʨʘʟʨʷʜʘʭ ʠ 16 ʥʫʣʝʡ ʚ ʤʣʘʜʰʠʭ. ʇʦʵʪʦʤʫ, ʝʩʣʠ ʘʜʨʝʩ ʫʟʣʘ ʙʫʜʝʪ ʨʘʚʝʥ  

172.16.37.103/16, ʪʦ ʘʜʨʝʩ ʩʝʪʠ ʙʫʜʝʪ ʨʘʚʝʥ 172.16.0.0. ʄʘʩʢʘ ʘʜʨʝʩʘ ʢʣʘʩʩʘ ɸ 

ʠʤʝʝʪ 8 ʝʜʠʥʠʮ ʚ ʩʪʘʨʰʠʭ ʨʘʟʨʷʜʘʭ ʠ 24 ʥʫʣʷ ʚ ʤʣʘʜʰʠʭ. ʇʦʵʪʦʤʫ, 

ʥʘʧʨʠʤʝʨ, ʘʜʨʝʩʫ ʫʟʣʘ 10.116.37.103/8 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʘʜʨʝʩ ʩʝʪʠ 10.0.0.0. 

ʈʘʟʙʠʝʥʠʝ ʘʜʨʝʩʦʚ ʥʘ ʢʣʘʩʩʳ ʞʝʩʪʢʦ ʟʘʜʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʫʟʣʦʚ ʚ ʩʝʪʠ. ʕʪʦʤʫ ʪʠʧʫ ʘʜʨʝʩʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʨʦʪʦʢʦʣʳ 

ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʪʠʧʘ Classful, ʢʦʪʦʨʳʝ ʪʨʝʙʫʶʪ, ʯʪʦʙʳ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʝʜʠʥʘʷ (ʩʪʘʥʜʘʨʪʥʘʷ) ʤʘʩʢʘ ʩʝʪʠ. ʅʘʧʨʠʤʝʨ, ʩʝʪʠ ʩ ʘʜʨʝʩʦʤ 192.168.187.0 
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ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʪʘʥʜʘʨʪʥʘʷ ʤʘʩʢʘ 255.255.255.0, ʘ ʩʝʪʠ 172.16.0.0 ï 

ʩʪʘʥʜʘʨʪʥʘʷ ʤʘʩʢʘ 255.255.0.0.  

IP-ʘʜʨʝʩʘ ʫʟʣʦʚ ʤʦʛʫʪ ʥʘʟʥʘʯʘʪʴʩʷ ʘʜʤʠʥʠʩʪʨʘʪʦʨʦʤ ʚʨʫʯʥʫʶ 

(ʩʪʘʪʠʯʝʩʢʘʷ ʘʜʨʝʩʘʮʠʷ), ʯʪʦ ʦʯʝʥʴ ʢʨʦʧʦʪʣʠʚʦ. ʇʨʦʪʦʢʦʣ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʷ ʫʟʣʦʚ (Dynamic Host Configuration Protocol ï DHCP) 

ʧʦʟʚʦʣʷʝʪ ʫʟʣʫ ʜʠʥʘʤʠʯʝʩʢʠ ʙʝʟ ʫʯʘʩʪʠʷ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ ʧʦʣʫʯʘʪʴ IP-ʘʜʨʝʩ. 

ʅʫʞʥʦ ʪʦʣʴʢʦ ʦʧʨʝʜʝʣʠʪʴ ʜʠʘʧʘʟʦʥ ʨʘʟʨʝʰʝʥʥʳʭ IP-ʘʜʨʝʩʦʚ ʥʘ DHCP-

ʩʝʨʚʝʨʝ. 

ɼʣʷ ʥʘʟʥʘʯʝʥʠʷ ʘʜʨʝʩʘ ʚʨʫʯʥʫʶ ʚ ʛʣʘʚʥʦʤ ʤʝʥʶ ʢʦʤʧʴʶʪʝʨʘ ʥʫʞʥʦ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʳʙʨʘʪʴ: ñʇʫʩʢò, ñʅʘʩʪʨʦʡʢʘò, ñʇʘʥʝʣʴ ʫʧʨʘʚʣʝʥʠʷò, 

ñʉʝʪʝʚʳʝ ʧʦʜʢʣʶʯʝʥʠʷò, ñʇʦʜʢʣʶʯʝʥʠʝ ʧʦ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠò. ɺʦ 

ʚʩʧʣʳʚʰʝʤ ʦʢʥʝ (ʨʠʩ. 8.1 ʘ) ʚʳʙʨʘʪʴ ñʉʚʦʡʩʪʚʘò. ɺ ʩʣʝʜʫʶʱʝʤ ʦʢʥʝ 

ʚʳʙʨʘʪʴ ñʇʨʦʪʦʢʦʣ ʀʥʪʝʨʥʝʪʘ (TCP/IP)ò (ʨʠʩ. 8.1 ʙ), ʟʘʪʝʤ ñʉʚʦʡʩʪʚʘò.  

 

 

   ʘ)       ʙ) 

ʈʠʩ. 8.1. ʆʢʥʘ ʚʳʙʦʨʘ ʧʨʦʪʦʢʦʣʘ TCP/IP 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʪʘʪʠʯʝʩʢʦʡ ʘʜʨʝʩʘʮʠʠ ʘʜʤʠʥʠʩʪʨʘʪʦʨʫ 

ʥʝʦʙʭʦʜʠʤʦ ʚʨʫʯʥʫʶ ʥʘʟʥʘʯʠʪʴ IP-ʘʜʨʝʩ, ʤʘʩʢʫ ʧʦʜʩʝʪʠ ʠ ʦʩʥʦʚʥʦʡ ʰʣʶʟ ʧʦ 

ʫʤʦʣʯʘʥʠʶ (ʨʠʩ. 8.2).  
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ʈʠʩ. 8.2. ʅʘʟʥʘʯʝʥʠʝ IP-ʘʜʨʝʩʘ ʘʜʤʠʥʠʩʪʨʘʪʦʨʦʤ ʚʨʫʯʥʫʶ 
 

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʠ ʤʦʛʫʪ ʟʘʜʘʚʘʪʴʩʷ ʘʜʨʝʩʘ ʩʝʨʚʝʨʦʚ 

ʩʠʩʪʝʤʳ ʜʦʤʝʥʥʳʭ ʠʤʝʥ (Domain Name System ï DNS), ʢʦʪʦʨʳʝ ʧʨʝʦʙʨʘʟʫʶʪ 

ʠʤʝʥʘ ʩʘʡʪʦʚ ʥʘʟʥʘʯʝʥʠʷ ʚ IP-ʘʜʨʝʩʘ.  

ɺʨʫʯʥʫʶ ʥʘʟʥʘʯʘʶʪʩʷ ʘʜʨʝʩʘ ʩʝʪʝʚʳʤ ʧʨʠʥʪʝʨʘʤ, ʩʝʨʚʝʨʘʤ ʠ 

ʠʥʪʝʨʬʝʡʩʘʤ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʚ. 

ʇʨʦʪʦʢʦʣ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʷ ʫʟʣʦʚ DHCP ʧʦʟʚʦʣʷʝʪ 

ʫʟʣʫ ʜʠʥʘʤʠʯʝʩʢʠ ʙʝʟ ʫʯʘʩʪʠʷ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ ʧʦʣʫʯʘʪʴ IP-ʘʜʨʝʩ, ʦʙʣʝʛʯʘʷ 

ʨʘʙʦʪʫ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ ʠ ʠʩʢʣʶʯʘʷ ʦʰʠʙʦʯʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ʘʜʨʝʩʦʚ, ʫʞʝ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʨʫʛʠʤ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ. ʇʨʦʪʦʢʦʣ DHCP ʧʨʠʩʚʘʠʚʘʝʪ ʫʟʣʘʤ 

IP-ʘʜʨʝʩʘ ʚʨʝʤʝʥʥʦ ʠʟ ʧʫʣʘ (ʥʘʙʦʨʘ) ʘʜʨʝʩʦʚ, ʧʦʣʫʯʝʥʥʦʛʦ ʫ ʩʝʪʝʚʦʛʦ 

ʦʧʝʨʘʪʦʨʘ (ʧʨʦʚʘʡʜʝʨʘ). ɽʩʣʠ ʧʦʣʴʟʦʚʘʪʝʣʴ ʫʭʦʜʠʪ ʠʟ ʩʝʪʠ, ʪʦ ʝʛʦ IP-ʘʜʨʝʩ 

ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʧʫʣ ʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʨʫʛʠʤ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʠʣʠ 

ʧʨʝʞʥʠʤ ʧʨʠ ʚʦʟʚʨʘʱʝʥʠʠ ʚ ʩʝʪʴ. ʇʨʦʪʦʢʦʣ DHCP ʩʪʘʨʘʝʪʩʷ ʩʦʭʨʘʥʷʪʴ ʟʘ 

ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʨʘʥʝʝ ʠʩʧʦʣʴʟʦʚʘʚʰʠʡʩʷ IP-ʘʜʨʝʩ. 

ʅʘʩʪʨʦʡʢʠ ʘʜʨʝʩʦʚ ʢʦʤʧʴʶʪʝʨʘ ʤʦʞʥʦ ʧʦʩʤʦʪʨʝʪʴ ʧʦ ʢʦʤʘʥʜʝ ipconfig 

ʚ ʢʦʤʘʥʜʥʦʡ ʩʪʨʦʢʝ (ʨʠʩ. 8.3). ɺ ʜʘʥʥʦʤ ʧʨʠʤʝʨʝ ʥʘ ʢʦʤʧʴʶʪʝʨʝ ʟʘʜʘʥ ʘʜʨʝʩ 
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IPv4 ï 10.0.100.62 ʠ ʘʜʨʝʩ IPv6 ï 2001:0:9d38:6ab8:10d7:3e31:f5ff :9bc1. ʂʨʦʤʝ 

ʪʦʛʦ, ʥʘ ʢʦʤʧʴʶʪʝʨʝ ʟʘʜʘʥ ʣʦʢʘʣʴʥʳʡ IPv6-ʘʜʨʝʩ ʢʘʥʘʣʘ. 

 

 
 

ʈʠʩ. 8.3. ʈʝʟʫʣʴʪʘʪ ʚʳʧʦʣʥʝʥʠʷ ʢʦʤʘʥʜʳ ipconfig 

 

 

 

8.2. ɺʠʜʳ ʨʘʩʩʳʣʢʠ ʜʘʥʥʳʭ 

 

ɺ ʩʝʪʷʭ IPv4 ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʨʘʩʩʳʣʢʠ ʜʘʥʥʳʭ: 

ʦʜʥʦʘʜʨʝʩʥʘʷ (unicast), 

ʰʠʨʦʢʦʚʝʱʘʪʝʣʴʥʘʷ (broadcast), 

ʤʥʦʛʦʘʜʨʝʩʥʘʷ (multicast).  

ʇʨʠ ʦʜʥʦʘʜʨʝʩʥʦʡ ʨʘʩʩʳʣʢʝ, ʥʘʧʨʠʤʝʨ, ʢʦʛʜʘ ʫʟʝʣ ɸ (ʨʠʩ. 8.4) 

ʧʦʩʳʣʘʝʪ ʩʦʦʙʱʝʥʠʝ ʫʟʣʫ G, ʚ ʟʘʛʦʣʦʚʢʝ ʧʘʢʝʪʘ ʟʘʜʘʶʪʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ 

(ʫʥʠʢʘʣʴʥʳʝ) ʘʜʨʝʩʘ ʠʩʪʦʯʥʠʢʘ (192.168.1.11) ʠ ʥʘʟʥʘʯʝʥʠʷ (192.168.1.30). 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʜʨʝʩ ʠʩʪʦʯʥʠʢʘ ʩʦʦʙʱʝʥʠʷ ï ʚʩʝʛʜʘ ʫʥʠʢʘʣʴʥʳʡ. 
 

ʇʨʠ ʰʠʨʦʢʦʚʝʱʘʪʝʣʴʥʦʡ ʨʘʩʩʳʣʢʝ ʧʘʢʝʪ ʘʜʨʝʩʫʝʪʩʷ ʚʩʝʤ ʫʟʣʘʤ ʚ ʩʝʪʠ. 

ʅʘʧʨʠʤʝʨ, ʘʜʨʝʩʘ ʠʩʪʦʯʥʠʢʘ (192.168.1.11) ʠ ʥʘʟʥʘʯʝʥʠʷ (192.168.1.255). 

ʋʟʣʦʚʘʷ (ʭʦʩʪʦʚʘʷ) ʯʘʩʪʴ ʘʜʨʝʩʘ ʚ ʜʚʦʠʯʥʦʤ ʢʦʜʝ ʩʦʜʝʨʞʠʪ ʚʩʝ ʝʜʠʥʠʮʳ, ʚ 

ʜʝʩʷʪʠʯʥʦʡ ʬʦʨʤʝ ï 255. ɸʜʨʝʩ ʥʘʟʥʘʯʝʥʠʷ 192.168.1.255 ʷʚʣʷʝʪʩʷ ʘʜʨʝʩʦʤ 
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ʧʨʷʤʦʡ ʰʠʨʦʢʦʚʝʱʘʪʝʣʴʥʦʡ ʨʘʩʩʳʣʢʠ, ʢʦʛʜʘ ʩʦʦʙʱʝʥʠʝ ʧʝʨʝʜʘʝʪʩʷ ʚʩʝʤ 

ʫʟʣʘʤ ʚ ʩʝʪʠ (192.168.1.0), ʧʨʠʯʝʤ, ʩʦʦʙʱʝʥʠʝ ʤʦʞʥʦ ʧʝʨʝʩʣʘʪʴ ʜʘʞʝ ʠʟ 

ʜʨʫʛʦʡ ʩʝʪʠ. 

 

. . .

F0/0

S1/1 S1/2

A B G

192.168.1.11 192.168.1.12 192.168.1.30

C

192.168.1.13

224.0.0.50 224.0.0.50
 

ʈʠʩ. 8.4. ʉʝʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 
 

ʆʛʨʘʥʠʯʝʥʥʘʷ ʰʠʨʦʢʦʚʝʱʘʪʝʣʴʥʘʷ ʨʘʩʩʳʣʢʘ ʪʦʣʴʢʦ ʚʥʫʪʨʠ 

ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ ʚʩʝʛʜʘ ʠʩʧʦʣʴʟʫʝʪ ʘʜʨʝʩ 255.255.255.255. ʄʘʨʰʨʫʪʠʟʘʪʦʨʳ 

ʙʣʦʢʠʨʫʶʪ ʩʦʦʙʱʝʥʠʷ ʩ ʦʛʨʘʥʠʯʝʥʥʦʡ ʰʠʨʦʢʦʚʝʱʘʪʝʣʴʥʦʡ ʨʘʩʩʳʣʢʦʡ, 

ʨʘʟʜʝʣʷʷ ʩʝʪʴ ʥʘ ʰʠʨʦʢʦʚʝʱʘʪʝʣʴʥʳʝ ʜʦʤʝʥʳ. 

ʇʨʠ ʤʥʦʛʦʘʜʨʝʩʥʦʡ ʨʘʩʩʳʣʢʝ, ʥʘʧʨʠʤʝʨ, ʢʦʛʜʘ ʫʟʝʣ ɸ (ʨʠʩ. 8.4) 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦʩʳʣʘʝʪ ʩʦʦʙʱʝʥʠʝ ʫʟʣʘʤ ʉ ʠ G, ʚ ʟʘʛʦʣʦʚʢʝ ʧʘʢʝʪʘ ʟʘʜʘʶʪʩʷ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ (ʫʥʠʢʘʣʴʥʳʡ) ʘʜʨʝʩ ʠʩʪʦʯʥʠʢʘ (192.168.1.11) ʠ ʛʨʫʧʧʦʚʦʡ 

ʘʜʨʝʩ ʥʘʟʥʘʯʝʥʠʷ (224.0.0.50). ʊʘʢʦʝ ʩʦʦʙʱʝʥʠʝ ʧʦʣʫʯʘʪ ʚʩʝ ʫʟʣʳ, ʠʤʝʶʱʠʝ 

ʛʨʫʧʧʦʚʦʡ ʘʜʨʝʩ 224.0.0.50. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫʟʣʳ ʉ ʠ G ʙʫʜʫʪ ʪʘʢʞʝ 

ʧʦʣʫʯʘʪʴ ʩʦʦʙʱʝʥʠʷ ʩ ʫʥʠʢʘʣʴʥʳʤʠ ʘʜʨʝʩʘʤʠ ʥʘʟʥʘʯʝʥʠʷ 192.168.1.13 ʠ 

192.168.1.30 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɻʨʫʧʧʦʚʳʝ ʘʜʨʝʩʘ ʥʘʟʥʘʯʘʶʪʩʷ ʠʟ ʜʠʘʧʘʟʦʥʘ 

224.0.0.0 ï 239.255.255.255. ɿʘʨʝʟʝʨʚʠʨʦʚʘʥʥʳʝ ʣʦʢʘʣʴʥʳʝ ʘʜʨʝʩʘ ʜʠʘʧʘʟʦʥʘ 

224.0.0.0 ï 224.0.0.255 ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤʠ ʧʨʠ ʦʙʤʝʥʝ 

ʤʘʨʰʨʫʪʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ. ʇʘʢʝʪʳ ʩ ʪʘʢʠʤʠ ʘʜʨʝʩʘʤʠ ʥʝ ʧʝʨʝʩʳʣʘʶʪʩʷ ʟʘ 

ʧʨʝʜʝʣʳ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ. ɻʣʦʙʘʣʴʥʳʝ ʘʜʨʝʩʘ 224.0.1.0 ï 238.255.255.255 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʤʥʦʛʦʘʜʨʝʩʥʦʡ ʨʘʩʩʳʣʢʠ ʩʦʦʙʱʝʥʠʡ ʯʝʨʝʟ ʀʥʪʝʨʥʝʪ. 
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8.3. ʏʘʩʪʥʳʝ ʠ ʧʫʙʣʠʯʥʳʝ ʘʜʨʝʩʘ  
 

ɸʜʨʝʩʘ ʚʩʝʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩʝʪʠ Internet ʜʦʣʞʥʳ ʙʳʪʴ ʫʥʠʢʘʣʴʥʳʤʠ. 

ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʫʥʠʢʘʣʴʥʦʩʪʴ ʘʜʨʝʩʦʚ ʦʙʝʩʧʝʯʠʚʘʣ ʮʝʥʪʨ Internet Network 

Information Center (Inter NIC), ʥʘ ʩʤʝʥʫ ʢʦʪʦʨʦʤʫ ʧʨʠʰʣʘ ɸʜʤʠʥʠʩʪʨʘʮʠʷ 

ʘʜʨʝʩʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʀʥʪʝʨʥʝʪ (Internet Assigned Numbers Authority ï 

IANA ). IANA  ʫʧʨʘʚʣʷʝʪ IP-ʘʜʨʝʩʘʤʠ, ʯʪʦʙʳ ʥʝ ʧʨʦʠʟʦʰʣʦ ʜʫʙʣʠʨʦʚʘʥʠʷ 

ʦʙʱʝʜʦʩʪʫʧʥʳʭ (ʧʫʙʣʠʯʥʳʭ) ʘʜʨʝʩʦʚ, ʨʘʩʧʨʝʜʝʣʷʷ ʠʭ ʤʝʞʜʫ ʧʷʪʴʶ 

ʈʝʛʠʦʥʘʣʴʥʳʤʠ ʀʥʪʝʨʥʝʪ ʨʝʛʠʩʪʨʘʪʦʨʘʤʠ (Regional Internet Regiestry ï RIR ): 

ARIN (ʉʝʚʝʨʥʘʷ ɸʤʝʨʠʢʘ), RIPE (ʈʦʩʩʠʷ, ɽʚʨʦʧʘ, ʩʪʨʘʥʳ ʉʅɻ, ɹʣʠʞʥʷʷ 

ɸʟʠʷ), APNIC (ɸʟʠʷ ʠ ɸʚʩʪʨʘʣʠʷ), LACNIC (ʃʘʪʠʥʩʢʘʷ ʠ ʖʞʥʘʷ ɸʤʝʨʠʢʘ), 

AfriNIC  (ɸʬʨʠʢʘ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʝ ʦʙʱʝʜʦʩʪʫʧʥʳʝ (ʧʫʙʣʠʯʥʳʝ) ʘʜʨʝʩʘ 

ʜʦʣʞʥʳ ʙʳʪʴ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʨʝʛʠʩʪʨʘʪʦʨʦʤ RIR, ʢʦʪʦʨʳʡ ʚʳʜʝʣʷʝʪ 

ʘʜʨʝʩʘ ʩʝʪʝʚʳʤ ʦʧʝʨʘʪʦʨʘʤ ʠ ʧʨʦʚʘʡʜʝʨʘʤ, ʘ ʪʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʳʜʝʣʷʝʪ 

ʘʜʨʝʩʘ ʩʝʪʝʚʳʤ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘʤ ʠ ʦʪʜʝʣʴʥʳʤ ʧʦʣʴʟʦʚʘʪʝʣʷʤ.  

ɺ ʩʚʷʟʠ ʩ ʙʳʩʪʨʳʤ ʨʦʩʪʦʤ Internet, ʩʫʱʝʩʪʚʫʝʪ ʜʝʬʠʮʠʪ ʧʫʙʣʠʯʥʳʭ 

ʘʜʨʝʩʦʚ IPv4. ʈʘʜʠʢʘʣʴʥʦ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʜʝʬʠʮʠʪʘ IP-ʘʜʨʝʩʦʚ ʤʦʞʝʪ 

ʩʦʟʜʘʥʥʘʷ ʥʦʚʘʷ ʰʝʩʪʘʷ ʚʝʨʩʠʷ (IPv6) ʘʜʨʝʩʘʮʠʠ ʚ IP-ʩʝʪʷʭ. ɼʣʷ ʩʤʷʛʯʝʥʠʷ 

ʧʨʦʙʣʝʤʳ ʥʝʭʚʘʪʢʠ ʧʫʙʣʠʯʥʳʭ ʘʜʨʝʩʦʚ IPv4 ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʩʭʝʤʳ 

ʘʜʨʝʩʘʮʠʠ, ʪʘʢʠʝ ʢʘʢ ʙʝʩʢʣʘʩʩʦʚʘʷ ʤʝʞʜʦʤʝʥʥʘʷ ʤʘʨʰʨʫʪʠʟʘʮʠʷ (CIDR) ʠ 

ʘʜʨʝʩʘʮʠʷ ʥʘ ʦʩʥʦʚʝ ʤʘʩʦʢ ʧʝʨʝʤʝʥʥʦʡ ʜʣʠʥʳ (VLSM).  

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʙʣʝʤʫ ʥʝʭʚʘʪʢʠ ʧʫʙʣʠʯʥʳʭ ʘʜʨʝʩʦʚ ʤʦʞʝʪ ʚ ʥʝʢʦʪʦʨʦʡ 

ʤʝʨʝ ʦʩʣʘʙʠʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʯʘʩʪʥʳʭ ʘʜʨʝʩʦʚ (Private IP addresses). ʉʝʪʠ ʩ 

ʯʘʩʪʥʳʤʠ ʘʜʨʝʩʘʤʠ, ʥʝ ʧʦʜʢʣʶʯʝʥʥʳʝ ʢ Internet, ʤʦʛʫʪ ʠʤʝʪʴ ʣʶʙʳʝ ʘʜʨʝʩʘ, 

ʣʠʰʴ ʙʳ ʦʥʠ ʙʳʣʠ ʫʥʠʢʘʣʴʥʳ ʚʥʫʪʨʠ ʯʘʩʪʥʦʡ ʩʝʪʠ. ɺʳʭʦʜ ʚ ʀʥʪʝʨʥʝʪ 

ʧʘʢʝʪʦʚ ʩ ʯʘʩʪʥʳʤʠ ʘʜʨʝʩʘʤʠ ʙʣʦʢʠʨʫʝʪʩʷ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʤ. ɼʦʢʫʤʝʥʪ 

RFC 1918 ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʪʨʠ ʙʣʦʢʘ ʯʘʩʪʥʳʭ ʘʜʨʝʩʦʚ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʚʥʫʪʨʠ ʯʘʩʪʥʳʭ ʩʝʪʝʡ (ʪʘʙʣ. 8.2).  

ʊʘʙʣʠʮʘ 8.2 

ɼʠʘʧʘʟʦʥʳ ʯʘʩʪʥʳʭ ʘʜʨʝʩʦʚ 

 ̄ ɼʠʘʧʘʟʦʥ ʘʜʨʝʩʦʚ ʇʨʝʬʠʢʩ 

1 10.0.0.0 ï 10.255.255.255 /8 

2 172.16.0.0 ï 172.31.255.255 /12 

3 192.168.0.0 ï 192.168.255.255 /16 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʘʩʪʥʳʝ ʘʜʨʝʩʘ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʩʝʪʠ  ʀʥʪʝʨʥʝʪ, ʪ.ʢ. ʤʘʨʰʨʫʪʠʟʘʪʦʨʳ ʦʪʙʨʘʩʳʚʘʶʪ ʧʘʢʝʪʳ 

ʩ ʯʘʩʪʥʳʤʠ ʘʜʨʝʩʘʤʠ. ʏʪʦʙʳ ʫʟʣʳ ʩ ʯʘʩʪʥʳʤʠ ʘʜʨʝʩʘʤʠ ʤʦʛʣʠ ʧʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʜʢʣʶʯʘʪʴʩʷ ʢ ʩʝʪʠ ʀʥʪʝʨʥʝʪ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ 

ʪʨʘʥʩʣʷʪʦʨʳ ʯʘʩʪʥʳʭ ʘʜʨʝʩʦʚ ʚ ʧʫʙʣʠʯʥʳʝ, ʥʘʧʨʠʤʝʨ, ʪʨʘʥʩʣʷʪʦʨ ʩʝʪʝʚʳʭ 

ʘʜʨʝʩʦʚ (Network Address Translation ï NAT ). ɼʘʥʥʳʡ ʪʨʘʥʩʣʷʪʦʨ ʧʝʨʝʚʦʜʠʪ 

ʯʘʩʪʥʳʡ ʘʜʨʝʩ ʚ ʦʙʱʝʜʦʩʪʫʧʥʳʡ. ʇʦʵʪʦʤʫ ʵʢʦʥʦʤʠʷ IP-ʘʜʨʝʩʦʚ ʤʦʞʝʪ ʙʳʪʴ 

ʜʦʩʪʠʛʥʫʪʘ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ ʪʦʛʦ, ʯʪʦ ʥʝ ʚʩʝʤ ʫʟʣʘʤ ʯʘʩʪʥʦʡ ʩʝʪʠ ʨʘʟʨʝʰʘʝʪʩʷ 

ʚʳʭʦʜ ʚ ʀʥʪʝʨʥʝʪ.  

ɺʪʦʨʦʡ ʪʠʧ ʪʨʘʥʩʣʷʪʦʨʘ (Port Address Translation ï PAT) ʦʜʠʥ 

ʧʫʙʣʠʯʥʳʡ ʘʜʨʝʩ ʢʦʤʙʠʥʠʨʫʝʪ ʩ ʥʘʙʦʨʦʤ ʥʦʤʝʨʦʚ ʧʦʨʪʘ ʫʟʣʘ ʠʩʪʦʯʥʠʢʘ, ʪ.ʝ. 

ʬʦʨʤʠʨʫʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʢʦʤʧʣʝʢʩʥʳʭ ʘʜʨʝʩʦʚ, ʥʘʟʳʚʘʝʤʳʭ ʩʦʢʝʪʘʤʠ, 

ʥʘʧʨʠʤʝʨ 192.168.10.17:1275, 192.168.10.17:1086, 192.168.10.17:2013. ʇʨʠ 

ʵʪʦʤ ʦʜʠʥ IP-ʘʜʨʝʩ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʦ ʫʟʣʦʚ ʯʘʩʪʥʦʡ ʩʝʪʠ ʩ 

ʨʘʟʥʳʤʠ ʥʦʤʝʨʘʤʠ ʧʦʨʪʦʚ. ʇʦʵʪʦʤʫ ʜʘʥʥʳʡ ʤʝʪʦʜ ʪʨʘʥʩʣʷʮʠʠ ʯʘʩʪʥʳʭ 

ʘʜʨʝʩʦʚ ʚ ʧʫʙʣʠʯʥʳʝ ʵʬʬʝʢʪʠʚʥʦ ʵʢʦʥʦʤʠʪ ʦʙʱʝʜʦʩʪʫʧʥʳʝ IP-ʘʜʨʝʩʘ. 

ɺ ʘʜʨʝʩʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ IPv4 ʚʳʜʝʣʝʥ ʩʧʝʮʠʘʣʴʥʳʡ ʙʣʦʢ ʣʦʢʘʣʴʥʳʭ 

ʘʜʨʝʩʦʚ (169.254.0.0 ï 169.254.255.255), ʢʦʛʜʘ ʧʝʨʝʩʳʣʢʘ ʩʦʦʙʱʝʥʠʡ 

ʚʦʟʤʦʞʥʘ ʪʦʣʴʢʦ ʚ ʧʨʝʜʝʣʘʭ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ. ʕʪʠ ʘʜʨʝʩʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʪʝʭ 

ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʧʦʣʫʯʝʥʠʝ IP-ʘʜʨʝʩʘ ʦʪ DHCP-ʩʝʨʚʝʨʘ ʥʝʚʦʟʤʦʞʥʦ, ʥʘʧʨʠʤʝʨ, 

ʚ ʦʜʥʦʨʘʥʛʦʚʳʭ ʩʝʪʷʭ peer-to-peer.  

ɼʨʫʛʦʡ ʙʣʦʢ ʘʜʨʝʩʦʚ (192.0.2.0 ï 192.0.2.255), ʥʘʟʳʚʘʝʤʳʡ TEST-NET, 

ʟʘʨʝʟʝʨʚʠʨʦʚʘʥ ʜʣʷ ʫʯʝʙʥʳʭ ʮʝʣʝʡ ʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʜʦʢʫʤʝʥʪʘʮʠʠ. 

ɼʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʝʪʷʭ ʦʧʝʨʘʪʦʨʦʚ ʩʚʷʟʠ ʚʳʜʝʣʝʥʳ ʯʘʩʪʥʳʝ ʘʜʨʝʩʘ 

ʦʙʱʝʛʦ ʘʜʨʝʩʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 100.64.0.0/10.  
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8.4. ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ ʦʙ ʘʜʨʝʩʘʭ ʚʝʨʩʠʠ IPv6 

 

ɺʝʨʩʠʷ IPv6 ʠʩʧʦʣʴʟʫʝʪ ʜʣʷ ʘʜʨʝʩʘʮʠʠ 128 ʜʚʦʠʯʥʳʭ ʨʘʟʨʷʜʦʚ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʘʜʨʝʩʘʮʠʶ 3,4 10
38

 ʦʙʲʝʢʪʦʚ.  

ɸʜʨʝʩ IPv6 ʩʦʩʪʦʠʪ ʠʟ 8 ʙʣʦʢʦʚ ʧʦ 16 ʜʚʦʠʯʥʳʭ ʨʘʟʨʷʜʦʚ. ʂʘʞʜʳʡ 

ʙʣʦʢ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ ʯʝʪʳʨʝʭ ʰʝʩʪʥʘʜʮʘʪʝʨʠʯʥʳʭ ʯʠʩʝʣ.   

ɹʣʦʢʠ ʨʘʟʜʝʣʷʶʪʩʷ ʜʚʦʝʪʦʯʠʝʤ: 

2001:0000:7ee5:d947:0009:01c5:6b9f:00c4. 

ɺʧʝʨʝʜʠ ʩʪʦʷʱʠʝ ʥʫʣʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʦʧʫʱʝʥʳ: 

2001:0:7ee5:d947:9:1c5:6b9f:c4 

.ʅʝʩʢʦʣʴʢʦ ʥʫʣʝʡ ʧʦʜʨʷʜ ʚ ʘʜʨʝʩʝ IPv6 ʤʦʛʫʪ ʙʳʪʴ ʟʘʤʝʥʝʥʳ ʜʚʦʡʥʳʤ 

ʜʚʦʝʪʦʯʠʝʤ, ʪʘʢ ʘʜʨʝʩ 2001:0:0:0:0:0:0:c4 ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ 2001::c4.  

ɼʚʘ ʜʚʦʝʪʦʯʠʷ ʧʦʜʨʷʜ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʦʣʴʢʦ ʦʜʠʥ ʨʘʟ. 

ɸʜʨʝʩʘ ʚʝʨʩʠʠ IPv6 ʷʚʣʷʶʪʩʷ ʠʝʨʘʨʭʠʯʝʩʢʠʤʠ, ʪʘʢʞʝ ʢʘʢ ʠ IPv4. 

ʄʣʘʜʰʠʝ ʨʘʟʨʷʜʳ ʟʘʜʘʶʪ ʥʦʤʝʨ ʫʟʣʘ (ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʠʥʪʝʨʬʝʡʩʘ), ʘ 

ʩʪʘʨʰʠʝ ʨʘʟʨʷʜʳ ï ʜʣʷ ʟʘʜʘʥʠʷ ʧʨʝʬʠʢʩʘ ʘʜʨʝʩʘ (ʥʦʤʝʨʘ) ʩʝʪʠ, ʧʦʜʩʝʪʠ.  

ɼʣʠʥʘ ʧʨʝʬʠʢʩʘ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0 ʜʦ 128. ɺ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʣʫʯʘʝʚ ʧʨʝʬʠʢʩ ʩʦʩʪʘʚʣʷʝʪ /64, ʪ.ʝ. ʩʝʪʝʚʘʷ ʯʘʩʪʴ ʘʜʨʝʩʘ ʩʦʩʪʘʚʣʷʝʪ 64 ʙʠʪʘ. 

ʆʩʪʘʚʰʠʝʩʷ 64 ʙʠʪʘ ʠʜʝʥʪʠʬʠʮʠʨʫʶʪ ʠʥʪʝʨʬʝʡʩ ʠʣʠ ʫʟʝʣ ʩʝʪʠ (ʨʠʩ. 8.5). 
 

ʇʨʝʬʠʢʩ ʘʜʨʝʩʘ (64 ʙʠʪʘ) ʀʜʝʥʪʠʬʠʢʘʪʦʨ ʠʥʪʝʨʬʝʡʩʘ (64 ʙʠʪʘ) 

127                                                       64 63                                                           0 

ʈʠʩ. 8.5. ʌʦʨʤʘʪ ʘʜʨʝʩʘ IPv6 

ʇʦʣʝ ʧʨʝʬʠʢʩʘ ʬʦʨʤʘʪʘ ʚʝʨʩʠʠ IPv6 ʠʤʝʝʪ ʨʘʟʤʝʨ 3 ʙʠʪʘ ʠ ʟʥʘʯʝʥʠʝ ʚ 

ʜʚʦʠʯʥʦʤ ʢʦʜʝ 001. ʇʦʵʪʦʤʫ ʘʜʨʝʩʘ ʚʝʨʩʠʠ IPv6 ʤʦʛʫʪ ʥʘʯʠʥʘʪʴʩʷ ʣʠʙʦ ʩ 

ʰʝʩʪʥʘʜʮʘʪʝʨʠʯʥʦʡ ʮʠʬʨʳ 2 (0010), ʣʠʙʦ 3 (0011). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʦʨʛʘʥʠʟʘʮʠʷ IANA  ʟʘʜʘʝʪ ʪʨʠ ʩʪʘʨʰʠʭ ʨʘʟʨʷʜʘ ʘʜʨʝʩʘ IPv6 ʚ 

ʰʝʩʪʥʘʜʮʘʪʝʨʠʯʥʦʤ ʢʦʜʝ ʚ ʚʠʜʝ 200, ʪ.ʝ. ʚʩʝ ʘʜʨʝʩʘ ʥʘʯʠʥʘʶʪʩʷ ʩ ʮʠʬʨʳ 2. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, IANA  ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʧʨʝʜʝʣʷʝʪ 12 ʩʪʘʨʰʠʭ ʙʠʪʦʚ 

ʘʜʨʝʩʘ IPv6 (0010 0000 0000). ʉʣʝʜʫʶʱʠʝ 12 ʨʘʟʨʷʜʦʚ ʘʜʨʝʩʘ 

ʠʜʝʥʪʠʬʠʮʠʨʫʶʪ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʨʝʛʠʩʪʨʘʪʦʨʘ RIR. ʅʘʧʨʠʤʝʨ, ʨʝʛʠʩʪʨʘʪʦʨ 

APNIC ʧʨʝʜʩʪʘʚʣʝʥ ʰʝʩʪʥʘʜʮʘʪʝʨʠʯʥʳʤ ʟʥʘʯʝʥʠʝʤ 102 (0001 0000 0010), 

ARIN ï ʟʥʘʯʝʥʠʝʤ 104 (0001 0000 0100), ʘ RIPE ʧʨʝʜʩʪʘʚʣʝʥ ʟʥʘʯʝʥʠʝʤ 106 
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(0001 0000 0110). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, IANA  ʠ RIR ʟʘʜʘʶʪ ʩʪʘʨʰʠʝ 24 ʜʚʦʠʯʥʳʝ 

ʨʘʟʨʷʜʘ ʘʜʨʝʩʘ IPv6. ʅʘʧʨʠʤʝʨ, ʘʜʨʝʩ RIPE ʚ ʰʝʩʪʥʘʜʮʘʪʝʨʠʯʥʦʡ ʬʦʨʤʝ 

ʙʫʜʝʪ ʩʦʩʪʘʚʣʷʪʴ 2001:06. ʆʩʪʘʚʰʠʝʩʷ ʜʚʘ ʰʝʩʪʥʘʜʮʘʪʝʨʠʯʥʳʭ ʯʠʩʣʘ ʚʪʦʨʦʛʦ 

ʙʣʦʢʘ ʘʜʨʝʩʘ IPv6 ʠʜʝʥʪʠʬʠʮʠʨʫʶʪ ʢʨʫʧʥʳʭ ʩʝʪʝʚʳʭ ʦʧʝʨʘʪʦʨʦʚ.  

ɺ ʧʨʦʪʦʢʦʣʝ IPv6 ʘʜʨʝʩ 2001:0DB8::/32 ʟʘʨʝʟʝʨʚʠʨʦʚʘʥ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʜʦʢʫʤʝʥʪʘʮʠʠ ʠ ʚ ʧʨʠʤʝʨʘʭ. ʇʦʵʪʦʤʫ ʚʦ ʚʩʝʭ 

ʧʦʩʣʝʜʫʶʱʠʭ ʧʨʠʤʝʨʘʭ ʠʩʧʦʣʴʟʦʚʘʥ ʠʤʝʥʥʦ ʵʪʦʪ ʘʜʨʝʩ.  

ʉʪʘʨʰʠʝ 32 ʜʚʦʠʯʥʳʭ ʨʘʟʨʷʜʘ ʘʜʨʝʩʘ (ʨʠʩ. 8.6) ʦʙʨʘʟʫʶʪ ʧʨʝʬʠʢʩ 

ʧʨʦʚʘʡʜʝʨʘ /32 (2001:0db8).  

 

2001

ʇʨʝʬʠʢʩ ʧʦʜʩʝʪʠ /64

ʀʜʝʥʪʠʬʠʢʘʪʦʨ ʠʥʪʝʨʬʝʡʩʘ (64 ʙʠʪ)

ʇʨʝʬʠʢʩ ʩʘʡʪʘ /48

ʇʨʝʬʠʢʩ ISP /32

 

 

ʈʠʩ. 8.6. ʇʨʝʬʠʢʩʳ ʬʦʨʤʘʪʘ ʘʜʨʝʩʘ IPv6 

 

ʉʣʝʜʫʶʱʠʡ (ʪʨʝʪʠʡ) ʙʣʦʢ ʦʙʨʘʟʫʝʪ ʧʨʝʬʠʢʩ ʛʣʦʙʘʣʴʥʦʡ 

ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʠʣʠ, ʧʦ-ʜʨʫʛʦʤʫ, ʧʨʝʬʠʢʩ ʩʘʡʪʘ /48. ʇʨʝʬʠʢʩ ʛʣʦʙʘʣʴʥʦʡ 

ʤʘʨʰʨʫʪʠʟʘʮʠʠ /48 ʦʙʳʯʥʦ ʚʳʜʝʣʷʝʪʩʷ ʠʥʪʝʨʥʝʪ-ʨʝʛʠʩʪʨʘʪʦʨʦʤ ʢʨʫʧʥʳʤ 

ʢʦʨʧʦʨʘʪʠʚʥʳʤ ʩʝʪʷʤ, ʥʦ ʤʦʞʝʪ ʥʘʟʥʘʯʘʪʴʩʷ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤ. ɸʜʤʠʥʠʩʪʨʘʪʦʨʳ, ʧʦʣʫʯʠʚʰʠʝ ʚ ʧʦʣʴʟʦʚʘʥʠʝ ʜʠʘʧʘʟʦʥ 

ʘʜʨʝʩʦʚ ʩ ʧʨʝʬʠʢʩʦʤ /48, ʠʤʝʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ 64ʂ (65536) ʧʦʜʩʝʪʝʡ, 

ʘʜʨʝʩʘ ʢʦʪʦʨʳʭ ʟʘʜʘʶʪʩʷ ʯʝʪʚʝʨʪʳʤ ʙʣʦʢʦʤ, ʪ.ʝ. 16 ʜʚʦʠʯʥʳʤʠ ʨʘʟʨʷʜʘʤʠ 

ʫʢʘʟʘʥʥʦʛʦ ʙʣʦʢʘ ʘʜʨʝʩʘ IPv6. ʅʠʞʝ ʥʘ ʨʠʩ. 8.7 ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʘʜʨʝʩʘ 

2001:db8:a:1:2:b3ff :fe18:a1d7 ʠ ʬʫʥʢʮʠʡ  ʝʛʦ ʦʪʜʝʣʴʥʳʭ ʨʘʟʨʷʜʦʚ.  

ɺ ʧʨʠʚʝʜʝʥʥʦʤ ʧʨʠʤʝʨʝ ʦʨʛʘʥʠʟʘʮʠʷ IANA  ʟʘʜʘʝʪ ʟʥʘʯʝʥʠʝ 200 ʪʨʝʭ 

ʩʪʘʨʰʠʭ ʰʝʩʪʥʘʜʮʘʪʝʨʠʯʥʳʭ ʯʠʩʝʣ ʘʜʨʝʩʘ IPv6. ʈʝʛʠʦʥʘʣʴʥʳʡ ʨʝʛʠʩʪʨʘʪʦʨ 

ʠʜʝʥʪʠʬʠʮʠʨʫʝʪʩʷ ʟʥʘʯʝʥʠʝʤ 10d. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, IANA  ʠ RIR ʟʘʜʘʶʪ 

ʩʪʘʨʰʫʶ ʯʘʩʪʴ ʘʜʨʝʩʘ IPv6 (2001:0d). ʆʩʪʘʚʰʠʝʩʷ ʜʚʘ ʰʝʩʪʥʘʜʮʘʪʝʨʠʯʥʳʭ 

ʯʠʩʣʘ (b8) ʚʪʦʨʦʛʦ ʙʣʦʢʘ (ʚʪʦʨʦʛʦ ʭʝʢʩʪʝʪʘ) ʘʜʨʝʩʘ IPv6 ʠʜʝʥʪʠʬʠʮʠʨʫʶʪ 
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ʧʨʦʚʘʡʜʝʨʘ (ISP). ʇʦʵʪʦʤʫ ʩʪʘʨʰʠʝ 32 ʜʚʦʠʯʥʳʭ ʨʘʟʨʷʜʘ ʘʜʨʝʩʘ (ʨʠʩ. 8.7) 

ʦʙʨʘʟʫʶʪ ʧʨʝʬʠʢʩ ʧʨʦʚʘʡʜʝʨʘ (2001:0db8/32). 

 

200 10d b8 000a 0001 0002:b3ff:fe18:a1d7 

IANA  ʈʝʛʠʩʪʨʘʪʦʨ  ISP ʉʘʡʪ 
ID ʧʦʜʩʝʪʠ 

(16 ʙʠʪ) 

ʀʜʝʥʪʠʬʠʢʘʪʦʨ (ID) 

ʠʥʪʝʨʬʝʡʩʘ (64 ʙʠʪ) 
ʇʨʝʬʠʢʩ ʛʣʦʙʘʣʴʥʦʡ ʤʘʨʰʨʫʪʠʟʘʮʠʠ 

(ʧʨʝʬʠʢʩ ʩʘʡʪʘ /48) 

 

ʈʠʩ. 8.7. ʇʦʣʷ ʘʜʨʝʩʘ IPv6 

 

ɿʥʘʯʝʥʠʝ ʘʜʨʝʩʘ ʧʦʣʷ ʩʘʡʪʘ (000a) ʚʳʜʘʝʪʩʷ ʦʪʜʝʣʴʥʳʤ ʛʦʨʦʜʘʤ, 

ʨʘʡʦʥʘʤ, ʦʨʛʘʥʠʟʘʮʠʷʤ, ʪ.ʝ. ʘʜʨʝʩʫʝʪ ʦʧʨʝʜʝʣʝʥʥʳʡ ʩʘʡʪ. ʇʦʵʪʦʤʫ ʩʪʘʨʰʠʝ 

48 ʜʚʦʠʯʥʳʭ ʨʘʟʨʷʜʦʚ ʘʜʨʝʩʘ ʦʙʨʘʟʫʶʪ ʧʨʝʬʠʢʩ ʩʘʡʪʘ ʠʣʠ ʧʨʝʬʠʢʩ 

ʛʣʦʙʘʣʴʥʦʡ ʤʘʨʰʨʫʪʠʟʘʮʠʠ (ʨʠʩ. 8.7). 

ʏʝʪʚʝʨʪʳʡ ʙʣʦʢ ʘʜʨʝʩʘ (0001) ʟʘʜʘʝʪ ʘʜʨʝʩ ʧʦʜʩʝʪʠ ʚʥʫʪʨʠ ʩʘʡʪʘ, ʪ.ʝ. 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʘʜʨʝʩʘʮʠʠ ʧʦʜʩʝʪʝʡ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʝʪʝʚʦʡ 

ʘʜʤʠʥʠʩʪʨʘʪʦʨ, ʠʤʝʷ 16 ʜʚʦʠʯʥʳʭ ʨʘʟʨʷʜʦʚ ʧʦʣʷ ID ʧʦʜʩʝʪʠ, ʤʦʞʝʪ 

ʩʬʦʨʤʠʨʦʚʘʪʴ ʜʦ 65536 ʦʪʜʝʣʴʥʳʭ ʧʦʜʩʝʪʝʡ. ʊʦ ʝʩʪʴ, ʩʪʘʨʰʠʝ 64 ʜʚʦʠʯʥʳʭ 

ʨʘʟʨʷʜʦʚ ʘʜʨʝʩʘ IPv6 ʦʙʨʘʟʫʶʪ ʧʨʝʬʠʢʩ ʧʦʜʩʝʪʠ 2001:db8:000a:0001/64 ʠʣʠ 

2001:db8:a:1/64.  

ʇʦʩʣʝʜʥʠʝ 4 ʙʣʦʢʘ ʰʝʩʪʥʘʜʮʘʪʝʨʠʯʥʦʛʦ ʘʜʨʝʩʘ (0002:b3ff :fe18:a1d7 ʥʘ 

ʨʠʩ. 8.7) ʩʦʩʪʘʚʣʷʶʪ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʠʥʪʝʨʬʝʡʩʘ, ʛʜʝ ʤʦʛʫʪ ʟʘʜʘʚʘʪʴʩʷ 

ʄɸʉ-ʘʜʨʝʩʘ, ɸʊʄ-ʘʜʨʝʩʘ, ʪʝʣʝʬʦʥʥʳʝ ʥʦʤʝʨʘ, ʘ ʪʘʢʞʝ ʘʜʨʝʩʘ IPv4, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʩ ʨʘʥʝʝ ʨʘʟʨʘʙʦʪʘʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ.  

ʀʜʝʥʪʠʬʠʢʘʪʦʨ ʠʥʪʝʨʬʝʡʩʘ ʤʦʞʝʪ ʙʳʪʴ ʩʢʦʥʬʠʛʫʨʠʨʦʚʘʥ ʚʨʫʯʥʫʶ 

ʘʜʤʠʥʠʩʪʨʘʪʦʨʦʤ ʠʣʠ ʟʘʜʘʥ ʜʠʥʘʤʠʯʝʩʢʠ, ʥʘʧʨʠʤʝʨ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʝʭʘʥʠʟʤʘ ʨʘʩʰʠʨʝʥʥʦʛʦ ʫʥʠʢʘʣʴʥʦʛʦ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ EUI-64 (Extended 

Unique Identifier). ʇʨʠ ʟʘʜʘʥʠʠ ʄɸʉ-ʘʜʨʝʩʘ ʚ ʧʦʣʝ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ 

ʠʥʪʝʨʬʝʡʩʘ ʤʝʭʘʥʠʟʤ EUI-64 ʨʘʩʰʠʨʷʝʪ 48 ʙʠʪ MAC-ʘʜʨʝʩʘ ʜʦ 64 ʙʠʪʦʚ. ɼʣʷ 

ʵʪʦʛʦ 16-ʙʠʪʦʚʦʝ ʯʠʩʣʦ 0xFFFE, ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʚ ʰʝʩʪʥʘʜʮʘʪʝʨʠʯʥʦʡ 

ʩʠʩʪʝʤʝ, ʚʩʪʘʚʣʷʝʪʩʷ ʚ ʩʝʨʝʜʠʥʫ MAC-ʘʜʨʝʩʘ, ʯʪʦʙʳ ʩʦʟʜʘʪʴ 64-ʙʠʪʦʚʳʡ 

ʫʥʠʢʘʣʴʥʳʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʠʥʪʝʨʬʝʡʩʘ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ ʧʨʠʤʝʨʝ ʨʠʩ. 8.8. 

ʉʪʘʨʰʠʝ 24 ʜʚʦʠʯʥʳʭ ʨʘʟʨʷʜʘ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʠʥʪʝʨʬʝʡʩʘ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʫʥʠʢʘʣʴʥʳʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʦʨʛʘʥʠʟʘʮʠʠ (OUI), ʚʳʧʫʩʢʘʶʱʝʡ ʩʝʪʝʚʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ. 
 



105 

 

FF FE

D7

02

00 0ʉ

0ʉ B3

B3

18

18

A1

A1

D7
 

 

ʈʠʩ. 8.8. ʌʦʨʤʠʨʦʚʘʥʠʝ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʠʥʪʝʨʬʝʡʩʘ ʠʟ MAC-ʘʜʨʝʩʘ 

 

ɺ ʧʨʦʮʝʩʩʝ ʩʦʟʜʘʥʠʷ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʠʥʪʝʨʬʝʡʩʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʝʭʘʥʠʟʤʘ EUI-64 ʩʪʘʨʰʠʡ ʩʝʜʴʤʦʡ ʙʠʪ ʠʥʚʝʨʪʠʨʫʝʪʩʷ (00:0ʉ:ɺ3 Ÿ 

02:0ʉ::ɺ3). ɺ ʜʚʦʠʯʥʦʤ ʢʦʜʝ:  

0000 0000:0000 1100:1011 0011 Ÿ 0000 0010:0000 1100:1011 0011. 

ʄʣʘʜʰʠʝ 24 ʜʚʦʠʯʥʳʭ ʨʘʟʨʷʜʘ ʷʚʣʷʶʪʩʷ ʫʥʠʢʘʣʴʥʳʤ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʤ 

ʫʩʪʨʦʡʩʪʚʘ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʧʦʣʝ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʠʥʪʝʨʬʝʡʩʘ ʤʦʞʥʦ 

ʨʘʟʤʝʩʪʠʪʴ ʬʠʟʠʯʝʩʢʠʡ ʄɸʉ-ʘʜʨʝʩ ʜʣʠʥʦʡ 48 ʙʠʪ (ʚʤʝʩʪʝ ʩʦ ʚʩʪʘʚʢʦʡ FF FE 

ʦʙʨʘʟʫʶʪ ʬʠʟʠʯʝʩʢʠʡ ʘʜʨʝʩ ʜʣʠʥʦʡ 64 ʜʚʦʠʯʥʳʭ ʨʘʟʨʷʜʘ). ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʠʜʝʥʪʠʬʠʢʘʪʦʨʳ ʠʥʪʝʨʬʝʡʩʘ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʜʠʥʘʤʠʯʝʩʢʠ ʠʟ ʘʜʨʝʩʘ 

ʋʨʦʚʥʷ 2. ʇʦʵʪʦʤʫ ʦʪʧʘʜʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʧʨʦʪʦʢʦʣʝ ARP, ʯʪʦ ʫʩʢʦʨʷʝʪ 

ʧʨʦʮʝʩʩ ʧʨʦʜʚʠʞʝʥʠʷ ʧʘʢʝʪʘ.  

 

 

 

8.5. ʊʠʧʳ ʘʜʨʝʩʦʚ IPv6 

 

ʇʨʦʪʦʢʦʣ IPv6 ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ 3 ʪʠʧʘ ʘʜʨʝʩʦʚ: 

1. ʀʥʜʠʚʠʜʫʘʣʴʥʳʡ (unicast) ï ʠʜʝʥʪʠʬʠʮʠʨʫʝʪ ʠʥʪʝʨʬʝʡʩ ʫʩʪʨʦʡʩʪʚʘ. 

ɸʜʨʝʩ ʠʩʪʦʯʥʠʢʘ ʩʦʦʙʱʝʥʠʷ ʚʩʝʛʜʘ ʜʦʣʞʝʥ ʙʳʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ. 

2. ɻʨʫʧʧʦʚʦʡ (multicast) ï ʨʝʘʣʠʟʫʝʪ ʤʥʦʛʦʘʜʨʝʩʥʳʡ ʨʝʞʠʤ ʧʝʨʝʜʘʯʠ. 

ʇʨʦʪʦʢʦʣ IPv6 ʥʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʰʠʨʦʢʦʚʝʱʘʪʝʣʴʥʫʶ ʧʝʨʝʜʘʯʫ 

ʩʦʦʙʱʝʥʠʡ. ʆʜʥʘʢʦ ʛʨʫʧʧʦʚʦʡ ʤʝʪʦʜ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʠʪʴ ʨʘʩʩʳʣʢʫ 

ʩʦʦʙʱʝʥʠʡ ʚʩʝʤ ʫʟʣʘʤ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ. 

3. ʇʨʦʠʟʚʦʣʴʥʳʡ (anycast) ï ʥʘʟʥʘʯʘʝʪʩʷ ʥʝʩʢʦʣʴʢʠʤ ʫʩʪʨʦʡʩʪʚʘʤ (ʢʘʢ 

ʧʨʠ ʛʨʫʧʧʦʚʦʤ ʤʝʪʦʜʝ ʧʝʨʝʜʘʯʠ), ʥʦ ʧʘʢʝʪ ʩ ʧʨʦʠʟʚʦʣʴʥʳʤ ʘʜʨʝʩʦʤ 

ʥʘʟʥʘʯʝʥʠʷ ʜʦʭʦʜʠʪ ʜʦ ʙʣʠʞʘʡʰʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʩ ʪʘʢʠʤ ʘʜʨʝʩʦʤ. 
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8.5.1. ʀʥʜʠʚʠʜʫʘʣʴʥʳʝ ʘʜʨʝʩʘ IPv6 

 

ʇʨʦʪʦʢʦʣ IPv6 ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʘʜʨʝʩʦʚ: 

1. ʉʧʝʮʠʘʣʴʥʳʝ ʘʜʨʝʩʘ  

2. ɻʣʦʙʘʣʴʥʳʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʘʜʨʝʩʘ 

3. ʃʦʢʘʣʴʥʳʝ ʘʜʨʝʩʘ ʢʘʥʘʣʘ 

 

ʉʧʝʮʠʘʣʴʥʳʝ ʘʜʨʝʩʘ 
 

1. ɸʜʨʝʩ ʣʦʛʠʯʝʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ loopback ::1/128 ʠʣʠ ::1 ʧʨʦʪʦʢʦʣʘ 

IPv6 ʘʥʘʣʦʛʠʯʝʥ ʘʜʨʝʩʫ 127.0.0.1 ʧʨʦʪʦʢʦʣʘ IPv4. ʆʥ ʩʣʫʞʠʪ ʜʣʷ 

ʩʘʤʦʪʝʩʪʠʨʦʚʘʥʠʷ, ʢʦʛʜʘ ʧʨʦʚʝʨʷʝʪʩʷ, ʫʩʪʘʥʦʚʣʝʥ ʣʠ ʩʪʝʢ ʧʨʦʪʦʢʦʣʦʚ TCP/IP.  

2. ʅʝʦʧʨʝʜʝʣʝʥʥʳʡ ʘʜʨʝʩ ::/128 ʠʣʠ ::  ʧʨʦʪʦʢʦʣʘ IPv6 ʚ ʥʝʢʦʪʦʨʳʭ 

ʩʣʫʯʘʷʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʘʜʨʝʩʘ ʠʩʪʦʯʥʠʢʘ ʚ ʧʘʢʝʪʝ, ʢʦʛʜʘ ʠʩʪʦʯʥʠʢʫ 

ʝʱʝ ʥʝ ʥʘʟʥʘʯʝʥ ʧʦʩʪʦʷʥʥʳʡ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʘʜʨʝʩ. 

3. ɺʩʪʨʦʝʥʥʳʝ ʘʜʨʝʩʘ IPv4 ʥʝʦʙʭʦʜʠʤʳ ʥʘ ʧʝʨʠʦʜ ʧʝʨʝʭʦʜʘ ʦʪ IPv4 ʢ 

IPv6. 

ɼʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʘʜʨʝʩʘ IPv6 ʚ ʘʜʨʝʩ IPv4 ʨʘʟʨʘʙʦʪʘʥ ʧʦʜʪʠʧ 

ʘʜʨʝʩʘ, ʚ ʢʦʪʦʨʦʤ 4 ʤʣʘʜʰʠʭ ʙʘʡʪʘ ʩʦʜʝʨʞʘʪ ʘʜʨʝʩ ʧʨʝʜʳʜʫʱʝʡ ʚʝʨʩʠʠ 

IPv4, ʘ ʩʪʘʨʰʠʝ 12 ʙʘʡʪ ï ʩʦʜʝʨʞʘʪ ʥʫʣʠ. ʇʨʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʘʜʨʝʩʘ 

IPv4 ʚ ʘʜʨʝʩ IPv6 ʤʣʘʜʰʠʝ 4 ʙʘʡʪʘ ʩʦʜʝʨʞʘʪ ʘʜʨʝʩ ʚʝʨʩʠʠ IPv4, ʙʘʡʪʳ 5 ʠ 

6 ʩʦʜʝʨʞʘʪ ʝʜʠʥʠʮʳ, ʘ ʩʪʘʨʰʠʝ 10 ʙʘʡʪ ʩʦʜʝʨʞʘʪ ʥʫʣʠ.  

 

 

 

ɻʣʦʙʘʣʴʥʳʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʘʜʨʝʩʘ IPv6 

 

ɻʣʦʙʘʣʴʥʳʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʘʜʨʝʩʘ IPv6 ʷʚʣʷʶʪʩʷ ʫʥʠʢʘʣʴʥʳʤʠ ʚʦ 

ʚʩʝʡ ʩʝʪʠ ʀʥʪʝʨʥʝʪ. ʊʘʢʞʝ ʢʘʢ ʫʥʠʢʘʣʴʥʳʝ ʘʜʨʝʩʘ IPv4 ʦʥʠ ʣʠʙʦ 

ʥʘʟʥʘʯʘʶʪʩʷ ʘʜʤʠʥʠʩʪʨʘʪʦʨʦʤ ʩʪʘʪʠʯʝʩʢʠ, ʣʠʙʦ ʧʨʠʩʚʘʠʚʘʶʪʩʷ 

ʜʠʥʘʤʠʯʝʩʢʠ. 

ɻʣʦʙʘʣʴʥʳʡ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʘʜʨʝʩ IPv6 ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʯʘʩʪʝʡ (ʨʠʩ. 8.9):  

1. ʧʨʝʬʠʢʩʘ ʛʣʦʙʘʣʴʥʦʡ ʤʘʨʰʨʫʪʠʟʘʮʠʠ (48 ʩʪʘʨʰʠʭ ʙʠʪ ʘʜʨʝʩʘ) 

2. ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʧʦʜʩʝʪʠ (16 ʙʠʪ) 

3. ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʠʥʪʝʨʬʝʡʩʘ (64 ʤʣʘʜʰʠʭ ʙʠʪʘ ʘʜʨʝʩʘ). 
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ʇʨʝʬʠʢʩ ʛʣʦʙʘʣʴʥʦʡ 

ʤʘʨʰʨʫʪʠʟʘʮʠʠ 

ʀʜʝʥʪʠʬʠʢʘʪʦʨ 

ʧʦʜʩʝʪʠ 
ʀʜʝʥʪʠʬʠʢʘʪʦʨ ʠʥʪʝʨʬʝʡʩʘ 

48 ʙʠʪ 16 ʙʠʪ 64 ʙʠʪʘ 

ʈʠʩ. 8.9. ʊʨʠ ʯʘʩʪʠ ʘʜʨʝʩʘ IPv6 
 

ɻʣʦʙʘʣʴʥʳʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʘʜʨʝʩʘ ʤʦʛʫʪ ʣʠʙʦ ʥʘʟʥʘʯʘʪʴʩʷ 

ʘʜʤʠʥʠʩʪʨʘʪʦʨʦʤ ʩʪʘʪʠʯʝʩʢʠ, ʣʠʙʦ ʜʠʥʘʤʠʯʝʩʢʠ (ʘʚʪʦʤʘʪʠʯʝʩʢʠ). 

ʉʪʘʪʠʯʝʩʢʦʝ ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʝ ʠʥʪʝʨʬʝʡʩʦʚ IPv6 ʘʥʘʣʦʛʠʯʥʦ IPv4 

ʠ ʩʚʦʜʠʪʩʷ ʢ ʟʘʜʘʥʠʶ ʘʜʨʝʩʦʚ, ʚʢʣʶʯʝʥʠʶ ʠʥʪʝʨʬʝʡʩʦʚ, ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʶ 

DCE ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ. ʅʠʞʝ ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ 

ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʷ ʠʥʪʝʨʬʝʡʩʦʚ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ Hɸ ʩʝʪʠ IPv6 (ʨʠʩ. 8.10). 

ʇʨʝʬʠʢʩ ʛʣʦʙʘʣʴʥʦʡ ʤʘʨʰʨʫʪʠʟʘʮʠʠ 2001:db8:a/48, ʧʦʜʩʝʪʠ 1, 2, 3, 4. 

G0/0/0
2001:db8:a:3::/64
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ʈʠʩ. 8.10. ʇʨʠʤʝʨ ʘʜʨʝʩʦʚ ʠʥʪʝʨʬʝʡʩʦʚ ʩʝʪʠ IPv6 

ʉʝʪʴ ʨʠʩ. 8.10 ʨʝʘʣʠʟʦʚʘʥʘ ʥʘ ʘʧʧʘʨʘʪʫʨʝ Huawei, ʧʦʵʪʦʤʫ ʧʨʠ 

ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʠ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʝʰʠʪʴ ʨʘʙʦʪʫ ipv6 ʥʘ ʠʥʪʝʨʬʝʡʩʝ ʧʦ 

ʢʦʤʘʥʜʝ ipv 6 enable : 

<HA>system - view  

[HA] int g0/0 /0  

[HA- Gigab itEthernet0/0 /0 ] ipv6 enable  

[HA- GigabitEthernet0/0 /0 ] ipv6 address 2001:db8:a:1::1/64  

[ HA] int g0/0/ 0 

[ HA- GigabitEthernet0/0 /1] ipv6  enable  

[ HA- GigabitEthernet0/0 /1 ] ipv6 address 2001:db8:a:2::1/64  
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ʂʦʥʬʠʛʫʨʘʮʠʶ ʠʥʪʝʨʬʝʡʩʦʚ ʤʦʞʥʦ ʧʦʩʤʦʪʨʝʪʴ ʧʦ ʢʦʤʘʥʜʝ:  

<HA>dis play ipv6 interface brief   

...  

Interface                        Physical        Protocol    

GigabitEthernet0/0/0             up              up          

[IPv6 Address] 2001:DB8:A:1::1  

GigabitEthernet0/0/ 1             up              up        

[IPv6 Address ] 2001:DB8:A:2::1  

<HA> 
 

ɸʥʘʣʦʛʠʯʥʦ ʢʦʥʬʠʛʫʨʠʨʫʶʪʩʷ ʦʩʪʘʣʴʥʳʝ ʤʘʨʰʨʫʪʠʟʘʪʦʨʳ HB, HC. 

 ʇʦʩʢʦʣʴʢʫ IPv6 ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʥʘ ʠʥʪʝʨʬʝʡʩ ʥʝʩʢʦʣʴʢʦ ʘʜʨʝʩʦʚ, 

ʪʦ ʦʰʠʙʦʯʥʦ ʚʚʝʜʝʥʥʳʡ ʘʜʨʝʩ ʥʝʦʙʭʦʜʠʤʦ ʫʜʘʣʠʪʴ ʧʦ ʢʦʤʘʥʜʝ:  

undo i pv 6 address ,  

ʘ ʥʝ ʧʨʦʩʪʦ ʧʝʨʝʟʘʧʠʩʘʪʴ ʥʦʚʳʡ ʘʜʨʝʩ, ʢʘʢ ʚ IPv4.  

ʇʨʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʥʘʟʥʘʯʝʥʠʠ ʛʣʦʙʘʣʴʥʳʭ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 

ʘʜʨʝʩʦʚ IPv6 ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʨʠ ʚʘʨʠʘʥʪʘ: 

1. ɸʚʪʦʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʝ ʙʝʟ ʩʦʭʨʘʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʘʜʨʝʩʘ, ʢʦʛʜʘ 

ʘʜʨʝʩʥʫʶ ʠʥʬʦʨʤʘʮʠʶ (ʟʥʘʯʝʥʠʝ ʧʨʝʬʠʢʩʘ, ʘʜʨʝʩ ʰʣʶʟʘ ʧʦ 

ʫʤʦʣʯʘʥʠʶ) ʫʩʪʨʦʡʩʪʚʦ ʧʦʣʫʯʘʝʪ ʦʪ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ. 

2. ɺʩʶ ʘʜʨʝʩʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʫʩʪʨʦʡʩʪʚʦ ʧʦʣʫʯʘʝʪ ʦʪ ʩʝʨʚʝʨʘ DHCP. 

3. ɸʜʨʝʩʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʫʩʪʨʦʡʩʪʚʦ ʧʦʣʫʯʘʝʪ ʦʪ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ, 

ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ï ʦʪ ʩʝʨʚʝʨʘ DHCP. 

 

ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʦʦʙʱʝʥʠʷ çʆʙʲʷʚʣʝʥʠʷ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ IPv6è, ʢʦʪʦʨʳʝ ʤʘʨʰʨʫʪʠʟʘʪʦʨ IPv6 ʨʘʩʩʳʣʘʝʪ 

ʧʝʨʠʦʜʠʯʝʩʢʠ ʢʘʞʜʳʝ 200 ʩʝʢʫʥʜ ʚ ʨʝʞʠʤʝ ʤʥʦʛʦʘʜʨʝʩʥʦʡ ʛʨʫʧʧʦʚʦʡ 

ʨʘʩʩʳʣʢʠ. ɼʣʷ ʫʩʢʦʨʝʥʠʷ ʧʦʣʫʯʝʥʠʷ ʘʜʨʝʩʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʫʩʪʨʦʡʩʪʚʦ ʤʦʞʝʪ 

ʧʦʩʣʘʪʴ çɿʘʧʨʦʩ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ IPv6è, ʦʪʚʝʪ ʥʘ ʢʦʪʦʨʳʡ ʧʨʠʭʦʜʠʪ 

ʥʝʤʝʜʣʝʥʥʦ.  

ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʩʝʨʚʝʨ DHCPv6 ʥʘʟʥʘʯʘʝʪ ʫʩʪʨʦʡʩʪʚʫ ʧʦʣʥʳʡ 

ʛʣʦʙʘʣʴʥʳʡ ʘʜʨʝʩ, ʚʢʣʶʯʘʶʱʠʡ ʧʨʝʬʠʢʩ ʠ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʠʥʪʝʨʬʝʡʩʘ. 

ʄɸʉ-ʘʜʨʝʩ, ʩʦʟʜʘʥʥʳʡ EUI-64, ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʫʟʣʘ 

ʥʘʟʥʘʯʝʥʠʷ, ʯʪʦ ʩʥʠʞʘʝʪ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʦ ʩʝʪʠ. ʉʣʫʯʘʡʥʦ 
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ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʠʥʪʝʨʬʝʡʩʘ ʧʦʚʳʰʘʝʪ 

ʙʝʟʦʧʘʩʥʦʩʪʴ.  

ʊʨʝʪʠʡ ʩʣʫʯʘʡ ï ʛʠʙʨʠʜʥʳʡ, ʯʘʩʪʴ ʘʜʨʝʩʥʦʡ ʠʥʬʦʨʤʘʮʠʠ (ʧʨʝʬʠʢʩ) 

ʫʟʝʣ ʧʦʣʫʯʘʝʪ ʦʪ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ, ʘ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ, ʥʘʧʨʠʤʝʨ, ʘʜʨʝʩ DNS ï 

ʦʪ ʩʝʨʚʝʨʘ DHCPv6.  

ʂʦʥʬʠʛʫʨʠʨʦʚʘʥʠʝ ʘʜʨʝʩʦʚ IPv6 ʠʥʪʝʨʬʝʡʩʦʚ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʥʝ 

ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʤʦʛ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ, ʨʘʩʩʳʣʘʷ 

ʩʦʦʙʱʝʥʠʷ çʆʙʲʷʚʣʝʥʠʷ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ IPv6è. ʄʘʨʰʨʫʪʠʟʘʮʠʷ IPv6 

ʚʢʣʶʯʘʝʪʩʷ ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʢʦʤʘʥʜʳ ipv 6:  

 [ HA] i pv 6. 

ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʤʘʨʰʨʫʪʠʟʘʪʦʨʝ ʥʝʦʙʭʦʜʠʤʦ ʩʢʦʥʬʠʛʫʨʠʨʦʚʘʪʴ 

ʧʨʦʪʦʢʦʣ ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʠʣʠ ʩʢʦʥʬʠʛʫʨʠʨʦʚʘʪʴ ʩʪʘʪʠʯʝʩʢʠʝ 

ʤʘʨʰʨʫʪʳ. ʇʦʩʣʝ ʵʪʦʛʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʩʤʦʞʝʪ ʧʝʨʝʩʳʣʘʪʴ ʧʘʢʝʪʳ ʠ 

ʦʪʧʨʘʚʣʷʪʴ ʩʣʫʞʝʙʥʳʝ ʩʦʦʙʱʝʥʠʷ çʆʙʲʷʚʣʝʥʠʷ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ IPv6è. 

ʇʨʠ ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʠ ʫʩʪʨʦʡʩʪʚ IPv6 ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ 

ʫʩʪʨʦʡʩʪʚʦ ʤʦʞʝʪ ʧʦʣʫʯʠʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ IPv6-ʘʜʨʝʩ ʜʠʥʘʤʠʯʝʩʢʠ ʠ, 

ʢʨʦʤʝ ʪʦʛʦ, ʥʘ ʥʝʤ ʤʦʞʝʪ ʙʳʪʴ ʩʢʦʥʬʠʛʫʨʠʨʦʚʘʥʦ ʩʪʘʪʠʯʝʩʢʠ ʥʝʩʢʦʣʴʢʦ 

IPv6-ʘʜʨʝʩʦʚ ʦʜʥʦʡ ʩʝʪʠ. ʋʩʪʨʦʡʩʪʚʦ ʪʘʢʞʝ ʤʦʞʝʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʩ 

ʥʝʩʢʦʣʴʢʠʤʠ ʰʣʶʟʘʤʠ ʧʦ ʫʤʦʣʯʘʥʠʶ.  

ʇʨʠ ʨʘʩʩʳʣʢʝ ʩʦʦʙʱʝʥʠʡ çʆʙʲʷʚʣʝʥʠʷ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ IPv6è ʚ 

ʢʘʯʝʩʪʚʝ ʘʜʨʝʩʘ ʠʩʪʦʯʥʠʢʘ ʩʦʦʙʱʝʥʠʷ ʠ ʘʜʨʝʩʘ ʰʣʶʟʘ ʧʦ ʫʤʦʣʯʘʥʠʶ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʣʦʢʘʣʴʥʳʝ ʘʜʨʝʩʘ.   

 

 

ʃʦʢʘʣʴʥʳʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʘʜʨʝʩʘ ʢʘʥʘʣʘ 

 

ʃʦʢʘʣʴʥʳʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʘʜʨʝʩʘ ʢʘʥʘʣʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʙʤʝʥʘ 

ʩʦʦʙʱʝʥʠʷʤʠ ʚʥʫʪʨʠ ʧʦʜʩʝʪʠ (ʣʦʢʘʣʴʥʦʛʦ ʢʘʥʘʣʘ), ʛʜʝ ʦʥʠ ʜʦʣʞʥʳ ʙʳʪʴ 

ʫʥʠʢʘʣʴʥʳʤʠ. ʇʘʢʝʪʳ ʩ ʣʦʢʘʣʴʥʳʤʠ ʘʜʨʝʩʘʤʠ ʢʘʥʘʣʘ ʥʝ ʤʦʛʫʪ ʧʝʨʝʩʳʣʘʪʴʩʷ 

ʚ ʜʨʫʛʠʝ ʧʦʜʩʝʪʠ. ʃʦʢʘʣʴʥʳʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʘʜʨʝʩʘ ʢʘʥʘʣʘ ʤʦʛʫʪ ʙʳʪʴ 

ʥʘʟʥʘʯʝʥʳ ʘʜʤʠʥʠʩʪʨʘʪʦʨʦʤ ʚʨʫʯʥʫʶ ʠʣʠ ʜʠʥʘʤʠʯʝʩʢʠ, ʢʦʛʜʘ ʫʩʪʨʦʡʩʪʚʦ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʦʟʜʘʝʪ ʝʛʦ ʙʝʟ ʦʙʨʘʱʝʥʠʷ ʢ ʩʝʨʚʝʨʫ DHCP.  
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ʃʦʢʘʣʴʥʳʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʘʜʨʝʩʘ ʢʘʥʘʣʘ ʥʘʟʥʘʯʘʶʪʩʷ ʠʟ ʜʠʘʧʘʟʦʥʘ 

FE80::/10 ï FEBF::/10. ɺ ʜʚʦʠʯʥʦʤ ʢʦʜʝ ʵʪʠ ʘʜʨʝʩʘ ʙʫʜʫʪ ʩʣʝʜʫʶʱʠʝ:  

1111 1110 1000 0000 ï 1111 1110 1011 1111. ɼʣʷ ʣʦʢʘʣʴʥʳʭ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 

ʘʜʨʝʩʦʚ ʢʘʥʘʣʘ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʝʬʠʢʩ FE80::/64 ʩ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʤ 

ʠʥʪʝʨʬʝʡʩʘ, ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʤ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʠʣʠ ʩʦʟʜʘʥʥʳʤ 

ʤʝʭʘʥʠʟʤʦʤ EUI-64 (ʨʠʩ. 8.11). 

1111  1110  10

FE80::/64

10 ʙʠʪ

ʀʜʝʥʪʠʬʠʢʘʪʦʨ ʠʥʪʝʨʬʝʡʩʘ

64 ʙʠʪʘ54 ʙʠʪʘ

 

ʈʠʩ. 8.11. ʃʦʢʘʣʴʥʳʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʘʜʨʝʩʘ ʢʘʥʘʣʘ 

ʃʦʢʘʣʴʥʳʡ ʄɸʉ-ʘʜʨʝʩ ʜʝʡʩʪʚʠʪʝʣʝʥ ʪʦʣʴʢʦ ʚ ʧʨʝʜʝʣʘʭ ʩʝʪʝʚʦʛʦ 

ʩʝʛʤʝʥʪʘ ʢʘʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʘʜʨʝʩʦʚ ʚ ʜʨʫʛʠʭ ʩʝʪʷʭ ʫʟʝʣ 

ʤʦʞʝʪ ʟʘʧʨʦʩʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʥʘʩʪʨʦʡʢʘʭ ʩʝʪʠ, ʦʪʧʨʘʚʠʚ ʟʘʧʨʦʩ ʧʨʦʪʦʢʦʣʘ 

ICMPv6. ʆʙʲʝʜʠʥʠʚ ʩʝʪʝʚʦʡ ʧʨʝʬʠʢʩ ʠ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʠʥʪʝʨʬʝʡʩʘ, ʫʟʝʣ 

ʩʬʦʨʤʠʨʫʝʪ ʘʜʨʝʩ ʥʘʟʥʘʯʝʥʠʷ. 

ɼʠʥʘʤʠʯʝʩʢʦʝ ʥʘʟʥʘʯʝʥʠʝ ʣʦʢʘʣʴʥʳʭ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʘʜʨʝʩʦʚ IPv6 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʜʘʞʝ ʪʦʛʜʘ, ʢʦʛʜʘ ʛʣʦʙʘʣʴʥʳʡ ʘʜʨʝʩ IPv6 ʝʱʝ ʥʝ ʥʘʟʥʘʯʝʥ. 

ʅʘʧʨʠʤʝʨ, ʥʘ ʢʦʥʝʯʥʦʤ ʫʟʣʝ ʈʉ (ʨʠʩ. 8.10) ʥʘʟʥʘʯʝʥ ʠʥʜʠʚʠʜʫʘʣʴʥʡr 

ʣʦʢʘʣʴʥʳʡ ʘʜʨʝʩ fe 80::5689:98 ff : fe 29:7919 , ʯʪʦ ʤʦʞʥʦ ʚʠʜʝʪʴ ʧʦ 

ʢʦʤʘʥʜʝ:  
 

PC>ipconfig  
 

Link local IPv6 address...........: 

fe80::5689:98ff:fe29:7919  

IPv6 address......................: :: / 128  

IPv6 gateway......................: ::  

IPv4 address........ ..............: 0.0.0.0  

Subnet mask.......................: 0.0.0.0  

Gateway...........................: 0.0.0.0  

Physical address..................: 54- 89- 98- 29- 79- 19 

DNS server ........................:  
 

PC> 

ʋʟʣʦʚʘʷ ʯʘʩʪʴ ʣʦʢʘʣʴʥʦʛʦ ʘʜʨʝʩʘ ʩʬʦʨʤʠʨʦʚʘʥʘ ʠʟ ʬʠʟʠʯʝʩʢʦʛʦ ʄɸʉ-

ʘʜʨʝʩʘ 54- 89- 98- 29- 79- 19  ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʭʘʥʠʟʤʘ EUI-64, ʪ.ʢ. ʚ 
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ʩʨʝʜʠʥʫ 48-ʨʘʟʨʷʜʥʦʛʦ ʄɸʉ-ʘʜʨʝʩʘ ʚʩʪʘʚʣʝʥʦ ʯʠʩʣʦ ff : fe , ʩʪʘʨʰʠʡ 

ʩʝʜʴʤʦʡ ʙʠʪ ʠʥʚʝʨʪʠʨʦʚʘʥ ʠ ʧʦʣʫʯʝʥ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʨʘʟʤʝʨʦʤ 64 ʙʠʪʘ (ʩʤ. 

ʨʠʩ. 8.8):  

ʐʣʶʟʫ ʧʦ ʫʤʦʣʯʘʥʠʶ ʧʝʨʚʦʛʦ ʢʘʥʘʣʘ (ʉʝʪʴ 1, ʨʠʩ. 8.10) ʥʘʟʥʘʯʘʝʪʩʷ 

ʣʦʢʘʣʴʥʳʡ ʘʜʨʝʩ ʠʥʪʝʨʬʝʡʩʘ G0/0/0 ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ Hɸ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʩʝʪʝʚʳʤ ʫʩʪʨʦʡʩʪʚʘʤ ʦʙʤʝʥʠʚʘʪʴʩʷ ʤʘʨʰʨʫʪʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʠ 

ʧʝʨʝʩʳʣʘʪʴ ʩʦʦʙʱʝʥʠʷ ʚʥʫʪʨʠ ʣʦʢʘʣʴʥʦʛʦ ʢʘʥʘʣʘ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʛʣʦʙʘʣʴʥʳʭ ʘʜʨʝʩʦʚ.  

 

ʃʦʢʘʣʴʥʳʝ ʘʜʨʝʩʘ ʠʩʧʦʣʴʟʫʶʪʩʷ:  

1. ɼʣʷ ʘʜʨʝʩʘʮʠʠ ʰʣʶʟʘ ʧʦ ʫʤʦʣʯʘʥʠʶ 

2. ɼʣʷ ʦʙʤʝʥʘ ʩʦʦʙʱʝʥʠʷʤʠ ʧʨʦʪʦʢʦʣʦʚ ʤʘʨʰʨʫʪʠʟʘʮʠʠ 

3. ɼʣʷ ʘʜʨʝʩʘ ʩʣʝʜʫʶʱʝʛʦ ʧʝʨʝʭʦʜʘ ʚ ʪʘʙʣʠʮʘʭ ʤʘʨʰʨʫʪʠʟʘʮʠʠ 

ʃʦʢʘʣʴʥʳʝ ʘʜʨʝʩʘ IPv6 ʠʥʪʝʨʬʝʡʩʦʚ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʤʦʛʫʪ ʙʳʪʴ 

ʧʦʣʫʯʝʥʳ ʜʠʥʘʤʠʯʝʩʢʠ ʠʣʠ ʩʢʦʥʬʠʛʫʨʠʨʦʚʘʥʳ ʚʨʫʯʥʫʶ ʘʜʤʠʥʠʩʪʨʘʪʦʨʦʤ, 

ʥʘʧʨʠʤʝʨ:  

[HA] int g0/0/0  

[HA- GigabitEthernet0/0 /0 ] ipv6 enable  

[HA- GigabitEthernet0/0 /0 ] ipv6 address fe80::11 link - local  

[HA] int g0/0/ 1 

[HA- GigabitEthernet0/0 /1] ipv6 enable  

[HA- GigabitEthernet0/0 /1] ipv6 address fe80::11 li nk - local  

ʈʝʟʫʣʴʪʘʪ ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʷ ʚʠʜʝʥ ʧʦ ʨʘʩʧʝʯʘʪʢʝ ʪʝʢʫʱʝʡ ʢʦʥʬʠʛʫʨʘʮʠʠ: 

<HA>display current - configuration  

sysname HR - A 

# 

ipv6  

...  

interface GigabitEthernet0/0/0  

 ipv6 enable  

 ipv6 address 2001:DB8:A:1::1/64  

 ipv6 address FE80::11 link - local  

interface  GigabitEthernet0/0/ 1 

 ipv6 enable  

 ipv6 address 2001:DB8:A: 2::1/64  

 ipv6 address FE80:: 11 link - local  
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ʅʘ ʢʘʞʜʦʤ ʠʥʪʝʨʬʝʡʩʝ ʫʩʪʘʥʦʚʣʝʥ ʢʘʢ ʣʦʢʘʣʴʥʳʡ, ʪʘʢ ʠ 

ʛʣʦʙʘʣʴʥʳʡ ʘʜʨʝʩ.  

ɺ ʚʳʰʝʧʨʠʚʝʜʝʥʥʦʤ ʧʨʠʤʝʨʝ ʥʘ ʚʩʝʭ ʠʥʪʝʨʬʝʡʩʘʭ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ Hɸ 

ʙʳʣ ʩʢʦʥʬʠʛʫʨʠʨʦʚʘʥ ʦʜʠʥʘʢʦʚʳʡ ʣʦʢʘʣʴʥʳʡ ʘʜʨʝʩ FE80:: 11. ʕʪʦ 

ʚʦʟʤʦʞʥʦ, ʧʦʩʢʦʣʴʢʫ ʦʥ ʜʦʣʞʝʥ ʙʳʪʴ ʫʥʠʢʘʣʴʥʳʤ ʪʦʣʴʢʦ ʚ ʧʨʝʜʝʣʘʭ ʢʘʥʘʣʘ 

(ʧʦʜʩʝʪʠ). ʅʘ ʚʩʝʭ ʠʥʪʝʨʬʝʡʩʘʭ ʚʪʦʨʦʛʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ Hɺ ʤʦʞʝʪ ʙʳʪʴ 

ʩʢʦʥʬʠʛʫʨʠʨʦʚʘʥ, ʥʘʧʨʠʤʝʨ, ʣʦʢʘʣʴʥʳʡ ʘʜʨʝʩ i pv 6 add  fe 80:: 22 

link - local . ʇʨʠ ʧʦʩʳʣʢʝ ʧʘʢʝʪʘ ʩ ʣʦʢʘʣʴʥʳʤ ʘʜʨʝʩʦʤ ʥʘʟʥʘʯʝʥʠʷ, 

ʥʘʧʨʠʤʝʨ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʢʦʤʘʥʜʳ ping, ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴʩʷ ʫʢʘʟʘʪʴ 

ʚʳʭʦʜʥʦʡ ʠʥʪʝʨʬʝʡʩ, ʧʦʩʢʦʣʴʢʫ ʦʜʠʥʘʢʦʚʳʡ ʣʦʢʘʣʴʥʳʡ ʘʜʨʝʩ ʤʦʞʝʪ ʙʳʪʴ ʚ 

ʨʘʟʥʳʭ ʧʦʜʩʝʪʷʭ, ʧʨʠʩʦʝʜʠʥʝʥʥʳʭ ʢ ʨʘʟʥʳʤ ʠʥʪʝʨʬʝʡʩʘʤ.   

ʇʨʦʚʝʨʢʫ ʩʦʩʪʦʷʥʠʷ ʠʥʪʝʨʬʝʡʩʦʚ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ IPv6 ʤʦʞʥʦ 

ʧʨʦʚʦʜʠʪʴ ʩ ʧʦʤʦʱʴʶ ʨʷʜʘ ʢʦʤʘʥʜ: display  current - configuration , 

display  interfaces , display  ipv 6 interface  brief , ʘ ʪʘʢʞʝ ʩ 

ʧʦʤʦʱʴʶ ʢʦʤʘʥʜʳ display  ipv 6 routing - table .  

 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʛʣʦʙʘʣʴʥʳʡ ʘʜʨʝʩ ʥʝ ʷʚʣʷʝʪʩʷ 

ʦʙʷʟʘʪʝʣʴʥʳʤ, ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʜʦʩʪʘʪʦʯʥʦ ʣʦʢʘʣʴʥʦʛʦ ʘʜʨʝʩʘ ʢʘʥʘʣʘ, 

ʢʦʪʦʨʳʡ ʩʦʟʜʘʝʪʩʷ ʧʨʠ ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʠʥʪʝʨʬʝʡʩʘ 

IPv6. 

 

 

 

8.5.2. ɻʨʫʧʧʦʚʳʝ ʘʜʨʝʩʘ IPv6 

 

ɻʨʫʧʧʦʚʳʝ ʘʜʨʝʩʘ IPv6 ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʦʣʴʢʦ ʚ ʢʘʯʝʩʪʚʘ ʘʜʨʝʩʘ 

ʥʘʟʥʘʯʝʥʠʷ ʠ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʘʜʨʝʩʘʤʠ ʠʩʪʦʯʥʠʢʘ. ʆʥʠ ʠʤʝʶʪ ʧʨʝʬʠʢʩ 

FF00::/8 ʠ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʥʘ: 

1. ʇʨʠʩʚʦʝʥʥʳʝ ʛʨʫʧʧʦʚʳʝ ʘʜʨʝʩʘ 

2. ɻʨʫʧʧʦʚʳʝ ʘʜʨʝʩʘ ʟʘʧʨʦʰʝʥʥʦʛʦ ʫʟʣʘ 
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ʇʨʠʩʚʦʝʥʥʳʝ ʛʨʫʧʧʦʚʳʝ ʘʜʨʝʩʘ 
 

ʇʨʠʩʚʦʝʥʥʳʡ ʛʨʫʧʧʦʚʦʡ ʘʜʨʝʩ FF02::1 ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʝʨʝʜʘʯʠ 

ʩʦʦʙʱʝʥʠʡ ʚʩʝʤ ʫʟʣʘʤ, ʠʤʝʶʱʠʤ ʪʘʢʦʡ ʘʜʨʝʩ. ʅʘʧʨʠʤʝʨ, ʚ ʩʝʪʠ ʨʠʩ. 8.12 

ʫʟʣʳ ʠʤʝʶʪ ʛʨʫʧʧʦʚʦʡ ʘʜʨʝʩ FF02::1, ʥʘʨʷʜʫ ʩ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʘʜʨʝʩʦʤ. ʉ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʨʫʧʧʦʚʦʛʦ ʘʜʨʝʩʘ FF02::1 ʚʩʝʤ ʫʟʣʘʤ ʚ ʩʝʪʠ ʨʘʩʩʳʣʘʶʪʩʷ 

ʦʙʲʷʚʣʝʥʠʷ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ, ʩʦʜʝʨʞʘʱʠʝ ʟʥʘʯʝʥʠʝ ʧʨʝʬʠʢʩʘ, ʝʛʦ ʜʣʠʥʫ ʠ 

ʘʜʨʝʩ ʰʣʶʟʘ ʧʦ ʫʤʦʣʯʘʥʠʶ.  
 

2001:0DB8:A:1::1/64

2001:0DB8:A:1::2/64 2001:0DB8:A:1::3/64 2001:0DB8:A:1::14/64

. . .
FF02::1FF02::1 FF02::1

 
 

ʈʠʩ. 8.12. ʈʘʩʩʳʣʢʘ ʩʦʦʙʱʝʥʠʡ ʧʦ ʛʨʫʧʧʦʚʦʤʫ ʘʜʨʝʩʫ FF02::1 
 

ʇʨʠʩʚʦʝʥʥʳʡ ʛʨʫʧʧʦʚʦʡ ʘʜʨʝʩ FF02::2 ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʝʨʝʜʘʯʠ 

ʩʦʦʙʱʝʥʠʡ ʚʩʝʤ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤ, ʢʦʪʦʨʳʤ ʧʨʠʩʚʘʠʚʘʝʪʩʷ ʪʘʢʦʡ ʘʜʨʝʩ. 

ɻʨʫʧʧʦʚʦʡ ʘʜʨʝʩ FF02::2 ʠʩʧʦʣʴʟʫʝʪʩʷ ʫʩʪʨʦʡʩʪʚʘʤʠ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʟʘʧʨʦʩʦʚ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤ. 

ʄʥʦʛʦʘʜʨʝʩʥʳʡ ʨʝʞʠʤ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʙʤʝʥʘ ʤʘʨʰʨʫʪʥʦʡ 

ʠʥʬʦʨʤʘʮʠʝʡ ʤʝʞʜʫ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤʠ. ʇʨʠʤʝʨʳ ʪʘʢʠʭ ʘʜʨʝʩʦʚ ʧʨʦʪʦʢʦʣʦʚ 

IPv4 ʠ IPv6 ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 8.3.  

ʊʘʙʣʠʮʘ 8.3 

ɸʜʨʝʩʘ ʤʥʦʛʦʘʜʨʝʩʥʦʛʦ ʨʝʞʠʤʘ 

 ʇʨʦʪʦʢʦʣ IPv4 (multicast) IPv6 (multicast) 

1 OSPF 224.0.0.5 FF02::5 

2 OSPF 224.0.0.6 FF02::6 

3 RIP-2 224.0.0.9 FF02::9 

4 EIGRP 224.0.0.10 FF02::A 
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ɻʨʫʧʧʦʚʦʡ ʘʜʨʝʩ ʟʘʧʨʦʰʝʥʥʦʛʦ ʫʟʣʘ 
 

ʄʥʦʛʦʘʜʨʝʩʥʳʝ ʩʦʦʙʱʝʥʠʷ ʥʘ ʘʜʨʝʩ FF02::1 ʧʦʟʚʦʣʷʶʪ ʨʝʘʣʠʟʦʚʘʪʴ 

ʰʠʨʦʢʦʚʝʱʘʪʝʣʴʥʳʝ (broadcast) ʧʝʨʝʜʘʯʠ, ʧʦʩʢʦʣʴʢʫ ʧʝʨʝʜʘʯʘ ʩʦʦʙʱʝʥʠʷ 

ʠʜʝʪ ʚʩʝʤ ʫʟʣʘʤ ʚ ʩʝʪʠ. ɼʣʷ ʩʦʢʨʘʱʝʥʠʷ ʪʨʘʬʠʢʘ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʛʨʫʧʧʦʚʦʡ ʘʜʨʝʩ ʟʘʧʨʘʰʠʚʘʝʤʦʛʦ ʫʟʣʘ (multicast), ʢʦʛʜʘ ʦʙʲʝʜʠʥʷʝʪʩʷ 

ʧʨʝʬʠʢʩ ʛʨʫʧʧʦʚʦʛʦ ʘʜʨʝʩʘ FF02:0:0:0:0:1:FF00::/104 ʠ ʤʣʘʜʰʠʝ 24 ʙʠʪʘ 

ʛʣʦʙʘʣʴʥʦʛʦ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʘʜʨʝʩʘ IPv6. 

ʇʘʢʝʪʳ ʩ ʪʘʢʠʤʠ ʛʨʫʧʧʦʚʳʤʠ ʘʜʨʝʩʘʤʠ ʙʫʜʫʪ ʧʨʝʜʥʘʟʥʘʯʘʪʴʩʷ ʪʦʣʴʢʦ 

ʟʘʧʨʦʰʝʥʥʳʤ ʫʟʣʘʤ, ʫ ʢʦʪʦʨʳʭ ʤʣʘʜʰʠʝ 24 ʙʠʪʘ ʘʜʨʝʩʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʤʣʘʜʰʠʤ 24 ʙʠʪʘʤ IPv6-ʘʜʨʝʩʘ ʥʘʟʥʘʯʝʥʠʷ ʧʘʢʝʪʘ. ʇʨʠ ʥʘʟʥʘʯʝʥʠʠ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʛʣʦʙʘʣʴʥʦʛʦ ʘʜʨʝʩʘ IPv6 ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʬʦʨʤʠʨʫʝʪʩʷ 

ʛʨʫʧʧʦʚʦʡ ʘʜʨʝʩ ʟʘʧʨʦʰʝʥʥʦʛʦ ʫʟʣʘ. ɺʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʚ ʣʦʢʘʣʴʥʦʤ 

ʢʘʥʘʣʝ ʦʢʘʞʝʪʩʷ ʜʨʫʛʦʡ ʫʟʝʣ ʩ ʪʘʢʠʤ ʞʝ ʛʨʫʧʧʦʚʳʤ ʘʜʨʝʩʦʤ ʟʘʧʨʘʰʠʚʘʝʤʦʛʦ 

ʫʟʣʘ ï ʥʝʚʝʣʠʢʘ ʠ ʩʦʩʪʘʚʣʷʝʪ 1/2
24

. ʈʝʞʠʤ ʤʥʦʛʦʘʜʨʝʩʥʦʡ ʨʘʩʩʳʣʢʠ 

ʟʘʧʨʘʰʠʚʘʝʤʦʛʦ ʫʟʣʘ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ (ʨʘʟʨʝʰʝʥʠʷ) 

ʄɸʉ-ʘʜʨʝʩʘ ʥʘʟʥʘʯʝʥʠʷ ʧʦ ʠʟʚʝʩʪʥʦʤʫ IPv6-ʘʜʨʝʩʫ. 

 

 

8.6. ʇʨʦʪʦʢʦʣ ICMPv 6 

 

ɼʣʷ ʧʝʨʝʜʘʯʠ ʥʝʢʦʪʦʨʳʭ ʚʠʜʦʚ ʩʣʫʞʝʙʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʝʪʷʭ IPv6 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʪʦʢʦʣ ICMPv6, ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʢʦʪʦʨʦʛʦ ʘʥʘʣʦʛʠʯʝʥ 

ʧʨʦʪʦʢʦʣʫ ICMPv4. ʅʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʤʠ ʩʦʦʙʱʝʥʠʷʤʠ ICMPv6 ʷʚʣʷʶʪʩʷ: 

- ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʜʦʩʪʫʧʥʦʩʪʠ ʫʟʣʘ ʠʣʠ ʩʝʨʚʠʩʘ (ʫʩʣʫʛʠ), 

- ʥʝʜʦʩʪʫʧʥʦʩʪʴ ʫʟʣʘ ʠʣʠ ʩʝʨʚʠʩʘ, 

- ʠʩʪʝʯʝʥʠʝ ʚʨʝʤʝʥʠ, 

- ʧʝʨʝʘʜʨʝʩʘʮʠʷ ʤʘʨʰʨʫʪʘ. 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʜʦʩʪʫʧʥʦʩʪʠ ʫʟʣʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʫʪʠʣʠʪʘ ping , 

ʢʦʛʜʘ ʧʦ ʟʘʜʘʥʥʦʤʫ IPv6-ʘʜʨʝʩʫ ʧʦʩʳʣʘʝʪʩʷ ʩʝʨʠʷ ʵʭʦ-ʟʘʧʨʦʩʦʚ, ʥʘ ʢʦʪʦʨʳʝ, 

ʚ ʩʣʫʯʘʝ ʜʦʩʪʫʧʥʦʩʪʠ ʫʟʣʘ, ʧʨʠʭʦʜʷʪ ʵʭʦ-ʦʪʚʝʪʳ. ʌʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ 

ʢʦʤʘʥʜʳ ping  ʧʨʦʪʦʢʦʣʘ ICMPv6 ʘʥʘʣʦʛʠʯʥʦ ʧʨʦʪʦʢʦʣʫ ICMPv4. 

ʉʦʦʙʱʝʥʠʝ ʦʙ ʠʩʪʝʯʝʥʠʠ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʧʘʢʝʪʘ ʧʨʠʭʦʜʠʪ ʚ ʪʦʤ ʩʣʫʯʘʝ, 

ʝʩʣʠ ʦʙʥʫʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝ ʧʦʣʷ TTL (çɺʨʝʤʷ ʞʠʟʥʠè ʩʝʪʝʚʦʛʦ ʧʨʦʪʦʢʦʣʘ IPv4 

ʠʣʠ ʘʥʘʣʦʛʠʯʥʦʛʦ ʧʦʣʷ çʆʛʨʘʥʠʯʝʥʠʝ ʧʝʨʝʭʦʜʦʚè IPv6). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʘʢʝʪ 
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ʦʪʙʨʘʩʳʚʘʝʪʩʷ ʠ ʧʦʩʳʣʘʝʪʩʷ ʩʦʦʙʱʝʥʠʝ ICMPv4 ʠʣʠ ICMPv6 ʦʙ ʠʩʪʝʯʝʥʠʠ 

ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʧʘʢʝʪʘ. ʕʪʦ ʩʚʦʡʩʪʚʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʫʪʠʣʠʪʳ 

trace ʠʣʠ traceroute. ʇʨʠ ʧʝʨʚʦʡ ʪʨʘʩʩʠʨʦʚʢʝ ʚ ʧʘʢʝʪʝ ʟʘʧʨʦʩʘ ʟʘʜʘʝʪʩʷ 

ʟʥʘʯʝʥʠʝ TTL = 1 ʠ ʧʘʢʝʪ ʜʦʭʦʜʠʪ ʪʦʣʴʢʦ ʜʦ ʧʝʨʚʦʛʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ, ʛʜʝ 

ʟʥʘʯʝʥʠʝ TTL ʦʙʥʫʣʷʝʪʩʷ ʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʬʦʨʤʠʨʫʝʪ ʦʪʚʝʪʥʦʝ ʩʦʦʙʱʝʥʠʝ 

ʦʙ ʠʩʪʝʯʝʥʠʠ ʚʨʝʤʝʥʠ. ʇʨʠ ʚʪʦʨʦʡ ʪʨʘʩʩʠʨʦʚʢʝ TTL = 2, ʦʪʚʝʪ ʧʨʠʭʦʜʠʪ ʦʪ 

ʚʪʦʨʦʛʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʠ ʪ.ʜ. 

ʇʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʥʦʚʳʭ ʤʘʨʰʨʫʪʦʚ ʩ ʣʫʯʰʝʡ ʤʝʪʨʠʢʦʡ ʢ ʘʜʨʝʩʘʪʫ 

ʥʘʟʥʘʯʝʥʠʷ ʧʨʦʪʦʢʦʣʳ ICMP ʧʦʩʳʣʘʶʪ ʩʦʦʙʱʝʥʠʝ ʧʝʨʝʘʜʨʝʩʘʮʠʠ ʤʘʨʰʨʫʪʘ 

ʠʩʪʦʯʥʠʢʫ ʧʝʨʝʜʘʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ.  

ʉʝʪʝʚʦʡ ʧʨʦʪʦʢʦʣ IPv4 ʠʩʧʦʣʴʟʦʚʘʣ ʚ ʯʘʩʪʥʳʭ ʣʦʢʘʣʴʥʳʭ ʩʝʪʷʭ 

ʯʘʩʪʥʳʝ ʘʜʨʝʩʘ. ʇʦʭʦʞʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʨʦʪʦʢʦʣ IPv6. ɼʣʷ 

ʵʪʦʛʦ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʫʥʠʢʘʣʴʥʳʝ ʣʦʢʘʣʴʥʳʝ ʘʜʨʝʩʘ ʠʟ ʜʠʘʧʘʟʦʥʘ 

FC00::/7 ï FDFF::/7, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʘʜʨʝʩʘʮʠ ʁ ʦʛʨʘʥʠʯʝʥʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʫʟʣʦʚ ʠʣʠ ʜʘʞʝ ʘʜʨʝʩʘʮʠ ʁʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʫʟʣʘ.  

ʇʦʤʠʤʦ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʩʦʦʙʱʝʥʠʡ ʧʨʦʪʦʢʦʣ ICMPv6 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʥʦʚʳʝ ʚʠʜʳ ʩʦʦʙʱʝʥʠʡ:  

çɿʘʧʨʦʩ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘè 

çʆʙʲʷʚʣʝʥʠʝ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘè 

çɿʘʧʨʦʩ ʩʦʩʝʜʥʝʛʦ ʫʟʣʘè 

çʆʙʲʷʚʣʝʥʠʝ ʩʦʩʝʜʥʝʛʦ ʫʟʣʘè 

ɺʳʰʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘ çɿʘʧʨʦʩ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ IPv6è, 

ʨʘʩʩʳʣʘʝʤʳʡ ʫʩʪʨʦʡʩʪʚʦʤ ʚ ʤʥʦʛʦʘʜʨʝʩʥʦʤ ʨʝʞʠʤʝ ʚʩʝʤ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤ 

IPv6, ʚ ʨʝʞʠʤʝ SLAAC ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʘʜʨʝʩʥʘʷ ʠʥʬʦʨʤʘʮʠʷ (ʟʥʘʯʝʥʠʝ 

ʧʨʝʬʠʢʩʘ, ʝʛʦ ʜʣʠʥʘ ʠ ʘʜʨʝʩ ʰʣʶʟʘ ʧʦ ʫʤʦʣʯʘʥʠʶ), ʨʘʩʩʳʣʘʝʤʘʷ ʚ 

çʆʙʲʷʚʣʝʥʠʷʭ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ IPv6è.  

ʉʦʦʙʱʝʥʠʷ çɿʘʧʨʦʩ ʩʦʩʝʜʥʝʛʦ ʫʟʣʘè ʠ çʆʙʲʷʚʣʝʥʠʝ ʩʦʩʝʜʥʝʛʦ ʫʟʣʘè 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ (ʨʘʟʨʝʰʝʥʠʷ) ʄɸʉ-ʘʜʨʝʩʘ ʥʘʟʥʘʯʝʥʠʷ ʧʦ 

ʠʟʚʝʩʪʥʦʤʫ IPv6-ʘʜʨʝʩʫ. ɼʝʡʩʪʚʠʝ ʩʦʦʙʱʝʥʠʡ çɿʘʧʨʦʩ ʩʦʩʝʜʥʝʛʦ ʫʟʣʘè ʠ 

çʆʙʲʷʚʣʝʥʠʝ ʩʦʩʝʜʥʝʛʦ ʫʟʣʘè ʧʦʭʦʞʝ ʥʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʧʨʦʪʦʢʦʣʘ ARP 

ʚ ʩʝʪʠ IPv4. ʋʟʝʣ ʦʪʧʨʘʚʣʷʝʪ ʚ ʣʦʢʘʣʴʥʫʶ ʩʝʪʴ ʟʘʧʨʦʩ ʩ ʛʨʫʧʧʦʚʳʤ ʘʜʨʝʩʦʤ 

ʟʘʧʨʘʰʠʚʘʝʤʦʛʦ ʫʟʣʘ, ʚ ʢʦʪʦʨʦʤ ʦʙʲʝʜʠʥʷʝʪʩʷ ʧʨʝʬʠʢʩ ʛʨʫʧʧʦʚʦʛʦ ʘʜʨʝʩʘ 

FF02:0:0:0:0:1:FF00::/104 ʠ ʤʣʘʜʰʠʝ 24 ʙʠʪʘ ʛʣʦʙʘʣʴʥʦʛʦ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ 
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ʘʜʨʝʩʘ IPv6. ɺ ʦʪʚʝʪ ʥʘ ʟʘʧʨʦʩ ʧʦʣʫʯʘʝʪ ʦʪ ʟʘʧʨʘʰʠʚʘʝʤʦʛʦ ʫʟʣʘ 

çʆʙʲʷʚʣʝʥʠʝ ʩʦʩʝʜʥʝʛʦ ʫʟʣʘè ʝʛʦ ʄɸʉ-ʘʜʨʝʩʦʤ.  

 

ʇʘʨʘ ʩʦʦʙʱʝʥʠʡ çɿʘʧʨʦʩ ʩʦʩʝʜʥʝʛʦ ʫʟʣʘè ʠ çʆʙʲʷʚʣʝʥʠʝ ʩʦʩʝʜʥʝʛʦ 

ʫʟʣʘè ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʘʢʞʝ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʘʜʨʝʩʦʚ ʜʫʙʣʠʢʘʪʦʚ. ɼʣʷ ʵʪʦʛʦ 

ʫʟʝʣ ʥʘʧʨʘʚʣʷʝʪ ʚ ʣʦʢʘʣʴʥʫʶ ʩʝʪʴ çɿʘʧʨʦʩ ʩʦʩʝʜʥʝʛʦ ʫʟʣʘè ʩʦ ʩʚʦʠʤ IPv6-

ʘʜʨʝʩʦʤ. ɽʩʣʠ ʚ ʩʝʪʠ ʝʩʪʴ ʫʟʝʣ ʩ ʪʘʢʠʤ ʞʝ IPv6-ʘʜʨʝʩʦʤ, ʪʦ ʦʥ ʦʪʧʨʘʚʣʷʝʪ 

çʆʙʲ̫ʚʣʝʥʠʝ ʩʦʩʝʜʥʝʛʦ ʫʟʣʘè, ʢʦʪʦʨʦʝ ʫʚʝʜʦʤʣʷʝʪ, ʯʪʦ ʟʘʧʨʦʰʝʥʥʳʡ ʘʜʨʝʩ 

ʫʞʝ ʠʩʧʦʣʴʟʫʝʪʩʷ. ɽʩʣʠ ʦʪʚʝʪ ʥʝ ʧʨʠʭʦʜʠʪ ʚ ʪʝʯʝʥʠʝ ʟʘʜʘʥʥʦʛʦ ʪʘʡʤʝʨʦʤ 

ʚʨʝʤʝʥʠ, ʪʦ ʟʘʧʨʦʰʝʥʥʳʡ IPv6-ʘʜʨʝʩ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʥʘ 

ʟʘʧʨʘʰʠʚʘʶʱʝʤ ʫʟʣʝ. 

 

8.7. ʄʝʪʦʜʳ ʩʝʪʝʚʦʡ ʤʠʛʨʘʮʠʠ 

 

ɺ ʧʝʨʝʭʦʜʥʳʡ ʧʝʨʠʦʜ ʙʫʜʫʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʦʙʘ ʩʝʪʝʚʳʭ ʧʨʦʪʦʢʦʣʘ IPv4 

ʠ IPv6. ɺ ʦʜʥʠʭ ʩʝʪʷʭ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ IPv4, ʚ ʜʨʫʛʠʭ ï IPv6. ʇʦʵʪʦʤʫ 

ʥʝʦʙʭʦʜʠʤʳ ʤʝʭʘʥʠʟʤʳ ʧʝʨʝʭʦʜʘ ʠʟ ʦʜʥʦʡ ʩʝʪʠ ʚ ʜʨʫʛʫʶ. ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ 

ʪʨʠ ʪʘʢʠʭ ʤʝʭʘʥʠʟʤʘ (ʪʨʠ ʤʝʪʦʜʘ ʩʝʪʝʚʦʡ ʤʠʛʨʘʮʠʠ):  

ʜʚʦʡʥʦʡ ʩʪʝʢ; 

ʪʫʥʥʝʣʠʨʦʚʘʥʠʝ; 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʘʜʨʝʩʦʚ. 

ʅʘ ʧʝʨʠʦʜ ʧʝʨʝʭʦʜʘ ʦʪ IPv4 ʢ IPv6 ʨʘʟʨʘʙʦʪʘʥ ʤʝʭʘʥʠʟʤ ʜʚʦʡʥʦʛʦ 

ʩʪʝʢʘ, ʢʦʛʜʘ ʤʘʨʰʨʫʪʠʟʘʪʦʨʳ, ʢʦʤʤʫʪʘʪʦʨʳ ʠ ʢʦʥʝʯʥʳʝ ʫʟʣʳ 

ʢʦʥʬʠʛʫʨʠʨʫʶʪʩʷ, ʯʪʦʙʳ ʧʦʜʜʝʨʞʠʚʘʪʴ ʦʙʘ ʧʨʦʪʦʢʦʣʘ, ʧʨʠʯʝʤ, IPv6, 

ʷʚʣʷʝʪʩʷ ʧʨʠʚʠʣʝʛʠʨʦʚʘʥʥʳʤ. ʊʦ ʝʩʪʴ, ʥʘ ʠʥʪʝʨʬʝʡʩʘʭ ʫʩʪʨʦʡʩʪʚ 

ʢʦʥʬʠʛʫʨʠʨʫʝʪʩʷ ʜʚʘ ʩʪʝʢʘ ʧʨʦʪʦʢʦʣʦʚ.  

ʇʨʠ ʪʫʥʥʝʣʠʨʦʚʘʥʠʠ ʧʘʢʝʪʳ IPv6 ʠʥʢʘʧʩʫʣʠʨʫʶʪʩʷ ʚ ʧʘʢʝʪʳ IPv4, 

ʧʨʠ ʵʪʦʤ, ʧʘʢʝʪʳ IPv6 ʚʦʩʧʨʠʥʠʤʘʶʪʩʷ ʢʘʢ ʦʙʳʯʥʳʝ ʧʝʨʝʜʘʚʘʝʤʳʝ ʜʘʥʥʳʝ. 

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʜʘʚʘʪʴ ʧʘʢʝʪʳ IPv6 ʯʝʨʝʟ ʩʝʪʠ IPv4. 

ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʘʜʨʝʩʦʚ NAT-64 ʧʨʝʦʙʨʘʟʫʶʪ ʘʜʨʝʩʘ ʧʘʢʝʪʦʚ IPv6 ʚ 

IPv4 ʠ ʥʘʦʙʦʨʦʪ. ʌʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ NAT-64 ʥʘʧʦʤʠʥʘʝʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ 

ʪʨʘʥʩʣʷʪʦʨʘ ʘʜʨʝʩʦʚ NAT, ʧʨʝʦʙʨʘʟʫʶʱʝʛʦ ʯʘʩʪʥʳʝ ʘʜʨʝʩʘ ʚ ʧʫʙʣʠʯʥʳʝ, ʠ 

ʥʘʦʙʦʨʦʪ, ʚ ʩʝʪʷʭ IPv4.  
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ɺʦʧʨʦʩʳ ʧʦ ʨʘʟʜʝʣʫ 8 

 

1. ʂʪʦ ʥʘʟʥʘʯʘʝʪ ʣʦʛʠʯʝʩʢʠʝ ʘʜʨʝʩʘ ʠʥʪʝʨʬʝʡʩʘʤ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʚ ʠ 

ʢʦʥʝʯʥʳʤ ʫʟʣʘʤ ʩʝʪʠ? 

2. ʉʢʦʣʴʢʦ ʜʚʦʠʯʥʳʭ ʨʘʟʨʷʜʦʚ ʩʦʜʝʨʞʘʪ ʣʦʛʠʯʝʩʢʠʝ ʘʜʨʝʩʘ ʫʟʣʦʚ ʚ IP-ʩʝʪʷʭ 

ʚʝʨʩʠʠ IPv4? 

3. ʏʪʦ ʦʧʨʝʜʝʣʷʶʪ ʩʪʘʨʰʠʝ ʠ ʤʣʘʜʰʠʝ ʨʘʟʨʷʜʳ ʩʝʪʝʚʦʛʦ ʘʜʨʝʩʘ? 

4. ʂʘʢʠʝ ʢʣʘʩʩʳ ʫʥʠʢʘʣʴʥʳʭ ʘʜʨʝʩʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʝʪʷʭ? 

5. ʂʘʢʠʝ ʨʘʟʤʝʨʳ ʠʤʝʶʪ ʩʪʘʥʜʘʨʪʥʳʝ ʤʘʩʢʠ ʘʜʨʝʩʦʚ ʢʣʘʩʩʦʚ ɸ, ɺ, ʉ? 

6. ʂʘʢʦʝ ʤʘʢʩʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʫʟʣʦʚ ʤʦʛʫʪ ʟʘʜʘʚʘʪʴ ʘʜʨʝʩʘ ʢʣʘʩʩʘ ʉ? 

7. ʂʘʢʦʡ ʘʜʨʝʩ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʘʤʦʪʝʩʪʠʨʦʚʘʥʠʷ? 

8. ɼʣʷ ʯʝʛʦ ʥʫʞʥʳ ʩʝʪʝʚʳʝ ʤʘʩʢʠ? 

9. ʂʘʢ ʥʘʟʳʚʘʝʪʩʷ ʦʙʱʘʷ ʯʘʩʪʴ ʘʜʨʝʩʘ ʥʝʩʢʦʣʴʢʠʭ ʫʩʪʨʦʡʩʪʚ? 

10. ʂʘʢʦʚʘ ʜʣʠʥʘ ʧʨʝʬʠʢʩʘ ʤʘʩʢʠ 255.255.240.0? 

11. ʂʘʢʠʝ ʫʩʪʨʦʡʩʪʚʘ ʜʝʣʷʪ ʩʝʪʴ ʥʘ ʰʠʨʦʢʦʚʝʱʘʪʝʣʴʥʳʝ ʜʦʤʝʥʳ? 

12. ɺ ʯʝʤ ʩʦʩʪʦʠʪ ʨʘʟʣʠʯʠʝ ʧʨʷʤʦʡ ʠ ʦʛʨʘʥʠʯʝʥʥʦʡ ʰʠʨʦʢʦʚʝʱʘʪʝʣʴʥʳʭ 
ʨʘʩʩʳʣʦʢ? 

13. ɺ ʯʝʤ ʩʦʩʪʦʠʪ ʨʘʟʣʠʯʠʝ ʰʠʨʦʢʦʚʝʱʘʪʝʣʴʥʦʡ ʠ ʛʨʫʧʧʦʚʦʡ ʨʘʩʩʳʣʦʢ? 

14. ɼʣʷ ʯʝʛʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʯʘʩʪʥʳʝ ʘʜʨʝʩʘ ʚ ʣʦʢʘʣʴʥʳʭ ʩʝʪʷʭ? ʂʘʢʦʚʳ ʠʭ 

ʜʠʘʧʘʟʦʥʳ? 

15. ʏʪʦ ʧʝʨʝʚʦʜʠʪ ʯʘʩʪʥʳʝ ʘʜʨʝʩʘ ʚ ʧʫʙʣʠʯʥʳʝ ʠ ʦʙʨʘʪʥʦ? 

16. ʂʘʢʦʡ ʜʠʘʧʘʟʦʥ ʘʜʨʝʩʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʣʦʢʘʣʴʥʳʭ ʩʝʪʷʭ, ʢʦʛʜʘ 
ʥʝʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʘʜʨʝʩ ʦʪ ʧʨʦʪʦʢʦʣʘ DHCP? 

17. ʂʘʢʦʡ ʙʣʦʢ ʘʜʨʝʩʦʚ, ʥʘʟʳʚʘʝʤʳʡ TEST-NET, ʟʘʨʝʟʝʨʚʠʨʦʚʘʥ ʜʣʷ ʫʯʝʙʥʳʭ 

ʮʝʣʝʡ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʜʦʢʫʤʝʥʪʘʮʠʠ? 

18. ʂʘʢʠʝ ʘʜʨʝʩʘ ʥʘʟʳʚʘʶʪ ʩʦʢʝʪʘʤʠ?  

19. ʏʪʦ ʧʦʟʚʦʣʠʪ ʨʘʜʠʢʘʣʴʥʦ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʜʝʬʠʮʠʪʘ IP-ʘʜʨʝʩʦʚ? 

20. ʉʢʦʣʴʢʦ ʜʚʦʠʯʥʳʭ ʨʘʟʨʷʜʦʚ ʩʦʜʝʨʞʘʪ ʣʦʛʠʯʝʩʢʠʝ ʘʜʨʝʩʘ ʚ IPv6-ʩʝʪ̫ʭ?  

21. ʂʘʢ ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʜʨʝʩʘ ʚʝʨʩʠʠ IPv6? 

22. ʂʘʢʠʝ ʪʠʧʳ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʘʜʨʝʩʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ IPv6-ʩʝʪʷʭ? 

23. ʂʘʢʦʚʳ ʪʨʠ ʩʦʩʪʘʚʣʷʶʱʠʭ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʛʣʦʙʘʣʴʥʦʛʦ ʘʜʨʝʩʘ? 

24. ʀʟ ʢʘʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʥʘʟʥʘʯʘʶʪʩʷ ʣʦʢʘʣʴʥʳʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʘʜʨʝʩʘ 

ʢʘʥʘʣʘ? ɼʣʷ ʯʝʛʦ ʦʥʠ ʥʫʞʥʳ? 

25. ʂʘʢʦʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʜʨʝʩ ʜʣʷ ʧʝʨʝʜʘʯʠ ʩʦʦʙʱʝʥʠʷ ʚʩʝʤ ʫʟʣʘʤ ʚ ʩʝʪʠ? 

26. ʂʘʢʦʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʜʨʝʩ ʜʣʷ ʧʝʨʝʜʘʯʠ ʩʦʦʙʱʝʥʠʷ ʚʩʝʤ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤ 

ʚ ʩʝʪʠ? 

27. ʂʘʢʫʶ ʢʦʤʘʥʜʫ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ, ʯʪʦʙʳ ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʥʘʯʘʣ 
ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʚ ʨʝʞʠʤʝ IPv6? 

28. ɼʣʷ ʯʝʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʥʦʛʦʘʜʨʝʩʥʘʷ ʨʘʩʩʳʣʢʘ ʟʘʧʨʦʰʝʥʥʦʛʦ ʫʟʣʘ?  

29. ɼʣʷ ʯʝʛʦ ʥʝʦʙʭʦʜʠʤ ʧʨʦʪʦʢʦʣ ICMP? ʂʘʢʠʝ ʩʦʦʙʱʝʥʠʷ ʦʥ ʧʝʨʝʜʘʝʪ? 

30. ʂʘʢʠʝ ʤʝʪʦʜʳ ʩʝʪʝʚʦʡ ʤʠʛʨʘʮʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ 
ʩʝʪʝʡ IPv6 ʠ IPv4? 
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ʋʧʨʘʞʥʝʥʠʷ   
 

1. ʇʨʠʚʝʜʠʪʝ ʧʨʠʤʝʨʳ ʘʜʨʝʩʦʚ ʢʦʥʝʯʥʳʭ ʫʟʣʦʚ ʢʣʘʩʩʦʚ ɸ, ɺ, ʉ. ʀʩʧʦʣʴʟʫʷ 

ʩʪʘʥʜʘʨʪʥʳʝ ʤʘʩʢʠ, ʨʘʩʩʯʠʪʘʡʪʝ ʘʜʨʝʩʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʝʪʝʡ. 

2. ʇʝʨʝʚʝʜʠʪʝ ʘʜʨʝʩʘ 10.169.77.19; 172.18.190.59; 192.168.55.112 ʚ ʜʚʦʠʯʥʫʶ 
ʩʠʩʪʝʤʫ. 

3. ʈʘʩʩʯʠʪʘʡʪʝ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʫʟʣʦʚ ʚ ʧʦʜʩʝʪʷʭ 10.169.77.16/28; 

172.18.190/27; 192.168.55.112/29. 

4. ʇʨʦʚʝʨʴʪʝ, ʫʩʪʘʥʦʚʣʝʥ ʣʠ ʧʨʦʪʦʢʦʣ TCP/IP ʥʘ ɺʘʰʝʤ ʢʦʤʧʴʶʪʝʨʝ. 

5. ʆʧʨʝʜʝʣʠʪʝ ʧʘʨʘʤʝʪʨʳ ʥʘʩʪʨʦʡʢʠ ʘʜʨʝʩʦʚ ʢʦʤʧʴʶʪʝʨʘ. 

6. ʇʨʦʚʝʜʠʪʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʧʦ ʘʜʨʝʩʫ 127.0.0.1. ʆʙʲʷʩʥʠʪʝ ʨʝʟʫʣʴʪʘʪ. 

7. ʇʨʠʚʝʜʠʪʝ ʧʨʠʤʝʨʳ ʘʜʨʝʩʦʚ ʧʨʷʤʦʡ ʠ ʦʛʨʘʥʠʯʝʥʥʦʡ ʰʠʨʦʢʦʚʝʱʘʪʝʣʴʥʦʡ 

ʨʘʩʩʳʣʢʠ. 

8. ʇʨʠʚʝʜʠʪʝ ʧʨʠʤʝʨʳ ʯʘʩʪʥʳʭ ʘʜʨʝʩʦʚ ʠʟ ʪʨʝʭ ʚʳʜʝʣʝʥʥʳʭ ʜʠʘʧʘʟʦʥʦʚ. 

9. ʇʨʠʚʝʜʠʪʝ ʧʨʠʤʝʨ ʘʜʨʝʩʘ IPv6, ʟʘʨʝʟʝʨʚʠʨʦʚʘʥʥʦʛʦ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʜʦʢʫʤʝʥʪʘʮʠʠ ʠ ʚ ʫʯʝʙʥʳʭ ʮʝʣʷʭ. ʆʙʲʷʩʥʠʪʝ ʥʘʟʥʘʯʝʥʠʝ ʢʘʞʜʦʛʦ ʙʣʦʢʘ. 

10. ʇʨʠʚʝʜʠʪʝ ʧʨʠʤʝʨ ʘʜʨʝʩʘ IPv6, ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʠʥʪʝʨʬʝʡʩʘ ʢʦʪʦʨʦʛʦ 

ʩʦʟʜʘʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʭʘʥʠʟʤʘ EUI-64. 
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9. ʌʆʈʄʀʈʆɺɸʅʀɽ ʇʆɼʉɽʊɽʁ 

 

9.1. ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʦʜʩʝʪʝʡ IPv4 

 

ɺ ʨʘʟʜʝʣʝ 8.1 ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʜʨʝʩʘʮʠʠ ʥʘ 

ʦʩʥʦʚʝ ʧʦʣʥʦʛʦ ʢʣʘʩʩʘ (classfull) ʚ ʩʝʪʷʭ ʢʣʘʩʩʘ ɸ ʤʦʞʝʪ ʙʳʪʴ ʘʜʨʝʩʦʚʘʥʦ ʜʦ 

(2
24

 ï 2) ʫʟʣʦʚ, ʢʣʘʩʩʘ ɺ ï (2
16

 ï 2) ʫʟʣʦʚ ʠ ʢʣʘʩʩʘ ʉ ï 254 ʫʟʣʘ. ʂʨʫʧʥʳʝ ʩʝʪʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʣʦʞʥʦʩʪʴʶ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʫʟʣʦʚ, 

ʧʦʵʪʦʤʫ ʟʘʜʘʯʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʷ ʫʟʣʦʚ ʚʦʟʣʘʛʘʶʪʩʷ ʥʘ 

ʩʝʨʚʝʨʳ DHCP. ʆʜʥʘʢʦ ʰʠʨʦʢʦʚʝʱʘʪʝʣʴʥʳʝ ʟʘʧʨʦʩʳ ʚ ʙʦʣʴʰʠʭ ʩʝʪʷʭ, 

ʥʘʧʨʠʤʝʨ, ʧʨʠ ʦʙʨʘʱʝʥʠʠ ʢ ʧʨʦʪʦʢʦʣʘʤ DHCP, ARP, ʪʨʝʙʫʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ 

ʧʦʣʦʩʫ ʧʨʦʧʫʩʢʘʥʠʷ. ʆʥʠ ʩʦʟʜʘʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʥʘʛʨʫʟʢʫ ʥʘ ʩʝʪʴ ʠ 

ʩʥʠʞʘʶʪ ʝʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʧʦʩʢʦʣʴʢʫ ʰʠʨʦʢʦʚʝʱʘʪʝʣʴʥʳʝ ʟʘʧʨʦʩʳ 

ʜʦʣʞʥʳ ʦʙʨʘʙʘʪʳʚʘʪʴʩʷ ʚʩʝʤʠ ʫʟʣʘʤʠ ʩʝʪʠ. ʂʨʦʤʝ ʪʦʛʦ, ʢʨʫʧʥʳʝ ʩʝʪʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʪʨʫʜʥʦʩʪʷʤʠ ʫʧʨʘʚʣʝʥʠʷ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʇʦʵʪʦʤʫ ʙʦʣʴʰʠʝ ʩʝʪʠ ʜʝʣʷʪ ʥʘ ʧʦʜʩʝʪʠ, ʚ ʢʦʪʦʨʳʭ ʫʢʘʟʘʥʥʳʝ ʧʨʦʙʣʝʤʳ 

ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ. 

ʉʝʨʚʝʨʘʤ, ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤ, ʩʝʪʝʚʳʤ ʧʨʠʥʪʝʨʘʤ IP-ʘʜʨʝʩʘ 

ʥʘʟʥʘʯʘʶʪ ʘʜʤʠʥʠʩʪʨʘʪʦʨʳ ʚʨʫʯʥʫʶ (ʩʪʘʪʠʯʝʩʢʘʷ ʘʜʨʝʩʘʮʠʷ).  

ɼʝʣʝʥʠʝ ʢʨʫʧʥʦʡ ʩʝʪʠ ʥʘ ʧʦʜʩʝʪʠ ʦʙʳʯʥʦ ʨʝʘʣʠʟʫʝʪ ʤʘʨʰʨʫʪʠʟʘʪʦʨ, 

ʢʘʞʜʳʡ ʠʥʪʝʨʬʝʡʩ ʢʦʪʦʨʦʛʦ ʧʦʜʢʣʶʯʝʥ ʢ ʩʚʦʝʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʧʨʠʩʦʝʜʠʥʝʥʥʦʡ ʩʝʪʠ (ʧʦʜʩʝʪʠ). ɼʣʷ ʢʘʞʜʦʡ ʧʦʜʩʝʪʠ ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʪʴ IP-

ʘʜʨʝʩ, ʧʨʠʯʝʤ, ʘʜʨʝʩʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʦʜʩʝʪʝʡ ʥʝ ʜʦʣʞʥʳ 

ʧʝʨʝʢʨʳʚʘʪʴʩʷ. ʀʥʪʝʨʬʝʡʩ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʷʚʣʷʝʪʩʷ ʰʣʶʟʦʤ ʧʦ 

ʫʤʦʣʯʘʥʠʶ ʜʣʷ ʚʩʝʭ ʢʦʥʝʯʥʳʭ ʫʟʣʦʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʠʩʦʝʜʠʥʝʥʥʦʡ 

ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʫʟʣʦʚ ʨʘʟʥʳʭ ʧʦʜʩʝʪʝʡ 

ʧʨʦʠʩʭʦʜʠʪ ʯʝʨʝʟ ʤʘʨʰʨʫʪʠʟʘʪʦʨ.  

ɼʝʣʝʥʠʝ ʩʝʪʠ ʥʘ ʧʦʜʩʝʪʠ ʤʦʞʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʠ ʢʦʤʤʫʪʘʪʦʨ, ʠʩʧʦʣʴʟʫʷ 

ʪʝʭʥʦʣʦʛʠʶ ʚʠʨʪʫʘʣʴʥʳʭ ʣʦʢʘʣʴʥʳʭ ʩʝʪʝʡ VLAN .  

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʧʦʜʩʝʪʝʡ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ:  

ʛʝʦʛʨʘʬʠʯʝʩʢʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʢʦʥʝʯʥʳʭ ʫʟʣʦʚ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ 

ʦʙʲʝʜʠʥʝʥʳ ʚ ʧʦʜʩʝʪʴ; 

ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʫʟʣʦʚ (ʫʯʝʙʥʳʡ ʢʣʘʩʩ, ʜʝʢʘʥʘʪ, ʠ ʪ.ʜ.); 

ʩʪʝʧʝʥʴ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 
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ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʦʜʩʝʪʝʡ ʚʥʫʪʨʠ ʚʳʜʝʣʝʥʥʦʛʦ ʘʜʨʝʩʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʧʨʦʚʦʜʠʪ ʘʜʤʠʥʠʩʪʨʘʪʦʨ, ʠʩʧʦʣʴʟʫʷ ʙʝʩʢʣʘʩʩʦʚʫʶ (classless) ʘʜʨʝʩʘʮʠʶ, 

ʢʦʛʜʘ ʛʨʘʥʠʮʘ ʤʝʞʜʫ ʩʝʪʝʚʦʡ ʠ ʫʟʣʦʚʦʡ ʯʘʩʪʴʶ ʧʨʦʭʦʜʠʪ ʚ ʧʨʦʠʟʚʦʣʴʥʦʤ 

ʤʝʩʪʝ IP-ʘʜʨʝʩʘ. ʅʘʧʨʠʤʝʨ, ʘʜʤʠʥʠʩʪʨʘʪʦʨʫ ʚʳʜʝʣʝʥ ʘʜʨʝʩ 198.11.163.0/24 

ʢʣʘʩʩʘ ʉ, ʪ.ʝ. ʚʳʜʝʣʝʥʦ ʘʜʨʝʩʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʚ 256 ʘʜʨʝʩʦʚ, ʠ ʝʤʫ 

ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ 10 ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʦʜʩʝʪʝʡ ʧʦ 12 ʫʟʣʦʚ ʚ ʢʘʞʜʦʡ. ɼʣʷ 

ʘʜʨʝʩʘʮʠʠ 10 ʧʦʜʩʝʪʝʡ ʧʦʪʨʝʙʫʝʪʩʷ 4 ʜʚʦʠʯʥʳʭ ʨʘʟʨʷʜʘ ʘʜʨʝʩʘ, ʠ ʜʣʷ 

ʘʜʨʝʩʘʮʠʠ 12 ʫʟʣʦʚ ʪʘʢʞʝ ʧʦʪʨʝʙʫʝʪʩʷ 4 ʙʠʪʘ. ʇʦʵʪʦʤʫ ʠʟ ʫʟʣʦʚʦʡ ʯʘʩʪʠ 

ʘʜʨʝʩʘ ʜʣʠʥʦʡ ʚ 8 ʙʠʪ ʙʫʜʝʪ ʟʘʠʤʩʪʚʦʚʘʥʦ 4 ʩʪʘʨʰʠʭ ʙʠʪʘ ʜʣʷ ʘʜʨʝʩʘʮʠʠ 

ʧʦʜʩʝʪʝʡ. ʆʩʪʘʚʰʠʝʩʷ 4 ʙʠʪʘ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʘʜʨʝʩʘʮʠʠ ʫʟʣʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʘʩʢʘ ʩʝʪʠ ʜʦʣʞʥʘ ʠʤʝʪʴ ʝʜʠʥʠʮʳ ʚ 28 = (24 + 4) 

ʩʪʘʨʰʠʭ ʜʚʦʠʯʥʳʭ ʨʘʟʨʷʜʘʭ ʠ 4 ʥʫʣʷ ʚ ʤʣʘʜʰʠʭ, ʪ.ʝ. ʤʘʩʢʘ ʚ ʜʚʦʠʯʥʦʤ ʢʦʜʝ 

ʙʫʜʝʪ ï 11111111.11111111.11111111.11110000, ʘ ʚ ʜʝʩʷʪʠʯʥʦʤ ʢʦʜʝ ï 

255.255.255.240. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʝʪ ʙʳʪʴ ʟʘʜʘʥʦ 16 ʧʦʜʩʝʪʝʡ 

ʧʦ 14 ʫʟʣʦʚ ʚ ʢʘʞʜʦʡ (ʪʘʙʣ. 9.1). ɺ ʜʘʥʥʦʤ ʧʨʠʤʝʨʝ ʠʟ 16 ʧʦʜʩʝʪʝʡ 

ʘʜʤʠʥʠʩʪʨʘʪʦʨ ʠʩʧʦʣʴʟʫʝʪ 10, ʘ ʦʩʪʘʚʰʠʝʩʷ 6 ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʝ ʙʫʜʫʪ.  

ʊʘʙʣʠʮʘ 9.1 

ɸʜʨʝʩʘ ʫʟʣʦʚ ʠ ʧʦʜʩʝʪʝʡ 

ˉ ʧʦʜʩʝʪʠ ɸʜʨʝʩ ʧʦʜʩʝʪʠ ɸʜʨʝʩʘ ʫʟʣʦʚ 

1 198.11.163.0 198.11.163.1 - 

198.11.163.14 

2 198.11.163.16 198.11.163.17 - 

198.11.163.30 

3 198.11.163.32 198.11.163.33 - 

198.11.163.46 

é é é 

10 198.11.163.144 198.11.163.145 - 

198.11.163.158 

é é é 

16 198.11.163.240 198.11.163.241 - 

198.11.163.254 

ʀʟ 16 ʘʜʨʝʩʦʚ, ʟʘʜʘʚʘʝʤʳʭ ʫʟʣʦʚʦʡ ʯʘʩʪʴʶ IP-ʘʜʨʝʩʘ, ʩʘʤʳʡ ʧʝʨʚʳʡ 

ʘʜʨʝʩ, ʩʦʜʝʨʞʘʱʠʡ ʚʩʝ ʥʫʣʝʚʳʝ ʙʠʪʳ, ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʥʦʤʝʨʦʤ ʩʝʪʠ. 

ʇʦʩʣʝʜʥʠʡ ʘʜʨʝʩ, ʩʦʜʝʨʞʘʱʠʡ ʚ ʫʟʣʦʚʦʡ ʯʘʩʪʠ ʜʚʦʠʯʥʳʝ ʝʜʠʥʠʮʳ, ʷʚʣʷʝʪʩʷ 

ʰʠʨʦʢʦʚʝʱʘʪʝʣʴʥʳʤ ʘʜʨʝʩʦʤ ʚ ʵʪʦʡ ʧʦʜʩʝʪʠ. ʇʦʵʪʦʤʫ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʫʟʣʦʚ ʦʩʪʘʝʪʩʷ 14 ʘʜʨʝʩʦʚ. ɺ ʠʭ ʯʠʩʣʦ ʚʭʦʜʠʪ ʠ ʘʜʨʝʩ ʰʣʶʟʘ ʧʦ ʫʤʦʣʯʘʥʠʶ. 
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ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʟʘʜʘʥ ʘʜʨʝʩ 198.11.163.83 ʩ ʤʘʩʢʦʡ 255.255.255.240, ʪʦ 

ʧʦʩʣʝ ʣʦʛʠʯʝʩʢʦʛʦ ʫʤʥʦʞʝʥʠʷ ʘʜʨʝʩʘ ʥʘ ʤʘʩʢʫ ʙʫʜʝʪ ʧʦʣʫʯʝʥ ʘʜʨʝʩ ʧʦʜʩʝʪʠ: 
 

11000110.00001011.10100011.01010011 

11111111.11111111.11111111.11110000 

11000110.00001011.10100011.01010000  . 
 

ɺ ʫʟʣʦʚʦʡ ʯʘʩʪʠ ʘʜʨʝʩʘ ʧʦʜʩʝʪʠ 11000110.00001011.10100011.01010000 

ï ʚʩʝ ʥʫʣʠ. ʉʪʘʨʰʠʝ ʯʝʪʳʨʝ ʙʠʪʘ ʧʦʩʣʝʜʥʝʛʦ ʦʢʪʝʪʘ ʩʦʜʝʨʞʘʪ ʟʥʘʯʝʥʠʝ 80 (ʚ 

ʜʚʦʠʯʥʦʡ ʬʦʨʤʝ ï 11000110.00001011.10100011.01010000), ʪ.ʝ. ʥʦʤʝʨ 

ʧʦʜʩʝʪʠ 198.11.163.80/28, ʘ ʥʦʤʝʨ ʫʟʣʘ ï ʨʘʚʝʥ 3 (0011) ʚ ʵʪʦʡ ʧʦʜʩʝʪʠ. ɽʩʣʠ 

ʚ ʫʟʣʦʚʦʡ ʯʘʩʪʠ ʘʜʨʝʩʘ ʚʩʝ ʝʜʠʥʠʮʳ (11000110.00001011.10100011.01011111), 

ʪʦ ʵʪʦ ʙʫʜʝʪ ʰʠʨʦʢʦʚʝʱʘʪʝʣʴʥʳʡ ʘʜʨʝʩ 198.11.163.95 ʚ ʩʝʪʠ 198.11.163.80/28. 

ɺ ʚʳʰʝʧʨʠʚʝʜʝʥʥʦʤ ʧʨʠʤʝʨʝ ʘʜʨʝʩʘ ʧʦʜʩʝʪʝʡ 198.11.163.0, 

198.11.163.16, é, 198.11.163.80, é, 198.11.163.240 ʠʜʫʪ ʯʝʨʝʟ 16 = 2
4
 

(ʟʥʘʯʝʥʠʝ ʤʣʘʜʰʝʛʦ ʨʘʟʨʷʜʘ ʩʝʪʝʚʦʡ ʯʘʩʪʠ IP-ʘʜʨʝʩʘ). 

ʉ ʧʦʤʦʱʴʶ ʤʘʩʢʠ 255.255.255.224 (ʧʨʝʬʠʢʩ /27) ʚ ʘʜʨʝʩʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ 198.11.163.0/24 ʤʦʞʥʦ ʩʬʦʨʤʠʨʦʚʘʪʴ 8 ʧʦʜʩʝʪʝʡ ʧʦ 30 ʫʟʣʦʚ ʚ 

ʢʘʞʜʦʡ, ʘ ʩ ʧʦʤʦʱʴʶ ʤʘʩʢʠ 255.255.255.248 (ʧʨʝʬʠʢʩ /29) ʤʦʞʥʦ ʟʘʜʘʪʴ 32 

ʧʦʜʩʝʪʠ ʧʦ 6 ʫʟʣʦʚ. ʀʩʧʦʣʴʟʫʷ ʤʘʩʢʠ ʨʘʟʥʦʡ ʜʣʠʥʳ, ʘʜʤʠʥʠʩʪʨʘʪʦʨ ʤʦʞʝʪ 

ʬʦʨʤʠʨʦʚʘʪʴ ʧʦʜʩʝʪʠ ʨʘʟʥʦʛʦ ʨʘʟʤʝʨʘ ʚ ʧʨʝʜʝʣʘʭ ʚʳʜʝʣʝʥʥʦʛʦ ʘʜʨʝʩʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʘʩʢʠ ʧʝʨʝʤʝʥʥʦʡ ʜʣʠʥʳ (Variable-length 

subnet mask - VLSM) ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ ʧʦʜʩʝʪʠ ʨʘʟʥʦʛʦ ʨʘʟʤʝʨʘ, ʛʠʙʢʦ 

ʟʘʜʘʚʘʷ ʛʨʘʥʠʮʳ ʤʝʞʜʫ ʧʦʣʝʤ ʘʜʨʝʩʘ ʩʝʪʠ ʠ ʧʦʣʝʤ ʘʜʨʝʩʘ ʫʟʣʘ. ʊʝʭʥʦʣʦʛʠʷ 

VLSM ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʦʣʴʰʝ ʯʝʤ ʦʜʥʫ ʤʘʩʢʫ ʧʦʜʩʝʪʠ ʚ ʧʨʝʜʝʣʘʭ 

ʚʳʜʝʣʝʥʥʦʛʦ ʘʜʨʝʩʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ.  

ʅʘʧʨʠʤʝʨ, ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʝʪʝʡ ʧʦ 30 ʫʟʣʦʚ ʚ ʢʘʞʜʦʡ ʪʨʝʙʫʝʪʩʷ 27 

ʨʘʟʨʷʜʦʚ ʤʘʩʢʠ, ʩʦʜʝʨʞʘʱʠʭ ʝʜʠʥʠʮʳ, ʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʝʪʠ, ʩʦʝʜʠʥʷʶʱʝʡ 

ʧʘʨʫ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʚ (ʪʦʯʢʘ - ʪʦʯʢʘ), ʪʨʝʙʫʝʪʩʷ ʚʩʝʛʦ ʜʚʘ ʘʜʨʝʩʘ. ʆʜʥʘʢʦ ʚ 

ʩʝʪʷʭ çʪʦʯʢʘ ï ʪʦʯʢʘè ʝʱʝ ʦʜʠʥ ʘʜʨʝʩ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʥʦʤʝʨʘ ʩʝʪʠ, ʠ ʦʜʠʥ 

ʘʜʨʝʩ ï ʜʣʷ ʰʠʨʦʢʦʚʝʱʘʪʝʣʴʥʦʡ ʨʘʩʩʳʣʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʤʘʩʢʝ ʚ 30 

ʜʚʦʠʯʥʳʭ ʨʘʟʨʷʜʦʚ (ʧʨʝʬʠʢʩ /30) ʜʚʘ ʤʣʘʜʰʠʭ ʨʘʟʨʷʜʘ ʘʜʨʝʩʘ ʧʦʟʚʦʣʷʶʪ 

ʩʬʦʨʤʠʨʦʚʘʪʴ 4 ʘʜʨʝʩʘ, ʠʟ ʢʦʪʦʨʳʭ 1-ʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʘʜʨʝʩʘ ʩʝʪʠ, 2-ʦʡ ʠ 

3-ʡ ï ʜʣʷ ʘʜʨʝʩʘʮʠʠ ʫʟʣʦʚ, ʘ 4-ʡ ï ʚ ʢʘʯʝʩʪʚʝ ʰʠʨʦʢʦʚʝʱʘʪʝʣʴʥʦʛʦ ʘʜʨʝʩʘ. 
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ɺ ʧʨʠʤʝʨʝ (ʨʠʩ. 9.1, ʪʘʙʣ. 9.2), ʘʜʨʝʩʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ 192.168.10.0/24 

ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʩʦʟʜʘʥʠʷ 4 ʧʦʜʩʝʪʝʡ ʧʦ 32 ʘʜʨʝʩʘ ʚ ʢʘʞʜʦʡ (30 ʫʟʣʦʚ, ʘʜʨʝʩ 

ʧʦʜʩʝʪʠ, ʰʠʨʦʢʦʚʝʱʘʪʝʣʴʥʳʡ ʘʜʨʝʩ), ʪ.ʝ. ʤʘʩʢʘ ʠʤʝʝʪ ʝʜʠʥʠʮʳ ʚ 27 ʩʪʘʨʰʠʭ 

ʜʚʦʠʯʥʳʭ ʨʘʟʨʷʜʘʭ (ʧʨʝʬʠʢʩ /27).  
 

 
 

ʈʠʩ. 9.1. ʇʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʩʦʢ ʧʝʨʝʤʝʥʥʦʡ ʜʣʠʥʳ 
 

ʊʘʙʣʠʮʘ 9.2 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʦʜʩʝʪʝʡ ʠ ʩʫʙʧʦʜʩʝʪʝʡ 

ʅʦʤʝʨ ʧʦʜʩʝʪʠ ɸʜʨʝʩ ʧʦʜʩʝʪʠ ʇʨʝʬʠʢʩ ʏʠʩʣʦ ʫʟʣʦʚ ʧʦʜʩʝʪʠ 

ʇʦʜʩʝʪʴ 0 192.168.100.0 27 30 

ʇʦʜʩʝʪʴ 1 192.168.100.32 27 30 

ʇʦʜʩʝʪʴ 2 192.168.100.64 27 30 

ʇʦʜʩʝʪʴ 3 192.168.100.96 27 30 

ʇʦʜʩʝʪʴ 4 192.168.100.128 27 30 

ʇʦʜʩʝʪʴ 5 192.168.100.160 27 30 

ʇʦʜʩʝʪʴ 6 192.168.100.192 27 ʀʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʫʙʧʦʜʩʝʪʝʡ 

ʉʫʙʧʦʜʩʝʪʴ 0 192.168.100.192 30 2 

ʉʫʙʧʦʜʩʝʪʴ 1 192.168.100.196 30 2 

ʉʫʙʧʦʜʩʝʪʴ 2 192.168.100.200 30 2 

ʉʫʙʧʦʜʩʝʪʴ 3 192.168.100.204 30 2 

ʉʫʙʧʦʜʩʝʪʴ 4 192.168.100.208 30 2 

ʉʫʙʧʦʜʩʝʪʴ 5 192.168.100.212 30 2 

ʉʫʙʧʦʜʩʝʪʴ 6 192.168.100.216 30 2 

ʉʫʙʧʦʜʩʝʪʴ 7 192.168.100.220 30 2 

ʇʦʜʩʝʪʴ 7 192.168.100.224 27 30 

 

ʆʩʪʘʚʰʠʝʩʷ 4 ʙʣʦʢʘ ʘʜʨʝʩʦʚ ʧʦ 32 ʘʜʨʝʩʘ ʚ ʢʘʞʜʦʤ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʘʜʤʠʥʠʩʪʨʘʪʦʨʦʤ ʧʦ ʝʛʦ ʫʩʤʦʪʨʝʥʠʶ. ɺ ʧʨʠʚʝʜʝʥʥʦʤ ʧʨʠʤʝʨʝ 


