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ʄʠʥʠʩʪʝʨʩʪʚʦ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 
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1. ʊʝʤʘ ʨʘʙʦʪʳ: çʕʬʬʝʢʪʠʚʥʦʩʪʴ ʣʦʢʘʣʴʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʝʪʠ ʫʯʝʙʥʦʛʦ 
ʟʘʚʝʜʝʥʠʷè  
 

2. ʉʨʦʢ ʩʜʘʯʠ ʨʘʙʦʪʳ:      ç24 ʠʶʥʷ 2016 ʛ.è  

 

3. ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ:  

ʇʦʩʪʨʦʠʪʴ ʩʭʝʤʫ ʣʦʢʘʣʴʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʝʪʠ 3 ʵʪʘʞʘ ʢʦʨʧʫʩʘ ˉ 16 ʅʋʂ, 

ʦʙʦʩʥʦʚʘʪʴ ʚʳʙʦʨ ʩʝʪʝʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʃɺʉ Fast Ethernet 100Base-TX. ɺʳʙʨʘʪʴ 

ʢʨʠʪʝʨʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʝʪʠ, ʨʘʩʩʯʠʪʘʪʴ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ʉʤʦʜʝʣʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʥʦʨʤʘʣʴʥʦʡ ʠ ʘʚʘʨʠʡʥʦʡ ʨʘʙʦʪʳ ʃɺʉ ʠ ʧʦʩʪʨʦʠʪʴ 

ʛʨʘʬʠʢʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩ ʫʯʝʪʦʤ ʢʦʣʣʠʟʠʦʥʥʦʡ ʨʘʙʦʪʳ Ethernet ʚ 

ʧʦʣʫʜʫʧʣʝʢʩʥʦʤ ʨʝʞʠʤʝ.  

ɺʳʙʨʘʪʴ ʩʝʪʝʚʦʝ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʠʩʭʦʜʷ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ ʮʝʥʘ/ʢʘʯʝʩʪʚʦ. 

ʇʦʩʪʨʦʠʪʴ ʩʧʝʮʠʬʠʢʘʮʠʶ ʩʝʪʝʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʨʘʩʩʯʠʪʘʪʴ ʟʘʪʨʘʪʳ ʥʘ ʩʦʟʜʘʥʠʝ 

ʩʝʪʠ. 

 



 

4.ʉʦʜʝʨʞʘʥʠʝ ʨʘʩʯʝʪʥʦ-ʧʦʷʩʥʠʪʝʣʴʥʦʡ ʟʘʧʠʩʢʠ: 
 

¶ ɺʳʧʦʣʥʠʪʴ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʝʪʝʡ, ʜʘʪʴ 

ʩʨʘʚʥʠʪʝʣʴʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʩʝʪʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʬʠʟʠʯʝʩʢʠʭ ʪʦʧʦʣʦʛʠʡ ʠ 

ʪʠʧʦʚ ʢʘʙʝʣʴʥʳʭ ʩʠʩʪʝʤ. 
 

¶ ʇʦʢʘʟʘʪʴ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʧʦʩʪʨʦʝʥʠʷ ʃɺʉ ʪʝʭʥʦʣʦʛʠʠ 100Base-TX.  
 

¶ ɺʳʙʨʘʪʴ ʦʩʥʦʚʥʳʝ ʢʨʠʪʝʨʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʃɺʉ, ʧʘʨʘʤʝʪʨʳ ʢʨʠʪʝʨʠʝʚ 

ʵʬʬʝʢʪʠʚʥʦʩʪʝʡ. ʈʘʩʩʯʠʪʘʪʴ ʚʨʝʤʝʥʘ ʟʘʜʝʨʞʝʢ ʜʣʷ ʚʩʝʭ ʪʠʧʦʚ ʢʘʙʝʣʴʥʳʭ 

ʩʠʩʪʝʤ. ʆʧʨʝʜʝʣʠʪʴ ʧʨʦʧʫʩʢʥʳʝ ʩʧʦʩʦʙʥʦʩʪʠ ʃɺʉ: ʥʦʤʠʥʘʣʴʥʳʝ ʠ ʵʬʬʝʢ-

ʪʠʚʥʳʝ.  
 

¶ ɺʳʙʨʘʪʴ ʩʝʪʝʚʦʝ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʩʝʪʠ ʢʘʬʝʜʨʳ ʉʊʋ, ʠʩʭʦʜʷ ʠʟ 

ʩʦʦʪʥʦʰʝʥʠʷ ʮʝʥʘ/ʢʘʯʝʩʪʚʦ.  
 

¶ ʇʦʩʪʨʦʠʪʴ ʩʧʝʮʠʬʠʢʘʮʠʠ ʩʝʪʝʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʨʘʩʩʯʠʪʘʪʴ ʟʘʪʨʘʪʳ ʥʘ 

ʩʦʟʜʘʥʠʝ ʩʝʪʠ. 
 

¶ ʇʦʩʪʨʦʠʪʴ ʩʭʝʤʳ ʃɺʉ. ʉʤʦʜʝʣʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʚ ʨʘʙʦʯʝʤ ʠ ʘʚʘʨʠʡʥʦʤ 

ʨʝʞʠʤʘʭ. ʆʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʃɺʉ ʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʩʝʪʠ (ʨʘʟʤʝʨ 

ʢʘʜʨʦʚ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʨʘʬʠʢʘ ʠ ʪ.ʜ.). 
 

¶ ʇʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʃɺʉ. 
 

5.ʇʝʨʝʯʝʥʴ ʛʨʘʬʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ: ʩʭʝʤʘ ʃɺʉ ʢʘʬʝʜʨʳ ʉʊʋ, ʤʦʜʝʣʴ ʃɺʉ ʚ 

ʨʘʙʦʯʝʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ, ʤʦʜʝʣʴ ʃɺʉ ʚ ʘʚʘʨʠʡʥʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ, ʛʨʘʬʠʢ ʨʘʩʯʝʪʘ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʝʪʠ.  
 

5. ɼʘʪʘ ʚʳʜʘʯʠ ʟʘʜʘʥʠʷ: 11 ʬʝʚʨʘʣʷ 2016 ʛ.  
 
 
 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣ ɹ    

ʉʪ. ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʢ. ʉʊʋ < > ʃ.ɸ. ʂʠʩʝʣʝʚʘ 

ɿʘʜʘʥʠʝ ʧʨʠʥʷʣ ʢ    

ʠʩʧʦʣʥʝʥʠʶ < > ʈʘʪʥʘʩʠʨʠ.ɻ.ɻ.ʄ.ɸ. 
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ɸʥʥʦʪʘʮʠʷ 
 

56 ʩ., 11 ʪʘʙʣʠʮ, 24 ʨʠʩʫʥʢʘ, 5 ʠʩʪʦʯʥʠʢʦʚ, 3 ʧʨʠʣʦʞʝʥʠ.̫ 

 

ʃʆʂɸʃʔʅɸʗ ɺʓʏʀʉʃʀʊɽʃʔʅɸʗ ʉɽʊʔ, ʃɺʉ, ʇʈʀʅʎʀʇʓ ʆʈɻɸʅʀɿɸʎʀʀ 

ʃɺʉ, ʊɽʍʅʆʃʆɻʀʗ ETHERNET, ʂɸɼʈʓ ETHERNET, ɸʃɻʆʈʀʊʄ CSMA/CD, 

ʂʈʀʊɽʈʀʀ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʃɺʉ, ʇʈʆʀɿɺʆɼʀʊɽʃʔʅʆʉʊʔ ʃɺʉ, ʅɸɼɽɾ-

ʅʆʉʊʔ ʃɺʉ, ʈɸʉʏɽʊ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʃɺʉ.   

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʚʦʜʠʪʩʷ ʧʦʥʷʪʠʝ ʣʦʢʘʣʴʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʝʪʝʡ, ʠʭ ʢʣʘʩ-

ʩʠʬʠʢʘʮʠʷ ʠ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʦʨʛʘʥʠʟʘʮʠʠ. ɼʘʥʘ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʬʠʟʠ-

ʯʝʩʢʠʭ ʪʦʧʦʣʦʛʠʡ ʃɺʉ, ʢʘʙʝʣʴʥʳʭ ʩʠʩʪʝʤ, ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʇʨʠʚʝʜʝʥʘ 

ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʩʝʪʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʨʘʩʩʤʦʪʨʝʥʘ ʪʝʭʥʦʣʦʛʠʷ Ethernet 100Base 

TX, ʚʳʙʨʘʥʳ ʦʩʥʦʚʥʳʝ ʢʨʠʪʝʨʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʝʪʝʡ, ʠʭ ʧʘʨʘʤʝʪʨʳ, ʨʘʩʩʯʠʪʘʥʳ 

ʟʥʘʯʝʥʠʷ ʧʨʦʧʫʩʢʥʳʭ ʩʧʦʩʦʙʥʦʩʪʝʡ ʩʝʪʝʡ, ʚʨʝʤʷ ʟʘʜʝʨʞʝʢ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʢʘʙʝʣʴʥʳʭ ʩʠʩʪʝʤ, ʨʘʩʯʝʪ ʚʨʝʤʝʥʠ PDV ʜʣʷ Ethernet ʚ ʧʦʣʫʜʫʧʣʝʢʩʥʦʤ ʨʝʞʠʤʝ 

ʨʘʙʦʪʳ ʧʨʠ ʤʝʪʦʜʝ ʜʦʩʪʫʧʘ CSMA/CD, ʩʤʦʜʝʣʠʨʦʚʘʥʳ ʧʨʦʮʝʩʩʳ ʥʦʨʤʘʣʴʥʦʡ ʠ 

ʘʚʘʨʠʡʥʦʡ ʨʘʙʦʪʳ ʩʝʪʝʡ, ʨʘʩʩʯʠʪʘʥʳ ʛʨʘʬʠʢʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʃɺʉ. 
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ɺʚʝʜʝʥʠʝ 

 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʦʪʯʝʪʘ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʢʦʤʧʘʥʠʠ Gartner, ʢʦʣʠʯʝʩʪʚʦ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʦʤʧʴʶʪʝʨʦʚ ʧʨʝʚʳʩʠʣʦ ʦʪʤʝʪʢʫ ʚ 2,5 ʤʣʨʜ ʰʪʫʢ. 

ʇʦ ʦʮʝʥʢʘʤ ʢʦʤʧʘʥʠʠ, ʝʞʝʛʦʜʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʦʤʧʴʶʪʝʨʦʚ ʚ ʤʠʨʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 

12%, ʠʟ ʥʠʭ 85% ʩʦʝʜʠʥʝʥʳ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʩʝʪʠ, ʥʘʯʠʥʘʷ ʦʪ 

ʣʦʢʘʣʴʥʳʭ ʩʝʪʝʡ ʚ ʦʬʠʩʘʭ ʜʦ ʛʣʦʙʘʣʴʥʳʭ ʩʝʪʝʡ ʪʠʧʘ Internet. ʄʠʨʦʚʘʷ ʪʝʥʜʝʥʮʠʷ ʢ 

ʦʙʲʝʜʠʥʝʥʠʶ ʢʦʤʧʴʶʪʝʨʦʚ ʚ ʩʝʪʠ ʚʳʟʚʘʥʘ ʪʘʢʠʤʠ ʧʨʠʯʠʥʘʤʠ, ʢʘʢ ʩʢʦʨʦʩʪʥʦʝ 

ʧʦʣʫʯʝʥʠʝ ʠ ʧʝʨʝʜʘʯʘ ʠʥʬʦʨʤʘʮʠʠ (ʜʘʥʥʳʝ, ʬʘʢʩ,r ʵʣʝʢʪʨʦʥʥʘʷ ʧʦʯʪʘ ʠ ʪ.ʜ.) 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʨʘʙʦʯʝʤ ʤʝʩʪʝ ʠʟ ʣʶʙʦʡ ʪʦʯʢʠ ʟʝʤʥʦʛʦ ʰʘʨʘ. ʇʨʠʤʝʥʝʥʠʝ ʥʘ 

ʧʨʘʢʪʠʢʝ ʪʘʢʠʭ ʙʦʣʴʰʠʭ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ, ʢʘʢʠʝ ʥʝʩʫʪ ʚ ʩʝʙʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʩʝʪʠ (ʀɺʉ), ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʘʝʪ ʣʶʙʳʝ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʨʦʮʝʩʩʳ. 

ʅʘ ʙʘʟʝ ʠʤʝʶʱʝʛʦʩʷ ʢoʤʧʴʶʪʝʨʥʦʛʦ ʧʘʨʢʘ ʠ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, 

ʦʪʚʝʯʘʶʱʠʭ ʩʦʚʨʝʤʝʥʥʳʤ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʩʫʱʝʩʪʚʫʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʨʘʟʨʘʙʦʪʢʝ ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʀɺʉ, ʦʙʣʘʜʘʶʱʠʭ ʪʨʝʙʫʝʤʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʠ ʥʘʜʝʞʥʦʩʪʴʶ, ʪ.ʝ., ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʦʧʨʝʜʝʣʝʥʥʳʤ 

ʢʨʠʪʝʨʠʷʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴʶ ʜʘʣʴʥʝʡʰʝʛʦ ʧʦʵʪʘʧʥʦʛʦ 

ʨʘʟʚʠʪʠʷ ʩʝʪʠ ʚ ʩʚʷʟʠ ʩ ʧʦʷʚʣʝʥʠʝʤ ʥʦʚʝʡʰʠʭ ʠʥʞʝʥʝʨʥʳʭ ʠ ʧʨʦʛʨʘʤʤʥʳʭ 

ʨʘʟʨʘʙʦʪʦʢ. 

ʎʝʣʴ ʁʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʧʠʩʘʥʠʝ ʦʩʥʦʚʥʳʭ ʧʨʠʥʮʠʧʦʚ ʧʦʩʪʨʦʝʥʠʷ ʠ 

ʨʘʙʦʪʳ ʣoʢʘʣʴʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʝʪʝʡ (ʃɺʉ), ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʦʟʜʘʥʥʦʡ 

ʩʝʪʠ ʧʦ ʙʘʟʦʚʳʤ ʢʨʠʪʝʨʠʷʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʪʠʭ ʮʝʣʝʡ ʨʝʘhʣʠʩʴ 

ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

¶ ɸʥʘʣʠʟ ʠ ʦʧʠʩʘʥʠʝ ʧʨʠʥʮʠʧʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʃɺʉ.  

¶ ʌʦʨʤʫʣʠʨʦʚʘʥʠʝ ʙʘʟʦʚʳʭ ʢʨʠʪʝʨʠʝʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʩʝʪʠ. 

¶ ʆʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʩʝʪʠ, ʚʣʠʷʶʱʠʭ ʥʘ ʢʨʠʪʝʨʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

¶ ʀʟʫʯʝʥʠʝ ʧʨʦʛʨʘʤʤ ʩʝʪʝʚʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʧʦʩʪʨʦʝʥʠʷ ʩʭʝʤ (Autodesk Revit, 

Dia, NetCracker Professional). 

¶ ʇʦʩʪʨʦʠʪʴ ʩʭʝʤʳ ʃɺʉ ʢʘʬʝʜʨʳ çʉʠʩʪʝʤʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʫʧʨʘʚʣʝʥʠʷè ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʇʝʪʨʘ ɺʝʣʠʢʦʛʦ. 

¶ ʈʘʩʩʯʠʪʘʪʴ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʃɺʉ. 

¶ ʉʤʦʜʝʣʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʃɺʉ ʚ ʥʦʨʤʘʣʴʥʦʤ ʨʘʙʦʯʝʤ ʨʝʞʠʤʝ. 

¶ ʉʤʦʜʝʣʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʃɺʉ ʚ ʘʚʘʨʠʡʥʦʤ ʨʝʞʠʤʝ. 

 



 

1. ʆʩʥʦʚʥʳʝ ʧʦʥʷʪʠ ̫ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʩʝʪʝʡ 

 

ʀʥʬʦʨʤʘʮʠʦʥʥʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʝʪʴ (ʀɺʉ) - ʵʪʦ ʩʝʪʴ ʦʙʤʝʥʘ ʠ 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʘʷ ʦʙʨʘʟʦʚʘʥʘ  ʤʥʦʞʝʩʪʚʦʤ 

ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ (ʥʝʟʘʚʠʩʠʤʳʭ) ʕɺʄ (ʘʙʦʥʝʥʪʩʢʠʭ ʩʠʩʪʝʤ) ʠ ʩʨʝʜʩʪʚʘʤʠ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ (ʩʚʷʟʠ). 

ɿʘʜʘʯʘ ʀɺʉ: ʕʬʬʝʢʪʠʚʥʦ ʧʨʝʜʦʩʪʘʚʠʪʴ ʨʘʟʣʠʯʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʫʩʣʫʛʠ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʩʝʪʠ ʯʝʨʝʟ ʦʨʛʘʥʠʟʘʮʠʶ ʜʦʩʪʫʧʘ ʢ ʩʝʪʝʚʳʤ 

ʨʝʩʫʨʩʘʤ, ʨʘʩʧʨʝʜʝʣʝʥʥʳʤ ʚ ʩʝʪʠ. ʇʦʜ ʩʝʪʝʚʳʤʠ ʨʝʩʫʨʩʘʤʠ ʧʦʥʠʤʘʝʪʩʷ: 

ʠʥʬʦʨʤʘʮʠ̫, ʧʨʠʣʦʞʝʥʠʷ (ʧʨʦʛʨʘʤʤʳ), ʨʘ3ʥʳʝ ʧʝʨʠʬʝʨʠʡʥʳʝ ʘʧʧʘʨʘʪ r(ʧʨʠʥʪʝʨʳ, 

ʤʦʜʝʤʳ, ʩʢʘʥʝʨʳ, ʞʝʩʪʢʠʝ ʠ ʚʥʝʰʥʠʝ ʠ ʪ.ʜ.).   

ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʧʨʝʠʤʫɦʝʩʪʚʘ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʝʪʝʡ: 

× ʫʤʝʥʴʰʝʥʠʝ 3ʘʪʨʘʪ 3ʘ ʩʯʝʪ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʙʘ3 

ʜʘʥʥʳʭ ʠ ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ; 

× ʩʪʘʥʜʘʨʪʠ3ʘʮʠʷ ʧʨʠʣʦʞʝʥʠʡ ï ʚʩʝ ʧʦʣʴ3ʦʚʘʪʝʣʠ ʨʘʙʦʪʘʶʪ ʥʘ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʇʆ 

(ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ), çʛʦʚʦʨʷʪ ʥʘ ʦʜʥʦʤ ʷʟʳʢʝè; 

× ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʧʨʠʦʙʨʝʪʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʙʝʟ ʦʪʨʳʚʘ ʦʪ ʨʘʙʦʯʠʭ ʤʝʩʪ; 

× ʬɻʬʝʢʪʠʚʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʚ3ʘʠʤʦʜʝʡʩʪʚʠʝ ʨʘʙʦʯʝʛʦ ʩʨʦʢʘ (ʧʨʦʚʝʜʝʥʠʝ 

ʜʠʩʢʫʩʩʠʡ, ʦʧʝʨʘʪʠʚʥʳʭ ʟʘʩʝʜʘʥʠʡ ʙʝ3 ʦʪʨʳʚʘ ʦʪ ʨʘʙʦʯʠʭ ʤʝʩʪ). 
 

ʉʦʩʪʘʚʥʤrʠ ʵʣʝʤʝʥʪʘʤʠ ʚʩʝʭ ʩʝʪʝʡ ʷʚʣʷʶʪʩʷ:  

¶ ʩʝʨʚʝʨʳ (servers) ï ʇʦʜ ʩʝʨʚʝʨʦʤ ʚ ʰʠʨʦʢʦʤ ʩʤʳʩʣʝ ʧʦʥʠʤʘʝʪʩʷ ʣʶʙʘʷ ʩʠʩʪʝ-  

ʤʘ, ʧʨʦʮʝʩʩ, ʧʨʦʛʨʘʤʤʘ, ʢʦʤʧʴʶʪʝʨ, ʚʣʘʜʝʶʱʠʝ ʢʘʢʠʤ-ʣʠʙʦ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ 

ʨʝʩʫʨʩʦʤ (ʧʘʤʷʪʴʶ, ʚʨʝʤʝʥʝʤ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʧʨʦʮʝʩʩʦʨʘ ʠ ʪ. ʜ.) ʠ 

ʧʝʨʝʜʘʶʱʠʝ ʨʝʩʫʨʩʳ ʧʦ ʟʘʧʨʦʩʘʤ ʚ ʩʝʪʴ. ʆʜʠʥ ʩʝʨʚʝʨ ʤʦʞʝʪ ʦʙʩʣʫʞʠʪʴ 3ʘʧʨʦʩʳ 

ʩʨʘ3ʫ ʥʝʩʢʦʣʴʢʠʭ ʢʣʠʝʥʪʦʚ (ʧʦʦʯʝʨʝʜʥʦ ʠʣʠ ʦʜʥʦʚʨʝʤʝʥʥʦ);  

¶ ʢʣʠʝʥʪʳ (clients) ï ʂʣʠʝʥʪʦʤ ʥʘʟʳʚʘʝʪʩʷ ʣʶʙʘʷ ʩʠʩʪʝʤʘ, ʧʨʦʮʝʩʩ, ʧʨʦʛʨʘʤʤʘ, 

 ʢʦʤʧʴʶʪʝʨ, ʧʦʣʴʟʦʚʘʪʝʣʴ, ʟʘʧʨʘʰʠʚʘʶʱʠʝ ʫ ʩʝʨʚʝʨʘ ʩʝʪʝʚʦʡ ʨʝʩʫʨʩ. ʂʣʠʝʥʪ ʠʤʝʝʪ 

ʧʨʦʛʨʘʤʤʥʳʡ ʤʦʜʫʣʴ ʩʝʪʝʚʦʡ ʆʉ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʧʝʨʝʜʘʯʠ 

ʩʦʦʙʱʝʥʠʡ-ʟʘʧʨʦʩʦʚ ʢ ʨʝʩʫʨʩʘʤ ʫʜʘʣʝʥʥʦʛʦ ʢʦʤʧʁɹʪʝʨʘ ʦʪ ʨʘʟʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʧʨʠʝʤʦʤ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟ ʩʝʪʠ ʠ ʧʝʨʝʜʘʯʝʡ ʠʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 

ʧʨʠʣʦʞʝʥʠʷʤ; 

¶ ʩʨʝʜʘ (media) ï ʵʪʦ ʩʨʝʜʩʪʚʘ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ; 

¶ ʩʦʚʤʝʩʪʥʦ ʧʨʠʤʝʥʷʝʤʳʝ ʨʝʩʫʨʩʳ: ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ, ʘʧʧʘʨʘʪʥʳʝ, ʧʨʦʛʨʘʤʤʥʳʝ; 

¶ ʩʦʚʤʝʩʪʥʦ ʧʨʠʤʝʥʷʝʤʘ ̫ʧʝʨʠʬʝʨʠʡʥʘʷ ʘʧʧʘʨʘʪʫʨʘ.  



 

ɺʳʯʠʩʣʠʪʝʣʴʥʳʝ ʩʝʪʠ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʧʦ ʨʘʟʣʠʯʥʳʤ ʧʨʠʟʥʘʢʘʤ: 

¶ ʇʦ ʪʠʧʫ ʩʨʝʜʳ ï ʚʦʟʜʫʰʥʳʝ, ʢʘʙʝʣʴʥʳʝ, ʙʝʩʧʨʦʚʦʜʥʳʝ; 

¶ ʇʦ ʩʢʦʨʦʩʪʠ - <10 ʄʙʠʪ/ʩ, <100 ʄʙʠʪ/ʩ, < 1000 ʄʙʠʪ/ʩ; 

¶ ʇʦ ʘʨʭʠʪʝʢʪʫʨʝ ï ʦʜʥʦʨʘʥʛʦʚʳʝ, ʢʣʠʝʥʪ - ʩʝʨʚʝʨʥʳʝ, ʛʠʙʨʠʜʥʳʝ; 

¶ ʇʦ ʪʦʧʦʣʦʛʠʠ ï ʰʠʥʘ, ʢʦʣʴʮʦ, ʟʚʝʟʜʘ, mesh, ʩʤʝʰʘʥʥʘʷ; 

¶ ʇʦ ʨʘʟʤʝʨʫ ï LAN (<15 ʢʤ), MAN (<150 ʢʤ), WAN (ʦʭʚʘʪ ɿʝʤʣʠ). 
 

ʃʦʢʘʣʴʥʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʩʝʪʠ (ʃɺʉ, LAN ʘʥʛʣ. LAN-Lokal Area Network)  

ʧʨʠʥʘʜʣʝʞʘʪ ʢ ʛʝʦʛʨʘʬʠʯʝʩʢʠ ʦʛʨʘʥʠʯʝʥʥʳʤ (ʪʝʨʨʠʪʦʨʠʘʣʴʥʦ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ) 

ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʤ ʨʝʘʣʠʟʘʮʠʷʤ, ʚ ʢʦʪʦʨʳʭ ʥʝʩʢʦʣʴʢʦ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʠʩʪʝʤ 

ʩʚʷʟʘʥʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʩ ʧʦʤʦʱʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʨʝʜʩʪʚ ʢʦʤʤʫʥʠʢʘʮʠʠ.  

ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʃɺʉ (LAN) ʠ ɻɺʉ (WAN): 

ʃɺʉ - ɺʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ >10/100/1000 ʄʙʠʪ/ʩ,  

ɻɺʉ. ʉʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʦʪ ʜʝʩʷʪʢʦʚ ʂʙʠʪ/ʩ ʚ ʊʬʆʇ (ʪʝʣʝʬʦʥʥʳʝ ʩʝʪʠ 

ʦʙʱʝʛʦ ʧʦʣʴʟʦʚʘʥʠʷ) ʜʦ ɻʙʠʪ/ʩ.  

ʃɺʉ. ʅʠʟʢʠʡ ʫʨʦʚʝʥʴ ʦʰʠʙʦʢ ʧʝʨʝʜʘʯʠ (ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʝ ʢʘʥʘʣʳ ʩʚʷʟʠ).  

ɺʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʦʢ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ BER < 10
-8
é10

-12
.  

ɻɺʉ. ɺ ʊʬʆʇ BER< 10
-5
. ʅʦ ʝʩʪʴ ʫʯʘʩʪʢʠ ʩ ʢʘʯʝʩʪʚʝʥʥʦʡ ʧʝʨʝʜʘʯʝʡ. 

ʃɺʉ. ɹʳʩʪʨʦʜʝʡʩʪʚʫʶʱʠʡ ʤʝʪʦʜ ʜʦʩʪʫʧʘ ʢ ʩʝʪʠ. ɺʨʝʤʷ ʜʦʩʪʫʧʘ ʢ ʩʝʪʠ ʥʝ 

ʜʦʣʞʥʦ ʧʨʝʚʳʰʘʪʴ ʜʝʩʷʪʢʦʚ ï ʩʦʪʝʥ ʤʠʣʣʠʩʝʢʫʥʜ.  

ɻɺʉ. ʀʟ-ʟʘ ʦʯʝʨʝʜʝʡ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʕɺʄ ʚʨʝʤʷ ʜʦʩʪʫʧʘ ʤʦʞʝʪ ʙʳʪʴ 

ʙʦʣʴʰʠʤ 

ʃɺʉ. ʆʛʨʘʥʠʯʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʦʤʧʴʶʪʝʨʦʚ, ʦʭʚʘʪ 10 - 15 ʢʤ. ʊʦʧʦʣʦʛʠʠ 

ʰʠʥʘ, ʢʦʣʴʮʦ, ʟʚʝʟʜʘ (ʜʝʨʝʚʦ). 

ɻɺʉ. ʂʦʣʠʯʝʩʪʚʦ ʕɺʄ ʥʝ ʦʛʨʘʥʠʯʝʥʦ, ʦʭʚʘʪ ʥʝ ʦʛʨʘʥʠʯʝʥ. ʊʦʧʦʣʦʛʠʠ 

ʨʘʟʥʦʦʙʨʘʟʥʳʝ. 

2. ɸʨʭʠʪʝʢʪʫʨʳ ʩʝʪʝʡ 
 

ʉʫʱʝʩʪʚʫʝʪ ʘʨʭʠʪʝʢʪʫʨʳ ʩʝʪʝʡ: ʦʜʥʦʨʘʥʛʦʚʳʝ, ʩʝʪʠ ʥʘ ʦʩʥʦʚʝ ʩʝʨʚʝʨʘ, 

ʛʠʙʨʠʜʥʳʝ.  

2.1 ʆʜʥʦʨʘʥʛʦʚʳʝ ʩʝʪʠ 
 

ɺ ʦʜʥʦʨʘʥʛʦʚʦʡ ʩʝʪʠ ʚʩʝ ʢʦʤʧʴʶʪʝʨʳ ʨʘʚʥʦʧʨʘʚʥʳ, ʪ.ʝ. ʥʝʪ ʠʝʨʘʨʭʠʠ ʚ 

ʦʢʨʫʞʝʥʠʠ ʢʦʤʧʴʶʪʝʨʦʚ ʠ ʥʝʪ ʚʳʜʝʣʝʥʥʦʛʦ (ʘʥʛʣ. dedicated) ʩʝʨʚʝʨʘ (ʨʠʩʫʥʦʢ 1). 

ɺʩʷʢʠʡ ʢʦʤʧʴʶʪʝʨ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʠ ʢʘʢ ʢʣʠʝʥʪ, ʠ ʢʘʢ ʩʝʨʚʝʨ; ʥʝʪ ʦʪʜʝʣʴʥʦʛʦ 

ʢʦʤʧʴʶʪʝʨʘ, ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ ʟʘ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʝ ʚʩʝʡ ʩʝʪʠ. ɺʩʝ ʧʦʣʴʟʦʚʘʪʝʣʠ 



 

ʘʚʪʦʥʦʤʥʦ ʨʝʰʘʶʪ, ʢʘʢʠʝ ʨʝʩʫʨʩʳ ʣʦʢʘʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ ʜʝʣʘʪʴ ʜʦʩʪʫʧʥʳʤʠ ʜʣʷ 

ʩʝʪʠ. ʆʜʥʦʨʘʥʛʦʚʳʝ ʩʝʪʠ ʯʘʱʝ ʚʩʝʛʦ ʛʨʫʧʧʠʨʫʶʪ ʥʝ ʙʦʣʝʝ 10 ï 15 ʢʦʤʧʴʶʪʝʨʦʚ. 

ʆʪʩʶʜʘ ʠʭ ʜʨʫʛʦʝ ʥʘʟʚʘʥʠʝ ï ʨʘʙʦʯʘʷ ʛʨʫʧʧʘ, ʪ.ʝ. ʤʘʣʝʥʴʢʠʡ ʢʦʣʣʝʢʪʠʚ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʅʘ ʢʘʞʜʦʤ ʢʦʤʧʴʶʪʝʨʝ ʪʘʢʦʡ ʩʝʪʠ ʫʩʪʘʥʦʚʣʝʥʘ ʦʜʥʦʨʘʥʛʦʚʘʷ ʆʉ, 

ʥʘʧʨʠʤʝʨ, Microsoft Windows 7, ʠʤʝʶʱʘʷ ʢʘʢ ʢʣʠʝʥʪʩʢʠʡ, ʪʘʢ ʠ ʩʝʨʚʝʨʥʳʡ ʤʦʜʫʣʠ. 
 

 
ʈʠʩʫʥʦʢ 1 - ʆʜʥʦʨʘʥʛʦʚʘʷ ʩʝʪʴ 

 

ʆʜʥʦʨʘʥʛʦʚʳʝ ʩʝʪʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʧʨʦʩʪʳ. ʕʪʠʤ ʦʙʲʩ̫ʥ̫ʝʪʩʷ ʤʘʣʘʷ ʩʪʦʠʤʦʩʪʴ 

ʦʜʥʦʨʘʥʛʦʚʳʭ ʩʝʪʝʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʦʠʤʦʩʪʴʶ ʩʝʪʝʡ ʥʘ ʙʘʟʝ ʩʝʨʚʝʨʘ. 
 

ʆʜʥʦʨʘʥʛʦʚʘʷ ʩʝʪʴ ʦʙʣʘʜʘʝʪ ʩʣʝʜʫʶʱʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: 

1) ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʥʝ ʧʨʝʚʳʰʘʝʪ 10 ï 15 ʧʦʣʴʟʦʚʘʪʝʣʝʡ;  

2) ʩʪʘʥʮʠʠ ʨʘʟʤʝʱʝʥʳ ʢʦʤʧʘʢʪʥʦ; 

3) ʟʘʱʠʪʘ ʜʘʥʥʳʭ ʨʝʰʘʝʪʩʷ ʢʘʞʜʳʤ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʠʥʜʠʚʠʜʫʘʣʴʥʦ (ʥʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʩʝʪʝʚʦʤ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʠ); 

4) ʤʘʣʘʷ ʩʪʦʠʤʦʩʪʴ; 

5) ʧʨʦʩʪʦʪʘ ʧʦʩʪʨʦʝʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʆʜʥʘʢʦ ʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʢʣʠʝʥʪ ï ʩʝʨʚʝʨʥʳʝ ʠ ʛʠʙʨʠʜʥʳʝ ʩʝʪʠ. 

2.2   ʂʣʠʝʥʪ ï ʩʝʨʚʝʨʥʳʝ ʩʝʪʠ. ɺʳʜʝʣʝʥʥʳʝ ʩʝʨʚʝʨʳ 
 

ʉʝʪʠ ʪʠʧʘ "ʢʣʠʝʥʪ - ʩʝʨʚʝʨ" ʩʦʜʝʨʞʘʪ: ʩʝʨʚʝʨʳ ï ʤʦʱʥʳʝ ʢʦʤʧʴʶʪʝʨʳ, 

ʚʣʘʜʝʶʱʠʝ ʩʝʪʝʚʳʤʠ ʨʝʩʫʨʩʘʤʠ, ʨʘʟʜʝʣʷʝʤʳʤʠ ʤʝʞʜʫ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʠ 

ʫʧʨʘʚʣʷʶʱʠʝ ʜʦʩʪʫʧʦʤ ʢ ʥʠʤ ʢʣʠʝʥʪʦʚ; ʢʣʠʝʥʪʳ ï ʤʝʥʝʝ ʤʦʱʥʳʝ ʢʦʤʧʴʶʪʝʨʳ 

ʩʝʪʠ, ʚʣʘʜʝʶʱʠʝ ʣʦʢʘʣʴʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʠ ʠʤʝʶʱʠʝ ʜʦʩʪʫʧ ʢ ʨʝʩʫʨʩʘʤ ʩʝʨʚʝʨʦʚ. 

ɺʳʜʝʣʝʥʥʳʡ ʩʝʨʚʝʨ ï ʪɻʦ ʢʦʤʧʴʶʪʝʨ, ʢʦʪʦʨʳʡ  ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʪʦʣʴʢʦ ʢʘʢ 

ʩʝʨʚʝʨ, ʝʛʦ ʩʝʪʝʚʘʷ ʆʉ ʠʤʝʝʪ ʤʦʱʥʳʝ ʩʝʨʚʝʨʥʳʝ ʤʦʜʫʣʠ ʠ ʧʦʣʥʦʝ ʦʪʩʫʪʩʪʚʠʝ ʠʣʠ 

ʤʘʣʦʤʦʱʥʳʝ ʢʣʠʝʥʪʩʢʠʝ ʤʦʜʫʣʠ (ʨʠʩʫʥʦʢ 2). ʆʥʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʳ ʜʣʷ 

ʧʘʨʘʣʣʝʣʴʥʦʡ, ʩʢʦʨʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʟʘʧʨʦʩʦʚ ʦʪ ʩʝʪʝʚʳʭ ʢʣʠʝʥʪʦʚ ʠ ʠʤʝʶʪ ʟʘʱʠʪʫ 

ʬʘʡʣʦʚ ʠ ʢʘʪʘʣʦʛʦʚ.  



 

ʊʠʧʳ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩʝʨʚʝʨʦʚ:  

ʌʘʡʣ-ʩʝʨʚʝʨʳ (file servers) ï ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʜʦʩʪʫʧ ʢ ʤʥʦʞʝʩʪʚʫ ʩʚʦʠʭ ʬʘʡʣʦʚ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʜʠʩʢʘʭ. ʇʨʠʤʝʨ: SAMBA (SMB ï Server Message Block).  

ʉʝʨʚʝʨʳ ʧʨʠʣʦʞʝʥʠʡ (application servers) ï ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ 

ʨʝʩʫʨʩʳ ʜʣʷ (ʫʜʘʣʝʥʥʦʛʦ) ʚʳʧʦʣʥʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʢʣʘʩʩʦʚ ʧʨʠʣʦʞʝʥʠʡ ʩ ʜʨʫʛʠʭ 

ʢʦʤʧʴʶʪʝʨʦʚ LAN. ʇʨʠʤʝʨʳ: WebSphere (IBM), WebLogic (BEA). 

ʉʝʨʚʝʨʳ ʙʘʟ ʜʘʥʥʳʭ (database servers) ï ʢʦʤʧʴʶʪʝʨʳ + ʇʆ (Microsoft SQL 

Server, Oracle, etc.), ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʦʩʪʫʧ ʢ ʙʘʟʘʤ ʜʘʥʥʳʭ. 

Web-ʩʝʨʚʝʨʳ (Web servers) ï ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʦʩʪʫʧ ʯʝʨʝʟ WWW ʢ Web-

ʩʪʨʘʥʠʮʘʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʥʘ ʵʪʠʭ ʩʝʨʚʝʨʘʭ. ʇʨʠʤʝʨʳ: Apache; Microsoft.NETWeb 

Servers; Java Web Servers. 

Proxy-ʩʝʨʚʝʨʳ ï ʦʙʝʩʧʝʯʠʚʘʶʪ ʵʬʬʝʢʪʠʚʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʦʙʨʘʱʝʥʠʡ ʢ 

ʀʥʪʝʨʥʝʪʫ, ʬʠʣʴʪʨʘʮʠʶ ʪʨʘʬʠʢʘ, ʟʘʱʠʪʫ ʦʪ ʘʪʘʢ. 

E-mail-ʩʝʨʚʝʨʳ ï ʦʙʝʩʧʝʯʠʚʘʶʪ ʦʪʧʨʘʚʢʫ, ʧʦʣʫʯʝʥʠʝ ʠ ñʨʘʩʢʣʘʜʢʫò 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʳ ʜʣʷ ʃɺʉ. ʄʦʛʫʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʪʘʢʞʝ ʢʨʠʧʪʦʚʘʥʠʝ ʧʦʯʪʳ (email 

encryption). 

Server back-end ï ʛʨʫʧʧʘ (pool) ʩʚʷʟʘʥʥʳʭ ʚ LAN ʢʦʤʧʴʶʪʝʨʦʚ (ʚʤʝʩʪʦ ʦʜʥʦʛʦ 

ʩʝʨʚʝʨʘ), ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʩʝʨʚʝʨʥʳʝ ʬʫʥʢʮʠʠ. 

ʉʝʪʠ ʥʘ ʦʩʥʦʚʝ ʩʝʨʚʝʨʘ ʷʚʣʷʶʪʩʷ ʧʨʦʤʳʰʣʝʥʥʳʤ ʩʪʘʥʜʘʨʪʦʤ. ʇʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʨʘʟʤʝʨʘ ʩʝʪʠ ʠ ʦʙʲʸʤʦʚ ʩʝʪʝʚʦʛʦ ʛʨʘʬʠʢʘ ʪʨʝʙʫʝʪ ʫʚʝʣʠʯʠʚʘʪʴ ʯʠʩʣʦ 

ʩʝʨʚʝʨʦʚ. ɻʣʘʚʥʳʤ ʘʨʛʫʤʝʥʪʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʚʳʙʦʨ ʩʝʪʠ ʥʘ ʦʩʥʦʚʝ ʩʝʨʚʝʨʘ, 

ʷʚʣʷʝʪʩʷ ʥʘʜʸʞʥʦʩʪʴ ʟʘʱʠʪʳ ʜʘʥʥʳʭ, ʪ.ʢ. ʟʘʜʘʯʘʤʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʟʘʥʠʤʘʝʪʩʷ 

ʘʜʤʠʥʠʩʪʨʘʪʦʨ, ʢʦʪʦʨʳʡ ʦʨʛʘʥʠʟʫʝʪ ʦʙʫɦʶ ʧʦʣʠʪʠʢʫ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʠʩʧʦʣʴʟʫʝʪ ʝʸ 

ʜʣʷ ʩʝʪʝʚʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʂʣʠʝʥʪ ï ʩʝʨʚʝʨʥʳʝ ʩʝʪʠ ʧʦʜʜʝʨʞʠʚʘʪʁ ʪʳʩʷʯʠ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ.  
 

 
ʈʠʩʫʥʦʢ 2 -  ʂʣʠʝʥʪ ï ʩʝʨʚʝʨʥʘʷ ʩʝʪʴ  

 



 

ʉʫʱʝʩʪʚʫʶʪ ʠ ʛʠʙʨʠʜʥʳʝ ʩʝʪʠ, ʩʦʚʤʝʱʘʶʱʠʝ ʩʚʦʡʩʪʚʘ ʦʜʥʦʨʘʥʛʦʚʳʭ ʠ 

ʢʣʠʝʥʪ ï ʩʝʨʚʝʨʥʳʭ ʩʝʪʝʡ ʚ ʦʜʥʦʡ ʦʙʱʝʡ ʩʝʪʠ. ɻʠʙʨʠʜʥʳʤʠ ʷʚʣʷʶʪʩʷ ʛʣʦʙʘʣʴʥʳʝ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʩʝʪʠ (ɻɺʉ), ʥʘʧʨʠʤʝʨ, Internet.  
 

3. ʊʦʧʦʣʦʛʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʝʪʝʡ 

 

ʊʝʨʤʠʥ ʪʦʧʦʣʦʛʠʷ ʩʝʪʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʬʠʟʠʯʝʩʢʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ 

ʢʦʤʧʴʶʪʝʨʦʚ, ʢʘʙʝʣʝʡ ʠ ʧʨʦʯʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʝʪʠ. ʊʦʧʦʣʦʛʠʷ ʩʝʪʠ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʝʸ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚʙrʦʨ ʪʦʡ ʠʣʠ ʠʥʦʡ ʪʦʧʦʣʦʛʠʠ ʚʦʟʜʝʡʩʪʚʫʝʪ: 

¶ ʥʘ ʩʦʩʪʘʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝʪʝʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

¶ ʥʘ ʥʘʜʝʞʥʦʩʪʴ ʩʝʪʠ; 

¶ ʥʘ ʥʘʠʤʝʥʴʰʝʝ ʚʨʝʤʷ ʦʪʢʣʠʢʘ ʩ ʩʝʪʠ; 

¶ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʝʪʠ ʠ ʝʝ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ; 

¶ ʥʘ ʚʦʟʤʦʞʥʦʩʪʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʩʝʪʠ; 

¶ ʥʘ ʤʝʪʦʜ ʫʧʨʘʚʣʝʥʠʷ ʩʝʪʴʶ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʚʤʝʩʪʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʝʪʝʚʳʝ ʨʝʩʫʨʩʳ, ʢʦʤʧʴʶʪʝʨʳ ʜʦʣʞʥʳ 

ʙʳʪʴ ʧʦʜʢʣʶʯʝʥʳ ʜʨʫʛ ʢ ʜʨʫʛʫ ʯʝʨʝʟ ʧʨʦʚʦʜʷʱʫʶ ʩʨʝʜʫ, ʥʘʧʨʠʤʝʨ, ʢʘʙʝʣʴʥʫʶ 

ʩʠʩʪʝʤʫ. ʃʶʙʳʝ ʪʠʧʳ ʢʘʙʝʣʝʡ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʤʥʦʛʦʦʙʨʘʟʥʳʤʠ ʩʝʪʝʚʳʤʠ ʘʜʘʧʪʝʨʘʤʠ, 

ʩʝʪʝʚʳʤʠ ʦʧʝʨʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ (ʉʆʉ) ʠ ʧʨʦʯʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʪʨʝʙʫʶʪ ʠ 

ʤʥʦʛʦʦʙʨʘʟʥʦʛʦ ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʢʦʤʧʴʶʪʝʨʦʚ. ɺʩʷʢʘʷ ʪʦʧʦʣʦʛʠʷ ʩʝʪʠ 

ʥʘʣʘʛʘʝʪ ʨʷʜ ʪʨʝʙʦʚʘʥʠʡ, ʥʘʧʨʠʤʝʨ, ʦʥʘ ʩʧʦʩʦʙʥʘ ʜʠʢʪʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʪʠʧ ʢʘʙʝʣʷ, 

ʥʦ ʠ ʩʨʝʜʩʪʚʦ ʝʛʦ ʧʨʦʢʣʘʜʢʠ. ʊʦʧʦʣʦʛʠʷ ʩʧʦʩʦʙʥʘ ʪʘʢʞʝ ʠʟʤʝʥ̫ ʪʴ ʤʝʪʦʜ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʤʧʴʶʪʝʨʦʚ ʚ ʩʝʪʠ. ʈʘʟʥʳʤ ʚʠʜʘʤ ʪʦʧʦʣʦʛʠʡ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʨʘʟʥʳʝ ʤʝʪʦʜʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʠ ʵʪʠ ʤʝʪʦʜʳ ʦʢʘʟʳʚʘʶʪ ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʝʪʴ.  

ʉʫʱʝʩʪʚʫʶʪ  ʪʨʠ ʛʣʘʚʥʳʭ ʚʠʜʘ ʪʦʧʦʣʦʛʠʡ: ʦʙʱʘʷ ʰʠʥʘ; ʟʚʝʟʜʘ; ʢʦʣʴʮʦ. 

ɽʩʣʠ ʢʦʤʧʴʶʪʝʨʳ ʧʦʜʢʣʶʯʝʥʳ ʚʜʦʣʴ ʦʜʥʦʛʦ ʢʘʙʝʣʷ (ʩʝʛʤʝʥʪʘ), ʪʦʧʦʣʦʛʠʷ 

ʠʤʝʥʫʝʪʩʷ ʰʠʥʦʡ. ɽʩʣʠ ʢʦʤʧʴʶʪʝʨʳ ʧʦʜʢʣʶʯʝʥʳ ʢ ʩʝʛʤʝʥʪʘʤ ʢʘʙʝʣʷ, ʠʩʭʦʜʷʱʝʛʦ 

ʠʟ ʦʜʥʦʡ ʪʦʯʢʠ, ʥʘʧʨʠʤʝʨ, ʢʦʤʤʫʪʘʪʦʨʘ, ʪʦ ʪʦʧʦʣʦʛʠʷ ʠʤʝʥʫʝʪʩʷ ʟʚʝʟʜʦʡ. ɽʩʣʠ 

ʢʘʙʝʣʴ, ʢ ʢʦʪʦʨʦʤʫ ʧʦʜʢʣʶʯʝʥʳ ʢʦʤʧʴʶʪʝʨʳ, ʟʘʤʢʥʫʪ ʚ ʢʦʣʴʮʦ, ʪʘʢʘʷ ʪʦʧʦʣʦʛʠʷ 

ʥʘʟʳʚʘʝʪʩʷ ʢʦʣʴʮʦ. ʍʦʪ̫ ʩʘʤʠ ʧʦ ʩʝʙʝ ʙʘʟʦʚʳʝ ʪʦʧʦʣʦʛʠʠ ʧʨʦʩʪʳ, ʚ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʥʝʦʜʥʦʢʨʘʪʥʦ ʚʩʪʨʝʯʘʶʪʩʷ ʜʦʚʦʣʴʥʦ ʪʨʫʜʥʳʝ ʢʦʤʙʠʥʘʮʠʠ, 

ʦʙʲʝʜʠʥʷʶʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʟʥʳʭ ʪʦʧʦʣʦʛʠʡ. 

 

  



 

3.1 ʊʦʧʦʣʦʛʠʷ ʐʠʥʘ 
 

ʊʦʧʦʣʦʛʠʶ ʐʠʥʘ ʯʘʩʪʦ ʥʘʟʳʚʘʶʪ çʣʠʥʝʡʥʦʡ ʰʠʥʦʡè. ʊʘʢʘʷ ʪʦʧʦʣʦʛʠʷ 

ʦʪʥʦʩʠʪʩʷ ʢ ʩʘʤʳʭ ʥʝʩʣʦʞʥʳʤ ʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʤ ʪʦʧʦʣʦʛʠʷʤ. ɺ ʥʝʡ 

ʧʨʠʤʝʥʷʝʪʩʷ ʦʜʠʥ ʢʘʙʝʣʴ, ʠʤʝʥʫʝʤʳʡ ʤʘʛʠʩʪʨʘʣʴʶ, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʩʝʛʤʝʥʪʦʤ, 

ʚʜʦʣʴ ʢʘʢʦʛʦ ʧʦʜʢʣʶʯʝʥʳ ʚʩʝ ʢʦʤʧʴʶʪʝʨʳ ʠ ʩʝʨʚʝʨʳ ʩʝʪʠ. ɺ ʩʝʪʠ ʩ ʪʦʧʦʣʦʛʠʝʡ 

ʰʠʥʘ ʢʦʤʧʴʶʪʝʨʳ ʘʜʨʝʩʫʶʪ ʜʘʥʥʳʝ ʦʜʥʦʤʫ ʢʦʤʧʴʶʪʝʨʫ, ʧʝʨʝʜʘʚʘʷ ʠʭ ʧʦ ʢʘʙʝʣʶ ʚ 

ʚʠʜʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ. ɼʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʧʦʩʦʙʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠ ̫

ʢʦʤʧʴʶʪʝʨʦʚ ʧʦ ʰʠʥʝ ʦʧʠhʝʤ ʩʣʝʜʫʶʱʠʝ ʧʦʥʷʪʠʷ: ʧʝʨʝʜʘʯʘ ʩʠʛʥʘʣʘ; ʦʪʨʘʞʝʥʠʝ 

ʩʠʛʥʘʣʘ; ʪʝʨʤʠʥʘʪʦʨ. 

ɼʘʥʥʳʝ ʚ ʚʠʜʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʧʝʨʝʜʘʶʪʩʷ ʚʩʝʤ ʢʦʤʧʴʶʪʝʨʘʤ ʩʝʪʠ; 

ʦʜʥʘʢʦ ʩʦʦʙʱʝʥʠʝ ʧʦʣʫʯʘʝʪ ʪʦʣʴʢʦ ʪʦʪ ʘʙʦʥʝʥʪ, ʯʝʡ ʘʜʨʝʩ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʘʜʨʝʩʫ 

ʧʦʣʫʯʘʪʝʣʷ, ʟʘʰʠʬʨʦʚʘʥʥʦʤʫ ʚ ʜʘʥʥʳʭ ʩʠʛʥʘʣʘʭ. ɺ ʣʶʙʦʝ ʚʨʝʤʷ ʪʦʣʴʢʦ ʦʜʠʥ 

ʢʦʤʧʴʶʪʝʨ ʩʧʦʩʦʙʝʥ ʚʝʩʪʠ ʧʝʨʝʜʘʯʫ. 

ʊʘʢ ʢʘʢ ʜʘʥʥʳʝ ʚ ʩʝʪʴ ʧʝʨʝʜʘʶʪʩʷ ʪʦʣʴʢʦ ʦʜʥʠʤ ʢʦʤʧʴʶʪʝʨʦʤ, ʪʦ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʝʪʠ ʟʘʚʠʩʠʪ ʦʪ ʯʠʩʣʝʥʥʦʩʪʠ ʢʦʤʧʴʶʪʝʨʦʚ, ʧʦʜʢʣʶʯʸʥʥʳʭ ʢ 

ʰʠʥʝ. ʏʝʤ ʙʦʣɹhʝ ʢʦʤʧʴʶʪʝʨʦʚ, ʞʝʣʘʶʱʠʭ ʚʝʩʪʠ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ, ʪʝʤ ʤʝʜʣʝʥʥʝʝ 

ʨʘʙʦʪʘʝʪ ʩʝʪʴ. 

ɼʘʥʥʳʝ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʧʦ ʚʩʝʡ ʩʝʪʠ ï ʦʪ ʦʜʥʦʛʦ ʢʦʥʮʘ ʢʘʙʝʣʷ ʢ ʜʨʫʛʦʤʫ. 

ɽʩʣʠ ʥʝ ʦʢʘʟʳʚʘʪʴ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʩʠʛʥʘʣ, ʪʦ ʦʥ, ʜʦʩʪʠʛʘʷ ʢʦʥʮʘ ʢʘʙʝʣʷ, ʙʫʜʝʪ 

ʦʪʨʘʞʘʪʴʩʷ ʠ ʥʝ ʧʦʟʚʦʣʠʪ ʧʨʦʯʠʤ ʢʦʤʧʴʶʪʝʨʘʤ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʝʨʝʜʘʯʫ. ʇʦʵʪʦʤʫ, 

ʧʦʩʣʝ ʪʦʛʦ ʢʘʢ ʜʘʥʥʳʝ ʜʦʩʪʠʛʥʫʪ ʘʜʨʝʩʘʪʘ, ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ ʪʨʝʙʫʝʪʩʷ 

ʧʦʛʘʩʠʪʴ, ʜʣʷ ʵʪʦʛʦ ʥʘ ʢʦʥʮʘʭ ʢʘʙʝʣʷ ʨʘʟʤʝʱʘʶʪʩʷ ʪʝʨʤʠʥʘʪʦʨʳ, ʧʦʛʣʦʱʘʶʱʠʝ ʵʪʠ 

ʩʠʛʥʘʣʳ. ʂʦʥʮʳ ʩʝʪʝʚʦʛʦ ʢʘʙʝʣʷ ʧʦʜʢʣʶʯʘʶʪʩʷ ʢ ʢʦʤʧʴʶʪʝʨʫ ʯʝʨʝʟ ʨʘʟʲʝʤ ʩʝʪʝʚʦʛʦ 

ʘʜʘʧʪʝʨʘ ʠʣʠ ʢ ʙʘʨʨʝʣ-ʢʦʥʥʝʢʪʦʨʫ ï ʜʣʷ ʧʦʚʳʰʝʥʠ ̫ʜʣʠʥʳ ʢʘʙʝʣʷ.  

ɺʳʭʦʜ ʠʟ ʩʪʨʦʷ ʩʝʪʝʚʦʛʦ ʢʘʙʝʣʷ ʩʦʚʝʨʰʘʝʪʩʷ ʧʨʠ ʝʛʦ ʬʠʟʠʯʝʩʢʦʤ ʨʘʟʨʳʚʝ ʠʣʠ 

ʢʦʛʜʘ ʥʘ ʦʜʥʦʤ ʠʣʠ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʢʦʥʮʘʭ ʢʘʙʝʣʷ ʦʪʩʫʪʩʪʚʫʶʪ ʪʝʨʤʠʥʘʪʦʨʳ. ʇʨʠ 

ʵʪʦʤ ʩʝʪʴ çʧʘʜʘʝʪè. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʦʧʦʣʦʛʠʷ ʐʠʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʱʝʛʦ 

ʢʘʥʘʣʘ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʥʘʟʳʚʘʝʤʦʛʦ ʤʘʛʠʩʪʨʘʣʴʶ, ʩʝʛʤʝʥʪʦʤ (trunk, backbone, 

segment) ʤʝʞʜʫ ʦʢʦʥʝʯʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ. ʀʤʝʝʪ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ. 

ʈʘʙʦʪʘʝʪ ʚ ʨʝʞʠʤʝ ʰʠʨʦʢʦʚʝʱʘʥʠʷ ï ʚʩʝ ʢʦʤʧʴʶʪʝʨʳ, ʨʘʟʜʝʣʷʶʱʠʝ ʢʘʥʘʣ ʩʚʷʟʠ, 

ʧʨʠʥʠʤʘʶʪ ʚʩʶ ʠʥʬʦʨʤʘʮʠʶ, ʧʝʨʝʜʘʚʘʝʤʫʶ ʜʨʫʛʠʤʠ ʢʦʤʧʴʶʪʝʨʘʤ. ɺʳʭʦʜ ʠʟ ʩʪʨʦʷ 

ʦʜʥʦʡ ʨʘʙʦʯʝʡ ʩʪʘʥʮʠʠ ʥʝ ʚʣʠʷʝʪ ʥʘ ʨʘʙʦʪʫ ʦʩʪʘʣʴʥʳʭ, ʪʦʛʜʘ ʢʘʢ ʨʘʟʨʳʚ ʢʘʙʝʣʷ ʠʣʠ 

ʦʪʩʫʪʩʪʚʠʝ ʪʝʨʤʠʥʘʪʦʨʘ ʚʝʜʝʪ ʢ ʚʳʭʦʜʫ ʠʟ ʩʪʨʦʷ ʚʩʝʡ ʩʝʪʠ. ʊʨʫʜʥʦ ʣʦʢʘʣʠʟʦʚʳʚʘʪʴ 



 

ʦʪʢʘʟʳ ʠʟ - ʟʘ ʙʦʣʴʰʦʡ ʜʣʠʥʳ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʢʘʙʝʣʷ ʠ ʦʪʩʫʪʩʪʚʠʷ ʪʦʯʢʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʜʣʠʥʘ ʩʝʛʤʝʥʪʘ ʩʝʪʠ L ʨʘʚʥʘ ʜʣʠʥʝ ʢʘʙʝʣʷ, 

ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʪʝʨʤʠʥʘʪʦʨʘʤʠ. ɼʣʷ çʪʦʣʩʪʦʛʦè ʢʦʘʢʩʠʘʣʘ L=500 ʤ. ʇʨʠ ʩʦʝʜʠʥʝʥʠʠ 

5 ʩʝʛʤʝʥʪʦʚ (ʧʦ ʧʨʘʚʠʣʫ 5 ï 4 ï 3) ʜʠʘʤʝʪʨ ʩʝʪʠ D=5Ĭ500=2500ʤ. 

3.2 ʊʦʧʦʣʦʛʠʷ ɿʚʝʟʜʘ 
 

ʇʨʠ ʪʦʧʦʣʦʛʠʠ ʟʚʝʟʜʘ ʚʩʝ ʢʦʤʧʴʶʪʝʨʳ ʩ ʩʝʛʤʝʥʪʘʤʠ ʢʘʙʝʣʷ ʧʦʜʢʣʶʯʘʶʪʩʷ ʢ 

ʮʝʥʪʨʫ, ʠʤʝʥʫʝʤʦʤʫ ʢʦʥʮʝʥʪʨʘʪʦʨʦʤ (ʨʠʩʫʥʦʢ 3). ʉʠʛʥʘʣʳ ʦʪ ʧʝʨʝʜʘʶʱʝʛʦ 

ʢʦʤʧʴʶʪʝʨʘ ʧʦʩʪʫʧʘʶʪ ʯʝʨʝʟ ʢʦʥʮʝʥʪʨʘʪʦʨ ʢʦ ʚʩʝʤ ʩʪʘʥʮʠʷʤ.  
 

 
ʈʠʩʫʥʦʢ 3 - ʊʦʧʦʣʦʛʠʷ ʘʢʪʠʚʥʘʷ ɿʚʝʟʜʘ 

 

ɺ ʩʝʪʷʭ ʩ ʪʦʧʦʣʦʛʠʝʡ ɿʚʝʟʜʘ ʧʦʜʢʣʶʯʝʥʠʝ ʢʘʙʝʣʷ ʠ ʫʧʨʘʚʣʝʥʠʝ ʩʝʪʴ  ʁ

ʮʝʥʪʨʘʣʠʟʦʚʘʥʦ. ʅʦ ʚ ʵʪʦʤ ʟʘʢʣʶʯʘʝʪʩʷ ʠ ʥʝʜʦʩʪʘʪʦʢ: ʪʘʢ ʢʘʢ ʚʩʝ ʢʦʤʧʴʶʪʝʨʳ 

ʧʦʜʢʣʶʯʝʥʳ ʢ ʮʝʥʪʨʘʣʴʥʦʡ ʪʦʯʢʝ, ʜʣʷ ʢʨʫʧʥʳʭ ʩʝʪʝʡ ʩʠʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʨʘʩʭʦʜ 

ʢʘʙʝʣʷ. ʂ ʪʦʤʫ ʞʝ, ʝʩʣʠ ʮʝʥʪʨʘʣʴʥʳʡ ʢʦʤʧʦʥʝʥʪ ʚʳʡʜʝʪ ʠʟ ʩʪʨʦʷ, ʥʘʨʫʰʠʪʩʷ ʨʘʙʦʪʘ 

ʚʩʝʡ ʩʝʪʠ. ɽʩʣʠ ʚʳʡʜʝʪ ʠʟ ʩʪʨʦʷ ʣʁ ʙʦʡ ʢʦʤʧʴʶʪʝʨ (ʣʠʙʦ ʢʘʙʝʣʴ, ʩʦʝʜʠʥʷʶʱʠʡ ʝʛʦ ʩ 

ʮʝʥʪʨʦʤ), ʪʦ ʪʦʣʴʢʦ ʵʪʦʪ ʢʦʤʧʴʶʪʝʨ ʥʝ ʙʫʜʝʪ ʧʝʨʝʜʘʚʘʪʴ ʠʣʠ ʧʦʣʫʯʘʪʴ ʜʘʥʥʳʝ ʠʟ 

ʩʝʪʠ. ʅʘ ʦʩʪʘʣʴʥʳʝ ʢʦʤʧʴʶʪʝʨʳ ʚ ʩʝʪʠ ʵʪʦ ʥʝ ʧʦʚʣʠʷʝʪ. 

ʊʦʧʦʣʦʛʠʷ ɿʚʝʟʜʘ ʷʚʣʷʝʪʩʷ ʩʘʤʦʡ ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʝʡ ʠʟ ʚʩʝʭ ʪʦʧʦʣʦʛʠʡ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʝʪʝʡ, ʧʦʪʦʤʫ ʯʪʦ ʧʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʧʨʦʠʟʚʦʜʠʪʩʷ ʤʝʞʜʫ ʨʘʙʦʯʠʤʠ 

ʩʪʘʥʮʠʷʤʠ ʯʝʨʝʟ ʮʝʥʪʨʘʣʴʥʳʡ ʫʟʝʣ (ʧʨʠ ʝʛʦ ʦʪʣʠʯʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ) ʧʦ 

ʦʪʜʝʣʴʥʳʤ ʣʠʥʠʷʤ, ʠʩʧʦʣʴʟʫʝʤʳʤ ʣʠʰʴ ʵʪʠʤʠ ʨʘʙʦʯʠʤʠ ʩʪʘʥʮʠʷʤʠ. ʏʘʩʪʦʪʘ 

ʟʘʧʨʦʩʦʚ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʦʜʥʦʡ ʩʪʘʥʮʠʠ ʢ ʜʨʫʛʦʡ ʥʝʚʳʩʦʢʘʷ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʜʦʩʪʠʛʘʝʤʦʡ ʚ ʜʨʫʛʠʭ ʪʦʧʦʣʦʛʠʷʭ.  

ʎʝʥʪʨʘʣʴʥʳʡ ʫʟʝʣ ʫʧʨʘʚʣʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʬʘʡʣʦʚʳʡ ʩʝʨʚʝʨ, ʨʝʘʣʠʟʫʝʪ 

ʧʨʠʝʤʣʝʤʳʡ ʤʝʭʘʥʠʟʤ ʟʘʱʠʪʳ ʧʨʦʪʠʚ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ ʢ 

ʠʥʬʦʨʤʘʮʠʠ. ɺʩʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʝʪʴ ʩʧʦʩʦʙʥʘ ʫʧʨʘʚʣʷʪʴʩʷ ʠʟ ʝʝ ʮʝʥʪʨʘ. ʆʪʢʘʟʳ 

ʩʝʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʝʛʢʦ ʣʦʢʘʣʠʟʦʚʳʚʘʪʴ.  



 

ɼʠʘʤʝʪʨ ʩʝʪʠ ʩʦʩʪʘʚʣʷʝʪ D = 2ĬL, ʛʜʝ L ï ʜʣʠʥʘ ʩʝʛʤʝʥʪʘ. ʅʘ ʦʩʥʦʚʝ ʪʦʧʦʣʦʛʠʠ 

ɿʚʝʟʜʘ ʦʨʛʘʥʠʟʫʝʪʩʷ ʪʦʧʦʣʦʛʠʷ ɼʝʨʝʚʦ, ʩʤ. ʨʠʩʫʥʦʢ 4. 
 

 
 

ʈʠʩʫʥʦʢ 4 - ʊʦʧʦʣʦʛʠʷ ɼʝʨʝʚʦ 

3.3 ʊʦʧʦʣʦʛʠʷ ʂʦʣʴʮʦ 
 

ʇʨʠ ʪʦʧʦʣʦʛʠʠ ʢʦʣʴʮʦ ʢʦʤʧʴʶʪʝʨʳ ʧʦʜʢʣʶʯʘʶʪʩʷ ʢ ʢʘʙʝʣʶ, ʟʘʤʢʥʫʪʦʤʫ ʚ 

ʢʦʣʴʮʦ (ʨʠʩʫʥʦʢ 5). ʉʠʛʥʘʣʳ ʧʝʨʝʜʘʶʪʩʷ ʧʦ ʢʦʣʴʮʫ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠ 

ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ ʣʶʙʦʡ ʢʦʤʧʴʶʪʝʨ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʦʧʦʣʦʛʠʠ ʰʠʥʘ, ʟʜʝʩʴ ʚʩʷʢʠʡ 

ʢʦʤʧʴʶʪʝʨ ʚʳʩʪʫʧʘʝʪ ʚ ʨʦʣʠ ʨʝʧʠʪʝʨʘ, ʫʩʠʣʠʚʘʷ ʩʠʛʥʘʣʳ ʠ ʧʝʨʝʜʘʚʘʷ ʠʭ 

ʦʯʝʨʝʜʥʦʤʫ ʢʦʤʧʴʶʪʝʨʫ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʝʩʣʠ ʚʳʡʜʝʪ ʠʟ ʩʪʨʦʷ ʦʜʠʥ ʢʦʤʧʴʶʪʝʨ, 

ʧʝʨʝʩʪʘʝʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʚʩʷ ʩʝʪʴ. 
 

 
ʈʠʩʫʥʦʢ 5 - ʊʦʧʦʣʦʛʠʷ ɼʚʦʡʥʦʝ ʂʦʣʴʮʦ 

 

ʆʜʠʥ ʠʟ ʘʣʛʦʨʠʪʤʦʚ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ ʢʦʣʴʮʝʚʦʡ ʩʝʪʠ ʥʘʟʳʚʘʝʪʩʷ çʧʝʨʝʜʘʯʘ 

ʤʘʨʢʝʨʘè. ʉʫʪʴ ʝʛʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʤʘʨʢʝʨ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʪ  1-ʦʛʦ 



 

ʢʦʤʧʴʶʪʝʨʘ ʢ ʩʣʝʜʫʶʱʝʤʫ, ʧʝʨʝʜʘʸʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʝʛʦ ʥʝ ʧʦʣʫʯʠʪ ʦʙʨʘʪʥʦ 

ʦʪʧʨʘʚʠʪʝʣʴ. ʇʝʨʝʜʘʶʱʠʡ ʢʦʤʧʴʶʪʝʨ ʠʟʤʝʥʷʝʪ ʤʘʨʢʝʨ, ʧʦʤʝʱʘʝʪ MAC - ʘʜʨʝʩ ʚ 

ʢʘʜʨ ʠ ʧʝʨʝʜʘʝʪ ʝʛʦ ʧʦ ʢʦʣʴʮʫ. ɼʘʥʥʳʝ ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ ʢʘʞʜʳʡ ʢʦʤʧʴʶʪʝʨ, ʧʦʢʘ ʥʝ 

ʦʢʘʞʫʪʩʷ ʫ ʪʦʛʦ, ʯʝʡ ʘʜʨʝʩ ʩʦʚʧʘʜʘʝʪ ʩ ʘʜʨʝʩʦʤ ʧʦʣʫʯʘʪʝʣʷ, ʫʢʘʟʘʥʥʦʛʦ ʚ ʢʘʜʨʝ. 

ʇʦʩʣʝ ɻʪʦʛʦ ʧʨʠʥʠʤʘʶʱʠʡ ʢʦʤʧʴʶʪʝʨ ʦʪʩʳʣʘʝʪ ʦʪʧʨʘʚʠʪʝʣʶ ʜʘʥʥʳʝ, 

ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʬʘʢʪ ʧʨʠʸʤʘ. ʇʦʣʫʯʠʚ ʧʦʜʪʚʝʨʞʜʝʥʠʝ, ʢʦʤʧʴʶʪʝʨ - ʦʪʧʨʘʚʠʪʝʣʴ 

ʩʦʟʜʘʸʪ ʥʦʚʳʡ ʤʘʨʢʝʨ ʠ ʚʦʟʚʨʘʱʘʝʪ ʝʛʦ ʚ ʩʝʪʴ.  

ʀʪʘʢ, ʩʪʘʥʮʠʠ ʚ ʪʦʧʦʣʦʛʠʠ ʧʦʜʢʣʶʯʘʶʪʩʷ ʢ ʦʙʱʝʤʫ ʢʦʣʴʮʫ, ʠʥʦʛʜʘ 

ʜʚʦʡʥʦʤʫ. ɺʳʭʦʜ ʠʟ ʩʪʨʦʷ ʦʜʥʦʡ ʨʘʙʦʯʝʡ ʩʪʘʥʮʠʠ ʚʣʠʷʝʪ ʥʘ ʚʩʶ ʩʝʪʴ (ʧʨʠʥʠʤʘʶʪʩʷ 

ʤʝʨʳ). ɺʳʭʦʜ ʠʟ ʩʪʨʦʷ ʢʦʣʴʮʘ ʚʝʜʝʪ ʢ ʚʳʭʦʜʫ ʠʟ ʩʪʨʦʷ ʚʩʝʡ ʩʝʪʠ, ʧʦʵʪʦʤʫ ʢʦʣʴʮʘ 

ʨʝʟʝʨʚʠʨʫʶʪʩʷ (ɼʚʦʡʥʦʝ ʢʦʣʴʮʦ). ʆʪʢʘʟʳ ʣʦʢʘʣʠʟʦʚʳʚʘʪʴ ʥʝ ʦʯʝʥʴ ʣʝʛʢʦ. ɼʠʘʤʝʪʨ 

ʩʝʪʠ ʩʦʩʪʘʚʣʷʝʪ D = NĬL ʩʝʛʤʝʥʪʘ, ʛʜʝ N ï ʯʠʩʣʦ ʩʪʘʥʮʠʡ ʚ ʢʦʣʴʮʝ. 

ʉʨʘʚʥʝʥʠʝ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ  ʪʦʧʦʣʦʛʠʡ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣʠʮʝ 1.  
 

ʊʘʙʣʠʮʘ 1 - ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʠʧʦʚʳʭ ʪʦʧʦʣʦʛʠʡ ʃɺʉ 
 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʊʦʧʦʣʦʛʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʝʪʝʡ 

ɿʚʝʟʜʘ ʂʦʣʴʮʦ ʐʠʥʘ 

ʎʝʥʥʦʩʪʴ 

ʨʘʩʰʠʨʝʥʠʷ 
ʅʝʟʥʘʯʠʪʝʣʴʥʘʷ ʉʨʝʜʥʷʷ ʉʨʝʜʥʷʷ 

ʇʨʠʩʦʝʜʠʥʝʥʠʝ 

ʘʙʦʥʝʥʪʦʚ 
ʇʘʩʩʠʚʥʦʝ ɸʢʪʠʚʥʦʝ ʇʘʩʩʠʚʥʦʝ 

ɿʘʱʠʪʘ ʦʪ ʦʪʢʘʟʦʚ ʅʝʟʥʘʯʠʪʝʣʴʥʘʷ ʅʝʟʥʘʯʠʪʝʣʴʥʘʷ ɺʳʩʦʢʘʷ 

ʈʘʟʤʝʨʳ ʩʠʩʪʝʤʳ ʃʶʙʳʝ ʃʶʙʳʝ ʆʛʨʘʥʠʯʝʥʥʳ 

ɿʘʱʠʱʝʥʥʦʩʪʴ ʦʪ 

ʧʨʦʩʣʫʰʠʚʘʥʠʷ 
ʍʦʨʦʰʘʷ ʍʦʨʦʰʘʷ ʅʝʟʥʘʯʠʪʝʣʴʥʘʷ 

ʎʝʥʥʦʩʪʴ 

ʧʦʜʢʣʶʯʝʥʠʷ 
ʅʝʟʥʘʯʠʪʝʣʴʥʘʷ ʅʝʟʥʘʯʠʪʝʣʴʥʘʷ ɺʳʩʦʢʘʷ 

ɼʝʡʩʪʚʠʝ ʩʠʩʪʝʤʳ 

ʧʨʠ ʙʦʣʴʰʠʭ 

ʥʘʛʨʫʟʢʘʭ 

ʍʦʨʦʰʝʝ ʋʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ ʇʣʦʭʦʝ 

ʇʦʪʝʥʮʠʘʣʴʥʦʩʪʴ 

ʨʘʙʦʪʳ ʚ ʨʝʘʣʴʥʦʤ 

ʨʝʞʠʤʝ ʚʨʝʤʝʥʠ 

ʆʯʝʥʴ ʭʦʨʦʰʘʷ ʅʝʧʣʦʭʘʷ ʇʣʦʭʘʷ 

ʈʘʟʚʦʜʢʘ ʢʘʙʝʣʷ ʍʦʨʦʰʘʷ ʋʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʘʷ ʍʦʨʦʰʘʷ 

ʆʙʩʣʫʞʠʚʘʥʠʝ ʆʯʝʥʴ ʭʦʨʦʰʝʝ ʉʨʝʜʥʝʝ ʉʨʝʜʥʝʝ 



 
 

4. ʇʨʠʥʮʠʧʳ ʧʦʩʪʨʦʝʥʠʷ ʣʦʢʘʣʴʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʝʪʝʡ 
 

ʃʦʢʘʣʴʥʘʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʝʪʴ ï ʵʪʦ ʩʝʪɹ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘ ̫ʜʣʷ ʧʝʨʝʨʘʙʦʪ-

ʢʠ, ʭʨʘʥʝʥʠʷ ʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʥʘ ʥʝʙʦʣʴʰʦʡ ʪʝʨʨʠʪʦʨʠʠ (ʜʦʤ, ʦʬʠʩ, ʢʦʤʧʘʥʠ,̫ 

ʠʥʩʪʠʪʫʪ). ʉʫʱʝʩʪʚʫʶʪ ʩʣʝʜʫʶʱʠʝ ʦʨʛʘʥʠʟʘʮʠʠ ʣʦʢʘʣʴʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʝʪʝʡ: 

¶ ʃɺʉ ʥʘ ʦʩʥʦʚʝ ʢʘʙʝʣʴʥʦʡ ʩʠʩʪʝʤʳ; 

¶ ʃɺʉ ʥʘ ʦʩʥʦʚʝ ʙʝʩʧʨʦʚʦʜʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 
 

4.1 ʆʨʛʘʥʠʟʘʮʠʷ ʃɺʉ ʥʘ ʦʩʥʦʚʝ ʢʘʙʝʣʴʥʦʡ ʩʠʩʪʝʤʳ 
 

ɸʧʧʘʨʘʪʫʨʘ ʢʘʙʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʬʫʥʜʘʤʝʥʪʦʤ ʣʶʙʦʡ ʩʝʪʠ. ɽʩʣʠ ʦʥʘ 

ʙʫʜʝʪ ʥʠʟʢʦʛʦ ʢʘʯʝʩʪʚʘ, ʪʦ ʜʘʞʝ ʩʘʤʦʝ ʩʦʚʨʝʤʝʥʥʦʝ ʠ ʵʬʬʝʢʪʠʚʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ 

ʙʫʜʝʪ ʨʘʙʦʪʘʪʴ ʤʝʜʣʝʥʥʦ, ʥʝʩʪʘʙʠʣʴʥʦ ʠ ʥʝ ʙʫʜʝʪ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʪʨʝʙʦʚʘʥʠʷʤ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ɽʝ ʦʩʥʦʚʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ï ʩʚʷʟʴ ʤʝʞʜʫ ʘʙʦʥʝʥʪʘʤʠ. ʂ ʘʧʧʘʨʘʪʫʨʝ 

ʣʦʢʘʣʴʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʝʪʠ ʦʪʥʦʩʷʪʩʷ: 
 

¶ ʢʘʙʝʣʠ ʜʣʷ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ; 

¶ ʩʝʪʝʚʳʝ ʘʜʘʧʪʝʨʳ; 

¶ ʪʨʘʥʩʠʚʝʨʳ; 

¶ ʢʦʥʮʝʥʪʨʘʪʦʨʳ; 

¶ ʤʦʩʪʳ; 

¶ ʢʦʤʤʫʪʘʪʦʨʳ; 

¶ ʤʘʨʰʨʫʪʠʟʘʪʦʨʳ. 
 

ɼʣʷ ʃɺʉ ʩʫʱʝʩʪʚʫʶʪ ʪʨʠ ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʩʭʝʤʳ ʢʘʙʝʣʴʥʳʭ ʩʠʩʪʝʤ: ʥʘ 

ʦʩʥʦʚʝ ʚʠʪʦʡ ʧʘʨʳ, ʢʦʘʢʩʠʘʣʴʥʦʛʦ ʣʠʙʦ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʛʦ ʢʘʙʝʣʷ. 

ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʘʙʝʣʴʥʳʭ ʩʠʩʪʝʤ ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣʠʮʝ 2. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʘʤʦʡ ʠʩʧʦʣʴʟʫʝʤʦʡ ʩʨʝʜʦʡ ʧʝʨʝʜʘʯʠ ʷʚʣʷʝʪʩʷ ʢʘʙʝʣʴ ʚʠʪʘʷ ʧʘʨʘ. 

ʉʚʦʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʦʥʘ ʧʦʣʫʯʠʣʘ ʠʟ ï ʟʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʦʡ ʩʪʦʠʤʦʩʪʠ, ʭʦʨʦʰʝʡ 

ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʠ ʣʝʛʢʦʩʪʠ ʤʦʥʪʘʞʘ. ʃɺʉ ʥʘ ʢʘʬʝʜʨʝ ʉʊʋ ʀʂʅʊ ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʇʝʪʨʘ ɺʝʣʠʢʦʛʦ ʦʨʛʘʥʠʟʦʚʘʥʘ ʥʘ 

ʢʘʙʝʣʝ ʚʠʪʘʷ ʧʘʨʘ UTP ʢʘʪʝʛʦʨʠʠ 3, 5 ʠ 5ʝ. 

ɺʠʪʘʷ ʧʘʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʢʨʫʯʝʥʥʳʝ ʧʨʦʚʦʜʘ ʩ ʨʘʟʣʠʯʥʳʤ ʰʘʛʦʤ 

ʩʢʨʫʪʢʠ, ʦʪ 9 ʜʣʷ cat. 3 ʜʦ 27 ʩʢʨʫʪʦʢ ʥʘ ʤʝʪʨ ʜʣʷ UTP cat. 5.  

 

 



 

ʊʘʙʣʠʮʘ 2 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʟʣʠʯʥʳʭ ʢʘʙʝʣʴʥʳʭ ʩʠʩʪʝʤ 
 

ʊʠʧ ʂʘʙʝʣʷ 

ʉʢʦʨʦʩʪʴ 

ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ 

(ʄʙʠʪ/ʩ) 

ʄʘʢʩ ʜʣʠʥʘ 

ʩʝʛʤʝʥʪʘ, ʤ 

ɺʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʨʘʚʣʝʥʠʷ/

ʤʘʩʰʪʘʙʠʨʦ-

ʚʘʥʠ̫ 

ʈʠʩʫʥʦʢ 

 

ɺʠʪʘʷ ʧʘʨʘ 

ʅʝʵʢʨʘʥʠʨʦʚʘʥ-

ʥʘʷ ʚʠʪʘʷ ʧʘʨʘ 

UTP 

100/10/1000 

ʄʙʠʪ/ʩ 
100/100/100 ʤ ʍʦʨʦʰʘʷ 

 

ʕʢʨʘʥʠʨʦʚʘʥ-

ʥʘʷ ʚʠʪʘʷ ʧʘʨʘ 

STP 

100/10/1000 

ʄʙʠʪ/ʩ 
100/100 / 100 ʤ ʍʦʨʦʰʘʷ 

ʂʦʘʢʩʠʘʣʴʥʳʡ  ʢʘʙʝʣʴ 

ʊʦʥʢʠʡ 

ʢʦʘʢʩʠʘʣʴʥʳʡ 

ʢʘʙʝʣʴ 

10 ʄʙʠʪ/ʩ 185 ʤ 

ʇʣʦʭʘʷ 

ʊʨʝʙʫʝʪʩʷ 

ʧʘʡʢʘ 

 
 

ʊʦʣʩʪʳʡ 

ʢʦʘʢʩʠʘʣʴʥʳʡ 

ʢʘʙʝʣʴ 

10 ʄʙʠʪ/ʩ 500 ʤ 

ʇʣʦʭʘʷ 

ʊʨʝʙʫʝʪʩʷ 

ʧʘʡʢʘ 

ʆʧʪʦʚʦʣʦʢʥʦ 

ʆʜʥʦʤʦʜʦʚʦʝ 

ʦʧʪʦʚʦʣʦʢʥʦ 

100-1000 

ɻʙʠʪ/ʩ 
ɼʦ 100 ʢʤ 

ʊʨʝʙʫʝʪʩʷ 

ʩʧʝʮ 

ʦʙʦʨʫʜʦʚʘʥʠʝ 

 

ʄʥʦʛʦʤʦʜʦʚʦʝ 

ʦʧʪʦʚʦʣʦʢʥʦ 
1-2 ɻʙʠʪ ɼʦ 550 ʤ 

ʊʨʝʙʫʝʪʩʷ 

ʩʧʝʮ. 

ʦʙʦʨʫʜʦʚʘʥʠʝ 

 

ʂʘʙʝʣʴ, ʩʦʩʪʘʚʣʝʥʥʳʡ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʚʠʪʳʭ ʧʘʨ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʦʢʨʳʪ ʞʸʩʪʢʦʡ 

ʧʣʘʩʪʤʘʩʩʦʚʦʡ ʦʙʦʣʦʯʢʦʡ, ʧʨʝʜʦʭʨʘʥʷʶʱʝʡ ʝʛʦ ʦʪ ʜʝʡʩʪʚʠʷ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʠ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʚʨʝʞʜʝʥʠʡ. ʉʭʝʤʘ ʚʠʪʦʡ ʧʘʨʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 6. 

 ʉʫʱʝʩʪʚʫʪʁ ʜʚʝ ʨʘ3ʥʦʚʠʜʥʦʩʪʠ ʢʘʙʝʣʷ: 

¶ ʥʝʵʢʨʘʥʠʨʦʚʘʥʥʘʷ ʚʠʪʘʷ ʧʘʨʘ (UTP); 

¶ ʵʢʨʘʥʠʨʦʚʘʥʥʘʷ ʚʠʪʘʷ ʧʘʨʘ (STP); 



 
 

 

 

ʈʠʩʫʥʦʢ 6 - ʂʘʙʝʣʴ ʚʠʪʘ ̫ʧʘʨʘ 
 

ɺ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʚʠʪʘʷ ʧʘʨʘ ʧʦʜʜʝʨʞʠʚʘʝʪ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

ʦʪ 10 ʜʦ 100 ʄʙʠʪ/ʩ. ʅʦ ʨʷʜ ʬʘʢʪʦʨʦʚ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠ3ʠʪʴ ʩʢʦʨʦʩʪʴ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʝʨʝʢʨʸʩʪʥʳʝ ʥʘʚʦʜʢʠ, ʟʘʪʫʭʘʥʠʷ ʠ ʚʣʠʷʥʠʝ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠ3ʣʫʯʝʥʠʷ. 

ɼʣʷ ʩʥʠʞʝʥʠʷ ʚʣʠʷʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʠʩʧʦʣ3ɹʫʝʪʩʷ 

ʵʢʨʘʥʠʨʦʚʘʥʠʝ (ʢʘʙʝʣʴ ʠ3 ʚʠʪʳʭ ʧʘʨ ʧʦʢʨʳʚʘʝʪʩʷ ʬʦʣʴʛʦʡ ʠʣʠ ʦʧʣʸʪʢʦʡ). ʅʦ ʜʘʞʝ 

ʧʦʩʣʝ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʚʠʪʦʡ ʧʘʨʳ 3ʘʪʫʭʘʥʠʝ ʩʠʛʥʘʣʘ ʟʥʘʯʠʪʝʣʴʥʦ. ʇʦʜ 3ʘʪʫʭʘʥʠʝʤ 

ʩʠʛʥʘʣʘ Att ʧʦʜʨʘ3ʫʤʝʚʘʝʪʩʷ ʦʩʣʘʙʣʝʥʠʝ ʤʦʱʥʦʩʪʠ (ʠʣʠ ʥʘʧʨʷʞʝʥʠʷ) ʩʠʛʥʘʣʘ ʧʨʠ 

ʧʝʨʝʜʘʯʝ ʝʛʦ c ʚr ʭʦʜʘ ʦʪʧʨʘʚʠʪʝʣʷ ʜʦ ʚʭʦʜʘ ʧʦʣʫʯʘʪʝʣʷ.  

 

ʉʦʛʣʘʩʥʦ ʩʧʝʮʠʬʠʢʘʮʠʷʤ ɸʩʩʦʮʠʘʮʠʠ ʵʣʝʢʪʨʦʥʥʦʡ ʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ 

ʠʥʜʫʩʪʨʠʠ, ʚʚʦʜʠʪʩʷ 5 ʩʪʘʥʜʘʨʪʥʳʭ ʢʘʪʝʛʦʨʠʡ ʢʘʙʝʣʷ ʠ3 ʚʠʪʳʭ ʧʘʨ (ʜʣʷ ʃɺʉ 

ʧʨʠʤʝʥʷʝʪʩʷ ʢʘʙʝʣʴ, ʥʘʯʠʥʘʷ ʩ 3 ʢʘʪʝʛʦʨʠʠ). ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʢʘʪʝʛʦʨʠʡ ʢʘʙʝʣʷ 

ʧʨʠʤʝʥʷʝʪʩʷ ʣʠʰʴ ʥʝʵʢʨʘʥʠʨʦʚʘʥʥʘʷ ʚʠʪʘʷ ʧʘʨʘ (UTP). 

1. ʂʘʙʝʣʴ ʪʨʝʪʴʝʡ ʢʘʪʝʛʦʨʠʠ, ʚ ʦʩʥʦʚʥʦʤ, ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʃɺʉ ʩ ʪʝʭʥʦʣʦʛʠʝʡ 

Ethernet 10Base-T ʠ ʩʝʨʪʠʬʠʮʠʨʦʚʘʥ ʜʣʷ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʜʦ 16 ʄɻʮ.  

2. ʂʘʙʝʣʴ ʯʝʪʚʸʨʪʦʡ ʢʘʪʝʛʦʨʠʠ ʚ ʃɺʉ ʥʝ ʧʨʠʤʝʥʷʝʪʩʷ ʠʟ ï ʟʘ ʤʘʣʦʡ ʧʦʣʦʩʳ 

ʧʨʦʧʫʩʢʘʥʠʷ 20  ʄɻʮ. 

3. ʂʘʙʝʣʴ ʧʷʪʦʡ ʢʘʪʝʛʦʨʠʠ ʷʚʣʷʝʪʩʷ ʩʘʤʦʡ ʠʩʧʦʣʴʟʫʝʤʦʡ ʩʨʝʜʦʡ ʧʝʨʝʜʘʯʠ ʜʣʷ 

Ethernet. ʂʘʙʝʣʴ ʧʦʜʜʝʨʞʠʚʘʝʪ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʜʦ 100 ʄʙʠʪ/ʩ ʠ 

ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʩʝʪʷʭ ʩ ʘʨʭʠʪʝʢʪʫʨʦʡ 100Base-T ʠ 10Base-T. ʂʘʙʝʣʴ 

ʪʘʢʪʠʨʫʝʪʩʷ ʯʘʩʪʦʪʦʡ 100 ʄɻʮ. 



 

4.2    ʉʝʪʝʚʳʝ ʘʜʘʧʪʝʨʳ, Network Interface Card, NIC 
 

ʇʣʘʪʳ ʩʝʪʝʚʦʛʦ ʘʜʘʧʪʝʨʘ ʚʳʩʪʫʧʘʶʪ ʚ ʢʘʯʝʩʪʚʝ ʬʠ3ʠʯʝʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ 

ʤʝʞʜʫ ʇʂ ʠ ʩʨʝʜʦʡ ʧʝʨʝʜʘʯʠ. ʇʣʘʪʳ ʚʩʪʘʚʣʷʶʪʩʷ ʚ ISA ʠ PCI ʩʣʦʪʳ ʨʘʩʰʠʨʝʥʠʷ 

ʩʝʪʝʚʳʭ ʇʂ ʠ ʩʝʨʚʝʨʦʚ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʬʠ3ʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ 

ʤʝʞʜʫ ʇʂ ʠ ʩʝʪʴʶ, ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʨʘ3ʲʸʤʫ (ʧʦʨʪʫ) ʧʣʘʪʳ ʧʦʜʢʣʶʯʘʝʪʩʷ 

ʩʝʪʝʚʦʡ ʢʘʙʝʣʴ. 

ʇʣʘʪʳ ʩʝʪʝʚʳʭ ʘʜʘʧʪʝʨʦʚ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʜʘʥʥʳʭ, 

ʧʦʩʪʫʧʘʶʱʠʭ ʦʪ ʇʂ, ʢ ʧʝʨʝʜʘʯʝ ʧʦ ʩʝʪʝʚʦʤʫ ʢʘʙʝʣʶ; ʧʝʨʝʜʘʯʝ ʜʘʥʥʳʭ ʢ ʧʨʦʯʠʤ 

ʇʂ; ʫʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʘʤʠ ʜʘʥʥʳʭ ʤʝʞʜʫ ʇʂ ʠ ʢʘʙʝʣʝʤ. 

ʂ  ʦʩʥʦʚʥʳʤ ʩʝʪʝʚʳʤ ʬʫʥʢʮʠʷʤ ʘʜʘʧʪʝʨʦʚ ʦʪʥʦʩʷʪʩʷ: 

1. ɻʘʣʴʚʘʥʠʯʝʩʢʘʷ ʨʘ3ʚ3̫ʢʘ ʢʦʤʧʴʶʪʝʨʘ ʠ ʢʘʙʝʣʷ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ; 

2. ʂʦʜʠʨʦʚʘʥʠʝ ʠ ʜʝʢʦʜʠʨʦʚʘʥʠʝ ʩʝʪʝʚʳʭ ʩʠʛʥʘʣʦʚ, ʥʘʧʨʠʤʝʨ, ʤʘʥʯʝʩʪʝʨʩʢʠʤ 

ʢʦʜʦʤ II ; 

3. ʇʨʝʦʙʨʘ3ʦʚʘʥʠʝ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʢʦʜʘ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʧʨʠ ʧʝʨʝʜʘʯʝ ʚ 

ʢʘʙʝʣʴ ʠ ʦʙʨʘʪʥʦʝ ʧʨʝʦʙʨʘ3ʦʚʘʥʠʝ ʧʨʠ ʧʨʠʝʤʝ; 

4. ʆʙʝʩʧʝʯʠʚʘʝʪ ʤʝʪʦʜ ʜʦʩʪʫʧʘ ʢ ʩʝʪʠ ʩʦʛʣʘʩʥʦ ʩ ʧʨʠʥʷʪʳʤ ʘʣʛʦʨʠʪʤʘʤ 

ʫʧʨʘʚʣʝʥʠʷ ʦʙʤʝʥʦʤ; 

5. ʇʦʜʩʯʝʪ  ʢʦʥʪʨʦʣʴʥʦʡ ʩʫʤʤʳ ʧʘʢʝʪʦʚ ʧʨʠ ʧʝʨʝʜʘʯʝ ʠ ʧʨʠʝʤʝ; 

6. ɹʫʬʝʨʠ3ʘʮʠʷ ʧʝʨʝʜʘʚʘʝʤʳʭ ʠ ʧʨʠʥʠʤʘʝʤʳʭ ʜʘʥʥʳʭ ʚ ʙʫʬʝʨʥʦʡ ʧʘʤʷʪʠ 

ʘʜʘʧʪʝʨʘ. 

ʀʟʛʦʪʘʚʣʠʚʘʝʪʩʷ ʘʜʘʧʪʝʨ ʥʘ ʦʩʦʙʳʭ ʤʠʢʨʦʩʭʝʤʘʭ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ 

ʠʥʪʝʛʨʘʮʠʠ, ʯʪʦ ʧʦ3ʚʦʣʷʝʪ ʩʥʠ3ʠʪʴ ʩʪʦʠʤʦʩʪʴ ʘʜʘʧʪʝʨʘ ʠ ʩʦʢʨʘʪʠʪʴ ʧʣʦʱʘʜʴ ʝʛʦ 

ʧʣʘʪʳ. ʉʝʪʝʚʦʡ ʘʜʘʧʪʝʨ ʨʘʙʦʪʘʝʪ ʥʘ 1-ʦʤ ʠ 2-ʦʤ ʫʨʦʚʥʷʭ ʤʦʜʝʣʠ OSI. ʉʝʪʝʚʳʝ 

ʘʜʘʧʪʝʨʳ Ethernet ʠ Fast Ethernet ʨʘʙʦʪʘʶʪ ʩʦ ʩʢʦʨʦʩʪʴʶ ʧʝʨʝʜʘʯʠ 10 ʄʙʠʪ/ʩ ʠ 100 

ʄʙʠʪ/ʩ. ʆʥʠ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʥʘʜʸʞʥʦʩʪʴʶ, ʘʠʚʦʟʥʠʢʘʶʱʠʝ ʩʣʦʞʥʦʩʪʠ ʩ ʢʘʙʝʣʝʤ 

ʠ ʘʜʘʧʪʝʨʘʤʠ ʣʝʛʢʦ ʧʦʜʜʘʶʪʩʷ ʜʠʘʛʥʦʩʪʠʢʝ. 

4.3   ʊʨʘʩʠʚʝʨʳ 
 

ʊʨʘʥʩʠʚʝʨʳ ʠʣʠ ʧʨʠʝʤʦʧʝʨʝʜʘʪʯʠʢʠ (ʦʪ ʘʥʛʣ. TRANsmitter+ reCEIVER) 

ʩʣʫʞʘʪ ʜʣʷ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʤʝʞʜʫ ʘʜʘʧʪʝʨʦʤ ʠ ʢʘʙʝʣʝʤ ʩʝʪʠ. ʊʨʘʥʩʠʚʝʨʘʤʠ 

ʥʘʟʳʚʘʶʪ ʚʩʪʨʦʝʥʥʳʝ ʚ ʘʜʘʧʪʝʨʳ ʧʨʠʝʤʦʧʝʨʝʜʘʪʯʠʢʠ. ɽʩʣʠ ʪʨʘʥʩʠʚʝʨ ʧʨʦʠʟʚʦʜʠʪ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʚ ʢʘʢʠʝ-ʥʠʙʫʜʴ ʜʨʫʛʠʝ (ʦʧʪʠʯʝʩʢʠʝ, ʨʘʜʠʦ, 

ʠʥʬʨʘʢʨʘʩʥʳʝ), ʪʘʢʦʝ ʫʩʪʨʦʡʩʪʚʦ ʥʘʟʳʚʘʶʪ ʢʦʥʚʝʨʪʦʨʦʤ ʩʨʝʜʳ.  



 

ʏʘʱʝ ʚʩʝʛʦ, ʧʨʠʤʝʥʷʶʪ ʦʧʪʦʚʦʣʦʢʦʥʥʳʝ ʪʨʘʥʩʠʚʝʨʳ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʪʦʨʳʭ 

ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪʴ ʜʦʧʫʩʪʠʤʫʶ ʜʣʠʥʫ ʢʘʙʝʣʷ ʩʝʪʠ, ʜʦʙʠʪʴʩʷ ʚʳʩʦʢʦʡ 

ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʩʝʢʨʝʪʥʦʩʪʠ.  

ʆʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ ʪʨʘʥʩʠʚʝʨʘ: 

¶ ɼʝʪʝʢʪʠʨʫʝʪ ʢʦʣʣʠʟʠʠ ʚ ʩʝʪʠ (Ethernet); 

¶ ʆʩʫʱʝʩʪʚʣʷʝʪ jabber-ʢʦʥʪʨʦʣʴ (ʧʨʦʚʝʨʢʘ ʟʘʪʷʥʫʚʰʝʡʩʷ ʧʝʨʝʜʘʯʠ); 

¶ ɿʘʱʠʪʘ ʘʜʘʧʪʝʨʘ ʦʪ ʧʝʨʝʧʘʜʦʚ U ʚ ʩʝʪʠ ʯʝʨʝʟ ʛʘʣʴʚʘʥʠʯʝʩʢʫʶ ʨʘʟʚʷʟʢʫ; 

¶ ʋʩʠʣʝʥʠʝ ʩʠʛʥʘʣʦʚ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʫʨʦʚʥʷ; 

¶ ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʩʠʛʥʘʣʦʚ ʠʟ ʦʜʥʦʡ ʬʦʨʤʳ ʚ ʜʨʫʛʫʶ. 
 

4.4   ʂʦʤʤʫʪʘʪʦʨ r
 

ʂʦʤʧʘʥʠ ̫ IDC ʜʘʣʘ ʩʣʝʜʫʶʱʝʝ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʤʤʫʪʘʪʦʨʘ ʜʣʷ ʃɺʉ: 

çʂʦʤʤʫʪʘʪʦʨ ʵʪʦ ʫʩʪʨʦʡʩʪʚʦ, ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʚʳʧʦʣʥʝʥʥʦʝ ʚ ʚʠʜʝ ʩʝʪʝʚʦʛʦ 

ʢʦʥʮʝʥʪʨʘʪʦʨʘ ʠ ʜʝʡʩʪʚʫʶʱʝʛʦ ʢʘʢ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʤʥʦʛʦʧʦʨʪʦʚʳʡ ʤʦʩʪ; 

ʚʩʪʨʦʝʥʥʳʡ ʤʝʭʘʥʠʟʤ ʢʦʤʤʫʪʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʠʪʴ ʰʠʨʦʢʦʚʝʱʘʪʝʣʴʥʦʝ 

ʩʝʛʤʝʥʪʠʨʦʚʘʥʠʝ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ, ʘ ʪʘʢʞʝ ʚʳʜʝʣʠʪʴ ʧʦʣʦʩʫ ʧʨʦʧʫʩʢʘʥʠʷ ʢʦʥʝʯʥʳʤ 

ʩʪʘʥʮʠʷʤ ʚ ʩʝʪʠè. 

ʂʦʤʤʫʪʘʪʦʨʳ ʜʝʣʷʪ ʥʘ ʢʣʘʩʩʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʭ ʦʙʣʘʩʪʷʤʠ ʧʨʠʤʝʥʝʥʠʷ: 

ʥʘʩʪʦʣʴʥʳʝ ʢʦʤʤʫʪʘʪʦʨʳ, ʢʦʤʤʫʪʘʪʦʨʳ ʨʘʙʦʯʠʭ ʛʨʫʧʧ, ʦʪʜʝʣʦʚ, ʤʘʛʠʩʪʨʘʣʴʥʳʝ 

(ʢʦʨʧʦʨʘʪʠʚʥʳʝ) ʢʦʤʤʫʪʘʪʦʨʳ. ʋ ʢʘʞʜʦʛʦ ʢʣʘʩʩʘ ʢʦʤʤʫʪʘʪʦʨʦʚ ʝʩʪʴ ʩʚʦʠ 

ʦʩʦʙʝʥʥʦʩʪʠ. ɺ ʢʦʥʩʪʨʫʢʪʠʚʥʦʤ ʦʪʥʦʰʝʥʠʠ ʢʦʤʤʫʪʘʪʦʨʳ ʜʝʣʷʪʩʷ ʥʘ ʪʠʧʳ: 

ʘ)  ʘʚʪʦʥʦʤʥʳʝ ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʦʨʪʦʚ; 

ʙ)  ʤʦʜʫʣʴʥʳʝ ʢʦʤʤʫʪʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʰʘʩʩʠ; 

ʚ)  ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʦʨʪʦʚ, ʩʦʙʠʨʘʝʤʳʝ ʚ ʩʪʝʢ. 

ʇʦ ʚʥʫʪʨʝʥʥʝʡ ʘʨʭʠʪʝʢʪʫʨʝ ʚʳʜʝʣʷʶʪ ʢʦʤʤʫʪʘʪʦʨʳ: 

¶ ʩ ʨʘʟʜʝʣʷʝʤʦʡ ʤʥʦʛʦʚʭʦʜʦʚʦʡ ʧʘʤʷʪʴʶ (ʨʠʩʫʥʦʢ 8 ʘ); 

¶ ʩ ʦʙʱʝʡ ʰʠʥʦʡ (ʨʠʩʫʥʦʢ 8 ʙ); 

¶ ʩ ʢʦʤʤʫʪʘʮʠʦʥʥʦʡ ʤʘʪʨʠʮʝʡ (ʨʠʩʫʥʦʢ 8 ʚ); 

¶ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʢʦʤʤʫʪʘʪʦʨʳ. 

ʂʦʤʤʫʪʘʪʦʨ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʮʝʥʪʨʘʣʴʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ. ʆʥ 

ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʩʚʷʟʠ ʫʩʪʨʦʡʩʪʚ ʚ ʩʝʪʠ ʠ ʜʦʩʪʘʚʢʠ ʢʘʜʨʦʚ ʫʨʦʚʥʷ 2 ʤʦʜʝʣʠ OSI. 

ʇʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʃɺʉ ʢʘʬʝʜʨʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʦʤʤʫʪʘʪʦʨʳ ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʧʦʨʪʦʚ ʜʣʷ ʨʘʙʦʯʠʭ ʛʨʫʧʧ (ʘʫʜ. 315 ʢʘʬʝʜʨʳ ʉʊʋ), ʫʧʨʘʚʣʷʝʤʳʝ 

ʢʦʤʤʫʪʘʪʦʨʳ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʷʜʨʘ ʩʝʪʠ.  



 

                          
                                                       ʘ) 

 
                                                              ʙ)                               ʚ) 

ʈʠʩʫʥʦʢ 8 - ɺʥʫʪʨʝʥʥʷʷ ʘʨʭʠʪʝʢʪʫʨʘ ʢʦʤʤʫʪʘʪʦʨʦʚ 
 

ʅʘ ʯʝʪʚʝʨʪʦʤ ʵʪʘʞʝ ʫʯʝʙʥʦʛʦ ʢʦʨʧʫʩʘ ʚ ʘʫʜ. 412 ʨʘʟʤʝʱʝʥ ʛʣʘʚʥʳʡ ʢʦʤʤʫʪʘʪʦʨ 

ʩʝʪʠ, ʦʥ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʙʦʪʫ ʧʦ ʧʝʨʝʜʘʯʝ ʜʘʥʥʳʭ ʤʝʞʜʫ ʩʝʪʷʤʠ ʚʩʝʭ ʢʦʤʤʫʪʘʪʦʨʦʚ 

ʫʯʝʙʥʦʛʦ ʢʦʨʧʫʩʘ. ʕʪʦ ʢʦʨʥʝʚʦʡ ʢʦʤʤʫʪʘʪʦʨ (root switch), ʦʪ ʢʦʪʦʨʦʛʦ ʬʦʨʤʠʨʫʝʪʩʷ 

ʩʝʪʴ (ʜʝʨʝʚʦ). 

5 ʂʨʠʪʝʨʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʩʝʪʝʡ 

 
ʇʨʠ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʙʦʪʳ ʃɺʉ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

ʚʳʜʝʣʠʪʴ ʢʨʠʪʝʨʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʝʪʠ ʠ ʧʘʨʘʤʝʪʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʧʦʢʘʟʘʪʝʣʠ 

ʢʨʠʪʝʨʠʝʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʂʨʠʪʝʨʠʷʤʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʃɺʉ ʷʚʣʷʶʪʩʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ ʩʝʪʠ.  

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʝʪʠ ʠʟʤʝʨʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʦʢʘʟʘʪʝʣʝʡ ʜʚʫʭ ʪʠʧʦʚ: 

¶ ʟʘʜʝʨʞʢʘ, ʚʥʦʩʠʤʘʷ ʚ ʩʝʪʴ ʧʨʠ ʦʙʤʝʥʝ ʜʘʥʥʳʤʠ (ʚʨʝʤʷ ʨʝʘʢʮʠʠ), 

¶ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ, ʧʦʢʘʟʳʚʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ, ʧʝʨʝʜʘʥʥʦʡ 

ʩʝʪʴʶ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ. 

 ʕʪʠ ʜʚʘ ʪʠʧʘ ʧʦʢʘʟʘʪʝʣʝʡ ʷʚʣʷʶʪʩʷ ʚʟʘʠʤʥʦ ʦʙʨʘʪʥʳʤʠ, ʠ, ʟʥʘʷ ʦʜʠʥ ʠʟ ʥʠʭ, ʤʦʞʥʦ 

ʚʳʯʠʩʣʠʪʴ ʜʨʫʛʦʡ. 

ɿʘʜʝʨʞʢʘ ʠʣʠ ʚʨʝʤʷ ʨʝʘʢʮʠʠ  ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ʤʝʞʜʫ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʟʘʧʨʦʩʘ ʧʦʣʴʟʦʚʘʪʝʣʷ ʢ ʢʘʢʦʤʫ-ʣʠʙʦ ʩʝʪʝʚʦʤʫ ʩʝʨʚʠʩʫ ʠ 

ʧʦʣʫʯʝʥʠʝʤ ʦʪʚʝʪʘ ʥʘ ʵʪʦʪ ʟʘʧʨʦʩ.  

ʇʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ 

ʤʝʞʜʫ ʢʦʤʧʴʶʪʝʨʘʤʠ. ɺ ʢʘʯʝʩʪʚʝ ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ ʧʝʨʝʜʘʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʘʢʝʪʳ (ʠʣʠ ʢʘʜʨʳ) ʠʣʠ ʙʠʪʳ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʦʧʫʩʢʥʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʠʟʤʝʨʷʝʪʩʷ ʚ ʧʘʢʝʪʘʭ ʚ ʩʝʢʫʥʜʫ [ʧʘʢʝʪ/ʩ] ʠʣʠ ʞʝ ʚ ʙʠʪʘʭ ʚ ʩʝʢʫʥʜʫ, 

ʙʠʪ/ʩ, ʄʙʠʪ/ʩ, ɻʙʠʪ/ʩ. 



 
 

ʅʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʝʪʠ ʚʣʠʷʶʪ ʧʘʨʘʤʝʪʨʳ: 
 

¶ ʪʠʧ ʚʳʙʨʘʥʥʦʡ ʜʣʷ ʃɺʉ ʩʝʪʝʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠ ʦʙʲʝʤ ʩʦʟʜʘʚʘʝʤʦʛʦ ʝʶ 

ʰʠʨʦʢʦʚʝʱʘʪʝʣʴʥʦʛʦ ʪʨʘʬʠʢʘ; 

¶ ʬʠʟʠʯʝʩʢʘʷ ʪʦʧʦʣʦʛʠʷ ʃɺʉ ʠ ʠʩʧʦʣʴʟʫʝʤʦʝ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʝ 
ʦʙʦʨʫʜʦʚʘʥʠʝ; 

¶ ʢʦʥʬʠʛʫʨʘʮʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʠ ʘʧʧʘʨʘʪʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʥʝʯʥʳʭ ʫʟʣʦʚ. 
 

5.1  ɺʣʠʷʥʠʝ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʃɺʉ ʪʠʧʘ ʩʝʪʝʚʦʡ ʪʝʭʥʦʣʦʛʠʠ 
 

ɿʘʜʘʯʘ ʚʳʙʦʨʘ ʩʝʪʝʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʃɺʉ ʨʝʰʘʝʪʩʷ ʥʘ ʢʘʥʘʣʴʥʦʤ ʠ 

ʬʠʟʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʤʦʜʝʣʠ OSI: Ethernet, Fast Ethernet, TokenRing, FDDI ʠ ʪ.ʜ. 

ʂʘʞʜʘʷ ʩʝʪʝʚʘʷ ʪʝʭʥʦʣʦʛʠʷ ʠʤʝʝʪ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ, ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʠ 

ʧʘʨʘʤʝʪʨʳ. ʇʦʵʪʦʤʫ ʧʨʠ ʚʳʙʦʨʝ ʩʝʪʝʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʤʦʞʥʦ ʚʣʠʷʪʴ ʥʘ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʩʝʪʠ. ɺʳʙʦʨ ʩʝʪʝʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʟʘʜʘʥʠʝ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʢʘʢ: 
 

¶ ʤʘʢʩʠʤʘʣʴʥʳʡ/ʤʠʥʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʢʘʜʨʘ, 

¶ ʚʝʣʠʯʠʥʘ ʪʘʡʤ-ʘʫʪʦʚ (ʚ ʪʦʤ ʯʠʩʣʝ ʚʨʝʤʷ ʞʠʟʥʠ ʧʘʢʝʪʘ), 

¶ ʧʨʠ ʫʩʪʘʥʦʚʣʝʥʠʠ ʩʦʝʜʠʥʝʥʠʷ ʟʘʜʘʝʪʩʷ ʨʘʟʤʝʨ ʦʢʥʘ ʥʝʧʦʜʪʚʝʨʞʜʝʥʥʳʭ 

ʧʘʢʝʪʦʚ (çʩʢʦʣʴʟʷʱʝʝ ʦʢʥʦè).  
 

ɺʨʝʤʷ ʜʦʩʪʫʧʘ ʢ ʩʨʝʜʝ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʚʨʝʤʝʥʠ ʧʝʨʝʜʘʯʠ ʠ ʚʨʝʤʝʥʠ 

ʦʞʠʜʘʥʠʷ ʜʦʩʪʫʧʘ. ɺʨʝʤʷ ʜʦʩʪʫʧʘ ʢ ʩʨʝʜʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʩʝʪʝʚʦʡ ʪʝʭʥʦʣʦʛʠʝʡ, 

ʪʘʢ ʠ ʩʪʝʧʝʥʴʶ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʩʝʪʠ. ɺ ʃɺʉ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʨʘʟʜʝʣʷʝʤʳʝ 

ʩʨʝʜʳ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʨʘʟʣʠʯʥʳʝ ʘʣʛʦʨʠʪʤʳ ʧʦʣʫʯʝʥʠʷ ʧʨʘʚʘ 

ʜʦʩʪʫʧʘ ʢ ʩʨʝʜʝ. ɺ Ethernet ʠ Fast Ethernet ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʣʛʦʨʠʪʤ ʩʣʫʯʘʡʥʦʛʦ 

ʜʦʩʪʫʧʘ ʩ ʦʙʥʘʨʫʞʝʥʠʝʤ ʢʦʣʣʠʟʠʡ CSMA/CD, ʘ ʚ TokenRing ʠ FDDI - ʘʣʛʦʨʠʪʤ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʡ ʧʝʨʝʜʘʯʝ ʪʦʢʝʥʘ ʜʦʩʪʫʧʘ.  

ɺʨʝʤʷ ʜʦʩʪʫʧʘ ʢ ʥʝʟʘʥʷʪʦʡ ʩʨʝʜʝ ʪʝʭʥʦʣʦʛʠʡ TokenRing ʠ FDDI ʚ 5 - 10 ʨʘʟ 

ʧʨʝʚʳʰʘʝʪ ʪʘʢʦʝ ʞʝ ʚʨʝʤʷ ʚ Ethernet, ʪʘʢ ʢʘʢ ʚ ʥʝʟʘʛʨʫʞʝʥʥʦʡ Ethernet ʢʦʤʧʴʶʪʝʨ 

ʤʛʥʦʚʝʥʥʦ ʧʦʣʫʯʘʝʪ ʜʦʩʪʫʧ, ʘ ʚ ʩʝʪʠ TokenRing ʦʥ ʜʦʞʠʜʘʝʪʩʷ ʧʨʠʭʦʜʘ ʤʘʨʢʝʨʘ 

ʜʦʩʪʫʧʘ. 

ɺʨʝʤʷ ʦʞʠʜʘʥʠʷ ʜʦʩʪʫʧʘ ʢ ʩʨʝʜʝ ʟʘʚʠʩʠʪ ʦʪ ʟʘʜʝʨʞʝʢ, ʚʦʟʥʠʢʘʶʱʠʭ ʠʟ-ʟʘ 

ʨʘʟʜʝʣʝʥʠʷ ʩʨʝʜʳ ʤʝʞʜʫ ʨʘʙʦʪʘʶʱʠʤʠ ʢʦʤʧʴʶʪʝʨʘʤʠ. ɺʨʝʤʷ ʦʞʠʜʘʥʠʷ ʟʘʚʠʩʠʪ ʦʪ 

ʘʣʛʦʨʠʪʤʘ ʜʦʩʪʫʧʘ ʠ ʦʪ ʩʪʝʧʝʥʠ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʩʨʝʜʳ (ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ), ʧʨʠʯʝʤ ʟʘʚʠʩʠʤʦʩʪʴ ʚʨʝʤʝʥʠ ʦʞʠʜʘʥʠʷ ʦʪ ʩʪʝʧʝʥʠ ʟʘʛʨʫʟʢʠ ʩʝʪʠ 

ʥʦʩʠʪ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ, ʨʠʩʫʥʦʢ 9. ɻʨʘʬʠʢʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʙʦʣʝʝ 

ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʩʨʝʜʳ Ethernet, ʜʣʷ ʢʦʪʦʨʦʛʦ ʨʝʟʢʠʡ ʨʦʩʪ ʚʨʝʤʝʥʠ 

ʦʞʠʜʘʥʠʷ ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ ʚʝʣʠʯʠʥʘʭ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 30% - 50%. 

ʇʦʵʪʦʤʫ ʜʣʷ ʥʦʨʤʘʣʴʥʦʡ ʨʘʙʦʪʳ ʩʝʪʠ ʩʝʛʤʝʥʪʳ Ethernet ʥʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ 

ʥʘʛʨʫʞʘʪʴ ʩʚʳʰʝ 30%. 

 
 



 

 
 

ʈʠʩʫʥʦʢ 9 - ʉʨʘʚʥʝʥʠʝ ʟʘʜʝʨʞʝʢ ʜʦʩʪʫʧʘ ʢ ʩʨʝʜʝ ʚ ʩʝʪʷʭ Ethernet ʠ TokenRing 
 

ɼʣʷ ʩʝʪʝʚʦʡ ʪʝʭʥʦʣʦʛʠʠ Ethernet ʩʪʘʥʜʘʨʪʦʚ 10 Base-5 (ʥʘ ʢʘʙʝʣʝ ʪʦʣʩʪʳʡ 

ʢʦʘʢʩʠʘʣ), 10 Base-2 (ʥʘ ʢʘʙʝʣʝ ʪʦʥʢʠʡ ʢʦʘʢʩʠʘʣ), 10 Base-ʊ (ʥʘ ʢʘʙʝʣʝ ʚʠʪʘʷ ʧʘʨʘ), 

10 Base-FL (ʥʘ ʦʧʪʠʯʝʩʢʦʤ ʢʘʙʝʣʝ) ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʩʠʛʥʘʣʘ ɜi ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʟʘʜʝʨʞʝʢ ki, ʪ.ʝ. 

ʫʤʝʥʴʰʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʘ ʚ ʢʘʙʝʣʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʢʦʨʦʩʪʴʶ ʩʚʝʪʘ ʚ 

ʚʘʢʫʫʤʝ ʥʘ ʦʩʥʦʚʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 3 ʟʥʘʯʝʥʠʡ ʟʘʜʝʨʞʝʢ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʩʠʛʥʘʣʘ. 
 

ʊʘʙʣʠʮʘ 3- ɿʘʜʝʨʞʢʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ ʚ ʙʠʪʦʚʳʭ ʠʥʪʝʨʚʘʣʘʭ 
 

 
 

ʈʘʩʩʯʠʪʘʝʤ ʜʣʷ ʪʦʣʩʪʦʛʦ ʢʦʘʢʩʠʘʣʴʥʦʛʦ ʢʘʙʝʣʷ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʩʠʛʥʘʣʘ ɜʊʂ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʜʝʨʞʢʠ kʊʂ  ʨʘʚʥʝr: 
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ɿʜʝʩʴ  Ű ï ʚʝʣʠʯʠʥʘ ʙʠʪʦʚʦʛʦ ʠʥʪʝʨʚʘʣʘ, 10Base-5, Ű=0,1 ʤʢʩ, 

           ʉ ï ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ, ʉ = 300 000 ʢʤ/ʩ. 
 

ʈʘʩʩʯʠʪʘʝʤ ʜʣʷ ʪʦʥʢʦʛʦ ʢʦʘʢʩʠʘʣʴʥʦʛʦ ʢʘʙʝʣ ̫ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʩʠʛʥʘʣʘ ɜʊʂ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʜʝʨʞʢʠ kʊʂ   ʨʘʚʥʝr: 
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ɼʣʷ ʢʘʙʝʣʷ ʚʠʪʘʷ ʧʘʨʘ: 
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ɼʣʷ ʦʧʪʦʚʦʣʦʢʦʥʥʦʛʦ ʢʘʙʝʣʷ: 
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ʇʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ. ɺ ʢʘʯʝʩʪʚʝ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚ ʃɺʉ 

Ethernet ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʚʝʣʠʯʠʥʳ: 

¶ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʜʣʷ ʢʘʥʘʣʘ ʩʚʷʟʠ ʉ [ʙʠʪ/ʩ], ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 

ʧʨʝʜʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ; 

¶ ʧʦʣʝʟʥʘʷ  ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ (ʵʬʬʝʢʪʠʚʥʘʷ) ʢʘʥʘʣʘ ʩʚʷʟʠ Cn [ʙʠʪ/ʩ], 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʧʨʝʜʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʙʝʟ ʫʯʝʪʘ 

ʧʝʨʝʜʘʚʘʝʤʳʭ ʩʣʫʞʝʙʥʳʭ ʩʠʤʚʦʣʦʚ ʚ ʟʘʛʦʣʦʚʢʘʭ ʠ ʢʦʥʮʝʚʠʢʘʭ ʢʘʜʨʘ ʠ ʙʝʟ 

ʫʯʝʪʘ ʚʦʟʤʦʞʥʳʭ ʧʨʦʩʪʦʝʚ ʢʘʥʘʣʘ ʩʚʷʟʠ ʠ ʢʦʣʣʠʟʠʡ ʚ ʥʝʤ; 

¶ ʨʝʘʣʴʥʘʷ  ʩʢʦʨʦʩʪʴ (ʬʘʢʪʠʯʝʩʢʘʷ) ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ Cʨ [ʙʠʪ/ʩ], 

ʦʧʨʝʜʝʣʷʝʤʘʷ ʩ ʫʯʝʪʦʤ ʚʦʟʤʦʞʥʳʭ ʧʨʦʩʪʦʝʚ ʢʘʥʘʣʘ ʠ ʢʦʣʣʠʟʠʡ; 

¶ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʨʝʜʳ ʧʝʨʝʜʘʯʠ ʇ [ʧʘʢʝʪʦʚ/ʩ ʠʣʠ ʢʘʜʨʦʚ/ʩ], 

ʠʟʤʝʨʷʝʤʘʷ ʢʦʣʠʯʝʩʪʚʦʤ ʢʘʜʨʦʚ, ʧʝʨʝʜʘʚʘʝʤʳʭ ʟʘ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ. 
 

ʇʦʯʪʠ ʚʩʝ ʩʝʪʝʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʃɺʉ ʧʦʜʜʝʨʞʠʚʘʶʪ ʦʜʥʫ ʬʠʢʩʠʨʦʚʘʥʥʫʶ 

ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ: Ethernet  10 ʄʙʠʪ/ʩ, FDDI, Fast Ethernet  100 ʄʙʠʪ/c. 

5.2   ɺʣʠʷʥʠʝ ʨʘʟʤʝʨʘ ʢʘʜʨʘ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʝʪʠ 

 

ʈʘʟʤʝʨ ʧʘʢʝʪʘ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʧʦʚʣʠʷʪʴ ʥʘ ʵʬʬʝʢʪʠʚʥʫʶ 

ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ, ʘ ʟʥʘʯʠʪ ʠ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʝʪʠ. ʅʘʧʨʠʤʝʨ, 

ʵʬʬʝʢʪʠʚʥʘʷ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ Ethernet ʠʟʤʝʥʠʪʩʷ, ʝʩʣʠ ʚʤʝʩʪʦ ʢʘʜʨʦʚ 

ʤʠʥʠʤʘʣʴʥʦʡ ʜʣʠʥʳ ʧʨʠ ʦʙʤʝʥʝ ʜʘʥʥʳʤʠ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʜʨʳ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʣʠʥʳ ʩ ʧʦʣʝʤ ʜʘʥʥʳʭ ʚ 1518 ʙʘʡʪ, ʢʘʢ ʵʪʦ ʦʧʨʝʜʝʣʝʥʦ ʚ ʩʪʘʥʜʘʨʪʝ. 



 

ʆʧʨʝʜʝʣʠʤ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʇi [ʢʘʜʨʦʚ/ʩ] ʩʨʝʜʳ ʧʝʨʝʜʘʯʠ ʜʣʷ 

ʢʘʜʨʦʚ ʤʠʥʠʤʘʣʴʥʦʡ ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ  ʜʣʠʥʳ (ʩʤ. ʨʠʩʫʥʦʢ 10) ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʩʝʪʝʚʦʡ ʪʝʭʥʦʣʦʛʠʠ Ethernet. 
 

 
    ʇ ï ʧʨʝʘʤʙʫʣʘ 8 ʙʘʡʪ, 

    ʂʘʜʨmin: 14 ʙʘʡʪ ï ʟʘʛʦʣʦʚʦʢ, 46 ʙʘʡʪ ï ʜʘʥʥʳʝ, 4 ʙʘʡʪʘ ï ʢʦʥʮʝʚʠʢ;   

     ʂʘʜʨmax: 14 ʙʘʡʪ ï ʟʘʛʦʣʦʚʦʢ, 1500 ʙʘʡʪï ʜʘʥʥʳʝ, 4 ʙʘʡʪʘ ï ʢʦʥʮʝʚʠʢ; 

     ʄʂʀ ï ʤʝʞʢʘʜʨʦʚʳʡ ʠʥʪʝʨʚʘʣ, ʩʦʩʪʘʚʣʷʶʱʠʡ 96 bt. 
 

ʈʠʩʫʥʦʢ 10  ʂʘʜʨʳ Ethernet 

 

ɼʣʷ ʢʘʜʨʦʚ ʤʠʥʠʤʘʣʴʥʦʡ ʜʣʠʥʳ ʨʘʩʩʯʠʪʘʝʤ ʜʣʠʥʫ ʢʘʜʨʘ ʚ ʙʠʪʘʭ, ʚʨʝʤʷ 

ʧʝʨʝʜʘʯʠ ʢʘʜʨʘ, ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʚ ʢʘʜʨʘʭ/ʩ. 
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ɼʣʷ ʢʘʜʨʦʚ ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʣʠʥʳ ʨʘʩʩʯʠʪʘʝʤ ʜʣʠʥʫ ʢʘʜʨʘ ʚ ʙʠʪʘʭ, ʚʨʝʤʷ 

ʧʝʨʝʜʘʯʠ ʢʘʜʨʘ, ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʚ ʢʘʜʨʘʭ/ʩ. 
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ʀʩʧʦʣʴʟʫʷ ʵʪʫ ʬʦʨʤʫʣʫ, ʣʝʛʢʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦʣʝʟʥʫʶ (ʵʬʬʝʢʪʠʚʥʫʶ) ʧʨʦʧʫʩʢ-

ʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʥʘʣʘ ʩʚʷʟʠ ʧʨʠ ʧʝʨʝʜʘʯʝ ʢʘʜʨʦʚ 

ʤʠʥʠʤʘʣʴʥʦʡ ʜʣʠʥʳ: 
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                                   (3)

 

ʇʦʣʝʟʥʘʷ (ʵʬʬʝʢʪʠʚʥʘʷ) ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʷ ʢʘʥʘʣʘ ʩʚʷʟʠ ʧʨʠ ʧʝʨʝʜʘʯʝ ʢʘʜʨʦʚ ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʣʠʥʳ:  
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                               (4) 

 

ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʯʝʪ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʨʘʟʤʝʨʘ ʢʘʜʨʘ 

ʵʬʬʝʢʪʠʚʥʘʷ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ Ethernet ʩʫʱʝʩʪʚʝʥʥʦ, ʧʦʯʪʠ ʚ 2 ʨʘʟʘ, 

ʫʚʝʣʠʯʠʣʘʩʴ - ʩ 5.48 ʄʙ/ʩ ʜʦ 9.76 ʄʙ/ʩ, ʪ.ʝ. ʨʘʟʤʝʨ ʢʘʜʨʘ ʵʪʦ ʧʘʨʘʤʝʪʨ, ʢʦʪʦʨʳʡ ʚ 

ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʚʣʠʷʝʪ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʝʪʠ. 

ʈʘʙʦʪʘ ʩ ʢʘʜʨʘʤʠ ʙʦʣʴʰʠʭ ʨʘʟʤʝʨʦʚ ʧʦʚʳʰʘʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʝʪʠ ʥʝ 

ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʨʘʩʭʦʜʦʚ ʥʘ ʩʣʫʞʝʙʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʟʘʛʦʣʦʚʢʘ ʠ 

ʢʦʥʮʝʚʠʢʘ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʦʣʴʰʠʭ ʧʘʢʝʪʦʚ ʧʦʚʳʰʘʝʪʩʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʨʘʙʦʪʘʶʱʝʛʦ ʩ ʢʘʜʨʘʤʠ ʠ ʧʘʢʝʪʘʤʠ, ʪʦ ʝʩʪʴ 

ʤʦʩʪʦʚ, ʢʦʤʤʫʪʘʪʦʨʦʚ ʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʚ. ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʧʦʪʦʤʫ, ʯʪʦ ʧʨʠ 

ʧʝʨʝʜʘʯʝ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʦʙʲʝʤʘ ʠʥʬʦʨʤʘʮʠʠ ʢʦʣʠʯʝʩʪʚʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʙʦʣʴʰʠʭ 

ʢʘʜʨʦʚ ʤʝʥʴʰʝ, ʢʦʣʠʯʝʩʪʚʘ ʤʘʣʝʥʴʢʠʭ, ʘ ʪʘʢ ʢʘʢ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ 

ʪʨʘʪʠʪ ʚʨʝʤʷ ʥʘ ʦʙʨʘʙʦʪʢʫ ʢʘʞʜʦʛʦ ʢʘʜʨʘ, ʪʦ  ʚʨʝʤʝʥʥʳʝ ʧʦʪʝʨʠ ʧʨʠ ʧʨʦʜʚʠʞʝʥʠʷ 

ʙʦʣʴʰʠʭ ʢʘʜʨʦʚ (ʧʘʢʝʪʦʚ) ʤʦʩʪʘʤʠ, ʢʦʤʤʫʪʘʪʦʨʘʤʠ ʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤʠ ʙʫʜʫʪ 

ʤʝʥʴʰʝ. 

5.3   ʉʨʘʚʥʝʥʠʝ ʩʝʪʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ 
 

ʇʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʩʝʪʝʚʦʡ ʪʝʭʥʦʣʦʛʠʠ. ʇʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʠ ʤʦʞʥʦ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ, ʦʨʠʝʥʪʠʨʫʷʩʴ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʢʦʤʧʘʥʠʡ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʜʘʥʥʫʶ 

ʪʝʭʥʦʣʦʛʠʶ. ʊʘʢ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʧʨʦʪʦʢʦʣ ï Fast Ethernet ʧʦʜʜʝʨʞʠʚʘʶʪ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʣʦʢʘʣʴʥʳʭ ʩʝʪʝʡ (ʙʦʣʝʝ 100 

ʠʟʚʝʩʪʥʳʭ ʢʦʤʧʘʥʠʡ), ʘ ʧʨʦʪʦʢʦʣ HSTR ʧʦʜʜʝʨʞʠʚʘʶʪ ʪʦʣʴʢʦ 30 ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ.  

ʉʪʦʠʤʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʨʝʘʣʠʟʫʶʱʝʛʦ ʜʘʥʥʫʶ ʪʝʭʥʦʣʦʛʠʶ. ʕʪʦʪ ʬʘʢʪʦʨ - 

ʦʜʠʥ ʠʟ ʛʣʘʚʥʳʭ, ʦʙʝʩʧʝʯʠʚʰʠʭ ʧʨʝʦʙʣʘʜʘʥʠʝ ʧʨʦʪʦʢʦʣʘ Ethernet ʚ ʣʦʢʘʣʴʥʳʭ ʩʝʪʷʭ 

ʠ ʩʜʝʨʞʠʚʘʶʱʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʜʨʫʛʠʭ ʪʝʭʥʦʣʦʛʠʡ. Fast Ethernet ʫʥʘʩʣʝʜʦʚʘʣ ʦʪ 

10 ʄʙʠʪ/ʩ Ethernet ʧʨʦʩʪʦʪʫ ʘʣʛʦʨʠʪʤʦʚ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤʠʥʠʤʘʣʴʥʫʶ ʩʪʦʠʤʦʩʪʴ 

ʩʨʝʜʠ ʚʩʝʭ ʧʨʦʪʦʢʦʣʦʚ ʣʦʢʘʣʴʥʳʭ ʩʝʪʝʡ. ʇʨʦʩʪʦʪʘ ʫʩʪʘʥʦʚʢʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ; 

ʥʝʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʧʨʦʩʪʦʪʦʡ ʠ ʥʝʚʳʩʦʢʦʡ 

ʩʪʦʠʤʦʩʪʴʶ ʩʝʪʝʚʳʭ ʘʜʘʧʪʝʨʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʢʘʙʝʣʷ ʠ ʩʭʝʤ 

ʧʨʦʢʣʘʜʢʠ ʢʘʙʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʜʘʝʪ ʧʨʝʠʤʫʱʝʩʪʚʘ ʪʝʭʥʦʣʦʛʠʠ Ethernet. ʉʝʪʴ 

ʢʘʬʝʜʨʳ ʦʨʛʘʥʠʟʦʚʘʥʘ ʧʦ ʪʝʭʥʦʣʦʛʠʠ Fast Ethernet. 

 

5.4   ɺʣʠʷʥʠʝ ʪʦʧʦʣʦʛʠʠ ʩʝʪʠ ʥʘ ʝʝ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ 
 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʃɺʉ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʥʝʙʣʦʢʠʨʫʶʱʠʭ ʢʦʤʤʫʪʘʪʦʨʦʚ 

ʧʨʝʜʦʧʨʝʜʝʣʠʣʦ ʬʠʟʠʯʝʩʢʫʶ ʪʦʧʦʣʦʛʠʶ ʩʝʪʠ ï ʜʝʨʝʚʦ. ʇʨʠ ʵʪʦʤ ʦʙʱʘʷ ʧʨʦʠʟʚʦʜʠ-



 

ʪʝʣʴʥʦʩʪʴ ʢʦʤʤʫʪʘʪʦʨʘ ʜʦʣʞʥʘ ʙʳʪʴ ʙʦʣʴʰʝ ʠʣʠ ʨʘʚʥʘ ʩʫʤʤʘʨʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʪʨʘʬʠʢʘ:  
 

                                           ,ä² ij ijPʇ  

ʛʜʝ ʇ - ʦʙʱʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʢʦʤʤʫʪʘʪʦʨʘ,  

      Pij  - ʩʨʝʜʥʷʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʨʘʬʠʢʘ ʦʪ i-ʛʦ ʢ j-ʤʫ ʧʦʨʪʫ; ʩʫʤʤʘ ʙʝʨʝʪʩʷ ʧʦ ʚʩʝʤ 

ʧʦʨʪʘʤ ʢʦʤʤʫʪʘʪʦʨʘ. 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʢʘʞʜʦʛʦ ʧʦʨʪʘ ʢʦʤʤʫʪʘʪʦʨʘ ʜʦʣʞʥʘ ʙʳʪʴ 

ʥʝ ʤʝʥʴʰʝ ʩʨʝʜʥʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʫʤʤʘʨʥʦʛʦ ʪʨʘʬʠʢʘ, ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ ʧʦʨʪ: 

,ää +²
i ikj kjk PPC  

ʛʜʝ ʉk - ʥʦʤʠʥʘʣʴʥʘʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ k-ʛʦ ʧʦʨʪʘ, ʜʣʷ ʩʝʪʠ 

Ethernet ʉk ʨʘʚʥʦ 10 ʄʙʠʪ/ʩ. ʇʝʨʚʘʷ ʩʫʤʤʘ ʨʘʚʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʳʭʦʜʷʱʝʛʦ ʠʟ 

ʧʦʨʪʘ ʪʨʘʬʠʢʘ, ʘ ʚʪʦʨʘʷ - ʚʭʦʜʷʱʝʛʦ. ʌʦʨʤʫʣʘ ʟʘʧʠʩʘʥʘ ʜʣʷ ʧʦʨʪʘ ʢʦʤʤʫʪʘʪʦʨʘ, 

ʨʘʙʦʪʘʶʱʝʛʦ ʚ ʩʪʘʥʜʘʨʪʥʦʤ ʧʦʣʫʜʫʧʣʝʢʩʥʦʤ ʨʝʞʠʤʝ, ʜʣʷ ʧʦʣʥʦʜʫʧʣʝʢʩʥʦʛʦ 

ʨʝʞʠʤʘ ʚʝʣʠʯʠʥʫ ʉk=20 ʄʙʠʪ/ʩ.  

ɼʣʷ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʢʦʤʤʫʪʘʪʦʨʦʚ ʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʚ, 

ʧʨʦʚʦʜʠʪʩʷ ʪʝʩʪʠʨʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʚʳʧʦʣʥʷʝʤʳʝ ʚ ʩʧʝʮʠʘʣʴʥʳʭ 

ʪʝʩʪʦʚʳʭ ʣʘʙʦʨʘʪʦʨʠʷʭ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʠʚʦʜʷʪʩʷ ʚ ʪʘʙʣʠʮʝ 4. 
 

               ʊʘʙʣʠʮʘ 4 ï ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʢʦʤʤʫʪʘʪʦʨʦʚ 
 

ʄʦʜʝʣʴ ʢʦʤʤʫʪʘʪʦʨʘ 
ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʇ [ʢʘʜʨʦʚ/ʩ] 

ʥʘ ʦʜʠʥ ʧʦʨʪ  

3Com LANplex 6012 4050 

Madge LANswitch 4400 

DECswitch 900EF +GIGAswitch 4400 

Cisco Catalyst 5000 4900 

Cisco Catalyst 2800 4500 
 

5.5   ʅʘʩʪʨʦʡʢʘ ʘʧʧʘʨʘʪʥʳʭ ʠ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʢʦʥʝʯʥʳʭ ʫʟʣʦʚ 
 

ʂʦʥʝʯʥʳʤʠ ʫʟʣʘʤʠ ʩʝʪʠ ʷʚʣʷʶʪʩʷ ʢʦʤʧʴʶʪʝʨʳ, ʠ ʦʪ ʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ 

ʥʘʜʝʞʥʦʩʪʠ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʷʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʩʝʡ ʃɺʉ ʚ ʮʝʣʦʤ. ʂʦʤʧʴʶʪʝʨʳ 

ʷʚʣʷʶʪʩʷ ʮʝʥʪʨʘʤʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʠ ʥʘʨʘʚʥʝ ʩʦ ʩʧʝʮʠʘʣʴʥʳʤʠ 

ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʥʝʩʫʪ ʦʙʷʟʘʥʥʦʩʪʠ ʧʦ ʦʨʛʘʥʠʟʘʮʠʠ ʩʝʪʝʚʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʂʦʤʧʴʶʪʝʨʳ ʨʝʘʣʠʟʫʶʪ ʧʨʦʪʦʢʦʣʳ ʚʩʝʭ ʫʨʦʚʥʝʡ ʤʦʜʝʣʠ OSI, 

ʥʘʯʠʥʘʷ ʦʪ ʬʠʟʠʯʝʩʢʦʛʦ ʠ ʢʘʥʘʣʴʥʦʛʦ (ʩʝʪʝʚʦʡ ʘʜʘʧʪʝʨ ʠ ʜʨʘʡʚʝʨ) ʠ ʢʦʥʯʘʷ 

ʧʨʠʢʣʘʜʥʳʤ ʫʨʦʚʥʝʤ (ʧʨʠʣʦʞʝʥʠʷ ʠ ʩʝʪʝʚʳʝ ʩʣʫʞʙʳ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ).  

 



 

ʆʧʪʠʤʠʟʘʮʠʷ ʢʦʤʧʴʶʪʝʨʘ ʚʢʣʶʯʘʝʪ ʜʚʝ ʥʝʟʘʚʠʩʠʤʳʝ ʟʘʜʘʯʠ: 

1. ɺʳʙʦʨ ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʠ ʘʧʧʘʨʘʪʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʦʙʝʩʧʝʯʠʚʘʪʁ ʦʧʪʠʤʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ 

ʢʦʤʧʴʶʪʝʨʘ. ʕʪʦ - ʪʠʧ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʩʝʪʝʚʦʛʦ ʘʜʘʧʪʝʨʘ, ʨʘʟʤʝʨ ʬʘʡʣʦʚʦʛʦ ʢʵʰʘ, 

ʚʣʠʷʶʱʠʡ ʥʘ ʩʢʦʨʦʩʪʴ ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ ʥʘ ʩʝʨʚʝʨʝ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʜʠʩʢʦʚ ʠ 

ʜʠʩʢʦʚʦʛʦ ʢʦʥʪʨʦʣʣʝʨʘ, ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ (CPU) ʠ ʪ.ʧ. 

2. ɺʳʙʦʨ ʪʘʢʠʭ ʧʨʦʪʦʢʦʣʦʚ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚ ʢʦʤʧʴʶʪʝʨʝ, ʛʘʨʘʥʪʠʨʫʶʪ 

ʵʬʬʝʢʪʠʚʥʫʶ ʠ ʥʘʜʝʞʥʫʶ ʨʘʙʦʪʫ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʨʝʜʩʪʚ ʩʝʪʠ, ʥʘʧʨʠʤʝʨ, TCP/IP. 

6.   ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʣʦʢʘʣʴʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʝʪʠ ʢʘʬʝʜʨʳ ʉʊʋ 

6.1   ɺʳʙʦʨ ʩʪʨʫʢʪʫʨʳ ʣʦʢʘʣʴʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʝʪʠ 
 

ɺ ʃɺʉ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʘʟʜʝʣʷʝʤʘʷ ʩʨʝʜʘ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

(ʤʦʥʦʢʘʥʘʣ) ʠ ʛʣʘʚʥʘʷ ʨʦʣʴʠʦʪʚʦʜʠʪʩʷ ʧʨʦʪʦʢʦʣʘʤ ʬʠʟʠʯʝʩʢʦʛʦ ʠ ʢʘʥʘʣʴʥʦʛʦ 

ʫʨʦʚʥʝʡ, ʦʥʠ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʦʪʦʙʨʘʞʘʶʪ ʩʧʝʮʠʬʠʢʫʠʣʦʢʘʣʴʥʳʭ ʩʝʪʝʡ.  

ʉʝʪʝʚʘʷ ʪʝʭʥʦʣʦʛʠʷ ï ʵʪʦ ʩʦʛʣʘʩʦʚʘʥʥʳʡ ʢʦʤʧʣʝʢʪʠʩʪʘʥʜʘʨʪʥʳʭ ʧʨʦʪʦʢʦ-

ʣʦʚ ʠ ʠʨʝʘʣʠʟʫʶʱʠʭ ʠʭ ʧʨʦʛʨʘʤʤʥʦ -ʠʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʧʦʩʪ-

ʨʦʝʥʠʷ ʠʣʦʢʘʣʴʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʝʪʠ.  

ʉʝʪʝʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠʤʝʥʫʶʪ ʙʘʟʠʩʥʳʤʠ ʠʪʝʭʥʦʣʦʛʠʷʤʠ ʠʣʠ ʞʝ 

ʩʝʪʝʚʳʤʠʠʘʨʭʠʪʝʢʪʫʨʘʤʠ ʣʦʢʘʣʴʥʳʭ ʩʝʪʝʡ. ʉʝʪʝʚʘʷ ʪʝʭʥʦʣʦʛʠʷ ʦʧʨʝʜʝʣʷʝʪ 

ʪʦʧʦʣʦʛʠʶ ʠ ʩʧʦʩʦʙʠʜʦʩʪʫʧʘ ʢ ʩʨʝʜʝ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʢʘʙʝʣʴʥʫʶ ʠʩʠʩʪʝʤʫ ʠʣʠ ʞʝ 

ʩʨʝʜʫʠʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʠʬʦʨʤʘʪ ʩʝʪʝʚʳʭ ʢʘʜʨʦʚ, ʢʦʜʠʨʦʚʢʫʠʩʠʛʥʘʣʦʚ, ʩʢʦʨʦʩʪʴ 

ʧʝʨʝʜʘʯʠ ʚ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ. ɺ ʠʧʝʨʝʜʦʚʳʭ ʃɺʉ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ 

ʪʝʭʥʦʣʦʛʠʠ Ethernet, Fast Ethernet, FDDI. ʈʘʩʩʤʦʪʨʠʤ ʪʝʭʥʦʣʦʛʠʶ Fast Ethernet 

ʧʨʘʚʠʣʘ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʢʦʪʦʨʦʛʦ ʠʦʩʥʦʚʘʥʳ ʥʘ ʩʪʘʥʜʘʨʪʝ IEEE 802.3u: 
 

ʊʘʙʣʠʮʘ 5 - ʉʪʘʥʜʘʨʪ Fast Ethernet IEEE 802.3 u 

 

ʉʧʝʮʠʬʠʢʘʮʠʠ 

Ethernet 

ʉʢʦʨʦʩʪʴ 

ʧʝʨʝʜʘʯʠ, baud 
ʂʦʜʠʨʦʚʘʥʠʝ ʂʘʙʝʣʴʥʘʷ ʩʠʩʪʝʤʘ 

Duplex 

ʨʝʞʠʤ 

10Base-T 10 Mbd Manchester II 2 ʧʘʨʳ UTP 3 ʢʘʪ. + 

100Base-TX  125 Mbd 
4B/5B,  

MLT-3 

2 ʧʘʨʳ UTP 5 ʢʘʪ., 

STP 1 
+ 

100Base-T4 33 Mbd 8B/6T 4 ʧʘʨʳ UTP 3 ʢʘʪ. - 

100Base-T2 25 Mbd PAM-5 2 ʧʘʨʳ UTP 3 ʢʘʪ. + 

100Base-FX 125 Mbd 4B/5B, NRZI ʆʧʪʦʚʦʣʦʢʥʦ + 
 

 

 



 

100Base-TX . 

1. ʠʌʠʟʠʯʝʩʢʘʠ̫ʪʦʧʦʣʦʛʠ ̫ʪʠʧʘ ɿʚʝʟʜʘ ʙʝʟ ʦʪʚʝʪʚʣʝʥʠʡ ʠ ʮʠʢʣʦʚ. 

2. ʀʩʧʦʣʴʟʫʝʪʩʷ ʠʢʘʙʝʣʴ ʢʘʪʝʛʦʨʠʠ 5 ʠʣʠ 5ʝ. 

3. ʂʣʘʩʩʠʧʨʠʤʝʥʷʝʤʳʭ ʧʦʚʪʦʨʠʪʝʣʝʡ ʦʧʨʝʜʝʣʷʝʪ ʯʠʩʣʝʥʥʦʩʪʴ ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ, 

ʢʦʪʦʨʳʝʠʚʦʟʤʦʞʥʦ ʢʘʩʢʘʜʠʨʦʚʘʪʴ. ʂʣʘʩʩ 1: ʚʦʟʤʦʞʥʦ ʩʪʳʢʦʚʘʪʴ ʜʦ 5 ʠʢʦʥʮʝʥ-

ʪʨʘʪʦʨʦʚ ʚʢʣʶʯʠʪʝʣʴʥʦ, ʧʨʠʤʝʥʷʷ ʦʩʦʙʳʡ ʢʘʩʢʘʜʠʨʫʶʱʠʡ ʢʘʙʝʣʴ. ʂʣʘʩʩ 2: 

ʚʦʟʤʦʞʥʦ ʠʩʪʳʢʦʚʘʪʴ ʣʠʰʴ 2ʠʢʦʥʮʝʥʪʨʘʪʦʨʘ, ʧʨʠʤʝʥʷʷ ʚʠʪʫʶ ʧʘʨʫ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ 

ʩʨʝʜʦʟʘʚʠʩʠʤʳʭ ʠʧʦʨʪʦʚ MDI ʦʙʦʠʭ ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ.  

4. ɼʣʠʥʘʠʩʝʛʤʝʥʪʘ ʦʛʨʘʥʠʯʝʥʘ 100 ʤʝʪʨʘʤʠ. 

5. ɼʠʘʤʝʪʨ ʩʝʪʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 205 ʤʝʪʨʦʚ.  

6. ʄʝʪʦʜ ʜʦʩʪʫʧʘ ʚ ʧʦʣʫʜʫʧʣʝʢʩʥʦʤ ʨʝʞʠʤʝ - CSMA/CD. 

7. ɺ 100Base-TX ʠʤʝʝʪʩʷ ʬʫʥʢʮʠʷ ʘʚʪʦʧʝʨʝʛʦʚʦʨʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʘʚʪʦ- 

ʤʘʪʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ (10 ʠʣʠ 100 ʄʙʠʪ/ʩ) ʤʝʞʜʫ ʜʚʫʤʷ 

ʫʟʣʘʤʠ ʧʫʪʝʤ ʧʦʩʳʣʢʠ ʧʨʠ ʧʦʜʢʣʶʯʝʥʠʠ ʧʘʯʢʠ ʩʧʝʮʠʘʣʴʥʳʭ ʠʤʧʫʣʴʩʦʚ FLP ï Fast 

Link Pulse burst ï ʩʦ ʩʪʦʨʦʥʳ ʫʩʪʨʦʡʩʪʚʘ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʥʘ ʩʢʦʨʦʩʪʠ 100 

ʄʙʠʪ/ʩ. ɽʩʣʠ ʧʦʣʫʯʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ ʥʝ ʦʪʢʣʠʢʘʝʪʩʷ ʥʘ ʵʪʠ ʠʤʧʫʣʴʩʳ, ʵʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʦʥʦ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʪʦʣʴʢʦ ʥʘ ʩʢʦʨʦʩʪʠ 10 ʄʙʠʪ/ʩ, ʠ ʧʝʨʚʦʝ 

ʫʩʪʨʦʡʩʪʚʦ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʨʝʞʠʤ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 10 ʄʙʠʪ/ʩ. 
 

100Base-FX. 
 

1. ʊʝʭʥʦʣʦʛʠʠ 100Base-ʊX ʠ 100Base-FX, ʥʝʩʤʦʪʨʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʥʳʭ 

ʢʘʙʝʣʴʥʳʭ ʩʠʩʪʝʤ, ʠʤʝʶʪ ʤʥʦʛʦ ʦʙʱʝʛʦ ʚ ʧʦʩʪʨʦʝʥʠʠ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ, ʚ ʪʦʤ 

ʯʠʩʣʝ, ʦʜʠʥʘʢʦʚʳʡ ʤʝʪʦʜ ʣʦʛʠʯʝʩʢʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ ï 4ɺ/5ɺ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʘʭ 

ʬʠʟʠʯʝʩʢʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ MLT-3 ʚ 100Base-TX ʠ NRZI ʚ 100Base-FX.  

2. ʄʘʢʩʠʤʘʣʴʥʦʝʠʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 2-ʤʷ ʫʩʪʨʦʡʩʪʚʘʤʠ ï 2 ʢʤ ʧʨʠ ʧʦʣʥʦʜʫʧ- 

ʣʝʢʩʥʦʤʠʩʦʝʜʠʥʝʥʠʠ ʠ 412 ʤ ʧʨʠʠʧʦʣʫʜʫʧʣʝʢʩʥʦʤ ʨʝʞʠʤʝ ʜʣʷ ʢʦʤʤʫʪʠʨʫʝʤʳʭ 

ʩʦʝʜʠʥʝʥʠʡ.  

3. ʈʘʩʩʪʦʷʥʠʝʠʤʝʞʜʫ ʦʜʥʠʤ ʧʦʚʪʦʨʠʪʝʣʝʤ I ʢʣʘʩʩʘʠ ʠ ʢʦʥʝʯʥʳʤ ʫʟʣʦʤ ʥʝ ʜʦʣʞ- 

ʥʦʠʧʨʝʚʳʰʘʪʴ 136 ʤ, ʜʠʘʤʝʪʨ ʩʝʪʠ D= 272 ʤ; ʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʚʫʭ ʧʦʚʪʦʨʠʪʝʣʝʡ 

II ʢʣʘʩʩʘ ï 114 ʤ, ʜʠʘʤʝʪʨ ʪʘʢʦʡ ʩʝʪʠ ʩʦʩʪʘʚʣʷʝʪ D=233 ʤ. 

 ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʦʛʦ, ʦʧʪʠʤʘʣʴʥʦʡ ʩʝʪʝʚʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʜʣʷ ʧʨʦʝʢʪʘ 

ʷʚʣʷʝʪʩʷ Ethernet 100Base-TX, ʪʦʧʦʣʦʛʠʠ ɼʝʨʝʚʦ,ʠ ʩ ʤʝʪʦʜʦʤ ʜʦʩʪʫʧʘ CSMA/CD ʚ 

ʧʦʣʫʜʫʧʣʝʢʩʥʦʤ ʨʝʞʠʤʝ. ʊʝʭʥʦʣʦʛʠʷ ʠʤʝʝʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚʠʥʘʰʠ ʜʥʠ, ʫ ʥʝʸ 

ʚʳʩʦʢʘʷʠʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ, ʭʦʨʦʰʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʝʝ 

ʣʝʛʢʦʠʤʦʜʠʬʠʮʠʨʦʚʘʪʴ. 



 

6.2   ɺʳʙʦʨ ʩʧʦʩʦʙʘ ʫʧʨʘʚʣʝʥʠʷ ʣʦʢʘʣʴʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʝʪʴ  ʁ
 

 ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪʠʪʠʧʘ ʫʧʨʘʚʣʝʥʠʷʠʨʘʟʣʠʯʘʶʪ ʩʝʪʠ:  

¶ ʎʝʥʪʨʘʣʠʟʦʚʘʥʥʳʝ,  

¶ ɼʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʝ;  

¶ ʉʤʝʰʘʥʥʳʝ. 

ʂ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʤ ʦʪʥʦʩʷʪʩʷ ʢʣʠʝʥʪ/ʩʝʨʚʝʨʥʳʝ ʩʝʪʠ - ʚ ʥʠʭ ʚʳʜʝʣʷʝʪʩʷ 

ʦʜʠʥ ʠʣʠ ʞʝ ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʝʨʚʝʨʦʚ, ʠʚʳʧʦʣʥʷʶʱʠʭ ʚ ʩʝʪʠʠʫʧʨʘʚʣʷʶʱʠʝ 

ʠʣʠ ʦʩʦʙʳʝ ʠʦʙʩʣʫʞʠʚʘʶʱʠʝ ʬʫʥʢʮʠʠ, ʘ ʜʨʫʛʠʝ ʫʟʣʳ (ʢʣʠʝʥʪʳ) ʩʯʠʪʘʶʪʩʷ 

ʠʪʝʨʤʠʥʘʣʴʥʳʤʠ. ʉʝʪʠ ʠʢʣʠʝʥʪ/ʩʝʨʚʝʨ ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʭʘʨʘʢʪʝʨʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʬʫʥʢʮʠʡ ʤʝʞʜʫʠʩʝʨʚʝʨʘʤʠ, ʜʨʫʛʠʤʠ ʩʣʦʚʘʤʠ ʧʦʠʪʠʧʘʤ ʩʝʨʚʝʨʦʚ (ʥʘʧʨʠʤʝʨ, ʬʘʡʣ-

ʩʝʨʚʝʨʳ, ʩʝʨʚʝʨʳ ʙʘʟ ʜʘʥʥʳʭ).  

 ʂ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʤ ʦʪʥʦʩʷʪʩʷ ʦʜʥʦʨʘʥʛʦʚʳʝ ʩʝʪʠ - ʚ ʥʠʭ ʚʩʝ ʫʟʣʳ 

ʨʘʚʥʦʧʨʘʚʥʳ.ʠʇʦʩʢʦʣʴʢʫ ʥʘ ʢʘʞʜʳʡ ʦʜʥʦʨʘʥʛʦʚʳʡ ʫʟʝʣ ʫʩʪʘʥʦʚʣʝʥʘ ʦʜʥʦʨʘʥʛʦʚʘʷ 

ʆʉ, ʠʤʝʶʱʘʷ ʠ ʢʣʠʝʥʪʩʢʠʝ ʠ ʩʝʨʚʝʨʥʳʝ ʩʝʪʝʚʳʝ ʤʦʜʫʣʠ, ʪʦ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʣʶʙʦʡ 

ʫʟʝʣ ʚ ʦʜʥʦʨʘʥʛʦʚʳʭ ʩʝʪʷʭ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʥʷʪʴ ʬʫʥʢʮʠʠ ʠ ʢʣʠʝʥʪʘ, ʠ 

ʩʝʨʚʝʨʘ. 

ʇʨʠ ʩʤʝʰʘʥʥʦʤ ʫʧʨʘʚʣʝʥʠʠ ʢ ʢʣʠʝʥʪ ï ʩʝʨʚʝʨʥʦʡ ʩʝʪʠ ʧʦʜʢʣʶʯʝʥʳ 

ʦʜʥʦʨʘʥʛʦʚʳʝ ʛʨʫʧʧʳ, ʫʧʨʘʚʣʷʝʤʳʝ ʘʚʪʦʥʦʤʥʦ, ʪ.ʝ. ʛʠʙʨʠʜʥʳʝ ʩʝʪʠ.  

ʃʶʙʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʠʧʨʝʜʲʷʚʣʷʝʪ ʩʦʙʩʪʚʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʦʥʬʠʛʫʨʘʮʠʠ 

ʩʝʪʠ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʠʭʘʨʘʢʪʝʨʦʤ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʫʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ, ʢʦʣʠʯʝʩʪʚʦ ʯʝʣʦʚʝʢ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʩʝʪʷʭ. ʆʪ ʵʪʦʛʦ ʨʝʰʝʥʠʷ ʙʫʜʫʪ 

ʟʘʚʠʩʝʪʴ ʚʩʝʠʜʘʣʴʥʝʡʰʠʝ ʵʪʘʧʳ ʩʦʟʜʘʥʠʷ ʩʝʪʠ.  

ɼʣʷ ʫʯʝʙʥʦʛʦ ʮʝʥʪʨʘ ʙʳʣʘ ʚʳʙʨʘʥʘʠʃɺʉ ʥʘ ʦʩʥʦʚʝ ʢʣʠʝʥʪ-ʩʝʨʚʝʨʘ, 

ʫʧʨʘʚʣʷʝʤʘʷ ʘʜʤʠʥʠʩʪʨʘʪʦʨʦʤ ʩʝʪʠ. 

ʉʦʛʣʘʩʥʦ ʧʣʘʥʫ, ʫʯʝʙʥʳʡ ʮʝʥʪʨ ʠʤʝʝʪ 14 ʫʯʝʙʥʳʭ ʘʫʜʠʪʦʨʠʡ, ʧʨʝʜʥʘʟ-

ʥʘʯʝʥʥʳʭ ʜʣʷ ʟʘʥʷʪʠʡʠʩʪʫʜʝʥʪʦʚ (ʨʠʩʫʥʦʢ ɸ1 ʇʨʠʣʦʞʝʥʠʷ ɸ). ʉʝʨʚʝʨʘ (Sun servers) 

ʨʘʟʤʝʱʝʥʳ ʚ ʘʫʜʠʪʦʨʠʷʭ 309 ʠ 311 (ʨʠʩʫʥʢʠ ɸ2, ɸ4). Web-ʩʝʨʚʝʨ ʩʘʡʪʘ ʢʘʬʝʜʨʳ, 

Ftp-ʩʝʨʚʝʨ, DHCP-ʩʝʨʚʝʨ ʠ ʰʣʶʟ ʨʘʟʤʝʱʝʥʳ ʚ ʩʝʨʚʝʨʥʦʡ, ʚ ʘʫʜʠʪʦʨʠʠ 301 (ʨʠʩʫʥʦʢ 

ɸ5). ʂʦʣʠʯʝʩʪʚʦ ʢʦʤʧʴʶʪʝʨʦʚ:  

84..., 317302301 =+++==ä NNNNN
j j [ʰʪʫʢ]. 

ɼʣʷ 84 ʩʝʪʝʚʳʭ ʩʪʘʥʮʠʡ, ʪʨʝʙʫʝʪʩʷ ʫʩʪʘʥʦʚʢʘ ʩʝʨʚʝʨʦʚ, ʪʘʢʠʢʘʢ ʪʨʝʙʫʝʪʩʷ 

ʦʙʝʩʧʝʯʠʪʴ ʠʝʨʘʨʭʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ɼʝʨʝʚʦ ʠʠʧʨʝʜʧʦʣʘʛʘʝʪʩ ̫ʫʧʨʘʚʣʝʥʠʝ ʩʝʪʴʶ ʩ 

ʚʳʜʝʣʝʥʥʦʛʦʠʩʝʨʚʝʨʘ.ʠɺ ʃɺʉ ʢʘʙʝʣʠ ʦʪ ʠʣʶʙʦʡ ʠʟ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʨʦʟʝʪʦʢ 

ʟʘʚʝʨʰʘʶʪʩʷ ʥʘʠʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʤ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʤ ʠʧʫʥʢʪʝ ʵʪʘ-ʞʘ - 



 

çʢʨʦʩʩʦʚʦʡè. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʢʨʦʩʩʦʚʦʤʠ ʧʦʤʝʱʝʥʠʠʠʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʦʝʜʠʥʝ-ʥʠʝ 

ʥʝʩʢʦʣʴʢʠʭʠʢʦʤʤʫʪʘʪʦʨʦʚ ʤʝʞʜʫ ʩʦʙʦʡ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʝʨʘʨʭʠ-

ʯʝʩʢʦʡʠʩʪʨʫʢʪʫʨʳ. ʅʘ ʠʯʝʨʪʚʝʪʦʤʠɻ ʪʘʞʝ ʚ ʘʫʜʠʪʦʨʠʠ 412 ʨʘʟʤʝʱʘʝʪʩʷʠ çʛʣʘʚʥʘ ̫

ʢʨʦʩʩʦʚʘè̫, ʚ ʢʦʪʦʨʦʡ ʥʘʭʦʜʠʪʩʷ ʢʦʨʥʝʚʦʡ ʢʦʤʤʫʪʘʪʦʨ ʟʜʘʥʠʷ (ʷʜʨʦ ʩʝʪʠ). 

6.3   ɺʳʙʦʨ ʩʝʪʝʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ 
 

 ʉʦʩʪʘʚ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʩʝʪʝʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ 

ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ.  

ɺʳʙʦʨ ʢʘʙʝʣʴʥʦʡ ʩʠʩʪʝʤʳ. ɿʘʚʠʩʠʪ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ, 

ʪʨʝʙʦʚʘʥʠʡ ʢ ʟʘʱʠʪʝ ʠʥʬʦʨʤʘʮʠʠ,ʠʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ,ʠʪʨʝʙʦʚʘʥʠʡ 

ʢʠʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʢʘʙʝʣʷ, ʩʪʦʠʤʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ.ʠʂʘʙʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʫʩʣʦʚʠʷʤ ʝʝ ʧʨʠʤʝʥʝʥʠʷ. ʕʪʦ ʧʨʦʧʫʩʢʥʘʠ̫ʩʧʦʩʦʙʥʦʩʪʴ ʢʘʥʘʣʘ 

ʩʚʷʟʠ, ʷʚʣʷʶʱʘʷʩʷ ʦʜʥʦʡ ʠʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʃɺʉ. ɺ ʛʣʘʚʝ 5 

ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʥʝʝ: ʵʪʦ ʚʠʜ ʪʝʭʥʦʣʦʛʠʠ, 

ʬʠʟʠʯʝʩʢʘʷ ʪʦʧʦʣʦʛʠʷ, ʢʦʥʬʠʛʫʨʘʮʠʷ ʘʧʧʘʨʘʪʫʨʳ, ʘ ʪʘʢʞʝ ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ: 

ʧʝʨʝʢʨʝʩʪʥʳʝ ʧʦʤʝʭʠ ʥʘ ʙʣʠʞʥʝʤ ʠ ʜʘʣʴʥʝʤ ʢʦʥʮʝ, ʟʘʪʫʭʘʥʠʝ ʠ ʪ.ʜ. ʂʠʯʠʩʣʫ 

ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʩʪʦʠʤʦʩʪʴ ʢʘʙʝʣʷ, ʦʪʥʦʩʷʪʩʷ:ʠʧʨʦʩʪʦʪʘʠ ʤʦʥʪʘʞʘ, 

ʵʢʨʘʥʠʨʦʚʘʥʠʝ, ʩʪʦʠʤʦʩʪʴ ʘʢʩʝʩʩʫʘʨʥʦʡ ʘʧʧʘʨʘʪʫʨʳ (ʨʘʟʲʝʤʳ),ʠʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ 

ʧʦʜʢʣʶʯʝʥʠʷ ʢʘʙʝʣʷ.  

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʠʚʩʝ ʵʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚ ʢʘʯʝʩʪʚʝ ʢʘʙʝʣʴʥʦʡ 

ʩʠʩʪʝʤʳʠʜʣʷ ʥʘʰʝʡ ʩʝʪʠ ʚʳʙʠʨʘʝʤ ʠʢʘʙʝʣʴ ɺʠʪʘʷ ʧʘʨʘ UTP Level 5e. ʊʘʢʠ ʢʘʢ  

ʜʘʥʥʳʡ ʚʠʜ ʢʘʙʝʣʷ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʜʝʰʝʚʳʤʠ ʩʦʝʜʠʥʝʥʠʝʤ, ʧʦʟʚʦʣʷʝʪ 

ʧʝʨʝʜʘʚʘʪʴʠʜʘʥʥʳʝ ʩʦ ʩʢʦʨʦʩʪʴʶ ʜʦ 100 ʄʙʠʪ/ʩ, ʣʝʛʢʦ ʥʘʨʘʱʠʚʘʝʪʩʷ,ʠʥʝ 

ʚʳʟʳʚʘʝʪʠʦʩʦʙʳʭ ʩʣʦʞʥʦʩʪʝʡ ʧʨʠ ʤʦʥʪʘʞʝ,ʠʜʣʠʥʘ ʩʝʛʤʝʥʪʘ ʥʝʠʧʨʝʚʳʰʘʝʪ 100 ʤ. 
 

ɺʳʙʦʨ ʢʦʤʤʫʪʘʪʦʨʘ. ɼʣʷ ʩʝʪʠ ʢʘʬʝʜʨʳ ʚʳʙʨʘʥ ʘʢʪʠʚʥʳʡ ʢʦʤʤʫʪʘʪʦʨ D-Link 

Des1005A, ʠʤʝʶʱʠʡ 48 ʧʦʨʪʦʚ ʧʦʜ ʨʘʟʲʝʤʳ ʢʘʙʝʣʷ ɺʠʪʘ ̫ʧʘʨʘ RJ - 45.  
 

ɺʳʙʦʨ ʧʣʘʪʳ ʩʝʪʝʚʦʛʦ ʘʜʘʧʪʝʨʘ. ɺ ʢʘʯʝʩʪʚʝ ʩʝʪʝʚʳʭʠʘʜʘʧʪʝʨʦʚʠʨʘʙʦʯʠʭ 

ʩʪʘʥʮʠʡ ʠʠʩʝʨʚʝʨʘ ʚʳʙʠʨʘʝʤʠʩʝʪʝʚʳʝ ʧʣʘʪʳ 3COMʠEtherLink XL 10/100 PCI NIC 

(3C905-TX), ʪʘʢ ʢʘʢ ʬʠʨʤʘ 3COMʠʜʘʝʪ ʧʦʞʠʟʥʝʥʥʫʶ ʛʘʨʘʥʪʠʶ ʥʘ ʩʚʦʶ ʩʝʪʝʚʫʶ 

ʘʧʧʘʨʘʪʫʨʫ ʠ ʜʝʣʘʝʪ ʝʝ ʩ ʭʦʨʦʰʠʤʠʢʘʯʝʩʪʚʦʤ. ʂʦʣʠʯʝʩʪʚʦʠʩʝʪʝʚʳʭ ʢʘʨʪ 

ʨʘʚʥʦʠʢʦʣʠʯʝʩʪʚʫ ʧʦʜʢʣʶʯʘʝʤʳʭʠʢʦʤʧʴʶʪʝʨʦʚ.  
 

ɺʳʙʦʨ ʪʠʧʘ ʩʝʨʚʝʨʘ. ʇʦ ʦʧʨʝʜʝʣʝʥʠʶ, ʩʝʨʚʝʨʠ- ʵʪʦ ʥʝʢʦʪʦʨʦʝ 

ʦʙʩʣʫʞʠʚʘʶʱʝʝʠʫʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ ʚ ʠʃɺʉ  ʚʳʧʦʣʥʷʝʪ ʨʦʣʴ ʫʧʨʘʚʣʷʶʱʝʛʦ 

ʮʝʥʪʨʘ ʠ ʢʦʥʮʝʥʪʨʘʪʦʨʘ ʜʘʥʥʳʭ. ʇʦʜ ʩʝʨʚʝʨʦʤ ʧʦʥʠʤʘʝʪʩʷ ʠʢʦʤʙʠʥʘʮʠʷ 



 

ʘʧʧʘʨʘʪʥʳʭ ʠʠʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ, ʢʦʪʦʨʘʷʠʩʣʫʞʠʪ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷʠʩʝʪʝʚʳʤʠ 

ʨʝʩʫʨʩʘʤʠ ʦʙʱʝʛʦʠʜʦʩʪʫʧʘ. 

çʌʘʡʣ ï ʩʝʨʚʝʨè ʚ ʃɺʉʠ ʷʚʣʷʝʪʩʷ ʚʳʜʝʣʝʥʥʳʤ ʢʦʤʧʴʶʪʝʨʦʤ, ʢʦʪʦʨʳʡ 

ʦʪʚʝʯʘ-ʝʪ ʟʘʠʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʩʚʷʟʠ ʚʩʝʭʠʦʩʪʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ, ʠʚʭʦʜʷʱʠʭ ʚ 

ʠʜʘʥ-ʥʫʶ ʩʝʪʴ, ʘ ʪʘʢʞʝʠʧʨʝʜʦʩʪʘʚʣʷʝʪ ʠʤ ʦʙʱʠʡ ʠʜʦʩʪʫʧ ʢ ʦʙʱʠʤ ʩʝʪʝʚʳʤ 

ʨʝʩʫʨʩʘʤ:ʠʜʠʩʢʦʚʦʤʫ ʧʨʦʩʪʨʘʥʩʪʚʫ,ʠʧʨʠʥʪʝʨʫ, ʤʝʞʩʝʪʝʚʦʤʫ ʠʥʪʝʨʬʝʡʩʫ ʠ ʪ.ʜ. 

ɺ ʃɺʉ ʠʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷʠ ʥʝʩʢʦʣʴʢʦ ʚʳʜʝʣʝʥʥʳʭ ʩʝʨʚʝʨʦʚ. ʅʘʧʨʠʤʝʨ, 

ʩʝʨʚʝʨ ʠʧʨʠʣʦʞʝʥʠʡ (ʧʨʦʛʨʘʤʤʳ ʪʠʧʘ "ʢʣʠʝʥʪ-ʩʝʨʚʝʨ"), ʷʚʣʷʝʪʩʷ, ʢʘʢ ʠ ʬʘʡʣ-

ʩʝʨʚʝʨ, ʚʳʜʝʣʝʥʥʳʤ ʢʦʤʧʴʶʪʝʨʦʤ. ʅʘ ʬʘʡʣ-ʩʝʨʚʝʨʝʠʜʦʣʞʥʘ ʨʘʙʦʪʘʪʴʠ ʩʧʝʮʠʘʣʴ-

ʥʘʷ ʩʝʪʝʚʘʷ ʦʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ. ʆʙʳʯʥʦ ʵʪʦʠʤʫʣʴʪʠʟʘʜʘʯʥʘʷ ʉʆʉ, ʠʩʧʦʣʴʟʫʶ-

ʱʘʷ ʠʟʘʱʠʱʝʥʥʳʡ ʠʨʝʞʠʤ ʨʘʙʦʪ r ʠʧʨʦʮʝʩʩʦʨʘ. ʆʩʪʘʣʴʥʳʝ ʢʦʤʧʴʶʪʝʨʳʠ 

ʥʘʟʳʚʘʶʪʩʷ ʨʘʙʦʯʠʤʠ ʩʪʘʥʮʠʷʤʠ, ʠʤʝʶɦʠʤʠ ʜʦʩʪʫʧ ʢ ʜʠʩʢʘʤʠʬʘʡʣ-ʩʝʨʚʝʨʘ ʠ 

ʠʩʝʪʝʚʦʤʫ ʧʨʠʥʪʝʨʫ (ʧʨʠʥʪʝʨʘʤ).  

ɺ ʃɺʉ ʢʘʬʝʜʨʳ ʠʫʩʪʘʥʦʚʣʝʥ ʦʜʠʥʠ ʚʳʜʝʣʝʥʥʳʡ ʩʝʨʚʝʨ, ʢʦʪʦʨʳʡ ʚʳʧʦʣʥʷʝʪ 

ʬʫʥʢʮʠʠ (ʬʘʡʣ-ʩʝʨʚʝʨʘ), ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʫʶ ʦʙʨʘʙʦʪʢʫʠʟʘʧʨʦʩʦʚ ʧʦʣʴʟʦʚʘʪʝ-

ʣʝʡ,ʠʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʨʝʰʘʝʪ ʚʦʧʨʦʩʳ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʠʠʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ 

ʠʥʬʦʨʤʘʮʠʠ, ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʷʠʩʝʪʠ, ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦʠʫʧʨʘʚʣʝʥʠʷ ʩʝʪʝʚʳʤʠ 

ʨʝʩʫʨʩʘʤʠ, ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦʠʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʠʫʧʨʘʚʣʝʥʠʷ ʜʦʩʪʫʧʦʤ.  
 

ɺʳʙʦʨ ʘʧʧʘʨʘʪʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʩʝʨʚʝʨʘ. ʄʦʞʥʦ ʚʳʜʝʣʠʪʴʠʜʚʘ ʦʩʥʦʚʥʳʭ 

ʧʘʨʘʤʝʪʨʘ,ʠʦʪʣʠʯʘʶʱʠʭ ʩʝʨʚʝʨ ʦʪ ʦʙʳʯʥʳʭ ʠʢʦʤʧʴʶʪʝʨʦʚ. ɺʦ-ʧʝʨʚʳʭ, ʵʪʦʠʦʯʝʥʴ 

ʚʳʩʦʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ (ʥʘʧʨʠʤʝʨ, ʵʬʬʝʢʪʠʚʥʳʡ ʦʙʤʝʥ ʩ ʧʝʨʠʬʝʨʠʡʥʳʤʠ 

ʫʩʪʨʦʡʩʪʚʘʤʠ),ʠʤʦʱʥʘʷ ʜʠʩʢʦʚʘʷʠʧʦʜʩʠʩʪʝʤʘ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʦ SCSI 

ʠʥʪʝʨʬʝʡʩʦʤ), ʘ ʚʦ-ʚʪʦʨʳʭ, ʧʦʚʳʰʝʥʥʘʷʠʥʘʜʝʞʥʦʩʪʴ, ʪ.ʢ. ʩʝʨʚʝʨ ʢʘʢ ʧʨʘʚʠʣʦ 

ʨʘʙʦʪʘʝʪ ʢʨʫʛʣʳʝ ʩʫʪʢʠ ʥʝ ʚʳʢʣʶʯʘʷʩʴ.  

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪ ɹ ʩʝʨʚʝʨʘ ʯʘʩʪʦ ʦʮʝʥʠʚʘʝʪʩ ̫ ʚ ʪʨʘʥʟʘʢʮʠʷʭ. ʇʦʜ 

ʪʨʘʥʟʘʢʮʠʷʤʠ ʧʦʥʠʤʘʶʪ ʩʦʚʦʢʫʧʥʦʩʪʴ ʪʨʝʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʜʝʡʩʪʚʠʡ: ʯʪʝʥʠʝ 

ʜʘʥʥʳʭ,ʠʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʠ ʟʘʧʠʩʴ ʜʘʥʥʳʭ. ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʬʘʡʣ-ʩʝʨʚʝʨʫ 

ʪʨʘʥʟʘʢʮʠʝʡʠʤʦʞʥʦ ʩʯʠʪʘʪʴ ʧʨʦʮʝʩʩ ʠʟʤʝʥʝʥʠʷ ʟʘʧʠʩʠ ʥʘ ʩʝʨʚʝʨʝ, ʢʦʛʜʘ ʨʘʙʦʯʘʷ 

ʩʪʘʥʮʠʷ ʚʳʧʦʣʥʷʝʪ ʤʦʜʠʬʠʢʘʮʠʶ ʬʘʡʣʘ,ʠʭʨʘʥʠʤʦʛʦ ʥʘ ʩʝʨʚʝʨʝ. 

ʅʝʤʘʣʫʶ ʨʦʣʴ ʠʛʨʘʝʪʠʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʰʠʨʝʥʠʷ ʩʠʩʪʝʤʳ ʠ ʧʨʦʩʪʦʪʘ ʝʝ 

ʤʦʜʝʨʥʠʟʘʮʠʠ,ʠʪ.ʢ. ʵʪʦ ʧʦʟʚʦʣʷʝʪʠʦʙʝʩʧʝʯʠʪʴ ʪʨʝʙʫʝʤʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʥʝ 

ʪʦʣʴʢʦ ʥʘ ʪʝʢʫʱʠʡʠʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʥʦ ʠ ʥʘ ʙʫʜʫʱʝʝ. 

 ɺʘʞʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʷʚʣʷʝʪʩʷ ʠʤʘʢʩʠʤʘʣʴʥʳʡ ʦʙʲʝʤʠʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ 

ʩʝʨʚʝʨʘ (ʆɿʋ) ʠʠʚʦʟʤʦʞʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʙʦʣʝʝ ʤʦʱʥʦʛʦʠʧʨʦʮʝʩʩʦʨʘ, ʘ ʪʘʢʞʝ 



 

ʚʪʦʨʦʛʦ ʧʨʦʮʝʩʩʦʨʘ (ʝʩʣʠ ʧʣʘʥʠʨʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪ ɹ ʠʦʧʝʨʘʮʠʦʥʥʫ  ʁ ʩʠʩʪʝʤʫ, 

ʧʦʜʜʝʨʞʠʚʘʶʱʝʡ ʜʚʫʭʧʨʦʮʝʩʩʦʨʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ). ʅʝʤʘʣʦʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ 

ʚʦʧʨʦʩ ʦ ʢʦʥʬʠʛʫʨʘʮʠʠ ʜʠʩʢʦʚʦʡ ʧʦʜʩʠʩʪʝʤʳ: ʦʙʲʝʤ ʜʠʩʢʦʚ ʠʠʤʘʢʩʠʤʘʣʴʥʦʝ ʠʭ 

ʢʦʣʠʯʝʩʪʚʦ. ɽʩʣʠ ʢ ʜʠʩʢʦʚʦʡ ʧʦʜʩʠʩʪʝʤʝ ʜʦʣʞʥʳʠʧʨʝʜʲʷʚʣʷʪʴʩʷ ʦʩʦʙʳʝ ʪʨʝʙʦʚʘʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦ ʫʟʥʘʪʴ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʠRAID- ʤʘʩʩʠʚʘ, ʘ ʪʘʢʞʝ 

ʚʦʟʤʦʞʥʦʩʪʴ çʛʦʨʷʯʝʡèʠʟʘʤʝʥʳ ʥʘʢʦʧʠʪʝʣʝʡ. ɽʩʣʠ ʩʝʨʚʝʨ ʧʣʘʥʠʨʫʝʪʩʷ ʧʦʜʢʣʶʯʘʪʴ 

ʢ ʜʚʫʤ, ʬʠʟʠʯʝʩʢʠ ʥʝʩʚʷʟʘʥʥʳʤ ʩʝʪʷʤ ʥʝʦʙʭʦʜʠʤʦ ʫʙʝʜʠʪʴʩʷ ʚ ʚʦʟʤʦʞʥʦʩʪʠ 

ʫʩʪʘʥʦʚʢʠʠʚʪʦʨʦʡ ʩʝʪʝʚʦʡ ʧʣʘʪʳ. 

ɼʨʫʛʠʤ ʚʘʞʥʳʤʠʧʘʨʘʤʝʪʨʦʤ ʣʶʙʦʛʦ ʩʝʨʚʝʨʘ ʷʚʣʷʝʪʩʷ ʝʛʦ ʢʘʯʝʩʪʚʝʥʥʦʝ ʠ 

ʙʝʩʧʝʨʝʙʦʡʥʦʝ ʧʠʪʘʥʠʝ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʨʠʪʴ ʥʘʣʠʯʠʝ ʫ 

ʩʝʨʚʝʨʘʠʥʝʩʢʦʣʴʢʠʭ (ʭʦʪʷ ʙʳ ʜʚʫʭ)ʠʙʣʦʢʦʚ ʧʠʪʘʥʠʷ. ʆʙʳʯʥʦ ʵʪʠ ʙʣʦʢʠ ʠʧʠʪʘʥʠʷ 

ʨʘʙʦʪʘʶʪ ʧʘʨʘʣʣʝʣʴʥʦ, ʪ.ʝ. ʧʨʠ ʚʳʭʦʜʝ ʠʟ ʩʪʨʦʷ ʦʜʥʦʛʦ, ʩʝʨʚʝʨʠʧʨʦʜʦʣʞʘʝʪ 

ʨʘʙʦʪʘʪʴ, ʠʧʦʣʫʯʘʷ ʧʠʪʘʥʠʝ ʦʪ ʜʨʫʛʦʛʦ (ʠʩʧʨʘʚʥʦʛʦ) ʙʣʦʢʘ ʧʠʪʘʥʠʷ.  

ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤ ʠʩʪʦʯʥʠʢʠʙʝʩʧʝʨʝʙʦʡʥʦʛʦʠʧʠʪʘʥʠʷ, ʀɹʇ. ɽʛʦ ʥʘʣʠ-

ʯʠʝʠʧʦʟʚʦʣʷʝʪ ʚ ʩʣʫʯʘʝʠʧʨʦʧʘʜʘʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʚʠɻʣʝʢʪʨʦʩʝʪʠ ʢʦʨʨʝʢʪʥʦ 

ʟʘʚʝʨʰʠʪʴ ʨʘʙʦʪʫ ʦʧʝʨʘʮʠʦʥʥʦʡʠʩʠʩʪʝʤʳ ʠ ʚʳʢʣʶʯʠʪʴʠʩʝʨʚʝʨ. 

 ʅʘʜʝʞʥʦʩʪʴ ʩʝʨʚʝʨʦʚ ʠʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ ʨʝʘʣʠʟʘʮʠʠ ʢʦʤʧʣʝʢʩʘ ʤʝʨ, 

ʢʘʩʘʶʱʠʭʩʷ ʢʘʢʠʦʙʝʩʧʝʯʝʥʠʷʠʥʝʦʙʭʦʜʠʤʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʠʢʦʨʧʫʩʝ, ʢʦʥʪʨʦʣʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠʚʘʞʥʝʡʰʠʭ ʠʢʦʤʧʦʥʝʥʪʦʚ, ʠʩʣʝʞʝʥʠʷ ʟʘ ʨʷʜʦʤ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ, 

ʪʘʢ ʠʠʧʦʣʥʦʛʦ ʠʣʠʠʯʘʩʪʠʯʥʦʛʦ ʜʫʙʣʠʨʦʚʘʥʠʷ ʧʦʜʩʠʩʪʝʤ. ʊʘʢ, ʚ ʧʦʜʩʠʩʪʝ-ʤʝʠʧʘʤʷʪʠ 

ʥʘʨʷʜʫ ʩ ʦʙʳʯʥʳʤʠʢʦʥʪʨʦʣʝʤ ʠʯʝʪʥʦʩʪʠ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʥʪʨʦʣʴ ʩ 

ʠʠʩʧʨʘʚʣʝʥʠʝʤʠʦʰʠʙʦʢ  ECC (Error Checking and Correction).  

 ɺ ʧʨʠʥʮʠʧʝ ʩʝʨʚʝʨʠʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥ ʠ ʥʘ ʦʙʳʯʥʦʤ, ʩʪʘʥʜʘʨʪʥʦʤ 

ʢʦʤʧʴʶʪʝʨʝ, ʠʤʝʶʱʠʤʠ ʢʦʥʬʠʛʫʨʘʮʠʶ ʩ ʭʦʨʦʰʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʆʧʝʨʘʮʠʦʥ- 

ʥʘʠ̫ʩʠʩʪʝʤʘ ʩʝʨʚʝʨʘ ʥʝ ʧʨʝʜʲʷʚʣʷʝʪ ʠʩʧʝʮʠʘʣʴʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʘʧʧʘʨʘʪ-

ʥʦʤʫʠʦʙʝʩʧʝʯʝʥʠʶ, ʦʜʥʘʢʦ ʥʘʜʝʞʥʦʩʪʴʠʧʨʠ ʵʪʦʤ ʙʫʜʝʪʠʩʥʠʞʝʥʘ. ʇʦʵʪʦʤʫʠʝʩʣʠ ʚ 

ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ ʢ ʥʘʜʝʞʥʦʩʪʠ ʩʝʨʚʝʨʘ ʧʨʝʜʲʷʚʣʷʶʪʩʷʠʧʦʚʳʰʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ, 

ʪʦ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʧʝʮʠʘʣʴʥʦʠʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝʠʜʣʷ ʵʪʦʛʦ ʢʦʤʧʴʶ-

ʪʝʨʳ. ɼʣʠ̫ʩʝʨʚʝʨʘ ʃɺʉ ʢʘʬʝʜʨʳ ʤʠʥʠʤʘʣʴʥʦʠʧʦʜʭʦʜʷʱʠʤ ʙʫʜʝʪ ʩʣʝʜʫʶʱʝʝ 

ʘʧʧʘʨʘʪʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ: 

¶ ʧʨʦʮʝʩʩʦʨʠ- Pentium IV ʩ ʪʘʢʪʦʚʦʡ ʯʘʩʪʦʪʦʡ 1000 ʄɻʮ, 

¶ ʢʵʰ-ʧʘʤʷʪʴʠ - 512 ʂʙ, 

¶ ʦʧʝʨʘʪʠʚʥʘʷ ʧʘʤʷʪʴ - 512 ʄʙ, 

¶ 3 ʞʝʩʪʢʠʭ ʜʠʩʢʘʠ  Ultra 1600  SCSI, ʝʤʢʦʩʪʴʶ 150 ɻʙ, 

¶ ʉʝʪʝʚʘʷ ʢʘʨʪʘ - 3com Ether link XL 10/100 PCI NIC (3c905-TX) 



 
 

 ʉʝʨʚʝʨʳ ʨʘʟʤʝʱʘʶʪʩʷʠ ʥʘ ʪʨʝʪʴʝʤ ʵʪʘʞʝ, ʚ ʘʫʜʠʪʦʨʠʠ ˉ301 ʠ ʠʧʦʜʢʣʶʯʝʥʳ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʛʣʘʚʥʦʤʫ ʢʦʤʤʫʪʘʪʦʨʫ/ʤʘʨʰʨʫʪʠʟʘʪʦʨʫ. 
 

 ɺʳʙʦʨ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʆʩʥʦʚʥʳʤʠ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ ʠʩʝʪʝʚʳʭ 

ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ ʜʣʷ ʩʝʨʚʝʨʥʳʭ ʃɺʉ ʷʚʣʷʶʪʩʷ ʬʠʨʤʳ Novell ʠ Microsoft.  

 ʉʝʪʝʚʳʝ ʦʧʝʨʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʬʠʨʤʳ Microsoft - Windows ʠServer 2003, 

ʷʚʣʷʝʪʩʷʠʤʥʦʛʦʟʘʜʘʯʥʦʡʠʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ, ʩʧʦʩʦʙʥʦʡʠʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦ 

ʠ/ʠʣʠ ʨʘʩʧʨʝʜʝʣʝʥʦʠʫʧʨʘʚʣʷʪʴ ʨʘʟʣʠʯʥʳʤʠ ʥʘʙʦʨʘʤʠ ʬʫʥʢʮʠʡ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪʠʧʦʪʨʝʙʥʦʩʪʝʡ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʬʫʥʢʮʠʡ ʩʝʨʚʝʨʘ: ʬʘʡʣʦʚʳʡʠʩʝʨʚʝʨ 

ʠ ʩʝʨʚʝʨ ʧʝʯʘʪʠ; ʚʝʙ-ʩʝʨʚʝʨ ʠ ʩʝʨʚʝʨ ʧʨʠʣʦʞʝʥʠʡ; ʧʦʯʪʦʚʳʡʠʩʝʨʚʝʨ; ʩʝʨʚʝʨ 

ʪʝʨʤʠʥʘʣʦʚ; ʩʝʨʚʝʨ ʫʜʘʣʝʥʥʦʛʦ ʜʦʩʪʫʧʘ/ʩʝʨʚʝʨʠʚʠʨʪʫʘʣʴʥʦʡ ʯʘʩʪʥʦʡ ʩʝʪʠ (VPN); 

ʩʝʨʚʝʨ ʩʣʫʞʙ rʢʘʪʘʣʦʛʦʚ, DNS - ʩʝʨʚʝʨ, DHCP -ʠʩʝʨʚʝʨ ʠ WINS (Windows Internet 

Naming Service) ï ʩʝʨʚʝʨ; ʩʝʨʚʝʨ ʧʦʪʦʢʦʚʦʛʦʠʤʫʣʴʪʠʤʝʜʠʘʚʝʱʘʥʠʷ. 

ɼʦʩʪʫʧʥʦʩʪʴ cʝʤʝʡʩʪʚʘʠʧʨʦʜʫʢʪʦʚ Windows Server2003 ʟʘ ʩʯʝʪ ʨʘʩʰʠʨʝʥʥʦʡ 

ʧʦʜʜʝʨʞʢʠʠʢʣʘʩʪʝʨʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʚʳʰʝʥʥʫʶ ʜʦʩʪʫʧʥʦʩʪʴ. ɹʣʘʛʦʜʘ-

ʨʠ̫ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶʠʜʦʩʪʫʧʥʦʩʪʠ,ʠʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ ʠ ʫʧʨʘʚʣʷʝʤʦʩʪʠ 

ʩʣʫʞʙʳ ʢʣʘʩʪʝʨʦʚ ʩʪʘʣʠʠʚʘʞʥʳʤʠ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʡ, ʚʥʝʜʨʷʶʱʠʭ ʦʪʚʝʪʩʪʚʝʥʥʳʝ 

ʙʠʟʥʝʩ-ʧʨʠʣʦʞʝʥʠʷ,ʠʧʨʠʣʦʞʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʤʤʝʨʮʠʠ ʠ ʙʫʭʛʘʣʪʝʨ-

ʩʢʠʝʠʧʨʦʛʨʘʤʤʳ. ʋʩʪʘʥʦʚʢʘʠʢʣʘʩʪʝʨʦʚ ʚ ʆʉ Windows Server2003 ʩʪʘʣʘ ʧʨʦʱʝ ʠ 

ʥʘʜʝʞʥʝʝ, ʘʠʨʘʩʰʠʨʝʥʥʳʝ ʬʫʥʢʮʠʠ ʠʨʘʙʦʪʳ ʚ ʩʝʪʠ ʫʣʫʯʰʘʶʪ ʚʦʟʤʦʞʥʦʩʪʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷʠʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʠʩʪʝʤʳ ʧʨʠ ʩʙʦʝ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʶʪ 

ʚʨʝʤʷ ʝʝ ʨʘʙʦʪʳ. 

ʇʨʠ ʚʳʙʦʨʝʠʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳʠʩʣʝʜʫʝʪ ʦʩʪʘʥʦʚʠʪʴʩʷ ʥʘ Windows 

2003Server/Professional. ʅʘʜʝʞʥʦʩʪʴʠʜʘʥʥʦʡ ʆʉ ʫʢʨʝʧʣʷʝʪʩʷʠʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪ-

ʚʦʤ Cʝʨʚʠʩ-ʇʘʢʦʚ,ʠʯʪʦ ʧʦʟʚʦʣʷʝʪʠʙʳʪʴ ʫʚʝʨʝʥʥʳʤ ʚ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ 

ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. 

 ɺ ʢʘʯʝʩʪʚʝ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷʠʨʘʙʦʯʠʭ ʩʪʘʥʮʠʡ ʫʯʝʙʥʦʛʦ ʠʮʝʥʪʨʘ 

ʙʳʣʠ ʠʚʳʙʨʘʥ rʆʉ Windows 7. ʉʨʝʜʠ ʠʭ ʜʦʩʪʦʠʥʩʪʚ ʤʦʞʥʦ ʠʚr ʜʝʣʠʪʴ ʩʣʝʜʫʶ-ʱʠʝ: 

ʩʪʘʙʠʣʴʥʦʩʪʴʠ Windows 7 ʥʘʤʥʦʛʦ ʫʣʫʯʰʝʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʠʧʨʝʜʳʜʫʱʠʤʠ 

ʚʝʨʩʠʷʤʠ. ʇʨʠʯʠʥʦʡ ʥʘʜʝʞʥʦʩʪʠ ʩʠʩʪʝʤʳʠ̫ ʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʨʠʣʦʞʝʥʠʷ ʨʘʙʦʪʘʶʪ ʚ 

ʩʚʦʠʭ ʩʦʙʩʪʚʝʥʥʳʭ ʠʧʨʦʩʪʨʘʥʩʪʚʘʭ ʧʘʤʷʪʠ. ʕʪʦʠʧʨʝʜʦʭʨʘʥʷʝʪ ʠʭ ʦʪ ʢʦʥʬʣʠʢʪʦʚ ʠ 

ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʩʚʷʟʠ ʩ ʵʪʠʤʠʧʨʦʙʣʝʤ. 

 

 



 

7. ʆʧʠʩʘʥʠʝ ʩʝʪʠ ʢʘʬʝʜʨʳ ʉʊʋ ʊʂʅʊ 
 

7.1  ʉʭʝʤʘ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ ʢʘʬʝʜʨʳ ʉʊʋ  
 

ʉʝʪʴ ʢʘʬʝʜʨʳ ʩʠʩʪʝʤʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʫʧʨʘʚʣʝʥʠʷ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʪʨʝʭ 

ʵʪʘʞʘʭ ʥʦʚʦʛʦ ʫʯʝʙʥʦʛʦ ʢʦʨʧʫʩʘ (ʅʋʂ) ˉ 16 ʠ ʚʳʧʦʣʥʷʝʪ ʩʣʝʜʫʶʱʠʝ ʬʫʥʢʮʠʠ: 

ʩʦʚʤʝʩʪʥʘʷ ʦʙʨʘʙʦʪʢʘ ʠʥʬʦʨʤʘʮʠʠ; ʢʦʥʪʨʦʣʴ ʜʦʩʪʫʧʘ ʢ ʠʥʬʦʨʤʘʮʠʠ; ʟʘʱʠʪʘ 

ʠʥʬʦʨʤʘʮʠʠ; ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʢʦʤʧʴʶʪʝʨʘʤʠ; ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʝ 

ʨʝʟʝʨʚʥʦʝ ʢʦʧʠʨʦʚʘʥʠʝ ʚʩʝʭ ʜʘʥʥʳʭ; ʩʦʚʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʝʪʝʚʳʭ ʨʝʩʫʨʩʦʚ, 

ʪʘʢʠʝ ʢʘʢ ʣʦʢʘʣʴʥʳʝ ʜʠʩʢʠ, ʩʝʪʝʚʦʡ ʧʨʠʥʪʝʨ, ʜʦʩʪʫʧ ʢ ʠʥʬʦʨʤʘʮʠʠ. 

          Oʙʱʠʡ ʧʣʘʥ ʨʘʩʧʦʣʦʞʝʥʠʷ ʘʫʜʠʪʦʨʠʡ ʧʨʠʚʝʜʝʥ ʥʘ ʩʭʝʤʘʭ ʚ ʇʨʠʣʦʞʝʥʠʠ ɸ, 

ʛʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ: 3D - ʩʭʝʤʘ 3 ʵʪʘʞʘ ʅʋʂ (ʨʠʩʫʥʦʢ ɸ1), ʚ ʢʦʪʦʨʦʡ ʫʢʘʟʘʥʦ 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʚʩʝʭ ʘʫʜʠʪʦʨʠʡ; ʦʙʱʘʷ ʩʭʝʤʘ ʩʝʪʠ ʩ ʨʘʟʤʝʱʝʥʠʝʤ ʚʩʝʛʦ ʦʙʦʨʫʜʦ-

ʚʘʥʠʷ (ʨʠʩʫʥʦʢ ɸ2). ʉʭʝʤʳ ʧʦʜʢʣʶʯʝʥʠʷ ʢʦʤʧʴʶʪʝʨʦʚ (ʨʠʩʫʥʢʠ ɸ4, ɸ5). ɺʩʝʛʦ ʥʘ 

ʵʪʘʞʝ ʧʦʜ ʩʝʪʴ ʟʘʥʷʪʦ 14 ʘʫʜʠʪʦʨʠʡ, ʦʜʥʘ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʩʝʨʚʝʨʥʦʡ (ʨʠʩʫʥʦʢ 

ɸ3). ʂʘʞʜʘʷ ʢʦʤʥʘʪʘ ʩ ʧʦʤʦʱʴʶ Switch ʩʚʷʟʘʥʘ ʩ ʣʶʙʳʤ ʠʟ ʩʝʨʚʝʨʦʚ. ʆʙʱʘʷ 

ʩʧʝʮʠʬʠʢʘʮʠʷ ʩʝʪʝʚʦʡ ʘʧʧʘʨʘʪʫʨʳ ʜʣʷ ʢʘʞʜʦʡ ʘʫʜʠʪʦʨʠʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ 

ʇʨʠʣʦʞʝʥʠʠ ɹ, ʚ ʪʘʙʣʠʮʝ ɹ1.  

7.2  ʉʧʝʮʠʬʠʢʘʮʠ ̫ʦʙʦʨʫʜʦʚʘʥʠʷ ʢʘʬʝʜʨ r
 

ɼʣʷ ʃɺʉ ʪʝʭʥʦʣʦʛʠʠ Ethernet 100Base-TX, ʩ ʬʠʟʠʯʝʩʢʦʡ ʪʦʧʦʣʦʛʠʝʡ ʜʝʨʝʚʦ, 

ʢʘʙʝʣʴʥʦʡ ʩʠʩʪʝʤʦʡ ʚʠʪʘʷ ʧʘʨʘ UTP ʢʘʪʝʛʦʨʠʠ 5e, ʧʨʠʚʝʜʝʥʘ ʩʧʝʮʠʬʠʢʘʮʠʷ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʜʘʥʥʦʡ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ, ʧʦʜʢʣʶʯʝʥʠʷ 

ʝʝ ʢ ʛʣʦʙʘʣʴʥʦʡ ʩʝʪʠ, ʟʘʱʠʪʝ ʜʘʥʥʳʭ, ʪʘʙʣʠʮʘ 6.  
 

ʊʘʙʣʠʮʘ 6 - Cʧʝʮʠʬʠʢʘʮʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʢʘʬʝʜʨ r

ʅʘʠʤʝʥʦʚʘʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ 
ɽʜʠʥʠʮʘ 

ʠʟʤʝʨʝʥʠʷ 
ʂʦʣʠʯʝʩʪʚʦ 

ʅʘʩʪʝʥʥʳʝ ʨʦʟʝʪʢʠ RJ-45              h ʪ 100 

Prometheus ïProxy ʩʝʨʚʝʨ ʰʪ 1 

Paladin - DHCP ʩʝʨʚʝʨ   ʰʪ 1 

Morpheus-Apache2 ʰʪ 1 

Valhalla-Ftp ʩʝʨʚʝʨ + ʌʘʡʣʦʚʳʠ ʰʪ 1 

ʈʦʫʪʝʨD-Link   DIR-300/NRU ʰʪ 2 

ʉʝʪʝʚʦʡ ʢʘʙʝʣʴ Cat5e ʤ 1943 

ʉʝʪʝʚʳʝ ʢʘʨʪʳ  ʰʪ 65 

ʈʘʟʲʝʤʳ  RJ-45 ʰʪ 282 
 



 

ʈʘʟʤʝʱʝʥʠʝ ʢʦʤʧʴʶʪʝʨʦʚ, ʩʝʨʚʝʨʦʚ, ʢʦʤʤʫʪʘʪʦʨʦʚ ʧʦ ʘʫʜʠʪʦʨʠʷʤ ʠ ʵʪʘʞʘʤ 

ʫʯʝʙʥʦʛʦ ʢʦʨʧʫʩʘ ˉ 16 ʅʋʂ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝʪʝʚʦʡ ʘʧʧʘʨʘʪʫʨʳ: ʧʨʦʮʝʩʩʦʨʳ, 

ʜʠʩʢʠ, ʯʘʩʪʦʪʳ ʪʘʢʪʦʚʳʭ ʛʝʥʝʨʘʪʦʨʦʚ, ʘʜʘʧʪʝʨʳ, ʪʠʧʳ ʩʧʝʮʠʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ: 

ʢʦʥʪʨʦʣʣʝʨʳ, ʧʨʠʥʪʝʨʳ ʧʨʝʜʩʪʘʚʣʝʥ rʚ ʪʘʙʣʠʮʝ 7. 
 

ʊʘʙʣʠʮʝ 7 ï ʉʝʪʝʚʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʃɺʉ ʉʊʋ  
 

ʕʪʘʞ 

 

ʄʝʩʪʦ 

ʨʘʩʧʦʣʦ-

ʞʝʥʠʷ 

ʂʦʣʠʯʝʩʪʚʦ  

ʨʘʙʦʯʠʭ 

ʤʝʩʪ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʴʶʪʝʨʘ 
ʉʧʝʮ. 

ʦʙʦʨʫʜʦʚʘʥʠʝ 

2 215 1 
IntelÈ Pentium-2.20GHz, Ram2ɻʙ, 

HDD 30 ɻʙ, CD-ROM 52-x (19h ʪ) 
 

3 301   
ʇʨʠʥʪʝʨ ʅp Jetdirect 

300x 

3 302 3 
IntelÈ Pentium-2.20GHz, Ram2ɻʙ, 

HDD 30 ɻʙ, CD-ROM 52-x (3 h ʪ) 

ʇʨʠʥʪʝʨ ʅp Jetdirect 

300x 

3 304 1 
IntelÈ Pentium-2.20GHz, Ram2ɻʙ, 

HDD 30 ɻʙ, CD-ROM 52-x (1 h ʪ) 
 

3 306 1 
IntelÈ Pentium-2.20GHz, Ram2ɻʙ, 

HDD 30 ɻʙ, CD-ROM 52-x (1 h ʪ) 
 

3 309 10 

IntelÈ Pentium-2.20GHz, Ram2ɻʙ, 

HDD 30 ɻʙ, CD-ROM 52-x 

(10 h ʪ) 

 

3 310 10 

IntelÈ Pentium-2.20GHz, Ram2ɻʙ, 

HDD 30 ɻʙ, CD-ROM 52-x 

(10 h ʪ) 

 

3 311 10 

IntelÈ Pentium-2.20GHz, Ram2ɻʙ, 

HDD 30 ɻʙ, CD-ROM 52-x 

(10 h ʪ) 

 

3 313 11 

IntelÈ Pentium-2.20GHz, Ram2ɻʙ, 

HDD 30 ɻʙ, CD-ROM 52-x 

(11 h ʪ) 

 

3 315 14 

IntelÈ CPU2140-1.60GHz, 

Ram1.99ɻʙ, HDD 30 ɻʙ, 

CD-ROM 52-x (14 h ʪ) 

13 ʢʦʥʪʨʦʣʣʝʨʦʚ 

Siemens s200, s300, 

s400 
 

 
 



 
 

8. ʂʨʠʪʝʨʠʠ  ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʃɺʉ ʉʊʋ 

8.1.  ʈʘʩʯʝʪ ʢʨʠʪʝʨʠʝʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʃɺʉ ʉʊʋ 

 

ʂʘʢ ʫʢʘʟʳʚʘʣʦʩʴ ʚ ʛʣʘʚʝ 5, ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʢʨʠʪʝʨʠʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʩʝʪʠ ʜʝʣʷʪʩʷ ʥʘ ʜʚʝ ʛʨʫʧʧʳ. ʆʜʥʘ ʛʨʫʧʧʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʝʪʠ, ʚʪʦʨʘʷ - ʥʘʜʝʞʥʦʩʪʴ. 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʝʪʠ ʠʟʤʝʥʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʦʢʘʟʘʪʝʣʝʡ ʜʚʫʭ ʪʠʧʦʚ ï 

ʚʨʝʤʝʥʥʳʭ, ʦʮʝʥʠʚʘʶʱʠʭ ʟʘʜʝʨʞʢʫ, ʚʥʦʩʠʤʫʶ ʩʝʪʴʶ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʦʙʤʝʥʘ 

ʜʘʥʥʳʤʠ, ʠ ʧʦʢʘʟʘʪʝʣʝʡ  ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʦʪʨʘʞʘʶʱʠʭ ʢʦʣʠʯʝʩʪʚʦ 

ʠʥʬʦʨʤʘʮʠʠ, ʧʝʨʝʜʘʥʥʦʡ ʩʝʪʴʶ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ.  

ʈʘʩʯʝʪ PDV( Path Delay Value). ʇʨʠ ʨʘʙʦʪʝ ʚ ʧʦʣʫʜʫʧʣʝʢʩʥʦʤ ʨʝʞʠʤʝ 

ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʩʯʝʪʘ ʚʨʝʤʝʥʠ ʜʚʦʡʥʦʛʦ ʦʙʦʨʦʪʘ ʩʠʛʥʘʣʘ ʤʝʞʜʫ ʜʚʫʤʷ 

ʩʘʤʳʤʠ ʫʜʘʣʝʥʥʳʤʠ ʩʪʘʥʮʠʷʤʠ ʩʝʪʠ. ɼʣʷ ʩʢʦʨʦʩʪʠ 100 ʄʙ/ʩ PDV ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ 

ʠʟ ʧʨʝʜʧʦʩʳʣʢʠ, ʯʪʦ ʚʨʝʤʷ ʦʙʥʘʨʫʞʝʥʠʝ ʢʦʣʣʠʟʠʠ ʥʝ ʜʦʣʞʥʦ ʧʨʝʚʳʰʘʪʴ ʚʨʝʤʝʥʠ, 

ʨʘʚʥʦʝ 512 ʙʠʪʦʚʳʤʠ ʠʥʪʝʨʚʘʣʘʤ ʥʘ ʧʝʨʝʜʘʯʫ ʢʘʜʨʘ ʙʝʟ ʧʨʝʘʤʙʫʣʳ ʩ ʤʠʥʠʤʘʣʴʥʦʡ 

ʜʣʠʥʦʡ ʚ 512 ʙʠʪ. ɼʣʷ ʨʘʩʯʝʪʘ PDV ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ, ʟʘʜʝʨʞʢʠ, ʚʥʦʩʠʤʳʝ ʢʘʙʝʣʝʤ, 

ʘʜʘʧʪʝʨʦʤ ʠ ʢʦʤʤʫʪʘʪʦʨʘʤʠ ʧʨʠ ʧʝʨʝʜʘʯʝ ʢʘʜʨʘ. ɺʩʝ ʚʝʣʠʯʠʥʳ ʟʘʜʝʨʞʝʢ ʦʧʠʩʘʥʳ ʚ 

ʩʪʘʥʜʘʨʪʝ IEEE 802.3. 

 ʅʘ ʢʘʬʝʜʨʝ ʩʘʤʳʡ ʜʣʠʥʥʳʡ ʩʝʛʤʝʥʪ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʤʝʞʜʫ ʘʫʜʠʪʦʨʠʷʤʠ 301 ʠ 

412. ɼʘʥʥʳʡ ʩʝʛʤʝʥʪ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʚʠʪʳʭ ʧʘʨ UTP 5ʝ ʢʘʪʝʛʦʨʠʠ, ʜʚʫʭ 

ʧʦʚʪʦʨʠʪʝʣʝʡ ʧʝʨʚʦʛʦ ʢʣʘʩʩʘ, ʘ ʪʘʢʞʝ ʦʜʥʦʛʦ ʩʝʪʝʚʦʛʦ ʘʜʘʧʪʝʨʦʚ TX ʪʠʧʘ. ɿʘʜʝʨʞ-ʢʘ 

ʜʣʷ ʢʘʙʝʣʷ ʙʫʜʝʪ ʨʘʚʥʘ tʢ =1,112 bit ʥʘ ʤʝʪʨ, ʜʣʷ  ʘʜʘʧʪʝʨʦʚ ï tɸ =100bit, ʜʣʷ  

ʧʦʚʪʦʨʠʪʝʣʝʡ ï tR =140 bit. ɼʣʠʥʘ ʢʘʙʝʣʷ ʤʝʞʜʫ ʘʫʜʠʪʦʨʠʠ 301 ʠ 412 ʨʘʚʥʘ L =50 ʤ ʩ 

ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʢʘʙʝʣʴ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʢʘʙʝʣʴ ï ʢʘʥʘʣʳ, ʘ ʪʘʢʞʝ ʜʣʠʥʘ ʢʘʙʝʣʷ ʚ 

ʘʫʜʠʪʦʨʠʠ ʚ ʩʨʝʜʥʝʤ ʨʘʚʥʘ 3 ʤʝʪʨʘʤ. ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ: 

¶ ɿʘʜʝʨʞʢʠ ʩʝʛʤʝʥʪʦʚ tʟʩ= tʢĬL=1,112 * 50 = 55,6 bit.  

¶ ɿʘʜʝʨʞʢʘ ʧʘʨʳ ʩʝʪʝʚʳʭ ʘʜʘʧʪʝʨʦʚ 100Base ï TX: tʟʘ= tAĬL=  100bit. 

¶ ʋʜʚʦʝʥʥʘʷ ʟʘʜʝʨʞʢʘ ʧʦʚʪʦʨʠʪʝʣʷ ʧʝʨʚʦʛʦ ʢʣʘʩʩʘ: tʟʧ= tRĬL=  140bit. 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʫʤʤʘʨʥʘʷ ʟʘʜʝʨʞʢʘ ʚ ʜʦʤʝʥʝ ʢʦʣʣʠʟʠʡ ʩʦʩʪʘʚʣʷʝʪ          tʟɆ= 

(55,6 + 100 + 140)= 339,6 bit, ʯʪʦ ʥʝ ʧʨʝʚʳʰʘʝʪ ʜʦʧʫʩʪʠʤʦʛʦ ʟʥʘʯʝʥʠʝ ʚ 512 bit. 

ɿʘʧʘʩ ʧʨʦʯʥʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ 172 bit, ʵʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʚ ʜʘʥʥʦʡ ʩʝʪʠ ʚʦʟʤʦʞʥʦ 

ʫʜʣʠʥʝʥʠʝ ʩʝʛʤʝʥʪʦʚ. PVV< 47bt. 

 



 

 ʈʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʜʝʨʞʝʢ. ɼʣʷ ʩʝʪʝʚʦʡ ʪʝʭʥʦʣʦʛʠʠ Ethernet 

ʩʪʘʥʜʘʨʪʦʚ 100 Base-ʊʍ (ʥʘ ʢʘʙʝʣʝ ʚʠʪʘʷ ʧʘʨʘ), 100 Base-FL (ʥʘ ʦʧʪʠʯʝʩʢʦʤ ʢʘʙʝʣʝ) 

ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ ɜi ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʥʘʯʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʟʘʜʝʨʞʝʢ ki, ʪ.ʝ. ʫʤʝʥʴʰʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʘ ʚ ʢʘʙʝʣʝ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʢʦʨʦʩʪʴʶ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ ʥʘ ʦʩʥʦʚʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 8 

ʟʥʘʯʝʥʠʡ ʟʘʜʝʨʞʝʢ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ. 
 

ʊʘʙʣʠʮʘ 8 ï ɿʥʘʯʝʥʠʷ ʟʘʜʝʨʞʝʢ ʜʣʷ ʢʘʙʝʣʝʡ 100Base-X 
 

 

ɼʣʷ ʢʘʙʝʣʷ ʚʠʪʘʷ ʧʘʨʘ 100 Base- TX ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ ɜɺʇ ʠ ʢʦʵʬ-

ʬʠʮʠʝʥʪ ʟʘʜʝʨʞʝʢ ʜʣʷ ʚʠʪʦʡ ʧʘʨʳ kɺʇ  ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (1): 
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ɿʜʝʩʴ  Ű ï ʚʝʣʠʯʠʥʘ ʙʠʪʦʚʦʛʦ ʠʥʪʝʨʚʘʣʘ, 100Base-ʊʍ, Ű=0,01 ʤʢʩ, 

           ʉ ï ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ, ʉ = 300 000 ʢʤ/ʩ. 
 

ɼʣʷ ʢʘʙʝʣʷ ʦʧʪʦʚʦʣʦʢʥʦ 100 Base-FX ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ ɜʆʂ ʠ ʢʦ-

ʵʬʬʠʮʠʝʥʪ ʟʘʜʝʨʞʝʢ ʜʣʷ ʦʧʪʦʚʦʣʦʢʥʘ kʆʂ   ʨʘʚʥʳ: 

.0,3
100000

300000

];/[100000]/[100,100]/[10
01,00,1
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ɿʜʝʩʴ  Ű ï ʚʝʣʠʯʠʥʘ ʙʠʪʦʚʦʛʦ ʠʥʪʝʨʚʘʣʘ, 100Base-Fʍ, Ű=0,01 ʤʢʩ, 

           ʉ ï ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ, ʉ = 300 000 ʢʤ/ʩ.  
 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʝʪʠ. ɼʣʷ ʢʘʜʨʦʚ ʤʠʥʠʤʘʣʴʥʦʡ ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʣʠʥʳ 

ʨʘʩʩʯʠʪʘʝʤ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʝʪʠ ʚ ʢʘʜʨʘʭ/ʩ. 
 

]./[14880
2,67
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];[2,67)_(6,96,571,0576
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ɼʣʷ ʢʘʜʨʦʚ ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʣʠʥʳ ʨʘʩʩʯʠʪʘʝʤ ʜʣʠʥʫ ʢʘʜʨʘ ʚ ʙʠʪʘʭ, ʚʨʝʤʷ 

ʧʝʨʝʜʘʯʠ ʢʘʜʨʘ, ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ  
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ʇʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʝʪʠ - ʵʪʦ ʧʘʨʘʤʝʪʨ, ʚʣʠʷʶʱʠʡ ʥʘ ʪʘʢʦʡ ʢʨʠʪʝʨʠʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʢʘʢ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. ɺ ʛʣʘʚʝ 5 ʜʣʷ ʪʝʭʥʦʣʦʛʠʠ 100Base ï TX 

ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʵʬʬʝʢʪʠʚʥʘʷ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʝʪʠ 

ʜʣʷ  ʢʘʜʨʦʚ ʤʘʢʩʠʤʘʣʴʥʦʡ 1518 ʙʠʪ ʠ ʤʠʥʠʤʘʣʴʥʦʡ 576 ʙʠʪ ʜʣʠʥʳ.  

ʕʬʬʝʢʪʠʚʥʳʝ ʧʨʦʧʫʩʢʥʳʝ ʩʧʦʩʦʙʥʦʩʪʠ (ʙʝʟ ʫʯʝʪʘ ʩʣʫʞʝʙʥʦʡ ʠʥʬʦʨʤʘʮʠʠ)  ʜʣʷ 

ʢʘʜʨʦʚ ʤʘʢʩʠʤʘʣʴʥʦʡ ʠ ʤʠʥʠʤʘʣʴʥʦʡ ʜʣʠʥʳ ʨʘʚʥ:r 

                               Cn max =Lʢʘʜʨʘ max/Tmax=(1500 ʭ 8)/1230.4 = 9.75 ʄʙʠʪ/c. 

                              Cn min =Lʢʘʜʨʘ min/Tmin=(46 ʭ 8)/67.2 = 5.48 ʄʙʠʪ/c. 

ʂʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʥʘʣʘ ʩʚʷʟʠ ʧʨʠ ʧʝʨʝʜʘʯʝ ʢʘʜʨʦʚ ʤʠʥʠʤʘʣʴʥʦʡ 

ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʣʠʥʳ ʨʘʚʥʳ: 

,548,0
min_

min ==
C

C
k
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,975,0
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max ==
C

C
k n

 
ʛʜʝ ʉ ï ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢʘʥʘʣʘ ʩʚʷʟʠ, 100 ʄʙʠʪ/ʩ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʦʣʴʰʠʭ ʧʘʢʝʪʦʚ ʧʦʚʳʰʘʝʪʩʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʨʘʙʦʪʘʶʱʝʛʦ ʩ ʢʘʜʨʘʤʠ, ʪʦ ʝʩʪʴ ʤʦʩʪʦʚ, 

ʢʦʤʤʫʪʘʪʦʨʦʚ ʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʚ. 
 

8.2 . ʆʧʪʠʤʠʟʘʮʠʷ ʟʘʪʨʘʪ ʥʘ ʦʨʛʘʥʠʟʘʮʠʶ ʃɺʉ 
 

 ʈʘʩʯʸʪ ʩʪʦʠʤʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʩʝʪʠ. ʆʧʪʠʤʠʟʘʮʠʷ ʟʘʪʨʘʪ ʥʘ ʩʝʪʴ ʚʢʣʶʯʘʝʪ ʚ 

ʩʝʙʷ ʧʨʦʮʝʩʩ ʦʧʪʠʤʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨʳ, ʪ.ʝ. ʦʙʦʩʥʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʥʦʡ ʠ ʘʧʧʘʨʘʪ-ʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʝʪʠ. ʆʧʨʝʜʝʣʷʝʤ ʦʙʱʠʝ ʟʘʪʨʘʪʳ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʨʝʘʣʠ-ʟʘʮʠʠ 

ʩʝʪʠ. ʈʘʩʯʝʪ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʩʧʝʮʠʬʠʢʘʮʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʪʘʙʣʠʮʝ 9. 
 

ʊʘʙʣʠʮʘ 9 ï ʉʪʦʠʤʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ ʃɺʉ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ɽʜʠʥʠʮʘ ʂʦʣ-ʚʦ ʎʝʥʘ (ʫ.ʝ) ʉʪʦʠʤʦʩʪʴ(ʫ.ʝ) 

ʅʘʩʪʝʥʥʳʝ ʨʦʟʝʪʢʠ RJ-45 ʰʪ 100 2,90 263,90 

ʉʝʨʚʝʨ ʰʪ 1 1240,00 1240,00 

ʉʚʠʪʯ  D-Link Des1005A ʰʪ 5 345,00 1725,00 

ʉʝʪʝʚʦʡ ʢʘʙʝʣʴ 100 Base-Tʍ Level 5e ʤ 1943 0,20 46,40 

ʉʝʪʝʚʳʝ ʢʘʨʪʳ 3C905-TX 10/100 PCI ʰʪ 91 30,10 2739,10 

ʈʘʟʲʝʤʳ RJ-45 ʰʪ 282 0,20 36,40 

ʀʪʦʛʦ     20 085 



 

ʉʦʩʪʘʚʣʝʥʠʝ ʢʨʘʪʢʦʛʦ ʧʣʘʥʘ ʩʝʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ, 

ʩʦʩʪʘʚʣʷʝʤ ʢʨʘʪʢʠʡ ʧʣʘʥ ʩʝʪʠ, ʢʦʪʦʨʳʡ ʦʪʨʘʞʘʝʪ ʚʩʝ ʚʳʙʨʘʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʘʥʠʨʫʝʤʦʡ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʡ ʩʝʪʠ, ʪʘʙʣʠʮʘ 10. 
 

ʊʘʙʣʠʮʘ 10 - ʂʨʘʪʢʠʡ ʧʣʘʥ ʩʝʪʠ 

9. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʣʦʢʘʣʴʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʝʪʠ ʫʯʝʙʥʦʛʦ ʮʝʥʪʨʘ 
 

9.1.  ʇʨʦʛʨʘʤʤʳ ʧʦʩʪʨʦʝʥʠʷ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʃɺʉ 
 

 ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʝʪʠ ʙʳʣʠ ʠʟʫʯʝʥʳ ʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʩʝʪʝʡ ʩʣʝʜʫʶʱʠʝ ʧʨʦʛʨʘʤʤʳ: 

Autodesk Revit ï ʧʨʦʛʨʘʤʤʘ, ʦʩʥʦʚʘʥʥʘ ̫ʥʘ ʪʝʭʥʦʣʦʛʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʜʘʥʠʡ (BIM) ʠ ʦʙʲʝʜʠʥʷʶʱʘ ̫ ʚ ʨʘʤʢʘʭ ʝʜʠʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʠʥʞʝʥʝʨʥʳʭ ʩʠʩʪʝʤ 

ʟʜʘʥʠʷ, ʪʘʢʠʭ ʢʘʢ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʘʷ. ʇʨʦʛʨʘʤʤʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʯʝʨʪʝʞʘ ʠ 3D ï ʤʦʜʝʣʠ 3 ʵʪʘʞʘ ʢʦʨʧʫʩʘ ˉ 16 ʅʋʂ. 

Dia ïʧʨʦʩʪʦʝ ʧʨʠʣʦʞʝʥʠʝ ʩ ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ 

ʨʠʩʦʚʘʥʠʷ ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʜʠʘʛʨʘʤʤ. ʉ ʧʦʤʦʱʴʶ ʧʨʠʣʦʞʝʥʠʷ ʙʳʣʠ ʧʨʦʨʠʩʦʚʘʥʳ 

ʦʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ ʩʭʝʤ ʃɺʉ. 

ʊʠʧ ʩʝʪʠ: ʩʝʪʴ ʂʣʠʝʥʪ ï ʩʝʨʚʝʨʥʘʷ 

ʊʦʧʦʣʦʛʠʷ: "ɼʝʨʝʚʦ" 

ʊʠʧ ʢʘʙʝʣʷ: 100Base ï TX Level 5e 

ʇʘʩʩʠʚʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ: - ʥʘʩʪʝʥʥʳʝ ʨʦʟʝʪʢʠ RJ-45 

- ʨʘʟʲʝʤʳ RJ-45 

ɸʨʭʠʪʝʢʪʫʨʘ ʩʝʪʠ: Ethernet 100Base ï TX 

ʄʝʪʦʜ ʜʦʩʪʫʧʘ: CSMA/CD 

ɸʢʪʠʚʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ: -ʢʦʤʤʫʪʘʪʦʨ D-Link Des1005A 

-ʩʝʪʝʚʳʝ ʢʘʨʪʳ 3C905-TX 10/100 PCI 

-ʨʦʫʪʝʨ D-Link   DIR-300/NRU 

ʊʠʧ ʩʝʨʚʝʨʘ: ½ Proxy ʩʝʨʚʝʨ 

½ DHCP ʩʝʨʚʝʨ   

½ Apache2 

½ Ftp- ʩʝʨʚʝʨ + ʌʘʡʣ - ʩʝʨʚʝʨ 

ɸʧʧʘʨʘʪʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʩʝʨʚʝʨʘ: Pentium III-1000, Ram 256 ʄʙ, HDD Ultra 

1600 SCSI-30 ɻʙ (3 h ʪ) 

ʉʝʪʝʚʘʷ ʆʉ: Microsoft Windows 2000 Server  

ʃʦʢʘʣʴʥʘʷ ʆʉ: Microsoft Window 7  ʠʣʠ Windows XP  

ʉʝʪʝʚʦʡ ʧʨʦʪʦʢʦʣ: TCP/IP 



 

NetCrackerÈ Professional 4.1 ï ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʤʦʜʝʣʠ-

ʨʦʚʘʥʠʷ ʢʘʢ ʣʦʢʘʣʴʥʳʭ (ʦʜʥʦ- ʠ ʤʥʦʛʦʫʨʦʚʥʝʚʳʭ), ʪʘʢ ʠ ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʩʝʪʝʡ, 

ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʤʦʜʝʣʴ ʩʝʪʠ ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ ʠ ʚʠʟʫʘʣʴʥʦʤ ʚʠʜʝ. ʇʨʦʛʨʘʤʤʘ 

ʩʦʜʝʨʞʠʪ ʙʘʟʫ ʜʘʥʥʳʭ ʩ ʪʳʩʷʯʘʤʠ ʩʝʪʝʚʳʭ ʫʩʪʨʦʡʩʪʚ ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʠ 

ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʠ ʜʦʙʘʚʣʷʪʴ ʚ ʙʘʟʫ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ. ʆʜʥʦʡ ʠʟ 

ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʭ ʠ ʧʦʣʝʟʥʳʭ ʬʫʥʢʮʠʡ ʧʨʦʛʨʘʤʤʳ ʷʚʣʷʝʪʩʷ ʥʘʛʣʷʜʥʘʷ ʠʤʠʪʘʮʠʷ 

ʨʘʙʦʪʳ ʩʝʪʠ ʩ ʧʦʤʦʱʴʶ ʘʥʠʤʘʮʠʠ.  

ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʩʝʪʴ ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ, ʚ ʥʝʡ ʤʦʞʥʦ ʟʘʜʘʪʴ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ 

ʪʨʘʬʠʢʘ ʠ ʧʨʦʚʝʨʠʪʴ ʝʝ ʨʘʙʦʪʫ, ʠʩʧʦʣʴʟʫʷ ʬʫʥʢʮʠʶ NetCracker Professional 

AutoSimulationÊ. ɺ ʩʣʫʯʘʝ ʥʝʙʦʣʴʰʠʭ ʧʨʦʝʢʪʦʚ ʠʤʠʪʘʮʠʷ ʨʘʙʦʪʳ ʩʝʪʠ ʧʨʦʠʩʭʦʜʠʪ 

ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ɺ ʧʨʦʮʝʩʩʝ ʠʤʠʪʘʮʠʠ ʨʘʙʦʪʳ ʧʨʦʝʢʪʘ, ʥʘʧʨʠʤʝʨ, 

ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ ʩ ʧʘʨʘʤʝʪʨʘʤʠ, ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʙʣʠʞʝʥʥʳʤʠ ʢ ʨʝʘʣʴʥʳʤ, 

ʧʨʦʛʨʘʤʤʘ ʦʪʦʙʨʘʞʘʝʪ ʠ ʥʘʢʘʧʣʠʚʘʝʪ ʨʘʟʣʠʯʥʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʢʦʪʦʨʳʝ ʧʦ 

ʦʢʦʥʯʘʥʠʠ ʠʤʠʪʘʮʠʠ ʨʘʙʦʪʳ ʤʦʞʥʦ ʙʫʜʝʪ ʧʨʦʩʤʦʪʨʝʪʴ ʠ ʨʘʩʧʝʯʘʪʘʪʴ ʚ ʚʠʜʝ 

ʦʪʯʸʪʦʚ, ʘ ʪʘʢʞʝ ʧʦʩʪʨʦʠʪʴ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʪʘʢʠʝ ʢʘʢ 

ʛʨʘʬʠʢ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʝʪʠ. ɻʣʘʚʥʦʝ ʦʢʥʦ ʧʨʦʛʨʘʤʤʳ ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 

11. 
 

 
 

ʈʠʩʫʥʦʢ 11  ɻʣʘʚʥʦʝ ʦʢʥʦ NetCracker Professional 4.1 

 



 

 ʇʨʠ ʩʦʟʜʘʥʠʠ ʤʦʜʝʣʠʨʫʝʤʦʡ ʩʭʝʤʳ ʩʝʪʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʙʰʠʨʥʫʶ 

ʙʘʟʫ ʩʝʪʝʚʳʭ ʫʩʪʨʦʡʩʪʚ, ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʦʢʥʝ ʙʨʘʫʟʝʨʘ 

(ʨʠʩʫʥʦʢ 12). ɺ ʜʠʘʣʦʛʦʚʳʭ ʦʢʥʘʭ ʟʘʜʘʶʪʩʷ ʧʨʦʪʦʢʦʣʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʜʣʠʥʘ 

ʢʘʙʝʣʷ ʠ ʪʠʧ ʢʘʙʝʣʷ, ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʪ.ʜ., ʯʪʦ ʜʝʣʘʝʪ ʤʦʜʝʣʴ ʤʘʢʩʠʤʘʣʴʥʦ 

ʧʨʠʙʣʠʞʝʥʥʦʡ ʢ ʨʝʘʣʴʥʦʡ ʃɺʉ. 

            
 

ʈʠʩʫʥʦʢ 12  ɿʘʜʘʥʠʝ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʃɺʉ 
 

ʆʩʥʦʚʥʘʷ ʨʘʙʦʯʘʷ ʤʦʜʝʣʴ ʃɺʉ ʩ ʚʳʙʨʘʥʥʳʤ ʘʧʧʘʨʘʪʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ,  

ʪʠʧʦʤ ʠ ʟʘʜʘʥʥʦʡ ʜʣʠʥʦʡ ʢʘʙʝʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʧʘʨʘʤʝʪʨʘʤʠ ʪʨʘʬʠʢʘ (ʫʩʪʘʥʘʚ-

ʣʠʚʘʶʪʩʷ ʠ ʤʦʛʫʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʜʣʠʥʘ ʢʘʜʨʦʚ, ʤʝʞʢʘʜʨʦʚʳʡ ʠʥʪʝʨʚʘʣ, ʠʥʪʝʥ-

ʩʠʚʥʦʩʪʴ ʥʘʛʨʫʟʢʠ) ʚ ʥʦʨʤʘʣʴʥʦʤ ʨʘʙʦʯʝʤ ʨʝʞʠʤʝ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 13. ʅʘ 

ʩʝʨʚʝʨʘʭ ʦʙʝʩʧʝʯʝʥʘ ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʣʷ Fast Ethernet ʥʘʛʨʫʟʢʘ. ʂʘʞʜʘʷ ʨʘʙʦʯʘʷ 

ʩʪʘʥʮʠʷ ʩʚʷʟʘʥʘ ʩ ʩʝʨʚʝʨʘʤʠ, ʪʨʘʬʠʢ ʥʘʩʪʨʦʝʥ ʢʦʨʨʝʢʪʥʦ, ʢʦʣʣʠʟʠʡ ʥʝ ʦʙʥʘʨʫʞʝʥʦ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʩʝʪʴ ʥʘ ʢʘʬʝʜʨʝ ʨʘʙʦʪʘʝʪ ʙʝʟ ʩʙʦʝʚ ʧʨʠ ʨʘʙʦʯʝʡ 

ʥʘʛʨʫʟʢʝ ʪʨʘʬʠʢʘ, ʟʘʜʘʝʤ ʨʘʟʤʝʨ ʢʘʜʨʘ ʦʪ 512 ʙʘʡʪ, ʤʝʞʢʘʜʨʦʚʳʡ ʠʥʪʝʨʚʘʣ 0.96 ʤʢʩ. 

ʆʩʥʦʚʥʳʝ ʤʦʜʝʣʠ ʃɺʉ ʉʊʋ ʘʫʜʠʪʦʨʠʡ, ʨʘʙʦʪʘʶʱʠʝ ʚ ʥʦʨʤʘʣʴʥʦʤ ʨʝʞʠʤʝ ʠ 

ʘʚʘʨʠʡʥʳʡ ʨʝʞʠʤ (çʢʨʘʭè) ʩʝʪʠ ʧʨʠʚʝʜʝʥʳ ʚ ʇʨʠʣʦʞʝʥʠʠ ɺ. 

ɺʘʨʴʠʨʫʷ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʢʘʢ ʨʘʟʤʝʨ ʢʘʜʨʘ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʨʘʬʠʢʘ, 

ʤʝʞʢʘʜʨʦʚʳʡ ʠʥʪʝʨʚʘʣ, ʤʦʜʝʣʠʨʫʝʤ ʩʠʪʫʘʮʠʶ çʢʨʘʭʘè ʩʝʪʠ Ethernet, ʪ.ʝ. ʚʦʟʥʠʢʘʝʪ 

ʧʝʨʝʛʨʫʟʢʘ ʮʝʥʪʨʘʣʴʥʦʛʦ ʢʦʤʤʫʪʘʪʦʨʘ, ʢʦʪʦʨʳʡ ʧʝʨʝʩʪʘʝʪ ʩʧʨʘʚʣʷʪʴʩʷ ʩ 

ʥʘʧʣʳʚʘʶʱʠʤ ʧʦʪʦʢʦʤ ʢʘʜʨʦʚ, ʧʨʝʚʳʰʘʶʱʝʤ ʤʘʢʩʠʤʘʣʴʥʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ  



 

 
 

ʈʠʩʫʥʦʢ 13  ʌʨʘʛʤʝʥʪ ʤʦʜʝʣʠ ʃɺʉ ʉʊʋ ʚ ʥʦʨʤʘʣʴʥʦʤ ʨʝʞʠʤʝ  
 

ʢʦʤʤʫʪʘʪʦʨʘ, ʩʝʪʴ ʙʦʣʴʰʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʥʝ ʤʦʞʝʪ. ʂʨʘʭ ʩʝʪʠ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ 

ʤʘʢʩʠʤʘʣʴʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʜʣʠʥʳ ʢʘʜʨʘ, ʤʘʢʩʠʤʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʨʘʬʠʢʘ. 

ʀʩʭʦʜʷ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

ʥʘʠʙʦʣʴʰʘʷ ʥʘʛʨʫʟʢʘ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʢʦʤʤʫʪʘʪʦʨ ʩʝʨʚʝʨʥʦʡ ʧʨʠ ʥʘʛʨʫʟʢʘʭ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʳ ʧʨʠ ʥʝʧʨʝʨʳʚʥʦʡ ʨʘʙʦʪʝ ʚʩʝʭ ʩʪʘʥʮʠʡ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʩ 

ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʴʶ ʟʘʛʨʫʞʝʥʥʦʩʪʠ (ʨʠʩʫʥʦʢ 14). 
 

 
 

ʈʠʩʫʥʦʢ 14  ʂʨʘʭ ʃɺʉ ʉʊʋ ʚ ʘʚʘʨʠʡʥʦʤ ʨʝʞʠʤʝ 

 

9.2.  ɻʨʘʬʠʢʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʃɺʉ ʉʊʋ  
 

ɼʣʷ ʦʮʝʥʢʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʝʪʠ Ethernet ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʢʘʢ 

ʘʥʘʣʠʪʠʯʝʩʢʠʝ, ʪʘʢ ʠ ʵʤʧʠʨʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʥʦ ʦʥʠ ʥʝ ʫʯʠʪʳʚʘʣʠ ʪʘʢʫʶ ʚʘʞʥʫʶ 

ʦʩʦʙʝʥʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʠ Ethernet, ʢʘʢ ʢʦʣʣʠʟʠʠ. ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʙʳʣʘ 

ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʨʘʙʦʯʠʭ ʧʘʢʝʪʦʚ ʠ 



 

ʢʦʣʣʠʟʠʦʥʥʳʭ. ʇʦʜ ʨʘʙʦʯʠʤʠ ʢʘʜʨʘʤʠ ʧʦʜʨʘʟʫʤʝʚʘʶʪʩʷ ʢʘʜʨʳ, ʢʦʪʦʨʳʝ ʜʦʩʪʠʛʘʶʪ 

ʨʘʙʦʯʠʭ ʩʪʘʥʮʠʡ ʩʝʪʠ ʙʝʟ ʠʩʢʘʞʝʥʠʡ. ʇʨʠ ʵʪʦʤ ʠʟʤʝʥʷʝʤʳʤ ʧʘʨʘʤʝʪʨʦʤ ʙʳʣ 

ʚʳʙʨʘʥ ʨʘʟʤʝʨ ʢʘʜʨʦʚ, ʢʦʪʦʨʳʡ ʧʨʠʥʠʤʘʣ ʟʥʘʯʝʥʠʷ ʦʪ 100 ʜʦ 1500 ʩ ʰʘʛʦʤ 200. 

ʈʘʩʯʝʪʥʘʷ ʧʦʣʝʟʥʘʷ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ (ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ) ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʠʜʝʘʣʴʥʦʤʫ ʩʣʫʯʘʶ, ʢʦʛʜʘ ʚ ʩʝʪʠ ʦʪʩʫʪʩʪʚʫʶʪ ʢʦʣʣʠʟʠʠ. 

ʈʘʩʯʝʪʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʝʪʠ ʚʳʯʠʩʣʷʝʪʩʷ [2]: 
 

                      ʇʨʘʩʯ= 10
6
 / (LĬ8+(Tʄʂʀ ī1))Ĭ0.1, [ʢʘʜʨ/ʩ.]. 

 

ʈʘʙʦʯʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʝʪʠ ʩ ʫʯʝʪʦʤ ʢʦʣʣʠʟʠʡ ʚʳʯʠʩʣʷʝʪʩʷ: 
 

                     ʇʨʘʙ=10
6
ĿD/(LĬ8+(Tʄʂʀ ī1))Ĭ0.1, [ʢʘʜʨ/ʩ.], 

ɻʜʝ L ï ʜʣʠʥʘ ʢʘʜʨʘ, Tʄʂʀ  ï ʤʝʞʢʘʜʨʦʚʳʡ ʠʥʪʝʨʚʘʣ, 96 bt, 

       D ï ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʙʦʯʠʭ ʢʘʜʨʦʚ, ʚʳʯʠʩʣʷʝʤʳʡ ʧʦ ʬʦʨʤʫʣʝ: 
 

D=R / (R+ʂ), 

ɻʜʝ R ï ʯʠʩʣʦ ʨʘʙʦʯʠʭ ʢʘʜʨʦʚ; K ï ʯʠʩʣʦ ʢʦʣʣʠʟʠʦʥʥʳʭ ʢʘʜʨʦʚ. 

ʇʘʨʘʤʝʪʨ ʂ ʤʦʞʥʦ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʨʘʙʦʪʝ ʤʦʜʝʣʠ ʩʝʪʠ ʚ ʩʨʝʜʝ 

Netcracker. ɻʨʘʬʠʢ ʨʘʙʦʪʳ ʩʝʪʠ ʩ ʫʯʝʪʦʤ ʢʦʣʣʠʟʠʡ ʩʪʨʦʠʪʩʷ ʩ ʧʦʤʦʱʴʶ Netcracker 

(ʨʠʩʫʥʦʢ 15). 

 
 

ʈʠʩʫʥʦʢ 15  ɻʨʘʬʠʢ ʨʘʙʦʪʳ ʃɺʉ ʉʊʋ ʩ  ʫʯʝʪʦʤ ʢʦʣʣʠʟʠʡ 

 

 

 

 

 



 

                                                      ɿʘʢʣʶʯʝʥʠʝ 

 

ɺ ʙʘʢʘʣʘʚʨʩʢʦʡ ʨʘʙʦʪʝ ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʝʪʝʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʃɺʉ ʢʘʬʝʜʨʳ ʉʊʋ. ʇʨʦʠʟʚʝʩʪʠ ʦʮʝʥʢʫ ʢʨʠʪʝʨʠʝʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʨʘʙʦʪʳ ʩʝʪʠ ʠ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʢʨʠʪʝʨʠʠ. ʂʨʠʪʝʨʠʷʤʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʃɺʉ ʷʚʣʷʶʪʩʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ ʩʝʪʠ. 

ʆʩʥʦʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʢʨʠʪʝʨʠʝʚ ʩʣʫʞʘʪ ʚʨʝʤʷ ʟʘʜʝʨʞʝʢ ʧʨʠ ʧʝʨʝʜʘʯʠ 

ʠʥʬʦʨʤʘʮʠʠ, ʧʨʦʧʫʩʢʥʳʝ ʩʧʦʩʦʙʥʦʩʪʠ ʩʝʪʠ: ʧʦʣʝʟʥʘʷ, ʵʬʬʝʢʪʠʚʥʘʷ. 

ʉʝʪʴ ʨʘʩʯʠʪʘʥʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʥʘʛʨʫʟʢʠ ʩʝʪʠ, ʘ 

ʪʘʢʞʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ . ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʱʘʷ 

ʢʦʥʬʠʛʫʨʘʮʠʷ ʩʝʪʠ ʧʦʣʥʦʩʪʴʶ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ  

ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʩʦʚʤʝʩʪʥʦʛʦ  ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʝʪʝʚʳʭ ʨʝʩʫʨʩʦʚ, ʪʘʢʠʭ ʢʘʢ 

ʣʦʢʘʣʴʥʳʝ ʜʠʩʢʠ, ʩʝʪʝʚʦʡ ʧʨʠʥʪʝʨ, ʜʦʩʪʫʧ ʚ ʀʥʪʝʨʥʝʪ, ʢʦʥʪʨʦʣʴ ʜʦʩʪʫʧʘ ʢ 

ʠʥʬʦʨʤʘʮʠʠ ʠ ʪ.ʜ. ɹʳʣʦ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʩʝʪʴ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʚʩʝʤ ʢʨʠʪʝʨʠʷʤ 

ʧʦʩʪʨʦʝʥʠʷ ʣʦʢʘʣʴʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʝʪʝʡ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʪʨʝʭ  ʧʨʠʥʮʠʧʦʚ ʧʦʩʪʨʦʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʢʘʙʝʣʴʥʳʭ ʩʠʩʪʝʤ 

ʜʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʦʩʥʦʚʝ ʢʘʙʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʢʘʬʝʜʨʳ ʈʘʩʧʨʝʜʝʣʝʥʥʳʭ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʣʝʞʘʪ ʧʨʠʥʮʠʧʳ ʧʦʩʪʨʦʝʥʠʷ ʦʪʢʨʳʪʳʭ ʩʠʩʪʝʤ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʫʚʝʣʠʯʝʥʠʷ ʤʘʩʰʪʘʙʘ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʝʪʠ. 

ɼʣʷ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʝʪʠ ʜʘʥʳ ʥʝʢʦʪʦʨʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʢʘʙʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʠ ʩʝʪʝʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺ ʨʘʙʦʪʝ 

ʧʨʠʚʝʜʝʥʳ ʢʦʥʢʨʝʪʥʳʝ ʤʦʜʝʣʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘ ʠʭ ʩʪʦʠʤʦʩʪʴ ʠ 

ʬʫʥʢʮʠʠ. 

ʈʘʩʩʤʦʪʨʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʝʪʠ ʥʘ 

ʢʘʬʝʜʨʝ ʈʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʝʪʝʡ : 

Å ʟʘʤʝʥʘ ʩʝʪʝʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʫʯʘʩʪʢʝ ʩʝʪʠ ʦʪ ʩʝʨʚʝʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʠ 

ʜʦ ɻʈʇ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ 

ʫʤʝʥʴʰʠʪʴ ʚʨʝʤʷ ʦʪʢʣʠʢʘ ʩʝʨʚʝʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʳʭ ʙʦʣʴʰʠʭ 

ʟʘʧʨʦʩʘʭ ʨʘʙʦʯʠʭ ʩʪʘʥʮʠʡ.   

Å ʦʨʛʘʥʠʟʘʮʠʷ ʙʝʩʧʨʦʚʦʜʥʦʛʦ ʜʦʩʪʫʧʘ ʚ ʩʝʪʴ.  ʇʦʧʳʪʢʘ ʨʝʘʣʠʟʘʮʠʠ ʪʘʢʦʛʦ 

ʜʦʩʪʫʧʘ, ʦʩʫʱʝʩʪʚʣʝʥʥʘʷ 2 ʛʦʜʘ ʥʘʟʘʜ ʩʪʫʜʝʥʪʘʤʠ ʢʘʬʝʜʨʳ ʈʀʉ, ʥʝ ʧʨʠʚʝʣʘ ʢ 

ʫʩʧʝʭʫ. ʀʟ ʘʥʘʣʠʟʘ ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʠʪʫʘʮʠʠ ʚʠʜʥʦ, ʯʪʦ ʙʣʘʛʦʜʘʨʷ ʧʨʘʚʠʣʴʥʦʡ 

ʥʘʩʪʨʦʡʢʝ ʙʝʩʧʨʦʚʦʜʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ  ʤʦʞʥʦ ʠʟʙʝʞʘʪʴ ʟʥʘʯʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʥʘ 

ʧʦʢʫʧʢʫ ʥʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 



 

ɺ ʚʳʧʫʩʢʥʦʡ ʙʘʢʘʣʘʚʨʩʢʦʡ ʨʘʙʦʪʝ ʙʳʣʘ ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ ʃɺʉ ʩʦ ʩʣʝʜʫʶʱʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: 

ʊʦʧʦʣʦʛʠʷ ï ʪʠʧʘ çʟʚʝʟʜʘè, ʤʦʜʝʣʴ ï ʢʣʠʝʥʪ-ʩʝʨʚʝʨ, ʩʪʘʥʜʘʨʪ ï 100Base-TX 

(Fast Ethernet), ʢʘʙʝʣʴ - ʥʝʵʢʨʘʥʠʨʦʚʘʥʥʘʷ ʚʠʪʘʷ ʧʘʨʘ 5e ʢʘʪʝʛʦʨʠʠ.  

ɺ ʚʳʙʦʨʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʙʳʣʦ ʦʪʜʘʥʦ ʧʨʝʜʧʦʯʪʝʥʠʝ 

ʧʨʦʛʨʘʤʤʥʳʤ ʧʨʦʜʫʢʪʘʤ ʬʠʨʤʳ Microsoft. 
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