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ʅʘʚʯʘʣʴʥʠʡ ʧʦʩʽʙʥʠʢ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʩʪʫʜʝʥʪʽʚ ʚʠʱʠʭ ʥʘʚʯʘʣʴʥʠʭ 

ʟʘʢʣʘʜʽʚ ʆʉ çɹʘʢʘʣʘʚʨè ʟʘ ʩʧʝʮʽʘʣʴʥʦʩʪ̫ʤʠ çʂʦʤʧôʶʪʝʨʥʘ ʽʥʞʝʥʝʨʽʷè, 

çɯʥʞʝʥʝʨʽʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷè, ʷʢʽ ʚʠʚʯʘʶʪʴ ʜʠʩʮʠʧʣʽʥʫ çʂʦʤʧôʶʪʝʨʥʽ 

ʤʝʨʝʞʽè. ʄʘʪʝʨʽʘʣʠ ʧʦʩʽʙʥʠʢʘ ʧʽʜʛʦʪʦʚʣʝʥʽ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʦʣʦʛʽʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʘʚʪʦʨʽʚ ʪʘ ʚʽʜʧʦʚʽʜʥʦʛʦ ʢʫʨʩʫ ʣʝʢʮʽʡ, ʇʦʩʽʙʥʠʢ ʤʽʩʪʠʪʴ 

ʪʝʦʨʝʪʠʯʥʠʡ ʤʘʪʝʨʽʘʣ, ʷʢʠʡ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʬʦʨʤʫʚʘʪʠ ʫʷʚʣʝʥʥʷ ʩʪʦʩʦʚʥʦ 

ʚʟʘʻʤʦʟʚ'ʷʟʢʫ ʢʦʤʧôʶʪʝʨʥʠʭ ʤʝʨʝʞ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʧʨʦʛʨʘʤʥʠʭ 

ʟʘʩʦʙʽʚ ʪʘ ʩʭʝʤ ʟʻʜʥʘʥʴ. ʇʨʝʜʩʪʘʚʣʝʥʠʡ ʪʝʦʨʝʪʠʯʥʠʡ ʤʘʪʝʨʽʘʣ ʜʦʧʦʚʥʝʥʦ 

ʧʨʘʢʪʠʯʥʠʤʠ ʨʦʙʦʪʘʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʤʝʪʦʜʽʚ. 

 
 

ϭ x͍ͦ͊͘͡ ˢΦ˱ΦΣ ˸͊ͭͯͫ ̑ΦˤΦΣ ˿͚ͣͦ͜͡ ˤΦˤΦΣ 
˥ͯͫΊ͍ ˣΦ˿ΦΣ ˴͊ͫ͊ͭͤ͟͜ ˨Φ̑ΦΣ ˻͙͍ͫͨͦ͊ ́Φ̑ΦΣ 
˿͍͙͊ͼΈ͊͟ ̒ΦˢΦ - 2017 

ϭ ˹̂ˣ͜˽ ͙̂ͪ͊ͤ͟͝Σ нлмт 

  



 

 

ɿʄɯʉʊ 

1. ʈʦʟʜʽʣ 1. ɿʘʛʘʣʴʥʽ ʧʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞ 5 

1.1. ɺʚʝʜʝʥʥʷ ʚ ʢʦʤʧôʶʪʝʨʥʽ ʤʝʨʝʞʽ ʪʘ ʦʩʥʦʚʥʽ ʧʨʦʪʦʢʦʣʠ 

ʤʝʨʝʞʽ. 5 

1.2. ɼʦʩʪʫʧ ʜʦ ʤʝʨʝʞʽ ʪʘ ʦʛʣʷʜ ʤʦʜʝʣʽ OSI. 81 

1.3. ʇʨʦʪʦʢʦʣʠ ʤʝʨʝʞʝʚʦʛʦ ʨʽʚʥʷ. ɸʜʨʝʩʘʮʽʷ ʚ ʤʝʨʝʞʽ. 99 

2. ʈʦʟʜʽʣ 2. ʇʦʙʫʜʦʚʘ ʢʦʤʧôʶʪʝʨʥʠʭ ʤʝʨʝʞ ʥʘ ʙʘʟʽ 

ʢʦʥʮʝʥʪʨʘʪʦʨʽʚ, ʤʦʩʪʽʚ, ʢʦʤʫʪʘʪʦʨʽʚ. 117 

2.1 ʊʝʭʥʦʣʦʛʽʾ IPv4 ʪʘ IPv6. ʄʘʩʢʠ ʤʝʨʝʞʽ. 117 

2.2 ʇʨʦʪʦʢʦʣʠ TCP/UDP. ʊʨʘʥʩʧʦʨʪʥʠʡ ʨʽʚʝʥʴ ʤʦʜʝʣʽ OSI. 165 

2.3 ʉʝʘʥʩʦʚʠʡ ʽ ʧʨʠʢʣʘʜʥʠʡ ʨʽʚʝʥʴ ʤʦʜʝʣʽ OSI. 185 

3. ʈʦʟʜʽʣ 3. ʆʩʥʦʚʠ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʫ ʣʦʢʘʣʴʥʠʭ ʤʝʨʝʞʘʭ 196 

3.1 ʉʪʘʪʠʯʥʘ ʤʘʨʰʨʫʪʠʟʘʮʽʷ 196 

3.2 ɼʠʥʘʤʽʯʥʘ ʤʘʨʰʨʫʪʠʟʘʮʽʷ 218 

3.3 ʂʦʤʫʪʦʚʘʥʽ ʤʝʨʝʞʽ ʪʘ ʾʭ ʥʘʣʘʰʪʫʚʘʥʥʷ 250 

3.4 VLAN ʤʝʨʝʞʽ ʪʘ ʾʭ ʥʘʣʘʰʪʫʚʘʥʥʷ 296 

4. ʈʦʟʜʽʣ 4. ɹʘʟʦʚʽ ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʨʦʪʦʢʦʣʽʚ ʥʘ ʧʨʠʢʣʘʜʥʦʤʫ 

ʨʽʚʥʽ ʤʦʜʝʣʽ OSI 338 

4.1 ʆʩʥʦʚʠ ʙʝʟʧʝʢʠ ʫ ʤʝʨʝʞʘʭ. ʅʘʣʘʰʪʫʚʘʥʥʷ ʩʧʠʩʢʽʚ ʢʦʥʪʨʦʣʶ 

ʜʦʩʪʫʧʫ 338 

4.1 ʆʛʣʷʜ ʧʨʦʪʦʢʦʣʫ DHCP ʪʘ ʡʦʛʦ ʙʘʟʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 375 

4.2 NAT ʜʣʷ IPv4 415 

5. ʈʦʟʜʽʣ 5. ɺʚʝʜʝʥʥʷ ʚ ʤʘʩʰʪʘʙʦʚʘʥʽ ʤʝʨʝʞʽ 464 

5.1 ʅʘʜʣʠʰʢʦʚʽʩʪʴ LAN 464 

5.2 ɸʛʨʝʛʫʚʘʥʥʷ ʢʘʥʘʣʽʚ 516 

5.3 ɹʝʟʜʨʦʪʦʚʽ ʣʦʢʘʣʴʥʽ ʤʝʨʝʞʽ 531 

5.4 ɹʘʟʦʚʽ ʧʦʥʷʪʪʷ ʧʨʦʪʦʢʦʣʫ OSPF, ʡʦʛʦ ʨʦʙʦʪʘ ʪʘ ʥʘʣʘʰʪʫʚʘʥʥʷ 596 

5.5 ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʪʦʢʦʣʫ OSPF ʜʣʷ ʜʝʢʽʣʴʢʦʭ ʦʙʣʘʩʪʝʡ 654 

5.6 ʆʛʣʷʜ ʨʦʙʦʪʠ ʧʨʦʪʦʢʦʣʫ EIGRP ʪʘ ʦʩʥʦʚʥʽ ʡʦʛʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 684 

ʉʧʠʩʦʢ ʨʝʢʦʤʝʥʜʦʚʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ             820  

  



1.  ȼɚɓɐɱɗ ȳɌɏɌɗɨəɱ ɛɜɔəɢɔɛɔ ɛɚɍɟɐɚɎɔ 

ɱəɠɚɜɘɌɢɱɕəɚ-ɖɚɘɟəɱɖɌɢɱɕəɔɡ ɘɑɜɑɒ 

1.1. ɺʚʝʜʝʥʥʷ ʚ ʢʦʤʧôʶʪʝʨʥʽ ʤʝʨʝʞʽ ʪʘ ʦʩʥʦʚʥʽ ʧʨʦʪʦʢʦʣʠ 
ʤʝʨʝʞʽ. 

 

ʉʝʨʝʜ ʦʩʥʦʚʥʠʭ ʧʦʪʨʝʙ ʣʶʜʠʥʠ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʟʘʻʤʦʜʽʾ ʟ ʽʥʰʠʤʠ ʣʶʜʴʤʠ - 

ʦʜʥʘ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ. ʉʧʽʣʢʫʚʘʥʥʷ ʤʘʡʞʝ ʪʘʢ ʩʘʤʦ ʚʘʞʣʠʚʦ ʜʣʷ ʥʘʩ, ʷʢ 

ʧʦʚʽʪʨʷ, ʚʦʜʘ, ʾʞʘ ʽ ʜʘʭ. 

ʋ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʨʝʞ ʤʠ ʧʦʚ'ʷʟʘʥʽ ʦʜʠʥ ʟ 

ʦʜʥʠʤ, ʷʢ ʥʽʢʦʣʠ ʨʘʥʽʰʝ. ʃʶʜʠ ʟ ʪʚʦʨʯʠʤʠ ʽʜʝʷʤʠ ʤʦʞʫʪʴ ʤʠʪʪʻʚʦ ʟʚ'ʷʟʫʚʘʪʠʩʷ 

ʟ ʽʥʰʠʤʠ ʣʶʜʴʤʠ ʽ ʚʪʽʣʶʚʘʪʠ ʩʚʦʾ ʽʜʝʾ ʚ ʨʝʘʣʴʥʽʩʪʴ. ʅʦʚʠʥʠ ʪʘ ʚʽʜʢʨʠʪʪʷ ʩʪʘʶʪʴ 

ʚʽʜʦʤʠʤʠ ʫ ʚʩʴʦʤʫ ʩʚʽʪʽ ʚ ʣʽʯʝʥʽ ʩʝʢʫʥʜʠ. ʄʠ ʤʦʞʝʤʦ ʚʠʭʦʜʠʪʠ ʚ ʤʝʨʝʞʫ ʽ 

ʛʨʘʪʠ ʚ ʽʛʨʠ ʟ ʽʥʰʠʤʠ ʣʶʜʴʤʠ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʽʥʰʠʭ ʢʦʥʪʠʥʝʥʪʘʭ. 

ʋʷʚʽʪʴ ʩʦʙʽ ʩʚʽʪ ʙʝʟ ɯʥʪʝʨʥʝʪʫ. ɹʽʣʴʰʝ ʥʝʤʘʻ Google, YouTube, ʦʙʤʽʥʫ 

ʤʠʪʪʻʚʠʤʠ ʧʦʚʽʜʦʤʣʝʥʥʷʤʠ, Facebook, ɺʽʢʽʧʝʜʽʾ, ʦʥʣʘʡʥ-ʽʛʦʨ, Netflix, iTunes ʽ 

ʣʝʛʢʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʧʦʪʦʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. ʅʝʤʘʻ ʩʘʡʪʽʚ ʧʦʨʽʚʥʷʥʥʷ ʮʽʥ, ʥʝ ʤʦʞʥʘ 

ʢʫʧʫʚʘʪʠ ʪʦʚʘʨʠ ʯʝʨʝʟ ɯʥʪʝʨʥʝʪ ʽ ʥʝ ʩʪʦʷʪʠ ʟʘ ʥʠʤʠ ʚ ʯʝʨʟʽ, ʥʝʤʦʞʣʠʚʦ ʰʚʠʜʢʦ 

ʟʥʘʡʪʠ ʪʝʣʝʬʦʥʥʽ ʥʦʤʝʨʠ ʽ ʧʦʜʠʚʠʪʠʩʷ ʤʘʨʰʨʫʪ ʦʜʥʠʤ ʢʣʘʮʘʥʥʷʤ ʤʠʰʽ. ʗʢ ʙʠ 

ʤʠ ʞʠʣʠ ʙʝʟ ʫʩʴʦʛʦ ʮʴʦʛʦ? ɸʣʝ ʞ ʪʘʢ ʙʫʣʦ ʚʩʴʦʛʦ ʣʠʰʝ 15-20 ʨʦʢʽʚ ʪʦʤʫ. ɸʣʝ ʟʘ 

ʮʽ ʨʦʢʠ ʤʝʨʝʞʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʧʦʩʪʫʧʦʚʦ ʨʦʟʰʠʨʶʚʘʣʠʩʷ ʽ ʤʽʥʷʣʠ ʩʚʦʻ 

ʧʨʠʟʥʘʯʝʥʥʷ, ʧʦʢʨʘʱʫʶʯʠ ʷʢʽʩʪʴ ʞʠʪʪʷ ʣʶʜʝʡ ʫʩʴʦʛʦ ʩʚʽʪʫ. 

ɼʦʩʷʛʥʝʥʥʷ ʚ ʤʝʨʝʞʝʚʠʭ ʪʝʭʥʦʣʦʛʽʷʭ, ʤʘʙʫʪʴ, ʻ ʦʜʥʠʤʠ ʟ ʥʘʡʙʽʣʴʰ 

ʟʥʘʯʥʠʭ ʟʤʽʥ ʚ ʩʚʽʪʽ. ʄʝʨʝʞʽ ʩʪʚʦʨʶʶʪʴ ʩʚʽʪ, ʚ ʷʢʦʤʫ ʢʦʨʜʦʥʠ ʢʨʘʾʥ, ʚʽʜʩʪʘʥʽ ʽ 

ʬʽʟʠʯʥʽ ʢʦʨʜʦʥʠ ʧʝʨʝʩʪʘʶʪʴ ʤʘʪʠ ʟʥʘʯʝʥʥʷ ʽ ʩʪʘʥʦʚʣʷʪʴ ʚʩʝ ʤʝʥʰʝ ʧʝʨʝʰʢʦʜ. 

ɯʥʪʝʨʥʝʪ ʟʤʽʥʠʚ ʭʘʨʘʢʪʝʨ ʩʦʮʽʘʣʴʥʦʛʦ, ʢʦʤʝʨʮʽʡʥʦʛʦ, ʧʦʣʽʪʠʯʥʦʛʦ ʽ 

ʦʩʦʙʠʩʪʦʛʦ ʚʟʘʻʤʦʜʽʾ. ʄʦʞʣʠʚʽʩʪʴ ʤʠʪʪʻʚʠʭ ʢʦʤʫʥʽʢʘʮʽʡ ʯʝʨʝʟ ɯʥʪʝʨʥʝʪ ʩʧʨʠʷʻ 

ʩʪʚʦʨʝʥʥʶ ʛʣʦʙʘʣʴʥʠʭ ʩʧʽʣʴʥʦʪ. ɻʣʦʙʘʣʴʥʽ ʩʧʽʣʴʥʦʪʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʦʮʽʘʣʴʥʫ 

ʚʟʘʻʤʦʜʽʶ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʤʽʩʮʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʘʙʦ ʯʘʩʦʚʦʛʦ ʧʦʷʩʫ. ɯʥʪʝʨʥʝʪ-

ʩʧʽʣʴʥʦʪʠ ʜʣʷ ʦʙʤʽʥʫ ʽʜʝʷʤʠ ʪʘ ʽʥʬʦʨʤʘʮʽʻʶ ʤʦʞʫʪʴ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʚʟʘʻʤʦʜʽʾ ʧʦ ʚʩʴʦʤʫ ʩʚʽʪʫ. 

ʄʝʨʝʞʽ ʟʤʽʥʠʣʠ ʥʘʰ ʩʧʦʩʽʙ ʥʘʚʯʘʥʥʷ. ʆʪʨʠʤʘʪʠ ʧʦʩʣʫʛʠ 

ʚʠʩʦʢʦʢʚʘʣʽʬʽʢʦʚʘʥʠʭ ʚʠʢʣʘʜʘʯʽʚ ʪʝʧʝʨ ʤʦʞʫʪʴ ʥʝ ʪʽʣʴʢʠ ʩʪʫʜʝʥʪʠ, ʷʢʽ 

ʧʨʦʞʠʚʘʶʪʴ ʚ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʙʣʠʟʴʢʦʩʪʽ ʚʽʜ ʦʩʚʽʪʥʴʦʛʦ ʟʘʢʣʘʜʫ. ʅʘʪʠʩʥʽʪʴ 

ʢʥʦʧʢʫ çɺʽʜʪʚʦʨʝʥʥʷè ʥʘ ʚʽʜʝʦ, ʱʦʙ ʧʦʜʠʚʠʪʠʩʷ ʚʽʜʝʦʨʦʣʠʢ ʧʨʦ ʟʤʽʥʠ, ʱʦ 

ʚʽʜʙʫʣʠʩʷ ʚ ʥʘʚʯʘʣʴʥʠʭ ʢʣʘʩʘʭ. 

ɼʠʩʪʘʥʮʽʡʥʝ ʥʘʚʯʘʥʥʷ ʥʝ ʟʥʘʻ ʛʝʦʛʨʘʬʽʯʥʠʭ ʧʝʨʝʰʢʦʜ ʽ ʜʦʟʚʦʣʷʻ ʥʘʜʘʪʠ 

ʫʯʥʷʤ ʙʽʣʴʰʝ ʤʦʞʣʠʚʦʩʪʝʡ. ʅʘʜʽʡʥʽ ʽ ʩʪʽʡʢʦ ʧʨʘʮʶʶʪʴ ʤʝʨʝʞʽ ʨʦʙʣʷʪʴ ʧʨʦʮʝʩ 

ʥʘʚʯʘʥʥʷ ʝʬʝʢʪʠʚʥʽʰʝ. ɿ ʾʭ ʜʦʧʦʤʦʛʦʶ ʤʦʞʥʘ ʥʘʜʘʚʘʪʠ ʥʘʚʯʘʣʴʥʽ ʤʘʪʝʨʽʘʣʠ ʚ 

ʩʘʤʠʭ ʨʽʟʥʠʭ ʬʦʨʤʘʪʘʭ, ʚʢʣʶʯʘʶʯʠ ʽʥʪʝʨʘʢʪʠʚʥʽ ʟʘʥʷʪʪʷ, ʢʦʥʪʨʦʣʴʥʽ ʨʦʙʦʪʠ ʪʘ 

ʟʚʦʨʦʪʥʠʡ ʟʚ'ʷʟʦʢ. 

ɻʣʦʙʘʣʽʟʘʮʽʷ ɯʥʪʝʨʥʝʪʫ ʧʨʠʚʝʣʘ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʥʦʚʠʭ ʬʦʨʤ ʩʧʽʣʢʫʚʘʥʥʷ, 

ʷʢʽ ʜʘʶʪʴ ʣʶʜʷʤ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʶʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ, ʜʦʩʪʫʧʥʫ ʛʣʦʙʘʣʴʥʦʾ 

ʘʫʜʠʪʦʨʽʾ. 

 



ʄʠʪʪʻʚʠʡ ʦʙʤʽʥ ʧʦʚʽʜʦʤʣʝʥʥʷʤʠ ʟʘʙʝʟʧʝʯʫʻ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʟʚ'ʷʟʦʢ ʚ 

ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʤʽʞ ʜʚʦʤʘ ʘʙʦ ʙʽʣʴʰʝ ʫʯʘʩʥʠʢʘʤʠ. 

ʉʦʮʽʘʣʴʥʽ ʤʝʨʝʞʽ - ʽʥʪʝʨʘʢʪʠʚʥʽ ʚʝʙ-ʩʘʡʪʠ, ʜʝ ʣʶʜʠ ʽ ʩʧʽʣʴʥʦʪʠ ʩʪʚʦʨʶʶʪʴ 

ʩʚʽʡ ʢʦʥʪʝʥʪ ʽ ʜʽʣʷʪʴʩʷ ʥʠʤ ʟ ʜʨʫʟʷʤʠ, ʙʣʠʟʴʢʠʤʠ, ʢʦʣʝʛʘʤʠ ʽ ʚʩʽʤ ʩʚʽʪʦʤ. 

ɯʥʩʪʨʫʤʝʥʪʠ ʩʧʽʣʴʥʦʾ ʨʦʙʦʪʠ - ʫ ʚʽʜʩʫʪʥʦʩʪʽ ʦʙʤʝʞʝʥʴ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʤʽʩʮʝʤ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʘʙʦ ʯʘʩʦʚʠʤ ʧʦʷʩʦʤ, ʽʥʩʪʨʫʤʝʥʪʠ ʩʧʽʣʴʥʦʾ ʨʦʙʦʪʠ ʜʦʟʚʦʣʷʶʪʴ 

ʩʧʽʚʨʦʙʽʪʥʠʢʘʤ ʩʧʽʣʢʫʚʘʪʠʩʷ ʦʜʠʥ ʟ ʦʜʥʠʤ (ʯʘʩʪʦ ʯʝʨʝʟ ʽʥʪʝʨʘʢʪʠʚʥʝ ʚʽʜʝʦ ʚ 

ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ). ʐʠʨʦʢʝ ʧʦʰʠʨʝʥʥʷ ʤʝʨʝʞ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʦʟʥʘʯʘʻ, ʱʦ 

ʢʦʨʠʩʪʫʚʘʯʽ ʚ ʚʽʜʜʘʣʝʥʠʭ ʨʝʛʽʦʥʘʭ ʤʦʞʫʪʴ ʙʨʘʪʠ ʫʯʘʩʪʴ ʚ ʛʨʦʤʘʜʩʴʢʽʡ, 

ʥʘʫʢʦʚʽʡ, ʩʦʮʽʘʣʴʥʦʛʦ ʞʠʪʪʷ ʪʘʢʦʞ, ʷʢ ʽ ʢʦʨʠʩʪʫʚʘʯʽ ʚ ʚʝʣʠʢʠʭ ʥʘʩʝʣʝʥʠʭ 

ʧʫʥʢʪʘʭ. 

ɹʣʦʛʠ (ʩʢʦʨʦʯʝʥʥʷ ʚʽʜ çʚʝʙ-ʣʦʛʠè) - ʚʝʙ-ʩʪʦʨʽʥʢʠ, ʷʢʽ ʤʦʞʥʘ ʣʝʛʢʦ 

ʦʥʦʚʣʶʚʘʪʠ ʽ ʨʝʜʘʛʫʚʘʪʠ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʢʦʤʝʨʮʽʡʥʠʭ ʚʝʙ-ʩʘʡʪʽʚ ʙʣʦʛʠ ʜʘʶʪʴ 

ʤʦʞʣʠʚʽʩʪʴ ʜʦʥʝʩʪʠ ʩʚʦʾ ʜʫʤʢʠ ʜʦ ʛʣʦʙʘʣʴʥʦʾ ʘʫʜʠʪʦʨʽʾ ʙʫʜʴ-ʷʢʽʡ ʣʶʜʠʥʽ ʙʝʟ 

ʦʩʦʙʣʠʚʠʭ ʪʝʭʥʽʯʥʠʭ ʟʥʘʥʴ ʚ ʦʙʣʘʩʪʽ ʩʪʚʦʨʝʥʥʷ ʩʘʡʪʽʚ. 

ɺʽʢʽ-ʨʝʩʫʨʩʠ, ʚʠʢʠ - ʮʝ ʚʝʙ-ʩʪʦʨʽʥʢʠ, ʷʢʽ ʛʨʫʧʠ ʣʶʜʝʡ ʤʦʞʫʪʴ ʟʤʽʥʶʚʘʪʠ ʽ 

ʧʝʨʝʛʣʷʜʘʪʠ ʨʘʟʦʤ. ʇʨʠ ʮʴʦʤʫ ʙʣʦʛ - ʮʝ, ʩʢʦʨʽʰʝ, ʧʝʨʩʦʥʘʣʴʥʠʡ ʱʦʜʝʥʥʠʢ, ʪʦʜʽ 

ʷʢ ʚʽʢʽ-ʩʪʦʨʽʥʢʫ ʩʪʚʦʨʶʶʪʴ ʨʘʟʦʤ. ʊʘʢʠʤ ʯʠʥʦʤ ʟ'ʷʚʣʷʶʪʴʩʷ ʙʽʣʴʰʝ 

ʤʦʞʣʠʚʦʩʪʝʡ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʽ ʨʝʜʘʛʫʚʘʥʥʷ. ɹʘʛʘʪʦ ʢʦʤʧʘʥʽʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʚʠʢʠ ʚ ʷʢʦʩʪʽ ʽʥʩʪʨʫʤʝʥʪʫ ʦʨʛʘʥʽʟʘʮʽʾ ʚʥʫʪʨʽʰʥʴʦʾ ʩʧʽʣʴʥʦʾ ʨʦʙʦʪʠ. 

ʇʦʜʢʘʩʪʠ - ʟʘʧʠʩʠ, ʷʢʠʤʠ ʣʶʜʠ ʜʽʣʷʪʴʩʷ ʟ ʰʠʨʦʢʦʶ ʘʫʜʠʪʦʨʽʻʶ. 

ɸʫʜ̔ʦʬʘʡʣ ʨʦʟʤʽʱʫʶʪʴ ʥʘ ʚʝʙ-ʩʘʡʪʽ (ʘʙʦ ʚ ʙʣʦʟʽ ʘʙʦ ʚ ʨʦʟʜʽʣʽ ʚʠʢʠ), ʟʚʽʜʢʠ ʽʥʰʽ 

ʢʦʨʠʩʪʫʚʘʯʽ ʤʦʞʫʪʴ ʡʦʛʦ ʟʘʚʘʥʪʘʞʠʪʠ ʽ ʚʽʜʪʚʦʨʶʚʘʪʠ ʥʘ ʢʦʤʧ'ʶʪʝʨʽ, ʥʦʫʪʙʫʮʽ ʽ 

ʽʥʰʠʭ ʤʦʙʽʣʴʥʠʭ ʧʨʠʩʪʨʦʷʭ. 

ʆʙʤʽʥ ʬʘʡʣʘʤʠ ʯʝʨʝʟ ʦʜʥʦʨʘʥʛʦʚʽ ʤʝʨʝʞʽ (Peer-to-peer, P2P) ʜʦʟʚʦʣʷʻ 

ʦʙʤʽʥʶʚʘʪʠʩʷ ʬʘʡʣʘʤʠ ʦʜʠʥ ʟ ʦʜʥʠʤ, ʥʝ ʟʙʝʨʽʛʘʶʯʠ ʾʭ ʥʘ ʮʝʥʪʨʘʣʴʥʦʤʫ 

ʩʝʨʚʝʨʽ. ʂʦʨʠʩʪʫʚʘʯʽ ʧʽʜʢʣʶʯʘʶʪʴʩʷ ʜʦ ʤʝʨʝʞʽ P2P ʰʣʷʭʦʤ ʫʩʪʘʥʦʚʢʠ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ P2P. ʉʧʽʣʴʥʠʡ ʜʦʩʪʫʧ ʜʦ ʬʘʡʣʽʚ P2P ʙʫʚ ʧʨʠʡʥʷʪʠʡ 

ʥʝ ʚʩʽʤʘ. ɹʘʛʘʪʦ ʭʪʦ ʩʪʫʨʙʦʚʘʥʠʡ ʪʠʤ, ʱʦ ʪʘʢʠʤ ʯʠʥʦʤ ʧʦʨʫʰʫʶʪʴʩʷ ʟʘʢʦʥʠ 

ʧʨʦ ʟʘʭʠʩʪ ʘʚʪʦʨʩʴʢʠʭ ʧʨʘʚ. 

ʋ ʜʽʣʦʚʦʤʫ ʩʚʽʪʽ ʤʝʨʝʞʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʩʧʦʯʘʪʢʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʜʣʷ 

ʫʧʨʘʚʣʽʥʥʷ ʬʽʥʘʥʩʦʚʦʶ ʽʥʬʦʨʤʘʮʽʻʶ, ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ ʟʘʤʦʚʥʠʢʘ ʽ ʩʠʩʪʝʤʦʶ 

ʥʘʨʘʭʫʚʘʥʥʷ ʟʘʨʦʙʽʪʥʦʾ ʧʣʘʪʠ. ʎʽ ʢʦʤʝʨʮʽʡʥʽ ʤʝʨʝʞʽ ʨʦʟʚʠʚʘʣʠʩʷ ʽ ʨʦʙʠʣʠ 

ʤʦʞʣʠʚʠʤ ʥʘʜʘʥʥʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʩʣʫʛ, ʪʘʢʠʭ ʷʢ ʝʣʝʢʪʨʦʥʥʘ 

ʧʦʰʪʘ, ʚʽʜʝʦ, ʦʙʤʽʥ ʧʦʚʽʜʦʤʣʝʥʥʷʤʠ ʽ ʪʝʣʝʬʦʥʽʷ. 

ɺʩʝ ʙʽʣʴʰʝ ʧʦʰʠʨʶʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʨʝʞ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʽ 

ʝʢʦʥʦʤʽʯʥʦ ʚʠʛʽʜʥʦʛʦ ʥʘʚʯʘʥʥʷ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ. ʄʦʞʣʠʚʦʩʪʽ ʦʥʣʘʡʥ-ʥʘʚʯʘʥʥʷ 

ʜʦʟʚʦʣʷʶʪʴ ʩʢʦʨʦʪʠʪʠ ʪʨʠʚʘʣʽ ʽ ʜʦʨʦʛʽ ʚʽʜʨʷʜʞʝʥʥʷ, ʧʨʠ ʮʴʦʤʫ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 

ʛʘʨʘʥʪʽʷ ʪʦʛʦ, ʱʦ ʚʩʽ ʩʧʽʚʨʦʙʽʪʥʠʢʠ ʙʫʜʫʪʴ ʙʝʟʧʝʯʥʦ ʽ ʝʬʝʢʪʠʚʥʦ ʧʽʜʛʦʪʦʚʣʝʥʽ 

ʜʦ ʚʠʢʦʥʘʥʥʷ ʩʚʦʻʾ ʨʦʙʦʪʠ. 

ɯʥʪʝʨʥʝʪ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʪʨʘʜʠʮʽʡʥʠʭ ʬʦʨʤ ʨʦʟʚʘʛ. ʄʠ ʩʣʫʭʘʻʤʦ 

ʟʘʧʠʩʠ ʚʠʢʦʥʘʚʮʽʚ, ʜʠʚʠʤʦʩʷ ʢʽʥʦʬʽʣʴʤʠ, ʯʠʪʘʻʤʦ ʢʥʠʛʠ ʽ ʟʘʚʘʥʪʘʞʫʻʤʦ 

ʤʘʪʝʨʽʘʣʠ, ʱʦʙ ʚ ʧʦʜʘʣʴʰʦʤʫ ʩʢʦʨʠʩʪʘʪʠʩʷ ʥʠʤʠ ʚ ʦʬʬʣʘʡʥ ʨʝʞʠʤʽ. ʉʧʦʨʪʠʚʥʽ 

ʟʘʭʦʜʠ ʪʘ ʢʦʥʮʝʨʪʠ ʤʦʞʥʘ ʜʠʚʠʪʠʩʷ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʘ ʪʘʢʦʞ ʟʘʧʠʩʫʚʘʪʠ ʽ 

ʧʝʨʝʛʣʷʜʘʪʠ ʟʘ ʟʘʧʠʪʦʤ. 

ʄʝʨʝʞʽ ʜʦʧʦʤʘʛʘʶʪʴ ʩʪʚʦʨʶʚʘʪʠ ʥʦʚʽ ʬʦʨʤʠ ʨʦʟʚʘʛ, ʥʘʧʨʠʢʣʘʜ ʦʥʣʘʡʥ-

ʽʛʨʠ. ʂʦʨʠʩʪʫʚʘʯʽ ʟʤʘʛʘʶʪʴʩʷ ʫ ʚʩʽʭ ʽʛʨʘʭ, ʷʢʽ ʪʽʣʴʢʠ ʤʦʞʫʪʴ ʚʠʛʘʜʘʪʠ 



ʨʦʟʨʦʙʥʠʢʠ. ʆʥʣʘʡʥ-ʽʛʨʠ ʥʘʩʪʽʣʴʢʠ ʨʝʘʣʴʥʽ, ʱʦ ʥʘʤ ʟʜʘʻʪʴʩʷ, ʥʽʙʠ ʤʠ 

ʟʥʘʭʦʜʠʤʦʩʷ ʟ ʽʥʰʠʤʠ ʛʨʘʚʮʷʤʠ ʚ ʦʜʥʦʤʫ ʧʨʠʤʽʱʝʥʥʽ. 

ɿʘʚʜʷʢʠ ʩʧʽʣʴʥʽʡ ʨʦʙʦʪʽ ʚ ʤʝʨʝʞʽ ʟʨʦʩʪʘʻ ʽ ʥʘʰʘ ʘʢʪʠʚʥʽʩʪʴ ʚ ʨʝʘʣʴʥʦʤʫ 

ʞʠʪʪʽ. ɿʥʘʯʥʦ ʟʨʦʩʣʘ ʢʽʣʴʢʽʩʪʴ ʛʣʦʙʘʣʴʥʠʭ ʩʧʽʣʴʥʦʪ ʟʘ ʽʥʪʝʨʝʩʘʤʠ. ʄʠ ʜʽʣʠʤʦʩʷ 

ʚʨʘʞʝʥʥʷʤʠ ʽ ʟʘʭʦʧʣʝʥʥʷʤʠ ʟ ʣʶʜʴʤʠ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʜʘʣʝʢʦ ʚʽʜ ʥʘʩ. 

ʉʧʦʨʪʠʚʥʽ ʚʙʦʣʽʚʘʣʴʥʠʢʠ ʦʙʤʽʥʶʶʪʴʩʷ ʜʫʤʢʘʤʠ ʪʘ ʥʦʚʠʥʘʤʠ, ʧʦʚ'ʷʟʘʥʠʤʠ ʟ ʾʭ 

ʫʣʶʙʣʝʥʠʤʠ ʢʦʤʘʥʜʘʤʠ. ʂʦʣʝʢʮʽʦʥʝʨʠ ʨʦʟʤʽʱʫʶʪʴ ʮʽʥʥʽ ʢʦʣʝʢʮʽʾ ʚ ɯʥʪʝʨʥʝʪʽ ʽ 

ʦʪʨʠʤʫʶʪʴ ʧʨʦ ʥʠʭ ʚʽʜʛʫʢʠ ʚʽʜ ʬʘʭʽʚʮʽʚ. 

ʗʢʠʡ ʙʠ ʩʧʦʩʽʙ ʜʣʷ ʚʽʜʧʦʯʠʥʢʫ ʪʘ ʨʦʟʚʘʛ ʤʠ ʥʝ ʚʠʙʨʘʣʠ, ʤʝʨʝʞʽ 

ʜʦʧʦʤʦʞʫʪʴ ʥʘʤ ʦʪʨʠʤʘʪʠ ʱʝ ʙʽʣʴʰʝ ʟʘʜʦʚʦʣʝʥʥʷ! 

ɯʩʥʫʶʪʴ ʤʝʨʝʞʽ ʙʫʜʴ-ʷʢʦʛʦ ʨʦʟʤʽʨʫ, ʧʦʯʠʥʘʶʯʠ ʚʽʜ ʧʨʦʩʪʠʭ ʤʝʨʝʞ ʟ ʜʚʦʭ 

ʢʦʤʧ'ʶʪʝʨʽʚ ʽ ʜʦ ʩʠʩʪʝʤ, ʱʦ ʟ'ʻʜʥʫʶʪʴ ʤʽʣʴʡʦʥʠ ʧʨʠʩʪʨʦʾʚ. ʅʘʪʠʩʥʽʪʴ ʥʘ 

ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʤʘʣʶʥʢʫ, ʱʦʙ ʧʨʦʯʠʪʘʪʠ ʧʨʦ ʤʝʨʝʞʘʭ ʨʽʟʥʠʭ ʨʦʟʤʽʨʽʚ. 

ʋ ʥʝʚʝʣʠʢʠʭ ʜʦʤʘʰʥʽʭ ʤʝʨʝʞʘʭ ʤʦʞʣʠʚʦ ʦʨʛʘʥʽʟʫʚʘʪʠ ʟʘʛʘʣʴʥʠʡ ʜʦʩʪʫʧ 

ʜʦ ʨʝʩʫʨʩʽʚ, ʪʘʢʠʤ ʷʢ ʧʨʠʥʪʝʨʠ, ʜʦʢʫʤʝʥʪʠ, ʟʦʙʨʘʞʝʥʥʷ, ʤʫʟʠʢʘ. 

ʄʝʨʝʞʽ ʤʘʣʠʭ ʽ ʜʦʤʘʰʥʽʭ ʦʬʽʩʽʚ ʯʘʩʪʦ ʥʘʣʘʰʪʦʚʫʶʪʴ ʣʶʜʠ, ʷʢʽ ʧʨʘʮʶʶʪʴ 

ʟ ʜʦʤʫ ʘʙʦ ʚʽʜʜʘʣʝʥʦʛʦ ʦʬʽʩʫ ʽ ʷʢʠʤ ʥʝʦʙʭʽʜʥʝ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʢʦʨʧʦʨʘʪʠʚʥʦʾ 

ʤʝʨʝʞʽ ʘʙʦ ʽʥʰʠʤ ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʤ ʨʝʩʫʨʩʽʚ. ʂʨʽʤ ʪʦʛʦ, ʽʥʜʠʚʽʜʫʘʣʴʥʽ 

ʧʽʜʧʨʠʻʤʮʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʨʝʞʽ ʤʘʣʦʛʦ ʪʘ ʜʦʤʘʰʥʴʦʛʦ ʦʬʽʩʫ ʚ ʨʝʢʣʘʤʥʠʭ 

ʮʽʣʷʭ ʽ ʜʣʷ ʧʨʦʜʘʞʫ ʧʨʦʜʫʢʮʽʾ, ʟʘʤʦʚʣʝʥʥʷ ʚʠʪʨʘʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʚʟʘʻʤʦʜʽʾ ʟ 

ʢʣʽʻʥʪʘʤʠ. 

ʅʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʽ ʚ ʚʝʣʠʢʠʭ ʦʨʛʘʥʽʟʘʮʽʷʭ ʤʝʨʝʞʽ ʤʦʞʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʚ ʱʝ ʙʽʣʴʰ ʰʠʨʦʢʦʤʫ ʤʘʩʰʪʘʙʽ, ʱʦʙ ʩʧʽʚʨʦʙʽʪʥʠʢʠ ʤʦʛʣʠ 

ʟʙʠʨʘʪʠ, ʟʙʝʨʽʛʘʪʠ ʽ ʦʪʨʠʤʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʥʘ ʤʝʨʝʞʝʚʠʭ ʩʝʨʚʝʨʘʭ. ʂʨʽʤ ʪʦʛʦ, 

ʤʝʨʝʞʽ ʜʦʟʚʦʣʷʶʪʴ ʥʘʣʘʛʦʜʠʪʠ ʰʚʠʜʢʠʡ ʟʚ'ʷʟʦʢ ʤʽʞ ʩʧʽʚʨʦʙʽʪʥʠʢʘʤʠ ʯʝʨʝʟ 

ʝʣʝʢʪʨʦʥʥʫ ʧʦʰʪʫ, ʦʙʤʽʥ ʤʠʪʪʻʚʠʤʠ ʧʦʚʽʜʦʤʣʝʥʥʷʤʠ, ʘ ʪʘʢʦʞ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʽʥʩʪʨʫʤʝʥʪʽʚ ʩʧʽʣʴʥʦʾ ʨʦʙʦʪʠ. ʂʨʽʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʝʨʝʚʘʛ ʫʩʝʨʝʜʠʥʽ ʦʨʛʘʥʽʟʘʮʽʾ 

ʙʽʣʴʰʽʩʪʴ ʢʦʤʧʘʥʽʡ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʻ ʤʝʨʝʞʽ ʜʣʷ ʥʘʜʘʥʥʷ ʧʨʦʜʫʢʪʽʚ ʽ ʧʦʩʣʫʛ 

ʟʘʤʦʚʥʠʢʘʤ ʯʝʨʝʟ ɯʥʪʝʨʥʝʪ. 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ɯʥʪʝʨʥʝʪ ʻ ʥʘʡʙʽʣʴʰʦʶ ʤʝʨʝʞʝʶ ʩʚʽʪʫ. ʅʘʩʧʨʘʚʜʽ 

ʧʦʥʷʪʪʷ çɯʥʪʝʨʥʝʪè ʦʟʥʘʯʘʻ çʤʝʨʝʞʫ ʚʩʽʭ ʤʝʨʝʞè. ɯʥʪʝʨʥʝʪ ʙʫʢʚʘʣʴʥʦ ʷʚʣʷʻ 

ʩʦʙʦʶ ʦʙ'ʻʜʥʘʥʥʷ ʧʽʜʢʣʶʯʝʥʠʭ ʦʜʠʥ ʜʦ ʦʜʥʦʛʦ ʧʨʠʚʘʪʥʠʭ ʽ ʟʘʛʘʣʴʥʦʜʦʩʪʫʧʥʠʭ 

ʤʝʨʝʞ (ʜʝʷʢʽ ʟ ʥʠʭ ʙʫʣʠ ʦʧʠʩʘʥʽ ʚʠʱʝ). 

ɺʩʽ ʢʦʤʧ'ʶʪʝʨʠ, ʧʽʜʢʣʶʯʝʥʽ ʜʦ ʤʝʨʝʞʽ ʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʚ 

ʦʙʤʽʥʽ ʜʘʥʠʤʠ, ʚʚʘʞʘʶʪʴʩʷ ʚʫʟʣʘʤʠ. ɺʫʟʣʠ ʪʘʢʦʞ ʥʘʟʠʚʘʶʪʴ ʢʽʥʮʝʚʠʤʠ 

ʧʨʠʩʪʨʦʷʤʠ. 

ʉʝʨʚʝʨʠ - ʮʝ ʢʦʤʧ'ʶʪʝʨʠ ʟ ʚʩʪʘʥʦʚʣʝʥʠʤ ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʥʘʜʘʚʘʪʠ ʜʘʥʽ (ʥʘʧʨʠʢʣʘʜ, ʜʦʩʪʫʧ ʜʦ ʝʣʝʢʪʨʦʥʥʦʾ ʧʦʰʪʠ ʘʙʦ ʚʝʙ-

ʩʪʦʨʽʥʦʢ) ʽʥʰʠʤ ʢʽʥʮʝʚʠʤ ʧʨʠʩʪʨʦʷʤ ʚ ʤʝʨʝʞʽ. ɼʣʷ ʨʦʙʦʪʠ ʢʦʞʥʦʾ ʩʣʫʞʙʠ 

ʥʝʦʙʭʽʜʥʦ ʦʢʨʝʤʝ ʩʝʨʚʝʨʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʨʦʙʦʪʠ 

ʚʝʙ-ʩʣʫʞʙ ʚ ʤʝʨʝʞʽ ʥʘ ʚʫʟʣʽ ʧʦʚʠʥʥʦ ʙʫʪʠ ʚʩʪʘʥʦʚʣʝʥʦ ʇʆ ʚʝʙ-ʩʝʨʚʝʨʘ. 

ʂʦʤʧ'ʶʪʝʨ ʟ ʩʝʨʚʝʨʥʠʤ ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʤʦʞʝ ʦʜʥʦʯʘʩʥʦ 

ʦʙʩʣʫʛʦʚʫʚʘʪʠ ʦʜʠʥ ʘʙʦ ʢʽʣʴʢʘ ʢʣʽʻʥʪʽʚ. ʂʨʽʤ ʪʦʛʦ, ʥʘ ʦʜʥʦʤʫ ʢʦʤʧ'ʶʪʝʨʽ 

ʤʦʞʥʘ ʧʘʨʘʣʝʣʴʥʦ ʚʩʪʘʥʦʚʠʪʠ ʜʝʢʽʣʴʢʘ ʪʠʧʽʚ ʩʝʨʚʝʨʥʦʛʦ ʇʆ. ʋ ʜʦʤʘʰʥʽʭ ʘʙʦ 

ʥʝʚʝʣʠʢʠʭ ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʤʝʨʝʞʘʭ ʦʜʥʦʤʫ ʢʦʤʧ'ʶʪʝʨʫ ʜʦʚʦʜʠʪʴʩʷ ʚʠʩʪʫʧʘʪʠ ʚ 

ʷʢʦʩʪʽ ʬʘʡʣʦʚʦʛʦ ʩʝʨʚʝʨʘ, ʚʝʙ-ʩʝʨʚʝʨʘ ʽ ʩʝʨʚʝʨʘ ʝʣʝʢʪʨʦʥʥʦʾ ʧʦʰʪʠ. 



 

ʈʠʩ. 1.1.1 ï ɿʨʘʟʦʢ ʤʝʨʝʞʝʚʦʛʦ ʟ'ʻʜʥʘʥʥʷ 

ʂʣʽʻʥʪʠ - ʮʝ ʢʦʤʧ'ʶʪʝʨʠ ʟ ʚʩʪʘʥʦʚʣʝʥʠʤ ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ, ʷʢʝ 

ʜʦʟʚʦʣʷʻ ʾʤ ʟʘʧʠʪʫʚʘʪʠ ʽ ʚʽʜʦʙʨʘʞʘʪʠ ʽʥʬʦʨʤʘʮʽʶ, ʦʪʨʠʤʘʥʫ ʟ ʩʝʨʚʝʨʘ. 

ʇʨʠʢʣʘʜʦʤ ʢʣʽʻʥʪʩʴʢʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʻ ʚʝʙ-ʙʨʘʫʟʝʨ, ʥʘʧʨʠʢʣʘʜ 

Chrome ʘʙʦ FireFox. ʂʨʽʤ ʪʦʛʦ, ʥʘ ʦʜʥʦʤʫ ʢʦʤʧ'ʶʪʝʨʽ ʤʦʞʥʘ ʟʘʧʫʩʢʘʪʠ ʢʽʣʴʢʘ 

ʪʠʧʽʚ ʢʣʽʻʥʪʩʴʢʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. ʅʘʧʨʠʢʣʘʜ, ʫ ʢʦʨʠʩʪʫʚʘʯʘ ʻ 

ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʚʽʨʷʪʠ ʝʣʝʢʪʨʦʥʥʫ ʧʦʰʪʫ, ʧʝʨʝʛʣʷʜʘʪʠ ʚʝʙ-ʩʪʦʨʽʥʢʠ, 

ʦʙʤʽʥʶʚʘʪʠʩʷ ʤʠʪʪʻʚʠʤʠ ʧʦʚʽʜʦʤʣʝʥʥʷʤʠ ʽ ʩʣʫʭʘʪʠ ʽʥʪʝʨʥʝʪ-ʨʘʜʽʦ. 

ɿʘʟʚʠʯʘʡ ʢʣʽʻʥʪʩʴʢʝ ʽ ʩʝʨʚʝʨʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʧʫʩʢʘʻʪʴʩʷ ʥʘ 

ʨʽʟʥʠʭ ʢʦʤʧ'ʶʪʝʨʘʭ, ʘʣʝ ʮʽ ʨʦʣʽ ʤʦʞʝ ʛʨʘʪʠ ʽ ʦʜʠʥ ʢʦʤʧ'ʶʪʝʨ. ʋ ʥʝʚʝʣʠʢʠʭ 

ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʽ ʜʦʤʘʰʥʽʭ ʤʝʨʝʞʘʭ ʙʘʛʘʪʦ ʢʦʤʧ'ʶʪʝʨʽʚ ʧʨʘʮʶʶʪʴ ʽ ʷʢ ʩʝʨʚʝʨʠ, 

ʽ ʷʢ ʢʣʽʻʥʪʠ. ʊʘʢʽ ʤʝʨʝʞʽ ʥʘʟʠʚʘʶʪʴʩʷ ʦʜʥʦʨʘʥʛʦʚʠʭ. 

 
ʈʠʩ. 1.1.2 ʆʜʥʦʨʘʥʛʦʚʘ ʤʝʨʝʞʘ 

ʇʝʨʝʚʘʛʠ ʽ ʥʝʜʦʣʽʢʠ ʦʜʥʦʨʘʥʛʦʚʠʭ ʤʝʨʝʞ ʧʦʢʘʟʘʥʽ ʥʘ ʤʘʣʶʥʢʫ 

ʄʘʨʰʨʫʪ, ʟʘ ʷʢʠʤ ʧʦʚʽʜʦʤʣʝʥʥʷ ʡʜʝ ʚʽʜ ʜʞʝʨʝʣʘ ʜʦ ʤʽʩʮʷ ʧʨʠʟʥʘʯʝʥʥʷ, 

ʤʦʞʝ ʙʫʪʠ ʧʨʦʩʪʠʤ (ʥʘʧʨʠʢʣʘʜ, ʦʜʠʥ ʢʘʙʝʣʴ, ʱʦ ʟ'ʻʜʥʫʻ ʦʜʠʥ ʢʦʤʧ'ʶʪʝʨ ʟ 

ʽʥʰʠʤ), ʘʙʦ ʩʢʣʘʜʥʠʤ (ʥʘʧʨʠʢʣʘʜ, ʤʝʨʝʞʽ, ʙʫʢʚʘʣʴʥʦ ʦʭʦʧʣʶʶʪʴ ʚʝʩʴ ʩʚʽʪ). 



ʊʘʢʘ ʤʝʨʝʞʝʚʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ ʟʘʙʝʟʧʝʯʫʻ ʩʪʘʙʽʣʴʥʠʡ ʽ ʥʘʜʽʡʥʠʡ ʢʘʥʘʣ ʜʣʷ 

ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. 

ʄʝʨʝʞʝʚʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʪʨʠ ʢʘʪʝʛʦʨʽʾ ʢʦʤʧʦʥʝʥʪʽʚ 

ʤʝʨʝʞʽ: 

¶ ʧʨʠʩʪʨʦʾ 

¶ ʩʨʝʜcʪʚ ʧʽʜʢʣʶʯʝʥʥʷ 

¶ ʩʝʨʚʽʩʠ 

ʅʘʪʠʩʥʽʪʴ ʢʦʞʥʫ ʟ ʢʥʦʧʦʢ ʥʘ ʤʘʣʶʥʢʫ, ʱʦʙ ʚʠʜʽʣʠʪʠ ʚʽʜʧʦʚʽʜʥʽ 

ʢʦʤʧʦʥʝʥʪʠ ʤʝʨʝʞʽ. 

ʇʨʠʩʪʨʦʾ ʡ ʟʘʩʦʙʠ ʧʽʜʢʣʶʯʝʥʥʷ - ʮʝ ʬʽʟʠʯʥʽ ʝʣʝʤʝʥʪʠ ʘʙʦ ʘʧʘʨʘʪʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʝʨʝʞʽ. ɸʧʘʨʘʪʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʯʘʩʪʦ ʻ ʚʠʜʠʤʦʶ ʯʘʩʪʠʥʦʶ 

ʤʝʨʝʞʝʚʠʡ ʧʣʘʪʬʦʨʤʠ: ʥʦʫʪʙʫʢ, ʇʂ, ʢʦʤʫʪʘʪʦʨ, ʤʘʨʰʨʫʪʠʟʘʪʦʨ, ʙʝʟʜʨʦʪʦʚʘ 

ʪʦʯʢʘ ʜʦʩʪʫʧʫ ʘʙʦ ʢʘʙʝʣʽ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʟ'ʻʜʥʘʥʥʷ ʧʨʠʩʪʨʦʾʚ. 

ʉʝʨʚʽʩʠ ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ ʙʝʟʣʽʯ ʤʝʨʝʞʝʚʠʭ ʜʦʜʘʪʢʽʚ, ʷʢʽ ʣʶʜʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʱʦʜʥʷ, ʥʘʧʨʠʢʣʘʜ ʩʝʨʚʽʩʠ ʝʣʝʢʪʨʦʥʥʦʾ ʧʦʰʪʠ ʪʘ ʚʝʙ-ʭʦʩʪʠʥʛʫ. 

ʇʨʦʮʝʩʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʾ ʧʦʚʽʜʦʤʣʝʥʥʷ 

ʙʫʜʫʪʴ ʚʽʜʧʨʘʚʣʝʥʽ ʽ ʧʝʨʝʤʽʱʘʶʪʴʩʷ ʚ ʤʝʞʘʭ ʤʝʨʝʞʽ. ʇʨʦʮʝʩʠ ʤʝʥʰ ʦʯʝʚʠʜʥʽ 

ʜʣʷ ʥʘʩ, ʘʣʝ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʽ ʜʣʷ ʨʦʙʦʪʠ ʤʝʨʝʞ. 

ʄʝʨʝʞʝʚʽ ʧʨʠʩʪʨʦʾ, ʟ ʷʢʠʤʠ ʢʦʨʠʩʪʫʚʘʯʽ ʟʥʘʡʦʤʽ ʥʘʡʢʨʘʱʝ, ʥʘʟʠʚʘʶʪʴʩʷ 

ʢʽʥʮʝʚʠʤʠ ʧʨʠʩʪʨʦʷʤʠ. ʇʨʠʢʣʘʜʠ ʢʽʥʮʝʚʠʭ ʧʨʠʩʪʨʦʾʚ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 1.2 

ʂʽʥʮʝʚʠʡ ʧʨʠʩʪʨʽʡ ʻ ʘʙʦ ʚʽʜʧʨʘʚʥʠʢʦʤ (ʜʞʝʨʝʣʦʤ), ʘʙʦ ʦʜʝʨʞʫʚʘʯʝʤ 

(ʘʜʨʝʩʘʪʦʤ) ʧʦʚʽʜʦʤʣʝʥʥʷ, ʧʝʨʝʜʘʥʦʛʦ ʧʦ ʤʝʨʝʞʽ. ʂʦʞʥʦʤʫ ʢʽʥʮʝʚʦʛʦ ʧʨʠʩʪʨʦʶ 

ʚ ʤʝʨʝʞʽ ʧʨʠʟʥʘʯʘʻʪʴʩʷ ʘʜʨʝʩʘ, ʱʦʙ ʧʨʠʩʪʨʦʾ ʤʦʞʥʘ ʙʫʣʦ ʚʽʜʨʽʟʥʠʪʠ. ʗʢʱʦ 

ʪʝʨʤʽʥʘʣ ʽʥʽʮʽʶʻ ʦʙʤʽʥ ʜʘʥʠʤʠ, ʪʦ ʚ ʷʢʦʩʪʽ ʦʜʝʨʞʫʚʘʯʘ ʧʦʚʽʜʦʤʣʝʥʥʷ ʚʦʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʘʜʨʝʩʫ ʢʽʥʮʝʚʦʛʦ ʧʨʠʩʪʨʦʶ ʧʨʠʟʥʘʯʝʥʥʷ. 

ʇʨʦʤʽʞʥʽ ʧʨʠʩʪʨʦʾ ʟ'ʻʜʥʫʶʪʴ ʦʢʨʝʤʽ ʢʽʥʮʝʚʽ ʧʨʠʩʪʨʦʾ ʟ ʤʝʨʝʞʝʶ ʽ ʤʦʞʫʪʴ 

ʧʦʻʜʥʫʚʘʪʠ ʢʽʣʴʢʘ ʦʢʨʝʤʠʭ ʤʝʨʝʞ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʦʙ'ʻʜʥʘʥʦʾ ʤʝʨʝʞʽ. ʊʘʢʽ 

ʧʨʠʩʪʨʦʾ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʽʜʢʣʶʯʝʥʥʷ ʪʘ ʧʨʦʭʦʜʞʝʥʥʷ ʧʦʪʦʢʽʚ ʜʘʥʠʭ ʧʦ ʤʝʨʝʞʽ. 

 
ʈʠʩ. 1.1.3 ʇʨʦʤʽʞʥʽ ʧʨʠʩʪʨʦʾ ʤʝʨʝʞʽ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʰʣʷʭʫ ʧʝʨʝʜʘʯʽ ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦʤʽʞʥʽ ʧʨʠʩʪʨʦʾ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʘʜʨʝʩʫ ʢʽʥʮʝʚʦʛʦ ʧʨʠʩʪʨʦʶ ʧʨʠʟʥʘʯʝʥʥʷ ʚ ʧʦʻʜʥʘʥʥʽ ʟ 

ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ ʟʚ'ʷʟʢʠ ʚ ʤʝʨʝʞʽ. ʇʨʠʢʣʘʜʠ ʧʦʰʠʨʝʥʠʭ ʧʨʦʤʽʞʥʠʭ ʧʨʠʩʪʨʦʾʚ ʽ 

ʧʝʨʝʣʽʢ ʾʭ ʬʫʥʢʮʽʡ ʧʦʢʘʟʘʥʽ ʥʘ ʤʘʣʶʥʢʫ. 

ɿʚ'ʷʟʦʢ ʚ ʤʝʨʝʞʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʯʝʨʝʟ ʩʝʨʝʜʦʚʠʱʘ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ɿʘʩʽʙ 

ʧʽʜʢʣʶʯʝʥʥʷ ʥʘʜʘʻ ʩʦʙʦʶ ʢʘʥʘʣ, ʧʦ ʷʢʦʤʫ ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʝʨʝʜʘʻʪʴʩʷ ʚʽʜ 

ʜʞʝʨʝʣʘ ʜʦ ʘʜʨʝʩʘʪʘ. 



ʋ ʩʫʯʘʩʥʠʭ ʤʝʨʝʞʘʭ ʚ ʦʩʥʦʚʥʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʨʠ ʪʠʧʠ ʟʘʩʦʙʽʚ 

ʧʽʜʢʣʶʯʝʥʥʷ, ʱʦ ʟʚ'ʷʟʫʶʪʴ ʧʨʠʩʪʨʦʾ ʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʘʨʰʨʫʪ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. 

ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1, ʮʝ ʪʘʢʽ ʢʦʰʪʠ ʧʽʜʢʣʶʯʝʥʥʷ. 

ʄʝʪʘʣʝʚʽ ʜʨʦʪʠ ʚ ʢʘʙʝʣʷʭ - ʜʘʥʽ ʢʦʜʫʶʪʴʩʷ ʚ ʝʣʝʢʪʨʠʯʥʽ ʽʤʧʫʣʴʩʠ. 

ʉʢʣʷʥʽ ʘʙʦ ʧʣʘʩʪʠʢʦʚʽ ʚʦʣʦʢʥʘ (ʦʧʪʦʚʦʣʦʢʦʥʥʠʡ ʢʘʙʝʣʴ) - ʜʘʥʽ ʢʦʜʫʶʪʴʩʷ ʚ 

ʩʚʽʪʣʦʚʽ ʽʤʧʫʣʴʩʠ. 

ɹʝʟʜʨʦʪʦʚʘ ʧʝʨʝʜʘʯʘ - ʜʘʥʽ ʢʦʜʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ 

ʭʚʠʣʴ ʨʘʜʽʦʯʘʩʪʦʪʥʦʛʦ ʜʽʘʧʘʟʦʥʫ. 

ʊʠʧʠ ʟʘʩʦʙʽʚ ʧʽʜʢʣʶʯʝʥʥʷ ʨʦʟʨʽʟʥʷʶʪʴʩʷ ʤʦʞʣʠʚʦʩʪʷʤʠ ʽ ʧʝʨʝʚʘʛʘʤʠ. 

ɿʘʩʦʙʠ ʤʝʨʝʞʝʚʦʛʦ ʧʽʜʢʣʶʯʝʥʥʷ ʜʘʥʠʭ ʤʘʶʪʴ ʨʽʟʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʽ ʚʠʢʦʥʫʶʪʴ 

ʨʽʟʥʽ ʟʘʚʜʘʥʥʷ. 

 
ʈʠʩ. 1.1.4 ʌʽʟʠʯʥʝ ʧʽʜʢʣʶʯʝʥʥʷ ʤʝʨʝʞʽ 

ɼʣʷ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʨʽʟʥʠʭ ʧʨʠʩʪʨʦʾʚ ʽ ʢʘʥʘʣʽʚ, ʟ ʷʢʠʭ ʩʢʣʘʜʘʻʪʴʩʷ ʤʝʨʝʞʘ, 

ʥʘ ʩʭʝʤʘʭ ʤʝʨʝʞ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʠʤʚʦʣʠ, ʪʘʢʽ ʷʢ ʥʘ ʨʠʩ. 1. ʉʭʝʤʘ 

ʟʘʙʝʟʧʝʯʫʻ ʥʘʦʯʥʠʡ ʩʧʦʩʽʙ ʨʦʟʫʤʽʥʥʷ, ʷʢʠʤ ʯʠʥʦʤ ʧʨʠʩʪʨʦʾ ʫ ʚʝʣʠʢʽʡ ʤʝʨʝʞʽ 

ʧʦʚ'ʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ. ʎʝʡ ʪʠʧ ʟʦʙʨʘʞʝʥʥʷ ʤʝʨʝʞʽ ʥʘʟʠʚʘʻʪʴʩʷ ʩʭʝʤʦʶ ʪʦʧʦʣʦʛʽʾ. 

ɿʜʘʪʥʽʩʪʴ ʨʦʟʫʤʽʪʠ ʣʦʛʽʯʥʽ ʫʷʚʣʝʥʥʷ ʬʽʟʠʯʥʠʭ ʤʝʨʝʞʝʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʤʘʻ 

ʢʨʠʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʚ ʚʽʟʫʘʣʽʟʘʮʽʾ ʦʨʛʘʥʽʟʘʮʽʾ ʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʝʨʝʞʽ. 

ʂʨʽʤ ʮʴʦʛʦ ʧʽʜ ʯʘʩ ʦʙʛʦʚʦʨʝʥʥʷ ʩʧʦʩʦʙʽʚ ʧʽʜʢʣʶʯʝʥʥʷ ʧʨʠʩʪʨʦʾʚ ʽ ʟʘʩʦʙʽʚ 

ʧʽʜʢʣʶʯʝʥʥʷ ʦʜʠʥ ʜʦ ʦʜʥʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʘ ʪʝʨʤʽʥʦʣʦʛʽʷ.  



 
ʈʠʩ. 1.1.5 ʇʨʠʩʪʨʦʾ ʤʝʨʝʞʽ 

ʄʝʨʝʞʝʚʘ ʽʥʪʝʨʬʝʡʩʥʘ ʧʣʘʪʘ (Network Interface Card, NIC) - ʽʥʪʝʨʬʝʡʩʥʘ 

ʧʣʘʪʘ ʘʙʦ ʘʜʘʧʪʝʨ ʤʝʨʝʞʽ LAN, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʬʽʟʠʯʥʝ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʤʝʨʝʞʽ 

ʥʘ ʥʘʩʪʽʣʴʥʦʤʫ ʢʦʤʧ'ʶʪʝʨʽ ʘʙʦ ʽʥʰʦʤʫ ʧʨʠʩʪʨʦʾ. ɿʘʩʽʙ ʧʽʜʢʣʶʯʝʥʥʷ, ʱʦ ʟ'ʻʜʥʫʻ 

ʢʦʤʧ'ʶʪʝʨ ʟ ʤʝʨʝʞʝʚʠʤ ʧʨʠʩʪʨʦʻʤ, ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʦ ʤʝʨʝʞʝʚʦʾ 

ʧʣʘʪʠ. 

ʌʽʟʠʯʥʠʡ ʧʦʨʪ - ʨʦʟ'ʻʤ ʥʘ ʤʝʨʝʞʝʚʦʤʫ ʧʨʠʩʪʨʦʾ, ʯʝʨʝʟ ʷʢʠʡ ʢʘʙʝʣʽ 

ʧʽʜʢʣʶʯʝʥʽ ʜʦ ʢʦʤʧ'ʶʪʝʨʘ ʘʙʦ ʽʥʰʦʛʦ ʤʝʨʝʞʝʚʦʛʦ ʧʨʠʩʪʨʦʶ. 

ɯʥʪʝʨʬʝʡʩ - ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʧʦʨʪʠ ʚ ʤʝʨʝʞʝʚʦʤʫ ʧʨʠʩʪʨʦʾ, ʷʢʽ 

ʧʽʜʢʣʶʯʘʶʪʴʩʷ ʜʦ ʦʢʨʝʤʠʭ ʤʝʨʝʞ. ʆʩʢʽʣʴʢʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʟʚ'ʷʟʫʚʘʥʥʷ ʤʝʨʝʞ, ʧʦʨʪʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʥʘʟʠʚʘʶʪʴʩʷ 

ʤʝʨʝʞʝʚʠʤʠ ʽʥʪʝʨʬʝʡʩʘʤʠ. 

ʊʦʧʦʣʦʛʽʯʥʽ ʩʭʝʤʠ ʥʝʦʙʭʽʜʥʽ ʢʦʞʥʦʤʫ, ʭʪʦ ʧʨʘʮʶʻ ʟ ʤʝʨʝʞʝʶ. ɺʦʥʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʚʽʟʫʘʣʴʥʫ ʢʘʨʪʫ ʟ'ʻʜʥʘʥʴ ʚ ʤʝʨʝʞʽ. 



 
ʈʠʩ. 1.1.6 ʌʽʟʠʯʥʘ ʪʦʧʦʣʦʛʽʷ ʤʝʨʝʞʽ 

 
ʈʠʩ. 1.1.7 ʃʦʛʽʯʥʘ ʪʦʧʦʣʦʛʽʷ ʤʝʨʝʞʽ 

ʉʭʝʤʠ ʬʽʟʠʯʥʦʾ ʪʦʧʦʣʦʛʽʾ - ʬʽʟʠʯʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʨʦʤʽʞʥʠʭ ʧʨʠʩʪʨʦʾʚ ʽ 

ʢʘʙʝʣʴʥʠʭ ʣʽʥʽʡ. (ʈʠʩ. 1) 

ʉʭʝʤʠ ʣʦʛʽʯʥʦʾ ʪʦʧʦʣʦʛʽʾ - ʚʠʟʥʘʯʝʥʥʷ ʧʨʠʩʪʨʦʾʚ, ʧʦʨʪʽʚ ʽ ʩʭʝʤʠ ʘʜʨʝʩʘʮʽʾ.  

ʄʝʨʝʞʝʚʽ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʤʦʞʫʪʴ ʟʥʘʯʥʦ ʚʽʜʨʽʟʥʷʪʠʩʷ ʟʘ ʥʘʩʪʫʧʥʠʤʠ 

ʢʨʠʪʝʨʽʷʤʠ. 

¶ ʈʦʟʤʽʨ ʧʣʦʱʽ ʧʦʢʨʠʪʪʷ 

¶ ʂʽʣʴʢʽʩʪʴ ʧʽʜʢʣʶʯʝʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ 

¶ ʂʽʣʴʢʽʩʪʴ ʽ ʪʠʧʠ ʜʦʩʪʫʧʥʠʭ ʩʣʫʞʙ 

¶ ʦʙʣʘʩʪʴ ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ 

ʃʦʢʘʣʴʥʘ ʤʝʨʝʞʘ (LAN) - ʤʝʨʝʞʝʚʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʱʦ ʥʘʜʘʻ ʜʦʩʪʫʧ 

ʢʦʨʠʩʪʫʚʘʯʘʤ ʽ ʢʽʥʮʝʚʠʤ ʧʨʠʩʪʨʦʷʤ ʥʘ ʥʝʚʝʣʠʢʽʡ ʪʝʨʠʪʦʨʽʾ; ʟʘʟʚʠʯʘʡ ʻ 

ʜʦʤʘʰʥʴʦʶ ʤʝʨʝʞʝʶ, ʤʝʨʝʞʝʶ ʤʘʣʦʛʦ ʘʙʦ ʚʝʣʠʢʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ, 

ʫʧʨʘʚʣʷʻʪʴʩʷ ʦʜʥʽʻʶ ʦʩʦʙʦʶ ʘʙʦ ɯʊ-ʚʜ̔ʜʽʣʦʤ ʽ ʥʘʣʝʞʠʪʴ ʾʤ. 



ɻʣʦʙʘʣʴʥʘ ʤʝʨʝʞʘ (WAN) - ʤʝʨʝʞʝʚʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʱʦ ʥʘʜʘʻ ʜʦʩʪʫʧ ʜʦ 

ʽʥʰʠʭ ʤʝʨʝʞ ʥʘ ʚʝʣʠʢʽʡ ʪʝʨʠʪʦʨʽʾ; ʟʘʟʚʠʯʘʡ ʥʘʣʝʞʠʪʴ ʧʨʦʚʘʡʜʝʨʘʤ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʧʦʩʣʫʛ ʽ ʟʥʘʭʦʜʠʪʴʩʷ ʧʽʜ ʾʭ ʫʧʨʘʚʣʽʥʥʷʤ. 

ʄʽʩʴʢʘ ʤʝʨʝʞʘ (Metropolitan Area Network, MAN) - ʤʝʨʝʞʝʚʘ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʷʢʘ ʦʭʦʧʣʶʻ ʪʝʨʠʪʦʨʽʶ ʙʽʣʴʰʝ, ʥʽʞ ʣʦʢʘʣʴʥʘ ʤʝʨʝʞʘ, ʘʣʝ 

ʤʝʥʰʝ ʛʣʦʙʘʣʴʥʦʾ ʤʝʨʝʞʽ (ʥʘʧʨʠʢʣʘʜ, ʤʽʩʪʦ). ʗʢ ʧʨʘʚʠʣʦ, ʫʧʨʘʚʣʷʻ ʤʽʩʴʢʠʤʠ 

ʤʝʨʝʞʘʤʠ ʦʜʥʘ ʦʨʛʘʥʽʟʘʮʽʷ, ʥʘʧʨʠʢʣʘʜ ʚʝʣʠʢʠʡ ʤʝʨʝʞʝʚʠʡ ʦʧʝʨʘʪʦʨ. 

ɹʝʟʜʨʦʪʦʚʽ ʣʦʢʘʣʴʥʽ ʤʝʨʝʞʽ (WLAN) - ʘʥʘʣʦʛʽʯʥʽ ʣʦʢʘʣʴʥʠʭ ʤʝʨʝʞ, ʘʣʝ 

ʟ'ʻʜʥʫʶʪʴ ʢʦʨʠʩʪʫʚʘʯʽʚ ʽ ʢʽʥʮʝʚʽ ʧʨʠʩʪʨʦʾ ʥʘ ʥʝʚʝʣʠʢʽʡ ʪʝʨʠʪʦʨʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʙʝʟʜʨʦʪʦʚʦʛʦ ʟʚ'ʷʟʢʫ. 

 
ʈʠʩ. 1.1.8 ʉʭʝʤʘ ʦʙôʻʜʥʘʥʥʷ ʣʦʢʘʣʴʥʠʭ ʤʝʨʝʞ ʫ ʛʣʦʙʘʣʴʥʽ ʤʝʨʝʞʽ 

ʄʝʨʝʞʘ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ (SAN) - ʤʝʨʝʞʝʚʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʨʦʟʨʦʙʣʝʥʘ 

ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʬʘʡʣʦʚʠʭ ʩʝʨʚʝʨʽʚ, ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ, ʾʭ ʦʪʨʠʤʘʥʥʷ ʟ ʩʭʦʚʠʱʘ ʽ 

ʨʝʧʣʽʢʘʮʽʾ. 

ʄʝʨʝʞʽ LAN - ʤʝʨʝʞʝʚʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʷʢʘ ʦʭʦʧʣʶʻ ʥʝʚʝʣʠʢʫ ʪʝʨʠʪʦʨʽʶ. 

ʆʩʦʙʣʠʚʦʩʪʽ ʤʝʨʝʞ LAN. 

ʄʝʨʝʞʽ LAN ʧʦʚ'ʷʟʫʶʪʴ ʢʽʥʮʝʚʽ ʧʨʠʩʪʨʦʾ ʚ ʦʙʤʝʞʝʥʽʡ ʦʙʣʘʩʪʽ, ʥʘʧʨʠʢʣʘʜ ʚ 

ʙʫʜʠʥʢʫ, ʰʢʦʣʽ, ʦʬʽʩʥʽʡ ʙʫʜʽʚʣʽ ʘʙʦ ʢʦʤʧʣʝʢʩʽ ʙʫʜʽʚʝʣʴ. 

ʄʝʨʝʞʽ LAN ʟʘʟʚʠʯʘʡ ʘʜʤʽʥʽʩʪʨʫʻ ʦʜʥʘ ʦʨʛʘʥʽʟʘʮʽʷ ʘʙʦ ʧʨʠʚʘʪʥʘ ʦʩʦʙʘ. 

ɸʜʤʽʥʽʩʪʨʘʪʦʨ ʫʧʨʘʚʣʷʻ ʧʦʣʽʪʠʢʦʶ ʙʝʟʧʝʢʠ ʽ ʢʦʥʪʨʦʣʝʤ ʜʦʩʪʫʧʫ ʥʘ ʤʝʨʝʞʝʚʦʤʫ 

ʨʽʚʥʽ. 

ʄʝʨʝʞʽ LAN ʥʘʜʘʶʪʴ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʡ ʜʦʩʪʫʧ ʜʦ ʚʥʫʪʨʽʰʥʽʭ ʢʽʥʮʝʚʠʤ ʽ 

ʧʨʦʤʽʞʥʠʤ ʧʨʠʩʪʨʦʾʚ. 

ɻʣʦʙʘʣʴʥʽ ʤʝʨʝʞʽ - ʤʝʨʝʞʝʚʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʷʢʘ ʦʭʦʧʣʶʻ ʚʝʣʠʢʫ 

ʪʝʨʠʪʦʨʽʶ. ɻʣʦʙʘʣʴʥʠʤʠ ʤʝʨʝʞʘʤʠ ʟʘʟʚʠʯʘʡ ʢʝʨʫʶʪʴ ʦʧʝʨʘʪʦʨʠ ʟʚ'ʷʟʢʫ (SP) 

ʘʙʦ ɯʥʪʝʨʥʝʪ-ʧʨʦʚʘʡʜʝʨʠ (ISP). 

ʆʩʦʙʣʠʚʦʩʪʽ ʛʣʦʙʘʣʴʥʠʭ ʤʝʨʝʞ. 



ʄʝʨʝʞʽ WAN ʧʦʚ'ʷʟʫʶʪʴ ʣʦʢʘʣʴʥʽ ʤʝʨʝʞʽ ʚ ʚʝʣʠʢʠʭ ʛʝʦʛʨʘʬʽʯʥʠʭ 

ʦʙʣʘʩʪʷʭ, ʪʘʢʠʭ ʷʢ ʤʽʩʪʘ, ʰʪʘʪʠ, ʨʝʛʽʦʥʠ, ʢʨʘʾʥʠ ʘʙʦ ʢʦʥʪʠʥʝʥʪʠ. 

ʂʝʨʫʶʪʴ ʛʣʦʙʘʣʴʥʠʤʠ ʤʝʨʝʞʘʤʠ ʟʘʟʚʠʯʘʡ ʨʽʟʥʽ ʦʧʝʨʘʪʦʨʠ ʟʚ'ʷʟʢʫ. 

ʄʝʨʝʞʽ WAN ʟʘʟʚʠʯʘʡ ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʝʥʰ ʰʚʠʜʢʽʩʥʽ ʟ'ʻʜʥʘʥʥʷ ʤʽʞ 

ʣʦʢʘʣʴʥʠʤʠ ʤʝʨʝʞʘʤʠ. 

ɯʥʪʝʨʥʝʪ - ʮʝ ʦʙ'ʻʜʥʘʥʥʷ ʚʟʘʻʤʦʧʦʚ'ʷʟʘʥʠʭ ʤʝʨʝʞ ʚ ʩʚʽʪʦʚʦʤʫ ʤʘʩʰʪʘʙʽ. ʅʘ 

ʜʘʥʦʤʫ ʤʘʣʶʥʢʫ ɯʥʪʝʨʥʝʪ ʧʦʢʘʟʘʥʠʡ ʷʢ ʦʙ'ʻʜʥʘʥʥʷ ʧʽʜʢʣʶʯʝʥʠʭ ʦʜʠʥ ʜʦ 

ʦʜʥʦʛʦ ʤʝʨʝʞ LAN ʽ WAN. ɼʝʷʢʽ ʤʝʨʝʞʽ LAN ʚ ʧʨʠʢʣʘʜʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʟ'ʻʜʥʫʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ ʯʝʨʝʟ ʤʝʨʝʞʫ WAN. ʇʦʪʽʤ ʛʣʦʙʘʣʴʥʽ ʤʝʨʝʞʽ 

ʟ'ʻʜʥʫʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ. ʏʝʨʚʦʥʽ ʣʽʥʽʾ ʟ'ʻʜʥʘʥʥʷ ʛʣʦʙʘʣʴʥʠʭ ʤʝʨʝʞ 

ʚʽʜʦʙʨʘʞʘʶʪʴ ʚʩʝ ʨʦʟʤʘʾʪʪʷ ʩʧʦʩʦʙʽʚ ʧʽʜʢʣʶʯʝʥʥʷ ʤʝʨʝʞ. ɻʣʦʙʘʣʴʥʽ ʤʝʨʝʞʽ 

ʤʦʞʫʪʴ ʟ'ʻʜʥʫʚʘʪʠʩʷ ʦʜʠʥ ʟ ʦʜʥʠʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʽʜʥʠʭ ʧʨʦʚʦʜʽʚ, 

ʦʧʪʦʚʦʣʦʢʦʥʥʦʛʦ ʢʘʙʝʣʶ ʽ ʙʝʟʜʨʦʪʦʚʦʾ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. 

ɯʥʪʝʨʥʝʪ ʥʝ ʥʘʣʝʞʠʪʴ ʙʫʜʴ-ʷʢʽʡ ʦʩʦʙʽ ʘʙʦ ʛʨʫʧʽ ʣʶʜʝʡ. ɿʘʙʝʟʧʝʯʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʛʦ ʩʧʽʣʢʫʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʘʢʦʾ ʨʽʟʥʦʤʘʥʽʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ 

ʚʠʤʘʛʘʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʩʣʽʜʦʚʥʠʭ ʽ ʟʘʛʘʣʴʥʦʚʠʟʥʘʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʽ ʩʪʘʥʜʘʨʪʽʚ, ʘ 

ʪʘʢʦʞ ʩʧʽʣʴʥʦʾ ʨʦʙʦʪʠ ʙʘʛʘʪʴʦʭ ʫʩʪʘʥʦʚ, ʱʦ ʘʜʤʽʥʽʩʪʨʫʶʪʴ ʤʝʨʝʞʽ. ʇʠʪʘʥʥʷʤʠ 

ʨʝʛʫʣʶʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʽ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ ʧʨʦʪʦʢʦʣʽʚ ʽ ʧʨʦʮʝʩʽʚ ɯʥʪʝʨʥʝʪʫ 

ʟʘʡʤʘʶʪʴʩʷ ʩʧʝʮʽʘʣʴʥʽ ʦʨʛʘʥʽʟʘʮʽʾ. ʎʽ ʦʨʛʘʥʽʟʘʮʽʾ ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ ɯʥʞʝʥʝʨʥʫ 

ʛʨʫʧʫ ʟ ʨʦʟʚʠʪʢʫ ɯʥʪʝʨʥʝʪʫ (Internet Engineering Task Force, IETF), ɸʩʦʮʽʘʮʽʶ ʟ 

ʧʨʠʩʚʦʻʥʥʷ ʽʤʝʥ ʽ ʥʦʤʝʨʽʚ ʧʦʨʪʽʚ (International Corporation for Assigned Names 

and Numbers, ICANN) ʽ ʈʘʜʘ ʟ ʘʨʭʽʪʝʢʪʫʨʠ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪ (Internet Architecture 

Board, IAB) , ʘ ʪʘʢʦʞ ʙʘʛʘʪʦ ʽʥʰʠʭ. 

ʇʨʠʤʽʪʢʘ. ʊʝʨʤʽʥ internet (ʟ ʤʘʣʦʾ ʣʽʪʝʨʠ i) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʘʥʛʣʽʡʩʴʢʽʡ 

ʤʦʚʽ ʜʣʷ ʦʧʠʩʫ ʜʝʢʽʣʴʢʦʭ ʧʽʜʢʣʶʯʝʥʠʭ ʦʜʠʥ ʜʦ ʦʜʥʦʛʦ ʤʝʨʝʞ. ɻʣʦʙʘʣʴʥʫ 

ʩʠʩʪʝʤʫ ʚʟʘʻʤʦʧʦʚ'ʷʟʘʥʠʭ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʤʝʨʝʞ ʽ ʜʦʩʪʫʧʫ ʧʦʟʥʘʯʘʶʪʴ ʪʝʨʤʽʥʦʤ 

Internet (ʟ ʚʝʣʠʢʦʾ ʣʽʪʝʨʠ). 

ʄʝʨʝʞʽ ɯʥʪʨʘʥʝʪ ʽ ɽʢʩʪʨʘʥʝʪ 

ɼʚʘ ʽʥʰʠʭ ʪʝʨʤʽʥʠ, ʩʭʦʞʠʭ ʟ ʪʝʨʤʽʥʦʤ çɯʥʪʝʨʥʝʪè 

¶ ʽʥʪʨʘʥʝʪ 

¶ ʝʢʩʪʨʘʥʝʪ 

ʊʝʨʤʽʥ çɯʥʪʨʘʥʝʪè ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʦʟʥʘʯʝʥʥʷ ʧʨʠʚʘʪʥʠʭ 

ʤʝʨʝʞ LAN ʽ WAN, ʷʢʽ ʥʘʣʝʞʘʪʴ ʦʨʛʘʥʽʟʘʮʽʾ ʽ ʜʦʩʪʫʧʥʽ ʪʽʣʴʢʠ ʾʾ ʯʣʝʥʘʤ, 

ʩʧʽʚʨʦʙʽʪʥʠʢʘʤ ʽ ʽʥʰʠʤ ʘʚʪʦʨʠʟʦʚʘʥʠʤ ʦʩʦʙʘʤ. 

ʆʨʛʘʥʽʟʘʮʽʷ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ɽʢʩʪʨʘʥʝʪ ʜʣʷ ʟʘʭʠʱʝʥʦʛʦ ʽ ʙʝʟʧʝʯʥʦʛʦ 

ʜʦʩʪʫʧʫ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʚ ʽʥʰʠʭ ʦʨʛʘʥʽʟʘʮʽʷʭ, ʘʣʝ ʷʢʠʤ 

ʥʝʦʙʭʽʜʥʠʡ ʜʦʩʪʫʧ ʜʦ ʜʘʥʠʭ ʢʦʤʧʘʥʽʾ. ʇʨʠʢʣʘʜʠ ʤʝʨʝʞ ɽʢʩʪʨʘʥʝʪ. 

¶ ʂʦʤʧʘʥʽʷ, ʱʦ ʥʘʜʘʻ ʜʦʩʪʫʧ ʟʦʚʥʽʰʥʽʤ ʧʦʩʪʘʯʘʣʴʥʠʢʘʤ ʘʙʦ 

ʧʽʜʨʷʜʥʠʢʘʤ. 

¶ ʃʽʢʘʨʥʷ, ʜʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʠʩʪʝʤʘ ʟʘʧʠʩʫ ʜʦ ʣʽʢʘʨʽʚ, ʷʢʽ ʤʘʶʪʴ 
ʤʦʞʣʠʚʽʩʪʴ ʧʨʠʟʥʘʯʘʪʠ ʜʘʪʫ ʧʨʠʡʦʤʫ ʧʘʮʽʻʥʪʽʚ. 

¶ ʄʽʩʮʝʚʝ ʫʧʨʘʚʣʽʥʥʷ ʦʩʚʽʪʠ, ʷʢʝ ʥʘʜʘʻ ʰʢʦʣʘʤ ʩʚʦʛʦ ʨʘʡʦʥʫ ʜʘʥʽ ʧʨʦ 
ʨʦʟʤʽʨ ʙʶʜʞʝʪʫ ʽ ʢʘʜʨʘʭ. 

ɯʩʥʫʻ ʙʝʟʣʽʯ ʩʧʦʩʦʙʽʚ ʧʽʜʢʣʶʯʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʽ ʦʨʛʘʥʽʟʘʮʽʡ ʜʦ ɯʥʪʝʨʥʝʪʫ. 

ɼʦʤʘʰʥʽ ʢʦʨʠʩʪʫʚʘʯʽ, ʚʽʜʜʘʣʝʥʽ ʩʧʽʚʨʦʙʽʪʥʠʢʠ ʢʦʤʧʘʥʽʡ ʽ ʤʘʣʽ ʦʬʽʩʠ, ʷʢ 

ʧʨʘʚʠʣʦ, ʜʣʷ ʜʦʩʪʫʧʫ ʚ ɯʥʪʝʨʥʝʪ ʧʦʪʨʝʙʫʶʪʴ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ 



ʧʦʩʣʫʛ ɯʥʪʝʨʥʝʪʫ. ɺʘʨʽʘʥʪʠ ʧʽʜʢʣʶʯʝʥʥʷ ʽʩʪʦʪʥʦ ʟʤʽʥʶʶʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʽʥʪʝʨʥʝʪ-ʧʨʦʚʘʡʜʝʨʘ ʽ ʛʝʦʛʨʘʬʽʯʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ. ʆʜʥʘʢ ʧʦʧʫʣʷʨʥʽ ʚʘʨʽʘʥʪʠ 

ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ ʰʠʨʦʢʦʩʤʫʛʦʚʫ ʢʘʙʝʣʴʥʫ ʤʝʨʝʞʫ, ʰʠʨʦʢʦʩʤʫʛʦʚʠʡ ʮʠʬʨʦʚʫ 

ʘʙʦʥʝʥʪʩʴʢʫ ʣʽʥʽʶ (DSL), ʙʝʟʜʨʦʪʦʚʽ ʛʣʦʙʘʣʴʥʽ ʤʝʨʝʞʽ ʽ ʤʦʙʽʣʴʥʽ ʩʝʨʚʽʩʠ. 

ʆʨʛʘʥʽʟʘʮʽʷʤ ʟʘʟʚʠʯʘʡ ʧʦʪʨʽʙʝʥ ʜʦʩʪʫʧ ʜʦ ʽʥʰʠʭ ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʚʫʟʣʽʚ ʽ 

ɯʥʪʝʨʥʝʪʫ. ɼʣʷ ʙʽʟʥʝʩ-ʩʝʨʚʽʩʽʚ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʚʝʙ-ʢʦʥʬʝʨʝʥʮʽʡ, IP-ʪʝʣʝʬʦʥʽʚ, 

ʮʝʥʪʨʽʚ ʦʙʨʦʙʢʠ ʪʘ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ ʧʦʪʨʽʙʥʽ ʰʚʠʜʢʽ ʟ'ʻʜʥʘʥʥʷ. 

ʂʘʥʘʣʠ ʜʣʷ ʙʽʟʥʝʩʫ ʟʘʟʚʠʯʘʡ ʥʘʜʘʶʪʴʩʷ ʦʧʝʨʘʪʦʨʘʤʠ ʟʚ'ʷʟʢʫ. ʇʦʧʫʣʷʨʥʽ 

ʧʦʩʣʫʛʠ ʙʽʟʥʝʩ-ʢʣʘʩʫ ʚʢʣʶʯʘʶʪʴ DSL, ʦʨʝʥʜʦʚʘʥʽ ʣʽʥʽʾ ʽ ʤʝʨʝʞʫ Metro Ethernet. 

ɯʥʪʝʨʥʝʪ-ʧʽʜʢʣʶʯʝʥʥʷ ʜʣʷ ʜʦʤʫ ʪʘ ʥʝʚʝʣʠʢʦʛʦ ʦʬʽʩʫ 

ʂʘʙʝʣʴʥʝ ʧʽʜʢʣʶʯʝʥʥʷ - ʟʘʟʚʠʯʘʡ ʧʨʦʧʦʥʫʶʪʴ ʧʦʩʪʘʯʘʣʴʥʠʢʠ ʧʦʩʣʫʛ 

ʢʘʙʝʣʴʥʦʛʦ ʪʝʣʝʙʘʯʝʥʥʷ. ɼʘʥʽ ʧʝʨʝʜʘʶʪʴʩʷ ʧʦ ʪʦʤʫ ʞ ʢʘʙʝʣʶ, ʷʢʠʡ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʝʨʝʜʘʯʽ ʩʠʛʥʘʣʽʚ ʢʘʙʝʣʴʥʦʛʦ ʪʝʣʝʙʘʯʝʥʥʷ. ʎʝʡ ʩʧʦʩʽʙ 

ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ɯʥʪʝʨʥʝʪʫ ʟ ʚʠʩʦʢʦʶ ʧʨʦʧʫʩʢʥʦʶ ʟʜʘʪʥʽʩʪʶ ʽ 

ʧʦʩʪʽʡʥʠʤ ʜʦʩʪʫʧʦʤ ʜʦ ʤʝʨʝʞʽ. 

DSL - ʮʠʬʨʦʚʘ ʘʙʦʥʝʥʪʩʴʢʘ ʣʽʥʽʷ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ɯʥʪʝʨʥʝʪʫ ʟ 

ʚʠʩʦʢʦʶ ʧʨʦʧʫʩʢʥʦʶ ʟʜʘʪʥʽʩʪʶ ʽ ʧʦʩʪʽʡʥʠʤ ʜʦʩʪʫʧʦʤ ʜʦ ʤʝʨʝʞʽ. DSL 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʪʝʣʝʬʦʥʥʽ ʣʽʥʽʾ ʟʚ'ʷʟʢʫ. ɿʘʟʚʠʯʘʡ ʥʝʚʝʣʠʢʽ ʽ ʜʦʤʘʰʥʽ ʦʬʽʩʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʘʩʠʤʝʪʨʠʯʥʽ ʣʽʥʽʾ DSL (ADSL), ʚ ʷʢʠʭ ʜʘʥʽ ʢʦʨʠʩʪʫʚʘʯʝʚʽ 

ʧʝʨʝʜʘʶʪʴʩʷ ʟ ʙʽʣʴʰʦʶ ʰʚʠʜʢʽʩʪʶ, ʥʽʞ ʚʽʜ ʢʦʨʠʩʪʫʚʘʯʘ. 

ʉʪʽʣʴʥʠʢʦʚʠʡ ʟʚ'ʷʟʦʢ - ʜʣʷ ʜʦʩʪʫʧʫ ʚ ɯʥʪʝʨʥʝʪ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʦʙʽʣʴʥʘ 

ʪʝʣʝʬʦʥʥʘ ʤʝʨʝʞʘ. ʋ ʙʫʜʴ-ʷʢʽʡ ʪʦʯʮʽ, ʜʝ ʜʦʩʪʫʧʥʠʡ ʮʝʡ ʩʠʛʥʘʣ, ʤʦʞʥʘ 

ʦʪʨʠʤʘʪʠ ʜʦʩʪʫʧ ʚ ɯʥʪʝʨʥʝʪ. ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ ʙʫʜʝ ʦʙʤʝʞʝʥʘ ʤʦʞʣʠʚʦʩʪʷʤʠ 

ʪʝʣʝʬʦʥʫ ʽ ʙʘʟʦʚʦʾ ʩʪʘʥʮʽʾ, ʜʦ ʷʢʦʾ ʚʽʥ ʧʽʜʢʣʶʯʝʥʠʡ. 

ʉʫʧʫʪʥʠʢʦʚʠʡ ʟʚ'ʷʟʦʢ - ʩʫʧʫʪʥʠʢʦʚʽ ʽʥʪʝʨʥʝʪ-ʢʘʥʘʣʠ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʨʘʡʦʥʘʭ, ʜʝ ʥʝʤʘʻ ʽʥʰʠʭ ʩʧʦʩʦʙʽʚ ʧʽʜʢʣʶʯʝʥʥʷ. ɼʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʘʥʪʝʥ ʥʝʦʙʭʽʜʥʦ, ʱʦʙ ʩʫʧʫʪʥʠʢ ʧʝʨʝʙʫʚʘʚ ʚ ʟʦʥʽ 

ʧʨʷʤʦʾ ʚʠʜʠʤʦʩʪʽ. 

ʊʝʣʝʬʦʥʥʠʡ ʢʦʤʫʪʦʚʘʥʠʡ ʜʦʩʪʫʧ - ʮʝ ʝʢʦʥʦʤʽʯʥʠʡ ʚʘʨʽʘʥʪ ʧʽʜʢʣʶʯʝʥʥʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʫʜʴ-ʷʢʦʾ ʪʝʣʝʬʦʥʥʦʾ ʣʽʥʽʾ ʽ ʤʦʜʝʤʫ. ʅʠʟʴʢʘ ʧʨʦʧʫʩʢʥʘ 

ʟʜʘʪʥʽʩʪʴ ʢʦʤʫʪʦʚʘʥʽʡ ʣʽʥʽʾ ʟʘʟʚʠʯʘʡ ʥʝʜʦʩʪʘʪʥʷ ʜʣʷ ʧʝʨʝʜʘʯʽ ʚʝʣʠʢʦʛʦ ʦʙʩʷʛʫ 

ʜʘʥʠʭ. ʆʜʥʘʢ ʪʘʢʘ ʣʽʥʽʷ ʤʦʞʝ ʙʫʪʠ ʢʦʨʠʩʥʘ ʜʣʷ ʤʦʙʽʣʴʥʦʛʦ ʜʦʩʪʫʧʫ ʚ ʜʦʨʦʟʽ. 

ɼʣʷ ʧʽʜʢʣʶʯʝʥʥʷ ʙʫʜʠʥʢʽʚ ʽ ʥʝʚʝʣʠʢʠʭ ʦʬʽʩʽʚ ʚʩʝ ʯʘʩʪʽʰʝ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʦʧʪʦʚʦʣʦʢʦʥʥʽ ʢʘʙʝʣʽ. ʎʝ ʜʦʟʚʦʣʷʻ ʽʥʪʝʨʥʝʪ-ʧʨʦʚʘʡʜʝʨʘʤ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʙʽʣʴʰ ʚʠʩʦʢʽ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʘ ʪʘʢʦʞ ʥʘʜʘʚʘʪʠ ʙʽʣʴʰʝ 

ʧʦʩʣʫʛ, ʥʘʧʨʠʢʣʘʜ ɯʥʪʝʨʥʝʪ, ʪʝʣʝʬʦʥ ʽ ʪʝʣʝʙʘʯʝʥʥʷ. 

ʉʧʦʩʽʙ ʧʽʜʢʣʶʯʝʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʛʝʦʛʨʘʬʽʯʥʦʛʦ ʤʽʩʮʷ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʽ ʥʘʷʚʥʦʩʪʽ ʚ ʨʝʛʽʦʥʽ ʦʧʝʨʘʪʦʨʘ ʟʚ'ʷʟʢʫ. 

ʂʦʨʧʦʨʘʪʠʚʥʽ ʚʘʨʽʘʥʪʠ ʧʽʜʢʣʶʯʝʥʥʷ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʚʘʨʽʘʥʪʽʚ ʜʣʷ 

ʜʦʤʘʰʥʴʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ. ʂʦʤʧʘʥʽʾ ʤʦʞʝ ʚʠʤʘʛʘʪʠʩʷ ʙʽʣʴʰ ʚʠʩʦʢʘ ʧʨʦʧʫʩʢʥʘ 

ʟʜʘʪʥʽʩʪʴ, ʚʠʜʽʣʝʥʘ ʣʽʥʽʷ ʽ ʢʝʨʦʚʘʥʽ ʧʦʩʣʫʛʠ. ɼʦʩʪʫʧʥʽ ʚʘʨʽʘʥʪʠ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʦʧʝʨʘʪʦʨʠ ʟʚ'ʷʟʢʫ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ 

ʧʦʨʫʯ. 

ɺʠʜʽʣʝʥʘ ʦʨʝʥʜʦʚʘʥʘ ʣʽʥʽʷ - ʦʨʝʥʜʦʚʘʥʽ ʣʽʥʽʾ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʟʘʨʝʟʝʨʚʦʚʘʥʽ 

ʢʘʥʘʣʠ ʚ ʤʝʨʝʞʽ ʦʧʝʨʘʪʦʨʘ ʟʚ'ʷʟʢʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʚ'ʷʟʦʢ ʤʽʞ ʛʝʦʛʨʘʬʽʯʥʦ 

ʚʽʜʜʘʣʝʥʠʤʠ ʦʬʽʩʘʤʠ ʜʣʷ ʧʝʨʝʜʘʯʽ ʛʦʣʦʩʫ ʽ ʜʘʥʠʭ ʚ ʧʨʠʚʘʪʥʽʡ ʤʝʨʝʞʽ. ʇʣʘʪʘ ʟʘ 



ʦʨʝʥʜʫ ʪʘʢʠʭ ʢʘʥʘʣʽʚ ʟʚ'ʷʟʢʫ ʟʘʟʚʠʯʘʡ ʩʪʷʛʫʻʪʴʩʷ ʱʦʤʽʩʷʯʥʦ ʘʙʦ ʱʦʨʽʯʥʦ. ɺʦʥʠ 

ʤʦʞʫʪʴ ʙʫʪʠ ʜʦʨʦʛʠʤʠ. 

ɻʣʦʙʘʣʴʥʘ ʤʝʨʝʞʘ Ethernet - ʛʣʦʙʘʣʴʥʽ ʤʝʨʝʞʽ Ethernet ʜʦʟʚʦʣʷʶʪʴ 

ʨʦʟʰʠʨʠʪʠ ʤʝʨʝʞʽ LAN ʜʦ WAN. ʇʨʦ ʪʝʭʥʦʣʦʛʽʶ ʣʦʢʘʣʴʥʠʭ ʤʝʨʝʞ Ethernet ʚʠ 

ʜʽʟʥʘʻʪʝʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʛʣʘʚ. ʇʝʨʝʚʘʛʠ ʪʝʭʥʦʣʦʛʽʾ Ethernet ʪʝʧʝʨ ʜʦʩʪʫʧʥʽ ʽ ʚ 

ʛʣʦʙʘʣʴʥʠʭ ʤʝʨʝʞʘʭ. 

DSL - ʢʦʨʧʦʨʘʪʠʚʥʝ DSL-ʧʽʜʢʣʶʯʝʥʥʷ ʻ ʚ ʨʽʟʥʠʭ ʬʦʨʤʘʪʘʭ. ʇʦʧʫʣʷʨʥʽʩʪʶ 

ʢʦʨʠʩʪʫʶʪʴʩʷ ʩʠʤʝʪʨʠʯʥʽ ʮʠʬʨʦʚʽ ʘʙʦʥʝʥʪʩʴʢʽ ʣʽʥʽʾ (Symmetric Digital 

Subscriber Lines, SDSL), ʘʥʘʣʦʛʽʯʥʽ ʘʙʦʥʝʥʪʩʴʢʦʾ ʚʝʨʩʽʾ DSL, ʘʣʝ ʟʘ ʦʜʥʦʛʦ 

ʟʥʘʯʝʥʥʷ ʰʚʠʜʢʽʩʪʴ ʧʨʠ ʦʪʨʠʤʘʥʥʽ ʽ ʚʽʜʧʨʘʚʮʽ ʜʘʥʠʭ. 

ʉʫʧʫʪʥʠʢʦʚʠʡ ʟʚ'ʷʟʦʢ - ʷʢ ʽ ʫ ʚʠʧʘʜʢʫ ʥʝʚʝʣʠʢʠʭ ʽ ʜʦʤʘʰʥʽʭ ʦʬʽʩʽʚ, 

ʩʫʧʫʪʥʠʢʦʚʽ ʧʦʩʣʫʛʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʽʜʢʣʶʯʝʥʥʷ ʪʘʤ, ʜʝ ʜʨʦʪʦʚʠʡ ʟʚ'ʷʟʦʢ 

ʥʝʜʦʩʪʫʧʥʘ. 

ʉʧʦʩʽʙ ʧʽʜʢʣʶʯʝʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʛʝʦʛʨʘʬʽʯʥʦʛʦ ʤʽʩʮʷ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʽ ʥʘʷʚʥʦʩʪʽ ʚ ʨʝʛʽʦʥʽ ʦʧʝʨʘʪʦʨʘ ʟʚ'ʷʟʢʫ. 

ʗʢ ʧʨʠʢʣʘʜ ʨʦʟʛʣʷʥʝʤʦ ʥʘʚʯʘʣʴʥʠʡ ʙʫʜʽʚʣʷ, ʧʦʙʫʜʦʚʘʥʘ 30 ʨʦʢʽʚ ʪʦʤʫ. ʋ 

ʜʝʷʢʠʭ ʘʫʜʠʪʦʨʽʷʭ ʙʫʣʠ ʧʨʦʢʣʘʜʝʥʽ ʢʘʙʝʣʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʪʝʣʝʬʦʥʥʦʾ ʤʝʨʝʞʽ ʽ 

ʪʝʣʝʙʘʯʝʥʥʷ. ʎʽ ʤʝʨʝʞʽ ʙʫʣʠ ʨʦʟʨʽʟʥʝʥʽ, ʘ ʟʥʘʯʠʪʴ, ʥʝ ʤʦʛʣʠ ʚʟʘʻʤʦʜʽʷʪʠ ʦʜʠʥ ʟ 

ʦʜʥʠʤ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʤʘʣʶʥʢʫ. ɺʩʽ ʤʝʨʝʞʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʨʽʟʥʽ ʪʝʭʥʦʣʦʛʽʾ 

ʜʣʷ ʧʝʨʝʜʘʯʽ ʩʠʛʥʘʣʫ. ʋ ʢʦʞʥʽʡ ʤʝʨʝʞʽ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʫʩʧʽʰʥʦʾ ʟʚ'ʷʟʢʫ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʩʚʽʡ ʚʣʘʩʥʠʡ ʥʘʙʽʨ ʧʨʘʚʠʣ ʽ ʩʪʘʥʜʘʨʪʽʚ. 

ʢʦʥʚʝʨʛʝʥʪʥʘ ʤʝʨʝʞʫ 

 
ʈʠʩ. 1.1.9 ʄʫʣʴʪʠʩʝʨʚʽʩʥʽ ʤʝʨʝʞʽ 

ʉʴʦʛʦʜʥʽ ʨʦʟʨʽʟʥʝʥʽ ʤʝʨʝʞʽ ʜʘʥʠʭ, ʪʝʣʝʬʦʥʥʽ ʽ ʚʽʜʝʦ ʤʝʨʝʞʽ ʦʙ'ʻʜʥʫʶʪʴʩʷ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʚʠʜʽʣʝʥʠʭ ʤʝʨʝʞ ʢʦʥʚʝʨʛʝʥʪʥʽ ʤʝʨʝʞʽ ʜʦʟʚʦʣʷʶʪʴ ʧʝʨʝʜʘʚʘʪʠ 

ʜʘʥʽ, ʛʦʣʦʩ ʽ ʚʽʜʝʦ ʤʽʞ ʨʽʟʥʠʤʠ ʪʠʧʘʤʠ ʧʨʠʩʪʨʦʾʚ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʦʜʥʽʻʾ ʽ ʪʽʻʾ 

ʞ ʤʝʨʝʞʝʚʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʤʘʣʶʥʢʫ. ʄʝʨʝʞʝʚʘ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʦʜʥʽ ʡ ʪʽ ʞ ʧʨʘʚʠʣʘ, ʫʛʦʜʠ ʽ ʩʪʘʥʜʘʨʪʠ ʨʝʘʣʽʟʘʮʽʾ. 



ʄʝʨʝʞʽ ʧʦʚʠʥʥʽ ʧʽʜʪʨʠʤʫʚʘʪʠ ʰʠʨʦʢʠʡ ʥʘʙʽʨ ʜʦʜʘʪʢʽʚ ʽ ʩʝʨʚʽʩʽʚ, ʘ ʪʘʢʦʞ 

ʙʝʟʣʽʯ ʪʠʧʽʚ ʢʘʙʝʣʽʚ ʽ ʧʨʠʩʪʨʦʾʚ, ʟ ʷʢʠʭ ʩʢʣʘʜʘʻʪʴʩʷ ʬʽʟʠʯʥʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ. 

ʊʝʨʤʽʥ çʤʝʨʝʞʝʚʘ ʘʨʭʽʪʝʢʪʫʨʘè ʚ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʪʝʭʥʦʣʦʛʽʡ, 

ʷʢʽ ʧʽʜʪʨʠʤʫʶʪʴ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ, ʘ ʪʘʢʦʞ ʜʦ ʟʘʧʨʦʛʨʘʤʦʚʘʥʠʤ ʧʦʩʣʫʛ ʽ 

ʧʨʘʚʠʣʘʤ ʘʙʦ ʧʨʦʪʦʢʦʣʘʤ, ʷʢʽ ʩʣʫʞʘʪʴ ʜʣʷ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʚ ʤʝʨʝʞʽ. 

 
ʈʠʩ. 1.1.10 ʆʩʥʦʚʥʽ ʚʠʤʦʛʠ ʜʦ ʤʝʨʝʞʽ 

ʋ ʤʽʨʫ ʨʦʟʚʠʪʢʫ ʤʝʨʝʞ ʩʪʘʻ ʦʯʝʚʠʜʥʠʤ, ʱʦ ʜʣʷ ʟʘʜʦʚʦʣʝʥʥʷ ʧʦʪʨʝʙ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʘʨʭʽʪʝʢʪʫʨʘ ʧʦʚʠʥʥʘ ʚʽʜʧʦʚʽʜʘʪʠ ʯʦʪʠʨʴʦʤ ʦʩʥʦʚʥʠʤ ʚʠʤʦʛʘʤ. 

¶ ʚʽʜʤʦʚʦʩʪʽʡʢʽʩʪʴ 

¶ ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ 

¶ ʗʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (QoS) 

¶ ɹʝʟʧʝʢʘ 

ɯʥʪʝʨʥʝʪ ʧʦʚʠʥʝʥ ʙʫʪʠ ʟʘʚʞʜʠ ʜʦʩʪʫʧʥʠʡ ʤʽʣʴʡʦʥʘʤ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʷʢʽ 

ʨʦʟʨʘʭʦʚʫʶʪʴ ʥʘ ʡʦʛʦ ʙʝʟʧʝʨʝʙʽʡʥʫ ʨʦʙʦʪʫ. ɼʣʷ ʮʴʦʛʦ ʧʦʪʨʽʙʥʦ ʚʽʜʤʦʚʦʩʪʽʡʢʘ 

ʤʝʨʝʞʝʚʘ ʘʨʭʽʪʝʢʪʫʨʘ. ɺʽʜʤʦʚʦʩʪʽʡʢʘ ʤʝʨʝʞʫ - ʮʝ ʤʝʨʝʞʘ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʥʘʡʤʝʥʰʠʡ ʚʧʣʠʚ ʟʙʦʾʚ ʥʘ ʥʘʡʤʝʥʰʫ ʢʽʣʴʢʽʩʪʴ ʧʨʠʩʪʨʦʾʚ. ɺʦʥʘ ʪʘʢʦʞ 

ʧʦʙʫʜʦʚʘʥʘ ʪʘʢ, ʱʦʙ ʰʚʠʜʢʦ ʚʽʜʥʦʚʣʶʚʘʪʠʩʷ ʧʨʠ ʚʠʥʠʢʥʝʥʥʽ ʚʽʜʤʦʚʠ. ʎʽ 

ʤʝʨʝʞʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʽʣʴʢʘ ʰʣʷʭʽʚ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʚʽʜ ʜʞʝʨʝʣʘ ʜʦ ʤʽʩʮʷ 

ʧʨʠʟʥʘʯʝʥʥʷ. ʗʢʱʦ ʦʜʠʥ ʰʣʷʭ ʥʝʜʦʩʪʫʧʥʠʡ, ʧʦʚʽʜʦʤʣʝʥʥʷ ʤʦʞʥʘ ʥʝʛʘʡʥʦ 

ʚʽʜʧʨʘʚʠʪʠ ʧʦ ʽʥʰʽʡ ʣʽʥʽʾ ʟʚ'ʷʟʢʫ. ʅʘʷʚʥʽʩʪʴ ʜʝʢʽʣʴʢʦʭ ʰʣʷʭʽʚ ʜʦ ʤʽʩʮʷ 

ʧʨʠʟʥʘʯʝʥʥʷ ʥʘʟʠʚʘʻʪʴʩʷ ʨʝʟʝʨʚʫʚʘʥʥʷʤ. 



ʆʜʠʥ ʽʟ ʩʧʦʩʦʙʽʚ ʨʝʟʝʨʚʫʚʘʥʥʷ ʚ ʥʘʜʽʡʥʠʭ ʤʝʨʝʞʘʭ - ʚʧʨʦʚʘʜʞʝʥʥʷ ʤʝʨʝʞ ʟ 

ʧʘʢʝʪʥʦʶ ʢʦʤʫʪʘʮʽʻʶ. ʇʨʠ ʢʦʤʫʪʘʮʽʾ ʧʘʢʝʪʽʚ ʪʨʘʬʽʢ ʜʽʣʠʪʴʩʷ ʥʘ ʧʘʢʝʪʠ, ʷʢʽ 

ʥʘʧʨʘʚʣʷʶʪʴʩʷ ʧʦ ʤʝʨʝʞʽ ʟʘʛʘʣʴʥʦʛʦ ʜʦʩʪʫʧʫ. ʊʘʢʝ ʻʜʠʥʝ ʧʦʚʽʜʦʤʣʝʥʥʷ, ʷʢ 

ʝʣʝʢʪʨʦʥʥʠʡ ʣʠʩʪ ʘʙʦ ʚʽʜʝʦʧʦʪʽʢ, ʜʽʣʠʪʴʩʷ ʥʘ ʙʝʟʣʽʯ ʙʣʦʢʽʚ ʜʘʥʠʭ, ʟʚʘʥʠʭ 

ʧʘʢʝʪʘʤʠ. ʂʦʞʝʥ ʧʘʢʝʪ ʤʽʩʪʠʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʘʜʨʝʩʫ ʜʞʝʨʝʣʘ ʽ ʤʽʩʮʝ 

ʧʨʠʟʥʘʯʝʥʥʷ ʧʦʚʽʜʦʤʣʝʥʥʷ. ʄʘʨʰʨʫʪʠʟʘʪʦʨ ʚ ʤʝʨʝʞʽ ʢʦʤʤʫʪʠʨʫʶʪ ʧʘʢʝʪʠ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʤʝʨʝʞʽ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʧʘʢʝʪʠ ʜʘʥʠʭ ʦʜʥʦʛʦ 

ʧʦʚʽʜʦʤʣʝʥʥʷ ʤʦʞʫʪʴ ʡʪʠ ʜʦ ʤʽʩʮʷ ʧʨʠʟʥʘʯʝʥʥʷ ʨʽʟʥʠʤʠ ʰʣʷʭʘʤʠ. ʗʢ ʧʦʢʘʟʘʥʦ 

ʥʘ ʤʘʣʶʥʢʫ, ʜʠʥʘʤʽʯʥʘ ʟʤʽʥʘ ʤʘʨʰʨʫʪʫ ʚ ʨʘʟʽ ʥʝʜʦʩʪʫʧʥʦʩʪʽ ʢʘʥʘʣʫ ʟʚ'ʷʟʢʫ ʥʝ 

ʚʧʣʠʚʘʻ ʥʘ ʢʦʨʠʩʪʫʚʘʯʘ, ʢʦʨʠʩʪʫʚʘʯ ʮʴʦʛʦ ʥʝ ʧʦʤʽʯʘʻ. 

 
ʈʠʩ. 1.1.11 ʉʭʝʤʘ ʚʽʜʤʦʚʦʩʪʽʡʢʦʩʪʽ ʤʝʨʝʞʽ 

ɯʥʘʢʰʝ ʚʣʘʰʪʦʚʘʥʽ ʤʝʨʝʞʽ ʟ ʢʦʤʫʪʘʮʽʻʶ ʢʘʥʘʣʽʚ, ʷʢʽ ʪʨʘʜʠʮʽʡʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʛʦʣʦʩʦʚʦʛʦ ʟʚ'ʷʟʢʫ. ʋ ʤʝʨʝʞʽ ʟ ʢʦʤʫʪʘʮʽʻʶ ʢʘʥʘʣʽʚ, ʧʝʨʰ 

ʥʽʞ ʢʦʨʠʩʪʫʚʘʯʽ ʟʤʦʞʫʪʴ ʦʙʤʽʥʶʚʘʪʠʩʷ ʜʘʥʠʤʠ, ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʚʠʜʽʣʝʥʝ 

ʟ'ʻʜʥʘʥʥʷ ʤʽʞ ʜʞʝʨʝʣʦʤ ʽ ʤʽʩʮʝʤ ʧʨʠʟʥʘʯʝʥʥʷ. ʋ ʨʘʟʽ ʦʙʨʠʚʫ ʟ'ʻʜʥʘʥʥʷ 

ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʜʦʚʦʜʠʪʴʩʷ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʟ'ʻʜʥʘʥʥʷ ʟʘʥʦʚʦ. 



 
ʈʠʩ. 1.1.12 ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʤʘʩʰʪʘʙʦʚʘʥʦʩʪʽ ʤʝʨʝʞʽ 

ʄʘʩʰʪʘʙʦʚʘʥʫ ʤʝʨʝʞʫ ʤʦʞʥʘ ʰʚʠʜʢʦ ʨʦʟʰʠʨʠʪʠ, ʟʘʙʝʟʧʝʯʠʚʰʠ 

ʧʽʜʪʨʠʤʢʫ ʥʦʚʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʽ ʜʦʜʘʪʢʽʚ ʙʝʟ ʟʥʠʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽʩʥʫʶʯʠʭ. ʅʘ ʤʘʣʶʥʢʫ ʧʦʢʘʟʘʥʦ, ʷʢ ʤʦʞʥʘ ʣʝʛʢʦ ʜʦʜʘʪʠ ʥʦʚʫ 

ʤʝʨʝʞʫ ʜʦ ʽʩʥʫʶʯʦʾ. ʂʨʽʤ ʮʴʦʛʦ, ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ ʤʝʨʝʞ ʤʦʞʣʠʚʘ ʟʘʚʜʷʢʠ 

ʪʦʤʫ, ʱʦ ʧʨʦʝʢʪʫʚʘʣʴʥʠʢʠ ʜʦʪʨʠʤʫʶʪʴʩʷ ʧʨʠʡʥʷʪʠʭ ʩʪʘʥʜʘʨʪʽʚ ʽ ʧʨʦʪʦʢʦʣʽʚ. 

ʎʝ ʜʦʟʚʦʣʷʻ ʚʠʨʦʙʥʠʢʘʤ ʧʨʦʛʨʘʤʥʦʛʦ ʽ ʘʧʘʨʘʪʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʢʣʘʩʪʠ ʚʩʽʭ 

ʟʫʩʠʣʴ ʜʦ ʧʦʣʽʧʰʝʥʥʷ ʧʨʦʜʫʢʪʽʚ ʽ ʧʦʩʣʫʛ ʽ ʥʝ ʜʫʤʘʪʠ ʧʨʦ ʨʦʟʨʦʙʢʫ ʥʦʚʦʛʦ 

ʥʘʙʦʨʫ ʧʨʘʚʠʣ ʜʣʷ ʨʦʙʦʪʠ ʚ ʤʝʨʝʞʽ. 

ʗʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (QoS) ʩʴʦʛʦʜʥʽ ʻ ʦʜʥʠʤ ʟ ʧʦʩʪʽʡʥʦ ʟʨʦʩʪʘʶʯʠʭ 

ʚʠʤʦʛ ʜʦ ʤʝʨʝʞʽ. ʅʦʚʽ ʚʝʙ-ʜʦʜʘʪʢʠ, ʥʘʧʨʠʢʣʘʜ ʧʝʨʝʜʘʯʘ ʛʦʣʦʩʫ ʽ ʚʽʜʝʦ ʚ ʨʝʞʠʤʽ 

ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ, ʟʘʜʘʶʪʴ ʙʽʣʴʰ ʚʠʩʦʢʽ ʚʠʤʦʛʠ ʜʦ ʷʢʦʩʪʽ ʧʦʩʣʫʛ, ʱʦ ʥʘʜʘʶʪʴʩʷ. 

ʏʠ ʜʦʚʦʜʠʣʦʩʷ ʚʘʤ ʢʦʣʠ-ʥʝʙʫʜʴ ʜʠʚʠʪʠʩʷ ʚʽʜʝʦ ʟ ʧʦʩʪʽʡʥʠʤʠ ʨʦʟʨʠʚʘʤʠ ʽ 

ʧʘʫʟʘʤʠ? ɿʘ ʨʘʭʫʥʦʢ ʦʙ'ʻʜʥʘʥʥʷ ʬʫʥʢʮʽʡ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʛʦʣʦʩʫ ʽ ʚʽʜʝʦ ʚ ʦʜʥʽʡ 

ʤʝʨʝʞʽ QoS ʩʪʘʻ ʦʩʥʦʚʥʠʤ ʤʝʭʘʥʽʟʤʦʤ ʟʘʧʦʙʽʛʘʥʥʷ ʧʝʨʝʚʘʥʪʘʞʝʥʴ ʤʝʨʝʞʽ ʽ 

ʥʘʜʽʡʥʦʾ ʜʦʩʪʘʚʢʠ ʢʦʥʪʝʥʪʫ ʚʩʽʤ ʢʦʨʠʩʪʫʚʘʯʘʤ. 

ʇʝʨʝʚʘʥʪʘʞʝʥʥʷ ʤʝʨʝʞʽ ʚʠʥʠʢʘʻ, ʢʦʣʠ ʧʦʧʠʪ ʥʘ ʢʘʥʘʣʠ ʟʚ'ʷʟʢʫ ʧʝʨʝʚʠʱʫʻ 

ʤʦʞʣʠʚʦʩʪʽ ʤʝʨʝʞʽ. ʇʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʤʝʨʝʞʽ ʚʠʤʽʨʶʻʪʴʩʷ ʚ ʢʽʣʴʢʦʩʪʽ ʙʽʪ, 

ʱʦ ʧʝʨʝʜʘʶʪʴʩʷ ʟʘ ʦʜʥʫ ʩʝʢʫʥʜʫ, ʪʦʙʪʦ ʚ ʙʽʪʘʭ ʚ ʩʝʢʫʥʜʫ (ʙʽʪ / ʩ). ʇʨʠ 

ʧʘʨʘʣʝʣʴʥʠʭ ʩʧʨʦʙʘʭ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʧʦʧʠʪ ʥʘ ʢʘʥʘʣʠ ʟʚ'ʷʟʢʫ ʤʦʞʝ 

ʧʝʨʝʚʠʱʫʚʘʪʠ ʤʦʞʣʠʚʦʩʪʽ ʤʝʨʝʞʽ. ʎʝ ʩʪʚʦʨʶʻ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʤʝʨʝʞʽ. 



 
ʈʠʩ. 1.1.13 ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʟʚôʷʟʢʫ ʫ ʤʝʨʝʞʽ 

ʂʦʣʠ ʦʙʩʷʛ ʪʨʘʬʽʢʫ ʧʝʨʝʚʠʱʫʻ ʤʦʞʣʠʚʦʩʪʽ ʜʦʩʪʘʚʢʠ ʧʦ ʤʝʨʝʞʽ, ʧʨʠʩʪʨʦʾ 

ʧʦʤʽʱʘʶʪʴ ʧʘʢʝʪʠ ʚ ʯʝʨʛʫ ʚ ʧʘʤ'ʷʪʽ ʽ ʫʪʨʠʤʫʶʪʴ ʾʭ ʜʦ ʪʠʭ ʧʽʨ, ʧʦʢʠ ʥʝ ʙʫʜʫʪʴ 

ʜʦʩʪʫʧʥʽ ʨʝʩʫʨʩʠ ʧʝʨʝʜʘʯʽ. ʅʘ ʤʘʣʶʥʢʫ ʦʜʠʥ ʢʦʨʠʩʪʫʚʘʯ ʟʘʧʠʪʫʻ ʚʝʙ-ʩʪʦʨʽʥʢʫ, 

ʘ ʽʥʰʠʡ ʨʦʙʠʪʴ ʪʝʣʝʬʦʥʥʠʡ ʜʟʚʽʥʦʢ. ɿʘʚʜʷʢʠ ʧʦʣʽʪʠʮʽ QoS ʤʘʨʰʨʫʪʠʟʘʪʦʨ 

ʦʙʨʦʙʣʷʻ ʧʦʪʽʢ ʜʘʥʠʭ ʽ ʛʦʣʦʩʦʚʠʡ ʪʨʘʬʽʢ, ʚʽʜʜʘʶʯʠ ʧʨʽʦʨʠʪʝʪ ʛʦʣʦʩʦʚʦʛʦ ʟʚ'ʷʟʢʫ 

ʚ ʨʘʟʽ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʤʝʨʝʞʽ. 

ʄʝʨʝʞʝʚʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʩʝʨʚʽʩʠ ʪʘ ʜʘʥʽ, ʷʢʽ ʤʽʩʪʷʪʴʩʷ ʚ ʧʨʠʩʪʨʦʷʭ, 

ʧʽʜʢʣʶʯʝʥʠʭ ʜʦ ʤʝʨʝʞ, ʻ ʚʘʞʣʠʚʽ ʦʩʦʙʠʩʪʽ ʽ ʢʦʨʧʦʨʘʪʠʚʥʽ ʘʢʪʠʚʠ. ɯʩʥʫʻ ʜʚʘ 

ʪʠʧʠ ʧʨʦʙʣʝʤ ʙʝʟʧʝʢʠ ʤʝʨʝʞʽ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʫʚʘʪʠ: ʙʝʟʧʝʢʘ ʤʝʨʝʞʝʚʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʽ ʙʝʟʧʝʢʫ ʽʥʬʦʨʤʘʮʽʾ. 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʤʝʨʝʞʽ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʬʽʟʠʯʥʠʡ 

ʟʘʭʠʩʪ ʚʩʽʭ ʧʨʠʩʪʨʦʾʚ, ʷʢʽ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʤʝʨʝʞʽ, ʽ ʟʘʧʦʙʽʛʘʥʥʷ 

ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʥʘ ʥʠʭ ʇɿ ʫʧʨʘʚʣʽʥʥʷ. 

ɹʝʟʧʝʢʘ ʽʥʬʦʨʤʘʮʽʾ ʦʟʥʘʯʘʻ ʟʘʭʠʩʪ ʧʘʢʝʪʽʚ ʜʘʥʠʭ, ʧʝʨʝʜʘʥʠʭ ʧʦ ʤʝʨʝʞʽ, ʘ 

ʪʘʢʦʞ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʟʙʝʨʽʛʘʻʪʴʩʷ ʥʘ ʧʽʜʢʣʶʯʝʥʠʭ ʜʦ ʤʝʨʝʞʽ ʧʨʠʩʪʨʦʷʭ. ɯʩʥʫʻ 

ʪʨʠ ʦʩʥʦʚʥʠʭ ʚʠʤʦʛʠ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʙʝʟʧʝʢʠ ʤʝʨʝʞʽ. 



 
ʈʠʩ. 1.1.14 ʆʩʥʦʚʠ ʙʝʟʧʝʢʠ ʤʝʨʝʞʽ 

ʂʦʥʬʽʜʝʥʮʽʡʥʽʩʪʴ - ʪʽʣʴʢʠ ʟʘʟʥʘʯʝʥʽ ʡ ʘʚʪʦʨʠʟʦʚʘʥʽ ʦʜʝʨʞʫʚʘʯʽ ʤʦʞʫʪʴ 

ʤʘʪʠ ʜʦʩʪʫʧ ʜʦ ʜʘʥʠʭ. 

ʎʽʣʽʩʥʽʩʪʴ - ʛʘʨʘʥʪʽʷ ʪʦʛʦ, ʱʦ ʽʥʬʦʨʤʘʮʽʷ ʥʝ ʙʫʣʘ ʟʤʽʥʝʥʘ ʚ ʧʨʦʮʝʩʽ 

ʧʝʨʝʜʘʯʽ ʚʽʜ ʚʠʭʽʜʥʦʛʦ ʧʫʥʢʪʫ ʜʦ ʤʽʩʮʷ ʧʨʠʟʥʘʯʝʥʥʷ. 

ɼʦʩʪʫʧʥʽʩʪʴ - ʩʚʦʻʯʘʩʥʠʡ ʽ ʥʘʜʽʡʥʠʡ ʜʦʩʪʫʧ ʜʦ ʜʘʥʠʭ ʜʣʷ ʘʚʪʦʨʠʟʦʚʘʥʠʭ 

ʢʦʨʠʩʪʫʚʘʯʽʚ. 

ʋ ʤʽʨʫ ʨʦʟʚʠʪʢʫ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʽ ʧʦʷʚʠ ʥʘ ʨʠʥʢʫ ʥʦʚʠʭ ʢʽʥʮʝʚʠʭ 

ʧʨʠʩʪʨʦʾʚ ʧʽʜʧʨʠʻʤʩʪʚʘ ʽ ʩʧʦʞʠʚʘʯʽ ʧʦʚʠʥʥʽ ʧʦʩʪʽʡʥʦ ʧʨʠʩʪʦʩʦʚʫʚʘʪʠʩʷ ʜʦ 

ʩʫʯʘʩʥʠʭ ʫʤʦʚ, ʱʦ ʟʤʽʥʶʶʪʴʩʷ. ʈʦʣʴ ʤʝʨʝʞʽ ʟʤʽʥʶʻʪʴʩʷ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ 

ʟʚ'ʷʟʦʢ ʤʽʞ ʢʦʨʠʩʪʫʚʘʯʘʤʠ, ʧʨʠʩʪʨʦʷʤʠ ʪʘ ʽʥʬʦʨʤʘʮʽʻʶ. ɯʩʥʫʻ ʢʽʣʴʢʘ ʥʦʚʠʭ 

ʪʝʥʜʝʥʮʽʡ ʚ ʨʦʟʚʠʪʢʫ ʤʝʨʝʞʝʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ ʚʧʣʠʥʫʪʴ ʥʘ ʦʨʛʘʥʽʟʘʮʽʾ ʪʘ 

ʩʧʦʞʠʚʘʯʽʚ. ʉʝʨʝʜ ʜʝʷʢʠʭ ʦʩʥʦʚʥʠʭ ʪʝʥʜʝʥʮʽʡ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʥʘʩʪʫʧʥʽ. 

çʇʨʠʥʝʩʠ ʥʘ ʨʦʙʦʪʫ ʩʚʽʡ ʧʨʠʩʪʨʽʡè (Bring Your Own Device, BYOD) 

¶ ʉʧʽʣʴʥʘ ʨʦʙʦʪʘ ʯʝʨʝʟ ɯʥʪʝʨʥʝʪ 

¶ ʉʧʽʣʴʥʠʡ ʧʝʨʝʛʣʷʜ 

¶ ʭʤʘʨʥʽ ʦʙʯʠʩʣʝʥʥʷ 

¶ ʂʦʥʮʝʧʮʽʷ çʇʨʠʥʝʩʠ ʥʘ ʨʦʙʦʪʫ ʩʚʽʡ ʧʨʠʩʪʨʽʡè 

ʂʦʥʮʝʧʮʽʷ ʜʦʩʪʫʧʫ ʟ ʙʫʜʴ-ʷʢʦʛʦ ʧʨʠʩʪʨʦʶ ʜʦ ʙʫʜʴ-ʷʢʦʛʦ ʢʦʥʪʝʥʪʫ ʙʫʜʴ-

ʷʢʠʤ ʩʧʦʩʦʙʦʤ - ʦʩʥʦʚʥʘ ʛʣʦʙʘʣʴʥʘ ʪʝʥʜʝʥʮʽʷ, ʷʢʘ ʚʠʤʘʛʘʻ ʧʝʨʝʛʣʷʜʫ ʩʧʦʩʦʙʽʚ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʩʪʨʦʾʚ. ʎʷ ʧʦʧʫʣʷʨʥʘ ʪʝʥʜʝʥʮʽʷ ʥʘʟʠʚʘʻʪʴʩʷ çʧʨʠʥʝʩʠ ʥʘ 

ʨʦʙʦʪʫ ʩʚʽʡ ʧʨʠʩʪʨʽʡè (Bring Your Own Device, BYOD). 

ɿʛʽʜʥʦ ʟ ʢʦʥʮʝʧʮʽʻʶ BYOD ʢʽʥʮʝʚʽ ʢʦʨʠʩʪʫʚʘʯʽ ʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠ 

ʦʩʦʙʠʩʪʽ ʧʨʠʩʪʨʦʾ ʜʣʷ ʜʦʩʪʫʧʫ ʜʦ ʽʥʬʦʨʤʘʮʽʾ ʚ ʢʦʨʧʦʨʘʪʠʚʥʽʡ ʤʝʨʝʞʽ ʘʙʦ 

ʤʝʨʝʞʽ ʢʦʤʧʣʝʢʩʫ ʙʫʜʽʚʝʣʴ. ʋ ʤʽʨʫ ʟʙʽʣʴʰʝʥʥʷ ʧʦʧʫʣʷʨʥʦʩʪʽ ʩʧʦʞʠʚʯʠʭ 

ʧʨʠʩʪʨʦʾʚ ʽ ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʘʜʽʥʥʷ ʮʽʥ ʦʯʽʢʫʻʪʴʩʷ, ʱʦ ʢʦʞʝʥ ʽʟ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ʽ 

ʫʯʥʽʚ ʤʦʞʝ ʤʘʪʠ ʚ ʦʩʦʙʠʩʪʦʤʫ ʢʦʨʠʩʪʫʚʘʥʥʽ ʥʘʡʜʦʩʢʦʥʘʣʽʰʽ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʽ 

ʤʝʨʝʞʝʚʽ ʽʥʩʪʨʫʤʝʥʪʠ. ʎʽ ʧʝʨʩʦʥʘʣʴʥʽ ʟʘʩʦʙʠ ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ ʥʦʫʪʙʫʢʠ, 



ʥʝʪʙʫʢʠ, ʧʣʘʥʰʝʪʠ, ʩʤʘʨʪʬʦʥʠ ʽ ʝʣʝʢʪʨʦʥʥʽ ʢʥʠʛʠ. ʎʝ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʠʩʪʨʦʾ, 

ʢʫʧʣʝʥʽ ʢʦʤʧʘʥʽʻʶ, ʥʘʚʯʘʣʴʥʠʤ ʟʘʢʣʘʜʦʤ ʘʙʦ ʩʘʤʠʤ ʢʦʨʠʩʪʫʚʘʯʝʤ. 

BYOD ʦʟʥʘʯʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʫʜʴ-ʷʢʦʛʦ ʧʨʠʩʪʨʦʶ ʚ ʙʫʜʴ-

ʷʢʦʤʫ ʤʽʩʮʽ ʙʫʜʴ-ʷʢʠʤ ʢʦʨʠʩʪʫʚʘʯʝʤ. ʅʘʧʨʠʢʣʘʜ, ʚ ʤʠʥʫʣʦʤʫ ʜʣʷ ʜʦʩʪʫʧʫ ʜʦ 

ʢʘʤʧʫʩʦʚʦʾ ʤʝʨʝʞʽ ʘʙʦ ɯʥʪʝʨʥʝʪʫ ʫʯʥʽ ʧʦʚʠʥʥʽ ʙʫʣʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʜʠʥ ʟ 

ʢʦʤʧ'ʶʪʝʨʽʚ ʥʘʚʯʘʣʴʥʦʛʦ ʟʘʢʣʘʜʫ. ʎʽ ʧʨʠʩʪʨʦʾ ʨʦʟʛʣʷʜʘʣʠʩʷ, ʷʢ ʧʨʘʚʠʣʦ, ʪʽʣʴʢʠ 

ʷʢ ʟʘʩʦʙʫ ʜʣʷ ʨʦʙʦʪʠ ʚ ʢʣʘʩʽ ʘʙʦ ʙʽʙʣʽʦʪʝʮʽ. ʄʦʙʽʣʴʥʠʡ ʘʙʦ ʚʽʜʜʘʣʝʥʠʡ ʜʦʩʪʫʧ 

ʜʦ ʢʘʤʧʫʩʦʚʦʾ ʤʝʨʝʞʽ ʚʽʜʢʨʠʚʘʻ ʫʯʥʷʤ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʰʠʨʦʢʠʡ 

ʚʠʙʽʨ ʚʘʨʽʘʥʪʽʚ ʥʘʚʯʘʥʥʷ. 

ʉʧʽʣʴʥʘ ʨʦʙʦʪʘ ʯʝʨʝʟ ɯʥʪʝʨʥʝʪ 

ʂʦʨʠʩʪʫʚʘʯʽ ʧʽʜʢʣʶʯʘʶʪʴʩʷ ʜʦ ʤʝʨʝʞʽ ʥʝ ʪʽʣʴʢʠ ʜʣʷ ʜʦʩʪʫʧʫ ʜʦ ʜʦʜʘʪʢʽʚ 

ʜʣʷ ʨʦʙʦʪʠ ʟ ʜʘʥʠʤʠ, ʘ ʡ ʜʣʷ ʩʧʽʣʴʥʦʾ ʨʦʙʦʪʠ ʦʜʠʥ ʟ ʦʜʥʠʤ. ʉʧʽʣʴʥʘ ʨʦʙʦʪʘ - ʮʝ 

çʨʦʙʦʪʘ ʟ ʽʥʰʠʤʠ ʚʠʢʦʥʘʚʮʷʤʠ ʥʘ ʩʧʽʣʴʥʦʤʫ ʧʨʦʝʢʪʽè. ʊʘʢʽ ʽʥʩʪʨʫʤʝʥʪʠ 

ʩʧʽʣʴʥʦʾ ʨʦʙʦʪʠ, ʷʢ Cisco WebEx, ʜʘʶʪʴ ʧʨʘʮʽʚʥʠʢʘʤ, ʩʪʫʜʝʥʪʘʤ, ʚʯʠʪʝʣʷʤ, 

ʟʘʤʦʚʥʠʢʘʤ ʽ ʧʘʨʪʥʝʨʘʤ ʤʦʞʣʠʚʽʩʪʴ ʤʠʪʪʻʚʦʛʦ ʧʽʜʢʣʶʯʝʥʥʷ, ʚʟʘʻʤʦʜʽʾ ʪʘ 

ʜʦʩʷʛʥʝʥʥʷ ʮʽʣʝʡ. 

ɼʣʷ ʢʦʤʧʘʥʽʡ ʩʧʽʣʴʥʘ ʨʦʙʦʪʘ ʩʪʘʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ. ʉʧʽʣʴʥʘ ʨʦʙʦʪʘ ʻ ʧʨʽʦʨʠʪʝʪʦʤ ʪʘʢʦʞ ʚ ʩʬʝʨʽ ʦʩʚʽʪʠ. 

ʉʧʽʣʴʥʘ ʨʦʙʦʪʘ ʜʦʧʦʤʘʛʘʻ ʚ ʥʘʚʯʘʥʥʽ, ʨʦʟʚʠʚʘʻ ʥʘʚʠʯʢʠ ʚʟʘʻʤʦʜʽʾ ʚ ʢʦʤʘʥʜʽ, ʷʢʽ 

ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʛʨʫʧʦʚʠʭ ʧʨʦʝʢʪʽʚ. 

ʉʧʽʣʴʥʠʡ ʧʝʨʝʛʣʷʜ 

ɯʥʰʘ ʪʝʥʜʝʥʮʽʷ ʚ ʩʬʝʨʽ ʤʝʨʝʞʝʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʷʢʘ ʚʘʞʣʠʚʘ ʜʣʷ 

ʩʧʽʣʢʫʚʘʥʥʷ ʪʘ ʩʧʽʣʴʥʦʾ ʨʦʙʦʪʠ, - ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʝʦ. ɺʽʜʝʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʜʣʷ ʦʙʤʽʥʫ ʽʥʬʦʨʤʘʮʽʻʶ, ʩʧʽʣʴʥʦʾ ʨʦʙʦʪʠ, ʘ ʪʘʢʦʞ ʜʣʷ ʨʦʟʚʘʛʠ. ɺʽʜʝʦʜʟʚʽʥʢʠ 

ʤʦʞʥʘ ʟʜʽʡʩʥʶʚʘʪʠ ʟ ʙʫʜʴ-ʷʢʦʛʦ ʤʽʩʮʷ, ʜʝ ʻ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ɯʥʪʝʨʥʝʪʫ. 

ɺʽʜʝʦʢʦʥʬʝʨʝʥʮʽʾ - ʮʝ ʝʬʝʢʪʠʚʥʠʡ ʟʘʩʽʙ ʩʧʽʣʢʫʚʘʥʥʷ ʷʢ ʥʘ ʣʦʢʘʣʴʥʦʤʫ, ʪʘʢ 

ʽ ʥʘ ʛʣʦʙʘʣʴʥʦʤʫ ʨʽʚʥʽ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʝʦ ʩʪʘʻ ʢʣʶʯʦʚʦʶ ʚʠʤʦʛʦʶ ʜʣʷ 

ʝʬʝʢʪʠʚʥʦʾ ʩʧʽʣʴʥʦʾ ʨʦʙʦʪʠ ʫ ʤʽʨʫ ʪʦʛʦ, ʷʢ ʢʦʤʧʘʥʽʾ ʨʦʟʰʠʨʶʶʪʴ ʛʝʦʛʨʘʬʽʯʥʽ ʽ 

ʢʫʣʴʪʫʨʥʽ ʢʦʨʜʦʥʠ. ʅʘʪʠʩʥʽʪʴ ʢʥʦʧʢʫ çɺʽʜʪʚʦʨʝʥʥʷè ʥʘ ʚʽʜʝʦ ʽ ʧʦʜʠʚʽʪʴʩʷ, ʷʢ 

ʩʠʩʪʝʤʘ TelePresence ʜʦʧʦʤʘʛʘʻ ʚ ʨʦʙʦʪʽ ʽ ʧʦʚʩʷʢʜʝʥʥʦʤʫ ʞʠʪʪʽ. 

ʍʤʘʨʥʽ ʦʙʯʠʩʣʝʥʥʷ - ʽʥʰʘ ʛʣʦʙʘʣʴʥʘ ʪʝʥʜʝʥʮʽʷ, ʷʢʘ ʟʤʽʥʶʻ ʩʧʦʩʽʙ ʜʦʩʪʫʧʫ 

ʽ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ. ʍʤʘʨʥʽ ʦʙʯʠʩʣʝʥʥʷ ʜʦʟʚʦʣʷʶʪʴ ʟʙʝʨʽʛʘʪʠ ʦʩʦʙʠʩʪʽ ʬʘʡʣʠ 

ʘʙʦ ʨʝʟʝʨʚʥʫ ʢʦʧʽʶ ʮʽʣʦʛʦ ʞʦʨʩʪʢʦʛʦ ʜʠʩʢʘ ʥʘ ʩʝʨʚʝʨʘʭ ʚ ɯʥʪʝʨʥʝʪʽ. ʅʘʧʨʠʢʣʘʜ, 

ʜʦʜʘʪʢʘʤʠ ʜʣʷ ʨʦʙʦʪʠ ʟ ʪʝʢʩʪʦʤ ʽ ʜʣʷ ʨʝʜʘʛʫʚʘʥʥʷ ʬʦʪʦʛʨʘʬʽʡ ʤʦʞʥʘ 

ʢʦʨʠʩʪʫʚʘʪʠʩʷ ʟ ʭʤʘʨʠ. 

ɼʣʷ ʧʽʜʧʨʠʻʤʩʪʚ ʭʤʘʨʘ ʨʦʟʰʠʨʶʻ ʤʦʞʣʠʚʦʩʪʽ, ʥʝ ʚʠʤʘʛʘʶʯʠ ʧʨʠ ʮʴʦʤʫ 

ʚʝʣʠʢʠʭ ʢʘʧʽʪʘʣʦʚʢʣʘʜʝʥʴ ʫ ʩʪʚʦʨʝʥʥʷ ʥʦʚʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʥʘʚʯʘʥʥʷ ʥʦʚʦʛʦ 

ʧʝʨʩʦʥʘʣʫ ʘʙʦ ʣʽʮʝʥʟʫʚʘʥʥʷ ʥʦʚʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. ʎʽ ʝʢʦʥʦʤʽʯʥʽ 

ʩʝʨʚʽʩʠ ʜʦʩʪʫʧʥʽ ʟʘ ʟʘʧʠʪʦʤ ʥʘ ʙʫʜʴ-ʷʢʦʤʫ ʧʨʠʩʪʨʦʾ ʚ ʙʫʜʴ-ʷʢʽʡ ʪʦʯʮʽ ʩʚʽʪʫ ʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʘʣʝʞʥʠʡ ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ ʽ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ. 

ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʤʘʣʶʥʢʫ, ʽʩʥʫʻ ʯʦʪʠʨʠ ʦʩʥʦʚʥʽ ʪʠʧʠ ʭʤʘʨ: 

ʟʘʛʘʣʴʥʦʜʦʩʪʫʧʥʽ, ʧʨʠʚʘʪʥʽ, ʛʽʙʨʠʜʥʽ ʽ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ. ʂʣʘʮʥʽʪʴ ʥʘ 

ʢʦʞʥʝ ʭʤʘʨʘ, ʱʦʙ ʜʽʟʥʘʪʠʩʷ ʜʦʢʣʘʜʥʽ ʚʽʜʦʤʦʩʪʽ. 

ʍʤʘʨʥʽ ʦʙʯʠʩʣʝʥʥʷ ʤʦʞʣʠʚʽ ʟʘʚʜʷʢʠ ʮʝʥʪʨʘʤ ʦʙʨʦʙʢʠ ʜʘʥʠʭ. ʎʝʥʪʨ 

ʦʙʨʦʙʢʠ ʜʘʥʠʭ (ʎʆɼ) - ʮʝ ʧʨʠʤʽʱʝʥʥʷ, ʚ ʷʢʦʤʫ ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʢʦʤʧ'ʶʪʝʨʥʽ 

ʩʠʩʪʝʤʠ ʽ ʚʽʜʧʦʚʽʜʥʽ ʢʦʤʧʦʥʝʥʪʠ. ʎʆɼ ʤʦʞʝ ʟʘʡʤʘʪʠ ʦʜʥʝ ʧʨʠʤʽʱʝʥʥʷ ʚ 

ʙʫʜʽʚʣʽ, ʦʜʠʥ ʘʙʦ ʢʽʣʴʢʘ ʧʦʚʝʨʭʽʚ ʘʙʦ ʚʩʶ ʙʫʜʽʚʣʶ. ʎʆɼ ʟʘʟʚʠʯʘʡ ʜʦʨʦʛʦ 



ʩʪʚʦʨʶʚʘʪʠ ʽ ʦʙʩʣʫʛʦʚʫʚʘʪʠ. ɿ ʮʽʻʾ ʧʨʠʯʠʥʠ ʪʽʣʴʢʠ ʚʝʣʠʢʽ ʦʨʛʘʥʽʟʘʮʽʾ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʣʘʩʥʽ ʎʆɼ, ʱʦʙ ʨʦʟʤʽʱʫʚʘʪʠ ʢʦʨʧʦʨʘʪʠʚʥʽ ʜʘʥʽ ʽ ʥʘʜʘʚʘʪʠ 

ʧʦʩʣʫʛʠ ʢʦʨʠʩʪʫʚʘʯʘʤ. ʅʝʚʝʣʠʢʽ ʦʨʛʘʥʽʟʘʮʽʾ, ʷʢʽ ʥʝ ʤʘʶʪʴ ʚʣʘʩʥʦʛʦ ʎʆɼ, 

ʤʦʞʫʪʴ ʟʥʠʟʠʪʠ ʟʘʛʘʣʴʥʫ ʚʘʨʪʽʩʪʴ ʚʦʣʦʜʽʥʥʷ, ʦʨʝʥʜʫʶʯʠ ʩʝʨʚʝʨʠ ʪʘ ʩʠʩʪʝʤʠ 

ʟʙʝʨʽʛʘʥʥʷ ʚ ʭʤʘʨʥʦʤʫ ʎʆɼ ʧʦʩʪʘʯʘʣʴʥʠʢʘ ʧʦʩʣʫʛ. 

ʊʝʥʜʝʥʮʽʾ ʚ ʨʦʟʚʠʪʢʫ ʤʝʨʝʞʝʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʥʝ ʪʽʣʴʢʠ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʧʦʩʽʙ 

ʩʧʽʣʢʫʚʘʥʥʷ ʥʘ ʨʦʙʦʪʽ ʽ ʚ ʰʢʦʣʽ, ʚʦʥʠ ʪʘʢʦʞ ʟʤʽʥʶʶʪʴ ʥʘʰ ʩʧʦʩʽʙ ʞʠʪʪʷ ʚʜʦʤʘ. 

ɼʦ ʥʦʚʽʪʥʽʭ ʪʝʥʜʝʥʮʽʡ ʜʦʤʘʰʥʽʭ ʤʝʨʝʞ ʥʘʣʝʞʘʪʴ çʪʝʭʥʦʣʦʛʽʾ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʙʫʜʠʥʢʫè. ʊʝʭʥʦʣʦʛʽʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʙʫʜʠʥʢʫ ʽʥʪʝʛʨʦʚʘʥʘ ʚ 

ʧʦʙʫʪʦʚʽ ʧʨʠʩʪʨʦʾ ʽ ʜʦʟʚʦʣʷʻ ʾʤ ʧʽʜʢʣʶʯʘʪʠʩʷ ʜʦ ʽʥʰʠʭ ʧʨʠʩʪʨʦʾʚ ʽ, ʪʘʢʠʤ 

ʯʠʥʦʤ, ʙʫʪʠ ʙʽʣʴʰ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʤʠ ʘʙʦ ʙʽʣʴʰ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʤʠ. ʅʘʧʨʠʢʣʘʜ, 

ʧʨʠʧʫʩʪʠʤʦ, ʱʦ ʚʠ ʧʨʠʛʦʪʫʚʘʣʠ ʙʣʶʜʦ, ʽ ʧʝʨʝʜ ʪʠʤ, ʷʢ ʧʽʪʠ ʟ ʜʦʤʫ ʥʘ ʚʝʩʴ ʜʝʥʴ, 

ʧʦʩʪʘʚʠʣʠ ʡʦʛʦ ʚ ʜʫʭʦʚʢʫ. ʋʷʚʽʪʴ, ʱʦ ʜʫʭʦʚʢʘ çʟʥʘʻè ʧʨʦ ʪʝ, ʱʦ ʾʡ ʪʨʝʙʘ 

ʧʨʠʛʦʪʫʚʘʪʠ, ʽ ʧʽʜʢʣʶʯʝʥʘ ʜʦ ʚʘʰʦʛʦ çʢʘʣʝʥʜʘʨʝʤ ʧʦʜʽʡè, ʪʦʤʫ ʚʦʥʘ ʟʥʘʻ, ʢʦʣʠ 

ʚʠ ʧʨʠʡʜʝʪʝ ʜʦʜʦʤʫ ʽ ʧʦʯʥʝ ʛʦʪʫʚʘʪʠ ʾʞʫ ʪʦʯʥʦ ʜʦ ʚʘʰʦʛʦ ʧʨʠʭʦʜʫ. ɺʦʥʘ ʥʘʚʽʪʴ 

ʤʦʞʝ ʟʤʽʥʠʪʠ ʪʨʠʚʘʣʽʩʪʴ ʽ ʪʝʤʧʝʨʘʪʫʨʫ ʧʨʠʛʦʪʫʚʘʥʥʷ, ʚ ʨʘʟʽ, ʷʢʱʦ ʚʘʰʽ ʧʣʘʥʠ 

ʟʤʽʥʷʪʴʩʷ. ʂʨʽʤ ʪʦʛʦ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʤʘʨʪʬʦʥʽʚ ʘʙʦ ʧʣʘʥʰʝʪʽʚ ʢʦʨʠʩʪʫʚʘʯʽ 

ʤʦʞʫʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʜʢʣʶʯʠʪʠʩʷ ʜʦ ʜʫʭʦʚʢʠ ʽ ʚʥʝʩʪʠ ʥʝʦʙʭʽʜʥʽ ʟʤʽʥʠ. ʂʦʣʠ 

ʩʪʨʘʚʘ ʛʦʪʦʚʘ, ʜʫʭʦʚʢʘ ʚʽʜʧʨʘʚʣʷʻ ʥʘ ʚʢʘʟʘʥʝ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ ʧʨʠʩʪʨʽʡ 

ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦ ʪʝ, ʱʦ ʩʪʨʘʚʘ ʛʦʪʦʚʘ ʽ ʧʽʜʽʛʨʽʚʘʻʪʴʩʷ. 

ʎʝ ʚʞʝ ʤʘʡʞʝ ʨʝʘʣʴʥʽʩʪʴ. ɺ ʜʘʥʠʡ ʯʘʩ ʥʘ ʩʪʘʜʽʾ ʨʦʟʨʦʙʢʠ ʟʥʘʭʦʜʷʪʴʩʷ 

ʪʝʭʥʦʣʦʛʽʾ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʙʫʜʠʥʢʫ ʜʣʷ ʚʩʽʭ ʧʨʠʤʽʱʝʥʴ ʙʫʜʠʥʢʫ. ʊʝʭʥʦʣʦʛʽʷ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʙʫʜʠʥʢʫ ʩʪʘʥʝ ʙʽʣʴʰ ʨʝʘʣʴʥʦʶ, ʢʦʣʠ ʜʦʤʘʰʥʽ ʤʝʨʝʞʽ ʽ 

ʪʝʭʥʦʣʦʛʽʷ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʛʦ ɯʥʪʝʨʥʝʪʫ ʦʪʨʠʤʘʶʪʴ ʙʽʣʴʰ ʰʠʨʦʢʝ ʧʦʰʠʨʝʥʥʷ. 

ʅʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʜʦʤʘʰʥʽʭ ʤʝʨʝʞ ʧʦʩʪʽʡʥʦ ʨʦʟʨʦʙʣʷʶʪʴʩʷ, ʱʦʙ ʟʘʜʦʚʦʣʴʥʠʪʠ 

ʟʨʦʩʪʘʶʯʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʦʪʨʝʙʠ. 

ʆʨʛʘʥʽʟʘʮʽʷ ʤʝʨʝʞʽ ʧʦ ʣʽʥʽʷʭ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ - ʪʝʥʜʝʥʮʽʷ ʜʦʤʘʰʥʴʦʾ 

ʤʝʨʝʞʽ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʽʩʥʫʶʯʽ ʝʣʝʢʪʨʠʯʥʽ ʢʘʙʝʣʽ ʜʣʷ ʟ'ʻʜʥʘʥʥʷ ʧʨʠʩʪʨʦʾʚ, ʷʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʤʘʣʶʥʢʫ. ʂʦʥʮʝʧʮʽʷ çʚʽʜʩʫʪʥʦʩʪʽ ʥʦʚʠʭ ʧʨʦʚʦʜʽʚè ʦʟʥʘʯʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʢʣʶʯʝʥʥʷ ʧʨʠʩʪʨʦʶ ʜʦ ʤʝʨʝʞʽ ʟ ʙʫʜʴ-ʷʢʦʛʦ ʤʽʩʮʷ, ʜʝ ʻ 

ʝʣʝʢʪʨʠʯʥʽ ʨʦʟʝʪʢʠ. ʎʝ ʜʦʟʚʦʣʷʻ ʝʢʦʥʦʤʠʪʠ ʚʠʪʨʘʪʠ ʥʘ ʧʨʦʢʣʘʜʢʫ ʢʘʙʝʣʽʚ ʜʣʷ 

ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʚ ʨʘʭʫʥʢʘʭ ʟʘ ʝʣʝʢʪʨʠʢʫ ʩʫʤʘ ʥʝ ʟʤʽʥʶʻʪʴʩʷ. ɿ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʽʻʾ ʞ ʧʨʦʚʦʜʢʠ, ʧʦ ʷʢʽʡ ʥʘʜʭʦʜʠʪʴ ʝʣʝʢʪʨʠʢʘ, ʤʝʨʝʞʽ ʧʝʨʝʜʘʯʽ 

ʜʘʥʠʭ ʧʦ ʣʽʥʽʷʭ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʚʽʜʧʨʘʚʣʷʶʪʴ ʽʥʬʦʨʤʘʮʽʶ ʥʘ ʧʝʚʥʠʭ 

ʯʘʩʪʦʪʘʭ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʩʪʘʥʜʘʨʪʥʦʛʦ ʘʜʘʧʪʝʨʘ ʤʝʨʝʞʽ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʧʨʠʩʪʨʦʶ 

ʤʦʞʫʪʴ ʧʽʜʢʣʶʯʘʪʠʩʷ ʜʦ ʤʝʨʝʞʽ LAN ʚʩʶʜʠ, ʜʝ ʻ ʝʣʝʢʪʨʠʯʥʽ ʨʦʟʝʪʢʠ. 

ʆʨʛʘʥʽʟʘʮʽʷ ʤʝʨʝʞʽ ʧʦ ʣʽʥʽʷʭ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʦʩʦʙʣʠʚʦ ʢʦʨʠʩʥʘ ʪʘʤ, ʜʝ 

ʥʝʤʦʞʣʠʚʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʦʯʢʠ ʙʝʟʜʨʦʪʦʚʦʛʦ ʜʦʩʪʫʧʫ ʘʙʦ ʚʦʥʠ ʥʝ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʜʦʩʪʫʧ ʜʣʷ ʚʩʽʭ ʧʨʠʩʪʨʦʾʚ ʚ ʙʫʜʠʥʢʫ. ʆʨʛʘʥʽʟʘʮʽʷ ʤʝʨʝʞʽ ʧʦ 

ʣʽʥʽʷʭ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʥʝ ʤʦʞʝ ʚʠʩʪʫʧʘʪʠ ʚ ʟʘʤʽʥʦʶ ʜʣʷ ʚʠʜʽʣʝʥʠʭ ʢʘʙʝʣʴʥʠʭ 

ʤʝʨʝʞ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. ʆʜʥʘʢ ʮʝʡ ʚʘʨʽʘʥʪ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʷʢʦʩʪʽ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʢʘʙʝʣʴʥʽ ʪʘ ʙʝʟʜʨʦʪʦʚʽ ʤʝʨʝʞʽ ʧʝʨʝʜʘʯʽ 

ʜʘʥʠʭ ʥʝʟʘʩʪʦʩʦʚʥʽ. 

ɹʝʟʜʨʦʪʦʚʠʡ ʰʠʨʦʢʦʩʤʫʛʦʚʠʡ ʜʦʩʪʫʧ 

ɼʣʷ ʪʝʭʥʦʣʦʛʽʡ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʙʫʜʠʥʢʫ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ɯʥʪʝʨʥʝʪʫ 

ʘʙʩʦʣʶʪʥʦ ʥʝʦʙʭʽʜʥʦ. ɼʣʷ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪ ʙʫʜʠʥʢʽʚ ʽ 



ʥʝʚʝʣʠʢʠʭ ʢʦʤʧʘʥʽʡ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʘʙʝʣʴʥʝ ʘʙʦ DSL-

ʧʽʜʢʣʶʯʝʥʥʷ. ʆʜʥʘʢ ʫ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʽ ʙʝʟʜʨʦʪʦʚʫ 

ʤʝʨʝʞʫ. 

ʇʦʩʪʘʯʘʣʴʥʠʢ ʙʝʟʜʨʦʪʦʚʠʭ ʽʥʪʝʨʥʝʪ-ʧʦʩʣʫʛ (Wireless Internet Service 

Provider, WISP) 

ʇʦʩʪʘʯʘʣʴʥʠʢ ʙʝʟʜʨʦʪʦʚʠʭ ʽʥʪʝʨʥʝʪ-ʧʦʩʣʫʛ (WISP) ʧʽʜʢʣʶʯʘʻ ʘʙʦʥʝʥʪʽʚ ʜʦ 

ʧʝʚʥʠʭ ʙʝʟʜʨʦʪʦʚʠʭ ʪʦʯʦʢ ʜʦʩʪʫʧʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʝʟʜʨʦʪʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, 

ʘʥʘʣʦʛʽʯʥʠʭ ʜʦʤʘʰʥʽʤ ʙʝʟʧʨʦʚʦʜʦʚʦʾ ʣʦʢʘʣʴʥʦʾ ʤʝʨʝʞʽ (WLAN). ʅʘʡʯʘʩʪʽʰʝ 

WISP ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʚ ʩʽʣʴʩʴʢʽʡ ʤʽʩʮʝʚʦʩʪʽ, ʜʝ ʣʽʥʽʾ DSL ʘʙʦ ʢʘʙʝʣʴʥʽ ʤʝʨʝʞʽ 

ʥʝʜʦʩʪʫʧʥʽ. 

ɯʥʦʜʽ ʘʥʪʝʥʫ ʚʩʪʘʥʦʚʣʶʶʪʴ ʥʘ ʦʢʨʝʤʫ ʚʠʰʢʫ, ʘʣʝ ʯʘʩʪʽʰʝ ʾʾ ʨʦʟʤʽʱʫʶʪʴ ʥʘ 

ʽʩʥʫʶʯʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ, ʪʘʢʠʭ ʷʢ ʚʦʜʦʥʘʧʽʨʥʘ ʚʝʞʘ ʘʙʦ ʨʘʜʽʦʚʝʞʘ. ʅʝʚʝʣʠʢʘ 

ʘʥʪʝʥʘ ʥʘ ʜʘʭʫ ʫ ʘʙʦʥʝʥʪʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʟʦʥʽ ʧʨʠʡʦʤʫ ʧʝʨʝʜʘʚʘʯʘ WISP. ɹʣʦʢ 

ʜʦʩʪʫʧʫ ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʜʦ ʜʨʦʪʦʚʦʾ ʤʝʨʝʞʽ ʚ ʙʫʜʠʥʢʫ. ɿ ʪʦʯʢʠ ʟʦʨʫ ʜʦʤʘʰʥʴʦʛʦ 

ʢʦʨʠʩʪʫʚʘʯʘ, ʥʘʩʪʨʦʡʢʘ ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʥʘʩʪʨʦʡʢʠ DSL ʘʙʦ 

ʢʘʙʝʣʴʥʠʭ ʣʽʥʽʡ ʟʚ'ʷʟʢʫ. ɻʦʣʦʚʥʘ ʚʽʜʤʽʥʥʽʩʪʴ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʧʽʜʢʣʶʯʝʥʥʷ 

ʚʽʜ ʙʫʜʠʥʢʫ ʜʦ ʦʧʝʨʘʪʦʨʘ ʟʚ'ʷʟʢʫ - ʮʝ ʙʝʟʜʨʦʪʦʚʝ ʧʽʜʢʣʶʯʝʥʥʷ, ʘ ʥʝ ʯʝʨʝʟ 

ʬʽʟʠʯʥʠʡ ʢʘʙʝʣʴ. 

ɯʥʰʘ ʙʝʟʜʨʦʪʦʚʝ ʨʽʰʝʥʥʷ ʜʣʷ ʜʦʤʫ ʪʘ ʤʘʣʠʭ ʧʽʜʧʨʠʻʤʩʪʚ - ʙʝʟʜʨʦʪʦʚʠʡ 

ʰʠʨʦʢʦʩʤʫʛʦʚʠʡ ʜʦʩʪʫʧ. ɼʣʷ ʥʴʦʛʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʪʘ ʞ ʩʪʽʣʴʥʠʢʦʚʠʡ 

ʪʝʭʥʦʣʦʛʽʷ, ʱʦ ʽ ʜʣʷ ʜʦʩʪʫʧʫ ʚ ɯʥʪʝʨʥʝʪ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʣʘʥʰʝʪʘ ʘʙʦ ʩʤʘʨʪʬʦʥʘ. 

ɸʥʪʝʥʘ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʟʦʚʥʽ ʙʫʜʠʥʢʫ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʙʝʟʜʨʦʪʦʚʝ ʘʙʦ ʜʨʦʪʦʚʝ 

ʧʽʜʢʣʶʯʝʥʥʷ ʧʨʠʩʪʨʦʾʚ ʚ ʙʫʜʴ-ʷʢʽʡ ʪʦʯʮʽ ʙʫʜʠʥʢʫ. ʋ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ 

ʜʦʤʘʰʥʽʡ ʙʝʟʜʨʦʪʦʚʠʡ ʰʠʨʦʢʦʩʤʫʛʦʚʠʡ ʜʦʩʪʫʧ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʢʦʥʢʫʨʫʻ ʟ 

ʨʽʰʝʥʥʷʤʠ DSL ʽ ʢʘʙʝʣʴʥʠʤʠ ʧʦʩʣʫʛʘʤʠ. 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʤʝʨʝʞʝʚʦʾ ʙʝʟʧʝʢʠ ʻ ʥʝʚʽʜ'ʻʤʥʦʶ ʯʘʩʪʠʥʦʶ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ 

ʤʝʨʝʞ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʾʭ ʤʘʩʰʪʘʙʽʚ: ʚʽʜ ʜʦʤʘʰʥʴʦʾ ʤʝʨʝʞʽ, ʚ ʷʢʽʡ ʜʦ ɯʥʪʝʨʥʝʪʫ 

ʧʽʜʢʣʶʯʝʥʠʡ ʪʽʣʴʢʠ ʦʜʠʥ ʢʦʤʧ'ʶʪʝʨ, ʜʦ ʢʦʨʧʦʨʘʪʠʚʥʦʾ ʤʝʨʝʞʽ, ʱʦ ʥʘʨʘʭʦʚʫʻ 

ʪʠʩʷʯʽ ʢʦʨʠʩʪʫʚʘʯʽʚ. ɿʘʙʝʟʧʝʯʫʶʯʠ ʤʝʨʝʞʝʚʫ ʙʝʟʧʝʢʫ, ʚʠ ʧʦʚʠʥʥʽ ʚʨʘʭʦʚʫʚʘʪʠ 

ʽʩʥʫʶʯʽ ʩʝʨʝʜʦʚʠʱʘ, ʘ ʪʘʢʦʞ ʽʥʩʪʨʫʤʝʥʪʠ ʽ ʚʠʤʦʛʠ ʤʝʨʝʞʽ. ʅʝʦʙʭʽʜʥʦ ʟʘʭʠʱʘʪʠ 

ʜʘʥʽ, ʧʽʜʪʨʠʤʫʶʯʠ ʷʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʥʘ ʟʘʷʚʣʝʥʦʤʫ ʨʽʚʥʽ. 

ʉʬʝʨʘ ʤʝʨʝʞʝʚʦʾ ʙʝʟʧʝʢʠ ʦʭʦʧʣʶʻ ʧʨʦʪʦʢʦʣʠ, ʪʝʭʥʦʣʦʛʽʾ, ʧʨʠʩʪʨʦʾ, 

ʽʥʩʪʨʫʤʝʥʪʠ, ʤʝʪʦʜʠ ʟʘʭʠʩʪʫ ʜʘʥʠʭ ʽ ʚʽʜʦʙʨʘʞʝʥʥʷ ʟʘʛʨʦʟ. ɿʘʛʨʦʟʠ ʙʝʟʧʝʮʽ 

ʤʦʞʫʪʴ ʙʫʪʠ ʷʢ ʟʦʚʥʽʰʥʽʤʠ, ʪʘʢ ʽ ʚʥʫʪʨʽʰʥʽʤʠ. ɹʘʛʘʪʦ ʟʦʚʥʽʰʥʽ ʟʘʛʨʦʟʠ 

ʩʴʦʛʦʜʥʽ ʧʦʰʠʨʶʶʪʴʩʷ ʯʝʨʝʟ ɯʥʪʝʨʥʝʪ. 

ɼʦ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʟʦʚʥʽʰʥʽʭ ʟʘʛʨʦʟ ʚʽʜʥʦʩʷʪʴʩʷ: 

¶ ɺʽʨʫʩʠ, ʯʝʨʚ'ʷʢʠ ʽ çʪʨʦʷʥʩʴʢʽ ʢʦʥʽè - ʰʢʽʜʣʠʚʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽ 

ʜʦʚʽʣʴʥʠʡ ʢʦʜ, ʚʠʢʦʥʫʚʘʥʽ ʥʘ ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ ʧʨʠʩʪʨʦʷʭ 

¶ ʐʧʠʛʫʥʩʴʢʝ ʽ ʨʝʢʣʘʤʥʝ ʇʆ - ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢʝ 

ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʥʘ ʧʨʠʟʥʘʯʝʥʝ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ ʧʨʠʩʪʨʽʡ ʽ ʪʘʻʤʥʦ ʟʙʠʨʘʻ 

ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʢʦʨʠʩʪʫʚʘʯʘ 

¶ ɸʪʘʢʠ ʥʫʣʴʦʚʦʛʦ ʜʥʷ, ʪʘʢʦʞ ʟʚʘʥʽ ʘʪʘʢʘʤʠ ʥʫʣʴʦʚʦʛʦ ʛʦʜʠʥʠ, 

ʟʜʽʡʩʥʶʶʪʴʩʷ ʚ ʧʝʨʰʠʡ ʜʝʥʴ, ʢʦʣʠ ʧʨʦ ʫʨʘʟʣʠʚʽʩʪʴ ʩʪʘʻ ʚʽʜʦʤʦ 

¶ ʍʘʢʝʨʩʴʢʽ ʘʪʘʢʠ - ʘʪʘʢʠ ʢʦʤʧʝʪʝʥʪʥʦʛʦ ʟʣʦʚʤʠʩʥʠʢʘ ʥʘ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ 

ʢʦʨʠʩʪʫʚʘʯʘ ʧʨʠʩʪʨʦʾ ʘʙʦ ʤʝʨʝʞʝʚʽ ʨʝʩʫʨʩʠ 



¶ ɸʪʘʢʠ ʪʠʧʫ çʚʽʜʤʦʚʘ ʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽè - ʘʪʘʢʠ, ʨʦʟʨʦʙʣʝʥʽ ʜʣʷ ʟʥʠʞʝʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʘʙʦ ʘʚʘʨʽʡʥʦʛʦ ʟʘʚʝʨʰʝʥʥʷ ʧʨʦʮʝʩʽʚ ʥʘ ʤʝʨʝʞʝʚʦʤʫ 

ʧʨʠʩʪʨʦʾ 

¶ ʇʝʨʝʭʦʧʣʝʥʥʷ ʽ ʨʦʟʢʨʘʜʘʥʥʷ ʜʘʥʠʭ - ʘʪʘʢʘ ʟ ʤʝʪʦʶ ʟʙʦʨʫ ʧʨʠʚʘʪʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʟ ʢʦʨʧʦʨʘʪʠʚʥʦʾ ʤʝʨʝʞʽ 

¶ ʂʨʘʜʽʞʢʘ ʦʩʦʙʠʩʪʦʾ ʽʥʬʦʨʤʘʮʽʾ - ʘʪʘʢʘ ʜʣʷ ʨʦʟʢʨʘʜʘʥʥʷ ʦʙʣʽʢʦʚʠʭ ʜʘʥʠʭ 

ʢʦʨʠʩʪʫʚʘʯʘ, ʱʦʙ ʦʪʨʠʤʘʪʠ ʜʦʩʪʫʧ ʜʦ ʜʘʥʠʭ ʧʨʠʚʘʪʥʦʛʦ ʭʘʨʘʢʪʝʨʫ 

ʅʝ ʤʝʥʰ ʚʘʞʣʠʚʦ ʚʨʘʭʦʚʫʚʘʪʠ ʚʥʫʪʨʽʰʥʽ ʟʘʛʨʦʟʠ. ɹʘʛʘʪʦ ʜʦʩʣʽʜʞʝʥʴ 

ʧʦʢʘʟʫʶʪʴ, ʱʦ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʽ ʧʦʨʫʰʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʧʦʚ'ʷʟʘʥʽ 

ʟ ʚʥʫʪʨʽʰʥʽʤʠ ʢʦʨʠʩʪʫʚʘʯʘʤʠ ʤʝʨʝʞʽ. ʎʝ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʧʘʜʢʠ ʚʪʨʘʪʠ ʘʙʦ 

ʢʨʘʜʽʞʢʠ ʧʨʠʩʪʨʦʾʚ, ʧʦʤʠʣʢʠ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ʽ ʥʘʚʽʪʴ ʾʭ ʟʣʦʚʤʠʩʥʽ ʜʽʾ. ʇʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʦʥʮʝʧʮʽʾ çʇʨʠʥʝʩʠ ʥʘ ʨʦʙʦʪʫ ʩʚʦʻ ʚʣʘʩʥʝ ʧʨʠʩʪʨʽʡè 

ʢʦʨʧʦʨʘʪʠʚʥʽ ʜʘʥʽ ʱʝ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰ ʫʨʘʟʣʠʚʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʩʪʚʦʨʝʥʥʽ 

ʧʦʣʽʪʠʢʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʚʘʞʣʠʚʦ ʚʨʘʭʦʚʫʚʘʪʠ ʽ ʟʦʚʥʽʰʥʽ, ʽ ʚʥʫʪʨʽʰʥʽ 

ʟʘʛʨʦʟʠ ʥʘʮʽʦʥʘʣʴʥʽʡ ʙʝʟʧʝʮʽ. 

ɾʦʜʥʝ ʦʢʨʝʤʝ ʨʽʰʝʥʥʷ ʥʝ ʤʦʞʝ ʧʦʚʥʽʩʪʶ ʫʙʝʟʧʝʯʠʪʠ ʤʝʨʝʞʫ ʚʽʜ 

ʯʠʩʣʝʥʥʠʭ ʩʫʯʘʩʥʠʭ ʟʘʛʨʦʟ. ʉʘʤʝ ʪʦʤʫ ʟʘʭʦʜʠ ʱʦʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʝʨʝʞʝʚʦʾ 

ʙʝʟʧʝʢʠ ʥʝʦʙʭʽʜʥʦ ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʚʽʜʨʘʟʫ ʥʘ ʜʝʢʽʣʴʢʦʭ ʨʽʚʥʷʭ, ʟʘʜʽʷʚʰʠ 

ʦʜʥʦʯʘʩʥʦ ʢʽʣʴʢʘ ʨʽʰʝʥʴ. ʗʢʱʦ ʷʢʠʡ-ʥʝʙʫʜʴ ʦʜʠʥ ʢʦʤʧʦʥʝʥʪ ʩʠʩʪʝʤʠ ʙʝʟʧʝʢʠ 

ʥʝ ʤʦʞʝ ʚʠʟʥʘʯʠʪʠ ʟʘʛʨʦʟʠ ʽ ʟʘʭʠʩʪʠʪʠ ʤʝʨʝʞʫ, ʪʦ ʡʦʤʫ ʥʘ ʜʦʧʦʤʦʛʫ ʧʨʠʡʜʫʪʴ 

ʽʥʰʽ ʢʦʤʧʦʥʝʥʪʠ. 

ʈʝʘʣʽʟʫʚʘʪʠ ʧʦʣʽʪʠʢʠ ʙʝʟʧʝʢʠ ʚ ʜʦʤʘʰʥʽʡ ʤʝʨʝʞʽ, ʷʢ ʧʨʘʚʠʣʦ, ʜʦʩʠʪʴ 

ʧʨʦʩʪʦ. ʊʘʢʽ ʧʦʣʽʪʠʢʠ ʟʘʟʚʠʯʘʡ ʚʧʨʦʚʘʜʞʫʶʪʴʩʷ ʥʘ ʧʽʜʢʣʶʯʘʶʪʴʩʷ ʢʽʥʮʝʚʠʭ 

ʧʨʠʩʪʨʦʷʭ, ʘ ʪʘʢʦʞ ʚ ʪʦʯʮʽ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ɯʥʪʝʨʥʝʪʫ, ʽ ʥʘʚʽʪʴ ʤʦʞʫʪʴ ʙʫʪʠ 

ʨʝʘʣʽʟʦʚʘʥʽ ʷʢ ʩʝʨʚʽʩʠ, ʱʦ ʥʘʜʘʶʪʴʩʷ ʟʘ ʜʦʛʦʚʦʨʦʤ ɯʥʪʝʨʥʝʪ-ʧʨʦʚʘʡʜʝʨʦʤ. 

ʈʝʘʣʽʟʘʮʽʷ ʧʦʣʽʪʠʢ ʤʝʨʝʞʝʚʦʾ ʙʝʟʧʝʢʠ ʜʣʷ ʢʦʨʧʦʨʘʪʠʚʥʦʾ ʤʝʨʝʞʽ, ʥʘʚʧʘʢʠ, 

ʟʘʟʚʠʯʘʡ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʙʝʟʣʽʯ ʢʦʤʧʦʥʝʥʪʽʚ, ʚʙʫʜʦʚʘʥʠʭ ʚ ʤʝʨʝʞʽ ʜʣʷ 

ʢʦʥʪʨʦʣʶ ʽ ʬʽʣʴʪʨʘʮʽʾ ʪʨʘʬʽʢʫ. ɺ ʽʜʝʘʣʽ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʚʩʽ ʢʦʤʧʦʥʝʥʪʠ 

ʧʨʘʮʶʶʪʴ ʨʘʟʦʤ, ʱʦ ʟʥʠʞʫʻ ʦʙʩʷʛ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ ʧʽʜʚʠʱʫʻ ʙʝʟʧʝʢʫ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʜʦʤʘʰʥʽʭ ʘʙʦ ʥʝʚʝʣʠʢʠʭ ʦʬʽʩʥʠʭ ʤʝʨʝʞ ʧʦʚʠʥʥʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʷʢ ʤʽʥʽʤʫʤ ʥʘʩʪʫʧʥʽ ʢʦʤʧʦʥʝʥʪʠ. 

ɸʥʪʠʚʽʨʫʩʥʫ ʧʨʦʛʨʘʤʫ ʡ ʘʥʪʠ-ʰʧʠʛʫʥʩʴʢʝ ʇɿ ʜʦʟʚʦʣʷʻ ʟʘʧʦʙʽʛʪʠ 

ʟʘʨʘʞʝʥʥʶ ʢʽʥʮʝʚʠʭ ʧʨʠʩʪʨʦʾʚ ʰʢʽʜʣʠʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ. 

ʌʽʣʴʪʨʘʮʽʷ ʥʘ ʤʝʞʩʝʪʝʚʦʤ ʝʢʨʘʥʽ - ʙʣʦʢʫʚʘʥʥʷ ʩʧʨʦʙ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ 

ʜʦʩʪʫʧʫ ʜʦ ʤʝʨʝʞʽ. ʉʶʜʠ ʤʦʞʝ ʚʭʦʜʠʪʠ ʩʠʩʪʝʤʘ ʨʝʘʣʽʟʦʚʘʥʠʭ ʥʘ ʚʫʟʣʽ 

ʤʽʞʤʝʨʝʞʝʚʠʭ ʝʢʨʘʥʽʚ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ 

ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʤʫ ʜʦʩʪʫʧʫ ʜʦ ʢʽʥʮʝʚʦʛʦ ʧʨʠʩʪʨʦʶ, ʘʙʦ ʙʘʟʦʚʠʡ ʩʝʨʚʽʩ 

ʬʽʣʴʪʨʘʮʽʾ ʥʘ ʜʦʤʘʰʥʴʦʤʫ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʤʫ 

ʜʦʩʪʫʧʫ ʚ ʤʝʨʝʞʫ ʟʟʦʚʥʽ. 

ʂʨʽʤ ʧʝʨʝʨʘʭʦʚʘʥʦʛʦ ʚʠʱʝ, ʚ ʙʽʣʴʰʠʭ ʤʝʨʝʞʘʭ ʽ ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʤʝʨʝʞʘʭ 

ʯʘʩʪʦ ʻ ʽʥʰʽ ʚʠʤʦʛʠ ʙʝʟʧʝʢʠ. 

ɺʠʜʽʣʝʥʽ ʤʽʞʤʝʨʝʞʝʚʽ ʝʢʨʘʥʠ - ʰʠʨʰʽ ʤʦʞʣʠʚʦʩʪʽ ʙʨʘʥʜʤʘʫʝʨʘ, ʷʢʠʡ ʤʦʞʝ 

ʬʽʣʴʪʨʫʚʘʪʠ ʚʝʣʠʢʠʡ ʦʙʩʷʛ ʪʨʘʬʽʢʫ ʟ ʧʽʜʚʠʱʝʥʦʶ ʜʝʪʘʣʽʟʘʮʽʻʶ. 

ʉʧʠʩʢʠ ʢʦʥʪʨʦʣʶ ʜʦʩʪʫʧʫ (Access Control List, ACL) - ʧʦʜʘʣʴʰʘ 

ʬʽʣʴʪʨʘʮʽʷ ʜʦʩʪʫʧʫ, ʘ ʪʘʢʦʞ ʧʝʨʝʩʠʣʘʥʥʷ ʪʨʘʬʽʢʫ. 



ʉʠʩʪʝʤʠ ʟʘʧʦʙʽʛʘʥʥʷ ʚʪʦʨʛʥʝʥʴ (Intrusion prevention system, IPS) - 

ʚʠʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦ ʧʦʰʠʨʶʶʪʴʩʷ ʟʘʛʨʦʟ, ʪʘʢʠʭ ʷʢ ʘʪʘʢʠ ʥʫʣʴʦʚʦʛʦ ʜʥʷ ʘʙʦ 

ʥʫʣʴʦʚʦʛʦ ʛʦʜʠʥʠ. 

ɺʽʨʪʫʘʣʴʥʽ ʧʨʠʚʘʪʥʽ ʤʝʨʝʞʽ (Virtual Private Network, VPN) - ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʙʝʟʧʝʯʥʦʛʦ ʜʦʩʪʫʧʫ ʜʣʷ ʚʽʜʜʘʣʝʥʠʭ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ. 

ɺʠʤʦʛʠ ʙʝʟʧʝʢʠ ʧʦʚʠʥʥʽ ʚʨʘʭʦʚʫʚʘʪʠ ʤʝʨʝʞʝʚʫ ʩʝʨʝʜʫ, ʘ ʪʘʢʦʞ ʨʽʟʥʽ 

ʜʦʜʘʪʢʠ ʽ ʚʠʤʦʛʠ ʜʦ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ. ɯ ʚ ʜʦʤʘʰʥʽʭ, ʽ ʚ 

ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʤʝʨʝʞʘʭ ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʙʝʟʧʝʢʫ ʜʘʥʠʭ, ʧʨʦʧʦʥʫʶʯʠ 

ʪʦ ʷʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʷʢʝ ʦʯʽʢʫʶʪʴ ʢʦʨʠʩʪʫʚʘʯʽ ʙʫʜʴ-ʷʢʦʾ ʪʝʭʥʦʣʦʛʽʾ. ʂʨʽʤ 

ʪʦʛʦ, ʚʧʨʦʚʘʜʞʝʥʽ ʨʽʰʝʥʥʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʧʦʚʠʥʥʽ ʣʝʛʢʦ 

ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʟʨʦʩʪʘʥʥʷ ʤʝʨʝʞ ʽ ʤʽʥʣʠʚʠʭ ʚʠʤʦʛ. 

ɺʠʚʯʝʥʥʷ ʟʘʛʨʦʟ ʤʝʨʝʞʝʚʦʾ ʙʝʟʧʝʢʠ ʽ ʤʝʪʦʜʽʚ ʾʭ ʚʽʜʦʙʨʘʞʝʥʥʷ ʧʦʯʠʥʘʻʪʴʩʷ 

ʟ ʯʽʪʢʦʛʦ ʨʦʟʫʤʽʥʥʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʢʦʤʫʪʘʮʽʾ ʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ, 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʾ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʤʝʨʝʞʝʚʠʭ ʩʝʨʚʽʩʽʚ. 

 

 

 

  



ʄʝʨʝʞʝʚʽ ʧʨʦʪʦʢʦʣʠ ʽ ʢʦʤʫʥʽʢʘʮʽʾ 

ʄʝʨʝʞʽ ʛʨʘʶʪʴ ʚʩʝ ʙʽʣʴʰʫ ʽ ʙʽʣʴʰʫ ʨʦʣʴ ʫ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʣʶʜʴʤʠ. ʃʶʜʠ 

ʩʧʽʣʢʫʶʪʴʩʷ ʚ ʤʝʨʝʞʽ ʟ ʘʙʩʦʣʶʪʥʦ ʨʽʟʥʠʭ ʤʽʩʮʴ. ɼʠʩʢʫʩʽʾ ʚ ʘʫʜʠʪʦʨʽʷʭ 

ʧʝʨʝʥʦʩʷʪʴʩʷ ʚ ʯʘʪʠ, ʘ ʦʙʛʦʚʦʨʝʥʥʷ ʚ ʤʝʨʝʞʽ ʪʨʠʚʘʶʪʴ ʚ ʘʫʜʠʪʦʨʽʷʭ. ʑʦʜʥʷ 

ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʥʦʚʽ ʩʝʨʚʽʩʠ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʝʚʘʛ ʤʝʨʝʞʽ. 

ɿʘʤʽʩʪʴ ʨʦʟʨʦʙʢʠ ʫʥʽʢʘʣʴʥʠʭ, ʦʢʨʝʤʠʭ ʩʠʩʪʝʤ ʜʣʷ ʢʦʞʥʦʛʦ ʥʦʚʦʛʦ ʩʝʨʚʽʩʫ, 

ʚ ʤʝʨʝʞʝʚʠʡ ʛʘʣʫʟʽ ʚ ʮʽʣʦʤʫ ʧʦʯʘʣʠ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʧʽʜʭʽʜ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ 

ʨʦʟʨʦʙʥʠʢʘʤ ʟʨʦʟʫʤʽʪʠ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ʧʦʪʦʯʥʠʭ ʤʝʨʝʞʝʚʠʭ ʧʣʘʪʬʦʨʤ ʽ 

ʧʽʜʪʨʠʤʫʚʘʪʠ ʮʽ ʧʣʘʪʬʦʨʤʠ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʩʧʨʦʱʝʥʥʷ 

ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʟ ʤʝʪʦʶ ʧʽʜʪʨʠʤʢʠ ʤʘʡʙʫʪʥʽʭ ʧʦʪʨʝʙ ʟʚ'ʷʟʢʫ ʪʘ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ. 

ɺ ʦʩʥʦʚʽ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʨʦʟʨʦʙʢʠ ʣʝʞʠʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʠʭ ʤʦʜʝʣʝʡ, ʱʦ ʦʧʠʩʫʶʪʴ ʤʝʨʝʞʝʚʽ ʧʨʘʚʠʣʘ ʽ ʬʫʥʢʮʽʾ. 

ʋ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʚʠ ʜʽʟʥʘʻʪʝʩʷ ʧʨʦ ʮʽ ʤʦʜʝʣʽ, ʘ ʪʘʢʦʞ ʧʨʦ ʩʪʘʥʜʘʨʪʠ ʨʦʙʦʪʠ 

ʤʝʨʝʞ ʽ ʧʨʠʥʮʠʧʘʭ ʦʙʤʽʥʫ ʜʘʥʠʤʠ ʧʦ ʤʝʨʝʞʽ. 

ʄʝʨʝʞʘ ʤʦʞʝ ʙʫʪʠ ʩʢʣʘʜʥʦʶ (ʧʨʠʩʪʨʦʾ, ʧʽʜʢʣʶʯʝʥʽ ʯʝʨʝʟ ɯʥʪʝʨʥʝʪ) ʘʙʦ 

ʧʨʦʩʪʠʡ (ʜʚʘ ʢʦʤʧ'ʶʪʝʨʠ, ʧʽʜʢʣʶʯʝʥʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʜʥʦʛʦ 

ʢʘʙʝʣʶ). ʄʦʞʣʠʚʦ ʽ ʱʦʩʴ ʩʝʨʝʜʥʻ. ʄʝʨʝʞʽ ʤʦʞʫʪʴ ʚʽʜʨʽʟʥʷʪʠʩʷ ʟʘ ʨʦʟʤʽʨʦʤ, 

ʬʦʨʤʦʶ ʽ ʬʫʥʢʮʽʷʤʠ. ʇʨʦʪʝ ʜʣʷ ʟʚ'ʷʟʢʫ ʥʝʜʦʩʪʘʪʥʴʦ ʤʘʪʠ ʪʽʣʴʢʠ ʬʽʟʠʯʥʝ 

ʟ'ʻʜʥʘʥʥʷ ʤʽʞ ʢʽʥʮʝʚʠʤʠ ʧʨʠʩʪʨʦʷʤʠ. ɼʣʷ ʫʩʧʽʰʥʦʛʦ ʦʙʤʽʥʫ ʜʘʥʠʤʠ ʮʽ 

ʧʨʠʩʪʨʦʾ ʧʦʚʠʥʥʽ çʟʥʘʪʠè, ʷʢ ʦʙʤʽʥʶʚʘʪʠʩʷ ʽʥʬʦʨʤʘʮʽʻʶ. 

ʃʶʜʠ ʦʙʤʽʥʶʶʪʴʩʷ ʽʜʝʷʤʠ ʨʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ. ʇʨʠ ʮʴʦʤʫ ʚʩʽ ʩʧʦʩʦʙʠ 

ʢʦʤʫʥʽʢʘʮʽʡ ʤʘʶʪʴ ʪʨʠ ʟʘʛʘʣʴʥʠʭ ʝʣʝʤʝʥʪʘ. ʇʝʨʰʠʡ - ʮʝ ʜʞʝʨʝʣʦ 

ʧʦʚʽʜʦʤʣʝʥʥʷ, ʘʙʦ ʚʽʜʧʨʘʚʥʠʢ. ɺʽʜʧʨʘʚʥʠʢʦʤ ʤʦʞʝ ʙʫʪʠ ʣʶʜʠʥʘ ʘʙʦ 

ʝʣʝʢʪʨʦʥʥʠʡ ʧʨʠʩʪʨʽʡ, ʟ ʷʢʠʤ ʧʦʪʨʽʙʥʦ ʚʽʜʧʨʘʚʠʪʠ ʧʦʚʽʜʦʤʣʝʥʥʷ ʽʥʰʽʡ ʣʶʜʠʥʽ 

ʘʙʦ ʧʨʠʩʪʨʦʶ. ɼʨʫʛʠʡ ʝʣʝʤʝʥʪ - ʮʝ ʘʜʨʝʩʘʪ, ʘʙʦ ʦʜʝʨʞʫʚʘʯ ʧʦʚʽʜʦʤʣʝʥʥʷ. 

ɸʜʨʝʩʘʪ ʦʪʨʠʤʫʻ ʽ ʽʥʪʝʨʧʨʝʪʫʻ ʧʦʚʽʜʦʤʣʝʥʥʷ. ʊʨʝʪʽʡ ʝʣʝʤʝʥʪ, ʟʚʘʥʠʡ ʢʘʥʘʣʦʤ, 

ʷʚʣʷʻ ʩʦʙʦʶ ʟʘʩʽʙ ʧʽʜʢʣʶʯʝʥʥʷ, ʟʘ ʷʢʠʤ ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʝʨʝʜʘʻʪʴʩʷ ʚʽʜ ʜʞʝʨʝʣʘ 

ʜʦ ʦʜʝʨʞʫʚʘʯʘ. 

ʂʦʤʫʥʽʢʘʮʽʾ ʧʦʯʠʥʘʶʪʴʩʷ ʟ ʧʦʚʽʜʦʤʣʝʥʥʷ (ʽʥʬʦʨʤʘʮʽʾ), ʷʢʝ ʧʦʪʨʽʙʥʦ 

ʧʝʨʝʜʘʪʠ ʚʽʜ ʜʞʝʨʝʣʘ ʜʦ ʦʜʝʨʞʫʚʘʯʘ. ɺʽʜʧʨʘʚʣʝʥʥʷ ʮʴʦʛʦ ʧʦʚʽʜʦʤʣʝʥʥʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʩʧʽʣʢʫʚʘʥʥʷ ʘʙʦ ʧʦ ʤʝʨʝʞʽ ʨʝʛʫʣʶʻʪʴʩʷ ʧʨʘʚʠʣʘʤʠ, 

ʷʢʽ ʥʘʟʠʚʘʶʪʴʩʷ ʧʨʦʪʦʢʦʣʘʤʠ. ʎʽ ʧʨʦʪʦʢʦʣʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʧʦʩʦʙʫ ʢʦʤʫʥʽʢʘʮʽʾ. 

ʇʨʠ ʱʦʜʝʥʥʦʤʫ ʦʩʦʙʠʩʪʦʤʫ ʩʧʽʣʢʫʚʘʥʥʽ ʧʨʘʚʠʣʘ ʦʙʤʽʥʫ ʜʘʥʠʤʠ ʯʝʨʝʟ ʦʜʠʥ 

ʟʘʩʽʙ ʟʚ'ʷʟʢʫ, ʥʘʧʨʠʢʣʘʜ ʪʝʣʝʬʦʥ, ʥʝ ʦʙʦʚ'ʷʟʢʦʚʦ ʟʙʽʛʘʶʪʴʩʷ ʟ ʧʨʦʪʦʢʦʣʦʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʰʦʛʦ ʟʘʩʦʙʫ ʟʚ'ʷʟʢʫ, ʥʘʧʨʠʢʣʘʜ ʧʦʰʪʠ. 

ʈʦʟʛʣʷʥʝʤʦ, ʥʘʧʨʠʢʣʘʜ, ʽʥʜʠʚʽʜʫʘʣʴʥʝ ʩʧʽʣʢʫʚʘʥʥʷ ʜʚʦʭ ʣʶʜʝʡ. ɼʦ 

ʧʦʯʘʪʢʫ ʩʧʽʣʢʫʚʘʥʥʷ ʚʦʥʠ ʧʦʚʠʥʥʽ ʜʦʤʦʚʠʪʠʩʷ ʧʨʦ ʩʧʦʩʽʙ ʩʧʽʣʢʫʚʘʥʥʷ. ʗʢʱʦ 

ʩʧʽʣʢʫʚʘʥʥʷ ʙʫʜʝ ʚʽʜʙʫʚʘʪʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʦʣʦʩʫ, ʩʧʦʯʘʪʢʫ ʚʦʥʠ ʧʦʚʠʥʥʽ 

ʜʦʤʦʚʠʪʠʩʷ ʧʨʦ ʪʝ, ʷʢʦʶ ʤʦʚʦʶ ʚʦʥʠ ʙʫʜʫʪʴ ʩʧʽʣʢʫʚʘʪʠʩʷ. ʇʦʪʽʤ, ʢʦʣʠ ʫ ʥʠʭ ʻ 

ʧʦʚʽʜʦʤʣʝʥʥʷ ʜʨʫʛ ʜʣʷ ʜʨʫʛʘ, ʚʦʥʠ ʧʦʚʠʥʥʽ ʟʫʤʽʪʠ ʚʠʩʣʦʚʠʪʠ ʡʦʛʦ ʪʘʢʠʤ 

ʯʠʥʦʤ, ʱʦʙ ʚʦʥʦ ʩʪʘʣʦ ʟʨʦʟʫʤʽʣʠʤ. ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʭʪʦʩʴ ʛʦʚʦʨʠʪʴ 

ʘʥʛʣʽʡʩʴʢʦʶ, ʘʣʝ ʥʝʧʨʘʚʠʣʴʥʦ ʩʪʨʫʢʪʫʨʫʻ ʧʨʦʧʦʟʠʮʽʶ, ʧʦʚʽʜʦʤʣʝʥʥʷ ʤʦʞʝ ʙʫʪʠ 

ʚʠʪʣʫʤʘʯʝʥʦ ʥʝʚʽʨʥʦ. ʂʦʞʥʘ ʟ ʮʠʭ ʟʘʚʜʘʥʴ ʦʧʠʩʫʻ ʧʨʦʪʦʢʦʣʠ, ʷʢʽ ʧʦʪʨʽʙʥʦ 

ʟʘʩʪʦʩʫʚʘʪʠ ʜʣʷ ʫʩʧʽʰʥʦʾ ʢʦʤʫʥʽʢʘʮʽʾ. ʎʝ ʚʽʜʥʦʩʠʪʴʩʷ ʪʘʢʦʞ ʜʦ ʢʦʤʧ'ʶʪʝʨʥʦʾ 

ʢʦʤʫʥʽʢʘʮʽʾ. 



ʇʦʜʫʤʘʡʪʝ ʥʘʜ ʪʠʤ, ʩʢʽʣʴʢʠ ʨʽʟʥʠʭ ʧʨʘʚʠʣ ʘʙʦ ʧʨʦʪʦʢʦʣʽʚ ʨʝʛʫʣʶʶʪʴ 

ʩʧʦʩʦʙʠ ʢʦʤʫʥʽʢʘʮʽʾ, ʱʦ ʽʩʥʫʶʪʴ ʚ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ. 

ɼʣʷ ʧʦʯʘʪʢʫ ʩʧʽʣʢʫʚʘʥʥʷ ʦʜʠʥ ʟ ʦʜʥʠʤ ʣʶʜʠ ʧʦʚʠʥʥʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʚʩʪʘʥʦʚʣʝʥʽ ʧʨʘʚʠʣʘ ʘʙʦ ʫʛʦʜʠ, ʱʦ ʨʝʛʫʣʶʶʪʴ ʨʦʟʤʦʚʘ. ʇʨʦʪʦʢʦʣʠ ʥʝʦʙʭʽʜʥʽ 

ʜʣʷ ʝʬʝʢʪʠʚʥʦʾ ʢʦʤʫʥʽʢʘʮʽʾ. ʑʦʙ ʧʦʚʽʜʦʤʣʝʥʥʷ ʙʫʣʦ ʫʩʧʽʰʥʦ ʜʦʩʪʘʚʣʝʥʦ ʽ 

ʟʨʦʟʫʤʽʣʝ, ʮʽ ʧʨʘʚʠʣʘ, ʘʙʦ ʧʨʦʪʦʢʦʣʠ, ʥʝʦʙʭʽʜʥʦ ʜʦʪʨʠʤʫʚʘʪʠʩʷ. ʇʨʦʪʦʢʦʣʠ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʥʘʩʪʫʧʥʠʤ ʚʠʤʦʛʘʤ: 

¶ ɺʽʜʦʤʽ ʚʽʜʧʨʘʚʥʠʢ ʽ ʦʜʝʨʞʫʚʘʯ 

¶ ɿʘʛʘʣʴʥʦʧʨʠʡʥʷʪʽ ʤʦʚʫ ʽ ʛʨʘʤʘʪʠʢʘ 

¶ ʐʚʠʜʢʽʩʪʴ ʽ ʯʘʩ ʜʦʩʪʘʚʢʠ 

¶ ɺʠʤʦʛʠ ʜʦ ʫʪʚʝʨʜʞʝʥʥʷ ʘʙʦ ʧʽʜʪʚʝʨʜʞʝʥʥʷ 

ʇʨʦʪʦʢʦʣʘʭ, ʟʘʩʪʦʩʦʚʫʚʘʥʠʤ ʜʣʷ ʟʚ'ʷʟʢʫ ʚ ʤʝʨʝʞʽ, ʚʣʘʩʪʠʚʽ ʙʘʛʘʪʦ ʟ ʮʠʭ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ. ʂʨʽʤ ʘʜʨʝʩʠ ʜʞʝʨʝʣʘ ʽ ʤʽʩʮʷ ʧʨʠʟʥʘʯʝʥʥʷ ʜʣʷ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟʛʘʜʘʥʠʤ ʚʠʱʝ ʚʠʤʦʛʘʤ ʢʦʤʧ'ʶʪʝʨʥʽ ʽ ʤʝʨʝʞʝʚʽ ʧʨʦʪʦʢʦʣʠ 

ʚʠʟʥʘʯʘʶʪʴ ʩʧʦʩʽʙ ʧʝʨʝʜʘʯʽ ʧʦʚʽʜʦʤʣʝʥʥʷ ʯʝʨʝʟ ʤʝʨʝʞʫ. ʇʦʰʠʨʝʥʽ ʢʦʤʧ'ʶʪʝʨʥʽ 

ʧʨʦʪʦʢʦʣʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤ. ʂʦʞʝʥ ʟ ʮʠʭ ʧʫʥʢʪʽʚ ʤʠ ʨʦʟʛʣʷʥʝʤʦ ʙʽʣʴʰ 

ʜʦʢʣʘʜʥʦ. 

ʆʜʠʥ ʟ ʧʝʨʰʠʭ ʝʪʘʧʽʚ ʚʽʜʧʨʘʚʢʠ ʧʦʚʽʜʦʤʣʝʥʥʷ - ʢʦʜʫʚʘʥʥʷ. ʂʦʜʫʚʘʥʥʷ - ʮʝ 

ʧʨʦʮʝʩ ʧʝʨʝʪʚʦʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚ ʬʦʨʤʫ, ʧʨʠʡʥʷʪʥʫ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʧʝʨʝʜʘʯʽ. 

ɼʝʢʦʜʫʚʘʥʥʷ - ʟʚʦʨʦʪʥʠʡ ʧʨʦʮʝʩ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʷʢʦʛʦ ʽʥʬʦʨʤʘʮʽʷ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ 

ʚ ʧʦʯʘʪʢʦʚʠʡ ʚʠʛʣʷʜ. 

ʋʷʚʽʪʴ ʩʦʙʽ ʣʶʜʠʥʫ, ʷʢʘ, ʧʣʘʥʫʶʯʠ ʩʧʽʣʴʥʠʡ ʚʽʜʧʫʩʪʢʫ ʟ ʦʜʥʠʤ, ʜʟʚʦʥʠʪʴ 

ʡʦʤʫ, ʱʦʙ ʦʙʛʦʚʦʨʠʪʠ ʧʫʥʢʪ ʧʨʠʟʥʘʯʝʥʥʷ ʤʘʡʙʫʪʥʴʦʾ ʧʦʾʟʜʢʠ. ʑʦʙ ʧʝʨʝʜʘʪʠ 

ʧʦʚʽʜʦʤʣʝʥʥʷ, ʜʽʚʯʠʥʘ ʚʠʩʣʦʚʣʶʻ ʩʚʦʾ ʜʫʤʢʠ ʥʘ ʦʙʨʘʥʦʶ ʤʦʚʦʶ. ɺʦʥʘ 

ʚʠʤʦʚʣʷʻ ʩʣʦʚʘ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʟʚʫʢʠ ʽ ʽʥʪʦʥʘʮʽʶ, ʱʦʙ ʜʦʥʝʩʪʠ ʧʦʚʽʜʦʤʣʝʥʥʷ. 

ɼʨʫʛ ʩʣʫʭʘʻ ʾʾ ʽ ʜʝʢʦʜʫʻ ʟʚʫʢʠ, ʱʦʙ ʟʨʦʟʫʤʽʪʠ ʦʪʨʠʤʘʥʝ ʧʦʚʽʜʦʤʣʝʥʥʷ. 

ʂʦʜʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʘʢʦʞ ʧʨʠ ʦʙʤʽʥʽ ʜʘʥʠʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʦʤʧ'ʶʪʝʨʘ. ʂʦʜʫʚʘʥʥʷ ʜʘʥʠʭ ʧʨʠ ʦʙʤʽʥʽ ʤʽʞ ʚʫʟʣʘʤʠ ʧʦʚʠʥʥʘ ʙʫʪʠ ʚ ʬʦʨʤʘʪʽ, 

ʚʽʜʧʦʚʽʜʥʦʤʫ ʟʘʩʦʙʫ ʧʽʜʢʣʶʯʝʥʥʷ. ʇʝʨʰ ʟʘ ʚʩʝ, ʚʫʟʦʣ-ʚʽʜʧʨʘʚʥʠʢ ʧʝʨʝʪʚʦʨʶʻ 

ʧʝʨʝʜʘʥʝ ʧʦ ʤʝʨʝʞʽ ʧʦʚʽʜʦʤʣʝʥʥʷ ʚ ʙʽʪʠ. ʂʦʞʝʥ ʙʽʪ ʢʦʜʫʻʪʴʩʷ ʥʘʙʦʨʦʤ ʟʚʫʢʽʚ, 

ʩʚʽʪʣʦʚʠʭ ʭʚʠʣʴ ʘʙʦ ʝʣʝʢʪʨʠʯʥʠʭ ʽʤʧʫʣʴʩʽʚ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʠʧʫ ʟʘʩʦʙʫ 

ʤʝʨʝʞʝʚʦʛʦ ʧʽʜʢʣʶʯʝʥʥʷ. ɺʫʟʦʣ ʧʨʠʟʥʘʯʝʥʥʷ ʧʨʠʡʤʘʻ ʽ ʜʝʢʦʜʫʻ ʩʠʛʥʘʣʠ ʽ 

ʽʥʪʝʨʧʨʝʪʫʻ ʧʦʚʽʜʦʤʣʝʥʥʷ. 

ʇʨʠ ʚʽʜʧʨʘʚʮʽ ʧʦʚʽʜʦʤʣʝʥʥʷ ʚʽʜ ʜʞʝʨʝʣʘ ʜʦ ʘʜʨʝʩʘʪʘ ʥʝʦʙʭʽʜʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʝʚʥʠʡ ʬʦʨʤʘʪ ʘʙʦ ʩʪʨʫʢʪʫʨʫ. ʌʦʨʤʘʪ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʧʫ 

ʧʦʚʽʜʦʤʣʝʥʥʷ ʽ ʢʘʥʘʣʫ ʜʦʩʪʘʚʢʠ. 

ʆʜʥʘ ʟ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʬʦʨʤ ʧʠʩʴʤʦʚʠʭ ʢʦʤʫʥʽʢʘʮʽʡ ʤʽʞ ʣʶʜʴʤʠ - 

ʣʠʩʪ. ɿʘʛʘʣʴʥʦʧʨʠʡʥʷʪʠʡ ʬʦʨʤʘʪ ʦʩʦʙʠʩʪʠʭ ʣʠʩʪʽʚ ʥʝ ʟʤʽʥʶʻʪʴʩʷ ʩʪʦʣʽʪʪʷʤʠ. ʋ 

ʢʫʣʴʪʫʨʘʭ ʙʽʣʴʰʦʩʪʽ ʢʨʘʾʥ ʦʩʦʙʠʩʪʠʡ ʣʠʩʪ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

¶ ʽʜʝʥʪʠʬʽʢʘʪʦʨ ʦʜʝʨʞʫʚʘʯʘ 

¶ ɿʚʝʨʥʝʥʥʷ ʘʙʦ ʚʽʪʘʥʥʷ 

¶ ʚʤʽʩʪ ʧʦʚʽʜʦʤʣʝʥʥʷ 

¶ ʟʘʢʣʶʯʥʘ ʬʨʘʟʘ 

¶ ʽʜʝʥʪʠʬʽʢʘʪʦʨ ʚʽʜʧʨʘʚʥʠʢʘ 

ʂʨʽʤ ʪʦʛʦ, ʙʽʣʴʰʽʩʪʴ ʦʩʦʙʠʩʪʠʭ ʣʠʩʪʽʚ ʧʦʪʨʽʙʥʦ ʥʝ ʪʽʣʴʢʠ ʩʢʣʘʩʪʠ ʚ 

ʧʨʘʚʠʣʴʥʦʤʫ ʬʦʨʤʘʪʽ, ʘʣʝ ʽ ʟʘʧʝʯʘʪʘʪʠ ʚ ʢʦʥʚʝʨʪ ʜʣʷ ʜʦʩʪʘʚʢʠ,  . ʅʘ ʢʦʥʚʝʨʪʽ ʚ 



ʩʧʝʮʽʘʣʴʥʦ ʚʽʜʚʝʜʝʥʦʤʫ ʤʽʩʮʽ ʚʢʘʟʫʻʪʴʩʷ ʘʜʨʝʩʘ ʚʽʜʧʨʘʚʥʠʢʘ ʪʘ ʦʜʝʨʞʫʚʘʯʘ. 

ʗʢʱʦ ʘʜʨʝʩʘʪ ʘʙʦ ʬʦʨʤʘʪ ʥʝʚʽʨʥʠʡ, ʣʠʩʪ ʥʝ ʜʽʡʜʝ. ʇʨʦʮʝʩ ʨʦʟʤʽʱʝʥʥʷ ʦʜʥʦʛʦ 

ʬʦʨʤʘʪʫ ʧʦʚʽʜʦʤʣʝʥʥʷ (ʣʠʩʪ) ʚʩʝʨʝʜʠʥʽ ʽʥʰʦʛʦ (ʢʦʥʚʝʨʪ) ʥʘʟʠʚʘʻʪʴʩʷ  

ʽʥʢʘʧʩʫʣʶʮʽʷ. ɼʝʽʥʢʘʧʩʫʣʷʮʽʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʪʦʡ ʤʦʤʝʥʪ, ʢʦʣʠ ʦʜʝʨʞʫʚʘʯ 

ʜʽʩʪʘʻ ʣʠʩʪ ʟ ʢʦʥʚʝʨʪʘ. 

ɼʣʷ ʜʦʩʪʘʚʢʠ ʽ ʦʙʨʦʙʢʠ ʣʠʩʪʠ ʚ ʢʦʤʧ'ʶʪʝʨʥʽʡ ʤʝʨʝʞʽ ʥʝʦʙʭʽʜʥʦ 

ʜʦʪʨʠʤʫʚʘʪʠʩʷ ʧʝʚʥʠʭ ʧʨʘʚʠʣ ʬʦʨʤʘʪʫʚʘʥʥʷ. ʂʦʤʧ'ʶʪʝʨʥʽ ʧʦʚʽʜʦʤʣʝʥʥʷ 

ʽʥʢʘʧʩʫʣʶʶʪʴʩʷ ʧʦʜʽʙʥʦ ʜʦ ʪʦʛʦ, ʷʢ ʣʠʩʪ ʚʢʣʘʜʘʻʪʴʩʷ ʚ ʢʦʥʚʝʨʪ. ɼʣʷ 

ʽʥʢʘʧʩʫʣʷʮʽʾ ʢʦʞʥʦʛʦ ʧʦʚʽʜʦʤʣʝʥʥʷ ʢʦʤʧ'ʶʪʝʨʘ ʧʝʨʝʜ ʚʽʜʧʨʘʚʢʦʶ ʧʦ ʤʝʨʝʞʽ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʦʩʦʙʣʠʚʠʡ ʬʦʨʤʘʪ, ʷʢʠʡ ʥʘʟʠʚʘʻʪʴʩʷ ʢʘʜʨʦʤ. ʂʘʜʨ ʜʽʻ ʷʢ 

ʢʦʥʚʝʨʪ: ʚ ʥʴʦʤʫ ʚʢʘʟʘʥʽ ʘʜʨʝʩʘ ʚʫʟʣʘ-ʜʞʝʨʝʣʘ ʽ ʘʜʨʝʩʘ ʧʨʠʟʥʘʯʝʥʥʷ. ɿʚʝʨʥʽʪʴ 

ʫʚʘʛʫ, ʱʦ ʘʜʨʝʩʘ ʜʞʝʨʝʣʘ ʪʘ ʘʜʨʝʩʫ ʧʨʠʟʥʘʯʝʥʥʷ ʚʢʘʟʘʥʽ ʷʢ ʚ ʘʜʨʝʩʥʽʡ ʯʘʩʪʠʥʽ 

ʢʘʜʨʫ, ʪʘʢ ʽ ʚ ɯʥʢʘʧʩʫʣʴʦʚʘʥʘ ʧʦʚʽʜʦʤʣʝʥʥʽ. ʈʽʟʥʠʮʷ ʤʽʞ ʮʠʤʠ ʜʚʦʤʘ ʪʠʧʘʤʠ 

ʘʜʨʝʩ ʙʫʜʝ ʨʦʟʛʣʷʥʫʪʘ ʜʘʣʽ ʚ ʮʽʡ ʛʣʘʚʽ. 

 
ʈʠʩ. 1.1.15 ɿʘʛʦʣʦʚʦʢ ʂʘʜʨʘ ʜʘʥʠʭ 

ʌʦʨʤʘʪ ʽ ʚʤʽʩʪ ʢʘʜʨʫ ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʠʧʫ ʧʦʚʽʜʦʤʣʝʥʥʷ ʽ ʢʘʥʘʣʫ ʧʝʨʝʜʘʯʽ. 

ʅʝʚʽʨʥʦ ʚʽʜʬʦʨʤʘʪʦʚʘʥʽ ʧʦʚʽʜʦʤʣʝʥʥʷ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʜʦʩʪʘʚʣʝʥʽ ʥʘ ʚʫʟʦʣ 

ʧʨʠʟʥʘʯʝʥʥʷ ʽ ʦʙʨʦʙʣʝʥʽ ʥʘ ʥʴʦʤʫ. 

ʑʝ ʦʜʥʝ ʧʨʘʚʠʣʦ ʢʦʤʫʥʽʢʘʮʽʾ - ʮʝ ʨʦʟʤʽʨ. ɺ ʧʨʦʮʝʩʽ ʨʦʟʤʦʚʠ ʣʶʜʠ ʜʽʣʷʪʴ 

ʩʚʦʾ ʚʠʩʣʦʚʣʶʚʘʥʥʷ ʥʘ ʙʽʣʴʰ ʜʨʽʙʥʽ ʯʘʩʪʠʥʠ, ʘʙʦ ʧʨʦʧʦʟʠʮʽʾ. ʈʦʟʤʽʨ ʮʠʭ 

ʧʨʦʧʦʟʠʮʽʡ ʦʙʤʝʞʝʥʠʡ ʪʠʤ, ʩʢʽʣʴʢʠ ʧʨʠʡʤʘʻ ʦʩʦʙʘ ʤʦʞʝ ʩʧʨʠʡʥʷʪʠ ʟʘ ʦʜʠʥ 

ʨʘʟ. ʋ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʨʦʟʤʦʚʫ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ ʙʘʛʘʪʦ ʜʨʽʙʥʽʰʠʭ 

ʧʨʦʧʦʟʠʮʽʡ ʪʘʢ, ʱʦʙ ʩʧʽʚʨʦʟʤʦʚʥʠʢ ʩʧʨʠʡʥʷʚ ʽ ʟʨʦʟʫʤʽʚ ʢʦʞʥʫ ʯʘʩʪʠʥʫ 

ʚʠʩʣʦʚʣʶʚʘʥʥʷ. ʋʷʚʽʪʴ ʩʦʙʽ, ʷʢ ʤʦʞʥʘ ʙʫʣʦ ʙ ʯʠʪʘʪʠ ʮʝʡ ʢʫʨʩ, ʷʢʙʠ ʚʽʥ 

ʚʠʛʣʷʜʘʚ ʷʢ ʦʜʥʝ ʜʦʚʛʝ ʨʝʯʝʥʥʷ. ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʧʨʦʯʠʪʘʪʠ ʽ ʟʨʦʟʫʤʽʪʠ ʡʦʛʦ 

ʙʫʣʦ ʙ ʜʦʩʠʪʴ ʩʢʣʘʜʥʦ. 

ɸʥʘʣʦʛʽʯʥʠʤ ʯʠʥʦʤ ʧʨʠ ʧʝʨʝʜʘʯʽ ʜʦʚʛʦʛʦ ʧʦʚʽʜʦʤʣʝʥʥʷ ʚʽʜ ʦʜʥʦʛʦ ʚʫʟʣʘ 

ʜʦ ʽʥʰʦʛʦ ʧʦ ʤʝʨʝʞʽ ʥʝʦʙʭʽʜʥʦ ʧʦʜʽʣʠʪʠ ʡʦʛʦ ʥʘ ʯʘʩʪʠʥʠ. ʈʦʟʤʽʨʠ ʮʠʭ ʯʘʩʪʠʥ, 

ʘʙʦ ʢʘʜʨʽʚ, ʜʫʞʝ ʩʪʨʦʛʦ ʨʝʛʫʣʶʶʪʴʩʷ. ʂʨʽʤ ʫʩʴʦʛʦ ʽʥʰʦʛʦ, ʚʦʥʠ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʛʦ ʢʘʥʘʣʫ. ɿʘʥʘʜʪʦ ʜʦʚʛʽ ʘʙʦ ʢʦʨʦʪʢʽ ʢʘʜʨʠ ʥʝ ʜʦʩʪʘʚʣʷʶʪʴʩʷ. 

ʆʙʤʝʞʝʥʥʷ ʟʘ ʨʦʟʤʽʨʦʤ ʢʘʜʨʽʚ ʟʤʫʰʫʶʪʴ ʚʫʟʦʣ-ʜʞʝʨʝʣʦ ʜʽʣʠʪʠ ʜʦʚʛʽ 

ʧʦʚʽʜʦʤʣʝʥʥʷ ʥʘ ʯʘʩʪʠʥʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤ ʜʦ ʤʽʥʽʤʘʣʴʥʦʛʦ ʽ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʦʟʤʽʨʫ. ɼʦʚʛʝ ʧʦʚʽʜʦʤʣʝʥʥʷ ʨʦʟʙʠʚʘʻʪʴʩʷ ʥʘ ʦʢʨʝʤʽ ʢʘʜʨʠ, 

ʢʦʞʝʥ ʟ ʷʢʠʭ ʤʽʩʪʠʪʴ ʯʘʩʪʠʥʫ ʚʠʭʽʜʥʦʛʦ ʧʦʚʽʜʦʤʣʝʥʥʷ. ʂʦʞʝʥ ʢʘʜʨ ʤʽʩʪʠʪʴ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʘʜʨʝʩʠ. ɺʫʟʦʣ-ʘʜʨʝʩʘʪ ʚʽʜʥʦʚʣʶʻ ʚʠʭʽʜʥʝ ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʦ 

ʯʘʩʪʠʥʘʤ. 

ʉʧʦʩʽʙ ʜʦʩʪʫʧʫ ʚʠʟʥʘʯʘʻ, ʢʦʣʠ ʢʦʥʢʨʝʪʥʘ ʣʶʜʠʥʘ ʟʤʦʞʝ ʚʽʜʧʨʘʚʠʪʠ 

ʧʦʚʽʜʦʤʣʝʥʥʷ. ʗʢʱʦ ʜʚʽ ʣʶʜʠʥʠ ʧʦʯʠʥʘʶʪʴ ʛʦʚʦʨʠʪʠ ʦʜʥʦʯʘʩʥʦ, ʚʽʜʙʫʚʘʻʪʴʩʷ 



ʽʥʬʦʨʤʘʮʽʡʥʘ ʢʦʣʽʟʽʷ ʽ ʦʙʦʤ ʜʦʚʦʜʠʪʴʩʷ ʧʦʯʠʥʘʪʠ ʩʧʦʯʘʪʢʫ,  . ʂʦʤʧ'ʶʪʝʨʘʤ ʪʝʞ 

ʥʝʦʙʭʽʜʥʦ ʚʠʙʠʨʘʪʠ ʩʧʦʩʽʙ ʜʦʩʪʫʧʫ. ʑʦʙ ʜʽʟʥʘʪʠʩʷ, ʢʦʣʠ ʧʦʯʘʪʠ ʚʽʜʧʨʘʚʢʫ 

ʧʦʚʽʜʦʤʣʝʥʴ ʽ ʷʢ ʨʝʘʛʫʚʘʪʠ ʥʘ ʢʦʥʬʣʽʢʪʠ, ʚʫʟʣʽʚ ʚ ʤʝʨʝʞʽ ʧʦʪʨʽʙʥʦ ʚʠʟʥʘʯʠʪʠ 

ʩʧʦʩʽʙ ʜʦʩʪʫʧʫ. 

ʉʠʥʭʨʦʥʽʟʘʮʽʷ ʚʧʣʠʚʘʻ ʽ ʥʘ ʢʽʣʴʢʽʩʪʴ ʚʽʜʧʨʘʚʣʷʻʪʴʩʷ ʽʥʬʦʨʤʘʮʽʾ, ʽ ʥʘ 

ʰʚʠʜʢʽʩʪʴ ʾʾ ʜʦʩʪʘʚʢʠ. ʗʢʱʦ ʦʜʥʘ ʣʶʜʠʥʘ ʛʦʚʦʨʠʪʴ ʟʘʥʘʜʪʦ ʰʚʠʜʢʦ, ʽʥʘʢʰʝ 

ʩʢʣʘʜʥʦ ʨʦʟʯʫʪʠ ʽ ʟʨʦʟʫʤʽʪʠ ʧʦʚʽʜʦʤʣʝʥʥʷ,   . ʋ ʨʘʟʽ ʤʝʨʝʞʝʚʠʭ ʢʦʤʫʥʽʢʘʮʽʡ 

ʚʫʟʣʠ-ʜʞʝʨʝʣʘ ʽ ʚʫʟʣʠ ʧʨʠʟʥʘʯʝʥʥʷ ʟʘʩʪʦʩʦʚʫʶʪʴ ʤʝʪʦʜʠ ʫʧʨʘʚʣʽʥʥʷ ʧʦʪʦʢʦʤ, 

ʱʦʙ ʫʟʛʦʜʠʪʠ ʯʘʩ ʜʣʷ ʫʩʧʽʰʥʦʛʦ ʦʙʤʽʥʫ ʜʘʥʠʤʠ. 

ʗʢʱʦ ʣʶʜʠʥʘ ʩʪʘʚʠʪʴ ʟʘʧʠʪʘʥʥʷ ʽ ʥʝ ʦʪʨʠʤʫʻ ʚʽʜʧʦʚʽʜʽ ʟʘ ʧʨʠʡʥʷʪʥʠʡ ʯʘʩ, 

ʚʽʥ ʧʝʨʝʜʙʘʯʘʻ, ʱʦ ʚʽʜʧʦʚʽʜʽ ʥʝ ʙʫʜʝ, ʽ ʨʝʘʛʫʻ ʚʽʜʧʦʚʽʜʥʠʤ ʯʠʥʦʤ. ɺʽʥ ʤʦʞʝ 

ʧʦʚʪʦʨʠʪʠ ʧʠʪʘʥʥʷ ʘʙʦ ʧʨʦʜʦʚʞʠʪʠ ʨʦʟʤʦʚʫ. ʋ ʤʝʨʝʞʝʚʠʭ ʚʫʟʣʽʚ ʪʘʢʦʞ ʻ 

ʧʨʘʚʠʣʘ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʯʘʩ ʦʯʽʢʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʽ ʽ ʜʽʾ, ʱʦ ʚʠʢʦʥʫʶʪʴʩʷ ʧʽʩʣʷ 

ʟʘʢʽʥʯʝʥʥʷ ʮʴʦʛʦ ʯʘʩʫ. 

ʉʧʦʩʦʙʠ ʜʦʩʪʘʚʢʠ ʧʦʚʽʜʦʤʣʝʥʴ ʤʦʞʫʪʴ ʨʽʟʥʠʪʠʩʷ. ɯʥʦʜʽ ʽʥʬʦʨʤʘʮʽʶ 

ʧʦʪʨʽʙʥʦ ʧʝʨʝʜʘʪʠ ʪʽʣʴʢʠ ʦʜʥʽʡ ʣʶʜʠʥʽ. ɺ ʽʥʰʠʭ ʚʠʧʘʜʢʘʭ ʾʾ ʧʦʪʨʽʙʥʦ 

ʦʜʥʦʯʘʩʥʦ ʧʝʨʝʜʘʪʠ ʛʨʫʧʽ ʣʶʜʝʡ ʘʙʦ ʥʘʚʽʪʴ ʚʩʽʤ ʞʠʪʝʣʷʤ ʧʝʚʥʦʛʦ ʨʘʡʦʥʫ. 

ʂʨʽʤ ʪʦʛʦ, ʙʫʚʘʻ, ʱʦ ʚʽʜʧʨʘʚʥʠʢʫ ʧʦʪʨʽʙʥʦ ʧʝʨʝʢʦʥʘʪʠʩʷ, ʱʦ ʧʦʚʽʜʦʤʣʝʥʥʷ 

ʫʩʧʽʰʥʦ ʜʦʩʪʘʚʣʝʥʦ. ɼʣʷ ʮʴʦʛʦ ʦʜʝʨʞʫʚʘʯ ʧʦʚʠʥʝʥ ʚʽʜʧʨʘʚʠʪʠ ʧʽʜʪʚʝʨʜʞʝʥʥʷ 

ʜʦʩʪʘʚʢʠ. ʗʢʱʦ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʥʝ ʧʦʪʨʽʙʥʦ, ʤʝʪʦʜ ʜʦʩʪʘʚʢʠ ʧʦʚʽʜʦʤʣʝʥʥʷ 

ʥʘʟʠʚʘʻʪʴʩʷ ʥʝʧʽʜʪʚʝʨʜʞʝʥʠʤʠ. 

ɺʫʟʣʽʚ ʫ ʤʝʨʝʞʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʘʥʘʣʦʛʽʯʥʽ ʚʘʨʽʘʥʪʠ ʜʦʩʪʘʚʢʠ 

ʧʦʚʽʜʦʤʣʝʥʴ. 

ʄʝʪʦʜ ʨʦʟʩʠʣʢʠ çʦʜʠʥ ʜʦ ʦʜʥʦʛʦè ʥʘʟʠʚʘʻʪʴʩʷ ʦʜʥʦ-ʘʜʨʝʩʥʘ. ʎʝ ʦʟʥʘʯʘʻ, 

ʱʦ ʫ ʧʦʚʽʜʦʤʣʝʥʥʷ ʻ ʪʽʣʴʢʠ ʦʜʠʥ ʘʜʨʝʩʘʪ. 

ʗʢʱʦ ʚʫʟʦʣ ʨʦʟʩʠʣʘʻ ʧʦʚʽʜʦʤʣʝʥʥʷ ʤʝʪʦʜʦʤ çʦʜʠʥ ʜʦ ʙʘʛʘʪʴʦʭè, ʮʝ 

ʙʘʛʘʪʦ-ʘʜʨʝʩʥʘ ʨʦʟʩʠʣʢʘ. ɹʘʛʘʪʦʘʜʨʝʩʥʘ ʨʦʟʩʠʣʢʘ ʧʝʨʝʜʙʘʯʘʻ ʦʜʥʦʯʘʩʥʫ 

ʚʽʜʧʨʘʚʢʫ ʦʜʥʦʛʦ ʽ ʪʦʛʦ ʞ ʧʦʚʽʜʦʤʣʝʥʥʷ ʛʨʫʧʽ ʚʫʟʣʽʚ. 

ʗʢʱʦ ʚʩʽʤ ʤʝʨʝʞʝʚʠʤ ʚʫʟʣʘʤ ʥʝʦʙʭʽʜʥʦ ʦʪʨʠʤʘʪʠ ʧʦʚʽʜʦʤʣʝʥʥʷ ʚ ʦʜʠʥ ʽ 

ʪʦʡ ʞʝ ʯʘʩ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʰʠʨʦʢʦʤʦʚʣʝʥʥʷ. ʐʠʨʦʢʦʤʦʚʣʝʥʥʷ ʮʝ ʩʧʦʩʽʙ 

ʜʦʩʪʘʚʢʠ ʧʦʚʽʜʦʤʣʝʥʴ çʦʜʠʥ ʜʦ ʚʩʽʭè. ɼʝʷʢʽ ʧʨʦʪʦʢʦʣʠ ʧʝʨʝʜʙʘʯʘʶʪʴ 

ʙʘʛʘʪʦʘʜʨʝʩʥʫ ʚʽʜʧʨʘʚʢʫ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʦʚʽʜʦʤʣʝʥʥʷ ʚʩʽʭ ʧʨʠʩʪʨʦʾʚ ʘʥʘʣʦʛʽʯʥʦ 

ʰʠʨʦʢʦʤʦʚʥʦʾ ʨʦʟʩʠʣʢʠ. ʂʨʽʤ ʪʦʛʦ, ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʦʪʨʠʤʘʥʥʷ ʚʽʜ ʚʫʟʣʽʚ ʤʦʞʝ 

ʚʠʤʘʛʘʪʠʩʷ ʜʣʷ ʦʜʥʠʭ ʧʦʚʽʜʦʤʣʝʥʴ ʽ ʥʝ ʪʫʨʙʫʚʘʪʠʩʷ ʜʣʷ ʽʥʰʠʭ. 

ɻʨʫʧʘ ʚʟʘʻʤʦʧʦʚ'ʷʟʘʥʠʭ ʧʨʦʪʦʢʦʣʽʚ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʚʠʢʦʥʘʥʥʷ 

ʢʦʤʫʥʽʢʘʮʽʡ, ʥʘʟʠʚʘʻʪʴʩʷ ʥʘʙʦʨʦʤ ʧʨʦʪʦʢʦʣʽʚ. ʅʘʙʽʨ ʧʨʦʪʦʢʦʣʽʚ ʨʝʘʣʽʟʫʻʪʴʩʷ 

ʤʝʨʝʞʝʚʠʤʠ ʧʨʠʩʪʨʦʷʤʠ ʽ ʚʫʟʣʘʤʠ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʘʙʦ ʘʧʘʨʘʪʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ 

ʘʙʦ ʚ ʪʦʤʫ ʽ ʚ ʽʥʰʦʤʫ. 

ʆʜʠʥ ʟ ʢʨʘʱʠʭ ʩʧʦʩʦʙʽʚ ʫʷʚʠʪʠ, ʷʢ ʧʨʦʪʦʢʦʣʠ ʚʟʘʻʤʦʜʽʶʪʴ ʚ ʦʜʥʦʤʫ 

ʥʘʙʦʨʽ, ʨʦʟʛʣʷʥʫʪʠ ʚʟʘʻʤʦʜʽʶ ʫ ʚʠʛʣʷʜʽ ʩʪʝʢʘ. ʉʪʝʢ ʧʨʦʪʦʢʦʣʽʚ ʧʦʢʘʟʫʻ, ʷʢ 

ʦʢʨʝʤʽ ʧʨʦʪʦʢʦʣʠ ʨʝʘʣʽʟʦʚʘʥʽ ʚ ʦʜʥʦʤʫ ʥʘʙʦʨʽ. ʇʨʦʪʦʢʦʣʠ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʟ 

ʪʦʯʢʠ ʟʦʨʫ ʨʽʚʥʽʚ. ʇʨʠʯʦʤʫ ʢʦʞʝʥ ʚʠʱʠʡ ʨʽʚʝʥʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʬʫʥʢʮʽʡ, ʚʠʟʥʘʯʝʥʠʭ ʧʨʦʪʦʢʦʣʘʤʠ ʥʠʞʯʠʭ ʨʽʚʥʽʚ. ʅʠʞʥʽ ʨʽʚʥʽ ʩʪʝʢʘ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʧʝʨʝʤʽʱʝʥʥʷ ʜʘʥʠʭ ʧʦ ʤʝʨʝʞʽ ʽ ʥʘʜʘʥʥʷ ʩʝʨʚʽʩʽʚ ʚʝʨʭʥʽʭ ʨʽʚʥʽʚ, 

ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʫʪʨʠʤʘʥʥʷ ʧʝʨʝʩʠʣʘʶʪʴʩʷ. 

ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʤʘʣʶʥʢʫ, ʤʠ ʤʦʞʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʽʚʥʽ ʜʣʷ ʦʧʠʩʫ 

ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʥʘʰʦʤʫ ʧʨʠʢʣʘʜʽ ʦʩʦʙʠʩʪʦʛʦ ʩʧʽʣʢʫʚʘʥʥʷ. ʅʘ 



ʥʠʞʥʴʦʤʫ, ʬʽʟʠʯʥʦʤʫ ʨʽʚʥʽ ʻ ʜʚʽ ʣʶʜʠʥʠ, ʢʦʞʝʥ ʟ ʷʢʠʭ ʤʦʞʝ ʚʠʤʦʚʠʪʠ ʩʣʦʚʘ 

ʚʛʦʣʦʩ. ʅʘ ʩʝʨʝʜʥʴʦʤʫ ʨʽʚʥʽ (ʨʽʚʥʽ ʧʨʘʚʠʣ) ʻ ʜʦʤʦʚʣʝʥʽʩʪʴ ʩʧʽʣʢʫʚʘʪʠʩʷ ʦʜʥʽʻʶ 

ʤʦʚʦʶ. ʅʘ ʚʝʨʭʥʴʦʤʫ ʨʽʚʥʽ (ʨʽʚʥʽ ʟʤʽʩʪʫ) ʟʥʘʭʦʜʷʪʴʩʷ ʬʘʢʪʠʯʥʦ ʚʠʤʦʚʣʝʥʽ 

ʩʣʦʚʘ. ʋ ʮʴʦʤʫ ʧʦʣʷʛʘʻ ʩʫʪʴ ʢʦʤʫʥʽʢʘʮʽʡ. 

ʅʘ ʨʽʚʥʽ ʩʧʽʣʢʫʚʘʥʥʷ ʤʽʞ ʣʶʜʴʤʠ ʦʜʥʽ ʧʨʘʚʠʣʘ ʢʦʤʫʥʽʢʘʮʽʾ ʬʦʨʤʘʣʽʟʦʚʘʥʽ, 

ʽʥʰʽ ʧʨʦʩʪʦ ʟʨʦʟʫʤʽʣʽ, ʚʠʭʦʜʷʯʠ ʟ ʟʚʠʯʘʾʚ ʽ ʧʨʘʢʪʠʢʠ. ɼʣʷ ʫʩʧʽʰʥʦʛʦ ʦʙʤʽʥʫ 

ʜʘʥʠʤʠ ʤʽʞ ʧʨʠʩʪʨʦʷʤʠ ʥʘʙʽʨ ʤʝʨʝʞʝʚʠʭ ʧʨʦʪʦʢʦʣʽʚ ʧʦʚʠʥʝʥ ʦʧʠʩʫʚʘʪʠ ʪʦʯʥʽ 

ʚʠʤʦʛʠ ʜʦ ʧʨʦʮʝʜʫʨʠ. ʄʝʨʝʞʝʚʽ ʧʨʦʪʦʢʦʣʠ ʚʠʟʥʘʯʘʶʪʴ ʟʘʛʘʣʴʥʠʡ ʬʦʨʤʘʪ ʽ 

ʥʘʙʽʨ ʧʨʘʚʠʣ ʜʣʷ ʦʙʤʽʥʫ ʧʦʚʽʜʦʤʣʝʥʥʷʤʠ ʤʽʞ ʧʨʠʩʪʨʦʷʤʠ. ʅʘʡʙʽʣʴʰ 

ʧʦʧʫʣʷʨʥʠʤʠ ʤʝʨʝʞʝʚʠʤʠ ʧʨʦʪʦʢʦʣʘʤʠ ʻ ʧʨʦʪʦʢʦʣ ʧʝʨʝʜʘʯʽ ʛʽʧʝʨʪʝʢʩʪʫ 

(Hypertext Transfer Protocol, HTTP), ʧʨʦʪʦʢʦʣ ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʝʜʘʯʝʶ 

(Transmission Control Protocol, TCP) ʽ ʧʨʦʪʦʢʦʣ ɯʥʪʝʨʥʝʪʫ (Internet Protocol, IP). 

ʇʨʠʤʽʪʢʘ. ʇʽʜ IP ʚ ʮʴʦʤʫ ʢʫʨʩʽ ʨʦʟʫʤʽʶʪʴʩʷ ʦʙʠʜʚʘ ʧʨʦʪʦʢʦʣʠ IPv4 ʽ IPv6. 

ʇʨʦʪʦʢʦʣ IPv6 - ʦʩʪʘʥʥʷ ʚʝʨʩʽʷ ʧʨʦʪʦʢʦʣʫ IP, ʱʦ ʧʨʠʡʰʣʘ ʥʘ ʟʘʤʽʥʫ ʙʽʣʴʰ 

ʧʦʰʠʨʝʥʦʶ ʚʝʨʩʽʻʶ IPv4. 

ɿʚ'ʷʟʦʢ ʤʽʞ ʚʝʙ-ʩʝʨʚʝʨʦʤ ʽ ʚʝʙ-ʢʣʽʻʥʪʦʤ - ʧʨʠʢʣʘʜ ʚʟʘʻʤʦʜʽʾ ʜʝʢʽʣʴʢʦʭ 

ʧʨʦʪʦʢʦʣʽʚ. ʅʘ ʤʘʣʶʥʢʫ ʧʦʢʘʟʘʥʽ ʥʘʩʪʫʧʥʽ ʧʨʦʪʦʢʦʣʠ. 

ʇʨʦʪʦʢʦʣ HTTP - ʧʨʦʪʦʢʦʣ ʧʨʠʢʣʘʜʥʦʛʦ ʨʽʚʥʷ, ʷʢʠʡ ʫʧʨʘʚʣʷʻ ʚʟʘʻʤʦʜʽʻʶ 

ʚʝʙ-ʩʝʨʚʝʨʘ ʽ ʚʝʙ-ʢʣʽʻʥʪʘ. HTTP ʚʠʟʥʘʯʘʻ ʟʤʽʩʪ ʽ ʬʦʨʤʘʪ ʟʘʧʠʪʽʚ ʽ ʚʽʜʧʦʚʽʜʝʡ, 

ʷʢʠʤʠ ʦʙʤʽʥʶʶʪʴʩʷ ʢʣʽʻʥʪ ʽ ʩʝʨʚʝʨ. ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʚʝʙ-ʢʣʽʻʥʪʘ, ʽ 

ʚʝʙ-ʩʝʨʚʝʨʘ ʨʝʘʣʽʟʫʻ HTTP ʷʢ ʯʘʩʪʠʥʘ ʧʨʦʛʨʘʤʠ. ɼʣʷ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʦʤ 

ʧʝʨʝʜʘʯʽ ʧʦʚʽʜʦʤʣʝʥʴ ʤʽʞ ʢʣʽʻʥʪʦʤ ʽ ʩʝʨʚʝʨʦʤ HTTP ʟʚʝʨʪʘʻʪʴʩʷ ʜʦ ʽʥʰʠʭ 

ʧʨʦʪʦʢʦʣʘʭ. 

ʇʨʦʪʦʢʦʣ TCP - ʮʝ ʪʨʘʥʩʧʦʨʪʥʠʡ ʧʨʦʪʦʢʦʣ, ʢʝʨʫʶʯʠʡ ʦʢʨʝʤʠʤʠ ʩʝʘʥʩʘʤʠ 

ʟʚ'ʷʟʢʫ. TCP ʧʦʜʽʣʷʻ ʧʦʚʽʜʦʤʣʝʥʥʷ HTTP ʥʘ ʙʽʣʴʰ ʜʨʽʙʥʽ ʯʘʩʪʠʥʠ, ʟʚʘʥʽ 

ʩʝʛʤʝʥʪʘʤʠ. ʎʽ ʩʝʛʤʝʥʪʠ ʧʝʨʝʜʘʶʪʴʩʷ ʤʽʞ ʚʝʙ-ʩʝʨʚʝʨʦʤ ʽ ʢʣʽʻʥʪʩʴʢʠʤʠ 

ʧʨʦʮʝʩʘʤʠ, ʟʘʧʫʱʝʥʠʤʠ ʥʘ ʚʫʟʣʽ ʧʨʠʟʥʘʯʝʥʥʷ. TCP ʪʘʢʦʞ ʚʽʜʧʦʚʽʜʘʻ ʟʘ 

ʫʧʨʘʚʣʽʥʥʷ ʨʦʟʤʽʨʦʤ ʽ ʰʚʠʜʢʽʩʪʶ, ʟ ʷʢʦʶ ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʙʤʽʥ ʧʦʚʽʜʦʤʣʝʥʥʷʤʠ 

ʤʽʞ ʩʝʨʚʝʨʦʤ ʽ ʢʣʽʻʥʪʦʤ. 



 
ʈʠʩ. 1.1.16 ʉʭʝʤʘ ʽʥʢʘʧʩʫʣʷʮʽʾ ʜʘʥʠʭ 

ʇʨʦʪʦʢʦʣ IP ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʧʨʠʡʦʤ ʬʦʨʤʘʪʦʚʘʥʠʭ ʩʝʛʤʝʥʪʽʚ TCP, 

ʽʥʢʘʧʩʫʣʷʮʽʶ ʾʭ ʚ ʧʘʢʝʪʠ, ʧʨʠʩʚʦʻʥʥʷ ʾʤ ʚʽʜʧʦʚʽʜʥʠʭ ʘʜʨʝʩ ʽ ʾʭ ʜʦʩʪʘʚʢʫ ʜʦ 

ʚʫʟʣʘ ʧʨʠʟʥʘʯʝʥʥʷ. 

ʇʨʦʪʦʢʦʣ Ethernet - ʧʨʦʪʦʢʦʣ ʤʝʨʝʞʝʚʦʛʦ ʜʦʩʪʫʧʫ, ʷʢʠʡ ʦʧʠʩʫʻ ʜʚʽ ʦʩʥʦʚʥʽ 

ʬʫʥʢʮʽʾ: ʟʚ'ʷʟʦʢ ʧʦ ʢʘʥʘʣʫ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʽ ʬʽʟʠʯʥʝ ʧʝʨʝʤʽʱʝʥʥʷ ʜʘʥʠʭ ʧʦ 

ʟʘʩʦʙʫ ʧʽʜʢʣʶʯʝʥʥʷ. ʇʨʦʪʦʢʦʣʠ ʤʝʨʝʞʝʚʦʛʦ ʜʦʩʪʫʧʫ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʧʨʠʡʦʤ 

ʧʘʢʝʪʽʚ ʚʽʜ ʧʨʦʪʦʢʦʣʫ IP ʽ ʾʭ ʬʦʨʤʘʪʫʚʘʥʥʷ ʜʣʷ ʚʽʜʧʨʘʚʢʠ ʯʝʨʝʟ ʟʘʩʽʙ 

ʧʽʜʢʣʶʯʝʥʥʷ. 

ʅʘʙʽʨ ʧʨʦʪʦʢʦʣʽʚ ʻ ʙʝʟʣʽʯ ʧʨʦʪʦʢʦʣʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʘʟʦʤ ʜʣʷ 

ʥʘʜʘʥʥʷ ʢʦʤʧʣʝʢʩʥʠʭ ʤʝʨʝʞʝʚʠʭ ʩʝʨʚʽʩʽʚ. ʅʘʙʽʨ ʧʨʦʪʦʢʦʣʽʚ ʤʦʞʝ ʙʫʪʠ 

ʚʠʟʥʘʯʝʥʠʡ ʦʨʛʘʥʽʟʘʮʽʻʶ ʟʽ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ ʘʙʦ ʨʦʟʨʦʙʣʝʥʠʡ ʧʦʩʪʘʯʘʣʴʥʠʢʦʤ. 

ʅʘʙʦʨʠ ʧʨʦʪʦʢʦʣʽʚ, ʷʢ ʽ ʪʽ ʯʦʪʠʨʠ, ʱʦ ʧʦʢʘʟʘʥʽ ʥʘ ʤʘʣʶʥʢʫ, ʤʦʞʫʪʴ ʚʢʣʶʯʘʪʠ 

ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʧʨʦʪʦʢʦʣʽʚ. ʆʜʥʘʢ ʚ ʨʘʤʢʘʭ ʜʘʥʦʛʦ ʢʫʨʩʫ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʪʽʣʴʢʠ 

ʥʘʙʽʨ ʧʨʦʪʦʢʦʣʽʚ TCP / IP. 

ʅʘʙʽʨ ʧʨʦʪʦʢʦʣʽʚ TCP / IP ʻ ʚʽʜʢʨʠʪʠʤ ʩʪʘʥʜʘʨʪʦʤ, ʪʦʙʪʦ ʮʽ ʧʨʦʪʦʢʦʣʠ 

ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʚʽʣʴʥʦʤʫ ʜʦʩʪʫʧʽ, ʽ ʙʫʜʴ-ʷʢʠʡ ʨʦʟʨʦʙʥʠʢ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʮʽ ʧʨʦʪʦʢʦʣʠ ʚ ʘʧʘʨʘʪʥʦʤʫ ʘʙʦ ʧʨʦʛʨʘʤʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ. 

ʂʦʞʝʥ ʩʪʘʥʜʘʨʪʥʠʡ ʧʨʦʪʦʢʦʣ ʧʨʠʡʥʷʪʠʡ ʛʘʣʫʟʝʚʠʤʠ ʢʦʤʧʘʥʽʷʤʠ ʽ 

ʟʘʪʚʝʨʜʞʝʥʠʡ ʦʨʛʘʥʽʟʘʮʽʻʶ ʟʽ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʪʘʥʜʘʨʪʽʚ ʚ 

ʨʦʟʨʦʙʮʽ ʽ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʪʦʢʦʣʽʚ ʛʘʨʘʥʪʫʻ, ʱʦ ʧʨʦʜʫʢʪʠ ʚʽʜ ʨʽʟʥʠʭ ʚʠʨʦʙʥʠʢʽʚ 

ʙʫʜʝ ʫʩʧʽʰʥʦ ʚʟʘʻʤʦʜʽʷʪʠ ʤʽʞ ʩʦʙʦʶ. ʗʢʱʦ ʷʢʠʡ-ʥʝʙʫʜʴ ʚʠʨʦʙʥʠʢ ʥʝ 

ʜʦʪʨʠʤʫʻʪʴʩʷ ʩʪʨʦʛʦ ʩʪʘʥʜʘʨʪʠ ʧʨʦʪʦʢʦʣʫ, ʪʦ ʡʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʘʙʦ ʇɿ ʥʝ ʟʤʦʞʝ 

ʫʩʧʽʰʥʦ ʚʟʘʻʤʦʜʽʷʪʠ ʟ ʧʨʦʜʫʢʪʘʤʠ ʽʥʰʠʭ ʚʠʨʦʙʥʠʢʽʚ. 

ɼʝʷʢʽ ʧʨʦʪʦʢʦʣʠ ʻ ʧʨʠʚʘʪʥʠʤʠ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʦʧʠʩ ʧʨʦʪʦʢʦʣʫ ʽ ʧʨʠʥʮʠʧʠ 

ʡʦʛʦ ʨʦʙʦʪʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʦʜʥʽʻʶ ʢʦʥʢʨʝʪʥʦʶ ʢʦʤʧʘʥʽʻʶ ʘʙʦ ʧʦʩʪʘʯʘʣʴʥʠʢʦʤ. 



ʇʨʠʢʣʘʜʘʤʠ ʧʨʠʚʘʪʥʠʭ ʧʨʦʪʦʢʦʣʽʚ ʻ ʟʘʩʪʘʨʽʣʽ ʥʘʙʦʨʠ ʧʨʦʪʦʢʦʣʽʚ AppleTalk ʽ 

Novell Netware. ʅʝʨʽʜʢʦ ʧʦʩʪʘʯʘʣʴʥʠʢ (ʘʙʦ ʛʨʫʧʘ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ) ʨʦʟʨʦʙʣʷʻ 

ʧʨʠʚʘʪʥʠʡ ʧʨʦʪʦʢʦʣ ʜʣʷ ʟʘʜʦʚʦʣʝʥʥʷ ʧʦʪʨʝʙ ʩʚʦʾʭ ʟʘʤʦʚʥʠʢʽʚ, ʘ ʧʦʪʽʤ ʩʧʨʠʷʻ 

ʧʨʠʡʥʷʪʪʶ ʮʴʦʛʦ ʧʨʠʚʘʪʥʦʛʦ ʧʨʦʪʦʢʦʣʫ ʚ ʷʢʦʩʪʽ ʚʽʜʢʨʠʪʦʛʦ ʩʪʘʥʜʘʨʪʫ. 

 
ʈʠʩ. 1.1.17 ʅʘʙʽʨ ʧʨʦʪʦʢʦʣʽʚ ʽ ʩʪʘʥʜʘʨʪʽʚ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʨʽʟʥʠʤʠ ʦʨʛʘʥʽʟʘʮʽʷʤʠ 

ʅʘʧʨʠʢʣʘʜ, ʪʘʢ ʙʫʣʦ ʟ ʧʨʦʪʦʢʦʣʦʤ Ethernet. ʅʘʪʠʩʥʽʪʴ ʧʦʩʠʣʘʥʥʷ, ʱʦʙ 

ʧʦʜʠʚʠʪʠʩʷ ʚʽʜʝʦ-ʧʨʝʟʝʥʪʘʮʽʶ, ʚ ʷʢʽʡ ɹʦʙ ʄʝʪʢʘʣʬ (Bob Metcalfe) ʦʧʠʩʫʻ 

ʽʩʪʦʨʽʶ ʡʦʛʦ ʨʦʟʨʦʙʢʠ. 

ʇʝʨhʦʶ ʤʝʨʝʞʝʶ ʟ ʢʦʤʫʪʘʮʽʻʶ ʧʘʢʝʪʽʚ ʽ ʧʦʧʝʨʝʜʥʠʢʦʤ ʩʫʯʘʩʥʦʛʦ 

ɯʥʪʝʨʥʝʪʫ ʙʫʣʘ ʤʝʨʝʞʘ Advanced Research Projects Agency Network (ARPANET), 

ʷʢʘ ʟ'ʷʚʠʣʘʩʷ ʚ 1969 ʨʦʮʽ, ʟʚ'ʷʟʘʚʰʠ ʮʝʥʪʨʘʣʴʥʽ ɽʆʄ ʚ ʯʦʪʠʨʴʦʭ ʤʽʩʮʷʭ 

ʨʦʟʪʘʰʫʚʘʥʥʷ. ʄʝʨʝʞʘ ARPANET ʬʽʥʘʥʩʫʚʘʣʘʩʷ ʄʽʥʽʩʪʝʨʩʪʚʦʤ ʦʙʦʨʦʥʠ ʉʐɸ 

ʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʚ ʫʥʽʚʝʨʩʠʪʝʪʘʭ ʽ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʣʘʙʦʨʘʪʦʨʽʷʭ. 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʥʘʙʽʨ ʧʨʦʪʦʢʦʣʽʚ TCP / IP ʦʙ'ʻʜʥʫʻ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ 

ʧʨʦʪʦʢʦʣʽʚ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʤʘʣʶʥʢʫ. ʂʣʘʮʥʽʪʴ ʢʦʞʝʥ ʧʨʦʪʦʢʦʣ, ʱʦʙ 

ʧʦʜʠʚʠʪʠʩʷ ʨʦʟʰʠʬʨʦʚʢʫ ʡʦʛʦ ʥʘʟʚʠ ʽ ʦʧʠʩ. ʆʢʨʝʤʽ ʧʨʦʪʦʢʦʣʠ ʨʝʘʣʽʟʦʚʘʥʽ ʥʘ 

ʨʽʟʥʠʭ ʨʽʚʥʷʭ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʤʦʜʝʣʽ ʧʨʦʪʦʢʦʣʫ TCP / IP: ʥʘ ʧʨʠʢʣʘʜʥʦʤʫ, 

ʪʨʘʥʩʧʦʨʪʥʦʤʫ, ʤʝʨʝʞʝʚʦʤʫ ʨʽʚʥʷʭ ʽ ʨʽʚʥʽ ʜʦʩʪʫʧʫ ʜʦ ʤʝʨʝʞʽ. ʇʨʦʪʦʢʦʣʠ TCP / 

IP ʧʨʘʮʶʶʪʴ ʥʘ ʧʨʠʢʣʘʜʥʦʤʫ, ʪʨʘʥʩʧʦʨʪʥʦʤʫ, ʤʝʨʝʞʝʚʦʤʫ ʨʽʚʥʷʭ. ʇʨʦʪʦʢʦʣʠ 

ʨʽʚʥʷ ʤʝʨʝʞʝʚʦʛʦ ʜʦʩʪʫʧʫ ʟʘʙʝʟʧʝʯʫʶʪʴ ʜʦʩʪʘʚʢʫ IP-ʧʘʢʝʪʽʚ ʟ ʬʽʟʠʯʥʦʛʦ ʟʘʩʦʙʫ 

ʧʽʜʢʣʶʯʝʥʥʷ. ʎʽ ʧʨʦʪʦʢʦʣʠ ʥʠʞʯʠʭ ʤʝʨʝʞʝʚʠʭ ʨʽʚʥʽʚ ʨʦʟʨʦʙʣʝʥʽ ʦʨʛʘʥʽʟʘʮʽʷʤʠ 

ʟʽ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ. 



 
ʈʠʩ. 1.1.18 ʅʘʙʽʨ ʧʨʦʪʦʢʦʣʽʚ ʷʢʽ ʥʘʡʙʽʣʴʰʝ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ ʤʝʨʝʞʽ 

ʅʘʙʽʨ ʧʨʦʪʦʢʦʣʽʚ TCP / IP ʨʝʘʣʽʟʦʚʘʥʠʡ ʫ ʚʠʛʣʷʜʽ ʩʪʝʢʘ TCP / IP ʷʢ ʥʘ 

ʚʽʜʧʨʘʚʣʷʻ, ʪʘʢ ʽ ʥʘ ʧʨʠʡʤʘʶʯʦʤʫ ʚʫʟʣʘʭ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʩʢʨʽʟʥʦʾ ʜʦʩʪʘʚʢʠ 

ʜʘʥʠʭ ʧʦ ʤʝʨʝʞʽ. ʇʨʦʪʦʢʦʣʠ Ethernet ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʝʨʝʜʘʯʽ IP-ʧʘʢʝʪʽʚ 

ʧʦ ʟʘʩʦʙʫ ʧʽʜʢʣʶʯʝʥʥʷ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʤʫ ʤʝʨʝʞʝʶ LAN. 

 

 
ʈʠʩ. 1.1.19 ʅʘʙʽʨ ʧʨʦʪʦʢʦʣʽʚ ʽ ʧʨʦʮʝʩ ʦʙʤʽʥʫ ʜʘʥʠʤʠ 

1. ɸʥʽʤʘʮʽʷ ʥʘ ʨʠʩ. 1 ʧʦʢʘʟʫʻ, ʷʢ ʚʝʙ-ʩʝʨʚʝʨ ʧʝʨʝʪʚʦʨʶʻ ʩʪʦʨʽʥʢʫ ʥʘ 

ʛʽʧʝʨʪʝʢʩʪʦʚʦʤʫ ʤʦʚʦʶ ʦʧʠʩʫ ʜʦʢʫʤʝʥʪʽʚ (HTML) ʚ ʜʘʥʽ ʜʣʷ ʚʽʜʧʨʘʚʢʠ. 

2. ʊʝʤʘ ʧʨʦʪʦʢʦʣʫ HTTP ʧʨʠʢʣʘʜʥʦʛʦ ʨʽʚʥʷ ʜʦʜʘʻʪʴʩʷ ʚ ʧʦʯʘʪʦʢ ʜʘʥʠʭ ʚ 

ʬʦʨʤʘʪʽ HTML. ʊʝʤʘ ʤʽʩʪʠʪʴ ʨʽʟʥʽ ʜʘʥʽ, ʚʢʣʶʯʘʶʯʠ ʚʝʨʩʽʶ HTTP, ʷʢʫ 



ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʝʨʚʝʨ, ʘ ʪʘʢʦʞ ʢʦʜ ʩʪʘʥʫ, ʷʢʠʡ ʚʢʘʟʫʻ, ʱʦ ʫ ʥʴʦʛʦ ʻ ʽʥʬʦʨʤʘʮʽʷ 

ʜʣʷ ʚʝʙ-ʢʣʽʻʥʪʘ. 

3. ʇʨʦʪʦʢʦʣ ʧʨʠʢʣʘʜʥʦʛʦ ʨʽʚʥʷ HTTP ʧʝʨʝʜʘʻ ʜʘʥʽ ʚʝʙ-ʩʪʦʨʽʥʢʠ ʚ ʬʦʨʤʘʪʽ 

HTML ʥʘ ʪʨʘʥʩʧʦʨʪʥʠʡ ʨʽʚʝʥʴ. ʇʨʦʪʦʢʦʣ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʨʽʚʥʷ TCP 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʦʢʨʝʤʠʤ ʩʝʘʥʩʦʤ ʟʚ'ʷʟʢʫ ʤʽʞ ʚʝʙ-ʩʝʨʚʝʨʦʤ ʽ 

ʚʝʙ-ʢʣʽʻʥʪʦʤ. 

4. ʇʦʪʽʤ ʽʥʬʦʨʤʘʮʽʷ IP ʜʦʜʘʻʪʴʩʷ ʧʝʨʝʜ ʽʥʬʦʨʤʘʮʽʻʶ TCP. IP ʧʨʠʟʥʘʯʘʻ 

ʚʽʜʧʦʚʽʜʥʽ IP-ʘʜʨʝʩʠ ʜʞʝʨʝʣʘ ʽ ʤʽʩʮʷ ʧʨʠʟʥʘʯʝʥʥʷ. ʊʘʢʘ ʽʥʬʦʨʤʘʮʽʷ ʥʘʟʠʚʘʻʪʴʩʷ 

IP-ʧʘʢʝʪʦʤ. 

5. ʇʨʦʪʦʢʦʣ Ethernet ʜʦʜʘʻ ʚ ʧʦʯʘʪʦʢ ʽ ʚ ʢʽʥʝʮʴ IP-ʧʘʢʝʪʘ ʽʥʬʦʨʤʘʮʽʶ, ʷʢʘ 

ʥʘʟʠʚʘʻʪʴʩʷ ʢʘʜʨʦʤ ʢʘʥʘʣʫ ʜʘʥʠʭ. ʎʝʡ ʢʘʜʨ ʜʦʩʪʘʚʣʷʻʪʴʩʷ ʥʘ ʥʘʡʙʣʠʞʯʠʡ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʥʘ ʰʣʷʭʫ ʜʦ ʢʣʽʻʥʪʘ. ʄʘʨʰʨʫʪʠʟʘʪʦʨ ʚʠʜʘʣʷʻ ʽʥʬʦʨʤʘʮʽʶ 

Ethernet, ʘʥʘʣʽʟʫʻ IP-ʧʘʢʝʪ, ʚʠʟʥʘʯʘʻ ʥʘʡʢʨʘʱʠʡ ʰʣʷʭ ʜʣʷ ʧʘʢʝʪʘ, ʚʢʣʘʜʘʻ ʡʦʛʦ 

ʚ ʥʦʚʠʡ ʢʘʜʨ ʽ ʧʝʨʝʩʠʣʘʻ ʥʘ ʥʘʩʪʫʧʥʠʡ ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʧʦ ʜʦʨʦʟʽ ʜʦ ʤʽʩʮʷ 

ʧʨʠʟʥʘʯʝʥʥʷ. ʂʦʞʝʥ ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʚʠʜʘʣʷʻ ʽ ʜʦʜʘʻ ʥʦʚʫ ʽʥʬʦʨʤʘʮʽʶ ʢʘʜʨʫ 

ʢʘʥʘʣʴʥʦʛʦ ʨʽʚʥʷ ʧʝʨʝʜ ʧʝʨʝʩʠʣʘʥʥʷʤ ʧʘʢʝʪʘ. 

6. ʇʦʪʽʤ ʮʽ ʜʘʥʽ ʧʝʨʝʜʘʶʪʴʩʷ ʧʦ ʦʙ'ʻʜʥʘʥʽʡ ʤʝʨʝʞʽ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʢʦʰʪʽʚ ʧʽʜʢʣʶʯʝʥʥʷ ʽ ʧʨʦʤʽʞʥʠʭ ʧʨʠʩʪʨʦʾʚ. 

7. ʂʣʽʻʥʪ ʦʪʨʠʤʫʻ ʢʘʜʨʠ ʢʘʥʘʣʴʥʦʛʦ ʨʽʚʥʷ, ʱʦ ʤʽʩʪʷʪʴ ʜʘʥʽ, ʱʦ 

ʧʝʨʝʜʘʶʪʴʩʷ. ʇʨʠ ʦʙʨʦʙʮʽ ʢʘʜʨʫ ʟʘʛʦʣʦʚʢʠ ʧʨʦʪʦʢʦʣʽʚ ʚʠʜʘʣʷʶʪʴʩʷ ʚ 

ʟʚʦʨʦʪʥʦʤʫ ʧʦʨʷʜʢʫ. ʉʧʦʯʘʪʢʫ ʦʙʨʦʙʣʷʻʪʴʩʷ ʽ ʚʠʜʘʣʷʻʪʴʩʷ ʽʥʬʦʨʤʘʮʽʷ Ethernet, 

ʩʣʽʜʦʤ ʟʘ ʥʝʶ - ʽʥʬʦʨʤʘʮʽʷ IP-ʧʨʦʪʦʢʦʣʫ, ʧʦʪʽʤ TCP ʽ, ʥʘʨʝʰʪʽ, HTTP. 

8. ʇʦʪʽʤ ʜʘʥʽ ʚʝʙ-ʩʪʦʨʽʥʢʠ ʧʝʨʝʜʘʶʪʴʩʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʙʨʘʫʟʝʨʘ ʢʣʽʻʥʪʘ. 

ɺʽʜʢʨʠʪʽ ʩʪʘʥʜʘʨʪʠ ʩʧʨʠʷʶʪʴ ʩʫʤʽʩʥʦʩʪʽ, ʢʦʥʢʫʨʝʥʮʽʾ ʪʘ ʽʥʥʦʚʘʮʽʡ. ʂʨʽʤ 

ʪʦʛʦ, ʚʦʥʠ ʛʘʨʘʥʪʫʶʪʴ, ʱʦ ʧʨʦʜʫʢʪ ʦʢʨʝʤʦʾ ʢʦʤʧʘʥʽʾ ʥʝ ʟʤʦʞʝ ʤʦʥʦʧʦʣʽʟʫʚʘʪʠ 

ʨʠʥʦʢ ʘʙʦ ʦʪʨʠʤʘʪʠ ʥʝʩʧʨʘʚʝʜʣʠʚʫ ʧʝʨʝʚʘʛʫ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʦʥʢʫʨʝʥʪʘʤʠ. 

ʍʦʨʦʰʠʡ ʧʨʠʢʣʘʜ - ʧʦʢʫʧʢʘ ʙʝʟʜʨʦʪʦʚʦʛʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʜʣʷ ʙʫʜʠʥʢʫ. 

ɯʩʥʫʻ ʙʝʟʣʽʯ ʚʘʨʽʘʥʪʽʚ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ ʨʽʟʥʠʭ ʚʠʨʦʙʥʠʢʽʚ, ʢʦʞʝʥ ʟ ʷʢʠʭ 

ʚʢʣʶʯʘʻ ʩʪʘʥʜʘʨʪʥʽ ʧʨʦʪʦʢʦʣʠ, ʪʘʢʽ ʷʢ IPv4, DHCP, 802.3 (Ethernet) ʽ 802.11 

(ʙʝʟʜʨʦʪʦʚʘ ʤʝʨʝʞʘ LAN). ɺʽʜʢʨʠʪʽ ʩʪʘʥʜʘʨʪʠ ʪʘʢʦʞ ʜʦʟʚʦʣʷʶʪʴ ʢʣʽʻʥʪʫ ʟ 

ʦʧʝʨʘʮʽʡʥʦʶ ʩʠʩʪʝʤʦʶ OS X ʚʽʜ ʢʦʤʧʘʥʽʾ Apple ʟʘʚʘʥʪʘʞʠʪʠ ʚʝʙ-ʩʪʦʨʽʥʢʫ ʟ 

ʚʝʙ-ʩʝʨʚʝʨʘ ʧʽʜ ʢʝʨʫʚʘʥʥʷʤ ʦʧʝʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ Linux. ʎʝ ʧʦʚ'ʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ 

ʦʙʠʜʚʽ ʦʧʝʨʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʦʪʦʢʦʣʠ ʚʽʜʢʨʠʪʠʭ ʩʪʘʥʜʘʨʪʽʚ, 

ʥʘʧʨʠʢʣʘʜ ʟ ʥʘʙʦʨʫ ʧʨʦʪʦʢʦʣʽʚ TCP / IP. 

ʆʨʛʘʥʽʟʘʮʽʾ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʧʽʜʪʨʠʤʮʽ 

ʚʽʜʢʨʠʪʦʛʦ ɯʥʪʝʨʥʝʪʫ ʟʽ ʚʽʣʴʥʦ ʜʦʩʪʫʧʥʦʶ ʩʧʝʮʠʬʽʢʘʮʽʻʶ ʽ ʧʨʦʪʦʢʦʣʘʤʠ, ʷʢʽ 

ʤʦʞʫʪʴ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʽ ʙʫʜʴ-ʷʢʠʤ ʧʦʩʪʘʯʘʣʴʥʠʢʦʤ. ʆʨʛʘʥʽʟʘʮʽʷ ʟ 

ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ ʤʦʞʝ ʨʦʟʨʦʙʠʪʠ ʥʘʙʽʨ ʧʨʘʚʠʣ ʩʘʤʦʩʪʽʡʥʦ ʘʙʦ ʚ ʽʥʰʠʭ ʚʠʧʘʜʢʘʭ 

ʤʦʞʝ ʚʠʙʨʘʪʠ ʧʨʠʚʘʪʥʠʡ ʧʨʦʪʦʢʦʣ ʚ ʷʢʦʩʪʽ ʦʩʥʦʚʠ ʜʣʷ ʩʪʘʥʜʘʨʪʫ. ʗʢʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠʚʘʪʥʠʡ ʧʨʦʪʦʢʦʣ, ʨʦʟʨʦʙʢʘ ʩʪʘʥʜʘʨʪʫ, ʷʢ ʧʨʘʚʠʣʦ, 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʫʯʘʩʪʶ ʧʦʩʪʘʯʘʣʴʥʠʢʘ, ʷʢʠʡ ʡʦʛʦ ʩʪʚʦʨʠʚ. 

ʆʨʛʘʥʽʟʘʮʽʾ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ ʟʘʟʚʠʯʘʡ ʻ ʥʝʟʘʣʝʞʥʠʤʠ ʚʽʜ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ 

ʥʝʢʦʤʝʨʮʽʡʥʠʤʠ ʦʨʛʘʥʽʟʘʮʽʷʤʠ, ʩʪʚʦʨʝʥʠʤʠ ʜʣʷ ʨʦʟʨʦʙʢʠ ʽ ʧʨʦʩʫʚʘʥʥʷ 

ʢʦʥʮʝʧʮʽʾ ʚʽʜʢʨʠʪʠʭ ʩʪʘʥʜʘʨʪʽʚ. 

ʆʨʛʘʥʽʟʘʮʽʾ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ ʟʘʟʚʠʯʘʡ ʻ ʥʝʟʘʣʝʞʥʠʤʠ ʚʽʜ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ 

ʥʝʢʦʤʝʨʮʽʡʥʠʤʠ ʦʨʛʘʥʽʟʘʮʽʷʤʠ, ʩʪʚʦʨʝʥʠʤʠ ʜʣʷ ʨʦʟʨʦʙʢʠ ʽ ʧʨʦʩʫʚʘʥʥʷ 



ʢʦʥʮʝʧʮʽʾ ʚʽʜʢʨʠʪʠʭ ʩʪʘʥʜʘʨʪʽʚ. ʂʦʞʥʘ ʦʨʛʘʥʽʟʘʮʽʷ ʚʽʜʽʛʨʘʻ ʩʚʦʶ ʨʦʣʴ ʚ 

ʨʦʟʨʦʙʮʽ ʪʘ ʧʨʦʩʫʚʘʥʥʽ ʩʪʘʥʜʘʨʪʽʚ ʧʨʦʪʦʢʦʣʫ TCP / IP. 

ɿʘ ʨʦʟʚʠʪʦʢ ɯʥʪʝʨʥʝʪʫ ʚʽʜʧʦʚʽʜʘʶʪʴ ʥʘʩʪʫʧʥʽ ʦʨʛʘʥʽʟʘʮʽʾ. 

ʉʫʩʧʽʣʴʩʪʚʦ ɯʥʪʝʨʥʝʪ (Internet Society, ISOC) ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʩʧʨʠʷʥʥʷ 

ʚʽʜʢʨʠʪʽʡ ʨʦʟʨʦʙʮʽ ʪʘ ʨʦʟʰʠʨʝʥʥʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ɯʥʪʝʨʥʝʪʫ ʫ ʚʩʴʦʤʫ ʩʚʽʪʽ. 

ʈʘʜʘ ʧʦ ʘʨʭʽʪʝʢʪʫʨʽ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪ (Internet Architecture Board, IAB) 

ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʟʘʛʘʣʴʥʝ ʢʝʨʽʚʥʠʮʪʚʦ ʽ ʨʦʟʨʦʙʢʫ ʽʥʪʝʨʥʝʪ-ʩʪʘʥʜʘʨʪʽʚ. 

ɯʥʞʝʥʝʨʥʘ ʛʨʫʧʘ ʟ ʨʦʟʚʠʪʢʫ ɯʥʪʝʨʥʝʪʫ (Internet Engineering Task Force, 

IETF) ʨʦʟʨʦʙʣʷʻ, ʦʥʦʚʣʶʻ ʽ ʧʽʜʪʨʠʤʫʻ ʪʝʭʥʦʣʦʛʽʾ ɯʥʪʝʨʥʝʪʫ ʽ TCP / IP. ɺʦʥʘ 

ʪʘʢʦʞ ʚʠʧʫʩʢʘʻ ʜʦʢʫʤʝʥʪʠ ʜʣʷ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʽ ʦʥʦʚʣʝʥʥʷ ʽʩʥʫʶʯʠʭ 

ʧʨʦʪʦʢʦʣʽʚ, ʚʽʜʦʤʽ ʷʢ çʈʦʙʦʯʽ ʧʨʦʧʦʟʠʮʽʾè (Request for Comments, RFC). 

ɼʦʩʣʽʜʥʠʮʴʢʘ ʛʨʫʧʘ ʽʥʪʝʨʥʝʪ-ʪʝʭʥʦʣʦʛʽʡ (Internet Research Task Force, 

IRTF), ʷʢʘ ʧʨʦʚʦʜʠʪʴ ʜʦʚʛʦʩʪʨʦʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ɯʥʪʝʨʥʝʪʫ ʽ ʧʨʦʪʦʢʦʣʽʚ TCP / 

IP, ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ɻʨʫʧʫ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʭʠʩʪʫ ʚʽʜ ʩʧʘʤʫ (Anti-Spam Research 

Group, ASRG), ɻʨʫʧʫ ʜʦʩʣʽʜʞʝʥʥʷ ʢʨʠʧʪʦʛʨʘʬʽʯʥʦʛʦ ʟʘʭʠʩʪʫ (Crypto Forum 

Research Group, CFRG) ʽ ɻʨʫʧʫ ʜʦʩʣʽʜʞʝʥʥʷ ʪʠʤʯʘʩʦʚʠʭ ʤʝʨʝʞ (Peer-to-Peer 

Research Group, P2PRG). 

ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʽ ʥʘʩʪʫʧʥʽ ʦʨʛʘʥʽʟʘʮʽʾ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ. 

ʂʦʨʧʦʨʘʮʽʷ ʟ ʫʧʨʘʚʣʽʥʥʷ ʜʦʤʝʥʥʠʤʠ ʽʤʝʥʘʤʠ ʽ IP-ʘʜʨʝʩʘʤʠ (Internet 

Corporation for Assigned Names and Numbers, ICANN) - ʥʝʢʦʤʝʨʮʽʡʥʘ 

ʦʨʛʘʥʽʟʘʮʽʷ ʚ ʉʐɸ, ʷʢʘ ʢʦʦʨʜʠʥʫʻ ʜʽʾ ʧʦ ʚʠʜʽʣʝʥʥʶ IP-ʘʜʨʝʩ, ʫʧʨʘʚʣʽʥʥʷ 

ʜʦʤʝʥʥʠʤʠ ʽʤʝʥʘʤʠ, ʘ ʪʘʢʦʞ ʽʥʰʠʤʠ ʜʘʥʠʤʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ 

ʧʨʦʪʦʢʦʣʘʭ TCP / IP. 

ɸʜʤʽʥʽʩʪʨʘʮʽʷ ʘʜʨʝʩʥʦʛʦ ʧʨʦʩʪʦʨʫ ɯʥʪʝʨʥʝʪ (Internet Assigned Numbers 

Authority, IANA) ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʢʦʥʪʨʦʣʴ ʽ ʫʧʨʘʚʣʽʥʥʷ ʨʦʟʧʦʜʽʣʦʤ IP-ʘʜʨʝʩ, 

ʫʧʨʘʚʣʽʥʥʷ ʜʦʤʝʥʥʠʤʠ ʽʤʝʥʘʤʠ ʽ ʽʜʝʥʪʠʬʽʢʘʪʦʨʘʤʠ ʧʨʦʪʦʢʦʣʽʚ ʜʣʷ ICANN. 

ʆʨʛʘʥʽʟʘʮʽʾ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ ʚ ʛʘʣʫʟʽ ʝʣʝʢʪʨʦʥʽʢʠ ʪʘ ʟʚ'ʷʟʢʫ 

ɯʥʰʽ ʦʨʛʘʥʽʟʘʮʽʾ ʟʽ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ ʟʘʡʤʘʶʪʴʩʷ ʨʦʟʨʦʙʢʦʶ ʽ ʧʨʦʩʫʚʘʥʥʷʤ 

ʩʪʘʥʜʘʨʪʽʚ ʚ ʛʘʣʫʟʽ ʝʣʝʢʪʨʦʥʽʢʠ ʪʘ ʟʚ'ʷʟʢʫ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʨʠ ʜʦʩʪʘʚʮʽ IP-

ʧʘʢʝʪʽʚ ʫ ʚʠʛʣʷʜʽ ʩʠʛʥʘʣʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʚʦʜʦʚʦʛʦ ʘʙʦ ʙʝʟʜʨʦʪʦʚʦʛʦ ʟʘʩʽʙ 

ʧʽʜʢʣʶʯʝʥʥʷ. 

ɯʥʩʪʠʪʫʪ ʽʥʞʝʥʝʨʽʚ ʟ ʝʣʝʢʪʨʦʪʝʭʥʽʢʠ ʪʘ ʝʣʝʢʪʨʦʥʽʢʠ (Institute of Electrical 

and Electronics Engineers, IEEE; ʚʠʤʦʚʣʷʻʪʴʩʷ ʧʦ-ʘʥʛʣʽʡʩʴʢʠ çʘʡ ʪʨʽʧʣ ʽè) - 

ʦʨʛʘʥʽʟʘʮʽʷ, ʱʦ ʟʘʡʤʘʻʪʴʩʷ ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʽʥʥʦʚʘʮʽʡ ʽ 

ʩʪʚʦʨʝʥʥʷʤ ʩʪʘʥʜʘʨʪʽʚ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ, ʚʢʣʶʯʘʶʯʠ ʝʥʝʨʛʝʪʠʢʫ, ʦʭʦʨʦʥʫ 

ʟʜʦʨʦʚ'ʷ, ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʾ ʪʘ ʤʝʨʝʞʝʚʽ ʪʝʭʥʦʣʦʛʽʾ. ʅʘ ʨʠʩ. 1 ʥʘʚʝʜʝʥʽ ʜʝʷʢʽ 

ʤʝʨʝʞʝʚʽ ʩʪʘʥʜʘʨʪʠ. 

ɸʣʴʷʥʩ ʛʘʣʫʟʝʡ ʝʣʝʢʪʨʦʥʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ (Electronic Industries Alliance, 

EIA) ʥʘʡʙʽʣʴʰ ʚʽʜʦʤʠʡ ʩʚʦʾʤʠ ʩʪʘʥʜʘʨʪʘʤʠ, ʧʦʚ'ʷʟʘʥʠʤʠ ʟ ʝʣʝʢʪʨʠʯʥʦʶ 

ʧʨʦʚʦʜʢʦʶ, ʨʦʟ'ʻʤʘʤʠ ʽ 19-ʜʶʡʤʦʚʠʤʠ ʩʪʽʡʢʘʤʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʤʦʥʪʘʞʫ ʤʝʨʝʞʝʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

ɸʩʦʮʽʘʮʽʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ (Telecommunications Industry 

Association, TIA) ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʨʦʟʚʠʪʦʢ ʩʪʘʥʜʘʨʪʽʚ ʟʚ'ʷʟʢʫ ʚ ʨʽʟʥʠʭ ʦʙʣʘʩʪʷʭ, 

ʚʢʣʶʯʘʶʯʠ ʨʘʜʽʦʫʩʪʘʪʢʫʚʘʥʥʷ, ʙʘʟʦʚʽ ʩʪʘʥʮʽʾ ʩʪʽʣʴʥʠʢʦʚʦʛʦ ʟʚ'ʷʟʢʫ, ʧʨʠʩʪʨʦʾ 

ʧʝʨʝʜʘʯʽ ʛʦʣʦʩʫ ʧʦ IP (VoIP), ʩʫʧʫʪʥʠʢʦʚʠʡ ʟʚ'ʷʟʦʢ ʪʘ ʙʘʛʘʪʦ ʽʥʰʦʛʦ. 

ʄʽʞʥʘʨʦʜʥʠʡ ʩʦʶʟ ʝʣʝʢʪʨʦʟʚ'ʷʟʢʫ, ʩʝʢʪʦʨ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ 

(International Telecommunications Union-Telecommunication Standardization 



Sector, ITU-T) - ʦʜʥʘ ʟ ʥʘʡʙʽʣʴʰʠʭ ʽ ʥʘʡʩʪʘʨʽʰʠʭ ʦʨʛʘʥʽʟʘʮʽʡ ʟʘ ʩʪʘʥʜʘʨʪʘʤʠ 

ʟʚ'ʷʟʢʫ. ITU-T ʚʠʟʥʘʯʘʻ ʩʪʘʥʜʘʨʪʠ ʜʣʷ ʩʪʠʩʥʝʥʥʷ ʚʽʜʝʦ, ʪʝʣʝʙʘʯʝʥʥʷ ʧʦ 

ʧʨʦʪʦʢʦʣʫ IP (IPTV) ʽ ʰʠʨʦʢʦʩʤʫʛʦʚʦʛʦ ʟʚ'ʷʟʢʫ, ʥʘʧʨʠʢʣʘʜ ʣʽʥʽʡ DSL. 

ɹʘʛʘʪʦʨʽʚʥʝʚʘ ʤʦʜʝʣʴ ʜʣʷ ʦʧʠʩʫ ʤʝʨʝʞʝʚʠʭ ʧʨʦʪʦʢʦʣʽʚ ʽ ʦʧʝʨʘʮʽʡ 

ʟʘʙʝʟʧʝʯʫʻ ʥʘʩʪʫʧʥʽ ʧʝʨʝʚʘʛʠ. 

ʉʧʨʦʱʝʥʥʷ ʨʦʟʨʦʙʢʠ ʧʨʦʪʦʢʦʣʽʚ, ʦʩʢʽʣʴʢʠ ʧʨʦʪʦʢʦʣʠ, ʱʦ ʧʨʘʮʶʶʪʴ ʥʘ 

ʧʝʚʥʦʤʫ ʨʽʚʥʽ, ʚʠʟʥʘʯʘʶʪʴ ʬʦʨʤʘʪ ʦʙʨʦʙʣʶʚʘʥʠʭ ʜʘʥʠʭ ʽ ʽʥʪʝʨʬʝʡʩ ʚʝʨʭʥʽʭ ʽ 

ʥʠʞʥʽʭ ʨʽʚʥʽʚ. 

ʉʪʠʤʫʣʶʚʘʥʥʷ ʢʦʥʢʫʨʝʥʮʽʾ, ʪʘʢ ʷʢ ʧʨʦʜʫʢʪʠ ʨʽʟʥʠʭ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ ʤʦʞʫʪʴ 

ʚʟʘʻʤʦʜʽʷʪʠ ʦʜʠʥ ʟ ʦʜʥʠʤ. 

ɿʘʧʦʙʽʛʘʥʥʷ ʚʧʣʠʚʫ ʟʤʽʥ ʪʝʭʥʦʣʦʛʽʡ ʘʙʦ ʬʫʥʢʮʽʡ ʦʜʥʦʛʦ ʨʽʚʥʷ ʥʘ ʽʥʰʽ ʨʽʚʥʽ 

(ʚʝʨʭʥʽ ʽ ʥʠʞʥʽ). 

ʉʧʽʣʴʥʫ ʤʦʚʫ ʜʣʷ ʦʧʠʩʫ ʬʫʥʢʮʽʡ ʤʝʨʝʞʝʚʦʾ ʚʟʘʻʤʦʜʽʾ. 

ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʤʘʣʶʥʢʫ, ʤʦʜʝʣʴ TCP / IP ʽ ʤʦʜʝʣʴ ʚʟʘʻʤʦʜʽʾ ʚʽʜʢʨʠʪʠʭ 

ʩʠʩʪʝʤ (Open Systems Interconnection, OSI) - ʦʩʥʦʚʥʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʽ ʤʦʜʝʣʽ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʝʨʝʞʽ. ʂʦʞʥʘ ʟ ʥʠʭ ʷʚʣʷʻ ʩʦʙʦʶ ʙʘʟʦʚʠʡ ʪʠʧ ʙʘʛʘʪʦʨʽʚʥʝʚʦʾ 

ʤʦʜʝʣʽ ʤʝʨʝʞʝʚʦʾ ʚʟʘʻʤʦʜʽʾ. 

ʇʨʦʪʦʢʦʣʴʥʘ ʤʦʜʝʣʴ ʚʽʜʧʦʚʽʜʘʻ ʩʪʨʫʢʪʫʨʽ ʧʝʚʥʦʛʦ ʥʘʙʦʨʫ ʧʨʦʪʦʢʦʣʽʚ. TCP 

/ IP ʻ ʧʨʦʪʦʢʦʣʴʥʦʶ ʤʦʜʝʣʣʶ, ʦʩʢʽʣʴʢʠ ʚ ʥʽʡ ʦʧʠʩʫʶʪʴʩʷ ʬʫʥʢʮʽʾ, ʷʢʽ 

ʚʠʢʦʥʫʶʪʴʩʷ ʥʘ ʢʦʞʥʦʤʫ ʨʽʚʥʽ ʧʨʦʪʦʢʦʣʽʚ, ʱʦ ʚʭʦʜʷʪʴ ʚ ʥʘʙʽʨ ʧʨʦʪʦʢʦʣʽʚ TCP / 

IP. TCP / IP ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʷʢʦʩʪʽ ʝʪʘʣʦʥʥʦʾ ʤʦʜʝʣʽ. 

 
ʈʠʩ. 1.1.20 ʇʨʠʢʣʘʜ ʧʨʦʪʦʢʦʣʽʚ ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʤʦʜʝʣʽ OSI ʪʘ TCP/IP 

ɽʪʘʣʦʥʥʘ ʤʦʜʝʣʴ ʟʘʙʝʟʧʝʯʫʻ ʦʜʥʘʢʦʚʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʩʽʭ ʤʝʨʝʞʝʚʠʭ 

ʧʨʦʪʦʢʦʣʽʚ ʽ ʩʝʨʚʽʩʽʚ, ʦʧʠʩʫʶʯʠ ʪʝ, ʱʦ ʥʝʦʙʭʽʜʥʦ ʟʨʦʙʠʪʠ ʥʘ ʧʝʚʥʦʤʫ ʨʽʚʥʽ, ʘʣʝ 



ʥʝ ʥʘʢʘʟʫʶʯʠ ʢʦʥʢʨʝʪʥʽ ʩʧʦʩʦʙʠ ʚʠʢʦʥʘʥʥʷ. ʄʦʜʝʣʴ OSI ʻ ʧʦʧʫʣʷʨʥʦʶ 

ʝʪʘʣʦʥʥʦʶ ʤʦʜʝʣʣʶ ʦʙ'ʻʜʥʘʥʦʾ ʤʝʨʝʞʽ, ʦʜʥʦʯʘʩʥʦ ʙʫʜʫʯʠ ʧʨʦʪʦʢʦʣʴʥʦʾ 

ʤʦʜʝʣʣʶ ʜʣʷ ʥʘʙʦʨʫ ʧʨʦʪʦʢʦʣʽʚ OSI. 

ʄʦʜʝʣʴ OSI ʚʠʟʥʘʯʘʻ ʰʠʨʦʢʠʡ ʩʧʠʩʦʢ ʬʫʥʢʮʽʡ ʽ ʩʝʨʚʽʩʽʚ, ʱʦ ʨʝʘʣʽʟʫʶʪʴʩʷ 

ʥʘ ʢʦʞʥʦʤʫ ʨʽʚʥʽ. ʂʨʽʤ ʪʦʛʦ, ʚʦʥʘ ʦʧʠʩʫʻ ʚʟʘʻʤʦʜʽʶ ʢʦʞʥʦʛʦ ʨʽʚʥʷ ʟ ʚʠʱʠʤ ʽ 

ʥʠʞʯʠʤ ʨʽʚʥʷʤʠ. ʈʦʟʛʣʷʥʫʪʽ ʚ ʨʘʤʢʘʭ ʮʴʦʛʦ ʢʫʨʩʫ ʧʨʦʪʦʢʦʣʠ TCP / IP 

ʩʧʽʚʚʽʜʥʦʩʷʪʴʩʷ ʷʢ ʟ ʤʦʜʝʣʣʶ OSI, ʪʘʢ ʽ ʟ ʤʦʜʝʣʣʶ TCP / IP. ʂʣʘʮʥʽʪʴ ʥʘʟʚʫ 

ʢʦʞʥʦʛʦ ʨʽʚʥʷ ʤʦʜʝʣʽ OSI, ʱʦʙ ʧʝʨʝʛʣʷʥʫʪʠ ʜʦʢʣʘʜʥʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʥʴʦʛʦ. 

ʌʫʥʢʮʽʦʥʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ ʢʦʞʥʦʛʦ ʨʽʚʥʷ ʽ ʟʚ'ʷʟʦʢ ʤʽʞ ʨʽʚʥʷʤʠ ʩʪʘʥʫʪʴ 

ʙʽʣʴʰ ʟʨʦʟʫʤʽʣʽ ʚ ʤʽʨʫ ʜʦʢʣʘʜʥʦʛʦ ʨʦʟʛʣʷʜʫ ʧʨʦʪʦʢʦʣʽʚ ʫ ʮʴʦʤʫ ʢʫʨʩʽ. 

ʇʨʠʤʽʪʢʘ. ʗʢʱʦ ʨʽʚʥʽ ʤʦʜʝʣʽ TCP / IP ʧʦʟʥʘʯʘʶʪʴʩʷ ʪʽʣʴʢʠ ʟʘ ʥʘʟʚʦʶ, ʪʦ 7 

ʨʽʚʥʽʚ ʤʦʜʝʣʽ OSI ʯʘʩʪʦ ʧʦʟʥʘʯʘʶʪʴʩʷ ʟʘ ʥʦʤʝʨʦʤ. ʅʘʧʨʠʢʣʘʜ, ʬʽʟʠʯʥʠʡ ʨʽʚʝʥʴ 

ʥʘʟʠʚʘʻʪʴʩʷ ʧʝʨʰʠʤ ʨʽʚʥʝʤ ʤʦʜʝʣʽ OSI. 

ʇʨʦʪʦʢʦʣʴʥʘ ʤʦʜʝʣʴ ʤʝʨʝʞʝʚʦʾ ʚʟʘʻʤʦʜʽʾ TCP / IP ʙʫʣʘ ʩʪʚʦʨʝʥʘ ʥʘ 

ʧʦʯʘʪʢʫ 70-ʭ ʨʦʢʽʚ ʽ ʽʥʦʜʽ ʥʘʟʠʚʘʻʪʴʩʷ ʤʦʜʝʣʣʶ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪ. ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ 

ʤʘʣʶʥʢʫ, ʪʘʢʘ ʤʦʜʝʣʴ ʚʠʟʥʘʯʘʻ ʯʦʪʠʨʠ ʢʘʪʝʛʦʨʽʾ ʬʫʥʢʮʽʡ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ 

ʫʩʧʽʰʥʦʾ ʚʟʘʻʤʦʜʽʾ. ɸʨʭʽʪʝʢʪʫʨʘ ʥʘʙʦʨʫ ʧʨʦʪʦʢʦʣʽʚ TCP / IP ʧʦʙʫʜʦʚʘʥʘ ʥʘ 

ʦʩʥʦʚʽ ʮʽʻʾ ʤʦʜʝʣʽ. ʆʩʴ ʯʦʤʫ ʤʦʜʝʣʴ ɯʥʪʝʨʥʝʪʫ ʟʘʟʚʠʯʘʡ ʥʘʟʠʚʘʶʪʴ ʤʦʜʝʣʣʶ 

TCP / IP. 

ɹʽʣʴʰʽʩʪʴ ʧʨʦʪʦʢʦʣʴʥʠʭ ʤʦʜʝʣʝʡ ʦʧʠʩʫʻ ʩʪʝʢ ʧʨʦʪʦʢʦʣʽʚ ʧʝʚʥʦʛʦ 

ʧʦʩʪʘʯʘʣʴʥʠʢʘ. ʗʢ ʧʨʠʢʣʘʜ ʩʪʝʢʘ ʧʨʦʪʦʢʦʣʽʚ ʚʽʜ ʧʝʚʥʦʛʦ ʧʦʩʪʘʯʘʣʴʥʠʢʘ ʤʦʞʥʘ 

ʥʘʟʚʘʪʠ ʪʘʢʽ ʟʘʩʪʘʨʽʣʽ ʥʘʙʦʨʠ ʧʨʦʪʦʢʦʣʽʚ, ʷʢ Novell Netware ʽ AppleTalk. ʇʨʦʪʝ 

ʦʩʢʽʣʴʢʠ ʤʦʜʝʣʴ TCP / IP ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʚʽʜʢʨʠʪʠʡ ʩʪʘʥʜʘʨʪ, ʞʦʜʥʘ 

ʢʦʤʧʘʥʽʷ ʥʝ ʤʘʻ ʧʨʘʚʘ ʢʦʥʪʨʦʣʶʚʘʪʠ ʾʾ ʚʠʟʥʘʯʝʥʥʷ. ʉʪʘʥʜʘʨʪ ʧʨʦʪʦʢʦʣʽʚ TCP / 

IP ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʥʘ ʟʘʛʘʣʴʥʦʜʦʩʪʫʧʥʦʤʫ ʬʦʨʫʤʽ ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚ 

ʟʘʛʘʣʴʥʦʜʦʩʪʫʧʥʠʭ ʜʦʢʫʤʝʥʪʘʭ RFC. 

ʇʦʨʽʚʥʷʥʥʷ ʤʦʜʝʣʝʡ OSI ʽ TCP / IP 

 
ʈʠʩ. 1.1.21 ʇʦʨʽʚʥʷʥʥʷ ʤʦʜʝʣʽ OSI ʪʘ TCP/IP 



ʅʘʙʽʨ ʧʨʦʪʦʢʦʣʽʚ TCP / IP ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʠʡ ʟ ʪʦʯʢʠ ʟʦʨʫ ʝʪʘʣʦʥʥʦʾ 

ʤʦʜʝʣʽ OSI. ʋ ʤʦʜʝʣʽ OSI ʨʽʚʝʥʴ ʜʦʩʪʫʧʫ ʜʦ ʤʝʨʝʞʽ ʽ ʧʨʠʢʣʘʜʥʠʡ ʨʽʚʝʥʴ ʤʦʜʝʣʽ 

TCP / IP ʜʦʜʘʪʢʦʚʦ ʧʽʜʨʦʟʜʽʣʷʶʪʴʩʷ ʜʣʷ ʦʧʠʩʫ ʦʢʨʝʤʠʭ ʬʫʥʢʮʽʡ, ʷʢʽ 

ʨʝʘʣʽʟʫʶʪʴʩʷ ʥʘ ʮʠʭ ʨʽʚʥʷʭ. 

ʅʘ ʨʽʚʥʽ ʜʦʩʪʫʧʫ ʜʦ ʤʝʨʝʞʽ ʥʘʙʽʨ ʧʨʦʪʦʢʦʣʽʚ TCP / IP ʥʝ ʚʠʟʥʘʯʘʻ ʩʧʠʩʦʢ 

ʧʨʦʪʦʢʦʣʽʚ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʜʣʷ ʧʝʨʝʜʘʯʽ ʧʦ ʬʽʟʠʯʥʦʤʫ ʟʘʩʦʙʫ ʧʽʜʢʣʶʯʝʥʥʷ; 

ʚʽʥ ʦʧʠʩʫʻ ʪʽʣʴʢʠ ʧʝʨʝʜʘʯʫ ʟ ʤʝʨʝʞʝʚʦʛʦ ʨʽʚʥʷ ʬʽʟʠʯʥʠʤ ʤʝʨʝʞʝʚʠʤ 

ʧʨʦʪʦʢʦʣʘʤ. ʈʽʚʥʽ 1 ʽ 2 ʤʦʜʝʣʽ OSI ʦʧʠʩʫʶʪʴ ʧʨʦʮʝʜʫʨʠ ʜʦʩʪʫʧʫ ʜʦ ʟʘʩʦʙʽʚ 

ʧʽʜʢʣʶʯʝʥʥʷ ʽ ʬʽʟʠʯʥʠʤ ʟʘʩʦʙʘʤ ʚʽʜʧʨʘʚʢʠ ʜʘʥʠʭ ʧʦ ʤʝʨʝʞʽ. 

ʈʽʚʝʥʴ 3 ʤʦʜʝʣʽ OSI, ʘʙʦ ʤʝʨʝʞʝʚʠʡ ʨʽʚʝʥʴ, ʚʽʜʧʦʚʽʜʘʻ ʤʝʨʝʞʥʦʤʫ ʨʽʚʥʶ 

ʤʦʜʝʣʽ TCP / IP. ʎʝʡ ʨʽʚʝʥʴ ʦʧʠʩʫʻ ʧʨʦʪʦʢʦʣʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʰʣʷʭʠ ʧʝʨʝʜʘʯʽ 

ʜʘʥʠʭ ʚ ʤʝʨʝʞʽ. 

ʈʽʚʝʥʴ 4 ʤʦʜʝʣʽ OSI, ʘʙʦ ʪʨʘʥʩʧʦʨʪʥʠʡ ʨʽʚʝʥʴ, ʚʽʜʧʦʚʽʜʘʻ ʪʨʘʥʩʧʦʨʪʥʦʤʫ 

ʨʽʚʥʶ ʤʦʜʝʣʽ TCP / IP. ʎʝʡ ʨʽʚʝʥʴ ʦʧʠʩʫʻ ʟʘʛʘʣʴʥʽ ʩʝʨʚʽʩʠ ʪʘ ʬʫʥʢʮʽʾ, ʷʢʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʧʦʨʷʜʢʦʚʘʥʫ ʽ ʥʘʜʽʡʥʫ ʜʦʩʪʘʚʢʫ ʜʘʥʠʭ ʚʽʜ ʜʞʝʨʝʣʘ ʜʦ ʤʽʩʮʷ 

ʧʨʠʟʥʘʯʝʥʥʷ. 

ʇʨʠʢʣʘʜʥʠʡ ʨʽʚʝʥʴ TCP / IP ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʨʷʜ ʧʨʦʪʦʢʦʣʽʚ, ʷʢʽ 

ʧʽʜʪʨʠʤʫʶʪʴ ʧʝʚʥʽ ʬʫʥʢʮʽʾ ʜʣʷ ʨʦʙʦʪʠ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʜʦʜʘʪʢʽʚ ʢʽʥʮʝʚʠʭ 

ʢʦʨʠʩʪʫʚʘʯʽʚ. ʈʽʚʥʽ 5, 6 ʽ 7 ʤʦʜʝʣʽ OSI ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʷʢʦʩʪʽ ʟʨʘʟʢʽʚ 

ʨʦʟʨʦʙʥʠʢʘʤʠ ʽ ʧʦʩʪʘʯʘʣʴʥʠʢʘʤʠ ʧʨʠʢʣʘʜʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ 

ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʦʜʫʢʪʽʚ, ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʨʦʙʦʪʠ ʚ ʤʝʨʝʞʽ. 

ʆʙʠʜʚʽ ʤʦʜʝʣʽ (TCP / IP ʽ OSI) ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʚʽʜʥʦʰʝʥʥʽ 

ʧʨʦʪʦʢʦʣʽʚ ʨʽʟʥʠʭ ʨʽʚʥʽʚ. ʊʘʢ ʷʢ ʤʦʜʝʣʴ OSI ʧʦʜʽʣʷʻ ʢʘʥʘʣʴʥʠʡ ʽ ʬʽʟʠʯʥʠʡ ʨʽʚʥʽ, 

ʩʘʤʝ ʚʦʥʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʮʠʭ ʨʽʚʥʽʚ. 

ʊʝʦʨʝʪʠʯʥʦ ʦʜʥʝ ʧʦʚʽʜʦʤʣʝʥʥʷ, ʥʘʧʨʠʢʣʘʜ ʚʽʜʝʦʢʣʽʧ ʘʙʦ ʧʦʚʽʜʦʤʣʝʥʥʷ 

ʝʣʝʢʪʨʦʥʥʦʾ ʧʦʰʪʠ, ʤʦʞʝ ʙʫʪʠ ʚʽʜʧʨʘʚʣʝʥʦ ʧʦ ʤʝʨʝʞʽ ʚʽʜ ʜʞʝʨʝʣʘ ʜʦ ʤʽʩʮʷ 

ʧʨʠʟʥʘʯʝʥʥʷ ʷʢ ʦʜʠʥ ʤʘʩʠʚʥʠʡ ʽ ʙʝʟʧʝʨʝʨʚʥʠʡ ʧʦʪʽʢ ʙʽʪʽʚ. ʗʢʙʠ ʧʦʚʽʜʦʤʣʝʥʥʷ 

ʜʽʡʩʥʦ ʪʘʢ ʧʝʨʝʜʘʚʘʣʠʩʷ, ʽʥʰʽ ʧʨʠʩʪʨʦʾ ʥʝ ʟʤʦʛʣʠ ʙ ʚʽʜʧʨʘʚʣʷʪʠ ʽ ʦʪʨʠʤʫʚʘʪʠ 

ʧʦʚʽʜʦʤʣʝʥʥʷ ʚ ʪʽʡ ʞʝ ʤʝʨʝʞʽ ʧʨʦʪʷʛʦʤ ʚʩʴʦʛʦ ʧʨʦʮʝʩʫ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. ʊʘʢʽ 

ʚʝʣʠʢʽ ʧʦʪʦʢʠ ʜʘʥʠʭ ʧʨʠʚʦʜʠʣʠ ʙ ʜʦ ʩʫʪʪʻʚʠʭ ʟʘʪʨʠʤʦʢ. ʂʨʽʤ ʪʦʛʦ, ʷʢʙʠ ʙʫʜʴ-

ʷʢʘ ʟ ʣʘʥʦʢ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʤʝʨʝʞʽ ʚʽʜʤʦʚʠʣʦ ʧʽʜ ʯʘʩ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʮʽʣʝ 

ʧʦʚʽʜʦʤʣʝʥʥʷ ʙʫʣʦ ʙ ʚʪʨʘʯʝʥʦ ʽ ʡʦʛʦ ʥʝʦʙʭʽʜʥʦ ʙʫʣʦ ʙ ʧʝʨʝʜʘʪʠ ʧʦʚʪʦʨʥʦ ʚ 

ʧʦʚʥʦʤʫ ʦʙʩʷʟʽ. 

ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʩʣʽʜ ʨʦʟʜʽʣʠʪʠ ʜʘʥʽ ʥʘ ʙʽʣʴʰ ʜʨʽʙʥʽ ʽ ʟʨʫʯʥʽ ʯʘʩʪʠʥʠ ʜʣʷ 

ʧʝʨʝʜʘʯʽ ʧʦ ʤʝʨʝʞʽ. ʊʘʢʠʡ ʧʦʜʽʣ ʧʦʪʦʢʫ ʜʘʥʠʭ ʥʘ ʙʽʣʴʰ ʜʨʽʙʥʽ ʯʘʩʪʠʥʠ 

ʥʘʟʠʚʘʻʪʴʩʷ ʩʝʛʤʝʥʪʘʮʽʻʶ. ʉʝʛʤʝʥʪʘʮʽʷ ʧʦʚʽʜʦʤʣʝʥʥʷ ʥʘʜʘʻ ʜʚʽ ʦʩʥʦʚʥʽ 

ʧʝʨʝʚʘʛʠ. 

ɺʽʜʧʨʘʚʢʘ ʥʝʚʝʣʠʢʠʭ ʦʢʨʝʤʠʭ ʯʘʩʪʠʥ ʚʽʜ ʜʞʝʨʝʣʘ ʜʦ ʦʜʝʨʞʫʚʘʯʘ ʚ ʤʝʨʝʞʽ 

ʜʦʟʚʦʣʷʻ ʧʽʜʪʨʠʤʫʚʘʪʠ ʙʝʟʣʽʯ ʨʽʟʥʠʭ ʯʝʨʛʫʶʪʴʩʷ ʩʝʘʥʩʽʚ ʦʙʤʽʥʫ 

ʧʦʚʽʜʦʤʣʝʥʥʷʤʠ, ʮʝ ʥʘʟʠʚʘʻʪʴʩʷ ʤʫʣʴʪʠʧʣʝʢʩʫʚʘʥʥʷ.  

ʉʝʛʤʝʥʪʘʮʽʷ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʥʘʜʽʡʥʽʩʪʴ ʤʝʨʝʞʝʚʦʾ ʚʟʘʻʤʦʜʽʾ. ʗʢʱʦ 

ʙʫʜʴ-ʷʢʫ ʯʘʩʪʠʥʫ ʧʦʚʽʜʦʤʣʝʥʥʷ ʥʝ ʚʜʘʻʪʴʩʷ ʜʦʩʪʘʚʠʪʠ ʜʦ ʤʽʩʮʷ ʧʨʠʟʥʘʯʝʥʥʷ 

ʯʝʨʝʟ ʚʽʜʤʦʚʫ ʤʝʨʝʞʽ, ʥʝʦʙʭʽʜʥʦ ʙʫʜʝ ʧʦʚʪʦʨʥʦ ʧʝʨʝʜʘʪʠ ʪʽʣʴʢʠ ʚʽʜʩʫʪʥʽ 

ʯʘʩʪʠʥʠ ʧʦʚʽʜʦʤʣʝʥʥʷ. 

ʅʝʜʦʣʽʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʝʛʤʝʥʪʘʮʽʾ ʽ ʤʫʣʴʪʠʧʣʝʢʩʫʚʘʥʥʷ ʜʣʷ ʧʝʨʝʜʘʯʽ 

ʧʦʚʽʜʦʤʣʝʥʴ ʯʝʨʝʟ ʤʝʨʝʞʫ - ʩʢʣʘʜʥʽʩʪʴ, ʷʢʘ ʚʣʘʩʪʠʚʘ ʚʩʴʦʤʫ ʧʨʦʮʝʩʫ. ʋʷʚʽʪʴ 

ʩʦʙʽ, ʱʦ ʥʝʦʙʭʽʜʥʦ ʚʽʜʧʨʘʚʠʪʠ ʣʠʩʪ ʟ 100 ʩʪʦʨʽʥʦʢ, ʘʣʝ ʢʦʞʝʥ ʢʦʥʚʝʨʪ ʚʤʽʱʫʻ 



ʣʠʰʝ ʦʜʥʫ ʩʪʦʨʽʥʢʫ. ʇʨʦʮʝʩ ʥʘʧʠʩʘʥʥʷ ʘʜʨʝʩ, ʥʘʢʣʝʶʚʘʥʥʷ ʤʘʨʦʢ, ʦʪʨʠʤʘʥʥʷ ʽ 

ʚʽʜʢʨʠʪʪʷ ʚʩʽʭ 100 ʢʦʥʚʝʨʪʽʚ ʟʘʙʠʨʘʻ ʙʘʛʘʪʦ ʯʘʩʫ ʫ ʚʽʜʧʨʘʚʥʠʢʘ ʽ ʦʜʝʨʞʫʚʘʯʘ. 

ɺ ʦʙʣʘʩʪʽ ʤʝʨʝʞʝʚʠʭ ʢʦʤʫʥʽʢʘʮʽʡ ʚʩʽ ʩʝʛʤʝʥʪʠ ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʦʚʠʥʥʽ 

ʧʨʦʡʪʠ ʧʦʜʽʙʥʠʡ ʧʨʦʮʝʩ, ʱʦʙ ʧʦʚʽʜʦʤʣʝʥʥʷ ʙʫʣʦ ʜʦʩʪʘʚʣʝʥʦ ʜʦ ʧʦʪʨʽʙʥʦʛʦ 

ʤʽʩʮʷ ʧʨʠʟʥʘʯʝʥʥʷ ʽ ʙʫʣʦ ʚʽʜʪʚʦʨʝʥʦ ʚʤʽʩʪ ʚʠʭʽʜʥʦʛʦ ʧʦʚʽʜʦʤʣʝʥʥʷ,   . 

ʆʜʠʥʠʮʷ ʜʘʥʠʭ ʧʨʦʪʦʢʦʣʫ (PDU) 

ʋ ʤʽʨʫ ʪʦʛʦ ʷʢ ʜʘʥʽ ʜʦʜʘʪʢʽʚ ʧʝʨʝʜʘʶʪʴʩʷ ʧʦ ʩʪʝʢʫ ʧʨʦʪʦʢʦʣʽʚ ʜʦ 

ʧʝʨʝʤʽʱʝʥʥʷ ʯʝʨʝʟ ʟʘʩʽʙ ʤʝʨʝʞʝʚʦʛʦ ʧʽʜʢʣʶʯʝʥʥʷ, ʨʽʟʥʽ ʧʨʦʪʦʢʦʣʠ ʜʦʜʘʶʪʴ ʚ 

ʥʠʭ ʽʥʬʦʨʤʘʮʽʶ ʥʘ ʢʦʞʥʦʤʫ ʟ ʨʽʚʥʽʚ. ʎʝ ʥʘʟʠʚʘʻʪʴʩʷ ʧʨʦʮʝʩʦʤ ʽʥʢʘʧʩʫʣʷʮʽʾ. 

 
ʈʠʩ. 1.1.22 ʇʨʠʢʣʘʜ ʽʥʢʘʧʩʫʣʷʮʽʾ ʜʘʥʠʭ 

ʌʦʨʤʘ, ʷʢʫ ʧʨʠʡʤʘʻ ʤʘʩʠʚ ʜʘʥʠʭ ʥʘ ʢʦʞʥʦʤʫ ʟ ʨʽʚʥʽʚ, ʥʘʟʠʚʘʻʪʴʩʷ 

ʧʨʦʪʦʢʦʣʴʥʠʤ ʙʣʦʢʦʤ ʜʘʥʠʭ (PDU). ɺ ʭʦʜʽ ʽʥʢʘʧʩʫʣʷʮʽʾ ʢʦʞʥʠʡ ʥʘʩʪʫʧʥʠʡ 

ʨʽʚʝʥʴ ʽʥʢʘʧʩʫʣʶʻ PDU, ʦʪʨʠʤʘʥʫ ʚʽʜ ʚʠʱʦʛʦ ʨʽʚʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʤ ʧʨʦʪʦʢʦʣʦʤ. ʅʘ ʢʦʞʥʦʤʫ ʝʪʘʧʽ ʧʨʦʮʝʩʫ PDU ʦʪʨʠʤʫʻ ʽʥʰʝ 

ʽʤ'ʷ, ʱʦ ʚʽʜʙʠʚʘʻ ʥʦʚʽ ʬʫʥʢʮʽʾ. ʋʥʽʚʝʨʩʘʣʴʥʦʾ ʩʭʝʤʠ ʽʤʝʥʫʚʘʥʥʷ ʜʣʷ PDU ʥʝʤʘʻ, 

ʽ ʚ ʮʴʦʤʫ ʢʫʨʩʽ PDU ʥʘʟʠʚʘʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʪʝʨʤʽʥʦʣʦʛʽʻʶ ʥʘʙʦʨʫ 

ʧʨʦʪʦʢʦʣʽʚ TCP / IP, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʤʘʣʶʥʢʫ. ʑʦʙ ʧʝʨʝʛʣʷʥʫʪʠ ʜʝʪʘʣʴʥʫ 

ʽʥʬʦʨʤʘʮʽʶ ʢʣʘʮʥʽʪʴ ʢʦʞʥʫ PDU ʥʘ ʤʘʣʶʥʢʫ. 



 
ʈʠʩ. 1.1.23 ʊʝʨʤʽʥʠ ʷʢʽ ʦʧʠʩʫʶʪʴ ʽʥʢʘʧʩʫʣʷʮʽʶ ʧʨʦʪʦʢʦʣʽʚ 

ʇʨʠ ʚʽʜʧʨʘʚʮʽ ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʦ ʤʝʨʝʞʽ ʧʨʦʮʝʩ ʽʥʢʘʧʩʫʣʷʮʽʾ ʡʜʝ ʚʽʜ 

ʚʝʨʭʥʴʦʛʦ ʨʽʚʥʷ ʜʦ ʥʠʞʥʴʦʛʦ. ɼʘʥʽ ʥʘ ʢʦʞʥʦʤʫ ʨʽʚʥʽ ʚʠʷʚʣʷʶʪʴʩʷ ʚʢʣʘʜʝʥʠʤʠ 

ʚʩʝʨʝʜʠʥʫ ʽʥʢʘʧʩʫʣʴʦʚʘʥʦʛʦ ʧʨʦʪʦʢʦʣʫ. ʅʘʧʨʠʢʣʘʜ, ʩʝʛʤʝʥʪ TCP ʻ ʯʘʩʪʠʥʦʶ 

ʜʘʥʠʭ ʚʩʝʨʝʜʠʥʽ IP-ʧʘʢʝʪʘ. 

ʅʘʪʠʩʥʽʪʴ ʢʥʦʧʢʫ çɺʽʜʪʚʦʨʝʥʥʷè ʥʘ ʤʘʣʶʥʢʫ ʽ ʧʦʜʠʚʽʪʴʩʷ, ʷʢ ʡʜʝ ʧʨʦʮʝʩ 

ʽʥʢʘʧʩʫʣʷʮʽʾ, ʢʦʣʠ ʚʝʙ-ʩʝʨʚʝʨ ʚʽʜʧʨʘʚʣʷʻ ʚʝʙ-ʩʪʦʨʽʥʢʫ ʚʝʙ-ʢʣʽʻʥʪʘ. 

ɿʚʦʨʦʪʥʠʡ ʧʨʦʮʝʩ ʥʘ ʧʨʠʡʤʘʶʯʦʤʫ ʚʫʟʣʽ ʥʘʟʠʚʘʻʪʴʩʷ ʜʝʽʥʢʘʧʩʫʣʷʮʽʝʡ. 

ɼʝʽʥʢʘʧʩʫʣʷʮʽʷ - ʮʝ ʧʨʦʮʝʩ ʚʠʜʘʣʝʥʥʷ ʦʜʥʦʛʦ ʘʙʦ ʜʝʢʽʣʴʢʦʭ ʟʘʛʦʣʦʚʢʽʚ 

ʧʨʠʩʪʨʦʻʤ ʦʜʝʨʞʫʚʘʯʘ. ʋ ʤʽʨʫ ʧʨʦʩʫʚʘʥʥʷ ʜʘʥʠʭ ʧʦ ʩʪʝʢʫ ʜʦ ʜʦʜʘʪʢʽʚ ʜʣʷ 

ʢʽʥʮʝʚʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʚʦʥʠ ʜʝʽʥʢʘʧʩʫʣʽʨʫʶʪʩʷ. 

ʄʝʨʝʞʝʚʠʡ ʽ ʢʘʥʘʣʴʥʠʡ ʨʽʚʥʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʧʝʨʝʜʘʯʫ ʜʘʥʠʭ ʟ ʧʨʠʩʪʨʦʶ-

ʜʞʝʨʝʣʘ ʥʘ ʧʨʠʩʪʨʽʡ ʧʨʠʟʥʘʯʝʥʥʷ.  , ʧʨʦʪʦʢʦʣʠ ʥʘ ʦʙʦʭ ʨʽʚʥʷʭ ʤʽʩʪʷʪʴ ʘʜʨʝʩʠ 

ʜʞʝʨʝʣʘ ʽ ʤʽʩʮʷ ʧʨʠʟʥʘʯʝʥʥʷ, ʘʣʝ ʮʽ ʘʜʨʝʩʠ ʩʣʫʞʘʪʴ ʨʽʟʥʠʤ ʮʽʣʷʤ. 

ɸʜʨʝʩʘ ʜʞʝʨʝʣʘ ʽ ʤʽʩʮʷ ʧʨʠʟʥʘʯʝʥʥʷ ʤʝʨʝʞʝʚʦʛʦ ʨʽʚʥʷ ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ 

ʜʦʩʪʘʚʢʠ IP-ʧʘʢʝʪʘ ʚʽʜ ʜʞʝʨʝʣʘ ʜʦ ʤʽʩʮʷ ʧʨʠʟʥʘʯʝʥʥʷ ʚ ʪʽʡ ʞʝ ʘʙʦ ʫ ʚʽʜʜʘʣʝʥʽʡ 

ʤʝʨʝʞʽ. 

ɸʜʨʝʩʘ ʜʞʝʨʝʣʘ ʽ ʤʽʩʮʷ ʧʨʠʟʥʘʯʝʥʥʷ ʢʘʥʘʣʴʥʦʛʦ ʨʽʚʥʷ ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ 

ʜʦʩʪʘʚʢʠ ʢʘʜʨʫ ʢʘʥʘʣʫ ʜʘʥʠʭ ʚʽʜ ʦʜʥʽʻʾ ʤʝʨʝʞʝʚʦʾ ʽʥʪʝʨʬʝʡʩʥʦʾ ʧʣʘʪʠ (NIC) ʜʦ 

ʽʥʰʦʾ ʤʝʨʝʞʝʚʦʾ ʽʥʪʝʨʬʝʡʩʥʦʾ ʧʣʘʪʠ ʚ ʪʽʡ ʞʝ ʤʝʨʝʞʽ. 

IP-ʘʜʨʝʩʘ - ʮʝ ʣʦʛʽʯʥʠʡ ʘʜʨʝʩʫ ʤʝʨʝʞʝʚʦʛʦ ʨʽʚʥʷ, ʘʙʦ ʨʽʚʥʷ 3, ʥʝʦʙʭʽʜʥʠʡ 

ʜʣʷ ʜʦʩʪʘʚʢʠ IP-ʧʘʢʝʪʘ ʚʽʜ ʜʞʝʨʝʣʘ ʜʦ ʤʽʩʮʷ ʧʨʠʟʥʘʯʝʥʥʷ,   . 

IP-ʧʘʢʝʪ ʤʽʩʪʠʪʴ ʜʚʘ IP-ʘʜʨʝʩʠ. 

IP-ʘʜʨʝʩʘ ʜʞʝʨʝʣʘ - IP-ʘʜʨʝʩʘ ʧʨʠʩʪʨʦʶ-ʚʽʜʧʨʘʚʥʠʢʘ, ʧʦʯʘʪʢʦʚʦʛʦ ʜʞʝʨʝʣʘ 

ʧʘʢʝʪʘ. 

IP-ʘʜʨʝʩʘ ʤʽʩʮʷ ʧʨʠʟʥʘʯʝʥʥʷ - IP-ʘʜʨʝʩʘ ʧʨʠʩʪʨʦʶ-ʦʜʝʨʞʫʚʘʯʘ, ʢʽʥʮʝʚʦʛʦ 

ʤʽʩʮʷ ʧʨʠʟʥʘʯʝʥʥʷ ʧʘʢʝʪʫ. 

ɸʜʨʝʩʠ ʢʘʥʘʣʴʥʦʛʦ ʨʽʚʥʷ 

ʌʽʟʠʯʥʘ ʘʜʨʝʩʘ ʢʘʥʘʣʴʥʦʛʦ ʨʽʚʥʷ (ʨʽʚʥʷ 2) ʛʨʘʻ ʽʥʰʫ ʨʦʣʴ. ʇʨʠʟʥʘʯʝʥʥʷ 

ʘʜʨʝʩʠ ʢʘʥʘʣʴʥʦʛʦ ʨʽʚʥʷ - ʜʦʩʪʘʚʠʪʠ ʢʘʜʨ ʢʘʥʘʣʫ ʜʘʥʠʭ ʟ ʦʜʥʦʛʦ ʤʝʨʝʞʝʚʦʛʦ 

ʽʥʪʝʨʬʝʡʩʫ ʥʘ ʽʥʰʠʡ ʚ ʦʜʥʽʡ ʽ ʪʽʡ ʞʝ ʤʝʨʝʞʽ. ʎʝʡ ʧʨʦʮʝʩ ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ. 1-3. 



ʇʝʨʰ ʥʽʞ IP-ʧʘʢʝʪ ʤʦʞʥʘ ʙʫʜʝ ʚʽʜʧʨʘʚʠʪʠ ʧʨʦʚʽʜʥʠʡ ʘʙʦ ʙʝʟʜʨʦʪʦʚʦʾ 

ʤʝʨʝʞʽ, ʡʦʛʦ ʥʝʦʙʭʽʜʥʦ ʽʥʢʘʧʩʫʣʶʚʘʪʠ ʚ ʢʘʜʨ ʢʘʥʘʣʫ ʜʘʥʠʭ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ 

ʧʝʨʝʤʽʱʝʥʥʷ ʧʦ ʬʽʟʠʯʥʽʡ ʟʘʩʦʙʫ ʧʽʜʢʣʶʯʝʥʥʷ. 

ɺ ʭʦʜʽ ʧʝʨʝʩʠʣʘʥʥʷ IP-ʧʘʢʝʪʽʚ ʚʽʜ ʚʫʟʣʘ ʜʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ, ʤʽʞ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤʠ ʽ, ʥʘʨʝʰʪʽ, ʚʽʜ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʜʦ ʚʫʟʣʘ ʚ ʢʦʞʥʽʡ ʪʦʯʮʽ ʥʘ 

ʰʣʷʭʫ ʩʚʦʛʦ ʧʨʦʭʦʜʞʝʥʥʷ IP-ʧʘʢʝʪ ʽʥʢʘʧʩʫʣʶʻʪʴʩʷ ʚ ʥʦʚʠʡ ʢʘʜʨ ʢʘʥʘʣʫ 

ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. ʂʦʞʝʥ ʢʘʜʨ ʢʘʥʘʣʴʥʦʛʦ ʨʽʚʥʷ ʤʽʩʪʠʪʴ ʘʜʨʝʩʫ ʢʘʥʘʣʫ-ʜʞʝʨʝʣʘ 

(ʷʢʠʡ ʧʝʨʝʜʘʚ ʮʝʡ ʢʘʜʨ ʤʝʨʝʞʝʚʦʾ ʧʣʘʪʠ) ʪʘ ʘʜʨʝʩʘ ʢʘʥʘʣʫ ʧʨʠʟʥʘʯʝʥʥʷ 

(ʤʝʨʝʞʝʚʠʡ ʧʣʘʪʠ, ʱʦ ʧʨʠʡʤʘʻ ʮʝʡ ʢʘʜʨ). 

ʇʨʦʪʦʢʦʣ ʢʘʥʘʣʴʥʦʛʦ ʨʽʚʥʷ (ʨʽʚʥʷ 2) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʽʣʴʢʠ ʜʣʷ ʜʦʩʪʘʚʢʠ 

ʧʘʢʝʪʘ ʤʽʞ ʤʝʨʝʞʝʚʠʤʠ ʽʥʪʝʨʬʝʡʩʥʠʤʠ ʧʣʘʪʘʤʠ ʚ ʦʜʥʽʡ ʤʝʨʝʞʽ. 

ʄʘʨʰʨʫʪʠʟʘʪʦʨ ʚʠʜʘʣʷʻ ʽʥʬʦʨʤʘʮʽʶ ʨʽʚʥʷ 2 ʧʽʩʣʷ ʦʪʨʠʤʘʥʥʷ ʧʘʢʝʪʫ ʤʝʨʝʞʝʚʠʡ 

ʽʥʪʝʨʬʝʡʩʥʦʾ ʧʣʘʪʦʶ ʽ ʜʦʜʘʻ ʥʦʚʫ ʽʥʬʦʨʤʘʮʽʶ ʢʘʥʘʣʴʥʦʛʦ ʨʽʚʥʷ ʧʝʨʝʜ 

ʧʝʨʝʩʠʣʘʥʥʷʤ ʧʘʢʝʪʘ ʽʥʰʠʡ ʤʝʨʝʞʝʚʠʡ ʽʥʪʝʨʬʝʡʩʥʦʾ ʧʣʘʪʠ ʧʦ ʜʦʨʦʟʽ ʜʦ ʤʽʩʮʷ 

ʧʨʠʟʥʘʯʝʥʥʷ. 

ʅʘ ʢʘʥʘʣʴʥʦʤʫ ʨʽʚʥʽ IP-ʧʘʢʝʪ ʽʥʢʘʧʩʫʣʶʻʪʴʩʷ ʚ ʢʘʜʨ, ʱʦ ʤʽʩʪʠʪʴ ʥʘʩʪʫʧʥʫ 

ʽʥʬʦʨʤʘʮʽʶ ʢʘʥʘʣʴʥʦʛʦ ʨʽʚʥʷ. 

ɸʜʨʝʩʘ ʜʞʝʨʝʣʘ ʢʘʥʘʣʴʥʦʛʦ ʨʽʚʥʷ - ʬʽʟʠʯʥʫ ʘʜʨʝʩʫ ʤʝʨʝʞʝʚʦʾ ʽʥʪʝʨʬʝʡʩʥʦʾ 

ʧʣʘʪʠ ʧʨʠʩʪʨʦʶ, ʷʢʠʡ ʧʝʨʝʜʘʻ ʧʘʢʝʪ. 

ɸʜʨʝʩʘ ʤʽʩʮʷ ʧʨʠʟʥʘʯʝʥʥʷ ʢʘʥʘʣʴʥʦʛʦ ʨʽʚʥʷ - ʬʽʟʠʯʥʫ ʘʜʨʝʩʫ ʤʝʨʝʞʝʚʦʾ 

ʽʥʪʝʨʬʝʡʩʥʦʾ ʧʣʘʪʠ ʧʨʠʩʪʨʦʶ, ʷʢʠʡ ʦʪʨʠʤʫʻ ʧʘʢʝʪ. ʎʝ ʘʜʨʝʩʘ ʥʘʡʙʣʠʞʯʦʛʦ 

ʪʨʘʥʟʠʪʥʦʛʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʘʙʦ ʧʨʠʩʪʨʦʶ ʧʨʠʟʥʘʯʝʥʥʷ. 

ʑʦʙ ʟʨʦʟʫʤʽʪʠ, ʷʢ ʧʦʚ'ʷʟʘʥʽ ʧʨʠʩʪʨʦʾ ʚ ʤʝʨʝʞʽ, ʚʘʞʣʠʚʦ ʟʨʦʟʫʤʽʪʠ ʨʦʣʴ ʷʢ 

ʘʜʨʝʩ ʤʝʨʝʞʝʚʦʛʦ ʨʽʚʥʷ, ʪʘʢ ʽ ʘʜʨʝʩ ʢʘʥʘʣʴʥʦʛʦ ʨʽʚʥʷ. 

ɸʜʨʝʩʠ ʤʝʨʝʞʝʚʦʛʦ ʨʽʚʥʷ, ʘʙʦ IP-ʘʜʨʝʩʠ, ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʤʝʨʝʞʝʚʽ ʘʜʨʝʩʠ 

ʜʞʝʨʝʣʘ ʽ ʤʽʩʮʷ ʧʨʠʟʥʘʯʝʥʥʷ. IP-ʘʜʨʝʩʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʯʘʩʪʠʥ. 

ʄʝʨʝʞʝʚʘ ʯʘʩʪʠʥʘ - ʣʽʚʘ ʯʘʩʪʠʥʘ ʘʜʨʝʩʠ, ʷʢʘ ʚʠʟʥʘʯʘʻ, ʷʢʦʾ ʤʝʨʝʞʽ 

ʥʘʣʝʞʠʪʴ IP-ʘʜʨʝʩʘ. ɺʩʽ ʧʨʠʩʪʨʦʾ ʚ ʦʜʥʽʡ ʤʝʨʝʞʽ ʤʘʪʠʤʫʪʴ ʦʜʥʘʢʦʚʫ ʤʝʨʝʞʝʚʫ 

ʯʘʩʪʠʥʫ ʘʜʨʝʩʠ. 

ɺʫʟʣʦʚʘ ʯʘʩʪʠʥʘ - ʽʥʰʘ ʯʘʩʪʠʥʘ ʘʜʨʝʩʠ, ʷʢʘ ʚʠʟʥʘʯʘʻ ʢʦʥʢʨʝʪʥʠʡ ʧʨʠʩʪʨʽʡ 

ʚ ʤʝʨʝʞʽ. ɺʫʟʣʦʚʘ ʯʘʩʪʠʥʘ ʫʥʽʢʘʣʴʥʘ ʜʣʷ ʢʦʞʥʦʛʦ ʧʨʠʩʪʨʦʶ ʚ ʤʝʨʝʞʽ. 

ʇʨʠʤʽʪʢʘ. ʄʘʩʢʘ ʧʽʜʤʝʨʝʞʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʽʜʜʽʣʝʥʥʷ ʤʝʨʝʞʝʚʠʡ 

ʯʘʩʪʠʥʠ ʚʽʜ ʚʫʟʣʦʚʦʾ ʯʘʩʪʠʥʠ. ʄʘʩʢʘ ʧʽʜʤʝʨʝʞʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚ ʥʘʩʪʫʧʥʠʭ 

ʨʦʟʜʽʣʘʭ. 

ɺ ʜʘʥʦʤʫ ʧʨʠʢʣʘʜʽ ʻ ʢʣʽʻʥʪʩʴʢʠʡ ʢʦʤʧ'ʶʪʝʨ (PC1), ʷʢʠʡ ʚʟʘʻʤʦʜʽʻ ʟ 

ʬʘʡʣʦʚʠʤ ʩʝʨʚʝʨʦʤ (FTP server), ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʪʽʡ ʞʝ IP-ʤʝʨʝʞʽ. 

IP-ʘʜʨʝʩʘ ʜʞʝʨʝʣʘ - IP-ʘʜʨʝʩʘ ʧʨʠʩʪʨʦʶ-ʚʽʜʧʨʘʚʥʠʢʘ, ʢʣʽʻʥʪʩʴʢʦʛʦ 

ʢʦʤʧ'ʶʪʝʨʘ PC1: 192.168.1.110. 

IP-ʘʜʨʝʩʘ ʤʽʩʮʷ ʧʨʠʟʥʘʯʝʥʥʷ - IP-ʘʜʨʝʩʘ ʧʨʠʩʪʨʦʶ-ʦʜʝʨʞʫʚʘʯʘ, FTP server: 

192.168.1.9. 

ɿʚʝʨʥʽʪʴ ʫʚʘʛʫ, ʱʦ ʥʘ ʤʘʣʶʥʢʫ ʤʝʨʝʞʝʚʘ ʯʘʩʪʠʥʘ IP-ʘʜʨʝʩʠ ʜʞʝʨʝʣʘ ʽ IP-

ʘʜʨʝʩʠ ʤʽʩʮʷ ʧʨʠʟʥʘʯʝʥʥʷ ʥʘʣʝʞʘʪʴ ʦʜʥʽʡ ʤʝʨʝʞʽ. 

ʈʦʣʴ ʘʜʨʝʩ ʢʘʥʘʣʴʥʦʛʦ ʨʽʚʥʷ 

ʗʢʱʦ ʚʽʜʧʨʘʚʥʠʢ ʽ ʦʜʝʨʞʫʚʘʯ IP-ʧʘʢʝʪʘ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʦʜʥʽʡ ʽ ʪʽʡ ʞʝ 

ʤʝʨʝʞʽ, ʢʘʜʨ ʢʘʥʘʣʫ ʜʘʥʠʭ ʚʽʜʧʨʘʚʣʷʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʨʠʡʤʘʶʯʦʤʫ 

ʧʨʠʩʪʨʦʶ. ʋ ʤʝʨʝʞʽ Ethernet ʘʜʨʝʩʠ ʢʘʥʘʣʫ ʜʘʥʠʭ ʥʘʟʠʚʘʶʪʴʩʷ MAC-ʘʜʨʝʩʦʶ 



(Media Access Control) Ethernet. MAC-ʘʜʨʝʩʠ ʬʽʟʠʯʥʦ ʧʨʠʩʚʦʻʥʽ ʤʝʨʝʞʝʚʠʡ 

ʽʥʪʝʨʬʝʡʩʥʦʾ ʧʣʘʪʠ Ethernet. 

MAC-ʘʜʨʝʩʫ ʜʞʝʨʝʣʘ - ʮʝ ʘʜʨʝʩʘ ʢʘʥʘʣʴʥʦʛʦ ʨʽʚʥʷ, ʘʙʦ MAC-ʘʜʨʝʩʫ 

Ethernet ʧʨʠʩʪʨʦʶ, ʱʦ ʚʽʜʧʨʘʚʣʷʻ ʢʘʜʨ ʢʘʥʘʣʫ ʜʘʥʠʭ ʟ ʽʥʢʘʧʩʫʣʴʦʚʘʥʠʤ IP-

ʧʘʢʝʪʦʤ. MAC-ʘʜʨʝʩʫ ʤʝʨʝʞʝʚʦʾ ʽʥʪʝʨʬʝʡʩʥʦʾ ʧʣʘʪʠ Ethernet PC1: AA-AA-AA-

AA-AA-AA ʚ ʰʝʩʪʥʘʜʮʘʪʠʨʠʯʥʦʤ ʧʦʜʘʥʥʽ. 

MAC-ʘʜʨʝʩʫ ʤʽʩʮʷ ʧʨʠʟʥʘʯʝʥʥʷ - ʘʜʨʝʩʘ ʢʘʥʘʣʴʥʦʛʦ ʨʽʚʥʷ ʧʨʠʩʪʨʦʶ 

ʦʜʝʨʞʫʚʘʯʘ, ʷʢʱʦ ʚʦʥʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʪʽʡ ʞʝ ʤʝʨʝʞʽ, ʱʦ ʽ ʧʨʠʩʪʨʽʡ-ʚʽʜʧʨʘʚʥʠʢ. 

ʋ ʮʴʦʤʫ ʧʨʠʢʣʘʜʽ MAC-ʘʜʨʝʩʦʶ ʦʜʝʨʞʫʚʘʯʘ ʻ MAC-ʘʜʨʝʩʫ ʬʘʡʣʦʚʦʛʦ ʩʝʨʚʝʨʘ 

(FTP server): CC-CC-CC-CC-CC-CC ʚ ʰʝʩʪʥʘʜʮʘʪʠʨʠʯʥʦʤ ʧʦʜʘʥʥʽ. 

ʊʝʧʝʨ ʢʘʜʨ ʟ ʽʥʢʘʧʩʫʣʴʦʚʘʥʠʤ IP-ʧʘʢʝʪʦʤ ʤʦʞʝ ʙʫʪʠ ʧʝʨʝʜʘʥʠʡ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ PC1 ʥʘ FTP server. 

ʗʢʘ ʨʦʣʴ ʘʜʨʝʩʠ ʤʝʨʝʞʝʚʦʛʦ ʨʽʚʥʷ ʽ ʘʜʨʝʩʠ ʢʘʥʘʣʴʥʦʛʦ ʨʽʚʥʷ ʧʨʠ ʚʟʘʻʤʦʜʽʾ 

ʤʽʞ ʩʚʦʾʤ ʧʨʠʩʪʨʦʻʤ ʽ ʧʨʠʩʪʨʦʻʤ ʫ ʚʽʜʜʘʣʝʥʽʡ ʤʝʨʝʞʽ? ɺ ʜʘʥʦʤʫ ʧʨʠʢʣʘʜʽ ʻ 

ʢʣʽʻʥʪʩʴʢʠʡ ʢʦʤʧ'ʶʪʝʨ (PC1), ʷʢʠʡ ʚʟʘʻʤʦʜʽʻ ʟ ʩʝʨʚʝʨʦʤ (Web Server), ʱʦ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʽʥʰʽʡ IP-ʤʝʨʝʞʽ. 

ʗʢʱʦ ʚʽʜʧʨʘʚʥʠʢ ʽ ʦʜʝʨʞʫʚʘʯ ʧʘʢʝʪʘ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʨʽʟʥʠʭ ʤʝʨʝʞʘʭ, IP-

ʘʜʨʝʩʠ ʜʞʝʨʝʣʘ ʽ ʤʽʩʮʷ ʧʨʠʟʥʘʯʝʥʥʷ ʧʨʝʜʩʪʘʚʣʷʪʠʤʫʪʴ ʚʫʟʣʠ ʚ ʨʽʟʥʠʭ ʤʝʨʝʞʘʭ. 

ʅʘ ʮʝ ʙʫʜʝ ʚʢʘʟʫʚʘʪʠ ʤʝʨʝʞʝʚʘ ʯʘʩʪʠʥʘ IP-ʘʜʨʝʩʠ ʚʫʟʣʘ ʧʨʠʟʥʘʯʝʥʥʷ. 

IP-ʘʜʨʝʩʘ ʜʞʝʨʝʣʘ - IP-ʘʜʨʝʩʘ ʧʨʠʩʪʨʦʶ-ʚʽʜʧʨʘʚʥʠʢʘ, ʢʣʽʻʥʪʩʴʢʦʛʦ 

ʢʦʤʧ'ʶʪʝʨʘ PC1: 192.168.1.110. 

IP-ʘʜʨʝʩʘ ʤʽʩʮʷ ʧʨʠʟʥʘʯʝʥʥʷ - IP-ʘʜʨʝʩʘ ʧʨʠʩʪʨʦʶ-ʦʜʝʨʞʫʚʘʯʘ, Web 

Server: 172.16.1.99. 

ɿʚʝʨʥʽʪʴ ʫʚʘʛʫ, ʱʦ ʥʘ ʤʘʣʶʥʢʫ ʤʝʨʝʞʝʚʘ ʯʘʩʪʠʥʘ IP-ʘʜʨʝʩʠ ʜʞʝʨʝʣʘ ʽ IP-

ʘʜʨʝʩʠ ʤʽʩʮʷ ʧʨʠʟʥʘʯʝʥʥʷ ʥʘʣʝʞʘʪʴ ʨʽʟʥʠʤ ʤʝʨʝʞʘʤ. 

ʗʢʱʦ ʚʽʜʧʨʘʚʥʠʢ ʽ ʦʜʝʨʞʫʚʘʯ IP-ʧʘʢʝʪʘ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʨʽʟʥʠʭ ʤʝʨʝʞʘʭ, 

ʢʘʜʨ ʢʘʥʘʣʫ ʜʘʥʠʭ Ethernet ʥʝ ʤʦʞʝ ʙʫʪʠ ʚʽʜʧʨʘʚʣʝʥʠʡ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʦ ʚʫʟʣʘ 

ʧʨʠʟʥʘʯʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʚʽʥ ʥʝʜʦʩʪʫʧʥʠʡ ʚ ʤʝʨʝʞʽ ʚʽʜʧʨʘʚʥʠʢʘ. ʂʘʜʨ Ethernet 

ʧʦʪʨʽʙʥʦ ʚʠʩʣʘʪʠ ʥʘ ʽʥʰʠʡ ʧʨʠʩʪʨʽʡ: ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʘʙʦ ʰʣʶʟ. ʋ ʥʘʰʦʤʫ 

ʧʨʠʢʣʘʜʽ ʰʣʶʟ - R1. R1 ʤʘʻ ʘʜʨʝʩʫ ʢʘʥʘʣʫ ʜʘʥʠʭ Ethernet ʚ ʪʽʡ ʞʝ ʤʝʨʝʞʽ, ʱʦ ʽ 

PC1. ʎʝ ʜʦʟʚʦʣʷʻ PC1 ʦʪʨʠʤʘʪʠ ʜʦʩʪʫʧ ʜʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ. 

MAC-ʘʜʨʝʩʫ ʜʞʝʨʝʣʘ - MAC-ʘʜʨʝʩʫ Ethernet ʚʽʜʧʨʘʚʣʷʻ ʧʨʠʩʪʨʦʾ, PC1. 

MAC-ʘʜʨʝʩʫ ʽʥʪʝʨʬʝʡʩʫ Ethernet ʥʘ PC1 - AA-AA-AA-AA-AA-AA. 

MAC-ʘʜʨʝʩʫ ʤʽʩʮʷ ʧʨʠʟʥʘʯʝʥʥʷ - ʧʨʠʩʪʨʽʡ-ʚʽʜʧʨʘʚʥʠʢ ʚʠʢʦʨʠʩʪʦʚʫʻ MAC-

ʘʜʨʝʩʫ Ethernet ʰʣʶʟʫ ʘʙʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ, ʷʢʱʦ ʦʪʨʠʤʫʻ ʽ ʧʝʨʝʜʘʻ ʧʨʠʩʪʨʦʶ 

ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʨʽʟʥʠʭ ʤʝʨʝʞʘʭ. ʋ ʮʴʦʤʫ ʧʨʠʢʣʘʜʽ MAC-ʘʜʨʝʩʦʶ ʤʽʩʮʷ 

ʧʨʠʟʥʘʯʝʥʥʷ ʻ MAC-ʘʜʨʝʩʫ ʽʥʪʝʨʬʝʡʩʫ Ethernet R1 (11-11-11-11-11-11). ʎʝʡ 

ʽʥʪʝʨʬʝʡʩ ʧʨʠʢʨʽʧʣʝʥʠʡ ʜʦ ʪʽʻʾ ʞ ʤʝʨʝʞʽ, ʱʦ ʽ PC1. 

ʂʘʜʨ Ethernet ʟ ʽʥʢʘʧʩʫʣʴʦʚʘʥʠʤ IP-ʧʘʢʝʪʦʤ ʪʝʧʝʨ ʤʦʞʝ ʙʫʪʠ ʧʝʨʝʜʘʥʠʡ ʥʘ 

R1. R1 ʧʝʨʝʩʠʣʘʻ ʧʘʢʝʪ ʜʦ ʤʽʩʮʷ ʧʨʠʟʥʘʯʝʥʥʷ (Web Server). ʎʝ ʤʦʞʝ ʦʟʥʘʯʘʪʠ, 

ʱʦ R1 ʧʝʨʝʩʠʣʘʻ ʧʘʢʝʪ ʥʘ ʽʥʰʠʡ ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʘʙʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ Web 

Server, ʷʢʱʦ ʚʽʥ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʦʜʥʽʡ ʟ ʤʝʨʝʞ, ʧʽʜʢʣʶʯʝʥʠʭ ʜʦ R1. 

ɼʣʷ ʢʦʞʥʦʛʦ ʚʫʟʣʘ ʚ ʣʦʢʘʣʴʥʽʡ ʤʝʨʝʞʽ ʚʘʞʣʠʚʦ ʧʨʘʚʠʣʴʥʦ ʥʘʣʘʰʪʫʚʘʪʠ IP-

ʘʜʨʝʩʘ ʦʩʥʦʚʥʦʛʦ ʰʣʶʟʫ. ɺʩʽ ʧʘʢʝʪʠ, ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʚʽʜʧʨʘʚʢʠ ʚ ʚʽʜʜʘʣʝʥʫ 

ʤʝʨʝʞʫ, ʥʘʧʨʘʚʣʷʶʪʴʩʷ ʥʘ ʰʣʶʟ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ. MAC-ʘʜʨʝʩʠ Ethernet ʽ 

ʰʣʶʟ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʚ ʥʘʩʪʫʧʥʠʭ ʨʦʟʜʽʣʘʭ. 



ʄʝʨʝʞʽ ʜʘʥʠʭ - ʮʝ ʩʠʩʪʝʤʠ ʢʽʥʮʝʚʠʭ ʽ ʧʨʦʤʽʞʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʘ ʪʘʢʦʞ ʢʦʰʪʠ 

ʤʝʨʝʞʝʚʦʛʦ ʧʽʜʢʣʶʯʝʥʥʷ, ʱʦ ʟ'ʻʜʥʫʶʪʴ ʮʽ ʧʨʠʩʪʨʦʾ. ɼʣʷ ʫʩʧʽʰʥʦʛʦ ʦʙʤʽʥʫ 

ʜʘʥʠʤʠ ʮʽ ʧʨʠʩʪʨʦʾ ʧʦʚʠʥʥʽ ʟʥʘʪʠ, ʷʢ ʦʙʤʽʥʶʚʘʪʠʩʷ ʽʥʬʦʨʤʘʮʽʻʶ. 

ʎʽ ʧʨʠʩʪʨʦʾ ʧʦʚʠʥʥʽ ʚʽʜʧʦʚʽʜʘʪʠ ʧʨʘʚʠʣʘʤ ʽ ʧʨʦʪʦʢʦʣʘʤ, ʷʢʠʡ ʨʝʛʣʘʤʝʥʪʫʻ 

ʧʨʦʮʝʩ ʦʙʤʽʥʫ ʜʘʥʠʤʠ. TCP / IP - ʧʨʠʢʣʘʜ ʥʘʙʦʨʫ ʧʨʦʪʦʢʦʣʽʚ. ɹʽʣʴʰʽʩʪʴ 

ʧʨʦʪʦʢʦʣʽʚ ʩʪʚʦʨʶʻʪʴʩʷ ʦʨʛʘʥʽʟʘʮʽʷʤʠ ʟʽ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ, ʪʘʢʠʤʠ ʷʢ IETF ʘʙʦ 

IEEE. ɯʥʩʪʠʪʫʪ ʽʥʞʝʥʝʨʽʚ ʟ ʝʣʝʢʪʨʦʪʝʭʥʽʢʠ ʪʘ ʝʣʝʢʪʨʦʥʽʢʠ (IEEE) - ʧʨʦʬʝʩʽʡʥʘ 

ʦʨʛʘʥʽʟʘʮʽʷ ʜʣʷ ʬʘʭʽʚʮʽʚ, ʱʦ ʧʨʘʮʶʶʪʴ ʚ ʦʙʣʘʩʪʽ ʝʣʝʢʪʨʦʪʝʭʥʽʢʠ ʪʘ 

ʝʣʝʢʪʨʦʥʽʢʠ. ʄʽʞʥʘʨʦʜʥʘ ʦʨʛʘʥʽʟʘʮʽʷ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ (ISO) ʻ ʥʘʡʙʽʣʴʰʠʤ ʚ 

ʩʚʽʪʽ ʨʦʟʨʦʙʥʠʢʦʤ ʤʽʞʥʘʨʦʜʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ʜʣʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ ʧʨʦʜʫʢʪʽʚ ʽ 

ʧʦʩʣʫʛ. 

ʅʘʡʙʽʣʴʰ ʰʠʨʦʢʦ ʧʦʰʠʨʝʥʠʤʠ ʤʝʨʝʞʝʚʠʤʠ ʤʦʜʝʣʷʤʠ ʻ ʤʦʜʝʣʽ OSI ʽ TCP / 

IP. ɿʚ'ʷʟʫʚʘʥʥʷ ʧʨʦʪʦʢʦʣʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʨʘʚʠʣ 

ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʥʘ ʨʽʟʥʠʭ ʨʽʚʥʷʭ ʮʠʭ ʤʦʜʝʣʝʡ, ʢʦʨʠʩʥʦ ʜʣʷ ʨʦʟʫʤʽʥʥʷ ʪʦʛʦ, ʷʢʽ 

ʧʨʠʩʪʨʦʾ ʽ ʩʝʨʚʽʩʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʧʝʚʥʠʭ ʪʦʯʢʘʭ, ʢʦʣʠ ʜʘʥʽ ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ 

ʤʝʨʝʞʽ LAN ʽ WAN. 

ɼʘʥʽ, ʱʦ ʧʨʦʭʦʜʷʪʴ ʚʥʠʟ ʧʦ ʩʪʝʢʫ ʤʦʜʝʣʽ OSI, ʩʝʛʤʝʥʪʠʨʫʶʪʩʷ ʥʘ ʯʘʩʪʠʥʠ ʽ 

ʽʥʢʘʧʩʫʣʶʶʪʴʩʷ ʟ ʘʜʨʝʩʘʤʠ ʽ ʽʥʰʠʤʠ ʘʪʨʠʙʫʪʘʤʠ. ʇʦʪʽʤ ʮʝʡ ʧʨʦʮʝʩ ʡʜʝ ʚ 

ʟʚʦʨʦʪʥʦʤʫ ʥʘʧʨʷʤʢʫ - ʮʽ ʯʘʩʪʠʥʠ ʜʝʢʘʧʩʫʣʽʨʫʶʪʩʷ ʽ ʧʝʨʝʜʘʶʪʴʩʷ ʚʛʦʨʫ ʧʦ 

ʩʪʝʢʫ ʧʨʦʪʦʢʦʣʽʚ ʚ ʤʽʩʮʽ ʧʨʠʟʥʘʯʝʥʥʷ. ʄʦʜʝʣʴ OSI ʦʧʠʩʫʻ ʧʨʦʮʝʩʠ 

ʰʠʬʨʫʚʘʥʥʷ, ʬʦʨʤʘʪʫʚʘʥʥʷ, ʩʝʛʤʝʥʪʘʮʽʾ ʽ ʽʥʢʘʧʩʫʣʷʮʽʾ ʜʘʥʠʭ ʜʣʷ ʧʦʜʘʣʴʰʦʾ 

ʧʝʨʝʜʘʯʽ ʧʦ ʤʝʨʝʞʽ. 

ʅʘʙʽʨ ʧʨʦʪʦʢʦʣʽʚ TCP / IP - ʮʝ ʧʨʦʪʦʢʦʣ ʚʽʜʢʨʠʪʦʛʦ ʩʪʘʥʜʘʨʪʫ, ʧʨʠʡʥʷʪʠʡ 

ʛʘʣʫʟʝʚʠʤʠ ʢʦʤʧʘʥʽʷʤʠ ʽ ʟʘʪʚʝʨʜʞʝʥʠʡ ʦʨʛʘʥʽʟʘʮʽʻʶ ʟʽ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ. ʅʘʙʽʨ 

ʧʨʦʪʦʢʦʣʽʚ IP - ʮʝ ʥʘʙʽʨ ʧʨʦʪʦʢʦʣʽʚ, ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʧʝʨʝʜʘʯʽ ʽ ʦʪʨʠʤʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪ. 

ʅʘʟʚʠ ʦʜʠʥʠʮʴ ʜʘʥʠʭ ʧʨʦʪʦʢʦʣʫ ʩʢʣʘʜʘʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʨʫʢʪʫʨʠ 

ʧʨʦʪʦʢʦʣʽʚ ʟ ʥʘʙʦʨʫ TCP / IP: ʜʘʥʽ, ʩʝʛʤʝʥʪ, ʧʘʢʝʪ, ʢʘʜʨ ʽ ʙʽʪʠ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʝʣʝʡ ʜʦʟʚʦʣʷʻ ʦʢʨʝʤʠʤ ʦʩʦʙʘʤ, ʢʦʤʧʘʥʽʷʤ ʽ ʧʨʦʬʝʩʽʡʥʠʤ 

ʘʩʦʮʽʘʮʽʷʤ ʘʥʘʣʽʟʫʚʘʪʠ ʧʦʪʦʯʥʽ ʤʝʨʝʞʽ ʽ ʧʨʦʝʢʪʫʚʘʪʠ ʤʝʨʝʞʽ ʤʘʡʙʫʪʥʴʦʛʦ. 

 

 

  



ʄʝʨʝʞʝʚʠʡ ʜʦʩʪʫʧ 

ʋ ʤʦʜʝʣʽ ʚʟʘʻʤʦʜʽʾ ʚʽʜʢʨʠʪʠʭ ʩʠʩʪʝʤ (OSI) ʬʫʥʢʮʽʾ ʤʝʨʝʞʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ 

ʨʦʟʜʽʣʝʥʽ ʥʘ ʢʽʣʴʢʘ ʨʽʚʥʽʚ. ʇʨʠ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʢʦʞʝʥ ʨʽʚʝʥʴ ʚʟʘʻʤʦʜʽʻ ʟ 

ʨʽʚʥʷʤʠ, ʽʻʨʘʨʭʽʯʥʦ ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʚʠʱʝ ʽ ʥʠʞʯʝ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʥʴʦʛʦ. ɼʚʘ 

ʟ ʨʽʚʥʽʚ ʤʦʜʝʣʽ OSI ʧʦʚ'ʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ ʥʘʩʪʽʣʴʢʠ ʪʽʩʥʦ, ʱʦ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʤʦʜʝʣʽ TCP / IP, ʬʘʢʪʠʯʥʦ ʻ ʻʜʠʥʠʤ ʨʽʚʥʝʤ. ʎʝ ʥʘʩʪʫʧʥʽ 2 ʨʽʚʥʷ: ʢʘʥʘʣʴʥʠʡ 

ʨʽʚʝʥʴ ʽ ʬʽʟʠʯʥʠʡ ʨʽʚʝʥʴ. 

ʅʘ ʂʦʨʠʩʪʫʚʘʯ ʧʨʠʩʪʨʦʶ ʩʘʤʝ ʢʘʥʘʣʴʥʠʡ ʨʽʚʝʥʴ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʛʦʪʦʚʢʫ 

ʜʘʥʠʭ ʜʦ ʾʭ ʧʝʨʝʜʘʯʽ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʜʦʩʪʫʧʦʤ ʜʘʥʠʭ ʜʦ ʬʽʟʠʯʥʦʾ ʩʝʨʝʜʦʚʠʱʽ. 

ʆʜʥʘʢ ʧʝʨʝʜʘʯʝʶ ʜʘʥʠʭ ʚ ʬʽʟʠʯʥʫ ʩʝʨʝʜʫ ʫʧʨʘʚʣʷʻ ʬʽʟʠʯʥʠʡ ʨʽʚʝʥʴ, ʷʢʠʡ 

ʬʦʨʤʫʻ ʩʠʛʥʘʣʠ ʰʣʷʭʦʤ ʢʦʜʫʚʘʥʥʷ ʜʚʽʡʢʦʚʠʭ ʨʦʟʨʷʜʽʚ ʜʘʥʠʭ. 

ʅʘ ʧʨʠʡʤʘʶʯʽʡ ʩʪʦʨʦʥʽ ʬʽʟʠʯʥʠʡ ʨʽʚʝʥʴ ʧʨʠʡʤʘʻ ʩʠʛʥʘʣʠ ʟ ʢʦʰʪʽʚ 

ʧʽʜʢʣʶʯʝʥʥʷ. ʇʽʩʣʷ ʜʝʢʦʜʫʚʘʥʥʷ ʩʠʛʥʘʣʫ ʥʘʟʘʜ ʚ ʜʘʥʽ ʬʽʟʠʯʥʠʡ ʨʽʚʝʥʴ ʧʝʨʝʜʘʻ 

ʢʘʜʨ ʥʘ ʢʘʥʘʣʴʥʠʡ ʨʽʚʝʥʴ ʜʣʷ ʢʦʥʪʨʦʣʶ, ʧʨʠʡʦʤʫ ʽ ʦʙʨʦʙʢʠ. 

ʅʘ ʧʦʯʘʪʢʫ ʮʴʦʛʦ ʨʦʟʜʽʣʫ ʧʨʝʜʩʪʘʚʣʝʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʦʩʥʦʚʥʽ ʬʫʥʢʮʽʾ 

ʬʽʟʠʯʥʦʛʦ ʨʽʚʥʷ, ʘ ʪʘʢʦʞ ʧʨʦ ʩʪʘʥʜʘʨʪʠ ʽ ʧʨʦʪʦʢʦʣʠ, ʷʢʽ ʢʝʨʫʶʪʴ ʧʝʨʝʜʘʯʝʶ 

ʜʘʥʠʭ ʧʦ ʬʽʟʠʯʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʣʦʢʘʣʴʥʦʾ ʤʝʨʝʞʽ. ʂʨʽʤ ʪʦʛʦ, ʚ ʮʴʦʤʫ ʨʦʟʜʽʣʽ 

ʨʦʟʧʦʚʽʜʘʻʪʴʩʷ ʧʨʦ ʬʫʥʢʮʽʾ ʢʘʥʘʣʴʥʦʛʦ ʨʽʚʥʷ ʽ ʧʦʚ'ʷʟʘʥʠʭ ʟ ʥʠʤ ʧʨʦʪʦʢʦʣʘʭ. 

ʈʽʚʝʥʴ ʜʦʩʪʫʧʫ ʜʦ ʤʝʨʝʞʽ ʥʘ ʦʩʥʦʚʽ ʩʪʝʢʘ ʧʨʦʪʦʢʦʣʽʚ TCP / IP 

ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʢʘʥʘʣʴʥʦʛʦ ʨʽʚʥʷ (ʨʽʚʝʥʴ 2) ʽ ʬʽʟʠʯʥʦʛʦ ʨʽʚʥʷ (ʨʽʚʝʥʴ 1) OSI. 

ʌʽʟʠʯʥʠʡ ʨʽʚʝʥʴ OSI ʟʘʙʝʟʧʝʯʫʻ ʟʘʩʦʙʠ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʙʽʪʽʚ, ʱʦ 

ʫʪʚʦʨʶʶʪʴ ʢʘʜʨ ʜʘʥʠʭ ʢʘʥʘʣʴʥʦʛʦ ʨʽʚʥʷ, ʧʦ ʟʘʩʦʙʫ ʤʝʨʝʞʝʚʦʛʦ ʧʽʜʢʣʶʯʝʥʥʷ. 

ʌʽʟʠʯʥʽ ʢʦʤʧʦʥʝʥʪʠ - ʮʝ ʝʣʝʢʪʨʦʥʥʽ ʧʨʠʩʪʨʦʾ, ʟʘʩʦʙʠ ʧʽʜʢʣʶʯʝʥʥʷ, ʘ ʪʘʢʦʞ ʽʥʰʽ 

ʟ'ʻʜʥʫʚʘʯʽ ʽ ʨʦʟ'ʻʤʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʝʨʝʜʘʯʫ ʩʠʛʥʘʣʽʚ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʙʽʪʠ ʽʥʬʦʨʤʘʮʽʾ. ɺʩʽ ʘʧʘʨʘʪʥʽ ʢʦʤʧʦʥʝʥʪʠ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʤʝʨʝʞʥʽ 

ʽʥʪʝʨʬʝʡʩʥʽ ʧʣʘʪʠ (NIC), ʽʥʪʝʨʬʝʡʩʠ ʽ ʟ'ʻʜʥʫʚʘʯʽ, ʘ ʪʘʢʦʞ ʤʘʪʝʨʽʘʣʠ ʽ 

ʢʦʥʩʪʨʫʢʮʽʷ ʢʘʙʝʣʽʚ ʦʧʠʩʘʥʽ ʚ ʩʪʘʥʜʘʨʪʘʭ, ʱʦ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʬʽʟʠʯʥʦʛʦ ʨʽʚʥʷ. 

ʉʪʘʥʜʘʨʪʠ ʬʽʟʠʯʥʦʛʦ ʨʽʚʥʷ ʨʝʛʣʘʤʝʥʪʫʶʪʴ ʪʨʠ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʦʙʣʘʩʪʽ: ʬʽʟʠʯʥʽ 

ʢʦʤʧʦʥʝʥʪʠ, ʤʝʪʦʜʠ ʢʦʜʫʚʘʥʥʷ ʢʘʜʨʽʚ ʽ ʩʧʦʩʦʙʠ ʧʝʨʝʜʘʯʽ ʩʠʛʥʘʣʽʚ. 

ɼʣʷ ʨʦʙʦʪʠ ʤʝʨʝʞʽ ʚʘʞʣʠʚʦ ʟʘʙʝʟʧʝʯʠʪʠ ʥʝʦʙʭʽʜʥʠʡ ʟʘʩʽʙ ʧʽʜʢʣʶʯʝʥʥʷ. 

ɹʝʟ ʥʘʣʝʞʥʦʛʦ ʬʽʟʠʯʥʦʛʦ ʧʽʜʢʣʶʯʝʥʥʷ (ʧʨʦʚʦʜʦʚʦʛʦ ʘʙʦ ʙʝʟʜʨʦʪʦʚʦʛʦ) ʟʚ'ʷʟʦʢ 

ʤʽʞ ʜʚʦʤʘ ʧʨʠʩʪʨʦʷʤʠ ʙʫʜʝ ʥʝʤʦʞʣʠʚʘ. 

ʇʨʦʚʽʜʥʘ ʟʚ'ʷʟʦʢ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʽʜʥʠʭ ʽ ʦʧʪʦʚʦʣʦʢʦʥʥʠʭ 

ʢʘʙʝʣʽʚ. 

ʋ ʤʝʨʝʞʘʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʨʠ ʦʩʥʦʚʥʽ ʪʠʧʠ ʤʽʜʥʠʭ ʢʘʙʝʣʽʚ: 

ʥʝʝʢʨʘʥʦʚʘʥʘ ʢʨʫʯʝʥʘ ʧʘʨʘ (UTP), ʝʢʨʘʥʦʚʘʥʘ ʢʨʫʯʝʥʘ ʧʘʨʘ (STP) ʽ 

ʢʦʘʢʩʽʘʣʴʥʠʡ ʢʘʙʝʣʴ. ʂʘʙʝʣʽ UTP ʻ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʦʶ ʩʝʨʝʜʦʚʠʱʝʤ ʧʝʨʝʜʘʯʽ 

ʥʘ ʦʩʥʦʚʽ ʤʽʜʥʦʛʦ ʜʨʦʪʫ. 

ʆʧʪʦʚʦʣʦʢʦʥʥʽ ʢʘʙʝʣʽ ʚ ʜʘʥʠʡ ʯʘʩ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʧʽʜʢʣʶʯʝʥʥʷ ʧʨʠʩʪʨʦʾʚ ʤʝʨʝʞʝʚʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ɺʦʥʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʙʽʣʴʰ 

ʚʠʩʦʢʫ ʜʘʣʴʥʽʩʪʴ ʧʝʨʝʜʘʯʽ ʽ ʧʨʦʧʫʩʢʥʫ ʩʧʨʦʤʦʞʥʽʩʪʴ (ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ 

ʜʘʥʠʭ), ʥʽʞ ʽʥʰʽ ʟʘʩʦʙʠ ʧʽʜʢʣʶʯʝʥʥʷ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʤʽʜʥʠʭ ʧʨʦʚʦʜʽʚ 

ʦʧʪʦʚʦʣʦʢʦʥʥʠʡ ʢʘʙʝʣʴ ʜʦʟʚʦʣʷʻ ʧʝʨʝʜʘʚʘʪʠ ʩʠʛʥʘʣʠ ʟ ʙʽʣʴʰ ʥʠʟʴʢʠʤ 

ʟʘʛʘʩʘʥʥʷʤ. ʊʘʢʠʡ ʢʘʙʝʣʴ ʪʘʢʦʞ ʘʙʩʦʣʶʪʥʦ ʥʝʩʧʨʠʡʥʷʪʣʠʚʠʡ ʜʦ ʚʧʣʠʚʫ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʽ ʨʘʜʽʦʯʘʩʪʦʪʥʠʭ ʧʝʨʝʰʢʦʜ. 



ɿʘʩʦʙʠ ʙʝʟʜʨʦʪʦʚʦʛʦ ʧʽʜʢʣʶʯʝʥʥʷ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʝʨʝʜʘʯʫ ʜʚʽʡʢʦʚʠʭ 

ʨʦʟʨʷʜʽʚ ʜʘʥʠʭ ʫ ʚʠʛʣʷʜʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʩʠʛʥʘʣʽʚ ʨʘʜʽʦʯʘʩʪʦʪʥʦʛʦ ʘʙʦ 

ʤʽʢʨʦʭʚʠʣʴʦʚʦʛʦ ʜʽʘʧʘʟʦʥʫ. 

ʏʠʩʣʦ ʧʨʠʩʪʨʦʾʚ, ʱʦ ʧʽʜʪʨʠʤʫʶʪʴ ʙʝʟʜʨʦʪʦʚʠʡ ʟʚ'ʷʟʦʢ, ʧʨʦʜʦʚʞʫʻ 

ʟʙʽʣʴʰʫʚʘʪʠʩʷ. ʉʘʤʝ ʪʦʤʫ ʢʦʰʪʠ ʙʝʟʜʨʦʪʦʚʦʛʦ ʧʽʜʢʣʶʯʝʥʥʷ ʩʪʘʣʠ 

ʥʘʡʧʦʧʫʣʷʨʥʽʰʦʶ ʩʝʨʝʜʦʚʠʱʝʤ ʜʣʷ ʜʦʤʘʰʥʽʭ ʤʝʨʝʞ ʽ ʰʚʠʜʢʦ ʥʘʙʠʨʘʶʪʴ 

ʧʦʧʫʣʷʨʥʽʩʪʴ ʚ ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʤʝʨʝʞʘʭ. 

ʂʘʥʘʣʴʥʠʡ ʨʽʚʝʥʴ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʦʙʤʽʥ ʢʘʜʨʘʤʠ ʤʽʞ ʚʫʟʣʘʤʠ ʯʝʨʝʟ ʬʽʟʠʯʥʝ 

ʩʝʨʝʜʦʚʠʱʝ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. ɺʽʥ ʟʘʙʝʟʧʝʯʫʻ ʜʦʩʪʫʧ ʜʦ ʩʝʨʝʜʦʚʠʱʘ ʧʝʨʝʜʘʯʽ 

ʜʘʥʠʭ ʜʣʷ ʚʠʱʠʭ ʨʽʚʥʽʚ, ʘ ʪʘʢʦʞ ʫʧʨʘʚʣʷʻ ʩʧʦʩʦʙʘʤʠ ʧʨʠʡʦʤʫ ʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ 

ʚ ʮʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

ʋ ʨʽʟʥʠʭ ʚʘʨʽʘʥʪʘʭ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʪʦʢʦʣʽʚ ʢʘʥʘʣʴʥʦʛʦ ʨʽʚʥʷ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ʨʽʟʥʽ ʩʧʦʩʦʙʠ ʫʧʨʘʚʣʽʥʥʷ ʜʦʩʪʫʧʦʤ ʜʦ ʩʝʨʝʜʦʚʠʱʘ. ʎʽ ʤʝʪʦʜʠ ʫʧʨʘʚʣʽʥʥʷ 

ʜʦʩʪʫʧʦʤ ʜʦ ʩʝʨʝʜʦʚʠʱʘ ʚʠʟʥʘʯʘʶʪʴ, ʯʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʫʟʣʠ ʜʘʥʝ 

ʩʝʨʝʜʦʚʠʱʝ ʩʧʽʣʴʥʦ ʽ ʷʢʠʤ ʯʠʥʦʤ ʮʝ ʚʽʜʙʫʚʘʻʪʴʩʷ. ɺʠʙʽʨ ʩʧʦʩʦʙʫ ʫʧʨʘʚʣʽʥʥʷ 

ʜʦʩʪʫʧʦʤ ʜʦ ʩʝʨʝʜʦʚʠʱʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʧʦʣʦʛʽʾ ʽ ʥʘʷʚʥʦʩʪʽ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʩʧʽʣʴʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʩʝʨʝʜʦʚʠʱʘ. ʊʦʧʦʣʦʛʽʾ ʣʦʢʘʣʴʥʦʾ ʪʘ ʛʣʦʙʘʣʴʥʦʾ ʤʝʨʝʞʽ 

ʤʦʞʫʪʴ ʙʫʪʠ ʬʽʟʠʯʥʠʤʠ ʘʙʦ ʣʦʛʽʯʥʠʤʠ. ʉʘʤʝ ʣʦʛʽʯʥʘ ʪʦʧʦʣʦʛʽʷ ʚʧʣʠʚʘʻ ʥʘ 

ʚʠʙʽʨ ʪʠʧʫ ʢʘʜʨʫʚʘʥʥʷ ʚ ʤʝʨʝʞʽ ʽ ʫʧʨʘʚʣʽʥʥʷ ʜʦʩʪʫʧʦʤ ʜʦ ʩʝʨʝʜʦʚʠʱʘ. 

ɻʣʦʙʘʣʴʥʽ ʤʝʨʝʞʽ ʟʘʟʚʠʯʘʡ ʨʝʘʣʽʟʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʦʧʦʣʦʛʽʾ ʪʠʧʫ çʪʦʯʢʘ-

ʪʦʯʢʘè (point-to-point), çʟʽʨʢʘè (hub and spoke) ʘʙʦ çʷʯʝʠʩʪʘʷè (mesh). ʋ 

ʣʦʢʘʣʴʥʠʭ ʤʝʨʝʞʘʭ ʟʽ ʩʧʽʣʴʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʝʨʝʜʦʚʠʱʘ ʧʝʨʝʜʘʯʽ ʢʽʥʮʝʚʽ 

ʧʨʠʩʪʨʦʾ ʤʦʞʫʪʴ ʟ'ʻʜʥʫʚʘʪʠʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʽʨʢʦʧʦʜʽʙʥʽʡ (star), ʰʠʥʥʦʾ 

(bus), ʢʽʣʴʮʝʚʦʾ (ring) ʘʙʦ ʨʦʟʰʠʨʝʥʦʾ ʟʽʨʢʦʧʦʜʽʙʥʽʡ (extended star) ʬʽʟʠʯʥʦʾ 

ʪʦʧʦʣʦʛʽʾ. 

ɺʩʽ ʧʨʦʪʦʢʦʣʠ ʢʘʥʘʣʴʥʦʛʦ ʨʽʚʥʷ ʽʥʢʘʧʩʫʣʶʶʪʴ ʦʜʠʥʠʮʶ ʜʘʥʠʭ ʧʨʦʪʦʢʦʣʫ 

(PDU) ʨʽʚʥʷ 3 ʚ ʤʝʞʘʭ ʧʦʣʷ ʜʘʥʠʭ ʢʘʜʨʫ. ʆʜʥʘʢ ʩʪʨʫʢʪʫʨʘ ʢʘʜʨʫ ʽ ʧʦʣʽʚ, ʱʦ 

ʤʽʩʪʷʪʴʩʷ ʚ ʟʘʛʦʣʦʚʢʫ ʽ ʢʽʥʮʽʚʢʠ, ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʨʦʪʦʢʦʣʫ. 

ʪʠʧʠ ʧʽʜʢʣʶʯʝʥʴ 

ʅʝʟʘʣʝʞʥʦ ʚʽʜ ʪʦʛʦ, ʧʽʜʢʣʶʯʘʻʪʝʩʷ ʚʠ ʜʦ ʜʦʤʘʰʥʴʦʛʦ ʣʦʢʘʣʴʥʦʛʦ ʧʨʠʥʪʝʨʘ 

ʘʙʦ ʞ ʜʦ ʚʝʙ-ʩʘʡʪʫ ʚ ʽʥʰʽʡ ʢʨʘʾʥʽ, ʜʣʷ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʧʦ ʤʝʨʝʞʽ ʥʝʦʙʭʽʜʥʦ 

ʩʧʦʯʘʪʢʫ ʚʩʪʘʥʦʚʠʪʠ ʬʽʟʠʯʥʝ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʣʦʢʘʣʴʥʦʾ ʤʝʨʝʞʽ. ʗʢ ʬʽʟʠʯʥʦʛʦ 

ʧʽʜʢʣʶʯʝʥʥʷ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʨʦʪʦʚʝ ʟ'ʻʜʥʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʘʙʝʣʶ 

ʘʙʦ ʙʝʟʜʨʦʪʦʚʝ ʟ'ʻʜʥʘʥʥʷ ʧʦ ʨʘʜʽʦʢʘʥʘʣʫ. 

ʊʠʧ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʛʦ ʬʽʟʠʯʥʦʛʦ ʧʽʜʢʣʶʯʝʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʬʽʛʫʨʘʮʽʾ 

ʤʝʨʝʞʽ. ʅʘʧʨʠʢʣʘʜ, ʚ ʦʬʽʩʘʭ ʙʘʛʘʪʴʦʭ ʢʦʤʧʘʥʽʡ ʩʧʽʚʨʦʙʽʪʥʠʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʥʘʩʪʽʣʴʥʽ ʢʦʤʧ'ʶʪʝʨʠ ʘʙʦ ʥʦʫʪʙʫʢʠ, ʬʽʟʠʯʥʦ ʧʽʜʢʣʶʯʝʥʽ ʢʘʙʝʣʷʤʠ ʜʦ 

ʟʘʛʘʣʴʥʦʛʦ ʢʦʤʫʪʘʪʦʨʘ. ʄʝʨʝʞʽ ʪʘʢʦʛʦ ʪʠʧʫ ʥʘʟʠʚʘʶʪʴ ʧʨʦʚʽʜʥʠʤʠ. ɼʘʥʽ ʚ ʥʠʭ 

ʧʝʨʝʜʘʶʪʴʩʷ ʟ ʬʽʟʠʯʥʦʛʦ ʢʘʙʝʣʶ. 

ʂʨʽʤ ʤʦʞʣʠʚʦʩʪʽ ʧʨʦʚʦʜʦʚʦʛʦ ʧʽʜʢʣʶʯʝʥʥʷ ʙʘʛʘʪʦ ʢʦʤʧʘʥʽʡ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʙʝʟʜʨʦʪʦʚʝ ʧʽʜʢʣʶʯʝʥʥʷ ʜʣʷ ʥʦʫʪʙʫʢʽʚ, ʧʣʘʥʰʝʪʥʠʭ ʢʦʤʧ'ʶʪʝʨʽʚ ʽ ʩʤʘʨʪʬʦʥʽʚ. 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʙʝʟʜʨʦʪʦʚʠʭ ʧʨʠʩʪʨʦʾʚ ʜʘʥʽ ʧʝʨʝʜʘʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʨʘʜʽʦʭʚʠʣʴ. ɹʝʟʜʨʦʪʦʚʝ ʧʽʜʢʣʶʯʝʥʥʷ ʧʦʰʠʨʶʻʪʴʩʷ ʧʦ ʤʽʨʽ ʪʦʛʦ, ʷʢ ʧʨʠʚʘʪʥʽ 

ʢʦʨʠʩʪʫʚʘʯʽ ʽ ʢʦʤʧʘʥʽʾ ʦʮʽʥʶʶʪʴ ʡʦʛʦ ʧʝʨʝʚʘʛʠ. ʇʨʠ ʙʝʟʜʨʦʪʦʚʦʤʫ ʧʽʜʢʣʶʯʝʥʥʽ 

ʧʨʠʩʪʨʦʶ ʚ ʙʝʟʜʨʦʪʦʚʽʡ ʤʝʨʝʞʽ ʧʦʚʠʥʥʽ ʧʽʜʢʣʶʯʘʪʠʩʷ ʜʦ ʙʝʟʜʨʦʪʦʚʦʾ ʪʦʯʢʠ 

ʜʦʩʪʫʧʫ (access point, AP). 



 
ʈʠʩ. 1.1.24 ɺʠʛʣʷʜ WI-FI ʨʦʫʪʝʨʘ 

ʂʦʤʫʪʘʪʦʨʠ ʽ ʙʝʟʜʨʦʪʦʚʽ ʪʦʯʢʠ ʜʦʩʪʫʧʫ - ʮʝ ʟʘʟʚʠʯʘʡ ʜʚʘ ʦʢʨʝʤʽ ʚʠʜʠ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʨʦʟʛʦʨʥʫʪʠʭ ʚ ʤʝʨʝʞʽ. ʆʜʥʘʢ ʪʘʢʦʞ ʽʩʥʫʶʪʴ 

ʧʨʠʩʪʨʦʾ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʷʢ ʧʨʦʚʦʜʦʚʦʛʦ, ʪʘʢ ʽ ʙʝʟʜʨʦʪʦʚʦʛʦ 

ʧʽʜʢʣʶʯʝʥʥʷ. ʅʘʧʨʠʢʣʘʜ, ʙʘʛʘʪʦ ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʢʦʨʠʩʪʫʚʘʯʽ ʟʘʩʪʦʩʦʚʫʶʪʴ 

ʜʦʤʘʰʥʽ ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ ʟ ʽʥʪʝʛʨʦʚʘʥʠʤʠ ʧʦʩʣʫʛʘʤʠ (ISR), ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ 

ʤʘʣʶʥʢʫ 1. ʄʘʨʰʨʫʪʠʟʘʪʦʨ ISR ʤʘʶʪʴ ʢʦʤʫʪʘʮʽʡʥʠʡ ʢʦʤʧʦʥʝʥʪ ʟ ʜʝʢʽʣʴʢʦʤʘ 

ʧʦʨʪʘʤʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʽʜʢʣʶʯʘʪʠ ʢʽʣʴʢʘ ʧʨʠʩʪʨʦʾʚ ʜʦ ʣʦʢʘʣʴʥʦʾ ʤʝʨʝʞʽ (LAN) 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʘʙʝʣʽʚ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʤʘʣʶʥʢʫ 2 . ʂʨʽʤ ʪʦʛʦ, ʜʦ ʩʢʣʘʜʫ 

ʙʘʛʘʪʴʦʭ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ ISR ʪʘʢʦʞ ʚʭʦʜʠʪʴ ʪʦʯʢʘ ʜʦʩʪʫʧʫ (AP), ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʢʣʶʯʝʥʥʷ ʙʝʟʜʨʦʪʦʚʠʭ ʧʨʠʩʪʨʦʾʚ. 

ʄʝʨʝʞʝʚʽ ʽʥʪʝʨʬʝʡʩʥʽ ʧʣʘʪʠ 

ʄʝʨʝʞʝʚʽ ʽʥʪʝʨʬʝʡʩʥʽ ʧʣʘʪʠ (Network Interface Card, NIC) ʩʣʫʞʘʪʴ ʜʣʷ 

ʧʽʜʢʣʶʯʝʥʥʷ ʧʨʠʩʪʨʦʶ ʜʦ ʤʝʨʝʞʽ. ʄʝʨʝʞʝʚʽ ʧʣʘʪʠ Ethernet ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʜʣʷ ʧʨʦʚʦʜʦʚʦʛʦ ʧʽʜʢʣʶʯʝʥʥʷ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʤʘʣʶʥʢʫ 1, ʘ ʤʝʨʝʞʝʚʽ ʧʣʘʪʠ 

ʙʝʟʜʨʦʪʦʚʦʾ ʣʦʢʘʣʴʥʦʾ ʤʝʨʝʞʽ (Wireless Local Area Network, WLAN) - ʜʣʷ 

ʙʝʟʜʨʦʪʦʚʦʛʦ ʧʽʜʢʣʶʯʝʥʥʷ. ʇʨʠʩʪʨʽʡ ʢʽʥʮʝʚʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ ʤʦʞʝ ʤʽʩʪʠʪʠ ʦʜʠʥ 

ʘʙʦ ʦʙʠʜʚʘ ʪʠʧʠ ʤʝʨʝʞʝʚʠʭ ʧʣʘʪ. ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʤʝʨʝʞʝʚʠʡ ʧʨʠʥʪʝʨ 

ʦʩʥʘʱʝʥʠʡ ʪʽʣʴʢʠ ʤʝʨʝʞʝʚʦʶ ʧʣʘʪʦʶ Ethernet, ʪʦ ʚʽʥ ʧʦʚʠʥʝʥ ʧʽʜʢʣʶʯʘʪʠʩʷ ʜʦ 

ʤʝʨʝʞʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʘʙʝʣʶ Ethernet. ɯʥʰʽ ʧʨʠʩʪʨʦʾ, ʥʘʧʨʠʢʣʘʜ ʧʣʘʥʰʝʪʠ ʽ 

ʩʤʘʨʪʬʦʥʠ, ʤʦʞʫʪʴ ʙʫʪʠ ʦʩʥʘʱʝʥʽ ʪʽʣʴʢʠ ʤʝʨʝʞʝʚʦʶ ʧʣʘʪʦʶ WLAN ʽ ʪʦʤʫ ʜʣʷ 

ʥʠʭ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʙʝʟʜʨʦʪʦʚʝ ʧʽʜʢʣʶʯʝʥʥʷ. 

ɿ ʪʦʯʢʠ ʟʦʨʫ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʥʝ ʚʩʽ ʬʽʟʠʯʥʽ ʟ'ʻʜʥʘʥʥʷ ʨʽʚʥʦʮʽʥʥʽ. 

ʅʘʧʨʠʢʣʘʜ, ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʙʝʟʜʨʦʪʦʚʦʛʦ ʧʨʠʩʪʨʦʶ ʤʦʞʝ ʟʥʠʞʫʚʘʪʠʩʷ ʧʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ʚʽʜʩʪʘʥʽ ʜʦ ʙʝʟʜʨʦʪʦʚʦʾ ʪʦʯʢʠ ʜʦʩʪʫʧʫ. ʏʠʤ ʜʘʣʽ ʧʨʠʩʪʨʽʡ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚʽʜ ʪʦʯʢʠ ʜʦʩʪʫʧʫ, ʪʠʤ ʩʣʘʙʢʽʰʝ ʦʜʝʨʞʫʚʘʥʠʡ ʾʤ ʩʠʛʥʘʣ. ʎʝ ʤʦʞʝ 

ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʟʥʠʞʝʥʥʷ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʘʙʦ ʧʦʚʥʽʡ ʚʽʜʩʫʪʥʦʩʪʽ 

ʙʝʟʜʨʦʪʦʚʦʛʦ ʟʚ'ʷʟʢʫ. ɼʣʷ ʨʝʪʨʘʥʩʣʷʮʽʾ ʙʝʟʜʨʦʪʦʚʦʛʦ ʩʠʛʥʘʣʫ ʚ ʪʽ ʯʘʩʪʠʥʠ 

ʙʫʜʠʥʢʫ, ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ ʟʘʥʘʜʪʦ ʜʘʣʝʢʦ ʚʽʜ ʙʝʟʜʨʦʪʦʚʦʾ ʪʦʯʢʠ ʜʦʩʪʫʧʫ, ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʽʜʩʠʣʶʚʘʯ ʙʝʟʜʨʦʪʦʚʦʛʦ ʩʠʛʥʘʣʫ. ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʧʨʦʚʦʜʦʚʦʛʦ ʧʽʜʢʣʶʯʝʥʥʷ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʙʝʟʜʨʦʪʦʚʦʛʦ, ʥʝ ʧʦʛʽʨʰʫʻʪʴʩʷ. 



ɺʩʽ ʙʝʟʜʨʦʪʦʚʽ ʧʨʠʩʪʨʦʾ ʟʤʫʰʝʥʽ ʩʧʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʘʜʽʦʢʘʥʘʣʠ 

ʙʝʟʜʨʦʪʦʚʦʾ ʪʦʯʢʠ ʜʦʩʪʫʧʫ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ ʧʽʜʢʣʶʯʝʥʥʽ 

ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʙʝʟʜʨʦʪʦʚʠʭ ʧʨʠʩʪʨʦʾʚ ʜʦ ʤʝʨʝʞʽ ʾʾ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʤʦʞʝ 

ʟʥʠʟʠʪʠʩʷ. ʇʨʦʚʽʜʥʠʤ ʧʨʠʩʪʨʦʷʤ ʥʝ ʧʦʪʨʽʙʥʦ ʜʽʣʠʪʠ ʨʝʩʫʨʩʠ ʜʦʩʪʫʧʫ ʜʦ ʤʝʨʝʞʽ 

ʟ ʽʥʰʠʤʠ ʧʨʠʩʪʨʦʷʤʠ. ʂʦʞʥʝ ʧʨʦʚʦʜʦʚʝ ʧʨʠʩʪʨʽʡ ʤʘʻ ʦʢʨʝʤʠʡ ʢʘʥʘʣ ʟʚ'ʷʟʢʫ ʟʘ 

ʩʚʦʾʤ ʢʘʙʝʣʶ Ethernet. ʎʝ ʚʘʞʣʠʚʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʨʦʙʦʪʽ ʟ ʜʝʷʢʠʤʠ 

ʧʨʦʛʨʘʤʘʤʠ, ʪʘʢʠʤʠ ʷʢ ʦʥʣʘʡʥ-ʽʛʨʘʤʠ, ʧʦʪʦʢʦʚʠʤ ʚʽʜʝʦ ʽ ʚʽʜʝʦʢʦʥʬʝʨʝʥʮʽʷʤʠ, 

ʜʣʷ ʷʢʠʭ ʥʝʦʙʭʽʜʥʘ ʙʽʣʴʰ ʚʠʩʦʢʘ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ 

ʜʦʜʘʪʢʘʤʠ. 

ɼʘʣʽ ʚʠ ʜʦʢʣʘʜʥʽʰʝ ʦʟʥʘʡʦʤʠʪʝʩʷ ʟ ʧʽʜʢʣʶʯʝʥʥʷʤʠ ʬʽʟʠʯʥʦʛʦ ʨʽʚʥʷ ʽ 

ʜʽʟʥʘʻʪʝʩʷ ʧʨʦ ʪʝ, ʷʢ ʚʦʥʠ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʝʨʝʜʘʯʫ ʜʘʥʠʭ. 

ʬʽʟʠʯʥʠʡ ʨʽʚʝʥʴ 

ʌʽʟʠʯʥʠʡ ʨʽʚʝʥʴ OSI ʟʘʙʝʟʧʝʯʫʻ ʟʘʩʦʙʠ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʙʽʪʽʚ, ʱʦ 

ʫʪʚʦʨʶʶʪʴ ʢʘʜʨ ʜʘʥʠʭ ʢʘʥʘʣʴʥʦʛʦ ʨʽʚʥʷ, ʟʘ ʢʦʰʪʘʤʠ ʤʝʨʝʞʝʚʦʛʦ ʧʽʜʢʣʶʯʝʥʥʷ. 

ʎʝʡ ʨʽʚʝʥʴ ʧʨʠʡʤʘʻ ʚʽʜ ʢʘʥʘʣʴʥʦʛʦ ʨʽʚʥʷ ʮʽʣʠʡ ʢʘʜʨ ʜʘʥʠʭ ʽ ʢʦʜʫʻ ʡʦʛʦ ʫ 

ʚʠʛʣʷʜʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʩʠʛʥʘʣʽʚ, ʷʢʽ ʧʦʪʽʤ ʧʝʨʝʩʠʣʘʶʪʴʩʷ ʧʦ ʟʘʩʦʙʫ ʧʽʜʢʣʶʯʝʥʥʷ 

ʣʦʢʘʣʴʥʦʾ ʤʝʨʝʞʽ. ɿʘʢʦʜʦʚʘʥʽ ʙʽʪʠ, ʟ ʷʢʠʭ ʩʢʣʘʜʘʻʪʴʩʷ ʢʘʜʨ, ʧʨʠʡʤʘʶʪʴʩʷ ʘʙʦ 

ʢʽʥʮʝʚʠʤ, ʘʙʦ ʧʨʦʤʽʞʥʠʤ ʧʨʠʩʪʨʦʻʤ. 

ɺ ʭʦʜʽ ʧʝʨʝʜʘʯʽ ʚʽʜ ʚʫʟʣʘ ʜʞʝʨʝʣʘ ʜʦ ʚʫʟʣʘ ʧʨʠʟʥʘʯʝʥʥʷ (ʚʫʟʣʫ-ʘʜʨʝʩʘʪʫ) 

ʜʘʥʽ ʧʽʜʜʘʶʪʴʩʷ ʪʘʢʠʤ ʧʝʨʝʪʚʦʨʝʥʥʷʤ. 

 
ʈʠʩ. 1.1.25 ʇʨʦʮʝʩ ʬʦʨʤʫʚʘʥʥʷ PDU ʬʘʡʣʘ 

ʅʘ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʨʽʚʥʽ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ ʜʘʥʽ ʩʝʛʤʝʥʪʫʶʪʴʩʷ, 

ʥʘ ʤʝʨʝʞʝʚʦʤʫ - ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʧʦ ʧʘʢʝʪʘʤ, ʘ ʧʦʪʽʤ ʽʥʢʘʧʩʫʣʶʶʪʩʷ ʚ ʢʘʜʨʠ 

ʢʘʥʘʣʴʥʦʛʦ ʨʽʚʥʷ. 



ʌʽʟʠʯʥʠʡ ʨʽʚʝʥʴ ʢʦʜʫʻ ʢʘʜʨʠ ʽ ʬʦʨʤʫʻ ʝʣʝʢʪʨʠʯʥʽ, ʦʧʪʠʯʥʽ ʘʙʦ 

ʨʘʜʽʦʩʠʛʥʘʣʠ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʙʽʪʘʭ ʚ ʢʦʞʥʦʤʫ 

ʢʘʜʨʽ. 

ʇʦʪʽʤ ʮʽ ʩʠʛʥʘʣʠ ʧʦʩʣʽʜʦʚʥʦ ʧʝʨʝʜʘʶʪʴʩʷ ʧʦ ʟʘʩʦʙʘʤ ʧʽʜʢʣʶʯʝʥʥʷ. 

ʌʽʟʠʯʥʠʡ ʨʽʚʝʥʴ ʚʫʟʣʘ ʧʨʠʟʥʘʯʝʥʥʷ ʧʨʠʡʤʘʻ ʮʽ ʦʢʨʝʤʽ ʩʠʛʥʘʣʠ ʚʽʜ ʟʘʩʦʙʽʚ 

ʧʽʜʢʣʶʯʝʥʥʷ, ʚʽʜʥʦʚʣʶʻ ʧʦʜʘʶʪʴʩʷ ʥʠʤʠ ʙʽʪʠ ʽ ʧʝʨʝʜʘʻ ʮʽ ʙʽʪʠ ʥʘ ʢʘʥʘʣʴʥʠʡ 

ʨʽʚʝʥʴ ʫ ʚʠʛʣʷʜʽ ʮʽʣʦʛʦ ʢʘʜʨʫ. 

ɿʘʩʦʙʠ ʧʽʜʢʣʶʯʝʥʥʷ ʬʽʟʠʯʥʦʛʦ ʨʽʚʥʷ 

ɯʩʥʫʻ ʪʨʠ ʦʩʥʦʚʥʠʭ ʪʠʧʠ ʟʘʩʦʙʽʚ ʤʝʨʝʞʝʚʦʛʦ ʧʽʜʢʣʶʯʝʥʥʷ. ʌʽʟʠʯʥʠʡ 

ʨʽʚʝʥʴ ʩʪʚʦʨʶʻ ʫʷʚʣʝʥʥʷ ʙʽʪʽʚ ʽ ʛʨʫʧʫʻ ʾʭ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʮʠʭ ʪʠʧʽʚ ʥʘʩʪʫʧʥʠʤ 

ʯʠʥʦʤ. 

ʄʽʜʥʠʡ ʢʘʙʝʣʴ: ʩʠʛʥʘʣʠ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʝʣʝʢʪʨʠʯʥʠʭ 

ʽʤʧʫʣʴʩʽʚ. 

ʆʧʪʦʚʦʣʦʢʦʥʥʠʡ ʢʘʙʝʣʴ: ʩʠʛʥʘʣʠ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʢʝʨʦʚʘʥʽ ʟʤʽʥʠ ʩʚʽʪʣʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

ɹʝʟʜʨʦʪʦʚʘ ʤʝʨʝʞʘ: ʩʠʛʥʘʣʠ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʨʘʜʽʦʩʠʛʥʘʣʠ ʤʽʢʨʦʭʚʠʣʴʦʚʦʛʦ 

ʜʽʘʧʘʟʦʥʫ. 

 
ʈʠʩ. 1.1.26 ʇʨʠʢʣʘʜʠ ʩʠʛʥʘʣʽʚ ʜʣʷ ʤʽʜʥʠʭ, ʦʧʪʦʚʦʣʦʢʦʥʥʠʭ ʽ ʙʝʟʜʨʦʪʦʚʠʭ ʟʘʩʦʙʽʚ ʧʽʜʢʣʶʯʝʥʥʷ 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʩʫʤʽʩʥʦʩʪʽ ʥʘ ʬʽʟʠʯʥʦʤʫ ʨʽʚʥʽ ʚʩʽ 

ʘʩʧʝʢʪʠ ʮʠʭ ʬʫʥʢʮʽʡ ʨʝʛʣʘʤʝʥʪʫʶʪʴʩʷ ʦʨʛʘʥʽʟʘʮʽʷʤʠ ʟʽ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ. 

ʉʪʘʥʜʘʨʪʠ ʬʽʟʠʯʥʦʛʦ ʨʽʚʥʷ 

ʇʨʦʪʦʢʦʣʠ ʽ ʦʧʝʨʘʮʽʾ ʚʠʱʠʭ ʨʽʚʥʽʚ ʤʦʜʝʣʽ OSI ʨʝʘʣʽʟʦʚʘʥʽ ʚ ʧʨʦʛʨʘʤʥʦʤʫ 

ʟʘʙʝʟʧʝʯʝʥʥʽ, ʩʪʚʦʨʝʥʦʤʫ ʨʦʟʨʦʙʥʠʢʘʤʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ 

ʢʦʤʧ'ʶʪʝʨʥʠʤʠ ʬʘʭʽʚʮʷʤʠ. ʉʣʫʞʙʠ ʽ ʧʨʦʪʦʢʦʣʠ ʚ ʩʪʝʮʽ ʧʨʦʪʦʢʦʣʽʚ TCP / IP 

ʚʠʟʥʘʯʘʶʪʴʩʷ ɯʥʞʝʥʝʨʥʦʾ ʛʨʫʧʦʶ ʟ ʨʦʟʚʠʪʢʫ ɯʥʪʝʨʥʝʪʫ (IETF). 



ʌʽʟʠʯʥʠʡ ʨʽʚʝʥʴ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʝʣʝʢʪʨʦʥʥʠʭ ʩʭʝʤ, ʟʘʩʦʙʽʚ ʧʽʜʢʣʶʯʝʥʥʷ ʽ 

ʨʦʟ'ʻʤʽʚ, ʱʦ ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʽʥʞʝʥʝʨʘʤʠ. ʊʦʤʫ ʟʘʢʦʥʦʤʽʨʥʦ, ʱʦ ʩʪʘʥʜʘʨʪʠ, ʷʢʽ 

ʨʝʛʣʘʤʝʥʪʫʶʪʴ ʮʝ ʦʙʣʘʜʥʘʥʥʷ, ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʠʤʠ ʦʨʛʘʥʽʟʘʮʽʷʤʠ ʟ 

ʝʣʝʢʪʨʦʪʝʭʥʽʢʠ ʪʘ ʟʚ'ʷʟʢʫ. 

 
ʈʠʩ. 1.1.27 ʉʪʘʥʜʘʨʪʠ ʌʽʟʠʯʥʦʛʦ ʨʽʚʥʷ ʤʦʜʝʣʽ OSI 

ʋ ʩʪʚʦʨʝʥʥʽ ʪʘ ʨʝʘʣʽʟʘʮʽʾ ʩʪʘʥʜʘʨʪʽʚ ʬʽʟʠʯʥʦʛʦ ʨʽʚʥʷ ʙʝʨʝ ʫʯʘʩʪʴ ʮʽʣʠʡ ʨʷʜ 

ʨʽʟʥʠʭ ʤʽʞʥʘʨʦʜʥʠʭ ʽ ʥʘʮʽʦʥʘʣʴʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡ, ʫʨʷʜʦʚʠʭ ʨʝʛʫʣʶʶʯʠʭ 

ʦʨʛʘʥʽʟʘʮʽʡ, ʘ ʪʘʢʦʞ ʧʨʠʚʘʪʥʠʭ ʢʦʤʧʘʥʽʡ. ʅʘʧʨʠʢʣʘʜ, ʩʪʘʥʜʘʨʪʠ ʥʘ ʦʙʣʘʜʥʘʥʥʷ, 

ʟʘʩʦʙʠ ʧʽʜʢʣʶʯʝʥʥʷ, ʢʦʜʫʚʘʥʥʷ ʽ ʩʠʛʥʘʣʠ ʬʽʟʠʯʥʦʛʦ ʨʽʚʥʷ ʨʦʟʨʦʙʣʷʶʪʴ ʪʘʢʽ 

ʦʨʛʘʥʽʟʘʮʽʾ. 

¶ ʄʽʞʥʘʨʦʜʥʘ ʦʨʛʘʥʽʟʘʮʽʷ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ (ISO) 

¶ ɸʩʦʮʽʘʮʽʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ / ɸʩʦʮʽʘʮʽʷ ʝʣʝʢʪʨʦʥʥʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ (TIA / EIA) 

¶ ʄʽʞʥʘʨʦʜʥʠʡ ʩʦʶʟ ʝʣʝʢʪʨʦʟʚ'ʷʟʢʫ (ITU) 

¶ ɸʤʝʨʠʢʘʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʽʥʩʪʠʪʫʪ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ (ANSI) 

¶ ɯʥʩʪʠʪʫʪ ʽʥʞʝʥʝʨʽʚ ʟ ʝʣʝʢʪʨʦʪʝʭʥʽʢʠ ʪʘ ʝʣʝʢʪʨʦʥʽʢʠ (IEEE) 

ʈʝʛʽʦʥʘʣʴʥʽ ʦʨʛʘʥʠ ʨʝʛʫʣʶʚʘʥʥʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʌʝʜʝʨʘʣʴʥʘ 

ʢʦʤʽʩʽʷ ʽʟ ʟʚ'ʷʟʢʫ (FCC) ʚ ʉʐɸ ʽ ɭʚʨʦʧʝʡʩʴʢʠʡ ʽʥʩʪʠʪʫʪ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ 

ʩʪʘʥʜʘʨʪʽʚ (ETSI) 

ʂʨʽʤ ʮʴʦʛʦ, ʥʝʨʽʜʢʦ ʤʽʩʮʝʚʽ ʩʧʝʮʠʬʽʢʘʮʽʾ ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʨʝʛʽʦʥʘʣʴʥʠʤʠ 

ʛʨʫʧʘʤʠ ʧʦ ʢʘʙʝʣʴʥʠʭ ʩʪʘʥʜʘʨʪʘʤ, ʥʘʧʨʠʢʣʘʜ CSA (ʂʘʥʘʜʩʴʢʘ ʘʩʦʮʽʘʮʽʷ ʧʦ 

ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ), CENELEC (ɭʚʨʦʧʝʡʩʴʢʠʡ ʢʦʤʽʪʝʪ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʦʾ 

ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ) ʽ JSA / JIS (ʗʧʦʥʩʴʢʘ ʘʩʦʮʽʘʮʽʷ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ). 

ʬʫʥʢʮʽʾ 

ʉʪʘʥʜʘʨʪʠ ʬʽʟʠʯʥʦʛʦ ʨʽʚʥʷ ʨʝʛʣʘʤʝʥʪʫʶʪʴ ʪʨʠ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʦʙʣʘʩʪʽ. 

ʌʽʟʠʯʥʽ ʢʦʤʧʦʥʝʥʪʠ - ʮʝ ʝʣʝʢʪʨʦʥʥʽ ʧʨʠʩʪʨʦʾ, ʟʘʩʦʙʠ ʧʽʜʢʣʶʯʝʥʥʷ, ʘ ʪʘʢʦʞ 

ʽʥʰʽ ʟ'ʻʜʥʫʚʘʯʽ ʽ ʨʦʟ'ʻʤʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʝʨʝʜʘʯʫ ʩʠʛʥʘʣʽʚ, ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʷʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʽ ʙʽʪʠ ʽʥʬʦʨʤʘʮʽʾ. ɺʩʽ ʘʧʘʨʘʪʥʽ ʢʦʤʧʦʥʝʥʪʠ, ʚ ʪʦʤʫ ʯʠʩʣʽ 

ʤʝʨʝʞʥʽ ʽʥʪʝʨʬʝʡʩʥʽ ʧʣʘʪʠ (NIC), ʽʥʪʝʨʬʝʡʩʠ ʽ ʟ'ʻʜʥʫʚʘʯʽ, ʘ ʪʘʢʦʞ ʤʘʪʝʨʽʘʣʠ ʽ 



ʢʦʥʩʪʨʫʢʮʽʷ ʢʘʙʝʣʽʚ ʦʧʠʩʘʥʽ ʚ ʩʪʘʥʜʘʨʪʘʭ, ʱʦ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʬʽʟʠʯʥʦʛʦ ʨʽʚʥʷ. 

ʈʽʟʥʽ ʧʦʨʪʠ ʽ ʽʥʪʝʨʬʝʡʩʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ Cisco 1941 ʪʘʢʦʞ ʻ ʧʨʠʢʣʘʜʘʤʠ 

ʬʽʟʠʯʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʨʦʟ'ʻʤʠ ʽ ʩʭʝʤʠ ʧʽʜʢʣʶʯʝʥʥʷ ʢʦʥʪʘʢʪʽʚ ʜʣʷ ʷʢʠʭ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʩʪʘʥʜʘʨʪʘʤʠ. 

ʢʦʜʫʚʘʥʥʷ 

ʂʦʜʫʚʘʥʥʷ (ʬʽʟʠʯʥʝ ʢʦʜʫʚʘʥʥʷ) - ʮʝ ʩʧʦʩʽʙ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʦʪʦʢʫ ʙʽʪʽʚ ʚ 

ʧʝʚʥʠʡ çʢʦʜè. ʂʦʜʠ - ʮʝ ʛʨʫʧʠ ʙʽʪʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ 

ʧʝʨʝʜʙʘʯʫʚʘʥʠʭ ʢʦʤʙʽʥʘʮʽʡ, ʷʢʽ ʤʦʞʫʪʴ ʨʦʟʧʽʟʥʘʚʘʪʠʩʷ ʷʢ ʚʽʜʧʨʘʚʥʠʢʦʤ, ʪʘʢ ʽ 

ʦʜʝʨʞʫʚʘʯʝʤ. ʋ ʤʝʨʝʞʽ ʧʽʜ ʢʦʜʫʚʘʥʥʷʤ ʨʦʟʫʤʽʶʪʴʩʷ ʟʤʽʥʠ ʥʘʧʨʫʛʠ ʘʙʦ ʩʪʨʫʤʫ 

ʟʛʽʜʥʦ ʽʟ ʟʘʜʘʥʠʤʠ ʧʨʘʚʠʣʘʤʠ ʟ ʤʝʪʦʶ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʟʥʘʯʝʥʴ ʙʽʪʽʚ: ʥʫʣʽʚ ʽ 

ʦʜʠʥʠʮʴ. 

ʅʘʧʨʠʢʣʘʜ, ʧʨʠ ʤʘʥʯʝʩʪʝʨʩʴʢʦʤʫ ʢʦʜʫʚʘʥʥʽ ʥʫʣʽ ʙʫʜʫʪʴ ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʧʝʨʝʭʦʜʦʤ ʚʽʜ ʚʠʩʦʢʦʾ ʥʘʧʨʫʛʠ ʜʦ ʥʠʟʴʢʦʛʦ; ʘ ʦʜʠʥʠʮʽ - ʧʝʨʝʭʦʜʦʤ ʚʽʜ ʥʠʟʴʢʦʾ 

ʥʘʧʨʫʛʠ ʜʦ ʚʠʩʦʢʦʛʦ. ʇʨʠʢʣʘʜ ʤʘʥʯʝʩʪʝʨʩʴʢʦʛʦ ʢʦʜʫʚʘʥʥʷ ʧʦʢʘʟʘʥʠʡ ʥʘ 

ʤʘʣʶʥʢʫ 1. ʇʝʨʝʭʽʜ ʩʪʘʥʽʚ ʩʠʛʥʘʣʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʩʝʨʝʜʠʥʽ ʢʦʞʥʦʛʦ ʙʽʪʦʚʦʛʦ 

ʽʥʪʝʨʚʘʣʫ. ʎʝʡ ʪʠʧ ʢʦʜʫʚʘʥʥʷ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʨʘʥʥʽʭ ʤʦʜʠʬʽʢʘʮʽʷʭ Ethernet ʟʽ 

ʰʚʠʜʢʽʩʪʶ 10 ʄʙʽʪ / ʩ. ɼʣʷ ʙʽʣʴʰ ʚʠʩʦʢʠʭ ʰʚʠʜʢʦʩʪʝʡ ʧʝʨʝʜʘʯʽ ʧʦʪʨʽʙʥʦ ʙʽʣʴʰ 

ʩʢʣʘʜʥʝ ʢʦʜʫʚʘʥʥʷ. 

ʉʧʦʩʦʙʠ ʧʝʨʝʜʘʯʽ ʩʠʛʥʘʣʽʚ 

ɼʣʷ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʟʥʘʯʝʥʴ ʙʽʪʽʚ ç1è ʽ ç0è ʚ ʩʝʨʝʜʦʚʠʱʽ ʧʝʨʝʜʘʯʽ ʬʽʟʠʯʥʠʡ 

ʨʽʚʝʥʴ ʧʦʚʠʥʝʥ ʛʝʥʝʨʫʚʘʪʠ ʝʣʝʢʪʨʠʯʥʽ, ʦʧʪʠʯʥʽ ʘʙʦ ʨʘʜʽʦʩʠʛʥʘʣʠ. ʄʝʪʦʜ 

ʫʷʚʣʝʥʥʷ ʙʽʪʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʛʥʘʣʽʚ ʥʘʟʠʚʘʻʪʴʩʷ ʩʧʦʩʦʙʦʤ ʧʝʨʝʜʘʯʽ ʩʠʛʥʘʣʽʚ. 

ʉʪʘʥʜʘʨʪʠ ʬʽʟʠʯʥʦʛʦ ʨʽʚʥʷ ʧʦʚʠʥʥʽ ʚʠʟʥʘʯʘʪʠ, ʷʢʠʡ ʪʠʧ ʩʠʛʥʘʣʫ ʚʽʜʧʦʚʽʜʘʻ 

ʦʜʠʥʠʮʽ ( ç1è), ʘ ʷʢʠʡ ʥʫʣʶ ( ç0è). ɼʣʷ ʧʝʨʝʜʘʯʽ ʩʠʛʥʘʣʫ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʦʩʪʝ ʟʤʽʥʘ ʪʨʠʚʘʣʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʘʙʦ ʦʧʪʠʯʥʦʛʦ 

ʽʤʧʫʣʴʩʫ. ʅʘʧʨʠʢʣʘʜ, ʜʦʚʛʠʡ ʽʤʧʫʣʴʩ ʤʦʞʝ ʧʦʟʥʘʯʘʪʠ 1, ʘ ʢʦʨʦʪʢʠʡ - 0. 

ʎʝʡ ʩʧʦʩʽʙ ʘʥʘʣʦʛʽʯʥʠʡ ʢʦʜʫʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʟʙʫʢʠ ʄʦʨʟʝ. ɸʟʙʫʢʘ 

ʄʦʨʟʝ - ʮʝ ʦʜʠʥ ʽʟ ʩʧʦʩʦʙʽʚ ʧʝʨʝʜʘʯʽ ʪʝʢʩʪʦʚʠʭ ʧʦʚʽʜʦʤʣʝʥʴ ʧʦ ʪʝʣʝʬʦʥʥʠʭ 

ʜʨʦʪʘʭ ʘʙʦ ʤʽʞ ʩʫʜʘʤʠ ʚ ʤʦʨʝ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʚʫʢʦʚʠʭ ʘʙʦ ʩʚʽʪʣʦʚʠʭ ʽʤʧʫʣʴʩʽʚ 

ʘʙʦ ʥʘʪʠʩʢʘʥʴ ʪʝʣʝʛʨʘʬʥʦʛʦ ʢʣʶʯʘ ʨʽʟʥʦʾ ʪʨʠʚʘʣʦʩʪʽ. 

 
ʈʠʩ. 1.1.28 ʄʘʥʯʝʩʪʝʨʩʴʢʝ ʢʦʜʫʚʘʥʥʷ 



ɯʩʥʫʻ ʙʝʟʣʽʯ ʩʧʦʩʦʙʽʚ ʧʝʨʝʜʘʯʽ ʩʠʛʥʘʣʽʚ. ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʡ ʩʧʦʩʽʙ 

ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ - ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʦʜʫʣʷʮʽʾ. ʄʦʜʫʣʷʮʽʷ - ʮʝ ʧʨʦʮʝʩ ʟʤʽʥʠ 

ʧʘʨʘʤʝʪʨʽʚ ʦʜʥʽʻʾ ʭʚʠʣʽ (ʪ. ʅ. ʅʝʩʫʯʦʾ) ʟʛʽʜʥʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʽʥʰʠʡ ʭʚʠʣʽ 

(ʩʠʛʥʘʣʫ). 

ʇʨʠʨʦʜʘ ʬʘʢʪʠʯʥʠʭ ʩʠʛʥʘʣʽʚ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʙʽʪʠ ʚ ʟʘʩʦʙʘʭ 

ʧʽʜʢʣʶʯʝʥʥʷ, ʙʫʜʝ ʟʘʣʝʞʘʪʠ ʚʽʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʛʦ ʩʧʦʩʦʙʫ ʧʝʨʝʜʘʯʽ. 

 
ʈʠʩ. 1.1.29 ʏʘʩʪʦʪʥʘ ʤʦʜʫʣʷʮʽʷ ʩʠʛʥʘʣʫ 

ʇʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ 

ʈʽʟʥʽ ʬʽʟʠʯʥʽ ʟʘʩʦʙʠ ʧʽʜʢʣʶʯʝʥʥʷ ʧʽʜʪʨʠʤʫʶʪʴ ʨʽʟʥʽ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ 

ʙʽʪʽʚ. ʆʩʥʦʚʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʻ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ 

(bandwidth) ʽ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ (throughput). 

ʇʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ (bandwidth) - ʮʝ ʢʽʣʴʢʽʩʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʱʦ 

ʚʽʜʦʙʨʘʞʘʻ ʤʦʞʣʠʚʦʩʪʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʧʦ ʢʦʥʢʨʝʪʥʦʤʫ ʟʘʩʦʙʫ ʧʽʜʢʣʶʯʝʥʥʷ. ʋ 

ʮʠʬʨʦʚʠʭ ʤʝʨʝʞʘʭ ʧʽʜ ʧʨʦʧʫʩʢʥʦʶ ʩʧʨʦʤʦʞʥʽʩʪʶ ʨʦʟʫʤʽʻʪʴʩʷ ʦʙʩʷʛ ʜʘʥʠʭ, 

ʷʢʠʡ ʤʦʞʥʘ ʧʝʨʝʜʘʪʠ ʟ ʦʜʥʽʻʾ ʪʦʯʢʠ ʚ ʽʥʰʫ ʟʘ ʧʝʚʥʠʡ ʯʘʩ. ɿʘʟʚʠʯʘʡ ʧʨʦʧʫʩʢʥʘ 

ʟʜʘʪʥʽʩʪʴ ʚʠʤʽʨʶʻʪʴʩʷ ʚ ʢʽʣʦʙʽʪʘʭ ʚ ʩʝʢʫʥʜʫ (ʂʙʽʪ/ʩ), ʤʝʛʘʙʠʪʘʭ ʚ ʩʝʢʫʥʜʫ 

(ʄʙʽʪ/ʩ) ʘʙʦ ʛʽʛʘʙʽʪʘ ʚ ʩʝʢʫʥʜʫ (ɻʙʽʪ/ʩ). ɯʥʦʜʽ ʧʽʜ ʧʨʦʧʫʩʢʥʦʶ ʩʧʨʦʤʦʞʥʽʩʪʶ 

ʨʦʟʫʤʽʶʪʴ ʰʚʠʜʢʽʩʪʴ ʜʦʩʪʘʚʢʠ ʙʽʪʽʚ, ʭʦʯʘ ʮʝ ʥʝ ʟʦʚʩʽʤ ʪʦʯʥʦ. ʅʘʧʨʠʢʣʘʜ, ʽ ʚ 

ʤʝʨʝʞʽ Ethernet 10 ʄʙʽʪ/ʩ, ʽ ʚ ʤʝʨʝʞʽ Ethernet 100 ʄʙʽʪ/ʩ ʙʽʪʠ ʧʝʨʝʜʘʶʪʴʩʷ ʟʽ 

ʰʚʠʜʢʽʩʪʶ ʧʦʰʠʨʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʠʛʥʘʣʫ. ʈʽʟʥʠʮʷ ʧʦʣʷʛʘʻ ʚ ʢʽʣʴʢʦʩʪʽ ʙʽʪʽʚ, 

ʧʝʨʝʜʘʥʠʭ ʚ ʩʝʢʫʥʜʫ. 

ʌʘʢʪʠʯʥʘ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʤʝʨʝʞʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦʻʜʥʘʥʥʷʤ ʥʘʩʪʫʧʥʠʭ 

ʬʘʢʪʦʨʽʚ. 

ɺʣʘʩʪʠʚʦʩʪʽ ʬʽʟʠʯʥʠʭ ʟʘʩʦʙʽʚ ʧʽʜʢʣʶʯʝʥʥʷ 

ʊʝʭʥʦʣʦʛʽʾ ʧʝʨʝʜʘʯʽ ʽ ʚʠʷʚʣʝʥʥʷ ʩʠʛʥʘʣʽʚ ʚ ʤʝʨʝʞʽ 

ʅʘ ʨʝʘʣʴʥʫ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ʚʧʣʠʚʘʶʪʴ ʚʣʘʩʪʠʚʦʩʪʽ ʬʽʟʠʯʥʠʭ ʟʘʩʦʙʽʚ 

ʧʽʜʢʣʶʯʝʥʥʷ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʽ ʪʝʭʥʦʣʦʛʽʾ ʽ ʟʘʢʦʥʠ ʬʽʟʠʢʠ. 



ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ (throughput) - ʮʝ ʢʽʣʴʢʽʩʪʴ ʙʽʪʽʚ, ʱʦ ʧʝʨʝʜʘʶʪʴʩʷ ʟʘ 

ʢʦʰʪʘʤʠ ʧʽʜʢʣʶʯʝʥʥʷ ʟʘ ʧʝʚʥʠʡ ʧʝʨʽʦʜ ʯʘʩʫ. 

ʏʝʨʝʟ ʙʝʟʣʽʯ ʯʠʥʥʠʢʽʚ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ (throughput) ʟʘʟʚʠʯʘʡ ʥʝ ʚʽʜʧʦʚʽʜʘʻ 

ʟʘʷʚʣʝʥʽʡ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ (bandwidth) ʚ ʨʝʘʣʽʟʘʮʽʷʭ ʥʘ ʬʽʟʠʯʥʦʤʫ ʨʽʚʥʽ. ʅʘ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʚʧʣʠʚʘʻ ʨʷʜ ʬʘʢʪʦʨʽʚ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʪʘʢʽ. 

¶ ʦʙʩʷʛ ʪʨʘʬʽʢʫ 

¶ ʊʠʧ ʪʨʘʬʽʢʫ 

ʉʫʤʘʨʥʘ ʟʘʪʨʠʤʢʘ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʤʝʨʝʞʝʚʠʭ ʧʨʠʩʪʨʦʾʚ ʤʽʞ 

ʜʞʝʨʝʣʦʤ ʽ ʧʫʥʢʪʦʤ ʧʨʠʟʥʘʯʝʥʥʷ 

ɿʘʪʨʠʤʢʠ ʚ ʤʝʨʝʞʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʽʜʩʫʤʢʦʚʝ ʯʘʩ, ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʜʦʩʪʘʚʢʠ 

ʜʘʥʠʭ ʟ ʦʜʥʽʻʾ ʪʦʯʢʠ ʚ ʽʥʰʫ. 

ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ ʤʝʨʝʞʽ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʝʢʽʣʴʢʦʭ ʤʝʨʝʞ ʘʙʦ ʜʝʢʽʣʴʢʦʭ 

ʩʝʛʤʝʥʪʽʚ, ʥʝ ʤʦʞʝ ʧʝʨʝʚʠʱʫʚʘʪʠ ʰʚʠʜʢʽʩʪʴ ʩʘʤʦʛʦ ʧʦʚʽʣʴʥʦʛʦ ʟ'ʻʜʥʘʥʥʷ ʤʽʞ 

ʜʞʝʨʝʣʦʤ ʽ ʦʜʝʨʞʫʚʘʯʝʤ. ʅʘʚʽʪʴ ʷʢʱʦ ʚʩʝ ʘʙʦ ʙʽʣʴʰʽʩʪʴ ʩʝʛʤʝʥʪʽʚ ʤʘʶʪʴ 

ʚʠʩʦʢʫ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ, ʦʜʠʥ-ʻʜʠʥʠʡ ʩʝʛʤʝʥʪ ʟ ʥʠʟʴʢʦʶ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ 

ʩʪʚʦʨʠʪʴ ʚʫʟʴʢʝ ʤʽʩʮʝ ʽ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʚʩʽʻʾ ʤʝʨʝʞʽ ʙʫʜʝ ʟʥʠʞʝʥʘ. 

ɯʩʥʫʻ ʙʝʟʣʽʯ ʚʝʙ-ʩʝʨʚʽʩʽʚ ʧʝʨʝʚʽʨʢʠ ʰʚʠʜʢʦʩʪʽ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʜʽʟʥʘʪʠʩʷ 

ʨʝʘʣʴʥʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʽʥʪʝʨʥʝʪ-ʟ'ʻʜʥʘʥʥʷ. ʅʘ ʤʘʣʶʥʢʫ ʧʦʢʘʟʘʥʠʡ ʧʨʠʢʣʘʜ 

ʨʝʟʫʣʴʪʘʪʫ ʪʝʩʪʫʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ. 

ɯʩʥʫʻ ʪʘʢʦʞ ʪʨʝʪʽʡ ʧʘʨʘʤʝʪʨ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʧʝʨʝʜʘʯʫ ʢʦʨʠʩʥʠʭ ʜʘʥʠʭ, 

ʷʢʠʡ ʥʘʟʠʚʘʻʪʴʩʷ ʢʦʨʠʩʥʦʶ ʧʨʦʧʫʩʢʥʦʶ ʟʜʘʪʥʽʩʪʶ (goodput). ʂʦʨʠʩʥʘ 

ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ - ʮʝ ʦʙʩʷʛ ʢʦʨʠʩʥʠʭ ʜʘʥʠʭ, ʱʦ ʧʝʨʝʜʘʶʪʴʩʷ ʟʘ ʧʝʚʥʠʡ 

ʧʝʨʽʦʜ ʯʘʩʫ. ʂʦʨʠʩʥʘ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ (goodput) ʜʦʨʽʚʥʶʻ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

(throughput) ʟʘ ʚʠʨʘʭʫʚʘʥʥʷʤ ʩʣʫʞʙʦʚʦʛʦ ʪʨʘʬʽʢʫ, ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʩʝʘʥʩʽʚ, ʧʽʜʪʚʝʨʜʞʝʥʴ ʽ ʽʥʢʘʧʩʫʣʷʮʽʾ. 

ʊʠʧʠ ʬʽʟʠʯʥʠʭ ʟʘʩʦʙʽʚ ʧʽʜʢʣʶʯʝʥʥʷ 

ʌʽʟʠʯʥʠʡ ʨʽʚʝʥʴ ʟʘʙʝʟʧʝʯʫʻ ʧʦʜʘʥʥʷ ʧʦʪʦʢʫ ʙʽʪʽʚ ʫ ʚʠʛʣʷʜʽ ʟʤʽʥ ʨʽʚʥʽʚ 

ʥʘʧʨʫʛʠ, ʤʦʜʫʣʴʦʚʘʥʠʭ ʨʘʜʽʦʯʘʩʪʦʪʥʠʭ ʩʠʛʥʘʣʽʚ ʘʙʦ ʩʚʽʪʣʦʚʠʭ ʽʤʧʫʣʴʩʽʚ. 

ʆʨʛʘʥʽʟʘʮʽʷʤʠ ʟʽ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ ʙʫʣʠ ʩʧʽʣʴʥʦ ʚʠʨʦʙʣʝʥʽ ʚʠʤʦʛʠ ʜʦ ʬʽʟʠʯʥʠʭ, 

ʝʣʝʢʪʨʠʯʥʠʭ ʪʘ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʘʩʦʙʽʚ ʧʽʜʢʣʶʯʝʥʥʷ ʜʣʷ ʨʽʟʥʠʭ ʚʠʜʽʚ 

ʢʦʤʫʥʽʢʘʮʽʡ. ʎʽ ʩʧʝʮʠʬʽʢʘʮʽʾ ʛʘʨʘʥʪʫʶʪʴ ʥʘʣʝʞʥʫ ʨʦʙʦʪʫ ʢʘʙʝʣʽʚ ʽ ʨʦʟ'ʻʤʽʚ ʟ 

ʨʽʟʥʠʤʠ ʨʝʘʣʽʟʘʮʽʷʤʠ ʢʘʥʘʣʴʥʦʛʦ ʨʽʚʥʷ. 

ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʟʘʩʦʙʽʚ ʧʽʜʢʣʶʯʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʤʽʜʥʦʛʦ ʢʘʙʝʣʶ ʚʠʟʥʘʯʝʥʦ 

ʪʘʢʽ ʩʪʘʥʜʘʨʪʠ. 

¶ ʊʠʧ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʛʦ ʤʽʜʥʦʛʦ ʢʘʙʝʣʶ 

¶ ʇʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ 

¶ ʊʠʧ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʨʦʟ'ʻʤʽʚ 

¶ ʇʨʠʟʥʘʯʝʥʥʷ ʽ ʢʦʣʴʦʨʦʚʝ ʤʘʨʢʫʚʘʥʥʷ ʢʦʥʪʘʢʪʽʚ ʨʦʟ'ʻʤʽʚ ʢʦʰʪʠ 
ʧʽʜʢʣʶʯʝʥʥʷ 

¶ ʄʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘ ʜʦʚʞʠʥʘ ʢʘʙʝʣʶ 



 
ʈʠʩ. 1.1.30 ʊʠʧʠ ʽʥʪʝʨʬʝʡʩʽʚ ʽ ʧʦʨʪʽʚ, ʥʘʷʚʥʽ ʚ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽ 1941. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʽʜʥʠʭ ʢʘʙʝʣʽʚ 

ʄʽʜʥʽ ʢʘʙʝʣʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʤʝʨʝʞʘʭ ʯʝʨʝʟ ʾʭ ʥʝʚʠʩʦʢʫ ʚʘʨʪʽʩʪʴ, 

ʧʨʦʩʪʦʪʠ ʤʦʥʪʘʞʫ ʽ ʥʠʟʴʢʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ. ʆʜʥʘʢ ʧʨʠ ʧʝʨʝʜʘʯʽ ʩʠʛʥʘʣʽʚ 

ʧʦ ʤʽʜʥʠʭ ʢʘʙʝʣʷʭ ʤʦʞʫʪʴ ʙʫʪʠ ʚʩʪʘʥʦʚʣʝʥʽ ʦʙʤʝʞʝʥʥʷ ʧʦ ʜʘʣʴʥʦʩʪʽ ʧʝʨʝʜʘʯʽ ʽ 

ʟʘʚʘʜʦʩʪʽʡʢʦʩʪʽ. 

ɼʘʥʽ ʧʦ ʤʽʜʥʠʭ ʢʘʙʝʣʷʭ ʧʝʨʝʜʘʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʝʣʝʢʪʨʠʯʥʠʭ ʽʤʧʫʣʴʩʽʚ. 

ʇʨʠʡʤʘʯ ʚ ʤʝʨʝʞʝʚʦʤʫ ʽʥʪʝʨʬʝʡʩʽ ʮʽʣʴʦʚʦʛʦ ʧʨʠʩʪʨʦʶ ʧʦʚʠʥʝʥ ʦʪʨʠʤʘʪʠ 

ʪʘʢʠʡ ʩʠʛʥʘʣ, ʷʢʠʡ ʤʦʞʥʘ ʣʝʛʢʦ ʜʝʢʦʜʫʚʘʪʠ ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʚʽʜʧʨʘʚʣʝʥʦʛʦ 

ʩʠʛʥʘʣʫ. ʆʜʥʘʢ ʯʠʤ ʙʽʣʴʰʝ ʜʘʣʴʥʽʩʪʴ ʧʝʨʝʜʘʯʽ ʩʠʛʥʘʣʫ, ʪʠʤ ʩʠʣʴʥʽʰʝ ʚʽʥ 

ʩʧʦʪʚʦʨʶʻʪʴʩʷ. ʎʝ ʥʘʟʠʚʘʻʪʴʩʷ ʟʘʛʘʩʘʥʥʷʤ ʩʠʛʥʘʣʽʚ. ʊʦʤʫ ʜʣʷ ʚʩʽʭ ʟʘʩʦʙʽʚ 

ʧʽʜʢʣʶʯʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʤʽʜʥʠʭ ʢʘʙʝʣʽʚ ʚ ʩʪʘʥʜʘʨʪʘʭ ʚʩʪʘʥʦʚʣʝʥʽ ʩʫʚʦʨʽ 

ʦʙʤʝʞʝʥʥʷ ʥʘ ʜʘʣʴʥʽʩʪʴ ʧʝʨʝʜʘʯʽ. 

ʊʠʤʯʘʩʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʽ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ ʝʣʝʢʪʨʠʯʥʠʭ ʽʤʧʫʣʴʩʽʚ 

ʪʘʢʦʞ ʩʭʠʣʴʥʽ ʜʦ ʚʧʣʠʚʫ ʪʘʢʠʭ ʜʞʝʨʝʣ ʧʝʨʝʰʢʦʜ. 

ɽʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʧʝʨʝʰʢʦʜʠ (ɽʄʇ) ʘʙʦ ʨʘʜʽʦʯʘʩʪʦʪʥʽ ʧʝʨʝʰʢʦʜʠ (ʈʏʇ). 

ʉʠʛʥʘʣʠ ɽʄʇ ʽ ʈʏʇ ʤʦʞʫʪʴ ʩʧʦʪʚʦʨʶʚʘʪʠ ʽ ʧʦʨʫʰʫʚʘʪʠ ʩʠʛʥʘʣʠ ʜʘʥʠʭ, ʱʦ 

ʧʝʨʝʜʘʶʪʴʩʷ ʧʦ ʤʽʜʥʦʤʫ ʢʘʙʝʣʶ. ʇʦʪʝʥʮʽʡʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ɽʄʇ ʪʘ ʈʏʇ ʻ 

ʜʞʝʨʝʣʘ ʨʘʜʽʦʯʘʩʪʦʪʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʧʨʠʩʪʨʦʾ, 

ʥʘʧʨʠʢʣʘʜ ʬʣʫʦʨʝʩʮʝʥʪʥʽ ʣʘʤʧʠ ʘʙʦ ʝʣʝʢʪʨʦʜʚʠʛʫʥʠ (ʜʠʚ. ʄʘʣʶʥʦʢ). 

ʇʝʨʝʭʽʜʥʽ ʧʝʨʝʰʢʦʜʠ. ʎʝ ʧʝʨʝʰʢʦʜʠ, ʚʠʢʣʠʢʘʥʽ ʚʧʣʠʚʦʤ ʝʣʝʢʪʨʠʯʥʠʭ ʘʙʦ 

ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʩʠʛʥʘʣʫ ʦʜʥʦʛʦ ʢʘʙʝʣʶ ʥʘ ʩʠʛʥʘʣ ʩʫʩʽʜʥʴʦʛʦ ʢʘʙʝʣʶ. ʋ 

ʪʝʣʝʬʦʥʥʠʭ ʢʘʥʘʣʘʭ ʧʝʨʝʭʽʜʥʽ ʧʝʨʝʰʢʦʜʠ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʯʘʩʪʢʦʚʦʾ 

ʯʫʪʥʦʩʪʽ ʩʪʦʨʦʥʥʴʦʛʦ ʨʦʟʤʦʚʠ ʧʦ ʩʫʩʽʜʥʴʦʤʫ ʢʘʥʘʣʫ. ʇʨʠʯʠʥʘ ʮʴʦʛʦ ʚ ʪʦʤʫ, ʱʦ 

ʧʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ ʧʦ ʜʨʦʪʫ ʥʘʚʢʦʣʦ ʥʴʦʛʦ ʩʪʚʦʨʶʻʪʴʩʷ 

ʩʣʘʙʢʝ ʢʨʫʛʦʚʠʡ ʤʘʛʥʽʪʥʝ ʧʦʣʝ, ʷʢʝ ʤʦʞʝ ʚʧʣʠʚʘʪʠ ʥʘ ʩʫʩʽʜʥʽʡ ʧʨʦʚʽʜ. 

ʅʘʪʠʩʥʽʪʴ ʢʥʦʧʢʫ çɺʽʜʪʚʦʨʝʥʥʷè ʥʘ ʤʘʣʶʥʢʫ ʽ ʧʦʜʠʚʽʪʴʩʷ, ʷʢ ʧʝʨʝʰʢʦʜʠ 

ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʥʘ ʧʝʨʝʜʘʯʫ ʜʘʥʠʭ. 



 
ʈʠʩ. 1.1.31 ʗʢ ʚʠʥʠʢʘʶʪʴ ʧʝʨʝʰʢʦʜʠ ʫ ʩʠʛʥʘʣʽ 

ɼʣʷ ʟʘʭʠʩʪʫ ʚʽʜ ʰʢʽʜʣʠʚʦʛʦ ʚʧʣʠʚʫ ɽʄʇ ʽ ʈʏʇ ʜʝʷʢʽ ʪʠʧʠ ʤʽʜʥʠʭ ʢʘʙʝʣʽʚ 

ʦʙʛʦʨʥʫʪʽ ʤʝʪʘʣʝʚʦʾ ʝʢʨʘʥʫʻ ʦʙʦʣʦʥʢʦʶ. ʊʘʢʽ ʢʘʙʝʣʽ ʚʠʤʘʛʘʶʪʴ ʥʘʣʝʞʥʦʛʦ 

ʟʘʟʝʤʣʝʥʥʷ. 

ʋ ʜʝʷʢʠʭ ʪʠʧʘʭ ʤʽʜʥʠʭ ʢʘʙʝʣʽʚ ʜʨʦʪʠ ʢʦʞʥʦʾ ʧʘʨʠ ʩʢʨʫʯʝʥʽ ʤʽʞ ʩʦʙʦʶ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʝʬʝʢʪʠʚʥʝ ʧʨʠʜʫʰʝʥʥʷ ʧʝʨʝʭʽʜʥʠʭ ʧʝʨʝʰʢʦʜ. 

ɿʘʭʠʱʝʥʽʩʪʴ ʤʽʜʥʦʛʦ ʢʘʙʝʣʶ ʚʽʜ ʝʣʝʢʪʨʦʥʥʠʭ ʧʝʨʝʰʢʦʜ ʤʦʞʥʘ ʪʘʢʦʞ 

ʧʽʜʚʠʱʠʪʠ ʟʘ ʨʘʭʫʥʦʢ ʥʘʩʪʫʧʥʠʭ ʟʘʭʦʜʽʚ. 

ɺʠʙʽʨ ʪʠʧʫ ʽ ʢʘʪʝʛʦʨʽʾ ʢʘʙʝʣʶ, ʥʘʡʙʽʣʴʰ ʧʨʠʜʘʪʥʠʭ ʜʣʷ ʜʘʥʦʛʦ ʤʝʨʝʞʝʚʦʛʦ 

ʦʪʦʯʝʥʥʷ 

ʇʨʦʝʢʪʫʚʘʥʥʷ ʢʘʙʝʣʴʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʙʫʜʽʚʣʽ ʟ ʦʙʭʦʜʦʤ ʚʽʜʦʤʠʭ ʽ 

ʤʦʞʣʠʚʠʭ ʜʞʝʨʝʣ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ 

ɼʦʪʨʠʤʘʥʥʷ ʧʨʘʚʠʣ ʧʨʦʢʣʘʜʢʠ ʽ ʧʽʜʢʣʶʯʝʥʥʷ ʢʘʙʝʣʽʚ ʧʨʠ ʤʦʥʪʘʞʽ 

ʊʠʧʠ ʤʽʜʥʠʭ ʢʘʙʝʣʽʚ 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʤʝʨʝʞ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʨʠ ʦʩʥʦʚʥʠʭ ʪʠʧʠ ʤʽʜʥʠʭ ʢʘʙʝʣʽʚ. 

¶ ʅʝʝʢʨʘʥʦʚʘʥʘ ʢʨʫʯʝʥʘ ʧʘʨʘ (UTP) 

¶ ɽʢʨʘʥʦʚʘʥʘ ʢʨʫʯʝʥʘ ʧʘʨʘ (STP) 

¶ ʢʦʘʢʩʽʘʣʴʥʽ ʢʘʙʝʣʽ 

ʎʽ ʢʘʙʝʣʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʟ'ʻʜʥʘʥʥʷ ʚʫʟʣʽʚ ʣʦʢʘʣʴʥʦʾ ʤʝʨʝʞʽ ʽ 

ʧʽʜʢʣʶʯʝʥʥʷ ʧʨʠʩʪʨʦʾʚ ʤʝʨʝʞʝʚʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʪʘʢʠʭ ʷʢ ʢʦʤʫʪʘʪʦʨʠ, 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ ʽ ʙʝʟʜʨʦʪʦʚʽ ʪʦʯʢʠ ʜʦʩʪʫʧʫ. ʋ ʩʪʘʥʜʘʨʪʘʭ ʬʽʟʠʯʥʦʛʦ ʨʽʚʥʷ 

ʦʧʠʩʘʥʽ ʚʠʤʦʛʠ ʜʦ ʢʘʙʝʣʽʚ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʪʠʧʽʚ ʟ'ʻʜʥʘʥʥʷ ʽ ʚʽʜʧʦʚʽʜʥʠʭ ʾʤ 

ʧʨʠʩʪʨʦʾʚ. 

ʈʽʟʥʽ ʩʪʘʥʜʘʨʪʠ ʬʽʟʠʯʥʦʛʦ ʨʽʚʥʷ ʚʠʤʘʛʘʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʨʦʟ'ʻʤʽʚ. 

ʎʽ ʩʪʘʥʜʘʨʪʠ ʚʠʟʥʘʯʘʶʪʴ ʬʽʟʠʯʥʽ ʨʦʟʤʽʨʠ ʽ ʜʦʧʫʩʪʠʤʽ ʝʣʝʢʪʨʠʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʞʥʦʛʦ ʪʠʧʫ ʨʦʟ'ʻʤʽʚ. ʋ ʟʘʩʦʙʘʭ ʤʝʨʝʞʝʚʦʛʦ ʧʽʜʢʣʶʯʝʥʥʷ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʩʪʦʛʦ ʧʽʜʢʣʶʯʝʥʥʷ ʽ ʚʽʜʢʣʶʯʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʦʜʫʣʴʥʽ 

ʛʥʽʟʜʘ ʽ ʰʪʝʢʝʨʠ. ʇʨʠ ʮʴʦʤʫ ʬʽʟʠʯʥʽ ʨʦʟ'ʻʤʠ ʦʜʥʦʛʦ ʪʠʧʫ ʤʦʞʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʜʝʢʽʣʴʢʦʭ ʪʠʧʽʚ ʧʽʜʢʣʶʯʝʥʴ. ʅʘʧʨʠʢʣʘʜ, ʨʦʟ'ʻʤ RJ-45 



ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʣʦʢʘʣʴʥʠʭ ʤʝʨʝʞʘʭ (LAN) ʟ ʦʜʥʠʤ ʪʠʧʦʤ ʟʘʩʦʙʽʚ 

ʧʽʜʢʣʶʯʝʥʥʷ, ʘ ʚ ʜʝʷʢʠʭ ʛʣʦʙʘʣʴʥʠʭ ʤʝʨʝʞʘʭ (WAN) - ʟ ʽʥʰʠʤ ʪʠʧʦʤ. 

ʂʘʙʝʣʴ ʥʘ ʦʩʥʦʚʽ ʥʝʝʢʨʘʥʦʚʘʥʦʾ ʢʨʫʯʝʥʠʡ ʧʘʨʠ 

ʂʘʙʝʣʽ ʥʘ ʦʩʥʦʚʽ ʥʝʝʢʨʘʥʦʚʘʥʦʾ ʢʨʫʯʝʥʠʡ ʧʘʨʠ (UTP) ʻ ʥʘʡʧʦʰʠʨʝʥʽʰʠʤ 

ʟʘʩʦʙʦʤ ʧʽʜʢʣʶʯʝʥʥʷ. ʂʘʙʝʣʽ UTP ʟ ʨʦʟ'ʻʤʘʤʠ RJ-45 ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʟ'ʻʜʥʘʥʥʷ ʚʫʟʣʽʚ ʟ ʧʨʦʤʽʞʥʠʤʠ ʤʝʨʝʞʝʚʠʤʠ ʧʨʠʩʪʨʦʷʤʠ, ʪʘʢʠʤʠ ʷʢ ʢʦʤʫʪʘʪʦʨʠ 

ʽ ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ. 

ʂʘʙʝʣʴ UTP ʜʣʷ ʣʦʢʘʣʴʥʠʭ ʤʝʨʝʞ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʯʦʪʠʨʴʦʭ ʩʢʨʫʯʝʥʠʭ ʧʘʨ 

ʧʨʦʚʽʜʥʠʢʽʚ ʟ ʢʦʣʴʦʨʦʚʠʤ ʤʘʨʢʫʚʘʥʥʷʤ, ʷʢʽ ʫʢʣʘʜʝʥʽ ʚ ʟʘʛʘʣʴʥʫ ʛʥʫʯʢʫ 

ʧʣʘʩʪʠʢʦʚʫ ʦʙʦʣʦʥʢʫ, ʱʦ ʟʘʭʠʱʘʻ ʢʘʙʝʣʴ ʚʽʜ ʥʝʟʥʘʯʥʠʭ ʧʦʰʢʦʜʞʝʥʴ. 

ʉʢʨʫʯʫʚʘʥʥʷ ʧʨʦʚʽʜʥʠʢʽʚ ʟʥʠʞʫʻ ʚʧʣʠʚ ʧʝʨʝʰʢʦʜ ʚʽʜ ʽʥʰʠʭ ʧʨʦʚʽʜʥʠʢʽʚ. 

ʅʘ ʤʘʣʶʥʢʫ ʧʦʢʘʟʘʥʦ, ʷʢ ʢʦʣʴʦʨʦʚʝ ʤʘʨʢʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ 

ʧʘʨʠ ʽ ʧʨʦʚʽʜʥʠʢʠ, ʘ ʪʘʢʦʞ ʧʦʣʝʛʰʫʻ ʦʢʦʥʮʦʚʢʝ ʢʘʙʝʣʽʚ. 

ʂʘʙʝʣʴ ʥʘ ʦʩʥʦʚʽ ʝʢʨʘʥʦʚʘʥʦʾ ʢʨʫʯʝʥʠʡ ʧʘʨʠ 

ʂʘʙʝʣʽ ʥʘ ʦʩʥʦʚʽ ʝʢʨʘʥʦʚʘʥʦʾ ʢʨʫʯʝʥʠʡ ʧʘʨʠ (STP) ʢʨʘʱʝ ʟʘʭʠʱʝʥʽ ʚʽʜ 

ʧʝʨʝʰʢʦʜ, ʥʽʞ ʢʘʙʝʣʽ UTP. ɸʣʝ ʧʨʠ ʮʴʦʤʫ ʚʦʥʠ ʟʥʘʯʥʦ ʜʦʨʦʞʯʝ, ʽ ʾʭ ʩʢʣʘʜʥʽʰʝ 

ʤʦʥʪʫʚʘʪʠ. ʗʢ ʽ ʜʣʷ ʢʘʙʝʣʽʚ ʪʠʧʫ UTP, ʜʣʷ ʢʘʙʝʣʽʚ STP ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʨʦʟ'ʻʤ 

RJ-45. 

 
ʈʠʩ. 1.1.32 ɹʫʜʦʚʘ ʚʠʪʦʾ ʧʘʨʠ 

ʋ ʢʘʙʝʣʷʭ STP ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʷʢ ʝʢʨʘʥʫʚʘʥʥʷ ʜʣʷ ʟʘʭʠʩʪʫ ʚʽʜ ɽʄʇ ʽ ʈʏʇ, 

ʪʘʢ ʽ ʩʢʨʫʯʫʚʘʥʥʷ ʧʨʦʚʽʜʥʠʢʽʚ ʜʣʷ ʟʘʭʠʩʪʫ ʚʽʜ ʧʝʨʝʭʽʜʥʠʭ ʧʝʨʝʰʢʦʜ. ɼʣʷ 

ʦʪʨʠʤʘʥʥʷ ʥʘʡʙʽʣʴʰ ʧʦʚʥʦʛʦ ʝʬʝʢʪʫ ʚʽʜ ʝʢʨʘʥʫʚʘʥʥʷ ʢʘʙʝʣʽ STP ʦʩʥʘʱʫʶʪʴʩʷ 

ʩʧʝʮʽʘʣʴʥʠʤʠ ʝʢʨʘʥʦʚʘʥʠʤʠ ʨʦʟ'ʻʤʘʤʠ ʜʣʷ ʣʽʥʽʡ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ STP. ʗʢʱʦ 

ʪʘʢʠʡ ʢʘʙʝʣʴ ʥʝ ʟʘʟʝʤʣʠʪʠ ʥʘʣʝʞʥʠʤ ʯʠʥʦʤ, ʪʦ ʝʢʨʘʥ ʤʦʞʝ ʜʽʷʪʠ ʷʢ ʘʥʪʝʥʘ ʽ 

ʧʨʠʡʤʘʪʠ ʥʝʙʘʞʘʥʽ ʩʠʛʥʘʣʠ. 

ʅʘ ʤʘʣʶʥʢʫ ʧʦʢʘʟʘʥʠʡ ʢʘʙʝʣʴ STP, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʯʦʪʠʨʴʦʭ ʧʘʨ 

ʧʨʦʚʽʜʥʠʢʽʚ, ʦʙʛʦʨʥʫʪʠʭ ʚ ʦʢʨʝʤʽ ʝʢʨʘʥʠ ʟ ʬʦʣʴʛʠ, ʷʢʽ ʟʚʝʨʭʫ ʱʝ ʨʘʟʦʤ 

ʦʙʛʦʨʥʫʪʽ ʟʘʛʘʣʴʥʦʾ ʝʢʨʘʥʫʻ ʦʧʣʽʪʢʦʶ ʘʙʦ ʬʦʣʴʛʦʶ. 

ʂʦʘʢʩʽʘʣʴʥʠʡ ʢʘʙʝʣʴ 



ʂʦʘʢʩʽʘʣʴʥʠʡ ʢʘʙʝʣʴ ʥʘʟʠʚʘʻʪʴʩʷ ʪʘʢ ʪʦʤʫ, ʱʦ ʚʽʥ ʤʽʩʪʠʪʴ ʜʚʘ ʩʧʽʚʚʽʩʥʠʭ 

ʧʨʦʚʽʜʥʠʢʘ. ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʤʘʣʶʥʢʫ, ʢʦʘʢʩʽʘʣʴʥʠʡ ʢʘʙʝʣʴ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʥʘʩʪʫʧʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

ʄʽʜʥʠʡ ʧʨʦʚʽʜʥʠʢ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʝʨʝʜʘʯʽ ʝʣʝʢʪʨʠʯʥʠʭ 

ʩʠʛʥʘʣʽʚ. 

ʐʘʨ ʛʥʫʯʢʦʾ ʧʣʘʩʪʠʢʦʚʦʾ ʽʟʦʣʷʮʽʾ ʥʘʚʢʦʣʦ ʤʽʜʥʦʛʦ ʧʨʦʚʽʜʥʠʢʘ. 

ʄʽʜʥʘ ʦʧʣʝʪʢʘ ʘʙʦ ʤʝʪʘʣʝʚʫ ʬʦʣʴʛʫ, ʥʘʚʢʦʣʠʰʥʻ ʰʘʨ ʽʟʦʣʶʶʯʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʽ ʚʠʩʪʫʧʘʻ ʚ ʷʢʦʩʪʽ ʜʨʫʛʦʛʦ ʧʨʦʚʦʜʫ ʚ ʣʘʥʮʶʟʽ, ʘ ʪʘʢʦʞ ʝʢʨʘʥʫ ʜʣʷ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʨʦʚʽʜʥʠʢʘ. ʎʝʡ ʜʨʫʛʠʡ ʰʘʨ, ʟʚʘʥʠʡ ʝʢʨʘʥʦʤ, ʪʘʢʦʞ ʟʥʠʞʫʻ 

ʨʽʚʝʥʴ ʟʦʚʥʽʰʥʽʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʟʘʚʘʜ. 

ɿʦʚʥʽ ʢʘʙʝʣʴ ʧʦʢʨʠʪʠʡ ʢʘʙʝʣʴʥʦʾ ʦʙʦʣʦʥʢʦʶ ʜʣʷ ʟʘʭʠʩʪʫ ʚʽʜ ʥʝʟʥʘʯʥʠʭ 

ʬʽʟʠʯʥʠʭ ʫʰʢʦʜʞʝʥʴ. 

ɿ ʢʦʘʢʩʽʘʣʴʥʠʤ ʢʘʙʝʣʝʤ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʪʠʧʠ ʨʦʟ'ʻʤʽʚ. 

ʍʦʯʘ ʚ ʩʫʯʘʩʥʠʭ ʤʝʨʝʞʘʭ Ethernet ʢʦʘʢʩʽʘʣʴʥʽ ʢʘʙʝʣʽ ʬʘʢʪʠʯʥʦ 

ʧʦʩʪʫʧʠʣʠʩʷ ʤʽʩʮʝʤ ʢʘʙʝʣʷʤ UTP, ʢʘʙʝʣʽ ʢʦʘʢʩʽʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʥʘʩʪʫʧʥʠʭ ʦʙʣʘʩʪʷʭ. 

 
ʈʠʩ. 1.1.33 ɹʫʜʦʚʘ ʢʦʘʢʩʽʘʣʴʥʦʛʦ ʢʘʙʝʣʷ 

ʋʩʪʘʪʢʫʚʘʥʥʷ ʙʝʟʜʨʦʪʦʚʠʭ ʤʝʨʝʞ. ʂʦʘʢʩʽʘʣʴʥʽ ʢʘʙʝʣʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʜʣʷ ʧʽʜʢʣʶʯʝʥʥʷ ʘʥʪʝʥ ʜʦ ʧʨʠʩʪʨʦʾʚ ʙʝʟʜʨʦʪʦʚʦʛʦ ʟʚ'ʷʟʢʫ. ʂʦʘʢʩʽʘʣʴʥʠʡ ʢʘʙʝʣʴ 

ʟʘʙʝʟʧʝʯʫʻ ʧʝʨʝʜʘʯʫ ʝʥʝʨʛʽʾ ʨʘʜʽʦʯʘʩʪʦʪʥʠʭ ʩʠʛʥʘʣʽʚ ʤʽʞ ʘʥʪʝʥʘʤʠ ʽ 

ʨʘʜʽʦʫʩʪʘʪʢʫʚʘʥʥʷʤ. 

ʄʝʨʝʞʽ ʢʘʙʝʣʴʥʦʛʦ ʪʝʣʝʙʘʯʝʥʥʷ ʟ ʜʦʩʪʫʧʦʤ ʚ ɯʥʪʝʨʥʝʪ. ʆʧʝʨʘʪʦʨʠ 

ʢʘʙʝʣʴʥʠʭ ʤʝʨʝʞ ʧʨʦʧʦʥʫʶʪʴ ʩʚʦʾʤ ʢʣʽʻʥʪʘʤ ʜʦʩʪʫʧ ʚ ɯʥʪʝʨʥʝʪ, ʯʘʩʪʢʦʚʦ 

ʟʘʤʽʥʶʶʯʠ ʢʦʘʢʩʽʘʣʴʥʽ ʢʘʙʝʣʽ ʽ ʚʽʜʧʦʚʽʜʥʽ ʧʽʜʩʠʣʶʚʘʣʴʥʽ ʝʣʝʤʝʥʪʠ ʥʘ 

ʦʧʪʦʚʦʣʦʢʦʥʥʽ ʢʘʙʝʣʽ. ʆʜʥʘʢ ʟ'ʻʜʥʘʥʥʷ ʚ ʧʨʠʤʽʱʝʥʥʷʭ ʢʣʽʻʥʪʽʚ ʷʢ ʽ ʨʘʥʽʰʝ 

ʚʠʢʦʥʫʶʪʴʩʷ ʢʦʘʢʩʽʘʣʴʥʠʤʠ ʢʘʙʝʣʷʤʠ. 

ɹʝʟʧʝʢʘ ʤʽʜʥʠʭ ʢʘʙʝʣʽʚ 



ʇʨʠ ʨʦʙʦʪʽ ʟ ʤʽʜʥʠʤʠ ʢʘʙʝʣʷʤʠ ʚʩʽʭ ʪʨʴʦʭ ʪʠʧʽʚ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʾʭ 

ʧʦʪʝʥʮʽʡʥʫ ʧʦʞʝʞʦʥʝʙʝʟʧʝʢʘ ʽ ɽʣʝʢʪʨʦʥʝʙʝʟʧʝʢʘ. 

ɰʭ ʧʦʞʝʞʦʥʝʙʝʟʧʝʢʘ ʦʙʫʤʦʚʣʝʥʘ ʤʦʞʣʠʚʦʶ ʛʦʨʶʯʝʩʪʴʶ ʽʟʦʣʷʮʽʾ ʪʘ 

ʦʙʦʣʦʥʦʢ ʘʙʦ ʪʦʢʩʠʯʥʽʩʪʶ ʚʠʜʽʣʷʻʪʴʩʷ ʧʨʠ ʾʭ ʥʘʛʨʽʚʘʥʥʽ ʘʙʦ ʛʦʨʽʥʥʽ ʜʠʤʫ. 

ʉʣʫʞʙʠ ʘʙʦ ʦʨʛʘʥʽʟʘʮʽʾ ʪʝʭʥʽʯʥʦʛʦ ʥʘʛʣʷʜʫ ʟʘ ʙʫʜʽʚʥʠʮʪʚʦʤ ʤʦʞʫʪʴ 

ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʚʽʜʧʦʚʽʜʥʽ ʩʪʘʥʜʘʨʪʠ ʙʝʟʧʝʢʠ ʜʣʷ ʧʨʦʢʣʘʜʢʠ ʢʘʙʝʣʽʚ ʽ 

ʧʽʜʢʣʶʯʝʥʥʷ ʦʙʣʘʜʥʘʥʥʷ. 

ɽʣʝʢʪʨʦʥʝʙʝʟʧʝʢʘ ʤʽʜʥʠʭ ʢʘʙʝʣʽʚ ʟʫʤʦʚʣʝʥʘ ʾʭ ʟʜʘʪʥʽʩʪʶ ʧʨʦʚʦʜʠʪʠ 

ʝʣʝʢʪʨʠʯʥʽ ʩʪʨʫʤʠ ʚ ʥʝʧʝʨʝʜʙʘʯʝʥʠʭ ʚʠʧʘʜʢʘʭ. ʇʨʠ ʮʴʦʤʫ ʧʝʨʩʦʥʘʣ ʽ 

ʦʙʣʘʜʥʘʥʥʷ ʧʽʜʜʘʶʪʴʩʷ ʨʽʟʥʠʤ ʥʝʙʝʟʧʝʢʘʤ. ʅʘʧʨʠʢʣʘʜ, ʩʪʨʫʤ ʚʽʜ ʥʝʩʧʨʘʚʥʦʛʦ 

ʤʝʨʝʞʝʚʦʛʦ ʧʨʠʩʪʨʦʶ ʤʦʞʝ ʥʘʜʭʦʜʠʪʠ ʥʘ ʢʦʨʧʫʩʘ ʽʥʰʠʭ ʤʝʨʝʞʝʚʠʭ ʧʨʠʩʪʨʦʾʚ. 

ʂʨʽʤ ʪʦʛʦ, ʧʨʠ ʟ'ʻʜʥʘʥʥʽ ʧʨʠʩʪʨʦʾʚ, ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ʷʢʠʭ ʤʘʶʪʴ ʨʽʟʥʽ 

ʝʣʝʢʪʨʠʯʥʽ ʧʦʪʝʥʮʽʘʣʠ, ʥʘ ʤʝʨʝʞʝʚʠʭ ʢʘʙʝʣʷʭ ʤʦʞʫʪʴ ʩʪʚʦʨʶʚʘʪʠʩʷ ʥʝʙʘʞʘʥʽ 

ʨʽʚʥʽ ʥʘʧʨʫʛʠ. ʊʘʢʽ ʩʠʪʫʘʮʽʾ ʤʦʞʣʠʚʽ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʽʜʥʠʭ ʢʘʙʝʣʽʚ ʜʣʷ 

ʟ'ʻʜʥʘʥʥʷ ʤʝʨʝʞ ʚ ʨʽʟʥʠʭ ʙʫʜʽʚʣʷʭ ʘʙʦ ʥʘ ʨʽʟʥʠʭ ʧʦʚʝʨʭʘʭ ʙʫʜʽʚʣʽ, ʱʦ ʤʘʶʪʴ 

ʥʝʟʘʣʝʞʥʽ ʜʞʝʨʝʣʘ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ. ʅʘʨʝʰʪʽ, ʤʽʜʥʽ ʢʘʙʝʣʽ ʤʦʞʫʪʴ ʧʨʦʚʦʜʠʪʠ 

ʥʘʧʨʫʛʠ, ʚʠʢʣʠʢʘʥʽ ʧʦʪʨʘʧʣʷʥʥʷʤ ʙʣʠʩʢʘʚʦʢ ʚ ʤʝʨʝʞʝʚʽ ʧʨʠʩʪʨʦʾ. 

ʎʽ ʥʝʙʘʞʘʥʽ ʥʘʧʨʫʛʠ ʽ ʩʪʨʫʤʠ ʤʦʞʫʪʴ ʧʦʰʢʦʜʞʫʚʘʪʠ ʤʝʨʝʞʝʚʽ ʧʨʠʩʪʨʦʾ ʽ 

ʧʽʜʢʣʶʯʝʥʽ ʜʦ ʥʠʭ ʢʦʤʧ'ʶʪʝʨʠ, ʘ ʪʘʢʦʞ ʪʨʘʚʤʫʚʘʪʠ ʧʝʨʩʦʥʘʣ. ʊʦʤʫ, ʱʦʙ 

ʫʥʠʢʥʫʪʠ ʥʝʱʘʩʥʠʭ ʚʠʧʘʜʢʽʚ ʽ ʧʦʰʢʦʜʞʝʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʧʨʠ ʤʦʥʪʘʞʽ ʤʽʜʥʠʭ 

ʢʘʙʝʣʽʚ, ʥʝʦʙʭʽʜʥʦ ʩʪʨʦʛʦ ʜʦʪʨʠʤʫʚʘʪʠʩʷ ʙʫʜʽʚʝʣʴʥʽ ʥʦʨʤʠ ʽ ʧʨʘʚʠʣʘ. 

ʅʘ ʤʘʣʶʥʢʫ ʧʦʢʘʟʘʥʽ ʦʩʥʦʚʥʽ ʧʨʠʥʮʠʧʠ ʤʦʥʪʘʞʫ ʢʘʙʝʣʴʥʠʭ ʟ'ʻʜʥʘʥʴ, ʱʦ 

ʟʥʠʞʫʶʪʴ ʥʝʙʝʟʧʝʢʫ ʟʘʡʤʘʥʥʷ ʘʙʦ ʫʨʘʞʝʥʥʷ ʝʣʝʢʪʨʠʯʥʠʤ ʩʪʨʫʤʦʤ. 

ɺʣʘʩʪʠʚʦʩʪʽ ʢʘʙʝʣʽʚ UTP 

ʂʘʙʝʣʴ ʥʘ ʦʩʥʦʚʽ ʥʝʝʢʨʘʥʦʚʘʥʦʾ ʢʨʫʯʝʥʠʡ ʧʘʨʠ (UTP), ʷʢʠʡ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʷʢʦʩʪʽ ʟʘʩʦʙʫ ʤʝʨʝʞʝʚʦʛʦ ʧʽʜʢʣʶʯʝʥʥʷ, ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʯʦʪʠʨʴʦʭ ʩʢʨʫʯʝʥʠʭ ʧʘʨ ʤʽʜʥʠʭ ʧʨʦʚʽʜʥʠʢʽʚ ʟ ʢʦʣʴʦʨʦʚʠʤ ʤʘʨʢʫʚʘʥʥʷʤ, 

ʫʢʣʘʜʝʥʠʭ ʚ ʟʘʛʘʣʴʥʫ ʛʥʫʯʢʫ ʧʣʘʩʪʠʢʦʚʫ ʦʙʦʣʦʥʢʫ. ɿʘʚʜʷʢʠ ʥʝʚʝʣʠʢʦʤʫ 

ʜʽʘʤʝʪʨʫ ʢʘʙʝʣʶ ʡʦʛʦ ʟʨʫʯʥʦ ʤʦʥʪʫʚʘʪʠ. 

ʋ ʢʘʙʝʣʷʭ UTP ʥʝ ʧʝʨʝʜʙʘʯʝʥʦ ʝʢʨʘʥʫʚʘʥʥʷ ʜʣʷ ʟʘʭʠʩʪʫ ʚʽʜ ɽʄʇ ʽ ʈʏʇ. 

ɿʘʤʽʩʪʴ ʮʴʦʛʦ ʜʣʷ ʦʙʤʝʞʝʥʥʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʧʝʨʝʭʽʜʥʠʭ ʧʝʨʝʰʢʦʜ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʪʘʢʽ ʨʽʰʝʥʥʷ, ʩʚʦʛʦ ʯʘʩʫ ʟʥʘʡʜʝʥʽ ʧʨʦʝʢʪʫʚʘʣʴʥʠʢʘʤʠ ʢʘʙʝʣʽʚ. 

 
ʈʠʩ. 1.1.34 ɺʠʪʘ ʧʘʨʘ ʩʪʘʥʜʘʨʪʫ UTP 3 

ʊʝʧʝʨ ʧʨʦʝʢʪʫʚʘʣʴʥʠʢʠ ʦʙ'ʻʜʥʫʶʪʴ ʜʨʦʪʠ ʦʜʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʢʦʣʘ ʚ 

ʧʘʨʫ. ʇʨʠ ʨʦʟʤʽʱʝʥʥʽ ʜʚʦʭ ʧʨʦʚʦʜʽʚ ʦʜʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʢʦʣʘ ʚ ʙʝʟʧʦʩʝʨʝʜʥʽʡ 

ʙʣʠʟʴʢʦʩʪʽ ʦʜʠʥ ʜʦ ʦʜʥʦʛʦ ʤʘʛʥʽʪʥʽ ʧʦʣʷ ʥʘʚʢʦʣʦ ʥʠʭ ʧʨʦʪʠʣʝʞʥʽ ʦʜʥʘ ʦʜʥʽʡ. 



ʊʦʤʫ ʜʚʘ ʤʘʛʥʽʪʥʠʭ ʧʦʣʷ ʚʟʘʻʤʥʦ ʢʦʤʧʝʥʩʫʶʪʴʩʷ, ʘ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 

ʢʦʤʧʝʥʩʘʮʽʷ ʚʧʣʠʚʫ ʟʦʚʥʽʰʥʽʭ ɽʄʇ ʽ ʈʏʇ. 

ʈʽʟʥʠʡ ʢʨʦʢ ʚʠʪʢʽʚ ʚ ʧʘʨʘʭ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʫ ʧʨʠʜʫʰʝʥʥʷ ʧʝʨʝʰʢʦʜ 

ʧʨʦʝʢʪʫʚʘʣʴʥʠʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʠʡ ʢʨʦʢ ʚʠʪʢʽʚ ʚ ʩʫʩʽʜʥʽʭ ʧʘʨʘʭ ʦʜʥʦʛʦ 

ʢʘʙʝʣʶ. ʂʘʙʝʣʽ UTP ʧʦʚʠʥʥʽ ʪʦʯʥʦ ʚʽʜʧʦʚʽʜʘʪʠ ʩʧʝʮʠʬʽʢʘʮʽʷʤ, ʷʢʠʡ 

ʨʝʛʣʘʤʝʥʪʫʻ ʜʦʧʫʩʪʠʤʫ ʢʽʣʴʢʽʩʪʴ ʚʠʪʢʽʚ ʥʘ 1 ʤʝʪʨ ʢʘʙʝʣʶ. ɿʚʝʨʥʽʪʴ ʫʚʘʛʫ, ʱʦ 

ʥʘ ʤʘʣʶʥʢʫ ʧʦʤʘʨʘʥʯʝʚʠʡ ʽ ʙʽʣʦ-ʧʦʤʘʨʘʥʯʝʚʠʡ ʜʨʦʪʫ ʩʢʨʫʯʝʥʽ ʨʽʜʰʝ, ʥʽʞ ʩʠʥʽʡ 

ʽ ʙʽʣʦ-ʩʠʥʽʡ. ʇʘʨʠ ʨʽʟʥʠʭ ʢʦʣʴʦʨʽʚ ʩʢʨʫʯʝʥʽ ʟ ʨʽʟʥʠʤ ʢʨʦʢʦʤ ʩʢʨʫʪʢʠ. 

ʋ ʢʘʙʝʣʷʭ UTP ʟʘʭʠʩʪ ʚʽʜ ʩʧʦʪʚʦʨʝʥʴ ʩʠʛʥʘʣʫ ʽ ʝʬʝʢʪʠʚʥʝ 

ʩʘʤʦʝʢʨʘʥʽʨʦʚʘʥʽʝ ʧʘʨ ʧʨʦʚʦʜʽʚ ʟʜʽʡʩʥʶʶʪʴʩʷ ʚʠʢʣʶʯʥʦ ʟʘ ʨʘʭʫʥʦʢ ʝʬʝʢʪʫ 

ʧʨʠʜʫʰʝʥʥʷ ʧʝʨʝʰʢʦʜ, ʱʦ ʜʦʩʷʛʘʻʪʴʩʷ ʩʢʨʫʯʫʚʘʥʥʷʤ ʜʨʦʪʽʚ ʚ ʧʘʨʽ. 

ʉʪʘʥʜʘʨʪʠ ʧʨʦʢʣʘʜʢʠ ʢʘʙʝʣʽʚ UTP 

ʂʘʙʝʣʽ UTP ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤ ʩʪʘʥʜʘʨʪʽʚ, ʩʧʽʣʴʥʦ ʚʠʨʦʙʣʝʥʠʭ 

ʦʨʛʘʥʽʟʘʮʽʷʤʠ TIA ʽ EIA. ɿʦʢʨʝʤʘ, ʚ ʩʪʘʥʜʘʨʪʽ TIA / EIA-568A ʦʧʠʩʫʶʪʴʩʷ 

ʪʝʭʥʽʯʥʽ ʚʠʤʦʛʠ ʜʦ ʧʨʦʢʣʘʜʘʥʥʷ ʢʘʙʝʣʶ ʚ ʣʦʢʘʣʴʥʠʭ ʤʝʨʝʞʘʭ. ʎʝ ʥʘʡʙʽʣʴʰ 

ʯʘʩʪʦ ʚʞʠʚʘʥʠʡ ʚ ʮʽʡ ʩʬʝʨʽ ʩʪʘʥʜʘʨʪ. ʋ ʥʴʦʤʫ, ʟʦʢʨʝʤʘ, ʚʠʟʥʘʯʝʥʦ ʪʘʢʽ 

ʝʣʝʤʝʥʪʠ. 

¶ʪʠʧʠ ʢʘʙʝʣʽʚ 

¶ʜʦʚʞʠʥʘ ʢʘʙʝʣʽʚ 

¶ʨʦʟ'ʻʤʠ 

¶ʦʢʦʥʮʦʚʢʝ ʢʘʙʝʣʽʚ 

¶ʄʝʪʦʜʠ ʪʝʩʪʫʚʘʥʥʷ ʢʘʙʝʣʽʚ 

ɽʣʝʢʪʨʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʽʜʥʠʭ ʢʘʙʝʣʽʚ ʚʠʟʥʘʯʘʶʪʴʩʷ ɯʥʩʪʠʪʫʪʦʤ 

ʽʥʞʝʥʝʨʽʚ ʟ ʝʣʝʢʪʨʦʪʝʭʥʽʢʠ ʪʘ ʝʣʝʢʪʨʦʥʽʢʠ (IEEE). IEEE ʢʣʘʩʠʬʽʢʫʻ ʢʘʙʝʣʽ UTP 

ʟʛʽʜʥʦ ʾʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. ʂʘʙʝʣʽ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʢʘʪʝʛʦʨʽʾ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʤʦʞʣʠʚʦʾ ʰʚʠʜʢʽʩʪʶ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʧʦ ʥʠʤ. ʅʘʧʨʠʢʣʘʜ, ʢʘʙʝʣʴ ʢʘʪʝʛʦʨʽʾ 5 

(Cat5) ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʤʝʨʝʞʘʭ Fast Ethernet 100BASE-TX. ɼʦ 

ʽʥʰʠʤ ʢʘʪʝʛʦʨʽʷʤ ʢʘʙʝʣʽʚ ʚʽʜʥʦʩʷʪʴʩʷ: ʨʦʟʰʠʨʝʥʘ ʢʘʪʝʛʦʨʽʷ 5 (Cat 5e), ʢʘʪʝʛʦʨʽʷ 

6 (Cat6) ʽ ʢʘʪʝʛʦʨʽʷ 6ʘ. 

ʂʘʙʝʣʽ ʙʽʣʴʰ ʚʠʩʦʢʠʭ ʢʘʪʝʛʦʨʽʡ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʥʘ ʙʽʣʴʰ 

ʚʠʩʦʢʽʡ ʰʚʠʜʢʦʩʪʽ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʨʦʙʢʠ ʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ 

Ethernet ʜʣʷ ʛʽʛʘʙʽʪʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʚ ʜʘʥʠʡ ʯʘʩ ʤʽʥʽʤʘʣʴʥʦ 

ʜʦʧʫʩʪʠʤʠʤ ʪʠʧʦʤ ʢʘʙʝʣʽʚ ʻ ʉat5e, ʘ ʜʣʷ ʧʨʦʢʣʘʜʢʠ ʥʦʚʠʭ ʤʝʨʝʞ 

ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ Cat6. 



 
ʈʠʩ. 1.1.35 ʊʠʧʠ ʚʠʪʦʾ ʧʘʨʠ 

ʈʠʩ 1.  

ʑʦʙ ʧʝʨʝʛʣʷʥʫʪʠ ʜʝʪʘʣʴʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʨʽʟʥʠʭ ʢʘʪʝʛʦʨʽʷʭ ʢʘʙʝʣʽʚ 

ʥʘʪʠʩʥʽʪʴ ʥʘ ʢʦʞʥʫ ʟ ʥʠʭ ʥʘ ʤʘʣʶʥʢʫ. 

ɼʝʷʢʽ ʚʠʨʦʙʥʠʢʠ ʚʠʧʫʩʢʘʶʪʴ ʢʘʙʝʣʽ ʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚʠʱʝ, ʥʽʞ ʫ 

ʢʘʙʝʣʽʚ ʢʘʪʝʛʦʨʽʾ 6a TIA / EIA, ʽ ʧʦʟʠʮʽʦʥʫʶʪʴ ʾʭ ʷʢ ʢʘʙʝʣʽ ʢʘʪʝʛʦʨʽʾ 7. 

ʈʦʟ'ʻʤʠ ʜʣʷ ʢʘʙʝʣʽʚ UTP 

ʂʘʙʝʣʽ UTP ʽ STP ʟʘʟʚʠʯʘʡ ʦʩʥʘʱʫʶʪʴʩʷ ʨʦʟ'ʻʤʘʤʠ RJ-45. ʎʝʡ ʨʦʟ'ʻʤ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʬʽʟʠʯʥʠʭ ʤʝʨʝʞʘʭ ʮʽʣʦʛʦ ʨʷʜʫ ʨʽʟʥʠʭ ʩʪʘʥʜʘʨʪʽʚ, ʚ ʪʦʤʫ 

ʯʠʩʣʽ Ethernet. ʋ ʩʪʘʥʜʘʨʪʽ TIA / EIA 568 ʦʧʠʩʘʥʦ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʢʦʣʴʦʨʦʚʦʛʦ 

ʤʘʨʢʫʚʘʥʥʷ ʧʨʦʚʦʜʽʚ ʽ ʩʭʝʤ ʧʽʜʢʣʶʯʝʥʥʷ ʢʦʥʪʘʢʪʽʚ ʜʣʷ ʢʘʙʝʣʽʚ Ethernet. 

ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʤʘʣʶʥʢʫ 1, ʨʦʟ'ʻʤ RJ-45 ʻ ʰʪʝʢʝʨʥʠʤ ʨʦʟ'ʻʤʦʤ, ʱʦ 

ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʥʘ ʢʽʥʮʽ ʢʘʙʝʣʶ ʦʙʪʠʩʢʥʠʤ ʩʧʦʩʦʙʦʤ. ɻʥʽʟʜʦʚʘ ʯʘʩʪʠʥʘ ʮʴʦʛʦ 

ʨʦʟ'ʻʤʫ ʤʦʞʝ ʚʩʪʘʥʦʚʣʶʚʘʪʠʩʷ ʚ ʤʝʨʝʞʝʚʦʤʫ ʧʨʠʩʪʨʦʾ, ʥʘ ʩʪʽʥʽ, ʦʬʽʩʥʦʾ 

ʧʝʨʝʛʦʨʦʜʮʽ ʘʙʦ ʢʦʤʫʪʘʮʽʡʥʦʾ ʧʘʥʝʣʽ. 

 
ʈʠʩ. 1.1.36 ʐʪʝʢʝʨʥʘ ʽ ʛʥʽʟʜʦʚʘ ʯʘʩʪʠʥʘ ʨʦʟôʻʤʫ 



ʇʨʠ ʦʢʦʥʮʦʚʢʝ ʤʽʜʥʠʭ ʢʘʙʝʣʽʚ ʚʠʥʠʢʘʻ ʡʤʦʚʽʨʥʽʩʪʴ ʚʪʨʘʪ ʩʠʛʥʘʣʫ ʽ ʧʦʷʚʠ 

ʰʫʤʽʚ ʚ ʢʘʥʘʣʽ ʟʚ'ʷʟʢʫ. ʇʨʠ ʥʝʧʨʘʚʠʣʴʥʦʾ ʦʢʦʥʮʦʚʢʝ ʢʦʞʝʥ ʢʘʙʝʣʴ ʩʪʘʻ 

ʧʦʪʝʥʮʽʡʥʦʶ ʧʨʠʯʠʥʦʶ ʟʥʠʞʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʥʘ ʬʽʟʠʯʥʦʤʫ ʨʽʚʥʽ. ɺʠʩʦʢʘ 

ʷʢʽʩʪʴ ʦʢʦʥʮʦʚʢʽ ʤʽʜʥʠʭ ʢʘʙʝʣʽʚ ʛʘʨʘʥʪʫʻ ʦʧʪʠʤʘʣʴʥʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʷʢ ʩʫʯʘʩʥʠʭ, ʪʘʢ ʽ ʤʘʡʙʫʪʥʽʭ ʤʝʨʝʞʝʚʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

ʅʘ ʤʘʣʶʥʢʫ 2 ʧʦʢʘʟʘʥʽ ʧʨʠʢʣʘʜʠ ʥʝʧʨʘʚʠʣʴʥʦʾ ʽ ʧʨʘʚʠʣʴʥʦʾ ʦʢʦʥʮʦʚʢʽ 

ʢʘʙʝʣʶ UTP. 

ʊʠʧʠ ʢʘʙʝʣʽʚ UTP 

ʋ ʨʽʟʥʠʭ ʩʠʪʫʘʮʽʷʭ ʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʨʽʟʥʽ ʩʭʝʤʠ ʧʽʜʢʣʶʯʝʥʥʷ 

ʧʨʦʚʦʜʽʚ ʢʘʙʝʣʽʚ UTP ʜʦ ʨʦʟ'ʻʤʽʚ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʦʢʨʝʤʽ ʜʨʦʪʠ ʢʘʙʝʣʶ 

ʤʦʞʫʪʴ ʧʽʜʢʣʶʯʘʪʠʩʷ ʜʦ ʨʽʟʥʠʭ ʛʨʫʧ ʢʦʥʪʘʢʪʽʚ ʨʦʟ'ʻʤʫ RJ-45 ʚ ʨʽʟʥʦʤʫ 

ʧʦʨʷʜʢʫ. 

ʅʠʞʯʝ ʦʧʠʩʘʥʽ ʦʩʥʦʚʥʽ ʪʠʧʠ ʢʘʙʝʣʽʚ, ʷʢʽ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ, ʟʘʩʪʦʩʦʚʫʶʯʠ 

ʨʽʟʥʠʡ ʧʦʨʷʜʦʢ ʧʽʜʢʣʶʯʝʥʥʷ ʧʨʦʚʦʜʽʚ. 

 
ʈʠʩ. 1.1.37 ʉʭʝʤʘ ʦʙʞʠʤʫ ʚʠʪʦʾ ʧʘʨʠ. 

ʇʨʷʤʠʡ ʢʘʙʝʣʴ Ethernet: ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʡ ʪʠʧ ʤʝʨʝʞʝʚʦʛʦ ʢʘʙʝʣʶ; ʷʢ 

ʧʨʘʚʠʣʦ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʽʜʢʣʶʯʝʥʥʷ ʚʫʟʣʘ ʜʦ ʢʦʤʫʪʘʪʦʨʘ ʽ ʢʦʤʫʪʘʪʦʨʘ 

ʜʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ. 

ʇʝʨʝʭʨʝʩʥʠʡ ʢʘʙʝʣʴ Ethernet: ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟ'ʻʜʥʘʥʥʷ ʦʜʥʦʪʠʧʥʠʭ 

ʧʨʠʩʪʨʦʾʚ, ʥʘʧʨʠʢʣʘʜ ʜʣʷ ʧʽʜʢʣʶʯʝʥʥʷ ʢʦʤʫʪʘʪʦʨʘ ʜʦ ʢʦʤʫʪʘʪʦʨʘ, ʢʦʤʧ'ʶʪʝʨʘ 

ʜʦ ʢʦʤʧ'ʶʪʝʨʘ ʘʙʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʜʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ. 

ʂʦʥʩʦʣʴʥʠʡ ʢʘʙʝʣʴ (Rollover): ʬʽʨʤʦʚʠʡ ʢʘʙʝʣʴ Cisco; ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʜʣʷ ʧʽʜʢʣʶʯʝʥʥʷ ʨʦʙʦʯʦʾ ʩʪʘʥʮʽʾ ʜʦ ʢʦʥʩʦʣʴʥʦʛʦ ʧʦʨʪʫ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʘʙʦ 

ʢʦʤʫʪʘʪʦʨʘ. 

ʅʘ ʤʘʣʶʥʢʫ ʧʨʠʚʝʜʝʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʪʠʧʠ ʢʘʙʝʣʽʚ UTP, ʚʽʜʧʦʚʽʜʥʠʭ 

ʩʪʘʥʜʘʨʪʘʭ ʽ ʪʠʧʦʚʠʭ ʚʘʨʽʘʥʪʘʭ ʟʘʩʪʦʩʫʚʘʥʥʷ. ʊʘʢʦʞ ʥʘ ʤʘʣʶʥʢʫ ʧʦʢʘʟʘʥʦ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʨʽʟʥʠʭ ʧʘʨ ʧʨʦʚʽʜʥʠʢʽʚ ʜʣʷ ʩʪʘʥʜʘʨʪʽʚ TIA 568A ʽ TIA 568B. 

ʅʝʧʨʘʚʠʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʝʭʨʝʩʥʦʛʦ ʘʙʦ ʧʨʷʤʦʛʦ ʢʘʙʝʣʶ ʤʽʞ 

ʧʨʠʩʪʨʦʷʤʠ ʥʝ ʟʘʰʢʦʜʠʪʴ ʾʤ, ʘʣʝ ʟʚ'ʷʟʦʢ ʽ ʚʟʘʻʤʦʜʽʷ ʤʽʞ ʥʠʤʠ ʙʫʜʫʪʴ 

ʥʝʤʦʞʣʠʚʽ. ʇʦʜʽʙʥʘ ʧʦʤʠʣʢʘ ʯʘʩʪʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʭʦʜʽ ʧʨʘʢʪʠʯʥʠʭ ʟʘʥʷʪʴ. 

ʊʦʤʫ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʟʚ'ʷʟʢʫ ʤʽʞ ʧʨʠʩʪʨʦʷʤʠ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʧʦʪʨʽʙʥʦ 

ʧʝʨʝʚʽʨʠʪʠ ʧʨʘʚʠʣʴʥʽʩʪʴ ʧʽʜʢʣʶʯʝʥʥʷ. 

ʊʝʩʪʫʚʘʥʥʷ ʢʘʙʝʣʽʚ UTP 



ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʤʦʥʪʘʞʫ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʘʙʝʣʴʥʠʡ ʪʝʩʪʝʨ 

UTP (ʥʘʧʨʠʢʣʘʜ, ʧʦʢʘʟʘʥʠʡ ʥʘ ʤʘʣʶʥʢʫ) ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʥʘʩʪʫʧʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

¶ ʩʭʝʤʘ ʧʨʦʚʦʜʢʠ 

¶ ɼʦʚʞʠʥʘ ʢʘʙʝʣʷ 

¶ ɺʪʨʘʪʠ ʩʠʛʥʘʣʫ ʯʝʨʝʟ ʟʘʛʘʩʘʥʥʷ 

¶ ʈʽʚʝʥʴ ʧʝʨʝʭʽʜʥʠʭ ʧʝʨʝʰʢʦʜ 

ʈʝʢʦʤʝʥʜʫʻʪʴʩʷ ʧʝʨʝʚʽʨʠʪʠ, ʱʦ ʚʩʽ ʚʠʤʦʛʠ ʜʦ ʤʦʥʪʘʞʫ ʢʘʙʝʣʽʚ UTP 

ʨʝʪʝʣʴʥʦ ʚʠʢʦʥʘʥʽ. 

ɺʣʘʩʪʠʚʦʩʪʽ ʦʧʪʦʚʦʣʦʢʦʥʥʠʭ ʢʘʙʝʣʽʚ 

ʆʧʪʦʚʦʣʦʢʦʥʥʽ ʢʘʙʝʣʽ ʜʦʟʚʦʣʷʶʪʴ ʧʝʨʝʜʘʚʘʪʠ ʜʘʥʽ ʥʘ ʚʝʣʠʢʽ ʚʽʜʩʪʘʥʽ ʽ ʟ 

ʙʽʣʴʰ ʚʠʩʦʢʦʶ ʧʨʦʧʫʩʢʥʦʶ ʟʜʘʪʥʽʩʪʶ, ʥʽʞ ʽʥʰʽ ʟʘʩʦʙʠ ʤʝʨʝʞʝʚʦʛʦ 

ʧʽʜʢʣʶʯʝʥʥʷ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʤʽʜʥʠʭ ʧʨʦʚʦʜʽʚ ʦʧʪʦʚʦʣʦʢʦʥʥʠʡ ʢʘʙʝʣʴ ʜʦʟʚʦʣʷʻ 

ʧʝʨʝʜʘʚʘʪʠ ʩʠʛʥʘʣʠ ʟ ʙʽʣʴʰ ʥʠʟʴʢʠʤ ʟʘʛʘʩʘʥʥʷʤ. ʊʘʢʠʡ ʢʘʙʝʣʴ ʪʘʢʦʞ 

ʘʙʩʦʣʶʪʥʦ ʥʝʩʧʨʠʡʥʷʪʣʠʚʠʡ ʜʦ ʚʧʣʠʚʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʽ ʨʘʜʽʦʯʘʩʪʦʪʥʠʭ 

ʧʝʨʝʰʢʦʜ. ʆʧʪʠʯʥʽ ʢʘʙʝʣʽ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʟ'ʻʜʥʘʥʥʷ ʤʝʨʝʞʝʚʠʭ 

ʧʨʠʩʪʨʦʾʚ ʦʜʠʥ ʟ ʦʜʥʠʤ. 

ʆʧʪʠʯʥʝ ʚʦʣʦʢʥʦ - ʮʝ ʛʥʫʯʢʘ, ʜʫʞʝ ʪʦʥʢʘ ʽ ʧʨʦʟʦʨʘ ʥʠʪʢʘ ʟ ʭʽʤʽʯʥʦ ʯʠʩʪʦʛʦ 

ʩʢʣʘ ʪʦʚʱʠʥʦʶ ʪʨʦʭʠ ʙʽʣʴʰʝ ʟʘ ʣʶʜʩʴʢʫ ʚʦʣʦʩʠʥʫ. ɼʣʷ ʧʝʨʝʜʘʯʽ ʧʦ 

ʦʧʪʦʚʦʣʦʢʦʥʥʦʤʫ ʢʘʙʝʣʶ ʙʽʪʠ ʢʦʜʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʚʽʪʣʦʚʠʭ ʽʤʧʫʣʴʩʽʚ. 

ʆʧʪʦʚʦʣʦʢʦʥʥʠʡ ʢʘʙʝʣʴ ʜʽʻ ʷʢ ʩʚʽʪʣʦʚʦʜ, ʘʙʦ çʦʧʪʠʯʥʠʡ ʭʚʠʣʝʚʽʜè, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʧʝʨʝʜʘʯʫ ʩʚʽʪʣʦʚʦʛʦ ʩʠʛʥʘʣʫ ʤʽʞ ʜʚʦʤʘ ʢʽʥʮʷʤʠ ʢʘʙʝʣʶ ʟ 

ʤʽʥʽʤʘʣʴʥʠʤʠ ʚʪʨʘʪʘʤʠ. 

ɺ ʷʢʦʩʪʽ ʘʥʘʣʦʛʽʾ ʫʷʚʽʪʴ ʩʦʙʽ ʧʦʨʦʞʥʽʡ ʩʝʨʜʝʯʥʠʢ ʚʽʜ ʨʫʣʦʥʫ ʧʘʧʝʨʦʚʠʭ 

ʨʫʰʥʠʢʽʚ, ʚʥʫʪʨʽʰʥʽ ʩʪʽʥʢʠ ʷʢʦʛʦ ʚʢʨʠʪʽ ʜʟʝʨʢʘʣʴʥʦ ʚʽʜʦʙʨʘʞʘʻ ʤʘʪʝʨʽʘʣʦʤ. 

ʁʦʛʦ ʜʦʚʞʠʥʘ ʩʪʘʥʦʚʠʪʴ ʪʠʩʷʯʫ ʤʝʪʨʽʚ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʥʝʚʝʣʠʢʦʾ ʣʘʟʝʨʥʦʾ 

ʫʢʘʟʢʠ ʯʝʨʝʟ ʥʴʦʛʦ ʟʽ ʰʚʠʜʢʽʩʪʶ ʩʚʽʪʣʘ ʧʝʨʝʜʘʶʪʴʩʷ ʩʠʛʥʘʣʠ ʘʟʙʫʢʠ ʄʦʨʟʝ. ʇʦ 

ʩʫʪʽ, ʩʘʤʝ ʪʘʢ ʬʫʥʢʮʽʦʥʫʻ ʦʧʪʦʚʦʣʦʢʦʥʥʠʡ ʢʘʙʝʣʴ, ʪʽʣʴʢʠ ʚʽʥ ʤʘʻ ʥʘʙʘʛʘʪʦ 

ʤʝʥʰʠʡ ʜʽʘʤʝʪʨ ʽ ʩʪʚʦʨʝʥʠʡ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʥʘʡʩʫʯʘʩʥʽʰʠʭ ʦʧʪʠʯʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ. 

ɺ ʜʘʥʠʡ ʯʘʩ ʦʧʪʦʚʦʣʦʢʦʥʥʽ ʢʘʙʝʣʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʥʘʩʪʫʧʥʠʭ ʯʦʪʠʨʴʦʭ 

ʦʙʣʘʩʪʷʭ. 

ʂʦʨʧʦʨʘʪʠʚʥʽ ʤʝʨʝʞʽ. ʆʧʪʦʚʦʣʦʢʦʥʥʽ ʢʘʙʝʣʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʷʢʦʩʪʽ 

ʤʘʛʽʩʪʨʘʣʴʥʠʭ ʢʘʙʝʣʽʚ ʪʘ ʜʣʷ ʟ'ʻʜʥʘʥʴ ʤʽʞ ʧʨʠʩʪʨʦʷʤʠ ʤʝʨʝʞʥʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 

ʊʝʭʥʦʣʦʛʽʷ çʦʧʪʦʚʦʣʦʢʥʦ ʜʦ ʢʚʘʨʪʠʨʠè (FTTH). ʆʧʪʦʚʦʣʦʢʦʥʥʽ ʢʘʙʝʣʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʦʩʪʽʡʥʦʛʦ ʰʠʨʦʢʦʩʤʫʛʦʚʦʛʦ ʜʦʩʪʫʧʫ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʽ ʥʝʚʝʣʠʢʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʜʦ ʤʝʨʝʞʽ. 

ʄʝʨʝʞʽ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʾ. ʆʧʪʦʚʦʣʦʢʦʥʥʽ ʢʘʙʝʣʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʧʨʦʚʘʡʜʝʨʘʤʠ ʧʦʩʣʫʛ ʜʣʷ ʤʽʞʥʘʨʦʜʥʦʛʦ ʪʘ ʤʽʞʤʽʩʴʢʦʛʦ ʟʚ'ʷʟʢʫ. 

ʇʽʜʚʦʜʥʽ ʢʘʙʝʣʴʥʽ ʤʝʨʝʞʽ. ʆʧʪʦʚʦʣʦʢʦʥʥʽ ʢʘʙʝʣʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʙʫʜʽʚʥʠʮʪʚʘ ʥʘʜʽʡʥʠʭ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ʣʽʥʽʡ ʟʚ'ʷʟʢʫ, ʟʜʘʪʥʠʭ ʧʨʘʮʶʚʘʪʠ ʚ 

ʚʘʞʢʠʭ ʫʤʦʚʘʭ ʚʝʣʠʢʠʭ ʛʣʠʙʠʥ ʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʟʚ'ʷʟʦʢ ʥʘ ʚʝʣʠʢʠʭ ʚʽʜʩʪʘʥʷʭ, ʘʞ 

ʜʦ ʪʨʘʥʩʦʢʝʘʥʩʴʢʠʭ. ʂʣʘʮʥʽʪʴ ʧʦʩʠʣʘʥʥʷ ʜʣʷ ʧʝʨʝʛʣʷʜʫ ʪʝʣʝʛʝʦʛʨʘʬʽʯʝʩʢʦʡ 

ʢʘʨʪʠ, ʥʘ ʷʢʽʡ ʧʦʢʘʟʘʥʽ ʤʘʨʰʨʫʪʠ ʧʽʜʚʦʜʥʠʭ ʢʘʙʝʣʽʚ. 

ʂʦʥʩʪʨʫʢʮʽʷ ʦʧʪʦʚʦʣʦʢʦʥʥʦʛʦ ʢʘʙʝʣʶ 



ʆʧʪʦʚʦʣʦʢʥʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʚʠʜʽʚ ʩʢʣʷʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ (ʩʝʨʜʝʯʥʠʢʘ ʽ 

ʚʥʫʪʨʽʰʥʴʦʾ ʦʙʦʣʦʥʢʠ) ʽ ʟʘʭʠʩʥʦʾ ʟʦʚʥʽʰʥʴʦʾ ʦʙʦʣʦʥʢʠ. ʅʘʪʠʩʥʽʪʴ ʥʘ ʢʦʞʝʥ 

ʢʦʤʧʦʥʝʥʪ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʜʦʜʘʪʢʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ. 

 
ʈʠʩ. 1.1.38 ɹʫʜʦ ʦʧʪʦʚʦʣʦʢʦʥʥʦʛʦ ʢʘʙʝʣʷ 

ʍʦʯʘ ʦʧʪʦʚʦʣʦʢʥʦ ʜʫʞʝ ʪʦʥʢʝ ʽ ʤʦʞʝ ʣʝʛʢʦ ʛʥʫʪʠʩʷ, ʘʣʝ ʟʘʚʜʷʢʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤ ʩʝʨʜʝʯʥʠʢʘ ʽ ʦʙʦʣʦʥʢʠ ʚʦʥʦ ʜʫʞʝ ʤʽʮʥʝ. ɿʘʚʜʷʢʠ ʩʚʦʾʡ ʤʽʮʥʦʩʪʽ 

ʦʧʪʠʯʥʝ ʚʦʣʦʢʥʦ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʚ ʥʘʡʚʘʞʯʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʊʠʧʠ ʦʧʪʦʚʦʣʦʢʦʥʥʠʭ ʢʘʙʝʣʽʚ 

ʉʚʽʪʣʦʚʽ ʽʤʧʫʣʴʩʠ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʙʽʪʠ ʜʘʥʠʭ ʢʦʜʫʶʪʴʩʷ ʜʣʷ ʧʝʨʝʜʘʯʽ, 

ʤʦʞʫʪʴ ʛʝʥʝʨʫʚʘʪʠʩʷ ʥʘʩʪʫʧʥʠʤʠ ʜʞʝʨʝʣʘʤʠ. 

¶ ʣʘʟʝʨʠ 

¶ ʉʚʽʪʣʦʚʠʧʨʦʤʽʥʶʶʯʽ ʜʽʦʜʠ (LED). 

ʅʘ ʩʪʦʨʦʥʽ ʧʨʠʡʦʤʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʧʨʠʩʪʨʦʾ, ʷʢʽ ʥʘʟʠʚʘʶʪʴʩʷ 

ʬʦʪʦʜʽʦʜʘʤʠ, ʧʨʠʡʤʘʶʪʴ ʩʚʽʪʣʦʚʽ ʽʤʧʫʣʴʩʠ ʽ ʧʝʨʝʪʚʦʨʷʪʴ ʾʭ ʚ ʥʘʧʨʫʛʠ. 

ʇʝʨʝʜʘʥʝ ʧʦ ʦʧʪʦʚʦʣʦʢʦʥʥʦʤʫ ʢʘʙʝʣʶ ʣʘʟʝʨʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʝʙʝʟʧʝʯʥʦ ʜʣʷ 

ʦʯʝʡ. ʊʦʤʫ ʧʨʠ ʨʦʙʦʪʽ ʟ ʘʢʪʠʚʥʠʤ ʦʧʪʦʚʦʣʦʢʦʥʥʠʤ ʢʘʙʝʣʝʤ ʩʣʽʜ ʜʦʪʨʠʤʫʚʘʪʠʩʷ 

ʟʘʧʦʙʽʞʥʠʭ ʟʘʭʦʜʽʚ. 



 
ʈʠʩ. 1.1.39 ɹʫʜʦʚʦ ʦʜʥʦʤʦʜʦʚʦʛʦ ʦʧʪʦʚʦʣʦʢʦʥʥʦʛʦ ʢʘʙʝʣʷ 

ʆʧʪʦʚʦʣʦʢʦʥʥʽ ʢʘʙʝʣʽ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʜʚʘ ʦʩʥʦʚʥʠʭ ʪʠʧʠ. 

ʆʜʥʦʤʦʜʦʚʠʡ ʦʧʪʦʚʦʣʦʢʦʥʥʠʡ ʢʘʙʝʣʴ (ʆʆʂ). ʄʘʻ ʩʝʨʜʝʯʥʠʢ ʜʫʞʝ ʤʘʣʦʛʦ 

ʜʽʘʤʝʪʨʫ. ɼʣʷ ʧʝʨʝʜʘʯʽ ʧʨʦʤʝʥʷ ʩʚʽʪʣʘ ʧʦʪʨʽʙʥʘ ʜʦʨʦʛʘ ʣʘʟʝʨʥʘ ʪʝʭʥʦʣʦʛʽʷ (ʜʠʚ. 

ʄʘʣʶʥʦʢ 1). ʐʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʣʽʥʽʡ ʟʚ'ʷʟʢʫ ʜʦʚʞʠʥʦʶ 

ʢʽʣʴʢʘ ʩʦʪʝʥʴ ʢʽʣʦʤʝʪʨʽʚ, ʥʘʧʨʠʢʣʘʜ ʜʣʷ ʜʘʣʝʢʦʾ ʪʝʣʝʬʦʥʽʾ ʽ ʢʘʙʝʣʴʥʦʛʦ 

ʪʝʣʝʙʘʯʝʥʥʷ. 

 
ʈʠʩ. 1.1.40 ɹʫʜʦʚʘ ʙʘʛʘʪʦʤʦʜʦʚʦʛʦ ʦʧʪʦʚʦʣʦʢʦʥʥʦʛʦ ʢʘʙʝʣʷ 

ɹʘʛʘʪʦʤʦʜʦʚʠʡ ʦʧʪʦʚʦʣʦʢʦʥʥʠʡ ʢʘʙʝʣʴ (ʄʆʂ). ʄʘʻ ʩʝʨʜʝʯʥʠʢ ʙʽʣʴʰʦʛʦ 

ʜʽʘʤʝʪʨʘ. ɼʣʷ ʧʝʨʝʜʘʯʽ ʩʚʽʪʣʦʚʠʭ ʽʤʧʫʣʴʩʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʚʽʪʣʦʜʽʦʜʥʽ 

ʚʠʧʨʦʤʽʥʶʚʘʯʽ. ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʤʘʣʶʥʢʫ 2, ʩʚʽʪʣʦ, ʱʦ ʚʠʧʨʦʤʽʥʶʻʪʴʩʷ 

ʩʚʽʪʣʦʜʽʦʜʦʤ, ʚʭʦʜʠʪʴ ʚ ʙʘʛʘʪʦʤʦʜʦʚʝ ʚʦʣʦʢʥʦ ʧʽʜ ʨʽʟʥʠʤʠ ʢʫʪʘʤʠ. ʊʘʢʽ ʢʘʙʝʣʽ 

ʧʦʧʫʣʷʨʥʽ ʚ ʣʦʢʘʣʴʥʠʭ ʤʝʨʝʞʘʭ, ʦʩʢʽʣʴʢʠ ʜʦʟʚʦʣʷʶʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ 

ʨʦʙʦʪʠ ʥʝʜʦʨʦʛʽ ʩʚʽʪʣʦʜʽʦʜʠ. ɹʘʛʘʪʦʤʦʜʦʚʠʡ ʢʘʙʝʣʴ ʟʘʙʝʟʧʝʯʫʻ ʧʨʦʧʫʩʢʥʫ 

ʟʜʘʪʥʽʩʪʴ ʜʦ 10 ɻʙʽʪ / ʩ ʥʘ ʚʽʜʩʪʘʥʽ ʜʦ 550 ʤʝʪʨʽʚ. 

ʆʜʥʝ ʟ ʦʩʥʦʚʥʠʭ ʚʽʜʤʽʥʥʦʩʪʝʡ ʤʽʞ ʄʆʂ ʽ ʆʆʂ - ʨʽʚʝʥʴ ʜʠʩʧʝʨʩʽʾ. ʇʽʜ 

ʜʠʩʧʝʨʩʽʻʶ ʚ ʜʘʥʦʤʫ ʢʦʥʪʝʢʩʪʽ ʤʘʻʪʴʩʷ ʥʘ ʫʚʘʟʽ ʨʦʟʰʠʨʝʥʥʷ ʩʚʽʪʣʦʚʦʛʦ 



ʽʤʧʫʣʴʩʫ ʫ ʤʽʨʫ ʡʦʛʦ ʨʫʭʫ ʯʝʨʝʟ ʦʧʪʠʯʥʝ ʚʦʣʦʢʥʦ. ʏʠʤ ʚʠʱʝ ʜʠʩʧʝʨʩʽʷ, ʪʠʤ 

ʙʽʣʴʰʝ ʚʪʨʘʪʠ ʩʠʛʥʘʣʫ. 

ʦʧʪʦʚʦʣʦʢʦʥʥʽ ʨʦʟ'ʻʤʠ 

ʆʧʪʦʚʦʣʦʢʦʥʥʠʡ ʨʦʟ'ʻʤ ʤʦʥʪʫʻʪʴʩʷ ʥʘ ʢʽʥʮʽ ʦʧʪʠʯʥʦʛʦ ʚʦʣʦʢʥʘ. ɯʩʥʫʶʪʴ 

ʨʽʟʥʽ ʪʠʧʠ ʦʧʪʦʚʦʣʦʢʦʥʥʠʭ ʨʦʟ'ʻʤʽʚ. ʆʩʥʦʚʥʽ ʚʽʜʤʽʥʥʦʩʪʽ ʤʽʞ ʮʠʤʠ ʪʠʧʘʤʠ 

ʧʦʣʷʛʘʶʪʴ ʚ ʨʦʟʤʽʨʘʭ ʽ ʤʝʪʦʜʘʭ ʤʝʭʘʥʽʯʥʠʭ ʟ'ʻʜʥʘʥʴ. ʊʠʧ ʟʘʩʪʦʩʦʚʫʚʘʥʠʭ ʚ 

ʤʝʨʝʞʽ ʨʦʟ'ʻʤʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʜʦʤ ʫʩʪʘʪʢʫʚʘʥʥʷ, ʱʦ ʧʽʜʢʣʶʯʘʻʪʴʩʷ. 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʜʦʜʘʪʢʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʢʦʞʥʦʛʦ ʟ ʪʨʴʦʭ ʪʠʧʽʚ ʥʘʡʙʽʣʴʰ 

ʧʦʧʫʣʷʨʥʠʭ ʦʧʪʦʚʦʣʦʢʦʥʥʠʭ ʨʦʟ'ʻʤʽʚ (ST, SC ʽ LC) ʥʘʪʠʩʥʽʪʴ ʥʘ ʢʦʞʝʥ ʟ ʥʠʭ ʥʘ 

ʤʘʣʶʥʢʫ 1. 

ʆʩʢʽʣʴʢʠ ʩʚʽʪʣʦ ʧʦ ʦʧʪʦʚʦʣʦʢʥʫ ʧʝʨʝʜʘʻʪʴʩʷ ʪʽʣʴʢʠ ʚ ʦʜʥʦʤʫ ʥʘʧʨʷʤʢʫ, 

ʜʣʷ ʨʦʙʦʪʠ ʚ ʧʦʚʥʦʜʫʧʣʝʢʩʥʦʤʫ ʨʝʞʠʤʽ ʧʦʪʨʽʙʥʽ ʜʚʘ ʦʧʪʦʚʦʣʦʢʥʘ. ʊʦʤʫ ʚ 

ʦʧʪʠʯʥʠʭ ʟ'ʻʜʥʫʚʘʣʴʥʠʭ ʢʘʙʝʣʷʭ ʻ ʜʚʘ ʚʦʣʦʢʥʘ, ʥʘ ʢʽʥʮʷʭ ʢʦʞʥʦʛʦ ʟ ʷʢʠʭ 

ʟʤʦʥʪʦʚʘʥʽ ʩʪʘʥʜʘʨʪʥʽ ʆʜʥʦʚʦʣʦʢʦʥʥʽ ʨʦʟ'ʻʤʠ. ɼʝʷʢʽ ʦʧʪʦʚʦʣʦʢʦʥʥʽ ʨʦʟ'ʻʤʠ 

ʜʦʧʫʩʢʘʶʪʴ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʥʠʭ ʷʢ ʧʝʨʝʜʘʶʪʴ, ʪʘʢ ʽ ʧʨʠʡʤʘʶʯʠʭ ʚʦʣʦʢʦʥ. ʊʘʢʽ 

ʨʦʟ'ʻʤʠ ʥʘʟʠʚʘʶʪʴʩʷ ʜʫʧʣʝʢʩʥʠʤʠ. 

 
ʈʠʩ. 1.1.41 ʊʠʧʠ ʟôʻʜʥʘʥʥʷ ʦʧʪʦʚʦʣʦʢʦʥʥʠʭ ʢʘʙʝʣʽʚ 

ɼʣʷ ʧʽʜʢʣʶʯʝʥʥʷ ʧʨʠʩʪʨʦʾʚ ʤʝʨʝʞʝʚʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʧʦʪʨʽʙʥʽ ʩʧʦʣʫʯʥʽ 

ʦʧʪʦʚʦʣʦʢʦʥʥʽ ʢʘʙʝʣʽ. ɼʝʷʢʽ ʟ ʧʦʰʠʨʝʥʠʭ ʪʠʧʽʚ ʩʧʦʣʫʯʥʠʭ ʢʘʙʝʣʽʚ ʧʦʢʘʟʘʥʽ ʥʘ 

ʤʘʣʶʥʢʫ 2. ʑʦʙ ʨʦʟʨʽʟʥʷʪʠ ʦʜʥʦʤʦʜʦʚʽ ʽ ʙʘʛʘʪʦʤʦʜʦʚʽ ʩʧʦʣʫʯʥʽ ʢʘʙʝʣʽ, 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʦʣʴʦʨʦʚʝ ʤʘʨʢʫʚʘʥʥʷ. ɾʦʚʪʘ ʤʘʨʢʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʜʣʷ ʦʜʥʦʤʦʜʦʚʠʭ ʦʧʪʦʚʦʣʦʢʦʥʥʠʭ ʢʘʙʝʣʽʚ, ʘ ʧʦʤʘʨʘʥʯʝʚʘ (ʘʙʦ ʙʣʘʢʠʪʥʘ) - ʜʣʷ 

ʙʘʛʘʪʦʤʦʜʦʚʠʭ. 

ʈʦʟ'ʻʤʠ ʥʝʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʦʧʪʦʚʦʣʦʢʦʥʥʠʭ ʢʘʙʝʣʽʚ ʧʦʚʠʥʥʽ ʙʫʪʠ 

ʟʘʭʠʱʝʥʽ ʥʝʚʝʣʠʢʠʡ ʧʣʘʩʪʠʢʦʚʦʶ ʢʨʠʰʢʦʶ. 

ʊʝʩʪʫʚʘʥʥʷ ʦʧʪʦʚʦʣʦʢʦʥʥʠʭ ʢʘʙʝʣʽʚ 



ʆʢʦʥʮʦʚʢʝ ʽ ʟʨʦʱʫʚʘʥʥʷ ʦʧʪʦʚʦʣʦʢʦʥʥʠʭ ʢʘʙʝʣʽʚ ʚʠʤʘʛʘʶʪʴ ʩʧʝʮʽʘʣʴʥʦʾ 

ʧʽʜʛʦʪʦʚʢʠ ʽ ʦʙʣʘʜʥʘʥʥʷ. ʅʝʧʨʘʚʠʣʴʥʘ ʦʢʦʥʮʦʚʢʝ ʦʧʪʦʚʦʣʦʢʦʥʥʦʛʦ ʢʘʙʝʣʶ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʜʘʣʴʥʦʩʪʽ ʧʦʰʠʨʝʥʥʷ ʩʠʛʥʘʣʫ ʘʙʦ ʧʦʚʥʦʛʦ ʧʦʨʫʰʝʥʥʷ 

ʧʝʨʝʜʘʯʽ. 

ɼʦ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʧʨʦʙʣʝʤ ʧʨʠ ʦʢʦʥʮʦʚʢʝ ʽ ʟʨʦʱʫʚʘʥʥʽ 

ʦʧʪʦʚʦʣʦʢʦʥʥʠʭ ʢʘʙʝʣʽʚ ʚʽʜʥʦʩʷʪʴʩʷ ʥʘʩʪʫʧʥʽ. 

ɿʤʽʱʝʥʥʷ: ʟ'ʻʜʥʫʶʪʴʩʷ ʦʧʪʠʯʥʽ ʚʦʣʦʢʥʘ ʥʝ ʚʠʨʽʚʥʷʥʽ ʚʽʜʥʦʩʥʦ ʦʜʠʥ ʦʜʥʦʛʦ. 

ɿʘʟʦʨ ʤʽʞ ʪʦʨʮʷʤʠ ʚʦʣʦʢʦʥ: ʚʦʣʦʢʥʘ ʥʝ ʧʦʚʥʽʩʪʶ ʩʪʠʢʘʶʪʴʩʷ ʚ ʤʽʩʮʽ 

ʟʨʦʱʝʥʥʷ ʘʙʦ ʧʽʜʢʣʶʯʝʥʥʷ. 

ʗʢʽʩʪʴ ʦʙʨʦʙʢʠ ʪʦʨʮʽʚ ʚʦʣʦʢʥʘ: ʪʦʨʮʽ ʚʦʣʦʢʦʥ ʥʝʜʦʩʪʘʪʥʴʦ ʚʽʜʧʦʣʽʨʦʚʘʥʽ 

ʘʙʦ ʧʦʛʘʥʦ ʦʯʠʱʝʥʽ ʚʽʜ ʙʨʫʜʫ. 

ɼʣʷ ʰʚʠʜʢʦʾ ʽ ʧʨʦʩʪʦʾ ʧʝʨʝʚʽʨʢʠ ʢʘʙʝʣʶ ʥʘ ʦʙ'ʻʢʪʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʦʩʠʪʴ 

ʧʦʩʚʽʪʠʪʠ ʷʩʢʨʘʚʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʣʽʭʪʘʨʝʤ ʚ ʦʜʠʥ ʢʽʥʝʮʴ ʚʦʣʦʢʥʘ, ʦʜʥʦʯʘʩʥʦ 

ʩʧʦʩʪʝʨʽʛʘʶʯʠ ʟʘ ʜʨʫʛʠʤ ʢʽʥʮʝʤ. ʗʢʱʦ ʩʚʽʪʣʦ ʚʠʜʥʦ, ʪʦ ʚʦʣʦʢʥʦ ʧʨʠʜʘʪʥʝ ʜʣʷ 

ʨʦʙʦʪʠ. ʍʦʯʘ ʪʘʢʘ ʧʝʨʝʚʽʨʢʘ ʽ ʥʝ ʜʦʟʚʦʣʷʻ ʧʨʦʢʦʥʪʨʦʣʶʚʘʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʚʦʣʦʢʥʘ, ʚʦʥʘ ʷʚʣʷʻ ʩʦʙʦʶ ʰʚʠʜʢʠʡ ʽ ʥʝʜʦʨʦʛʠʡ ʩʧʦʩʽʙ ʚʠʷʚʣʝʥʥʷ 

ʧʦʰʢʦʜʞʝʥʠʭ ʚʦʣʦʢʦʥ. 

ʇʦʢʘʟʘʥʠʡ ʥʘ ʤʘʣʶʥʢʫ ʦʧʪʠʯʥʠʡ ʪʠʤʯʘʩʦʚʦʾ ʨʝʬʣʝʢʪʦʤʝʪʨ (OTDR) ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʢʦʞʥʦʛʦ ʩʝʛʤʝʥʪʘ ʦʧʪʦʚʦʣʦʢʦʥʥʦʛʦ ʢʘʙʝʣʶ. ʎʝ 

ʧʨʠʩʪʨʽʡ ʚʚʦʜʠʪʴ ʪʝʩʪʦʚʠʡ ʽʤʧʫʣʴʩ ʩʚʽʪʣʘ ʚ ʢʘʙʝʣʴ ʽ ʚʠʤʽʨʶʻ ʟʚʦʨʦʪʥʝ 

ʨʦʟʩʽʶʚʘʥʥʷ ʽ ʚʽʜʦʙʨʘʞʝʥʥʷ ʩʚʽʪʣʘ ʷʢ ʬʫʥʢʮʽʶ ʯʘʩʫ. ʆʧʪʠʯʥʠʡ ʨʝʬʣʝʢʪʦʤʝʪʨ 

ʨʦʟʨʘʭʦʚʫʻ ʧʨʠʙʣʠʟʥʝ ʚʽʜʩʪʘʥʴ ʜʦ ʤʽʩʮʴ ʚʠʷʚʣʝʥʥʷ ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʦʧʪʦʚʦʣʦʢʥʘ 

ʧʦ ʚʩʽʡ ʜʦʚʞʠʥʽ ʢʘʙʝʣʶ. 

ʆʧʪʦʚʦʣʦʢʦʥʥʽ ʢʘʙʝʣʽ ʽ ʤʽʜʥʽ ʢʘʙʝʣʽ: ʧʦʨʽʚʥʷʥʥʷ 

ʆʧʪʦʚʦʣʦʢʦʥʥʽ ʢʘʙʝʣʽ ʤʘʶʪʴ ʙʝʟʣʽʯ ʧʝʨʝʚʘʛ ʧʝʨʝʜ ʤʽʜʥʠʤʠ. ʅʘ ʤʘʣʶʥʢʫ 

ʧʨʠʚʝʜʝʥʽ ʜʝʷʢʽ ʟ ʦʩʥʦʚʥʠʭ ʚʽʜʤʽʥʥʦʩʪʝʡ ʤʽʞ ʥʠʤʠ. 

ʆʩʢʽʣʴʢʠ ʚʦʣʦʢʥʘ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʽ ʚ ʦʧʪʦʚʦʣʦʢʦʥʥʠʭ ʢʘʙʝʣʷʭ, ʥʝ ʻ 

ʧʨʦʚʽʜʥʠʢʘʤʠ, ʮʝʡ ʪʠʧ ʟʘʩʦʙʽʚ ʧʽʜʢʣʶʯʝʥʥʷ ʥʝ ʩʭʠʣʴʥʠʡ ʜʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ 

ʧʝʨʝʰʢʦʜ ʽ ʥʝ ʧʨʦʚʦʜʠʪʴ ʥʝʙʘʞʘʥʽ ʝʣʝʢʪʨʠʯʥʽ ʩʪʨʫʤʠ ʚ ʨʘʟʽ ʧʨʦʙʣʝʤ ʽʟ 

ʟʘʟʝʤʣʝʥʥʷʤ. ʊʘʢ ʷʢ ʦʧʪʠʯʥʽ ʚʦʣʦʢʥʘ ʤʘʶʪʴ ʤʘʣʫ ʪʦʚʱʠʥʫ ʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ 

ʧʦʨʽʚʥʷʥʦ ʤʘʣʠʤʠ ʚʪʨʘʪʘʤʠ ʩʠʛʥʘʣʫ, ʚʦʥʠ ʜʦʟʚʦʣʷʶʪʴ ʧʝʨʝʜʘʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ 

ʥʘ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʽ ʚʽʜʩʪʘʥʽ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʤʽʜʥʠʤʠ ʢʘʙʝʣʷʤʠ. ɼʝʷʢʽ 

ʩʧʝʮʠʬʽʢʘʮʽʾ ʬʽʟʠʯʥʦʛʦ ʨʽʚʥʷ ʜʣʷ ʦʧʪʦʚʦʣʦʢʦʥʥʠʭ ʟʘʩʦʙʽʚ ʧʽʜʢʣʶʯʝʥʥʷ 

ʜʦʧʫʩʢʘʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʧʪʠʯʥʠʭ ʢʘʙʝʣʽʚ ʜʦʚʞʠʥʦʶ ʜʦ ʢʽʣʴʢʦʭ ʢʽʣʦʤʝʪʨʽʚ. 

ɺ ʜʘʥʠʡ ʯʘʩ ʚ ʙʽʣʴʰʦʩʪʽ ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʤʝʨʝʞ ʦʧʪʦʚʦʣʦʢʦʥʥʽ ʢʘʙʝʣʽ ʚ 

ʦʩʥʦʚʥʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʷʢʦʩʪʽ ʤʘʛʽʩʪʨʘʣʴʥʠʭ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ 

ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ʟ'ʻʜʥʘʥʴ çʪʦʯʢʘ-ʪʦʯʢʘè ʤʽʞ ʧʨʠʩʪʨʦʷʤʠ ʨʦʟʧʦʜʽʣʫ ʜʘʥʠʭ, ʘ 

ʪʘʢʦʞ ʜʣʷ ʟʚ'ʷʟʢʫ ʤʽʞ ʙʫʜʽʚʣʷʤʠ ʚ ʢʦʤʧʣʝʢʩʘʭ ʙʫʜʠʥʢʽʚ. ʆʩʢʽʣʴʢʠ ʦʧʪʦʚʦʣʦʢʥʦ 

ʥʝ ʧʨʦʚʦʜʠʪʴ ʝʣʝʢʪʨʠʢʫ ʽ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʤʘʣʠʤʠ ʚʪʨʘʪʘʤʠ ʩʠʛʥʘʣʫ, ʚʦʥʦ 

ʦʧʪʠʤʘʣʴʥʦ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʮʠʭ ʮʽʣʝʡ. 

ɺʣʘʩʪʠʚʦʩʪʽ ʟʘʩʦʙʽʚ ʙʝʟʜʨʦʪʦʚʦʛʦ ʧʽʜʢʣʶʯʝʥʥʷ 

ɿʘʩʦʙʠ ʙʝʟʜʨʦʪʦʚʦʛʦ ʧʽʜʢʣʶʯʝʥʥʷ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʝʨʝʜʘʯʫ ʜʚʽʡʢʦʚʠʭ 

ʨʦʟʨʷʜʽʚ ʜʘʥʠʭ ʫ ʚʠʛʣʷʜʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʩʠʛʥʘʣʽʚ ʨʘʜʽʦʯʘʩʪʦʪʥʦʛʦ ʘʙʦ 

ʤʽʢʨʦʭʚʠʣʴʦʚʦʛʦ ʜʽʘʧʘʟʦʥʫ. 

ɿʘʩʦʙʠ ʙʝʟʜʨʦʪʦʚʦʛʦ ʧʽʜʢʣʶʯʝʥʥʷ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʘʡʙʽʣʴʰʠʡ ʨʽʚʝʥʴ 

ʤʦʙʽʣʴʥʦʩʪʽ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʙʫʜʴ-ʷʢʠʤʠ ʽʥʰʠʤʠ ʟʘʩʦʙʘʤʠ, ʪʦʤʫ ʯʠʩʣʦ ʧʨʠʩʪʨʦʾʚ, 

ʱʦ ʧʽʜʪʨʠʤʫʶʪʴ ʙʝʟʜʨʦʪʦʚʝ ʧʽʜʢʣʶʯʝʥʥʷ, ʟʨʦʩʪʘʻ ʟ ʢʦʞʥʠʤ ʜʥʝʤ. ʋ ʤʽʨʫ 



ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʙʝʟʜʨʦʪʦʚʝ ʧʽʜʢʣʶʯʝʥʥʷ ʟʘʚʦʡʦʚʫʻ ʚʩʝ ʙʽʣʴʰʫ 

ʧʦʧʫʣʷʨʥʽʩʪʴ ʫ ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʤʝʨʝʞʘʭ. 

ʅʘ ʤʘʣʶʥʢʫ ʧʦʢʘʟʘʥʽ ʨʽʟʥʽ ʩʠʤʚʦʣʠ, ʧʦʚ'ʷʟʘʥʽ ʟ ʙʝʟʜʨʦʪʦʚʠʤ ʟ'ʻʜʥʘʥʥʷʤ. 

ɹʝʟʜʨʦʪʦʚʘ ʩʝʨʝʜʦʚʠʱʝ ʤʘʻ ʪʘʢʽ ʦʩʦʙʣʠʚʦʩʪʽ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ. 

ɿʦʥʘ ʧʦʢʨʠʪʪʷ. ɹʝʟʜʨʦʪʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʜʦʙʨʝ ʧʨʘʮʶʶʪʴ ʥʘ 

ʚʽʜʢʨʠʪʠʭ ʧʨʦʩʪʦʨʘʭ. ʆʜʥʘʢ ʜʝʷʢʽ ʙʫʜʽʚʝʣʴʥʽ ʤʘʪʝʨʽʘʣʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʧʨʠ ʟʚʝʜʝʥʥʽ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ, ʘ ʪʘʢʦʞ ʫʤʦʚʠ ʤʽʩʮʝʚʦʩʪʽ ʤʦʞʫʪʴ ʦʙʤʝʞʫʚʘʪʠ 

ʟʦʥʫ ʧʦʢʨʠʪʪʷ. 

ʇʝʨʝʰʢʦʜʠ. ʗʢʽʩʪʴ ʙʝʟʜʨʦʪʦʚʠʭ ʟ'ʻʜʥʘʥʴ ʚʨʘʟʣʠʚʝ ʜʦ ʧʝʨʝʰʢʦʜ ʽ ʤʦʞʝ 

ʧʦʛʽʨʰʫʚʘʪʠʩʷ ʧʨʠ ʨʦʙʦʪʽ ʪʘʢʠʭ ʟʚʠʯʘʡʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʷʢ ʙʝʟʜʨʦʪʦʚʽ ʪʝʣʝʬʦʥʠ, 

ʜʝʷʢʽ ʪʠʧʠ ʬʣʫʦʨʝʩʮʝʥʪʥʠʭ ʣʘʤʧ, ʤʽʢʨʦʭʚʠʣʴʦʚʽ ʧʝʯʽ, ʘ ʪʘʢʦʞ ʧʽʜ ʚʧʣʠʚʦʤ 

ʽʥʰʠʭ ʙʝʟʜʨʦʪʦʚʠʭ ʢʦʤʫʥʽʢʘʮʽʡ. 

ɹʝʟʧʝʢʘ. ɼʣʷ ʜʦʩʪʫʧʫ ʜʦ ʩʝʨʝʜʦʚʠʱʘ ʙʝʟʜʨʦʪʦʚʦʛʦ ʧʽʜʢʣʶʯʝʥʥʷ ʥʝ 

ʧʦʪʨʽʙʥʦ ʧʽʜʢʣʶʯʘʪʠʩʷ ʜʦ ʬʽʟʠʯʥʠʭ ʢʘʙʝʣʷʤ. ʊʦʤʫ ʜʦʩʪʫʧ ʜʦ ʮʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

ʤʦʞʫʪʴ ʦʪʨʠʤʫʚʘʪʠ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʽ ʢʦʨʠʩʪʫʚʘʯʽ ʪʘ ʧʨʠʩʪʨʦʾ. ʆʪʞʝ, ʛʦʣʦʚʥʠʤ 

ʘʩʧʝʢʪʦʤ ʘʜʤʽʥʽʩʪʨʫʚʘʥʥʷ ʙʝʟʜʨʦʪʦʚʦʾ ʤʝʨʝʞʽ ʻ ʙʝʟʧʝʢʘ. 

ʉʧʽʣʴʥʠʡ ʜʦʩʪʫʧ ʜʦ ʟʘʩʦʙʫ ʧʽʜʢʣʶʯʝʥʥʷ. ʄʝʨʝʞʽ WLAN ʧʨʘʮʶʶʪʴ ʚ 

ʥʘʧʽʚʜʫʧʣʝʢʩʥʦʤʫ ʨʝʞʠʤʽ, ʱʦ ʦʟʥʘʯʘʻ, ʱʦ ʚ ʢʦʞʝʥ ʤʦʤʝʥʪ ʯʘʩʫ ʧʝʨʝʜʘʯʫ ʘʙʦ 

ʧʨʠʡʦʤ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠ ʪʽʣʴʢʠ ʦʜʠʥ ʧʨʠʩʪʨʽʡ. ɿʘʩʦʙʠ ʙʝʟʜʨʦʪʦʚʦʛʦ 

ʧʽʜʢʣʶʯʝʥʥʷ ʩʧʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʩʽ ʙʝʟʜʨʦʪʦʚʽ ʢʦʨʠʩʪʫʚʘʯʽ. ʏʠʤ ʙʽʣʴʰʝ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʦʜʥʦʯʘʩʥʦ ʧʽʜʢʣʶʯʘʶʪʴʩʷ ʜʦ WLAN, ʪʠʤ ʤʝʥʰʘ ʧʨʦʧʫʩʢʥʘ 

ʟʜʘʪʥʽʩʪʴ ʜʦʚʦʜʠʪʴʩʷ ʥʘ ʢʦʞʥʦʛʦ ʟ ʥʠʭ. ʅʘʧʽʚʜʫʧʣʝʢʩʥʠʡ ʨʝʞʠʤ ʙʫʜʝ 

ʨʦʟʛʣʷʥʫʪʦ ʧʽʟʥʽʰʝ ʚ ʮʽʡ ʛʣʘʚʽ. 

ʍʦʯʘ ʧʦʧʫʣʷʨʥʽʩʪʴ ʙʝʟʜʨʦʪʦʚʦʛʦ ʧʽʜʢʣʶʯʝʥʥʷ ʥʘʩʪʽʣʴʥʠʭ ʢʦʤʧ'ʶʪʝʨʽʚ ʜʦ 

ʤʝʨʝʞʽ ʟʨʦʩʪʘʻ, ʥʘʡʙʽʣʴʰ ʧʦʧʫʣʷʨʥʠʤ ʟʘʩʦʙʦʤ ʤʝʨʝʞʝʚʦʛʦ ʧʽʜʢʣʶʯʝʥʥʷ ʥʘ 

ʬʽʟʠʯʥʦʤʫ ʨʽʚʥʽ ʟʘʣʠʰʘʶʪʴʩʷ ʤʽʜʥʽ ʡ ʦʧʪʦʚʦʣʦʢʦʥʥʽ ʢʘʙʝʣʽ. 

ʊʠʧʠ ʟʘʩʦʙʽʚ ʙʝʟʜʨʦʪʦʚʦʛʦ ʧʽʜʢʣʶʯʝʥʥʷ 

ʉʪʘʥʜʘʨʪʠ IEEE ʽ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʽ ʛʘʣʫʟʝʚʽ ʩʪʘʥʜʘʨʪʠ ʙʝʟʜʨʦʪʦʚʦʾ 

ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʦʭʦʧʣʶʶʪʴ ʷʢ ʢʘʥʘʣʴʥʠʡ, ʪʘʢ ʽ ʬʽʟʠʯʥʠʡ ʨʽʚʥʽ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ 

ʜʦʜʘʪʢʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʢʣʘʮʥʽʪʴ ʢʦʞʝʥ ʩʪʘʥʜʘʨʪ, ʥʘʚʝʜʝʥʠʡ ʥʘ ʤʘʣʶʥʢʫ. 

ʇʨʠʤʽʪʢʘ. ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʤʝʨʝʞ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ 

ʽ ʽʥʰʽ ʙʝʟʜʨʦʪʦʚʽ ʪʝʭʥʦʣʦʛʽʾ, ʥʘʧʨʠʢʣʘʜ ʩʪʽʣʴʥʠʢʦʚʠʡ ʘʙʦ ʩʫʧʫʪʥʠʢʦʚʠʡ ʟʚ'ʷʟʦʢ. 

ʆʜʥʘʢ ʚ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʮʽ ʙʝʟʜʨʦʪʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʥʝ ʨʦʟʛʣʷʜʘʶʪʴʩʷ. 

ʋ ʢʦʞʥʦʤʫ ʟʽ ʟʛʘʜʘʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ʩʧʝʮʠʬʽʢʘʮʽʾ ʬʽʟʠʯʥʦʛʦ ʨʽʚʥʷ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʦ ʥʘʩʪʫʧʥʠʭ ʛʘʣʫʟʝʡ. 

¶ ʂʦʜʫʚʘʥʥʷ ʜʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʘʜʽʦʩʠʛʥʘʣʽʚ 

¶ ʏʘʩʪʦʪʘ ʽ ʧʦʪʫʞʥʽʩʪʴ ʧʝʨʝʜʘʯʽ 

¶ ɺʠʤʦʛʠ ʜʦ ʧʨʠʡʦʤʫ ʽ ʜʝʢʦʜʫʚʘʥʥʷ ʩʠʛʥʘʣʽʚ 

¶ ʇʨʦʝʢʪʫʚʘʥʥʷ ʽ ʙʫʜʽʚʥʠʮʪʚʦ ʘʥʪʝʥ 

Wi-Fi ʻ ʪʦʚʘʨʥʠʤ ʟʥʘʢʦʤ Wi-Fi Alliance. Wi-Fi ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟ 

ʩʝʨʪʠʬʽʢʦʚʘʥʠʤʠ ʧʨʦʜʫʢʪʘʤʠ, ʷʢʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʧʨʠʩʪʨʦʾʚ ʙʝʟʜʨʦʪʦʚʦʾ 

ʣʦʢʘʣʴʥʦʾ ʤʝʨʝʞʽ (WLAN) ʽ ʧʽʜʪʨʠʤʫʶʪʴ ʩʪʘʥʜʘʨʪʠ IEEE 802.11. ɼʦʜʘʪʢʦʚʫ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʪʘʥʜʘʨʪʠ ʙʝʟʜʨʦʪʦʚʦʾ ʤʝʨʝʞʽ 802.11 ʩʤ. 

ɹʝʟʜʨʦʪʦʚʘ ʣʦʢʘʣʴʥʘ ʤʝʨʝʞʘ 



ʅʘʡʯʘʩʪʽʰʝ ʙʝʟʜʨʦʪʦʚʘ ʧʝʨʝʜʘʯʘ ʜʘʥʠʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʙʝʟʜʨʦʪʦʚʦʛʦ 

ʟʚ'ʷʟʢʫ ʧʨʠʩʪʨʦʾʚ ʯʝʨʝʟ ʣʦʢʘʣʴʥʫ ʤʝʨʝʞʫ (LAN). ʗʢ ʧʨʘʚʠʣʦ, ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʙʝʟʜʨʦʪʦʚʦʾ LAN ʧʦʪʨʽʙʥʽ ʪʘʢʽ ʤʝʨʝʞʝʚʽ ʧʨʠʩʪʨʦʾ. 

ɹʝʟʜʨʦʪʦʚʘ ʪʦʯʢʘ ʜʦʩʪʫʧʫ (AP): ʢʦʥʮʝʥʪʨʫʻ ʙʝʟʜʨʦʪʦʚʽ ʩʠʛʥʘʣʠ ʚʽʜ 

ʢʦʨʠʩʪʫʚʘʯʽʚ. ʇʽʜʢʣʶʯʘʻʪʴʩʷ ʜʦ ʤʝʨʝʞʝʚʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʥʘ ʦʩʥʦʚʽ ʤʽʜʥʠʭ 

ʢʘʙʝʣʽʚ, ʥʘʧʨʠʢʣʘʜ Ethernet. ɹʝʟʜʨʦʪʦʚʽ ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ ʜʣʷ ʜʦʤʫ ʪʘ ʥʝʚʝʣʠʢʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ (ʜʠʚ. ʄʘʣʶʥʦʢ) ʚ ʦʜʥʦʤʫ ʧʨʠʩʪʨʦʾ ʧʦʻʜʥʫʶʪʴ ʬʫʥʢʮʽʾ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ, ʢʦʤʫʪʘʪʦʨʘ ʽ ʪʦʯʢʠ ʜʦʩʪʫʧʫ. 

ɹʝʟʜʨʦʪʦʚʽ ʤʝʨʝʞʝʚʽ ʧʣʘʪʠ: ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʙʝʟʜʨʦʪʦʚʦʛʦ 

ʧʽʜʢʣʶʯʝʥʥʷ ʜʣʷ ʢʦʞʥʦʛʦ ʚʫʟʣʘ ʚ ʤʝʨʝʞʽ. 

ʋ ʤʽʨʫ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʾ ʙʫʚ ʩʪʚʦʨʝʥʠʡ ʮʽʣʠʡ ʨʷʜ ʩʪʘʥʜʘʨʪʽʚ ʙʝʟʜʨʦʪʦʚʦʾ 

ʣʦʢʘʣʴʥʦʾ ʤʝʨʝʞʽ (WLAN) ʥʘ ʦʩʥʦʚʽ Ethernet. ʊʦʤʫ, ʢʫʧʫʶʯʠ ʙʝʟʜʨʦʪʦʚʽ 

ʧʨʠʩʪʨʦʾ, ʩʣʽʜ ʟʚʝʨʪʘʪʠ ʦʩʦʙʣʠʚʫ ʫʚʘʛʫ ʥʘ ʾʭ ʩʫʤʽʩʥʽʩʪʴ. 

ʇʝʨʝʚʘʛʠ ʙʝʟʜʨʦʪʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʦʯʝʚʠʜʥʽ, ʦʩʦʙʣʠʚʦ ʚ 

ʧʣʘʥʽ ʝʢʦʥʦʤʽʾ ʚʠʪʨʘʪ ʥʘ ʧʨʦʢʣʘʜʢʫ ʜʦʨʦʛʠʭ ʢʘʙʝʣʽʚ ʚ ʧʨʠʤʽʱʝʥʥʷʭ ʽ 

ʟʨʫʯʥʦʩʪʝʡ ʟʘ ʨʘʭʫʥʦʢ ʤʦʙʽʣʴʥʦʩʪʽ ʤʝʨʝʞʝʚʠʭ ʧʨʠʩʪʨʦʾʚ. ʄʝʨʝʞʝʚʽ 

ʘʜʤʽʥʽʩʪʨʘʪʦʨʠ ʧʦʚʠʥʥʽ ʨʦʟʨʦʙʣʷʪʠ ʽ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʩʫʚʦʨʽ ʧʨʘʚʠʣʘ ʽ ʧʨʦʪʦʢʦʣʠ 

ʙʝʟʧʝʢʠ ʜʣʷ ʟʘʭʠʩʪʫ ʙʝʟʜʨʦʪʦʚʠʭ ʣʦʢʘʣʴʥʠʭ ʤʝʨʝʞ ʚʽʜ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ 

ʜʦʩʪʫʧʫ ʽ ʧʦʪʝʥʮʽʡʥʦʛʦ ʟʙʠʪʢʫ. 

ʢʘʥʘʣʴʥʠʡ ʨʽʚʝʥʴ 

ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʤʘʣʶʥʢʫ 1, ʢʘʥʘʣʴʥʠʡ ʨʽʚʝʥʴ ʤʦʜʝʣʽ OSI (ʨʽʚʝʥʴ 2) ʚʠʢʦʥʫʻ 

ʥʘʩʪʫʧʥʽ ʬʫʥʢʮʽʾ. 

¶ ɿʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʫʧʫ ʚʠʱʠʭ ʨʽʚʥʽʚ ʜʦ ʟʘʩʦʙʫ ʧʽʜʢʣʶʯʝʥʥʷ 

¶ ʇʨʠʡʦʤ ʧʘʢʝʪʽʚ ʨʽʚʥʷ 3 ʽ ʫʧʘʢʦʚʢʘ ʾʭ ʚ ʢʘʜʨʠ 

¶ ʇʽʜʛʦʪʦʚʢʘ ʤʝʨʝʞʝʚʠʭ ʜʘʥʠʭ ʜʣʷ ʧʝʨʝʜʘʯʽ ʧʦ ʬʽʟʠʯʥʽʡ ʤʝʨʝʞʽ 

¶ ʋʧʨʘʚʣʽʥʥʷ ʧʝʨʝʜʘʯʝʶ ʽ ʧʨʠʡʦʤʦʤ ʜʘʥʠʭ ʚ ʟʘʩʦʙʽ ʧʽʜʢʣʶʯʝʥʥʷ 

ʆʙʤʽʥ ʢʘʜʨʘʤʠ ʤʽʞ ʚʫʟʣʘʤʠ ʧʦ ʬʽʟʠʯʥʠʤ ʟʘʩʦʙʘʤ ʤʝʨʝʞʝʚʦʛʦ 

ʧʽʜʢʣʶʯʝʥʥʷ, ʥʘʧʨʠʢʣʘʜ ʧʦ ʢʘʙʝʣʷʭ UTP ʘʙʦ ʦʧʪʦʚʦʣʦʢʦʥʥʠʤ ʢʘʙʝʣʷʭ 

¶ ʇʨʠʡʦʤ ʧʘʢʝʪʽʚ ʽ ʾʭ ʧʝʨʝʥʘʧʨʘʚʣʝʥʥʷ ʧʨʦʪʦʢʦʣʘʤ ʚʠʱʦʛʦ ʨʽʚʥʷ 

¶ ʚʠʷʚʣʝʥʥʷ ʧʦʤʠʣʦʢ 

ʅʘ ʜʨʫʛʦʤʫ ʨʽʚʥʽ ʤʝʨʝʞʝʚʝ ʧʨʠʩʪʨʽʡ, ʧʽʜʢʣʶʯʝʥʠʡ ʜʦ ʟʘʛʘʣʴʥʦʛʦ ʟʘʩʦʙʫ 

ʧʽʜʢʣʶʯʝʥʥʷ, ʥʘʟʠʚʘʻʪʴʩʷ ʚʫʟʣʦʤ. ɺʫʟʣʠ ʬʦʨʤʫʶʪʴ ʽ ʧʝʨʝʩʠʣʘʶʪʴ ʢʘʜʨʠ. ʗʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʤʘʣʶʥʢʫ 2, ʢʘʥʘʣʴʥʠʡ ʨʽʚʝʥʴ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʦʙʤʽʥ ʢʘʜʨʘʤʠ Ethernet 

ʤʽʞ ʚʫʟʣʘʤʠ ʜʞʝʨʝʣʘ ʽ ʧʨʠʟʥʘʯʝʥʥʷ ʧʦ ʬʽʟʠʯʥʠʤ ʟʘʩʦʙʘʤ ʧʽʜʢʣʶʯʝʥʥʷ. 



 
ʈʠʩ. 1.1.42 ʉʭʝʤʘ ʘʜʨʝʩʘʮʽʾ ʢʘʥʘʣʴʥʦʛʦ ʨʽʚʥʷ 

ʂʘʥʘʣʴʥʠʡ ʨʽʚʝʥʴ ʝʬʝʢʪʠʚʥʦ ʨʦʟʜʽʣʷʻ ʧʝʨʝʭʦʜʠ ʤʽʞ ʟʘʩʦʙʘʤʠ 

ʧʽʜʢʣʶʯʝʥʥʷ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚ ʭʦʜʽ ʧʝʨʝʩʠʣʘʥʥʷ ʧʘʢʝʪʽʚ, ʚʽʜ ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ 

ʧʨʦʮʝʩʽʚ ʥʘ ʙʽʣʴʰ ʚʠʩʦʢʠʭ ʨʽʚʥʷʭ ʤʝʨʝʞʝʚʦʾ ʤʦʜʝʣʽ OSI. ʂʘʥʘʣʴʥʠʡ ʨʽʚʝʥʴ 

ʚʽʜʧʨʘʚʣʷʻ ʧʘʢʝʪʠ ʧʨʦʪʦʢʦʣʫ ʚʠʱʦʛʦ ʨʽʚʥʷ ʽ ʧʨʠʡʤʘʻ ʾʭ ʚʽʜ ʥʴʦʛʦ (ʚ ʜʘʥʦʤʫ 

ʚʠʧʘʜʢʫ ʮʝ ʧʨʦʪʦʢʦʣ IPv4 ʘʙʦ IPv6). ʇʨʦʪʦʢʦʣʫ ʚʠʱʦʛʦ ʨʽʚʥʷ ʥʝ ʧʦʪʨʽʙʥʦ 

ʟʥʘʪʠ, ʷʢʠʡ ʟʘʩʽʙ ʧʽʜʢʣʶʯʝʥʥʷ ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʧʨʠ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. 

ʇʽʜʨʽʚʥʽ ʢʘʥʘʣʴʥʦʛʦ ʨʽʚʥʷ 

ʂʘʥʘʣʴʥʠʡ ʨʽʚʝʥʴ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʥʘʩʪʫʧʥʠʭ ʜʚʘ ʧʽʜʨʽʚʥʽ. 

ʋʧʨʘʚʣʽʥʥʷ ʣʦʛʽʯʥʠʤ ʟ'ʻʜʥʘʥʥʷʤ (Logical Link Control, LLC). ʎʝʡ ʚʝʨʭʥʽʡ 

ʧʽʜʨʽʚʝʥʴ ʚʟʘʻʤʦʜʽʻ ʟ ʤʝʨʝʞʝʚʠʤ ʨʽʚʥʝʤ. ɺʽʥ ʧʦʤʽʱʘʻ ʚ ʢʘʜʨ ʽʥʬʦʨʤʘʮʽʶ, ʷʢʘ 

ʚʢʘʟʫʻ, ʷʢʠʡ ʧʨʦʪʦʢʦʣ ʤʝʨʝʞʝʚʦʛʦ ʨʽʚʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʜʘʥʦʛʦ ʢʘʜʨʫ. 

ɼʘʥʘ ʽʥʬʦʨʤʘʮʽʷ ʜʦʟʚʦʣʷʻ ʨʽʟʥʠʤ ʧʨʦʪʦʢʦʣʘʤ 3-ʛʦ ʨʽʚʥʷ, ʪʘʢʠʤ ʷʢ IPv4 ʽ IPv6, 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʜʠʥ ʽ ʪʦʡ ʞʝ ʤʝʨʝʞʝʚʠʡ ʽʥʪʝʨʬʝʡʩ ʽ ʦʜʥʝ ʽ ʪʝ ʞ ʟʘʩʽʙ 

ʧʽʜʢʣʶʯʝʥʥʷ. 

ʋʧʨʘʚʣʽʥʥʷ ʜʦʩʪʫʧʦʤ ʜʦ ʩʝʨʝʜʦʚʠʱʘ (Media Access Control, MAC). ʎʝ 

ʥʠʞʥʽʡ ʧʽʜʨʽʚʝʥʴ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʧʨʦʮʝʩʠ ʜʦʩʪʫʧʫ ʜʦ ʩʝʨʝʜʦʚʠʱʘ, ʱʦ 

ʚʠʢʦʥʫʶʪʴʩʷ ʦʙʣʘʜʥʘʥʥʷʤ. ɺʽʥ ʟʘʙʝʟʧʝʯʫʻ ʘʜʨʝʩʘʮʽʶ ʢʘʥʘʣʴʥʦʛʦ ʨʽʚʥʷ ʽ ʜʦʩʪʫʧ 

ʜʦ ʨʽʟʥʠʭ ʤʝʨʝʞʝʚʠʭ ʪʝʭʥʦʣʦʛʽʡ. 



 
ʈʠʩ. 1.1.43 ɿʘʛʦʣʦʚʦʢ Ethernet-ʢʘʜʨʘ 

ʅʘ ʤʘʣʶʥʢʫ ʧʦʢʘʟʘʥʦ ʧʦʜʽʣ ʢʘʥʘʣʴʥʦʛʦ ʨʽʚʥʷ ʥʘ ʧʽʜʨʽʚʥʽ LLC ʽ MAC. 

ʇʽʜʨʽʚʝʥʴ LLC ʚʟʘʻʤʦʜʽʻ ʟ ʤʝʨʝʞʝʚʠʤ ʨʽʚʥʝʤ, ʘ ʧʽʜʨʽʚʝʥʴ MAC ʟʘʙʝʟʧʝʯʫʻ 

ʨʦʙʦʪʫ ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʤʝʨʝʞʝʚʦʛʦ ʜʦʩʪʫʧʫ. ɿʦʢʨʝʤʘ, ʧʽʜʨʽʚʝʥʴ MAC 

ʚʟʘʻʤʦʜʽʻ ʟ ʪʝʭʥʦʣʦʛʽʻʶ ʣʦʢʘʣʴʥʦʾ ʤʝʨʝʞʽ Ethernet ʜʣʷ ʧʝʨʝʜʘʯʽ ʽ ʧʨʠʡʦʤʫ 

ʢʘʜʨʽʚ ʧʦ ʤʽʜʥʦʤʫ ʘʙʦ ʦʧʪʦʚʦʣʦʢʦʥʥʦʤʫ ʢʘʙʝʣʶ. ʊʘʢʦʞ ʧʽʜʨʽʚʝʥʴ MAC 

ʚʟʘʻʤʦʜʽʻ ʟ ʪʘʢʠʤʠ ʙʝʟʜʨʦʪʦʚʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ, ʷʢ Wi-Fi ʽ Bluetooth ʜʣʷ 

ʙʝʟʜʨʦʪʦʚʦʾ ʧʝʨʝʜʘʯʽ ʽ ʧʨʠʡʦʤʫ ʢʘʜʨʽʚ. 

ʋʧʨʘʚʣʽʥʥʷ ʜʦʩʪʫʧʦʤ ʜʦ ʩʝʨʝʜʦʚʠʱʘ 

ʇʨʦʪʦʢʦʣʠ ʨʽʚʥʷ 2 ʚʠʟʥʘʯʘʶʪʴ ʽʥʢʘʧʩʫʣʷʮʽʶ ʧʘʢʝʪʫ ʚ ʢʘʜʨ, ʘ ʪʘʢʦʞ ʤʝʪʦʜʠ 

ʚʚʝʜʝʥʥʷ ʽʥʢʘʧʩʫʣʴʦʚʘʥʠʭ ʧʘʢʝʪʽʚ ʚ ʨʽʟʥʽ ʟʘʩʦʙʠ ʧʽʜʢʣʶʯʝʥʥʷ ʽ ʟʚʦʨʦʪʥʦʛʦ 

ʚʠʣʫʯʝʥʥʷ ʮʠʭ ʧʘʢʝʪʽʚ. ʊʝʭʥʦʣʦʛʽʷ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʘ ʜʣʷ ʚʚʝʜʝʥʥʷ ʢʘʜʨʫ ʚ ʟʘʩʽʙ 

ʧʽʜʢʣʶʯʝʥʥʷ ʽ ʡʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʚʠʣʫʯʝʥʥʷ, ʥʘʟʠʚʘʻʪʴʩʷ ʤʝʪʦʜʦʤ ʫʧʨʘʚʣʽʥʥʷ 

ʜʦʩʪʫʧʦʤ ʜʦ ʩʝʨʝʜʦʚʠʱʘ. 

ʇʽʜ ʯʘʩ ʧʨʦʭʦʜʞʝʥʥʷ ʧʘʢʝʪʽʚ ʚʽʜ ʚʫʟʣʘ ʜʞʝʨʝʣʘ ʜʦ ʚʫʟʣʘ ʘʜʨʝʩʘʪʘ ʚʦʥʠ 

ʟʘʟʚʠʯʘʡ ʧʝʨʝʜʘʶʪʴʩʷ ʧʦ ʨʽʟʥʠʤ ʬʽʟʠʯʥʠʤ ʤʝʨʝʞ. ʎʽ ʬʽʟʠʯʥʽ ʤʝʨʝʞʽ ʤʦʞʫʪʴ 

ʩʢʣʘʜʘʪʠʩʷ ʟ ʬʽʟʠʯʥʠʭ ʟʘʩʦʙʽʚ ʧʽʜʢʣʶʯʝʥʥʷ ʨʽʟʥʦʛʦ ʪʠʧʫ, ʥʘʧʨʠʢʣʘʜ ʤʽʜʥʠʭ ʽ 

ʦʧʪʦʚʦʣʦʢʦʥʥʠʭ ʢʘʙʝʣʽʚ, ʟʘʩʦʙʽʚ ʙʝʟʜʨʦʪʦʚʦʛʦ ʧʽʜʢʣʶʯʝʥʥʷ ʥʘ ʦʩʥʦʚʽ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʩʠʛʥʘʣʽʚ, ʘ ʪʘʢʦʞ ʨʘʜʽʦʯʘʩʪʦʪʥʠʭ, ʤʽʢʨʦʭʚʠʣʴʦʚʠʭ ʽ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʢʘʥʘʣʽʚ. 

ʗʢʙʠ ʢʘʥʘʣʴʥʦʛʦ ʨʽʚʥʷ ʥʝ ʽʩʥʫʚʘʣʦ, ʤʝʨʝʞʝʚʠʡ ʨʽʚʝʥʴ, ʥʘʧʨʠʢʣʘʜ IP, 

ʧʦʚʠʥʥʽ ʙʫʣʠ ʙ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʟ'ʻʜʥʘʥʥʷ ʜʣʷ ʚʩʽʭ ʪʠʧʽʚ ʟʘʩʦʙʽʚ ʧʽʜʢʣʶʯʝʥʥʷ, ʷʢʽ 

ʤʦʛʣʠ ʟʫʩʪʨʽʪʠʩʷ ʥʘ ʰʣʷʭʫ ʧʨʦʭʦʜʞʝʥʥʷ ʧʘʢʝʪʫ. ɹʽʣʴʰ ʪʦʛʦ, ʧʨʦʪʦʢʦʣʫ IP 

ʜʦʚʝʣʦʩʷ ʙ ʱʦʨʘʟʫ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʥʦʚʦʾ ʤʝʨʝʞʝʚʦʾ ʪʝʭʥʦʣʦʛʽʾ ʘʙʦ ʩʝʨʝʜʦʚʠʱʽ. 

ʊʘʢʠʡ ʧʨʦʮʝʩ ʫʩʢʣʘʜʥʠʚ ʙʠ ʦʥʦʚʣʝʥʥʷ ʽ ʨʦʟʚʠʪʦʢ ʧʨʦʪʦʢʦʣʽʚ ʽ ʟʘʩʦʙʽʚ 

ʤʝʨʝʞʝʚʦʛʦ ʧʽʜʢʣʶʯʝʥʥʷ. ɺ ʮʴʦʤʫ ʽ ʧʦʣʷʛʘʻ ʦʩʥʦʚʥʘ ʧʨʠʯʠʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʙʘʛʘʪʦʨʽʚʥʝʚʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʧʦʙʫʜʦʚʠ ʤʝʨʝʞ. 

ʅʘʜʘʥʥʷ ʜʦʩʪʫʧʫ ʜʦ ʩʝʨʝʜʦʚʠʱʘ 



ɺ ʨʘʤʢʘʭ ʦʜʥʦʛʦ ʩʝʘʥʩʫ ʟʚ'ʷʟʢʫ ʤʦʞʫʪʴ ʟʥʘʜʦʙʠʪʠʩʷ ʨʽʟʥʽ ʤʝʪʦʜʠ 

ʫʧʨʘʚʣʽʥʥʷ ʜʦʩʪʫʧʦʤ ʜʦ ʩʝʨʝʜʦʚʠʱʘ. ɺʩʽ ʤʝʨʝʞʝʚʽ ʩʝʨʝʜʦʚʠʱʘ, ʟʘ ʷʢʠʤʠ 

ʧʨʦʭʦʜʷʪʴ ʧʘʢʝʪʠ ʚ ʭʦʜʽ ʧʝʨʝʜʘʯʽ ʚʽʜ ʣʦʢʘʣʴʥʦʛʦ ʚʫʟʣʘ ʜʦ ʚʽʜʜʘʣʝʥʦʛʦ, ʤʦʞʫʪʴ 

ʤʘʪʠ ʨʽʟʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʅʘʧʨʠʢʣʘʜ, ʣʦʢʘʣʴʥʘ ʤʝʨʝʞʘ Ethernet ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʙʝʟʣʽʯʽ ʚʫʟʣʽʚ, ʱʦ ʢʦʥʢʫʨʫʶʪʴ ʟʘ ʜʦʩʪʫʧ ʜʦ ʟʘʩʦʙʫ ʧʽʜʢʣʶʯʝʥʥʷ. ʇʦʩʣʽʜʦʚʥʽ 

ʢʘʥʘʣʠ ʧʨʠʟʥʘʯʝʥʽ ʚʠʢʣʶʯʥʦ ʜʣʷ ʧʨʷʤʦʛʦ ʟ'ʻʜʥʘʥʥʷ ʜʚʦʭ ʧʨʠʩʪʨʦʾʚ. 

ɯʥʪʝʨʬʝʡʩʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʽʥʢʘʧʩʫʣʶʶʪʴ ʧʘʢʝʪ ʚ ʚʽʜʧʦʚʽʜʥʠʡ ʢʘʜʨ. ɼʣʷ 

ʜʦʩʪʫʧʫ ʜʦ ʢʦʞʥʦʛʦ ʢʘʥʘʣʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʠʡ ʤʝʪʦʜ ʫʧʨʘʚʣʽʥʥʷ 

ʜʦʩʪʫʧʦʤ ʜʦ ʩʝʨʝʜʦʚʠʱʘ. ʇʨʠ ʙʫʜʴ-ʷʢʦʤʫ ʦʙʤʽʥʽ ʧʘʢʝʪʘʤʠ ʤʝʨʝʞʥʦʛʦ ʨʽʚʥʷ 

ʤʦʞʣʠʚʽ ʙʘʛʘʪʦʨʘʟʦʚʽ ʧʝʨʝʭʦʜʠ ʤʽʞ ʢʘʥʘʣʴʥʠʤ ʨʽʚʥʝʤ ʽ ʩʝʨʝʜʦʚʠʱʝʤ. 

ʅʘ ʢʦʞʥʦʤʫ ʪʨʘʥʟʠʪʥʽʡ ʜʽʣʷʥʮʽ ʰʣʷʭʫ ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʚʠʢʦʥʫʻ ʪʘʢʽ 

ʦʧʝʨʘʮʽʾ. 

¶ʇʨʠʡʤʘʻ ʢʘʜʨ ʟ ʩʝʨʝʜʦʚʠʱʘ 

¶ɼʝʽʥʢʘʧʩʫʣʽʨʫʝʪ ʢʘʜʨ 

¶ʇʦʚʪʦʨʥʦ ʠʥʢʘʧʩʫʣʠʨʫʝʪ ʧʘʢʝʪ ʚ ʥʦʚʠʡ ʢʘʜʨ 

¶ʇʝʨʝʜʘʻ ʥʦʚʠʡ ʢʘʜʨ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʩʝʨʝʜʦʚʠʱʽ ʜʘʥʦʛʦ ʩʝʛʤʝʥʪʘ 

ʬʽʟʠʯʥʦʾ ʤʝʨʝʞʽ 

ʉʪʘʥʜʘʨʪʠ ʢʘʥʘʣʴʥʦʛʦ ʨʽʚʥʷ 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʨʦʪʦʢʦʣʽʚ ʚʝʨʭʥʽʭ ʨʽʚʥʽʚ ʩʪʝʢʘ TCP / IP ʧʨʦʪʦʢʦʣʠ 

ʢʘʥʘʣʴʥʦʛʦ ʨʽʚʥʷ, ʷʢ ʧʨʘʚʠʣʦ, ʥʝ ʚʠʟʥʘʯʘʶʪʴʩʷ ʜʦʢʫʤʝʥʪʘʤʠ RFC (Request for 

Comments, RFC). ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ɯʥʞʝʥʝʨʥʘ ʛʨʫʧʘ ʟ ʨʦʟʚʠʪʢʫ ɯʥʪʝʨʥʝʪʫ 

(IETF) ʧʽʜʪʨʠʤʫʻ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʧʨʦʪʦʢʦʣʠ ʽ ʩʣʫʞʙʠ ʜʣʷ ʩʪʝʢʘ ʧʨʦʪʦʢʦʣʽʚ TCP / 

IP ʥʘ ʚʝʨʭʥʽʭ ʨʽʚʥʷʭ, IETF ʥʝ ʚʠʟʥʘʯʘʻ ʬʫʥʢʮʽʾ ʽ ʧʨʠʥʮʠʧʠ ʨʦʙʦʪʠ ʨʽʚʥʷ ʜʦʩʪʫʧʫ 

ʜʦ ʤʝʨʝʞʽ ʜʣʷ ʮʽʻʾ ʤʦʜʝʣʽ. 

ʋʭʚʘʣʦʶ ʚʽʜʢʨʠʪʠʭ ʩʪʘʥʜʘʨʪʽʚ ʽ ʧʨʦʪʦʢʦʣʽʚ, ʷʢʽ ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ ʜʦ 

ʢʘʥʘʣʴʥʦʛʦ ʨʽʚʥʷ ʜʦʩʪʫʧʫ, ʟʘʡʤʘʶʪʴʩʷ ʪʘʢʽ ʦʨʛʘʥʽʟʘʮʽʾ. 

¶ɯʥʩʪʠʪʫʪ ʽʥʞʝʥʝʨʽʚ ʟ ʝʣʝʢʪʨʦʪʝʭʥʽʢʠ ʪʘ ʝʣʝʢʪʨʦʥʽʢʠ (IEEE) 

¶ʄʽʞʥʘʨʦʜʥʠʡ ʩʦʶʟ ʝʣʝʢʪʨʦʟʚ'ʷʟʢʫ (ITU) 

¶ʄʽʞʥʘʨʦʜʥʘ ʦʨʛʘʥʽʟʘʮʽʷ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ (ISO) 

¶ɸʤʝʨʠʢʘʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʽʥʩʪʠʪʫʪ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ (ANSI) 

ʋʧʨʘʚʣʽʥʥʷ ʜʦʩʪʫʧʦʤ ʜʦ ʩʝʨʝʜʦʚʠʱʘ 

ʇʨʠʤʽʱʝʥʥʷʤ ʢʘʜʨʽʚ ʜʘʥʠʭ ʚ ʩʝʨʝʜʫ ʫʧʨʘʚʣʷʻ ʧʽʜʨʽʚʝʥʴ ʫʧʨʘʚʣʽʥʥʷ 

ʜʦʩʪʫʧʦʤ ʜʦ ʩʝʨʝʜʦʚʠʱʘ. 

ʋʧʨʘʚʣʽʥʥʷ ʜʦʩʪʫʧʦʤ ʜʦ ʩʝʨʝʜʦʚʠʱʘ ʧʨʘʮʶʻ ʘʥʘʣʦʛʽʯʥʦ ʧʨʘʚʠʣʘʤ 

ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ, ʱʦ ʨʝʛʫʣʶʻ ʚʠʾʟʜ ʘʚʪʦʤʦʙʽʣʽʚ ʥʘ ʜʦʨʦʛʫ. ɺʽʜʩʫʪʥʽʩʪʴ ʙʫʜʴ-

ʷʢʠʭ ʟʘʭʦʜʽʚ ʫʧʨʘʚʣʽʥʥʷ ʜʦʩʪʫʧʦʤ ʜʦ ʩʝʨʝʜʦʚʠʱʘ ʤʦʞʥʘ ʧʦʨʽʚʥʷʪʠ ʟ ʩʠʪʫʘʮʽʻʶ, 

ʢʦʣʠ ʚʦʜʽʾ ʚʠʾʞʜʞʘʶʪʴ ʥʘ ʜʦʨʦʛʫ, ʽʛʥʦʨʫʶʯʠ ʨʫʭ ʽʥʰʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ. 

ʆʜʥʘʢ ʥʝ ʚʩʽ ʜʦʨʦʛʠ ʪʘ ʚ'ʾʟʜʠ ʦʜʥʘʢʦʚʽ. ʊʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʠ ʤʦʞʫʪʴ ʚʠʾʞʜʞʘʪʠ 

ʥʘ ʜʦʨʦʛʫ, ʘʙʦ ʚʣʠʚʘʶʯʠʩʴ ʚ ʧʦʪʽʢ, ʘʙʦ ʯʝʢʘʶʯʠ ʩʚʦʻʾ ʯʝʨʛʠ ʫ ʟʥʘʢʘ çʉʪʦʧè, ʘʙʦ 

ʧʽʜʢʦʨʷʶʯʠʩʴ ʩʠʛʥʘʣʘʤ ʩʚʽʪʣʦʬʦʨʘ. ʅʘ ʚ'ʾʟʥʠʭ ʜʦʨʦʛʘʭ ʨʽʟʥʦʛʦ ʪʠʧʫ ʚʦʜʽʾ 

ʧʽʜʧʦʨʷʜʢʦʚʫʶʪʴʩʷ ʨʽʟʥʠʤ ʧʨʘʚʠʣʘʤ. 

ʊʦʯʥʦ ʪʘʢ ʩʘʤʦ ʽʩʥʫʶʪʴ ʨʽʟʥʽ ʤʝʪʦʜʠ ʢʦʥʪʨʦʣʶ ʧʨʠʤʽʱʝʥʥʷ ʢʘʜʨʽʚ ʚ ʟʘʩʽʙ 

ʧʽʜʢʣʶʯʝʥʥʷ. ʇʨʘʚʠʣʘ ʜʦʩʪʫʧʫ ʜʦ ʨʽʟʥʠʭ ʟʘʩʦʙʽʚ ʧʽʜʢʣʶʯʝʥʥʷ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʧʨʦʪʦʢʦʣʘʤʠ ʢʘʥʘʣʴʥʦʛʦ ʨʽʚʥʷ. ʎʽ ʤʝʪʦʜʠ ʫʧʨʘʚʣʽʥʥʷ ʜʦʩʪʫʧʦʤ ʜʦ ʟʘʩʦʙʫ 

ʧʽʜʢʣʶʯʝʥʥʷ ʚʠʟʥʘʯʘʶʪʴ, ʯʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʫʟʣʠ ʜʘʥʠʡ ʟʘʩʽʙ ʩʧʽʣʴʥʦ ʽ ʷʢʠʤ 

ʯʠʥʦʤ ʮʝ ʚʽʜʙʫʚʘʻʪʴʩʷ. 



ɺʠʙʽʨ ʤʝʪʦʜʫ ʫʧʨʘʚʣʽʥʥʷ ʜʦʩʪʫʧʦʤ ʜʦ ʟʘʩʦʙʫ ʧʽʜʢʣʶʯʝʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʥʘʩʪʫʧʥʠʭ ʬʘʢʪʦʨʽʚ. 

ʊʦʧʦʣʦʛʽʷ: ʷʢ ʟ'ʻʜʥʘʥʥʷ ʤʽʞ ʚʫʟʣʘʤʠ ʚʠʛʣʷʜʘʻ ʥʘ ʢʘʥʘʣʴʥʦʤʫ ʨʽʚʥʽ. 

ʉʧʽʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʩʦʙʫ ʧʽʜʢʣʶʯʝʥʥʷ: ʷʢ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘʛʘʣʴʥʠʡ 

ʜʦʩʪʫʧ ʚʫʟʣʽʚ ʜʦ ʟʘʩʦʙʫ ʧʽʜʢʣʶʯʝʥʥʷ ʉʧʽʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʩʦʙʫ 

ʧʽʜʢʣʶʯʝʥʥʷ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʟʘ ʧʨʠʥʮʠʧʦʤ çʪʦʯʢʘ-ʪʦʯʢʘè, ʷʢ ʚ ʛʣʦʙʘʣʴʥʽʡ 

ʤʝʨʝʞʽ, ʘʙʦ ʟʘ ʧʨʠʥʮʠʧʦʤ ʨʦʟʜʽʣʷʻʪʴʩʷ ʜʦʩʪʫʧʫ ʜʦ ʩʝʨʝʜʦʚʠʱʘ, ʷʢ ʚ ʣʦʢʘʣʴʥʠʭ 

ʤʝʨʝʞʘʭ. 

ʌʽʟʠʯʥʘ ʽ ʣʦʛʽʯʥʘ ʪʦʧʦʣʦʛʽʷ 

ʊʦʧʦʣʦʛʽʷ ʤʝʨʝʞʽ ʦʧʠʩʫʻ ʨʦʟʪʘʰʫʚʘʥʥʷ ʘʙʦ ʚʟʘʻʤʦʟʚ'ʷʟʦʢ ʤʝʨʝʞʝʚʠʭ 

ʧʨʠʩʪʨʦʾʚ, ʘ ʪʘʢʦʞ ʟ'ʻʜʥʘʥʥʷ ʤʽʞ ʥʠʤʠ. ʊʦʧʦʣʦʛʽʾ LAN ʽ WAN ʤʦʞʥʘ 

ʨʦʟʛʣʷʜʘʪʠ ʟ ʜʚʦʭ ʪʦʯʦʢ ʟʦʨʫ. 

ʌʽʟʠʯʥʘ ʪʦʧʦʣʦʛʽʷ. ʎʝʡ ʪʝʨʤʽʥ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʬʽʟʠʯʥʠʭ ʟ'ʻʜʥʘʥʴ ʽ 

ʚʠʟʥʘʯʘʻ, ʷʢʠʤ ʯʠʥʦʤ ʟ'ʻʜʥʫʶʪʴʩʷ ʦʜʠʥ ʟ ʦʜʥʠʤ ʢʽʥʮʝʚʽ ʧʨʠʩʪʨʦʾ ʪʘ ʧʨʠʩʪʨʦʾ 

ʤʝʨʝʞʝʚʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʪʘʢʽ ʷʢ ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ, ʢʦʤʫʪʘʪʦʨʠ ʽ ʙʝʟʜʨʦʪʦʚʽ 

ʪʦʯʢʠ ʜʦʩʪʫʧʫ. ʌʽʟʠʯʥʘ ʪʦʧʦʣʦʛʽʷ ʥʘʡʯʘʩʪʽʰʝ ʦʨʛʘʥʽʟʦʚʘʥʘ ʟʘ ʩʭʝʤʦʶ çʪʦʯʢʘ-

ʪʦʯʢʘè ʘʙʦ çʟʽʨʢʘè. (ɼʠʚ. ʈʠʩʫʥʦʢ 1.) 

ʃʦʛʽʯʥʘ ʪʦʧʦʣʦʛʽʷ: ʪʝʨʤʽʥ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʡ ʜʣʷ ʦʧʠʩʫ ʰʣʷʭʽʚ ʧʝʨʝʜʘʯʽ 

ʢʘʜʨʽʚ ʤʽʞ ʚʫʟʣʘʤʠ. ʉʪʨʫʢʪʫʨʘ ʣʦʛʽʯʥʦʾ ʪʦʧʦʣʦʛʽʾ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʽʨʪʫʘʣʴʥʠʭ 

ʟ'ʻʜʥʘʥʴ ʤʽʞ ʚʫʟʣʘʤʠ ʤʝʨʝʞʽ. ʎʽ ʣʦʛʽʯʥʽ ʰʣʷʭʠ ʩʠʛʥʘʣʽʚ ʚʠʟʥʘʯʝʥʽ ʧʨʦʪʦʢʦʣʘʤʠ 

ʢʘʥʘʣʴʥʦʛʦ ʨʽʚʥʷ. ʃʦʛʽʯʥʘ ʪʦʧʦʣʦʛʽʷ ʢʘʥʘʣʽʚ çʪʦʯʢʘ-ʪʦʯʢʘè ʧʦʨʽʚʥʷʥʦ ʧʨʦʩʪʘ, 

ʭʦʯʘ ʩʧʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦʟʚʦʣʷʻ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʨʽʟʥʽ ʤʝʪʦʜʠ ʫʧʨʘʚʣʽʥʥʷ ʜʦʩʪʫʧʦʤ. ɼʠʚ. ʄʘʣʶʥʦʢ 2. 

ʇʨʠ ʫʧʨʘʚʣʽʥʥʽ ʜʦʩʪʫʧʦʤ ʜʘʥʠʭ ʜʦ ʩʝʨʝʜʦʚʠʱʘ ʢʘʥʘʣʴʥʠʡ ʨʽʚʝʥʴ çʙʘʯʠʪʴè 

ʣʦʛʽʯʥʫ ʪʦʧʦʣʦʛʽʶ ʤʝʨʝʞʽ. ʉʘʤʝ ʣʦʛʽʯʥʘ ʪʦʧʦʣʦʛʽʷ ʚʧʣʠʚʘʻ ʥʘ ʚʠʙʽʨ ʪʠʧʫ 

ʢʘʜʨʫʚʘʥʥʷ ʚ ʤʝʨʝʞʽ ʽ ʫʧʨʘʚʣʽʥʥʷ ʜʦʩʪʫʧʦʤ ʜʦ ʩʝʨʝʜʦʚʠʱʘ. 

ʇʦʰʠʨʝʥʽ ʬʽʟʠʯʥʽ ʪʦʧʦʣʦʛʽʾ ʛʣʦʙʘʣʴʥʠʭ ʤʝʨʝʞ 

ɿ'ʻʜʥʘʥʥʷ ʚ ʛʣʦʙʘʣʴʥʠʭ ʤʝʨʝʞʘʭ ʟʘʟʚʠʯʘʡ ʦʨʛʘʥʽʟʦʚʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʥʘʩʪʫʧʥʠʭ ʬʽʟʠʯʥʠʭ ʪʦʧʦʣʦʛʽʡ. 

çʊʦʯʢʘ-ʪʦʯʢʘè (Point-to-Point): ʮʝ ʥʘʡʧʨʦʩʪʽʰʘ ʪʦʧʦʣʦʛʽʷ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ 

ʩʦʙʦʶ ʧʦʩʪʽʡʥʝ ʟ'ʻʜʥʘʥʥʷ ʤʽʞ ʜʚʦʤʘ ʢʽʥʮʝʚʠʤʠ ʪʦʯʢʘʤʠ. ʉʘʤʝ ʟ ʮʽʻʾ ʧʨʠʯʠʥʠ 

ʜʘʥʘ ʪʦʧʦʣʦʛʽʷ ʛʣʦʙʘʣʴʥʦʾ ʤʝʨʝʞʽ ʻ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʦʶ. 

çɿʽʨʢʦʧʦʜʽʙʥʘè (Hub and spoke): ʚʝʨʩʽʷ ʟʽʨʢʦʧʦʜʽʙʥʽʡ ʪʦʧʦʣʦʛʽʾ ʜʣʷ 

ʛʣʦʙʘʣʴʥʦʾ ʤʝʨʝʞʽ, ʚ ʷʢʽʡ ʮʝʥʪʨʘʣʴʥʠʡ ʚʫʟʦʣ ʟ'ʻʜʥʘʥʠʡ ʟ ʧʝʨʠʬʝʨʽʡʥʠʤʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʟ'ʻʜʥʘʥʴ çʪʦʯʢʘ-ʪʦʯʢʘè. 

ʅʽʟʜʨʶʚʘʪʘ (Mesh): ʮʷ ʪʦʧʦʣʦʛʽʷ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʜʦʩʪʫʧʥʽʩʪʴ, ʘʣʝ 

ʚʠʤʘʛʘʻ, ʱʦʙ ʢʦʞʥʘ ʢʨʘʡʦʚʘ ʩʠʩʪʝʤʘ ʙʫʣʘ ʧʦʚ'ʷʟʘʥʘ ʟ ʫʩʽʤʘ ʽʥʰʠʤʠ ʩʠʩʪʝʤʘʤʠ. 

ʊʦʤʫ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʽ ʪʘ ʬʽʟʠʯʥʽ ʚʠʪʨʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʜʦʩʠʪʴ ʟʥʘʯʥʠʤʠ. ʂʦʞʝʥ 

ʢʘʥʘʣ ʚ ʪʘʢʽʡ ʤʝʨʝʞʽ ʬʘʢʪʠʯʥʦ ʻ ʢʘʥʘʣʦʤ, ʧʦʚ'ʷʟʘʥʠʤ ʟ ʽʥʰʠʤ ʚʫʟʣʦʤ 

ʩʧʦʣʫʯʝʥʥʷʤ çʪʦʯʢʘ-ʪʦʯʢʘè. 

ʅʘ ʤʘʣʶʥʢʫ ʧʦʢʘʟʘʥʽ ʪʨʠ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʽ ʬʽʟʠʯʥʽ ʪʦʧʦʣʦʛʽʾ ʛʣʦʙʘʣʴʥʦʾ 

ʤʝʨʝʞʽ. 

ɻʽʙʨʠʜ - ʮʝ ʚʘʨʽʘʥʪ ʘʙʦ ʧʦʻʜʥʘʥʥʷ ʙʫʜʴ-ʷʢʠʭ ʟ ʚʠʱʝʚʢʘʟʘʥʠʭ ʪʦʧʦʣʦʛʽʡ. 

ʅʘʧʨʠʢʣʘʜ, ʯʘʩʪʢʦʚʦ-ʯʘʨʫʥʢʦʚʘ ʤʝʨʝʞʘ - ʮʝ ʛʽʙʨʠʜʥʘ ʪʦʧʦʣʦʛʽʷ, ʚ ʷʢʽʡ ʧʦʻʜʥʘʥʽ 

ʜʝʷʢʽ, ʘʣʝ ʥʝ ʚʩʽ, ʢʽʥʮʝʚʽ ʧʨʠʩʪʨʦʾ. 

ʌʽʟʠʯʥʘ ʪʦʧʦʣʦʛʽʷ çʪʦʯʢʘ-ʪʦʯʢʘè 



ʌʽʟʠʯʥʽ ʜʚʦʪʦʯʢʦʚʽ ʪʦʧʦʣʦʛʽʾ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʚ'ʷʟʫʶʪʴ ʜʚʘ ʚʫʟʣʘ, ʷʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʤʘʣʶʥʢʫ. 

ʋ ʪʘʢʽʡ ʤʝʨʝʞʽ ʜʚʦʤ ʚʫʟʣʘʤ ʥʝ ʧʦʪʨʽʙʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʝʨʝʜʫ ʩʧʽʣʴʥʦ ʟ 

ʽʥʰʠʤʠ ʚʫʟʣʘʤʠ. ʂʨʽʤ ʪʦʛʦ, ʚʫʟʣʫ ʥʝ ʧʦʪʨʽʙʥʦ ʚʠʟʥʘʯʘʪʠ, ʘʜʨʝʩʦʚʘʥʠʡ ʯʠ 

ʚʭʦʜʠʪʴ ʢʘʜʨ ʩʘʤʝ ʡʦʤʫ ʘʙʦ ʞ ʽʥʰʦʛʦ ʚʫʟʣʘ. ʆʪʞʝ, ʧʨʦʪʦʢʦʣʠ ʫʧʨʘʚʣʽʥʥʷ 

ʣʦʛʽʯʥʠʤʠ ʟ'ʻʜʥʘʥʥʷʤʠ ʢʘʥʘʣʴʥʦʛʦ ʨʽʚʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʜʫʞʝ ʧʨʦʩʪʠʤʠ, ʦʩʢʽʣʴʢʠ 

ʚʩʽ ʢʘʜʨʠ ʚ ʩʝʨʝʜʦʚʠʱʽ ʤʦʞʫʪʴ ʧʝʨʝʜʘʚʘʪʠʩʷ ʪʽʣʴʢʠ ʤʽʞ ʜʚʦʤʘ ʚʫʟʣʘʤʠ. ɺʫʟʦʣ 

ʥʘ ʦʜʥʦʤʫ ʢʽʥʮʽ ʧʦʤʽʱʘʻ ʢʘʜʨʠ ʚ ʩʝʨʝʜʫ, ʘ ʚʫʟʦʣ ʥʘ ʽʥʰʦʤʫ ʢʽʥʮʽ ʜʚʫʭʪʦʯʝʯʥʦʛʦ 

ʟ'ʻʜʥʘʥʥʷ ʦʪʨʠʤʫʻ ʮʽ ʢʘʜʨʠ ʟ ʩʝʨʝʜʦʚʠʱʘ. 

ʃʦʛʽʯʥʘ ʪʦʧʦʣʦʛʽʷ çʪʦʯʢʘ-ʪʦʯʢʘè 

ʇʨʠʢʽʥʮʝʚʽ ʚʫʟʣʠ, ʷʢʽ ʚʟʘʻʤʦʜʽʶʪʴ ʟ ʜʚʫʭʪʦʯʝʯʥʦʡ ʤʝʨʝʞʽ, ʤʦʞʫʪʴ ʙʫʪʠ 

ʬʽʟʠʯʥʦ ʟ'ʻʜʥʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʝʢʽʣʴʢʦʭ ʧʨʦʤʽʞʥʠʭ ʧʨʠʩʪʨʦʾʚ. ʆʜʥʘʢ ʪʝ, ʷʢ ʮʽ 

ʬʽʟʠʯʥʽ ʧʨʠʩʪʨʦʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʤʝʨʝʞʽ, ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʣʦʛʽʯʥʫ ʪʦʧʦʣʦʛʽʶ. 

ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʤʘʣʶʥʢʫ 1, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʜʝʷʢʽʡ ʚʽʜʩʪʘʥʽ ʦʜʠʥ ʚʽʜ 

ʦʜʥʦʛʦ ʚʫʟʦʣ ʜʞʝʨʝʣʘ ʽ ʚʫʟʦʣ ʧʨʠʟʥʘʯʝʥʥʷ ʤʦʞʫʪʴ ʟ'ʻʜʥʫʚʘʪʠʩʷ ʦʜʠʥ ʟ ʦʜʥʠʤ ʥʝ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ. ʋ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʣʦʛʽʯʥʝ ʟ'ʻʜʥʘʥʥʷ ʤʽʞ ʚʫʟʣʘʤʠ ʬʦʨʤʫʻ ʪʘʢ 

ʟʚʘʥʠʡ ʚʽʨʪʫʘʣʴʥʠʡ ʢʘʥʘʣ. ɺʽʨʪʫʘʣʴʥʠʡ ʢʘʥʘʣ - ʮʝ ʣʦʛʽʯʥʝ ʟ'ʻʜʥʘʥʥʷ, ʩʪʚʦʨʝʥʝ ʚ 

ʤʝʨʝʞʽ ʤʽʞ ʜʚʦʤʘ ʤʝʨʝʞʝʚʠʤʠ ʧʨʠʩʪʨʦʷʤʠ. ɼʚʘ ʚʫʟʣʘ ʥʘ ʦʙʦʭ ʢʽʥʮʷʭ 

ʚʽʨʪʫʘʣʴʥʦʛʦ ʢʘʥʘʣʫ ʦʙʤʽʥʶʶʪʴʩʷ ʢʘʜʨʘʤʠ ʤʽʞ ʩʦʙʦʶ. ʎʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʽ ʚ ʪʦʤʫ 

ʚʠʧʘʜʢʫ, ʷʢʱʦ ʢʘʜʨʠ ʧʝʨʝʜʘʶʪʴʩʷ ʯʝʨʝʟ ʧʨʦʤʽʞʥʽ ʧʨʠʩʪʨʦʾ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ 

ʤʘʣʶʥʢʫ 2. ɺʽʨʪʫʘʣʴʥʽ ʢʘʥʘʣʠ - ʮʝ ʚʘʞʣʠʚʽ ʢʦʤʧʦʥʝʥʪʠ ʣʦʛʽʯʥʠʭ ʟ'ʻʜʥʘʥʴ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʜʝʷʢʠʭ ʪʝʭʥʦʣʦʛʽʷʭ ʨʽʚʥʷ 2. 

ʄʝʪʦʜ ʜʦʩʪʫʧʫ ʜʦ ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʦʪʦʢʦʣʦʤ 

ʢʘʥʘʣʴʥʦʛʦ ʨʽʚʥʷ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʣʦʛʽʯʥʦʶ ʜʚʫʭʪʦʯʝʯʥʦʡ ʪʦʧʦʣʦʛʽʻʶ, ʘ ʥʝ 

ʬʽʟʠʯʥʦʾ ʪʦʧʦʣʦʛʽʻʶ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʣʦʛʽʯʥʝ ʜʚʫʭʪʦʯʝʯʥʦʝ ʟ'ʻʜʥʘʥʥʷ ʤʽʞ ʜʚʦʤʘ 

ʚʫʟʣʘʤʠ ʥʝ ʦʙʦʚ'ʷʟʢʦʚʦ ʧʦʚ'ʷʟʫʻ ʜʚʘ ʬʽʟʠʯʥʠʭ ʚʫʟʣʘ, ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʨʽʟʥʠʭ 

ʢʽʥʮʷʭ ʦʜʥʦʛʦ ʬʽʟʠʯʥʦʛʦ ʢʘʥʘʣʫ ʟʚ'ʷʟʢʫ. 

ʌʽʟʠʯʥʽ ʪʦʧʦʣʦʛʽʾ ʣʦʢʘʣʴʥʠʭ ʤʝʨʝʞ 

ʌʽʟʠʯʥʘ ʪʦʧʦʣʦʛʽʷ ʚʠʟʥʘʯʘʻ, ʷʢ ʩʘʤʝ ʬʽʟʠʯʥʦ ʟ'ʻʜʥʘʥʽ ʢʽʥʮʝʚʽ ʩʠʩʪʝʤʠ. ʋ 

ʣʦʢʘʣʴʥʠʭ ʤʝʨʝʞʘʭ ʟ ʩʧʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʾ ʩʝʨʝʜʦʚʠʱʝʤ ʢʽʥʮʝʚʽ ʧʨʠʩʪʨʦʾ 

ʤʦʞʫʪʴ ʙʫʪʠ ʟ'ʻʜʥʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʩʪʫʧʥʠʭ ʬʽʟʠʯʥʠʭ ʪʦʧʦʣʦʛʽʡ. 

ɿʽʨʢʘ (Star): ʚ ʪʦʧʦʣʦʛʠʷʭ ʪʠʧʫ çʟʽʨʢʘè ʢʽʥʮʝʚʽ ʧʨʠʩʪʨʦʾ ʧʽʜʢʣʶʯʘʶʪʴʩʷ ʜʦ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʨʦʤʽʞʥʦʛʦ ʧʨʠʩʪʨʦʶ. ʋ ʨʘʥʥʽʭ ʪʦʧʦʣʦʛʠʷʭ ʪʠʧʫ çʟʽʨʢʘè ʢʽʥʮʝʚʽ 

ʧʨʠʩʪʨʦʾ ʟ'ʻʜʥʫʚʘʣʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʥʮʝʥʪʨʘʪʦʨʽʚ Ethernet. ʆʜʥʘʢ ʪʝʧʝʨ ʫ 

ʪʦʧʦʣʦʛʠʷʭ ʪʠʧʫ çʟʽʨʢʘè ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʢʦʤʫʪʘʪʦʨʠ Ethernet. ʊʦʧʦʣʦʛʽʶ 

ʪʠʧʫ çʟʽʨʢʘè ʚʽʜʨʽʟʥʷʶʪʴ ʧʨʦʩʪʠʡ ʤʦʥʪʘʞ, ʚʠʩʦʢʘ ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ (ʧʨʦʩʪʝ 

ʜʦʜʘʚʘʥʥʷ ʽ ʚʠʜʘʣʝʥʥʷ ʢʽʥʮʝʚʠʭ ʧʨʠʩʪʨʦʾʚ) ʽ ʧʨʦʩʪʝ ʫʩʫʥʝʥʥʷ ʥʝʧʦʣʘʜʦʢ. 

ʈʦʟʰʠʨʝʥʘ ʟʽʨʢʘ (Extended Star): ʚ ʨʦʟʰʠʨʝʥʽʡ ʟʽʨʢʦʧʦʜʽʙʥʽʡ ʪʦʧʦʣʦʛʽʾ 

ʜʦʜʘʪʢʦʚʽ ʢʦʤʫʪʘʪʦʨʠ Ethernet ʟʘʙʝʟʧʝʯʫʶʪʴ ʟ'ʻʜʥʘʥʥʷ ʟ ʽʥʰʠʤʠ 

ʟʽʨʢʦʧʦʜʽʙʥʠʤʠ ʪʦʧʦʣʦʛʠʷʤʠ. ʈʦʟʰʠʨʝʥʘ ʟʽʨʢʘ - ʮʝ ʧʨʠʢʣʘʜ ʛʽʙʨʠʜʥʦʾ ʪʦʧʦʣʦʛʽʾ. 

ʐʠʥʘ (Bus): ʚʩʝ ʢʽʥʮʝʚʽ ʩʠʩʪʝʤʠ ʧʦʚ'ʷʟʘʥʽ ʦʜʠʥ ʟ ʦʜʥʠʤ ʟʘʛʘʣʴʥʠʤ 

ʢʘʙʝʣʝʤ, ʱʦ ʤʘʻ ʥʘ ʢʽʥʮʷʭ ʩʧʝʮʽʘʣʴʥʽ ʟʘʛʣʫʰʢʠ ( çʪʝʨʤʽʥʘʪʦʨʠè). ɼʣʷ ʟ'ʻʜʥʘʥʥʷ 

ʢʽʥʮʝʚʠʭ ʧʨʠʩʪʨʦʾʚ ʢʦʤʫʪʘʪʦʨʠ ʥʝ ʧʦʪʨʽʙʥʽ. ʐʠʥʥʽ ʪʦʧʦʣʦʛʽʾ ʥʘ ʦʩʥʦʚʽ 

ʢʦʘʢʩʽʘʣʴʥʠʭ ʢʘʙʝʣʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʨʘʥʽʰʝ ʚ ʤʝʨʝʞʘʭ Ethernet ʟʘʚʜʷʢʠ 

ʩʚʦʾʡ ʜʝʰʝʚʠʟʥʽ ʽ ʧʨʦʩʪʦʤʫ ʤʦʥʪʘʞʫ. 

ʂʽʣʴʮʝ (Ring): ʢʦʞʥʘ ʢʨʘʡʦʚʘ ʩʠʩʪʝʤʘ ʟ'ʻʜʥʫʻʪʴʩʷ ʟ ʩʫʩʽʜʥʴʦʶ ʩʠʩʪʝʤʦʶ, 

ʫʪʚʦʨʶʶʯʠ ʤʝʨʝʞʫ ʚ ʬʦʨʤʽ ʢʽʣʴʮʷ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʰʠʥʥʦʾ ʪʦʧʦʣʦʛʽʾ ʢʽʣʴʮʝʚʘ 



ʪʦʧʦʣʦʛʽʷ ʥʝ ʚʠʤʘʛʘʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʨʤʽʥʘʪʦʨʽʚ. ʂʽʣʴʮʝʚʽ ʪʦʧʦʣʦʛʽʾ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʚ ʟʘʩʪʘʨʽʣʠʭ ʤʝʨʝʞʘʭ FDDI (Fiber Distributed Data Interface) ʽ 

Token Ring. 

ʅʘ ʤʘʣʶʥʢʫ ʧʦʢʘʟʘʥʘ ʦʨʛʘʥʽʟʘʮʽʷ ʟ'ʻʜʥʘʥʴ ʤʽʞ ʢʽʥʮʝʚʠʤʠ ʧʨʠʩʪʨʦʷʤʠ ʚ 

ʣʦʢʘʣʴʥʠʭ ʤʝʨʝʞʘʭ. ʗʢ ʧʨʘʚʠʣʦ, ʧʨʠ ʛʨʘʬʽʯʥʦʤʫ ʟʦʙʨʘʞʝʥʥʽ ʩʪʨʫʢʪʫʨʠ ʤʝʨʝʞ 

ʧʨʷʤʠʤʠ ʣʽʥʽʷʤʠ ʧʦʟʥʘʯʘʶʪʴʩʷ ʣʦʢʘʣʴʥʽ ʤʝʨʝʞʽ Ethernet, ʚʢʣʶʯʘʶʯʠ ʪʦʧʦʣʦʛʽʾ 

ʪʠʧʫ çʟʽʨʢʘè ʪʘ çʨʦʟʰʠʨʝʥʘ ʟʽʨʢʘè. 

ʅʘʧʽʚʜʫʧʣʝʢʩʥʘ ʽ ʧʦʣʥʦʜʫʧʣʝʢʩʥʘʷ ʧʝʨʝʜʘʯʘ ʜʘʥʠʭ 

ɼʫʧʣʝʢʩʥʠʡ ʟʚ'ʷʟʦʢ - ʮʝ ʟʚ'ʷʟʦʢ ʟ ʤʦʞʣʠʚʽʩʪʶ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʤʽʞ 

ʜʚʦʤʘ ʧʨʠʩʪʨʦʷʤʠ ʚ ʦʙʦʭ ʥʘʧʨʷʤʢʘʭ. ʇʨʠ ʧʦʣʫʜʫʧʣʝʢʩʥʦʡ ʟʚ'ʷʟʢʫ ʧʝʨʝʜʘʯʘ 

ʜʘʥʠʭ ʚ ʢʦʞʝʥ ʤʦʤʝʥʪ ʯʘʩʫ ʤʦʞʣʠʚʘ ʪʽʣʴʢʠ ʚ ʦʜʥʦʤʫ ʥʘʧʨʷʤʢʫ (ʪ. ɽ. ɰʭ ʤʦʞʥʘ 

ʘʙʦ ʧʝʨʝʜʘʚʘʪʠ, ʘʙʦ ʧʨʠʡʤʘʪʠ), ʪʦʜʽ ʷʢ ʧʨʠ ʧʦʣʥʦʜʫʧʣʝʢʩʥʦʡ ʟʚ'ʷʟʢʫ ʜʘʥʽ ʤʦʞʥʘ 

ʧʝʨʝʜʘʚʘʪʠ ʽ ʧʨʠʡʤʘʪʠ ʦʜʥʦʯʘʩʥʦ. 

ʅʘʧʽʚʜʫʧʣʝʢʩʥʘ ʟʚ'ʷʟʦʢ: ʦʙʠʜʚʘ ʧʨʠʩʪʨʦʾ ʤʦʞʫʪʴ ʧʝʨʝʜʘʚʘʪʠ ʽ ʦʪʨʠʤʫʚʘʪʠ 

ʽʥʬʦʨʤʘʮʽʶ ʯʝʨʝʟ ʩʝʨʝʜʫ, ʘʣʝ ʥʝ ʦʜʥʦʯʘʩʥʦ. ʅʘʧʽʚʜʫʧʣʝʢʩʥʠʡ ʨʝʞʠʤ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʟʘʩʪʘʨʽʣʠʭ ʰʠʥʥʠʭ ʪʦʧʦʣʦʛʠʷʭ ʽ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʢʦʥʮʝʥʪʨʘʪʦʨʽʚ Ethernet. ʄʝʨʝʞʽ WLAN ʪʘʢʦʞ ʧʨʘʮʶʶʪʴ ʚ ʥʘʧʽʚʜʫʧʣʝʢʩʥʦʤʫ 

ʨʝʞʠʤʽ. ʅʘʧʽʚʜʫʧʣʝʢʩʥʠʡ ʨʝʞʠʤ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʧʝʨʝʜʘʯʫ ʘʙʦ ʧʨʠʡʦʤ ʧʦ 

ʟʘʛʘʣʴʥʦʤʫ ʩʝʨʝʜʦʚʠʱʫ ʦʜʥʦʯʘʩʥʦ ʪʽʣʴʢʠ ʦʜʥʦʛʦ ʧʨʠʩʪʨʦʶ ʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʚ ʨʘʟʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʜʦʩʪʫʧʫ. ʅʘ ʤʘʣʶʥʢʫ 1 ʧʦʢʘʟʘʥʠʡ 

ʥʘʧʽʚʜʫʧʣʝʢʩʥʠʡ ʨʝʞʠʤ ʟʚ'ʷʟʢʫ. 

ʇʦʚʥʦʜʫʧʣʝʢʩʥʘ ʟʚ'ʷʟʦʢ: ʦʙʠʜʚʘ ʧʨʠʩʪʨʦʾ ʦʜʥʦʯʘʩʥʦ ʤʦʞʫʪʴ ʧʝʨʝʜʘʚʘʪʠ ʽ 

ʧʨʠʡʤʘʪʠ ʜʘʥʽ ʧʦ ʟʘʩʦʙʘʤ ʧʽʜʢʣʶʯʝʥʥʷ. ʂʘʥʘʣʴʥʠʡ ʨʽʚʝʥʴ ʧʝʨʝʜʙʘʯʘʻ 

ʦʜʥʦʯʘʩʥʫ ʜʦʩʪʫʧʥʽʩʪʴ ʩʝʨʝʜʦʚʠʱʘ ʦʙʦʤ ʚʫʟʣʽʚ ʜʣʷ ʧʝʨʝʜʘʯʽ. ʂʦʤʫʪʘʪʦʨʠ 

Ethernet ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʧʨʘʮʶʶʪʴ ʚ ʧʦʚʥʦʜʫʧʣʝʢʩʥʦʤʫ ʨʝʞʠʤʽ, ʘʣʝ ʤʦʞʫʪʴ 

ʧʨʘʮʶʚʘʪʠ ʽ ʚ ʥʘʧʽʚʜʫʧʣʝʢʩʘ ʧʨʠ ʧʽʜʢʣʶʯʝʥʥʽ ʜʦ ʪʘʢʠʭ ʧʨʠʩʪʨʦʾʚ, ʷʢ 

ʢʦʤʫʪʘʪʦʨʠ Ethernet. ʅʘ ʤʘʣʶʥʢʫ 2 ʧʦʢʘʟʘʥʠʡ ʧʦʚʥʦʜʫʧʣʝʢʩʥʠʡ ʨʝʞʠʤ ʟʚ'ʷʟʢʫ. 

ɺʘʞʣʠʚʦ, ʱʦʙ ʜʚʘ ʧʦʚ'ʷʟʘʥʠʭ ʽʥʪʝʨʬʝʡʩʫ, ʥʘʧʨʠʢʣʘʜ ʤʝʨʝʞʝʚʠʡ ʽʥʪʝʨʬʝʡʩ 

ʚʫʟʣʘ ʽ ʽʥʪʝʨʬʝʡʩ ʢʦʤʫʪʘʪʦʨʘ Ethernet, ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʦʜʠʥ ʽ ʪʦʡ ʞʝ 

ʜʚʦʙʽʯʥʠʡ ʨʝʞʠʤ. ɺ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ ʙʫʜʝ ʚʠʥʠʢʘʪʠ ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʜʫʧʣʝʢʩʥʠʭ 

ʨʝʞʠʤʽʚ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽ ʟʘʪʨʠʤʦʢ ʚ ʢʘʥʘʣʽ ʟʚ'ʷʟʢʫ. 

ʄʝʪʦʜʠ ʫʧʨʘʚʣʽʥʥʷ ʜʦʩʪʫʧʦʤ ʜʦ ʩʝʨʝʜʦʚʠʱʘ ʧʝʨʝʜʘʯʽ 

ʋ ʜʝʷʢʠʭ ʤʝʨʝʞʝʚʠʭ ʪʦʧʦʣʦʛʠʷʭ ʙʝʟʣʽʯ ʚʫʟʣʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻ ʟʘʛʘʣʴʥʝ ʟʘʩʽʙ 

ʧʽʜʢʣʶʯʝʥʥʷ. ʊʘʢʽ ʤʝʨʝʞʽ ʥʘʟʠʚʘʶʪʴʩʷ ʤʝʨʝʞʘʤʠ ʟ ʤʥʦʞʠʥʥʠʤ ʜʦʩʪʫʧʦʤ. 

ʇʨʠʢʣʘʜʘʤʠ ʪʘʢʠʭ ʤʝʨʝʞ ʻ ʣʦʢʘʣʴʥʽ ʤʝʨʝʞʽ Ethernet ʽ ʙʝʟʜʨʦʪʦʚʽ ʣʦʢʘʣʴʥʽ 

ʤʝʨʝʞʽ (WLAN). ʋ ʙʫʜʴ-ʷʢʠʡ ʤʦʤʝʥʪ ʤʦʞʝ ʚʠʥʠʢʥʫʪʠ ʩʠʪʫʘʮʽʷ, ʢʦʣʠ ʢʽʣʴʢʘ 

ʧʨʠʩʪʨʦʾʚ ʥʘʤʘʛʘʻʪʴʩʷ ʚʽʜʧʨʘʚʠʪʠ ʘʙʦ ʦʪʨʠʤʘʪʠ ʜʘʥʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʦʜʠʥ ʽ 

ʪʦʡ ʞʝ ʟʘʩʽʙ ʧʽʜʢʣʶʯʝʥʥʷ. 

ʋ ʜʝʷʢʠʭ ʤʝʨʝʞʘʭ ʟ ʤʥʦʞʠʥʥʠʤ ʜʦʩʪʫʧʦʤ ʥʝʦʙʭʽʜʥʽ ʧʨʘʚʠʣʘ ʨʝʛʫʣʶʚʘʥʥʷ 

ʜʦʩʪʫʧʫ ʧʨʠʩʪʨʦʾʚ ʜʦ ʟʘʛʘʣʴʥʦʾ ʬʽʟʠʯʥʦʾ ʩʝʨʝʜʦʚʠʱʽ. ɯʩʥʫʻ ʜʚʘ ʦʩʥʦʚʥʽ ʤʝʪʦʜʠ 

ʫʧʨʘʚʣʽʥʥʷ ʜʦʩʪʫʧʦʤ ʜʦ ʟʘʛʘʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ʂʦʥʢʫʨʝʥʪʥʠʡ ʜʦʩʪʫʧ: ʚʩʽ ʚʫʟʣʠ, ʱʦ ʧʨʘʮʶʶʪʴ ʚ ʥʘʧʽʚʜʫʧʣʝʢʩʥʦʤʫ 

ʨʝʞʠʤʽ, ʟʤʘʛʘʶʪʴʩʷ ʟʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʝʨʝʜʦʚʠʱʘ, ʘʣʝ ʟʜʽʡʩʥʶʚʘʪʠ ʧʝʨʝʜʘʯʫ ʚ 

ʢʦʞʝʥ ʤʦʤʝʥʪ ʯʘʩʫ ʤʦʞʝ ʣʠʰʝ ʦʜʠʥ ʧʨʠʩʪʨʽʡ. ʆʜʥʘʢ ʽʩʥʫʻ ʩʧʝʮʽʘʣʴʥʠʡ 

ʧʨʦʪʦʢʦʣ, ʱʦ ʚʠʟʥʘʯʘʻ, ʱʦ ʧʦʚʠʥʥʦ ʚʽʜʙʫʚʘʪʠʩʷ ʚ ʨʘʟʽ ʦʜʥʦʯʘʩʥʦʾ ʧʝʨʝʜʘʯʽ 

ʦʙʦʤʘ ʧʨʠʩʪʨʦʷʤʠ. ʇʨʠʢʣʘʜʘʤʠ ʪʘʢʦʛʦ ʪʠʧʫ ʫʧʨʘʚʣʽʥʥʷ ʜʦʩʪʫʧʦʤ ʻ ʣʦʢʘʣʴʥʽ 



ʤʝʨʝʞʽ Ethernet ʟ ʢʦʥʮʝʥʪʨʘʪʦʨʘʤʠ ʽ ʙʝʟʜʨʦʪʦʚʽ ʣʦʢʘʣʴʥʽ ʤʝʨʝʞʽ (WLAN). ʅʘ 

ʤʘʣʶʥʢʫ 1 ʧʦʢʘʟʘʥʠʡ ʢʦʥʢʫʨʝʥʪʥʠʡ ʜʦʩʪʫʧ. 

ʂʝʨʦʚʘʥʠʡ ʜʦʩʪʫʧ: ʢʦʞʥʦʤʫ ʚʫʟʣʫ ʚʽʜʚʦʜʠʪʴʩʷ ʚʣʘʩʥʠʡ ʯʘʩ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʝʨʝʜʦʚʠʱʘ. ʊʘʢʽ ʜʝʪʝʨʤʠʥʠʩʪʠʯʝʩʢʠʝ ʪʠʧʠ ʤʝʨʝʞ ʻ 

ʥʝʝʬʝʢʪʠʚʥʠʤʠ ʯʝʨʝʟ ʪʝ, ʱʦ ʧʨʠʩʪʨʽʡ ʤʘʻ ʯʝʢʘʪʠ ʩʚʦʻʾ ʯʝʨʛʠ ʜʣʷ ʜʦʩʪʫʧʫ ʜʦ 

ʩʝʨʝʜʦʚʠʱʘ. ʇʨʠʢʣʘʜʘʤʠ ʪʘʢʦʛʦ ʪʠʧʫ ʫʧʨʘʚʣʽʥʥʷ ʜʦʩʪʫʧʦʤ ʻ ʟʘʩʪʘʨʽʣʽ ʤʝʨʝʞʽ 

Token Ring.  

 
ʈʠʩ. 1.1.44 ʉʭʝʤʘ ʘʜʨʝʩʘʮʽʾ ʚ ʤʝʨʝʞʽ Token Ring 

ɿʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʢʦʤʫʪʘʪʦʨʠ Ethernet ʧʨʘʮʶʶʪʴ ʚ ʧʦʚʥʦʜʫʧʣʝʢʩʥʦʤʫ 

ʨʝʞʠʤʽ. ʎʝ ʜʦʟʚʦʣʷʻ ʢʦʤʫʪʘʪʦʨʘ ʽ ʧʽʜʢʣʶʯʝʥʦʤʫ ʜʦ ʥʴʦʛʦ ʚ ʧʦʚʥʦʜʫʧʣʝʢʩʥʦʤʫ 

ʨʝʞʠʤʽ ʧʨʠʩʪʨʦʶ ʟʜʽʡʩʥʶʚʘʪʠ ʧʝʨʝʜʘʯʫ ʽ ʧʨʠʡʦʤ ʦʜʥʦʯʘʩʥʦ. 

ʂʦʥʢʫʨʝʥʪʥʠʡ ʜʦʩʪʫʧ - CSMA / CD 

ʇʨʠʢʣʘʜʘʤʠ ʤʝʨʝʞ ʟ ʢʦʥʢʫʨʝʥʪʥʠʤ ʜʦʩʪʫʧʦʤ ʻ ʙʝʟʜʨʦʪʦʚʽ ʣʦʢʘʣʴʥʽ ʤʝʨʝʞʽ 

(WLAN), ʣʦʢʘʣʴʥʽ ʤʝʨʝʞʽ Ethernet ʟ ʢʦʥʮʝʥʪʨʘʪʦʨʘʤʠ ʽ ʟʘʩʪʘʨʽʣʽ ʤʝʨʝʞʽ 

Ethernet ʟ ʰʠʥʥʦʾ ʪʦʧʦʣʦʛʽʻʶ. ɺʩʽ ʮʽ ʤʝʨʝʞʽ ʧʨʘʮʶʶʪʴ ʚ ʥʘʧʽʚʜʫʧʣʝʢʩʥʦʤʫ 

ʨʝʞʠʤʽ. ʇʨʠ ʮʴʦʤʫ ʥʝʦʙʭʽʜʥʠʡ ʩʧʝʮʽʘʣʴʥʠʡ ʧʨʦʪʦʢʦʣ, ʱʦ ʚʠʟʥʘʯʘʻ, ʢʦʣʠ 

ʧʨʠʩʪʨʽʡ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠ ʧʝʨʝʜʘʯʫ, ʽ ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʨʘʟʽ ʦʜʥʦʯʘʩʥʦʾ 

ʧʝʨʝʜʘʯʽ ʜʝʢʽʣʴʢʦʤʘ ʧʨʠʩʪʨʦʷʤʠ. 

ʋ ʥʘʧʽʚʜʫʧʣʝʢʩʥʠʭ ʤʝʨʝʞʘʭ Ethernet ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʦʪʦʢʦʣ 

ʤʥʦʞʠʥʥʦʛʦ ʜʦʩʪʫʧʫ ʟ ʧʨʦʩʣʫʭʦʚʫʚʘʥʥʷʤ ʥʝʩʫʯʦʾ ʽ ʚʠʷʚʣʝʥʥʷʤ ʟʽʪʢʥʝʥʴ 

(Carrier Sense Multiple Access / Collision Detection; CSMA / CD). ʅʘ ʤʘʣʶʥʢʫ 1 

ʧʦʢʘʟʘʥʘ ʤʝʨʝʞʘ Ethernet ʟ ʢʦʥʮʝʥʪʨʘʪʦʨʦʤ. ʇʨʦʪʦʢʦʣ CSMA ʧʨʘʮʶʻ ʟʘ 

ʥʘʩʪʫʧʥʠʤ ʘʣʛʦʨʠʪʤʦʤ: 

1. ʋ PC1 ʻ ʢʘʜʨ Ethernet, ʷʢʠʡ ʧʦʪʨʽʙʥʦ ʧʝʨʝʜʘʪʠ ʚ PC3. 

2. ʄʝʨʝʞʝʚʘ ʧʣʘʪʘ PC1 ʧʦʚʠʥʥʘ ʚʠʟʥʘʯʠʪʠ, ʯʠ ʟʜʽʡʩʥʶʻ ʭʪʦ-ʥʝʙʫʜʴ 

ʧʝʨʝʜʘʯʫ ʧʦ ʩʝʨʝʜʦʚʠʱʽ. ʗʢʱʦ ʚʦʥʘ ʥʝ ʚʠʷʚʣʷʻ ʩʠʛʥʘʣ ʥʝʩʫʯʦʾ, ʽʥʰʠʤʠ 

ʩʣʦʚʘʤʠ, ʥʝ ʧʨʠʡʤʘʻ ʜʘʥʽ ʚʽʜ ʽʥʰʦʛʦ ʧʨʠʩʪʨʦʶ, ʪʦ ʨʦʙʠʪʴ ʚʠʩʥʦʚʦʢ ʧʨʦ ʪʝ, ʱʦ 

ʤʝʨʝʞʘ ʚʽʣʴʥʘ ʜʣʷ ʧʝʨʝʜʘʯʽ. 

3. ʄʝʨʝʞʝʚʘ ʧʣʘʪʘ PC1 ʧʝʨʝʜʘʻ ʢʘʜʨ Ethernet. 

4. ʂʦʥʮʝʥʪʨʘʪʦʨ Ethernet ʧʨʠʡʤʘʻ ʢʘʜʨ. ʂʦʥʮʝʥʪʨʘʪʦʨ Ethernet ʪʘʢʦʞ 

ʥʘʟʠʚʘʶʪʴ ʙʘʛʘʪʦʧʦʨʪʦʚʠʤ ʨʝʪʨʘʥʩʣʷʪʦʨʦʤ. ɺʽʥ ʟʜʽʡʩʥʶʻ ʨʝʛʝʥʝʨʘʮʽʶ ʚʩʽʭ 

ʙʽʪʽʚ, ʧʨʠʡʥʷʪʠʭ ʥʘ ʚʭʽʜʥʦʤʫ ʧʦʨʪʝ, ʽ ʾʭ ʨʦʟʩʠʣʢʫ ʯʝʨʝʟ ʚʩʽ ʽʥʰʽ ʧʦʨʪʠ. 



5. ʗʢʱʦ ʽʥʰʠʡ ʧʨʠʩʪʨʽʡ, ʥʘʧʨʠʢʣʘʜ PC2, ʭʦʯʝ ʟʜʽʡʩʥʠʪʠ ʧʝʨʝʜʘʯʫ, ʘʣʝ ʚ 

ʜʘʥʠʡ ʤʦʤʝʥʪ ʧʨʠʡʤʘʻ ʢʘʜʨ, ʚʦʥʦ ʧʦʚʠʥʥʦ ʜʦʯʝʢʘʪʠʩʷ ʟʚʽʣʴʥʝʥʥʷ ʢʘʥʘʣʫ. 

6. ʂʘʜʨ ʙʫʜʝ ʜʦʩʪʘʚʣʝʥʠʡ ʚʩʽʤ ʧʨʠʩʪʨʦʷʤ, ʧʽʜʢʣʶʯʝʥʠʤ ʜʦ ʢʦʥʮʝʥʪʨʘʪʦʨʘ. 

ɸʣʝ ʦʩʢʽʣʴʢʠ ʚ ʢʘʜʨʽ ʘʜʨʝʩʘ ʙʫʚ ʧʨʠʟʥʘʯʝʥʠʡ ʜʦʜʘʪʢʦʚʠʡ ʮʽʣʴʦʚʦʛʦ ʢʘʥʘʣʫ 

ʜʘʥʠʭ, ʱʦ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ PC3, ʪʦ ʪʽʣʴʢʠ ʮʝʡ ʧʨʠʩʪʨʽʡ ʙʫʜʝ ʧʨʠʡʤʘʪʠ ʽ ʟʙʝʨʽʛʘʪʠ 

ʚʝʩʴ ʢʘʜʨ. ʄʝʨʝʞʝʚʽ ʧʣʘʪʠ ʚʩʽʭ ʽʥʰʠʭ ʧʨʠʩʪʨʦʾʚ ʽʛʥʦʨʫʶʪʴ ʢʘʜʨ. 

ʗʢʱʦ ʜʚʘ ʧʨʠʩʪʨʦʾ ʚʠʢʦʥʫʶʪʴ ʧʝʨʝʜʘʯʫ ʦʜʥʦʯʘʩʥʦ, ʚʠʥʠʢʘʻ ʢʦʥʬʣʽʢʪ. 

ʆʙʠʜʚʘ ʧʨʠʩʪʨʦʾ ʚʠʷʚʣʷʪʴ ʢʦʥʬʣʽʢʪ ʚ ʤʝʨʝʞʽ. ʎʝ ʥʘʟʠʚʘʻʪʴʩʷ ʚʠʷʚʣʝʥʥʷʤ 

ʢʦʥʬʣʽʢʪʽʚ (CD). ʄʝʨʝʞʝʚʘ ʧʣʘʪʘ ʨʦʟʧʽʟʥʘʻ ʮʝʡ ʢʦʥʬʣʽʢʪ, ʧʦʨʽʚʥʶʶʯʠ 

ʚʽʜʧʨʘʚʣʝʥʽ ʜʘʥʽ ʟ ʧʨʠʡʥʷʪʠʤʠ ʘʙʦ ʚʠʟʥʘʯʘʶʯʠ ʧʝʨʝʚʠʱʝʥʥʷ ʥʦʨʤʘʣʴʥʦʾ 

ʘʤʧʣʽʪʫʜʠ ʩʠʛʥʘʣʫ ʚ ʩʝʨʝʜʦʚʠʱʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. ɼʘʥʽ, ʱʦ ʧʝʨʝʜʘʶʪʴʩʷ ʦʙʦʤʘ 

ʧʨʠʩʪʨʦʷʤʠ, ʙʫʜʫʪʴ ʧʦʰʢʦʜʞʝʥʽ, ʯʝʨʝʟ ʱʦ ʧʦʪʨʽʙʥʦ ʾʭ ʧʦʚʪʦʨʥʘ ʚʽʜʧʨʘʚʢʘ. 

ʂʦʥʢʫʨʝʥʪʥʠʡ ʜʦʩʪʫʧ - CSMA / CA 

ɯʥʰʠʤ ʚʠʜʦʤ ʜʦʩʪʫʧʫ CSMA, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʤ ʚ ʙʝʟʜʨʦʪʦʚʠʭ ʣʦʢʘʣʴʥʠʭ 

ʤʝʨʝʞʘʭ IEEE 802.11, ʻ ʤʥʦʞʠʥʥʠʡ ʜʦʩʪʫʧ ʟ ʧʨʦʩʣʫʭʦʚʫʚʘʥʥʷʤ ʥʝʩʫʯʦʾ ʽ 

ʫʥʠʢʥʝʥʥʷʤ ʟʽʪʢʥʝʥʴ (Carrier Sense Multiple Access / Collision Avoidance; CSMA 

/ CA). ʇʨʠ ʜʦʩʪʫʧʽ CMSA / CA ʜʣʷ ʢʦʥʪʨʦʣʶ ʟʚʽʣʴʥʝʥʥʷ ʩʝʨʝʜʦʚʠʱʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʪʦʜ, ʘʥʘʣʦʛʽʯʥʠʡ CSMA / CD. ʋ CMSA / CA ʪʘʢʦʞ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʦʜʘʪʢʦʚʽ ʧʨʦʮʝʜʫʨʠ. CMSA / CA ʥʝ ʤʦʞʝ ʚʠʷʚʠʪʠ 

ʢʦʥʬʣʽʢʪʠ, ʘ ʥʘʤʘʛʘʻʪʴʩʷ ʫʥʠʢʥʫʪʠ ʾʭ, ʯʝʢʘʶʯʠ ʩʚʦʻʾ ʯʝʨʛʠ ʜʣʷ ʧʝʨʝʜʘʯʽ. ʂʦʞʥʝ 

ʧʝʨʝʜʘʚʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ ʚʢʣʶʯʘʻ ʚ ʧʝʨʝʜʘʥʫ ʽʥʬʦʨʤʘʮʽʶ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʯʘʩ, 

ʥʝʦʙʭʽʜʥʠʡ ʡʦʤʫ ʜʣʷ ʧʝʨʝʜʘʯʽ. ɺʩʽ ʽʥʰʽ ʙʝʟʜʨʦʪʦʚʽ ʧʨʠʩʪʨʦʾ ʧʨʠʡʤʘʶʪʴ ʮʶ 

ʽʥʬʦʨʤʘʮʽʶ ʽ ʟʥʘʶʪʴ, ʷʢ ʜʦʚʛʦ ʩʝʨʝʜʦʚʠʱʝ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʙʫʜʝ ʟʘʡʥʷʪʘ (ʜʠʚ. 

ʄʘʣʶʥʦʢ). ʇʽʩʣʷ ʧʝʨʝʜʘʯʽ ʙʝʟʜʨʦʪʦʚʠʤ ʧʨʠʩʪʨʦʻʤ ʢʘʜʨʫ 802.11 ʧʨʠʡʤʘʯ 

ʧʦʚʝʨʪʘʻ ʧʽʜʪʚʝʨʜʞʝʥʥʷ, ʽʥʬʦʨʤʫʶʯʠ ʚʽʜʧʨʘʚʥʠʢʘ ʧʨʦ ʦʪʨʠʤʘʥʥʷ ʢʘʜʨʫ. 

ʅʝʟʘʣʝʞʥʦ ʚʽʜ ʚʠʜʫ ʤʝʨʝʞʽ (ʙʫʜʴ ʪʦ ʣʦʢʘʣʴʥʘ ʤʝʨʝʞʘ Ethernet ʟ 

ʢʦʥʮʝʥʪʨʘʪʦʨʘʤʠ ʘʙʦ ʙʝʟʜʨʦʪʦʚʘ ʣʦʢʘʣʴʥʘ ʤʝʨʝʞʘ), ʩʠʩʪʝʤʠ ʟ ʢʦʥʢʫʨʝʥʪʥʠʤ 

ʜʦʩʪʫʧʦʤ ʧʦʛʘʥʦ ʤʘʩʰʪʘʙʫʶʪʴʩʷ ʧʨʠ ʽʥʪʝʥʩʠʚʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʟʘʩʦʙʠ 

ʧʽʜʢʣʶʯʝʥʥʷ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚ ʣʦʢʘʣʴʥʠʭ ʤʝʨʝʞʘʭ Ethernet ʟ ʢʦʤʫʪʘʪʦʨʘʤʠ 

ʢʦʥʢʫʨʝʥʪʥʠʡ ʜʦʩʪʫʧ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ, ʦʩʢʽʣʴʢʠ ʢʦʤʫʪʘʪʦʨ ʽ ʤʝʨʝʞʝʚʘ 

ʧʣʘʪʘ ʚʫʟʣʘ ʧʨʘʮʶʶʪʴ ʚ ʧʦʚʥʦʜʫʧʣʝʢʩʥʦʤʫ ʨʝʞʠʤʽ. 

ʢʘʜʨ 

ʂʘʥʘʣʴʥʠʡ ʨʽʚʝʥʴ ʛʦʪʫʻ ʧʘʢʝʪ ʜʣʷ ʧʝʨʝʤʽʱʝʥʥʷ ʧʦ ʩʝʨʝʜʦʚʠʱʽ ʧʝʨʝʜʘʯʽ 

ʜʘʥʠʭ ʣʦʢʘʣʴʥʦʾ ʤʝʨʝʞʽ, ʜʦʜʘʶʯʠ ʜʦ ʥʴʦʛʦ ʟʘʛʦʣʦʚʦʢ ʽ ʢʽʥʮʝʚʠʢ ʟ ʤʝʪʦʶ 

ʩʪʚʦʨʠʪʠ ʢʘʜʨ. ʆʧʠʩ ʢʘʜʨʫ ʻ ʢʣʶʯʦʚʠʤ ʝʣʝʤʝʥʪʦʤ ʢʦʞʥʦʛʦ ʧʨʦʪʦʢʦʣʫ 

ʢʘʥʘʣʴʥʦʛʦ ʨʽʚʥʷ. ʍʦʯʘ ʢʘʜʨʠ ʢʘʥʘʣʴʥʦʛʦ ʨʽʚʥʷ ʦʧʠʩʫʶʪʴʩʷ ʙʝʟʣʽʯʯʶ ʨʽʟʥʠʭ 

ʧʨʦʪʦʢʦʣʽʚ ʢʘʥʘʣʴʥʦʛʦ ʨʽʚʥʷ, ʢʘʜʨʠ ʙʫʜʴ-ʷʢʦʛʦ ʪʠʧʫ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʪʨʴʦʭ 

ʦʩʥʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. 

¶ ɿʘʛʦʣʦʚʦʢ 

¶ ʜʘʥʽ 

¶ ʢʽʥʮʝʚʠʢ 

ɺʩʽ ʧʨʦʪʦʢʦʣʠ ʢʘʥʘʣʴʥʦʛʦ ʨʽʚʥʷ ʽʥʢʘʧʩʫʣʶʶʪʴ ʦʜʠʥʠʮʶ ʜʘʥʠʭ ʧʨʦʪʦʢʦʣʫ 

(PDU) ʨʽʚʥʷ 3 ʚ ʤʝʞʘʭ ʧʦʣʷ ʜʘʥʠʭ ʢʘʜʨʫ. ʆʜʥʘʢ ʩʪʨʫʢʪʫʨʘ ʢʘʜʨʫ ʽ ʧʦʣʽʚ, ʱʦ 

ʤʽʩʪʷʪʴʩʷ ʚ ʟʘʛʦʣʦʚʢʫ ʽ ʢʽʥʮʽʚʢʠ, ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʨʦʪʦʢʦʣʫ. 

ʅʝ ʽʩʥʫʻ ʪʘʢʦʾ ʩʪʨʫʢʪʫʨʠ ʢʘʜʨʫ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʣʘ ʙ ʚʠʤʦʛʘʤ ʚʩʽʭ ʚʠʜʽʚ 

ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʫ ʚʩʽʭ ʪʠʧʘʭ ʟʘʩʦʙʽʚ ʧʽʜʢʣʶʯʝʥʥʷ. ʂʽʣʴʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ 



ʫʧʨʘʚʣʷʻ, ʷʢʘ ʤʘʻ ʙʫʪʠ ʧʨʠʩʫʪʥʷ ʚ ʢʘʜʨʽ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʦʪʦʯʝʥʥʷ ʽ ʟʤʽʥʶʻʪʴʩʷ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ʫʧʨʘʚʣʽʥʥʷ ʜʦʩʪʫʧʦʤ ʜʣʷ ʢʦʥʢʨʝʪʥʦʾ ʩʝʨʝʜʦʚʠʱʘ ʽ ʣʦʛʽʯʥʦʾ 

ʪʦʧʦʣʦʛʽʾ. 

ʧʦʣʷ ʢʘʜʨʫ 

ʂʘʜʨʫʚʘʥʥʷ ʜʽʣʠʪʴ ʧʦʪʽʢ ʥʘ ʜʝʰʽʬʨʫʝʤʠʝ ʛʨʫʧʠ. ʂʝʨʫʶʯʘ ʽʥʬʦʨʤʘʮʽʷ 

ʤʽʩʪʠʪʴʩʷ ʚ ʟʘʛʦʣʦʚʦʢ ʽ ʢʽʥʮʝʚʠʢ ʫ ʚʠʛʣʷʜʽ ʟʥʘʯʝʥʴ ʚ ʨʽʟʥʠʭ ʧʦʣʷʭ. ʎʝʡ ʬʦʨʤʘʪ 

ʥʘʜʘʻ ʬʽʟʠʯʥʠʤ ʩʠʛʥʘʣʘʤ ʩʪʨʫʢʪʫʨʫ, ʷʢʫ ʚʫʟʣʠ ʟʜʘʪʥʽ ʧʨʠʡʤʘʪʠ ʽ ʜʝʢʦʜʫʚʘʪʠ ʚ 

ʧʘʢʝʪʠ ʚ ʪʦʯʮʽ ʧʨʠʟʥʘʯʝʥʥʷ. 

 
ʈʠʩ. 1.1.45 ʊʠʧʠ ʧʦʣʽʚ ʢʘʜʨʫ. 

ʇʨʘʧʦʨʠ ʧʦʯʘʪʢʫ ʽ ʢʽʥʮʷ ʢʘʜʨʫ: ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʝʞ 

ʧʦʯʘʪʢʫ ʽ ʢʽʥʮʷ ʢʘʜʨʫ. 

ɸʜʨʝʩʘʮʽʷ: ʚʢʘʟʫʻ ʚʫʟʣʠ ʜʞʝʨʝʣʘ ʽ ʧʨʠʟʥʘʯʝʥʥʷ ʚ ʩʝʨʝʜʦʚʠʱʽ ʧʝʨʝʜʘʯʽ 

ʜʘʥʠʭ. 

ʊʠʧ: ʚʢʘʟʫʻ ʧʨʦʪʦʢʦʣ ʨʽʚʥʷ 3 ʚ ʧʦʣʝ ʜʘʥʠʭ. 

ʋʧʨʘʚʣʽʥʥʷ: ʚʢʘʟʫʻ ʦʩʦʙʣʠʚʽ ʩʣʫʞʙʠ ʫʧʨʘʚʣʽʥʥʷ ʧʦʪʦʢʦʤ, ʥʘʧʨʠʢʣʘʜ ʷʢʽʩʪʴ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (QoS). ʉʣʫʞʙʘ QoS ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʨʽʦʨʠʪʝʪʥʦʾ 

ʧʝʨʝʩʠʣʘʥʥʷ ʧʝʚʥʠʭ ʪʠʧʽʚ ʧʦʚʽʜʦʤʣʝʥʴ. ʂʘʜʨʠ ʢʘʥʘʣʽʚ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʚ ʷʢʠʭ 

ʧʝʨʝʩʠʣʘʶʪʴʩʷ ʧʘʢʝʪʠ ʧʨʦʪʦʢʦʣʫ VoIP, ʟʘʟʚʠʯʘʡ ʢʦʨʠʩʪʫʶʪʴʩʷ ʧʨʽʦʨʠʪʝʪʦʤ, 

ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʯʫʪʣʠʚʽ ʜʦ ʟʘʪʨʠʤʦʢ. 

ɼʘʥʽ: ʤʽʩʪʠʪʴ ʢʦʨʠʩʥʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʢʘʜʨʫ (ʪ. ɽ. ɿʘʛʦʣʦʚʦʢ ʧʘʢʝʪʘ, 

ʟʘʛʦʣʦʚʦʢ ʩʝʛʤʝʥʪʘ ʽ ʜʘʥʽ). 

ɺʠʷʚʣʝʥʥʷ ʧʦʤʠʣʦʢ: ʮʽ ʧʦʣʷ ʢʘʜʨʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʷʚʣʝʥʥʷ 

ʧʦʤʠʣʦʢ ʽ ʧʦʤʽʱʘʶʪʴʩʷ ʧʽʩʣʷ ʜʘʥʠʭ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʢʦʥʮʝʚʠʢʘ. 

ʅʝ ʢʦʞʝʥ ʧʨʦʪʦʢʦʣ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʚʩʽ ʮʽ ʧʦʣʷ. ʌʘʢʪʠʯʥʠʡ ʬʦʨʤʘʪ ʢʘʜʨʫ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʪʘʥʜʘʨʪʘʤʠ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʢʘʥʘʣʴʥʦʛʦ ʧʨʦʪʦʢʦʣʫ. 

ʇʨʦʪʦʢʦʣʠ ʢʘʥʘʣʴʥʦʛʦ ʨʽʚʥʷ ʜʦʜʘʶʪʴ ʢʽʥʮʝʚʠʢ ʚ ʢʽʥʝʮʴ ʢʦʞʥʦʛʦ ʢʘʜʨʫ. 

ʂʽʥʮʝʚʠʢ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ, ʱʦʙ ʧʝʨʝʚʽʨʠʪʠ ʥʘʷʚʥʽʩʪʴ ʧʦʤʠʣʦʢ ʚ ʧʨʠʡʥʷʪʦʤʫ 

ʢʘʜʨʽ. ʎʝʡ ʧʨʦʮʝʩ ʥʘʟʠʚʘʻʪʴʩʷ ʚʠʷʚʣʝʥʥʷʤ ʧʦʤʠʣʦʢ. ɼʣʷ ʮʴʦʛʦ ʚ ʢʽʥʮʝʚʠʢ ʢʘʜʨʫ 

ʨʦʟʤʽʱʫʻʪʴʩʷ ʩʧʝʮʽʘʣʴʥʘ ʽʥʬʦʨʤʘʮʽʷ, ʦʪʨʠʤʘʥʘ ʰʣʷʭʦʤ ʤʘʪʝʤʘʪʠʯʥʦʾ ʘʙʦ 

ʣʦʛʽʯʥʦʾ ʦʙʨʦʙʢʠ ʚʤʽʩʪʫ ʢʘʜʨʫ. ɹʽʪʠ ʚʠʷʚʣʝʥʥʷ ʧʦʤʠʣʦʢ ʜʦʜʘʶʪʴʩʷ ʥʘ 

ʢʘʥʘʣʴʥʦʤʫ ʨʽʚʥʽ, ʪ. ʂ. ʉʠʛʥʘʣʠ ʚ ʩʝʨʝʜʦʚʠʱʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʤʦʞʫʪʴ ʙʫʪʠ 

ʩʭʠʣʴʥʽ ʜʦ ʧʝʨʝʰʢʦʜ, ʧʝʨʝʢʨʫʯʫʚʘʥʴ ʘʙʦ ʚʪʨʘʪ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʟʥʘʯʝʥʥʷ 

ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʮʠʤʠ ʩʠʛʥʘʣʘʤʠ ʙʽʪʽʚ ʤʦʞʫʪʴ ʟʤʽʥʶʚʘʪʠʩʷ. 



ʇʝʨʝʜʘʚʘʣʴʥʠʡ ʚʫʟʦʣ ʰʣʷʭʦʤ ʣʦʛʽʯʥʦʾ ʦʙʨʦʙʢʠ ʚʤʽʩʪʫ ʢʘʜʨʫ ʩʪʚʦʨʶʻ ʪʘʢ 

ʟʚʘʥʠʡ ʮʠʢʣʽʯʥʠʡ ʥʘʜʣʠʰʢʦʚʠʡ ʢʦʜ (cyclic redundancy check, CRC). ɿʥʘʯʝʥʥʷ 

ʮʴʦʛʦ ʢʦʜʫ ʧʦʤʽʱʘʻʪʴʩʷ ʚ ʧʦʣʝ ʢʦʥʪʨʦʣʴʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʢʘʜʨʫ (Frame Check 

Sequence, FCS) ʽ ʥʘʜʘʻ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʚʤʽʩʪ ʢʘʜʨʫ. ʇʦʣʝ FCS ʚ ʢʽʥʮʝʚʠʢ ʢʘʜʨʫ 

Ethernet ʜʦʟʚʦʣʷʻ ʧʨʠʡʤʘʶʯʦʤʫ ʚʫʟʣʫ ʧʝʨʝʚʽʨʷʪʠ ʢʘʜʨ ʥʘ ʥʘʷʚʥʽʩʪʴ ʧʦʤʠʣʦʢ 

ʧʝʨʝʜʘʯʽ. ɼʦʜʘʪʢʦʚʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʢʽʥʮʝʚʠʢ ʢʘʜʨʫ ʩʤ. ɺ ʨʦʟʜʽʣʽ çɼʦʜʘʪʦʢè. 

ɸʜʨʝʩʘ ʨʽʚʥʷ 2 

ʂʘʥʘʣʴʥʠʡ ʨʽʚʝʥʴ ʟʘʙʝʟʧʝʯʫʻ ʘʜʨʝʩʘʮʽʶ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʽʜ ʯʘʩ 

ʧʝʨʝʩʠʣʘʥʥʷ ʢʘʜʨʫ ʧʦ ʩʧʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʾ ʩʝʨʝʜʦʚʠʱʘ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʚ 

ʣʦʢʘʣʴʥʽʡ ʤʝʨʝʞʽ. ɸʜʨʝʩʠ ʧʨʠʩʪʨʦʾʚ ʥʘ ʮʴʦʤʫ ʨʽʚʥʽ ʥʘʟʠʚʘʶʪʴʩʷ ʬʽʟʠʯʥʠʤʠ 

ʘʜʨʝʩʘʤʠ. ɸʜʨʝʩʘʮʽʷ ʢʘʥʘʣʴʥʦʛʦ ʨʽʚʥʷ ʤʽʩʪʠʪʴʩʷ ʚ ʟʘʛʦʣʦʚʢʫ ʢʘʜʨʫ ʽ ʚʢʘʟʫʻ 

ʚʫʟʦʣ ʧʨʠʟʥʘʯʝʥʥʷ ʢʘʜʨʫ ʚ ʣʦʢʘʣʴʥʽʡ ʤʝʨʝʞʽ. ɿʘʛʦʣʦʚʦʢ ʢʘʜʨʫ ʤʦʞʝ ʪʘʢʦʞ 

ʤʽʩʪʠʪʠ ʘʜʨʝʩʫ ʜʞʝʨʝʣʘ ʢʘʜʨʫ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʣʦʛʽʯʥʠʭ ʘʜʨʝʩ ʨʽʚʥʷ 3, ʷʢʽ ʻ ʽʻʨʘʨʭʽʯʥʠʤʠ, ʬʽʟʠʯʥʽ ʘʜʨʝʩʠ ʥʝ 

ʚʢʘʟʫʶʪʴ, ʚ ʷʢʽʡ ʤʝʨʝʞʽ ʟʥʘʭʦʜʠʪʴʩʷ ʧʨʠʩʪʨʽʡ. ʌʽʟʠʯʥʘ ʘʜʨʝʩʘ - ʮʝ ʘʜʨʝʩʘ 

ʢʦʥʢʨʝʪʥʦʛʦ ʬʽʟʠʯʥʦʛʦ ʧʨʠʩʪʨʦʶ. ʗʢʱʦ ʧʨʠʩʪʨʽʡ ʧʝʨʝʤʽʱʘʻʪʴʩʷ ʚ ʽʥʰʫ ʤʝʨʝʞʫ 

ʘʙʦ ʧʽʜʤʝʨʝʞʘ, ʚʦʥʦ ʧʨʦʜʦʚʞʠʪʴ ʬʫʥʢʮʽʦʥʫʚʘʪʠ ʟ ʪʠʤ ʞʝ ʬʽʟʠʯʥʠʤ ʘʜʨʝʩʦʶ 

ʨʽʚʥʷ 2. 

ʅʘ ʤʘʣʶʥʢʘʭ 1-3 ʧʨʝʜʩʪʘʚʣʝʥʽ ʬʫʥʢʮʽʾ ʘʜʨʝʩ ʨʽʚʥʽʚ 2 ʽ 3. ɺ ʭʦʜʽ 

ʧʝʨʝʩʠʣʘʥʥʷ IP-ʧʘʢʝʪʽʚ ʚʽʜ ʚʫʟʣʘ ʜʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ, ʤʽʞ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤʠ ʽ, 

ʥʘʨʝʰʪʽ, ʚʽʜ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʜʦ ʚʫʟʣʘ ʚ ʢʦʞʥʽʡ ʪʦʯʮʽ ʥʘ ʰʣʷʭʫ ʩʚʦʛʦ 

ʧʨʦʭʦʜʞʝʥʥʷ IP-ʧʘʢʝʪ ʠʥʢʘʧʩʫʣʠʨʫʝʪʩʷ ʚ ʥʦʚʠʡ ʢʘʜʨ ʢʘʥʘʣʫ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. 

ʂʦʞʝʥ ʢʘʜʨ ʢʘʥʘʣʴʥʦʛʦ ʨʽʚʥʷ ʤʽʩʪʠʪʴ ʘʜʨʝʩʫ ʢʘʥʘʣʫ-ʜʞʝʨʝʣʘ (ʷʢʠʡ ʧʝʨʝʜʘʚ ʮʝʡ 

ʢʘʜʨ ʤʝʨʝʞʝʚʦʾ ʧʣʘʪʠ) ʪʘ ʘʜʨʝʩʘ ʢʘʥʘʣʫ ʧʨʠʟʥʘʯʝʥʥʷ (ʤʝʨʝʞʝʚʠʡ ʧʣʘʪʠ, ʱʦ 

ʧʨʠʡʤʘʻ ʮʝʡ ʢʘʜʨ). 

 
ʈʠʩ. 1.1.46 ʉʭʝʤʘ ʘʜʨʝʩʘʮʽʾ ʥʘ ʢʘʥʘʣʴʥʦʤʫ ʨʽʚʥʽ 

ɸʜʨʝʩʘ, ʚʽʜʧʦʚʽʜʥʠʡ ʢʦʥʢʨʝʪʥʦʤʫ ʧʨʠʩʪʨʦʶ ʽ ʥʝ ʻ ʽʻʨʘʨʭʽʯʥʠʤ, ʥʝ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʧʦʰʫʢʫ ʧʨʠʩʪʨʦʾʚ ʫ ʚʝʣʠʢʠʭ ʤʝʨʝʞʘʭ ʘʙʦ ʚ ɯʥʪʝʨʥʝʪʽ. ʎʝ 

ʙʫʣʦ ʙ ʪʘʢ ʩʘʤʦ ʩʢʣʘʜʥʦ, ʷʢ ʰʫʢʘʪʠ ʻʜʠʥʠʡ ʢʦʥʢʨʝʪʥʠʡ ʙʫʜʠʥʦʢ ʧʦ ʚʩʽʡ ʟʝʤʥʽʡ 

ʢʫʣʽ, ʟʥʘʶʯʠ ʣʠʰʝ ʥʦʤʝʨ ʙʫʜʠʥʢʫ ʽ ʥʘʟʚʘ ʚʫʣʠʮʽ. ʆʜʥʘʢ ʬʽʟʠʯʥʫ ʘʜʨʝʩʫ ʤʦʞʥʘ 



ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʧʨʠʩʪʨʦʶ ʚ ʦʙʤʝʞʝʥʽʡ ʟʦʥʽ. ʊʦʤʫ ʘʜʨʝʩʘ 

ʢʘʥʘʣʴʥʦʛʦ ʨʽʚʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʽʣʴʢʠ ʜʣʷ ʣʦʢʘʣʴʥʦʾ ʜʦʩʪʘʚʢʠ ʧʘʢʝʪʽʚ. 

ɸʜʨʝʩʠ ʮʴʦʛʦ ʨʽʚʥʷ ʥʝ ʤʘʶʪʴ ʩʝʥʩʫ ʟʘ ʤʝʞʘʤʠ ʣʦʢʘʣʴʥʦʾ ʤʝʨʝʞʽ. ʇʦʨʽʚʥʷʡʪʝ ʾʭ 

ʟ ʨʽʚʥʝʤ 3, ʜʝ ʘʜʨʝʩʠ ʚ ʟʘʛʦʣʦʚʢʫ ʧʘʢʝʪʘ ʧʝʨʝʜʘʶʪʴʩʷ ʚʽʜ ʚʫʟʣʘ ʜʞʝʨʝʣʘ ʥʘ ʚʫʟʦʣ 

ʧʨʠʟʥʘʯʝʥʥʷ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʪʨʘʥʟʠʪʥʠʭ ʜʽʣʷʥʦʢ ʤʝʨʝʞʽ ʥʘ ʧʨʦʪʷʟʽ 

ʤʘʨʰʨʫʪʫ. 

ʗʢʱʦ ʜʘʥʽ ʧʦʚʠʥʥʽ ʧʝʨʝʡʪʠ ʚ ʽʥʰʠʡ ʩʝʛʤʝʥʪ ʤʝʨʝʞʽ, ʥʝʦʙʭʽʜʥʦ ʧʨʦʤʽʞʥʝ 

ʧʨʠʩʪʨʽʡ, ʥʘʧʨʠʢʣʘʜ ʤʘʨʰʨʫʪʠʟʘʪʦʨ. ʄʘʨʰʨʫʪʠʟʘʪʦʨ ʧʦʚʠʥʝʥ ʧʨʠʡʥʷʪʠ ʢʘʜʨ 

ʟʛʽʜʥʦ ʬʽʟʠʯʥʽʡ ʘʜʨʝʩʦʶ ʽ ʜʝʽʥʢʘʧʩʫʣʽʨʦʚʘʪʴ ʡʦʛʦ ʜʣʷ ʘʥʘʣʽʟʫ ʽʻʨʘʨʭʽʯʥʦʛʦ 

ʘʜʨʝʩʠ ʘʙʦ IP-ʘʜʨʝʩʠ. ɿʘ ʜʦʧʦʤʦʛʦʶ IP-ʘʜʨʝʩʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʤʦʞʝ ʚʠʟʥʘʯʠʪʠ 

ʤʽʩʮʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʨʠʩʪʨʦʶ ʧʨʠʟʥʘʯʝʥʥʷ ʚ ʤʝʨʝʞʽ, ʘ ʪʘʢʦʞ ʥʘʡʢʨʘʱʠʡ ʰʣʷʭ 

ʜʦ ʥʴʦʛʦ. ɼʽʟʥʘʚʰʠʩʴ, ʢʫʜʠ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʩʣʘʪʠ ʧʘʢʝʪ, ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʩʪʚʦʨʶʻ 

ʜʣʷ ʥʴʦʛʦ ʥʦʚʠʡ ʢʘʜʨ, ʷʢʠʡ ʚʽʜʧʨʘʚʣʷʻʪʴʩʷ ʚ ʥʘʩʪʫʧʥʠʡ ʤʝʨʝʞʝʚʠʡ ʩʝʛʤʝʥʪ ʜʦ 

ʤʽʩʮʷ ʧʨʠʟʥʘʯʝʥʥʷ. 

ʂʘʜʨʠ LAN ʽ WAN 

ʋ ʤʝʨʝʞʽ ʥʘ ʦʩʥʦʚʽ ʩʪʝʢʘ ʧʨʦʪʦʢʦʣʽʚ TCP / IP ʚʩʽ ʧʨʦʪʦʢʦʣʠ ʨʽʚʥʷ 2 ʤʦʜʝʣʽ 

OSI ʧʨʘʮʶʶʪʴ ʟ ʧʨʦʪʦʢʦʣʦʤ IP ʥʘ ʨʽʚʥʽ 3 ʤʦʜʝʣʽ OSI. ʆʜʥʘʢ ʬʘʢʪʠʯʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʡ ʧʨʦʪʦʢʦʣ ʨʽʚʥʷ 2 ʟʘʣʝʞʠʪʴ ʚʽʜ ʣʦʛʽʯʥʦʾ ʪʦʧʦʣʦʛʽʾ ʤʝʨʝʞʽ ʽ 

ʬʽʟʠʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. 

ʂʦʞʝʥ ʧʨʦʪʦʢʦʣ ʫʧʨʘʚʣʷʻ ʜʦʩʪʫʧʦʤ ʜʦ ʩʝʨʝʜʦʚʠʱʘ ʜʣʷ ʟʘʟʥʘʯʝʥʠʭ 

ʣʦʛʽʯʥʠʭ ʪʦʧʦʣʦʛʽʡ ʨʽʚʥʷ 2. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʮʠʭ ʧʨʦʪʦʢʦʣʽʚ ʚ 

ʷʢʦʩʪʽ ʚʫʟʣʽʚ, ʱʦ ʜʽʶʪʴ ʥʘ ʢʘʥʘʣʴʥʦʤʫ ʨʽʚʥʽ, ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʮʽʣʠʡ ʨʷʜ 

ʨʽʟʥʠʭ ʤʝʨʝʞʝʚʠʭ ʧʨʠʩʪʨʦʾʚ. ɼʦ ʪʘʢʠʭ ʧʨʠʩʪʨʦʾʚ ʚʽʜʥʦʩʷʪʴʩʷ ʤʝʨʝʞʝʚʽ ʧʣʘʪʠ ʥʘ 

ʢʦʤʧ'ʶʪʝʨʘʭ, ʘ ʪʘʢʦʞ ʽʥʪʝʨʬʝʡʩʠ ʥʘ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʭ ʽ ʢʦʤʫʪʘʪʦʨʘʭ ʨʽʚʥʷ 2. 

ʇʨʦʪʦʢʦʣ ʨʽʚʥʷ 2, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʢʦʥʢʨʝʪʥʦʾ ʪʦʧʦʣʦʛʽʾ ʤʝʨʝʞʽ, 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʝʭʥʦʣʦʛʽʻʶ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʮʽʻʾ ʪʦʧʦʣʦʛʽʾ. 

ʎʷ ʪʝʭʥʦʣʦʛʽʷ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʦʟʤʽʨʦʤ ʤʝʨʝʞʽ (ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʢʽʣʴʢʦʩʪʽ ʚʫʟʣʽʚ ʽ ʪʝʨʠʪʦʨʽʾ) ʽ ʩʝʨʚʽʩʘʤʠ, ʱʦ ʥʘʜʘʶʪʴʩʷ ʚ ʮʽʡ ʤʝʨʝʞʽ. 

ʋ ʣʦʢʘʣʴʥʠʭ ʤʝʨʝʞʘʭ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʝʭʥʦʣʦʛʽʾ, ʷʢʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʫ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ʽ ʧʽʜʪʨʠʤʫʶʪʴ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ 

ʚʫʟʣʽʚ. ʇʦʨʽʚʥʷʥʦ ʥʝʚʝʣʠʢʘ ʧʨʦʪʷʞʥʽʩʪʴ ʣʦʢʘʣʴʥʠʭ ʤʝʨʝʞ (ʚ ʤʝʞʘʭ ʦʜʥʦʛʦ 

ʙʫʜʠʥʢʫ ʘʙʦ ʢʦʤʧʣʝʢʩʫ ʙʫʜʠʥʢʽʚ) ʽ ʚʠʩʦʢʘ ʱʽʣʴʥʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʽʚ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʨʝʥʪʘʙʝʣʴʥʽʩʪʴ ʮʽʻʾ ʪʝʭʥʦʣʦʛʽʾ. 

ʆʜʥʘʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʟ ʚʠʩʦʢʦʶ ʧʨʦʧʫʩʢʥʦʶ ʟʜʘʪʥʽʩʪʶ ʟʘʟʚʠʯʘʡ 

ʥʝʨʝʥʪʘʙʝʣʴʥʦ ʜʣʷ ʛʣʦʙʘʣʴʥʠʭ ʤʝʨʝʞ, ʱʦ ʦʭʦʧʣʶʶʪʴ ʚʝʣʠʢʽ ʪʝʨʠʪʦʨʽʾ 

(ʥʘʧʨʠʢʣʘʜ, ʤʽʩʪʘ ʘʙʦ ʮʽʣʽ ʦʙʣʘʩʪʽ). ɿʚʘʞʘʶʯʠ ʥʘ ʚʠʩʦʢʫ ʚʘʨʪʽʩʪʴ ʬʽʟʠʯʥʠʭ 

ʢʘʥʘʣʽʚ ʚʝʣʠʢʦʾ ʧʨʦʪʷʞʥʦʩʪʽ ʽ ʪʝʭʥʦʣʦʛʽʡ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʝʨʝʜʘʯʽ 

ʩʠʛʥʘʣʽʚ ʥʘ ʚʝʣʠʢʽ ʚʽʜʩʪʘʥʽ, ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʪʘʢʠʭ ʤʝʨʝʞ, ʷʢ ʧʨʘʚʠʣʦ, 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʝʤ ʨʝʥʪʘʙʝʣʴʥʦʩʪʽ. 

ʈʽʟʥʠʮʷ ʚ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʚʠʤʘʛʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʧʨʦʪʦʢʦʣʽʚ 

ʜʣʷ ʣʦʢʘʣʴʥʠʭ ʽ ʛʣʦʙʘʣʴʥʠʭ ʤʝʨʝʞ. 

ɼʦ ʧʨʦʪʦʢʦʣʽʚ ʢʘʥʘʣʴʥʦʛʦ ʨʽʚʥʷ ʚʽʜʥʦʩʷʪʴʩʷ: 

¶Ethernet 

¶ɹʝʟʜʨʦʪʦʚʘ ʤʝʨʝʞʘ 802.11 

¶ʇʨʦʪʦʢʦʣ ʪʦʯʢʘ-ʪʦʯʢʘ (ʧʨʦʪʦʢʦʣ PPP) 

¶HDLC 



¶ʇʨʦʪʦʢʦʣ ʨʝʪʨʘʥʩʣʷʮʽʾ ʢʘʜʨʽʚ (ʧʨʦʪʦʢʦʣ Frame Relay) 

  



1.2. ɼʦʩʪʫʧ ʜʦ ʤʝʨʝʞʽ ʪʘ ʦʛʣʷʜ ʤʦʜʝʣʽ OSI. 
ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ Ethernet ʻ ʥʘʡʙʽʣʴʰ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʾ 

ʪʝʭʥʦʣʦʛʽʻʶ ʜʣʷ ʣʦʢʘʣʴʥʠʭ ʤʝʨʝʞ (LAN). ʎʝ ʩʽʤʝʡʩʪʚʦ ʤʝʨʝʞʝʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, 

ʷʢʽ ʨʝʛʣʘʤʝʥʪʫʶʪʴʩʷ ʩʪʘʥʜʘʨʪʘʤʠ IEEE 802.2 ʽ 802.3. ʉʪʘʥʜʘʨʪʠ Ethernet 

ʨʝʛʣʘʤʝʥʪʫʶʪʴ ʷʢ ʧʨʦʪʦʢʦʣʠ ʨʽʚʥʷ 2, ʪʘʢ ʽ ʪʝʭʥʦʣʦʛʽʾ ʨʽʚʥʷ 1. ɼʣʷ ʧʨʦʪʦʢʦʣʽʚ 

ʨʽʚʥʷ 2, ʷʢ ʽ ʫ ʚʠʧʘʜʢʫ ʟ ʫʩʽʤʘ ʩʪʘʥʜʘʨʪʘʤʠ ʛʨʫʧʠ IEEE 802, ʪʝʭʥʦʣʦʛʽʷ Ethernet 

ʩʧʠʨʘʻʪʴʩʷ ʥʘ ʨʦʙʦʪʫ ʮʠʭ ʜʚʦʭ ʦʢʨʝʤʠʭ ʧʽʜʨʽʚʥʽʚ ʢʘʥʘʣʴʥʦʛʦ ʨʽʚʥʷ, ʘ ʪʘʢʦʞ ʥʘ 

ʧʽʜʨʽʚʥʽ ʫʧʨʘʚʣʽʥʥʷ ʣʦʛʽʯʥʠʤ ʟʚ'ʷʟʢʦʤ ( LLC) ʽ MAC. 

ʅʘ ʢʘʥʘʣʴʥʦʤʫ ʨʽʚʥʽ ʩʪʨʫʢʪʫʨʘ ʢʘʜʨʫ ʧʨʘʢʪʠʯʥʦ ʽʜʝʥʪʠʯʥʘ ʜʣʷ ʚʩʽʭ 

ʰʚʠʜʢʦʩʪʝʡ Ethernet. ʋ ʩʪʨʫʢʪʫʨʽ ʢʘʜʨʫ Ethernet ʥʘ ʧʦʯʘʪʢʫ ʽ ʢʽʥʮʽ PDU ʨʽʚʥʷ 3 

ʜʦʜʘʶʪʴʩʷ ʟʘʛʦʣʦʚʢʠ ʽ ʢʽʥʮʝʚʠʢʠ ʜʣʷ ʽʥʢʘʧʩʫʣʷʮʽʾ ʚʽʜʧʨʘʚʣʷʻʪʴʩʷ. 

ɯʩʥʫʻ ʜʚʘ ʩʪʠʣʶ ʬʦʨʤʫʚʘʥʥʷ ʢʘʜʨʽʚ Ethernet: ʩʪʘʥʜʘʨʪ Ethernet IEEE 802.3 ʽ 

ʩʪʘʥʜʘʨʪ Ethernet DIX, ʷʢʠʡ ʪʝʧʝʨ ʥʘʟʠʚʘʻʪʴʩʷ Ethernet II. ʅʘʡʙʽʣʴʰ ʽʩʪʦʪʥʦʶ 

ʚʽʜʤʽʥʥʽʩʪʶ ʤʽʞ ʮʠʤʠ ʜʚʦʤʘ ʩʪʘʥʜʘʨʪʘʤʠ ʻ ʜʦʜʘʚʘʥʥʷ ʚ ʩʪʘʥʜʘʨʪʽ 802.3 ʧʦʯʘʪʢʫ 

ʦʙʤʝʞʫʚʘʯʘ ʢʘʜʨʫ (SFD) ʽ ʟʤʽʥʘ ʧʦʣʷ çʊʠʧè ʥʘ ʧʦʣʝ çɼʦʚʞʠʥʘè. Ethernet II - ʮʝ 

ʬʦʨʤʘʪ ʢʘʜʨʫ Ethernet, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʤʝʨʝʞʘʭ TCP / IP. ʂʘʜʨ Ethernet, 

ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʨʝʟʫʣʴʪʘʪ ʨʝʘʣʽʟʘʮʽʾ ʥʘʙʦʨʫ ʩʪʘʥʜʘʨʪʽʚ IEEE 802.2 / 3, 

ʥʘʜʘʻ ʬʫʥʢʮʽʾ MAC-ʘʜʨʝʩʘʮʽʾ ʽ ʧʝʨʝʚʽʨʢʠ ʧʦʤʠʣʦʢ. 

ɸʜʨʝʩʘʮʽʷ Ethernet ʨʽʚʥʷ 2 ʧʽʜʪʨʠʤʫʻ ʦʜʥʦ-ʘʜʨʝʩʥʠʡ, ʙʘʛʘʪʦʘʜʨʝʩʥʠʡ ʽ 

ʰʠʨʦʢʦʤʦʚʥʠʡ ʨʝʞʠʤʠ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. Ethernet ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʨʦʪʦʢʦʣ 

ʜʦʟʚʦʣʫ ʘʜʨʝʩ (ARP) ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ MAC-ʘʜʨʝʩ ʧʨʠʟʥʘʯʝʥʥʷ ʽ ʾʭ ʟʽʩʪʘʚʣʝʥʥʷ ʟ 

ʚʽʜʦʤʠʤʠ IPv4-ʘʜʨʝʩ. 

ʋ ʢʦʞʥʦʛʦ ʚʫʟʣʘ ʚ IPv4-ʤʝʨʝʞʽ ʻ ʄɸʉ ʽ IPv4-ʘʜʨʝʩʠ. IP-ʘʜʨʝʩʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʜʞʝʨʝʣʘ ʽ ʧʨʠʟʥʘʯʝʥʥʷ ʧʘʢʝʪʘ. MAC-ʘʜʨʝʩʠ 

Ethernet ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʽʜʧʨʘʚʢʠ ʧʘʢʝʪʘ ʚʽʜ ʦʜʥʽʻʾ ʤʝʨʝʞʝʚʦʾ ʧʣʘʪʠ 

Ethernet ʥʘ ʽʥʰʫ ʤʝʨʝʞʝʚʫ ʧʣʘʪʫ Ethernet ʚ ʦʜʥʽʡ ʽ ʪʽʡ ʞʝ IP-ʤʝʨʝʞʽ. ʇʨʦʪʦʢʦʣ 

ʜʦʟʚʦʣʫ ʘʜʨʝʩ (ARP) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʽʩʪʘʚʣʝʥʥʷ ʚʽʜʦʤʦʛʦ IPv4-ʘʜʨʝʩʠ ʟ 

MAC-ʘʜʨʝʩʦʶ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʠʥʢʘʧʩʫʣʠʨʦʚʘʪʴ ʧʘʢʝʪ ʚ ʢʘʜʨʽ Ethernet ʟ 

ʚʽʜʧʦʚʽʜʥʠʤ ʘʜʨʝʩʦʶ ʨʽʚʥʷ 2. 

ʋ ʩʚʦʾʡ ʨʦʙʦʪʽ ʧʨʦʪʦʢʦʣ ʜʦʟʚʦʣʫ ʘʜʨʝʩ (ARP) ʚʠʢʦʨʠʩʪʦʚʫʻ ʢʦʥʢʨʝʪʥʽ ʪʠʧʠ 

ʰʠʨʦʢʦʤʦʚʥʠʭ ʽ ʦʜʥʦ-ʘʜʨʝʩʥʠʭ ʧʦʚʽʜʦʤʣʝʥʴ Ethernet, ʷʢʽ ʪʘʢʦʞ ʥʘʟʠʚʘʶʪʴʩʷ 

ARP-ʟʘʧʠʪʘʤʠ ʽ ʚʽʜʧʦʚʽʜʷʤʠ. ʇʨʦʪʦʢʦʣ ʜʦʟʚʦʣʫ ʘʜʨʝʩ (ARP) ʜʦʟʚʦʣʷʻ 

ʟʽʩʪʘʚʣʷʪʠ IPv4-ʘʜʨʝʩʠ ʟ ʄɸʉ-ʘʜʨʝʩʘʤʠ ʽ ʚʝʩʪʠ ʪʘʙʣʠʮʶ ʟʽʩʪʘʚʣʝʥʴ. 

ʋ ʙʽʣʴʰʦʩʪʽ ʤʝʨʝʞ Ethernet ʢʽʥʮʝʚʽ ʧʨʠʩʪʨʦʾ, ʷʢ ʧʨʘʚʠʣʦ, ʧʽʜʢʣʶʯʘʶʪʴʩʷ 

ʜʦ ʧʦʚʥʦʜʫʧʣʝʢʩʥʦʛʦ ʢʦʤʫʪʘʪʦʨʘ ʨʽʚʥʷ 2 ʟʘ ʧʨʠʥʮʠʧʦʤ çʪʦʯʢʘ-ʪʦʯʢʘè. 

ʂʦʤʫʪʘʪʦʨ ʣʦʢʘʣʴʥʦʾ ʤʝʨʝʞʽ (LAN) ʨʽʚʥʷ 2 ʟʜʽʡʩʥʶʻ ʢʦʤʫʪʘʮʽʶ ʽ ʬʽʣʴʪʨʘʮʽʶ 

ʪʽʣʴʢʠ ʥʘ ʦʩʥʦʚʽ ʄɸʉ-ʘʜʨʝʩʠ ʢʘʥʘʣʴʥʦʛʦ ʨʽʚʥʷ ʤʦʜʝʣʽ OSI. ʂʦʤʫʪʘʪʦʨ ʨʽʚʥʷ 2 

ʩʪʚʦʨʶʻ ʪʘʙʣʠʮʶ ʄɸʉ-ʘʜʨʝʩ, ʷʢʫ ʚ ʧʦʜʘʣʴʰʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʻ ʜʣʷ ʧʝʨʝʩʠʣʘʥʥʷ 

ʧʘʢʝʪʽʚ. ɼʣʷ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʤʽʞ ʥʝʟʘʣʝʞʥʠʤʠ IP-ʧʽʜʤʝʨʝʞʘʤʠ ʢʦʤʫʪʘʪʦʨʽʚ 

ʨʽʚʥʷ 2 ʥʝʦʙʭʽʜʥʽ ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ. 

ʌʽʟʠʯʥʠʡ ʨʽʚʝʥʴ OSI ʟʘʙʝʟʧʝʯʫʻ ʟʘʩʦʙʠ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʙʽʪʽʚ, ʱʦ 

ʫʪʚʦʨʶʶʪʴ ʢʘʜʨ ʜʘʥʠʭ ʢʘʥʘʣʴʥʦʛʦ ʨʽʚʥʷ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʘʩʦʙʫ ʤʝʨʝʞʝʚʦʛʦ 

ʟʚ'ʷʟʢʫ. 

ɺ ʜʘʥʠʡ ʯʘʩ Ethernet ʻ ʦʩʥʦʚʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʜʣʷ ʣʦʢʘʣʴʥʠʭ ʤʝʨʝʞ (LAN) 

ʫ ʚʩʴʦʤʫ ʩʚʽʪʽ. Ethernet ʬʫʥʢʮʽʦʥʫʻ ʥʘ ʢʘʥʘʣʴʥʦʤʫ ʪʘ ʬʽʟʠʯʥʦʤʫ ʨʽʚʥʷʭ. 

ʉʪʘʥʜʘʨʪʠ ʧʨʦʪʦʢʦʣʽʚ Ethernet ʚʠʟʥʘʯʘʶʪʴ ʙʘʛʘʪʦ ʘʩʧʝʢʪʽʚ ʤʝʨʝʞʝʚʦʛʦ ʦʙʤʽʥʫ 



ʜʘʥʠʤʠ, ʚʢʣʶʯʘʶʯʠ ʬʦʨʤʘʪ ʽ ʨʦʟʤʽʨ ʢʘʜʨʫ, ʽʥʪʝʨʚʘʣ ʚʽʜʧʨʘʚʣʝʥʥʷ ʪʘ ʢʦʜʫʚʘʥʥʷ. 

ʇʨʠ ʧʝʨʝʜʘʯʽ ʧʦʚʽʜʦʤʣʝʥʴ ʤʽʞ ʚʫʟʣʘʤʠ ʚ ʤʝʨʝʞʽ Ethernet, ʚʫʟʣʠ ʬʦʨʤʘʪʫʶʪʴ ʾʭ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʘʥʜʘʨʪʽʚ ʤʘʢʝʪʘ ʢʘʜʨʽʚ. 

ʇʦʪʦʤʫ ʱʦ ʪʝʭʥʦʣʦʛʽʷ Ethernet ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʩʪʘʥʜʘʨʪʽʚ ʥʘ ʮʠʭ ʙʽʣʴʰ 

ʥʠʟʴʢʠʭ ʨʽʚʥʷʭ, ʧʨʠʥʮʠʧ ʾʾ ʨʦʙʦʪʠ ʤʦʞʥʘ ʢʨʘʱʝ ʟʨʦʟʫʤʽʪʠ ʥʘ ʧʨʠʢʣʘʜʽ ʤʦʜʝʣʽ 

OSI. ʄʦʜʝʣʴ OSI ʚʽʜʦʢʨʝʤʣʶʻ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ ʘʜʨʝʩʘʮʽʾ ʢʘʥʘʣʴʥʦʛʦ 

ʨʽʚʥʷ, ʬʦʨʤʫʚʘʥʥʷ ʢʘʜʨʽʚ ʽ ʜʦʩʪʫʧʫ ʜʦ ʩʝʨʝʜʦʚʠʱʘ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʚʽʜ 

ʩʪʘʥʜʘʨʪʽʚ ʬʽʟʠʯʥʦʛʦ ʨʽʚʥʷ ʪʘʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʉʪʘʥʜʘʨʪʠ Ethernet ʨʝʛʫʣʶʶʪʴ 

ʷʢ ʧʨʦʪʦʢʦʣʠ ʨʽʚʥʷ 2, ʪʘʢ ʽ ʪʝʭʥʦʣʦʛʽʾ ʨʽʚʥʷ 1. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʪʝʭʥʽʯʥʽ 

ʚʠʤʦʛʠ Ethernet ʧʽʜʪʨʠʤʫʶʪʴ ʨʽʟʥʽ ʩʝʨʝʜʦʚʠʱʘ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʧʨʦʧʫʩʢʥʘ 

ʩʤʫʛʘ ʪʘ ʽʥʰʽ ʚʘʨʽʘʥʪʠ ʨʽʚʥʽʚ 1 ʽ 2, ʦʩʥʦʚʥʘ ʬʦʨʤʘʪ ʢʘʜʨʽʚ ʽ ʩʭʝʤʘ ʘʜʨʝʩʠ ʙʫʜʫʪʴ 

ʦʜʥʘʢʦʚʠʤʠ ʜʣʷ ʚʩʽʭ ʨʽʟʥʦʚʠʜʽʚ Ethernet . 

ɺ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʜʝʪʘʣʴʥʦ ʨʦʟʛʣʷʥʫʪʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʨʦʙʦʪʘ ʪʝʭʥʦʣʦʛʽʾ 

Ethernet ʟʘ ʾʾ ʨʦʟʚʠʪʢʦʤ, ʧʦʯʠʥʘʶʯʠ ʟ ʩʧʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʾ ʩʝʨʝʜʦʚʠʱʘ 

ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʪʘ ʚʽʣʴʥʦʛʦ ʦʙʤʽʥʫ ʜʘʥʠʤʠ ʽ ʟʘʢʽʥʯʫʶʯʠ ʩʫʯʘʩʥʦʶ 

ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʶ ʽ ʧʦʚʥʦʜʫʧʣʝʢʩʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ. 

ɯʥʢʘʧʩʫʣʷʮʽʷ Ethernet 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ Ethernet ʻ ʩʘʤʦʾ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʶ 

ʪʝʭʥʦʣʦʛʽʻʶ ʜʣʷ ʣʦʢʘʣʴʥʠʭ ʤʝʨʝʞ (LAN). 

Ethernet ʬʫʥʢʮʽʦʥʫʻ ʥʘ ʢʘʥʘʣʴʥʦʤʫ ʪʘ ʬʽʟʠʯʥʦʤʫ ʨʽʚʥʷʭ. ʎʝ ʩʝʤʝʡʩʪʚʦ 

ʤʝʨʝʞʝʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ ʨʝʛʫʣʶʶʪʴʩʷ ʩʪʘʥʜʘʨʪʘʤʠ IEEE 802.2 ʪʘ 802.3. 

ʊʝʭʥʦʣʦʛʽʷ Ethernet ʧʽʜʪʨʠʤʫʻ ʧʝʨʝʜʘʯʫ ʜʘʥʠʭ ʥʘ ʥʘʩʪʫʧʥʠʭ ʰʚʠʜʢʦʩʪʽ. 

¶ 10 ʄʙʽʪ / ʩ 

¶ 100 ʄʙʽʪ / ʩ 

¶ 1 000 ʄʙʽʪ / ʩ (1 ɻʙʽʪ / ʩ) 

¶ 10 000 ʄʙʽʪ / ʩ (10 ɻʙʽʪ / ʩ) 

¶ 40 000 ʄʙʽʪ / ʩ (40 ɻʙʽʪ / ʩ) 

¶ 100 000 ʄʙʽʪ / ʩ (100 ɻʙʽʪ / ʩ) 

ʂʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1, ʩʪʘʥʜʘʨʪʠ Ethernet ʨʝʛʫʣʶʶʪʴʩʷ ʷʢ ʧʨʦʪʦʢʦʣʠ ʨʽʚʥʷ 

2, ʪʘʢ ʽ ʪʝʭʥʦʣʦʛʽʾ ʨʽʚʥʷ 1. ɼʣʷ ʧʨʦʪʦʢʦʣʽʚ ʨʽʚʥʷ 2, ʷʢ ʽ ʫ ʚʠʧʘʜʢʫ ʟ ʫʩʽʤʘ 

ʩʪʘʥʜʘʨʪʘʤʠ ʛʨʫʧʠ IEEE 802, ʪʝʭʥʦʣʦʛʽʷ Ethernet ʦʧʠʨʘʻʪʴʩʷ ʥʘ ʨʦʙʦʪʫ ʮʠʭ ʜʚʦʭ 

ʦʢʨʝʤʠʭ ʧʦʜʫʨʽʚʝʥʴ ʢʘʥʘʣʴʥʦʛʦ ʨʽʚʥʷ, ʘ ʪʘʢʦʞ ʥʘ ʧʦʜʫʨʦʚʥʽ ʫʧʨʘʚʣʽʥʥʷ 

ʣʦʛʽʯʥʦʾ ʟʚ'ʷʟʦʢ (LLC) ʽ MAC. 

ʇʽʜʨʽʚʝʥʴ ʊʆɺ ʪʝʭʥʦʣʦʛʽʾ Ethernet ʟʘʙʝʟʧʝʯʫʻ ʟʚ'ʷʟʦʢ ʤʽʞ ʚʝʨʭʥʽʤʠ ʪʘ 

ʥʠʞʥʽʤʠ ʨʽʚʥʷʤʠ. ʗʢ ʧʨʘʚʠʣʦ, ʮʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʤʽʞ ʤʝʨʝʞʝʚʠʤ ʧʨʦʛʨʘʤʥʠʤ 

ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʪʘ ʦʙʣʘʜʥʘʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʧʨʠʩʪʨʦʶ. LLC ʇʽʜʨʽʚʝʥʴ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʜʘʥʽ ʤʝʨʝʞʝʚʠʭ ʧʨʦʪʦʢʦʣʽʚ, ʷʢʽ ʟʚʠʯʘʡʥʦ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ 

IPv4-ʧʘʢʝʪʘ, ʽ ʜʦʜʘʻ ʢʝʨʫʶʯʫ ʽʥʬʦʨʤʘʮʽʶ ʜʣʷ ʜʦʩʪʘʚʢʠ ʧʘʢʝʪʘ ʜʦ ʧʨʠʟʥʘʯʝʥʥʷ 

ʚʫʟʣʘ. ʊʆɺ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʚ'ʷʟʢʫ ʟ ʚʝʨʭʦʚʠʤʠ ʨʽʚʥʷʤʠ ʜʦʜʘʪʢʽʚ ʽ 

ʧʝʨʝʜʘʯʽ ʧʘʢʝʪʫ ʥʘ ʥʠʞʥʽ ʨʽʚʥʽ. 



 
ʈʠʩ. 1.1 ʉʪʘʥʜʘʨʪʠ ʢʘʥʘʣʴʥʦʛʦ ʨʽʚʥʷ 

ʊʆɺ ʨʝʘʣʽʟʫʻʪʴʩʷ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ, ʽ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʝ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʦʙʣʘʜʥʘʥʥʷ. ʊʆɺ ʜʣʷ ʢʦʤʧ'ʶʪʝʨʘ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʧʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʨʘʡʚʝʨʘ ʤʝʨʝʞʝʚʦʾ ʧʣʘʪʠ (NIC). ɼʨʘʡʚʝʨ ʤʝʨʝʞʝʚʦʾ ʢʘʨʪʠ - ʮʝ 

ʧʨʦʛʨʘʤʘ, ʷʢʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʟʘʻʤʦʜʽʻ ʟ ʢʦʤʧ'ʶʪʝʨʥʠʤʠ ʟʘʩʦʙʘʤʠ ʢʦʤʧ'ʶʪʝʨʘ 

ʥʘ ʤʝʨʝʞʝʚʽʡ ʧʣʘʪʽ ʜʣʷ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʤʽʞ ʧʽʜʨʽʚʥʝʤ MAC ʽ ʬʽʟʠʯʥʦʶ 

ʩʝʨʝʜʦʚʠʱʝʤ. 

 
ʈʠʩ. 1.2 ɿʘʛʦʣʦʚʦʢ Ethernet-ʢʘʜʨʘ 



MAC ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʙʽʣʴʰ ʥʠʟʴʢʠʡ ʧʽʜʨʽʚʝʥʴ ʢʘʥʘʣʴʥʦʛʦ ʨʽʚʥʷ. MAC 

ʨʝʘʣʽʟʫʻʪʴʩʷ ʘʧʘʨʘʪʥʦ - ʟʘʟʚʠʯʘʡ ʚ ʤʝʨʝʞʝʚʽʡ ʧʣʘʪʽ ʢʦʤʧ'ʶʪʝʨʘ.  

ʇʽʜʨʽʚʝʥʴ MAC 

ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʤʘʣʶʥʢʫ, ʇʽʜʨʽʚʝʥʴ ʪʝʭʥʦʣʦʛʽʾ MAC Ethernet ʚʠʢʦʥʫʻ ʜʚʘ 

ʦʩʥʦʚʥʽ ʟʘʚʜʘʥʥʷ. 

¶ ɯʥʢʘʧʩʫʣʷʮʽʷ ʜʘʥʠʭ 

¶ ʋʧʨʘʚʣʽʥʥʷ ʜʦʩʪʫʧʦʤ ʜʦ ʩʝʨʝʜʦʚʠʱʘ. 

¶ ɯʥʢʘʧʩʫʣʷʮʽʷ ʜʘʥʠʭ 

ʇʨʦʮʝʩ ʽʥʢʘʧʩʫʣʷʮʽʾ ʜʘʥʠʭ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʟʙʽʨʢʫ ʢʘʜʨʽʚ ʧʝʨʝʜ ʡʦʛʦ 

ʚʽʜʧʨʘʚʢʦʶ ʪʘ ʨʦʟʙʽʨʢʦʶ ʢʘʜʨʽʚ ʧʽʩʣʷ ʡʦʛʦ ʦʪʨʠʤʘʥʥʷ. ʇʨʠ ʬʦʨʤʫʚʘʥʥʽ ʢʘʜʨʘ 

ʥʘ ʨʽʚʥʽ MAC ʜʦ ʦʜʠʥʠʮʽ ʧʨʦʪʦʢʦʣʫ (PDU) ʤʝʨʝʞʝʚʦʛʦ ʨʽʚʥʷ ʜʦʜʘʶʪʴʩʷ 

ʟʘʛʦʣʦʚʦʢ ʽ ʟʘʪʨʠʤʢʘ. 

ɯʥʢʘʧʩʫʣʷʮʽʷ ʜʘʥʠʭ ʟʘʙʝʟʧʝʯʫʻ ʪʨʠ ʦʩʥʦʚʥʽ ʬʫʥʢʮʽʾ. 

ʈʦʟʜʽʣ ʢʘʜʨʘ: ʧʨʦʮʝʩ ʬʦʨʤʫʚʘʥʥʷ ʢʘʜʨʽʚ ʥʘʜʘʻ ʚʘʞʣʠʚʽ ʨʦʟʜʽʣʴʥʠʢʠ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʛʨʫʧʠ ʙʽʪ, ʱʦ ʩʢʣʘʜʘʶʪʴ ʢʘʜʨ. ʎʽ 

ʨʦʟʤʝʞʫʚʘʣʴʥʽ ʙʽʪʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʠʥʭʨʦʥʽʟʘʮʽʶ ʤʽʞ ʧʝʨʝʜʘʶʯʠʤʠ ʪʘ 

ʦʪʨʠʤʘʥʠʤʠ ʚʫʟʣʘʤʠ. 

ɸʜʨʝʩʘʮʽʷ: ʧʨʦʮʝʩ ʽʥʢʘʧʩʫʣʷʮʽʾ ʤʽʩʪʠʪʴ ʧʨʦʪʦʢʦʣ ʦʜʠʥʠʮʽ ʜʘʥʠʭ (PDU) 

ʨʽʚʥʷ 3 ʽ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʫʻ ʘʜʨʝʩʘʮʽʶ ʢʘʥʘʣʴʥʦʛʦ ʨʽʚʥʷ. 

ʆʙʥʘʨʫʞʝʥʥʷ ʧʦʤʠʣʦʢ: ʢʦʞʝʥ ʢʘʜʨ ʤʽʩʪʠʪʴ ʦʙʤʝʞʝʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʚʠʷʚʣʷʪʠ ʧʦʤʠʣʢʠ ʧʝʨʝʜʘʯʽ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʢʘʜʨʽʚ ʧʦʣʝʛʰʫʻ ʧʝʨʝʜʘʯʫ ʜʘʥʠʭ ʚ ʧʝʨʝʜʘʯʫ ʜʘʥʠʭ, ʘ ʪʘʢʦʞ 

ʜʦʟʚʦʣʷʻ ʛʨʫʧʫʚʘʪʠ ʙʽʪʠ ʥʘ ʧʨʠʡʤʘʶʯʦʤʫ ʚʫʟʣʽ. 

ɺʪʦʨʘ ʬʫʥʢʮʽʷ ʧʽʜʨʽʚʝʥʴ MAC - ʫʧʨʘʚʣʽʥʥʷ ʜʦʩʪʫʧʦʤ ʜʦ ʩʝʨʝʜʦʚʠʱʘ 

ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. ʋʧʨʘʚʣʽʥʥʷ ʜʦʩʪʫʧʦʤ ʜʦ ʩʝʨʝʜʦʚʠʱʘ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʚʽʜʧʦʚʽʜʘʻ 

ʟʘ ʨʦʟʤʽʱʝʥʥʷ ʢʘʜʨʽʚ ʫ ʮʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʪʘ ʚʠʜʘʣʝʥʥʷ ʟ ʥʝʾ ʢʘʜʨʽʚ. ʗʢ 

ʟʨʦʟʫʤʽʣʦ ʟ ʥʘʟʚʠ ʮʽʻʾ ʬʫʥʢʮʽʾ, ʚʦʥʘ ʜʦʟʚʦʣʷʻ ʢʝʨʫʚʘʪʠ ʜʦʩʪʫʧʦʤ ʜʦ ʩʝʨʝʜʦʚʠʱʘ 

ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. ʎʝ ʇʽʜʨʽʚʝʥʴ ʥʘʧʨʷʤʫ ʚʟʘʻʤʦʜʽʻ ʟ ʬʽʟʠʯʥʠʤ ʨʽʚʥʝʤ. 

ʆʩʥʦʚʥʘ ʣʦʛʽʯʥʘ ʪʦʧʦʣʦʛʽʷ Ethernet - ʮʝ ʰʠʥʘ ʟ ʤʥʦʞʠʥʥʠʤ ʜʦʩʪʫʧʦʤ; 

ɺʽʜʧʦʚʽʜʥʦ, ʩʝʨʝʜʦʚʠʱʝ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʩʽʤʘ ʚʫʟʣʘʤʠ 

(ʧʨʠʩʪʨʦʷʤʠ) ʚ ʦʜʥʦʤʫ ʩʝʛʤʝʥʪʽ ʤʝʨʝʞʽ. Ethernet - ʮʝ ʦʨʛʘʥʽʟʘʮʽʷ ʤʝʨʝʞʽ ʥʘ 

ʦʩʥʦʚʽ ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʜʦʩʪʫʧʫ. ʂʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʠʡ ʜʦʩʪʫʧ ʦʟʥʘʯʘʻ, ʱʦ 

ʙʫʜʴ-ʷʢʠʡ ʧʨʠʩʪʨʽʡ ʤʦʞʝ ʧʦʩʪʽʡʥʦ ʥʘʤʘʛʘʪʠʩʷ ʧʝʨʝʜʘʚʘʪʠ ʜʘʥʽ ʚ ʟʘʛʘʣʴʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʪʘʢʠʭ ʜʘʥʠʭ ʜʣʷ ʚʽʜʧʨʘʚʢʠ. ʋ ʧʽʚʜʫʧʣʝʢʩʥʠʭ 

ʣʦʢʘʣʴʥʠʭ ʤʝʨʝʞʘʭ Ethernet ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʪʘ ʫʩʫʥʝʥʥʷ ʢʦʣʽʟʽʡ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʪʦʜ ʤʥʦʞʠʥʥʦʛʦ ʜʦʩʪʫʧʫ ʟ ʢʦʥʪʨʦʣʝʤ ʥʦʩʽʷ ʪʘ ʚʠʷʚʣʝʥʥʷ 

ʢʦʣʽʟʽʡ (Carrier Sense Multiple Access / Collision Detection; CSMA / CD). ʋ 

ʩʫʯʘʩʥʠʭ ʣʦʢʘʣʴʥʠʭ ʤʝʨʝʞʘʭ Ethernet ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʦʚʥʦʜʫʧʣʝʢʩʥʽ 

ʢʦʤʫʪʘʪʦʨʠ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʦʜʥʦʯʘʩʥʦ ʜʝʢʽʣʴʢʦʤʘ ʧʨʠʩʪʨʦʷʤʠ ʚʽʜʧʨʘʚʣʷʪʠ ʽ 

ʦʪʨʠʤʫʚʘʪʠ ʜʘʥʽ ʙʝʟ ʢʦʣʽʟʽʡ. 

ʈʦʟʚʠʪʦʢ Ethernet 

ɿ ʤʦʤʝʥʪʫ ʩʪʚʦʨʝʥʥʷ Ethernet ʚ 1973 ʨ. ʉʪʘʥʜʘʨʪʠ ʚʜʦʩʢʦʥʘʣʝʥʽ, ʩʣʽʜʫʶʯʠ 

ʟʘ ʧʦʷʚʦʶ ʙʽʣʴʰ ʰʚʠʜʢʠʭ ʽ ʛʥʫʯʢʠʭ ʚʝʨʩʽʡ ʪʝʭʥʦʣʦʛʽʡ. ʄʦʞʣʠʚʽʩʪʴ ʧʦʩʪʽʡʥʦʛʦ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ Ethernet ʟ ʪʝʯʽʻʶ ʯʘʩʫ - ʦʜʥʘ ʟ ʦʩʥʦʚʥʠʭ ʧʨʠʯʠʥ ʾʾ 

ʧʦʧʫʣʷʨʥʦʩʪʽ. ʐʚʠʜʢʽʩʪʴ ʨʘʥʥʽʭ ʚʝʨʩʽʡ Ethernet ʙʫʣʘ ʧʦʨʽʚʥʷʥʦ ʥʠʟʴʢʦʶ, ʚʩʴʦʛʦ 

10 ʄʙʽʪ / ʩʝʢ. ʅʦʚʽʰʽ ʚʝʨʩʽʾ ʤʝʨʝʞʽ Ethernet ʧʨʘʮʶʶʪʴ ʟʽ ʰʚʠʜʢʽʩʪʶ 10 ʛʽʛʘʙʽʪ ʚ 



ʩʝʢʫʥʜʫ ʪʘ ʙʽʣʴʰʝ. ʇʝʨʝʤʽʩʪʽʪʴ ʧʦʚʟʫʥʦʢ ʥʘ ʪʠʤʯʘʩʦʚʽʡ ʰʢʘʣʽ ʨʠʩ. 1, ʱʦʙ 

ʧʦʙʘʯʠʪʠ, ʷʢ ʟʤʽʥʶʚʘʣʠʩʷ ʩʪʘʥʜʘʨʪʠ Ethernet ʟ ʧʦʪʦʢʦʤ ʯʘʩʫ. 

 
ʈʠʩ. 1.3 ʉʪʨʫʢʪʫʨʘ Ethernet-ʢʘʜʨʘ 

ʅʘ ʢʘʥʘʣʴʥʦʤʫ ʨʽʚʥʽ ʩʪʨʫʢʪʫʨʘ ʢʘʜʨʘ ʧʨʘʢʪʠʯʥʦ ʽʜʝʥʪʠʯʥʘ ʜʣʷ ʚʩʽʭ 

ʰʚʠʜʢʦʩʪʝʡ  Ethernet. ʋ ʩʪʨʫʢʪʫʨʽ ʢʘʜʨʫ Ethernet ʥʘ ʧʦʯʘʪʢʫ ʽ ʢʽʥʮʽ ʦʜʥʦʛʦ ʨʽʚʥʷ 

ʜʘʥʠʭ ʧʨʦʪʦʢʦʣʫ (PDU) ʨʽʚʥʷ 3 ʜʦʜʘʶʪʴʩʷ ʟʘʛʦʣʦʚʢʠ ʽ ʦʙʤʝʞʝʥʥʷ ʜʣʷ 

ʽʥʢʘʧʩʫʣʷʮʽʾ ʚʽʜʧʨʘʚʣʝʥʦʛʦ ʧʦʚʽʜʦʤʣʝʥʥʷ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2 

Ethernet II - ʮʝ ʬʦʨʤʘʪ ʢʘʜʨʘ Ethernet, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʤʝʨʝʞʘʭ 

TCP/IP. 

ʇʦʣʷ ʢʘʜʨʘ Ethernet 

ʄʽʥʽʤʘʣʴʥʠʡ ʨʦʟʤʽʨ ʢʘʜʨʘ Ethernet - 64 ʙʘʡʪʘ, ʤʘʢʩʠʤʘʣʴʥʠʡ - 1518 ʙʘʡʪ. 

ɼʦ ʮʴʦʛʦ ʯʠʩʣʘ ʚʽʜʥʦʩʷʪʴʩʷ ʚʩʽ ʙʘʡʪʠ, ʧʦʯʠʥʘʶʯʠ ʟ ʧʦʣʷ çMAC-ʘʜʨʝʩʘ 

ʧʨʠʟʥʘʯʝʥʥʷè ʽ ʟʘʢʽʥʯʫʶʯʠ ʧʦʣʝʤ çʂʦʥʪʨʦʣʴʥʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʢʘʜʨʫ (FCS)è. 

ʇʦʣʽ çʇʨʝʘʤʙʫʣʘè ʧʨʠ ʦʧʠʩʽ ʨʦʟʤʽʨʫ ʢʘʜʨʘ ʥʝ ʚʢʣʶʯʝʥʦ. 

ʃʶʙʦʡ ʢʘʜʨ ʽʟ ʜʦʚʞʠʥʦʶ ʤʝʥʰʝ 64 ʙʘʡʪ ʚʚʘʞʘʻʪʴʩʷ çʬʨʘʛʤʝʥʪʦʤ ʢʦʣʽʟʽʡè 

ʘʙʦ çʢʘʨʣʠʢʦʚʠʤ ʢʘʜʨʦʤè ʽ ʘʚʪʦʤʘʪʠʯʥʦ ʚʽʜʭʠʣʷʻʪʴʩʷ ʧʨʠʡʤʘʶʯʠʤʠ ʩʪʘʥʮʽʷʤʠ. 

ʂʘʜʨʠ ʟ ʜʦʚʞʠʥʦʶ ʙʽʣʴʰʝ 1500 ʙʘʡʪ ʥʘʟʠʚʘʶʪʴʩʷ Jumbo-ʢʘʜʨʘʤʠ (ʟʥʘʯʥʦ ʚʠʱʽ 

ʟʘ ʜʦʧʫʩʪʠʤʠʡ ʨʦʟʤʽʨ) ʘʙʦ Baby Giant (ʣʝʜʚʝ ʚʠʱʽ ʟʘ ʜʦʧʫʩʪʠʤʠʡ ʨʦʟʤʽʨ). 

ʗʢʱʦ ʨʦʟʤʽʨ ʧʝʨʝʜʘʥʦʛʦ ʢʘʜʨʘ ʤʝʥʰʝ ʤʝʥʰʦʛʦ ʟʥʘʯʝʥʥʷ ʘʙʦ ʙʽʣʴʰʝ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʦʜʝʨʞʫʚʘʯ ʧʨʠʩʪʨʦʶ ʩʢʠʜʘʻ ʪʘʢʠʡ ʢʘʜʨ. ɺʽʜʢʠʥʫʪʽ 

ʢʘʜʨʠ, ʰʚʠʜʰʝ ʟʘ ʚʩʝ, ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʢʦʣʽʟʽʡ ʘʙʦ ʽʥʰʠʭ ʥʝʙʘʞʘʥʠʭ ʩʠʛʥʘʣʽʚ ʽ, 

ʦʪʞʝ, ʚʚʘʞʘʶʪʴʩʷ ʥʝʜʽʡʩʥʠʤʠ. 

MAC -ʘʜʨʝʩʘ ʽ ʰʽʩʪʥʘʜʮʷʪʠʨʽʯʥʘ ʩʠʩʪʝʤʘ ʟ ʯʠʩʣʦʤ 

MAC-ʘʜʨʝʩʘ Ethernet - ʮʝ 48-ʙʽʪʦʚʝ ʜʚʦʾʯʥʝ ʟʥʘʯʝʥʥʷ, ʚʠʨʘʞʝʥʝ ʫ ʚʠʛʣʷʜʽ 

12 ʰʽʩʪʥʘʜʮʷʪʠʨʽʯʥʠʭ  ʯʠʩʝʣ (4 ʙʘʣʠ ʟʘ ʢʦʞʥʫ ʰʽʩʪʥʘʜʮʷʪʢʫ ʮʠʬʨʫ). 

ʗʢʱʦ 8 ʙʽʪ (1 ʙʘʡʪ) - ʮʝ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʘ ʙʽʥʘʨʥʘ ʛʨʫʧʘ, ʪʦ ʜʚʽʡʦʚʠʡ ʢʦʜ 

00000000-11111111 ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʚ ʰʽʩʪʥʘʜʮʷʪʠʨʽʯʥʽʡ ʩʠʩʪʝʤʽ 

ʯʠʩʣʝʥʥʷ ʷʢ ʜʽʘʧʘʟʦʥ 00-FF, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2. ʑʦʙ ʟʘʧʦʚʥʠʪʠ 8-ʙʽʪʥʝ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ, ʟʘʚʞʜʠ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʚʝʜʫʯʽ ʥʫʣʽ. ʅʘʧʨʠʢʣʘʜ, ʜʚʦʾʯʥʝ 

ʟʥʘʯʝʥʥʷ 0000 1010 ʧʦʢʘʟʘʥʦ ʚ ʰʽʩʪʥʘʜʮʷʪʠʨʽʯʥʽʡ ʩʠʩʪʝʤʽ ʷʢ 0A. 

ʐʝʩʪʥʘʜʮʘʪʝʨʠʯʥʘ ʩʠʩʪʝʤʘ ʟ ʨʦʟʨʘʭʫʥʢʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ MAC-ʘʜʨʝʩ Ethernet ʪʘ IP-ʘʜʨʝʩ ʚʝʨʩʽʾ 6. 

ʉʪʨʫʢʪʫʨʘ MAC-ʘʜʨʝʩʽʚ 

ɿʥʘʯʝʥʥʷ MAC-ʘʜʨʝʩʠ - ʮʝ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʨʝʟʫʣʴʪʘʪ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʘʚʠʣ, 

ʷʢʽ ʨʦʟʨʦʙʣʝʥʽ ʽʥʩʪʠʪʫʪʦʤ IEEE ʜʣʷ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʫʥʽʢʘʣʴʥʽ 



ʥʘ ʛʣʦʙʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʽ ʘʜʨʝʩʠ ʜʣʷ ʢʦʞʥʦʛʦ ʧʨʠʩʪʨʦʶ Ethernet. ɺʽʜʧʦʚʽʜʥʦ ʜʦ 

ʮʠʭ ʧʨʘʚʠʣ ʢʦʞʝʥ ʧʦʩʪʘʯʘʣʴʥʠʢ, ʷʢʠʡ ʟʘʡʤʘʻʪʴʩʷ ʨʝʘʣʽʟʘʮʽʻʶ ʧʨʠʩʪʨʦʾʚ 

Ethernet, ʧʦʚʠʥʝʥ ʙʫʪʠ ʟʘʨʝʻʩʪʨʦʚʘʥʠʡ ʚ IEEE. IEEE ʧʨʠʩʚʦʶʻ ʧʦʩʪʘʯʘʣʴʥʠʢʫ 3-

ʙʘʡʪʦʚʠʡ (24-ʙʽʪʥʠʡ) ʢʦʜ, ʷʢʠʡ ʥʘʟʠʚʘʻʪʴʩʷ ʫʥʽʢʘʣʴʥʠʤ ʽʜʝʥʪʠʬʽʢʘʪʦʨʦʤ 

ʦʨʛʘʥʽʟʘʮʽʾ (OUI). 

ɯʥʩʪʠʪʫʪ IEEE ʚʠʤʘʛʘʻ ʚʽʜ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ ʜʦʪʨʠʤʘʥʥʷ ʜʚʦʭ ʧʨʦʩʪʠʭ 

ʧʨʘʚʠʣ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʤʘʣʶʥʢʫ: 

ʋʩʽ MAC-ʘʜʨʝʩʠ, ʧʨʠʟʥʘʯʝʥʽ ʤʝʨʝʞʝʚʦʶ ʧʣʘʪʦʶ ʘʙʦ ʽʥʰʠʤ ʧʨʠʩʪʨʦʻʤ 

Ethernet, ʧʦʚʠʥʥʽ ʦʙʦʚ'ʷʟʢʦʚʦ ʧʦʨʷʜʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʴʦʛʦ ʽʜʝʥʪʠʬʽʢʘʪʦʨʘ OUI 

ʧʦʩʪʘʯʘʣʴʥʠʢʘ ʚ ʧʝʨʰʠʭ 3 ʙʘʡʪʘʭ. 

ɼʣʷ ʚʩʽʭ MAC-ʘʜʨʝʩ ʟ ʻʜʠʥʠʤ ʽʜʝʥʪʠʬʽʢʘʪʦʨʦʤ OUI ʥʝʦʙʭʽʜʥʦ ʚʩʪʘʥʦʚʠʪʠ 

ʫʥʽʢʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʚ ʦʩʪʘʥʥʽʭ 3 ʙʘʡʪʘʭ. 

ʇʨʠʤʽʪʢʘ. ʄʦʞʫʪʴ ʽʩʥʫʚʘʪʠ ʜʫʙʣʶʶʯʽ MAC-ʘʜʨʝʩʠ, ʱʦ ʧʦʚ'ʷʟʘʥʦ ʟ 

ʧʦʤʠʣʢʘʤʠ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʘʙʦ ʚʧʨʦʚʘʜʞʝʥʥʽ ʚʽʨʪʫʘʣʴʥʠʭ ʤʘʰʠʥ. ɺ ʙʫʜʴ-

ʷʢʦʤʫ ʚʠʧʘʜʢʫ MAC-ʘʜʨʝʩʘ ʦʙʦʚ'ʷʟʢʦʚʦ ʙʫʜʝ ʟʤʽʥʶʚʘʪʠʩʷ ʚ ʥʦʚʽʡ ʤʝʨʝʞʝʚʽʡ 

ʧʣʘʪʽ ʘʙʦ ʧʨʦʛʨʘʤʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ. 

ʆʙʨʦʙʢʘ ʢʘʜʨʽʚ 

MAC-ʘʜʨʝʩʫ ʯʘʩʪʦ ʥʘʟʠʚʘʻʪʴʩʷ çʚʙʫʜʦʚʘʥʠʤè ʘʙʦ çʟʘʰʠʪʠʤè ʘʜʨʝʩʦʶ 

(burned-in address, BIA), ʦʩʢʽʣʴʢʠ ʽʩʪʦʨʠʯʥʦ ʩʢʣʘʣʦʩʷ ʪʘʢ, ʱʦ ʚʽʥ ʟʘʧʠʩʫʻʪʴʩʷ ʚ 

ʇɿʋ (ʧʦʩʪʽʡʥʠʡ ʟʘʧʘʤ'ʷʪʦʚʫʶʯʠʡ ʧʨʠʩʪʨʽʡ) ʥʘ ʤʝʨʝʞʝʚʠʡ ʧʣʘʪʽ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ 

ʘʜʨʝʩʘ ʚʥʦʩʠʪʴʩʷ ʚ ʯʽʧ ʇɿʋ ʥʘ ʘʧʘʨʘʪʥʦʤʫ ʨʽʚʥʽ ʙʝʟ ʤʦʞʣʠʚʦʩʪʽ ʧʦʜʘʣʴʰʦʾ 

ʟʤʽʥʠ. 

ʇʨʠʤʽʪʢʘ. ʆʧʝʨʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʽ ʤʝʨʝʞʝʚʽ ʧʣʘʪʠ ʩʫʯʘʩʥʠʭ ʢʦʤʧ'ʶʪʝʨʽʚ 

ʧʽʜʪʨʠʤʫʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʟʤʽʥʠ MAC-ʘʜʨʝʩʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤ. ʎʝ ʟʨʫʯʥʦ 

ʧʨʠ ʩʧʨʦʙʽ ʦʪʨʠʤʘʥʥʷ ʜʦʩʪʫʧʫ ʜʦ ʤʝʨʝʞʽ, ʚ ʷʢʽʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʬʽʣʴʪʨʘʮʽʷ 

ʥʘ ʦʩʥʦʚʽ BIA. ʆʪʞʝ, ʬʽʣʴʪʨʘʮʽʷ ʘʙʦ ʚʽʜʩʪʝʞʝʥʥʷ ʪʨʘʬʽʢʫ ʥʘ ʦʩʥʦʚʽ MAC-

ʘʜʨʝʩʠ ʙʽʣʴʰʝ ʥʝ ʻ ʥʘʜʽʡʥʠʤ ʩʧʦʩʦʙʦʤ. 

ʇʨʠ ʟʘʧʫʩʢʫ ʢʦʤʧ'ʶʪʝʨʘ ʤʝʨʝʞʝʚʘ ʧʣʘʪʘ ʩʧʦʯʘʪʢʫ ʢʦʧʽʶʻ MAC-ʘʜʨʝʩʫ ʟ 

ʇɿʋ ʚ ʆɿʋ. ʂʦʣʠ ʧʨʠʩʪʨʽʡ ʧʝʨʝʩʠʣʘʻ ʧʦʚʽʜʦʤʣʝʥʥʷ ʚ ʤʝʨʝʞʫ Ethernet, ʚʦʥʦ 

ʜʦʜʘʻ ʜʦ ʢʘʜʨʫ ʽʥʬʦʨʤʘʮʽʶ ʟʘʛʦʣʦʚʢʘ. ɯʥʬʦʨʤʘʮʽʷ ʟʘʛʦʣʦʚʢʘ ʤʽʩʪʠʪʴ MAC-

ʘʜʨʝʩʠ ʜʞʝʨʝʣʘ ʽ ʧʨʠʟʥʘʯʝʥʥʷ. 

ʅʘʪʠʩʥʽʪʴ ʢʥʦʧʢʫ çɺʽʜʪʚʦʨʝʥʥʷè, ʱʦʙ ʧʝʨʝʛʣʷʥʫʪʠ ʚʽʜʝʦʨʦʣʠʢ ʧʨʦ ʧʨʦʮʝʩ 

ʧʝʨʝʩʠʣʘʥʥʷ ʢʘʜʨʫ. ʇʨʠ ʥʘʜʭʦʜʞʝʥʥʽ ʢʘʜʨʫ Ethernet ʥʘ ʤʝʨʝʞʝʚʫ ʧʣʘʪʫ ʚʦʥʘ 

ʧʝʨʝʚʽʨʷʻ MAC-ʘʜʨʝʩʫ ʧʨʠʟʥʘʯʝʥʥʷ, ʱʦʙ ʚʠʟʥʘʯʠʪʠ, ʯʠ ʟʙʽʛʘʻʪʴʩʷ ʚʽʥ ʟ 

ʬʽʟʠʯʥʠʤ MAC-ʘʜʨʝʩʦʶ ʧʨʠʩʪʨʦʶ, ʟʙʝʨʝʞʝʥʠʤ ʚ ʆɿʋ. ʗʢʱʦ ʥʝ ʚʜʘʻʪʴʩʷ 

ʚʠʷʚʠʪʠ ʟʙʽʛʠ, ʧʨʠʩʪʨʽʡ ʚʽʜʭʠʣʷʻ ʢʘʜʨ. ʇʨʠ ʥʘʷʚʥʦʩʪʽ ʟʙʽʛʫ ʤʝʨʝʞʝʚʘ ʧʣʘʪʘ 

ʧʝʨʝʜʘʻ ʢʘʜʨ ʚʛʦʨʫ ʟʘ ʨʽʚʥʷʤʠ ʤʦʜʝʣʽ OSI, ʜʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʮʝʩ 

ʜʝʽʥʢʘʧʩʫʣʷʮʽʽ. 

ʇʨʠʤʽʪʢʘ. ʄʝʨʝʞʝʚʽ ʧʣʘʪʠ ʧʨʠʩʪʨʦʾʚ Ethernet ʧʨʠʡʤʘʶʪʴ ʢʘʜʨʠ ʪʘʢʦʞ ʚ 

ʪʦʤʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ MAC-ʘʜʨʝʩʫ ʧʨʠʟʥʘʯʝʥʥʷ ʻ ʰʠʨʦʢʦʤʦʚʥʦʾ ʨʦʟʩʠʣʢʦʶ ʘʙʦ 

ʛʨʫʧʦʶ ʧʽʜ LGPL, ʚ ʷʢʫ ʚʢʣʶʯʝʥʠʡ ʚʫʟʦʣ. 

ɺʩʽʭ ʧʨʠʩʪʨʦʾʚ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʫʟʣʘʤʠ ʜʞʝʨʝʣʘ ʘʙʦ ʧʨʠʟʥʘʯʝʥʥʷ ʢʘʜʨʫ 

Ethernet, ʥʝʦʙʭʽʜʥʦ ʧʨʠʩʚʦʾʪʠ MAC-ʘʜʨʝʩʫ. ɼʦ ʥʠʭ ʚʽʜʥʦʩʷʪʴʩʷ ʨʦʙʦʯʽ ʩʪʘʥʮʽʾ, 

ʩʝʨʚʝʨʠ, ʧʨʠʥʪʝʨʠ, ʤʦʙʽʣʴʥʽ ʧʨʠʩʪʨʦʾ ʽ ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ. 

ʋʷʚʣʝʥʥʷ MAC-ʘʜʨʝʩ 

ʅʘ ʚʫʟʣʽ Windows MAC-ʘʜʨʝʩʫ ʘʜʘʧʪʝʨʘ Ethernet ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʦʤʘʥʜʠ ipconfig / all. ʅʘ ʨʠʩ. 1 ʥʘ ʝʢʨʘʥʽ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʬʽʟʠʯʥʫ 



ʘʜʨʝʩʫ (MAC-ʘʜʨʝʩʫ) ʢʦʤʧ'ʶʪʝʨʘ ʚ ʬʦʨʤʘʪʽ 00-18-DE-DD-A7-B2. ʗʢʱʦ ʫ ʚʘʩ ʻ 

ʚʽʜʧʦʚʽʜʥʽ ʧʨʘʚʘ ʜʦʩʪʫʧʫ, ʚʠ ʤʦʞʝʪʝ ʚʠʢʦʥʘʪʠ ʮʶ ʦʧʝʨʘʮʽʶ ʥʘ ʩʚʦʻʤʫ 

ʢʦʤʧ'ʶʪʝʨʽ. ʅʘ ʚʫʟʣʘʭ MAC ʘʙʦ Linux ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʦʤʘʥʜʘ ifconfig. 

ɿʘʣʝʞʥʦ ʚʽʜ ʧʨʠʩʪʨʦʶ ʽ ʦʧʝʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʚʠ ʧʦʙʘʯʠʪʝ ʨʽʟʥʽ ʫʷʚʣʝʥʥʷ 

MAC-ʘʜʨʝʩ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2. ɼʣʷ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ ʽ ʢʦʤʫʪʘʪʦʨʽʚ Cisco 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʬʦʨʤʘʪ XXXX.XXXX.XXXX, ʜʝ X - ʮʝ ʰʽʩʪʥʘʜʮʷʪʢʦʚʠʡ 

ʩʠʤʚʦʣ. 

ɯʥʜʠʚʽʜʫʘʣʴʥʠʡ MAC-ʘʜʨʝʩʫ 

ʋ ʤʝʨʝʞʽ Ethernet ʜʣʷ ʦʜʥʦʘʜʨʝʩʥʦʾ, ʤʥʦʛʦʘʜʨʝʩʥʦʡ ʽ ʰʠʨʦʢʦʤʦʚʥʦʾ 

ʨʦʟʩʠʣʢʠ ʨʽʚʥʷ 2 ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ MAC-ʘʜʨʝʩʠ. 

ɯʥʜʠʚʽʜʫʘʣʴʥʠʡ MAC-ʘʜʨʝʩʫ - ʮʝ ʫʥʽʢʘʣʴʥʘ ʘʜʨʝʩʘ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʧʨʠ ʚʽʜʧʨʘʚʣʝʥʥʽ ʢʘʜʨʫ ʚʽʜ ʦʜʥʦʛʦ ʧʝʨʝʜʘʚʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ ʜʦ ʦʜʥʦʛʦ 

ʧʨʠʩʪʨʦʶ ʧʨʠʟʥʘʯʝʥʥʷ. 

ʋ ʧʨʠʢʣʘʜʽ, ʧʦʢʘʟʘʥʦʤʫ ʚ ʘʥʽʤʘʮʽʾ, ʚʫʟʦʣ ʟ IPv4-ʘʜʨʝʩʦʶ 192.168.1.5 

(ʜʞʝʨʝʣʦ) ʟʘʧʠʪʫʻ ʚʝʙ-ʩʪʦʨʽʥʢʫ ʟ ʩʝʨʚʝʨʘ ʟ IPv4-ʘʜʨʝʩʦʶ ʦʜʥʦʘʜʨʝʩʥʦʾ ʨʦʟʩʠʣʢʠ 

192.168.1.200. ɼʣʷ ʚʽʜʧʨʘʚʢʠ ʪʘ ʧʨʠʡʦʤʫ ʦʜʥʦʘʜʨʝʩʥʘ ʧʘʢʝʪʘ ʚ ʟʘʛʦʣʦʚʢʫ IP-

ʧʘʢʝʪʘ ʧʦʚʠʥʝʥ ʚʢʘʟʫʚʘʪʠʩʷ IP-ʘʜʨʝʩʘ ʧʨʠʟʥʘʯʝʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʚ ʟʘʛʦʣʦʚʢʫ 

ʢʘʜʨʫ Ethernet ʧʦʚʠʥʝʥ ʙʫʪʠ MAC-ʘʜʨʝʩʫ ʧʨʠʟʥʘʯʝʥʥʷ. IP-ʘʜʨʝʩʘ ʽ MAC-ʘʜʨʝʩʫ 

- ʮʝ ʜʘʥʽ ʜʣʷ ʜʦʩʪʘʚʢʠ ʧʘʢʝʪʘ ʦʜʥʦʤʫ ʚʫʟʣʫ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ MAC-ʘʜʨʝʩʠ ʧʨʠʟʥʘʯʝʥʥʷ ʥʘ ʚʫʟʣʽ ʜʞʝʨʝʣʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʦʪʦʢʦʣ ʜʦʟʚʦʣʫ ʘʜʨʝʩ (ARP). ʇʨʦʪʦʢʦʣ ʜʦʟʚʦʣʫ ʘʜʨʝʩ 

(ARP) ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʜʘʣʽ ʚ ʮʽʡ ʛʣʘʚʽ. 

MAC-ʘʜʨʝʩʫ ʧʨʠʟʥʘʯʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʘʜʨʝʩʦʶ ʦʜʥʦʘʜʨʝʩʥʦʾ, ʰʠʨʦʢʦʤʦʚʥʦʾ 

ʘʙʦ ʧʽʜ LGPL, ʘʣʝ MAC-ʘʜʨʝʩʫ ʜʞʝʨʝʣʘ ʟʘʚʞʜʠ ʧʦʚʠʥʝʥ ʙʫʪʠ ʽʥʜʠʚʽʜʫʘʣʴʥʠʤ. 

MAC -ʘʜʨʝʩʫ ʰʠʨʦʢʦʤʦʚʥʦʾ ʨʦʟʩʠʣʢʠ 

ʋ ʧʘʢʝʪʽ ʰʠʨʦʢʦʤʦʚʥʦʾ ʨʦʟʩʠʣʢʠ ʤʽʩʪʠʪʴʩʷ IPv4-ʘʜʨʝʩ ʧʨʠʟʥʘʯʝʥʥʷ, ʚ 

ʚʫʟʣʦʚʠʡ ʯʘʩʪʠʥʠ ʷʢʦʛʦ ʧʨʠʩʫʪʥʽ ʪʽʣʴʢʠ ʦʜʠʥʠʮʽ (1). ʎʷ ʥʫʤʝʨʘʮʽʷ ʚ ʘʜʨʝʩʽ 

ʦʟʥʘʯʘʻ, ʱʦ ʚʩʽ ʚʫʟʣʠ ʚ ʣʦʢʘʣʴʥʽʡ ʤʝʨʝʞʽ (ʜʦʤʝʥʽ ʰʠʨʦʢʦʤʦʚʥʦʾ ʨʦʟʩʠʣʢʠ) 

ʦʪʨʠʤʘʶʪʴ ʽ ʦʙʨʦʙʣʷʪʴ ʧʘʢʝʪ. ʐʠʨʦʢʦʤʦʚʥʽ ʨʦʟʩʠʣʘʥʥʷ ʧʝʨʝʜʙʘʯʝʥʽ ʚ ʙʘʛʘʪʴʦʭ 

ʤʝʨʝʞʝʚʠʭ ʧʨʦʪʦʢʦʣʘʭ, ʥʘʧʨʠʢʣʘʜ DHCP ʽ ARP. 

ʗʢ ʧʦʢʘʟʘʥʦ ʚ ʘʥʽʤʘʮʽʾ, ʚʫʟʦʣ ʜʞʝʨʝʣʘ ʚʽʜʧʨʘʚʣʷʻ IPv4-ʧʘʢʝʪ 

ʰʠʨʦʢʦʤʦʚʥʦʾ ʨʦʟʩʠʣʢʠ ʥʘ ʚʩʽ ʧʨʠʩʪʨʦʾ ʚ ʤʝʨʝʞʽ. IPv4-ʘʜʨʝʩ ʧʨʠʟʥʘʯʝʥʥʷ 

(192.168.1.255) - ʮʝ ʘʜʨʝʩʘ ʰʠʨʦʢʦʤʦʚʥʦʾ ʨʦʟʩʠʣʢʠ. ʗʢʱʦ IPv4-ʧʘʢʝʪ 

ʰʠʨʦʢʦʤʦʚʥʦʾ ʨʦʟʩʠʣʢʠ ʽʥʢʘʧʩʫʣʴʦʚʘʥʠʡ ʚ ʢʘʜʨʽ Ethernet, MAC-ʘʜʨʝʩʫ 

ʧʨʠʟʥʘʯʝʥʥʷ ʻ MAC-ʘʜʨʝʩʦʶ ʰʠʨʦʢʦʤʦʚʥʦʾ ʨʦʟʩʠʣʢʠ ʚ ʰʽʩʪʥʘʜʮʷʪʢʦʚʦʤʫ 

ʬʦʨʤʘʪʽ FF-FF-FF-FF-FF-FF (48 ʦʜʠʥʠʮʴ ʚ ʜʚʽʡʢʦʚʦʤʫ ʬʦʨʤʘʪʽ). 

MAC -ʘʜʨʝʩʫ ʧʽʜ LGPL 

ɻʨʫʧʦʚʽ ʘʜʨʝʩʠ ʜʦʟʚʦʣʷʶʪʴ ʚʠʭʽʜʥʦʛʦ ʧʨʠʩʪʨʦʶ ʨʦʟʩʠʣʘʪʠ ʧʘʢʝʪ ʛʨʫʧʽ 

ʧʨʠʩʪʨʦʾʚ. ʇʨʠʩʪʨʦʾ, ʷʢʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʛʨʫʧʠ ʧʽʜ LGPL, ʦʪʨʠʤʫʶʪʴ ʾʾ IP-

ʘʜʨʝʩʘ. ɼʽʘʧʘʟʦʥ IPv4-ʘʜʨʝʩ ʧʽʜ LGPL - ʚʽʜ 224.0.0.0 ʜʦ 239.255.255.255. 

ɼʽʘʧʘʟʦʥ IPv6-ʘʜʨʝʩ ʧʽʜ LGPL ʧʦʯʠʥʘʻʪʴʩʷ ʟ FF00 :: / 8. ʆʩʢʽʣʴʢʠ ʘʜʨʝʩʠ ʧʽʜ 

LGPL ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʛʨʫʧʫ ʘʜʨʝʩ (ʷʢʘ ʽʥʦʜʽ ʥʘʟʠʚʘʻʪʴʩʷ ʪʘʢʦʞ ʛʨʫʧʦʶ 

ʚʫʟʣʽʚ), ʚʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʽʣʴʢʠ ʷʢ ʘʜʨʝʩʠ ʧʨʠʟʥʘʯʝʥʥʷ ʧʘʢʝʪʘ. ɼʞʝʨʝʣʦ 

ʟʘʚʞʜʠ ʤʘʻ ʘʜʨʝʩʫ ʦʜʥʦʘʜʨʝʩʥʦʾ ʨʦʟʩʠʣʢʠ. 

ɸʜʨʝʩʠ ʧʽʜ LGPL ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ, ʥʘʧʨʠʢʣʘʜ, ʚ ʽʛʨʘʭ ʟ ʚʽʜʜʘʣʝʥʠʤ 

ʧʽʜʢʣʶʯʝʥʥʷʤ, ʚ ʷʢʠʭ ʙʝʨʝ ʫʯʘʩʪʴ ʢʽʣʴʢʘ ʣʶʜʝʡ ʟ ʨʽʟʥʠʭ ʤʽʩʮʴ. ʂʨʽʤ ʪʦʛʦ, ʪʘʢʽ 



ʘʜʨʝʩʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʜʠʩʪʘʥʮʽʡʥʦʤʫ ʥʘʚʯʘʥʥʽ ʚ ʨʝʞʠʤʽ 

ʚʽʜʝʦʢʦʥʬʝʨʝʥʮʽʾ, ʢʦʣʠ ʢʽʣʴʢʘ ʫʯʥʽʚ ʧʽʜʢʣʶʯʝʥʦ ʜʦ ʦʜʥʦʛʦ ʽ ʪʦʛʦ ʞ ʢʫʨʩʫ. 

ʗʢ ʽ ʫ ʚʠʧʘʜʢʫ ʟ ʘʜʨʝʩʘʤʠ ʜʣʷ ʦʜʥʦʘʜʨʝʩʥʦʾ ʽ ʰʠʨʦʢʦʤʦʚʥʦʾ ʨʦʟʩʠʣʢʠ, IP-

ʘʜʨʝʩʦʶ ʜʣʷ ʧʽʜ LGPL ʧʦʪʨʽʙʝʥ ʚʽʜʧʦʚʽʜʥʠʡ MAC-ʘʜʨʝʩʫ, ʱʦʙ ʬʘʢʪʠʯʥʦ 

ʧʝʨʝʜʘʚʘʪʠ ʢʘʜʨʠ ʧʦ ʣʦʢʘʣʴʥʽʡ ʤʝʨʝʞʽ. MAC-ʘʜʨʝʩʫ ʧʽʜ LGPL, ʧʦʚ'ʷʟʘʥʠʡ ʟ 

IPv4-ʘʜʨʝʩʦʶ ʧʽʜ LGPL, - ʮʝ ʦʩʦʙʣʠʚʝ ʟʥʘʯʝʥʥʷ, ʷʢʝ ʧʦʯʠʥʘʻʪʴʩʷ ʟ 01-00-5E ʚ 

ʰʝʩʪʥʘʜʮʘʪʠʨʠʯʥʦʤ ʬʦʨʤʘʪʽ. ɯʥʰʘ ʯʘʩʪʠʥʘ MAC-ʘʜʨʝʩʠ ʧʽʜ LGPL ʩʪʚʦʨʶʻʪʴʩʷ 

ʰʣʷʭʦʤ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʠʞʥʽʭ 23 ʙʽʪ IP-ʘʜʨʝʩʠ ʛʨʫʧʠ ʧʽʜ LGPL ʚ 6 

ʰʽʩʪʥʘʜʮʷʪʠʨʽʯʥʠʭ ʩʠʤʚʦʣʽʚ. ɼʣʷ IPv6-ʘʜʨʝʩʠ MAC-ʘʜʨʝʩʫ ʧʽʜ LGPL 

ʧʦʯʠʥʘʻʪʴʩʷ ʟ 33-33. 

ɺ ʘʥʽʤʘʮʽʾ ʚ ʷʢʦʩʪʽ ʧʨʠʢʣʘʜʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʰʽʩʪʥʘʜʮʷʪʢʦʚʠʡ ʘʜʨʝʩʫ ʧʽʜ 

LGPL 01-00-5E-00-00-C8. ʆʩʪʘʥʥʽʡ ʙʘʡʪ (ʘʙʦ 8 ʙʽʪ) IPv4-ʘʜʨʝʩʠ 224.0.0.200 - ʮʝ 

ʜʝʩʷʪʢʦʚʝ ʟʥʘʯʝʥʥʷ 200. ʅʘʡʧʨʦʩʪʽʰʠʡ ʩʧʦʩʽʙ ʚʠʟʥʘʯʠʪʠ ʰʽʩʪʥʘʜʮʷʪʢʦʚʠʡ 

ʝʢʚʽʚʘʣʝʥʪ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʩʧʦʯʘʪʢʫ ʧʝʨʝʪʚʦʨʠʪʠ ʮʝ ʟʥʘʯʝʥʥʷ ʚ ʜʚʽʡʢʦʚʠʡ 

ʬʦʨʤʘʪ, ʚʩʪʘʚʠʚʰʠ ʧʨʦʙʽʣ ʤʽʞ ʛʨʫʧʘʤʠ ʟ 4 ʙʽʪ: 200 (ʜʝʩʷʪʢʦʚʝ ʟʥʘʯʝʥʥʷ ) = 1100 

1000 (ʜʚʽʡʢʦʚʝ ʟʥʘʯʝʥʥʷ). ʇʦʪʽʤ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʘʙʣʠʮʶ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʜʚʽʡʢʦʚʦʛʦ ʬʦʨʤʘʪʫ ʚ ʰʽʩʪʥʘʜʮʷʪʢʦʚʠʡ: 1100 1000 (ʜʚʽʡʢʦʚʝ ʟʥʘʯʝʥʥʷ) = 0xC8. 

ʆʩʥʦʚʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʢʦʤʫʪʘʪʦʨʠ 

ʂʦʤʫʪʘʪʦʨ Ethernet ʨʽʚʥʷ 2 ʚʠʢʦʨʠʩʪʦʚʫʻ MAC-ʘʜʨʝʩʠ ʜʣʷ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʥʷ ʧʨʦ ʧʝʨʝʩʠʣʘʥʥʷ. ʇʨʠʩʪʨʽʡ ʥʝ ʤʘʻ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʨʦʪʦʢʦʣ, ʷʢʠʡ 

ʧʝʨʝʜʘʻʪʴʩʷ ʚ ʯʘʩʪʠʥʽ ʢʘʜʨʫ, ʚʠʜʽʣʝʥʦʾ ʜʣʷ ʜʘʥʠʭ, ʥʘʧʨʠʢʣʘʜ, ʚ IPv4-ʧʘʢʝʪʽ. 

ʂʦʤʫʪʘʪʦʨ ʧʝʨʝʩʠʣʘʻ ʧʘʢʝʪʠ ʪʽʣʴʢʠ ʥʘ ʦʩʥʦʚʽ MAC-ʘʜʨʝʩ Ethernet ʨʽʚʥʷ 2. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʟʘʩʪʘʨʽʣʠʭ ʢʦʥʮʝʥʪʨʘʪʦʨʽʚ Ethernet, ʷʢʽ ʧʦʚʪʦʨʶʶʪʴ ʙʽʪʠ ʥʘ 

ʚʩʽʭ ʧʦʨʪʘʭ, ʢʨʽʤ ʚʭʽʜʥʦʛʦ, ʢʦʤʫʪʘʪʦʨ Ethernet ʟʚʝʨʪʘʻʪʴʩʷ ʜʦ ʪʘʙʣʠʮʽ MAC-

ʘʜʨʝʩ ʜʣʷ ʧʝʨʝʩʠʣʘʥʥʷ ʢʦʞʥʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʢʘʜʨʫ. ʅʘ ʤʘʣʶʥʢʫ ʧʦʢʘʟʘʥʠʡ 

ʪʽʣʴʢʠ ʱʦ ʚʢʣʶʯʝʥʠʡ 4-ʧʦʨʪʦʚʠʡ ʢʦʤʫʪʘʪʦʨ. ʋ ʥʴʦʤʫ ʱʝ ʥʝʤʘʻ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ 

MAC-ʘʜʨʝʩʘʭ ʯʦʪʠʨʴʦʭ ʧʽʜʢʣʶʯʝʥʠʭ ʢʦʤʧ'ʶʪʝʨʽʚ. 

ʇʨʠʤʽʪʢʘ. ʊʘʙʣʠʮʶ MAC-ʘʜʨʝʩ ʽʥʦʜʽ ʥʘʟʠʚʘʶʪʴ ʪʘʙʣʠʮʝʶ ʘʩʦʮʽʘʪʠʚʥʦʾ 

ʧʘʤ'ʷʪʽ (CAM). ʍʦʯʘ ʧʦʥʷʪʪʷ çʪʘʙʣʠʮʷ ʘʩʦʮʽʘʪʠʚʥʦʾ ʧʘʤ'ʷʪʽè ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʱʦʜʦ ʯʘʩʪʦ, ʚ ʮʴʦʤʫ ʢʫʨʩʽ ʤʠ ʙʫʜʝʤʦ ʥʘʟʠʚʘʪʠ ʾʾ ʪʘʙʣʠʮʝʶ MAC-ʘʜʨʝʩ. 

ʆʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ MAC-ʘʜʨʝʩʘʭ 

ʂʦʤʫʪʘʪʦʨ ʩʪʚʦʨʶʻ ʪʘʙʣʠʮʶ MAC-ʘʜʨʝʩ ʜʠʥʘʤʽʯʥʦ, ʧʝʨʝʚʽʨʷʶʯʠ MAC-

ʘʜʨʝʩʫ ʜʞʝʨʝʣʘ ʚ ʢʘʜʨʘʭ, ʧʨʠʡʥʷʪʠʭ ʧʦʨʪʦʤ. ɺʽʥ ʧʝʨʝʩʠʣʘʻ ʢʘʜʨʠ ʥʘ ʦʩʥʦʚʽ 

ʟʙʽʛʫ ʤʽʞ MAC-ʘʜʨʝʩʦʶ ʧʨʠʟʥʘʯʝʥʥʷ ʚ ʢʘʜʨʽ ʽ ʟʘʧʠʩʦʤ ʚ ʪʘʙʣʠʮʽ MAC-ʘʜʨʝʩ. 

ʇʨʠ ʢʦʞʥʦʤʫ ʥʘʜʭʦʜʞʝʥʥʽ ʢʘʜʨʫ Ethernet ʚ ʢʦʤʫʪʘʪʦʨ ʚʠʢʦʥʫʻʪʴʩʷ 

ʥʘʩʪʫʧʥʠʡ ʧʨʦʮʝʩ. 

ʆʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ: ʧʝʨʝʚʽʨʢʘ MAC-ʘʜʨʝʩʠ ʜʞʝʨʝʣʘ 

ʇʨʠ ʢʦʞʥʦʤʫ ʥʘʜʭʦʜʞʝʥʥʽ ʢʘʜʨʫ ʚ ʢʦʤʫʪʘʪʦʨ ʚʠʢʦʥʫʻʪʴʩʷ ʧʝʨʝʚʽʨʢʘ ʥʘ 

ʥʘʷʚʥʽʩʪʴ ʥʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ. ʇʝʨʝʚʽʨʷʶʪʴʩʷ MAC-ʘʜʨʝʩʫ ʜʞʝʨʝʣʘ, ʟʘʟʥʘʯʝʥʠʡ ʚ 

ʢʘʜʨʽ, ʽ ʥʦʤʝʨ ʧʦʨʪʫ, ʧʦ ʷʢʦʤʫ ʢʘʜʨ ʥʘʜʭʦʜʠʪʴ ʚ ʢʦʤʫʪʘʪʦʨ. 

ʗʢʱʦ MAC-ʘʜʨʝʩʫ ʜʞʝʨʝʣʘ ʚʽʜʩʫʪʥʽʡ, ʚʽʥ ʜʦʜʘʻʪʴʩʷ ʚ ʪʘʙʣʠʮʶ ʨʘʟʦʤ ʟ 

ʥʦʤʝʨʦʤ ʚʭʽʜʥʦʛʦ ʧʦʨʪʫ. ʋ ʧʨʠʢʣʘʜʽ ʥʘ ʨʠʩ. 1 ʢʦʤʧ'ʶʪʝʨ PC-A ʚʽʜʧʨʘʚʣʷʻ ʢʘʜʨ 

Ethernet ʢʦʤʧ'ʶʪʝʨʘ PC-D. ʂʦʤʫʪʘʪʦʨ ʜʦʜʘʻ MAC-ʘʜʨʝʩʫ ʢʦʤʧ'ʶʪʝʨʘ PC-A ʚ 

ʪʘʙʣʠʮʶ. 

ʗʢʱʦ MAC-ʘʜʨʝʩʫ ʜʞʝʨʝʣʘ ʚʞʝ ʽʩʥʫʻ, ʢʦʤʫʪʘʪʦʨ ʦʥʦʚʣʶʻ ʪʘʡʤʝʨ 

ʧʦʥʦʚʣʝʥʥʷ ʜʣʷ ʮʴʦʛʦ ʟʘʧʠʩʫ. ɿʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʚ ʙʽʣʴʰʦʩʪʽ ʢʦʤʫʪʘʪʦʨʽʚ 

Ethernet ʜʘʥʽ ʚ ʪʘʙʣʠʮʽ ʟʙʝʨʽʛʘʶʪʴʩʷ ʧʨʦʪʷʛʦʤ 5 ʭʚʠʣʠʥ. 



ʇʨʠʤʽʪʢʘ. ʗʢʱʦ MAC-ʘʜʨʝʩʫ ʜʞʝʨʝʣʘ ʚʢʘʟʘʥʦ ʚ ʪʘʙʣʠʮʽ, ʘʣʝ ʟ ʽʥʰʠʤ 

ʧʦʨʪʦʤ, ʢʦʤʫʪʘʪʦʨ ʚʚʘʞʘʻ ʮʝʡ ʟʘʧʠʩ ʥʦʚʦʾ. ɿʘʧʠʩ ʟʘʤʽʥʶʻʪʴʩʷ ʥʘ ʪʦʡ ʞʝ MAC-

ʘʜʨʝʩʫ, ʘʣʝ ʟ ʙʽʣʴʰ ʘʢʪʫʘʣʴʥʠʤ ʥʦʤʝʨʦʤ ʧʦʨʪʫ. 

ʇʝʨʝʩʠʣʘʥʥʷ: ʧʝʨʝʚʽʨʢʘ MAC-ʘʜʨʝʩʠ ʧʨʠʟʥʘʯʝʥʥʷ 

ʗʢʱʦ MAC-ʘʜʨʝʩʫ ʧʨʠʟʥʘʯʝʥʥʷ ʻ ʘʜʨʝʩʦʶ ʦʜʥʦʘʜʨʝʩʥʦʾ ʨʦʟʩʠʣʢʠ, 

ʢʦʤʫʪʘʪʦʨ ʰʫʢʘʻ ʟʙʽʛ ʤʽʞ MAC-ʘʜʨʝʩʦʶ ʧʨʠʟʥʘʯʝʥʥʷ ʚ ʢʘʜʨʽ ʽ ʟʘʧʠʩʦʤ ʚ 

ʪʘʙʣʠʮʽ MAC-ʘʜʨʝʩ. 

ʗʢʱʦ MAC-ʘʜʨʝʩʫ ʧʨʠʟʥʘʯʝʥʥʷ ʻ ʚ ʪʘʙʣʠʮʽ, ʢʦʤʫʪʘʪʦʨ ʧʝʨʝʩʠʣʘʻ ʢʘʜʨ 

ʯʝʨʝʟ ʚʢʘʟʘʥʠʡ ʧʦʨʪ. 

ʗʢʱʦ MAC-ʘʜʨʝʩʠ ʧʨʠʟʥʘʯʝʥʥʷ ʥʝʤʘʻ ʚ ʪʘʙʣʠʮʽ, ʢʦʤʫʪʘʪʦʨ ʧʝʨʝʩʠʣʘʻ 

ʢʘʜʨ ʯʝʨʝʟ ʚʩʽ ʧʦʨʪʠ, ʢʨʽʤ ʚʭʽʜʥʦʛʦ ʧʦʨʪʫ. ʎʝʡ ʧʨʦʮʝʩ ʥʘʟʠʚʘʻʪʴʩʷ ʦʜʥʦʘʜʨʝʩʥʦʾ 

ʨʦʟʩʠʣʢʦʶ ʙʝʟ ʘʜʨʝʩʠ. ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2, ʚ ʪʘʙʣʠʮʽ ʢʦʤʫʪʘʪʦʨʘ ʥʝʤʘʻ MAC-

ʘʜʨʝʩʠ ʧʨʠʟʥʘʯʝʥʥʷ ʜʣʷ ʢʦʤʧ'ʶʪʝʨʘ PC-D, ʪʦʤʫ ʚʽʥ ʧʝʨʝʩʠʣʘʻ ʢʘʜʨ ʯʝʨʝʟ ʚʩʽ 

ʧʦʨʪʠ, ʢʨʽʤ ʧʦʨʪʫ 1. 

ʇʨʠʤʽʪʢʘ. ʗʢʱʦ MAC-ʘʜʨʝʩʫ ʧʨʠʟʥʘʯʝʥʥʷ ʻ ʘʜʨʝʩʦʶ ʰʠʨʦʢʦʤʦʚʥʦʾ ʘʙʦ 

ʧʽʜ LGPL, ʢʦʤʫʪʘʪʦʨ ʪʘʢʦʞ ʧʝʨʝʩʠʣʘʻ ʢʘʜʨ ʯʝʨʝʟ ʚʩʽ ʧʦʨʪʠ, ʢʨʽʤ ʚʭʽʜʥʦʛʦ 

ʧʦʨʪʫ. 

ʬʽʣʴʪʨʘʮʽʷ ʢʘʜʨʽʚ 

ʆʩʢʽʣʴʢʠ ʢʦʤʫʪʘʪʦʨ ʦʪʨʠʤʫʻ ʢʘʜʨʠ ʚʽʜ ʨʽʟʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʡʦʛʦ ʪʘʙʣʠʮʷ 

MAC-ʘʜʨʝʩ ʟʘʧʦʚʥʶʻʪʴʩʷ ʯʝʨʝʟ ʧʝʨʝʚʽʨʢʫ MAC-ʘʜʨʝʩʠ ʜʞʝʨʝʣʘ ʢʦʞʥʦʛʦ ʢʘʜʨʫ. 

ʗʢʱʦ ʚ ʪʘʙʣʠʮʽ MAC-ʘʜʨʝʩ ʢʦʤʫʪʘʪʦʨʘ ʻ MAC-ʘʜʨʝʩʫ ʧʨʠʟʥʘʯʝʥʥʷ, ʚʽʥ ʤʦʞʝ 

ʚʠʢʦʥʫʚʘʪʠ ʬʽʣʴʪʨʘʮʽʶ ʢʘʜʨʽʚ ʽ ʧʝʨʝʩʠʣʘʪʠ ʡʦʛʦ ʯʝʨʝʟ ʦʜʠʥ ʧʦʨʪ. 

ʅʘ ʨʠʩ. 1 ʽ 2 ʧʦʢʘʟʘʥʠʡ ʢʦʤʧ'ʶʪʝʨ PC-D, ʱʦ ʧʝʨʝʩʠʣʘʻ ʢʘʜʨ ʥʘʟʘʜ 

ʢʦʤʧ'ʶʪʝʨʘ PC-ɸ. ʉʧʦʯʘʪʢʫ ʚ ʢʦʤʫʪʘʪʦʨʽ ʟ'ʷʚʠʪʴʩʷ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ MAC-ʘʜʨʝʩʫ 

ʢʦʤʧ'ʶʪʝʨʘ PC-D. ʆʩʢʽʣʴʢʠ ʚ ʪʘʙʣʠʮʽ ʢʦʤʫʪʘʪʦʨʘ ʚʞʝ ʻ MAC-ʘʜʨʝʩʫ 

ʢʦʤʧ'ʶʪʝʨʘ PC-A, ʚʽʥ ʧʝʨʝʩʠʣʘʻ ʢʘʜʨ ʪʽʣʴʢʠ ʯʝʨʝʟ ʧʦʨʪ 1. 

 
ʈʠʩ. 1.4 ʌʦʨʤʫʚʘʥʥʷ ARP-ʪʘʙʣʠʮʽ ʥʘ ʢʦʤʫʪʘʪʦʨʽ 

ʅʘ ʨʠʩ. 3 ʧʦʢʘʟʘʥʠʡ ʢʦʤʧ'ʶʪʝʨ PC-A, ʱʦ ʧʝʨʝʩʠʣʘʻ ʽʥʰʠʡ ʢʘʜʨ ʢʦʤʧ'ʶʪʝʨʘ 

PC-D. ʋ ʪʘʙʣʠʮʽ MAC-ʘʜʨʝʩ ʚʞʝ ʻ MAC-ʘʜʨʝʩʫ ʢʦʤʧ'ʶʪʝʨʘ PC-A, ʪʦʤʫ ʪʘʡʤʝʨ 

5-ʭʚʠʣʠʥʥʦʛʦ ʧʦʥʦʚʣʝʥʥʷ ʮʴʦʛʦ ʟʘʧʠʩʫ ʩʢʠʜʘʻʪʴʩʷ. ʆʩʢʽʣʴʢʠ ʚ ʪʘʙʣʠʮʽ 



ʢʦʤʫʪʘʪʦʨʘ ʚʞʝ ʻ MAC-ʘʜʨʝʩʫ ʢʦʤʧ'ʶʪʝʨʘ PC-D, ʚʽʥ ʧʝʨʝʩʠʣʘʻ ʢʘʜʨ ʪʽʣʴʢʠ 

ʯʝʨʝʟ ʧʦʨʪ 4. 

ʋ ʪʘʙʣʠʮʽ ʢʦʤʫʪʘʪʦʨʘ ʤʦʞʝ ʙʫʪʠ ʢʽʣʴʢʘ MAC-ʘʜʨʝʩ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʦʜʥʠʤ 

ʧʦʨʪʦʤ. ɿʘʟʚʠʯʘʡ ʮʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʦʜʽ, ʢʦʣʠ ʢʦʤʫʪʘʪʦʨ ʟ'ʻʜʥʘʥʠʡ ʟ ʽʥʰʠʤ 

ʢʦʤʫʪʘʪʦʨʦʤ. ʋ ʪʘʙʣʠʮʽ ʄɸʉ-ʘʜʨʝʩ ʢʦʤʫʪʘʪʦʨʘ ʚʚʦʜʠʪʴʩʷ ʦʢʨʝʤʠʡ ʟʘʧʠʩ ʜʣʷ 

ʢʦʞʥʦʛʦ ʢʘʜʨʫ, ʦʜʝʨʞʫʚʘʥʦʛʦ ʟ ʽʥʰʦʛʦ ʄɸʉ-ʘʜʨʝʩʠ ʜʞʝʨʝʣʘ. 

ʗʢʱʦ IP-ʘʜʨʝʩʘ ʧʨʠʩʪʨʦʶ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʚʽʜʜʘʣʝʥʽʡ ʤʝʨʝʞʽ, ʚʽʜʧʨʘʚʠʪʠ 

ʢʘʜʨ Ethernet ʚ ʧʨʠʩʪʨʽʡ ʧʨʠʟʥʘʯʝʥʥʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʝʤʦʞʣʠʚʦ. ɿʘʤʽʩʪʴ ʮʴʦʛʦ 

ʢʘʜʨ Ethernet ʚʽʜʧʨʘʚʣʷʻʪʴʩʷ ʧʦ MAC-ʘʜʨʝʩʫ ʰʣʶʟʫ, ʪ. ɽ. ʄʘʨʰʨʫʪʠʟʘʪʦʨʘ. 

ʅʘʪʠʩʥʽʪʴ ʢʥʦʧʢʫ çɺʽʜʪʚʦʨʝʥʥʷè, ʱʦʙ ʧʝʨʝʛʣʷʥʫʪʠ ʚʽʜʝʦʨʦʣʠʢ ʧʨʦ ʦʙʤʽʥ 

ʜʘʥʠʤʠ ʤʽʞ ʢʦʤʧ'ʶʪʝʨʦʤ PC-A ʽ ʰʣʶʟʦʤ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ. 

ʇʨʠʤʽʪʢʘ. ʋ ʮʴʦʤʫ ʚʽʜʝʦʨʦʣʠʢʫ ʚ IP-ʧʘʢʝʪʽ, ʚʽʜʧʨʘʚʣʷʻʪʴʩʷ ʟ ʢʦʤʧ'ʶʪʝʨʘ 

PC-A ʥʘ ʧʨʠʩʪʨʽʡ ʫ ʚʽʜʜʘʣʝʥʽʡ ʤʝʨʝʞʽ, ʚʢʘʟʘʥʽ IP-ʘʜʨʝʩʘ ʜʞʝʨʝʣʘ ʢʦʤʧ'ʶʪʝʨʘ 

PC-A ʽ IP-ʘʜʨʝʩʘ ʧʨʠʟʥʘʯʝʥʥʷ ʚʽʜʜʘʣʝʥʦʛʦ ʚʫʟʣʘ. ʋ ʧʦʚʝʨʥʫʪʦʤʫ IP-ʧʘʢʝʪʽ 

ʚʢʘʟʘʥʽ IP-ʘʜʨʝʩʘ ʜʞʝʨʝʣʘ ʚʽʜʜʘʣʝʥʦʛʦ ʚʫʟʣʘ ʽ IP-ʘʜʨʝʩʘ ʧʨʠʟʥʘʯʝʥʥʷ, ʪ. ɽ. 

ɸʜʨʝʩʘ ʢʦʤʧ'ʶʪʝʨʘ PC-A. 

ɺʘʨʽʘʥʪʠ ʧʝʨʝʩʠʣʘʥʥʷ ʢʘʜʨʫ ʥʘ ʢʦʤʫʪʘʪʦʨʘʭ Cisco 

ʂʦʤʫʪʘʪʦʨʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʦʜʠʥ ʟ ʜʚʦʭ ʩʧʦʩʦʙʽʚ ʧʝʨʝʩʠʣʘʥʥʷ ʜʣʷ 

ʢʦʤʫʪʘʮʽʾ ʜʘʥʠʭ ʤʽʞ ʤʝʨʝʞʝʚʠʤʠ ʧʦʨʪʘʤʠ: 

¶ ʂʦʤʫʪʘʮʽʷ ʟ ʧʨʦʤʽʞʥʠʤ ʟʙʝʨʽʛʘʥʥʷʤ (store-and-forward) 

¶ ʅʘʩʢʨʽʟʥʘ ʢʦʤʫʪʘʮʽʷ (cut-through) 

¶ ʅʘ ʨʠʩ. 1 ʥʘʚʝʜʝʥʽ ʚʽʜʤʽʥʥʦʩʪʽ ʤʽʞ ʮʠʤʠ ʜʚʦʤʘ ʩʧʦʩʦʙʘʤʠ. 

ʇʨʠ ʢʦʤʫʪʘʮʽʾ ʟ ʧʨʦʤʽʞʥʠʤ ʟʙʝʨʽʛʘʥʥʷʤ, ʢʦʣʠ ʢʦʤʫʪʘʪʦʨ ʦʪʨʠʤʫʻ ʢʘʜʨ, ʚʽʥ 

ʟʙʝʨʽʛʘʻ ʜʘʥʽ ʚ ʙʫʬʝʨʽ ʜʦʪʠ, ʧʦʢʠ ʥʝ ʙʫʜʝ ʦʪʨʠʤʘʥʦ ʚʝʩʴ ʢʘʜʨ. ʇʽʜ ʯʘʩ 

ʟʙʝʨʝʞʝʥʥʷ ʢʦʤʫʪʘʪʦʨ ʘʥʘʣʽʟʫʻ ʢʘʜʨ, ʱʦʙ ʦʪʨʠʤʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʡʦʛʦ 

ʘʜʨʝʩʘʪʘ. ʇʨʠ ʮʴʦʤʫ ʢʦʤʫʪʘʪʦʨ ʪʘʢʦʞ ʚʠʢʦʥʫʻ ʧʝʨʝʚʽʨʢʫ ʥʘ ʥʘʷʚʥʽʩʪʴ ʧʦʤʠʣʦʢ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʢʽʥʮʝʚʫ ʯʘʩʪʠʥʫ ʢʘʜʨʫ Ethernet - ʮʠʢʣʽʯʥʠʡ ʥʘʜʣʠʰʢʦʚʠʡ ʢʦʜ 

(CRC). 

CRC ʚʠʢʦʨʠʩʪʦʚʫʻ ʤʘʪʝʤʘʪʠʯʥʫ ʬʦʨʤʫʣʫ, ʟʘʩʥʦʚʘʥʫ ʥʘ ʢʽʣʴʢʦʩʪʽ ʙʽʪ 

(ʦʜʠʥʠʮʴ) ʚ ʢʘʜʨʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʥʘʷʚʥʽʩʪʴ ʧʦʤʠʣʦʢ ʚ ʦʪʨʠʤʘʥʦʤʫ 

ʢʘʜʨʽ. ʇʽʩʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʮʽʣʽʩʥʦʩʪʽ ʢʘʜʨʫ ʚʽʥ ʧʝʨʝʥʘʧʨʘʚʣʷʻʪʴʩʷ ʯʝʨʝʟ 

ʚʽʜʧʦʚʽʜʥʠʡ ʧʦʨʪ ʜʦ ʚʫʟʣʘ ʧʨʠʟʥʘʯʝʥʥʷ. ʗʢʱʦ ʞ ʚ ʢʘʜʨʽ ʚʠʷʚʣʝʥʘ ʧʦʤʠʣʢʘ, 

ʢʦʤʫʪʘʪʦʨ ʚʽʜʭʠʣʠʪʴ ʡʦʛʦ. ɺʽʜʭʠʣʝʥʥʷ ʢʘʜʨʽʚ ʟ ʧʦʤʠʣʢʘʤʠ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ 

ʰʠʨʠʥʫ ʩʤʫʛʠ ʧʨʦʧʫʩʢʘʥʥʷ, ʷʢʘ ʩʧʦʞʠʚʘʻʪʴʩʷ ʧʦʰʢʦʜʞʝʥʠʤʠ ʜʘʥʠʤʠ. 

ʂʦʤʫʪʘʮʽʷ ʟ ʧʨʦʤʽʞʥʠʤ ʟʙʝʨʽʛʘʥʥʷʤ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʘʥʘʣʽʟʫ ʷʢʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (QoS) ʚ ʢʦʥʚʝʨʛʠʨʦʚʘʪʴ ʤʝʨʝʞʘʭ, ʚ ʷʢʠʭ ʧʦʪʨʽʙʥʦ ʢʣʘʩʠʬʽʢʘʮʽʷ 

ʢʘʜʨʫ ʜʣʷ ʧʨʠʟʥʘʯʝʥʥʷ ʧʨʽʦʨʠʪʝʪʽʚ ʪʨʘʬʽʢʫ. ʅʘʧʨʠʢʣʘʜ, ʧʨʠ ʧʝʨʝʜʘʯʽ ʤʦʚʠ ʧʦ 

IP ʧʦʪʦʢʠ ʜʘʥʠʭ ʧʦʚʠʥʥʽ ʤʘʪʠ ʙʽʣʴʰʠʡ ʧʨʽʦʨʠʪʝʪ, ʥʽʞ ʪʨʘʬʽʢ, ʷʢʠʡ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʝʨʝʛʣʷʜʫ ʚʝʙ-ʩʪʦʨʽʥʦʢ. 

ʅʘ ʨʠʩ. 2 ʤʦʞʥʘ ʚʽʜʪʚʦʨʠʪʠ ʘʥʽʤʘʮʽʶ, ʷʢʘ ʜʝʤʦʥʩʪʨʫʻ ʢʦʤʫʪʘʮʽʶ ʟ 

ʧʨʦʤʽʞʥʠʤ ʟʙʝʨʽʛʘʥʥʷʤ. 

ʅʘʪʠʩʥʽʪʴ ʪʫʪ, ʱʦʙ ʜʽʟʥʘʪʠʩʷ ʜʦʜʘʪʢʦʚʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʢʦʤʫʪʘʮʽʾ ʟ 

ʧʨʦʤʽʞʥʠʤ ʟʙʝʨʽʛʘʥʥʷʤ ʽ ʥʘʩʢʨʽʟʥʠʡ ʢʦʤʫʪʘʮʽʾ. 

ʅʘʩʢʨʽʟʥʘ ʢʦʤʫʪʘʮʽʷ (Cut-Through) 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʥʘʩʢʨʽʟʥʠʡ ʢʦʤʫʪʘʮʽʾ ʢʦʤʫʪʘʪʦʨ ʦʙʨʦʙʣʷʻ ʜʘʥʽ ʚ ʤʽʨʫ ʾʭ 

ʥʘʜʭʦʜʞʝʥʥʷ ʥʘʚʽʪʴ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʧʝʨʝʜʘʯʘ ʱʝ ʥʝ ʟʘʚʝʨʰʝʥʘ. 



ʂʦʤʫʪʘʪʦʨ ʜʦʜʘʻ ʚ ʙʫʬʝʨ ʪʽʣʴʢʠ ʪʫ ʯʘʩʪʠʥʫ ʢʘʜʨʫ, ʷʢʘ ʧʦʪʨʽʙʥʘ ʜʣʷ ʯʠʪʘʥʥʷ 

MAC-ʘʜʨʝʩʠ ʧʨʠʟʥʘʯʝʥʥʷ, ʱʦʙ ʚʽʥ ʟʤʽʛ ʚʠʟʥʘʯʠʪʠ, ʥʘ ʷʢʠʡ ʧʦʨʪ ʧʝʨʝʩʠʣʘʪʠ 

ʜʘʥʽ. MAC-ʘʜʨʝʩʫ ʧʨʠʟʥʘʯʝʥʥʷ ʚʢʘʟʘʥʘ ʚ ʧʝʨʰʠʭ 6 ʙʘʡʪʘʭ ʢʘʜʨʫ ʧʽʩʣʷ 

ʧʨʝʘʤʙʫʣʠ. ʂʦʤʫʪʘʪʦʨ ʰʫʢʘʻ MAC-ʘʜʨʝʩʫ ʧʨʠʟʥʘʯʝʥʥʷ ʚ ʩʚʦʾʡ ʪʘʙʣʠʮʽ 

ʢʦʤʫʪʘʮʽʾ, ʚʠʟʥʘʯʘʻ ʧʦʨʪ ʚʠʭʽʜʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ʽ ʥʘʧʨʘʚʣʷʻ ʢʘʜʨ ʥʘ ʚʫʟʦʣ 

ʧʨʠʟʥʘʯʝʥʥʷ ʯʝʨʝʟ ʧʝʚʥʠʡ ʧʦʨʪ ʢʦʤʫʪʘʪʦʨʘ. ʂʦʤʫʪʘʪʦʨ ʥʝ ʧʝʨʝʚʽʨʷʻ ʢʘʜʨ ʥʘ 

ʥʘʷʚʥʽʩʪʴ ʙʫʜʴ-ʷʢʠʭ ʧʦʤʠʣʦʢ. 

ʈʦʟʧʦʯʥʽʪʴ ʚʽʜʪʚʦʨʝʥʥʷ ʘʥʽʤʘʮʽʶ, ʱʦ ʜʝʤʦʥʩʪʨʫʻ ʧʨʠʥʮʠʧ ʥʘʩʢʨʽʟʥʦʾ 

ʢʦʤʫʪʘʮʽʾ. 

ɯʩʥʫʶʪʴ ʜʚʘ ʚʘʨʽʘʥʪʠ ʥʘʩʢʨʽʟʥʠʡ ʢʦʤʫʪʘʮʽʾ. 

ʂʦʤʫʪʘʮʽʷ ʟ ʰʚʠʜʢʦʶ ʧʝʨʝʩʠʣʘʥʥʷʤ. ʂʦʤʫʪʘʮʽʷ ʟ ʰʚʠʜʢʦʶ ʧʝʨʝʩʠʣʘʥʥʷʤ 

ʟʘʙʝʟʧʝʯʫʻ ʥʘʡʤʝʥʰʠʡ ʨʽʚʝʥʴ ʟʘʪʨʠʤʢʠ. ʇʨʠ ʪʘʢʽʡ ʢʦʤʫʪʘʮʽʾ ʧʘʢʝʪ 

ʧʝʨʝʩʠʣʘʻʪʴʩʷ ʚʽʜʨʘʟʫ ʞ ʧʽʩʣʷ ʯʠʪʘʥʥʷ ʘʜʨʝʩʠ ʧʨʠʟʥʘʯʝʥʥʷ. ʆʩʢʽʣʴʢʠ ʧʨʠ 

ʢʦʤʫʪʘʮʽʾ ʟ ʰʚʠʜʢʦʶ ʧʝʨʝʩʠʣʘʥʥʷʤ ʧʝʨʝʘʜʨʝʩʘʮʽʷ ʧʦʯʠʥʘʻʪʴʩʷ ʜʦ ʦʪʨʠʤʘʥʥʷ ʥʘ 

ʽʥʰʠʭ ʜʽʣʷʥʢʘʭ ʟʦʙʨʘʞʝʥʥʷ ʮʽʣʢʦʤ, ʤʦʞʫʪʴ ʚʠʥʠʢʥʫʪʠ ʚʠʧʘʜʢʠ, ʢʦʣʠ ʧʘʢʝʪʠ 

ʧʝʨʝʜʘʶʪʴʩʷ ʟ ʧʦʤʠʣʢʘʤʠ. ʎʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʽʜʢʦ, ʘ ʤʝʨʝʞʝʚʠʡ ʘʜʘʧʪʝʨ 

ʧʨʠʟʥʘʯʝʥʥʷ ʚʽʜʭʠʣʷʻ ʧʘʢʝʪ ʟ ʧʦʤʠʣʢʘʤʠ ʧʽʩʣʷ ʡʦʛʦ ʦʪʨʠʤʘʥʥʷ. ʋ ʨʝʞʠʤʽ 

ʰʚʠʜʢʦʾ ʧʝʨʝʩʠʣʘʥʥʷ ʟʘʪʨʠʤʢʘ ʚʠʤʽʨʶʻʪʴʩʷ ʟ ʤʦʤʝʥʪʫ ʦʪʨʠʤʘʥʥʷ ʧʝʨʰʦʛʦ ʙʽʪʘ 

ʜʦ ʧʝʨʝʜʘʯʽ ʧʝʨʰʦʛʦ ʙʽʪʘ. ʂʦʤʫʪʘʮʽʷ ʟ ʰʚʠʜʢʦʶ ʧʝʨʝʩʠʣʘʥʥʷʤ ʻ ʪʠʧʦʚʠʤ 

ʩʧʦʩʦʙʦʤ ʥʘʩʢʨʽʟʥʠʡ ʢʦʤʫʪʘʮʽʾ. 

ʂʦʤʫʪʘʮʽʷ ʟ ʚʠʢʣʶʯʝʥʥʷʤ ʬʨʘʛʤʝʥʪʽʚ. ʇʨʠ ʢʦʤʫʪʘʮʽʾ ʟ ʚʠʢʣʶʯʝʥʥʷʤ 

ʬʨʘʛʤʝʥʪʽʚ ʢʦʤʫʪʘʪʦʨ ʟʙʝʨʽʛʘʻ ʧʝʨʰʽ 64 ʙʘʡʪʘ ʢʘʜʨʫ ʧʝʨʝʜ ʡʦʛʦ ʚʽʜʧʨʘʚʢʦʶ. 

ʂʦʤʫʪʘʮʽʶ ʟ ʚʠʢʣʶʯʝʥʥʷʤ ʬʨʘʛʤʝʥʪʽʚ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʢʦʤʧʨʦʤʽʩʥʠʡ 

ʚʘʨʽʘʥʪ ʤʽʞ ʢʦʤʫʪʘʮʽʻʶ ʟ ʧʨʦʤʽʞʥʠʤ ʟʙʝʨʽʛʘʥʥʷʤ ʽ ʢʦʤʫʪʘʮʽʻʶ ʟʽ ʰʚʠʜʢʦʶ 

ʧʝʨʝʩʠʣʘʥʥʷʤ. ʇʨʠʯʠʥʘ, ʧʦ ʷʢʽʡ ʧʨʠ ʢʦʤʫʪʘʮʽʾ ʟ ʚʠʢʣʶʯʝʥʥʷʤ ʬʨʘʛʤʝʥʪʽʚ 

ʟʙʝʨʽʛʘʶʪʴʩʷ ʪʽʣʴʢʠ ʧʝʨʰʽ 64 ʙʘʡʪʘ ʢʘʜʨʫ, ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʙʽʣʴʰʽʩʪʴ 

ʤʝʨʝʞʝʚʠʭ ʧʦʤʠʣʦʢ ʽ ʢʦʣʽʟʽʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʘʤʝ ʚ ʧʝʨʰʠʭ 64 ʙʽʪʘʭ. ʂʦʤʫʪʘʮʽʷ ʟ 

ʚʠʢʣʶʯʝʥʥʷʤ ʬʨʘʛʤʝʥʪʽʚ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʦʤʫʪʘʮʽʾ ʟ 

ʰʚʠʜʢʦʶ ʧʝʨʝʩʠʣʘʥʥʷʤ ʟʘʚʜʷʢʠ ʚʠʢʦʥʘʥʥʶ ʥʝʚʝʣʠʢʠʡ ʧʝʨʝʚʽʨʢʠ ʧʦʤʠʣʦʢ ʫ 

ʧʝʨʰʠʭ 64 ʙʽʪʘʭ ʢʘʜʨʫ, ʱʦʙ ʧʝʨʝʜ ʧʝʨʝʩʠʣʘʥʥʷʤ ʢʘʜʨʫ ʧʝʨʝʢʦʥʘʪʠʩʷ ʫ 

ʚʽʜʩʫʪʥʦʩʪʽ ʢʦʣʽʟʽʾ. ʂʦʤʫʪʘʮʽʷ ʟ ʚʠʢʣʶʯʝʥʥʷʤ ʬʨʘʛʤʝʥʪʽʚ ʻ ʢʦʤʧʨʦʤʽʩʦʤ ʤʽʞ 

ʚʝʣʠʢʦʶ ʟʘʪʨʠʤʢʦʶ ʟ ʚʠʩʦʢʦʶ ʮʽʣʽʩʥʽʩʪʶ (ʢʦʤʫʪʘʮʽʷ ʟ ʧʨʦʤʽʞʥʠʤ ʟʙʝʨʽʛʘʥʥʷʤ) 

ʽ ʤʘʣʦʶ ʟʘʪʨʠʤʢʦʶ ʟ ʤʝʥʰʦʶ ʮʽʣʽʩʥʽʩʪʶ (ʢʦʤʫʪʘʮʽʷ ʟ ʰʚʠʜʢʦʶ ʧʝʨʝʩʠʣʘʥʥʷʤ). 

ɼʝʷʢʽ ʢʦʤʫʪʘʪʦʨʠ ʥʘʣʘʰʪʦʚʘʥʽ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʩʢʨʽʟʥʦʾ ʢʦʤʫʪʘʮʽʾ ʜʣʷ 

ʢʦʞʥʦʛʦ ʧʦʨʪʫ ʜʦ ʪʠʭ ʧʽʨ, ʧʦʢʠ ʥʝ ʙʫʜʝ ʜʦʩʷʛʥʫʪʦ ʚʢʘʟʘʥʝ ʢʦʨʠʩʪʫʚʘʯʝʤ 

ʛʨʘʥʠʯʥʘ ʢʽʣʴʢʽʩʪʴ ʧʦʤʠʣʦʢ, ʧʽʩʣʷ ʯʦʛʦ ʘʚʪʦʤʘʪʠʯʥʦ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʢʦʤʫʪʘʮʽʷ 

ʟ ʧʨʦʤʽʞʥʠʤ ʟʙʝʨʽʛʘʥʥʷʤ. ʇʽʩʣʷ ʪʦʛʦ, ʷʢ ʯʘʩʪʦʪʘ ʧʦʚʪʦʨʝʥʥʷ ʧʦʤʠʣʦʢ ʟʥʠʟʠʪʴʩʷ 

ʜʦ ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʛʨʘʥʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʧʦʨʪ ʘʚʪʦʤʘʪʠʯʥʦ ʧʝʨʝʢʣʶʯʠʪʴʩʷ ʥʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʩʢʨʽʟʥʦʾ ʢʦʤʫʪʘʮʽʾ. 

ɹʫʬʝʨʠʟʘʮʽʷ ʧʘʤ'ʷʪʽ ʥʘ ʢʦʤʫʪʘʪʦʨʘʭ 

ʂʦʤʫʪʘʪʦʨ Ethernet ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʪʦʜ ʙʫʬʝʨʠʟʘʮʽʾ ʜʣʷ 

ʟʙʝʨʽʛʘʥʥʷ ʢʘʜʨʽʚ ʜʦ ʾʭ ʧʝʨʝʩʠʣʘʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʙʫʬʝʨʠʟʘʮʠʶ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʧʦʨʪ ʧʨʠʟʥʘʯʝʥʥʷ ʟʘʡʥʷʪʠʡ ʯʝʨʝʟ ʡʦʛʦ 

ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ, ʽ ʢʦʤʫʪʘʪʦʨ ʟʙʝʨʽʛʘʻ ʢʘʜʨ ʜʦ ʪʠʭ ʧʽʨ, ʧʦʢʠ ʥʝ ʟ'ʷʚʠʪʴʩʷ 

ʤʦʞʣʠʚʽʩʪʴ ʡʦʛʦ ʧʝʨʝʜʘʯʽ. 

ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʤʘʣʶʥʢʫ, ʽʩʥʫʶʪʴ ʜʚʘ ʤʝʪʦʜʠ ʙʫʬʝʨʠʟʘʮʽʾ ʧʘʤ'ʷʪʽ: 

ʙʫʬʝʨʠʟʘʮʽʷ ʥʘ ʙʘʟʽ ʧʦʨʪʽʚ ʽ ʙʫʬʝʨʠʟʘʮʽʷ ʩʧʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʾ ʧʘʤ'ʷʪʽ. 



ɹʫʬʝʨʠʟʘʮʽʷ ʧʘʤ'ʷʪʽ ʥʘ ʙʘʟʽ ʧʦʨʪʽʚ 

ɺ ʧʨʦʮʝʩʽ ʙʫʬʝʨʠʟʘʮʽʾ ʧʘʤ'ʷʪʽ ʥʘ ʙʘʟʽ ʧʦʨʪʽʚ ʢʘʜʨʠ ʟʙʝʨʽʛʘʶʪʴʩʷ ʚ ʯʝʨʛʘʭ, 

ʧʦʚ'ʷʟʘʥʠʭ ʟ ʧʝʚʥʠʤʠ ʚʭʽʜʥʠʤʠ ʪʘ ʚʠʭʽʜʥʠʤʠ ʧʦʨʪʘʤʠ. ʂʘʜʨ ʧʝʨʝʩʠʣʘʻʪʴʩʷ ʥʘ 

ʚʠʭʽʜʥʠʡ ʧʦʨʪ ʪʽʣʴʢʠ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʚʩʽ ʢʘʜʨʠ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʯʝʨʟʽ 

ʧʝʨʝʜ ʥʠʤ, ʙʫʣʠ ʫʩʧʽʰʥʦ ʚʽʜʧʨʘʚʣʝʥʽ. ʆʜʠʥ ʢʘʜʨ ʤʦʞʝ ʩʪʘʪʠ ʧʨʠʯʠʥʦʶ 

ʟʘʪʨʠʤʢʠ ʧʝʨʝʜʘʯʽ ʚʩʽʭ ʢʘʜʨʽʚ ʚ ʧʘʤ'ʷʪʽ ʯʝʨʝʟ ʟʘʡʥʷʪʽʩʪʴ ʧʦʨʪʫ ʧʨʠʟʥʘʯʝʥʥʷ. 

ʊʘʢʘ ʟʘʪʨʠʤʢʘ ʚʠʥʠʢʘʻ ʽ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʽʥʰʽ ʢʘʜʨʠ ʤʦʞʥʘ ʧʝʨʝʜʘʪʠ ʥʘ 

ʚʽʜʢʨʠʪʽ ʧʦʨʪʠ ʧʨʠʟʥʘʯʝʥʥʷ. 

ɹʫʬʝʨʠʟʘʮʽʷ ʩʧʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʾ ʧʘʤ'ʷʪʽ 

ʇʨʠ ʙʫʬʝʨʠʟʘʮʽʾ ʩʧʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʾ ʧʘʤ'ʷʪʽ ʚʩʽ ʢʘʜʨʠ ʧʦʤʽʱʘʶʪʴʩʷ 

ʚ ʙʫʬʝʨ, ʷʢʠʡ ʻ ʟʘʛʘʣʴʥʠʤ ʜʣʷ ʚʩʽʭ ʧʦʨʪʽʚ ʢʦʤʫʪʘʪʦʨʘ. ʆʙʩʷʛ ʙʫʬʝʨʥʦʾ ʧʘʤ'ʷʪʽ, 

ʷʢʠʡ ʧʦʪʨʽʙʥʦ ʢʦʞʥʦʤʫ ʧʦʨʪʫ, ʚʠʜʽʣʷʻʪʴʩʷ ʜʠʥʘʤʽʯʥʦ. ʂʘʜʨʠ ʚ ʙʫʬʝʨʽ 

ʜʠʥʘʤʽʯʥʦ ʟʚ'ʷʟʫʶʪʴʩʷ ʟ ʧʦʨʪʦʤ ʧʨʠʟʥʘʯʝʥʥʷ. ʎʝ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʧʘʢʝʪ ʥʘ 

ʦʜʠʥ ʧʦʨʪ ʽ ʧʦʪʽʤ ʧʝʨʝʩʠʣʘʪʠ ʡʦʛʦ ʥʘ ʽʥʰʠʡ ʧʦʨʪ ʙʝʟ ʧʝʨʝʤʽʱʝʥʥʷ ʚ ʽʥʰʫ ʯʝʨʛʫ. 

ʂʦʤʫʪʘʪʦʨ ʟʙʝʨʽʛʘʻ ʟʽʩʪʘʚʣʝʥʥʷ ʢʘʜʨʫ ʟʽ ʟʚ'ʷʟʘʥʠʤʠ ʧʦʨʪʘʤʠ, ʥʘ ʷʢʽ 

ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʩʣʘʪʠ ʧʘʢʝʪ. ɿʙʝʨʝʞʝʥʝ ʟʽʩʪʘʚʣʝʥʥʷ ʚʠʜʘʣʷʻʪʴʩʷ ʧʽʩʣʷ ʫʩʧʽʰʥʦʾ 

ʧʝʨʝʜʘʯʽ ʢʘʜʨʫ. ʂʽʣʴʢʽʩʪʴ ʢʘʜʨʽʚ, ʟʙʝʨʝʞʝʥʠʭ ʚ ʙʫʬʝʨʽ, ʦʙʤʝʞʝʥʘ ʨʦʟʤʽʨʦʤ 

ʚʩɹʦʛʦ ʙʫʬʝʨʘ ʧʘʤ'ʷʪʽ ʽ ʥʝ ʦʙʤʝʞʫʻʪʴʩʷ ʙʫʬʝʨʦʤ ʦʜʥʦʛʦ ʧʦʨʪʫ. ʎʝ ʜʦʟʚʦʣʷʻ 

ʧʝʨʝʜʘʚʘʪʠ ʢʘʜʨʠ ʙʽʣʴʰʦʛʦ ʦʙʩʷʛʫ, ʧʨʠ ʮʴʦʤʫ ʯʠʩʣʦ ʩʢʠʥʫʪʠʭ ʢʘʜʨʽʚ ʙʫʜʝ 

ʤʝʥʰʝ. ʎʝ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ ʜʣʷ ʘʩʠʤʝʪʨʠʯʥʦʾ ʢʦʤʫʪʘʮʽʾ. ɸʩʠʤʝʪʨʠʯʥʘ 

ʢʦʤʫʪʘʮʽʷ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʽʟʥʽ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʥʘ ʨʽʟʥʠʭ 

ʧʦʨʪʘʭ. ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʚʠʜʽʣʝʥʥʷ ʙʽʣʴʰʦʾ ʩʤʫʛʠ ʧʨʦʧʫʩʢʘʥʥʷ ʜʝʷʢʠʭ ʧʦʨʪʽʚ, 

ʥʘʧʨʠʢʣʘʜ, ʧʦʨʪʫ, ʧʽʜʢʣʶʯʝʥʦʤʫ ʜʦ ʩʝʨʚʝʨʘ. 

ʑʦʙ ʦʪʨʠʤʘʪʠ ʜʦʜʘʪʢʦʚʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʢʦʤʫʪʘʪʦʨʠ ʣʦʢʘʣʴʥʦʾ ʤʝʨʝʞʽ 

(LAN), ʟʦʢʨʝʤʘ ʧʨʦ ʬʽʢʩʦʚʘʥʽ ʽ ʤʦʜʫʣʴʥʠʭ ʢʦʤʫʪʘʪʦʨʘʭ, ʧʨʦ ʢʦʤʫʪʘʮʽʾ ʨʽʚʥʷ 3 ʽ 

ʪʝʭʥʦʣʦʛʽʾ Cisco Express Forwarding (CEF), ʜʠʚ. ɼʦʜʘʪʦʢ ʜʦ ʛʣʘʚʠ. 

ʅʘʣʘʰʪʫʚʘʥʥʷ ʜʫʧʣʝʢʩʥʦʛʦ ʨʝʞʠʤʫ ʽ ʰʚʠʜʢʦʩʪʽ 

ɼʦ ʜʚʦʭ ʙʘʟʦʚʠʭ ʧʘʨʘʤʝʪʨʘʭ ʢʦʤʫʪʘʪʦʨʘ ʚʽʜʥʦʩʷʪʴʩʷ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʽ 

ʜʚʦʙʽʯʥʠʡ ʨʝʞʠʤ, ʷʢʽ ʟʘʜʘʶʪʴʩʷ ʜʣʷ ʢʦʞʥʦʛʦ ʦʢʨʝʤʦʛʦ ʧʦʨʪʫ ʢʦʤʫʪʘʪʦʨʘ. 

ɺʘʞʣʠʚʦ, ʱʦʙ ʥʘʩʪʨʦʡʢʠ ʜʫʧʣʝʢʩʥʦʛʦ ʨʝʞʠʤʫ ʽ ʧʨʦʧʫʩʢʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ 

ʧʦʨʪʫ ʢʦʤʫʪʘʪʦʨʘ ʽ ʧʽʜʢʣʶʯʝʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʪʘʢʠʭ ʷʢ ʢʦʤʧ'ʶʪʝʨ ʘʙʦ ʽʥʰʠʡ 

ʢʦʤʫʪʘʪʦʨ, ʟʙʽʛʘʣʠʩʷ. 

ɼʣʷ ʦʙʤʽʥʫ ʜʘʥʠʤʠ ʚ ʤʝʨʝʞʘʭ Ethernet ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʚʘ ʚʠʜʠ 

ʫʩʪʘʥʦʚʦʢ ʜʫʧʣʝʢʩʥʦʛʦ ʨʝʞʠʤʫ: ʥʘʧʽʚʜʫʧʣʝʢʩʥʠʡ ʽ ʧʦʚʥʦʜʫʧʣʝʢʩʥʠʡ. 

ʇʦʚʥʦʜʫʧʣʝʢʩʥʠʡ ʨʝʞʠʤ: ʦʜʥʦʯʘʩʥʘ ʚʽʜʧʨʘʚʢʘ ʽ ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ ʚ ʦʙʠʜʚʽ 

ʩʪʦʨʦʥʠ. 

ʅʘʧʽʚʜʫʧʣʝʢʩʥʠʡ ʨʝʞʠʤ: ʚʽʜʧʨʘʚʢʘ ʜʘʥʠʭ ʪʽʣʴʢʠ ʦʜʥʽʻʶ ʩʪʦʨʦʥʦʶ. 

ɸʚʪʦʚʠʟʥʘʯʝʥʥʷ - ʮʝ ʜʦʜʘʪʢʦʚʘ ʬʫʥʢʮʽʷ, ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ ʙʽʣʴʰʽʩʪʴ 

ʢʦʤʫʪʘʪʦʨʽʚ ʽ ʤʝʨʝʞʝʚʠʭ ʧʣʘʪ Ethernet. ɸʚʪʦʚʠʟʥʘʯʝʥʥʷ ʜʦʟʚʦʣʷʻ ʜʚʦʤ 

ʧʨʠʩʪʨʦʷʤ ʘʚʪʦʤʘʪʠʯʥʦ ʦʙʤʽʥʶʚʘʪʠʩʷ ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ ʰʚʠʜʢʽʩʪʴ ʽ 

ʤʦʞʣʠʚʦʩʪʽ ʜʫʧʣʝʢʩʥʦʛʦ ʨʝʞʠʤʫ. ʂʦʤʫʪʘʪʦʨ ʽ ʧʽʜʢʣʶʯʝʥʠʡ ʧʨʠʩʪʨʽʡ 

ʚʠʙʠʨʘʶʪʴ ʨʝʞʠʤ ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ. ʗʢʱʦ ʦʙʠʜʚʘ ʧʨʠʩʪʨʦʾ 

ʧʽʜʪʨʠʤʫʶʪʴ ʧʦʚʥʦʜʫʧʣʝʢʩʥʠʡ ʨʝʞʠʤ, ʜʣʷ ʨʦʙʦʪʠ ʚʠʙʠʨʘʻʪʴʩʷ ʮʝʡ ʨʝʞʠʤ 

ʨʘʟʦʤ ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʧʨʦʧʫʩʢʥʦʶ ʟʜʘʪʥʽʩʪʶ, ʟʘʛʘʣʴʥʦʶ ʜʣʷ ʜʚʦʭ ʧʨʠʩʪʨʦʾʚ. 

ʅʘʧʨʠʢʣʘʜ, ʤʝʨʝʞʝʚʘ ʧʣʘʪʘ Ethernet ʢʦʤʧ'ʶʪʝʨʘ PC-A, ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1, 

ʤʦʞʝ ʧʨʘʮʶʚʘʪʠ ʚ ʧʦʚʥʦʜʫʧʣʝʢʩʥʦʤʫ ʘʙʦ ʥʘʧʽʚʜʫʧʣʝʢʩʥʦʤʫ ʨʝʞʠʤʽ ʥʘ 

ʰʚʠʜʢʦʩʪʽ 10 ʘʙʦ 100 ʄʙʽʪ / ʩ. ʂʦʤʧ'ʶʪʝʨ PC-A ʟ'ʻʜʥʘʥʠʡ ʯʝʨʝʟ ʧʦʨʪ 1 ʟ 



ʢʦʤʫʪʘʪʦʨʦʤ S1, ʷʢʠʡ ʤʦʞʝ ʧʨʘʮʶʚʘʪʠ ʚ ʧʦʚʥʦʜʫʧʣʝʢʩʥʦʤʫ ʘʙʦ 

ʥʘʧʽʚʜʫʧʣʝʢʩʥʦʤʫ ʨʝʞʠʤʽ ʥʘ ʰʚʠʜʢʦʩʪʽ 10, 100 ʘʙʦ 1 000 ʄʙʽʪ / ʩ (1 ɻʙʽʪ / ʩ). 

ʗʢʱʦ ʚ ʦʙʦʭ ʧʨʠʩʪʨʦʷʭ ʻ ʘʚʪʦʚʠʟʥʘʯʝʥʥʷ, ʪʦ ʙʫʜʝ ʦʙʨʘʥʦ ʧʦʚʥʦʜʫʧʣʝʢʩʥʠʡ 

ʨʝʞʠʤ ʽ ʰʚʠʜʢʽʩʪʴ 100 ʄʙʽʪ / ʩ. 

ʇʨʠʤʽʪʢʘ. ʋ ʙʽʣʴʰʦʩʪʽ ʢʦʤʫʪʘʪʦʨʽʚ ʽ ʤʝʨʝʞʝʚʠʭ ʧʣʘʪ Ethernet ʢʦʤʧʘʥʽʾ 

Cisco ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʘʚʪʦʚʠʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʽ ʥʘʣʘʰʪʫʚʘʥʴ ʜʫʧʣʝʢʩʥʦʛʦ 

ʨʝʞʠʤʫ. ʇʦʨʪʠ Gigabit Ethernet ʧʨʘʮʶʶʪʴ ʪʽʣʴʢʠ ʚ ʧʦʚʥʦʜʫʧʣʝʢʩʥʦʤʫ ʨʝʞʠʤʽ. 

ʈʦʟʙʽʞʥʽʩʪʴ ʜʫʧʣʝʢʩʥʠʭ ʨʝʞʠʤʽʚ 

ʆʜʥʘ ʟ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʧʨʦʙʣʝʤ ʟ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʢʘʥʘʣʽʚ Ethernet ʥʘ 

ʰʚʠʜʢʦʩʪʽ 10/100 ʄʙʽʪ / ʩ ʚʠʥʠʢʘʻ ʪʦʜʽ, ʢʦʣʠ ʦʜʠʥ ʧʦʨʪ ʧʨʘʮʶʻ ʚ 

ʥʘʧʽʚʜʫʧʣʝʢʩʥʦʤʫ ʨʝʞʠʤʽ, ʘ ʽʥʰʠʡ ʧʦʨʪ - ʚ ʧʦʚʥʦʜʫʧʣʝʢʩʥʦʤʫ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩ. 2. ʎʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʩʢʠʜʘʥʥʽ ʦʜʥʦʛʦ ʘʙʦ ʦʙʦʭ ʧʦʨʪʽʚ ʢʘʥʘʣʫ, ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʘʚʪʦʦʧʨʝʜʝʣʝʥʠʝ ʥʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʦʜʥʘʢʦʚʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ʦʙʦʭ 

ʧʨʠʩʪʨʦʾʚ ʟʚ'ʷʟʢʫ. ʎʝ ʪʘʢʦʞ ʤʦʞʝ ʩʪʘʪʠʩʷ ʪʦʜʽ, ʢʦʣʠ ʢʦʨʠʩʪʫʚʘʯʽ ʟʤʽʥʶʶʪʴ 

ʢʦʥʬʽʛʫʨʘʮʽʶ ʥʘ ʦʜʥʽʡ ʩʪʦʨʦʥʽ ʢʘʥʘʣʫ ʽ ʟʘʙʫʚʘʶʪʴ ʧʨʦ ʽʥʰʫ. ɸʚʪʦʦʧʨʝʜʝʣʝʥʠʝ 

ʤʘʻ ʙʫʪʠ ʚʢʣʶʯʝʥʦ ʘʙʦ ʚʽʜʢʣʶʯʝʥʦ ʥʘ ʦʙʦʭ ʩʪʦʨʦʥʘʭ ʢʘʥʘʣʫ. 

ʌʫʥʢʮʽʷ Auto-MDIX  

ʨʽʤ ʧʨʘʚʠʣʴʥʦʛʦ ʥʘʣʘʰʪʫʚʘʥʥʷ ʜʫʧʣʝʢʩʥʦʛʦ ʨʝʞʠʤʫ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ 

ʚʽʜʧʦʚʽʜʥʠʡ ʪʠʧ ʢʘʙʝʣʶ ʜʣʷ ʢʦʞʥʦʛʦ ʧʦʨʪʫ. ʈʘʥʽʰʝ ʜʣʷ ʟ'ʻʜʥʘʥʴ ʤʽʞ ʧʝʚʥʠʤʠ 

ʧʨʠʩʪʨʦʷʤʠ (ʪʠʧʫ çʢʦʤʫʪʘʪʦʨ-ʢʦʤʫʪʘʪʦʨè, çʢʦʤʫʪʘʪʦʨ-ʤʘʨʰʨʫʪʠʟʘʪʦʨè, 

çʢʦʤʫʪʘʪʦʨ-ʚʫʟʦʣè ʽ çʤʘʨʰʨʫʪʠʟʘʪʦʨ-ʛʦʣʦʚʥʝ ʧʨʠʩʪʨʽʡè) ʙʫʣʦ ʧʦʪʨʽʙʥʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʘʙʝʣʽʚ ʦʩʦʙʣʠʚʦʛʦ ʪʠʧʫ (ʧʝʨʝʭʨʝʩʥʠʭ ʘʙʦ ʧʨʷʤʠʭ). ɹʽʣʴʰʽʩʪʴ 

ʩʫʯʘʩʥʠʭ ʢʦʤʫʪʫʶʯʠʭ ʧʨʠʩʪʨʦʾʚ ʧʽʜʪʨʠʤʫʶʪʴ ʢʦʤʘʥʜʫ ʢʦʥʬʽʛʫʨʘʮʽʾ ʽʥʪʝʨʬʝʡʩʫ 

mdix auto, ʷʢʘ ʜʦʩʪʫʧʥʘ ʯʝʨʝʟ CLI ʽ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʘʚʪʦʤʘʪʠʯʥʫ 

ʬʫʥʢʮʽʶ Auto-MDIX (ʽʥʪʝʨʬʝʡʩ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʝʨʝʜʦʚʠʱʘ ʧʝʨʝʜʘʯi ʟ 

ʧʝʨʝʭʨʝʩʥʠʤ ʟ'ʻʜʥʘʥʥʷʤ). 

ʗʢʱʦ ʬʫʥʢʮʽʷ Auto-MDIX ʚʢʣʶʯʝʥʘ, ʢʦʤʫʪʘʪʦʨ ʚʠʟʥʘʯʘʻ ʥʝʦʙʭʽʜʥʠʡ ʪʠʧ 

ʢʘʙʝʣʶ, ʧʽʜʢʣʶʯʝʥʦʛʦ ʜʦ ʧʦʨʪʫ, ʽ ʥʘʣʘʰʪʦʚʫʻ ʽʥʪʝʨʬʝʡʩ ʚʽʜʧʦʚʽʜʥʠʤ ʯʠʥʦʤ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʤʽʜʥʠʭ ʧʦʨʪʽʚ 10/100/1000 ʄʙʽʪ / ʩ ʥʘ 

ʢʦʤʫʪʘʪʦʨʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʘʙʦ ʧʝʨʝʭʨʝʩʥʠʡ, ʘʙʦ ʧʨʷʤʠʡ ʢʘʙʝʣʴ 

ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʪʠʧʫ ʧʨʠʩʪʨʦʶ ʥʘ ʽʥʰʦʤʫ ʢʽʥʮʽ ʟ'ʻʜʥʘʥʥʷ. 

ʇʨʠʩʪʨʽʡ ʧʨʠʟʥʘʯʝʥʥʷ ʚ ʪʽʡ ʞʝ ʤʝʨʝʞʽ 

ʇʨʠʩʪʨʦʶ ʚ ʣʦʢʘʣʴʥʽʡ ʤʝʨʝʞʽ Ethernet ʧʨʠʩʚʦʶʶʪʴʩʷ ʜʚʘ ʦʩʥʦʚʥʠʭ ʘʜʨʝʩʠ. 

ʌʽʟʠʯʥʘ ʘʜʨʝʩʘ (MAC-ʘʜʨʝʩʫ): ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʙʤʽʥʫ ʜʘʥʠʤʠ ʤʽʞ 

ʤʝʨʝʞʝʚʠʤʠ ʧʣʘʪʘʤʠ Ethernet ʧʨʠʩʪʨʦʾʚ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʦʜʥʽʡ ʤʝʨʝʞʽ. 

ʃʦʛʽʯʥʘ ʘʜʨʝʩʘ (IP-ʘʜʨʝʩʘ): ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʽʜʧʨʘʚʢʠ ʧʘʢʝʪʽʚ ʚʽʜ 

ʜʞʝʨʝʣʘ ʜʦ ʧʨʠʟʥʘʯʝʥʥʷ. 

IP-ʘʜʨʝʩʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʘʜʨʝʩ ʜʞʝʨʝʣʘ ʽ ʧʨʠʟʥʘʯʝʥʥʷ. 

IP-ʘʜʨʝʩʘ ʧʨʠʟʥʘʯʝʥʥʷ ʤʦʞʝ ʧʝʨʝʙʫʚʘʪʠ ʚ ʪʽʡ ʞʝ IP-ʤʝʨʝʞʽ, ʱʦ ʽ ʜʞʝʨʝʣʦ, ʘʙʦ ʫ 

ʚʽʜʜʘʣʝʥʽʡ ʤʝʨʝʞʽ. 

ʇʨʠʤʽʪʢʘ. ʋ ʙʽʣʴʰʦʩʪʽ ʜʦʜʘʪʢʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʠʩʪʝʤʘ ʜʦʤʝʥʥʠʭ ʽʤʝʥ 

(DNS), ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ IP-ʘʜʨʝʩʫ ʧʨʠ ʚʢʘʟʽʚʮʽ ʽʤʝʥʽ ʜʦʤʝʥʘ, ʥʘʧʨʠʢʣʘʜ, 

www.cisco.com. DNS ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚ ʛʣʘʚʽ ʜʘʣʽ. 

ɸʜʨʝʩʠ ʨʽʚʥʷ 2 ʘʙʦ ʬʽʟʠʯʥʽ ʘʜʨʝʩʠ, ʷʢ ʽ MAC-ʘʜʨʝʩʠ ʚ ʤʝʨʝʞʽ Ethernet, 

ʤʘʶʪʴ ʽʥʰʝ ʧʨʠʟʥʘʯʝʥʥʷ. ɺʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʜʦʩʪʘʚʢʠ ʢʘʜʨʫ, ʱʦ 

ʧʝʨʝʜʘʻʪʴʩʷ ʧʦ ʢʘʥʘʣʫ ʚ ʽʥʢʘʧʩʫʣʴʦʚʘʥʠʭ IP-ʧʘʢʝʪʽ, ʚʽʜ ʦʜʥʽʻʾ ʤʝʨʝʞʝʚʦʾ ʧʣʘʪʠ 



ʜʦ ʽʥʰʦʾ ʚ ʪʽʡ ʞʝ ʤʝʨʝʞʽ. ʗʢʱʦ IP-ʘʜʨʝʩʘ ʧʨʠʟʥʘʯʝʥʥʷ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʪʽʡ ʞʝ 

ʤʝʨʝʞʽ, ʪʦ MAC-ʘʜʨʝʩʦʶ ʧʨʠʟʥʘʯʝʥʥʷ ʻ ʘʜʨʝʩʘ ʧʨʠʩʪʨʦʶ ʧʨʠʟʥʘʯʝʥʥʷ. 

ʅʘ ʤʘʣʶʥʢʫ ʧʦʢʘʟʘʥʽ MAC-ʘʜʨʝʩʠ Ethernet ʽ IP-ʘʜʨʝʩʘ ʢʦʤʧ'ʶʪʝʨʘ PC-A, 

ʷʢʠʡ ʚʽʜʧʨʘʚʣʷʻ IP-ʧʘʢʝʪ ʥʘ ʬʘʡʣʦʚʠʡ ʩʝʨʚʝʨ ʚ ʪʽʡ ʞʝ ʤʝʨʝʞʽ. 

ʂʘʜʨ Ethernet ʨʽʚʥʷ 2 ʤʽʩʪʠʪʴ ʥʘʩʪʫʧʥʝ: 

 
ʈʠʩ. 1.5 ʆʙʤʽʥ ʜʘʥʠʤʠ ʚ ʣʦʢʘʣʴʥʽʡ ʤʝʨʝʞʽ 

MAC-ʘʜʨʝʩʫ ʧʨʠʟʥʘʯʝʥʥʷ: ʮʝ MAC-ʘʜʨʝʩʫ ʤʝʨʝʞʝʚʦʾ ʧʣʘʪʠ Ethernet 

ʬʘʡʣʦʚʦʛʦ ʩʝʨʚʝʨʘ. 

MAC-ʘʜʨʝʩʫ ʜʞʝʨʝʣʘ: ʮʝ MAC-ʘʜʨʝʩʫ ʤʝʨʝʞʝʚʦʾ ʧʣʘʪʠ Ethernet 

ʢʦʤʧ'ʶʪʝʨʘ PC-A. 

IP-ʧʘʢʝʪ ʨʽʚʥʷ 3 ʤʽʩʪʠʪʴ ʥʘʩʪʫʧʥʝ: 

¶ IP-ʘʜʨʝʩʘ ʜʞʝʨʝʣʘ: ʮʝ IP-ʘʜʨʝʩʘ ʧʨʠʩʪʨʦʶ ʜʞʝʨʝʣʘ, ʪ. ɽ. ʂʦʤʧ'ʶʪʝʨʘ 

PC-A. 

¶ IP-ʘʜʨʝʩʘ ʧʨʠʟʥʘʯʝʥʥʷ: ʮʝ IP-ʘʜʨʝʩʘ ʧʨʠʩʪʨʦʶ ʧʨʠʟʥʘʯʝʥʥʷ, ʪ. ɽ. 

ʌʘʡʣʦʚʦʛʦ ʩʝʨʚʝʨʘ. 

ʗʢʱʦ IP-ʘʜʨʝʩʘ ʧʨʠʟʥʘʯʝʥʥʷ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʚʽʜʜʘʣʝʥʽʡ ʤʝʨʝʞʽ, ʪʦ MAC-

ʘʜʨʝʩʦʶ ʧʨʠʟʥʘʯʝʥʥʷ ʻ ʘʜʨʝʩʘ ʰʣʶʟʫ ʚʫʟʣʘ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ, ʥʘʧʨʠʢʣʘʜ, 

ʤʝʨʝʞʝʚʠʡ ʧʣʘʪʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʤʘʣʶʥʢʫ. ʗʢʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʘʥʘʣʦʛʽʶ ʟ ʨʦʙʦʪʦʶ ʧʦʰʪʠ, ʪʦ ʮʝ ʩʭʦʞʝ ʥʘ ʩʠʪʫʘʮʽʶ, ʢʦʣʠ 

ʭʪʦ-ʥʝʙʫʜʴ ʧʝʨʝʜʘʻ ʣʠʩʪ ʚ ʤʽʩʮʝʚʝ ʧʦʰʪʦʚʝ ʚʽʜʜʽʣʝʥʥʷ. ɺʩʝ, ʱʦ ʥʝʦʙʭʽʜʥʦ 

ʟʨʦʙʽʪʠ - ʮʝ ʧʨʠʥʝʩʪʠ ʣʠʩʪ ʥʘ ʧʦʰʪʫ, ʘ ʜʘʣʽ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʟʘ ʚʽʜʧʨʘʚʢʫ ʣʠʩʪʘ 

ʘʜʨʝʩʘʪʫ ʥʝʩʝ ʚʞʝ ʧʦʰʪʦʚʝ ʚʽʜʜʽʣʝʥʥʷ. 

ʅʘ ʤʘʣʶʥʢʫ ʧʦʢʘʟʘʥʽ MAC-ʘʜʨʝʩʠ Ethernet ʽ IPv4-ʘʜʨʝʩ ʢʦʤʧ'ʶʪʝʨʘ PC-A, 

ʷʢʠʡ ʚʽʜʧʨʘʚʣʷʻ IP-ʧʘʢʝʪ ʥʘ ʚʝʙ-ʩʝʨʚʝʨ ʫ ʚʽʜʜʘʣʝʥʽʡ ʤʝʨʝʞʽ. ʄʘʨʰʨʫʪʠʟʘʪʦʨ 



ʧʝʨʝʚʽʨʷʶʪʴ IPv4-ʘʜʨʝʩ ʧʨʠʟʥʘʯʝʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʘʡʢʨʘʱʦʛʦ ʩʧʦʩʦʙʫ 

ʧʝʨʝʩʠʣʘʥʥʷ IPv4-ʧʘʢʝʪʘ. ʎʝ ʘʥʘʣʦʛʽʯʥʦ ʚʽʜʧʨʘʚʮʽ ʧʦʰʪʠ ʥʘ ʘʜʨʝʩʫ ʦʪʨʠʤʫʚʘʯʘ. 

 
ʈʠʩ. 1.6 ʆʙʤʽʥ ʜʘʥʠʤʠ ʟ ʚʽʜʜʘʣʝʥʦʶ ʤʝʨʝʞʝʶ 

ʇʨʠ ʦʪʨʠʤʘʥʥʽ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʤ ʢʘʜʨʫ Ethernet ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʜʝʽʥʢʘʧʩʫʣʷʮʽʷ ʽʥʬʦʨʤʘʮʽʾ ʨʽʚʥʷ 2. ʅʘ ʦʩʥʦʚʽ IP-ʘʜʨʝʩʠ ʧʨʠʟʥʘʯʝʥʥʷ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʚʠʟʥʘʯʘʻ ʥʘʩʪʫʧʥʝ ʪʨʘʥʟʠʪʥʝ ʧʨʠʩʪʨʽʡ ʽ ʽʥʢʘʧʩʫʣʶʻ IP-ʧʘʢʝʪ ʚ 

ʥʦʚʠʡ ʢʘʜʨ ʜʣʷ ʧʝʨʝʜʘʯʽ ʚ ʚʠʭʽʜʥʠʡ ʽʥʪʝʨʬʝʡʩ. ʋ ʢʦʞʥʦʤʫ ʢʘʥʘʣʽ ʥʘ ʩʚʦʻʤʫ 

ʰʣʷʭʫ IP-ʧʘʢʝʪ ʠʥʢʘʧʩʫʣʠʨʫʝʪʩʷ ʚ ʢʘʜʨʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʾ 

ʪʝʭʥʦʣʦʛʽʾ ʢʘʥʘʣʫ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʷʢʘ ʧʦʚ'ʷʟʘʥʘ ʟ ʮʠʤ ʢʘʥʘʣʦʤ, ʥʘʧʨʠʢʣʘʜ, 

ʪʝʭʥʦʣʦʛʽʾ Ethernet. ʗʢʱʦ ʪʘʢʝ ʪʨʘʥʟʠʪʥʝ ʧʨʠʩʪʨʽʡ ʻ ʧʨʠʟʥʘʯʝʥʥʷʤ, ʪʦ MAC-

ʘʜʨʝʩʦʶ ʧʨʠʟʥʘʯʝʥʥʷ ʙʫʜʝ ʘʜʨʝʩʫ ʤʝʨʝʞʝʚʦʾ ʧʣʘʪʠ Ethernet ʮʴʦʛʦ ʧʨʠʩʪʨʦʶ. 

ʗʢʠʤ ʯʠʥʦʤ IPv4-ʘʜʨʝʩʠ IPv4-ʧʘʢʝʪʽʚ ʚ ʧʦʪʦʮʽ ʜʘʥʠʭ ʘʩʦʮʽʶʶʪʴʩʷ ʟ MAC-

ʘʜʨʝʩʘʤʠ ʚ ʢʦʞʥʦʤʫ ʢʘʥʘʣʽ ʥʘ ʰʣʷʭʫ ʜʦ ʚʫʟʣʘ ʧʨʠʟʥʘʯʝʥʥʷ? ɼʣʷ ʮʴʦʛʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʦʪʦʢʦʣ ʜʦʟʚʦʣʫ ʘʜʨʝʩ (ARP). 

ʇʨʦʪʦʢʦʣ ʜʦʟʚʦʣʫ ʘʜʨʝʩ (ARP): ʚʚʝʜʝʥʥʷ 

ʉʣʽʜ ʧʘʤ'ʷʪʘʪʠ, ʱʦ ʫ ʢʦʞʥʦʛʦ ʧʨʠʩʪʨʦʶ ʟ IP-ʘʜʨʝʩʦʶ ʚ ʤʝʨʝʞʽ Ethernet ʻ 

ʪʘʢʦʞ ʄɸʉ-ʘʜʨʝʩʘ. ʂʦʣʠ ʧʨʠʩʪʨʽʡ ʚʽʜʧʨʘʚʣʷʻ ʢʘʜʨ Ethernet, ʚʽʥ ʤʽʩʪʠʪʴ ʦʙʠʜʚʘ 

ʮʠʭ ʘʜʨʝʩʠ: 

MAC-ʘʜʨʝʩʫ ʧʨʠʟʥʘʯʝʥʥʷ: ʮʝ MAC-ʘʜʨʝʩʫ ʤʝʨʝʞʝʚʦʾ ʧʣʘʪʠ Ethernet, ʷʢʠʡ 

ʻ MAC-ʘʜʨʝʩʦʶ ʧʨʠʩʪʨʦʶ ʧʨʠʟʥʘʯʝʥʥʷ ʘʙʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ. 

MAC-ʘʜʨʝʩʫ ʜʞʝʨʝʣʘ: ʮʝ MAC-ʘʜʨʝʩʫ ʤʝʨʝʞʝʚʦʾ ʧʣʘʪʠ Ethernet 

ʚʽʜʧʨʘʚʥʠʢʘ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ MAC-ʘʜʨʝʩʠ ʧʨʠʟʥʘʯʝʥʥʷ ʧʨʠʩʪʨʽʡ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʧʨʦʪʦʢʦʣ ʜʦʟʚʦʣʫ ʘʜʨʝʩ (ARP). ʇʨʦʪʦʢʦʣ ARP ʚʠʢʦʥʫʻ ʜʚʽ ʦʩʥʦʚʥʽ ʬʫʥʢʮʽʾ. 

¶ ɿʽʩʪʘʚʣʝʥʥʷ IPv4-ʘʜʨʝʩ ʽ ʄɸʉ-ʘʜʨʝʩ 

¶ ɿʙʝʨʝʞʝʥʥʷ ʪʘʙʣʠʮʽ ʟʽʩʪʘʚʣʝʥʴ 

ʬʫʥʢʮʽʾ ARP 

ɿʽʩʪʘʚʣʝʥʥʷ IPv4-ʘʜʨʝʩ ʽ ʄɸʉ-ʘʜʨʝʩ 



ʂʦʣʠ ʧʘʢʝʪ ʚʽʜʧʨʘʚʣʷʻʪʴʩʷ ʥʘ ʢʘʥʘʣʴʥʠʡ ʨʽʚʝʥʴ ʜʣʷ ʽʥʢʘʧʩʫʣʷʮʽʾ ʚ ʢʘʜʨʽ 

Ethernet, ʧʨʠʩʪʨʽʡ ʟʚʝʨʪʘʻʪʴʩʷ ʜʦ ʪʘʙʣʠʮʽ ʫ ʩʚʦʾʡ ʧʘʤ'ʷʪʽ, ʱʦʙ ʟʥʘʡʪʠ MAC-

ʘʜʨʝʩʫ, ʷʢʠʡ ʟʽʩʪʘʚʣʝʥʠʡ ʟ IPv4-ʘʜʨʝʩʦʶ. ʎʷ ʪʘʙʣʠʮʷ ʥʘʟʠʚʘʻʪʴʩʷ ʪʘʙʣʠʮʝʶ 

ARP ʘʙʦ ʢʝʰʝʤ ARP. ʊʘʙʣʠʮʷ ARP ʟʙʝʨʽʛʘʻʪʴʩʷ ʚ ʦʧʝʨʘʪʠʚʥʽʡ ʧʘʤ'ʷʪʽ 

ʧʨʠʩʪʨʦʶ. 

ʇʝʨʝʜʘʚʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ ʰʫʢʘʻ ʚ ʩʚʦʾʡ ʪʘʙʣʠʮʽ ARP IPv4-ʘʜʨʝʩ 

ʧʨʠʟʥʘʯʝʥʥʷ ʽ ʚʽʜʧʦʚʽʜʥʠʡ MAC-ʘʜʨʝʩʫ. 

ʗʢʱʦ IPv4-ʘʜʨʝʩ ʧʨʠʟʥʘʯʝʥʥʷ ʧʘʢʝʪʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʪʽʡ ʞʝ ʤʝʨʝʞʽ, ʱʦ ʽ 

IPv4-ʘʜʨʝʩ ʜʞʝʨʝʣʘ, ʧʨʠʩʪʨʽʡ ʰʫʢʘʻ ʚ ʪʘʙʣʠʮʽ ARP IPv4-ʘʜʨʝʩ ʧʨʠʟʥʘʯʝʥʥʷ. 

ʗʢʱʦ IPv4-ʘʜʨʝʩ ʧʨʠʟʥʘʯʝʥʥʷ ʧʘʢʝʪʘ ʟʥʘʭʦʜʠʪʴʩʷ ʥʝ ʚ ʪʽʡ ʞʝ ʤʝʨʝʞʽ, ʱʦ 

IPv4-ʘʜʨʝʩ ʜʞʝʨʝʣʘ, ʧʨʠʩʪʨʽʡ ʰʫʢʘʻ ʚ ʪʘʙʣʠʮʽ ARP IPv4-ʘʜʨʝʩ ʰʣʶʟʫ. 

ɺ ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʥʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ IPv4-ʘʜʨʝʩ ʽ ʚʽʜʧʦʚʽʜʥʠʡ MAC-ʘʜʨʝʩʫ 

ʧʨʠʩʪʨʦʶ. 

ʂʦʞʝʥ ʟʘʧʠʩ ʘʙʦ ʨʷʜʦʢ ʚ ʪʘʙʣʠʮʽ ARP ʧʦʚ'ʷʟʫʻ IPv4-ʘʜʨʝʩ ʟ MAC-ʘʜʨʝʩʦʶ. 

ɺʽʜʥʦʰʝʥʥʷ ʤʽʞ ʜʚʦʤʘ ʟʥʘʯʝʥʥʷʤʠ ʥʘʟʠʚʘʻʪʴʩʷ ʟʽʩʪʘʚʣʝʥʥʷʤ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ 

IPv4-ʘʜʨʝʩ ʤʦʞʥʘ ʟʥʘʡʪʠ ʚ ʪʘʙʣʠʮʽ ʽ ʟ ʡʦʛʦ ʜʦʧʦʤʦʛʦʶ ʚʠʟʥʘʯʠʪʠ ʚʽʜʧʦʚʽʜʥʠʡ 

MAC-ʘʜʨʝʩʫ. ʊʘʙʣʠʮʷ ARP ʪʠʤʯʘʩʦʚʦ ʟʙʝʨʽʛʘʻ (ʢʝʰʠʨʫʻʪ) ʟʽʩʪʘʚʣʝʥʥʷ 

ʧʨʠʩʪʨʦʾʚ ʚ ʣʦʢʘʣʴʥʽʡ ʤʝʨʝʞʽ (LAN). 

ʗʢʱʦ ʧʨʠʩʪʨʽʡ ʟʥʘʡʜʝ IPv4-ʘʜʨʝʩ, ʪʦ ʚ ʷʢʦʩʪʽ MAC-ʘʜʨʝʩʠ ʚ ʢʘʜʨʽ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʠʡ MAC-ʘʜʨʝʩʫ. ʗʢʱʦ ʟʘʧʠʩ ʥʝ ʟʥʘʡʜʝʥʦ, ʧʨʠʩʪʨʽʡ 

ʚʽʜʧʨʘʚʣʷʻ ARP-ʟʘʧʠʪ. 

ARP-ʟʘʧʠʪ ʚʽʜʧʨʘʚʣʷʻʪʴʩʷ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʧʨʠʩʪʨʽʡ ʤʦʞʝ 

ʧʦʪʨʝʙʫʚʘʪʠ MAC-ʘʜʨʝʩʫ, ʧʦʚ'ʷʟʘʥʫ ʟ IPv4-ʘʜʨʝʩʦʶ, ʘʣʝ ʚ ʡʦʛʦ ʪʘʙʣʠʮʽ ARP 

ʥʝʤʘʻ ʜʘʥʠʭ ʧʨʦ IPv4-ʘʜʨʝʩʫ. 

ʇʦʚʽʜʦʤʣʝʥʥʷ ARP-ʟʘʧʠʪʫ ʠʥʢʘʧʩʫʣʠʨʫʶʪʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʢʘʜʨʽ 

Ethernet. ʊʝʤʘ IPv4 ʚʽʜʩʫʪʥʷ. ʋ ʧʦʚʽʜʦʤʣʝʥʥʽ ARP-ʟʘʧʠʪʫ ʤʽʩʪʠʪʴʩʷ ʥʘʩʪʫʧʥʝ: 

IPv4-ʘʜʨʝʩ ʧʨʠʟʥʘʯʝʥʥʷ: ʮʝ IPv4-ʘʜʨʝʩ, ʜʣʷ ʷʢʦʛʦ ʧʦʪʨʽʙʥʦ ʚʠʟʥʘʯʠʪʠ 

ʚʽʜʧʦʚʽʜʥʠʡ MAC-ʘʜʨʝʩʫ. 

MAC-ʘʜʨʝʩʫ ʧʨʠʟʥʘʯʝʥʥʷ: ʮʝ ʥʝʚʽʜʦʤʠʡ MAC-ʘʜʨʝʩʫ, ʷʢʠʡ ʚ ʧʦʚʽʜʦʤʣʝʥʥʽ 

ʟʘʧʠʪʫ ARP ʚʽʜʩʫʪʥʷ. 

ARP-ʟʘʧʠʪ ʠʥʢʘʧʩʫʣʠʨʫʝʪʩʷ ʚ ʢʘʜʨʽ Ethernet ʟ ʥʘʩʪʫʧʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʚ 

ʟʘʛʦʣʦʚʢʫ: 

MAC-ʘʜʨʝʩʫ ʧʨʠʟʥʘʯʝʥʥʷ: ʰʠʨʦʢʦʤʦʚʥʘ ʘʜʨʝʩʘ, ʱʦ ʚʠʤʘʛʘʻ ʧʨʠʡʥʷʪʪʷ ʽ 

ʦʙʨʦʙʢʠ ARP-ʟʘʧʠʪʫ ʫʩʽʤʘ ʤʝʨʝʞʝʚʠʤʠ ʧʣʘʪʘʤʠ Ethernet ʚ ʣʦʢʘʣʴʥʽʡ ʤʝʨʝʞʽ 

(LAN). 

MAC-ʘʜʨʝʩʫ ʜʞʝʨʝʣʘ: ʮʝ ʚʽʜʧʨʘʚʥʠʢ MAC-ʘʜʨʝʩʠ ʚ ARP-ʟʘʧʠʪʽ. 

ʊʠʧ: ʚ ʧʦʚʽʜʦʤʣʝʥʥʽ ARP-ʟʘʧʠʪʫ ʻ ʧʦʣʝ çʊʠʧè ʟʽ ʟʥʘʯʝʥʥʷʤ 0x806. ɺʦʥʦ 

ʽʥʬʦʨʤʫʻ ʧʨʠʡʤʘʶʯʫ ʤʝʨʝʞʝʚʫ ʧʣʘʪʫ ʧʨʦ ʪʝ, ʱʦ ʜʣʷ ʯʘʩʪʠʥʠ ʢʘʜʨʫ, ʚʠʜʽʣʝʥʦʾ 

ʜʣʷ ʜʘʥʠʭ, ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʦʮʝʩ ARP. 

ʆʩʢʽʣʴʢʠ ARP-ʟʘʧʠʪʠ ʻ ʰʠʨʦʢʦʤʦʚʥʦʾ ʨʦʟʩʠʣʢʦʶ, ʚʦʥʠ ʨʦʟʩʠʣʘʶʪʴʩʷ 

ʯʝʨʝʟ ʚʩʽ ʧʦʨʪʠ ʢʦʤʫʪʘʪʦʨʘ, ʢʨʽʤ ʧʨʠʡʤʘʶʯʦʾ ʧʦʨʪʫ. ɺʩʽ ʤʝʨʝʞʝʚʽ ʧʣʘʪʠ 

Ethernet ʚ ʣʦʢʘʣʴʥʽʡ ʤʝʨʝʞʽ (LAN) ʦʙʨʦʙʣʷʶʪʴ ʰʠʨʦʢʦʤʦʚʥʽ ʨʦʟʩʠʣʘʥʥʷ. 

ʂʦʞʝʥ ʧʨʠʩʪʨʽʡ ʦʙʨʦʙʣʷʻ ARP-ʟʘʧʠʪ ʥʘ ʧʨʝʜʤʝʪ ʟʙʽʛʫ ʮʽʣʴʦʚʦʛʦ IPv4-ʘʜʨʝʩʠ ʟ 

ʚʣʘʩʥʦʶ ʘʜʨʝʩʦʶ. ʄʘʨʰʨʫʪʠʟʘʪʦʨ ʥʝ ʧʝʨʝʩʠʣʘʻ ʰʠʨʦʢʦʤʦʚʥʽ ʨʦʟʩʠʣʘʥʥʷ 

ʽʥʰʠʤ ʽʥʪʝʨʬʝʡʩʽʚ. 



ʊʽʣʴʢʠ ʫ ʦʜʥʦʛʦ ʧʨʠʩʪʨʦʶ ʚ ʣʦʢʘʣʴʥʽʡ ʤʝʨʝʞʽ (LAN) ʙʫʜʝ IPv4-ʘʜʨʝʩ, ʱʦ 

ʩʧʽʚʧʘʜʘʻ ʚ ʮʽʣʴʦʚʠʤ IPv4-ʘʜʨʝʩʦʶ ʚ ARP-ʟʘʧʠʪʽ. ɺʽʜʧʦʚʽʜʴ ʚʽʜ ʽʥʰʠʭ 

ʧʨʠʩʪʨʦʾʚ ʥʝ ʥʘʜʭʦʜʠʪʴ. 

ʅʘʪʠʩʥʽʪʴ ʢʥʦʧʢʫ çɺʽʜʪʚʦʨʝʥʥʷè, ʱʦʙ ʧʝʨʝʛʣʷʥʫʪʠ ʚʽʜʝʦʨʦʣʠʢ ʧʨʦ ARP-

ʟʘʧʠʪʽ IPv4-ʘʜʨʝʩʠ ʧʨʠʟʥʘʯʝʥʥʷ, ʷʢʠʡ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʣʦʢʘʣʴʥʽʡ ʤʝʨʝʞʽ. 

ʊʽʣʴʢʠ ʧʨʠʩʪʨʽʡ ʟ IPv4-ʘʜʨʝʩʦʶ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʮʽʣʴʦʚʠʤ IPv4-ʘʜʨʝʩʦʶ ʚ 

ARP-ʟʘʧʠʪʽ, ʧʦʚʝʨʪʘʻ ARP-ʚʽʜʧʦʚʽʜʴ. ʋ ʧʦʚʽʜʦʤʣʝʥʥʽ ARP-ʚʽʜʧʦʚʽʜʽ ʤʽʩʪʠʪʴʩʷ 

ʥʘʩʪʫʧʥʝ: 

IPv4-ʘʜʨʝʩ ʚʽʜʧʨʘʚʥʠʢʘ: ʮʝ IPv4-ʘʜʨʝʩ ʚʽʜʧʨʘʚʥʠʢʘ, ʪ. ɽ. ʇʨʠʩʪʨʦʾ, ʯʠʡ 

MAC-ʘʜʨʝʩʫ ʙʫʚ ʟʘʧʠʪʘʥʠʡ. 

MAC-ʘʜʨʝʩʫ ʚʽʜʧʨʘʚʥʠʢʘ: ʮʝ MAC-ʘʜʨʝʩʫ ʚʽʜʧʨʘʚʥʠʢʘ, ʪ. ɽ. MAC-ʘʜʨʝʩʫ, 

ʷʢʠʡ ʙʫʚ ʟʘʧʠʪʘʥʠʡ ʚʽʜʧʨʘʚʥʠʢʦʤ ʚ ARP-ʟʘʧʠʪʽ. 

ARP-ʚʽʜʧʦʚʽʜʴ ʽʥʢʘʧʩʫʣʶʶʪʩʷ ʚ ʢʘʜʨʽ Ethernet ʟ ʥʘʩʪʫʧʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʚ 

ʟʘʛʦʣʦʚʢʫ: 

MAC-ʘʜʨʝʩʫ ʧʨʠʟʥʘʯʝʥʥʷ: ʮʝ MAC-ʘʜʨʝʩʫ ʚʽʜʧʨʘʚʥʠʢʘ ARP-ʟʘʧʠʪʫ. 

MAC-ʘʜʨʝʩʫ ʜʞʝʨʝʣʘ: ʮʝ ʚʽʜʧʨʘʚʥʠʢ MAC-ʘʜʨʝʩʠ ʚ ARP-ʚʽʜʧʦʚʽʜʽ. 

ʊʠʧ: ʚ ʧʦʚʽʜʦʤʣʝʥʥʽ ARP-ʟʘʧʠʪʫ ʻ ʧʦʣʝ çʊʠʧè ʟʽ ʟʥʘʯʝʥʥʷʤ 0x806. ɺʦʥʦ 

ʽʥʬʦʨʤʫʻ ʧʨʠʡʤʘʶʯʫ ʤʝʨʝʞʝʚʫ ʧʣʘʪʫ ʧʨʦ ʪʝ, ʱʦ ʜʣʷ ʯʘʩʪʠʥʠ ʢʘʜʨʫ, ʚʠʜʽʣʝʥʦʾ 

ʜʣʷ ʜʘʥʠʭ, ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʦʮʝʩ ARP. 

ʆʜʥʦ-ʘʜʨʝʩʥʠʡ ARP-ʚʽʜʧʦʚʽʜʴ ʦʪʨʠʤʘʻ ʪʽʣʴʢʠ ʪʦʡ ʧʨʠʩʪʨʽʡ, ʱʦ ʚʽʜʧʨʘʚʠʣʦ 

ARP-ʟʘʧʠʪ. ʇʽʩʣʷ ʦʪʨʠʤʘʥʥʷ ARP-ʚʽʜʧʦʚʽʜʽ ʚʠʨʽʙ ʜʦʜʘʩʪʴ IPv4-ʘʜʨʝʩ ʽ 

ʚʽʜʧʦʚʽʜʥʠʡ MAC-ʘʜʨʝʩʫ ʚ ʩʚʦʶ ʪʘʙʣʠʮʶ ARP. ʊʝʧʝʨ ʧʘʢʝʪʠ ʜʣʷ ʮʴʦʛʦ IPv4-

ʘʜʨʝʩʠ ʤʦʞʥʘ ʽʥʢʘʧʩʫʣʶʚʘʪʠ ʚ ʢʘʜʨʘʭ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʽʜʧʦʚʽʜʥʠʡ ʡʦʤʫ 

MAC-ʘʜʨʝʩʫ. 

ʅʘʪʠʩʥʽʪʴ ʢʥʦʧʢʫ çɺʽʜʪʚʦʨʝʥʥʷè, ʱʦʙ ʧʝʨʝʛʣʷʥʫʪʠ ʚʽʜʝʦʨʦʣʠʢ ʧʨʦ ARP-

ʚʽʜʧʦʚʽʜʽ. 

ʅʘʪʠʩʥʽʪʴ ʪʫʪ, ʱʦʙ ʟʘʚʘʥʪʘʞʠʪʠ ʩʣʘʡʜʠ ʟ ʚʽʜʝʦʨʦʣʠʢʘ. 

ʗʢʱʦ ʥʘ ARP-ʟʘʧʠʪ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʥʽ ʦʜʠʥ ʧʨʠʩʪʨʽʡ, ʧʘʢʝʪ ʚʽʜʢʠʜʘʻʪʴʩʷ, 

ʦʩʢʽʣʴʢʠ ʩʬʦʨʤʫʚʘʪʠ ʢʘʜʨ ʥʝʤʦʞʣʠʚʦ. 

ɿʘʧʠʩʠ ʚ ʪʘʙʣʠʮʽ ARP ʦʪʨʠʤʫʶʪʴ ʤʽʪʢʫ ʯʘʩʫ. ʗʢʱʦ ʜʦ ʤʦʤʝʥʪʫ ʟʘʢʽʥʯʝʥʥʷ 

ʤʽʪʢʠ ʯʘʩʫ ʧʨʠʩʪʨʽʡ ʥʝ ʦʪʨʠʤʘʻ ʢʘʜʨ ʚʽʜ ʙʫʜʴ-ʷʢʦʛʦ ʧʨʠʩʪʨʦʶ, ʟʘʧʠʩ ʜʣʷ ʮʴʦʛʦ 

ʧʨʠʩʪʨʦʶ ʙʫʜʝ ʚʠʜʘʣʝʥʘ ʟ ʪʘʙʣʠʮʽ ARP. 

ʂʨʽʤ ʪʦʛʦ, ʚ ʪʘʙʣʠʮʶ ARP ʤʦʞʥʘ ʜʦʜʘʚʘʪʠ ʩʪʘʪʠʯʥʽ ʟʘʧʠʩʠ ʟʽʩʪʘʚʣʝʥʥʷ, 

ʘʣʝ ʮʝ ʨʦʙʠʪʴʩʷ ʥʝ ʯʘʩʪʦ. ʊʝʨʤʽʥ ʜʽʾ ʩʪʘʪʠʯʥʠʭ ʟʘʧʠʩʽʚ ʚ ʪʘʙʣʠʮʽ ARP ʯʠ ʥʝ 

ʟʘʢʽʥʯʫʻʪʴʩʷ ʟ ʯʘʩʦʤ, ʪʦʤʫ ʾʭ ʥʝʦʙʭʽʜʥʦ ʚʠʜʘʣʷʪʠ ʚʨʫʯʥʫ. 

ʇʨʠʤʽʪʢʘ. ɼʣʷ IPv6 ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʦʪʦʢʦʣ, ʘʥʘʣʦʛʽʯʥʠʡ ʧʨʦʪʦʢʦʣʫ 

ʜʦʟʚʦʣʫ ʘʜʨʝʩ (ARP) ʜʣʷ IPv4, ʷʢʠʡ ʥʘʟʠʚʘʻʪʴʩʷ çʧʨʦʪʦʢʦʣ ʚʠʷʚʣʝʥʥʷ ʩʫʩʽʜʽʚè 

ICMPv6. ɼʣʷ IPv6 ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʦʚʽʜʦʤʣʝʥʥʷ ʦʧʠʪʫʚʘʥʥʷ ʽ ʦʛʦʣʦʰʝʥʥʷ 

ʩʫʩʽʜʽʚ, ʷʢʽ ʩʭʦʞʽ ʟʘ ʩʚʦʾʤ ʧʨʠʟʥʘʯʝʥʥʷʤ ʟ ARP-ʟʘʧʠʪʘʤʠ ʽ ʚʽʜʧʦʚʽʜʷʤʠ ʚ IPv4. 

ʗʢʱʦ IPv4-ʘʜʨʝʩ ʧʨʠʟʥʘʯʝʥʥʷ ʟʥʘʭʦʜʠʪʴʩʷ ʥʝ ʚ ʪʽʡ ʞʝ ʤʝʨʝʞʽ, ʱʦ IPv4-

ʘʜʨʝʩ ʜʞʝʨʝʣʘ, ʚʣʘʰʪʫʚʘʥʥʶ ʜʞʝʨʝʣʘ ʥʝʦʙʭʽʜʥʦ ʚʽʜʧʨʘʚʠʪʠ ʢʘʜʨ ʚ ʩʚʽʡ ʰʣʶʟ ʟʘ 

ʟʘʤʦʚʯʫʚʘʥʥʷʤ. ʎʝ ʽʥʪʝʨʬʝʡʩ ʣʦʢʘʣʴʥʦʛʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʗʢʱʦ ʧʨʠʩʪʨʽʡ 

ʜʞʝʨʝʣʘ ʻ ʧʘʢʝʪ ʚ IPv4-ʘʜʨʝʩʦʶ ʚ ʽʥʰʽʡ ʤʝʨʝʞʽ, ʚʦʥʦ ʠʥʢʘʧʩʫʣʠʨʫʝʪ ʮʝʡ ʧʘʢʝʪ 

ʚ ʢʘʜʨʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ MAC-ʘʜʨʝʩʫ ʧʨʠʟʥʘʯʝʥʥʷ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ. 

IPv4-ʘʜʨʝʩ ʰʣʶʟʫ ʟʙʝʨʽʛʘʻʪʴʩʷ ʚ ʢʦʥʬʽʛʫʨʘʮʽʾ IPv4 ʚʫʟʣʽʚ. ʂʦʣʠ ʚʫʟʦʣ 

ʩʪʚʦʨʶʻ ʧʘʢʝʪ ʜʣʷ ʘʜʨʝʩʘʪʘ, ʚʽʥ ʧʦʨʽʚʥʶʻ IPv4-ʘʜʨʝʩ ʧʨʠʟʥʘʯʝʥʥʷ ʽ ʩʚʽʡ 

ʚʣʘʩʥʠʡ IPv4-ʘʜʨʝʩ, ʱʦʙ ʚʠʟʥʘʯʠʪʠ, ʯʠ ʟʥʘʭʦʜʷʪʴʩʷ ʮʽ ʜʚʘ IPv4-ʘʜʨʝʩʠ ʚ ʦʜʥʽʡ ʽ 



ʪʽʡ ʞʝ ʤʝʨʝʞʽ ʨʽʚʥʷ 3. ʗʢʱʦ ʚʫʟʦʣ ʧʨʠʟʥʘʯʝʥʥʷ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʽʥʰʽʡ ʤʝʨʝʞʽ, 

ʜʞʝʨʝʣʦ ʰʫʢʘʻ ʚ ʩʚʦʻʶ ʪʘʙʣʠʮʽ ARP ʟʘʧʠʩ ʟ IPv4-ʘʜʨʝʩʦʶ ʰʣʶʟʫ. ʗʢʱʦ ʟʘʧʠʩ 

ʚʽʜʩʫʪʥʽʡ, ʪʦ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ MAC-ʘʜʨʝʩʠ ʰʣʶʟʫ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʦʮʝʩ ARP. 

ɺʠʜʘʣʝʥʥʷ ʟʘʧʠʩʽʚ ʟ ʪʘʙʣʠʮʽ ARP 

ʋ ʢʦʞʥʦʤʫ ʧʨʠʩʪʨʦʾ ʻ ʪʘʡʤʝʨ ʢʝʰʫ ARP, ʷʢʠʡ ʚʠʜʘʣʷʻ ʟʘʧʠʩʠ ʟ ʪʘʙʣʠʮʽ 

ARP, ʷʢʽ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʦʪʷʛʦʤ ʟʘʟʥʘʯʝʥʦʛʦ ʧʝʨʽʦʜʫ ʯʘʩʫ. ʎʝʡ ʧʝʨʽʦʜ 

ʤʦʞʝ ʙʫʪʠ ʨʽʟʥʠʤ ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʦʧʝʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʧʨʠʩʪʨʦʶ. ʅʘʧʨʠʢʣʘʜ, 

ʜʝʷʢʽ ʦʧʝʨʘʮʽʡʥʽ ʩʠʩʪʝʤʠ Windows ʟʙʝʨʽʛʘʶʪʴ ʟʘʧʠʩʠ ʢʝʰʘ ARP ʧʨʦʪʷʛʦʤ 2 

ʭʚʠʣʠʥ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʤʘʣʶʥʢʫ. 

ʂʨʽʤ ʪʦʛʦ, ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʝʷʢʽ ʢʦʤʘʥʜʠ, ʱʦʙ ʚʨʫʯʥʫ ʚʠʜʘʣʠʪʠ 

ʚʩʽ ʘʙʦ ʜʝʷʢʽ ʟʘʧʠʩʠ ʟ ʪʘʙʣʠʮʽ ARP. ʇʽʩʣʷ ʚʠʜʘʣʝʥʥʷ ʟʘʧʠʩʫ ʧʨʦʮʝʩ ʚʽʜʧʨʘʚʢʠ 

ARP-ʟʘʧʠʪʫ ʽ ʦʪʨʠʤʘʥʥʷ ARP-ʚʽʜʧʦʚʽʜʽ ʥʝʦʙʭʽʜʥʦ ʟʘʜʽʷʪʠ ʧʦʚʪʦʨʥʦ, ʱʦʙ 

ʟʘʨʝʻʩʪʨʫʚʘʪʠ ʟʽʩʪʘʚʣʝʥʥʷ ʚ ʪʘʙʣʠʮʽ ARP. 

ʪʘʙʣʠʮʽ ARP 

ʅʘ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽ Cisco ʜʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʪʘʙʣʠʮʽ ARP ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʢʦʤʘʥʜʘ show ip arp, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1. 

ʅʘ ʢʦʤʧ'ʶʪʝʨʘʭ ʧʽʜ ʫʧʨʘʚʣʽʥʥʷʤ Windows 7 ʜʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʪʘʙʣʠʮʽ ARP 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʦʤʘʥʜʘ arp -a, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2. 

ʐʠʨʦʢʦʤʦʚʥʽ ʨʦʟʩʠʣʘʥʥʷ ARP 

ʆʩʢʽʣʴʢʠ ARP-ʟʘʧʠʪ ʻ ʢʘʜʨʦʤ ʰʠʨʦʢʦʤʦʚʥʦʾ ʨʦʟʩʠʣʢʠ, ʡʦʛʦ ʦʪʨʠʤʫʶʪʴ ʽ 

ʦʙʨʦʙʣʷʶʪʴ ʚʩʽ ʧʨʠʩʪʨʦʾ ʚ ʣʦʢʘʣʴʥʽʡ ʤʝʨʝʞʽ. ʋ ʩʪʘʥʜʘʨʪʥʽʡ ʢʦʨʧʦʨʘʪʠʚʥʦʾ 

ʤʝʨʝʞʽ ʪʘʢʽ ʰʠʨʦʢʦʤʦʚʥʽ ʨʦʟʩʠʣʘʥʥʷ, ʰʚʠʜʰʝ ʟʘ ʚʩʝ, ʥʝ ʟʨʦʙʣʷʪʴ ʽʩʪʦʪʥʦʛʦ 

ʚʧʣʠʚʫ ʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʤʝʨʝʞʽ. ɸʣʝ ʷʢʱʦ ʚ ʤʝʨʝʞʽ ʙʘʛʘʪʦ ʧʨʠʩʪʨʦʾʚ ʽ ʚʩʽ 

ʚʦʥʠ ʦʜʥʦʯʘʩʥʦ ʩʧʨʦʙʫʶʪʴ ʦʪʨʠʤʘʪʠ ʜʦʩʪʫʧ ʜʦ ʤʝʨʝʞʝʚʠʭ ʩʣʫʞʙ, ʮʝ ʤʦʞʝ ʥʘ 

ʢʦʨʦʪʢʠʡ ʧʝʨʽʦʜ ʯʘʩʫ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʥʫʪʠ ʥʘ ʨʦʙʦʪʫ ʤʝʨʝʞʽ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ 

ʤʘʣʶʥʢʫ. ʇʽʩʣʷ ʪʦʛʦ ʷʢ ʧʨʠʩʪʨʦʾ ʨʦʟʽʰʣʶʪʴ ʧʦʯʘʪʢʦʚʽ ʟʘʧʠʪʠ ʰʠʨʦʢʦʤʦʚʥʦʾ 

ʨʦʟʩʠʣʢʠ ARP ʽ ʦʪʨʠʤʘʶʪʴ ʥʝʦʙʭʽʜʥʽ MAC-ʘʜʨʝʩʠ, ʙʫʜʴ-ʷʢʠʡ ʚʧʣʠʚ ʥʘ ʤʝʨʝʞʫ 

ʙʫʜʝ ʟʚʝʜʝʥʦ ʜʦ ʤʽʥʽʤʫʤʫ. 

ʉʧʫʬʽʥʛʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʪʦʢʦʣʫ ʜʦʟʚʦʣʫ ʘʜʨʝʩ (ARP) 

ʋ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʪʦʢʦʣʫ ʜʦʟʚʦʣʫ ʘʜʨʝʩ (ARP) ʤʦʞʝ 

ʧʨʝʜʩʪʘʚʣʷʪʠ ʧʝʚʥʠʡ ʨʠʟʠʢ ʜʣʷ ʙʝʟʧʝʢʠ. ʊʘʢʽ ʘʪʘʢʠ ʦʪʨʠʤʘʣʠ ʥʘʟʚʫ ARP-

ʩʧʫʬʠʥʛ ʘʙʦ çʦʪʨʫʻʥʥʷè ARP-ʢʝʰʫ. ɺ ʭʦʜʽ ʪʘʢʠʭ ʘʪʘʢ ʟʣʦʚʤʠʩʥʠʢ ʚʽʜʧʨʘʚʣʷʻ 

ʚʽʜʧʦʚʽʜʴ ʥʘ ARP-ʟʘʧʠʪ IPv4-ʘʜʨʝʩʠ ʟ ʘʜʨʝʩʦʶ ʽʥʰʦʛʦ ʧʨʠʩʪʨʦʶ, ʥʘʧʨʠʢʣʘʜ, 

ʰʣʶʟʫ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʤʘʣʶʥʢʫ. ɿʣʦʚʤʠʩʥʠʢ ʚʽʜʧʨʘʚʣʷʻ ARP-ʚʽʜʧʦʚʽʜʴ ʟʽ ʩʚʦʾʤ 

MAC-ʘʜʨʝʩʦʶ. ʆʜʝʨʞʫʚʘʯ ARP-ʚʽʜʧʦʚʽʜʽ ʜʦʜʘʩʪʴ ʬʘʣʴʩʠʬʽʢʦʚʘʥʠʡ MAC-

ʘʜʨʝʩʫ ʚ ʩʚʦʶ ʪʘʙʣʠʮʶ ARP, ʱʦ ʜʦʟʚʦʣʠʪʴ ʟʣʦʚʤʠʩʥʠʢʦʚʽ ʦʪʨʠʤʫʚʘʪʠ 

ʚʽʜʧʨʘʚʣʷʶʪʴʩʷ ʧʘʢʝʪʠ. 

ʂʦʤʫʪʘʪʦʨʠ ʢʦʨʧʦʨʘʪʠʚʥʦʛʦ ʨʽʚʥʷ ʦʩʥʘʱʝʥʽ ʬʫʥʢʮʽʻʶ ʟʘʭʠʩʪʫ ʚʽʜ ʪʘʢʦʛʦ 

ʨʦʜʫ ʘʪʘʢ, ʷʢʘ ʥʘʟʠʚʘʻʪʴʩʷ Dynamic ARP Inspection (DAI). ʌʫʥʢʮʽʷ DAI ʥʝ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚ ʮʴʦʤʫ ʢʫʨʩʽ. 

 

 

  



1.1. ʇʨʦʪʦʢʦʣʠ ʤʝʨʝʞʝʚʦʛʦ ʨʽʚʥʷ. ɸʜʨʝʩʘʮʽʷ ʚ ʤʝʨʝʞʽ. 
 

ʄʝʨʝʞʝʚʽ ʜʦʜʘʪʢʠ ʽ ʩʝʨʚʽʩʠ ʥʘ ʦʜʥʦʤʫ ʢʨʘʡʦʚʦʤʫ ʧʨʠʩʪʨʦʾ ʤʦʞʫʪʴ 

ʚʟʘʻʤʦʜʽʷʪʠ ʟ ʜʦʜʘʪʢʘʤʠ ʽ ʩʝʨʚʽʩʘʤʠ, ʟʘʧʫʱʝʥʠʤʠ ʥʘ ʽʥʰʦʤʫ ʢʨʘʡʦʚʦʤʫ 

ʧʨʠʩʪʨʦʾ. ʗʢʠʤ ʯʠʥʦʤ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʝʨʝʜʘʯʽ ʮʠʭ 

ʜʘʥʠʭ ʧʦ ʤʝʨʝʞʽ? 

ʇʨʦʪʦʢʦʣʠ ʤʝʨʝʞʝʚʦʛʦ ʨʽʚʥʷ ʤʦʜʝʣʽ OSI ʚʠʟʥʘʯʘʶʪʴ ʘʜʨʝʩʘʮʽʶ ʽ ʧʨʦʮʝʩʠ, 

ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʫʧʘʢʦʚʫʚʘʪʠ ʽ ʧʝʨʝʜʘʚʘʪʠ ʜʘʥʽ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʨʽʚʥʷ. 

ɯʥʢʘʧʩʫʣʷʮʽʷ ʤʝʨʝʞʝʚʦʛʦ ʨʽʚʥʷ ʟʘʙʝʟʧʝʯʫʻ ʧʨʦʭʦʜʞʝʥʥʷ ʜʘʥʠʭ ʧʦ ʤʝʨʝʞʽ ʜʦ 

ʘʜʨʝʩʘʪʘ (ʘʙʦ ʽʥʰʦʾ ʤʝʨʝʞʽ) ʟ ʤʽʥʽʤʘʣʴʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ. 

ɺ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʦʩʥʦʚʥʘ ʫʚʘʛʘ ʧʨʠʜʽʣʝʥʘ ʨʦʣʽ ʤʝʨʝʞʝʚʦʛʦ ʨʽʚʥʷ. ʋ ʥʽʡ 

ʘʥʘʣʽʟʫʻʪʴʩʷ ʧʨʦʮʝʩ ʧʦʜʽʣʫ ʤʝʨʝʞ ʥʘ ʛʨʫʧʠ ʚʫʟʣʽʚ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʧʦʪʦʢʦʤ 

ʧʘʢʝʪʽʚ ʜʘʥʠʭ ʚ ʤʝʞʘʭ ʦʜʥʽʻʾ ʤʝʨʝʞʽ. ʂʨʽʤ ʪʦʛʦ, ʚ ʥʽʡ ʦʧʠʩʫʶʪʴʩʷ ʩʧʦʩʦʙʠ 

ʩʧʨʦʱʝʥʥʷ ʦʙʤʽʥʫ ʜʘʥʠʤʠ ʤʽʞ ʤʝʨʝʞʘʤʠ. ʊʘʢʠʡ ʤʽʞʤʝʨʝʞʝʚʠʡ ʦʙʤʽʥ ʜʘʥʠʤʠ 

ʥʘʟʠʚʘʻʪʴʩʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ. 

ʄʝʨʝʞʝʚʠʡ ʨʽʚʝʥʴ 

ʄʝʨʝʞʝʚʠʡ ʨʽʚʝʥʴ, ʘʙʦ ʪʨʝʪʽʡ ʨʽʚʝʥʴ ʤʦʜʝʣʽ OSI, ʥʘʜʘʻ ʧʦʩʣʫʛʠ, ʱʦ 

ʜʦʟʚʦʣʷʶʪʴ ʢʽʥʮʝʚʠʤ ʧʨʠʩʪʨʦʷʤ ʦʙʤʽʥʶʚʘʪʠʩʷ ʜʘʥʠʤʠ ʧʦ ʤʝʨʝʞʽ. ɼʣʷ 

ʚʠʢʦʥʘʥʥʷ ʪʘʢʦʾ ʥʘʩʢʨʽʟʥʦʾ ʧʝʨʝʜʘʯʽ ʥʘ ʤʝʨʝʞʝʚʦʤʫ ʨʽʚʥʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʯʦʪʠʨʠ ʦʩʥʦʚʥʽ ʧʨʦʮʝʩʠ. 

ɸʜʨʝʩʘʮʽʷ ʢʽʥʮʝʚʠʭ ʧʨʠʩʪʨʦʾʚ. ʂʽʥʮʝʚʠʤ ʧʨʠʩʪʨʦʷʤ ʥʝʦʙʭʽʜʥʦ ʧʨʠʟʥʘʯʠʪʠ 

ʫʥʽʢʘʣʴʥʫ IP-ʘʜʨʝʩʫ ʜʣʷ ʤʦʞʣʠʚʦʩʪʽ ʾʭ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʚ ʤʝʨʝʞʽ. 

ɯʥʢʘʧʩʫʣʷʮʽʷ. ʄʝʨʝʞʝʚʠʡ ʨʽʚʝʥʴ ʦʪʨʠʤʫʻ ʦʜʠʥʠʮʶ ʜʘʥʠʭ ʧʨʦʪʦʢʦʣʫ (PDU) 

ʚʽʜ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʨʽʚʥʷ. ʇʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʧʨʦʮʝʩʫ, ʷʢʠʡ ʥʘʟʠʚʘʻʪʴʩʷ 

ʠʥʢʘʧʩʫʣʷʮʠʝʡ, ʤʝʨʝʞʝʚʠʡ ʨʽʚʝʥʴ ʜʦʜʘʻ ʽʥʬʦʨʤʘʮʽʶ ʟʘʛʦʣʦʚʢʘ IP, ʥʘʧʨʠʢʣʘʜ 

IP-ʘʜʨʝʩʘ ʚʫʟʣʘ ʜʞʝʨʝʣʘ (ʚʽʜʧʨʘʚʣʷʻ) ʽ ʚʫʟʣʘ ʧʨʠʟʥʘʯʝʥʥʷ (ʦʜʝʨʞʫʻ). 

ʄʘʨʰʨʫʪʠʟʘʮʽʷ. ʄʝʨʝʞʝʚʠʡ ʨʽʚʝʥʴ ʥʘʜʘʻ ʩʝʨʚʽʩʠ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ 

ʧʘʢʝʪʠ ʥʘʧʨʘʚʣʷʶʪʴʩʷ ʜʦ ʚʫʟʣʘ ʧʨʠʟʥʘʯʝʥʥʷ ʚ ʽʥʰʽʡ ʤʝʨʝʞʽ ɼʣʷ ʧʝʨʝʤʽʱʝʥʥʷ 

ʜʦ ʽʥʰʠʭ ʤʝʨʝʞ ʧʘʢʝʪ ʧʦʚʠʥʝʥ ʙʫʪʠ ʦʙʨʦʙʣʝʥʠʡ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʤ. ʈʦʣʴ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʚʠʙʨʘʪʠ ʰʣʷʭʠ ʜʣʷ ʧʘʢʝʪʽʚ ʽ ʥʘʧʨʘʚʠʪʠ ʾʭ 

ʜʦ ʚʫʟʣʘ ʧʨʠʟʥʘʯʝʥʥʷ. ʊʘʢʠʡ ʧʨʦʮʝʩ ʥʘʟʠʚʘʻʪʴʩʷ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ. ɼʦ ʪʦʛʦ ʷʢ 

ʜʦʩʷʛʪʠ ʚʫʟʣʘ ʧʨʠʟʥʘʯʝʥʥʷ, ʧʘʢʝʪ ʤʦʞʝ ʧʨʦʡʪʠ ʯʝʨʝʟ ʢʽʣʴʢʘ ʧʨʦʤʽʞʥʠʭ 

ʧʨʠʩʪʨʦʾʚ. ʂʦʞʝʥ ʤʘʨʰʨʫʪ ʥʘ ʰʣʷʭʫ ʧʘʢʝʪʘ ʜʦ ʚʫʟʣʘ ʧʨʠʟʥʘʯʝʥʥʷ ʥʘʟʠʚʘʻʪʴʩʷ 

ʧʝʨʝʭʦʜʦʤ. 

ɼʝʽʥʢʘʧʩʫʣʷʮʽʷ. ʇʽʩʣʷ ʧʨʠʙʫʪʪʷ ʧʘʢʝʪʘ ʥʘ ʤʝʨʝʞʝʚʠʡ ʨʽʚʝʥʴ ʚʫʟʣʘ 

ʧʨʠʟʥʘʯʝʥʥʷ ʮʝʡ ʚʫʟʦʣ ʧʝʨʝʚʽʨʷʻ IP-ʟʘʛʦʣʦʚʦʢ ʧʘʢʝʪʘ. ʗʢʱʦ IP-ʘʜʨʝʩʘ 

ʧʨʠʟʥʘʯʝʥʥʷ ʚ ʟʘʛʦʣʦʚʢʫ ʟʙʽʛʘʻʪʴʩʷ ʟ ʡʦʛʦ ʚʣʘʩʥʠʤ IP-ʘʜʨʝʩʦʶ, ʟʘʛʦʣʦʚʦʢ IP 

ʚʠʜʘʣʝʥʘ ʟ ʧʘʢʝʪʘ. ʇʽʩʣʷ ʜʝʽʥʢʘʧʩʫʣʷʮʽʽ ʧʘʢʝʪʘ, ʚʠʢʦʥʫʚʘʥʦʾ ʤʝʨʝʞʝʚʠʤ ʚʫʟʣʦʤ, 

ʦʪʨʠʤʘʥʘ ʦʜʠʥʠʮʷ ʜʘʥʠʭ ʧʨʦʪʦʢʦʣʫ (PDU) ʨʽʚʥʷ 4 ʧʝʨʝʩʠʣʘʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʽʡ 

ʩʣʫʞʙʽ ʥʘ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʨʽʚʥʽ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʨʽʚʥʷ (ʨʽʚʝʥʴ 4 ʤʦʜʝʣʽ OSI), ʷʢʠʡ ʫʧʨʘʚʣʷʻ 

ʧʝʨʝʜʘʯʝʶ ʜʘʥʠʭ ʤʽʞ ʧʨʦʮʝʩʘʤʠ, ʟʘʧʫʱʝʥʠʤʠ ʥʘ ʢʦʞʥʦʤʫ ʚʫʟʣʽ, ʤʝʨʝʞʝʚʠʡ 

ʨʽʚʝʥʴ ʚʢʘʟʫʶʪʴ ʩʪʨʫʢʪʫʨʫ ʧʘʢʝʪʘ ʽ ʪʠʧ ʦʙʨʦʙʢʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʧʝʨʝʤʽʱʝʥʥʷ ʜʘʥʠʭ ʚʽʜ ʦʜʥʦʛʦ ʚʫʟʣʘ ʜʦ ʽʥʰʦʛʦ. ʌʫʥʢʮʽʦʥʫʚʘʥʥʷ ʙʝʟ 

ʫʨʘʭʫʚʘʥʥʷ ʜʘʥʠʭ, ʧʝʨʝʜʘʥʠʭ ʚ ʢʦʞʥʦʤʫ ʧʘʢʝʪʽ, ʜʦʟʚʦʣʷʻ ʤʝʨʝʞʥʦʤʫ ʨʽʚʥʶ 

ʧʝʨʝʜʘʚʘʪʠ ʧʘʢʝʪʠ ʜʣʷ ʢʽʣʴʢʦʭ ʪʠʧʽʚ ʢʦʤʫʥʽʢʘʮʽʾ ʤʽʞ ʜʝʢʽʣʴʢʦʤʘ ʚʫʟʣʘʤʠ. 



ʇʨʦʪʦʢʦʣʠ ʤʝʨʝʞʝʚʦʛʦ ʨʽʚʥʷ 

ɯʩʥʫʻ ʢʽʣʴʢʘ ʧʨʦʪʦʢʦʣʽʚ ʤʝʨʝʞʝʚʦʛʦ ʨʽʚʥʷ. ʆʜʥʘʢ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʤʘʣʶʥʢʫ, 

ʟʘʟʚʠʯʘʡ ʨʝʘʣʽʟʫʶʪʴʩʷ ʪʽʣʴʢʠ 2 ʧʨʦʪʦʢʦʣʫ ʤʝʨʝʞʝʚʦʛʦ ʨʽʚʥʷ: 

¶ɯʥʪʝʨʥʝʪ-ʧʨʦʪʦʢʦʣ ʚʝʨʩʽʾ 4 (IPv4) 

¶ʧʨʦʪʦʢʦʣ IPv6 

ɯʥʢʘʧʩʫʣʷʮʽʷ ʧʨʦʪʦʢʦʣʫ IP 

ʇʨʦʪʦʢʦʣ IP ʠʥʢʘʧʩʫʣʠʨʫʝʪ ʩʝʛʤʝʥʪ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʨʽʚʥʷ ʘʙʦ ʽʥʰʽ ʜʘʥʽ 

ʰʣʷʭʦʤ ʜʦʜʘʚʘʥʥʷ ʟʘʛʦʣʦʚʢʘ IP. ʎʝʡ ʟʘʛʦʣʦʚʦʢ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʜʦʩʪʘʚʢʠ 

ʧʘʢʝʪʘ ʥʘ ʚʫʟʦʣ ʧʨʠʟʥʘʯʝʥʥʷ. ʊʝʤʘ IP ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟʤʽʥʥʠʤ ʟ ʤʦʤʝʥʪʫ 

ʚʽʜʧʨʘʚʢʠ ʧʘʢʝʪʘ ʟ ʚʫʟʣʘ ʜʞʝʨʝʣʘ ʜʦ ʡʦʛʦ ʧʨʠʙʫʪʪʷ ʥʘ ʤʝʨʝʞʝʚʠʡ ʨʽʚʝʥʴ ʚʫʟʣʘ 

ʧʨʠʟʥʘʯʝʥʥʷ. 

 
ʈʠʩ. 1.1.1 ʧʨʦʮʝʩ ʩʪʚʦʨʝʥʥʷ ʦʜʠʥʠʮʽ ʜʘʥʠʭ ʧʨʦʪʦʢʦʣʫ (PDU) ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʨʽʚʥʷ 

ʇʨʦʮʝʩ ʽʥʢʘʧʩʫʣʷʮʽʾ ʜʘʥʠʭ ʚʽʜ ʨʽʚʥʷ ʜʦ ʨʽʚʥʷ ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ 

ʨʦʟʨʦʙʣʷʪʠ ʽ ʤʘʩʰʪʘʙʫʚʘʪʠ ʩʝʨʚʽʩʠ ʥʘ ʨʽʟʥʠʭ ʨʽʚʥʷʭ ʙʝʟ ʚʧʣʠʚʫ ʥʘ ʽʥʰʽ ʨʽʚʥʽ. 

ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʩʝʛʤʝʥʪʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʨʽʚʥʷ ʤʦʞʥʘ ʣʝʛʢʦ ʫʧʘʢʫʚʘʪʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʨʦʪʦʢʦʣʽʚ IPv4 ʘʙʦ IPv6 ʘʙʦ ʙʫʜʴ-ʷʢʦʛʦ ʥʦʚʦʛʦ ʧʨʦʪʦʢʦʣʫ, ʷʢʠʡ 

ʤʦʞʝ ʙʫʪʠ ʩʪʚʦʨʝʥʠʡ ʚ ʤʘʡʙʫʪʥʴʦʤʫ. 

ʄʘʨʰʨʫʪʠʟʘʪʦʨ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʮʽ ʧʨʦʪʦʢʦʣʠ ʤʝʨʝʞʝʚʦʛʦ ʨʽʚʥʷ, 

ʱʦʙ ʧʨʘʮʶʚʘʪʠ ʚ ʤʝʨʝʞʽ ʦʜʥʦʯʘʩʥʦ. ʇʽʜ ʯʘʩ ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʷʢʫ ʚʝʜʫʪʴ ʪʘʢʽ 

ʧʨʦʤʽʞʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ, ʚʨʘʭʦʚʫʻʪʴʩʷ ʚʤʽʩʪ ʟʘʛʦʣʦʚʢʘ ʪʽʣʴʢʠ ʪʦʛʦ ʧʘʢʝʪʫ, ʷʢʠʡ 

ʽʥʢʘʧʩʫʣʶʻ ʩʝʛʤʝʥʪ. ʋ ʚʩʽʭ ʽʥʰʠʭ ʚʠʧʘʜʢʘʭ ʯʘʩʪʠʥʘ ʜʘʥʠʭ ʧʘʢʝʪʘ (ʪ. ɽ. 

ɯʥʢʘʧʩʫʣʴʦʚʘʥʘ ʦʜʠʥʠʮʷ ʜʘʥʠʭ ʧʨʦʪʦʢʦʣʫ (PDU) ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʨʽʚʥʷ) ʧʽʜ ʯʘʩ 

ʚʠʢʦʥʘʥʥʷ ʧʨʦʮʝʩʽʚ ʥʘ ʤʝʨʝʞʝʚʦʤʫ ʨʽʚʥʽ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟʤʽʥʥʦʶ 



ʇʨʦʪʦʢʦʣ IP ʙʫʚ ʨʦʟʨʦʙʣʝʥʠʡ ʷʢ ʧʨʦʪʦʢʦʣ ʟ ʥʠʟʴʢʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ. ɺʽʥ 

ʟʘʙʝʟʧʝʯʫʻ ʣʠʰʝ ʪʽ ʬʫʥʢʮʽʾ, ʷʢʽ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʜʦʩʪʘʚʢʠ ʧʘʢʝʪʘ ʚʽʜ ʚʫʟʣʘ ʜʞʝʨʝʣʘ 

ʜʦ ʚʫʟʣʘ ʧʨʠʟʥʘʯʝʥʥʷ ʧʦ ʚʟʘʻʤʦʟʘʣʝʞʥʦʾ ʩʠʩʪʝʤʽ ʤʝʨʝʞ. ʎʝʡ ʧʨʦʪʦʢʦʣ ʥʝ 

ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʧʦʪʦʢʦʤ ʧʘʢʝʪʽʚ. ʎʽ ʬʫʥʢʮʽʾ, ʧʨʠ 

ʥʝʦʙʭʽʜʥʦʩʪʽ, ʚʠʢʦʥʫʶʪʴʩʷ ʽʥʰʠʤʠ ʧʨʦʪʦʢʦʣʘʤʠ ʥʘ ʽʥʰʠʭ ʨʽʚʥʷʭ, ʚ ʧʝʨʰʫ 

ʯʝʨʛʫ - ʧʨʦʪʦʢʦʣʦʤ TCP ʥʘ ʨʽʚʥʽ 4. 

 
ʈʠʩ. 1.1.2 ʦʧʠʩ ʦʩʥʦʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʪʦʢʦʣʫ IP 

IP ʻ ʧʨʦʪʦʢʦʣʦʤ ʙʝʟ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟ'ʻʜʥʘʥʥʷ, ʘ ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʧʝʨʝʜ 

ʚʽʜʧʨʘʚʢʦʶ ʜʘʥʠʭ ʚʠʜʽʣʝʥʝ ʥʘʩʢʨʽʟʥʝ ʟ'ʻʜʥʘʥʥʷ ʥʝ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ. ʇʦ ʩʚʦʾʡ 

ʩʫʪʽ ʦʙʤʽʥ ʜʘʥʠʤʠ ʙʝʟ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟ'ʻʜʥʘʥʥʷ ʘʥʘʣʦʛʽʯʥʠʡ ʚʽʜʧʨʘʚʣʝʥʥʷ ʣʠʩʪʘ 

ʙʝʟ ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʦʚʽʜʦʤʣʝʥʥʷ ʦʜʝʨʞʫʚʘʯʘ. 

ʇʨʠ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʙʝʟ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟ'ʻʜʥʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʘʥʘʣʦʛʽʯʥʠʡ ʧʨʠʥʮʠʧ. ʇʨʦʪʦʢʦʣ IP ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻ ʟ'ʻʜʥʘʥʥʷ ʽ, ʦʪʞʝ, ʡʦʤʫ ʥʝ 

ʧʦʪʨʽʙʥʦ ʧʝʨʚʠʥʥʦʛʦ ʦʙʤʽʥʫ ʢʦʥʪʨʦʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʻʶ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʥʘʩʢʨʽʟʥʦʛʦ ʟ'ʻʜʥʘʥʥʷ ʜʦ ʧʦʯʘʪʢʫ ʧʝʨʝʩʠʣʘʥʥʷ ʧʘʢʝʪʽʚ. IP ʪʘʢʦʞ ʥʝ ʧʦʪʨʝʙʫʻ 

ʜʦʜʘʪʢʦʚʠʭ ʧʦʣʷʭ ʚ ʟʘʛʦʣʦʚʢʫ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʟ'ʻʜʥʘʥʥʷ. ʎʝʡ 

ʧʨʦʮʝʩ ʟʥʘʯʥʦ ʟʥʠʞʫʻ ʥʘʚʘʥʪʘʞʝʥʥʷ IP. ʇʨʦʪʝ ʙʝʟ ʧʦʧʝʨʝʜʥʴʦ ʚʩʪʘʥʦʚʣʝʥʦʛʦ 

ʥʘʩʢʨʽʟʥʦʛʦ ʧʽʜʢʣʶʯʝʥʥʷ ʚʽʜʧʨʘʚʥʠʢʘʤ ʥʝʚʽʜʦʤʦ, ʯʠ ʻ ʧʨʠʩʪʨʦʾ-ʘʜʨʝʩʘʪʠ ʽ ʯʠ 

ʟʜʘʪʥʽ ʚʦʥʠ ʬʫʥʢʮʽʦʥʫʚʘʪʠ ʚ ʤʦʤʝʥʪ ʚʽʜʩʠʣʘʥʥʷ ʧʘʢʝʪʽʚ, ʘ ʪʘʢʦʞ ʦʪʨʠʤʘʻ ʧʘʢʝʪ 

ʚʫʟʦʣ ʧʨʠʟʥʘʯʝʥʥʷ ʽ ʯʠ ʟʤʦʞʫʪʴ ʧʨʠʩʪʨʦʾ-ʘʜʨʝʩʘʪʠ ʦʪʨʠʤʘʪʠ ʜʦʩʪʫʧ ʜʦ ʧʘʢʝʪʫ ʽ 

ʧʨʦʯʠʪʘʪʠ ʡʦʛʦ. 

ʇʨʦʪʦʢʦʣ IP. ʥʝʛʘʨʘʥʪʦʚʘʥʘ ʜʦʩʪʘʚʢʘ 

ʅʘ ʤʘʣʶʥʢʫ ʧʦʢʘʟʘʥʘ ʦʩʦʙʣʠʚʽʩʪʴ ʧʨʦʪʦʢʦʣʫ IP, ʷʢʘ ʨʦʟʢʨʠʚʘʻ ʩʫʪʴ ʡʦʛʦ 

ʥʝʜʦʩʪʦʚʽʨʥʦʾ ʘʙʦ ʥʝʛʘʨʘʥʪʦʚʘʥʦʾ ʜʦʩʪʘʚʢʠ. ʇʨʦʪʦʢʦʣ IP ʥʝ ʛʘʨʘʥʪʫʻ ʦʪʨʠʤʘʥʥʷ 

ʚʩʽʭ ʜʦʩʪʘʚʣʷʶʪʴʩʷ ʧʘʢʝʪʽʚ. 



 
ʈʠʩ. 1.1.3 ʉʭʝʤʘ ʧʝʨʝʜʘʯʽ ʧʨʦʪʦʢʦʣʫ ɯʈ 

 çʅʝʥʘʜʽʡʥʠʡè ʧʨʦʪʦʢʦʣ - ʪʦʡ, ʷʢʠʡ ʥʝ ʟʜʘʪʥʠʡ ʢʦʥʪʨʦʣʶʚʘʪʠ ʥʝʜʦʩʪʘʚʣʝʥʽ 

ʘʙʦ ʧʦʰʢʦʜʞʝʥʽ ʧʘʢʝʪʠ ʽ ʚʽʜʥʦʚʣʶʚʘʪʠ ʾʭ. ʎʝ ʧʦʚ'ʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ, ʭʦʯʘ 

ʚʽʜʧʨʘʚʣʷʶʪʴʩʷ ʧʘʢʝʪʠ IP ʽ ʤʽʩʪʷʪʴ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʤʽʩʮʝ ʜʦʩʪʘʚʢʠ, ʚ ʥʠʭ ʚʽʜʩʫʪʥʷ 

ʽʥʬʦʨʤʘʮʽʷ, ʷʢʫ ʤʦʞʥʘ ʦʙʨʦʙʠʪʠ, ʱʦʙ ʧʦʚʽʜʦʤʠʪʠ ʚʽʜʧʨʘʚʥʠʢʫ ʧʨʦ ʫʩʧʽʰʥʦ 

ʚʠʢʦʥʘʥʫ ʜʦʩʪʘʚʮʽ. ʇʘʢʝʪʠ ʤʦʞʫʪʴ ʧʨʠʙʫʪʠ ʥʘ ʚʫʟʦʣ ʧʨʠʟʥʘʯʝʥʥʷ 

ʧʦʰʢʦʜʞʝʥʠʤʠ ʘʙʦ ʟ ʧʦʨʫʰʝʥʥʷʤ ʧʦʨʷʜʢʫ ʘʙʦ ʥʝ ʧʨʠʙʫʪʠ ʟʦʚʩʽʤ. ʋ ʨʘʟʽ 

ʚʠʥʠʢʥʝʥʥʷ ʪʘʢʠʭ ʧʦʤʠʣʦʢ ʽʥʬʦʨʤʘʮʽʷ, ʷʢʘ ʤʽʩʪʠʪʴʩʷ ʚ ʟʘʛʦʣʦʚʢʫ IP, ʥʝ 

ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʘʪʠ ʧʦʚʪʦʨʥʫ ʧʝʨʝʩʠʣʢʫ ʧʘʢʝʪʽʚ. 

ʗʢʱʦ ʚʽʜʩʫʪʥʽʩʪʴ ʧʘʢʝʪʽʚ ʘʙʦ ʥʝʜʦʪʨʠʤʘʥʥʷ ʯʝʨʛʦʚʦʩʪʽ ʩʪʚʦʨʶʻ ʧʨʦʙʣʝʤʠ 

ʜʣʷ ʜʦʜʘʪʢʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʘʥʽ, ʩʝʨʚʽʩʠ ʚʝʨʭʥʴʦʛʦ ʨʽʚʥʷ, ʥʘʧʨʠʢʣʘʜ TCP, 

ʧʦʚʠʥʥʽ ʫʩʫʥʫʪʠ ʮʽ ʧʨʦʙʣʝʤʠ. ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ 

ʧʨʦʪʦʢʦʣʫ IP. ʋ ʧʘʢʝʪʽ ʧʨʦʪʦʢʦʣʽʚ TCP / IP ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ - ʟʘʚʜʘʥʥʷ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʨʽʚʥʷ. 

ʇʨʦʪʦʢʦʣ IP ʜʽʻ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʩʝʨʝʜʦʚʠʱʘ, ʷʢʘ ʩʣʫʞʠʪʴ ʜʣʷ ʧʝʨʝʜʘʯʽ 

ʜʘʥʠʭ ʥʘ ʥʠʞʥʽʭ ʨʽʚʥʷʭ ʩʪʝʢʘ ʧʨʦʪʦʢʦʣʽʚ. ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʤʘʣʶʥʢʫ, ʙʫʜʴ-ʷʢʠʡ 

ʦʢʨʝʤʠʡ ʧʘʢʝʪ IP ʤʦʞʝ ʧʝʨʝʜʘʚʘʪʠʩʷ ʧʦ ʢʘʙʝʣʶ (ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʠʯʥʠʭ 

ʽʤʧʫʣʴʩʽʚ, ʥʘʧʨʠʢʣʘʜ ʦʧʪʠʯʥʠʭ ʩʠʛʥʘʣʽʚ ʧʦ ʦʧʪʦʚʦʣʦʢʦʥʥʦʤʫ ʢʘʙʝʣʶ) ʘʙʦ ʫ 

ʚʠʛʣʷʜʽ ʨʘʜʽʦʩʠʛʥʘʣʽʚ ʚ ʙʝʟʜʨʦʪʦʚʠʭ ʤʝʨʝʞʘʭ. 

ʂʘʥʘʣʴʥʠʡ ʨʽʚʝʥʴ OSI ʧʦʚʠʥʝʥ ʧʨʠʡʥʷʪʠ ʧʘʢʝʪ IP ʽ ʧʽʜʛʦʪʫʚʘʪʠ ʡʦʛʦ ʜʣʷ 

ʧʝʨʝʜʘʯʽ ʚ ʢʦʤʫʥʽʢʘʮʽʡʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʧʝʨʝʩʠʣʘʥʥʷ ʧʘʢʝʪʽʚ IP 

ʥʝ ʦʙʤʝʞʫʻʪʴʩʷ ʙʫʜʴ-ʷʢʦʾ ʢʦʥʢʨʝʪʥʦʾ ʢʦʤʫʥʽʢʘʮʽʡʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ. 

ʇʨʦʪʝ ʽʩʥʫʻ ʦʜʥʘ ʚʘʞʣʠʚʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʝʨʝʜʦʚʠʱʘ ʧʝʨʝʜʘʯʽ, ʷʢʘ 

ʚʨʘʭʦʚʫʻʪʴʩʷ ʥʘ ʤʝʨʝʞʝʚʦʤʫ ʨʽʚʥʽ: ʤʘʢʩʠʤʘʣʴʥʠʡ ʨʦʟʤʽʨ ʦʜʠʥʠʮʽ ʜʘʥʠʭ 

ʧʨʦʪʦʢʦʣʫ (PDU), ʷʢʠʡ ʟʜʘʪʥʘ ʧʝʨʝʩʣʘʪʠ ʱʦʩʝʨʝʜʠ. ʎʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʥʘʟʠʚʘʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʠʤ ʨʦʟʤʽʨʦʤ ʧʝʨʝʜʘʥʦʛʦ ʙʣʦʢʫ ʜʘʥʠʭ (MTU). ʏʘʩʪʠʥʘ 

ʦʙʤʽʥʫ ʢʦʥʪʨʦʣʴʥʠʤʠ ʜʘʥʠʤʠ ʤʽʞ ʢʘʥʘʣʴʥʠʤ ʨʽʚʥʝʤ ʽ ʤʝʨʝʞʝʚʠʤ ʨʽʚʥʝʤ - ʮʝ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʦʟʤʽʨʫ ʧʘʢʝʪʘ. ʂʘʥʘʣʴʥʠʡ ʨʽʚʝʥʴ ʧʝʨʝʜʘʻ 

ʟʥʘʯʝʥʥʷ MTU ʥʘ ʤʝʨʝʞʝʚʠʡ ʨʽʚʝʥʴ. ʇʦʪʽʤ ʤʝʨʝʞʝʚʠʡ ʨʽʚʝʥʴ ʚʠʟʥʘʯʘʻ ʨʦʟʤʽʨ 

ʧʘʢʝʪʽʚ. 



 
ʈʠʩ. 1.1.4 ɯʈ ʧʨʦʪʦʢʦʣ ʧʝʨʝʜʘʻʪʴʩʷ ʫ ʣʶʙʦʤʫ ʩʝʨʝʜʚʠʱʽ 

ʋ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʧʨʦʤʽʞʥʠʡ ʧʨʠʩʪʨʽʡ (ʷʢ ʧʨʘʚʠʣʦ, ʮʝ ʤʘʨʰʨʫʪʠʟʘʪʦʨ) 

ʙʫʜʝ ʧʦʜʽʣʝʥʠʡ ʧʘʢʝʪ ʧʽʜ ʯʘʩ ʡʦʛʦ ʧʝʨʝʩʠʣʘʥʥʷ ʟ ʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʝʨʝʜʘʯʽ 

ʜʘʥʠʭ ʚ ʩʝʨʝʜʫ ʟ ʤʝʥʰʠʤ ʤʘʢʩʠʤʘʣʴʥʠʤ ʨʦʟʤʽʨʦʤ ʧʝʨʝʜʘʥʦʛʦ ʙʣʦʢʫ ʜʘʥʠʭ 

(MTU). ʎʝʡ ʧʨʦʮʝʩ ʥʘʟʠʚʘʻʪʴʩʷ ʧʦʜʽʣʦʤ ʧʘʢʝʪʘ ʘʙʦ ʬʨʘʛʤʝʥʪʘʮʽʻʶ. 

ɿʘʛʦʣʦʚʦʢ ʧʘʢʝʪʘ IPv4 ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʝʢʽʣʴʢʦʭ ʧʦʣʽʚ, ʷʢʽ ʚʢʣʶʯʘʶʪʴ 

ʚʘʞʣʠʚʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʧʘʢʝʪ. ʎʽ ʧʦʣʷ ʤʽʩʪʷʪʴ ʜʚʽʡʢʦʚʽ ʯʠʩʣʘ, ʷʢʽ 

ʘʥʘʣʽʟʫʶʪʴʩʷ ʧʨʦʮʝʩʦʤ ʨʽʚʥʷ 3. ɼʚʽʡʢʦʚʽ ʟʥʘʯʝʥʥʷ ʢʦʞʥʦʛʦ ʧʦʣʷ ʚʠʟʥʘʯʘʶʪʴ 

ʨʽʟʥʽ ʧʘʨʘʤʝʪʨʠ IP-ʧʘʢʝʪʘ. ʉʭʝʤʠ ʟʘʛʦʣʦʚʢʽʚ ʧʨʦʪʦʢʦʣʫ, ʟʯʠʪʫʚʘʣʴʥʽ ʟʣʽʚʘ 

ʥʘʧʨʘʚʦ ʽ ʟʚʝʨʭʫ ʚʥʠʟ, ʥʘʜʘʶʪʴ ʥʘʦʯʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʧʦʣʷʭ ʧʨʦʪʦʢʦʣʽʚ. 

ʉʭʝʤʘ ʟʘʛʦʣʦʚʢʽʚ IP-ʧʨʦʪʦʢʦʣʫ ʥʘ ʤʘʣʶʥʢʫ ʚʠʟʥʘʯʘʻ ʧʦʣʷ IPv4-ʧʘʢʝʪʘ. 

ʉʝʨʝʜ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʭ ʧʦʣʽʚ ʚ ʟʘʛʦʣʦʚʢʫ IPv4 ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ 

ʥʘʩʪʫʧʥʽ. 

ɺʝʨʩʽʷ. ɺʢʣʶʯʘʻ ʚ ʩʝʙʝ 4-ʙʽʪʦʚʝ ʜʚʽʡʢʦʚʝ ʟʥʘʯʝʥʥʷ, ʱʦ ʚʠʟʥʘʯʘʻ ʚʝʨʩʽʶ IP-

ʧʘʢʝʪʘ. ɼʣʷ ʧʘʢʝʪʽʚ IPv4 ʚ ʮʴʦʤʫ ʧʦʣʽ ʟʘʚʞʜʠ ʚʢʘʟʘʥʦ ʟʥʘʯʝʥʥʷ 0100. 

ɼʠʬʝʨʝʥʮʽʡʦʚʘʥʽ ʩʝʨʚʽʩʠ (DS). ʇʦʣʝ, ʷʢʝ ʨʘʥʽʰʝ ʥʘʟʠʚʘʣʦʩʷ çʊʠʧ ʩʝʨʚʽʩʫè 

(ToS); DS - ʮʝ 8-ʙʽʪʦʚʝ ʧʦʣʝ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʨʽʦʨʠʪʝʪʫ 

ʢʦʞʥʦʛʦ ʧʘʢʝʪʘ. 6 ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʭ ʙʽʪʽʚ ʧʦʣʷ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʠʭ ʧʦʩʣʫʛ 

(DSCP) ʽ ʦʩʪʘʥʥʽ 2 ʙʽʪʠ - ʮʝ ʙʽʪʠ ʷʚʥʦʛʦ ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦ ʟʘʪʦʨʠ (ECN). 

ʏʘʩ ʽʩʥʫʚʘʥʥʷ (Time-to-Live, TTL). ʄʽʩʪʠʪʴ 8-ʙʽʪʦʚʝ ʜʚʽʡʢʦʚʝ ʟʥʘʯʝʥʥʷ, ʷʢʝ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʙʤʝʞʝʥʥʷ ʯʘʩʫ ʽʩʥʫʚʘʥʥʷ ʧʘʢʝʪʫ. ɺʽʜʧʨʘʚʥʠʢ ʧʘʢʝʪʘ 

ʚʩʪʘʥʦʚʣʶʻ ʧʦʯʘʪʢʦʚʝ ʟʥʘʯʝʥʥʷ ʯʘʩʫ ʽʩʥʫʚʘʥʥʷ (TTL), ʷʢʝ ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ 

ʦʜʠʥʠʮʶ ʢʦʞʥʦʛʦ ʨʘʟʫ ʧʨʠ ʦʙʨʦʙʮʽ ʧʘʢʝʪʘ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʤ. ʗʢʱʦ ʟʥʘʯʝʥʥʷ ʚ 

ʧʦʣʽ TTL ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ ʥʫʣʷ, ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʚʽʜʢʠʜʘʻ ʧʘʢʝʪ ʽ ʚʽʜʧʨʘʚʣʷʻ ʥʘ 

IP-ʘʜʨʝʩʘ ʜʞʝʨʝʣʘ ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦ ʧʝʨʝʚʠʱʝʥʥʷ ʯʘʩʫ ʧʨʦʪʦʢʦʣʫ ICMP 

(ʫʧʨʘʚʣʽʥʥʷ ʧʦʚʽʜʦʤʣʝʥʥʷʤʠ ʚ ʤʝʨʝʞʽ). 

ʇʦʣʝ ʇʨʦʪʦʢʦʣ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʪʦʢʦʣʫ ʥʘʩʪʫʧʥʦʛʦ 

ʨʽʚʥʷ. ʎʝ 8-ʙʽʪʦʚʝ ʜʚʽʡʢʦʚʝ ʟʥʘʯʝʥʥʷ, ʷʢʝ ʚʢʘʟʫʻ ʪʠʧ ʢʦʨʠʩʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʜʘʥʠʭ, ʷʢʽ ʧʝʨʝʥʦʩʠʪʴ ʧʘʢʝʪ, ʱʦ ʜʦʟʚʦʣʷʻ ʤʝʨʝʞʥʦʤʫ ʨʽʚʥʶ ʧʝʨʝʩʠʣʘʪʠ ʜʘʥʽ ʥʘ 



ʚʽʜʧʦʚʽʜʥʠʡ ʧʨʦʪʦʢʦʣ ʙʽʣʴʰ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ. ɿʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʟʥʘʯʝʥʥʷ ICMP (1), TCP (6) ʽ UDP (17). 

IPv4-ʘʜʨʝʩ ʜʞʝʨʝʣʘ ʤʽʩʪʠʪʴ 32-ʙʽʪʦʚʝ ʜʚʽʡʢʦʚʝ ʟʥʘʯʝʥʥʷ, ʷʢʝ ʧʨʝʜʩʪʘʚʣʷʻ 

IPv4-ʘʜʨʝʩ ʜʞʝʨʝʣʘ ʧʘʢʝʪʫ. IPv4-ʘʜʨʝʩ ʜʞʝʨʝʣʘ - ʮʝ ʟʘʚʞʜʠ ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ 

ʘʜʨʝʩʫ. 

IPv4-ʘʜʨʝʩ ʧʨʠʟʥʘʯʝʥʥʷ ʤʽʩʪʠʪʴ 32-ʙʽʪʦʚʝ ʜʚʽʡʢʦʚʝ ʟʥʘʯʝʥʥʷ, ʷʢʝ 

ʧʨʝʜʩʪʘʚʣʷʻ IPv4-ʘʜʨʝʩ ʧʨʠʟʥʘʯʝʥʥʷ ʧʘʢʝʪʘ. IPv4-ʘʜʨʝʩ ʧʨʠʟʥʘʯʝʥʥʷ - 

ʦʜʥʦʘʜʨʝʩʥʘʷ ʨʦʟʩʠʣʢʘ, ʙʘʛʘʪʦʘʜʨʝʩʥʘ ʨʦʟʩʠʣʢʘ, ʘʙʦ ʰʠʨʦʢʦʤʦʚʥʘ ʘʜʨʝʩʘ. 

ɼʚʘ ʥʘʡʙʽʣʴʰ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʧʦʣʷ - ʮʝ IP-ʘʜʨʝʩʘ ʜʞʝʨʝʣʘ ʪʘ IP-

ʘʜʨʝʩʘ ʧʨʠʟʥʘʯʝʥʥʷ. ʎʽ ʧʦʣʷ ʚʠʟʥʘʯʘʶʪʴ, ʟʚʽʜʢʠ ʥʘʜʽʡʰʦʚ ʧʘʢʝʪ ʽ ʢʫʜʠ ʚʽʥ 

ʧʨʷʤʫʻ. ɿʘʟʚʠʯʘʡ ʚ ʧʨʦʮʝʩʽ ʧʝʨʝʜʘʯʽ ʚʽʜ ʚʫʟʣʘ ʜʞʝʨʝʣʘ ʜʦ ʚʫʟʣʘ ʧʨʠʟʥʘʯʝʥʥʷ ʮʽ 

ʘʜʨʝʩʠ ʥʝ ʟʤʽʥʶʶʪʴʩʷ. 

 

ʇʦʣʷ çʈʦʟʤʽʨ ʟʘʛʦʣʦʚʢʘè (Internet Header Length, IHL), çɿʘʛʘʣʴʥʠʡ ʨʦʟʤʽʨè 

ʽ çʂʦʥʪʨʦʣʴʥʘ ʩʫʤʘ ʟʘʛʦʣʦʚʢʘè ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʽ ʧʝʨʝʚʽʨʢʠ 

ʧʘʢʝʪʘ. 

 
ʈʠʩ. 1.1.5 ɿʘʛʦʣʦʚʦʢ ʧʨʦʪʦʢʦʣʫ ɯʈv4 

ʈʝʰʪʘ ʧʦʣʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʝʨʝʫʧʦʨʷʜʦʯʠʚʘʥʠʷ 

ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʘʢʝʪʘ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ IPv4-ʧʘʢʝʪ ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʦʣʷ 

çɯʜʝʥʪʠʬʽʢʘʮʽʷè, çʇʨʘʧʦʨʠè ʽ çɿʩʫʚ ʬʨʘʛʤʝʥʪʘè ʜʣʷ ʚʽʜʩʪʝʞʝʥʥʷ ʬʨʘʛʤʝʥʪʽʚ. 

ʄʘʨʰʨʫʪʠʟʘʪʦʨʘ ʤʦʞʝ ʟʥʘʜʦʙʠʪʠʩʷ ʚʠʢʦʥʘʪʠ ʬʨʘʛʤʝʥʪʘʮʽʶ ʧʘʢʝʪʫ ʧʨʠ ʡʦʛʦ 

ʧʝʨʝʩʠʣʘʥʥʽ ʟ ʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʚ ʽʥʰʝ ʩʝʨʝʜʦʚʠʱʝ ʟ ʤʝʥʰʠʤ 

ʤʘʢʩʠʤʘʣʴʥʠʤ ʨʦʟʤʽʨʦʤ ʧʝʨʝʜʘʥʦʛʦ ʙʣʦʢʫ ʜʘʥʠʭ (MTU). 



ʇʦʣʷ çʇʘʨʘʤʝʪʨʠè ʽ çɿʘʧʦʚʥʶʚʘʯè ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʜʢʦ ʽ ʚ ʮʴʦʤʫ 

ʨʦʟʜʽʣʽ ʥʝ ʨʦʟʛʣʷʜʘʶʪʴʩʷ. 

 

ʇʨʦʪʷʛʦʤ ʙʘʛʘʪʴʦʭ ʨʦʢʽʚ ʧʨʦʪʦʢʦʣ IPv4 ʧʝʨʽʦʜʠʯʥʦ ʦʥʦʚʣʶʚʘʚʩʷ ʜʣʷ 

ʚʠʨʽʰʝʥʥʷ ʥʦʚʠʭ ʟʘʚʜʘʥʴ. ʇʨʦʪʝ ʥʘʚʽʪʴ ʚ ʨʝʟʫʣʴʪʘʪʽ ʟʤʽʥ IPv4 ʽ ʨʘʥʽʰʝ ʤʘʻ ʪʨʠ 

ʦʩʥʦʚʥʠʭ ʥʝʜʦʣʽʢʠ. 

ɹʨʘʢ IP-ʘʜʨʝʩ. IPv4 ʤʦʞʝ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʣʠʰʝ ʦʙʤʝʞʝʥʘ ʢʽʣʴʢʽʩʪʴ 

ʫʥʽʢʘʣʴʥʠʭ ʧʫʙʣʽʯʥʠʭ IP-ʘʜʨʝʩ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ ʱʦ ʽʩʥʫʻ ʧʨʠʙʣʠʟʥʦ 4 

ʤʽʣʴʷʨʜʠ IPv4-ʘʜʨʝʩ, ʟʙʽʣʴʰʝʥʝ ʯʠʩʣʦ ʥʦʚʠʭ ʧʨʠʩʪʨʦʾʚ, ʚ ʷʢʠʭ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʦʪʦʢʦʣ IP, ʘ ʪʘʢʦʞ ʧʦʪʝʥʮʽʡʥʝ ʟʨʦʩʪʘʥʥʷ ʤʝʥʰ ʨʦʟʚʠʥʝʥʠʭ 

ʨʝʛʽʦʥʽʚ ʧʨʠʚʝʣʠ ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʜʦʜʘʪʢʦʚʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʘʜʨʝʩ. 

ʈʦʟʰʠʨʝʥʥʷ ʪʘʙʣʠʮʽ ʽʥʪʝʨʥʝʪ-ʤʘʨʰʨʫʪʠʟʘʮʽʾ. ʊʘʙʣʠʮʷ ʤʘʨʰʨʫʪʠʟʘʮʽʾ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʰʣʷʭʽʚ 

ʧʝʨʝʩʠʣʘʥʥʷ ʜʘʥʠʭ. ʋ ʤʽʨʫ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʩʝʨʚʝʨʽʚ (ʚʫʟʣʽʚ), ʧʽʜʢʣʶʯʝʥʠʭ 

ʜʦ ɯʥʪʝʨʥʝʪʫ, ʪʘʢʦʞ ʟʨʦʩʪʘʻ ʯʠʩʣʦ ʤʝʨʝʞʝʚʠʭ ʤʘʨʰʨʫʪʽʚ. ʎʽ ʤʘʨʰʨʫʪʠ IPv4 

ʩʧʦʞʠʚʘʶʪʴ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʧʘʤ'ʷʪʽ ʽ ʨʝʩʫʨʩʽʚ ʧʨʦʮʝʩʦʨʽʚ ʽʥʪʝʨʥʝʪ-

ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ. 

ɹʨʘʢ ʥʘʩʢʨʽʟʥʠʭ ʟ'ʻʜʥʘʥʴ. ʇʝʨʝʪʚʦʨʝʥʥʷ ʤʝʨʝʞʝʚʠʭ ʘʜʨʝʩ (NAT) ʷʚʣʷʻ 

ʩʦʙʦʶ ʪʝʭʥʦʣʦʛʽʶ, ʷʢʘ ʟʘʟʚʠʯʘʡ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʤʝʨʝʞʘʭ IPv4. NAT ʜʦʟʚʦʣʷʻ 

ʨʽʟʥʠʤ ʧʨʠʩʪʨʦʷʤ ʩʧʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʜʠʥ ʧʫʙʣʽʯʥʠʡ IPv4-ʘʜʨʝʩ. ʇʨʠ 

ʮʴʦʤʫ, ʦʩʢʽʣʴʢʠ ʧʫʙʣʽʯʥʠʡ IPv4-ʘʜʨʝʩ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʧʽʣʴʥʦ, IPv4-ʘʜʨʝʩ 

ʚʫʟʣʘ ʚʥʫʪʨʽʰʥʴʦʾ ʤʝʨʝʞʽ ʧʨʠʭʦʚʘʥʠʡ. ʎʝ ʤʦʞʝ ʧʨʝʜʩʪʘʚʣʷʪʠ ʧʨʦʙʣʝʤʫ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʝʭʥʦʣʦʛʽʡ, ʜʣʷ ʷʢʠʭ ʥʝʦʙʭʽʜʥʽ ʥʘʩʢʨʽʟʥʽ ʟ'ʻʜʥʘʥʥʷ. 

ʅʘ ʧʦʯʘʪʢʫ 90-ʭ ʨʦʢʽʚ ʬʘʭʽʚʮʽ ʽʥʞʝʥʝʨʥʦʾ ʛʨʫʧʠ ʟ ʨʦʟʚʠʪʢʫ ɯʥʪʝʨʥʝʪʫ 

(IETF) ʧʽʜʥʷʣʠ ʧʠʪʘʥʥʷ ʧʨʦ ʥʝʜʦʣʽʢʠ ʧʨʦʪʦʢʦʣʫ IPv4 ʽ ʧʦʯʘʣʠ ʧʦʰʫʢʠ 

ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʨʽʰʝʥʴ. ʈʝʟʫʣʴʪʘʪʦʤ ʧʦʰʫʢʽʚ ʩʪʘʣʘ ʨʦʟʨʦʙʢʘ ʧʨʦʪʦʢʦʣʫ IP 

ʚʝʨʩʽʾ 6 (IPv6). IPv6 ʜʦʧʦʤʘʛʘʻ ʧʦʜʦʣʘʪʠ ʦʙʤʝʞʝʥʥʷ ʧʨʦʪʦʢʦʣʫ IPv4 ʽ ʟʥʘʯʥʦ 

ʨʦʟʰʠʨʶʻ ʜʦʩʪʫʧʥʽ ʤʦʞʣʠʚʦʩʪʽ, ʧʨʦʧʦʥʫʶʯʠ ʬʫʥʢʮʽʾ, ʷʢʽ ʦʧʪʠʤʘʣʴʥʦ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʦʪʦʯʥʠʤ ʽ ʧʨʦʛʥʦʟʦʚʘʥʠʤ ʤʝʨʝʞʝʚʠʤ ʚʠʤʦʛʘʤ. 

 

ɼʦ ʧʦʣʽʧʰʝʥʴ, ʷʢʽ ʧʨʦʧʦʥʫʻ ʧʨʦʪʦʢʦʣ IPv6, ʚʽʜʥʦʩʷʪʴʩʷ ʥʘʩʪʫʧʥʽ. 

 

ʈʦʟʰʠʨʝʥʝ ʘʜʨʝʩʥʠʡ ʧʨʦʩʪʽʨ. IPv6-ʘʜʨʝʩʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 128-ʙʽʪʥʫ 

ʽʻʨʘʨʭʽʯʥʫ ʘʜʨʝʩʘʮʽʶ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʨʦʪʦʢʦʣʫ IPv4, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻ 32 ʙʽʪʘ. 

ʇʦʢʨʘʱʝʥʘ ʦʙʨʦʙʢʘ ʧʘʢʝʪʽʚ. ʉʪʨʫʢʪʫʨʘ ʟʘʛʦʣʦʚʢʘ IPv6 ʙʫʣʘ ʩʧʨʦʱʝʥʘ 

ʟʘʚʜʷʢʠ ʟʤʝʥʰʝʥʥʶ ʢʽʣʴʢʦʩʪʽ ʧʦʣʽʚ. 

ɺʽʜʩʫʪʥʽʩʪʴ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚ ʚʠʢʦʨʠʩʪʘʥʥʽ NAT. ɿʘʚʜʷʢʠ ʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ 

ʧʫʙʣʽʯʥʠʭ IPv6-ʘʜʨʝʩ ʥʝʤʘʻ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚ ʧʝʨʝʪʚʦʨʝʥʥʽ ʤʝʨʝʞʝʚʠʭ ʘʜʨʝʩ 

(NAT) ʤʽʞ ʧʨʠʚʘʪʥʠʤʠ ʽ ʧʫʙʣʽʯʥʠʤʠ ʘʜʨʝʩʘʤʠ IPv4. ʎʝ ʜʦʟʚʦʣʷʻ ʫʩʫʥʫʪʠ ʜʝʷʢʽ 

ʧʨʦʙʣʝʤʠ, ʧʦʚ'ʷʟʘʥʽ ʟ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʤʝʨʝʞʝʚʠʭ ʘʜʨʝʩ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʧʨʠ 

ʨʦʙʦʪʽ ʜʦʜʘʪʢʽʚ, ʱʦ ʚʠʤʘʛʘʶʪʴ ʥʘʩʢʨʽʟʥʦʛʦ ʟ'ʻʜʥʘʥʥʷ. 

32-ʙʽʪʦʚʝ ʘʜʨʝʩʥʠʡ ʧʨʦʩʪʽʨ IPv4 ʧʝʨʝʜʙʘʯʘʻ ʧʨʠʙʣʠʟʥʦ 4 294 967 296 

ʫʥʽʢʘʣʴʥʠʭ ʘʜʨʝʩ. ɸʜʨʝʩʥʠʡ ʧʨʦʩʪʽʨ ʧʨʦʪʦʢʦʣʫ IPv6 ʧʽʜʪʨʠʤʫʻ 340 282 366 920 

938 463 463 374 607 431 768 211 456 ʘʙʦ 340 ʫʥʜʝʮʽʣʣʽʦʥʦʚ ʘʜʨʝʩ, ʱʦ 

ʧʨʠʙʣʠʟʥʦ ʜʦʨʽʚʥʶʻ ʢʽʣʴʢʦʩʪʽ ʧʽʱʠʥʦʢ ʥʘ ɿʝʤʣʽ. 



 
ʈʠʩ. 1.1.6 ɺʽʟʫʘʣʴʥʝ ʧʦʨʽʚʥʷʥʥʷ ʘʜʨʝʩʥʦʛʦ ʧʨʦʩʪʦʨʫ ʧʨʦʪʦʢʦʣʽʚ IPv4 ʪʘ IPv6 

ʆʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʦʣʽʧʰʝʥʴ ʧʨʦʪʦʢʦʣʫ IPv6 ʚ ʧʦʨʽʚʥʷʥʥʽ 

ʟ IPv4 ʻ ʩʧʨʦʱʝʥʠʡ ʟʘʛʦʣʦʚʦʢ IPv6. 

ʅʘʧʨʠʢʣʘʜ, ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ. 1 ʟʘʛʦʣʦʚʦʢ IPv4 ʩʢʣʘʜʘʻʪʴʩʷ ʟ 20 ʦʢʪʝʪʽʚ (ʜʦ 

60 ʙʘʡʪ, ʷʢʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʦʣʝ çʇʘʨʘʤʝʪʨʠè) ʽ 12 ʦʩʥʦʚʥʠʭ ʧʦʣʽʚ 

ʟʘʛʦʣʦʚʢʘ, ʥʝ ʚʨʘʭʦʚʫʶʯʠ ʧʦʣʷ çʇʘʨʘʤʝʪʨʠè ʽ çɿʘʧʦʚʥʶʚʘʯè. ʗʢ ʚʠʜʥʦ ʥʘ 

ʤʘʣʶʥʢʫ, ʚ IPv6 ʜʝʷʢʽ ʧʦʣʷ ʟʘʣʠʰʠʣʠʩʷ ʢʦʣʠʰʥʽʤʠ, ʜʝʷʢʽ ʧʦʣʷ ʟʘʛʦʣʦʚʢʘ IPv4 

ʙʽʣʴʰ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ, ʘ ʚ ʜʝʷʢʠʭ ʧʦʣʷʭ ʟʤʽʥʝʥʽ ʥʘʟʚʠ ʽ ʨʦʟʪʘʰʫʚʘʥʥʷ. 

 
ʈʠʩ. 1.1.7 ɿʘʛʦʣʦʚʦʢ ɯʈ ʧʘʢʝʪʫ 



ʋ ʪʦʡ ʞʝ ʯʘʩ ʟʘʛʦʣʦʚʦʢ IPv6, ʩʢʣʘʜʘʻʪʴʩʷ ʟ 40 ʦʢʪʝʪʽʚ (ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ 

ʯʝʨʝʟ ʜʦʚʞʠʥʫ ʘʜʨʝʩ IPv6 ʜʞʝʨʝʣʘ ʽ ʧʨʠʟʥʘʯʝʥʥʷ) ʽ 8 ʧʦʣʽʚ ʟʘʛʦʣʦʚʢʽʚ (3 

ʦʩʥʦʚʥʠʭ ʧʦʣʷ ʟʘʛʦʣʦʚʢʽʚ IPv4 ʽ 5 ʜʦʜʘʪʢʦʚʠʭ ʧʦʣʽʚ). ʗʢ ʚʠʜʥʦ ʥʘ ʤʘʣʶʥʢʫ, 

ʥʘʟʚʠ ʜʝʷʢʠʭ ʧʦʣʽʚ ʟʘʣʠʰʠʣʠʩʷ ʪʘʢʠʤʠ ʞ, ʷʢ ʽ ʚ IPv4, ʚ ʜʝʷʢʠʭ ʧʦʣʷʭ ʟʤʽʥʝʥʽ 

ʥʘʟʚʠ ʽ ʨʦʟʪʘʰʫʚʘʥʥʷ, ʢʨʽʤ ʪʦʛʦ, ʜʦʜʘʥʦ ʥʦʚʝ ʧʦʣʝ. 

ʇʦʣʷ ʚ ʟʘʛʦʣʦʚʢʫ ʧʘʢʝʪʘ IPv6: 

ɺʝʨʩʽʷ. ʎʝ ʧʦʣʝ ʤʽʩʪʠʪʴ 4-ʙʽʪʦʚʝ ʜʚʽʡʢʦʚʝ ʟʥʘʯʝʥʥʷ, ʷʢʝ ʚʠʟʥʘʯʘʻ ʚʝʨʩʽʶ 

IP-ʧʘʢʝʪʘ. ɼʣʷ ʧʘʢʝʪʽʚ IPv6 ʚ ʮʴʦʤʫ ʧʦʣʽ ʟʘʚʞʜʠ ʚʢʘʟʘʥʦ ʟʥʘʯʝʥʥʷ 0110. 

ʂʣʘʩ ʪʨʘʬʽʢʫ. ʎʝ 8-ʙʽʪʦʚʝ ʧʦʣʝ, ʚʽʜʧʦʚʽʜʥʝ ʧʦʣʶ çɼʠʬʝʨʝʥʮʽʡʦʚʘʥʽ ʩʝʨʚʽʩʠ 

(DS)è ʚ ʟʘʛʦʣʦʚʢʫ IPv4. 

ʄʽʪʢʘ ʧʦʪʦʢʫ. ʎʝ 20-ʙʽʪʦʚʝ ʧʦʣʝ ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʚʩʽʤ ʧʘʢʝʪʘʤ ʟ 

ʦʜʥʘʢʦʚʠʤʠ ʤʽʪʢʘʤʠ ʧʦʪʦʢʫ ʧʨʠʟʥʘʯʘʻʪʴʩʷ ʦʜʥʘʢʦʚʠʡ ʪʠʧ ʦʙʨʦʙʢʠ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤʠ. 

ɼʦʚʞʠʥʘ ʢʦʨʠʩʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʎʝ 16-ʙʽʪʦʚʝ ʧʦʣʝ ʚʢʘʟʫʻ ʜʦʚʞʠʥʫ 

ʙʣʦʢʫ ʜʘʥʠʭ ʘʙʦ ʢʦʨʠʩʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʘʢʝʪʘ IPv6. 

ʅʘʩʪʫʧʥʠʡ ʟʘʛʦʣʦʚʦʢ. ʎʝ 8-ʙʽʪʦʚʝ ʧʦʣʝ, ʚʽʜʧʦʚʽʜʥʝ ʧʦʣʶ çʇʨʦʪʦʢʦʣè ʚ 

ʟʘʛʦʣʦʚʢʫ IPv4. ɺʦʥʦ ʚʢʘʟʫʻ ʪʠʧ ʢʦʨʠʩʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʘʥʠʭ, ʷʢʽ ʧʝʨʝʥʦʩʠʪʴ 

ʧʘʢʝʪ, ʱʦ ʜʦʟʚʦʣʷʻ ʤʝʨʝʞʥʦʤʫ ʨʽʚʥʶ ʧʝʨʝʩʠʣʘʪʠ ʜʘʥʽ ʥʘ ʚʽʜʧʦʚʽʜʥʠʡ ʧʨʦʪʦʢʦʣ 

ʙʽʣʴʰ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ. 

ʄʝʞʘ ʧʝʨʝʭʦʜʫ. ʎʝ 8-ʙʽʪʦʚʝ ʧʦʣʝ, ʱʦ ʟʘʤʽʥʷʻ ʧʦʣʝ çʏʘʩ ʽʩʥʫʚʘʥʥʷè (TTL) ʚ 

IPv4. ʎʝ ʟʥʘʯʝʥʥʷ ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ ʦʜʠʥʠʮʶ ʢʦʞʥʠʤ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʤ, 

ʧʝʨʝʩʠʣʘʪʠ ʧʘʢʝʪ. ʂʦʣʠ ʣʽʯʠʣʴʥʠʢ ʜʦʩʷʛʘʻ ʟʥʘʯʝʥʥʷ 0, ʧʘʢʝʪ ʚʽʜʢʠʜʘʻʪʴʩʷ, ʽ ʥʘ 

ʱʦ ʚʽʜʧʨʘʚʣʷʻ ʚʫʟʦʣ ʧʝʨʝʩʠʣʘʻʪʴʩʷ ʧʦʚʽʜʦʤʣʝʥʥʷ ICMPv6, ʷʢʝ ʦʟʥʘʯʘʻ, ʱʦ 

ʧʘʢʝʪ ʥʝ ʜʦʩʷʛ ʩʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʪʘʢ ʷʢ ʙʫʚ ʧʝʨʝʚʠʱʝʥʠʡ ʤʝʞʘ ʧʝʨʝʭʦʜʽʚ. 

IPv6-ʘʜʨʝʩʘ ʜʞʝʨʝʣʘ. ʎʝ 128-ʙʽʪʦʚʝ ʧʦʣʝ, ʱʦ ʚʠʟʥʘʯʘʻ IPv6-ʘʜʨʝʩʘ 

ʧʨʠʡʤʘʶʯʦʛʦ ʚʫʟʣʘ. 

IPv6-ʘʜʨʝʩʘ ʧʨʠʟʥʘʯʝʥʥʷ. ʎʝ 128-ʙʽʪʦʚʝ ʧʦʣʝ, ʱʦ ʚʠʟʥʘʯʘʻ IPv6-ʘʜʨʝʩʘ 

ʧʨʠʡʤʘʶʯʦʛʦ ʚʫʟʣʘ. 

ʇʘʢʝʪ IPv6 ʪʘʢʦʞ ʤʦʞʝ ʤʽʩʪʠʪʠ ʟʘʛʦʣʦʚʢʠ ʨʦʟʰʠʨʝʥʴ (EH), ʷʢʽ ʥʘʜʘʶʪʴ 

ʜʦʜʘʪʢʦʚʫ ʽʥʬʦʨʤʘʮʽʶ ʤʝʨʝʞʝʚʦʛʦ ʨʽʚʥʷ. ɿʘʛʦʣʦʚʢʠ ʨʦʟʰʠʨʝʥʴ ʻ ʜʦʜʘʪʢʦʚʠʤʠ ʽ 

ʧʦʤʽʱʘʶʪʴʩʷ ʤʽʞ ʟʘʛʦʣʦʚʢʦʤ IPv6 ʽ ʢʦʨʠʩʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ. ɿʘʛʦʣʦʚʢʠ 

ʨʦʟʰʠʨʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʬʨʘʛʤʝʥʪʘʮʽʾ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ, 

ʧʽʜʪʨʠʤʢʠ ʤʦʙʽʣʴʥʦʩʪʽ ʽ ʙʘʛʘʪʦ ʯʦʛʦ ʽʥʰʦʛʦ. 



 
ʈʠʩ. 1.1.8 ʇʦʣʷ ʟʘʛʦʣʦʚʢʫ ɯʈv6 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ IPv4, ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ ʥʝ ʜʽʣʷʪʴ ʥʘ ʯʘʩʪʠʥʠ ʩʧʨʷʤʦʚʘʥʽ 

IPv6-ʧʘʢʝʪʠ. 

ɯʥʰʠʤ ʧʨʠʟʥʘʯʝʥʥʷʤ ʤʝʨʝʞʝʚʦʛʦ ʚʫʟʣʘ ʻ ʧʝʨʝʩʠʣʘʥʥʷ ʧʘʢʝʪʽʚ ʤʽʞ 

ʚʫʟʣʘʤʠ. ɺʫʟʦʣ ʤʦʞʝ ʚʽʜʧʨʘʚʠʪʠ ʧʘʢʝʪ ʥʘ ʥʘʩʪʫʧʥʽ ʘʜʨʝʩʠ. 

ʉʘʤʦʤʫ ʩʦʙʽ. ɺʫʟʦʣ ʤʦʞʝ ʚʽʜʧʨʘʚʠʪʠ ʣʫʥʘ-ʟʘʧʠʪ ʥʘ ʩʧʝʮʽʘʣʴʥʠʡ IPv4-

ʘʜʨʝʩ, ʷʢʠʡ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʷʢ 127.0.0.1 ʽ ʥʘʟʠʚʘʻʪʴʩʷ ʽʥʪʝʨʬʝʡʩʦʤ loopback. 

ɺʽʜʧʨʘʚʢʘ ʣʫʥʘ-ʟʘʧʠʪʫ ʥʘ ʽʥʪʝʨʬʝʡʩ loopback ʪʝʩʪʫʻ ʩʪʝʢ ʧʨʦʪʦʢʦʣʫ TCP / IP ʥʘ 

ʚʫʟʣʽ. 

ʃʦʢʘʣʴʥʠʡ ʚʫʟʦʣ. ɺʫʟʦʣ ʚ ʪʽʡ ʞʝ ʣʦʢʘʣʴʥʽʡ ʤʝʨʝʞʽ, ʚ ʷʢʽʡ ʪʘʢʦʞ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚʽʜʧʨʘʚʣʷʻ ʚʫʟʦʣ. ɺʫʟʣʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʦʜʠʥ ʽ ʪʦʡ ʞʝ ʤʝʨʝʞʝʚʫ 

ʘʜʨʝʩʫ. 

ɺʽʜʜʘʣʝʥʠʡ ʚʫʟʦʣ. ɺʫʟʦʣ ʫ ʚʽʜʜʘʣʝʥʽʡ ʤʝʨʝʞʽ. ɺʫʟʣʠ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʦʜʠʥ ʽ ʪʦʡ ʞʝ ʤʝʨʝʞʝʚʫ ʘʜʨʝʩʫ. 

ʗʢʦʤʫ ʚʫʟʣʫ ʘʜʨʝʩʦʚʘʥʠʡ ʧʘʢʝʪ - ʣʦʢʘʣʴʥʦʤʫ ʘʙʦ ʚʽʜʜʘʣʝʥʦʤʫ - 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʦʤʙʽʥʘʮʽʻʶ IPv4-ʘʜʨʝʩʠ ʽ ʤʘʩʢʠ ʧʽʜʤʝʨʝʞʽ ʧʨʠʩʪʨʦʶ ʜʞʝʨʝʣʘ 

(ʘʙʦ ʚʽʜʧʨʘʚʣʷʻ ʧʨʠʩʪʨʦʾ), ʷʢʽ ʧʦʨʽʚʥʶʶʪʴʩʷ ʟ IPv4-ʘʜʨʝʩʦʶ ʽ ʤʘʩʢʦʶ ʧʽʜʤʝʨʝʞʽ 

ʧʨʠʩʪʨʦʶ ʧʨʠʟʥʘʯʝʥʥʷ. 

ʋ ʜʦʤʘʰʥʽʡ ʘʙʦ ʢʦʨʧʦʨʘʪʠʚʥʦʾ ʤʝʨʝʞʽ ʤʦʞʫʪʴ ʧʝʨʝʙʫʚʘʪʠ ʢʽʣʴʢʘ ʜʨʦʪʷʥʠʭ 

ʽ ʙʝʟʜʨʦʪʦʚʠʭ ʧʨʠʩʪʨʦʾʚ, ʟ'ʻʜʥʘʥʠʭ ʦʜʠʥ ʟ ʦʜʥʠʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʤʽʞʥʦʛʦ 

ʧʨʠʩʪʨʦʶ, ʪʘʢʦʛʦ ʷʢ ʢʦʤʫʪʘʪʦʨ ʣʦʢʘʣʴʥʦʾ ʤʝʨʝʞʽ (LAN) ʽ (ʘʙʦ) ʪʦʯʢʘ 

ʙʝʟʜʨʦʪʦʚʦʛʦ ʜʦʩʪʫʧʫ (WAP). ʎʝ ʧʨʦʤʽʞʥʠʡ ʧʨʠʩʪʨʽʡ ʟʘʙʝʟʧʝʯʫʻ ʟ'ʻʜʥʘʥʥʷ ʤʽʞ 

ʣʦʢʘʣʴʥʠʤʠ ʚʫʟʣʘʤʠ ʚ ʣʦʢʘʣʴʥʽʡ ʤʝʨʝʞʽ. ʃʦʢʘʣʴʥʽ ʚʫʟʣʠ ʤʦʞʫʪʴ ʦʪʨʠʤʫʚʘʪʠ 

ʜʦʩʪʫʧ ʦʜʠʥ ʜʦ ʦʜʥʦʛʦ ʽ ʦʙʤʽʥʶʚʘʪʠʩʷ ʽʥʬʦʨʤʘʮʽʻʶ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʫʜʴ-

ʷʢʠʭ ʜʦʜʘʪʢʦʚʠʭ ʧʨʠʩʪʨʦʾʚ. ʗʢʱʦ ʚʫʟʦʣ ʚʽʜʧʨʘʚʣʷʻ ʧʘʢʝʪ ʧʨʠʩʪʨʦʶ, ʷʢʝ 

ʥʘʣʘʰʪʦʚʘʥʝ ʚ ʮʽʡ ʞʝ IP-ʤʝʨʝʞʽ ʚ ʷʢʦʩʪʽ ʛʦʣʦʚʥʦʛʦ ʧʨʠʩʪʨʦʶ, ʧʘʢʝʪ ʧʨʦʩʪʦ 

ʧʝʨʝʩʠʣʘʻʪʴʩʷ ʟ ʽʥʪʝʨʬʝʡʩʫ ʚʫʟʣʘ ʯʝʨʝʟ ʧʨʦʤʽʞʥʝ ʧʨʠʩʪʨʽʡ ʧʨʷʤʦ ʥʘ ʧʨʠʩʪʨʽʡ 

ʧʨʠʟʥʘʯʝʥʥʷ. 



ɿʨʦʟʫʤʽʣʦ, ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʥʘʤ ʧʦʪʨʽʙʥʦ, ʱʦʙ ʥʘʰʽ ʧʨʠʩʪʨʦʾ ʤʦʛʣʠ 

ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʟ'ʻʜʥʘʥʥʷ ʟʘ ʤʝʞʘʤʠ ʩʝʛʤʝʥʪʘ ʣʦʢʘʣʴʥʦʾ ʤʝʨʝʞʽ: ʧʽʜʢʣʶʯʘʪʠʩʷ 

ʜʦ ʽʥʰʠʭ ʙʫʜʠʥʢʽʚ, ʦʬʽʩʽʚ ʪʘ ɯʥʪʝʨʥʝʪʫ. ʇʨʠʩʪʨʦʾ, ʷʢʽ ʥʝ ʚʭʦʜʷʪʴ ʚ ʩʝʛʤʝʥʪ 

ʣʦʢʘʣʴʥʦʾ ʤʝʨʝʞʽ, ʥʘʟʠʚʘʶʪʴʩʷ ʚʽʜʜʘʣʝʥʠʤʠ ʚʫʟʣʘʤʠ. ʗʢʱʦ ʚʠʭʽʜʥʝ ʧʨʠʩʪʨʽʡ 

ʚʽʜʧʨʘʚʣʷʻ ʧʘʢʝʪ ʜʦ ʚʽʜʜʘʣʝʥʦʛʦ ʧʨʠʩʪʨʦʶ ʧʨʠʟʥʘʯʝʥʥʷ, ʪʦ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʧʦʪʨʽʙʥʘ ʜʦʧʦʤʦʛʘ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ ʽ ʚʠʢʦʥʘʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. 

ʄʘʨʰʨʫʪʠʟʘʮʽʷ - ʮʝ ʧʨʦʮʝʩ ʚʠʟʥʘʯʝʥʥʷ ʥʘʡʢʨʘʱʦʛʦ ʰʣʷʭʫ ʜʦ ʚʫʟʣʘ 

ʧʨʠʟʥʘʯʝʥʥʷ. ʄʘʨʰʨʫʪʠʟʘʪʦʨ, ʧʽʜʢʣʶʯʝʥʠʡ ʜʦ ʩʝʛʤʝʥʪʫ ʣʦʢʘʣʴʥʦʾ ʤʝʨʝʞʽ, 

ʥʘʟʠʚʘʻʪʴʩʷ ʰʣʶʟʦʤ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ. 

ʐʣʶʟ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ - ʮʝ ʤʝʨʝʞʝʚʠʡ ʧʨʠʩʪʨʽʡ, ʷʢʠʡ ʥʘʧʨʘʚʣʷʻ ʪʨʘʬʽʢ ʚ 

ʽʥʰʽ ʤʝʨʝʞʽ. ʎʝ ʤʘʨʰʨʫʪʠʟʘʪʦʨ, ʷʢʠʡ ʤʦʞʝ ʥʘʧʨʘʚʣʷʪʠ ʪʨʘʬʽʢ ʟʘ ʤʝʞʽ 

ʣʦʢʘʣʴʥʦʾ ʤʝʨʝʞʽ. 

ʗʢʱʦ ʚ ʷʢʦʩʪʽ ʘʥʘʣʦʛʽʾ ʤʝʨʝʞʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʽʤʥʘʪʫ, ʰʣʶʟʦʤ ʟʘ 

ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʙʫʜʝ ʚʭʽʜʥʽ ʜʚʝʨʽ. ʑʦʙ ʧʦʪʨʘʧʠʪʠ ʚ ʽʥʰʫ ʢʽʤʥʘʪʫ ʘʙʦ ʤʝʨʝʞʫ, 

ʧʦʪʨʽʙʥʦ ʟʥʘʡʪʠ ʚʭʽʜʥʽ ʜʚʝʨʽ. 

ɺ ʷʢʦʩʪʽ ʘʣʴʪʝʨʥʘʪʠʚʠ, ʇʂ ʘʙʦ ʢʦʤʧ'ʶʪʝʨ, ʷʢʦʤʫ ʥʽʭʪʦ ʥʝ ʟʥʘʻ IP-ʘʜʨʝʩʘ 

ʰʣʶʟʫ, ʧʦʜʽʙʥʠʡ ʜʦ ʯʦʣʦʚʽʢʘ ʚ ʢʽʤʥʘʪʽ, ʷʢʘ ʥʝ ʟʥʘʻ, ʜʝ ʟʥʘʭʦʜʠʪʴʩʷ ʜʚʝʨʽ. ʎʷ 

ʣʶʜʠʥʘ ʤʦʞʝ ʨʦʟʤʦʚʣʷʪʠ ʟ ʽʥʰʠʤʠ ʣʶʜʴʤʠ ʚ ʢʽʤʥʘʪʽ ʘʙʦ ʚ ʤʝʨʝʞʽ, ʘʣʝ ʷʢʱʦ ʚʽʥ 

ʥʝ ʟʥʘʻ ʘʜʨʝʩʫ ʰʣʶʟʫ ʘʙʦ ʷʢʱʦ ʰʣʶʟʫ ʚʟʘʛʘʣʽ ʥʝ ʽʩʥʫʻ, ʪʦ ʚʽʥ ʥʝ ʤʦʞʝ ʚʠʡʪʠ ʟ 

ʢʽʤʥʘʪʠ. 

 

ʊʘʙʣʠʮʷ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚʫʟʣʘ, ʷʢ ʧʨʘʚʠʣʦ, ʤʽʩʪʠʪʴ ʰʣʶʟ. ɺʫʟʦʣ ʦʪʨʠʤʫʻ 

IPv4-ʘʜʨʝʩ ʰʣʶʟʫ ʘʙʦ ʜʠʥʘʤʽʯʥʦ ʚʽʜ ʧʨʦʪʦʢʦʣʫ ʜʠʥʘʤʽʯʥʦʾ ʥʘʩʪʨʦʡʢʠ ʚʫʟʣʘ 

(DHCP) ʘʙʦ ʟ ʚʨʫʯʥʫ ʥʘʣʘʰʪʦʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʅʘ ʨʠʩ. 1 ʢʦʤʧ'ʶʪʝʨʠ PC1 ʽ PC2 

ʥʘʣʘʰʪʦʚʘʥʽ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʣʶʟʫ ʟ IPv4-ʘʜʨʝʩʦʶ 192.168.10.1. ʋ ʪʘʙʣʠʮʽ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʇʂ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʥʘʣʘʰʪʦʚʘʥʦʛʦ ʰʣʶʟʫ ʩʪʚʦʨʶʻʪʴʩʷ ʤʘʨʰʨʫʪ 

ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ. ʄʘʨʰʨʫʪ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ - ʤʘʨʰʨʫʪ ʘʙʦ ʰʣʷʭ, ʧʦ ʷʢʦʤʫ 

ʡʜʝ ʢʦʤʧ'ʶʪʝʨ, ʢʦʣʠ ʚʽʥ ʥʘʤʘʛʘʻʪʴʩʷ ʟʚ'ʷʟʘʪʠʩʷ ʟ ʚʽʜʜʘʣʝʥʦʾ ʤʝʨʝʞʝʶ. 

 
ʈʠʩ. 1.1.9 ʆʩʥʦʚʥʠʡ ʰʣʶʟ ʚʠʭʦʜʫ ʚ ʛʣʦʙʘʣʴʥʫ ʤʝʨʝʞʫ 



ʄʘʨʰʨʫʪ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʥʬʽʛʫʨʘʮʽʾ 

ʰʣʶʟʫ ʽ ʧʦʤʽʱʘʻʪʴʩʷ ʚ ʪʘʙʣʠʮʶ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʛʦʣʦʚʥʦʛʦ ʢʦʤʧ'ʶʪʝʨʘ. ɯ 

ʢʦʤʧ'ʶʪʝʨ PC1, ʽ ʢʦʤʧ'ʶʪʝʨ PC2 ʤʘʪʠʤʫʪʴ ʤʘʨʰʨʫʪ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʜʣʷ 

ʚʽʜʧʨʘʚʢʠ ʚʩʴʦʛʦ ʪʨʘʬʽʢʫ, ʧʨʠʟʥʘʯʝʥʦʛʦ ʜʣʷ ʚʽʜʜʘʣʝʥʠʭ ʤʝʨʝʞ, ʜʦ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ R1. 

ʅʘ ʚʫʟʣʽ ʧʽʜ ʫʧʨʘʚʣʽʥʥʷʤ ʆʉ Windows ʜʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʪʘʙʣʠʮʽ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚʫʟʣʘ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʦʤʘʥʜʫ route print ʘʙʦ netstat -r. 

ʆʙʠʜʚʽ ʢʦʤʘʥʜʠ ʚʠʜʘʶʪʴ ʦʜʥʘʢʦʚʠʡ ʨʝʟʫʣʴʪʘʪ. ʉʧʦʯʘʪʢʫ ʦʪʨʠʤʘʥʽ ʚʠʭʽʜʥʽ ʜʘʥʽ 

ʤʦʞʫʪʴ ʟʜʘʪʠʩʷ ʟʘʥʘʜʪʦ ʚʝʣʠʢʠʤʠ, ʦʜʥʘʢ ʨʦʟʽʙʨʘʪʠʩʷ ʚ ʥʠʭ ʜʦʩʠʪʴ ʣʝʛʢʦ. 

ʇʽʩʣʷ ʚʚʝʜʝʥʥʷ ʢʦʤʘʥʜʠ netstat -r ʘʙʦ ʨʽʚʥʦʮʽʥʥʦʾ ʾʡ ʢʦʤʘʥʜʠ route print 

ʙʫʜʫʪʴ ʚʽʜʦʙʨʘʞʝʥʽ ʥʘʩʪʫʧʥʽ ʪʨʠ ʨʦʟʜʽʣʠ, ʷʢʽ ʩʪʦʩʫʶʪʴʩʷ ʧʦʪʦʯʥʠʤ ʤʝʨʝʞʝʚʠʤ 

ʧʽʜʢʣʶʯʝʥʥʷʤ TCP / IP. 

 
ʈʠʩ. 1.1.10 ɺʠʢʦʨʠʩʪʘʥʥʷ ʫʪʠʣʽʪʠ netstat -r 

ʉʧʠʩʦʢ ʽʥʪʝʨʬʝʡʩʫ. ʄʽʩʪʠʪʴ ʘʜʨʝʩʫ ʫʧʨʘʚʣʽʥʥʷ ʜʦʩʪʫʧʦʤ ʜʦ ʩʝʨʝʜʦʚʠʱʘ 

(MAC-ʘʜʨʝʩʫ) ʽ ʧʨʠʩʚʦʻʥʠʡ ʥʦʤʝʨ ʽʥʪʝʨʬʝʡʩʫ ʟ ʧʽʜʪʨʠʤʢʦʶ ʤʝʨʝʞʽ ʥʘ ʚʫʟʣʽ, 

ʚʢʣʶʯʘʶʯʠ ʘʜʘʧʪʝʨʠ Ethernet, Wi-Fi ʽ Bluetooth. 

ʊʘʙʣʠʮʷ ʤʘʨʰʨʫʪʠʟʘʮʽʾ IPv4. ʄʽʩʪʠʪʴ ʚʩʽ ʚʽʜʦʤʽ ʤʘʨʰʨʫʪʠ IPv4, 

ʚʢʣʶʯʘʶʯʠ ʧʨʷʤʽ ʧʽʜʢʣʶʯʝʥʥʷ, ʣʦʢʘʣʴʥʽ ʤʝʨʝʞʽ ʪʘ ʣʦʢʘʣʴʥʽ ʤʘʨʰʨʫʪʠ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ. 

ʊʘʙʣʠʮʷ ʤʘʨʰʨʫʪʠʟʘʮʽʾ IPv6. ʄʽʩʪʠʪʴ ʚʩʽ ʚʽʜʦʤʽ ʤʘʨʰʨʫʪʠ IPv6, 

ʚʢʣʶʯʘʶʯʠ ʧʨʷʤʽ ʧʽʜʢʣʶʯʝʥʥʷ, ʣʦʢʘʣʴʥʽ ʤʝʨʝʞʽ ʪʘ ʣʦʢʘʣʴʥʽ ʤʘʨʰʨʫʪʠ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ. 

ʂʦʣʠ ʚʫʟʦʣ ʚʽʜʧʨʘʚʣʷʻ ʧʘʢʝʪ ʽʥʰʦʤʫ ʚʫʟʣʫ, ʚʽʥ ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʚʦʶ 

ʪʘʙʣʠʮʶ ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʱʦʙ ʚʠʟʥʘʯʠʪʠ ʤʽʩʮʝ ʚʽʜʧʨʘʚʢʠ ʧʘʢʝʪʘ. ʗʢʱʦ ʚʫʟʦʣ 

ʧʨʠʟʥʘʯʝʥʥʷ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʚʽʜʜʘʣʝʥʽʡ ʤʝʨʝʞʽ, ʧʘʢʝʪ ʧʝʨʝʩʠʣʘʻʪʴʩʷ ʥʘ ʰʣʶʟ ʟʘ 

ʟʘʤʦʚʯʫʚʘʥʥʷʤ. 

ʑʦ ʚʽʜʙʫʚʘʻʪʴʩʷ, ʢʦʣʠ ʧʘʢʝʪ ʧʨʠʙʫʚʘʻ ʥʘ ʰʣʶʟ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ 

(ʟʘʟʚʠʯʘʡ ʤʘʨʰʨʫʪʠʟʘʪʦʨ)? ʄʘʨʰʨʫʪʠʟʘʪʦʨ ʧʝʨʝʚʽʨʷʻ ʩʚʦʶ ʪʘʙʣʠʮʶ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʱʦʙ ʚʠʟʥʘʯʠʪʠ ʤʽʩʮʝ ʧʝʨʝʩʠʣʘʥʥʷ ʧʘʢʝʪʘ. 



ʄʘʨʰʨʫʪʠ ʟ ʧʨʷʤʠʤ ʧʽʜʢʣʶʯʝʥʥʷʤ. ʎʽ ʤʘʨʰʨʫʪʠ ʥʘʜʘʶʪʴʩʷ ʘʢʪʠʚʥʠʤʠ 

ʽʥʪʝʨʬʝʡʩʘʤʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ. ʄʘʨʰʨʫʪʠʟʘʪʦʨ ʜʦʜʘʶʪʴ ʤʘʨʰʨʫʪ ʟ ʧʨʷʤʠʤ 

ʧʽʜʢʣʶʯʝʥʥʷʤ, ʢʦʣʠ ʽʥʪʝʨʬʝʡʩ ʥʘʣʘʰʪʦʚʘʥʠʡ ʟ IP-ʘʜʨʝʩʦʶ ʽ ʘʢʪʠʚʦʚʘʥʠʡ. 

ʂʦʞʝʥ ʟ ʽʥʪʝʨʬʝʡʩʽʚ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʧʽʜʢʣʶʯʝʥʠʡ ʜʦ ʨʽʟʥʦʛʦ ʩʝʛʤʝʥʪʫ ʤʝʨʝʞʽ. 

ɼʠʩʪʘʥʮʽʡʥʽ ʤʘʨʰʨʫʪʠ. ʎʽ ʤʘʨʰʨʫʪʠ ʥʘʜʘʶʪʴʩʷ ʚʽʜʜʘʣʝʥʠʤʠ ʤʝʨʝʞʘʤʠ, 

ʧʽʜʢʣʶʯʝʥʠʤʠ ʜʦ ʽʥʰʠʭ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ. ʄʘʨʰʨʫʪʠ ʜʦ ʮʠʭ ʤʝʨʝʞ ʤʦʞʫʪʴ 

ʙʫʪʠ ʥʘʣʘʰʪʦʚʘʥʽ ʥʘ ʣʦʢʘʣʴʥʦʤʫ ʤʘʨʰʨʫʪʠʟʘʪʦʨʝ ʚʨʫʯʥʫ ʘʜʤʽʥʽʩʪʨʘʪʦʨʦʤ 

ʤʝʨʝʞʽ ʘʙʦ ʧʨʠʟʥʘʯʝʥʽ ʜʠʥʘʤʽʯʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʦʢʘʣʴʥʦʛʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ, 

ʷʢʠʡ ʦʙʤʽʥʶʻʪʴʩʷ ʜʘʥʠʤʠ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʟ ʽʥʰʠʤʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤʠ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʣʷ ʮʴʦʛʦ ʧʨʦʪʦʢʦʣʠ ʜʠʥʘʤʽʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. 

ʄʘʨʰʨʫʪ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ. ʇʦʜʽʙʥʦ ʚʫʟʣʫ, ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ ʪʘʢʦʞ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʘʨʰʨʫʪ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ, ʷʢ ʢʨʘʡʥʷ ʤʽʨʘ, ʷʢʱʦ ʽʥʰʦʛʦ 

ʤʘʨʰʨʫʪʫ ʜʦ ʧʦʪʨʽʙʥʦʾ ʤʝʨʝʞʽ ʚ ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʥʝʤʘʻ. 

ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʤʘʣʶʥʢʫ, ʥʘ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽ ʟ ʦʧʝʨʘʮʽʡʥʦʶ ʩʠʩʪʝʤʦʶ 

Cisco IOS ʜʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʡʦʛʦ ʪʘʙʣʠʮʽ IPv4-ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʤʦʞʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʢʦʤʘʥʜʘ show ip route. 

ʊʘʙʣʠʮʷ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʥʘʜʘʻ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʜʣʷ ʤʝʨʝʞ ʟ 

ʧʨʷʤʠʤ ʧʽʜʢʣʶʯʝʥʥʷʤ ʽ ʚʽʜʜʘʣʝʥʠʭ ʤʝʨʝʞ, ʘ ʪʘʢʦʞ ʧʨʦ ʧʦʨʷʜʦʢ ʚʠʟʥʘʯʝʥʥʷ 

ʤʘʨʰʨʫʪʫ, ʡʦʛʦ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʪʘ ʨʝʡʪʠʥʛʫ, ʢʦʣʠ ʤʘʨʰʨʫʪ ʙʫʚ ʦʩʪʘʥʥʽʡ ʨʘʟ 

ʦʥʦʚʣʝʥʠʡ ʽ ʷʢʠʡ ʽʥʪʝʨʬʝʡʩ ʩʣʽʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ, ʱʦʙ ʜʦʩʷʛʪʠ ʟʘʧʠʪʫʚʘʥʦʾ 

ʧʨʠʟʥʘʯʝʥʥʷ. 

ʂʦʣʠ ʥʘ ʽʥʪʝʨʬʝʡʩ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʥʘʜʭʦʜʠʪʴ ʧʘʢʝʪ, ʤʘʨʰʨʫʪʠʟʘʪʦʨ 

ʘʥʘʣʽʟʫʻ ʡʦʛʦ ʟʘʛʦʣʦʚʦʢ, ʱʦʙ ʚʠʟʥʘʯʠʪʠ ʤʝʨʝʞʫ ʧʨʠʟʥʘʯʝʥʥʷ. ʗʢʱʦ ʤʝʨʝʞʘ 

ʧʨʠʟʥʘʯʝʥʥʷ ʟʙʽʛʘʻʪʴʩʷ ʟ ʤʘʨʰʨʫʪʦʤ ʚ ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʤʘʨʰʨʫʪʠʟʘʪʦʨ 

ʧʝʨʝʩʠʣʘʻ ʧʘʢʝʪ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʽʥʬʦʨʤʘʮʽʶ ʚ ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. ʗʢʱʦ 

ʽʩʥʫʶʪʴ ʜʚʘ ʽ ʙʽʣʴʰʝ ʡʤʦʚʽʨʥʠʭ ʤʘʨʰʨʫʪʫ ʜʦ ʦʜʥʦʛʦ ʧʫʥʢʪʫ ʧʨʠʟʥʘʯʝʥʥʷ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʤʘʨʰʨʫʪʫ, ʷʢʠʡ ʟ'ʷʚʠʪʴʩʷ ʚ ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ, 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʪʨʠʢʘ. 

ʇʨʠ ʘʢʪʠʚʘʮʽʾ ʽʥʪʝʨʬʝʡʩʫ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ, ʥʘʣʘʰʪʦʚʘʥʦʛʦ ʟʘ ʜʦʧʦʤʦʛʦʶ 

IPv4-ʘʜʨʝʩʠ ʽ ʤʘʩʢʠ ʧʽʜʤʝʨʝʞʽ, ʘʚʪʦʤʘʪʠʯʥʦ ʩʪʚʦʨʶʶʪʴʩʷ ʪʘʢʽ ʜʚʘ ʝʣʝʤʝʥʪʠ 

ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. 

C ʦʟʥʘʯʘʻ ʤʝʨʝʞʫ ʟ ʧʨʷʤʠʤ ʧʽʜʢʣʶʯʝʥʥʷʤ. ʄʝʨʝʞʽ ʟ ʧʨʷʤʠʤ 

ʧʽʜʢʣʶʯʝʥʥʷʤ ʩʪʚʦʨʶʶʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʦ, ʢʦʣʠ ʽʥʪʝʨʬʝʡʩ ʥʘʣʘʰʪʦʚʫʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ IP-ʘʜʨʝʩʠ ʽ ʘʢʪʠʚʫʻʪʴʩʷ. 

L ʦʟʥʘʯʘʻ, ʱʦ ʮʝ ʣʦʢʘʣʴʥʠʡ ʽʥʪʝʨʬʝʡʩ. ʎʝ IPv4-ʘʜʨʝʩ ʽʥʪʝʨʬʝʡʩʫ ʥʘ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʽ. 

ʅʘ ʤʘʣʶʥʢʫ ʧʨʝʜʩʪʘʚʣʝʥʽ ʦʧʠʩʠ ʟʘʧʠʩʽʚ ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʥʘ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʽ R1 ʜʣʷ ʤʝʨʝʞʽ ʟ ʧʨʷʤʠʤ ʧʽʜʢʣʶʯʝʥʥʷʤ 192.168.10.0. ʎʽ ʟʘʧʠʩʠ 

ʘʚʪʦʤʘʪʠʯʥʦ ʜʦʜʘʥʽ ʚ ʪʘʙʣʠʮʶ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʧʨʠ ʥʘʣʘʰʪʫʚʘʥʥʽ ʽ ʘʢʪʠʚʘʮʽʾ 

ʽʥʪʝʨʬʝʡʩʫ GigabitEthernet 0/0. ʅʘʪʠʩʥʽʪʴ ʥʘ ʢʦʞʝʥ ʟʥʘʢ ʧʣʶʩʘ ( ç+è), ʱʦʙ 

ʧʝʨʝʛʣʷʥʫʪʠ ʜʦʜʘʪʢʦʚʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʟʘʧʠʩʠ ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚ ʤʝʨʝʞʽ 

ʟ ʧʨʷʤʠʤ ʧʽʜʢʣʶʯʝʥʥʷʤ. 

ʂʦʣʠ ʧʘʢʝʪ, ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʚʽʜʜʘʣʝʥʦʾ ʤʝʨʝʞʽ, ʥʘʜʭʦʜʠʪʴ ʥʘ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨ, ʚʽʥ ʧʦʨʽʚʥʶʻ ʤʝʨʝʞʫ ʧʨʠʟʥʘʯʝʥʥʷ ʟ ʤʘʨʰʨʫʪʦʤ, ʟʘʟʥʘʯʝʥʠʤ ʚ 

ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. ʗʢʱʦ ʟʙʽʛ ʟʥʘʡʜʝʥʦ, ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʧʝʨʝʩʠʣʘʻ ʧʘʢʝʪ ʥʘ 

ʘʜʨʝʩʫ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʥʘʩʪʫʧʥʦʛʦ ʧʝʨʝʭʦʜʫ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʣʷ ʮʴʦʛʦ 

ʽʥʪʝʨʬʝʡʩ, ʚʢʘʟʘʥʠʡ ʫ ʟʘʧʠʩʽ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ. 



ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʢʦʤʧ'ʶʪʝʨ PC1 ʘʙʦ PC2 ʚʽʜʧʨʘʚʠʚ ʧʘʢʝʪ, ʧʨʠʟʥʘʯʝʥʠʡ ʘʙʦ 

ʜʣʷ ʤʝʨʝʞʽ 10.1.1.0, ʘʙʦ ʜʣʷ ʤʝʨʝʞʽ 10.1.2.0. ʂʦʣʠ ʧʘʢʝʪ ʧʨʠʙʫʚʘʻ ʥʘ ʽʥʪʝʨʬʝʡʩ 

Gigabit ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ R1, ʤʘʨʰʨʫʪʠʟʘʪʦʨ R1 ʧʦʨʽʚʥʶʻ IPv4-ʘʜʨʝʩ 

ʧʨʠʟʥʘʯʝʥʥʷ ʧʘʢʝʪʘ ʟ ʟʘʧʠʩʘʤʠ ʚ ʩʚʦʾʡ ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. ʊʘʙʣʠʮʷ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 2. ɺʠʭʦʜʷʯʠ ʟʽ ʟʤʽʩʪʫ ʩʚʦʻʾ ʪʘʙʣʠʮʽ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʤʘʨʰʨʫʪʠʟʘʪʦʨ R1 ʧʝʨʝʩʠʣʘʻ ʧʘʢʝʪ ʟʽ ʩʚʦʛʦ ʧʦʩʣʽʜʦʚʥʦʛʦ 

ʽʥʪʝʨʬʝʡʩʫ Serial 0/0/0 ʥʘ ʘʜʨʝʩʫ 209.165.200.226 ʥʘʩʪʫʧʥʦʛʦ ʧʝʨʝʭʦʜʫ. 

ɿʚʝʨʥʽʪʴ ʫʚʘʛʫ: ʤʝʨʝʞʽ ʟ ʧʨʷʤʠʤ ʧʽʜʢʣʶʯʝʥʥʷʤ ʟ ʜʞʝʨʝʣʦʤ ʤʘʨʰʨʫʪʫ C ʽ L 

ʥʝ ʤʘʶʪʴ ʘʜʨʝʩʠ ʥʘʩʪʫʧʥʦʛʦ ʧʝʨʝʭʦʜʫ. ʎʝ ʧʦʚ'ʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨ 

ʤʦʞʝ ʧʝʨʝʩʠʣʘʪʠ ʧʘʢʝʪʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʦ ʚʫʟʣʽʚ ʚ ʮʠʭ ʤʝʨʝʞʘʭ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʟʘʟʥʘʯʝʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ. 

ɺʘʞʣʠʚʦ ʪʘʢʦʞ ʨʦʟʫʤʽʪʠ, ʱʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʥʝ ʤʦʞʝ ʧʝʨʝʩʠʣʘʪʠ ʧʘʢʝʪʠ, 

ʷʢʱʦ ʚ ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚʽʜʩʫʪʥʷ ʤʘʨʰʨʫʪ ʜʣʷ ʤʝʨʝʞʽ ʧʨʠʟʥʘʯʝʥʥʷ. ʗʢʱʦ 

ʤʘʨʰʨʫʪ, ʱʦ ʧʦʟʥʘʯʘʻ ʤʝʨʝʞʫ ʧʨʠʟʥʘʯʝʥʥʷ, ʚ ʪʘʙʣʠʮʽ ʥʝ ʚʢʘʟʘʥʦ, ʧʘʢʝʪ 

ʚʽʜʢʠʜʘʻʪʴʩʷ (ʪʦʙʪʦ ʥʝ ʧʝʨʝʩʠʣʘʻʪʴʩʷ). ʇʨʦʪʝ, ʦʩʢʽʣʴʢʠ ʚʫʟʦʣ ʤʦʞʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʰʣʶʟ ʜʣʷ ʧʝʨʝʩʠʣʘʥʥʷ ʧʘʢʝʪʘ ʥʝʚʽʜʦʤʦʤʫ ʘʜʨʝʩʘʪʫ, 

ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʪʘʢʦʞ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʘʨʰʨʫʪ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ, ʱʦʙ 

ʩʪʚʦʨʶʚʘʪʠ ʰʣʶʟ çʦʩʪʘʥʥʴʦʾ ʥʘʜʽʾè. ʄʘʨʰʨʫʪ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʤʦʞʝ ʙʫʪʠ 

ʥʘʣʘʰʪʦʚʘʥʠʡ ʚʨʫʯʥʫ ʘʙʦ ʦʪʨʠʤʘʥʠʡ ʜʠʥʘʤʽʯʥʦ. 

ʄʘʨʰʨʫʪʠʟʘʪʦʨ - ʮʝ ʢʦʤʧ'ʶʪʝʨ 

ɯʩʥʫʻ ʙʝʟʣʽʯ ʪʽʧʽʚ ʤʘʨʰʨʫʪʽʟʘʪʦʨʽʚ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʨʽʟʥʽʭ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʘʭ. ʄʘʨʰʨʫʪʠʟʘʪʦʨ Cisco ʧʨʽʟʥʘʯʝʥʽ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʩʘʤʠʭ 

ʨʽʟʥʽʭ ʢʦʤʧʘʥʽʷʭ ʠ ʄʝʨʝʞʘ. 

ʌʽʣʽʾ: ʚʽʜʜʘʣʝʥʽ ʧʨʘʮʽʚʥʠʢʠ, ʥʝʚʝʣʽʢʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʠ ʬʽʣʽʾ ʉɽʈɽɼʅʗ 

ʨʦʟʤʽʨʫ. ɺʠʢʦʨʠʩʪʦʚʫʶʪʴ ʄʘʨʰʨʫʪʠʟʘʪʦʨʠ Cisco G2 ʟ ʽʥʪʝʛʨʦʚʘʥʽʤʽ ʩʝʨʚʽʩʘʤʽ 

(2-ʝ ʧʦʢʦʣʝʥʠʝ). 

ʄʝʨʝʞʽ WAN: ɺʝʣʠʢʽ ʢʦʤʧʘʥʠʠ, ʦʨʛʘʥʠʟʘʮʠʠ ʪʘ ʧʽʜʧʨʠʻʤʩʪʚʘ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʦʤʫʪʘʪʦʨʠ Cisco ʉʝʨʽʾ Catalyst ʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ Cisco ʟ 

ʘʛʨʝʛʘʮʽʻʶ ʩʝʨʚʽʩʽʚ (Aggregation Services Router, ASR). 

ʆʧʝʨʘʪʦʨʠ ʟʚ'ʷʟʢʫ: ɺʝʣʠʢʽ ʦʧʝʨʘʪʦʨʠ ʟʚ'ʷʟʢʫ. ɺʠʢʦʨʠʩʪʦʚʫʶʪʴ Cisco ASR, 

ʩʠʩʪʝʤʘ ʤʘʨʰʨʫʪʽʟʘʮʽʾ ʦʧʝʨʘʪʦʨʩʴʢʦʛʦ ʢʣʘʩʫ Cisco CRS-3 ʠ ʄʘʨʰʨʫʪʠʟʘʪʦʨʠ 

ʉʝʨʽʾ 7600. 

ʆʩʥʦʚʥʘ ʫʚʘʛʘ ʚ ʇʨʦʛʨʘʤʽ ʩʝʨʪʠʬʽʢʘʮʽʾ CCNA ʧʨʽʜʽʣʝʥʦ ʣʽʥʽʡʮʽ 

ʤʘʨʰʨʫʪʽʟʘʪʦʨʽʚ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʬʽʣʽʷʭ. ʅʘ ʤʘʣʶʥʢʫ ʟʦʙʨʘʞʝʥʦ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ Cisco 1900 2900 ʠ 3900 G2 ʟ ʽʥʪʝʛʨʦʚʘʥʽʤʽ ʩʝʨʚʽʩʘʤʽ. 

 

ʅʝʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʚʦʠʭ ʬʫʥʢʮʽʡ, ʨʦʟʤʽʨʫ ʘʙʦ ʩʢʣʘʜʥʦʩʪʽ ʚʩʽ ʤʦʜʝʣʽ 

ʤʘʨʰʨʫʪʽʟʘʪʦʨʽʚ ʌʘʢʪʠʯʥʦ ʧʨʝʜʩʪʘʚʣʷʶʪʴʩʷ ʩʦʙʦʶ ʢʦʤʧ'ʶʪʝʨʠ. ʗʢ ʠ 

ʢʦʤʧ'ʶʪʝʨʽʚ, ʧʣʘʥʰʝʪʽʚ ʠ ʽʥʪʝʣʝʢʪʫʘʣʴʥʽʤ ʧʨʠʣʘʰʪʫʚʘʪʠ, ʤʘʨʰʨʫʪʽʟʘʪʦʨʽʚ 

ʥʝʦʙʭʽʜʥʽ ʩʣʝʜʫʶʱʠʝ ʢʦʤʧʦʥʝʥʪʠ: 

ʎʝʥʪʨʘʣʴʥʠʡ ʧʨʦʮʝʩʦʨ (ʎʇ). 

ʆʧʝʨʘʮʽʡʥʘ ʩʠʩʪʝʤʘ (ʆʉ). 

ʇʘʤ'ʷʪʴ, ʷʢʘ ɺʢʣʶʯʘʻ ʦʧʝʨʘʪʠʚʥʠʡ ʇʨʠʩʪʨʽʡ (ʆɿʋ), ʇʦʩʪʽʡʥʠʡ 

ʟʘʧʘʤ'ʷʪʦʚʫʶʯʠʡ ʇʨʠʩʪʨʽʡ (ʇɿʋ), ʥʝʟʘʣʝʞʥʝ ʦʧʝʨʘʪʠʚʥʠʡ ʇʨʠʩʪʨʽʡ (NVRAM) 

ʠ ʬʣʝʰ-ʧʘʤ'ʷʪʴ. 

ʗʢ ʽ ʚʩʽʤ ʢʦʤʧ'ʶʪʝʨʘʤ, ʧʣʘʥʰʝʪʽʚ, ʽʛʨʦʚʠʭ ʢʦʥʩʦʣʝʡ ʽ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʤ 

ʧʨʠʩʪʨʦʷʤ, ʧʨʠʩʪʨʦʾʚ Cisco ʧʦʪʨʽʙʥʦ ʮʝʥʪʨʘʣʴʥʠʡ ʧʨʦʮʝʩʦʨ, ʱʦ ʦʙʨʦʙʣʷʻ 



ʢʦʤʘʥʜʠ ʦʧʝʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ, ʪʘʢʽ ʷʢ ʽʥʽʮʽʘʣʽʟʘʮʽʷ ʩʠʩʪʝʤʠ, ʬʫʥʢʮʽʾ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʽ ʢʦʤʫʪʘʮʽʾ. 

ɺʠʜʽʣʝʥʠʡ ʥʘ ʤʘʣʶʥʢʫ ʢʦʤʧʦʥʝʥʪ - ʮʝ ʮʝʥʪʨʘʣʴʥʠʡ ʧʨʦʮʝʩʦʨ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ Cisco ʪʠʩʷʯʘ ʜʝʚ'ʷʪʩʦʪ ʩʦʨʦʢ ʦʜʠʥ ʟ ʚʩʪʘʥʦʚʣʝʥʠʤ ʨʘʜʽʘʪʦʨʦʤ. 

ʈʘʜʽʘʪʦʨ ʜʦʧʦʤʘʛʘʻ ʨʦʟʩʽʶʚʘʪʠ ʪʝʧʣʦ, ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ ʮʝʥʪʨʘʣʴʥʠʤ ʧʨʦʮʝʩʦʨʦʤ. 

ʎʝʥʪʨʘʣʴʥʦʛʦ ʧʨʦʮʝʩʦʨʘ ʥʝʦʙʭʽʜʥʘ ʦʧʝʨʘʮʽʡʥʘ ʩʠʩʪʝʤʘ ʜʣʷ ʚʠʢʦʥʘʥʥʷ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʽ ʢʦʤʫʪʘʮʽʾ. ʆʧʝʨʘʮʽʡʥʘ ʩʠʩʪʝʤʘ Cisco IOS - ʮʝ ʩʠʩʪʝʤʥʝ 

ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʧʨʠʩʪʨʦʾʚ Cisco 

ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʾʭ ʨʦʟʤʽʨʫ ʽ ʪʠʧʫ. ɺʦʥʘ ʻ ʥʘ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʭ, ʢʦʤʫʪʘʪʦʨʘʭ ʜʣʷ 

ʣʦʢʘʣʴʥʠʭ ʤʝʨʝʞ (LAN), ʥʝʚʝʣʠʢʠʭ ʪʦʯʢʘʭ ʙʝʟʜʨʦʪʦʚʦʛʦ ʜʦʩʪʫʧʫ, ʚʝʣʠʢʠʭ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʭ ʟ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʽʥʪʝʨʬʝʡʩʽʚ ʽ ʥʘ ʙʘʛʘʪʴʦʭ ʽʥʰʠʭ 

ʧʨʠʩʪʨʦʷʭ. 

ʄʘʨʰʨʫʪʠʟʘʪʦʨ ʤʘʻ ʜʦʩʪʫʧ ʜʦ ʝʥʝʨʛʦʟʘʣʝʞʥʦʶ ʘʙʦ ʥʝʟʘʣʝʞʥʽʡ ʧʘʤ'ʷʪʽ. 

ɽʥʝʨʛʦʟʘʣʝʞʥʦʶ ʧʘʤ'ʷʪʽ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʜʘʥʠʭ ʧʦʪʨʽʙʥʝ ʧʦʩʪʽʡʥʝ ʭʘʨʯʫʚʘʥʥʷ. 

ʇʨʠ ʚʠʢʣʶʯʝʥʥʽ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʘʙʦ ʧʨʠ ʡʦʛʦ ʧʝʨʝʟʘʧʫʩʢʫ 

ʚʤʽʩʪ ʮʽʻʾ ʧʘʤ'ʷʪʽ ʚʪʨʘʯʘʻʪʴʩʷ. ʅʝʟʘʣʝʞʥʘ ʧʘʤ'ʷʪʴ ʟʙʝʨʽʛʘʻ ʜʘʥʽ ʥʘʚʽʪʴ ʧʨʠ 

ʧʝʨʝʟʘʚʘʥʪʘʞʝʥʥʽ ʧʨʠʩʪʨʦʶ. 

ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʚ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽ Cisco ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʯʦʪʠʨʠ ʪʠʧʠ 

ʧʘʤ'ʷʪʽ: 

ʆɿʋ. ʎʝ ʥʝʟʘʣʝʞʥʘ ʧʘʤ'ʷʪʴ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʭ Cisco ʜʣʷ 

ʟʙʝʨʽʛʘʥʥʷ ʜʦʜʘʪʢʽʚ, ʧʨʦʮʝʩʽʚ ʽ ʜʘʥʠʭ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʾʭ ʦʙʨʦʙʢʠ ʮʝʥʪʨʘʣʴʥʠʤ 

ʧʨʦʮʝʩʦʨʦʤ. ʄʘʨʰʨʫʪʠʟʘʪʦʨ Cisco ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʰʚʠʜʢʠʡ ʪʠʧ ʆɿʋ, ʟʚʘʥʠʡ 

ʩʠʥʭʨʦʥʥʠʤ ʜʠʥʘʤʽʯʥʠʤ ʆɿʋ (SDRAM). ʅʘʪʠʩʥʽʪʴ ʟʦʙʨʘʞʝʥʥʷ ʆɿʋ ʥʘ 

ʤʘʣʶʥʢʫ, ʱʦʙ ʧʦʜʠʚʠʪʠʩʷ ʜʦʜʘʪʢʦʚʫ ʽʥʬʦʨʤʘʮʽʶ. 

ʇɿʋ. ʎʷ ʥʝʟʘʣʝʞʥʘ ʧʘʤ'ʷʪʴ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʚʘʞʣʠʚʠʭ 

ʽʥʩʪʨʫʢʮʽʡ ʧʦ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʦʙʤʝʞʝʥʦʾ ʚʝʨʩʽʾ IOS. ʊʘʢʠʤ ʯʠʥʦʤ, ʇɿʋ - ʮʝ 

ʚʙʫʜʦʚʘʥʘ ʚ ʤʽʢʨʦʩʭʝʤʫ ʤʽʢʨʦʧʨʦʛʨʘʤʘ ʚʩʝʨʝʜʠʥʽ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ, ʷʢʘ ʤʦʞʝ 

ʙʫʪʠ ʟʤʽʥʝʥʘ ʪʽʣʴʢʠ ʢʦʤʧʘʥʽʻʶ Cisco. ʅʘʪʠʩʥʽʪʴ ʟʦʙʨʘʞʝʥʥʷ ʇɿʋ ʥʘ ʤʘʣʶʥʢʫ, 

ʦɦʙ ʧʦʜʠʚʠʪʠʩʷ ʜʦʜʘʪʢʦʚʫ ʽʥʬʦʨʤʘʮʽʶ. 

NVRAM. ʎʷ ʥʝʟʘʣʝʞʥʘ ʧʘʤ'ʷʪʴ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʤʽʩʮʝ ʧʦʩʪʽʡʥʦʛʦ 

ʟʙʝʨʽʛʘʥʥʷ ʬʘʡʣʫ ʟʘʚʘʥʪʘʞʫʚʘʣʴʥʦʛʦ ʢʦʥʬʽʛʫʨʘʮʽʾ (startup-config). 

ʌʣʝʰ. ʎʝ ʥʝʟʘʣʝʞʥʘ ʧʘʤ'ʷʪʴ ʢʦʤʧ'ʶʪʝʨʘ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʷʢʦʩʪʽ 

ʤʽʩʮʷ ʧʦʩʪʽʡʥʦʛʦ ʟʙʝʨʽʛʘʥʥʷ IOS ʽ ʽʥʰʠʭ ʩʠʩʪʝʤʥʠʭ ʬʘʡʣʽʚ, ʪʘʢʠʭ ʷʢ ʬʘʡʣʠ 

ʞʫʨʥʘʣʽʚ, ʬʘʡʣʠ ʛʦʣʦʩʦʚʦʛʦ ʢʦʥʬʽʛʫʨʘʮʽʾ, HTML ʬʘʡʣʠ, ʢʦʥʬʽʛʫʨʘʮʽʾ 

ʨʝʟʝʨʚʥʦʛʦ ʢʦʧʽʶʚʘʥʥʷ ʪʘ ʙʘʛʘʪʦ ʽʥʰʦʛʦ. ʇʨʠ ʧʝʨʝʟʘʚʘʥʪʘʞʝʥʥʽ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ IOS ʢʦʧʽʶʻʪʴʩʷ ʟ ʬʣʝʰ-ʧʘʤ'ʷʪʽ ʚ ʆɿʋ. 



 
ʈʠʩ. 1.1.11 ʉʭʝʤʘ ʟʙʝʨʽʛʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʫ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽ 

ɺʩʽ ʧʣʘʪʬʦʨʤʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʤʘʶʪʴ ʧʘʨʘʤʝʪʨʠ ʽ ʢʦʤʧʦʥʝʥʪʠ ʟʘ 

ʟʘʤʦʚʯʫʚʘʥʥʷʤ. ʅʘʧʨʠʢʣʘʜ, ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ Cisco 1941 ʧʦʩʪʘʚʣʷʶʪʴʩʷ ʨʘʟʦʤ ʟ 

ʧʘʤ'ʷʪʪʶ SDRAM ʦʙ'ʻʤʦʤ 512 ʄɹ, ʷʢʘ ʤʦʞʝ ʙʫʪʠ ʨʦʟʰʠʨʝʥʘ ʜʦ 2,0 ɻɹ. 

ʄʘʨʰʨʫʪʠʟʘʪʦʨ Cisco 1941 ʪʘʢʦʞ ʧʦʩʪʘʚʣʷʶʪʴʩʷ ʨʘʟʦʤ ʟ ʬʣʝʰ-ʧʘʤ'ʷʪʪʶ 

ʦʙ'ʻʤʦʤ 256 ʄɹ, ʷʢʘ ʤʦʞʝ ʙʫʪʠ ʨʦʟʰʠʨʝʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʚʦʭ ʟʦʚʥʽʰʥʽʭ ʩʣʦʪʽʚ 

Compact Flash. ʂʦʞʝʥ ʩʣʦʪ ʧʽʜʪʨʠʤʫʻ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʽ ʢʘʨʪʠ ʧʘʤ'ʷʪʽ ʻʤʥʽʩʪʶ 

ʜʦ 4 ɻɹ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʽʩʥʫʚʘʥʥʷ ʢʽʣʴʢʦʭ ʪʠʧʽʚ ʽ ʤʦʜʝʣʝʡ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ, ʢʦʞʝʥ 

ʟ ʥʠʭ ʤʘʻ ʽʜʝʥʪʠʯʥʽ ʟʘʛʘʣʴʥʽ ʘʧʘʨʘʪʥʽ ʢʦʤʧʦʥʝʥʪʠ. 

ʅʘ ʤʘʣʶʥʢʫ ʧʦʢʘʟʘʥʦ ʚʥʫʪʨʽʰʥʽʡ ʫʩʪʨʽʡ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ Cisco 1841 

ʧʝʨʰʦʛʦ ʧʦʢʦʣʽʥʥʷ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ ISR. ʅʘʪʠʩʥʽʪʴ ʢʦʞʝʥ ʢʦʤʧʦʥʝʥʪ, ʱʦʙ 

ʧʦʙʘʯʠʪʠ ʡʦʛʦ ʢʦʨʦʪʢʠʡ ʦʧʠʩ. ɿʚʝʨʥʽʪʴ ʫʚʘʛʫ, ʥʘ ʤʘʣʶʥʢʫ ʪʘʢʦʞ ʚʠʜʽʣʝʥʽ ʽʥʰʽ 

ʢʦʤʧʦʥʝʥʪʠ, ʪʘʢʽ ʷʢ ʙʣʦʢ ʞʠʚʣʝʥʥʷ, ʦʭʦʣʦʜʞʫʶʯʠʡ ʚʝʥʪʠʣʷʪʦʨ, ʪʝʧʣʦʚʽ ʝʢʨʘʥʠ 

ʽ ʤʦʜʫʣʴ ʘʧʘʨʘʪʥʦʛʦ ʩʪʠʩʥʝʥʥʷ ʜʘʥʠʭ (AIM), ʷʢʽ ʚ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʥʝ 

ʨʦʟʛʣʷʜʘʶʪʴʩʷ. 

ʇʽʜʢʣʶʯʝʥʥʷ ʥʘ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽ Cisco ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʽ ʢʘʪʝʛʦʨʽʾ: 

ʚʥʫʪʨʽʰʥʴʦʩʤʫʛʦʚʽ ʽʥʪʝʨʬʝʡʩʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʽ ʧʦʨʪʠ ʫʧʨʘʚʣʽʥʥʷ. ʅʘʪʠʩʥʽʪʴ 

ʥʘ ʚʠʜʽʣʝʥʽ ʦʙʣʘʩʪʽ ʥʘ ʨʠʩ. 1, ʱʦʙ ʧʦʜʠʚʠʪʠʩʷ ʜʦʜʘʪʢʦʚʫ ʽʥʬʦʨʤʘʮʽʶ. 

ʗʢ ʽ ʫ ʚʠʧʘʜʢʫ ʟ ʢʦʤʫʪʘʪʦʨʦʤ Cisco, ʥʘ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽ Cisco ʽʩʥʫʻ ʢʽʣʴʢʘ 

ʩʧʦʩʦʙʽʚ ʜʦʩʪʫʧʫ ʜʦ ʩʝʨʝʜʦʚʠʱʘ ʽʥʪʝʨʬʝʡʩʫ ʢʦʤʘʥʜʥʦʛʦ ʨʷʜʢʘ (CLI) 

ʧʨʠʟʥʘʯʝʥʦʛʦ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ ʨʝʞʠʤʫ EXEC. ʅʠʞʯʝ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘʡʙʽʣʴʰ 

ʧʦʰʠʨʝʥʽ ʟ ʥʠʭ. 

ʂʦʥʩʦʣʴ - ʮʝ ʬʽʟʠʯʥʠʡ ʧʦʨʪ ʫʧʨʘʚʣʽʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʦʟʘʩʤʫʛʦʚʠʡ 

ʜʦʩʪʫʧ ʜʦ ʧʨʠʩʪʨʦʶ Cisco. ʇʦʟʘʩʤʫʛʦʚʠʡ ʜʦʩʪʫʧ ʟʜʽʡʩʥʶʻʪʴʩʷ ʯʝʨʝʟ ʚʠʜʽʣʝʥʠʡ 

ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʡ ʢʘʥʘʣ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʠʢʣʶʯʥʦ ʚ ʮʽʣʷʭ ʪʝʭʥʽʯʥʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʨʠʩʪʨʦʶ. 

Secure Shell (SSH) - ʤʝʪʦʜ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʽʜʜʘʣʝʥʦ ʚʩʪʘʥʦʚʠʪʠ ʟʘʭʠʱʝʥʝ 

ʧʽʜʢʣʶʯʝʥʥʷ CLI ʯʝʨʝʟ ʚʽʨʪʫʘʣʴʥʠʡ ʽʥʪʝʨʬʝʡʩ ʧʦ ʤʝʨʝʞʽ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʢʦʥʩʦʣʴʥʦʛʦ ʧʽʜʢʣʶʯʝʥʥʷ ʜʣʷ SSH-ʧʽʜʢʣʶʯʝʥʴ ʥʘ ʧʨʠʩʪʨʦʾ ʧʦʚʠʥʥʽ ʙʫʪʠ 

ʘʢʪʠʚʥʽ ʤʝʨʝʞʝʚʽ ʩʣʫʞʙʠ, ʚʢʣʶʯʘʶʯʠ ʘʢʪʠʚʥʠʡ ʽʥʪʝʨʬʝʡʩ ʟ ʥʘʣʘʰʪʦʚʘʥʠʤ 

ʘʜʨʝʩʦʶ. 

Telnet - ʮʝ ʥʝʟʘʭʠʱʝʥʠʡ ʧʨʦʪʦʢʦʣ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʽʜʜʘʣʝʥʦ ʧʦʯʘʪʠ ʩʝʘʥʩ CLI 

ʯʝʨʝʟ ʚʽʨʪʫʘʣʴʥʠʡ ʽʥʪʝʨʬʝʡʩ ʧʦ ʤʝʨʝʞʽ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ SSH, Telnet ʥʝ 

ʟʘʙʝʟʧʝʯʫʻ ʟʘʭʠʱʝʥʝ ʟʘʰʠʬʨʦʚʘʥʝ ʟ'ʻʜʥʘʥʥʷ. ɼʘʥʽ ʜʣʷ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ 



ʢʦʨʠʩʪʫʚʘʯʘ, ʧʘʨʦʣʽ ʽ ʢʦʤʘʥʜʠ ʧʝʨʝʜʘʶʪʴʩʷ ʧʦ ʤʝʨʝʞʽ ʫ ʚʠʛʣʷʜʽ ʧʨʦʩʪʦʛʦ 

ʪʝʢʩʪʫ. 

ʇʨʠʤʽʪʢʘ. ɼʝʷʢʽ ʧʨʠʩʪʨʦʾ, ʪʘʢʽ ʷʢ ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ, ʪʘʢʦʞ ʤʦʞʫʪʴ 

ʧʽʜʪʨʠʤʫʚʘʪʠ ʟʘʩʪʘʨʽʣʠʡ ʜʦʧʦʤʽʞʥʠʡ ʧʦʨʪ, ʷʢʠʡ ʨʘʥʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ, ʱʦʙ 

ʚʽʜʜʘʣʝʥʦ ʧʦʯʘʪʠ ʩʝʘʥʩ CLI ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʤʫ. ɸʥʘʣʦʛʽʯʥʦ ʢʦʥʩʦʣʴʥʦʛʦ 

ʧʽʜʢʣʶʯʝʥʥʷ ʜʦʧʦʤʽʞʥʠʡ ʧʦʨʪ ʟʘʙʝʟʧʝʯʫʻ ʧʦʟʘʩʤʫʛʦʚʝ ʧʽʜʢʣʶʯʝʥʥʷ ʽ ʥʝ 

ʚʠʤʘʛʘʻ ʥʘʩʪʨʦʡʢʠ ʘʙʦ ʥʘʷʚʥʦʩʪʽ ʙʫʜʴ-ʷʢʠʭ ʤʝʨʝʞʝʚʠʭ ʩʣʫʞʙ. 

Telnet ʽ SSH ʚʠʤʘʛʘʻ ʚʥʫʪʨʽʰʥʴʦʛʦʩʤʫʛʦʚʦʛʦ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʤʝʨʝʞʽ, ʘ ʮʝ 

ʦʟʥʘʯʘʻ, ʱʦ ʘʜʤʽʥʽʩʪʨʘʪʦʨ ʧʦʚʠʥʝʥ ʦʪʨʠʤʘʪʠ ʜʦʩʪʫʧ ʜʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʯʝʨʝʟ 

ʦʜʠʥ ʟ ʽʥʪʝʨʬʝʡʩʽʚ WAN ʘʙʦ LAN. ʅʘʪʠʩʥʽʪʴ ʥʘ ʚʠʜʽʣʝʥʽ ʦʙʣʘʩʪʽ ʥʘ ʨʠʩ. 2, ʱʦʙ 

ʧʦʜʠʚʠʪʠʩʷ ʜʦʜʘʪʢʦʚʫ ʽʥʬʦʨʤʘʮʽʶ. 

ɺʥʫʪʨʽʰʥʴʦʩʤʫʛʦʚʽ ʽʥʪʝʨʬʝʡʩʠ ʦʪʨʠʤʫʶʪʴ ʽ ʧʝʨʝʩʠʣʘʶʪʴ IP-ʧʘʢʝʪʠ. 

ʂʦʞʝʥ ʥʘʣʘʰʪʦʚʘʥʠʡ ʽ ʘʢʪʠʚʥʠʡ ʽʥʪʝʨʬʝʡʩ ʥʘ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽ ʻ ʫʯʘʩʥʠʢʦʤ ʘʙʦ 

ʚʫʟʣʦʤ ʚ ʨʽʟʥʽʡ IP-ʤʝʨʝʞʽ. ɼʣʷ ʢʦʞʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ʥʝʦʙʭʽʜʥʦ ʥʘʣʘʰʪʫʚʘʪʠ 

IPv4-ʘʜʨʝʩ ʽ ʤʘʩʢʫ ʧʽʜʤʝʨʝʞʽ ʽʥʰʠʡ ʤʝʨʝʞʽ. ʆʧʝʨʘʮʽʡʥʘ ʩʠʩʪʝʤʘ Cisco IOS ʥʝ 

ʜʦʧʫʩʢʘʻ, ʱʦʙ ʜʚʘ ʘʢʪʠʚʥʠʭ ʽʥʪʝʨʬʝʡʩʫ ʥʘ ʦʜʥʦʤʫ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽ ʥʘʣʝʞʘʣʠ 

ʦʜʥʽʡ ʽ ʪʽʡ ʞʝ ʤʝʨʝʞʽ. 

ʇʨʦʮʝʩ ʟʘʚʘʥʪʘʞʝʥʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʦʩʥʦʚʥʠʭ ʝʪʘʧʽʚ, ʮʝ: 

1. ɺʠʢʦʥʘʥʥʷ ʧʨʦʮʝʜʫʨʠ POST (ʩʘʤʦʪʝʩʪʫʚʘʥʥʷ ʧʽʩʣʷ ʚʢʣʶʯʝʥʥʷ 

ʞʠʚʣʝʥʥʷ) ʽ ʟʘʚʘʥʪʘʞʝʥʥʷ ʧʨʦʛʨʘʤʠ ʧʦʯʘʪʢʦʚʦʛʦ ʟʘʧʫʩʢʫ. 

2. ʇʦʰʫʢ ʽ ʟʘʚʘʥʪʘʞʝʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ Cisco IOS. 

3. ʇʦʰʫʢ ʽ ʟʘʚʘʥʪʘʞʝʥʥʷ ʬʘʡʣʫ ʟʘʚʘʥʪʘʞʫʚʘʣʴʥʦʛʦ ʢʦʥʬʽʛʫʨʘʮʽʾ ʘʙʦ 

ʧʝʨʝʭʽʜ ʚ ʨʝʞʠʤ ʥʘʩʪʨʦʡʢʠ. 

1. ɺʠʢʦʥʘʥʥʷ ʩʘʤʦʪʝʩʪʫʚʘʥʥʷ ʧʨʠ ʚʢʣʶʯʝʥʥʽ ʭʘʨʯʫʚʘʥʥʷ (POST) ʽ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʧʨʦʛʨʘʤʠ ʧʦʯʘʪʢʦʚʦʛʦ ʟʘʧʫʩʢʫ/ 

ʇʽʜ ʯʘʩ ʩʘʤʦʪʝʩʪʫʚʘʥʥʷ ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʟ ʇɿʋ ʚʠʢʦʥʫʻ ʜʽʘʛʥʦʩʪʠʯʥʽ 

ʧʨʦʮʝʜʫʨʠ ʥʘ ʢʽʣʴʢʦʭ ʢʦʤʧʦʥʝʥʪʘʭ ʘʧʘʨʘʪʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʚʢʣʶʯʘʶʯʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʎʇ, ʆɿʋ ʽ NVRAM. ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʧʨʦʮʝʜʫʨʠ POST 

ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʟʘʧʫʩʢʘʻ ʧʨʦʛʨʘʤʫ ʧʦʯʘʪʢʦʚʦʛʦ ʟʘʧʫʩʢʫ. ʆʩʥʦʚʥʘ ʤʝʪʘ 

ʧʨʦʛʨʘʤʘ ʧʦʯʘʪʢʦʚʦʛʦ ʟʘʧʫʩʢʫ - ʟʥʘʡʪʠ ʦʧʝʨʘʮʽʡʥʫ ʩʠʩʪʝʤʫ Cisco IOS ʽ 

ʟʘʚʘʥʪʘʞʠʪʠ ʾʾ ʚ ʆɿʋ. 

ʇʨʠʤʽʪʢʘ. ʅʘ ʮʴʦʤʫ ʝʪʘʧʽ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ 

ʯʝʨʝʟ ʢʦʥʩʦʣʴ ʥʘ ʝʢʨʘʥʽ ʙʫʜʫʪʴ ʚʽʜʦʙʨʘʞʘʪʠʩʷ ʚʠʭʽʜʥʽ ʜʘʥʽ. 

2. ʇʦʰʫʢ ʽ ʟʘʚʘʥʪʘʞʝʥʥʷ ʦʧʝʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ Cisco IOS. 

ʗʢ ʧʨʘʚʠʣʦ, ʩʠʩʪʝʤʘ IOS ʟʙʝʨʽʛʘʻʪʴʩʷ ʫ ʬʣʝʰ-ʧʘʤ'ʷʪʽ ʽ ʢʦʧʽʶʻʪʴʩʷ ʚ ʆɿʋ 

ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʮʝʥʪʨʘʣʴʥʠʤ ʧʨʦʮʝʩʦʨʦʤ. ʗʢʱʦ ʦʙʨʘʟ IOS ʫ ʬʣʝʰ-ʧʘʤ'ʷʪʽ ʥʝ 

ʚʠʷʚʣʝʥʦ, ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʤʦʞʝ ʩʧʨʦʙʫʚʘʪʠ ʟʥʘʡʪʠ ʡʦʛʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʝʨʚʝʨʘ 

TFTP. ʗʢʱʦ ʧʦʚʥʠʡ ʦʙʨʘʟ IOS ʱʦ ʥʝʚʠʷʚʣʝʥʠʡ, ʪʦʜʽ ʚ ʆɿʋ ʟ ʇɿʋ ʙʫʜʝ 

ʩʢʦʧʽʡʦʚʘʥʘ ʾʾ ʩʢʦʨʦʯʝʥʘ ʚʝʨʩʽʷ. ʎʷ ʚʝʨʩʽʷ IOS ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʜʽʘʛʥʦʩʪʠʢʠ 

ʧʨʦʙʣʝʤ ʽ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʟʘʚʘʥʪʘʞʝʥʥʷ ʧʦʚʥʦʾ ʚʝʨʩʽʾ IOS ʫ ʬʣʝʰ-

ʧʘʤ'ʷʪʴ. 

3. ʇʦʰʫʢ ʽ ʟʘʚʘʥʪʘʞʝʥʥʷ ʬʘʡʣʫ ʢʦʥʬʽʛʫʨʘʮʽʾ/ 

ʇʦʪʽʤ ʧʨʦʛʨʘʤʘ ʧʦʯʘʪʢʦʚʦʛʦ ʟʘʧʫʩʢʫ ʢʦʧʽʶʻ ʬʘʡʣ ʟʘʚʘʥʪʘʞʫʚʘʣʴʥʦʛʦ 

ʢʦʥʬʽʛʫʨʘʮʽʾ ʟ ʧʘʤ'ʷʪʽ NVRAM ʚ ʆɿʋ. ʎʷ ʢʦʥʬʽʛʫʨʘʮʽʷ ʩʪʘʻ ʧʦʪʦʯʥʦʶ. ʗʢʱʦ 

ʬʘʡʣ ʟʘʚʘʥʪʘʞʫʚʘʣʴʥʦʛʦ ʢʦʥʬʽʛʫʨʘʮʽʾ ʚʽʜʩʫʪʥʽʡ ʚ ʧʘʤ'ʷʪʽ NVRAM, 

ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʤʦʞʝ ʩʧʨʦʙʫʚʘʪʠ ʟʥʘʡʪʠ ʩʝʨʚʝʨ ʩʧʨʦʱʝʥʦʛʦ ʧʨʦʪʦʢʦʣʫ ʧʝʨʝʜʘʯʽ 



ʬʘʡʣʽʚ (TFTP). ʗʢʱʦ ʩʝʨʚʝʨ TFTP ʥʝ ʙʫʜʝ ʟʥʘʡʜʝʥʠʡ, ʤʘʨʰʨʫʪʠʟʘʪʦʨ 

ʚʽʜʦʙʨʘʟʠʪʴ ʚʽʢʥʦ ʨʝʞʠʤʫ ʥʘʩʪʨʦʡʢʠ. 

ʇʨʠʤʽʪʢʘ. ʋ ʧʨʦʛʨʘʤʽ ʮʴʦʛʦ ʢʫʨʩʫ ʜʣʷ ʢʦʥʬʽʛʫʨʘʮʽʾ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʨʝʞʠʤ 

ʥʘʩʪʨʦʡʢʠ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ. ʗʢʱʦ ʥʘ ʝʢʨʘʥʽ ʟ'ʷʚʣʷʻʪʴʩʷ ʟʘʧʠʪ ʧʝʨʝʡʪʠ ʚ 

ʨʝʞʠʤ ʥʘʩʪʨʦʡʢʠ, ʩʣʽʜ ʟʘʚʞʜʠ ʚʢʘʟʫʚʘʪʠ ʟʥʘʯʝʥʥʷ no (ʥʝʤʘʻ). ɺ ʨʘʟʽ ʦʙʨʘʥʥʷ 

ʦʧʮʽʾ çyesè (ʪʘʢ) ʽ ʚʠʢʦʥʘʥʠʡ ʧʝʨʝʭʽʜ ʚ ʨʝʞʠʤ ʥʘʩʪʨʦʡʢʠ, ʥʘʪʠʩʥʽʪʴ ʢʦʤʙʽʥʘʮʽʶ 

ʢʣʘʚʽʰ Ctrl + C ʥʘ ʙʫʜʴ-ʷʢʦʤʫ ʝʪʘʧʽ, ʱʦʙ ʧʨʠʧʠʥʠʪʠ ʧʨʦʮʝʩ ʥʘʣʘʰʪʫʚʘʥʥʷ. 

ʄʘʨʰʨʫʪʠʟʘʪʦʨ ʽ ʢʦʤʫʪʘʪʦʨʠ Cisco ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʩʭʦʞʽ. ɺʦʥʠ 

ʧʽʜʪʨʠʤʫʶʪʴ ʩʭʦʞʽ ʦʧʝʨʘʮʽʡʥʽ ʩʠʩʪʝʤʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʘʥʘʣʦʛʽʯʥʽ ʢʦʤʘʥʜʥʽ 

ʩʪʨʫʢʪʫʨʠ ʽ ʙʝʟʣʽʯ ʽʜʝʥʪʠʯʥʠʭ ʢʦʤʘʥʜ. ʂʨʽʤ ʪʦʛʦ, ʧʨʠ ʚʧʨʦʚʘʜʞʝʥʥʽ ʮʠʭ 

ʧʨʠʩʪʨʦʾʚ ʚ ʤʝʨʝʞʫ ʚʠʢʦʥʫʶʪʴʩʷ ʦʜʥʘʢʦʚʽ ʥʘʩʪʨʦʡʢʠ ʚʠʭʽʜʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ. 

 

  



2.  ȼɚɓɐɱɗ ȻɚɍɟɐɚɎɌ ɖɚɘɛõɪɞɑɜəɔɡ ɘɑɜɑɒ əɌ ɍɌɓɱ 

ɖɚəɢɑəɞɜɌɞɚɜɱɎ, ɘɚɝɞɱɎ, ɖɚɘɟɞɌɞɚɜɱɎ. 

2.1 ʊʝʭʥʦʣʦʛʽʾ IPv4 ʪʘ IPv6. ʄʘʩʢʠ ʤʝʨʝʞʽ. 
 

ɸʜʨʝʩʘʮʽʷ ʻ ʥʘʡʚʘʞʣʠʚʽʰʦʶ ʬʫʥʢʮʽʻʶ ʧʨʦʪʦʢʦʣʽʚ ʤʝʨʝʞʝʚʦʛʦ ʨʽʚʥʷ. 

ɸʜʨʝʩʘʮʽʷ ʟʘʙʝʟʧʝʯʫʻ ʦʙʤʽʥ ʜʘʥʠʤʠ ʤʽʞ ʚʫʟʣʘʤʠ - ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʪʦʛʦ, ʯʠ 

ʟʥʘʭʦʜʷʪʴʩʷ ʚʦʥʠ ʚ ʦʜʥʽʡ ʤʝʨʝʞʽ ʘʙʦ ʚ ʨʽʟʥʠʭ ʤʝʨʝʞʘʭ. ʇʨʦʪʦʢʦʣʠ IPv4 ʽIPv6 

ʟʜʽʡʩʥʶʶʪʴ ʽʻʨʘʨʭʽʯʥʫ ʘʜʨʝʩʘʮʽʶ ʧʘʢʝʪʽʚ ʜʘʥʠʭ. 

ʇʨʦʝʢʪʫʚʘʥʥʷ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʽ ʫʧʨʘʚʣʽʥʥʷ ʝʬʝʢʪʠʚʥʠʤ ʧʣʘʥʦʤ IP-ʘʜʨʝʩʘʮʽʾ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʘʜʽʡʥʽʩʪʴ ʽ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʤʝʨʝʞ. 

ʋ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʜʦʢʣʘʜʥʦ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʩʪʨʫʢʪʫʨʘ ʘʜʨʝʩ ʽ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʚ ʩʪʚʦʨʝʥʥʽ ʽ ʪʝʩʪʫʚʘʥʥʽ IP-ʤʝʨʝʞ ʽ ʧʽʜʤʝʨʝʞ. 

ɼʚʽʡʢʦʚʘ ʩʠʩʪʝʤʘ ʯʠʩʣʝʥʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʮʠʬʨ 0 ʽ 1, ʟʚʘʥʠʭ ʙʽʪʘʤʠ. 

ɼʝʩʷʪʢʦʚʘ ʩʠʩʪʝʤʘ ʯʠʩʣʝʥʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 10 ʮʠʬʨ: ʚʽʜ 0 ʜʦ 9. 

ʈʦʟʫʤʽʥʥʷ ʜʚʽʡʢʦʚʽʡ ʩʠʩʪʝʤʠ ʚʘʞʣʠʚʦ ʜʣʷ ʥʘʩ, ʦʩʢʽʣʴʢʠ ʚʫʟʣʠ, ʩʝʨʚʝʨʠ ʽ 

ʤʝʨʝʞʝʚʽ ʧʨʠʩʪʨʦʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʘʤʝ ʜʚʽʡʢʦʚʫ ʘʜʨʝʩʘʮʽʶ. ɿʦʢʨʝʤʘ, ʜʣʷ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʦʜʠʥ ʦʜʥʦʛʦ ʚʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʚʽʡʢʦʚʽ IPv4-ʘʜʨʝʩʠ. 

ʂʦʞʝʥ ʘʜʨʝʩʘ ʷʚʣʷʻ ʩʦʙʦʶ ʨʷʜʦʢ ʟ 32 ʙʽʪ, ʨʦʟʜʽʣʝʥʫ ʥʘ 4 ʯʘʩʪʠʥʠ, ʟʚʘʥʽ 

ʦʢʪʝʪʘʤʠ. ʂʦʞʝʥ ʦʢʪʝʪ ʤʽʩʪʠʪʴ 8 ʙʽʪ (ʘʙʦ 1 ʙʘʡʪ), ʨʦʟʜʽʣʝʥʽ ʢʨʘʧʢʦʶ. 

ʅʘʧʨʠʢʣʘʜ, ʚʫʟʣʫ PC1 ʥʘ ʤʘʣʶʥʢʫ ʧʨʠʟʥʘʯʝʥʠʡ IPv4-ʘʜʨʝʩ 

11000000.10101000.00001010.00001010. ɸʜʨʝʩʦʶ ʡʦʛʦ ʰʣʶʟʫ ʙʫʜʝ ʚʽʜʧʦʚʽʜʥʠʡ 

ʘʜʨʝʩʫ ʽʥʪʝʨʬʝʡʩʫ Gigabit Ethernet interface ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ R1: 

11000000.10101000.00001010.00000001. 

ʈʦʙʦʪʘ ʟ ʜʚʽʡʢʦʚʠʤʠ ʯʠʩʣʘʤʠ - ʥʝ ʪʘʢʘ ʣʝʛʢʘ ʟʘʜʘʯʘ. ɼʣʷ ʧʨʦʩʪʦʪʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ IPv4-ʘʜʨʝʩʠ ʟʘʟʚʠʯʘʡ ʚʠʨʘʞʘʶʪʴʩʷ ʚ ʜʝʩʷʪʢʦʚʦʤʫ ʬʦʨʤʘʪʽ ʟ 

ʪʦʯʢʦʶ-ʨʦʟʜʽʣʴʥʠʢʦʤ. ɺʫʟʣʫ PC1 ʧʨʠʟʥʘʯʝʥʠʡ IPv4-ʘʜʨʝʩ 192.168.10.10; ʘʜʨʝʩʘ 

ʰʣʶʟʫ - 192.168.10.1. 

ʅʘ ʨʠʩ. 1.ʭ ʟʽʩʪʘʚʣʷʻʪʴʩʷ ʘʜʨʝʩʘ ʚ ʜʝʩʷʪʢʦʚʦʤʫ ʬʦʨʤʘʪʽ ʟ ʪʦʯʢʦʶ-

ʨʦʟʜʽʣʴʥʠʢʦʤ ʽ 32-ʙ̔ ʪʥʠʡ ʜʚʽʡʢʦʚʠʡ ʘʜʨʝʩʫ ʚʫʟʣʘ PC1. 

 
ʈʠʩ. 2.1.1 ʉʧʽʚʩʪʘʚʣʝʥʥʷ ʘʜʨʝʩʽʚ ʫ ʜʚʽʡʢʦʚʦʤʫ ʢʦʜʽ ʽ ʜʝʩʷʪʢʦʚʦʤʫ ʢʦʜʽ 



ɼʣʷ ʯʽʪʢʦʛʦ ʨʦʟʫʤʽʥʥʷ ʘʜʨʝʩʘʮʽʾ ʤʝʨʝʞʽ ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ ʧʨʠʥʮʠʧʠ 

ʜʚʽʡʢʦʚʽʡ ʘʜʨʝʩʘʮʽʾ ʽ ʦʪʨʠʤʘʪʠ ʧʨʘʢʪʠʯʥʽ ʥʘʚʠʯʢʠ ʧʝʨʝʪʚʦʨʝʥʥʷ IPv4-ʘʜʨʝʩ ʟ 

ʜʚʽʡʢʦʚʦʾ ʩʠʩʪʝʤʠ ʯʠʩʣʝʥʥʷ ʚ ʜʝʩʷʪʢʦʚʫ ʟ ʪʦʯʢʦʶ ʨʦʟʜʽʣʴʥʠʢʦʤ. 

ʋ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʚʠ ʜʽʟʥʘʻʪʝʩʷ, ʷʢ ʧʝʨʝʚʦʜʠʪʠ ʯʠʩʣʘ ʟ ʜʚʽʡʢʦʚʦʾ ʚ ʜʝʩʷʪʢʦʚʫ 

ʩʠʩʪʝʤʫ ʯʠʩʣʝʥʥʷ. 

ʑʦʙ ʧʝʨʝʚʦʜʠʪʠ ʯʠʩʣʘ ʟ ʜʚʽʡʢʦʚʦʾ ʚ ʜʝʩʷʪʢʦʚʫ ʩʠʩʪʝʤʫ ʯʠʩʣʝʥʥʷ, ʧʦʪʨʽʙʥʦ 

ʨʦʟʫʤʽʪʠ ʧʦʟʠʮʽʡʥʫ ʩʠʩʪʝʤʫ ʯʠʩʣʝʥʥʷ. ʇʨʠʥʮʠʧ ʧʦʟʠʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʯʠʩʣʝʥʥʷ 

ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʟʥʘʯʝʥʥʷ ʮʠʬʨʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʾʾ çʧʦʟʠʮʽʻʶè ʚ ʧʦʩʣʽʜʦʚʥʦʩʪʽ 

ʮʠʬʨ. ɺʘʤ ʚʞʝ ʟʥʘʡʦʤʘ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʘ ʩʠʩʪʝʤʘ ʯʠʩʣʝʥʥʷ - ʜʝʩʷʪʢʦʚʘ (ʟ 

ʦʩʥʦʚʦʶ 10). 

ɼʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʚʽʡʢʦʚʦʛʦ IPv4-ʘʜʨʝʩʠ ʚ ʜʝʩʷʪʢʦʚʠʡ ʝʢʚʽʚʘʣʝʥʪ ʟ 

ʪʦʯʢʦʶ-ʨʦʟʜʽʣʴʥʠʢʦʤ ʨʦʟʜʽʣʽʪʴ IPv4-ʘʜʨʝʩ ʥʘ ʯʦʪʠʨʠ 8-ʙʽʪʥʠʭ ʦʢʪʝʪʫ. ʇʦʪʽʤ 

ʟʘʥʝʩʽʪʴ ʜʚʽʡʢʦʚʽ ʧʦʟʠʮʽʡʥʝ ʟʥʘʯʝʥʥʷ ʚ ʷʢʦʩʪʽ ʜʚʽʡʢʦʚʦʛʦ ʯʠʩʣʘ ʧʝʨʰʦʛʦ ʦʢʪʝʪʫ 

ʽ ʚʠʢʦʥʘʡʪʝ ʚʽʜʧʦʚʽʜʥʝ ʦʙʯʠʩʣʝʥʥʷ. 

ʅʘʧʨʠʢʣʘʜ, ʧʨʠʧʫʩʪʠʤʦ, ʱʦ IPv4-ʘʜʨʝʩ ʚʫʟʣʘ - 

11000000.10101000.00001011.00001010. ɼʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʚʽʡʢʦʚʦʛʦ ʘʜʨʝʩʠ ʚ 

ʜʝʩʷʪʢʦʚʠʡ ʬʦʨʤʘʪ, ʧʦʯʥʽʪʴ ʟ ʧʝʨʰʦʛʦ ʦʢʪʝʪʫ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1. ɺʚʝʜʽʪʴ 8-

ʙʽʪʦʚʝ ʜʚʽʡʢʦʚʝ ʯʠʩʣʦ ʚ ʷʢʦʩʪʽ ʧʦʟʠʮʽʡʥʦʛʦ ʟʥʘʯʝʥʥʷ ʨʷʜʢʘ 1, ʘ ʧʦʪʽʤ ʚʠʢʦʥʘʡʪʝ 

ʦʙʯʠʩʣʝʥʥʷ, ʨʝʟʫʣʴʪʘʪʦʤ ʷʢʦʛʦ ʙʫʜʝ ʜʝʩʷʪʢʦʚʝ ʯʠʩʣʦ 192. ʎʝ ʯʠʩʣʦ ʩʢʣʘʜʝ 

ʧʝʨʰʠʡ ʦʢʪʝʪ ʜʝʩʷʪʢʦʚʦʛʦ ʟʘʧʠʩʫ ʟ ʪʦʯʢʦʶ-ʨʦʟʜʽʣʴʥʠʢʦʤ. 

 
ʈʠʩ. 2.1.2 

ʇʦʪʽʤ ʧʝʨʝʪʚʦʨʽʪʴ ʜʨʫʛʠʡ ʦʢʪʝʪ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2. ʇʽʜʩʫʤʢʦʚʝ 

ʜʝʩʷʪʢʦʚʝ ʟʥʘʯʝʥʥʷ - 168; ʮʝ ʙʫʜʝ ʜʨʫʛʠʡ ʦʢʪʝʪ. 

ʇʝʨʝʪʚʦʨʽʪʴ ʪʨʝʪʽʡ ʦʢʪʝʪ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4, ʽ ʦʩʪʘʥʥʽʡ ʯʝʪʚʝʨʪʠʡ ʦʢʪʝʪ 

IP-ʘʜʨʝʩʠ. ʈʝʟʫʣʴʪʘʪ: 192.168.11.10. 

ʅʝʦʙʭʽʜʥʦ ʪʘʢʦʞ ʨʦʟʫʤʽʪʠ, ʷʢ ʧʝʨʝʪʚʦʨʶʚʘʪʠ IPv4-ʘʜʨʝʩʠ ʚ ʜʝʩʷʪʢʦʚʦʤʫ 

ʬʦʨʤʘʪʽ ʟ ʪʦʯʢʦʶ-ʨʦʟʜʽʣʴʥʠʢʦʤ ʚ ʜʚʽʡʢʦʚʠʡ ʬʦʨʤʘʪ. ʂʦʨʠʩʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʻ 



ʪʘʙʣʠʮʷ ʜʦʚʽʯʥʠʭ ʧʦʟʠʮʽʡʥʠʭ ʟʥʘʯʝʥʴ. ʅʠʞʯʝ ʧʦʢʘʟʘʥʦ, ʷʢ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʪʘʙʣʠʮʶ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʝʩʷʪʢʦʚʠʭ ʯʠʩʝʣ ʚ ʜʚʽʡʢʦʚʠʡ ʬʦʨʤʘʪ: 

 
ʈʠʩ. 2.1.3 

ʅʘ ʨʠʩ. 1.ʭ  ʟʘʜʘʻʪʴʩʷ ʧʠʪʘʥʥʷ: ʯʠ ʙʽʣʴʰʝ ʘʙʦ ʜʦʨʽʚʥʶʻ ʜʝʩʷʪʢʦʚʝ ʯʠʩʣʦ ʚ 

ʦʢʪʝʪʽ (n) ʥʘʡʩʪʘʨʰʦʤʫ ʙʽʪʫ (128). ʗʢʱʦ ʥʽ, ʚʚʝʜʽʪʴ ʜʚʽʡʢʦʚʠʡ 0 ʚ ʷʢʦʩʪʽ 

ʧʦʟʠʮʽʡʥʦʛʦ ʟʥʘʯʝʥʥʷ ʯʠʩʣʘ 128. ʗʢʱʦ ʪʘʢ, ʚʚʝʜʽʪʴ ʜʚʽʡʢʦʚʫ 1 ʚ ʷʢʦʩʪʽ 

ʧʦʟʠʮʽʡʥʦʛʦ ʟʥʘʯʝʥʥʷ ʯʠʩʣʘ 128 ʽ ʚʽʜʥʽʤʽʪʴ 128 ʟ ʜʝʩʷʪʢʦʚʦʛʦ ʯʠʩʣʘ. 

 
ʈʠʩ. 2.1.4 

ʅʘ ʨʠʩ. ʟʘʜʘʻʪʴʩʷ ʧʠʪʘʥʥʷ: ʯʠ ʙʽʣʴʰʝ ʘʙʦ ʜʦʨʽʚʥʶʻ ʟʘʣʠʰʦʢ (n) ʥʘʩʪʫʧʥʦʛʦ 

ʟʘ ʩʪʘʨʰʠʥʩʪʚʦʤ ʙʽʪʫ (64). ʗʢʱʦ ʥʽ, ʚʚʝʜʽʪʴ ʜʚʽʡʢʦʚʠʡ 0 ʚ ʷʢʦʩʪʽ ʧʦʟʠʮʽʡʥʦʛʦ 

ʟʥʘʯʝʥʥʷ ʯʠʩʣʘ 64; ʚ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ ʚʚʝʜʽʪʴ ʜʚʽʡʢʦʚʫ 1 ʽ ʚʽʜʥʽʤʽʪʴ 64 ʟ 

ʜʝʩʷʪʢʦʚʦʛʦ ʯʠʩʣʘ. 



 
ʈʠʩ. 2.1.5 

ʅʘ ʨʠʩ. 1.ʭ ʟʘʜʘʻʪʴʩʷ ʧʠʪʘʥʥʷ: ʯʠ ʙʽʣʴʰʝ ʘʙʦ ʜʦʨʽʚʥʶʻ ʟʘʣʠʰʦʢ (n) 

ʥʘʩʪʫʧʥʦʛʦ ʟʘ ʩʪʘʨʰʠʥʩʪʚʦʤ ʙʽʪʫ (32). ʗʢʱʦ ʥʽ, ʚʚʝʜʽʪʴ ʜʚʽʡʢʦʚʠʡ 0 ʚ ʷʢʦʩʪʽ 

ʧʦʟʠʮʽʡʥʦʛʦ ʟʥʘʯʝʥʥʷ ʯʠʩʣʘ 32; ʚ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ ʚʚʝʜʽʪʴ ʜʚʽʡʢʦʚʫ 1 ʽ ʚʽʜʥʽʤʽʪʴ 

32 ʟ ʜʝʩʷʪʢʦʚʦʛʦ ʯʠʩʣʘ. 

ʑʦʙ ʢʨʘʱʝ ʟʨʦʟʫʤʽʪʠ ʮʝʡ ʧʨʦʮʝʩ, ʨʦʟʛʣʷʥʝʤʦ IP-ʘʜʨʝʩʘ 192.168.11.10. 

ʉʢʦʨʠʩʪʘʚʰʠʩʴ ʦʧʠʩʘʥʦʾ ʚʠʱʝ ʧʨʦʮʝʜʫʨʦʶ, ʧʦʯʥʝʤʦ ʟ ʪʘʙʣʠʮʽ ʜʦʚʽʯʥʠʭ 

ʧʦʟʠʮʽʡʥʠʭ ʟʥʘʯʝʥʴ ʽ ʧʝʨʰʦʛʦ ʜʝʩʷʪʢʦʚʦʛʦ ʯʠʩʣʘ 192. 

 
ʈʠʩ. 2.1.6 

ʅʘ ʨʠʩ. ʧʦʢʘʟʘʥʦ ʧʦʨʽʚʥʷʥʥʷ ʯʠʩʣʘ 192, ʱʦʙ ʚʠʟʥʘʯʠʪʠ, ʙʽʣʴʰʝ ʚʦʥʦ ʘʙʦ 

ʜʦʨʽʚʥʶʻ ʩʪʘʨʰʦʤʫ ʙʽʪʫ 128. ʆʩʢʽʣʴʢʠ 192 ʙʽʣʴʰʝ 128, ʜʦʜʘʡʪʝ 1 ʚ ʷʢʦʩʪʽ 

ʩʪʘʨʰʦʛʦ ʧʦʟʠʮʽʡʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʯʠʩʣʫ 128. ʇʦʪʽʤ ʚʽʜʥʽʤʽʪʴ 128 ʟ 



192; ʦʪʨʠʤʫʻʤʦ ʨʽʟʥʠʮʶ (ʟʘʣʠʰʦʢ) 64. ʅʘ ʨʠʩ. 2 ʚʠʢʦʥʫʻʪʴʩʷ ʧʦʨʽʚʥʷʥʥʷ ʯʠʩʣʘ 

64 ʟ ʥʘʩʪʫʧʥʠʤ ʧʦ ʩʪʘʨʰʠʥʩʪʚʫ ʙʽʪʦʤ 64. ʆʩʢʽʣʴʢʠ ʚʦʥʠ ʨʽʚʥʽ, ʜʦʜʘʡʪʝ 1 ʚ 

ʷʢʦʩʪʽ ʥʘʩʪʫʧʥʦʛʦ ʟʘ ʩʪʘʨʰʠʥʩʪʚʦʤ ʧʦʟʠʮʽʡʥʦʛʦ ʟʥʘʯʝʥʥʷ. ɺʚʝʜʽʪʴ ʜʚʽʡʢʦʚʠʡ 0 

ʚ ʱʦ ʟʘʣʠʰʠʣʠʩʷ ʧʦʟʠʮʽʾ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.ʭ. ɼʚʽʡʢʦʚʝ ʟʥʘʯʝʥʥʷ ʧʝʨʰʦʛʦ 

ʦʢʪʝʪʫ - 11000000. 

 
ʈʠʩ. 2.1.7 

ʅʘʩʪʫʧʥʠʡ ʦʢʪʝʪ - 168. ʅʘ ʨʠʩ. 1.ʭ ʚʠʢʦʥʫʻʪʴʩʷ ʧʦʨʽʚʥʷʥʥʷ ʯʠʩʣʘ 168 ʟʽ 

ʩʪʘʨʰʠʤ ʙʽʪʦʤ 128. ʆʩʢʽʣʴʢʠ 168 ʙʽʣʴʰʝ 128, ʚʚʝʜʽʪʴ 1 ʫ ʷʢʦʩʪʽ ʩʪʘʨʰʦʛʦ 

ʧʦʟʠʮʽʡʥʦʛʦ ʟʥʘʯʝʥʥʷ. ʇʦʪʽʤ ʚʽʜʥʽʤʽʪʴ 128 ʟ 168; ʦʪʨʠʤʫʻʤʦ ʨʽʟʥʠʮʶ (ʟʘʣʠʰʦʢ) 

40. ʅʘ ʨʠʩ. 5 ʚʠʢʦʥʫʻʪʴʩʷ ʧʦʨʽʚʥʷʥʥʷ ʯʠʩʣʘ 40 ʟ ʥʘʩʪʫʧʥʠʤ ʧʦ ʩʪʘʨʰʠʥʩʪʚʫ 

ʙʽʪʦʤ 64. ʆʩʢʽʣʴʢʠ 40 ʤʝʥʰʝ 64, ʚʚʝʜʽʪʴ 0 ʚ ʷʢʦʩʪʽ ʥʘʩʪʫʧʥʦʛʦ ʟʘ ʩʪʘʨʰʠʥʩʪʚʦʤ 

ʧʦʟʠʮʽʡʥʦʛʦ ʟʥʘʯʝʥʥʷ. ʅʘ ʨʠʩ. 6 ʚʠʢʦʥʫʻʪʴʩʷ ʧʦʨʽʚʥʷʥʥʷ ʟ ʥʘʩʪʫʧʥʠʤ ʧʦ 

ʩʪʘʨʰʠʥʩʪʚʫ ʙʽʪʦʤ 32. ʆʩʢʽʣʴʢʠ 40 ʙʽʣʴʰʝ 32, ʚʚʝʜʽʪʴ 1 ʫ ʷʢʦʩʪʽ ʧʦʟʠʮʽʡʥʦʛʦ 

ʟʥʘʯʝʥʥʷ ʽ ʚʽʜʥʽʤʽʪʴ 32 ʟ 40; ʦʪʨʠʤʫʻʤʦ ʟʘʣʠʰʦʢ 8. ʏʠʩʣʦ 8 ʚʽʜʧʦʚʽʜʘʻ 

ʢʦʥʢʨʝʪʥʦʤʫ ʧʦʟʠʮʽʡʥʦʤʫ ʟʥʘʯʝʥʥʷʤ. ʊʦʤʫ ʚʚʝʜʽʪʴ 0 ʚ ʷʢʦʩʪʽ ʧʦʟʠʮʽʡʥʦʛʦ 

ʟʥʘʯʝʥʥʷ ʯʠʩʣʘ 16 ʽ ʚʚʝʜʽʪʴ 1 ʫ ʷʢʦʩʪʽ ʧʦʟʠʮʽʡʥʦʛʦ ʟʥʘʯʝʥʥʷ ʯʠʩʣʘ 8. ɺʚʝʜʽʪʴ 

ʥʫʣʽ ʚ ʫʩʽ ʽʥʰʽ ʧʦʟʠʮʽʾ. ʗʢ ʚʠʜʥʦ ʥʘ ʨʠʩ. 8, ʜʚʽʡʢʦʚʝ ʟʥʘʯʝʥʥʷ ʪʨʝʪʴʦʛʦ ʦʢʪʝʪʫ - 

10101000. 



 
ʈʠʩ. 2.1.8 

ʊʨʝʪʽʡ ʦʢʪʝʪ - 11. ʋ ʚʠʧʘʜʢʫ ʧʨʦʩʪʠʭ ʘʙʦ ʥʝʚʝʣʠʢʠʭ ʜʝʩʷʪʢʦʚʠʭ ʯʠʩʝʣ 

ʧʨʦʮʝʜʫʨʫ ʚʠʨʘʭʫʚʘʥʥʷ ʤʦʞʥʘ ʧʨʦʧʫʩʪʠʪʠ. ʅʘʧʨʠʢʣʘʜ, ʥʘ ʨʠʩ. 9 ʧʦʢʘʟʘʥʦ 

ʦʪʨʠʤʘʥʝ ʜʚʽʡʢʦʚʝ ʯʠʩʣʦ. ʎʝ ʯʠʩʣʦ ʤʦʞʥʘ ʜʦʩʠʪʴ ʣʝʛʢʦ ʦʪʨʠʤʘʪʠ ʙʝʟ 

ʚʠʨʘʭʫʚʘʥʥʷ (8 + 2 + 1 = 11). ɼʚʽʡʢʦʚʝ ʟʥʘʯʝʥʥʷ ʜʨʫʛʦʛʦ ʦʢʪʝʪʫ - 00001011. 

 
ʈʠʩ. 2.1.9 

ʏʝʪʚʝʨʪʠʡ ʦʢʪʝʪ - 10 (8 + 2). ʗʢ ʚʠʜʥʦ ʥʘ ʨʠʩ. 10, ʜʚʽʡʢʦʚʝ ʟʥʘʯʝʥʥʷ 

ʯʝʪʚʝʨʪʦʛʦ ʦʢʪʝʪʫ - 00001010. 

ʇʝʨʝʪʚʦʨʝʥʥʷ ʤʽʞ ʜʚʽʡʢʦʚʽʡ ʽ ʜʝʩʷʪʢʦʚʦʾ ʩʠʩʪʝʤʘʤʠ ʯʠʩʣʝʥʥʷ ʤʦʞʝ 

ʩʧʦʯʘʪʢʫ ʟʜʘʪʠʩʷ ʩʢʣʘʜʥʠʤ, ʘʣʝ ʯʠʤ ʙʽʣʴʰʝ ʚʠ ʙʫʜʝʪʝ ʧʨʘʢʪʠʢʫʚʘʪʠʩʷ, ʪʠʤ 

ʧʨʦʩʪʽʰʝ ʟʤʦʞʝʪʝ ʮʝ ʨʦʙʠʪʠ. 

ʈʦʟʫʤʽʥʥʷ ʜʚʽʡʢʦʚʽʡ ʩʠʩʪʝʤʠ ʯʠʩʣʝʥʥʷ ʥʝʦʙʭʽʜʥʦ, ʱʦʙ ʚʩʪʘʥʦʚʠʪʠ, ʯʠ 

ʟʥʘʭʦʜʷʪʴʩʷ ʜʚʘ ʚʫʟʣʘ ʚ ʦʜʥʽʡ ʽ ʪʽʡ ʞʝ ʤʝʨʝʞʽ. ʗʢ ʚʠ ʧʘʤ'ʷʪʘʻʪʝ, IPv4-ʘʜʨʝʩ ʻ 

ʽʻʨʘʨʭʽʯʥʠʤ ʘʜʨʝʩʦʶ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʯʘʩʪʠʥ: ʤʝʨʝʞʝʚʠʡ ʽ ʚʫʟʣʦʚʠʡ. 

ɺʠʟʥʘʯʘʶʯʠ ʪʫ ʯʠ ʽʥʰʫ ʯʘʩʪʠʥʫ, ʥʝʦʙʭʽʜʥʦ ʟʚʝʨʪʘʪʠ ʫʚʘʛʫ ʥʝ ʥʘ ʜʝʩʷʪʢʦʚʝ 

ʟʥʘʯʝʥʥʷ, ʘ ʥʘ 32-ʙʽʪʥʠʡ ʧʦʪʽʢ. ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʤʘʣʶʥʢʫ, ʚ 32-ʙʽʪʥʦʤʫ ʧʦʪʦʮʽ 

ʦʜʥʘ ʯʘʩʪʠʥʘ ʙʽʪʽʚ ʚʠʟʥʘʯʘʻ ʤʝʨʝʞʫ, ʘ ʽʥʰʘ - ʚʫʟʦʣ. 

ɹʽʪʠ ʚ ʤʝʨʝʞʝʚʽʡ ʯʘʩʪʠʥʽ ʘʜʨʝʩʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʦʜʥʘʢʦʚʠʤʠ ʫ ʚʩʽʭ 

ʧʨʠʩʪʨʦʾʚ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʦʜʥʽʡ ʤʝʨʝʞʽ. ɹʽʪʠ ʚ ʚʫʟʣʦʚʠʡ ʯʘʩʪʠʥʠ ʘʜʨʝʩʠ 



ʧʦʚʠʥʥʽ ʙʫʪʠ ʫʥʽʢʘʣʴʥʠʤʠ ʜʣʷ ʢʦʞʥʦʛʦ ʚʫʟʣʘ ʚ ʤʝʨʝʞʽ. ʗʢʱʦ ʜʚʘ ʚʫʟʣʘ ʤʘʶʪʴ 

ʦʜʥʫ ʙʽʪʦʚʫ ʢʦʤʙʽʥʘʮʽʶ ʚ ʧʝʚʥʽʡ ʤʝʨʝʞʝʚʦʾ ʯʘʩʪʠʥʠ 32-ʙʽʪʥʦʛʦ ʧʦʪʦʢʫ, ʪʦ ʮʽ 

ʜʚʘ ʚʫʟʣʠ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʦʜʥʽʡ ʽ ʪʽʡ ʞʝ ʤʝʨʝʞʽ. 

ɸʣʝ ʷʢ ʚʫʟʣʠ ʚʠʟʥʘʯʘʶʪʴ, ʷʢʘ ʟ ʯʘʩʪʠʥ 32-ʙʽʪʥʦʛʦ ʧʦʪʦʢʫ ʻ ʤʝʨʝʞʝʚʠʡ, ʘ 

ʷʢʘ - ʚʫʟʣʦʚʠʡ? ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʘʩʢʘ ʧʽʜʤʝʨʝʞʽ. 

ɺ ʭʦʜʽ ʥʘʣʘʰʪʫʚʘʥʥʷ IPv4-ʢʦʥʬʽʛʫʨʘʮʽʾ ʚʫʟʣʘ ʥʝʦʙʭʽʜʥʦ ʟʘʜʘʪʠ ʪʨʠ IPv4-

ʘʜʨʝʩʠ ʚ ʜʝʩʷʪʢʦʚʦʤʫ ʬʦʨʤʘʪʽ ʟ ʪʦʯʢʦʶ-ʨʦʟʜʽʣʴʥʠʢʦʤ. 

ʄʘʩʢʘ ʧʽʜʤʝʨʝʞʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʝʨʝʞʝʚʦʾ ʽ ʚʫʟʣʦʚʠʡ 

ʯʘʩʪʠʥ IPv4-ʘʜʨʝʩʠ. 

ʐʣʶʟ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ - ʣʦʢʘʣʴʥʠʡ ʰʣʶʟ (ʪʦʙʪʦ IPv4-ʘʜʨʝʩ ʽʥʪʝʨʬʝʡʩʫ 

ʣʦʢʘʣʴʥʦʛʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ), ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʚʝʨʥʝʥʥʷ ʜʦ 

ʚʽʜʜʘʣʝʥʠʭ ʤʝʨʝʞ. 

ʇʨʠ ʧʨʠʟʥʘʯʝʥʥʽ ʧʨʠʩʪʨʦʶ IPv4-ʘʜʨʝʩʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʘʜʨʝʩʠ ʤʝʨʝʞʽ, ʜʦ 

ʷʢʦʛʦ ʥʘʣʝʞʠʪʴ ʜʘʥʠʡ ʧʨʠʩʪʨʽʡ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʘʩʢʘ ʧʽʜʤʝʨʝʞʽ. ʄʝʨʝʞʝʚʠʡ 

ʘʜʨʝʩʘ ʷʚʣʷʻ ʚʩʽ ʧʨʠʩʪʨʦʾ ʚ ʦʜʥʽʡ ʤʝʨʝʞʽ. 

ɼʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʤʝʨʝʞʝʚʠʡ ʽ ʚʫʟʣʦʚʠʡ ʯʘʩʪʠʥʠ IPv4-ʘʜʨʝʩʠ ʤʘʩʢʘ 

ʧʽʜʤʝʨʝʞʽ ʧʦ ʙʽʪʦʚʦ ʧʦʨʽʚʥʶʻʪʴʩʷ ʟ IPv4-ʘʜʨʝʩʦʶ ʟʣʽʚʘ ʥʘʧʨʘʚʦ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩ. 3. ʆʜʠʥʠʮʽ ʚ ʤʘʩʮʽ ʧʽʜʤʝʨʝʞʽ ʚʠʟʥʘʯʘʶʪʴ ʤʝʨʝʞʝʚʫ ʯʘʩʪʠʥʫ, ʘ ʥʫʣʽ - 

ʚʫʟʣʦʚʫ ʯʘʩʪʠʥʫ. ɿʚʝʨʥʽʪʴ ʫʚʘʛʫ, ʱʦ ʤʘʩʢʘ ʧʽʜʤʝʨʝʞʽ ʥʘʩʧʨʘʚʜʽ ʥʝ ʤʽʩʪʠʪʴ 

ʤʝʨʝʞʝʚʠʡ ʘʙʦ ʚʫʟʣʦʚʠʡ ʯʘʩʪʠʥʠ IPv4-ʘʜʨʝʩʠ; ʚʦʥʘ ʣʠʰʝ ʚʢʘʟʫʻ ʢʦʤʧ'ʶʪʝʨʫ, ʜʝ 

ʰʫʢʘʪʠ ʮʽ ʯʘʩʪʠʥʠ ʚ ʢʦʥʢʨʝʪʥʦʤʫ IPv4-ʘʜʨʝʩʫ. 

ʉʘʤ ʧʨʦʮʝʩ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʝʨʝʞʝʚʦʾ ʽ ʚʫʟʣʦʚʠʡ 

ʯʘʩʪʠʥ ʘʜʨʝʩʠ, ʥʘʟʠʚʘʻʪʴʩʷ ʣʦʛʽʯʥʦʶ ʦʧʝʨʘʮʽʻʶ ɯ (AND). 

ʃʦʛʽʯʥʘ ʦʧʝʨʘʮʽʷ ɯ - ʦʜʥʘ ʟ ʪʨʴʦʭ ʦʩʥʦʚʥʠʭ ʜʦʚʽʯʥʠʭ ʦʧʝʨʘʮʽʡ, 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʚ ʜʠʩʢʨʝʪʥʦʾ ʣʦʛʽʮʽ. ɼʚʦʤʘ ʽʥʰʠʤʠ ʦʧʝʨʘʮʽʷʤʠ ʻ ɸɹʆ (OR) ʽ 

ʅɽ (NOT). ʇʨʠ ʪʦʤʫ, ʱʦ ʚʩʽ ʪʨʠ ʦʧʝʨʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʤʝʨʝʞʘʭ ʧʝʨʝʜʘʯʽ 

ʜʘʥʠʭ, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʝʨʝʞʝʚʦʾ ʘʜʨʝʩʠ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʪʽʣʴʢʠ ʦʧʝʨʘʮʽʷ ɯ. ʊʦʤʫ 

ʚ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʤʠ ʙʫʜʝʤʦ ʛʦʚʦʨʠʪʠ ʪʽʣʴʢʠ ʧʨʦ ʦʧʝʨʘʮʽʾ ɯ. 

ʃʦʛʽʯʥʝ ɯ - ʮʝ ʧʦʨʽʚʥʷʥʥʷ ʜʚʦʭ ʙʽʪʽʚ, ʨʝʟʫʣʴʪʘʪʠ ʷʢʦʛʦ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 1. 

ɿʚʝʨʥʽʪʴ ʫʚʘʛʫ, ʱʦ 1 ɯ 1 = 1. 

ʑʦʙ ʚʠʟʥʘʯʠʪʠ ʤʝʨʝʞʝʚʫ ʘʜʨʝʩʫ IPv4-ʩʘʡʪʽʚ, ʥʘ IPv4-ʘʜʨʝʩʦʶ ʽ ʤʘʩʮʽ 

ʧʽʜʤʝʨʝʞʽ ʧʦʙʠʪʦʚʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʣʦʛʽʯʥʘ ʦʧʝʨʘʮʽʷ ɯ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʣʦʛʽʯʥʦʾ 

ʦʧʝʨʘʮʽʾ ɯ ʜʦ ʘʜʨʝʩʦʶ ʽ ʤʘʩʮʽ ʧʽʜʤʝʨʝʞʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʘʻ ʤʝʨʝʞʝʚʫ ʘʜʨʝʩʫ. 

ɼʣʷ ʜʝʤʦʥʩʪʨʘʮʽʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʧʝʨʘʮʽʾ ɯ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʝʨʝʞʝʚʦʾ 

ʘʜʨʝʩʠ ʨʦʟʛʣʷʥʝʤʦ ʚʫʟʦʣ ʟ IPv4-ʘʜʨʝʩʦʶ 192.168.10.10 ʽ ʤʘʩʢʦʶ ʧʽʜʤʝʨʝʞʽ 

255.255.255.0. ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʠʡ IPv4-ʘʜʨʝʩ ʚʫʟʣʘ ʽ ʡʦʛʦ ʜʚʽʡʢʦʚʠʡ 

ʝʢʚʽʚʘʣʝʥʪ. ɼʚʽʡʢʦʚʠʡ ʘʜʨʝʩʫ ʤʘʩʢʠ ʧʽʜʤʝʨʝʞʽ ʚʫʟʣʘ ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ. 3. 

ʌʨʘʛʤʝʥʪʠ, ʚʠʜʽʣʝʥʽ ʞʦʚʪʠʤ ʥʘ ʨʠʩ. 4, ʚʠʟʥʘʯʘʶʪʴ ʙʽʪʠ ɯ, ʱʦ ʜʘʶʪʴ 

ʜʚʽʡʢʦʚʫ ʦʜʠʥʠʮʶ ʚ ʨʷʜʢʫ ʨʝʟʫʣʴʪʘʪʽʚ ʦʧʝʨʘʮʽʾ ɯ. ʈʝʰʪʘ ʧʦʨʽʚʥʷʥʥʷ ʙʽʪʽʚ ʜʘʣʠ 

ʚʠʢʦʥʘʚʯʽ ʥʫʣʽ. ɿʚʝʨʥʽʪʴ ʫʚʘʛʫ, ʱʦ ʚ ʦʩʪʘʥʥʴʦʤʫ ʦʢʪʝʪʽ ʙʽʣʴʰʝ ʥʝʤʘʻ ʙʽʪʽʚ ʟ 

ʜʚʽʡʢʦʚʽʡ 1. 

ʅʘʨʝʰʪʽ, ʥʘ ʨʠʩ. 5 ʧʦʢʘʟʘʥʠʡ ʦʪʨʠʤʘʥʠʡ ʤʝʨʝʞʝʚʫ ʘʜʨʝʩʫ: 192.168.10.0 

255.255.255.0. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʫʟʦʣ 192.168.10.10 ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʨʝʞʽ 

192.168.10.0 255.255.255.0. 

ʇʦʜʘʥʥʷ ʤʝʨʝʞʝʚʠʭ ʘʜʨʝʩ ʽ ʘʜʨʝʩ ʚʫʟʣʽʚ ʰʣʷʭʦʤ ʫ ʚʠʛʣʷʜʽ ʤʘʩʢʠ ʧʽʜʤʝʨʝʞʽ 

ʚ ʜʝʩʷʪʢʦʚʦʤʫ ʬʦʨʤʘʪʽ ʟ ʪʦʯʢʦʶ-ʨʦʟʜʽʣʴʥʠʢʦʤ ʤʦʞʝ ʙʫʪʠ ʜʫʞʝ ʛʨʦʤʽʟʜʢʠʤ. ʅʘ 



ʱʘʩʪʷ, ʽʩʥʫʻ ʘʣʴʪʝʨʥʘʪʠʚʥʠʡ, ʙʽʣʴʰ ʧʨʦʩʪʠʡ, ʩʧʦʩʽʙ ʚʠʟʥʘʯʝʥʥʷ ʤʘʩʢʠ 

ʧʽʜʤʝʨʝʞʽ, ʟʚʘʥʠʡ ʜʦʚʞʠʥʦʶ ʧʨʝʬʽʢʩʘ. 

 

ɼʦʚʞʠʥʘ ʧʨʝʬʽʢʩʘ ʦʟʥʘʯʘʻ ʢʽʣʴʢʽʩʪʴ ʙʽʪ, ʚʩʪʘʥʦʚʣʝʥʠʭ ʥʘ ʦʜʠʥʠʮʶ (1) ʚ 

ʤʘʩʮʽ ʧʽʜʤʝʨʝʞʽ. ɺʦʥʘ ʧʦʟʥʘʯʘʻʪʴʩʷ ʧʦʭʠʣʦʶ ʨʠʩʢʦʶ ʚʧʨʘʚʦ ( ç/è), ʧʽʩʣʷ ʷʢʦʾ 

ʡʜʝ ʥʘʙʽʨ ʦʜʠʥʠʮʴ. ʆʪʞʝ, ʧʦʪʨʽʙʥʦ ʧʽʜʨʘʭʫʚʘʪʠ ʯʠʩʣʦ ʙʽʪʽʚ ʚ ʤʘʩʮʽ ʧʽʜʤʝʨʝʞʽ ʽ 

ʧʦʩʪʘʚʠʪʠ ʧʝʨʝʜ ʮʠʤ ʟʥʘʯʝʥʥʷʤ ʢʦʩʫ ʨʠʩʢʫ. 

ʅʘʧʨʠʢʣʘʜ, ʜʠʚ. ʊʘʙʣʠʮʶ ʥʘ ʤʘʣʶʥʢʫ. ʋ ʧʝʨʰʦʤʫ ʩʪʦʚʧʯʠʢʫ ʧʝʨʝʨʘʭʦʚʘʥʽ 

ʨʽʟʥʽ ʤʘʩʢʠ ʧʽʜʤʝʨʝʞʽ, ʷʢʽ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʟ ʘʜʨʝʩʦʶ ʚʫʟʣʘ. ʋ 

ʜʨʫʛʦʤʫ ʩʪʦʚʧʮʽ ʟʘʟʥʘʯʝʥʠʡ ʦʪʨʠʤʘʥʠʡ 32-ʙʽʪʥʠʡ ʜʚʽʡʢʦʚʠʡ ʘʜʨʝʩʫ. ɺ 

ʦʩʪʘʥʥʴʦʤʫ ʩʪʦʚʧʮʽ ʚʢʘʟʘʥʘ ʦʪʨʠʤʘʥʘ ʜʦʚʞʠʥʘ ʧʨʝʬʽʢʩʘ. 

 
ʈʠʩ. 2.1.10 

ʇʨʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʜʦʚʞʠʥʠ ʧʨʝʬʽʢʩʘ ʚʠ ʜʽʟʥʘʻʪʝʩʷ ʧʽʟʥʽʰʝ. 

ɿʘʨʘʟ ʞʝ ʤʠ ʙʫʜʝʤʦ ʛʦʚʦʨʠʪʠ ʧʨʦ ʤʘʩʢʫ ʧʽʜʤʝʨʝʞʽ / 24 (ʪʦʙʪʦ 255.255.255.0). 

ɼʝʷʢʽ ʧʨʠʩʪʨʦʾ ʚ ʤʝʞʘʭ ʤʝʨʝʞʽ ʚʠʤʘʛʘʶʪʴ ʧʨʠʟʥʘʯʝʥʥʷ ʬʽʢʩʦʚʘʥʦʛʦ IP-

ʘʜʨʝʩʠ. ʅʘʧʨʠʢʣʘʜ, ʧʨʠʥʪʝʨʽʚ, ʩʝʨʚʝʨʽʚ ʽ ʤʝʨʝʞʝʚʠʭ ʧʨʠʩʪʨʦʾʚ ʧʦʪʨʽʙʝʥ 

ʧʦʩʪʽʡʥʠʡ IP-ʘʜʨʝʩʘ. ɿ ʮʽʻʾ ʧʨʠʯʠʥʠ ʟʘʟʥʘʯʝʥʠʤ ʧʨʠʩʪʨʦʾʚ, ʷʢ ʧʨʘʚʠʣʦ, 

ʧʨʠʟʥʘʯʘʶʪʴʩʷ ʩʪʘʪʠʯʥʽ IP-ʘʜʨʝʩʠ. 

ɺʫʟʣʘ ʪʘʢʦʞ ʤʦʞʥʘ ʧʨʠʟʥʘʯʠʪʠ ʩʪʘʪʠʯʥʠʡ IPv4-ʘʜʨʝʩ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ 

ʤʘʣʶʥʢʫ ʇʨʠʟʥʘʯʝʥʥʷ ʚʫʟʣʽʚ ʩʪʘʪʠʯʥʠʭ ʘʜʨʝʩ ʧʨʠʡʥʷʪʥʦ ʚ ʥʝʚʝʣʠʢʠʭ ʤʝʨʝʞʘʭ. 

ʋ ʚʝʣʠʢʽʡ ʞʝ ʤʝʨʝʞʽ ʧʨʠʟʥʘʯʝʥʥʷ ʩʪʘʪʠʯʥʦʾ ʘʜʨʝʩʠ ʢʦʞʥʦʛʦ ʚʫʟʣʘ ʟʘʡʤʝ ʜʫʞʝ 

ʙʘʛʘʪʦ ʯʘʩʫ. ʇʨʠ ʮʴʦʤʫ ʜʫʞʝ ʚʘʞʣʠʚʦ ʚʝʩʪʠ ʪʦʯʥʠʡ ʦʙʣʽʢ ʧʨʠʟʥʘʯʝʥʠʭ 

ʩʪʘʪʠʯʥʠʭ IP-ʘʜʨʝʩ. 

ʋ ʙʽʣʴʰʦʩʪʽ ʤʝʨʝʞ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʥʘʡʙʽʣʴʰʘ ʟʘ ʯʠʩʝʣʴʥʽʩʪʶ ʛʨʫʧʘ ʚʫʟʣʽʚ - 

ʮʝ ʢʦʤʧ'ʶʪʝʨʠ, ʧʣʘʥʰʝʪʠ, ʩʤʘʨʪʬʦʥʠ, ʧʨʠʥʪʝʨʠ ʽ IP-ʪʝʣʝʬʦʥʠ. ʂʨʽʤ ʪʦʛʦ, 

ʥʝʨʽʜʢʽ ʚʠʧʘʜʢʠ, ʢʦʣʠ ʢʽʣʴʢʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʽʚ ʽ ʾʭ ʧʨʠʩʪʨʦʾʚ ʯʘʩʪʦ ʟʤʽʥʶʶʪʴʩʷ. 

ʇʨʠʟʥʘʯʝʥʥʷ ʩʪʘʪʠʯʥʦʛʦ IPv4-ʘʜʨʝʩʠ ʢʦʞʥʦʤʫ ʧʨʠʩʪʨʦʶ ʥʝʧʨʘʢʪʠʯʥʦ. ʊʦʤʫ 

IPv4-ʘʜʨʝʩʠ ʧʨʠʟʥʘʯʘʶʪʴʩʷ ʧʨʠʩʪʨʦʷʤ ʜʠʥʘʤʽʯʥʦ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʪʦʢʦʣʫ 

ʜʠʥʘʤʽʯʥʦʾ ʥʘʩʪʨʦʡʢʠ ʚʫʟʣʘ (Dynamic Host Configuration, DHCP). 

ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʤʘʣʶʥʢʫ, ʚʫʟʦʣ ʤʦʞʝ ʦʪʨʠʤʫʚʘʪʠ IPv4-ʘʜʨʝʩ ʘʚʪʦʤʘʪʠʯʥʦ. 

ɺʫʟʦʣ - ʮʝ DHCP-ʢʣʽʻʥʪ, ʽ ʚʽʥ ʟʘʧʠʪʫʻ IPv4-ʘʜʨʝʩ ʫ DHCP-ʩʝʨʚʝʨʘ. DHCP-

ʩʝʨʚʝʨ ʥʘʜʘʻ IPv4-ʘʜʨʝʩ, ʤʘʩʢʫ ʧʽʜʤʝʨʝʞʽ, ʰʣʶʟ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʽ ʽʥʰʽ 

ʧʘʨʘʤʝʪʨʠ ʢʦʥʬʽʛʫʨʘʮʽʾ. 

DHCP - ʮʝ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʡ ʩʧʦʩʽʙ ʧʨʠʚʣʘʩʥʝʥʥʷ IPv4-ʘʜʨʝʩ ʚʫʟʣʽʚ ʫ 

ʚʝʣʠʢʠʭ ʤʝʨʝʞʘʭ. ɯʥʰʘ ʧʝʨʝʚʘʛʠ DHCP ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʘʜʨʝʩʠ 

ʧʨʠʩʚʦʶʶʪʴʩʷ ʚʫʟʣʘʤ ʪʠʤʯʘʩʦʚʦ, ʷʢ ʙʠ çʟʜʘʻʪʴʩʷ ʚ ʦʨʝʥʜʫè ʥʘ ʧʝʚʥʠʡ ʧʝʨʽʦʜ. 



ʗʢʱʦ ʚʫʟʦʣ ʚʠʤʠʢʘʻʪʴʩʷ ʘʙʦ ʡʜʝ ʟ ʤʝʨʝʞʽ, ʡʦʛʦ ʘʜʨʝʩʘ ʧʦʚʝʨʪʘʻʪʴʩʷ ʚ ʧʫʣ ʜʣʷ 

ʧʦʚʪʦʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʎʝ ʦʩʦʙʣʠʚʦ ʢʦʨʠʩʥʦ ʜʣʷ ʤʦʙʽʣʴʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ, 

ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʨʝʞʫ ʱʝ ʥʝ ʚʩʝʛʜʘ. 

ɺʫʟʦʣ, ʫʩʧʽʰʥʦ ʧʽʜʢʣʶʯʝʥʠʡ ʜʦ ʤʝʨʝʞʽ, ʤʦʞʝ ʦʙʤʽʥʶʚʘʪʠʩʷ ʜʘʥʠʤʠ ʟ 

ʽʥʰʠʤʠ ʧʨʠʩʪʨʦʷʤʠ ʦʜʥʠʤ ʟ ʪʨʴʦʭ ʩʧʦʩʦʙʽʚ. 

ʆʜʥʦʘʜʨʝʩʥʘ ʨʦʟʩʠʣʢʘ - ʧʨʦʮʝʩ ʚʽʜʧʨʘʚʢʠ ʧʘʢʝʪʘ ʟ ʦʜʥʦʛʦ ʚʫʟʣʘ ʥʘ ʽʥʰʠʡ 

ʢʦʥʢʨʝʪʥʠʡ ʚʫʟʦʣ. 

ʐʠʨʦʢʦʤʦʚʣʝʥʥʷ - ʧʨʦʮʝʩ ʚʽʜʧʨʘʚʢʠ ʧʘʢʝʪʘ ʟ ʦʜʥʦʛʦ ʚʫʟʣʘ ʥʘ ʚʩʽ ʚʫʟʣʠ ʚ 

ʤʝʨʝʞʽ. 

ɹʘʛʘʪʦʘʜʨʝʩʥʘ ʨʦʟʩʠʣʢʘ - ʧʨʦʮʝʩ ʚʽʜʧʨʘʚʢʠ ʧʘʢʝʪʘ ʟ ʦʜʥʦʛʦ ʚʫʟʣʘ ʦʙʨʘʥʽʡ 

ʛʨʫʧʽ ʚʫʟʣʽʚ, ʤʦʞʣʠʚʦ, ʚ ʨʽʟʥʠʭ ʤʝʨʝʞʘʭ. 

ʎʽ ʪʨʠ ʪʠʧʠ ʟʚ'ʷʟʢʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʤʝʨʝʞʘʭ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʜʣʷ ʨʽʟʥʠʭ 

ʮʽʣʝʡ. ʋ ʚʩʽʭ ʪʨʴʦʭ ʪʠʧʘʭ IPv4-ʘʜʨʝʩ ʚʫʟʣʘ ʜʞʝʨʝʣʘ ʨʦʟʤʽʱʝʥʠʡ ʚ ʟʘʛʦʣʦʚʢʫ 

ʧʘʢʝʪʘ ʚ ʷʢʦʩʪʽ ʘʜʨʝʩʠ ʜʞʝʨʝʣʘ. 

ʆʜʥʦʘʜʨʝʩʥʘ ʨʦʟʩʠʣʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʚʠʯʘʡʥʦʛʦ ʦʙʤʽʥʫ ʜʘʥʠʤʠ 

ʤʽʞ ʚʫʟʣʘʤʠ ʷʢ ʚ ʤʝʨʝʞʽ ʪʠʧʫ çʢʣʽʻʥʪ / ʩʝʨʚʝʨè, ʪʘʢ ʽ ʚ ʪʠʤʯʘʩʦʚʽʡ ʤʝʨʝʞʽ. ɼʣʷ 

ʦʜʥʦʘʜʨʝʩʥʦʾ ʨʦʟʩʠʣʢʠ ʧʘʢʝʪʽʚ ʚ ʷʢʦʩʪʽ ʘʜʨʝʩʠ ʧʨʠʟʥʘʯʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʘʜʨʝʩʠ ʧʨʠʩʪʨʦʶ ʧʨʠʟʥʘʯʝʥʥʷ. ʇʘʢʝʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʩʧʨʷʤʦʚʘʥʽ ʯʝʨʝʟ ʦʙ'ʻʜʥʘʥʫ 

ʤʝʨʝʞʫ. 

ʋ IPv4-ʤʝʨʝʞʽ ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʘʜʨʝʩʠ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʦ ʢʽʥʮʝʚʦʛʦ 

ʧʨʠʩʪʨʦʶ, ʥʘʟʠʚʘʶʪʴʩʷ ʚʫʟʣʦʚʠʤʠ ʘʜʨʝʩʘʤʠ. ɼʣʷ ʦʜʥʦʘʜʨʝʩʥʦʾ ʨʦʟʩʠʣʢʠ 

ʘʜʨʝʩʠ, ʧʨʠʩʚʦʻʥʽ ʜʚʦʤ ʢʽʥʮʝʚʠʤ ʧʨʠʩʪʨʦʷʤ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʷʢʦʩʪʽ IPv4-

ʘʜʨʝʩ ʜʞʝʨʝʣʘ ʽ ʧʨʠʟʥʘʯʝʥʥʷ. ɺ ʧʨʦʮʝʩʽ ʽʥʢʘʧʩʫʣʷʮʽʾ ʚʫʟʦʣ ʜʞʝʨʝʣʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʚʽʡ IPv4-ʘʜʨʝʩ ʷʢ ʘʜʨʝʩʘ ʜʞʝʨʝʣʘ, ʘ IPv4-ʘʜʨʝʩ ʚʫʟʣʘ 

ʧʨʠʟʥʘʯʝʥʥʷ ʷʢ ʘʜʨʝʩʘ ʧʨʠʟʥʘʯʝʥʥʷ. ʅʝʟʘʣʝʞʥʦ ʚʽʜ ʪʦʛʦ, ʯʠ ʻ ʘʜʨʝʩʘ 

ʧʨʠʟʥʘʯʝʥʥʷ, ʷʢʠʡ ʚʠʟʥʘʯʠʚ ʧʘʢʝʪ, ʦʜʥʦʘʜʨʝʩʥʘ, ʰʠʨʦʢʦʤʦʚʥʦʶ ʘʙʦ 

ʙʘʛʘʪʦʘʜʨʝʩʥʠʭ, ʘʜʨʝʩʘ ʜʞʝʨʝʣʘ ʙʫʜʴ-ʷʢʦʛʦ ʧʘʢʝʪʘ ʟʘʚʞʜʠ ʻ ʘʜʨʝʩʦʶ 

ʦʜʥʦʘʜʨʝʩʥʦʾ ʨʦʟʩʠʣʢʠ ʚʫʟʣʘ ʜʞʝʨʝʣʘ. 

IPv4-ʘʜʨʝʩʠ ʚʫʟʣʘ ʻ ʦʜʥʦʘʜʨʝʩʥʠʭ ʽ ʚʭʦʜʷʪʴ ʚ ʜʽʘʧʘʟʦʥ ʘʜʨʝʩ ʚʽʜ 0.0.0.0 ʜʦ 

223.255.255.255. ʆʜʥʘʢ ʚ ʮʴʦʤʫ ʜʽʘʧʘʟʦʥʽ ʻ ʙʝʟʣʽʯ ʘʜʨʝʩ, ʟʘʨʝʟʝʨʚʦʚʘʥʠʭ ʜʣʷ 

ʩʧʝʮʽʘʣʴʥʠʭ ʮʽʣʝʡ. ʊʘʢʽ ʘʜʨʝʩʠ ʙʫʜʫʪʴ ʨʦʟʛʣʷʥʫʪʽ ʧʽʟʥʽʰʝ. 

ʐʠʨʦʢʦʤʦʚʥʘ ʧʝʨʝʜʘʯʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʽʜʧʨʘʚʢʠ ʧʘʢʝʪʽʚ ʚʩʽʤ 

ʚʫʟʣʘʤ ʚ ʤʝʨʝʞʽ ʯʝʨʝʟ ʰʠʨʦʢʦʤʦʚʥʠʡ ʤʝʨʝʞʝʚʫ ʘʜʨʝʩʫ. ʇʘʢʝʪ ʰʠʨʦʢʦʤʦʚʥʦʾ 

ʨʦʟʩʠʣʢʠ ʤʽʩʪʠʪʴ IPv4-ʘʜʨʝʩ ʧʨʠʟʥʘʯʝʥʥʷ, ʚ ʚʫʟʣʦʚʠʡ ʯʘʩʪʠʥʠ ʷʢʦʛʦ ʧʨʠʩʫʪʥʽ 

ʪʽʣʴʢʠ ʦʜʠʥʠʮʽ (1). ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʧʘʢʝʪ ʦʪʨʠʤʘʶʪʴ ʽ ʦʙʨʦʙʣʷʪʴ ʚʩʽ ʚʫʟʣʠ ʚ 

ʣʦʢʘʣʴʥʽʡ ʤʝʨʝʞʽ (ʜʦʤʝʥʽ ʰʠʨʦʢʦʤʦʚʥʦʾ ʨʦʟʩʠʣʢʠ). ʐʠʨʦʢʦʤʦʚʥʽ ʨʦʟʩʠʣʘʥʥʷ 

ʧʝʨʝʜʙʘʯʝʥʽ ʚ ʙʘʛʘʪʴʦʭ ʤʝʨʝʞʝʚʠʭ ʧʨʦʪʦʢʦʣʘʭ, ʥʘʧʨʠʢʣʘʜ DHCP. ʂʦʣʠ ʚʫʟʦʣ 

ʦʪʨʠʤʫʻ ʧʘʢʝʪ, ʚʽʜʧʨʘʚʣʝʥʠʡ ʥʘ ʰʠʨʦʢʦʤʦʚʥʠʡ ʤʝʨʝʞʝʚʫ ʘʜʨʝʩʫ, ʚʫʟʦʣ 

ʦʙʨʦʙʣʷʻ ʧʘʢʝʪ ʪʘʢ ʞʝ, ʷʢ ʽ ʧʘʢʝʪ, ʚʽʜʧʨʘʚʣʝʥʠʡ ʥʘ ʘʜʨʝʩʫ ʦʜʥʦʘʜʨʝʩʥʦʾ 

ʨʦʟʩʠʣʢʠ. 

ɭ ʜʚʘ ʪʠʧʠ ʰʠʨʦʢʦʤʦʚʥʦʾ ʨʦʟʩʠʣʢʠ: ʧʨʷʤʘ ʽ ʦʙʤʝʞʝʥʘ. ʇʨʷʤʘ 

ʰʠʨʦʢʦʤʦʚʣʝʥʥʷ ʚʽʜʧʨʘʚʣʷʻʪʴʩʷ ʚʩʽʭ ʚʫʟʣʽʚ ʚ ʢʦʥʢʨʝʪʥʽʡ ʤʝʨʝʞʽ. ʅʘʧʨʠʢʣʘʜ, 

ʚʫʟʦʣ ʚ ʤʝʨʝʞʽ 172.16.4.0/24 ʚʽʜʧʨʘʚʣʷʻ ʧʘʢʝʪ ʥʘ ʘʜʨʝʩʫ 172.16.4.255. ʆʙʤʝʞʝʥʘ 

ʰʠʨʦʢʦʤʦʚʣʝʥʥʷ ʚʽʜʧʨʘʚʣʷʻʪʴʩʷ ʥʘ ʘʜʨʝʩʫ 255.255.255.255. ɿʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ, 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ ʥʝ ʚʽʜʩʠʣʘʶʪʴʩʷ ʰʠʨʦʢʦʤʦʚʥʽ ʨʦʟʩʠʣʘʥʥʷ. 



ʅʘʧʨʠʢʣʘʜ, ʚʫʟʦʣ ʚ ʤʝʞʘʭ ʤʝʨʝʞʽ 172.16.4.0/24 ʚʽʜʧʨʘʚʣʷʻ ʪʨʘʥʩʣʷʮʽʶ 

ʨʦʟʩʠʣʢʫ ʚʩʽʭ ʚʫʟʣʽʚ ʫʩʝʨʝʜʠʥʽ ʩʚʦʻʾ ʤʝʨʝʞʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʘʢʝʪ ʟ ʘʜʨʝʩʦʶ 

ʧʨʠʟʥʘʯʝʥʥʷ 255.255.255.255. 

ʐʠʨʦʢʦʤʦʚʥʠʡ ʧʘʢʝʪ ʚʠʢʦʨʠʩʪʦʚʫʻ ʨʝʩʫʨʩʠ ʚ ʤʝʨʝʞʽ ʽ ʟʤʫʰʫʻ ʢʦʞʥʝ 

ʧʨʠʡʤʘʶʯʝ ʚʫʟʦʣ ʚ ʤʝʨʝʞʽ ʦʙʨʦʙʣʷʪʠ ʮʝʡ ʧʘʢʝʪ. ʊʘʢʠʤ ʯʠʥʦʤ, ʪʨʘʬʽʢ 

ʰʠʨʦʢʦʤʦʚʥʦʾ ʨʦʟʩʠʣʢʠ ʧʦʚʠʥʝʥ ʙʫʪʠ ʦʙʤʝʞʝʥʠʤ, ʱʦʙ ʥʝ ʚʧʣʠʚʘʪʠ ʥʘ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʤʝʨʝʞʽ ʽ ʽʥʰʠʭ ʧʨʠʩʪʨʦʾʚ. ʆʩʢʽʣʴʢʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ ʧʦʜʽʣʷʶʪʴ 

ʜʦʤʝʥʠ ʰʠʨʦʢʦʤʦʚʥʦʾ ʨʦʟʩʠʣʢʠ, ʧʦʜʽʣ ʤʝʨʝʞ ʤʦʞʝ ʧʽʜʚʠʱʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʤʝʨʝʞʽ ʟʘ ʨʘʭʫʥʦʢ ʫʩʫʥʝʥʥʷ ʥʘʜʤʽʨʥʦʛʦ ʪʨʘʬʽʢʫ ʰʠʨʦʢʦʤʦʚʥʦʛʦ ʨʦʟʩʠʣʘʥʥʷ. 

ɹʘʛʘʪʦʘʜʨʝʩʥʘ ʨʦʟʩʠʣʢʘ ʟʤʝʥʰʫʻ ʪʨʘʬʽʢ, ʜʦʟʚʦʣʷʶʯʠ ʚʫʟʣʫ ʚʽʜʧʨʘʚʣʷʪʠ 

ʦʜʠʥ ʧʘʢʝʪ ʦʙʨʘʥʽʡ ʛʨʫʧʽ ʚʫʟʣʽʚ, ʷʢʽ ʧʽʜʧʠʩʘʥʽ ʥʘ ʛʨʫʧʫ ʧʽʜ LGPL. 

ɼʣʷ ʧʽʜ LGPL ʚ ʧʨʦʪʦʢʦʣʽ IPv4 ʟʘʨʝʟʝʨʚʦʚʘʥʽ ʘʜʨʝʩʠ ʚʽʜ 224.0.0.0 ʜʦ 

239.255.255.255. ɻʨʫʧʦʚʽ IPv4-ʘʜʨʝʩʠ ʚʽʜ 224.0.0.0 ʜʦ 224.0.0.255 ʟʘʨʝʟʝʨʚʦʚʘʥʽ 

ʜʣʷ ʧʽʜ LGPL ʚ ʤʝʞʘʭ ʣʦʢʘʣʴʥʦʾ ʤʝʨʝʞʽ. ʎʽ ʘʜʨʝʩʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʛʨʫʧ 

ʧʽʜ LGPL ʚ ʣʦʢʘʣʴʥʽʡ ʤʝʨʝʞʽ. ʄʘʨʰʨʫʪʠʟʘʪʦʨ, ʧʽʜʢʣʶʯʝʥʠʡ ʜʦ ʣʦʢʘʣʴʥʦʾ 

ʤʝʨʝʞʽ, ʨʦʟʧʽʟʥʘʻ, ʱʦ ʮʽ ʧʘʢʝʪʠ ʘʜʨʝʩʦʚʘʥʽ ʣʦʢʘʣʴʥʦʾ ʛʨʫʧʠ ʧʽʜ LGPL, ʽ ʥʝ 

ʧʝʨʝʩʠʣʘʻ ʾʭ ʜʘʣʽ. ɿʘʟʚʠʯʘʡ ʟʘʨʝʟʝʨʚʦʚʘʥʽ ʣʦʢʘʣʴʥʽ ʘʜʨʝʩʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ 

ʧʨʦʪʦʢʦʣʘʭ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʥʦʛʦʘʜʨʝʩʥʦʡ ʧʝʨʝʜʘʯʽ ʜʣʷ ʦʙʤʽʥʫ 

ʜʘʥʠʤʠ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. ʅʘʧʨʠʢʣʘʜ, ʘʜʨʝʩʘ 224.0.0.9 ʟʘʨʝʟʝʨʚʦʚʘʥʠʡ ʜʣʷ 

ʧʨʦʪʦʢʦʣʫ ʤʘʨʰʨʫʪʠʟʘʮʽʾ (Routing Information Protocol, RIP) ʚʝʨʩʽʾ 2 ʜʣʷ ʦʙʤʽʥʫ 

ʜʘʥʠʤʠ ʟ ʽʥʰʠʤʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤʠ RIPv2. 

ɺʫʟʣʠ, ʷʢʽ ʦʪʨʠʤʫʶʪʴ ʢʦʥʢʨʝʪʥʽ ʙʘʛʘʪʦʘʜʨʝʩʥʽ ʜʘʥʽ, ʥʘʟʠʚʘʶʪʴʩʷ ʢʣʽʻʥʪʘʤʠ 

ʧʽʜ LGPL. ʂʣʽʻʥʪʠ ʧʽʜ LGPL ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʝʨʚʽʩʠ, ʟʘʧʠʪʘʥʽ ʧʨʦʛʨʘʤʦʶ 

ʢʣʽʻʥʪʘ ʜʣʷ ʧʽʜʧʠʩʢʠ ʥʘ ʛʨʫʧʫ ʧʽʜ LGPL. 

ʂʦʞʥʘ ʛʨʫʧʘ ʧʽʜ LGPL ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʜʥʠʤ ʛʨʫʧʦʚʠʤ IPv4-ʘʜʨʝʩʦʶ 

ʧʨʠʟʥʘʯʝʥʥʷ. ʂʦʣʠ IPv4-ʚʫʟʦʣ ʧʽʜʧʠʩʫʻʪʴʩʷ ʥʘ ʛʨʫʧʫ ʧʽʜ LGPL, ʚʽʥ ʦʙʨʦʙʣʷʻ 

ʧʘʢʝʪʠ, ʘʜʨʝʩʦʚʘʥʽ ʥʘ ʮʝʡ ʛʨʫʧʦʚʠʡ ʘʜʨʝʩʫ, ʘ ʪʘʢʦʞ ʧʘʢʝʪʠ, ʘʜʨʝʩʦʚʘʥʽ ʥʘ ʡʦʛʦ 

ʫʥʽʢʘʣʴʥʠʡ ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ ʘʜʨʝʩʫ. 

ʇʫʙʣʽʯʥʽ IPv4-ʘʜʨʝʩʠ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʘʜʨʝʩʠ, ʥʘ ʛʣʦʙʘʣʴʥʦʤʫ ʨʽʚʥʽ 

ʤʘʨʰʨʫʪʠʟʦʚʘʥʽ ʤʽʞ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤʠ ʽʥʪʝʨʥʝʪ-ʧʨʦʚʘʡʜʝʨʽʚ (Internet Service 

Provider, ISP). ʆʜʥʘʢ ʥʝ ʚʩʽ ʜʦʩʪʫʧʥʽ IPv4-ʘʜʨʝʩʠ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ 

ɯʥʪʝʨʥʝʪʽ. ɭ ʙʣʦʢʠ ʘʜʨʝʩ, ʟʚʘʥʽ ʧʨʠʚʘʪʥʠʤʠ ʘʜʨʝʩʘʤʠ, ʷʢʽ ʚ ʙʽʣʴʰʦʩʪʽ ʢʦʤʧʘʥʽʡ 

ʧʨʠʟʥʘʯʘʶʪʴʩʷ ʚ ʷʢʦʩʪʽ IPv4-ʘʜʨʝʩ ʚʥʫʪʨʽʰʥʽʭ ʚʫʟʣʽʚ. 

ɺ ʩʝʨʝʜʠʥʽ 1990-ʭ ʯʝʨʝʟ ʚʠʯʝʨʧʘʥʥʷ ʘʜʨʝʩʥʦʛʦ ʧʨʦʩʪʦʨʫ IPv4 ʙʫʣʠ ʚʚʝʜʝʥʽ 

ʧʨʠʚʘʪʥʽ IPv4-ʘʜʨʝʩʠ. ʇʨʠʚʘʪʥʽ IPv4-ʘʜʨʝʩʠ ʥʝ ʻ ʯʠʤʦʩʴ ʫʥʽʢʘʣʴʥʠʤ ʽ ʤʦʞʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʫ ʚʥʫʪʨʽʰʥʽʡ ʤʝʨʝʞʽ. 

ɿʦʢʨʝʤʘ, ʙʣʦʢʘʤʠ ʧʨʠʚʘʪʥʠʭ ʘʜʨʝʩ ʻ: 

10.0.0.0 / 8 ʘʙʦ ʚʽʜ 10.0.0.0 ʜʦ 10.255.255.255 

172.16.0.0 / 12 ʘʙʦ ʚʽʜ 172.16.0.0 ʜʦ 172.31.255.255 

192.168.0.0 / 16 ʘʙʦ ʚʽʜ 192.168.0.0 ʜʦ 192.168.255.255 

ɺʘʞʣʠʚʦ ʟʥʘʪʠ, ʱʦ ʘʜʨʝʩʠ ʚ ʮʠʭ ʙʣʦʢʘʭ ʘʜʨʝʩ ʥʝ ʧʨʠʧʫʩʪʠʤʽ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ɯʥʪʝʨʥʝʪʽ ʽ ʧʦʚʠʥʥʽ ʬʽʣʴʪʨʫʚʘʪʠ (ʚʽʜʭʠʣʷʪʠʩʷ) ʽʥʪʝʨʥʝʪ-

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤʠ. ʅʘʧʨʠʢʣʘʜ, ʥʘ ʮʴʦʤʫ ʤʘʣʶʥʢʫ ʢʦʨʠʩʪʫʚʘʯʽ ʤʝʨʝʞʽ 1, 2 ʘʙʦ 

3 ʚʽʜʧʨʘʚʣʷʶʪʴ ʧʘʢʝʪʠ ʥʘ ʚʽʜʜʘʣʝʥʽ ʚʫʟʣʠ ʧʨʠʟʥʘʯʝʥʥʷ. ʄʘʨʰʨʫʪʠʟʘʪʦʨ ISP 

ʙʘʯʠʪʠʤʫʪʴ, ʱʦ IPv4-ʘʜʨʝʩʠ ʜʞʝʨʝʣʘ ʚ ʮʠʭ ʧʘʢʝʪʘʭ ʻ ʧʨʠʚʘʪʥʠʤʠ, ʽ ʪʦʤʫ ʙʫʜʫʪʴ 

ʚʽʜʭʠʣʷʪʠ ʧʘʢʝʪʠ. 



ɹʽʣʴʰʽʩʪʴ ʦʨʛʘʥʽʟʘʮʽʡ ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʨʠʚʘʪʥʽ IPv4-ʘʜʨʝʩʠ ʜʣʷ ʩʚʦʾʭ 

ʚʥʫʪʨʽʰʥʽʭ ʚʫʟʣʽʚ. ʆʜʥʘʢ ʮʽ ʘʜʨʝʩʠ RFC 1918 ʅɽ ʤʘʨʰʨʫʪʠʟʠʨʫʶʪʩʷ ʚ 

ɯʥʪʝʨʥʝʪʽ ʽ ʧʦʚʠʥʥʽ ʙʫʪʠ ʧʝʨʝʪʚʦʨʝʥʽ ʚ ʧʫʙʣʽʯʥʽ IPv4-ʘʜʨʝʩʠ. ʇʝʨʝʪʚʦʨʝʥʥʷ 

ʤʝʨʝʞʝʚʠʭ ʘʜʨʝʩ (Network Address Translation, NAT) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʨʠʚʘʪʥʦʛʦ IPv4-ʘʜʨʝʩʠ ʚ ʧʫʙʣʽʯʥʠʡ IPv4-ʘʜʨʝʩ. ʎʝ ʟʘʟʚʠʯʘʡ 

ʚʠʢʦʥʫʻʪʴʩʷ ʥʘ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʟ'ʻʜʥʘʥʥʷ ʤʽʞ ʚʥʫʪʨʽʰʥʴʦʶ 

ʤʝʨʝʞʝʶ ʽ ʤʝʨʝʞʝʶ ISP. 

 
ʈʠʩ. 2.1.11 ʣʦʢʘʣʴʥʽ ʘʜʨʝʩʠ ʥʝ ʤʘʶʪʴ ʚʠʭʦʜʫ ʚ ʛʣʦʙʘʣʴʥʫ ʤʝʨʝʞʫ 

ɼʦʤʘʰʥʽ ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ ʚʠʢʦʥʫʶʪʴ ʪʫ ʞ ʬʫʥʢʮʽʶ. ʅʘʧʨʠʢʣʘʜ, ʙʽʣʴʰʽʩʪʴ 

ʜʦʤʘʰʥʽʭ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ ʧʨʠʟʥʘʯʘʶʪʴ IPv4-ʘʜʨʝʩʠ ʩʚʦʾʤ ʧʨʦʚʽʜʥʠʤ ʽ 

ʙʝʟʜʨʦʪʦʚʠʤ ʚʫʟʣʘʤ ʥʘ ʦʩʥʦʚʽ ʧʨʠʚʘʪʥʦʛʦ ʘʜʨʝʩʠ 192.168.1.0 / 24. ɯʥʪʝʨʬʝʡʩʫ 

ʜʦʤʘʰʥʴʦʛʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ, ʷʢʠʡ ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʜʦ ʤʝʨʝʞʽ ISP, ʧʨʠʟʥʘʯʘʻʪʴʩʷ 

ʧʫʙʣʽʯʥʠʡ IPv4-ʘʜʨʝʩ ʜʣʷ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ɯʥʪʝʨʥʝʪʽ. 

ɼʝʷʢʽ ʘʜʨʝʩʠ (ʥʘʧʨʠʢʣʘʜ, ʤʝʨʝʞʝʚʽ ʽ ʰʠʨʦʢʦʤʦʚʥʽ) ʥʝ ʤʦʞʥʘ ʧʨʠʟʥʘʯʘʪʠ 

ʚʫʟʣʘʤ. ʊʘʢʦʞ ʻ ʦʩʦʙʣʠʚʽ ʘʜʨʝʩʠ, ʷʢʽ ʤʦʞʥʘ ʧʨʠʟʥʘʯʘʪʠ ʚʫʟʣʘʤ, ʘʣʝ ʟ 

ʦʙʤʝʞʝʥʥʷʤʠ ʩʧʦʩʦʙʽʚ ʚʟʘʻʤʦʜʽʾ ʮʠʭ ʚʫʟʣʽʚ ʚ ʤʝʨʝʞʽ. 

ɸʜʨʝʩʠ loopback (127.0.0.0 / 8 ʘʙʦ ʚʽʜ 127.0.0.1 ʜʦ 127.255.255.254): ʯʘʩʪʽʰʝ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʷʢ ʪʽʣʴʢʠ ʦʜʥʫ ʘʜʨʝʩʫ 127.0.0.1 - ʮʝ ʦʩʦʙʣʠʚʽ ʘʜʨʝʩʠ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʫʟʣʠ, ʱʦʙ ʥʘʧʨʘʚʣʷʪʠ ʪʨʘʬʽʢ ʩʘʤʠʤ ʩʦʙʽ. ʅʘʧʨʠʢʣʘʜ, ʚʦʥʠ 

ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʚʫʟʣʦʤ, ʱʦʙ ʧʝʨʝʚʽʨʠʪʠ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʢʦʥʬʽʛʫʨʘʮʽʾ 

TCP / IP, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʤʘʣʶʥʢʫ. ʇʦʜʠʚʽʪʴʩʷ, ʷʢ ʘʜʨʝʩʘ loopback 127.0.0.1 

ʚʽʜʧʦʚʽʜʘʻ ʥʘ ʝʭʦ-ʟʘʧʠʪ. ʊʘʢʦʞ ʟʚʝʨʥʽʪʴ ʫʚʘʛʫ, ʷʢ ʙʫʜʴ-ʷʢʫ ʘʜʨʝʩʫ ʚ ʮʴʦʤʫ ʙʣʦʮʽ 

ʘʜʨʝʩ ʧʦʚʝʨʪʘʻ ʧʘʢʝʪ ʥʘ ʣʦʢʘʣʴʥʠʡ ʚʫʟʦʣ (ʥʘʧʨʠʢʣʘʜ, ʜʠʚ. ʇʨʦʮʝʩ ʚʽʜʧʨʘʚʢʠ 

ʜʨʫʛʦʾ ʢʦʤʘʥʜʠ ping ʥʘ ʤʘʣʶʥʢʫ). 

ʃʦʢʘʣʴʥʽ ʘʜʨʝʩʠ ʢʘʥʘʣʫ (169.254.0.0 / 16 ʘʙʦ ʚʽʜ 169.254.0.1 ʜʦ 

169.254.255.254) ʙʽʣʴʰ ʚʽʜʦʤʽ ʷʢ ʘʜʨʝʩʠ, ʷʢʽ ʧʨʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʧʨʠʚʘʪʥʠʭ IP-ʘʜʨʝʩ (Automatic Private IP 

Addressing, APIPA). ɺʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʢʣʽʻʥʪʦʤ Windows DHCP ʜʣʷ 

ʩʘʤʦʩʪʽʡʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ʚ ʨʘʟʽ, ʷʢʱʦ ʞʦʜʝʥ DHCP-ʩʝʨʚʝʨ ʥʝ ʜʦʩʪʫʧʥʠʡ. 

ʇʽʜʭʦʜʷʪʴ ʜʣʷ ʥʝʚʝʣʠʢʦʾ ʪʠʤʯʘʩʦʚʦʾ ʤʝʨʝʞʽ. 

ɸʜʨʝʩʠ TEST-NET (192.0.2.0/24 ʘʙʦ ʚʽʜ 192.0.2.0 ʜʦ 192.0.2.255) 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚʠʢʣʶʯʥʦ ʟ ʤʝʪʦʶ ʥʘʚʯʘʥʥʷ ʽ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʚ 

ʷʢʦʩʪʽ ʧʨʠʢʣʘʜʫ ʜʣʷ ʜʦʢʫʤʝʥʪʫʚʘʥʥʷ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʤʝʨʝʞ. 



ʇʨʠʤʽʪʢʘ. ʋ ʙʣʦʮʽ ʘʜʨʝʩ ʚʽʜ 240.0.0.0 ʜʦ 255.255.255.254 ʻ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʘʜʨʝʩʠ, ʷʢʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʜʦʢʫʤʝʥʪʘ RFC 3330, ʤʦʞʫʪʴ ʙʫʪʠ ʚ 

ʤʘʡʙʫʪʥʴʦʤʫ ʧʝʨʝʪʚʦʨʝʥʽ ʚ ʜʦʩʪʫʧʥʽ ʘʜʨʝʩʠ. 

ʋ 1981 ʨ IPv4-ʘʜʨʝʩʠ ʚ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪ ʧʨʠʟʥʘʯʘʣʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʣʘʩʦʚʦʾ ʘʜʨʝʩʘʮʽʾ ʟʛʽʜʥʦ RFC 790 (ʇʨʠʟʥʘʯʝʥʽ ʘʜʨʝʩʠ). ɿʘʤʦʚʥʠʢʘʤ ʙʫʚ 

ʧʨʠʟʥʘʯʝʥʠʡ ʤʝʨʝʞʝʚʫ ʘʜʨʝʩʫ ʥʘ ʦʩʥʦʚʽ ʦʜʥʦʛʦ ʟ ʪʨʴʦʭ ʢʣʘʩʽʚ, A, B ʘʙʦ C. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʘʥʜʘʨʪʫ RFC, ʜʽʘʧʘʟʦʥʠ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʘʜʨʝʩ ʜʽʣʷʪʴʩʷ ʥʘ 

ʥʘʩʪʫʧʥʽ ʢʣʘʩʠ: 

ʂʣʘʩ A (ʚʽʜ 0.0.0.0/8 ʜʦ 127.0.0.0/8) ʨʦʟʨʦʙʣʝʥʠʡ ʜʣʷ ʜʫʞʝ ʚʝʣʠʢʠʭ ʤʝʨʝʞ ʟ 

ʙʽʣʴʰ ʥʽʞ 16 ʤʣʥ ʘʜʨʝʩ ʚʫʟʣʽʚ. ɼʣʷ ʧʦʟʥʘʯʝʥʥʷ ʤʝʨʝʞʝʚʦʛʦ ʘʜʨʝʩʠ IPv4-ʘʜʨʝʩʠ 

ʢʣʘʩʫ ɸ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʬʽʢʩʦʚʘʥʠʡ ʧʨʝʬʽʢʩ / 8 ʟ ʧʝʨʰʠʤ ʦʢʪʝʪʦʤ. ʈʝʰʪʘ ʪʨʠ 

ʦʢʪʝʪʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʜʣʷ ʘʜʨʝʩ ʚʫʟʣʽʚ. ɺʩʽ ʘʜʨʝʩʠ ʢʣʘʩʫ ɸ ʚʠʤʘʛʘʶʪʴ, ʱʦʙ 

ʥʘʡʩʪʘʨʰʠʡ ʨʦʟʨʷʜ ʩʪʘʨʰʦʛʦ ʦʢʪʝʪʫ ʜʦʨʽʚʥʶʚʘʚ ʥʫʣʶ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʽʩʥʫʚʘʣʦ 

ʪʽʣʴʢʠ 128 ʤʦʞʣʠʚʠʭ ʤʝʨʝʞ ʢʣʘʩʫ ɸ. ʂʣʘʩ A ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ. 1. 

ʂʣʘʩ B (128.0.0.0 / 16 - 191.255.0.0 / 16) ʨʦʟʨʦʙʣʝʥʠʡ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʧʦʪʨʝʙ 

ʥʝʚʝʣʠʢʠʭ ʽ ʚʝʣʠʢʠʭ ʤʝʨʝʞ, ʱʦ ʤʽʩʪʷʪʴ ʧʨʠʙʣʠʟʥʦ 65 000 ʚʫʟʣʽʚ. ɸʜʨʝʩʘ ʢʣʘʩʫ 

B ʚʠʢʦʨʠʩʪʦʚʫʚʘʚ ʬʽʢʩʦʚʘʥʠʡ ʧʨʝʬʽʢʩ / 16, ʜʚʘ ʩʪʘʨʰʠʭ ʦʢʪʝʪʫ ʜʣʷ ʧʦʟʥʘʯʝʥʥʷ 

ʤʝʨʝʞʝʚʦʛʦ ʘʜʨʝʩʠ. ɼʚʘ ʦʢʪʝʪʫ ʚʠʟʥʘʯʘʣʠ ʘʜʨʝʩʠ ʚʫʟʣʽʚ. ɼʣʷ ʘʜʨʝʩ ʢʣʘʩʫ B ʜʚʘ 

ʥʘʡʩʪʘʨʰʠʭ ʨʦʟʨʷʜʫ ʩʪʘʨʰʦʛʦ ʦʢʪʝʪʫ ʨʽʚʥʽ 10, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ 

ʩʪʚʦʨʝʥʥʷ ʙʽʣʴʰʝ 16 000 ʤʝʨʝʞ. ʂʣʘʩ B ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ. 2. 

ʂʣʘʩ C (192.0.0.0 / 24 - 223.255.255.0 / 24) ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʥʝʚʝʣʠʢʠʭ 

ʤʝʨʝʞ ʟ ʢʽʣʴʢʽʩʪʶ ʚʫʟʣʽʚ ʥʝ ʙʽʣʴʰʝ 254. ɹʣʦʢʠ ʘʜʨʝʩ ʢʣʘʩʫ ʉ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʧʨʝʬʽʢʩ / 24 ʜʣʷ ʪʨʴʦʭ ʩʪʘʨʰʠʭ ʦʢʪʝʪʽʚ ʜʣʷ ʚʢʘʟʽʚʢʠ ʘʜʨʝʩʠ ʤʝʨʝʞʽ ʽ ʦʩʪʘʥʥʽʡ 

ʦʢʪʝʪ - ʜʣʷ ʚʢʘʟʽʚʢʠ ʘʜʨʝʩ ʚʫʟʣʽʚ . ʊʨʠ ʩʪʘʨʰʠʭ ʙʽʪʘ ʩʪʘʨʰʦʛʦ ʦʢʪʝʪʫ ʨʽʚʥʽ 110, 

ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʙʽʣʴʰ 2 ʤʣʥ ʤʝʨʝʞ. ʂʣʘʩ C ʧʦʢʘʟʘʥʠʡ ʥʘ 

ʨʠʩ. 3. 

ʇʨʠʤʽʪʢʘ. ʊʘʢʦʞ ʻ ʙʣʦʢ ʦʜʥʦʘʜʨʝʩʥʦʾ ʧʝʨʝʜʘʯʽ ʢʣʘʩʫ D (ʚʽʜ 224.0.0.0 ʜʦ 

239.0.0.0) ʽ ʙʣʦʢ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʘʜʨʝʩ ʢʣʘʩʫ E (ʚʽʜ 240.0.0.0 ʜʦ 255.0.0.0). 

ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʤʘʣʶʥʢʫ, ʧʦ ʢʣʘʩʦʚʽʡ ʘʜʨʝʩʘʮʽʾ 50% ʜʦʩʪʫʧʥʠʭ IPv4-ʘʜʨʝʩ 

ʚʠʜʽʣʷʣʦʩʷ 128 ʤʝʨʝʞ ʢʣʘʩʫ A, 25% ʘʜʨʝʩ - ʤʝʨʝʞ ʢʣʘʩʫ B, ʽ ʨʝʰʪʘ 25% - ʤʝʨʝʞ 

ʢʣʘʩʽʚ C, D ʽ E. ʇʨʦʙʣʝʤʘ ʧʦʣʷʛʘʣʘ ʚ ʪʦʤʫ, ʱʦ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʘʜʨʝʩ ʥʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩʷ, ʽ ʜʦʩʪʫʧʥʽʩʪʴ IPv4-ʘʜʨʝʩ ʙʫʣʘ ʜʫʞʝ ʦʙʤʝʞʝʥʦʶ. ʅʝ ʚʩʽ 

ʚʠʤʦʛʠ ʦʨʛʘʥʽʟʘʮʽʡ ʤʦʞʥʘ ʙʝʟ ʧʨʦʙʣʝʤ ʚʽʜʥʝʩʪʠ ʜʦ ʮʠʭ ʪʨʴʦʭ ʢʣʘʩʽʚ. 

ʅʘʧʨʠʢʣʘʜ, ʢʦʤʧʘʥʽʾ, ʚ ʤʝʨʝʞʽ ʷʢʦʾ ʟʥʘʭʦʜʠʪʴʩʷ 260 ʚʫʟʣʽʚ, ʙʫʜʝ ʧʦʪʨʽʙʥʦ ʤʘʪʠ 

ʘʜʨʝʩʫ ʢʣʘʩʫ B ʟ ʧʦʥʘʜ 65 000 ʘʜʨʝʩʘʤʠ, ʧʨʠ ʮʴʦʤʫ 64 740 ʘʜʨʝʩ ʧʨʦʧʘʜʫʪʴ 

ʜʘʨʤʘ. 

ɺ ʢʽʥʮʽ 1990-ʭ ʢʣʘʩʦʚʘ ʘʜʨʝʩʘʮʽʷ ʙʫʣʘ ʟʘʤʽʥʝʥʘ ʙʽʣʴʰ ʥʦʚʦʾ ʽ ʘʢʪʫʘʣʴʥʦʾ 

ʙʝʟʢʣʘʩʦʚʦʾ ʩʠʩʪʝʤʦʶ ʘʜʨʝʩʘʮʽʾ. ʇʨʦʪʝ, ʚ ʜʝʷʢʠʭ ʤʝʨʝʞʘʭ ʜʦʥʠʥʽ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʢʣʘʩʦʚʘ ʘʜʨʝʩʘʮʽʷ. ʅʘʧʨʠʢʣʘʜ, ʧʨʠ ʧʨʠʟʥʘʯʝʥʥʽ ʢʦʤʧ'ʶʪʝʨʘ 

IPv4-ʘʜʨʝʩʠ ʦʧʝʨʘʮʽʡʥʘ ʩʠʩʪʝʤʘ ʧʝʨʝʚʽʨʷʻ ʧʨʠʩʚʦʶʻʪʴʩʷ ʘʜʨʝʩʘ, ʱʦʙ 

ʚʠʟʥʘʯʠʪʠ, ʜʦ ʷʢʦʛʦ ʢʣʘʩʫ ʥʘʣʝʞʠʪʴ ʮʷ ʘʜʨʝʩʘ: A, B ʘʙʦ C. ʇʦʪʽʤ ʦʧʝʨʘʮʽʡʥʘ 

ʩʠʩʪʝʤʘ ʙʝʨʝ ʧʨʝʬʽʢʩ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʮʠʤ ʢʣʘʩʦʤ, ʽ ʧʨʠʟʥʘʯʘʻ ʤʘʩʢʫ 

ʧʽʜʤʝʨʝʞʽ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ. 

ɺʠʢʦʨʠʩʪʦʚʫʚʘʥʘ ʚ ʜʘʥʠʡ ʯʘʩ ʩʠʩʪʝʤʘ ʥʘʟʠʚʘʻʪʴʩʷ ʙʝʟʢʣʘʩʦʚʦʾ ʘʜʨʝʩʘʮʽʻʶ. 

ʆʬʽʮʽʡʥʘ ʥʘʟʚʘ - ʙʝʟʢʣʘʩʦʚʫ ʤʽʞʜʦʤʝʥʥʫ ʤʘʨʰʨʫʪʠʟʘʮʽʶ (Classless Inter-

Domain Routing, CIDR; ʚʠʤʦʚʣʷʻʪʴʩʷ ʷʢ çʩʘʡʜʨè). ʋ 1993 ʨ ʦʨʛʘʥʽʟʘʮʽʷ IETF 

(ɯʥʞʝʥʝʨʥʘ ʛʨʫʧʘ ʟ ʨʦʟʚʠʪʢʫ ɯʥʪʝʨʥʝʪʫ) ʩʪʚʦʨʠʣʘ ʥʦʚʽ ʩʪʘʥʜʘʨʪʠ, ʷʢʽ ʜʦʟʚʦʣʠʣʠ 



ʦʧʝʨʘʪʦʨʘʤ ʟʚ'ʷʟʢʫ ʧʨʠʟʥʘʯʘʪʠ IPv4-ʘʜʨʝʩʠ ʚ ʙʫʜʴ-ʷʢʠʭ ʙʽʪʦʚʠʭ ʤʝʞʘʭ (ʤʘʻʪʴʩʷ 

ʥʘ ʫʚʘʟʽ ʜʦʚʞʠʥʘ ʧʨʝʬʽʢʩʘ) ʟʘʤʽʩʪʴ ʘʜʨʝʩ ʢʣʘʩʫ ɸ, B ʘʙʦ C. ʎʝ ʧʦʚʠʥʥʦ ʙʫʣʦ 

ʚʽʜʩʪʨʦʯʠʪʠ ʚʠʯʝʨʧʘʥʥʷ IPv4-ʘʜʨʝʩ. 

 
ʈʠʩ. 2.1.12 ʉʭʝʤʘ ʨʦʟʧʦʜʽʣʫ ʢʽʣʴʢʦʩʪʽ ʤʝʨʝʞ ʽ ʭʦʩʪʽʚ ʫ ʨʽʟʥʠʭ ʢʣʘʩʘʭ 

ʋ IETF ʨʦʟʫʤʽʣʠ, ʱʦ ʙʝʟʢʣʘʩʦʚʫ ʤʽʞʜʦʤʝʥʥʫ ʤʘʨʰʨʫʪʠʟʘʮʽʶ (CIDR) ʙʫʣʘ 

ʪʽʣʴʢʠ ʪʠʤʯʘʩʦʚʠʤ ʨʽʰʝʥʥʷʤ ʽ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʰʚʠʜʢʦʛʦ ʨʦʟʚʠʪʢʫ ʢʽʣʴʢʦʩʪʽ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ɯʥʪʝʨʥʝʪʫ ʥʝʦʙʭʽʜʥʠʡ ʥʦʚʠʡ IP-ʧʨʦʪʦʢʦʣ. ʋ 1994 ʨ ʚ IETF 

ʧʦʯʘʣʠʩʷ ʧʦʰʫʢʠ ʥʘʩʪʫʧʥʠʢʘ IPv4. ʅʠʤ ʩʪʘʚ ʧʨʦʪʦʢʦʣ IPv6. 

ɼʣʷ ʧʽʜʪʨʠʤʢʠ ʤʝʨʝʞʥʠʭ ʚʫʟʣʽʚ, ʥʘʧʨʠʢʣʘʜ, ʚʝʙ-ʩʝʨʚʝʨʽʚ, ʜʦʩʪʫʧʥʠʭ ʯʝʨʝʟ 

ɯʥʪʝʨʥʝʪ, ʢʦʤʧʘʥʽʷ ʧʦʚʠʥʥʘ ʤʘʪʠ ʙʣʦʢ ʧʨʠʟʥʘʯʝʥʠʭ ʧʫʙʣʽʯʥʠʭ ʘʜʨʝʩ. ʗʢ ʚʠ 

ʧʘʤ'ʷʪʘʻʪʝ, ʧʫʙʣʽʯʥʽ ʘʜʨʝʩʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʫʥʽʢʘʣʴʥʠʤʠ, ʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ 

ʧʫʙʣʽʯʥʠʭ ʘʜʨʝʩ ʨʝʛʫʣʶʻʪʴʩʷ ʽ ʧʨʠʟʥʘʯʘʻʪʴʩʷ ʦʢʨʝʤʦ ʜʣʷ ʢʦʞʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ. ʎʝ 

ʚʽʨʥʦ ʷʢ ʜʣʷ IPv4-, ʪʘʢ ʽ ʜʣʷ IPv6-ʘʜʨʝʩ. 

ʇʨʠʟʥʘʯʝʥʥʷ IPv4- ʽ IPv6-ʘʜʨʝʩ ʨʝʛʫʣʶʻʪʴʩʷ ɸʜʤʽʥʽʩʪʨʘʮʽʻʶ ʘʜʨʝʩʥʦʛʦ 

ʧʨʦʩʪʦʨʫ ɯʥʪʝʨʥʝʪ (IANA) (http://www.iana.org). IANA ʫʧʨʘʚʣʷʻ ʙʣʦʢʘʤʠ IP-

ʘʜʨʝʩ ʽ ʨʦʟʧʦʜʽʣʷʻ ʾʭ ʤʽʞ ʨʝʛʽʦʥʘʣʴʥʠʤʠ ʽʥʪʝʨʥʝʪ-ʨʝʻʩʪʨʘʪʦʨʘʤʠ (RIR). 

ʅʘʪʠʩʥʽʪʴ ʥʘ ʩʠʤʚʦʣ ʢʦʞʥʦʛʦ ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʽʥʪʝʨʥʝʪ-ʨʝʻʩʪʨʘʪʦʨʘ (RIR) ʥʘ 

ʤʘʣʶʥʢʫ, ʱʦʙ ʧʝʨʝʛʣʷʥʫʪʠ ʜʦʜʘʪʢʦʚʫ ʽʥʬʦʨʤʘʮʽʶ. 

ʈʝʛʽʦʥʘʣʴʥʽ ʽʥʪʝʨʥʝʪ-ʨʝʻʩʪʨʘʪʦʨʠ (RIR) ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʨʦʟʧʦʜʽʣ IP-ʘʜʨʝʩ 

ʤʽʞ ʽʥʪʝʨʥʝʪ-ʧʨʦʚʘʡʜʝʨʘʤʠ (ISP), ʷʢʽ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʥʘʜʘʶʪʴ ʙʣʦʢʠ IPv4-ʘʜʨʝʩ 

ʦʨʛʘʥʽʟʘʮʽʷʤ ʽ ʤʝʥʰ ʚʝʣʠʢʠʤ ʧʨʦʚʘʡʜʝʨʘʤ. ʆʨʛʘʥʽʟʘʮʽʾ ʤʦʞʫʪʴ ʦʪʨʠʤʘʪʠ ʩʚʦʾ 

ʘʜʨʝʩʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʽʜ ʨʝʛʽʦʥʘʣʴʥʠʭ ʽʥʪʝʨʥʝʪ-ʨʝʻʩʪʨʘʪʦʨʽʚ (RIR) (ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʨʘʚʠʣ ʢʦʥʢʨʝʪʥʦʛʦ ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʽʥʪʝʨʥʝʪ-ʨʝʻʩʪʨʘʪʦʨʘ (RIR)). 

ʇʨʦʪʦʢʦʣ IPv6 ʙʫʚ ʨʦʟʨʦʙʣʝʥʠʡ ʷʢ ʥʘʩʪʫʧʥʠʢ ʧʨʦʪʦʢʦʣʫ IPv4. IPv6 ʤʘʻ 

ʙʽʣʴʰʫ 128-ʙʽʪʦʚʝ ʘʜʨʝʩʥʠʡ ʧʨʦʩʪʽʨ, ʱʦ ʜʦʩʠʪʴ ʜʣʷ 340 ʫʥʜʝʮʽʣʣʽʦʥʦʚ ʘʜʨʝʩ. 

(ʎʝ ʯʠʩʣʦ 340, ʟʘ ʷʢʠʤ ʩʣʽʜ 36 ʥʫʣʽʚ.) ʆʜʥʘʢ ʧʨʦʪʦʢʦʣ IPv6 - ʮʝ ʥʝ ʪʽʣʴʢʠ 

ʙʽʣʴʰʫ ʢʽʣʴʢʽʩʪʴ ʘʜʨʝʩ. ʂʦʣʠ ʬʘʭʽʚʮʽ IETF ʧʦʯʘʣʠ ʨʦʟʨʦʙʢʫ ʥʘʩʪʫʧʥʠʢʘ IPv4, 

ʚʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʮʶ ʤʦʞʣʠʚʽʩʪʴ ʜʣʷ ʫʩʫʥʝʥʥʷ ʦʙʤʝʞʝʥʴ ʧʨʦʪʦʢʦʣʫ IPv4 ʽ 

ʚʥʝʩʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʧʦʣʽʧʰʝʥʴ. ʉʝʨʝʜ ʪʘʢʠʭ ʧʦʣʽʧʰʝʥʴ - ʧʨʦʪʦʢʦʣ ʢʝʨʫʶʯʠʭ 



ʧʦʚʽʜʦʤʣʝʥʴ ʚʝʨʩʽʾ 6 (ICMPv6), ʷʢʠʡ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʜʦʟʚʽʣ ʘʜʨʝʩ ʽ 

ʘʚʪʦʥʘʩʪʨʦʡʢʫ ʘʜʨʝʩ, ʱʦ ʙʫʣʦ ʚʽʜʩʫʪʥʻ ʚ ʧʨʦʪʦʢʦʣʽ ICMP ʜʣʷ IPv4 (ICMPv4). 

ʇʨʦʪʦʢʦʣʠ ICMPv4 ʽ ICMPv6 ʙʫʜʫʪʴ ʨʦʟʛʣʷʥʫʪʽ ʜʘʣʽ ʚ ʮʽʡ ʛʣʘʚʽ. 

ʉʢʦʨʦʯʝʥʥʷ ʘʜʨʝʩʥʦʛʦ ʧʨʦʩʪʦʨʫ ʧʨʦʪʦʢʦʣʫ IPv4 - ʦʩʥʦʚʥʠʡ ʩʪʠʤʫʣʶʶʯʠʡ 

ʯʠʥʥʠʢ ʜʣʷ ʧʝʨʝʭʦʜʫ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ IPv6. ʋ ʤʽʨʫ ʪʦʛʦ ʷʢ ɸʬʨʠʢʘ, ɸʟʽʷ ʽ ʽʥʰʽ 

ʨʝʛʽʦʥʠ ʧʣʘʥʝʪʠ ʚʩʝ ʙʽʣʴʰʝ ʧʦʪʨʝʙʫʶʪʴ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪ, 

ʟʘʣʠʰʘʻʪʴʩʷ ʚʩʝ ʤʝʥʰʝ IPv4-ʘʜʨʝʩ, ʱʦʙ ʚʽʜʧʦʚʽʜʘʪʠ ʪʘʢʠʤ ʪʝʤʧʘʤ ʨʦʟʚʠʪʢʫ. ʗʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʤʘʣʶʥʢʫ, ʫ ʯʦʪʠʨʴʦʭ ʟ ʧ'ʷʪʠ ʨʝʛʽʦʥʘʣʴʥʠʭ ʽʥʪʝʨʥʝʪ-ʨʝʻʩʪʨʘʪʦʨʽʚ 

(RIR) ʥʝ ʟʘʣʠʰʠʣʦʩʷ ʚʽʣʴʥʠʭ IPv4-ʘʜʨʝʩ. 

ʊʝʦʨʝʪʠʯʥʝ ʤʘʢʩʠʤʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ IPv4-ʘʜʨʝʩ - 4,3 ʤʽʣʴʷʨʜʘ. ʇʨʠʚʘʪʥʽ 

ʘʜʨʝʩʠ ʨʘʟʦʤ ʟ ʤʝʭʘʥʽʟʤʦʤ ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʝʨʝʞʝʚʠʭ ʘʜʨʝʩ (NAT) ʜʦʟʚʦʣʷʣʠ 

ʷʢʠʡʩʴ ʯʘʩ ʫʧʦʚʽʣʴʥʠʪʠ ʧʨʦʮʝʩ ʚʠʩʥʘʞʝʥʥʷ ʘʜʨʝʩʥʦʛʦ ʧʨʦʩʪʦʨʫ IPv4. ʆʜʥʘʢ, 

ʤʝʭʘʥʽʟʤ ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʝʨʝʞʝʚʠʭ ʘʜʨʝʩ (NAT) ʤʘʻ ʧʝʚʥʽ ʦʙʤʝʞʝʥʥʷ, ʷʢʽ 

ʧʦʛʽʨʰʫʶʪʴ ʢʦʤʫʥʽʢʘʮʽʾ ʚ ʪʠʤʯʘʩʦʚʦʾ ʤʝʨʝʞʽ. 

ʉʫʯʘʩʥʠʡ ɯʥʪʝʨʥʝʪ ʽʩʪʦʪʥʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ɯʥʪʝʨʥʝʪʫ ʦʩʪʘʥʥʽʭ ʜʝʩʷʪʠʣʽʪʴ. 

ʉʴʦʛʦʜʥʽ ʮʝ ʥʝ ʧʨʦʩʪʦ ʝʣʝʢʪʨʦʥʥʘ ʧʦʰʪʘ, ʚʝʙ-ʩʪʦʨʽʥʢʠ ʽ ʧʝʨʝʜʘʯʘ ʬʘʡʣʽʚ ʤʽʞ 

ʢʦʤʧ'ʶʪʝʨʘʤʠ. ʋ ʤʽʨʫ ʨʦʟʚʠʪʢʫ ɯʥʪʝʨʥʝʪ ʩʪʘʻ ɯʥʪʝʨʥʝʪʦʤ ʨʝʯʝʡ. ʉʢʦʨʦ ʤʦʞʥʘ 

ʙʫʜʝ ʦʪʨʠʤʘʪʠ ʜʦʩʪʫʧ ʜʦ ɯʥʪʝʨʥʝʪʫ ʥʝ ʪʽʣʴʢʠ ʯʝʨʝʟ ʢʦʤʧ'ʶʪʝʨʠ, ʧʣʘʥʰʝʪʠ ʽ 

ʩʤʘʨʪʬʦʥʠ. ɿʘʚʪʨʘ ʧʨʘʢʪʠʯʥʦ ʚʩʽ ʧʨʠʩʪʨʦʾ - ʚʽʜ ʘʚʪʦʤʦʙʽʣʽʚ ʽ ʙʽʦʤʝʜʠʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʜʦ ʧʦʙʫʪʦʚʦʾ ʪʝʭʥʽʢʠ ʽ ʧʨʠʨʦʜʥʦʾ ʝʢʦʩʠʩʪʝʤʠ ʙʫʜʫ ʦʩʥʘʱʝʥʽ 

ʩʝʥʩʦʨʘʤʠ ʽ ʧʽʜʢʣʶʯʝʥʽ ʜʦ ɯʥʪʝʨʥʝʪʫ. 

ʋ ʟʚ'ʷʟʢʫ ʟ ʧʦʰʠʨʝʥʥʷʤ ɯʥʪʝʨʥʝʪʫ ʦʙʤʝʞʝʥʠʤ ʘʜʨʝʩʥʠʤ ʧʨʦʩʪʦʨʦʤ IPv4, 

ʧʨʦʙʣʝʤʘʤʠ ʟ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʤʝʨʝʞʝʚʠʭ ʘʜʨʝʩ ʽ ʧʨʦʥʠʢʥʝʥʥʷʤ ɯʥʪʝʨʥʝʪʫ ʚ 

ʥʘʰʝ ʞʠʪʪʷ ʧʨʠʡʰʣʦ ʯʘʩ ʜʣʷ ʧʝʨʝʭʦʜʫ ʥʘ ʧʨʦʪʦʢʦʣ IPv6. 

ʊʦʯʥʦʾ ʜʘʪʠ ʜʣʷ ʧʝʨʝʭʦʜʫ ʥʘ ʧʨʦʪʦʢʦʣ IPv6 ʥʝʤʘʻ. ʋ ʥʘʡʙʣʠʞʯʦʤʫ 

ʤʘʡʙʫʪʥʴʦʤʫ ʧʨʦʪʦʢʦʣʠ IPv4 ʽ IPv6 ʙʫʜʫʪʴ ʽʩʥʫʚʘʪʠ ʩʧʽʣʴʥʦ. ʇʦʚʥʠʡ ʧʝʨʝʭʽʜ 

ʤʦʞʝ ʟʘʡʥʷʪʠ ʙʘʛʘʪʦ ʨʦʢʽʚ. ʌʘʭʽʚʮʽ IETF ʩʪʚʦʨʠʣʠ ʨʽʟʥʽ ʧʨʦʪʦʢʦʣʠ ʽ 

ʽʥʩʪʨʫʤʝʥʪʠ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʤʝʨʝʞʝʚʠʤ ʘʜʤʽʥʽʩʪʨʘʪʦʨʘʤ ʧʦʩʪʫʧʦʚʦ ʧʝʨʝʚʦʜʠʪʠ 

ʩʚʦʾ ʤʝʨʝʞʽ ʥʘ ʧʨʦʪʦʢʦʣ IPv6. ʄʝʪʦʜʠ ʧʝʨʝʭʦʜʫ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ 3 ʢʘʪʝʛʦʨʽʾ. 

ʇʦʜʚʽʡʥʠʡ ʩʪʝʢ: ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1, ʧʦʜʚʽʡʥʠʡ ʩʪʝʢ ʜʦʟʚʦʣʷʻ 

ʧʨʦʪʦʢʦʣʘʤ IPv4 ʽ IPv6 ʩʧʽʚʽʩʥʫʚʘʪʠ ʚ ʦʜʥʦʤʫ ʽ ʪʦʤʫ ʞ ʩʝʛʤʝʥʪʽ ʤʝʨʝʞʽ. 

ʇʨʠʩʪʨʦʾ ʟ ʧʦʜʚʽʡʥʠʤ ʩʪʝʢʦʤ ʦʜʥʦʯʘʩʥʦ ʧʨʘʮʶʶʪʴ ʟ ʧʨʦʪʦʢʦʣʴʥʠʤʠ ʩʪʝʢʘʤʠ 

IPv4 ʽ IPv6. 

ʊʫʥʥʝʣʠʨʦʚʘʥʠʝ: ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2, ʪʫʥʥʝʣʠʨʦʚʘʥʠʝ - ʮʝ ʩʧʦʩʽʙ 

ʧʝʨʝʜʘʯʽ ʧʘʢʝʪʘ IPv6 ʯʝʨʝʟ IPv4-ʤʝʨʝʞʫ. IPv6-ʧʘʢʝʪ ʠʥʢʘʧʩʫʣʠʨʫʝʪʩʷ ʚʩʝʨʝʜʠʥʽ 

IPv4-ʧʘʢʝʪʘ, ʷʢ ʽ ʽʥʰʽ ʪʠʧʠ ʜʘʥʠʭ. 

ʇʝʨʝʪʚʦʨʝʥʥʷ: ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3, ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʝʨʝʞʝʚʠʭ ʘʜʨʝʩ 64 

(NAT64) ʜʦʟʚʦʣʷʻ ʧʨʠʩʪʨʦʷʤ ʧʽʜ ʢʝʨʫʚʘʥʥʷʤ IPv6 ʦʙʤʽʥʶʚʘʪʠʩʷ ʜʘʥʠʤʠ ʟ 

ʧʨʠʩʪʨʦʷʤʠ ʧʽʜ ʢʝʨʫʚʘʥʥʷʤ IPv4 ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʩʭʦʞʦʛʦ 

ʥʘ ʤʝʪʦʜ ʧʝʨʝʪʚʦʨʝʥʥʷ NAT ʜʣʷ IPv4. IPv6-ʧʘʢʝʪ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʧʘʢʝʪ IPv4-

ʧʘʢʝʪ ʽ ʥʘʚʧʘʢʠ. 

ʇʨʠʤʽʪʢʘ. ʊʫʥʥʝʣʠʨʦʚʘʥʠʝ ʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʽʣʴʢʠ ʧʨʠ 

ʥʝʦʙʭʽʜʥʦʩʪʽ. ʂʽʥʮʝʚʘ ʤʝʪʘ - ʮʝ ʧʨʠʨʦʜʥʠʡ ʦʙʤʽʥ ʜʘʥʠʤʠ ʚ ʬʦʨʤʘʪʽ IPv6 ʤʽʞ 

ʜʞʝʨʝʣʦʤ ʽ ʧʨʠʟʥʘʯʝʥʥʷʤ. 

ɼʦʚʞʠʥʘ IPv6-ʘʜʨʝʩ ʩʪʘʥʦʚʠʪʴ 128 ʙʽʪ, ʥʘʧʠʩʘʥʠʭ ʫ ʚʠʛʣʷʜʽ ʨʷʜʢʘ 

ʰʽʩʪʥʘʜʮʷʪʠʨʽʯʥʠʭ ʟʥʘʯʝʥʴ. ʂʦʞʥʽ 4 ʙʽʪʘ ʧʨʝʜʩʪʘʚʣʝʥʽ ʦʜʥʽʻʶ ʰʽʩʪʥʘʜʮʷʪʢʦʚʽʡ 

ʮʠʬʨʦʶ, ʧʨʠʯʦʤʫ ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʰʽʩʪʥʘʜʮʷʪʢʦʚʠʭ ʟʥʘʯʝʥʴ ʜʦʨʽʚʥʶʻ 32, ʷʢ 



ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1. IPv6-ʘʜʨʝʩʠ ʥʝ ʯʫʪʣʠʚʽ ʜʦ ʨʝʛʽʩʪʨʫ, ʾʭ ʤʦʞʥʘ ʟʘʧʠʩʫʚʘʪʠ ʷʢ 

ʤʘʣʠʤʠ, ʪʘʢ ʽ ʚʝʣʠʢʠʤʠ ʣʽʪʝʨʘʤʠ. 

 

ʂʨʘʱʠʡ ʬʦʨʤʘʪ ʟʘʧʠʩʫ IPv6-ʘʜʨʝʩʠ: x: x: x: x: x: x: x: x, ʜʝ ʢʦʞʝʥ çxè 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʯʦʪʠʨʴʦʭ ʰʽʩʪʥʘʜʮʷʪʠʨʽʯʥʠʭ ʮʠʬʨ. ʆʢʪʝʪʠ - ʮʝ ʪʝʨʤʽʥ, ʷʢʠʡ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʦʟʥʘʯʝʥʥʷ 8 ʙʽʪ IPv4-ʘʜʨʝʩʠ. ɺ IPv6-ʘʜʨʝʩʠ ʩʝʛʤʝʥʪ ʟ 16 

ʙʽʪ ʘʙʦ ʯʦʪʠʨʴʦʭ ʰʽʩʪʥʘʜʮʷʪʠʨʽʯʥʠʭ ʮʠʬʨ ʥʝʦʬʽʮʽʡʥʦ ʥʘʟʠʚʘʶʪʴ ʛʝʢʩʪʝʪʦʤ. 

ʂʦʞʝʥ çʭè - ʮʝ 1 ʛʝʢʩʪʝʪ, 16 ʙʽʪ ʘʙʦ 4 ʰʽʩʪʥʘʜʮʷʪʢʦʚʽ ʮʠʬʨʠ. 

ʇʝʨʝʚʘʞʥʠʡ ʬʦʨʤʘʪ ʦʟʥʘʯʘʻ, ʱʦ IPv6-ʘʜʨʝʩʘ ʟʘʧʠʩʘʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ 32 

ʰʽʩʪʥʘʜʮʷʪʢʦʚʠʭ ʮʠʬʨ. ʊʠʤ ʥʝ ʤʝʥʰ, ʮʝ ʥʝ ʥʘʡʦʧʪʠʤʘʣʴʥʽʰʠʡ ʩʧʦʩʽʙ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ IPv6-ʘʜʨʝʩʠ. ʅʠʞʯʝ ʤʠ ʧʦʙʘʯʠʤʦ ʜʚʘ ʧʨʘʚʠʣʘ, ʷʢʽ ʜʦʧʦʤʦʞʫʪʴ 

ʩʢʦʨʦʪʠʪʠ ʢʽʣʴʢʽʩʪʴ ʮʠʬʨ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʧʦʜʘʥʥʷ IPv6-ʘʜʨʝʩʠ. 

ʇʨʘʚʠʣʦ 1. ʇʨʦʧʫʩʢ ʧʦʯʘʪʢʦʚʠʭ ʥʫʣʽʚ 

 
ʈʠʩ. 2.1.13 ʧʨʘʚʠʣʦ ʧʨʦʧʫʩʢʫ ʥʫʣʽʚ 

ʇʝʨʰʝ ʧʨʘʚʠʣʦ ʜʣʷ ʩʢʦʨʦʯʝʥʥʷ ʟʘʧʠʩʫ IPv6-ʘʜʨʝʩ - ʧʨʦʧʫʩʢ ʫʩʽʭ 

ʧʦʯʘʪʢʦʚʠʭ 0 (ʥʫʣʽʚ) ʚ ʰʽʩʪʥʘʜʮʷʪʢʦʚʽʡ ʟʘʧʠʩʫ. ʥʘʧʨʠʢʣʘʜ: 

 

¶ 01AB ʤʦʞʥʘ ʫʷʚʠʪʠ ʷʢ 1AB 

¶ 09F0 ʤʦʞʥʘ ʫʷʚʠʪʠ ʷʢ 9F0 

¶ 0A00 ʤʦʞʥʘ ʫʷʚʠʪʠ ʷʢ A00 

¶ 00AB ʤʦʞʥʘ ʫʷʚʠʪʠ ʷʢ AB 

ʎʝ ʧʨʘʚʠʣʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʪʽʣʴʢʠ ʜʦ ʧʦʯʘʪʢʦʚʠʭ ʥʫʣʷʭ, ʘ ʅɽ ʜʦ ʢʽʥʮʝʚʠʭ, 

ʽʥʘʢʰʝ ʘʜʨʝʩʘ ʙʫʜʝ ʥʝʟʨʦʟʫʤʽʣʠʡ. ʅʘʧʨʠʢʣʘʜ, ʛʝʢʩʪʝʪ çɸɺʉè ʤʦʞʝ ʙʫʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʷʢ ç0ɸɺʉè, ʘʙʦ ʷʢ çɸɺʉ0è (ʘ ʮʝ ʨʽʟʥʽ ʟʥʘʯʝʥʥʷ). 

ʇʨʘʚʠʣʦ 2. ʇʨʦʧʫʩʢ ʚʩʽʭ ʥʫʣʴʦʚʠʭ ʩʝʛʤʝʥʪʽʚ 

ɼʨʫʛʝ ʧʨʘʚʠʣʦ ʜʣʷ ʩʢʦʨʦʯʝʥʥʷ ʟʘʧʠʩʫ ʘʜʨʝʩ IPv6 ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ 

ʧʦʜʚʽʡʥʘ ʜʚʦʢʨʘʧʢʘ (: :) ʤʦʞʝ ʟʘʤʽʥʠʪʠ ʙʫʜʴ-ʷʢʫ ʻʜʠʥʫ, ʩʫʤʽʞʥʫ ʨʷʜʦʢ ʦʜʥʦʛʦ 

ʘʙʦ ʜʝʢʽʣʴʢʦʭ 16-ʙʽʪʥʠʭ ʩʝʛʤʝʥʪʽʚ (ʛʝʢʩʪʝʪʦʚ), ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʥʫʣʽʚ. 

ʇʦʜʚʽʡʥʘ ʜʚʦʢʨʘʧʢʘ (: :) ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʚ ʘʜʨʝʩʽ ʣʠʰʝ ʦʜʠʥ ʨʘʟ, ʚ 

ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ ʚ ʨʝʟʫʣʴʪʘʪʽ ʤʦʞʝ ʚʠʥʠʢʥʫʪʠ ʜʝʢʽʣʴʢʘ ʘʜʨʝʩ. ʇʦʻʜʥʘʥʥʷ ʮʴʦʛʦ 

ʧʨʘʚʠʣʘ ʟ ʤʝʪʦʜʦʤ ʧʨʦʧʫʩʢʫ ʥʫʣʽʚ ʜʦʧʦʤʘʛʘʻ ʟʥʘʯʥʦ ʩʢʦʨʦʪʠʪʠ ʟʘʧʠʩ IPv6-

ʘʜʨʝʩʠ. ɿʘʟʚʠʯʘʡ ʮʝ ʥʘʟʠʚʘʻʪʴʩʷ ʩʪʠʩʥʫʪʠʤ ʬʦʨʤʘʪʦʤ. 

 
ʈʠʩ. 2.1.14 ʇʨʘʚʠʣʦ ʧʨʦʧʫʩʢʘʥʥʷ ʥʫʣʽʚ ʪʘ ʾʭ ʟʘʧʠʩ 

ʅʝʧʨʘʚʠʣʴʥʘ ʘʜʨʝʩʘ: 

2001: 0DB8 :: ABCD :: 1234 



ʄʦʞʣʠʚʽ ʨʦʟʰʠʬʨʦʚʢʠ ʘʜʨʝʩ, ʥʝʦʜʥʦʟʥʘʯʥʦ ʟʘʧʠʩʘʥʠʭ ʚ ʩʪʠʩʣʦʤʫ 

ʬʦʨʤʘʪʽ: 

¶ 2001: 0DB8 :: ABCD: 0000: 0000: 1234 

¶ 2001: 0DB8 :: ABCD: 0000: 0000: 0000: 1234 

¶ 2001: 0DB8: 0000: ABCD :: 1234 

¶ 2001: 0DB8: 0000: 0000: ABCD :: 1234 

ɯʩʥʫʻ ʪʨʠ ʪʠʧʠ IPv6-ʘʜʨʝʩ. 

ɯʥʜʠʚʽʜʫʘʣʴʥʠʡ (ʘʙʦ ʦʜʥʦʘʜʨʝʩʥʦʾ ʨʦʟʩʠʣʢʠ, unicast): ʩʣʫʞʠʪʴ ʜʣʷ 

ʦʜʥʦʟʥʘʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʽʥʪʝʨʬʝʡʩʫ ʥʘ ʧʨʠʩʪʨʦʾ ʧʽʜ ʫʧʨʘʚʣʽʥʥʷʤ ʧʨʦʪʦʢʦʣʫ 

IPv6. ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʤʘʣʶʥʢʫ, IPv6-ʘʜʨʝʩʘ ʜʞʝʨʝʣʘ ʧʦʚʠʥʝʥ ʙʫʪʠ 

ʽʥʜʠʚʽʜʫʘʣʴʥʠʤ. 

ɻʨʫʧʦʚʠʡ (ʘʙʦ ʧʽʜ LGPL, multicast): ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʽʜʧʨʘʚʢʠ 

ʦʜʥʦʛʦ IPv6-ʧʘʢʝʪʘ ʥʘ ʢʽʣʴʢʘ ʘʜʨʝʩ ʧʨʠʟʥʘʯʝʥʥʷ. 

ɼʦʚʽʣʴʥʠʡ (ʘʙʦ ʜʦʚʽʣʴʥʦʾ ʨʦʟʩʠʣʢʠ, anycast): ʙʫʜʴ-ʷʢʝ ʽʥʜʠʚʽʜʫʘʣʴʥʝ IPv6-

ʘʜʨʝʩʘ, ʷʢʠʡ ʤʦʞʝ ʙʫʪʠ ʧʨʠʟʥʘʯʝʥʠʡ ʜʝʢʽʣʴʢʦʤ ʧʨʠʩʪʨʦʷʤ. ʇʘʢʝʪ, ʱʦ 

ʚʽʜʧʨʘʚʣʷʻʪʴʩʷ ʥʘ ʘʜʨʝʩʫ ʜʦʚʽʣʴʥʽʡ ʨʦʟʩʠʣʢʠ, ʥʘʧʨʘʚʣʷʻʪʴʩʷ ʜʦ ʥʘʡʙʣʠʞʯʦʛʦ 

ʧʨʠʩʪʨʦʶ ʜʦ ʮʽʻʾ ʘʜʨʝʩʠ. ɼʦʚʽʣʴʥʽ ʘʜʨʝʩʠ ʚ ʜʘʥʦʤʫ ʢʫʨʩʽ ʥʝ ʨʦʟʛʣʷʜʘʶʪʴʩʷ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ IPv4, IPv6 ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻ ʰʠʨʦʢʦʤʦʚʥʠʡ ʘʜʨʝʩʫ. ʆʜʥʘʢ ʻ 

ʛʨʫʧʦʚʠʡ IPv6-ʘʜʨʝʩʘ ʜʣʷ ʚʩʽʭ ʚʫʟʣʽʚ, ʱʦ ʜʘʻ ʘʥʘʣʦʛʽʯʥʠʡ ʨʝʟʫʣʴʪʘʪ. 

ʗʢ ʚʠ ʧʘʤ'ʷʪʘʻʪʝ, ʧʨʝʬʽʢʩ, ʘʙʦ ʤʝʨʝʞʝʚʘ ʯʘʩʪʠʥʘ ʘʜʨʝʩʠ IPv4, ʤʦʞʝ ʙʫʪʠ 

ʧʦʟʥʘʯʝʥʠʡ ʤʘʩʢʦʶ ʧʽʜʤʝʨʝʞʽ ʚ ʜʝʩʷʪʢʦʚʦʤʫ ʬʦʨʤʘʪʽ ʟ ʨʦʟʜʽʣʦʚʠʤʠ ʪʦʯʢʘʤʠ 

ʘʙʦ ʜʦʚʞʠʥʦʶ ʧʨʝʬʽʢʩʘ (ʟʘʧʠʩ ʟ ʧʦʭʠʣʦʶ ʨʠʩʢʦʶ). ʅʘʧʨʠʢʣʘʜ, IPv4-ʘʜʨʝʩ 

192.168.1.10 ʟ ʤʘʩʢʦʶ ʧʽʜʤʝʨʝʞʽ ʚ ʜʝʩʷʪʢʦʚʦʤʫ ʬʦʨʤʘʪʽ ʟ ʨʦʟʜʽʣʦʚʠʤʠ ʪʦʯʢʘʤʠ 

255.255.255.0 ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʟʘʧʠʩʫ 192.168.1.10/24. 

 
ʈʠʩ. 2.1.15 

ʇʨʦʪʦʢʦʣ IPv6 ʚʠʢʦʨʠʩʪʦʚʫʻ ʜʦʚʞʠʥʫ ʧʨʝʬʽʢʩʘ ʜʣʷ ʧʦʟʥʘʯʝʥʥʷ ʧʨʝʬʽʢʩʥʦʾ 

ʯʘʩʪʠʥʘ ʘʜʨʝʩʠ. IPv6 ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻ ʜʣʷ ʤʘʩʢʠ ʧʽʜʤʝʨʝʞʽ ʜʝʩʷʪʢʦʚʝ ʧʦʜʘʥʥʷ ʟ 

ʨʦʟʜʽʣʦʚʠʤʠ ʪʦʯʢʘʤʠ. ɼʦʚʞʠʥʘ ʧʨʝʬʽʢʩʘ ʧʦʟʥʘʯʘʻ ʤʝʨʝʞʥʫ ʯʘʩʪʠʥʫ IPv6-

ʘʜʨʝʩʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʜʨʝʩʠ ʘʙʦ ʜʦʚʞʠʥʠ ʧʨʝʬʽʢʩʘ IPv6. 

ɼʽʘʧʘʟʦʥ ʜʦʚʞʠʥʠ ʧʨʝʬʽʢʩʘ ʤʦʞʝ ʩʪʘʥʦʚʠʪʠ ʚʽʜ 0 ʜʦ 128. ʊʨʘʜʠʮʽʡʥʘ 

ʜʦʚʞʠʥʘ IPv6-ʧʨʝʬʽʢʩʘ ʜʣʷ ʣʦʢʘʣʴʥʠʭ (LAN) ʪʘ ʽʥʰʠʭ ʪʠʧʽʚ ʤʝʨʝʞ - / 64. ʎʝ 

ʦʟʥʘʯʘʻ, ʱʦ ʜʦʚʞʠʥʘ ʧʨʝʬʽʢʩʘ, ʘʙʦ ʤʝʨʝʞʝʚʘ ʯʘʩʪʠʥʘ ʘʜʨʝʩʠ, ʩʪʘʥʦʚʠʪʴ 64 ʙʽʪʘ, 

ʘ ʱʦ ʟʘʣʠʰʠʣʠʩʷ 64 ʙʽʪʘ ʟʘʣʠʰʘʶʪʴʩʷ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʪʦʨʘ ʽʥʪʝʨʬʝʡʩʫ (ʚʫʟʣʦʚʠʡ 

ʯʘʩʪʠʥʠ) ʘʜʨʝʩʠ. 

ɯʥʜʠʚʽʜʫʘʣʴʥʠʡ ʘʜʨʝʩʘ ʩʣʫʞʠʪʴ ʜʣʷ ʦʜʥʦʟʥʘʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʽʥʪʝʨʬʝʡʩʫ 

ʧʨʠʩʪʨʦʶ ʧʽʜ ʢʝʨʫʚʘʥʥʷʤ ʧʨʦʪʦʢʦʣʫ IPv6. ʇʘʢʝʪ, ʷʢʠʡ ʚʽʜʧʨʘʚʣʷʻʪʴʩʷ ʥʘ ʪʘʢʫ 



ʘʜʨʝʩʫ, ʙʫʜʝ ʦʪʨʠʤʘʥʦ ʽʥʪʝʨʬʝʡʩʦʤ, ʧʨʠʟʥʘʯʝʥʠʤ ʜʣʷ ʮʽʻʾ ʘʜʨʝʩʠ. ʗʢ ʽ ʫ 

ʚʠʧʘʜʢʫ ʟ ʧʨʦʪʦʢʦʣʦʤ IPv4, IPv6-ʘʜʨʝʩʘ ʤʘʻ ʙʫʪʠ ʽʥʜʠʚʽʜʫʘʣʴʥʠʤ. IPv6-ʘʜʨʝʩʘ 

ʧʨʠʟʥʘʯʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʷʢ ʽʥʜʠʚʽʜʫʘʣʴʥʠʤ, ʪʘʢ ʽ ʛʨʫʧʦʚʠʤ. 

ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤʠ ʪʠʧʘʤʠ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ IPv6-ʘʜʨʝʩ ʻ ʛʣʦʙʘʣʴʥʽ 

ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʘʜʨʝʩʠ (global unicast addresses, GUA) ʽ ʣʦʢʘʣʴʥʽ ʘʜʨʝʩʠ ʢʘʥʘʣʫ. 

ɻʣʦʙʘʣʴʥʠʡ ʽʥʜʠʚʽʜʫʘʣʴʥʫ ʘʜʨʝʩʫ ʘʥʘʣʦʛʽʯʥʠʡ ʧʫʙʣʽʯʥʦʛʦ IPv4-ʘʜʨʝʩʦʶ. 

ʎʽ ʘʜʨʝʩʠ, ʜʦ ʷʢʠʭ ʤʦʞʥʘ ʧʨʦʢʣʘʩʪʠ ʤʘʨʰʨʫʪ ʧʦ ɯʥʪʝʨʥʝʪʫ, ʻ ʫʥʽʢʘʣʴʥʠʤʠ ʧʦ 

ʚʩʴʦʤʫ ʩʚʽʪʫ. ɻʣʦʙʘʣʴʥʽ ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʘʜʨʝʩʠ ʤʦʞʫʪʴ ʙʫʪʠ ʥʘʣʘʰʪʦʚʘʥʽ 

ʩʪʘʪʠʯʥʦ ʘʙʦ ʧʨʠʚʣʘʩʥʝʥʽ ʜʠʥʘʤʽʯʥʦ. 

ʃʦʢʘʣʴʥʽ ʘʜʨʝʩʠ ʢʘʥʘʣʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʙʤʽʥʫ ʜʘʥʠʤʠ ʟ ʽʥʰʠʤʠ 

ʧʨʠʩʪʨʦʷʤʠ ʧʦ ʦʜʥʦʤʫ ʣʦʢʘʣʴʥʦʤʫ ʢʘʥʘʣʫ. ʋ ʧʨʦʪʦʢʦʣʽ IPv6 ʪʝʨʤʽʥ çʢʘʥʘʣè 

ʦʟʥʘʯʘʻ ʩʽʪʴ. ʃʦʢʘʣʴʥʽ ʘʜʨʝʩʠ ʢʘʥʘʣʽʚ ʦʙʤʝʞʝʥʽ ʦʜʥʠʤ ʢʘʥʘʣʦʤ. ɺʦʥʠ ʧʦʚʠʥʥʽ 

ʙʫʪʠ ʫʥʽʢʘʣʴʥʽ ʪʽʣʴʢʠ ʚ ʨʘʤʢʘʭ ʮʴʦʛʦ ʢʘʥʘʣʫ, ʦʩʢʽʣʴʢʠ ʧʦʟʘ ʢʘʥʘʣʫ ʜʦ ʥʠʭ ʥʝ 

ʤʦʞʥʘ ʧʨʦʢʣʘʩʪʠ ʤʘʨʰʨʫʪ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ ʥʝ ʟʤʦʞʫʪʴ 

ʧʝʨʝʩʠʣʘʪʠ ʧʘʢʝʪʠ, ʤʘʶʯʠ ʣʦʢʘʣʴʥʫ ʘʜʨʝʩʫ ʢʘʥʘʣʫ ʜʞʝʨʝʣʘ ʘʙʦ ʧʨʠʟʥʘʯʝʥʥʷ. 

ɯʥʰʠʤ ʪʠʧʦʤ ʽʥʜʠʚʽʜʫʘʣʴʥʦʾ ʘʜʨʝʩʠ ʻ ʫʥʽʢʘʣʴʥʠʡ ʣʦʢʘʣʴʥʠʡ ʽʥʜʠʚʽʜʫʘʣʴʥʫ 

ʘʜʨʝʩʫ. ʋʥʽʢʘʣʴʥʽ ʣʦʢʘʣʴʥʽ IPv6-ʘʜʨʝʩʠ ʤʘʶʪʴ ʜʝʷʢʽ ʩʧʽʣʴʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʟ 

ʧʨʠʚʘʪʥʠʤʠ ʘʜʨʝʩʘʤʠ RFC 1918 ʜʣʷ IPv4, ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʤʽʞ ʥʠʤʠ ʻ ʡ ʽʩʪʦʪʥʽ 

ʚʽʜʤʽʥʥʦʩʪʽ. ʋʥʽʢʘʣʴʥʽ ʣʦʢʘʣʴʥʽ ʘʜʨʝʩʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʣʦʢʘʣʴʥʦʾ 

ʘʜʨʝʩʘʮʽʾ ʚ ʤʝʞʘʭ ʚʫʟʣʘ ʘʙʦ ʤʽʞ ʦʙʤʝʞʝʥʦʶ ʢʽʣʴʢʽʩʪʶ ʚʫʟʣʽʚ. ʎʽ ʘʜʨʝʩʠ ʥʝ ʩʣʽʜ 

ʤʘʨʰʨʫʪʠʟʠʨʦʚʘʪʴ ʚ ʛʣʦʙʘʣʴʥʦʤʫ ʧʨʦʪʦʢʦʣʽ IPv6 ʽ ʧʝʨʝʪʚʦʨʶʚʘʪʠ ʚ ʛʣʦʙʘʣʴʥʠʡ 

IPv6-ʘʜʨʝʩʘ. ʋʥʽʢʘʣʴʥʽ ʣʦʢʘʣʴʥʽ ʘʜʨʝʩʠ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ FC00 :: / 7 ʜʦ 

FDFF :: 7. 

ʋ ʚʠʧʘʜʢʫ ʟ IPv4 ʧʨʠʚʘʪʥʽ ʘʜʨʝʩʠ ʦʙ'ʻʜʥʘʥʽ ʟ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʤʝʨʝʞʝʚʠʭ 

ʧʦʨʪʽʚ ʽ ʘʜʨʝʩ (NAT / PAT) ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʘʜʨʝʩ ʟ ʧʨʠʚʘʪʥʠʭ ʚ 

ʧʫʙʣʽʯʥʽ. ʎʝ ʧʦʚ'ʷʟʘʥʦ ʟ ʦʙʤʝʞʝʥʠʤ ʘʜʨʝʩʥʠʤ ʧʨʦʩʪʦʨʦʤ IPv4. ɹʘʛʘʪʦ ʩʘʡʪʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʠʚʘʪʥʽ ʘʜʨʝʩʠ RFC 1918 ʨʦʢʫ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʙʝʟʧʝʢʫ ʘʙʦ 

ʟʘʭʠʩʪʠʪʠ ʤʝʨʝʞʫ ʚʽʜ ʧʦʪʝʥʮʽʡʥʠʭ ʟʘʛʨʦʟ. ʆʜʥʘʢ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʥʽʢʦʣʠ 

ʥʝ ʙʫʣʦ ʤʝʪʦʶ ʪʝʭʥʦʣʦʛʽʡ NAT / PAT, ʪʦʤʫ ʦʨʛʘʥʽʟʘʮʽʷ IETF ʟʘʚʞʜʠ 

ʨʝʢʦʤʝʥʜʫʚʘʣʘ ʧʨʠʡʤʘʪʠ ʚʽʜʧʦʚʽʜʥʽ ʟʘʧʦʙʽʞʥʽ ʟʘʭʦʜʠ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ ʚ ɯʥʪʝʨʥʝʪʽ. ʋʥʽʢʘʣʴʥʽ ʣʦʢʘʣʴʥʽ ʘʜʨʝʩʠ ʤʦʞʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʧʨʠʩʪʨʦʾʚ, ʷʢʠʤ ʥʽʢʦʣʠ ʥʝ ʟʥʘʜʦʙʠʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʽʥʰʠʭ ʤʝʨʝʞ ʘʙʦ ʦʪʨʠʤʘʥʥʷ ʟ ʥʠʭ ʜʘʥʠʭ. 

ʃʦʢʘʣʴʥʠʡ IPv6-ʘʜʨʝʩʘ ʢʘʥʘʣʫ ʟʘʙʝʟʧʝʯʫʻ ʦʙʤʽʥ ʜʘʥʠʤʠ ʟ ʽʥʰʠʤʠ 

ʧʨʠʩʪʨʦʷʤʠ ʟ ʚʢʣʶʯʝʥʠʤ ʧʨʦʪʦʢʦʣʦʤ IPv6 ʚ ʪʦʤʫ ʞ ʢʘʥʘʣʽ (ʧʽʜʤʝʨʝʞʽ) ʽ ʪʽʣʴʢʠ 

ʚ ʥʴʦʤʫ. ʇʘʢʝʪʠ ʟ ʣʦʢʘʣʴʥʦʶ ʘʜʨʝʩʦʶ ʢʘʥʘʣʫ ʜʞʝʨʝʣʘ ʘʙʦ ʧʨʠʟʥʘʯʝʥʥʷ ʥʝ 

ʤʦʞʫʪʴ ʙʫʪʠ ʩʧʨʷʤʦʚʘʥʽ ʟʘ ʤʝʞʽ ʢʘʥʘʣʫ, ʚ ʷʢʦʤʫ ʩʪʚʦʨʶʻʪʴʩʷ ʧʘʢʝʪ. 

ɻʣʦʙʘʣʴʥʠʡ ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ ʘʜʨʝʩʘ ʥʝ ʦʙʦʚ'ʷʟʢʦʚʘ. ʇʨʦʪʝ, ʢʦʞʝʥ IPv6-

ʩʫʤʽʩʥʠʡ ʤʝʨʝʞʝʚʠʡ ʽʥʪʝʨʬʝʡʩ ʧʦʚʠʥʝʥ ʤʘʪʠ ʣʦʢʘʣʴʥʠʡ ʘʜʨʝʩʫ ʢʘʥʘʣʫ. 

ʗʢʱʦ ʣʦʢʘʣʴʥʠʡ ʘʜʨʝʩʫ ʢʘʥʘʣʫ ʥʝ ʥʘʣʘʰʪʦʚʘʥʠʡ ʚʨʫʯʥʫ ʥʘ ʽʥʪʝʨʬʝʡʩʽ, 

ʧʨʠʩʪʨʽʡ ʘʚʪʦʤʘʪʠʯʥʦ ʩʪʚʦʨʶʻ ʡʦʛʦ ʩʘʤʦʩʪʽʡʥʦ, ʥʝ ʟʚʝʨʪʘʶʯʠʩʴ ʜʦ DHCP-

ʩʝʨʚʝʨʘ. ɺʫʟʣʠ ʧʽʜ ʢʝʨʫʚʘʥʥʷʤ IPv6 ʩʪʚʦʨʶʶʪʴ ʣʦʢʘʣʴʥʠʡ IPv6-ʘʜʨʝʩʘ ʢʘʥʘʣʫ 

ʥʘʚʽʪʴ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʧʨʠʩʪʨʦʾ ʥʝ ʙʫʚ ʧʨʠʟʥʘʯʝʥʠʡ ʛʣʦʙʘʣʴʥʠʡ 

ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ IPv6-ʘʜʨʝʩʘ. ʎʝ ʜʘʻ ʾʤ ʟʤʦʛʫ ʧʽʜ ʢʝʨʫʚʘʥʥʷʤ IPv6 ʦʙʤʽʥʶʚʘʪʠʩʷ 

ʜʘʥʠʤʠ ʟ ʽʥʰʠʤʠ ʧʨʠʩʪʨʦʷʤʠ ʧʽʜ ʢʝʨʫʚʘʥʥʷʤ IPv6 ʚ ʦʜʥʽʡ ʧʽʜʤʝʨʝʞʽ, ʚ ʪʦʤʫ 

ʯʠʩʣʽ ʟʽ ʰʣʶʟʦʤ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ (ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʤ). 



ʃʦʢʘʣʴʥʽ IPv6-ʘʜʨʝʩʠ ʢʘʥʘʣʫ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ FE80 :: / 10. / 10 

ʚʢʘʟʫʻ, ʱʦ ʧʝʨʰʽ 10 ʙʽʪʽʚ - 1111 1110 10xx ʭʭʭʭ. ɼʽʘʧʘʟʦʥ ʟʥʘʯʝʥʴ ʧʝʨʰʦʛʦ 

ʛʝʢʩʪʝʪʘ: ʚʽʜ 1111 1110 1000 0000 (FE80) ʜʦ 1111 1110 1011 1111 (FEBF). 

ɻʣʦʙʘʣʴʥʽ ʽʥʜʠʚʽʜʫʘʣʴʥʽ IPv6-ʘʜʨʝʩʠ (GUA) ʫʥʽʢʘʣʴʥʽ ʧʦ ʚʩʴʦʤʫ ʩʚʽʪʫ ʽ 

ʜʦʩʪʫʧʥʽ ʜʣʷ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʯʝʨʝʟ ɯʥʪʝʨʥʝʪ IPv6. ʎʽ ʘʜʨʝʩʠ ʝʢʚʽʚʘʣʝʥʪʥʽ 

ʧʫʙʣʽʯʥʠʤ IPv4-ʘʜʨʝʩ. ʂʦʨʧʦʨʘʮʽʷ ʟ ʫʧʨʘʚʣʽʥʥʷ ʜʦʤʝʥʥʠʤʠ ʽʤʝʥʘʤʠ ʽ IP-

ʘʜʨʝʩʘʤʠ (Internet Committee for Assigned Names and Numbers, ICANN), 

ʦʧʝʨʘʪʦʨ ɸʜʤʽʥʽʩʪʨʘʮʽʾ ʘʜʨʝʩʥʦʛʦ ʧʨʦʩʪʦʨʫ ɯʥʪʝʨʥʝʪ (IANA) ʚʠʜʽʣʷʻ ʙʣʦʢʠ 

IPv6-ʘʜʨʝʩ ʧ'ʷʪʠ ʨʝʛʽʦʥʘʣʴʥʠʤ ʽʥʪʝʨʥʝʪ-ʨʝʻʩʪʨʘʪʦʨʘʤ (RIR). ɺ ʜʘʥʠʡ ʯʘʩ 

ʧʨʠʟʥʘʯʘʶʪʴʩʷ ʪʽʣʴʢʠ ʛʣʦʙʘʣʴʥʽ ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʘʜʨʝʩʠ ʟ ʧʝʨʰʠʤʠ ʪʨʴʦʤʘ ʙʽʪʘʤʠ 

001 ʘʙʦ 2000 :: / 3. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʧʝʨʰʘ ʰʽʩʪʥʘʜʮʷʪʢʦʚʘ ʮʠʬʨʘ ʘʜʨʝʩʠ GUA 

ʧʦʯʠʥʘʻʪʴʩʷ ʟ 2 ʘʙʦ 3. ʎʝ ʣʠʰʝ 1/8 ʚʽʜ ʚʩʴʦʛʦ ʜʦʩʪʫʧʥʦʛʦ ʘʜʨʝʩʥʦʛʦ ʧʨʦʩʪʦʨʫ 

IPv6, ʟʘ ʚʠʥʷʪʢʦʤ ʜʫʞʝ ʥʝʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʽʥʰʠʭ ʪʠʧʽʚ ʘʜʨʝʩ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʽ 

ʛʨʫʧʦʚʠʭ ʘʜʨʝʩ. 

ʇʨʠʤʽʪʢʘ. ɸʜʨʝʩʘ 2001: 0DB8 :: / 32 ʟʘʨʝʟʝʨʚʦʚʘʥʠʡ ʜʣʷ ʜʦʢʫʤʝʥʪʘʮʽʾ, ʚ 

ʪʦʤʫ ʯʠʩʣʽ ʚ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʧʨʠʢʣʘʜʘʭ. 

ɻʣʦʙʘʣʴʥʠʡ ʽʥʜʠʚʽʜʫʘʣʴʥʫ ʘʜʨʝʩʫ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʯʘʩʪʠʥ. 

¶ ʇʨʝʬʽʢʩ ʛʣʦʙʘʣʴʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ 

¶ ʽʜʝʥʪʠʬʽʢʘʪʦʨ ʧʽʜʤʝʨʝʞʽ 

¶ ʽʜʝʥʪʠʬʽʢʘʪʦʨ ʽʥʪʝʨʬʝʡʩʫ 

¶ ʇʨʝʬʽʢʩ ʛʣʦʙʘʣʴʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ 

ʇʨʝʬʽʢʩ ʛʣʦʙʘʣʴʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ - ʮʝ ʧʨʝʬʠʢʩʘʣʴʥʦ ʘʙʦ ʤʝʨʝʞʝʚʘ 

ʯʘʩʪʠʥʘ ʘʜʨʝʩʠ, ʱʦ ʧʨʠʟʥʘʯʘʻʪʴʩʷ ʽʥʪʝʨʥʝʪ-ʧʨʦʚʘʡʜʝʨʦʤ ʟʘʤʦʚʥʠʢʫ ʘʙʦ ʚʫʟʣʫ. 

ɿʘʟʚʠʯʘʡ / 48 ʻ ʧʨʝʬʽʢʩʦʤ ʛʣʦʙʘʣʴʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʷʢʠʡ ʽʥʪʝʨʥʝʪ-ʨʝʻʩʪʨʘʪʦʨʠ 

ʧʨʠʟʥʘʯʘʶʪʴ ʩʚʦʾʤ ʟʘʤʦʚʥʠʢʘʤ: ʷʢ ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʤʝʨʝʞ, ʪʘʢ ʽ ʽʥʜʠʚʽʜʫʘʣʴʥʠʤ 

ʢʦʨʠʩʪʫʚʘʯʘʤ. 

ʈʦʟʤʽʨ ʧʨʝʬʽʢʩʘ ʛʣʦʙʘʣʴʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚʠʟʥʘʯʘʻ ʨʦʟʤʽʨ ʽʜʝʥʪʠʬʽʢʘʪʦʨʘ 

ʧʽʜʤʝʨʝʞʽ. 

ɯʜʝʥʪʠʬʽʢʘʪʦʨ ʧʽʜʤʝʨʝʞʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʦʨʛʘʥʽʟʘʮʽʷʤʠ ʜʣʷ ʧʦʟʥʘʯʝʥʥʷ 

ʧʽʜʤʝʨʝʞ ʥʘ ʩʚʦʻʤʫ ʩʘʡʪʽ. ʏʠʤ ʚʠʱʝ ʟʥʘʯʝʥʥʷ ʽʜʝʥʪʠʬʽʢʘʪʦʨʘ ʧʽʜʤʝʨʝʞʽ, ʪʠʤ 

ʙʽʣʴʰʝ ʽʩʥʫʻ ʧʽʜʤʝʨʝʞ. 

 
ʈʠʩ. 2.1.16 ɯʜʝʥʪʠʬʽʢʘʪʦʨ ʤʝʨʝʞʽ 

ɯʜʝʥʪʠʬʽʢʘʪʦʨ IPv6-ʽʥʪʝʨʬʝʡʩʫ ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʚʫʟʣʦʚʠʡ ʯʘʩʪʠʥʠ IPv4-

ʘʜʨʝʩʠ. ʊʝʨʤʽʥ çʽʜʝʥʪʠʬʽʢʘʪʦʨ ʽʥʪʝʨʬʝʡʩʫè ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, 

ʢʦʣʠ ʦʜʠʥ ʚʫʟʦʣ ʤʦʞʝ ʤʘʪʠ ʢʽʣʴʢʘ ʽʥʪʝʨʬʝʡʩʽʚ, ʢʦʞʝʥ ʟ ʷʢʠʭ ʤʘʻ ʦʜʠʥ ʘʙʦ 

ʙʽʣʴʰʝ IPv6-ʘʜʨʝʩ. ʅʘʩʪʽʡʥʦ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ 



ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʽʜʤʝʨʝʞʽ / 64. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, 64-ʙʽʪʥʠʡ ʽʜʝʥʪʠʬʽʢʘʪʦʨ 

ʽʥʪʝʨʬʝʡʩʫ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʤʘʣʶʥʢʫ 2. 

 
ʈʠʩ. 2.1.17 

ʇʨʠʤʽʪʢʘ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ IPv4, ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʨʦʪʦʢʦʣʫ IPv6 ʧʨʠʩʪʨʦʶ 

ʤʦʞʥʘ ʧʨʠʟʥʘʯʠʪʠ ʘʜʨʝʩʫ ʚʫʟʣʘ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʜʥʠʭ 0 ʘʙʦ ʟ ʦʜʥʠʭ 1. 

ɸʜʨʝʩʘ ʟ ʦʜʥʠʭ 1 ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟ ʪʽʻʾ ʧʨʠʯʠʥʠ, ʱʦ ʚ ʧʨʦʪʦʢʦʣʽ IPv6 

ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʰʠʨʦʢʦʤʦʚʥʽ ʘʜʨʝʩʠ. ʄʦʞʥʘ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʘʜʨʝʩʫ ʟ ʦʜʥʠʭ 0, ʘʣʝ ʚʽʥ ʟʘʨʝʟʝʨʚʦʚʘʥʠʡ ʷʢ ʘʜʨʝʩʘ ʜʦʚʽʣʴʥʦʾ ʨʦʟʩʠʣʢʠ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʧʽʜʤʝʨʝʞʽ, ʽ ʡʦʛʦ ʩʣʽʜ ʧʨʠʟʥʘʯʘʪʠ ʪʽʣʴʢʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ. 

 
ʈʠʩ. 2.1.18 

ʅʘʡʧʨʦʩʪʽʰʠʡ ʩʧʦʩʽʙ ʧʨʦʯʠʪʘʪʠ ʙʽʣʴʰʽʩʪʴ IPv6-ʘʜʨʝʩ - ʧʽʜʨʘʭʫʚʘʪʠ 

ʢʽʣʴʢʽʩʪʴ ʛʝʢʩʪʝʪʦʚ. ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3, ʚ ʛʣʦʙʘʣʴʥʦʤʫ ʽʥʜʠʚʽʜʫʘʣʴʥʦʤʫ 

ʘʜʨʝʩʫ ʟ ʧʨʝʬʽʢʩʦʤ / 64 ʧʝʨʰʽ ʯʦʪʠʨʠ ʛʝʢʩʪʝʪʘ ʧʦʟʥʘʯʘʶʪʴ ʤʝʨʝʞʝʚʫ ʯʘʩʪʠʥʫ 

ʘʜʨʝʩʠ, ʘ ʯʝʪʚʝʨʪʠʡ ʛʝʢʩʪʝʪ - ʽʜʝʥʪʠʬʽʢʘʪʦʨ ʧʽʜʤʝʨʝʞʽ. ʈʝʰʪʘ ʯʦʪʠʨʠ ʛʝʢʩʪʝʪʘ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʪʦʨʘ ʽʥʪʝʨʬʝʡʩʫ. 

ɹʽʣʴʰʽʩʪʴ ʢʦʤʘʥʜ ʢʦʥʬʽʛʫʨʘʮʽʾ ʽ ʧʝʨʝʚʽʨʢʠ IPv6-ʤʝʨʝʞʽ ʚ ʦʧʝʨʘʮʽʡʥʽʡ 

ʩʠʩʪʝʤʽ Cisco IOS ʩʭʦʞʽ ʥʘ ʩʚʦʾ ʘʥʘʣʦʛʠ ʜʣʷ IPv4-ʤʝʨʝʞʽ. ʋ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ 

ʻʜʠʥʘ ʚʽʜʤʽʥʥʽʩʪʴ ʤʽʞ ʥʠʤʠ - ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʢʦʤʘʥʜʘʭ ipv6 ʟʘʤʽʩʪʴ ip. 

ɼʣʷ ʥʘʩʪʨʦʡʢʠ ʛʣʦʙʘʣʴʥʦʛʦ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ IPv6-ʘʜʨʝʩʠ ʚ ʽʥʪʝʨʬʝʡʩʽ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʦʤʘʥʜʘ ipv6 address ipv6-address / prefix-length. 

ɿʚʝʨʥʽʪʴ ʫʚʘʛʫ ʥʘ ʚʽʜʩʫʪʥʽʩʪʴ ʧʨʦʙʽʣʽʚ ʚʩʝʨʝʜʠʥʽ ipv6-address ʽ prefix-length. 



ɼʣʷ ʧʨʠʢʣʘʜʫ ʥʘʣʘʰʪʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʦʧʦʣʦʛʽʷ, ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 

1, ʽ ʪʘʢʽ IPv6-ʧʽʜʤʝʨʝʞʽ: 

¶ 2001: 0DB8: ACAD: 0001: / 64 (ʘʙʦ 2001: DB8: ACAD: 1 :: / 64) 

¶ 2001: 0DB8: ACAD: 0002: / 64 (ʘʙʦ 2001: DB8: ACAD: 2 :: / 64) 

¶ 2001: 0DB8: ACAD: 0003: / 64 (ʘʙʦ 2001: DB8: ACAD: 3 :: / 64) 

ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2, ʜʣʷ ʥʘʩʪʨʦʡʢʠ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʛʣʦʙʘʣʴʥʦʛʦ IPv6-

ʘʜʨʝʩʠ ʚ ʽʥʪʝʨʬʝʡʩʘʭ GigabitEthernet 0/0, GigabitEthernet 0/1 ʽ Serial 0/0/0 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ R1 ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʢʦʤʘʥʜʠ: 

ʈʫʯʥʘ ʥʘʩʪʨʦʡʢʘ IPv6-ʘʜʨʝʩʠ ʥʘ ʚʫʟʣʽ ʘʥʘʣʦʛʽʯʥʘ ʥʘʩʪʨʦʡʮʽ IPv4-ʘʜʨʝʩʠ. 

ɸʜʨʝʩʘ ʰʣʶʟʫ, ʥʘʣʘʰʪʦʚʘʥʠʡ ʥʘ ʢʦʤʧ'ʶʪʝʨ PC1, - ʮʝ 2001: DB8: ACAD: 1 

:: 1. ʎʝ ʛʣʦʙʘʣʴʥʠʡ ʽʥʜʠʚʽʜʫʘʣʴʥʫ ʘʜʨʝʩʫ ʽʥʪʝʨʬʝʡʩʫ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ R1 

GigabitEthernet ʚ ʦʜʥʽʡ ʤʝʨʝʞʽ. ʂʨʽʤ ʪʦʛʦ, ʘʜʨʝʩʘ ʰʣʶʟʫ ʤʦʞʝ ʟʙʽʛʘʪʠʩʷ ʟ 

ʣʦʢʘʣʴʥʦʶ ʘʜʨʝʩʦʶ ʢʘʥʘʣʫ ʽʥʪʝʨʬʝʡʩʫ GigabitEthernet. ʇʨʠʧʫʩʪʠʤʦ ʙʫʜʴ-ʷʢʠʡ ʟ 

ʮʠʭ ʚʘʨʽʘʥʪʽʚ ʥʘʩʪʨʦʡʢʠ. 

ʉʢʦʨʠʩʪʘʡʪʝʩʷ ʽʥʩʪʨʫʤʝʥʪʦʤ ʧʝʨʝʚʽʨʢʠ ʩʠʥʪʘʢʩʠʩʫ (ʨʠʩ. 3), ʱʦʙ 

ʥʘʣʘʰʪʫʚʘʪʠ ʛʣʦʙʘʣʴʥʠʡ ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ IPv6-ʘʜʨʝʩʘ. 

ʗʢ ʽ ʫ ʚʠʧʘʜʢʫ ʟ IPv4, ʥʘʩʪʨʦʡʢʘ ʩʪʘʪʠʯʥʠʭ ʘʜʨʝʩ ʜʣʷ ʢʣʽʻʥʪʽʚ ʥʝ 

ʧʦʰʠʨʶʻʪʴʩʷ ʥʘ ʚʝʣʠʢʽ ʤʝʨʝʞʽ. ʉʘʤʝ ʪʦʤʫ ʙʽʣʴʰʽʩʪʴ ʤʝʨʝʞʝʚʠʭ 

ʘʜʤʽʥʽʩʪʨʘʪʦʨʽʚ IPv6-ʤʝʨʝʞʽ ʙʫʜʫʪʴ ʧʨʠʟʥʘʯʘʪʠ IPv6-ʘʜʨʝʩʠ ʜʠʥʘʤʽʯʥʦ. 

ʇʨʠʩʪʨʽʡ ʤʦʞʝ ʘʚʪʦʤʘʪʠʯʥʦ ʦʪʨʠʤʫʚʘʪʠ ʛʣʦʙʘʣʴʥʠʡ ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ IPv6-

ʘʜʨʝʩʘ ʜʚʦʤʘ ʩʧʦʩʦʙʘʤʠ. 

ɸʚʪʦʤʘʪʠʯʥʘ ʥʘʩʪʨʦʡʢʘ ʙʝʟ ʟʙʝʨʝʞʝʥʥʷ ʩʪʘʥʫ ʘʜʨʝʩʠ (Stateless Address 

Autoconfiguration, SLAAC). 

ɸʜʨʝʩʘʮʽʷ DHCPv6 ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʪʘʥʽʚ. 

ʇʨʠʤʽʪʢʘ. ʗʢʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ DHCPv6 ʘʙʦ SLAAC, ʣʦʢʘʣʴʥʠʡ ʘʜʨʝʩʫ 

ʢʘʥʘʣʫ ʣʦʢʘʣʴʥʦʛʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʘʚʪʦʤʘʪʠʯʥʦ ʚʢʘʟʫʻʪʴʩʷ ʷʢ ʘʜʨʝʩʘ ʰʣʶʟʫ. 

ɼʠʥʘʤʽʯʥʘ ʢʦʥʬʽʛʫʨʘʮʽʷ ʛʣʦʙʘʣʴʥʦʛʦ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʘʜʨʝʩʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ SLAAC 

SLAAC - ʮʝ ʩʧʦʩʽʙ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʧʨʠʩʪʨʦʶ ʦʪʨʠʤʘʪʠ ʩʚʽʡ ʧʨʝʬʽʢʩ, 

ʜʦʚʞʠʥʫ ʧʨʝʬʽʢʩʘ ʽ ʘʜʨʝʩʘ ʰʣʶʟʫ ʚʽʜ IPv6-ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʙʝʟ ʜʦʧʦʤʦʛʠ 

DHCPv6-ʩʝʨʚʝʨʘ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ SLAAC ʧʨʠʩʪʨʦʾ ʦʪʨʠʤʫʶʪʴ ʚʩʶ 

ʥʝʦʙʭʽʜʥʫ ʽʥʬʦʨʤʘʮʽʶ ʟ ʧʦʚʽʜʦʤʣʝʥʴ Router Advertisement (RA) ʚʽʜ ICMPv6-

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ. 

IPv6-ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ ʢʦʞʥʽ 200 ʩʝʢʫʥʜ ʚʽʜʧʨʘʚʣʷʶʪʴ ʧʦʚʽʜʦʤʣʝʥʥʷ RA 

ICMPv6 ʚʩʽʭ ʧʨʠʩʪʨʦʾʚ ʚ ʤʝʨʝʞʽ ʧʽʜ ʫʧʨʘʚʣʽʥʥʷʤ IPv6. ʅʘ ʚʫʟʦʣ, ʷʢʠʡ ʚʽʜʧʨʘʚʠʚ 

ʧʦʚʽʜʦʤʣʝʥʥʷ RS ICMPv6, ʪʘʢʦʞ ʚʽʜʧʨʘʚʣʷʻʪʴʩʷ ʚʽʜʧʦʚʽʜʴ ʙʫʣʦ ʥʘʜʽʩʣʘʥʝ RA. 

IPv6-ʤʘʨʰʨʫʪʠʟʘʮʽʷ ʥʝ ʚʢʣʶʯʝʥʘ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ. ʑʦʙ ʤʘʨʰʨʫʪʠʟʘʪʦʨ 

ʧʨʘʮʶʚʘʚ ʷʢ IPv6-ʤʘʨʰʨʫʪʠʟʘʪʦʨ, ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʦʤʘʥʜʫ 

ʛʣʦʙʘʣʴʥʦʛʦ ʢʦʥʬʽʛʫʨʫʚʘʥʥʷ ipv6 unicast-routing. 

ʇʨʠʤʽʪʢʘ. IPv6-ʘʜʨʝʩʠ ʤʦʞʫʪʴ ʙʫʪʠ ʥʘʣʘʰʪʦʚʘʥʽ ʥʘ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽ, ʱʦ ʥʝ 

ʻ IPv6-ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʤ. 

ʇʦʚʽʜʦʤʣʝʥʥʷ RA ICMPv6 ʚʢʘʟʫʻ IPv6-ʧʨʠʩʪʨʦʶ, ʷʢ ʡʦʤʫ ʦʪʨʠʤʘʪʠ 

ʽʥʬʦʨʤʘʮʽʶ ʧʦ ʘʜʨʝʩʘʮʽʾ. ʆʩʪʘʪʦʯʥʝ ʨʽʰʝʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʦʧʝʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ 

ʧʨʠʩʪʨʦʶ. ʇʦʚʽʜʦʤʣʝʥʥʷ RA ICMPv6 ʚʢʣʶʯʘʻ ʥʘʩʪʫʧʥʫ ʽʥʬʦʨʤʘʮʽʶ. 

ʇʨʝʬʽʢʩ ʤʝʨʝʞʽ ʽ ʜʦʚʞʠʥʫ ʧʨʝʬʽʢʩʘ: ʧʦʚʽʜʦʤʣʷʶʪʴ ʧʨʠʩʪʨʦʶ, ʜʦ ʷʢʦʾ 

ʤʝʨʝʞʽ ʚʦʥʦ ʚʽʜʥʦʩʠʪʴʩʷ. 



ɸʜʨʝʩʘ ʰʣʶʟʫ: ʣʦʢʘʣʴʥʠʡ IPv6-ʘʜʨʝʩʘ ʢʘʥʘʣʫ, IPv6-ʘʜʨʝʩʘ ʜʞʝʨʝʣʘ 

ʧʦʚʽʜʦʤʣʝʥʥʷ RA. 

DNS-ʘʜʨʝʩʫ ʪʘ ʽʤ'ʷ ʜʦʤʝʥʫ: ʘʜʨʝʩʠ DNS-ʩʝʨʚʝʨʽʚ ʽ ʽʤ'ʷ ʜʦʤʝʥʫ. 

ʇʦʚʽʜʦʤʣʝʥʥʷ RA ʤʦʞʝ ʚʠʛʣʷʜʘʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. 

 

¶ ɺʘʨʽʘʥʪ 1: ʪʽʣʴʢʠ SLAAC. 

¶ ɺʘʨʽʘʥʪ 2: SLAAC ʽ DHCPv6 ʙʝʟ ʟʙʝʨʝʞʝʥʥʷ ʩʪʘʥʽʚ. 

¶ ɺʘʨʽʘʥʪ 3: ɼʠʥʘʤʽʯʥʠʡ DHCPv6 ʟʽ ʟʙʝʨʝʞʝʥʥʷʤ ʩʪʘʥʽʚ (ʙʝʟ SLAAC). 

¶ RA, ʚʘʨʽʘʥʪ 1: SLAAC 

ɿʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʧʦʚʽʜʦʤʣʝʥʥʷ RA ʧʨʦʧʦʥʫʻ ʧʨʠʡʤʘʶʯʦʤʫ ʧʨʠʩʪʨʦʶ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʘʥʽ ʚ ʧʦʚʽʜʦʤʣʝʥʥʽ RA ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʚʣʘʩʥʦʛʦ ʛʣʦʙʘʣʴʥʦʛʦ 

ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ IPv6-ʘʜʨʝʩʠ ʽ ʦʪʨʠʤʘʥʥʷ ʽʥʰʦʾ ʽʥʬʦʨʤʘʮʽʾ. ʋʯʘʩʪʴ DHCPv6-

ʩʝʨʚʝʨʘ ʥʝ ʧʦʪʨʽʙʥʦ. 

SLAAC ʥʝ ʧʨʠʧʫʩʢʘʚ ʟʙʝʨʝʞʝʥʥʷ ʩʪʘʥʫ, ʱʦ ʦʟʥʘʯʘʻ ʚʽʜʩʫʪʥʽʩʪʴ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʩʝʨʚʝʨʘ (ʥʘʧʨʠʢʣʘʜ, DHCPv6-ʩʝʨʚʝʨʘ, ʱʦ ʟʘʧʘʤ'ʷʪʦʚʫʻ ʩʪʘʥʫ 

ʘʜʨʝʩ), ʱʦ ʚʠʜʽʣʷʻ ʛʣʦʙʘʣʴʥʽ ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʘʜʨʝʩʠ ʽ ʟʙʝʨʽʛʘʻ ʩʧʠʩʦʢ ʧʨʠʩʪʨʦʾʚ ʽ 

ʾʭ ʘʜʨʝʩ. ʋ ʨʘʟʽ ʟʘʩʪʦʩʫʚʘʥʥʷ SLAAC ʢʣʽʻʥʪʩʴʢʠʡ ʧʨʠʩʪʨʽʡ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʽʥʬʦʨʤʘʮʽʶ ʚ ʧʦʚʽʜʦʤʣʝʥʥʽ RA ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʚʣʘʩʥʦʛʦ ʛʣʦʙʘʣʴʥʦʛʦ 

ʽʥʜʠʚʽʜʫʘʣʴʥʦʾ ʘʜʨʝʩʠ. ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2, ʜʚʽ ʯʘʩʪʠʥʠ ʘʜʨʝʩʠ ʩʪʚʦʨʶʶʪʴʩʷ ʚ 

ʪʘʢʠʡ ʩʧʦʩʽʙ: 

ʇʨʝʬʽʢʩ: ʚʢʘʟʫʻʪʴʩʷ ʚ ʧʦʚʽʜʦʤʣʝʥʥʽ RA 

ɯʜʝʥʪʠʬʽʢʘʪʦʨ ʽʥʪʝʨʬʝʡʩʫ: ʩʪʚʦʨʶʻʪʴʩʷ ʘʙʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʰʠʨʝʥʦʛʦ 

ʫʥʽʢʘʣʴʥʦʛʦ ʽʜʝʥʪʠʬʽʢʘʪʦʨʘ EUI-64, ʘʙʦ ʰʣʷʭʦʤ ʩʪʚʦʨʝʥʥʷ ʚʠʧʘʜʢʦʚʦʛʦ 64-

ʙʽʪʥʦʛʦ ʯʠʩʣʘ. 

ɿʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʧʦʚʽʜʦʤʣʝʥʥʷ RA ʚʽʜʧʨʘʚʣʷʶʪʴ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʘʨʽʘʥʪʫ 1 

(ʪʽʣʴʢʠ SLAAC). ɯʥʪʝʨʬʝʡʩ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʤʦʞʝ ʙʫʪʠ ʥʘʣʘʰʪʦʚʘʥʠʡ ʥʘ 

ʚʽʜʧʨʘʚʢʫ ʦʛʦʣʦʰʝʥʴ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʟʘ ʜʦʧʦʤʦʛʦʶ SLAAC ʽ DHCPv6-ʩʝʨʚʝʨʘ 

ʙʝʟ ʟʙʝʨʝʞʝʥʥʷ ʩʪʘʥʫ ʘʜʨʝʩ (ʘʙʦ ʪʽʣʴʢʠ DHCPv6-ʩʝʨʚʝʨʘ ʟʽ ʟʙʝʨʝʞʝʥʥʷʤ ʩʪʘʥʫ 

ʘʜʨʝʩ). 

RA, ʚʘʨʽʘʥʪ 2: SLAAC ʽ DHCPv6-ʩʝʨʚʝʨ ʙʝʟ ʟʙʝʨʝʞʝʥʥʷ ʩʪʘʥʫ ʘʜʨʝʩ 

ʋ ʮʴʦʤʫ ʚʘʨʽʘʥʪʽ ʧʦʚʽʜʦʤʣʝʥʥʷ RA ʚʢʘʟʫʻ ʧʨʠʩʪʨʦʶ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ: 

SLAAC ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʚʣʘʩʥʦʛʦ ʛʣʦʙʘʣʴʥʦʛʦ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ IPv6-ʘʜʨʝʩʠ. 

ʃʦʢʘʣʴʥʠʡ ʘʜʨʝʩʘ ʢʘʥʘʣʫ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ, IPv6-ʘʜʨʝʩʘ ʜʞʝʨʝʣʘ RA, ʷʢ 

ʘʜʨʝʩʫ ʰʣʶʟʫ. 

DHCPv6-ʩʝʨʚʝʨ, ʱʦ ʥʝ ʟʙʝʨʽʛʘʻ ʩʪʘʥʫ ʘʜʨʝʩ, ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʽʥʰʦʾ 

ʽʥʬʦʨʤʘʮʽʾ, ʪʘʢʦʾ ʷʢ ʘʜʨʝʩʘ DNS-ʩʝʨʚʝʨʘ ʽ ʽʤ'ʷ ʜʦʤʝʥʫ. 

DHCPv6-ʩʝʨʚʝʨ ʙʝʟ ʟʙʝʨʝʞʝʥʥʷ ʩʪʘʥʫ ʘʜʨʝʩ ʨʦʟʧʦʜʽʣʷʻ ʘʜʨʝʩʠ DNS-

ʩʝʨʚʝʨʽʚ ʽ ʽʤʝʥʘ ʜʦʤʝʥʽʚ. ɺʽʥ ʥʝ ʚʠʜʽʣʷʻ ʛʣʦʙʘʣʴʥʽ ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʘʜʨʝʩʠ. 

RA, ʚʘʨʽʘʥʪ 3: DHCPv6-ʩʝʨʚʝʨ ʟʽ ʟʙʝʨʝʞʝʥʥʷʤ ʩʪʘʥʫ ʘʜʨʝʩ 

DHCPv6-ʩʝʨʚʝʨ ʟʽ ʟʙʝʨʝʞʝʥʥʷʤ ʩʪʘʥʫ ʘʜʨʝʩ ʘʥʘʣʦʛʽʯʥʠʡ DHCP-ʩʝʨʚʝʨʘ ʚ 

ʩʠʩʪʝʤʽ IPv4. ɿʘ ʜʦʧʦʤʦʛʦʶ ʩʣʫʞʙ DHCPv6-ʩʝʨʚʝʨʘ ʟʽ ʟʙʝʨʝʞʝʥʥʷʤ ʩʪʘʥʫ ʘʜʨʝʩ 

ʧʨʠʩʪʨʽʡ ʤʦʞʝ ʘʚʪʦʤʘʪʠʯʥʦ ʦʪʨʠʤʫʚʘʪʠ ʜʘʥʽ ʘʜʨʝʩʠ, ʚʢʣʶʯʘʶʯʠ ʛʣʦʙʘʣʴʥʠʡ 

ʽʥʜʠʚʽʜʫʘʣʴʥʫ ʘʜʨʝʩʫ, ʜʦʚʞʠʥʫ ʧʨʝʬʽʢʩʘ ʽ ʘʜʨʝʩʠ DNS-ʩʝʨʚʝʨʽʚ. 

ʋ ʮʴʦʤʫ ʚʘʨʽʘʥʪʽ ʧʦʚʽʜʦʤʣʝʥʥʷ RA ʚʢʘʟʫʻ ʧʨʠʩʪʨʦʶ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ: 

ʃʦʢʘʣʴʥʠʡ ʘʜʨʝʩʘ ʢʘʥʘʣʫ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ, IPv6-ʘʜʨʝʩʘ ʜʞʝʨʝʣʘ RA ʚ 

ʷʢʦʩʪʽ ʘʜʨʝʩʠ ʰʣʶʟʫ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ. 



DHCPv6-ʩʝʨʚʝʨ ʟʽ ʟʙʝʨʝʞʝʥʥʷʤ ʩʪʘʥʫ ʘʜʨʝʩ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʛʣʦʙʘʣʴʥʦʛʦ 

ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʘʜʨʝʩʠ, ʘʜʨʝʩʘ DNS-ʩʝʨʚʝʨʘ, ʽʤ'ʷ ʜʦʤʝʥʫ ʪʘ ʽʥʰʫ ʥʝʦʙʭʽʜʥʫ 

ʽʥʬʦʨʤʘʮʽʶ. 

DHCPv6-ʩʝʨʚʝʨ ʟʽ ʟʙʝʨʝʞʝʥʥʷʤ ʩʪʘʥʫ ʘʜʨʝʩ ʚʠʜʽʣʷʻ ʽ ʚʝʜʝ ʩʧʠʩʦʢ 

ʧʨʠʩʪʨʦʾʚ ʽ ʧʨʠʟʥʘʯʝʥʠʭ ʾʤ IPv6-ʘʜʨʝʩ. DHCP-ʩʝʨʚʝʨ ʚ IPv4-ʤʝʨʝʞʽ ʟʙʝʨʽʛʘʻ 

ʩʪʘʥʫ ʘʜʨʝʩ. 

ʇʨʠʤʽʪʢʘ. ɸʜʨʝʩʘ ʰʣʶʟʫ ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʠʡ ʪʽʣʴʢʠ ʜʠʥʘʤʽʯʥʦ ʟ 

ʧʦʚʽʜʦʤʣʝʥʥʷ RA. DHCPv6-ʩʝʨʚʝʨ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʪʦʛʦ, ʯʠ ʟʙʝʨʽʛʘʻ ʚʽʥ ʩʪʘʥʫ 

ʘʜʨʝʩ ʯʠ ʥʽ, ʥʝ ʥʘʜʘʻ ʘʜʨʝʩʫ ʰʣʶʟʫ. 

ʇʨʦʮʝʩ EUI-64 ʽ ʚʠʧʘʜʢʦʚʦ ʟʛʝʥʝʨʦʚʘʥʠʡ ʽʜʝʥʪʠʬʽʢʘʪʦʨ ʽʥʪʝʨʬʝʡʩʫ 

ʗʢʱʦ ʧʦʚʽʜʦʤʣʝʥʥʷ RA ʤʘʻ ʪʠʧ SLAAC ʘʙʦ SLAAC + ʜʣʷ DHCPv6-

ʩʝʨʚʝʨʘ ʙʝʟ ʟʙʝʨʝʞʝʥʥʷ ʩʪʘʥʫ ʘʜʨʝʩ, ʢʣʽʻʥʪ ʧʦʚʠʥʝʥ ʛʝʥʝʨʫʚʘʪʠ ʚʣʘʩʥʠʡ 

ʽʜʝʥʪʠʬʽʢʘʪʦʨ ʽʥʪʝʨʬʝʡʩʫ. ʂʣʽʻʥʪ ʦʪʨʠʤʫʻ ʟ ʧʦʚʽʜʦʤʣʝʥʥʷ RA ʧʨʝʬʽʢʩʥʠʭ 

ʯʘʩʪʠʥʘ ʘʜʨʝʩʠ, ʘʣʝ ʧʦʚʠʥʝʥ ʩʪʚʦʨʠʪʠ ʚʣʘʩʥʠʡ ʽʜʝʥʪʠʬʽʢʘʪʦʨ ʽʥʪʝʨʬʝʡʩʫ. 

ɯʜʝʥʪʠʬʽʢʘʪʦʨ ʽʥʪʝʨʬʝʡʩʫ ʤʦʞʝ ʙʫʪʠ ʩʪʚʦʨʝʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ EUI-64 ʘʙʦ 

ʷʚʣʷʪʠ ʩʦʙʦʶ ʚʠʧʘʜʢʦʚʦ ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʝ 64-ʙʽʪʦʚʝ ʯʠʩʣʦ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 

1. 

ʇʨʦʮʝʩ EUI-64 

ʆʨʛʘʥʽʟʘʮʽʷ IEEE ʨʦʟʨʦʙʠʣʘ ʨʦʟʰʠʨʝʥʠʡ ʫʥʽʢʘʣʴʥʠʡ ʽʜʝʥʪʠʬʽʢʘʪʦʨ 

(Extended Unique Identifier, EUI) ʘʙʦ ʟʤʽʥʝʥʠʡ ʧʨʦʮʝʩ EUI-64. ʎʝʡ ʧʨʦʮʝʩ 

ʚʠʢʦʨʠʩʪʦʚʫʻ 48-ʙʽʪʥʠʡ MAC-ʘʜʨʝʩʫ Ethernet ʢʣʽʻʥʪʘ ʽ ʚ ʩʝʨʝʜʠʥʫ ʮʽʻʾ ʘʜʨʝʩʠ 

ʚʩʪʘʚʣʷʻ ʱʝ 16 ʙʽʪ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 64-ʙʽʪʥʦʛʦ ʽʜʝʥʪʠʬʽʢʘʪʦʨʘ ʽʥʪʝʨʬʝʡʩʫ. 

MAC-ʘʜʨʝʩʠ Ethernet ʟʘʟʚʠʯʘʡ ʤʘʶʪʴ ʰʽʩʪʥʘʜʮʷʪʢʦʚʠʡ ʬʦʨʤʘʪ ʽ 

ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʜʚʦʭ ʯʘʩʪʠʥ. 

ʋʥʽʢʘʣʴʥʠʡ ʽʜʝʥʪʠʬʽʢʘʪʦʨ ʦʨʛʘʥʽʟʘʮʽʾ (Organizationally Unique Identifier, 

OUI) - ʮʝ 24-ʙʽʪʥʠʡ (ʰʽʩʪʴ ʰʽʩʪʥʘʜʮʷʪʢʦʚʠʭ ʮʠʬʨ) ʢʦʜ ʧʦʩʪʘʯʘʣʴʥʠʢʘ, 

ʧʨʠʟʥʘʯʝʥʠʡ IEEE. 

ɯʜʝʥʪʠʬʽʢʘʪʦʨ ʧʨʠʩʪʨʦʶ - ʮʝ ʫʥʽʢʘʣʴʥʝ 24-ʙʽʪʦʚʝ (ʰʽʩʪʴ ʰʽʩʪʥʘʜʮʷʪʢʦʚʠʭ 

ʮʠʬʨ) ʟʥʘʯʝʥʥʷ ʽʟ ʟʘʛʘʣʴʥʠʤ ʫʥʽʢʘʣʴʥʠʤ ʽʜʝʥʪʠʬʽʢʘʪʦʨʦʤ ʦʨʛʘʥʽʟʘʮʽʾ (OUI). 

ɯʜʝʥʪʠʬʽʢʘʪʦʨ ʽʥʪʝʨʬʝʡʩʫ EUI-64 ʤʘʻ ʜʚʽʡʢʦʚʠʡ ʬʦʨʤʘʪ ʽ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʪʨʴʦʭ ʯʘʩʪʠʥ. 

24-ʙʽʪʥʠʡ OUI ʥʘ ʦʩʥʦʚʽ MAC-ʘʜʨʝʩʠ ʢʣʽʻʥʪʘ, ʚ ʷʢʦʤʫ ʩʴʦʤʠʡ ʙʽʪ 

(ʫʥʽʚʝʨʩʘʣʴʥʦ / ʣʦʢʘʣʴʥʠʡ (U / L) ʙʽʪ) ʻ ʟʚʦʨʦʪʥʠʤ, ʪʦʙʪʦ ʷʢʱʦ ʩʴʦʤʠʡ ʙʽʪ ʤʘʻ 

ʟʥʘʯʝʥʥʷ 0, ʪʦ ʚʽʥ ʩʪʘʻ 1, ʽ ʥʘʚʧʘʢʠ. 

ɺ ʩʝʨʝʜʠʥʫ ʚʩʪʘʚʣʷʻʪʴʩʷ 16-ʙʽʪʦʚʝ ʟʥʘʯʝʥʥʷ FFFE (ʚ ʰʽʩʪʥʘʜʮʷʪʢʦʚʦʤʫ 

ʬʦʨʤʘʪʽ). 

24-ʙʽʪʥʠʡ ʽʜʝʥʪʠʬʽʢʘʪʦʨ ʧʨʠʩʪʨʦʶ ʥʘ ʦʩʥʦʚʽ MAC-ʘʜʨʝʩʠ ʢʣʽʻʥʪʘ. 

ʇʨʦʮʝʩ EUI-64 ʧʨʦʽʣʶʩʪʨʦʚʘʥʠʡ ʥʘ ʨʠʩ. 2 ʟʘ ʜʦʧʦʤʦʛʦʶ MAC-ʘʜʨʝʩʠ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ R1 GigabitEthernet FC99: 4775: CEE0. 

ʂʨʦʢ 1.ʈʘʟʜʝʣʽʪʝ MAC-ʘʜʨʝʩʫ ʤʽʞ OUI ʽ ʽʜʝʥʪʠʬʽʢʘʪʦʨʦʤ ʧʨʠʩʪʨʦʶ. 

ʂʨʦʢ 2. ɺʩʪʘʚʪʝ ʰʽʩʪʥʘʜʮʷʪʢʦʚʝ ʟʥʘʯʝʥʥʷ FFFE ʚ ʜʦʚʽʯʥʠʤ ʬʦʨʤʘʪʽ 1111 

1111 1111 1110. 

ʂʨʦʢ 3. ʇʝʨʝʪʚʦʨʽʪʴ ʧʝʨʰʽ 2 ʰʽʩʪʥʘʜʮʷʪʢʦʚʠʭ ʟʥʘʯʝʥʥʷ OUI ʚ ʜʚʽʡʢʦʚʠʡ 

ʬʦʨʤʘʪ ʽ ʚʽʜʦʙʨʘʟʽʪʴ ʙʽʪ U / L (ʙʽʪ 7). ɺ ʜʘʥʦʤʫ ʧʨʠʢʣʘʜʽ 0 ʚ ʩʴʦʤʦʤʫ ʙʠʪʝ 

ʟʤʽʥʶʻʪʴʩʷ ʥʘ ʦʜʠʥʠʮʶ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʛʝʥʝʨʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʡ EUI-64 ʽʜʝʥʪʠʬʽʢʘʪʦʨ ʽʥʪʝʨʬʝʡʩʫ 

FE99: 47FF: FE75: CEE0. 



ʇʨʠʤʽʪʢʘ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʟʚʦʨʦʪʥʦʛʦ ʙʽʪʘ (U / L) ʽ ʧʨʠʯʠʥʠ ʜʟʝʨʢʘʣʴʥʦʛʦ 

ʚʽʜʦʙʨʘʞʝʥʥʷ ʡʦʛʦ ʟʥʘʯʝʥʥʷ ʦʧʠʩʘʥʽ ʚ ʜʦʢʫʤʝʥʪʽ RFC 5342. 

ɻʣʦʙʘʣʴʥʠʡ ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ IPv6-ʘʜʨʝʩʘ PCA, ʜʠʥʘʤʽʯʥʦ ʩʪʚʦʨʝʥʠʡ ʟʘ 

ʜʦʧʦʤʦʛʦʶ SLAAC ʽ ʧʨʦʮʝʩʫ EUI-64. ʅʘʡʧʨʦʩʪʽʰʠʡ ʩʧʦʩʽʙ ʚʠʟʥʘʯʠʪʠ, ʯʠ 

ʜʽʡʩʥʦ ʘʜʨʝʩʘ ʙʫʚ ʩʪʚʦʨʝʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ EUI-64, - ʧʝʨʝʚʽʨʠʪʠ, ʯʠ ʻ ʚ ʩʝʨʝʜʠʥʽ 

ʜ̔ʝʥʪʠʬʽʢʘʪʦʨʘ ʽʥʪʝʨʬʝʡʩʫ ʟʥʘʯʝʥʥʷ FFFE, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3. 

ʇʝʨʝʚʘʛʘ EUI-64 MAC-ʘʜʨʝʩʠ Ethernet ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʡʦʛʦ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʽʜʝʥʪʠʬʽʢʘʪʦʨʘ ʽʥʪʝʨʬʝʡʩʫ. ʂʨʽʤ ʪʦʛʦ, 

ʤʝʨʝʞʝʚʽ ʘʜʤʽʥʽʩʪʨʘʪʦʨʠ ʤʦʞʫʪʴ ʣʝʛʢʦ ʚʽʜʩʪʝʞʫʚʘʪʠ IPv6-ʘʜʨʝʩʘ ʜʦ ʢʽʥʮʝʚʠʭ 

ʧʨʠʩʪʨʦʾʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʫʥʽʢʘʣʴʥʦʛʦ ʄɸʉ-ʘʜʨʝʩʠ. ʆʜʥʘʢ ʮʝ ʪʫʨʙʫʻ ʽʥʰʠʭ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʫ ʟʚ'ʷʟʢʫ ʟ ʟʘʛʨʦʟʦʶ ʾʭ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ. ɺʦʥʠ ʩʪʫʨʙʦʚʘʥʽ ʪʠʤ, ʱʦ 

ʾʭ ʧʘʢʝʪʠ ʤʦʞʥʘ ʚʽʜʩʪʝʞʠʪʠ ʜʦ ʬʽʟʠʯʥʦʛʦ ʢʦʤʧ'ʶʪʝʨʘ. ʑʦʙ ʫʥʠʢʥʫʪʠ ʪʘʢʠʭ 

ʧʦʙʦʶʚʘʥʴ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʠʧʘʜʢʦʚʦ ʟʛʝʥʝʨʦʚʘʥʠʡ ʽʜʝʥʪʠʬʽʢʘʪʦʨ 

ʽʥʪʝʨʬʝʡʩʫ. 

ʑʦ ʚʠʧʘʜʢʦʚʦ ʟʛʝʥʝʨʫʚʘʣʠ ʽʜʝʥʪʠʬʽʢʘʪʦʨʠ ʽʥʪʝʨʬʝʡʩʫ 

ɿʘʣʝʞʥʦ ʚʽʜ ʦʧʝʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʧʨʠʩʪʨʽʡ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʚʠʧʘʜʢʦʚʦ ʟʛʝʥʝʨʦʚʘʥʠʡ ʽʜʝʥʪʠʬʽʢʘʪʦʨ ʽʥʪʝʨʬʝʡʩʫ ʟʘʤʽʩʪʴ ʄɸʉ-ʘʜʨʝʩ ʽ EUI-64. 

ʅʘʧʨʠʢʣʘʜ, ʧʦʯʠʥʘʶʯʠ ʟ Windows Vista ʚ ʦʧʝʨʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ Windows 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʠʧʘʜʢʦʚʦ ʟʛʝʥʝʨʦʚʘʥʠʡ ʽʜʝʥʪʠʬʽʢʘʪʦʨ ʽʥʪʝʨʬʝʡʩʫ ʟʘʤʽʩʪʴ 

ʩʪʚʦʨʝʥʦʛʦ ʯʝʨʝʟ EUI-64. ɺ ʆʉ Windows XP ʽ ʚ ʧʦʧʝʨʝʜʥʽʭ ʦʧʝʨʘʮʽʡʥʠʭ 

ʩʠʩʪʝʤʘʭ Windows ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ EUI-64. 

ʇʽʩʣʷ ʩʪʚʦʨʝʥʥʷ ʽʜʝʥʪʠʬʽʢʘʪʦʨʘ ʽʥʪʝʨʬʝʡʩʫ ʘʙʦ ʟʘ ʜʦʧʦʤʦʛʦʶ EUI-64, ʘʙʦ 

ʯʝʨʝʟ ʚʠʧʘʜʢʦʚʫ ʛʝʥʝʨʘʮʽʶ ʡʦʛʦ ʤʦʞʥʘ ʦʙ'ʻʜʥʘʪʠ ʟ ʧʨʝʬʽʢʩʦʤ IPv6 ʟ 

ʧʦʚʽʜʦʤʣʝʥʥʷ RA ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʛʣʦʙʘʣʴʥʦʛʦ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʘʜʨʝʩʠ, ʷʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4. 

ʇʨʠʤʽʪʢʘ. ʑʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʫʥʽʢʘʣʴʥʠʡ ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ IPv6-ʘʜʨʝʩʘ ʢʣʽʻʥʪ 

ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʦʮʝʩ ʚʠʷʚʣʝʥʥʷ ʜʫʙʣʴʦʚʘʥʠʭ ʘʜʨʝʩ (Duplicate Address 

Detection, DAD). ʎʝ ʘʥʘʣʦʛʽʯʥʦ ARP-ʟʘʧʠʪʫ ʚʣʘʩʥʦʛʦ ʘʜʨʝʩʠ. ɺʽʜʩʫʪʥʽʩʪʴ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʦʚʽʜʦʤʣʝʥʥʷ ʦʟʥʘʯʘʻ, ʱʦ ʘʜʨʝʩʘ ʫʥʽʢʘʣʴʥʠʡ. 

ɺʩʝ IPv6-ʧʨʠʩʪʨʦʾ ʧʦʚʠʥʥʽ ʤʘʪʠ ʣʦʢʘʣʴʥʽ IPv6-ʘʜʨʝʩʠ ʢʘʥʘʣʫ. ʃʦʢʘʣʴʥʠʡ 

ʘʜʨʝʩʘ ʢʘʥʘʣʫ ʤʦʞʝ ʙʫʪʠ ʩʪʚʦʨʝʥʠʡ ʜʠʥʘʤʽʯʥʦ ʘʙʦ ʥʘʣʘʰʪʦʚʘʥʠʡ ʚʨʫʯʥʫ ʷʢ 

ʩʪʘʪʠʯʥʠʡ ʣʦʢʘʣʴʥʫ ʘʜʨʝʩʫ ʢʘʥʘʣʫ. 

ʃʦʢʘʣʴʥʠʡ ʘʜʨʝʩʫ ʢʘʥʘʣʫ ʜʠʥʘʤʽʯʥʦ ʩʪʚʦʨʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʝʬʽʢʩʘ 

FE80 :: / 10 ʽ ʦʪʨʠʤʘʥʦʛʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʮʝʩʫ EUI-64 ʘʙʦ ʚʠʧʘʜʢʦʚʦ 

ʟʛʝʥʝʨʦʚʘʥʦʛʦ 64-ʙʽʪʥʦʛʦ ʽʜʝʥʪʠʬʽʢʘʪʦʨʘ ʽʥʪʝʨʬʝʡʩʫ. ʗʢ ʧʨʘʚʠʣʦ, ʦʧʝʨʘʮʽʡʥʽ 

ʩʠʩʪʝʤʠ, ʟʘʩʪʦʩʦʚʫʶʪʴ ʦʜʠʥ ʽ ʪʦʡ ʞʝ ʤʝʪʦʜ ʜʦ ʛʣʦʙʘʣʴʥʠʭ ʽʥʜʠʚʽʜʫʘʣʴʥʠʤ 

ʘʜʨʝʩʘʤʠ, ʩʪʚʦʨʝʥʠʤ ʟʘ ʜʦʧʦʤʦʛʦʶ SLAAC, ʽ ʜʠʥʘʤʽʯʥʦ ʧʨʠʟʥʘʯʝʥʠʤ ʘʜʨʝʩʘʤʠ 

ʢʘʥʘʣʫ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2. 

ʄʘʨʰʨʫʪʠʟʘʪʦʨ Cisco ʘʚʪʦʤʘʪʠʯʥʦ ʩʪʚʦʨʶʶʪʴ ʣʦʢʘʣʴʥʠʡ IPv6-ʘʜʨʝʩʘ 

ʢʘʥʘʣʫ ʧʽʩʣʷ ʧʨʠʟʥʘʯʝʥʥʷ ʽʥʪʝʨʬʝʡʩʫ ʛʣʦʙʘʣʴʥʦʛʦ ʽʥʜʠʚʽʜʫʘʣʴʥʦʾ ʘʜʨʝʩʠ. ɿʘ 

ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ Cisco IOS ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʦʮʝʩ EUI-64 ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʽʜʝʥʪʠʬʽʢʘʪʦʨʘ ʽʥʪʝʨʬʝʡʩʫ ʜʣʷ ʚʩʽʭ ʣʦʢʘʣʴʥʠʭ ʘʜʨʝʩ ʢʘʥʘʣʫ ʚ IPv6-

ʽʥʪʝʨʬʝʡʩʠ. ɼʣʷ ʧʦʩʣʽʜʦʚʥʠʭ ʽʥʪʝʨʬʝʡʩʽʚ ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

MAC-ʘʜʨʝʩʫ ʽʥʪʝʨʬʝʡʩʫ Ethernet. ʅʘʛʘʜʫʻʤʦ, ʱʦ ʣʦʢʘʣʴʥʠʡ ʘʜʨʝʩʫ ʢʘʥʘʣʫ 

ʧʦʚʠʥʝʥ ʙʫʪʠ ʫʥʽʢʘʣʴʥʠʤ ʪʽʣʴʢʠ ʚ ʜʘʥʦʤʫ ʢʘʥʘʣʽ ʘʙʦ ʤʝʨʝʞʽ. ʆʜʥʘʢ ʥʝʜʦʣʽʢ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʠʥʘʤʽʯʥʦ ʧʨʠʟʥʘʯʝʥʦʛʦ ʣʦʢʘʣʴʥʦʛʦ ʘʜʨʝʩʠ ʢʘʥʘʣʫ - ʮʝ ʟʘʥʘʜʪʦ 

ʜʦʚʛʠʡ ʽʥʜʝʪʽʬʽʢʘʪʦʨ ʽʥʪʝʨʬʝʡʩʫ, ʱʦ ʫʪʨʫʜʥʶʻ ʚʠʟʥʘʯʝʥʥʷ ʽ ʟʘʧʘʤ'ʷʪʦʚʫʚʘʥʥʷ 



ʧʨʠʟʥʘʯʝʥʠʭ ʘʜʨʝʩ. ʅʘ ʨʠʩ. 3 ʧʦʢʘʟʘʥʠʡ ʄɸʉ-ʘʜʨʝʩʘ ʽʥʪʝʨʬʝʡʩʫ GigabitEthernet 

0/0 ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ R1. ʎʷ ʘʜʨʝʩʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʜʠʥʘʤʽʯʥʦʛʦ 

ʩʪʚʦʨʝʥʥʷ ʣʦʢʘʣʴʥʠʭ ʘʜʨʝʩ ʢʘʥʘʣʫ ʥʘ ʦʜʥʦʤʫ ʽʥʪʝʨʬʝʡʩʽ. 

ʑʦʙ ʙʫʣʦ ʣʝʛʰʝ ʚʧʽʟʥʘʚʘʪʠ ʽ ʟʘʧʘʤ'ʷʪʦʚʫʚʘʪʠ ʮʽ ʘʜʨʝʩʠ ʥʘ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʭ, ʟʘʟʚʠʯʘʡ ʚʠʢʦʥʫʻʪʴʩʷ ʩʪʘʪʠʯʥʘ ʥʘʩʪʨʦʡʢʘ ʣʦʢʘʣʴʥʠʭ IPv6-

ʘʜʨʝʩ ʢʘʥʘʣʫ ʥʘ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʭ. 

ʈʫʯʥʘ ʥʘʩʪʨʦʡʢʘ ʣʦʢʘʣʴʥʦʾ ʘʜʨʝʩʠ ʢʘʥʘʣʫ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʘʜʨʝʩʘ, 

ʷʢʠʡ ʣʝʛʰʝ ʜʽʟʥʘʪʠʩʷ ʽ ʟʘʧʘʤ'ʷʪʘʪʠ. ʗʢ ʧʨʘʚʠʣʦ, ʜʦʩʪʘʪʥʴʦ ʩʪʚʦʨʠʪʠ 

ʨʦʟʧʽʟʥʘʶʪʴʩʷ ʣʦʢʘʣʴʥʽ ʘʜʨʝʩʠ ʥʘ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʭ. ʎʝ ʟʨʫʯʥʦ ʪʦʤʫ, ʱʦ 

ʣʦʢʘʣʴʥʽ ʘʜʨʝʩʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʘʜʨʝʩʠ ʰʣʶʟʫ ʟʘ 

ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʽ ʚ ʦʛʦʣʦʰʝʥʥʷʭ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. 

ʃʦʢʘʣʴʥʽ ʘʜʨʝʩʠ ʢʘʥʘʣʽʚ ʤʦʞʥʘ ʥʘʣʘʰʪʦʚʫʚʘʪʠ ʚʨʫʯʥʫ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʘʥʘʣʦʛʽʯʥʦʾ ʢʦʤʘʥʜʠ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʛʣʦʙʘʣʴʥʠʭ 

ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ IPv6-ʘʜʨʝʩ, ʘʣʝ ʟ ʜʦʜʘʪʢʦʚʠʤ ʧʘʨʘʤʝʪʨʦʤ link-local. ʗʢʱʦ 

ʘʜʨʝʩʘ ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʛʝʢʩʪʝʪʘ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ FE80 ʜʦ FEBF, ʪʦ ʧʘʨʘʤʝʪʨʠ 

ʣʦʢʘʣʴʥʦʛʦ ʢʘʥʘʣʫ ʧʦʚʠʥʥʽ ʩʣʽʜʫʚʘʪʠ ʟʘ ʘʜʨʝʩʦʶ. 

ʃʦʢʘʣʴʥʠʡ ʘʜʨʝʩʘ ʢʘʥʘʣʫ FE80 :: 1 ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʢʘʟʽʚʢʠ ʥʘ ʪʝ, ʱʦ 

ʚʽʥ ʥʘʣʝʞʠʪʴ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ R1. ʊʘʢʠʡ ʞʝ ʣʦʢʘʣʴʥʠʡ ʘʜʨʝʩʫ ʢʘʥʘʣʫ IPv6 

ʥʘʣʘʰʪʦʚʘʥʠʡ ʥʘ ʚʩʽʭ ʽʥʪʝʨʬʝʡʩʘʭ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ R1. FE80 :: 1 ʤʦʞʥʘ 

ʥʘʣʘʰʪʫʚʘʪʠ ʥʘ ʢʦʞʥʦʤʫ ʢʘʥʘʣʽ, ʦʩʢʽʣʴʢʠ ʚʽʥ ʧʦʚʠʥʝʥ ʙʫʪʠ ʫʥʽʢʘʣʴʥʠʤ ʪʽʣʴʢʠ 

ʥʘ ʜʘʥʦʤʫ ʢʘʥʘʣʽ. 

ʗʢ ʽ ʫ ʚʠʧʘʜʢʫ ʟ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʤ R1, ʤʘʨʰʨʫʪʠʟʘʪʦʨ R2 ʙʫʜʝ 

ʥʘʣʘʰʪʦʚʘʥʠʡ ʟ ʘʜʨʝʩʦʶ FE80 :: 2 ʚ ʷʢʦʩʪʽ ʣʦʢʘʣʴʥʦʛʦ ʘʜʨʝʩʠ ʢʘʥʘʣʫ IPv6 ʥʘ 

ʚʩʽʭ ʡʦʛʦ ʽʥʪʝʨʬʝʡʩʘʭ. 

ʂʦʤʘʥʜʘ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʢʦʥʬʽʛʫʨʘʮʽʾ IPv6-ʽʥʪʝʨʬʝʡʩʫ ʩʭʦʞʘ ʥʘ ʘʥʘʣʦʛʽʯʥʫ 

ʢʦʤʘʥʜʫ ʜʣʷ IPv4. 

ʂʦʤʘʥʜʘ show interface ʚʽʜʦʙʨʘʞʘʻ MAC-ʘʜʨʝʩʫ ʽʥʪʝʨʬʝʡʩʽʚ Ethernet. 

ʇʨʦʮʝʩ EUI-64 ʚʠʢʦʨʠʩʪʦʚʫʻ ʮʝʡ MAC-ʘʜʨʝʩʫ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʽʜʝʥʪʠʬʽʢʘʪʦʨʘ 

ʽʥʪʝʨʬʝʡʩʫ ʣʦʢʘʣʴʥʦʾ ʘʜʨʝʩʠ ʢʘʥʘʣʫ. ʂʨʽʤ ʪʦʛʦ, ʢʦʤʘʥʜʘ show ipv6 interface 

brief ʚʽʜʦʙʨʘʞʘʻ ʩʢʦʨʦʯʝʥʽ ʚʠʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʽʥʪʝʨʬʝʡʩʽʚ. ɺʠʭʽʜʥʽ ʜʘʥʽ 

[up / up] ʚ ʪʦʤʫ ʞ ʨʷʜʢʫ, ʱʦ ʽ ʽʥʪʝʨʬʝʡʩ, ʚʽʜʦʙʨʘʞʘʶʪʴ ʩʪʘʥ ʽʥʪʝʨʬʝʡʩʫ 1-ʛʦ ʽ 2-

ʛʦ ʨʽʚʥʽʚ. ɸʥʘʣʦʛʽʯʥʽ ʜʘʥʽ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʚ ʩʪʦʚʧʮʷʭ Status (ʉʪʘʥ) ʪʘ Protocol 

(ʇʨʦʪʦʢʦʣ) ʧʨʠ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʢʦʤʘʥʜʠ IPv4. 

ɿʚʝʨʥʽʪʴ ʫʚʘʛʫ, ʱʦ ʢʦʞʝʥ ʽʥʪʝʨʬʝʡʩ ʤʘʻ ʜʚʘ IPv6-ʘʜʨʝʩʠ. ɼʨʫʛʘ ʘʜʨʝʩʘ ʜʣʷ 

ʢʦʞʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ - ʮʝ ʛʣʦʙʘʣʴʥʠʡ ʽʥʜʠʚʽʜʫʘʣʴʥʫ ʘʜʨʝʩʫ. ʇʝʨʰʘ ʘʜʨʝʩʘ, ʷʢʠʡ 

ʧʦʯʠʥʘʻʪʴʩʷ ʟ FE80, - ʮʝ ʣʦʢʘʣʴʥʠʡ ʽʥʜʠʚʽʜʫʘʣʴʥʫ ʘʜʨʝʩʫ ʢʘʥʘʣʫ ʜʣʷ 

ʽʥʪʝʨʬʝʡʩʫ. ʗʢ ʚʠ ʧʘʤ'ʷʪʘʻʪʝ, ʣʦʢʘʣʴʥʠʡ ʘʜʨʝʩʫ ʢʘʥʘʣʫ ʘʚʪʦʤʘʪʠʯʥʦ 

ʧʨʠʻʜʥʫʻʪʴʩʷ ʜʦ ʽʥʪʝʨʬʝʡʩʫ ʧʨʠ ʧʨʠʟʥʘʯʝʥʥʽ ʛʣʦʙʘʣʴʥʦʛʦ ʽʥʜʠʚʽʜʫʘʣʴʥʦʾ 

ʘʜʨʝʩʠ. 

ʂʨʽʤ ʪʦʛʦ, ʟʚʝʨʥʽʪʴ ʫʚʘʛʫ, ʱʦ ʧʦʩʣʽʜʦʚʥʠʡ ʣʦʢʘʣʴʥʫ ʘʜʨʝʩʫ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ R1 0/0/0 ʽʜʝʥʪʠʯʥʠʡ ʽʥʪʝʨʬʝʡʩʫ GigabitEthernet 0/0. ʇʦʩʣʽʜʦʚʥʽ 

ʽʥʪʝʨʬʝʡʩʠ ʥʝ ʤʘʶʪʴ ʄɸʉ-ʘʜʨʝʩ Ethernet, ʪʦʤʫ ʦʧʝʨʘʮʽʡʥʘ ʩʠʩʪʝʤʘ Cisco IOS 

ʚʠʢʦʨʠʩʪʦʚʫʻ MAC-ʘʜʨʝʩʫ ʧʝʨʰʦʛʦ ʜʦʩʪʫʧʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ Ethernet. ʎʝ 

ʤʦʞʣʠʚʦ ʟ ʪʽʻʾ ʧʨʠʯʠʥʠ, ʱʦ ʣʦʢʘʣʴʥʽ ʽʥʪʝʨʬʝʡʩʠ ʢʘʥʘʣʫ ʧʦʚʠʥʥʽ ʙʫʪʠ 

ʫʥʽʢʘʣʴʥʠʤʠ ʪʽʣʴʢʠ ʥʘ ʜʘʥʦʤʫ ʢʘʥʘʣʽ. 

ʗʢ ʧʨʘʚʠʣʦ, ʣʦʢʘʣʴʥʠʡ ʘʜʨʝʩʫ ʢʘʥʘʣʫ ʽʥʪʝʨʬʝʡʩʫ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ - ʮʝ 

ʘʜʨʝʩʘ ʰʣʶʟʫ ʜʣʷ ʧʨʠʩʪʨʦʾʚ ʚ ʜʘʥʦʤʫ ʢʘʥʘʣʽ ʘʙʦ ʤʝʨʝʞʽ. 



ʂʦʤʘʥʜʫ show ipv6 route ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʟʘʥʝʩʝʥʥʷ 

ʚ ʪʘʙʣʠʮʶ ʤʘʨʰʨʫʪʠʟʘʮʽʾ IPv6-ʤʝʨʝʞ ʽ IPv6-ʘʜʨʝʩ ʢʦʥʢʨʝʪʥʠʭ ʽʥʪʝʨʬʝʡʩʽʚ. 

ʂʦʤʘʥʜʘ ʤʘʨʰʨʫʪ show ipv6 route ʚʽʜʦʙʨʘʞʘʻ ʪʽʣʴʢʠ ʤʝʨʝʞʽ ʥʘ ʦʩʥʦʚʽ 

ʧʨʦʪʦʢʦʣʫ IPv6, ʘ ʥʝ IPv4. 

 

ʋ ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʙʫʢʚʘ ʉ ʥʘʚʧʘʢʠ ʤʘʨʰʨʫʪʫ ʦʟʥʘʯʘʻ, ʱʦ ʮʝ 

ʤʝʨʝʞʘ ʟ ʧʨʷʤʠʤ ʧʽʜʢʣʶʯʝʥʥʷʤ. ʂʦʣʠ ʽʥʪʝʨʬʝʡʩ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ 

ʥʘʣʘʰʪʦʚʫʻʪʴʩʷ ʟ ʛʣʦʙʘʣʴʥʠʤ ʽʥʜʠʚʽʜʫʘʣʴʥʠʤ ʘʜʨʝʩʦʶ ʽ ʟʥʘʭʦʜʠʪʴʩʷ ʚ 

ʘʢʪʠʚʥʦʤʫ ʩʪʘʥʽ (up / up), IPv6-ʧʨʝʬʽʢʩ ʽ ʜʦʚʞʠʥʘ ʧʨʝʬʽʢʩʘ ʜʦʜʘʶʪʴʩʷ ʚ 

ʪʘʙʣʠʮʶ IPv6-ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚ ʷʢʦʩʪʽ ʧʽʜʢʣʶʯʝʥʦʛʦ ʤʘʨʰʨʫʪʫ. 

ʇʨʠʤʽʪʢʘ. L ʚʢʘʟʫʻ ʥʘ ʣʦʢʘʣʴʥʠʡ ʤʘʨʰʨʫʪ, ʪ. ɽ. ʇʝʚʥʠʡ IPv6-ʘʜʨʝʩʘ, 

ʧʨʠʟʥʘʯʝʥʠʡ ʽʥʪʝʨʬʝʡʩʫ. ʎʝ ʥʝ ʣʦʢʘʣʴʥʠʡ ʘʜʨʝʩʫ. ʃʦʢʘʣʴʥʽ ʘʜʨʝʩʠ ʥʝ ʚʢʣʶʯʝʥʽ 

ʚ ʪʘʙʣʠʮʶ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ, ʦʩʢʽʣʴʢʠ ʮʽ ʘʜʨʝʩʠ ʥʝ 

ʤʘʨʰʨʫʪʠʟʘʮʠʾ. 

ɻʣʦʙʘʣʴʥʠʡ ʽʥʜʠʚʽʜʫʘʣʴʥʫ ʘʜʨʝʩʫ IPv6, ʱʦ ʥʘʩʪʨʦʶʻʪʴʩʷ ʥʘ ʽʥʪʝʨʬʝʡʩʽ, 

ʪʘʢʦʞ ʟʘʥʦʩʠʪʴʩʷ ʚ ʪʘʙʣʠʮʶ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚ ʷʢʦʩʪʽ ʣʦʢʘʣʴʥʦʛʦ ʤʘʨʰʨʫʪʫ. 

ʃʦʢʘʣʴʥʠʡ ʤʘʨʰʨʫʪ ʤʘʻ ʧʨʝʬʽʢʩ / 128. ʃʦʢʘʣʴʥʽ ʤʘʨʰʨʫʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʪʘʙʣʠʮʝʶ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʜʣʷ ʝʬʝʢʪʠʚʥʦʾ ʦʙʨʦʙʢʠ ʧʘʢʝʪʽʚ ʟ ʘʜʨʝʩʦʶ 

ʧʨʠʟʥʘʯʝʥʥʷ ʘʜʨʝʩʠ ʽʥʪʝʨʬʝʡʩʫ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ. 

ʂʦʤʘʥʜʘ ping ʜʣʷ IPv6 ʘʥʘʣʦʛʽʯʥʘ ʪʘʢʠʡ ʞʝ ʢʦʤʘʥʜʽ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʾ ʟ 

ʧʨʦʪʦʢʦʣʦʤ IPv4. ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3, ʮʷ ʢʦʤʘʥʜʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʧʝʨʝʚʽʨʢʠ ʧʽʜʢʣʶʯʝʥʥʷ 3-ʛʦ ʨʽʚʥʷ ʤʽʞ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʤ R1 ʽ PC1. ʇʨʠ 

ʚʽʜʧʨʘʚʮʽ ʣʫʥʘ-ʟʘʧʠʪʫ ʥʘ ʣʦʢʘʣʴʥʫ ʘʜʨʝʩʫ ʢʘʥʘʣʫ ʟ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʦʧʝʨʘʮʽʡʥʘ 

ʩʠʩʪʝʤʘ Cisco IOS ʟʘʧʨʦʩʠʪʴ ʫ ʢʦʨʠʩʪʫʚʘʯʘ ʚʽʜʢʨʠʪʠ ʚʠʭʽʜʥʠʡ ʽʥʪʝʨʬʝʡʩ. 

ʆʩʢʽʣʴʢʠ ʣʦʢʘʣʴʥʠʡ ʘʜʨʝʩʫ ʢʘʥʘʣʫ ʧʨʠʟʥʘʯʝʥʥʷ ʤʦʞʝ ʧʝʨʝʙʫʚʘʪʠ ʥʘ ʦʜʥʦʤʫ 

ʘʙʦ ʜʝʢʽʣʴʢʦʭ ʢʘʥʘʣʘʭ ʘʙʦ ʤʝʨʝʞʘʭ, ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʥʝʦʙʭʽʜʥʦ ʫʪʦʯʥʠʪʠ, ʥʘ 

ʷʢʠʡ ʽʥʪʝʨʬʝʡʩ ʚʽʜʧʨʘʚʣʷʪʠ ʣʫʥʘ-ʟʘʧʠʪ. 

ɻʨʫʧʦʚʽ IPv6-ʘʜʨʝʩʠ ʘʥʘʣʦʛʽʯʥʽ ʛʨʫʧʦʚʠʤ IPv4-ʘʜʨʝʩ. ʗʢ ʚʠ ʧʘʤ'ʷʪʘʻʪʝ, 

ʛʨʫʧʦʚʠʡ ʘʜʨʝʩʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʽʜʧʨʘʚʢʠ ʦʜʥʦʛʦ ʧʘʢʝʪʘ ʧʦ ʦʜʥʦʤʫ ʘʙʦ 

ʜʝʢʽʣʴʢʦʭ ʘʜʨʝʩʘʭ ʧʨʠʟʥʘʯʝʥʥʷ (ʛʨʫʧʽ ʧʽʜ LGPL). ɻʨʫʧʦʚʽ IPv6-ʘʜʨʝʩʠ ʤʘʶʪʴ 

ʧʨʝʬʽʢʩ FF00 :: / 8. 

ʇʨʠʤʽʪʢʘ. ɻʨʫʧʦʚʽ ʘʜʨʝʩʠ ʤʦʞʫʪʴ ʙʫʪʠ ʪʽʣʴʢʠ ʘʜʨʝʩʘʤʠ ʧʨʠʟʥʘʯʝʥʥʷ, ʘ ʥʝ 

ʘʜʨʝʩʘʤʠ ʜʞʝʨʝʣʘ. 

ɯʩʥʫʻ ʜʚʘ ʪʠʧʠ ʛʨʫʧʦʚʠʭ IPv6-ʘʜʨʝʩ: 

¶ ʇʨʠʩʚʦʻʥʠʡ ʛʨʫʧʦʚʠʡ ʘʜʨʝʩʫ. 

¶ ɻʨʫʧʦʚʘ ʘʜʨʝʩʘ ʟʘʧʠʪʘʥʦʛʦ ʚʫʟʣʘ. 

 

ʇʨʦʩʫʚʘʥʥʷ ʛʨʫʧʦʚʽ ʘʜʨʝʩʠ ʟʘʨʝʟʝʨʚʦʚʘʥʽ ʜʣʷ ʟʘʜʘʥʠʭ ʛʨʫʧ ʧʨʠʩʪʨʦʾʚ. 

ʇʨʠʩʚʦʻʥʠʡ ʛʨʫʧʦʚʠʡ ʘʜʨʝʩʫ - ʮʝ ʦʜʥʘ ʘʜʨʝʩʘ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʟʜʽʡʩʥʝʥʥʷ ʟʚ'ʷʟʢʫ ʟ ʛʨʫʧʦʶ ʧʨʠʩʪʨʦʾʚ, ʱʦ ʧʨʘʮʶʶʪʴ ʥʘ ʦʜʥʦʤʫ ʧʨʦʪʦʢʦʣʽ ʘʙʦ 

ʩʝʨʚʽʩʽ. ʇʨʦʩʫʚʘʥʥʷ ʛʨʫʧʦʚʽ ʘʜʨʝʩʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʘʟʦʤ ʟ ʢʦʥʢʨʝʪʥʠʤʠ 

ʧʨʦʪʦʢʦʣʘʤʠ, ʥʘʧʨʠʢʣʘʜ ʟ ʧʨʦʪʦʢʦʣʦʤ DHCPv6. 

ʈʦʟʛʣʷʥʝʤʦ ʜʚʽ ʧʦʰʠʨʝʥʽ ʛʨʫʧʠ ʧʨʠʚʣʘʩʥʝʥʠʭ ʛʨʫʧʦʚʠʭ IPv6-ʘʜʨʝʩ. 

ɻʨʫʧʘ ʧʽʜ LGPL ʜʣʷ ʚʩʽʭ ʚʫʟʣʽʚ FF02 :: 1. ʎʝ ʛʨʫʧʘ ʧʽʜ LGPL, ʜʦ ʷʢʦʾ 

ʧʽʜʢʣʶʯʝʥʽ ʚʩʽ ʧʨʠʩʪʨʦʾ ʧʽʜ ʫʧʨʘʚʣʽʥʥʷʤ ʧʨʦʪʦʢʦʣʫ IPv6. ʇʘʢʝʪ, ʷʢʠʡ ʥʘʜʽʡʰʦʚ 

ʮʽʡ ʛʨʫʧʽ, ʧʨʠʡʤʘʻʪʴʩʷ ʽ ʦʙʨʦʙʣʷʻʪʴʩʷ ʫʩʽʤʘ IPv6-ʽʥʪʝʨʬʝʡʩʘʤʠ ʚ ʢʘʥʘʣʽ ʘʙʦ 



ʤʝʨʝʞʽ. ʎʷ ʛʨʫʧʘ ʘʜʨʝʩ ʧʨʘʮʶʻ ʪʘʢ ʩʘʤʦ, ʷʢ ʰʠʨʦʢʦʤʦʚʥʘ ʘʜʨʝʩʘ ʚ ʧʨʦʪʦʢʦʣʽ 

IPv4. ʅʘ ʤʘʣʶʥʢʫ ʥʘʚʦʜʠʪʴʩʷ ʧʨʠʢʣʘʜ ʟʜʽʡʩʥʝʥʥʷ ʟʚ'ʷʟʢʫ ʟ ʜʦʧʦʤʦʛʦʶ 

ʛʨʫʧʦʚʠʭ ʘʜʨʝʩ ʜʣʷ ʚʩʽʭ ʚʫʟʣʽʚ. IPv6-ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʚʽʜʧʨʘʚʣʷʻ ʧʦʚʽʜʦʤʣʝʥʥʷ 

RA ICMPv6 ʛʨʫʧʽ ʧʽʜ LGPL ʜʣʷ ʚʩʽʭ ʚʫʟʣʽʚ. ʇʦʚʽʜʦʤʣʝʥʥʷ RA ʧʝʨʝʜʘʻ ʚʩʽʭ 

ʧʨʠʩʪʨʦʾʚ IPv6, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʤʝʨʝʞʽ, ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʘʜʨʝʩʘʮʽʾ: ʧʨʝʬʽʢʩ, 

ʜʦʚʞʠʥʫ ʧʨʝʬʽʢʩʘ ʽ ʰʣʶʟ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ. 

ɻʨʫʧʘ ʧʽʜ LGPL ʜʣʷ ʚʩʽʭ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ FF02 :: 2. ʎʝ ʛʨʫʧʘ ʧʽʜ LGPL, ʜʦ 

ʷʢʦʾ ʧʽʜʢʣʶʯʝʥʽ ʚʩʽ IPv6-ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ. ʄʘʨʰʨʫʪʠʟʘʪʦʨ ʩʪʘʻ ʯʘʩʪʠʥʦʶ ʮʽʻʾ 

ʛʨʫʧʠ, ʢʦʣʠ ʧʝʨʝʭʦʜʠʪʴ ʧʽʜ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʪʦʢʦʣʦʤ IPv6 ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʘʥʜʠ 

ʛʣʦʙʘʣʴʥʦʛʦ ʢʦʥʬʽʛʫʨʫʚʘʥʥʷ ipv6 unicast-routing. ʇʘʢʝʪ, ʷʢʠʡ ʥʘʜʽʡʰʦʚ ʮʽʡ 

ʛʨʫʧʽ, ʧʨʠʡʤʘʻʪʴʩʷ ʽ ʦʙʨʦʙʣʷʻʪʴʩʷ ʫʩʽʤʘ IPv6-ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤʠ ʚ ʢʘʥʘʣʽ ʘʙʦ 

ʤʝʨʝʞʽ. 

ʇʨʠʩʪʨʦʾ ʧʽʜ ʢʝʨʫʚʘʥʥʷʤ ʧʨʦʪʦʢʦʣʫ IPv6 ʚʽʜʧʨʘʚʣʷʶʪʴ ʧʦʚʽʜʦʤʣʝʥʥʷ RS 

ICMPv6 ʥʘ ʛʨʫʧʦʚʠʡ ʘʜʨʝʩʫ ʜʣʷ ʚʩʽʭ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ. ʇʦʚʽʜʦʤʣʝʥʥʷ RS 

ʟʘʧʠʪʫʻ ʧʦʚʽʜʦʤʣʝʥʥʷ RA ʫ IPv6-ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ, ʷʢʝ ʜʦʧʦʤʦʞʝ ʧʨʠʩʪʨʦʶ ʚ 

ʧʨʦʮʝʩʽ ʘʜʨʝʩʥʦʤʫ ʢʦʥʬʽʛʫʨʘʮʽʾ. 

ɻʨʫʧʦʚʘ ʘʜʨʝʩʘ ʟʘʧʠʪʫʚʘʥʠʭ ʚʫʟʣʽʚ ʘʥʘʣʦʛʽʯʥʠʡ ʛʨʫʧʦʚʽʡ ʘʜʨʝʩʽ ʜʣʷ ʚʩʽʭ 

ʚʫʟʣʽʚ. ʇʝʨʝʚʘʛʘ ʛʨʫʧʦʚʦʾ ʘʜʨʝʩʠ ʟʘʧʠʪʫʚʘʥʠʭ ʚʫʟʣʽʚ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʽʥ 

ʚʽʜʧʦʚʽʜʘʻ ʩʧʝʮʽʘʣʴʥʦʤʫ ʘʜʨʝʩʦʶ ʧʽʜ LGPL Ethernet. ʎʝ ʜʦʟʚʦʣʷʻ ʤʝʨʝʞʝʚʠʡ 

ʧʣʘʪʽ Ethernet ʬʽʣʴʪʨʫʚʘʪʠ ʢʘʜʨ, ʘʥʘʣʽʟʫʶʯʠ MAC-ʘʜʨʝʩʫ ʧʨʠʟʥʘʯʝʥʥʷ ʙʝʟ ʡʦʛʦ 

ʚʽʜʧʨʘʚʢʠ ʚ IPv6-ʧʨʦʮʝʩ, ʱʦʙ ʧʝʨʝʢʦʥʘʪʠʩʷ, ʱʦ ʧʨʠʩʪʨʽʡ ʜʽʡʩʥʦ ʻ ʚʫʟʣʦʤ 

ʧʨʠʟʥʘʯʝʥʥʷ IPv6-ʧʘʢʝʪʘ. 

ʍʦʯʘ ʧʨʦʪʦʢʦʣ IP ʥʝ ʜʘʻ ʛʘʨʘʥʪʽʶ ʜʦʩʪʘʚʢʠ, ʥʘʙʽʨ ʧʨʦʪʦʢʦʣʽʚ TCP / IP 

ʟʘʙʝʟʧʝʯʫʻ ʚʽʜʧʨʘʚʢʫ ʧʦʚʽʜʦʤʣʝʥʴ ʥʘʚʽʪʴ ʚ ʨʘʟʽ ʚʠʥʠʢʥʝʥʥʷ ʙʫʜʴ-ʷʢʠʭ ʧʦʤʠʣʦʢ. 

ʎʽ ʧʦʚʽʜʦʤʣʝʥʥʷ ʚʽʜʧʨʘʚʣʷʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ICMP-ʩʝʨʚʽʩʽʚ. ʇʨʠʟʥʘʯʝʥʥʷ 

ʪʘʢʠʭ ʧʦʚʽʜʦʤʣʝʥʴ - ʥʘʜʘʚʘʪʠ ʟʚʦʨʦʪʥʠʡ ʟʚ'ʷʟʦʢ ʧʨʦ ʧʨʦʙʣʝʤʠ, ʧʦʚ'ʷʟʘʥʽ ʟ 

ʦʙʨʦʙʢʦʶ IP-ʧʘʢʝʪʽʚ ʚ ʧʝʚʥʠʭ ʫʤʦʚʘʭ, ʘ ʥʝ ʧʽʜʚʠʱʫʚʘʪʠ ʥʘʜʽʡʥʽʩʪʴ ʧʨʦʪʦʢʦʣʫ 

IP. ɿ ʤʽʨʢʫʚʘʥʴ ʙʝʟʧʝʢʠ ʧʦʚʽʜʦʤʣʝʥʥʷ ICMP ʥʝ ʦʙʦʚ'ʷʟʢʦʚʽ ʽ ʯʘʩʪʦ ʥʘʚʽʪʴ ʥʝ 

ʜʦʟʚʦʣʝʥʽ ʚ ʤʝʨʝʞʽ. 

ICMP ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʷʢ ʟ IPv4, ʪʘʢ ʽ ʟ IPv6. ICMPv4 - ʮʝ 

ʧʨʦʪʦʢʦʣ ʦʙʤʽʥʫ ʧʦʚʽʜʦʤʣʝʥʥʷʤʠ ʜʣʷ IPv4. ʇʨʦʪʦʢʦʣ ICMPv6 ʥʘʜʘʻ ʪʽ ʞ 

ʧʦʩʣʫʛʠ ʜʣʷ IPv6, ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʜʦʜʘʪʢʦʚʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ 

ʤʦʞʣʠʚʦʩʪʽ. ɺ ʨʘʤʢʘʭ ʜʘʥʦʛʦ ʢʫʨʩʫ ʪʝʨʤʽʥ ICMP ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ 

ʧʦʟʥʘʯʝʥʥʷ ʷʢ ICMPv4, ʪʘʢ ʽ ICMPv6. 

ɯʩʥʫʻ ʙʝʟʣʽʯ ʪʠʧʽʚ ICMP-ʧʦʚʽʜʦʤʣʝʥʴ ʽ ʧʨʠʯʠʥ ʾʭ ʚʽʜʧʨʘʚʢʠ. ʈʦʟʛʣʷʥʝʤʦ 

ʜʝʷʢʽ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʽ ʧʦʚʽʜʦʤʣʝʥʥʷ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ICMP-ʧʦʚʽʜʦʤʣʝʥʥʷ (ʦʜʥʘʢʦʚʽ ʜʣʷ ICMPv4 ʽ 

ICMPv6). 

¶ ʇʽʜʪʚʝʨʜʞʝʥʥʷ ʚʫʟʣʘ. 

¶ ɺʫʟʦʣ ʧʨʠʟʥʘʯʝʥʥʷ ʘʙʦ ʩʝʨʚʽʩ ʥʝʜʦʩʪʫʧʥʽ. 

¶ ʇʝʨʝʚʠʱʝʥʦ ʽʥʪʝʨʚʘʣ ʦʯʽʢʫʚʘʥʥʷ. 

¶ ʇʝʨʝʘʜʨʝʩʘʮʽʷ ʤʘʨʰʨʫʪʫ. 

 

ɺʽʜʣʫʥʥʷ-ʟʘʧʠʪ ʧʦ ʧʨʦʪʦʢʦʣʫ ICMP ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ, ʱʦʙ 

ʚʠʟʥʘʯʠʪʠ, ʯʠ ʬʫʥʢʮʽʦʥʫʻ ʚʫʟʦʣ. ʃʦʢʘʣʴʥʠʡ ʚʫʟʦʣ ʚʽʜʧʨʘʚʣʷʻ ʚʫʟʣʫ ʣʫʥʘ-ʟʘʧʠʪ 

ICMP. ʗʢʱʦ ʚʫʟʦʣ ʜʦʩʪʫʧʥʠʡ, ʚʫʟʦʣ ʧʨʠʟʥʘʯʝʥʥʷ ʚʽʜʧʨʘʚʣʷʻ ʣʫʥʘ-ʚʽʜʧʦʚʽʜʴ. ʅʘ 



ʤʘʣʶʥʢʫ ʥʘʪʠʩʥʽʪʴ ʢʥʦʧʢʫ çɺʽʜʪʚʦʨʝʥʥʷè, ʱʦʙ ʧʦʜʠʚʠʪʠʩʷ ʚʽʜʝʦʨʦʣʠʢ ʧʨʦ 

ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ʣʫʥʘ-ʟʘʧʠʪʫ ʽ ʣʫʥʘ-ʚʽʜʧʦʚʽʜʽ ICMP. ʊʘʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʭʦ-

ʟʘʧʠʪʽʚ ʧʦ ʧʨʦʪʦʢʦʣʫ ICMP ʣʷʛʣʦ ʚ ʦʩʥʦʚʫ ʫʪʠʣʽʪʠ ping. 

ɺʫʟʦʣ ʧʨʠʟʥʘʯʝʥʥʷ ʘʙʦ ʩʝʨʚʽʩ ʥʝʜʦʩʪʫʧʥʽ 

ʂʦʣʠ ʚʫʟʦʣ ʘʙʦ ʰʣʶʟ ʦʪʨʠʤʫʻ ʧʘʢʝʪ, ʷʢʠʡ ʥʝ ʤʦʞʝ ʜʦʩʪʘʚʠʪʠ, ʚʽʥ ʤʦʞʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ICMP-ʧʦʚʽʜʦʤʣʝʥʥʷ çɺʫʟʦʣ ʧʨʠʟʥʘʯʝʥʥʷ ʥʝʜʦʩʪʫʧʥʠʡè 

(Destination Unreachable), ʱʦʙ ʧʦʚʽʜʦʤʠʪʠ ʜʞʝʨʝʣʘ ʧʨʦ ʪʝ, ʱʦ ʚʫʟʦʣ 

ʧʨʠʟʥʘʯʝʥʥʷ ʘʙʦ ʩʝʨʚʽʩ ʜʣʷ ʮʴʦʛʦ ʧʘʢʝʪʘ ʥʝʜʦʩʪʫʧʥʽ. ʊʘʢʝ ʧʦʚʽʜʦʤʣʝʥʥʷ 

ʤʽʩʪʠʪʴ ʢʦʜ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʧʨʠʯʠʥʫ, ʧʦ ʷʢʽʡ ʧʘʢʝʪ ʥʝ ʤʦʞʝ ʙʫʪʠ ʜʦʩʪʘʚʣʝʥʠʡ. 

ʇʨʠʢʣʘʜʠ ʜʝʷʢʠʭ ʢʦʜʽʚ ʧʦʚʽʜʦʤʣʝʥʴ ʧʨʦ ʥʝʜʦʩʪʫʧʥʦʤʫ ʚʫʟʣʽ ʧʨʠʟʥʘʯʝʥʥʷ 

ʜʣʷ ICMPv4: 

0 - ʤʝʨʝʞʘ ʥʝʜʦʩʪʫʧʥʘ. 

1 - ʚʫʟʦʣ ʥʝʜʦʩʪʫʧʥʠʡ. 

2 - ʧʨʦʪʦʢʦʣ ʥʝʜʦʩʪʫʧʥʠʡ. 

3 - ʧʦʨʪ ʥʝʜʦʩʪʫʧʥʠʡ. 

ʇʨʽʤʝʯʘʥʽʝ.ʇʨʦʪʦʢʦʣ ICMPv6 ʤʘʻ ʧʨʘʢʪʠʯʥʦ ʪʘʢʽ ʞ ʢʦʜʠ ʧʦʚʽʜʦʤʣʝʥʴ ʧʨʦ 

ʥʝʜʦʩʪʫʧʥʦʤʫ ʚʫʟʣʽ ʧʨʠʟʥʘʯʝʥʥʷ. 

ʇʦʚʽʜʦʤʣʝʥʥʷ ICMPv4 ʧʨʦ ʧʝʨʝʚʠʱʝʥʥʷ ʽʥʪʝʨʚʘʣʫ ʦʯʽʢʫʚʘʥʥʷ (Time 

Exceeded) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʤ ʜʣʷ ʚʢʘʟʽʚʢʠ ʥʘ ʪʝ, ʱʦ ʧʘʢʝʪ 

ʥʝʤʦʞʣʠʚʦ ʧʝʨʝʩʣʘʪʠ, ʦʩʢʽʣʴʢʠ ʟʥʘʯʝʥʥʷ ʚ ʧʦʣʽ çʏʘʩ ʽʩʥʫʚʘʥʥʷè (Time to Live, 

TTL) ʧʘʢʝʪʘ ʙʫʣʦ ʟʤʽʥʝʥʦ ʥʘ 0. ʗʢʱʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʦʪʨʠʤʫʻ ʧʘʢʝʪ ʽ ʟʤʽʥʶʻ 

ʟʥʘʯʝʥʥʷ ʚ ʧʦʣʝ TTL IPv4-ʧʘʢʝʪʘ ʥʘ ʥʫʣʴ, ʚʽʥ ʚʽʜʢʠʜʘʻ ʧʘʢʝʪ ʽ ʚʽʜʧʨʘʚʣʷʻ ʥʘ 

ʚʫʟʦʣ ʜʞʝʨʝʣʘ ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦ ʧʝʨʝʚʠʱʝʥʥʷ ʽʥʪʝʨʚʘʣʫ ʦʯʽʢʫʚʘʥʥʷ. 

ʇʨʦʪʦʢʦʣ ICMPv6 ʪʘʢʦʞ ʚʽʜʧʨʘʚʣʷʻ ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦ ʧʝʨʝʚʠʱʝʥʥʷ 

ʽʥʪʝʨʚʘʣʫ ʦʯʽʢʫʚʘʥʥʷ, ʚ ʨʘʟʽ ʷʢʱʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʥʝ ʤʦʞʝ ʧʝʨʝʩʣʘʪʠ IPv6-ʧʘʢʝʪ 

ʯʝʨʝʟ ʟʘʢʽʥʯʝʥʥʷ ʡʦʛʦ ʪʝʨʤʽʥʫ ʜʽʾ. ʋ ʧʨʦʪʦʢʦʣʽ IPv6 ʧʦʣʽ TTL ʚʽʜʩʫʪʥʷ; ʱʦʙ 

ʟ'ʷʩʫʚʘʪʠ, ʯʠ ʥʝ ʤʠʥʫʚ ʪʝʨʤʽʥ ʜʽʾ ʧʘʢʝʪʘ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʦʣʝ çʤʝʞʘ 

ʧʝʨʝʭʦʜʽʚè (hop limit). 

ʇʦʚʽʜʦʤʣʝʥʥʷ ICMPv6 Router Solicitation (RS) (ɿʘʧʠʪ ʜʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ) ʽ 

Router Advertisement (RA) (ɺʽʜʧʦʚʽʜʴ ʚʽʜ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ) 

ɯʥʬʦʨʤʘʮʽʡʥʽ ʧʦʚʽʜʦʤʣʝʥʥʷ ʪʘ ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦ ʧʦʤʠʣʢʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚ 

ʧʨʦʪʦʢʦʣʽ ICMPv6, ʜʫʞʝ ʩʭʦʞʽ ʥʘ ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦ ʢʦʥʪʨʦʣʴ ʽ ʧʦʤʠʣʢʠ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʦʪʦʢʦʣʦʤ ICMPv4. ʆʜʥʘʢ ʧʨʦʪʦʢʦʣ ICMPv6 ʚʽʜʨʽʟʥʷʻʪʴʩʷ 

ʨʦʟʰʠʨʝʥʦʶ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʶ ʽ ʥʦʚʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ, ʷʢʠʭ ʥʝʤʘʻ ʚ ICMPv4. 

ʇʦʚʽʜʦʤʣʝʥʥʷ ICMPv6 ʠʥʢʘʧʩʫʣʠʨʫʶʪʩʷ ʚ IPv6-ʧʘʢʝʪʠ. 

ICMPv6 ʚʢʣʶʯʘʻ ʯʦʪʠʨʠ ʥʦʚʠʭ ʧʨʦʪʦʢʦʣʫ ʚ ʩʢʣʘʜʽ ʧʨʦʪʦʢʦʣʫ ʚʠʷʚʣʝʥʥʷ 

ʩʫʩʽʜʥʽʭ ʚʫʟʣʽʚ (Neighbor Discovery Protocol, ND ʘʙʦ NDP). 

ʆʙʤʽʥ ʧʦʚʽʜʦʤʣʝʥʥʷʤʠ ʤʽʞ IPv6-ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʤ ʽ IPv6-ʧʨʠʩʪʨʦʻʤ: 

¶ ʇʦʚʽʜʦʤʣʝʥʥʷ çɿʘʧʠʪ ʜʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘè (Router Solicitation, RS). 

¶ ʇʦʚʽʜʦʤʣʝʥʥʷ çɺʽʜʧʦʚʽʜʴ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘè (Router Advertisement, 

RA). 

ʆʙʤʽʥ ʧʦʚʽʜʦʤʣʝʥʥʷʤʠ ʤʽʞ IPv6-ʧʨʠʩʪʨʦʷʤʠ: 

¶ ʇʦʚʽʜʦʤʣʝʥʥʷ ʽʟ ʟʘʧʠʪʦʤ ʧʦʰʫʢʫ ʩʫʩʽʜʽʚ (NS). 

¶ ʇʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦ ʦʛʦʣʦʰʝʥʥʷ ʩʫʩʽʜʥʽʭ ʚʫʟʣʽʚ (NA). 



ʇʨʠʤʽʪʢʘ. ND-ʧʨʦʪʦʢʦʣ ICMPv6 ʪʘʢʦʞ ʚʢʣʶʯʘʻ ʧʦʚʽʜʦʤʣʝʥʥʷ 

ʧʝʨʝʥʘʧʨʘʚʣʝʥʥʷ, ʷʢʝ ʤʘʻ ʘʥʘʣʦʛʽʯʥʫ ʟ ʧʦʚʽʜʦʤʣʝʥʥʷʤ ʧʝʨʝʥʘʧʨʘʚʣʝʥʥʷ, 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʤ ʚ ICMPv4, ʬʫʥʢʮʽʶ. 

ʇʦʚʽʜʦʤʣʝʥʥʷ NS ʽ NA ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʜʦʟʚʦʣʫ ʘʜʨʝʩ ʽ ʜʣʷ 

ʚʠʷʚʣʝʥʥʷ ʜʫʙʣʴʦʚʘʥʠʭ ʘʜʨʝʩ (Duplicate Address Detection, DAD). 

ʇʨʦʪʦʢʦʣ ʜʦʟʚʦʣʫ ʘʜʨʝʩ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʧʨʠʩʪʨʦʶ 

ʚ ʣʦʢʘʣʴʥʽʡ ʤʝʨʝʞʽ (LAN) ʚʽʜʦʤʠʡ ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ IPv6-ʘʜʨʝʩʘ ʧʨʠʟʥʘʯʝʥʥʷ, 

ʘʣʝ ʥʝʚʽʜʦʤʠʡ MAC-ʘʜʨʝʩʫ Ethernet. ʑʦʙ ʚʠʟʥʘʯʠʪʠ MAC-ʘʜʨʝʩʫ ʧʨʠʟʥʘʯʝʥʥʷ, 

ʧʨʠʩʪʨʽʡ ʚʽʜʧʨʘʚʣʷʻ ʧʦʚʽʜʦʤʣʝʥʥʷ NS ʥʘ ʘʜʨʝʩʫ ʟʘʧʠʪʫʚʘʥʦʾ ʚʫʟʣʘ. 

ʇʦʚʽʜʦʤʣʝʥʥʷ ʚʢʣʶʯʘʻ ʚʽʜʦʤʠʡ (ʮʽʣʴʦʚʦʾ) IPv6-ʘʜʨʝʩʘ. ʇʨʠʩʪʨʽʡ ʟ ʮʽʣʴʦʚʠʤ 

IPv6-ʘʜʨʝʩʦʶ ʚʽʜʧʨʘʚʣʷʻ ʫ ʚʽʜʧʦʚʽʜʴ ʧʦʚʽʜʦʤʣʝʥʥʷ NA, ʱʦ ʤʽʩʪʠʪʴ ʡʦʛʦ MAC-

ʘʜʨʝʩʫ Ethernet. ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʠʡ ʦʙʤʽʥ ʧʦʚʽʜʦʤʣʝʥʥʷʤʠ NS ʽ NA ʤʽʞ ʜʚʦʤʘ 

PC. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʥʘʪʠʩʥʽʪʴ ʥʘ ʢʦʞʥʝ 

ʧʦʚʽʜʦʤʣʝʥʥʷ. 

ʂʦʣʠ ʧʨʠʩʪʨʦʶ ʧʨʠʟʥʘʯʝʥʠʡ ʛʣʦʙʘʣʴʥʠʡ ʽʥʜʠʚʽʜʫʘʣʴʥʫ ʘʜʨʝʩʫ ʘʙʦ 

ʣʦʢʘʣʴʥʠʡ ʽʥʜʠʚʽʜʫʘʣʴʥʫ ʘʜʨʝʩʫ ʢʘʥʘʣʫ, ʜʣʷ ʮʽʻʾ ʘʜʨʝʩʠ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ 

ʚʠʢʦʥʘʪʠ ʧʨʦʮʝʜʫʨʫ DAD, ʱʦʙ ʧʝʨʝʢʦʥʘʪʠʩʷ ʚ ʡʦʛʦ ʫʥʽʢʘʣʴʥʦʩʪʽ. ɼʣʷ 

ʧʝʨʝʚʽʨʢʠ ʫʥʽʢʘʣʴʥʦʩʪʽ ʘʜʨʝʩʠ ʧʨʠʩʪʨʽʡ ʚʽʜʧʨʘʚʣʷʻ ʧʦʚʽʜʦʤʣʝʥʥʷ NS ʟ ʚʣʘʩʥʠʤ 

IPv6-ʘʜʨʝʩʦʶ ʚ ʷʢʦʩʪʽ ʮʽʣʴʦʚʦʛʦ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3. ʗʢʱʦ ʽʥʰʠʡ ʧʨʠʩʪʨʽʡ ʚ 

ʤʝʨʝʞʽ ʧʨʠʩʚʦʻʥʦ ʮʶ ʘʜʨʝʩʫ, ʚʦʥʦ ʚʽʜʧʦʚʽʩʪʴ ʧʦʚʽʜʦʤʣʝʥʥʷʤ NA. ʎʝ 

ʧʦʚʽʜʦʤʣʝʥʥʷ NA ʧʦʚʽʜʦʤʣʷʻ ʧʨʠʩʪʨʽʡ-ʚʽʜʧʨʘʚʥʠʢʘ ʧʨʦ ʪʝ, ʱʦ ʜʘʥʘ ʘʜʨʝʩʘ ʚʞʝ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ. ʗʢʱʦ ʚʽʜʧʦʚʽʜʥʝ ʧʦʚʽʜʦʤʣʝʥʥʷ NA ʥʝ ʧʦʚʝʨʪʘʻʪʴʩʷ ʧʨʦʪʷʛʦʤ 

ʧʝʚʥʦʛʦ ʧʝʨʽʦʜʫ ʯʘʩʫ, ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ ʘʜʨʝʩʫ ʚʠʟʥʘʻʪʴʩʷ ʫʥʽʢʘʣʴʥʠʤ ʽ 

ʜʦʧʫʩʪʠʤʠʤ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ʇʨʠʤʽʪʢʘ. ʇʨʦʮʝʩ ʚʠʷʚʣʝʥʥʷ ʜʫʙʣʴʦʚʘʥʠʭ ʘʜʨʝʩ ʥʝ ʦʙʦʚ'ʷʟʢʦʚʠʡ, ʧʨʦʪʝ 

ʜʦʢʫʤʝʥʪ RFC 4861 ʨʝʢʦʤʝʥʜʫʻ ʚʠʢʦʥʫʻ ʡʦʛʦ ʜʣʷ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʘʜʨʝʩ. 

Ping - ʮʝ ʽʥʩʪʨʫʤʝʥʪ ʪʝʩʪʫʚʘʥʥʷ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻ ʝʭʦ-ʟʘʧʠʪʠ ʽ ʣʫʥʘ-

ʚʽʜʧʦʚʽʜʽ ICMP ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʟ'ʻʜʥʘʥʥʷ ʤʽʞ ʚʫʟʣʘʤʠ. ʂʦʤʘʥʜʘ ping ʧʨʘʮʶʻ ʟ 

ʚʫʟʣʘʤʠ ʧʽʜ ʢʝʨʫʚʘʥʥʷʤ ʧʨʦʪʦʢʦʣʽʚ IPv4 ʪʘ IPv6. 

ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʟ'ʻʜʥʘʥʥʷ ʟ ʽʥʰʠʤ ʚʫʟʣʦʤ ʚ ʤʝʨʝʞʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʘʥʜʠ 

ping ʥʘ ʚʫʟʣʦʚʠʡ ʘʜʨʝʩʫ ʚʽʜʧʨʘʚʣʷʻʪʴʩʷ ʣʫʥʘ-ʟʘʧʠʪ. ʗʢʱʦ ʚʫʟʦʣ ʟ ʚʢʘʟʘʥʦʶ 

ʘʜʨʝʩʦʶ ʦʪʨʠʤʫʻ ʣʫʥʘ-ʟʘʧʠʪ, ʚʽʥ ʚʽʜʧʨʘʚʣʷʻ ʣʫʥʘ-ʚʽʜʧʦʚʽʜʴ. ʇʽʩʣʷ ʦʪʨʠʤʘʥʥʷ 

ʢʦʞʥʦʛʦ ʣʫʥʘ-ʚʽʜʧʦʚʽʜʽ ʩʣʫʞʙʘ ʣʫʥʘ-ʪʝʩʪʫʚʘʥʥʷ ʥʘʜʘʻ ʜʘʥʽ ʧʨʦ ʯʘʩ, ʱʦ 

ʧʨʦʡʰʦʚ ʤʽʞ ʚʽʜʧʨʘʚʣʝʥʥʷʤ ʟʘʧʠʪʫ ʡ ʦʜʝʨʞʘʥʥʷʤ ʚʽʜʧʦʚʽʜʽ. ʎʝ ʜʦʟʚʦʣʷʻ 

ʚʠʤʽʨʷʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʤʝʨʝʞʽ. 

ʋ ʢʦʤʘʥʜʠ ping ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʝʚʥʠʡ ʧʨʦʤʽʞʦʢ ʦʯʽʢʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʽ. 

ʗʢʱʦ ʧʨʦʪʷʛʦʤ ʮʴʦʛʦ ʽʥʪʝʨʚʘʣʫ ʚʽʜʧʦʚʽʜʽ ʥʝ ʦʪʨʠʤʘʥʦ, ʢʦʤʘʥʜʘ ping ʚʠʜʘʻ 

ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦ ʚʽʜʩʫʪʥʽʩʪʴ ʚʽʜʧʦʚʽʜʽ. ɿʘʟʚʠʯʘʡ ʮʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʘʷʚʥʽʩʪʴ 

ʧʨʦʙʣʝʤʠ, ʘʣʝ ʪʘʢʦʞ ʮʝ ʤʦʞʝ ʚʢʘʟʫʚʘʪʠ ʥʘ ʪʝ, ʱʦ ʚ ʤʝʨʝʞʽ ʧʨʘʮʶʶʪʴ ʬʫʥʢʮʽʾ 

ʙʝʟʧʝʢʠ, ʷʢʽ ʙʣʦʢʫʶʪʴ ʣʫʥʘ-ʟʘʧʠʪʠ. 

ʇʽʩʣʷ ʚʽʜʧʨʘʚʣʝʥʥʷ ʚʩʽʭ ʟʘʧʠʪʽʚ ʫʪʠʣʽʪʘ ping ʚʠʜʘʻ ʟʚʽʪ, ʱʦ ʤʽʩʪʠʪʴ ʨʽʚʝʥʴ 

ʫʩʧʽʰʥʦʩʪʽ ʟʘʧʠʪʽʚ ʽ ʉʝʨʝʜʥʽʡ ʩʫʤʘʨʥʠʡ ʯʘʩ ʜʦʩʪʘʚʢʠ ʟʘʧʠʪʽʚ ʽ ʦʪʨʠʤʘʥʥʷ 

ʚʽʜʧʦʚʽʜʝʡ. 

ɺʽʜʧʨʘʚʢʘ ʣʫʥʘ-ʟʘʧʠʪʽʚ ʥʘ ʣʦʢʘʣʴʥʫ ʘʜʨʝʩʫ loopback 

ʄʠ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʢʦʤʘʥʜʫ ping ʚ ʦʩʦʙʣʠʚʠʭ ʚʠʧʘʜʢʘʭ ʧʝʨʝʚʽʨʢʠ ʪʘ 

ʪʝʩʪʫʚʘʥʥʷ ʟ'ʻʜʥʘʥʥʷ. ʆʜʠʥ ʟ ʪʘʢʠʭ ʚʠʧʘʜʢʽʚ - ʪʝʩʪʫʚʘʥʥʷ ʚʥʫʪʨʽʰʥʴʦʾ 

ʢʦʥʬʽʛʫʨʘʮʽʾ IPv4 ʘʙʦ IPv6 ʥʘ ʣʦʢʘʣʴʥʦʤʫ ʚʫʟʣʽ. ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʮʽʻʾ ʧʝʨʝʚʽʨʢʠ 



ʚʽʜʧʨʘʚʠʤʦ ʣʫʥʘ-ʟʘʧʠʪ ʥʘ ʘʜʨʝʩʫ loopback 127.0.0.1 ʜʣʷ IPv4 (:: 1 ʜʣʷ IPv6). 

ʊʝʩʪʫʚʘʥʥʷ loopback-ʘʜʨʝʩʠ IPv4 ʧʦʢʘʟʘʥʦ ʥʘ ʤʘʣʶʥʢʫ. 

ɺʽʜʧʦʚʽʜʴ ʚʽʜ ʘʜʨʝʩʠ 127.0.0.1 ʜʣʷ IPv4 ʘʙʦ :: 1 ʜʣʷ IPv6 ʦʟʥʘʯʘʻ, ʱʦ IP-

ʤʝʨʝʞʫ ʥʘʣʘʰʪʦʚʘʥʘ ʥʘ ʚʫʟʣʽ ʧʨʘʚʠʣʴʥʦ. ʎʷ ʚʽʜʧʦʚʽʜʴ ʥʘʜʭʦʜʠʪʴ ʟ ʤʝʨʝʞʝʚʦʛʦ 

ʨʽʚʥʷ. ʆʜʥʘʢ ʚʽʜʧʦʚʽʜʴ ʥʝ ʻ ʦʟʥʘʢʦʶ ʪʦʛʦ, ʱʦ ʘʜʨʝʩʠ, ʤʘʩʢʠ ʘʙʦ ʰʣʶʟʠ ʙʫʣʠ 

ʥʘʣʘʰʪʦʚʘʥʽ ʚʽʨʥʦ. ɺʽʥ ʪʘʢʦʞ ʥʽʯʦʛʦ ʥʝ ʛʦʚʦʨʠʪʴ ʧʨʦ ʩʪʘʥ ʥʠʞʯʦʛʦ ʨʽʚʥʷ 

ʤʝʨʝʞʝʚʦʛʦ ʩʪʝʢʘ. ʎʷ ʚʽʜʧʦʚʽʜʴ ʻ ʧʨʦʩʪʦ ʨʝʟʫʣʴʪʘʪʦʤ ʧʝʨʝʚʽʨʢʠ IP-ʤʝʨʝʞʽ ʥʘ 

ʤʝʨʝʞʝʚʦʤʫ ʨʽʚʥʽ. ʗʢʱʦ ʤʠ ʦʪʨʠʤʫʻʤʦ ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦ ʧʦʤʠʣʢʫ, ʮʝ ʦʟʥʘʯʘʻ, 

ʱʦ ʧʨʦʪʦʢʦʣ TCP / IP ʥʝ ʧʨʘʮʶʻ ʥʘ ʜʘʥʦʤʫ ʚʫʟʣʽ. 

ɺʠʢʦʥʘʥʥʷ ʢʦʤʘʥʜʠ ping. ʊʝʩʪʫʚʘʥʥʷ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʣʦʢʘʣʴʥʦʾ ʤʝʨʝʞʽ 

(LAN). 

ʂʦʤʘʥʜʫ ping ʪʘʢʦʞ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʟʜʘʪʥʦʩʪʽ ʚʫʟʣʘ 

ʦʙʤʽʥʶʚʘʪʠʩʷ ʜʘʥʠʤʠ ʧʦ ʣʦʢʘʣʴʥʽʡ ʤʝʨʝʞʽ. ɿʘʟʚʠʯʘʡ ʮʝ ʨʦʙʠʪʴʩʷ ʰʣʷʭʦʤ 

ʚʽʜʧʨʘʚʢʠ ʣʫʥʘ-ʟʘʧʠʪʫ ʥʘ IP-ʘʜʨʝʩʘ ʰʣʶʟʫ ʚʫʟʣʘ. ɺʽʜʧʨʘʚʢʘ ʣʫʥʘ-ʟʘʧʠʪʫ ʥʘ 

ʰʣʶʟ ʜʦʟʚʦʣʷʻ ʧʝʨʝʢʦʥʘʪʠʩʷ, ʱʦ ʚʫʟʦʣ ʽ ʽʥʪʝʨʬʝʡʩ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ, ʷʢʠʡ 

ʚʠʩʪʫʧʘʻ ʚ ʨʦʣʽ ʰʣʶʟʫ, ʥʦʨʤʘʣʴʥʦ ʬʫʥʢʮʽʦʥʫʶʪʴ ʚ ʣʦʢʘʣʴʥʽʡ ʤʝʨʝʞʽ. 

ɼʣʷ ʮʽʻʾ ʧʝʨʝʚʽʨʢʠ ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʘʜʨʝʩʘ ʰʣʶʟʫ, ʦʩʢʽʣʴʢʠ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʧʨʘʢʪʠʯʥʦ ʟʘʚʞʜʠ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʨʦʙʦʯʦʤʫ ʩʪʘʥʽ. ʗʢʱʦ ʘʜʨʝʩʘ 

ʰʣʶʟʫ ʥʝ ʚʽʜʧʦʚʽʜʘʻ, ʣʫʥʘ-ʟʘʧʠʪ ʤʦʞʝ ʙʫʪʠ ʚʽʜʧʨʘʚʣʝʥʠʡ ʥʘ IP-ʘʜʨʝʩʫ ʽʥʰʦʛʦ, 

ʩʚʽʜʦʤʦ ʨʦʙʦʯʦʛʦ, ʚʫʟʣʘ ʣʦʢʘʣʴʥʦʾ ʤʝʨʝʞʽ. 

ʗʢʱʦ ʰʣʶʟ ʘʙʦ ʽʥʰʠʡ ʚʫʟʦʣ ʚʽʜʧʦʚʽʜʘʻ ʥʘ ʟʘʧʠʪ, ʟʥʘʯʠʪʴ, ʣʦʢʘʣʴʥʠʡ ʚʫʟʦʣ 

ʤʦʞʝ ʫʩʧʽʰʥʦ ʧʨʘʮʶʚʘʪʠ ʚ ʣʦʢʘʣʴʥʽʡ ʤʝʨʝʞʽ. ʗʢʱʦ ʰʣʶʟ ʥʝ ʚʽʜʧʦʚʽʜʘʻ, ʘ 

ʽʥʰʠʡ ʚʫʟʦʣ ʚʽʜʧʦʚʽʜʘʻ, ʪʦ ʧʨʦʙʣʝʤʘ ʤʦʞʝ ʙʫʪʠ ʟ ʽʥʪʝʨʬʝʡʩʦʤ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ, 

ʱʦ ʚʠʩʪʫʧʘʻ ʚ ʨʦʣʽ ʰʣʶʟʫ. 

ʇʝʨʰʘ ʤʦʞʣʠʚʘ ʧʨʠʯʠʥʘ: ʥʘ ʚʫʟʣʽ ʙʫʚ ʥʘʣʘʰʪʦʚʘʥʠʡ ʥʝʧʨʘʚʠʣʴʥʫ ʘʜʨʝʩʫ 

ʰʣʶʟʫ. ɼʨʫʛʘ ʤʦʞʣʠʚʘ ʧʨʠʯʠʥʘ: ʽʥʪʝʨʬʝʡʩ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʬʫʥʢʮʽʦʥʫʻ 

ʥʦʨʤʘʣʴʥʦ, ʘʣʝ ʚʩʪʘʥʦʚʣʝʥʘ ʩʠʩʪʝʤʘ ʙʝʟʧʝʢʠ ʧʝʨʝʰʢʦʜʞʘʻ ʦʙʨʦʙʮʽ ʘʙʦ 

ʚʽʜʧʨʘʚʮʽ ʚʽʜʧʦʚʽʜʝʡ ʥʘ ʝʭʦ-ʟʘʧʠʪʠ. 

ʂʦʤʘʥʜʫ ping ʪʘʢʦʞ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʟʜʘʪʥʦʩʪʽ ʚʫʟʣʘ 

ʦʙʤʽʥʶʚʘʪʠʩʷ ʜʘʥʠʤʠ ʟ ʽʥʰʠʤʠ ʤʝʨʝʞʘʤʠ. ɿ ʣʦʢʘʣʴʥʦʛʦ ʚʫʟʣʘ ʤʦʞʥʘ 

ʚʽʜʧʨʘʚʠʪʠ ʣʫʥʘ-ʟʘʧʠʪ ʥʘ ʨʦʙʦʯʠʡ IPv4-ʚʫʟʦʣ ʚʽʜʜʘʣʝʥʦʾ ʤʝʨʝʞʽ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ 

ʤʘʣʶʥʢʫ. 

ʗʢʱʦ ʣʫʥʘ-ʟʘʧʠʪ ʙʫʚ ʚʽʜʧʨʘʚʣʝʥʠʡ ʫʩʧʽʰʥʦ, ʤʦʞʥʘ ʧʝʨʝʚʽʨʠʪʠ 

ʤʽʞʤʝʨʞʝʚʦʛʦ ʚʟʘʻʤʦʜʽʷ ʥʘ ʚʝʣʠʢʽʡ ʜʽʣʷʥʮʽ. ʋʩʧʽʰʥʘ ʚʽʜʧʨʘʚʢʘ ʤʽʞʤʝʨʝʞʝʚʦʛʦ 

ʣʫʥʘ-ʟʘʧʠʪʫ ʧʽʜʪʚʝʨʜʞʫʻ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʣʦʢʘʣʴʥʦʾ ʤʝʨʝʞʽ, ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ, ʱʦ ʚʠʢʦʥʫʻ ʨʦʣʴ ʰʣʶʟʫ, ʘ ʪʘʢʦʞ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʽʥʰʠʭ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ ʥʘ ʰʣʷʭʫ ʤʽʞ ʣʦʢʘʣʴʥʦʶ ʤʝʨʝʞʝʶ ʽ ʤʝʨʝʞʝʶ ʚʽʜʜʘʣʝʥʦʛʦ 

ʚʫʟʣʘ. 

ʂʨʽʤ ʪʦʛʦ, ʤʦʞʝ ʙʫʪʠ ʧʝʨʝʚʽʨʝʥʘ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʚʽʜʜʘʣʝʥʦʛʦ ʚʫʟʣʘ. ʗʢʙʠ 

ʚʽʜʜʘʣʝʥʠʡ ʚʫʟʦʣ ʥʝ ʤʽʛ ʧʝʨʝʜʘʚʘʪʠ ʜʘʥʽ ʟʘ ʤʝʞʽ ʩʚʦʻʾ ʣʦʢʘʣʴʥʦʾ ʤʝʨʝʞʽ, ʚʽʥ ʙʠ 

ʥʝ ʚʽʜʧʦʚʽʚ ʥʘ ʝʭʦ-ʟʘʧʠʪ. 

ʇʨʠʤʽʪʢʘ. ɹʘʛʘʪʦ ʤʝʨʝʞʥʠʭ ʘʜʤʽʥʽʩʪʨʘʪʦʨʠ ʦʙʤʝʞʫʶʪʴ ʘʙʦ ʟʘʙʦʨʦʥʷʶʪʴ 

ʚʚʝʜʝʥʥʷ ICMP-ʧʦʚʽʜʦʤʣʝʥʴ ʚ ʢʦʨʧʦʨʘʪʠʚʥʫ ʤʝʨʝʞʫ; ʚ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʟʘʭʦʜʠ 

ʱʦʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʤʦʞʫʪʴ ʩʪʘʪʠ ʧʨʠʯʠʥʦʶ ʚʽʜʩʫʪʥʦʩʪʽ ʣʫʥʘ-ʚʽʜʧʦʚʽʜʽ. 

ʂʦʤʘʥʜʘ ping ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʟ'ʻʜʥʘʥʥʷ ʤʽʞ ʜʚʦʤʘ 

ʚʫʟʣʘʤʠ, ʘʣʝ ʥʝ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʧʨʠʩʪʨʦʾ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ 

ʤʽʞ ʥʠʤʠ. ʂʦʤʘʥʜʘ traceroute (tracert) - ʮʝ ʫʪʠʣʽʪʘ, ʱʦ ʜʦʟʚʦʣʷʻ ʩʢʣʘʩʪʠ ʩʧʠʩʦʢ 



ʧʝʨʝʭʦʜʽʚ, ʯʝʨʝʟ ʷʢʽ ʫʩʧʽʰʥʦ ʧʨʦʭʦʜʠʪʴ ʣʫʥʘ-ʟʘʧʠʪ ʥʘ ʰʣʷʭʫ ʜʦ ʚʫʟʣʘ 

ʧʨʠʟʥʘʯʝʥʥʷ. ɼʘʥʠʡ ʩʧʠʩʦʢ ʤʦʞʝ ʜʘʪʠ ʚʘʞʣʠʚʫ ʧʽʜʪʚʝʨʜʞʫʻ ʽʥʬʦʨʤʘʮʽʶ, ʘ 

ʪʘʢʦʞ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʫʩʫʥʝʥʥʷ ʥʝʧʦʣʘʜʦʢ. ʗʢʱʦ ʟʘʧʠʪ ʜʦʭʦʜʠʪʴ ʜʦ ʚʫʟʣʘ 

ʧʨʠʟʥʘʯʝʥʥʷ, ʫʪʠʣʽʪʘ trace ʟʘʥʦʩʠʪʴ ʚ ʩʧʠʩʦʢ ʽʥʪʝʨʬʝʡʩ ʢʦʞʥʦʛʦ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʥʘ ʰʣʷʭʫ ʤʽʞ ʚʫʟʣʘʤʠ. ʗʢʱʦ ʥʘ ʷʢʦʤʫʩʴ ʧʝʨʝʭʦʜʽ ʥʘ ʤʘʨʰʨʫʪʽ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʙʽʡ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʪʦ ʘʜʨʝʩʘ ʦʩʪʘʥʥʴʦʛʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ, ʷʢʠʡ 

ʚʽʜʧʦʚʽʚ ʥʘ ʪʨʘʩʫʚʘʥʥʷ, ʤʦʞʝ ʚʢʘʟʘʪʠ ʥʘ ʤʽʩʮʝ ʟʥʘʭʦʜʞʝʥʥʷ ʧʨʦʙʣʝʤʠ ʘʙʦ 

ʦʙʤʝʞʝʥʥʷ ʩʠʩʪʝʤʠ ʙʝʟʧʝʢʠ. 

ʏʘʩ ʧʨʦʭʦʜʞʝʥʥʷ ʩʠʛʥʘʣʫ ʚ ʧʨʷʤʦʤʫ ʽ ʟʚʦʨʦʪʥʦʤʫ ʥʘʧʨʷʤʢʘʭ (Round Trip 

Time, RTT) 

ʋʪʠʣʽʪʘ traceroute ʚʠʟʥʘʯʘʻ ʩʫʤʘʨʥʠʡ ʯʘʩ ʧʨʦʭʦʜʞʝʥʥʷ ʩʠʛʥʘʣʫ ʚ ʧʨʷʤʦʤʫ 

ʽ ʟʚʦʨʦʪʥʦʤʫ ʥʘʧʨʷʤʢʘʭ (RTT) ʜʣʷ ʢʦʞʥʦʛʦ ʧʝʨʝʭʦʜʫ ʥʘ ʤʘʨʰʨʫʪʽ ʽ ʧʦʚʽʜʦʤʣʷʻ 

ʧʨʦ ʤʦʞʣʠʚʫ ʚʽʜʩʫʪʥʽʩʪʴ ʚʽʜʧʦʚʽʜʽ ʥʘ ʦʜʥʦʤʫ ʟ ʧʝʨʝʭʦʜʽʚ. RTT - ʮʝ ʯʘʩ, ʷʢʠʡ 

ʧʦʪʨʽʙʝʥ ʥʘ ʜʦʩʪʘʚʢʫ ʧʘʢʝʪʘ ʥʘ ʚʽʜʜʘʣʝʥʠʡ ʚʫʟʦʣ ʽ ʦʪʨʠʤʘʥʥʷ ʚʽʜʧʦʚʽʜʽ ʮʝ ʮʴʦʛʦ 

ʚʫʟʣʘ. ʉʠʤʚʦʣ ʟʽʨʦʯʢʠ (*) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʦʟʥʘʯʝʥʥʷ ʚʪʨʘʯʝʥʦʛʦ ʧʘʢʝʪʘ 

ʘʙʦ ʚʽʜʩʫʪʥʦʩʪʽ ʚʽʜʧʦʚʽʜʽ ʥʘ ʧʘʢʝʪ. 

ʎʶ ʽʥʬʦʨʤʘʮʽʶ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʧʨʦʙʣʝʤʥʦʛʦ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʥʘ ʤʘʨʰʨʫʪʽ. ʗʢʱʦ ʨʝʟʫʣʴʪʘʪ ʢʦʤʘʥʜʠ ʧʦʢʘʟʫʻ ʚʝʣʠʢʠʡ ʯʘʩ 

ʚʽʜʧʦʚʽʜʽ ʘʙʦ ʚʪʨʘʪʫ ʜʘʥʠʭ ʥʘ ʷʢʦʤʫʩʴ ʧʝʨʝʭʦʜʽ, ʮʝ ʦʟʥʘʢʘ ʪʦʛʦ, ʱʦ ʨʝʩʫʨʩʠ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʘʙʦ ʡʦʛʦ ʩʧʦʣʫʢ ʤʦʞʫʪʴ ʙʫʪʠ ʧʽʜ ʢʽʥʝʮʴ. 

ʋʪʠʣʽʪʘ traceroute ʚʠʢʦʨʠʩʪʦʚʫʻ ʟʥʘʯʝʥʥʷ ʚ ʧʦʣʝ TTL ʚ IPv4 ʽ ʚ ʧʦʣʝ ʤʝʞʽ 

ʧʝʨʝʭʦʜʽʚ (Hop Limit) ʚ IPv6 ʚ ʟʘʛʦʣʦʚʢʘʭ 3-ʛʦ ʨʽʚʥʷ (ʨʘʟʦʤ ʟ ʧʦʚʽʜʦʤʣʝʥʥʷʤ 

ICMP ʧʨʦ ʧʝʨʝʚʠʱʝʥʥʷ ʽʥʪʝʨʚʘʣʫ ʦʯʽʢʫʚʘʥʥʷ). 

ʈʦʟʧʦʯʥʽʪʴ ʚʽʜʪʚʦʨʝʥʥʷ ʚʽʜʝʦ ʥʘ ʤʘʣʶʥʢʫ, ʱʦʙ ʧʝʨʝʛʣʷʥʫʪʠ, ʷʢ ʫʪʠʣʽʪʘ 

traceroute ʚʠʢʦʨʠʩʪʦʚʫʻ TTL. 

ʇʝʨʰʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʧʦʚʽʜʦʤʣʝʥʴ, ʚʽʜʧʨʘʚʣʝʥʠʭ ʢʦʤʘʥʜʦʶ traceroute, ʚ 

ʧʦʣʝ TTL ʤʘʪʠʤʝ ʟʥʘʯʝʥʥʷ 1. ɼʘʥʝ ʟʥʘʯʝʥʥʷ TTL ʚʠʢʣʠʢʘʻ ʧʝʨʝʚʠʱʝʥʥʷ 

ʽʥʪʝʨʚʘʣʫ ʦʯʽʢʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʽ ʥʘ IPv4-ʧʘʢʝʪ ʥʘ ʧʝʨʰʦʤʫ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽ. 

ʇʦʪʽʤ ʮʝʡ ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʚʽʜʧʦʚʽʜʘʻ ICMPv4-ʧʦʚʽʜʦʤʣʝʥʥʷʤ. ʊʝʧʝʨ traceroute 

ʟʥʘʻ ʘʜʨʝʩʫ ʧʝʨʰʦʛʦ ʧʝʨʝʭʦʜʫ. 

ʇʦʪʽʤ traceroute ʧʦʩʪʫʧʦʚʦ ʟʙʽʣʴʰʫʻ ʟʥʘʯʝʥʥʷ ʚ ʧʦʣʝ TTL (2, 3, 4 ...) ʜʣʷ 

ʢʦʞʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʧʦʚʽʜʦʤʣʝʥʴ. ʊʘʢʠʤ ʯʠʥʦʤ ʪʨʘʩʫʶʪʴʩʷ ʘʜʨʝʩʠ ʢʦʞʥʦʛʦ 

ʧʝʨʝʭʦʜʫ, ʫ ʤʽʨʫ ʪʦʛʦ ʷʢ ʧʝʨʝʚʠʱʝʥʥʷ ʽʥʪʝʨʚʘʣʫ ʦʯʽʢʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʽ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʘʣʽ ʥʘ ʤʘʨʰʨʫʪʽ. ɿʥʘʯʝʥʥʷ ʚ ʧʦʣʝ TTL ʧʨʦʜʦʚʞʫʻ ʟʙʽʣʴʰʫʚʘʪʠʩʷ 

ʜʦ ʪʠʭ ʧʽʨ, ʧʦʢʠ ʥʝ ʙʫʜʝ ʜʦʩʷʛʥʫʪʠʡ ʚʫʟʦʣ ʧʨʠʟʥʘʯʝʥʥʷ, ʘʙʦ ʜʦ ʧʝʚʥʦʛʦ 

ʟʘʟʜʘʣʝʛʽʜʴ ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʽʚʥʷ. 

ʇʽʩʣʷ ʜʦʩʷʛʥʝʥʥʷ ʦʩʪʘʥʥʴʦʛʦ ʚʫʟʣʘ ʧʨʠʟʥʘʯʝʥʥʷ ʮʝʡ ʚʫʟʦʣ ʚʽʜʧʦʚʽʜʘʻ ʘʙʦ 

ʧʦʚʽʜʦʤʣʝʥʥʷʤ ICMP ʧʨʦ ʥʝʜʦʩʪʫʧʥʽʩʪʴ ʧʦʨʪʫ ʘʙʦ ʣʫʥʘ-ʚʽʜʧʦʚʽʜʜʶ ICMP 

(ʟʘʤʽʩʪʴ ʧʦʚʽʜʦʤʣʝʥʥʷ ICMP ʧʨʦ ʧʝʨʝʚʠʱʝʥʥʷ ʽʥʪʝʨʚʘʣʫ ʦʯʽʢʫʚʘʥʥʷ). 

 

  



 

ʇʨʦʝʢʪʫʚʘʥʥʷ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʽ ʫʧʨʘʚʣʽʥʥʷ ʝʬʝʢʪʠʚʥʠʤ ʧʣʘʥʦʤ IP-ʘʜʨʝʩʘʮʽʾ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʘʜʽʡʥʽʩʪʴ ʽ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʤʝʨʝʞ. ʎʝ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʦ ʫ 

ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʟʙʽʣʴʰʫʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʚʫʟʣʽʚ ʤʝʨʝʞʽ. ʈʦʟʫʤʽʥʥʷ ʽʻʨʘʨʭʽʯʥʦʾ 

ʩʪʨʫʢʪʫʨʠ IP-ʘʜʨʝʩʠ ʽ ʪʦʛʦ, ʷʢ ʟʤʽʥʠʪʠ ʽʻʨʘʨʭʽʶ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʻ ʚʘʞʣʠʚʦʶ ʯʘʩʪʠʥʦʶ ʧʣʘʥʫʚʘʥʥʷ ʩʭʝʤʠ IP-ʘʜʨʝʩʘʮʽʾ. 

ʋ ʚʠʭʽʜʥʦʤʫ IPv4-ʘʜʨʝʩʫ ʽʩʥʫʻ ʜʚʘ ʨʽʚʥʽ ʽʻʨʘʨʭʽʾ: ʤʝʨʝʞʘ ʽ ʚʫʟʦʣ. ʎʽ ʜʚʘ 

ʨʽʚʥʽ ʘʜʨʝʩʘʮʽʾ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʶʚʘʪʠ ʙʘʟʦʚʽ ʫʛʨʫʧʦʚʘʥʥʷ ʚ ʤʝʨʝʞʽ, ʷʢʽ 

ʧʦʣʝʛʰʫʶʪʴ ʤʘʨʰʨʫʪʠʟʘʮʽʶ ʧʘʢʝʪʽʚ ʚ ʤʝʨʝʞʫ ʧʨʠʟʥʘʯʝʥʥʷ. ʄʘʨʰʨʫʪʠʟʘʪʦʨ 

ʧʝʨʝʩʠʣʘʻ ʧʘʢʝʪʠ ʥʘ ʧʽʜʩʪʘʚʽ ʤʝʨʝʞʥʦʾ ʯʘʩʪʠʥʠ IP-ʘʜʨʝʩʠ. ʇʽʩʣʷ ʪʦʛʦ, ʷʢ 

ʤʝʨʝʞʘ ʟʥʘʡʜʝʥʘ, ʧʦ ʚʫʟʣʦʚʦʾ ʯʘʩʪʠʥʠ ʘʜʨʝʩʠ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʧʨʠʩʪʨʽʡ 

ʧʨʠʟʥʘʯʝʥʥʷ. 

ʆʜʥʘʢ ʫ ʤʽʨʫ ʟʨʦʩʪʘʥʥʷ ʤʝʨʝʞʽ ʚ ʙʘʛʘʪʴʦʭ ʦʨʛʘʥʽʟʘʮʽʷʭ, ʢʦʣʠ ʜʦ ʤʝʨʝʞʽ 

ʧʽʜʢʣʶʯʘʶʪʴʩʷ ʩʦʪʥʽ ʽ ʥʘʚʽʪʴ ʪʠʩʷʯʽ ʚʫʟʣʽʚ, ʜʚʦʨʽʚʥʝʚʘ ʽʻʨʘʨʭʽʷ ʩʪʘʻ 

ʥʝʝʬʝʢʪʠʚʥʦʶ. 

ʇʨʠ ʧʦʜʽʣʽ ʤʝʨʝʞʽ ʥʘ ʧʽʜʤʝʨʝʞʽ ʚ ʽʻʨʘʨʭʽʶ ʤʝʨʝʞʽ ʜʦʜʘʻʪʴʩʷ ʱʝ ʦʜʠʥ 

ʨʽʚʝʥʴ, ʽ ʬʘʢʪʠʯʥʦ ʩʪʚʦʨʶʻʪʴʩʷ ʽʻʨʘʨʭʽʷ ʟ ʪʨʴʦʭ ʨʽʚʥʽʚ: ʤʝʨʝʞʘ, ʧʽʜʤʝʨʝʞʘ ʽ 

ʚʫʟʦʣ. ʇʨʠ ʜʦʜʘʚʘʥʥʽ ʥʦʚʦʛʦ ʨʽʚʥʷ ʽʻʨʘʨʭʽʾ ʚ IP-ʤʝʨʝʞʽ ʩʪʚʦʨʶʶʪʴʩʷ ʜʦʜʘʪʢʦʚʽ 

ʧʽʜʛʨʫʧʠ. ʎʝ ʜʦʟʚʦʣʷʻ ʧʨʠʩʢʦʨʠʪʠ ʜʦʩʪʘʚʢʫ ʧʘʢʝʪʽʚ ʽ ʟʘʙʝʟʧʝʯʠʪʠ ʜʦʜʘʪʢʦʚʫ 

ʬʽʣʴʪʨʘʮʽʶ, ʩʧʨʠʷʶʯʠ ʩʢʦʨʦʯʝʥʥʶ ʦʙʩʷʛʫ çʣʦʢʘʣʴʥʦʛʦè ʪʨʘʬʽʢʫ. 

ʰʠʨʦʢʦʤʦʚʥʽ ʜʦʤʝʥʠ 

ʇʨʠʩʪʨʦʾ ʚ ʣʦʢʘʣʴʥʽʡ ʤʝʨʝʞʽ Ethernet ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʨʘʥʩʣʷʮʽʶ 

ʨʦʟʩʠʣʢʫ, ʱʦʙ ʟʥʘʡʪʠ: 

ɯʥʰʽ ʧʨʠʩʪʨʦʾ. ʇʨʠʩʪʨʽʡ ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʨʦʪʦʢʦʣ ʜʦʟʚʦʣʫ ʘʜʨʝʩ (ARP) ʜʣʷ 

ʚʽʜʧʨʘʚʢʠ ʰʠʨʦʢʦʤʦʚʥʦʾ ʨʦʟʩʠʣʢʠ ʥʘ 2-ʤʫ ʨʽʚʥʽ ʟʘ ʚʽʜʦʤʠʤ IPv4-ʘʜʨʝʩʦʶ ʚ 

ʣʦʢʘʣʴʥʽʡ ʤʝʨʝʞʽ, ʱʦʙ ʚʠʷʚʠʪʠ ʧʨʠʟʥʘʯʝʥʠʡ MAC-ʘʜʨʝʩʫ. 

ʉʝʨʚʽʩʠ. ɺʫʟʦʣ, ʷʢ ʧʨʘʚʠʣʦ, ʦʪʨʠʤʫʻ ʩʚʦʾ ʥʘʩʪʨʦʡʢʠ IPv4-ʘʜʨʝʩʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʨʦʪʦʢʦʣʫ ʜʠʥʘʤʽʯʥʦʾ ʥʘʩʪʨʦʡʢʠ ʚʫʟʣʘ (DHCP), ʷʢʠʡ ʟʜʽʡʩʥʶʻ 

ʪʨʘʥʩʣʷʮʽʶ ʨʦʟʩʠʣʢʫ ʚ ʣʦʢʘʣʴʥʽʡ ʤʝʨʝʞʽ, ʱʦʙ ʟʥʘʡʪʠ DHCP-ʩʝʨʚʝʨ. 

ʂʦʤʫʪʘʪʦʨʠ ʚʠʢʦʥʫʶʪʴ ʪʨʘʥʩʣʷʮʽʶ ʨʦʟʩʠʣʢʫ ʥʘ ʚʩʽ ʽʥʪʝʨʬʝʡʩʠ, ʟʘ 

ʚʠʥʷʪʢʦʤ ʪʦʛʦ ʽʥʪʝʨʬʝʡʩʫ, ʯʝʨʝʟ ʷʢʠʡ ʙʫʣʘ ʦʪʨʠʤʘʥʘ ʨʦʟʩʠʣʢʘ. ʅʘʧʨʠʢʣʘʜ, ʷʢʙʠ 

ʢʦʤʫʪʘʪʦʨ, ʧʦʢʘʟʘʥʠʡ ʥʘ ʤʘʣʶʥʢʫ, ʦʪʨʠʤʘʚ ʪʨʘʥʩʣʷʮʽʶ ʨʦʟʩʠʣʢʫ, ʚʽʥ ʙʠ 

ʧʝʨʝʩʣʘʚ ʾʾ ʽʥʰʠʭ ʢʦʤʫʪʘʪʦʨʽʚ ʽ ʽʥʰʠʤ ʢʦʨʠʩʪʫʚʘʯʘʤ, ʧʽʜʢʣʶʯʝʥʠʤ ʜʦ ʤʝʨʝʞʽ. 

ʄʘʨʰʨʫʪʠʟʘʪʦʨ ʥʝ ʚʠʢʦʥʫʶʪʴ ʪʨʘʥʩʣʷʮʽʶ ʨʦʟʩʠʣʢʫ. ʂʦʣʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨ 

ʦʪʨʠʤʫʻ ʰʠʨʦʢʦʤʦʚʣʝʥʥʷ, ʚʽʥ ʥʝ ʧʝʨʝʩʠʣʘʻ ʾʾ ʥʘ ʽʥʰʽ ʽʥʪʝʨʬʝʡʩʠ. ʅʘʧʨʠʢʣʘʜ, 

ʢʦʣʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨ R1 ʦʪʨʠʤʫʻ ʰʠʨʦʢʦʤʦʚʣʝʥʥʷ ʥʘ ʩʚʽʡ ʽʥʪʝʨʬʝʡʩ Gigabit 

Ethernet 0/0, ʚʽʥ ʥʝ ʧʝʨʝʩʠʣʘʻ ʾʾ ʥʘ ʽʥʰʽ ʽʥʪʝʨʬʝʡʩʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʢʦʞʝʥ ʽʥʪʝʨʬʝʡʩ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʧʽʜʢʣʶʯʝʥʠʡ ʜʦ 

ʰʠʨʦʢʦʚʝʱʘʪʝʣʴʥʦʤʫ ʜʦʤʝʥʫ, ʽ ʰʠʨʦʢʦʤʦʚʥʽ ʨʦʟʩʠʣʘʥʥʷ ʚʠʢʦʥʫʶʪʴʩʷ ʪʽʣʴʢʠ ʚ 

ʨʘʤʢʘʭ ʧʝʚʥʦʛʦ ʜʦʤʝʥʫ ʨʦʟʩʠʣʢʠ. 

ʇʨʦʙʣʝʤʠ ʟ ʚʝʣʠʢʠʤʠ ʰʠʨʦʢʦʤʦʚʥʠʤʠ ʜʦʤʝʥʘʤʠ 

ɺʝʣʠʢʠʡ ʰʠʨʦʢʦʤʦʚʥʠʡ ʜʦʤʝʥ ʷʚʣʷʻ ʩʦʙʦʶ ʤʝʨʝʞʫ, ʱʦ ʟ'ʻʜʥʫʻ ʙʝʟʣʽʯ 

ʚʫʟʣʽʚ. ʇʨʦʙʣʝʤʘ ʚʝʣʠʢʦʛʦ ʰʠʨʦʢʦʚʝʱʘʪʝʣʴʥʦʛʦ ʜʦʤʝʥʫ ʧʦʣʷʛʘʻ ʚ ʥʘʩʪʫʧʥʦʤʫ: 

ʚʫʟʣʠ ʤʦʞʫʪʴ ʛʝʥʝʨʫʚʘʪʠ ʥʘʜʣʠʰʢʦʚʫ ʨʦʟʩʠʣʢʫ ʽ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʪʠ ʥʘ ʨʦʙʦʪʫ 

ʤʝʨʝʞʽ. ʅʘ ʤʘʣʶʥʢʫ 1 ʣʦʢʘʣʴʥʘ ʤʝʨʝʞʘ LAN 1 ʧʦʚ'ʷʟʫʻ 400 ʢʦʨʠʩʪʫʚʘʯʽʚ, ʷʢʽ 

ʤʦʞʫʪʴ ʛʝʥʝʨʫʚʘʪʠ ʪʨʘʥʩʣʷʮʽʶ ʨʦʟʩʠʣʢʫ. ɺ ʨʝʟʫʣʴʪʘʪʽ: 

ʈʦʙʦʪʘ ʤʝʨʝʞʽ ʩʧʦʚʽʣʴʥʶʻʪʴʩʷ ʯʝʨʝʟ ʟʥʘʯʥʦʛʦ ʦʙʩʷʛʫ ʪʨʘʬʽʢʫ. 



ʇʨʠʩʪʨʦʾ ʪʘʢʦʞ ʧʨʘʮʶʶʪʴ ʧʦʚʽʣʴʥʽʰʝ, ʦʩʢʽʣʴʢʠ ʾʤ ʧʦʪʨʽʙʥʦ ʧʽʜʪʚʝʨʜʠʪʠ ʽ 

ʦʙʨʦʙʠʪʠ ʢʦʞʝʥ ʧʘʢʝʪ ʰʠʨʦʢʦʤʦʚʥʦʾ ʨʦʟʩʠʣʢʠ. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʪʨʝʙʘ ʩʢʦʨʦʪʠʪʠ ʨʦʟʤʽʨ ʤʝʨʝʞʽ, ʩʪʚʦʨʠʚʰʠ 

ʤʝʥʰʽ ʰʠʨʦʢʦʤʦʚʥʽ ʜʦʤʝʥʠ. ʊʘʢʠʡ ʧʨʦʮʝʩ ʥʘʟʠʚʘʻʪʴʩʷ ʧʦʜʽʣʦʤ ʥʘ ʧʽʜʤʝʨʝʞʽ. 

ʊʘʢʽ ʙʽʣʴʰ ʜʨʽʙʥʽ ʤʝʨʝʞʽ ʥʘʟʠʚʘʶʪʴʩʷ ʧʽʜʤʝʨʝʞʘʤʠ. 

ʅʘ ʤʘʣʶʥʢʫ 2, ʥʘʧʨʠʢʣʘʜ, 400 ʢʦʨʠʩʪʫʚʘʯʽʚ ʣʦʢʘʣʴʥʦʾ ʤʝʨʝʞʽ LAN 1 ʟ 

ʘʜʨʝʩʦʶ 172.16.0.0 / 16 ʙʫʣʠ ʨʦʟʜʽʣʝʥʽ ʥʘ ʜʚʽ ʧʽʜʤʝʨʝʞʽ ʧʦ 200 ʢʦʨʠʩʪʫʚʘʯʽʚ 

ʢʦʞʥʘ - 172.16.0.0 / 24 ʽ 172.16.1.0 / 24. ʈʦʟʩʠʣʢʘ ʦʙʤʝʞʫʻ ʜʨʽʙʥʽʰʠʤʠ 

ʰʠʨʦʢʦʤʦʚʥʠʤʠ ʜʦʤʝʥʘʤʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʰʠʨʦʢʦʤʦʚʣʝʥʥʷ ʟ ʣʦʢʘʣʴʥʦʾ ʤʝʨʝʞʽ 

LAN 1 ʮʽʻʾ ʩʪʘʪʪʽ ʥʝ ʧʦʰʠʨʠʪʴʩʷ ʥʘ ʤʝʨʝʞʫ LAN 2. 

ɿʚʝʨʥʽʪʴ ʫʚʘʛʫ ʥʘ ʟʤʽʥʫ ʜʦʚʞʠʥʠ ʧʨʝʬʽʢʩʘ ʩ / 16 ʥʘ / 24. ɺʠʢʦʨʠʩʪʘʥʥʷ ʙʽʪ ʚ 

ʚʫʟʣʦʚʠʡ ʯʘʩʪʠʥʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʧʽʜʤʝʨʝʞ - ʦʩʥʦʚʘ ʧʦʜʽʣʫ ʥʘ 

ʧʽʜʤʝʨʝʞʽ. 

ʇʨʠʤʽʪʢʘ. ʊʝʨʤʽʥʠ ʧʽʜʤʝʨʝʞʘ ʽ ʤʝʨʝʞʫ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ 

ʩʠʥʦʥʽʤʠ. ɹʽʣʴʰʽʩʪʴ ʤʝʨʝʞ ʩʘʤʽ ʻ ʧʦʜʩʝʪʷʤʠ ʙʽʣʴʰʠʭ ʙʣʦʢʽʚ ʘʜʨʝʩ. 

ʇʨʠʯʠʥʠ ʜʣʷ ʧʦʜʽʣʫ ʥʘ ʧʽʜʤʝʨʝʞʽ 

ʇʦʜʽʣ ʥʘ ʧʽʜʤʝʨʝʞʽ ʟʥʠʞʫʻ ʟʘʛʘʣʴʥʠʡ ʦʙʩʷʛ ʤʝʨʝʞʝʚʦʛʦ ʪʨʘʬʽʢʫ ʽ ʧʽʜʚʠʱʫʻ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʤʝʨʝʞʽ. ʂʨʽʤ ʪʦʛʦ, ʮʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʘʜʤʽʥʽʩʪʨʘʪʦʨʘʤ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʟʘʭʦʜʠ ʙʝʟʧʝʢʠ. ʅʘʧʨʠʢʣʘʜ, ʚʠʟʥʘʯʠʪʠ ʧʽʜʤʝʨʝʞʽ, ʷʢʠʤ 

ʜʦʟʚʦʣʝʥʦ ʽ ʷʢʠʤ ʥʝ ʜʦʟʚʦʣʝʥʦ ʚʟʘʻʤʦʜʽʷʪʠ ʦʜʠʥ ʟ ʦʜʥʠʤ. 

ɯʩʥʫʻ ʢʽʣʴʢʘ ʩʧʦʩʦʙʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʽʜʤʝʨʝʞ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʝʚʠʤʠ 

ʧʨʠʩʪʨʦʷʤʠ. ʄʝʨʝʞʝʚʽ ʘʜʤʽʥʽʩʪʨʘʪʦʨʠ ʤʦʞʫʪʴ ʛʨʫʧʫʚʘʪʠ ʧʨʠʩʪʨʦʾ ʚ ʧʽʜʤʝʨʝʞʽ 

ʟʘ ʪʘʢʠʤʠ ʧʨʠʥʮʠʧʘʤʠ. 

¶ ʄʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ, ʥʘʧʨʠʢʣʘʜ ʧʦ ʧʦʚʝʨʭʘʭ ʙʫʜʽʚʣʽ 

¶ ʇʽʜʨʦʟʜʽʣ 

¶ ʊʠʧ ʧʨʠʩʪʨʦʶ 

ɹʫʜʴ-ʷʢʠʡ ʽʥʰʠʡ ʟʥʘʯʫʱʠʡ ʜʣʷ ʤʝʨʝʞʽ ʧʨʠʥʮʠʧ. 

ɿʚʝʨʥʽʪʴ ʫʚʘʛʫ, ʱʦ ʥʘ ʢʦʞʥʦʤʫ ʤʘʣʶʥʢʫ ʜʣʷ ʧʽʜʤʝʨʝʞ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʜʦʚʰʠʡ ʧʨʝʬʽʢʩ, ʱʦ ʧʦʟʥʘʯʘʻ ʤʝʨʝʞʫ. 

ʋ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʦʧʠʩʫʻʪʴʩʷ ʧʨʦʮʝʩ ʧʦʜʽʣʫ ʥʘ ʧʽʜʤʝʨʝʞʽ. ʈʦʟʫʤʽʥʥʷ 

ʧʨʠʥʮʠʧʫ ʧʦʜʽʣʫ ʤʝʨʝʞʽ ʥʘ ʧʽʜʤʝʨʝʞʽ - ʛʦʣʦʚʥʠʡ ʥʘʚʠʢ, ʷʢʠʤ ʧʦʚʠʥʝʥ ʚʦʣʦʜʽʪʠ 

ʢʦʞʝʥ ʤʝʨʝʞʝʚʠʡ ʘʜʤʽʥʽʩʪʨʘʪʦʨ. ʈʦʟʨʦʙʣʝʥʦ ʨʽʟʥʽ ʤʝʪʦʜʠ, ʷʢʽ ʜʦʧʦʤʘʛʘʶʪʴ 

ʟʨʦʟʫʤʽʪʠ ʩʫʪʴ ʮʴʦʛʦ ʧʨʦʮʝʩʫ. ʋ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʛʣʷʥʫʪʦ ʜʚʽʡʢʦʚʠʡ ʤʝʪʦʜ. ʅʘ 

ʧʝʨʰʠʡ ʧʦʛʣʷʜ ʧʦʜʽʣ ʥʘ ʤʝʨʝʞʽ ʤʦʞʝ ʟʜʘʪʠʩʷ ʩʢʣʘʜʥʠʤ, ʘʣʝ ʯʠʤ ʙʽʣʴʰʝ ʫʚʘʛʠ 

ʚʠ ʙʫʜʝʪʝ ʧʨʠʜʽʣʷʪʠ ʜʝʪʘʣʷʤ ʽ ʯʠʤ ʙʽʣʴʰʝ ʙʫʜʝʪʝ ʧʨʘʢʪʠʢʫʚʘʪʠʩʷ, ʪʠʤ ʮʝʡ 

ʧʨʦʮʝʩ ʩʪʘʥʝ ʜʣʷ ʚʘʩ ʧʨʦʩʪʽʰʝ ʽ ʟʨʦʟʫʤʽʣʽʰʝ. 

ʤʝʞʽ ʦʢʪʝʪʽʚ 

ʂʦʞʝʥ ʽʥʪʝʨʬʝʡʩ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʜʦ ʦʜʥʽʻʾ ʤʝʨʝʞʽ. IPv4-

ʘʜʨʝʩ ʽ ʤʘʩʢʘ ʧʽʜʤʝʨʝʞʽ, ʥʘʣʘʰʪʦʚʘʥʽ ʥʘ ʽʥʪʝʨʬʝʡʩʽ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ, 

ʽʜʝʥʪʠʬʽʢʫʶʪʴ ʧʝʚʥʠʡ ʰʠʨʦʢʦʤʦʚʥʠʡ ʜʦʤʝʥ. ʇʘʤ'ʷʪʘʡʪʝ, ʱʦ ʜʦʚʞʠʥʘ ʧʨʝʬʽʢʩʘ 

ʽ ʤʘʩʢʘ ʧʽʜʤʝʨʝʞʽ - ʮʝ ʨʽʟʥʽ ʩʧʦʩʦʙʠ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʦʜʥʦʛʦ ʽ ʪʦʛʦ ʞ - ʤʝʨʝʞʝʚʠʡ 

ʯʘʩʪʠʥʠ ʘʜʨʝʩʠ. 



 
ʈʠʩ. 2.1.19 

ɼʣʷ ʩʪʚʦʨʝʥʥʷ IPv4-ʧʽʜʤʝʨʝʞ ʤʠ ʟʘʜʽʻʤʦ ʦʜʠʥ ʘʙʦ ʢʽʣʴʢʘ ʙʽʪ ʟ ʚʫʟʣʦʚʠʡ 

ʯʘʩʪʠʥʠ ʚ ʷʢʦʩʪʽ ʙʽʪ ʤʝʨʝʞʝʚʦʾ ʯʘʩʪʠʥʠ. ɼʣʷ ʮʴʦʛʦ ʤʠ ʨʦʟʰʠʨʶʻʤʦ ʤʘʩʢʫ 

ʧʽʜʤʝʨʝʞʽ. ʄʠ ʟʘʧʦʟʠʯʫʻʤʦ ʙʽʪʠ ʟ ʚʫʟʣʦʚʠʡ ʯʘʩʪʠʥʠ ʘʜʨʝʩʠ ʽ ʩʪʚʦʨʶʻʤʦ 

ʜʦʜʘʪʢʦʚʽ ʙʽʪʠ ʜʣʷ ʤʝʨʝʞʽ. ʏʠʤ ʙʽʣʴʰʝ ʟʘʧʦʟʠʯʝʥʝ ʙʽʪ ʟ ʚʫʟʣʦʚʠʡ ʯʘʩʪʠʥʠ, ʪʠʤ 

ʙʽʣʴʰʝ ʧʽʜʤʝʨʝʞ ʤʦʞʥʘ ʩʪʚʦʨʠʪʠ. 

ʇʦʜʽʣ ʤʝʨʝʞ ʥʘʡʧʨʦʩʪʽʰʝ ʚʠʢʦʥʘʪʠ ʥʘ ʢʦʨʜʦʥʘʭ ʦʢʪʝʪʽʚ / 8, / 16 ʽ / 24. 

ʇʦʢʘʟʘʥʘ ʥʘ ʤʘʣʶʥʢʫ ʪʘʙʣʠʮʷ ʚʠʟʥʘʯʘʻ ʜʦʚʞʠʥʫ ʮʠʭ ʧʨʝʬʽʢʩʽʚ, ʚʽʜʧʦʚʽʜʥʽ 

ʤʘʩʢʠ ʧʽʜʤʝʨʝʞʽ, ʙʽʪʠ ʤʝʨʝʞʝʚʦʾ ʽ ʚʫʟʣʦʚʠʡ ʯʘʩʪʠʥ, ʘ ʪʘʢʦʞ ʯʠʩʣʦ ʚʫʟʣʽʚ, ʷʢʽ 

ʤʦʞʥʘ ʧʽʜʢʣʶʯʠʪʠ ʚ ʧʽʜʤʝʨʝʞʽ. ɿʚʝʨʥʽʪʴ ʫʚʘʛʫ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʜʦʚʞʠʥʠ 

ʧʨʝʬʽʢʩʘ ʩʢʦʨʦʯʫʻ ʯʠʩʣʦ ʚʫʟʣʽʚ ʚ ʢʦʞʥʽʡ ʧʽʜʤʝʨʝʞʽ. 

ʇʦʜʽʣ ʥʘ ʧʽʜʤʝʨʝʞʽ ʥʘ ʢʦʨʜʦʥʽ ʦʢʪʝʪʽʚ 

ʈʦʟʛʣʷʥʝʤʦ ʥʘʩʪʫʧʥʠʡ ʧʨʠʢʣʘʜ, ʱʦʙ ʟʨʦʟʫʤʽʪʠ ʷʢ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʢʦʨʜʦʥʫ ʦʢʪʝʪʽʚ ʜʣʷ ʧʦʜʽʣʫ ʥʘ ʧʽʜʤʝʨʝʞʽ. ʇʨʠʧʫʩʪʠʤʦ, ʧʽʜʧʨʠʻʤʩʪʚʦ ʦʙʨʘʣʦ 

ʧʨʠʚʘʪʥʫ ʘʜʨʝʩʫ 10.0.0.0/8 ʚ ʷʢʦʩʪʽ ʘʜʨʝʩʠ ʚʥʫʪʨʽʰʥʴʦʾ ʤʝʨʝʞʽ. ʎʝʡ ʤʝʨʝʞʝʚʫ 

ʘʜʨʝʩʫ ʤʦʞʝ ʟʚ'ʷʟʘʪʠ 16 777 214 ʚʫʟʣʽʚ ʚ ʦʜʠʥ ʰʠʨʦʢʦʤʦʚʥʠʡ ʜʦʤʝʥ. ʆʜʥʘʢ ʮʝ 

ʥʝ ʢʨʘʱʠʡ ʚʘʨʽʘʥʪ. 

 
ʈʠʩ. 2.1.20 

ʇʽʜʧʨʠʻʤʩʪʚʦ ʤʦʞʝ ʜʘʣʽ ʨʦʟʙʠʪʠ ʘʜʨʝʩʘ 10.0.0.0/8 ʥʘ ʧʽʜʤʝʨʝʞʽ ʥʘ ʢʦʨʜʦʥʽ 

ʦʢʪʝʪʫ / 16, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʤʘʣʶʥʢʫ 1. ʎʝ ʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʧʨʠʻʤʩʪʚʫ 

ʚʠʟʥʘʯʠʪʠ 256 ʧʽʜʤʝʨʝʞ (ʪʦʙʪʦ 10.0.0.0/16 - 10.255.0.0/16), ʢʦʞʥʘ ʟ ʷʢʠʭ ʟʤʦʞʝ 

ʟʚ'ʷʟʘʪʠ 65 534 ʚʫʟʣʘ. ɿʚʝʨʥʽʪʴ ʫʚʘʛʫ, ʱʦ ʧʝʨʰʽ ʜʚʘ ʦʢʪʝʪʫ ʽʜʝʥʪʠʬʽʢʫʶʪʴ 

ʘʜʨʝʩʫ ʤʝʨʝʞʝʚʦʾ ʯʘʩʪʠʥʠ, ʪʦʜʽ ʷʢ ʦʩʪʘʥʥʽ ʜʚʘ ʦʢʪʝʪʫ ʚʠʟʥʘʯʘʶʪʴ IP-ʘʜʨʝʩʘ 

ʚʫʟʣʘ. 



ɺ ʷʢʦʩʪʽ ʘʣʴʪʝʨʥʘʪʠʚʠ, ʧʽʜʧʨʠʻʤʩʪʚʦ ʤʦʞʝ ʚʠʢʦʥʘʪʠ ʧʦʜʽʣ ʥʘ ʧʽʜʤʝʨʝʞʽ ʥʘ 

ʢʦʨʜʦʥʽ ʦʢʪʝʪʫ / 24, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʤʘʣʶʥʢʫ 2. ʎʝ ʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ 

ʧʽʜʧʨʠʻʤʩʪʚʫ ʚʠʟʥʘʯʠʪʠ 65 536 ʧʽʜʤʝʨʝʞ, ʢʦʞʥʘ ʟ ʷʢʠʭ ʟʤʦʞʝ ʟʚ'ʷʟʘʪʠ 254 

ʚʫʟʣʘ. ʂʦʨʜʦʥ ʦʢʪʝʪʫ / 24 ʜʫʞʝ ʧʦʧʫʣʷʨʥʘ ʧʨʠ ʧʦʜʽʣʽ ʥʘ ʧʽʜʤʝʨʝʞʽ, ʪʦʤʫ ʱʦ 

ʚʦʥʘ ʜʦʟʚʦʣʷʻ ʨʦʟʤʽʩʪʠʪʠ ʨʘʮʽʦʥʘʣʴʥʝ ʯʠʩʣʦ ʚʫʟʣʽʚ ʽ ʬʦʨʤʫʻ ʟʨʫʯʥʽ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʽʜʤʝʨʝʞʽ ʥʘ ʢʦʨʜʦʥʽ ʦʢʪʝʪʫ. 

ʇʦʜʽʣ ʥʘ ʧʽʜʤʝʨʝʞʽ ʟ ʙʝʟʢʣʘʩʦʚʦʾ ʘʜʨʝʩʘʮʽʻʶ 

ʋ ʨʘʥʽʰʝ ʥʘʚʝʜʝʥʠʭ ʧʨʠʢʣʘʜʘʭ ʤʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʙʽʪʠ ʚʫʟʣʽʚ ʽʟ 

ʟʘʛʘʣʴʥʠʭ ʧʨʝʬʽʢʩʽʚ ʤʝʨʝʞʽ / 8, / 16 ʽ / 24. ʆʜʥʘʢ ʧʽʜʤʝʨʝʞʘ ʤʦʞʝ ʟʘʧʦʟʠʯʫʚʘʪʠ 

ʙʽʪʠ ʟ ʙʫʜʴ-ʷʢʦʾ ʧʦʟʠʮʽʾ ʙʽʪ ʚ ʚʫʟʣʦʚʠʡ ʯʘʩʪʠʥʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʽʥʰʠʭ ʤʘʩʦʢ. 

ʅʘʧʨʠʢʣʘʜ, ʘʜʨʝʩʘ ʤʝʨʝʞʽ / 24 ʟʘʟʚʠʯʘʡ ʨʦʟʙʠʚʘʻʪʴʩʷ ʥʘ ʧʽʜʤʝʨʝʞʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʙʽʣʴʰ ʜʦʚʛʠʭ ʧʨʝʬʽʢʩʽʚ, ʟʘʧʦʟʠʯʫʶʯʠ ʙʽʪʠ ʟ ʯʝʪʚʝʨʪʦʛʦ ʦʢʪʝʪʫ. 

ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʘʜʤʽʥʽʩʪʨʘʪʦʨ ʤʦʞʝ ʛʥʫʯʢʦ ʧʨʠʟʥʘʯʘʪʠ ʤʝʨʝʞʝʚʽ ʘʜʨʝʩʠ 

ʤʝʥʰʦʤʫ ʯʠʩʣʫ ʢʽʥʮʝʚʠʭ ʧʨʠʩʪʨʦʾʚ. 

 
ʈʠʩ. 2.1.21 

ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ: 

ʈʷʜʦʢ / 25 - ʟʘʧʦʟʠʯʝʥʥʷ 1 ʙʽʪʘ ʟ ʯʝʪʚʝʨʪʦʛʦ ʦʢʪʝʪʫ ʬʦʨʤʫʻ 2 ʧʽʜʤʝʨʝʞʽ ʟ 

ʧʽʜʪʨʠʤʢʦʶ 126 ʚʫʟʣʽʚ ʚ ʢʦʞʥʽʡ 

ʈʷʜʦʢ / 26 - ʟʘʧʦʟʠʯʝʥʥʷ 2 ʙʽʪ ʬʦʨʤʫʻ 4 ʧʽʜʤʝʨʝʞʽ ʟ ʧʽʜʪʨʠʤʢʦʶ 62 ʚʫʟʣʽʚ ʚ 

ʢʦʞʥʽʡ 

ʈʷʜʦʢ / 27 - ʟʘʧʦʟʠʯʝʥʥʷ 3 ʙʽʪ ʬʦʨʤʫʻ 8 ʧʽʜʤʝʨʝʞ ʟ ʧʽʜʪʨʠʤʢʦʶ 30 ʚʫʟʣʽʚ ʚ 

ʢʦʞʥʽʡ 

ʈʷʜʦʢ / 28 - ʟʘʧʦʟʠʯʝʥʥʷ 4 ʙʽʪ ʬʦʨʤʫʻ 16 ʧʽʜʤʝʨʝʞ ʟ ʧʽʜʪʨʠʤʢʦʶ 14 ʚʫʟʣʽʚ 

ʚ ʢʦʞʥʽʡ 

ʈʷʜʦʢ / 29 - ʟʘʧʦʟʠʯʝʥʥʷ 5 ʙʽʪ ʬʦʨʤʫʻ 32 ʧʽʜʤʝʨʝʞ ʟ ʧʽʜʪʨʠʤʢʦʶ 6 ʚʫʟʣʽʚ ʚ 

ʢʦʞʥʽʡ 

ʈʷʜʦʢ / 30 - ʟʘʧʦʟʠʯʝʥʥʷ 6 ʙʽʪ ʬʦʨʤʫʻ 64 ʧʽʜʤʝʨʝʞ ʟ ʧʽʜʪʨʠʤʢʦʶ 2 ʚʫʟʣʽʚ ʚ 

ʢʦʞʥʽʡ 

ɼʣʷ ʢʦʞʥʦʛʦ ʙʽʪʘ, ʟʘʧʦʟʠʯʝʥʦʛʦ ʚ ʯʝʪʚʝʨʪʦʤʫ ʦʢʪʝʪʽ, ʜʦʩʪʫʧʥʫ ʢʽʣʴʢʽʩʪʴ 

ʧʽʜʤʝʨʝʞ ʧʦʜʚʦʶʻʪʴʩʷ ʟʽ ʩʢʦʨʦʯʝʥʥʷʤ ʯʠʩʣʘ ʘʜʨʝʩ ʚʫʟʣʽʚ ʥʘ ʩʽʪʴ. 

ʇʨʠʢʣʘʜ ʧʦʜʽʣʫ ʥʘ ʧʽʜʤʝʨʝʞʽ ʟ ʙʝʟʢʣʘʩʦʚʦʾ ʘʜʨʝʩʘʮʽʻʶ 



ʈʦʟʛʣʷʥʝʤʦ ʥʘʩʪʫʧʥʠʡ ʧʨʠʢʣʘʜ, ʱʦʙ ʟʨʦʟʫʤʽʪʠ ʷʢ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʦʜʽʣ 

ʥʘ ʧʽʜʤʝʨʝʞʽ ʟ ʙʝʟʢʣʘʩʦʚʦʾ ʘʜʨʝʩʘʮʽʻʶ. 

ʈʦʟʛʣʷʥʝʤʦ ʘʜʨʝʩʫ ʧʨʠʚʘʪʥʦʾ ʤʝʨʝʞʽ 192.168.1.0/24, ʧʦʢʘʟʘʥʠʡ ʥʘ ʤʘʣʶʥʢʫ 

1. ʇʝʨʰʽ ʪʨʠ ʦʢʪʝʪʫ ʧʦʢʘʟʘʥʽ ʚ ʜʝʩʷʪʢʦʚʽʡ ʩʠʩʪʝʤʽ ʯʠʩʣʝʥʥʷ, ʪʦʜʽ ʷʢ ʦʩʪʘʥʥʽʡ 

ʦʢʪʝʪ - ʚ ʜʚʽʡʢʦʚʽʡ. ʎʝ ʟʨʦʙʣʝʥʦ ʪʦʤʫ, ʱʦ ʤʠ ʙʫʜʝʤʦ ʟʘʧʦʟʠʯʫʚʘʪʠ ʙʽʪʠ 

ʦʩʪʘʥʥʴʦʛʦ ʦʢʪʝʪʫ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʧʽʜʤʝʨʝʞ ʟ ʤʝʨʝʞʽ 192.168.1.0/24. 

ʉʫʜʷʯʠ ʧʦ ʜʦʚʞʠʥʽ ʧʨʝʬʽʢʩʘ / 24, ʤʘʩʢʘ ʧʽʜʤʝʨʝʞʽ ʜʦʨʽʚʥʶʻ 255.255.255.0. 

ʇʝʨʰʽ ʪʨʠ ʦʢʪʝʪʫ ʽʜʝʥʪʠʬʽʢʫʶʪʴ ʯʘʩʪʠʥʘ ʤʝʨʝʞʽ, ʘ ʨʝʰʪʘ 8 ʙʽʪ ʚ ʦʩʪʘʥʥʴʦʤʫ 

ʦʢʪʝʪʽ ʽʜʝʥʪʠʬʽʢʫʶʪʴ ʯʘʩʪʠʥʘ ʚʫʟʣʘ. ʗʢʱʦ ʥʝ ʨʦʟʙʠʚʘʪʠ ʥʘ ʧʽʜʤʝʨʝʞʽ, ʪʘʢʘ 

ʤʝʨʝʞʘ ʧʽʜʪʨʠʤʫʻ ʦʜʠʥ LAN-ʽʥʪʝʨʬʝʡʩ ʜʣʷ 254 IPv4-ʘʜʨʝʩ ʚʫʟʣʽʚ. ʗʢʱʦ 

ʧʦʪʨʽʙʥʘ ʜʦʜʘʪʢʦʚʘ ʣʦʢʘʣʴʥʘ ʤʝʨʝʞʘ (LAN), ʦʩʥʦʚʥʫ ʤʝʨʝʞʫ ʧʦʪʨʽʙʥʦ 

ʨʦʟʜʽʣʠʪʠ ʥʘ ʧʽʜʤʝʨʝʞʽ. 

ʉʪʚʦʨʝʥʥʷ ʜʚʦʭ ʧʽʜʤʝʨʝʞ 

ʈʦʟʛʣʷʥʝʤʦ ʪʦʧʦʣʦʛʽʶ ʥʘ ʤʘʣʶʥʢʫ 1, ʱʦʙ ʧʦʙʘʯʠʪʠ, ʷʢ ʤʝʨʝʞʘ ʨʦʟʜʽʣʝʥʘ 

ʥʘ ʧʽʜʤʝʨʝʞʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʝʬʽʢʩʘ / 25. ʄʘʨʰʨʫʪʠʟʘʪʦʨ R1 ʤʘʻ ʜʚʘ ʩʝʛʤʝʥʪʠ 

ʣʦʢʘʣʴʥʦʾ ʤʝʨʝʞʽ (LAN), ʧʽʜʢʣʶʯʝʥʽ ʜʦ ʽʥʪʝʨʬʝʡʩʽʚ GigabitEthernet. ʂʦʞʥʽʡ 

ʣʦʢʘʣʴʥʽʡ ʤʝʨʝʞʽ (LAN) ʧʨʠʟʥʘʯʝʥʘ ʦʜʥʘ ʟ ʧʽʜʤʝʨʝʞ. 

ʄʝʨʝʞʝʚʠʡ ʘʜʨʝʩʘ IPv4 ʜʦʨʽʚʥʶʻ 192.168.1.0 ʽ ʤʽʩʪʠʪʴ ʚʩʽ ʙʽʪʠ 0 ʚ 

ʚʫʟʣʦʚʠʡ ʯʘʩʪʠʥʠ ʘʜʨʝʩʠ. 

ʇʝʨʰʠʡ IPv4-ʘʜʨʝʩ ʚʫʟʣʘ ʜʦʨʽʚʥʶʻ 192.168.1.1 ʽ ʤʽʩʪʠʪʴ ʚʩʽ ʙʽʪʠ 0 ʽ ʢʨʘʡʥʽʡ 

ʧʨʘʚʠʡ ʙʽʪ 1 ʚ ʚʫʟʣʦʚʠʡ ʯʘʩʪʠʥʠ ʘʜʨʝʩʠ. 

ʆʩʪʘʥʥʽʡ IPv4-ʘʜʨʝʩ ʚʫʟʣʘ ʜʦʨʽʚʥʶʻ 192.168.1.126 ʽ ʤʽʩʪʠʪʴ ʚʩʽ ʙʽʪʠ 1 ʽ 

ʢʨʘʡʥʽʡ ʧʨʘʚʠʡ ʙʽʪ 0 ʚ ʚʫʟʣʦʚʠʡ ʯʘʩʪʠʥʠ ʘʜʨʝʩʠ. 

ʐʠʨʦʢʦʤʦʚʥʠʡ IPv4-ʘʜʨʝʩ ʜʦʨʽʚʥʶʻ 192.168.1.127 ʽ ʤʽʩʪʠʪʴ ʚʩʽ ʙʽʪʠ 1 ʚ 

ʚʫʟʣʦʚʠʡ ʯʘʩʪʠʥʠ ʘʜʨʝʩʠ. 

ɯʥʪʝʨʬʝʡʩʽʚ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʧʦʚʠʥʝʥ ʙʫʪʠ ʧʨʠʟʥʘʯʝʥʠʡ IP-ʘʜʨʝʩʘ ʚ 

ʜʦʧʫʩʪʠʤʠʭ ʤʝʞʘʭ ʚʫʟʣʽʚ ʜʣʷ ʟʘʜʘʥʦʾ ʧʽʜʤʝʨʝʞʽ. ʎʝ ʽ ʻ ʘʜʨʝʩʘ, ʷʢʠʡ ʙʫʜʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʚʫʟʣʘʤʠ ʤʝʨʝʞʽ ʚ ʷʢʦʩʪʽ ʰʣʶʟʫ. ɺ ʷʢʦʩʪʽ ʘʜʨʝʩʠ ʽʥʪʝʨʬʝʡʩʫ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʝʨʰʠʡ ʘʙʦ ʦʩʪʘʥʥʽʡ 

ʜʦʩʪʫʧʥʠʡ ʘʜʨʝʩʘ ʜʽʘʧʘʟʦʥʫ ʤʝʨʝʞʽ. ʅʘ ʤʘʣʶʥʢʫ 4 ʧʦʢʘʟʘʥʘ ʥʘʣʘʰʪʫʚʘʥʥʷ 

ʽʥʪʝʨʬʝʡʩʽʚ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ R1 ʟ ʧʝʨʰʠʤ IPv4-ʘʜʨʝʩʦʶ ʧʽʜ ʚʽʜʧʦʚʽʜʥʽ 

ʧʽʜʤʝʨʝʞʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʘʥʜʠ ʥʘʣʘʰʪʫʚʘʥʥʷ ʽʥʪʝʨʬʝʡʩʫ ip ʘʜʨʝʩʠ. 

ʅʘʣʘʰʪʫʚʘʥʥʷ IPv4-ʘʜʨʝʩʠ ʽ ʰʣʶʟʫ ʧʦʚʠʥʥʽ ʙʫʪʠ ʚʠʢʦʥʘʥʽ ʥʘ ʚʫʟʣʘʭ 

ʢʦʞʥʦʾ ʧʽʜʤʝʨʝʞʽ. ʅʘ ʤʘʣʶʥʢʫ 5 ʧʦʢʘʟʘʥʘ ʥʘʩʪʨʦʡʢʘ IPv4-ʘʜʨʝʩʠ ʜʣʷ ʚʫʟʣʘ PC2 

ʚ ʤʝʨʝʞʽ 192.168.1.128/25. ɿʚʝʨʥʽʪʴ ʫʚʘʛʫ: IPv4-ʘʜʨʝʩʦʶ ʰʣʶʟʫ ʻ ʘʜʨʝʩʘ 

192.168.1.129, ʥʘʣʘʰʪʦʚʘʥʠʡ ʥʘ ʽʥʪʝʨʬʝʡʩʽ G0 / 1 ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ R1, ʘ 

ʤʽʩʴʢʠʡ ʧʽʜʤʝʨʝʞʽ ʻ 255.255.255.128. 

ʌʦʨʤʫʣʘ ʨʦʟʨʘʭʫʥʢʫ ʤʝʨʝʞ 

ʂʽʣʴʢʽʩʪʴ ʧʽʜʤʝʨʝʞ = 2n, ʜʝ n - ʮʝ ʢʽʣʴʢʽʩʪʴ ʟʘʡʥʷʪʠʭ ʙʽʪ ʚʽʜ ʧʦʨʮʽʾ ʭʦʩʪʘ. 

ʌʦʨʤʫʣʘ ʨʦʟʨʘʭʫʥʢʫ ʭʦʩʪʽʚ (ʚʫʟʣʽʚ) 

ʂʽʣʴʢʽʩʪʴ ʭʦʩʪʽʚ ʚ ʧʽʜʤʝʨʝʞʽ = 2n-2, ʜʝ n - ʮʝ ʢʽʣʴʢʽʩʪʴ ʚʽʣʴʥʠʭ ʙʽʪ (ʥʫʣʽʚ) ʚ 

ʧʦʨʮʽʾ ʭʦʩʪʘ, ʘ ç-2è - ʮʝ ʚʽʜʨʘʭʫʚʘʥʥʷ ʘʜʨʝʩʠ ʤʝʨʝʞʽ (ʚ ʧʦʨʮʽʾ ʭʦʩʪʘ ʚʩʽ ʥʫʣʽ) ʽ 

ʰʠʨʦʢʦʤʦʚʥʦʾ ʘʜʨʝʩʠ (ʚ ʧʦʨʮʽʾ ʭʦʩʪʘ ʚʩʝ ʦʜʠʥʠʮʽ) . 

ʇʦʷʩʥʝʥʥʷ ʬʦʨʤʫʣ ʨʦʟʨʘʭʫʥʢʫ ʤʝʨʝʞ 

IP ʘʜʨʝʩʘ 



IP ʘʜʨʝʩʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 32 ʙʽʪʽʚ, ʷʢʽ ʧʦʜʽʣʝʥʽ ʥʘ 4 ʯʘʩʪʠʥʠ ʧʦ 8 ʙʽʪ 

ʚʽʜʧʦʚʽʜʥʦ (ʮʽ ʯʘʩʪʠʥʠ ʥʘʟʠʚʘʶʪʴʩʷ ʦʢʪʝʪʘʤʠ). ʋ ʞʠʪʪʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʘʧʠʩ 

IP ʘʜʨʝʩʠ ʚ ʜʝʩʷʪʢʦʚʦʤʫ ʚʠʛʣʷʜʽ. 

ʇʨʠʢʣʘʜʠ IP ʘʜʨʝʩ: 

172.16.2.15 = 10101100.00010000.00000010.00001111 

178.68.128.168 = 10110010.01000100.10000000.10101000 

217.20.147.94 = 11011001.00010100.10010011.01011110 

ɿ ʮʠʭ 32 ʙʽʪʽʚ ʯʘʩʪʠʥʘ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʘʜʨʝʩʠ ʭʦʩʪʘ, ʷʢʦʤʫ ʥʘʣʝʞʠʪʴ ʮʝʡ IP 

ʘʜʨʝʩʘ, ʘ ʽʥʰʘ ʯʘʩʪʠʥʘ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʘʜʨʝʩʠ ʤʝʨʝʞʽ, ʚ ʷʢʽʡ ʟʥʘʭʦʜʠʪʴʩʷ ʮʝʡ 

ʭʦʩʪ. ʇʝʨʰʘ ʯʘʩʪʠʥʘ (ʟʣʽʚʘ ʥʘʧʨʘʚʦ) IP ʘʜʨʝʩʠ ʧʦʟʥʘʯʘʻ ʘʜʨʝʩʫ ʤʝʨʝʞʽ, ʘ ʜʨʫʛʘ 

ʯʘʩʪʠʥʘ (ʨʝʰʪʘ ʙʽʪʠ) - ʘʜʨʝʩʘ ʭʦʩʪʘ. ʑʦʙ ʜʽʟʥʘʪʠʩʷ, ʩʢʽʣʴʢʠ ʙʽʪʽʚ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ 

ʘʜʨʝʩʠ ʤʝʨʝʞʽ, ʪʨʝʙʘ ʩʢʦʨʠʩʪʘʪʠʩʷ ʤʘʩʢʦʶ ʤʝʨʝʞʽ. 

ʤʘʩʢʘ ʤʝʨʝʞʽ 

ʄʘʩʢʘ ʤʝʨʝʞʽ ʪʝʞ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 32 ʙʽʪʽʚ, ʘʣʝ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ IP ʘʜʨʝʩʠ, ʚ 

ʤʘʩʮʽ ʦʜʠʥʠʮʽ ʽ ʥʫʣʠʢʠ ʥʝ ʤʦʞʫʪʴ ʧʝʨʝʤʽʰʫʚʘʪʠʩʷ. ʋ ʞʠʪʪʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʟʘʧʠʩ ʤʝʨʝʞʝʚʦʾ ʤʘʩʢʠ ʚ ʜʝʩʷʪʢʦʚʦʤʫ ʚʠʛʣʷʜʽ. 

ʇʨʠʢʣʘʜʠ ʤʘʩʦʢ ʤʝʨʝʞʽ: 

255.255.255.0 = 11111111.11111111.11111111.00000000 

255.0.0.0 = 11111111.00000000.00000000.00000000 

255.255.240.0 = 11111111.11111111.11110000.00000000 

255.255.255.128 = 11111111.11111111.11111111.10000000 

ʧʨʝʬʽʢʩ ʤʘʩʢʠ 

ʑʝ ʯʘʩʪʽʰʝ, ʤʘʩʢʘ ʤʝʨʝʞʽ ʟʘʧʠʩʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʢʦʨʦʪʢʦʛʦ ʧʨʝʬʽʢʩʘ ʤʘʩʢʠ. 

ʏʠʩʣʦ ʚ ʧʨʝʬʽʢʩ ʧʦʟʥʘʯʘʻ ʢʽʣʴʢʽʩʪʴ ʙʽʪ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʘʜʨʝʩʠ ʤʝʨʝʞʽ. 

/ 16 = 11111111.11111111.00000000.00000000 = 255.255.0.0 

/ 24 = 11111111.11111111.11111111.00000000 = 255.255.255.0 

/ 26 = 11111111.11111111.11111111.11000000 = 255.255.255.192 

IP ʘʜʨʝʩʘ ʽ ʤʘʩʢʘ ʤʝʨʝʞʽ 

 

ʑʦʙ ʜʽʟʥʘʪʠʩʷ, ʷʢʘ ʯʘʩʪʠʥʘ IP ʘʜʨʝʩʠ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʧʦʨʮʽʾ ʤʝʨʝʞʽ, 

ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʙʽʥʘʨʥʫ ʣʦʛʽʯʥʫ ʦʧʝʨʘʮʽʶ AND (ɯ). 

ɹʽʥʘʨʥʘ ʣʦʛʽʯʥʘ ʦʧʝʨʘʮʽʷ AND (ɯ) 

 

ʉʝʥʩ ʦʧʝʨʘʮʽʾ ʧʦʣʷʛʘʻ ʚ ʧʦʨʽʚʥʷʥʥʽ ʜʚʦʭ ʙʽʪʽʚ, ʧʨʠʯʦʤʫ ʪʽʣʴʢʠ ʚ ʦʜʥʦʤʫ 

ʚʠʧʘʜʢʫ ʙʽʥʘʨʥʘ ʦʧʝʨʘʮʽʷ ʜʘʻ ʦʜʠʥʠʮʶ ʥʘ ʚʠʭʦʜʽ - ʫ ʨʘʟʽ ʧʦʨʽʚʥʷʥʥʷ ʜʚʦʭ 

ʦʜʠʥʠʮʴ. ɺ ʽʥʰʠʭ ʚʠʧʘʜʢʘʭ ʣʦʛʽʯʥʘ ʦʧʝʨʘʮʽʷ AND ʜʘʻ ʥʘ ʚʠʭʦʜʽ 0. 

ʈʝʟʫʣʴʪʘʪʠ ʧʦʨʽʚʥʷʥʥʷ ʣʦʛʽʯʥʦʶ ʦʧʝʨʘʮʽʻʶ AND ʜʚʦʭ ʙʽʪʽʚ: 

1 AND 1 = 1 

1 AND 0 = 0 

0 AND 1 = 0 

0 AND 0 = 0 

ʆʧʝʨʘʮʽʷ AND ʥʘʜ IP ʘʜʨʝʩʦʶ ʽ ʤʘʩʢʦʶ 

ʋʷʚʽʤʦ, ʱʦ ʫ ʥʘʩ ʻ IP ʘʜʨʝʩʘ 192.168.1.31 ʟ ʤʘʩʢʦʶ ʤʝʨʝʞʽ ʫ ʚʠʛʣʷʜʽ 

ʧʨʝʬʽʢʩʘ / 24, ʥʘʰʘ ʟʘʜʘʯʘ ʦʙʯʠʩʣʠʪʠ ʘʜʨʝʩʫ ʤʝʨʝʞʽ, ʧʦʨʮʽʶ ʤʝʨʝʞʽ, ʧʦʨʮʽʶ 

ʭʦʩʪʘ. 

ʉʧʦʯʘʪʢʫ ʪʨʝʙʘ ʧʝʨʝʚʝʩʪʠ IP ʘʜʨʝʩʘ ʟ ʜʝʩʷʪʢʦʚʦʾ ʩʠʩʪʝʤʠ ʯʠʩʣʝʥʥʷ ʚ 

ʜʚʽʡʢʦʚʫ ʩʠʩʪʝʤʫ. ʇʦʪʽʤ ʧʝʨʝʚʝʩʪʠ ʧʨʝʬʽʢʩ ʚ ʜʚʽʡʢʦʚʠʡ ʚʠʛʣʷʜ ʽ ʥʦʨʤʘʣʴʥʠʡ 



ʚʠʛʣʷʜ ʤʘʩʢʠ ʤʝʨʝʞʽ (ʜʝʩʷʪʢʦʚʠʡ). ɼʘʣʽ ʟʘʣʠʰʠʪʴʩʷ ʪʽʣʴʢʠ ʩʢʣʘʩʪʠ IP ʘʜʨʝʩʘ ʟ 

ʤʘʩʢʦʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʦʛʽʯʥʦʾ ʦʧʝʨʘʮʽʾ AND. 

192.168.1.31/24 

192.168.1.31 = 11000000.10101000.00000001.00011111 

/ 24 = 11111111.11111111.11111111.00000000 = 255.255.255.0 

11000000.10101000.00000001.00011111 (IP) 

AND 

11111111.11111111.11111111.00000000 (Mask) 

= 

11000000.10101000.00000001.00000000 (ɸʜʨʝʩʘ ʤʝʨʝʞʽ ʚ ʜʚʽʡʢʦʚʦʤʫ 

ʚʠʛʣʷʜʽ) 

192.168.1.0/24 (ɸʜʨʝʩʘ ʤʝʨʝʞʽ ʚ ʜʝʩʷʪʢʦʚʦʤʫ ʚʠʛʣʷʜʽ ʟ ʤʝʨʝʞʝʚʠʤ 

ʧʨʝʬʽʢʩʦʤ) 

ʆʩʴ ʤʠ ʽ ʜʽʟʥʘʣʠʩʷ ʘʜʨʝʩʫ ʤʝʨʝʞʽ. ʆʜʠʥʠʯʢʠ ʚ ʤʘʩʮʽ ʚʢʘʟʫʶʪʴ ʥʘ ʜʦʚʞʠʥʫ 

ʧʦʨʮʽʾ ʘʜʨʝʩʠ ʤʝʨʝʞʽ (11000000.10101000.00000001.), ɸ ʥʫʣʠʢʠ - ʥʘ ʧʦʨʮʽʶ 

ʘʜʨʝʩʠ ʭʦʩʪʘ (.00011111). 

ʇʨʠʢʣʘʜʠ ʨʦʟʨʘʭʫʥʢʫ ʤʝʨʝʞ 

ʈʦʟʧʦʜʽʣ ʤʝʨʝʞʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʨʠʩʚʦʻʥʥʷʤ ʙʽʪʽʚ ʟ ʧʦʨʮʽʾ ʘʜʨʝʩʠ ʭʦʩʪʘ ʜʦ 

ʧʦʨʮʽʾ ʘʜʨʝʩʠ ʤʝʨʝʞʽ. ʊʠʤ ʩʘʤʠʤ ʤʠ ʟʙʽʣʴʰʫʻʤʦ ʤʦʞʣʠʚʫ ʢʽʣʴʢʽʩʪʴ ʧʽʜʤʝʨʝʞ, 

ʘʣʝ ʟʤʝʥʰʫʻʤʦ ʢʽʣʴʢʽʩʪʴ ʭʦʩʪʽʚ ʚ ʧʽʜʤʝʨʝʞʽ. ʑʦʙ ʜʽʟʥʘʪʠʩʷ, ʩʢʽʣʴʢʠ ʚʠʭʦʜʠʪʴ 

ʧʽʜʤʝʨʝʞ ʽʟ ʧʨʠʚʣʘʩʥʝʥʠʭ ʙʽʪʽʚ ʪʨʝʙʘ ʩʢʦʨʠʩʪʘʪʠʩʷ cisco ʬʦʨʤʫʣʦʶ ʨʦʟʨʘʭʫʥʢʫ 

ʤʝʨʝʞ: 2n, ʜʝ n ʻ ʢʽʣʴʢʽʩʪʶ ʧʨʠʩʚʦʻʥʠʭ ʙʽʪ. 

ʇʨʠʢʣʘʜ ʨʦʟʨʘʭʫʥʢʫ ʤʝʨʝʞʽ ʥʘ 2 ʧʽʜʤʝʨʝʞʽ. 

ʋ ʥʘʩ ʻ ʘʜʨʝʩʘ ʤʝʨʝʞʽ 192.168.1.0/24, ʥʘʤ ʪʨʝʙʘ ʨʦʟʜʽʣʠʪʠ ʥʘʷʚʥʫ ʤʝʨʝʞʫ 

ʥʘ 2 ʧʽʜʤʝʨʝʞʽ. ʉʧʨʦʙʫʻʤʦ ʟʘʙʨʘʪʠ ʚʽʜ ʧʦʨʮʽʾ ʭʦʩʪʘ 1 ʙʽʪ ʽ ʩʢʦʨʠʩʪʘʪʠʩʷ 

ʬʦʨʤʫʣʦʶ: 21 = 2, ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʷʢʱʦ ʤʠ ʟʘʙʝʨʝʤʦ ʦʜʠʥ ʙʽʪ ʚʽʜ ʯʘʩʪʠʥʠ ʭʦʩʪʘ, 

ʪʦ ʤʠ ʦʪʨʠʤʘʻʤʦ 2 ʧʽʜʤʝʨʝʞʽ. ʇʨʠʩʚʦʻʥʥʷ ʦʜʥʦʛʦ ʙʽʪʘ ʟ ʧʦʨʮʽʾ ʭʦʩʪʘ ʟʙʽʣʴʰʠʪʴ 

ʧʨʝʬʽʢʩ ʥʘ ʦʜʠʥ ʙʽʪ: / 25. ʊʝʧʝʨ ʪʨʝʙʘ ʚʠʧʠʩʘʪʠ 2 ʦʜʥʘʢʦʚʠʭ IP ʘʜʨʝʩʠ ʤʝʨʝʞʽ ʚ 

ʜʚʽʡʢʦʚʦʤʫ ʚʠʛʣʷʜʽ ʟʤʽʥʠʚʰʠ ʣʠʰʝ ʧʨʠʩʚʦʻʥʠʡ ʙʽʪ (ʫ ʧʝʨʰʽʡ ʧʽʜʤʝʨʝʞʽ 

ʧʨʠʩʚʦʻʥʠʡ ʙʽʪ ʙʫʜʝ ʜʦʨʽʚʥʶʻ 0, ʘ ʫ ʜʨʫʛʽʡ ʧʽʜʤʝʨʝʞʽ = 1). ɿʘʭʦʧʣʝʥʠʡ ʙʽʪ ʷ 

ʚʠʜʽʣʶ ʙʽʣʴʰ ʞʠʨʥʠʤ ʰʨʠʬʪʦʤ ʯʝʨʚʦʥʦʛʦ ʢʦʣʴʦʨʫ. 

2 ʧʽʜʤʝʨʝʞʽ (ʟʘʭʦʧʣʝʥʠʡ ʙʽʪ ʷ ʚʠʜʽʣʶ ʙʽʣʴʰ ʞʠʨʥʠʤ ʰʨʠʬʪʦʤ ʯʝʨʚʦʥʦʛʦ 

ʢʦʣʴʦʨʫ): 

1) 11000000.10101000.00000001.00000000 

2) 11000000.10101000.00000001.10000000 

ʊʝʧʝʨ ʟʘʧʠʰʝʤʦ ʧʦʨʷʜ ʟ ʜʚʽʡʢʦʚʠʤ ʚʠʜʦʤ ʜʝʩʷʪʢʦʚʠʡ, ʽ ʜʦʜʘʤʦ ʥʦʚʠʡ 

ʧʨʝʬʽʢʩ. ʏʝʨʚʦʥʠʤ ʧʦʟʥʘʯʠʚ ʧʦʨʮʽʶ ʧʽʜʤʝʨʝʞʽ, ʘ ʩʠʥʽʤ - ʧʦʨʮʽʶ ʭʦʩʪʘ. 

1) 11000000.10101000.00000001.00000000 = 192.168.1.0/25 

2) 11000000.10101000.00000001.10000000 = 192.168.1.128/25 

ɺʩʝ, ʤʝʨʝʞʘ ʨʦʟʜʽʣʝʥʘ ʥʘ 2 ʧʽʜʤʝʨʝʞʽ. ʗʢ ʤʠ ʙʘʯʠʤʦ ʚʠʱʝ, ʧʦʨʮʽʷ ʭʦʩʪʘ 

ʪʝʧʝʨ ʩʪʘʥʦʚʠʪʴ 7 ʙʽʪ. 

ʑʦʙ ʚʠʨʘʭʫʚʘʪʠ, ʩʢʽʣʴʢʠ ʘʜʨʝʩ ʭʦʩʪʽʚ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 7 

ʙʽʪ, ʥʝʦʙʭʽʜʥʦ ʩʢʦʨʠʩʪʘʪʠʩʷ cisco ʬʦʨʤʫʣʦʶ ʨʦʟʨʘʭʫʥʢʫ ʭʦʩʪʽʚ: 2n-2, ʜʝ n = 

ʢʽʣʴʢʽʩʪʴ ʙʽʪ ʚ ʧʦʨʮʽʾ ʭʦʩʪʘ. 

27 - 2 = 126 ʭʦʩʪʽʚ. ʅʘ ʧʦʯʘʪʢʫ ʩʪʘʪʪʽ ʙʫʣʦ ʩʢʘʟʘʥʦ, ʱʦ ʚʽʜʥʽʤʘʻʪʴʩʷ ʮʠʬʨʘ 

2 ʻ ʜʚʦʤʘ ʘʜʨʝʩʘʤʠ, ʷʢʽ ʥʝ ʤʦʞʥʘ ʧʨʠʚʣʘʩʥʠʪʠ ʭʦʩʪʫ: ʘʜʨʝʩʘ ʤʝʨʝʞʽ ʽ 

ʰʠʨʦʢʦʤʦʚʥʘ ʘʜʨʝʩʫ. 



ɸʜʨʝʩʘ ʤʝʨʝʞʽ, ʮʝ ʢʦʣʠ ʚ ʧʦʨʮʽʾ ʭʦʩʪʘ ʚʩʽ ʥʫʣʽ, ʘ ʰʠʨʦʢʦʤʦʚʥʠʡ ʘʜʨʝʩʫ, ʮʝ 

ʢʦʣʠ ʚ ʧʦʨʮʽʾ ʭʦʩʪʘ ʚʩʝ ʦʜʠʥʠʮʽ. ɺʠʧʠʰʝʤʦ ʮʽ ʘʜʨʝʩʠ ʜʣʷ ʢʦʞʥʦʾ ʧʽʜʤʝʨʝʞʽ ʚ 

ʜʚʽʡʢʦʚʦʤʫ ʽ ʜʝʩʷʪʢʦʚʦʤʫ ʚʠʛʣʷʜʽ: 

11000000.10101000.00000001.00000000 = 192.168.1.0/25 (ʘʜʨʝʩʘ ʤʝʨʝʞʽ 

ʧʝʨʰʦʾ ʧʽʜʤʝʨʝʞʽ) 

11000000.10101000.00000001.01111111 = 192.168.1.127/25 (ʰʠʨʦʢʦʤʦʚʥʘ 

ʘʜʨʝʩʘ ʧʝʨʰʦʾ ʧʽʜʤʝʨʝʞʽ) 

11000000.10101000.00000001.10000000 = 192.168.1.128/25 (ʘʜʨʝʩʘ ʤʝʨʝʞʽ 

ʜʨʫʛʠʡ ʧʦʜʩʝʪʠ) 

11000000.10101000.00000001.11111111 = 192.168.1.255/25 (ʰʠʨʦʢʦʤʦʚʥʘ 

ʘʜʨʝʩʘ ʜʨʫʛʠʡ ʧʦʜʩʝʪʠ) 

ʇʨʠʢʣʘʜ ʨʦʟʨʘʭʫʥʢʫ ʤʝʨʝʞʽ ʥʘ 4 ʧʽʜʤʝʨʝʞʽ. 

ʋ ʥʘʩ ʻ ʘʜʨʝʩʘ ʤʝʨʝʞʽ 192.168.1.0/24, ʪʨʝʙʘ ʨʦʟʜʽʣʠʪʠ ʤʝʨʝʞʫ ʥʘ 4 

ʧʽʜʤʝʨʝʞʽ. ɺʠʨʘʭʦʚʫʻʤʦ ʟʘ ʬʦʨʤʫʣʦʶ, ʩʢʽʣʴʢʠ ʥʘʤ ʪʨʝʙʘ ʟʘʡʥʷʪʠ ʙʽʪ ʚʽʜ ʭʦʩʪʘ: 

22 = 4. ʇʨʝʬʽʢʩ ʟʤʽʥʶʻʪʴʩʷ ʥʘ / 26. 

4 ʧʽʜʤʝʨʝʞʽ (ʟʘʭʦʧʣʝʥʠʡ ʙʽʪ ʷ ʚʠʜʽʣʶ ʙʽʣʴʰ ʞʠʨʥʠʤ ʰʨʠʬʪʦʤ ʯʝʨʚʦʥʦʛʦ 

ʢʦʣʴʦʨʫ): 

1) 11000000.10101000.00000001.00000000 

2) 11000000.10101000.00000001.01000000 

3) 11000000.10101000.00000001.10000000 

4) 11000000.10101000.00000001.11000000 

ʏʝʨʚʦʥʠʤ ʧʦʟʥʘʯʠʚ ʧʦʨʮʽʶ ʧʽʜʤʝʨʝʞʽ, ʘ ʩʠʥʽʤ - ʧʦʨʮʽʶ ʭʦʩʪʘ: 

1) 11000000.10101000.00000001.00000000 = 192.168.1.0/26 

2) 11000000.10101000.00000001.01000000 = 192.168.1.64/26 

3) 11000000.10101000.00000001.10000000 = 192.168.1.128/26 

4) 11000000.10101000.00000001.11000000 = 192.168.1.192/26 

ɺʩʝ, ʤʝʨʝʞʘ ʨʦʟʜʽʣʝʥʘ ʥʘ 4 ʧʽʜʤʝʨʝʞʽ. ʇʦʨʮʽʷ ʭʦʩʪʘ ʪʝʧʝʨ ʩʪʘʥʦʚʠʪʴ 6 ʙʽʪ. 

26 - 2 = 62 ʭʦʩʪʽʚ. 

11000000.10101000.00000001.00000000 = 192.168.1.0/26 (ʘʜʨʝʩʘ ʤʝʨʝʞʽ 

ʧʝʨʰʦʾ ʧʽʜʤʝʨʝʞʽ) 

11000000.10101000.00000001.00111111 = 192.168.1.63/26 (ʰʠʨʦʢʦʤʦʚʥʘ 

ʘʜʨʝʩʘ ʧʝʨʰʦʾ ʧʽʜʤʝʨʝʞʽ) 

11000000.10101000.00000001.01000000 = 192.168.1.64/26 (ʘʜʨʝʩʘ ʤʝʨʝʞʽ 

ʜʨʫʛʠʡ ʧʦʜʩʝʪʠ) 

11000000.10101000.00000001.01111111 = 192.168.1.127/26 (ʰʠʨʦʢʦʤʦʚʥʘ 

ʘʜʨʝʩʘ ʜʨʫʛʠʡ ʧʦʜʩʝʪʠ) 

11000000.10101000.00000001.10000000 = 192.168.1.128/26 (ʘʜʨʝʩʘ ʤʝʨʝʞʽ 

ʪʨʝʪʴʦʾ ʧʽʜʤʝʨʝʞʽ) 

11000000.10101000.00000001.10111111 = 192.168.1.191/26 (ʰʠʨʦʢʦʤʦʚʥʘ 

ʘʜʨʝʩʘ ʪʨʝʪʴʦʾ ʧʽʜʤʝʨʝʞʽ) 

11000000.10101000.00000001.11000000 = 192.168.1.192/26 (ʘʜʨʝʩʘ ʤʝʨʝʞʽ 

ʯʝʪʚʝʨʪʦʾ ʧʽʜʤʝʨʝʞʽ) 

11000000.10101000.00000001.11111111 = 192.168.1.255/26 (ʰʠʨʦʢʦʤʦʚʥʘ 

ʘʜʨʝʩʘ ʯʝʪʚʝʨʪʦʾ ʧʽʜʤʝʨʝʞʽ) 

ʉʪʚʦʨʝʥʥʷ ʧʽʜʤʝʨʝʞ ʟ ʧʨʝʬʽʢʩʦʤ / 16 

ʗʢʱʦ ʧʦʪʨʽʙʥʘ ʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ ʧʽʜʤʝʨʝʞ, ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

IPv4-ʤʝʨʝʞʫ ʟ ʚʝʣʠʢʠʤ ʯʠʩʣʦʤ ʙʽʪ ʚ ʚʫʟʣʦʚʠʡ ʯʘʩʪʠʥʠ ʜʣʷ ʟʘʧʦʟʠʯʝʥʥʷ. 



ʅʘʧʨʠʢʣʘʜ, ʘʜʨʝʩʘ ʤʝʨʝʞʽ 172.16.0.0 ʤʘʻ ʤʘʩʢʫ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ / 16 ʘʙʦ 

255.255.0.0. ʎʷ ʝʣʝʢʪʨʦʥʥʘ ʘʜʨʝʩʘ ʤʘʻ ʧʦ 16 ʙʽʪ ʚ ʤʝʨʝʞʝʚʠʡ ʽ ʚʫʟʣʦʚʠʡ 

ʯʘʩʪʠʥʠ. 16 ʙʽʪ ʚ ʚʫʟʣʦʚʠʡ ʯʘʩʪʠʥʠ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʧʽʜʤʝʨʝʞ. ʋ ʪʘʙʣʠʮʽ ʥʘ ʤʘʣʶʥʢʫ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚʩʽ ʤʦʞʣʠʚʽ ʩʮʝʥʘʨʽʾ ʧʦʜʽʣʫ ʥʘ 

ʧʽʜʤʝʨʝʞʽ ʟ ʧʨʝʬʽʢʩʦʤ / 16. 

ʍʦʯʘ ʚʯʠʪʠ ʥʘ ʧʘʤ'ʷʪʴ ʚʩʶ ʪʘʙʣʠʮʶ ʥʝʤʘʻ ʥʝʦʙʭʽʜʥʦʩʪʽ, ʧʦʪʨʽʙʥʦ ʜʦʙʨʝ 

ʨʦʟʫʤʽʪʠ ʧʨʠʥʮʠʧ ʦʪʨʠʤʘʥʥʷ ʢʦʞʥʦʛʦ ʟʥʘʯʝʥʥʷ ʪʘʙʣʠʮʽ. ʅʝʭʘʡ ʚʘʩ ʥʝ ʣʷʢʘʻ ʾʾ 

ʨʦʟʤʽʨ. ɺʝʣʠʢʠʡ ʚʦʥʘ ʚʠʡʰʣʘ ʟ-ʟʘ 8 ʜʦʜʘʪʢʦʚʠʭ ʙʽʪ, ʷʢʽ ʤʦʞʥʘ ʟʘʧʦʟʠʯʠʪʠ, ʽ 

ʪʘʢʠʤ ʯʠʥʦʤ ʢʽʣʴʢʽʩʪʴ ʧʽʜʤʝʨʝʞ ʽ ʚʫʟʣʽʚ ʧʨʦʩʪʦ ʟʙʽʣʴʰʫʻʪʴʩʷ. 

ʉʪʚʦʨʝʥʥʷ 100 ʧʽʜʤʝʨʝʞ ʟ ʧʨʝʬʽʢʩʦʤ / 16 

ʈʦʟʛʣʷʥʝʤʦ ʚʝʣʠʢʝ ʧʽʜʧʨʠʻʤʩʪʚʦ, ʷʢʦʤʫ ʥʝʦʙʭʽʜʥʦ ʭʦʯʘ ʙ 100 ʧʽʜʤʝʨʝʞ, ʽ 

ʷʢʝ ʦʙʨʘʣʦ ʧʨʠʚʘʪʥʫ ʘʜʨʝʩʫ 172.16.0.0/16 ʚ ʷʢʦʩʪʽ ʘʜʨʝʩʠ ʚʥʫʪʨʽʰʥʴʦʾ ʤʝʨʝʞʽ. 

ʇʨʠ ʟʘʧʦʟʠʯʝʥʥʽ ʙʽʪ ʟ ʘʜʨʝʩʠ / 16 ʧʦʯʥʽʪʴ ʟʘʧʦʟʠʯʫʚʘʪʠ ʙʽʪʠ ʚ ʪʨʝʪʴʦʤʫ 

ʦʢʪʝʪʽ, ʧʨʦʜʦʚʞʫʶʯʠ ʟʣʽʚʘ ʥʘʧʨʘʚʦ. ɿʘʧʦʟʠʯʪʝ ʦʜʠʥ ʙʽʪ ʢʦʞʝʥ ʨʘʟ ʜʦ ʪʠʭ ʧʽʨ, 

ʧʦʢʠ ʥʝ ʙʫʜʝ ʜʦʩʷʛʥʫʪʦ ʯʠʩʣʦ ʙʽʪ, ʥʝʦʙʭʽʜʥʝ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 100 ʧʽʜʤʝʨʝʞ. 

ʅʘ ʤʘʣʶʥʢʫ 1 ʧʦʢʘʟʘʥʦ ʢʽʣʴʢʽʩʪʴ ʧʽʜʤʝʨʝʞ, ʷʢʝ ʤʦʞʝ ʙʫʪʠ ʩʪʚʦʨʝʥʦ ʧʨʠ 

ʟʘʧʦʟʠʯʝʥʥʽ ʙʽʪ ʟ ʪʨʝʪʴʦʛʦ ʽ ʯʝʪʚʝʨʪʦʛʦ ʦʢʪʝʪʽʚ. ɿʚʝʨʥʽʪʴ ʫʚʘʛʫ, ʱʦ ʪʝʧʝʨ ʤʦʞʝ 

ʙʫʪʠ ʟʘʧʦʟʠʯʝʥʝ ʜʦ 14 ʙʽʪ ʟ ʚʫʟʣʦʚʠʡ ʯʘʩʪʠʥʠ. 

ʑʦʙ ʟʘʜʦʚʦʣʴʥʠʪʠ ʧʦʪʨʝʙʠ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʧʦʪʨʽʙʥʦ ʟʘʧʦʟʠʯʫʚʘʪʠ 7 ʙʽʪ 

(ʪʦʙʪʦ 2 ^ 7 = 128 ʧʽʜʤʝʨʝʞ). 

ʗʢ ʚʠ ʧʘʤ'ʷʪʘʻʪʝ, ʤʘʩʢʘ ʧʽʜʤʝʨʝʞʽ ʧʦʚʠʥʥʘ ʟʤʽʥʶʚʘʪʠʩʷ ʜʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ 

ʟʘʧʦʟʠʯʝʥʠʭ ʙʽʪ. ʋ ʮʴʦʤʫ ʧʨʠʢʣʘʜʽ ʧʨʠ ʟʘʧʦʟʠʯʝʥʥʽ ʩʝʤʠ ʙʽʪ ʤʘʩʢʘ ʙʫʜʝ 

ʨʦʟʰʠʨʝʥʘ ʥʘ 7 ʙʽʪ ʚ ʪʨʝʪʴʦʤʫ ʦʢʪʝʪʽ. ʋ ʜʝʩʷʪʢʦʚʦʤʫ ʬʦʨʤʘʪʽ ʤʘʩʢʘ ʙʫʜʝ ʤʘʪʠ 

ʚʠʛʣʷʜ 255.255.254.0 ʘʙʦ ʧʨʝʬʽʢʩ / 23, ʦʩʢʽʣʴʢʠ ʪʨʝʪʽʡ ʦʢʪʝʪ ʚ ʜʦʚʽʯʥʠʤ ʬʦʨʤʘʪʽ 

ʤʘʻ ʚʠʛʣʷʜ 11111110, ʘ ʯʝʪʚʝʨʪʠʡ ʦʢʪʝʪ - 00000000. 

ɺʠʨʦʙʥʠʮʪʚʦ 1 000 ʧʽʜʤʝʨʝʞ ʟ ʧʨʝʬʽʢʩʦʤ / 8 

ɼʝʷʢʠʤ ʦʨʛʘʥʽʟʘʮʽʷʤ, ʥʘʧʨʠʢʣʘʜ, ʥʝʚʝʣʠʢʠʤ ʦʧʝʨʘʪʦʨʘʤ ʟʚ'ʷʟʢʫ ʘʙʦ 

ʚʝʣʠʢʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʤʦʞʝ ʟʥʘʜʦʙʠʪʠʩʷ ʱʝ ʙʽʣʴʰʫ ʢʽʣʴʢʽʩʪʴ ʧʽʜʤʝʨʝʞ. ʗʢ 

ʧʨʠʢʣʘʜ ʚʽʟʴʤʝʤʦ ʥʝʚʝʣʠʢʦʛʦ ʦʧʝʨʘʪʦʨʘ ʟʚ'ʷʟʢʫ, ʷʢʦʤʫ ʧʦʪʨʽʙʥʦ ʪʠʩʷʯʽ 

ʧʽʜʤʝʨʝʞ ʜʣʷ ʢʣʽʻʥʪʽʚ. ʂʦʞʥʦʤʫ ʢʣʽʻʥʪʫ ʧʦʪʨʽʙʥʦ ʚʝʣʠʢʠʡ ʧʨʦʩʪʽʨ ʚ ʚʫʟʣʦʚʠʡ 

ʯʘʩʪʠʥʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʚʣʘʩʥʠʭ ʧʽʜʤʝʨʝʞ. 

ɸʜʨʝʩʘ ʤʝʨʝʞʽ 10.0.0.0 ʤʘʻ ʤʘʩʢʫ ʧʽʜʤʝʨʝʞʽ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ / 8 ʘʙʦ 

255.0.0.0. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʧʨʠ ʧʦʜʽʣʽ ʥʘ ʧʽʜʤʝʨʝʞʽ ʜʣʷ ʟʘʧʦʟʠʯʝʥʥʷ ʻ 8 ʙʽʪ ʚ 

ʤʝʨʝʞʝʚʽʡ ʯʘʩʪʠʥʽ ʘʜʨʝʩʠ ʽ 24 ʙʽʪʘ ʚ ʚʫʟʣʦʚʠʡ ʯʘʩʪʠʥʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʥʝʚʝʣʠʢʠʡ 

ʦʧʝʨʘʪʦʨ ʟʚ'ʷʟʢʫ ʨʦʟʽʙ'ʻ ʥʘ ʧʽʜʤʝʨʝʞʽ ʚʩʶ ʤʝʨʝʞʫ 10.0.0.0/8. 

ʗʢ ʽ ʟʘʚʞʜʠ, ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʧʽʜʤʝʨʝʞʽ ʧʦʪʨʽʙʥʦ ʟʘʧʦʟʠʯʠʪʠ ʙʽʪʠ ʟ ʚʫʟʣʦʚʠʡ 

ʯʘʩʪʠʥʠ ʘʜʨʝʩʠ ʚʠʭʽʜʥʦʾ ʤʝʨʝʞʽ. ʇʦʯʠʥʘʶʯʠ ʟ ʧʝʨʰʦʛʦ ʟʣʽʚʘ ʜʦʩʪʫʧʥʦʛʦ ʙʽʪʘ ʚ 

ʚʫʟʣʦʚʠʡ ʯʘʩʪʠʥʠ, ʤʠ ʙʫʜʝʤʦ ʟʘʧʦʟʠʯʫʚʘʪʠ ʧʦ ʦʜʥʦʤʫ ʙʽʪʫ ʟʘ ʦʜʠʥ ʨʘʟ ʜʦ ʪʠʭ 

ʧʽʨ, ʧʦʢʠ ʥʝ ʦʪʨʠʤʘʻʤʦ ʢʽʣʴʢʽʩʪʴ ʙʽʪ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 1000 ʧʽʜʤʝʨʝʞ. 

ʗʢ ʚʠʜʥʦ ʟ ʤʘʣʶʥʢʘ 1, 10 ʙʽʪ ʧʦʪʨʽʙʥʦ ʟʘʧʦʟʠʯʫʚʘʪʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 1 024 

ʧʽʜʤʝʨʝʞ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʧʦʪʨʽʙʥʦ ʟʘʧʦʟʠʯʫʚʘʪʠ 8 ʙʽʪ ʚ ʜʨʫʛʦʤʫ ʦʢʪʝʪʽ ʽ 2 

ʜʦʜʘʪʢʦʚʠʭ ʙʽʪʘ ʚ ʪʨʝʪʴʦʤʫ. 

ʇʦʜʽʣ ʥʘ ʧʽʜʤʝʨʝʞʽ ʥʘ ʦʩʥʦʚʽ ʚʠʤʦʛ ʚʫʟʣʽʚ 

ʇʨʠ ʧʣʘʥʫʚʘʥʥʽ ʧʽʜʤʝʨʝʞ ʧʦʪʨʽʙʥʦ ʚʨʘʭʫʚʘʪʠ ʜʚʘ ʧʘʨʘʤʝʪʨʠ. 

ʅʝʦʙʭʽʜʥʘ ʢʽʣʴʢʽʩʪʴ ʘʜʨʝʩ ʚʫʟʣʽʚ ʚ ʢʦʞʥʽʡ ʤʝʨʝʞʽ. 

ʅʝʦʙʭʽʜʥʘ ʢʽʣʴʢʽʩʪʴ ʦʢʨʝʤʠʭ ʧʽʜʤʝʨʝʞ. 



ʋ ʪʘʙʣʠʮʽ ʥʘ ʤʘʣʶʥʢʫ ʧʦʢʘʟʘʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʧʦʜʽʣʫ ʥʘ ʧʽʜʤʝʨʝʞʽ ʟ 

ʧʨʝʬʽʢʩʦʤ / 24. ɿʚʝʨʥʽʪʴ ʫʚʘʛʫ, ʥʘ ʟʚʦʨʦʪʥʫ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʯʠʩʣʦʤ ʧʽʜʤʝʨʝʞ ʽ 

ʯʠʩʣʦʤ ʚʫʟʣʽʚ. ʏʠʤ ʙʽʣʴʰʝ ʙʽʪ ʟʘʧʦʟʠʯʝʥʝ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʧʽʜʤʝʨʝʞ, ʪʠʤ ʤʝʥʰʝ ʻ 

ʙʽʪ ʚ ʚʫʟʣʦʚʠʡ ʯʘʩʪʠʥʠ. ʗʢʱʦ ʧʦʪʨʽʙʥʦ ʙʽʣʴʰʝ ʚʫʟʣʽʚ, ʟʥʘʯʠʪʴ, ʧʦʪʨʽʙʥʦ ʙʽʣʴʰʝ 

ʙʽʪ ʚ ʚʫʟʣʦʚʠʡ ʯʘʩʪʠʥʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʽʜʤʝʨʝʞ. 

ʂʽʣʴʢʽʩʪʴ ʘʜʨʝʩ ʚʫʟʣʽʚ, ʥʝʦʙʭʽʜʥʠʭ ʚ ʥʘʡʙʽʣʴʰʽʡ ʧʽʜʤʝʨʝʞʽ, ʚʠʟʥʘʯʘʻ, 

ʩʢʽʣʴʢʠ ʙʽʪ ʧʦʪʨʽʙʥʦ ʟʘʣʠʰʠʪʠ ʚ ʚʫʟʣʦʚʠʡ ʯʘʩʪʠʥʠ ʘʜʨʝʩʠ. ʗʢ ʚʠ ʧʘʤ'ʷʪʘʻʪʝ, ʜʚʘ 

ʘʜʨʝʩʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʝ ʤʦʞʥʘ, ʪʦʤʫ ʬʘʢʪʠʯʥʦ ʢʽʣʴʢʽʩʪʴ ʜʦʩʪʫʧʥʠʭ ʘʜʨʝʩ 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʷʢ 2 ^ n-2. 

ɯʥʦʜʽ ʧʦʪʨʽʙʥʦ ʢʦʥʢʨʝʪʥʫ ʢʽʣʴʢʽʩʪʴ ʧʽʜʤʝʨʝʞ, ʘ ʢʽʣʴʢʽʩʪʴ ʘʜʨʝʩ ʚʫʟʣʽʚ ʚ 

ʢʦʞʥʽʡ ʧʽʜʤʝʨʝʞʽ ʤʝʥʰ ʚʘʞʣʠʚʦ. ʅʘʧʨʠʢʣʘʜ, ʚ ʦʨʛʘʥʽʟʘʮʽʾ ʤʦʞʝ ʟʥʘʜʦʙʠʪʠʩʷ 

ʨʦʟʜʽʣʠʪʠ ʤʝʨʝʞʝʚʠʡ ʪʨʘʬʽʢ ʟʛʽʜʥʦ ʚʥʫʪʨʽʰʥʶ ʩʪʨʫʢʪʫʨʫ ʯʠ ʧʨʠ ʥʘʣʘʰʪʫʚʘʥʥʽ 

ʤʝʨʝʞʽ ʚ ʧʽʜʨʦʟʜʽʣʽ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʤʘʣʶʥʢʫ. ʅʘʧʨʠʢʣʘʜ, ʦʨʛʘʥʽʟʘʮʽʷ ʤʦʞʝ 

ʧʨʠʡʥʷʪʠ ʨʽʰʝʥʥʷ ʦʙ'ʻʜʥʘʪʠ ʚ ʦʜʥʫ ʤʝʨʝʞʫ ʚʩʽ ʧʨʠʩʪʨʦʾ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʬʘʭʽʚʮʷʤʠ ʪʝʭʥʽʯʥʦʛʦ ʚʽʜʜʽʣʫ, ʘ ʚʩʽ ʧʨʠʩʪʨʦʾ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʢʝʨʽʚʥʠʮʪʚʦʤ, ʚʠʥʝʩʪʠ ʚ ʦʢʨʝʤʫ ʤʝʨʝʞʫ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʢʽʣʴʢʽʩʪʴ ʧʽʜʤʝʨʝʞ 

ʤʘʻ ʙʽʣʴʰ ʚʠʩʦʢʠʡ ʧʨʽʦʨʠʪʝʪ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʢʽʣʴʢʦʩʪʽ ʙʽʪ ʜʣʷ ʟʘʧʦʟʠʯʝʥʥʷ. 

ʗʢ ʚʠ ʧʘʤ'ʷʪʘʻʪʝ, ʢʽʣʴʢʽʩʪʴ ʧʽʜʤʝʨʝʞ, ʱʦ ʩʪʚʦʨʶʶʪʴʩʷ ʧʨʠ ʟʘʧʦʟʠʯʝʥʥʽ ʙʽʪ, 

ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʟʘ ʬʦʨʤʫʣʦʶ 2 ^ n (ʜʝ n - ʢʽʣʴʢʽʩʪʴ ʟʘʧʦʟʠʯʝʥʠʭ ʙʽʪ). 

ʂʣʶʯʦʚʠʤ ʤʦʤʝʥʪʦʤ ʻ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʥʝʦʙʭʽʜʥʠʭ ʧʽʜʤʝʨʝʞ ʽ 

ʢʽʣʴʢʦʩʪʽ ʚʫʟʣʽʚ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʥʘʡʙʽʣʴʰʦʾ ʧʽʜʤʝʨʝʞʽ. ʏʠʤ ʙʽʣʴʰʝ ʙʽʪ ʙʫʣʦ 

ʟʘʧʦʟʠʯʝʥʝ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʧʽʜʤʝʨʝʞ, ʪʠʤ ʤʝʥʰʝ ʚʫʟʣʽʚ ʙʫʜʝ 

ʜʦʩʪʫʧʥʦ ʚ ʢʦʞʥʽʡ ʟ ʧʽʜʤʝʨʝʞ. 

ʇʨʠʢʣʘʜ ʚʠʤʦʛ ʤʝʨʝʞʽ 

ʄʝʨʝʞʝʚʽ ʘʜʤʽʥʽʩʪʨʘʪʦʨʠ ʧʦʚʠʥʥʽ ʨʦʟʨʦʙʠʪʠ ʩʭʝʤʫ ʤʝʨʝʞʝʚʦʾ ʘʜʨʝʩʘʮʽʾ, 

ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʤʘʢʩʠʤʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʚʫʟʣʽʚ ʚ ʢʦʞʥʽʡ ʤʝʨʝʞʽ ʽ ʢʽʣʴʢʽʩʪʴ 

ʧʽʜʤʝʨʝʞ. ʉʭʝʤʘ ʘʜʨʝʩʘʮʽʾ ʧʦʚʠʥʥʘ ʧʝʨʝʜʙʘʯʘʪʠ ʨʦʟʰʠʨʝʥʥʷ ʷʢ ʢʽʣʴʢʦʩʪʽ ʘʜʨʝʩ 

ʚʫʟʣʽʚ ʚ ʢʦʞʥʽʡ ʧʽʜʤʝʨʝʞʽ, ʪʘʢ ʽ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʽʜʤʝʨʝʞ. 

ʋ ʮʴʦʤʫ ʧʨʠʢʣʘʜʽ ʰʪʘʙ-ʢʚʘʨʪʠʨʘ ʦʧʝʨʘʪʦʨʘ ʟʚ'ʷʟʢʫ ʚʠʜʽʣʠʣʘ ʘʜʨʝʩʫ 

ʧʨʠʚʘʪʥʦʾ ʤʝʨʝʞʽ 172.16.0.0/22 (10 ʙʽʪ ʚ ʚʫʟʣʦʚʠʡ ʯʘʩʪʠʥʠ) ʜʣʷ ʬʽʣʽʾ. ʗʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʤʘʣʶʥʢʫ 1, ʚ ʨʝʟʫʣʴʪʘʪʽ ʤʠ ʦʪʨʠʤʫʻʤʦ 1 022 ʘʜʨʝʩ ʚʫʟʣʽʚ. 

ʊʦʧʦʣʦʛʽʷ ʤʝʨʝʞʽ ʬʽʣʽʡ, ʧʦʢʘʟʘʥʘ ʥʘ ʤʘʣʶʥʢʫ 2, ʩʢʣʘʜʘʻʪʴʩʷ ʟ 5 ʩʝʛʤʝʥʪʽʚ 

ʣʦʢʘʣʴʥʦʾ ʤʝʨʝʞʽ (LAN) ʽ 4 ʤʽʞʤʝʨʝʞʝʚʠʭ ʟ'ʻʜʥʘʥʴ ʤʽʞ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʪʨʽʙʥʽ 9 ʧʽʜʤʝʨʝʞ. ʅʘʡʙʽʣʴʰʘ ʧʽʜʤʝʨʝʞʘ ʧʦʚʠʥʥʘ ʤʽʩʪʠʪʠ 40 

ʚʫʟʣʽʚ. 

ʄʝʨʝʞʝʚʠʡ ʘʜʨʝʩʘ 172.16.0.0/22 ʤʘʻ 10 ʙʽʪ ʚ ʚʫʟʣʦʚʠʡ ʯʘʩʪʠʥʠ, ʷʢ ʧʦʢʘʟʘʥʦ 

ʥʘ ʤʘʣʶʥʢʫ 3. ʆʩʢʽʣʴʢʠ ʥʘʡʙʽʣʴʰʦʶ ʧʽʜʤʝʨʝʞʽ ʧʦʪʨʽʙʥʦ 40 ʚʫʟʣʽʚ, ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭ ʘʜʨʝʩʘʮʽʾ ʧʦʪʨʽʙʥʦ ʥʝ ʤʝʥʰʝ 6 ʙʽʪ ʚ ʚʫʟʣʦʚʠʡ ʯʘʩʪʠʥʠ. ʎʝ ʯʠʩʣʦ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʪʘʢʦʶ ʬʦʨʤʫʣʦʶ: 2 ^ 62 = 62 ʚʫʟʣʘ. 

ɿʘ ʬʦʨʤʫʣʦʶ ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʽʜʤʝʨʝʞ ʦʪʨʠʤʫʻʤʦ 16 ʧʽʜʤʝʨʝʞ: 2 ^ 4 

= 16. ʆʩʢʽʣʴʢʠ ʚ ʥʘʰʦʤʫ ʧʨʠʢʣʘʜʽ ʤʝʨʝʞʝʚʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʧʦʪʨʽʙʥʽ 9 

ʧʽʜʤʝʨʝʞ, ʮʝ ʚʽʜʧʦʚʽʜʘʻ ʥʘʰʠʤ ʚʠʤʦʛʘʤ ʽ ʟʘʙʝʟʧʝʯʫʻ ʧʝʚʥʠʡ ʟʘʧʘʩ ʜʣʷ 

ʟʨʦʩʪʘʥʥʷ ʚ ʤʘʡʙʫʪʥʴʦʤʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʝʨʰʽ 4 ʙʽʪʘ ʚ ʚʫʟʣʦʚʠʡ ʯʘʩʪʠʥʠ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʧʽʜʤʝʨʝʞ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʤʘʣʶʥʢʫ 4. ʗʢʱʦ ʟʘʧʦʟʠʯʫʚʘʪʠ 4 ʙʽʪʘ, ʥʦʚʘ 

ʜʦʚʞʠʥʘ ʧʨʝʬʽʢʩʘ ʙʫʜʝ / 26 ʟ ʤʘʩʢʦʶ ʧʽʜʤʝʨʝʞʽ 255.255.255.192. 



ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʤʘʣʶʥʢʫ 5, ʧʽʜʤʝʨʝʞʽ ʤʦʞʥʘ ʧʨʠʟʥʘʯʠʪʠ ʩʝʛʤʝʥʪʘʤ 

ʣʦʢʘʣʴʥʦʾ ʤʝʨʝʞʽ (LAN) ʽ ʟ'ʻʜʥʘʥʥʷʤ ʤʽʞ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤʠ. 

ʇʨʠ ʪʨʘʜʠʮʽʡʥʦʤʫ ʧʦʜʽʣʽ ʥʘ ʧʽʜʤʝʨʝʞʽ ʘʜʨʝʩʠ ʚʠʪʨʘʯʘʶʪʴʩʷ ʜʘʨʝʤʥʦ 

ʋ ʪʨʘʜʠʮʽʡʥʦʤʫ ʨʦʟʙʠʪʪʽ ʥʘ ʧʽʜʤʝʨʝʞʽ ʢʦʞʥʦʾ ʧʽʜʤʝʨʝʞʽ ʚʠʜʽʣʷʻʪʴʩʷ 

ʦʜʥʘʢʦʚʘ ʢʽʣʴʢʽʩʪʴ ʘʜʨʝʩ. ʗʢʱʦ ʚʩʝ ʧʽʜʤʝʨʝʞʽ ʤʘʶʪʴ ʦʜʥʘʢʦʚʽ ʚʠʤʦʛʠ ʜʦ 

ʢʽʣʴʢʦʩʪʽ ʚʫʟʣʽʚ, ʪʘʢʽ ʙʣʦʢʠ ʘʜʨʝʩ ʬʽʢʩʦʚʘʥʦʛʦ ʨʦʟʤʽʨʫ ʙʫʜʫʪʴ ʝʬʝʢʪʠʚʥʠʤʠ. 

ʇʨʦʪʝ, ʥʘʡʯʘʩʪʽʰʝ ʮʝ ʥʝ ʪʘʢ. 

ʅʘʧʨʠʢʣʘʜ, ʚ ʪʦʧʦʣʦʛʽʾ, ʧʦʢʘʟʘʥʦʾ ʥʘ ʤʘʣʶʥʢʫ 1, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʽʤ 

ʧʽʜʤʝʨʝʞ: ʧʦ ʦʜʥʽʡ ʜʣʷ ʢʦʞʥʦʾ ʟ ʯʦʪʠʨʴʦʭ ʣʦʢʘʣʴʥʠʭ ʤʝʨʝʞ (LAN) ʽ ʧʦ ʦʜʥʽʡ 

ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʪʨʴʦʭ ʢʘʥʘʣʽʚ ʤʝʨʝʞʽ WAN ʤʽʞ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤʠ. ʋ 

ʪʨʘʜʠʮʽʡʥʦʤʫ ʨʦʟʙʠʪʪʽ ʥʘ ʧʽʜʤʝʨʝʞʽ ʟ ʚʢʘʟʘʥʦʶ ʘʜʨʝʩʦʶ 192.168.20.0/24 ʟ 

ʚʫʟʣʦʚʠʡ ʯʘʩʪʠʥʠ ʚ ʦʩʪʘʥʥʴʦʤʫ ʦʢʪʝʪʽ ʤʦʞʥʘ ʟʘʧʦʟʠʯʠʪʠ ʪʨʠ ʙʽʪʘ, ʱʦʙ 

ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʚʦʨʝʥʥʷ ʩʝʤʠ ʧʽʜʤʝʨʝʞ. ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʤʘʣʶʥʢʫ 2, ʧʨʠ 

ʟʘʧʦʟʠʯʝʥʥʽ ʪʨʴʦʭ ʙʽʪ ʤʦʞʥʘ ʩʪʚʦʨʠʪʠ 8 ʧʽʜʤʝʨʝʞ, ʘ ʨʝʰʪʠ ʧ'ʷʪʠ ʙʽʪ ʚ ʚʫʟʣʦʚʠʡ 

ʯʘʩʪʠʥʠ ʚʠʩʪʘʯʠʪʴ ʜʣʷ 30 ʘʜʨʝʩ ʚʫʟʣʽʚ ʚ ʢʦʞʥʽʡ ʧʽʜʤʝʨʝʞʽ. ʊʘʢʘ ʩʭʝʤʘ ʜʦʟʚʦʣʷʻ 

ʩʪʚʦʨʠʪʠ ʥʝʦʙʭʽʜʥʽ ʧʽʜʤʝʨʝʞʽ ʽ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ ʜʦ ʚʫʟʣʘ ʚ ʥʘʡʙʽʣʴʰʠʭ 

ʣʦʢʘʣʴʥʠʭ ʤʝʨʝʞʘʭ (LAN). 

ʍʦʯʘ ʧʨʠ ʪʘʢʦʤʫ ʩʪʘʥʜʘʨʪʥʦʤʫ ʨʦʟʧʦʜʽʣʽ ʥʘ ʧʽʜʤʝʨʝʞʽ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʚʠʤʦʛʘʤ ʜʦ ʥʘʡʙʽʣʴʰʠʭ ʣʦʢʘʣʴʥʠʭ ʤʝʨʝʞ (LAN) ʽ ʧʦʜʽʣ ʧʨʦʩʪʦʨʫ 

ʘʜʨʝʩ ʥʘ ʚʽʜʧʦʚʽʜʥʫ ʢʽʣʴʢʽʩʪʴ ʧʽʜʤʝʨʝʞ, ʮʝ ʚʩʝ ʦʜʥʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʦʛʦ 

ʥʝʦʙʛʨʫʥʪʦʚʘʥʦʛʦ ʚʠʪʨʘʯʘʥʥʷ ʟʘʡʚʠʭ ʘʜʨʝʩ. 

ʅʘʧʨʠʢʣʘʜ, ʚ ʢʦʞʥʽʡ ʧʽʜʤʝʨʝʞʽ ʜʣʷ ʪʨʴʦʭ ʢʘʥʘʣʽʚ WAN ʧʦʪʨʽʙʥʦ ʪʽʣʴʢʠ ʜʚʽ 

ʘʜʨʝʩʠ. ʆʩʢʽʣʴʢʠ ʢʦʞʥʘ ʟ ʧʽʜʤʝʨʝʞ ʤʽʩʪʠʪʴ 30 ʜʦʩʪʫʧʥʠʭ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʘʜʨʝʩ, ʚ ʢʦʞʥʽʡ ʟ ʧʽʜʤʝʨʝʞ ʚʠʷʚʣʷʻʪʴʩʷ 28 ʥʝʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʘʜʨʝʩ. ʗʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʤʘʣʶʥʢʫ 3, ʚ ʨʝʟʫʣʴʪʘʪʽ ʤʠ ʦʪʨʠʤʫʻʤʦ 84 ʥʝʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ 

ʘʜʨʝʩʠ (28x3). 

ʂʨʽʤ ʪʦʛʦ, ʮʝ ʪʘʢʦʞ ʦʙʤʝʞʫʻ ʨʦʟʰʠʨʝʥʥʷ ʤʝʨʝʞʽ ʚ ʤʘʡʙʫʪʥʴʦʤʫ, 

ʟʤʝʥʰʫʶʯʠ ʟʘʛʘʣʴʥʝ ʯʠʩʣʦ ʜʦʩʪʫʧʥʠʭ ʧʽʜʤʝʨʝʞ. ʊʘʢʝ ʥʝʝʬʝʢʪʠʚʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʜʨʝʩ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʪʨʘʜʠʮʽʡʥʦʛʦ ʧʦʜʽʣʫ ʥʘ ʧʽʜʤʝʨʝʞʽ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʨʘʜʠʮʽʡʥʦʾ ʩʭʝʤʠ ʧʦʜʽʣʫ ʥʘ ʧʽʜʤʝʨʝʞʽ ʟʘ ʪʘʢʠʤ ʩʮʝʥʘʨʽʻʤ ʥʝ ʻ 

ʝʬʝʢʪʠʚʥʠʤ ʽ ʤʘʻ ʥʘ ʫʚʘʟʽ ʥʝʜʦʮʽʣʴʥʝ ʚʠʪʨʘʯʘʥʥʷ ʨʝʩʫʨʩʽʚ. 

ʇʦʜʽʣ ʧʽʜʤʝʨʝʞʽ ʥʘ ʜʝʢʽʣʴʢʘ ʧʽʜʤʝʨʝʞ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʩʢʠ ʧʽʜʤʝʨʝʞʽ 

ʜʦʚʽʣʴʥʦʾ ʜʦʚʞʠʥʠ (Variable Length Subnet Mask, VLSM) ʜʦʟʚʦʣʷʻ ʨʦʟʧʦʜʽʣʷʪʠ 

ʥʘʙʘʛʘʪʦ ʤʝʥʰʝ çʟʘʡʚʠʭè ʘʜʨʝʩ. 

ʄʘʩʢʠ ʧʦʜʩʝʪʠ ʜʦʚʽʣʴʥʦʾ ʜʦʚʞʠʥʠ 

ɿʚʝʨʥʽʪʴ ʫʚʘʛʫ, ʱʦ ʫ ʚʩʽʭ ʧʦʧʝʨʝʜʥʽʭ ʧʨʠʢʣʘʜʘʭ ʧʦʜʽʣʫ ʥʘ ʧʽʜʤʝʨʝʞʽ ʜʦ 

ʚʩʽʭ ʧʦʜʩʝʪʷʤ ʟʘʩʪʦʩʦʚʫʚʘʣʘʩʷ ʦʜʥʘ ʤʘʩʢʘ ʧʽʜʤʝʨʝʞʽ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʚʩʽ 

ʧʽʜʤʝʨʝʞʽ ʤʽʩʪʷʪʴ ʦʜʥʘʢʦʚʝ ʯʠʩʣʦ ʜʦʩʪʫʧʥʠʭ ʘʜʨʝʩ ʚʫʟʣʽʚ. 

ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʤʘʣʶʥʢʫ 1, ʧʨʠ ʪʨʘʜʠʮʽʡʥʽʡ ʩʭʝʤʽ ʧʦʜʽʣʫ ʥʘ ʧʽʜʤʝʨʝʞʽ 

ʩʪʚʦʨʶʶʪʴʩʷ ʧʽʜʤʝʨʝʞʽ ʦʜʥʘʢʦʚʦʛʦ ʨʦʟʤʽʨʫ. ɺʩʽ ʧʽʜʤʝʨʝʞʽ ʚ ʪʨʘʜʠʮʽʡʥʽʡ ʩʭʝʤʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʦʜʥʫ ʽ ʪʫ ʞ ʤʘʩʢʫ ʧʽʜʤʝʨʝʞʽ. ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʤʘʣʶʥʢʫ 2, VLSM 

ʜʦʟʚʦʣʷʻ ʨʦʟʜʽʣʠʪʠ ʧʨʦʩʪʽʨ ʤʝʨʝʞʽ ʥʘ ʥʝʨʽʚʥʽ ʯʘʩʪʠʥʠ. VLSM-ʤʘʩʢʘ ʧʽʜʤʝʨʝʞʽ 

ʤʦʞʝ ʚʘʨʽʶʚʘʪʠʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʙʽʪ, ʷʢʽ ʙʫʣʠ ʟʘʧʦʟʠʯʝʥʽ ʜʣʷ 

ʢʦʥʢʨʝʪʥʦʾ ʧʦʜʩʝʪʠ. ʎʽ ʙʽʪʠ ʫʪʚʦʨʶʶʪʴ çʟʤʽʥʥʫè ʯʘʩʪʠʥʘ ʤʘʩʢʠ. 

ʇʦʜʽʣ ʥʘ ʧʽʜʤʝʨʝʞʽ ʟʘ ʜʦʧʦʤʦʛʦʶ VLSM ʩʭʦʞʝ ʟ ʪʨʘʜʠʮʽʡʥʠʤ ʧʦʜʽʣʦʤ ʥʘ 

ʧʽʜʤʝʨʝʞʽ ʚ ʪʦʤʫ, ʱʦ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʧʽʜʤʝʨʝʞ ʟʘʧʦʟʠʯʫʶʪʴʩʷ ʙʽʪʠ. ʗʢ ʽ ʨʘʥʽʰʝ 



ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʬʦʨʤʫʣʠ ʨʦʟʨʘʭʫʥʢʫ ʯʠʩʣʘ ʚʫʟʣʽʚ ʚ ʢʦʞʥʽʡ ʧʽʜʤʝʨʝʞʽ ʽ ʯʠʩʣʘ 

ʩʪʚʦʨʶʚʘʥʠʭ ʧʽʜʤʝʨʝʞ. 

ʈʽʟʥʠʮʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʧʦʜʽʣ ʥʘ ʧʽʜʤʝʨʝʞʽ ʥʝ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʦʜʠʥ 

ʝʪʘʧ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ VLSM ʤʝʨʝʞʫ ʩʧʦʯʘʪʢʫ ʨʦʟʜʽʣʷʻʪʴʩʷ ʥʘ ʧʽʜʤʝʨʝʞʽ, ʘ 

ʧʦʪ̔ʤ ʧʽʜʤʝʨʝʞʽ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʪʘʢʦʞ ʨʦʟʙʠʚʘʶʪʴʩʷ ʥʘ ʧʽʜʤʝʨʝʞʽ. ʎʝʡ ʧʨʦʮʝʩ 

ʤʦʞʥʘ ʧʦʚʪʦʨʶʚʘʪʠ ʙʘʛʘʪʦʨʘʟʦʚʦ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʧʽʜʤʝʨʝʞ ʨʽʟʥʠʭ ʨʦʟʤʽʨʽʚ. 

ʇʨʠʤʽʪʢʘ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ VLSM, ʟʘʚʞʜʠ ʧʦʯʠʥʘʡʪʝ ʟ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʚʠʤʦʛʘʤ ʜʦ ʚʫʟʣʽʚ ʚ ʥʘʡʙʽʣʴʰʠʭ ʧʦʜʩʝʪʷʭ. ʇʨʦʜʦʚʞʫʡʪʝ ʨʦʟʙʠʪʪʷ 

ʜʦ ʪʠʭ ʧʽʨ, ʧʦʢʠ ʥʝ ʙʫʜʫʪʴ ʟʘʜʦʚʦʣʝʥʽ ʚʠʤʦʛʠ ʜʦ ʚʫʟʣʽʚ ʚ ʥʘʡʤʝʥʰʽʡ ʧʽʜʤʝʨʝʞʽ. 

ɹʘʟʦʚʘ ʤʦʜʝʣʴ VLSM 

ʑʦʙ ʢʨʘʱʝ ʟʨʦʟʫʤʽʪʠ ʧʨʦʮʝʩ ʟʘʩʪʦʩʫʚʘʥʥʷ VLSM, ʧʦʚʝʨʥʝʤʦʩʷ ʜʦ 

ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʨʠʢʣʘʜʫ, ʧʦʢʘʟʘʥʦʤʫ ʥʘ ʤʘʣʶʥʢʫ 1. ʄʝʨʝʞʘ 192.168.20.0/24 

ʙʫʣʘ ʨʦʟʙʠʪʘ ʥʘ ʚʽʩʽʤ ʧʽʜʤʝʨʝʞ ʦʜʥʘʢʦʚʦʛʦ ʨʦʟʤʽʨʫ. ʉʽʤ ʟ ʚʦʩʴʤʠ ʧʽʜʤʝʨʝʞ 

ʙʫʣʠ ʚʠʜʽʣʝʥʽ. ʏʦʪʠʨʠ ʧʽʜʤʝʨʝʞʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʜʣʷ ʣʦʢʘʣʴʥʠʭ ʤʝʨʝʞ 

(LAN), ʘ ʪʨʠ ʧʽʜʤʝʨʝʞʽ - ʜʣʷ ʢʘʥʘʣʽʚ ʤʝʨʝʞʽ WAN ʤʽʞ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤʠ. ʗʢ 

ʚʠ ʧʘʤ'ʷʪʘʻʪʝ, ʚ ʧʦʜʩʝʪʷʭ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʜʣʷ ʢʘʥʘʣʽʚ ʤʝʨʝʞʽ WAN, ʙʫʣʠ 

ʥʝʚʠʢʦʨʠʩʪʦʚʫʚʘʥʽ ʘʜʨʝʩʠ, ʪʘʢ ʷʢ ʚ ʮʠʭ ʧʦʜʩʝʪʷʭ ʧʦʪʨʽʙʥʽ ʪʽʣʴʢʠ ʜʚʽ ʘʜʨʝʩʠ - ʧʦ 

ʦʜʥʦʤʫ ʜʣʷ ʢʦʞʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ. ʑʦʙ ʟʘʧʦʙʽʛʪʠ ʥʝʝʬʝʢʪʠʚʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʜʨʝʩ, ʟʘ ʜʦʧʦʤʦʛʦʶ VLSM ʤʦʞʥʘ ʩʪʚʦʨʠʪʠ ʙʽʣʴʰ ʜʨʽʙʥʽ 

ʧʽʜʤʝʨʝʞʽ ʜʣʷ ʢʘʥʘʣʽʚ ʤʝʨʝʞʽ WAN. 

ʑʦʙ ʩʪʚʦʨʠʪʠ ʙʽʣʴʰ ʜʨʽʙʥʽ ʧʽʜʤʝʨʝʞʽ ʜʣʷ ʢʘʥʘʣʽʚ ʤʝʨʝʞʽ WAN, ʦʜʥʘ ʟ 

ʧʽʜʤʝʨʝʞ ʙʫʜʝ ʨʦʟʜʽʣʝʥʘ. ʋ ʮʴʦʤʫ ʧʨʠʢʣʘʜʽ ʦʩʪʘʥʥʷ ʧʽʜʤʝʨʝʞʘ 

192.168.20.224/27 ʙʫʜʝ ʜʦʜʘʪʢʦʚʦ ʨʦʟʙʠʪʘ ʥʘ ʧʽʜʤʝʨʝʞʽ. 

ʗʢ ʚʠ ʧʘʤ'ʷʪʘʻʪʝ, ʷʢʱʦ ʚʽʜʦʤʦ ʥʝʦʙʭʽʜʥʫ ʢʽʣʴʢʽʩʪʴ ʘʜʨʝʩ ʚʫʟʣʽʚ, ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʬʦʨʤʫʣʫ 2 ^ n-2 (ʜʝ n - ʢʽʣʴʢʽʩʪʴ ʙʽʪ ʚ ʚʫʟʣʦʚʠʡ ʯʘʩʪʠʥʠ). ʑʦʙ 

ʦʪʨʠʤʘʪʠ ʜʚʘ ʜʦʩʪʫʧʥʠʭ ʘʜʨʝʩʠ, ʚ ʡʦʛʦ ʚʫʟʣʦʚʠʡ ʯʘʩʪʠʥʠ ʧʦʚʠʥʥʽ ʟʘʣʠʰʠʪʠʩʷ 

ʜʚʘ ʙʽʪʘ. 

ʆʩʢʽʣʴʢʠ ʚ ʨʦʟʙʠʪʦʤʫ ʥʘ ʧʽʜʤʝʨʝʞʽ ʘʜʨʝʩʥʦʤʫ ʧʨʦʩʪʦʨʽ 192.168.20.224/27 ʻ 

5 ʙʽʪ ʚ ʚʫʟʣʦʚʠʡ ʯʘʩʪʠʥʠ, ʱʝ ʪʨʠ ʙʽʪʘ ʤʦʞʥʘ ʟʘʧʦʟʠʯʠʪʠ, ʟʘʣʠʰʠʚʰʠ 2 ʙʽʪʘ ʚ 

ʚʫʟʣʦʚʠʡ ʯʘʩʪʠʥʠ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʤʘʣʶʥʢʫ 2. ʅʘ ʜʘʥʦʤʫ ʝʪʘʧʽ ʨʦʟʨʘʭʫʥʢʠ ʚ 

ʪʦʯʥʦʩʪʽ ʟʙʽʛʘʶʪʴʩʷ ʟ ʨʦʟʨʘʭʫʥʢʘʤʠ ʧʨʠ ʪʨʘʜʠʮʽʡʥʦʤʫ ʨʦʟʙʠʪʪʽ ʥʘ ʧʽʜʤʝʨʝʞʽ. 

ɹʽʪʠ ʟʘʧʦʟʠʯʫʶʪʴʩʷ, ʚʠʟʥʘʯʘʶʯʠ ʜʽʘʧʘʟʦʥʠ ʧʽʜʤʝʨʝʞ. 

ʊʘʢʘ ʩʭʝʤʘ VLSM-ʨʦʟʙʠʪʪʷ ʥʘ ʧʽʜʤʝʨʝʞʽ ʟʤʝʥʰʫʻ ʢʽʣʴʢʽʩʪʴ ʘʜʨʝʩ ʚ ʢʦʞʥʽʡ 

ʧʽʜʤʝʨʝʞʽ ʜʦ ʚʽʜʧʦʚʽʜʥʦʛʦ ʨʦʟʤʽʨʫ ʟ'ʻʜʥʘʥʴ ʟ ʛʣʦʙʘʣʴʥʦʶ ʤʝʨʝʞʝʶ. ʈʦʟʙʠʪʪʷ 

ʧʽʜʤʝʨʝʞʽ 7 ʜʣʷ ʤʝʨʝʞ WAN ʟʘʣʠʰʘʻ ʜʦʩʪʫʧʥʠʤʠ ʧʽʜʤʝʨʝʞʽ 4, 5 ʽ 6 ʜʣʷ 

ʤʘʡʙʫʪʥʽʭ ʤʝʨʝʞ, ʘ ʪʘʢʦʞ 5 ʜʦʜʘʪʢʦʚʠʭ ʧʽʜʤʝʨʝʞ ʜʣʷ ʤʝʨʝʞ WAN. 

VLSM ʥʘ ʧʨʘʢʪʠʮʽ 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ VLSM-ʧʽʜʤʝʨʝʞ ʜʣʷ ʩʝʛʤʝʥʪʽʚ ʣʦʢʘʣʴʥʦʾ (LAN) ʪʘ 

ʛʣʦʙʘʣʴʥʦʾ (WAN) ʤʝʨʝʞʽ ʤʦʞʥʘ ʚʠʜʽʣʷʪʠ ʘʜʨʝʩʠ ʙʝʟ ʥʝʧʦʪʨʽʙʥʠʭ ʚʪʨʘʪ. 

ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʤʘʣʶʥʢʫ 1, ʚʫʟʣʽʚ ʫ ʚʩʽʭ ʣʦʢʘʣʴʥʠʭ ʤʝʨʝʞʘʭ (LAN) ʙʫʜʝ 

ʧʨʠʩʚʦʻʥʦ ʜʦʧʫʩʪʠʤʠʡ ʘʜʨʝʩʫ ʚʫʟʣʘ ʚ ʜʽʘʧʘʟʦʥʽ ʮʽʻʾ ʧʽʜʤʝʨʝʞʽ ʽ ʟ ʤʘʩʢʦʶ / 27. ʋ 

ʢʦʞʥʦʛʦ ʟ ʯʦʪʠʨʴʦʭ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ ʙʫʜʝ LAN-ʽʥʪʝʨʬʝʡʩ ʟ ʧʽʜʤʝʨʝʞʝʶ / 27, ʘ 

ʪʘʢʦʞ ʦʜʠʥ ʘʙʦ ʢʽʣʴʢʘ ʧʦʩʣʽʜʦʚʥʠʭ ʽʥʪʝʨʬʝʡʩʽʚ ʟ ʧʽʜʤʝʨʝʞʝʶ / 30. 

ʋ ʩʪʘʥʜʘʨʪʥʽʡ ʩʭʝʤʽ ʘʜʨʝʩʘʮʽʾ IPv4-ʘʜʨʝʩ ʧʝʨʰʦʛʦ ʚʫʟʣʘ ʚ ʢʦʞʥʽʡ 

ʧʽʜʤʝʨʝʞʽ ʧʨʠʟʥʘʯʘʻʪʴʩʷ LAN-ʽʥʪʝʨʬʝʡʩʫ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ. WAN-

ʽʥʪʝʨʬʝʡʩʘʤʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ ʧʨʠʟʥʘʯʘʶʪʴʩʷ IP-ʘʜʨʝʩʠ ʽ ʤʘʩʢʘ ʜʣʷ ʧʽʜʤʝʨʝʞ / 

30. 



 
ʈʠʩ. 2.1.22 

ɺʫʟʣʠ ʚ ʢʦʞʥʽʡ ʧʽʜʤʝʨʝʞʽ ʤʘʪʠʤʫʪʴ IPv4-ʘʜʨʝʩ ʟ ʜʽʘʧʘʟʦʥʫ ʘʜʨʝʩ ʮʽʻʾ 

ʧʽʜʤʝʨʝʞʽ ʽ ʚʽʜʧʦʚʽʜʥʫ ʤʘʩʢʫ. ɺʫʟʣʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʤʫʪʴ ʘʜʨʝʩʫ ʧʽʜʢʣʶʯʝʥʦʛʦ 

LAN-ʽʥʪʝʨʬʝʡʩʫ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʚ ʷʢʦʩʪʽ ʘʜʨʝʩʠ ʰʣʶʟʫ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ. 

ʐʣʶʟ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʜʣʷ ʚʫʟʣʽʚ ɹʫʜʠʥʢʠ ɸ (192.168.20.0/27) ʙʫʜʝ 

192.168.20.1. 

ʐʣʶʟ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʜʣʷ ʚʫʟʣʽʚ ɹʫʜʠʥʢʠ ɹ (192.168.20.32/27) ʙʫʜʝ 

192.168.20.33. 

ʐʣʶʟ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʜʣʷ ʚʫʟʣʽʚ ɹʫʜʠʥʢʠ ɺ (192.168.20.64/27) ʙʫʜʝ 

192.168.20.65. 

ʐʣʶʟ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʜʣʷ ʚʫʟʣʽʚ ɹʫʜʠʥʢʠ ɻ (192.168.20.96/27) ʙʫʜʝ 

192.168.20.97. 

ʩʭʝʤʘ VLSM 

ʉʭʝʤʘ ʘʜʨʝʩʘʮʽʾ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ, ʱʦʙ ʚʠʟʥʘʯʠʪʠ, ʷʢʽ ʙʣʦʢʠ ʘʜʨʝʩ 

ʜʦʩʪʫʧʥʽ ʽ ʷʢʽ ʟ ʥʠʭ ʚʞʝ ʧʨʠʟʥʘʯʝʥʽ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʤʘʣʶʥʢʫ 1. ʎʝʡ ʤʝʪʦʜ 

ʜʦʟʚʦʣʷʻ ʟʘʧʦʙʽʛʪʠ ʧʨʠʟʥʘʯʝʥʥʷ ʚʞʝ ʚʠʜʽʣʝʥʠʭ ʘʜʨʝʩ. 

ʗʢ ʧʦʢʘʟʘʥʦ ʚ ʩʭʝʤʽ VLSM ʥʘ ʤʘʣʶʥʢʫ 2, ʱʦʙ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʘʜʨʝʩʥʠʡ ʧʨʦʩʪʽʨ, ʜʣʷ ʢʘʥʘʣʽʚ ʤʝʨʝʞʽ WAN ʙʫʣʠ ʩʪʚʦʨʝʥʽ 

ʧʽʜʤʝʨʝʞʽ / 30. ʑʦʙ ʦʙ'ʻʜʥʘʪʠ ʥʝʚʠʢʦʨʠʩʪʦʚʫʚʘʥʽ ʙʣʦʢʠ ʘʜʨʝʩ ʚ ʥʝʨʦʟʨʠʚʥʝ 

ʘʜʨʝʩʥʠʡ ʧʨʦʩʪʽʨ, ʦʩʪʘʥʥʷ ʧʽʜʤʝʨʝʞʘ / 27 ʙʫʣʘ ʜʦʜʘʪʢʦʚʦ ʨʦʟʙʠʪʘ ʥʘ ʧʽʜʤʝʨʝʞʽ 

ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʧʽʜʤʝʨʝʞ / 30. ʇʝʨʰʽ 3 ʧʽʜʤʝʨʝʞʽ ʙʫʣʠ ʧʨʠʟʥʘʯʝʥʽ ʢʘʥʘʣʘʭ 

ʤʝʨʝʞʽ WAN. 



 
ʈʠʩ. 2.1.23 

ʇʨʠ ʧʦʜʽʙʥʦʤʫ ʧʨʦʝʢʪʫʚʘʥʥʽ ʩʭʝʤʠ ʘʜʨʝʩʘʮʽʾ ʟʘʣʠʰʘʶʪʴʩʷ ʪʨʠ 

ʥʝʚʠʢʦʨʠʩʪʦʚʫʚʘʥʽ ʧʽʜʤʝʨʝʞʽ ʟ ʥʝʨʦʟʨʠʚʥʠʤ ʘʜʨʝʩʥʠʤ ʧʨʦʩʪʦʨʦʤ / 27 ʽ ʧ'ʷʪʴ 

ʥʝʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʧʽʜʤʝʨʝʞ ʟ ʥʝʨʦʟʨʠʚʥʠʤ ʘʜʨʝʩʥʠʤ ʧʨʦʩʪʦʨʦʤ / 30. 

ʇʣʘʥʫʚʘʥʥʷ ʘʜʨʝʩʘʮʽʾ ʤʝʨʝʞʽ 

ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʤʘʣʶʥʢʫ, ʚʠʜʽʣʝʥʥʷ ʚ ʢʦʨʧʦʨʘʪʠʚʥʽʡ ʤʝʨʝʞʽ ʘʜʨʝʩʥʦʛʦ 

ʧʨʦʩʪʦʨʫ ʥʘ ʤʝʨʝʞʝʚʦʤʫ ʨʽʚʥʽ ʥʝʦʙʭʽʜʥʦ ʨʝʪʝʣʴʥʦ ʩʧʨʦʝʢʪʫʚʘʪʠ. ɸʜʨʝʩʠ ʥʝ 

ʧʦʚʠʥʥʽ ʧʨʠʟʥʘʯʘʪʠʩʷ ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ. 

ʇʨʠ ʧʣʘʥʫʚʘʥʥʽ ʧʽʜʤʝʨʝʞ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʚʠʤʦʛʠ ʦʨʛʘʥʽʟʘʮʽʾ ʜʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʨʝʞʽ ʽ ʧʝʨʝʜʙʘʯʫʚʘʥʫ ʩʪʨʫʢʪʫʨʫ ʧʽʜʤʝʨʝʞ. ɼʣʷ ʧʦʯʘʪʢʫ 

ʥʝʦʙʭʽʜʥʦ ʚʠʚʯʠʪʠ ʚʠʤʦʛʠ ʜʦ ʤʝʨʝʞʽ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʧʦʪʨʽʙʥʦ ʚʠʚʯʠʪʠ ʚʩʶ 

ʤʝʨʝʞʫ, ʚʠʟʥʘʯʠʪʠ ʾʾ ʦʩʥʦʚʥʽ ʯʘʩʪʠʥʠ ʽ ʨʦʟʜʽʣʠʪʠ ʾʭ ʥʘ ʩʝʛʤʝʥʪʠ. ʇʣʘʥ 

ʨʦʟʧʦʜʽʣʫ ʘʜʨʝʩ ʤʽʩʪʠʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʥʝʦʙʭʽʜʥʦʤʫ ʨʦʟʤʽʨʽ ʧʽʜʤʝʨʝʞʽ, 

ʢʽʣʴʢʦʩʪʽ ʚʫʟʣʽʚ ʽ ʧʨʠʥʮʠʧʽ ʧʨʠʟʥʘʯʝʥʥʷ ʘʜʨʝʩ ʚʫʟʣʘʤ. ʂʨʽʤ ʪʦʛʦ, ʥʝʦʙʭʽʜʥʦ 

ʚʠʟʥʘʯʠʪʠ ʚʫʟʣʠ, ʷʢʠʤ ʧʦʪʨʽʙʥʦ ʚʠʜʽʣʠʪʠ ʩʪʘʪʠʯʥʽ IPv4-ʘʜʨʝʩʠ, ʽ ʚʫʟʣʠ, ʷʢʽ 

ʟʤʦʞʫʪʴ ʦʪʨʠʤʫʚʘʪʠ ʤʝʨʝʞʝʚʽ ʥʘʩʪʨʦʡʢʠ ʧʦ ʧʨʦʪʦʢʦʣʫ DHCP. 

ɺʠʟʥʘʯʘʶʯʠ ʨʦʟʤʽʨ ʧʽʜʤʝʨʝʞʽ, ʥʝʦʙʭʽʜʥʦ ʦʮʽʥʠʪʠ ʢʽʣʴʢʽʩʪʴ ʚʫʟʣʽʚ, ʷʢʠʤ 

ʙʫʜʫʪʴ ʧʦʪʨʽʙʥʽ IPv4-ʘʜʨʝʩʠ ʚ ʢʦʞʥʽʡ ʧʽʜʤʝʨʝʞʽ ʚ ʨʘʤʢʘʭ ʨʦʟʜʽʣʝʥʦʾ ʧʨʠʚʘʪʥʦʾ 

ʤʝʨʝʞʽ. ʅʘʧʨʠʢʣʘʜ, ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʤʝʨʝʞʽ ʢʘʤʧʫʩʫ ʧʦʪʨʽʙʥʦ ʦʮʽʥʠʪʠ 

ʢʽʣʴʢʽʩʪʴ ʚʫʟʣʽʚ ʚ ʣʦʢʘʣʴʥʽʡ ʤʝʨʝʞʽ ʘʜʤʽʥʽʩʪʨʘʪʦʨʽʚ, ʚ ʣʦʢʘʣʴʥʽʡ ʤʝʨʝʞʽ 

ʚʠʢʣʘʜʘʯʽʚ ʽ ʚ ʣʦʢʘʣʴʥʽʡ ʤʝʨʝʞʽ ʫʯʥʽʚ. ʋ ʜʦʤʘʰʥʽʡ ʤʝʨʝʞʽ ʤʦʞʥʘ ʦʮʽʥʠʪʠ 

ʢʽʣʴʢʽʩʪʴ ʚʫʟʣʽʚ ʚ ʣʦʢʘʣʴʥʽʡ ʤʝʨʝʞʽ ʞʠʪʣʦʚʦʾ ʟʦʥʠ ʽ ʚ ʣʦʢʘʣʴʥʽʡ ʤʝʨʝʞʽ 

ʜʦʤʘʰʥʴʦʛʦ ʦʬʽʩʫ. 

ʗʢ ʫʞʝ ʟʛʘʜʫʚʘʣʦʩʷ ʨʘʥʽʰʝ, ʜʽʘʧʘʟʦʥ ʧʨʠʚʘʪʥʠʭ IPv4-ʘʜʨʝʩ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʣʦʢʘʣʴʥʽʡ ʤʝʨʝʞʽ (LAN), ʚʠʙʠʨʘʻʪʴʩʷ ʤʝʨʝʞʝʚʠʤ 

ʘʜʤʽʥʽʩʪʨʘʪʦʨʦʤ, ʽ ʜʦ ʚʠʙʦʨʫ ʮʴʦʛʦ ʜʽʘʧʘʟʦʥʫ ʩʣʽʜ ʧʦʩʪʘʚʠʪʠʩʷ ʟ ʥʘʣʝʞʥʦʶ 

ʫʚʘʛʦʶ. ʅʝʦʙʭʽʜʥʦ ʧʝʨʝʢʦʥʘʪʠʩʷ, ʱʦ ʢʽʣʴʢʦʩʪʽ ʘʜʨʝʩ ʙʫʜʝ ʜʦʩʪʘʪʥʴʦ ʜʣʷ 



ʘʢʪʠʚʥʠʭ ʚ ʜʘʥʠʡ ʤʦʤʝʥʪ ʚʫʟʣʽʚ ʽ ʜʣʷ ʤʘʡʙʫʪʥʴʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʤʝʨʝʞʽ. 

ɿʘʧʘʤ'ʷʪʘʡʪʝ ʜʽʘʧʘʟʦʥʠ ʧʨʠʚʘʪʥʠʭ IPv4-ʘʜʨʝʩ: 

10.0.0.0 - 10.255.255.255 ʟ ʤʘʩʢʦʶ ʧʽʜʤʝʨʝʞʽ 255.0.0.0 ʘʙʦ / 8 

172.16.0.0 - 172.31.255.255 ʟ ʤʘʩʢʦʶ ʧʽʜʤʝʨʝʞʽ 255.240.0.0 ʘʙʦ / 12 

192.168.0.0 - 192.168.255.255 ʟ ʤʘʩʢʦʶ ʧʽʜʤʝʨʝʞʽ 255.255.0.0 ʘʙʦ / 16 

ʅʘ ʧʽʜʩʪʘʚʽ ʚʠʤʦʛ ʜʦ IPv4-ʘʜʨʝʩ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʜʽʘʧʘʟʦʥ ʘʙʦ ʜʽʘʧʘʟʦʥʠ 

ʚʫʟʣʽʚ ʜʣʷ ʨʦʟʛʦʨʪʘʥʥʷ. ʇʽʩʣʷ ʨʦʟʙʠʪʪʷ ʦʙʨʘʥʦʛʦ ʧʨʦʩʪʦʨʫ ʧʨʠʚʘʪʥʠʭ IPv4-

ʘʜʨʝʩ ʥʘ ʧʽʜʤʝʨʝʞʽ ʙʫʜʫʪʴ ʦʪʨʠʤʘʥʽ ʘʜʨʝʩʠ ʚʫʟʣʽʚ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤ ʜʦ 

ʤʝʨʝʞʽ. 

ʇʫʙʣʽʯʥʽ ʘʜʨʝʩʠ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʽ ʜʣʷ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ɯʥʪʝʨʥʝʪʫ, ʟʘʟʚʠʯʘʡ 

ʚʠʜʽʣʷʶʪʴʩʷ ʦʧʝʨʘʪʦʨʦʤ ʟʚ'ʷʟʢʫ. ʍʦʯʘ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʪʽ ʞ 

ʧʨʠʥʮʠʧʠ ʨʦʟʙʠʚʢʠ ʥʘ ʧʽʜʤʝʨʝʞʽ, ʮʝ ʥʝ ʟʘʚʞʜʠ ʻ ʦʙʦʚ'ʷʟʢʦʤ ʘʜʤʽʥʽʩʪʨʘʪʦʨʘ 

ʤʝʨʝʞʽ ʦʨʛʘʥʽʟʘʮʽʾ. 

ʇʣʘʥʫʚʘʥʥʷ ʚʠʜʽʣʝʥʥʷ ʘʜʨʝʩ ʚ ʤʝʨʝʞʽ 

ʅʘ ʤʘʣʶʥʢʫ ʧʦʢʘʟʘʥʦ ʪʨʠ ʦʩʥʦʚʥʽ ʤʦʤʝʥʪʠ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʫʚʘʪʠ ʧʨʠ 

ʧʣʘʥʫʚʘʥʥʽ ʚʠʜʽʣʝʥʥʷ ʘʜʨʝʩ. 

ɿʘʧʦʙʽʛʘʥʥʷ ʜʫʙʣʶʚʘʥʥʷ ʘʜʨʝʩ: ʢʦʞʝʥ ʚʫʟʦʣ ʚ ʤʝʨʝʞʝʚʽʡ ʽʥʬʨʘʩʪʨʫʢʪʫʨʽ 

ʧʦʚʠʥʝʥ ʤʘʪʠ ʫʥʽʢʘʣʴʥʫ ʘʜʨʝʩʫ. ɹʝʟ ʥʘʣʝʞʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʜʦʢʫʤʝʥʪʫʚʘʥʥʷ 

ʘʜʨʝʩʘ ʤʦʞʝ ʙʫʪʠ ʧʨʠʟʥʘʯʝʥʠʡ ʜʝʢʽʣʴʢʦʤ ʚʫʟʣʘʤ, ʱʦ ʧʨʠʟʚʝʜʝ ʜʦ ʧʨʦʙʣʝʤ 

ʜʦʩʪʫʧʫ ʜʦ ʤʝʨʝʞʽ ʮʠʭ ʚʫʟʣʽʚ. 

ʅʘʜʘʥʥʷ ʜʦʩʪʫʧʫ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʥʠʤ: ʜʝʷʢʽ ʚʫʟʣʠ, ʪʘʢʽ ʷʢ ʩʝʨʚʝʨʠ, ʥʘʜʘʶʪʴ 

ʨʝʩʫʨʩʠ ʽ ʚʥʫʪʨʽʰʥʽʤ, ʽ ʟʦʚʥʽʰʥʽʤ ʚʫʟʣʽʚ. ʇʨʠʟʥʘʯʝʥʠʡ ʩʝʨʚʝʨʘ ʘʜʨʝʩʫ 3-ʛʦ 

ʨʽʚʥʷ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʜʦʩʪʫʧʦʤ ʜʦ ʮʴʦʛʦ ʩʝʨʚʝʨʘ. ʗʢʱʦ 

ʘʜʨʝʩʘ ʧʨʠʟʥʘʯʝʥʘ ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ ʽ ʥʽʜʝ ʥʝ ʟʘʜʦʢʫʤʝʥʪʦʚʘʥʦ, ʫʧʨʘʚʣʷʪʠ 

ʜʦʩʪʫʧʦʤ ʙʫʜʝ ʩʢʣʘʜʥʽʰʝ. 

ɺ ʨʘʤʢʘʭ ʤʦʥʽʪʦʨʠʥʛʫ ʙʝʟʧʝʢʠ ʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚʫʟʣʽʚ ʤʝʨʝʞʝʚʠʡ ʪʨʘʬʽʢ 

ʘʥʘʣʽʟʫʻʪʴʩʷ ʥʘ ʥʘʷʚʥʽʩʪʴ IP-ʘʜʨʝʩ ʜʞʝʨʝʣʘ, ʷʢʽ ʛʝʥʝʨʫʶʪʴ ʘʙʦ ʦʪʨʠʤʫʶʪʴ 

ʚʝʣʠʢʝ ʯʠʩʣʦ ʧʘʢʝʪʽʚ. ʇʨʠ ʥʘʣʝʞʥʦʤʫ ʧʣʘʥʫʚʘʥʥʽ ʽ ʜʦʢʫʤʝʥʪʫʚʘʥʥʽ ʘʜʨʝʩʘʮʽʾ ʚ 

ʤʝʨʝʞʽ ʧʨʦʙʣʝʤʥʽ ʧʨʠʩʪʨʦʶ ʤʦʞʥʘ ʣʝʛʢʦ ʚʠʷʚʠʪʠ. 

ʇʨʠʩʚʦʻʥʥʷ ʘʜʨʝʩ ʧʨʠʩʪʨʦʾʚ 

ʋ ʤʝʨʝʞʽ ʽʩʥʫʶʪʴ ʧʨʠʩʪʨʦʾ ʨʽʟʥʠʭ ʪʠʧʽʚ, ʷʢʠʤ ʧʦʪʨʽʙʥʽ ʘʜʨʝʩʠ, ʚʢʣʶʯʘʶʯʠ 

ʥʘʩʪʫʧʥʽ: 

ʂʣʽʻʥʪʩʴʢʽ ʧʨʠʩʪʨʦʾ ʢʽʥʮʝʚʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ. ɹʽʣʴʰʽʩʪʴ ʤʝʨʝʞ ʜʠʥʘʤʽʯʥʦ 

ʚʠʜʽʣʷʶʪʴ ʘʜʨʝʩʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʪʦʢʦʣʫ ʜʠʥʘʤʽʯʥʦʾ ʥʘʩʪʨʦʡʢʠ ʚʫʟʣʘ 

(DHCP). ʎʝ ʩʢʦʨʦʯʫʻ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʝʨʩʦʥʘʣ, ʷʢʠʡ ʟʘʡʤʘʻʪʴʩʷ ʧʽʜʪʨʠʤʢʦʶ 

ʤʝʨʝʞʽ, ʽ ʬʘʢʪʠʯʥʦ ʫʩʫʚʘʻ ʧʦʤʠʣʢʠ ʚʚʝʜʝʥʥʷ. ʊʘʢʦʞ ʘʜʨʝʩʠ ʚʠʜʘʶʪʴʩʷ ʥʘ 

ʧʝʚʥʠʡ ʧʝʨʽʦʜ ʯʘʩʫ. ɿʤʽʥʘ ʩʭʝʤʠ ʨʦʟʙʠʪʪʷ ʥʘ ʧʽʜʤʝʨʝʞʽ ʦʟʥʘʯʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʧʦʚʪʦʨʥʦʾ ʥʘʩʪʨʦʡʢʠ DHCP-ʩʝʨʚʝʨʘ ʪʘ ʧʦʥʦʚʣʝʥʥʷ IP-ʘʜʨʝʩ ʢʣʽʻʥʪʘʤʠ. ʂʣʽʻʥʪʠ 

IPv6 ʤʦʞʫʪʴ ʦʪʨʠʤʘʪʠ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʘʜʨʝʩʫ ʟʘ ʜʦʧʦʤʦʛʦʶ DHCPv6 ʘʙʦ SLAAC. 

ʉʝʨʚʝʨʠ ʽ ʧʝʨʠʬʝʨʽʡʥʽ ʧʨʠʩʪʨʦʾ. ɺʦʥʠ ʧʦʚʠʥʥʽ ʤʘʪʠ ʧʝʨʝʜʙʘʯʫʚʘʥʠʡ 

ʩʪʘʪʠʯʥʠʡ IP-ʘʜʨʝʩʫ. ɺʠʢʦʨʠʩʪʦʚʫʡʪʝ ʩʫʮʽʣʴʥʫ ʥʫʤʝʨʘʮʽʶ ʜʣʷ ʪʘʢʠʭ ʧʨʠʩʪʨʦʾʚ. 

ʉʝʨʚʝʨʠ, ʜʦʩʪʫʧʥʽ ʟ ɯʥʪʝʨʥʝʪʫ. ʋ ʙʘʛʘʪʴʦʭ ʤʝʨʝʞʘʭ ʩʝʨʚʝʨʠ ʧʦʚʠʥʥʽ ʙʫʪʠ 

ʜʦʩʪʫʧʥʽ ʜʣʷ ʚʽʜʜʘʣʝʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʋ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʮʠʭ ʩʝʨʚʝʨʽʚ 

ʧʨʠʩʚʦʶʶʪʴʩʷ ʧʨʠʚʘʪʥʽ ʚʥʫʪʨʽʰʥʽ ʘʜʨʝʩʠ. ʄʘʨʰʨʫʪʠʟʘʪʦʨ ʘʙʦ ʤʽʞʤʝʨʝʞʝʚʠʡ 

ʝʢʨʘʥ, ʨʦʟʪʘʰʦʚʘʥʽ ʧʦ ʧʝʨʠʤʝʪʨʫ ʤʝʨʝʞʽ, ʧʦʚʠʥʥʽ ʙʫʪʠ ʥʘʣʘʰʪʦʚʘʥʽ ʥʘ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʘʜʨʝʩʠ ʩʝʨʚʝʨʘ ʚ ʧʫʙʣʽʯʥʠʡ ʘʜʨʝʩʫ. 



ʇʨʦʤʽʞʥʽ ʧʨʠʩʪʨʦʾ. ʊʘʢʠʤ ʧʨʠʩʪʨʦʾʚ ʘʜʨʝʩʠ ʧʨʠʟʥʘʯʘʶʪʴʩʷ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ 

ʤʝʨʝʞʝʶ, ʾʾ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ. ʆʩʢʽʣʴʢʠ ʥʘʤ ʥʝʦʙʭʽʜʥʦ 

ʟʥʘʪʠ, ʷʢ ʟʚ'ʷʟʘʪʠʩʷ ʟ ʧʨʦʤʽʞʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ, ʫ ʪʘʢʠʭ ʧʨʠʩʪʨʦʾʚ ʧʦʚʠʥʥʽ ʙʫʪʠ 

ʧʝʨʝʜʙʘʯʫʚʘʥʽ ʩʪʘʪʠʯʥʦ ʟʘʜʘʥʽ ʘʜʨʝʩʠ. 

ʐʣʶʟ. IP-ʘʜʨʝʩʠ ʧʨʠʟʥʘʯʘʶʪʴʩʷ ʢʦʞʥʦʤʫ ʽʥʪʝʨʬʝʡʩʫ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ ʽ 

ʧʨʠʩʪʨʦʾʚ ʙʨʘʥʜʤʘʫʝʨʘ, ʷʢʽ ʩʣʫʞʘʪʴ ʰʣʶʟʦʤ ʜʣʷ ʚʫʟʣʽʚ ʚ ʤʝʨʝʞʽ. ʗʢ ʧʨʘʚʠʣʦ, 

ʜʣʷ ʽʥʪʝʨʬʝʡʩʫ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘʡʤʦʣʦʜʰʠʡ ʘʙʦ 

ʥʘʡʩʪʘʨʰʠʡ ʘʜʨʝʩʫ ʚ ʤʝʨʝʞʽ. 

ʋ ʪʘʙʣʠʮʽ ʥʘ ʤʘʣʶʥʢʫ ʧʦʢʘʟʘʥʠʡ ʧʨʠʢʣʘʜ ʚʠʜʽʣʝʥʥʷ ʘʜʨʝʩ ʜʣʷ ʥʝʚʝʣʠʢʦʾ 

ʤʝʨʝʞʽ. 

ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʩʭʝʤʠ IP-ʘʜʨʝʩʘʮʽʾ ʟʘʟʚʠʯʘʡ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʛʦʪʦʚʠʡ ʰʘʙʣʦʥ ʧʨʠʟʥʘʯʝʥʥʷ ʘʜʨʝʩ ʢʦʞʥʦʤʫ ʪʠʧʫ ʧʨʠʩʪʨʦʾʚ. 

ʎʝ ʜʦʧʦʤʘʛʘʻ ʘʜʤʽʥʽʩʪʨʘʪʦʨʘʤ ʜʦʜʘʚʘʪʠ ʽ ʚʠʜʘʣʷʪʠ ʧʨʠʩʪʨʦʾ, ʬʽʣʴʪʨʫʚʘʪʠ 

ʪʨʘʬʽʢ ʥʘ ʦʩʥʦʚʽ IP-ʘʜʨʝʩ, ʘ ʪʘʢʦʞ ʩʧʨʦʱʫʻ ʜʦʢʫʤʝʥʪʫʚʘʥʥʷ. 

ɻʣʦʙʘʣʴʥʠʡ ʽʥʜʠʚʽʜʫʘʣʴʥʫ ʘʜʨʝʩʫ IPv6 

ʇʦʜʽʣ IPv6-ʤʝʨʝʞʽ ʥʘ ʧʽʜʤʝʨʝʞʽ ʤʘʻ ʥʘ ʫʚʘʟʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʰʦʛʦ ʧʽʜʭʦʜʫ, 

ʥʽʞ ʧʦʜʽʣ ʥʘ ʧʽʜʤʝʨʝʞʽ IPv4-ʤʝʨʝʞʽ. ʊʽ ʞ ʧʨʠʯʠʥʠ ʜʣʷ ʨʦʟʙʠʪʪʷ ʘʜʨʝʩʥʦʛʦ 

ʧʨʦʩʪʦʨʫ IPv4 ʥʘ ʧʽʜʤʝʨʝʞʽ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʝʚʠʤ ʪʨʘʬʽʢʦʤ ʽʩʥʫʶʪʴ ʽ ʚ 

ʨʘʟʽ IPv6. ʆʜʥʘʢ ʯʝʨʝʟ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ IPv6-ʘʜʨʝʩ ʝʢʦʥʦʤʠʪʠ ʘʜʨʝʩʠ ʥʝ 

ʜʦʚʦʜʠʪʴʩʷ. ɻʦʣʦʚʥʫ ʫʚʘʛʫ ʧʽʜ ʯʘʩ ʨʦʟʧʦʜʽʣʫ IPv6-ʘʜʨʝʩ ʤʦʞʝ ʙʫʪʠ ʧʨʠʜʽʣʝʥʦ 

ʦʧʪʠʤʘʣʴʥʦʤʫ ʽʻʨʘʨʭʽʯʥʠʤ ʧʽʜʭʦʜʫ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʽ ʧʨʠʟʥʘʯʝʥʥʷ ʧʽʜʤʝʨʝʞ 

IPv6. ʑʦʙ ʰʚʠʜʢʦ ʦʪʨʠʤʘʪʠ ʫʷʚʣʝʥʥʷ ʧʨʦ ʩʪʨʫʢʪʫʨʫ ʛʣʦʙʘʣʴʥʠʭ 

ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʘʜʨʝʩ IPv6, ʜʠʚ. ʄʘʣʶʥʦʢ. 

ʈʦʟʙʠʪʪʷ ʥʘ ʧʽʜʤʝʨʝʞʽ IPv4 ʧʝʨʝʜʙʘʯʘʻ ʥʝ ʪʽʣʴʢʠ ʦʙʤʝʞʝʥʥʷ 

ʰʠʨʦʢʦʤʦʚʥʠʭ ʜʦʤʝʥʽʚ, ʘʣʝ ʽ ʙʦʨʦʪʴʙʫ ʟ ʥʝʩʪʘʯʝʶ ʘʜʨʝʩ. ɺʠʟʥʘʯʝʥʥʷ ʤʘʩʢʠ 

ʧʽʜʤʝʨʝʞʽ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ VLSM ʜʦʟʚʦʣʷʻ ʟʘʦʱʘʜʠʪʠ ʘʜʨʝʩʠ IPv4. ʈʦʟʙʠʪʪʷ ʥʘ 

ʧʽʜʤʝʨʝʞʽ IPv6 ʥʝ ʧʨʠʧʫʩʢʘʚ ʝʢʦʥʦʤʽʾ ʘʜʨʝʩʥʦʛʦ ʧʨʦʩʪʦʨʫ. ɯʜʝʥʪʠʬʽʢʘʪʦʨ 

ʧʽʜʤʝʨʝʞʽ ʚʢʣʶʯʘʻ ʙʽʣʴʰ ʥʽʞ ʜʦʩʪʘʪʥʴʦ ʧʽʜʤʝʨʝʞ. ʄʝʪʦʶ ʨʦʟʙʠʪʪʷ IPv6-

ʤʝʨʝʞʽ ʥʘ ʧʽʜʤʝʨʝʞʽ ʻ ʩʪʚʦʨʝʥʥʷ ʽʻʨʘʨʭʽʾ ʘʜʨʝʩ ʥʘ ʦʩʥʦʚʽ ʢʽʣʴʢʦʩʪʽ ʥʝʦʙʭʽʜʥʠʭ 

ʧʽʜʤʝʨʝʞ. 

 
ʈʠʩ. 2.1.24 

ʗʢ ʚʠ ʧʘʤ'ʷʪʘʻʪʝ, ʽʩʥʫʶʪʴ ʜʚʘ ʪʠʧʠ ʧʨʠʟʥʘʯʘʶʪʴʩʷ IPv6-ʘʜʨʝʩ. ʃʦʢʘʣʴʥʠʡ 

ʘʜʨʝʩʘ ʢʘʥʘʣʫ IPv6 ʥʽʢʦʣʠ ʥʝ ʨʦʟʙʠʚʘʻʪʴʩʷ ʥʘ ʧʽʜʤʝʨʝʞʽ, ʦʩʢʽʣʴʢʠ ʚʽʥ ʽʩʥʫʻ 



ʪʽʣʴʢʠ ʚ ʣʦʢʘʣʴʥʦʤʫ ʢʘʥʘʣʽ. ʆʜʥʘʢ, ʛʣʦʙʘʣʴʥʠʡ ʽʥʜʠʚʽʜʫʘʣʴʥʫ ʘʜʨʝʩʫ IPv6 ʤʦʞʝ 

ʙʫʪʠ ʨʦʟʙʠʪʠʡ ʥʘ ʧʽʜʤʝʨʝʞʽ. 

ɻʣʦʙʘʣʴʥʠʡ ʽʥʜʠʚʽʜʫʘʣʴʥʫ ʘʜʨʝʩʫ IPv6 ʟʘʟʚʠʯʘʡ ʤʽʩʪʠʪʴ 48-ʨʦʟʨʷʜʥʠʡ 

ʛʣʦʙʘʣʴʥʠʡ ʧʨʝʬʽʢʩ ʤʘʨʰʨʫʪʠʟʘʮʽʾ, 16-ʙʽʪʥʠʡ ʽʜʝʥʪʠʬʽʢʘʪʦʨ ʧʽʜʤʝʨʝʞʽ ʽ 64-

ʙʽʪʥʠʡ ʽʜʝʥʪʠʬʽʢʘʪʦʨ ʽʥʪʝʨʬʝʡʩʫ. 

ʈʦʟʙʠʪʪʷ ʥʘ ʧʽʜʤʝʨʝʞʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʜʝʥʪʠʬʽʢʘʪʦʨʘ ʧʽʜʤʝʨʝʞʽ 

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʧʽʜʤʝʨʝʞ ʦʨʛʘʥʽʟʘʮʽʷ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʨʦʟʜʽʣ 16-ʙʽʪʥʦʛʦ ʽʜʝʥʪʠʬʽʢʘʪʦʨʘ ʧʽʜʤʝʨʝʞʽ ʚ ʛʣʦʙʘʣʴʥʦʤʫ ʽʥʜʠʚʽʜʫʘʣʴʥʦʤʫ 

ʘʜʨʝʩʫ IPv6. 

ɯʜʝʥʪʠʬʽʢʘʪʦʨ ʧʽʜʤʝʨʝʞʽ ʧʽʜʪʨʠʤʫʻ ʙʽʣʴʰ ʥʽʞ ʜʦʩʪʘʪʥʴʦ ʧʽʜʤʝʨʝʞ ʽ ʚʫʟʣʽʚ, 

ʷʢʽ ʤʦʞʫʪʴ ʟʥʘʜʦʙʠʪʠʩʷ ʚ ʦʜʥʽʡ ʧʽʜʤʝʨʝʞʽ. ʅʘʧʨʠʢʣʘʜ, 16-ʙʽʪʥʠʡ ʨʦʟʜʽʣ 

ʜʦʟʚʦʣʷʻ: 

ʉʪʚʦʨʶʚʘʪʠ ʜʦ 65 536/64 ʧʽʜʤʝʨʝʞ (ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʤʦʞʣʠʚʦʩʪʽ 

ʟʘʧʦʟʠʯʝʥʥʷ ʙʫʜʴ-ʷʢʦʛʦ ʯʠʩʣʘ ʙʽʪ ʟ ʽʜʝʥʪʠʬʽʢʘʪʦʨʘ ʽʥʪʝʨʬʝʡʩʫ ʘʜʨʝʩʠ). 

ʇʽʜʪʨʠʤʫʚʘʪʠ ʜʦ 18 ʢʚʽʥʪʠʣʴʡʦʥʽʚ IPv6-ʘʜʨʝʩ ʚʫʟʣʽʚ ʜʣʷ ʢʦʞʥʦʾ ʧʽʜʤʝʨʝʞʽ 

(ʪʦʙʪʦ 18 000 000 000 000 000 000). 

ʇʨʠʤʽʪʢʘ. ʈʦʟʙʠʪʪʷ ʥʘ ʧʽʜʤʝʨʝʞʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 64-ʙʽʪʥʦʛʦ ʽʜʝʥʪʠʬʽʢʘʪʦʨʘ 

ʽʥʪʝʨʬʝʡʩʫ (ʘʙʦ ʚʫʟʣʦʚʠʡ ʯʘʩʪʠʥʠ) ʪʘʢʦʞ ʤʦʞʣʠʚʦ, ʘʣʝ ʧʦʪʨʽʙʥʦ ʨʽʜʢʦ. 

ʂʨʽʤ ʪʦʛʦ, ʨʦʟʙʠʪʪʷ ʥʘ ʧʽʜʤʝʨʝʞʽ IPv6 ʧʨʦʩʪʽʰʝ ʚ ʨʝʘʣʽʟʘʮʽʾ, ʥʽʞ IPv4, 

ʦʩʢʽʣʴʢʠ ʥʝ ʧʦʪʨʽʙʥʦ ʚʠʢʦʥʫʚʘʪʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚ ʜʚʽʡʢʦʚʠʡ ʬʦʨʤʘʪ. ʑʦʙ 

ʚʠʟʥʘʯʠʪʠ ʥʘʩʪʫʧʥʫ ʜʦʩʪʫʧʥʫ ʧʽʜʤʝʨʝʞʘ, ʜʦʩʠʪʴ ʨʦʟʨʘʭʫʚʘʪʠ ʥʘʩʪʫʧʥʝ 

ʰʽʩʪʥʘʜʮʷʪʢʦʚʝ ʯʠʩʣʦ. 

ʅʘʧʨʠʢʣʘʜ, ʦʨʛʘʥʽʟʘʮʽʾ ʙ ʧʨʠʩʚʦʻʥʦ ʛʣʦʙʘʣʴʥʠʡ ʧʨʝʬʽʢʩ ʤʘʨʰʨʫʪʠʟʘʮʽʾ 

2001: 0DB8: ACAD :: / 48 ʟ 16-ʙʽʪʦʚʠʤ ʽʜʝʥʪʠʬʽʢʘʪʦʨʦʤ ʧʽʜʤʝʨʝʞʽ. ʎʝ 

ʜʦʟʚʦʣʠʪʴ ʦʨʛʘʥʽʟʘʮʽʾ ʩʪʚʦʨʠʪʠ 64 ʧʽʜʤʝʨʝʞʽ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʤʘʣʶʥʢʫ. ɿʚʝʨʥʽʪʴ 

ʫʚʘʛʫ, ʱʦ ʧʨʝʬʽʢʩ ʛʣʦʙʘʣʴʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʻ ʦʜʥʘʢʦʚʠʤ ʜʣʷ ʚʩʽʭ ʧʽʜʤʝʨʝʞ. 

ɼʣʷ ʢʦʞʥʦʾ ʧʽʜʤʝʨʝʞʽ ʟʙʽʣʴʰʫʻʪʴʩʷ ʪʽʣʴʢʠ ʛʝʢʩʪʝʪ ʽʜʝʥʪʠʬʽʢʘʪʦʨʘ ʧʽʜʤʝʨʝʞʽ ʚ 

ʰʽʩʪʥʘʜʮʷʪʢʦʚʦʤʫ ʬʦʨʤʘʪʽ. 

ʇʨʦʮʝʩ ʩʝʛʤʝʥʪʘʮʽʾ ʤʝʨʝʞʽ ʰʣʷʭʦʤ ʧʦʜʽʣʫ ʾʾ ʥʘ ʢʽʣʴʢʘ ʜʨʽʙʥʽʰʠʭ ʤʝʨʝʞ 

ʥʘʟʠʚʘʻʪʴʩʷ ʨʦʟʙʠʪʪʷʤ ʥʘ ʧʽʜʤʝʨʝʞʽ. 

ʂʦʞʝʥ ʤʝʨʝʞʝʚʫ ʘʜʨʝʩʫ ʤʽʩʪʠʪʴ ʜʦʧʫʩʪʠʤʠʡ ʜʽʘʧʘʟʦʥ ʘʜʨʝʩ ʚʫʟʣʽʚ. ɺʩʽ 

ʧʨʠʩʪʨʦʾ, ʧʽʜʢʣʶʯʝʥʽ ʜʦ ʦʜʥʽʻʾ ʽ ʪʽʻʾ ʞ ʤʝʨʝʞʽ, ʤʘʪʠʤʫʪʴ IPv4-ʘʜʨʝʩ ʚʫʟʣʘ ʮʽʻʾ 

ʤʝʨʝʞʽ, ʘ ʪʘʢʦʞ ʟʘʛʘʣʴʥʫ ʤʘʩʢʫ ʧʽʜʤʝʨʝʞʽ ʘʙʦ ʧʨʝʬʽʢʩ ʤʝʨʝʞʽ. ɺʫʟʣʠ ʤʦʞʫʪʴ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʦʙʤʽʥʶʚʘʪʠʩʷ ʪʨʘʬʽʢʦʤ, ʷʢʱʦ ʚʦʥʠ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʦʜʥʽʡ 

ʧʽʜʤʝʨʝʞʽ. ʊʨʘʬʽʢ ʥʝ ʤʦʞʝ ʧʝʨʝʜʘʚʘʪʠʩʷ ʤʽʞ ʧʽʜʤʝʨʝʞʘʤʠ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ. ʑʦʙ ʚʠʟʥʘʯʠʪʠ, ʯʠ ʻ ʪʨʘʬʽʢ ʣʦʢʘʣʴʥʠʤ ʘʙʦ ʚʽʜʜʘʣʝʥʠʤ, 

ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʚʠʢʦʨʠʩʪʦʚʫʻ ʤʘʩʢʫ ʧʽʜʤʝʨʝʞʽ. ʇʨʝʬʽʢʩ ʽ ʤʘʩʢʘ ʧʽʜʤʝʨʝʞʽ - ʮʝ 

ʨʽʟʥʽ ʩʧʦʩʦʙʠ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʦʜʥʦʛʦ ʽ ʪʦʛʦ ʞ - ʤʝʨʝʞʝʚʠʡ ʯʘʩʪʠʥʠ ʘʜʨʝʩʠ. 

ɼʣʷ ʩʪʚʦʨʝʥʥʷ IPv4-ʧʽʜʤʝʨʝʞ ʤʠ ʟʘʜʽʻʤʦ ʦʜʠʥ ʘʙʦ ʢʽʣʴʢʘ ʙʽʪ ʟ ʚʫʟʣʦʚʠʡ 

ʯʘʩʪʠʥʠ ʚ ʷʢʦʩʪʽ ʙʽʪ ʤʝʨʝʞʝʚʦʾ ʯʘʩʪʠʥʠ. ɼʚʘ ʽʩʪʦʪʥʠʭ ʬʘʢʪʦʨʘ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʚʠʟʥʘʯʝʥʥʷ ʙʣʦʢʫ IP-ʘʜʨʝʩ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʩʢʠ ʧʽʜʤʝʨʝʞʽ, - ʮʝ ʢʽʣʴʢʽʩʪʴ 

ʥʝʦʙʭʽʜʥʠʭ ʧʽʜʤʝʨʝʞ ʽ ʤʘʢʩʠʤʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʚʫʟʣʽʚ, ʷʢʝ ʧʦʚʠʥʥʦ ʙʫʪʠ ʚ 

ʧʽʜʤʝʨʝʞʽ. ɯʩʥʫʻ ʟʚʦʨʦʪʥʘ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʯʠʩʣʦʤ ʧʽʜʤʝʨʝʞ ʽ ʯʠʩʣʦʤ ʚʫʟʣʽʚ. 

ʏʠʤ ʙʽʣʴʰʝ ʙʽʪ ʟʘʧʦʟʠʯʝʥʝ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʧʽʜʤʝʨʝʞ, ʪʠʤ ʤʝʥʰʝ ʟʘʣʠʰʠʪʴʩʷ ʙʽʪ 

ʚ ʚʫʟʣʦʚʠʡ ʯʘʩʪʠʥʠ ʽ, ʦʪʞʝ, ʪʠʤ ʤʝʥʰʝ ʚʫʟʣʽʚ ʙʫʜʝ ʜʦʩʪʫʧʥʦ ʚ ʢʦʞʥʽʡ 

ʧʽʜʤʝʨʝʞʽ. 



ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʢʽʣʴʢʦʩʪʽ ʘʜʨʝʩ, ʷʢʽ ʙʫʜʫʪʴ ʜʦʩʪʫʧʥʽ ʚ ʢʦʞʥʽʡ ʧʽʜʤʝʨʝʞʽ, 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʬʦʨʤʫʣʘ 2 ^ n (ʜʝ n - ʢʽʣʴʢʽʩʪʴ ʙʽʪ ʚ ʚʫʟʣʦʚʠʡ ʯʘʩʪʠʥʠ). ʆʜʥʘʢ 

ʤʝʨʝʞʝʚʫ ʘʜʨʝʩʫ ʽ ʰʠʨʦʢʦʤʦʚʥʠʡ ʘʜʨʝʩʫ ʥʝʜʦʩʪʫʧʥʽ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʨʘʤʢʘʭ 

ʜʽʘʧʘʟʦʥʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʥʝʦʙʭʽʜʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʜʦʩʪʫʧʥʦʛʦ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʘʜʨʝʩ ʟʘ ʬʦʨʤʫʣʦʶ 2 ^ n-2. 

ʇʦʜʽʣ ʧʽʜʤʝʨʝʞʽ ʥʘ ʜʝʢʽʣʴʢʘ ʧʽʜʤʝʨʝʞ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʩʢʠ ʧʽʜʤʝʨʝʞʽ 

ʜʦʚʽʣʴʥʦʾ ʜʦʚʞʠʥʠ (VLSM) ʜʦʟʚʦʣʷʻ ʨʦʟʧʦʜʽʣʷʪʠ ʥʘʙʘʛʘʪʦ ʤʝʥʰʝ çʟʘʡʚʠʭè 

ʘʜʨʝʩ. 

ʇʦʜʽʣ IPv6-ʤʝʨʝʞʽ ʥʘ ʧʽʜʤʝʨʝʞʽ ʤʘʻ ʥʘ ʫʚʘʟʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʰʦʛʦ ʧʽʜʭʦʜʫ, 

ʥʽʞ ʧʦʜʽʣ ʥʘ ʧʽʜʤʝʨʝʞʽ IPv4-ʤʝʨʝʞʽ. ʇʨʦʩʪʽʨ IPv6-ʘʜʨʝʩ ʧʦʜʽʣʷʻʪʴʩʷ ʥʝ ʟ ʤʝʪʦʶ 

ʝʢʦʥʦʤʽʾ ʘʜʨʝʩ, ʘ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʻʨʘʨʭʽʯʥʦʾ ʣʦʛʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʤʝʨʝʞʽ. ʗʢʱʦ 

IPv4-ʤʝʨʝʞʽ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʧʦʜʩʝʪʠ ʚ ʦʩʥʦʚʥʦʤʫ ʜʣʷ ʙʦʨʦʪʴʙʠ ʟ ʥʝʩʪʘʯʝʶ 

ʘʜʨʝʩ, ʪʦ ʤʝʪʦʶ ʧʦʜʽʣʫ IPv6-ʤʝʨʝʞʽ ʥʘ ʧʽʜʤʝʨʝʞʽ ʻ ʩʪʚʦʨʝʥʥʷ ʽʻʨʘʨʭʽʾ ʘʜʨʝʩ ʥʘ 

ʦʩʥʦʚʽ ʢʽʣʴʢʦʩʪʽ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ ʽ ʦʙʩʣʫʛʦʚʫʚʘʥʠʭ ʥʠʤʠ ʤʝʨʝʞ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʡʢʨʘʱʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʩʪʫʧʥʦʛʦ ʘʜʨʝʩʥʦʛʦ 

ʧʨʦʩʪʦʨʫ ʧʦʪʨʽʙʥʝ ʨʝʪʝʣʴʥʝ ʧʣʘʥʫʚʘʥʥʷ. ʋ ʧʨʦʮʝʩʽ ʧʣʘʥʫʚʘʥʥʷ ʘʜʨʝʩ ʥʝʦʙʭʽʜʥʦ 

ʚʨʘʭʦʚʫʚʘʪʠ ʾʭ ʨʦʟʤʽʨ, ʨʦʟʪʘʰʫʚʘʥʥʷ, ʧʨʠʟʥʘʯʝʥʥʷ ʪʘ ʚʠʤʦʛʠ ʜʦ ʜʦʩʪʫʧʫ. 

ʇʽʩʣʷ ʫʩʪʘʥʦʚʢʠ IP-ʤʝʨʝʞʽ ʾʾ ʥʝʦʙʭʽʜʥʦ ʧʨʦʪʝʩʪʫʚʘʪʠ ʜʣʷ ʧʝʨʝʚʽʨʢʠ 

ʧʽʜʢʣʶʯʝʥʴ ʽ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. 

 

  



2.2 ʇʨʦʪʦʢʦʣʠ TCP/UDP. ʊʨʘʥʩʧʦʨʪʥʠʡ ʨʽʚʝʥʴ ʤʦʜʝʣʽ OSI. 
 

ʄʝʨʝʞʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʽ ɯʥʪʝʨʥʝʪ ʦʙ'ʻʜʥʫʶʪʴ ʣʶʜʝʡ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʤʽʞ 

ʥʠʤʠ ʥʘʜʽʡʥʠʡ ʟʚ'ʷʟʦʢ. ʆʜʠʥ ʧʨʠʩʪʨʽʡ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʽʟʥʽ ʜʦʜʘʪʢʠ ʽ 

ʩʝʨʚʽʩʠ, ʪʘʢʽ ʷʢ ʝʣʝʢʪʨʦʥʥʘ ʧʦʰʪʘ, ʚʝʙ-ʨʝʩʫʨʩʠ ʽ ʦʙʤʽʥ ʤʠʪʪʻʚʠʤʠ 

ʧʦʚʽʜʦʤʣʝʥʥʷʤʠ, ʷʢʽ ʩʣʫʞʘʪʴ ʜʣʷ ʚʽʜʧʨʘʚʢʠ ʧʦʚʽʜʦʤʣʝʥʴ ʘʙʦ ʦʪʨʠʤʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ. ɼʘʥʽ ʢʦʞʥʦʛʦ ʟ ʮʠʭ ʜʦʜʘʪʢʽʚ ʫʧʘʢʦʚʫʶʪʴʩʷ, ʧʝʨʝʜʘʶʪʴʩʷ ʽ 

ʜʦʩʪʘʚʣʷʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʜʦʜʘʪʢʫ ʥʘ ʧʨʠʩʪʨʦʾ ʧʨʠʟʥʘʯʝʥʥʷ. 

ʇʨʦʮʝʩʠ, ʦʧʠʩʘʥʽ ʚ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʨʽʚʥʽ OSI, ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʨʠʡʦʤ ʜʘʥʠʭ 

ʚʽʜ ʨʽʚʥʷ ʜʦʜʘʪʢʽʚ ʽ ʾʭ ʧʽʜʛʦʪʦʚʢʫ ʜʣʷ ʧʝʨʝʩʠʣʘʥʥʷ ʥʘ ʤʝʨʝʞʝʚʦʤʫ ʨʽʚʥʽ. 

ʂʦʤʧ'ʶʪʝʨ-ʚʽʜʧʨʘʚʥʠʢ ʚʩʪʘʥʦʚʣʶʻ ʟʚ'ʷʟʦʢ ʟ ʢʦʤʧ'ʶʪʝʨʦʤ-ʦʜʝʨʞʫʚʘʯʝʤ, ʱʦʙ 

ʚʠʟʥʘʯʠʪʠ, ʷʢ ʨʦʟʜʽʣʠʪʠ ʜʘʥʽ ʥʘ ʩʝʛʤʝʥʪʠ, ʷʢ ʟʘʧʦʙʽʛʪʠ ʾʭ ʚʪʨʘʪʠ ʽ ʷʢ ʧʝʨʝʚʽʨʠʪʠ 

ʜʦʩʪʘʚʢʫ ʚʩʽʭ ʩʝʛʤʝʥʪʽʚ. ʊʨʘʥʩʧʦʨʪʥʠʡ ʨʽʚʝʥʴ ʤʦʞʥʘ ʧʦʨʽʚʥʷʪʠ ʟ ʚʽʜʜʽʣʦʤ 

ʚʽʜʚʘʥʪʘʞʝʥʥʷ ʧʨʦʜʫʢʮʽʾ, ʷʢʠʡ ʟʘʡʤʘʻʪʴʩʷ ʧʽʜʛʦʪʦʚʢʦʶ ʜʦ ʚʽʜʧʨʘʚʢʠ ʦʜʥʦʛʦ 

ʟʘʤʦʚʣʝʥʥʷ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʝʢʽʣʴʢʦʭ ʧʦʩʠʣʦʢ. 

ʈʦʣʴ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʨʽʚʥʷ 

 
ʈʠʩ. 2.2.1 

ʊʨʘʥʩʧʦʨʪʥʠʡ ʨʽʚʝʥʴ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʠʤʯʘʩʦʚʦʛʦ ʩʝʘʥʩʫ 

ʟʚ'ʷʟʢʫ ʽ ʧʝʨʝʜʘʯʫ ʜʘʥʠʭ ʤʽʞ ʜʚʦʤʘ ʜʦʜʘʪʢʘʤʠ. ɼʦʜʘʪʦʢ ʩʪʚʦʨʶʻ ʜʘʥʽ, ʷʢʽ 

ʧʝʨʝʩʠʣʘʶʪʴʩʷ ʟ ʧʨʦʛʨʘʤʠ ʥʘ ʚʫʟʣʽ ʜʞʝʨʝʣʘ ʟ ʜʦʜʘʪʢʦʤ ʥʘ ʚʫʟʣʽ ʧʨʠʟʥʘʯʝʥʥʷ 

ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʪʠʧʫ ʚʫʟʣʘ ʧʨʠʟʥʘʯʝʥʥʷ, ʘ ʪʘʢʦʞ ʩʝʨʝʜʦʚʠʱʘ, ʚ ʷʢʽʡ ʧʦʚʠʥʥʽ 

ʧʝʨʝʜʘʚʘʪʠʩʷ ʜʘʥʽ, ʤʘʨʰʨʫʪʫ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʛʦ ʜʘʥʠʤʠ, ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ 



ʢʘʥʘʣʫ ʘʙʦ ʨʦʟʤʽʨʫ ʤʝʨʝʞʽ. ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʤʘʣʶʥʢʫ, ʪʨʘʥʩʧʦʨʪʥʠʡ ʨʽʚʝʥʴ - ʮʝ 

ʢʘʥʘʣ ʤʽʞ ʨʽʚʥʝʤ ʜʦʜʘʪʢʽʚ ʽ ʥʠʞʥʽʤʠ ʨʽʚʥʷʤʠ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʧʝʨʝʜʘʯʫ 

ʜʘʥʠʭ ʧʦ ʤʝʨʝʞʽ. 

ʌʫʥʢʮʽʾ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʨʽʚʥʷ 

ɺʽʜʩʪʝʞʝʥʥʷ ʦʢʨʝʤʠʭ ʩʝʘʥʩʽʚ ʟʚ'ʷʟʢʫ 

ʅʘ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʨʽʚʥʽ ʢʦʞʝʥ ʧʝʚʥʠʡ ʥʘʙʽʨ ʜʘʥʠʭ, ʱʦ ʧʝʨʝʜʘʶʪʴʩʷ ʤʽʞ 

ʜʦʜʘʪʢʦʤ ʜʞʝʨʝʣʘ ʽ ʜʦʜʘʪʢʦʤ ʧʨʠʟʥʘʯʝʥʥʷ, ʥʘʟʠʚʘʻʪʴʩʷ ʩʝʘʥʩʦʤ ʟʚ'ʷʟʢʫ (ʨʠʩ. 1). 

ɺʫʟʦʣ ʤʦʞʝ ʤʘʪʠ ʢʽʣʴʢʘ ʜʦʜʘʪʢʽʚ, ʷʢʽ ʦʜʥʦʯʘʩʥʦ ʦʙʤʽʥʶʶʪʴʩʷ ʜʘʥʠʤʠ ʧʦ 

ʤʝʨʝʞʽ. ʂʦʞʥʝ ʟ ʮʠʭ ʜʦʜʘʪʢʽʚ ʚʟʘʻʤʦʜʽʻ ʟ ʦʜʥʠʤ ʘʙʦ ʜʝʢʽʣʴʢʦʤʘ ʽʥʰʠʤʠ 

ʜʦʜʘʪʢʘʤʠ ʥʘ ʦʜʥʦʤʫ ʘʙʦ ʜʝʢʽʣʴʢʦʭ ʚʽʜʜʘʣʝʥʠʭ ʚʫʟʣʘʭ. ʊʨʘʥʩʧʦʨʪʥʠʡ ʨʽʚʝʥʴ 

ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʧʽʜʪʨʠʤʢʫ ʪʘ ʚʽʜʩʪʝʞʝʥʥʷ ʮʠʭ ʢʽʣʴʢʦʭ ʩʝʘʥʩʽʚ ʟʚ'ʷʟʢʫ. 

 

ʉʝʛʤʝʥʪʘʮʽʷ ʜʘʥʠʭ ʽ ʧʦʜʘʣʴʰʘ ʟʙʽʨʢʘ ʩʝʛʤʝʥʪʽʚ 

 
ʈʠʩ. 2.2.2 

ɼʘʥʽ ʥʝʦʙʭʽʜʥʦ ʧʽʜʛʦʪʫʚʘʪʠ ʜʣʷ ʧʝʨʝʩʠʣʢʠ ʚ ʩʝʨʝʜʦʚʠʱʽ, ʨʦʟʜʽʣʠʚʰʠ ʾʭ ʥʘ 

ʚʽʜʧʦʚʽʜʥʽ ʜʣʷ ʮʴʦʛʦ ʯʘʩʪʠʥʠ. ʋ ʙʽʣʴʰʦʩʪʽ ʤʝʨʝʞ ʽʩʥʫʶʪʴ ʦʙʤʝʞʝʥʥʷ ʥʘ ʦʙʩʷʛ 

ʜʘʥʠʭ, ʷʢʽ ʤʦʞʥʘ ʚʢʣʶʯʠʪʠ ʚ ʦʜʠʥ ʧʘʢʝʪ. ʇʨʦʪʦʢʦʣʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʨʽʚʥʷ 

ʚʢʣʶʯʘʶʪʴ ʩʝʨʚʽʩʠ, ʷʢʽ ʧʦʜʽʣʷʶʪʴ ʜʘʥʽ ʜʦʜʘʪʢʽʚ ʥʘ ʦʢʨʝʤʽ ʙʣʦʢʠ ʥʝʦʙʭʽʜʥʦʛʦ 

ʨʦʟʤʽʨʫ (ʨʠʩ. 2). ʊʘʢʠʡ ʩʝʨʚʽʩ ʟʘʙʝʟʧʝʯʫʻ ʽʥʢʘʧʩʫʣʷʮʽʶ, ʥʝʦʙʭʽʜʥʫ ʜʣʷ ʢʦʞʥʦʾ 

ʯʘʩʪʠʥʠ ʜʘʥʠʭ. ɼʦ ʢʦʞʥʦʛʦ ʙʣʦʢʫ ʜʘʥʠʭ ʜʦʜʘʻʪʴʩʷ ʟʘʛʦʣʦʚʦʢ, ʷʢʠʡ ʥʘʜʘʣʽ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʦʚʪʦʨʥʦʛʦ ʩʢʣʘʜʘʥʥʷ. ʎʝʡ ʟʘʛʦʣʦʚʦʢ ʜʦʟʚʦʣʷʻ 

ʚʽʜʩʪʝʞʫʚʘʪʠ ʧʦʪʽʢ ʜʘʥʠʭ. 

ʅʘ ʚʫʟʣʽ ʧʨʠʟʥʘʯʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʡ ʨʽʚʝʥʴ ʧʦʚʠʥʝʥ ʟʘʙʝʟʧʝʯʠʪʠ 

ʚʽʜʥʦʚʣʝʥʥʷ ʦʢʨʝʤʠʭ ʯʘʩʪʠʥ ʚ ʦʜʠʥ ʧʦʚʥʠʡ ʧʦʪʽʢ ʜʘʥʠʭ, ʧʨʠʜʘʪʥʠʡ ʜʣʷ 

ʦʙʨʦʙʢʠ ʥʘ ʨʽʚʥʽ ʜʦʜʘʪʢʽʚ. ʇʨʦʪʦʢʦʣʠ ʥʘ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʨʽʚʥʽ ʦʧʠʩʫʶʪʴ, ʷʢ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʚ ʟʘʛʦʣʦʚʢʫ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʨʽʚʥʷ ʜʣʷ ʧʦʚʪʦʨʥʦʛʦ 



ʩʢʣʘʜʘʥʥʷ ʯʘʩʪʠʥ ʜʘʥʠʭ ʚ ʧʦʪʦʢʠ ʟ ʤʝʪʦʶ ʾʭ ʧʦʜʘʣʴʰʦʾ ʧʝʨʝʜʘʯʽ ʥʘ ʨʽʚʥʽ 

ʜʦʜʘʪʢʽʚ. 

ʚʠʟʥʘʯʝʥʥʷ ʜʦʜʘʪʢʽʚ 

ʑʦʙ ʧʝʨʝʩʣʘʪʠ ʧʦʪʦʢʠ ʜʘʥʠʭ ʚʽʜʧʦʚʽʜʥʠʭ ʜʦʜʘʪʢʽʚ, ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʨʽʚʥʶ 

ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʮʽʣʴʦʚʝ ʜʦʜʘʪʦʢ (ʨʠʩ. 3). ɼʣʷ ʮʴʦʛʦ ʪʨʘʥʩʧʦʨʪʥʠʡ ʨʽʚʝʥʴ 

ʧʨʠʚʣʘʩʥʶʻ ʢʦʞʥʦʤʫ ʟ ʜʦʜʘʪʢʦʤ ʦʢʨʝʤʠʡ ʽʜʝʥʪʠʬʽʢʘʪʦʨ - ʥʦʤʝʨ ʧʦʨʪʫ. 

ʂʦʞʥʦʤʫ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʮʝʩʫ, ʷʢʦʤʫ ʧʦʪʨʽʙʝʥ ʜʦʩʪʫʧ ʜʦ ʤʝʨʝʞʽ, 

ʧʨʠʟʥʘʯʘʻʪʴʩʷ ʥʦʤʝʨ ʧʦʨʪʫ, ʫʥʽʢʘʣʴʥʠʡ ʜʣʷ ʮʴʦʛʦ ʚʫʟʣʘ. 

ʄʫʣʴʪʠʧʣʝʢʩʫʚʘʥʥʷ ʩʝʘʥʩʽʚ ʟʚ'ʷʟʢʫ 

ʇʨʠ ʧʝʨʝʜʘʯʽ ʧʦ ʤʝʨʝʞʽ ʜʘʥʠʭ ʜʝʷʢʠʭ ʪʠʧʽʚ (ʥʘʧʨʠʢʣʘʜ, ʧʦʪʦʢʦʚʦʛʦ ʚʽʜʝʦ) 

ʫ ʚʠʛʣʷʜʽ ʦʜʥʦʛʦ ʧʦʚʥʦʛʦ ʧʦʪʦʢʫ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʚʩʷ ʜʦʩʪʫʧʥʘ ʩʤʫʛʘ 

ʧʨʦʧʫʩʢʘʥʥʷ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʧʨʠʟʚʝʜʝ ʜʦ ʙʣʦʢʫʚʘʥʥʷ ʽʥʰʠʭ ʧʨʦʮʝʩʽʚ ʧʝʨʝʜʘʯʽ 

ʜʘʥʠʭ, ʷʢʽ ʚʠʢʦʥʫʶʪʴʩʷ ʚ ʮʝʡ ʞʝ ʯʘʩ. ʂʨʽʤ ʪʦʛʦ, ʮʝ ʫʩʢʣʘʜʥʶʻ ʚʽʜʥʦʚʣʝʥʥʷ 

ʧʽʩʣʷ ʟʙʦʾʚ ʽ ʧʦʚʪʦʨʥʫ ʧʝʨʝʜʘʯʫ ʧʦʰʢʦʜʞʝʥʠʭ ʜʘʥʠʭ. 

ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʤʘʣʶʥʢʫ, ʩʝʛʤʝʥʪʘʮʽʷ ʜʘʥʠʭ ʥʘ ʙʽʣʴʰ ʜʨʽʙʥʽ ʙʣʦʢʠ 

ʜʦʟʚʦʣʷʻ ʯʝʨʛʫʚʘʪʠ (ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʪʴ) ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʨʽʟʥʠʭ ʧʨʦʮʝʩʽʚ 

ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʚʽʜ ʨʽʟʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʚ ʦʜʥʽʡ ʽ ʪʽʡ ʞʝ ʤʝʨʝʞʽ. 

ʊʨʘʥʩʧʦʨʪʥʠʡ ʨʽʚʝʥʴ ʜʦʜʘʻ ʜʦ ʢʦʞʥʦʛʦ ʩʝʛʤʝʥʪʫ ʜʘʥʠʭ ʩʧʝʮʽʘʣʴʥʠʡ 

ʟʘʛʦʣʦʚʦʢ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʝʢʽʣʴʢʦʭ ʧʦʣʽʚ ʚ ʜʚʽʡʢʦʚʦʤʫ ʚʠʛʣʷʜʽ ʽ ʜʦʟʚʦʣʷʻ 

ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʩʝʛʤʝʥʪʠ. ʉʘʤʝ ʟʥʘʯʝʥʥʷ ʚ ʮʠʭ ʧʦʣʷʭ ʜʦʟʚʦʣʷʶʪʴ ʨʽʟʥʠʤ 

ʧʨʦʪʦʢʦʣʘʤ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʨʽʚʥʷ ʚʠʢʦʥʫʚʘʪʠ ʩʚʦʾ ʟʘʚʜʘʥʥʷ ʟ ʫʧʨʘʚʣʽʥʥʷ 

ʧʨʦʮʝʩʦʤ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. 

ʅʘʜʽʡʥʽʩʪʴ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʨʽʚʥʷ 

ʊʨʘʥʩʧʦʨʪʥʠʡ ʨʽʚʝʥʴ ʪʘʢʦʞ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʩʝʘʥʩʫ 

ʟʚ'ʷʟʢʫ. ʈʽʟʥʽ ʧʨʦʛʨʘʤʠ ʚʠʩʫʚʘʶʪʴ ʨʽʟʥʽ ʚʠʤʦʛʠ ʜʦ ʥʘʜʽʡʥʦʩʪʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. 

ʇʨʦʪʦʢʦʣ IP ʚʽʜʧʦʚʽʜʘʻ ʪʽʣʴʢʠ ʟʘ ʩʪʨʫʢʪʫʨʫ, ʘʜʨʝʩʘʮʽʶ ʽ ʤʘʨʰʨʫʪʠʟʘʮʽʶ 

ʧʘʢʝʪʽʚ. ɺʽʥ ʥʝ ʚʠʟʥʘʯʘʻ ʩʧʦʩʽʙ ʜʦʩʪʘʚʢʠ ʘʙʦ ʧʝʨʝʜʘʯʽ ʧʘʢʝʪʽʚ. ʊʨʘʥʩʧʦʨʪʥʽ 

ʧʨʦʪʦʢʦʣʠ ʥʘʢʘʟʫʶʪʴ ʩʧʦʩʽʙ ʧʝʨʝʜʘʯʽ ʧʦʚʽʜʦʤʣʝʥʴ ʤʽʞ ʚʫʟʣʘʤʠ. ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ 

ʤʘʣʶʥʢʫ, TCP / IP ʥʘʜʘʻ ʜʚʘ ʧʨʦʪʦʢʦʣʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʨʽʚʥʷ: TCP (ʧʨʦʪʦʢʦʣ 

ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʝʜʘʯʝʶ) ʽ UDP (ʧʨʦʪʦʢʦʣ ʧʝʨʝʜʘʯʽ ʜʘʪʘʛʨʘʤ ʢʦʨʠʩʪʫʚʘʯʘ). 

ʇʨʦʪʦʢʦʣ IP ʚʠʢʦʨʠʩʪʦʚʫʻ ʮʽ ʪʨʘʥʩʧʦʨʪʥʽ ʧʨʦʪʦʢʦʣʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʚ'ʷʟʢʫ ʽ 

ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʤʽʞ ʚʫʟʣʘʤʠ. 



 
ʈʠʩ. 2.2.3 

TCP ʚʚʘʞʘʻʪʴʩʷ ʥʘʜʽʡʥʠʤ ʽ ʧʦʚʥʦʬʫʥʢʮʽʦʥʘʣʴʥʠʤ ʧʨʦʪʦʢʦʣʦʤ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʨʽʚʥʷ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʧʝʨʝʜʘʯʫ ʚʩʽʭ ʜʘʥʠʭ ʥʘ ʚʫʟʦʣ 

ʧʨʠʟʥʘʯʝʥʥʷ. ʆʜʥʘʢ ʮʝ ʚʠʤʘʛʘʻ ʜʦʜʘʪʢʦʚʠʭ ʧʦʣʽʚ ʚ ʟʘʛʦʣʦʚʢʫ TCP, ʱʦ ʟʙʽʣʴʰʫʻ 

ʨʦʟʤʽʨ ʧʘʢʝʪʽʚ, ʘ ʪʘʢʦʞ ʫʧʦʚʽʣʴʥʶʻ ʧʨʦʮʝʩ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. UDP, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʥʴʦʛʦ, - ʧʨʦʩʪʽʰʠʡ ʧʨʦʪʦʢʦʣ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʨʽʚʥʷ, ʱʦ ʥʝ ʛʘʨʘʥʪʫʻ ʥʘʜʽʡʥʽʩʪʴ. 

ɺʽʥ ʤʘʻ ʤʝʥʰʝ ʧʦʣʽʚ, ʽ ʪʦʤʫ ʰʚʠʜʰʝ, ʥʽʞ TCP. 

TCP 

ʇʝʨʝʜʘʯʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ TCP ʘʥʘʣʦʛʽʯʥʘ ʚʽʜʧʨʘʚʮʽ ʧʘʢʝʪʽʚ ʟ ʪʨʝʢʠʥʛʦʤ, 

ʰʣʷʭ ʷʢʠʭ ʚʽʜʩʪʝʞʫʻʪʴʩʷ ʚʽʜ ʚʽʜʧʨʘʚʥʠʢʘ ʜʦ ʦʜʝʨʞʫʚʘʯʘ. ʗʢʱʦ ʟʘʤʦʚʣʝʥʥʷ 

ʨʦʟʙʠʪʠʡ ʥʘ ʢʽʣʴʢʘ ʯʘʩʪʠʥ, ʟʘʤʦʚʥʠʢ ʤʦʞʝ ʟʘʡʪʠ ʥʘ ʚʝʙ-ʩʘʡʪ ʪʨʘʥʩʧʦʨʪʥʦʾ 

ʢʦʤʧʘʥʽʾ ʽ ʧʦʜʠʚʠʪʠʩʷ ʧʦʨʷʜʦʢ ʜʦʩʪʘʚʢʠ. 

TCP ʚʠʢʦʨʠʩʪʦʚʫʻ ʪʘʢʽ ʪʨʠ ʦʩʥʦʚʥʽ ʦʧʝʨʘʮʽʾ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ. 

ɺʽʜʩʪʝʞʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʩʝʛʤʝʥʪʽʚ, ʚʽʜʧʨʘʚʣʝʥʠʭ ʥʘ ʪʦʡ ʯʠ ʽʥʰʠʡ ʚʫʟʦʣ ʪʠʤ 

ʯʠ ʽʥʰʠʤ ʜʦʜʘʪʢʦʤ. 

ʇʽʜʪʚʝʨʜʞʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ. 

ʇʦʚʪʦʨʥʘ ʧʝʨʝʜʘʯʘ ʩʝʛʤʝʥʪʽʚ ʟ ʥʝʧʽʜʪʚʝʨʜʞʝʥʠʤʠ ʜʘʥʠʤʠ ʧʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ 

ʧʝʚʥʦʛʦ ʯʘʩʫ ʦʯʽʢʫʚʘʥʥʷ. 

UDP 

ʆʜʥʘʢ ʬʫʥʢʮʽʾ ʢʦʥʪʨʦʣʶ ʜʦʩʪʘʚʢʠ ʚ ʧʨʦʪʦʢʦʣʽ TCP, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʥʘʜʽʡʥʝ ʚʟʘʻʤʦʜʽʷ ʜʦʜʘʪʢʽʚ, ʚʠʢʣʠʢʘʶʪʴ ʜʦʜʘʪʢʦʚʽ ʥʘʢʣʘʜʥʽ ʚʠʪʨʘʪʠ ʽ ʤʦʞʫʪʴ 

ʧʨʠʚʝʩʪʠ ʜʦ ʟʘʪʨʠʤʦʢ ʧʨʠ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. ɭ ʧʝʚʥʠʡ ʢʦʤʧʨʦʤʽʩ ʤʽʞ ʥʘʜʽʡʥʽʩʪʶ 

ʽ ʪʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ, ʷʢʝ ʚʦʥʘ ʧʨʝʜʩʪʘʚʣʷʻ ʜʣʷ ʤʝʨʝʞʝʚʠʭ ʨʝʩʫʨʩʽʚ. ɼʦʜʘʪʢʦʚʽ 



ʥʘʢʣʘʜʥʽ ʚʠʪʨʘʪʠ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʜʝʷʢʠʭ ʜʦʜʘʪʢʽʚ, 

ʤʦʞʫʪʴ ʟʥʠʟʠʪʠ ʢʦʨʠʩʥʽʩʪʴ ʩʘʤʦʛʦ ʜʦʜʘʪʢʘ ʽ ʥʘʚʽʪʴ ʥʝʛʘʪʠʚʥʦ ʧʦʟʥʘʯʠʪʠʩʷ ʥʘ 

ʡʦʛʦ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. ʋ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ ʧʝʨʝʚʘʛʫ ʩʣʽʜ ʚʽʜʜʘʪʠ ʧʨʦʪʦʢʦʣʫ UDP. 

ɺʽʥ ʟʘʙʝʟʧʝʯʫʻ ʪʽʣʴʢʠ ʦʩʥʦʚʥʽ ʬʫʥʢʮʽʾ ʜʣʷ ʦʙʤʽʥʫ ʩʝʛʤʝʥʪʘʤʠ ʜʘʥʠʭ ʤʽʞ 

ʜʦʜʘʪʢʘʤʠ. ʇʨʠ ʮʴʦʤʫ ʜʘʥʠʡ ʧʨʦʪʦʢʦʣ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʥʝʟʥʘʯʥʠʤʠ ʥʘʢʣʘʜʥʠʤʠ 

ʚʠʪʨʘʪʘʤʠ ʽ ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʽʩʪʶ ʧʝʨʝʚʽʨʢʠ ʜʘʥʠʭ. UDP ʚʽʜʦʤʠʡ ʷʢ ʧʨʦʪʦʢʦʣ 

ʥʝʛʘʨʘʥʪʦʚʘʥʦʾ ʜʦʩʪʘʚʢʠ ʜʘʥʠʭ. ʉʪʦʩʦʚʥʦ ʜʦ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʤʝʨʝʞ 

ʥʝʛʘʨʘʥʪʦʚʘʥʘ ʜʦʩʪʘʚʢʘ ʚʚʘʞʘʻʪʴʩʷ ʥʝʥʘʜʽʡʥʦʶ, ʦʩʢʽʣʴʢʠ ʧʨʠ ʮʴʦʤʫ ʥʝʤʘʻ 

ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʧʨʦ ʦʪʨʠʤʘʥʥʷ ʚʽʜʧʨʘʚʣʝʥʠʭ ʜʘʥʠʭ ʥʘ ʚʫʟʣʽ ʧʨʠʟʥʘʯʝʥʥʷ. UDP 

ʥʝʤʘʻ ʟʘʜʽʻ ʧʨʦʮʝʩʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʨʽʚʥʷ, ʷʢʽ ʧʦʚʽʜʦʤʣʷʶʪʴ ʚʽʜʧʨʘʚʥʠʢʫ ʧʨʦ 

ʫʩʧʽʰʥʫ ʜʦʩʪʘʚʢʫ ʜʘʥʠʭ. 

ʈʦʙʦʪʫ ʧʨʦʪʦʢʦʣʫ UDP ʤʦʞʥʘ ʧʦʨʽʚʥʷʪʠ ʟ ʚʽʜʧʨʘʚʢʦʶ ʧʦ ʧʦʰʪʽ 

ʟʚʠʯʘʡʥʦʛʦ, ʥʝ ʟʘʤʦʚʥʦʛʦ, ʣʠʩʪʠ. ɺʽʜʧʨʘʚʥʠʢ ʥʝ ʟʥʘʻ, ʯʠ ʟʤʦʞʝ ʘʜʨʝʩʘʪ 

ʦʪʨʠʤʘʪʠ ʣʠʩʪ, ʘ ʧʦʰʪʦʚʝ ʚʽʜʜʽʣʝʥʥʷ ʥʝ ʥʝʩʝ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʟʘ ʚʽʜʩʪʝʞʝʥʥʷ 

ʣʠʩʪʠ ʘʙʦ ʽʥʬʦʨʤʫʚʘʥʥʷ ʚʽʜʧʨʘʚʥʠʢʘ ʧʨʦ ʪʝ, ʜʦʩʪʘʚʣʝʥʦ ʯʠ ʣʠʩʪ ʟʘ ʘʜʨʝʩʦʶ. 

ɺʽʜʧʦʚʽʜʥʠʡ ʧʨʦʪʦʢʦʣ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʨʽʚʥʷ ʜʣʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʜʦʜʘʪʢʫ 

ɼʝʷʢʽ ʧʨʦʛʨʘʤʠ ʥʝʦʙʭʽʜʥʦ, ʱʦʙ ʩʝʛʤʝʥʪʠ ʧʝʨʝʜʘʥʠʭ ʜʘʥʠʭ ʥʘʜʭʦʜʠʣʠ ʚ 

ʩʪʨʦʛʦ ʚʠʟʥʘʯʝʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ, ʚ ʷʢʽʡ ʚʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʫʩʧʽʰʥʦ ʦʙʨʦʙʣʝʥʽ. 

ɯʥʰʠʤ ʜʦʜʘʪʢʘʤ ʧʦʪʨʽʙʥʦ, ʱʦʙ ʜʘʥʽ ʙʫʣʠ ʧʦʚʥʽʩʪʶ ʦʪʨʠʤʘʥʽ ʧʝʨʰ, ʥʽʞ ʾʭ 

ʤʦʞʥʘ ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ. ɺ ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʚ ʷʢʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʧʨʦʪʦʢʦʣʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ TCP. ʅʘ ʧʽʜʩʪʘʚʽ ʮʠʭ ʚʠʤʦʛ ʨʦʟʨʦʙʥʠʢʠ ʜʦʜʘʪʢʽʚ 

ʧʦʚʠʥʥʽ ʚʠʟʥʘʯʠʪʠ, ʷʢʠʡ ʪʨʘʥʩʧʦʨʪʥʠʡ ʧʨʦʪʦʢʦʣ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʥʠʭ ʥʘʡʢʨʘʱʝ. 

ʅʘʧʨʠʢʣʘʜ, ʪʘʢʠʤ ʧʨʦʛʨʘʤʘʤ, ʷʢ ʙʘʟʠ ʜʘʥʠʭ, ʚʝʙ-ʙʨʘʫʟʝʨʠ ʪʘ ʧʦʰʪʦʚʽ 

ʢʣʽʻʥʪʠ, ʥʝʦʙʭʽʜʥʦ, ʱʦʙ ʚʩʽ ʚʽʜʧʨʘʚʣʝʥʽ ʜʘʥʽ ʥʘʜʽʡʰʣʠ ʥʘ ʚʫʟʦʣ ʧʨʠʟʥʘʯʝʥʥʷ ʚ 

ʩʚʦʻʤʫ ʧʝʨʚʽʩʥʦʤʫ ʩʪʘʥʽ. ɺʽʜʩʫʪʥʽʩʪʴ ʙʫʜʴ-ʷʢʦʾ ʽʥʬʦʨʤʘʮʽʾ ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ 

ʧʦʰʢʦʜʞʝʥʥʷ ʜʘʥʠʭ, ʷʢʽ ʚ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʙʫʜʫʪʴ ʧʝʨʝʜʘʥʽ ʚ ʧʦʚʥʦʤʫ ʦʙʩʷʟʽ 

ʘʙʦ ʙʫʜʫʪʴ ʥʝʯʠʪʘʙʝʣʴʥʠʤ. ʊʦʤʫ ʮʽ ʧʨʦʛʨʘʤʠ ʨʦʟʨʦʙʣʷʣʠʩʷ ʚʠʢʣʶʯʥʦ ʜʣʷ 

ʨʦʙʦʪʠ ʧʦ ʧʨʦʪʦʢʦʣʫ TCP. 

ɺ ʽʥʰʠʭ ʚʠʧʘʜʢʘʭ ʚʪʨʘʪʘ ʜʝʷʢʠʭ ʜʘʥʠʭ ʧʽʜ ʯʘʩ ʧʝʨʝʜʘʯʽ ʧʦ ʤʝʨʝʞʽ ʤʦʞʝ 

ʙʫʪʠ ʜʦʧʫʩʪʠʤʘ ʜʣʷ ʜʦʜʘʪʢʘ, ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʟʘʪʨʠʤʢʠ ʧʝʨʝʜʘʯʽ ʻ 

ʥʝʧʨʠʧʫʩʪʠʤʠʤʠ. ʊʘʢʠʤ ʜʦʜʘʪʢʽʚ ʢʨʘʱʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʦʪʦʢʦʣ UDP, 

ʦʩʢʽʣʴʢʠ ʚʽʥ ʚʠʤʘʛʘʻ ʤʝʥʰʠʭ ʥʘʢʣʘʜʥʠʭ ʚʠʪʨʘʪ. ʇʨʦʪʦʢʦʣ UDP ʙʽʣʴʰ ʢʨʘʱʠʡ 

ʜʣʷ ʧʦʪʦʢʦʚʦʛʦ ʚʽʜʪʚʦʨʝʥʥʷ ʘʫʜʽʦ, ʚʽʜʝʦ ʪʘ ʧʝʨʝʜʘʯʽ ʛʦʣʦʩʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʚ 

ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʧʦ ʧʨʦʪʦʢʦʣʫ IP (VoIP). ʇʝʨʝʩʠʣʘʥʥʷ ʧʽʜʪʚʝʨʜʞʝʥʴ ʽ 

ʧʦʚʪʦʨʥʘ ʧʝʨʝʜʘʯʘ ʤʦʞʫʪʴ ʫʧʦʚʽʣʴʥʠʪʠ ʜʦʩʪʘʚʢʫ ʜʘʥʠʭ. 

ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʦʜʠʥ ʘʙʦ ʜʚʘ ʩʝʛʤʝʥʪʘ ʚʽʜʝʦʧʦʪʦʢʫ, ʧʝʨʝʜʘʥʦʛʦ ʚ ʨʝʞʠʤʽ 

ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ, ʥʝ ʙʫʜʫʪʴ ʜʦʩʪʘʚʣʝʥʽ, ʮʝ ʚʠʢʣʠʯʝ ʢʦʨʦʪʢʦʯʘʩʥʽ ʧʝʨʝʰʢʦʜʠ ʧʨʠ 

ʧʝʨʝʜʘʯʽ ʟʦʙʨʘʞʝʥʥʷ. ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʰʫʤʽʚ ʟʦʙʨʘʞʝʥʥʷ 

ʘʙʦ ʟʚʫʢʫ, ʦʜʥʘʢ ʢʦʨʠʩʪʫʚʘʯ ʮʴʦʛʦ ʤʦʞʝ ʽ ʥʝ ʧʦʤʽʪʠʪʠ. ʗʢʙʠ ʧʨʠʩʪʨʦʶ 

ʧʨʠʟʥʘʯʝʥʥʷ ʜʦʚʦʜʠʣʦʩʷ ʧʦʚʪʦʨʥʦ ʟʘʧʠʪʫʚʘʪʠ ʚʪʨʘʯʝʥʽ ʜʘʥʽ, ʜʣʷ ʾʭ ʧʦʚʪʦʨʥʦʛʦ 

ʚʽʜʧʨʘʚʣʝʥʥʷ ʜʦʚʝʣʦʩʷ ʙ ʟʘʪʨʠʤʘʪʠ ʚʝʩʴ ʧʦʪʽʢ, ʱʦ ʧʨʠʟʚʝʣʦ ʙ ʜʦ ʟʥʘʯʥʦʛʦ 

ʟʥʠʞʝʥʥʷ ʷʢʦʩʪʽ ʟʚʫʢʫ ʘʙʦ ʟʦʙʨʘʞʝʥʥʷ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʢʨʘʱʝ ʚʽʜʦʙʨʘʟʠʪʠ 

ʚʽʜʝʦ, ʥʘʩʢʽʣʴʢʠ ʷʢʽʩʥʦ, ʥʘʩʢʽʣʴʢʠ ʮʝ ʚʠʡʜʝ ʟʨʦʙʠʪʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʞʝ 

ʦʪʨʠʤʘʥʽ ʩʝʛʤʝʥʪʠ, ʽ ʧʦʞʝʨʪʚʫʚʘʪʠ ʥʘʜʽʡʥʽʩʪʶ. 

ʇʨʠʤʽʪʢʘ. ɼʦʜʘʪʢʠ ʜʣʷ ʧʦʪʦʢʦʚʦʾ ʧʝʨʝʜʘʯʽ ʟʙʝʨʝʞʝʥʦʛʦ ʘʫʜʽʦ ʽ ʚʽʜʝʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʦʪʦʢʦʣ TCP. ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʚʘʰʘ ʤʝʨʝʞʘ ʥʝʩʧʦʜʽʚʘʥʦ ʥʝ ʚ 

ʟʤʦʟʽ ʟʘʙʝʟʧʝʯʠʪʠ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ, ʥʝʦʙʭʽʜʥʫ ʜʣʷ ʧʝʨʝʛʣʷʜʫ ʬʽʣʴʤʫ ʟʘ 



ʟʘʧʠʪʦʤ, ʜʦʜʘʪʦʢ ʧʨʠʟʫʧʠʥʷʻ ʚʽʜʪʚʦʨʝʥʥʷ ʚʽʜʝʦ. ʋ ʮʝʡ ʯʘʩ ʫ ʚʽʢʥʽ ʧʨʦʛʨʘʚʘʯʘ 

ʤʦʞʝ ʚʽʜʦʙʨʘʞʘʪʠʩʷ ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦ ʙʫʬʝʨʠʟʘʮʽʾ ʜʘʥʠʭ. ɺ ʮʝʡ ʯʘʩ ʧʨʦʪʦʢʦʣ 

TCP ʥʘʤʘʛʘʻʪʴʩʷ ʚʽʜʥʦʚʠʪʠ ʧʦʪʽʢ. ʇʽʩʣʷ ʪʦʛʦ ʷʢ ʧʦʨʷʜʦʢ ʚʩʽʭ ʩʝʛʤʝʥʪʽʚ 

ʚʽʜʥʦʚʣʝʥʠʡ, ʘ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʤʝʨʝʞʽ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʤʽʥʽʤʘʣʴʥʦ 

ʥʝʦʙʭʽʜʥʦʤʫ ʨʽʚʥʽ, ʧʨʦʪʦʢʦʣ TCP ʚʽʜʥʦʚʣʶʻ ʩʝʘʥʩ ʟʚ'ʷʟʢʫ, ʱʦʙ ʧʨʦʜʦʚʞʠʪʠ 

ʚʽʜʪʚʦʨʝʥʥʷ. 

ʌʫʥʢʮʽʾ ʧʨʦʪʦʢʦʣʫ TCP 

ʑʦʙ ʟʨʦʟʫʤʽʪʠ ʚʽʜʤʽʥʥʦʩʪʽ ʤʽʞ ʧʨʦʪʦʢʦʣʘʤʠ TCP ʽ UDP, ʥʝʦʙʭʽʜʥʦ 

ʟ'ʷʩʫʚʘʪʠ, ʷʢ ʢʦʞʝʥ ʟ ʥʠʭ ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʝʚʥʽ ʟʘʩʦʙʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ, ʘ 

ʪʘʢʦʞ ʷʢ ʚʦʥʠ ʚʽʜʩʪʝʞʫʶʪʴ ʩʝʘʥʩʠ ʟʚ'ʷʟʢʫ. ʂʨʽʤ ʧʽʜʪʨʠʤʢʠ ʪʘʢʠʭ ʙʘʟʦʚʠʭ 

ʬʫʥʢʮʽʡ, ʷʢ ʩʝʛʤʝʥʪʘʮʽʷ ʜʘʥʠʭ ʽ ʾʭ ʟʚʦʨʦʪʥʘ ʟʙʦʨʢʘ, ʧʨʦʪʦʢʦʣ TCP, ʷʢ ʧʦʢʘʟʘʥʦ 

ʥʘ ʤʘʣʶʥʢʫ, ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʫʻ ʥʘʩʪʫʧʥʽ ʤʦʞʣʠʚʦʩʪʽ. 

ɺʩʪʘʥʦʚʣʝʥʥʷ ʩʝʘʥʩʫ ʟʚ'ʷʟʢʫ 

TCP ʻ ʧʨʦʪʦʢʦʣʦʤ ʟʽ ʚʩʪʘʥʦʚʣʝʥʥʷʤ ʟ'ʻʜʥʘʥʥʷ. ʇʝʨʝʜ ʧʝʨʝʩʠʣʘʥʥʷʤ ʙʫʜʴ-

ʷʢʦʛʦ ʪʨʘʬʽʢʫ ʧʨʦʪʦʢʦʣ ʽʟ ʫʩʪʘʥʦʚʣʝʥʥʷʤ ʟ'ʻʜʥʘʥʥʷ ʧʦʛʦʜʞʫʻ ʽ ʥʘʣʘʰʪʦʚʫʻ 

ʧʦʩʪʽʡʥʝ ʟ'ʻʜʥʘʥʥʷ (ʘʙʦ ʩʝʘʥʩ) ʤʽʞ ʧʨʠʩʪʨʦʻʤ ʜʞʝʨʝʣʘ ʽ ʧʨʠʩʪʨʦʻʤ 

ʧʨʠʟʥʘʯʝʥʥʷ. ʉʝʘʥʩ ʜʦʟʚʦʣʷʻ ʧʨʠʩʪʨʦʷʤ ʫʟʛʦʜʠʪʠ ʦʙʩʷʛ ʪʨʘʬʽʢʫ, ʷʢʠʡ ʤʦʞʥʘ 

ʧʝʨʝʩʣʘʪʠ ʚ ʟʘʜʘʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ, ʘ ʪʘʢʦʞ ʨʝʪʝʣʴʥʦ ʢʦʥʪʨʦʣʶʚʘʪʠ ʧʝʨʝʜʘʯʫ 

ʜʘʥʠʭ ʤʽʞ ʮʠʤʠ ʜʚʦʤʘ ʧʨʠʩʪʨʦʷʤʠ. 

ʥʘʜʽʡʥʽʩʪʴ ʜʦʩʪʘʚʢʠ 

ʋ ʤʝʨʝʞʝʚʠʡ ʪʝʨʤʽʥʦʣʦʛʽʾ ʥʘʜʽʡʥʽʩʪʴ (reliability) ʦʟʥʘʯʘʻ ʛʘʨʘʥʪʦʚʘʥʫ 

ʜʦʩʪʘʚʢʫ ʥʘ ʚʫʟʦʣ ʧʨʠʟʥʘʯʝʥʥʷ ʚʩʽʭ ʙʝʟ ʚʠʥʷʪʢʫ ʩʝʛʤʝʥʪʽʚ ʜʘʥʠʭ, ʚʽʜʧʨʘʚʣʝʥʠʭ 

ʚʫʟʣʦʤ-ʜʞʝʨʝʣʦʤ. ɺʥʘʩʣʽʜʦʢ ʙʘʛʘʪʴʦʭ ʧʨʠʯʠʥ ʧʨʠ ʧʝʨʝʜʘʯʽ ʧʦ ʤʝʨʝʞʽ ʦʜʠʥ ʟ 

ʩʝʛʤʝʥʪʽʚ ʤʦʞʝ ʙʫʪʠ ʧʦʰʢʦʜʞʝʥʠʡ ʘʙʦ ʧʦʚʥʽʩʪʶ ʚʪʨʘʯʝʥʦ. 

ɼʦʩʪʘʚʢʘ ʚ ʦʜʥʘʢʦʚʦʤʫ ʧʦʨʷʜʢʫ 

ʆʩʢʽʣʴʢʠ ʚ ʤʝʨʝʞʘʭ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʢʽʣʴʢʘ ʤʘʨʰʨʫʪʽʚ ʟ 

ʨʽʟʥʠʤʠ ʰʚʠʜʢʦʩʪʷʤʠ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ, ʚ ʧʨʦʮʝʩʽ ʜʦʩʪʘʚʢʠ ʜʘʥʠʭ ʾʭ ʧʦʨʷʜʦʢ 

ʤʦʞʝ ʟʤʽʥʠʪʠʩʷ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʥʫʤʝʨʘʮʽʶ ʽ ʫʧʦʨʷʜʢʫʚʘʥʥʷ ʩʝʛʤʝʥʪʽʚ, TCP 

ʤʦʞʝ ʛʘʨʘʥʪʫʚʘʪʠ, ʱʦ ʚʦʥʠ ʙʫʜʫʪʴ ʟʽʙʨʘʥʽ ʚ ʧʨʘʚʠʣʴʥʦʤʫ ʧʦʨʷʜʢʫ. 

 
ʈʠʩ. 2.2.4 



ʋʧʨʘʚʣʽʥʥʷ ʧʦʪʦʢʦʤ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ 

ʈʝʩʫʨʩʠ ʤʝʨʝʞʝʚʠʭ ʚʫʟʣʽʚ, ʪʘʢʽ ʷʢ ʧʘʤ'ʷʪʴ ʘʙʦ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʧʦʪʫʞʥʦʩʪʽ, 

ʦʙʤʝʞʝʥʽ. ʂʦʣʠ ʧʨʦʪʦʢʦʣ TCP ʦʪʨʠʤʫʻ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʪʝ, ʱʦ ʮʽ ʨʝʩʫʨʩʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘʜʪʦ ʘʢʪʠʚʥʦ, ʚʽʥ ʤʦʞʝ ʟʘʞʘʜʘʪʠ ʚʽʜ ʚʽʜʧʨʘʚʣʷʻ ʜʦʜʘʪʢʠ 

ʟʥʠʟʠʪʠ ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ ʜʘʥʠʭ. ɼʣʷ ʮʴʦʛʦ TCP ʨʝʛʫʣʶʻ ʢʽʣʴʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ, 

ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ ʜʞʝʨʝʣʦʤ. ʌʫʥʢʮʽʷ ʫʧʨʘʚʣʽʥʥʷ ʧʦʪʦʢʦʤ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ 

ʜʦʟʚʦʣʷʻ ʟʘʧʦʙʽʛʪʠ ʧʦʚʪʦʨʥʫ ʚʽʜʧʨʘʚʢʫ ʜʘʥʠʭ ʚ ʨʘʟʽ, ʷʢʱʦ ʨʝʩʫʨʩʠ ʦʜʝʨʞʫʻ 

ʚʫʟʣʘ ʧʝʨʝʚʘʥʪʘʞʝʥʽ. 

ɿʘʛʦʣʦʚʦʢ ʧʨʦʪʦʢʦʣʫ TCP 

ʇʨʦʪʦʢʦʣ TCP ʟʘʙʝʟʧʝʯʫʻ ʢʦʥʪʨʦʣʴ ʩʪʘʥʫ. ʇʨʦʪʦʢʦʣ ʟ ʢʦʥʪʨʦʣʝʤ ʩʪʘʥʫ 

ʚʽʜʩʪʝʞʫʻ ʩʪʘʥ ʩʝʘʥʩʫ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. ɼʣʷ ʚʽʜʩʪʝʞʝʥʥʷ ʩʪʘʥʫ ʩʝʘʥʩʫ ʟʚ'ʷʟʢʫ 

ʧʨʦʪʦʢʦʣ TCP ʬʽʢʩʫʻ, ʷʢʫ ʽʥʬʦʨʤʘʮʽʶ ʚʽʥ ʚʽʜʧʨʘʚʠʚ, ʽ ʷʢʘ ʽʥʬʦʨʤʘʮʽʷ ʙʫʣʘ 

ʧʽʜʪʚʝʨʜʞʝʥʘ. ʉʝʘʥʩ ʟʚ'ʷʟʢʫ ʟ ʢʦʥʪʨʦʣʝʤ ʩʪʘʥʫ ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʩʝʘʥʩʫ ʦʙʤʽʥʫ ʜʘʥʠʤʠ ʽ ʧʨʠʧʠʥʷʻʪʴʩʷ ʧʽʩʣʷ ʡʦʛʦ ʟʘʚʝʨʰʝʥʥʷ. 

ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʤʘʣʶʥʢʫ, ʢʦʞʝʥ ʩʝʛʤʝʥʪ TCP ʤʽʩʪʠʪʴ 20 ʜʦʜʘʪʢʦʚʠʭ ʙʘʡʪʽʚ 

ʚ ʟʘʛʦʣʦʚʢʫ, ʽʥʢʘʧʩʫʣʽʨʫʷ ʜʘʥʽ ʨʽʚʥʷ ʜʦʜʘʪʢʽʚ. 

 
ʈʠʩ. 2.2.5 

ʇʦʨʪ ʜʞʝʨʝʣʘ (16 ʙʽʪ) ʽ ʧʦʨʪ ʧʨʠʟʥʘʯʝʥʥʷ (16 ʙʽʪ): ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʛʨʘʤʠ. 

ʇʦʨʷʜʢʦʚʠʡ ʥʦʤʝʨ (32 ʙʽʪʘ): ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʦʚʪʦʨʥʦʛʦ ʩʢʣʘʜʘʥʥʷ 

ʜʘʥʠʭ. 

ʅʦʤʝʨ ʧʽʜʪʚʝʨʜʞʝʥʥʷ (32 ʙʽʪʘ): ʦʟʥʘʯʘʻ, ʱʦ ʜʘʥʽ ʦʪʨʠʤʘʥʽ. 

ɼʦʚʞʠʥʘ ʟʘʛʦʣʦʚʢʘ (4 ʙʽʪʘ): ʧʘʨʘʤʝʪʨ, ʷʢʠʡ ʪʘʢʦʞ ʥʘʟʠʚʘʻʪʴʩʷ ʟʤʽʱʝʥʥʷʤ 

ʜʘʥʠʭ. ʇʦʟʥʘʯʘʻ ʜʦʚʞʠʥʫ ʟʘʛʦʣʦʚʢʘ ʩʝʛʤʝʥʪʘ TCP. 



ɿʘʨʝʟʝʨʚʦʚʘʥʦ (6 ʙʽʪ): ʧʦʣʝ, ʟʘʨʝʟʝʨʚʦʚʘʥʝ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ɹʽʪʠ ʫʧʨʘʚʣʽʥʥʷ (6 ʙʽʪ): ʚʢʣʶʯʘʻ ʜʚʽʡʢʦʚʽ ʢʦʜʠ, ʘʙʦ ʧʨʘʧʦʨʠ, ʷʢʽ ʚʢʘʟʫʶʪʴ 

ʧʨʠʟʥʘʯʝʥʥʷ ʽ ʬʫʥʢʮʽʶ ʩʝʛʤʝʥʪʘ TCP. 

ʈʦʟʤʽʨ ʚʽʢʥʘ (16 ʙʽʪ): ʚʢʘʟʫʻ ʢʽʣʴʢʽʩʪʴ ʩʝʛʤʝʥʪʽʚ, ʷʢʽ ʤʦʞʥʘ ʧʨʠʡʥʷʪʠ 

ʦʜʥʦʯʘʩʥʦ. 

ʂʦʥʪʨʦʣʴʥʘ ʩʫʤʘ (16 ʙʽʪ): ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʧʦʤʠʣʦʢ ʚ 

ʟʘʛʦʣʦʚʢʫ ʽ ʜʘʥʠʭ ʩʝʛʤʝʥʪʘ. 

ʊʝʨʤʽʥʦʚʽʩʪʴ (16 ʙʽʪ): ʧʦʟʥʘʯʘʻ, ʯʠ ʻ ʜʘʥʽ ʪʝʨʤʽʥʦʚʠʤʠ. 

ʌʫʥʢʮʽʾ ʧʨʦʪʦʢʦʣʫ UDP 

ʇʨʦʪʦʢʦʣ ʧʝʨʝʜʘʯʽ ʜʘʪʘʛʨʘʤ ʢʦʨʠʩʪʫʚʘʯʘ (UDP) - ʮʝ ʪʨʘʥʩʧʦʨʪʥʠʡ 

ʧʨʦʪʦʢʦʣ ʥʝʛʘʨʘʥʪʦʚʘʥʦʾ ʜʦʩʪʘʚʢʠ. UDP - ʮʝ ʧʦʣʝʛʰʝʥʠʡ ʪʨʘʥʩʧʦʨʪʥʠʡ 

ʧʨʦʪʦʢʦʣ, ʷʢʠʡ ʧʨʦʧʦʥʫʻ ʪʘʢʫ ʞ ʩʝʛʤʝʥʪʘʮʽʶ ʽ ʧʦʚʪʦʨʥʝ ʩʢʣʘʜʘʥʥʷ ʜʘʥʠʭ, ʷʢ ʽ 

ʧʨʦʪʦʢʦʣ TCP, ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʥʝ ʟʘʙʝʟʧʝʯʫʻ ʥʘʜʽʡʥʽʩʪʴ ʽ ʫʧʨʘʚʣʽʥʥʷ ʧʦʪʦʢʦʤ, 

ʚʣʘʩʪʠʚʽ TCP. UDP ʻ ʥʘʩʪʽʣʴʢʠ ʧʨʦʩʪʠʤ ʧʨʦʪʦʢʦʣʦʤ, ʱʦ ʟʘʟʚʠʯʘʡ ʦʧʠʩʫʻʪʴʩʷ ʟ 

ʪʦʯʢʠ ʟʦʨʫ ʪʦʛʦ, ʯʦʛʦ ʚʽʥ ʥʝ ʥʘʜʘʻ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʨʦʪʦʢʦʣʦʤ TCP. 

ʟʘʛʦʣʦʚʦʢ UDP 

UDP - ʮʝ ʧʨʦʪʦʢʦʣ ʙʝʟ ʚʽʜʩʪʝʞʝʥʥʷ ʩʪʘʥʫ (stateless), ʘ ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʥʽ 

ʢʣʽʻʥʪ, ʥʽ ʩʝʨʚʝʨ ʥʝ ʟʦʙʦʚ'ʷʟʘʥʽ ʚʽʜʩʣʽʜʢʦʚʫʚʘʪʠ ʩʪʘʥ ʩʝʘʥʩʫ ʟʚ'ʷʟʢʫ. ʗʢʱʦ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ UDP ʚ ʷʢʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʨʦʪʦʢʦʣʫ ʧʦʪʨʽʙʥʘ ʥʘʜʽʡʥʽʩʪʴ 

ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʾʾ ʤʘʻ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʩʘʤ ʜʦʜʘʪʦʢ. 

ʆʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʚʠʤʦʛ ʜʣʷ ʧʝʨʝʜʘʯʽ ʚʽʜʝʦ ʽ ʛʦʣʦʩʫ ʧʦ ʤʝʨʝʞʽ ʚ ʨʝʞʠʤʽ 

ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʻ ʥʘʷʚʥʽʩʪʴ ʧʦʩʪʽʡʥʦʛʦ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʛʦ ʧʦʪʦʢʫ. ɼʦʜʘʪʢʠ ʜʣʷ 

ʧʝʨʝʜʘʯʽ ʚʽʜʝʦ ʽ ʛʦʣʦʩʫ ʜʦʧʫʩʢʘʶʪʴ ʚʪʨʘʪʠ ʜʝʷʢʦʾ ʢʽʣʴʢʦʩʪʽ ʜʘʥʠʭ, ʷʢʽ ʙʫʜʫʪʴ 

ʣʝʜʴ ʧʦʤʽʪʥʽ ʘʙʦ ʥʝʧʦʤʽʪʥʽ ʟʦʚʩʽʤ, ʽ ʚʽʜʤʽʥʥʦ ʧʽʜʭʦʜʷʪʴ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʨʦʪʦʢʦʣʫ UDP. 

 
ʈʠʩ. 2.2.6 

ʏʘʩʪʠʥʠ ʧʦʚʽʜʦʤʣʝʥʥʷ ʚ UDP ʥʘʟʠʚʘʶʪʴʩʷ ʜʘʪʘʛʨʘʤʫ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ 

ʤʘʣʶʥʢʫ. ʎʽ ʜʘʪʘʛʨʘʤʠ ʚʽʜʧʨʘʚʣʷʶʪʴʩʷ ʙʝʟ ʛʘʨʘʥʪʽʾ ʜʦʩʪʘʚʢʠ ʧʨʦʪʦʢʦʣʦʤ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʨʽʚʥʷ. ʇʨʦʪʦʢʦʣ UDP ʟʘʙʝʟʧʝʯʫʻ ʥʠʟʴʢʽ ʥʘʢʣʘʜʥʽ ʚʠʪʨʘʪʠ (ʚʩʴʦʛʦ 

8 ʙʘʡʪ). 

ʆʢʨʝʤʽ ʩʝʘʥʩʠ ʟʚ'ʷʟʢʫ 

ʊʨʘʥʩʧʦʨʪʥʠʡ ʨʽʚʝʥʴ ʧʦʚʠʥʝʥ ʙʫʪʠ ʚ ʟʤʦʟʽ ʨʦʟʜʽʣʷʪʠ ʢʽʣʴʢʘ ʢʘʥʘʣʽʚ 

ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʟ ʨʽʟʥʠʤʠ ʚʠʤʦʛʘʤʠ ʪʘ ʢʝʨʫʚʘʪʠ ʥʠʤʠ. ʂʦʨʠʩʪʫʚʘʯʽ ʧʦʚʠʥʥʽ 

ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʦʜʥʦʯʘʩʥʦ ʦʪʨʠʤʫʚʘʪʠ ʽ ʚʽʜʧʨʘʚʣʷʪʠ ʧʦʰʪʫ, ʦʙʤʽʥʶʚʘʪʠʩʷ 

ʤʠʪʪʻʚʠʤʠ ʧʦʚʽʜʦʤʣʝʥʥʷʤʠ, ʧʝʨʝʛʣʷʜʘʪʠ ʚʝʙ-ʩʘʡʪʠ ʽ ʩʧʽʣʢʫʚʘʪʠʩʷ ʧʦ ʪʝʣʝʬʦʥʫ 

ʟʘ ʜʦʧʦʤʦʛʦʶ VoIP. ʂʦʞʥʝ ʟ ʮʠʭ ʜʦʜʘʪʢʽʚ ʦʜʥʦʯʘʩʥʦ ʚʽʜʧʨʘʚʣʷʻ ʽ ʦʪʨʠʤʫʻ ʜʘʥʽ 



ʧʦ ʤʝʨʝʞʽ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʨʽʟʥʽ ʚʠʤʦʛʠ ʜʦ ʥʘʜʽʡʥʦʩʪʽ. ʂʨʽʤ ʪʦʛʦ, ʜʘʥʽ, ʱʦ 

ʧʝʨʝʜʘʶʪʴʩʷ ʧʽʜ ʯʘʩ ʪʝʣʝʬʦʥʥʦʾ ʨʦʟʤʦʚʠ, ʥʝ ʥʘʧʨʘʚʣʷʶʪʴʩʷ ʚ ʚʝʙ-ʙʨʘʫʟʝʨ, ʘ 

ʪʝʢʩʪ ʤʠʪʪʻʚʠʭ ʧʦʚʽʜʦʤʣʝʥʴ ʥʝ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʚ ʣʠʩʪʘʭ ʝʣʝʢʪʨʦʥʥʦʾ ʧʦʰʪʠ. 

 
ʈʠʩ. 2.2.7 

ɼʣʷ ʫʧʨʘʚʣʽʥʥʷ ʪʘʢʠʤʠ ʦʜʥʦʯʘʩʥʠʤʠ ʩʝʘʥʩʘʤʠ ʟʚ'ʷʟʢʫ ʧʨʦʪʦʢʦʣʠ TCP ʽ 

UDP ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʦʣʷ ʟʘʛʦʣʦʚʢʘ, ʷʢʽ ʩʣʫʞʘʪʴ ʜʣʷ ʫʥʽʢʘʣʴʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ 

ʚʽʜʧʦʚʽʜʥʠʭ ʜʦʜʘʪʢʽʚ. ʋ ʨʦʣʽ ʪʘʢʠʭ ʫʥʽʢʘʣʴʥʠʭ ʽʜʝʥʪʠʬʽʢʘʪʦʨʽʚ ʚʠʩʪʫʧʘʶʪʴ 

ʥʦʤʝʨʘ ʧʦʨʪʽʚ. 

ʥʦʤʝʨʠ ʧʦʨʪʽʚ 

ʅʦʤʝʨ ʧʦʨʪʫ ʜʞʝʨʝʣʘ ʧʦʚ'ʷʟʘʥʠʡ ʟ ʚʽʜʧʨʘʚʣʷʶʪʴ ʜʦʜʘʪʢʦʤ ʥʘ ʣʦʢʘʣʴʥʦʤʫ 

ʚʫʟʣʽ. ʅʦʤʝʨ ʧʦʨʪʫ ʧʨʠʟʥʘʯʝʥʥʷ ʧʦʚ'ʷʟʘʥʠʡ ʟ ʜʦʜʘʪʢʦʤ ʧʨʠʟʥʘʯʝʥʥʷ ʥʘ 

ʚʽʜʜʘʣʝʥʦʤʫ ʚʫʟʣʽ. 

ʧʦʨʪ ʜʞʝʨʝʣʘ 

ʅʦʤʝʨ ʧʦʨʪʫ ʜʞʝʨʝʣʘ ʛʝʥʝʨʫʻʪʴʩʷ ʜʠʥʘʤʽʯʥʠʤ ʯʠʥʦʤ ʧʨʠʩʪʨʦʻʤ-

ʚʽʜʧʨʘʚʥʠʢʦʤ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʩʝʘʥʩʫ ʟʚ'ʷʟʢʫ ʤʽʞ ʜʚʦʤʘ ʧʨʠʩʪʨʦʷʤʠ. ɿʘʚʜʷʢʠ 

ʮʴʦʤʫ ʤʦʞʥʘ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʢʽʣʴʢʘ ʩʝʘʥʩʽʚ ʟʚ'ʷʟʢʫ ʦʜʥʦʯʘʩʥʦ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, 

ʧʨʠʩʪʨʽʡ ʤʦʞʝ ʦʜʥʦʯʘʩʥʦ ʧʝʨʝʜʘʚʘʪʠ ʥʘ ʚʝʙ-ʩʝʨʚʝʨ ʚʽʜʨʘʟʫ ʢʽʣʴʢʘ ʟʘʧʠʪʽʚ HTTP 

ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʆʢʨʝʤʽ ʩʝʘʥʩʠ ʟʚ'ʷʟʢʫ ʧʦ ʧʨʦʪʦʢʦʣʫ HTTP ʚʽʜʩʣʽʜʢʦʚʫʶʪʴʩʷ 

ʟʘ ʥʦʤʝʨʘʤʠ ʧʦʨʪʽʚ ʜʞʝʨʝʣʘ. 

ʇʦʨʪ ʧʨʠʟʥʘʯʝʥʥʷ 
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ʂʣʽʻʥʪ ʚʢʘʟʫʻ ʥʦʤʝʨ ʧʦʨʪʫ ʧʨʠʟʥʘʯʝʥʥʷ ʚ ʩʝʛʤʝʥʪʽ, ʱʦʙ ʧʦʚʽʜʦʤʠʪʠ ʩʝʨʚʝʨ 

ʧʨʠʟʥʘʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʪʝ, ʷʢʠʡ ʩʝʨʚʽʩ ʟʘʧʠʪʫʻʪʴʩʷ (ʜʠʚ. ʄʘʣʶʥʦʢ). 

ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʢʣʽʻʥʪ ʚ ʦʧʠʩʽ ʜʣʷ ʧʦʨʪʫ ʧʨʠʟʥʘʯʝʥʥʷ ʚʢʘʟʫʻ ʧʦʨʪ 80, ʪʦ 

ʩʝʨʚʝʨ, ʱʦ ʧʨʠʡʤʘʻ ʮʝ ʧʦʚʽʜʦʤʣʝʥʥʷ, ʚʞʝ ʟʥʘʻ, ʱʦ ʟʘʧʠʪʫʶʪʴʩʷ ʚʝʙ-ʩʣʫʞʙʠ. 

ʉʝʨʚʝʨ ʤʦʞʝ ʦʜʥʦʯʘʩʥʦ ʥʘʜʘʚʘʪʠ ʚʝʙ-ʩʣʫʞʙʠ ʯʝʨʝʟ ʧʦʨʪ 80 ʽ ʦʨʛʘʥʽʟʫʚʘʪʠ 

ʧʽʜʢʣʶʯʝʥʥʷ ʧʦ ʧʨʦʪʦʢʦʣʫ FTP ʯʝʨʝʟ ʧʦʨʪ 21 ʜʣʷ ʦʙʤʽʥʫ ʬʘʡʣʘʤʠ. 

ʧʘʨʠ ʩʦʢʝʪʦʚ 

ʅʦʤʝʨʠ ʧʦʨʪʫ ʜʞʝʨʝʣʘ ʽ ʧʦʨʪʫ ʧʨʠʟʥʘʯʝʥʥʷ ʟʘʧʠʩʫʶʪʴʩʷ ʚ ʩʝʛʤʝʥʪ. ʇʦʪʽʤ 

ʮʽ ʩʝʛʤʝʥʪʠ ʠʥʢʘʧʩʫʣʠʨʫʶʪʩʷ ʚ ʧʘʢʝʪʽ IP. ʋ ʧʘʢʝʪʽ IP ʟʘʧʠʩʫʻʪʴʩʷ IP-ʘʜʨʝʩʘ 

ʜʞʝʨʝʣʘ ʽ ʧʨʠʟʥʘʯʝʥʥʷ. ʂʦʤʙʽʥʘʮʽʷ IP-ʘʜʨʝʩʠ ʜʞʝʨʝʣʘ ʽ ʥʦʤʝʨʘ ʧʦʨʪʫ ʜʞʝʨʝʣʘ 

ʘʙʦ IP-ʘʜʨʝʩʠ ʧʨʠʟʥʘʯʝʥʥʷ ʽ ʥʦʤʝʨʘ ʧʦʨʪʫ ʧʨʠʟʥʘʯʝʥʥʷ ʥʘʟʠʚʘʻʪʴʩʷ ʩʦʢʝʪʦʤ. 

ʉʦʢʝʪ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʝʨʚʝʨʘ ʽ ʩʣʫʞʙ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ 

ʢʣʽʻʥʪʦʤ. ʉʦʢʝʪ ʢʣʽʻʥʪʘ ʤʦʞʝ ʤʘʪʠ ʪʘʢʠʡ ʚʠʛʣʷʜ, ʜʝ 1099 - ʮʝ ʥʦʤʝʨ ʧʦʨʪʫ 

ʜʞʝʨʝʣʘ: 192.168.1.5:1099. 

ʉʦʢʝʪ ʚʝʙ-ʩʝʨʚʝʨʘ ʤʦʞʝ ʤʘʪʠ ʪʘʢʠʡ ʚʠʛʣʷʜ: 192.168.1.7:80. 

ʈʘʟʦʤ ʮʽ ʜʚʘ ʩʦʢʝʪʘ ʫʪʚʦʨʶʶʪʴ ʥʘʩʪʫʧʥʫ ʧʘʨʫ: 192.168.1.5:1099, 

192.168.1.7:80. 

ʉʦʢʝʪʠ ʜʦʟʚʦʣʷʶʪʴ ʨʦʟʨʽʟʥʷʪʠ ʢʽʣʴʢʘ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʠʢʦʥʫʶʪʴʩʷ ʥʘ ʢʣʽʻʥʪʽ, 

ʘ ʪʘʢʦʞ ʨʦʟʧʽʟʥʘʚʘʪʠ ʨʽʟʥʽ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʧʨʦʮʝʩʫ ʩʝʨʚʝʨʘ. 
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ʅʦʤʝʨ ʧʦʨʪʫ ʜʞʝʨʝʣʘ ʛʨʘʻ ʨʦʣʴ ʟʚʦʨʦʪʥʦʾ ʘʜʨʝʩʠ ʜʣʷ ʟʘʧʠʪʫʚʘʯʘ ʜʦʜʘʪʢʠ. 

ʇʨʦʪʦʢʦʣʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʨʽʚʥʷ ʚʽʜʩʪʝʞʫʶʪʴ ʧʦʨʪ ʽ ʜʦʜʘʪʦʢ-ʜʞʝʨʝʣʦ ʟʘʧʠʪʫ, 

ʱʦʙ ʚʽʜʧʦʚʽʜʥʦʤʫ ʜʦʜʘʪʢʫ ʤʦʞʥʘ ʙʫʣʦ ʚʽʜʧʨʘʚʠʪʠ ʚʽʜʛʫʢ. 

ɻʨʫʧʠ ʥʦʤʝʨʽʚ ʧʦʨʪʽʚ 

ʈʦʟʨʦʙʢʘ ʨʽʟʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ʘʜʨʝʩʘʮʽʾ, ʚʢʣʶʯʘʶʯʠ ʥʫʤʝʨʘʮʽʶ ʧʦʨʪʽʚ, 

ʚʠʢʦʥʫʻʪʴʩʷ ɸʜʤʽʥʽʩʪʨʘʮʽʻʶ ʘʜʨʝʩʥʦʛʦ ʧʨʦʩʪʦʨʫ ɯʥʪʝʨʥʝʪ (Internet Assigned 

Numbers Authority, IANA). ɯʩʥʫʻ ʢʽʣʴʢʘ ʪʠʧʽʚ ʥʦʤʝʨʽʚ ʧʦʨʪʽʚ (ʜʠʚ. ʄʘʣʶʥʦʢ 1). 

ɿʘʛʘʣʴʥʦʚʽʜʦʤʽ ʧʦʨʪʠ (ʥʦʤʝʨʘ 0-1023). ʎʽ ʥʦʤʝʨʠ ʟʘʨʝʟʝʨʚʦʚʘʥʽ ʜʣʷ 

ʩʝʨʚʽʩʽʚ ʽ ʜʦʜʘʪʢʽʚ. ɺʦʥʠ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʦʜʘʪʢʘʤʠ, ʪʘʢʠʤʠ ʷʢ ʚʝʙ-

ʙʨʘʫʟʝʨʠ ʪʘ ʧʦʰʪʦʚʽ ʢʣʽʻʥʪʠ, ʘ ʪʘʢʦʞ ʢʣʽʻʥʪʘʤʠ ʚʽʜʜʘʣʝʥʦʛʦ ʜʦʩʪʫʧʫ. ɿʘ 

ʨʘʭʫʥʦʢ ʪʦʛʦ, ʱʦ ʜʦʙʨʝ ʚʽʜʦʤʽ ʧʦʨʪʠ ʧʦʚ'ʷʟʘʥʽ ʟ ʧʝʚʥʠʤʠ ʪʠʧʘʤʠ ʩʝʨʚʝʨʥʠʭ 

ʜʦʜʘʪʢʽʚ, ʢʣʽʻʥʪʩʴʢʽ ʧʨʦʛʨʘʤʠ ʤʦʞʥʘ ʟʘʧʨʦʛʨʘʤʫʚʘʪʠ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʚʦʥʠ 

ʟʘʧʠʪʫʚʘʣʠ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʮʴʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʧʦʨʪʫ ʽ ʧʦʚ'ʷʟʘʥʦʛʦ ʟ ʥʠʤ 

ʩʝʨʚʽʩʫ. 

ɿʘʨʝʻʩʪʨʦʚʘʥʽ ʧʦʨʪʠ (ʥʦʤʝʨʘ 1024-49151). IANA ʟʘ ʟʘʧʠʪʦʤ ʦʨʛʘʥʽʟʘʮʽʡ 

ʧʨʠʚʣʘʩʥʶʻ ʜʘʥʽ ʧʦʨʪʠ ʜʣʷ ʙʫʜʴ-ʷʢʠʭ ʩʧʝʮʠʬʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʘʙʦ ʜʦʜʘʪʢʽʚ. ʎʽ 

ʧʨʦʮʝʩʠ ʚ ʦʩʥʦʚʥʦʤʫ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʦʢʨʝʤʽ ʜʦʜʘʪʢʠ, ʷʢʽ ʢʦʨʠʩʪʫʚʘʯ ʚʠʨʽʰʠʚ 

ʚʩʪʘʥʦʚʠʪʠ, ʘ ʥʝ ʰʠʨʦʢʦ ʧʦʰʠʨʝʥʽ ʧʨʦʛʨʘʤʠ, ʷʢʠʤ ʟʘʟʚʠʯʘʡ ʧʨʠʩʚʦʶʶʪʴ 

ʟʘʛʘʣʴʥʦʚʽʜʦʤʽ ʥʦʤʝʨʠ ʧʦʨʪʽʚ. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʧʨʦʮʝʩʫ HSRP (Hot Standby 

Routing Protocol) ʢʦʤʧʘʥʽʷ Cisco ʟʘʨʝʻʩʪʨʫʚʘʣʘ ʧʦʨʪ 1985. 

ɼʠʥʘʤʽʯʥʽ ʘʙʦ ʧʨʠʚʘʪʥʽ ʧʦʨʪʠ (ʥʦʤʝʨʘ 49152-65535). ʗʢ ʧʨʘʚʠʣʦ, ʮʽ ʧʦʨʪʠ, 

ʷʢʽ ʪʘʢʦʞ ʥʘʟʠʚʘʶʪʴʩʷ ʪʠʤʯʘʩʦʚʠʤʠ, ʜʠʥʘʤʽʯʥʦ ʧʨʠʩʚʦʶʶʪʴʩʷ ʢʣʽʻʥʪʩʴʢʦʾ ʆʉ, 

ʢʦʣʠ ʽʥʽʮʽʶʻʪʴʩʷ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʩʝʨʚʽʩʫ. ʇʽʩʣʷ ʯʦʛʦ ʪʘʢʠʡ ʧʦʨʪ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʣʽʻʥʪʩʴʢʦʾ ʧʨʦʛʨʘʤʠ ʧʽʜ ʯʘʩ ʦʙʤʽʥʫ ʜʘʥʠʤʠ. 



ʇʨʠʤʽʪʢʘ. ʋ ʜʝʷʢʠʭ ʢʣʽʻʥʪʩʴʢʠʭ ʆʉ ʜʣʷ ʧʨʠʟʥʘʯʝʥʥʷ ʧʦʨʪʽʚ ʜʞʝʨʝʣʘ 

ʟʘʤʽʩʪʴ ʜʠʥʘʤʽʯʥʠʭ ʧʦʨʪʽʚ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʟʘʨʝʻʩʪʨʦʚʘʥʽ ʧʦʨʪʠ. 

ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʽ ʜʝʷʢʽ ʟʘʛʘʣʴʥʦʚʽʜʦʤʽ ʧʦʨʪʠ ʽ ʧʦʚ'ʷʟʘʥʽ ʟ ʥʠʤʠ ʧʨʦʛʨʘʤʠ. 

ɼʝʷʢʽ ʜʦʜʘʪʢʠ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ ʧʨʦʪʦʢʦʣ TCP, ʪʘʢ ʽ UDP. 

ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʚʽʜʧʨʘʚʢʠ ʟʘʧʠʪʽʚ ʢʣʽʻʥʪʽʚ ʥʘ DNS-ʩʝʨʚʝʨ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʧʨʦʪʦʢʦʣ UDP. ʆʜʥʘʢ ʚʟʘʻʤʦʜʽʷ ʜʚʦʭ DNS-ʩʝʨʚʝʨʽʚ ʦʜʠʥ ʟ ʦʜʥʠʤ ʟʘʚʞʜʠ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦ ʧʨʦʪʦʢʦʣʫ TCP. 

ʢʦʤʘʥʜʘ netstat 

ʅʝʚʽʜʦʤʽ TCP-ʟ'ʻʜʥʘʥʥʷ ʤʦʞʫʪʴ ʩʪʘʥʦʚʠʪʠ ʟʥʘʯʥʫ ʟʘʛʨʦʟʫ ʙʝʟʧʝʮʽ. ɺʦʥʠ 

ʤʦʞʫʪʴ ʚʢʘʟʫʚʘʪʠ ʥʘ ʥʘʷʚʥʽʩʪʴ ʩʪʦʨʦʥʥʽʭ ʧʽʜʢʣʶʯʝʥʴ ʜʦ ʣʦʢʘʣʴʥʦʛʦ ʚʫʟʣʘ. ʋ 

ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʧʦʪʨʽʙʥʦ ʚʠʟʥʘʯʠʪʠ, ʷʢʽ TCP-ʟ'ʻʜʥʘʥʥʷ ʚʽʜʢʨʠʪʽ ʽ ʜʽʶʪʴ ʥʘ 

ʤʝʨʝʞʝʚʦʤʫ ʚʫʟʣʽ. ʇʝʨʝʚʽʨʠʪʠ ʩʪʘʥ ʮʠʭ ʟ'ʻʜʥʘʥʴ ʜʦʧʦʤʘʛʘʻ ʚʘʞʣʠʚʝ 

ʧʨʦʛʨʘʤʥʠʡ ʟʘʩʽʙ - netstat. ʂʦʤʘʥʜʘ netstat ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʩʧʠʩʦʢ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʧʨʦʪʦʢʦʣʽʚ, ʣʦʢʘʣʴʥʠʭ ʘʜʨʝʩ ʽ ʥʦʤʝʨʽʚ ʧʦʨʪʽʚ, ʘʜʨʝʩʘ ʽ ʥʦʤʝʨ 

ʧʦʨʪʫ ʥʘ ʚʽʜʜʘʣʝʥʦʤʫ ʚʫʟʣʽ, ʘ ʪʘʢʦʞ ʧʦʚʽʜʦʤʣʷʻ ʩʪʘʥ ʟ'ʻʜʥʘʥʴ. 

ɿʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʢʦʤʘʥʜʘ netstat ʥʘʤʘʛʘʻʪʴʩʷ ʚʠʨʽʰʠʪʠ IP-ʘʜʨʝʩʠ ʚ ʽʤʝʥʘ 

ʜʦʤʝʥʽʚ, ʘ ʥʦʤʝʨʠ ʧʦʨʪʽʚ - ʚ ʥʘʟʚʠ ʟʘʛʘʣʴʥʦʚʽʜʦʤʠʭ ʜʦʜʘʪʢʽʚ. ʑʦʙ ʚʽʜʦʙʨʘʟʠʪʠ 

IP-ʘʜʨʝʩʠ ʽ ʥʦʤʝʨʠ ʧʦʨʪʽʚ ʚ ʯʠʩʣʦʚʽʡ ʬʦʨʤʽ, ʚʢʘʞʽʪʴ ʧʘʨʘʤʝʪʨ -n. 

ʇʨʦʮʝʩʠ TCP-ʩʝʨʚʝʨʘ 

ʂʦʞʝʥ ʧʨʦʮʝʩ ʜʦʜʘʪʢʠ, ʟʘʧʫʱʝʥʠʡ ʥʘ ʩʝʨʚʝʨʽ, ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʝʚʥʠʡ ʥʦʤʝʨ 

ʧʦʨʪʫ (ʘʙʦ ʟʘʜʘʥʠʡ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ, ʘʙʦ ʥʘʣʘʰʪʦʚʘʥʠʡ ʚʨʫʯʥʫ ʩʠʩʪʝʤʥʠʤ 

ʘʜʤʽʥʽʩʪʨʘʪʦʨʦʤ). ʅʝ ʜʦʧʫʩʢʘʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʚʦʤʘ ʨʽʟʥʠʤʠ ʩʣʫʞʙʘʤʠ ʥʘ 

ʦʜʥʦʤʫ ʽ ʪʦʤʫ ʞ ʩʝʨʚʝʨʽ ʦʜʥʦʛʦ ʽ ʪʦʛʦ ʞ ʧʦʨʪʫ ʟ ʦʜʥʘʢʦʚʠʤ ʧʨʦʪʦʢʦʣʦʤ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʨʽʚʥʷ. 

ʅʘʧʨʠʢʣʘʜ, ʜʦʜʘʪʦʢ ʚʝʙ-ʩʝʨʚʝʨʘ ʽ ʜʦʜʘʪʦʢ ʧʝʨʝʜʘʯʽ ʬʘʡʣʽʚ, ʷʢʽ ʟʘʧʫʱʝʥʽ ʥʘ 

ʦʜʥʦʤʫ ʚʫʟʣʽ, ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʥʘʣʘʰʪʦʚʘʥʽ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʜʥʦʛʦ ʽ ʪʦʛʦ ʞ 

ʧʦʨʪʫ (ʥʘʧʨʠʢʣʘʜ, TCP-ʧʦʨʪʫ 80). ɸʢʪʠʚʥʝ ʩʝʨʚʝʨʥʠʡ ʜʦʜʘʪʦʢ, ʷʢʦʤʫ 

ʧʨʠʩʚʦʻʥʦ ʷʢʠʡʩʴ ʧʝʚʥʠʡ ʧʦʨʪ, ʚʚʘʞʘʻʪʴʩʷ ʚʽʜʢʨʠʪʠʤ, ʱʦ ʦʟʥʘʯʘʻ, ʱʦ 

ʪʨʘʥʩʧʦʨʪʥʠʡ ʨʽʚʝʥʴ ʤʦʞʝ ʧʨʠʡʤʘʪʠ ʽ ʦʙʨʦʙʣʷʪʠ ʩʝʛʤʝʥʪʠ, ʱʦ ʥʘʧʨʘʚʣʷʶʪʴʩʷ 

ʥʘ ʮʝʡ ʧʦʨʪ. ɹʫʜʴ ʚʭʽʜʥʠʡ ʟʘʧʠʪ, ʷʢʠʡ ʘʜʨʝʩʦʚʘʥʠʡ ʧʨʘʚʠʣʴʥʦʤʫ ʩʦʢʝʪʫ, ʙʫʜʝ 

ʧʨʠʡʥʷʪʠʡ, ʘ ʜʘʥʽ ʙʫʜʫʪʴ ʧʝʨʝʜʘʥʽ ʟ ʜʦʜʘʪʢʦʤ ʩʝʨʚʝʨʘ. ʅʘ ʩʝʨʚʝʨʽ ʤʦʞʝ ʙʫʪʠ 

ʦʜʥʦʯʘʩʥʦ ʚʽʜʢʨʠʪʦ ʚʽʜʨʘʟʫ ʢʽʣʴʢʘ ʧʦʨʪʽʚ, ʧʦ ʦʜʥʦʤʫ ʜʣʷ ʢʦʞʥʦʛʦ ʘʢʪʠʚʥʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʝʨʚʝʨʘ. 

ɺʩʪʘʥʦʚʣʝʥʥʷ TCP-ʟ'ʻʜʥʘʥʥʷ 

ʋ ʜʝʷʢʠʭ ʢʨʘʾʥʘʭ ʧʨʠ ʟʫʩʪʨʽʯʽ ʜʚʦʭ ʣʶʜʝʡ ʧʨʠʡʥʷʪʦ ʦʙʤʽʥʶʚʘʪʠʩʷ 

ʨʫʢʦʩʪʠʩʢʘʥʥʷʤʠ. ʈʫʢʦʩʪʠʩʢʘʥʥʷ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʦʙʦʤʘ ʩʪʦʨʦʥʘʤʠ ʷʢ ʩʠʛʥʘʣ ʜʣʷ 

ʜʨʫʞʥʴʦʛʦ ʚʽʪʘʥʥʷ. ʇʽʜʢʣʶʯʝʥʥʷ ʚ ʤʝʨʝʞʽ ʟʜʽʡʩʥʶʶʪʴʩʷ ʧʨʠʙʣʠʟʥʦ ʪʘʢ ʩʘʤʦ. 

ʇʨʠ ʧʽʜʢʣʶʯʝʥʠʭ ʧʦ ʧʨʦʪʦʢʦʣʫ TCP ʢʣʽʻʥʪ ʚʫʟʣʘ ʚʩʪʘʥʦʚʣʶʻ ʟʚ'ʷʟʦʢ ʟ 

ʩʝʨʚʝʨʦʤ. 

ʚ ʪʨʠ ʝʪʘʧʠ: 



 
ʈʠʩ. 2.2.10 

ɽʪʘʧ 1. ɯʥʽʮʽʶʻ ʢʣʽʻʥʪ ʟʘʧʠʪʫʻ ʩʝʘʥʩ ʦʙʤʽʥʫ ʜʘʥʠʤʠ çʢʣʽʻʥʪ-ʩʝʨʚʝʨè ʟ 

ʩʝʨʚʝʨʦʤ. 

ɽʪʘʧ 2. ʉʝʨʚʝʨ ʧʽʜʪʚʝʨʜʞʫʻ ʩʝʘʥʩ ʦʙʤʽʥʫ ʜʘʥʠʤʠ çʢʣʽʻʥʪ-ʩʝʨʚʝʨè ʽ ʟʘʧʠʪʫʻ 

ʩʝʘʥʩ ʦʙʤʽʥʫ ʜʘʥʠʤʠ çʩʝʨʚʝʨ-ʢʣʽʻʥʪè. 

ɽʪʘʧ 3. ɯʥʽʮʽʶʻ ʢʣʽʻʥʪ ʧʽʜʪʚʝʨʜʞʫʻ ʩʝʘʥʩ ʦʙʤʽʥʫ ʜʘʥʠʤʠ çʩʝʨʚʝʨ-ʢʣʽʻʥʪè. 

ʇʨʠʧʠʥʝʥʥʷ TCP-ʩʝʘʥʩʫ 

ʑʦʙ ʨʦʟʽʨʚʘʪʠ ʟ'ʻʜʥʘʥʥʷ ʚ ʟʘʛʦʣʦʚʢʫ ʩʝʛʤʝʥʪʘ ʧʦʚʠʥʝʥ ʙʫʪʠ ʚʩʪʘʥʦʚʣʝʥʠʡ 

ʢʝʨʫʶʯʠʡ ʧʨʘʧʦʨ Finish (FIN). ɼʣʷ ʟʘʚʝʨʰʝʥʥʷ ʢʦʞʥʦʛʦ ʦʜʥʦʩʪʦʨʦʥʥʴʦʛʦ TCP-

ʩʝʘʥʩʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʚʦʩʪʦʨʦʥʥʻ ʢʚʠʪʠʨʦʚʘʥʠʝ (ʨʫʢʦʩʪʠʩʢʘʥʥʷ), ʷʢʝ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʩʝʛʤʝʥʪʘ FIN ʽ ʩʝʛʤʝʥʪʘ ACK (ʧʽʜʪʚʝʨʜʞʝʥʥʷ). ʆʪʞʝ, ʱʦʙ 

ʟʘʚʝʨʰʠʪʠ ʦʜʠʥ ʩʝʘʥʩ ʟʚ'ʷʟʢʫ, ʧʽʜʪʨʠʤʫʚʘʥʠʡ ʧʨʦʪʦʢʦʣʦʤ TCP, ʥʝʦʙʭʽʜʥʽ 

ʯʦʪʠʨʠ ʦʧʝʨʘʮʽʾ ʦʙʤʽʥʫ ʜʘʥʠʤʠ, ʷʢʽ ʟʘʚʝʨʰʘʪʴ ʦʙʠʜʚʘ ʩʝʘʥʩʫ. 

ɺʠʢʦʨʠʩʪʦʚʫʡʪʝ ʢʥʦʧʢʠ 1-4 ʥʘ ʤʘʣʶʥʢʫ, ʱʦʙ ʧʦʜʠʚʠʪʠʩʷ ʧʨʦʮʝʩ ʟʘʢʨʠʪʪʷ 

TCP-ʟ'ʻʜʥʘʥʥʷ. 

ʇʨʠʤʽʪʢʘ. ʋ ʜʘʥʦʤʫ ʪʨʘʢʪʫʚʘʥʥʽ ʧʦʥʷʪʪʷ çʢʣʽʻʥʪè ʽ çʩʝʨʚʝʨè 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʷʢʦʩʪʽ ʜʦʚʽʜʢʠ ʜʣʷ ʧʦʣʝʛʰʝʥʥʷ ʨʦʟʫʤʽʥʥʷ, ʘʣʝ ʧʨʦʮʝʩ 

ʟʘʚʝʨʰʝʥʥʷ ʟʚ'ʷʟʢʫ ʤʦʞʝ ʙʫʪʠ ʽʥʽʮʽʡʦʚʘʥʠʡ ʙʫʜʴ-ʷʢʠʤ ʟ ʜʚʦʭ ʚʫʟʣʽʚ ʟ ʚʽʜʢʨʠʪʠʤ 

ʩʝʘʥʩʦʤ. 

ɽʪʘʧ 1. ʂʦʣʠ ʫ ʢʣʽʻʥʪʘ ʙʽʣʴʰʝ ʥʝʤʘʻ ʜʘʥʠʭ ʜʣʷ ʚʽʜʧʨʘʚʢʠ ʚ ʧʦʪʦʮʽ, ʚʽʥ 

ʚʽʜʧʨʘʚʣʷʻ ʩʝʛʤʝʥʪ ʟ ʚʩʪʘʥʦʚʣʝʥʠʤ ʧʨʘʧʦʨʦʤ FIN. 

ɽʪʘʧ 2. ʉʝʨʚʝʨ ʚʽʜʧʨʘʚʣʷʻ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ACK, ʱʦʙ ʧʽʜʪʚʝʨʜʠʪʠ 

ʦʪʨʠʤʘʥʥʷ FIN ʜʣʷ ʟʘʚʝʨʰʝʥʥʷ ʩʝʘʥʩʫ ʟʚ'ʷʟʢʫ çʢʣʽʻʥʪ-ʩʝʨʚʝʨè. 

ɽʪʘʧ 3. ʉʝʨʚʝʨ ʚʽʜʧʨʘʚʣʷʻ ʢʣʽʻʥʪʫ ʩʝʛʤʝʥʪ FIN, ʱʦʙ ʟʘʚʝʨʰʠʪʠ ʩʝʘʥʩ 

ʟʚ'ʷʟʢʫ çʩʝʨʚʝʨ-ʢʣʽʻʥʪè. 

ɽʪʘʧ 4. ʂʣʽʻʥʪ ʚʽʜʧʨʘʚʣʷʻ ʫ ʚʽʜʧʦʚʽʜʴ ʩʝʛʤʝʥʪ ACK ʜʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ 

ʦʪʨʠʤʘʥʥʷ ʩʝʛʤʝʥʪʘ FIN ʚʽʜ ʩʝʨʚʝʨʘ. 

ʇʽʩʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʫʩʽʭ ʩʝʛʤʝʥʪʽʚ ʩʝʘʥʩ ʟʘʢʨʠʚʘʻʪʴʩʷ. 

ɸʥʘʣʽʟ ʪʨʠʩʪʦʨʦʥʥʴʦʛʦ ʢʚʠʪʠʨʦʚʘʥʠʷ TCP 

ɺʫʟʣʠ ʚʽʜʩʪʝʞʫʶʪʴ ʢʦʞʝʥ ʩʝʛʤʝʥʪ ʜʘʥʠʭ, ʧʝʨʝʜʘʥʠʭ ʧʽʜ ʯʘʩ ʩʝʘʥʩʫ, ʽ 

ʦʙʤʽʥʶʶʪʴʩʷ ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ ʦʪʨʠʤʘʥʽ ʜʘʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʽʜʦʤʦʩʪʝʡ ʚ 

ʟʘʛʦʣʦʚʢʫ TCP. TCP - ʮʝ ʧʦʚʥʦʜʫʧʣʝʢʩʥʠʡ ʧʨʦʪʦʢʦʣ, ʚ ʷʢʦʤʫ ʢʦʞʥʝ ʟ'ʻʜʥʘʥʥʷ 



ʷʚʣʷʻ ʜʚʘ ʦʜʥʦʩʪʦʨʦʥʥʽʭ ʧʦʪʦʢʫ ʦʙʤʽʥʫ ʜʘʥʠʤʠ, ʘʙʦ ʩʝʘʥʩʫ. ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʟʚ'ʷʟʢʫ ʚʫʟʣʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʨʠʩʪʦʨʦʥʥʶ ʢʚʠʪʠʨʦʚʘʥʠʝ. ɹʽʪʠ ʫʧʨʘʚʣʽʥʥʷ ʚ 

ʟʘʛʦʣʦʚʢʫ TCP ʧʦʟʥʘʯʘʶʪʴ ʝʪʘʧ ʽ ʩʪʘʥ ʧʽʜʢʣʶʯʝʥʥʷ. 

ʊʨʠʩʪʦʨʦʥʥʷ ʢʚʠʪʠʨʦʚʘʥʠʝ: 

ʉʧʦʯʘʪʢʫ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ, ʯʠ ʧʨʠʩʫʪʥʽʡ ʧʨʠʩʪʨʽʡ ʧʨʠʟʥʘʯʝʥʥʷ ʚ ʤʝʨʝʞʽ. 

ʇʦʪʽʤ ʧʝʨʝʚʽʨʷʻʪʴʩʷ, ʯʠ ʻ ʥʘ ʧʨʠʩʪʨʦʾ ʧʨʠʟʥʘʯʝʥʥʷ ʘʢʪʠʚʥʠʡ ʩʝʨʚʽʩ ʽ ʯʠ 

ʧʨʠʡʤʘʻ ʚʽʥ ʟʘʧʠʪʠ ʥʘ ʥʦʤʝʨ ʧʦʨʪʫ ʧʨʠʟʥʘʯʝʥʥʷ, ʷʢʠʡ ʽʥʽʮʽʶʻ ʢʣʽʻʥʪ ʧʣʘʥʫʻ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ. 

ɼʘʣʽ ʧʨʠʩʪʨʦʶ ʧʨʠʟʥʘʯʝʥʥʷ ʧʦʚʽʜʦʤʣʷʻʪʴʩʷ, ʱʦ ʢʣʽʻʥʪ ʜʞʝʨʝʣʘ ʧʣʘʥʫʻ 

ʚʩʪʘʥʦʚʠʪʠ ʩʝʘʥʩ ʟʚ'ʷʟʢʫ ʥʘ ʮʴʦʤʫ ʥʦʤʝʨʽ ʧʦʨʪʫ. 

ʇʦ ʟʘʚʝʨʰʝʥʥʽ ʦʙʤʽʥʫ ʜʘʥʠʤʠ ʚʩʽ ʩʝʘʥʩʠ ʟʘʢʨʠʚʘʶʪʴʩʷ, ʘ ʟ'ʻʜʥʘʥʥʷ 

ʧʝʨʝʨʠʚʘʻʪʴʩʷ. ʄʝʭʘʥʽʟʤʠ ʧʽʜʢʣʶʯʝʥʥʷ ʽ ʟʜʽʡʩʥʝʥʥʷ ʩʝʘʥʩʫ ʟʚ'ʷʟʢʫ ʚʢʣʶʯʘʶʪʴ 

ʚ ʩʝʙʝ ʬʫʥʢʮʽʾ TCP, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʘʜʽʡʥʽʩʪʴ. 

ʐʽʩʪʴ ʙʽʪʽʚ ʚ ʧʦʣʝ ʙʽʪʽʚ ʫʧʨʘʚʣʽʥʥʷ ʚ ʟʘʛʦʣʦʚʢʫ ʩʝʛʤʝʥʪʘ TCP ʥʘʟʠʚʘʶʪʴʩʷ 

ʧʨʘʧʦʨʘʤʠ. ʂʦʞʝʥ ʧʨʘʧʦʨ ʷʚʣʷʻ ʩʦʙʦʶ ʙʽʪ, ʷʢʠʡ ʘʙʦ ʚʢʣʶʯʝʥʠʡ, ʘʙʦ 

ʚʠʤʢʥʝʥʠʡ. ʂʣʘʮʥʽʪʴ ʧʦʣʝ ʙʽʪʽʚ ʫʧʨʘʚʣʽʥʥʷ ʥʘ ʤʘʣʶʥʢʫ, ʱʦʙ ʚʽʜʦʙʨʘʟʠʪʠ ʚʩʽ ʮʽ 

ʰʽʩʪʴ ʙʽʪʽʚ. ʄʠ ʨʦʟʛʣʷʥʫʣʠ ʧʨʘʧʦʨʠ SYN, ACK ʽ FIN. ʇʨʘʧʦʨ RST 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʩʢʠʜʘʥʥʷ ʟ'ʻʜʥʘʥʥʷ ʧʨʠ ʚʠʥʠʢʥʝʥʥʽ ʧʦʤʠʣʢʠ ʘʙʦ ʚ ʨʘʟʽ 

ʧʝʨʝʚʠʱʝʥʥʷ ʯʘʩʫ ʦʯʽʢʫʚʘʥʥʷ. ʂʣʘʮʥʽʪʴ ʪʫʪ, ʱʦʙ ʜʽʟʥʘʪʠʩʷ ʜʦʢʣʘʜʥʽʰʝ ʧʨʦ 

ʧʨʘʧʦʨʠ PSH ʽ URG. 

ʅʘʜʽʡʥʽʩʪʴ TCP - ʚʧʦʨʷʜʢʦʚʘʥʘ ʜʦʩʪʘʚʢʘ 

ʉʝʛʤʝʥʪʠ, ʚʽʜʧʨʘʚʣʝʥʽ ʧʦ ʧʨʦʪʦʢʦʣʫ TCP, ʤʦʞʫʪʴ ʙʫʪʠ ʜʦʩʪʘʚʣʝʥʽ ʥʘ ʚʫʟʦʣ 

ʧʨʠʟʥʘʯʝʥʥʷ ʚ ʟʤʽʥʝʥʦʤʫ ʧʦʨʷʜʢʫ. ʑʦʙ ʦʜʝʨʞʫʚʘʯ ʟʤʽʛ ʨʦʟʰʠʬʨʫʚʘʪʠ 

ʧʦʯʘʪʢʦʚʝ ʧʦʚʽʜʦʤʣʝʥʥʷ, ʜʘʥʽ ʚ ʮʠʭ ʩʝʛʤʝʥʪʘʭ ʧʦʚʪʦʨʥʦ ʟʙʠʨʘʶʪʴʩʷ ʚ 

ʚʠʭʽʜʥʦʤʫ ʧʦʨʷʜʢʫ. ɼʣʷ ʮʴʦʛʦ ʚ ʟʘʛʦʣʦʚʢʫ ʢʦʞʥʦʛʦ ʧʘʢʝʪʘ ʚʢʘʟʫʶʪʴʩʷ 

ʧʦʨʷʜʢʦʚʽ ʥʦʤʝʨʠ. ʇʦʨʷʜʢʦʚʠʡ ʥʦʤʝʨ ʚʽʜʧʦʚʽʜʘʻ ʧʦʨʷʜʢʦʚʦʤʫ ʥʦʤʝʨʫ ʧʝʨʰʦʛʦ 

ʙʘʡʪʘ ʜʘʥʠʭ ʩʝʛʤʝʥʪʘ TCP. 

ʇʽʜ ʯʘʩ ʥʘʣʘʰʪʫʚʘʥʥʷ ʩʝʘʥʩʫ ʟʚ'ʷʟʢʫ ʟʘʜʘʻʪʴʩʷ ʧʦʯʘʪʢʦʚʠʡ ʧʦʨʷʜʢʦʚʠʡ 

ʥʦʤʝʨ ʩʝʘʥʩʫ (ISN). ʎʝʡ ʥʦʤʝʨ ISN ʻ ʩʪʘʨʪʦʚʝ ʟʥʘʯʝʥʥʷ ʣʽʯʠʣʴʥʠʢʘ ʙʘʡʪ, 

ʧʝʨʝʜʘʥʠʭ ʚʽʜʜʘʣʝʥʦʛʦ ʜʦʜʘʪʢʦʤ. ʋ ʤʽʨʫ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʧʽʜ ʯʘʩ ʩʝʘʥʩʫ 

ʧʦʨʷʜʢʦʚʠʡ ʥʦʤʝʨ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ ʯʠʩʣʦ ʧʝʨʝʜʘʥʠʭ ʙʘʡʪ. ʊʘʢʝ ʚʽʜʩʪʝʞʝʥʥʷ 

ʙʘʡʪʽʚ ʜʘʥʠʭ ʜʦʟʚʦʣʷʻ ʦʜʥʦʟʥʘʯʥʦ ʚʠʟʥʘʯʘʪʠ ʽ ʧʽʜʪʚʝʨʜʞʫʚʘʪʠ ʢʦʞʝʥ ʩʝʛʤʝʥʪ. 

ʄʦʞʥʘ ʟ'ʷʩʫʚʘʪʠ, ʷʢʽ ʩʝʛʤʝʥʪʠ ʚʽʜʩʫʪʥʽ. 



 
ʈʠʩ. 2.2.11 

ʇʨʠʤʽʪʢʘ. ʅʦʤʝʨ ISN ʥʝ ʦʙʦʚ'ʷʟʢʦʚʦ ʧʦʚʠʥʝʥ ʧʦʯʠʥʘʪʠʩʷ ʟ ç1è, ʬʘʢʪʠʯʥʦ 

ʮʝ ʚʠʧʘʜʢʦʚʝ ʯʠʩʣʦ. ʎʝ ʜʦʟʚʦʣʷʻ ʟʘʧʦʙʽʛʪʠ ʧʝʚʥʠʡ ʪʠʧ ʰʢʽʜʣʠʚʠʭ ʘʪʘʢ. ɼʣʷ 

ʟʨʫʯʥʦʩʪʽ ʚ ʧʨʠʢʣʘʜʘʭ ʚ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʚ ʷʢʦʩʪʽ ʥʦʤʝʨʘ ISN ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʯʠʩʣʦ 1. 

ʇʦʨʷʜʢʦʚʽ ʥʦʤʝʨʠ ʩʝʛʤʝʥʪʽʚ ʚʢʘʟʫʶʪʴ ʧʦʨʷʜʦʢ ʧʦʚʪʦʨʥʦʛʦ ʩʢʣʘʜʘʥʥʷ ʽ 

ʚʧʦʨʷʜʢʫʚʘʥʥʷ ʦʪʨʠʤʘʥʠʭ ʩʝʛʤʝʥʪʽʚ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʤʘʣʶʥʢʫ. 

ʆʜʝʨʞʫʻ TCP-ʧʨʦʮʝʩ ʧʦʤʽʱʘʻ ʜʘʥʽ ʟ ʩʝʛʤʝʥʪʘ ʚ ʷʢʠʡ ʦʜʝʨʞʫʻ ʙʫʬʝʨ. 

ʉʝʛʤʝʥʪʠ ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʨʷʜʢʦʚʠʤʠ ʥʦʤʝʨʘʤʠ ʽ ʧʽʩʣʷ 

ʧʦʚʪʦʨʥʦʛʦ ʩʢʣʘʜʘʥʥʷ ʧʝʨʝʜʘʶʪʴʩʷ ʥʘ ʨʽʚʝʥʴ ʜʦʜʘʪʢʽʚ. ɺʩʽ ʩʝʛʤʝʥʪʠ, ʷʢʽ 

ʥʘʜʭʦʜʷʪʴ ʟ ʥʝʚʽʜʧʦʚʽʜʥʠʤʠ ʧʦʨʷʜʢʦʚʠʤʠ ʥʦʤʝʨʘʤʠ, ʟʙʝʨʽʛʘʶʪʴʩʷ ʜʣʷ 

ʧʦʜʘʣʴʰʦʾ ʦʙʨʦʙʢʠ. ʇʦʪʽʤ, ʢʦʣʠ ʥʘʜʭʦʜʷʪʴ ʩʝʛʤʝʥʪʠ ʟ ʚʽʜʩʫʪʥʽʤʠ ʙʘʡʪʘʤʠ, ʪʘʢʽ 

ʩʝʛʤʝʥʪʠ ʦʙʨʦʙʣʷʶʪʴʩʷ ʧʦ ʧʦʨʷʜʢʫ. 

ʋʧʨʘʚʣʽʥʥʷ ʧʦʪʦʢʦʤ TCP. ʈʦʟʤʽʨ ʚʽʢʥʘ ʽ ʧʽʜʪʚʝʨʜʞʝʥʥʷ 

ʋ ʧʨʦʪʦʢʦʣʽ TCP ʪʘʢʦʞ ʻ ʤʝʭʘʥʽʟʤʠ ʫʧʨʘʚʣʽʥʥʷ ʧʦʪʦʢʦʤ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, 

ʪʦʙʪʦ ʦʙ'ʻʤʦʤ ʜʘʥʠʭ, ʷʢʠʡ ʚʫʟʦʣ ʧʨʠʟʥʘʯʝʥʥʷ ʤʦʞʝ ʥʘʜʽʡʥʦ ʦʪʨʠʤʘʪʠ ʽ 

ʦʙʨʦʙʠʪʠ. ʋʧʨʘʚʣʽʥʥʷ ʧʦʪʦʢʦʤ ʜʦʟʚʦʣʷʻ ʧʽʜʪʨʠʤʫʚʘʪʠ ʥʘʜʽʡʥʽʩʪʴ ʧʝʨʝʜʘʯʽ ʧʦ 

ʧʨʦʪʦʢʦʣʫ TCP, ʨʝʛʫʣʶʶʯʠ ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ ʜʘʥʠʭ ʤʽʞ ʚʫʟʣʘʤʠ ʜʞʝʨʝʣʘ ʽ 

ʧʨʠʟʥʘʯʝʥʥʷ ʧʨʦʪʷʛʦʤ ʧʝʚʥʦʛʦ ʩʝʘʥʩʫ. ɼʣʷ ʮʴʦʛʦ ʚ ʟʘʛʦʣʦʚʢʫ TCP ʻ 16-ʙʽʪʦʚʝ 

ʧʦʣʝ, ʷʢʝ ʥʘʟʠʚʘʻʪʴʩʷ çʨʦʟʤʽʨ ʚʽʢʥʘè. 

 

ʅʘ ʤʘʣʶʥʢʫ ʥʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜ ʨʦʟʤʽʨʫ ʚʽʢʥʘ ʽ ʧʽʜʪʚʝʨʜʞʝʥʴ. ʈʦʟʤʽʨ ʚʽʢʥʘ - 

ʮʝ ʢʽʣʴʢʽʩʪʴ ʙʘʡʪʽʚ, ʷʢʝ ʧʨʠʩʪʨʽʡ ʧʨʠʟʥʘʯʝʥʥʷ ʟʜʘʪʥʝ ʧʨʠʡʥʷʪʠ ʽ ʦʙʨʦʙʠʪʠ ʟʘ 

ʦʜʠʥ ʨʘʟ ʧʽʜ ʯʘʩ ʩʝʘʥʩʫ TCP. ʋ ʮʴʦʤʫ ʧʨʠʢʣʘʜʽ ʧʦʯʘʪʢʦʚʠʡ ʨʦʟʤʽʨ ʚʽʢʥʘ ʚʫʟʣʘ 

PC B ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʦʛʦ ʩʝʘʥʩʫ TCP ʚʩʪʘʥʦʚʣʝʥʠʡ ʨʽʚʥʠʤ 10 000 ʙʘʡʪ. 



ʇʦʯʠʥʘʶʯʠ ʟ ʧʝʨʰʦʛʦ ʙʘʡʪʘ (ʟ ʧʦʨʷʜʢʦʚʠʤ ʥʦʤʝʨʦʤ 1), ʦʩʪʘʥʥʽʤ ʙʘʡʪʦʤ, ʷʢʠʡ 

ʚʫʟʦʣ PC A ʤʦʞʝ ʚʽʜʧʨʘʚʠʪʠ ʙʝʟ ʦʪʨʠʤʘʥʥʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ, ʙʫʜʝ 10 000-ʡ ʙʘʡʪ. 

ʎʝ ʥʘʟʠʚʘʻʪʴʩʷ ʚʽʢʥʦʤ ʚʽʜʧʨʘʚʢʠ ʚʫʟʣʘ PC A. ɼʘʥʽ ʧʨʦ ʨʦʟʤʽʨ ʚʽʢʥʘ 

ʚʢʣʶʯʘʶʪʴʩʷ ʚ ʢʦʞʝʥ ʩʝʛʤʝʥʪ TCP, ʱʦʙ ʚʫʟʦʣ ʧʨʠʟʥʘʯʝʥʥʷ ʤʽʛ ʚ ʙʫʜʴ-ʷʢʠʡ ʯʘʩ 

ʟʤʽʥʠʪʠ ʮʝʡ ʨʦʟʤʽʨ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʜʦʩʪʫʧʥʦʩʪʽ ʨʝʩʫʨʩʽʚ ʙʫʬʝʨʘ. 

ʇʨʠʤʽʪʢʘ. ʅʘ ʤʘʣʶʥʢʫ ʜʞʝʨʝʣʦ ʧʝʨʝʜʘʻ 1 460 ʙʘʡʪ ʜʘʥʠʭ ʚ ʢʦʞʥʦʤʫ 

ʩʝʛʤʝʥʪʽ TCP. ʎʝ ʥʘʟʠʚʘʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʠʤ ʨʦʟʤʽʨʦʤ ʩʝʛʤʝʥʪʘ (MSS). 

ʇʦʯʘʪʢʦʚʠʡ ʨʦʟʤʽʨ ʚʽʢʥʘ ʫʟʛʦʜʞʫʻʪʴʩʷ ʧʽʜ ʯʘʩ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʝʘʥʩʫ TCP ʚ 

ʧʨʦʮʝʩʽ ʪʨʠʩʪʦʨʦʥʥʴʦʛʦ ʢʚʠʪʠʨʦʚʘʥʠʷ. ʇʨʠʩʪʨʽʡ ʜʞʝʨʝʣʘ ʧʦʚʠʥʥʦ ʦʙʤʝʞʠʪʠ 

ʢʽʣʴʢʽʩʪʴ ʙʘʡʪ ʜʘʥʠʭ, ʚʽʜʧʨʘʚʣʝʥʠʭ ʧʨʠʩʪʨʦʶ ʧʨʠʟʥʘʯʝʥʥʷ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʨʦʟʤʽʨʫ ʚʽʢʥʘ ʦʩʪʘʥʥʴʦʛʦ. ʊʽʣʴʢʠ ʧʽʩʣʷ ʪʦʛʦ ʷʢ ʧʨʠʩʪʨʽʡ ʜʞʝʨʝʣʘ ʦʪʨʠʤʘʻ 

ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʧʨʠʡʦʤʫ ʙʘʡʪʽʚ, ʚʦʥʦ ʤʦʞʝ ʧʨʦʜʦʚʞʠʪʠ ʚʽʜʧʨʘʚʢʫ ʽʥʰʠʭ ʜʘʥʠʭ 

ʚ ʮʴʦʤʫ ʩʝʘʥʩʽ. ɿʘʟʚʠʯʘʡ ʚʫʟʦʣ ʧʨʠʟʥʘʯʝʥʥʷ ʥʝ ʯʝʢʘʻ ʦʪʨʠʤʘʥʥʷ ʚʩʽʭ ʙʘʡʪʽʚ ʜʣʷ 

ʟʘʜʘʥʦʛʦ ʨʦʟʤʽʨʫ ʚʽʢʥʘ, ʱʦʙ ʚʽʜʧʨʘʚʠʪʠ ʧʽʜʪʚʝʨʜʞʝʥʥʷ. ʋ ʤʽʨʫ ʦʪʨʠʤʘʥʥʷ ʽ 

ʦʙʨʦʙʢʠ ʙʘʡʪʽʚ ʚʫʟʦʣ ʧʨʠʟʥʘʯʝʥʥʷ ʚʽʜʧʨʘʚʣʷʻ ʧʽʜʪʚʝʨʜʞʝʥʥʷ, ʱʦʙ ʧʦʚʽʜʦʤʠʪʠ 

ʚʫʟʣʫ ʜʞʝʨʝʣʘ ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʜʦʚʞʫʚʘʪʠ ʚʽʜʧʨʘʚʢʫ ʜʦʜʘʪʢʦʚʠʭ ʙʘʡʪʽʚ. 

ɿʘʟʚʠʯʘʡ ʚʫʟʦʣ PC B ʥʝ ʯʝʢʘʻ ʦʪʨʠʤʘʥʥʷ 10 000-ʛʦ ʙʘʡʪʘ, ʱʦʙ ʚʽʜʧʨʘʚʠʪʠ 

ʧʽʜʪʚʝʨʜʞʝʥʥʷ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʚʫʟʦʣ PC A ʤʦʞʝ ʚʽʜʨʝʛʫʣʶʚʘʪʠ ʩʚʦʻ ʚʽʢʥʦ 

ʚʽʜʧʨʘʚʢʠ ʚ ʤʽʨʫ ʦʪʨʠʤʘʥʥʷ ʧʽʜʪʚʝʨʜʞʝʥʴ ʚʽʜ ʚʫʟʣʘ PC B. ʅʘ ʤʘʣʶʥʢʫ 

ʧʦʢʘʟʘʥʦ, ʱʦ ʧʨʠ ʦʪʨʠʤʘʥʥʽ ʚʫʟʣʦʤ PC A ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʟ ʥʦʤʝʨʦʤ 2 921 ʚʽʥ 

ʟʙ̔ʣʴʰʫʻ ʚʽʢʥʦ ʚʽʜʧʨʘʚʢʠ ʱʝ ʥʘ 10 000 ʙʘʡʪ (ʧʦʪʦʯʥʠʡ ʨʦʟʤʽʨ ʚʽʢʥʘ ʚʫʟʣʘ PC B) 

ʜʦ 12 920. ʇʽʩʣʷ ʮʴʦʛʦ ʚʫʟʦʣ PC A ʤʦʞʝ ʧʨʦʜʦʚʞʠʪʠ ʚʽʜʧʨʘʚʢʫ ʥʘʩʪʫʧʥʠʭ 10 

000 ʙʘʡʪ ʥʘ ʚʫʟʦʣ PC B, ʧʦʢʠ ʥʘ 12 920-ʤ ʙʘʡʪʽ ʥʝ ʙʫʜʝ ʜʦʩʷʛʥʫʪʦ ʥʦʚʝ ʚʽʢʥʦ 

ʚʽʜʧʨʘʚʢʠ. 

ʇʨʦʮʝʩ ʚʽʜʧʨʘʚʢʠ ʧʽʜʪʚʝʨʜʞʝʥʴ ʚʫʟʣʦʤ ʧʨʠʟʥʘʯʝʥʥʷ ʚ ʤʽʨʫ ʦʙʨʦʙʢʠ 

ʦʪʨʠʤʘʥʠʭ ʙʘʡʪʽʚ ʽ ʧʦʩʪʽʡʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʚʽʢʥʘ ʚʽʜʧʨʘʚʢʠ ʜʞʝʨʝʣʘ ʥʘʟʠʚʘʻʪʴʩʷ 

çʢʦʚʟʘʶʯʽ ʚʽʢʥʘè. 

ʂʦʣʠ ʦʙʩʷʛ ʧʘʤ'ʷʪʽ, ʜʦʩʪʫʧʥʠʡ ʚ ʙʫʬʝʨʽ ʚʫʟʣʘ ʧʨʠʟʥʘʯʝʥʥʷ ʟʥʠʞʫʻʪʴʩʷ, ʚʽʥ 

ʤʦʞʝ ʟʤʝʥʰʠʪʠ ʨʦʟʤʽʨ ʚʽʢʥʘ ʽ ʧʦʚʽʜʦʤʠʪʠ ʚʫʟʣʫ ʜʞʝʨʝʣʘ ʧʨʦ ʪʝ, ʩʢʽʣʴʢʠ ʙʘʡʪ 

ʪʝʧʝʨ ʜʞʝʨʝʣʘ ʩʣʽʜ ʚʽʜʧʨʘʚʣʷʪʠ ʙʝʟ ʦʪʨʠʤʘʥʥʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ. 
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ʇʨʠʤʽʪʢʘ. ʇʨʠʩʪʨʦʾ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʦʪʦʢʦʣ ʢʦʚʟʘʶʪʴ ʚʽʢʦʥ. 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʦʚʟʥʠʭ ʚʽʢʦʥ ʦʜʝʨʞʫʚʘʯʫ ʥʝ ʧʦʪʨʽʙʥʦ ʯʝʢʘʪʠ ʧʝʨʝʜ 



ʚʽʜʧʨʘʚʢʦʶ ʧʽʜʪʚʝʨʜʞʝʥʥʷ, ʧʦʢʠ ʨʦʟʤʽʨ ʚʽʢʥʘ ʜʦʩʷʛʥʝ ʧʝʚʥʦʾ ʢʽʣʴʢʦʩʪʽ ʙʘʡʪʽʚ. 

ʆʜʝʨʞʫʚʘʯ ʟʘʟʚʠʯʘʡ ʚʽʜʧʨʘʚʣʷʻ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʧʽʩʣʷ ʦʪʨʠʤʘʥʥʷ ʢʦʞʥʠʭ 2 

ʩʝʛʤʝʥʪʽʚ. ʂʽʣʴʢʽʩʪʴ ʪʘʢʠʭ ʩʝʛʤʝʥʪʽʚ, ʧʽʩʣʷ ʷʢʠʭ ʚʽʜʧʨʘʚʣʷʻʪʴʩʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ, 

ʤʦʞʝ ʚʘʨʽʶʚʘʪʠʩʷ. ʇʝʨʝʚʘʛʘ ʢʦʚʟʘʶʪʴ ʚʽʢʦʥ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʮʝʡ ʧʨʦʪʦʢʦʣ 

ʜʦʟʚʦʣʷʻ ʚʽʜʧʨʘʚʥʠʢʫ ʧʝʨʝʜʘʚʘʪʠ ʩʝʛʤʝʥʪʠ ʙʝʟʧʝʨʝʨʚʥʦ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ 

ʦʜʝʨʞʫʚʘʯ ʧʽʜʪʚʝʨʜʞʫʻ ʦʪʨʠʤʘʥʥʷ ʧʦʧʝʨʝʜʥʽʭ ʩʝʛʤʝʥʪʽʚ. ɼʦʢʣʘʜʥʽ ʚʽʜʦʤʦʩʪʽ 

ʧʨʦ ʢʦʚʟʘʶʪʴ ʚʽʢʥʘʭ ʥʝ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʚ ʮʽʡ ʥʘʚʯʘʣʴʥʽʡ ʧʨʦʛʨʘʤʽ. 

ʋʧʨʘʚʣʽʥʥʷ ʧʦʪʦʢʦʤ TCP. ʟʘʧʦʙʽʛʘʥʥʷ ʧʝʨʝʚʘʥʪʘʞʝʥʴ 

ʋ ʨʘʟʽ ʚʠʥʠʢʥʝʥʥʷ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʚ ʤʝʨʝʞʽ ʧʝʨʝʚʘʥʪʘʞʝʥʠʡ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʧʝʨʝʩʪʘʻ ʦʙʨʦʙʣʷʪʠ ʧʘʢʝʪʠ. ʂʦʣʠ ʧʘʢʝʪʠ ʟ ʩʝʛʤʝʥʪʘʤʠ TCP ʥʝ 

ʜʦʭʦʜʷʪʴ ʜʦ ʩʚʦʛʦ ʚʫʟʣʘ ʧʨʠʟʥʘʯʝʥʥʷ, ʚʦʥʠ ʥʝ ʧʽʜʪʚʝʨʜʞʫʶʪʴʩʷ. ɺʠʟʥʘʯʠʚʰʠ 

ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʧʨʠ ʷʢʽʡ ʩʝʛʤʝʥʪʠ TCP ʚʽʜʧʨʘʚʣʷʶʪʴʩʷ, ʘʣʝ ʥʝ 

ʧʽʜʪʚʝʨʜʞʫʶʪʴʩʷ, ʚʫʟʦʣ ʜʞʝʨʝʣʘ ʤʦʞʝ ʧʨʠʙʣʠʟʥʦ ʚʠʟʥʘʯʠʪʠ ʨʽʚʝʥʴ 

ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ ʤʝʨʝʞʽ. 

ʋ ʨʘʟʽ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʚʪʦʨʥʘ ʧʝʨʝʜʘʯʘ ʚʪʨʘʯʝʥʠʭ 

ʩʝʛʤʝʥʪʽʚ TCP ʟ ʚʫʟʣʘ ʜʞʝʨʝʣʘ. ʇʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʥʘʣʝʞʥʦʛʦ ʢʦʥʪʨʦʣʶ ʥʘʜ 

ʧʦʚʪʦʨʥʦʶ ʧʦʜʽʙʥʘ ʚʽʜʧʨʘʚʢʘ ʚʪʨʘʯʝʥʠʭ ʩʝʛʤʝʥʪʽʚ TCP ʤʦʞʝ ʪʽʣʴʢʠ ʧʦʛʽʨʰʠʪʠ 

ʩʠʪʫʘʮʽʶ. ʂʨʽʤ ʚʽʜʧʨʘʚʢʠ ʚ ʤʝʨʝʞʫ ʥʦʚʠʭ ʧʘʢʝʪʽʚ ʟ ʩʝʛʤʝʥʪʘʤʠ TCP ʚʠʥʠʢʘʻ 

ʝʬʝʢʪ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ, ʢʦʣʠ ʧʝʨʝʜʘʥʽ ʧʦʚʪʦʨʥʦ ʚʪʨʘʯʝʥʽ ʩʝʛʤʝʥʪʠ TCP ʱʝ 

ʙʽʣʴʰʝ ʧʝʨʝʚʘʥʪʘʞʫʶʪʴ ʤʝʨʝʞʫ. ʑʦʙ ʫʥʠʢʥʫʪʠ ʪʘʢʠʭ ʩʠʪʫʘʮʽʡ ʽ ʜʣʷ 

ʟʘʧʦʙʽʛʘʥʥʷ ʧʝʨʝʚʘʥʪʘʞʝʥʴ ʤʝʨʝʞʽ ʚ ʧʨʦʪʦʢʦʣʽ TCP ʧʝʨʝʜʙʘʯʝʥʦ ʥʠʟʢʫ 

ʚʽʜʧʦʚʽʜʥʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʪʘʡʤʝʨʽʚ ʽ ʘʣʛʦʨʠʪʤʽʚ. 

ʂʦʣʠ ʚʫʟʦʣ ʜʞʝʨʝʣʘ ʚʠʷʚʣʷʻ, ʱʦ ʩʝʛʤʝʥʪʠ TCP ʥʝ ʧʽʜʪʚʝʨʜʞʫʶʪʴʩʷ 

ʩʚʦʻʯʘʩʥʦ ʘʙʦ ʥʝ ʧʽʜʪʚʝʨʜʞʫʶʪʴʩʷ ʟʦʚʩʽʤ, ʚʽʥ ʤʦʞʝ ʩʢʦʨʦʪʠʪʠ ʢʽʣʴʢʽʩʪʴ ʙʘʡʪʽʚ, 

ʷʢʽ ʚʽʥ ʚʽʜʧʨʘʚʣʷʻ, ʧʝʨʰ ʥʽʞ ʦʪʨʠʤʘʻ ʧʽʜʪʚʝʨʜʞʝʥʥʷ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚʫʟʦʣ 

ʜʞʝʨʝʣʘ ʩʢʦʨʦʯʫʻ ʩʘʤʝ ʢʽʣʴʢʽʩʪʴ ʥʝʧʽʜʪʚʝʨʜʞʝʥʠʭ ʙʘʡʪʽʚ, ʷʢʽ ʚʽʥ ʚʽʜʧʨʘʚʣʷʻ, ʘ 

ʥʝ ʨʦʟʤʽʨ ʚʽʢʥʘ, ʧʝʚʥʠʡ ʚʫʟʣʦʤ ʧʨʠʟʥʘʯʝʥʥʷ. 

ʇʨʠʤʽʪʢʘ. ɼʦʢʣʘʜʥʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʤʝʭʘʥʽʟʤʠ, ʪʘʡʤʝʨʘʭ ʽ ʘʣʛʦʨʠʪʤʘʭ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʧʝʨʝʚʘʥʪʘʞʝʥʴ, ʥʝ ʚʢʣʶʯʝʥʽ ʚ ʮʝʡ ʢʫʨʩ. 

UDP: ʥʠʟʴʢʽ ʥʘʢʣʘʜʥʽ ʚʠʪʨʘʪʠ ʘʙʦ ʥʘʜʽʡʥʽʩʪʴ? 

UDP - ʮʝ ʧʨʦʩʪʠʡ ʧʨʦʪʦʢʦʣ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʙʘʟʦʚʽ ʬʫʥʢʮʽʾ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʨʽʚʥʷ. ɺʽʥ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʽʩʪʦʪʥʦ ʤʝʥʰʠʤʠ ʥʘʢʣʘʜʥʠʤʠ ʚʠʪʨʘʪʘʤʠ ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʨʦʪʦʢʦʣʦʤ TCP. ɺʽʥ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟ'ʻʜʥʘʥʥʷ ʽ ʥʝ 

ʧʨʦʧʦʥʫʻ ʩʢʣʘʜʥʽ ʤʝʭʘʥʽʟʤʠ ʧʦʚʪʦʨʥʦʾ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʫʧʦʨʷʜʢʫʚʘʥʥʷ ʪʘ 

ʫʧʨʘʚʣʽʥʥʷ ʧʦʪʦʢʦʤ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʘʜʽʡʥʽʩʪʴ. 

ʎʝ ʟʦʚʩʽʤ ʥʝ ʦʟʥʘʯʘʻ, ʱʦ ʜʦʜʘʪʢʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ UDP, ʟʘʚʞʜʠ 

ʥʝʥʘʜʽʡʥʽ ʘʙʦ ʱʦ UDP - ʥʝʧʦʚʥʦʮʽʥʥʠʡ ʧʨʦʪʦʢʦʣ. ʎʝ ʣʠʰʝ ʦʟʥʘʯʘʻ, ʱʦ ʬʫʥʢʮʽʾ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʥʝ ʨʝʘʣʽʟʫʶʪʴʩʷ ʧʨʦʪʦʢʦʣʦʤ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʨʽʚʥʷ ʽ ʧʨʠ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʦʚʠʥʥʽ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʽ ʥʘ ʽʥʰʠʭ ʨʽʚʥʷʭ. 

ʅʠʟʴʢʽ ʥʘʢʣʘʜʥʽ ʚʠʪʨʘʪʠ, ʚʣʘʩʪʠʚʽ UDP, ʨʦʙʣʷʪʴ ʡʦʛʦ ʧʨʦʩʪʦ ʥʝʟʘʤʽʥʥʠʤ ʫ 

ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʧʦʪʨʽʙʥʦ ʧʨʦʪʦʢʦʣ, ʷʢʠʡ ʟʜʽʡʩʥʶʻ ʣʠʰʝ ʪʨʘʥʟʘʢʮʽʾ ʧʦ ʚʽʜʧʨʘʚʮʽ 

ʟʘʧʠʪʽʚ ʽ ʦʪʨʠʤʘʥʥʷ ʚʽʜʧʦʚʽʜʝʡ. ʅʘʧʨʠʢʣʘʜ, ʚʠʙʽʨ ʥʘ ʢʦʨʠʩʪʴ ʧʨʦʪʦʢʦʣʫ TCP 

ʜʣʷ DHCP ʤʦʞʝ ʦʙʝʨʥʫʪʠʩʷ ʥʝʧʦʪʨʽʙʥʠʤ ʟʙʽʣʴʰʝʥʥʷʤ ʦʙʩʷʛʫ ʤʝʨʝʞʝʚʦʛʦ 

ʪʨʘʬʽʢʫ. ʇʨʠ ʚʠʥʠʢʥʝʥʥʽ ʧʨʦʙʣʝʤ ʽʟ ʟʘʧʠʪʦʤ ʘʙʦ ʚʽʜʧʦʚʽʜʜʶ ʧʨʠʩʪʨʽʡ ʧʨʦʩʪʦ 

ʚʽʜʧʨʘʚʣʷʻ ʟʘʧʠʪ ʧʦʚʪʦʨʥʦ, ʷʢʱʦ ʚʽʜʧʦʚʽʜʴ ʥʘ ʥʴʦʛʦ ʥʝ ʦʪʨʠʤʘʥʦ. 

ɿʙʽʨʢʘ ʜʘʪʘʛʨʘʤʤ UDP 



ʗʢ ʽ ʫ ʚʠʧʘʜʢʫ ʟ ʩʝʛʤʝʥʪʘʤʠ TCP, ʢʦʣʠ ʥʘ ʚʫʟʦʣ ʧʨʠʟʥʘʯʝʥʥʷ 

ʚʽʜʧʨʘʚʣʷʶʪʴʩʷ ʜʘʪʘʛʨʘʤʠ UDP, ʚʦʥʠ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʽʟʥʽ ʰʣʷʭʠ ʽ 

ʧʨʠʙʫʪʠ ʚ ʥʝʧʨʘʚʠʣʴʥʦʤʫ ʧʦʨʷʜʢʫ. ʇʨʦʪʦʢʦʣ UDP ʥʝ ʚʽʜʩʣʽʜʢʦʚʫʻ ʧʦʨʷʜʢʦʚʽ 

ʥʦʤʝʨʠ, ʷʢ ʮʝ ʨʦʙʠʪʴ TCP. ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʤʘʣʶʥʢʫ, ʫ UDP ʥʝʤʘʻ ʩʧʦʩʦʙʫ 

ʧʦʚʪʦʨʥʦ ʩʢʦʤʧʦʥʫʚʘʪʠ ʜʘʪʘʛʨʘʤʠ ʚ ʪʦʤʫ ʧʦʨʷʜʢʫ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʧʨʠ 

ʾʭ ʧʝʨʝʜʘʯʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʪʦʢʦʣ UDP ʧʨʦʩʪʦ ʧʦʚʪʦʨʥʦ ʟʙʠʨʘʻ ʜʘʥʽ ʚ ʪʦʤʫ ʧʦʨʷʜʢʫ, 

ʚ ʷʢʦʤʫ ʚʦʥʠ ʙʫʣʠ ʧʨʠʡʥʷʪʽ, ʽ ʧʝʨʝʩʠʣʘʻ ʾʭ ʟ ʜʦʜʘʪʢʦʤ. ʗʢʱʦ ʧʦʩʣʽʜʦʚʥʽʩʪʴ 

ʜʘʥʠʭ ʚʘʞʣʠʚʘ ʜʣʷ ʨʦʙʦʪʠ ʧʨʦʛʨʘʤʠ, ʚʦʥʦ ʧʦʚʠʥʥʦ ʚʠʟʥʘʯʠʪʠ ʧʨʘʚʠʣʴʥʫ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʽ ʚʠʙʨʘʪʠ ʦʧʪʠʤʘʣʴʥʠʡ ʩʧʦʩʽʙ ʦʙʨʦʙʢʠ ʜʘʥʠʭ. 

ʇʨʦʮʝʩʠ ʽ ʟʘʧʠʪʠ UDP-ʩʝʨʚʝʨʘ 

ʗʢ ʽ ʜʦʜʘʪʢʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʦʪʦʢʦʣ TCP, ʩʝʨʚʝʨʥʠʤ ʜʦʜʘʪʢʘʤ ʥʘ 

ʦʩʥʦʚʽ ʧʨʦʪʦʢʦʣʫ UDP ʧʨʠʩʚʦʶʶʪʴʩʷ ʚʽʜʦʤʽ ʘʙʦ ʟʘʨʝʻʩʪʨʦʚʘʥʽ ʥʦʤʝʨʘ ʧʦʨʪʽʚ, 

ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʤʘʣʶʥʢʫ. ʂʦʣʠ ʮʽ ʜʦʜʘʪʢʠ ʘʙʦ ʧʨʦʮʝʩʠ ʟʘʧʫʱʝʥʽ ʥʘ ʩʝʨʚʝʨʽ, 

ʚʦʥʠ ʧʨʠʡʤʘʶʪʴ ʜʘʥʽ, ʱʦ ʟʙʽʛʘʶʪʴʩʷ ʟ ʧʨʠʩʚʦʻʥʠʤ ʥʦʤʝʨʦʤ ʧʦʨʪʫ. ʗʢʱʦ UDP 

ʦʪʨʠʤʫʻ ʜʘʪʘʛʨʘʤʤʫ, ʘʜʨʝʩʦʚʘʥʫ ʦʜʥʦʤʫ ʟ ʮʠʭ ʧʦʨʪʽʚ, ʚʽʥ ʧʝʨʝʩʠʣʘʻ ʜʘʥʽ 

ʜʦʜʘʪʢʠ ʚʽʜʧʦʚʽʜʥʦʛʦ ʜʦʜʘʪʢʫ ʚʠʭʦʜʷʯʠ ʟ ʡʦʛʦ ʥʦʤʝʨʘ ʧʦʨʪʫ. 

ʇʨʠʤʽʪʢʘ. ʉʝʨʚʝʨ RADIUS (Remote Authentication Dial-in User Service), 

ʟʦʙʨʘʞʝʥʠʡ ʥʘ ʤʘʣʶʥʢʫ, ʥʘʜʘʻ ʩʣʫʞʙʠ ʧʝʨʝʚʽʨʢʠ ʘʚʪʝʥʪʠʯʥʦʩʪʽ, ʘʚʪʦʨʠʟʘʮʽʾ ʪʘ 

ʦʙʣʽʢʫ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʜʦʩʪʫʧʦʤ ʢʦʨʠʩʪʫʚʘʯʽʚ. ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʝʨʚʝʨʘ RADIUS ʥʝ ʚʢʣʶʯʝʥʽ ʚ ʜʘʥʠʡ ʢʫʨʩ. 

ʇʨʦʛʨʘʤʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ TCP 
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ʇʨʦʪʦʢʦʣ TCP - ʮʝ ʚʽʜʤʽʥʥʠʡ ʧʨʠʢʣʘʜ ʪʦʛʦ, ʷʢ ʨʽʟʥʽ ʨʽʚʥʽ ʥʘʙʦʨʫ 

ʧʨʦʪʦʢʦʣʽʚ TCP / IP ʤʦʞʫʪʴ ʚʠʢʦʥʫʚʘʪʠ ʧʝʚʥʽ ʨʦʣʽ. TCP ʩʘʤ ʚʠʢʦʥʫʻ ʚʩʽ 



ʟʘʚʜʘʥʥʷ, ʧʦʚ'ʷʟʘʥʽ ʟ ʨʦʟʙʠʚʢʦʶ ʧʦʪʦʢʫ ʜʘʥʠʭ ʥʘ ʩʝʛʤʝʥʪʠ, ʟʘʙʝʟʧʝʯʝʥʥʷʤ 

ʥʘʜʽʡʥʦʩʪʽ ʾʭ ʧʝʨʝʜʘʯʽ, ʫʧʨʘʚʣʽʥʥʷʤ ʧʦʪʦʢʦʤ ʽ ʧʝʨʝʫʧʦʨʷʜʦʯʝʥʠʝ ʩʝʛʤʝʥʪʽʚ. 

TCP ʟʚʽʣʴʥʷʻ ʜʦʜʘʪʦʢ ʚʽʜ ʥʝʦʙʭʽʜʥʦʩʪʽ ʙʨʘʪʠ ʥʘ ʩʝʙʝ ʫʧʨʘʚʣʽʥʥʷ ʙʫʜʴ-ʷʢʠʡ ʟ 

ʮʠʭ ʟʘʚʜʘʥʴ. ɼʦʜʘʪʢʠ, ʧʦʜʽʙʥʽ ʜʦ ʪʠʭ, ʷʢʽ ʧʦʢʘʟʘʥʽ ʥʘ ʤʘʣʶʥʢʫ, ʤʦʞʫʪʴ ʧʨʦʩʪʦ 

ʚʽʜʧʨʘʚʠʪʠ ʧʦʪʽʢ ʜʘʥʠʭ ʧʨʦʪʦʢʦʣʫ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʨʽʚʥʷ ʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʩʝʨʚʽʩʠ TCP. 

ʇʨʦʛʨʘʤʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ UDP 

ɯʩʥʫʶʪʴ ʪʨʠ ʪʠʧʠ ʜʦʜʘʪʢʽʚ, ʷʢʽ ʥʘʡʢʨʘʱʝ ʧʽʜʭʦʜʷʪʴ ʜʣʷ ʨʦʙʦʪʠ ʟ 

ʧʨʦʪʦʢʦʣʦʤ UDP 

ɼʦʜʘʪʢʠ ʜʣʷ ʧʝʨʝʜʘʯʽ ʘʫʜʽʦ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʽ ʤʫʣʴʪʠʤʝʜʽʡʥʽ 

ʜʦʜʘʪʢʠ - ʪʘʢʽ ʜʦʜʘʪʢʠ ʜʦʧʫʩʢʘʶʪʴ ʚʪʨʘʪʫ ʜʝʷʢʠʭ ʜʘʥʠʭ, ʦʜʥʘʢ ʜʣʷ ʥʠʭ ʚʘʞʣʠʚʘ 

ʥʠʟʴʢʘ ʟʘʪʨʠʤʢʘ ʘʙʦ ʧʦʚʥʘ ʾʾ ʚʽʜʩʫʪʥʽʩʪʴ ʇʨʠʢʣʘʜʘʤʠ ʤʦʞʫʪʴ ʩʣʫʞʠʪʠ VoIP ʽ 

ʧʦʪʦʢʦʚʝ ʚʽʜʝʦ. 

 
ʈʠʩ. 2.2.14 

ɼʦʜʘʪʢʠ, ʷʢʽ ʟʜʽʡʩʥʶʶʪʴ ʣʠʰʝ ʪʨʘʥʟʘʢʮʽʾ ʧʦ ʚʽʜʧʨʘʚʮʽ ʟʘʧʠʪʽʚ ʽ ʦʪʨʠʤʘʥʥʷ 

ʚʽʜʧʦʚʽʜʝʡ, - ʢʦʣʠ ʚʫʟʦʣ ʚʽʜʧʨʘʚʣʷʻ ʟʘʧʠʪ ʽ ʥʝʚʽʜʦʤʦ, ʯʠ ʥʘʜʽʡʜʝ ʚʽʜʧʦʚʽʜʴ ʯʠ ʥʽ 

ʗʢ ʧʨʠʢʣʘʜ ʤʦʞʥʘ ʚʢʘʟʘʪʠ DNS ʽ DHCP. 

ɼʦʜʘʪʢʠ, ʷʢʽ ʩʘʤʦʩʪʽʡʥʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʘʜʽʡʥʽʩʪʴ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, - 

ʥʝʥʘʧʨʘʚʣʝʥʦʾ ʦʙʤʽʥ ʜʘʥʠʤʠ, ʧʨʠ ʷʢʦʤʫ ʫʧʨʘʚʣʽʥʥʷ ʧʦʪʦʢʦʤ, ʚʠʷʚʣʝʥʥʷ 

ʧʦʤʠʣʦʢ, ʚʽʜʧʨʘʚʢʘ ʧʽʜʪʚʝʨʜʞʝʥʴ ʽ ʚʽʜʥʦʚʣʝʥʥʷ ʧʽʩʣʷ ʟʙʦʾʚ ʥʝ ʧʦʪʨʽʙʥʽ ʘʙʦ 

ʚʠʢʦʥʫʶʪʴʩʷ ʩʘʤʠʤ ʜʦʜʘʪʢʦʤ (ʥʘʧʨʠʢʣʘʜ, SNMP ʽ TFTP). 

ɯ ʭʦʯʘ DNS ʽ SNMP ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʦʪʦʢʦʣ UDP, 

ʚʦʥʠ ʪʘʢʦʞ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʽ TCP. DNS ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʨʦʪʦʢʦʣ TCP ʚ 



ʨʘʟʽ, ʢʦʣʠ ʨʦʟʤʽʨ DNS-ʟʘʧʠʪʫ ʘʙʦ DNS-ʚʽʜʧʦʚʽʜʽ ʧʝʨʝʚʠʱʫʻ 512 ʙʘʡʪ 

(ʥʘʧʨʠʢʣʘʜ, ʢʦʣʠ ʚ DNS-ʚʽʜʧʦʚʽʜʽ ʤʽʩʪʠʪʴʩʷ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʜʦʟʚʦʣʽʚ ʽʤʝʥ). 

ɸʥʘʣʦʛʽʯʥʠʤ ʯʠʥʦʤ ʟʘ ʧʝʚʥʠʭ ʦʙʩʪʘʚʠʥ ʘʜʤʽʥʽʩʪʨʘʪʦʨ ʤʝʨʝʞʽ ʤʦʞʝ 

ʥʘʣʘʰʪʫʚʘʪʠ SNMP ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʪʦʢʦʣʫ TCP. 

ʊʨʘʥʩʧʦʨʪʥʠʡ ʨʽʚʝʥʴ ʥʘʜʘʻ ʩʝʨʚʽʩʠ ʜʣʷ ʜʦʩʪʘʚʢʠ ʜʘʥʠʭ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʪʘʢʽ ʦʧʝʨʘʮʽʾ. 

ʇʦʜʽʣ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʚʽʜ ʜʦʜʘʪʢʘ, ʥʘ ʩʝʛʤʝʥʪʠ 

ɼʦʜʘʚʘʥʥʷ ʟʘʛʦʣʦʚʢʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʞʥʦʛʦ ʩʝʛʤʝʥʪʘ ʽ ʫʧʨʘʚʣʽʥʥʷ ʥʠʤ 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚ ʟʘʛʦʣʦʚʢʫ ʜʣʷ ʧʦʚʪʦʨʥʦʛʦ ʩʢʣʘʜʘʥʥʷ ʩʝʛʤʝʥʪʽʚ 

ʚ ʜʘʥʽ ʜʦʜʘʪʢʠ 

ʇʝʨʝʜʘʯʘ ʩʢʦʤʧʦʥʦʚʘʥʠʭ ʜʘʥʠʭ ʚʽʜʧʦʚʽʜʥʦʛʦ ʜʦʜʘʪʢʫ 

UDP ʽ TCP - ʮʝ ʧʦʰʠʨʝʥʽ ʧʨʦʪʦʢʦʣʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʨʽʚʥʷ. 

ɼʘʪʘʛʨʘʤʠ UDP ʽ ʩʝʛʤʝʥʪʠ TCP ʤʘʶʪʴ ʟʘʛʦʣʦʚʢʠ, ʜʦʜʘʥʽ ʧʝʨʝʜ ʜʘʥʠʤʠ. 

ɺʦʥʠ ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ ʥʦʤʝʨ ʧʦʨʪʫ ʜʞʝʨʝʣʘ ʽ ʥʦʤʝʨ ʧʦʨʪʫ ʧʨʠʟʥʘʯʝʥʥʷ. ʊʘʢʽ 

ʥʦʤʝʨʠ ʧʦʨʪʽʚ ʜʦʟʚʦʣʷʶʪʴ ʥʘʧʨʘʚʣʷʪʠ ʜʘʥʽ ʚʽʜʧʦʚʽʜʥʦʤʫ ʜʦʜʘʪʢʫ, ʷʢʝ 

ʚʠʢʦʥʫʻʪʴʩʷ ʥʘ ʢʦʤʧ'ʶʪʝʨʽ ʧʨʠʟʥʘʯʝʥʥʷ. 

ʇʨʦʪʦʢʦʣ TCP ʥʝ ʥʘʜʩʠʣʘʻ ʜʘʥʽ ʚ ʤʝʨʝʞʫ ʜʦ ʪʠʭ ʧʽʨ, ʧʦʢʠ ʥʝ ʦʪʨʠʤʘʻ ʚʽʜ 

ʚʫʟʣʘ ʧʨʠʟʥʘʯʝʥʥʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʛʦʪʦʚʥʦʩʪʽ ʧʨʠʡʥʷʪʠ ʾʭ. ʇʽʩʣʷ ʮʴʦʛʦ TCP 

ʦʙʨʦʙʣʷʻ ʧʦʪʽʢ ʜʘʥʠʭ ʽ ʧʦʚʪʦʨʥʦ ʧʝʨʝʩʠʣʘʻ ʚʩʽ ʩʝʛʤʝʥʪʠ, ʷʢʽ ʥʝ ʙʫʣʠ 

ʧʽʜʪʚʝʨʜʞʝʥʽ ʷʢ ʦʪʨʠʤʘʥʽ ʚʫʟʣʦʤ ʧʨʠʟʥʘʯʝʥʥʷ. ʑʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʜʽʡʥʽʩʪʴ, 

TCP ʚʠʢʦʨʠʩʪʦʚʫʻ ʢʚʠʪʠʨʦʚʘʥʠʝ, ʪʘʡʤʝʨʠ, ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʽʜʪʚʝʨʜʞʝʥʴ ʽ 

ʜʠʥʘʤʽʯʥʘ ʟʤʽʥʘ ʚʽʢʥʘ. ʇʨʦʪʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʜʦʜʘʪʢʦʚʠʭ ʥʘʢʣʘʜʥʠʤʠ ʚʠʪʨʘʪʘʤʠ ʜʣʷ ʤʝʨʝʞʽ, ʦʩʢʽʣʴʢʠ ʧʨʠ ʮʴʦʤʫ ʧʦʪʨʽʙʥʽ 

ʚʝʣʠʢʽ ʟʘʛʦʣʦʚʢʠ ʩʝʛʤʝʥʪʽʚ ʽ ʧʝʨʝʩʠʣʘʥʥʷ ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ ʪʨʘʬʽʢʫ ʤʽʞ 

ʚʫʟʣʘʤʠ ʜʞʝʨʝʣʘ ʽ ʧʨʠʟʥʘʯʝʥʥʷ. 

ʗʢʱʦ ʧʦʪʨʽʙʥʦ ʰʚʠʜʢʦ ʜʦʩʪʘʚʠʪʠ ʜʘʥʽ ʜʦʜʘʪʢʘ ʧʦ ʤʝʨʝʞʽ ʘʙʦ ʧʨʦʧʫʩʢʥʘ 

ʟʜʘʪʥʽʩʪʴ ʤʝʨʝʞʽ ʥʝʜʦʩʪʘʪʥʷ ʜʣʷ ʜʦʜʘʪʢʦʚʠʭ ʥʘʢʣʘʜʥʠʭ ʚʠʪʨʘʪ, ʧʦʚ'ʷʟʘʥʠʭ ʟ 

ʧʝʨʝʩʠʣʘʥʥʷʤ ʢʝʨʫʶʯʠʭ ʧʦʚʽʜʦʤʣʝʥʴ ʤʽʞ ʜʞʝʨʝʣʦʤ ʽ ʘʜʨʝʩʘʪʦʤ, ʪʦ 

ʨʦʟʨʦʙʥʠʢʘʤ ʩʣʽʜ ʚʠʙʠʨʘʪʠ UDP ʷʢ ʧʨʦʪʦʢʦʣ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʨʽʚʥʷ. ʇʨʦʪʦʢʦʣ 

UDP ʥʝ ʚʦʣʦʜʽʻ ʥʽ ʦʜʥʽʻʶ ʟ ʬʫʥʢʮʽʡ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ, ʚʣʘʩʪʠʚʠʭ TCP. 

ʇʨʦʪʝ ʮʝ ʟʦʚʩʽʤ ʥʝ ʦʟʥʘʯʘʻ, ʱʦ ʩʘʤ ʧʦ ʩʦʙʽ ʦʙʤʽʥ ʜʘʥʠʤʠ ʙʫʜʝ ʥʝʥʘʜʽʡʥʠʤ. 

ʇʨʦʪʦʢʦʣʠ ʨʽʚʥʷ ʜʦʜʘʪʢʽʚ ʤʦʞʫʪʴ ʤʘʪʠ ʤʝʭʘʥʽʟʤʠ ʽ ʩʝʨʚʽʩʠ, ʷʢʽ ʦʙʨʦʙʣʷʶʪʴ 

ʚʪʨʘʯʝʥʽ ʘʙʦ ʚʽʜʩʪʘʣʽ ʜʘʪʘʛʨʘʤʠ, ʷʢʱʦ ʮʝ ʥʝʦʙʭʽʜʥʦ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ʈʦʟʨʦʙʥʠʢ ʧʨʦʛʨʘʤʠ ʚʠʙʠʨʘʻ ʧʨʦʪʦʢʦʣ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʨʽʚʥʷ, ʷʢʠʡ 

ʥʘʡʢʨʘʱʠʤ ʯʠʥʦʤ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ ʧʨʦʛʨʘʤʠ. ɺʘʞʣʠʚʦ ʧʘʤ'ʷʪʘʪʠ, ʱʦ ʚʩʽ 

ʽʥʰʽ ʨʽʚʥʽ ʪʘʢʦʞ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʚ ʧʨʦʮʝʩʽ ʦʙʤʽʥʫ ʜʘʥʠʤʠ ʧʦ ʤʝʨʝʞʽ ʽ ʚʧʣʠʚʘʶʪʴ 

ʥʘ ʾʾ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ. 

 

 

  



2.3 ʉʝʘʥʩʦʚʠʡ ʽ ʧʨʠʢʣʘʜʥʠʡ ʨʽʚʝʥʴ ʤʦʜʝʣʽ OSI. 
 

ʊʘʢʽ ʧʨʦʛʨʘʤʠ, ʷʢ ʚʝʙ-ʙʨʘʫʟʝʨʠ, ʦʥʣʘʡʥ-ʽʛʨʠ, ʯʘʪ ʪʘ ʝʣʝʢʪʨʦʥʥʘ ʧʦʰʪʘ, 

ʜʦʟʚʦʣʷʶʪʴ ʥʘʤ ʚʽʜʥʦʩʥʦ ʣʝʛʢʦ ʚʽʜʧʨʘʚʣʷʪʠ ʽ ʦʪʨʠʤʫʚʘʪʠ ʜʘʥʽ. ɿʘʟʚʠʯʘʡ ʤʠ 

ʢʦʨʠʩʪʫʻʤʦʩʷ ʮʠʤʠ ʜʦʜʘʪʢʘʤʠ, ʥʘʚʽʪʴ ʥʝ ʟʘʤʠʩʣʶʶʯʠʩʴ ʧʨʦ ʪʝ, ʷʢ ʚʦʥʠ 

ʧʨʘʮʶʶʪʴ. ʆʜʥʘʢ ʤʝʨʝʞʝʚʽ ʬʘʭʽʚʮʽ ʟʦʙʦʚ'ʷʟʘʥʽ ʟʥʘʪʠ, ʷʢʠʤ ʯʠʥʦʤ ʜʦʜʘʪʦʢ ʤʦʞʝ 

ʬʦʨʤʘʪʫʚʘʪʠ, ʧʝʨʝʜʘʚʘʪʠ ʽ ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ ʧʦʚʽʜʦʤʣʝʥʥʷ, ʥʘʜʽʩʣʘʥʦʛʦ ʽ 

ʦʪʨʠʤʫʚʘʥʦʛʦ ʚ ʤʝʨʝʞʽ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʙʘʛʘʪʦʨʽʚʥʝʚʦʾ ʩʪʨʫʢʪʫʨʠ ʤʦʜʝʣʽ OSI ʩʧʨʦʱʫʻ ʚʽʟʫʘʣʽʟʘʮʽʶ 

ʤʝʭʘʥʽʟʤʽʚ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʩʧʽʣʢʫʚʘʪʠʩʷ ʧʦ ʤʝʨʝʞʽ. 

¶ ʨʽʚʝʥʴ ʜʦʜʘʪʢʽʚ 

¶ ʨʽʚʝʥʴ ʜʦʜʘʪʢʽʚ 

ʈʽʚʝʥʴ ʜʦʜʘʪʢʽʚ ʥʘʡʙʣʠʞʯʝ ʟʥʘʭʦʜʠʪʴʩʷ ʜʦ ʢʽʥʮʝʚʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ. ʗʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʤʘʣʶʥʢʫ, ʥʘ ʮʴʦʤʫ ʨʽʚʥʽ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚʟʘʻʤʦʜʽʷ ʜʦʜʘʪʢʽʚ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʢʦʤʫʥʽʢʘʮʽʾ, ʽ ʙʘʟʦʚʦʾ ʤʝʨʝʞʽ, ʧʦ ʷʢʽʡ ʧʝʨʝʜʘʶʪʴʩʷ 

ʧʦʚʽʜʦʤʣʝʥʥʷ. ʇʨʦʪʦʢʦʣʠ ʨʽʚʥʷ ʜʦʜʘʪʢʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʙʤʽʥʫ ʜʘʥʠʤʠ 

ʤʽʞ ʧʨʦʛʨʘʤʘʤʠ, ʱʦ ʚʠʢʦʥʫʶʪʴʩʷ ʥʘ ʚʫʟʣʽ ʜʞʝʨʝʣʘ ʽ ʚʫʟʣʽ ʧʨʠʟʥʘʯʝʥʥʷ. 

ɺʝʨʭʥʽ ʪʨʠ ʨʽʚʥʷ ʤʦʜʝʣʽ OSI (ʜʦʜʘʪʢʽʚ, ʫʷʚʣʝʥʥʷ ʽ ʩʝʘʥʩʦʚʠʡ) ʚʠʟʥʘʯʘʶʪʴ 

ʬʫʥʢʮʽʾ ʦʜʥʦʛʦ ʨʽʚʥʷ ʜʦʜʘʪʢʽʚ ʚ ʤʦʜʝʣʽ TCP / IP. 

 
ʈʠʩ. 2.3.1 

ɯʩʥʫʻ ʙʝʟʣʽʯ ʧʨʦʪʦʢʦʣʽʚ ʧʨʦʛʨʘʤ, ʧʦʩʪʽʡʥʦ ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʥʦʚʽ ʧʨʦʪʦʢʦʣʠ. 

ɼʦ ʜʝʷʢʠʭ ʟ ʥʘʡʙʽʣʴʰ ʚʽʜʦʤʠʭ ʧʨʦʪʦʢʦʣʽʚ ʧʨʦʛʨʘʤ ʚʽʜʥʦʩʷʪʴʩʷ: ʧʨʦʪʦʢʦʣ 

ʧʝʨʝʜʘʯʽ ʛʽʧʝʨʪʝʢʩʪʫ (Hypertext Transfer Protocol, HTTP), ʧʨʦʪʦʢʦʣ ʧʝʨʝʜʘʯʽ 

ʬʘʡʣʽʚ (File Transfer Protocol, FTP), ʧʨʦʩʪʠʡ ʧʨʦʪʦʢʦʣ ʧʝʨʝʜʘʯʽ ʬʘʡʣʽʚ (Trivial 

File Transfer Protocol, TFTP), ʧʨʦʪʦʢʦʣ ʜʦʩʪʫʧʫ ʜʦ ʧʦʚʽʜʦʤʣʝʥʴ ʚ ɯʥʪʝʨʥʝʪʽ 

(Internet Message Access Protocol, IMAP) ʽ ʧʨʦʪʦʢʦʣ ʩʠʩʪʝʤʠ ʜʦʤʝʥʥʠʭ ʽʤʝʥ 

(Domain Name System, DNS). 

¶ ʈʽʚʝʥʴ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʽ ʩʝʘʥʩʦʚʠʡ ʨʽʚʝʥʴ 



¶ ʨʽʚʝʥʴ ʧʨʝʜʩʪʘʚʣʝʥʥʷ 

ʈʽʚʝʥʴ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʚʠʢʦʥʫʻ ʪʨʠ ʦʩʥʦʚʥʽ ʬʫʥʢʮʽʾ: 

ʌʦʨʤʘʪʫʚʘʥʥʷ ʘʙʦ ʧʦʜʘʥʥʷ ʜʘʥʠʭ ʟ ʚʠʭʽʜʥʦʛʦ ʧʨʠʩʪʨʦʶ ʚ ʬʦʨʤʽ, 

ʧʨʠʜʘʪʥʽʡ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʧʨʠʩʪʨʦʻʤ ʧʨʠʟʥʘʯʝʥʥʷ 

ʉʪʠʩʥʝʥʥʷ ʜʘʥʠʭ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʾʭ ʤʦʞʥʘ ʙʫʣʦ ʨʦʟʧʘʢʫʚʘʪʠ ʥʘ 

ʧʨʠʩʪʨʦʾ ʧʨʠʟʥʘʯʝʥʥʷ 

ʐʠʬʨʫʚʘʥʥʷ ʜʘʥʠʭ ʜʣʷ ʧʝʨʝʜʘʯʽ ʽ ʜʝʰʠʬʨʫʚʘʥʥʷ ʧʨʠ ʦʪʨʠʤʘʥʥʽ. 

ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʤʘʣʶʥʢʫ, ʥʘ ʨʽʚʥʽ ʫʷʚʣʝʥʥʷ ʬʦʨʤʘʪʠʨʫʶʪʩʷ ʜʘʥʽ ʜʣʷ ʨʽʚʥʷ 

ʜʦʜʘʪʢʽʚ ʽ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʩʪʘʥʜʘʨʪʠ ʬʦʨʤʘʪʽʚ ʬʘʡʣʽʚ. ɼʦ ʯʠʩʣʘ ʰʠʨʦʢʦ 

ʚʽʜʦʤʠʭ ʬʦʨʤʘʪʽʚ ʚʽʜʝʦʬʘʡʣʽʚ ʚʽʜʥʦʩʷʪʴʩʷ QuickTime ʽ ʉʪʘʥʜʘʨʪ ʩʪʠʩʥʝʥʥʷ 

ʨʫʭʦʤʠʭ ʟʦʙʨʘʞʝʥʴ (Motion Picture Experts Group, MPEG). ɼʦ ʜʝʷʢʠʭ ʟ 

ʥʘʡʙʽʣʴʰ ʚʽʜʦʤʠʭ ʬʦʨʤʘʪʽʚ ʦʙʤʽʥʫ ʛʨʘʬʽʯʥʠʤʠ ʜʘʥʠʤʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ 

ʤʝʨʝʞʘʭ, ʚʽʜʥʦʩʷʪʴʩʷ ʌʦʨʤʘʪ ʦʙʤʽʥʫ ʛʨʘʬʽʯʥʠʤʠ ʟʦʙʨʘʞʝʥʥʷʤʠ (Graphics 

Interchange Format, GIF), ʉʪʘʥʜʘʨʪ ʚʽʜ ʦʙ'ʻʜʥʘʥʦʾ ʛʨʫʧʠ ʝʢʩʧʝʨʪʽʚ ʧʦ ʬʦʪʦʛʨʘʬʽʾ 

(Joint Photographic Experts Group, JPEG) ʽ ʌʦʨʤʘʪ ʷʢʫ ʧʝʨʝʥʦʩʷʪʴ ʤʝʨʝʞʝʚʠʡ 

ʛʨʘʬʽʢʠ (Portable Network Graphics, PNG). 

 
ʈʠʩ. 2.3.2 

ʩʝʘʥʩʦʚʠʡ ʨʽʚʝʥʴ 

ʗʢ ʚʠʧʣʠʚʘʻ ʟ ʥʘʟʚʠ, ʬʫʥʢʮʽʷ ʩʝʘʥʩʦʚʦʛʦ ʨʽʚʥʷ - ʚʩʪʘʥʦʚʣʝʥʥʷ ʽ 

ʧʽʜʪʨʠʤʘʥʥʷ ʟʚ'ʷʟʢʫ ʤʽʞ ʜʦʜʘʪʢʘʤʠ ʜʞʝʨʝʣʘ ʽ ʧʨʠʟʥʘʯʝʥʥʷ. ʅʘ ʩʝʘʥʩʦʚʦʤʫ ʨʽʚʥʽ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʙʤʽʥ ʜʘʥʠʤʠ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʚ'ʷʟʢʫ, ʧʽʜʪʨʠʤʢʠ ʾʾ ʚ ʘʢʪʠʚʥʦʤʫ 

ʩʪʘʥʽ ʽ ʜʣʷ ʧʝʨʝʟʘʧʫʩʢʫ ʩʝʘʥʩʽʚ, ʷʢʽ ʙʫʣʠ ʧʝʨʝʨʚʘʥʽ ʘʙʦ ʥʝʘʢʪʠʚʥʽ ʧʨʦʪʷʛʦʤ 

ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ. 

ʇʨʦʪʦʢʦʣʠ ʨʽʚʥʷ ʜʦʜʘʪʢʽʚ TCP / IP 

ʇʨʦʪʦʢʦʣʠ ʨʽʚʥʷ ʜʦʜʘʪʢʽʚ TCP / IP ʚʠʟʥʘʯʘʶʪʴ ʬʦʨʤʘʪʠ ʽ ʫʧʨʘʚʣʷʶʪʴ 

ʜʘʥʠʤʠ, ʥʝʦʙʭʽʜʥʠʤʠ ʜʣʷ ʙʘʛʘʪʴʦʭ ʧʦʰʠʨʝʥʠʭ ʬʫʥʢʮʽʡ ʦʙʤʽʥʫ ʜʘʥʠʤʠ ʯʝʨʝʟ 

ɯʥʪʝʨʥʝʪ. ʂʣʘʮʥʽʪʴ ʢʦʞʝʥ ʧʨʦʪʦʢʦʣ ʨʽʚʥʷ ʜʦʜʘʪʢʽʚ ʥʘ ʤʘʣʶʥʢʫ, ʱʦʙ ʜʽʟʥʘʪʠʩʷ 

ʧʨʦ ʥʴʦʛʦ ʙʽʣʴʰʝ. 



ʇʽʜ ʯʘʩ ʩʝʘʥʩʫ ʟʚ'ʷʟʢʫ ʧʨʦʪʦʢʦʣʠ ʨʽʚʥʷ ʜʦʜʘʪʢʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʽ 

ʧʨʠʩʪʨʦʷʤʠ-ʜʞʝʨʝʣʘʤʠ, ʽ ʧʨʠʩʪʨʦʷʤʠ ʧʨʠʟʥʘʯʝʥʥʷ. ɼʣʷ ʫʩʧʽʰʥʦʛʦ ʦʙʤʽʥʫ 

ʜʘʥʠʤʠ ʧʨʦʪʦʢʦʣʠ ʨʽʚʥʷ ʜʦʜʘʪʢʽʚ ʥʘ ʚʫʟʣʘʭ ʜʞʝʨʝʣʘ ʽ ʧʨʠʟʥʘʯʝʥʥʷ ʧʦʚʠʥʥʽ 

ʙʫʪʠ ʩʫʤʽʩʥʠʤʠ. 

ʄʦʜʝʣʴ çʢʣʽʻʥʪ-ʩʝʨʚʝʨè 

ʋ ʤʦʜʝʣʽ ʪʠʧʫ çʢʣʽʻʥʪ-ʩʝʨʚʝʨè ʧʨʠʩʪʨʽʡ, ʱʦ ʧʦʜʘʻ ʟʘʧʠʪ ʽʥʬʦʨʤʘʮʽʶ, 

ʥʘʟʠʚʘʻʪʴʩʷ ʢʣʽʻʥʪʦʤ, ʘ ʧʨʠʩʪʨʽʡ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʥʘ ʮʝʡ ʟʘʧʠʪ, - ʩʝʨʚʝʨʦʤ. 

ɺʚʘʞʘʻʪʴʩʷ, ʱʦ ʧʨʦʮʝʩʠ ʤʦʜʝʣʽ çʢʣʽʻʥʪ-ʩʝʨʚʝʨè ʚʽʜʙʫʚʘʶʪʴʩʷ ʥʘ ʨʽʚʥʽ ʜʦʜʘʪʢʽʚ. 

ʂʣʽʻʥʪ ʧʦʯʠʥʘʻ ʦʙʤʽʥ ʜʘʥʠʤʠ, ʚʽʜʧʨʘʚʣʷʶʯʠ ʟʘʧʠʪ ʥʘ ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ ʟ 

ʩʝʨʚʝʨʘ, ʷʢʠʡ ʫ ʚʽʜʧʦʚʽʜʴ ʚʽʜʧʨʘʚʣʷʻ ʦʜʠʥ ʘʙʦ ʢʽʣʴʢʘ ʧʦʪʦʢʽʚ ʜʘʥʠʭ ʢʣʽʻʥʪʘ. 

ʇʨʦʪʦʢʦʣʠ ʨʽʚʥʷ ʜʦʜʘʪʢʽʚ ʦʧʠʩʫʶʪʴ ʬʦʨʤʘʪ ʟʘʧʠʪʽʚ ʽ ʚʽʜʧʦʚʽʜʝʡ ʤʽʞ ʢʣʽʻʥʪʘʤʠ 

ʽ ʩʝʨʚʝʨʘʤʠ. ʅʘ ʜʦʜʘʪʦʢ ʜʦ ʬʘʢʪʠʯʥʦʾ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʜʣʷ ʮʴʦʛʦ ʦʙʤʽʥʫ ʜʘʥʠʤʠ 

ʪʘʢʦʞ ʤʦʞʝ ʟʥʘʜʦʙʠʪʠʩʷ ʘʫʪʝʥʪʠʬʽʢʘʮʽʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʽ ʽʜʝʥʪʠʬʽʢʘʮʽʷ 

ʧʝʨʝʜʘʥʠʭ ʬʘʡʣʽʚ ʜʘʥʠʭ. 

ʆʜʥʠʤ ʽʟ ʧʨʠʢʣʘʜʽʚ ʤʝʨʝʞʽ ʪʠʧʫ çʢʣʽʻʥʪ-ʩʝʨʚʝʨè ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʝʨʚʽʩʫ 

ʝʣʝʢʪʨʦʥʥʦʾ ʧʦʰʪʠ ʜʣʷ ʚʽʜʧʨʘʚʢʠ, ʦʪʨʠʤʘʥʥʷ ʪʘ ʟʙʝʨʽʛʘʥʥʷ ʧʦʚʽʜʦʤʣʝʥʴ 

ʝʣʝʢʪʨʦʥʥʦʾ ʧʦʰʪʠ. ʇʦʰʪʦʚʠʡ ʢʣʽʻʥʪ ʥʘ ʜʦʤʘʰʥʴʦʤʫ ʢʦʤʧ'ʶʪʝʨʽ ʚʽʜʧʨʘʚʣʷʻ 

ʟʘʧʠʪ ʩʝʨʚʝʨʫ ʝʣʝʢʪʨʦʥʥʦʾ ʧʦʰʪʠ ʥʘ ʦʪʨʠʤʘʥʥʷ ʩʧʠʩʢʫ ʥʦʚʠʭ ʧʦʚʽʜʦʤʣʝʥʴ. 

ʉʝʨʚʝʨ ʚʽʜʧʦʚʽʜʘʻ, ʚʽʜʧʨʘʚʣʷʶʯʠ ʟʘʧʠʪʘʥʝ ʧʦʚʽʜʦʤʣʝʥʥʷ ʝʣ. ʧʦʰʪʠ ʢʣʽʻʥʪʘ. ʗʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʤʘʣʶʥʢʫ, ʧʝʨʝʜʘʯʘ ʜʘʥʠʭ ʚ ʥʘʧʨʷʤʢʫ ʚʽʜ ʢʣʽʻʥʪʘ ʜʦ ʩʝʨʚʝʨʘ 

ʥʘʟʠʚʘʻʪʴʩʷ ʚʽʜʧʨʘʚʢʦʶ (ʟʘʚʘʥʪʘʞʝʥʥʷʤ ʥʘ ʩʝʨʚʝʨ, upload), ʘ ʚ ʥʘʧʨʷʤʢʫ ʚʽʜ 

ʩʝʨʚʝʨʘ ʜʦ ʢʣʽʻʥʪʘ - ʩʢʘʯʫʚʘʥʥʷʤ (ʟʘʚʘʥʪʘʞʝʥʥʷʤ ʟ ʩʝʨʚʝʨʘ, download). 

ʦʜʥʦʨʘʥʛʦʚʽ ʤʝʨʝʞʽ 

ʋ ʤʦʜʝʣʽ ʪʠʤʯʘʩʦʚʦʾ ʤʝʨʝʞʽ (P2P) ʜʘʥʽ ʟʘʧʠʪʫʶʪʴʩʷ ʟ ʨʽʚʥʦʧʨʘʚʥʦʛʦ 

ʧʨʠʩʪʨʦʶ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʜʽʣʝʥʦʛʦ ʩʝʨʚʝʨʘ. 

ʄʝʨʝʞʝʚʘ ʤʦʜʝʣʴ P2P ʩʢʣʘʜʘʻʪʴʩʷ ʜʚʦʭ ʯʘʩʪʠʥ: P2P-ʤʝʨʝʞ ʽ P2P-ʜʦʜʘʪʢʽʚ. 

ʆʙʠʜʚʽ ʯʘʩʪʠʥʠ ʤʘʶʪʴ ʩʭʦʞʽ ʬʫʥʢʮʽʾ, ʘʣʝ ʥʘ ʧʨʘʢʪʠʮʽ ʧʨʘʮʶʶʪʴ ʧʦ-ʨʽʟʥʦʤʫ. 

ʋ P2P-ʤʝʨʝʞʽ ʜʚʘ ʢʦʤʧ'ʶʪʝʨʠ (ʘʙʦ ʙʽʣʴʰʝ ʜʚʦʭ) ʧʽʜʢʣʶʯʘʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ 

ʧʦ ʤʝʨʝʞʽ ʽ ʤʦʞʫʪʴ ʚʽʜʢʨʠʚʘʪʠ ʜʦʩʪʫʧ ʜʦ ʩʚʦʾʭ ʨʝʩʫʨʩʽʚ (ʥʘʧʨʠʢʣʘʜ, ʜʦ 

ʧʨʠʥʪʝʨʽʚ ʽ ʬʘʡʣʽʚ) ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʜʽʣʝʥʦʛʦ ʩʝʨʚʝʨʘ. ʂʦʞʥʝ ʧʽʜʢʣʶʯʝʥʠʡ 

ʜʦ ʤʝʨʝʞʽ ʢʽʥʮʝʚʝ ʧʨʠʩʪʨʽʡ (ʩʧʝʮʽʘʣʴʥʠʡ ʨʦʙʦʯʠʡ ʚʫʟʦʣ) ʤʦʞʝ ʚʠʢʦʥʫʚʘʪʠ 

ʬʫʥʢʮʽʾ ʷʢ ʩʝʨʚʝʨʘ, ʪʘʢ ʽ ʢʣʽʻʥʪʘ. ʆʜʠʥ ʢʦʤʧ'ʶʪʝʨ ʤʦʞʝ ʛʨʘʪʠ ʨʦʣʴ ʩʝʨʚʝʨʘ ʜʣʷ 

ʦʜʥʽʻʾ ʦʧʝʨʘʮʽʾ, ʦʜʥʦʯʘʩʥʦ ʚʠʩʪʫʧʘʶʯʠ ʚ ʨʦʣʽ ʢʣʽʻʥʪʘ ʜʣʷ ʽʥʰʠʭ ʦʧʝʨʘʮʽʡ. ʈʦʣʽ 

ʢʣʽʻʥʪʘ ʽ ʩʝʨʚʝʨʘ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʘʧʠʪʫ. 

ʇʨʦʩʪʠʡ ʧʨʠʢʣʘʜ ʦʙʤʽʥʫ ʜʘʥʠʤʠ ʧʦ ʤʝʨʝʞʽ P2P ʧʦʢʘʟʘʥʠʡ ʥʘ ʤʘʣʶʥʢʫ. 

ʂʨʽʤ ʧʽʜʪʨʠʤʢʠ ʬʫʥʢʮʽʾ ʬʘʡʣʦʚʦʛʦ ʦʙʤʽʥʫ ʧʦʜʽʙʥʘ ʤʝʨʝʞʘ ʜʦʟʚʦʣʠʪʴ 

ʢʦʨʠʩʪʫʚʘʯʘʤ ʟʘʧʫʩʢʘʪʠ ʤʝʨʝʞʝʚʽ ʽʛʨʠ ʘʙʦ ʩʧʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ɯʥʪʝʨʥʝʪʫ. 

ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʽ P2P-ʜʦʜʘʪʢʠ 

ɺʩʽ ʢʦʤʧ'ʶʪʝʨʠ ʚ ʤʝʨʝʞʽ, ʥʘ ʷʢʠʭ ʟʘʧʫʱʝʥʦ P2P-ʜʦʜʘʪʦʢ, ʤʦʞʫʪʴ 

ʚʠʩʪʫʧʘʪʠ ʚ ʨʦʣʽ ʢʣʽʻʥʪʘ ʘʙʦ ʩʝʨʚʝʨʘ ʜʣʷ ʽʥʰʠʭ ʢʦʤʧ'ʶʪʝʨʽʚ ʚ ʤʝʨʝʞʽ ʟ ʮʠʤ ʞʝ 

ʜʦʜʘʪʢʦʤ. ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʽ P2P-ʤʝʨʝʞʽ: 

¶ eDonkey 

¶ G2 

¶ BitTorrent 

¶ Bitcoin 



ɼʝʷʢʽ ʈ2ʈ-ʜʦʜʘʪʢʠ ʨʦʟʨʦʙʣʝʥʽ ʥʘ ʦʩʥʦʚʽ ʧʨʦʪʦʢʦʣʫ Gnutella, ʷʢʠʡ 

ʧʝʨʝʜʙʘʯʘʻ ʦʙʤʽʥ ʮʽʣʠʤʠ ʬʘʡʣʘʤʠ ʤʽʞ ʢʦʨʠʩʪʫʚʘʯʘʤʠ. ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ 

ʤʘʣʶʥʢʫ, ʢʣʽʻʥʪʩʴʢʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʩʫʤʽʩʥʝ ʟ ʧʨʦʪʦʢʦʣʦʤ Gnutella, 

ʜʦʟʚʦʣʷʻ ʢʦʨʠʩʪʫʚʘʯʘʤ ʧʽʜʢʣʶʯʘʪʠʩʷ ʜʦ ʩʝʨʚʽʩʽʚ Gnutella ʯʝʨʝʟ ɯʥʪʝʨʥʝʪ, ʘ 

ʪʘʢʦʞ ʟʥʘʭʦʜʠʪʠ ʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʝʩʫʨʩʠ, ʜʦʩʪʫʧ ʜʦ ʷʢʠʭ ʙʫʚ ʚʽʜʢʨʠʪʠʡ 

ʽʥʰʠʤʠ ʦʜʥʦʨʘʥʛʦʚʠʤʠ ʚʫʟʣʘʤʠ Gnutella. ɯʩʥʫʶʪʴ ʨʽʟʥʽ ʢʣʽʻʥʪʩʴʢʽ ʧʨʦʛʨʘʤʠ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʦʪʦʢʦʣ Gnutella, ʩʝʨʝʜ ʷʢʠʭ gtk-gnutella, WireShare, Shareaza 

ʽ Bearshare. 

ɹʘʛʘʪʦ P2P ʧʨʦʛʨʘʤʠ ʜʦʟʚʦʣʷʶʪʴ ʢʦʨʠʩʪʫʚʘʯʘʤ ʦʜʥʦʯʘʩʥʦ ʥʘʜʘʚʘʪʠ ʦʜʠʥ 

ʦʜʥʦʤʫ ʜʦʩʪʫʧ ʜʦ ʯʘʩʪʠʥ ʨʽʟʥʠʭ ʬʘʡʣʽʚ. ɼʣʷ ʧʦʰʫʢʫ ʽʥʰʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʷʢʽ 

ʤʘʶʪʴ ʥʝʦʙʭʽʜʥʠʤʠ ʯʘʩʪʠʥʘʤʠ ʬʘʡʣʽʚ, ʢʣʽʻʥʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʝʚʝʣʠʢʽ 

ʪʦʨʨʝʥʪ-ʬʘʡʣʠ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʚʩʪʘʥʦʚʣʶʻ ʧʽʜʢʣʶʯʝʥʥʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʦ ʮʠʭ 

ʢʦʨʠʩʪʫʚʘʯʘʤ. ʋ ʮʴʦʤʫ ʬʘʡʣʽ ʪʘʢʦʞ ʟʘʧʠʩʘʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʪʨʝʢʝʨ, ʥʘ ʷʢʦʤʫ 

ʟʙʝʨʽʛʘʶʪʴʩʷ ʜʘʥʽ ʧʨʦ ʪʝ, ʷʢʠʤʠ ʬʘʡʣʘʤʠ ʨʦʟʪʘʰʦʚʫʶʪʴ ʢʦʨʠʩʪʫʚʘʯʽ. ʂʣʽʻʥʪʠ 

ʟʘʧʠʪʫʶʪʴ ʯʘʩʪʠʥʠ ʬʘʡʣʽʚ ʦʜʥʦʯʘʩʥʦ ʫ ʨʽʟʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʩʫʢʫʧʥʽʩʪʴ ʷʢʠʭ 

ʥʘʟʠʚʘʶʪʴ ʨʦʻʤ. ʎʷ ʪʝʭʥʦʣʦʛʽʷ ʥʘʟʠʚʘʻʪʴʩʷ BitTorrent. ɯʩʥʫʻ ʙʝʟʣʽʯ ʨʽʟʥʠʭ 

ʢʣʽʻʥʪʽʚ BitTorrent, ʥʘʧʨʠʢʣʘʜ BitTorrent, uTorrent, Frostwire ʽ qBittorrent. 

ʇʨʠʤʽʪʢʘ. ɼʦ ʟʘʛʘʣʴʥʦʛʦ ʜʦʩʪʫʧ ʤʦʞʫʪʴ ʙʫʪʠ ʥʘʜʘʥʽ ʙʫʜʴ-ʷʢʽ ʪʠʧʠ ʬʘʡʣʽʚ. 

ɹʘʛʘʪʦ ʟ ʥʠʭ ʟʘʭʠʱʝʥʽ ʘʚʪʦʨʩʴʢʠʤ ʧʨʘʚʦʤ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʪʽʣʴʢʠ ʧʨʘʚʦʚʣʘʩʥʠʢ 

ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʽ ʧʦʰʠʨʶʚʘʪʠ ʪʘʢʽ ʬʘʡʣʠ. ɿʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʧʦʰʠʨʝʥʥʷ 

ʬʘʡʣʽʚ, ʟʘʭʠʱʝʥʠʭ ʘʚʪʦʨʩʴʢʠʤ ʧʨʘʚʦʤ, ʙʝʟ ʟʛʦʜʠ ʚʣʘʩʥʠʢʘ ʘʚʪʦʨʩʴʢʠʭ ʧʨʘʚ ʻ 

ʧʦʨʫʰʝʥʥʷʤ ʟʘʢʦʥʫ. ʇʦʨʫʰʝʥʥʷ ʘʚʪʦʨʩʴʢʦʛʦ ʧʨʘʚʘ ʤʦʞʝ ʩʧʨʠʯʠʥʠʪʠ 

ʢʨʠʤʽʥʘʣʴʥʝ ʦʙʚʠʥʫʚʘʯʝʥʥʷ ʽ ʮʠʚʽʣʴʥʽ ʧʦʟʦʚʠ. ʑʦʙ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ 

ʦʟʥʘʡʦʤʠʪʠʩʷ ʟ ʶʨʠʜʠʯʥʦʶ ʩʪʦʨʦʥʦʶ ʧʠʪʘʥʥʷ, ʚʠʢʦʥʘʡʪʝ ʣʘʙʦʨʘʪʦʨʥʫ ʨʦʙʦʪʫ 

ʥʘ ʥʘʩʪʫʧʥʽʡ ʩʪʦʨʽʥʮʽ. 

ʇʨʦʪʦʢʦʣʠ HTTP ʽ HTTPS 

ʇʨʦʪʦʢʦʣ HTTP ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʤʝʭʘʥʽʟʤʽ çʟʘʧʠʪ-ʚʽʜʧʦʚʽʜʴè. ʂʦʣʠ ʢʣʽʻʥʪ 

(ʟʘʟʚʠʯʘʡ ʚʝʙ-ʙʨʘʫʟʝʨ) ʚʽʜʧʨʘʚʣʷʻ ʟʘʧʠʪ ʚʝʙ-ʩʝʨʚʝʨʘ, ʧʨʦʪʦʢʦʣ HTTP ʚʠʟʥʘʯʘʻ 

ʪʠʧʠ ʧʦʚʽʜʦʤʣʝʥʴ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʮʽʻʾ ʚʟʘʻʤʦʜʽʾ. ʊʨʠ ʦʩʥʦʚʥʠʭ ʪʠʧʠ 

ʧʦʚʽʜʦʤʣʝʥʴ: GET, POST ʽ PUT (ʜʠʚ. ʈʠʩ.): 

GET - ʮʝ ʟʘʧʠʪ ʜʘʥʠʭ ʢʣʽʻʥʪʦʤ. ʂʣʽʻʥʪ (ʚʝʙ-ʙʨʘʫʟʝʨ) ʚʽʜʧʨʘʚʣʷʻ 

ʧʦʚʽʜʦʤʣʝʥʥʷ GET ʚʝʙ-ʩʝʨʚʝʨʘ, ʱʦʙ ʟʘʧʨʦʩʠʪʠ HTML-ʩʪʦʨʽʥʢʠ. 

POST - ʚʽʜʧʨʘʚʣʷʻ ʥʘ ʚʝʙ-ʩʝʨʚʝʨ ʬʘʡʣʠ ʜʘʥʠʭ. 

PUT - ʚʽʜʧʨʘʚʣʷʻ ʥʘ ʚʝʙ-ʩʝʨʚʝʨ ʨʝʩʫʨʩʠ ʽ ʢʦʥʪʝʥʪ, ʥʘʧʨʠʢʣʘʜ ʟʦʙʨʘʞʝʥʥʷ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ ʱʦ ʧʨʦʪʦʢʦʣ HTTP ʜʦʩʠʪʴ ʛʥʫʯʢʠʡ, ʚʽʥ ʥʝ ʻ ʙʝʟʧʝʯʥʠʤ. 

ʇʦʚʽʜʦʤʣʝʥʥʷ ʟʘʧʠʪʫ ʧʝʨʝʜʘʶʪʴʩʷ ʩʝʨʚʝʨʘ ʚʽʜʢʨʠʪʠʤ ʪʝʢʩʪʦʤ, ʷʢʠʡ ʤʦʞʝ ʙʫʪʠ 

ʧʝʨʝʭʦʧʣʝʥʠʡ ʽ ʧʨʦʯʠʪʘʥʠʡ. ɸʥʘʣʦʛʽʯʥʠʤ ʯʠʥʦʤ, ʚʽʜʧʦʚʽʜʽ ʩʝʨʚʝʨʘ (ʟʘʟʚʠʯʘʡ ʮʝ 

HTML-ʩʪʦʨʽʥʢʠ) ʧʝʨʝʜʘʶʪʴʩʷ ʚ ʥʝʟʘʰʠʬʨʦʚʘʥʦʤʫ ʚʠʛʣʷʜʽ. 

ɼʣʷ ʟʘʭʠʱʝʥʦʛʦ ʜʚʦʩʪʦʨʦʥʥʴʦʛʦ ʦʙʤʽʥʫ ʜʘʥʠʤʠ ʚ ɯʥʪʝʨʥʝʪʽ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʘʭʠʱʝʥʘ ʤʦʜʠʬʽʢʘʮʽʷ ʧʨʦʪʦʢʦʣʫ HTTP Secure (HTTPS). 

HTTPS ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʘʫʪʝʥʪʠʬʽʢʘʮʽʶ ʽ ʰʠʬʨʫʚʘʥʥʷ ʜʣʷ ʟʘʭʠʩʪʫ 

ʜʘʥʠʭ, ʱʦ ʧʝʨʝʩʠʣʘʶʪʴʩʷ ʤʽʞ ʢʣʽʻʥʪʦʤ ʽ ʩʝʨʚʝʨʦʤ. ʋ HTTPS ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʪʦʡ ʞʝ ʧʨʦʮʝʩ çʟʘʧʠʪ-ʚʽʜʧʦʚʽʜʴè, ʱʦ ʽ ʚ HTTP, ʘʣʝ ʧʦʪʽʢ ʜʘʥʠʭ ʟʘʰʠʬʨʦʚʘʥʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ SSL (Secure Socket Layer) ʧʝʨʝʜ ʧʝʨʝʜʘʯʝʶ ʧʦ ʤʝʨʝʞʽ. 

ʇʨʦʪʦʢʦʣʠ ʝʣʝʢʪʨʦʥʥʦʾ ʧʦʰʪʠ 

ʆʜʠʥ ʟ ʦʩʥʦʚʥʠʭ ʩʝʨʚʽʩʽʚ, ʧʨʦʧʦʥʦʚʘʥʠʭ ʽʥʪʝʨʥʝʪ-ʧʨʦʚʘʡʜʝʨʘʤʠ (ISP) - 

ʨʦʟʤʽʱʝʥʥʷ (ʭʦʩʪʠʥʛ) ʩʝʨʚʝʨʽʚ ʝʣʝʢʪʨʦʥʥʦʾ ʧʦʰʪʠ. ɸʣʝ ʱʦʙ ʝʣʝʢʪʨʦʥʥʘ ʧʦʰʪʘ 



ʟʘʨʦʙʠʣʘ ʥʘ ʢʦʤʧ'ʶʪʝʨʽ ʘʙʦ ʽʥʰʦʤʫ ʢʽʥʮʝʚʦʤʫ ʧʨʠʩʪʨʦʾ, ʥʝʦʙʭʽʜʥʠʡ ʨʷʜ 

ʜʦʜʘʪʢʽʚ ʽ ʩʝʨʚʽʩʽʚ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʤʘʣʶʥʢʫ. ɽʣʝʢʪʨʦʥʥʘ ʧʦʰʪʘ - ʮʝ ʥʘʙʽʨ 

ʟʘʩʦʙʽʚ ʜʣʷ ʜʦʩʪʘʚʢʠ, ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʚʠʣʫʯʝʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ ʧʦʚʽʜʦʤʣʝʥʴ ʚ 

ʤʝʨʝʞʽ. ɽʣʝʢʪʨʦʥʥʽ ʣʠʩʪʠ ʟʙʝʨʽʛʘʶʪʴʩʷ ʥʘ ʩʝʨʚʝʨʘʭ ʝʣʝʢʪʨʦʥʥʦʾ ʧʦʰʪʠ ʚ ʙʘʟʘʭ 

ʜʘʥʠʭ. 

 
ʈʠʩ. 2.3.3 

ʂʣʽʻʥʪʠ ʝʣʝʢʪʨʦʥʥʦʾ ʧʦʰʪʠ ʜʣʷ ʚʽʜʧʨʘʚʢʠ ʪʘ ʦʪʨʠʤʘʥʥʷ ʧʦʚʽʜʦʤʣʝʥʴ 

ʟʚʝʨʪʘʶʪʴʩʷ ʜʦ ʩʝʨʚʝʨʽʚ ʝʣʝʢʪʨʦʥʥʦʾ ʧʦʰʪʠ. ʉʝʨʚʝʨʠ ʝʣʝʢʪʨʦʥʥʦʾ ʧʦʰʪʠ 

ʚʟʘʻʤʦʜʽʶʪʴ ʟ ʽʥʰʠʤʠ ʩʝʨʚʝʨʘʤʠ ʝʣʝʢʪʨʦʥʥʦʾ ʧʦʰʪʠ ʜʣʷ ʦʙʤʽʥʫ 

ʧʦʚʽʜʦʤʣʝʥʥʷʤʠ ʤʽʞ ʜʦʤʝʥʘʤʠ. ʇʦʰʪʦʚʠʡ ʧʦʢʫʧʝʮʴ ʥʝ ʟ'ʻʜʥʫʻʪʴʩʷ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ ʽʥʰʠʤ ʧʦʰʪʦʚʠʤ ʢʣʽʻʥʪʦʤ ʜʣʷ ʚʽʜʧʨʘʚʢʠ ʧʦʚʽʜʦʤʣʝʥʥʷ. 

ʆʙʠʜʚʘ ʢʣʽʻʥʪʘ ʧʦʚʠʥʥʽ ʜʦʚʽʨʠʪʠ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʧʦʚʽʜʦʤʣʝʥʴ ʩʝʨʚʝʨʘ 

ʝʣʝʢʪʨʦʥʥʦʾ ʧʦʰʪʠ. 

ɼʣʷ ʨʦʙʦʪʠ ʟ ʝʣʝʢʪʨʦʥʥʦʶ ʧʦʰʪʦʶ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʨʠ ʦʢʨʝʤʠʭ 

ʧʨʦʪʦʢʦʣʫ: SMTP, POP ʽ IMAP. ɺ ʧʨʦʮʝʩʽ ʨʽʚʥʷ ʜʦʜʘʪʢʽʚ, ʥʘ ʷʢʦʤʫ ʚʠʢʦʥʫʻʪʴʩʷ 

ʚʽʜʧʨʘʚʢʘ ʧʦʰʪʠ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʦʪʦʢʦʣ SMTP. ɸʣʝ ʦʪʨʠʤʘʥʥʷ 

ʝʣʝʢʪʨʦʥʥʦʾ ʧʦʰʪʠ ʢʣʽʻʥʪʦʤ ʚʠʢʦʥʫʻʪʴʩʷ ʧʦ ʦʜʥʦʤʫ ʟ ʜʚʦʭ ʧʨʦʪʦʢʦʣʽʚ ʧʨʦʛʨʘʤ: 

POP ʘʙʦ IMAP. 

ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ SMTP 

ʋ ʬʦʨʤʘʪʽ SMTP ʧʦʚʽʜʦʤʣʝʥʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʟʘʛʦʣʦʚʢʘ ʽ ʪʽʣʘ 

ʧʦʚʽʜʦʤʣʝʥʥʷ. ʗʢʱʦ ʪʽʣʦ ʧʦʚʽʜʦʤʣʝʥʥʷ ʤʦʞʝ ʤʽʩʪʠʪʠ ʪʝʢʩʪ ʜʦʚʽʣʴʥʦʾ ʜʦʚʞʠʥʠ, 

ʪʦ ʚ ʟʘʛʦʣʦʚʢʫ ʘʜʨʝʩʠ ʝʣʝʢʪʨʦʥʥʦʾ ʧʦʰʪʠ ʦʜʝʨʞʫʚʘʯʘ ʽ ʚʽʜʧʨʘʚʥʠʢʘ ʧʦʚʠʥʥʽ 

ʙʫʪʠ ʚʢʘʟʘʥʽ ʫ ʚʽʜʧʦʚʽʜʥʦʤʫ ʬʦʨʤʘʪʽ. 

ʂʦʣʠ ʢʣʽʻʥʪ ʚʽʜʧʨʘʚʣʷʻ ʧʦʚʽʜʦʤʣʝʥʥʷ ʝʣʝʢʪʨʦʥʥʦʾ ʧʦʰʪʠ, ʧʨʦʮʝʩ SMTP-

ʢʣʽʻʥʪʘ ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʜʦ ʧʨʦʮʝʩʫ SMTP-ʩʝʨʚʝʨʘ ʥʘ ʟʘʛʘʣʴʥʦʚʽʜʦʤʦʤʫ ʧʦʨʪʝ 25. 

ʇʽʜ ʯʘʩ ʘʢʪʠʚʥʦʛʦ ʟ'ʻʜʥʘʥʥʷ, ʢʣʽʻʥʪ ʥʘʤʘʛʘʻʪʴʩʷ ʚʽʜʧʨʘʚʠʪʠ ʡʦʤʫ ʧʦʚʽʜʦʤʣʝʥʥʷ 



ʝʣʝʢʪʨʦʥʥʦʾ ʧʦʰʪʠ ʩʝʨʚʝʨʘ. ʂʦʣʠ ʩʝʨʚʝʨ ʦʪʨʠʤʫʻ ʧʦʚʽʜʦʤʣʝʥʥʷ, ʚʽʥ ʧʦʤʽʱʘʻ 

ʡʦʛʦ ʚ ʯʝʨʛʫ ʧʦʚʽʜʦʤʣʝʥʴ ʣʦʢʘʣʴʥʦʛʦ ʦʙʣʽʢʦʚʦʛʦ ʟʘʧʠʩʫ ʘʙʦ ʧʝʨʝʩʠʣʘʻ ʽʥʰʦʛʦ 

ʩʝʨʚʝʨʘ ʝʣʝʢʪʨʦʥʥʦʾ ʧʦʰʪʠ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʤʘʣʶʥʢʫ. 

ʎʽʣʴʦʚʠʡ ʩʝʨʚʝʨ ʝʣʝʢʪʨʦʥʥʦʾ ʧʦʰʪʠ (ʩʝʨʚʝʨ ʧʨʠʟʥʘʯʝʥʥʷ) ʚ ʤʦʤʝʥʪ 

ʜʦʩʪʘʚʢʠ ʧʦʚʽʜʦʤʣʝʥʥʷ ʤʦʞʝ ʚʠʷʚʠʪʠʩʷ ʥʝʜʦʩʪʫʧʥʠʤ ʘʙʦ ʧʝʨʝʚʘʥʪʘʞʝʥʠʡ. ʅʘ 

ʮʝʡ ʚʠʧʘʜʦʢ ʫ SMTP ʧʝʨʝʜʙʘʯʝʥʦ ʪʠʤʯʘʩʦʚʝ ʟʙʝʨʽʛʘʥʥʷ ʧʦʚʽʜʦʤʣʝʥʴ ʟ 

ʥʘʩʪʫʧʥʦʶ ʧʦʚʪʦʨʥʦʾ ʚʽʜʧʨʘʚʢʦʶ. ʇʝʨʽʦʜʠʯʥʦ ʩʝʨʚʝʨ ʧʝʨʝʚʽʨʷʻ ʯʝʨʛʫ 

ʧʦʚʽʜʦʤʣʝʥʴ ʽ ʥʘʤʘʛʘʻʪʴʩʷ ʚʽʜʧʨʘʚʠʪʠ ʾʭ ʧʦʚʪʦʨʥʦ. ʗʢʱʦ ʧʦʚʽʜʦʤʣʝʥʥʷ ʥʝ 

ʚʜʘʻʪʴʩʷ ʜʦʩʪʘʚʠʪʠ ʧʨʦʪʷʛʦʤ ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʯʘʩʫ, ʚʦʥʦ ʧʦʚʝʨʪʘʻʪʴʩʷ 

ʚʽʜʧʨʘʚʥʠʢʫ ʟ ʧʦʚʽʜʦʤʣʝʥʥʷʤ ʧʨʦ ʥʝʤʦʞʣʠʚʽʩʪʴ ʜʦʩʪʘʚʢʠ. 

ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ POP 

ʇʨʦʪʦʢʦʣ POP ʜʣʷ ʧʨʦʛʨʘʤ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʧʦʚʽʜʦʤʣʝʥʴ ʚʽʜ ʩʝʨʚʝʨʘ 

ʝʣʝʢʪʨʦʥʥʦʾ ʧʦʰʪʠ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ POP ʧʦʚʽʜʦʤʣʝʥʥʷ ʟʘʚʘʥʪʘʞʫʶʪʴʩʷ 

ʢʣʽʻʥʪʦʤ ʟ ʩʝʨʚʝʨʘ ʽ ʚʠʜʘʣʷʶʪʴʩʷ ʥʘ ʩʝʨʚʝʨʽ. ʎʝ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ POP ʟʘ 

ʟʘʤʦʚʯʫʚʘʥʥʷʤ. 

ʄʝʨʝʞʝʚʠʡ ʩʝʨʚʽʩ POP ʥʘ ʩʝʨʚʝʨʽ ʧʘʩʠʚʥʦ ʦʯʽʢʫʻ ʟʘʧʠʪʽʚ ʧʽʜʢʣʶʯʝʥʥʷ 

ʢʣʽʻʥʪʽʚ ʜʦ TCP-ʧʦʨʪʫ 110. ɼʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʴʦʛʦ ʤʝʨʝʞʝʚʦʛʦ ʩʝʨʚʽʩʫ ʢʣʽʻʥʪ 

ʚʽʜʧʨʘʚʣʷʻ ʟʘʧʠʪ ʥʘ ʫʩʪʘʥʦʚʢʫ TCP-ʟ'ʻʜʥʘʥʥʷ ʟ ʩʝʨʚʝʨʦʤ. ʇʽʩʣʷ ʫʩʪʘʥʦʚʢʠ 

ʟ'ʻʜʥʘʥʥʷ ʩʝʨʚʝʨ POP3 ʧʦʩʠʣʘʻ ʚʽʪʘʥʥʷ. ʇʦʪʽʤ ʢʣʽʻʥʪ ʽ ʩʝʨʚʝʨ POP ʦʙʤʽʥʶʶʪʴʩʷ 

ʢʦʤʘʥʜʘʤʠ ʽ ʚʽʜʧʦʚʽʜʷʤʠ, ʧʦʢʠ ʧʽʜʢʣʶʯʝʥʥʷ ʥʝ ʙʫʜʝ ʟʘʢʨʠʪʦ ʘʙʦ ʧʝʨʝʨʚʘʥʦ. 

ʊʘʢ ʷʢ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ POP ʧʦʚʽʜʦʤʣʝʥʥʷ ʝʣʝʢʪʨʦʥʥʦʾ ʧʦʰʪʠ 

ʟʘʚʘʥʪʘʞʫʶʪʴʩʷ ʢʣʽʻʥʪʦʤ ʽ ʚʠʜʘʣʷʶʪʴʩʷ ʟ ʩʝʨʚʝʨʘ, ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʚʦʥʠ ʥʝ 

ʟʙʝʨʽʛʘʶʪʴʩʷ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦ. ʊʘʢ ʷʢ ʧʨʦʪʦʢʦʣ POP ʥʝ ʟʙʝʨʽʛʘʶʪʴʩʷ 

ʧʦʚʽʜʦʤʣʝʥʥʷ, ʡʦʛʦ ʥʝʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʦʤʧʘʥʽʷʤ ʤʘʣʦʛʦ ʙʽʟʥʝʩʫ, 

ʷʢʠʤ ʥʝʦʙʭʽʜʥʝ ʨʽʰʝʥʥʷ ʜʣʷ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʨʝʟʝʨʚʥʦʛʦ ʢʦʧʽʶʚʘʥʥʷ. 

ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ IMAP 

ʇʨʦʪʦʢʦʣ IMAP ʧʝʨʝʜʙʘʯʘʻ ʽʥʰʠʡ ʤʝʪʦʜ ʦʪʨʠʤʘʥʥʷ ʧʦʰʪʦʚʠʭ 

ʧʦʚʽʜʦʤʣʝʥʴ ʟ ʩʝʨʚʝʨʘ. ʁʦʛʦ ʚʽʜʤʽʥʥʽʩʪʴ ʚʽʜ POP ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʧʨʠ 

ʧʽʜʢʣʶʯʝʥʥʽ ʢʦʨʠʩʪʫʚʘʯʘ ʜʦ ʩʝʨʚʝʨʘ IMAP ʚ ʢʣʽʻʥʪʩʴʢʫ ʧʨʦʛʨʘʤʫ 

ʟʘʚʘʥʪʘʞʫʶʪʴʩʷ ʪʽʣʴʢʠ ʢʦʧʽʾ ʧʦʚʽʜʦʤʣʝʥʴ. ɺʠʭʽʜʥʽ ʧʦʚʽʜʦʤʣʝʥʥʷ ʟʘʣʠʰʘʶʪʴʩʷ 

ʥʘ ʩʝʨʚʝʨʽ ʜʦ ʪʠʭ ʧʽʨ, ʧʦʢʠ ʚʦʥʠ ʥʝ ʙʫʜʫʪʴ ʚʠʜʘʣʝʥʽ ʚʨʫʯʥʫ. ʂʦʨʠʩʪʫʚʘʯʽ 

ʧʝʨʝʛʣʷʜʘʶʪʴ ʢʦʧʽʾ ʧʦʚʽʜʦʤʣʝʥʴ ʚ ʢʣʽʻʥʪʘʭ ʝʣʝʢʪʨʦʥʥʦʾ ʧʦʰʪʠ. 

ʂʦʨʠʩʪʫʚʘʯʽ ʤʦʞʫʪʴ ʦʨʛʘʥʽʟʫʚʘʪʠ ʥʘ ʩʝʨʚʝʨʽ ʽʻʨʘʨʭʽʯʥʫ ʬʘʡʣʦʚʫ ʩʪʨʫʢʪʫʨʫ 

ʜʣʷ ʚʧʦʨʷʜʢʫʚʘʥʥʷ ʽ ʟʙʝʨʽʛʘʥʥʷ ʧʦʰʪʠ. ʎʷ ʩʪʨʫʢʪʫʨʘ ʪʘʢʦʞ ʜʫʙʣʶʻʪʴʩʷ 

ʢʣʽʻʥʪʦʤ ʝʣʝʢʪʨʦʥʥʦʾ ʧʦʰʪʠ. ʗʢʱʦ ʢʦʨʠʩʪʫʚʘʯ ʚʠʨʽʰʫʻ ʚʠʜʘʣʠʪʠ 

ʧʦʚʽʜʦʤʣʝʥʥʷ, ʚʦʥʦ ʩʠʥʭʨʦʥʥʦ ʚʠʜʘʣʷʻʪʴʩʷ ʟ ʢʣʽʻʥʪʘ ʽ ʟ ʩʝʨʚʝʨʘ. 

ʉʣʫʞʙʘ ʜʦʤʝʥʥʠʭ ʽʤʝʥ (DNS) 

ʋ ʤʝʨʝʞʘʭ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʧʨʠʩʪʨʦʶ ʽʜʝʥʪʠʬʽʢʫʶʪʴʩʷ ʧʦ ʯʠʩʣʦʚʠʤ IP-

ʘʜʨʝʩʘʤʠ ʜʣʷ ʚʽʜʧʨʘʚʢʠ ʪʘ ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ. ɼʦʤʝʥʥʽ ʽʤʝʥʘ ʙʫʣʠ ʩʪʚʦʨʝʥʽ ʜʣʷ 

ʪʦʛʦ, ʱʦʙ ʧʝʨʝʪʚʦʨʠʪʠ ʯʠʩʣʦʚʘ ʘʜʨʝʩʘ ʚ ʧʨʦʩʪʝ ʽ ʣʝʛʢʦ ʟʘʧʘʤ'ʷʪʦʚʫʻʪʴʩʷ ʽʤ'ʷ. 

ʃʶʜʷʤ ʥʘʙʘʛʘʪʦ ʧʨʦʩʪʽʰʝ ʟʘʧʘʤ'ʷʪʘʪʠ ʽʤʝʥʘ ʜʦʤʝʥʽʚ ʫ ʚʠʛʣʷʜʽ 

http://www.cisco.com, ʥʽʞ 198.133.219.25, ʱʦ ʻ ʬʘʢʪʠʯʥʦʶ ʘʜʨʝʩʦʶ ʜʘʥʦʛʦ 

ʩʝʨʚʝʨʘ ʚ ʯʠʩʣʦʚʦʤʫ ʚʠʛʣʷʜʽ. ʗʢʱʦ ʢʦʤʧʘʥʽʷ Cisco ʚʠʨʽʰʠʪʴ ʟʤʽʥʠʪʠ ʯʠʩʣʦʚʫ 

ʘʜʨʝʩʫ www.cisco.com, ʮʝ ʩʪʘʥʝʪʴʩʷ ʥʝʧʦʤʽʪʥʦ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʪʘʢ ʷʢ ʽʤ'ʷ 

ʜʦʤʝʥʫ ʟʘʣʠʰʠʪʴʩʷ ʙʝʟ ʟʤʽʥ. ʅʦʚʘ ʘʜʨʝʩʘ ʙʫʜʝ ʧʨʦʩʪʦ ʧʨʠʚ'ʷʟʘʥʠʡ ʜʦ ʽʩʥʫʶʯʦʛʦ 

ʽʤʝʥʽ ʜʦʤʝʥʘ ʙʝʟ ʧʦʨʫʰʝʥʥʷ ʟʚ'ʷʟʢʫ ʟ ʩʝʨʚʝʨʦʤ. 



ʇʨʦʪʦʢʦʣ DNS ʚʠʟʥʘʯʘʻ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʡ ʩʝʨʚʽʩ, ʷʢʠʡ ʟʽʩʪʘʚʣʷʻ ʽʤʝʥʘ 

ʨʝʩʫʨʩʽʚ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʯʠʩʣʦʚʠʤʠ ʘʜʨʝʩʘʤʠ ʤʝʨʝʞ. ʋ ʮʴʦʤʫ ʧʨʦʪʦʢʦʣʽ 

ʦʧʠʩʫʻʪʴʩʷ ʬʦʨʤʘʪ ʜʣʷ ʟʘʧʠʪʽʚ, ʚʽʜʧʦʚʽʜʝʡ ʽ ʩʘʤʠʭ ʜʘʥʠʭ. ʇʨʠ ʦʙʤʽʥʽ ʜʘʥʠʤʠ ʧʦ 

ʧʨʦʪʦʢʦʣʫ DNS ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʻʜʠʥʠʡ ʬʦʨʤʘʪ, ʷʢʠʡ ʥʘʟʠʚʘʻʪʴʩʷ 

ʧʦʚʽʜʦʤʣʝʥʥʷʤ. ʊʘʢʠʡ ʬʦʨʤʘʪ ʧʦʚʽʜʦʤʣʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʩʽʭ ʪʠʧʽʚ 

ʟʘʧʠʪʽʚ ʢʣʽʻʥʪʘ ʽ ʚʽʜʧʦʚʽʜʝʡ ʩʝʨʚʝʨʘ, ʧʦʚʽʜʦʤʣʝʥʴ ʧʨʦ ʧʦʤʠʣʢʠ ʽ ʧʝʨʝʜʘʯʽ 

ʟʘʧʠʩʽʚ ʨʝʩʫʨʩʽʚ ʤʽʞ ʩʝʨʚʝʨʘʤʠ. 

ʌʦʨʤʘʪ ʧʦʚʽʜʦʤʣʝʥʴ DNS 

ʅʘ DNS-ʩʝʨʚʝʨʘʭ ʟʙʝʨʽʛʘʶʪʴʩʷ ʨʽʟʥʽ ʪʠʧʠ ʟʘʧʠʩʽʚ ʨʝʩʫʨʩʽʚ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʽʤʝʥ. ʎʽ ʟʘʧʠʩʠ ʤʽʩʪʷʪʴ ʽʤ'ʷ, ʘʜʨʝʩʘ ʽ ʪʠʧ 

ʟʘʧʠʩʫ. ɼʦ ʜʝʷʢʠʭ ʪʠʧʽʚ ʟʘʧʠʩʠ ʚʽʜʥʦʩʷʪʴʩʷ: 

A - IPv4 ʘʜʨʝʩʫ ʢʽʥʮʝʚʦʛʦ ʧʨʠʩʪʨʦʶ 

NS - ʜʦʚʽʨʝʥʠʡ ʩʝʨʚʝʨ ʽʤʝʥ 

AAAA - IPv6 ʘʜʨʝʩʫ ʢʽʥʮʝʚʦʛʦ ʧʨʠʩʪʨʦʶ 

MX - ʟʘʧʠʩ ʦʙʤʽʥʫ ʧʦʰʪʦʚʠʤʠ ʧʦʚʽʜʦʤʣʝʥʥʷʤʠ. 

ʂʦʣʠ ʢʣʽʻʥʪ ʚʠʢʦʥʫʻ ʟʘʧʠʪ, ʧʨʦʮʝʩ DNS-ʩʝʨʚʝʨʘ ʩʧʦʯʘʪʢʫ ʰʫʢʘʻ ʮʝ ʽʤ'ʷ ʚ 

ʩʚʦʾʭ ʟʘʧʠʩʘʭ, ʱʦʙ ʜʦʟʚʦʣʠʪʠ ʡʦʛʦ. ʗʢʱʦ ʽʤ'ʷ ʥʝ ʚʜʘʣʦʩʷ ʚʠʨʽʰʠʪʠ ʧʦ 

ʣʦʢʘʣʴʥʠʭ ʟʘʧʠʩʽʚ, ʩʝʨʚʝʨ ʟʚʝʨʪʘʻʪʴʩʷ ʜʦ ʽʥʰʠʭ ʩʝʨʚʝʨʽʚ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʽʤʝʥʽ. 

ʂʦʣʠ ʟʙʽʛ ʟʥʘʡʜʝʥʦ, ʯʠʩʣʦʚʘ ʘʜʨʝʩʘ ʧʦʚʝʨʪʘʻʪʴʩʷ ʚʠʭʽʜʥʦʛʦ ʩʝʨʚʝʨʘ, ʷʢʠʡ 

ʧʝʚʥʠʡ ʯʘʩ ʟʙʝʨʽʛʘʻ ʮʝʡ ʟʘʧʠʩ ʥʘ ʚʠʧʘʜʦʢ ʧʦʚʪʦʨʥʦʛʦ ʟʘʧʠʪʫ. 

ʂʣʽʻʥʪʩʴʢʠʡ ʩʝʨʚʽʩ DNS ʥʘ ʢʦʤʧ'ʶʪʝʨʽ Windows ʪʘʢʦʞ ʟʙʝʨʽʛʘʻ ʨʘʥʽʰʝ 

ʜʦʟʚʦʣʝʥʽ ʽʤʝʥʘ ʚ ʧʘʤ'ʷʪʽ. ʂʦʤʘʥʜʘ ipconfig / displaydns ʚʠʚʦʜʠʪʴ ʥʘ ʝʢʨʘʥ ʚʩʽ 

ʟʙʝʨʝʞʝʥʽ ʟʘʧʠʩʠ DNS. 

ʽʻʨʘʨʭʽʷ DNS 

ʋ ʧʨʦʪʦʢʦʣʽ DNS ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʽʻʨʘʨʭʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʙʘʟʠ ʜʘʥʠʭ ʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʽʤʝʥ. ʎʷ ʽʻʨʘʨʭʽʷ ʚʠʛʣʷʜʘʻ ʷʢ ʧʝʨʝʚʝʨʥʫʪʝ ʜʝʨʝʚʦ ʟ 

ʢʦʨʝʥʝʤ ʥʘʛʦʨʽ ʽ ʛʽʣʢʘʤʠ, ʱʦ ʨʦʩʪʫʪʴ ʚʥʠʟ (ʜʠʚ. ʄʘʣʶʥʦʢ). ɯʻʨʘʨʭʽʯʥʘ 

ʩʪʨʫʢʪʫʨʘ DNS ʙʫʜʫʻʪʴʩʷ ʧʦ ʽʤʝʥʘʭ ʜʦʤʝʥʽʚ 

ʽ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʥʝʚʝʣʠʢʽ ʢʝʨʦʚʘʥʽ ʟʦʥʠ. ʋ ʢʦʞʥʦʛʦ DNS-ʩʝʨʚʝʨʘ ʻ ʦʢʨʝʤʠʡ 

ʬʘʡʣ ʟ ʙʘʟʦʶ ʜʘʥʠʭ. ʉʝʨʚʝʨ ʫʧʨʘʚʣʷʻ ʧʨʠʚ'ʷʟʢʦʶ ʽʤʝʥ ʜʦ IP-ʘʜʨʝʩʘʤʠ ʪʽʣʴʢʠ ʚ 

ʦʢʨʝʤʽʡ ʥʝʚʝʣʠʢʽʡ ʯʘʩʪʠʥʽ ʟʘʛʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ DNS. ʆʪʨʠʤʘʚʰʠ ʟʘʧʠʪ ʥʘ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʽʤʝʥʽ, ʷʢʠʡ ʥʝ ʥʘʣʝʞʠʪʴ ʜʦ ʚʣʘʩʥʦʾ ʟʦʥʽ DNS, DNS-ʩʝʨʚʝʨ 

ʧʝʨʝʩʠʣʘʻ ʮʝʡ ʟʘʧʠʪ ʥʘ ʦʙʨʦʙʢʫ ʽʥʰʦʤʫ DNS-ʩʝʨʚʝʨʘ ʫ ʚʽʜʧʦʚʽʜʥʽʡ ʟʦʥʽ. 

ʇʨʠʤʽʪʢʘ. DNS - ʮʝ ʤʘʩʰʪʘʙʦʚʘʥʠʡ ʩʝʨʚʽʩ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʽʤʝʥ ʚʫʟʣʽʚ, ʷʢʠʡ 

ʨʦʟʧʦʜʽʣʝʥʠʡ ʧʦ ʙʝʟʣʽʯʽ ʩʝʨʚʝʨʽʚ ʤʝʨʝʞʽ. 

ʈʽʟʥʽ ʜʦʤʝʥʠ ʚʝʨʭʥʴʦʛʦ ʨʽʚʥʷ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʘʙʦ ʧʝʚʥʠʡ ʚʠʜ ʦʨʛʘʥʽʟʘʮʽʾ, 

ʘʙʦ ʢʨʘʾʥʫ ʧʦʭʦʜʞʝʥʥʷ. 

ʢʦʤʘʥʜʘ nslookup 

ʇʽʜ ʯʘʩ ʥʘʣʘʰʪʫʚʘʥʥʷ ʤʝʨʝʞʝʚʦʛʦ ʧʨʠʩʪʨʦʶ ʚʢʘʟʫʶʪʴ ʦʜʠʥ ʘʙʦ ʢʽʣʴʢʘ 

ʘʜʨʝʩ DNS-ʩʝʨʚʝʨʽʚ, ʷʢʽ ʢʣʽʻʥʪ DNS ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʽʤʝʥ. ɿʘʟʚʠʯʘʡ ʘʜʨʝʩʠ DNS-ʩʝʨʚʝʨʽʚ ʥʘʜʘʻ ʽʥʪʝʨʥʝʪ-ʧʨʦʚʘʡʜʝʨ (ISP). ʂʦʣʠ 

ʢʦʨʠʩʪʫʚʘʣʴʥʠʮʴʢʠʡ ʜʦʜʘʪʦʢ ʧʦʪʨʽʙʥʝ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʚʽʜʜʘʣʝʥʦʛʦ ʧʨʠʩʪʨʦʶ 

ʧʦ ʡʦʛʦ ʽʤʝʥʽ, ʢʣʽʻʥʪ DNS ʦʧʠʪʫʻ ʩʝʨʚʝʨ ʽʤʝʥ, ʱʦʙ ʧʝʨʝʪʚʦʨʠʪʠ ʽʤ'ʷ ʚ ʯʠʩʣʦʚʫ 

ʘʜʨʝʩʫ. 

ɺ ʦʧʝʨʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ ʢʦʤʧ'ʶʪʝʨʽʚ ʟʘʟʚʠʯʘʡ ʻ ʫʪʠʣʽʪʘ nslookup, ʷʢʘ 

ʜʦʟʚʦʣʷʻ ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʚʨʫʯʥʫ ʦʧʠʪʫʚʘʪʠ ʩʝʨʚʝʨʠ ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʽʤʝʥ 



ʚʫʟʣʽʚ. ʎʶ ʫʪʠʣʽʪʫ ʤʦʞʥʘ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʫʩʫʥʝʥʥʷ ʧʨʦʙʣʝʤ ʟ 

ʜʦʟʚʦʣʦʤ ʽʤʝʥ ʪʘ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʩʝʨʚʝʨʽʚ ʽʤʝʥ. 

ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʦ, ʱʦ ʧʽʩʣʷ ʚʠʢʦʥʘʥʥʷ ʢʦʤʘʥʜʠ nslookup ʚʠʚʦʜʠʪʴʩʷ 

DNS-ʩʝʨʚʝʨ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ, ʥʘʣʘʰʪʦʚʘʥʠʡ ʜʣʷ ʜʘʥʦʛʦ ʚʫʟʣʘ. ʋ ʢʦʤʘʥʜʥʦʤʫ 

ʨʷʜʢʫ nslookup ʤʦʞʥʘ ʚʚʝʩʪʠ ʽʤ'ʷ ʚʫʟʣʘ ʘʙʦ ʜʦʤʝʥʫ. ʋʪʠʣʽʪʘ nslookup ʤʘʻ ʙʘʛʘʪʦ 

ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʨʦʟʰʠʨʝʥʦʛʦ ʪʝʩʪʫʚʘʥʥʷ ʽ ʧʝʨʝʚʽʨʢʠ ʧʨʦʮʝʩʫ DNS. 

ʇʨʦʪʦʢʦʣ ʜʠʥʘʤʽʯʥʦʾ ʥʘʩʪʨʦʡʢʠ ʤʝʨʝʞʝʚʦʛʦ ʚʫʟʣʘ (Dynamic Host 

Configuration Protocol, DHCP) 

ʉʣʫʞʙʘ ʧʨʦʪʦʢʦʣʫ ʜʠʥʘʤʽʯʥʦʾ ʥʘʩʪʨʦʡʢʠ ʚʫʟʣʘ (DHCP) ʜʣʷ IPv4 

ʘʚʪʦʤʘʪʠʟʫʻ ʧʨʠʟʥʘʯʝʥʥʷ ʘʜʨʝʩ IPv4, ʤʘʩʦʢ ʧʽʜʤʝʨʝʞʽ, ʰʣʶʟʽʚ ʪʘ ʽʥʰʠʭ 

ʤʝʨʝʞʝʚʠʭ ʧʘʨʘʤʝʪʨʽʚ IPv4. ʎʝ ʥʘʟʠʚʘʻʪʴʩʷ ʜʠʥʘʤʽʯʥʦʾ ʘʜʨʝʩʘʮʽʻʶ. 

ɸʣʴʪʝʨʥʘʪʠʚʦʶ ʜʠʥʘʤʽʯʥʦʾ ʘʜʨʝʩʘʮʽʾ ʻ ʩʪʘʪʠʯʥʘ ʘʜʨʝʩʘʮʽʷ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʩʪʘʪʠʯʥʦʾ ʘʜʨʝʩʘʮʽʾ ʘʜʤʽʥʽʩʪʨʘʪʦʨ ʤʝʨʝʞʽ ʚʨʫʯʥʫ ʚʚʦʜʠʪʴ ʜʘʥʽ IP-ʘʜʨʝʩ ʥʘ 

ʚʫʟʣʘʭ. 

ʇʨʠ ʧʽʜʢʣʶʯʝʥʥʽ ʚʫʟʣʘ ʜʦ ʤʝʨʝʞʽ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʟʚ'ʷʟʦʢ ʟ DHCP-

ʩʝʨʚʝʨʦʤ ʽ ʟʘʧʠʪʫʻʪʴʩʷ ʘʜʨʝʩʘ. DHCP-ʩʝʨʚʝʨ ʚʠʙʠʨʘʻ ʘʜʨʝʩʫ ʟ ʟʘʜʘʥʦʛʦ 

ʜʽʘʧʘʟʦʥʫ ʘʜʨʝʩ, ʷʢʠʡ ʥʘʟʠʚʘʻʪʴʩʷ ʧʫʣʦʤ, ʽ ʧʨʠʟʥʘʯʘʻ ʡʦʛʦ (ʟʜʘʻ ʚ ʦʨʝʥʜʫ) 

ʚʫʟʣʘ. 

ʋ ʙʽʣʴʰʠʭ ʤʝʨʝʞʘʭ, ʘ ʪʘʢʦʞ ʚ ʤʝʨʝʞʘʭ ʟ ʯʘʩʪʦ ʟʤʽʥʶʚʘʥʠʤʠ 

ʢʦʨʠʩʪʫʚʘʯʘʤʠ ʘʜʨʝʩʠ ʙʘʞʘʥʦ ʧʨʠʟʥʘʯʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ DHCP. ʄʦʞʫʪʴ 

ʟ'ʷʚʠʪʠʩʷ ʥʦʚʽ ʢʦʨʠʩʪʫʚʘʯʽ, ʷʢʠʤ ʧʦʪʨʽʙʥʦ ʧʽʜʢʣʶʯʠʪʠʩʷ ʜʦ ʤʝʨʝʞʽ. ɸ ʽʥʰʠʤ 

ʢʦʨʠʩʪʫʚʘʯʘʤ ʤʦʞʫʪʴ ʚʩʪʘʥʦʚʠʪʠ ʥʦʚʽ ʢʦʤʧ'ʶʪʝʨʠ, ʷʢʽ ʪʘʢʦʞ ʚʠʤʘʛʘʶʪʴ 

ʧʽʜʢʣʶʯʝʥʥʷ. ɿʘʤʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʘʪʠʯʥʦʾ ʘʜʨʝʩʘʮʽʾ ʜʣʷ ʢʦʞʥʦʛʦ ʟ'ʻʜʥʘʥʥʷ 

ʥʘʙʘʛʘʪʦ ʝʬʝʢʪʠʚʥʽʰʝ ʘʚʪʦʤʘʪʠʯʥʦ ʧʨʠʟʥʘʯʘʪʠ IPv4-ʘʜʨʝʩʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

DHCP. 

ɸʜʨʝʩʠ, ʧʨʠʟʥʘʯʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ DHCP, ʚʠʜʘʶʪʴʩʷ ʥʘ ʧʝʚʥʠʡ ʯʘʩ. ʇʽʩʣʷ 

ʟʘʢʽʥʯʝʥʥʷ ʮʴʦʛʦ ʯʘʩʫ ʘʜʨʝʩʘ ʧʦʚʝʨʪʘʻʪʴʩʷ ʚ ʧʫʣ ʜʣʷ ʧʦʚʪʦʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ, 

ʷʢʱʦ ʚʫʟʦʣ ʙʫʚ ʚʠʤʢʥʝʥʠʡ ʘʙʦ ʚʽʥ ʚʽʜʢʣʶʯʝʥʠʡ ʚʽʜ ʜʞʝʨʝʣʘ. ʂʦʨʠʩʪʫʚʘʯʽ 

ʤʦʞʫʪʴ ʚʽʣʴʥʦ ʧʝʨʝʭʦʜʠʪʠ ʥʘ ʽʥʰʝ ʤʽʩʮʝ ʽ ʟʥʦʚʫ ʧʽʜʢʣʶʯʠʪʠʩʷ ʜʦ ʤʝʨʝʞʽ ʧʦ 

DHCP. 

ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʤʘʣʶʥʢʫ, ʩʝʨʚʝʨʘʤʠ DHCP ʤʦʞʫʪʴ ʙʫʪʠ ʨʽʟʥʽ ʪʠʧʠ 

ʧʨʠʩʪʨʦʾʚ. ʉʝʨʚʝʨ DHCP ʚ ʙʽʣʴʰʦʩʪʽ ʩʝʨʝʜʥʽʭ ʽ ʚʝʣʠʢʠʭ ʤʝʨʝʞ ʟʘʟʚʠʯʘʡ ʷʚʣʷʻ 

ʩʦʙʦʶ ʣʦʢʘʣʴʥʠʡ ʚʠʜʽʣʝʥʠʡ ʩʝʨʚʝʨ ʥʘ ʙʘʟʽ ʢʦʤʧ'ʶʪʝʨʘ. ʋ ʜʦʤʘʰʥʽʭ ʤʝʨʝʞʘʭ 

ʩʝʨʚʝʨ DHCP ʟʘʟʚʠʯʘʡ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʣʦʢʘʣʴʥʦʤʫ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽ, ʷʢʠʡ 

ʟ'ʻʜʥʫʻ ʜʦʤʘʰʥʶ ʤʝʨʝʞʫ ʟ ʤʝʨʝʞʝʶ ʽʥʪʝʨʥʝʪ-ʧʨʦʚʘʡʜʝʨʘ (ISP). 

ʋ ʙʽʣʴʰʦʩʪʽ ʤʝʨʝʞ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʽ DHCP, ʽ ʩʪʘʪʠʯʥʘ ʘʜʨʝʩʘʮʽʷ. DHCP 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʫʟʣʽʚ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʪʘʢʠʭ ʷʢ ʢʽʥʮʝʚʽ 

ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ ʧʨʠʩʪʨʦʾ. ʉʪʘʪʠʯʥʘ ʘʜʨʝʩʘʮʽʷ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ 

ʤʝʨʝʞʝʚʠʭ ʧʨʠʩʪʨʦʾʚ: ʰʣʶʟʽʚ, ʢʦʤʫʪʘʪʦʨʽʚ, ʩʝʨʚʝʨʽʚ ʽ ʧʨʠʥʪʝʨʽʚ. 

DHCPv6 (DHCP ʜʣʷ IPv6) ʧʨʦʧʦʥʫʻ ʘʥʘʣʦʛʽʯʥʽ ʩʝʨʚʽʩʠ ʜʣʷ ʢʣʽʻʥʪʽʚ IPv6. 

ɺʘʞʣʠʚʘ ʚʽʜʤʽʥʥʽʩʪʴ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ DHCPv6 ʥʝ ʥʘʜʘʻ ʘʜʨʝʩʫ ʰʣʶʟʫ. ɺʽʥ 

ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʠʡ ʪʽʣʴʢʠ ʜʠʥʘʤʽʯʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʚʽʜʦʤʣʝʥʥʷ çɺʽʜʧʦʚʽʜʴ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘè (Router Advertisement, RA). 

ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ DHCP 

ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʤʘʣʶʥʢʫ, ʚ ʪʦʡ ʯʘʩ ʢʦʣʠ ʧʨʠʩʪʨʽʡ IPv4 ʟ ʥʘʣʘʰʪʦʚʘʥʠʤ 

DHCP ʟʘʚʘʥʪʘʞʫʻʪʴʩʷ ʘʙʦ ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʜʦ ʤʝʨʝʞʽ, ʢʣʽʻʥʪ ʚʠʢʦʥʫʻ ʪʨʘʥʩʣʷʮʽʶ 

ʨʦʟʩʠʣʢʫ ʧʦʚʽʜʦʤʣʝʥʥʷ ʚʠʷʚʣʝʥʥʷ DHCP (DHCPDISCOVER), ʱʦʙ ʟʥʘʡʪʠ ʚ 



ʤʝʨʝʞʽ ʚʩʽ ʜʦʩʪʫʧʥʽ ʩʝʨʚʝʨʠ DHCP. ʉʝʨʚʝʨ DHCP ʚʽʜʧʦʚʽʜʘʻ ʧʦʚʽʜʦʤʣʝʥʥʷʤ ʟ 

ʧʨʦʧʦʟʠʮʽʻʶ DHCP (DHCPOFFER), ʷʢʝ ʜʦʟʚʦʣʷʻ ʢʣʽʻʥʪʫ ʦʨʝʥʜʫʚʘʪʠ ʘʜʨʝʩʫ. 

ʇʦʚʽʜʦʤʣʝʥʥʷ ʟ ʧʨʦʧʦʟʠʮʽʻʶ ʤʽʩʪʠʪʴ ʧʨʠʟʥʘʯʘʶʪʴʩʷ ʘʜʨʝʩʫ IPv4 ʽ ʤʘʩʢʫ 

ʧʽʜʤʝʨʝʞʽ, ʘʜʨʝʩʫ IPv4 DNS-ʩʝʨʚʝʨʘ ʽ ʘʜʨʝʩʘ IPv4 ʰʣʶʟʫ. ʋ ʨʝʯʝʥʥʽ ʦʨʝʥʜʠ 

ʪʘʢʦʞ ʚʢʘʟʫʻʪʴʩʷ ʾʾ ʪʝʨʤʽʥ. 

ʂʣʽʻʥʪ ʤʦʞʝ ʦʪʨʠʤʘʪʠ ʢʽʣʴʢʘ ʧʦʚʽʜʦʤʣʝʥʴ DHCPOFFER, ʷʢʱʦ ʚ ʣʦʢʘʣʴʥʽʡ 

ʤʝʨʝʞʽ ʙʽʣʴʰʝ ʦʜʥʦʛʦ ʩʝʨʚʝʨʘ DHCP. ʋ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʢʣʽʻʥʪ ʧʦʚʠʥʝʥ ʚʠʙʨʘʪʠ 

ʦʜʥʝ ʟ ʥʠʭ, ʜʣʷ ʯʦʛʦ ʚʽʥ ʚʽʜʧʨʘʚʣʷʻ ʧʦʚʽʜʦʤʣʝʥʥʷ ʽʟ ʟʘʧʠʪʦʤ DHCP 

(DHCPREQUEST), ʚ ʷʢʦʤʫ ʢʣʽʻʥʪ ʚʢʘʟʫʻ ʢʦʥʢʨʝʪʥʠʡ ʩʝʨʚʝʨ ʽ ʧʨʦʧʦʟʠʮʽʷ 

ʦʨʝʥʜʠ, ʷʢʝ ʚʽʥ ʧʨʠʡʤʘʻ. ʂʣʽʻʥʪ ʪʘʢʦʞ ʤʦʞʝ ʟʘʧʨʦʩʠʪʠ ʘʜʨʝʩʘ, ʷʢʠʡ ʨʘʥʽʰʝ ʙʫʚ 

ʧʨʠʚʣʘʩʥʝʥʠʡ ʡʦʤʫ ʩʝʨʚʝʨʦʤ. 

ʗʢʱʦ ʘʜʨʝʩʘ IPv4, ʟʘʧʠʪʫʚʘʥʠʡ ʢʣʽʻʥʪʦʤ ʘʙʦ ʧʨʦʧʦʥʦʚʘʥʠʡ ʩʝʨʚʝʨʦʤ, ʷʢ ʽ 

ʨʘʥʽʰʝ ʜʦʩʪʫʧʥʠʡ, ʩʝʨʚʝʨ ʧʦʚʝʨʪʘʻ ʧʦʚʽʜʦʤʣʝʥʥʷ ʟ ʧʽʜʪʚʝʨʜʞʝʥʥʷʤ DHCP 

(DHCPACK), ʷʢʝ ʧʽʜʪʚʝʨʜʞʫʻ, ʱʦ ʜʘʥʘ ʘʜʨʝʩʘ ʥʘʜʘʥʦ ʢʣʽʻʥʪʫ. ʗʢʱʦ 

ʧʨʦʧʦʟʠʮʽʷ ʙʽʣʴʰʝ ʥʝ ʜʽʡʩʥʦ, ʦʙʨʘʥʠʡ ʩʝʨʚʝʨ ʚʽʜʧʦʚʽʜʘʻ ʧʦʚʽʜʦʤʣʝʥʥʷʤ ʟ 

ʥʝʛʘʪʠʚʥʠʤ ʧʽʜʪʚʝʨʜʞʝʥʥʷʤ DHCP (DHCPNAK). ʗʢʱʦ ʧʦʚʝʨʥʫʪʦ 

ʧʦʚʽʜʦʤʣʝʥʥʷ DHCPNAK, ʧʨʦʮʝʩ ʚʠʙʦʨʫ ʧʦʚʠʥʝʥ ʧʦʯʘʪʠʩʷ ʧʦʚʪʦʨʥʦ ʟ 

ʚʽʜʧʨʘʚʢʦʶ ʥʦʚʦʛʦ ʧʦʚʽʜʦʤʣʝʥʥʷ DHCPDISCOVER. ʇʽʩʣʷ ʪʦʛʦ ʷʢ ʢʣʽʻʥʪ 

ʦʨʝʥʜʫʚʘʚ ʘʜʨʝʩʘ, ʦʨʝʥʜʫ ʥʝʦʙʭʽʜʥʦ ʙʫʜʝ ʧʨʦʜʦʚʞʠʪʠ ʜʦ ʟʘʢʽʥʯʝʥʥʷ ʪʝʨʤʽʥʫ ʾʾ 

ʜʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʰʦʛʦ ʧʦʚʽʜʦʤʣʝʥʥʷ DHCPREQUEST. 

DHCP-cʝʨʚʝʨ ʟʘʙʝʟʧʝʯʫʻ ʫʥʽʢʘʣʴʥʽʩʪʴ ʚʩʽʭ IP-ʘʜʨʝʩ (ʦʜʠʥ ʽ ʪʦʡ ʞʝ IP-

ʘʜʨʝʩʘ ʥʝ ʤʦʞʝ ʙʫʪʠ ʧʨʠʟʥʘʯʝʥʠʡ ʦʜʥʦʯʘʩʥʦ ʜʚʦʤ ʨʽʟʥʠʤ ʤʝʨʝʞʝʚʠʭ 

ʧʨʠʩʪʨʦʾʚ). ɹʽʣʴʰʽʩʪʴ ʽʥʪʝʨʥʝʪ-ʧʨʦʚʘʡʜʝʨʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ DHCP ʜʣʷ 

ʚʠʜʽʣʝʥʥʷ ʘʜʨʝʩ ʩʚʦʾʤ ʢʣʽʻʥʪʘʤ. 

 
ʈʠʩ. 2.3.4 

DHCPv6 ʚʠʢʦʨʠʩʪʦʚʫʻ ʥʘʙʽʨ ʧʦʚʽʜʦʤʣʝʥʴ, ʘʥʘʣʦʛʽʯʥʠʡ ʧʦʚʽʜʦʤʣʝʥʥʷʤʠ 

IPv4, ʧʦʢʘʟʘʥʠʤ ʥʘ ʨʠʩ. DHCPv6 ʚʠʢʦʨʠʩʪʦʚʫʻ ʪʘʢʽ ʧʦʚʽʜʦʤʣʝʥʴ SOLICIT, 

ADVERTISE, INFORMATION REQUEST ʽ REPLY 

ʇʨʦʪʦʢʦʣ ʧʝʨʝʜʘʯʽ ʬʘʡʣʽʚ 



ʇʨʦʪʦʢʦʣ ʧʝʨʝʜʘʯʽ ʬʘʡʣʽʚ (FTP) - ʱʝ ʦʜʠʥ ʧʦʰʠʨʝʥʠʡ ʧʨʦʪʦʢʦʣ ʨʽʚʥʷ 

ʜʦʜʘʪʢʽʚ. ʇʨʦʪʦʢʦʣ FTP ʙʫʚ ʨʦʟʨʦʙʣʝʥʠʡ ʜʣʷ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʤʽʞ ʢʣʽʻʥʪʦʤ ʽ 

ʩʝʨʚʝʨʦʤ. FTP-ʢʣʽʻʥʪ ʷʚʣʷʻ ʩʦʙʦʶ ʜʦʜʘʪʦʢ, ʟʘʧʫʱʝʥʝ ʥʘ ʢʦʤʧ'ʶʪʝʨʽ, ʷʢʝ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ ʟ ʩʝʨʚʝʨʘ, ʥʘ ʷʢʦʤʫ ʬʫʥʢʮʽʦʥʫʻ ʩʣʫʞʙʘ 

FTP, ʘʙʦ ʚʽʜʧʨʘʚʢʠ ʜʘʥʠʭ ʥʘ ʮʝʡ ʩʝʨʚʝʨ 

ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʤʘʣʶʥʢʫ, ʜʣʷ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʧʦ FTP ʧʦʪʨʽʙʥʦ ʜʚʘ 

ʟ'ʻʜʥʘʥʥʷ ʤʽʞ ʢʣʽʻʥʪʦʤ ʽ ʩʝʨʚʝʨʦʤ: ʦʜʥʝ ʜʣʷ ʢʦʤʘʥʜ ʽ ʚʽʜʧʦʚʽʜʝʡ, ʽʥʰʝ - ʜʣʷ 

ʬʘʢʪʠʯʥʦʾ ʧʝʨʝʜʘʯʽ ʬʘʡʣʽʚ. 

ʂʣʽʻʥʪ ʚʩʪʘʥʦʚʣʶʻ ʧʝʨʰʝ ʟ'ʻʜʥʘʥʥʷ ʟ ʩʝʨʚʝʨʦʤ ʯʝʨʝʟ ʧʦʨʪ 21 ʧʨʦʪʦʢʦʣʫ 

TCP ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʪʨʘʬʽʢʦʤ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʦʤʘʥʜ ʢʣʽʻʥʪʘ ʽ ʚʽʜʧʦʚʽʜʝʡ 

ʩʝʨʚʝʨʘ. 

ʇʦʪʽʤ ʢʣʽʻʥʪ ʚʩʪʘʥʦʚʣʶʻ ʜʨʫʛʝ ʟ'ʻʜʥʘʥʥʷ ʟ ʩʝʨʚʝʨʦʤ ʜʣʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦʾ 

ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʯʝʨʝʟ ʧʦʨʪ 20 ʧʨʦʪʦʢʦʣʫ TCP. ʎʝ ʧʽʜʢʣʶʯʝʥʥʷ ʩʪʚʦʨʶʻʪʴʩʷ ʜʣʷ 

ʢʦʞʥʦʾ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. 

ɼʘʥʽ ʤʦʞʫʪʴ ʧʝʨʝʜʘʚʘʪʠʩʷ ʚ ʙʫʜʴ-ʷʢʦʤʫ ʥʘʧʨʷʤʢʫ. ʂʣʽʻʥʪ ʤʦʞʝ 

ʟʘʚʘʥʪʘʞʠʪʠ (ʧʨʠʡʥʷʪʠ) ʜʘʥʽ ʟ ʩʝʨʚʝʨʘ ʘʙʦ ʚʽʜʧʨʘʚʠʪʠ (ʧʦʩʣʘʪʠ) ʜʘʥʽ ʥʘ ʩʝʨʚʝʨ. 

ʧʨʦʪʦʢʦʣ SMB 

ʇʨʦʪʦʢʦʣ ʦʙʤʽʥʫ ʙʣʦʢʘʤʠ ʩʝʨʚʝʨʥʠʭ ʧʦʚʽʜʦʤʣʝʥʴ (Server Message Block, 

SMB) - ʮʝ ʧʨʦʪʦʢʦʣ ʦʙʤʽʥʫ ʬʘʡʣʘʤʠ ʤʽʞ ʢʣʽʻʥʪʦʤ ʽ ʩʝʨʚʝʨʦʤ, ʱʦ ʦʧʠʩʫʻ 

ʩʪʨʫʢʪʫʨʫ ʟʘʛʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʤʝʨʝʞʽ, ʪʘʢʠʭ ʷʢ ʢʘʪʘʣʦʛʠ, ʬʘʡʣʠ, ʧʨʠʥʪʝʨʠ ʽ 

ʧʦʩʣʽʜʦʚʥʽ ʧʦʨʪʠ. ʎʝ ʧʨʦʪʦʢʦʣ ʪʠʧʫ çʟʘʧʠʪ-ʚʽʜʧʦʚʽʜʴè. ɺʩʽ ʧʦʚʽʜʦʤʣʝʥʥʷ SMB 

ʤʘʶʪʴ ʟʘʛʘʣʴʥʠʡ ʬʦʨʤʘʪ. ʋ ʮʴʦʤʫ ʬʦʨʤʘʪʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʬʽʢʩʦʚʘʥʘ 

ʜʦʚʞʠʥʘ ʟʘʛʦʣʦʚʢʘ, ʧʽʩʣʷ ʷʢʦʛʦ ʩʣʽʜ ʧʘʨʘʤʝʪʨ ʟʤʽʥʥʦʛʦ ʨʦʟʤʽʨʫ ʽ ʢʦʤʧʦʥʝʥʪ 

ʜʘʥʠʭ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʧʦʚʽʜʦʤʣʝʥʴ SMB ʤʦʞʥʘ ʚʠʢʦʥʫʚʘʪʠ ʥʘʩʪʫʧʥʽ ʜʽʾ: 

ɿʜʽʡʩʥʶʚʘʪʠ ʟʘʧʫʩʢ, ʘʫʪʝʥʪʠʬʽʢʘʮʽʶ ʽ ʟʘʚʝʨʰʝʥʥʷ ʩʝʘʥʩʽʚ 

ʂʝʨʫʚʘʪʠ ʜʦʩʪʫʧʦʤ ʜʦ ʬʘʡʣʽʚ ʽ ʧʨʠʥʪʝʨʽʚ 

ɺʠʨʽʰʫʚʘʪʠ ʟ ʜʦʜʘʪʢʦʤ ʚʽʜʧʨʘʚʣʷʪʠ ʧʦʚʽʜʦʤʣʝʥʥʷ ʥʘ ʽʥʰʠʡ ʧʨʠʩʪʨʽʡ ʽ 

ʧʨʠʡʤʘʪʠ ʾʭ. 

ɿʘʛʘʣʴʥʠʡ ʜʦʩʪʫʧ ʜʦ ʬʘʡʣʽʚ ʽ ʩʝʨʚʽʩʽʚ ʜʨʫʢʫ ʥʘ ʦʩʥʦʚʽ SMB ʻ ʚʽʜʤʽʥʥʦʶ 

ʨʠʩʦʶ ʤʝʨʝʞ Microsoft. ʇʦʯʠʥʘʶʯʠ ʟ ʩʝʨʽʾ ʩʠʩʪʝʤ Windows 2000 ʢʦʤʧʘʥʽʷ 

Microsoft ʟʤʽʥʠʣʘ ʙʘʟʦʚʫ ʘʨʭʽʪʝʢʪʫʨʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʪʦʢʦʣʫ SMB. ʋ 

ʧʦʧʝʨʝʜʥʽʭ ʚʝʨʩʽʷʭ ʧʨʦʜʫʢʪʽʚ Microsoft ʚ ʩʝʨʚʽʩʘʭ SMB ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʽʤʝʥ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʧʨʦʪʦʢʦʣ, ʚʽʜʤʽʥʥʠʡ ʚʽʜ TCP / IP. ʇʦʯʠʥʘʶʯʠ ʟ ʚʝʨʩʽʾ 

Windows 2000, ʫ ʚʩʽʭ ʥʘʩʪʫʧʥʠʭ ʧʨʦʜʫʢʪʘʭ Microsoft ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʠʩʪʝʤʘ 

ʜʦʤʝʥʥʠʭ ʽʤʝʥ DNS, ʷʢʘ ʜʦʟʚʦʣʷʻ ʧʨʦʪʦʢʦʣʘʤ TCP / IP ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʧʽʜʪʨʠʤʫʚʘʪʠ ʟʘʛʘʣʴʥʽ ʨʝʩʫʨʩʠ SMB, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1. ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʠʡ 

ʧʨʦʮʝʩ ʦʙʤʽʥʫ ʬʘʡʣʘʤʠ ʧʦ SMB ʤʽʞ ʢʦʤʧ'ʶʪʝʨʘʤʠ ʟ ʦʧʝʨʘʮʽʡʥʦʶ ʩʠʩʪʝʤʦʶ 

Windows. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʦʙʤʽʥʫ ʬʘʡʣʘʤʠ ʧʦ ʧʨʦʪʦʢʦʣʫ FTP, ʢʣʽʻʥʪʠ ʚʩʪʘʥʦʚʣʶʶʪʴ 

ʜʦʚʛʦʩʪʨʦʢʦʚʝ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʩʝʨʚʝʨʽʚ. ʇʽʩʣʷ ʫʩʪʘʥʦʚʢʠ ʟ'ʻʜʥʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯ 

ʤʦʞʝ ʦʪʨʠʤʘʪʠ ʜʦʩʪʫʧ ʜʦ ʨʝʩʫʨʩʽʚ ʥʘ ʩʝʨʚʝʨʽ ʘʥʘʣʦʛʽʯʥʦ ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʽʚ ʥʘ 

ʣʦʢʘʣʴʥʦʤʫ ʚʫʟʣʽ. 

ʆʧʝʨʘʮʽʡʥʽ ʩʠʩʪʝʤʠ LINUX ʽ UNIX ʪʘʢʦʞ ʜʦʟʚʦʣʷʶʪʴ ʚʽʜʢʨʠʚʘʪʠ 

ʟʘʛʘʣʴʥʠʡ ʜʦʩʪʫʧ ʜʦ ʨʝʩʫʨʩʽʚ ʚ ʤʝʨʝʞʘʭ Microsoft, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʝʨʩʽʶ 

SMB ʧʽʜ ʥʘʟʚʦʶ SAMBA. ʆʧʝʨʘʮʽʡʥʽ ʩʠʩʪʝʤʠ Apple Macintosh ʪʘʢʦʞ 

ʧʽʜʪʨʠʤʫʶʪʴ ʨʦʙʦʪʫ ʟ ʟʘʛʘʣʴʥʠʤʠ ʨʝʩʫʨʩʘʤʠ ʧʦ ʧʨʦʪʦʢʦʣʫ SMB. 



ʈʽʚʝʥʴ ʜʦʜʘʪʢʽʚ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʧʨʷʤʠʡ ʜʦʩʪʫʧ ʜʦ ʙʘʟʦʚʠʭ ʧʨʦʮʝʩʽʚ, ʷʢʽ 

ʢʝʨʫʶʪʴ ʦʙʤʽʥʦʤ ʜʘʥʠʤʠ ʚ ʤʝʨʝʞʽ. ʎʝʡ ʨʽʚʝʥʴ ʚʠʢʦʥʫʻ ʨʦʣʴ ʜʞʝʨʝʣʘ ʽ 

ʧʨʠʟʥʘʯʝʥʥʷ ʧʦʚʽʜʦʤʣʝʥʴ ʚ ʤʝʨʝʞʘʭ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. ɼʦʜʘʪʢʠ, ʩʝʨʚʽʩʠ ʪʘ 

ʧʨʦʪʦʢʦʣʠ ʨʽʚʥʷ ʜʦʜʘʪʢʽʚ ʜʦʟʚʦʣʷʶʪʴ ʢʦʨʠʩʪʫʚʘʯʘʤ ʚʟʘʻʤʦʜʽʷʪʠ ʟ ʤʝʨʝʞʝʶ 

ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʝʬʝʢʪʠʚʥʠʤ ʽ ʟʨʦʟʫʤʽʣʠʤ ʯʠʥʦʤ. 

ɼʦʜʘʪʢʠ - ʮʝ ʢʦʤʧ'ʶʪʝʨʥʽ ʧʨʦʛʨʘʤʠ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʢʦʨʠʩʪʫʚʘʯ ʤʦʞʝ 

ʧʦʯʘʪʠ ʧʨʦʮʝʩ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. 

ʉʝʨʚʽʩʠ - ʮʝ ʬʦʥʦʚʽ ʧʨʦʛʨʘʤʠ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʚ'ʷʟʦʢ ʤʽʞ ʨʽʚʥʝʤ 

ʜʦʜʘʪʢʽʚ ʽ ʙʽʣʴʰ ʥʠʟʴʢʠʤʠ ʨʽʚʥʷʤʠ ʤʝʨʝʞʝʚʦʾ ʤʦʜʝʣʽ. 

ʇʨʦʪʦʢʦʣʠ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʩʪʨʫʢʪʫʨʫ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʠʭ ʧʨʘʚʠʣ ʽ 

ʧʨʦʮʝʩʽʚ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʩʝʨʚʽʩʠ, ʚʠʢʦʥʫʚʘʥʽ ʥʘ ʦʜʥʦʤʫ ʧʨʠʩʪʨʦʾ, ʤʦʞʫʪʴ 

ʦʙʤʽʥʶʚʘʪʠʩʷ ʜʘʥʠʤʠ ʟ ʨʷʜʦʤ ʨʽʟʥʠʭ ʤʝʨʝʞʝʚʠʭ ʧʨʠʩʪʨʦʾʚ. 

ɼʦʩʪʘʚʢʘ ʜʘʥʠʭ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʚʽʜ ʩʝʨʚʝʨʘ ʢʣʽʻʥʪʫ ʟʘ ʟʘʧʠʪʦʤ ʘʙʦ 

ʤʽʞ ʦʜʥʦʨʘʥʛʦʚʠʭ ʧʨʠʩʪʨʦʷʤʠ. ʇʨʠ ʦʙʤʽʥʽ ʜʘʥʠʤʠ ʤʽʞ ʦʜʥʦʨʘʛʥʦʚʠʤʽ 

ʧʨʠʩʪʨʦʷʤʠ ʟ'ʻʜʥʘʥʥʷ ʪʠʧʫ çʢʣʽʻʥʪ-ʩʝʨʚʝʨè ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʪʦʛʦ, ʷʢʽ ʧʨʠʩʪʨʦʾ ʻ ʚʫʟʣʘʤʠ ʜʞʝʨʝʣʘ ʽ ʧʨʠʟʥʘʯʝʥʥʷ ʚ ʧʦʪʦʯʥʠʡ ʤʦʤʝʥʪ. ɼʣʷ 

ʫʩʪʘʥʦʚʢʠ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ ʟʚ'ʷʟʢʽʚ ʩʝʨʚʽʩʠ ʨʽʚʥʷ ʜʦʜʘʪʢʽʚ ʥʘ ʚʩʽʭ ʢʽʥʮʝʚʠʭ 

ʧʨʠʩʪʨʦʷʭ ʦʙʤʽʥʶʶʪʴʩʷ ʧʦʚʽʜʦʤʣʝʥʥʷʤʠ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟʽ ʩʧʝʮʠʬʽʢʘʮʽʷʤʠ 

ʧʨʦʪʦʢʦʣʫ. 

ʅʘʧʨʠʢʣʘʜ, ʧʨʦʪʦʢʦʣʠ ʪʠʧʫ HTTP ʧʽʜʪʨʠʤʫʶʪʴ ʬʫʥʢʮʽʶ ʜʦʩʪʘʚʢʠ ʚʝʙ-

ʩʪʦʨʽʥʦʢ ʥʘ ʢʽʥʮʝʚʽ ʧʨʠʩʪʨʦʾ. SMTP, IMAP ʽ POP ʧʽʜʪʨʠʤʫʶʪʴ ʚʽʜʧʨʘʚʢʫ ʪʘ 

ʦʪʨʠʤʘʥʥʷ ʝʣʝʢʪʨʦʥʥʦʾ ʧʦʰʪʠ. ʇʨʦʪʦʢʦʣʠ SMB ʽ FTP ʜʦʟʚʦʣʷʶʪʴ 

ʢʦʨʠʩʪʫʚʘʯʘʤ ʚʽʜʢʨʠʚʘʪʠ ʜʦʩʪʫʧ ʜʦ ʩʚʦʾʭ ʬʘʡʣʽʚ. P2P-ʜʦʜʘʪʢʠ ʩʧʨʦʱʫʶʪʴ 

ʦʙʤʽʥ ʬʘʡʣʘʤʠ ʚ ʨʦʟʧʦʜʽʣʝʥʦʾ ʤʝʨʝʞʽ. ʉʠʩʪʝʤʘ ʜʦʤʝʥʥʠʭ ʽʤʝʥ DNS ʩʣʫʞʠʪʴ 

ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʦʧʫʣʷʨʥʠʭ ʽʤʝʥ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʦʩʠʣʘʥʥʷ ʥʘ 

ʤʝʨʝʞʝʚʽ ʨʝʩʫʨʩʠ, ʚ ʯʠʩʣʦʚʽ ʘʜʨʝʩʠ, ʷʢʽ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʨʝʞʫ. ʍʤʘʨʥʽ 

ʩʭʦʚʠʱʘ - ʮʝ ʚʽʜʜʘʣʝʥʽ ʩʝʨʚʽʩʠ, ʜʝ ʨʦʟʤʽʱʫʶʪʴʩʷ ʜʘʥʽ ʽ ʜʦʜʘʪʢʠ, ʱʦʙ 

ʢʦʨʠʩʪʫʚʘʯʘʤ ʥʝ ʙʫʣʦ ʧʦʪʨʽʙʥʦ ʙʘʛʘʪʦ ʣʦʢʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ. ʂʨʽʤ ʪʦʛʦ, ʪʘʢʽ 

ʩʝʨʚʽʩʠ ʩʧʨʦʱʫʶʪʴ ʜʦʩʪʫʧ ʜʦ ʚʤʽʩʪʫ ʟ ʨʽʟʥʠʭ ʧʨʠʩʪʨʦʾʚ ʟ ʙʫʜʴ-ʷʢʦʾ ʪʦʯʢʠ ʩʚʽʪʫ. 

ɺʩʽ ʮʽ ʢʦʤʧʦʥʝʥʪʠ ʚʟʘʻʤʦʜʽʶʪʴ ʥʘ ʨʽʚʥʽ ʜʦʜʘʪʢʽʚ. ʈʽʚʝʥʴ ʜʦʜʘʪʢʽʚ ʜʘʻ 

ʢʦʨʠʩʪʫʚʘʯʘʤ ʤʦʞʣʠʚʽʩʪʴ ʧʨʘʮʶʚʘʪʠ ʽ ʨʦʟʚʘʞʘʪʠʩʷ ʚ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪ. 

 

 

 

  



ȼɚɓɐɱɗ ȺɝəɚɎɔ ɘɌɜɤɜɟɞɔɓɌɢɱɲ ɟ ɗɚɖɌɗɨəɔɡ ɘɑɜɑɒɌɡ 

3.1 ʉʪʘʪʠʯʥʘ ʤʘʨʰʨʫʪʠʟʘʮʽʷ 
 

ʄʘʨʰʨʫʪʠʟʘʮʽʷ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘ ʨʽʚʥʽ ʷʜʨʘ ʤʝʨʝʞʽ ʰʣʷʭʦʤ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ 

ʯʝʨʝʟ ʦʙ'ʻʜʥʘʥʫ ʤʝʨʝʞʫ ʚʽʜ ʜʞʝʨʝʣʘ ʜʦ ʦʜʝʨʞʫʚʘʯʘ. ʄʘʨʰʨʫʪʠʟʘʪʦʨ ʻ ʧʨʠʩʪʨʦʾ, 

ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʧʝʨʝʜʘʯʫ ʧʘʢʝʪʽʚ ʟ ʦʜʥʽʻʾ ʤʝʨʝʞʽ ʚ ʽʥʰʫ. 

ʄʘʨʰʨʫʪʠʟʘʪʦʨ ʦʪʨʠʤʫʶʪʴ ʜʘʥʽ ʧʨʦ ʚʽʜʜʘʣʝʥʠʭ ʤʝʨʝʞʘʭ ʜʠʥʘʤʽʯʥʦ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʨʦʪʦʢʦʣʽʚ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʘʙʦ ʚʨʫʯʥʫ - ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʘʪʠʯʥʠʭ 

ʤʘʨʰʨʫʪʽʚ. ʋ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ ʦʜʥʦʯʘʩʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʧʨʦʪʦʢʦʣʠ ʜʠʥʘʤʽʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʽ ʩʪʘʪʠʯʥʽ ʤʘʨʰʨʫʪʠ. ɼʘʥʘ ʛʣʘʚʘ 

ʧʨʠʩʚʷʯʝʥʘ ʩʪʘʪʠʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. 

ʉʪʘʪʠʯʥʽ ʤʘʨʰʨʫʪʠ ʜʫʞʝ ʧʦʰʠʨʝʥʽ, ʧʨʠ ʮʴʦʤʫ ʚʦʥʠ ʥʝ ʚʠʤʘʛʘʶʪʴ ʪʘʢʦʾ ʞ 

ʢʽʣʴʢʦʩʪʽ ʦʙʯʠʩʣʝʥʴ ʽ ʦʧʝʨʘʮʽʡ, ʷʢ ʧʨʦʪʦʢʦʣʠ ʜʠʥʘʤʽʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. 

ʋ ʮʽʡ ʛʣʘʚʽ ʧʨʠʢʣʘʜʠ ʪʦʧʦʣʦʛʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʥʘʩʪʨʦʡʢʠ ʩʪʘʪʠʯʥʠʭ 

ʤʘʨʰʨʫʪʽʚ IPv4 ʽ IPv6, ʘ ʪʘʢʦʞ ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʽʾ ʩʧʦʩʦʙʽʚ ʫʩʫʥʝʥʥʷ ʥʝʧʦʣʘʜʦʢ. 

ɺ ʨʘʤʢʘʭ ʛʣʘʚʠ ʙʫʜʝ ʨʦʟʛʣʷʥʫʪʦ ʨʷʜ ʚʘʞʣʠʚʠʭ ʢʦʤʘʥʜ IOS ʽ ʚʽʜʧʦʚʽʜʥʽ ʚʠʭʽʜʥʽ 

ʜʘʥʽ. ʋ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʪʘʢʦʞ ʤʽʩʪʠʪʴʩʷ ʟʥʘʡʦʤʩʪʚʦ ʟ ʪʘʙʣʠʮʝʶ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʜʢʣʶʯʝʥʠʭ ʤʝʨʝʞ ʽ ʜʦʜʘʶʪʴʩʷ ʩʪʘʪʠʯʥʠʭ 

ʤʘʨʰʨʫʪʽʚ. 

ʄʘʨʰʨʫʪʠʟʘʪʦʨʘ ʤʦʞʥʘ ʧʦʚʽʜʦʤʠʪʠ ʧʨʦ ʚʽʜʜʘʣʝʥʠʭ ʤʝʨʝʞʘʭ ʦʜʥʠʤ ʟ ʜʚʦʭ 

ʩʧʦʩʦʙʽʚ: 

ɺʨʫʯʥʫ - ʚʽʜʜʘʣʝʥʽ ʤʝʨʝʞʽ ʚʨʫʯʥʫ ʚʚʦʜʷʪʴʩʷ ʚ ʪʘʙʣʠʮʶ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʪʘʪʠʯʥʠʭ ʤʘʨʰʨʫʪʽʚ. 

ɼʠʥʘʤʽʯʥʦ - ʚʽʜʜʘʣʝʥʽ ʤʘʨʰʨʫʪʠ ʘʚʪʦʤʘʪʠʯʥʦ ʜʦʜʘʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʦʪʦʢʦʣʫ ʜʠʥʘʤʽʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. 

 
ʈʠʩ. 3.1.1 

ʅʘ ʨʠʩ. ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʧʨʠʢʣʘʜ ʩʮʝʥʘʨʽʶ ʩʪʘʪʠʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. 

ɸʜʤʽʥʽʩʪʨʘʪʦʨ ʤʦʞʝ ʚʨʫʯʥʫ ʥʘʣʘʰʪʫʚʘʪʠ ʩʪʘʪʠʯʥʠʡ ʤʘʨʰʨʫʪ ʜʣʷ ʜʦʩʪʫʧʫ ʜʦ 



ʢʦʥʢʨʝʪʥʦʾ ʤʝʨʝʞʽ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʨʦʪʦʢʦʣʫ ʜʠʥʘʤʽʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ, 

ʩʪʘʪʠʯʥʽ ʤʘʨʰʨʫʪʠ ʥʝ ʦʥʦʚʣʶʶʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʦ, ʽ ʧʨʠ ʟʤʽʥʘʭ ʚ ʤʝʨʝʞʝʚʽʡ 

ʪʦʧʦʣʦʛʽʾ ʾʭ ʥʝʦʙʭʽʜʥʦ ʧʦʚʪʦʨʥʦ ʥʘʣʘʰʪʦʚʫʚʘʪʠ ʚʨʫʯʥʫ. 

 

ʉʪʘʪʠʯʥʘ ʤʘʨʰʨʫʪʠʟʘʮʽʷ ʤʘʻ ʩʚʦʾ ʧʝʨʝʚʘʛʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʜʠʥʘʤʽʯʥʦʾ 

ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ, ʘ ʩʘʤʝ: 

ʩʪʘʪʠʯʥʽ ʤʘʨʰʨʫʪʠ ʥʝ ʦʛʦʣʦʰʫʶʪʴʩʷ ʧʦ ʤʝʨʝʞʽ, ʱʦ ʨʦʙʠʪʴ ʾʭ ʙʽʣʴʰ 

ʙʝʟʧʝʯʥʠʤʠ. 

ʉʪʘʪʠʯʥʽ ʤʘʨʰʨʫʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʙʽʣʴʰ ʚʫʟʴʢʫ ʩʤʫʛʫ ʧʨʦʧʫʩʢʘʥʥʷ, ʥʽʞ 

ʧʨʦʪʦʢʦʣʠ ʜʠʥʘʤʽʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ; ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʽ ʟʚ'ʷʟʢʫ ʤʘʨʰʨʫʪʽʚ ʮʠʢʣʠ 

ʎʇ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ. 

ʐʣʷʭ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʪʘʪʠʯʥʠʤ ʤʘʨʰʨʫʪʦʤ ʜʣʷ ʚʽʜʧʨʘʚʢʠ ʜʘʥʠʭ, 

ʚʽʜʦʤʠʡ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʪʘʪʠʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʪʘʢʦʞ ʤʘʻ ʥʝʜʦʣʽʢʠ: 

ʇʦʯʘʪʢʦʚʝ ʥʘʣʘʰʪʫʚʘʥʥʷ ʽ ʾʾ ʧʽʜʪʨʠʤʢʘ ʚʠʤʘʛʘʶʪʴ ʪʠʤʯʘʩʦʚʠʭ ʚʠʪʨʘʪ. 

ʇʨʠ ʥʘʣʘʰʪʫʚʘʥʥʽ ʯʘʩʪʦ ʧʨʠʧʫʩʢʘʶʪʴʩʷ ʧʦʤʠʣʦʢ, ʦʩʦʙʣʠʚʦ ʚ ʚʝʣʠʢʠʭ 

ʤʝʨʝʞʘʭ. 

ɼʣʷ ʚʥʝʩʝʥʥʷ ʟʤʽʥ ʜʦ ʜʘʥʠʭ ʤʘʨʰʨʫʪʫ ʧʦʪʨʽʙʥʝ ʚʪʨʫʯʘʥʥʷ ʘʜʤʽʥʽʩʪʨʘʪʦʨʘ. 

ʅʝʜʦʩʪʘʪʥʽ ʤʦʞʣʠʚʦʩʪʽ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʜʣʷ ʟʨʦʩʪʘʶʯʠʭ ʤʝʨʝʞ, 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʨʠ ʮʴʦʤʫ ʩʪʘʻ ʜʦʩʠʪʴ ʪʨʫʜʦʤʽʩʪʢʠʤ. 

ɼʣʷ ʷʢʽʩʥʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʦʪʨʽʙʥʦ ʜʦʩʢʦʥʘʣʴʥʝ ʟʥʘʥʥʷ ʚʩʽʻʾ ʤʝʨʝʞʽ. 

ʅʘ ʤʘʣʶʥʢʫ ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʬʫʥʢʮʽʡ ʜʠʥʘʤʽʯʥʦʾ ʪʘ ʩʪʘʪʠʯʥʦʾ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ. ɿʚʝʨʥʽʪʴ ʫʚʘʛʫ, ʱʦ ʧʝʨʝʚʘʛʠ ʦʜʥʦʛʦ ʤʝʪʦʜʫ ʦʜʥʦʯʘʩʥʦ ʻ 

ʥʝʜʦʣʽʢʘʤʠ ʽʥʰʦʛʦ. 

ʉʪʘʪʠʯʥʽ ʤʘʨʰʨʫʪʠ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʥʝʚʝʣʠʢʠʭ 

ʤʝʨʝʞʘʭ, ʜʣʷ ʷʢʠʭ ʟʘʜʘʥʠʡ ʪʽʣʴʢʠ ʦʜʠʥ ʰʣʷʭ ʜʦ ʟʦʚʥʽʰʥʴʦʾ ʤʝʨʝʞʽ. ɺʦʥʠ ʪʘʢʦʞ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʙʝʟʧʝʢʫ ʚ ʚʝʣʠʢʠʭ ʤʝʨʝʞʘʭ ʟ ʧʝʚʥʠʤ ʪʠʧʦʤ ʪʨʘʬʽʢʫ ʘʙʦ ʚ ʢʘʥʘʣʘʭ 

ʜʦ ʽʥʰʠʭ ʤʝʨʝʞ, ʜʣʷ ʷʢʠʭ ʧʦʪʨʽʙʥʽ ʨʦʟʰʠʨʝʥʽ ʬʫʥʢʮʽʾ ʢʦʥʪʨʦʣʶ. ɺʘʞʣʠʚʦ 

ʨʦʟʫʤʽʪʠ, ʱʦ ʩʪʘʪʠʯʥʘ ʽ ʜʠʥʘʤʽʯʥʘ ʤʘʨʰʨʫʪʠʟʘʮʽʷ ʥʝ ʻ ʚʟʘʻʤʦʚʠʢʣʶʯʥʠʤʠ. ʋ 

ʙʽʣʴʰʦʩʪʽ ʤʝʨʝʞ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʦʤʙʽʥʘʮʽʷ ʧʨʦʪʦʢʦʣʽʚ ʜʠʥʘʤʽʯʥʦʾ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʽ ʩʪʘʪʠʯʥʠʭ ʤʘʨʰʨʫʪʽʚ. ʎʝ ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ ʪʦʛʦ, ʱʦ ʜʣʷ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʟʘʜʘʻʪʴʩʷ ʢʽʣʴʢʘ ʰʣʷʭʽʚ ʜʦ ʤʝʨʝʞʽ ʧʨʠʟʥʘʯʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʪʘʪʠʯʥʠʭ ʤʘʨʰʨʫʪʽʚ ʽ ʜʠʥʘʤʽʯʥʦ ʦʜʝʨʞʫʚʘʥʠʭ ʤʘʨʰʨʫʪʽʚ. ʆʜʥʘʢ ʩʣʽʜ 

ʧʘʤ'ʷʪʘʪʠ, ʱʦ ʟʥʘʯʝʥʥʷ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦʛʦ ʚʽʜʩʪʘʥʽ (AD) ʻ ʢʨʠʪʝʨʽʻʤ ʚʠʙʦʨʫ 

ʜʞʝʨʝʣ ʤʘʨʰʨʫʪʫ. ɼʞʝʨʝʣʘ ʤʘʨʰʨʫʪʽʚ ʟ ʥʠʟʴʢʠʤʠ ʟʥʘʯʝʥʥʷʤʠ AD ʢʨʘʱʝ 

ʜʞʝʨʝʣ ʤʘʨʰʨʫʪʽʚ ʟ ʙʽʣʴʰ ʚʠʩʦʢʠʤʠ ʟʥʘʯʝʥʥʷʤʠ AD. ɿʥʘʯʝʥʥʷ AD ʜʣʷ 

ʩʪʘʪʠʯʥʦʛʦ ʤʘʨʰʨʫʪʫ ʜʦʨʽʚʥʶʻ 1. ʊʘʢʠʤ ʯʠʥʦʤ, ʩʪʘʪʠʯʥʠʡ ʤʘʨʰʨʫʪ ʤʘʻ 

ʧʨʽʦʨʠʪʝʪ ʥʘʜ ʫʩʽʤʘ ʜʠʥʘʤʽʯʥʦ ʦʪʨʠʤʘʥʠʤʠ ʤʘʨʰʨʫʪʘʤʠ, ʷʢʽ ʙʫʜʫʪʴ ʤʘʪʠ ʙʽʣʴʰ 

ʚʠʩʦʢʽ ʟʥʘʯʝʥʥʷ AD. 

ɿʘʚʜʘʥʥʷ ʩʪʘʪʠʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ 

ʉʪʘʪʠʯʥʘ ʤʘʨʰʨʫʪʠʟʘʮʽʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʪʨʴʦʭ ʩʠʪʫʘʮʽʷʭ: 

¶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʧʨʦʱʝʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚ 
ʥʝʚʝʣʠʢʠʭ ʤʝʨʝʞʘʭ, ʷʢʽ ʥʝ ʧʣʘʥʫʻʪʴʩʷ ʩʫʪʪʻʚʦ ʨʦʟʰʠʨʶʚʘʪʠ. 

¶ ʤʘʨʰʨʫʪʠʟʘʮʽʷ ʜʦ ʪʫʧʠʢʦʚʠʭ ʤʝʨʝʞ ʽ ʚʽʜ ʥʠʭ. ʊʫʧʠʢʦʚʘ ʤʝʨʝʞʘ ʷʚʣʷʻ 
ʩʦʙʦʶ ʤʝʨʝʞʫ, ʜʦʩʪʫʧ ʜʦ ʷʢʦʾ ʟʜʽʡʩʥʶʻʪʴʩʷ ʯʝʨʝʟ ʦʜʠʥ ʤʘʨʰʨʫʪ, ʽ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʤʘʻ ʪʽʣʴʢʠ ʦʜʥʝ ʩʫʩʽʜʥʻ ʧʨʠʩʪʨʽʡ. 



¶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʻʜʠʥʦʛʦ ʤʘʨʰʨʫʪʫ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʜʣʷ ʧʦʜʘʥʥʷ 
ʰʣʷʭʫ ʜʦ ʙʫʜʴ-ʷʢʦʾ ʤʝʨʝʞʽ, ʱʦ ʥʝ ʤʘʻ ʙʽʣʴʰ ʪʦʯʥʦʛʦ ʟʙʽʛʫ ʟ ʽʥʰʠʤ 

ʤʘʨʰʨʫʪʦʤ ʚ ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. ʄʘʨʰʨʫʪʠ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʽʜʧʨʘʚʢʠ ʪʨʘʬʽʢʫ ʚ ʙʫʜʴ-ʷʢʠʡ ʧʫʥʢʪ 

ʧʨʠʟʥʘʯʝʥʥʷ ʟʘ ʤʝʞʘʤʠ ʥʘʩʪʫʧʥʦʛʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʚ ʚʠʩʭʽʜʥʦʤʫ 

ʥʘʧʨʷʤʢʫ. 

 
ʈʠʩ. 3.1.2 

ʅʘ ʤʘʣʶʥʢʫ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʧʨʠʢʣʘʜ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʪʫʧʠʢʦʚʦʾ ʤʝʨʝʞʽ ʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʨʰʨʫʪʫ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ. ɿʚʝʨʥʽʪʴ ʫʚʘʛʫ, ʱʦ ʥʘ ʤʘʣʶʥʢʫ ʫ 

ʙʫʜʴ-ʷʢʽʡ ʤʝʨʝʞʽ, ʧʽʜʢʣʶʯʝʥʦʾ ʜʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ R1, ʙʫʜʝ ʪʽʣʴʢʠ ʦʜʠʥ ʰʣʷʭ 

ʜʣʷ ʜʦʩʪʫʧʫ ʜʦ ʽʥʰʠʭ ʤʽʩʮʴ ʧʨʠʟʥʘʯʝʥʥʷ (ʜʦ ʤʝʨʝʞ, ʧʽʜʢʣʶʯʝʥʠʤ ʜʦ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ R2, ʘʙʦ ʜʦ ʤʽʩʮʴ ʧʨʠʟʥʘʯʝʥʥʷ ʟʘ ʤʝʞʘʤʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ R2). 

ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʤʝʨʝʞʘ 172.16.3.0 ʻ ʪʫʧʠʢʦʚʦʶ, ʘ ʤʘʨʰʨʫʪʠʟʘʪʦʨ R1 - 

ʪʫʧʠʢʦʚʠʤ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʤ. 

ʋ ʮʴʦʤʫ ʧʨʠʢʣʘʜʽ ʩʪʘʪʠʯʥʠʡ ʤʘʨʰʨʫʪ ʤʦʞʥʘ ʥʘʣʘʰʪʫʚʘʪʠ ʥʘ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʽ R2 ʜʣʷ ʜʦʩʪʫʧʫ ʜʦ ʤʝʨʝʞʽ LAN ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ R1. ʂʨʽʤ ʪʦʛʦ, 

ʦʩʢʽʣʴʢʠ ʜʣʷ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ R1 ʽʩʥʫʻ ʪʽʣʴʢʠ ʦʜʠʥ ʩʧʦʩʽʙ ʚʽʜʧʨʘʚʢʠ 

ʥʝʣʦʢʘʣʴʥʦʛʦ ʪʨʘʬʽʢʫ, ʩʪʘʪʠʯʥʠʡ ʤʘʨʰʨʫʪ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʤʦʞʥʘ 

ʥʘʣʘʰʪʫʚʘʪʠ ʥʘ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽ R1 ʜʣʷ ʚʢʘʟʽʚʢʠ ʥʘ ʤʘʨʰʨʫʪʠʟʘʪʦʨ R2 ʷʢ ʥʘ 

ʥʘʩʪʫʧʥʠʡ ʧʝʨʝʭʽʜ ʜʣʷ ʚʩʽʭ ʽʥʰʠʭ ʤʝʨʝʞ. 

ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʤʘʣʶʥʢʫ, ʩʪʘʪʠʯʥʽ ʤʘʨʰʨʫʪʠ ʥʘʡʯʘʩʪʽʰʝ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʢʦʥʢʨʝʪʥʦʾ ʤʝʨʝʞʽ ʘʙʦ ʥʘʜʘʥʥʷ çʰʣʶʟʫ 

ʦʩʪʘʥʥʴʦʾ ʥʘʜʽʾè ʜʣʷ ʪʫʧʠʢʦʚʦʾ ʤʝʨʝʞʽ. ɰʭ ʪʘʢʦʞ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ 

ʪʘʢʠʭ ʮʽʣʝʡ: 

ʟʤʝʥʰʝʥʥʷ ʯʠʩʣʘ ʦʛʦʣʦʰʝʥʠʭ ʤʘʨʰʨʫʪʽʚ ʰʣʷʭʦʤ ʦʙ'ʻʜʥʘʥʥʷ ʜʝʷʢʠʭ 

ʩʫʤʽʞʥʠʭ ʤʝʨʝʞ ʚ ʦʜʠʥ ʩʪʘʪʠʯʥʠʡ ʤʘʨʰʨʫʪ; 

ʩʪʚʦʨʝʥʥʷ ʨʝʟʝʨʚʥʦʛʦ ʤʘʨʰʨʫʪʫ ʥʘ ʚʠʧʘʜʦʢ ʚʽʜʤʦʚʠ ʦʩʥʦʚʥʦʛʦ ʤʘʨʰʨʫʪʫ. 

ɼʘʣʽ ʤʠ ʨʦʟʛʣʷʥʝʤʦ ʪʘʢʽ ʪʠʧʠ ʩʪʘʪʠʯʥʠʭ ʤʘʨʰʨʫʪʽʚ IPv4 ʽ IPv6: 

¶ʩʪʘʥʜʘʨʪʥʠʡ ʩʪʘʪʠʯʥʠʡ ʤʘʨʰʨʫʪ; 

¶ʩʪʘʪʠʯʥʠʡ ʤʘʨʰʨʫʪ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ; 

¶ʩʫʤʘʨʥʠʡ ʩʪʘʪʠʯʥʠʡ ʤʘʨʰʨʫʪ; 

¶ʧʣʘʚʘʶʯʠʡ ʩʪʘʪʠʯʥʠʡ ʤʘʨʰʨʫʪ. 



ʇʨʦʪʦʢʦʣʠ IPv4 ʽ IPv6 ʧʽʜʪʨʠʤʫʶʪʴ ʥʘʩʪʨʦʡʢʫ ʩʪʘʪʠʯʥʠʭ ʤʘʨʰʨʫʪʽʚ. 

ʉʪʘʪʠʯʥʽ ʤʘʨʰʨʫʪʠ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʠ ʧʽʜʢʣʶʯʝʥʥʽ ʜʦ 

ʧʝʚʥʦʾ ʚʽʜʜʘʣʝʥʦʾ ʤʝʨʝʞʽ. 

 
ʈʠʩ. 3.1.3 

ʅʘ ʤʘʣʶʥʢʫ ʧʦʢʘʟʘʥʦ, ʱʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨ R2 ʤʦʞʥʘ ʥʘʣʘʰʪʫʚʘʪʠ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʪʘʪʠʯʥʦʛʦ ʤʘʨʰʨʫʪʫ ʜʣʷ ʜʦʩʪʫʧʫ ʜʦ ʪʫʧʠʢʦʚʦʾ ʤʝʨʝʞʽ 

172.16.3.0/24. 

ʇʨʠʤʽʪʢʘ. ɺ ʜʘʥʦʤʫ ʧʨʠʢʣʘʜʽ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʪʫʧʠʢʦʚʘ ʤʝʨʝʞʘ, ʘʣʝ 

ʥʘʩʧʨʘʚʜʽ ʩʪʘʪʠʯʥʠʡ ʤʘʨʰʨʫʪ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ 

ʙʫʜʴ-ʷʢʦʾ ʤʝʨʝʞʽ. 

ʄʘʨʰʨʫʪ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ - ʮʝ ʤʘʨʰʨʫʪ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʚʩʽʤ ʧʘʢʝʪʘʤ ʽ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʤ, ʷʢʱʦ ʧʘʢʝʪ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʞʦʜʥʦʤʫ ʟ 

ʽʥʰʠʭ, ʙʽʣʴʰ ʪʦʯʥʠʭ ʤʘʨʰʨʫʪʽʚ ʟ ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. ʄʘʨʰʨʫʪ ʟʘ 

ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʜʠʥʘʤʽʯʥʦ ʘʙʦ ʥʘʣʘʰʪʫʚʘʪʠ ʩʪʘʪʠʯʥʦ. 

ʉʪʘʪʠʯʥʠʡ ʤʘʨʰʨʫʪ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ - ʮʝ ʧʨʦʩʪʦ ʩʪʘʪʠʯʥʠʡ ʤʘʨʰʨʫʪ ʟ IPv4-

ʘʜʨʝʩʦʶ ʧʨʠʟʥʘʯʝʥʥʷ, ʨʽʚʥʠʤ 0.0.0.0/0. ʇʽʜ ʯʘʩ ʥʘʣʘʰʪʫʚʘʥʥʷ ʩʪʘʪʠʯʥʦʛʦ 

ʤʘʨʰʨʫʪʫ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʩʪʚʦʨʶʻʪʴʩʷ çʰʣʶʟ ʦʩʪʘʥʥʴʦʾ ʥʘʜʽʾè. 

ʉʪʘʪʠʯʥʽ ʤʘʨʰʨʫʪʠ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʥʘʩʪʫʧʥʠʭ 

ʚʠʧʘʜʢʘʭ: 

ʇʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʽʥʰʠʭ ʤʘʨʰʨʫʪʽʚ ʚ ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʷʢʽ ʟʙʽʛʘʶʪʴʩʷ ʟ 

IP-ʘʜʨʝʩʦʶ ʧʨʠʟʥʘʯʝʥʥʷ ʧʘʢʝʪʘ - ʽʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʙʽʣʴʰ ʪʦʯʥʦʛʦ 

ʟʙʽʛʫ. ʉʪʘʪʠʯʥʽ ʤʘʨʰʨʫʪʠ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʧʽʜʢʣʶʯʝʥʥʽ 

ʧʨʠʢʦʨʜʦʥʥʦʛʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʢʦʤʧʘʥʽʾ ʜʦ ʤʝʨʝʞʽ ʽʥʪʝʨʥʝʪ-ʧʨʦʚʘʡʜʝʨʘ. 

ʗʢʱʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʧʽʜʢʣʶʯʝʥʠʡ ʪʽʣʴʢʠ ʜʦ ʦʜʥʦʛʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ. ʋ 

ʪʘʢʽʡ ʩʠʪʫʘʮʽʾ ʮʝʡ ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʥʘʟʠʚʘʶʪʴ ʪʫʧʠʢʦʚʠʤ. 

ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʯʠʩʣʘ ʟʘʧʠʩʽʚ ʚ ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʤʦʞʥʘ ʦʙ'ʻʜʥʘʪʠ 

ʢʽʣʴʢʘ ʩʪʘʪʠʯʥʠʭ ʤʘʨʰʨʫʪʽʚ ʚ ʦʜʠʥ ʩʪʘʪʠʯʥʠʡ ʤʘʨʰʨʫʪ. ʎʝ ʤʦʞʣʠʚʦ ʟʘ ʪʘʢʠʭ 

ʫʤʦʚ: 
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ʄʝʨʝʞʽ ʧʨʠʟʥʘʯʝʥʥʷ ʻ ʩʫʤʽʞʥʠʤʠ ʽ ʤʦʞʫʪʴ ʙʫʪʠ ʦʙ'ʻʜʥʘʥʽ ʚ ʦʜʠʥ 

ʤʝʨʝʞʝʚʫ ʘʜʨʝʩʫ. 

ɺʩʽ ʩʪʘʪʠʯʥʽ ʤʘʨʰʨʫʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʦʜʠʥ ʽ ʪʦʡ ʞʝ ʚʠʭʽʜʥʠʡ ʽʥʪʝʨʬʝʡʩ 

ʘʙʦ ʦʜʠʥ IP-ʘʜʨʝʩʘ ʥʘʩʪʫʧʥʦʛʦ ʧʝʨʝʭʦʜʫ. 

ʗʢ ʚʠʜʥʦ ʟ ʤʘʣʶʥʢʘ, ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ R1 ʧʦʪʨʽʙʥʦ ʯʦʪʠʨʠ ʦʢʨʝʤʠʭ 

ʩʪʘʪʠʯʥʠʭ ʤʘʨʰʨʫʪʫ ʜʣʷ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʤʝʨʝʞ ʚ ʜʽʘʧʘʟʦʥʽ 172.20.0.0/16 - 

172.23.0.0/16. ɿʘʤʽʩʪʴ ʮʴʦʛʦ ʤʦʞʥʘ ʥʘʣʘʰʪʫʚʘʪʠ ʦʜʠʥ ʩʫʤʘʨʥʠʡ ʩʪʘʪʠʯʥʠʡ 

ʤʘʨʰʨʫʪ, ʷʢʠʡ ʙʫʜʝ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʮʠʭ ʤʝʨʝʞ. 

ʇʨʠʤʽʪʢʘ. ɼʦʜʘʪʢʦʚʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʨʦʟʨʘʭʫʥʦʢ ʪʘ ʥʘʣʘʰʪʫʚʘʥʥʷ 

ʦʙ'ʻʜʥʘʥʠʭ ʩʪʘʪʠʯʥʠʭ ʤʘʨʰʨʫʪʽʚ ʩʤ. ɺ ʜʦʜʘʪʢʫ ʜʦ ʛʣʘʚʠ. 

ʑʝ ʦʜʥʠʤ ʪʠʧʦʤ ʩʪʘʪʠʯʥʦʛʦ ʤʘʨʰʨʫʪʫ ʻ ʧʣʘʚʘʶʯʠʡ ʩʪʘʪʠʯʥʠʡ ʤʘʨʰʨʫʪ. 

ʇʣʘʚʘʶʯʽ ʩʪʘʪʠʯʥʽ ʤʘʨʰʨʫʪʠ - ʮʝ ʩʪʘʪʠʯʥʽ ʤʘʨʰʨʫʪʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʥʘʜʘʥʥʷ ʨʝʟʝʨʚʥʦʛʦ ʰʣʷʭʫ ʦʩʥʦʚʥʦʛʦ ʩʪʘʪʠʯʥʦʤʫ ʤʘʨʰʨʫʪʫ ʘʙʦ ʜʠʥʘʤʽʯʥʦʤʫ 

ʤʘʨʰʨʫʪʫ ʥʘ ʚʠʧʘʜʦʢ ʟʙʦʶ ʚ ʨʦʙʦʪʽ ʢʘʥʘʣʫ. ʇʣʘʚʘʶʯʠʡ ʩʪʘʪʠʯʥʠʡ ʤʘʨʰʨʫʪ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʽʣʴʢʠ ʪʦʜʽ, ʢʦʣʠ ʦʩʥʦʚʥʠʡ ʤʘʨʰʨʫʪ ʥʝʜʦʩʪʫʧʥʠʡ. 

ɼʣʷ ʮʽʻʾ ʤʝʪʠ ʧʣʘʚʘʶʯʠʡ ʩʪʘʪʠʯʥʠʡ ʤʘʨʰʨʫʪ ʥʘʣʘʰʪʦʚʫʻʪʴʩʷ ʟʘ ʙʽʣʴʰ 

ʚʠʩʦʢʠʤ ʟʥʘʯʝʥʥʷʤ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦʛʦ ʚʽʜʩʪʘʥʽ, ʥʽʞ ʦʩʥʦʚʥʠʡ ʤʘʨʰʨʫʪ. 

ɸʜʤʽʥʽʩʪʨʘʪʠʚʥʝ ʚʽʜʩʪʘʥʴ ʚʠʟʥʘʯʘʻ ʥʘʜʽʡʥʽʩʪʴ ʤʘʨʰʨʫʪʫ. ʇʨʠ ʥʘʷʚʥʦʩʪʽ 

ʜʝʢʽʣʴʢʦʭ ʰʣʷʭʽʚ ʜʦ ʘʜʨʝʩʦʶ ʧʨʠʟʥʘʯʝʥʥʷ ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʚʠʙʠʨʘʻ ʰʣʷʭ ʟ 

ʥʘʡʥʠʞʯʠʤ ʟʥʘʯʝʥʥʷʤ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦʛʦ ʚʽʜʩʪʘʥʽ. 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʘʜʤʽʥʽʩʪʨʘʪʦʨ ʧʦʚʠʥʝʥ ʩʪʚʦʨʠʪʠ ʧʣʘʚʘʶʯʠʡ ʩʪʘʪʠʯʥʠʡ 

ʤʘʨʰʨʫʪ ʚ ʷʢʦʩʪʽ ʨʝʟʝʨʚʥʦʛʦ ʜʣʷ ʤʘʨʰʨʫʪʫ, ʦʜʝʨʞʫʚʘʥʦʛʦ ʧʦ ʧʨʦʪʦʢʦʣʫ 

EIGRP. ʇʨʠ ʥʘʣʘʰʪʫʚʘʥʥʽ ʧʣʘʚʘʶʯʦʛʦ ʩʪʘʪʠʯʥʦʛʦ ʤʘʨʰʨʫʪʫ ʥʝʦʙʭʽʜʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʙʽʣʴʰ ʚʠʩʦʢʝ ʟʥʘʯʝʥʥʷ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦʛʦ ʚʽʜʩʪʘʥʽ, ʥʽʞ ʜʣʷ 

EIGRP. EIGRP ʤʘʻ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʝ ʚʽʜʩʪʘʥʴ 90. ʗʢʱʦ ʧʣʘʚʘʶʯʠʡ ʩʪʘʪʠʯʥʠʡ 

ʤʘʨʰʨʫʪ ʥʘʣʘʰʪʦʚʘʥʠʡ ʟ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʤ ʚʽʜʩʪʘʥʥʶ 95, ʪʦ ʜʠʥʘʤʽʯʥʠʡ 

ʤʘʨʰʨʫʪ, ʚʩʪʘʥʦʚʣʝʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ EIGRP, ʤʘʻ ʧʨʽʦʨʠʪʝʪ ʧʝʨʝʜ ʧʣʘʚʘʶʯʠʤ 

ʩʪʘʪʠʯʥʠʤ ʤʘʨʰʨʫʪʦʤ. ʗʢʱʦ ʤʘʨʰʨʫʪ, ʦʜʝʨʞʫʚʘʥʠʡ ʧʦ EIGRP, ʚʪʨʘʯʝʥʠʡ, ʪʦ 

ʟʘʤʽʩʪʴ ʥʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʣʘʚʘʶʯʠʡ ʩʪʘʪʠʯʥʠʡ ʤʘʨʰʨʫʪ. 



 
ʈʠʩ. 3.1.5 

ʅʘ ʤʘʣʶʥʢʫ ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʬʽʣʽʾ (Branch) ʧʝʨʝʥʘʧʨʘʚʣʷʻ ʚʝʩʴ ʪʨʘʬʽʢ ʥʘ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʛʦʣʦʚʥʦʛʦ ʦʬʽʩʫ (HQ) ʧʦ ʧʨʠʚʘʪʥʦʤʫ ʢʘʥʘʣʫ ʤʝʨʝʞʽ WAN. ʋ 

ʮʴʦʤʫ ʧʨʠʢʣʘʜʽ ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ ʟʜʽʡʩʥʶʶʪʴ ʦʙʤʽʥ ʜʘʥʠʤʠ ʧʨʦ ʤʘʨʰʨʫʪ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʨʦʪʦʢʦʣʫ EIGRP. ʇʣʘʚʘʶʯʠʡ ʩʪʘʪʠʯʥʠʡ ʤʘʨʰʨʫʪ ʟ 

ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʤ ʚʽʜʩʪʘʥʥʶ, ʨʽʚʥʠʤ 91 ʘʙʦ ʙʽʣʴʰʝ, ʤʦʞʥʘ ʥʘʣʘʰʪʫʚʘʪʠ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʷʢʦʩʪʽ ʨʝʟʝʨʚʥʦʛʦ ʤʘʨʰʨʫʪʫ. ʇʨʠ ʟʙʦʾ ʧʨʠʚʘʪʥʦʛʦ ʢʘʥʘʣʫ 

ʤʝʨʝʞʽ WAN ʽ ʚʠʜʘʣʝʥʥʽ ʤʘʨʰʨʫʪʫ EIGRP ʟ ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʚʠʙʠʨʘʻ ʧʣʘʚʘʶʯʠʡ ʩʪʘʪʠʯʥʠʡ ʤʘʨʰʨʫʪ ʷʢ ʦʧʪʠʤʘʣʴʥʠʡ ʰʣʷʭ 

ʜʣʷ ʜʦʩʪʫʧʫ ʜʦ ʤʝʨʝʞʽ LAN ʛʦʣʦʚʥʦʛʦ ʦʬʽʩʫ. 

ʉʪʘʪʠʯʥʽ ʤʘʨʰʨʫʪʠ ʥʘʩʪʨʦʶʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʘʥʜʠ ʛʣʦʙʘʣʴʥʦʾ 

ʢʦʥʬʽʛʫʨʘʮʽʾ ip route. ɹʘʟʦʚʠʡ ʩʠʥʪʘʢʩʠʩ ʢʦʤʘʥʜʠ ʧʦʢʘʟʘʥʠʡ ʥʘ ʤʘʣʶʥʢʫ. 

ɼʣʷ ʥʘʩʪʨʦʡʢʠ ʩʪʘʪʠʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʦʙʦʚ'ʷʟʢʦʚʦ ʟʘʟʥʘʯʘʶʪʴʩʷ ʪʘʢʽ 

ʧʘʨʘʤʝʪʨʠ: 

ʤʝʨʝʞʝʚʫ ʘʜʨʝʩʫ - ʘʜʨʝʩʫ ʚʽʜʜʘʣʝʥʦʾ ʤʝʨʝʞʽ ʧʨʠʟʥʘʯʝʥʥʷ, ʷʢʠʡ ʥʝʦʙʭʽʜʥʦ 

ʜʦʜʘʪʠ ʚ ʪʘʙʣʠʮʶ ʤʘʨʰʨʫʪʠʟʘʮʽʾ; ʜʘʥʠʡ ʧʘʨʘʤʝʪʨ ʯʘʩʪʦ ʥʘʟʠʚʘʶʪʴ ʧʨʝʬʽʢʩʦʤ. 

subnet-mask - ʤʘʩʢʘ ʧʽʜʤʝʨʝʞʽ ʘʙʦ ʧʨʦʩʪʦ ʤʘʩʢʘ ʚʽʜʜʘʣʝʥʦʾ ʤʝʨʝʞʽ, ʷʢʫ 

ʥʝʦʙʭʽʜʥʦ ʜʦʜʘʪʠ ʚ ʪʘʙʣʠʮʶ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. ʄʘʩʢʫ ʧʽʜʤʝʨʝʞʽ ʤʦʞʥʘ ʟʤʽʥʠʪʠ 

ʜʣʷ ʦʙ'ʻʜʥʘʥʥʷ ʛʨʫʧʠ ʤʝʨʝʞ. 

ʅʝʦʙʭʽʜʥʦ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʜʠʥ ʘʙʦ ʦʙʠʜʚʘ ʥʘʩʪʫʧʥʠʭ ʧʘʨʘʤʝʪʨʘ: 
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ip-address - IP-ʘʜʨʝʩʘ ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ, ʷʢʠʡ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʝʨʝʩʠʣʢʠ ʧʘʢʝʪʽʚ ʚ ʚʽʜʜʘʣʝʥʫ ʤʝʨʝʞʫ ʧʨʠʟʥʘʯʝʥʥʷ. 

ʊʘʢʠʡ IP-ʘʜʨʝʩʘ ʥʘʡʯʘʩʪʽʰʝ ʥʘʟʠʚʘʶʪʴ ʥʘʩʪʫʧʥʠʤ ʧʝʨʝʭʦʜʦʤ ʘʙʦ ʥʘʩʪʫʧʥʠʤ 

ʚʫʟʣʦʤ. 

exit-intf - ʚʠʭʽʜʥʠʡ ʽʥʪʝʨʬʝʡʩ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʝʨʝʜʘʯʽ ʧʘʢʝʪʘ 

ʥʘ ʥʘʩʪʫʧʥʠʡ ʧʝʨʝʭʽʜ. 

ʌʫʥʢʮʽʷ distance ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʧʣʘʚʘʶʯʦʛʦ ʩʪʘʪʠʯʥʦʛʦ 

ʤʘʨʰʨʫʪʫ ʰʣʷʭʦʤ ʥʘʩʪʨʦʡʢʠ ʟʥʘʯʝʥʥʷ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦʛʦ ʚʽʜʩʪʘʥʽ, ʱʦ 

ʧʝʨʝʚʠʱʫʻ ʟʥʘʯʝʥʥʷ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦʛʦ ʚʽʜʩʪʘʥʽ ʤʘʨʰʨʫʪʫ, ʦʜʝʨʞʫʚʘʥʦʛʦ 

ʜʠʥʘʤʽʯʥʦ. 

ʅʘʩʪʫʧʥʠʡ ʧʝʨʝʭʽʜ ʤʦʞʝ ʙʫʪʠ ʽʜʝʥʪʠʬʽʢʦʚʘʥʠʡ IP-ʘʜʨʝʩʦʶ, ʚʠʭʽʜʥʠʤ 

ʽʥʪʝʨʬʝʡʩʦʤ ʘʙʦ ʦʙʦʤʘ ʧʘʨʘʤʝʪʨʘʤʠ ʚʽʜʨʘʟʫ. ɿʘʣʝʞʥʦ ʚʽʜ ʪʦʛʦ, ʷʢ ʟʘʟʥʘʯʝʥʦ 

ʤʽʩʮʝ ʧʨʠʟʥʘʯʝʥʥʷ, ʩʪʚʦʨʶʻʪʴʩʷ ʦʜʠʥ ʟ ʪʨʴʦʭ ʤʦʞʣʠʚʠʭ ʪʠʧʽʚ ʤʘʨʰʨʫʪʫ: 

ʄʘʨʰʨʫʪ ʥʘʩʪʫʧʥʦʛʦ ʧʝʨʝʭʦʜʫ - ʚʢʘʟʫʻʪʴʩʷ ʪʽʣʴʢʠ IP-ʘʜʨʝʩʫ ʥʘʩʪʫʧʥʦʛʦ 

ʧʝʨʝʭʦʜʫ. 

ʉʪʘʪʠʯʥʠʡ ʤʘʨʰʨʫʪ ʟ ʧʨʷʤʠʤ ʧʽʜʢʣʶʯʝʥʥʷʤ - ʚʢʘʟʫʻʪʴʩʷ ʪʽʣʴʢʠ ʚʠʭʽʜʥʠʡ 

ʽʥʪʝʨʬʝʡʩ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ. 

ʇʦʚʥʽʩʪʶ ʟʘʜʘʥʠʡ ʩʪʘʪʠʯʥʠʡ ʤʘʨʰʨʫʪ - ʚʢʘʟʫʶʪʴʩʷ IP-ʘʜʨʝʩʘ ʥʘʩʪʫʧʥʦʛʦ 

ʧʝʨʝʭʦʜʫ ʽ ʚʠʭʽʜʥʠʡ ʽʥʪʝʨʬʝʡʩ. 

ʅʘʣʘʰʪʫʚʘʥʥʷ ʩʪʘʪʠʯʥʦʛʦ ʤʘʨʰʨʫʪʫ ʥʘʩʪʫʧʥʦʛʦ ʧʝʨʝʭʦʜʫ 

ʋ ʩʪʘʪʠʯʥʦʤʫ ʤʘʨʰʨʫʪʽ ʥʘʩʪʫʧʥʦʛʦ ʧʝʨʝʭʦʜʫ ʚʢʘʟʫʻʪʴʩʷ ʪʽʣʴʢʠ IP-ʘʜʨʝʩʫ 

ʥʘʩʪʫʧʥʦʛʦ ʧʝʨʝʭʦʜʫ. ɺʠʭʽʜʥʠʡ ʽʥʪʝʨʬʝʡʩ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʭʦʜʷʯʠ ʟ ʥʘʩʪʫʧʥʦʛʦ 

ʪʨʘʥʟʠʪʥʦʛʦ ʜʽʣʷʥʢʠ. ʅʘʧʨʠʢʣʘʜ, ʥʘ ʨʠʩ. 1 ʥʘ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽ R1 ʥʘʣʘʰʪʦʚʘʥʝ 



ʪʨʠ ʩʪʘʪʠʯʥʠʭ ʤʘʨʰʨʫʪʫ ʥʘʩʪʫʧʥʦʛʦ ʧʝʨʝʭʦʜʫ ʟʘ ʜʦʧʦʤʦʛʦʶ IP-ʘʜʨʝʩʠ 

ʥʘʩʪʫʧʥʦʛʦ ʧʝʨʝʭʦʜʫ, ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ R2. 

 
ʈʠʩ. 3.1.7 

ʇʝʨʝʜ ʧʝʨʝʩʠʣʘʥʥʷʤ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʤ ʙʫʜʴ-ʷʢʦʛʦ ʧʘʢʝʪʫ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʭʽʜʥʠʡ ʽʥʪʝʨʬʝʡʩ, ʷʢʠʡ ʙʫʜʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʧʝʨʝʩʠʣʘʥʥʷ ʧʘʢʝʪʘ. ʊʘʢʘ ʦʧʝʨʘʮʽʷ ʥʘʟʠʚʘʻʪʴʩʷ 

ʚʠʨʽʰʫʚʘʥʦʶ ʤʘʨʰʨʫʪʫ. 

ʅʘ ʨʠʩ. 2 ʜʝʪʘʣʴʥʦ ʧʦʢʘʟʘʥʠʡ ʧʨʦʮʝʩ ʧʝʨʝʩʠʣʘʥʥʷ ʧʘʢʝʪʽʚ ʚ ʪʘʙʣʠʮʽ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʜʣʷ R1. ʗʢʱʦ ʧʘʢʝʪ ʘʜʨʝʩʦʚʘʥʠʡ ʤʝʨʝʞʽ 192.168.2.0/24, 

ʤʘʨʰʨʫʪʠʟʘʪʦʨ R1: 

1. ʟʜʽʡʩʥʶʻ ʧʦʰʫʢ ʟʙʽʛʽʚ ʧʦ ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʽ ʚʠʷʚʣʷʻ, ʱʦ ʥʝʦʙʭʽʜʥʦ 

ʧʝʨʝʩʣʘʪʠ ʧʘʢʝʪʠ ʥʘ IPv4-ʘʜʨʝʩ ʥʘʩʪʫʧʥʦʛʦ ʧʝʨʝʭʦʜʫ 172.16.2.2, ʷʢ ʟʘʟʥʘʯʝʥʦ ʚ 

ʧʦʟʥʘʯʝʥʥʽ 1 ʥʘ ʤʘʣʶʥʢʫ. ɼʣʷ ʢʦʞʥʦʛʦ ʤʘʨʰʨʫʪʫ, ʷʢʠʡ ʧʦʩʠʣʘʻʪʴʩʷ ʪʽʣʴʢʠ ʥʘ 

IPv4-ʘʜʨʝʩ ʥʘʩʪʫʧʥʦʛʦ ʧʝʨʝʭʦʜʫ ʽ ʥʝ ʧʦʩʠʣʘʻʪʴʩʷ ʥʘ ʚʠʭʽʜʥʠʡ ʽʥʪʝʨʬʝʡʩ, 

ʧʦʚʠʥʝʥ ʙʫʪʠ ʟʘʟʥʘʯʝʥʠʡ IPv4-ʘʜʨʝʩ ʥʘʩʪʫʧʥʦʛʦ ʧʝʨʝʭʦʜʫ, ʧʝʨʝʪʚʦʨʝʥʠʡ ʟ 

ʜʦʧʦʤʦʛʦʶ ʽʥʰʦʛʦ ʤʘʨʰʨʫʪʫ ʚ ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʜʣʷ ʚʠʭʽʜʥʦʛʦ 

ʽʥʪʝʨʬʝʡʩʫ. 

2. ʄʘʨʰʨʫʪʠʟʘʪʦʨ R1 ʪʝʧʝʨ ʧʦʚʠʥʝʥ ʚʠʟʥʘʯʠʪʠ ʩʧʦʩʽʙ ʜʦʩʪʫʧʫ ʜʦ ʤʝʨʝʞʽ 

172.16.2.2; ʪʘʢʠʤ ʯʠʥʦʤ, ʚʽʥ ʧʦʚʪʦʨʥʦ ʧʝʨʝʚʽʨʷʻ ʥʘʷʚʥʽʩʪʴ ʟʙʽʛʽʚ ʜʣʷ 172.16.2.2. 

ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ IPv4-ʘʜʨʝʩ ʚʽʜʧʦʚʽʜʘʻ ʤʘʨʰʨʫʪʫ ʜʣʷ ʧʽʜʢʣʶʯʝʥʦʾ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʤʝʨʝʞʽ 172.16.2.0/24 ʟ ʚʠʭʽʜʥʠʤ ʽʥʪʝʨʬʝʡʩʦʤ Serial 0/0/0, ʱʦ 

ʧʦʟʥʘʯʝʥʦ ʤʽʪʢʦʶ 2 ʥʘ ʤʘʣʶʥʢʫ. ʇʦʰʫʢʦʚʠʡ ʟʘʧʠʪ ʧʦʚʽʜʦʤʣʷʻ ʪʘʙʣʠʮʽ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʱʦ ʜʘʥʠʡ ʧʘʢʝʪ ʧʝʨʝʩʠʣʘʻʪʴʩʷ ʟ ʮʴʦʛʦ ʽʥʪʝʨʬʝʡʩʫ. 

ɼʣʷ ʧʝʨʝʩʠʣʘʥʥʷ ʧʘʢʝʪʽʚ ʚ ʤʝʨʝʞʫ 192.168.2.0/24 ʧʦʪʨʽʙʥʦ ʜʚʘ ʧʨʦʮʝʩʠ 

ʧʦʰʫʢʫ ʧʦ ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. ʇʨʦʮʝʩ ʧʦʚʪʦʨʥʦʛʦ ʧʦʰʫʢʫ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʤ ʚ ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʧʝʨʝʜ ʧʝʨʝʩʠʣʘʥʥʷʤ ʧʘʢʝʪʘ ʚʽʜʦʤʠʡ 



ʷʢ ʨʝʢʫʨʩʠʚʥʠʡ ʧʦʰʫʢ. ʆʩʢʽʣʴʢʠ ʨʝʢʫʨʩʠʚʥʠʡ ʧʦʰʫʢ ʚʠʪʨʘʯʘʻ ʨʝʩʫʨʩʠ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ, ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʧʦ ʤʦʞʣʠʚʦʩʪʽ ʫʥʠʢʘʪʠ ʡʦʛʦ. 

ʈʝʢʫʨʩʠʚʥʠʡ ʩʪʘʪʠʯʥʠʡ ʤʘʨʰʨʫʪ ʻ ʜʦʧʫʩʪʠʤʠʤ (ʪ. ɽ. ʄʦʞʝ ʙʫʪʠ ʜʦʜʘʥʠʡ ʚ 

ʪʘʙʣʠʮʶ ʤʘʨʰʨʫʪʠʟʘʮʽʾ), ʪʽʣʴʢʠ ʷʢʱʦ ʟʘʟʥʘʯʝʥʠʡ ʥʘʩʪʫʧʥʠʡ ʧʝʨʝʭʽʜ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʯʠ ʦʧʦʩʝʨʝʜʢʦʚʘʥʦ ʧʦʚ'ʷʟʘʥʠʡ ʟ ʜʦʧʫʩʪʠʤʠʤ ʚʠʭʽʜʥʠʤ 

ʽʥʪʝʨʬʝʡʩʦʤ. ʗʢʱʦ ʜʣʷ ʚʠʭʽʜʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ʚʩʪʘʥʦʚʣʝʥʠʡ ʧʘʨʘʤʝʪʨ down 

(ʚʽʜʢʣʶʯʝʥʠʡ) ʘʙʦ administratively down (ʚʽʜʢʣʶʯʝʥʠʡ ʘʜʤʽʥʽʩʪʨʘʪʦʨʦʤ), ʪʦ 

ʩʪʘʪʠʯʥʠʡ ʤʘʨʰʨʫʪ ʥʝ ʙʫʜʝ ʜʦʜʘʥʠʡ ʚ ʪʘʙʣʠʮʶ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. 

ʅʘʣʘʰʪʫʚʘʥʥʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʜʢʣʶʯʝʥʦʛʦ ʩʪʘʪʠʯʥʦʛʦ ʤʘʨʰʨʫʪʫ 

ʇʽʜ ʯʘʩ ʥʘʣʘʰʪʫʚʘʥʥʷ ʩʪʘʪʠʯʥʦʛʦ ʤʘʨʰʨʫʪʫ ʪʘʢʦʞ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʚʠʭʽʜʥʠʡ ʽʥʪʝʨʬʝʡʩ ʜʣʷ ʥʘʣʘʰʪʫʚʘʥʥʷ ʘʜʨʝʩʠ ʥʘʩʪʫʧʥʦʛʦ ʧʝʨʝʭʦʜʫ. 

 
ʈʠʩ. 3.1.8 

ʅʘ ʨʠʩ. 1 ʪʨʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʜʢʣʶʯʝʥʠʭ ʩʪʘʪʠʯʥʠʭ ʤʘʨʰʨʫʪʫ 

ʥʘʣʘʰʪʦʚʘʥʽ ʥʘ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽ R1 ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʠʭʽʜʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ. ʋ 

ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ R1 ʥʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʦ, ʱʦ ʢʦʣʠ ʧʘʢʝʪ ʘʜʨʝʩʦʚʘʥʠʡ 

ʤʝʨʝʞʽ 192.168.2.0/24, ʤʘʨʰʨʫʪʠʟʘʪʦʨ R1 ʰʫʢʘʻ ʟʙʽʛʠ ʚ ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʽ 

ʚʠʷʚʣʷʻ, ʱʦ ʚʽʥ ʤʦʞʝ ʧʝʨʝʩʣʘʪʠ ʧʘʢʝʪ ʟʽ ʩʚʦʛʦ ʽʥʪʝʨʬʝʡʩʫ Serial 0/0/0. ɯʥʰʽ 

ʧʦʰʫʢʦʚʽ ʧʨʦʮʝʩʠ ʥʝ ʧʦʪʨʽʙʥʽ. 

ɿʚʝʨʥʽʪʴ ʫʚʘʛʫ, ʷʢ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʪʘʙʣʠʮʷ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʜʣʷ ʤʘʨʰʨʫʪʫ, 

ʥʘʣʘʰʪʦʚʘʥʦʛʦ ʟ ʚʠʭʽʜʥʠʤ ʽʥʪʝʨʬʝʡʩʦʤ, ʚʽʜ ʤʘʨʰʨʫʪʫ, ʥʘʣʘʰʪʦʚʘʥʦʛʦ ʟ 

ʨʝʢʫʨʩʠʚʥʦʾ ʟʘʧʠʩʦʤ. 

ʅʘʣʘʰʪʫʚʘʥʥʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʜʢʣʶʯʝʥʦʛʦ ʩʪʘʪʠʯʥʦʛʦ ʤʘʨʰʨʫʪʫ ʟ 

ʚʠʭʽʜʥʠʤ ʽʥʪʝʨʬʝʡʩʦʤ ʜʦʟʚʦʣʷʻ ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʧʝʨʝʪʚʦʨʠʪʠ ʚʠʭʽʜʥʠʡ 

ʽʥʪʝʨʬʝʡʩ ʚ ʭʦʜʽ ʦʜʥʦʛʦ ʧʨʦʮʝʩʫ ʧʦʰʫʢʫ ʟʘʤʽʩʪʴ ʜʚʦʭ. ʍʦʯʘ ʟʘʧʠʩ ʚ ʪʘʙʣʠʮʽ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚʢʘʟʫʻ ʥʘ çʧʨʷʤʝ ʧʽʜʢʣʶʯʝʥʥʷè, ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʝ ʚʽʜʩʪʘʥʴ 

ʩʪʘʪʠʯʥʦʛʦ ʤʘʨʰʨʫʪʫ ʷʢ ʽ ʨʘʥʽʰʝ ʜʦʨʽʚʥʶʻ 1. ʊʽʣʴʢʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʧʽʜʢʣʶʯʝʥʠʡ ʽʥʪʝʨʬʝʡʩ ʤʦʞʝ ʤʘʪʠ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʝ ʚʽʜʩʪʘʥʴ, ʨʽʚʥʫ 0. 



ʇʨʠʤʽʪʢʘ. ɼʣʷ ʽʥʪʝʨʬʝʡʩʽʚ ʪʠʧʫ çʪʦʯʢʘ-ʪʦʯʢʘè ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʩʪʘʪʠʯʥʽ ʤʘʨʰʨʫʪʠ, ʷʢʽ ʚʢʘʟʫʶʪʴ ʥʘ ʚʠʭʽʜʥʠʡ ʽʥʪʝʨʬʝʡʩ ʘʙʦ ʘʜʨʝʩʘ ʥʘʩʪʫʧʥʦʛʦ 

ʧʝʨʝʭʦʜʫ. ɼʣʷ ʙʘʛʘʪʦʪʦʯʢʦʚʠʭ ʘʙʦ ʰʠʨʦʢʦʤʦʚʥʠʭ ʽʥʪʝʨʬʝʡʩʽʚ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʪʘʪʠʯʥʽ ʤʘʨʰʨʫʪʠ, ʷʢʽ ʚʢʘʟʫʶʪʴ ʥʘ ʘʜʨʝʩʫ ʥʘʩʪʫʧʥʦʛʦ 

ʧʝʨʝʭʦʜʫ. 

ɺʠʢʦʨʠʩʪʦʚʫʡʪʝ ʽʥʩʪʨʫʤʝʥʪ ʧʝʨʝʚʽʨʢʠ ʩʠʥʪʘʢʩʠʩʫ ʥʘ ʨʠʩ. 3 ʽ 4 ʜʣʷ 

ʥʘʩʪʨʦʡʢʠ ʽ ʧʝʨʝʚʽʨʢʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʜʢʣʶʯʝʥʠʭ ʩʪʘʪʠʯʥʠʭ ʤʘʨʰʨʫʪʽʚ ʥʘ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʭ R2 ʽ R3. 

ʇʨʠʤʽʪʢʘ. ʊʝʭʥʦʣʦʛʽʷ CEF (Cisco Express Forwarding) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʘ 

ʫʤʦʚʯʘʥʥʷʤ ʥʘ ʙʽʣʴʰʦʩʪʽ ʧʨʠʩʪʨʦʾʚ, ʱʦ ʧʨʘʮʶʶʪʴ ʧʽʜ ʫʧʨʘʚʣʽʥʥʷʤ ʦʧʝʨʘʮʽʡʥʦʾ 

ʩʠʩʪʝʤʠ IOS 12.0 (ʘʙʦ ʧʽʟʥʽʰʦʾ ʚʝʨʩʽʾ). CEF ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ 

ʦʧʪʠʤʽʟʦʚʘʥʦʛʦ ʧʦʰʫʢʫ ʜʣʷ ʝʬʝʢʪʠʚʥʦʾ ʧʝʨʝʩʠʣʘʥʥʷ ʧʘʢʝʪʽʚ ʟʘ ʨʘʭʫʥʦʢ ʜʚʦʭ 

ʦʩʥʦʚʥʠʭ ʩʪʨʫʢʪʫʨ ʜʘʥʠʭ, ʱʦ ʟʙʝʨʽʛʘʶʪʴʩʷ ʚ ʧʣʦʱʠʥʽ ʜʘʥʠʭ: ʙʘʟʠ ʜʘʥʠʭ ʧʨʦ 

ʧʝʨʝʩʠʣʘʥʥʷ (FIB), ʷʢʘ ʻ ʢʦʧʽʻʶ ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʽ ʪʘʙʣʠʮʽ ʩʫʤʽʞʥʦʩʪʽ, 

ʷʢʘ ʤʽʩʪʠʪʴ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʘʜʨʝʩʘʮʽʾ ʜʨʫʛʦʛʦ ʨʽʚʥʷ. ɺʽʜʦʤʦʩʪʽ, ʦʙ'ʻʜʥʘʥʽ ʚ ʮʠʭ 

ʪʘʙʣʠʮʷʭ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʧʽʣʴʥʦ, ʪʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʢʫʨʩʠʚʥʦʛʦ ʧʦʰʫʢʫ 

ʧʨʠ ʧʦʰʫʢʫ IP-ʘʜʨʝʩʠ ʥʘʩʪʫʧʥʦʛʦ ʧʝʨʝʭʦʜʫ ʥʝ ʧʦʪʨʽʙʥʦ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʢʦʣʠ 

ʥʘ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽ ʚʢʣʶʯʝʥʘ ʬʫʥʢʮʽʷ CEF, ʩʪʘʪʠʯʥʠʡ ʤʘʨʰʨʫʪ, ʷʢʠʡ 

ʚʠʢʦʨʠʩʪʦʚʫʻ IP-ʘʜʨʝʩʘ ʥʘʩʪʫʧʥʦʛʦ ʧʝʨʝʭʦʜʫ, ʚʠʤʘʛʘʻ ʦʜʠʥʠʯʥʦʛʦ ʧʦʰʫʢʫ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ ʱʦ ʩʪʘʪʠʯʥʽ ʤʘʨʰʨʫʪʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʽʣʴʢʠ ʚʠʭʽʜʥʠʡ 

ʽʥʪʝʨʬʝʡʩ ʚ ʤʝʨʝʞʘʭ ʪʠʧʫ çʪʦʯʢʘ-ʪʦʯʢʘè, ʰʠʨʦʢʦ ʧʦʰʠʨʝʥʽ, ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʝʪʦʜʫ ʧʝʨʝʩʠʣʘʥʥʷ CEF ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʫʩʫʚʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚ ʪʘʢʦʤʫ 

ʧʽʜʭʦʜʽ. ʊʝʭʥʦʣʦʛʽʷ CEF ʜʦʢʣʘʜʥʦ ʦʧʠʩʘʥʘ ʜʘʣʽ ʚ ʮʴʦʤʫ ʢʫʨʩʽ. 

ʋ ʧʦʚʥʽʩʪʶ ʟʘʜʘʥʦʤʫ ʩʪʘʪʠʯʥʦʤʫ ʤʘʨʰʨʫʪʽ ʚʢʘʟʫʶʪʴʩʷ ʷʢ ʚʠʭʽʜʥʠʡ 

ʽʥʪʝʨʬʝʡʩ, ʪʘʢ ʽ IP-ʘʜʨʝʩʘ ʥʘʩʪʫʧʥʦʛʦ ʧʝʨʝʭʦʜʫ. ʎʝ ʱʝ ʦʜʠʥ ʪʠʧ ʩʪʘʪʠʯʥʦʛʦ 

ʤʘʨʰʨʫʪʫ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʙʽʣʴʰ ʨʘʥʥʽʭ ʚʝʨʩʽʷʭ IOS, ʷʢʽ ʥʝ ʤʘʶʪʴ 

ʬʫʥʢʮʽʾ CEF. ʊʘʢʠʡ ʩʪʘʪʠʯʥʠʡ ʤʘʨʰʨʫʪ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ 

ʚʠʭʽʜʥʠʡ ʽʥʪʝʨʬʝʡʩ ʷʚʣʷʻ ʩʦʙʦʶ ʽʥʪʝʨʬʝʡʩ ʤʥʦʞʠʥʥʦʛʦ ʜʦʩʪʫʧʫ ʽ ʥʝʦʙʭʽʜʥʦ 

ʷʚʥʦ ʚʠʟʥʘʯʠʪʠ ʥʘʩʪʫʧʥʠʡ ʧʝʨʝʭʽʜ. ʅʘʩʪʫʧʥʠʡ ʧʝʨʝʭʽʜ ʧʦʚʠʥʝʥ ʙʫʪʠ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʜʢʣʶʯʝʥʠʡ ʜʦ ʟʘʟʥʘʯʝʥʦʛʦ ʚʠʭʽʜʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ. 



 
ʈʠʩ. 3.1.9 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʢʘʥʘʣ ʤʝʨʝʞʽ ʤʽʞ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤʠ R1 ʽ R2 ʻ ʢʘʥʘʣʦʤ 

Ethernet ʽ ʱʦ ʽʥʪʝʨʬʝʡʩ GigabitEthernet 0/1 ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ R1 ʧʽʜʢʣʶʯʝʥʠʡ ʜʦ 

ʮʽʻʾ ʤʝʨʝʞʽ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1. ʌʫʥʢʮʽʷ CEF ʥʝ ʚʢʣʶʯʝʥʘ. ʑʦʙ ʚʠʢʣʶʯʠʪʠ 

ʨʝʢʫʨʩʠʚʥʠʡ ʧʦʰʫʢ, ʤʦʞʥʘ ʨʝʘʣʽʟʫʚʘʪʠ ʩʪʘʪʠʯʥʠʡ ʤʘʨʰʨʫʪ ʟ ʧʨʷʤʠʤ 

ʧʽʜʢʣʶʯʝʥʥʷʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʩʪʫʧʥʦʾ ʢʦʤʘʥʜʠ: 

R1 (config) # ip route 192.168.2.0 255.255.255.0 GigabitEthernet 0/1 

ʆʜʥʘʢ ʧʦʜʽʙʥʽ ʜʽʾ ʤʦʞʫʪʴ ʧʨʠʚʝʩʪʠ ʜʦ ʥʝʧʝʨʝʜʙʘʯʝʥʠʭ ʘʙʦ ʩʫʧʝʨʝʯʣʠʚʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ. ʈʽʟʥʠʮʷ ʤʽʞ ʤʝʨʝʞʝʶ Ethernet ʟ ʤʥʦʞʠʥʥʠʤ ʜʦʩʪʫʧʦʤ ʽ 

ʧʦʩʣʽʜʦʚʥʦʾ ʤʝʨʝʞʝʶ ʪʠʧʫ çʪʦʯʢʘ-ʪʦʯʢʘè ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʤʝʨʝʞʘ çʪʦʯʢʘ-

ʪʦʯʢʘè ʤʽʩʪʠʪʴ ʪʽʣʴʢʠ ʦʜʠʥ ʧʨʠʩʪʨʽʡ - ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʥʘ ʽʥʰʦʤʫ ʢʽʥʮʽ ʢʘʥʘʣʫ. 

ʄʝʨʝʞʽ Ethernet ʤʦʞʫʪʴ ʤʽʩʪʠʪʠ ʙʝʟʣʽʯ ʨʽʟʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʦʜʥʫ ʤʝʨʝʞʫ ʟ ʤʥʦʞʠʥʥʠʤ ʜʦʩʪʫʧʦʤ, ʚʢʣʶʯʘʶʯʠ ʚʫʟʣʠ ʽ ʥʘʚʽʪʴ ʢʽʣʴʢʘ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ. ʗʢʱʦ ʚʠʭʽʜʥʠʡ ʽʥʪʝʨʬʝʡʩ Ethernet ʧʨʦʩʪʦ ʧʦʟʥʘʯʝʥʠʡ ʚ 

ʩʪʘʪʠʯʥʦʤʫ ʤʘʨʰʨʫʪʽ, ʫ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʥʝʜʦʩʪʘʪʥʴʦ ʜʘʥʠʭ, ʱʦʙ ʚʠʟʥʘʯʠʪʠ, 

ʷʢʠʡ ʧʨʠʩʪʨʽʡ ʻ ʧʨʠʩʪʨʦʻʤ ʥʘʩʪʫʧʥʦʛʦ ʧʝʨʝʭʦʜʫ. 

ʄʘʨʰʨʫʪʠʟʘʪʦʨ R1 ʟʥʘʻ, ʱʦ ʧʘʢʝʪ ʧʦʚʠʥʝʥ ʙʫʪʠ ʠʥʢʘʧʩʫʣʠʨʦʚʘʥ ʚ ʢʘʜʨʽ 

Ethernet ʽ ʚʽʜʧʨʘʚʣʝʥʠʡ ʟʘ ʤʝʞʽ ʽʥʪʝʨʬʝʡʩʫ GigabitEthernet 0/1. ʆʜʥʘʢ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ R1 ʥʝʚʽʜʦʤʠʡ IPv4-ʘʜʨʝʩ ʥʘʩʪʫʧʥʦʛʦ ʧʝʨʝʭʦʜʫ, ʪʦʤʫ ʚʽʥ ʥʝ 

ʤʦʞʝ ʚʠʟʥʘʯʠʪʠ MAC-ʘʜʨʝʩʫ ʧʨʠʟʥʘʯʝʥʥʷ ʜʣʷ ʢʘʜʨʫ Ethernet. 

ʄʦʞʣʠʚʽʩʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʪʘʪʠʯʥʦʛʦ ʤʘʨʰʨʫʪʫ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʪʦʧʦʣʦʛʽʻʶ ʽ ʥʘʩʪʨʦʡʢʘʤʠ ʥʘ ʽʥʰʠʭ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʭ. ʗʢʱʦ ʚʠʭʽʜʥʠʡ 

ʽʥʪʝʨʬʝʡʩ ʻ ʤʝʨʝʞʝʶ Ethernet, ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʦʚʥʽʩʪʶ 

ʟʘʜʘʥʠʡ ʩʪʘʪʠʯʥʠʡ ʤʘʨʰʨʫʪ, ʚʢʣʶʯʘʶʯʠ ʷʢ ʚʠʭʽʜʥʠʡ ʽʥʪʝʨʬʝʡʩ, ʪʘʢ ʽ IP-ʘʜʨʝʩʘ 

ʥʘʩʪʫʧʥʦʛʦ ʧʝʨʝʭʦʜʫ. 

ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2, ʧʨʠ ʧʝʨʝʩʠʣʘʥʥʽ ʧʘʢʝʪʽʚ ʥʘ ʤʘʨʰʨʫʪʠʟʘʪʦʨ R2 

ʚʠʭʽʜʥʠʡ ʽʥʪʝʨʬʝʡʩ ʻ ʽʥʪʝʨʬʝʡʩʦʤ GigabitEthernet 0/1, ʘ IPv4-ʘʜʨʝʩ ʥʘʩʪʫʧʥʦʛʦ 

ʧʝʨʝʭʦʜʫ ʜʦʨʽʚʥʶʻ 172.16.2.2. 



ʇʨʠʤʽʪʢʘ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ CEF ʥʘʩʪʨʦʡʢʘ ʧʦʚʥʽʩʪʶ ʟʘʜʘʥʦʛʦ ʩʪʘʪʠʯʥʦʛʦ 

ʤʘʨʰʨʫʪʫ ʥʝ ʧʦʪʨʽʙʥʦ. ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʩʣʽʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʪʘʪʠʯʥʠʡ 

ʤʘʨʰʨʫʪ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻ ʘʜʨʝʩʫ ʥʘʩʪʫʧʥʦʛʦ ʧʝʨʝʭʦʜʫ. 

ʇʦʨʷʜ ʟ ʢʦʤʘʥʜʘʤʠ ping ʽ traceroute ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʩʪʘʪʠʯʥʠʭ ʤʘʨʰʨʫʪʽʚ 

ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʘʢʽ ʢʦʤʘʥʜʠ: 

 

¶show ip route 

¶show ip route static 

¶show ip route ʄʝʨʝʞʝʚʠʡ 

ʉʪʘʪʠʯʥʠʡ ʤʘʨʰʨʫʪ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ 

ʄʘʨʰʨʫʪʠʟʘʪʦʨ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʘʨʰʨʫʪʠ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ, 

ʥʘʣʘʰʪʦʚʘʥʽ ʣʦʢʘʣʴʥʦ ʘʙʦ ʦʪʨʠʤʘʥʽ ʚʽʜ ʽʥʰʦʛʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ, ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʦʪʦʢʦʣʫ ʜʠʥʘʤʽʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. ʄʘʨʰʨʫʪ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʥʝ ʚʠʤʘʛʘʻ 

ʟʙʽʛʫ ʥʽʷʢʠʭ ʩʘʤʠʭ ʣʽʚʠʭ ʙʽʪʽʚ ʤʽʞ ʤʘʨʰʨʫʪʦʤ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʽ IPv4-ʘʜʨʝʩʦʶ 

ʧʨʠʟʥʘʯʝʥʥʷ. ʄʘʨʰʨʫʪ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ, ʷʢʱʦ ʞʦʜʝʥ ʟ 

ʤʘʨʰʨʫʪʽʚ ʚ ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʥʝ ʟʙʽʛʘʻʪʴʩʷ ʟ IP-ʘʜʨʝʩʦʶ ʤʽʩʮʷ 

ʧʨʠʟʥʘʯʝʥʥʷ ʧʘʢʝʪʫ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʙʽʣʴʰ ʪʦʯʥʠʭ ʟʙʽʛʽʚ ʚ 

ʷʢʦʩʪʽ çʰʣʶʟʫ ʦʩʪʘʥʥʴʦʾ ʥʘʜʽʾè ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʘʨʰʨʫʪ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ. 

ʉʪʘʪʠʯʥʽ ʤʘʨʰʨʫʪʠ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ 

ʧʽʜʢʣʶʯʝʥʥʽ: 

ʧʨʠʢʦʨʜʦʥʥʦʛʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʜʦ ʤʝʨʝʞʽ ʽʥʪʝʨʥʝʪ-ʧʨʦʚʘʡʜʝʨʘ ʘʙʦ. 

ʪʫʧʠʢʦʚʦʛʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ (ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʪʽʣʴʢʠ ʟ ʦʜʥʠʤ ʩʫʩʽʜʥʽʤ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʤ ʚ ʚʠʩʭʽʜʥʦʤʫ ʥʘʧʨʷʤʢʫ). 

ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʤʘʣʶʥʢʫ, ʩʠʥʪʘʢʩʠʩ ʢʦʤʘʥʜʠ ʜʣʷ ʩʪʘʪʠʯʥʦʛʦ ʤʘʨʰʨʫʪʫ ʟʘ 

ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʘʥʘʣʦʛʽʯʥʠʡ ʩʠʥʪʘʢʩʠʩʫ ʢʦʤʘʥʜʠ ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ ʽʥʰʦʛʦ 

ʩʪʘʪʠʯʥʦʛʦ ʤʘʨʰʨʫʪʫ ʟʘ ʚʠʥʷʪʢʦʤ ʪʦʛʦ, ʱʦ ʘʜʨʝʩʘ ʤʝʨʝʞʽ ʚʢʘʟʫʻʪʴʩʷ ʷʢ 0.0.0.0, 

ʘ ʤʘʩʢʘ ʧʽʜʤʝʨʝʞʽ - 0.0.0.0. 

ʅʘʣʘʰʪʫʚʘʥʥʷ ʩʪʘʪʠʯʥʦʛʦ ʤʘʨʰʨʫʪʫ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ 

ʄʘʨʰʨʫʪʠʟʘʪʦʨ R1 ʤʦʞʥʘ ʥʘʣʘʰʪʫʚʘʪʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʪʨʠ ʩʪʘʪʠʯʥʠʭ 

ʤʘʨʰʨʫʪʫ ʜʣʷ ʜʦʩʪʫʧʫ ʜʦ ʚʩʽʭ ʚʽʜʜʘʣʝʥʠʤ ʤʝʨʝʞ ʚ ʧʨʠʚʝʜʝʥʦʶ ʷʢ ʧʨʠʢʣʘʜ 

ʪʦʧʦʣʦʛʽʾ. ʆʜʥʘʢ R1 ʻ ʪʫʧʠʢʦʚʠʤ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʤ, ʦʩʢʽʣʴʢʠ ʚʽʥ ʧʦʚ'ʷʟʘʥʠʡ 

ʪʽʣʴʢʠ ʟ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʤ R2. ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʙʘʛʘʪʦ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ 

ʤʝʪʦʜʦʤ ʻ ʥʘʩʪʨʦʡʢʘ ʩʪʘʪʠʯʥʦʛʦ ʤʘʨʰʨʫʪʫ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ. 



 
ʈʠʩ. 3.1.10 

ʋ ʧʨʠʢʣʘʜʽ, ʧʦʢʘʟʘʥʦʤʫ ʥʘ ʤʘʣʶʥʢʫ, ʚʠʢʦʥʫʻʪʴʩʷ ʥʘʩʪʨʦʡʢʘ ʩʪʘʪʠʯʥʦʛʦ 

ʤʘʨʰʨʫʪʫ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʥʘ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽ R1. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʥʘʩʪʨʦʡʢʠ, ʧʦʢʘʟʘʥʦʾ ʚ ʧʨʠʢʣʘʜʽ, ʚʩʽ ʧʘʢʝʪʠ, ʷʢʽ ʥʝ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘʧʠʩʘʤ ʙʽʣʴʰ 

ʪʦʯʥʦʛʦ ʤʘʨʰʨʫʪʫ, ʧʝʨʝʩʠʣʘʶʪʴʩʷ ʥʘ ʘʜʨʝʩʫ 172.16.2.2. 

ʇʝʨʝʚʽʨʢʘ ʩʪʘʪʠʯʥʦʾ ʤʘʨʰʨʫʪʫ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ 



 
ʈʠʩ. 3.1.11 

ʅʘ ʤʘʣʶʥʢʫ ʚ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʢʦʤʘʥʜʠ show ip route static ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ 

ʚʤʽʩʪ ʩʪʘʪʠʯʥʠʭ ʤʘʨʰʨʫʪʽʚ ʚ ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. ɿʚʝʨʥʽʪʴ ʫʚʘʛʫ ʥʘ ʩʠʤʚʦʣ 

ʟʽʨʦʯʢʠ (*) ʧʦʨʫʯ ʟ ʤʘʨʰʨʫʪʦʤ, ʱʦ ʤʘʻ ʢʦʜ S. ʗʢ ʧʦʢʘʟʘʥʦ ʚ ʪʘʙʣʠʮʽ ʢʦʜʽʚ ʥʘ 

ʤʘʣʶʥʢʫ, ʩʠʤʚʦʣ ʟʽʨʦʯʢʠ ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʜʘʥʠʡ ʩʪʘʪʠʯʥʠʡ ʤʘʨʰʨʫʪ ʻ 

ʢʘʥʜʠʜʘʪʦʤ ʚ ʤʘʨʰʨʫʪʠ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ, ʽ ʩʘʤʝ ʪʦʤʫ ʚʽʥ ʦʙʨʘʥʠʡ ʷʢ çʰʣʶʟ 

ʦʩʪʘʥʥʴʦʾ ʥʘʜʽʾ è. 

ʂʣʶʯʝʤ ʜʣʷ ʜʘʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ʚʠʩʪʫʧʘʻ ʤʘʩʢʘ / 0. ʄʘʩʢʘ ʧʽʜʤʝʨʝʞʽ ʚ 

ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚʠʟʥʘʯʘʻ ʯʠʩʣʦ ʙʽʪʽʚ, ʷʢʽ ʧʦʚʠʥʥʽ ʩʧʽʚʧʘʩʪʠ ʤʽʞ IP-

ʘʜʨʝʩʦʶ ʧʨʠʟʥʘʯʝʥʥʷ ʧʘʢʝʪʘ ʽ ʤʘʨʰʨʫʪʦʤ ʚ ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. ɼʚʽʡʢʦʚʝ 

ʟʥʘʯʝʥʥʷ 1 ʛʦʚʦʨʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʧʦʪʨʽʙʥʦ ʟʙʽʛ ʙʽʪʽʚ. ɼʚʽʡʢʦʚʝ ʟʥʘʯʝʥʥʷ 0 ʚʢʘʟʫʻ, 

ʱʦ ʟʙʽʛ ʙʽʪʽʚ ʥʝ ʧʦʪʨʽʙʥʦ. ʄʘʩʢʘ / 0 ʚ ʜʘʥʦʤʫ ʟʘʧʠʩʽ ʤʘʨʰʨʫʪʫ ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ 

ʥʝ ʧʦʪʨʽʙʥʦ ʟʙʽʛ ʞʦʜʥʦʛʦ ʟ ʙʽʪʽʚ. ʉʪʘʪʠʯʥʠʡ ʤʘʨʰʨʫʪ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ 

ʟʽʩʪʘʚʣʷʻ ʚʩʝ ʧʘʢʝʪʠ, ʜʣʷ ʷʢʠʭ ʥʝ ʽʩʥʫʻ ʙʽʣʴʰ ʪʦʯʥʦʛʦ ʟʙʽʛʫ. 

ʉʪʘʪʠʯʥʽ ʤʘʨʰʨʫʪʠ ʜʣʷ ʧʨʦʪʦʢʦʣʫ IPv6 ʥʘʣʘʰʪʦʚʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʦʤʘʥʜʠ ʛʣʦʙʘʣʴʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ipv6 route. ʅʘ ʨʠʩ. 1 ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʘ 

ʩʧʨʦʱʝʥʘ ʚʝʨʩʽʷ ʩʠʥʪʘʢʩʠʩʫ ʢʦʤʘʥʜʠ. 

ɹʽʣʴʰʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ ʽʜʝʥʪʠʯʥʽ IPv4-ʚʝʨʩʽʾ ʮʽʻʾ ʢʦʤʘʥʜʠ. ʉʪʘʪʠʯʥʠʡ 

ʤʘʨʰʨʫʪ IPv6 ʤʦʞʥʘ ʨʝʘʣʽʟʫʚʘʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

 

¶ʩʪʘʥʜʘʨʪʥʠʡ ʩʪʘʪʠʯʥʠʡ ʤʘʨʰʨʫʪ IPv6; 

¶ʩʪʘʪʠʯʥʠʡ ʤʘʨʰʨʫʪ IPv6 ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ; 

¶ʦʙ'ʻʜʥʘʥʠʡ ʩʪʘʪʠʯʥʠʡ ʤʘʨʰʨʫʪ IPv6; 

¶ʧʣʘʚʘʶʯʠʡ ʩʪʘʪʠʯʥʠʡ ʤʘʨʰʨʫʪ IPv6. 

ʗʢ ʽ ʫ ʚʠʧʘʜʢʫ ʟ IPv4, ʮʽ ʤʘʨʰʨʫʪʠ ʤʦʞʥʘ ʥʘʣʘʰʪʫʚʘʪʠ ʷʢ ʨʝʢʫʨʩʠʚʥʽ, 

ʧʽʜʢʣʶʯʝʥʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʘʙʦ ʧʦʚʥʽʩʪʶ ʟʘʜʘʥʽ ʤʘʨʰʨʫʪʠ. 



 
ʈʠʩ. 3.1.12 

ɼʣʷ ʪʦʛʦ ʱʦʙ ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʤʽʛ ʟʜʽʡʩʥʶʚʘʪʠ ʧʝʨʝʩʠʣʢʫ ʧʘʢʝʪʽʚ ʜʣʷ IPv6, 

ʥʝʦʙʭʽʜʥʦ ʥʘʣʘʰʪʫʚʘʪʠ ʢʦʤʘʥʜʫ ʛʣʦʙʘʣʴʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ipv6 unicast-routing. 

ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʘ ʧʨʦʮʝʜʫʨʘ ʚʢʣʶʯʝʥʥʷ ʦʜʥʦʘʜʨʝʩʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ IPv6. 

ʇʘʨʘʤʝʪʨʠ ʥʘʩʪʫʧʥʦʛʦ ʧʝʨʝʭʦʜʫ 

 
ʈʠʩ. 3.1.13 

ɺ ʜʘʥʦʤʫ ʧʨʠʢʣʘʜʽ ʥʘ ʤʘʣʶʥʢʘʭ 1-3 ʧʨʝʜʩʪʘʚʣʝʥʽ ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ 

R1, R2 ʽ R3. ɿʚʝʨʥʽʪʴ ʫʚʘʛʫ, ʱʦ ʚʩʽ ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ ʤʽʩʪʷʪʴ ʟʘʧʠʩʠ ʪʽʣʴʢʠ ʜʣʷ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʜʢʣʶʯʝʥʠʭ ʤʝʨʝʞ ʽ ʧʦʚ'ʷʟʘʥʠʭ ʟ ʥʠʤʠ ʣʦʢʘʣʴʥʠʭ ʘʜʨʝʩ. ɾʦʜʝʥ 



ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʥʝ ʤʘʻ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʤʝʨʝʞʽ ʟʘ ʤʝʞʘʤʠ ʧʽʜʢʣʶʯʝʥʠʭ ʜʦ ʥʴʦʛʦ 

ʽʥʪʝʨʬʝʡʩʽʚ. 

ʅʘʧʨʠʢʣʘʜ, R1 ʥʝ ʤʘʻ ʚʽʜʦʤʦʩʪʝʡ ʧʨʦ ʪʘʢʠʭ ʤʝʨʝʞʘʭ: 

 

¶2001: DB8: ACAD: 2 :: / 64 - ʣʦʢʘʣʴʥʘ ʤʝʨʝʞʘ, ʧʽʜʢʣʶʯʝʥʘ ʜʦ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ R2 

¶2001: DB8: ACAD: 5 :: / 64 - ʧʦʩʣʽʜʦʚʥʘ ʤʝʨʝʞʘ ʤʽʞ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤʠ R2 ʽ R3 

¶2001: DB8: ACAD: 3 :: / 64 - ʣʦʢʘʣʴʥʘ ʤʝʨʝʞʘ, ʧʽʜʢʣʶʯʝʥʘ ʜʦ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ R3 

ʅʘʩʪʫʧʥʠʡ ʧʝʨʝʭʽʜ ʤʦʞʝ ʙʫʪʠ ʽʜʝʥʪʠʬʽʢʦʚʘʥʠʡ IPv6-ʘʜʨʝʩʦʶ, ʚʠʭʽʜʥʠʤ 

ʽʥʪʝʨʬʝʡʩʦʤ ʘʙʦ ʦʙʦʤʘ ʧʘʨʘʤʝʪʨʘʤʠ ʚʽʜʨʘʟʫ. ɿʘʣʝʞʥʦ ʚʽʜ ʪʦʛʦ, ʷʢ ʟʘʟʥʘʯʝʥʦ 

ʤʽʩʮʝ ʧʨʠʟʥʘʯʝʥʥʷ, ʩʪʚʦʨʶʻʪʴʩʷ ʦʜʠʥ ʟ ʪʨʴʦʭ ʤʦʞʣʠʚʠʭ ʪʠʧʽʚ ʤʘʨʰʨʫʪʫ. 

ʉʪʘʪʠʯʥʠʡ ʤʘʨʰʨʫʪ IPv6 ʥʘʩʪʫʧʥʦʛʦ ʧʝʨʝʭʦʜʫ - ʚʢʘʟʫʻʪʴʩʷ ʪʽʣʴʢʠ IPv6-

ʘʜʨʝʩʘ ʥʘʩʪʫʧʥʦʛʦ ʧʝʨʝʭʦʜʫ. 

ʉʪʘʪʠʯʥʠʡ ʤʘʨʰʨʫʪ IPv6 ʟ ʧʨʷʤʠʤ ʧʽʜʢʣʶʯʝʥʥʷʤ - ʚʢʘʟʫʻʪʴʩʷ ʪʽʣʴʢʠ 

ʚʠʭʽʜʥʠʡ ʽʥʪʝʨʬʝʡʩ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ. 

ʇʦʚʥʽʩʪʶ ʟʘʜʘʥʠʡ ʩʪʘʪʠʯʥʠʡ ʤʘʨʰʨʫʪ IPv6 - ʚʢʘʟʫʶʪʴʩʷ IP-ʘʜʨʝʩʘ 

ʥʘʩʪʫʧʥʦʛʦ ʧʝʨʝʭʦʜʫ ʽ ʚʠʭʽʜʥʠʡ ʽʥʪʝʨʬʝʡʩ. 

ʅʘʣʘʰʪʫʚʘʥʥʷ ʩʪʘʪʠʯʥʦʛʦ ʤʘʨʰʨʫʪʫ IPv6 ʥʘʩʪʫʧʥʦʛʦ ʧʝʨʝʭʦʜʫ 

ʋ ʩʪʘʪʠʯʥʦʤʫ ʤʘʨʰʨʫʪʽ ʥʘʩʪʫʧʥʦʛʦ ʧʝʨʝʭʦʜʫ ʚʢʘʟʫʻʪʴʩʷ ʪʽʣʴʢʠ IPv6-

ʘʜʨʝʩʘ ʥʘʩʪʫʧʥʦʛʦ ʧʝʨʝʭʦʜʫ. ɺʠʭʽʜʥʠʡ ʽʥʪʝʨʬʝʡʩ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʭʦʜʷʯʠ ʟ 

ʥʘʩʪʫʧʥʦʛʦ ʪʨʘʥʟʠʪʥʦʛʦ ʜʽʣʷʥʢʠ. ʅʘʧʨʠʢʣʘʜ, ʥʘ ʨʠʩ. 1 ʥʘ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽ R1 

ʥʘʣʘʰʪʦʚʘʥʽ ʪʨʠ ʩʪʘʪʠʯʥʠʭ ʤʘʨʰʨʫʪʫ ʥʘʩʪʫʧʥʦʛʦ ʧʝʨʝʭʦʜʫ. 

ʗʢ ʫ ʚʠʧʘʜʢʫ ʟ IPv4, ʧʝʨʝʜ ʧʝʨʝʩʠʣʘʥʥʷʤ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʤ ʙʫʜʴ-ʷʢʦʛʦ 

ʧʘʢʝʪʘ ʩʠʩʪʝʤʘ ʦʙʨʦʙʢʠ ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʧʦʚʠʥʥʘ ʚʠʟʥʘʯʠʪʠ ʤʘʨʰʨʫʪ ʽ 

ʚʠʭʽʜʥʠʡ ʽʥʪʝʨʬʝʡʩ, ʷʢʠʡ ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʧʝʨʝʩʠʣʘʥʥʷ ʧʘʢʝʪʘ. 

ʇʨʦʮʝʩ ʨʦʟʚ'ʷʟʘʥʥʷ ʤʘʨʰʨʫʪʫ ʙʫʜʝ ʚʽʜʨʽʟʥʷʪʠʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʤʝʪʦʜʫ 

ʧʝʨʝʩʠʣʘʥʥʷ ʧʘʢʝʪʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʤ. ʊʝʭʥʦʣʦʛʽʷ CEF 

(Cisco Express Forwarding) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʘ ʫʤʦʚʯʘʥʥʷʤ ʥʘ ʙʽʣʴʰʦʩʪʽ 

ʧʣʘʪʬʦʨʤ, ʱʦ ʧʨʘʮʶʶʪʴ ʧʽʜ ʫʧʨʘʚʣʽʥʥʷʤ ʇʆ Cisco IOS ʚʝʨʩʽʾ 12.0 ʘʙʦ ʙʽʣʴʰ 

ʧʽʟʥʴʦʾ ʚʝʨʩʽʾ. 



 
ʈʠʩ. 3.1.14 

ʅʘ ʨʠʩ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʠʡ ʧʨʦʮʝʩ ʚʠʟʥʘʯʝʥʥʷ ʤʘʨʰʨʫʪʫ ʧʨʠ ʧʝʨʝʩʠʣʘʥʥʽ 

ʧʘʢʝʪʽʚ ʚ ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ R1 ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ CEF. 

ʗʢʱʦ ʧʘʢʝʪ ʘʜʨʝʩʦʚʘʥʠʡ ʤʝʨʝʞʽ 2001: DB8: ACAD: 3 :: / 64, ʤʘʨʰʨʫʪʠʟʘʪʦʨ R1 

ʚʠʢʦʥʫʻ ʥʘʩʪʫʧʥʽ ʜʽʾ: 

1. R1 ʰʫʢʘʻ ʟʙʽʛʠ ʚ ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʽ ʚʠʷʚʣʷʻ, ʱʦ ʧʦʪʨʽʙʥʦ 

ʧʝʨʝʩʠʣʘʥʥʷ ʧʘʢʝʪʽʚ ʥʘ IPv6-ʘʜʨʝʩʘ ʥʘʩʪʫʧʥʦʛʦ ʧʝʨʝʭʦʜʫ 2001: DB8: ACAD: 4 :: 

2. ɼʣʷ ʢʦʞʥʦʛʦ ʤʘʨʰʨʫʪʫ, ʷʢʠʡ ʧʦʩʠʣʘʻʪʴʩʷ ʪʽʣʴʢʠ ʥʘ IPv6-ʘʜʨʝʩʘ ʥʘʩʪʫʧʥʦʛʦ 

ʧʝʨʝʭʦʜʫ ʽ ʥʝ ʧʦʩʠʣʘʻʪʴʩʷ ʥʘ ʚʠʭʽʜʥʠʡ ʽʥʪʝʨʬʝʡʩ, ʧʦʚʠʥʝʥ ʙʫʪʠ ʟʘʟʥʘʯʝʥʠʡ 

IPv6-ʘʜʨʝʩʘ ʥʘʩʪʫʧʥʦʛʦ ʧʝʨʝʭʦʜʫ, ʧʝʨʝʪʚʦʨʝʥʠʡ ʟ ʜʦʧʦʤʦʛʦʶ ʽʥʰʦʛʦ ʤʘʨʰʨʫʪʫ 

ʚ ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʜʣʷ ʚʠʭʽʜʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ. 

2. ʊʝʧʝʨ ʤʘʨʰʨʫʪʠʟʘʪʦʨ R1 ʧʦʚʠʥʝʥ ʚʠʟʥʘʯʠʪʠ ʩʧʦʩʽʙ ʜʦʩʪʫʧʫ ʜʦ 2001: 

DB8: ACAD: 4 :: 2. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʽʥ ʚʠʢʦʥʫʻ ʧʦʚʪʦʨʥʠʡ ʧʦʰʫʢ ʟʙʽʛʽʚ. ɺ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ IPv6-ʘʜʨʝʩʘ ʚʽʜʧʦʚʽʜʘʻ ʤʘʨʰʨʫʪʫ ʜʣʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʜʢʣʶʯʝʥʦʾ 

ʤʝʨʝʞʽ 2001: DB8: ACAD: 4 :: / 64 ʟ ʚʠʭʽʜʥʠʤ ʽʥʪʝʨʬʝʡʩʦʤ Serial 0/0/0. 

ʇʦʰʫʢʦʚʠʡ ʟʘʧʠʪ ʧʦʚʽʜʦʤʣʷʻ ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʱʦ ʜʘʥʠʡ ʧʘʢʝʪ 

ʧʝʨʝʩʠʣʘʻʪʴʩʷ ʟ ʮʴʦʛʦ ʽʥʪʝʨʬʝʡʩʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʽʥ ʬʘʢʪʠʯʥʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʜʚʘ ʧʨʦʮʝʩʠ ʧʦʰʫʢʫ ʚ ʪʘʙʣʠʮʽ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʜʣʷ ʧʝʨʝʩʠʣʢʠ ʙʫʜʴ-ʷʢʦʛʦ ʧʘʢʝʪʘ ʚ ʤʝʨʝʞʫ 2001: DB8: ACAD: 3 

:: / 64. ʇʨʦʮʝʩ ʧʦʚʪʦʨʥʦʛʦ ʧʦʰʫʢʫ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʤ ʚ ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ 

ʧʝʨʝʜ ʧʝʨʝʩʠʣʘʥʥʷʤ ʧʘʢʝʪʘ ʚʽʜʦʤʠʡ ʷʢ ʨʝʢʫʨʩʠʚʥʠʡ ʧʦʰʫʢ. 

ʈʝʢʫʨʩʠʚʥʠʡ ʩʪʘʪʠʯʥʠʡ ʤʘʨʰʨʫʪ IPv6 ʻ ʜʦʧʫʩʪʠʤʠʤ (ʪ. ɽ. ɭ ʢʘʥʜʠʜʘʪʦʤ 

ʜʣʷ ʜʦʜʘʚʘʥʥʷ ʚ ʪʘʙʣʠʮʶ ʤʘʨʰʨʫʪʠʟʘʮʽʾ), ʪʽʣʴʢʠ ʷʢʱʦ ʟʘʟʥʘʯʝʥʠʡ ʥʘʩʪʫʧʥʠʡ 

ʧʝʨʝʭʽʜ ʧʨʷʤʦ ʯʠ ʦʧʦʩʝʨʝʜʢʦʚʘʥʦ ʧʦʚ'ʷʟʘʥʠʡ ʟ ʜʦʧʫʩʪʠʤʠʤ ʚʠʭʽʜʥʠʤ 

ʽʥʪʝʨʬʝʡʩʦʤ. 

ʅʘʣʘʰʪʫʚʘʥʥʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʜʢʣʶʯʝʥʦʛʦ ʩʪʘʪʠʯʥʦʛʦ ʤʘʨʰʨʫʪʫ Ipv6 



ʇʽʜ ʯʘʩ ʥʘʣʘʰʪʫʚʘʥʥʷ ʩʪʘʪʠʯʥʦʛʦ ʤʘʨʰʨʫʪʫ ʚ ʤʝʨʝʞʘʭ ʪʠʧʫ çʪʦʯʢʘ-ʪʦʯʢʘè 

ʟʘʤʽʩʪʴ IPv6-ʘʜʨʝʩʠ ʥʘʩʪʫʧʥʦʛʦ ʧʝʨʝʭʦʜʫ ʤʦʞʥʘ ʧʦʩʪʘʚʠʪʠ ʚʠʭʽʜʥʠʡ ʽʥʪʝʨʬʝʡʩ. 

ʎʝʡ ʘʣʴʪʝʨʥʘʪʠʚʥʠʡ ʤʝʪʦʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʚ ʙʽʣʴʰ ʨʘʥʥʽʭ ʚʝʨʩʽʷʭ IOS ʘʙʦ ʚ 

ʪʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʚʽʜʢʣʶʯʝʥʘ ʬʫʥʢʮʽʷ CEF, ʱʦ ʜʦʟʚʦʣʷʣʦ ʫʥʠʢʥʫʪʠ ʧʨʦʙʣʝʤ, 

ʧʦʚ'ʷʟʘʥʠʭ ʟ ʨʝʢʫʨʩʠʚʥʠʤ ʧʦʰʫʢʦʤ. 
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ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʥʘ ʨʠʩ. ʥʘ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽ R1 ʥʘʣʘʰʪʦʚʘʥʽ ʪʨʠ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʜʢʣʶʯʝʥʠʭ ʩʪʘʪʠʯʥʠʭ ʤʘʨʰʨʫʪʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʠʭʽʜʥʦʛʦ 

ʽʥʪʝʨʬʝʡʩʫ. 

ʋ ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ IPv6 ʜʣʷ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ R1 ʥʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʦ, 

ʱʦ ʢʦʣʠ ʧʘʢʝʪ ʘʜʨʝʩʦʚʘʥʠʡ ʤʝʨʝʞʽ 2001: DB8: ACAD: 3 :: / 64, ʤʘʨʰʨʫʪʠʟʘʪʦʨ 

R1 ʰʫʢʘʻ ʟʙʽʛʠ ʚ ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʽ ʚʠʷʚʣʷʻ, ʱʦ ʚʽʥ ʤʦʞʝ ʧʝʨʝʩʣʘʪʠ ʧʘʢʝʪ 

ʟʽ ʩʚʦʛʦ ʽʥʪʝʨʬʝʡʩʫ Serial 0/0/0. ɯʥʰʽ ʧʦʰʫʢʦʚʽ ʧʨʦʮʝʩʠ ʥʝ ʧʦʪʨʽʙʥʽ. 

ɿʚʝʨʥʽʪʴ ʫʚʘʛʫ, ʷʢ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʪʘʙʣʠʮʷ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʜʣʷ ʤʘʨʰʨʫʪʫ, 

ʥʘʣʘʰʪʦʚʘʥʦʛʦ ʟ ʚʠʭʽʜʥʠʤ ʽʥʪʝʨʬʝʡʩʦʤ, ʚʽʜ ʤʘʨʰʨʫʪʫ, ʥʘʣʘʰʪʦʚʘʥʦʛʦ ʟ 

ʨʝʢʫʨʩʠʚʥʠʤ ʝʣʝʤʝʥʪʦʤ. 

ʅʘʣʘʰʪʫʚʘʥʥʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʜʢʣʶʯʝʥʦʛʦ ʩʪʘʪʠʯʥʦʛʦ ʤʘʨʰʨʫʪʫ ʟ 

ʚʠʭʽʜʥʠʤ ʽʥʪʝʨʬʝʡʩʦʤ ʜʦʟʚʦʣʷʻ ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʧʝʨʝʪʚʦʨʠʪʠ ʚʠʭʽʜʥʠʡ 

ʽʥʪʝʨʬʝʡʩ ʚ ʭʦʜʽ ʦʜʥʦʛʦ ʧʨʦʮʝʩʫ ʧʦʰʫʢʫ ʟʘʤʽʩʪʴ ʜʚʦʭ. ʉʣʽʜ ʧʘʤ'ʷʪʘʪʠ, ʱʦ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʝʭʘʥʽʟʤʫ ʧʝʨʝʩʠʣʘʥʥʷ CEF ʥʘʩʪʨʦʡʢʘ ʩʪʘʪʠʯʥʠʭ ʤʘʨʰʨʫʪʽʚ ʽʟ 

ʟʘʜʘʥʠʤ ʚʠʭʽʜʥʠʤ ʽʥʪʝʨʬʝʡʩʦʤ ʥʝ ʧʦʪʨʽʙʥʦ. ʆʜʠʥʠʯʥʠʡ ʧʦʰʫʢ ʚʠʢʦʥʫʻʪʴʩʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʤʙʽʥʘʮʽʾ ʪʘʙʣʠʮʽ ʜʘʥʠʭ ʧʨʦ ʧʝʨʝʩʠʣʘʥʥʷ (FIB) ʽ ʪʘʙʣʠʮʽ 

ʩʫʤʽʞʥʦʩʪʽ, ʱʦ ʟʙʝʨʽʛʘʶʪʴʩʷ ʚ ʧʣʦʱʠʥʽ ʜʘʥʠʭ. 

ʋ ʧʦʚʥʽʩʪʶ ʟʘʜʘʥʦʤʫ ʩʪʘʪʠʯʥʦʤʫ ʤʘʨʰʨʫʪʽ ʚʢʘʟʫʶʪʴʩʷ ʷʢ ʚʠʭʽʜʥʠʡ 

ʽʥʪʝʨʬʝʡʩ, ʪʘʢ ʽ IPv6-ʘʜʨʝʩʘ ʥʘʩʪʫʧʥʦʛʦ ʧʝʨʝʭʦʜʫ. ʗʢ ʽ ʧʦʚʥʽʩʪʶ ʟʘʜʘʥʽ ʩʪʘʪʠʯʥʽ 

ʤʘʨʰʨʫʪʠ ʜʣʷ IPv4, ʮʽ ʤʘʨʰʨʫʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʥʘ 



ʤʘʨʰʨʫʪʠʟʘʪʦʨʽ ʥʝ ʚʢʣʶʯʝʥʘ ʬʫʥʢʮʽʷ CEF, ʽ ʚʠʭʽʜʥʠʡ ʽʥʪʝʨʬʝʡʩ ʨʦʟʤʽʱʝʥʠʡ ʚ 

ʤʝʨʝʞʽ ʟ ʤʥʦʞʠʥʥʠʤ ʜʦʩʪʫʧʦʤ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ CEF ʩʪʘʪʠʯʥʠʡ ʤʘʨʰʨʫʪ, 

ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻ ʪʽʣʴʢʠ IPv6-ʘʜʨʝʩʘ ʥʘʩʪʫʧʥʦʛʦ ʧʝʨʝʭʦʜʫ, ʙʫʜʝ ʢʨʘʱʠʤ 

ʤʝʪʦʜʦʤ ʥʘʚʽʪʴ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʚʠʭʽʜʥʠʡ ʽʥʪʝʨʬʝʡʩ ʻ ʤʝʨʝʞʝʶ ʟ 

ʤʥʦʞʠʥʥʠʤ ʜʦʩʪʫʧʦʤ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ IPv4, ʚ IPv6 ʤʦʞʣʠʚʘ ʩʠʪʫʘʮʽʷ, ʢʦʣʠ ʧʦʪʨʽʙʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʦʚʥʽʩʪʶ ʟʘʜʘʥʦʛʦ ʩʪʘʪʠʯʥʦʛʦ ʤʘʨʰʨʫʪʫ. ʗʢʱʦ ʩʪʘʪʠʯʥʠʡ ʤʘʨʰʨʫʪ IPv6 

ʚʠʢʦʨʠʩʪʦʚʫʻ IPv6-ʘʜʨʝʩʘ ʪʠʧʫ link-local ʚ ʷʢʦʩʪʽ ʘʜʨʝʩʠ ʥʘʩʪʫʧʥʦʛʦ ʧʝʨʝʭʦʜʫ, 

ʪʦ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʦʚʥʽʩʪʶ ʟʘʜʘʥʠʡ ʩʪʘʪʠʯʥʠʡ ʤʘʨʰʨʫʪ, ʱʦ 

ʚʢʣʶʯʘʻ ʚʠʭʽʜʥʠʡ ʽʥʪʝʨʬʝʡʩ. ʅʘ ʨʠʩ.1 ʧʦʢʘʟʘʥʠʡ ʧʨʠʢʣʘʜ ʧʦʚʥʽʩʪʶ ʟʘʜʘʥʦʛʦ 

ʩʪʘʪʠʯʥʦʛʦ ʤʘʨʰʨʫʪʫ IPv6, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻ IPv6-ʘʜʨʝʩʘ ʪʠʧʫ link-local ʚ 

ʷʢʦʩʪʽ ʘʜʨʝʩʠ ʥʘʩʪʫʧʥʦʛʦ ʧʝʨʝʭʦʜʫ. 

ʇʨʠʯʠʥʘ, ʧʦ ʷʢʽʡ ʧʦʪʨʽʙʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʚʥʽʩʪʶ ʟʘʜʘʥʦʛʦ ʩʪʘʪʠʯʥʦʛʦ 

ʤʘʨʰʨʫʪʫ, ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ IPv6-ʘʜʨʝʩʘ ʪʠʧʫ link-local ʥʝ ʜʦʜʘʥʦ ʚ ʪʘʙʣʠʮʶ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ IPv6. ɸʜʨʝʩʠ ʪʠʧʫ link-local ʻ ʫʥʽʢʘʣʴʥʠʤʠ ʪʽʣʴʢʠ ʚ ʜʘʥʦʤʫ 

ʢʘʥʘʣʽ ʘʙʦ ʤʝʨʝʞʽ. ɸʜʨʝʩʠ ʥʘʩʪʫʧʥʦʛʦ ʧʝʨʝʭʦʜʫ ʪʠʧʫ link-local ʤʦʞʫʪʴ ʙʫʪʠ 

ʜʦʧʫʩʪʠʤʠʤʠ ʘʜʨʝʩʘʤʠ ʚ ʜʝʢʽʣʴʢʦʭ ʤʝʨʝʞʘʭ, ʧʽʜʢʣʶʯʝʥʠʭ ʜʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ. 

ɿ ʮʽʻʾ ʧʨʠʯʠʥʠ ʥʝʦʙʭʽʜʥʦ ʜʦʜʘʪʠ ʚʠʭʽʜʥʠʡ ʽʥʪʝʨʬʝʡʩ. 
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ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʘ ʥʘʩʪʨʦʡʢʘ ʧʦʚʥʽʩʪʶ ʧʝʚʥʦʛʦ ʩʪʘʪʠʯʥʦʛʦ ʤʘʨʰʨʫʪʫ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʜʨʝʩʠ ʪʠʧʫ link-local ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ R2 ʚ ʷʢʦʩʪʽ ʘʜʨʝʩʠ 

ʥʘʩʪʫʧʥʦʛʦ ʧʝʨʝʭʦʜʫ. ɿʚʝʨʥʽʪʴ ʫʚʘʛʫ, ʱʦ ʚ IOS ʧʦʪʨʽʙʥʦ ʚʠʟʥʘʯʝʥʥʷ ʚʠʭʽʜʥʦʛʦ 

ʽʥʪʝʨʬʝʡʩʫ. 

ʇʝʨʝʚʽʨʢʘ ʩʪʘʪʠʯʥʠʭ ʤʘʨʰʨʫʪʽʚ IPv6 

ʇʦʨʷʜ ʟ ʢʦʤʘʥʜʘʤʠ ping ʽ traceroute ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʩʪʘʪʠʯʥʠʭ ʤʘʨʰʨʫʪʽʚ 

ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʘʢʽ ʢʦʤʘʥʜʠ: 

 

¶ show ipv6 route 

¶ show ipv6 route static 



¶ show ipv6 route ʤʝʨʝʞʫ 

 

ʉʪʘʪʠʯʥʠʡ ʤʘʨʰʨʫʪ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ - ʮʝ ʤʘʨʰʨʫʪ, ʷʢʠʤ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʩʽ 

ʧʘʢʝʪʠ. ɿʘʤʽʩʪʴ ʟʙʝʨʽʛʘʥʥʷ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤʠ ʤʘʨʰʨʫʪʽʚ ʜʣʷ ʚʩʽʭ ʤʝʨʝʞ ʚ 

ɯʥʪʝʨʥʝʪʽ ʚʦʥʠ ʤʦʞʫʪʴ ʟʙʝʨʽʛʘʪʠ ʦʜʠʥ ʤʘʨʰʨʫʪ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ, ʱʦ 

ʧʨʝʜʩʪʘʚʣʷʻ ʚʩʽ ʤʝʨʝʞʽ, ʱʦ ʥʝ ʜʦʜʘʥʽ ʚ ʪʘʙʣʠʮʶ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. ʄʘʨʰʨʫʪ ʟʘ 

ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʥʝ ʚʠʤʘʛʘʻ ʟʙʽʛʫ ʙʫʜʴ-ʷʢʠʭ ʩʘʤʠʭ ʣʽʚʠʭ ʙʽʪʽʚ ʤʽʞ ʤʘʨʰʨʫʪʦʤ ʟʘ 

ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʽ IPv6-ʘʜʨʝʩʦʶ ʧʨʠʟʥʘʯʝʥʥʷ. 

ʄʘʨʰʨʫʪʠʟʘʪʦʨ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʘʨʰʨʫʪʠ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ, 

ʥʘʣʘʰʪʦʚʘʥʽ ʣʦʢʘʣʴʥʦ ʘʙʦ ʦʪʨʠʤʘʥʽ ʚʽʜ ʽʥʰʦʛʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʟʘ ʧʨʦʪʦʢʦʣʦʤ 

ʜʠʥʘʤʽʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. ɺʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʞʦʜʝʥ 

ʤʘʨʰʨʫʪ ʥʝ ʚʽʜʧʦʚʽʜʘʻ IP-ʘʜʨʝʩʦʶ ʧʨʠʟʥʘʯʝʥʥʷ ʚ ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. 

ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʙʽʣʴʰ ʪʦʯʥʠʭ ʟʙʽʛʽʚ ʚ ʷʢʦʩʪʽ çʰʣʶʟʫ 

ʦʩʪʘʥʥʴʦʾ ʥʘʜʽʾè ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʘʨʰʨʫʪ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ. 

ʉʪʘʪʠʯʥʽ ʤʘʨʰʨʫʪʠ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ 

ʧʽʜʢʣʶʯʝʥʥʽ: 

ʇʨʠʢʦʨʜʦʥʥʦʛʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʜʦ ʤʝʨʝʞʽ ʽʥʪʝʨʥʝʪ-ʧʨʦʚʘʡʜʝʨʘ. 

ʄʘʨʰʨʫʪʠʟʘʪʦʨʘ, ʜʣʷ ʷʢʦʛʦ ʽʩʥʫʻ ʩʫʩʽʜʥʽʡ ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʪʽʣʴʢʠ ʚ 

ʚʠʩʭʽʜʥʦʤʫ ʥʘʧʨʷʤʢʫ. ʄʘʨʰʨʫʪʠʟʘʪʦʨ ʥʝ ʤʘʻ ʽʥʰʠʭ ʩʫʩʽʜʥʽʭ ʧʨʠʩʪʨʦʾʚ ʽ, ʦʪʞʝ, 

ʚʚʘʞʘʻʪʴʩʷ ʪʫʧʠʢʦʚʠʤ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʤ. 

ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʤʘʣʶʥʢʫ, ʩʠʥʪʘʢʩʠʩ ʢʦʤʘʥʜ ʜʣʷ ʩʪʘʪʠʯʥʦʛʦ ʤʘʨʰʨʫʪʫ ʟʘ 

ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʩʭʦʞʠʡ ʥʘ ʩʠʥʪʘʢʩʠʩ ʢʦʤʘʥʜ ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ ʽʥʰʦʛʦ ʤʘʨʰʨʫʪʫ, 

ʟʘ ʚʠʥʷʪʢʦʤ ʪʦʛʦ, ʱʦ ʜʣʷ ʧʘʨʘʤʝʪʨʘ ipv6-prefix / prefix-length ʟʘʜʘʥʦ ʟʥʘʯʝʥʥʷ :: 

/ 0, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʚʩʽʤ ʤʘʨʰʨʫʪʘʤ. 

ʉʠʥʪʘʢʩʠʩ ʦʩʥʦʚʥʦʾ ʢʦʤʘʥʜʠ ʩʪʘʪʠʯʥʦʛʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʟʘ 

ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʥʘʩʪʫʧʥʠʡ: 

ipv6 route :: / 0 {ipv6-address | exit-intf}  

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ IPv4 ʚ IPv6 ʥʝ ʚʢʘʟʫʻʪʴʩʷ ʷʚʥʦ, ʱʦ ʤʘʨʰʨʫʪ IPv6 ʟʘ 

ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʻ ʰʣʶʟʦʤ çʦʩʪʘʥʥʴʦʾ ʥʘʜʽʾè. 

ʂʣʶʯʝʤ ʜʣʷ ʜʘʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ʻ ʤʘʩʢʘ. :: / 0. ʉʣʽʜ ʧʘʤ'ʷʪʘʪʠ, ʱʦ ʧʘʨʘʤʝʪʨ 

IPv6 prefix-length ʚ ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚʠʟʥʘʯʘʻ ʯʠʩʣʦ ʙʽʪʽʚ, ʷʢʽ ʧʦʚʠʥʥʽ 

ʩʧʽʚʧʘʩʪʠ ʤʽʞ IP-ʘʜʨʝʩʦʶ ʧʨʠʟʥʘʯʝʥʥʷ ʧʘʢʝʪʘ ʽ ʤʘʨʰʨʫʪʦʤ ʚ ʪʘʙʣʠʮʽ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ. ʄʘʩʢʘ :: / 0 ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʥʝ ʧʦʪʨʽʙʥʦ ʟʙʽʛ ʞʦʜʥʦʛʦ ʟ ʙʽʪʽʚ. 

ʑʝ ʥʝ ʟ'ʷʚʠʪʴʩʷ ʙʽʣʴʰ ʪʦʯʥʠʡ ʟʙʽʛ, ʩʪʘʪʠʯʥʠʡ ʤʘʨʰʨʫʪ IPv6 ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ 

ʚʽʜʧʦʚʽʜʘʻ ʚʩʽʤ ʧʘʢʝʪʘʤ. 

ʇʣʘʚʘʶʯʽ ʩʪʘʪʠʯʥʽ ʤʘʨʰʨʫʪʠ - ʮʝ ʩʪʘʪʠʯʥʽ ʤʘʨʰʨʫʪʠ, ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʘ 

ʜʠʩʪʘʥʮʽʷ ʷʢʠʭ ʙʽʣʴʰʝ, ʥʽʞ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʘ ʜʠʩʪʘʥʮʽʷ ʽʥʰʠʭ ʩʪʘʪʠʯʥʠʭ 

ʤʘʨʰʨʫʪʽʚ ʘʙʦ ʜʠʥʘʤʽʯʥʠʭ ʤʘʨʰʨʫʪʽʚ. ʇʦʜʽʙʥʽ ʤʘʨʰʨʫʪʠ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʷʢʦʩʪʽ ʨʝʟʝʨʚʥʦʛʦ ʢʘʥʘʣʫ ʜʣʷ ʦʩʥʦʚʥʦʛʦ ʢʘʥʘʣʫ, ʷʢ ʧʦʢʘʟʘʥʦ 

ʥʘ ʤʘʣʶʥʢʫ. 

ɿʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʩʪʘʪʠʯʥʽ ʤʘʨʰʨʫʪʠ ʤʘʶʪʴ ʟʥʘʯʝʥʥʷ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦʛʦ 

ʚʽʜʩʪʘʥʽ, ʱʦ ʜʦʨʽʚʥʶʻ 1, ʪʦʤʫ ʚʦʥʠ ʤʘʶʪʴ ʧʨʽʦʨʠʪʝʪ ʧʝʨʝʜ ʤʘʨʰʨʫʪʘʤʠ, 

ʦʪʨʠʤʘʥʠʤʠ ʚʽʜ ʧʨʦʪʦʢʦʣʽʚ ʜʠʥʘʤʽʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʜʝʷʢʠʭ 

ʧʦʰʠʨʝʥʠʭ ʧʨʦʪʦʢʦʣʽʚ ʜʠʥʘʤʽʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘʩʪʫʧʥʽ 

ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʽ ʚʽʜʩʪʘʥʽ: 

EIGRP = 90 



IGRP = 100 

OSPF = 110 

IS-IS = 115 

RIP = 120 

ɸʜʤʽʥʽʩʪʨʘʪʠʚʥʫ ʜʠʩʪʘʥʮʽʶ ʩʪʘʪʠʯʥʦʛʦ ʤʘʨʰʨʫʪʫ ʤʦʞʥʘ ʟʙʽʣʴʰʠʪʠ ʽ, 

ʪʘʢʠʤ ʯʠʥʦʤ, ʟʨʦʙʠʪʠ ʮʝʡ ʤʘʨʰʨʫʪ ʤʝʥʰ ʧʨʽʦʨʠʪʝʪʥʠʤ, ʥʽʞ ʽʥʰʠʡ ʩʪʘʪʠʯʥʠʡ 

ʤʘʨʰʨʫʪ ʘʙʦ ʤʘʨʰʨʫʪ, ʦʪʨʠʤʘʥʠʡ ʯʝʨʝʟ ʧʨʦʪʦʢʦʣ ʜʠʥʘʤʽʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʪʘʪʠʯʥʠʡ ʤʘʨʰʨʫʪ çʧʣʘʚʘʻè ʽ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʪʦʡ ʯʘʩ, 

ʢʦʣʠ ʤʘʨʰʨʫʪ ʟ ʙʽʣʴʰ ʢʦʨʦʪʢʠʤ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʤ ʚʽʜʩʪʘʥʥʶ ʧʨʘʮʶʻ. ʆʜʥʘʢ, 

ʷʢʱʦ ʢʨʘʱʠʡ ʤʘʨʰʨʫʪ ʚʪʨʘʯʝʥʠʡ, ʧʣʘʚʘʶʯʠʡ ʩʪʘʪʠʯʥʠʡ ʤʘʨʰʨʫʪ ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʠʡ, ʽ ʪʨʘʬʽʢ ʙʫʜʝ ʚʩʪʘʚʣʝʥʠʡ ʫ ʮʽʡ ʘʣʴʪʝʨʥʘʪʠʚʥʠʤ ʤʘʨʰʨʫʪʦʤ. 

ʋʩʫʥʝʥʥʷ ʥʝʩʧʨʘʚʥʦʩʪʝʡ. ʚʽʜʩʫʪʥʽʩʪʴ ʤʘʨʰʨʫʪʫ 

ɼʝʷʢʽ ʟ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ ʥʘ ʤʝʨʝʞʽ, ʷʢʽ ʤʦʞʫʪʴ ʚʠʢʣʠʢʘʪʠ ʟʤʽʥʫ ʾʭ ʩʪʘʪʫʩʫ, 

ʥʘʚʝʜʝʥʽ ʥʠʞʯʝ: 

¶ ʟʙʽʡ ʽʥʪʝʨʬʝʡʩʫ; 

¶ ʧʨʠʟʚʝʩʪʠ ʜʦ ʚʪʨʘʪʠ ʟ'ʻʜʥʘʥʥʷ ʟ ʚʠʥʠ ʧʨʦʚʘʡʜʝʨʘ; 

¶ ʧʝʨʝʧʦʚʥʝʥʥʷ ʢʘʥʘʣʽʚ; 

¶ ʥʝʚʽʨʥʦ ʟʘʜʘʥʘ ʘʜʤʽʥʽʩʪʨʘʪʦʨʦʤ ʢʦʥʬʽʛʫʨʘʮʽʷ. 

ʇʨʠ ʟʤʽʥʽ ʚ ʤʝʨʝʞʽ ʟ'ʻʜʥʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʨʦʟʽʨʚʘʥʦ. ʄʝʨʝʞʝʚʽ 

ʘʜʤʽʥʽʩʪʨʘʪʦʨʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʚʠʷʚʣʝʥʥʷ ʧʨʦʙʣʝʤ ʪʘ ʾʭ ʫʩʫʥʝʥʥʷ. ɼʣʷ ʪʦʛʦ 

ʱʦʙ ʟʥʘʡʪʠ ʽ ʫʩʫʥʫʪʠ ʤʦʞʣʠʚʽ ʧʨʦʙʣʝʤʠ, ʤʝʨʝʞʝʚʠʡ ʘʜʤʽʥʽʩʪʨʘʪʦʨ ʧʦʚʠʥʝʥ 

ʙʫʪʠ ʟʥʘʡʦʤʠʡ ʟ ʽʥʩʪʨʫʤʝʥʪʘʤʠ, ʱʦ ʜʦʧʦʤʘʛʘʶʪʴ ʰʚʠʜʢʦ ʽʟʦʣʶʚʘʪʠ ʧʨʦʙʣʝʤʠ ʟ 

ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ. 

ɿʘʛʘʣʴʥʽ ʢʦʤʘʥʜʠ ʆʉ IOS ʜʣʷ ʧʦʰʫʢʫ ʽ ʫʩʫʥʝʥʥʷ ʥʝʧʦʣʘʜʦʢ: 

¶ ping 

¶ traceroute 

¶ show ip route 

¶ show ip interface brief 

¶ show cdp neighbors detail 

ɼʠʩʪʘʥʮʽʡʥʽ ʤʝʨʝʞʽ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʤʝʨʝʞʽ, ʜʦʩʪʫʧ ʜʦ ʷʢʠʭ ʤʦʞʣʠʚʠʡ 

ʪʽʣʴʢʠ ʰʣʷʭʦʤ ʧʝʨʝʩʠʣʘʥʥʷ ʧʘʢʝʪʘ ʥʘ ʽʥʰʠʡ ʤʘʨʰʨʫʪʠʟʘʪʦʨ. ʉʪʘʪʠʯʥʽ 

ʤʘʨʰʨʫʪʠ ʣʝʛʢʦ ʥʘʣʘʰʪʫʚʘʪʠ. ʆʜʥʘʢ ʫ ʚʝʣʠʢʠʭ ʤʝʨʝʞʘʭ ʚʠʢʦʥʘʥʥʷ ʪʘʢʠʭ 

ʦʧʝʨʘʮʽʡ ʚʨʫʯʥʫ ʤʦʞʝ ʙʫʪʠ ʜʫʞʝ ʪʨʫʜʦʤʽʩʪʢʠʤ. ʉʪʘʪʠʯʥʽ ʤʘʨʰʨʫʪʠ ʽ ʨʘʥʽʰʝ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘʚʽʪʴ ʚ ʨʘʟʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʨʦʪʦʢʦʣʫ ʜʠʥʘʤʽʯʥʦʾ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ. 

ʉʪʘʪʠʯʥʽ ʤʘʨʰʨʫʪʠ ʤʦʞʥʘ ʥʘʣʘʰʪʫʚʘʪʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ IP-ʘʜʨʝʩʠ 

ʥʘʩʪʫʧʥʦʛʦ ʧʝʨʝʭʦʜʫ, ʷʢʠʡ, ʷʢ ʧʨʘʚʠʣʦ, ʻ IP-ʘʜʨʝʩʦʶ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ 

ʥʘʩʪʫʧʥʦʛʦ ʚʫʟʣʘ. ʗʢʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ IP-ʘʜʨʝʩʘ ʥʘʩʪʫʧʥʦʛʦ ʧʝʨʝʭʦʜʫ, 

ʧʨʦʮʝʩ ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʧʦʚʠʥʝʥ ʧʝʨʝʪʚʦʨʠʪʠ ʮʶ ʘʜʨʝʩʫ ʚ ʚʠʭʽʜʥʠʡ 

ʽʥʪʝʨʬʝʡʩ. ʅʘ ʧʦʩʣʽʜʦʚʥʠʭ ʢʘʥʘʣʘʭ ʟ ʢʦʥʬʽʛʫʨʘʮʽʻʶ ʪʠʧʫ çʪʦʯʢʘ-ʪʦʯʢʘè ʢʨʘʱʝ 

ʥʘʣʘʰʪʦʚʫʚʘʪʠ ʩʪʘʪʠʯʥʠʡ ʤʘʨʰʨʫʪ ʟ ʚʠʭʽʜʥʠʤ ʽʥʪʝʨʬʝʡʩʦʤ. ʋ ʤʝʨʝʞʘʭ 

ʤʥʦʞʠʥʥʦʛʦ ʜʦʩʪʫʧʫ, ʥʘʧʨʠʢʣʘʜ, Ethernet, ʤʦʞʥʘ ʦʜʥʦʯʘʩʥʦ ʥʘʣʘʰʪʫʚʘʪʠ IP-

ʘʜʨʝʩʘ ʥʘʩʪʫʧʥʦʛʦ ʧʝʨʝʭʦʜʫ ʽ ʚʠʭʽʜʥʠʡ ʽʥʪʝʨʬʝʡʩ ʥʘ ʩʪʘʪʠʯʥʦʤʫ ʤʘʨʰʨʫʪʽ. 

ɸʜʤʽʥʽʩʪʨʘʪʠʚʥʝ ʚʽʜʩʪʘʥʴ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʜʣʷ ʩʪʘʪʠʯʥʠʭ ʤʘʨʰʨʫʪʽʚ 

ʜʦʨʽʚʥʶʻ 1. ɸʜʤʽʥʽʩʪʨʘʪʠʚʥʝ ʚʽʜʩʪʘʥʴ ʪʘʢʦʞ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʩʪʘʪʠʯʥʠʭ 



ʤʘʨʰʨʫʪʽʚ, ʥʘʣʘʰʪʦʚʘʥʠʭ ʷʢ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʜʨʝʩʠ ʥʘʩʪʫʧʥʦʛʦ ʧʝʨʝʭʦʜʫ, ʪʘʢ 

ʽ ʟ ʚʠʭʽʜʥʠʤ ʽʥʪʝʨʬʝʡʩʦʤ. 

ʉʪʘʪʠʯʥʠʡ ʤʘʨʰʨʫʪ ʚʥʦʩʠʪʴʩʷ ʚ ʪʘʙʣʠʮʶ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʪʽʣʴʢʠ ʚ ʨʘʟʽ, 

ʷʢʱʦ IP-ʘʜʨʝʩʘ ʥʘʩʪʫʧʥʦʛʦ ʧʝʨʝʭʦʜʫ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʯʝʨʝʟ ʚʠʭʽʜʥʠʡ 

ʽʥʪʝʨʬʝʡʩ. ʅʝʟʘʣʝʞʥʦ ʚʽʜ ʪʦʛʦ, ʯʠ ʥʘʣʘʰʪʦʚʘʥʠʡ ʩʪʘʪʠʯʥʠʡ ʤʘʨʰʨʫʪ ʟ IP-

ʘʜʨʝʩʦʶ ʥʘʩʪʫʧʥʦʛʦ ʧʝʨʝʭʦʜʫ ʘʙʦ ʚʠʭʽʜʥʠʤ ʽʥʪʝʨʬʝʡʩʦʤ, ʚ ʨʘʟʽ, ʷʢʱʦ ʚʠʭʽʜʥʠʡ 

ʽʥʪʝʨʬʝʡʩ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʡ ʜʣʷ ʧʝʨʝʘʜʨʝʩʘʮʽʾ ʧʘʢʝʪʘ, ʥʝ ʚʢʣʶʯʝʥʠʡ ʚ 

ʪʘʙʣʠʮʶ ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʩʪʘʪʠʯʥʠʡ ʤʘʨʰʨʫʪ ʪʘʢʦʞ ʥʝ ʚʢʣʶʯʘʻʪʴʩʷ ʚ ʪʘʙʣʠʮʶ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ. 

ʄʘʨʰʨʫʪ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʥʘʣʘʰʪʦʚʘʥʠʡ ʟ ʤʝʨʝʞʝʚʦʶ ʘʜʨʝʩʦʶ 0.0.0.0 ʪʘ 

ʤʘʩʢʦʶ ʧʽʜʤʝʨʝʞʽ 0.0.0.0 ʜʣʷ IPv4, ʘ ʪʘʢʦʞ ʧʘʨʘʤʝʪʨʦʤ prefix / prefix-length :: / 

0 ʜʣʷ IPv6. ʗʢʱʦ ʚ ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʥʝʤʘʻ ʙʽʣʴʰ ʪʦʯʥʦʛʦ ʟʙʽʛʫ, ʜʣʷ 

ʧʝʨʝʘʜʨʝʩʘʮʽʾ ʧʦʚʽʜʦʤʣʝʥʥʷ ʪʘʙʣʠʮʷ ʚʠʢʦʨʠʩʪʦʚʫʻ ʤʘʨʰʨʫʪ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ. 

ʇʣʘʚʘʶʯʠʡ ʩʪʘʪʠʯʥʠʡ ʤʘʨʰʨʫʪ ʤʦʞʥʘ ʥʘʣʘʰʪʫʚʘʪʠ ʷʢ ʨʝʟʝʨʚʥʠʡ ʰʣʷʭ 

ʜʣʷ ʛʦʣʦʚʥʦʛʦ ʢʘʥʘʣʫ, ʟʤʽʥʠʚʰʠ ʡʦʛʦ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʝ ʟʥʘʯʝʥʥʷ. 

 

  



3.2 ɼʠʥʘʤʽʯʥʘ ʤʘʨʰʨʫʪʠʟʘʮʽʷ 
 

ʄʘʩʰʪʘʙ ʤʝʨʝʞ ʜʘʥʠʭ, ʷʢʽ ʤʠ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʚ ʧʦʚʩʷʢʜʝʥʥʦʤʫ ʞʠʪʪʽ ʜʣʷ 

ʥʘʚʯʘʥʥʷ, ʨʦʙʦʪʠ ʘʙʦ ʚ ʨʦʟʚʘʞʘʣʴʥʠʭ ʮʽʣʷʭ, ʚʘʨʽʶʻʪʴʩʷ ʚʽʜ ʥʝʚʝʣʠʢʠʭ 

ʣʦʢʘʣʴʥʠʭ ʤʝʨʝʞ ʜʦ ʚʝʣʠʢʠʭ ʛʣʦʙʘʣʴʥʠʭ ʦʙ'ʻʜʥʘʥʠʭ ʤʝʨʝʞ. ʋ ʜʦʤʘʰʥʽʭ ʫʤʦʚʘʭ 

ʢʦʨʠʩʪʫʚʘʯ ʤʦʞʝ ʚʩʪʘʥʦʚʠʪʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨ, ʘ ʪʘʢʦʞ ʜʚʘ ʘʙʦ ʙʽʣʴʰʝ 

ʢʦʤʧ'ʶʪʝʨʽʚ. ɺ ʨʘʤʢʘʭ ʦʨʛʘʥʽʟʘʮʽʾ ʤʦʚʘ ʤʦʞʝ ʡʪʠ ʧʨʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʝʢʽʣʴʢʦʭ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ ʽ ʢʦʤʫʪʘʪʦʨʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʦʙʤʽʥ ʜʘʥʠʤʠ ʤʽʞ ʩʦʪʥʷʤʠ 

ʘʙʦ ʥʘʚʽʪʴ ʪʠʩʷʯʘʤʠ ʢʦʤʧ'ʶʪʝʨʽʚ. 

ʄʘʨʰʨʫʪʠʟʘʪʦʨ ʚʠʢʦʥʫʶʪʴ ʧʝʨʝʩʠʣʘʥʥʷ ʧʘʢʝʪʽʚ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʘʥʽ 

ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. ɯʥʬʦʨʤʘʮʽʶ ʧʨʦ ʤʘʨʰʨʫʪʠ ʜʦ ʚʽʜʜʘʣʝʥʠʭ ʤʝʨʝʞ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʦʪʨʠʤʫʻ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʘʪʠʯʥʠʭ ʽ ʜʠʥʘʤʽʯʥʠʭ ʤʘʨʰʨʫʪʽʚ. 

ʋ ʚʝʣʠʢʽʡ ʤʝʨʝʞʽ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʝʢʽʣʴʢʦʭ ʤʝʨʝʞ ʽ ʧʽʜʤʝʨʝʞ, 

ʥʘʣʘʛʦʜʞʝʥʥʷ ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʩʪʘʪʠʯʥʠʭ ʤʘʨʰʨʫʪʽʚ ʤʽʞ ʮʠʤʠ ʤʝʨʝʞʘʤʠ 

ʚʠʤʘʛʘʻ ʯʘʩʪʦʛʦ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦʛʦ ʚʪʨʫʯʘʥʥʷ ʽ ʟʥʘʯʥʠʭ ʥʝʧʨʦʜʫʢʪʠʚʥʠʭ 

ʚʠʪʨʘʪ. ʅʝʧʨʦʜʫʢʪʠʚʥʽ ʚʠʪʨʘʪʠ ʦʩʦʙʣʠʚʦ ʟʨʦʩʪʘʶʪʴ ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʥʝʩʝʥʥʷ 

ʟʤʽʥ ʜʦ ʤʝʨʝʞʽ, ʥʘʧʨʠʢʣʘʜ, ʧʨʠ ʟʙʦʾ ʚ ʨʦʙʦʪʽ ʢʘʥʘʣʫ ʘʙʦ ʨʝʘʣʽʟʘʮʽʾ ʥʦʚʦʾ 

ʧʽʜʤʝʨʝʞʽ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʪʦʢʦʣʽʚ ʜʠʥʘʤʽʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʤʦʞʝ ʟʤʝʥʰʠʪʠ 

ʦʙʩʷʛ ʟʘʚʜʘʥʴ ʧʦ ʥʘʣʘʰʪʫʚʘʥʥʶ ʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʶ ʽ ʟʘʙʝʟʧʝʯʠʪʠ ʙʽʣʴʰʫ 

ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ ʤʝʨʝʞʽ. 

ʋ ʮʽʡ ʛʣʘʚʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʧʨʦʪʦʢʦʣʠ ʜʠʥʘʤʽʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. 

ɼʠʥʘʤʽʯʥʘ ʤʘʨʰʨʫʪʠʟʘʮʽʷ ʧʦʨʽʚʥʶʻʪʴʩʷ ʟʽ ʩʪʘʪʠʯʥʦʾ. ɼʘʣʽ ʦʧʠʩʘʥʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʠʥʘʤʽʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʧʨʦʪʦʢʦʣʫ ʤʘʨʰʨʫʪʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ RIPv1 ʽ RIPv2. ɺ ʢʽʥʮʽ ʛʣʘʚʠ ʜʦʢʣʘʜʥʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʪʘʙʣʠʮʷ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ. 

ɽʚʦʣʶʮʽʷ ʧʨʦʪʦʢʦʣʽʚ ʜʠʥʘʤʽʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ 

ʇʨʦʪʦʢʦʣʠ ʜʠʥʘʤʽʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʤʝʨʝʞʘʭ ʟ ʢʽʥʮʷ 

80-ʭ ʨʨ. XX ʩʪ. ʇʨʦʪʦʢʦʣ RIP ʩʪʘʚ ʦʜʥʠʤ ʟ ʧʝʨʰʠʭ ʧʨʦʪʦʢʦʣʽʚ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. 

ʇʝʨʰʘ ʚʝʨʩʽʷ (RIPv1) ʟ'ʷʚʠʣʘʩʷ ʚ 1988 ʨ, ʧʨʦʪʝ ʦʢʨʝʤʽ ʙʘʟʦʚʽ ʘʣʛʦʨʠʪʤʠ ʮʴʦʛʦ 

ʧʨʦʪʦʢʦʣʫ ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʷ ʱʝ ʚ ʤʝʨʝʞʽ ARPANET, ʩʪʚʦʨʝʥʦʾ ɸʛʝʥʪʩʪʚʦʤ 

ʄʽʥʽʩʪʝʨʩʪʚʘ ʦʙʦʨʦʥʠ ʉʐɸ ʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ 1969 ʨ 

ʇʦʨʷʜ ʟ ʨʦʟʚʠʪʢʦʤ ʽ ʫʩʢʣʘʜʥʝʥʥʷʤ ʤʝʨʝʞ, ʚʠʥʠʢʣʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚ ʥʦʚʠʭ 

ʧʨʦʪʦʢʦʣʘʭ ʤʘʨʰʨʫʪʠʟʘʮʽʾ - ʇʽʟʥʽʰʝ ʧʨʦʪʦʢʦʣ RIP ʙʫʚ ʦʥʦʚʣʝʥʠʡ ʜʦ ʚʝʨʩʽʾ 

RIPv2, ʷʢʘ ʢʨʘʱʝ ʚʽʜʧʦʚʽʜʘʣʘ ʧʦʪʨʝʙʘʤ ʥʦʚʠʭ ʚʝʣʠʢʠʭ ʤʝʨʝʞ ʪʦʛʦ ʯʘʩʫ. ʆʜʥʘʢ 

ʚʝʨʩʽʷ RIPv2 ʚʩʝ ʞ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʤʘʩʰʪʘʙʘʤ ʩʫʯʘʩʥʠʭ ʤʝʨʝʞʝʚʠʭ ʨʽʰʝʥʴ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ʤʝʨʝʞ ʙʽʣʴʰʦʛʦ ʨʦʟʤʽʨʫ ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʜʚʘ 

ʫʜʦʩʢʦʥʘʣʝʥʠʭ ʧʨʦʪʦʢʦʣʫ ʤʘʨʰʨʫʪʠʟʘʮʽʾ: ʧʨʦʪʦʢʦʣ ʤʘʨʰʨʫʪʠʟʘʮʽʾ çʘʣʛʦʨʠʪʤ 

ʥʘʡʢʦʨʦʪʰʦʛʦ ʰʣʷʭʫè (OSPF) ʽ ʧʨʦʪʦʢʦʣ ʤʘʨʰʨʫʪʠʟʘʮʽʾ IS-IS. ʂʦʤʧʘʥʽʷ Cisco 

ʨʦʟʨʦʙʠʣʘ ʚʥʫʪʨʽʰʥʽʡ ʧʨʦʪʦʢʦʣ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʰʣʶʟʽʚ (IGRP) ʽ ʚʜʦʩʢʦʥʘʣʝʥʠʡ 

ʧʨʦʪʦʢʦʣ IGRP (EIGRP), ʷʢʽ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʫʶʪʴ ʭʦʨʦʰʫ ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ ʧʨʠ 

ʨʝʘʣʽʟʘʮʽʾ ʤʝʨʝʞ ʙʽʣʴʰʦʛʦ ʨʦʟʤʽʨʫ. 

ʂʨʽʤ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʚʠʤʦʛ, ʚʠʥʠʢʣʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚ ʟ'ʻʜʥʘʥʥʽ ʨʽʟʥʠʭ ʤʝʨʝʞ 

ʽ ʟʜʽʡʩʥʝʥʥʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʤʽʞ ʥʠʤʠ. ɺ ʜʘʥʠʡ ʯʘʩ ʜʣʷ ʟʚ'ʷʟʢʫ ʤʽʞ ʤʝʨʝʞʘʤʠ 

ʽʥʪʝʨʥʝʪ-ʧʨʦʚʘʡʜʝʨʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʦʪʦʢʦʣ BGP. ʇʨʦʪʦʢʦʣ BGP ʪʘʢʦʞ 

ʟʘʙʝʟʧʝʯʫʻ ʦʙʤʽʥ ʜʘʥʠʤʠ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʤʽʞ ʽʥʪʝʨʥʝʪ-ʧʨʦʚʘʡʜʝʨʘʤʠ ʪʘ ʾʭ 

ʚʝʣʠʢʠʤʠ ʧʨʠʚʘʪʥʠʤʠ ʢʣʽʻʥʪʘʤʠ. 



ɿ ʧʦʷʚʦʶ ʯʠʩʣʝʥʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ IP-ʘʜʨʝʩʠ, ʘʜʨʝʩʥʠʡ 

ʧʨʦʩʪʽʨ IPv4 ʚʠʷʚʠʣʦʩʷ ʧʨʘʢʪʠʯʥʦ ʚʠʯʝʨʧʘʥʠʤ, ʱʦ ʧʨʠʟʚʝʣʦ ʜʦ ʧʦʷʚʠ 

ʧʨʦʪʦʢʦʣʫ IPv6. ɼʣʷ ʦʙʤʽʥʫ ʜʘʥʠʤʠ ʥʘ ʦʩʥʦʚʽ ʧʨʦʪʦʢʦʣʫ IPv6 ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ 

ʥʦʚʽ ʚʝʨʩʽʾ ʧʨʦʪʦʢʦʣʽʚ IP-ʤʘʨʰʨʫʪʠʟʘʮʽʾ 

ʂʦʤʧʦʥʝʥʪʠ ʧʨʦʪʦʢʦʣʽʚ ʜʠʥʘʤʽʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ 

ʇʨʦʪʦʢʦʣʠ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʩʧʨʦʱʫʶʪʴ ʦʙʤʽʥ ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ ʤʘʨʰʨʫʪʠ 

ʤʽʞ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤʠ. ʇʨʦʪʦʢʦʣ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʷʚʣʷʻ ʩʦʙʦʶ ʥʘʙʽʨ ʧʨʦʮʝʩʽʚ, 

ʘʣʛʦʨʠʪʤʽʚ ʽ ʧʦʚʽʜʦʤʣʝʥʴ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʙʤʽʥʫ ʜʘʥʠʤʠ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʽ ʥʘʧʦʚʥʝʥʥʷ ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʦʧʪʠʤʘʣʴʥʠʤʠ ʰʣʷʭʘʤʠ. 

ʇʨʦʪʦʢʦʣʠ ʜʠʥʘʤʽʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʨʽʰʝʥʥʷ 

ʥʘʩʪʫʧʥʠʭ ʟʘʚʜʘʥʴ: 

¶ ʚʠʷʚʣʝʥʥʷ ʚʽʜʜʘʣʝʥʠʭ ʤʝʨʝʞ; 

¶ ʦʥʦʚʣʝʥʥʷ ʜʘʥʠʭ ʤʘʨʰʨʫʪʠʟʘʮʽʾ; 

¶ ʚʠʙʽʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʰʣʷʭʫ ʜʦ ʤʝʨʝʞ ʧʨʠʟʥʘʯʝʥʥʷ; 

¶ ʧʦʰʫʢ ʥʦʚʦʛʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʰʣʷʭʫ ʚ ʨʘʟʽ, ʷʢʱʦ ʧʦʪʦʯʥʠʡ ʰʣʷʭ 
ʥʝʜʦʩʪʫʧʥʠʡ. 

ʇʨʦʪʦʢʦʣʠ ʜʠʥʘʤʽʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ ʥʘʩʪʫʧʥʽ 

ʢʦʤʧʦʥʝʥʪʠ: 

ʉʪʨʫʢʪʫʨʠ ʜʘʥʠʭ. ʗʢ ʧʨʘʚʠʣʦ, ʜʣʷ ʨʦʙʦʪʠ ʧʨʦʪʦʢʦʣʽʚ ʤʘʨʰʨʫʪʠʟʘʮʽʾ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʘʙʣʠʮʽ ʘʙʦ ʙʘʟʠ ʜʘʥʠʭ. ɼʘʥʘ ʽʥʬʦʨʤʘʮʽʷ ʟʙʝʨʽʛʘʻʪʴʩʷ ʚ ʆɿʋ. 

ʇʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦʪʦʢʦʣʫ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. ʇʨʦʪʦʢʦʣʠ ʤʘʨʰʨʫʪʠʟʘʮʽʾ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʽ ʪʠʧʠ ʧʦʚʽʜʦʤʣʝʥʴ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʩʫʩʽʜʥʽʭ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ, ʦʙʤʽʥʫ ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ ʤʘʨʰʨʫʪʠ ʽ ʚʠʢʦʥʘʥʥʷ ʽʥʰʠʭ 

ʟʘʚʜʘʥʴ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʦʪʨʠʤʘʥʥʷʤ ʘʢʪʫʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʤʝʨʝʞʫ. 

ɸʣʛʦʨʠʪʤ - ʘʣʛʦʨʠʪʤ ʷʚʣʷʻ ʩʦʙʦʶ ʧʝʚʥʠʡ ʩʧʠʩʦʢ ʜʽʡ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʥʷ. ʇʨʦʪʦʢʦʣʠ ʤʘʨʰʨʫʪʠʟʘʮʽʾ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʘʣʛʦʨʠʪʤʠ, ʱʦ ʩʧʨʦʱʫʶʪʴ ʦʙʤʽʥ ʜʘʥʠʭ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʽ 

ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʰʣʷʭʫ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʪʦʢʦʣʽʚ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ ʜʠʥʘʤʽʯʥʦ 

ʦʙʤʽʥʶʶʪʴʩʷ ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ ʚʽʜʜʘʣʝʥʠʭ ʤʝʨʝʞʘʭ ʽ ʘʚʪʦʤʘʪʠʯʥʦ ʟʚʽʨʷʶʪʴ ʮʶ 

ʽʥʬʦʨʤʘʮʽʶ ʟ ʚʣʘʩʥʠʤʠ ʪʘʙʣʠʮʷʤʠ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. ʑʦʙ ʟʘʧʫʩʪʠʪʠ ʘʥʽʤʦʚʘʥʫ 

ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ, ʢʣʘʮʥʽʪʴ ʢʥʦʧʢʫ Play (ɺʽʜʪʚʦʨʝʥʥʷ) ʥʘ ʤʘʣʶʥʢʫ. 

ʇʨʦʪʦʢʦʣʠ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚʠʟʥʘʯʘʶʪʴ ʦʧʪʠʤʘʣʴʥʠʡ ʰʣʷʭ ʘʙʦ ʤʘʨʰʨʫʪ ʜʦ 

ʢʦʞʥʦʾ ʤʝʨʝʞʽ. ʇʦʪʽʤ ʤʘʨʰʨʫʪ ʟʚʽʨʷʻʪʴʩʷ ʟ ʪʘʙʣʠʮʝʶ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. ʎʝʡ 

ʤʘʨʰʨʫʪ ʙʫʜʝ ʜʦʜʘʥʦ ʜʦ ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʷʢʱʦ ʚ ʪʘʙʣʠʮʽ ʥʝʤʘʻ ʽʥʰʦʛʦ 

ʜʞʝʨʝʣʘ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʟ ʤʝʥʰʠʤ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʤ ʚʽʜʩʪʘʥʥʶ. ʅʘʧʨʠʢʣʘʜ, 

ʩʪʘʪʠʯʥʠʡ ʤʘʨʰʨʫʪ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ R1 ʟ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʤ ʚʽʜʩʪʘʥʥʶ 1 ʙʫʜʝ 

ʤʘʪʠ ʧʨʽʦʨʠʪʝʪ ʥʘʜ ʪʽʻʶ ʞ ʩʘʤʦʶ ʤʝʨʝʞʝʶ, ʷʢʱʦ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʮʶ ʤʝʨʝʞʽ 

ʦʪʨʠʤʘʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʪʦʢʦʣʫ ʜʠʥʘʤʽʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. ʆʩʥʦʚʥʦʶ 

ʧʝʨʝʚʘʛʦʶ ʧʨʦʪʦʢʦʣʽʚ ʜʠʥʘʤʽʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʻ ʪʝ, ʱʦ ʚʦʥʠ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʦʙʤʽʥ ʤʘʨʰʨʫʪʠʟʠʨʫʶʱʠʡ ʽʥʬʦʨʤʘʮʽʻʶ ʤʽʞ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤʠ ʚ ʚʠʧʘʜʢʘʭ 

ʟʤʽʥ ʚ ʪʦʧʦʣʦʛʽʾ. ʇʦʜʽʙʥʠʡ ʦʙʤʽʥ ʜʘʥʠʤʠ ʜʦʟʚʦʣʷʻ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤ 

ʘʚʪʦʤʘʪʠʯʥʦ ʦʪʨʠʤʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʥʦʚʽ ʤʝʨʝʞʘʭ, ʘ ʪʘʢʦʞ ʟʥʘʭʦʜʠʪʠ 

ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʰʣʷʭʠ ʚ ʨʘʟʽ ʟʙʦʶ ʢʘʥʘʣʫ ʜʦ ʧʦʪʦʯʥʦʾ ʤʝʨʝʞʽ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʩʪʘʪʠʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ 



ʇʝʨʰ ʥʽʞ ʧʨʠʩʪʫʧʠʪʠ ʜʦ ʚʠʚʯʝʥʥʷ ʧʝʨʝʚʘʛ ʧʨʦʪʦʢʦʣʽʚ ʜʠʥʘʤʽʯʥʦʾ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʩʣʽʜ ʨʦʟʛʣʷʥʫʪʠ ʧʨʠʯʠʥʠ, ʚ ʩʠʣʫ ʷʢʠʭ ʤʝʨʝʞʝʚʽ ʬʘʭʽʚʮʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʪʘʪʠʯʥʫ ʤʘʨʰʨʫʪʠʟʘʮʽʶ. ɼʠʥʘʤʽʯʥʘ ʤʘʨʰʨʫʪʠʟʘʮʽʷ 

ʙʝʟʧʝʨʝʯʥʦ ʤʘʻ ʨʷʜ ʧʝʨʝʚʘʛ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʩʪʘʪʠʯʥʦʶ; ʪʠʤ ʥʝ ʤʝʥʰ, ʩʪʘʪʠʯʥʘ 

ʤʘʨʰʨʫʪʠʟʘʮʽʷ ʜʦ ʮʴʦʛʦ ʜʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʨʽʟʥʠʭ ʤʝʨʝʞʘʭ. ʅʘʩʧʨʘʚʜʽ, ʚ 

ʤʝʨʝʞʘʭ ʜʫʞʝ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʦʻʜʥʘʥʥʷ ʩʪʘʪʠʯʥʦʾ ʪʘ ʜʠʥʘʤʽʯʥʦʾ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ. 

ʉʪʘʪʠʯʥʘ ʤʘʨʰʨʫʪʠʟʘʮʽʷ, ʷʢ ʧʨʘʚʠʣʦ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʥʘʩʪʫʧʥʠʭ 

ʚʠʧʘʜʢʘʭ: 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʧʨʦʱʝʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚ 

ʥʝʚʝʣʠʢʠʭ ʤʝʨʝʞʘʭ, ʷʢʽ ʥʝ ʧʣʘʥʫʻʪʴʩʷ ʩʫʪʪʻʚʦ ʨʦʟʰʠʨʶʚʘʪʠ; 

ʤʘʨʰʨʫʪʠʟʘʮʽʷ ʜʦ ʪʫʧʠʢʦʚʦʾ ʤʝʨʝʞʽ ʽ ʟ ʥʝʾ (ʪʫʧʠʢʦʚʦʾ ʤʝʨʝʞʝʶ ʻ ʤʝʨʝʞʘ ʟ 

ʦʜʥʠʤ ʚʠʭʽʜʥʠʤ ʤʘʨʰʨʫʪʦʤ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ, ʷʢʘ ʥʝ ʤʘʻ ʜʘʥʠʭ ʧʨʦ ʽʥʰʠʭ 

ʚʽʜʜʘʣʝʥʠʭ ʤʝʨʝʞʘʭ); 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʻʜʠʥʦʛʦ ʤʘʨʰʨʫʪʫ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ (ʜʣʷ ʧʦʜʘʥʥʷ ʰʣʷʭʫ ʜʦ 

ʙʫʜʴ-ʷʢʦʾ ʤʝʨʝʞʽ, ʱʦ ʥʝ ʤʘʻ ʙʽʣʴʰ ʪʦʯʥʦʛʦ ʟʙʽʛʫ ʟ ʽʥʰʠʤ ʤʘʨʰʨʫʪʦʤ ʚ ʪʘʙʣʠʮʽ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ). 

 
ʈʠʩ. 3.2.1 

 

ʇʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ ʩʪʘʪʠʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ 

ʋ ʪʘʙʣʠʮʽ ʥʘ ʤʘʣʶʥʢʫ ʧʦʢʘʟʘʥʽ ʦʩʥʦʚʥʽ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ ʩʪʘʪʠʯʥʦʾ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ. ʈʝʘʣʽʟʘʮʽʷ ʩʪʘʪʠʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚ ʥʝʚʝʣʠʢʦʾ ʤʝʨʝʞʽ ʥʝ 

ʧʨʝʜʩʪʘʚʣʷʻ ʩʢʣʘʜʥʦʱʽʚ. ʉʪʘʪʠʯʥʽ ʤʘʨʰʨʫʪʠ ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʟʤʽʥʥʠʤʠ, ʟʘʚʜʷʢʠ 

ʯʦʤʫ ʫʩʫʥʫʪʠ ʥʝʧʦʣʘʜʢʠ, ʧʦʚ'ʷʟʘʥʽ ʟ ʥʠʤʠ, ʱʦʜʦ ʧʨʦʩʪʦ. ʇʨʠ ʩʪʘʪʠʯʥʦʾ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʥʝ ʧʦʪʨʽʙʥʦ ʨʦʟʩʠʣʢʘ ʧʦʚʽʜʦʤʣʝʥʴ ʧʨʦ ʦʥʦʚʣʝʥʥʷ, ʪʦʤʫ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʨʝʩʫʨʩʠ ʤʘʡʞʝ ʧʦʚʥʽʩʪʶ ʚʽʜʩʫʪʥʷ. 

ʅʝʜʦʣʽʢʠ ʩʪʘʪʠʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ: 



¶ ʈʝʘʣʽʟʘʮʽʷ ʩʪʘʪʠʯʥʠʭ ʤʘʨʰʨʫʪʽʚ ʫ ʚʝʣʠʢʠʭ ʤʝʨʝʞʘʭ ʧʦʚ'ʷʟʘʥʘ ʟ 
ʧʝʚʥʠʤʠ ʩʢʣʘʜʥʦʱʘʤʠ. 

¶ ʋʧʨʘʚʣʽʥʥʷ ʥʘʩʪʨʦʡʢʘʤʠ ʩʪʘʪʠʯʥʠʭ ʤʘʨʰʨʫʪʽʚ ʟʘʙʠʨʘʻ ʙʘʛʘʪʦ ʯʘʩʫ. 

¶ ʋ ʨʘʟʽ ʟʙʦʶ ʢʘʥʘʣʫ ʩʪʘʪʠʯʥʠʡ ʤʘʨʰʨʫʪ ʥʝ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ 

ʜʣʷ ʧʦʚʪʦʨʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʪʨʘʬʽʢʫ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʧʨʦʪʦʢʦʣʽʚ ʜʠʥʘʤʽʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ 

ʇʨʦʪʦʢʦʣʠ ʜʠʥʘʤʽʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʜʦʟʚʦʣʷʶʪʴ ʘʜʤʽʥʽʩʪʨʘʪʦʨʘ 

ʫʧʨʘʚʣʷʪʠ ʪʨʫʜʦʤʽʩʪʢʠʤʠ ʧʨʦʮʝʩʘʤʠ ʥʘʩʪʨʦʡʢʠ ʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʩʪʘʪʠʯʥʠʭ 

ʤʘʨʰʨʫʪʽʚ. 

ʋʷʚʽʪʴ ʩʦʙʽ ʚʠʢʦʥʘʥʥʷ ʥʘʩʪʨʦʡʢʠ ʩʪʘʪʠʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʥʘ ʩʝʤʠ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʭ 

ʊʝʧʝʨ ʫʷʚʽʪʴ, ʱʦ ʢʦʤʧʘʥʽʷ ʚʠʨʦʩʣʘ ʽ ʪʝʧʝʨ ʥʝʦʙʭʽʜʥʦ ʦʙʩʣʫʛʦʚʫʚʘʪʠ ʯʦʪʠʨʠ 

ʨʝʛʽʦʥʠ ʽ 28 ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ. ʑʦ ʩʪʘʥʝʪʴʩʷ ʚ ʨʘʟʽ ʟʙʦʶ ʢʘʥʘʣʫ? ʗʢ ʟʘʙʝʟʧʝʯʠʪʠ 

ʜʦʩʪʫʧʥʽʩʪʴ ʨʝʟʝʨʚʥʠʭ ʤʘʨʰʨʫʪʽʚ? 

ɼʠʥʘʤʽʯʥʘ ʤʘʨʰʨʫʪʠʟʘʮʽʷ ʻ ʦʧʪʠʤʘʣʴʥʠʤ ʚʠʙʦʨʦʤ ʜʣʷ ʦʜʥʽʻʾ ʟ ʚʝʣʠʢʠʭ 

ʤʝʨʝʞ, ʧʦʢʘʟʘʥʦʾ ʥʘ ʤʘʣʶʥʢʫ. 

ʇʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ ʜʠʥʘʤʽʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ 

ʋ ʪʘʙʣʠʮʽ ʥʘ ʤʘʣʶʥʢʫ ʧʨʝʜʩʪʘʚʣʝʥʽ ʦʩʥʦʚʥʽ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ 

ʜʠʥʘʤʽʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. ʇʨʦʪʦʢʦʣʠ ʜʠʥʘʤʽʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʽʜʝʘʣʴʥʦ 

ʧʽʜʭʦʜʷʪʴ ʜʣʷ ʤʝʨʝʞ ʙʫʜʴ-ʷʢʦʛʦ ʪʠʧʫ, ʱʦ ʤʽʩʪʷʪʴ ʢʽʣʴʢʘ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ. 

ʇʨʦʪʦʢʦʣʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʤʘʩʰʪʘʙʦʚʘʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʘʚʪʦʤʘʪʠʯʥʦ 

ʚʠʟʥʘʯʘʶʪʴ ʦʧʪʠʤʘʣʴʥʽ ʤʘʨʰʨʫʪʠ ʧʨʠ ʟʤʽʥʘʭ ʚ ʪʦʧʦʣʦʛʽʾ. ʇʨʦʮʝʩ ʥʘʩʪʨʦʡʢʠ 

ʧʨʦʪʦʢʦʣʽʚ ʜʠʥʘʤʽʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚʠʤʘʛʘʻ ʧʝʚʥʠʭ ʟʥʘʥʴ ʽ ʟʫʩʠʣʴ, ʦʜʥʘʢ ʫ 

ʚʝʣʠʢʠʭ ʤʝʨʝʞʘʭ ʥʘʙʘʛʘʪʦ ʧʨʦʩʪʽʰʝ ʥʘʣʘʰʪʫʚʘʪʠ ʜʠʥʘʤʽʯʥʫ ʤʘʨʰʨʫʪʠʟʘʮʽʶ, 

ʥʽʞ ʩʪʘʪʠʯʥʫ. 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʠʥʘʤʽʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʻ ʜʝʷʢʽ ʥʝʜʦʣʽʢʠ: ɼʣʷ 

ʨʝʘʣʽʟʘʮʽʾ ʜʠʥʘʤʽʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʧʦʪʨʽʙʥʝ ʟʥʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʢʦʤʘʥʜ. ʋ 

ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʩʪʘʪʠʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʜʠʥʘʤʽʯʥʘ ʤʘʨʰʨʫʪʠʟʘʮʽʷ ʜʝʤʦʥʩʪʨʫʻ 

ʙʽʣʴʰ ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ, ʦʩʢʽʣʴʢʠ ʽʥʪʝʨʬʝʡʩʠ, ʚʠʟʥʘʯʝʥʽ ʧʨʦʪʦʢʦʣʦʤ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʚʠʢʦʥʫʶʪʴ ʚʽʜʧʨʘʚʢʫ ʧʦʚʽʜʦʤʣʝʥʴ ʧʨʦ ʦʥʦʚʣʝʥʥʷ ʤʘʨʰʨʫʪʽʚ. 

ʄʘʨʰʨʫʪʠ ʤʦʞʫʪʴ ʚʽʜʨʽʟʥʷʪʠʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʘʢʝʪʽʚ. ɸʣʛʦʨʠʪʤ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʻ ʜʦʜʘʪʢʦʚʽ ʨʝʩʫʨʩʠ ʎʇ, ʆɿʋ ʽ ʩʤʫʛʠ ʧʨʦʧʫʩʢʘʥʥʷ 

ʢʘʥʘʣʫ. 

ɿʚʝʨʥʽʪʴ ʫʚʘʛʫ, ʷʢ ʜʠʥʘʤʽʯʥʘ ʤʘʨʰʨʫʪʠʟʘʮʽʷ ʜʦʟʚʦʣʷʻ ʫʩʫʥʫʪʠ ʥʝʜʦʣʽʢʠ 

ʩʪʘʪʠʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. 

ʈʝʞʠʤ ʢʦʥʬʽʛʫʨʘʮʽʾ ʧʨʦʪʦʢʦʣʫ RIP ʥʘ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽ 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ ʱʦ RIP ʨʽʜʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʩʫʯʘʩʥʠʭ ʤʝʨʝʞʘʭ, ʚʽʥ 

ʤʦʞʝ ʧʦʩʣʫʞʠʪʠ ʦʩʥʦʚʦʶ ʜʣʷ ʨʦʟʫʤʽʥʥʷ ʧʨʠʥʮʠʧʽʚ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʤʝʨʝʞʽ. ʋ 

ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʧʦʜʘʥʦ ʢʦʨʦʪʢʠʡ ʦʛʣʷʜ ʙʘʟʦʚʦʾ ʥʘʩʪʨʦʡʢʠ ʧʨʦʪʦʢʦʣʫ RIP ʽ 

ʧʝʨʝʚʽʨʢʠ ʧʨʦʪʦʢʦʣʫ RIPv2. 



 
ʈʠʩ. 3.2.2 

ɺʠʚʯʽʪʴ ʪʦʧʦʣʦʛʽʶ ʥʘ ʨʠʩ. 1 ʽ ʪʘʙʣʠʮʶ ʘʜʨʝʩʘʮʽʾ ʥʘ ʨʠʩ. 2. ɺ ʨʘʤʢʘʭ ʜʘʥʦʛʦ 

ʩʮʝʥʘʨʽʶ ʥʘ ʚʩʽʭ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʭ ʥʘʣʘʰʪʦʚʘʥʽ ʦʩʥʦʚʥʽ ʬʫʥʢʮʽʾ ʫʧʨʘʚʣʽʥʥʷ; ʚʩʽ 

ʽʥʪʝʨʬʝʡʩʠ, ʟʘʷʚʣʝʥʽ ʚ ʪʦʧʦʣʦʛʽʾ, ʥʘʣʘʰʪʦʚʘʥʽ ʽ ʘʢʪʠʚʦʚʘʥʽ. ʉʪʘʪʠʯʥʽ ʤʘʨʰʨʫʪʠ ʽ 

ʘʢʪʠʚʥʽ ʧʨʦʪʦʢʦʣʠ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚʽʜʩʫʪʥʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ 

ʜʦʩʪʫʧ ʜʦ ʚʽʜʜʘʣʝʥʠʭ ʤʝʨʝʞ ʥʝʤʦʞʣʠʚʠʡ. ʗʢ ʧʨʦʪʦʢʦʣʫ ʜʠʥʘʤʽʯʥʦʾ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʦʪʦʢʦʣ RIPv1. ɼʣʷ ʚʢʣʶʯʝʥʥʷ ʧʨʦʪʦʢʦʣʫ 

RIP ʚʠʢʦʨʠʩʪʦʚʫʡʪʝ ʢʦʤʘʥʜʫ router rip (ʜʠʚ. ʈʠʩ. 3). ɼʘʥʘ ʢʦʤʘʥʜʘ ʥʝ ʟʘʧʫʩʢʘʻ 

ʨʦʙʦʪʫ ʧʨʦʪʦʢʦʣʫ RIP. ɿ ʾʾ ʜʦʧʦʤʦʛʦʶ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʝʨʝʭʽʜ ʚ ʨʝʞʠʤ 

ʢʦʥʬʽʛʫʨʘʮʽʾ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ, ʜʝ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘʩʪʨʦʡʢʘ ʧʘʨʘʤʝʪʨʽʚ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʧʨʦʪʦʢʦʣʫ RIP. ɿʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʧʨʠ ʘʢʪʠʚʘʮʽʾ RIP 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʝʨʩʽʷ RIPv1. 

 
ʈʠʩ. 3.2.3 

ɼʣʷ ʚʽʜʢʣʶʯʝʥʥʷ ʽ ʚʠʜʘʣʝʥʥʷ ʧʨʦʪʦʢʦʣʫ RIP ʚʠʢʦʨʠʩʪʦʚʫʡʪʝ ʢʦʤʘʥʜʫ 

ʛʣʦʙʘʣʴʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ no router rip. ɼʘʥʘ ʢʦʤʘʥʜʘ ʟʫʧʠʥʷʻ ʨʦʙʦʪʫ ʧʨʦʪʦʢʦʣʫ 

RIP ʽ ʚʠʜʘʣʷʻ ʚʩʽ ʽʩʥʫʶʯʽ ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʨʦʪʦʢʦʣʫ. 

 
ʈʠʩ. 3.2.4 

ʅʘ ʨʠʩ. 4 ʧʦʢʘʟʘʥʽ ʨʽʟʥʽ ʢʦʤʘʥʜʠ ʧʨʦʪʦʢʦʣʫ RIP, ʷʢʽ ʤʦʞʥʘ ʥʘʣʘʰʪʫʚʘʪʠ. 

ɺʠʜʽʣʝʥʽ ʢʣʶʯʦʚʽ ʩʣʦʚʘ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʚ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ. 



ʆʛʦʣʦʰʝʥʥʷ ʤʝʨʝʞ 

ʇʨʠ ʧʝʨʝʭʦʜʽ ʚ ʨʝʞʠʤ ʢʦʥʬʽʛʫʨʘʮʽʾ ʧʨʦʪʦʢʦʣʫ RIP ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʦʪʨʠʤʫʻ 

ʚʢʘʟʽʚʢʫ ʘʢʪʠʚʫʚʘʪʠ RIPv1. ʆʜʥʘʢ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʥʝʦʙʭʽʜʥʦ ʧʦʚʽʜʦʤʠʪʠ, ʷʢʽ 

ʣʦʢʘʣʴʥʽ ʽʥʪʝʨʬʝʡʩʠ ʚʽʥ ʧʦʚʠʥʝʥ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʦʙʤʽʥʫ ʜʘʥʠʤʠ ʟ ʽʥʰʠʤʠ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤʠ, ʘ ʪʘʢʦʞ ʷʢʽ ʣʦʢʘʣʴʥʦ ʧʽʜʢʣʶʯʝʥʽ ʤʝʨʝʞʽ ʚʽʥ ʧʦʚʠʥʝʥ 

ʦʛʦʣʦʩʠʪʠ ʜʣʷ ʮʠʭ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ. 

ɺʢʣʶʯʝʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʧʦ ʧʨʦʪʦʢʦʣʫ RIP ʜʣʷ ʪʽʻʾ ʯʠ ʽʥʰʦʾ ʤʝʨʝʞʽ 

ʧʨʦʚʦʜʠʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʘʥʜʠ network ʤʝʨʝʞʝʚʫ ʘʜʨʝʩʫ ʨʝʞʠʤʫ 

ʢʦʥʬʽʛʫʨʘʮʽʾ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ. ɺʢʘʞʽʪʴ ʢʣʘʩʦʚʠʡ ʤʝʨʝʞʝʚʫ ʘʜʨʝʩʫ ʜʣʷ ʢʦʞʥʦʾ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʜʢʣʶʯʝʥʦʾ ʤʝʨʝʞʽ. ɼʘʥʘ ʢʦʤʘʥʜʘ ʚʠʢʦʥʫʻ ʥʘʩʪʫʧʥʽ ʜʽʾ: 

ɺʢʣʶʯʘʻ ʧʨʦʪʦʢʦʣ RIP ʥʘ ʚʩʽʭ ʽʥʪʝʨʬʝʡʩʘʭ, ʷʢʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʢʦʥʢʨʝʪʥʦʾ 

ʤʝʨʝʞʽ. ʇʦʚ'ʷʟʘʥʽ ʽʥʪʝʨʬʝʡʩʠ ʪʝʧʝʨ ʤʦʞʫʪʴ ʽ ʚʽʜʧʨʘʚʣʷʪʠ, ʽ ʦʪʨʠʤʫʚʘʪʠ ʧʘʢʝʪʠ 

ʦʥʦʚʣʝʥʴ ʧʨʦʪʦʢʦʣʫ RIP. 

ʆʛʦʣʦʰʫʻ ʟʘʟʥʘʯʝʥʫ ʤʝʨʝʞʫ ʚ ʦʥʦʚʣʝʥʥʷʭ ʤʘʨʰʨʫʪʠʟʘʮʽʾ RIP, ʱʦ 

ʚʽʜʧʨʘʚʣʷʶʪʴʩʷ ʽʥʰʠʤ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ ʢʦʞʥʽ 30 ʩʝʢʫʥʜ. 

ʇʨʠʤʽʪʢʘ. ʇʨʦʪʦʢʦʣ RIPv1 ʻ ʧʨʦʪʦʢʦʣʦʤ ʢʣʘʩʦʚʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʜʣʷ IPv4. 

ʊʦʤʫ IOS ʘʚʪʦʤʘʪʠʯʥʦ ʧʝʨʝʪʚʦʨʶʻ ʟʘʟʥʘʯʝʥʫ ʘʜʨʝʩʫ ʧʽʜʤʝʨʝʞʽ (ʧʨʠ ʡʦʛʦ 

ʥʘʷʚʥʦʩʪʽ) ʚ ʢʣʘʩʦʚʠʡ ʤʝʨʝʞʝʚʫ ʘʜʨʝʩʫ. ʅʘʧʨʠʢʣʘʜ, ʧʨʠ ʚʚʝʜʝʥʥʽ ʢʦʤʘʥʜʠ 

network 192.168.1.32 ʚ ʧʦʪʦʯʥʦʤʫ ʬʘʡʣʽ ʢʦʥʬʽʛʫʨʘʮʽʾ ʚʠʢʦʥʫʻʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʝ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʚ network 192.168.1.0. IOS ʥʝ ʩʪʚʦʨʶʻ 

ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦ ʧʦʤʠʣʢʫ, ʦʜʥʘʢ ʟʘʤʽʩʪʴ ʮʴʦʛʦ ʚʠʧʨʘʚʣʷʻ ʚʚʝʜʝʥʽ ʜʘʥʽ ʽ ʚʢʘʟʫʻ 

ʢʣʘʩʦʚʠʡ ʤʝʨʝʞʝʚʫ ʘʜʨʝʩʫ. 

 
ʈʠʩ. 3.2.5 

ʅʘ ʨʠʩ. 1 ʢʦʤʘʥʜʘ network ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʛʦʣʦʰʝʥʥʷ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʜʢʣʶʯʝʥʠʭ ʤʝʨʝʞ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ R1. 



 
ʈʠʩ. 3.2.6 

ɺʠʢʦʨʠʩʪʦʚʫʡʪʝ ʽʥʩʪʨʫʤʝʥʪ ʧʝʨʝʚʽʨʢʠ ʩʠʥʪʘʢʩʠʩʫ ʥʘ ʨʠʩ. 2 ʜʣʷ ʥʘʩʪʨʦʡʢʠ 

ʘʥʘʣʦʛʽʯʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ʥʘ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʭ R2 ʽ R3. 

ʇʝʨʝʚʽʨʢʘ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʧʦ ʧʨʦʪʦʢʦʣʫ RIP 

ʂʦʤʘʥʜʘ show ip protocols ʚʽʜʦʙʨʘʞʘʻ ʧʦʪʦʯʥʽ ʥʘʩʪʨʦʡʢʠ ʧʨʦʪʦʢʦʣʫ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ IPv4 ʥʘ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽ. ɺʠʭʽʜʥʽ ʜʘʥʽ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 1, 

ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʥʘʩʪʨʦʡʢʫ ʙʽʣʴʰʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʪʦʢʦʣʫ RIP, ʚʢʣʶʯʘʶʯʠ 

ʥʘʩʪʫʧʥʽ: 

1. ʄʘʨʰʨʫʪʠʟʘʮʽʷ RIP ʥʘʣʘʰʪʦʚʘʥʘ ʽ ʟʘʧʫʱʝʥʘ ʥʘ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽ R1. 

2. ɿʥʘʯʝʥʥʷ ʨʽʟʥʠʭ ʪʘʡʤʝʨʽʚ, ʥʘʧʨʠʢʣʘʜ ʥʘʩʪʫʧʥʝ ʦʥʦʚʣʝʥʥʷ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʚʽʜʧʨʘʚʣʷʶʪʴʩʷ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʤ R1 ʯʝʨʝʟ 15 ʩʝʢʫʥʜ. 

3. ʇʦʪʦʯʥʘ ʥʘʣʘʰʪʦʚʘʥʘ ʚʝʨʩʽʷ ʧʨʦʪʦʢʦʣʫ RIP - RIPv1. 

4. ʄʘʨʰʨʫʪʠʟʘʪʦʨ R1 ʚ ʜʘʥʠʡ ʯʘʩ ʚʠʢʦʥʫʻ ʦʙ'ʻʜʥʘʥʥʷ ʚ ʤʝʞʘʭ ʢʣʘʩʦʚʦʾ 

ʤʝʨʝʞʽ. 

5. ʂʣʘʩʦʚʽ ʤʝʨʝʞʽ ʦʛʦʣʦʰʫʶʪʴʩʷ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʤ R1. ʎʝ ʤʝʨʝʞʽ, ʷʢʽ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨ R1 ʚʢʣʶʯʘʻ ʚ ʚʣʘʩʥʽ ʧʦʥʦʚʣʝʥʥʷ RIP. 



 
ʈʠʩ. 3.2.7 

6. ʇʝʨʝʨʘʭʦʚʘʥʦ ʩʫʩʽʜʥʽ ʧʨʠʩʪʨʦʾ RIP, ʚʢʣʶʯʘʶʯʠ ʥʘʩʪʫʧʥʫ ʽʥʬʦʨʤʘʮʽʶ: 

IP-ʘʜʨʝʩʘ ʥʘʩʪʫʧʥʦʛʦ ʧʝʨʝʭʦʜʫ; ʧʦʚ'ʷʟʘʥʝ ʟʥʘʯʝʥʥʷ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦʛʦ ʚʽʜʩʪʘʥʽ, 

ʷʢʝ ʤʘʨʰʨʫʪʠʟʘʪʦʨ R2 ʚʠʢʦʨʠʩʪʦʚʫʻ ʜʣʷ ʦʥʦʚʣʝʥʴ, ʱʦ ʚʽʜʧʨʘʚʣʷʶʪʴʩʷ ʜʘʥʠʤʠ 

ʩʫʩʽʜʥʽʤ ʧʨʠʩʪʨʦʻʤ; ʯʘʩ ʦʪʨʠʤʘʥʥʷ ʦʩʪʘʥʥʴʦʛʦ ʦʥʦʚʣʝʥʥʷ ʚʽʜ ʜʘʥʦʛʦ ʩʫʩʽʜʥʴʦʛʦ 

ʧʨʠʩʪʨʦʶ. 

 
ʈʠʩ. 3.2.8 

ʇʨʠʤʽʪʢʘ. ɼʘʥʫ ʢʦʤʘʥʜʫ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʧʝʨʝʚʽʨʢʠ 

ʨʦʙʦʪʠ ʽʥʰʠʭ ʧʨʦʪʦʢʦʣʽʚ ʤʘʨʰʨʫʪʠʟʘʮʽʾ (ʥʘʧʨʠʢʣʘʜ, EIGRP ʽ OSPF). 



ʂʦʤʘʥʜʘ show ip route ʚʽʜʦʙʨʘʞʘʻ ʤʘʨʰʨʫʪʠ RIP, ʜʦʜʘʥʽ ʚ ʪʘʙʣʠʮʶ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ. ɿʛʽʜʥʦ ʨʠʩ. 2, ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ R1 ʪʝʧʝʨ ʚʽʜʦʤʦ ʧʨʦ ʟʘʟʥʘʯʝʥʽ 

ʤʝʨʝʞʘʭ. 

ɺʠʢʦʨʠʩʪʦʚʫʡʪʝ ʽʥʩʪʨʫʤʝʥʪ ʧʝʨʝʚʽʨʢʠ ʩʠʥʪʘʢʩʠʩʫ ʥʘ ʨʠʩ. 3 ʜʣʷ ʧʝʨʝʚʽʨʢʠ 

ʥʘʣʘʰʪʫʚʘʥʴ ʽ ʤʘʨʰʨʫʪʽʚ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ R2 ʽ R3 RIP. 

ɺʢʣʶʯʝʥʥʷ ʽ ʧʝʨʝʚʽʨʢʘ ʧʨʦʪʦʢʦʣʫ RIPv2 

ʇʨʠ ʥʘʣʘʰʪʫʚʘʥʥʽ ʧʨʦʮʝʩʫ RIP ʥʘ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽ Cisco, ʟʘ 

ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʦʪʦʢʦʣ RIPv1 (ʜʠʚ. ʈʠʩ. 1). ʆʜʥʘʢ ʥʘʚʽʪʴ ʚ 

ʪʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʚʽʜʧʨʘʚʣʷʻ ʪʽʣʴʢʠ ʧʦʚʽʜʦʤʣʝʥʥʷ RIPv1, ʚʽʥ 

ʤʦʞʝ ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ ʧʦʚʽʜʦʤʣʝʥʥʷ RIPv1 ʽ RIPv2. ʄʘʨʰʨʫʪʠʟʘʪʦʨ RIPv1 

ʽʛʥʦʨʫʻ ʧʦʣʷ RIPv2 ʚ ʟʘʧʠʩʫ ʤʘʨʰʨʫʪʫ. 

 
ʈʠʩ. 3.2.9 

ɼʣʷ ʚʢʣʶʯʝʥʥʷ RIPv2 ʚʠʢʦʨʠʩʪʦʚʫʡʪʝ ʢʦʤʘʥʜʫ ʨʝʞʠʤʫ ʢʦʥʬʽʛʫʨʘʮʽʾ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ version 2, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2. ɿʚʝʨʥʽʪʴ ʫʚʘʛʫ ʥʘ ʪʝ, ʷʢ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʦʤʘʥʜʠ show ip protocols ʧʝʨʝʚʽʨʷʻʪʴʩʷ, ʱʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨ R2 

ʥʘʣʘʰʪʦʚʘʥʠʡ ʜʣʷ ʚʽʜʧʨʘʚʢʠ ʽ ʧʨʠʡʦʤʫ ʪʽʣʴʢʠ ʧʦʚʽʜʦʤʣʝʥʴ ʚʝʨʩʽʾ 2. ʇʨʦʮʝʩ RIP 

ʪʝʧʝʨ ʚʢʣʶʯʘʻ ʤʘʩʢʫ ʧʽʜʤʝʨʝʞʽ ʚ ʫʩʽ ʦʥʦʚʣʝʥʥʷ, ʱʦ ʚʽʜʥʦʩʠʪʴ ʧʨʦʪʦʢʦʣ RIPv2 

ʜʦ ʙʝʟʢʣʘʩʦʚʠʤ ʧʨʦʪʦʢʦʣʘʤ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. 



 
ʈʠʩ. 3.2.10 

ʇʨʠʤʽʪʢʘ. ɿʘ ʢʦʤʘʥʜʦʶ version 1 ʚʢʣʶʯʘʻʪʴʩʷ ʪʽʣʴʢʠ ʧʨʦʪʦʢʦʣ RIPv1. 

ʂʦʤʘʥʜʘ no version ʚʽʜʥʦʚʣʶʻ ʧʘʨʘʤʝʪʨʠ ʥʘʣʘʰʪʫʚʘʥʥʷ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ - 

ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʚʽʜʧʨʘʚʣʷʻ ʦʥʦʚʣʝʥʥʷ ʚʝʨʩʽʾ 1, ʧʨʠ ʮʴʦʤʫ ʙʝʨʫʯʠ ʦʥʦʚʣʝʥʥʷ 

ʚʝʨʩʽʡ 1 ʽ 2. 

 
ʈʠʩ. 3.2.11 



ʅʘ ʨʠʩ. 3 ʧʦʢʘʟʘʥʘ ʥʦʚʘ ʪʘʙʣʠʮʷ ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʜʝ ʥʝʤʘʻ ʤʘʨʰʨʫʪʽʚ RIP. 

ʎʝ ʧʦʚ'ʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨ R1 ʪʝʧʝʨ ʧʨʦʩʣʫʭʦʚʫʻ ʪʽʣʴʢʠ ʧʦʥʦʚʣʝʥʥʷ 

RIPv2. ʄʘʨʰʨʫʪʠʟʘʪʦʨ R2 ʽ R3 ʽ ʨʘʥʽʰʝ ʚʽʜʧʨʘʚʣʷʶʪʴ ʧʦʥʦʚʣʝʥʥʷ RIPv1. ʆʪʞʝ, 

ʢʦʤʘʥʜʘ version 2 ʧʦʚʠʥʥʘ ʙʫʪʠ ʥʘʣʘʰʪʦʚʘʥʘ ʥʘ ʚʩʽʭ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʭ ʚ ʜʦʤʝʥʽ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ. 

ɺʠʢʦʨʠʩʪʦʚʫʡʪʝ ʽʥʩʪʨʫʤʝʥʪ ʧʝʨʝʚʽʨʢʠ ʩʠʥʪʘʢʩʠʩʫ ʥʘ ʨʠʩ. 4 ʜʣʷ ʚʢʣʶʯʝʥʥʷ 

ʧʨʦʪʦʢʦʣʫ RIPv2 ʥʘ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʭ R2 ʽ R3. 

ɺʽʜʢʣʶʯʝʥʥʷ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʧʽʜʩʫʤʦʚʫʚʘʥʥʷ 

ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1, ʧʨʦʪʦʢʦʣ RIPv2 ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʘʚʪʦʤʘʪʠʯʥʦ 

ʧʽʜʩʫʤʦʚʫʻ ʤʝʨʝʞʽ ʚ ʤʝʞʘʭ ʦʩʥʦʚʥʦʾ ʤʝʨʝʞʽ ʘʥʘʣʦʛʽʯʥʦ ʧʨʦʪʦʢʦʣʫ RIPv1. 

 
ʈʠʩ. 3.2.12 

ɼʣʷ ʟʤʽʥʠ ʧʦʚʝʜʽʥʢʠ ʧʨʦʪʦʢʦʣʫ RIPv2 ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ (ʘʚʪʦʤʘʪʠʯʥʝ 

ʦʙ'ʻʜʥʘʥʥʷ), ʚʠʢʦʨʠʩʪʦʚʫʡʪʝ ʢʦʤʘʥʜʫ ʨʝʞʠʤʫ ʢʦʥʬʽʛʫʨʘʮʽʾ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ no 

auto-summary, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2. ɼʘʥʘ ʢʦʤʘʥʜʘ ʥʝ ʚʠʢʦʥʫʻ ʧʦʪʨʽʙʥʽ ʜʽʾ, 

ʷʢʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʦʪʦʢʦʣ RIPv1. ʇʽʩʣʷ ʚʽʜʢʣʶʯʝʥʥʷ ʬʫʥʢʮʽʾ 

ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʧʽʜʩʫʤʦʚʫʚʘʥʥʷ ʧʨʦʪʦʢʦʣ RIPv2 ʧʨʠʧʠʥʷʻ ʧʽʜʩʫʤʦʚʫʚʘʥʥʷ 

ʤʝʨʝʞ ʧʦ ʾʭ ʢʣʘʩʦʚʦʛʦ ʘʜʨʝʩʦʶ ʥʘ ʧʨʠʢʦʨʜʦʥʥʠʭ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʭ. ʊʝʧʝʨ 

ʧʨʦʪʦʢʦʣ RIPv2 ʚʢʣʶʯʘʻ ʚʩʽ ʧʽʜʤʝʨʝʞʽ ʽ ʚʽʜʧʦʚʽʜʥʽ ʤʘʩʢʠ ʚ ʩʚʦʾ ʚʽʜʥʦʚʣʝʥʥʷ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ. ʊʝʧʝʨ ʢʦʤʘʥʜʘ show ip protocols ʧʦʚʽʜʦʤʣʷʻ, ʱʦ ʘʚʪʦʤʘʪʠʯʥʝ 

ʦʙ'ʻʜʥʘʥʥʷ ʤʝʨʝʞ ʥʝ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ (automatic network summarization is not in 

effect). 



 
ʈʠʩ. 3.2.13 

ʇʨʠʤʽʪʢʘ. RIPv2 ʥʝʦʙʭʽʜʥʦ ʚʢʣʶʯʠʪʠ ʜʦ ʚʽʜʢʣʶʯʝʥʥʷ ʬʫʥʢʮʽʾ 

ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʦʙ'ʻʜʥʘʥʥʷ. 

ɺʠʢʦʨʠʩʪʦʚʫʡʪʝ ʽʥʩʪʨʫʤʝʥʪ ʧʝʨʝʚʽʨʢʠ ʩʠʥʪʘʢʩʠʩʫ ʥʘ ʨʠʩ. 3, ʱʦʙ 

ʚʽʜʢʣʶʯʠʪʠ ʬʫʥʢʮʽʶ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʦʙ'ʻʜʥʘʥʥʷ ʥʘ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʭ R2 ʽ R3. 

ʅʘʣʘʰʪʫʚʘʥʥʷ ʧʘʩʠʚʥʠʭ ʽʥʪʝʨʬʝʡʩʽʚ 

ɿʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʧʦʥʦʚʣʝʥʥʷ RIP ʧʝʨʝʩʠʣʘʶʪʴʩʷ ʯʝʨʝʟ ʚʩʽ ʽʥʪʝʨʬʝʡʩʠ, ʱʦ 

ʧʽʜʪʨʠʤʫʶʪʴ ʧʨʦʪʦʢʦʣ RIP. ʗʢʱʦ ʽʥʪʝʨʬʝʡʩ ʧʽʜʢʣʶʯʝʥʠʡ ʜʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ, 

ʷʢʠʡ ʥʝ ʧʽʜʪʨʠʤʫʻ ʧʨʦʪʦʢʦʣ RIP, ʪʦ ʚʽʜʧʨʘʚʢʘ ʦʥʦʚʣʝʥʴ RIP ʯʝʨʝʟ ʪʘʢʠʡ 

ʽʥʪʝʨʬʝʡʩ ʥʝ ʤʘʻ ʩʝʥʩʫ. 

 
ʈʠʩ. 3.2.14 

ʆʟʥʘʡʦʤʪʝʩʷ ʟ ʪʦʧʦʣʦʛʽʻʶ ʥʘ ʨʠʩ.1. ʇʨʦʪʦʢʦʣ RIP ʚʽʜʧʨʘʚʣʷʻ ʧʦʥʦʚʣʝʥʥʷ ʟ 

ʽʥʪʝʨʬʝʡʩʫ G0 / 0 ʥʘʚʽʪʴ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʧʨʠʩʪʨʽʡ RIP ʚʽʜʩʫʪʥʷ ʚ ʮʽʡ 

ʤʝʨʝʞʽ LAN. ʄʘʨʰʨʫʪʠʟʘʪʦʨ R1 ʥʝ ʦʪʨʠʤʫʻ ʧʨʦ ʮʝ ʜʘʥʠʭ ʽ, ʚ ʨʝʟʫʣʴʪʘʪʽ, 

ʚʽʜʧʨʘʚʣʷʻ ʦʥʦʚʣʝʥʥʷ ʢʦʞʥʽ 30 ʩʝʢʫʥʜ. ɺʽʜʧʨʘʚʢʘ ʥʝʧʦʪʨʽʙʥʠʭ ʦʥʦʚʣʝʥʴ ʚ LAN 

ʤʘʻ ʥʘʩʪʫʧʥʽ ʥʘʩʣʽʜʢʠ: 



 
ʈʠʩ. 3.2.15 

ʅʝʦʙʛʨʫʥʪʦʚʘʥʝ ʚʠʪʨʘʯʘʥʥʷ ʩʤʫʛʠ ʧʨʦʧʫʩʢʘʥʥʷ: ʩʤʫʛʘ ʧʨʦʧʫʩʢʘʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʝʨʝʜʘʯʽ ʥʝʧʦʪʨʽʙʥʠʭ ʦʥʦʚʣʝʥʴ. ʆʥʦʚʣʝʥʥʷ RIP 

ʚʽʜʧʨʘʚʣʷʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʥʦʛʦʘʜʨʝʩʥʦʡ ʘʙʦ ʰʠʨʦʢʦʤʦʚʥʦʾ ʨʦʟʩʠʣʢʠ, 

ʪʦʤʫ ʢʦʤʫʪʘʪʦʨʠʪʘʢʦʞ ʧʝʨʝʩʠʣʘʶʪʴ ʧʦʥʦʚʣʝʥʥʷ ʯʝʨʝʟ ʚʩʽ ʧʦʨʪʠ. 

ʉʧʦʞʠʚʘʥʥʷ ʨʝʩʫʨʩʽʚ: ʚʩʽ ʧʨʠʩʪʨʦʾ ʚ ʤʝʨʝʞʽ LAN ʧʦʚʠʥʥʽ ʦʙʨʦʙʣʷʪʠ 

ʦʥʦʚʣʝʥʥʷ ʜʦ ʪʨʘʥʩʧʦʨʪʥʠʭ ʨʽʚʥʽʚ, ʥʘ ʷʢʠʭ ʧʦʥʦʚʣʝʥʥʷ ʚʠʜʘʣʷʶʪʴʩʷ. 

ʈʠʟʠʢʠ ʜʣʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ: ʦʛʦʣʦʰʝʥʥʷ ʦʥʦʚʣʝʥʴ ʧʦ 

ʰʠʨʦʢʦʤʦʚʥʦʾ ʨʦʟʩʠʣʢʠ ʻ ʟʘʛʨʦʟʦʶ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ. ʇʘʢʝʪʠ ʦʥʦʚʣʝʥʴ 

ʧʨʦʪʦʢʦʣʫ RIP ʤʦʞʫʪʴ ʙʫʪʠ ʧʝʨʝʭʦʧʣʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʇʆ ʜʣʷ ʘʥʘʣʽʟʫ 

ʤʝʨʝʞʝʚʠʭ ʧʨʦʪʦʢʦʣʽʚ (ʩʥʽʬʝʨʠ). ʆʥʦʚʣʝʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʤʦʞʥʘ ʟʤʽʥʠʪʠ ʽ 

ʚʽʜʧʨʘʚʠʪʠ ʥʘʟʘʜ ʥʘ ʤʘʨʰʨʫʪʠʟʘʪʦʨ, ʷʢʘ ʤʦʞʝ ʧʦʰʢʦʜʠʪʠ ʪʘʙʣʠʮʽ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʯʝʨʝʟ ʥʝʧʨʘʚʜʠʚʽ ʤʝʪʨʠʢ, ʷʢʽ ʥʝʚʽʨʥʦ ʥʘʧʨʘʚʣʷʶʪʴ ʪʨʘʬʽʢ. 

ɺʠʢʦʨʠʩʪʦʚʫʡʪʝ ʢʦʤʘʥʜʫ ʢʦʥʬʽʛʫʨʘʮʽʾ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ passive-interface, 

ʱʦʙ ʟʘʙʦʨʦʥʠʪʠ ʧʝʨʝʜʘʯʫ ʦʥʦʚʣʝʥʴ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʯʝʨʝʟ ʽʥʪʝʨʬʝʡʩ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʜʦʟʚʦʣʠʪʠ ʦʛʦʣʦʰʝʥʥʷ ʤʝʨʝʞʽ ʜʣʷ ʽʥʰʠʭ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ. ʂʦʤʘʥʜʘ ʧʨʠʧʠʥʷʻ ʚʽʜʧʨʘʚʢʫ ʦʥʦʚʣʝʥʴ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʟ 

ʟʘʟʥʘʯʝʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ. ʇʨʦʪʝ, ʤʝʨʝʞʘ, ʜʦ ʷʢʦʾ ʚʽʜʥʦʩʠʪʴʩʷ ʟʘʟʥʘʯʝʥʠʡ 

ʽʥʪʝʨʬʝʡʩ, ʷʢ ʽ ʨʘʥʽʰʝ ʦʛʦʣʦʰʫʻʪʴʩʷ ʚ ʦʥʦʚʣʝʥʥʷʭ ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʷʢʽ 

ʚʽʜʧʨʘʚʣʷʶʪʴʩʷ ʟ ʽʥʰʠʭ ʽʥʪʝʨʬʝʡʩʽʚ. 

ʄʘʨʰʨʫʪʠʟʘʪʦʨʽʚ R1, R2 ʽ R3 ʥʝ ʧʦʪʨʽʙʥʦ ʧʝʨʝʩʠʣʘʪʠ ʧʦʥʦʚʣʝʥʥʷ RIP ʟʽ 

ʩʚʦʾʭ ʽʥʪʝʨʬʝʡʩʽʚ LAN. ʂʦʥʬʽʛʫʨʘʮʽʷ, ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 2, ʚʠʟʥʘʯʘʻ ʽʥʪʝʨʬʝʡʩ 

G0/0 ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ R1 ʷʢ ʧʘʩʠʚʥʠʡ. ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʽʥʪʝʨʬʝʡʩʫ Gigabit 

Ethernet ʷʢ ʧʘʩʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʦʤʘʥʜʘ show ip protocols. ɿʚʝʨʥʽʪʴ 

ʫʚʘʛʫ, ʱʦ ʽʥʪʝʨʬʝʡʩ G0 / 0 ʙʽʣʴʰʝ ʥʝ ʚʢʘʟʫʻʪʴʩʷ ʷʢ ʽʥʪʝʨʬʝʡʩ, ʷʢʠʡ ʧʨʠʡʤʘʻ ʘʙʦ 

ʚʽʜʧʨʘʚʣʷʻ ʦʥʦʚʣʝʥʥʷ ʚʝʨʩʽʾ 2, ʟʘʤʽʩʪʴ ʮʴʦʛʦ ʚʽʥ ʚʢʘʟʫʻʪʴʩʷ ʚ ʨʦʟʜʽʣʽ ʧʘʩʠʚʥʠʭ 

ʽʥʪʝʨʬʝʡʩʽʚ. ʊʘʢʦʞ ʩʣʽʜ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʪʝ, ʱʦ ʤʝʨʝʞʘ 192.168.1.0 ʽ ʨʘʥʽʰʝ 

ʚʢʘʟʫʻʪʴʩʷ ʚ ʨʦʟʜʽʣʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʤʝʨʝʞ, ʪʦʙʪʦ ʜʘʥʘ ʤʝʨʝʞʘ ʚʩʝ ʱʝ ʚʢʘʟʘʥʘ ʷʢ 

ʟʘʧʠʩ ʤʘʨʰʨʫʪʫ ʚ ʦʥʦʚʣʝʥʥʷʭ RIP, ʱʦ ʚʽʜʧʨʘʚʣʷʶʪʴʩʷ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ R2. 



ʇʨʠʤʽʪʢʘ. ɺʩʽ ʧʨʦʪʦʢʦʣʠ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʧʽʜʪʨʠʤʫʶʪʴ ʢʦʤʘʥʜʫ passive-

interface. 

ɺʠʢʦʨʠʩʪʦʚʫʡʪʝ ʽʥʩʪʨʫʤʝʥʪ ʧʝʨʝʚʽʨʢʠ ʩʠʥʪʘʢʩʠʩʫ ʥʘ ʨʠʩ. 3 ʜʣʷ ʥʘʩʪʨʦʡʢʠ 

ʽʥʪʝʨʬʝʡʩʫ LAN ʷʢ ʧʘʩʠʚʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ʥʘ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʭ R2 ʽ R3. 

ʊʘʢʦʞ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʘʥʜʠ passive-interface default ʤʦʞʥʘ ʥʘʣʘʰʪʫʚʘʪʠ 

ʚʩʽ ʽʥʪʝʨʬʝʡʩʠ ʷʢ ʧʘʩʠʚʥʽ. ɯʥʪʝʨʬʝʡʩʠ, ʷʢʽ ʥʝ ʧʦʚʠʥʥʽ ʙʫʪʠ ʧʘʩʠʚʥʠʤʠ, ʤʦʞʫʪʴ 

ʙʫʪʠ ʟʘʥʦʚʦ ʘʢʪʠʚʦʚʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʘʥʜʠ no passive-interface. 

ʇʦʰʠʨʝʥʥʷ ʤʘʨʰʨʫʪʫ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ 

ɿʚʝʨʥʽʪʴʩʷ ʜʦ ʨʠʩ.1. ɺ ʜʘʥʦʤʫ ʩʮʝʥʘʨʽʾ ʛʨʘʥʠʯʥʠʡ ʤʘʨʰʨʫʪʠʟʘʪʦʨ R1 

ʧʽʜʢʣʶʯʝʥʠʡ ʜʦ ʽʥʪʝʨʥʝʪ-ʧʨʦʚʘʡʜʝʨʘ ʯʝʨʝʟ ʦʜʠʥ ʽʥʪʝʨʬʝʡʩ. ʆʪʞʝ, ʚʩʝ, ʱʦ 

ʧʦʪʨʽʙʥʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ R1 ʜʣʷ ʜʦʩʪʫʧʫ ʜʦ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪ - ʮʝ ʩʪʘʪʠʯʥʠʡ 

ʤʘʨʰʨʫʪ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʟ ʽʥʪʝʨʬʝʡʩʫ Serial 0/0/1. 

 
ʈʠʩ. 3.2.16 

ɸʥʘʣʦʛʽʯʥʽ ʩʪʘʪʠʯʥʽ ʤʘʨʰʨʫʪʠ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʤʦʞʥʘ ʥʘʣʘʰʪʫʚʘʪʠ ʥʘ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʭ R2 ʽ R3, ʧʨʦʪʝ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʽ ʤʦʞʣʠʚʦʩʪʽ ʤʘʩʰʪʘʙʫʚʘʥʥʷ 

ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʤʘʨʰʨʫʪ ʦʜʥʦʨʘʟʦʚʦ ʧʨʦʧʠʩʘʥʠʡ ʥʘ 

ʛʨʘʥʠʯʥʦʤʫ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽ R1, ʧʽʩʣʷ ʯʦʛʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨ R1 ʧʝʨʝʜʘʻ ʡʦʛʦ ʥʘ 

ʚʩʽ ʽʥʰʽ ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʪʦʢʦʣʫ RIP. ʑʦʙ ʟʘʙʝʟʧʝʯʠʪʠ 

ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪ ʜʣʷ ʚʩʽʭ ʽʥʰʠʭ ʤʝʨʝʞ ʚ ʜʦʤʝʥʽ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ RIP, ʩʪʘʪʠʯʥʠʡ ʤʘʨʰʨʫʪ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʥʝʦʙʭʽʜʥʦ ʦʛʦʣʦʩʠʪʠ 

ʜʣʷ ʚʩʽʭ ʽʥʰʠʭ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʦʪʦʢʦʣ ʜʠʥʘʤʽʯʥʦʾ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ. 



 
ʈʠʩ. 3.2.17 

ʑʦʙ ʦʨʛʘʥʽʟʫʚʘʪʠ ʧʝʨʝʜʘʯʫ ʤʘʨʰʨʫʪʫ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ, ʩʣʽʜ ʥʘʣʘʰʪʫʚʘʪʠ 

ʛʨʘʥʠʯʥʠʡ ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʪʘʢʠʤ ʯʠʥʦʤ: 

ɿʘʜʘʪʠ ʩʪʘʪʠʯʥʠʡ ʤʘʨʰʨʫʪ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʘʥʜʠ ip 

route 0.0.0.0 0.0.0.0. 

ɿʘʩʪʦʩʫʚʘʪʠ ʢʦʤʘʥʜʫ ʢʦʥʬʽʛʫʨʘʮʽʾ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ default-information 

originate. ʄʘʨʰʨʫʪʠʟʘʪʦʨ R1 ʦʪʨʠʤʫʻ ʚʢʘʟʽʚʢʫ ʽʥʽʮʽʶʚʘʪʠ ʧʝʨʝʜʘʯʫ ʽʥʬʦʨʤʘʮʽʾ, 

ʷʢʘ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʟʘ ʫʤʦʚʯʘʥʥʷʤ. ʎʝ ʜʦʩʷʛʘʻʪʴʩʷ ʰʣʷʭʦʤ ʧʝʨʝʜʘʯʽ ʩʪʘʪʠʯʥʦʛʦ 

ʤʘʨʰʨʫʪʫ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʚ ʦʥʦʚʣʝʥʥʷʭ RIP. 

ʋ ʧʨʠʢʣʘʜʽ ʥʘ ʨʠʩ. 2 ʚʠʢʦʥʫʻʪʴʩʷ ʥʘʩʪʨʦʡʢʘ ʧʦʚʥʽʩʪʶ ʟʘʜʘʥʦʛʦ ʩʪʘʪʠʯʥʦʛʦ 

ʤʘʨʰʨʫʪʫ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʜʦ ʤʝʨʝʞʽ ʽʥʪʝʨʥʝʪ-ʧʨʦʚʘʡʜʝʨʘ. ɼʘʣʽ ʮʝʡ ʤʘʨʰʨʫʪ 

ʧʦʰʠʨʶʻʪʴʩʷ ʧʦ ʤʝʨʝʞʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʪʦʢʦʣʫ RIP. ɿʚʝʨʥʽʪʴ ʫʚʘʛʫ, ʱʦ ʪʝʧʝʨ 

ʚ ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ R1 ʥʘʣʘʰʪʦʚʘʥʠʡ çʰʣʶʟ ʦʩʪʘʥʥʴʦʾ 

ʥʘʜʽʾè ʽ ʚʩʪʘʥʦʚʣʝʥʠʡ ʤʘʨʰʨʫʪ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ. 

ɺʠʢʦʨʠʩʪʦʚʫʡʪʝ ʽʥʩʪʨʫʤʝʥʪ ʧʝʨʝʚʽʨʢʠ ʩʠʥʪʘʢʩʠʩʫ ʥʘ ʨʠʩ. 3, ʱʦʙ 

ʧʽʜʪʚʝʨʜʠʪʠ ʧʝʨʝʜʘʯʫ ʤʘʨʰʨʫʪʫ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʥʘ ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ R2 ʽ R3. 

ɿʘʧʠʩʠ ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ 

ʊʦʧʦʣʦʛʽʷ, ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʜʦʚʽʜʢʦʚʘ ʪʦʧʦʣʦʛʽʷ ʚ 

ʨʘʤʢʘʭ ʜʘʥʦʛʦ ʨʦʟʜʽʣʫ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚ ʜʘʥʽʡ ʪʦʧʦʣʦʛʽʾ: 



 
ʈʠʩ. 3.2.18 

R1 ʧʽʜʢʣʶʯʝʥʠʡ ʜʦ ɯʥʪʝʨʥʝʪʫ ʽ ʻ ʛʨʘʥʠʯʥʠʤ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʤ. ʆʪʞʝ, ʮʝʡ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʚʽʜʧʨʘʚʣʷʻ ʩʪʘʪʠʯʥʠʡ ʤʘʨʰʨʫʪ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʥʘ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ R2 ʽ R3. 

ʄʘʨʰʨʫʪʠʟʘʪʦʨ R1, R2 ʽ R3 ʤʽʩʪʷʪʴ çʨʦʟʽʨʚʘʥʽè ʤʝʨʝʞʽ, ʨʦʟʜʽʣʝʥʽ ʽʥʰʠʡ 

ʢʣʘʩʦʚʦʾ ʤʝʨʝʞʝʶ. 

ʄʘʨʰʨʫʪʠʟʘʪʦʨ R3 ʪʘʢʦʞ ʚʚʦʜʠʪʴ ʤʘʨʰʨʫʪ ʉʫʧʝʨʩʝʪʠ 192.168.0.0/16. 

ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʘ ʪʘʙʣʠʮʷ ʤʘʨʰʨʫʪʠʟʘʮʽʾ IPv4 ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ R1, ʱʦ 

ʤʽʩʪʠʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʜʢʣʶʯʝʥʽ, ʩʪʘʪʠʯʥʽ ʽ ʜʠʥʘʤʽʯʥʽ ʤʘʨʰʨʫʪʠ. 

 
ʈʠʩ. 3.2.19 

ʇʨʠʤʽʪʢʘ. ɯʻʨʘʨʭʽʷ ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚ Cisco IOS ʩʧʦʯʘʪʢʫ ʨʝʘʣʽʟʦʚʘʥʘ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʭʝʤʠ ʢʣʘʩʦʚʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. ʍʦʯʘ ʪʘʙʣʠʮʷ ʤʘʨʰʨʫʪʠʟʘʮʽʾ 

ʚʢʣʶʯʘʻ ʢʣʘʩʦʚʫ ʽ ʙʝʟʢʣʘʩʦʚʫ ʘʜʨʝʩʘʮʽʶ, ʟʘʛʘʣʴʥʘ ʩʪʨʫʢʪʫʨʘ ʽ ʨʘʥʽʰʝ ʙʫʜʫʻʪʴʩʷ 

ʥʘ ʦʩʥʦʚʽ ʢʣʘʩʦʚʦʾ ʩʭʝʤʠ. 

ɿʘʧʠʩʠ ʟ ʧʨʷʤʠʤ ʧʽʜʢʣʶʯʝʥʥʷʤ 



ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1, ʪʘʙʣʠʮʷ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ R1 ʤʽʩʪʠʪʴ 

ʪʨʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʜʢʣʶʯʝʥʽ ʤʝʨʝʞʽ. ɿʚʝʨʥʽʪʴ ʫʚʘʛʫ, ʱʦ ʜʚʘ ʟʘʧʠʩʠ ʪʘʙʣʠʮʽ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʩʪʚʦʨʶʶʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʦ ʧʨʠ ʥʘʣʘʰʪʫʚʘʥʥʽ ʽʥʪʝʨʬʝʡʩʫ 

ʘʢʪʠʚʥʦʛʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ IP-ʘʜʨʝʩʠ ʽ ʤʘʩʢʠ ʧʽʜʤʝʨʝʞʽ. 

 
ʈʠʩ. 3.2.20 

ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʘ ʦʜʥʘ ʽʟ ʟʘʧʠʩʽʚ ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʥʘ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʽ R1 ʜʣʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʜʢʣʶʯʝʥʦʾ ʤʝʨʝʞʽ 172.16.1.0. ʎʽ ʟʘʧʠʩʠ 

ʘʚʪʦʤʘʪʠʯʥʦ ʜʦʜʘʥʽ ʚ ʪʘʙʣʠʮʶ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʧʨʠ ʥʘʣʘʰʪʫʚʘʥʥʽ ʽ ʘʢʪʠʚʘʮʽʾ 

ʽʥʪʝʨʬʝʡʩʫ GigabitEthernet 0/0. ɿʘʧʠʩʠ ʤʽʩʪʷʪʴ ʥʘʩʪʫʧʥʫ ʽʥʬʦʨʤʘʮʽʶ: 

 
ʈʠʩ. 3.2.21 

ɼʞʝʨʝʣʦ ʤʘʨʰʨʫʪʫ - ʚʠʟʥʘʯʘʻ, ʷʢʠʤ ʩʧʦʩʦʙʦʤ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʤʘʨʰʨʫʪ. 

ɯʥʪʝʨʬʝʡʩʠ ʟ ʧʨʷʤʠʤ ʧʽʜʢʣʶʯʝʥʥʷʤ ʤʘʶʪʴ ʜʚʘ ʢʦʜʫ ʜʞʝʨʝʣʘ ʤʘʨʰʨʫʪʫ. ʂʦʜ C 

ʚʠʟʥʘʯʘʻ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʜʢʣʶʯʝʥʫ ʤʝʨʝʞʫ. ɹʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʜʢʣʶʯʝʥʽ ʤʝʨʝʞʽ 

ʩʪʚʦʨʶʶʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʦ, ʢʦʣʠ ʽʥʪʝʨʬʝʡʩ ʥʘʣʘʰʪʦʚʫʻʪʴʩʷ ʟʘ IP-ʘʜʨʝʩʦʶ ʽ 

ʘʢʪʠʚʫʻʪʴʩʷ. ʂʦʜ L ʚʠʟʥʘʯʘʻ ʣʦʢʘʣʴʥʠʡ ʤʘʨʰʨʫʪ. ʃʦʢʘʣʴʥʽ ʤʝʨʝʞʽ 



ʩʪʚʦʨʶʶʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʦ, ʢʦʣʠ ʽʥʪʝʨʬʝʡʩ ʥʘʣʘʰʪʦʚʫʻʪʴʩʷ ʟʘ IP-ʘʜʨʝʩʦʶ ʽ 

ʘʢʪʠʚʫʻʪʴʩʷ. 

ʄʝʨʝʞʘ ʧʨʠʟʥʘʯʝʥʥʷ - ʘʜʨʝʩʘ ʚʽʜʜʘʣʝʥʦʾ ʤʝʨʝʞʽ ʽ ʪʠʧ ʾʾ ʧʽʜʢʣʶʯʝʥʥʷ. 

ɺʠʭʽʜʥʠʡ ʽʥʪʝʨʬʝʡʩ - ʚʠʟʥʘʯʘʻ ʚʠʭʽʜʥʠʡ ʽʥʪʝʨʬʝʡʩ, ʷʢʠʡ ʙʫʜʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʧʨʠ ʧʝʨʝʩʠʣʘʥʥʽ ʧʘʢʝʪʽʚ ʚ ʤʝʨʝʞʫ ʧʨʠʟʥʘʯʝʥʥʷ. 

ʄʘʨʰʨʫʪʠʟʘʪʦʨ ʟʘʟʚʠʯʘʡ ʤʘʻ ʢʽʣʴʢʘ ʥʘʩʪʨʦʻʥʠʭ ʽʥʪʝʨʬʝʡʩʽʚ. ʊʘʙʣʠʮʷ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʤʽʩʪʠʪʴ ʜʘʥʽ ʧʨʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʜʢʣʶʯʝʥʠʭ ʽ ʚʽʜʜʘʣʝʥʠʭ 

ʤʝʨʝʞʘʭ. ʗʢ ʽ ʜʣʷ ʤʝʨʝʞ ʟ ʧʨʷʤʠʤ ʧʽʜʢʣʶʯʝʥʥʷʤ, ʜʞʝʨʝʣʦ ʤʘʨʰʨʫʪʫ ʚʠʟʥʘʯʘʻ, 

ʷʢʠʤ ʯʠʥʦʤ ʙʫʚ ʚʠʷʚʣʝʥʠʡ ʤʘʨʰʨʫʪ. ɼʦ ʧʦʰʠʨʝʥʠʭ ʢʦʜʘʤʠ ʜʣʷ ʚʽʜʜʘʣʝʥʠʭ 

ʤʝʨʝʞ ʚʽʜʥʦʩʷʪʴʩʷ ʥʘʩʪʫʧʥʽ ʢʦʜʠ: 

S - ʚʠʟʥʘʯʘʻ, ʱʦ ʤʘʨʰʨʫʪ ʙʫʚ ʩʪʚʦʨʝʥʠʡ ʘʜʤʽʥʽʩʪʨʘʪʦʨʦʤ ʚʨʫʯʥʫ ʜʣʷ 

ʜʦʩʪʫʧʫ ʜʦ ʦʢʨʝʤʦʾ ʤʝʨʝʞʽ. ʊʘʢʠʡ ʤʘʨʰʨʫʪ ʥʘʟʠʚʘʻʪʴʩʷ ʩʪʘʪʠʯʥʠʤ. 

D - ʚʠʟʥʘʯʘʻ, ʱʦ ʜʘʥʽ ʧʨʦ ʤʘʨʰʨʫʪ ʦʪʨʠʤʘʥʽ ʜʠʥʘʤʽʯʥʦ ʚʽʜ ʽʥʰʦʛʦ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʪʦʢʦʣʫ ʤʘʨʰʨʫʪʠʟʘʮʽʾ EIGRP. 

O - ʚʠʟʥʘʯʘʻ, ʱʦ ʜʘʥʽ ʧʨʦ ʤʘʨʰʨʫʪ ʦʪʨʠʤʘʥʽ ʜʠʥʘʤʽʯʥʦ ʚʽʜ ʽʥʰʦʛʦ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʪʦʢʦʣʫ ʤʘʨʰʨʫʪʠʟʘʮʽʾ OSPF. 

R - ʚʠʟʥʘʯʘʻ, ʱʦ ʜʘʥʽ ʧʨʦ ʤʘʨʰʨʫʪ ʦʪʨʠʤʘʥʽ ʜʠʥʘʤʽʯʥʦ ʚʽʜ ʽʥʰʦʛʦ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʪʦʢʦʣʫ ʤʘʨʰʨʫʪʠʟʘʮʽʾ RIP. 

ɿʘʧʠʩʠ ʚʽʜʜʘʣʝʥʦʾ ʤʝʨʝʞʽ 

ʅʘ ʤʘʣʶʥʢʫ ʧʦʢʘʟʘʥʦ ʟʘʧʠʩ ʚ ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ IPv4 ʥʘ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʽ R1 ʜʣʷ ʤʘʨʰʨʫʪʫ ʜʦ ʚʽʜʜʘʣʝʥʦʾ ʤʝʨʝʞʽ 172.16.4.0 ʥʘ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʽ R3. ɿʘʧʠʩ ʤʽʩʪʠʪʴ ʥʘʩʪʫʧʥʫ ʽʥʬʦʨʤʘʮʽʶ. 

 
ʈʠʩ. 3.2.22 

ɼʞʝʨʝʣʦ ʤʘʨʰʨʫʪʫ - ʚʠʟʥʘʯʘʻ, ʷʢʠʤ ʩʧʦʩʦʙʦʤ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʤʘʨʰʨʫʪ. 

ʄʝʨʝʞʘ ʧʨʠʟʥʘʯʝʥʥʷ - ʚʠʟʥʘʯʝʥʥʷ ʘʜʨʝʩʠ ʚʽʜʜʘʣʝʥʦʾ ʤʝʨʝʞʽ. 

ɸʜʤʽʥʽʩʪʨʘʪʠʚʥʝ ʚʽʜʩʪʘʥʴ ʚʠʟʥʘʯʘʻ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʜʞʝʨʝʣʘ ʤʘʨʰʨʫʪʫ. 

ʉʪʘʪʠʯʥʽ ʤʘʨʰʨʫʪʠ ʤʘʶʪʴ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʝ ʚʽʜʩʪʘʥʴ 1. ɼʣʷ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦʧʽʜʢʣʶʯʝʥʠʭ ʤʘʨʰʨʫʪʽʚ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʝ ʚʽʜʩʪʘʥʴ ʜʦʨʽʚʥʶʻ 0. 



ɸʜʤʽʥʽʩʪʨʘʪʠʚʥʝ ʚʽʜʩʪʘʥʴ ʧʨʦʪʦʢʦʣʽʚ ʜʠʥʘʤʽʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʙʽʣʴʰʝ 1. 

ʂʦʥʢʨʝʪʥʝ ʟʥʘʯʝʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʧʫ ʧʨʦʪʦʢʦʣʫ. 

ʄʝʪʨʠʢʘ - ʚʠʟʥʘʯʘʻ ʟʥʘʯʝʥʥʷ, ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʜʦʩʪʫʧʫ ʜʦ ʚʽʜʜʘʣʝʥʦʾ 

ʤʝʨʝʞʽ. ʇʝʨʝʚʘʛʘ ʤʘʨʰʨʫʪʠ ʤʘʶʪʴ ʥʠʟʴʢʽ ʟʥʘʯʝʥʥʷ. ʄʝʪʨʠʢʘ ʜʣʷ ʩʪʘʪʠʯʥʠʭ ʽ 

ʧʽʜʢʣʶʯʝʥʠʭ ʤʘʨʰʨʫʪʽʚ ʜʦʨʽʚʥʶʻ 0. 

ʅʘʩʪʫʧʥʠʡ ʧʝʨʝʭʽʜ - ʚʢʘʟʫʻ IPv4-ʘʜʨʝʩ ʥʘʩʪʫʧʥʦʛʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ, ʥʘ 

ʷʢʠʡ ʙʫʜʝ ʚʽʜʧʨʘʚʣʝʥʠʡ ʧʘʢʝʪ. 

ʊʠʤʯʘʩʦʚʘ ʤʽʪʢʘ ʤʘʨʰʨʫʪʫ - ʚʠʟʥʘʯʘʻ ʯʘʩ ʦʩʪʘʥʥʴʦʛʦ ʚʽʜʛʫʢʫ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ. 

ɺʠʭʽʜʥʠʡ ʽʥʪʝʨʬʝʡʩ - ʚʠʟʥʘʯʘʻ ʚʠʭʽʜʥʠʡ ʽʥʪʝʨʬʝʡʩ ʜʣʷ ʚʽʜʧʨʘʚʢʠ ʧʘʢʝʪʘ ʜʦ 

ʢʽʥʮʝʚʦʛʦ ʧʫʥʢʪʫ ʧʨʠʟʥʘʯʝʥʥʷ. 

ʊʝʨʤʽʥʠ ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ 

ʗʢ ʚʠʜʥʦ ʟ ʤʘʣʶʥʢʘ, ʜʠʥʘʤʽʯʥʦ ʩʪʚʦʨʝʥʘ ʪʘʙʣʠʮʷ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʥʘʜʘʻ 

ʜʦʩʪʘʪʥʽʡ ʦʙʩʷʛ ʜʘʥʠʭ. ʆʪʞʝ, ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʦ ʨʦʟʫʤʽʪʠ ʚʠʭʽʜʥʽ ʜʘʥʽ, 

ʩʪʚʦʨʶʚʘʥʽ ʪʘʙʣʠʮʝʶ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. ʇʽʜ ʯʘʩ ʦʙʛʦʚʦʨʝʥʥʷ ʚʤʽʩʪʫ ʪʘʙʣʠʮʽ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʧʝʮʽʘʣʴʥʽ ʪʝʨʤʽʥʠ. 

 
ʈʠʩ. 3.2.23 

ʊʘʙʣʠʮʷ IP-ʤʘʨʰʨʫʪʠʟʘʮʽʾ Cisco ʥʝ ʻ ʧʣʦʩʢʦʶ ʙʘʟʦʶ ʜʘʥʠʭ. ʊʘʙʣʠʮʷ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʬʘʢʪʠʯʥʦ ʻ ʽʻʨʘʨʭʽʯʥʦʶ ʩʪʨʫʢʪʫʨʦʶ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʧʨʠʩʢʦʨʝʥʥʷ ʧʨʦʮʝʜʫʨʠ ʧʦʰʫʢʫ ʤʘʨʰʨʫʪʽʚ ʽ ʧʝʨʝʩʠʣʘʥʥʷ ʧʘʢʝʪʽʚ. ʋ ʤʝʞʘʭ ʮʽʻʾ 

ʩʪʨʫʢʪʫʨʠ ʽʩʥʫʻ ʢʽʣʴʢʘ ʽʻʨʘʨʭʽʯʥʠʭ ʨʽʚʥʽʚ. 

ʄʘʨʰʨʫʪʠ ʦʙʛʦʚʦʨʶʶʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘʩʪʫʧʥʠʭ ʢʨʠʪʝʨʽʾʚ: 

¶ ʦʩʪʘʪʦʯʥʠʡ ʤʘʨʰʨʫʪ; 

¶ ʤʘʨʰʨʫʪ 1-ʛʦ ʨʽʚʥʷ; 

¶ ʙʘʪʴʢʽʚʩʴʢʠʡ ʤʘʨʰʨʫʪ 1-ʛʦ ʨʽʚʥʷ; 

¶ ʜʦʯʽʨʥʽʡ ʤʘʨʰʨʫʪ 2-ʛʦ ʨʽʚʥʷ. 



ʆʩʪʘʪʦʯʥʠʡ ʤʘʨʰʨʫʪ ʷʚʣʷʻ ʩʦʙʦʶ ʟʘʧʠʩ ʚ ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʱʦ 

ʤʽʩʪʠʪʴ ʘʙʦ IPv4-ʘʜʨʝʩ ʥʘʩʪʫʧʥʦʛʦ ʧʝʨʝʭʦʜʫ, ʘʙʦ ʚʠʭʽʜʥʠʡ ʽʥʪʝʨʬʝʡʩ. 

ɹʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʜʢʣʶʯʝʥʽ, ʜʠʥʘʤʽʯʥʦ ʦʜʝʨʞʫʚʘʥʽ ʽ ʣʦʢʘʣʴʥʽ ʤʘʨʰʨʫʪʠ ʻ 

ʦʩʪʘʪʦʯʥʠʤʠ. 

 
ʈʠʩ. 3.2.24 

ɺʠʜʽʣʝʥʽ ʦʙʣʘʩʪʽ ʥʘ ʤʘʣʶʥʢʫ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʧʨʠʢʣʘʜʠ ʦʩʪʘʪʦʯʥʠʭ 

ʤʘʨʰʨʫʪʽʚ. ɿʚʝʨʥʽʪʴ ʫʚʘʛʫ, ʱʦ ʮʽ ʤʘʨʰʨʫʪʠ ʚʢʘʟʫʶʪʴ ʘʙʦ IPv4-ʘʜʨʝʩ 

ʥʘʩʪʫʧʥʦʛʦ ʧʝʨʝʭʦʜʫ, ʘʙʦ ʚʠʭʽʜʥʠʡ ʽʥʪʝʨʬʝʡʩ. 

ʄʘʨʰʨʫʪ 1-ʛʦ ʨʽʚʥʷ 

ʄʘʨʰʨʫʪ 1-ʛʦ ʨʽʚʥʷ ʻ ʤʘʨʰʨʫʪ ʟ ʤʘʩʢʦʶ ʧʽʜʤʝʨʝʞʽ, ʟʥʘʯʝʥʥʷ ʷʢʦʾ 

ʜʦʨʽʚʥʶʻ ʘʙʦ ʤʝʥʰʝ ʟʥʘʯʝʥʥʷ ʢʣʘʩʦʚʦʾ ʤʘʩʢʠ ʤʝʨʝʞʝʚʦʛʦ ʘʜʨʝʩʠ. ʆʪʞʝ, 

ʤʘʨʰʨʫʪ 1-ʛʦ ʨʽʚʥʷ ʤʦʞʝ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ: 

¶ ʤʝʨʝʞʝʚʠʡ ʤʘʨʰʨʫʪ - ʤʝʨʝʞʝʚʠʡ ʤʘʨʰʨʫʪ, ʷʢʠʡ ʤʽʩʪʠʪʴ ʤʘʩʢʫ 

ʧʽʜʤʝʨʝʞʽ ʟʽ ʟʥʘʯʝʥʥʷʤ, ʨʽʚʥʠʤ ʟʥʘʯʝʥʥʶ ʤʘʩʢʠ ʢʣʘʩʫ; 

¶ ʤʘʨʰʨʫʪ ʉʫʧʝʨʩʝʪʠ - ʤʘʨʰʨʫʪ ʉʫʧʝʨʩʝʪʠ ʻ ʤʝʨʝʞʝʚʫ ʘʜʨʝʩʫ ʟ 

ʤʘʩʢʦʶ, ʟʥʘʯʝʥʥʷ ʷʢʦʾ ʤʝʥʰʝ ʟʥʘʯʝʥʥʷ ʤʘʩʢʠ ʢʣʘʩʫ (ʥʘʧʨʠʢʣʘʜ, 

ʩʫʤʘʨʥʠʡ ʘʜʨʝʩʘ); 

¶ ʤʘʨʰʨʫʪ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ - ʤʘʨʰʨʫʪ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʻ ʩʪʘʪʠʯʥʠʡ 

ʤʘʨʰʨʫʪ ʟ ʘʜʨʝʩʦʶ 0.0.0.0/0. 

ɼʞʝʨʝʣʦʤ ʤʘʨʰʨʫʪʫ 1-ʛʦ ʨʽʚʥʷ ʤʦʞʝ ʙʫʪʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʜʢʣʶʯʝʥʘ 

ʤʝʨʝʞʘ, ʩʪʘʪʠʯʥʠʡ ʤʘʨʰʨʫʪ ʘʙʦ ʧʨʦʪʦʢʦʣ ʜʠʥʘʤʽʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. 



 
ʈʠʩ. 3.2.25 

ʅʘ ʨʠʩ. ʧʦʢʘʟʘʥʦ, ʷʢ ʤʘʨʰʨʫʪʠ 1-ʛʦ ʨʽʚʥʷ ʤʦʞʫʪʴ ʪʘʢʦʞ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʚ ʷʢʦʩʪʽ ʦʩʪʘʪʦʯʥʠʭ ʤʘʨʰʨʫʪʽʚ. 

 
ʈʠʩ. 3.2.26 

ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʽ ʤʘʨʰʨʫʪʠ 1-ʛʦ ʨʽʚʥʷ. 

ɹʘʪʴʢʽʚʩʴʢʠʡ ʤʘʨʰʨʫʪ 1-ʛʦ ʨʽʚʥʷ 

ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1, ʤʘʨʰʨʫʪʠ 172.16.0.0 ʽ 209.165.200.0 ʻ ʙʘʪʴʢʽʚʩʴʢʠʤʠ 

ʤʘʨʰʨʫʪʘʤʠ 1-ʛʦ ʨʽʚʥʷ. ɹʘʪʴʢʽʚʩʴʢʠʡ ʤʘʨʰʨʫʪ - ʮʝ ʤʝʨʝʞʝʚʠʡ ʤʘʨʰʨʫʪ 1-ʛʦ 

ʨʽʚʥʷ ʟ ʧʦʜʽʣʦʤ ʥʘ ʧʽʜʤʝʨʝʞʽ. ɹʘʪʴʢʽʚʩʴʢʠʡ ʤʘʨʰʨʫʪ ʥʽʢʦʣʠ ʥʝ ʤʦʞʝ ʙʫʪʠ 

ʦʩʪʘʪʦʯʥʠʤ ʤʘʨʰʨʫʪʦʤ. 



 
ʈʠʩ. 3.2.27 

ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʽ ʙʘʪʴʢʽʚʩʴʢʽ ʤʘʨʰʨʫʪʠ 1-ʛʦ ʨʽʚʥʷ ʚ ʪʘʙʣʠʮʽ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ R1. ʋ ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʪʘʢʠʡ ʤʘʨʰʨʫʪ, ʷʢ 

ʧʨʘʚʠʣʦ, ʥʘʜʘʻ ʟʘʛʦʣʦʚʦʢ ʜʣʷ ʦʢʨʝʤʠʭ ʧʽʜʤʝʨʝʞ, ʷʢʽ ʚ ʥʴʦʤʫ ʤʽʩʪʷʪʴʩʷ. ʋ 

ʢʦʞʥʦʛʦ ʟʘʧʠʩʫ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʢʣʘʩʦʚʠʡ ʤʝʨʝʞʝʚʫ ʘʜʨʝʩʫ, ʯʠʩʣʦ ʧʽʜʤʝʨʝʞ ʽ 

ʯʠʩʣʦ ʨʽʟʥʠʭ ʤʘʩʦʢ ʧʽʜʤʝʨʝʞʽ, ʥʘ ʷʢʽ ʧʦʜʽʣʝʥʦ ʢʣʘʩʦʚʠʡ ʘʜʨʝʩʫ. 

 
ʈʠʩ. 3.2.28 

ɼʦʯʽʨʥʽʡ ʤʘʨʰʨʫʪ 2-ʛʦ ʨʽʚʥʷ 

ɼʦʯʽʨʥʽʡ ʤʘʨʰʨʫʪ 2-ʛʦ ʨʽʚʥʷ ʻ ʤʘʨʰʨʫʪ, ʷʢʠʡ ʻ ʧʽʜʤʝʨʝʞʝʶ ʢʣʘʩʦʚʦʛʦ 

ʤʝʨʝʞʝʚʦʛʦ ʘʜʨʝʩʠ. ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1, ʙʘʪʴʢʽʚʩʴʢʠʡ ʤʘʨʰʨʫʪ 1-ʛʦ ʨʽʚʥʷ - ʮʝ 

ʤʘʨʰʨʫʪ 1-ʛʦ ʨʽʚʥʷ ʤʝʨʝʞʽ, ʨʦʟʜʽʣʝʥʦʾ ʥʘ ʧʽʜʤʝʨʝʞʽ. ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2, 

ʙʘʪʴʢʽʚʩʴʢʽ ʤʘʨʰʨʫʪʠ 1-ʛʦ ʨʽʚʥʷ ʤʽʩʪʷʪʴ ʚ ʩʦʙʽ ʜʦʯʽʨʥʽ ʤʘʨʰʨʫʪʠ 2-ʛʦ ʨʽʚʥʷ. 



 
ʈʠʩ. 3.2.29 

ʗʢ ʽ ʫ ʚʠʧʘʜʢʫ ʟ ʤʘʨʰʨʫʪʦʤ 1-ʛʦ ʨʽʚʥʷ, ʜʞʝʨʝʣʦʤ ʤʘʨʰʨʫʪʫ 2-ʛʦ ʨʽʚʥʷ 

ʤʦʞʝ ʙʫʪʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʜʢʣʶʯʝʥʘ ʤʝʨʝʞʘ, ʩʪʘʪʠʯʥʠʡ ʤʘʨʰʨʫʪ ʘʙʦ 

ʜʠʥʘʤʽʯʥʦ ʦʪʨʠʤʘʥʠʡ ʤʘʨʰʨʫʪ. ɼʦʯʽʨʥʽ ʤʘʨʰʨʫʪʠ 2-ʛʦ ʨʽʚʥʷ ʪʘʢʦʞ ʻ 

ʦʩʪʘʪʦʯʥʠʤʠ ʤʘʨʰʨʫʪʘʤʠ. 

 
ʈʠʩ. 3.2.30 

ʇʨʠʤʽʪʢʘ. ɯʻʨʘʨʭʽʷ ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚ Cisco IOS ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʭʝʤʫ 

ʢʣʘʩʦʚʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. ɹʘʪʴʢʽʚʩʴʢʠʡ ʤʘʨʰʨʫʪ 1-ʛʦ ʨʽʚʥʷ ʻ ʢʣʘʩʦʚʠʡ ʤʝʨʝʞʝʚʫ 



ʘʜʨʝʩʫ ʤʘʨʰʨʫʪʫ ʧʽʜʤʝʨʝʞʽ. ʎʝ ʩʪʦʩʫʻʪʴʩʷ ʥʘʚʽʪʴ ʪʠʭ ʚʠʧʘʜʢʽʚ, ʢʦʣʠ ʧʨʦʪʦʢʦʣ 

ʙʝʟʢʣʘʩʦʚʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʻ ʜʞʝʨʝʣʦʤ ʤʘʨʰʨʫʪʫ ʧʽʜʤʝʨʝʞʽ. 

ʅʘ ʨʠʩ. 3 ʧʦʢʘʟʘʥʽ ʜʦʯʽʨʥʽ ʤʘʨʰʨʫʪʠ ʚ ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ R1. 

ʇʨʦʮʝʩ ʧʦʰʫʢʫ ʤʘʨʰʨʫʪʫ 

ʇʨʠ ʥʘʜʭʦʜʞʝʥʥʽ ʧʘʢʝʪʘ ʥʘ ʽʥʪʝʨʬʝʡʩ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʤʘʨʰʨʫʪʠʟʘʪʦʨ 

ʚʠʚʯʘʻ ʟʘʛʦʣʦʚʦʢ IPv4, ʚʠʟʥʘʯʘʻ IPv4-ʘʜʨʝʩ ʽ ʧʝʨʝʭʦʜʠʪʴ ʜʦ ʧʨʦʮʝʜʫʨʠ ʧʦʰʫʢʫ 

ʤʘʨʰʨʫʪʫ. 

 
ʈʠʩ. 3.2.31 

ʅʘ ʨʠʩ. 1 ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʚʠʚʯʘʻ ʤʝʨʝʞʝʚʽ ʤʘʨʰʨʫʪʠ 1-ʛʦ ʨʽʚʥʷ ʥʘ 

ʥʘʷʚʥʽʩʪʴ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʘʜʨʝʩʠ ʧʨʠʟʥʘʯʝʥʥʷ ʧʘʢʝʪʘ IPv4: 

1. ʗʢʱʦ ʦʧʪʠʤʘʣʴʥʠʤ ʟʙʽʛʦʤ ʻ ʦʩʪʘʪʦʯʥʠʡ ʤʘʨʰʨʫʪ 1-ʛʦ ʨʽʚʥʷ, ʪʦ ʜʣʷ 

ʧʝʨʝʩʠʣʘʥʥʷ ʧʘʢʝʪʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʘʤʝ ʚʽʥ. 

 
ʈʠʩ. 3.2.32 



2. ʗʢʱʦ ʦʧʪʠʤʘʣʴʥʠʤ ʟʙʽʛʦʤ ʻ ʙʘʪʴʢʽʚʩʴʢʠʡ ʤʘʨʰʨʫʪ 1-ʛʦ ʨʽʚʥʷ, ʧʝʨʝʡʜʽʪʴ 

ʜʦ ʥʘʩʪʫʧʥʦʛʦ ʢʨʦʢʫ. 

ʅʘ ʨʠʩ. 2 ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʚʠʚʯʘʻ ʜʦʯʽʨʥʽ ʤʘʨʰʨʫʪʠ (ʤʘʨʰʨʫʪʠ ʧʽʜʤʝʨʝʞʽ) 

ʙʘʪʴʢʽʚʩʴʢʦʛʦ ʤʘʨʰʨʫʪʫ ʥʘ ʥʘʷʚʥʽʩʪʴ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʙʽʛʫ: 

 
ʈʠʩ. 3.2.33 

3. ʗʢʱʦ ʻ ʟʙʽʛ ʟ ʙʘʪʴʢʽʚʩʴʢʠʤ ʤʘʨʰʨʫʪʦʤ 2-ʛʦ ʨʽʚʥʷ, ʧʽʜʤʝʨʝʞʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʝʨʝʩʠʣʘʥʥʷ ʧʘʢʝʪʘ. 

4. ʗʢʱʦ ʟʙʽʛʽʚ ʟ ʜʦʯʽʨʥʽʤʠ ʤʘʨʰʨʫʪʘʤʠ 2-ʛʦ ʨʽʚʥʷ ʥʝʤʘʻ, ʧʝʨʝʡʜʽʪʴ ʜʦ 

ʥʘʩʪʫʧʥʦʛʦ ʢʨʦʢʫ. 

ʅʘ ʨʠʩ. 3 ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʧʨʦʜʦʚʞʫʻ ʧʦʰʫʢ ʚʽʜʧʦʚʽʜʥʦʛʦ ʩʫʧʝʨʩʝʪʝʚʦʛʦ 

ʤʘʨʰʨʫʪʫ 1-ʛʦ ʨʽʚʥʷ ʚ ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʚʢʣʶʯʘʶʯʠ ʤʘʨʰʨʫʪ ʟʘ 

ʟʘʤʦʚʯʫʚʘʥʥʷʤ (ʷʢʱʦ ʪʘʢʠʡ ʻ). 

5. ʗʢʱʦ ʟʥʘʡʜʝʥʦ ʤʝʥʰ ʪʦʯʥʠʡ ʟʙʽʛ ʟ ʤʘʨʰʨʫʪʘʤʠ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʘʙʦ 

ʤʘʨʰʨʫʪʘʤʠ ʉʫʧʝʨʩʝʪʠ 1-ʛʦ ʨʽʚʥʷ, ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʚʠʢʦʨʠʩʪʦʚʫʻ ʪʘʢʠʡ 

ʤʘʨʰʨʫʪ ʜʣʷ ʧʝʨʝʩʠʣʘʥʥʷ ʧʘʢʝʪʘ. 

6. ʇʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʟʙʽʛʫ ʟ ʙʫʜʴ-ʷʢʠʤ ʤʘʨʰʨʫʪʦʤ ʚ ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʚʽʜʢʠʜʘʻ ʧʘʢʝʪ. 

ʨʠʤʽʪʢʘ. ʗʢʱʦ ʚ ʤʝʨʝʞʽ ʥʝ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʪʝʭʥʦʣʦʛʽʷ Cisco Express 

Forwarding (CEF), ʪʦ ʤʘʨʰʨʫʪ, ʷʢʠʡ ʧʦʩʠʣʘʻʪʴʩʷ ʣʠʰʝ ʥʘ IP-ʘʜʨʝʩʫ ʥʘʩʪʫʧʥʦʛʦ 

ʧʝʨʝʭʦʜʫ ʙʝʟ ʚʢʘʟʽʚʢʠ ʚʠʭʽʜʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ, ʧʦʚʠʥʝʥ ʙʫʪʠ ʧʝʨʝʪʚʦʨʝʥʠʡ ʚ 

ʤʘʨʰʨʫʪ, ʚ ʷʢʦʤʫ ʚʢʘʟʘʥʦ ʚʠʭʽʜʥʠʡ ʽʥʪʝʨʬʝʡʩ. ʗʢʱʦ ʪʝʭʥʦʣʦʛʽʷ CEF ʥʝ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ, ʪʦ ʥʘ ʦʩʥʦʚʽ IP-ʘʜʨʝʩʠ ʥʘʩʪʫʧʥʦʛʦ ʧʝʨʝʭʦʜʫ ʚʠʢʦʥʫʻʪʴʩʷ 

ʨʝʢʫʨʩʠʚʥʠʡ ʧʦʰʫʢ ʜʦ ʪʠʭ ʧʽʨ, ʧʦʢʠ ʤʘʨʰʨʫʪ ʥʝ ʙʫʜʝ ʧʝʨʝʪʚʦʨʝʥʠʡ ʪʘʢ, ʱʦʙ 

ʟʘʙʝʟʧʝʯʠʪʠ ʧʝʨʝʭʽʜ ʥʘ ʚʠʭʽʜʥʠʡ ʽʥʪʝʨʬʝʡʩ. ɿʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʷ CEF 

ʚʢʣʯʁʝʥʘ. 

ʆʧʪʠʤʘʣʴʥʠʡ ʤʘʨʰʨʫʪ = ʥʘʡʜʦʚʰʝ ʟʙʽʛ 

ʑʦ ʤʘʻʪʴʩʷ ʥʘ ʫʚʘʟʽ ʧʽʜ ʪʚʝʨʜʞʝʥʥʷʤ çʤʘʨʰʨʫʪʠʟʘʪʦʨ ʧʦʚʠʥʝʥ ʚʠʢʦʥʘʪʠ 

ʧʦʰʫʢ ʥʘʡʢʨʘʱʦʛʦ ʟʙʽʛʫ ʚ ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾè? ʅʘʡʢʨʘʱʝ ʟʙʽʛ - ʮʝ 

ʥʘʡʜʦʚʰʝ ʟʙʽʛ. 

 

ʑʦʙ IPv4-ʘʜʨʝʩ ʧʨʠʟʥʘʯʝʥʥʷ ʧʘʢʝʪʘ ʟʙʽʛʩʷ ʟ ʤʘʨʰʨʫʪʦʤ ʚ ʪʘʙʣʠʮʽ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʧʦʪʨʽʙʥʘ ʤʽʥʽʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʟʙʽʛʽʚ ʧʦ ʢʨʘʡʥʽʤ ʣʽʚʠʤ ʙʽʪʘʤ ʚ 

IPv4-ʘʜʨʝʩʫ ʧʘʢʝʪʘ ʽ ʤʘʨʰʨʫʪʫ ʚ ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. ʄʘʩʢʘ ʧʽʜʤʝʨʝʞʽ 



ʤʘʨʰʨʫʪʫ ʚ ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʦʙʦʚ'ʷʟʢʦʚʦʛʦ ʤʽʥʽʤʘʣʴʥʦʛʦ ʯʠʩʣʘ ʩʧʽʚʧʘʜʘʶʯʠʭ ʢʨʘʡʥʽʭ ʣʽʚʠʭ ʙʽʪʽʚ. ʉʣʽʜ 

ʧʘʤ'ʷʪʘʪʠ, ʱʦ ʧʘʢʝʪ IPv4 ʤʽʩʪʠʪʴ ʪʽʣʴʢʠ IPv4-ʘʜʨʝʩ, ʘ ʥʝ ʤʘʩʢʫ ʧʽʜʤʝʨʝʞʽ. 

 
ʈʠʩ. 3.2.34 

ʅʘʡʢʨʘʱʠʤ ʟʙʽʛʦʤ ʻ ʤʘʨʰʨʫʪ ʚ ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʚ ʷʢʦʤʫ 

ʤʘʢʩʠʤʘʣʴʥʝ ʯʠʩʣʦ ʢʨʘʡʥʽʭ ʣʽʚʠʭ ʙʽʪʽʚ ʟʙʽʛʘʻʪʴʩʷ ʟ IPv4-ʘʜʨʝʩʦʶ ʧʨʠʟʥʘʯʝʥʥʷ 

ʧʘʢʝʪʘ. ʄʘʨʰʨʫʪ ʟ ʥʘʡʙʽʣʴʰʠʤ ʯʠʩʣʦʤ ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʢʨʘʡʥʽʭ ʣʽʚʠʭ ʙʽʪʽʚ 

(ʥʘʡʜʦʚʰʝ ʟʙʽʛ) ʟʘʚʞʜʠ ʻ ʢʨʘʱʠʤ. 

ʅʘ ʤʘʣʶʥʢʫ ʧʦʢʘʟʘʥʠʡ ʧʘʢʝʪ, ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʚʽʜʧʨʘʚʢʠ ʚ ʤʝʨʝʞʫ 

172.16.0.10. ʄʘʨʰʨʫʪʠʟʘʪʦʨʘ ʻ ʪʨʠ ʤʦʞʣʠʚʠʭ ʤʘʨʰʨʫʪʠ, ʷʢʽ ʟʙʽʛʘʶʪʴʩʷ ʟ ʮʠʤ 

ʧʘʢʝʪʦʤ - 172.16.0.0/12, 172.16.0.0/18 ʽ 172.16.0.0/26. ʄʘʨʰʨʫʪ 172.16.0.0/26 ʤʘʻ 

ʥʘʡʜʦʚʰʝ ʟʙʽʛ, ʪʦʤʫ ʜʣʷ ʧʝʨʝʩʠʣʘʥʥʷ ʧʘʢʝʪʘ ʚʠʙʠʨʘʻʪʴʩʷ ʩʘʤʝ ʮʝʡ ʤʘʨʰʨʫʪ. 

ʇʘʤ'ʷʪʘʡʪʝ, ʱʦ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʮʽ ʤʘʨʰʨʫʪʠ ʨʦʟʛʣʷʜʘʣʠʩʷ ʷʢ ʟʙʽʛʘʶʪʴʩʷ, 

ʥʝʦʙʭʽʜʥʘ ʤʽʥʽʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʩʧʽʚʧʘʜʘʶʯʠʭ ʙʽʪʽʚ, ʚʢʘʟʘʥʝ ʤʘʩʢʦʶ ʧʽʜʤʝʨʝʞʽ 

ʤʘʨʰʨʫʪʫ. 

ɿʘʧʠʩʠ ʚ ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ IPv6 

ʂʦʤʧʦʥʝʥʪʠ ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ IPv6 ʜʫʞʝ ʩʭʦʞʽ ʟ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ IPv4. ʅʘʧʨʠʢʣʘʜ, ʪʘʙʣʠʮʷ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʟʘʧʦʚʥʶʻʪʴʩʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʜʢʣʶʯʝʥʠʭ ʽʥʪʝʨʬʝʡʩʽʚ, ʩʪʘʪʠʯʥʠʭ ʤʘʨʰʨʫʪʽʚ ʽ 

ʜʠʥʘʤʽʯʥʦ ʦʜʝʨʞʫʚʘʥʠʭ ʤʘʨʰʨʫʪʽʚ. 

ʆʩʢʽʣʴʢʠ IPv6 ʻ ʙʝʟʢʣʘʩʦʚʠʤ ʧʨʦʪʦʢʦʣʦʤ, ʚʩʽ ʤʘʨʰʨʫʪʠ, ʧʦ ʩʫʪʽ, ʻ 

ʦʩʪʘʪʦʯʥʠʤʠ ʤʘʨʰʨʫʪʘʤʠ 1-ʛʦ ʨʽʚʥʷ. ɹʘʪʴʢʽʚʩʴʢʠʭ ʤʘʨʰʨʫʪʽʚ 1-ʛʦ ʨʽʚʥʷ ʜʣʷ 

ʜʦʯʽʨʥʽʭ ʤʘʨʰʨʫʪʽʚ 2-ʛʦ ʨʽʚʥʷ ʥʝ ʽʩʥʫʻ. 



 
ʈʠʩ. 3.2.35 

ʊʦʧʦʣʦʛʽʷ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʤʘʣʶʥʢʫ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʜʦʚʽʜʢʦʚʘ 

ʪʦʧʦʣʦʛʽʷ ʚ ʨʘʤʢʘʭ ʜʘʥʦʛʦ ʨʦʟʜʽʣʫ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚ ʜʘʥʽʡ ʪʦʧʦʣʦʛʽʾ: 

¶ ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ R1, R2 ʽ R3 ʥʘʣʘʰʪʦʚʘʥʽ ʚ ʧʦʚʥʦ-ʢʦʤʽʨʯʘʩʪʦʾ 

ʪʦʧʦʣʦʛʽʾ; ʚʩʽ ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ ʤʽʩʪʷʪʴ ʨʝʟʝʨʚʥʽ ʰʣʷʭʫ ʜʦ ʨʽʟʥʠʭ 

ʤʝʨʝʞ; 

¶ ʤʘʨʰʨʫʪʠʟʘʪʦʨ R2 ʻ ʛʨʘʥʠʯʥʠʤ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʤ ʟ ʧʽʜʢʣʶʯʝʥʥʷʤ 
ʜʦ ʤʝʨʝʞʽ ʽʥʪʝʨʥʝʪ-ʧʨʦʚʘʡʜʝʨʘ, ʧʨʠ ʮʴʦʤʫ ʩʪʘʪʠʯʥʠʡ ʤʘʨʰʨʫʪ ʟʘ 

ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʥʝ ʦʛʦʣʦʰʫʻʪʴʩʷ; 

¶ ʧʨʦʪʦʢʦʣ EIGRP ʜʣʷ IPv6 ʥʘʣʘʰʪʦʚʘʥʠʡ ʥʘ ʚʩʽʭ ʪʨʴʦʭ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʭ. 

ʇʨʠʤʽʪʢʘ. ʊʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʟʘʧʦʚʥʶʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʪʦʢʦʣʫ 

EIGRP ʜʣʷ IPv6, ʧʨʦʪʝ ʧʨʠʥʮʠʧʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽ ʥʘʩʪʨʦʡʢʠ ʧʨʦʪʦʢʦʣʫ EIGRP 

ʥʝ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʚ ʨʘʤʢʘʭ ʜʘʥʦʛʦ ʢʫʨʩʫ. 

ɿʘʧʠʩʠ ʟ ʧʨʷʤʠʤ ʧʽʜʢʣʶʯʝʥʥʷʤ 

ʅʘ ʨʠʩ. 1 ʪʘʙʣʠʮʷ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ R1 ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʦʤʘʥʜʠ show ipv6 route. ʍʦʯʘ ʚʠʭʽʜʥʽ ʜʘʥʽ ʢʦʤʘʥʜʠ 

ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʪʨʦʭʠ ʽʥʘʢʰʝ, ʥʽʞ ʫ ʚʝʨʩʽʾ IPv4, ʚ ʥʠʭ ʚʩʝ ʦʜʥʦ ʚʢʘʟʫʻʪʴʩʷ 

ʘʥʘʣʦʛʽʯʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʤʘʨʰʨʫʪ. 



 
ʈʠʩ. 3.2.36 

ʅʘ ʨʠʩ. ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʽʜʢʣʶʯʝʥʘ ʤʝʨʝʞʘ ʽ ʟʘʧʠʩʠ ʣʦʢʘʣʴʥʦʾ ʪʘʙʣʠʮʽ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʜʣʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʜʢʣʶʯʝʥʠʭ ʽʥʪʝʨʬʝʡʩʽʚ. ʊʨʠ ʟʘʧʠʩʠ ʜʦʜʘʥʦ 

ʧʨʠ ʥʘʣʘʰʪʫʚʘʥʥʽ ʽ ʘʢʪʠʚʘʮʽʾ ʽʥʪʝʨʬʝʡʩʽʚ. 

 
ʈʠʩ. 3.2.37 



ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ., ʚ ʟʘʧʠʩʘʭ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʜʢʣʶʯʝʥʦʛʦ ʤʘʨʰʨʫʪʫ 

ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʜʘʥʽ: 

 
ʈʠʩ. 3.2.38 

ɼʞʝʨʝʣʦ ʤʘʨʰʨʫʪʫ - ʚʠʟʥʘʯʘʻ, ʷʢʠʤ ʩʧʦʩʦʙʦʤ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʤʘʨʰʨʫʪ. 

ɹʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʜʢʣʶʯʝʥʽ ʽʥʪʝʨʬʝʡʩʠ ʤʽʩʪʷʪʴ ʜʚʘ ʢʦʜʫ ʜʞʝʨʝʣʘ ʤʘʨʰʨʫʪʫ 

(ʢʦʜʦʤ çʉè ʧʦʟʥʘʯʘʶʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʜʢʣʶʯʝʥʽ ʤʝʨʝʞʽ, ʘ ʢʦʜʦʤ çLè - 

ʣʦʢʘʣʴʥʽ ʤʘʨʰʨʫʪʠ). 

ɹʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʜʢʣʶʯʝʥʘ ʤʝʨʝʞʘ - IPv6-ʘʜʨʝʩʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʧʽʜʢʣʶʯʝʥʦʾ ʤʝʨʝʞʽ. 

ɸʜʤʽʥʽʩʪʨʘʪʠʚʥʘ ʜʠʩʪʘʥʮʽʷ - ʚʠʟʥʘʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʜʞʝʨʝʣʘ ʤʘʨʰʨʫʪʫ. 

IPv6 ʚʠʢʦʨʠʩʪʦʚʫʻ ʪʽ ʞ ʟʥʘʯʝʥʥʷ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦʾ ʜʠʩʪʘʥʮʽʾ, ʱʦ ʽ IPv4. 

ɿʥʘʯʝʥʥʷ 0 ʚʢʘʟʫʻ ʥʘ ʦʧʪʠʤʘʣʴʥʠʡ, ʥʘʡʙʽʣʴʰ ʥʘʜʽʡʥʝ ʜʞʝʨʝʣʦ. 

ʄʝʪʨʠʢʘ - ʚʠʟʥʘʯʘʻ ʟʥʘʯʝʥʥʷ, ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʜʦʩʪʫʧʫ ʜʦ ʚʽʜʜʘʣʝʥʦʾ 

ʤʝʨʝʞʽ. ʇʝʨʝʚʘʛʘ ʤʘʨʰʨʫʪʠ ʤʘʶʪʴ ʥʠʟʴʢʽ ʟʥʘʯʝʥʥʷ. 

ɺʠʭʽʜʥʠʡ ʽʥʪʝʨʬʝʡʩ - ʚʠʟʥʘʯʘʻ ʚʠʭʽʜʥʠʡ ʽʥʪʝʨʬʝʡʩ, ʷʢʠʡ ʙʫʜʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʧʨʠ ʧʝʨʝʩʠʣʘʥʥʽ ʧʘʢʝʪʽʚ ʚ ʤʝʨʝʞʫ ʧʨʠʟʥʘʯʝʥʥʷ. 

ʇʨʠʤʽʪʢʘ. ʇʦʩʣʽʜʦʚʥʽ ʢʘʥʘʣʠ ʤʘʶʪʴ ʟʘʜʘʥʫ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ, ʟʥʘʯʝʥʥʷ 

ʷʢʦʾ ʜʦʟʚʦʣʷʶʪʴ ʩʧʦʩʪʝʨʽʛʘʪʠ ʟʘ ʚʠʙʦʨʦʤ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʨʰʨʫʪʫ ʤʝʪʨʠʢʘʤʠ 

ʧʨʦʪʦʢʦʣʫ EIGRP. ɿʘʜʘʥʘ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʥʝ ʻ ʨʝʘʣʴʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ 

ʩʫʯʘʩʥʠʭ ʤʝʨʝʞ. ʎʝ ʟʥʘʯʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʠʢʣʶʯʥʦ ʚ ʮʽʣʷʭ ʚʽʟʫʘʣʴʥʦʾ 

ʽʣʶʩʪʨʘʮʽʾ ʰʚʠʜʢʦʩʪʽ ʟ'ʻʜʥʘʥʥʷ. 

ɿʘʧʠʩʠ ʚʽʜʜʘʣʝʥʦʾ ʤʝʨʝʞʽ IPv6 

ʅʘ ʨʠʩ. 1 ʥʘʚʝʜʝʥʽ ʟʘʧʠʩʠ ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʜʣʷ ʪʨʴʦʭ ʚʽʜʜʘʣʝʥʠʭ 

ʤʝʨʝʞ (ʪ. ɽ. ʄʝʨʝʞ LAN R2, LAN R3 ʽ ʢʘʥʘʣʫ ʤʽʞ R2 ʽ R3). ʊʨʠ ʟʘʧʠʩʠ ʜʦʜʘʥʽ 

ʧʨʦʪʦʢʦʣʦʤ EIGRP. 



 
ʈʠʩ. 3.2.39 

ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʧʠʩ ʟ ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ R1, 

ʚʽʜʧʦʚʽʜʥʘ ʤʘʨʰʨʫʪʫ ʜʦ ʚʽʜʜʘʣʝʥʦʾ ʤʝʨʝʞʽ 2001: DB8: CAFE: 3 :: / 64 ʥʘ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʽ R3. ɿʘʧʠʩ ʤʽʩʪʠʪʴ ʥʘʩʪʫʧʥʫ ʽʥʬʦʨʤʘʮʽʶ. 

 
ʈʠʩ. 3.2.40 

ɼʞʝʨʝʣʦ ʤʘʨʰʨʫʪʫ - ʚʠʟʥʘʯʘʻ, ʷʢʠʤ ʩʧʦʩʦʙʦʤ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʤʘʨʰʨʫʪ. ɼʦ 

ʧʦʰʠʨʝʥʠʭ ʢʦʜʘʤʠ ʚʽʜʥʦʩʷʪʴʩʷ: çOè (OSPF), çDè (EIGRP), çRè (RIP) ʽ çSè 

(ʩʪʘʪʠʯʥʠʡ ʤʘʨʰʨʫʪ). 

ʄʝʨʝʞʘ ʧʨʠʟʥʘʯʝʥʥʷ - ʚʠʟʥʘʯʘʻ ʘʜʨʝʩʠ ʚʽʜʜʘʣʝʥʦʾ ʤʝʨʝʞʽ IPv6. 



ɸʜʤʽʥʽʩʪʨʘʪʠʚʥʘ ʜʠʩʪʘʥʮʽʷ - ʚʠʟʥʘʯʘʻ ʥʘʜʽʡʥʽʩʪʴ ʜʞʝʨʝʣʘ ʤʘʨʰʨʫʪʫ. IPv6 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʪʽ ʞ ʟʥʘʯʝʥʥʷ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦʾ ʜʠʩʪʘʥʮʽʾ, ʱʦ ʽ IPv4. 

ʄʝʪʨʠʢʘ - ʚʠʟʥʘʯʘʻ ʟʥʘʯʝʥʥʷ, ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʜʦʩʪʫʧʫ ʜʦ ʚʽʜʜʘʣʝʥʦʾ 

ʤʝʨʝʞʽ. ʇʝʨʝʚʘʛʘ ʤʘʨʰʨʫʪʠ ʤʘʶʪʴ ʥʠʟʴʢʽ ʟʥʘʯʝʥʥʷ. 

ʅʘʩʪʫʧʥʠʡ ʧʝʨʝʭʽʜ - ʚʢʘʟʫʻ IPv6-ʘʜʨʝʩʘ ʥʘʩʪʫʧʥʦʛʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ, ʥʘ 

ʷʢʠʡ ʙʫʜʝ ʚʽʜʧʨʘʚʣʝʥʠʡ ʧʘʢʝʪ. 

ɺʠʭʽʜʥʠʡ ʽʥʪʝʨʬʝʡʩ - ʚʠʟʥʘʯʘʻ ʚʠʭʽʜʥʠʡ ʽʥʪʝʨʬʝʡʩ ʜʣʷ ʚʽʜʧʨʘʚʢʠ ʧʘʢʝʪʘ ʜʦ 

ʢʽʥʮʝʚʦʛʦ ʧʫʥʢʪʫ ʧʨʠʟʥʘʯʝʥʥʷ. 

ʂʦʣʠ ʧʘʢʝʪ IPv6 ʥʘʜʭʦʜʠʪʴ ʥʘ ʽʥʪʝʨʬʝʡʩ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ, ʤʘʨʰʨʫʪʠʟʘʪʦʨ 

ʚʠʚʯʘʻ ʟʘʛʦʣʦʚʦʢ IPv6 ʽ ʚʠʟʥʘʯʘʻ IPv6-ʘʜʨʝʩʘ ʧʨʠʟʥʘʯʝʥʥʷ. ʇʽʩʣʷ ʮʴʦʛʦ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʚʠʢʦʥʫʻ ʦʧʠʩʘʥʫ ʥʠʞʯʝ ʧʨʦʮʝʜʫʨʫ ʧʦʰʫʢʫ ʤʘʨʰʨʫʪʫ. 

ʄʘʨʰʨʫʪʠʟʘʪʦʨ ʚʠʚʯʘʻ ʤʝʨʝʞʝʚʽ ʤʘʨʰʨʫʪʠ 1-ʛʦ ʨʽʚʥʷ ʥʘ ʥʘʷʚʥʽʩʪʴ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʫʤʦʚʘʤ ʘʜʨʝʩʦʶ ʧʨʠʟʥʘʯʝʥʥʷ ʧʘʢʝʪʘ IPv6. ʗʢ ʽ ʚ 

IPv4, ʥʘʡʢʨʘʱʠʤ ʚʚʘʞʘʻʪʴʩʷ ʥʘʡʜʦʚʰʝ ʟʙʽʛ. ʅʘʧʨʠʢʣʘʜ, ʧʨʠ ʥʘʷʚʥʦʩʪʽ 

ʜʝʢʽʣʴʢʦʭ ʟʙʽʛʽʚ ʚ ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʚʠʙʠʨʘʻ ʤʘʨʰʨʫʪ ʟ 

ʥʘʡʜʦʚʰʠʤ ʟʙʽʛʦʤ. ɿʙʽʛ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʙʽʛʦʤ ʢʨʘʡʥʽʭ ʣʽʚʠʭ ʙʽʪʽʚ IPv6-ʘʜʨʝʩʠ 

ʧʨʠʟʥʘʯʝʥʥʷ ʟ ʧʨʝʬʽʢʩʦʤ IPv6 ʽ ʜʦʚʞʠʥʦʶ ʧʨʝʬʽʢʩʘ ʚ ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ 

IPv6. 

ʇʨʦʪʦʢʦʣʠ ʜʠʥʘʤʽʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʩʧʨʦʱʫʶʪʴ ʦʙʤʽʥ ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ 

ʤʘʨʰʨʫʪʠ ʤʽʞ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤʠ. ʇʨʦʪʦʢʦʣʠ ʜʠʥʘʤʽʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ 

ʚʠʢʦʥʫʶʪʴ ʪʘʢʽ ʟʘʚʜʘʥʥʷ: ʚʠʷʚʣʝʥʥʷ ʚʽʜʜʘʣʝʥʠʭ ʤʝʨʝʞ, ʧʽʜʪʨʠʤʢʘ ʘʢʪʫʘʣʴʥʦʩʪʽ 

ʜʘʥʠʭ ʜʣʷ ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʚʠʙʽʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʰʣʷʭʫ ʜʦ ʤʝʨʝʞ ʧʨʠʟʥʘʯʝʥʥʷ, 

ʧʦʰʫʢ ʥʦʚʦʛʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʰʣʷʭʫ ʚ ʨʘʟʽ, ʷʢʱʦ ʧʦʪʦʯʥʠʡ ʰʣʷʭ ʥʝʜʦʩʪʫʧʥʠʡ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ ʱʦ ʧʨʦʪʦʢʦʣʠ ʜʠʥʘʤʽʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚʠʤʘʛʘʶʪʴ ʤʝʥʰʦʛʦ 

ʚʪʨʫʯʘʥʥʷ ʟ ʙʦʢʫ ʘʜʤʽʥʽʩʪʨʘʪʦʨʘ, ʥʽʞ ʩʪʘʪʠʯʥʘ ʤʘʨʰʨʫʪʠʟʘʮʽʷ, ʜʣʷ ʾʭ ʨʦʙʦʪʠ 

ʚʩʝ ʞ ʧʦʪʨʽʙʥʦ ʩʧʝʮʽʘʣʴʥʦ ʚʠʜʽʣʝʥʘ ʯʘʩʪʠʥʘ ʨʝʩʫʨʩʽʚ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ, 

ʚʢʣʶʯʘʶʯʠ ʨʝʩʫʨʩʠ ʎʇ ʪʘ ʩʤʫʛʫ ʧʨʦʧʫʩʢʘʥʥʷ ʢʘʥʘʣʫ. 

ʋ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʤʝʨʝʞʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʦʤʙʽʥʘʮʽʶ ʩʪʘʪʠʯʥʦʾ ʪʘ 

ʜʠʥʘʤʽʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. ɼʠʥʘʤʽʯʥʘ ʤʘʨʰʨʫʪʠʟʘʮʽʷ ʻ ʦʧʪʠʤʘʣʴʥʠʤ ʚʠʙʦʨʦʤ 

ʜʣʷ ʚʝʣʠʢʠʭ ʤʝʨʝʞ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʩʪʘʪʠʯʥʘ ʤʘʨʰʨʫʪʠʟʘʮʽʷ ʽʜʝʘʣʴʥʦ ʧʽʜʭʦʜʠʪʴ 

ʜʣʷ ʢʽʥʮʝʚʠʭ ʪʫʧʠʢʦʚʠʭ ʤʝʨʝʞ. 

ʇʨʦʪʦʢʦʣʠ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʚʠʷʚʣʝʥʥʷ ʚʽʜʜʘʣʝʥʠʭ ʤʝʨʝʞ, ʘ 

ʪʘʢʦʞ ʟʘ ʥʘʜʘʥʥʷ ʪʦʯʥʠʭ ʜʘʥʠʭ ʧʨʦ ʤʝʨʝʞʫ. ʇʨʠ ʟʤʽʥʽ ʪʦʧʦʣʦʛʽʾ ʧʨʦʪʦʢʦʣʠ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʧʝʨʝʜʘʶʪʴ ʜʘʥʽ ʧʨʦ ʟʤʽʥʠ ʚ ʨʘʤʢʘʭ ʜʦʤʝʥʘ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. 

ʇʨʦʮʝʩ ʧʨʠʚʝʜʝʥʥʷ ʚʩʽʭ ʪʘʙʣʠʮʴ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚ ʫʟʛʦʜʞʝʥʝ ʩʪʘʥ, ʧʨʠ ʷʢʦʤʫ ʚʩʽ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ ʚ ʦʜʥʦʤʫ ʜʦʤʝʥʽ ʘʙʦ ʦʙʣʘʩʪʽ ʤʘʶʪʴ ʧʦʚʥʽ ʽ ʪʦʯʥʽ ʜʘʥʽ ʧʨʦ 

ʤʝʨʝʞʽ, ʥʘʟʠʚʘʻʪʴʩʷ ʢʦʥʚʝʨʛʝʥʮʽʻʶ. ɼʝʷʢʽ ʧʨʦʪʦʢʦʣʠ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʩʭʦʜʷʪʴʩʷ 

ʰʚʠʜʰʝ, ʥʽʞ ʽʥʰʽ. 

ɺ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ ʦʪʨʠʤʫʶʪʴ ʜʘʥʽ ʜʝʢʽʣʴʢʦʭ ʤʘʨʰʨʫʪʽʚ 

ʜʦ ʦʜʥʽʻʾ ʤʝʨʝʞʽ ʚʽʜ ʧʨʦʪʦʢʦʣʽʚ ʩʪʘʪʠʯʥʦʾ ʪʘ ʜʠʥʘʤʽʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. ʂʦʣʠ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʦʪʨʠʤʫʻ ʜʘʥʽ ʧʨʦ ʤʝʨʝʞʽ ʧʨʠʟʥʘʯʝʥʥʷ ʟ ʦʜʥʦʛʦ ʘʙʦ ʜʝʢʽʣʴʢʦʭ 

ʜʞʝʨʝʣ ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ Cisco ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʟʥʘʯʝʥʥʷ 

ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦʾ ʜʠʩʪʘʥʮʽʾ ʜʣʷ ʚʠʙʦʨʫ ʜʞʝʨʝʣʘ. ɺʩʽ ʧʨʦʪʦʢʦʣʠ ʜʠʥʘʤʽʯʥʦʾ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʤʘʶʪʴ ʫʥʽʢʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦʾ ʜʠʩʪʘʥʮʽʾ ʧʦʨʷʜ ʟʽ 

ʩʪʘʪʠʯʥʠʤʠ ʤʘʨʰʨʫʪʘʤʠ ʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʜʢʣʶʯʝʥʠʤʠ ʤʝʨʝʞʘʤʠ. ʏʠʤ ʥʠʞʯʝ 

ʟʥʘʯʝʥʥʷ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦʾ ʜʠʩʪʘʥʮʽʾ, ʪʠʤ ʙʽʣʴʰ ʧʨʠʚʘʙʣʠʚʠʤ ʻ ʜʞʝʨʝʣʦ 

ʤʘʨʰʨʫʪʫ. ɹʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʜʢʣʶʯʝʥʘ ʤʝʨʝʞʘ ʟʘʚʞʜʠ ʻ ʢʨʘʱʠʤ ʜʞʝʨʝʣʦʤ. ʑʝ 



ʦʜʥʝ ʜʞʝʨʝʣʦ ʧʽʩʣʷ ʥʝʾ ʻ ʩʪʘʪʠʯʥʽ ʤʘʨʰʨʫʪʠ, ʽ ʧʽʩʣʷ ʥʠʭ - ʨʽʟʥʽ ʧʨʦʪʦʢʦʣʠ 

ʜʠʥʘʤʽʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. 

ɿʘʧʠʩʠ ʚ ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʤʽʩʪʷʪʴ ʥʘʩʪʫʧʥʫ ʽʥʬʦʨʤʘʮʽʶ: ʜʞʝʨʝʣʦ 

ʤʘʨʰʨʫʪʫ, ʤʝʨʝʞʘ ʧʨʠʟʥʘʯʝʥʥʷ, ʚʠʭʽʜʥʠʡ ʽʥʪʝʨʬʝʡʩ. ʄʦʞʣʠʚʽ ʜʞʝʨʝʣʘ 

ʤʘʨʰʨʫʪʫ: ʧʨʷʤʝ ʧʽʜʢʣʶʯʝʥʥʷ; ʣʦʢʘʣʴʥʠʡ ʤʘʨʰʨʫʪ; ʩʪʘʪʠʯʥʠʡ ʤʘʨʰʨʫʪ; 

ʤʘʨʰʨʫʪ, ʦʪʨʠʤʘʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʪʦʢʦʣʫ ʜʠʥʘʤʽʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. 

ʊʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ IPv4 ʤʦʞʫʪʴ ʤʽʩʪʠʪʠ ʯʦʪʠʨʠ ʪʠʧʠ ʤʘʨʰʨʫʪʽʚ: 

ʦʩʪʘʪʦʯʥʽ ʤʘʨʰʨʫʪʠ; ʤʘʨʰʨʫʪʠ 1-ʛʦ ʨʽʚʥʷ; ʙʘʪʴʢʽʚʩʴʢʽ ʤʘʨʰʨʫʪʠ 1-ʛʦ ʨʽʚʥʷ; 

ʜʦʯʽʨʥʽ ʤʘʨʰʨʫʪʠ 2-ʛʦ ʨʽʚʥʷ. ʆʩʢʽʣʴʢʠ IPv6 ʻ ʙʝʟʢʣʘʩʦʚʠʤ ʧʨʦʪʦʢʦʣʦʤ, ʚʩʽ 

ʤʘʨʰʨʫʪʠ, ʧʦ ʩʫʪʽ, ʻ ʦʩʪʘʪʦʯʥʠʤʠ ʤʘʨʰʨʫʪʘʤʠ 1-ʛʦ ʨʽʚʥʷ. ɹʘʪʴʢʽʚʩʴʢʠʭ 

ʤʘʨʰʨʫʪʽʚ 1-ʛʦ ʨʽʚʥʷ ʜʣʷ ʜʦʯʽʨʥʽʭ ʤʘʨʰʨʫʪʽʚ 2-ʛʦ ʨʽʚʥʷ ʥʝ ʽʩʥʫʻ. 

 

 

 

  



3.3 ʂʦʤʫʪʦʚʘʥʽ ʤʝʨʝʞʽ ʪʘ ʾʭ ʥʘʣʘʰʪʫʚʘʥʥʷ 
 

ʉʫʯʘʩʥʠʡ ʩʚʽʪ ʜʠʥʘʤʽʯʥʠʡ ʽ ʤʽʥʣʠʚʠʡ: ʢʦʤʧʘʥʽʾ ʚʠʙʠʨʘʶʪʴ ʚʩʝ ʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʽ ʤʝʪʦʜʠ ʚʝʜʝʥʥʷ ʱʦʜʝʥʥʦʛʦ ʙʽʟʥʝʩʫ ʽ, ʦʜʥʦʯʘʩʥʦ ʟ ʮʠʤ, ʧʦʩʪʽʡʥʦ 

ʫʜʦʩʢʦʥʘʣʶʶʪʴʩʷ ʤʝʨʝʞʝʚʽ ʪʝʭʥʦʣʦʛʽʾ. ɺ ʥʘʰʽ ʜʥʽ ʢʦʨʠʩʪʫʚʘʯʽ ʨʦʟʨʘʭʦʚʫʶʪʴ ʥʘ 

ʦʪʨʠʤʘʥʥʷ ʧʨʷʤʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʽʚ ʢʦʤʧʘʥʽʾ - ʚ ʙʫʜʴ-ʷʢʠʡ ʯʘʩ ʽ ʟ ʙʫʜʴ-ʷʢʦʾ 

ʪʦʯʢʠ ʩʚʽʪʫ. ʇʽʜ ʮʠʤʠ ʨʝʩʫʨʩʘʤʠ ʤʘʶʪʴʩʷ ʥʘ ʫʚʘʟʽ ʥʝ ʪʽʣʴʢʠ ʪʨʘʜʠʮʽʡʥʽ ʚʠʜʠ 

ʜʘʥʠʭ, ʘʣʝ ʪʘʢʦʞ ʚʽʜʝʦ ʽ ʛʦʣʦʩʦʚʘ ʽʥʬʦʨʤʘʮʽʷ. ʊʘʢʦʞ ʟʨʦʩʪʘʻ ʧʦʪʨʝʙʘ ʚ 

ʪʝʭʥʦʣʦʛʽʷʭ ʩʧʽʣʴʥʦʾ ʨʦʙʦʪʠ. ʎʽ ʪʝʭʥʦʣʦʛʽʾ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʘʛʘʣʴʥʠʡ ʜʦʩʪʫʧ ʜʦ 

ʨʝʩʫʨʩʽʚ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʜʣʷ ʚʽʜʜʘʣʝʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʥʽʙʠ ʚʦʥʠ 

ʬʽʟʠʯʥʦ ʧʝʨʝʙʫʚʘʶʪʴ ʚ ʦʜʥʦʤʫ ʤʽʩʮʽ. 

ʈʽʟʥʽ ʧʨʠʩʪʨʦʾ ʧʦʚʠʥʥʽ ʦʨʛʘʥʽʯʥʦ ʚʟʘʻʤʦʜʽʷʪʠ ʦʜʠʥ ʟ ʦʜʥʠʤ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʰʚʠʜʢʦʛʦ, ʙʝʟʧʝʯʥʦʛʦ ʽ ʥʘʜʽʡʥʦʛʦ ʟ'ʻʜʥʘʥʥʷ ʤʽʞ ʚʫʟʣʘʤʠ. 

ʂʦʤʫʪʘʪʦʨʠ ʣʦʢʘʣʴʥʠʭ ʤʝʨʝʞ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʽʜʢʣʶʯʝʥʥʷ ʢʽʥʮʝʚʠʭ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʜʦ ʢʦʨʧʦʨʘʪʠʚʥʦʾ ʤʝʨʝʞʽ ʽ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ 

ʫʧʨʘʚʣʽʥʥʷ ʽʥʬʦʨʤʘʮʽʻʶ ʚʩʝʨʝʜʠʥʽ ʩʝʨʝʜʦʚʠʱʘ LAN. ʄʘʨʰʨʫʪʠʟʘʪʦʨʠ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʝʨʝʜʘʯʫ ʽʥʬʦʨʤʘʮʽʾ ʤʽʞ ʣʦʢʘʣʴʥʠʤʠ ʤʝʨʝʞʘʤʠ ʽ, ʷʢ ʧʨʘʚʠʣʦ, ʥʝ 

ʚʟʘʻʤʦʜʽʶʪʴ ʟ ʦʢʨʝʤʠʤʠ ʚʫʟʣʘʤʠ. ɺʩʽ ʚʜʦʩʢʦʥʘʣʝʥʽ ʩʝʨʚʽʩʠ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʜʦʩʪʫʧʥʦʩʪʽ ʥʘʜʽʡʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʽ ʢʦʤʫʪʦʚʘʥʦʾ ʤʝʨʝʞʝʚʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, 

ʥʘ ʷʢʽʡ ʚʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʙʫʜʦʚʘʥʽ. ɼʘʥʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ ʧʦʚʠʥʥʘ ʙʫʪʠ 

ʨʝʪʝʣʴʥʦ ʨʦʟʨʦʙʣʝʥʘ, ʧʨʘʚʠʣʴʥʦ ʨʦʟʛʦʨʥʫʪʘ ʽ ʦʨʛʘʥʽʟʦʚʘʥʘ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʩʪʽʡʢʦʩʪʽ ʧʣʘʪʬʦʨʤʠ. 

ɿ ʮʴʦʛʦ ʨʦʟʜʽʣʫ ʧʦʯʠʥʘʻʪʴʩʷ ʚʠʚʯʝʥʥʷ ʧʦʥʷʪʪʷ ʧʦʪʦʢʫ ʪʨʘʬʽʢʫ ʚ ʩʫʯʘʩʥʽʡ 

ʤʝʨʝʞʽ. ʋ ʨʦʟʜʽʣʽ ʪʘʢʦʞ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʜʝʷʢʽ ʩʫʯʘʩʥʽ ʤʦʜʝʣʽ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʤʝʨʝʞ ʽ ʩʧʦʩʦʙʠ ʧʦʙʫʜʦʚʠ ʢʦʤʫʪʘʪʦʨʘʤʠ ʣʦʢʘʣʴʥʦʾ ʤʝʨʝʞʽ ʪʘʙʣʠʮʴ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ MAC-ʘʜʨʝʩʠ ʜʣʷ ʝʬʝʢʪʠʚʥʦʾ 

ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʤʽʞ ʚʫʟʣʘʤʠ. 

ɯʥʜʠʚʽʜʫʘʣʴʥʦ ʘʙʦ ʚ ʛʨʫʧʽ (ʟʘ ʨʽʰʝʥʥʷʤ ʽʥʩʪʨʫʢʪʦʨʘ) ʦʙʛʦʚʦʨʽʪʴ ʨʽʟʥʽ 

ʩʧʦʩʦʙʠ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʚʫʟʣʠ ʚʽʜʧʨʘʚʣʷʶʪʴ ʽ ʦʪʨʠʤʫʶʪʴ ʜʘʥʽ, ʛʦʣʦʩʦʚʫ 

ʥ̔ʬʦʨʤʘʮʽʶ ʽ ʧʦʪʦʢʦʚʝ ʚʽʜʝʦ. 

ʉʪʚʦʨʽʪʴ ʤʘʪʨʠʮʶ (ʪʘʙʣʠʮʶ) ʟʽ ʩʧʠʩʢʦʤ ʪʠʧʽʚ ʤʝʨʝʞʝʚʠʭ ʜʘʥʠʭ, ʷʢʽ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʽʜʧʨʘʚʣʝʥʽ ʽ ʧʨʠʡʥʷʪʽ. ʅʘʚʝʜʽʪʴ ʧ'ʷʪʴ ʧʨʠʢʣʘʜʽʚ. 

ʇʨʠʤʽʪʢʘ. ʇʨʠʢʣʘʜ ʤʘʪʨʠʮʽ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʚ ʜʦʢʫʤʝʥʪʽ, ʧʽʜʛʦʪʦʚʣʝʥʦʤʫ 

ʜʣʷ ʮʴʦʛʦ ʟʘʚʜʘʥʥʷ ʟ ʤʦʜʝʣʶʚʘʥʥʷ. 

ɿʙʝʨʝʞʽʪʴ ʨʝʟʫʣʴʪʘʪʠ ʚʘʰʦʾ ʨʦʙʦʪʠ ʚ ʧʘʧʝʨʦʚʦʤʫ ʘʙʦ ʝʣʝʢʪʨʦʥʥʦʤʫ 

ʚʠʛʣʷʜʽ. ɹʫʜʴʪʝ ʛʦʪʦʚʽ ʦʙʛʦʚʦʨʠʪʠ ʚʘʰʫ ʤʘʪʨʠʮʶ ʽ ʽʥʩʪʨʫʢʮʽʾ ʚ ʘʫʜʠʪʦʨʽʾ. 

ʅʘʰ ʮʠʬʨʦʚʠʡ ʩʚʽʪ ʙʝʟʧʝʨʝʨʚʥʦ ʨʦʟʚʠʚʘʻʪʴʩʷ. ʄʦʞʣʠʚʽʩʪʴ ʜʦʩʪʫʧʫ ʚ 

ɯʥʪʝʨʥʝʪ ʽ ʢʦʨʧʦʨʘʪʠʚʥʽ ʤʝʨʝʞʽ ʙʽʣʴʰʝ ʥʝ ʦʙʤʝʞʫʶʪʴʩʷ ʪʝʨʠʪʦʨʽʻʶ ʦʬʽʩʫ, 

ʛʝʦʛʨʘʬʽʯʥʠʤ ʤʽʩʮʝʤ ʨʦʟʪʘʰʫʚʘʥʥʷ ʘʙʦ ʯʘʩʦʚʦʛʦ ʧʦʷʩʫ. ʋ ʩʫʯʘʩʥʠʭ ʢʦʤʧʘʥʽʷʭ 

ʩʧʽʚʨʦʙʽʪʥʠʢʠ ʤʦʞʫʪʴ ʦʪʨʠʤʘʪʠ ʜʦʩʪʫʧ ʜʦ ʥʝʦʙʭʽʜʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ ʽʥʬʦʨʤʘʮʽʾ 

ʧʨʘʢʪʠʯʥʦ ʟ ʙʫʜʴ-ʷʢʦʾ ʪʦʯʢʠ ʩʚʽʪʫ, ʚ ʙʫʜʴ-ʷʢʠʡ ʯʘʩ ʽ ʟ ʙʫʜʴ-ʷʢʦʛʦ ʧʨʠʩʪʨʦʶ 

(ʜʠʚ. ʈʠʩ. 1.1). ʇʦʜʽʙʥʽ ʚʠʤʦʛʠ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʙʫʜʦʚʫʚʘʪʠ 

ʤʝʨʝʞʽ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ - ʤʝʨʝʞʽ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʙʽʣʴʰʫ ʙʝʟʧʝʢʫ, ʥʘʜʽʡʥʽʩʪʴ 

ʽ ʜʦʩʪʫʧʥʽʩʪʴ. 



ʄʝʨʝʞʽ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ ʧʦʚʠʥʥʽ ʥʝ ʪʽʣʴʢʠ ʚʽʜʧʦʚʽʜʘʪʠ ʽʩʥʫʶʯʠʤ 

ʦʯʽʢʫʚʘʥʥʷʤ ʽ ʧʽʜʪʨʠʤʫʚʘʪʠ ʩʫʯʘʩʥʝ ʦʙʣʘʜʥʘʥʥʷ, ʘʣʝ ʪʘʢʦʞ ʚʟʘʻʤʦʜʽʷʪʠ ʟ 

ʟʘʩʪʘʨʽʣʠʤʠ ʧʣʘʪʬʦʨʤʘʤʠ ʯʘʩʪʦ ʜʦʚʦʜʠʪʴʩʷ ʚʨʘʭʦʚʫʚʘʪʠ ʚ ʨʘʤʢʘʭ ʤʝʨʝʞʝʚʦʛʦ 

ʧʨʦʝʢʪʫʚʘʥʥʷ.   

ʅʘ ʨʠʩ. ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʽ ʥʦʚʽʪʥʽ ʧʣʘʪʬʦʨʤʠ (ʦʙ'ʻʜʥʘʥʽ ʤʝʨʝʞʽ), ʷʢʽ 

ʩʧʨʠʷʶʪʴ ʟʘʙʝʟʧʝʯʝʥʥʶ ʜʦʩʪʫʧʫ ʚ ʤʝʨʝʞʫ ʢʦʣʠ ʟʘʚʛʦʜʥʦ, ʟʚʽʜʢʠ ʟʘʚʛʦʜʥʦ ʽ ʟ 

ʙʫʜʴ-ʷʢʦʛʦ ʧʨʠʩʪʨʦʶ. 

 

 
ʈʠʩ. 3.3.2 ʅʦʚʽʪʥʻ ʤʝʨʝʞʝʚʝ ʦʙʣʘʜʥʘʥʥʷ 

ɿ ʤʝʪʦʶ ʦʨʛʘʥʽʟʘʮʽʾ ʢʦʣʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ ʚ ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʤʝʨʝʞʘʭ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʦʙ'ʻʜʥʘʥʽ ʨʽʰʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʦʣʦʩʦʚʠʭ ʩʠʩʪʝʤ, IP-

ʪʝʣʝʬʦʥʽʚ, ʛʦʣʦʩʦʚʠʭ ʰʣʶʟʽʚ, ʚʽʜʝʦʧʽʜʪʨʠʤʢʠ ʽ ʚʽʜʝʦ-ʢʦʥʬʝʨʝʥʮ-ʟʚ'ʷʟʢʫ (ʨʠʩ. 

1.5). ʂʦʥʚʝʨʛʝʥʪʥʘ ʤʝʨʝʞʘ ʟ ʧʽʜʪʨʠʤʢʦʶ ʩʧʽʣʴʥʦʾ ʨʦʙʦʪʠ, ʢʨʽʤ ʩʝʨʚʽʩʽʚ ʦʙʨʦʙʢʠ 

ʜʘʥʠʭ, ʤʦʞʝ ʚʢʣʶʯʘʪʠ ʚ ʩʝʙʝ ʪʘʢʽ ʬʫʥʢʮʽʾ: 

1. ʋʧʨʘʚʣʽʥʥʷ ʚʠʢʣʠʢʘʤʠ: ʦʙʨʦʙʢʘ ʪʝʣʝʬʦʥʥʠʭ ʜʟʚʽʥʢʽʚ, ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʘʙʦʥʝʥʪʘ, 
ʧʝʨʝʚʝʜʝʥʥʷ ʚʠʢʣʠʢʫ, ʫʪʨʠʤʘʥʥʷ ʣʽʥʽʾ ʽ ʢʦʥʬʝʨʝʥʮʽʾ. 

2. ɻʦʣʦʩʦʚʽ ʧʦʚʽʜʦʤʣʝʥʥʷ: ʛʦʣʦʩʦʚʘ ʧʦʰʪʘ. 

ʈʠʩ. 3.3.1 



3. ʄʦʙʽʣʴʥʠʡ ʟʚ'ʷʟʦʢ: ʧʨʠʡʦʤ ʚʘʞʣʠʚʠʭ ʜʟʚʽʥʢʽʚ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ. 

4. ɸʚʪʦʚʽʜʧʦʚʽʜʘʯ: ʙʽʣʴʰ ʰʚʠʜʢʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʢʣʽʻʥʪʽʚ ʟʘʚʜʷʢʠ ʤʦʞʣʠʚʦʩʪʽ 

ʥʘʧʨʷʤʫ ʜʟʚʽʥʢʽʚ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʦ ʚʽʜʧʦʚʽʜʥʦʛʦ ʚʽʜʜʽʣʫ ʘʙʦ ʩʧʽʚʨʦʙʽʪʥʠʢʫ. 

 
ʈʠʩ. 3.3.3 

ʆʜʥʝ ʟ ʦʩʥʦʚʥʠʭ ʧʝʨʝʚʘʛ ʧʝʨʝʭʦʜʫ ʥʘ ʦʙôʻʜʥʘʥʫ ʤʝʨʝʞʫ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ 

ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʽ ʢʦʥʪʨʦʣʶʚʘʪʠ ʧʦʪʨʽʙʥʦ ʣʠʰʝ ʦʜʥʫ ʬʽʟʠʯʥʫ ʤʝʨʝʞʫ. ʎʝ 

ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʟʘʦʱʘʜʠʪʠ ʥʘ ʫʩʪʘʥʦʚʮʽ ʽ ʫʧʨʘʚʣʽʥʥʽ ʦʢʨʝʤʠʤʠ ʤʝʨʝʞʘʤʠ ʜʣʷ 

ʧʝʨʝʜʘʯʽ ʛʦʣʦʩʫ, ʚʽʜʝʦ ʪʘ ʽʥʰʠʭ ʜʘʥʠʭ. ʇʦʜʽʙʥʝ ʤʝʨʝʞʝʚʝ ʨʽʰʝʥʥʷ ʚʢʣʶʯʘʻ ʚ 

ʩʝʙʝ ʫʧʨʘʚʣʽʥʥʷ ɯʊ-ʽʥʬʨʘʩʪʨʫʢʪʫʨʦʶ, ʽ ʪʘʢʠʤ ʯʠʥʦʤ, ʙʫʜʴ-ʷʢʽ ʜʽʾ, ʜʦʜʘʚʘʥʥʷ ʽ 

ʟʤʽʥʠ ʟʜʽʡʩʥʶʶʪʴʩʷ ʯʝʨʝʟ ʽʥʪʫʾʪʠʚʥʠʡ ʽʥʪʝʨʬʝʡʩ ʫʧʨʘʚʣʽʥʥʷ. ʂʨʽʤ ʪʦʛʦ, 

ʦʙ'ʻʜʥʘʥʘ ʤʝʨʝʞʘ ʧʽʜʪʨʠʤʫʻ ʧʨʦʛʨʘʤʥʽ ʪʝʣʝʬʦʥʠ ʥʘ ʙʘʟʽ ʇʂ ʽ ʜʚʦʪʦʯʢʦʚʝ ʚʽʜʝʦ, 

ʟʘʚʜʷʢʠ ʯʦʤʫ ʢʦʨʠʩʪʫʚʘʯʽ ʤʦʞʫʪʴ ʩʧʽʣʢʫʚʘʪʠʩʷ ʧʦ ʚʽʜʝʦʟʚ'ʷʟʢʫ ʪʘʢ ʩʘʤʦ ʣʝʛʢʦ, 

ʷʢ ʧʨʠ ʟʚʠʯʘʡʥʦʤʫ ʪʝʣʝʬʦʥʥʦʤʫ ʜʟʚʽʥʢʫ. 

ʆʙ'ʻʜʥʘʥʥʷ ʩʝʨʚʽʩʽʚ ʚ ʦʜʥʫ ʤʝʨʝʞʫ ʧʨʠʟʚʝʣʦ ʜʦ ʝʚʦʣʶʮʽʾ ʤʝʨʝʞʝʚʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʚʽʜ ʪʨʘʜʠʮʽʡʥʦʾ ʨʦʣʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʚ ʽʥʬʦʨʤʘʮʽʡʥʫ ʤʘʛʽʩʪʨʘʣʴ ʜʣʷ 

ʦʙʤʽʥʫ ʜʘʥʠʤʠ, ʧʝʨʝʜʘʯʽ ʛʦʣʦʩʫ ʽ ʚʽʜʝʦʟʚ'ʷʟʢʫ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʾ 

ʧʝʨʝʜʘʯʽ ʨʽʟʥʠʭ ʪʠʧʽʚ ʽʥʬʦʨʤʘʮʽʾ ʧʦʜʽʙʥʘ ʬʽʟʠʯʥʘ ʤʝʨʝʞʘ ʧʦʚʠʥʥʘ ʙʫʪʠ 

ʨʝʪʝʣʴʥʦ ʨʦʟʨʦʙʣʝʥʘ ʽ ʨʝʘʣʽʟʦʚʘʥʘ. ɼʣʷ ʫʧʨʘʚʣʽʥʥʷ ʪʘʢʠʤ ʩʢʣʘʜʥʠʤ 

ʩʝʨʝʜʦʚʠʱʝʤ ʧʦʪʨʽʙʥʦ ʩʪʨʫʢʪʫʨʦʚʘʥʝ ʧʨʦʝʢʪʫʚʘʥʥʷ. 

ɿ ʦʛʣʷʜʫ ʥʘ ʟʨʦʩʪʘʥʥʷ ʚʠʤʦʛ ʜʦ ʦʙ'ʻʜʥʘʥʠʭ ʤʝʨʝʞ ʨʦʟʚʠʪʦʢ ʦʩʪʘʥʥʽʭ 

ʚʠʤʘʛʘʻ ʥʦʚʦʛʦ ʘʨʭʽʪʝʢʪʫʨʥʦʛʦ ʧʽʜʭʦʜʫ, ʱʦ ʚʨʘʭʦʚʫʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʪʝʣʝʢʪʫ, 

ʩʧʨʦʱʝʥʥʷ ʦʧʝʨʘʮʽʡ ʽ ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ ʤʝʨʝʞʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʪʨʝʙ 

ʤʘʡʙʫʪʥʽʭ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʆʜʥʘ ʟ ʦʩʪʘʥʥʽʭ ʨʦʟʨʦʙʦʢ ʚ ʦʙʣʘʩʪʽ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʤʝʨʝʞ - ʢʦʥʮʝʧʮʽʷ ʤʝʨʝʞʽ ʙʝʟ ʢʦʨʜʦʥʽʚ Cisco. 

ʄʝʨʝʞʘ ʙʝʟ ʢʦʨʜʦʥʽʚ Cisco - ʮʝ ʤʝʨʝʞʝʚʘ ʘʨʭʽʪʝʢʪʫʨʘ, ʷʢʘ ʦʙ'ʻʜʥʫʻ 

ʽʥʥʦʚʘʮʽʡʥʫ ʽʜʝʶ ʽ ʧʨʦʝʢʪʫʚʘʥʥʷ. ʈʫʥʪʫʶʯʠʩʴ ʥʘ ʮʽʡ ʘʨʭʽʪʝʢʪʫʨʽ, ʦʨʛʘʥʽʟʘʮʽʾ 

ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʧʽʜʪʨʠʤʢʫ ʤʝʨʝʞʽ ʙʝʟ ʢʦʨʜʦʥʽʚ, ʷʢʘ ʙʝʟʧʝʯʥʦ, ʥʘʜʽʡʥʦ ʽ 

ʟʨʫʯʥʦ ʧʦʚ'ʷʟʫʻ ʢʦʨʠʩʪʫʚʘʯʽʚ ʙʫʜʴ-ʷʢʠʭ ʧʨʠʩʪʨʦʾʚ, ʚ ʙʫʜʴ-ʷʢʠʡ ʯʘʩ ʽ ʚ ʙʫʜʴ-

ʷʢʦʤʫ ʤʽʩʮʽ. ʎʷ ʤʝʨʝʞʝʚʘ ʘʨʭʽʪʝʢʪʫʨʘ ʨʦʟʨʦʙʣʝʥʘ ʩʧʝʮʽʘʣʴʥʦ ʜʣʷ ʚʠʨʽʰʝʥʥʷ 



ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʽ ʜʽʣʦʚʠʭ ʧʠʪʘʥʴ, ʥʘʧʨʠʢʣʘʜ ʧʽʜʪʨʠʤʢʠ ʦʙ'ʻʜʥʘʥʦʾ ʤʝʨʝʞʽ ʽ 

ʙʝʟʫʧʠʥʥʦ ʤʽʥʣʠʚʠʭ ʩʭʝʤ ʦʨʛʘʥʽʟʘʮʽʾ ʨʦʙʽʪ. 

ʄʝʨʝʞʘ ʙʝʟ ʢʦʨʜʦʥʽʚ Cisco ʥʘʜʘʻ ʧʣʘʪʬʦʨʤʫ ʜʣʷ ʦʙ'ʻʜʥʘʥʥʷ ʜʨʦʪʦʚʦʛʦ ʽ 

ʙʝʟʜʨʦʪʦʚʦʛʦ ʜʦʩʪʫʧʫ, ʚʢʣʶʯʘʶʯʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʣʽʪʠʢ, ʨʦʟʤʝʞʫʚʘʥʥʷ 

ʜʦʩʪʫʧʫ ʽ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʧʨʠʩʪʨʦʾʚ ʨʽʟʥʠʭ ʪʠʧʽʚ. ʄʝʨʝʞʘ ʙʝʟ 

ʢʦʨʜʦʥʽʚ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʪʘʢʫ ʘʨʭʽʪʝʢʪʫʨʫ, ʙʫʜʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ 

ʤʘʩʰʪʘʙʦʚʘʥʦʾ ʽ ʚʽʜʤʦʚʦʩʪʽʡʢʦʾ ʽʻʨʘʨʭʽʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʘʧʘʨʘʪʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ (ʜʠʚ. ʈʠʩ. 1.6). ʆʙ'ʻʜʥʫʶʯʠ ʮʶ ʘʧʘʨʘʪʥʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʟ 

ʧʨʦʛʨʘʤʥʠʤʠ ʨʽʰʝʥʥʷʤʠ ʥʘ ʦʩʥʦʚʽ ʧʦʣʽʪʠʢ, ʤʝʨʝʞʘ ʙʝʟ ʢʦʨʜʦʥʽʚ Cisco ʥʘʜʘʻ 

ʜʚʘ ʛʦʣʦʚʥʠʭ ʥʘʙʦʨʫ ʩʝʨʚʽʩʽʚ: ʤʝʨʝʞʝʚʽ ʩʝʨʚʽʩʠ ʪʘ ʩʝʨʚʽʩʠ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʽ 

ʢʽʥʮʝʚʠʭ ʧʨʠʩʪʨʦʾʚ. ɼʣʷ ʫʧʨʘʚʣʽʥʥʷ ʚʩʽʤʘ ʮʠʤʠ ʩʝʨʚʽʩʘʤʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʽʥʪʝʛʨʦʚʘʥʝ ʨʽʰʝʥʥʷ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʨʽʟʥʽ ʤʝʨʝʞʝʚʽ ʝʣʝʤʝʥʪʠ ʤʦʞʫʪʴ ʩʧʽʣʴʥʦ 

ʧʨʘʮʶʚʘʪʠ, ʢʦʨʠʩʪʫʚʘʯʽ ʦʪʨʠʤʫʶʪʴ ʧʦʚʩʶʜʥʠʡ ʜʦʩʪʫʧ ʜʦ ʨʝʩʫʨʩʽʚ ʚ ʙʫʜʴ-ʷʢʠʡ 

ʯʘʩ, ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ ʦʧʪʠʤʽʟʘʮʽʷ, ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ ʽ ʙʝʟʧʝʢʘ. 

 



ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʜʦʩʪʫʧʥʦʩʪʽ, ʛʥʫʯʢʦʩʪʽ, ʙʝʟʧʝʢʠ ʽ ʟʨʫʯʥʦʩʪʽ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʢʦʤʫʪʦʚʘʥʦʾ ʤʝʨʝʞʽ ʙʝʟ ʢʦʨʜʦʥʽʚ ʚ ʧʨʦʮʝʩʽ ʾʾ ʩʪʚʦʨʝʥʥʷ ʥʝʦʙʭʽʜʥʦ 

ʩʣʽʜʫʚʘʪʠ ʯʽʪʢʠʤ ʧʨʠʥʮʠʧʘʤ ʧʨʦʝʢʪʫʚʘʥʥʷ. ʂʦʤʫʪʦʚʘʥʘ ʤʝʨʝʞʘ ʙʝʟ ʢʦʨʜʦʥʽʚ 

ʧʦʚʠʥʥʘ ʚʽʜʧʦʚʽʜʘʪʠ ʧʦʪʦʯʥʠʤ ʽ ʤʦʞʣʠʚʠʤ ʤʘʡʙʫʪʥʽʤ ʚʠʤʦʛʘʤ ʜʦ ʨʦʙʦʪʠ 

ʩʝʨʚʽʩʽʚ ʽ ʪʝʭʥʦʣʦʛʽʡ. ʂʝʨʽʚʥʠʮʪʚʦ ʟ ʧʨʦʝʢʪʫʚʘʥʥʷ ʢʦʤʫʪʦʚʘʥʦʾ ʤʝʨʝʞʽ ʙʝʟ 

ʢʦʨʜʦʥʽʚ ʧʦʙʫʜʦʚʘʥʦ ʥʘ ʥʘʩʪʫʧʥʠʭ ʧʨʠʥʮʠʧʘʭ: 

ɯʻʨʘʨʭʽʯʥʽʩʪʴ - ʩʧʨʦʱʫʻ ʨʦʟʫʤʽʥʥʷ ʨʦʣʽ ʢʦʞʥʦʛʦ ʧʨʠʩʪʨʦʶ ʥʘ ʢʦʞʥʦʤʫ 

ʨʽʚʥʽ, ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʪʨʠʤʢʫ ʚ ʧʨʦʮʝʩʽ ʨʦʟʛʦʨʪʘʥʥʷ, ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʫʧʨʘʚʣʽʥʥʷ, ʘ 

ʪʘʢʦʞ ʟʥʠʞʫʻ ʢʽʣʴʢʽʩʪʴ ʥʝʩʧʨʘʚʥʦʩʪʝʡ  ʥʘ ʢʦʞʥʦʤʫ ʨʽʚʥʽ. 

ʄʦʜʫʣʴʥʽʩʪʴ - ʩʧʨʠʷʻ ʙʝʟʜʦʛʘʥʥʦʤʫ ʨʦʟʰʠʨʝʥʥʶ ʤʝʨʝʞʽ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʽʥʪʝʛʨʦʚʘʥʠʭ ʩʝʨʚʽʩʽʚ ʫ ʤʽʨʫ ʥʝʦʙʭʽʜʥʦʩʪʽ. 

ɺʽʜʤʦʚʦʩʪʽʡʢʽʩʪʴ - ʟʘʙʝʟʧʝʯʫʻ ʙʝʟʧʝʨʝʙʽʡʥʫ ʨʦʙʦʪʫ ʤʝʨʝʞʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʦʯʽʢʫʚʘʥʴ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

ɻʥʫʯʢʽʩʪʴ - ʟʘʙʝʟʧʝʯʫʻ ʨʘʮʽʦʥʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʨʘʬʽʢʫ ʟʘ 

ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʩʽʭ ʤʝʨʝʞʝʚʠʭ ʨʝʩʫʨʩʽʚ. 

ʇʝʨʝʨʘʭʦʚʘʥʽ ʧʨʠʥʮʠʧʠ ʟʘʣʝʞʘʪʴ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ. ʉʘʤʝ ʪʦʤʫ ʚʢʨʘʡ 

ʚʘʞʣʠʚʦ ʨʦʟʫʤʽʪʠ ʧʨʠʨʦʜʫ ʽ ʩʧʦʩʦʙʠ ʾʭ ʚʟʘʻʤʦʜʽʾ ʚ ʨʘʤʢʘʭ ʢʦʤʫʪʦʚʘʥʦʾ ʤʝʨʝʞʽ. 

ɯʻʨʘʨʭʽʯʥʝ ʧʨʦʝʢʪʫʚʘʥʥʷ ʢʦʤʫʪʦʚʘʥʦʾ ʤʝʨʝʞʽ ʙʝʟ ʢʦʨʜʦʥʽʚ ʩʪʚʦʨʶʻ ʦʩʥʦʚʫ, ʷʢʘ 

ʜʦʟʚʦʣʷʻ ʤʝʨʝʞʝʚʠʤ ʨʦʟʨʦʙʥʠʢʘʤ ʦʙ'ʻʜʥʫʚʘʪʠ ʬʫʥʢʮʽʾ ʙʝʟʧʝʢʠ, ʤʦʙʽʣʴʥʦʩʪʽ ʪʘ 

ʫʥʽʬʽʢʦʚʘʥʦʾ ʢʦʤʫʥʽʢʘʮʽʾ. ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.6 ʽ 1.7, ʦʩʥʦʚʦʶ ʽʻʨʘʨʭʽʯʥʦʛʦ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʤʝʨʝʞ ʢʘʤʧʫʩʥʦʛʦ ʪʠʧʫ ʻ ʜʚʽʯʽ ʧʝʨʝʚʽʨʝʥʽ ʽ ʩʭʚʘʣʝʥʽ ʜʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʨʠʨʽʚʥʝʚʽ ʽ ʜʚʦʨʽʚʥʝʚʽ ʤʦʜʝʣʽ. 

ʈʠʩ. 3.3.4 



 
ʈʠʩ. 3.3.5 

 
ʈʠʩ. 3.3.6 

ʊʨʠ ʦʩʥʦʚʥʽ ʨʽʚʥʽ ʚ ʨʘʤʢʘʭ ʨʦʟʛʣʷʥʫʪʠʭ ʙʘʛʘʪʦʨʽʚʥʝʚʠʭ ʧʨʦʝʢʪʽʚ ʻ ʨʽʚʥʽ 

ʜʦʩʪʫʧʫ, ʨʦʟʧʦʜʽʣʫ ʽ ʷʜʨʘ. ʂʦʞʝʥ ʨʽʚʝʥʴ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʯʽʪʢʠʡ, 

ʩʪʨʫʢʪʫʨʦʚʘʥʠʡ ʤʦʜʫʣʴ ʢʘʤʧʫʩʦʚʦʾ ʤʝʨʝʞʽ, ʥʘʜʽʣʝʥʠʡ ʧʝʚʥʠʤʠ ʨʦʣʷʤʠ ʽ 

ʬʫʥʢʮʽʷʤʠ. ɺʚʝʜʝʥʥʷ ʧʨʠʥʮʠʧʫ ʤʦʜʫʣʴʥʦʩʪʽ ʚ ʽʻʨʘʨʭʽʯʥʫ ʘʨʭʽʪʝʢʪʫʨʫ ʤʝʨʝʞʽ 

ʜʘʻ ʜʦʜʘʪʢʦʚʫ ʛʘʨʘʥʪʽʶ - ʢʘʤʧʫʩʥʽ ʤʝʨʝʞʽ ʤʦʜʫʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʜʝʤʦʥʩʪʨʫʶʪʴ ʙʽʣʴʰʫ ʥʘʜʽʡʥʽʩʪʴ ʽ ʛʥʫʯʢʽʩʪʴ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʤʝʨʝʞʝʚʠʭ ʩʝʨʚʽʩʽʚ. ʄʦʜʫʣʴʥʽʩʪʴ ʪʘʢʦʞ ʩʧʨʠʷʻ ʨʦʟʰʠʨʝʥʥʶ 

ʤʝʨʝʞʽ ʪʘ ʚʥʝʩʝʥʥʷ ʟʤʽʥ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʟ ʧʣʠʥʦʤ ʯʘʩʫ. 

ʈʽʚʝʥʴ ʜʦʩʪʫʧʫ ʷʚʣʷʻ ʧʝʨʠʤʝʪʨ ʤʝʨʝʞʽ, ʜʝ ʪʨʘʬʽʢ ʚʭʦʜʠʪʴ ʘʙʦ ʟʘʣʠʰʘʻ 

ʤʝʨʝʞʫ ʢʘʤʧʫʩʥʦʛʦ ʪʠʧʫ. ʊʨʘʜʠʮʽʡʥʦ ʦʩʥʦʚʥʘ ʬʫʥʢʮʽʷ ʢʦʤʫʪʘʪʦʨʘ ʨʽʚʥʷ 

ʜʦʩʪʫʧʫ ʧʦʣʷʛʘʻ ʚ ʟʘʙʝʟʧʝʯʝʥʥʽ ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʤʝʨʝʞʝʚʦʛʦ ʜʦʩʪʫʧʫ. ʂʦʤʫʪʘʪʦʨʠ 

ʨʽʚʥʷ ʜʦʩʪʫʧʫ ʧʽʜʢʣʶʯʘʶʪʴʩʷ ʜʦ ʢʦʤʫʪʘʪʦʨʽʚ ʨʽʚʥʷ ʨʦʟʧʦʜʽʣʫ, ʷʢʽ ʨʝʘʣʽʟʫʶʪʴ 

ʪʝʭʥʦʣʦʛʽʾ ʤʝʨʝʞʝʚʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʪʘʢʽ ʷʢ ʤʘʨʰʨʫʪʠʟʘʮʽʷ, ʷʢʽʩʪʴ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ ʙʝʟʧʝʢʫ. 




























































































































































































































































































































































































































































































































































































































































































































































































































































































