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ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʙʘʟʦʚʳʝ ʩʪʨʫʢʪʫʨʳ ʩʝʪʠ, ʤʝʪʦʜʳ ʜʦʩʪʫʧʘ, ʧʦʩʪʨʦʝʥʠʝ ʩʝʪʝʡ 

Ethernet ʠ Fast Ethernet, ʧʨʠʚʦʜʠʪʩʷ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʝʪʠ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʯʝʩʪʚʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. 

 

ɼʣʷ ʩʪʫʜʝʥʪʦʚ ʟʘʦʯʥʦʛʦ ʦʪʜʝʣʝʥʠʷ, ʦʙʫʯʘʶʱʠʭʩʷ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ çʉʝʪʠ 

ʩʚʷʟʠ ʠ ʩʠʩʪʝʤʳ ʢʦʤʤʫʪʘʮʠʠè. 

 

ʄʝʪʦʜʠʯʝʩʢʦʝ ʧʦʩʦʙʠʝ ʫʪʚʝʨʞʜʝʥʦ ʥʘ ʟʘʩʝʜʘʥʠʠ ʢʘʬʝʜʨʳ 20 ʦʢʪʷʙʨʷ 2011 

ʛ. 
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ʆʙʱʠʝ ʟʘʤʝʯʘʥʠʷ 

 

ʅʘʩʪʦʷʱʘʷ ʢʫʨʩʦʚʘʷ ʨʘʙʦʪʘ ʧʦ ʢʫʨʩʫ çʂʦʤʧʴʶʪʝʨʥʳʝ ʩʝʪʠè ʧʦʩʚʷʱʝʥ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʩʝʪʠ Ethernet ʠ Fast Ethernet. ɼʣʷ ʥʦʨʤʘʣʴʥʦʛʦ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʃɺʉ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʘʚʠʣʘ 

ʧʦʩʪʨʦʝʥʠʷ, ʜʘʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʴ ʘʥʘʣʠʟʘ ʢʦʨʨʝʢʪʥʦʩʪʠ ʩʝʪʠ ʠ ʧʦʟʚʦʣʷʶʱʠʝ 

ʧʨʦʚʝʩʪʠ ʩʨʘʚʥʝʥʠʝ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʯʝʩʪʚʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʝʪʝʡ 

Ethernet ʠ Fast Ethernet. ɿʘʜʘʥʠʝ ʩʦʩʪʦʠʪ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʩʪʫʜʝʥʪ ʤʦʛ 

ʚʳʧʦʣʥʠʪʴ ʢʫʨʩʦʚʫʶ ʨʘʙʦʪʫ, ʨʫʢʦʚʦʜʩʪʚʫʷʩʴ ʪʦʣʴʢʦ ʣʠʰʴ ʢʦʥʩʧʝʢʪʦʤ 

ʣʝʢʮʠʦʥʥʦʛʦ ʢʫʨʩʘ ʥʘʩʪʦʷʱʝʡ ʋʄɼ, ʠ ʦʩʥʦʚʥʦʡ ʣʠʪʝʨʘʪʫʨʦʡ. ʅʦʤʝʨ ʚʘʨʠʘʥʪʘ 

ʟʘʜʘʝʪʩʷ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ. 

 

 

ɿʘʜʘʥʠʝ ʥʘ ʢʫʨʩʦʚʫʶ ʨʘʙʦʪʫ 

 

ʊʨʝʙʫʝʪʩʷ ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ ʫʯʨʝʞʜʝʥʯʝʩʢʫʶ ʃɺʉ, ʨʘʟʤʝʱʝʥʥʫʶ ʚ ʦʜʥʦʤ 

ʟʜʘʥʠʠ.  ʃɺʉ ʦʙʲʝʜʠʥʷʝʪ ʄ  ʩʪʘʥʮʠʡ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʄʦʥʦʢʘʥʘʣ ʠʤʝʝʪ 

ʟʘʜʘʥʥʳʡ ʫʨʦʚʝʥʴ ʧʦʤʝʭ. ɼʣʠʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʯʘʩʪʠ ʩʦʦʙʱʝʥʠʡ ʩʦʩʪʘʚʣʷʝʪ 

Lʀ ʙʠʪ, ʘ ʩʨʝʜʥʷʷ ʩʫʤʤʘʨʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʩʪʫʧʣʝʥʠʷ ʩʦʦʙʱʝʥʠʡ ʦʪ ʚʩʝʭ 

ʚʤʝʩʪʝ ʚʟʷʪʳʭ ʩʪʘʥʮʠʡ 
c

1
ɚ . 

ʋʢʘʟʘʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʟʘʜʘʶʪʩʷ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʚʘʨʠʘʥʪʦʚ 

ʩʣʝʜʫʶʱʠʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ: 

ʄ = ( 50 + 10m )     ʩʪʘʥʮʠʡ 

Lʀ = ( 1500 + 10n ) ʙʠʪ 

 = ( 500 + 20ʨ )     ʩʦʦʙʱʝʥʠʡ / ʩ,  

ʋʨʦʚʝʥʴ ʧʦʤʝʭ - ʩʠʣʴʥʳʡ ʜʣʷ m=1,4,7,0; ʫʤʝʨʝʥʥʳʡ ʜʣʷ m=2,5,8; ʩʣʘʙʳʡ ʜʣʷ 

m=3,6,9 

ʛʜʝ m, n  ʠ p - ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦʩʣʝʜʥʷʷ, ʧʨʝʜʧʦʩʣʝʜʥʷʷ ʠ ʪʨʝʪʴʷ ʦʪ ʢʦʥʮʘ 

ʮʠʬʨʳ ʥʦʤʝʨʘ ʟʘʯʝʪʥʦʡ ʢʥʠʞʢʠ. ʆʩʪʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʝʪʠ ʷʚʣʷʶʪʩʷ ʦʙʱʠʤʠ 

ʜʣʷ ʚʩʝʭ ʚʘʨʠʘʥʪʦʚ ʠ ʧʨʠʥʠʤʘʶʪ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ : 

ɺ = 10 ʄʙʠʪ/ʩ, S = 2000 ʤ, V = 2,3
.
10

5
  ʢʤ/ʩ, nP = 3, Lp = 15 ʙʠʪ,  = 2 

ʙʠʪ, d = 48 ʙʠʪ, h = 22 ʙʠʪ. ɿʘʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʣʠʥ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʯʘʩʪʠ 

ʩʦʦʙʱʝʥʠʡ - ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ, ʟʘʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʣʠʥ ʩʣʫʞʝʙʥʦʡ ʯʘʩʪʠ 

ʩʦʦʙʱʝʥʠʡ  - ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʡ. ɼʣʠʥʳ ʩʣʫʞʝʙʥʦʡ ʯʘʩʪʠ ʩʦʦʙʱʝʥʠʡ Lc ʠ 

ʤʘʨʢʝʨʘ Lʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʧʨʦʪʦʢʦʣʘʤʠ ʜʣʷ ʰʠʥʥʦʡ ʠ 

ʢʦʣʴʮʝʚʦʡ ʘʨʭʠʪʝʢʪʫʨ. ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʫʯʝʩʪʴ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʩʭʦʜʥʳʭ 

ʜʘʥʥʳʭ, ʯʪʦ ʜʣʷ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʢʦʣʴʮʘ ʩ ʤʘʨʢʸʨʥʳʤ ʜʦʩʪʫʧʦʤ  B ʥʝ ʤʦʞʝʪ ʙʳʪʴ 

ʙʦʣʝʝ 4ʄʙʠʪ/ʩ (1) 

 

ʊʨʝʙʫʝʪʩʷ: 

1.  ʆʧʠʩʘʪʴ ʥʘʟʥʘʯʝʥʠʝ, ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʠ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʃɺʉ. 

2.  ʇʨʦʚʝʩʪʠ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʤʝʪʦʜʦʚ ʜʦʩʪʫʧʘ ʢ ʧʝʨʝʜʘʶʱʝʡ 

ʩʨʝʜʝ ʧʦ ʚʨʝʤʝʥʥʳʤ ʠ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. 
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3.  ʆʙʦʩʥʦʚʘʪʴ ʩʪʨʫʢʪʫʨʫ ʃɺʉ. 

4.  ɺʳʙʨʘʪʴ ʚʠʜ ʬʠʟʠʯʝʩʢʦʡ ʩʨʝʜʳ. 

5.  ʆʧʠʩʘʪʴ ʨʘʟʣʠʯʥʳʝ ʩʪʘʥʜʘʨʪʳ ʃɺʉ. 

6.  ʆʧʠʩʘʪʴ ʧʨʦʪʦʢʦʣ ʧʦʜʫʨʦʚʥʷ LLC, ʨʝʘʣʠʟʫʶʱʠʡ ʧʨʦʮʝʜʫʨʫ LAPB 

ʜʣʷ ʰʠʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʧʦʩʪʨʦʠʪʴ ʚʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ. 

7.  ʆʧʠʩʘʪʴ ʧʨʦʪʦʢʦʣʳ ʧʦʜʫʨʦʚʥʷ ʄɸʉ. 

8.  ʈʘʩʩʯʠʪʘʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ ʃɺʉ ʰʠʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩ 

ʤʥʦʞʝʩʪʚʝʥʥʳʤ ʩʣʫʯʘʡʥʳʤ ʜʦʩʪʫʧʦʤ ( CSMA/CD) ʠ ʤʘʨʢʝʨʥʳʤ 

ʜʦʩʪʫʧʦʤ. ʇʦʩʪʨʦʠʪʴ ʟʘʚʠʩʠʤʦʩʪʠ ʚʨʝʤʝʥʠ ʜʦʩʪʘʚʢʠ ʩʦʦʙʱʝʥʠʡ tn ʦʪ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʪʦʢʘ ʩʦʦʙʱʝʥʠʡ  ʜʣʷ ʫʢʘʟʘʥʥʳʭ ʩʝʪʝʡ. ʆʧʨʝʜʝʣʠʪʴ 

ʟʥʘʯʝʥʠʝ ʵ ʧʨʠ ʢʦʪʦʨʳʭ ʤʘʨʢʝʨʥʳʡ ʠ ʩʣʫʯʘʡʥʳʡ ʜʦʩʪʫʧ ʠʤʝʶʪ 

ʦʜʠʥʘʢʦʚʳʝ ʚʨʝʤʝʥʘ ʜʦʩʪʘʚʢʠ tn. 

9.  ʈʘʩʩʯʠʪʘʪʴ ʚʨʝʤʝʥʘ ʜʦʩʪʘʚʢʠ ʩʦʦʙʱʝʥʠʡ ʜʣʷ ʢʦʣʴʮʝʚʦʡ ʩʝʪʠ  ʩ 

ʤʘʨʢʝʨʥʳʤ ʜʦʩʪʫʧʦʤ. 

10. ʈʘʩʩʯʠʪʘʪʴ ʚʨʝʤʷ ʜʦʩʪʘʚʢʠ ʩʦʦʙʱʝʥʠʡ ʜʣʷ ʢʦʣʴʮʝʚʦʡ ʩʝʪʠ ʩ 

ʪʘʢʪʠʨʦʚʘʥʥʳʤ ʜʦʩʪʫʧʦʤ . 

11. ʇʨʦʠʟʚʝʩʪʠ ʩʨʘʚʥʠʪʝʣʴʥʫʶ ʦʮʝʥʢʫ ʠ ʦʢʦʥʯʘʪʝʣʴʥʳʡ ʚʳʙʦʨ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʃɺʉ. 

12. ʇʦʩʪʨʦʠʪʴ ʢʦʥʬʠʛʫʨʘʮʠʶ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦʡ ʩʝʪʠ, ʘ ʪʘʢʞʝ ʦʮʝʥʠʪʴ 

ʝʸ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʥʘ ʦʩʥʦʚʝ ʧʨʦʠʟʚʝʜʸʥʥʳʭ ʚ ʢʫʨʩʦʚʦʤ ʧʨʦʝʢʪʝ 

ʚʳʯʠʩʣʝʥʠʡ. 

 

ɺʚʝʜʝʥʠʝ 

 

ʉʦʚʨʝʤʝʥʥʳʡ ʧʝʨʠʦʜ ʨʘʟʚʠʪʠʷ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʝʡ ʠʥʬʦʨʤʘʪʠʢʠ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ  ʧʦʚʳʰʝʥʠʝʤ ʩʠʩʪʝʤ ʩ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʦʙʨʘʙʦʪʢʦʡ 

ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʳʭ ʚʦʟʥʠʢʘʶʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʚʷʟʠ, ʦʪʨʘʞʘʶʱʠʝ 

ʫʧʨʘʚʣʝʥʯʝʩʢʫʶ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ. ʂʘʢ ʧʦʢʘʟʘʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ 

ʵʪʦʡ ʦʙʣʘʩʪʠ, 80-90 % ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʚʷʟʝʡ ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʦʪ 0,5 ʜʦ 2,0 

ʄʙʠʪ/ʩ ʢʦʥʮʝʥʪʨʠʨʫʶʪʩʷ ʚ ʦʪʜʝʣʴʥʳʭ ʟʜʘʥʠʷʭ ʠʣʠ ʛʨʫʧʧʝ ʟʜʘʥʠʡ ʥʘ ʧʣʦʱʘʜʠ 

ʜʦ 3 ʢʤ. ʂʨʦʤʝ ʪʦʛʦ, 60 % ʜʝʣʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʥʝ 

ʙʦʣʝʝ 8 ʢʤ ʠ ʪʦʣʴʢʦ 10 % ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʙʦʣʝʝ 800 ʢʤ. ʇʦʵʪʦʤʫ ʚʦʟʥʠʢʣʘ 

ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʩʦʟʜʘʥʠʠ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦ ʨʘʩʩʨʝʜʦʪʦʯʝʥʥʳʭ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʨʘʙʦʯʠʭ ʤʝʩʪ ʠ ʦʙʲʝʜʠʥʝʥʠʠ ʠʭ ʚ ʣʦʢʘʣʴʥʫʶ 

ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʩʝʪʴ. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʃɺʉ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ 

ʧʨʠʥʘʜʣʝʞʘʱʫʶ ʦʜʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʠʣʠ ʧʨʝʜʧʨʠʷʪʠʶ ʠ ʧʦʟʚʦʣʷʶʱʫʶ 

ʦʜʥʦʪʠʧʥʳʤ ʠʣʠ ʨʘʟʥʦʨʦʜʥʳʤ ʩʨʝʜʩʪʚʘʤ ɺʊ ʩʦʦʙʱʘʪʴʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ  ʩ 

ʧʦʤʦʱʴʶ ʝʜʠʥʦʡ ʧʝʨʝʜʘʶʱʝʡ ʩʨʝʜʳ. ʉʚʷʟʴ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʤʝʞʜʫ 

ʣʶʙʳʤʠ ʕɺʄ, ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʧʨʦʮʝʩʩʦʨʘʤʠ, ʇʕɺʄ, ʪʝʨʤʠʥʘʣʘʤʠ, 

ʥʘʢʦʧʠʪʝʣʷʤʠ ʥʘ ʤʘʛʥʠʪʥʳʭ ʜʠʩʢʘʭ ʙʦʣʴʰʦʡ ʝʤʢʦʩʪʠ, ʘ ʪʘʢʞʝ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ (ʨʝʛʠʩʪʨʠʨʫʶʱʠʝ ʠ ʢʦʧʠʨʫʶʱʠʝ 

ʫʩʪʨʦʡʩʪʚʘ, ʛʨʘʬʦʧʦʩʪʨʦʠʪʝʣʠ, ʫʩʪʨʦʡʩʪʚʘ ʩʚʷʟʠ ʩ ʦʙʲʝʢʪʦʤ ʠ ʜʨ.). ʇʨʠ ʵʪʦʤ 

ʃɺʉ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʩʪʦʝ ʠ ʫʜʦʙʥʦʝ ʦʙʲʝʜʠʥʝʥʠʝ  ʚʩʝʭ ʩʨʝʜʩʪʚ ʚ ʧʨʝʜʝʣʘʭ 

ʧʦʤʝʱʝʥʠʷ, ʵʪʘʞʘ, ʟʜʘʥʠʷ, ʛʨʫʧʧʳ ʟʜʘʥʠʡ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. 
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ʂ ʣʦʢʘʣʴʥʳʤ ʩʝʪʷʤ ð Local Area Networks (LAN) ð ʦʪʥʦʩʷʪ ʩʝʪʠ 

ʢʦʤʧʴʶʪʝʨʦʚ, ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʝ ʥʘ ʥʝʙʦʣʴʰʦʡ ʪʝʨʨʠʪʦʨʠʠ (ʦʙʳʯʥʦ ʚ ʨʘʜʠʫʩʝ ʥʝ 

ʙʦʣʝʝ 1-2 ʢʤ). ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʣʦʢʘʣʴʥʘʷ ʩʝʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ, ʧʨʠʥʘʜʣʝʞʘʱʫʶ ʦʜʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ. ʀʟ-ʟʘ 

ʢʦʨʦʪʢʠʭ ʨʘʩʩʪʦʷʥʠʡ ʚ ʣʦʢʘʣʴʥʳʭ ʩʝʪʷʭ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʦʨʦʛʠʭ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʣʠʥʠʡ ʩʚʷʟʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ, 

ʧʨʠʤʝʥʷʷ ʧʨʦʩʪʳʝ ʤʝʪʦʜʳ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʜʦʩʪʠʛʘʪʴ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʝʡ 

ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʧʦʨʷʜʢʘ 100 ʄʙʠʪ/ʩ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʫʩʣʫʛʠ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʝ 

ʣʦʢʘʣʴʥʳʤʠ ʩʝʪʷʤʠ, ʦʪʣʠʯʘʶʪʩʷ ʰʠʨʦʢʠʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʠ ʦʙʳʯʥʦ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʨʝʘʣʠʟʘʮʠʶ ʚ ʨʝʞʠʤʝ on-line. 

ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʣʦʢʘʣʴʥʳʝ ʩʝʪʠ ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʧʦʜʭʦʜʷʪ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ 

ʨʝʩʫʨʩʦʚ ʥʘ ʢʦʨʦʪʢʠʭ ʨʘʩʩʪʦʷʥʠʷʭ ʠ ʰʠʨʦʢʦʚʝʱʘʪʝʣʴʥʳʭ ʧʝʨʝʜʘʯ, ʘ ʛʣʦ-

ʙʘʣʴʥʳʝ ʩʝʪʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʨʘʙʦʪʫ ʥʘ ʙʦʣʴʰʠʭ ʨʘʩʩʪʦʷʥʠʷʭ, ʥʦ ʩ ʦʛʨʘʥʠʯʝʥʥʦʡ 

ʩʢʦʨʦʩʪʴʶ ʠ ʥʝʙʦʛʘʪʳʤ ʥʘʙʦʨʦʤ ʫʩʣʫʛ, ʩʝʪʠ ʤʝʛʘʧʦʣʠʩʦʚ (Metropolitan Area 

Networks (MAN)) ʟʘʥʠʤʘʶʪ ʥʝʢʦʪʦʨʦʝ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ. ʆʥʠ 

ʠʩʧʦʣʴʟʫʶʪ ʮʠʬʨʦʚʳʝ ʤʘʛʠʩʪʨʘʣʴʥʳʝ ʣʠʥʠʠ ʩʚʷʟʠ, ʯʘʩʪʦ ʦʧʪʦʚʦʣʦʢʦʥʥʳʝ, ʩʦ 

ʩʢʦʨʦʩʪʷʤʠ ʦʪ 45 ʄʙʠʪ/ʩ, ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʩʚʷʟʠ ʣʦʢʘʣʴʥʳʭ ʩʝʪʝʡ ʚ 

ʤʘʩhʪʘʙʘʭ ʛʦʨʦʜʘ ʠ ʩʦʝʜʠʥʝʥʠʷ ʣʦʢʘʣʴʥʳʭ ʩʝʪʝʡ ʩ ʛʣʦʙʘʣʴʥʳʤʠ. ʕʪʠ ʩʝʪʠ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʥʦ ʩʝʡʯʘʩ ʦʥʠ 

ʧʦʜʜʝʨʞʠʚʘʶʪ ʠ  ʪʘʢʠʝ ʫʩʣʫʛʠ, ʢʘʢ ʚʠʜʝʦʢʦʥʬʝʨʝʥʮʠʠ ʠ ʠʥʪʝʛʨʘʣʴʥʫʶ 

ʧʝʨʝʜʘʯʫ ʛʦʣʦʩʘ ʠ ʪʝʢʩʪʘ. ʈʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʠ ʩʝʪʝʡ ʤʝʛʘʧʦʣʠʩʦʚ 

ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʤʝʩʪʥʳʤʠ ʪʝʣʝʬʦʥʥʳʤʠ ʢʦʤʧʘʥʠʷʤʠ. ʀʩʪʦʨʠʯʝʩʢʠ ʩʣʦʞʠʣʦʩʴ 

ʪʘʢ, ʯʪʦ ʤʝʩʪʥʳʝ ʪʝʣʝʬʦʥʥʳʝ ʢʦʤʧʘʥʠʠ ʚʩʝʛʜʘ ʦʙʣʘʜʘʣʠ ʩʣʘʙʳʤʠ 

ʪʝʭʥʠʯʝʩʢʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʠ ʠʟ-ʟʘ ʵʪʦʛʦ ʥʝ ʤʦʛʣʠ ʧʨʠʚʣʝʯʴ ʢʨʫʧʥʳʭ 

ʢʣʠʝʥʪʦʚ. ʏʪʦʙʳ ʧʨʝʦʜʦʣʝʪʴ ʩʚʦʶ ʦʪʩʪʘʣʦʩʪʴ ʠ ʟʘʥʷʪʴ ʜʦʩʪʦʡʥʦʝ ʤʝʩʪʦ ʚ ʤʠʨʝ 

ʣʦʢʘʣʴʥʳʭ ʠ ʛʣʦʙʘʣʴʥʳʭ ʩʝʪʝʡ, ʤʝʩʪʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʩʚʷʟʠ ʟʘʥʷʣʠʩʴ 

ʨʘʟʨʘʙʦʪʢʦʡ ʩʝʪʝʡ ʥʘ ʦʩʥʦʚʝ ʩʘʤʳʭ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʥʘʧʨʠʤʝʨ 

ʪʝʭʥʦʣʦʛʠʠ ʢʦʤʤʫʪʘʮʠʠ ʷʯʝʝʢ SMDS ʠʣʠ ATM. ʉʝʪʠ ʤʝʛʘʧʦʣʠʩʦʚ ʷʚʣʷʶʪʩʷ 

ʦʙʱʝʩʪʚʝʥʥʳʤʠ ʩʝʪʷʤʠ, ʠ ʧʦʵʪʦʤʫ ʠʭ ʫʩʣʫʛʠ ʦʙʭʦʜʷʪʩʷ ʜʝʰʝʚʣʝ, ʯʝʤ 

ʧʦʩʪʨʦʝʥʠʝ ʩʦʙʩʪʚʝʥʥʦʡ (ʯʘʩʪʥʦʡ) ʩʝʪʠ ʚ ʧʨʝʜʝʣʘʭ ʛʦʨʦʜʘ. 

ʂʣʘʩʩ ʣʦʢʘʣʴʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʝʪʝʡ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʢʣʘʩʩʘ ʛʣʦʙʘʣʴʥʳʭ ʩʝʪʝʡ ʥʝʙʦʣʴʰʠʤ ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʫʟʣʘʤʠ ʩʝʪʠ. ʕʪʦ ʚ 

ʧʨʠʥʮʠʧʝ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥr ʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʣʦʢʘʣʴʥʳʭ ʩʝʪʷʭ ʢʘʯʝʩʪʚʝʥʥʳʭ 

ʣʠʥʠʡ ʩʚʷʟʠ: ʢʦʘʢʩʠʘʣʴʥʦʛʦ ʢʘʙʝʣʷ, ʚʠʪʦʡ ʧʘʨʳ, ʦʧʪʦʚʦʣʦʢʦʥʥʦʛʦ ʢʘʙʝʣʷ, 

ʢʦʪʦʨʳʝ ʥʝ ʚʩʝʛʜʘ ʜʦʩʪʫʧʥʳ (ʠʟ-ʟʘ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ) ʥʘ ʙʦʣʴʰʠʭ 

ʨʘʩʩʪʦʷʥʠʷʭ, ʩʚʦʡʩʪʚʝʥʥʳʭ ʛʣʦʙʘʣʴʥʳʤ ʩʝʪʷʤ. ɺ ʛʣʦʙʘʣʴʥʳʭ ʩʝʪʷʭ ʯʘʩʪʦ 

ʧʨʠʤʝʥʷʶʪʩʷ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʣʠʥʠʠ ʩʚʷʟʠ (ʪʝʣʝʛʨʘʬʥʳʝ ʠʣʠ ʪʝʣʝʬʦʥʥʳʝ), ʘ 

ʚ ʣʦʢʘʣʴʥʳʭ ʩʝʪʷʭ ʦʥʠ ʧʨʦʢʣʘʜʳʚʘʶʪʩʷ ʟʘʥʦʚʦ. 

 ʉʣʦʞʥʦʩʪʴ ʤʝʪʦʜʦʚ ʧʝʨʝʜʘʯʠ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺ ʫʩʣʦʚʠʷʭ ʥʠʟʢʦʡ 

ʥʘʜʝʞʥʦʩʪʠ ʬʠʟʠʯʝʩʢʠʭ ʢʘʥʘʣʦʚ ʚ ʛʣʦʙʘʣʴʥʳʭ ʩʝʪʷʭ ʪʨʝʙʫʶʪʩʷ ʙʦʣʝʝ ʩʣʦʞʥʳʝ, 

ʯʝʤ ʚ ʣʦʢʘʣʴʥʳʭ ʩʝʪʷʭ, ʤʝʪʦʜʳ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ. ʊʘʢ, ʚ ʛʣʦʙʘʣʴʥʳʭ ʩʝʪʷʭ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʤʦʜʫʣʷʮʠʷ, 

ʘʩʠʥʭʨʦʥʥʳʝ ʤʝʪʦʜʳ, ʩʣʦʞʥʳʝ ʤʝʪʦʜʳ ʢʦʥʪʨʦʣʴʥʦʛʦ ʩʫʤʤʠʨʦʚʘʥʠʷ, 

ʢʚʠʪʠʨʦʚʘʥʠʝ ʠ ʧʦʚʪʦʨʥʳʝ ʧʝʨʝʜʘʯʠ ʠʩʢʘʞʝʥʥʳʭ ʢʘʜʨʦʚ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ʢʘʯʝʩʪʚʝʥʥʳʝ ʣʠʥʠʠ ʩʚʷʟʠ ʚ ʣʦʢʘʣʴʥʳʭ ʩʝʪʷʭ ʧʦʟʚʦʣʠʣʠ ʫʧʨʦʩʪʠʪʴ ʧʨʦʮʝʜʫʨʳ 
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ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʥʝʤʦʜʫʣʠʨʦʚʘʥʥʳʭ ʩʠʛʥʘʣʦʚ ʠ ʦʪʢʘʟʘ ʦʪ 

ʦʙʷʟʘʪʝʣʴʥʦʛʦ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʦʣʫʯʝʥʠʷ ʧʘʢʝʪʘ. 

 ʉʢʦʨʦʩʪʴ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ. ʆʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʦʪʣʠʯʠʡ ʣʦʢʘʣʴʥʳʭ ʩʝʪʝʡ 

ʦʪ ʛʣʦʙʘʣʴʥʳʭ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʢʘʥʘʣʦʚ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ 

ʤʝʞʜʫ ʢʦʤʧʴʶʪʝʨʘʤʠ, ʩʢʦʨʦʩʪʴ ʢʦʪʦʨʳʭ (10, 16 ʠ 100 ʄʙʠʪ/ʩ) ʩʨʘʚʥʠʤʘ ʩʦ 

ʩʢʦʨʦʩʪʷʤʠ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚ ʠ ʫʟʣʦʚ ʢʦʤʧʴʶʪʝʨʘ ð ʜʠʩʢʦʚ, ʚʥʫʪʨʝʥʥʠʭ ʰʠʥ 

ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʠ ʪ. ʧ. ɿʘ ʩʯʝʪ ʵʪʦʛʦ ʫ ʧʦʣʴʟʦʚʘʪʝʣʷ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ, 

ʧʦʜʢʣʶʯʝʥʥʦʛʦ ʢ ʫʜʘʣʝʥʥʦʤʫ ʨʘʟʜʝʣʷʝʤʦʤʫ ʨʝʩʫʨʩʫ (ʥʘʧʨʠʤʝʨ, ʜʠʩʢʫ ʩʝʨʚʝʨʘ), 

ʩʢʣʘʜʳʚʘʝʪʩʷ ʚʧʝʯʘʪʣʝʥʠʝ, ʯʪʦ ʦʥ ʧʦʣʴʟʫʝʪʩʷ ʵʪʠʤ ʜʠʩʢʦʤ, ʢʘʢ çʩʚʦʠʤè. ɼʣʷ 

ʛʣʦʙʘʣʴʥʳʭ ʩʝʪʝʡ ʪʠʧʠʯʥʳ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʥʠʟʢʠʝ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ð 

2400,9600,28800,33600 ʙʠʪ/ʩ, 56 ʠ 64 ʂʙʠʪ/ʩ ʠ ʪʦʣʴʢʦ ʥʘ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʢʘʥʘʣʘʭ 

ð ʜʦ 2 ʄʙʠʪ/ʩ. 

 ʈʘʟʥʦʦʙʨʘʟʠʝ ʫʩʣʫʛ. ʃʦʢʘʣʴʥʳʝ ʩʝʪʠ ʧʨʝʜʦʩʪʘʚʣʷʶʪ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʰʠʨʦʢʠʡ ʥʘʙʦʨ ʫʩʣʫʛ ð ʵʪʦ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʫʩʣʫʛ ʬʘʡʣʦʚʦʡ ʩʣʫʞʙʳ, ʫʩʣʫʛʠ 

ʧʝʯʘʪʠ, ʫʩʣʫʛʠ ʩʣʫʞʙʳ ʧʝʨʝʜʘʯʠ ʬʘʢʩʠʤʠʣʴʥʳʭ ʩʦʦʙʱʝʥʠʡ, ʫʩʣʫʛʠ ʙʘʟ ʜʘʥʥʳʭ, 

ʵʣʝʢʪʨʦʥʥʘʷ ʧʦʯʪʘ ʠ ʜʨʫʛʠʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʛʣʦʙʘʣʴʥʳʝ ʩʝʪʠ ʚ ʦʩʥʦʚʥʦʤ 

ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʧʦʯʪʦʚʳʝ ʫʩʣʫʛʠ ʠ ʠʥʦʛʜʘ ʬʘʡʣʦʚʳʝ ʫʩʣʫʛʠ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ 

ʚʦʟʤʦʞʥʦʩʪʷʤʠ ð ʧʝʨʝʜʘʯʫ ʬʘʡʣʦʚ ʠʟ ʧʫʙʣʠʯʥʳʭ ʘʨʭʠʚʦʚ ʫʜʘʣʝʥʥʳʭ ʩʝʨʚʝʨʦʚ 

ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʧʨʦʩʤʦʪʨʘ ʠʭ ʩʦʜʝʨʞʘʥʠʷ. 

 ʆʧʝʨʘʪʠʚʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʟʘʧʨʦʩʦʚ. ɺʨʝʤʷ ʧʨʦʭʦʞʜʝʥʠʷ ʧʘʢʝʪʘ ʯʝʨʝʟ 
ʣʦʢʘʣʴʥʫʶ ʩʝʪʴ ʦʙʳʯʥʦ ʩʦʩʪʘʚʣʷʝʪ ʥʝʩʢʦʣʴʢʦ ʤʠʣʣʠʩʝʢʫʥʜ, ʚʨʝʤʷ ʞʝ ʝʛʦ 

ʧʝʨʝʜʘʯʠ ʯʝʨʝʟ ʛʣʦʙʘʣʴʥʫʶ ʩʝʪʴ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʥʝʩʢʦʣʴʢʠʭ ʩʝʢʫʥʜ. ʅʠʟʢʘʷ 

ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ ʛʣʦʙʘʣʴʥʳʭ ʩʝʪʷʭ ʟʘʪʨʫʜʥʷʝʪ ʨʝʘʣʠʟʘʮʠʶ ʩʣʫʞʙ 

ʜʣʷ ʨʝʞʠʤʘ on-line, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʦʙʳʯʥʳʤ ʜʣʷ ʣʦʢʘʣʴʥʳʭ ʩʝʪʝʡ. 

 ʈʘʟʜʝʣʝʥʠʝ ʢʘʥʘʣʦʚ. ɺ ʣʦʢʘʣʴʥʳʭ ʩʝʪʷʭ ʢʘʥʘʣʳ ʩʚʷʟʠ ʠʩʧʦʣʴʟʫʶʪʩʷ, ʢʘʢ 
ʧʨʘʚʠʣʦ, ʩʦʚʤʝʩʪʥʦ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʠʤʠ ʫʟʣʘʤʠ ʩʝʪʠ, ʘ ʚ ʛʣʦʙʘʣʴʥʳʭ ʩʝʪʷʭ ð 

ʠʥʜʠʚʠʜʫʘʣʴʥʦ. 

 ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʘ ʢʦʤʤʫʪʘʮʠʠ ʧʘʢʝʪʦʚ. ɺʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 

ʣʦʢʘʣʴʥʳʭ ʩʝʪʝʡ ʷʚʣʷʝʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʛʨʫʟʢʠ. ʆʪʥʦʰʝʥʠʝ 

ʧʠʢʦʚʦʡ ʥʘʛʨʫʟʢʠ ʢ ʩʨʝʜʥʝʡ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ 100:1 ʠ ʜʘʞʝ ʚʳʰʝ. ʊʘʢʦʡ 

ʪʨʘʬʠʢ ʦʙʳʯʥʦ ʥʘʟʳʚʘʶʪ ʧʫʣʴʩʠʨʫʶʱʠʤ. ʀʟ-ʟʘ ʵʪʦʡ ʦʩʦʙʝʥʥʦʩʪʠ ʪʨʘʬʠʢʘ ʚ 

ʣʦʢʘʣʴʥʳʭ ʩʝʪʷʭ ʜʣʷ ʩʚʷʟʠ ʫʟʣʦʚ ʧʨʠʤʝʥʷʝʪʩʷ ʤʝʪʦʜ ʢʦʤʤʫʪʘʮʠʠ ʧʘʢʝʪʦʚ, 

ʢʦʪʦʨʳʡ ʜʣʷ ʧʫʣʴʩʠʨʫʶʱʝʛʦ ʪʨʘʬʠʢʘ ʦʢʘʟʳʚʘʝʪʩʷ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ, 

ʯʝʤ ʪʨʘʜʠʮʠʦʥʥʳʡ ʜʣʷ ʛʣʦʙʘʣʴʥʳʭ ʩʝʪʝʡ ʤʝʪʦʜ ʢʦʤʤʫʪʘʮʠʠ ʢʘʥʘʣʦʚ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʪʦʜʘ ʢʦʤʤʫʪʘʮʠʠ ʧʘʢʝʪʦʚ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʩʝʪʴ ʚ ʮʝʣʦʤ 

ʧʝʨʝʜʘʝʪ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ ʙʦʣʴʰʝ ʜʘʥʥʳʭ ʩʚʦʠʭ ʘʙʦʥʝʥʪʦʚ. ɺ ʛʣʦʙʘʣʴʥʳʭ 

ʩʝʪʷʭ ʤʝʪʦʜ ʢʦʤʤʫʪʘʮʠʠ ʧʘʢʝʪʦʚ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʝʪʩʷ, ʥʦ ʥʘʨʷʜʫ ʩ ʥʠʤ ʯʘʩʪʦ 

ʧʨʠʤʝʥʷʝʪʩʷ ʠ ʤʝʪʦʜ ʢʦʤʤʫʪʘʮʠʠ ʢʘʥʘʣʦʚ, ʘ ʪʘʢʞʝ ʥʝʢʦʤʤʫʪʠʨʫʝʤʳʝ ʢʘʥʘʣʳ 

ð ʢʘʢ ʫʥʘʩʣʝʜʦʚʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʥʝʢʦʤʧʴʶʪʝʨʥʳʭ ʩʝʪʝʡ. 

 ʄʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ. çʂʣʘʩʩʠʯʝʩʢʠʝè ʣʦʢʘʣʴʥʳʝ ʩʝʪʠ ʦʙʣʘʜʘʶʪ ʧʣʦʭʦʡ 
ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴʶ ʠʟ-ʟʘ ʞʝʩʪʢʦʩʪʠ ʙʘʟʦʚʳʭ ʪʦʧʦʣʦʛʠʡ, ʦʧʨʝʜʝʣʷʶʱʠʭ 

ʩʧʦʩʦʙ ʧʦʜʢʣʶʯʝʥʠʷ ʩʪʘʥʮʠʡ ʠ ʜʣʠʥʫ ʣʠʥʠʠ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʥʦʛʠʭ 

ʙʘʟʦʚʳʭ ʪʦʧʦʣʦʛʠʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝʪʠ ʨʝʟʢʦ ʫʭʫʜʰʘʶʪʩʷ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʨʝʜʝʣʘ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʫʟʣʦʚ ʠʣʠ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʣʠʥʠʡ ʩʚʷʟʠ. 
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ɼʣʷ ʛʣʦʙʘʣʴʥʳʭ ʩʝʪʝʡ ʭʘʨʘʢʪʝʨʥʘ ʭʦʨʦʰʘʷ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ, ʪʘʢ ʢʘʢ ʦʥʠ 

ʠʟʥʘʯʘʣʴʥʦ ʨʘʟʨʘʙʘʪʳʚʘʣʠʩʴ ʚ ʨʘʩʯʝʪʝ ʥʘ ʨʘʙʦʪʫ ʩ ʧʨʦʠʟʚʦʣʴʥʳʤʠ 

ʪʦʧʦʣʦʛʠʷʤʠ. 

ɽʩʣʠ ʧʨʠʥʷʪʴ ʚʦ ʚʥʠʤʘʥʠʝ ʚʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʚʳʰʝ ʨʘʟʣʠʯʠʷ ʣʦʢʘʣʴʥʳʭ ʠ 

ʛʣʦʙʘʣʴʥʳʭ ʩʝʪʝʡ, ʪʦ ʩʪʘʥʦʚʠʪʩʷ ʧʦʥʷʪʥʳʤ, ʧʦʯʝʤʫ ʪʘʢ ʜʦʣʛʦ ʤʦʛʣʠ 

ʩʫʱʝʩʪʚʦʚʘʪʴ ʨʘʟʜʝʣʴʥʦ ʜʚʘ ʩʦʦʙʱʝʩʪʚʘ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʟʘʥʠʤʘʶʱʠʝʩʷ ʵʪʠʤʠ 

ʜʚʫʤʷ ʚʠʜʘʤʠ ʩʝʪʝʡ. ʅʦ ʟʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʩʠʪʫʘʮʠʷ ʨʝʟʢʦ ʠʟʤʝʥʠʣʘʩʴ. 

ʉʧʝʮʠʘʣʠʩʪʳ ʧʦ ʣʦʢʘʣʴʥʳʤ ʩʝʪʷʤ, ʧʝʨʝʜ ʢʦʪʦʨʳʤʠ ʚʩʪʘʣʠ ʟʘʜʘʯʠ 

ʦʙʲʝʜʠʥʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʣʦʢʘʣʴʥʳʭ ʩʝʪʝʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʨʘʟʥʳʭ, 

ʛʝʦʛʨʘʬʠʯʝʩʢʠ ʫʜʘʣʝʥʥʳʭ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʧʫʥʢʪʘʭ, ʙʳʣʠ ʚʳʥʫʞʜʝʥʳ ʥʘʯʘʪʴ 

ʦʩʚʦʝʥʠʝ ʯʫʞʜʦʛʦ ʜʣʷ ʥʠʭ ʤʠʨʘ ʛʣʦʙʘʣʴʥʳʭ ʩʝʪʝʡ ʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ. ʊʝʩʥʘʷ 

ʠʥʪʝʛʨʘʮʠʷ ʫʜʘʣʝʥʥʳʭ ʣʦʢʘʣʴʥʳʭ ʩʝʪʝʡ ʥʝ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʛʣʦʙʘʣʴʥʳʝ ʩʝʪʠ ʚ ʚʠʜʝ çʯʝʨʥʦʛʦ ʷʱʠʢʘè, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʦʙʦʡ ʪʦʣʴʢʦ 

ʠʥʩʪʨʫʤʝʥʪ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʩʦʦʙʱʝʥʠʡ ʥʘ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ. ʇʦʵʪʦʤʫ ʚʩʝ, 

ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʛʣʦʙʘʣʴʥʳʤʠ ʩʚʷʟʷʤʠ ʠ ʫʜʘʣʝʥʥʳʤ ʜʦʩʪʫʧʦʤ, ʩʪʘʣʦ ʧʨʝʜʤʝʪʦʤ 

ʧʦʚʩʝʜʥʝʚʥʦʛʦ ʠʥʪʝʨʝʩʘ ʤʥʦʛʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ ʣʦʢʘʣʴʥʳʤ ʩʝʪʷʤ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʩʪʨʝʤʣʝʥʠʝ ʧʦʚʳʩʠʪʴ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ, ʩʢʦʨʦʩʪʴ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʨʘʩʰʠʨʠʪʴ ʥʘʙʦʨ ʠ ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʩʣʫʞʙ, ʜʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, 

ʩʪʨʝʤʣʝʥʠʝ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʫʩʣʫʛ ð ʚʩʝ ʵʪʦ ʟʘʩʪʘʚʠʣʦ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ ʛʣʦʙʘʣʴʥʳʤ ʩʝʪʷʤ ʦʙʨʘʪʠʪʴ ʧʨʠʩʪʘʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʥʘ 

ʪʝʭʥʦʣʦʛʠʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʣʦʢʘʣʴʥʳʭ ʩʝʪʷʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʤʠʨʝ ʣʦʢʘʣʴʥʳʭ ʠ ʛʣʦʙʘʣʴʥʳʭ ʩʝʪʝʡ ʷʚʥʦ ʥʘʤʝʪʠʣʦʩʴ 

ʜʚʠʞʝʥʠʝ ʥʘʚʩʪʨʝʯʫ ʜʨʫʛ ʜʨʫʛʫ, ʢʦʪʦʨʦʝ ʫʞʝ ʩʝʛʦʜʥʷ ʧʨʠʚʝʣʦ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ 

ʚʟʘʠʤʦʧʨʦʥʠʢʥʦʚʝʥʠʶ ʪʝʭʥʦʣʦʛʠʡ ʣʦʢʘʣʴʥʳʭ ʠ ʛʣʦʙʘʣʴʥʳʭ ʩʝʪʝʡ. 

ʆʜʥʠʤ ʠʟ ʧʨʦʷʚʣʝʥʠʡ ʵʪʦʛʦ ʩʙʣʠʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʷʚʣʝʥʠʝ ʩʝʪʝʡ ʤʘʩʰʪʘʙʘ 

ʙʦʣʴʰʦʛʦ ʛʦʨʦʜʘ (MAN), ʟʘʥʠʤʘʶʱʠʭ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʤʝʞʜʫ 

ʣʦʢʘʣʴʥʳʤʠ ʠ ʛʣʦʙʘʣʴʥʳʤʠ ʩʝʪʷʤʠ. ʇʨʠ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʭ ʨʘʩʩʪʦʷʥʠʷʭ 

ʤʝʞʜʫ ʫʟʣʘʤʠ ʦʥʠ ʦʙʣʘʜʘʶʪ ʢʘʯʝʩʪʚʝʥʥʳʤʠ ʣʠʥʠʷʤʠ ʩʚʷʟʠ ʠ ʚʳʩʦʢʠʤʠ 

ʩʢʦʨʦʩʪʷʤʠ ʦʙʤʝʥʘ, ʜʘʞʝ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ, ʯʝʤ ʚ ʢʣʘʩʩʠʯʝʩʢʠʭ ʣʦʢʘʣʴʥʳʭ 

ʩʝʪʷʭ. ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʣʦʢʘʣʴʥʳʭ ʩʝʪʝʡ, ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ MAN ʫʞʝ 

ʩʫʱʝʩʪʚʫʶʱʠʝ ʣʠʥʠʠ ʩʚʷʟʠ ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ, ʘ ʧʨʦʢʣʘʜʳʚʘʶʪʩʷ ʟʘʥʦʚʦ. 

ʉʙʣʠʞʝʥʠʝ ʚ ʤʝʪʦʜʘʭ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʧʣʘʪʬʦʨʤʝ 

ʦʧʪʠʯʝʩʢʦʡ ʮʠʬʨʦʚʦʡ (ʥʝʤʦʜʫʣʠʨʦʚʘʥʥʦʡ) ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʦ 

ʦʧʪʦʚʦʣʦʢʦʥʥʳʤ ʣʠʥʠʷʤ ʩʚʷʟʠ. ʀʟ-ʟʘ ʨʝʟʢʦʛʦ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʢʘʥʘʣʦʚ 

ʩʚʷʟʠ ʚ ʛʣʦʙʘʣʴʥʳʭ ʩʝʪʷʭ ʥʘʯʘʣʠ ʦʪʢʘʟʳʚʘʪʴʩʷ ʦʪ ʩʣʦʞʥʳʭ ʠ ʠʟʙʳʪʦʯʥʳʭ 

ʧʨʦʮʝʜʫʨ ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʨʨʝʢʪʥʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ʇʨʠʤʝʨʦʤ ʤʦʛʫʪ 

ʩʣʫʞʠʪʴ ʩʝʪʠ frame relay. ɺ ʵʪʠʭ ʩʝʪʷʭ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʠʩʢʘʞʝʥʠʝ ʙʠʪ 

ʧʨʦʠʩʭʦʜʠʪ ʥʘʩʪʦʣʴʢʦ ʨʝʜʢʦ, ʯʪʦ ʦʰʠʙʦʯʥʳʡ ʧʘʢʝʪ ʧʨʦʩʪʦ ʫʥʠʯʪʦʞʘʝʪʩʷ, ʘ ʚʩʝ 

ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʝʛʦ ʧʦʪʝʨʝʡ, ʨʝʰʘʶʪʩʷ ʧʨʦʛʨʘʤʤʘʤʠ ʧʨʠʢʣʘʜʥʦʛʦ 

ʫʨʦʚʥʷ, ʢʦʪʦʨʳʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʝ ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʩʝʪʠ frame relay. 

ɿʘ ʩʯʝʪ ʥʦʚʳʭ ʩʝʪʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʥʘ ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʳʝ ʣʠʥʠʠ ʩʚʷʟʠ, ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ 

ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʢʦʤʤʝʨʯʝʩʢʠʭ ʛʣʦʙʘʣʴʥʳʭ ʩʝʪʷʭ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ 

ʧʨʠʙʣʠʞʘʶʪʩʷ ʢ ʪʨʘʜʠʮʠʦʥʥʳʤ ʩʢʦʨʦʩʪʷʤ ʣʦʢʘʣʴʥʳʭ ʩʝʪʝʡ (ʚ ʩʝʪʷʭ frame relay 

ʩʝʡʯʘʩ ʜʦʩʪʫʧʥʳ ʩʢʦʨʦʩʪʠ 2 ʄʙʠʪ/ʩ), ʘ ʚ ʛʣʦʙʘʣʴʥʳʭ ʩʝʪʷʭ ATM ʠ ʧʨʝʚʦʩʭʦʜʷʪ 
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ʠʭ, ʜʦʩʪʠʛʘʷ 622 ʄʙʠʪ/ʩ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʣʫʞʙʳ ʜʣʷ ʨʝʞʠʤʘ on-line ʩʪʘʥʦʚʷʪʩʷ ʦʙʳʯʥʳʤʠ ʠ ʚ 

ʛʣʦʙʘʣʴʥʳʭ ʩʝʪʷʭ. ʅʘʠʙʦʣʝʝ ʷʨʢʠʡ ʧʨʠʤʝʨ ð ʛʠʧʝʨʪʝʢʩʪʦʚʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ 

ʩʣʫʞʙʘ World Wide Web, ʩʪʘʚʰʘʷ ʦʩʥʦʚʥʳʤ ʧʦʩʪʘʚʱʠʢʦʤ ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʝʪʠ 

Internet. ɽʝ ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʝʚʟʦʰʣʠ ʚʦʟʤʦʞʥʦʩʪʠ ʤʥʦʛʠʭ 

ʘʥʘʣʦʛʠʯʥʳʭ ʩʣʫʞʙ ʣʦʢʘʣʴʥʳʭ ʩʝʪʝʡ, ʪʘʢ ʯʪʦ ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʣʦʢʘʣʴʥʳʭ ʩʝʪʝʡ 

ʧʨʠʣhʦʩʴ ʧʨʦʩʪʦ ʧʦʟʘʠʤʩʪʚʦʚʘʪʴ ʵʪʫ ʩʣʫʞʙʫ ʫ ʛʣʦʙʘʣʴʥʳʭ ʩʝʪʝʡ. ʇʨʦʮʝʩʩ 

ʧʝʨʝʥʦʩʘ ʩʣʫʞʙ ʠ ʪʝʭʥʦʣʦʛʠʡ ʠʟ ʛʣʦʙʘʣʴʥʳʭ ʩʝʪʝʡ ʚ ʣʦʢʘʣʴʥʳʝ ʧʨʠʦʙʨʝʣ ʪʘʢʦʡ 

ʤʘʩʩʦʚʳʡ ʭʘʨʘʢʪʝʨ, ʯʪʦ ʧʦʷʚʠʣʩʷ ʜʘʞʝ ʩʧʝʮʠʘʣʴʥʳʡ ʪʝʨʤʠʥ ð intranet-

ʪʝʭʥʦʣʦʛʠʠ (intra ð ʚʥʫʪʨʝʥʥʠʡ), ʦʙʦʟʥʘʯʘʶʱʠʡ ʧʨʠʤʝʥʝʥʠʝ ʩʣʫʞʙ ʚʥʝʰʥʠʭ 

(ʛʣʦʙʘʣʴʥʳʭ) ʩʝʪʝʡ ʚʦ ʚʥʫʪʨʝʥʥʠʭ ð ʣʦʢʘʣʴʥʳʭ. 

ʃʦʢʘʣʴʥʳʝ ʩʝʪʠ ʧʝʨʝʥʠʤʘʶʪ ʫ ʛʣʦʙʘʣʴʥʳʭ ʩʝʪʝʡ ʠ ʪʨʘʥʩʧʦʨʪʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. 

ɺʩʝ ʥʦʚʳʝ ʩʢʦʨʦʩʪʥʳʝ ʪʝʭʥʦʣʦʛʠʠ (Fast Ethernet, Gigabit Ethernet, 1OOVG-

AnyLAN) ʧʦʜʜʝʨʞʠʚʘʶʪ ʨʘʙʦʪʫ ʧʦ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʣʠʥʠʷʤ ʩʚʷʟʠ ʥʘʨʷʜʫ ʩ 

ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʜʣʷ ʣʦʢʘʣʴʥʳʭ ʩʝʪʝʡ ʨʘʟʜʝʣʷʝʤʳʤʠ ʣʠʥʠʷʤʠ. ɼʣʷ ʦʨʛʘʥʠʟʘʮʠʠ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʣʠʥʠʡ ʩʚʷʟʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʧʝʮʠʘʣʴʥʳʡ ʪʠʧ 

ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ð ʢʦʤʤʫʪʘʪʦʨʳ. ʂʦʤʤʫʪʘʪʦʨʳ ʣʦʢʘʣʴʥʳʭ 

ʩʝʪʝʡ ʩʦʝʜʠʥʷʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʩʭʝʤʝ, ʧʦʜʦʙʥʦ ʪʦʤʫ, ʢʘʢ ʵʪʦ 

ʜʝʣʘʝʪʩʷ ʚ ʪʝʣʝʬʦʥʥʳʭ ʩʝʪʷʭ: ʠʤʝʶʪʩʷ ʢʦʤʤʫʪʘʪʦʨʳ ʥʠʞʥʝʛʦ ʫʨʦʚʥʷ, ʢ 

ʢʦʪʦʨʳʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʜʢʣʶʯʘʶʪʩʷ ʢʦʤʧʴʶʪʝʨʳ ʩʝʪʠ, ʢʦʤʤʫʪʘʪʦʨʳ 

ʩʣʝʜʫʶʱʝʛʦ ʫʨʦʚʥʷ ʩʦʝʜʠʥʷʶʪ ʤʝʞʜʫ ʩʦʙʦʡ ʢʦʤʤʫʪʘʪʦʨʳ ʥʠʞʥʝʛʦ ʫʨʦʚʥʷ ʠ ʪ. 

ʜ. ʂʦʤʤʫʪʘʪʦʨʳ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʫʨʦʚʥʝʡ ʦʙʣʘʜʘʶʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʙʦʣʴʰʝʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʠ ʨʘʙʦʪʘʶʪ ʩ ʙʦʣʝʝ ʩʢʦʨʦʩʪʥʳʤʠ ʢʘʥʘʣʘʤʠ, ʫʧʣʦʪʥʷʷ 

ʜʘʥʥʳʝ ʥʠʞʥʠʭ ʫʨʦʚʥʝʡ. ʂʦʤʤʫʪʘʪʦʨʳ ʧʦʜʜʝʨʞʠʚʘʶʪ ʥʝ ʪʦʣʴʢʦ ʥʦʚʳʝ ʧʨʦʪʦ-

ʢʦʣʳ ʣʦʢʘʣʴʥʳʭ ʩʝʪʝʡ, ʥʦ ʠ ʪʨʘʜʠʮʠʦʥʥʳʝ ð Ethernet ʠ Token Ring. 

ɺ ʣʦʢʘʣʴʥʳʭ ʩʝʪʷʭ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʫʜʝʣʷʝʪʩʷ ʪʘʢʦʝ ʞʝ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ 

ʤʝʪʦʜʘʤ ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ, 

ʢʘʢ ʠ ʚ ʛʣʦʙʘʣʴʥʳʭ ʩʝʪʷʭ. ʊʘʢʦʝ ʚʥʠʤʘʥʠʝ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʣʦʢʘʣʴʥʳʝ ʩʝʪʠ 

ʧʝʨʝʩʪʘʣʠ ʙʳʪʴ ʠʟʦʣʠʨʦʚʘʥʥʳʤʠ, ʯʘʱʝ ʚʩʝʛʦ ʦʥʠ ʠʤʝʶʪ ʚʳʭʦʜ ʚ çʙʦʣʴʰʦʡ 

ʤʠʨè ʯʝʨʝʟ ʛʣʦʙʘʣʴʥʳʝ ʩʚʷʟʠ. ʇʨʠ ʵʪʦʤ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʝ ʞʝ ʤʝʪʦʜʳ ð 

ʰʠʬʨʦʚʘʥʠʝ ʜʘʥʥʳʭ, ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʚʦʟʚʝʜʝʥʠʝ ʟʘʱʠʪʥʳʭ 

ʙʘʨʴʝʨʦʚ, ʧʨʝʜʦʭʨʘʥʷʶʱʠʭ ʦʪ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚ ʩʝʪʴ ʠʟʚʥʝ. 

ʀ, ʥʘʢʦʥʝʮ, ʧʦʷʚʣʷʶʪʩʷ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʠʟʥʘʯʘʣʴʥʦ ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ 

ʦʙʦʠʭ ʚʠʜʦʚ ʩʝʪʝʡ. ʅʘʠʙʦʣʝʝ ʷʨʢʠʤ ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʡ ʷʚʣʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ATM, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ ʥʝ 

ʪʦʣʴʢʦ ʣʦʢʘʣʴʥʳʭ ʠ ʛʣʦʙʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʝʪʝʡ, ʥʦ ʠ ʪʝʣʝʬʦʥʥʳʭ ʩʝʪʝʡ, ʘ 

ʪʘʢʞʝ ʰʠʨʦʢʦʚʝʱʘʪʝʣʴʥʳʭ ʚʠʜʝʦʩʝʪʝʡ, ʦʙʲʝʜʠʥʷʷ ʚʩʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʪʠʧʳ 

ʪʨʘʬʠʢʘ ʚ ʦʜʥʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʝʪʠ. 

 

 

 

 

1. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʣʦʢʘʣʴʥʳʭ ʩʝʪʝʡ 
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ʀʟʚʝʩʪʝʥ ʜʦʚʦʣʴʥʦ ʰʠʨʦʢʠʡ ʥʘʙʦʨ ʧʨʠʟʥʘʢʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʣʦʢʘʣʴʥʳʭ ʩʝʪʝʡ. ʅʘʠʙʦʣʝʝ ʦʙʦʙʱʝʥʥʳʤʠ ʠʟ ʥʠʭ ʷʚʣʷʶʪʩʷ: 

 ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʚ ʃɺʉ, 

 ʤʝʪʦʜʳ ʜʦʩʪʫʧʘ ʚ ʃɺʉ, 

 ʪʦʧʦʣʦʛʠʷ ʃɺʉ, 

 ʬʠʟʠʯʝʩʢʘʷ ʩʨʝʜʘ ʧʝʨʝʜʘʯʠ, 

 ʤʝʪʦʜʳ ʜʦʩʪʫʧʘ ʚ ʃɺʉ. 

ʈʘʩʩʤʦʪʨʠʤ ʥʝʩʢʦʣʴʢʦ ʧʦʜʨʦʙʥʝʝ ʢʘʞʜʳʡ ʠʟ ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ. 

 

2. ʉʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʚ ʃɺʉ 

 

ʉʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʚ ʃɺʉ ʜʦʣʞʥʳ ʙʳʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ ʩʢʦʨʦʩʪʝʡ, ʯʝʤ 

ʦʙʤʝʥ ʜʘʥʥʳʤʠ ʚ ʦʪʜʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ. 

ɺ ʮʝʣʦʤ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʚ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʩʨʝʜʳ ʧʝʨʝʜʘʯʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʚʝʩʪʥʳʝ ʃɺʉ ʤʦʞʥʦ ʨʘʟʙʠʪʴ ʥʘ 4 ʢʣʘʩʩʘ:  

 ʥʠʟʢʦʩʢʦʨʦʩʪʥʳʝ - ʩʝʪʠ, ʠʤʝʶʱʠʝ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʥʝ ʙʦʣʝʝ 1 ʄʙʠʪ/ʩ, 

 ʩʨʝʜʥʝʩʢʦʨʦʩʪʥʳʝ - ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ 1-10 ʄʙʠʪ/ʩ, 

 ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʝ - ʩʝʪʠ ʩʦ ʩʢʦʨʦʩʪʴʶ ʩʚʳʰʝ 10 ʄʙʠʪ/ʩ. 

 ʩʚʝʨʭʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʝ - ʩʝʪʠ ʩʦ ʩʢʦʨʦʩʪʴʶ ʩʚʳʰʝ 100 ʄʙʠʪ/ʩ. 
ʈʘʩʩʤʦʪʨʠʤ ʩʢʦʨʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʃɺʉ. 

 
ʉʪʘʥʜʘʨʪ Ethernet 
ɺ ʪʝʭʥʦʣʦʛʠʠ Ethernet ʧʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʧʨʦʠʩʭʦʜʠʪ ʩʦ ʩʢʦʨʦʩʪʴʶ 10 ʄʙʠʪ/ʩ. 

ʕʪʘ ʚʝʣʠʯʠʥʘ ʷʚʣʷʝʪʩʷ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʜʘʥʥʦʡ ʩʝʪʠ. ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ 

ʪʝʭʥʦʣʦʛʠʷ Ethernet ʙʫʜʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʜʘʣʝʝ. 

 

ʊʝʭʥʦʣʦʛʠʷ Token Ring 

 

ʊʝʭʥʦʣʦʛʠʷ Token Ring ʨʘʙʦʪʘʝʪ ʩ ʜʚʫʤʷ ʙʠʪʦʚʳʤʠ ʩʢʦʨʦʩʪʷʤʠ ð 4 ʠ 16 

ʄʙʠʪ/ʩ. ʉʤʝʰʝʥʠʝ ʩʪʘʥʮʠʡ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʢʦʨʦʩʪʷʭ, ʚ ʦʜʥʦʤ 

ʢʦʣʴʮʝ ʥʝ ʜʦʧʫʩʢʘʝʪʩʷ. ʉʝʪʠ Token Ring, ʨʘʙʦʪʘʶʱʠʝ ʩʦ ʩʢʦʨʦʩʪʴʶ 16 ʄʙʠʪ/ʩ, 

ʠʤʝʶʪ ʥʝʢʦʪʦʨʳʝ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʚ ʘʣʛʦʨʠʪʤʝ ʜʦʩʪʫʧʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ 

ʩʪʘʥʜʘʨʪʦʤ 4 ʄʙʠʪ/ʩ. 

ʊʝʭʥʦʣʦʛʠʷ Token Ring ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʩʣʦʞʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ, ʯʝʤ Ethernet. 

ʆʥʘ ʦʙʣʘʜʘʝʪ ʩʚʦʡʩʪʚʘʤʠ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʠ. 

 

ʊʝʭʥʦʣʦʛʠʷ FDDI 

 

ʊʝʭʥʦʣʦʛʠʷ FDDI ʚʦ ʤʥʦʛʦʤ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʪʝʭʥʦʣʦʛʠʠ Token Ring, 

ʨʘʟʚʠʚʘʷ ʠ ʩʦʚʝʨʰʝʥʩʪʚʫʷ ʝʝ ʦʩʥʦʚʥʳʝ ʠʜʝʠ. ʈʘʟʨʘʙʦʪʯʠʢʠ ʪʝʭʥʦʣʦʛʠʠ FDDI 

ʩʪʘʚʠʣʠ ʧʝʨʝʜ ʩʦʙʦʡ ʚ ʢʘʯʝʩʪʚʝ ʥʘʠʙʦʣʝʝ ʧʨʠʦʨʠʪʝʪʥʳʭ ʩʣʝʜʫʶʱʠʝ ʮʝʣʠ: 

 ʧʦʚʳʩʠʪʴ ʙʠʪʦʚʫʶ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʜʦ 100 ʄʙʠʪ/ʩ; 

 ʧʦʚʳʩʠʪʴ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ ʩʝʪʠ ʟʘ ʩʯʝʪ ʩʪʘʥʜʘʨʪʥʳʭ ʧʨʦʮʝʜʫʨ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʝʝ ʧʦʩʣʝ ʦʪʢʘʟʦʚ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ð ʧʦʚʨʝʞʜʝʥʠʷ ʢʘʙʝʣʷ, 
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ʥʝʢʦʨʨʝʢʪʥʦʡ ʨʘʙʦʪʳ ʫʟʣʘ, ʢʦʥʮʝʥʪʨʘʪʦʨʘ, ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ 

ʧʦʤʝʭ ʥʘ ʣʠʥʠʠ ʠ ʪ. ʧ.; 

 ʤʘʢʩʠʤʘʣʴʥʦ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʧʨʦʧʫʩʢʥʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʩʝʪʠ ʢʘʢ ʜʣʷ ʘʩʠʥʭʨʦʥʥʦʛʦ, ʪʘʢ ʠ ʜʣʷ ʩʠʥʭʨʦʥʥʦʛʦ 

(ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʢ ʟʘʜʝʨʞʢʘʤ) ʪʨʘʬʠʢʦʚ. 

ʉʝʪʴ FDDI ʩʪʨʦʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʜʚʫʭ ʦʧʪʦʚʦʣʦʢʦʥʥʳʭ ʢʦʣʝʮ, ʢʦʪʦʨʳʝ 

ʦʙʨʘʟʫʶʪ ʦʩʥʦʚʥʦʡ ʠ ʨʝʟʝʨʚʥʳʡ ʧʫʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʤʝʞʜʫ ʫʟʣʘʤʠ ʩʝʪʠ. 

ʅʘʣʠʯʠʝ ʜʚʫʭ ʢʦʣʝʮ ð ʵʪʦ ʦʩʥʦʚʥʦʡ ʩʧʦʩʦʙ ʧʦʚʳʰʝʥʠʷ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʠ ʚ 

ʩʝʪʠ FDDI. 

 

Fast Ethernet ʠ 1OOVG-AnyLAN  

ʂʣʘʩʩʠʯʝʩʢʠʡ 10-ʤʝʛʘʙʠʪʥʳʡ Ethernet ʫʩʪʨʘʠʚʘʣ ʙʦʣʴʰʠʥʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʝʡ 

ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʦʢʦʣʦ 15 ʣʝʪ. ʆʜʥʘʢʦ ʚ ʥʘʯʘʣʝ 90-ʭ ʥʘʟʨʝʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ 

ʨʘʟʨʘʙʦʪʢʝ çʥʦʚʦʛʦè Ethernet, ʪʦ ʝʩʪʴ ʪʝʭʥʦʣʦʛʠʠ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʙʳ ʪʘʢʦʡ ʞʝ 

ʵʬʬʝʢʪʠʚʥʦʡ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ ʮʝʥʘ/ʢʘʯʝʩʪʚʦ ʧʨʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 100 

ʄʙʠʪ/ʩ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʠʩʢʦʚ ʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʧʝʮʠʘʣʠʩʪʳ ʨʘʟʜʝʣʠʣʠʩʴ ʥʘ ʜʚʘ 

ʣʘʛʝʨʷ, ʯʪʦ ʚ ʢʦʥʮʝ ʢʦʥʮʦʚ ʧʨʠʚʝʣʦ ʢ ʧʦʷʚʣʝʥʠʶ ʜʚʫʭ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ð Fast 

Ethernet ʠ 100VG-AnyLAN. ʆʥʠ ʦʪʣʠʯʘʶʪʩʷ ʩʪʝʧʝʥʴʶ ʧʨʝʝʤʩʪʚʝʥʥʦʩʪʠ ʩ 

ʢʣʘʩʩʠʯʝʩʢʠʤ Ethernet. 

 

ɺʳʩʦʢʦʩʢʦʨʦʩʪʥʘʷ ʪʝʭʥʦʣʦʛʠʷ Gigabit Ethernet 

ɼʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ ʧʦʩʣʝ ʧʦʷʚʣʝʥʠʷ ʥʘ ʨʳʥʢʝ ʧʨʦʜʫʢʪʦʚ Fast Ethernet 

ʩʝʪʝʚʳʝ ʠʥʪʝʛʨʘʪʦʨʳ ʠ ʘʜʤʠʥʠʩʪʨʘʪʦʨʳ ʧʦʯʫʚʩʪʚʦʚʘʣʠ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʦʛʨʘʥʠʯʝʥʠʷ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʩʝʪʝʡ. ɺʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ 

ʩʝʨʚʝʨʳ, ʧʦʜʢʣʶʯʝʥʥʳʝ ʧʦ 100-ʤʝʛʘʙʠʪʥʦʤʫ ʢʘʥʘʣʫ, ʧʝʨʝʛʨʫʞʘʣʠ ʤʘʛʠʩʪʨʘʣʠ 

ʩʝʪʝʡ, ʨʘʙʦʪʘʶʱʠʝ ʪʘʢʞʝ ʥʘ ʩʢʦʨʦʩʪʠ 100 ʄʙʠʪ/ʩ ð ʤʘʛʠʩʪʨʘʣʠ FDDI ʠ Fast 

Ethernet. ʆʱʫʱʘʣʘʩʴ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʩʣʝʜʫʶʱʝʤ ʫʨʦʚʥʝ ʠʝʨʘʨʭʠʠ ʩʢʦʨʦʩʪʝʡ.  

ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʩʪʘʥʜʘʨʪʘ Gigabit Ethernet ʩʦʩʪʦʠʪ ʚ 

ʤʘʢʩʠʤʘʣʴʥʦʤ ʩʦʭʨʘʥʝʥʠʠ ʠʜʝʡ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ Ethernet ʧʨʠ 

ʜʦʩʪʠʞʝʥʠʠ ʙʠʪʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚ 1000 ʄʙʠʪ/ʩ. 

ʊʘʢ ʢʘʢ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʝʩʪʝʩʪʚʝʥʥʦ ʦʞʠʜʘʪʴ ʥʝʢʦʪʦʨʳʭ 

ʪʝʭʥʠʯʝʩʢʠʭ ʥʦʚʠʥʦʢ, ʠʜʫʱʠʭ ʚ ʦʙʱʝʤ ʨʫʩʣʝ ʨʘʟʚʠʪʠʷ ʩʝʪʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʪʦ 

ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ Gigabit Ethernet, ʪʘʢ ʞʝ ʢʘʢ ʠ ʝʛʦ ʤʝʥʝʝ ʩʢʦʨʦʩʪʥʳʝ 

ʩʦʙʨʘʪʴʷ, ʥʘ ʫʨʦʚʥʝ ʧʨʦʪʦʢʦʣʘ ʥʝ ʙʫʜʝʪ ʧʦʜʜʝʨʞʠʚʘʪʴ: 

 ʢʘʯʝʩʪʚʦ ʦʙʩʣʫʞʠʚʘʥʠʷ; 

 ʠʟʙʳʪʦʯʥʳʝ ʩʚʷʟʠ; 

 ʪʝʩʪʠʨʦʚʘʥʠʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʫʟʣʦʚ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʚ ʧʦʩʣʝʜʥʝʤ 

ʩʣʫʯʘʝ ð ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʪʝʩʪʠʨʦʚʘʥʠʷ ʩʚʷʟʠ ʧʦʨʪ ð ʧʦʨʪ, ʢʘʢ ʵʪʦ ʜʝʣʘʝʪʩʷ 

ʜʣʷ Ethernet 10Base-T ʠ 10Base-F ʠ Fast Ethernet). 

 

3. ʊʦʧʦʣʦʛʠʷ ʃɺʉ 

 

ʉʪʨʫʢʪʫʨʘ (ʪʦʧʦʣʦʛʠʷ) ʃɺʉ ʯʘʱʝ ʚʩʝʛʦ ʥʝʠʝʨʘʨʭʠʯʝʩʢʘʷ, ʪ.ʝ. ʚ ʥʠʭ ʥʝʪ 

ʩʪʨʦʛʦʛʦ ʜʝʣʝʥʠʷ ʧʦ ʫʨʦʚʥʷʤ ʩʪʘʥʮʠʡ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ. ʇʦʜ ʩʪʘʥʮʠʝʡ ʃɺʉ 

(ʨʘʙʦʯʝʡ ʩʪʘʥʮʠʝʡ) ʧʦʥʠʤʘʶʪ ʩʠʩʪʝʤʫ, ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ ʧʦʣʴʟʦʚʘʪʝʣʷ 
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ʥʝʢʦʪʦʨʳʤʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʨʝʩʫʨʩʘʤʠ, ʥʝʦʙʭʦʜʠʤʳʤʠ ʜʣʷ ʝʛʦ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʨʘʙʦʪʳ, ʘ ʪʘʢʞʝ ʧʨʝʜʦʩʪʘʚʣʷʶʱʫʶ ʜʦʩʪʫʧ ʢ ʨʘʟʣʠʯʥʳʤ ʚʠʜʘʤ 

ʦʙʩʣʫʞʠʚʘʥʠʷ. 

ɺ ʣʦʢʘʣʴʥʳʭ ʩʝʪʷʭ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʩʣʝʜʫʶʱʠʝ ʪʦʧʦʣʦʛʠʠ: ʰʠʥʥʘʷ, 

ʢʦʣʴʮʝʚʘʷ, ʟʚʝʟʜʦʦʙʨʘʟʥʘʷ ʠ ʜʨʝʚʦʚʠʜʥʘʷ.  

 

 

 

 

 

 

ʘ)  ʰʠʥʥʘʷ    ʙ) ʢʦʣʴʮʝʚʘʷ 

 

 

 

 

 

 

 

 

 

ʚ) ʟʚʝʟʜʦʦʙʨʘʟʥʘʷ   ʛ)  ʜʨʝʚʦʚʠʜʥʘʷ 

 

ʈʠʩʫʥʦʢ 1. ʊʦʧʦʣʦʛʠʠ ʃɺʉ. 

 

ʂʘʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʠʜʦʚ ʪʦʧʦʣʦʛʠʡ ʚ ʃɺʉ ʧʨʠʚʝʜʝʥʘ ʚ 

ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1. ɺʠʜʳ ʪʦʧʦʣʦʛʠʡ ʚ ʃɺʉ 

ʊʦʧʦʣʦʛʠʷ 

ʇʘʨʘʤʝʪʨʳ 

ʉʣʦʞʥʦʩʪʴ ʅʘʨʘʱʠʚ

ʘʝʤʦʩʪʴ 

ʅʘʜʝʞ-

ʥʦʩʪʴ 

ʉʪʦʠʤʦʩʪ

 ɹ

ʐʠʥʥʘʷ ʥʠʟʢʘʷ ʭʦʨʦʰʘʷ ʚʳʩʦʢʘʷ ʥʠʟʢʘʷ 

ʂʦʣʴʮʝʚʘʷ ʥʠʟʢʘʷ ʩʨʝʜʥʷʷ ʚʳʩʦʢʘʷ ʩʨʝʜʥʷʷ 

ɿʚʝʟʜʦʦʙʨ

ʘʟʥʘʷ  

ʥʠʟʢʘʷ ʧʣʦʭʘʷ ʩʨʝʜʥʷʷ ʚʳʩʦʢʘʷ 

ɼʨʝʚʦʚʠʜʥ

ʘ ̫

ʩʨʝʜʥʷʷ ʭʦʨʦʰʘʷ ʚʳʩʦʢʘʷ  ʥʠʟʢʘʷ 

 

ʐʠʥʥʘʷ ʪʦʧʦʣʦʛʠʷ 

 

ɼʦʩʪʦʠʥʩʪʚʘ: 

 ʦʪʩʫʪʩʪʚʠʝ ʘʢʪʠʚʥʦʛʦ ʧʝʨʝʧʨʠʝʤʘ ʧʨʠ ʜʦʩʪʫʧʝ ʢ ʬʠʟʠʯʝʩʢʦʡ ʩʨʝʜʝ; 

 ʧʨʦʩʪʳʝ ʢʦʥʩʪʨʫʢʮʠʠ; 
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 ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʣʶʙʦʡ ʪʦʯʢʝ ʢʘʙʝʣʷ. 

ʅʝʜʦʩʪʘʪʢʠ: 

 ʅʠʟʢʘʷ ʥʘʜʝʞʥʦʩʪʴ: ʣʶʙʦʡ ʜʝʬʝʢʪ ʢʘʙʝʣʷ ʠʣʠ ʢʘʢʦʛʦ-ʥʠʙʫʜʴ ʠʟ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʨʘʟʲʝʤʦʚ ʧʦʣʥʦʩʪʴʶ ʧʘʨʘʣʠʟʫʝʪ ʚʩʶ ʩʝʪʴ; 

 ʅʝʚʳʩʦʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ: ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʪʦʣʴʢʦ ʦʜʠʥ 
ʢʦʤʧʴʶʪʝʨ ʤʦʞʝʪ ʧʝʨʝʜʘʚʘʪʴ ʜʘʥʥʳʝ ʧʦ ʩʝʪʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʦʧʫʩʢʥʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʢʘʥʘʣʘ ʩʚʷʟʠ ʜʝʣʠʪʩʷ ʤʝʞʜʫ ʚʩʝʤʠ ʫʟʣʘʤʠ ʩʝʪʠ. 

 

ʂʦʣʴʮʝʚʘʷ ʪʦʧʦʣʦʛʠʷ 

 

ɼʦʩʪʦʠʥʩʪʚʘ: 

 ʆʙʣʘʜʘʝʪ ʩʚʦʡʩʪʚʦʤ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ ʩʚʷʟʝʡ; 

 ʋʜʦʙʥʘ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʪʧʨʘʚʠʪʝʣʴ 
ʤʦʞʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʜʦʩʪʘʚʢʠ ʜʘʥʥʳʭ ʘʜʨʝʩʘʪʫ; 

ʅʝʜʦʩʪʘʪʢʠ: 

 ɺ ʩʣʫʯʘʝ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ ʢʘʢʦʡ-ʣʠʙʦ ʩʪʘʥʮʠʠ ʢʘʥʘʣ ʩʚʷʟʠ ʧʨʝʨʳʚʘʝʪʩʷ 

ʤʝʞʜʫ ʦʩʪʘʣʴʥʳʤʠ ʩʪʘʥʮʠʷʤʠ ʢʦʣʴʮʘ. 

 

ɿʚʝʟʜʦʦʙʨʘʟʥʘʷ ʪʦʧʦʣʦʛʠʷ 

 

ɼʦʩʪʦʠʥʩʪʚʘ: 

 ʉʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʘʷ ʥʘʜʝʞʥʦʩʪʴ: ʚ ʩʣʫʯʘʝ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ ʢʘʢʦʡ-ʣʠʙʦ 

ʩʪʘʥʮʠʠ ʢʘʥʘʣ ʩʚʷʟʠ ʥʝ ʧʨʝʨʳʚʘʝʪʩʷ ʤʝʞʜʫ ʦʩʪʘʣʴʥʳʤʠ ʩʪʘʥʮʠʷʤʠ; 

 ɸʜʤʠʥʠʩʪʨʘʪʦʨ ʩʝʪʠ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʙʣʦʢʠʨʦʚʢʠ ʟʘʧʨʝʱʝʥʥʳʝ 

ʘʜʤʠʥʠʩʪʨʘʪʦʨʦʤ ʧʝʨʝʜʘʯʠ. 

ʅʝʜʦʩʪʘʪʢʠ: 

 ɺʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʩʝʪʝʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ: ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʦʙʨʝʪʝʥʠʷ 
ʢʦʥʮʝʥʪʨʘʪʦʨʘ; 

 ɺʳʭʦʜ ʠʟ ʩʪʨʦʷ ʢʦʥʮʝʥʪʨʘʪʦʨʘ ʧʘʨʘʣʠʟʫʝʪ ʚʩʝ ʩʝʪʴ ʮʝʣʠʢʦʤ; 

 ɺʦʟʤʦʞʥʦʩʪʴ ʧʦ ʥʘʨʘʱʠʚʘʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʫʟʣʦʚ ʚ ʩʝʪʠ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ 
ʢʦʣʠʯʝʩʪʚʦʤ ʧʦʨʪʦʚ ʢʦʥʮʝʥʪʨʘʪʦʨʘ. 

 

ɼʨʝʚʦʚʠʜʥʘʷ ʪʦʧʦʣʦʛʠʷ 

 

ʀʥʦʛʜʘ ʠʤʝʝʪ ʩʤʳʩʣ ʩʪʨʦʠʪʴ ʩʝʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʩʢʦʣʴʢʠʭ 

ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ, ʠʝʨʘʨʭʠʯʝʩʢʠ ʩʦʝʜʠʥʝʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʩʚʷʟʷʤʠ ʪʠʧʘ ʟʚʝʟʜʘ. 

ʊʘʢʘʷ ʩʪʨʫʢʪʫʨʘ ʥʘʟʳʚʘʝʪʩʷ ʜʝʨʝʚʦʤ ʠʣʠ ʜʨʝʚʦʚʠʜʥʦʡ ʪʦʧʦʣʦʛʠʝʡ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʜʝʨʝʚʦ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʪʠʧʦʤ ʪʦʧʦʣʦʛʠʠ ʩʚʷʟʝʡ, ʢʘʢ ʚ 

ʣʦʢʘʣʴʥʳʭ, ʪʘʢ ʠ ʚ ʛʣʦʙʘʣʴʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʝʪʷʭ. 

 

4. ʌʠʟʠʯʝʩʢʘʷ ʩʨʝʜʘ ʧʝʨʝʜʘʯʠ 

 



 

16 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʃɺʉ ʚ ʦʩʥʦʚʥʦʤ ʧʨʠʤʝʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʬʠʟʠʯʝʩʢʠʝ 

ʩʨʝʜʳ: ʢʦʘʢʩʠʘʣʴʥʳʡ ʢʘʙʝʣʴ, ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʡ ʢʘʙʝʣʴ ʩʚʷʟʠ (ʚʦʣʦʩ) ʠ 

ʚʠʪʫʶ ʧʘʨʫ ʧʨʦʚʦʜʥʠʢʦʚ. 

ʂʦʘʢʩʠʘʣʴʥʳʝ ʢʘʙʝʣʠ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʘʠʙʦʣʝʝ ʤʘʩʩʦʚʫʶ ʬʠʟʠʯʝʩʢʫʶ 

ʩʨʝʜʫ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʚ ʃɺʉ. ʄʘʩʩʦʚʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʢʦʘʢʩʠʘʣʥɹʳʭ 

ʢʘʙʝʣʝʡ ʚ ʃɺʉ ʦʙʲʷʩʥʷʝʪʩʷ ʠʭ ʚʳʩʦʢʠʤ ʪʝʭʥʠʢʦ-ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ 

ʧʦʢʘʟʘʪʝʣʷʤʠ, ʙʦʣʴʰʠʤʠ ʩʢʦʨʦʩʪʷʤʠ (50-100 ʄʙʠʪ/ʩ) ʧʝʨʝʜʘʯʠ, 

ʠʟʥʦʩʦʫʩʪʦʡʯʠʚʦʩʪʴʶ ʧʨʠ ʧʨʠʝʤʣʝʤʦʡ ʩʪʦʠʤʦʩʪʠ. ɺ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʃɺʉ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʦʣʩʪʳʡ ʢʦʘʢʩʠʘʣʴʥʳʡ ʢʘʙʝʣʴ ʜʣʷ ʫʯʘʩʪʢʘ ʜʣʠʥʦʡ 500ʤ ʠ 

ʪʦʥʢʠʡ ʢʦʘʢʩʠʘʣʴʥʳʡ ʢʘʙʝʣʴ ʜʣʷ ʫʯʘʩʪʢʘ ʜʣʠʥʦʡ 185ʤ ʧʨʠ ʫʤʝʨʝʥʥʦʤ ʫʨʦʚʥʝ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ ʠ ʩʢʦʨʦʩʪʠ 10ʄʙʠʪ/ʩ. 

ɺʆʃʉ ʥʘʯʠʥʘʶʪ ʢʦʥʢʫʨʠʨʦʚʘʪʴ ʩ ʥʝʢʦʪʦʨʳʤʠ ʚʠʜʘʤʠ ʢʦʘʢʩʠʘʣʴʥʳʭ ʢʘʙʝʣʝʡ 

ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʦʚ 2-3 ɻʙʠʪ/ʩ  ʥʘ ʨʘʩʩʪʦʷʥʠʠ 1,5 - 3 

ʢʤ. ʀʤʝʶʪ ʥʝʙʦʣʴʰʠʝ ʨʘʟʤʝʨʳ, ʤʘʩʩʫ, ʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ ʠ 

ʠʟʥʦʩʦʫʩʪʦʡʯʠʚʦʩʪʴ ʚ ʧʨʝʜʝʣʘʭ 3-4 ʣʝʪ, ʭʦʨʦʰʦ ʟʘʱʠʱʝʥʳ ʦʪ ʚʩʷʢʦʛʦ ʨʦʜʘ 

ʧʦʤʝʭ. ɺ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʃɺʉ ʦʧʪʦʚʦʣʦʢʦʥʥʳʡ ʢʘʙʝʣʴ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʜʣʷ ʫʯʘʩʪʢʦʚ ʙʦʣʴʰʦʡ ʧʨʦʪʷʞʸʥʥʦʩʪʠ (4-6 ʢʤ ʙʝʟ ʧʝʨʝʧʨʠʸʤʘ) ʠ ʩʢʦʨʦʩʪʠ 

ʤʦʜʫʣʷʮʠʠ 10ʄʙʠʪ/ʩ ʠ ʚʳʰʝ, ʛʜʝ ʠʤʝʝʪʩʷ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 

ʧʦʤʝʭ. 

ʊʘʤ, ʛʜʝ ʥʝ ʪʨʝʙʫʝʪʩʷ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʠ ʠʤʝʝʪʩʷ ʩʣʘʙʳʡ ʫʨʦʚʝʥʴ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ ʧʨʠʤʝʥʷʶʪ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʝ ʠ ʜʝʰʝʚʳʝ ʚʠʜʳ 

ʬʠʟʠʯʝʩʢʦʡ ʩʨʝʜʳ - ʚʠʪʳʝ ʧʘʨʳ. ʇʨʠ ʩʢʦʨʦʩʪʠ 10ʄʙʠʪ/ʩ ʚʠʪʳʝ ʧʘʨʳ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʝʨʝʜʘʯʫ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʨʘʩʩʪʦʷʥʠʝ 100 ʤ ʙʝʟ ʧʝʨʝʧʨʠʸʤʘ. ɽʩʣʠ 

ʩʢʦʨʦʩʪʴ ʚ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʣʠʥʠʠ ʙʫʜʝʪ ʤʝʥʴʰʝ, ʪʦ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʨʘʩʩʪʦʷʥʠʝ (ʦʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʩʦʛʣʘʩʦʚʘʥʠʝ ʣʠʥʠʠ ʠ 

ʘʧʧʘʨʘʪʫʨʳ ʧʨʠʸʤʘ-ʧʝʨʝʜʘʯʠ). ʀʟʥʦʩʦʫʩʪʦʡʯʠʚʦʩʪʴ ʩʨʝʜʥʷʷ ʠ ʤʝʥʷʝʪʩʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʪ 2 ʜʦ 6 ʣʝʪ. ɺʠʪʘʷ ʧʘʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʥʘʠʙʦʣʝʝ ʜʦʩʪʫʧʥʳʡ ʜʣʷ ʤʘʩʩʦʚʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩʧʦʩʦʙ ʩʦʝʜʠʥʝʥʠʷ 

ʩʪʘʥʮʠʡ ʃɺʉ, ʪ.ʢ. ʠʤʝʝʪ ʩʘʤʫʶ ʥʠʟʢʫʶ ʩʪʦʠʤʦʩʪʴ ʩʨʝʜʠ ʦʩʪʘʣʴʥʳʭ ʚʠʜʦʚ 

ʤʦʥʦʢʘʥʘʣʦʚ. 

ɺ ʪʘʙʣʠʮʝ 2 ʧʨʠʚʝʜʝʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʳʙʦʨʫ ʬʠʟʠʯʝʩʢʦʡ ʩʨʝʜʳ ʜʣʷ 

ʤʦʥʦʢʘʥʘʣʘ ʩ ʫʯʝʪʦʤ ʚʠʜʦʚ ʧʝʨʝʩʳʣʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ( ʨʝʯʴ, TV ʠ ʜʘʥʥʳʝ). 

 

ʊʘʙʣʠʮʘ 2. ʈʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʳʙʦʨʫ ʬʠʟʠʯʝʩʢʦʡ ʩʨʝʜʳ ʜʣʷ ʤʦʥʦʢʘʥʘʣʘ 

 

ʊʝʭʥʠʢʦ-

ʵʢʩʧʣʫʘʪʘʮʠʦ

ʥʥʳʝ 

ʧʦʢʘʟʘʪʝʣʠ 

ɺʆʃʉ 
ʂʦʘʢʩʠʘʣʴʥ

ʳʡ ʢʘʙʝʣʴ 
ɺʠʪʘʷ ʧʘʨʘ 

ɺʠʜʳ 

ʧʝʨʝʩʳʣʘʝʤʦ

ʡ 

ʠʥʬʦʨʤʘʮʠʠ 

ʈʝʯʴ, TV, 

ʜʘʥʥʳʝ 

ʈʝʯʴ, TV, 

ʜʘʥʥʳʝ 
ɼʘʥʥʳʝ 
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ʂʘʯʝʩʪʚʦ 

ʧʝʨʝʩʳʣʘʝʤʦ

ʡ 

ʠʥʬʦʨʤʘʮʠʠ 

ɺʳʩʦʢʦʝ ɺʳʩʦʢʦʝ ʅʠʟʢʦʝ 

ʈʘʩʩʪʦʷʥʠʝ, 

ʢʤ 
10 10 0,8 - 1,5 

ʀʟʥʦʩʦʫʩʪʦ

ʡʯʠʚʦʩʪʴ 
ʉʨʝʜʥʷʷ ɺʳʩʦʢʘʷ ʉʨʝʜʥʷʷ 

ʉʪʦʠʤʦʩʪʴ ɺʳʩʦʢʘʷ ʉʨʝʜʥʷʷ ʅʠʟʢʘʷ 

 

ɺ ʮʝʣʦʤ ʘʨʩʝʥʘʣ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʜʣʷ ʢʘʥʘʣʦʚ ʩʚʷʟʠ ʚ ʃɺʉ ʜʦʩʪʘʪʦʯʥʦ 

ʦʙʰʠʨʝʥ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʚʦʙʦʜʫ ʚʳʙʦʨʘ ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʡ ʧʨʠʤʝʥʝʥʠʷ 

ʃɺʉ. 

ʅʦ  ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚʩʝ ʯʘʱʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ Ethernet. 

 

5. ʌʠʟʠʯʝʩʢʘʷ ʩʨʝʜʘ ʚ ʩʝʪʠ Ethernet 

 

ʀʩʪʦʨʠʯʝʩʢʠ ʧʝʨʚʳʝ ʩʝʪʠ ʪʝʭʥʦʣʦʛʠʠ Ethernet ʙʳʣʠ ʩʦʟʜʘʥʳ ʥʘ 

ʢʦʘʢʩʠʘʣʴʥʦʤ ʢʘʙʝʣʝ ʜʠʘʤʝʪʨʦʤ 0,5 ʜʶʡʤʘ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʠ 

ʜʨʫʛʠʝ ʩʧʝʮʠʬʠʢʘʮʠʠ ʬʠʟʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʜʣʷ ʩʪʘʥʜʘʨʪʘ Ethernet, ʧʦʟʚʦʣʷʶʱʠʝ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʩʨʝʜʳ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ʄʝʪʦʜ ʜʦʩʪʫʧʘ CSMA/CD ʠ 

ʚʩʝ ʚʨʝʤʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʦʩʪʘʶʪʩʷ ʦʜʥʠʤʠ ʠ ʪʝʤʠ ʞʝ ʜʣʷ ʣʶʙʦʡ 

ʩʧʝʮʠʬʠʢʘʮʠʠ ʬʠʟʠʯʝʩʢʦʡ ʩʨʝʜʳ ʪʝʭʥʦʣʦʛʠʠ Ethernet 10 ʄʙʠʪ/ʩ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠ ʧʝʨʝʜʘʶʱʝʡ ʩʨʝʜʳ 

ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʪʝʭʥʦʣʦʛʠʠ. ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʩʧʦʩʦʙʘ ʧʝʨʝʜʘʯʠ 

ʩʪʝʢ ʩʝʪʝʚʦʛʦ ʧʨʦʪʦʢʦʣʘ ʠ ʧʨʦʛʨʘʤʤʳ, ʨʘʙʦʪʘʶʪ ʦʜʠʥʘʢʦʚʦ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ 

ʥʠʞʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʘʨʠʘʥʪʘʭ. 

ɹʦʣʴʰʠʥʩʪʚʦ Ethernet-ʢʘʨʪ ʠ ʜʨʫʛʠʭ ʫʩʪʨʦʡʩʪʚ ʠʤʝʝʪ ʧʦʜʜʝʨʞʢʫ ʥʝʩʢʦʣʴʢʠʭ 

ʩʢʦʨʦʩʪʝʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʠʩʧʦʣʴʟʫʷ ʘʚʪʦʦʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʠ ʠ 

ʜʫʧʣʝʢʩʥʦʩʪʠ, ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʥʘʠʣʫʯʰʝʛʦ ʩʦʝʜʠʥʝʥʠʷ ʤʝʞʜʫ ʜʚʫʤʷ 

ʫʩʪʨʦʡʩʪʚʘʤʠ. ɽʩʣʠ ʘʚʪʦʦʧʨʝʜʝʣʝʥʠʝ ʥʝ ʩʨʘʙʘʪʳʚʘʝʪ, ʩʢʦʨʦʩʪʴ ʧʦʜʩʪʨʘʠʚʘʝʪʩʷ 

ʧʦʜ ʧʘʨʪʥʸʨʘ, ʠ ʚʢʣʶʯʘʝʪʩʷ ʨʝʞʠʤ ʧʦʣʫʜʫʧʣʝʢʩʥʦʡ ʧʝʨʝʜʘʯʠ. ʅʘʧʨʠʤʝʨ, 

ʥʘʣʠʯʠʝ ʚ ʫʩʪʨʦʡʩʪʚʝ ʧʦʨʪʘ Ethernet 10/100 ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʯʝʨʝʟ ʥʝʛʦ ʤʦʞʥʦ 

ʨʘʙʦʪʘʪʴ ʧʦ ʪʝʭʥʦʣʦʛʠʷʤ 10BASE-T ʠ 100BASE-TX, ʘ ʧʦʨʪ Ethernet 10/100/1000 

ð ʧʦʜʜʝʨʞʠʚʘʝʪ ʩʪʘʥʜʘʨʪʳ 10BASE-T, 100BASE-TX, ʠ 1000BASE-T. 

 

ʈʘʥʥʠʝ ʤʦʜʠʬʠʢʘʮʠʠ Ethernet 

 

 Xerox Ethernet ð ʦʨʠʛʠʥʘʣʴʥʘʷ ʪʝʭʥʦʣʦʛʠʷ, ʩʢʦʨʦʩʪʴ 3ʄʙʠʪ/ʩ, 

ʩʫʱʝʩʪʚʦʚʘʣʘ ʚ ʜʚʫʭ ʚʘʨʠʘʥʪʘʭ Version 1 ʠ Version 2, ʬʦʨʤʘʪ ʢʘʜʨʘ ʧʦʩʣʝʜʥʝʡ 

ʚʝʨʩʠʠ ʜʦ ʩʠʭ ʧʦʨ ʠʤʝʝʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ.  

 10BROAD36 ð ʰʠʨʦʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʝ ʧʦʣʫʯʠʣ. ʆʜʠʥ ʠʟ 

ʧʝʨʚʳʭ ʩʪʘʥʜʘʨʪʦʚ, ʧʦʟʚʦʣʷʶʱʠʡ ʨʘʙʦʪʘʪʴ ʥʘ ʜʣʠʪʝʣʴʥʳʭ ʨʘʩʩʪʦʷʥʠʷʭ. 
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ʀʩʧʦʣʴʟʦʚʘʣ ʪʝʭʥʦʣʦʛʠʶ ʰʠʨʦʢʦʧʦʣʦʩʥʦʡ ʤʦʜʫʣʷʮʠʠ, ʧʦʭʦʞʝʡ ʥʘ ʪʫ, ʯʪʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʙʝʣʴʥʳʭ ʤʦʜʝʤʘʭ. ɺ ʢʘʯʝʩʪʚʝ ʩʨʝʜʳ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʦʘʢʩʠʘʣʴʥʳʡ ʢʘʙʝʣʴ.  

 1BASE5 ð ʪʘʢʞʝ ʠʟʚʝʩʪʥʳʡ, ʢʘʢ StarLAN, ʩʪʘʣ ʧʝʨʚʦʡ ʤʦʜʠʬʠʢʘʮʠʝʡ 

Ethernet-ʪʝʭʥʦʣʦʛʠʠ, ʠʩʧʦʣʴʟʫʶʱʝʡ ʚʠʪʫʶ ʧʘʨʫ. ʈʘʙʦʪʘʣ ʥʘ ʩʢʦʨʦʩʪʠ 1 ʄʙʠʪ/ʩ, 

ʥʦ ʥʝ ʥʘʰʸʣ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. 

 

10 ʄʙʠʪ/ʩ Ethernet 

 

 10BASE5, IEEE 802.3 (ʥʘʟʳʚʘʝʤʳʡ ʪʘʢʞʝ çʊʦʣʩʪʳʡ Ethernetè) ð 

ʧʝʨʚʦʥʘʯʘʣʴʥʘʷ ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ ʩʦ ʩʢʦʨʦʩʪʴʶ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

10 ʄʙʠʪ/ʩ. ʉʣʝʜʫʷ ʨʘʥʥʝʤʫ ʩʪʘʥʜʘʨʪʫ IEEE ʠʩʧʦʣʴʟʫʝʪ ʢʦʘʢʩʠʘʣʴʥʳʡ ʢʘʙʝʣʴ, ʩ 

ʚʦʣʥʦʚʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 50 ʆʤ (RG-8), ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʣʠʥʦʡ ʩʝʛʤʝʥʪʘ 500 

ʤʝʪʨʦʚ.  

 10BASE2 IEEE 802.3a (ʥʘʟʳʚʘʝʤʳʡ çʊʦʥʢʠʡ Ethernetè) ð ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʢʘʙʝʣʴ RG-58, ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʣʠʥʦʡ ʩʝʛʤʝʥʪʘ 200 ʤʝʪʨʦʚ, ʢʦʤʧʴʶʪʝʨʳ 

ʧʨʠʩʦʝʜʠʥʷʣʠʩʴ ʦʜʠʥ ʢ ʜʨʫʛʦʤʫ, ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʢʘʙʝʣʷ ʢ ʩʝʪʝʚʦʡ ʢʘʨʪʝ 

ʥʫʞʝʥ T-ʢʦʥʥʝʢʪʦʨ, ʘ ʥʘ ʢʘʙʝʣʝ ʜʦʣʞʝʥ ʙʳʪʴ BNC-ʢʦʥʥʝʢʪʦʨ. ʊʨʝʙʫʝʪʩʷ 

ʥʘʣʠʯʠʝ ʪʝʨʤʠʥʘʪʦʨʦʚ ʥʘ ʢʘʞʜʦʤ ʢʦʥʮʝ. ʄʥʦʛʠʝ ʛʦʜʳ ʵʪʦʪ ʩʪʘʥʜʘʨʪ ʙʳʣ 

ʦʩʥʦʚʥʳʤ ʜʣʷ ʪʝʭʥʦʣʦʛʠʠ Ethernet.  

 StarLAN 10 ð ʇʝʨʚʘʷ ʨʘʟʨʘʙʦʪʢʘ, ʠʩʧʦʣʴʟʫʶʱʘʷ ʚʠʪʫʶ ʧʘʨʫ ʜʣʷ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʥʘ ʩʢʦʨʦʩʪʠ 10 ʄʙʠʪ/ʩ. ɺ ʜʘʣʴʥʝʡʰʝʤ, ʵʚʦʣʶʮʠʦʥʠʨʦʚʘʣ ʚ 

ʩʪʘʥʜʘʨʪ 10BASE-T.  

 10BASE-T , IEEE 802.3i ð ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʫʝʪʩʷ 4 

ʧʨʦʚʦʜʘ ʢʘʙʝʣʷ ʚʠʪʦʡ ʧʘʨʳ (ʜʚʝ ʩʢʨʫʯʝʥʥʳʝ ʧʘʨʳ) ʢʘʪʝʛʦʨʠʠ-3 ʠʣʠ ʢʘʪʝʛʦʨʠʠ-

5. ʄʘʢʩʠʤʘʣʴʥʘʷ ʜʣʠʥʘ ʩʝʛʤʝʥʪʘ 100 ʤʝʪʨʦʚ.  

 FOIRL ð (ʘʢʨʦʥʠʤ ʦʪ ɸʥʛʣʠʡʩʢʦʛʦ ʷʟʳʢʘ Fiber-optic inter-repeater link). 

ɹʘʟʦʚʳʡ ʩʪʘʥʜʘʨʪ ʜʣʷ ʪʝʭʥʦʣʦʛʠʠ Ethernet, ʠʩʧʦʣʴʟʫʶʱʠʡ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

ʦʧʪʠʯʝʩʢʠʡ ʢʘʙʝʣʴ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʙʝʟ 

ʧʦʚʪʦʨʠʪʝʣʷ 1ʢʤ.  

 10BASE-F, IEEE 802.3j ð ʆʩʥʦʚʥʦʡ ʪʝʨʤʠʥ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ 

ʩʝʤʝʡʩʪʚʘ 10 Mʙʠʪ/ʩ ethernet-ʩʪʘʥʜʘʨʪʦʚ ʠʩʧʦʣʴʟʫʶʱʠʭ ʦʧʪʦʚʦʣʦʢʦʥʥʳʡ 

ʢʘʙʝʣʴ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʜʦ 2 ʢʠʣʦʤʝʪʨʦʚ: 10BASE-FL, 10BASE-FB ʠ 10BASE-FP. 

ʀʟ ʧʝʨʝʯʠʩʣʝʥʥʦʛʦ ʪʦʣʴʢʦ 10BASE-FL ʧʦʣʫʯʠʣ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ.  

 10BASE-FL (Fiber Link)- ʋʣʫʯʰʝʥʥʘʷ ʚʝʨʩʠʷ ʩʪʘʥʜʘʨʪʘ FOIRL. 

ʋʣʫʯʰʝʥʠʝ ʢʦʩʥʫʣʦʩʴ ʫʚʝʣʠʯʝʥʠʷ ʜʣʠʥʳ ʩʝʛʤʝʥʪʘ ʜʦ 2 ʢʤ.  

 10BASE-FB (Fiber Backbone) ð ʉʝʡʯʘʩ ʥʝʠʩʧʦʣʴʟʫʝʤʳʡ ʩʪʘʥʜʘʨʪ, 

ʧʨʝʜʥʘʟʥʘʯʘʣʩʷ ʜʣʷ ʦʙʲʝʜʠʥʝʥʠʷ ʧʦʚʪʦʨʠʪʝʣʝʡ ʚ ʤʘʛʠʩʪʨʘʣʴ.  

 10BASE-FP (Fiber Passive)- ʊʦʧʦʣʦʛʠʷ çʧʘʩʩʠʚʥʘʷ ʟʚʝʟʜʘè, ʚ ʢʦʪʦʨʦʡ ʥʝ 

ʥʫʞʥʳ ʧʦʚʪʦʨʠʪʝʣʠ ð ʥʠʢʦʛʜʘ ʥʝ ʧʨʠʤʝʥʷʣʩʷ.  

 

Fast Ethernet (100 ʄʙʠʪ/ʩ) 

 

http://ruwiki.com/article/?�?????�??


 

19 

 

 100BASE-T ð ʆʙʱʠʡ ʪʝʨʤʠʥ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʦʜʥʦʛʦ ʠʟ ʪʨʸʭ 

ʩʪʘʥʜʘʨʪʦʚ 100 ʄʙʠʪ/ʩ ethernet, ʠʩʧʦʣʴʟʫʶʱʠʡ ʚ ʢʘʯʝʩʪʚʝ ʩʨʝʜʳ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ ʚʠʪʫʶ ʧʘʨʫ. ɼʣʠʥʘ ʩʝʛʤʝʥʪʘ ʜʦ 100 ʤʝʪʨʦʚ. ɺʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 100BASE-

TX, 100BASE-T4 ʠ 100BASE-T2.  

 100BASE-TX, IEEE 802.3u ð ʈʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʠ 10BASE-T, 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʦʧʦʣʦʛʠʷ ʟʚʝʟʜʘ, ʟʘʜʝʡʩʪʚʦʚʘʥʳ ʜʚʝ ʧʘʨʳ ʢʘʙʝʣʷ ʢʪʝʛʦʨʠʠ-5, 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 100 ʄʙʠʪ/ʩ.  

 100BASE-T4 ð 100 Mɹʠʪ/ʩ ethernet ʧʦ ʢʘʙʝʣʶ ʢʘʪʝʛʦʨʠʠ-3. 

ɿʘʜʝʡʩʪʚʦʚʘʥʳ ʚʩʝ 4 ʧʘʨʳ. ʉʝʡʯʘʩ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ. ʇʝʨʝʜʘʯʘ 

ʜʘʥʥʳʭ ʠʜʸʪ ʚ ʧʦʣʫʜʫʧʣʝʢʩʥʦʤ ʨʝʞʠʤʝ.  

 100BASE-T2 ð ʅʝ ʠʩʧʦʣʴʟʫʝʪʩʷ. 100 Mʙʠʪ/ʩ ethernet ʯʝʨʝʟ ʢʘʙʝʣʴ 

ʢʘʪʝʛʦʨʠʠ-3. ʀʩʧʦʣʴʟʫʝʪʩʷ ʪʦʣʴʢʦ 2 ʧʘʨʳ, ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʜʫʧʣʝʢʩʥʳʡ ʨʝʞʠʤ 

ʧʝʨʝʜʘʯʠ. ʇʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʧʦʣʥʳʡ ʵʢʚʠʚʘʣʝʥʪ 100BASE-TX, ʥʦ ʜʣʷ 

ʩʪʘʨʦʛʦ ʪʠʧʘ ʢʘʙʝʣʷ.  

 100BASE-FX ð 100 ʄʙʠʪ/ʩ ethernet ʩ ʧʦʤʦʱʴʶ ʦʧʪʦʚʦʣʦʢʦʥʥʦʛʦ 

ʢʘʙʝʣʷ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʜʣʠʥʘ ʩʝʛʤʝʥʪʘ 400 ʤʝʪʨʦʚ ʚ ʧʦʣʫʜʫʧʣʝʢʩʥʦʤ ʨʝʞʠʤʝ 

(ʜʣʷ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʢʦʣʣʠʟʠʡ) ʠʣʠ 2 ʢʠʣʦʤʝʪʨʘ ʚ ʜʫʧʣʝʢʩʥʦʤ 

ʨʝʞʠʤʝ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ.  

 

Gigabit Ethernet 

 

 1000BASE-T, IEEE 802.3ab ð ʉʪʘʥʜʘʨʪ Ethernet 1 ɻʙʠʪ/ʩ. 

ʀʩʧʦʣʴʟʫʝʪʩʷ ʚʠʪʘʷ ʧʘʨʘ ʢʘʪʝʛʦʨʠʠ 5e ʠʣʠ ʢʘʪʝʛʦʨʠʠ 6. ɺ ʧʝʨʝʜʘʯʝ ʜʘʥʥʳʭ 

ʫʯʘʩʪʚʫʶʪ ʚʩʝ 4 ʧʘʨʳ. ʉʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ð 250 ʄʙʠʪ/ʩ ʧʦ ʦʜʥʦʡ ʧʘʨʝ.  

 1000BASE-TX ð ʉʪʘʥʜʘʨʪ Ethernet 1 ɻʙʠʪ/ʩ, ʠʩʧʦʣʴʟʫʶʱʠʡ ʪʦʣʴʢʦ 

ʚʠʪʫʶ ʧʘʨʫ ʢʘʪʝʛʦʨʠʠ 6. ʇʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ.  

 1000Base-X ð ʦʙʱʠʡ ʪʝʨʤʠʥ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ɻʠʛʘʙʠʪ 

Ethernet, ʠʩʧʦʣʴʟʫʶʱʝʡ ʚ ʢʘʯʝʩʪʚʝ ʩʨʝʜʳ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʦʧʪʦʚʦʣʦʢʦʥʥʳʡ 

ʢʘʙʝʣʴ, ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 1000BASE-SX, 1000BASE-LX ʠ 1000BASE-CX.  

 1000BASE-SX, IEEE 802.3z ð 1 ɻʙʠʪ/ʩ Ethernet ʪʝʭʥʦʣʦʛʠʷ, ʠʩʧʦʣʴʟʫʝʪ 

ʤʥʦʛʦʤʦʜʦʚʦʝ ʚʦʣʦʢʥʦ ʜʘʣʴʥʦʩʪʴ ʧʨʦʭʦʞʜʝʥʠʷ ʩʠʛʥʘʣʘ ʙʝʟ ʧʦʚʪʦʨʠʪʝʣʷ ʜʦ 550 

ʤʝʪʨʦʚ.  

 1000BASE-LX, IEEE 802.3z ð 1 ɻʙʠʪ/ʩ Ethernet ʪʝʭʥʦʣʦʛʠʷ, ʠʩʧʦʣʴʟʫʝʪ 

ʤʥʦʛʦʤʦʜʦʚʦʝ ʚʦʣʦʢʥʦ ʜʘʣʴʥʦʩʪʴ ʧʨʦʭʦʞʜʝʥʠʷ ʩʠʛʥʘʣʘ ʙʝʟ ʧʦʚʪʦʨʠʪʝʣʷ ʜʦ 550 

ʤʝʪʨʦʚ. ʆʧʪʠʤʠʟʠʨʦʚʘʥʘ ʜʣʷ ʜʘʣʴʥʠʭ ʨʘʩʩʪʦʷʥʠʡ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʦʜʥʦʤʦʜʦʚʦʛʦ ʚʦʣʦʢʥʘ (ʜʦ 10 ʢʠʣʦʤʝʪʨʦʚ).  

 1000BASE-CX ð ʊʝʭʥʦʣʦʛʠʷ ɻʠʛʘʙʠʪ Ethernet ʜʣʷ ʢʦʨʦʪʢʠʭ 

ʨʘʩʩʪʦʷʥʠʡ (ʜʦ 25 ʤʝʪʨʦʚ), ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʧʝʮʠʘʣʴʥʳʡ ʤʝʜʥʳʡ ʢʘʙʝʣʴ 

(ʕʢʨʘʥʠʨʦʚʘʥʥʘʷ ʚʠʪʘʷ ʧʘʨʘ (STP)) ʩ ʚʦʣʥʦʚʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 150 ʆʤ. 

ɿʘʤʝʥʸʥ ʩʪʘʥʜʘʨʪʦʤ 1000BASE-T, ʠ ʩʝʡʯʘʩ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ.  

 1000BASE-LH (Long Haul) ð 1 ɻʙʠʪ/ʩ Ethernet ʪʝʭʥʦʣʦʛʠʷ, ʠʩʧʦʣʴʟʫʝʪ 

ʦʜʥʦʤʦʜʦʚʳʡ ʦʧʪʠʯʝʩʢʠʡ ʢʘʙʝʣʴ, ʜʘʣʴʥʦʩʪʴ ʧʨʦʭʦʞʜʝʥʠʷ ʩʠʛʥʘʣʘ ʙʝʟ 

ʧʦʚʪʦʨʠʪʝʣʷ ʜʦ 100 ʢʠʣʦʤʝʪʨʦʚ.  

 



 

20 

 

10 Gigabit Ethernet 

 

ʅʦʚʳʡ ʩʪʘʥʜʘʨʪ 10 Gigabit Ethernet ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʝʤʴ ʩʪʘʥʜʘʨʪʦʚ 

ʬʠʟʠʯʝʩʢʦʡ ʩʨʝʜʳ ʜʣʷ LAN, MAN ʠ WAN. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʥ ʦʧʠʩʳʚʘʝʪʩʷ 

ʧʦʧʨʘʚʢʦʡ IEEE 802.3ae ʠ ʜʦʣʞʝʥ ʚʦʡʪʠ ʚ ʩʣʝʜʫʶʱʫʶ ʨʝʚʠʟʠʶ ʩʪʘʥʜʘʨʪʘ IEEE 

802.3. 

 10GBASE-CX4 ð ʊʝʭʥʦʣʦʛʠʷ 10 ɻʠʛʘʙʠʪ Ethernet ʜʣʷ ʢʦʨʦʪʢʠʭ 

ʨʘʩʩʪʦʷʥʠʡ (ʜʦ 15 ʤʝʪʨʦʚ), ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʜʥʳʡ ʢʘʙʝʣʴ CX4 ʠ ʢʦʥʥʝʢʪʦʨʳ 

InfiniBand.  

 10GBASE-SR ð ʊʝʭʥʦʣʦʛʠʷ 10 ɻʠʛʘʙʠʪ Ethernet ʜʣʷ ʢʦʨʦʪʢʠʭ 

ʨʘʩʩʪʦʷʥʠʡ (ʜʦ 26 ʠʣʠ 82 ʤʝʪʨʦʚ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʢʘʙʝʣʷ), ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʤʥʦʛʦʤʦʜʦʚʦʝ ʦʧʪʦʚʦʣʦʢʥʦ. ʆʥ ʪʘʢʞʝ ʧʦʜʜʝʨʞʠʚʘʝʪ ʨʘʩʩʪʦʷʥʠʷ ʜʦ 300 ʤʝʪʨʦʚ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʦʚʦʛʦ ʤʥʦʛʦʤʦʜʦʚʦʛʦ ʦʧʪʦʚʦʣʦʢʥʘ (2000 ʄɻʮ/ʢʤ).  

 10GBASE-LX4 ð ʠʩʧʦʣʴʟʫʝʪ ʫʧʣʦʪʥʝʥʠʝ ʧʦ ʜʣʠʥʝ ʚʦʣʥʳ ʜʣʷ 

ʧʦʜʜʝʨʞʢʠ ʨʘʩʩʪʦʷʥʠʡ ʦʪ 240 ʜʦ 300 ʤʝʪʨʦʚ ʧʦ ʤʥʦʛʦʤʦʜʦʚʦʤʫ ʦʧʪʦʚʦʣʦʢʥʫ. 

ʊʘʢʞʝ ʧʦʜʜʝʨʞʠʚʘʝʪ ʨʘʩʩʪʦʷʥʠʷ ʜʦ 10 ʢʠʣʦʤʝʪʨʦʚ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʦʜʥʦʤʦʜʦʚʦʛʦ ʦʧʪʦʚʦʣʦʢʥʘ.  

 10GBASE-LR ʠ 10GBASE-ER ð ʵʪʠ ʩʪʘʥʜʘʨʪʳ ʧʦʜʜʝʨʞʠʚʘʶʪ 

ʨʘʩʩʪʦʷʥʠʷ ʜʦ 10 ʠ 40 ʢʠʣʦʤʝʪʨʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

 10GBASE-SW, 10GBASE-LW ʠ 10GBASE-EW ð ʕʪʠ ʩʪʘʥʜʘʨʪʳ 

ʠʩʧʦʣʴʟʫʶʪ ʬʠʟʠʯʝʩʢʠʡ ʠʥʪʝʨʬʝʡʩ, ʩʦʚʤʝʩʪʠʤʳʡ ʧʦ ʩʢʦʨʦʩʪʠ ʠ ʬʦʨʤʘʪʫ 

ʜʘʥʥʳʭ ʩ ʠʥʪʝʨʬʝʡʩʦʤ OC-192 / STM-64 SONET/SDH. ʆʥʠ ʧʦʜʦʙʥʳ 

ʩʪʘʥʜʘʨʪʘʤ 10GBASE-SR, 10GBASE-LR ʠ 10GBASE-ER ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʪʘʢ 

ʢʘʢ ʠʩʧʦʣʴʟʫʶʪ ʪʝ ʞʝ ʩʘʤʳʝ ʪʠʧʳ ʢʘʙʝʣʝʡ ʠ ʨʘʩʩʪʦʷʥʠʷ ʧʝʨʝʜʘʯʠ.  

 10GBASE-T ð ʀʩʧʦʣʴʟʫʝʪ ʥʝʵʢʨʘʥʠʨʦʚʘʥʥʫʶ ʚʠʪʫʶ ʧʘʨʫ. ɼʦʣʞʝʥ 

ʙʳʪʴ ʛʦʪʦʚ ʢ ʘʚʛʫʩʪʫ 2006.  

ʉʪʘʥʜʘʨʪ 10 Gigabit Ethernet ʝʱʸ ʩʣʠʰʢʦʤ ʤʦʣʦʜ, ʧʦʵʪʦʤʫ ʧʦʪʨʝʙʫʝʪʩʷ ʚʨʝʤʷ, 

ʯʪʦʙʳ ʧʦʥʷʪʴ, ʢʘʢʠʝ ʠʟ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʧʝʨʝʜʘʶʱʠʭ ʩʨʝʜ ʙʫʜʫʪ 

ʨʝʘʣʴʥʦ ʚʦʩʪʨʝʙʦʚʘʥʳ ʥʘ ʨʳʥʢʝ. 

 

ʌʠʟʠʯʝʩʢʠʝ ʩʪʘʥʜʘʨʪʳ ʪʝʭʥʦʣʦʛʠʠ Ethernet 

 

ʌʠʟʠʯʝʩʢʠʝ ʩʧʝʮʠʬʠʢʘʮʠʠ ʪʝʭʥʦʣʦʛʠʠ Ethernet ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

ʚʢʣʶʯʘʶʪ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʩʨʝʜʳ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ:: 

 10Base-5 ð ʢʦʘʢʩʠʘʣʴʥʳʡ ʢʘʙʝʣʴ ʜʠʘʤʝʪʨʦʤ 0,5 ʜʶʡʤʘ, ʥʘʟʳʚʘʝʤʳʡ 

çʪʦʣʩʪʳʤè ʢʦʘʢʩʠʘʣʦʤ. ʀʤʝʝʪ ʚʦʣʥʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 50 ʆʤ. ʄʘʢʩʠʤʘʣʴʥʘʷ 

ʜʣʠʥʘ ʩʝʛʤʝʥʪʘ ð 500 ʤʝʪʨʦʚ (ʙʝʟ ʧʦʚʪʦʨʠʪʝʣʝʡ); 

 

 10Base-2 ð ʢʦʘʢʩʠʘʣʴʥʳʡ ʢʘʙʝʣʴ ʜʠʘʤʝʪʨʦʤ 0,25 ʜʶʡʤʘ, ʥʘʟʳʚʘʝʤʳʡ 

çʪʦʥʢʠʤè ʢʦʘʢʩʠʘʣʦʤ. ʀʤʝʝʪ ʚʦʣʥʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 50 ʆʤ. ʄʘʢʩʠʤʘʣʴʥʘʷ 

ʜʣʠʥʘ ʩʝʛʤʝʥʪʘ ð 185 ʤʝʪʨʦʚ (ʙʝʟ ʧʦʚʪʦʨʠʪʝʣʝʡ); 

 10Base-T ð ʢʘʙʝʣʴ ʥʘ ʦʩʥʦʚʝ ʥʝʵʢʨʘʥʠʨʦʚʘʥʥʦʡ ʚʠʪʦʡ ʧʘʨʳ 

(Unshielded Twisted Pair, UTP). ʆʙʨʘʟʫʝʪ ʟʚʝʟʜʦʦʙʨʘʟʥʫʶ ʪʦʧʦʣʦʛʠʶ ʥʘ ʦʩʥʦʚʝ 

http://ruwiki.com/article/InfiniBand
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ʢʦʥʮʝʥʪʨʘʪʦʨʘ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʢʦʥʮʝʥʪʨʘʪʦʨʦʤ ʠ ʢʦʥʝʯʥʳʤ ʫʟʣʦʤ ð ʥʝ 

ʙʦʣʝʝ 100 ʤ. 

 10Base-F ð ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʡ ʢʘʙʝʣʴ. ʊʦʧʦʣʦʛʠʷ ʘʥʘʣʦʛʠʯʥʘ 

ʪʦʧʦʣʦʛʠʠ ʩʪʘʥʜʘʨʪʘ 10Base-T. ʀʤʝʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʵʪʦʡ 

ʩʧʝʮʠʬʠʢʘʮʠʠ ð FOIRL (ʨʘʩʩʪʦʷʥʠʝ ʜʦ 1000 ʤ), 10Base-FL (ʨʘʩʩʪʦʷʥʠʝ ʜʦ 

2000 ʤ), 10Base-FB (ʨʘʩʩʪʦʷʥʠʝ ʜʦ 2000 ʤ). 

ʏʠʩʣʦ 10 ʚ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʥʘʟʚʘʥʠʷʭ ʦʙʦʟʥʘʯʘʝʪ ʙʠʪʦʚʫʶ ʩʢʦʨʦʩʪʴ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʵʪʠʭ ʩʪʘʥʜʘʨʪʦʚ ð 10 ʄʙʠʪ/ʩ, ʘ ʩʣʦʚʦ Base ð ʤʝʪʦʜ ʧʝʨʝʜʘʯʠ 

ʥʘ ʦʜʥʦʡ ʙʘʟʦʚʦʡ ʯʘʩʪʦʪʝ 10 ʄɻʮ (ʚ ʦʪʣʠʯʠʝ ʦʪ ʤʝʪʦʜʦʚ, ʠʩʧʦʣʴʟʫʶʱʠʭ 

ʥʝʩʢʦʣʴʢʦ ʥʝʩʫʱʠʭ ʯʘʩʪʦʪ, ʢʦʪʦʨʳʝ ʥʘʟʳʚʘʶʪʩʷ Broadband ð 

ʰʠʨʦʢʦʧʦʣʦʩʥʳʤʠ). ʇʦʩʣʝʜʥʠʡ ʩʠʤʚʦʣ ʚ ʥʘʟʚʘʥʠʠ ʩʪʘʥʜʘʨʪʘ ʬʠʟʠʯʝʩʢʦʛʦ 

ʫʨʦʚʥʷ ʦʙʦʟʥʘʯʘʝʪ ʪʠʧ ʢʘʙʝʣʷ. 

 

ʉʪʘʥʜʘʨʪ 1O Base-5 

 

ʉʪʘʥʜʘʨʪ 1O Base-5 ʚ ʦʩʥʦʚʥʦʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʩʝʪʠ 

Ethernet ʬʠʨʤʳ Xerox ʠ ʤʦʞʝʪ ʩʯʠʪʘʪʴʩʷ ʢʣʘʩʩʠʯʝʩʢʠʤ Ethernet. ʆʥ ʠʩʧʦʣʴʟʫʝʪ 

ʚ ʢʘʯʝʩʪʚʝ ʩʨʝʜʳ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʢʦʘʢʩʠʘʣʴʥʳʡ ʢʘʙʝʣʴ ʩ ʚʦʣʥʦʚʳʤ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 50 ʆʤ, ʜʠʘʤʝʪʨʦʤ ʮʝʥʪʨʘʣʴʥʦʛʦ ʤʝʜʥʦʛʦ ʧʨʦʚʦʜʘ 2,17 ʤʤ ʠ 

ʚʥʝʰʥʠʤ ʜʠʘʤʝʪʨʦʤ ʦʢʦʣʦ 10 ʤʤ (çʪʦʣʩʪʳʡè Ethernet). ʊʘʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʦʙʣʘʜʘʶʪ ʢʘʙʝʣʠ ʤʘʨʦʢ RG-8hRG-11. 

ʂʘʙʝʣʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʤʦʥʦʢʘʥʘʣ ʜʣʷ ʚʩʝʭ ʩʪʘʥʮʠʡ. ʉʝʛʤʝʥʪ ʢʘʙʝʣʷ ʠʤʝʝʪ 

ʤʘʢʩʠʤʘʣʴʥʫʶ ʜʣʠʥʫ 500 ʤ (ʙʝʟ ʧʦʚʪʦʨʠʪʝʣʝʡ) ʠ ʜʦʣʞʝʥ ʠʤʝʪʴ ʥʘ ʢʦʥʮʘʭ 

ʩʦʛʣʘʩʫʶʱʠʝ ʪʝʨʤʠʥʘʪʦʨʳ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 50 ʆʤ, ʧʦʛʣʦʱʘʶʱʠʝ 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʝʩʷ ʧʦ ʢʘʙʝʣʶ ʩʠʛʥʘʣʳ ʠ ʧʨʝʧʷʪʩʪʚʫʶʱʠʝ ʚʦʟʥʠʢʥʦʚʝʥʠʶ 

ʦʪʨʘʞʝʥʥʳʭ ʩʠʛʥʘʣʦʚ. ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʪʝʨʤʠʥʘʪʦʨʦʚ (çʟʘʛʣʫʰʝʢè) ʚ ʢʘʙʝʣʝ 

ʚʦʟʥʠʢʘʶʪ ʩʪʦʷʯʠʝ ʚʦʣʥʳ, ʪʘʢ ʯʪʦ ʦʜʥʠ ʫʟʣʳ ʧʦʣʫʯʘʶʪ ʤʦʱʥʳʝ ʩʠʛʥʘʣʳ, ʘ 

ʜʨʫʛʠʝ ð ʥʘʩʪʦʣʴʢʦ ʩʣʘʙʳʝ, ʯʪʦ ʠʭ ʧʨʠʝʤ ʩʪʘʥʦʚʠʪʩʷ ʥʝʚʦʟʤʦʞʥʳʤ. 

ʉʪʘʥʮʠʷ ʜʦʣʞʥʘ ʧʦʜʢʣʶʯʘʪʴʩʷ ʢ ʢʘʙʝʣʶ ʧʨʠ ʧʦʤʦʱʠ ʧʨʠʝʤʦʧʝʨʝʜʘʪʯʠʢʘ ð 

ʪʨʘʥʩʠʚʝʨʘ (transmitter+receiver = transceiver). ʊʨʘʥʩʠʚʝʨ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʝʧʦ-

ʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʢʘʙʝʣʝ ʠ ʧʠʪʘʝʪʩʷ ʦʪ ʩʝʪʝʚʦʛʦ ʘʜʘʧʪʝʨʘ ʢʦʤʧʴʶʪʝʨʘ. ʊʨʘʥʩʠʚʝʨ 

ʤʦʞʝʪ ʧʦʜʩʦʝʜʠʥʷʪʴʩʷ ʢ ʢʘʙʝʣʶ ʢʘʢ ʤʝʪʦʜʦʤ ʧʨʦʢʘʣʳʚʘʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ ʬʠʟʠʯʝʩʢʠʡ ʢʦʥʪʘʢʪ, ʪʘʢ ʠ ʙʝʩʢʦʥʪʘʢʪʥʳʤ ʤʝʪʦʜʦʤ. 

ʊʨʘʥʩʠʚʝʨ ʩʦʝʜʠʥʷʝʪʩʷ ʩ ʩʝʪʝʚʳʤ ʘʜʘʧʪʝʨʦʤ ʠʥʪʝʨʬʝʡʩʥʳʤ ʢʘʙʝʣʝʤ A UI 

(Attachment Unit Interface) ʜʣʠʥʦʡ ʜʦ 50 ʤ, ʩʦʩʪʦʷʱʠʤ ʠʟ 4 ʚʠʪʳʭ ʧʘʨ (ʘʜʘʧʪʝʨ 

ʜʦʣʞʝʥ ʠʤʝʪʴ ʨʘʟʲʝʤ AUI). ʅʘʣʠʯʠʝ ʩʪʘʥʜʘʨʪʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʤʝʞʜʫ 

ʪʨʘʥʩʠʚʝʨʦʤ ʠ ʦʩʪʘʣʴʥʦʡ ʯʘʩʪʴʶ ʩʝʪʝʚʦʛʦ ʘʜʘʧʪʝʨʘ ʦʯʝʥʴ ʧʦʣʝʟʥʦ ʧʨʠ ʧʝʨʝʭʦʜʝ 

ʩ ʦʜʥʦʛʦ ʪʠʧʘ ʢʘʙʝʣʷ ʥʘ ʜʨʫʛʦʡ. ɼʣʷ ʵʪʦʛʦ ʜʦʩʪʘʪʦʯʥʦ ʪʦʣʴʢʦ ʟʘʤʝʥʠʪʴ 

ʪʨʘʥʩʠʚʝʨ, ʘ ʦʩʪʘʣʴʥʘʷ ʯʘʩʪʴ ʩʝʪʝʚʦʛʦ ʘʜʘʧʪʝʨʘ ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʦʡ, ʪʘʢ ʢʘʢ 

ʦʥʘ ʦʪʨʘʙʘʪʳʚʘʝʪ ʧʨʦʪʦʢʦʣ ʫʨʦʚʥʷ MAC. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʪʦʣʴʢʦ, ʯʪʦʙʳ 

ʥʦʚʳʡ ʪʨʘʥʩʠʚʝʨ (ʥʘʧʨʠʤʝʨ, ʪʨʘʥʩʠʚʝʨ ʜʣʷ ʚʠʪʦʡ ʧʘʨʳ) ʧʦʜʜʝʨʞʠʚʘʣ 

ʩʪʘʥʜʘʨʪʥʳʡ ʠʥʪʝʨʬʝʡʩ ɸʐ. ɼʣʷ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢ ʠʥʪʝʨʬʝʡʩʫ AUI 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʘʟʲʝʤ DB-15. 

ɼʦʧʫʩʢʘʝʪʩʷ ʧʦʜʢʣʶʯʝʥʠʝ ʢ ʦʜʥʦʤʫ ʩʝʛʤʝʥʪʫ ʥʝ ʙʦʣʝʝ 100 ʪʨʘʥʩʠʚʝʨʦʚ, 

ʧʨʠʯʝʤ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʦʜʢʣʶʯʝʥʠʷʤʠ ʪʨʘʥʩʠʚʝʨʦʚ ʥʝ ʜʦʣʞʥʦ ʙʳʪʴ 
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ʤʝʥʴʰʝ 2,5 ʤ. ʅʘ ʢʘʙʝʣʝ ʠʤʝʝʪʩʷ ʨʘʟʤʝʪʢʘ ʯʝʨʝʟ ʢʘʞʜʳʝ 2,5 ʤ, ʢʦʪʦʨʘʷ 

ʦʙʦʟʥʘʯʘʝʪ ʪʦʯʢʠ ʧʦʜʢʣʶʯʝʥʠʷ ʪʨʘʥʩʠʚʝʨʦʚ. ʇʨʠ ʧʦʜʩʦʝʜʠʥʝʥʠʠ ʢʦʤʧʴʶʪʝʨʦʚ 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʟʤʝʪʢʦʡ ʚʣʠʷʥʠʝ ʩʪʦʷʯʠʭ ʚʦʣʥ ʚ ʢʘʙʝʣʝ ʥʘ ʩʝʪʝʚʳʝ ʘʜʘʧʪʝʨʳ 

ʩʚʦʜʠʪʩʷ ʢ ʤʠʥʠʤʫʤʫ. 

ʊʨʘʥʩʠʚʝʨ ð ʵʪʦ ʯʘʩʪʴ ʩʝʪʝʚʦʛʦ ʘʜʘʧʪʝʨʘ, ʢʦʪʦʨʘʷ ʚʳʧʦʣʥʷʝʪ ʩʣʝʜʫʶʱʠʝ 

ʬʫʥʢʮʠʠ: 

 ʧʨʠʝʤ ʠ ʧʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʩ ʢʘʙʝʣʷ ʥʘ ʢʘʙʝʣʴ; 

 ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʣʣʠʟʠʡ ʥʘ ʢʘʙʝʣʝ; 

 ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʨʘʟʚʷʟʢʘ ʤʝʞʜʫ ʢʘʙʝʣʝʤ ʠ ʦʩʪʘʣʴʥʦʡ ʯʘʩʪʴʶ ʘʜʘʧʪʝʨʘ; 

 ʟʘʱʠʪʘ ʢʘʙʝʣʷ ʦʪ ʥʝʢʦʨʨʝʢʪʥʦʡ ʨʘʙʦʪʳ ʘʜʘʧʪʝʨʘ. 

ʇʦʩʣʝʜʥʶʶ ʬʫʥʢʮʠʶ ʠʥʦʛʜʘ ʥʘʟʳʚʘʶʪ çʢʦʥʪʨʦʣʝʤ ʙʦʣʪʣʠʚʦʩʪʠè, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʙʫʢʚʘʣʴʥʳʤ ʧʝʨʝʚʦʜʦʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʘʥʛʣʠʡʩʢʦʛʦ ʪʝʨʤʠʥʘ 

(jabber control). ʇʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʚ ʘʜʘʧʪʝʨʝ ʤʦʞʝʪ 

ʚʦʟʥʠʢʥʫʪʴ ʩʠʪʫʘʮʠʷ, ʢʦʛʜʘ ʥʘ ʢʘʙʝʣʴ ʙʫʜʝʪ ʥʝʧʨʝʨʳʚʥʦ ʚʳʜʘʚʘʪʴʩʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʣʫʯʘʡʥʳʭ ʩʠʛʥʘʣʦʚ. ʊʘʢ ʢʘʢ ʢʘʙʝʣʴ ð ʵʪʦ ʦʙʱʘʷ ʩʨʝʜʘ 

ʜʣʷ ʚʩʝʭ ʩʪʘʥʮʠʡ, ʪʦ ʨʘʙʦʪʘ ʩʝʪʠ ʙʫʜʝʪ ʟʘʙʣʦʢʠʨʦʚʘʥʘ ʦʜʥʠʤ ʥʝʠʩʧʨʘʚʥʳʤ 

ʘʜʘʧʪʝʨʦʤ. ʏʪʦʙʳ ʵʪʦʛʦ ʥʝ ʩʣʫʯʠʣʦʩʴ, ʥʘ ʚʳʭʦʜʝ ʧʝʨʝʜʘʪʯʠʢʘ ʩʪʘʚʠʪʩʷ ʩʭʝʤʘ, 

ʢʦʪʦʨʘʷ ʧʨʦʚʝʨʷʝʪ ʚʨʝʤʷ ʧʝʨʝʜʘʯʠ ʢʘʜʨʘ. ɽʩʣʠ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ ʚʨʝʤʷ 

ʧʝʨʝʜʘʯʠ ʧʘʢʝʪʘ ʧʨʝʚʳʰʘʝʪʩʷ (ʩ ʥʝʢʦʪʦʨʳʤ ʟʘʧʘʩʦʤ), ʪʦ ʵʪʘ ʩʭʝʤʘ ʧʨʦʩʪʦ 

ʦʪʩʦʝʜʠʥʷʝʪ ʚʳʭʦʜ ʧʝʨʝʜʘʪʯʠʢʘ ʦʪ ʢʘʙʝʣʷ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʧʝʨʝʜʘʯʠ ʢʘʜʨʘ 

(ʚʤʝʩʪʝ ʩ ʧʨʝʘʤʙʫʣʦʡ) ʨʘʚʥʦ 1221 ʤʢʩ, ʘ ʚʨʝʤʷ jabber-ʢʦʥʪʨʦʣʷ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

ʨʘʚʥʳʤ 4000 ʤʢʩ (4 ʤʩ). 

ʇʝʨʝʜʘʪʯʠʢ ʠ ʧʨʠʝʤʥʠʢ ʧʨʠʩʦʝʜʠʥʷʶʪʩʷ ʢ ʦʜʥʦʡ ʪʦʯʢʝ ʢʘʙʝʣʷ ʩ ʧʦʤʦʱʴʶ 

ʩʧʝʮʠʘʣʴʥʦʡ ʩʭʝʤʳ, ʥʘʧʨʠʤʝʨ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʡ, ʧʦʟʚʦʣʷʶʱʝʡ ʦʨʛʘʥʠʟʦʚʘʪʴ 

ʦʜʥʦʚʨʝʤʝʥʥʫʶ ʧʝʨʝʜʘʯʫ ʠ ʧʨʠʝʤ ʩʠʛʥʘʣʦʚ ʩ ʢʘʙʝʣʷ. 

ɼʝʪʝʢʪʦʨ ʢʦʣʣʠʟʠʡ ʦʧʨʝʜʝʣʷʝʪ ʥʘʣʠʯʠʝ ʢʦʣʣʠʟʠʠ ʚ ʢʦʘʢʩʠʘʣʴʥʦʤ ʢʘʙʝʣʝ ʧʦ 

ʧʦʚʳʰʝʥʥʦʤʫ ʫʨʦʚʥʶ ʧʦʩʪʦʷʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʠʛʥʘʣʦʚ. ɽʩʣʠ ʧʦʩʪʦʷʥʥʘʷ 

ʩʦʩʪʘʚʣʷʶʱʘʷ ʧʨʝʚʳʰʘʝʪ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʦʨʦʛ (ʦʢʦʣʦ 1,5 ɺ), ʟʥʘʯʠʪ, ʥʘ ʢʘʙʝʣʴ 

ʨʘʙʦʪʘʝʪ ʙʦʣʝʝ ʦʜʥʦʛʦ ʧʝʨʝʜʘʪʯʠʢʘ. ʈʘʟʚʷʟʳʚʘʶʱʠʝ ʵʣʝʤʝʥʪʳ (ʈʕ) 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʛʘʣʴʚʘʥʠʯʝʩʢʫʶ ʨʘʟʚʷʟʢʫ ʪʨʘʥʩʠʚʝʨʘ ʦʪ ʦʩʪʘʣʴʥʦʡ ʯʘʩʪʠ ʩʝʪʝʚʦʛʦ 

ʘʜʘʧʪʝʨʘ ʠ ʪʝʤ ʩʘʤʳʤ ʟʘʱʠʱʘʶʪ ʘʜʘʧʪʝʨ ʠ ʢʦʤʧʴʶʪʝʨ ʦʪ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʧʝʨʝʧʘʜʦʚ ʥʘʧʨʷʞʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʭ ʥʘ ʢʘʙʝʣʝ ʧʨʠ ʝʛʦ ʧʦʚʨʝʞʜʝʥʠʠ. 

ʉʪʘʥʜʘʨʪ 10Base-5 ʦʧʨʝʜʝʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʝʪʠ 

ʩʧʝʮʠʘʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ð ʧʦʚʪʦʨʠʪʝʣʷ (repeator). ʇʦʚʪʦʨʠʪʝʣʴ ʩʣʫʞʠʪ ʜʣʷ 

ʦʙʲʝʜʠʥʝʥʠʷ ʚ ʦʜʥʫ ʩʝʪʴ ʥʝʩʢʦʣʴʢʠʭ ʩʝʛʤʝʥʪʦʚ ʢʘʙʝʣʷ ʠ ʫʚʝʣʠʯʝʥʠʷ ʪʝʤ ʩʘʤʳʤ 

ʦʙʱʝʡ ʜʣʠʥʳ ʩʝʪʠ. ʇʦʚʪʦʨʠʪʝʣʴ ʧʨʠʥʠʤʘʝʪ ʩʠʛʥʘʣʳ ʠʟ ʦʜʥʦʛʦ ʩʝʛʤʝʥʪʘ ʢʘʙʝʣʷ 

ʠ ʧʦʙʠʪʥʦ ʩʠʥʭʨʦʥʥʦ ʧʦʚʪʦʨʷʝʪ ʠʭ ʚ ʜʨʫʛʦʤ ʩʝʛʤʝʥʪʝ, ʫʣʫʯʰʘʷ ʬʦʨʤʫ ʠ 

ʤʦʱʥʦʩʪʴ ʠʤʧʫʣʴʩʦʚ, ʘ ʪʘʢʞʝ ʩʠʥʭʨʦʥʠʟʠʨʫʷ ʠʤʧʫʣʴʩʳ. ʇʦʚʪʦʨʠʪʝʣʴ ʩʦʩʪʦʠʪ 

ʠʟ ʜʚʫʭ (ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ) ʪʨʘʥʩʠʚʝʨʦʚ, ʢʦʪʦʨʳʝ ʧʨʠʩʦʝʜʠʥʷʶʪʩʷ ʢ ʩʝʛʤʝʥʪʘʤ 

ʢʘʙʝʣʷ, ʘ ʪʘʢʞʝ ʙʣʦʢʘ ʧʦʚʪʦʨʝʥʠʷ ʩʦ ʩʚʦʠʤ ʪʘʢʪʦʚʳʤ ʛʝʥʝʨʘʪʦʨʦʤ. ɼʣʷ ʣʫʯʰʝʡ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʝʨʝʜʘʚʘʝʤʳʭ ʙʠʪ ʧʦʚʪʦʨʠʪʝʣʴ ʟʘʜʝʨʞʠʚʘʝʪ ʧʝʨʝʜʘʯʫ 

ʥʝʩʢʦʣʴʢʠʭ ʧʝʨʚʳʭ ʙʠʪ ʧʨʝʘʤʙʫʣʳ ʢʘʜʨʘ, ʟʘ ʩʯʝʪ ʯʝʛʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʟʘʜʝʨʞʢʘ 

ʧʝʨʝʜʘʯʠ ʢʘʜʨʘ ʩ ʩʝʛʤʝʥʪʘ ʥʘ ʩʝʛʤʝʥʪ, ʘ ʪʘʢʞʝ ʥʝʩʢʦʣʴʢʦ ʫʤʝʥʴʰʘʝʪʩʷ 

ʤʝʞʢʘʜʨʦʚʳʡ ʠʥʪʝʨʚʘʣ IPG. 



 

23 

 

ʉʪʘʥʜʘʨʪ ʨʘʟʨʝʰʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʩʝʪʠ ʥʝ ʙʦʣʝʝ 4 ʧʦʚʪʦʨʠʪʝʣʝʡ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʝ ʙʦʣʝʝ 5 ʩʝʛʤʝʥʪʦʚ ʢʘʙʝʣʷ. ʇʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʣʠʥʝ 

ʩʝʛʤʝʥʪʘ ʢʘʙʝʣʷ ʚ 500 ʤ ʵʪʦ ʜʘʝʪ ʤʘʢʩʠʤʘʣʴʥʫʶ ʜʣʠʥʫ ʩʝʪʠ 10Base-5 ʚ 2500 ʤ. 

ʊʦʣʴʢʦ 3 ʩʝʛʤʝʥʪʘ ʠʟ 5 ʤʦʛʫʪ ʙʳʪʴ ʥʘʛʨʫʞʝʥʥʳʤʠ, ʪʦ ʝʩʪʴ ʪʘʢʠʤʠ, ʢ ʢʦʪʦʨʳʤ 

ʧʦʜʢʣʶʯʘʶʪʩʷ ʢʦʥʝʯʥʳʝ ʫʟʣʳ. ʄʝʞʜʫ ʥʘʛʨʫʞʝʥʥʳʤʠ ʩʝʛʤʝʥʪʘʤʠ ʜʦʣʞʥʳ ʙʳʪʴ 

ʥʝʥʘʛʨʫʞʝʥʥʳʝ ʩʝʛʤʝʥʪʳ, ʪʘʢ ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʩʝʪʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʚʘ ʥʘʛʨʫʞʝʥʥʳʭ ʢʨʘʡʥʠʭ ʩʝʛʤʝʥʪʘ, ʢʦʪʦʨʳʝ ʩʦʝʜʠʥʷʶʪʩʷ 

ʥʝʥʘʛʨʫʞʝʥʥʳʤʠ ʩʝʛʤʝʥʪʘʤʠ ʝʱʝ ʩ ʦʜʥʠʤ ʮʝʥʪʨʘʣʴʥʳʤ ʥʘʛʨʫʞʝʥʥʳʤ 

ʩʝʛʤʝʥʪʦʤ. ʅʘ ʨʠʩʫʥʢʝ ʙʳʣ ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʩʝʪʠ Ethernet, ʩʦʩʪʦʷʱʝʡ ʠʟ ʪʨʝʭ 

ʩʝʛʤʝʥʪʦʚ, ʦʙʲʝʜʠʥʝʥʥʳʭ ʜʚʫʤʷ ʧʦʚʪʦʨʠʪʝʣʷʤʠ. ʂʨʘʡʥʠʝ ʩʝʛʤʝʥʪʳ ʷʚʣʷʶʪʩʷ 

ʥʘʛʨʫʞʝʥʥʳʤʠ, ʘ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ð ʥʝʥʘʛʨʫʞʝʥʥʳʤ. 

ʇʨʘʚʠʣʦ ʧʨʠʤʝʥʝʥʠʷ ʧʦʚʪʦʨʠʪʝʣʝʡ ʚ ʩʝʪʠ Ethernet 10Base-5 ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ 

çʧʨʘʚʠʣʦ 5-4-3è: 5 ʩʝʛʤʝʥʪʦʚ, 4 ʧʦʚʪʦʨʠʪʝʣʷ, 3 ʥʘʛʨʫʞʝʥʥʳʭ ʩʝʛʤʝʥʪʘ. 

ʆʛʨʘʥʠʯʝʥʥʦʝ ʯʠʩʣʦ ʧʦʚʪʦʨʠʪʝʣʝʡ ʦʙʲʷʩʥʷʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʟʘʜʝʨʞʢʘʤʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ, ʢʦʪʦʨʳʝ ʦʥʠ ʚʥʦʩʷʪ. ʇʨʠʤʝʥʝʥʠʝ ʧʦʚʪʦʨʠʪʝʣʝʡ 

ʫʚʝʣʠʯʠʚʘʝʪ ʚʨʝʤʷ ʜʚʦʡʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ, ʢʦʪʦʨʦʝ ʜʣʷ ʥʘʜʝʞʥʦʛʦ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʢʦʣʣʠʟʠʡ ʥʝ ʜʦʣʞʥʦ ʧʨʝʚʳʰʘʪʴ ʚʨʝʤʷ ʧʝʨʝʜʘʯʠ ʢʘʜʨʘ 

ʤʠʥʠʤʘʣʴʥʦʡ ʜʣʠʥʳ, ʪʦ ʝʩʪʴ ʢʘʜʨʘ ʚ 72 ʙʘʡʪ ʠʣʠ 576 ʙʠʪ. 

ʂʘʞʜʳʡ ʧʦʚʪʦʨʠʪʝʣʴ ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ ʩʝʛʤʝʥʪʫ ʦʜʥʠʤ ʩʚʦʠʤ ʪʨʘʥʩʠʚʝʨʦʤ, 

ʧʦʵʪʦʤʫ ʢ ʥʘʛʨʫʞʝʥʥʳʤ ʩʝʛʤʝʥʪʘʤ ʤʦʞʥʦ ʧʦʜʢʣʶʯʠʪʴ ʥʝ ʙʦʣʝʝ 99 ʫʟʣʦʚ. 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʢʦʥʝʯʥʳʭ ʫʟʣʦʚ ʚ ʩʝʪʠ 10Base-5 ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʩʦʩʪʘʚʣʷʝʪ 

99x3 = 297 ʫʟʣʦʚ. 

ʂ ʜʦʩʪʦʠʥʩʪʚʘʤ ʩʪʘʥʜʘʨʪʘ 10Base-5 ʦʪʥʦʩʷʪʩʷ: 

 ʭʦʨʦʰʘʷ ʟʘʱʠʱʝʥʥʦʩʪʴ ʢʘʙʝʣʷ ʦʪ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ; 

 ʩʨʘʚʥʠʪʝʣʴʥʦ ʙʦʣʴʰʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʫʟʣʘʤʠ; 

 ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʩʪʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʨʘʙʦʯʝʡ ʩʪʘʥʮʠʠ ʚ ʧʨʝʜʝʣʘʭ ʜʣʠʥʳ 
ʢʘʙʝʣʷ AUI. ʅʝʜʦʩʪʘʪʢʘʤʠ 10Base-5 ʷʚʣʷʶʪʩʷ: 

 ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʢʘʙʝʣʷ; 

 ʩʣʦʞʥʦʩʪʴ ʝʛʦ ʧʨʦʢʣʘʜʢʠ ʠʟ-ʟʘ ʙʦʣʴʰʦʡ ʞʝʩʪʢʦʩʪʠ; 

 ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʩʧʝʮʠʘʣʴʥʦʤ ʠʥʩʪʨʫʤʝʥʪʝ ʜʣʷ ʟʘʜʝʣʢʠ ʢʘʙʝʣʷ; 

 ʦʩʪʘʥʦʚ ʨʘʙʦʪʳ ʚʩʝʡ ʩʝʪʠ ʧʨʠ ʧʦʚʨʝʞʜʝʥʠʠ ʢʘʙʝʣʷ ʠʣʠ ʧʣʦʭʦʤ 

ʩʦʝʜʠʥʝʥʠʠ; 

 ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʟʘʨʘʥʝʝ ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʧʦʜʚʦʜʢʫ ʢʘʙʝʣʷ ʢʦ ʚʩʝʤ 

ʚʦʟʤʦʞʥʳʤ ʤʝʩʪʘʤ ʫʩʪʘʥʦʚʢʠ ʢʦʤʧʴʶʪʝʨʦʚ. 

 

ʉʪʘʥʜʘʨʪ 10Base-2 

 

ʉʪʘʥʜʘʨʪ 10Base-2 ʠʩʧʦʣʴʟʫʝʪ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʝʜʘʶʱʝʡ ʩʨʝʜʳ ʢʦʘʢʩʠʘʣʴʥʳʡ 

ʢʘʙʝʣʴ ʩ ʜʠʘʤʝʪʨʦʤ ʮʝʥʪʨʘʣʴʥʦʛʦ ʤʝʜʥʦʛʦ ʧʨʦʚʦʜʘ 0,89 ʤʤ ʠ ʚʥʝʰʥʠʤ 

ʜʠʘʤʝʪʨʦʤ ʦʢʦʣʦ 

5 ʤʤ (çʪʦʥʢʠʡè Ethernet). ʂʘʙʝʣʴ ʠʤʝʝʪ ʚʦʣʥʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 50 ʆʤ. 

ʊʘʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʦʙʣʘʜʘʶʪ ʢʘʙʝʣʠ ʤʘʨʦʢ RG-58 /U, RG-58 A/U, RG-58 

C/U. 
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ʄʘʢʩʠʤʘʣʴʥʘʷ ʜʣʠʥʘ ʩʝʛʤʝʥʪʘ ʙʝʟ ʧʦʚʪʦʨʠʪʝʣʝʡ ʩʦʩʪʘʚʣʷʝʪ 185 ʤ, ʩʝʛʤʝʥʪ 

ʜʦʣʞʝʥ ʠʤʝʪʴ ʥʘ ʢʦʥʮʘʭ ʩʦʛʣʘʩʫʶʱʠʝ ʪʝʨʤʠʥʘʪʦʨʳ 50 ʆʤ. ʊʦʥʢʠʡ 

ʢʦʘʢʩʠʘʣʴʥʳʡ ʢʘʙʝʣʴ ʜʝʰʝʚʣʝ ʪʦʣʩʪʦʛʦ, ʠʟ-ʟʘ ʯʝʛʦ ʩʝʪʠ 10Base-2 ʠʥʦʛʜʘ 

ʥʘʟʳʚʘʶʪ ʩʝʪʷʤʠ Cheapemet (ʦʪ cheaper ð ʙʦʣʝʝ ʜʝʰʝʚʳʡ). ʅʦ ʟʘ ʜʝʰʝʚʠʟʥʫ 

ʢʘʙʝʣʷ ʧʨʠʭʦʜʠʪʩʷ ʨʘʩʧʣʘʯʠʚʘʪʴʩʷ ʢʘʯʝʩʪʚʦʤ ð çʪʦʥʢʠʡè ʢʦʘʢʩʠʘʣ ʦʙʣʘʜʘʝʪ 

ʭʫʜʰʝʡ ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʦʩʪʴʶ, ʭʫʜʰʝʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʴʶ ʠ ʙʦʣʝʝ 

ʫʟʢʦʡ ʧʦʣʦʩʦʡ ʧʨʦʧʫʩʢʘʥʠʷ. 

ʉʪʘʥʮʠʠ ʧʦʜʢʣʶʯʘʶʪʩʷ ʢ ʢʘʙʝʣʶ ʩ ʧʦʤʦʱʴʶ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ɺʄʉ ʊ-

ʢʦʥʥʝʢ-ʪʦʨʘ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʨʦʡʥʠʢ, ʦʜʠʥ ʦʪʚʦʜ ʢʦʪʦʨʦʛʦ 

ʩʦʝʜʠʥʷʝʪʩʷ ʩ ʩʝʪʝʚʳʤ ʘʜʘʧʪʝʨʦʤ, ʘ ʜʚʘ ʜʨʫʛʠʭ ð ʩ ʜʚʫʤʷ ʢʦʥʮʘʤʠ ʨʘʟʨʳʚʘ 

ʢʘʙʝʣʷ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʪʘʥʮʠʡ, ʧʦʜʢʣʶʯʘʝʤʳʭ ʢ ʦʜʥʦʤʫ ʩʝʛʤʝʥʪʫ, 

ð 30. ʄʠʥʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʪʘʥʮʠʷʤʠ ð1ʤ. ʂʘʙʝʣʴ çʪʦʥʢʦʛʦè 

ʢʦʘʢʩʠʘʣʘ ʠʤʝʝʪ ʨʘʟʤʝʪʢʫ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʫʟʣʦʚ ʩ ʰʘʛʦʤ ʚ 1 ʤ. 

ʉʪʘʥʜʘʨʪ 10Base-2 ʪʘʢʞʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʚʪʦʨʠʪʝʣʝʡ, ʧʨʠ-

ʤʝʥʝʥʠʝ ʢʦʪʦʨʳʭ ʪʘʢʞʝ ʜʦʣʞʥʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ çʧʨʘʚʠʣʫ 5-4-3è. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʩʝʪʴ ʙʫʜʝʪ ʠʤʝʪʴ ʤʘʢʩʠʤʘʣʴʥʫʶ ʜʣʠʥʫ ʚ 5x185 - 925 ʤ. ʆʯʝʚʠʜʥʦ, ʯʪʦ 

ʵʪʦ ʦʛʨʘʥʠʯʝʥʠʝ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʩʠʣʴʥʳʤ, ʯʝʤ ʦʙʱʝʝ ʦʛʨʘʥʠʯʝʥʠʝ ʚ 2500 

ʤʝʪʨʦʚ. 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʦʨʨʝʢʪʥʦʡ ʩʝʪʠ Ethernet ʥʫʞʥʦ ʩʦʙʣʶʩʪʠ ʤʥʦʛʦ 

ʦʛʨʘʥʠʯʝʥʠʡ, ʧʨʠʯʝʤ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʦʪʥʦʩʷʪʩʷ ʢ ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ ʧʘʨʘʤʝʪʨʦʤ 

ʩʝʪʠ ð ʥʘʧʨʠʤʝʨ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʣʠʥʘ ʠʣʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʢʦʤʧʴʶʪʝʨʦʚ ʚ ʩʝʪʠ ʜʦʣʞʥʳ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʝʩʢʦʣʴʢʠʤ ʨʘʟʥʳʤ 

ʫʩʣʦʚʠʷʤ ʂʦʨʨʝʢʪʥʘʷ ʩʝʪʴ Ethernet ʜʦʣʞʥʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʚʩʝʤ ʪʨʝʙʦʚʘʥʠʷʤ, 

ʥʦ ʥʦ ʧʨʘʢʪʠʢʝ ʥʫʞʥʦ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʪʦʣʴʢʦ ʥʘʠʙʦʣʝʝ ʞʝʩʪʢʠʝ. ʊʘʢ, ʝʩʣʠ ʚ ʩʝʪʠ 

Ethernet ʥʝ ʜʦʣʞʥʦ ʙʳʪʴ ʙʦʣʝʝ 1024 ʫʟʣʦʚ, ʘ ʩʪʘʥʜʘʨʪ 10Base-2 ʦʛʨʘʥʠʯʠʚʘʝʪ 

ʯʠʩʣʦ ʥʘʛʨʫʞʝʥʥʳʭ ʩʝʛʤʝʥʪʦʚ ʪʨʝʤʷ, ʪʦ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʫʟʣʦʚ ʚ ʩʝʪʠ 10 

Base-2 ʥʝ ʜʦʣʞʥʦ ʧʨʝʚʳʰʘʪʴ 29x3 = 87 ʄʝʥʝʝ ʞʝʩʪʢʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʚ 1024 

ʢʦʥʝʯʥʳʭ ʫʟʣʘ ʚ ʩʝʪʠ 10Sase-2 ʥʠʢʦʛʜʘ ʥʝ ʜʦʩʪʠʛʘʝʪʩʷ 

ʉʪʘʥʜʘʨʪ 10 Base-2 ʦʯʝʥʴ ʙʣʠʟʦʢ ʢ ʩʪʘʥʜʘʨʪʫ 10Base-5. ʅʦ ʪʨʘʥʩʠʚʝʨʳ ʚ ʥʝʤ 

ʦʙʲʝʜʠʥʝʥʳ ʩ ʩʝʪʝʚʳʤʠ ʘʜʘʧʪʝʨʘʤʠ ʟʘ ʩʯʝʪ ʪʦʛʦ, ʯʪʦ ʙʦʣʝʝ ʛʠʙʢʠʡ ʪʦʥʢʠʡ ʢʦʘʢ-

ʩʠʘʣʴʥʳʡ ʢʘʙʝʣʴ ʤʦʞʝʪ ʙʳʪʴ ʧʦʜʚʝʜʝʥ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʚʳʭʦʜʥʦʤʫ ʨʘʟʲʝʤʫ 

ʧʣʘʪʳ ʩʝʪʝʚʦʛʦ ʘʜʘʧʪʝʨʘ, ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʚ ʰʘʩʩʠ ʢʦʤʧʴʶʪʝʨʘ. ʂʘʙʝʣʴ ʚ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ çʚʠʩʠʪè ʥʘ ʩʝʪʝʚʦʤ ʘʜʘʧʪʝʨʝ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʬʠʟʠʯʝʩʢʦʝ ʧʝʨʝʤʝʱʝʥʠʝ 

ʢʦʤʧʴʶʪʝʨʦʚ. 

ʈʝʘʣʠʟʘʮʠʷ ʵʪʦʛʦ ʩʪʘʥʜʘʨʪʘ ʥʘ ʧʨʘʢʪʠʢʝ ʧʨʠʚʦʜʠʪ ʢ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʦʤʫ ʨʝʰʝ-

ʥʠʶ ʜʣʷ ʢʘʙʝʣʴʥʦʡ ʩʝʪʠ, ʪʘʢ ʢʘʢ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʢʦʤʧʴʶʪʝʨʦʚ ʪʨʝʙʫʶʪʩʷ 

ʪʦʣʴʢʦ ʩʝʪʝʚʳʝ ʘʜʘʧʪʝʨʳ, ʊ-ʢʦʥʥʝʢʪʦʨʳ ʠ ʪʝʨʤʠʥʘʪʦʨʳ 50 ʆʤ. ʆʜʥʘʢʦ ʵʪʦʪ ʚʠʜ 

ʢʘʙʝʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʦ ʧʦʜʚʝʨʞʝʥ ʘʚʘʨʠʷʤ ʠ ʩʙʦʷʤ; ʢʘʙʝʣʴ 

ʙʦʣʝʝ ʚʦʩʧʨʠʠʤʯʠʚ ʢ ʧʦʤʝʭʘʤ, ʯʝʤ çʪʦʣʩʪʳʡè ʢʦʘʢʩʠʘʣ, ʚ ʤʦʥʦʢʘʥʘʣʝ ʠʤʝʝʪʩʷ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ (ʢʘʞʜʳʡ ʊ-ʢʦʥʥʝʢʪʦʨ ʜʘʝʪ ʪʨʠ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʷ, ʜʚʘ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʶʪ ʞʠʟʥʝʥʥʦ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ 

ʜʣʷ ʚʩʝʡ ʩʝʪʠ), ʧʦʣʴʟʦʚʘʪʝʣʠ ʠʤʝʶʪ ʜʦʩʪʫʧ ʢ ʨʘʟʲʝʤʘʤ ʠ ʤʦʛʫʪ ʥʘʨʫʰʠʪʴ 

ʮʝʣʦʩʪʥʦʩʪʴ ʤʦʥʦʢʘʥʘʣʘ. ʂʨʦʤʝ ʪʦʛʦ, ʵʩʪʝʪʠʢʘ ʠ ʵʨʛʦʥʦʤʠʯʥʦʩʪʴ ʵʪʦʛʦ ʨʝʰʝʥʠʷ 

ʦʩʪʘʚʣʷʶʪ ʞʝʣʘʪʴ ʣʫʯʰʝʛʦ, ʪʘʢ ʢʘʢ ʦʪ ʢʘʞʜʦʡ ʩʪʘʥʮʠʠ ʯʝʨʝʟ ʊ-ʢʦʥʥʝʢʪʦʨ 

ʦʪʭʦʜʷʪ ʜʚʘ ʜʦʚʦʣʴʥʦ ʟʘʤʝʪʥʳʭ ʧʨʦʚʦʜʘ, ʢʦʪʦʨʳʝ ʧʦʜ ʩʪʦʣʦʤ ʯʘʩʪʦ ʦʙʨʘʟʫʶʪ 
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ʤʦʪʦʢ ʢʘʙʝʣʷ ð ʟʘʧʘʩ, ʥʝʦʙʭʦʜʠʤʳʡ ʥʘ ʩʣʫʯʘʡ ʜʘʞʝ ʥʝʙʦʣʴʰʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ 

ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ. 

ʆʙʱʠʤ ʥʝʜʦʩʪʘʪʢʦʤ ʩʪʘʥʜʘʨʪʦʚ 10Base-5 ʠ 10Base-2 ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ 

ʦʧʝʨʘʪʠʚʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʩʪʦʷʥʠʠ ʤʦʥʦʢʘʥʘʣʘ. ʇʦʚʨʝʞʜʝʥʠʝ ʢʘʙʝʣʷ 

ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʩʨʘʟʫ ʞʝ (ʩʝʪʴ ʧʝʨʝʩʪʘʝʪ ʨʘʙʦʪʘʪʴ), ʥʦ ʜʣʷ ʧʦʠʩʢʘ ʦʪʢʘʟʘʚʰʝʛʦ 

ʦʪʨʝʟʢʘ ʢʘʙʝʣʷ ʥʝʦʙʭʦʜʠʤ ʩʧʝʮʠʘʣʴʥʳʡ ʧʨʠʙʦʨ ð ʢʘʙʝʣʴʥʳʡ ʪʝʩʪʝʨ. 

 

 

ʉʪʘʥʜʘʨʪ 1OBase-T 

 

ʉʪʘʥʜʘʨʪ ʧʨʠʥʷʪ ʚ 1991 ʛʦʜʫ, ʢʘʢ ʜʦʧʦʣʥʝʥʠʝ ʢ ʩʫʱʝʩʪʚʫʶʱʝʤʫ ʥʘʙʦʨʫ 

ʩʪʘʥʜʘʨʪʦʚ Ethernet, ʠ ʠʤʝʝʪ ʦʙʦʟʥʘʯʝʥʠʝ 802.31. 

ʉʝʪʠ 10Base-T ʠʩʧʦʣʴʟʫʶʪ ʚ ʢʘʯʝʩʪʚʝ ʩʨʝʜʳ ʜʚʝ ʥʝʵʢʨʘʥʠʨʦʚʘʥʥʳʝ ʚʠʪʳʝ 

ʧʘʨʳ (Unshielded Twisted Pair, UTP). ʄʥʦʛʦʧʘʨʥʳʡ ʢʘʙʝʣʴ ʥʘ ʦʩʥʦʚʝ 

ʥʝʵʢʨʘʥʠʨʦʚʘʥʥʦʡ ʚʠʪʦʡ ʧʘʨʳ ʢʘʪʝʛʦʨʠʠ 3 (ʢʘʪʝʛʦʨʠʷ ʦʧʨʝʜʝʣʷʝʪ ʧʦʣʦʩʫ 

ʧʨʦʧʫʩʢʘʥʠʷ ʢʘʙʝʣʷ, ʚʝʣʠʯʠʥʫ ʧʝʨʝʢʨʝʩʪʥʳʭ ʥʘʚʦʜʦʢ NEXT ʠ ʥʝʢʦʪʦʨʳʝ 

ʜʨʫʛʠʝ ʧʘʨʘʤʝʪʨʳ ʝʛʦ ʢʘʯʝʩʪʚʘ) ʪʝʣʝʬʦʥʥʳʝ ʢʦʤʧʘʥʠʠ ʫʞʝ ʜʦʩʪʘʪʦʯʥʦ ʜʘʚʥʦ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʪʝʣʝʬʦʥʥʳʭ ʘʧʧʘʨʘʪʦʚ ʚʥʫʪʨʠ ʟʜʘʥʠʡ. ʕʪʦʪ 

ʢʘʙʝʣʴ ʥʦʩʠʪ ʪʘʢʞʝ ʥʘʟʚʘʥʠʝ Voice Grade, ʛʦʚʦʨʷʱʝʝ ʦ ʪʦʤ, ʯʪʦ ʦʥ 

ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʝʨʝʜʘʯʠ ʛʦʣʦʩʘ. 

ʀʜʝʷ ʧʨʠʩʧʦʩʦʙʠʪʴ ʵʪʦʪ ʧʦʧʫʣʷʨʥʳʡ ʚʠʜ ʢʘʙʝʣʷ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʣʦʢʘʣʴʥʳʭ 

ʩʝʪʝʡ ʦʢʘʟʘʣʘʩʴ ʦʯʝʥʴ ʧʣʦʜʦʪʚʦʨʥʦʡ, ʪʘʢ ʢʘʢ ʤʥʦʛʠʝ ʟʜʘʥʠʷ ʫʞʝ ʙʳʣʠ 

ʦʩʥʘʱʝʥʳ ʥʫʞʥʦʡ ʢʘʙʝʣʴʥʦʡ ʩʠʩʪʝʤʦʡ. ʆʩʪʘʚʘʣʦʩʴ ʨʘʟʨʘʙʦʪʘʪʴ ʩʧʦʩʦʙ 

ʧʦʜʢʣʶʯʝʥʠʷ ʩʝʪʝʚʳʭ ʘʜʘʧʪʝʨʦʚ ʠ ʧʨʦʯʝʛʦ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʢ 

ʚʠʪʦʡ ʧʘʨʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʠʟʤʝʥʝʥʠʷ ʚ ʩʝʪʝʚʳʭ ʘʜʘʧʪʝʨʘʭ ʠ 

ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ ʩʝʪʝʚʳʭ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʙʳʣʠ ʙʳ 

ʤʠʥʠʤʘʣʴʥʳʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʝʪʷʤʠ Ethernet ʥʘ ʢʦʘʢʩʠʘʣʝ. ʕʪʦ ʫʜʘʣʦʩʴ, 

ʧʦʵʪʦʤʫ ʧʝʨʝʭʦʜ ʥʘ ʚʠʪʫʶ ʧʘʨʫ ʪʨʝʙʫʝʪ ʪʦʣʴʢʦ ʟʘʤʝʥʳ ʪʨʘʥʩʠʚʝʨʘ ʩʝʪʝʚʦʛʦ 

ʘʜʘʧʪʝʨʘ ʠʣʠ ʧʦʨʪʘ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ, ʘ ʤʝʪʦʜ ʜʦʩʪʫʧʘ ʠ ʚʩʝ ʧʨʦʪʦʢʦʣʳ 

ʢʘʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʦʩʪʘʣʠʩʴ ʪʝʤʠ ʞʝ, ʯʪʦ ʠ ʚ ʩʝʪʷʭ Ethernet ʥʘ ʢʦʘʢʩʠʘʣʝ. 

ʂʦʥʝʯʥʳʝ ʫʟʣʳ ʩʦʝʜʠʥʷʶʪʩʷ ʧʦ ʪʦʧʦʣʦʛʠʠ çʪʦʯʢʘ-ʪʦʯʢʘè ʩʦ ʩʧʝʮʠʘʣʴʥʳʤ 

ʫʩʪʨʦʡʩʪʚʦʤ ð ʤʥʦʛʦʧʦʨʪʦʚʳʤ ʧʦʚʪʦʨʠʪʝʣʝʤ ʩ ʧʦʤʦʱʴʶ ʜʚʫʭ ʚʠʪʳʭ ʧʘʨ. 

ʆʜʥʘ ʚʠʪʘʷ ʧʘʨʘ ʪʨʝʙʫʝʪʩʷ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʦʪ ʩʪʘʥʮʠʠ ʢ ʧʦʚʪʦʨʠʪʝʣʶ 

(ʚʳʭʦʜ ʊʭ ʩʝʪʝʚʦʛʦ ʘʜʘʧʪʝʨʘ), ʘ ʜʨʫʛʘʷ ð ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʦʪ ʧʦʚʪʦʨʠʪʝʣʷ 

ʢ ʩʪʘʥʮʠʠ (ʚʭʦʜ Rx ʩʝʪʝʚʦʛʦ ʘʜʘʧʪʝʨʘ). ʅʘ ʨʠʩʫʥʢʝ ʧʦʢʘʟʘʥ ʧʨʠʤʝʨ 

ʪʨʝʭʧʦʨʪʦʚʦʛʦ ʧʦʚʪʦʨʠʪʝʣʷ. ʇʦʚʪʦʨʠʪʝʣʴ ʧʨʠʥʠʤʘʝʪ ʩʠʛʥʘʣʳ ʦʪ ʦʜʥʦʛʦ ʠʟ 

ʢʦʥʝʯʥʳʭ ʫʟʣʦʚ ʠ ʩʠʥʭʨʦʥʥʦ ʧʝʨʝʜʘʝʪ ʠʭ ʥʘ ʚʩʝ ʩʚʦʠ ʦʩʪʘʣʴʥʳʝ ʧʦʨʪʳ, ʢʨʦʤʝ 

ʪʦʛʦ, ʩ ʢʦʪʦʨʦʛʦ ʧʦʩʪʫʧʠʣʠ ʩʠʛʥʘʣʳ. 

ʄʥʦʛʦʧʦʨʪʦʚʳʝ ʧʦʚʪʦʨʠʪʝʣʠ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʙʳʯʥʦ ʥʘʟʳʚʘʶʪʩʷ 

ʢʦʥʮʝʥʪʨʘʪʦʨʘʤʠ (ʘʥʛʣʦʷʟʳʯʥʳʝ ʪʝʨʤʠʥʳ ð hub ʠʣʠ concentrator). 

ʂʦʥʮʝʥʪʨʘʪʦʨ ʦʩʫʱʝʩʪʚʣʷʝʪ ʬʫʥʢʮʠʠ ʧʦʚʪʦʨʠʪʝʣʷ ʩʠʛʥʘʣʦʚ ʥʘ ʚʩʝʭ ʦʪʨʝʟʢʘʭ 

ʚʠʪʳʭ ʧʘʨ, ʧʦʜʢʣʶʯʝʥʥʳʭ ʢ ʝʛʦ ʧʦʨʪʘʤ, ʪʘʢ ʯʪʦ ʦʙʨʘʟʫʝʪʩʷ ʝʜʠʥʘʷ ʩʨʝʜʘ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ð ʣʦʛʠʯʝʩʢʠʡ ʤʦʥʦʢʘʥʘʣ (ʣʦʛʠʯʝʩʢʘʷ ʦʙʱʘʷ ʰʠʥʘ). 

ʇʦʚʪʦʨʠʪʝʣʴ ʦʙʥʘʨʫʞʠʚʘʝʪ ʢʦʣʣʠʟʠʶ ʚ ʩʝʛʤʝʥʪʝ ʚ ʩʣʫʯʘʝ ʦʜʥʦʚʨʝʤʝʥʥʦʡ 

ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʦʚ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʩʚʦʠʤ Rx-ʚʭʦʜʘʤ ʠ ʧʦʩʳʣʘʝʪ jam-
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ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʥʘ ʚʩʝ ʩʚʦʠ ʊʭ-ʚʳʭʦʜʳ. ʉʪʘʥʜʘʨʪ ʦʧʨʝʜʝʣʷʝʪ ʙʠʪʦʚʫʶ 

ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 10 ʄʙʠʪ/ʩ ʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʦʪʨʝʟʢʘ ʚʠʪʦʡ 

ʧʘʨʳ ʤʝʞʜʫ ʜʚʫʤʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʥʳʤʠ ʫʟʣʘʤʠ (ʩʪʘʥʮʠʷʤʠ ʠ 

ʢʦʥʮʝʥʪʨʘʪʦʨʘʤʠ) ʥʝ ʙʦʣʝʝ 100 ʤ ʧʨʠ ʥʘʣʠʯʠʠ ʚʠʪʦʡ ʧʘʨʳ ʢʘʯʝʩʪʚʘ ʥʝ ʥʠʞʝ 

ʢʘʪʝʛʦʨʠʠ 3. ʕʪʦ ʨʘʩʩʪʦʷʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʣʦʩʦʡ ʧʨʦʧʫʩʢʘʥʠʷ ʚʠʪʦʡ ʧʘʨʳ ð 

ʥʘ ʜʣʠʥʝ 100 ʤ ʦʥʘ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʜʘʚʘʪʴ ʜʘʥʥʳʝ ʩʦ ʩʢʦʨʦʩʪʴʶ 10 ʄʙʠʪ/ʩ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʘʥʯʝʩʪʝʨʩʢʦʛʦ ʢʦʜʘ. 

ʂʦʥʮʝʥʪʨʘʪʦʨʳ 10Base-T ʤʦʞʥʦ ʩʦʝʜʠʥʷʪʴ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʩ ʧʦʤʦʱʴʶ ʪʝʭ ʞʝ 

ʧʦʨʪʦʚ, ʢʦʪʦʨʳʝ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʢʦʥʝʯʥʳʭ ʫʟʣʦʚ. ʇʨʠ ʵʪʦʤ 

ʥʫʞʥʦ ʧʦʟʘʙʦʪʠʪʴʩʷ ʦ ʪʦʤ, ʯʪʦʙʳ ʧʝʨʝʜʘʪʯʠʢ ʠ ʧʨʠʝʤʥʠʢ ʦʜʥʦʛʦ ʧʦʨʪʘ ʙʳʣʠ 

ʩʦʝʜʠʥʝʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩ ʧʨʠʝʤʥʠʢʦʤ ʠ ʧʝʨʝʜʘʪʯʠʢʦʤ ʜʨʫʛʦʛʦ ʧʦʨʪʘ. 
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Hub2
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...
ʇʂ1 ʇʂ7

...
ʇʂ1 ʇʂ7

...
 

ʈʠʩʫʥʦʢ 2. ʃʦʛʠʯʝʩʢʠʡ ʩʝʛʤʝʥʪ, ʧʦʩʪʨʦʝʥʥʳʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ. 

 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʩʪʘʥʮʠʡ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʮʝʜʫʨ ʜʦʩʪʫʧʘ 

CSMA/CD ʠ ʥʘʜʝʞʥʦʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʩʪʘʥʮʠʷʤʠ ʢʦʣʣʠʟʠʡ ʚ ʩʪʘʥʜʘʨʪʝ 

ʦʧʨʝʜʝʣʝʥʦ ʤʘʢʩʠʤʘʣʴʥʦ ʯʠʩʣʦ ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ ʤʝʞʜʫ ʣʶʙʳʤʠ ʜʚʫʤʷ 

ʩʪʘʥʮʠʷʤʠ ʩʝʪʠ, ʘ ʠʤʝʥʥʦ 4. ʕʪʦ ʧʨʘʚʠʣʦ ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ çʧʨʘʚʠʣʘ 4-ʭ ʭʘʙʦʚè ʠ 

ʦʥʦ ʟʘʤʝʥʷʝʪ çʧʨʘʚʠʣʦ 5-4-3è, ʧʨʠʤʝʥʷʝʤʦʝ ʢ ʢʦʘʢʩʠʘʣʴʥʳʤ ʩʝʪʷʤ. ʇʨʠ 

ʩʦʟʜʘʥʠʠ ʩʝʪʠ 10Base-T ʩ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʩʪʘʥʮʠʡ ʢʦʥʮʝʥʪʨʘʪʦʨʳ ʤʦʞʥʦ 

ʩʦʝʜʠʥʷʪʴ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʠʝʨʘʨʭʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ, ʦʙʨʘʟʫʷ ʜʨʝʚʦʚʠʜʥʫʶ 

ʩʪʨʫʢʪʫʨʫ. 

ʇʝʪʣʝʚʠʜʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ ʚ ʩʪʘʥʜʘʨʪʝ 10Base-T ʟʘʧʨʝʱʝʥʦ, 

ʪʘʢ ʢʘʢ ʦʥʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʢʦʨʨʝʢʪʥʦʡ ʨʦʙʦʪʝ ʩʝʪʠ. ʕʪʦ ʪʨʝʙʦʚʘʥʠʝ ʦʟʥʘʯʘʝʪ, ʯʪʦ 

ʚ ʩʝʪʠ 10Base-T ʥʝ ʨʘʟʨʝʰʘʝʪʩʷ ʩʦʟʜʘʚʘʪʴ ʧʘʨʘʣʣʝʣʴʥʳʝ ʢʘʥʘʣʳ ʩʚʷʟʠ ʤʝʞʜʫ 

ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤʠ ʢʦʥʮʝʥʪʨʘʪʦʨʘʤʠ ʜʣʷ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ ʩʚʷʟʝʡ ʥʦ ʩʣʫʯʘʡ 

ʦʪʢʘʟʘ ʧʦʨʪʘ, ʢʦʥʮʝʥʪʨʘʪʦʨʘ ʠʣʠ ʢʘʙʝʣʷ ʈʝʟʝʨʚʠʨʦʚʘʥʠʝ ʩʚʷʟʝʡ ʚʦʟʤʦʞʥʦ 

ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ ʧʝʨʝʚʦʜʘ ʦʜʥʦʡ ʠʟ ʧʘʨʘʣʣʝʣʴʥʳʭ ʩʚʷʟʝʡ ʚ ʥʝʘʢʪʠʚʥʦʝ 

[ʟʘʙʣʦʢʠʨʦʚʘʥʥʦʝ) ʩʦʩʪʦʷʥʠʝ. 

ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʩʪʘʥʮʠʡ ʚ ʩʝʪʠ 10Base-T ʥʝ ʜʦʣʞʥʦ ʧʨʝʚʳʰʘʪʴ ʦʙʱʝʛʦ 

ʧʨʝʜʝʣʘ ʚ 1024, ʠ ʜʣʷ ʜʘʥʥʦʛʦ ʪʠʧʘ ʬʠʟʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʵʪʦ ʢʦʣʠʯʝʩʪʚʦ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʤʦʞʥʦ ʜʦʩʪʠʯʴ ɼʣʷ ʵʪʦʛʦ ʜʦʩʪʘʪʦʯʥʦ ʩʦʟʜʘʪʴ ʜʚʫʭʫʨʦʚʥʝʚʫʶ 

ʠʝʨʘʨʭʠʶ ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ, ʨʘʩʧʦʣʦʞʠʚ ʥʘ ʥʠʞʥʝʤ ʫʨʦʚʥʝ ʜʦʩʪʘʪʦʯʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ ʩ ʦʙʱʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʦʨʪʦʚ 1024. ʂʦʥʝʯʥʳʝ ʫʟʣʳ 

ʥʫʞʥʦ ʧʦʜʢʣʶʯʠʪʴ ʢ ʧʦʨʪʘʤ ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ ʥʠʞʥʝʛʦ ʫʨʦʚʥʷ. ʇʨʘʚʠʣʦ 4-ʭ 

ʭʘʙʦʚ ʧʨʠ ʵʪʦʤ ʚʳʧʦʣʥʷʝʪʩʷ ð ʤʝʞʜʫ ʣʶʙʳʤʠ ʢʦʥʝʯʥʳʤʠ ʫʟʣʘʤʠ ʙʫʜʝʪ ʨʦʚʥʦ 

3 ʢʦʥʮʝʥʪʨʘʪʦʨʘ. 
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ʄʘʢʩʠʤʘʣʴʥʘʷ ʜʣʠʥʘ ʩʝʪʠ ʚ 2500 ʤ ʟʜʝʩʴ ʧʦʥʠʤʘʝʪʩʷ ʢʘʢ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʣʶʙʳʤʠ ʜʚʫʤʷ ʢʦʥʝʯʥʳʤʠ ʫʟʣʘʤʠ ʩʝʪʠ (ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʪʩʷ 

ʪʘʢʞʝ ʪʝʨʤʠʥ çʤʘʢʩʠʤʘʣʴʥʳʡ ʜʠʘʤʝʪʨ ʩʝʪʠè). ʆʯʝʚʠʜʥʦ, ʯʪʦ ʝʩʣʠ ʤʝʞʜʫ 

ʣʶʙʳʤʠ ʜʚʫʤʷ ʫʟʣʘʤʠ ʩʝʪʠ ʥʝ ʜʦʣʞʥʦ ʙʳʪʴ ʙʦʣʴʰʝ 4-ʭ ʧʦʚʪʦʨʠʪʝʣʝʡ, ʪʦ 

ʤʘʢʩʠʤʘʣʴʥʳʡ ʜʠʘʤʝʪʨ ʩʝʪʠ 10Base-T ʩʦʩʪʘʚʣʷʝʪ 5x100 = 500 ʤ. 

ʉʝʪʠ, ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʩʪʘʥʜʘʨʪʘ 10Base-T, ʦʙʣʘʜʘʶʪ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʦʘʢʩʠʘʣʴʥʳʤʠ ʚʘʨʠʘʥʪʘʤʠ Ethernet ʤʥʦʛʠʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ. ʕʪʠ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʩʚʷʟʘʥʳ ʩ ʨʘʟʜʝʣʝʥʠʝʤ ʦʙʱʝʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʢʘʙʝʣʷ ʥʘ ʦʪʜʝʣʴʥʳʝ 

ʢʘʙʝʣʴʥʳʝ ʦʪʨʝʟʢʠ, ʧʦʜʢʣʶʯʝʥʥʳʝ ʢ ʮʝʥʪʨʘʣʴʥʦʤʫ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʤʫ 

ʫʩʪʨʦʡʩʪʚʫ. ʀ ʭʦʪʷ ʣʦʛʠʯʝʩʢʠ ʵʪʠ ʦʪʨʝʟʢʠ ʧʦ-ʧʨʝʞʥʝʤʫ ʦʙʨʘʟʫʶʪ ʦʙʱʫʶ 

ʨʘʟʜʝʣʷʝʤʫʶ ʩʨʝʜʫ, ʠʭ ʬʠʟʠʯʝʩʢʦʝ ʨʘʟʜʝʣʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʠʭ 

ʩʦʩʪʦʷʥʠʝ ʠ ʦʪʢʣʶʯʘʪʴ ʚ ʩʣʫʯʘʝ ʦʙʨʳʚʘ, ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʠʣʠ 

ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʩʝʪʝʚʦʛʦ ʘʜʘʧʪʝʨʘ ʥʘ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʦʩʥʦʚʝ. ʕʪʦ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʩʫʱʝʩʪʚʝʥʥʦ ʦʙʣʝʛʯʘʝʪ ʵʢʩʧʣʫʘʪʘʮʠʶ ʙʦʣʴʰʠʭ ʩʝʪʝʡ Ethernet, 

ʪʘʢ ʢʘʢ ʢʦʥʮʝʥʪʨʘʪʦʨ ʦʙʳʯʥʦ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʳʧʦʣʥʷʝʪ ʪʘʢʠʝ ʬʫʥʢʮʠʠ, 

ʫʚʝʜʦʤʣʷʷ ʧʨʠ ʵʪʦʤ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ ʩʝʪʠ ʦ ʚʦʟʥʠʢʰʝʡ ʧʨʦʙʣʝʤʝ. 

ɺ ʩʪʘʥʜʘʨʪʝ 10Base-T ʦʧʨʝʜʝʣʝʥʘ ʧʨʦʮʝʜʫʨʘ ʪʝʩʪʠʨʦʚʘʥʠʷ ʬʠʟʠʯʝʩʢʦʡ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʜʚʫʭ ʦʪʨʝʟʢʦʚ ʚʠʪʦʡ ʧʘʨʳ, ʩʦʝʜʠʥʷʶʱʠʭ ʪʨʘʥʩʠʚʝʨ 

ʢʦʥʝʯʥʦʛʦ ʫʟʣʘ ʠ ʧʦʨʪ ʧʦʚʪʦʨʠʪʝʣʷ. ʕʪʘ ʧʨʦʮʝʜʫʨʘ ʥʘʟʳʚʘʝʪʩʷ ʪʝʩʪʦʤ 

ʩʚʷʟʥʦʩʪʠ (link test), ʠ ʦʥʘ ʦʩʥʦʚʘʥʘ ʥʘ ʧʝʨʝʜʘʯʝ ʢʘʞʜʳʝ 16 ʤʩ ʩʧʝʮʠʘʣʴʥʳʭ 

ʠʤʧʫʣʴʩʦʚ J ʠ ʂ ʤʘʥʯʝʩʪʝʨʩʢʦʛʦ ʢʦʜʘ ʤʝʞʜʫ ʧʝʨʝʜʘʪʯʠʢʦʤ ʠ ʧʨʠʝʤʥʠʢʦʤ 

ʢʘʞʜʦʡ ʚʠʪʦʡ ʧʘʨʳ. ɽʩʣʠ ʪʝʩʪ ʥʝ ʧʨʦʭʦʜʠʪ, ʪʦ ʧʦʨʪ ʙʣʦʢʠʨʫʝʪʩʷ ʠ ʦʪʢʣʶʯʘʝʪ 

ʧʨʦʙʣʝʤʥʳʡ ʫʟʝʣ ʦʪ ʩʝʪʠ. ʊʘʢ ʢʘʢ ʢʦʜʳ J ʠ ʂ ʷʚʣʷʶʪʩʷ ʟʘʧʨʝʱʝʥʥʳʤʠ ʧʨʠ 

ʧʝʨʝʜʘʯʝ ʢʘʜʨʦʚ, ʪʦ ʪʝʩʪʦʚʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʝ ʚʣʠʷʶʪ ʥʘ ʨʘʙʦʪʫ 

ʘʣʛʦʨʠʪʤʘ ʜʦʩʪʫʧʘ ʢ ʩʨʝʜʝ. 

ʇʦʷʚʣʝʥʠʝ ʤʝʞʜʫ ʢʦʥʝʯʥʳʤʠ ʫʟʣʘʤʠ ʘʢʪʠʚʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʫʟʣʦʚ ʠ ʠʟʦʣʠʨʦʚʘʪʴ ʦʪ ʩʝʪʠ ʥʝʢʦʨʨʝʢʪʥʦ ʨʘʙʦʪʘʶʱʠʝ, 

ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʪʝʭʥʦʣʦʛʠʠ 10Base-T ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ 

ʩʣʦʞʥʳʤʠ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʦʘʢʩʠʘʣʴʥʳʤʠ ʩʝʪʷʤʠ. ɹʣʘʛʦʜʘʨʷ ʢʦʥʮʝʥʪʨʘʪʦʨʘʤ 

ʩʝʪʴ Ethernet ʧʨʠʦʙʨʝʣʘ ʥʝʢʦʪʦʨʳʝ ʯʝʨʪʳ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʡ ʩʠʩʪʝʤʳ. 

 

 

 

 

ʆʧʪʦʚʦʣʦʢʦʥʥʳʡ Ethernet 

 

ɺ ʢʘʯʝʩʪʚʝ ʩʨʝʜʳ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 10 ʤʝʛʘʙʠʪʥʳʡ Ethernet ʠʩʧʦʣʴʟʫʝʪ 

ʦʧʪʠʯʝʩʢʦʝ ʚʦʣʦʢʥʦ. ʆʧʪʦʚʦʣʦʢʦʥʥʳʝ ʩʪʘʥʜʘʨʪʳ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʪʠʧʘ 

ʢʘʙʝʣʷ ʨʝʢʦʤʝʥʜʫʶʪ ʜʦʩʪʘʪʦʯʥʦ ʜʝʰʝʚʦʝ ʤʥʦʛʦʤʦʜʦʚʦʝ ʦʧʪʠʯʝʩʢʦʝ ʚʦʣʦʢʥʦ, 

ʦʙʣʘʜʘʶʱʝʝ ʧʦʣʦʩʦʡ ʧʨʦʧʫʩʢʘʥʠʷ 500-800 ʄɻʮ ʧʨʠ ʜʣʠʥʝ ʢʘʙʝʣʷ 1 ʢʤ. 

ɼʦʧʫʩʪʠʤʦ ʠ ʙʦʣʝʝ ʜʦʨʦʛʦʝ ʦʜʥʦʤʦʜʦʚʦʝ ʦʧʪʠʯʝʩʢʦʝ ʚʦʣʦʢʥʦ ʩ ʧʦʣʦʩʦʡ 

ʧʨʦʧʫʩʢʘʥʠʷ ʚ ʥʝʩʢʦʣʴʢʦ ʛʠʛʘʛʝʨʮ, ʥʦ ʧʨʠ ʵʪʦʤ ʥʫʞʥʦ ʧʨʠʤʝʥʷʪʴ ʩʧʝʮʠʘʣʴʥʳʡ 

ʪʠʧ ʪʨʘʥʩʠʚʝʨʘ. 

ʌʫʥʢʮʠʦʥʘʣʴʥʦ ʩʝʪʴ Ethernet ʥʘ ʦʧʪʠʯʝʩʢʦʤ ʢʘʙʝʣʝ ʩʦʩʪʦʠʪ ʠʟ ʪʝʭ ʞʝ ʵʣʝʤʝʥ-

ʪʦʚ, ʯʪʦ ʠ ʩʝʪʴ ʩʪʘʥʜʘʨʪʘ 10Base-T ð ʩʝʪʝʚʳʭ ʘʜʘʧʪʝʨʦʚ, ʤʥʦʛʦʧʦʨʪʦʚʦʛʦ 
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ʧʦʚʪʦʨʠʪʝʣʷ ʠ ʦʪʨʝʟʢʦʚ ʢʘʙʝʣʷ, ʩʦʝʜʠʥʷʶʱʠʭ ʘʜʘʧʪʝʨ ʩ ʧʦʨʪʦʤ ʧʦʚʪʦʨʠʪʝʣʷ. 

ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʚʠʪʦʡ ʧʘʨʳ, ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʘʜʘʧʪʝʨʘ ʩ ʧʦʚʪʦʨʠʪʝʣʝʤ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʘ ʦʧʪʦʚʦʣʦʢʥʘ ~ ʦʜʥʦ ʩʦʝʜʠʥʷʝʪ ʚʳʭʦʜ ʊʭ ʘʜʘʧʪʝʨʘ ʩʦ ʚʭʦʜʦʤ 

Rx ʧʦʚʪʦʨʠʪʝʣʷ, ʘ ʜʨʫʛʦʝ ð ʚʭʦʜ Rx ʘʜʘʧʪʝʨʘ ʩ ʚʳʭʦʜʦʤ ʊʭ ʧʦʚʪʦʨʠʪʝʣʷ. 

ʉʪʘʥʜʘʨʪ FOIRL (Fiber Optic Inter-Repeater Link) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʝʨʚʳʡ 

ʩʪʘʥʜʘʨʪ ʢʦʤʠʪʝʪʘ 802.3 ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʧʪʦʚʦʣʦʢʥʘ ʚ ʩʝʪʷʭ Ethernet. ʆʥ 

ʛʘʨʘʥʪʠʨʫʝʪ ʜʣʠʥʫ ʦʧʪʦʚʦʣʦʢʦʥʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʧʦʚʪʦʨʠʪʝʣʷʤʠ ʜʦ 1 ʢʤ ʧʨʠ 

ʦʙʱʝʡ ʜʣʠʥʝ ʩʝʪʠ ʥʝ ʙʦʣʝʝ 2500 ʤ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʧʦʚʪʦʨʠʪʝʣʝʡ ʤʝʞʜʫ 

ʣʶʙʳʤʠ ʫʟʣʘʤʠ ʩʝʪʠ ð 4. ʄʘʢʩʠʤʘʣʴʥʦʛʦ ʜʠʘʤʝʪʨʘ ʚ 2500 ʤ ʟʜʝʩʴ ʜʦʩʪʠʯʴ 

ʤʦʞʥʦ, ʭʦʪʷ ʤʘʢʩʠʤʘʣʴʥʳʝ ʦʪʨʝʟʢʠ ʢʘʙʝʣʷ ʤʝʞʜʫ ʚʩʝʤʠ 4 ʧʦʚʪʦʨʠʪʝʣʷʤʠ, ʘ 

ʪʘʢʞʝ ʤʝʞʜʫ ʧʦʚʪʦʨʠʪʝʣʷʤʠ ʠ ʢʦʥʝʯʥʳʤʠ ʫʟʣʘʤʠ ʥʝʜʦʧʫʩʪʠʤʳ ð ʠʥʘʯʝ 

ʧʦʣʫʯʠʪʩʷ ʩʝʪʴ ʜʣʠʥʦʡ 5000 ʤ. 

ʉʪʘʥʜʘʨʪ WBase-FL ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʫʣʫʯʰʝʥʠʝ 

ʩʪʘʥʜʘʨʪʘ FOIRL. ʋʚʝʣʠʯʝʥʘ ʤʦʱʥʦʩʪʴ ʧʝʨʝʜʘʪʯʠʢʦʚ, ʧʦʵʪʦʤʫ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʫʟʣʦʤ ʠ ʢʦʥʮʝʥʪʨʘʪʦʨʦʤ ʫʚʝʣʠʯʠʣʦʩʴ ʜʦ 2000 ʤ. 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʧʦʚʪʦʨʠʪʝʣʝʡ ʤʝʞʜʫ ʫʟʣʘʤʠ ʦʩʪʘʣʦʩʴ ʨʘʚʥʳʤ 4, ʘ 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʣʠʥʘ ʩʝʪʠ ð 2500 ʤ. 

ʉʪʘʥʜʘʨʪ WBase-FB ʧʨʝʜʥʘʟʥʘʯʝʥ ʪʦʣʴʢʦ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʧʦʚʪʦʨʠʪʝʣʝʡ. ʂʦ-

ʥʝʯʥʳʝ ʫʟʣʳ ʥʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʦʪ ʩʪʘʥʜʘʨʪ ʜʣʷ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢ ʧʦʨʪʘʤ 

ʢʦʥʮʝʥʪʨʘʪʦʨʘ. ʄʝʞʜʫ ʫʟʣʘʤʠ ʩʝʪʠ ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʜʦ 5 ʧʦʚʪʦʨʠʪʝʣʝʡ 

10Base-FB ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʣʠʥʝ ʦʜʥʦʛʦ ʩʝʛʤʝʥʪʘ 2000 ʤ ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʜʣʠʥʝ ʩʝʪʠ 2740 ʤ 

ʇʦʚʪʦʨʠʪʝʣʠ, ʩʦʝʜʠʥʝʥʥʳʝ ʧʦ ʩʪʘʥʜʘʨʪʫ 10Base-FB, ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʢʘʜʨʦʚ 

ʜʣʷ ʧʝʨʝʜʘʯʠ ʧʦʩʪʦʷʥʥʦ ʦʙʤʝʥʠʚʘʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ 

ʩʠʛʥʘʣʦʚ, ʦʪʣʠʯʘʶʱʠʤʠʩʷ ʦʪ ʩʠʛʥʘʣʦʚ ʢʘʜʨʦʚ ʜʘʥʥʳʭ, ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ. ʇʦʵʪʦʤʫ ʦʥʠ ʚʥʦʩʷʪ ʤʝʥʴʰʠʝ ʟʘʜʝʨʞʢʠ ʧʨʠ ʧʝʨʝʜʘʯʝ ʜʘʥʥʳʭ 

ʠʟ ʦʜʥʦʛʦ ʩʝʛʤʝʥʪʘ ʚ ʜʨʫʛʦʡ, ʠ ʵʪʦ ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʦʡ ʧʨʠʯʠʥʦʡ, ʧʦ ʢʦʪʦʨʦʡ 

ʢʦʣʠʯʝʩʪʚʦ ʧʦʚʪʦʨʠʪʝʣʝʡ ʫʜʘʣʦʩʴ ʫʚʝʣʠʯʠʪʴ ʜʦ 5. ɺ ʢʘʯʝʩʪʚʝ ʩʧʝʮʠʘʣʴʥʳʭ 

ʩʠʛʥʘʣʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʘʥʯʝʩʪʝʨʩʢʠʝ ʢʦʜʳ J ʠ ʂ ʚ ʩʣʝʜʫʶʱʝʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: J-J-K-K-J-J-... ʕʪʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʦʨʦʞʜʘʝʪ 

ʠʤʧʫʣʴʩʳ ʯʘʩʪʦʪʳ 2,5 ʄɻʮ, ʢʦʪʦʨʳʝ ʠ ʧʦʜʜʝʨʞʠʚʘʶʪ ʩʠʥʭʨʦʥʠʟʘʮʠʶ 

ʧʨʠʝʤʥʠʢʘ ʦʜʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʦʨʘ ʩ ʧʝʨʝʜʘʪʯʠʢʦʤ ʜʨʫʛʦʛʦ. ʇʦʵʪʦʤʫ ʩʪʘʥʜʘʨʪ 

10Base-FB ʠʤʝʝʪ ʪʘʢʞʝ ʥʘʟʚʘʥʠʝ ʩʠʥʭʨʦʥʥʳʡ Ethernet. 

ʂʘʢ ʠ ʚ ʩʪʘʥʜʘʨʪʝ 10Base~T, ʦʧʪʦʚʦʣʦʢʦʥʥʳʝ ʩʪʘʥʜʘʨʪʳ Ethernet ʨʘʟʨʝʰʘʶʪ 

ʩʦʝʜʠʥʷʪʴ ʢʦʥʮʝʥʪʨʘʪʦʨʳ ʪʦʣʴʢʦ ʚ ʜʨʝʚʦʚʠʜʥʳʝ ʠʝʨʘʨʭʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ. 

ʃʶʙʳʝ ʧʝʪʣʠ ʤʝʞʜʫ ʧʦʨʪʘʤʠ ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ ʥʝ ʜʦʧʫʩʢʘʶʪʩʷ. 

 

ɼʦʤʝʥ ʢʦʣʣʠʟʠʡ 

 

ɺ ʪʝʭʥʦʣʦʛʠʠ Ethernet, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʧʨʠʤʝʥʷʝʤʦʛʦ ʩʪʘʥʜʘʨʪʘ ʬʠʟʠʯʝʩʢʦʛʦ 

ʫʨʦʚʥʷ, ʩʫʱʝʩʪʚʫʝʪ ʧʦʥʷʪʠʝ ʜʦʤʝʥʘ ʢʦʣʣʠʟʠʡ. 

ɼʦʤʝʥ ʢʦʣʣʠʟʠʡ (collision domain) ð ʵʪʦ ʯʘʩʪʴ ʩʝʪʠ Ethernet, ʚʩʝ ʫʟʣʳ 

ʢʦʪʦʨʦʡ ʨʘʩʧʦʟʥʘʶʪ ʢʦʣʣʠʟʠʶ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ, ʚ ʢʘʢʦʡ ʯʘʩʪʠ ʵʪʦʡ ʩʝʪʠ 

ʢʦʣʣʠʟʠʷ ʚʦʟʥʠʢʣʘ. ʉʝʪʴ Ethernet, ʧʦʩʪʨʦʝʥʥʘʷ ʥʘ ʧʦʚʪʦʨʠʪʝʣʷʭ, ʚʩʝʛʜʘ 

ʦʙʨʘʟʫʝʪ ʦʜʠʥ ʜʦʤʝʥ ʢʦʣʣʠʟʠʡ. ɼʦʤʝʥ ʢʦʣʣʠʟʠʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʜʥʦʡ 
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ʨʘʟʜʝʣʷʝʤʦʡ ʩʨʝʜʝ. ʄʦʩʪʳ, ʢʦʤʤʫʪʘʪʦʨʳ ʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨʳ ʜʝʣʷʪ ʩʝʪʴ Ethernet 

ʥʘ ʥʝʩʢʦʣʴʢʦ ʜʦʤʝʥʦʚ ʢʦʣʣʠʟʠʡ. 

ʇʨʠʚʝʜʝʥʥʘʷ ʩʝʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʠʥ ʜʦʤʝʥ ʢʦʣʣʠʟʠʡ. ɽʩʣʠ, ʥʘʧʨʠʤʝʨ, 

ʩʪʦʣʢʥʦʚʝʥʠʝ ʢʘʜʨʦʚ ʧʨʦʠʟʦʰʣʦ ʚ ʢʦʥʮʝʥʪʨʘʪʦʨʝ 4, ʪʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʣʦʛʠʢʦʡ ʨʘʙʦʪʳ ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ 10Base-T ʩʠʛʥʘʣ ʢʦʣʣʠʟʠʠ ʨʘʩʧʨʦʩʪʨʘʥʠʪʩʷ ʧʦ 

ʚʩʝʤ ʧʦʨʪʘʤ ʚʩʝʭ ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ. 

ɽʩʣʠ ʞʝ ʚʤʝʩʪʦ ʢʦʥʮʝʥʪʨʘʪʦʨʘ 3 ʧʦʩʪʘʚʠʪʴ ʚ ʩʝʪʴ ʤʦʩʪ, ʪʦ ʝʛʦ ʧʦʨʪ ʉ, ʩʚʷʟʘʥ-

ʥʳʡ ʩ ʢʦʥʮʝʥʪʨʘʪʦʨʦʤ 4, ʚʦʩʧʨʠʤʝʪ ʩʠʛʥʘʣ ʢʦʣʣʠʟʠʠ, ʥʦ ʥʝ ʧʝʨʝʜʘʩʪ ʝʛʦ ʥʘ 

ʩʚʦʠ ʦʩʪʘʣʴʥʳʝ ʧʦʨʪʳ, ʪʘʢ ʢʘʢ ʵʪʦ ʥʝ ʚʭʦʜʠʪ ʚ ʝʛʦ ʦʙʷʟʘʥʥʦʩʪʠ. ʄʦʩʪ ʧʨʦʩʪʦ 

ʦʪʨʘʙʦʪʘʝʪ ʩʠʪʫʘʮʠʶ ʢʦʣʣʠʟʠʠ ʩʨʝʜʩʪʚʘʤʠ ʧʦʨʪʘ ʉ, ʢʦʪʦʨʳʡ ʧʦʜʢʣʶʯʝʥ ʢ 

ʦʙʱʝʡ ʩʨʝʜʝ, ʛʜʝ ʵʪʘ ʢʦʣʣʠʟʠʷ ʚʦʟʥʠʢʣʘ. ɽʩʣʠ ʢʦʣʣʠʟʠʷ ʚʦʟʥʠʢʣʘ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ 

ʤʦʩʪ ʧʳʪʘʣʩʷ ʧʝʨʝʜʘʪʴ ʯʝʨʝʟ ʧʦʨʪ ʉ ʢʘʜʨ ʚ ʢʦʥʮʝʥʪʨʘʪʦʨ 4, ʪʦ, ʟʘʬʠʢʩʠʨʦʚʘʚ 

ʩʠʛʥʘʣ ʢʦʣʣʠʟʠʠ, ʧʦʨʪ ʉ ʧʨʠʦʩʪʘʥʦʚʠʪ ʧʝʨʝʜʘʯʫ ʢʘʜʨʘ ʠ ʧʦʧʳʪʘʝʪʩʷ ʧʝʨʝʜʘʪʴ 

ʝʛʦ ʧʦʚʪʦʨʥʦ ʯʝʨʝʟ ʩʣʫʯʘʡʥʳʡ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ. ɽʩʣʠ ʧʦʨʪ ʉ ʧʨʠʥʠʤʘʣ ʚ 

ʤʦʤʝʥʪ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʦʣʣʠʟʠʠ ʢʘʜʨ, ʪʦ ʦʥ ʧʨʦʩʪʦ ʦʪʙʨʦʩʠʪ ʧʦʣʫʯʝʥʥʦʝ 

ʥʘʯʘʣʦ ʢʘʜʨʘ ʠ ʙʫʜʝʪ ʦʞʠʜʘʪʴ, ʢʦʛʜʘ ʫʟʝʣ, ʧʝʨʝʜʘʚʘʚʰʠʡ ʢʘʜʨ ʯʝʨʝʟ 

ʢʦʥʮʝʥʪʨʘʪʦʨ 4, ʥʝ ʩʜʝʣʘʝʪ ʧʦʚʪʦʨʥʫʶ ʧʦʧʳʪʢʫ ʧʝʨʝʜʘʯʠ. ʇʦʩʣʝ ʫʩʧʝʰʥʦʛʦ 

ʧʨʠʥʷʪʠʷ ʜʘʥʥʦʛʦ ʢʘʜʨʘ ʚ ʩʚʦʡ ʙʫʬʝʨ ʤʦʩʪ ʧʝʨʝʜʘʩʪ ʝʛʦ ʥʘ ʜʨʫʛʦʡ ʧʦʨʪ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʘʙʣʠʮʝʡ ʧʨʦʜʚʠʞʝʥʠʷ, ʥʘʧʨʠʤʝʨ ʥʘ ʧʦʨʪ ɸ. ɺʩʝ ʩʦʙʳʪʠʷ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʦʙʨʘʙʦʪʢʦʡ ʢʦʣʣʠʟʠʡ ʧʦʨʪʦʤ ʉ, ʜʣʷ ʦʩʪʘʣʴʥʳʭ ʩʝʛʤʝʥʪʦʚ ʩʝʪʠ, 

ʢʦʪʦʨʳʝ ʧʦʜʢʣʶʯʝʥʳ ʢ ʜʨʫʛʠʤ ʧʦʨʪʘʤ ʤʦʩʪʘ, ʦʩʪʘʥʫʪʩʷ ʧʨʦʩʪʦ ʥʝʠʟʚʝʩʪʥʳʤʠ. 

ʋʟʣʳ, ʦʙʨʘʟʫʶʱʠʝ ʦʜʠʥ ʜʦʤʝʥ ʢʦʣʣʠʟʠʡ, ʨʘʙʦʪʘʶʪ ʩʠʥʭʨʦʥʥʦ, ʢʘʢ ʝʜʠʥʘʷ 

ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʩʭʝʤʘ. 

 

6. ʌʠʟʠʯʝʩʢʘʷ ʩʨʝʜʘ ʚ ʩʝʪʠ Fast Ethernet 

 

ɺʩʝ ʦʪʣʠʯʠʷ ʪʝʭʥʦʣʦʛʠʠ Fast Ethernet ʦʪ Ethernet ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʥʘ ʬʠʟʠʯʝʩʢʦʤ 

ʫʨʦʚʥʝ. ʋʨʦʚʥʠ MAC ʠ LLC ʚ Fast Ethernet ʦʩʪʘʣʠʩʴ ʘʙʩʦʣʶʪʥʦ ʪʝʤʠ ʞʝ, ʠ ʠʭ 

ʦʧʠʩʳʚʘʶʪ ʧʨʝʞʥʠʝ ʛʣʘʚʳ ʩʪʘʥʜʘʨʪʦʚ 802.3 ʠ 802.2. ʇʦʵʪʦʤʫ ʨʘʩʩʤʘʪʨʠʚʘʷ 

ʪʝʭʥʦʣʦʛʠʶ Fast Ethernet, ʤʳ ʙʫʜʝʤ ʠʟʫʯʘʪʴ ʪʦʣʴʢʦ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʝʝ 

ʬʠʟʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ. 

 

ʇʨʠʢʣʘʜʥʦʡ

ʇʨʝʜʩʪʘʚʠʪʝʣɹʥr ʡ

ʉʝʘʥʩʦʚrʡ

ʊʨʘʥʩʧʦʨʪʥr ʡ

ʉʝʪʝʚʦʡ

ʂʘʥʘʣɹʥr ʡ

ʌʠʟʠʯʝʩʢʠʡ

LCC

MAC

ʋʨʦʚʝʥɹ
ʩʦʛʣʘʩʦʚʘʥʠ̫

PCS

PMA

PMD

MDI

ʊʨʘʥʩʠʚʝʨ Fast 

Ethernet

ʆʜʠʥ ʠʟ ʧʦʨʪʦʚ:

RJ-45 (ʉʪʘʥʜʘʨʪ 100Base-TX ʠʣʠ 100Base-

T4)

Duplex SC (ʉʪʘʥʜʘʨʪ 100Base-FX)

ʂʘʙʝʣɹ MII (ʥʝʦʙ̫ʟʘʪʝʣɹʥr ʡ) 

ʜʣ̫ ʧʦʜʢʣʁ ʯʝʥʠ̫ ʪʨʘʥʩʠʚʝʨʘ

ʇʦʨʪ MII (ʩʨʝʜʦʥʝʟʘʚʠʩʠʤr ʡ 

ʠʥʪʝʨʬʝʡʩ)

LLC ï ʫʧʨʘʚʣʝʥʠʝ ʣʦʛʠʯʝʩʢʠʤ ʢʘʥʘʣʦʤ

MAC ï ʫʧʨʘʚʣʝʥʠʝ ʜʦʩʪʫʧʦʤ ʢ ʩʨʝʜʝ

PCS ï ʫʨʦʚʝʥɹ ʬʠʟʠʯʝʩʢʦʛʦ ʢʦʜʠʨʦʚʘʥʠ̫

PMA ï ʫʨʦʚʝʥɹ ʬʠʟʠʯʝʩʢʦʛʦ ʧʦʜʢʣʁ ʯʝʥʠ̫

PMD ï ʫʨʦʚʝʥɹ, ʟʘʚʠʩ̫ʱʠʡ ʦʪ ʬʠʟʠʯʝʩʢʦʡ ʩʨʝʜr

AUTONEG ï ʫʨʦʚʝʥɹ ʘʚʪʦʦʧʨʝʜʝʣʝʥʠ̫

MDI ï ʠʥʪʝʨʬʝʡʩ, ʟʘʚʠʩ̫ʱʠʡ ʦʪ ʩʨʝʜr

 

 

AUTONEG

 
 

ʈʠʩʫʥʦʢ 3. ʄʦʜʝʣʴ OSI ʚ ʩʪʘʥʜʘʨʪʝ Fast Ethernet. 
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ɹʦʣʝʝ ʩʣʦʞʥʘʷ ʩʪʨʫʢʪʫʨʘ ʬʠʟʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʪʝʭʥʦʣʦʛʠʠ Fast Ethernet ʚʳʟʚʘʥʘ 

ʪʝʤ, ʯʪʦ ʚ ʥʝʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʨʠ ʚʘʨʠʘʥʪʘ ʢʘʙʝʣʴʥʳʭ ʩʠʩʪʝʤ:  

 ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʡ ʤʥʦʛʦʤʦʜʦʚʳʡ ʢʘʙʝʣʴ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʘ ʚʦʣʦʢʥʘ; 

 ʚʠʪʘʷ ʧʘʨʘ ʢʘʪʝʛʦʨʠʠ 5, ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʝ ʧʘʨʳ; 

 ʚʠʪʘʷ ʧʘʨʘ ʢʘʪʝʛʦʨʠʠ 3, ʠʩʧʦʣʴʟʫʶʪʩʷ ʯʝʪʳʨʝ ʧʘʨʳ. 

ʂʦʘʢʩʠʘʣʴʥʳʡ ʢʘʙʝʣʴ, ʜʘʚʰʠʡ ʤʠʨʫ ʧʝʨʚʫʶ ʩʝʪʴ Ethernet, ʚ ʯʠʩʣʦ ʨʘʟʨʝʰʝʥʥʳʭ 

ʩʨʝʜ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ Fast Ethernet ʥʝ ʧʦʧʘʣ. ʕʪʦ ʦʙʱʘʷ 

ʪʝʥʜʝʥʮʠʷ ʤʥʦʛʠʭ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʧʦʩʢʦʣʴʢʫ ʥʘ ʥʝʙʦʣʴʰʠʭ ʨʘʩʩʪʦʷʥʠʷʭ ʚʠʪʘʷ 

ʧʘʨʘ ʢʘʪʝʛʦʨʠʠ 5 ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʜʘʚʘʪʴ ʜʘʥʥʳʝ ʩ ʪʦʡ ʞʝ ʩʢʦʨʦʩʪʴʶ, ʯʪʦ ʠ ʢʦʘʢʩʠ-

ʘʣʴʥʳʡ ʢʘʙʝʣʴ, ʥʦ ʩʝʪʴ ʧʦʣʫʯʘʝʪʩʷ ʙʦʣʝʝ ʜʝʰʝʚʦʡ ʠ ʫʜʦʙʥʦʡ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʅʘ 

ʙʦʣʴʰʠʭ ʨʘʩʩʪʦʷʥʠʷʭ ʦʧʪʠʯʝʩʢʦʝ ʚʦʣʦʢʥʦ ʦʙʣʘʜʘʝʪ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʰʠʨʦʢʦʡ ʧʦʣʦ-

ʩʦʡ ʧʨʦʧʫʩʢʘʥʠʷ, ʯʝʤ ʢʦʘʢʩʠʘʣ, ʘ ʩʪʦʠʤʦʩʪʴ ʩʝʪʠ ʧʦʣʫʯʘʝʪʩʷ ʥʝʥʘʤʥʦʛʦ ʚʳʰʝ, 

ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʫʯʝʩʪʴ ʚʳʩʦʢʠʝ ʟʘʪʨʘʪʳ ʥʘ ʧʦʠʩʢ ʠ ʫʩʪʨʘʥʝʥʠʝ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʚ 

ʢʨʫʧʥʦʡ ʢʘʙʝʣʴʥʦʡ ʢʦʘʢʩʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ. 

ʆʪʢʘʟ ʦʪ ʢʦʘʢʩʠʘʣʴʥʦʛʦ ʢʘʙʝʣʷ ʧʨʠʚʝʣ ʢ ʪʦʤʫ, ʯʪʦ ʩʝʪʠ Fast Ethernet ʚʩʝʛʜʘ 

ʠʤʝʶʪ ʠʝʨʘʨʭʠʯʝʩʢʫʶ ʜʨʝʚʦʚʠʜʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʧʦʩʪʨʦʝʥʥʫʶ ʥʘ ʢʦʥʮʝʥʪʨʘʪʦʨʘʭ, 

ʢʘʢ ʠ ʩʝʪʠ 10Base-T/10Base-F. ʆʩʥʦʚʥʳʤ ʦʪʣʠʯʠʝʤ ʢʦʥʬʠʛʫʨʘʮʠʡ ʩʝʪʝʡ Fast Ethernet 

ʷʚʣʷʝʪʩʷ ʩʦʢʨʘʱʝʥʠʝ ʜʠʘʤʝʪʨʘ ʩʝʪʠ ʧʨʠʤʝʨʥʦ ʜʦ 200 ʤ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʫʤʝʥʴʰʝ-

ʥʠʝʤ ʚʨʝʤʝʥʠ ʧʝʨʝʜʘʯʠ ʢʘʜʨʘ ʤʠʥʠʤʘʣʴʥʦʡ ʜʣʠʥʳ ʚ 10 ʨʘʟ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ 

ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʚ 10 ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 10-ʤʝʛʘʙʠʪʥʳʤ Ethernet. 

ʊʝʤ ʥʝ ʤʝʥʝʝ ʵʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʥʝ ʦʯʝʥʴ ʧʨʝʧʷʪʩʪʚʫʝʪ ʧʦʩʪʨʦʝʥʠʶ ʢʨʫʧʥʳʭ 

ʩʝʪʝʡ ʥʘ ʪʝʭʥʦʣʦʛʠʠ Fast Ethernet. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʩʝʨʝʜʠʥʘ 90-ʭ ʛʦʜʦʚ ʦʪʤʝʯʝʥʘ ʥʝ 

ʪʦʣʴʢʦ ʰʠʨʦʢʠʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʥʝʜʦʨʦʛʠʭ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʥʦ ʠ 

ʙʫʨʥʳʤ ʨʘʟʚʠʪʠʝʤ ʣʦʢʘʣʴʥʳʭ ʩʝʪʝʡ ʥʘ ʦʩʥʦʚʝ ʢʦʤʤʫʪʘʪʦʨʦʚ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʢʦʤʤʫʪʘʪʦʨʦʚ ʧʨʦʪʦʢʦʣ Fast Ethernet ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʚ ʧʦʣʥʦʜʫʧʣʝʢʩʥʦʤ ʨʝʞʠʤʝ, ʚ 

ʢʦʪʦʨʦʤ ʥʝʪ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʦʙʱʫʶ ʜʣʠʥʫ ʩʝʪʠ, ʘ ʦʩʪʘʶʪʩʷ ʪʦʣʴʢʦ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ 

ʜʣʠʥʫ ʬʠʟʠʯʝʩʢʠʭ ʩʝʛʤʝʥʪʦʚ, ʩʦʝʜʠʥʷʶʱʠʭ ʩʦʩʝʜʥʠʝ ʫʩʪʨʦʡʩʪʚʘ (ʘʜʘʧʪʝʨ - ʢʦʤ-

ʤʫʪʘʪʦʨ ʠʣʠ ʢʦʤʤʫʪʘʪʦʨ - ʢʦʤʤʫʪʘʪʦʨ). ʇʦʵʪʦʤʫ ʧʨʠ ʩʦʟʜʘʥʠʠ ʤʘʛʠʩʪʨʘʣʝʡ ʣʦ-

ʢʘʣʴʥʳʭ ʩʝʪʝʡ ʙʦʣʴʰʦʡ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʷ Fast Ethernet ʪʘʢʞʝ ʘʢʪʠʚʥʦ 

ʧʨʠʤʝʥʷʝʪʩʷ, ʥʦ ʪʦʣʴʢʦ ʚ ʧʦʣʥʦʜʫʧʣʝʢʩʥʦʤ ʚʘʨʠʘʥʪʝ, ʩʦʚʤʝʩʪʥʦ ʩ ʢʦʤʤʫʪʘʪʦʨʘʤʠ. 

ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʘʨʠʘʥʪʘʤʠ ʬʠʟʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ Ethernet (ʘ ʠʭ ʥʘʩʯʠʪʳʚʘ-

ʝʪʩʷ ʰʝʩʪʴ), ʚ Fast Ethernet ʦʪʣʠʯʠʷ ʢʘʞʜʦʛʦ ʚʘʨʠʘʥʪʘ ʦʪ ʜʨʫʛʠʭ ʛʣʫʙʞʝ ð ʤʝʥʷʝʪʩʷ 

ʢʘʢ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʚʦʜʥʠʢʦʚ, ʪʘʢ ʠ ʤʝʪʦʜʳ ʢʦʜʠʨʦʚʘʥʠʷ. ɸ ʪʘʢ ʢʘʢ ʬʠʟʠʯʝʩʢʠʝ 

ʚʘʨʠʘʥʪʳ Fast Ethernet ʩʦʟʜʘʚʘʣʠʩʴ ʦʜʥʦʚʨʝʤʝʥʥʦ, ʘ ʥʝ ʵʚʦʣʶʮʠʦʥʥʦ, ʢʘʢ ʜʣʷ ʩʝ-

ʪʝʡ Ethernet, ʪʦ ʠʤʝʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʜʝʪʘʣʴʥʦ ʦʧʨʝʜʝʣʠʪʴ ʪʝ ʧʦʜʫʨʦʚʥʠ ʬʠʟʠʯʝʩ-

ʢʦʛʦ ʫʨʦʚʥʷ, ʢʦʪʦʨʳʝ ʥʝ ʠʟʤʝʥʷʶʪʩʷ ʦʪ ʚʘʨʠʘʥʪʘ ʢ ʚʘʨʠʘʥʪʫ, ʠ ʪʝ ʧʦʜʫʨʦʚʥʠ, ʢʦʪʦʨʳʝ 

ʩʧʝʮʠʬʠʯʥʳ ʜʣʷ ʢʘʞʜʦʛʦ ʚʘʨʠʘʥʪʘ ʬʠʟʠʯʝʩʢʦʡ ʩʨʝʜʳ. 

ʆʬʠʮʠʘʣʴʥʳʡ ʩʪʘʥʜʘʨʪ 802.ɿu ʫʩʪʘʥʦʚʠʣ ʪʨʠ ʨʘʟʣʠʯʥʳʭ ʩʧʝʮʠʬʠʢʘʮʠʠ ʜʣʷ 

ʬʠʟʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ Fast Ethernet ʠ ʜʘʣ ʠʤ ʩʣʝʜʫʶʱʠʝ ʥʘʟʚʘʥʠʷ: 

 100Base-TX ʜʣʷ ʜʚʫʭʧʘʨʥʦʛʦ ʢʘʙʝʣʷ ʥʘ ʥʝʵʢʨʘʥʠʨʦʚʘʥʥʦʡ ʚʠʪʦʡ ʧʘʨʝ UTP 

ʢʘʪʝʛʦʨʠʠ 5 ʠʣʠ ʵʢʨʘʥʠʨʦʚʘʥʥʦʡ ʚʠʪʦʡ ʧʘʨʝ STP ʊʫʨʝ 1; 

 100Base-T4 ʜʣʷ ʯʝʪʳʨʝʭʧʘʨʥʦʛʦ ʢʘʙʝʣʷ ʥʘ ʥʝʵʢʨʘʥʠʨʦʚʘʥʥʦʡ ʚʠʪʦʡ ʧʘʨʝ 

UTP ʢʘʪʝʛʦʨʠʠ 3, 4 ʠʣʠ 5; 
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 100Base-FX ʜʣʷ ʤʥʦʛʦʤʦʜʦʚʦʛʦ ʦʧʪʦʚʦʣʦʢʦʥʥʦʛʦ ʢʘʙʝʣʷ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʘ 

ʚʦʣʦʢʥʘ. 
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ʈʠʩʫʥʦʢ 4. ʆʪʣʠʯʠʷ ʪʝʭʥʦʣʦʛʠʡ Ethernet, Fast Ethernet ʠ Gigabit Ethernet 

 

ɼʣʷ ʚʩʝʭ ʪʨʝʭ ʩʪʘʥʜʘʨʪʦʚ ʩʧʨʘʚʝʜʣʠʚʳ ʩʣʝʜʫʶʱʠʝ ʫʪʚʝʨʞʜʝʥʠʷ ʠ ʭʘʨʘʢʪʝʨʠʩ-

ʪʠʢʠ. 

 ʌʦʨʤʘʪʳ ʢʘʜʨʦʚ ʪʝʭʥʦʣʦʛʠʠ Fast Ethernet ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʬʦʨʤʘʪʦʚ ʢʘʜʨʦʚ 

ʪʝʭʥʦʣʦʛʠʡ 10-ʤʝʛʘʙʠʪʥʦʛʦ Ethernet. 

 ʄʝʞʢʘʜʨʦʚʳʡ ʠʥʪʝʨʚʘʣ (IPG) ʨʘʚʝʥ 0,96 ʤʢʩ, ʘ ʙʠʪʦʚʳʡ ʠʥʪʝʨʚʘʣ ʨʘʚʝʥ 10 

ʥʩ. ɺʩʝ ʚʨʝʤʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʘʣʛʦʨʠʪʤʘ ʜʦʩʪʫʧʘ (ʠʥʪʝʨʚʘʣ ʦʪʩʨʦʯʢʠ, ʚʨʝʤʷ ʧʝʨʝ-

ʜʘʯʠ ʢʘʜʨʘ ʤʠʥʠʤʘʣʴʥʦʡ ʜʣʠʥʳ ʠ ʪ. ʧ.), ʠʟʤʝʨʝʥʥʳʝ ʚ ʙʠʪʦʚʳʭ ʠʥʪʝʨʚʘʣʘʭ, 

ʦʩʪʘʣʠʩʴ ʧʨʝʞʥʠʤʠ, ʧʦʵʪʦʤʫ ʠʟʤʝʥʝʥʠʷ ʚ ʨʘʟʜʝʣʳ ʩʪʘʥʜʘʨʪʘ, ʢʘʩʘʶʱʠʝʩʷ ʫʨʦʚʥʷ 

MAC, ʥʝ ʚʥʦʩʠʣʠʩʴ. 

 ʇʨʠʟʥʘʢʦʤ ʩʚʦʙʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʨʝʜʳ ʷʚʣʷʝʪʩʷ ʧʝʨʝʜʘʯʘ ʧʦ ʥʝʡ ʩʠʤʚʦʣʘ 
Idle ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʠʟʙʳʪʦʯʥʦʛʦ ʢʦʜʘ (ʘ ʥʝ ʦʪʩʫʪʩʪʚʠʝ ʩʠʛʥʘʣʦʚ, ʢʘʢ ʚ ʩʪʘʥʜʘʨ-

ʪʘʭ Ethernet 10 ʄʙʠʪ/ʩ). 

ʌʠʟʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʚʢʣʶʯʘʝʪ ʪʨʠ ʵʣʝʤʝʥʪʘ: 

 ʫʨʦʚʝʥʴ ʩʦʛʣʘʩʦʚʘʥʠʷ (reconciliation sublayer); 

 ʥʝʟʘʚʠʩʠʤʳʡ ʦʪ ʩʨʝʜʳ ʠʥʪʝʨʬʝʡʩ (Media Independent Interface, ʄʇ); 

 ʫʩʪʨʦʡʩʪʚʦ ʬʠʟʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ (Physical layer device, PHY). 

ʋʨʦʚʝʥʴ ʩʦʛʣʘʩʦʚʘʥʠʷ ʥʫʞʝʥ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʫʨʦʚʝʥʴ MAC, ʨʘʩʩʯʠʪʘʥʥʳʡ ʥʘ 

ʠʥʪʝʨʬʝʡʩ AUI, ʩʤʦʛ ʨʘʙʦʪʘʪʴ ʩ ʬʠʟʠʯʝʩʢʠʤ ʫʨʦʚʥʝʤ ʯʝʨʝʟ ʠʥʪʝʨʬʝʡʩ ʄʇ. 

ʋʩʪʨʦʡʩʪʚʦ ʬʠʟʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ (PHY) ʩʦʩʪʦʠʪ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʠʟ ʥʝʩʢʦʣʴʢʠʭ 

ʧʦʜʫʨʦʚʥʝʡ: 

 ʧʦʜʫʨʦʚʥʷ ʣʦʛʠʯʝʩʢʦʛʦ ʢʦʜʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ, ʧʨʝʦʙʨʘʟʫʶʱʝʛʦ ʧʦʩʪʫʧʘʶʱʠʝ 
ʦʪ ʫʨʦʚʥʷ MAC ʙʘʡʪʳ ʚ ʩʠʤʚʦʣʳ ʢʦʜʘ 4ɹ/5ɺ ʠʣʠ 8ɺ/6ʊ (ʦʙʘ ʢʦʜʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʪʝʭʥʦʣʦʛʠʠ Fast Ethernet); 
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 ʧʦʜʫʨʦʚʥʝʡ ʬʠʟʠʯʝʩʢʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʠ ʧʦʜʫʨʦʚʥʷ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʬʠʟʠʯʝʩʢʦʡ ʩʨʝʜʳ (PMD), ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʠʛʥʘʣʦʚ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʦʤ ʬʠʟʠʯʝʩʢʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ, ʥʘʧʨʠʤʝʨ NRZI ʠʣʠ MLT-3; 

 ʧʦʜʫʨʦʚʥʷ ʘʚʪʦʧʝʨʝʛʦʚʦʨʦʚ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʜʚʫʤ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʤ 
ʧʦʨʪʘʤ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʳʙʨʘʪʴ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ, ʥʘʧʨʠʤʝʨ, 

ʧʦʣʫʜʫʧʣʝʢʩʥʳʡ ʠʣʠ ʧʦʣʥʦʜʫʧʣʝʢʩʥʳʡ (ʵʪʦʪ ʧʦʜʫʨʦʚʝʥʴ ʷʚʣʷʝʪʩʷ ʬʘʢʫʣʴʪʘ-

ʪʠʚʥʳʤ). 

ʀʥʪʝʨʬʝʡʩ ʄʇ ʧʦʜʜʝʨʞʠʚʘʝʪ ʥʝʟʘʚʠʩʠʤʳʡ ʦʪ ʬʠʟʠʯʝʩʢʦʡ ʩʨʝʜʳ ʩʧʦʩʦʙ ʦʙʤʝʥʘ 

ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʧʦʜʫʨʦʚʥʝʤ MAC ʠ ʧʦʜʫʨʦʚʥʝʤ PHY. ʕʪʦʪ ʠʥʪʝʨʬʝʡʩ ʘʥʘʣʦʛʠʯʝʥ 

ʧʦ ʥʘʟʥʘʯʝʥʠʶ ʠʥʪʝʨʬʝʡʩʫ AUI ʢʣʘʩʩʠʯʝʩʢʦʛʦ Ethernet ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʪʦʛʦ, ʯʪʦ 

ʠʥʪʝʨʬʝʡʩ ɸʐ ʨʘʩʧʦʣʘʛʘʣʩʷ ʤʝʞʜʫ ʧʦʜʫʨʦʚʥʝʤ ʬʠʟʠʯʝʩʢʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ 

ʩʠʛʥʘʣʘ (ʜʣʷ ʣʶʙʳʭ ʚʘʨʠʘʥʪʦʚ ʢʘʙʝʣʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʦʜʠʥʘʢʦʚʳʡ ʤʝʪʦʜ ʬʠʟʠʯʝʩ-

ʢʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ ð ʤʘʥʯʝʩʪʝʨʩʢʠʡ ʢʦʜ) ʠ ʧʦʜʫʨʦʚʥʝʤ ʬʠʟʠʯʝʩʢʦʛʦ ʧʨʠʩʦʝʜʠʥʝ-

ʥʠʷ ʢ ʩʨʝʜʝ, ʘ ʠʥʪʝʨʬʝʡʩ ʄʀ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʤʝʞʜʫ ʧʦʜʫʨʦʚʥʝʤ MAC ʠ ʧʦʜʫʨʦʚʥʷʤʠ 

ʢʦʜʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʘ, ʢʦʪʦʨʳʭ ʚ ʩʪʘʥʜʘʨʪʝ Fast Ethernet ʪʨʠ ð FX, ʊʍ ʠ ʊ4. 

ʈʘʟʲʝʤ ʄʇ ʚ ʦʪʣʠʯʠʝ ʦʪ ʨʘʟʲʝʤʘ ɸʐ ʠʤʝʝʪ 40 ʢʦʥʪʘʢʪʦʚ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʣʠʥʘ 

ʢʘʙʝʣʷ ʄʇ ʩʦʩʪʘʚʣʷʝʪ ʦʜʠʥ ʤʝʪʨ. ʉʠʛʥʘʣʳ, ʧʝʨʝʜʘʚʘʝʤʳʝ ʧʦ ʠʥʪʝʨʬʝʡʩʫ ʄʇ, ʠʤʝʶʪ 

ʘʤʧʣʠʪʫʜʫ 5 ɺ. 

 

ʌʠʟʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ 100Base-FX ð ʤʥʦʛʦʤʦʜʦʚʦʝ ʦʧʪʦʚʦʣʦʢʥʦ, ʜʚʘ 

ʚʦʣʦʢʥʘ 

 

ʕʪʘ ʩʧʝʮʠʬʠʢʘʮʠʷ ʦʧʨʝʜʝʣʷʝʪ ʨʘʙʦʪʫ ʧʨʦʪʦʢʦʣʘ Fast Ethernet ʧʦ 

ʤʥʦʛʦʤʦʜʦʚʦʤʫ ʦʧʪʦʚʦʣʦʢʥʫ ʚ ʧʦʣʫʜʫʧʣʝʢʩʥʦʤ ʠ  ʧʦʣʥʦʜʫʧʣʝʢʩʥʦʤ ʨʝʞʠʤʘʭ 

ʥʘ ʦʩʥʦʚʝ ʭʦʨʦʰʦ ʧʨʦʚʝʨʝʥʥʦʡ ʩʭʝʤʳ ʢʦʜʠʨʦʚʘʥʠʷ FDDI. ʂʘʢ ʠ ʚ ʩʪʘʥʜʘʨʪʝ 

FDDI, ʢʘʞʜʳʡ ʫʟʝʣ ʩʦʝʜʠʥʷʝʪʩʷ ʩ ʩʝʪʴʶ ʜʚʫʤʷ ʦʧʪʠʯʝʩʢʠʤʠ ʚʦʣʦʢʥʘʤʠ, 

ʠʜʫʱʠʤʠ ʦʪ ʧʨʠʝʤʥʠʢʘ (Rx) ʠ ʦʪ ʧʝʨʝʜʘʪʯʠʢʘ (ʊʭ). 

ʄʝʞʜʫ ʩʧʝʮʠʬʠʢʘʮʠʷʤʠ 100Base-FX ʠ 100Base-TX ʝʩʪʴ ʤʥʦʛʦ ʦʙʱʝʛʦ, 

ʧʦʵʪʦʤʫ ʦʙʱʠʝ ʜʣʷ ʜʚʫʭ ʩʧʝʮʠʬʠʢʘʮʠʡ ʩʚʦʡʩʪʚʘ ʙʫʜʫʪ ʜʘʚʘʪʴʩʷ ʧʦʜ ʦʙʦʙʱʝʥʥʳʤ 

ʥʘʟʚʘʥʠʝʤ 100Base-FX/TX. 

ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ Ethernet ʩʦ ʩʢʦʨʦʩʪʴʶ ʧʝʨʝʜʘʯʠ 10 ʄʙʠʪ/ʩ ʠʩʧʦʣʴʟʫʝʪ ʤʘʥʯʝʩ-

ʪʝʨʩʢʦʝ ʢʦʜʠʨʦʚʘʥʠʝ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ ʧʨʠ ʧʝʨʝʜʘʯʝ ʧʦ ʢʘʙʝʣʶ, ʚ ʩʪʘʥ-

ʜʘʨʪʝ Fast Ethernet ʦʧʨʝʜʝʣʝʥ ʜʨʫʛʦʡ ʤʝʪʦʜ ʢʦʜʠʨʦʚʘʥʠʷ ð 4ɺ/5ɺ. ʕʪʦʪ ʤʝʪʦʜ ʫʞʝ 

ʧʦʢʘʟʘʣ ʩʚʦʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʩʪʘʥʜʘʨʪʝ FDDI ʠ ʙʝʟ ʠʟʤʝʥʝʥʠʡ ʧʝʨʝʥʝʩʝʥ ʚ 

ʩʧʝʮʠʬʠʢʘʮʠʶ 100Base-FX/TX. ʇʨʠ ʵʪʦʤ ʤʝʪʦʜʝ ʢʘʞʜʳʝ 4 ʙʠʪʘ ʜʘʥʥʳʭ 

ʧʦʜʫʨʦʚʥʷ MAC (ʥʘʟʳʚʘʝʤʳʭ ʩʠʤʚʦʣʘʤʠ) ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ 5 ʙʠʪʘʤʠ. ʀʟʙʳʪʦʯʥʳʡ 

ʙʠʪ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʠʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʢʦʜʳ ʧʨʠ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʢʘʞʜʦʛʦ ʠʟ 

ʧʷʪʠ ʙʠʪ ʚ ʚʠʜʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠʣʠ ʦʧʪʠʯʝʩʢʠʭ ʠʤʧʫʣʴʩʦʚ. ʉʫʱʝʩʪʚʦʚʘʥʠʝ 

ʟʘʧʨʝʱʝʥʥʳʭ ʢʦʤʙʠʥʘʮʠʡ ʩʠʤʚʦʣʦʚ ʧʦʟʚʦʣʷʝʪ ʦʪʙʨʘʢʦʚʳʚʘʪʴ ʦʰʠʙʦʯʥʳʝ 

ʩʠʤʚʦʣʳ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʨʘʙʦʪʳ ʩʝʪʝʡ ʩ 100Base-FX/TX. 

ɼʣʷ ʦʪʜʝʣʝʥʠʷ ʢʘʜʨʘ Ethernet ʦʪ ʩʠʤʚʦʣʦʚ Idle ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʤʙʠʥʘʮʠʷ ʩʠʤ-

ʚʦʣʦʚ Start Delimiter (ʧʘʨʘ ʩʠʤʚʦʣʦʚ J (11000) ʠ ʂ (10001) ʢʦʜʘ 4ɺ/5ɺ, ʘ ʧʦʩʣʝ 

ʟʘʚʝʨʰʝʥʠʷ ʢʘʜʨʘ ʧʝʨʝʜ ʧʝʨʚʳʤ ʩʠʤʚʦʣʦʤ Idle ʚʩʪʘʚʣʷʝʪʩʷ ʩʠʤʚʦʣ ʊ . 



 

33 

 

ʇʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 4-ʙʠʪʦʚʳʭ ʧʦʨʮʠʡ ʢʦʜʦʚ MAC ʚ 5-ʙʠʪʦʚʳʝ ʧʦʨʮʠʠ ʬʠ-

ʟʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʠʭ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʦʧʪʠʯʝʩʢʠʭ ʠʣʠ ʵʣʝʢʪʨʠʯʝʩ-

ʢʠʭ ʩʠʛʥʘʣʦʚ ʚ ʢʘʙʝʣʝ, ʩʦʝʜʠʥʷʶʱʝʤ ʫʟʣʳ ʩʝʪʠ. ʉʧʝʮʠʬʠʢʘʮʠʠ 100Base-FX ʠ 

100Base-TX ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʵʪʦʛʦ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʬʠʟʠʯʝʩʢʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ ð 

NRZI ʠ MLT-3 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʢʘʢ ʠ ʚ ʪʝʭʥʦʣʦʛʠʠ FDDI ʧʨʠ ʨʘʙʦʪʝ ʯʝʨʝʟ ʦʧʪʦʚʦ-

ʣʦʢʥʦ ʠ ʚʠʪʫʶ ʧʘʨʫ). 

 

ʌʠʟʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ 1OO Base-TX - ʚʠʪʘʷ ʧʘʨʘ UTP Cat 5 ʠʣʠ STP ʊʫʨʝ 

I, ʜʚʝ ʧʘʨʳ 

 

ɺ ʢʘʯʝʩʪʚʝ ʩʨʝʜʳ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʩʧʝʮʠʬʠʢʘʮʠʷ 100Base-TX ʠʩʧʦʣʴʟʫʝʪ 

ʢʘʙʝʣʴ UTP ʢʘʪʝʛʦʨʠʠ 5 ʠʣʠ ʢʘʙʝʣʴ STP Type 1. ʄʘʢʩʠʤʘʣʴʥʘʷ ʜʣʠʥʘ ʢʘʙʝʣʷ ʚ 

ʦʙʦʠʭ ʩʣʫʯʘʷʭ ð100 ʤ. 

ʆʩʥʦʚʥʳʝ ʦʪʣʠʯʠʷ ʦʪ ʩʧʝʮʠʬʠʢʘʮʠʠ 100Base-FX ð ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʘ 

MLT-3 ʜʣʷ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʦʚ 5-ʙʠʪʦʚʳʭ ʧʦʨʮʠʡ ʢʦʜʘ 4ɺ/5ɺ ʧʦ ʚʠʪʦʡ ʧʘʨʝ, ʘ 

ʪʘʢʞʝ ʥʘʣʠʯʠʝ ʬʫʥʢʮʠʠ ʘʚʪʦʧʝʨʝʛʦʚʦʨʦʚ (Auto-negotiation) ʜʣʷ ʚʳʙʦʨʘ ʨʝʞʠʤʘ 

ʨʘʙʦʪʳ ʧʦʨʪʘ. ʉʭʝʤʘ ʘʚʪʦʧʝʨʝʛʦʚʦʨʦʚ ʧʦʟʚʦʣʷʝʪ ʜʚʫʤ ʩʦʝʜʠʥʝʥʥʳʤ ʬʠʟʠʯʝʩʢʠ 

ʫʩʪʨʦʡʩʪʚʘʤ, ʢʦʪʦʨʳʝ ʧʦʜʜʝʨʞʠʚʘʶʪ ʥʝʩʢʦʣʴʢʦ ʩʪʘʥʜʘʨʪʦʚ ʬʠʟʠʯʝʩʢʦʛʦ 

ʫʨʦʚʥʷ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʙʠʪʦʚʦʡ ʩʢʦʨʦʩʪʴʶ ʠ ʢʦʣʠʯʝʩʪʚʦʤ ʚʠʪʳʭ ʧʘʨ, ʚʳʙʨʘʪʴ 

ʥʘʠʙʦʣʝʝ ʚʳʛʦʜʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ. ʆʙʳʯʥʦ ʧʨʦʮʝʜʫʨʘ ʘʚʪʦʧʝʨʝʛʦʚʦʨʦʚ ʧʨʦʠʩʭʦʜʠʪ 

ʧʨʠ ʧʦʜʩʦʝʜʠʥʝʥʠʠ ʩʝʪʝʚʦʛʦ ʘʜʘʧʪʝʨʘ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʥʘ ʩʢʦʨʦʩʪʷʭ 10 ʠ 

100 ʄʙʠʪ/ʩ, ʢ ʢʦʥʮʝʥʪʨʘʪʦʨʫ ʠʣʠ ʢʦʤʤʫʪʘʪʦʨʫ. 

ʆʧʠʩʘʥʥʘʷ ʥʠʞʝ ʩʭʝʤʘ Auto-negotiation ʩʝʛʦʜʥʷ ʷʚʣʷʝʪʩʷ ʩʪʘʥʜʘʨʪʦʤ ʪʝʭʥʦʣʦʛʠʠ 

100Base-T. ɼʦ ʵʪʦʛʦ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʧʨʠʤʝʥʷʣʠ ʨʘʟʣʠʯʥʳʝ ʩʦʙʩʪʚʝʥʥʳʝ ʩʭʝʤʳ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʨʘʙʦʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʧʦʨʪʦʚ, ʢʦʪʦ-

ʨʳʝ ʥʝ ʙʳʣʠ ʩʦʚʤʝʩʪʠʤʳ. ʇʨʠʥʷʪʫʶ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʘ ʩʭʝʤʫ Auto-negotiation 

ʧʨʝʜʣʦʞʠʣʘ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʢʦʤʧʘʥʠʷ National Semiconductor ʧʦʜ ʥʘʟʚʘʥʠʝʤ NWay. 

ɺʩʝʛʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʧʨʝʜʝʣʝʥʦ 5 ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʫʩʪʨʦʡʩʪʚʘ 100Base-TX ʠʣʠ 100Base-T4 ʥʘ ʚʠʪʳʭ ʧʘʨʘʭ: 

Å 10Base-T ð 2 ʧʘʨʳ ʢʘʪʝʛʦʨʠʠ 3; 

Å 10Base-T full-duplex ð 2 ʧʘʨʳ ʢʘʪʝʛʦʨʠʠ 3; 

Å 100Base-TX ð 2 ʧʘʨʳ ʢʘʪʝʛʦʨʠʠ 5 (ʠʣʠ ʊʫʨʝ 1A STP); 

Å 100Base-T4 ð 4 ʧʘʨʳ ʢʘʪʝʛʦʨʠʠ 3; 

Å 100Base-TX full -duplex ð 2 ʧʘʨʳ ʢʘʪʝʛʦʨʠʠ 5 (ʠʣʠ Type 1A STP). 

ʈʝʞʠʤ 10Base-T ʠʤʝʝʪ ʩʘʤʳʡ ʥʠʟʢʠʡ ʧʨʠʦʨʠʪʝʪ ʧʨʠ ʧʝʨʝʛʦʚʦʨʥʦʤ ʧʨʦʮʝʩʩʝ, ʘ 

ʧʦʣʥʦʜʫʧʣʝʢʩʥʳʡ ʨʝʞʠʤ 100Base-T4 ð ʩʘʤʳʡ ʚʳʩʦʢʠʡ. ʇʝʨʝʛʦʚʦʨʥʳʡ ʧʨʦʮʝʩʩ 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʚʢʣʶʯʝʥʠʠ ʧʠʪʘʥʠʷ ʫʩʪʨʦʡʩʪʚʘ, ʘ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʠʥʠʮʠʠʨʦʚʘʥ 

ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʤʦʜʫʣʝʤ ʫʧʨʘʚʣʝʥʠʷ ʫʩʪʨʦʡʩʪʚʘ. 

ʋʩʪʨʦʡʩʪʚʦ, ʥʘʯʘʚʰʝʝ ʧʨʦʮʝʩʩ auto-negotiation, ʧʦʩʳʣʘʝʪ ʩʚʦʝʤʫ ʧʘʨʪʥʝʨʫ ʧʘʯʢʫ 

ʩʧʝʮʠʘʣʴʥʳʭ ʠʤʧʫʣʴʩʦʚ Fast Link Pulse burst (FLP), ʚ ʢʦʪʦʨʦʤ ʩʦʜʝʨʞʠʪʩʷ 8-ʙʠʪʥʦʝ 

ʩʣʦʚʦ, ʢʦʜʠʨʫʶʱʝʝ ʧʨʝʜʣʘʛʘʝʤʳʡ ʨʝʞʠʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʥʘʯʠʥʘʷ ʩ ʩʘʤʦʛʦ 

ʧʨʠʦʨʠʪʝʪʥʦʛʦ, ʧʦʜʜʝʨʞʠʚʘʝʤʦʛʦ ʜʘʥʥʳʤ ʫʟʣʦʤ. 

ɽʩʣʠ ʫʟʝʣ-ʧʘʨʪʥʝʨ ʧʦʜʜʝʨʞʠʚʘʝʪ ʬʫʥʢʮʠʶ auto-negotuiation ʠ ʪʘʢʞʝ ʤʦʞʝʪ ʧʦʜ-

ʜʝʨʞʠʚʘʪʴ ʧʨʝʜʣʦʞʝʥʥʳʡ ʨʝʞʠʤ, ʦʥ ʦʪʚʝʯʘʝʪ ʧʘʯʢʦʡ ʠʤʧʫʣʴʩʦʚ FLP, ʚ ʢʦʪʦʨʦʡ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʜʘʥʥʳʡ ʨʝʞʠʤ, ʠ ʥʘ ʵʪʦʤ ʧʝʨʝʛʦʚʦʨʳ ʟʘʢʘʥʯʠʚʘʶʪʩʷ. ɽʩʣʠ ʞʝ ʫʟʝʣ-
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ʧʘʨʪʥʝʨ ʤʦʞʝʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʤʝʥʝʝ ʧʨʠʦʨʠʪʝʪʥʳʡ ʨʝʞʠʤ, ʪʦ ʦʥ ʫʢʘʟʳʚʘʝʪ ʝʛʦ ʚ 

ʦʪʚʝʪʝ, ʠ ʵʪʦʪ ʨʝʞʠʤ ʚʳʙʠʨʘʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʛʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʝʛʜʘ ʚʳʙʠ-

ʨʘʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʨʠʦʨʠʪʝʪʥʳʡ ʦʙʱʠʡ ʨʝʞʠʤ ʫʟʣʦʚ. 

ʋʟʝʣ, ʢʦʪʦʨʳʡ ʧʦʜʜʝʨʞʠʚʘʝʪ ʪʦʣʴʢʦ ʪʝʭʥʦʣʦʛʠʶ iOBase-T, ʢʘʞʜʳʝ 16 ʤʩ ʧʦʩʳ-

ʣʘʝʪ ʤʘʥʯʝʩʪʝʨʩʢʠʝ ʠʤʧʫʣʴʩʳ ʜʣʷ ʧʨʦʚʝʨʢʠ ʮʝʣʦʩʪʥʦʩʪʠ ʣʠʥʠʠ, ʩʚʷʟʳʚʘʶʱʝʡ ʝʛʦ ʩ 

ʩʦʩʝʜʥʠʤ ʫʟʣʦʤ. ʊʘʢʦʡ ʫʟʝʣ ʥʝ ʧʦʥʠʤʘʝʪ ʟʘʧʨʦʩ FLP, ʢʦʪʦʨʳʡ ʜʝʣʘʝʪ ʝʤʫ ʫʟʝʣ ʩ 

ʬʫʥʢʮʠʝʡ Auto-negotiation, ʠ ʧʨʦʜʦʣʞʘʝʪ ʧʦʩʳʣʘʪʴ ʩʚʦʠ ʠʤʧʫʣʴʩʳ. ʋʟʝʣ, ʧʦʣʫ-

ʯʠʚʰʠʡ ʚ ʦʪʚʝʪ ʥʘ ʟʘʧʨʦʩ FLP ʪʦʣʴʢʦ ʠʤʧʫʣʴʩʳ ʧʨʦʚʝʨʢʠ ʮʝʣʦʩʪʥʦʩʪʠ ʣʠʥʠʠ, 

ʧʦʥʠʤʘʝʪ, ʯʪʦ ʝʛʦ ʧʘʨʪʥʝʨ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʪʦʣʴʢʦ ʧʦ ʩʪʘʥʜʘʨʪʫ 10Base-T, ʠ ʫʩʪʘ-

ʥʘʚʣʠʚʘʝʪ ʵʪʦʪ ʨʝʞʠʤ ʨʘʙʦʪʳ ʠ ʜʣʷ ʩʝʙʷ. 

 

ʌʠʟʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ 100Base-T4 - ʚʠʪʘʷ ʧʘʨʘ UTP Cat 3, ʯʝʪʳʨʝ ʧʘʨʳ 

 

ʉʧʝʮʠʬʠʢʘʮʠʷ 100Base-T4 ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʤʦʞʥʦ ʙʳʣʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ Ethernet ʠʤʝʶʱʫʶʩʷ ʧʨʦʚʦʜʢʫ ʥʘ ʚʠʪʦʡ ʧʘʨʝ 

ʢʘʪʝʛʦʨʠʠ 3. ʕʪʘ ʩʧʝʮʠʬʠʢʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʦʙʱʫʶ ʧʨʦʧʫʩʢʥʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʟʘ ʩʯʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʧʝʨʝʜʘʯʠ ʧʦʪʦʢʦʚ ʙʠʪ ʧʦ ʚʩʝʤ 4 ʧʘʨʘʤ ʢʘʙʝʣʷ. 

ʉʧʝʮʠʬʠʢʘʮʠʷ 100Base-T4 ʧʦʷʚʠʣʘʩʴ ʧʦʟʞʝ ʜʨʫʛʠʭ ʩʧʝʮʠʬʠʢʘʮʠʡ ʬʠʟʠʯʝʩʢʦʛʦ 

ʫʨʦʚʥʷ Fast Ethernet. ʈʘʟʨʘʙʦʪʯʠʢʠ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʭʦʪʝʣʠ 

ʩʦʟʜʘʪʴ ʬʠʟʠʯʝʩʢʠʝ ʩʧʝʮʠʬʠʢʘʮʠʠ, ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠʝ ʢ ʩʧʝʮʠʬʠʢʘʮʠʷʤ 10Base-T ʠ 

10Base-F, ʢʦʪʦʨʳʝ ʨʘʙʦʪʘʣʠ ʥʘ ʜʚʫʭ ʣʠʥʠʷʭ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ: ʜʚʫʭ ʧʘʨʘʭ ʠʣʠ 

ʜʚʫʭ ʚʦʣʦʢʥʘʭ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʨʘʙʦʪʳ ʧʦ ʜʚʫʤ ʚʠʪʳʤ ʧʘʨʘʤ ʧʨʠʰʣʦʩʴ ʧʝʨʝʡʪʠ ʥʘ 

ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʳʡ ʢʘʙʝʣʴ ʢʘʪʝʛʦʨʠʠ 5. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʯʠʢʠ ʢʦʥʢʫʨʠʨʫʶʱʝʡ ʪʝʭʥʦʣʦʛʠʠ lOOVG-AnyLAN ʠʟʥʘ-

ʯʘʣʴʥʦ ʩʜʝʣʘʣʠ ʩʪʘʚʢʫ ʥʘ ʨʘʙʦʪʫ ʧʦ ʚʠʪʦʡ ʧʘʨʝ ʢʘʪʝʛʦʨʠʠ 3; ʩʘʤʦʝ ʛʣʘʚʥʦʝ ʧʨʝʠʤʫ-

ʱʝʩʪʚʦ ʩʦʩʪʦʷʣʦ ʥʝ ʩʪʦʣʴʢʦ ʚ ʩʪʦʠʤʦʩʪʠ, ʘ ʚ ʪʦʤ, ʯʪʦ ʦʥʘ ʙʳʣʘ ʫʞʝ ʧʨʦʣʦʞʝʥʘ ʚ 

ʧʦʜʘʚʣʷʶʱʝʤ ʯʠʩʣʝ ʟʜʘʥʠʡ. ʇʦʵʪʦʤʫ ʧʦʩʣʝ ʚʳʧʫʩʢʘ ʩʧʝʮʠʬʠʢʘʮʠʡ 100Base-TX ʠ 

100Base-FX ʨʘʟʨʘʙʦʪʯʠʢʠ ʪʝʭʥʦʣʦʛʠʠ Fast Ethernet ʨʝʘʣʠʟʦʚʘʣʠ ʩʚʦʡ ʚʘʨʠʘʥʪ ʬʠ-

ʟʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʜʣʷ ʚʠʪʦʡ ʧʘʨʳ ʢʘʪʝʛʦʨʠʠ 3. 

ɺʤʝʩʪʦ ʢʦʜʠʨʦʚʘʥʠʷ 4ɺ/5ɺ ʚ ʵʪʦʤ ʤʝʪʦʜʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʜʠʨʦʚʘʥʠʝ 8ɺ/6ʊ, ʢʦ-

ʪʦʨʦʝ ʦʙʣʘʜʘʝʪ ʙʦʣʝʝ ʫʟʢʠʤ ʩʧʝʢʪʨʦʤ ʩʠʛʥʘʣʘ ʠ ʧʨʠ ʩʢʦʨʦʩʪʠ 33 ʄʙʠʪ/ʩ ʫʢʣʘʜʳʚʘ-

ʝʪʩʷ ʚ ʧʦʣʦʩʫ 16 ʄɻʮ ʚʠʪʦʡ ʧʘʨʳ ʢʘʪʝʛʦʨʠʠ 3 (ʧʨʠ ʢʦʜʠʨʦʚʘʥʠʠ 4ɺ/5ɺ ʩʧʝʢʪʨ ʩʠʛʥʘʣʘ 

ʚ ʵʪʫ ʧʦʣʦʩʫ ʥʝ ʫʢʣʘʜʳʚʘʝʪʩʷ). ʂʘʞʜʳʝ 8 ʙʠʪ ʠʥʬʦʨʤʘʮʠʠ ʫʨʦʚʥʷ MAC ʢʦʜʠʨʫʶʪʩʷ 

6-ʶ ʪʨʦʠʯʥʳʤʠ ʮʠʬʨʘʤʠ (ternary symbols), ʪʦ ʝʩʪʴ ʮʠʬʨʘʤʠ, ʠʤʝʶʱʠʤʠ ʪʨʠ ʩʦʩʪʦ-

ʷʥʠʷ. ʂʘʞʜʘʷ ʪʨʦʠʯʥʘʷ ʮʠʬʨʘ ʠʤʝʝʪ ʜʣʠʪʝʣʴʥʦʩʪʴ 40 ʥʝ. ɻʨʫʧʧʘ ʠʟ 6-ʪʠ ʪʨʦʠʯʥʳʭ 

ʮʠʬʨ ʟʘʪʝʤ ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʦʜʥʫ ʠʟ ʪʨʝʭ ʧʝʨʝʜʘʶʱʠʭ ʚʠʪʳʭ ʧʘʨ, ʥʝʟʘʚʠʩʠʤʦ ʠ ʧʦʩʣʝ-

ʜʦʚʘʪʝʣʴʥʦ. 

ʏʝʪʚʝʨʪʘʷ ʧʘʨʘ ʚʩʝʛʜʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʨʦʩʣʫʰʠʚʘʥʠʷ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʳ ʚ ʮʝʣʷʭ 

ʦʙʥʘʨʫʞʝʥʠʷ ʢʦʣʣʠʟʠʠ. ʉʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʦ ʢʘʞʜʦʡ ʠʟ ʪʨʝʭ ʧʝʨʝʜʘʶʱʠʭ 

ʧʘʨ ʨʘʚʥʘ 33,3 ʄʙʠʪ/ʩ, ʧʦʵʪʦʤʫ ʦʙʱʘʷ ʩʢʦʨʦʩʪʴ ʧʨʦʪʦʢʦʣʘ 100Base-T4 ʩʦʩʪʘʚʣʷʝʪ 

100 ʄʙʠʪ/ʩ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʠʟ-ʟʘ ʧʨʠʥʷʪʦʛʦ ʩʧʦʩʦʙʘ ʢʦʜʠʨʦʚʘʥʠʷ ʩʢʦʨʦʩʪʴ 

ʠʟʤʝʥʝʥʠʷ ʩʠʛʥʘʣʘ ʥʘ ʢʘʞʜʦʡ ʧʘʨʝ ʨʘʚʥʘ ʚʩʝʛʦ 25 ʄʙʦʜ, ʯʪʦ ʠ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴ ʚʠʪʫʶ ʧʘʨʫ ʢʘʪʝʛʦʨʠʠ 3. 

ʅʘ ʨʠʩʫʥʢʝ ʧʦʢʘʟʘʥʦ ʩʦʝʜʠʥʝʥʠʝ ʧʦʨʪʘ MDI ʩʝʪʝʚʦʛʦ ʘʜʘʧʪʝʨʘ 100Base-T4 ʩ 

ʧʦʨʪʦʤ MDI-X ʢʦʥʮʝʥʪʨʘʪʦʨʘ (ʧʨʠʩʪʘʚʢʘ X ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʫ ʵʪʦʛʦ ʨʘʟʲʝʤʘ 
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ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʧʨʠʝʤʥʠʢʘ ʠ ʧʝʨʝʜʘʪʯʠʢʘ ʤʝʥʷʶʪʩʷ ʧʘʨʘʤʠ ʢʘʙʝʣʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʨʘʟʲʝʤʦʤ ʩʝʪʝʚʦʛʦ ʘʜʘʧʪʝʨʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʱʝ ʩʦʝʜʠʥʷʪʴ ʧʘʨʳ ʧʨʦʚʦʜʦʚ ʚ ʢʘʙʝʣʝ 

ð ʙʝʟ ʧʝʨʝʢʨʝʱʠʚʘʥʠʷ). ʇʘʨʘ 1-2 ʚʩʝʛʜʘ ʪʨʝʙʫʝʪʩʷ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʦʪ ʧʦʨʪʘ 

MDI ʢ ʧʦʨʪʫ MDI-X, ʧʘʨʘ 3-6 ðʜʣʷ ʧʨʠʝʤʘ ʜʘʥʥʳʭ ʧʦʨʪʦʤ MDI ʦʪ ʧʦʨʪʘ MDI-X, ʘ 

ʧʘʨʳ 4-5 ʠ 7-8 ̫ ʚʣʷʶʪʩʷ ʜʚʫʥʘʧʨʘʚʣʝʥʥʳʤʠ ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʜʣʷ ʧʨʠʝʤʘ, ʪʘʢ ʠ 

ʜʣʷ ʧʝʨʝʜʘʯʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʪʨʝʙʥʦʩʪʠ. 

 

7. ʄʝʪʦʜʳ ʜʦʩʪʫʧʘ ʚ ʃɺʉ 

 

ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʤʥʦʞʝʩʪʚʘ ʃɺʉ ʷʚʣʷʝʪʩʷ ʢʦʣʣʝʢʪʠʚʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʥʦʢʘʥʘʣʘ. ʇʨʠ ʧʝʨʝʜʘʯʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʪ ʜʚʫʭ ʠ ʙʦʣʝʝ 

ʩʪʘʥʮʠʡ ʧʨʦʠʩʭʦʜʠʪ ʥʘʣʦʞʝʥʠʝ ʧʘʢʝʪʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʭ ʠʩʢʘʞʝʥʠʶ ʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʚʪʦʨʥʦʡ ʧʝʨʝʜʘʯʠ. ɺʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʜʦʩʪʫʧʘ 

ʢ ʤʦʥʦʢʘʥʘʣʫ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʤʝʪʦʜʦʤ ʜʦʩʪʫʧʘ ʷʚʣʷʝʪʩʷ ʛʨʫʧʧʘ 

ʘʣʛʦʨʠʪʤʦʚ CSMA/CD, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʵʬʬʝʢʪʠʚʥʦʝ ʦʙʥʘʨʫʞʝʥʠʝ ʠ 

ʫʩʪʨʘʥʝʥʠʝ ʢʦʥʬʣʠʢʪʦʚ ʠ ʦʪʣʠʯʘʶʱʘʷʩʷ ʧʨʦʩʪʦʪʦʡ ʩʭʝʤʥʳʭ ʨʝʰʝʥʠʡ. ɺ ʵʪʦʡ 

ʛʨʫʧʧʝ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʩʧʦʩʦʙʳ: ʥʝʥʘʩʪʦʡʯʠʚʳʝ, ʥʘʩʪʦʡʯʠʚʳʝ ʠ 

ʧʨʠʦʨʠʪʝʪʥʳʝ. 

ʄʝʪʦʜʳ ʫʧʨʘʚʣʝʥʠʷ ʦʙʤʝʥʦʤ ʜʝʣʷʪʩʷ ʥʘ ʜʚʝ ʛʨʫʧʧʳ: 

 ʎʝʥʪʨʘʣʠʟʦʚʘʥʥʳʝ ʤʝʪʦʜʳ, ʧʨʠ ʢʦʪʦʨʳʭ ʚʩʝ ʫʧʨʘʚʣʝʥʠʝ 

ʩʦʩʨʝʜʦʪʦʯʝʥʥʦ ʚ ʦʜʥʦʤ ʤʝʩʪʝ. ʅʝʜʦʩʪʘʪʢʠ ʪʘʢʠʭ ʤʝʪʦʜʦʚ: ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʢ 

ʦʪʢʘʟʘʤ ʮʝʥʪʨʘ, ʤʘʣʘʷ ʛʠʙʢʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ. ɼʦʩʪʦʠʥʩʪʚʦ - ʦʪʩʫʪʩʪʚʠʝ 

ʢʦʥʬʣʠʢʪʦʚ. 

 ɼʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʝ ʤʝʪʦʜʳ, ʧʨʠ ʢʦʪʦʨʳʭ ʦʪʩʫʪʩʪʚʫʝʪ ʮʝʥʪʨ 

ʫʧʨʘʚʣʝʥʠʷ. ɻʣʘʚʥʳʝ ʜʦʩʪʦʠʥʩʪʚʘ ʪʘʢʠʭ ʤʝʪʦʜʦʚ: ʚʳʩʦʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ 

ʦʪʢʘʟʘʤ ʠ ʙʦʣʴʰʘʷ ʛʠʙʢʦʩʪʴ. ʆʜʥʘʢʦ ʚʦʟʤʦʞʥʳ ʢʦʥʬʣʠʢʪʳ, ʢʦʪʦʨʳʝ ʥʘʜʦ 

ʨʘʟʨʝʰʘʪʴ. 

ʉʫʱʝʩʪʚʫʝʪ ʠ ʜʨʫʛʦʝ ʜʝʣʝʥʠʝ ʤʝʪʦʜʦʚ ʫʧʨʘʚʣʝʥʠʷ ʦʙʤʝʥʦʤ, ʦʪʥʦʩʷʱʝʝʩʷ, 

ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʢ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʤ ʤʝʪʦʜʘʤ: 

 ɼʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʷʶʪ ʯʝʪʢʠʝ ʧʨʘʚʠʣʘ, ʧʦ ʢʦʪʦʨʳʤ 

ʯʝʨʝʜʫʶʪʩʷ ʟʘʭʚʘʪʳʚʘʶʱʠʝ ʩʝʪʴ ʘʙʦʥʝʥʪʳ. ɸʙʦʥʝʥʪʳ ʠʤʝʶʪ ʪʫ ʠʣʠ ʠʥʫʶ 

ʩʠʩʪʝʤʫ ʧʨʠʦʨʠʪʝʪʦʚ, ʧʨʠʯʝʤ ʧʨʠʦʨʠʪʝʪʳ ʵʪʠ ʨʘʟʣʠʯʥʳ ʜʣʷ ʚʩʝʭ ʘʙʦʥʝʥʪʦʚ. 

ʇʨʠ ʵʪʦʤ, ʢʘʢ ʧʨʘʚʠʣʦ, ʢʦʥʬʣʠʢʪʳ ʧʦʣʥʦʩʪʴʶ ʠʩʢʣʶʯʝʥʳ (ʠʣʠ ʤʘʣʦʚʝʨʦʷʪʥʳ), 

ʥʦ ʥʝʢʦʪʦʨʳʝ ʘʙʦʥʝʥʪʳ ʤʦʛʫʪ ʜʦʞʠʜʘʪʴʩʷ ʩʚʦʝʡ ʦʯʝʨʝʜʠ ʩʣʠʰʢʦʤ ʜʦʣʛʦ. ʂ 

ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʤ ʤʝʪʦʜʘʤ ʦʪʥʦʩʷʪʩʷ, ʥʘʧʨʠʤʝʨ, ʤʘʨʢʝʨʥʳʡ ʜʦʩʪʫʧ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʧʨʘʚʦ ʧʝʨʝʜʘʯʠ ʧʝʨʝʜʘʝʪʩʷ ʧʦ ʵʩʪʘʬʝʪʝ ʦʪ ʘʙʦʥʝʥʪʘ ʢ ʘʙʦʥʝʥʪʫ, 

ʪʘʢʪʠʨʫʝʤʳʡ ʜʦʩʪʫʧ, ʜʦʩʪʫʧ ʧʦ ʧʨʠʦʨʠʪʝʪʫ ʟʘʧʨʦʩʦʚ. 

ʉʣʫʯʘʡʥʳʝ ʤʝʪʦʜʳ ʧʦʜʨʘʟʫʤʝʚʘʶʪ ʩʣʫʯʘʡʥʦʝ ʯʝʨʝʜʦʚʘʥʠʝ ʧʝʨʝʜʘʶʱʠʭ 

ʘʙʦʥʝʥʪʦʚ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʥʬʣʠʢʪʦʚ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ, ʥʦ 

ʧʨʝʜʣʘʛʘʶʪʩʷ ʩʧʦʩʦʙʳ ʠʭ ʨʘʟʨʝʰʝʥʠʷ. ʉʣʫʯʘʡʥʳʝ ʤʝʪʦʜʳ ʨʘʙʦʪʘʶʪ ʭʫʞʝ, ʯʝʤ 

ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʝ, ʧʨʠ ʙʦʣʴʰʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʘʭ ʚ ʩʝʪʠ (ʧʨʠ 

ʙʦʣʴʰʦʤ ʪʨʘʬʠʢʝ ʩʝʪʠ) ʠ ʥʝ ʛʘʨʘʥʪʠʨʫʶʪ ʘʙʦʥʝʥʪʫ ʚʝʣʠʯʠʥʫ ʚʨʝʤʝʥʠ ʜʦʩʪʫʧʘ 

(ʵʪʦ ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʞʝʣʘʥʠʷ ʧʝʨʝʜʘʚʘʪʴ ʠ ʧʦʣʫʯʝʥʠʝʤ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʝʜʘʪʴ ʩʚʦʡ ʧʘʢʝʪ). ʇʨʠʤʝʨ ʩʣʫʯʘʡʥʦʛʦ ʤʝʪʦʜʘ - CSMA/CD. 
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ʄʝʪʦʜ ʜʦʩʪʫʧʘ ʨʘʟʜʝʣʝʥʠʷ ʚʨʝʤʝʥʠ. ʉʫʱʥʦʩʪʴ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ. 

ʏʪʦ ʚ ʩʝʪʠ ʠʤʝʝʪʩʷ ʫʩʪʨʦʡʩʪʚʦ, ʚʳʧʦʣʥʷʶʱʠʝ ʬʫʥʢʮʠʠ ʜʠʩʧʝʪʯʝʨʘ. ɽʛʦ ʟʘʜʘʯʝʡ 

ʷʚʣʷʝʪʩʷ ʧʣʘʥʠʨʦʚʘʥʠʝ ʚʨʝʤʝʥʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʣʣʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʤʦʡ 

ʬʠʟʠʯʝʩʢʦʡ ʩʨʝʜʳ. ʇʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʚʨʝʤʷ ʨʘʙʦʪʳ ʩʝʪʠ ʜʝʣʠʪʩʷ ʥʘ ʨʘʚʥʳʝ, 

ʣʠʙʦ ʥʝʨʘʚʥʳʝ ʠʥʪʝʨʚʘʣʳ, ʧʦ ʯʠʩʣʫ ʘʙʦʥʝʥʪʦʚ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʝ ʩʪʘʥʮʠʷʤ 

ʩʝʪʠ, ʩ ʫʯʝʪʦʤ ʧʨʠʦʨʠʪʝʪʦʚ ʩʪʘʥʮʠʡ ʠ ʚʨʝʤʝʥʠ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɺʦ ʚʨʝʤʷ ʢʘʞʜʦʛʦ ʠʥʪʝʨʚʘʣʘ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʷʪʳʤ 

ʘʣʛʦʨʠʪʤʦʤ, ʯʝʨʝʟ ʬʠʟʠʯʝʩʢʫʶ ʩʨʝʜʫ ʧʝʨʝʜʘʶʪʩʷ ʜʘʥʥʳʝ ʪʦʣʴʢʦ ʦʜʥʦʡ ʠʟ 

ʩʪʘʥʮʠʡ. ʊʘʢ ʜʠʩʧʝʪʯʝʨ ʧʦ ʦʯʝʨʝʜʠ, ʩ ʫʯʝʪʦʤ ʧʨʠʦʨʠʪʝʪʦʚ, ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʬʠʟʠʯʝʩʢʫʶ ʩʨʝʜʫ ʨʘʟʣʠʯʥʳʤ ʩʪʘʥʮʠʷʤ. 

ʄʝʪʦʜ ʧʦ ʧʨʠʦʨʠʪʝʪʫ ʟʘʧʨʦʩʦʚ. ʕʪʦʪ ʤʝʪʦʜ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥ ʜʣʷ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʩʝʪʠ AnyLAN ʠ ʦʩʥʦʚʘʥ ʥʘ ʪʦʤ, ʯʪʦ ʩʝʪʴ ʩʦʩʪʦʠʪ ʠʟ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʫʧʨʘʚʣʷʶʪ ʜʦʩʪʫʧʦʤ. 

ʂʦʥʮʝʥʪʨʘʪʦʨʳ ʦʧʨʘʰʠʚʘʶʪ ʘʙʦʥʝʥʪʦʚ, ʚʳʷʚʣʷʷ ʟʘʧʨʦʩʳ ʥʘ ʧʝʨʝʜʘʯʫ, ʠ 

ʟʘʧʨʦʩʳ ʥʘ ʧʝʨʝʜʘʯʫ ʦʙʩʣʫʞʠʚʘʶʪʩʷ ʩ ʫʯʝʪʦʤ ʧʨʠʦʨʠʪʝʪʦʚ. ʂʦʥʮʝʥʪʨʘʪʦʨ 

ʮʠʢʣʠʯʝʩʢʠ ʚʳʧʦʣʥʷʝʪ ʦʧʨʦʩ ʧʦʨʪʦʚ. ʉʪʘʥʮʠʷ, ʞʝʣʘʶʱʘʷ ʧʝʨʝʜʘʪʴ ʧʘʢʝʪ, 

ʧʦʩʳʣʘʝʪ ʩʧʝʮʠʘʣʴʥʳʡ ʥʠʟʢʦʯʘʩʪʦʪʥʳʡ ʩʠʛʥʘʣ ʢʦʥʮʝʥʪʨʘʪʦʨʫ, ʟʘʧʨʘʰʠʚʘʷ 

ʧʝʨʝʜʘʯʫ ʢʘʜʨʘ ʠ ʫʢʘʟʳʚʘʷ ʝʛʦ ʧʨʠʦʨʠʪʝʪ. ɺ ʩʝʪʠ AnyLAN ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʘ 

ʫʨʦʚʥʷ ʧʨʠʦʨʠʪʝʪʦʚ ï ʥʠʟʢʠʡ ʠ ʚʳʩʦʢʠʡ. ʇʨʠʦʨʠʪʝʪʳ ʟʘʧʨʦʩʦʚ ʠʤʝʶʪ 

ʩʪʘʪʠʯʝʩʢʫʶ ʠ ʜʠʥʘʤʠʯʝʩʢʫʶ ʩʦʩʪʘʚʣʷʶʱʠʝ, ʪʦ ʝʩʪʴ ʩʪʘʥʮʠʷ ʩ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ 

ʧʨʠʦʨʠʪʝʪʘ, ʜʦʣʛʦ ʥʝ ʠʤʝʶʱʘʷ ʜʦʩʪʫʧʘ ʢ ʩʝʪʠ, ʧʦʣʫʯʘʝʪ ʚʳʩʦʢʠʡ ʧʨʠʦʨʠʪʝʪ. 

ɽʩʣʠ ʩʝʪʴ ʩʚʦʙʦʜʥʘ, ʪʦ ʢʦʥʮʝʥʪʨʘʪʦʨ ʨʘʟʨʝʰʘʝʪ ʧʝʨʝʜʘʯʫ ʧʘʢʝʪʘ. ʇʦʩʣʝ 

ʘʥʘʣʠʟʘ ʘʜʨʝʩʘ ʧʦʣʫʯʘʪʝʣʷ ʚ ʧʨʠʥʷʪʦʤ ʧʘʢʝʪʝ ʢʦʥʮʝʥʪʨʘʪʦʨ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʦʪʧʨʘʚʣʷʝʪ ʧʘʢʝʪ ʩʪʘʥʮʠʠ ʥʘʟʥʘʯʝʥʠʷ. ɽʩʣʠ ʩʝʪʴ ʟʘʥʷʪʘ, ʢʦʥʮʝʥʪʨʘʪʦʨ ʩʪʘʚʠʪ 

ʧʦʣʫʯʝʥʥʳʡ ʟʘʧʨʦʩ ʚ ʦʯʝʨʝʜʴ, ʢʦʪʦʨʘʷ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʧʦʨʷʜʢʦʤ ʧʦʩʪʫʧʣʝʥʠʷ ʟʘʧʨʦʩʦʚ ʠ ʩ ʫʯʝʪʦʤ ʧʨʠʦʨʠʪʝʪʦʚ. ɽʩʣʠ ʢ ʧʦʨʪʫ 

ʧʦʜʢʣʶʯʝʥ ʜʨʫʛʦʡ ʢʦʥʮʝʥʪʨʘʪʦʨ, ʪʦ ʦʧʨʦʩ ʧʨʠʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʜʦ ʟʘʚʝʨʰʝʥʠʷ 

ʦʧʨʦʩʘ ʢʦʥʮʝʥʪʨʘʪʦʨʦʤ ʥʠʞʥʝʛʦ ʫʨʦʚʥʷ. ʂʦʥʮʝʥʪʨʘʪʦʨ ʚ ʩʝʪʠ AnyLAN 

ʧʨʠʥʠʤʘʝʪ ʦʪ ʩʪʘʥʮʠʡ ʩʝʪʠ ʪʦʣʴʢʦ ʦʜʠʥ ʢʘʜʨ, ʦʪʧʨʘʚʣʷʝʪ ʝʛʦ ʥʘ ʧʦʨʪ 

ʥʘʟʥʘʯʝʥʠʷ ʠ, ʧʦʢʘ ʵʪʦʪ ʢʘʜʨ ʥʝ ʙʫʜʝʪ ʧʦʣʥʦʩʪʴʶ ʧʨʠʥʷʪ ʩʪʘʥʮʠʝʡ ʥʘʟʥʘʯʝʥʠʷ, 

ʥʦʚʳʝ ʢʘʜʨʳ ʢʦʥʮʝʥʪʨʘʪʦʨ ʥʝ ʧʨʠʥʠʤʘʝʪ.  

ʄʝʪʦʜ çʚʩʪʘʚʢʘ ʨʝʛʠʩʪʨʘè. ʕʪʦʪ ʤʝʪʦʜ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʦʣʴʮʝʚʳʭ ʩʝʪʷʭ. ʇʨʠ 

ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʦʚ ʚʩʪʘʚʢʠ ʨʝʛʠʩʪʨʘ ʨʘʙʦʯʘʷ ʩʪʘʥʮʠʷ ʩʦʜʝʨʞʠʪ ʨʝʛʠʩʪʨ 

(ʙʫʬʝʨ), ʧʦʜʢʣʶʯʘʝʤʳʡ ʧʘʨʘʣʣʝʣʴʥʦ ʢ ʢʦʣʴʮʫ. ɸʙʦʥʝʥʪ ʤʦʞʝʪ ʥʘʯʠʥʘʪʴ 

ʧʝʨʝʜʘʯʫ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. ɺ ʨʝʛʠʩʪʨ ʟʘʧʠʩʳʚʘʝʪʩʷ ʢʘʜʨ ʜʣʷ ʧʝʨʝʜʘʯʠ, 

ʠ ʩʪʘʥʮʠʷ ʦʞʠʜʘʝʪ ʤʝʞʢʘʜʨʦʚʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʚ ʤʦʥʦʢʘʥʘʣʝ. ʉ ʝʛʦ ʧʦʷʚʣʝʥʠʝʤ 

ʨʝʛʠʩʪʨ ʚʢʣʶʯʘʝʪʩʷ ʚ ʢʦʣʴʮʦ (ʜʦ ʵʪʦʛʦ ʦʥ ʙʳʣ ʦʪʢʣʶʯʝʥ ʦʪ ʢʦʣʴʮʘ), ʠ 

ʩʦʜʝʨʞʠʤʦʝ ʨʝʛʠʩʪʨʘ ʧʝʨʝʜʘʝʪʩʷ ʚ ʣʠʥʠʶ. ɽʩʣʠ ʚʦ ʚʨʝʤʷ ʧʝʨʝʜʘʯʠ ʩʪʘʥʮʠʷ 

ʧʦʣʫʯʘʝʪ ʢʘʜʨ, ʦʥ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʙʫʬʝʨ ʠ ʧʝʨʝʜʘʝʪʩʷ ʚʩʣʝʜ ʟʘ ʢʘʜʨʦʤ, 

ʧʝʨʝʜʘʚʘʝʤʳʤ ʵʪʦʡ ʩʪʘʥʮʠʝʡ. ʕʪʦʪ ʤʝʪʦʜ ʜʦʧʫʩʢʘʝʪ çʧʦʜʩʘʜʢʫè ʚ ʢʦʣʴʮʦ 

ʥʝʩʢʦʣʴʢʦ ʢʘʜʨʦʚ. ʐʠʨʦʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʪʦʪ ʤʝʪʦʜ ʥʝ ʧʦʣʫʯʠʣ. 

ʄʘʨʢʝʨʥʳʡ ʤʝʪʦʜ. ʄʝʪʦʜ ʧʝʨʝʜʘʯʠ ʤʘʨʢʝʨʘ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʥʝʧʨʠʦʨʠʪʝʪʥʳʭ ʠ ʧʨʠʦʨʠʪʝʪʥʳʭ ʩʝʪʷʭ ʩ ʰʠʥʥʦʡ, ʟʚʝʟʜʦʦʙʨʘʟʥʦʡ ʠ ʢʦʣʴʮʝʚʦʡ 

ʪʦʧʦʣʦʛʠʝʡ. ʆʥ ʦʪʥʦʩʠʪʩʷ ʢ ʢʣʘʩʩʫ ʩʝʣʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ: ʧʨʘʚʦ ʥʘ ʧʝʨʝʜʘʯʫ 

ʜʘʥʥʳʭ ʩʪʘʥʮʠʠ ʧʦʣʫʯʘʶʪ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʧʦʨʷʜʢʝ, ʟʘʜʘʚʘʝʤʦʤ ʩ ʧʦʤʦʱʴʶ 
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ʤʘʨʢʝʨʘ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʥʠʢʘʣʴʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʙʠʪ 

ʠʥʬʦʨʤʘʮʠʠ (ʫʥʠʢʘʣʴʥʳʡ ʢʘʜʨ). ʇʨʠʯʝʤ ʚ ʩʝʪʠ ʦʙʷʟʘʪʝʣʴʥʦ ʜʦʣʞʝʥ ʙʳʪʴ 

ʢʦʤʧʴʶʪʝʨ, ʢʦʪʦʨʳʡ ʩʣʝʜʠʪ ʟʘ ʩʦʩʪʦʷʥʠʝʤ ʤʘʨʢʝʨʘ. ʄʘʛʠʩʪʨʘʣʴʥʳʝ ʩʝʪʠ, 

ʠʩʧʦʣʴʟʫʶʱʠʝ ʵʪʦʪ ʤʝʪʦʜ, ʥʘʟʳʚʘʶʪʩʷ ʩʝʪʷʤʠ ʪʠʧʘ çʤʘʨʢʝʨʥʘʷ ʰʠʥʘè, ʘ 

ʢʦʣʴʮʝʚʳʝ ʩʝʪʠ ï ʩʝʪʷʤʠ ʪʠʧʘ çʤʘʨʢʝʨʥʦʝ ʢʦʣʴʮʦè. 

ɺ ʩʝʪʷʭ ʪʠʧʘ çʤʘʨʢʝʨʥʘʷ ʰʠʥʘè ʜʦʩʪʫʧ ʢ ʢʘʥʘʣʫ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ, ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʢʘʢ ʝʩʣʠ ʙʳ ʢʘʥʘʣ ʙʳʣ ʬʠʟʠʯʝʩʢʠʤ ʢʦʣʴʮʦʤ, ʧʨʠʯʝʤ ʜʦʧʫʩʢʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʥʘʣʘ ʥʝʢʦʣʴʮʝʚʦʛʦ ʪʠʧʘ. 

ʇʨʘʚʦ ʧʦʣʴʟʦʚʘʥʠʷ ʢʘʥʘʣʦʤ ʧʝʨʝʜʘʝʪʩʷ ʦʨʛʘʥʠʟʦʚʘʥʥʳʤ ʧʫʪʝʤ. ʄʘʨʢʝʨ 

(ʫʧʨʘʚʣʷʶʱʠʡ ʢʘʜʨ) ʩʦʜʝʨʞʠʪ ʘʜʨʝʩʥʦʝ ʧʦʣʝ, ʛʜʝ ʟʘʧʠʩʳʚʘʝʪʩʷ ʘʜʨʝʩ ʩʪʘʥʮʠʠ, 

ʢʦʪʦʨʦʡ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʧʨʘʚʦ ʜʦʩʪʫʧʘ ʚ ʢʘʥʘʣ. ʉʪʘʥʮʠʷ, ʧʦʣʫʯʠʚ ʤʘʨʢʝʨ ʩʦ 

ʩʚʦʠʤ ʘʜʨʝʩʦʤ, ʠʤʝʝʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦʝ ʧʨʘʚʦ ʥʘ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ (ʢʘʜʨʘ) ʧʦ 

ʬʠʟʠʯʝʩʢʦʤʫ ʢʘʥʘʣʫ. ʄʘʨʢʝʨ ʦʩʚʦʙʦʞʜʘʝʪʩʷ ʢʦʤʧʴʶʪʝʨʦʤ ʠʩʪʦʯʥʠʢʘ ʧʦʩʣʝ 

ʪʦʛʦ, ʢʘʢ ʦʥ ʫʙʝʜʠʪʩʷ, ʯʪʦ ʜʘʥʥʳʝ ʧʨʠʥʷʪʳ ʧʨʘʚʠʣʴʥʦ. ʇʦʩʣʝ ʧʝʨʝʜʘʯʠ ʢʘʜʨʘ 

ʩʪʘʥʮʠʷ ʦʪʧʨʘʚʣʷʝʪ ʤʘʨʢʝʨ ʜʨʫʛʦʡ ʩʪʘʥʮʠʠ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ 

ʦʯʝʨʝʜʥʦʡ ʧʦ ʫʩʪʘʥʦʚʣʝʥʥʦʤʫ ʧʦʨʷʜʢʫ ʚʣʘʜʝʥʠʷ ʧʨʘʚʦʤ ʥʘ ʧʝʨʝʜʘʯʫ. ʂʘʞʜʦʡ 

ʩʪʘʥʮʠʠ ʠʟʚʝʩʪʝʥ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʩʣʝʜʫʶʱʝʡ ʩʪʘʥʮʠʠ. ʉʪʘʥʮʠʠ ʧʦʣʫʯʘʶʪ 

ʤʘʨʢʝʨ ʚ ʮʠʢʣʠʯʝʩʢʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʧʨʠ ʵʪʦʤ ʚ ʬʠʟʠʯʝʩʢʦʡ ʰʠʥʝ 

ʬʦʨʤʠʨʫʝʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʦʝ ʣʦʛʠʯʝʩʢʦʝ ʢʦʣʴʮʦ. ɺʩʝ ʩʪʘʥʮʠʠ çʩʣʫʰʘʶʪè 

ʢʘʥʘʣ, ʥʦ ʟʘʭʚʘʪʠʪʴ ʢʘʥʘʣ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʤʦʞʝʪ ʪʦʣʴʢʦ ʪʘ ʩʪʘʥʮʠʷ, 

ʢʦʪʦʨʘʷ ʫʢʘʟʘʥʘ ʚ ʘʜʨʝʩʥʦʤ ʧʦʣʝ ʤʘʨʢʝʨʘ. ʈʘʙʦʪʘʷ, ʚ ʨʝʞʠʤʝ ʧʨʦʩʣʫʰʠʚʘʥʠʷ 

ʢʘʥʘʣʘ, ʧʨʠʥʷʪʴ ʧʝʨʝʜʘʥʥʳʡ ʢʘʜʨ ʤʦʞʝʪ ʪʦʣʴʢʦ ʪʘ ʩʪʘʥʮʠʷ, ʘʜʨʝʩ ʢʦʪʦʨʦʡ 

ʫʢʘʟʘʥ ʚ ʧʦʣʝ ʘʜʨʝʩʘ ʧʦʣʫʯʘʪʝʣʷ ʵʪʦʛʦ ʢʘʜʨʘ. 

ʄʝʪʦʜ ʪʠʧʘ çʤʘʨʢʝʨʥʦʝ ʢʦʣʴʮʦè ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʩʝʪʷʭ ʩ ʢʦʣʴʮʝʚʦʡ 

ʪʦʧʦʣʦʛʠʝʡ, ʢʦʪʦʨʳʝ ʦʪʥʦʩʷʪʩʷ ʢ ʪʠʧʫ ʩʝʪʝʡ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʝʡ, ʛʜʝ ʰʠʨʦʢʦʚʝʱʘʪʝʣʴʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʥʝʚʦʟʤʦʞʝʥ. ɺ ʪʘʢʠʭ 

ʩʝʪʷʭ ʩʠʛʥʘʣʳ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʯʝʨʝʟ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʝ ʜʚʫʭʪʦʯʝʯʥʳʝ ʧʫʪʠ 

ʤʝʞʜʫ ʫʟʣʘʤʠ. ʋʟʣʳ ʠ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʝ ʟʚʝʥʴʷ ʩʦʝʜʠʥʷʶʪʩʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʙʨʘʟʫʷ ʬʠʟʠʯʝʩʢʦʝ ʢʦʣʴʮʦ. 

ɿʜʝʩʴ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʩʠʛʥʘʣʘ ʚʩʝ ʫʟʣʳ ʠʛʨʘʶʪ ʘʢʪʠʚʥʫʶ ʨʦʣʴ, 

ʫʯʘʩʪʚʫʷ ʚ ʨʝʪʨʘʥʩʣʷʮʠʠ, ʫʩʠʣʝʥʠʠ, ʘʥʘʣʠʟʝ ʠ ʤʦʜʠʬʠʢʘʮʠʠ ʧʨʦʭʦʜʷʱʠʭ 

ʩʠʛʥʘʣʦʚ. 

ʂʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʝʤ ʩʣʫʯʘʝ, ʚ ʢʘʯʝʩʪʚʝ ʤʘʨʢʝʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʫʥʠʢʘʣʴʥʘʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʙʠʪʦʚ. ʆʜʥʘʢʦ ʤʘʨʢʝʨ ʥʝ ʠʤʝʝʪ ʘʜʨʝʩʘ. ʆʥ ʩʥʘʙʞʘʝʪʩʷ 

ʧʦʣʝʤ ʟʘʥʷʪʦʩʪʠ, ʚ ʢʦʪʦʨʦʤ ʟʘʧʠʩʳʚʘʝʪʩʷ ʦʜʠʥ ʠʟ ʢʦʜʦʚ, ʦʙʦʟʥʘʯʘʶʱʠʭ 

ʩʦʩʪʦʷʥʠʝ ʤʘʨʢʝʨʘ ï ʩʚʦʙʦʜʥʦʝ ʠʣʠ ʟʘʥʷʪʦʝ. ɽʩʣʠ ʥʝ ʦʜʠʥ ʠʟ ʫʟʣʦʚ ʩʝʪʠ ʥʝ 

ʠʤʝʝʪ ʜʘʥʥʳʭ ʜʣʷ ʧʝʨʝʜʘʯʠ, ʩʚʦʙʦʜʥʳʡ ʤʘʨʢʝʨ ʮʠʨʢʫʣʠʨʫʝʪ ʧʦ ʢʦʣʴʮʫ, 

ʩʦʚʝʨʰʘʷ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʝ (ʦʙʳʯʥʦ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ) ʧʝʨʝʤʝʱʝʥʠʝ. ɺ 

ʢʘʞʜʦʤ ʫʟʣʝ ʤʘʨʢʝʨ ʟʘʜʝʨʞʠʚʘʝʪʩʷ ʥʘ ʚʨʝʤʷ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʝʛʦ ʧʨʠʝʤʘ, 

ʘʥʘʣʠʟʘ (ʩ ʮʝʣʴʶ ʫʩʪʘʥʦʚʣʝʥʠʷ ʟʘʥʷʪʦʩʪʠ) ʠ ʨʝʪʨʘʥʩʣʷʮʠʠ. ɺ ʚʳʧʦʣʥʝʥʠʠ ʵʪʠʭ 

ʬʫʥʢʮʠʡ ʟʘʜʝʡʩʪʚʦʚʘʥʳ ʢʦʣʴʮʝʚʳʝ ʠʥʪʝʨʬʝʡʩʥʳʝ ʫʩʪʨʦʡʩʪʚʘ. 

ʉʚʦʙʦʜʥʳʡ ʤʘʨʢʝʨ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʢʦʣʴʮʝʚʦʡ ʢʘʥʘʣ ʩʚʦʙʦʜʝʥ, ʠ ʣʶʙʘʷ ʩʪʘʥʮʠʷ, 

ʠʤʝʶʱʘʷ ʜʘʥʥʳʝ ʜʣʷ ʧʝʨʝʜʘʯʠ, ʤʦʞʝʪ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʪʴ. ʇʦʣʫʯʠʚ ʩʚʦʙʦʜʥʳʡ 

ʤʘʨʢʝʨ, ʩʪʘʥʮʠʷ, ʛʦʪʦʚʘʷ ʢ ʧʝʨʝʜʘʯʝ ʢʘʜʨʘ ʩ ʜʘʥʥʳʤʠ, ʤʝʥʷʝʪ ʩʦʩʪʦʷʥʠʝ 

ʤʘʨʢʝʨʘ ʥʘ çʟʘʥʷʪʳʡè, ʧʝʨʝʜʘʝʪ ʝʛʦ ʜʘʣʴʰʝ ʧʦ ʢʦʣʴʮʫ ʠ ʜʦʙʘʚʣʷʝʪ ʢ ʥʝʤʫ ʢʘʜʨ. 
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ɿʘʥʷʪʳʡ ʤʘʨʢʝʨ ʚʤʝʩʪʝ ʩ ʢʘʜʨʦʤ ʩʦʚʝʨʰʘʝʪ ʧʦʣʥʳʡ ʦʙʦʨʦʪ ʧʦ ʢʦʣʴʮʫ ʠ 

ʚʦʟʚʨʘʱʘʝʪʩʷ ʢ ʩʪʘʥʮʠʠ-ʦʪʧʨʘʚʠʪʝʣʶ. ʇʦ ʧʫʪʠ ʩʪʘʥʮʠʷ-ʧʦʣʫʯʘʪʝʣʴ, 

ʫʜʦʩʪʦʚʝʨʠʚʰʠʩʴ ʧʦ ʘʜʨʝʩʥʦʡ ʯʘʩʪʠ ʢʘʜʨʘ, ʯʪʦ ʠʤʝʥʥʦ ʝʡ ʦʥ ʘʜʨʝʩʦʚʘʥ, 

ʩʥʠʤʘʝʪ ʢʦʧʠʶ ʩ ʢʘʜʨʘ. ʀʟʤʝʥʠʪʴ ʩʦʩʪʦʷʥʠʝ ʤʘʨʢʝʨʘ ʩʥʦʚʘ ʥʘ ʩʚʦʙʦʜʥʳʡ 

ʤʦʞʝʪ ʪʦʣʴʢʦ ʪʦʪ ʫʟʝʣ, ʢʦʪʦʨʳʡ ʠʟʤʝʥʠʣ ʝʛʦ ʥʘ çʟʘʥʷʪʦʝè. ʇʦ ʚʦʟʚʨʘʱʝʥʠʠ 

ʟʘʥʷʪʦʛʦ ʤʘʨʢʝʨʘ ʩ ʢʘʜʨʦʤ ʜʘʥʥʳʭ ʢ ʩʪʘʥʮʠʠ-ʦʪʧʨʘʚʠʪʝʣʶ, ʢʘʜʨ ʫʜʘʣʷʝʪʩʷ ʠʟ 

ʢʦʣʴʮʘ, ʘ ʩʦʩʪʦʷʥʠʝ ʤʘʨʢʝʨʘ ʤʝʥʷʝʪʩʷ ʥʘ ʩʚʦʙʦʜʥʦʝ, ʧʦʩʣʝ ʯʝʛʦ ʣʶʙʦʡ ʫʟʝʣ 

ʤʦʞʝʪ ʟʘʭʚʘʪʠʪʴ ʤʘʨʢʝʨ ʠ ʥʘʯʘʪʴ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ. 

ʊʘʢʪʠʨʫʝʤʳʡ ʤʝʪʦʜ ʜʦʩʪʫʧʘ. ʆʩʥʦʚʥʦʝ ʦʪʣʠʯʠʝ ʵʪʦʛʦ ʤʝʪʦʜʘ ʦʪ ʤʘʨʢʝʨʥʦʛʦ 

ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʥʝʩʢʦʣʴʢʠʤ ʘʙʦʥʝʥʪʘʤ ʨʘʟʨʝʰʝʥʘ ʧʝʨʝʜʘʯʘ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ 

ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ (ʧʨʠ ʤʘʨʢʝʨʥʦʤ ʤʝʪʦʜʝ ʚʩʝʛʜʘ ʧʝʨʝʜʘʝʪ ʪʦʣʴʢʦ ʦʜʠʥ ʘʙʦʥʝʥʪ). 

ɺʤʝʩʪʦ ʦʜʥʦʛʦ ʤʘʨʢʝʨʘ ʚ ʩʝʪʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʩʣʦʪʦʚ 

(ʦʙʳʯʥʦ ʦʪ 2 ʜʦ 8), ʢʦʪʦʨʳʝ ʚʳʧʦʣʥʷʶʪ, ʧʦ ʩʫʪʠ, ʪʫ ʞʝ ʩʘʤʫʶ ʬʫʥʢʮʠʶ, ʯʪʦ ʠ 

ʤʘʨʢʝʨ ï ʬʫʥʢʮʠʶ ʚʨʝʤʝʥʥʳʭ ʤʝʪʦʢ. ʕʪʠ ʩʣʦʪʳ ʠʜʫʪ ʧʦ çʢʦʣʴʮʫè ʜʦʚʦʣʴʥʦ 

ʯʘʩʪʦ, ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ ʥʠʤʠ ʥʝʚʝʣʠʢ, ʠ, ʧʦʵʪʦʤʫ ʤʝʞʜʫ ʥʠʤʠ ʤʦʞʝʪ 

ʫʤʝʩʪʠʪʴʩʷ ʥʝʤʥʦʛʦ ʠʥʬʦʨʤʘʮʠʠ (ʦʙʳʯʥʦ ʦʪ 8 ʜʦ 32 ʙʘʡʪ). ʇʨʠ ʵʪʦʤ ʢʘʞʜʳʡ 

ʩʣʦʪ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʩʚʦʙʦʜʥʦʤ ʠʣʠ ʟʘʥʷʪʦʤ ʩʦʩʪʦʷʥʠʠ.  

ʄʥʦʞʝʩʪʚʝʥʥʳʡ ʜʦʩʪʫʧ ʩ ʢʦʥʪʨʦʣʝʤ ʥʝʩʫʱʝʡ ʠ ʦʙʥʘʨʫʞʝʥʠʝʤ ʢʦʣʣʠʟʠʡ 

(ʄɼʂʅ/ʆʂ). ʀʜʝʷ ʤʝʪʦʜʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʫʨʘʚʥʷʪʴ ʚ ʧʨʘʚʘʭ ʚʩʝʭ 

ʘʙʦʥʝʥʪʦʚ ʚ ʣʶʙʦʡ ʚʦʟʤʦʞʥʦʡ ʩʠʪʫʘʮʠʠ, ʪʦ ʝʩʪʴ ʜʦʙʠʪʴʩʷ, ʯʪʦʙʳ ʥʝ ʙʳʣʦ 

ʙʦʣʴʰʠʭ ʠ ʤʘʣʳʭ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʧʨʠʦʨʠʪʝʪʦʚ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʚʨʝʤʝʥʘ ʟʘʜʝʨʞʢʠ, ʚʳʯʠʩʣʷʝʤʳʝ ʘʙʦʥʝʥʪʦʤ ʧʦ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʘʣʛʦʨʠʪʤʫ. 

ɺ ʵʪʦʤ ʤʝʪʦʜʝ ʜʦʩʪʫʧʘ ʜʦʧʫʩʢʘʶʪʩʷ ʢʦʥʬʣʠʢʪʳ ʠ ʧʨʝʜʫʩʤʦʪʨʝʥ ʤʝʭʘʥʠʟʤ 

ʨʘʟʨʝʰʝʥʠʷ ʢʦʥʬʣʠʢʪʦʚ ï ʧʦʚʪʦʨʥʘʷ ʧʝʨʝʜʘʯʘ ʯʝʨʝʟ ʥʝʢʦʪʦʨʦʝ ʩʣʫʯʘʡʥʦʝ 

ʚʨʝʤʷ. ʂʦʣʣʠʟʠʷ ʚʦʟʥʠʢʘʝʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʦʧʝʨʥʠʯʝʩʪʚʘ ʟʘ ʢʘʥʘʣ. 

ɺʘʞʥʳʤ ʚ ʤʝʪʦʜʝ ʄɼʂʅ/ʆʂ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʢʦʥʬʣʠʢʪ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ 

ʘʙʦʥʝʥʪʦʤ ʪʦʣʴʢʦ ʚʦ ʚʨʝʤʷ ʧʝʨʝʜʘʯʠ ʧʘʢʝʪʘ. ɽʩʣʠ ʢʦʥʬʣʠʢʪ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʣʝ 

ʧʝʨʝʜʘʯʠ ʧʘʢʝʪʘ, ʪʦ ʦʥ ʦʪʥʦʩʠʪʩʷ ʢ ʥʝʦʙʥʘʨʫʞʝʥʥʦʤʫ ʢʦʥʬʣʠʢʪʫ ʠ 

ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʧʦʣʫʯʘʪʝʣʝʤ ʢʘʢ ʦʰʠʙʦʯʥʳʡ ʧʘʢʝʪ. ʀʩʧʨʘʚʣʝʥʠʝ ʦʰʠʙʦʢ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʫʞʝ ʧʨʦʪʦʢʦʣʦʤ, ʪ.ʝ. ʥʘ ʜʨʫʛʦʤ, ʫʞʝ ʙʦʣʝʝ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ. 

ʄʝʪʦʜ ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʜʦʩʪʫʧʘ ʩ ʢʦʥʪʨʦʣʝʤ ʥʝʩʫʱʝʡ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝʤ 

ʢʦʣʣʠʟʠʡ (ʄɼʂʅ/ʇʂ). ʉʫʪʴ ʤʝʪʦʜʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʧʦʩʣʝ ʦʩʚʦʙʦʞʜʝʥʠʷ 

ʩʝʪʠ ʚʩʝʤʠ ʞʝʣʘʶʱʠʤʠ ʧʝʨʝʜʘʚʘʪʴ ʘʙʦʥʝʥʪʘʤʠ ʧʝʨʝʜʘʝʪʩʷ ʥʝ ʧʘʢʝʪ, ʘ 

ʩʧʝʮʠʘʣʴʥʳʡ ʩʠʛʥʘʣ, ʢʦʥʪʨʦʣʠʨʫʷ ʢʦʪʦʨʳʡ, ʦʥʠ ʦʙʥʘʨʫʞʠʚʘʶʪ ʢʦʥʬʣʠʢʪʳ. ʊʦ 

ʝʩʪʴ ʩʪʘʣʢʠʚʘʶʪʩʷ ʪʦʣʴʢʦ ʵʪʠ ʩʠʛʥʘʣʳ, ʘ ʥʝ ʧʘʢʝʪʳ, ʠʩʢʘʞʝʥʠʷ ʢʦʪʦʨʳʭ 

ʢʨʠʪʠʯʥʳ. ʂʘʞʜʘʷ ʩʪʘʥʮʠʷ ʩʝʪʠ, ʚ ʢʦʪʦʨʦʡ ʨʝʘʣʠʟʫʝʪʩʷ ʪʘʢʦʡ ʤʝʪʦʜ ʜʦʩʪʫʧʘ, 

ʠʤʝʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ï ʪʘʡʤʝʨ ʠʣʠ ʘʨʙʠʪʨ. ʕʪʦ ʫʩʪʨʦʡʩʪʚʦ 

ʦʧʨʝʜʝʣʷʝʪ, ʢʦʛʜʘ ʩʪʘʥʮʠʷ  ʤʦʞʝʪ ʚʝʩʪʠ ʧʝʨʝʜʘʯʫ ʙʝʟ ʦʧʘʩʥʦʩʪʠ ʢʦʣʣʠʟʠʡ. 

ɻʣʘʚʥʘʷ ʩʪʘʥʮʠʷ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʥʘʣʘ ʥʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ. 

ʋʩʪʘʥʦʚʢʘ ʚʨʝʤʝʥʠ ʥʘ ʪʘʡʤʝʨʝ, ʧʦ ʠʩʪʝʯʝʥʠʠ ʢʦʪʦʨʦʛʦ ʩʪʘʥʮʠʷ ʤʦʞʝʪ ʚʝʩʪʠ 

ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʧʨʠʦʨʠʪʝʪʥʦʡ ʦʩʥʦʚʝ. ɼʣʷ ʩʪʘʥʮʠʠ ʩ 

ʥʘʠʚʳʩʰʠʤ ʧʨʠʦʨʠʪʝʪʦʤ ʧʝʨʝʧʦʣʥʝʥʠʝ ʪʘʡʤʝʨʘ ʥʘʩʪʫʧʘʝʪ ʨʘʥʴʰʝ. ɽʩʣʠ 

ʩʪʘʥʮʠʷ ʩ ʚʳʩʦʢʠʤ ʧʨʠʦʨʠʪʝʪʦʤ ʥʝ ʥʘʤʝʨʝʥʘ ʚʝʩʪʠ ʧʝʨʝʜʘʯʫ, ʢʘʥʘʣ ʙʫʜʝʪ 

ʥʘʭʦʜʠʪʴʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʢʦʷ, ʪ.ʝ. ʩʚʦʙʦʜʝʥ, ʠ ʪʦʛʜʘ ʩʣʝʜʫʶʱʘʷ ʧʦ ʧʨʠʦʨʠʪʝʪʫ 

ʩʪʘʥʮʠʷ ʤʦʞʝʪ ʟʘʭʚʘʪʠʪʴ ʢʘʥʘʣ. 
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ɺ ʩʝʪʷʭ Ethernet ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʜʦʩʪʫʧʘ ʩ ʦʧʦʟʥʘʚʘʥʠʝʤ 

ʥʝʩʫʱʝʡ ʠ ʦʙʥʘʨʫʞʝʥʠʝʤ ʢʦʣʣʠʟʠʡ (carrier-sense-multiply-access with collision 

detection, CSMA/CD) ʠʣʠ ʄɼʂʅ/ʆʂ. 

ʕʪʦʪ ʤʝʪʦʜ ʧʨʠʤʝʥʷʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚ ʩʝʪʷʭ ʩ ʣʦʛʠʯʝʩʢʦʡ ʦʙʱʝʡ ʰʠʥʦʡ (ʢ 

ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʠ ʨʘʜʠʦʩʝʪʠ, ʧʦʨʦʜʠʚʰʠʝ ʵʪʦʪ ʤʝʪʦʜ). ɺʩʝ ʢʦʤʧʴʶʪʝʨʳ ʪʘ-

ʢʦʡ ʩʝʪʠ ʠʤʝʶʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ ʜʦʩʪʫʧ ʢ ʦʙʱʝʡ ʰʠʥʝ, ʧʦʵʪʦʤʫ ʦʥʘ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʤʝʞʜʫ ʣʶʙʳʤʠ ʜʚʫʤʷ ʫʟʣʘʤʠ ʩʝʪʠ. 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʚʩʝ ʢʦʤʧʴʶʪʝʨʳ ʩʝʪʠ ʠʤʝʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʝʤʝʜʣʝʥʥʦ (ʩ ʫʯʝʪʦʤ 

ʟʘʜʝʨʞʢʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ ʧʦ ʬʠʟʠʯʝʩʢʦʡ ʩʨʝʜʝ) ʧʦʣʫʯʠʪʴ ʜʘʥʥʳʝ, 

ʢʦʪʦʨʳʝ ʣʶʙʦʡ ʠʟ ʢʦʤʧʴʶʪʝʨʦʚ ʥʘʯʘʣ ʧʝʨʝʜʘʚʘʪʴ ʥʘ ʦʙʱʫʶ ʰʠʥʫ.  

ʉʝʪʴ ʚʩʝʛʜʘ ʦʙʲʝʜʠʥʷʝʪ ʥʝʩʢʦʣʴʢʦ ʘʙʦʥʝʥʪʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʝʪ 

ʧʨʘʚʦ ʧʝʨʝʜʘʚʘʪʴ ʩʚʦʠ ʧʘʢʝʪʳ. ʅʦ ʧʦ ʦʜʥʦʤʫ ʢʘʙʝʣʶ ʥʝ ʤʦʞʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʧʝʨʝʜʘʚʘʪʴʩʷ ʜʚʘ ʧʘʢʝʪʘ, ʠʥʘʯʝ ʚʦʟʤʦʞʝʥ ʢʦʥʬʣʠʢʪ (ʢʦʣʣʠʟʠʷ), ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ 

ʠʩʢʘʞʝʥʠʶ ʠ ʧʦʪʝʨʝ ʦʙʦʠʭ ʧʘʢʝʪʦʚ. ɿʥʘʯʠʪ, ʥʘʜʦ ʢʘʢʠʤ-ʪʦ ʦʙʨʘʟʦʤ ʫʩʪʘʥʦʚʠʪʴ 

ʦʯʝʨʝʜʥʦʩʪʴ ʜʦʩʪʫʧʘ ʢ ʩʝʪʠ (ʟʘʭʚʘʪʘ ʩʝʪʠ) ʚʩʝʤʠ ʘʙʦʥʝʥʪʘʤʠ, ʞʝʣʘʶʱʠʤʠ 

ʧʝʨʝʜʘʚʘʪʴ. 

ʈʘʙʦʯʘʷ ʩʪʘʥʮʠʷ

ʧʨʦʩʣʫʰʠʚʘʝʪ ʢʘʥʘʣ

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʧʝʨʝʜʘʯʠ

  ʇʨʦʚʝʨʢʘ

 ʢʘʥʘʣʘ

ʂʘʥʘʣ ʟʘʥʷʪ

ʂʘʥʘʣ ʩʚʦʙʦʜʝʥ

ʈʘʙʦʯʘʷ ʩʪʘʥʮʠʷ

ʥʘʯʠʥʘʝʪ ʧʝʨʝʜʘʯʫ ʠ

ʧʨʦʩʣʫʰʠʚʘʝʪ ʢʘʥʘʣ

  ʇʨʦʚʝʨʢʘ

ʢʘʥʘʣʘ

ʂʘʥʘʣ ʩʚʦʙʦʜʝʥ

ɺʦʟʥʠʢ ʢʦʥʬʣʠʢʪ

ʈʘʙʦʯʘʷ ʩʪʘʥʮʠʷ

ʦʞʠʜʘʝʪ

ʉʝʪʝʚʘʷ ʢʘʨʪʘ ʟʘʜʘʝʪ

ʩʣʫʯʘʡʥʦ ʚʳʙʨʘʥʥʳʡ

 ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ

 ʈʘʙʦʯʘʷ ʩʪʘʥʮʠʷ

ʧʨʝʢʨʘʱʘʝʪ ʧʝʨʝʜʘʯʫ

ʈʘʙʦʯʘʷ ʩʪʘʥʮʠʷ

ʧʨʦʜʦʣʞʘʝʪ  ʠ ʟʘʢʘʥʯʠʚʘʝʪ

ʧʝʨʝʜʘʯʫ

ʆʩʚʦʙʦʞʜʝʥʠʝ ʢʘʥʘʣʘ  
 

ʈʠʩʫʥʦʢ 5.ʄʝʪʦʜ ʩʣʫʯʘʡʥʦʛʦ ʜʦʩʪʫʧʘ CSMA/CD. 

 

ʕʪʦ ʦʪʥʦʩʠʪʩʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʢ ʩʝʪʷʤ ʩ ʪʦʧʦʣʦʛʠʷʤʠ ʰʠʥʘ ʠ ʢʦʣʴʮʦ. ʊʦʯʥʦ ʪʘʢ 

ʞʝ ʧʨʠ ʪʦʧʦʣʦʛʠʠ ʟʚʝʟʜʘ ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ ʦʯʝʨʝʜʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʧʘʢʝʪʦʚ 

ʧʝʨʠʬʝʨʠʡʥʳʤʠ ʘʙʦʥʝʥʪʘʤʠ, ʠʥʘʯʝ ʮʝʥʪʨʘʣʴʥʳʡ ʘʙʦʥʝʥʪ ʧʨʦʩʪʦ ʥʝ ʩʤʦʞʝʪ 

ʩʧʨʘʚʠʪʴʩʷ ʩ ʠʭ ʦʙʨʘʙʦʪʢʦʡ. ʇʦʵʪʦʤʫ ʚ ʣʶʙʦʡ ʩʝʪʠ ʧʨʠʤʝʥʷʝʪʩʷ ʪʦʪ ʠʣʠ ʠʥʦʡ 

ʤʝʪʦʜ ʫʧʨʘʚʣʝʥʠʷ ʦʙʤʝʥʦʤ (ʦʥ ʞʝ ʤʝʪʦʜ ʜʦʩʪʫʧʘ, ʦʥ ʞʝ ʤʝʪʦʜ ʘʨʙʠʪʨʘʞʘ), 

ʨʘʟʨʝʰʘʶʱʠʡ ʠʣʠ ʧʨʝʜʦʪʚʨʘʱʘʶʱʠʡ ʢʦʥʬʣʠʢʪʳ ʤʝʞʜʫ ʘʙʦʥʝʥʪʘʤʠ. ʆʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʳʙʨʘʥʥʦʛʦ ʤʝʪʦʜʘ ʟʘʚʠʩʠʪ ʦʯʝʥʴ ʤʥʦʛʦʝ: ʩʢʦʨʦʩʪʴ ʦʙʤʝʥʘ 

ʠʥʬʦʨʤʘʮʠʝʡ ʤʝʞʜʫ ʢʦʤʧʴʶʪʝʨʘʤʠ, ʥʘʛʨʫʟʦʯʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʝʪʠ, ʚʨʝʤʷ 

ʨʝʘʢʮʠʠ ʩʝʪʠ ʥʘ ʚʥʝʰʥʠʝ ʩʦʙʳʪʠʷ ʠ ʪ.ʜ. ʄʝʪʦʜ ʫʧʨʘʚʣʝʥʠʷ - ʵʪʦ ʦʜʠʥ ʠʟ 
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ʚʘʞʥʝʡʰʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʝʪʠ. ʊʠʧ ʤʝʪʦʜʘ ʫʧʨʘʚʣʝʥʠʷ ʦʙʤʝʥʦʤ ʚʦ ʤʥʦʛʦʤ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʪʦʧʦʣʦʛʠʠ ʩʝʪʠ, ʥʦ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʦʥ ʠ ʥʝ ʧʨʠʚʷʟʘʥ 

ʞʝʩʪʢʦ ʢ ʪʦʧʦʣʦʛʠʠ.  

 

 

8. ʆʩʦʙʝʥʥʦʩʪʠ ʕʪʘʣʦʥʥʦʡ ʤʦʜʝʣʠ ʃɺʉ 

 

ʂʦʤʠʪʝʪ IEEE ʚ ʧʨʦʝʢʪʝ 802 ʤʦʜʠʬʠʮʠʨʦʚʘʣ ʜʚʘ ʥʠʞʥʠʭ ʫʨʦʚʥʷ ʵʪʘʣʦʥʥʦʡ 

ʤʦʜʝʣʠ ɺʆʉ, ʧʨʠʩʧʦʩʦʙʠʚ ʝʝ ʢ ʟʘʜʘʯʘʤ ʧʦʩʪʨʦʝʥʠʷ ʃɺʉ. 

ʉʦʛʣʘʩʥʦ ʤʦʜʝʣʠ IEEE ʫʨʦʚʝʥʴ ʟʚʝʥʘ ʜʘʥʥʳʭ ʜʝʣʠʪʩʷ ʥʘ ʜʚʘ ʧʦʜʫʨʦʚʥʷ: 

ʫʧʨʘʚʣʝʥʠʷ ʣʦʛʠʯʝʩʢʠʤ ʢʘʥʘʣʦʤ ʠ ʫʧʨʘʚʣʝʥʠʷ ʜʦʩʪʫʧʦʤ ʢ ʩʨʝʜʝ. 

ɺʝʨʭʥʠʡ ʧʦʜʫʨʦʚʝʥʴ, ʢʦʪʦʨʳʡ ʥʘʟʚʘʥ ʧʦʜʫʨʦʚʥʝʤ LLC (Logical Link Control) 

ʦʩʫʱʝʩʪʚʣʷʝʪ ʫʧʨʘʚʣʝʥʠʝ ʧʝʨʝʜʘʯʝʡ ʠʥʬʦʨʤʘʮʠʠ. 

ʅʠʞʥʠʡ ʧʦʜʫʨʦʚʝʥʴ ʥʘʟʚʘʥ ʩʪʘʥʜʘʨʪʦʤ ʧʦʜʫʨʦʚʥʝʤ ʄɸʉ (Medium Access 

control ) ʨʝʘʣʠʟʫʝʪ ʘʣʛʦʨʠʪʤʳ ʜʦʩʪʫʧʘ ʢ ʩʨʝʜʝ ʠ ʘʜʨʝʩʘʮʠʶ ʩʪʘʥʮʠʡ. ʅʘ ʵʪʦʪ 

ʧʦʜʫʨʦʚʝʥʴ ʚʦʟʣʘʛʘʝʪʩʷ ʬʫʥʢʮʠʷ ʩʦʚʤʝʩʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʠʟʠʯʝʩʢʦʡ 

ʩʨʝʜʳ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʦʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʃɺʉ. 

ʌʠʟʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʧʨʷʞʝʥʠʝ ʩʪʘʥʮʠʡ ʩ ʬʠʟʠʯʝʩʢʦʡ ʩʨʝʜʦʡ, 

ʢʦʜʠʨʦʚʘʥʠʝ ʠ ʜʝʢʦʜʠʨʦʚʘʥʠʝ ʩʠʛʥʘʣʦʚ, ʠʭ ʙʫʬʝʨʠʟʘʮʠʶ, ʧʦʜʜʝʨʞʠʚʘʝʪ ʠ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʙʠʪʦʚʫʶ ʩʠʥʭʨʦʥʠʟʘʮʠʶ. ʕʪʦʪ ʫʨʦʚʝʥʴ ʜʝʣʠʪʩʷ ʥʘ ʪʨʠ 

ʧʦʜʫʨʦʚʥʷ : ʧʝʨʝʜʘʯʘ ʬʠʟʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ, ʠʥʪʝʨʬʝʡʩ ʩ ʫʩʪʨʦʡʩʪʚʦʤ ʜʦʩʪʫʧʘ ʠ 

ʤʦʜʫʣʴ ʜʦʩʪʫʧʘ ʢ ʩʨʝʜʝ ʠʣʠ ʩʦʝʜʠʥʠʪʝʣʴ. 

 

ʋʧʨʘʚʣʝʥʠʝ ʣʦʛʠʯʝʩʢʠʤ ʢʘʥʘʣʦʤ ʥʘ ʧʦʜʫʨʦʚʥʝ LLC  

 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʘʥʜʘʨʪʦʤ 802.2 ʫʨʦʚʝʥʴ ʫʧʨʘʚʣʝʥʠʷ ʣʦʛʠʯʝʩʢʠʤ ʢʘʥʘʣʦʤ 

LLC ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʝʨʭʥʠʤ ʫʨʦʚʥʷʤ ʪʨʠ ʪʠʧʘ ʧʨʦʮʝʜʫʨ:  

 LLC1 - ʩʝʨʚʠʩ ʙʝʟ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ ʠ ʙʝʟ ʧʦʜʪʚʝʨʞʜʝʥʠʷ;  

 LLC2 - ʩʝʨʚʠʩ ʩ ʫʩʪʘʥʦʚʣʝʥʠʝʤ ʩʦʝʜʠʥʝʥʠʷ ʠ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ;  

 LLC3 - ʩʝʨʚʠʩ ʙʝʟ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ, ʥʦ ʩ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ.  

ʕʪʦʪ ʥʘʙʦʨ ʧʨʦʮʝʜʫʨ ʷʚʣʷʝʪʩʷ ʦʙʱʠʤ ʜʣʷ ʚʩʝʭ ʤʝʪʦʜʦʚ ʜʦʩʪʫʧʘ ʢ ʩʨʝʜʝ, 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʪʘʥʜʘʨʪʘʤʠ 802.3-802.5. 

ʉʝʨʚʠʩ ʙʝʟ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ ʠ ʙʝʟ ʧʦʜʪʚʝʨʞʜʝʥʠʷ LLC1 ʜʘʝʪ 

ʧʦʣʴʟʦʚʘʪʝʣʶ ʩʨʝʜʩʪʚʘ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʩ ʤʠʥʠʤʫʤʦʤ ʠʟʜʝʨʞʝʢ. ʆʙʳʯʥʦ, 

ʵʪʦʪ ʚʠʜ ʩʝʨʚʠʩʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʦʛʜʘ, ʢʦʛʜʘ ʪʘʢʠʝ ʬʫʥʢʮʠʠ ʢʘʢ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʜʘʥʥʳʭ ʧʦʩʣʝ ʦʰʠʙʦʢ ʠ ʫʧʦʨʷʜʦʯʠʚʘʥʠʝ ʜʘʥʥʳʭ ʚʳʧʦʣʥʷʶʪʩʷ ʧʨʦʪʦʢʦʣʘʤʠ 

ʚʳʰʝʣʝʞʘʱʠʭ ʫʨʦʚʥʝʡ, ʧʦʵʪʦʤʫ ʥʝʪ ʥʫʞʜʳ ʜʫʙʣʠʨʦʚʘʪʴ ʠʭ ʥʘ ʫʨʦʚʥʝ LLC.  

ʉʝʨʚʠʩ ʩ ʫʩʪʘʥʦʚʣʝʥʠʝʤ ʩʦʝʜʠʥʝʥʠʡ ʠ ʩ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ LLC2 ʜʘʝʪ 

ʧʦʣʴʟʦʚʘʪʝʣʶ ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʪʘʥʦʚʠʪʴ ʣʦʛʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ ʧʝʨʝʜ ʥʘʯʘʣʦʤ 

ʧʝʨʝʜʘʯʠ ʣʶʙʦʛʦ ʙʣʦʢʘ ʜʘʥʥʳʭ ʠ, ʝʩʣʠ ʵʪʦ ʪʨʝʙʫʝʪʩʷ, ʚʳʧʦʣʥʠʪʴ ʧʨʦʮʝʜʫʨʳ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʩʣʝ ʦʰʠʙʦʢ ʠ ʫʧʦʨʷʜʦʯʠʚʘʥʠʝ ʧʦʪʦʢʘ ʵʪʠʭ ʙʣʦʢʦʚ ʚ ʨʘʤʢʘʭ 

ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ʇʨʦʪʦʢʦʣ LLC2 ʚʦ ʤʥʦʛʦʤ ʘʥʘʣʦʛʠʯʝʥ ʧʨʦʪʦʢʦʣʘʤ 
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ʩʝʤʝʡʩʪʚʘ HDLC (LAP-B, LAP-D, LAP-M), ʢʦʪʦʨʳʝ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʛʣʦʙʘʣʴʥʳʭ 

ʩʝʪʷʭ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʡ ʧʝʨʝʜʘʯʠ ʢʘʜʨʦʚ ʥʘ ʟʘʰʫʤʣʝʥʥʳʭ ʣʠʥʠʷʭ.  

ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ (ʥʘʧʨʠʤʝʨ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʝʪʝʡ ʚ ʩʠʩʪʝʤʘʭ 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʫʧʨʘʚʣʷʶʱʠʭ ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʦʙʲʝʢʪʘʤʠ), ʢʦʛʜʘ 

ʚʨʝʤʝʥʥʳʝ ʠʟʜʝʨʞʢʠ ʫʩʪʘʥʦʚʣʝʥʠʷ ʣʦʛʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʧʝʨʝʜ ʦʪʧʨʘʚʢʦʡ 

ʜʘʥʥʳʭ ʥʝʧʨʠʝʤʣʝʤʳ, ʘ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʢʦʨʨʝʢʪʥʦʩʪʠ ʧʨʠʝʤʘ ʧʝʨʝʜʘʥʥʳʭ 

ʜʘʥʥʳʭ ʥʝʦʙʭʦʜʠʤʦ, ʙʘʟʦʚʳʡ ʩʝʨʚʠʩ ʙʝʟ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ ʠ ʙʝʟ 

ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʥʝ ʧʦʜʭʦʜʠʪ. ɼʣʷ ʪʘʢʠʭ ʩʣʫʯʘʝʚ ʧʨʝʜʫʩʤʦʪʨʝʥ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ 

ʩʝʨʚʠʩ, ʥʘʟʳʚʘʝʤʳʡ ʩʝʨʚʠʩʦʤ ʙʝʟ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ, ʥʦ ʩ 

ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ LLC3.  

ʏʘʱʝ ʚʩʝʛʦ ʚ ʣʦʢʘʣʴʥʳʭ ʩʝʪʷʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʦʪʦʢʦʣʳ LLC1. ʕʪʦ 

ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʢʘʙʝʣʴʥʳʝ ʢʘʥʘʣʳ ʣʦʢʘʣʴʥʳʭ ʩʝʪʝʡ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʠʟʢʫʶ 

ʚʝʨʦʷʪʥʦʩʪʴ ʠʩʢʘʞʝʥʠʡ ʙʠʪ ʠ ʧʦʪʝʨʠ ʢʘʜʨʦʚ. ʇʦʵʪʦʤʫ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʦʚʳhʘʶʱʝʛʦ ʥʘʜʝʞʥʦʩʪʴ ʦʙʤʝʥʘ ʧʨʦʪʦʢʦʣʘ LLC2 ʯʘʩʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʥʝʦʧʨʘʚʜʘʥʥʦʡ ʠʟʙʳʪʦʯʥʦʩʪʠ, ʪʦʣʴʢʦ ʟʘʤʝʜʣʷʶʱʝʡ ʦʙʱʫʶ ʧʨʦʧʫʩʢʥʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʩʪʝʢʘ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʧʨʦʪʦʢʦʣʦʚ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʠʥʦʛʜʘ 

ʧʨʦʪʦʢʦʣ LLC2 ʧʨʠʤʝʥʷʝʪʩʷ ʠ ʚ ʣʦʢʘʣʴʥʳʭ ʩʝʪʷʭ. ʊʘʢ, ʵʪʦʪ ʧʨʦʪʦʢʦʣ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʪʝʢʦʤ SNA ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʤʵʡʥʬʨʝʤʳ ʠʣʠ 

ʤʠʥʠʢʦʤʧʴʶʪʝʨʳ IBM ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʯʝʨʝʟ ʩʝʪʠ Token Ring. ʇʨʦʪʦʢʦʣ 

LLC2 ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʘʢʞʝ ʢʦʤʧʘʥʠʝʡ Hewlett-Packard ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ 

ʧʨʠʥʪʝʨʳ ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ ʩʝʪʠ Ethernet ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ, ʩ ʧʦʤʦʱʴʶ 

ʚʩʪʨʦʝʥʥʳʭ ʩʝʪʝʚʳʭ ʘʜʘʧʪʝʨʦʚ.  

ʇʦ ʩʚʦʝʤʫ ʥʘʟʥʘʯʝʥʠʶ ʚʩʝ ʢʘʜʨʳ ʫʨʦʚʥʷ LLC (ʥʘʟʳʚʘʝʤʳʝ ʚ ʩʪʘʥʜʘʨʪʝ 802.2 

ʙʣʦʢʘʤʠ ʜʘʥʥʳʭ PDU) ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʪʨʠ ʪʠʧʘ - ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ, 

ʫʧʨʘʚʣʷʶʱʠʝ ʠ ʥʝʥʫʤʝʨʦʚʘʥʥʳʝ:  

 ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʢʘʜʨʳ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʚ 

ʧʨʦʮʝʜʫʨʘʭ ʩ ʫʩʪʘʥʦʚʣʝʥʠʝʤ ʣʦʛʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʠ ʜʦʣʞʥʳ ʦʙʷʟʘʪʝʣʴʥʦ 

ʩʦʜʝʨʞʘʪʴ ʧʦʣʝ ʠʥʬʦʨʤʘʮʠʠ. ɺ ʧʨʦʮʝʩʩʝ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʙʣʦʢʦʚ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʭ ʥʫʤʝʨʘʮʠʷ ʚ ʨʝʞʠʤʝ ʩʢʦʣʴʟʷʱʝʛʦ ʦʢʥʘ.  

 ʋʧʨʘʚʣʷʶʱʠʝ ʢʘʜʨʳ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʧʝʨʝʜʘʯʠ ʢʦʤʘʥʜ ʠ ʦʪʚʝʪʦʚ ʚ 

ʧʨʦʮʝʜʫʨʘʭ ʩ ʫʩʪʘʥʦʚʣʝʥʠʝʤ ʣʦʛʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʟʘʧʨʦʩʦʚ ʥʘ 

ʧʦʚʪʦʨʥʫʶ ʧʝʨʝʜʘʯʫ ʠʩʢʘʞʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʙʣʦʢʦʚ.  

 ʅʝʥʫʤʝʨʦʚʘʥʥʳʝ ʢʘʜʨʳ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʧʝʨʝʜʘʯʠ ʥʝʥʫʤʝʨʦʚʘʥʥʳʭ 

ʢʦʤʘʥʜ ʠ ʦʪʚʝʪʦʚ, ʚʳʧʦʣʥʷʶʱʠʭ ʚ ʧʨʦʮʝʜʫʨʘʭ ʙʝʟ ʫʩʪʘʥʦʚʣʝʥʠʷ ʣʦʛʠʯʝʩʢʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʧʝʨʝʜʘʯʫ ʠʥʬʦʨʤʘʮʠʠ, ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʠ ʪʝʩʪʠʨʦʚʘʥʠʝ LLC-

ʫʨʦʚʥʷ, ʘ ʚ ʧʨʦʮʝʜʫʨʘʭ ʩ ʫʩʪʘʥʦʚʣʝʥʠʝʤ ʣʦʛʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ - 

ʫʩʪʘʥʦʚʣʝʥʠʝ ʠ ʨʘʟʲʝʜʠʥʝʥʠʝ ʣʦʛʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʘ ʪʘʢʞʝ 

ʠʥʬʦʨʤʠʨʦʚʘʥʠʝ ʦʙ ʦʰʠʙʢʘʭ. 

ɺʩʝ ʪʠʧʳ ʢʘʜʨʦʚ ʫʨʦʚʥʷ LLC ʠʤʝʶʪ ʝʜʠʥʳʡ ʬʦʨʤʘʪ. ʆʥʠ ʩʦʜʝʨʞʘʪ ʯʝʪʳʨʝ 

ʧʦʣʷ:  

 ʘʜʨʝʩ ʪʦʯʢʠ ʚʭʦʜʘ ʩʝʨʚʠʩʘ ʥʘʟʥʘʯʝʥʠʷ (DSAP),  

 ʘʜʨʝʩ ʪʦʯʢʠ ʚʭʦʜʘ ʩʝʨʚʠʩʘ ʠʩʪʦʯʥʠʢʘ (SSAP),  

 ʫʧʨʘʚʣʷʶʱʝʝ ʧʦʣʝ (Control)  

 ʧʦʣʝ ʜʘʥʥʳʭ (Data)  
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ʂʘʜʨ LLC ʦʙʨʘʤʣʷʝʪʩʷ ʜʚʫʤʷ ʦʜʥʦʙʘʡʪʦʚʳʤʠ ʧʦʣʷʤʠ "ʌʣʘʛ", ʠʤʝʶʱʠʤʠ 

ʟʥʘʯʝʥʠʝ 01111110. ʌʣʘʛʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘ MAC-ʫʨʦʚʥʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʛʨʘʥʠʮ ʙʣʦʢʘ. 

 

ʌʣʘʛ 

(01111110) 

ɸʜʨʝʩ 

ʪʦʯʢʠ 

ʚʭʦʜʘ 

ʩʝʨʚʠʩʘ 

ʥʘʟʥʘʯʝʥʠʷ 

DSAP 

ɸʜʨʝʩ 

ʪʦʯʢʠ 

ʚʭʦʜʘ 

ʩʝʨʚʠʩʘ 

ʠʩʪʦʯʥʠʢʘ 

SSAP 

ʋʧʨʘʚʣʷʶʱʝʝ 

ʧʦʣʝ Control 

ɼʘʥʥʳʝ 

Data 

ʌʣʘʛ 

(01111110) 

ʈʠʩʫʥʦʢ 6. ʉʪʨʫʢʪʫʨʘ LLC-ʢʘʜʨʘ ʩʪʘʥʜʘʨʪʘ 802-2 

ʇʦʣʝ ʜʘʥʥʳʭ ʢʘʜʨʘ LLC ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʧʝʨʝʜʘʯʠ ʧʦ ʩʝʪʠ ʧʘʢʝʪʦʚ 

ʧʨʦʪʦʢʦʣʦʚ ʚʝʨʭʥʠʭ ʫʨʦʚʥʝʡ - IP, IPX, ʚ ʨʝʜʢʠʭ ʩʣʫʯʘʷʭ - ʧʨʠʢʣʘʜʥʳʭ 

ʧʨʦʪʦʢʦʣʦʚ, ʢʦʛʜʘ ʪʝ ʥʝ ʧʦʣʴʟʫʶʪʩʷ ʩʝʪʝʚʳʤʠ ʧʨʦʪʦʢʦʣʘʤʠ, ʘ ʚʢʣʘʜʳʚʘʶʪ ʩʚʦʠ 

ʩʦʦʙʱʝʥʠʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʢʘʜʨʳ ʢʘʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ. ʇʦʣʝ ʜʘʥʥʳʭ ʤʦʞʝʪ 

ʦʪʩʫʪʩʪʚʦʚʘʪʴ ʚ ʫʧʨʘʚʣʷʶʱʠʭ ʢʘʜʨʘʭ ʠ ʥʝʢʦʪʦʨʳʭ ʥʝʥʫʤʝʨʦʚʘʥʥʳʭ ʢʘʜʨʘʭ.  

ʇʦʣʝ ʫʧʨʘʚʣʝʥʠʷ (ʦʜʠʥ ʙʘʡʪ) ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʪʠʧʘ ʢʘʜʨʘ 

ʜʘʥʥʳʭ - ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ, ʫʧʨʘʚʣʷʶʱʠʡ ʠʣʠ ʥʝʥʫʤʝʨʦʚʘʥʥʳʡ. ʂʨʦʤʝ ʵʪʦʛʦ, ʚ 

ʵʪʦʤ ʧʦʣʝ ʫʢʘʟʳʚʘʶʪʩʷ ʧʦʨʷʜʢʦʚʳʝ ʥʦʤʝʨʘ ʦʪʧʨʘʚʣʝʥʥʳʭ ʠ ʫʩʧʝʰʥʦ ʧʨʠʥʷʪʳʭ 

ʢʘʜʨʦʚ, ʝʩʣʠ ʧʦʜʫʨʦʚʝʥʴ LLC ʨʘʙʦʪʘʝʪ ʧʦ ʧʨʦʮʝʜʫʨʝ LLC2 ʩ ʫʩʪʘʥʦʚʣʝʥʠʝʤ 

ʩʦʝʜʠʥʝʥʠʷ. ʌʦʨʤʘʪ ʧʦʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʦʣʥʦʩʪʴʶ ʩʦʚʧʘʜʘʝʪ ʩ ʬʦʨʤʘʪʦʤ ʧʦʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʢʘʜʨʘ LAP-B.  

ʇʦʣʷ DSAP ʠ SSAP ʧʦʟʚʦʣʷʶʪ ʫʢʘʟʘʪʴ, ʢʘʢʦʡ ʩʝʨʚʠʩ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ 

ʧʝʨʝʩʳʣʘʝʪ ʜʘʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʵʪʦʛʦ ʢʘʜʨʘ. ʇʨʦʛʨʘʤʤʥʦʤʫ ʦʙʝʩʧʝʯʝʥʠʶ ʫʟʣʦʚ 

ʩʝʪʠ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʢʘʜʨʦʚ ʢʘʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʧʦʟʥʘʪʴ, ʢʘʢʦʡ 

ʧʨʦʪʦʢʦʣ ʚʣʦʞʠʣ ʩʚʦʡ ʧʘʢʝʪ ʚ ʧʦʣʝ ʜʘʥʥʳʭ ʧʦʩʪʫʧʠʚʰʝʛʦ ʢʘʜʨʘ, ʜʣʷ ʪʦʛʦ, 

ʯʪʦʙʳ ʧʝʨʝʜʘʪʴ ʠʟʚʣʝʯʝʥʥʳʡ ʠʟ ʢʘʜʨʘ ʧʘʢʝʪ ʥʫʞʥʦʤʫ ʧʨʦʪʦʢʦʣʫ ʜʣʷ 

ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʠ. ʅʘʧʨʠʤʝʨ, ʚ ʢʘʯʝʩʪʚʝ ʟʥʘʯʝʥʠʷ DSAP ʠ SSAP ʤʦʞʝʪ 

ʚʳʩʪʫʧʘʪʴ ʢʦʜ ʧʨʦʪʦʢʦʣʘ IPX ʠʣʠ ʞʝ ʢʦʜ ʧʨʦʪʦʢʦʣʘ ʧʦʢʨʳʚʘʶʱʝʛʦ ʜʝʨʝʚʘ 

Spanning Tree.  

ʂ ʦʩʦʙʝʥʥʦʩʪʷʤ ʧʨʦʪʦʢʦʣʦʚ ʧʦʜʫʨʦʚʥʷ LLC ʦʪʥʦʩʷʪʩʷ ʩʣʝʜʫʶʱʠʝ :  

 ʥʠʟʢʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʠʩʢʘʞʝʥʠʷ ʜʘʥʥʳʭ ʧʨʠ ʧʝʨʝʜʘʯʝ ʧʦ ʬʠʟʠʯʝʩʢʦʡ ʩʨʝʜʝ 
ʃɺʉ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ ʧʨʦʩʪʝʡʰʠʝ ʧʨʦʪʦʢʦʣʳ ʦʙʤʝʥʘ, 

 ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʦʩʪʴ ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ ʩʥʷʪʘ ʩ ʧʦʜʫʨʦʚʥʷ LLC ʠ 
ʧʝʨʝʜʘʥʘ ʧʦʜʫʨʦʚʥʶ ʄɸʉ, 

 ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʫʭʘʜʨʝʩʥʳʝ ʇɺɼ, ʩʦʜʝʨʞʘʱʠʝ ʘʜʨʝʩ ʢʘʢ ʧʦʣʫʯʘʪʝʣʷ,  ʪʘʢ 
ʠ ʦʪʧʨʘʚʠʪʝʣʷ ( ʚ ʛʣʦʙʘʣʴʥʳʭ ʩʝʪʷʭ ʧʨʠʤʝʥʷʶʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʜʥʦʘʜʨʝʩʥʳʝ 

ʇɹɼ). 

 ɺʩʝ ʪʠʧʳ ʇɹɼ ʟʚʝʥʘ ʜʘʥʥʳʭ ( ʧʦʜʫʨʦʚʥʷ LLC) ʠʤʝʶʪ ʝʜʠʥʳʡ ʬʦʨʤʘʪ.  

 

ɸʜʨʝʩ 

ʊɼʋʇ 

ɸʜʨʝʩ 

ʊɼʋʆ 

ʋʧʨʘʚʣʝʥʠ

ʝ 

ʀʥʬʦʨʤʘʮ

ʠ ̫



 

43 

 

8 8 8 ʠʣʠ 16 8 ʭ ʧ 

 

ʈʠʩʫʥʦʢ 7. ʊʠʧʳ ʇɹɼ ʟʚʝʥʘ ʜʘʥʥʳʭ 

 

ʂʘʞʜʳʡ ʇɺɼ ʩʦʜʝʨʞʠʪ ʜʚʘ ʘʜʨʝʩʘ ʊɼʋ : ʦʪʧʨʘʚʠʪʝʣʷ (ʊɼʋʆ) ʠ ʧʦʣʫʯʘʪʝʣʷ 

(ʊɼʋʇ) , ʬʦʨʤʘʪʳ ʢʦʪʦʨʳʭ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ.8. 

 
 

ʈʠʩʫʥʦʢ 8. ʌʦʨʤʘʪʳ ʇɺɼ 

 

ɸʜʨʝʩ ʊɼʋʇ ʤʦʞʝʪ ʙʳʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ (ʙʠʪ ʠ/ʩ = 0), ʛʨʫʧʧʦʚʳʤ (ʙʠʪ 

ʠ/ʛ=1), ʥʫʣʝʚʳʤ (00000000)  ʠʣʠ ʛʣʦʙʘʣʴʥʳʤ (11111111) ʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ 

ʦʜʥʫ ʊɼʋ, ʛʨʫʧʧʫ ʊɼʋ, ʦʪʩʫʪʩʪʚʠʝ ʧʦʣʫʯʘʪʝʣʷ ʠ ʚʩʝ ʜʦʩʪʫʧʥʳʝ ʊɼʋ . 

ɸʜʨʝʩ ʊɼʋʆ ʠʜʝʥʪʠʬʠʮʠʨʫʝʪ ʊɼʋ ʦʪʧʨʘʚʠʪʝʣʷ. ʆʥ ʤʦʞʝʪ ʙʳʪʴ ʥʫʣʝʚʳʤ 

ʠʣʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ. ʇʝʨʚʳʡ ʙʠʪ ʢ/ʦ ʦʧʨʝʜʝʣʷʝʪ ( ʢ/ʦ=0) - ʢʦʤʘʥʜʫ ʠʣʠ ( 

ʢ/ʦ=1) - ʦʪʚʝʪ. ʆʩʪʘʣʴʥʳʝ 7 ʙʠʪ ʦʧʨʝʜʝʣʷʶʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʘʜʨʝʩ ʊɼʋʆ. 

ʇʦʣʝ ʫʧʨʘʚʣʝʥʠʷ ʧʦʣʥʦʩʪʴʶ ʩʦʚʧʘʜʘʝʪ ʩ ʧʦʣʝʤ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʪʦʢʦʣʘ HDLC. 

 

ʄʝʪʦʜʳ ʠ ʘʣʛʦʨʠʪʤʳ ʧʦʜʫʨʦʚʥʷ ʄɸʉ 

 

ʈʘʟʚʠʪʠʝ ʩʨʝʜʩʪʚ ʧʦʜʫʨʦʚʥʷ ʄɸʉ ʰʣʦ ʚʥʘʯʘʣʝ ʙʝʟ ʢʘʢʦʡ-ʣʠʙʦ ʢʦʦʨʜʠʥʘʮʠʠ 

ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ. ʇʝʨʚʦʡ ʧʦʧʳʪʢʦʡ 

ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʧʨʦʪʦʢʦʣʦʚ ʥʘ ʵʪʦʤ ʧʦʜʫʨʦʚʥʝ ʙʳʣ ʩʪʘʥʜʘʨʪ  I EEE802. 1-6 

ʃɺʉ ʠ ʛʨʫʧʧʘ ʩʪʘʥʜʘʨʪʦʚ ɽʉʄɸ - ʝʚʨʦʧʝʡʩʢʠʡ ʘʥʘʣʦʛ ʩʪʘʥʜʘʨʪʦʚ I EEE802. 

ɹʦʣɹhʠʥʩʪʚʦ ʥʝ ʥʘʰʣʦ ʰʠʨʦʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚ ʃɺʉ. ʇʦʵʪʦʤʫ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʨʘʩʩʤʦʪʨʠʤ ʪʦʣʴʢʦ ʪʝ ʤʝʪʦʜʳ ʠ ʘʣʛʦʨʠʪʤʳ, ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʠʣʠ 

ʦʩʥʦʚʫ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʩʪʘʥʜʘʨʪʘ I EEE802. 

MAC-ʫʨʦʚʝʥʴ ʧʦʷʚʠʣʩʷ ʠʟ-ʟʘ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʚ ʣʦʢʘʣʴʥʳʭ ʩʝʪʷʭ ʨʘʟʜʝʣʷʝʤʦʡ 

ʩʨʝʜʳ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ʀʤʝʥʥʦ ʵʪʦʪ ʫʨʦʚʝʥʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʨʨʝʢʪʥʦʝ 

ʩʦʚʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʱʝʡ ʩʨʝʜʳ, ʧʨʝʜʦʩʪʘʚʣʷʷ ʝʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʦʧʨʝʜʝʣʝʥʥʳʤ ʘʣʛʦʨʠʪʤʦʤ ʚ ʨʘʩʧʦʨʷʞʝʥʠʝ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʘʥʮʠʠ ʩʝʪʠ. ʇʦʩʣʝ 

ʪʦʛʦ, ʢʘʢ ʜʦʩʪʫʧ ʢ ʩʨʝʜʝ ʧʦʣʫʯʝʥ, ʝʶ ʤʦʞʝʪ ʧʦʣʴʟʦʚʘʪʴʩʷ ʩʣʝʜʫʶʱʠʡ 

ʧʦʜʫʨʦʚʝʥʴ, ʦʨʛʘʥʠʟʫʶʱʠʡ ʥʘʜʝʞʥʫʶ ʧʝʨʝʜʘʯʫ ʣʦʛʠʯʝʩʢʠʭ ʝʜʠʥʠʮ ʜʘʥʥʳʭ - 

ʢʘʜʨʦʚ ʠʥʬʦʨʤʘʮʠʠ. ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʣʦʢʘʣʴʥʳʭ ʩʝʪʷʭ ʧʦʣʫʯʠʣʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʥʝʩʢʦʣʴʢʦ ʧʨʦʪʦʢʦʣʦʚ MAC-ʫʨʦʚʥʷ, ʨʝʘʣʠʟʫʶʱʠʭ ʨʘʟʣʠʯʥʳʝ 

ʘʣʛʦʨʠʪʤʳ ʜʦʩʪʫʧʘ ʢ ʨʘʟʜʝʣʷʝʤʦʡ ʩʨʝʜʝ. ʕʪʠ ʧʨʦʪʦʢʦʣʳ ʧʦʣʥʦʩʪʴʶ 

ʦʧʨʝʜʝʣʷʶʪ ʩʧʝʮʠʬʠʢʫ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʢʘʢ Ethernet, Token Ring, FDDI, 

100VG-AnyLAN.  

ʇʦʜʫʨʦʚʝʥʴ MAC ʦʪʚʝʪʩʪʚʝʥʝʥ ʟʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʘʜʨʘ, ʧʦʣʫʯʝʥʠʝ ʜʦʩʪʫʧʘ ʢ 

ʨʘʟʜʝʣʷʝʤʦʡ ʩʨʝʜʝ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠ ʟʘ ʦʪʧʨʘʚʢʫ ʩ ʧʦʤʦʱʴʶ ʬʠʟʠʯʝʩʢʦʛʦ 

ʫʨʦʚʥʷ ʢʘʜʨʘ ʧʦ ʬʠʟʠʯʝʩʢʦʡ ʩʨʝʜʝ ʫʟʣʫ ʥʘʟʥʘʯʝʥʠʷ.  

ʈʘʩʩʤʦʪʨʠʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʦʪʦʢʦʣʘ ʧʦʜʫʨʦʚʥʷ MAC ʜʣʷ ʩʝʪʠ Ethernet. 
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ʈʘʟʜʝʣʷʝʤʘʷ ʩʨʝʜʘ Ethernet, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʝʝ ʬʠʟʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ 

(ʢʦʘʢʩʠʘʣʴʥʳʡ ʢʘʙʝʣʴ, ʚʠʪʘʷ ʧʘʨʘ ʠʣʠ ʦʧʪʦʚʦʣʦʢʥʦ ʩ ʧʦʚʪʦʨʠʪʝʣʷʤʠ), ʚ ʣʶʙʦʡ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʥʘʭʦʜʠʪʩʷ ʚ ʦʜʥʦʤ ʠʟ ʪʨʝʭ ʩʦʩʪʦʷʥʠʡ - ʩʚʦʙʦʜʥʘ, ʟʘʥʷʪʘ, 

ʢʦʣʣʠʟʠʷ. ʉʦʩʪʦʷʥʠʝ ʟʘʥʷʪʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʦʨʤʘʣʴʥʦʡ ʧʝʨʝʜʘʯʝ ʢʘʜʨʘ 

ʦʜʥʠʤ ʠʟ ʫʟʣʦʚ ʩʝʪʠ. ʉʦʩʪʦʷʥʠʝ ʢʦʣʣʠʟʠʠ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʡ 

ʧʝʨʝʜʘʯʝ ʢʘʜʨʦʚ ʙʦʣʝʝ, ʯʝʤ ʦʜʥʠʤ ʫʟʣʦʤ ʩʝʪʠ.  

MAC-ʧʦʜʫʨʦʚʝʥʴ ʢʘʞʜʦʛʦ ʫʟʣʘ ʩʝʪʠ ʧʦʣʫʯʘʝʪ ʦʪ ʬʠʟʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʩʪʦʷʥʠʠ ʨʘʟʜʝʣʷʝʤʦʡ ʩʨʝʜʳ. ɽʩʣʠ ʦʥʘ ʩʚʦʙʦʜʥʘ, ʠ ʫ MAC-

ʧʦʜʫʨʦʚʥʷ ʠʤʝʝʪʩʷ ʢʘʜʨ ʜʣʷ ʧʝʨʝʜʘʯʠ, ʪʦ ʦʥ ʧʝʨʝʜʘʝʪ ʝʛʦ ʯʝʨʝʟ ʬʠʟʠʯʝʩʢʠʡ 

ʫʨʦʚʝʥʴ ʚ ʩʝʪʴ. ʌʠʟʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʧʦʙʠʪʥʦʡ ʧʝʨʝʜʘʯʝʡ ʢʘʜʨʘ 

ʩʣʝʜʠʪ ʟʘ ʩʦʩʪʦʷʥʠʝʤ ʩʨʝʜʳ. ɽʩʣʠ ʟʘ ʚʨʝʤʷ ʧʝʨʝʜʘʯʠ ʢʘʜʨʘ ʢʦʣʣʠʟʠʷ ʥʝ 

ʚʦʟʥʠʢʣʘ, ʪʦ ʢʘʜʨ ʩʯʠʪʘʝʪʩʷ ʧʝʨʝʜʘʥʥʳʤ. ɽʩʣʠ ʞʝ ʟʘ ʵʪʦ ʚʨʝʤʷ ʢʦʣʣʠʟʠʷ ʙʳʣʘ 

ʟʘʬʠʢʩʠʨʦʚʘʥʘ, ʪʦ ʧʝʨʝʜʘʯʘ ʢʘʜʨʘ ʧʨʝʢʨʘʱʘʝʪʩʷ, ʠ ʚ ʩʝʪʴ ʚʳʜʘʝʪʩʷ ʩʧʝʮʠʘʣʴʥʘʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʟ 32 ʙʠʪ (ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ jam-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ), 

ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʧʦʤʦʯʴ ʦʜʥʦʟʥʘʯʥʦ ʨʘʩʧʦʟʥʘʪʴ ʢʦʣʣʠʟʠʶ ʚʩʝʤʠ ʫʟʣʘʤʠ ʩʝʪʠ.  

ʇʦʩʣʝ ʬʠʢʩʘʮʠʠ ʢʦʣʣʠʟʠʠ MAC-ʧʦʜʫʨʦʚʝʥʴ ʜʝʣʘʝʪ ʩʣʫʯʘʡʥʫʶ ʧʘʫʟʫ, ʘ ʟʘʪʝʤ 

ʚʥʦʚʴ ʧʳʪʘʝʪʩʷ ʧʝʨʝʜʘʪʴ ʜʘʥʥʳʡ ʢʘʜʨ. ʉʣʫʯʘʡʥʳʡ ʭʘʨʘʢʪʝʨ ʧʘʫʟʳ ʫʤʝʥʴʰʘʝʪ 

ʚʝʨʦʷʪʥʦʩʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʧʦʧʳʪʢʠ ʟʘʭʚʘʪʘ ʨʘʟʜʝʣʷʝʤʦʡ ʩʨʝʜʳ ʥʝʩʢʦʣʴʢʠʤʠ 

ʫʟʣʘʤʠ ʧʨʠ ʩʣʝʜʫʶʱʝʡ ʧʦʧʳʪʢʝ. ʀʥʪʝʨʚʘʣ, ʠʟ ʢʦʪʦʨʦʛʦ ʚʳʙʠʨʘʝʪʩʷ ʩʣʫʯʘʡʥʘʷ 

ʚʝʣʠʯʠʥʘ ʧʘʫʟʳ, ʚʦʟʨʘʩʪʘʝʪ ʩ ʢʘʞʜʦʡ ʧʦʧʳʪʢʦʡ (ʜʦ 10-ʦʡ), ʪʘʢ ʯʪʦ ʧʨʠ ʙʦʣʴʰʦʡ 

ʟʘʛʨʫʟʢʝ ʩʝʪʠ ʠ ʯʘʩʪʦʤ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʢʦʣʣʠʟʠʡ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠʪʦʨʤʘʞʠʚʘʥʠʝ 

ʫʟʣʦʚ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʧʦʧʳʪʦʢ ʧʝʨʝʜʘʯʠ ʦʜʥʦʛʦ ʢʘʜʨʘ - 16, ʧʦʩʣʝ ʯʝʛʦ 

MAC-ʧʦʜʫʨʦʚʝʥʴ ʦʩʪʘʚʣʷʝʪ ʜʘʥʥʳʡ ʢʘʜʨ ʠ ʥʘʯʠʥʘʝʪ ʧʝʨʝʜʘʯʫ ʩʣʝʜʫʶʱʝʛʦ 

ʢʘʜʨʘ, ʧʦʩʪʫʧʠʚʰʝʛʦ ʩ LLC-ʧʦʜʫʨʦʚʥʷ.  

MAC-ʧʦʜʫʨʦʚʝʥʴ ʫʟʣʘ ʧʨʠʝʤʥʠʢʘ, ʢʦʪʦʨʳʡ ʧʦʣʫʯʘʝʪ ʙʠʪʳ ʢʘʜʨʘ ʦʪ ʩʚʦʝʛʦ 

ʬʠʟʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ, ʧʨʦʚʝʨʷʝʪ ʧʦʣʝ ʘʜʨʝʩʘ ʢʘʜʨʘ, ʠ ʝʩʣʠ ʘʜʨʝʩ ʩʦʚʧʘʜʘʝʪ ʩ ʝʛʦ 

ʩʦʙʩʪʚʝʥʥʳʤ, ʪʦ ʦʥ ʢʦʧʠʨʫʝʪ ʢʘʜʨ ʚ ʩʚʦʡ ʙʫʬʝʨ. ɿʘʪʝʤ ʦʥ ʧʨʦʚʝʨʷʝʪ, ʥʝ 

ʩʦʜʝʨʞʠʪ ʣʠ ʢʘʜʨ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʦʰʠʙʢʠ: ʧʦ ʢʦʥʪʨʦʣʴʥʦʡ ʩʫʤʤʝ, ʧʦ 

ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʤʫ ʨʘʟʤʝʨʫ ʢʘʜʨʘ, ʧʦ ʤʠʥʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʤʫ 

ʨʘʟʤʝʨʫ ʢʘʜʨʘ, ʧʦ ʥʝʚʝʨʥʦ ʥʘʡʜʝʥʥʳʤ ʛʨʘʥʠʮʘʤ ʙʘʡʪ. ɽʩʣʠ ʢʘʜʨ ʢʦʨʨʝʢʪʝʥ, ʪʦ 

ʝʛʦ ʧʦʣʝ ʜʘʥʥʳʭ ʧʝʨʝʜʘʝʪʩʷ ʥʘ LLC-ʧʦʜʫʨʦʚʝʥʴ, ʝʩʣʠ ʥʝʪ - ʪʦ ʦʪʙʨʘʩʳʚʘʝʪʩʷ.  

ʇʨʦʪʦʢʦʣʳ ʫʨʦʚʥʝʡ MAC ʠ LLC ʚʟʘʠʤʥʦ ʥʝʟʘʚʠʩʠʤʳ - ʢʘʞʜʳʡ ʧʨʦʪʦʢʦʣ 

MAC-ʫʨʦʚʥʷ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʩ ʣʶʙʳʤ ʪʠʧʦʤ ʧʨʦʪʦʢʦʣʘ LLC-ʫʨʦʚʥʷ ʠ 

ʥʘʦʙʦʨʦʪ. ʇʨʦʪʦʢʦʣ ʧʦʜʫʨʦʚʥʷ ʄɸʉ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʵʪʠʤ ʩʪʘʥʜʘʨʪʦʤ, ʦʩʥʦʚʘʥ 

ʥʘ ʤʝʪʦʜʝ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʩʨʝʜʝ ʩ ʦʧʦʟʥʘʚʘʥʠʝʤ ʥʝʩʫʱʝʡ ʠ 

ʦʙʥʘʨʫʞʝʥʠʝʤ ʢʦʥʬʣʠʢʪʦʚ ʠ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʵʬʬʝʢʪʠʚʥʳʤ ʠʟ ʚʩʝʭ ʤʝʪʦʜʦʚ 

ʩʣʫʯʘʡʥʦʛʦ ʜʦʩʪʫʧʘ. ʕʪʦʪ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʚʩʝʤ ʩʪʘʥʮʠʷʤ ʃɺʉ  ʢʦʣʣʝʢʪʠʚʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʙɦ ʫʶ ʬʠʟʠʯʝʩʢʫʶ ʩʨʝʜʫ, ʦʨʛʘʥʠʟʦʚʘʥʥʫʶ ʚ ʚʠʜʝ ʰʠʥʥʦʡ 

ʤʘʛʠʩʪʨʘʣʠ. ʂʘʞʜʘʷ ʩʪʘʥʮʠʷ, ʠʤʝʶʱʘʷ ʜʘʥʥʳʝ ʜʣʷ ʧʝʨʝʜʘʯʠ, ʦʪʩʣʝʞʠʚʘʝʪ 

ʩʦʩʪʦʷʥʠʝ ʬʠʟʠʯʝʩʢʦʡ ʩʨʝʜʳ ʠ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʧʝʨʝʜʘʯ ʦʪ ʜʨʫʛʠʭ ʩʪʘʥʮʠʡ 

(ʧʝʨʠʦʜ ʥʝ ʟʘʥʷʪʦʩʪʠ) ʧʝʨʝʜʘʝʪ ʩʚʦʡ ʢʘʜʨ ʧʦ ʬʠʟʠʯʝʩʢʦʡ ʩʨʝʜʝ. ɽʩʣʠ ʧʦʩʣʝ - 

ʩʥʘʯʘʣʘ ʧʝʨʝʜʘʯʠ ʢʘʜʨ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʢʘʜʨʦʤ ʦʪ ʜʨʫʛʦʡ ʩʪʘʥʮʠʠ, ʪʦ ʢʘʞʜʘʷ ʠʟ 

ʵʪʠʭ ʩʪʘʥʮʠʡ ʧʨʝʜʥʘʤʝʨʝʥʥʦ ʚʳʜʘʝʪ ʚ ʬʠʟʠʯʝʩʢʫʶ ʩʨʝʜʫ ʩʣʫʯʘʡʥʫʶ ʙʠʪʦʚʫʶ 

ʢʦʤʙʠʥʘʮʠʶ, ʯʪʦʙʳ ʦʙʦʟʥʘʯʠʪʴ ʜʣʷ ʚʩʝʡ ʩʝʪʠ ʥʘʣʠʯʠʝ ʢʦʥʬʣʠʢʪʘ. ɿʘʪʝʤ 
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ʩʪʘʥʮʠʷ ʚʳʞʠʜʘʝʪ ʚ ʪʝʯʝʥʠʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʨʝʤʝʥʠ ʧʨʝʞʜʝ ʯʝʤ ʧʦʚʪʦʨʠʪʴ 

ʧʦʧʳʪʢʫ ʧʝʨʝʜʘʯʠ ʢʘʜʨʘ. 

ʂʘʜʨ ʜʘʥʥʳʭ ʧʦʜʫʨʦʚʥʷ ʄɸʉ ʰʠʥʥʦʡ ʃɺʉ ʩ ʜʘʥʥʳʤ ʤʝʪʦʜʦʤ ʜʦʩʪʫʧʘ 

ʩʦʜʝʨʞʠʪ ʚʦʩʝʤʴ ʧʦʣʝʡ ʨʘʟʣʠʯʥʦʡ ʜʣʠʥʳ (ʚ ʦʢʪʝʪʘʭ). 

 

ʇʨʝʘʤʙʫʣʘ ʅʆ ɸʇ ɸʆ 
ɼʣʠʥʘ 

ʢʘʜʨʘ 

ʇʦʣʝ 

LLC 

ɿɸ

ʇ 

ʂʇ

ʂ 

7 1 

2 

ʠʣʠ 

6 

2 

ʠʣʠ 

6 

2 
64-
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ʈʠʩʫʥʦʢ 9. ʌʦʨʤʘʪ ʢʘʜʨʘ. 

ʂʘʞʜʳʡ ʦʢʪʝʪ ʧʦʣʷ ʧʨʝʘʤʙʫʣʳ ʠʤʝʝʪ ʙʠʪʦʚʫʶ ʢʦʤʙʠʥʘʮʠʶ 10101010. 

ʇʨʝʘʤʙʫʣʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʪʘʢʪʦʚʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʩʠʩʪʝʤ ʧʦʜʫʨʦʚʥʷ ʄɸʉ.  

ʇʦʣʝ ʥʘʯʘʣʴʥʦʛʦ ʦʛʨʘʥʠʯʝʥʠʷ (ʅʆ) ʢʘʜʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʚʦʠʯʥʫʶ 

ʢʦʤʙʠʥʘʮʠʶ 10101011, ʢʦʪʦʨʘʷ ʧʨʦʜʦʣʞʘʝʪ ʬʫʥʢʮʠʶ ʧʨʝʘʤʙʫʣʳ ʠ ʦʟʥʘʯʘʝʪ 

ʥʘʯʘʣʦ ʢʘʜʨʘ. 

ʇʦʣʝ ʘʜʨʝʩʘ ʧʦʣʫʯʘʪʝʣʷ (ɸʇ) ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʘʜʨʝʩ 

ʩʪʘʥʮʠʠ - ʧʦʣʫʯʘʪʝʣʷ ʠʣʠ ʛʨʫʧʧʦʚʦʡ ʘʜʨʝʩ ʥʝʩʢʦʣʴʢʠʭ (ʚʦʟʤʦʞʥʦ ʚʩʝʭ) 

ʩʪʘʥʮʠʡ, ʢʦʪʦʨʳʤ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʘʥʥʳʡ ʢʘʜʨ. 

ʇʦʣʝ ʘʜʨʝʩʘ ʦʪʧʨʘʚʠʪʝʣʷ (ɸʆ) ʫʢʘʟʳʚʘʝʪ ʘʜʨʝʩ ʩʪʘʥʮʠʠ - ʦʪʧʨʘʚʠʪʝʣʷ 

ʜʘʥʥʦʛʦ ʢʘʜʨʘ.  

ʇʦʣʝ ʜʣʠʥʳ ʢʘʜʨʘ ʫʢʘʟʳʚʘʝʪ ʯʠʩʣʦ ʦʢʪʝʪʦʚ ʧʦʣʷ LLC. ʇʦʣʝ ʜʘʥʥʳʭ LLC 

ʩʦʜʝʨʞʠʪ ʮʝʣʦʝ ʯʠʩʣʦ ʦʢʪʝʪʦʚ ʦʪ 64 ʜʦ 1518. ɽʩʣʠ ʵʪʦ ʧʦʣʝ ʠʤʝʝʪ ʜʣʠʥʫ 

ʤʝʥʴʰʫʶ, ʯʝʤ 64 ʦʢʪʝʪʘ, ʪʦ ʧʦʣʝ ʟʘʧʦʣʥʠʪʝʣʷ ( ɿɸʇ) ʧʦʟʚʦʣʷʝʪ ʨʘʩʰʠʨʠʪʴ ʧʦʣʝ 

ʜʘʥʥʳʭ ʜʦ ʤʠʥʠʤʘʣʴʥʦʛʦ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ. 

ʇʦʣʝ ʢʦʥʪʨʦʣʴʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʢʘʜʨʘ (ʂʇʂ) ʦʙʨʘʟʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʮʠʢʣʠʯʝʩʢʦʡ ʧʨʦʚʝʨʢʠ ʧʦʣʝʡ ɸʇ, ɸʆ, ʜʣʠʥʳ ʢʘʜʨʘ, ʧʦʣʷ LLC  ʠ ɿɸʇ. 

 

ʌʦʨʤʘʪ rEthernet-ʢʘʜʨʘ. 

 

 ʇʝʨʚʦʥʘʯʘʣʴʥʳʡ Variant I (ʙʦʣʴʰʝ ʥʝ ʧʨʠʤʝʥʷʝʪʩʷ).  

 Ethernet Version 2 ʠʣʠ Ethernet-ʢʘʜʨ II, ʝʱʸ ʥʘʟʳʚʘʝʤʳʡ DIX 

(ʘʙʙʨʝʚʠʘʪʫʨʘ ʧʝʨʚʳʭ ʙʫʢʚ ʬʠʨʤ-ʨʘʟʨʘʙʦʪʯʠʢʦʚ DEC, Intel, Xerox) ð ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦ ʩʝʡ ʜʝʥʴ. ʏʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ IP.  

 Novell ð ʚʥʫʪʨʝʥʥʷʷ ʤʦʜʠʬʠʢʘʮʠʷ IEEE 802.3 ʙʝʟ LLC (Logical Link 

Control).  

 ʂʘʜʨ IEEE 802.2 LLC.  

 ʂʘʜʨ IEEE 802.2 LLC/SNAP.  

ɺ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʝʥʠʷ, Ethernet-ʢʘʜʨ ʢʘʜʨ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʪʝʛ IEEE 802.1Q, 

ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ VLAN ʢ ʢʦʪʦʨʦʡ ʦʥ ʘʜʨʝʩʦʚʘʥ ʠ IEEE 802.1p ʜʣʷ ʫʢʘʟʘʥʠʷ 

ʧʨʠʦʨʠʪʝʪʥʦʩʪʠ. ʅʝʢʦʪʦʨʳʝ ʩʝʪʝʚʳʝ ʢʘʨʪʳ Ethernet, ʧʨʦʠʟʚʦʜʠʤʳʝ ʢʦʤʧʘʥʠʝʡ 
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Hewlett-Packard ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʠ ʨʘʙʦʪʝ ʢʘʜʨ ʬʦʨʤʘʪʘ IEEE 802.12, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʩʪʘʥʜʘʨʪʫ 100VG-AnyLAN  

ʈʘʟʥʳʝ ʪʠʧʳ ʢʘʜʨʘ ʠʤʝʶʪ ʨʘʟʣʠʯʥʳʡ ʬʦʨʤʘʪ ʠ ʟʥʘʯʝʥʠʝ MTU. 

 

 

 

 

9. ʉʪʘʥʜʘʨʪʳ ʣʦʢʘʣʴʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʝʪʝʡ 

 

ɺ 1980 ʛʦʜʫ ʚ ʠʥʩʪʠʪʫʪʝ IEEE ʙʳʣ ʦʨʛʘʥʠʟʦʚʘʥ ʢʦʤʠʪʝʪ 802 ʧʦ 

ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʣʦʢʘʣʴʥʳʭ ʩʝʪʝʡ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʢʦʪʦʨʦʛʦ ʙʳʣʦ ʧʨʠʥʷʪʦ 

ʩʝʤʝʡʩʪʚʦ ʩʪʘʥʜʘʨʪʦʚ IEEE 802-ʭ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʥʠʞʥʠʭ ʫʨʦʚʥʝʡ ʣʦʢʘʣʴʥʳʭ ʩʝʪʝʡ. ʇʦʟʞʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ 

ʵʪʦʛʦ ʢʦʤʠʪʝʪʘ ʣʝʛʣʠ ʚ ʦʩʥʦʚʫ ʢʦʤʧʣʝʢʩʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ISO 8802-

1...5. ʕʪʠ ʩʪʘʥʜʘʨʪʳ ʙʳʣʠ ʩʦʟʜʘʥʳ ʥʘ ʦʩʥʦʚʝ ʦʯʝʥʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ 

ʬʠʨʤʝʥʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʩʝʪʝʡ Ethernet, ArcNet ʠ Token Ring. 

ʇʦʤʠʤʦ IEEE ʚ ʨʘʙʦʪʝ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʧʨʦʪʦʢʦʣʦʚ ʣʦʢʘʣʴʥʳʭ ʩʝʪʝʡ 

ʧʨʠʥʠʤʘʣʠ ʫʯʘʩʪʠʝ ʠ ʜʨʫʛʠʝ ʦʨʛʘʥʠʟʘʮʠʠ. ʊʘʢ, ʘʤʝʨʠʢʘʥʩʢʠʤ ʠʥʩʪʠʪʫʪʦʤ ʧʦ 

ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ANSI ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʩʪʘʥʜʘʨʪ FDDI, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ 

ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 100 ʄʙ/ʩ. 

ʉʪʘʥʜʘʨʪʳ ʩʝʤʝʡʩʪʚʘ IEEE 802.X ʦʭʚʘʪʳʚʘʶʪ ʪʦʣʴʢʦ ʜʚʘ ʥʠʞʥʠʭ ʫʨʦʚʥʷ 

ʩʝʤʠʫʨʦʚʥʝʚʦʡ ʤʦʜʝʣʠ OSI - ʬʠʟʠʯʝʩʢʠʡ ʠ ʢʘʥʘʣʴʥʳʡ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ 

ʠʤʝʥʥʦ ʵʪʠ ʫʨʦʚʥʠ ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʦʪʨʘʞʘʶʪ ʩʧʝʮʠʬʠʢʫ ʣʦʢʘʣʴʥʳʭ 

ʩʝʪʝʡ. ʉʪʘʨʰʠʝ ʞʝ ʫʨʦʚʥʠ, ʥʘʯʠʥʘʷ ʩ ʩʝʪʝʚʦʛʦ, ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʠʤʝʶʪ 

ʦʙʱʠʝ ʯʝʨʪʳ, ʢʘʢ ʜʣʷ ʣʦʢʘʣʴʥʳʭ, ʪʘʢ ʠ ʜʣʷ ʛʣʦʙʘʣʴʥʳʭ ʩʝʪʝʡ. 

ʉʪʘʥʜʘʨʪʳ IEEE 802 ʠʤʝʶʪ ʜʦʩʪʘʪʦʯʥʦ ʯʝʪʢʫʶ ʩʪʨʫʢʪʫʨʫ. ʇʨʠʤʝʨ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʜʝʣʝʥʠʷ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. 10. 

 
ʈʠʩʫʥʦʢ 10. ʉʪʨʫʢʪʫʨʘ ʩʪʘʥʜʘʨʪʦʚ IEEE 802. 

 

ʕʪʘ ʩʪʨʫʢʪʫʨʘ ʧʦʷʚʠʣʘʩʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʙʦʣʴʰʦʡ ʨʘʙʦʪʳ, ʧʨʦʚʝʜʝʥʥʦʡ 

ʢʦʤʠʪʝʪʦʤ 802 ʧʦ ʚʳʜʝʣʝʥʠʶ ʚ ʨʘʟʥʳʭ ʬʠʨʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ʦʙʱʠʭ 

ʧʦʜʭʦʜʦʚ ʠ ʦʙʱʠʭ ʬʫʥʢʮʠʡ, ʘ ʪʘʢʞʝ ʩʦʛʣʘʩʦʚʘʥʠʶ ʩʪʠʣʝʡ ʠʭ ʦʧʠʩʘʥʠʷ. ɺ 
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ʨʝʟʫʣʴʪʘʪʝ ʢʘʥʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʙʳʣ ʨʘʟʜʝʣʝʥ ʥʘ ʜʚʘ ʫʧʦʤʷʥʫʪʳʭ ʧʦʜʫʨʦʚʥʷ. 

ʆʧʠʩʘʥʠʝ ʢʘʞʜʦʡ ʪʝʭʥʦʣʦʛʠʠ ʨʘʟʜʝʣʝʥʦ ʥʘ ʜʚʝ ʯʘʩʪʠ: ʦʧʠʩʘʥʠʝ ʫʨʦʚʥʷ MAC ʠ 

ʦʧʠʩʘʥʠʝ ʬʠʟʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ. ʇʨʘʢʪʠʯʝʩʢʠ ʫ ʢʘʞʜʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʝʜʠʥʩʪʚʝʥʥʦʤʫ ʧʨʦʪʦʢʦʣʫ ʫʨʦʚʥʷ MAC ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ 

ʧʨʦʪʦʢʦʣʦʚ ʬʠʟʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ. 

ʅʘʜ ʢʘʥʘʣʴʥʳʤ ʫʨʦʚʥʝʤ ʚʩʝʭ ʪʝʭʥʦʣʦʛʠʡ ʠʟʦʙʨʘʞʝʥ ʦʙʱʠʡ ʜʣʷ ʥʠʭ ʧʨʦʪʦʢʦʣ 

LLC, ʧʦʜʜʝʨʞʠʚʘʶʱʠʡ ʥʝʩʢʦʣʴʢʦ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ, ʥʦ ʥʝʟʘʚʠʩʠʤʳʡ ʦʪ ʚʳʙʦʨʘ 

ʢʦʥʢʨʝʪʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. ʉʪʘʥʜʘʨʪ LLC ʢʫʨʠʨʫʝʪ ʧʦʜʢʦʤʠʪʝʪ 802.2. ɼʘʞʝ 

ʪʝʭʥʦʣʦʛʠʠ, ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʥʳʝ ʥʝ ʚ ʨʘʤʢʘʭ ʢʦʤʠʪʝʪʘ 802, ʦʨʠʝʥʪʠʨʫʶʪʩʷ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʪʦʢʦʣʘ LLC, ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʩʪʘʥʜʘʨʪʦʤ 802.2, ʥʘʧʨʠʤʝʨ 

ʧʨʦʪʦʢʦʣ FDDI, ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʥʳʡ ANSI. 

ʆʩʦʙʥʷʢʦʤ ʩʪʦʷʪ ʩʪʘʥʜʘʨʪʳ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʝ ʧʦʜʢʦʤʠʪʝʪʦʤ 802.1. ʕʪʠ 

ʩʪʘʥʜʘʨʪʳ ʥʦʩʷʪ ʦʙʱʠʡ ʜʣʷ ʚʩʝʭ ʪʝʭʥʦʣʦʛʠʡ ʭʘʨʘʢʪʝʨ. ɺ ʧʦʜʢʦʤʠʪʝʪʝ 802.1 

ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʦʙʱʠʝ ʦʧʨʝʜʝʣʝʥʠʷ ʣʦʢʘʣʴʥʳʭ ʩʝʪʝʡ ʠ ʠʭ ʩʚʦʡʩʪʚ, 

ʦʧʨʝʜʝʣʝʥʘ ʩʚʷʟʴ ʪʨʝʭ ʫʨʦʚʥʝʡ ʤʦʜʝʣʠ IEEE 802 ʩ ʤʦʜʝʣʴʶ OSI. ʅʦ ʥʘʠʙʦʣʝʝ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʘʞʥʳʤʠ ʷʚʣʷʶʪʩʷ ʩʪʘʥʜʘʨʪʳ 802.1, ʢʦʪʦʨʳʝ ʦʧʠʩʳʚʘʶʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʩʦʙʦʡ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʘ ʪʘʢʞʝ ʩʪʘʥʜʘʨʪʳ ʧʦ 

ʧʦʩʪʨʦʝʥʠʶ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʩʝʪʝʡ ʥʘ ʦʩʥʦʚʝ ʙʘʟʦʚʳʭ ʪʦʧʦʣʦʛʠʡ. ʕʪʘ ʛʨʫʧʧʘ 

ʩʪʘʥʜʘʨʪʦʚ ʥʦʩʠʪ ʦʙʱʝʝ ʥʘʟʚʘʥʠʝ ʩʪʘʥʜʘʨʪʦʚ ʤʝʞʩʝʪʝʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ʉʶʜʘ ʚʭʦʜʷʪ ʪʘʢʠʝ ʚʘʞʥʳʝ ʩʪʘʥʜʘʨʪʳ, ʢʘʢ ʩʪʘʥʜʘʨʪ 802. ID, ʦʧʠʩʳʚʘʶʱʠʡ 

ʣʦʛʠʢʫ ʨʘʙʦʪʳ ʤʦʩʪʘ/ʢʦʤʤʫʪʘʪʦʨʘ, ʩʪʘʥʜʘʨʪ 802.1ʅ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʨʘʙʦʪʫ 

ʪʨʘʥʩʣʠʨʫʶʱʝʛʦ ʤʦʩʪʘ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʝʟ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʦʙʲʝʜʠʥʷʪʴ ʩʝʪʠ 

Ethernet ʠ FDDI, Ethernet ʠ Token Ring ʠ ʪ. ʧ. ʅʘʙʦʨ ʩʪʘʥʜʘʨʪʦʚ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ 

ʧʦʜʢʦʤʠʪʝʪʦʤ 802.1, ʧʨʦʜʦʣʞʘʝʪ ʨʘʩʪʠ, ʥʝʜʘʚʥʦ ʦʥ ʧʦʧʦʣʥʠʣʩʷ ʚʘʞʥʳʤ 

ʩʪʘʥʜʘʨʪʦʤ 802.1Q, ʦʧʨʝʜʝʣʷʶʱʠʤ ʩʧʦʩʦʙ ʧʦʩʪʨʦʝʥʠʷ ʚʠʨʪʫʘʣʴʥʳʭ ʣʦʢʘʣʴʥʳʭ 

ʩʝʪʝʡ VLAN ʚ ʩʝʪʷʭ ʥʘ ʦʩʥʦʚʝ ʢʦʤʤʫʪʘʪʦʨʦʚ. 

ʀʩʭʦʜʥʳʝ ʬʠʨʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʠʭ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʚʘʨʠʘʥʪʳ - 

ʩʪʘʥʜʘʨʪʳ 802.ʭ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʜʦʣʛʠʝ ʛʦʜʳ ʩʫʱʝʩʪʚʦʚʘʣʠ ʧʘʨʘʣʣʝʣʴʥʦ. 

ʅʘʧʨʠʤʝʨ, ʪʝʭʥʦʣʦʛʠʷ ArcNet ʪʘʢ ʜʦ ʢʦʥʮʘ ʥʝ ʙʳʣʘ ʧʨʠʚʝʜʝʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ 

ʩʦ ʩʪʘʥʜʘʨʪʦʤ 802.4. ʈʘʩʭʦʞʜʝʥʠʷ ʤʝʞʜʫ ʪʝʭʥʦʣʦʛʠʝʡ Token Ring ʠ ʩʪʘʥʜʘʨʪʦʤ 

802.5 ʪʦʞʝ ʧʝʨʠʦʜʠʯʝʩʢʠ ʚʦʟʥʠʢʘʶʪ, ʪʘʢ ʢʘʢ ʢʦʤʧʘʥʠʷ IBM ʨʝʛʫʣʷʨʥʦ ʚʥʦʩʠʪ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʚ ʩʚʦʶ ʪʝʭʥʦʣʦʛʠʶ ʠ ʢʦʤʠʪʝʪ 802.5 ʦʪʨʘʞʘʝʪ ʵʪʠ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʚ ʩʪʘʥʜʘʨʪʝ ʩ ʥʝʢʦʪʦʨʳʤ ʟʘʧʦʟʜʘʥʠʝʤ. ʀʩʢʣʶʯʝʥʠʝ 

ʩʦʩʪʘʚʣʷʝʪ ʪʝʭʥʦʣʦʛʠʷ Ethernet. ʇʦʩʣʝʜʥʠʡ ʬʠʨʤʝʥʥʳʡ ʩʪʘʥʜʘʨʪ Ethernet DIX 

ʙʳʣ ʧʨʠʥʷʪ ʚ 1980 ʛʦʜʫ, ʠ ʩ ʪʝʭ ʧʦʨ ʥʠʢʪʦ ʙʦʣʴʰʝ ʥʝ ʧʨʝʜʧʨʠʥʠʤʘʣ ʧʦʧʳʪʦʢ 

ʬʠʨʤʝʥʥʦʛʦ ʨʘʟʚʠʪʠʷ Ethernet. ɺʩʝ ʥʦʚʰʝʩʪʚʘ ʚ ʩʝʤʝʡʩʪʚʝ ʪʝʭʥʦʣʦʛʠʡ Ethernet 

ʚʥʦʩʷʪʩʷ ʪʦʣʴʢʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʥʷʪʠʷ ʦʪʢʨʳʪʳʭ ʩʪʘʥʜʘʨʪʦʚ ʢʦʤʠʪʝʪʦʤ 802.3. 

ɹʦʣʝʝ ʧʦʟʜʥʠʝ ʩʪʘʥʜʘʨʪʳ ʠʟʥʘʯʘʣʴʥʦ ʨʘʟʨʘʙʘʪʳʚʘʣʠʩʴ ʥʝ ʦʜʥʦʡ ʢʦʤʧʘʥʠʝʡ, ʘ 

ʛʨʫʧʧʦʡ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʢʦʤʧʘʥʠʡ, ʘ ʧʦʪʦʤ ʧʝʨʝʜʘʚʘʣʠʩʴ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʦʜʢʦʤʠʪʝʪ IEEE 802 ʜʣʷ ʫʪʚʝʨʞʜʝʥʠʷ. ʊʘʢ ʧʨʦʠʟʦʰʣʦ ʩ 

ʪʝʭʥʦʣʦʛʠʷʤʠ Fast Ethernet, l00VG-AnyLAN, Gigabit Ethernet. ɻʨʫʧʧʘ 

ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʢʦʤʧʘʥʠʡ ʦʙʨʘʟʦʚʳʚʘʣʘ ʩʥʘʯʘʣʘ ʥʝʙʦʣʴʰʦʝ ʦʙʲʝʜʠʥʝʥʠʝ, ʘ 

ʟʘʪʝʤ ʧʦ ʤʝʨʝ ʨʘʟʚʠʪʠʷ ʨʘʙʦʪ ʢ ʥʝʤʫ ʧʨʠʩʦʝʜʠʥʷʣʠʩʴ ʜʨʫʛʠʝ ʢʦʤʧʘʥʠʠ, ʪʘʢ ʯʪʦ 

ʧʨʦʮʝʩʩ ʧʨʠʥʷʪʠʷ ʩʪʘʥʜʘʨʪʘ ʥʦʩʠʣ ʦʪʢʨʳʪʳʡ ʭʘʨʘʢʪʝʨ. 
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ʉʝʛʦʜʥʷ ʢʦʤʠʪʝʪ 802 ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʡ ʨʷʜ ʧʦʜʢʦʤʠʪʝʪʦʚ, ʚ ʢʦʪʦʨʳʡ 

ʚʭʦʜʷʪ ʢʘʢ ʫʞʝ ʫʧʦʤʷʥʫʪʳʝ, ʪʘʢ ʠ ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ: 

 802.1 - ʦʙʲʝʜʠʥʝʥʠʝ ʩʝʪʝʡ; 

 802.2 - LLC - ʫʧʨʘʚʣʝʥʠʝ ʣʦʛʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʝʡ ʜʘʥʥʳʭ; 

 802.3 - Ethernet ʩ ʤʝʪʦʜʦʤ ʜʦʩʪʫʧʘ CSMA/CD; 

 802.4 - ʣʦʢʘʣʴʥʳʝ ʩʝʪʠ ʩ ʤʝʪʦʜʦʤ ʜʦʩʪʫʧʘ Token Bus; 

 802.5 - ʣʦʢʘʣʴʥʳʝ ʩʝʪʠ ʩ ʤʝʪʦʜʦʤ ʜʦʩʪʫʧʘ Token Ring; 

 802.6 - ʩʝʪʠ ʤʝʛʘʧʦʣʠʩʦʚ; 

 802.7 - ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʩʫʣʴʪʘʮʠʦʥʥʘʷ ʛʨʫʧʧʘ ʧʦ ʰʠʨʦʢʦʧʦʣʦʩʥʦʡ 

ʧʝʨʝʜʘʯʝ; 

 802,8 - ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʩʫʣʴʪʘʮʠʦʥʥʘʷ ʛʨʫʧʧʘ ʧʦ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʤ 

ʩʝʪʷʤ; 

 802.9 - ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʩʝʪʠ ʧʝʨʝʜʘʯʠ ʛʦʣʦʩʘ ʠ ʜʘʥʥʳʭ; 

 802.10 - ʩʝʪʝʚʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ; 

 802.11 - ʙʝʩʧʨʦʚʦʜʥʳʝ ʩʝʪʠ; 

 802.12 - l00VG-AnyLAN - ʣʦʢʘʣʴʥʳʝ ʩʝʪʠ ʩ ʤʝʪʦʜʦʤ ʜʦʩʪʫʧʘ ʧʦ 

ʪʨʝʙʦʚʘʥʠʶ ʩ ʧʨʠʦʨʠʪʝʪʘʤʠ. 

ɼʣʷ ʰʠʥʥʳʭ ʃɺʉ ʩʪʘʥʜʘʨʪ I EEE802.3 ʦʧʨʝʜʝʣʷʝʪ ʧʨʦʪʦʢʦʣʳ ʠ ʫʩʣʫʛʠ 

ʧʦʜʫʨʦʚʥʷ ʄɸʉ ʠ ʬʠʟʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ. 

 

10. ʉʝʪʝʚʘʷ ʪʝʭʥʦʣʦʛʠʷ Ethernet 

 

Ethernet ð ʵʪʦ ʩʘʤʳʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʪʘʥʜʘʨʪ 

ʣʦʢʘʣʴʥʳʭ ʩʝʪʝʡ. ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʩʝʪʝʡ, ʨʘʙʦʪʘʶʱʠʭ ʧʦ ʧʨʦʪʦʢʦʣʫ Ethernet ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʦʮʝʥʠʚʘʝʪʩʷ ʚ 5 ʤʠʣʣʠʦʥʦʚ, ʘ ʢʦʣʠʯʝʩʪʚʦ ʢʦʤʧʴʶʪʝʨʦʚ ʩ 

ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʩʝʪʝʚʳʤʠ ʘʜʘʧʪʝʨʘʤʠ Ethernet ð ʚ 50 ʤʠʣʣʠʦʥʦʚ. 

ʊʝʭʥʦʣʦʛʠʷ Ethernet ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʚʤʝʩʪʝ ʩʦ ʤʥʦʛʠʤʠ ʧʝʨʚʳʤʠ 

ʧʨʦʝʢʪʘʤʠ ʢʦʨʧʦʨʘʮʠʠ Xerox PARC. ʆʙʱʝʧʨʠʥʷʪʦ, ʯʪʦ Ethernet ʙʳʣ ʠʟʦʙʨʝʪʸʥ 

22 ʤʘʷ 1973 ʛʦʜʘ, ʢʦʛʜʘ ʈʦʙʝʨʪ ʄʝʪʢʘʣʬ (Robert Metcalfe) ʩʦʩʪʘʚʠʣ ʜʦʢʣʘʜʥʫʶ 

ʟʘʧʠʩʢʫ ʜʣʷ ʛʣʘʚʳ PARC ʦ ʧʦʪʝʥʮʠʘʣʝ ʪʝʭʥʦʣʦʛʠʠ Ethernet. ʅʦ ʟʘʢʦʥʥʦʝ ʧʨʘʚʦ 

ʥʘ ʪʝʭʥʦʣʦʛʠʶ ʄʝʪʢʘʣʬ ʧʦʣʫʯʠʣ ʯʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʣʝʪ. ɺ 1976 ʛʦʜʫ ʦʥ ʠ ʝʛʦ 

ʘʩʩʠʩʪʝʥʪ ɼʵʚʠʜ ɹʦʛʛʩ (David Boggs) ʠʟʜʘʣʠ ʙʨʦʰʶʨʫ ʧʦʜ ʥʘʟʚʘʥʠʝʤ çEthernet: 

Distributed Packet-Switching For Local Computer Networksè. 

ʄʝʪʢʘʣʬ ʫʰʸʣ ʠʟ Xerox ʚ 1979 ʛʦʜʫ ʠ ʦʩʥʦʚʘʣ ʢʦʤʧʘʥʠʶ 3Com ʜʣʷ 

ʧʨʦʜʚʠʞʝʥʠʷ ʢʦʤʧʴʶʪʝʨʦʚ ʠ ʣʦʢʘʣʴʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʝʪʝʡ. ɽʤʫ ʫʜʘʣʦʩʴ 

ʫʙʝʜʠʪʴ DEC, Intel ʠ Xerox ʨʘʙʦʪʘʪʴ ʩʦʚʤʝʩʪʥʦ ʠ ʨʘʟʨʘʙʦʪʘʪʴ ʩʪʘʥʜʘʨʪ Ethernet 

(DIX). ɺʧʝʨʚʳʝ ʵʪʦʪ ʩʪʘʥʜʘʨʪ ʙʳʣ ʦʧʫʙʣʠʢʦʚʘʥ 30 ʩʝʥʪʷʙʨʷ 1980 ʛʦʜʘ. ʆʥ 

ʥʘʯʘʣ ʩʦʧʝʨʥʠʯʝʩʪʚʦ ʩ ʜʚʫʤʷ ʢʨʫʧʥʳʤʠ ʟʘʧʘʪʝʥʪʦʚʘʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ Token 

ring ʠ ARCNET, ʢʦʪʦʨʳʝ ʚʩʢʦʨʝ ʙʳʣʠ ʧʦʭʦʨʦʥʝʥʳ ʧʦʜ ʥʘʢʘʪʳʚʘʶʱʠʤʠʩʷ 

ʚʦʣʥʘʤʠ ʧʨʦʜʫʢʮʠʠ Ethernet. ɺ ʧʨʦʮʝʩʩʝ ʙʦʨʴʙʳ 3Com ʩʪʘʣʘ ʦʩʥʦʚʥʦʡ 

ʢʦʤʧʘʥʠʝʡ ʚ ʵʪʦʡ ʦʪʨʘʩʣʠ. 

ʂʦʛʜʘ ʛʦʚʦʨʷʪ Ethernet, ʪʦ ʧʦʜ ʵʪʠʤ ʦʙʳʯʥʦ ʧʦʥʠʤʘʶʪ ʣʶʙʦʡ ʠʟ ʚʘʨʠʘʥʪʦʚ 

ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ. ɺ ʙʦʣʝʝ ʫʟʢʦʤ ʩʤʳʩʣʝ Ethernet ð ʵʪʦ ʩʝʪʝʚʦʡ ʩʪʘʥʜʘʨʪ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʩʝʪʠ Ethernet Network, ʢʦʪʦʨʫʶ ʬʠʨʤʘ 

Xerox ʨʘʟʨʘʙʦʪʘʣʘ ʠ ʨʝʘʣʠʟʦʚʘʣʘ ʚ 1975 ʛʦʜʫ. ʄʝʪʦʜ ʜʦʩʪʫʧʘ ʙʳʣ ʦʧʨʦʙʦʚʘʥ 
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ʝʱʝ ʨʘʥʴʰʝ: ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ 60-ʭ ʛʦʜʦʚ ʚ ʨʘʜʠʦʩʝʪʠ ɻʘʚʘʡʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʩʣʫʯʘʡʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʦʙʱʝʡ 

ʨʘʜʠʦʩʨʝʜʝ, ʧʦʣʫʯʠʚʰʠʝ ʦʙʱʝʝ ʥʘʟʚʘʥʠʝ Aloha. ɺ 1980 ʛʦʜʫ ʬʠʨʤʳ DEC, Intel 

ʠ Xerox ʩʦʚʤʝʩʪʥʦ ʨʘʟʨʘʙʦʪʘʣʠ ʠ ʦʧʫʙʣʠʢʦʚʘʣʠ ʩʪʘʥʜʘʨʪ Ethernet ʚʝʨʩʠʠ II  ʜʣʷ 

ʩʝʪʠ, ʧʦʩʪʨʦʝʥʥʦʡ ʥʘ ʦʩʥʦʚʝ ʢʦʘʢʩʠʘʣʴʥʦʛʦ ʢʘʙʝʣʷ, ʢʦʪʦʨʳʡ ʩʪʘʣ ʧʦʩʣʝʜʥʝʡ 

ʚʝʨʩʠʝʡ ʬʠʨʤʝʥʥʦʛʦ ʩʪʘʥʜʘʨʪʘ Ethernet. ʇʦʵʪʦʤʫ ʬʠʨʤʝʥʥʫʶ ʚʝʨʩʠʶ ʩʪʘʥʜʘʨʪʘ 

Ethernet ʥʘʟʳʚʘʶʪ ʩʪʘʥʜʘʨʪʦʤ Ethernet DIX ʠʣʠ Ethernet ʀ. 

ʅʘ ʦʩʥʦʚʝ ʩʪʘʥʜʘʨʪʘ Ethernet DIX ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʩʪʘʥʜʘʨʪ IEEE 802.3, ʢʦ-

ʪʦʨʳʡ ʚʦ ʤʥʦʛʦʤ ʩʦʚʧʘʜʘʝʪ ʩʦ ʩʚʦʠʤ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʤ, ʥʦ ʥʝʢʦʪʦʨʳʝ 

ʨʘʟʣʠʯʠʷ ʚʩʝ ʞʝ ʠʤʝʶʪʩʷ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʩʪʘʥʜʘʨʪʝ IEEE 802.3 ʨʘʟʣʠʯʘʶʪʩʷ 

ʫʨʦʚʥʠ MAC ʠ LLC, ʚ ʦʨʠʛʠʥʘʣʴʥʦʤ Ethernet ʦʙʘ ʵʪʠ ʫʨʦʚʥʷ ʦʙʲʝʜʠʥʝʥʳ ʚ 

ʝʜʠʥʳʡ ʢʘʥʘʣʴʥʳʡ ʫʨʦʚʝʥʴ. ɺ Ethernet DIX ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʦʪʦʢʦʣ 

ʪʝʩʪʠʨʦʚʘʥʠʷ ʢʦʥʬʠʛʫʨʘʮʠʠ (Ethernet Configuration Test Protocol), ʢʦʪʦʨʳʡ 

ʦʪʩʫʪʩʪʚʫʝʪ ʚ IEEE 802.3. ʅʝʩʢʦʣʴʢʦ ʦʪʣʠʯʘʝʪʩʷ ʠ ʬʦʨʤʘʪ ʢʘʜʨʘ, ʭʦʪʷ 

ʤʠʥʠʤʘʣʴʥʳʝ ʠ ʤʘʢʩʠʤʘʣʴʥʳʝ ʨʘʟʤʝʨʳ ʢʘʜʨʦʚ ʚ ʵʪʠʭ ʩʪʘʥʜʘʨʪʘʭ ʩʦʚʧʘʜʘʶʪ. 

ʏʘʩʪʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʪʣʠʯʠʪʴ Ethernet, ʦʧʨʝʜʝʣʝʥʥʳʡ ʩʪʘʥʜʘʨʪʦʤ IEEE, ʠ 

ʬʠʨʤʝʥʥʳʡ Ethernet DIX, ʧʝʨʚʳʡ ʥʘʟʳʚʘʶʪ ʪʝʭʥʦʣʦʛʠʝʡ 802.3, ʘ ʟʘ ʬʠʨʤʝʥʥʳʤ 

ʦʩʪʘʚʣʷʶʪ ʥʘʟʚʘʥʠʝ Ethernet ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʙʦʟʥʘʯʝʥʠʡ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʬʠʟʠʯʝʩʢʦʡ ʩʨʝʜʳ ʩʪʘʥʜʘʨʪ IEEE 802.3 ʠʤʝʝʪ 

ʨʘʟʣʠʯʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ - 10Base-5, 10Base-2, 10Base-T, lOBase-FL, lOBase-FB. 

ɺ ʩʪʘʥʜʘʨʪʝ ʫʢʘʟʘʥʦ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʝʜʘʶʱʝʡ ʩʨʝʜʳ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʢʦʘʢʩʠʘʣʴʥʳʡ ʢʘʙʝʣʴ, ʤʝʪʦʜ ʫʧʨʘʚʣʝʥʠʷ ʜʦʩʪʫʧʦʤ ð ʤʥʦʞʝʩʪʚʝʥʥʳʡ ʜʦʩʪʫʧ ʩ 

ʢʦʥʪʨʦʣʝʤ ʥʝʩʫʱʝʡ ʠ ʦʙʥʘʨʫʞʝʥʠʝʤ ʩʪʦʣʢʥʦʚʝʥʠʡ (CSMA/CD, Carrier Sense 

Multiply Access with Collision Detection), ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 10 ʄʙʠʪ/ʩ, 

ʨʘʟʤʝʨ ʧʘʢʝʪʘ ʦʪ 72 ʜʦ 1526 ʙʘʡʪ, ʦʧʠʩʘʥʳ ʤʝʪʦʜʳ ʢʦʜʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ. 

ʂʦʣʠʯʝʩʪʚʦ ʫʟʣʦʚ ʚ ʦʜʥʦʤ ʨʘʟʜʝʣʷʝʤʦʤ ʩʝʛʤʝʥʪʝ ʩʝʪʠ ʦʛʨʘʥʠʯʝʥʦ 

ʧʨʝʜʝʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʚ 1024 ʨʘʙʦʯʠʭ ʩʪʘʥʮʠʠ (ʩʧʝʮʠʬʠʢʘʮʠʠ ʬʠʟʠʯʝʩʢʦʛʦ 

ʫʨʦʚʥʷ ʤʦʛʫʪ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʙʦʣʝʝ ʞʸʩʪʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʢ ʩʝʛʤʝʥʪʫ 

ʪʦʥʢʦʛʦ ʢʦʘʢʩʠʘʣʘ ʤʦʞʝʪ ʧʦʜʢʣʶʯʘʪʴʩʷ ʥʝ ʙʦʣʝʝ 30 ʨʘʙʦʯʠʭ ʩʪʘʥʮʠʡ, ʘ ʢ 

ʩʝʛʤʝʥʪʫ ʪʦʣʩʪʦʛʦ ʢʦʘʢʩʠʘʣʘ ð ʥʝ ʙʦʣʝʝ 100). ʆʜʥʘʢʦ ʩʝʪʴ, ʧʦʩʪʨʦʝʥʥʘʷ ʥʘ 

ʦʜʥʦʤ ʨʘʟʜʝʣʷʝʤʦʤ ʩʝʛʤʝʥʪʝ, ʩʪʘʥʦʚʠʪʩʷ ʥʝʵʬʬʝʢʪʠʚʥʦʡ ʟʘʜʦʣʛʦ ʜʦ 

ʜʦʩʪʠʞʝʥʠʷ ʧʨʝʜʝʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʫʟʣʦʚ. 

ʈʘʟʚʠʪʠʝ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʩʝʪʝʡ 100 ʄʙʠʪ/ʩ ʧʦʣʫʯʠʣʦ ʥʘʟʚʘʥʠʝ Fast 

Ethernet, ʜʣʷ 1000 ʄʙʠʪ/ʩ ð Gigabit Ethernet. 

ɺ 1995 ʛʦʜʫ ʙʳʣ ʧʨʠʥʷʪ ʩʪʘʥʜʘʨʪ Fast Ethernet, ʢʦʪʦʨʳʡ ʚʦ ʤʥʦʛʦʤ ʥʝ 

ʷʚʣʷʝʪʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʤ ʩʪʘʥʜʘʨʪʦʤ, ʦ ʯʝʤ ʛʦʚʦʨʠʪ ʠ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʝʛʦ 

ʦʧʠʩʘʥʠʝ ʧʨʦʩʪʦ ʷʚʣʷʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʨʘʟʜʝʣʦʤ ʢ ʦʩʥʦʚʥʦʤʫ ʩʪʘʥʜʘʨʪʫ 

802.3 ð ʨʘʟʜʝʣʦʤ 802.3ʠ. ɸʥʘʣʦʛʠʯʥʦ, ʧʨʠʥʷʪʳʡ ʚ 1998 ʛʦʜʫ ʩʪʘʥʜʘʨʪ Gigabit 

Ethernet ʦʧʠʩʘʥ ʚ ʨʘʟʜʝʣʝ 802.3z ʦʩʥʦʚʥʦʛʦ ʜʦʢʫʤʝʥʪʘ. 

ɼʣʷ ʧʝʨʝʜʘʯʠ ʜʚʦʠʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʢʘʙʝʣʶ ʜʣʷ ʚʩʝʭ ʚʘʨʠʘʥʪʦʚ ʬʠʟʠʯʝ-

ʩʢʦʛʦ ʫʨʦʚʥʷ ʪʝʭʥʦʣʦʛʠʠ Ethernet, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ 

10 ʄʙʠʪ/ʩ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʘʥʯʝʩʪʝʨʩʢʠʡ ʢʦʜ. 

ɺʩʝ ʚʠʜʳ ʩʪʘʥʜʘʨʪʦʚ Ethernet (ʚ ʪʦʤ ʯʠʩʣʝ Fast Ethernet ʠ Gigabit Ethernet) 

ʠʩʧʦʣʴʟʫʶʪ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʤʝʪʦʜ ʨʘʟʜʝʣʝʥʠʷ ʩʨʝʜʳ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ð ʤʝʪʦʜ 

CSMA/CD. 
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ʕʪʘʧʳ ʜʦʩʪʫʧʘ ʢ ʩʨʝʜʝ 

 

ɺʩʝ ʜʘʥʥʳʝ, ʧʝʨʝʜʘʚʘʝʤʳʝ ʧʦ ʩʝʪʠ, ʧʦʤʝʱʘʶʪʩʷ ʚ ʢʘʜʨʳ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʠ ʩʥʘʙʞʘʶʪʩʷ ʫʥʠʢʘʣʴʥʳʤ ʘʜʨʝʩʦʤ ʩʪʘʥʮʠʠ ʥʘʟʥʘʯʝʥʠʷ. 

ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʜʘʚʘʪʴ ʢʘʜʨ, ʩʪʘʥʮʠʷ ʜʦʣʞʥʘ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ 

ʨʘʟʜʝʣʷʝʤʘʷ ʩʨʝʜʘ ʩʚʦʙʦʜʥʘ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʦʩʣʫʰʠʚʘʥʠʝʤ ʦʩʥʦʚʥʦʡ ʛʘʨʤʦʥʠʢʠ 

ʩʠʛʥʘʣʘ, ʢʦʪʦʨʘʷ ʪʘʢʞʝ ʥʘʟʳʚʘʝʪʩʷ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʦʡ (carrier-sense, CS). ʇʨʠ-

ʟʥʘʢʦʤ ʥʝʟʘʥʷʪʦʩʪʠ ʩʨʝʜʳ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʥʘ ʥʝʡ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʳ, ʢʦʪʦʨʘʷ 

ʧʨʠ ʤʘʥʯʝʩʪʝʨʩʢʦʤ ʩʧʦʩʦʙʝ ʢʦʜʠʨʦʚʘʥʠʷ ʨʘʚʥʘ 5-10 ʄɻʮ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʩʣʝ-

ʜʦʚʘʪʝʣʴʥʦʩʪʠ ʝʜʠʥʠʮ ʠ ʥʫʣʝʡ, ʧʝʨʝʜʘʚʘʝʤʳʭ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ. 

ɽʩʣʠ ʩʨʝʜʘ ʩʚʦʙʦʜʥʘ, ʪʦ ʫʟʝʣ ʠʤʝʝʪ ʧʨʘʚʦ ʥʘʯʘʪʴ ʧʝʨʝʜʘʯʫ ʢʘʜʨʘ. ʕʪʦʪ ʢʘʜʨ 

ʠʟʦʙʨʘʞʝʥ ʥʘ ʨʠʩʫʥʢʝ ʧʝʨʚʳʤ. ʋʟʝʣ 1 ʦʙʥʘʨʫʞʠʣ, ʯʪʦ ʩʨʝʜʘ ʩʚʦʙʦʜʥʘ, ʠ ʥʘʯʘʣ ʧʝʨʝ-

ʜʘʚʘʪʴ ʩʚʦʡ ʢʘʜʨ. ɺ ʢʣʘʩʩʠʯʝʩʢʦʡ ʩʝʪʠ Ethernet ʥʘ ʢʦʘʢʩʠʘʣʴʥʦʤ ʢʘʙʝʣʝ ʩʠʛʥʘʣʳ 

ʧʝʨʝʜʘʪʯʠʢʘ ʫʟʣʘ 1 ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʚ ʦʙʝ ʩʪʦʨʦʥʳ, ʪʘʢ ʯʪʦ ʚʩʝ ʫʟʣʳ ʩʝʪʠ ʠʭ 

ʧʦʣʫʯʘʶʪ. ʂʘʜʨ ʜʘʥʥʳʭ ʚʩʝʛʜʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʨʝʘʤʙʫʣʦʡ (preamble), ʢʦʪʦʨʘʷ ʩʦ-

ʩʪʦʠʪ ʠʟ 7 ʙʘʡʪ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʟʥʘʯʝʥʠʡ 10101010, ʠ 8-ʛʦ ʙʘʡʪʘ, ʨʘʚʥʦʛʦ 10101011. 

ʇʨʝʘʤʙʫʣʘ ʥʫʞʥʘ ʜʣʷ ʚʭʦʞʜʝʥʠʷ ʧʨʠʝʤʥʠʢʘ ʚ ʧʦʙʠʪʦʚʳʡ ʠ ʧʦʙʘʡʪʦʚʳʡ ʩʠʥʭʨʦ-

ʥʠʟʤ ʩ ʧʝʨʝʜʘʪʯʠʢʦʤ. 

ɺʩʝ ʩʪʘʥʮʠʠ, ʧʦʜʢʣʶʯʝʥʥʳʝ ʢ ʢʘʙʝʣʶ, ʤʦʛʫʪ ʨʘʩʧʦʟʥʘʪʴ ʬʘʢʪ ʧʝʨʝʜʘʯʠ ʢʘʜʨʘ, ʠ ʪʘ 

ʩʪʘʥʮʠʷ, ʢʦʪʦʨʘʷ ʫʟʥʘʝʪ ʩʦʙʩʪʚʝʥʥʳʡ ʘʜʨʝʩ ʚ ʟʘʛʦʣʦʚʢʘʭ ʢʘʜʨʘ, ʟʘʧʠʩʳʚʘʝʪ ʝʛʦ 

ʩʦʜʝʨʞʠʤʦʝ ʚ ʩʚʦʡ ʚʥʫʪʨʝʥʥʠʡ ʙʫʬʝʨ, ʦʙʨʘʙʘʪʳʚʘʝʪ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ, ʧʝʨʝʜʘʝʪ 

ʠʭ ʚʚʝʨʭ ʧʦ ʩʚʦʝʤʫ ʩʪʝʢʫ, ʘ ʟʘʪʝʤ ʧʦʩʳʣʘʝʪ ʧʦ ʢʘʙʝʣʶ ʢʘʜʨ-ʦʪʚʝʪ. ɸʜʨʝʩ ʩʪʘʥʮʠʠ 

ʠʩʪʦʯʥʠʢʘ ʩʦʜʝʨʞʠʪʩʷ ʚ ʠʩʭʦʜʥʦʤ ʢʘʜʨʝ, ʧʦʵʪʦʤʫ ʩʪʘʥʮʠʷ-ʧʦʣʫʯʘʪʝʣʴ ʟʥʘʝʪ, ʢʦʤʫ 

ʥʫʞʥʦ ʧʦʩʣʘʪʴ ʦʪʚʝʪ. 

ʋʟʝʣ 2 ʚʦ ʚʨʝʤʷ ʧʝʨʝʜʘʯʠ ʢʘʜʨʘ ʫʟʣʦʤ 1 ʪʘʢʞʝ ʧʳʪʘʣʩʷ ʥʘʯʘʪʴ ʧʝʨʝʜʘʯʫ ʩʚʦʝʛʦ 

ʢʘʜʨʘ, ʦʜʥʘʢʦ ʦʙʥʘʨʫʞʠʣ, ʯʪʦ ʩʨʝʜʘ ʟʘʥʷʪʘ ð ʥʘ ʥʝʡ ʧʨʠʩʫʪʩʪʚʫʝʪ ʥʝʩʫʱʘʷ ʯʘʩʪʦʪʘ, 

ð ʧʦʵʪʦʤʫ ʫʟʝʣ 2 ʚʳʥʫʞʜʝʥ ʞʜʘʪʴ, ʧʦʢʘ ʫʟʝʣ 1 ʥʝ ʧʨʝʢʨʘʪʠʪ ʧʝʨʝʜʘʯʫ ʢʘʜʨʘ. 

ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʧʝʨʝʜʘʯʠ ʢʘʜʨʘ ʚʩʝ ʫʟʣʳ ʩʝʪʠ ʦʙʷʟʘʥʳ ʚʳʜʝʨʞʘʪʴ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʫʶ ʧʘʫʟʫ (Inter Packet Gap) ʚ 9,6 ʤʢʩ. ʕʪʘ ʧʘʫʟʘ, ʥʘʟʳʚʘʝʤʘʷ ʪʘʢʞʝ ʤʝʞ-

ʢʘʜʨʦʚʳʤ ʠʥʪʝʨʚʘʣʦʤ, ʥʫʞʥʘ ʜʣʷ ʧʨʠʚʝʜʝʥʠʷ ʩʝʪʝʚʳʭ ʘʜʘʧʪʝʨʦʚ ʚ ʠʩʭʦʜʥʦʝ 

ʩʦʩʪʦʷʥʠʝ, ʘ ʪʘʢʞʝ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʤʦʥʦʧʦʣʴʥʦʛʦ ʟʘʭʚʘʪʘ ʩʨʝʜʳ ʦʜʥʦʡ ʩʪʘʥ-

ʮʠʝʡ. ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʘʫʟʳ ʫʟʣʳ ʠʤʝʶʪ ʧʨʘʚʦ ʥʘʯʘʪʴ ʧʝʨʝʜʘʯʫ 

ʩʚʦʝʛʦ ʢʘʜʨʘ, ʪʘʢ ʢʘʢ ʩʨʝʜʘ ʩʚʦʙʦʜʥʘ. ʀʟ-ʟʘ ʟʘʜʝʨʞʝʢ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ ʧʦ 

ʢʘʙʝʣʶ ʥʝ ʚʩʝ ʫʟʣʳ ʩʪʨʦʛʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʬʠʢʩʠʨʫʶʪ ʬʘʢʪ ʦʢʦʥʯʘʥʠʷ ʧʝʨʝʜʘʯʠ 

ʢʘʜʨʘ ʫʟʣʦʤ 1. 

ɺ ʧʨʠʚʝʜʝʥʥʦʤ ʧʨʠʤʝʨʝ ʫʟʝʣ 2 ʜʦʞʜʘʣʩʷ ʦʢʦʥʯʘʥʠʷ ʧʝʨʝʜʘʯʠ ʢʘʜʨʘ ʫʟʣʦʤ 1, 

ʩʜʝʣʘʣ ʧʘʫʟʫ ʚ 9,6 ʤʢʩ ʠ ʥʘʯʘʣ ʧʝʨʝʜʘʯʫ ʩʚʦʝʛʦ ʢʘʜʨʘ. 

 

ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʢʦʣʣʠʟʠʠ 

 

ʇʨʠ ʦʧʠʩʘʥʥʦʤ ʧʦʜʭʦʜʝ ʚʦʟʤʦʞʥʘ ʩʠʪʫʘʮʠʷ, ʢʦʛʜʘ ʜʚʝ ʩʪʘʥʮʠʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʳʪʘʶʪʩʷ ʧʝʨʝʜʘʪʴ ʢʘʜʨ ʜʘʥʥʳʭ ʧʦ ʦʙʱʝʡ ʩʨʝʜʝ. ʄʝʭʘʥʠʟʤ 

ʧʨʦʩʣʫʰʠʚʘʥʠʷ ʩʨʝʜʳ ʠ ʧʘʫʟʘ ʤʝʞʜʫ ʢʘʜʨʘʤʠ ʥʝ ʛʘʨʘʥʪʠʨʫʶʪ ʦʪ 
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ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʘʢʦʡ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʜʚʝ ʠʣʠ ʙʦʣʝʝ ʩʪʘʥʮʠʠ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʨʝʰʘʶʪ, ʯʪʦ ʩʨʝʜʘ ʩʚʦʙʦʜʥʘ, ʠ ʥʘʯʠʥʘʶʪ ʧʝʨʝʜʘʚʘʪʴ ʩʚʦʠ ʢʘʜʨʳ. ɻʦʚʦʨʷʪ, ʯʪʦ 

ʧʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʢʦʣʣʠʟʠʷ (collision), ʪʘʢ ʢʘʢ ʩʦʜʝʨʞʠʤʦʝ ʦʙʦʠʭ ʢʘʜʨʦʚ 

ʩʪʘʣʢʠʚʘʝʪʩʷ ʥʘ ʦʙʱʝʤ ʢʘʙʝʣʝ ʠ ʧʨʦʠʩʭʦʜʠʪ ʠʩʢʘʞʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ð ʤʝʪʦʜʳ 

ʢʦʜʠʨʦʚʘʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ Ethernet, ʥʝ ʧʦʟʚʦʣʷʶʪ ʚʳʜʝʣʷʪʴ ʩʠʛʥʘʣʳ ʢʘʞʜʦʡ 

ʩʪʘʥʮʠʠ ʠʟ ʦʙʱʝʛʦ ʩʠʛʥʘʣʘ. 

ɿʘʤʝʪʠʤ, ʯʪʦ ʵʪʦʪ ʬʘʢʪ ʦʪʨʘʞʝʥ ʚ ʩʦʩʪʘʚʣʷʶʱʝʡ çBase(band)è, 

ʧʨʠʩʫʪʩʪʚʫʶʱʝʡ ʚ ʥʘʟʚʘʥʠʷʭ ʚʩʝʭ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʪʦʢʦʣʦʚ ʪʝʭʥʦʣʦʛʠʠ Ethernet 

(ʥʘʧʨʠʤʝʨ, lOBase-2, lOBase-T ʠ ʪ. ʧ.). Baseband network ʦʟʥʘʯʘʝʪ ʩʝʪʴ ʩ 

ʥʝʤʦʜʫʣʠʨʦʚʘʥʥʦʡ ʧʝʨʝʜʘʯʝʡ, ʚ ʢʦʪʦʨʦʡ ʩʦʦʙʱʝʥʠʷ ʧʝʨʝʩʳʣʘʶʪʩʷ ʚ ʮʠʬʨʦʚʦʡ 

ʬʦʨʤʝ ʧʦ ʝʜʠʥʩʪʚʝʥʥʦʤʫ ʢʘʥʘʣʫ, ʙʝʟ ʯʘʩʪʦʪʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ. 

ʂʦʣʣʠʟʠʷ ð ʵʪʦ ʥʦʨʤʘʣʴʥʘʷ ʩʠʪʫʘʮʠʷ ʚ ʨʘʙʦʪʝ ʩʝʪʝʡ Ethernet. ɺ ʧʨʠʤʝʨʝ, 

ʢʦʣʣʠʟʠʶ ʧʦʨʦʜʠʣʘ ʦʜʥʦʚʨʝʤʝʥʥʘʷ ʧʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʫʟʣʘʤʠ 3 ʠ 1. ɼʣʷ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʦʣʣʠʟʠʠ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ, ʯʪʦʙʳ ʥʝʩʢʦʣʴʢʦ ʩʪʘʥʮʠʡ ʥʘʯʘʣʠ 

ʧʝʨʝʜʘʯʫ ʘʙʩʦʣʶʪʥʦ ʦʜʥʦʚʨʝʤʝʥʥʦ, ʪʘʢʘʷ ʩʠʪʫʘʮʠʷ ʤʘʣʦʚʝʨʦʷʪʥʘ. ɻʦʨʘʟʜʦ 

ʚʝʨʦʷʪʥʝʡ, ʯʪʦ ʢʦʣʣʠʟʠʷ ʚʦʟʥʠʢʘʝʪ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʦʜʠʥ ʫʟʝʣ ʥʘʯʠʥʘʝʪ ʧʝʨʝʜʘʯʫ 

ʨʘʥʴʰʝ ʜʨʫʛʦʛʦ, ʥʦ ʜʦ ʚʪʦʨʦʛʦ ʫʟʣʘ ʩʠʛʥʘʣʳ ʧʝʨʚʦʛʦ ʧʨʦʩʪʦ ʥʝ ʫʩʧʝʚʘʶʪ ʜʦʡʪʠ 

ʢ ʪʦʤʫ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʚʪʦʨʦʡ ʫʟʝʣ ʨʝʰʘʝʪ ʥʘʯʘʪʴ ʧʝʨʝʜʘʯʫ ʩʚʦʝʛʦ ʢʘʜʨʘ. ʊʦ 

ʝʩʪʴ ʢʦʣʣʠʟʠʠ ð ʵʪʦ ʩʣʝʜʩʪʚʠʝ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʩʝʪʠ. 

ʏʪʦʙʳ ʢʦʨʨʝʢʪʥʦ ʦʙʨʘʙʦʪʘʪʴ ʢʦʣʣʠʟʠʶ, ʚʩʝ ʩʪʘʥʮʠʠ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʥʘʙʣʶʜʘʶʪ ʟʘ ʚʦʟʥʠʢʘʶʱʠʤʠ ʥʘ ʢʘʙʝʣʝ ʩʠʛʥʘʣʘʤʠ. ɽʩʣʠ ʧʝʨʝʜʘʚʘʝʤʳʝ ʠ 

ʥʘʙʣʶʜʘʝʤʳʝ ʩʠʛʥʘʣʳ ʦʪʣʠʯʘʶʪʩʷ, ʪʦ ʬʠʢʩʠʨʫʝʪʩʷ ʦʙʥʘʨʫʞʝʥʠʝ ʢʦʣʣʠʟʠʠ 

(collision detection, CD). ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʩʢʦʨʝʡʰʝʛʦ ʦʙʥʘʨʫʞʝʥʠʷ 

ʢʦʣʣʠʟʠʠ ʚʩʝʤʠ ʩʪʘʥʮʠʷʤʠ ʩʝʪʠ ʩʪʘʥʮʠʷ, ʢʦʪʦʨʘʷ ʦʙʥʘʨʫʞʠʣʘ ʢʦʣʣʠʟʠʶ, 

ʧʨʝʨʳʚʘʝʪ ʧʝʨʝʜʘʯʫ ʩʚʦʝʛʦ ʢʘʜʨʘ (ʚ ʧʨʦʠʟʚʦʣʴʥʦʤ ʤʝʩʪʝ, ʚʦʟʤʦʞʥʦ, ʠ ʥʝ ʥʘ 

ʛʨʘʥʠʮʝ ʙʘʡʪʘ) ʠ ʫʩʠʣʠʚʘʝʪ ʩʠʪʫʘʮʠʶ ʢʦʣʣʠʟʠʠ ʧʦʩʳʣʢʦʡ ʚ ʩʝʪʴ ʩʧʝʮʠʘʣʴʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʟ 32 ʙʠʪ, ʥʘʟʳʚʘʝʤʦʡ jam ï ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ. 

ʇʦʩʣʝ ʵʪʦʛʦ ʦʙʥʘʨʫʞʠʚʰʘʷ ʢʦʣʣʠʟʠʶ ʧʝʨʝʜʘʶʱʘʷ ʩʪʘʥʮʠʷ ʦʙʷʟʘʥʘ ʧʨʝʢʨʘʪʠʪʴ 

ʧʝʨʝʜʘʯʫ ʠ ʩʜʝʣʘʪʴ ʧʘʫʟʫ ʚ ʪʝʯʝʥʠʝ ʢʦʨʦʪʢʦʛʦ ʩʣʫʯʘʡʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ. ɿʘ-

ʪʝʤ ʦʥʘ ʤʦʞʝʪ ʩʥʦʚʘ ʧʨʝʜʧʨʠʥʷʪʴ ʧʦʧʳʪʢʫ ʟʘʭʚʘʪʘ ʩʨʝʜʳ ʠ ʧʝʨʝʜʘʯʠ ʢʘʜʨʘ. ʉʣʫ-

ʯʘʡʥʘʷ ʧʘʫʟʘ ʚʳʙʠʨʘʝʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʤʫ ʘʣʛʦʨʠʪʤʫ: 

ʇʘʫʟʘ = L ʭ (ʠʥʪʝʨʚʘʣ ʦʪʩʨʦʯʢʠ), 
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ʈʠʩʫʥʦʢ 11. ʉʭʝʤʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʢʦʣʣʠʟʠʠ 

 

ʛʜʝ ʠʥʪʝʨʚʘʣ ʦʪʩʨʦʯʢʠ ʨʘʚʝʥ 512 ʙʠʪʦʚʳʤ ʠʥʪʝʨʚʘʣʘʤ (ʚ ʪʝʭʥʦʣʦʛʠʠ Ethernet 

ʧʨʠʥʷʪʦ ʚʩʝ ʠʥʪʝʨʚʘʣʳ ʠʟʤʝʨʷʪʴ ʚ ʙʠʪʦʚʳʭ ʠʥʪʝʨʚʘʣʘʭ; ʙʠʪʦʚʳʡ ʠʥʪʝʨʚʘʣ 

ʦʙʦʟʥʘʯʘʝʪʩʷ ʢʘʢ bt ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʧʦʷʚʣʝʥʠʝʤ 

ʜʚʫʭʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʙʠʪ ʜʘʥʥʳʭ ʥʘ ʢʘʙʝʣʝ; ʜʣʷ ʩʢʦʨʦʩʪʠ 10 ʄʙʠʪ/ʩ ʚʝʣʠʯʠʥʘ 

ʙʠʪʦʚʦʛʦ ʠʥʪʝʨʚʘʣʘ ʨʘʚʥʘ 0,1 ʤʢʩ ʠʣʠ 100 ʥʩ); 

L ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʮʝʣʦʝ ʯʠʩʣʦ, ʚʳʙʨʘʥʥʦʝ ʩ ʨʘʚʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʠʟ ʜʠʘʧʘʟʦʥʘ 

[0, 2
N
], ʛʜʝ N ð ʥʦʤʝʨ ʧʦʚʪʦʨʥʦʡ ʧʦʧʳʪʢʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʦʛʦ ʢʘʜʨʘ: 1,2,..., 10. 

ʇʦʩʣʝ 10-ʡ ʧʦʧʳʪʢʠ ʠʥʪʝʨʚʘʣ, ʠʟ ʢʦʪʦʨʦʛʦ ʚʳʙʠʨʘʝʪʩʷ ʧʘʫʟʘ, ʥʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʣʫʯʘʡʥʘʷ ʧʘʫʟʘ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʟʥʘʯʝʥʠʷ ʦʪ 0 ʜʦ 52,4 ʤʩ. 

ɽʩʣʠ 16 ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʦʧʳʪʦʢ ʧʝʨʝʜʘʯʠ ʢʘʜʨʘ ʚʳʟʳʚʘʶʪ ʢʦʣʣʠʟʠʶ, ʪʦ 

ʧʝʨʝʜʘʪʯʠʢ ʜʦʣʞʝʥ ʧʨʝʢʨʘʪʠʪʴ ʧʦʧʳʪʢʠ ʠ ʦʪʙʨʦʩʠʪʴ ʵʪʦʪ ʢʘʜʨ. 

ʀʟ ʦʧʠʩʘʥʠʷ ʤʝʪʦʜʘ ʜʦʩʪʫʧʘ ʚʠʜʥʦ, ʯʪʦ ʦʥ ʥʦʩʠʪ ʚʝʨʦʷʪʥʦʩʪʥʳʡ ʭʘʨʘʢʪʝʨ, ʠ 

ʚʝʨʦʷʪʥʦʩʪʴ ʫʩʧʝʰʥʦʛʦ ʧʦʣʫʯʝʥʠʷ ʚ ʩʚʦʝ ʨʘʩʧʦʨʷʞʝʥʠʝ ʦʙʱʝʡ ʩʨʝʜʳ ʟʘʚʠʩʠʪ ʦʪ 

ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʩʝʪʠ, ʪʦ ʝʩʪʴ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚ ʩʪʘʥʮʠʷʭ ʧʦʪʨʝʙ-

ʥʦʩʪʠ ʚ ʧʝʨʝʜʘʯʝ ʢʘʜʨʦʚ. ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʵʪʦʛʦ ʤʝʪʦʜʘ ʚ ʢʦʥʮʝ 70-ʭ ʛʦʜʦʚ ʧʨʝʜʧʦ-

ʣʘʛʘʣʦʩʴ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ 10 ʄʙʠʪ/ʩ ʦʯʝʥʴ ʚʳʩʦʢʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʦʪʨʝʙʥʦʩʪʷʤʠ ʢʦʤʧʴʶʪʝʨʦʚ ʚʦ ʚʟʘʠʤʥʦʤ ʦʙʤʝʥʝ ʜʘʥʥʳʤʠ, ʧʦʵʪʦʤʫ ʟʘʛʨʫʟʢʘ ʩʝʪʠ 

ʙʫʜʝʪ ʚʩʝʛʜʘ ʥʝʙʦʣʴʰʦʡ. ʕʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦʩʪʘʝʪʩʷ, ʠʥʦʛʜʘ ʩʧʨʘʚʝʜʣʠʚʳʤ, ʠ ʧʦ 

ʩʝʡ ʜʝʥʴ, ʦʜʥʘʢʦ ʫʞʝ ʧʦʷʚʠʣʠʩʴ ʧʨʠʣʦʞʝʥʠʷ, ʨʘʙʦʪʘʶʱʠʝ ʚ ʨʝʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ 

ʚʨʝʤʝʥʠ ʩ ʤʫʣʴʪʠʤʝʜʠʡʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ, ʢʦʪʦʨʳʝ ʦʯʝʥʴ ʟʘʛʨʫʞʘʶʪ ʩʝʛʤʝʥʪʳ 

Ethernet. ʇʨʠ ʵʪʦʤ ʢʦʣʣʠʟʠʠ ʚʦʟʥʠʢʘʶʪ ʛʦʨʘʟʜʦ ʯʘʱʝ. ʇʨʠ ʟʥʘʯʠʪʝʣʴʥʦʡ ʠʥʪʝʥ-

ʩʠʚʥʦʩʪʠ ʢʦʣʣʠʟʠʡ ʧʦʣʝʟʥʘʷ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʝʪʠ Ethernet ʨʝʟʢʦ ʧʘʜʘʝʪ, 

ʪʘʢ ʢʘʢ ʩʝʪʴ ʧʦʯʪʠ ʧʦʩʪʦʷʥʥʦ ʟʘʥʷʪʘ ʧʦʚʪʦʨʥʳʤʠ ʧʦʧʳʪʢʘʤʠ ʧʝʨʝʜʘʯʠ ʢʘʜʨʦʚ. 

ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʦʣʣʠʟʠʡ ʥʫʞʥʦ ʣʠʙʦ ʫʤʝʥʴʰʠʪʴ 

ʪʨʘʬʠʢ, ʩʦʢʨʘʪʠʚ, ʥʘʧʨʠʤʝʨ, ʢʦʣʠʯʝʩʪʚʦ ʫʟʣʦʚ ʚ ʩʝʛʤʝʥʪʝ ʠʣʠ ʟʘʤʝʥʠʚ ʧʨʠʣʦʞʝ-

ʥʠʷ, ʣʠʙʦ ʧʦʚʳʩʠʪʴ ʩʢʦʨʦʩʪʴ ʧʨʦʪʦʢʦʣʘ, ʥʘʧʨʠʤʝʨ, ʧʝʨʝʡʪʠ ʥʘ Fast Ethernet. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʝʪʦʜ ʜʦʩʪʫʧʘ CSMA/CD ʚʦʦʙʱʝ ʥʝ ʛʘʨʘʥʪʠʨʫʝʪ ʩʪʘʥ-

ʮʠʠ, ʯʪʦ ʦʥʘ ʢʦʛʜʘ-ʣʠʙʦ ʩʤʦʞʝʪ ʧʦʣʫʯʠʪʴ ʜʦʩʪʫʧ ʢ ʩʨʝʜʝ. ʂʦʥʝʯʥʦ, ʧʨʠ ʥʝʙʦʣʴʰʦʡ 

ʟʘʛʨʫʟʢʝ ʩʝʪʠ ʚʝʨʦʷʪʥʦʩʪʴ ʪʘʢʦʛʦ ʩʦʙʳʪʠʷ ʥʝʚʝʣʠʢʘ, ʥʦ ʧʨʠ ʢʦʵʬʬʠʮʠʝʥʪʝ ʠʩʧʦʣʴ-
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ʟʦʚʘʥʠʷ ʩʝʪʠ, ʧʨʠʙʣʠʞʘʶʱʝʤʩʷ ʢ 1, ʪʘʢʦʝ ʩʦʙʳʪʠʝ ʩʪʘʥʦʚʠʪʩʷ ʦʯʝʥʴ ʚʝʨʦʷʪʥʳʤ. 

ʕʪʦʪ ʥʝʜʦʩʪʘʪʦʢ ʤʝʪʦʜʘ ʩʣʫʯʘʡʥʦʛʦ ʜʦʩʪʫʧʘ ð ʧʣʘʪʘ ʟʘ ʝʛʦ ʯʨʝʟʚʳʯʘʡʥʫʶ ʧʨʦʩʪʦʪʫ, 

ʢʦʪʦʨʘʷ ʩʜʝʣʘʣʘ ʪʝʭʥʦʣʦʛʠʶ Ethernet ʩʘʤʦʡ ʥʝʜʦʨʦʛʦʡ. ɼʨʫʛʠʝ ʤʝʪʦʜʳ ʜʦʩʪʫʧʘ ð 

ʤʘʨʢʝʨʥʳʡ ʜʦʩʪʫʧ ʩʝʪʝʡ Token Ring ʠ FDDI, ʤʝʪʦʜ Demand Priority ʩʝʪʝʡ 100VG-

AnyLAN ð ʩʚʦʙʦʜʥʳ ʦʪ ʵʪʦʛʦ ʥʝʜʦʩʪʘʪʢʘ. 

 

ɺʨʝʤʷ ʜʚʦʡʥʦʛʦ ʦʙʦʨʦʪʘ ʠ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʢʦʣʣʠʟʠʡ 

 

ʏʝʪʢʦʝ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʢʦʣʣʠʟʠʡ ʚʩʝʤʠ ʩʪʘʥʮʠʷʤʠ ʩʝʪʠ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ 

ʫʩʣʦʚʠʝʤ ʢʦʨʨʝʢʪʥʦʡ ʨʘʙʦʪʳ ʩʝʪʠ Ethernet. ɽʩʣʠ ʢʘʢʘʷ-ʣʠʙʦ ʧʝʨʝʜʘʶʱʘʷ ʩʪʘʥʮʠʷ 

ʥʝ ʨʘʩʧʦʟʥʘʝʪ ʢʦʣʣʠʟʠʶ ʠ ʨʝʰʠʪ, ʯʪʦ ʢʘʜʨ ʜʘʥʥʳʭ ʝʶ ʧʝʨʝʜʘʥ ʚʝʨʥʦ, ʪʦ ʵʪʦʪ ʢʘʜʨ 

ʜʘʥʥʳʭ ʙʫʜʝʪ ʫʪʝʨʷʥ. ʀʟ-ʟʘ ʥʘʣʦʞʝʥʠʷ ʩʠʛʥʘʣʦʚ ʧʨʠ ʢʦʣʣʠʟʠʠ ʠʥʬʦʨʤʘʮʠʷ ʢʘʜʨʘ 

ʠʩʢʘʟʠʪʩʷ, ʠ ʦʥ ʙʫʜʝʪ ʦʪʙʨʘʢʦʚʘʥ ʧʨʠʥʠʤʘʶʱʝʡ ʩʪʘʥʮʠʝʡ (ʚʦʟʤʦʞʥʦ, ʠʟ-ʟʘ ʥʝʩʦʚ-

ʧʘʜʝʥʠʷ ʢʦʥʪʨʦʣʴʥʦʡ ʩʫʤʤʳ). ʉʢʦʨʝʝ ʚʩʝʛʦ, ʠʩʢʘʞʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʙʫʜʝʪ ʧʦ-

ʚʪʦʨʥʦ ʧʝʨʝʜʘʥʘ ʢʘʢʠʤ-ʣʠʙʦ ʧʨʦʪʦʢʦʣʦʤ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ, ʥʘʧʨʠʤʝʨ ʪʨʘʥʩʧʦʨʪʥʳʤ 

ʠʣʠ ʧʨʠʢʣʘʜʥʳʤ, ʨʘʙʦʪʘʶʱʠʤ ʩ ʫʩʪʘʥʦʚʣʝʥʠʝʤ ʩʦʝʜʠʥʝʥʠʷ. ʅʦ ʧʦʚʪʦʨʥʘʷ ʧʝʨʝʜʘʯʘ 

ʩʦʦʙʱʝʥʠʷ ʧʨʦʪʦʢʦʣʘʤʠ ʚʝʨʭʥʠʭ ʫʨʦʚʥʝʡ ʧʨʦʠʟʦʡʜʝʪ ʯʝʨʝʟ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʜʣʠ-

ʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ (ʠʥʦʛʜʘ ʜʘʞʝ ʯʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʩʝʢʫʥʜ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʤʠʢʨʦʩʝʢʫʥʜʥʳʤʠ ʠʥʪʝʨʚʘʣʘʤʠ, ʢʦʪʦʨʳʤʠ ʦʧʝʨʠʨʫʝʪ ʧʨʦʪʦʢʦʣ Ethernet. ʇʦʵʪʦʤʫ 

ʝʩʣʠ ʢʦʣʣʠʟʠʠ ʥʝ ʙʫʜʫʪ ʥʘʜʝʞʥʦ ʨʘʩʧʦʟʥʘʚʘʪʴʩʷ ʫʟʣʘʤʠ ʩʝʪʠ Ethernet, ʪʦ ʵʪʦ ʧʨʠ-

ʚʝʜʝʪ ʢ ʟʘʤʝʪʥʦʤʫ ʩʥʠʞʝʥʠʶ ʧʦʣʝʟʥʦʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʜʘʥʥʦʡ ʩʝʪʠ. 

ɼʣʷ ʥʘʜʝʞʥʦʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʢʦʣʣʠʟʠʡ ʜʦʣʞʥʦ ʚʳʧʦʣʥʷʪʴʩʷ ʩʣʝʜʫʶʱʝʝ ʩʦʦʪ-

ʥʦʰʝʥʠʝ: 

TminÓPDV (1) 

ɻʜʝ Tmin ð ʚʨʝʤʷ ʧʝʨʝʜʘʯʠ ʢʘʜʨʘ ʤʠʥʠʤʘʣʴʥʦʡ ʜʣʠʥʳ, a PDV ð ʚʨʝʤʷ, ʟʘ 

ʢʦʪʦʨʦʝ ʩʠʛʥʘʣ ʢʦʣʣʠʟʠʠ ʫʩʧʝʚʘʝʪ ʨʘʩʧʨʦʩʪʨʘʥʠʪʴʩʷ ʜʦ ʩʘʤʦʛʦ ʜʘʣʴʥʝʛʦ ʫʟʣʘ ʩʝʪʠ. 

ʊʘʢ ʢʘʢ ʚ ʭʫʜʰʝʤ ʩʣʫʯʘʝ ʩʠʛʥʘʣ ʜʦʣʞʝʥ ʧʨʦʡʪʠ ʜʚʘʞʜʳ ʤʝʞʜʫ ʥʘʠʙʦʣʝʝ 

ʫʜʘʣʝʥʥʳʤʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʩʪʘʥʮʠʷʤʠ ʩʝʪʠ (ʚ ʦʜʥʫ ʩʪʦʨʦʥʫ ʧʨʦʭʦʜʠʪ 

ʥʝʠʩʢʘʞʝʥʥʳʡ ʩʠʛʥʘʣ, ʘ ʥʘ ʦʙʨʘʪʥʦʤ ʧʫʪʠ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʫʞʝ ʠʩʢʘʞʝʥʥʳʡ 

ʢʦʣʣʠʟʠʝʡ ʩʠʛʥʘʣ), ʪʦ ʵʪʦ ʚʨʝʤʷ ʥʘʟʳʚʘʝʪʩʷ ʚʨʝʤʝʥʝʤ ʜʚʦʡʥʦʛʦ ʦʙʦʨʦʪʘ (Path Delay 

Value, PDV). 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʵʪʦʛʦ ʫʩʣʦʚʠʷ ʧʝʨʝʜʘʶʱʘʷ ʩʪʘʥʮʠʷ ʜʦʣʞʥʘ ʫʩʧʝʚʘʪʴ ʦʙʥʘʨʫ-

ʞʠʪʴ ʢʦʣʣʠʟʠʶ, ʢʦʪʦʨʫʶ ʚʳʟʚʘʣ ʧʝʨʝʜʘʥʥʳʡ ʝʝ ʢʘʜʨ, ʝʱʝ ʜʦ ʪʦʛʦ, ʢʘʢ ʦʥʘ ʟʘʢʦʥʯʠʪ 

ʧʝʨʝʜʘʯʫ ʵʪʦʛʦ ʢʘʜʨʘ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚʳʧʦʣʥʝʥʠʝ ʵʪʦʛʦ ʫʩʣʦʚʠʷ ʟʘʚʠʩʠʪ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʦʪ ʜʣʠʥʳ 

ʤʠʥʠʤʘʣʴʥʦʛʦ ʢʘʜʨʘ ʠ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʝʪʠ, ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʦʪ ʜʣʠʥʳ 

ʢʘʙʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʩʝʪʠ ʠ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ ʚ ʢʘʙʝʣʝ (ʜʣʷ ʨʘʟʥʳʭ 

ʪʠʧʦʚ ʢʘʙʝʣʷ ʵʪʘ ʩʢʦʨʦʩʪʴ ʥʝʩʢʦʣʴʢʦ ʦʪʣʠʯʘʝʪʩʷ). 

ɺʩʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʪʦʢʦʣʘ Ethernet ʧʦʜʦʙʨʘʥʳ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʧʨʠ 

ʥʦʨʤʘʣʴʥʦʡ ʨʘʙʦʪʝ ʫʟʣʦʚ ʩʝʪʠ ʢʦʣʣʠʟʠʠ ʚʩʝʛʜʘ ʯʝʪʢʦ ʨʘʩʧʦʟʥʘʚʘʣʠʩʴ. ʇʨʠ 

ʚʳʙʦʨʝ ʧʘʨʘʤʝʪʨʦʚ, ʢʦʥʝʯʥʦ, ʫʯʠʪʳʚʘʣʦʩʴ ʠ ʧʨʠʚʝʜʝʥʥʦʝ ʚʳʰʝ ʩʦʦʪʥʦʰʝʥʠʝ, 

ʩʚʷʟʳʚʘʶʱʝʝ ʤʝʞʜʫ ʩʦʙʦʡ ʤʠʥʠʤʘʣʴʥʫʶ ʜʣʠʥʫ ʢʘʜʨʘ ʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʩʪʘʥʮʠʷʤʠ ʚ ʩʝʛʤʝʥʪʝ ʩʝʪʠ. 
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ɺ ʩʪʘʥʜʘʨʪʝ Ethernet ʧʨʠʥʷʪʦ, ʯʪʦ ʤʠʥʠʤʘʣʴʥʘʷ ʜʣʠʥʘ ʧʦʣʷ ʜʘʥʥʳʭ ʢʘʜʨʘ ʩʦ-

ʩʪʘʚʣʷʝʪ 46 ʙʘʡʪ (ʯʪʦ ʚʤʝʩʪʝ ʩʦ ʩʣʫʞʝʙʥʳʤʠ ʧʦʣʷʤʠ ʜʘʝʪ ʤʠʥʠʤʘʣʴʥʫʶ ʜʣʠʥʫ 

ʢʘʜʨʘ 64 ʙʘʡʪ, ʘ ʚʤʝʩʪʝ ʩ ʧʨʝʘʤʙʫʣʦʡ ð 72 ʙʘʡʪ ʠʣʠ 576 ʙʠʪ). ʆʪʩʶʜʘ ʤʦʞʝʪ ʙʳʪʴ 

ʦʧʨʝʜʝʣʝʥʦ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʪʘʥʮʠʷʤʠ. 

ʀʪʘʢ, ʚ 10-ʤʝʛʘʙʠʪʥʦʤ Ethernet ʚʨʝʤʷ ʧʝʨʝʜʘʯʠ ʢʘʜʨʘ ʤʠʥʠʤʘʣʴʥʦʡ ʜʣʠʥʳ ʨʘʚʥʦ 

575 ʙʠʪʦʚʳʭ ʠʥʪʝʨʚʘʣʦʚ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʨʝʤʷ ʜʚʦʡʥʦʛʦ ʦʙʦʨʦʪʘ ʜʦʣʞʥʦ ʙʳʪʴ 

ʤʝʥʴʰʝ 57,5 ʤʢʩ. ʈʘʩʩʪʦʷʥʠʝ, ʢʦʪʦʨʦʝ ʩʠʛʥʘʣ ʤʦʞʝʪ ʧʨʦʡʪʠ ʟʘ ʵʪʦ ʚʨʝʤʷ, ʟʘʚʠʩʠʪ ʦʪ 

ʪʠʧʘ ʢʘʙʝʣʷ ʠ ʜʣʷ ʪʦʣʩʪʦʛʦ ʢʦʘʢʩʠʘʣʴʥʦʛʦ ʢʘʙʝʣʷ ʨʘʚʥʦ ʧʨʠʤʝʨʥʦ 13 280 ʤ. ʋʯʠʪʳ-

ʚʘʷ, ʯʪʦ ʟʘ ʵʪʦ ʚʨʝʤʷ ʩʠʛʥʘʣ ʜʦʣʞʝʥ ʧʨʦʡʪʠ ʧʦ ʣʠʥʠʠ ʩʚʷʟʠ ʜʚʘʞʜʳ, ʨʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʜʚʫʤʷ ʫʟʣʘʤʠ ʥʝ ʜʦʣʞʥʦ ʙʳʪʴ ʙʦʣʴʰʝ 6 635 ʤ. ɺ ʩʪʘʥʜʘʨʪʝ ʚʝʣʠʯʠʥʘ ʵʪʦʛʦ 

ʨʘʩʩʪʦʷʥʠʷ ʚʳʙʨʘʥʘ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ, ʩ ʫʯʝʪʦʤ ʜʨʫʛʠʭ, ʙʦʣʝʝ ʩʪʨʦʛʠʭ ʦʛʨʘʥʠʯʝʥʠʡ. 

ʆʜʥʦ ʠʟ ʪʘʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ ʩʚʷʟʘʥʦ ʩ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʤ ʟʘʪʫʭʘʥʠʝʤ ʩʠʛʥʘʣʘ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ ʤʦʱʥʦʩʪʠ ʩʠʛʥʘʣʘ ʧʨʠ ʝʛʦ ʧʨʦʭʦʞʜʝʥʠʠ ʤʝʞʜʫ 

ʥʘʠʙʦʣʝʝ ʫʜʘʣʝʥʥʳʤʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʩʪʘʥʮʠʷʤʠ ʩʝʛʤʝʥʪʘ ʢʘʙʝʣʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʣʠʥʘ 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʩʝʛʤʝʥʪʘ ʪʦʣʩʪʦʛʦ ʢʦʘʢʩʠʘʣʴʥʦʛʦ ʢʘʙʝʣʷ ʩ ʫʯʝʪʦʤ ʚʥʦʩʠʤʦʛʦ ʠʤ 

ʟʘʪʫʭʘʥʠʷ ʚʳʙʨʘʥʘ ʚ 500 ʤ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʥʘ ʢʘʙʝʣʝ ʚ 500 ʤ ʫʩʣʦʚʠʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʢʦʣʣʠʟʠʡ ʙʫʜʫʪ ʚʳʧʦʣʥʷʪʴʩʷ ʩ ʙʦʣʴʰʠʤ ʟʘʧʘʩʦʤ ʜʣʷ ʢʘʜʨʦʚ ʣʶʙʦʡ ʩʪʘʥʜʘʨʪʥʦʡ 

ʜʣʠʥʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ 72 ʙʘʡʪ (ʚʨʝʤʷ ʜʚʦʡʥʦʛʦ ʦʙʦʨʦʪʘ ʧʦ ʢʘʙʝʣʶ 500 ʤ ʩʦʩʪʘʚʣʷʝʪ 

ʚʩʝʛʦ 43,3 ʙʠʪʦʚʳʭ ʠʥʪʝʨʚʘʣʘ). ʇʦʵʪʦʤʫ ʤʠʥʠʤʘʣʴʥʘʷ ʜʣʠʥʘ ʢʘʜʨʘ ʤʦʛʣʘ ʙʳ ʙʳʪʴ 

ʫʩʪʘʥʦʚʣʝʥʘ ʝʱʝ ʤʝʥʴʰʝ. ʆʜʥʘʢʦ ʨʘʟʨʘʙʦʪʯʠʢʠ ʪʝʭʥʦʣʦʛʠʠ ʥʝ ʩʪʘʣʠ ʫʤʝʥʴʰʘʪʴ ʤʠ-

ʥʠʤʘʣʴʥʫʶ ʜʣʠʥʫ ʢʘʜʨʘ, ʠʤʝʷ ʚ ʚʠʜʫ ʤʥʦʛʦʩʝʛʤʝʥʪʥʳʝ ʩʝʪʠ, ʢʦʪʦʨʳʝ ʩʪʨʦʷʪʩʷ ʠʟ 

ʥʝʩʢʦʣʴʢʠʭ ʩʝʛʤʝʥʪʦʚ, ʩʦʝʜʠʥʝʥʥʳʭ ʧʦʚʪʦʨʠʪʝʣʷʤʠ. 

ʇʦʚʪʦʨʠʪʝʣʠ ʫʚʝʣʠʯʠʚʘʶʪ ʤʦʱʥʦʩʪʴ ʧʝʨʝʜʘʚʘʝʤʳʭ ʩ ʩʝʛʤʝʥʪʘ ʥʘ ʩʝʛʤʝʥʪ 

ʩʠʛʥʘʣʦʚ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʟʘʪʫʭʘʥʠʝ ʩʠʛʥʘʣʦʚ ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʩʝʪʴ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝʡ ʜʣʠʥʳ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʩʝʛʤʝʥʪʦʚ. ɺ ʢʦʘʢʩʠʘʣʴʥʳʭ 

ʨʝʘʣʠʟʘʮʠʷʭ Ethernet ʨʘʟʨʘʙʦʪʯʠʢʠ ʦʛʨʘʥʠʯʠʣʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʩʝʛʤʝʥʪʦʚ ʚ ʩʝʪʠ ʧʷʪʴʶ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʛʨʘʥʠʯʠʚʘʝʪ ʦʙʱʫʶ ʜʣʠʥʫ ʩʝʪʠ 2500 

ʤʝʪʨʘʤʠ. ɼʘʞʝ ʚ ʪʘʢʦʡ ʤʥʦʛʦʩʝʛʤʝʥʪʥʦʡ ʩʝʪʠ ʫʩʣʦʚʠʝ ʦʙʥʘʨʫʞʝʥʠʷ ʢʦʣʣʠʟʠʡ ʧʦ-

ʧʨʝʞʥʝʤʫ ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʙʦʣʴʰʠʤ ʟʘʧʘʩʦʤ (ʩʨʘʚʥʠʤ ʧʦʣʫʯʝʥʥʦʝ ʠʟ ʫʩʣʦʚʠʷ 

ʜʦʧʫʩʪʠʤʦʛʦ ʟʘʪʫʭʘʥʠʷ ʨʘʩʩʪʦʷʥʠʝ ʚ 2500 ʤ ʩ ʚʳʯʠʩʣʝʥʥʳʤ ʚʳʰʝ ʤʘʢʩʠʤʘʣʴʥʦ 

ʚʦʟʤʦʞʥʳʤ ʧʦ ʚʨʝʤʝʥʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ ʨʘʩʩʪʦʷʥʠʝʤ 6635 ʤ). ʆʜʥʘʢʦ ʚ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʚʨʝʤʝʥʥʦʡ ʟʘʧʘʩ ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ, ʧʦʩʢʦʣʴʢʫ ʚ 

ʤʥʦʛʦʩʝʛʤʝʥʪʥʳʭ ʩʝʪʷʭ ʩʘʤʠ ʧʦʚʪʦʨʠʪʝʣʠ ʚʥʦʩʷʪ ʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʠʛʥʘʣʘ 

ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʟʘʜʝʨʞʢʫ ʚ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʙʠʪʦʚʳʭ ʠʥʪʝʨʚʘʣʦʚ. ɽʩʪʝʩʪʚʝʥʥʦ, 

ʥʝʙʦʣʴʰʦʡ ʟʘʧʘʩ ʙʳʣ ʩʜʝʣʘʥ ʪʘʢʞʝ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʦʪʢʣʦʥʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ 

ʢʘʙʝʣʷ ʠ ʧʦʚʪʦʨʠʪʝʣʝʡ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʯʝʪʘ ʚʩʝʭ ʵʪʠʭ ʠ ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ ʙʳʣʦ ʪʱʘʪʝʣʴʥʦ 

ʧʦʜʦʙʨʘʥʦ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʤʠʥʠʤʘʣʴʥʦʡ ʜʣʠʥʦʡ ʢʘʜʨʘ ʠ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞ-

ʥʳʤ ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʩʪʘʥʮʠʷʤʠ ʩʝʪʠ, ʢʦʪʦʨʦʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʜʝʞʥʦʝ ʨʘʩʧʦʟʥʘ-

ʚʘʥʠʝ ʢʦʣʣʠʟʠʡ. ʕʪʦ ʨʘʩʩʪʦʷʥʠʝ ʥʘʟʳʚʘʶʪ ʪʘʢʞʝ ʤʘʢʩʠʤʘʣʴʥʳʤ ʜʠʘʤʝʪʨʦʤ ʩʝʪʠ. 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʢʘʜʨʦʚ, ʯʪʦ ʠʤʝʝʪ ʤʝʩʪʦ ʚ ʥʦʚʳʭ ʩʪʘʥʜʘʨʪʘʭ, 

ʙʘʟʠʨʫʶʱʠʭʩʷ ʥʘ ʪʦʤ ʞʝ ʤʝʪʦʜʝ ʜʦʩʪʫʧʘ CSMA/CD, ʥʘʧʨʠʤʝʨ Fast Ethernet, 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʪʘʥʮʠʷʤʠ ʩʝʪʠ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ 

ʫʚʝʣʠʯʝʥʠʶ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ. ɺ ʩʪʘʥʜʘʨʪʝ Fast Ethernet ʦʥʦ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 210 

ʤ, ʘ ʚ ʩʪʘʥʜʘʨʪʝ Gigabit Ethernet ʦʥʦ ʙʳʣʦ ʙʳ ʦʛʨʘʥʠʯʝʥʦ 25 ʤʝʪʨʘʤʠ, ʝʩʣʠ ʙʳ 
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ʨʘʟʨʘʙʦʪʯʠʢʠ ʩʪʘʥʜʘʨʪʘ ʥʝ ʧʨʝʜʧʨʠʥʷʣʠ ʥʝʢʦʪʦʨʳʭ ʤʝʨ ʧʦ ʫʚʝʣʠʯʝʥʠʶ 

ʤʠʥʠʤʘʣʴʥʦʛʦ ʨʘʟʤʝʨʘ ʧʘʢʝʪʘ. 

ɺ ʪʘʙʣ. 3 ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʜʫʨʳ ʧʝʨʝʜʘʯʠ ʢʘʜʨʘ 

ʩʪʘʥʜʘʨʪʘ 802.3, ʢʦʪʦʨʳʝ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʨʝʘʣʠʟʘʮʠʠ ʬʠʟʠʯʝʩʢʦʡ ʩʨʝʜʳ. ɺʘʞʥʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʘʞʜʳʡ ʚʘʨʠʘʥʪ ʬʠʟʠʯʝʩʢʦʡ ʩʨʝʜʳ ʪʝʭʥʦʣʦʛʠʠ Ethernet ʜʦʙʘʚʣʷʝʪ ʢ 

ʵʪʠʤ ʦʛʨʘʥʠʯʝʥʠʷʤ ʩʚʦʠ, ʯʘʩʪʦ ʙʦʣʝʝ ʩʪʨʦʛʠʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʜʦʣʞʥʳ 

ʚʳʧʦʣʥʷʪʴʩʷ. 

 

ʊʘʙʣʠʮʘ 3. ʇʘʨʘʤʝʪʨʳ ʫʨʦʚʥʷ MAC Ethernet 

 

ʇʘʨʘʤʝʪʨʳ ɿʥʘʯʝʥʠʷ 

ɹʠʪʦʚʘʷ ʩʢʦʨʦʩʪʴ 10 ʄʙʠʪ/ʩ 

ʀʥʪʝʨʚʘʣ ʦʪʩʨʦʯʢʠ 512 ʙʠʪʦʚʳʭ ʠʥʪʝʨʚʘʣʘ 

ʄʝʞʢʘʜʨʦʚʳʡ ʠʥʪʝʨʚʘʣ 

(IPG) 
9,6 ʤʢʩ 

ʄʘʢʩʠʤʘʣʥʦʝ ʯʠʩʣʦ 

ʧʦʧʳʪʦʢ ʧʝʨʝʜʘʯʠ 
16 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʯʠʩʣʦ 

ʚʦʟʨʘʩʪʘʥʠʷ ʜʠʘʧʘʟʦʥʘ  

ʧʘʫʟʳ 

10 

ɼʣʠʥʘ jam-

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 
32 ʙʠʪʘ 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʜʣʠʥʘ ʢʘʜʨʘ 

(ʙʝʟ ʧʨʝʘʤʙʫʣʳ) 
1518 ʙʘʡʪ 

ʄʠʥʠʤʘʣʴʥʘʷ ʜʣʠʥʘ ʢʘʜʨʘ 

(ʙʝʟ ʧʨʝʘʤʙʫʣʳ) 
64 ʙʘʡʪ (512ʙʠʪ) 

ɼʣʠʥʘ ʧʨʝʘʤʙʫʣʳ 64 ʙʠʪ 

ʄʠʥʠʤʘʣʴʥʘʷ ʜʣʠʥʘ 

ʩʣʫʯʘʡʥʦʡ 

ʧʘʫʟʳ ʧʦʩʣʝ ʢʦʣʣʠʟʠʠ 

0 ʙʠʪʦʚʳʭ  ʠʥʪʝʨʚʘʣʦʚ 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʜʣʠʥʘ 

ʩʣʫʯʘʡʥʦʡ 

ʧʘʫʟʳ ʧʦʩʣʝ ʢʦʣʣʠʟʠʠ 

524000 ʙʠʪʦʚʳʭ ʠʥʪʝʨʚʘʣʘ 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʩʪʘʥʮʠʷʤʠ ʩʝʪʠ 
2500 ʤ 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʯʠʩʣʦ 

ʩʪʘʥʮʠʡ ʚ ʩʝʪʠ 
1024 
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11. ʈʘʩʯʝʪʥʘʷ ʯʘʩʪʴ ʢʫʨʩʦʚʦʡ ʨʘʙʦʪʳ 

 

ʐʠʥʥʳʝ ʃɺʉ ʩʦ ʩʣʫʯʘʡʥʳʤ ʜʦʩʪʫʧʦʤ ʩ ʧʨʦʩʣʫʰʠʚʘʥʠʝʤ ʥʝʩʫʱʝʡ ʠ 

ʦʙʥʘʨʫʞʝʥʠʝʤ ʢʦʥʬʣʠʢʪʦʚ 

 

ɿʘʜʘʜʠʤ ʩʣʝʜʫʶʱʠʝ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʩʝʪʠ: 

Â ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʩʝʪʠ S = 2000 ʤ - ʤʘʢʩʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ 

ʩʪʘʥʮʠʷʤʠ, 

Â ʩʢʦʨʦʩʪʴ ʤʦʜʫʣʷʮʠʠ ɺ = 10 ʄʙʠʪ/ʩ, 

Â ʯʠʩʣʦ ʩʪʘʥʮʠʡ ʄ = 90 

Â ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ ʧʦ ʢʘʙʝʣʶ ʩʚʷʟʠ V = 2,310
5
   ʢʤ/ʩ, 

Â ʤʘʢʩʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʨʝʪʨʘʥʩʣʷʪʦʨʦʚ ʤʝʞʜʫ ʜʚʫʤʷ ʩʪʘʥʮʠʷʤʠ  np = 3, 

Â ʤʘʢʩʠʤʘʣʴʥʘʷ ʟʘʜʝʨʞʢʘ ʦʜʥʦʛʦ ʨʝʪʨʘʥʩʣʷʪʦʨʘ ʚ ʙʠʪʘʭ  Lp  = 15 ʙʠʪ. 

Â ʪʠʧ ʧʨʦʪʦʢʦʣʘ, ʠʟ ʢʦʪʦʨʦʛʦ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʩʨʝʜʥʷʷ ʜʣʠʥʘ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʯʘʩʪʠ ʢʘʜʨʘ  Lʠ  = 1560 ʙʠʪ, 

Â ʩʨʝʜʥʷʷ ʜʣʠʥʘ ʩʣʫʞʝʙʥʦʡ ʯʘʩʪʠ ʧʨʦʪʦʢʦʣʘ ʢʘʜʨʘ  Lʩ  = 320 ʙʠʪ, 

Â ʟʘʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʣʠʥ ʩʣʫʞʝʙʥʦʡ ʯʘʩʪʠ ʢʘʜʨʘ (ʦʙʳʯʥʦ 

ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʡ) ʩ=0. 

Â ʟʘʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʣʠʥ  ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʯʘʩʪʠ ʢʘʜʨʘ (ʦʙʳʯʥʦ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ) ʠ = 1, 

Â ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʦʦʙʱʝʥʠʡ, ʧʦʩʪʫʧʘʶʱʠʭ ʩʫʤʤʘʨʥʦ ʦʪ 

ʚʩʝʭ ʩʪʘʥʮʠʡ   = 500  1/ʩ. 

ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʧʨʠʤʝʨʝ ʩʝʪʴ ʧʨʠʥʠʤʘʝʪʩʷ ʦʜʥʦʨʦʜʥʦʡ, ʵʪʦ ʦʟʥʘʯʘʝʪ, 

ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʦʦʙʱʝʥʠʡ, ʧʦʩʪʫʧʘʶʱʠʭ ʦʪ ʢʘʞʜʦʡ ʠʟ ʩʪʘʥʮʠʡ, ʠʭ ʜʣʠʥʘ ʠ 

ʜʨʫʛʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ - ʠʜʝʥʪʠʯʥʳ. 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʫʢʘʟʘʥʥʳʭ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʧʨʦʠʟʚʝʜʝʤ ʨʘʩʯʝʪ ʚʨʝʤʝʥʠ 

ʟʘʜʝʨʞʢʠ ʚ ʩʝʪʠ ʠ ʦʧʨʝʜʝʣʠʤ ʝʸ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ. 

ɼʣʷ ʧʦʥʠʤʘʥʠʷ ʠʟʣʘʛʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʣʝʜʫʝʪ ʧʦʜʨʦʙʥʦ ʠʟʫʯʠʪʴ ʃ1. ʩʪʨ. 

230-251. 

 

1. ɺʨʝʤʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʦʚ ʧʦ ʢʘʙʝʣʶ ʤʝʞʜʫ ʜʚʫʤʷ ʥʘʠʙʦʣʝʝ 

ʫʜʘʣʸʥʥʳʤʠ ʩʪʘʥʮʠʷʤʠ: 

ʨ = S/V = 2/(2,3 
.
 10

-5
) = 0,87 

.
 10

-5
c = 8,7 ʤʢʩ 

 

 

2. ʄʘʢʩʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ ʩʠʛʥʘʣʘ ʚ ʨʝʪʨʘʥʩʣʷʪʦʨʘʭ  

ʨʪ  = Np 
.
 (Lp/B) = 3 

.
 15/(10 

.
 10

6
) = 4,5 ʤʢʩ 

 

3. ʇʦʣʥʦʝ ʚʨʝʤʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ ʧʦ ʩʝʪʠ ( ʤʘʢʩʠʤʘʣʴʥʦʝ  ) 

 = ʨʪ +ʨ = 8,7 + 4,5 = 13,2 ʤʢʩ 

 

4. ɼʣʠʪʝʣʴʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʯʘʩʪʠ ʢʘʜʨʘ  

ʠ =  Lʠ/B = 1560/(10 
.
 10

6
) = 156 ʤʢʩ 
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5. ɼʣʠʪʝʣʴʥʦʩʪʴ ʩʣʫʞʝʙʥʦʡ ʯʘʩʪʠ ʢʘʜʨʘ  

ʩ = Lc/B = 320/(10 
. 
 10

6
) = 32 ʤʢʩ 

 

6. ʉʫʤʤʘʨʥʘʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʢʘʜʨʘ  

ʩʨ  = ʠ  + ʩ  = 156+32 = 188 ʤʢʩ 

 

7. ʂʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ ʚʨʝʤʝʥʠ ʧʝʨʝʜʘʯʠ ʢʘʜʨʦʚ ʩʦʦʙʱʝʥʠʡ 

ʩʨ = ʩʨ/ʩʨ =     (ʠ
2
 + ʩ

2
)/

2
ʩʨ  = ʠ/ʩʨ = 156/188 = 0,83 

 

8. ʉʨʝʜʥʷʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʩʪʫʧʣʝʥʠʷ ʩʦʦʙʱʝʥʠʡ ʦʪ ʢʘʞʜʦʡ ʠʟ ʩʪʘʥʮʠʡ 

ʩʨ = /ʄ = 500/90 = 5,5 ʩ
-1 

 

9. ʉʫʤʤʘʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʛʨʫʟʢʠ ʚ ʩʝʪʠ  

R = * ʩʨ = 500c
-1
 
. 
188 

.  
10

6
c = 0,094 

 

10. ʂʦʵʬʬʠʮʠʝʥʪ ʜʘʣʴʥʦʜʝʡʩʪʚʠʷ, ʩ ʫʯʸʪʦʤ ʚʨʝʤʝʥʠ ʟʘʜʝʨʞʢʠ ʚ 

ʨʝʪʨʘʥʩʣʷʪʦʨʘʭ 

 = / ʩʨ = 13,2/188 = 0,07 

 

11. ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ ʜʦʩʪʘʚʢʠ ʩʦʦʙʱʝʥʠʡ Wn 

2
1

))21(1(12

)21(1
)ʩʨ1(

ʩʨ

tn
Wn 2

eR

e
R  

82,0
2

07,0
1

)44,607,01(094,012

44,607,01
)83,01(094,0Wn 2  

 

12. ɺʨʝʤʷ ʜʦʩʪʘʚʢʠ ʩʦʦʙʱʝʥʠʷ 

tn = W 
.
 ʩʨ = 1,19 

. 
192 =228,5 ʤʢʩ  

 

13. ʇʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʝʪʠ 

68,0
07,044,61

1

6,4421

1
C  

 

14. ʇʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʝ ʟʥʘʯʝʥʠʝ ʩʫʤʤʘʨʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʧʨʠ 

ʢʦʪʦʨʦʡ ʟʘʛʨʫʟʢʘ ʨʘʚʥʘ  ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢʘʥʘʣʘ 

1

6
3656

1086

68

cp

C
max
Ű

ɚ ʩ
ʩ

 

 

15. ʄʠʥʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ ʜʦʩʪʘʚʢʠ ( ʧʨʠ R=0 ) 

ʤʢʩ 192 186) 
2

07,0
  (1  cp) 

2
  (1 min n Űt  
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ʈʘʩʯʸʪ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ ʤʘʣʳʭ ʟʘʛʨʫʟʢʘʭ ʩʝʪʠ ʚʨʝʤʷ ʜʦʩʪʘʚʢʠ tn, 

ʨʘʩʩʯʠʪʘʥʥʦʝ ʧʦ ʧ.12, ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʜʦʩʪʘʚʢʠ 

tn min. 

 

 

ʐʠʥʥʳʝ ʃɺʉ ʩ ʤʘʨʢʝʨʥʳʤ ʜʦʩʪʫʧʦʤ 

 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ ʨʘʩʯʝʪʘ ʚʨʝʤʝʥʠ ʜʦʩʪʘʚʢʠ ʩʦʦʙʱʝʥʠʡ ʚ ʰʠʥʥʳʡ ʃɺʉ 

ʩ ʤʘʨʢʝʨʥʳʤ ʜʦʩʪʫʧʦʤ. ʉʝʪʴ ʠʤʝʝʪ ʪʦʧʦʣʦʛʠʶ, ʨʘʩʩʤʦʪʨʝʥʥʫʶ ʚʳʰʝ ʠ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʘʥʘʣʦʛʠʯʥʳʤʠ ʠʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ. S = 2000 ʤ, ɺ = 10 

ʄʙʠʪ/ʩ, V = 2,310  ʢʤ/ʩ,   

np = 3,  Lp = 15 ʙʠʪ, ʄ = 90,   = 500 1/ʩ. 

ʉʨʝʜʥʶʶ ʜʣʠʥʫ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʯʘʩʪʠ ʢʘʜʨʘ  Lʠ  ʧʨʠʤʝʤ ʪʘʢʞʝ ʨʘʚʥʦʡ 

1560 ʙʠʪ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʦʪʦʢʦʣʦʤ ʩʝʪʠ ʩ ʤʘʨʢʝʨʥʳʤ ʜʦʩʪʫʧʦʤ, ʜʣʠʥʘ 

ʩʣʫʞʝʙʥʦʡ ʯʘʩʪʠ ʢʘʜʨʘ Lʩ   ʩʦʩʪʘʚʣʷʝʪ 168 ʙʠʪ. 

ɺ ʦʪʣʠʯʠʠ ʦʪ Ethernet, ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʝʪʠ ʩ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ 

ʙʝʩʢʦʥʬʣʠʢʪʥʦʡ ʧʝʨʝʜʘʯʠ ʜʦʙʘʚʣʷʝʪʩʷ ʤʘʨʢʝʨʥʳʡ ʢʘʜʨ, ʜʣʠʥʦʡ 24 ʙʠʪʘ. 

ʇʦʣʥʦʝ ʚʨʝʤʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ ʩ ʫʯʝʪʦʤ ʨʝʪʨʘʥʩʣʷʪʦʨʦʚ, ʙʫʜʝʤ 

ʩʯʠʪʘʪʴ, ʢʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʝʤ ʧʨʠʤʝʨʝ, ʨʘʚʥʳʤ  = 13,3 ʤʢʩ. 

ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʚ ʩʝʪʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʩʯʝʨʧʳʚʘʶʱʝʝ ʦʙʩʣʫʞʠʚʘʥʠʝ, 

ʧʨʠ ʢʦʪʦʨʦʤ ʩʪʘʥʮʠʷ ʧʝʨʝʜʘʸʪ ʚʩʝ ʠʤʝʶʱʠʝʩʷ ʫ ʥʝʸ ʩʦʦʙʱʝʥʠʷ, ʠ ʣʠʰʴ ʧʦʩʣʝ 

ʵʪʦʛʦ ʥʘʧʨʘʚʣʷʝʪ ʤʘʨʢʝʨʥʳʡ ʢʘʜʨ ʩʣʝʜʫʶʱʝʡ ʦʯʝʨʝʜʥʦʡ ʩʪʘʥʮʠʠ. 

 

1. ɼʣʠʪʝʣʴʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʯʘʩʪʠ ʢʘʜʨʘ, ʢʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʝʤ 

ʧʨʠʤʝʨʝ 

ʤʢʩ 156
1010

1560

B

L
6

ʀ
ʀŰ  

 

2. ɼʣʠʪʝʣʴʥʦʩʪʴ ʩʣʫʞʝʙʥʦʡ ʯʘʩʪʠ ʢʘʜʨʘ  

ʤʢʩ 16,8
1010

168

B

Lc
6

ʉŰ  

 

3. ɼʣʠʪʝʣʴʥʦʩʪʴ ʤʘʨʢʝʨʥʦʛʦ ʢʘʜʨʘ 

ʤʢʩ ,42
1010

24

B

L
6

M
MŰ  

 

4. ʉʫʤʤʘʨʥʘʷ ʩʨʝʜʥʷʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʢʘʜʨʘ  
ʙʠʪ 172,8 16,8  156   ʉ   ʀʉP ŰŰŰ  

 

5. ʂʦʵʬʬʠʮʠʝʥʪ  ʚʘʨʠʘʮʠʠ ʜʣʠʥ ʩʦʦʙʱʝʥʠʡ 

9027,0
172,8

156
 

CP

ʀ
CP

Ű
ůɜ  

 

6. ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʦʦʙʱʝʥʠʡ, ʧʦʩʪʫʧʘʶʱʠʭ ʦʪ ʢʘʞʜʦʡ 

ʠʟ ʩʪʘʥʮʠʡ ʚ ʦʜʥʦʨʦʜʥʦʡ ʩʝʪʠ 
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1-
CP ʩ 5,5

90

500
 

ʄ

ɚɚ  

 

7. ʩʫʤʤʘʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʛʨʫʟʢʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʩʦʦʙʱʝʥʠʷʤʠ 

 ,0860 10172,8500 ɚ R -6
ʉPŰ  

 

8. ʃʘʪʝʥʪʥʦʝ ʚʨʝʤʷ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʢ ʨʘʙʦʪʝ ʩʪʘʥʮʠʠ, 

ʧʨʠʤʝʤ ʨʘʚʥʳʤ ʜʣʠʪʝʣʴʥʦʩʪʠ ʜʚʫʭ ʙʠʪ ( =2 ) 

B

ɤ
ŰL = 2,0

1010
2

6 ʤʢʩ 

 

9. ʃʘʪʝʥʪʥʳʡ ʧʝʨʠʦʜ ʩʝʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ 

TL = M( L + ) = 90 
.
 0,20 + 90 

.
 13,2 = 1260 ʤʢʩ 

 

10. ʇʘʨʘʤʝʪʨ ʜʘʣʴʥʦʜʝʡʩʪʚʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ 

22,8
172,8

2,490  1260
  

TM

CP

LM

Ű
Ű

 

 

11. ʅʦʨʤʘʪʠʚʥʦʝ ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ ʩʦʦʙʱʝʥʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ 

586,4
)086,01(2

22,8)90,01(086,0

R)-(12

  )  R(1
 

tn
  Wʥ

cp
2

CPŰ
 

 

12. ɺʨʝʤʷ ʜʦʩʪʘʚʢʠ ʩʦʦʙʱʝʥʠʷ 
ʤʢʩ 46,792172,84,586Wntn CPŰ  

 

13. ʇʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʉ, ʢʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚʳʰʝ, ʨʘʚʥʘ ʝʜʠʥʠʮʝ, 

ʧʦʩʢʦʣʴʢʫ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʣʠʥ ʦʯʝʨʝʜʝʡ ʜʦʣʷ ʤʘʨʢʝʨʥʳʭ ʩʦʦʙʱʝʥʠʡ, ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʩʦʦʙʱʝʥʠʷʤ, ʫʤʝʥʴʰʘʝʪʩʷ. 

 

14.ʄʠʥʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʜʦʩʪʘʚʢʠ ʩʦʦʙʱʝʥʠʡ, ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʟʘʛʨʫʟʢʠ ( 

Rð0), ʩʦʩʪʘʚʣʷʝʪ 

ʤʢʩ206,710
2

8,22
172,8

2

Ŭ
ʩʨmin  Űt  

 

ʇʨʠ ʤʘʣʳʭ ʟʘʛʨʫʟʢʘʭ, ʚʨʝʤʷ tn, ʨʘʩʩʯʠʪʘʥʥʦʝ ʧʦ ʧʫʥʢʪʫ 12, ʥʝʟʥʘʯʠʪʝʣʴʥʦ 

ʧʨʝʚʳʰʘʝʪ ʤʠʥʠʤʘʣʴʥʦʝ ʚʨʝʤʷ  tmin. 

 

 

ʂʦʣʴʮʝʚʳʝ ʃɺʉ ʩ ʤʘʨʢʝʨʥʳʤ ʜʦʩʪʫʧʦʤ 

 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ ʨʘʩʯʝʪʘ ʢʦʣʴʮʝʚʦʡ ʃɺʉ ʩ ʤʘʨʢʝʨʥʳʤ ʜʦʩʪʫʧʦʤ. ʉʝʪʴ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʜʘʥʥʳʤʠ: ʯʠʩʣʦ ʩʪʘʥʮʠʡ ʄ = 90, ʈʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʩʪʘʥʮʠʷʤʠ  Sʩʪ = 10 ʤ, ʩʢʦʨʦʩʪʴ ʤʦʜʫʣʷʮʠʠ ɺ = 4 ʄʙʠʪ/ʩ, 

ʜʣʠʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʯʘʩʪʠ ʢʘʜʨʘ  Lʠ = 1560 ʙʠʪ, ʜʣʠʥʘ ʩʣʫʞʝʙʥʦʡ ʯʘʩʪʠ 
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ʢʘʜʨʘ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʩʩʤʦʪʨʝʥʥʳʤ ʚʳʰʝ ʧʨʦʪʦʢʦʣʦʤ, Lʩ = 88 ʙʠʪ, ʜʣʠʥʘ 

ʤʘʨʢʝʨʘ Lʤ = 24 ʙʠʪ, ʨʘʟʤʝʨ ʨʝʛʠʩʪʨʘ ʨʝʪʨʘʥʩʣʷʪʦʨʘ      = 2 ʙʠʪ, ʩʫʤʤʘʨʥʘʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʪʦʢʘ ʧʝʨʝʜʘʚʘʝʤʳʭ ʩʦʦʙʱʝʥʠʡ  = 500 1/ʩ, ʩʢʦʨʦʩʪʴ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ ʧʦ ʢʘʙʝʣʶ ʩʚʷʟʠ ʤʝʞʜʫ ʩʪʘʥʮʠʷʤʠ V = 2,3 10
5
 ʢʤ/ʩ. 

ɿʘʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʣʠʥ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʯʘʩʪʠ ʢʘʜʨʘ - 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ (ʠ= ʠ). 

 

1. ɼʣʠʪʝʣʴʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʯʘʩʪʠ ʢʘʜʨʘ 

ʤʢʩ 390
104

1560

B

L
6

ʀ
ʀŰ  

 

2. ɼʣʠʪʝʣʴʥʦʩʪʴ ʩʣʫʞʝʙʥʦʡ ʯʘʩʪʠ ʢʘʜʨʘ  

ʤʢʩ 22
104

88

B

Lc
6

ʉŰ  

 

3. ɼʣʠʪʝʣʴʥʦʩʪʴ ʤʘʨʢʝʨʥʦʛʦ ʢʘʜʨʘ 

ʤʢʩ 6
104

24

B

L
6

M
MŰ  

 

4. ʉʨʝʜʥʷʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʩʦʦʙʱʝʥʠʡ 

ʤʢʩ 412 22  390   ʉ   ʀʉP ŰŰŰ  
 

5. ʂʦʵʬʬʠʮʠʝʥʪ  ʚʘʨʠʘʮʠʠ ʜʣʠʥ ʩʦʦʙʱʝʥʠʡ 

946,0
412

390
 

CP

ʀ
CP

Ű
ůɜ  

 

6. ʂʦʵʬʬʠʮʠʝʥʪ ʟʘʛʨʫʟʢʠ ʩʝʪʠ 

 ,2060 10412500 ɚ R -6
ʉPŰ  

 

7. ʃʘʪʝʥʪʥʦʝ ʚʨʝʤʷ ʩʪʘʥʮʠʠ  

ʤʢʩ 5,0
104

2

B 6
L

ɤ
Ű  

 

8. ʂʦʵʬʬʠʮʠʝʥʪ ʟʘʜʝʨʞʢʠ ʚ ʨʝʛʠʩʪʨʘʭ 

436,0
412

290
  

TM

CP

L

Ű
 

 

9. ɺʨʝʤʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʩʪʘʥʮʠʷʤʠ 

ʤʢʩ 042,0
102,3

0,01

V

Scʪ
5

ʈŰ  

 

10. ʂʦʵʬʬʠʮʠʝʥʪ ʜʘʣʴʥʦʜʝʡʩʪʚʠʷ 

0091,0
412

204,090
  

TM

CP

P

Ű
 



 

61 

 

 

11. ʇʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʝʪʠ 

99,0

412

2,642
1

1

 1

1

R

R
C

CP

L

CP

P

CP

M

Ű
Ű

Ű
Ű

Ű
Ű  

 

12. ʕʢʚʠʚʘʣʝʥʪʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʛʨʫʟʢʠ ʩʝʪʠ 

208,0
99,0

206,0

C

R
R  

 

13. ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʜʦʩʪʘʚʢʠ ʩʦʦʙʱʝʥʠʡ 

821,2426,00091,0
99,0

1
1

) 0,208-(12

 )0,946  (10,208

C

1
1

) R-(12

 )ɜ  (1R
 

tn
  Wn

22

CPŰ
 

14. ɺʨʝʤʷ ʜʦʩʪʘʚʢʠ ʩʦʦʙʱʝʥʠʷ 

CPŰWntn = 48,116341282,2  

 

15. ʄʠʥʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʜʦʩʪʘʚʢʠ ʩʦʦʙʱʝʥʠʷ 

445,2426,00091,0
99,0

1
1

1
1minʠt

c
 

 

 

ʂʦʣʴʮʝʚʳʝ ʃɺʉ ʩ ʪʘʢʪʠʨʦʚʘʥʥʳʤ ʜʦʩʪʫʧʦʤ 

 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ ʨʘʩʯʸʪʘ ʃɺʉ ʩ ʪʘʢʪʠʨʫʝʤʳʤ ʜʦʩʪʫʧʦʤ. 

ʂʦʣʴʮʝʚʫʶ ʃɺʉ ʩ ʪʘʢʪʠʨʦʚʘʥʥʳʤ ʜʦʩʪʫʧʦʤ, ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʩʣʝʜʫʶʱʠʤ 

ʠʩʭʦʜʥʳʤ ʜʘʥʥʳʤ: 

- ʧʨʦʪʷʞʸʥʥʦʩʪʴ ʩʝʪʠ S=2000 ʤ 

- ʩʢʦʨʦʩʪʴ ʤʦʜʫʣʷʮʠʠ ɺ=10 ʤʙʠʪ/ʩ 

- ʯʠʩʣʦ ʩʪʘʥʮʠʡ ʄ=90 

- ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ ʧʦ ʢʘʙʝʣʶ ʩʚʷʟʠ V=2,3
.
10

5
 ʢʤ/ʩ  

- ʚ ʩʝʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʜʥʦʢʨʘʪʥʳʡ ʪʘʢʪʠʨʫʝʤʳʡ ʜʦʩʪʫʧ ʩ ʯʠʩʣʦʤ ʨʘʟʨʷʜʦʚ 

ʩʜʚʠʛʦʚʦʛʦ ʨʝʛʠʩʪʨʘ =2 

-  ʚ ʩʝʪʠ ʜʝʡʩʪʚʫʝʪ ʧʫʘʩʩʦʥʦʚʩʢʠʡ ʧʦʪʦʢ ʩʦʦʙʱʝʥʠʡ (  = 1) 

- ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʪʦʢʘ ʩʦʦʙʱʝʥʠʡ, ʧʦʩʪʫʧʘʶʱʠʭ ʦʪ 

ʢʘʞʜʦʡ ʩʪʘʥʮʠʠ 
ʩ

ʩʨ
1

10ɚ  

- ʩʨʝʜʥʷʷ ʜʣʠʥʘ ʩʦʦʙʱʝʥʠʡ Lʠ =1560 ʙʠʪ 

- ʩʨʝʜʥʷʷ ʜʣʠʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʯʘʩʪʠ ʩʝʛʤʝʥʪʘ d = 48 ʙʠʪ 

- ʜʣʠʥʘ ʩʣʫʞʝʙʥʦʡ ʯʘʩʪʠ ʩʝʛʤʝʥʪʘ h = 22 ʙʠʪ 

- ʩʝʪʴ ʩʯʠʪʘʝʪʩʷ ʦʜʥʦʨʦʜʥʦʡ 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʠʥʷʪʳʭ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʧʨʦʠʟʚʝʜʸʤ ʨʘʩʯʸʪ ʩʨʝʜʥʝʛʦ 

ʚʨʝʤʝʥʠ ʟʘʜʝʨʞʢʠ ʩʦʦʙʱʝʥʠʡ ʚ ʩʝʪʠ ʠ ʨʘʩʩʯʠʪʘʝʤ ʝʸ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ.  
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1.  ɺʨʝʤʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʩʪʘʥʮʠʷʤʠ 

ʤʢʩ09,0
103,290

ʢʤ 2

MV

S
5

PŰ   

 

2. ʉʨʝʜʥʷʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʩʦʦʙʱʝʥʠʡ 

ʤʢʩ156
1010

1560

ɺ

Lʠ
  ʩʨ

6
Ű  

 

3. ʉʫʤʤʘʨʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʪʦʢʘ ʩʦʦʙʱʝʥʠʡ  

c
ʩp

1
9001090ɚMɚ  

 

4. ʉʫʤʤʘʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʛʨʫʟʢʠ 

14,010156900ɚR 6Űcp  

 

5. ʕʢʚʠʚʘʣʝʥʪʥʦʝ ʯʠʩʣʦ ʨʘʟʨʷʜʦʚ ʚ ʢʦʣʴʮʝ 

2611009,01010290L 66pMk  

 

6. ɼʦʧʫʩʪʠʤʦʝ ʯʠʩʣʦ ʨʘʟʨʷʜʦʚ ʚ ʢʦʣʴʮʝ 

2
70

185

dh

L
N

k
 

 

7. ʕʢʚʠʚʘʣʝʥʪʥʦʝ ʯʠʩʣʦ ʨʘʟʨʷʜʦʚ ʩʝʛʤʝʥʪʘ ʩ ʫʯʸʪʦʤ ʨʘʟʜʝʣʠʪʝʣʴʥʳʭ 

ʨʘʟʨʷʜʦʚ 

5,92
N

L
g

k
 

 

8. ʇʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʝʪʠ 

0,52
92,5

48

g

d
C  

 

9. ʅʦʨʤʠʨʦʚʘʥʥʦʝ ʚʨʝʤʷ ʜʦʩʪʘʚʢʠ ʩʦʦʙʱʝʥʠʡ 

63,2
14,052,0

1

R-C

1
 

tn
 Wn 

CPŰ
 

 

10. ɺʨʝʤʷ ʜʦʩʪʘʚʢʠ ʩʦʦʙʱʝʥʠʷ 

ʤʢʩ410,281562,63cpWʠ Űt  

 

11.ʄʠʥʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʜʦʩʪʘʚʢʠ ʩʦʦʙʱʝʥʠʷ ( ʧʨʠ R0 ) 

ʤʢʩ300
52,0

156

c

cp
min ʠ
Űt  

ʈʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʫʢʘʟʘʥʥʳʭ ʥʘʛʨʫʟʢʘʭ ʚʨʝʤʷ ʜʦʩʪʘʚʢʠ 

ʩʦʦʙʱʝʥʠʡ tʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʤʠʥʠʤʘʣʴʥʦʛʦ. 
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12. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʤʝʪʦʜʦʚ ʜʦʩʪʫʧʘ ʚ ʰʠʥʥʦʡ ʠ ʢʦʣʴʮʝʚʳʭ 

ʩʪʨʫʢʪʫʨʘʭ 

 

ʊʘʙʣʠʮʘ 4. 

 

R 

ʐʠʥʥʘʷ 

ʃɺʉ ʩ 

ʄɼʂʅ/ʆʂ 

ʐʠʥʥʘʷ 

ʃɺʉ ʩ ʄɼ 

ʂʦʣʴʮʝʚʘʷ 

ʃɺʉ ʩ ʄɼ 

ʂʦʣʴʮʝʚʘʷ 

ʃɺʉ ʩ ʊɼ 

0 1,035 3,658 2,134 1,715 

0,1 1,179 4,165 2,242 2,07 

0,2 1,381 4,799 2,376 2,610 

0,3 1,687 5,614 2,550 3,532 

0,4 2,205 6,701 2,784 12,034 

0,5 3,273 8,223 3,114 - 

0,6 6,750 10,505 3,616 - 

0,7 - 14,310 4,472 - 

0,8 - 21,918 6,258 - 

0,9 - 44,74 12,296 - 

 

ʅʘ ʨʠʩ.12 ʧʦʢʘʟʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʥʦʨʤʠʨʦʚʘʥʥʦʛʦ ʚʨʝʤʝʥʠ ʜʦʩʪʘʚʢʠ 

ʩʦʦʙʱʝʥʠʡ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʛʨʫʟʢʠ R. 

 

1 - ʐʠʥʥʘʷ ʃɺʉ ʩ ʄɼʂʅ/ʆʂ 

2 - ʐʠʥʥʘʷ ʃɺʉ ʩ ʤʘʨʢʝʨʥʳʤ ʜʦʩʪʫʧʦʤ 

3 - ʂʦʣʴʮʝʚʘʷ ʃɺʉ ʩ ʤʘʨʢʝʨʥʳʤ ʜʦʩʪʫʧʦʤ 

4 - ʂʦʣʴʮʝʚʘʷ ʃɺʉ ʩ ʪʘʢʪʠʨʫʝʤʳʤ ʜʦʩʪʫʧʦʤ 

 

 

 

Wʥ                                                                                                       

   30                                                                            1               2

                                                                 4

   20                                                                                                   3

   10 

    0,1       0,2     0,3       0,4       0,5       0,6        0,7       0,8        0,9        R

                                                                          Rɻ

 

ʈʠʩʫʥʦʢ 12. ɿʘʚʠʩʠʤʦʩʪʴ 

ʥʦʨʤʠʨʦʚʘʥʥʦʛʦ ʚʨʝʤʝʥʠ ʜʦʩʪʘʚʢʠ ʩʦʦʙʱʝʥʠʡ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʛʨʫʟʢʠ. 
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ʂʘʢ ʚʠʜʥʦ ʠʟ ʛʨʘʬʠʢʦʚ ʧʨʠ ʤʘʣʳʭ ʟʘʛʨʫʟʢʘʭ ʩʝʪʠ ʰʠʥʥʘʷ ʃɺʉ ʩʦ 

ʩʣʫʯʘʡʥʳʤ ʜʦʩʪʫʧʦʤ ʠʤʝʝʪ ʥʘʠʤʝʥʴʰʝʝ ʚʨʝʤʷ ʜʦʩʪʘʚʢʠ ʩʦʦʙʱʝʥʠʡ. ʇʨʠ 

ʙʦʣʴʰʠʭ ʟʘʛʨʫʟʢʘʭ ʩʝʪʠ, ʚʨʝʤʷ ʜʦʩʪʘʚʢʠ ʩʦʦʙʱʝʥʠʷ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʰʠʥʥʫʶ ʃɺʉ ʩʦ ʩʣʫʯʘʡʥʳʤ ʜʦʩʪʫʧʦʤ ʵʬʬʝʢʪʠʚʥʝʝ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʤʘʣʳʭ ʟʘʛʨʫʟʢʘʭ, ʘ ʩʝʪʠ ʩ ʤʘʨʢʝʨʥʳʤ ʜʦʩʪʫʧʦʤ ï ʧʨʠ 

ʙʦʣʴʰʠʭ ʟʘʛʨʫʟʢʘʭ. ʇʨʠ ʙʦʣʴʰʠʭ ʟʘʛʨʫʟʢʘʭ ʩʝʪʠ, ʥʘʠʤʝʥʴʰʠʤ ʚʨʝʤʝʥʠʤ 

ʜʦʩʪʘʚʢʠ ʩʦʦʙʱʝʥʠʷ ʦʙʣʘʜʘʶʪ ʢʦʣʴʮʝʚʳʝ ʃɺʉ ʩ ʤʘʨʢʝʨʥʳʤ ʜʦʩʪʫʧʦʤ. ʆʜʥʘʢʦ 

ʙʝʩʢʦʥʬʣʠʢʪʥʘʷ ʧʝʨʝʜʘʯʘ ʚ ʚʠʜʝ ʤʘʨʢʝʨʥʳʭ ʩʦʦʙʱʝʥʠʡ ʧʨʠʚʦʜʠʪ ʢ ʥʝʩʢʦʣʴʢʦ 

ʙʦʣʴʰʠʤ ʟʘʪʨʘʪʘʤ ʚʨʝʤʝʥʠ ʥʘ ʜʦʩʪʘʚʢʫ ʩʦʦʙʱʝʥʠʡ ʧʨʠ ʤʘʣʳʭ ʟʘʛʨʫʟʢʘʭ ʩʝʪʠ. 

ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʢʦʣʴʮʝʚʳʝ ʩʝʪʠ ʩ ʤʘʨʢʝʨʥʳʤ ʩʧʦʩʦʙʦʤ ʵʬʬʝʢʪʠʚʥʝʡ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʙʦʣʴʰʠʭ ʟʘʛʨʫʟʢʘʭ ʩʝʪʠ. 

ʉʫʱʝʩʪʚʫʝʪ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʛʨʫʟʢʠ Rʵ ʧʨʠ ʢʦʪʦʨʳʭ ʦʙʝ ʩʝʪʠ 

ʵʢʚʠʚʘʣʝʥʪʥʳ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʨʝʤʝʥʠ ʟʘʜʝʨʞʢʠ ʧʝʨʝʜʘʯʠ ʩʦʦʙʱʝʥʠʡ. ʕʪʦ 

ʟʥʘʯʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʦʯʢʝ ʧʝʨʝʩʝʯʝʥʠʷ ʦʙʦʠʭ ʛʨʘʬʠʢʦʚ. 

ʊʘʢ ʢʘʢ ʟʘʛʨʫʞʝʥʥʦʩʪʴ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʩʝʪʠ ʤʘʣʘ, ʪʦ ʚʳʙʝʨʝʤ ʰʠʥʥʫʶ 

ʃɺʉ ʩʦ ʩʣʫʯʘʡʥʳʤ ʜʦʩʪʫʧʦʤ, ʩ ʧʨʦʩʣʫʰʠʚʘʥʠʝʤ ʥʝʩʫʱʝʡ ʠ ʦʙʥʘʨʫʞʝʥʠʝʤ 

ʢʦʥʬʣʠʢʪʦʚ (R=0.092). 

ʂ ʪʦʤʫ ʞʝ ʚʨʝʤʷ ʜʦʩʪʘʚʢʠ ʧʨʠ ʵʪʦʤ ʚʳʙʦʨʝ(tn=214ʤʢʩ), ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʜʨʫʛʠʤʠ ʩʪʘʥʜʘʨʪʘʤʠ, ʤʘʣʦ ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ tn min=190ʤʢʩ. 

ʃʫʯʰʝʡ ʬʠʟʠʯʝʩʢʦʡ ʩʨʝʜʦʡ ʜʣʷ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʃɺʉ ʧʨʠ ʩʠʣʴʥʳʭ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭʘʭ ʙʫʜʝʪ ʪʦʣʩʪʳʡ ʢʦʘʢʩʠʘʣʴʥʳʡ ʢʘʙʝʣʴ. 

ʉʨʘʚʥʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ CSMA/CD ʠʣʠ ʤʝʪʦʜʘ ʜʦʩʪʫʧʘ Ethernet ʠ 

ʢʦʣʴʮʝʚʦʛʦ ʤʦʥʦʢʘʥʘʣʘ ʩ ʤʘʨʢʝʨʥʳʤ ʜʦʩʪʫʧʦʤ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʚʝʜʝʥʦ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʘʥʝʝ ʩʦʦʪʥʦʰʝʥʠʡ. 

 

ʇʨʠ ʚʳʙʦʨʝ ʩʪʘʥʜʘʨʪʘ ʃɺʉ ʙʫʜʝʤ ʠʩʭʦʜʠʪʴ ʠʟ ʩʣʝʜʫʶʱʝʛʦ: 

 

-ʤʝʪʦʜ ʜʦʩʪʫʧʘ ʢ ʩʨʝʜʝ ʧʝʨʝʜʘʯʠ; 

-ʪʦʧʦʣʦʛʠʷ ʩʝʪʠ; 

-ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ; 

-ʩʨʝʜʘ ʧʝʨʝʜʘʯʠ. 

 

ʇʦ ʧʨʝʜʳʜʫʱʝʤʫ ʧʫʥʢʪʫ ʠʤʝʝʤ: 

 

-ʤʝʪʦʜ ʜʦʩʪʫʧʘ ʢ ʬʠʟʠʯʝʩʢʦʡ ʩʨʝʜʝ ï ʩʣʫʯʘʡʥʳʡ ʜʦʩʪʫʧ ʩ ʧʨʦʩʣʫʰʠʚʘʥʠʝʤ 

ʥʝʩʫʱʝʡ ʠ ʦʙʥʘʨʫʞʝʥʠʝʤ ʢʦʥʬʣʠʢʪʦʚ; 

-ʣʦʛʠʯʝʩʢʘʷ ʪʦʧʦʣʦʛʠʷ ʩʝʪʠ ï ʰʠʥʘ; 

-ʬʠʟʠʯʝʩʢʘʷ ʩʨʝʜʘ ʧʝʨʝʜʘʯʠ ï ʢʦʘʢʩʠʘʣʴʥʳʡ ʢʘʙʝʣʴ; 

-ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ï 10 ʄʙʠʪ/ʩ. 

 

ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʩʪʘʥʜʘʨʪʦʤ ʜʣʷ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʩʝʪʠ ʙʫʜʝʪ ʪʝʭʥʦʣʦʛʠʷ 

Ethernet (IEEE 802.3) , ʚ ʤʦʜʠʬʠʢʘʮʠʠ 10 Base 5. 

 

ʆʩʥʦʚʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʪʘʥʜʘʨʪʘ 10 Base 5 ʷʚʣʷʶʪʩʷ: 

-ʥʦʤʠʥʘʣʴʥʘʷ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ï 10 ʄʙʠʪ/ʩ; 
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-ʤʝʪʦʜ ʜʦʩʪʫʧʘ CSMA/CD ; 

-ʩʨʝʜʘ ʧʝʨʝʜʘʯʠ ï ʢʦʘʢʩʠʘʣʴʥʳʡ ʢʘʙʝʣʴ; 

-ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʣʠʥʘ ʩʝʛʤʝʥʪʘ ï 500ʤ.; 

-ʤʘʢʩʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʩʪʘʥʮʠʡ ʚ ʩʝʛʤʝʥʪʝ ï 100; 

-ʤʘʢʩʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʧʦʚʪʦʨʠʪʝʣʝʡ ʤʝʞʜʫ ʣʶʙʳʤʠ ʩʪʘʥʮʠʷʤʠ ʩʝʪʠ ï 4. 

 

13. ʇʦʩʪʨʦʝʥʠʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦʡ ʩʝʪʠ ʠ ʦʮʝʥʢʘ ʝʝ 

ʧʘʨʘʤʝʪʨʦʚ 

 

ɸʥʘʣʠʟʠʨʫʷ ʟʘʚʠʩʠʤʦʩʪʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩ.12 ʜʣʷ ʨʘʩʩʯʠʪʳʚʘʝʤʦʡ 

ʣʦʢʘʣʴʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʝʪʠ ʚʳʙʠʨʘʝʤ ʰʠʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʩʦ ʩʣʫʯʘʡʥʳʤ 

ʜʦʩʪʫʧʦʤ, ʪ.ʢ. ʜʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʦʩʪʨʦʝʥʠʷ ʃɺʉ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʠʤʝʥʴʰʫʶ 

ʟʘʜʝʨʞʢʫ ʧʨʠ ʧʣʘʥʠʨʫʝʤʦʡ ʥʝʙʦʣʴʰʦʡ ʟʘʛʨʫʟʢʠ ʩʝʪʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʩʨʝʜʳ ʧʝʨʝʜʘʯʠ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʦʣʩʪʦʛʦ 

ʢʦʘʢʩʠʘʣʴʥʦʛʦ ʢʘʙʝʣʷ, ʪʘʢ ʢʘʢ ʠʤʝʥʥʦ ʦʥ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʭʦʨʦʰʫʶ 

ʟʘʱʠʪʫ ʦʪ ʚʥʝʰʥʠʭ ʧʦʤʝʭ ʠ ʩʧʦʩʦʙʝʥ ʧʝʨʝʜʘʚʘʪʴ ʩʠʛʥʘʣʳ ʜʦ 500 ʤʝʪʨʦʚ. 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 13. ʇʨʠʤʝʨ ʧʦʩʪʨʦʝʥʠʷ ʣʦʢʘʣʴʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʝʪʠ. 

 

ɼʣʠʥʘ ʢʘʞʜʦʛʦ ʩʝʛʤʝʥʪʦʚ 500 ʤʝʪʨʦʚ, ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʪʘʥʮʠʷʤʠ (ʧʨʠ 

ʫʩʣʦʚʠʠ, ʯʪʦ ʚ ʩʝʛʤʝʥʪʝ 30 ʩʪʘʥʮʠʡ) 17,2 ʤ. 

ʋʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʦ 10 ʄʙʠʪ/ʩ ʦʢʘʟʳʚʘʝʪ ʦʯʝʥʴ ʙʦʣʴʰʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʟʘʜʝʨʞʢʫ ʧʝʨʝʜʘʯʠ ʜʣʷ ʰʠʥʳ ʩ CSMA/CD. ʊ.ʢ. ʩʨʝʜʥʷʷ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʢʘʜʨʘ ʫʤʝʥʴʰʘʝʪʩʷ, ʪʦ ʚʦʟʨʘʩʪʘʝʪ ʧʘʨʘʤʝʪʨ 

ʜʘʣʴʥʦʜʝʡʩʪʚʠʷ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʟʘʜʝʨʞʢʠ ʧʝʨʝʜʘʯʠ ʚ ʰʠʥʝ ʩ CSMA/ʉD ʫʞʝ ʩ 

R = 0,3, ʨʘʩʪʫʪ ʚʝʩʴʤʘ ʙʳʩʪʨʦ. ʇʦʵʪʦʤʫ ʝʜʠʥʩʪʚʝʥʥʳʡ ʩʧʦʩʦʙ ʫʣʫʯʰʝʥʠʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ Wʥ ʜʣʷ ʰʠʥʳ CSMA/CD ʩʦʩʪʦʠʪ ʚ ʫʤʝʥʴʰʝʥʠʠ ʧʘʨʘʤʝʪʨʘ 

ʜʘʣʴʥʦʜʝʡʩʪʚʠʷ ʟʘ ʩʯʝʪ ʣʠʙʦ ʫʤʝʥʴʰʝʥʠʷ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʰʠʥʳ (ʩʦʢʨʘʱʝʥʠʷ 

ʩʪʘʥʮʠʡ) ʣʠʙʦ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʧʦʣʷ ʜʘʥʥʳʭ ʢʘʜʨʘ. 
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�K�_�j �\�_�j

�D�h�f �f �m�l �Z�l �h�j

ʈʘʩʯʝʪʥr ʡ 

ʦʪʜʝʣ

ɹʫʭʛʘʣʪʝʨ

ʠ̫

�K�f �_�l�g�u�c��
�h�l� �̂_�e

�D�h�f �f �m�l �Z�l �h�j

�H�l� �̂_�e���d�Z� �̂j �h�\,
�h�l� �̂_�e���w�d�h�e�h�]�b�b

�=�e�Z�\�g�u�c���f �_�o�Z�g�b�d, 
�d�Z�g�p�_�e�y�j �b�y, �n�b�g. 

�h�l� �̂_�e

�D�h�f �f �m�l �Z�l �h�j
�K�_�j �\�_�j �=�e�Z�\�g�u�c���l�_�o�g�b�d, 

�]�e�Z�\�g�u�c���w�g�_�j �]�_�l�b�d,
�]�e�Z�\�g�u�c���b�g�`�_�g�_�j

�>�b�j �_�d�l�h�j , �a�Z�f . 

� �̂b�j �_�d�l�h�j �Z,  �i�j �b�z�f �g�Z�y, 
�x�j . �h�l� �̂_�e

�D�h�f �f �m�l �Z�l �h�j

�I �e�Z�g�h�\�u�c���h�l� �̂_�e�K�F�L
�K

�: �K�M�I

ʈʠʩʫʥʦʢ 14. ʇʨʠʤʝʨ 

ʧʦʩʪʨʦʝʥʠʷ ʣʦʢʘʣʴʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʝʪʠ. 

 

ʉʪʘʥʜʘʨʪ 802.3 ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʃɺʉ ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʫʤʝʨʝʥʥʳʭ 

ʩʢʦʨʦʩʪʷʭ ʩ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʩʪʘʥʮʠʡ ʧʨʠ ʥʝʙʦʣʴʰʦʡ ʟʘʛʨʫʟʢʝ ʩʝʪʠ.  

 

ʇʝʨʝʯʝʥʴ ʧʨʠʥʷʪʳʭ ʦʙʦʟʥʘʯʝʥʠʡ 

ɺ - ʩʢʦʨʦʩʪʴ ʤʦʜʫʣʷʮʠʠ, ɹʦʜ 

ʉ - ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʤʦʥʦʢʘʥʘʣʘ 

S - ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʩʝʪʠ, ʤ 

M - ʯʠʩʣʦ ʩʪʘʥʮʠʡ 

V - ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ, ʢʤ/ʩ 

Np - ʤʘʢʩʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʨʝʪʨʘʥʩʣʷʪʦʨʦʚ 

Lp - ʟʘʜʝʨʞʢʘ ʦʜʥʦʛʦ ʨʝʪʨʘʥʩʣʷʪʦʨʘ, ʙʠʪ 

Lʠ - ʜʣʠʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʯʘʩʪʠ ʢʘʜʨʘ, ʙʠʪ 

Lʩ - ʜʣʠʥʘ ʩʣʫʞʝʙʥʦʡ ʯʘʩʪʠ ʢʘʜʨʘ, ʙʠʪ 

Lʤ - ʜʣʠʥʘ ʤʘʨʢʝʨʘ, ʙʠʪ 

 - ʩʨʝʜʥʷʷ ʩʫʤʤʘʨʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʩʦʦʙʱʝʥʠʡ, 1/ʩ 

ʩʨ - ʩʨʝʜʥʷʷ ʩʫʤʤʘʨʥʘʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʢʘʜʨʘ ʩʦʦʙʱʝʥʠʡ, ʤʢʩ 

ʠ - ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʯʘʩʪʠ ʢʘʜʨʘ ʩʦʦʙʱʝʥʠʡ, ʤʢʩ 

ʩ - ʜʣʠʪʝʣʴʥʦʩʪʴ ʩʣʫʞʝʙʥʦʡ ʯʘʩʪʠ ʢʘʜʨʘ ʩʦʦʙʱʝʥʠʡ, ʤʢʩ 

ʨ - ʟʘʜʝʨʞʢʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ, ʤʢʩ 

ʨʪ - ʟʘʜʝʨʞʢʘ ʩʠʛʥʘʣʘ ʚ ʨʝʪʨʘʥʩʣʷʪʦʨʘʭ, ʤʢʩ 

R - ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʛʨʫʟʢʠ ʩʝʪʠ  

 - ʧʘʨʘʤʝʪʨ ʜʘʣʴʥʦʜʝʡʩʪʚʠʷ 

tn - ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ ʜʦʩʪʘʚʢʠ ʩʦʦʙʱʝʥʠʷ, ʤʢʩ 

Wn - ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ ʜʦʩʪʘʚʢʠ ʩʦʦʙʱʝʥʠʷ, ʤʢʩ 

Tʮ - ʚʨʝʤʷ ʮʠʢʣʘ ʦʧʨʦʩʘ, ʤʢʩ 

TL - ʣʘʪʝʥʪʥʦʝ ʚʨʝʤʷ ʩʝʪʠ 

 - ʣʘʪʝʥʪʥʦʩʪʴ ʩʪʘʥʮʠʠ, ʙʠʪ 

d - ʩʨʝʜʥʷʷ ʜʣʠʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʯʘʩʪʠ ʩʝʛʤʝʥʪʘ, ʙʠʪ 

h - ʩʨʝʜʥʷʷ ʜʣʠʥʘ ʩʣʫʞʝʙʥʦʡ ʯʘʩʪʠ ʩʝʛʤʝʥʪʘ, ʙʠʪ 


