
ʌɽɼɽʈɸʃʔʅʆɽ ɸɻɽʅʊʉʊɺʆ ʉɺʗɿʀ  

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ 

 ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

çʇʆɺʆʃɾʉʂʀʁ ɻʆʉʋɼɸʈʉʊɺɽʅʅʓʁ ʋʅʀɺɽʈʉʀʊɽʊ  

ʊɽʃɽʂʆʄʄʋʅʀʂɸʎʀʁ ʀ ʀʅʌʆʈʄɸʊʀʂʀè 

 

 

 

ʂʘʬʝʜʨʘ ʣʠʥʠʡ ʩʚʷʟʠ ʠ ʠʟʤʝʨʝʥʠʡ ʚ ʪʝʭʥʠʢʝ ʩʚʷʟʠ 

 

 
ɹʫʨʜʠʥ ɺ.ɸ., ɹʫʨʜʠʥ ɸ.ɺ., ɹʘʩʢʘʢʦʚ ɺ.ʉ., ɺʦʣʢʦʚ ʂ.ɸ. 

 

 

 çʀʟʤʝʨʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʢʘʥʘʣʦʚ ʩʠʩʪʝʤʳ WDM   

ʩ ʧʦʤʦʱʴʶ ʛʣʘʟ-ʜʠʘʛʨʘʤʤʳè 

 
ʄʝʪʦʜʠʯʝʩʢʘʷ ʨʘʟʨʘʙʦʪʢʘ ʢ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʝ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ʉʘʤʘʨʘ 

2017 ʛ. 
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ʋɼʂ 621.39.082.5 

 

 

ʈʝʢʦʤʝʥʜʦʚʘʥʦ ʢ ʠʟʜʘʥʠʶ ʤʝʪʦʜʠʯʝʩʢʠʤ ʩʦʚʝʪʦʤ ʇɻʋʊʀ, ʧʨʦ-

ʪʦʢʦʣ ˉ 34 ʦʪ 17.02.2017 ʛ. 
 

 

 

ʈʝʮʝʥʟʝʥʪ: 

ʜʦʮʝʥʪ, ʢʘʬʝʜʨʘ ʩʠʩʪʝʤ ʩʚʷʟʠ ʌɻɹʆʋ ɺʆ ʇɻʋʊʀ,  

ʢ.ʪ.ʥ., ʊʨʦʰʠʥ ɸ.ɺ. 

 

ɹʫʨʜʠʥ ɺ.ɸ., ɹʫʨʜʠʥ ɸ.ɺ., ɹʘʩʢʘʢʦʚ ɺ.ʉ., ɺʦʣʢʦʚ ʂ.ɸ. 

ɼ    ʀʟʤʝʨʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʢʘʥʘʣʦʚ ʩʠʩʪʝʤʳ WDM  ʩ ʧʦʤʦʱʴʶ 

ʛʣʘʟ-ʜʠʘʛʨʘʤʤʳ ʤʝʪʦʜʠʯʝʩʢʠʝ ʫʢʘʟʘʥʠʷ ʧʦ ʚʳʧʦʣʥʝʥʠʶ ʣʘʙʦʨʘʪʦʨʥʦʡ 

ʨʘʙʦʪʳ/ ɹʫʨʜʠʥ ɺ.ɸ., ɹʫʨʜʠʥ ɸ.ɺ., ɹʘʩʢʘʢʦʚ ɺ.ʉ., ɺʦʣʢʦʚ ʂ.ɸ.. ï ʉʘʤʘʨʘ: 

ʇɻʋʊʀ, 2017. ï24 ʩ. 

 

 

ɺ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʡ ʨʘʟʨʘʙʦʪʢʝ ʧʨʠʚʦʜʠʪʩʷ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʤʘʪʝʨʠ-

ʘʣ, ʧʦʩʚʷʱʝʥʥʳʡ ʠʟʤʝʨʝʥʠʶ ʧʘʨʘʤʝʪʨʦʚ ʢʘʥʘʣʦʚ ʩʠʩʪʝʤʳ WDM ʩ ʧʦʤʦʱʴʶ 

ʛʣʘʟ-ʜʠʘʛʨʘʤʤʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ ʩʪʫʜʝʥʪʳ ʧʦ-

ʣʫʯʘʶʪ ʥʘʚʳʢʠ ʠʟʤʝʨʝʥʠʷ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʢʘʥʘʣʦʚ ʮʠʬʨʦʚʳʭ ʩʠʩʪʝʤ 

ʧʝʨʝʜʘʯʠ ʥʘ ʧʨʠʤʝʨʝ ʘʥʘʣʠʟʘ ʛʣʘʟ-ʜʠʘʛʨʘʤʤ ʮʠʬʨʦʚʳʭ ʩʠʛʥʘʣʦʚ ʥʘ ʚʳʭʦʜʝ 

ʣʠʥʝʡʥʦʛʦ ʪʨʘʢʪʘ ɺʆʃʇ ʥʘ ʚʭʦʜʝ ʦʧʪʠʯʝʩʢʦʛʦ ʜʝʤʫʣʴʪʠʧʣʝʢʩʦʨʘ ʩʠʩʪʝʤʳ 

WDM. 

ʄʝʪʦʜʠʯʝʩʢʠʝ ʫʢʘʟʘʥʠʷ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʩʪʫʜʝʥʪʦʚ 4 ʢʫʨʩʘ, ʦʙʫ-

ʯʘʶʱʠʭʩʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ ʧʦʜʛʦʪʦʚʢʠ 11.03.02 ʀʥʬʦʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʠ ʩʠʩʪʝʤʳ ʩʚʷʟʠ, 12.03.03 ʌʦʪʦʥʠʢʘ ʠ ʦʧʪʦʠʥʬʦʨʤʘʪʠʢʘ ʠ ʧʨʝʜʥʘ-

ʟʥʘʯʝʥʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʥʷʪʠʡ. 

ʇʨʠ ʧʦʜʛʦʪʦʚʢʝ ʤʝʪʦʜʠʯʝʩʢʠʭ ʫʢʘʟʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʘʪʝʨʠʘʣʳ 

ʢʥʠʛʠ: ɾʠʨʘʨ ɸ. ʈʫʢʦʚʦʜʩʪʚʦ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʠ ʪʝʩʪʠʨʦʚʘʥʠʶ ʩʠʩʪʝʤ WDM. ï 

ʄ.: EXFO, 2001. / ʧʝʨ. ʩ ʘʥʛʣ. ʧʦʜ. ʨʝʜ. ɸ.ʄ. ɹʨʦʜʥʠʢʦʚʩʢʦʛʦ, ʈ.ʈ. ʋʙʘʡʜʫʣ-

ʣʘʝʚʘ, ɸ.ɺ. ʐʤʘʣʴʢʦ. / ʆʙʱʘʷ ʨʝʜʘʢʮʠʷ ɸ.ɺ. ʐʤʘʣʴʢʦ 

 

 

 

 

 

 

 

É ɹʫʨʜʠʥ ɸ.ɺ., 2017 
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1. ʎɽʃʔ ʈɸɹʆʊʓ 

 

ʇʨʠʦʙʨʝʪʝʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠʭ ʥʘʚʳʢʦʚ ʠʟʤʝʨʝʥʠʷ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʢʘʥʘʣʦʚ ʮʠʬʨʦʚʳʭ ʩʠʩʪʝʤ ʧʝʨʝʜʘʯʠ ʥʘ ʧʨʠʤʝʨʝ ʘʥʘʣʠʟʘ ʛʣʘʟ-ʜʠʘʛʨʘʤʤ ʮʠʬʨʦ-

ʚʳʭ ʩʠʛʥʘʣʦʚ ʥʘ ʚʳʭʦʜʝ ʣʠʥʝʡʥʦʛʦ ʪʨʘʢʪʘ ɺʆʃʇ ʥʘ ʚʭʦʜʝ ʦʧʪʠʯʝʩʢʦʛʦ ʜʝ-

ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ ʩʠʩʪʝʤʳ WDM. 

 

2. ʃʀʊɽʈɸʊʋʈɸ 

 

2.1 ɹʘʢʣʘʥʦʚ ʀ.ɻ. ʄʝʪʦʜʳ ʠʟʤʝʨʝʥʠʡ ʚ ʩʠʩʪʝʤʘʭ ʩʚʷʟʠ. ʄ.: ʕʂʆ-

ʊʈɽʅɼɿ, 1999. ï ʩ. 196. 

2.2 ʀʚʘʥʦʚ ɸ.ɹ. ɺʦʣʦʢʦʥʥʘʷ ʦʧʪʠʢʘ: ʢʦʤʧʦʥʝʥʪʳ, ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ, 

ʠʟʤʝʨʝʥʠʷ. ʄ.: ʉɸʁʈʋʉ ʉʀʉʊɽʄʉ, 1999. ï 671ʩ. 

2.3 ʆʧʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ: ʋʯʝʙʥʠʢ ʜʣʷ ʚʫʟʦʚ / ɹ.ɺ. ʉʢʚʦʨʮʦʚ, 

ɺ.ʀ. ʀʚʘʥʦʚ, ɺ.ɺ. ʂʨʫʭʤʘʣʝʚ, ɺ.ɹ. ɺʠʪʝʚʩʢʠʡ, ɸ.ʀ. ʉʘʟʝʨ, ɺ.ʇ. ʀʣʴʠʯʝʚ; ʧʦʜ. 

ʨʝʜ. ɺ.ʀ. ʀʚʘʥʦʚʘ. ï ʄ.: ʈʘʜʠʦ ʠ ʩʚʷʟʴ. ï 1994. ï 224 ʩ. 

2.4 ɻʘʫʵʨ ɼʞ. ʆʧʪʠʯʝʩʢʠʝ  ʩʠʩʪʝʤʳ ʩʚʷʟʠ: ʇʝʨ. ʩ ʘʥʛʣ. ï ʄ.: ʈʘʜʠʦ ʠ 

ʩʚʷʟʴ, 1989. ï 504 ʩ. 

2.5 ʋʙʘʡʜʫʣʣʘʝʚ ʈ.ʈ. ʇʨʦʪʷʞʝʥʥʳʝ ɺʆʃʉ ʥʘ ʦʩʥʦʚʝ EDFA // Lightwave 

russian edition. ï 2003 ï ˉ1. ï ʩʪʨ. 22 ï 28. 

2.6 DWDM Performance and Conformance Testing Primer / Tektronix. ï 

2001. ï 62 p. 

2.7 ʉʪʘʨʠʢʦʚ ʅ.ʉ. Q-ʬʘʢʪʦʨ: ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʘʥʘʣʠʟʫ ʢʘʯʝʩʪʚʘ ʮʠʬʨʦ-

ʚʳʭ ʩʠʩʪʝʤ ʧʝʨʝʜʘʯʠ // ʄʝʪʨʦʣʦʛʠʷ ʠ ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʪʝʭʥʠʢʘ ʚ ʩʚʷʟʠ. ï 2002. - 

ˉ5. ï ʩʪʨ. 17 ï 18. 

2.8 DWDM: Todayôs test equipment for tomorrowôs DWDM communication 

systems / Acterna. ï 2002. 

2.9 Keiser G. Optical Fiber Communications. McGraw-Hill , 2000. 

2.10 www.VPIphotonics.com 

 

3. ʇʆɼɻʆʊʆɺʂɸ ʂ ʈɸɹʆʊɽ 

 

3.1 ʀʟʫʯʠʪʴ ʤʝʪʦʜʠʢʫ ʠʟʤʝʨʝʥʠʷ ʛʣʘʟ-ʜʠʘʛʨʘʤʤʳ. 

3.2 ʀʟʫʯʠʪʴ ʦʩʥʦʚʳ ʘʥʘʣʠʟʘ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʛʣʘʟ-ʜʠʘʛʨʘʤʤʳ. 

 

4. ʂʆʅʊʈʆʃʔʅʓɽ ɺʆʇʈʆʉʓ 

 

4.1 ʇʦʩʪʨʦʝʥʠʝ ʛʣʘʟ-ʜʠʘʛʨʘʤʤʳ. ʄʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʷ. 

4.2 ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʛʣʘʟ-ʜʠʘʛʨʘʤʤʳ. 

4.3 ʇʦʷʩʥʠʪʝ ʪʝʨʤʠʥ çʜʞʠʪʪʝʨ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭè. 

4.4 ʏʪʦ ʪʘʢʦʝ ʛʣʫʙʠʥʘ ʤʦʜʫʣʷʮʠʠ? 

4.5 ʏʪʦ ʪʘʢʦʝ  çʢʦʵʬʬʠʮʠʝʥʪ ʦʰʠʙʦʢè? 

4.6 ʇʦʷʩʥʠʪʝ ʪʝʨʤʠʥ çQ-ʬʘʢʪʦʨè. 
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4.7 ʇʦʨʷʜʦʢ ʠʟʤʝʨʝʥʠʷ Q-ʬʘʢʪʦʨʘ. 

4.8 ɺ ʯʝʤ ʟʘʢʣʶʯʘʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʠʟʤʝʨʝʥʠʷ ʢʦʵʬʬʠ-

ʮʠʝʥʪʘ ʦʰʠʙʦʢ ʯʝʨʝʟ ʦʧʨʝʜʝʣʝʥʠʝ Q-ʬʘʢʪʦʨʘ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ 

ʤʝʪʦʜʘʤʠ? 

4.9  ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʤʘʩʢʠ (ʰʘʙʣʦʥʘ) ʛʣʘʟ-ʜʠʘʛʨʘʤʤʳ. ʅʘʟʥʘʯʝʥʠʝ ʠ ʦʙ-

ʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ. 

4.10. ʉʪʘʥʜʘʨʪʥʳʝ ʤʘʩʢʠ ʛʣʘʟ-ʜʠʘʛʨʘʤʤʳ. 

 

 

 

5. ʆɹʑʀɽ ʉɺɽɼɽʅʀʗ
 

 

5.1 ɼʘʥʥʘʷ ʣʘʙʦʨʘʪʦʨʥʘʷ ʨʘʙʦʪʘ ʨʘʟʨʘʙʦʪʘʥʘ ʥʘ ʦʩʥʦʚʝ ʧʨʠʣʦʞʝʥʠʷ ʢ 

[2.9], ʚʢʣʶʯʘʶʱʝʛʦ ʚ ʩʝʙʷ ʮʠʢʣ ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʳʭ ʧʨʦʛʨʘʤʤ, ʧʨʝʜʩʪʘʚʣʷʶ-

ʱʠʭ ʩʦʙʦʡ, ʪ.ʥ. çʩʪʨʘʥʠʮʳ ʜʠʥʘʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭè (Dynamic Data Sheets - 

DDS
TM
), ʩʦʟʜʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʩʠʩʪʝʤ, ʪʘʢʠʭ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, 

VPItransmissionMaker
TM  
ʢʘʤʧʘʥʠʠ VPIsystems Corp. [2.10]. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʧʨʠʣʦʞʝʥʠʷ DDS
TM

 ʚʦʩʧʨʦʠʟʚʦʜʷʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ VPIplayer
TM 

[2.10]. 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʜʘʥʥʦʡ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʧʨʠʣʦʞʝ-

ʥʠʝ DDS
TM

 ʢ ʛʣ. 11 ï 12 [2.9] çDispersion Managed  Sectionsè. ʋʢʘʟʘʥʥʘʷ ʧʨʦ-

ʛʨʘʤʤʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʵʬʬʝʢʪ ʦʩʣʘʙʣʝʥʠʷ ʚʣʠʷʥʠʷ ʭʨʦʤʘʪʠʯʝʩʢʦʡ ʜʠʩʧʝʨʩʠʠ 

ʥʘ ʠʩʢʘʞʝʥʠʝ ʦʧʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʚʦʣʦʢʦʥ, ʢʦʤʧʝʥʩʠ-

ʨʫʶʱʠʭ ʜʠʩʧʝʨʩʠʶ (DCF ï Dispersion Compensating Fiber).  

5.2 ʇʨʦʛʨʘʤʤʘ VPIplayer
TM 

[2.10] ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ 

ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʨʦʛʨʘʤʤ DDS
TM

 ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦ-

ʜʝʣʠʨʦʚʘʥʠʷ VPI ʩʠʩʪʝʤ. VPIplayer
TM

  ʦʙʝʩʧʝʯʠʚʘʝʪ  ʜʚʘ ʨʝʞʠʤʘ ʨʘʙʦʪʳ: 

¶ ʀʥʪʝʨʬʝʡʩ ʧʦʣʴʟʦʚʘʪʝʣʷ ï ʵʪʘ ʯʘʩʪʴ ʧʨʦʛʨʘʤʤʳ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʦʙʱʠʡ ʚʠʜ ʤʦʜʝʣʠʨʫʝʤʦʡ ʩʭʝʤʳ, ʧʦʟʚʦʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʠʟʤʝʥʷʪʴ 

ʟʘʜʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʟʘʧʫʩʢʘʪʴ ʥʝʧʦ-

ʩʨʝʜʩʪʚʝʥʥʦ ʩʘʤ ʧʨʦʮʝʩʩ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʨʠʩ. 5.1). 

¶ ɺʠʟʫʘʣʠʟʘʪʦʨʳ ʠʣʠ ʦʙʦʣʦʯʢʠ ʧʨʠʙʦʨʦʚ ï ʵʪʘ ʯʘʩʪʴ ʧʨʦʛʨʘʤʤʳ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʩʩʣʝʜʫʝʤʦʡ ʩʭʝʤʳ ʚ ʚʠʜʝ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʢʦʪʦʨʳʝ ʦʪʦʙʨʘʞʘʶʪʩʷ ʥʘ ʵʢʨʘʥʝ 

ʦʙʦʣʦʯʝʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʠʙʦʨʦʚ. ʅʘʧʨʠʤʝʨ, ʩʧʝʢʪʨʘʣʴʥʘʷ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʘ ʦʧʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʦʪʦʙʨʘʞʘʝʪʩʷ ʥʘ ʵʢʨʘʥʝ ʘʥʘʣʠʟʘ-

ʪʦʨʘ ʦʧʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ (OSA). ɺ ʩʦʩʪʘʚ ʚʠʟʫʘʣʠʟʘʪʦʨʘ ʚʭʦʜʠʪ ʥʘ-

ʙʦʨ ʩʪʘʥʜʘʨʪʥʳʭ ʢʦʤʘʥʜ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʦʡ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ. ʅʘʧʨʠʤʝʨ: ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ,  ʫʧʨʘʚʣʝʥʠʝ ʤʘʨʢʝʨʘʤʠ 

ʠ ʧʨ. 
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ʇʦʤʦʱʴ

ʉʚʝʨʥʫʪʴ ʦʢʥʦ

ɿʘʢʨʳʪʴ ʦʢʥʦ
ʇʘʥʝʣʴ

ʧʝʨʝʤʝʱʝʥʠʷ

ʦʢʥʘ ʧʨʦʛʨʘʤʤʳ
ɺʳʟʦʚ ʢʦʤʘʥʜʥʦʛʦ

ʤʝʥʶ: ʚ ʦʪʤʝʯʝʥʥʦʡ

ʦʙʣʘʩʪʠ ʨʘʟʤʝʩʪʠʪʴ

ʢʫʨʩʦʨ ʤʳʰʠ ʠ

ʥʘʞʘʪʴ ʥʘ ʧʨʘʚʫʶ

ʢʥʦʧʢʫ

ɻʨʘʬʠʯʝʩʢʦʝ

ʦʪʦʙʨʘʞʝʥʠʝ

ʤʦʜʝʣʠʨʫʝʤʦʡ ʩʭʝʤʳ

ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ

ʧʨʠʣʦʞʝʥʠʷ

(ʦʧʠʩʘʥʠʝ ʩʭʝʤʳ,

ʪʝʨʤʠʥʳ,

ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʧʨ.)

ʆʪʢʨʳʪʴ ʬʘʡʣ

ɿʘʧʫʩʢ  ʧʨʦʛʨʘʤʤʳ

ʠʤʠʪʘʮʠʦʥʥʦʛʦ

ʤʦʜʝʣʠʨʦʚʘʥʠʷ

ʋʩʪʘʥʦʚʢʘ ʧʘʨʘʤʝʪʨʦʚ

ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ

ʤʦʜʝʣʠʨʫʝʤʦʡ ʩʭʝʤʳ
 

 

ʈʠʩʫʥʦʢ 5.1. ʀʥʪʝʨʬʝʡʩ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

 

5.3 ʋʩʪʘʥʦʚʢʘ ʧʘʨʘʤʝʪʨʦʚ ʧʝʨʝʜʘʯʠ ʢʦʤʧʦʥʝʥʪʦʚ ʩʭʝʤʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʚʝʩʪʠ ʢʫʨʩʦʨ  ʢ ʫʢʘʟʘʪʝʣʶ ʥʘ ʟʘʜʘʥʥʦʡ 

ʰʢʘʣʝ ʠ, ʫʜʝʨʞʠʚʘʷ ʣʝʚʫʶ ʢʥʦʧʢʫ ʤʳʰʠ, ʠʟʤʝʥʠʪʴ ʝʛʦ ʧʦʣʦʞʝʥʠʝ. ʅʘʞʘʪʠʝ 

ʧʨʘʚʦʡ ʢʥʦʧʢʠ ʤʳʰʠ ʚ ʦʪʤʝʯʝʥʥʦʡ ʦʙʣʘʩʪʠ ʫʩʪʘʥʦʚʢʠ ʧʘʨʘʤʝʪʨʦʚ ʚʳʟʳʚʘʝʪ 

ʢʦʤʘʥʜʫ çSet Defaultè, ʧʦʩʣʝʜʫʶʱʝʝ ʥʘʞʘʪʠʝ ʣʝʚʦʡ ʢʥʦʧʢʠ ʚʳʧʦʣʥʷʝʪ ʫʩʪʘ-

ʥʦʚʢʫ ʧʘʨʘʤʝʪʨʦʚ ʧʦ ʫʤʦʣʯʘʥʠʶ. 

5.4 ɿʘʧʫʩʢ ʧʨʦʮʝʩʩʘ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʳ-

ʟʦʚʦʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʚʠʟʫʘʣʠʟʘʪʦʨʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʢʦʤʘʥʜʳ 

çStart Simulationè (ʨʠʩ. 5.1). 

 

6. ʆɹʑʀɽ ʇʆʃʆɾɽʅʀʗ 

 

6.1 ɼʘʥʥʘʷ ʣʘʙʦʨʘʪʦʨʥʘʷ ʨʘʙʦʪʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʘʥʘʣʠʟ ʛʣʘʟ-ʜʠʘʛʨʘʤʤʳ 

ʦʜʥʦʛʦ ʠʟ ʢʘʥʘʣʦʚ 8-ʤʠ ʢʘʥʘʣʴʥʦʡ ʩʠʩʪʝʤʳ WDM ʩ ʯʘʩʪʦʪʥʳʤ ʠʥʪʝʨʚʘʣʦʤ 

ʤʝʥʝʝ 50 ɻɻʮ ʠ ʩʢʦʨʦʩʪʴʶ 10 ɻʙʠʪ/ʩ ʚ ʢʘʥʘʣʝ. 

6.2 ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʠʟʤʝʨʝʥʠʷ ʛʣʘʟ-ʜʠʘʛʨʘʤʤʳ  ʢʘʥʘʣʘ 8-ʤʠ ʢʘʥʘʣʴ-

ʥʦʡ ʩʠʩʪʝʤʳ WDM ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 6.1 ʠ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʢʦʤʧʦ-

ʥʝʥʪʦʚ: ʚʦʩʝʤʴ ʠʩʪʦʯʥʠʢʦʚ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʣʘʟʝʨʥʳʝ ʜʠʦʜʳ  - LD), 8-

ʤʠ ʢʘʥʘʣʴʥʳʡ ʦʧʪʠʯʝʩʢʠʡ ʤʫʣʴʪʠʧʣʝʢʩʦʨ (MUX), ʦʧʪʠʯʝʩʢʠʝ ʫʩʠʣʠʪʝʣʠ (OA), 
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ʦʧʪʠʯʝʩʢʦʝ ʚʦʣʦʢʥʦ (ʆɺ), ʚʦʣʦʢʥʦ, ʢʦʤʧʝʥʩʠʨʫʶʱʝʝ ʜʠʩʧʝʨʩʠʶ (DCF) ʠ ʘʥʘ-

ʣʠʟʘʪʦʨ ʢʘʥʘʣʘ  (Analyzer) [2.9]. 

 

LD

MUX
DCF

OA OA AnalyzerOɺ

 
 

ʈʠʩʫʥʦʢ 6.1. ʉʭʝʤʘ ʠʟʤʝʨʝʥʠʡ. 

 

6.3 ʇʝʨʝʜ ʟʘʧʫʩʢʦʤ ʧʨʦʛʨʘʤʤʳ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʫʩʪʘʥʦʚʢʫ ʠʩ-

ʭʦʜʥʳʭ ʜʘʥʥʳʭ (ʨʠʩ. 6.2): ʜʣʠʥʫ ʣʠʥʝʡʥʦʛʦ ʪʨʘʢʪʘ ɺʆʃʇ (SMFlength) 1é160 

ʢʤ, ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʪʫʭʘʥʠʷ ʆɺ (SMFattenuation) 0,2é0,4 ʜɹ/ʢʤ. 

 

 
 

ʈʠʩʫʥʦʢ 6.2. ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ. 

 

 

7. ʄɽʊʆɼʀʏɽʉʂʀɽ ʋʂɸɿɸʅʀʗ ʇʆ ɺʓʇʆʃʅɽʅʀʖ ʈɸɹʆʊʓ 

 

7.1 ʉʦʛʣʘʩʥʦ ʥʦʤʝʨʫ ʟʘʯʝʪʥʦʡ ʢʥʠʞʢʠ, ʦʧʨʝʜʝʣʠʪʴ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ 

(ʜʣʠʥʘ ʣʠʥʠʠ SMFlength, ʢʤ, ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʪʫʭʘʥʠʷ SMFattenuation, ʜɹ) ʢ 

ʚʳʧʦʣʥʝʥʠʶ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ ʧʦ ʩʣʝʜʫʶʱʠʤ ʬʦʨʤʫʣʘʤ: 

 

mnSMFlength -=160 , ʢʤ, (7.1.1) 

ntionSMFattenua 0,040,0 -=  , ʜɹ/ʢʤ, (7.1.2) 



 7 

ʛʜʝ m ʠ n ï ʧʨʝʜʧʦʩʣʝʜʥʷʷ ʠ ʧʦʩʣʝʜʥʷʷ ʮʠʬʨʘ ʥʦʤʝʨʘ ʟʘʯʝʪʥʦʡ ʢʥʠʞʢʠ. 

7.2 ɺʳʧʦʣʥʠʪʴ ʫʩʪʘʥʦʚʢʫ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʟʘʧʫʩʪʠʪʴ ʧʨʦʛʨʘʤʤʫ ʧʦ-

ʩʪʨʦʝʥʠʷ ʛʣʘʟ-ʜʠʘʛʨʘʤʤʳ ʧʝʨʚʦʛʦ ʢʘʥʘʣʘ 8-ʤʠ ʢʘʥʘʣʴʥʦʡ ʩʠʩʪʝʤʳ WDM (ʩʤ. 

ʧ. 5.3, 5.4). ʇʦ ʟʘʚʝʨʰʝʥʠʠ ʧʨʦʛʨʘʤʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦʷʚʣʷʝʪʩʷ ʦʙʦʣʦʯʢʘ 

ʘʥʘʣʠʟʘʪʦʨʘ ʢʘʥʘʣʦʚ ʚ ʨʝʞʠʤʝ ʘʥʘʣʠʟʘʪʦʨʘ ʦʧʪʠʯʝʩʢʦʛʦ cʧʝʢʪʨʘ (OSA), ʚʥʝʰ-

ʥʠʡ ʚʠʜ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 7.1. 

 

 
 

ʈʠʩʫʥʦʢ 7.1. ɺʥʝʰʥʠʡ ʚʠʜ ʠʥʪʝʨʬʝʡʩʘ ʘʥʘʣʠʟʘʪʦʨʘ ʢʘʥʘʣʦʚ ʚ ʨʝʞʠʤʝ OSA. 

 

7.3. ʇʝʨʝʢʣʶʯʠʪʝʩʴ ʚ ʨʝʞʠʤ ʛʣʘʟ-ʜʠʘʛʨʘʤʳ, ʥʘʞʘʚ ʢʣʘʚʠʰʫ çEyeè 

ʚʝʨʭʥʝʡ ʧʘʥʝʣʠ ʫʧʨʘʚʣʝʥʠʷ (ʨʠʩ. 7.2). ʇʦʩʣʝ ʵʪʦʛʦ ʦʙʱʠʡ ʚʠʜ ʠʥʪʝʨʬʝʡʩʘ ʦʙʦ-

ʣʦʯʢʠ ʘʥʘʣʠʟʘʪʦʨʘ ʢʘʥʘʣʦʚ ʚ ʨʝʞʠʤʝ ʛʣʘʟ-ʜʠʘʛʨʘʤʤʳ ʧʨʠʤʝʪ ʚʠʜ, ʧʨʝʜʩʪʘʚ-

ʣʝʥʥʳʡ ʥʘ ʨʠʩ. 7.3. 

 

 
 

ʈʠʩʫʥʦʢ 7.2. ɺʢʣʶʯʝʥʠʝ ʨʝʞʠʤʘ ʛʣʘʟ-ʜʠʘʛʨʘʤʤʳ (çEyeè) ʘʥʘʣʠʟʘʪʦʨʘ ʢʘʥʘʣʦʚ. 

 

7.4. ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʦʙʟʦʨʘ ʠʩʩʣʝʜʫʝʤʦʡ ʛʣʘʟ-ʜʠʘʛʨʘʤʤʳ ʦʪʢʣʶʯʠʪʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʪʘʙʣʠʮʫ ʨʘʩʯʝʪʘ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʩʪʝʤʳ WDM ʦʪʞʘʚ 

ʢʣʘʚʠʰʫ çShow/hide channel table panelè ʥʘ ʚʝʨʭʥʝʡ ʧʘʥʝʣʠ ʫʧʨʘʚʣʝʥʠʷ (ʨʠʩ. 

7.4), ʧʦʩʣʝ ʵʪʦʛʦ ʦʙʱʠʡ ʚʠʜ ʠʥʪʝʨʬʝʡʩʘ ʦʙʦʣʦʯʢʠ ʘʥʘʣʠʟʘʪʦʨʘ ʢʘʥʘʣʦʚ ʚ ʨʝ-

ʞʠʤʝ ʛʣʘʟ-ʜʠʘʛʨʘʤʤʳ ʧʨʠʤʝʪ ʚʠʜ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩ. 7.5. 
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ʈʠʩʫʥʦʢ 7.3. ɺʥʝʰʥʠʡ ʚʠʜ ʠʥʪʝʨʬʝʡʩʘ ʘʥʘʣʠʟʘʪʦʨʘ ʢʘʥʘʣʦʚ ʚ ʨʝʞʠʤʝ ʛʣʘʟ-

ʜʠʘʛʨʘʤʤʳ çEyeè. 

 

 
 

ʈʠʩʫʥʦʢ 7.4. ʆʪʢʣʶʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʪʘʙʣʠʮʳ 

 

 
 

ʈʠʩʫʥʦʢ 7.5. ɺʥʝʰʥʠʡ ʚʠʜ ʠʥʪʝʨʬʝʡʩʘ ʦʙʦʣʦʯʢʠ ʘʥʘʣʠʟʘʪʦʨʘ ʢʘʥʘʣʦʚ ʚ ʨʝʞʠʤʝ 

ʛʣʘʟ-ʜʠʘʛʨʘʤʤʳ çEyeè ʙʝʟ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʪʘʙʣʠʮʳ. 
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7.6 ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ, ʩʦʛʣʘʩʥʦ ʩʭʝʤʘʤ ʨʘʩʩʪʘʥʦʚʢʠ ʤʘʨʢʝʨʦʚ, ʧʨʝʜʩʪʘʚ-

ʣʝʥʥʳʤ ʚ ʇʨʠʣʦʞʝʥʠʠ 2, ʧʦ ʧʦʣʫʯʝʥʥʦʡ ʛʣʘʟ-ʜʠʘʛʨʘʤʤʝ ʚʳʧʦʣʥʠʪʝ ʠʟʤʝʨʝʥʠʝ 

ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚ ʪʘʙʣ. 7.1 ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʬʦʨʤʳ ʩʠʛʥʘʣʘ. ʀʩ-

ʧʦʣʴʟʫʡʪʝ ʦʧʝʨʘʮʠʶ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʩʠʩʪʝʤʫ ʚʝʨʪʠʢʘʣʴ-

ʥʳʭ/ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʤʘʨʢʝʨʦʚ, ʫʧʨʘʚʣʝʥʠʝ ʢʦʪʦʨʳʤʠ ʦʧʠʩʘʥʦ ʚ ʧ. 1, 2, 3 ʇʨʠ-

ʣʦʞʝʥʠʷ 1, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʀʟʤʝʨʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ, ʫʢʘʟʘʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 7.1, 

ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʚ ʪʦʯʢʘʭ ʠʩʩʣʝʜʫʝʤʦʡ ʛʣʘʟ-ʜʠʘʛʨʘʤʤʳ j=p, j=0 ʠ 

j=2p  (ʨʠʩ. 7.4). 

 

ʊʘʙʣʠʮʘ 7.1 

ˉ ʧ/ʧ ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʘ ɽʜ. ʠʟʤ. ʋʩʣʦʚʥʦʝ ʦʙʦʟʥʘʯʝʥʠʝ 

1 ʄʘʢʩʠʤʫʤ ʘʤʧʣʠʪʫʜʳ ʩʠʛʥʘʣʘ 

ʧʨʠ ʧʝʨʝʜʘʯʝ ʣʦʛʠʯʝʩʢʦʡ ç1è 

ʤɺʪ 
max1E  

2 ʄʠʥʠʤʫʤ ʘʤʧʣʠʪʫʜʳ ʩʠʛʥʘʣʘ 

ʧʨʠ ʧʝʨʝʜʘʯʝ ʣʦʛʠʯʝʩʢʦʡ ç1è 

ʤɺʪ 
min1E  

3 ʉʨʝʜʥʷʷ ʤʦʱʥʦʩʪʴ ʩʠʛʥʘʣʘ ʧʨʠ 

ʧʝʨʝʜʘʯʝ ʣʦʛʠʯʝʩʢʦʡ ç1è 

ʤɺʪ 1E  

4 ʄʘʢʩʠʤʫʤ ʘʤʧʣʠʪʫʜʳ ʩʠʛʥʘʣʘ 

ʧʨʠ ʧʝʨʝʜʘʯʝ ʣʦʛʠʯʝʩʢʦʛʦ ç0è 

ʤɺʪ 
max0E  

5 ʄʠʥʠʤʫʤ ʘʤʧʣʠʪʫʜʳ ʩʠʛʥʘʣʘ 

ʧʨʠ ʧʝʨʝʜʘʯʝ ʣʦʛʠʯʝʩʢʦʛʦ ç0è 

ʤɺʪ 
min0E  

6 ʉʨʝʜʥʷʷ ʤʦʱʥʦʩʪʴ ʩʠʛʥʘʣʘ ʧʨʠ 

ʧʝʨʝʜʘʯʝ ʣʦʛʠʯʝʩʢʦʛʦ ç0è 

ʤɺʪ 0E  

7 ʄʦʱʥʦʩʪʴ ʩʠʛʥʘʣʘ ʧʦ ʫʨʦʚʥʶ 

80% ʦʪʥʦʩʠʪʝʣʴʥʦ 1E  

ʤɺʪ 
%80E  

8 ʄʦʱʥʦʩʪʴ ʩʠʛʥʘʣʘ ʧʦ ʫʨʦʚʥʶ 

20% ʦʪʥʦʩʠʪʝʣʴʥʦ 1E  

ʤɺʪ 
%20E  

9 ʇʦʨʦʛʦʚʳʡ ʫʨʦʚʝʥʴ ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʷ 

ʤɺʪ E  

 

ʇʨʠʤʝʯʘʥʠʝ. 

ʉʨʝʜʥʷʷ ʤʦʱʥʦʩʪʴ ʩʠʛʥʘʣʘ ʧʨʠ ʧʝʨʝʜʘʯʝ ʣʦʛʠʯʝʩʢʦʡ ç1è ʦʮʝʥʠʚʘʝʪʩʷ 

ʢʘʢ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʤʘʢʩʠʤʫʤʘ max1E  ʠ ʤʠʥʠʤʫʤʘ min1E ʘʤʧʣʠʪʫʜʳ 

ʩʠʛʥʘʣʘ ʧʨʠ ʧʝʨʝʜʘʯʝ ʣʦʛʠʯʝʩʢʦʡ ç1è, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: 

 

2

11
1 minmax EE

E
+

= . 
 

(7.6.1) 

 

ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠ ʩʨʝʜʥʷʷ ʤʦʱʥʦʩʪʴ ʩʠʛʥʘʣʘ ʧʨʠ 

ʧʝʨʝʜʘʯʝ ʣʦʛʠʯʝʩʢʦʛʦ ç0è: 
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2

00
0 minmax EE

E
+

= , 
 

(7.6.2) 

 

ʛʜʝ max0E ʠ min0E  - ʤʘʢʩʠʤʫʤ ʠ ʤʠʥʠʤʫʤ ʘʤʧʣʠʪʫʜʳ ʩʠʛʥʘʣʘ ʧʨʠ ʧʝʨʝ-

ʜʘʯʝ ʣʦʛʠʯʝʩʢʦʛʦ ç0è, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

j=p j=0 j=2p
 

ʈʠʩʫʥʦʢ 7.4. ʊʦʯʢʠ ʛʣʘʟ-ʜʠʘʛʨʘʤʤʳ j=p, j=0 ʠ j=2p . 
 

ʄʦʱʥʦʩʪʴ ʩʠʛʥʘʣʘ ʧʦ ʫʨʦʚʥʶ 80% E80% ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʠ ʩʠʛʥʘʣʘ ʧʨʠ ʧʝʨʝʜʘʯʝ ʣʦʛʠʯʝʩʢʦʡ ç1è E1: 

 

18,0%80 EE Ö= . (7.6.3) 

 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, E20% ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʠ 

ʩʠʛʥʘʣʘ ʧʨʠ ʧʝʨʝʜʘʯʝ ʣʦʛʠʯʝʩʢʦʡ ç1è E1 ʧʦ ʫʨʦʚʥʶ 20%: 

 

12,0%20 EE Ö= . (7.6.4) 

 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʩʚʝʜʠʪʝ ʚ ʪʘʙʣ. 7.2. 
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ʊʘʙʣʠʮʘ 7.2. 

ˉ ʧʧ ʇʘʨʘʤʝʪʨ ɽʜ. ʠʟʤ. j=p j=0 j=2p 
1 

max1E  ʤɺʪ    

2 
min1E  ʤɺʪ    

3 1E  ʤɺʪ    

4 
max0E  ʤɺʪ    

5 
min0E  ʤɺʪ    

6 0E  ʤɺʪ    

7 
%80E  ʤɺʪ    

8 
%20E  ʤɺʪ    

9 E  ʤɺʪ    

 

7.7. ʉʦʛʣʘʩʥʦ ʩʭʝʤʘʤ ʨʘʩʩʪʘʥʦʚʢʠ ʤʘʨʢʝʨʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʚ ʇʨʠʣʦ-

ʞʝʥʠʠ 2, ʧʦ ʧʦʣʫʯʝʥʥʦʡ ʛʣʘʟ-ʜʠʘʛʨʘʤʤʝ ʚʳʧʦʣʥʠʪʝ ʠʟʤʝʨʝʥʠʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ 

ʚ ʪʘʙʣ. 7.3 ʧʘʨʘʤʝʪʨʦʚ ʬʦʨʤʳ ʩʠʛʥʘʣʘ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʘʤʦʡ ʛʣʘʟ-ʜʠʘʛʨʘʤʤʳ. 

ʀʩʧʦʣʴʟʫʡʪʝ ʦʧʝʨʘʮʠʶ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʩʠʩʪʝʤʫ ʚʝʨʪʠʢʘʣʴ-

ʥʳʭ/ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʤʘʨʢʝʨʦʚ, ʫʧʨʘʚʣʝʥʠʝ ʢʦʪʦʨʳʤʠ ʦʧʠʩʘʥʦ ʚ ʧ. 1, 2, 3 ʇʨʠ-

ʣʦʞʝʥʠʷ 1, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

 

 

ʊʘʙʣʠʮʘ 7.3 

ˉ ʧ/ʧ ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʘ ɽʜ. ʠʟʤ. ʋʩʣʦʚʥʦʝ ʦʙʦʟʥʘʯʝʥʠʝ 

1 ʀʥʪʝʨʚʘʣ ʧʝʨʝʜʘʯʠ ʩʠʤʚʦʣʘ  ʧʩ 
ST  

2 ɺʨʝʤʷ ʥʘʨʘʩʪʘʥʠʷ ʬʨʦʥʪʘ ʠʤ-

ʧʫʣʴʩʘ ʧʦ ʫʨʦʚʥʶ 20% ï 80%  

ʧʩ 
RT  

3 ɺʨʝʤʷ ʩʧʘʜʘ ʬʨʦʥʪʘ ʠʤʧʫʣʴʩʘ 

ʧʦ ʫʨʦʚʥʶ 80% ï 20%  

ʧʩ 
FT  

4 ɼʞʠʪʪʝʨ ʧʩ 
jT  

5 ʈʘʩʢʨʳʚ ʛʣʘʟ ʜʠʘʛʨʘʤʤʳ ʧʦ 

ʘʤʧʣʠʪʫʜʝ (ʚʳʩʦʪʘ ʟʦʥʳ ʧʨʠʥʷ-

ʪʠʷ ʨʝʰʝʥʠʷ) 

ʤɺʪ EOH  

6 ʈʘʩʢʨʳʚ ʛʣʘʟ ʜʠʘʛʨʘʤʤʳ ʧʦ 

ʚʨʝʤʝʥʠ (ʰʠʨʠʥʘ ʟʦʥʳ ʧʨʠʥʷ-

ʪʠʷ ʨʝʰʝʥʠʷ) 

ʧʩ EOW 

 

ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʟʤʝʨʝʥʠʡ ʧʘʨʘʤʝʪʨʳ ʟʘʥʝʩʠʪʝ ʚ ʪʘʙʣʠʮʫ 7.4. 
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ʊʘʙʣʠʮʘ 7.4. 

ˉ ʧʧ ʇʘʨʘʤʝʪʨ ɽʜ.ʠʟʤ. ɿʥʘʯʝʥʠʝ 

1 
ST  ʧʩ  

2 
RT  ʧʩ  

3 
FT  ʧʩ  

4 
jT  ʧʩ  

5 EOH  ʤɺʪ  

6 EOW ʧʩ  

 

ʇʨʠʤʝʯʘʥʠʝ. 

ʇʨʠ ʠʟʤʝʨʝʥʠʠ TR ʠ TS  ʠʩʧʦʣʴʟʫʡʪʝ ʟʥʘʯʝʥʠʷ ɽ20%  ʠ ɽ80%  ʦʪʥʦʩʠʪʝʣʴʥʦ 

ɽ1 ʚ ʪʦʯʢʝ ʛʣʘʟ-ʜʠʘʛʨʘʤʤʳ j=0. 

 

7.8. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʛʣʘʟ-ʜʠʘʛʨʘʤʤʳ ʚ ʪʦʯʢʘʭ j=p, j=0 ʠ j=2p  
(ʨʠʩ. 7.4) ʨʘʩʩʯʠʪʘʡʪʝ ʧʘʨʘʤʝʪʨʳ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʢʘʥʘʣʘ 

ʩʠʩʪʝʤʳ WDM, ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 7.5. 

 

ʊʘʙʣʠʮʘ 7.5 

ˉ ʧ/ʧ ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʘ ɽʜ. ʠʟʤ. ʋʩʣʦʚʥʦʝ ʦʙʦʟʥʘʯʝʥʠʝ 

1 ɻʣʫʙʠʥʘ ʤʦʜʫʣʷʮʠʠ (ʢʦʵʬʬʠ-

ʮʠʝʥʪ ʛʘʰʝʥʠʷ) 

ʜɹ EX  

2 ʉʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦ-

ʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʣʦʛʠʯʝʩʢʦʡ 

ç1è 

 
1s  

3 ʉʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦ-

ʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʣʦʛʠʯʝʩʢʦʛʦ 

ç0è 

 
0s  

4 Q-ʬʘʢʪʦʨ  Q  

5 ʆʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦʨʦʛʦ-

ʚʦʛʦ ʫʨʦʚʥʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ 

ʤɺʪ 
minE  

6 ʂʦʵʬʬʠʮʠʝʥʪ ʦʰʠʙʦʢ   BER 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʩʚʝʜʠʪʝ ʚ ʪʘʙʣʠʮʫ 7.6. 

 

ʇʨʠʤʝʯʘʥʠʝ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʛʘʰʝʥʠʷ (EX ï Extinction Ratio) ʷʚʣʷʝʪʩʷ ʤʝʨʦʡ ʦʮʝʥʢʠ 

ʛʣʫʙʠʥʳ ʤʦʜʫʣʷʮʠʠ ʠʩʪʦʯʥʠʢʘ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʝʨʝʜʘʶʱʝʛʦ ʤʦʜʫʣʷ 

ɺʆʉʇ. EX ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʧʨʦʪʷʞʝʥʥʦʩʪʴ 

ʣʠʥʝʡʥʦʛʦ ʪʨʘʢʪʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʥʘʜʝʞʥʳʝ ʧʝʨʝʜʘʯʫ ʠ ʧʨʠʝʤ ʩʠʛʥʘʣʘ. ɻʣʫ-

ʙʠʥʘ ʤʦʜʫʣʷʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʣʦʛʘʨʠʬʤ ʦʪʥʦʰʝʥʠʷ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʠ 
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ʩʠʛʥʘʣʘ ʧʨʠ ʧʝʨʝʜʘʯʝ ʣʦʛʠʯʝʩʢʦʡ ç1è ʢ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʠ ʩʠʛʥʘʣʘ ʧʨʠ ʧʝʨʝ-

ʜʘʯʝ ʣʦʛʠʯʝʩʢʦʛʦ ç0è: 

 

ö
÷

õ
æ
ç

å
=

0

1
lg10

E

E
EX , ʜɹ 

 

(7.8.1) 

 

 

ʊʘʙʣʠʮʘ 7.6. 

ˉ ʧʧ ʇʘʨʘʤʝʪʨ ɽʜ. ʠʟʤ. j=p j=0 j=2p 
1 EX  ʜɹ    

2 
1s      

3 
0s      

4 Q      

5 
minE  ʤɺʪ    

6 BER     

 

Q-ʬʘʢʪʦʨ ï ʵʪʦ ʧʘʨʘʤʝʪʨ, ʢʦʪʦʨʳʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʪʨʘʞʘʝʪ ʢʘʯʝʩʪʚʦ 

ʩʠʛʥʘʣʘ ʮʠʬʨʦʚʦʡ ʉʇ. ʉʫʱʝʩʪʚʫʝʪ ʦʧʨʝʜʝʣʝʥʥʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʟʘʚʠʩʠ-

ʤʦʩʪʴ Q-ʬʘʢʪʦʨʘ ʩʠʛʥʘʣʘ ʠ ʠʟʤʝʨʷʝʤʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʰʠʙʦʢ BER. Q-

ʬʘʢʪʦʨ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʫʪʝʤ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʷ 

ʘʤʧʣʠʪʫʜʳ ʠ ʬʘʟʳ ʩʠʛʥʘʣʘ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʫʨʦʚʥʝ, ʘ ʠʤʝʥʥʦ ï ʥʝʧʦʩʨʝʜʩʪ-

ʚʝʥʥʦ ʧʦ ʛʣʘʟ-ʜʠʘʛʨʘʤʤʝ. ʇʨʠ ʵʪʦʤ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʷ ʩʦʩʪʦʷʥʠʡ ç1è ʠ ç0è, ʘ ʜʣʷ ʵʪʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ,  ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʠʭ 

ɻʘʫʩʩʦʚʦʡ ʬʦʨʤʳ, ʦʮʝʥʠʚʘʶʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʦʞʠʜʘʥʠʷ ʩʦʩʪʦʷʥʠʡ E1 ʠ E0 

ʠ ʠʭ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʠʝ ʦʪʢʣʦʥʝʥʠʷ s1 ʠ s0. Q-ʬʘʢʪʦʨ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ 

ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

 

01

01

ss +

-
=

EE
Q  

 

(7.8.2) 

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʠʝ ʦʪʢʣʦʥʝʥʠʷ s1 ʠ s0 ʦʧʨʝʜʝʣʷʶʪ-

ʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ/ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʩʠʛʥʘʣʘ 

ʧʨʠ ʧʝʨʝʜʘʯʝ ç1è ʠ ç0è, ʩʦʛʣʘʩʥʦ ʧʨʘʚʠʣʫ çʪʨʝʭ ʩʠʛʤʘè,  ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ 

ɻʘʫʩʩʦʚʦʡ ʬʦʨʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʦʷʥʠʡ ç1è ʠ ç0è: 

 

6

11 minmax
1

EE -
=s  

 

(7.8.3) 

6

00 minmax
0

EE -
=s  

 

(7.8.4) 
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ʆʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦʨʦʛʦʚʦʛʦ ʫʨʦʚʥʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ Emin, ʧʨʠ 

ʢʦʪʦʨʦʤ ʢʦʵʬʬʠʮʠʝʥʪ ʦʰʠʙʦʢ  BER  ʧʨʠʥʠʤʘʝʪ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ, ʪʘʢʞʝ 

ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʯʝʨʝʟ Q-ʬʘʢʪʦʨ: 

 

10

10
min

01

ss

ss

+

+
=

EE
E  

 

(7.8.5) 

 

ʇʨʠ ʵʪʦʤ ʩʘʤ ʢʦʵʬʬʠʮʠʝʥʪ ʦʰʠʙʦʢ BER ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʡ 

ʬʦʨʤʫʣʝ: 

 

ö
ö

÷

õ

æ
æ

ç

å
-ºö

ö

÷

õ

æ
æ

ç

å
=

2
exp

2

1

22

1
2Q

Q

Q
erfcBER

p
, 

 

(7.8.6) 

 

ʛʜʝ erfc ï ʚʩʧʦʤʦʛʘʪʝʣʴʥʘʷ ʬʫʥʢʮʠʷ ʠʥʪʝʛʨʘʣʘ ʦʰʠʙʦʢ: 

 

() ñ
¤

ö
ö

÷

õ

æ
æ

ç

å
-=

x

dxerfc b
b

p 2
exp

2

1 2

. 

 

(7.8.7) 

 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠʙʣʠʞʝʥʥʘʷ ʬʦʨʤʫʣʘ ʨʘʩʯʝʪʘ BER, ʩʧʨʘ-

ʚʝʜʣʠʚʘ ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʘʨʛʫʤʝʥʪʘ erfc ʙʦʣʴʰʝ 3, ʠʥʳʤʠ ʩʣʦʚʘʤʠ, ʪʦʣʴʢʦ ʧʨʠ 

ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʷ: 

 

3
2
>

Q
. 

 

(7.8.8) 

 

ɽʩʣʠ ʫʩʣʦʚʠʝ (7.8.8) ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʝʥʠʝ ʪʦʯʥʦʡ 

ʬʦʨʤʫʣʳ, ʠʩʧʦʣʴʟʫʶʱʝʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʘʤʫ ʚʩʧʦʤʦʛʘʪʝʣʴʥʫʶ ʬʫʥʢʮʠʶ 

ʠʥʪʝʛʨʘʣʘ ʦʰʠʙʦʢ erfc. 

7.9. ʀʩʧʦʣʴʟʫʷ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʛʣʘʟ-ʜʠʘʛʨʘʤʤʳ, ʩʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣ. 

7.2, 7.4 ʠ 7.6, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ,  ʟʘʨʠʩʫʡʪʝ ʚ ʤʘʩʰʪʘʙʝ ʢʦʥʪʫʨ ʛʣʘʟ-ʜʠʘʛʨʘʤʤʳ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʢʘʥʘʣʘ ʩ ʦʪʦʙʨʘʞʝʥʠʝʤ ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʦ-

ʩʪʨʦʝʥʠʷ ʤʘʩʢʠ ʧʘʨʘʤʝʪʨʦʚ. ʇʨʠʤʝʨ ʧʦʜʦʙʥʦʛʦ ʢʦʥʪʫʨʘ ʛʣʘʟ-ʜʠʘʛʨʘʤʤʳ ʧʨʝʜ-

ʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 7.5. 

7.10. ʉʦʛʣʘʩʥʦ ʨʝʢʦʤʝʥʜʘʮʠʷʤ ʩʪʘʥʜʘʨʪʘ ITU-T G.957, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ 

ʚ ʇʨʠʣʦʞʝʥʠʠ 3, ʥʘʥʝʩʠʪʝ ʥʘ ʧʦʩʪʨʦʝʥʥʫʶ ʛʣʘʟ-ʜʠʘʛʨʘʤʤʫ ʤʘʩʢʠ (ʰʘʙʣʦʥʳ), 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʫʨʦʚʥʷʤ SDH STM-1, STM-4 ʠ STM-16. 

7.11. ɺ ʚʳʚʦʜʘʭ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʚʝʩʪʠ ʧʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ BER, ʘ ʪʘʢ-

ʞʝ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʥʘʣʦʞʝʥʠʷ ʤʘʩʦʢ (ʰʘʙʣʦʥʦʚ) ʥʘ ʠʩʩʣʝʜʫʝʤʫʶ ʛʣʘʟ-

ʜʠʘʛʨʘʤʤʫ. 
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ʈʠʩʫʥʦʢ 7.5. ʇʦʩʪʨʦʝʥʠʝ ʢʦʥʪʫʨʘ ʛʣʘʟ-ʜʠʘʛʨʘʤʤʳ. 
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ʇʈʀʃʆɾɽʅʀɽ 1. 

 

ʆʩʥʦʚʳ ʨʘʙʦʪʳ ʩ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ ʦʙʦʣʦʯʢʠ 

ʘʥʘʣʠʟʘʪʦʨʘ ʢʘʥʘʣʦʚ ʚ ʨʝʞʠʤʝ ʛʣʘʟ-ʜʠʘʛʨʘʤʤʳ 
 

1. ʄʘʩʰʪʘʙʠʨʦʚʘʥʠʝ 

ʆʪʜʝʣʴʥʳʡ ʬʨʘʛʤʝʥʪ ʛʣʘʟ-ʜʠʘʛʨʘʤʤʳ ʤʦʞʝʪ ʙʳʪʴ ʫʚʝʣʠʯʝʥ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: ʫʜʝʨʞʠʚʘʷ ʣʝʚʫʶ ʢʥʦʧʢʫ ʤʳʰʠ ʥʝʦʙʭʦʜʠʤʦ ʚʳʜʝʣʠʪʴ ʨʘʤʢʦʡ ʠʩʩʣʝ-

ʜʫʝʤʳʡ ʬʨʘʛʤʝʥʪ (ʨʠʩ. 1 (ʘ)). ɿʘʪʝʤ, ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʢʥʦʧʢʘ ʙʫʜʝʪ ʦʪʧʫʱʝʥʘ, 

ʫʚʝʣʠʯʝʥʥʳʡ ʬʨʘʛʤʝʥʪ ʚʳʚʦʜʠʪʩʷ ʥʘ ʜʠʩʧʣʝʡ (ʨʠʩ. 1 (ʙ)). ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʥʘ-

ʞʘʚ ʧʨʘʚʫʶ ʢʥʦʧʢʫ ʤʳʰʠ, ʤʦʞʥʦ ʦʧʝʨʘʪʠʚʥʦ ʦʙʨʘʪʥʦ ʧʝʨʝʡʪʠ ʢ ʦʙʱʝʤʫ ʚʠʜʫ 

ʩʧʝʢʪʨʘʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

 

 
(ʘ) 

 
(ʙ) 

ʈʠʩʫʥʦʢ 1. ʋʚʝʣʠʯʝʥʠʝ ʬʨʘʛʤʝʥʪʘ ʩʧʝʢʪʨʘʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ OSA. 
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ʋʚʝʣʠʯʠʪʴ/ʫʤʝʥʴʰʠʪʴ ʤʘʩʰʪʘʙ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘʢʞʝ ʤʦʞʥʦ ʩ ʧʦʤʦ-

ʱʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʥʦʧʦʢ ʥʘ ʧʘʥʝʣʠ ʫʧʨʘʚʣʝʥʠʷ: ʫʚʝʣʠʯʝʥʠʝ (ñZoom Inò,  

ʨʠʩ. 2 (ʘ)), ʫʤʝʥʴʰʝʥʠʝ (ñZoom Outò, ʨʠʩ. 2 (ʙ)) ʠ ʧʝʨʝʢʣʶʯʝʥʠʝ ʥʘ ʦʙʱʠʡ ʚʠʜ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ñFit Allò, ʨʠʩ. 2 (ʚ)). 

 

   
(ʘ) (ʙ) (ʚ) 

ʈʠʩʫʥʦʢ 2. ʇʘʥʝʣʴ ʫʧʨʘʚʣʝʥʠʷ. ʈʝʞʠʤ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ. 

 

2. ʋʧʨʘʚʣʝʥʠʝ ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʤʘʨʢʝʨʘʤʠ 

ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʤʘʨʢʝʨʘʤʠ ʥʝʦʙʭʦʜʠʤʦ ʚʦʡʪʠ ʚ ʤʝʥʶ 

çVertical Markersè (ʨʠʩ. 2 (ʘ)). ɸʢʪʠʚʠʟʘʮʠʷ ʦʜʥʦʛʦ ʠʟ ʜʚʫʭ ʤʘʨʢʝʨʦʚ çɸè - çɺè 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʧʝʨʝʢʣʶʯʝʥʠʷ ʤʝʞʜʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʦʜʥʦʠʤʝʥʥr -

ʤʠ ʟʘʢʣʘʜʢʘʤʠ. ɼʣʷ ʚʢʣʶʯʝʥʠʷ ʤʘʨʢʝʨʘ ʥʝʦʙʭʦʜʠʤʦ ʥʘʞʘʪʴ ʢʣʘʚʠʰʫ çCreateè 

(ʨʠʩ. 2 (ʘ)), ʧʦʩʣʝ ʯʝʛʦ ʥʘ ʜʠʩʧʣʝʝ ʧʦʷʚʣʷʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʤʘʨʢʝʨ, ʘ ʚ 

ʦʜʥʦʠʤʝʥʥʦʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʧʦʣʝ ʦʪʦʙʨʘʞʘʝʪʩʷ ʢʦʦʨʜʠʥʘʪʘ ʝʛʦ ʪʝʢʫʱʝʛʦ 

ʧʦʣʦʞʝʥʠʷ (ʚʨʝʤʷ, ʩ) (ʨʠʩ. 2 (ʙ)).  

ɸʢʪʠʚʠʟʠʨʦʚʘʥʥʳʡ ʤʘʨʢʝʨ ʤʦʞʥʦ ʧʝʨʝʤʝʱʘʪʴ ʧʦ ʜʠʩʧʣʝʶ ʩ ʧʦʤʦʱʴʶ 

ʤʳʰʠ, ʫʜʝʨʞʠʚʘʷ ʣʝʚʫʶ ʢʥʦʧʢʫ, ʣʠʙʦ ʠʩʧʦʣʴʟʫʷ ʢʣʘʚʠʰʠ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝ-

ʥʠʝʤ ʤʘʨʢʝʨʘ: ç<<è, ç>>è - ʫʩʢʦʨʝʥʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʠ ç<è, ç>è - ʠʟʤʝʥʝʥʠʝ 

ʧʦʣʦʞʝʥʠʷ ʤʘʨʢʝʨʘ ʥʘ ʦʜʥʫ ʪʦʯʢʫ ʜʠʩʢʨʝʪʠʟʘʮʠʠ (ʨʠʩ. 2 (ʚ)). 

ʇʝʨʝʤʝʱʝʥʠʝ ʤʘʨʢʝʨʦʚ çɸè ʠ çɺè ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʩʠʥʭʨʦʥʥʦ. 

ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ ʬʣʘʞʦʢ ʥʘ ʧʦʟʠʮʠʠ çTrackè (ʨʠʩ. 2 (ʚ)). ɼʣʷ 

ʦʪʢʣʶʯʝʥʠʷ ʨʝʞʠʤʘ ʩʠʥʭʨʦʥʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʝʦʙʭʦʜʠʤʦ 

ʫʢʘʟʘʥʥʳʡ ʬʣʘʞʦʢ ʩʥʷʪʴ.  

ʋʜʘʣʝʥʠʝ ʤʘʨʢʝʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʥʘʞʘʪʠʷ ʢʣʘʚʠʰʠ çDeleteè 

(ʨʠʩ. 2 (ʚ)). 

ɺ ʛʨʘʬʝ çDè ʦʪʦʙʨʘʞʘʶʪʩʷ ʟʥʘʯʝʥʠʷ ʨʘʟʥʦʩʪʠ ʢʦʦʨʜʠʥʘʪ ʧʦʣʦʞʝʥʠʷ 

ʤʘʨʢʝʨʦʚ çɸè ʠ çɺè, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩ. 2 (ʛ)). 

ʆʪʥʦʩʠʪʝʣʴʥʦ ʪʝʢʫʱʝʛʦ ʧʦʣʦʞʝʥʠʷ ʘʢʪʠʚʠʟʠʨʦʚʘʥʥʦʛʦ ʤʘʨʢʝʨʘ çɸè 

ʠʣʠ çɺè ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʘ ʦʮʝʥʢʘ ʪʘʢʠʭ ʧʘʨʘ-

ʤʝʪʨʦʚ, ʢʘʢ ʢʦʵʬʬʠʮʠʝʥʪ ʦʰʠʙʦʢ (BER), Q-ʬʘʢʪʦʨ (Q), ʨʘʩʢʨʳʚ ʛʣʘʟ-

ʜʠʘʛʨʘʤʤʳ (Eye-opening). ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ ʬʣʘʞʦʢ ʚ ʧʦʟʠʮʠʠ 

çBERè.  
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(ʘ) 

 
 (ʙ)  (ʚ) 

 
 (ʛ) 

ʈʠʩʫʥʦʢ 2. ʋʧʨʘʚʣʝʥʠʝ ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʤʘʨʢʝʨʘʤʠ 

 

3. ʋʧʨʘʚʣʝʥʠʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤʠ ʤʘʨʢʝʨʘʤʠ 

ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤʠ ʤʘʨʢʝʨʘʤʠ ʥʝʦʙʭʦʜʠʤʦ ʚʦʡʪʠ ʚ ʤʝʥʶ 

çHoriz Markersè (ʨʠʩ. 3 (ʘ)). ɸʢʪʠʚʠʟʘʮʠʷ ʦʜʥʦʛʦ ʠʟ ʜʚʫʭ ʤʘʨʢʝʨʦʚ çHè - çIè 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʧʝʨʝʢʣʶʯʝʥʠʷ ʤʝʞʜʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʦʜʥʦʠʤʝʥʥʳ-

ʤʠ ʟʘʢʣʘʜʢʘʤʠ. ɼʣʷ ʚʢʣʶʯʝʥʠʷ ʤʘʨʢʝʨʘ ʥʝʦʙʭʦʜʠʤʦ ʥʘʞʘʪʴ ʢʣʘʚʠʰʫ çCreateè 

(ʨʠʩ. 3 (ʘ)), ʧʦʩʣʝ ʯʝʛʦ ʥʘ ʜʠʩʧʣʝʝ ʧʦʷʚʣʷʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʤʘʨʢʝʨ, ʘ ʚ 

ʦʜʥʦʠʤʝʥʥʦʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʧʦʣʝ ʦʪʦʙʨʘʞʘʝʪʩʷ ʢʦʦʨʜʠʥʘʪʘ ʝʛʦ ʪʝʢʫʱʝʛʦ 

ʧʦʣʦʞʝʥʠʷ (ʤʦʱʥʦʩʪʴ ʤɺʪ) (ʨʠʩ. 3 (ʙ)).  

ɸʢʪʠʚʠʟʠʨʦʚʘʥʥʳʡ ʤʘʨʢʝʨ ʤʦʞʥʦ ʧʝʨʝʤʝʱʘʪʴ ʧʦ ʜʠʩʧʣʝʶ ʩ ʧʦʤʦʱʴʶ 

ʤʳʰʠ, ʫʜʝʨʞʠʚʘʷ ʣʝʚʫʶ ʢʥʦʧʢʫ. 

ɺ ʛʨʘʬʝ çDè ʦʪʦʙʨʘʞʘʶʪʩʷ ʟʥʘʯʝʥʠʷ ʨʘʟʥʦʩʪʠ ʢʦʦʨʜʠʥʘʪ ʧʦʣʦʞʝʥʠʷ 

ʤʘʨʢʝʨʦʚ çHè ʠ çIè, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩ. 3 (ʚ)). 

ʇʝʨʝʤʝʱʝʥʠʝ ʤʘʨʢʝʨʦʚ çHè ʠ çIè ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʩʠʥʭʨʦʥʥʦ. 

ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ ʬʣʘʞʦʢ ʥʘ ʧʦʟʠʮʠʠ çSyncè (ʨʠʩ. 3 (ʛ)). ɼʣʷ 

ʦʪʢʣʶʯʝʥʠʷ ʨʝʞʠʤʘ ʩʠʥʭʨʦʥʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʝʦʙʭʦʜʠʤʦ 

ʫʢʘʟʘʥʥʳʡ ʬʣʘʞʦʢ ʩʥʷʪʴ. 

ʋʜʘʣʝʥʠʝ ʤʘʨʢʝʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʥʘʞʘʪʠʷ ʢʣʘʚʠʰʠ çDeleteè 

(ʨʠʩ. 3 (ʛ)). 
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(ʘ) (ʙ) (ʚ) (ʛ) 

ʈʠʩʫʥʦʢ 3. ʋʧʨʘʚʣʝʥʠʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤʠ ʤʘʨʢʝʨʘʤʠ. 
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ʇʈʀʃʆɾɽʅʀɽ 2. 

 

ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʛʣʘʟ-ʜʠʘʛʨʘʤʤʳ 
 

 

ɻʣʘʟ-ʜʠʘʛʨʘʤʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʝʟʫʣʴʪʘʪ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʥʘʣʦʞʝ-

ʥʠʷ ʙʠʪʦʚʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩ ʚʳʭʦʜʘ ʛʝʥʝʨʘʪʦʨʘ ʇʉʇ, ʦʪʦʙʨʘʞʘʝʤʳʡ 

ʥʘ ʵʢʨʘʥʝ ʦʩʮʠʣʣʦʛʨʘʬʘ ʚ ʚʠʜʝ ʜʠʘʛʨʘʤʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʩʠʛʥʘʣʘ 

ʧʦ ʚʨʝʤʝʥʠ.  ʇʨʠʤʝʨ ʛʣʘʟ-ʜʠʘʛʨʘʤʤʳ ʩ ʫʢʘʟʘʥʠʝʤ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʝʜ-

ʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 1. 

 

 

 

ʉʨʝʜʥʠʡ ʫʨʦʚʝʥʴ

ʣʦʛʠʯʝʩʢʦʡ ç1è,

E1

ʉʨʝʜʥʠʡ ʫʨʦʚʝʥʴ

ʣʦʛʠʯʝʩʢʦʛʦ ç0è,

E0

80%

20%

ɺʨʝʤʷ ʩʧʘʜʘ ʧʦ

ʫʨʦʚʥʶ 80%-20%, TFɺʨʝʤʷ ʥʘʨʘʩʪʘʥʠʷ ʧʦ

ʫʨʦʚʥʶ 20%-80%, TR

ʇʦʨʦʛʦʚʳʡ ʫʨʦʚʝʥʴ

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ, E

ʄʘʢʩʠʤʫʤ ʘʤʧʣʠʪʫʜʳ ʩʠʛʥʘʣʘ

ʧʨʠ ʧʝʨʝʜʘʯʝ ç1è, E1max

ʈʘʩʢʨʳʚ ʛʣʘʟ-

ʜʠʘʛʨʘʤʤʳ (ʚʳʩʦʪʘ

ʟʦʥʳ ʧʨʠʥʷʪʠʷ

ʨʝʰʝʥʠʷ), EOH

ʀʥʪʝʨʚʘʣ ʧʝʨʝʜʘʯʠ ʩʠʤʚʦʣʘ , TS

ʄʘʢʩʠʤʫʤ ʘʤʧʣʠʪʫʜʳ ʩʠʛʥʘʣʘ

ʧʨʠ ʧʝʨʝʜʘʯʝ ç0è, E0max

ʄʠʥʠʤʫʤ ʘʤʧʣʠʪʫʜʳ ʩʠʛʥʘʣʘ

ʧʨʠ ʧʝʨʝʜʘʯʝ ç0è, E0min

ɼʞʠʪʪʝʨ, Tjɼʞʠʪʪʝʨ, Tj ʄʠʥʠʤʫʤ

ʘʤʧʣʠʪʫʜʳ ʩʠʛʥʘʣʘ

ʧʨʠ ʧʝʨʝʜʘʯʝ ç1è,

E1min

 
ʈʠʩʫʥʦʢ 1. ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʛʣʘʟ-ʜʠʘʛʨʘʤʤʳ. 

 

ʈʘʩʩʪʘʥʦʚʢʘ ʤʘʨʢʝʨʦʚ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʠʛʥʘʣʘ ʧʦ ʛʣʘʟ-ʜʠʘʛʨʘʤʤʝ ʚ ʪʦʯʢʘʭ j=p, j=0 ʠ j=2p ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2. 

 

 

 

 

 

 


