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ʇʨʝʜʠʩʣʦʚʠʝ 

 

ʎʝʣʠ ʠ ʧʨʠʥʮʠʧʳ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʫʩʪʘʥʦʚʣʝʥʳ 

ʌʝʜʝʨʘʣʴʥʳʤ ʟʘʢʦʥʦʤ ʦʪ 27 ʜʝʢʘʙʨʷ 2002 ʛ. ˉ 184-ʌ3 çʆ ʪʝʭʥʠʯʝʩʢʦʤ 

ʨʝʛʫʣʠʨʦʚʘʥʠʠè, ʘ ʧʨʘʚʠʣʘ ʧʨʠʤʝʥʝʥʠʷ ʥʘʮʠʦʥʘʣʴʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ï ɻʆʉʊ ʈ 1.0ð2004 çʉʪʘʥʜʘʨʪʠʟʘʮʠʷ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷè 

 

ʉʚʝʜʝʥʠʷ ʦ ʩʪʘʥʜʘʨʪʝ 

 

1 ʈɸɿʈɸɹʆʊɸʅ ʅʇʌ ʆʆʆ çʉɸɼ-ʂʆʄè 

 

2 ɺʅɽʉɽʅ ʅʇʌ ʆʆʆ çʉɸɼ-ʂʆʄè 

 

3 ʋʊɺɽʈɾɼɽʅ ʀ ɺɺɽɼɽʅ ɺ ɼɽʁʉʊɺʀɽ ʇʨʠʢʘʟʦʤ ʌʝʜʝʨʘʣʴʥʦʛʦ ʘʛʝʥʪʩʪʚʘ ʧʦ 

ʪʝʭʥʠʯʝʩʢʦʤʫ ʨʝʛʫʣʠʨʦʚʘʥʠʶ ʠ ʤʝʪʨʦʣʦʛʠʠ ʦʪ                            ˉ 

 

4 ɺɺɽɼɽʅ ɺʇɽʈɺʓɽ 

 

ʀʥʬʦʨʤʘʮʠʷ ʦʙ ʠʟʤʝʥʝʥʠʷʭ ʢ ʥʘʩʪʦʷʱʝʤʫ ʩʪʘʥʜʘʨʪʫ ʧʫʙʣʠʢʫʝʪʩʷ ʚ 

ʝʞʝʛʦʜʥʦ ʠʟʜʘʚʘʝʤʦʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʫʢʘʟʘʪʝʣʝ çʅʘʮʠʦʥʘʣʴʥʳʝ ʩʪʘʥʜʘʨʪʳè, ʘ 

ʪʝʢʩʪ ʠʟʤʝʥʝʥʠʡ ʠ ʧʦʧʨʘʚʦʢ ï ʚ ʝʞʝʤʝʩʷʯʥʦ ʠʟʜʘʚʘʝʤʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʫʢʘʟʘʪʝʣʷʭ çʅʘʮʠʦʥʘʣʴʥʳʝ ʩʪʘʥʜʘʨʪʳè. ɺ ʩʣʫʯʘʝ ʧʝʨʝʩʤʦʪʨʘ (ʟʘʤʝʥʳ) ʠʣʠ 

ʦʪʤʝʥʳ ʥʘʩʪʦʷʱʝʛʦ ʩʪʘʥʜʘʨʪʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʫʚʝʜʦʤʣʝʥʠʝ ʙʫʜʝʪ 

ʦʧʫʙʣʠʢʦʚʘʥʦ ʚ ʝʞʝʤʝʩʷʯʥʦʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʫʢʘʟʘʪʝʣʝ çʅʘʮʠʦʥʘʣʴʥʳʝ 

ʩʪʘʥʜʘʨʪʳè. ʉʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʠʥʬʦʨʤʘʮʠʷ, ʫʚʝʜʦʤʣʝʥʠʝ ʠ ʪʝʢʩʪʳ 

ʨʘʟʤʝʱʘʶʪʩʷ ʪʘʢʞʝ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ʦʙʱʝʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ï ʥʘ 

ʦʬʠʮʠʘʣʴʥʦʤ ʩʘʡʪʝ ʌʝʜʝʨʘʣʴʥʦʛʦ ʘʛʝʥʪʩʪʚʘ ʧʦ ʪʝʭʥʠʯʝʩʢʦʤʫ ʨʝʛʫʣʠʨʦʚʘʥʠʶ ʠ 

ʤʝʪʨʦʣʦʛʠʠ ʚ ʩʝʪʠ ʀʥʪʝʨʥʝʪ. 
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ʅɸʎʀʆʅɸʃʔʅʓʁ  ʉʊɸʅɼɸʈʊ  ʈʆʉʉʀʁʉʂʆʁ  ʌɽɼɽʈɸʎʀʀ 

 

ɸʋɼʀʆɺʀɿʋɸʃʔʅɸʗ ʀʅʌʆʈʄɸʎʀʆʅʅɸʗ ʉʀʉʊɽʄɸ ʈɽɸʃʔʅʆɻʆ ɺʈɽʄɽʅʀ 

(ʈɸɺʀʉ) 

 

ʅʦʨʤʳ ʠ ʤʝʪʦʜʳ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

 

Realtime audiovisual information system (RAVIS). 

Norms and methods of measurement assurance 

 

ɼʘʪʘ ʚʚʝʜʝʥʠʷ ï éé. ï é. ï é. 

1 ʆʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʅʘʩʪʦʷʱʠʡ ʩʪʘʥʜʘʨʪ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʝ ʘʫʜʠʦʚʠʟʫʘʣʴʥʦʡ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤr ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʈɸɺʀʉ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ 

ʮʠʬʨʦʚʦʛʦ ʥʘʟʝʤʥʦʛʦ ʫʟʢʦʧʦʣʦʩʥʦʛʦ ʚʝʱʘʥʠʷ ʧʦ ɻʆʉʊ ʈ 54309-2011 [1] ʚ I ʠ II 

ʧʦʣʦʩʘʭ ʆɺʏ-ʜʠʘʧʘʟʦʥʘ ʯʘʩʪʦʪ (65,8-74,0 ʄɻʮ ʠ 87,5-108,0 ʄɻʮ). 

ʉʪʘʥʜʘʨʪ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʥʦʨʤʳ ʥʘ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʠʩʪʝʤʳ ʈɸɺʀʉ ʠ 

ʤʝʪʦʜ rʠʭ ʠʟʤʝʨʝʥʠʷ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʇʘʨʘʤʝʪʨʳ ʠ ʤʝʪʦʜʳ ʠʭ ʠʟʤʝʨʝʥʠʡ, ʥʝ ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʥʘʩʪʦʷʱʝʤ ʩʪʘʥʜʘʨʪʝ, 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʪʘʥʜʘʨʪʘʤʠ, ʪʝʭʥʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ, ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʠ ʠʥʦʡ 

ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʝʡ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. 

2 ʅʦʨʤʘʪʠʚʥʳʝ ʩʩʳʣʢʠ 

ɺ ʥʘʩʪʦʷʱʝʤ ʩʪʘʥʜʘʨʪʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʩʳʣʢʠ ʥʘ ʩʣʝʜʫʶʱʠʝ ʩʪʘʥʜʘʨʪʳ: 

ɻʆʉʊ 15150-69. ʄʘʰʠʥʳ, ʧʨʠʙʦʨʳ ʠ ʜʨʫʛʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʠʟʜʝʣʠʷ. ʀʩʧʦʣʥʝʥʠʷ 

ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʨʘʡʦʥʦʚ. ʂʘʪʝʛʦʨʠʠ, ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʭʨʘʥʝʥʠʷ 

ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ ʚ ʯʘʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. 

ɻʆʉʊ 22261-94. ʉʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʡ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪʥʳʭ ʚʝʣʠʯʠʥ. 

ʆʙʱʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ. 

ɻʆʉʊ ʈ 52210-2004. ʊʝʣʝʚʠʜʝʥʠʝ ʚʝʱʘʪʝʣʴʥʦʝ ʮʠʬʨʦʚʦʝ. ʊʝʨʤʠʥʳ ʠ 

ʦʧʨʝʜʝʣʝʥʠʷ. 
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ɻʆʉʊ ʈ 54309-2011. ɸʋɼʀʆɺʀɿʋɸʃʔʅɸʗ ʀʅʌʆʈʄɸʎʀʆʅʅɸʗ ʉʀʉʊɽʄɸ 

ʈɽɸʃʔʅʆɻʆ ɺʈɽʄɽʅʀ (ʈɸɺʀʉ). ʇʨʦʮʝʩʩʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʘʜʨʦʚʦʡ ʩʪʨʫʢʪʫʨʳ, 

ʢʘʥʘʣʴʥʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ ʠ ʤʦʜʫʣʷʮʠʠ ʜʣʷ ʩʠʩʪʝʤʳ ʮʠʬʨʦʚʦʛʦ ʥʘʟʝʤʥʦʛʦ 

ʫʟʢʦʧʦʣʦʩʥʦʛʦ ʨʘʜʠʦʚʝʱʘʥʠʷ ʚ ʆɺʏ ʜʠʘʧʘʟʦʥʝ. ʊʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ. 

ʉʘʥʇʠʅ 2.2.4/2.1.8.055-96 - ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʠʟʣʫʯʝʥʠʷ ʨʘʜʠʦʯʘʩʪʦʪʥʦʛʦ 

ʜʠʘʧʘʟʦʥʘ (ʕʄʀ ʈʏ). 

ʇʨʘʚʠʣʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʪʝʣʝʚʠʜʝʥʠʷ ʠ ʨʘʜʠʦʚʝʱʘʥʠʷ. 

ʇʊʕ-2002. ʏʘʩʪʴ 1. ʊʝʣʝʚʠʜʝʥʠʝ. ʏʘʩʪʴ 2. ʈʘʜʠʦʚʝʱʘʥʠʝ. ʏʘʩʪʴ 3. ʆʙʱʠʝ 

ʪʨʝʙʦʚʘʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʇʨʠʤʝʯʘʥʠʝ ï ʇʨʠ ʧʦʣʴʟʦʚʘʥʠʠ ʥʘʩʪʦʷʱʠʤ ʩʪʘʥʜʘʨʪʦʤ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʧʨʦʚʝʨʠʪʴ ʜʝʡʩʪʚʠʝ ʩʩʳʣʦʯʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ʦʙʱʝʛʦ 

ʧʦʣʴʟʦʚʘʥʠʷ ï ʥʘ ʦʬʠʮʠʘʣʴʥʦʤ ʩʘʡʪʝ ʌʝʜʝʨʘʣʴʥʦʛʦ ʘʛʝʥʪʩʪʚʘ ʧʦ ʪʝʭʥʠʯʝʩʢʦʤʫ 

ʨʝʛʫʣʠʨʦʚʘʥʠʶ ʠ ʤʝʪʨʦʣʦʛʠʠ ʚ ʩʝʪʠ ʀʥʪʝʨʥʝʪ ʠʣʠ ʧʦ ʝʞʝʛʦʜʥʦ ʠʟʜʘʚʘʝʤʦʤʫ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʤʫ ʢʘʪʘʣʦʛʫ çʅʘʮʠʦʥʘʣʴʥʳʝ ʩʪʘʥʜʘʨʪʳè, ʢʦʪʦʨʳʡ ʦʧʫʙʣʠʢʦʚʘʥ ʧʦ 

ʩʦʩʪʦʷʥʠʶ ʥʘ 1 ʷʥʚʘʨʷ ʪʝʢʫʱʝʛʦ ʛʦʜʘ, ʠ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʝʞʝʤʝʩʷʯʥʦ 

ʠʟʜʘʚʘʝʤʳʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʫʢʘʟʘʪʝʣʷʤ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʤ ʚ ʪʝʢʫʱʝʤ ʛʦʜʫ. ɽʩʣʠ 

ʩʩʳʣʦʯʥʳʡ ʩʪʘʥʜʘʨʪ ʟʘʤʝʥʝʥ (ʠʟʤʝʥʝʥ), ʪʦ ʧʨʠ ʧʦʣʴʟʦʚʘʥʠʠ ʥʘʩʪʦʷʱʠʤ ʩʪʘʥʜʘʨʪʦʤ 

ʩʣʝʜʫʝʪ ʨʫʢʦʚʦʜʩʪʚʦʚʘʪʴʩʷ ʟʘʤʝʥʷʶʱʠʤ (ʠʟʤʝʥʝʥʥʳʤ) ʩʪʘʥʜʘʨʪʦʤ. ɽʩʣʠ 

ʩʩʳʣʦʯʥʳʡ ʩʪʘʥʜʘʨʪ ʦʪʤʝʥʝʥ ʙʝʟ ʟʘʤʝʥʳ, ʪʦ ʧʦʣʦʞʝʥʠʝ, ʚ ʢʦʪʦʨʦʤ ʜʘʥʘ ʩʩʳʣʢʘ ʥʘ 

ʥʝʛʦ, ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʯʘʩʪʠ, ʥʝ ʟʘʪʨʘʛʠʚʘʶʱʝʡ ʵʪʫ ʩʩʳʣʢʫ. 

3 ʊʝʨʤʠʥʳ, ʦʧʨʝʜʝʣʝʥʠ,̫ ʦʙʦʟʥʘʯʝʥʠʷ ʠ ʩʦʢʨʘʱʝʥʠʷ 

3.1 ʊʝʨʤʠʥʳ ʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ɺ ʥʘʩʪʦʷʱʝʤ ʩʪʘʥʜʘʨʪʝ ʧʨʠʤʝʥʷʶʪʩʷ ʪʝʨʤʠʥʳ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ɻʆʉʊ ʈ 52210-

2004, ʘ ʪʘʢʞʝ ʩʣʝʜʫʶʱʠʝ ʪʝʨʤʠʥʳ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʦʧʨʝʜʝʣʝʥʠʷʤʠ: 

3.1.1 ʚʥʝʧʦʣʦʩʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʧʝʢʪʨʘ: ʂʦʤʧʦʥʝʥʪʳ ʩʧʝʢʪʨʘ 

ʠʟʣʫʯʘʝʤʦʛʦ ʢʦʣʝʙʘʥʠʷ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʠʤʳʢʘʶʱʠʝ ʢ ʧʦʣʫʯʝʥʥʦʡ ʰʠʨʠʥʝ 

ʧʦʣʦʩʳ ʨʘʜʠʦʯʘʩʪʦʪ, ʷʚʣʷʶʱʝʡʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʧʨʦʮʝʩʩʘ ʤʦʜʫʣʷʮʠʠ. 

3.1.2 ʟʘʱʠʪʥʳʡ ʠʥʪʝʨʚʘʣ (guard interval): ɺʨʝʤʝʥʥʦӢʡ ʠʥʪʝʨʚʘʣ, ʚʚʦʜʠʤʳʡ 

ʤʝʞʜʫ ʜʚʫʤʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ OFDM-ʩʠʤʚʦʣʘʤʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʟʘʱʠʪʳ 

ʧʦʣʝʟʥʦʡ ʯʘʩʪʠ ʩʠʛʥʘʣʘ ʦʪ ʠʩʢʘʞʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʵʬʠʨʥʳʤ ʤʥʦʛʦʣʫʯʝʚʳʤ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ. 
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3.1.3 ʠʥʪʝʨʬʝʡʩ: ɻʨʘʥʠʮʘ ʤʝʞʜʫ ʜʚʫʤʷ ʩʠʩʪʝʤʘʤʠ ʠʣʠ ʤʝʞʜʫ ʜʚʫʤʷ ʯʘʩʪʷʤʠ 

ʦʜʥʦʡ ʩʠʩʪʝʤʳ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʟʘʜʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩ ʮʝʣʴʶ 

ʦʙʝʩʧʝʯʝʥʠʷ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʧʦ ʬʦʨʤʘʪʫ, ʬʫʥʢʮʠʷʤ, ʩʠʛʥʘʣʘʤ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ. 

3.1.4 ʢʘʜʨ OFDM (OFDM frame): ʉʦʚʦʢʫʧʥʦʩʪʴ ʩʠʤʚʦʣʦʚ OFDM, ʩ ʥʘʯʘʣʘ 

ʢʘʜʨʘ ʚʦʟʤʦʞʥʦ ʜʝʢʦʜʠʨʦʚʘʥʠʝ ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ. 

3.1.5 ʢʘʜʨ ʜʘʥʥʳʭ (Data Frame): ʄʥʦʞʝʩʪʚʦ ʠʟ bchK  ʙʠʪ, ʬʦʨʤʠʨʫʶʱʝʝ ʚʭʦʜ 

ʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʢʘʥʘʣʴʥʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ (ʢʦʜʠʨʦʚʘʥʠʝ ɹʏʍ ʠ LDPC). 

3.1.6 ʢʦʜʦʚʘʷ ʩʢʦʨʦʩʪʴ: ʆʪʥʦʰʝʥʠʝ ʜʣʠʥʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʘ ʚʭʦʜʝ ʢʦʜʝʨʘ ʢ ʜʣʠʥʝ ʢʦʜʠʨʦʚʘʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʘ 

ʝʛʦ ʚʳʭʦʜʝ. 

3.1.7 ʢʦʵʬʬʠʮʠʝʥʪ ʦʰʠʙʦʢ ʤʦʜʫʣʷʮʠʠ (MER): ʂʦʵʬʬʠʮʠʝʥʪ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʨʘʩʭʦʞʜʝʥʠʝ ʤʝʞʜʫ ʠʜʝʘʣʴʥʦʡ (ʚʳʯʠʩʣʝʥʥʦʡ) ʠ ʨʝʘʣʴʥʦʡ 

ʧʦʟʠʮʠʷʤʠ ʚʝʢʪʦʨʦʚ ʚ ʩʠʛʥʘʣʴʥʦʤ ʩʦʟʚʝʟʜʠʠ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʢʦʜʠʨʦʚʘʥʥʳʭ ʥʝʩʫʱʠʭ 

ʨʘʜʠʦʩʠʛʥʘʣʘ ʈɸɺʀʉ ʠ ʦʧʨʝʜʝʣʷʝʤʳʡ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʤʦʱʥʦʩʪʝʡ ʨʘʜʠʦʩʠʛʥʘʣʦʚ ʚ 

ʵʪʠʭ ʧʦʟʠʮʠʷʭ. 

3.1.8 ʥʝʧʨʝʨʳʚʥʳʝ ʧʠʣʦʪʥʳʝ ʥʝʩʫʱʠʝ: ʉʣʫʞʝʙʥʳʝ ʥʝʩʫʱʠʝ, 

ʨʘʟʤʝʱʘʝʤʳʝ ʚ ʧʨʝʜʝʣʘʭ ʷʯʝʝʢ ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤʠ ʧʦʟʠʮʠʷʤʠ ʚʥʫʪʨʠ ʩʠʤʚʦʣʦʚ ʠ 

ʢʘʜʨʦʚ OFDM. 

3.1.9 ʧʠʢ-ʬʘʢʪʦʨ ʩʠʛʥʘʣʘ (PAPR, peak-to-average power ratio): ʆʪʥʦʰʝʥʠʝ 

ʧʠʢʦʚʦʡ ʘʤʧʣʠʪʫʜʳ ʩʠʛʥʘʣʘ ʢ ʝʛʦ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʤʫ ʟʥʘʯʝʥʠʶ. 

3.1.10 ʨʘʩʩʝʷʥʥʳʝ ʧʠʣʦʪʥʳʝ ʥʝʩʫʱʠʝ: ʉʣʫʞʝʙʥʳʝ ʥʝʩʫʱʠʝ, ʨʘʟʤʝʱʘʝʤʳʝ ʚ 

ʧʨʝʜʝʣʘʭ ʷʯʝʝʢ ʩ ʠʟʤʝʥʷʶʱʠʤʠʩʷ ʧʦʟʠʮʠʷʤʠ ʦʪ ʩʠʤʚʦʣʘ ʢ ʩʠʤʚʦʣʫ ʚʥʫʪʨʠ ʢʘʜʨʘ 

OFDM. 

3.1.11 ʩʠʤʚʦʣ OFDM (OFDM symbol): ʉʠʛʥʘʣ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ST , ʚʢʣʶʯʘʶʱʠʡ 

ʚ ʩʝʙʷ ʚʩʝ ʘʢʪʠʚʥʳʝ ʥʝʩʫʱʠʝ, ʤʦʜʫʣʠʨʦʚʘʥʥʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʟʥʘʯʝʥʠʷʤʠ, ʘ 

ʪʘʢʞʝ ʟʘʱʠʪʥʳʡ ʠʥʪʝʨʚʘʣ. 

3.1.12 ʩʠʥʭʨʦʙʘʡʪ (Sync Byte): ɹʘʡʪ ʩʦ ʟʥʘʯʝʥʠʝʤ 47 ʚ ʰʝʩʪʥʘʜʮʘʪʝʨʠʯʥʦʡ 

ʩʠʩʪʝʤʝ ʩʯʠʩʣʝʥʠʷ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʯʘʣʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʘʢʝʪʘ. 

3.1.13 ʩʦʚʤʝʱʝʥʥʳʡ ʢʘʥʘʣ: ʂʘʥʘʣ, ʧʦʣʦʞʝʥʠʝ ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʩʫʱʝʡ 

ʢʦʪʦʨʦʛʦ ʩʦʚʧʘʜʘʝʪ ʩ ʧʦʣʦʞʝʥʠʝʤ ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʩʫʱʝʡ ʨʘʙʦʯʝʛʦ ʢʘʥʘʣʘ; 

3.1.14 ʩʦʩʝʜʥʠʡ ʢʘʥʘʣ: ʂʘʥʘʣ, ʧʦʣʦʞʝʥʠʝ ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʩʫʱʝʡ ʢʦʪʦʨʦʛʦ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʦʣʦʞʝʥʠʷ ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʩʫʱʝʡ ʨʘʙʦʯʝʛʦ ʢʘʥʘʣʘ ʥʘ ʚʝʣʠʯʠʥʫ, 

ʨʘʚʥʫʶ ʫʩʣʦʚʥʦʡ ʰʠʨʠʥʝ ʨʘʙʦʯʝʛʦ ʢʘʥʘʣʘ (100, 200, 250 ʢɻʮ). ʈʘʟʣʠʯʘʶʪ ʧʨʘʚʳʡ ʠ 

ʣʝʚʳʡ ʩʦʩʝʜʥʠʝ ʢʘʥʘʣʳ; 



ɻʆʉʊ ʈ 
(ʇʨʦʝʢʪ, ʨʝʜʘʢʮʠʷ 1) 

4 

3.1.15 ʪʨʘʥʩʧʦʨʪʥʳʡ ʧʘʢʝʪ MPEG-2 (MPEG-2 transport packet): 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʟ 188 ʙʘʡʪ, ʫ ʢʦʪʦʨʦʡ ʧʝʨʚʳʡ ʙʘʡʪ ʷʚʣʷʝʪʩʷ ʩʠʥʭʨʦʙʘʡʪʦʤ. 

3.1.16 ʪʨʘʥʩʧʦʨʪʥʳʡ ʧʦʪʦʢ (Transport Stream): ʄʝʪʦʜ ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʷ ʚ 

ʦʜʠʥ ʧʦʪʦʢ ʠ ʧʘʢʝʪʥʦʡ ʧʝʨʝʜʘʯʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʘʢʝʪʦʚ. 

3.1.17 ʷʯʝʡʢʘ OFDM (OFDM Cell): ɿʥʘʯʝʥʠʝ, ʤʦʜʫʣʠʨʫʶʱʝʝ ʦʜʥʫ ʥʝʩʫʱʫʶ ʥʘ 

ʠʥʪʝʨʚʘʣʝ ʦʜʥʦʛʦ ʩʠʤʚʦʣʘ OFDM. 

3.1.18 ʷʯʝʡʢʘ ʜʘʥʥʳʭ (Data Cell): ʗʯʝʡʢʘ OFDM, ʥʝ ʷʚʣʷʶʱʘʷʩʷ ʧʠʣʦʪʥʦʡ 

ʷʯʝʡʢʦʡ ʠʣʠ ʷʯʝʡʢʦʡ ʇʇʉ. 

3.2 ʆʙʦʟʥʘʯʝʥʠʷ 

ɺ ʥʘʩʪʦʷʱʝʤ ʩʪʘʥʜʘʨʪʝ ʧʨʠʤʝʥʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ: 

fD  - ʰʠʨʠʥʘ ʧʦʣʦʩʳ ʯʘʩʪʦʪ ʨʘʜʠʦʢʘʥʘʣʘ (ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʢʨʘʡʥʠʤʠ 

ʥʝʩʫʱʠʤʠ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʘ OFDM); 

cf  - ʮʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʦʪʘ ʈʏ ʩʠʛʥʘʣʘ; 

k  - ʠʥʜʝʢʩ ʥʝʩʫʱʝʡ OFDM; 

k¡ - ʠʥʜʝʢʩ ʥʝʩʫʱʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʳ; 

bchK  - ʯʠʩʣʦ ʙʠʪʦʚ ʥʝʢʦʜʠʨʦʚʘʥʥʦʛʦ ʙʣʦʢʘ ʢʦʜʘ ɹʏʍ; 

maxK  - ʠʥʜʝʢʩ ʧʦʩʣʝʜʥʝʡ ʘʢʪʠʚʥʦʡ ʥʝʩʫʱʝʡ (ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʯʘʩʪʦʪʦʡ); 

minK  - ʠʥʜʝʢʩ ʧʝʨʚʦʡ ʘʢʪʠʚʥʦʡ ʥʝʩʫʱʝʡ (ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʯʘʩʪʦʪʦʡ); 

totalK  - ʯʠʩʣʦ ʥʝʩʫʱʠʭ OFDM; 

FT  - ʜʣʠʪʝʣʴʥʦʩʪʴ ʢʘʜʨʘ OFDM; 

GT  - ʜʣʠʪʝʣʴʥʦʩʪʴ ʟʘʱʠʪʥʦʛʦ ʠʥʪʝʨʚʘʣʘ; 

ST  - ʦʙʱʘʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʩʠʤʚʦʣʘ OFDM; 

UT  - ʜʣʠʪʝʣʴʥʦʩʪʴ ʘʢʪʠʚʥʦʛʦ ʩʠʤʚʦʣʘ OFDM. 

3.3 ʉʦʢʨʘʱʝʥʠʷ 

ɺ ʥʘʩʪʦʷʱʝʤ ʩʪʘʥʜʘʨʪʝ ʧʨʠʤʝʥʝʥʳ ʩʣʝʜʫʶʱʠʝ ʩʦʢʨʘʱʝʥʠʷ: 

16-QAM - 16-ʧʦʟʠʮʠʦʥʥʘʷ ʤʦʜʫʣʷʮʠʷ QAM; 

64-QAM - 64-ʧʦʟʠʮʠʦʥʥʘʷ ʤʦʜʫʣʷʮʠʷ QAM; 

AI (Amplitude Imbalance) - ʜʠʩʙʘʣʘʥʩ ʘʤʧʣʠʪʫʜʳ; 

BER (Bit Error Rate) - ʯʘʩʪʦʪʘ ʧʦʷʚʣʝʥʠʷ ʦʰʠʙʦʯʥʳʭ ʙʠʪ; 

BPSK (Binary Phase Shift Keying) - ʜʚʫʭʧʦʟʠʮʠʦʥʥʘʷ ʬʘʟʦʚʘʷ ʤʘʥʠʧʫʣʷʮʠʷ; 

CS (Carrier Suppression) - ʧʦʜʘʚʣʝʥʠʝ ʥʝʩʫʱʝʡ; 
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DVB-T (Digital Video Broadcasting - Terrestrial) - ʩʠʩʪʝʤʘ ʥʘʟʝʤʥʦʛʦ ʮʠʬʨʦʚʦʛʦ 

ʪʝʣʝʚʠʟʠʦʥʥʦʛʦ ʚʝʱʘʥʠʷ; 

DVB-T2 (Digital Video Broadcasting ï Terrestrial, Second Generation) - ʩʠʩʪʝʤʘ 

ʥʘʟʝʤʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʪʝʣʝʚʠʟʠʦʥʥʦʛʦ ʚʝʱʘʥʠʷ ʚʪʦʨʦʛʦ ʧʦʢʦʣʝʥʠʷ; 

END (Equivalent Noise Degradation) - ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʰʫʤʦʚʳʝ ʧʦʪʝʨʠ; 

ENF (Equivalent Noise Floor) - ʙʘʟʦʚʳʡ ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʫʨʦʚʝʥʴ ʰʫʤʘ; 

EVM (Error Vector Magnitude) - ʚʝʣʠʯʠʥʘ ʚʝʢʪʦʨʘ ʦʰʠʙʢʠ; 

GPS (Global Positioning System) - ʩʠʩʪʝʤʘ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ; 

LDPC (Low Density Parity Check) - ʢʦʜʳ ʩ ʤʘʣʦʡ ʧʣʦʪʥʦʩʪʴʶ ʧʨʦʚʝʨʦʢ ʥʘ ʯʝʪʥʦʩʪʴ; 

MER (Modulation Error Ratio) - ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʦʰʠʙʢʘ ʤʦʜʫʣʷʮʠʠ; 

MPEG-2 (Motion Picture Experts Group) - ʛʨʫʧʧʘ ʩʪʘʥʜʘʨʪʦʚ ʮʠʬʨʦʚʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ ʠ 

ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʷ ʚʠʜʝʦ ʠ ʘʫʜʠʦ ʩʠʛʥʘʣʦʚ; 

OFDM (Orthogonal Frequency-Division Multiplexing) - ʩʭʝʤʘ ʮʠʬʨʦʚʦʡ ʤʦʜʫʣʷʮʠʠ ï 

ʦʨʪʦʛʦʥʘʣʴʥʦʝ ʯʘʩʪʦʪʥʦʝ ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʝ; 

PJ (Phase Jitter) - ʬʘʟʦʚʳʡ ʜʞʠʪʪʝʨ; 

PPS (Pulse Per Second) - ʠʤʧʫʣʴʩ ʚʨʝʤʝʥʥʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʚ ʦʜʥʦʯʘʩʪʦʪʥʦʡ ʩʝʪʠ; 

QAM (Quadrature Amplitude Modulation) - ʢʚʘʜʨʘʪʫʨʥʦ-ʘʤʧʣʠʪʫʜʥʘʷ ʤʦʜʫʣʷʮʠʷ; 

QCIF (Quarter Common Intermediate Format) - ʨʘʟʤʝʨ ʢʘʜʨʘ ʚʠʜʝʦ 176 Ĭ 144 ʧʠʢʩʝʣʘ; 

QE (Quadrature Error) - ʢʚʘʜʨʘʪʫʨʥʘʷ ʦʰʠʙʢʘ (Quadrature Error); 

QEF (Quasi Error Free) - ʢʚʘʟʠʙʝʟʦʰʠʙʦʯʥʳʡ; 

QPSK (Quadrature Phase Shift Keying) - ʯʝʪʳʨʝʭʧʦʟʠʮʠʦʥʥʘʷ ʬʘʟʦʚʘʷ ʤʘʥʠʧʫʣʷʮʠʷ; 

SEP (System Error Performance) - ʧʦʢʘʟʘʪʝʣʴ ʩʠʩʪʝʤʥʳʭ ʦʰʠʙʦʢ; 

SFN (Single Frequenʩʫ Network) - ʦʜʥʦʯʘʩʪʦʪʥʘ ̫ʩʝʪɹ; 

STE (System Target Error) - ʩʠʩʪʝʤʘʪʠʯʝʩʢʘʷ ʦʰʠʙʢʘ ʧʦʣʦʞʝʥʠʷ ʪʦʯʝʢ ʩʦʟʚʝʟʜʠʷ; 

STS (Synchronisation Time Stamp) - ʚʨʝʤʝʥʥʘʷ ʤʝʪʢʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ; 

ɸʏʍ ï ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ; 

ɸʎʇ - ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ; 

ɹʇʌ - ʙʳʩʪʨʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ; 

ɹʏʍ - ʜʚʦʠʯʥʳʡ ʙʣʦʢʦʚʳʡ ʢʦʜ ʢʦʨʨʝʢʮʠʠ ʦʰʠʙʦʢ ɹʦʟʝ-ʏʦʫʜʫʨʠ-ʍʦʢʚʠʥʛʝʤʘ (BCH 

(Bose-Chaudhuri-Hocquenghem multiple error correction binary block code)); 

ɺʉʉ - ʚʥʝʧʦʣʦʩʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʧʝʢʪʨʘ; 

ɻɺɿ - ʛʨʫʧʧʦʚʦʝ ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ; 

ɼʌ - ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʬʘʟʘ; 

ʀʉ - ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʩʠʛʥʘʣ; 

ʂɼ - ʢʘʜʨ ʜʘʥʥʳʭ; 
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ʂʀʇ - ʢʦʛʝʨʝʥʪʥʘʷ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʘʷ ʧʦʤʝʭʘ; 

ʅʇ - ʥʫʣʝʚʦʡ ʧʘʢʝʪ. ʕʪʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ISO/IEC 13818-1 [2] ʢʘʢ 

ʥʫʣʝʚʦʡ ʧʘʢʝʪ ʊʇ, ʚʩʝ ʙʘʡʪʳ ʜʘʥʥʳʭ ʢʦʪʦʨʦʛʦ ʫʩʪʘʥʦʚʣʝʥʳ ʚ 0x00; ʪʦ ʝʩʪʴ 

ʬʠʢʩʠʨʦʚʘʥʥʳʡ ʧʘʢʝʪ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʯʝʪʳʨʝʭʙʘʡʪʦʚʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 0x47, 

0x1F, 0xFF ʠ 0x10, ʟʘ ʢʦʪʦʨʦʡ ʩʣʝʜʫʶʪ 184 ʥʫʣʝʚʳʭ ʙʘʡʪʘ (0x00). 

ʅʇʅ - ʥʝʧʨʝʨʳʚʥʳʝ ʧʠʣʦʪʥʳʝ ʥʝʩʫʱʠʝ; 

ʆɹʇʌ - ʦʙʨʘʪʥʦʝ ʙʳʩʪʨʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ; 

ʆɺʏ - ʜʠʘʧʘʟʦʥ ʦʯʝʥʴ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪ (30 ï 300 ʄɻʮ); 

ʆʉʐ (SNR) - ʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ ï ʰʫʤ; 

ʇʇʉ (TPS (Transmission Parameter Signalling)) - ʧʘʨʘʤʝʪʨʳ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʘ; 

ʇʉɼʇ (PRBS (Pseudo Random Binary Sequence)) - ʧʩʝʚʜʦʩʣʫʯʘʡʥʘʷ ʜʚʦʠʯʥʘʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ; 

ʇʏ - ʧʨʦʤʝʞʫʪʦʯʥʘʷ ʯʘʩʪʦʪʘ; 

ʈɸɺʀʉ (RAVIS (Realtime Audiovisual System)) - ʘʫʜʠʦʚʠʟʫʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʨʝʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ; 

ʈʇʅ - ʨʘʩʩʝʷʥʥʳʝ ʧʠʣʦʪʥʳʝ ʥʝʩʫʱʠʝ; 

ʈʏ - ʨʘʜʠʦʯʘʩʪʦʪʘ; 

ʉʂʆ - ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ; 

ʊʇ (TS (Transport Stream)) - ʪʨʘʥʩʧʦʨʪʥʳʡ ʧʦʪʦʢ; 

ʎɸʇ - ʮʠʬʨʦ-ʘʥʘʣʦʛʦʚʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ. 

4 ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʠʩʪʝʤʳ ʈɸɺʀʉ 

4.1 ʆʙʱʠʝ ʧʦʣʦʞʝʥʠʷ 

ʉʠʩʪʝʤʘ ʈɸɺʀʉ ʩʦʜʝʨʞʠʪ ʧʝʨʝʜʘʶʱʫʶ, ʧʨʠʝʤʥʫʶ ʯʘʩʪʠ ʠ ʩʦʝʜʠʥʷʶʱʠʡ ʠʭ 

ʢʘʥʘʣ ʩʚʷʟʠ (ʩʝʪʴ); ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʭʝʤʳ ʧʝʨʝʜʘʶʱʝʡ ʠ ʧʨʠʝʤʥʦʡ ʯʘʩʪʝʡ ʩ 

ʦʙʦʟʥʘʯʝʥʠʝʤ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʠʥʪʝʨʬʝʡʩʦʚ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 1 ʠ 2. 

 

ʈʠʩʫʥʦʢ 1. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʧʝʨʝʜʘʶʱʝʡ ʯʘʩʪʠ ʩʠʩʪʝʤʳ ʈɸɺʀʉ (ʧʝʨʝʜʘʪʯʠʢ) 

ʆʪʦʙʨʘʞʝʥʠʝ  
ʥʘ ʩʦʟʚʝʟʜʠʝ 

A 

ʈʘʥʜʦʤʠʟʘʮʠʷ  
ʨʘʩʧʨʝʜʝʣʝʥʠʷ  
ʵʥʝʨʛʠʠ 

ɺʥʫʪʨʝʥʥʠʡ  
ʢʦʜʝʨ 

( LDPC ) 
B E F G 

ɹʠʪʦʚʦʝ  
ʧʝʨʝʤʝʞʝʥʠʝ 

F 

ʇʝʨʝʤʝʞʝʥʠʝ  
ʷʯʝʝʢ ,  

ʚʨʝʤʝʥʥʦʝ  
ʧʝʨʝʤʝʞʝʥʠʝ 

ʂɼ 

ʏʘʩʪʦʪʥʦʝ  
ʧʝʨʝʤʝʞʝʥʠʝ ʎɸʇ 

H 
J 

ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ  
ʯʘʩʪʦʪʳ  

K L M 

ʋʩʠʣʝʥʠʝ  
ʤʦʱʥʦʩʪʠ 

ʈʏ 

G 

ʆʪʦʙʨʘʞʝʥʠʝ  
ʜʘʥʥʳʭ ʥʘ  
ʥʝʩʫʱʠʝ  

OFDM 
ʆɹʇʌ 

I k 

Q k 

ɺʥʝʰʥʠʡ  
ʢʦʜʝʨ 
( ɹʏʍ ) 

ʉ 
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ɺ ʧʝʨʝʜʘʶʱʝʡ ʯʘʩʪʠ ʩʠʩʪʝʤʳ ʈɸɺʀʉ ʠʟ ʂɼ ʬʦʨʤʠʨʫʝʪʩʷ ʈʏ ʩʠʛʥʘʣ ʧʫʪʝʤ 

ʧʨʠʤʝʥʝʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ (ʚ ʩʢʦʙʢʘʭ ʫʢʘʟʘʥʳ ʙʫʢʚʝʥʥʳʝ 

ʦʙʦʟʥʘʯʝʥʠʷ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʠʥʪʝʨʬʝʡʩʦʚ): 

ī ʨʘʥʜʦʤʠʟʘʮʠʠ ʵʥʝʨʛʠʠ (ʩʢʨʝʤʙʣʠʨʦʚʘʥʠʝ) ʚʥʫʪʨʠ ʂɼ (B); 

ī ʧʦʤʝʭʦʟʘʱʠʪʥʦʛʦ ʢʘʥʘʣʴʥʦʛʦ ʢʦʜʠʨʦʚʘʥʠ,̫ ʚʢʣʶʯʘʶʱʝʛʦ ʚʥʝʰʥʝʝ (ɹʏʍ) (ʉ) ʠ 

ʚʥʫʪʨʝʥʥʝʝ (LDPC) ʢʦʜʠʨʦʚʘʥʠʝ (E); 

ī ʙʠʪʦʚʦʛʦ ʧʝʨʝʤʝʞʝʥʠ,̫ ʠʟʤʝʥʷʶɦ ʝʛʦ ʧʦʨʷʜʦʢ ʩʣʝʜʦʚʘʥʠʷ ʙʠʪʦʚ ʚʥʫʪʨʠ ʂɼ (F); 

ī ʦʪʦʙʨʘʞʝʥʠ ̫ʙʠʪʦʚ ʂɼ ʥʘ ʪʦʯʢʠ ʤʦʜʫʣʷʮʠʦʥʥʦʛʦ ʩʦʟʚʝʟʜʠʷ (G); 

ī ʧʝʨʝʤʝʞʝʥʠ ̫ ʷʯʝʝʢ ʜʘʥʥʳʭ ʠ ʧʝʨʝʤʝʞʝʥʠ ̫ ʙʣʦʢʦʚ ʷʯʝʝʢ (ʚʨʝʤʝʥʥʦӢʝ 

ʧʝʨʝʤʝʞʝʥʠʝ) ʚ ʨʘʤʢʘʭ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʂɼ; 

ī ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʤʚʦʣʦʚ ʠ ʢʘʜʨʦʚ OFDM: ʦʪʦʙʨʘʞʝʥʠʷ ʷʯʝʝʢ ʜʘʥʥʳʭ ʚʩʝʭ 

ʢʘʥʘʣʦʚ ʥʘ ʥʝʩʫʱʠʝ OFDM, ʧʝʨʝʤʝʞʝʥʠ ̫ ʜʘʥʥʳʭ ʥʝʩʫʱʠʭ, ʚʚʦʜʘ ʧʠʣʦʪʥʳʭ 

ʥʝʩʫʱʠʭ ʠ ʥʝʩʫʱʠʭ ʇʇʉ ʩ ʫʯʝʪʦʤ ʥʦʤʝʨʘ ʩʠʤʚʦʣʘ, ʢʦʨʨʝʢʮʠʠ ʧʠʢ-ʬʘʢʪʦʨʘ (H); 

ī ʬʦʨʤʠʨʦʚʘʥʠ ̫ʩʠʛʥʘʣʘ ʩʠʤʚʦʣʘ OFDM ʚʦ ʚʨʝʤʝʥʥʦӢʡ ʦʙʣʘʩʪʠ ʩ ʧʦʤʦʱʴʶ ʆɹʇʌ, 

ʬʦʨʤʠʨʦʚʘʥʠ ̫ ʟʘʜʝʨʞʢʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʥʝʩʝʥʥʦʡ ʧʝʨʝʜʘʯʠ, ʚʚʦʜʘ 

ʟʘʱʠʪʥʦʛʦ ʠʥʪʝʨʚʘʣʘ (J); 

ī ʮʠʬʨʦ-ʘʥʘʣʦʛʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠ ̫ʠ ʬʠʣʴʪʨʘʮʠʠ (K); 

ī ʧʝʨʝʥʦʩʘ ʥʘ ʯʘʩʪʦʪʫ ʚʝʱʘʥʠʷ (L); 

ī ʫʩʠʣʝʥʠʷ ʧʦ ʤʦʱʥʦʩʪʠ ʠ ʠʟʣʫʯʝʥʠʷ ʈʏ ʩʠʛʥʘʣʘ ʚ ʩʝʪʴ (M). 

 

ʈʠʩʫʥʦʢ 2. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʧʨʠʝʤʥʦʡ ʯʘʩʪʠ ʩʠʩʪʝʤʳ ʈɸɺʀʉ (ʧʨʠʝʤʥʠʢ) 

ɺ ʧʨʠʝʤʥʦʡ ʯʘʩʪʠ ʩʠʩʪʝʤʳ ʈɸɺʀʉ ʠʟ ʈʏ ʩʠʛʥʘʣʘ ʬʦʨʤʠʨʫʪʁʩʷ ʂɼ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʠʷ ʩʣʝʜʫʶʱʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ: 

ī ʯʘʩʪʦʪʥʦʡ ʩʝʣʝʢʮʠʠ, ʘʤʧʣʠʪʫʜʥʦʡ ʜʝʤʦʜʫʣʷʮʠʠ ʠ ʥʦʨʤʘʣʠʟʘʮʠʠ ʘʤʧʣʠʪʫʜʳ 

ʰʫʤʦʧʦʜʦʙʥʦʛʦ ʩʠʛʥʘʣʘ (P); 

ī ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (R); 

ī ɹʇʌ (S); 

I k 

Q k 
ʆʙʨʘʪʥʦʝ  
ʯʘʩʪʦʪʥʦʝ  
ʧʝʨʝʤʝʞʝʥʠʝ 

ʆʙʨʘʪʥʦʝ  
ʦʪʦʙʨʘʞʝʥʠʝ  
ʜʘʥʥʳʭ 

S 

ʊʶʥʝʨ 
N 

ʈʏ 

P 
ɸʎʇ ɹʇʌ 

R 

ʆʙʨʘʪʥʦʝ  
ʦʪʦʙʨʘʞʝʥʠʝ 

ʆʙʨʘʪʥʦʝ  
ʙʠʪʦʚʦʝ  

ʧʝʨʝʤʝʞʝʥʠʝ 
ɺʥʝʰʥʠʡ  

ʜʝʢʦʜʝʨ  ( ɹʏʍ ) ɼʝʩʢʨʝʤʙʣʠʨʦʚʘʥʠʝ 

V Y Z 

ʂɼ 

U 

ɺʥʫʪʨʝʥʥʠʡ  
ʜʝʢʦʜʝʨ  ( LDPC ) 

X 

ʆʙʨʘʪʥʦʝ  
ʧʝʨʝʤʝʞʝʥʠʝ ʷʯʝʝʢ ,  
ʦʙʨʘʪʥʦʝ ʚʨʝʤʝʥʥʦʝ  
ʧʝʨʝʤʝʞʝʥʠʝ 
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ī ʦʙʨʘʪʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ (ʯʘʩʪʦʪʥʦʛʦ ʧʝʨʝʤʝʞʝʥʠʷ, ʦʪʦʙʨʘʞʝʥʠʷ ʜʘʥʥʳʭ, 

ʧʝʨʝʤʝʞʝʥʠʷ ʷʯʝʝʢ, ʚʨʝʤʝʥʥʦʛʦ ʧʝʨʝʤʝʞʝʥʠʷ, ʦʪʦʙʨʘʞʝʥʠʷ (U) ʠ ʙʠʪʦʚʦʛʦ 

ʧʝʨʝʤʝʞʝʥʠʷ) (V); 

ī ʧʦʤʝʭʦʟʘʱʠʪʥʦʛʦ ʢʘʥʘʣʴʥʦʛʦ ʜʝʢʦʜʠʨʦʚʘʥʠ,̫ ʚʢʣʶʯʘʶʱʝʛʦ ʚʥʫʪʨʝʥʥʝʝ (LDPC) 

(X) ʠ ʚʥʝʥhʝʝ (ɹʏʍ) ʜʝʢʦʜʠʨʦʚʘʥʠʝ (Y); 

ī ʜʝʩʢʨʝʤʙʣʠʨʦʚʘʥʠʷ (Z). 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʠʟʤʝʨʷʝʤʳʝ ʧʘʨʘʤʝʪʨʳ ʩʠʩʪʝʤʳ ʈɸɺʀʉ, 

ʢʦʥʪʨʦʣʠʨʫʝʤʳʝ ʪʘʢʞʝ ʚ ʩʠʩʪʝʤʘʭ DVB-T [3] ʠ DVB-T2 [4], ʩ ʫʢʘʟʘʥʠʝʤ 

ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʠʥʪʝʨʬʝʡʩʦʚ ʠ ʧʫʥʢʪʦʚ ʤʝʪʦʜʠʢ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 

ʊʘʙʣʠʮʘ 1 ʀʟʤʝʨʷʝʤʳʝ ʧʘʨʘʤʝʪʨʳ ʩʠʩʪʝʤʳ ʈɸɺʀʉ 

ʉʦʜʝʨʞʘʥʠʝ ʠʟʤʝʨʝʥʠʡ, ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʠʥʪʝʨʬʝʡʩʳ ʇʫʥʢʪ 
ʤʝʪʦʜʠʢʠ 

1 ʀʟʤʝʨʝʥʠʷ ʚ ʨʘʜʠʦʯʘʩʪʦʪʥʦʤ (ʈʏ) ʜʠʘʧʘʟʦʥʝ: 

1.1 ʊʦʯʥʦʩʪ ɹʥʘʩʪʨʦʡʢʠ ʧʦ ʈʏ, ʠʥʪʝʨʬʝʡʩ L, M ʠʣʠ N 6.4.1 

1.2 ʐʠʨʠʥʘ ʢʘʥʘʣʘ (ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʢʨʘʡʥʠʤʠ ʥʝʩʫʱʠʤʠ 
ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʘ) ʧʦ ʈʏ, ʠʥʪʝʨʬʝʡʩ L, M ʠʣʠ N 

 
6.4.2 

1.3 ɼʣʠʪʝʣʴʥʦʩʪ ɹʩʠʤʚʦʣʘ ʥʘ ʈʏ, ʠʥʪʝʨʬʝʡʩ L, M ʠʣʠ N 6.4.3 

2 ʉʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʈʏ: 6.4.4 

2.1 ʉʧʝʢʪʨ ʈʏ ʠ ʇʏ, ʠʥʪʝʨʬʝʡʩ L, M 6.4.4.1 

2.2 ʄʦʱʥʦʩʪʴ ʩʠʛʥʘʣʘ ʈʏ, ʠʥʪʝʨʬʝʡʩ L, ʄ, N 6.4.4.2 

2.3 ʄʦʱʥʦʩʪʴ ʰʫʤʘ, ʠʥʪʝʨʬʝʡʩ L, ʄ, N 6.4.4.3 

3 ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʨʠʝʤʥʠʢʘ ʠ ʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ 
ʛʘʫʩʩʦʚʘ ʢʘʥʘʣʘ, ʠʥʪʝʨʬʝʡʩ N, (B ʠ X), (B ʠ Y) 

 
6.4.5 

4 ʀʟʙʠʨʘʪʝʣʴʥʦʩʪʴ ʧʨʠʝʤʥʠʢʘ, ʠʥʪʝʨʬʝʡʩ N, ʍ ʠʣʠ Y 6.4.6 

5 ʕʢʚʠʚʘʣʝʥʪʥʳʝ ʰʫʤʦʚʳʝ ʧʦʪʝʨʠ (END), ʠʥʪʝʨʬʝʡʩ Y, N, P, S 6.4.7 

6 ɹʘʟʦʚʳʡ ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʫʨʦʚʝʥʴ ʰʫʤʘ (ENF), ʠʥʪʝʨʬʝʡʩ Y, N, 
P, S 

 
6.4.8 

7 ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʣʠʥʝʡʥʦʩʪʠ (ʚʥʝʧʦʣʦʩʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ 
ʩʧʝʢʪʨʘ), ʠʥʪʝʨʬʝʡʩ M 

 
6.4.9 

8 ʅʘʣʠʯʠʝ ʢʦʛʝʨʝʥʪʥʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʡ ʧʦʤʝʭʠ, ʠʥʪʝʨʬʝʡʩ 
N 

 
6.4.10 

9 ɿʘʚʠʩʠʤʦʩʪʴ BER ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʆʉʐ, ʠʥʪʝʨʬʝʡʩ (ʦʪ F ʜʦ U) 
ʠʣʠ (ʦʪ E ʜʦ V) 

 
6.4.11 

10 ʇʨʦʚʝʨʢʘ BER ʢʘʥʘʣʴʥʦʛʦ ʜʝʢʦʜʝʨʘ: 6.4.12 

10.1 BER ʜʦ ʚʥʫʪʨʝʥʥʝʛʦ ʜʝʢʦʜʝʨʘ LDPC, ʠʥʪʝʨʬʝʡʩ V 6.4.12.1 

10.2 BER ʜʦ ʚʥʝʰʥʝʛʦ ʜʝʢʦʜʝʨʘ ɹʏʍ, ʠʥʪʝʨʬʝʡʩ X 6.4.12.2 

10.3 BER ʧʦʩʣʝ ʚʥʝʰʥʝʛʦ ʜʝʢʦʜʝʨʘ ɹʏʍ (ʢʦʣʠʯʝʩʪʚʦ 
ʦʰʠʙʦʯʥʳʭ ʙʠʪ), ʠʥʪʝʨʬʝʡʩ Y 

 
6.4.12.3 

11 ɸʥʘʣʠʟ ʩʠʛʥʘʣʦʚ I ʠ Q: 6.4.13 

11.1 ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʦʰʠʙʢʘ ʤʦʜʫʣʷʮʠʠ (MER) ʠ ʚʝʣʠʯʠʥʘ 
ʚʝʢʪʦʨʘ ʦʰʠʙʢʠ (EVM), ʠʥʪʝʨʬʝʡʩ L, M 

 
6.4.13.1 

11.2 ʉʠʩʪʝʤʘʪʠʯʝʩʢʘʷ ʦʰʠʙʢʘ ʧʦʣʦʞʝʥʠʷ ʪʦʯʝʢ ʩʦʟʚʝʟʜʠʷ 
(STE), ʠʥʪʝʨʬʝʡʩ L, M 

 
6.4.13.2 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 1 ʀʟʤʝʨʷʝʤʳʝ ʧʘʨʘʤʝʪʨʳ ʩʠʩʪʝʤʳ ʈɸɺʀʉ 

ʉʦʜʝʨʞʘʥʠʝ ʠʟʤʝʨʝʥʠʡ, ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʠʥʪʝʨʬʝʡʩʳ ʇʫʥʢʪ 
ʤʝʪʦʜʠʢʠ 

11.3 ɼʠʩʙʘʣʘʥʩ ʘʤʧʣʠʪʫʜʳ (AI), ʠʥʪʝʨʬʝʡʩ L, M 6.4.13.3 

11.4 ʂʚʘʜʨʘʪʫʨʥʘʷ ʦʰʠʙʢʘ (QE), ʠʥʪʝʨʬʝʡʩ L, M 6.4.13.4 

11.5 ʌʘʟʦʚʳʡ ʜʞʠʪʪʝʨ (PJ), ʠʥʪʝʨʬʝʡʩ L, M 6.4.13.5 

11.6 ʇʦʜʘʚʣʝʥʠʝ ʥʝʩʫʱʝʡ (CS), ʠʥʪʝʨʬʝʡʩ L, M 6.4.13.6 

12 ʅʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ɸʏʍ ʠ ɻɺɿ, ʠʥʪʝʨʬʝʡʩ L, M, N 6.4.14 

5 ʊʝʭʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ 

5.1 ʆʙʱʠʝ ʪʨʝʙʦʚʘʥʠʷ 

5.1.1 ʆʙʦʨʫʜʦʚʘʥʠʝ ʩʠʩʪʝʤ r ʈɸɺʀʉ ʜʦʣʞʥʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷʤ 

ʥʘʩʪʦʷʱʝʛʦ ʩʪʘʥʜʘʨʪʘ ʠ ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʝʡ ʥʘ ʩʠʩʪʝʤʫ ʈɸɺʀʉ ʠ ʇʊʕ-2002. 

5.1.2 ʆʙʦʨʫʜʦʚʘʥʠʝ ʩʠʩʪʝʤ r ʈɸɺʀʉ ʜʦʣʞʥʦ ʦʙʝʩʧʝʯʠʚʘʪʴ ʥʝʧʨʝʨʳʚʥʫʶ 

ʨʘʙʦʪʫ ʚ ʪʝʯʝʥʠʝ 24 ʯ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʧʘʨʘʤʝʪʨʦʚ, ʫʢʘʟʘʥʥʳʭ ʚ ʨʘʟʜʝʣʝ 5.2. 

5.1.3 ʆʙʦʨʫʜʦʚʘʥʠʝ ʩʠʩʪʝʤr ʈɸɺʀʉ ʜʦʣʞʥʦ ʦʙʝʩʧʝʯʠʚʘʪʴ: 

¶ ʨʘʙʦʪʫ ʙʝʟ ʧʦʩʪʦʷʥʥʦʛʦ ʧʨʠʩʫʪʩʪʚʠʷ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ, 

¶ ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ ʦʪʜʝʣʴʥʳʭ ʫʟʣʦʚ, 

¶ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʧʝʨʝʭʦʜ ʥʘ ʨʝʟʝʨʚʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, 

¶ ʚʦʟʤʦʞʥʦʩʪʴ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʧʘʨʘʤʝʪʨʦʚ. 

5.2 ʊʝʭʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʩʥʦʚʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʩʠʩʪʝʤ rʈɸɺʀʉ 

5.2.1 ʊʦʯʥʦʩʪʴ ʥʘʩʪʨʦʡʢʠ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ʧʦ ʈʏ 

ɼʦʧʫʩʪʠʤʦʝ ʦʪʢʣʦʥʝʥʠʝ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ʩʠʛʥʘʣʘ ʈɸɺʀʉ ʦʪ ʥʦʤʠʥʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʚ ʪʝʯʝʥʠʝ ʦʜʥʦʛʦ ʤʝʩʷʮʘ ʜʦʣʞʥʦ ʙʳʪʴ ʥʝ ʙʦʣʝʝ Ñ100 ɻʮ. 

ɼʦʧʫʩʪʠʤʦʝ ʦʪʢʣʦʥʝʥʠʝ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ʩʠʛʥʘʣʘ ʈɸɺʀʉ ʦʪ ʥʦʤʠʥʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʧʨʠ ʥʘʣʠʯʠʠ ʚʥʝʰʥʝʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʜʦʣʞʥʦ ʙʳʪʴ ʥʝ ʙʦʣʝʝ Ñ10 ɻʮ. 

5.2.2 ʐʠʨʠʥʘ ʢʘʥʘʣʘ ʧʦ ʈʏ 

ʆʪʣʠʯʠʝ ʰʠʨʠʥr ʢʘʥʘʣʘ ʧʦ ʈʏ ʦʪ ʥʦʤʠʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʜʦʣʞʥʦ ʙʳʪʴ ʥʝ 

ʙʦʣʝʝ Ñ1 ɻʮ. 

5.2.3 ɼʣʠʪʝʣʴʥʦʩʪʴ ʩʠʤʚʦʣʘ ʥʘ ʈʏ (ʧʨʦʚʝʨʢʘ ʟʘʱʠʪʥʦʛʦ ʠʥʪʝʨʚʘʣʘ) 

ʆʪʣʠʯʠʝ ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʠʤʚʦʣʘ ʥʘ ʈʏ ʦʪ ʥʦʤʠʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʜʦʣʞʥʦ ʙʳʪʴ 

ʥʝ ʙʦʣʝʝ Ñ1 ʤʢʩ. 

5.2.4 ʌʦʨʤʘ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʘ ʥʘ ʈʏ 

ʉʧʝʢʪʨ ʤʦʱʥʦʩʪʠ ʩʠʛʥʘʣʘ ʈɸɺʀʉ ʜʣʷ ʢʘʞʜʦʛʦ ʥʦʤʠʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʰʠʨʠʥʳ 

ʧʦʣʦʩʳ ʜʦʣʞʝʥ ʫʢʣʘʜʳʚʘʪʴʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʩʧʝʢʪʨʘʣʴʥʫʶ ʤʘʩʢʫ. 
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ʉʧʝʢʪʨʘʣʴʥʳʝ ʤʘʩʢʠ ʜʣʷ ʫʩʣʦʚʥʳʭ ʟʥʘʯʝʥʠʡ ʰʠʨʠʥʳ ʧʦʣʦʩʳ ʯʘʩʪʦʪ 100, 200 ʠ 

250 ʢɻʮ ʧʨʠʚʝʜʝʥ rʚ ʇʨʠʣʦʞʝʥʠʠ ɸ. 

5.2.5 ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʨʠʝʤʥʠʢʘ 

ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʨʠʝʤʥʠʢʘ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʤʝʥʝʝ ʤʠʥʫʩ 102 ʜɹʤ, BER ʚ 

ʜʠʥʘʤʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ ʦʪ 10 ʜʦ ʤʠʥʫʩ 102 ʜɹʤ - ʥʝ ʙʦʣʝʝ 10-4, MER - ʥʝ ʤʝʥʝʝ 

11 ʜɹ ʜʣʷ ʛʘʫʩʩʦʚʘ ʢʘʥʘʣʘ. 

5.2.6 ʀʟʙʠʨʘʪʝʣʴʥʦʩʪʴ ʧʨʠʝʤʥʠʢʘ ʠ ʫʨʦʚʝʥʴ ʙʣʦʢʠʨʦʚʢʠ 

ʀʟʙʠʨʘʪʝʣʴʥʦʩʪʴ ʧʨʠʝʤʥʠʢʘ ʧʦ ʩʦʩʝʜʥʝʤʫ ʢʘʥʘʣʫ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʤʝʥʝʝ ʤʠʥʫʩ 

10 ʜɹ.  

ʀʟʙʠʨʘʪʝʣʴʥʦʩʪʴ ʧʨʠʝʤʥʠʢʘ ʧʦ ʩʦʚʤʝʱʝʥʥʦʤʫ ʢʘʥʘʣʫ - ʥʝ ʤʝʥʝʝ 11 ʜɹ. 

ʋʨʦʚʝʥʴ ʙʣʦʢʠʨʦʚʢʠ ʧʨʠʝʤʥʠʢʘ - ʥʝ ʤʝʥʝʝ ʤʠʥʫʩ 30 ʜɹ. 

5.2.7 ʕʢʚʠʚʘʣʝʥʪʥʳʝ ʰʫʤʦʚʳʝ ʧʦʪʝʨʠ (END) ʜʦʣʞʥ rʙʳʪʴ ʥʝ ʙʦʣʝʝ 0,5 ʜɹ. 

5.2.8 ɹʘʟʦʚʳʡ ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʫʨʦʚʝʥʴ ʰʫʤʘ (ENF) ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʙʦʣʝʝ 0,7 ʜɹ. 

5.2.9 ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʣʠʥʝʡʥʦʩʪʠ (ʫʨʦʚʝʥʴ ʚʥʝʧʦʣʦʩʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʧʝʢʪʨʘ) 

ʜʦʣʞʝʥ ʙʳʪʴ ʥʝ ʤʝʥʝʝ ʤʠʥʫʩ 75 ʜɹ. 

5.2.10 ʋʨʦʚʝʥʴ ʢʦʛʝʨʝʥʪʥʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʡ ʧʦʤʝʭʠ ʜʦʣʞʝʥ ʙʳʪʴ ʥʝ ʤʝʥʝʝ 

ʤʠʥʫʩ 66 ʜɹ. 

5.2.11 ɿʘʚʠʩʠʤʦʩʪʴ BER ʦʪ ʆʉʐ 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʆʉʐ ʦʪ ʛʨʘʬʠʢʦʚ ʟʘʚʠʩʠʤʦʩʪʠ BER ʦʪ ʆʉʐ, 

ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʇʨʠʣʦʞʝʥʠʠ ɹ, ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʷʭ BER 10-4 ʠ 10-6 ʥʝ 

ʜʦʣʞʥʦ ʧʨʝʚʳʰʘʪʴ 0,5 ʜɹ. 

5.2.12 ɸʥʘʣʠʟ ʩʠʛʥʘʣʦʚ I ʠ Q ʩʠʩʪʝʤʳ ʈɸɺʀʉ 

ʇʘʨʘʤʝʪʨʳ ʩʠʛʥʘʣʦʚ I ʠ Q ʠʟʤʝʨʷʪʴ ʧʦ ʩʠʛʥʘʣʫ ʩʠʩʪʝʤʳ ʈɸɺʀʉ ʩ ʫʩʣʦʚʥʦʡ 

ʧʦʣʦʩʦʡ 250 ʢɻʮ ʠ ʤʦʜʫʣʷʮʠʝʡ QPSK. 

5.2.12.1 ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʦʰʠʙʢʘ ʤʦʜʫʣʷʮʠʠ (MER), ʚʝʣʠʯʠʥʘ ʚʝʢʪʦʨʘ ʦʰʠʙʢʠ 

(EVM) 

ɿʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ MER ʩʠʛʥʘʣʘ ʈɸɺʀʉ ʜʦʣʞʥʦ ʙʳʪʴ ʥʝ ʤʝʥʝʝ 42 ʜɹ ʥʘ 

ʠʥʪʝʨʬʝʡʩʝ L ʠ ʥʝ ʤʝʥʝʝ 36 ʜɹ ʥʘ ʠʥʪʝʨʬʝʡʩʝ M. 

ɿʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ EVM ʜʦʣʞʥʦ ʙʳʪ ɹʥʝ ʙʦʣʝʝ 0,8 % ʥʘ ʠʥʪʝʨʬʝʡʩʝ L ʠ ʥʝ 

ʙʦʣʝʝ 1,5 % ʥʘ ʠʥʪʝʨʬʝʡʩʝ M. 

5.2.12.2 ʉʠʩʪʝʤʘʪʠʯʝʩʢʘʷ ʦʰʠʙʢʘ ʧʦʣʦʞʝʥʠʷ ʪʦʯʝʢ ʩʦʟʚʝʟʜʠʷ (STE) 

ɿʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ STE ʩʠʛʥʘʣʘ ʈɸɺʀʉ ʜʦʣʞʥʦ ʙʳʪʴ ʥʝ ʙʦʣʝʝ 0.25 % ʥʘ 

ʠʥʪʝʨʬʝʡʩʝ L ʠ ʥʝ ʙʦʣʝʝ 0,5 % ʥʘ ʠʥʪʝʨʬʝʡʩʝ M. 
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5.2.12.3 ɼʠʩʙʘʣʘʥʩ ʘʤʧʣʠʪʫʜʳ (AI) 

ɿʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ AI ʩʠʛʥʘʣʘ ʈɸɺʀʉ ʜʦʣʞʥʦ ʙʳʪʴ ʥʝ ʙʦʣʝʝ 0,025 % ʥʘ 

ʠʥʪʝʨʬʝʡʩʝ L ʠ ʥʝ ʙʦʣʝʝ 0,05 % ʥʘ ʠʥʪʝʨʬʝʡʩʝ M. 

5.2.12.4 ʂʚʘʜʨʘʪʫʨʥʘʷ ʦʰʠʙʢʘ (QE) 

ɿʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ QE ʩʠʛʥʘʣʘ ʈɸɺʀʉ ʜʦʣʞʥʦ ʙʳʪʴ ʥʝ ʙʦʣʝʝ 0,025 Ü ʥʘ 

ʠʥʪʝʨʬʝʡʩʝ L ʠ ʥʝ ʙʦʣʝʝ 0,05 Ü ʥʘ ʠʥʪʝʨʬʝʡʩʝ M. 

5.2.12.5 ʌʘʟʦʚʳʡ ʜʞʠʪʪʝʨ (PJ) 

ɿʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ PJ ʩʠʛʥʘʣʘ ʈɸɺʀʉ ʜʦʣʞʥʦ ʙʳʪʴ ʥʝ ʙʦʣʝʝ 0,05 Ü ʥʘ 

ʠʥʪʝʨʬʝʡʩʝ L ʠ ʥʝ ʙʦʣʝʝ 0,1 Ü ʥʘ ʠʥʪʝʨʬʝʡʩʝ M. 

5.2.12.6 ʇʦʜʘʚʣʝʥʠʝ ʥʝʩʫʱʝʡ (CS) 

ɿʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʉS ʩʠʛʥʘʣʘ ʈɸɺʀʉ ʜʦʣʞʥʦ ʙʳʪʴ ʥʝ ʤʝʥʝʝ 66 ʜɹ ʥʘ 

ʠʥʪʝʨʬʝʡʩʝ L ʠ ʥʝ ʤʝʥʝʝ 60 ʜɹ ʥʘ ʠʥʪʝʨʬʝʡʩʝ M. 

5.2.13 ʅʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ɸʏʍ ʠ ɻɺɿ 

ʅʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ɸʏʍ ʜʣʷ ʫʩʣʦʚʥʦʡ ʰʠʨʠʥʳ ʧʦʣʦʩ r BW = 100; 200; 250 ʢɻʮ 

ʩʠʛʥʘʣʘ ʈɸɺʀʉ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʙʦʣʝʝ Ñ0,5 ʜɹ ʥʘ ʠʥʪʝʨʬʝʡʩʝ L ʠ ʥʝ ʙʦʣʝʝ Ñ2,5 ʜɹ 

ʥʘ ʠʥʪʝʨʬʝʡʩʝ M. 

ʅʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ɻɺɿ ʜʣʷ ʫʩʣʦʚʥʦʡ ʰʠʨʠʥʳ ʧʦʣʦʩʳ BW = 100; 200; 250 ʢɻʮ 

ʩʠʛʥʘʣʘ ʈɸɺʀʉ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʙʦʣʝʝ Ñ5 ʥʩ ʥʘ ʠʥʪʝʨʬʝʡʩʝ L ʠ ʥʝ ʙʦʣʝʝ Ñ10 ʥʩ ʥʘ 

ʠʥʪʝʨʬʝʡʩʝ M. 

5.3 ʊʨʝʙʦʚʘʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ 

5.3.1 ʉʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʡ, ʨʘʙʦʯʠʝ ʤʝʩʪʘ ʠ ʩʨʝʜʩʪʚʘ ʟʘʱʠʪʳ ʧʝʨʩʦʥʘʣʘ ʧʨʠ 

ʪʝʭʥʠʯʝʩʢʦʤ ʦʙʩʣʫʞʠʚʘʥʠʠ ʩʠʩʪʝʤʳ ʈɸɺʀʉ ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷʤ 

ɻʆʉʊ 12.3.019-80 (2001). 

5.3.2 ʇʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʝ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ (ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ 

ʵʥʝʨʛʠʠ ʠʟʣʫʯʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ) ʥʘ ʨʘʙʦʯʠʭ ʤʝʩʪʘʭ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ 

ʧʝʨʩʦʥʘʣʘ ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷʤ ɻʆʉʊ 12.1.006-84 ʉʉɹʊ. 

5.4 ʊʨʝʙʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʠ ʤʝʭʘʥʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ 

5.4.1 ʇʘʨʘʤʝʪʨʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʈɸɺʀʉ ʜʦʣʞʥʳ ʩʦʭʨʘʥʷʪʴ ʩʚʦʠ 

ʟʥʘʯʝʥʠʷ, ʫʢʘʟʘʥʥʳʝ ʚ ʨʘʟʜʝʣʘʭ 5 ʠ 6.2, ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ 

ʚʥʝhʥʝʡ ʩʨʝʜʳ: 

- ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʚ ʧʦʤʝʱʝʥʠʠ ʦʪ 10 ʜʦ 25Áʉ; 

- ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ 80 % ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 20Áʉ. 
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5.4.2 ʇʨʠ ʭʨʘʥʝʥʠʠ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʠ ʦʙʦʨʫʜʦʚʘʥʠʝ ʩʠʩʪʝʤ r ʈɸɺʀʉ ʚ 

ʫʧʘʢʦʚʘʥʥʦʤ ʚʠʜʝ ʜʦʣʞʥʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷʤ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ 

ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʠ ʤʝʭʘʥʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ʧʦ ɻʆʉʊ 22261 ʜʣʷ ʦʙʦʨʫʜʦʚʘʥʠʷ 2 

ʛʨʫʧʧʳ. 

5.4.3 ʂʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʘʧʧʘʨʘʪʫʨʘ ʜʦʣʞʥʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ 

ʪʨʝʙʦʚʘʥʠʷʤ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʠ ʤʝʭʘʥʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ, 

ʧʨʠʚʝʜʝʥʥʳʤ ʚ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʥʘ ʵʪʫ ʘʧʧʘʨʘʪʫʨʫ. 

6 ʄʝʪʦʜʳ ʠʟʤʝʨʝʥʠʡ ʠ ʠʩʧʳʪʘʥʠʡ 

6.1 ʆʙʱʠʝ ʧʦʣʦʞʝʥʠʷ 

6.1.1 ʇʘʨʘʤʝʪʨʳ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʈɸɺʀʉ, ʝʩʣʠ ʫʩʣʦʚʠʷ 

ʠʟʤʝʨʝʥʠʡ ʥʝ ʦʛʦʚʦʨʝʥʳ ʦʩʦʙʦ, ʠʟʤʝʨʷʶʪ ʚ ʥʦʨʤʘʣʴʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ: 

- ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʦʪ (20Ñ5)Üʉ;  

- ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ ʦʪ 30 ʜʦ 80% ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 20Áʉ; 

- ʘʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ ʦʪ 86 ʜʦ 106 ʢʇʘ. 

ʇʨʠ ʧʠʪʘʥʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʈɸɺʀʉ ʦʪ ʩʝʪʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ 

ʥʘʧʨʷʞʝʥʠʝ ʜʦʣʞʥʦ ʩʦʩʪʘʚʣʷʪʴ 220 Ñ 4,4 ɺ ʧʨʠ ʯʘʩʪʦʪʝ (50 Ñ 0,5) ɻʮ ʠ ʩʦʜʝʨʞʘʥʠʠ 

ʛʘʨʤʦʥʠʢ ʥʝ ʙʦʣʝʝ 5 %. 

6.1.2 ʆʙʦʨʫʜʦʚʘʥʠʝ ʩʠʩʪʝʤ rʈɸɺʀʉ, ʩʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʡ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʦʣʞʥʳ ʙʳʪʴ ʧʦʜʛʦʪʦʚʣʝʥʳ ʢ ʨʘʙʦʪʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʭʥʠʯʝʩʢʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʝʡ. 

ʀʟʤʝʨʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʚʦʜʷʪ ʥʝ ʨʘʥʝʝ ʯʝʤ ʯʝʨʝʟ 30 ʤʠʥʫʪ ʧʦʩʣʝ 

ʚʢʣʶʯʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʈɸɺʀʉ, ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. 

6.1.3 ʉʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʡ ʜʦʣʞʥʳ ʙʳʪʴ ʠʩʧʨʘʚʥʳ, ʧʦʚʝʨʝʥʳ ʠ ʠʤʝʪʴ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʦ ʧʦʚʝʨʢʝ. ɺʩʝ ʩʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʡ ʜʦʣʞʥʳ ʠʤʝʪʴ ʩʝʨʪʠʬʠʢʘʪ ʈʌ ʠ 

ʜʦʣʞʥʳ ʙʳʪʴ ʚʥʝʩʝʥʳ ʚ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʨʝʝʩʪʨ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ. 

6.2 ʊʨʝʙʦʚʘʥʠʷ ʢ ʩʨʝʜʩʪʚʘʤ ʠʟʤʝʨʝʥʠʡ 

ʊʠʧʦʚʦʡ ʢʦʤʧʣʝʢʪ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤʳ 

ʈɸɺʀʉ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʧʨʠʙʦʨʳ: 

- ʘʥʘʣʠʟʘʪʦʨ ʩʧʝʢʪʨʘ; 

- ʛʝʥʝʨʘʪʦʨ ʦʧʦʨʥʦʡ ʯʘʩʪʦʪʳ; 

- ʢʦʤʧʣʝʢʩ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʪʝʣʝʚʠʟʠʦʥʥʳʡ ʂʀ-ʊɺʄ-ʈɸɺʀʉ; 

- ʘʪʪʝʥʶʘʪʦʨ ʉɺʏ ʩʠʛʥʘʣʘ (2 ʢʦʤʧʣʝʢʪʘ). 
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ʂʦʤʧʣʝʢʪ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʠʟʤʝʨʝʥʠʡ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʠʩʪʝʤʳ 

ʈɸɺʀʉ ʤʦʞʝʪ ʩʪʨʦʠʪʴʩʷ ʥʘ ʦʩʥʦʚʝ: 

- ʧʘʢʝʪʘ ʚʠʟʫʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ VEE Pro ʬʠʨʤʳ Agilent; 

- ʧʘʢʝʪʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ MathCAD ʬʠʨʤʳ PTC. 

6.2.1 ɸʥʘʣʠʟʘʪʦʨ ʩʧʝʢʪʨʘ 

ʊʨʝʙʦʚʘʥʠʷ ʢ ʧʨʠʙʦʨʫ: 

- ʜʠʘʧʘʟʦʥ ʯʘʩʪʦʪ ʦʪ 9 ʢɻʮ ʜʦ 26,5 ɻɻʮ; 

- ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʘʥʘʣʠʟʘʪʦʨʘ: ʤʠʥʫʩ 135 ʜɹʤ; 

- ʜʠʘʧʘʟʦʥ ʧʦʣʦʩ ʧʨʦʧʫʩʢʘʥʠʷ: 1 ɻʮ ï 8 ʄɻʮ; 

- ʜʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʷ ʘʤʧʣʠʪʫʜ ʦʪ 30 ʜʦ ʤʠʥʫʩ 135 ʜɹʤ. 

6.2.2 ɻʝʥʝʨʘʪʦʨ ʦʧʦʨʥʦʡ ʯʘʩʪʦʪʳ 

ʊʨʝʙʦʚʘʥʠʷ ʢ ʧʨʠʙʦʨʫ: 

- ʜʠʘʧʘʟʦʥ ʯʘʩʪʦʪ (10 ï 200) ʄɻʮ; 

- ʪʦʯʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʯʘʩʪʦʪʳ Ñ0,01 ɻʮ; 

- ʪʦʯʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʫʨʦʚʥʷ Ñ0,1 ʜɹ. 

6.2.3 ʂʦʤʧʣʝʢʩ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʪʝʣʝʚʠʟʠʦʥʥʳʡ ʂʀ-ʊɺʄ-ʈɸɺʀʉ 

ʊʨʝʙʦʚʘʥʠʷ ʢ ʢʦʤʧʣʝʢʩʫ: 

- ʜʦʣʞʥʘ ʙʳʪʴ ʠʥʩʪʘʣʣʠʨʦʚʘʥʘ ʦʧʮʠ̫ çɸʥʘʣʠʟʘʪʦʨ ʩʠʛʥʘʣʘ ʈɸɺʀʉè. 

6.2.4 ɸʪʪʝʥʶʘʪʦʨ ʉɺʏ ʩʠʛʥʘʣʘ (2 ʢʦʤʧʣʝʢʪʘ) 

ʊʨʝʙʦʚʘʥʠʷ ʢ ʧʨʠʙʦʨʫ: 

- ʜʠʘʧʘʟʦʥ ʯʘʩʪʦʪ 20 - 6000 ʄɻʮ; 

- ʨʝʛʫʣʠʨʦʚʢʘ ʟʘʪʫʭʘʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0,5 ʜʦ 63 ʜɹ; 

- ʜʠʩʢʨʝʪʥʦʩʪʴ ʚʥʦʩʠʤʦʛʦ ʟʘʪʫʭʘʥʠʷ 0,5 ʜɹ. 

6.2.5 ʇʘʢʝʪ ʚʠʟʫʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Agilent VEE Pro 

ʊʨʝʙʦʚʘʥʠʷ ʢ ʧʨʦʛʨʘʤʤʥʦʤʫ ʧʘʢʝʪʫ - ʚʝʨʩʠʷ 9.2 Pro ʠʣʠ ʚʳʰʝ. 

6.2.6 ʇʘʢʝʪ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ PTC MathCAD 

ʊʨʝʙʦʚʘʥʠʷ ʢ ʧʨʦʛʨʘʤʤʥʦʤʫ ʧʘʢʝʪʫ - ʚʝʨʩʠʷ 14.0 (M020 ʠʣʠ M035). 
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6.3 ʇʨʦʚʝʨʢʘ ʩʦʦʪʚʝʪʩʪʚʠʷ ʦʙʱʠʤ ʪʨʝʙʦʚʘʥʠʷʤ 

6.3.1 ʇʨʦʚʝʨʢʘ ʩʦʦʪʚʝʪʩʪʚʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʈɸɺʀʉ ʦʙʱʠʤ 

ʪʨʝʙʦʚʘʥʠʷʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʡ 

ʢʦʥʢʨʝʪʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʩʠʩʪʝʤ rʈɸɺʀʉ. 

6.3.2 ʇʨʦʚʝʨʢʫ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʈɸɺʀʉ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʪʨʝʙʦʚʘʥʠʷʤ 

ʧʫʥʢʪʘ 5.1.2 ʧʨʦʚʦʜʷʪ ʠʩʧʳʪʘʥʠʝʤ ʥʘ ʥʝʧʨʝʨʳʚʥʫʶ ʨʘʙʦʪʫ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ. ɺ 

ʧʨʦʮʝʩʩʝ ʥʝʧʨʝʨʳʚʥʦʡ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʈɸɺʀʉ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ ʦʩʥʦʚʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷʤ ʨʘʟʜʝʣʘ 6.2 ʥʘʩʪʦʷʱʝʛʦ 

ʩʪʘʥʜʘʨʪʘ. 

6.4 ʀʟʤʝʨʝʥʠʷ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ ʈɸɺʀʉ 

ɺ ʵʪʦʤ ʜʦʢʫʤʝʥʪʝ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʧʨʠʝʤʥʠʢ ʈɸɺʀʉ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ 

ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʈɸɺʀʉ, ʜʘʞʝ ʝʩʣʠ ʦʥ ʥʝ ʧʦʢʘʟʘʥ ʥʘ ʩʭʝʤʘʭ ʵʪʦʛʦ ʨʘʟʜʝʣʘ 

ʠ ʥʝ ʫʧʦʤʠʥʘʝʪʩʷ ʚ ʦʙʲʷʩʥʝʥʠʷʭ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʩʝ ʠʥʪʝʨʬʝʡʩʳ ʧʨʠʝʤʥʠʢʘ ʈɸɺʀʉ 

(ʨʠʩʫʥʦʢ 2), ʷʚʣʷʶʪʩʷ ʚʥʫʪʨʝʥʥʠʤʠ ʠʥʪʝʨʬʝʡʩʘʤʠ, ʢ ʢʦʪʦʨʳʤ ʠʟʤʝʨʠʪʝʣʴʥʘʷ 

ʩʠʩʪʝʤʘ ʠʤʝʝʪ ʜʦʩʪʫʧ. 

ɺ ʇʨʠʣʦʞʝʥʠʠ ɺ ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʠʟʤʝʨʝʥʠʡ ʧʦ ʈʏ ʩ ʧʦʤʦʱʴʶ 

ʘʥʘʣʠʟʘʪʦʨʘ ʩʧʝʢʪʨʘ. 

6.4.1 ʇʨʦʚʝʨʢʘ ʪʦʯʥʦʩʪʠ ʥʘʩʪʨʦʡʢʠ ʧʦ ʈʏ 

ʀʟʤʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʬʝʡʩ: L, ʄ ʠʣʠ N. ɺ ʠʥʪʝʨʬʝʡʩʘʭ L ʠʣʠ ʄ ʩʠʛʥʘʣ ʥʝ ʜʦʣʞʝʥ 

ʧʨʝʚʳʰʘʪ ɹʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʳʡ ʫʨʦʚʝʥɹ ʥʘ ʚʭʦʜʝ ʘʥʘʣʠʟʘʪʦʨʘ ʩʧʝʢʪʨʘ. 

ʀʟʤʝʨʠʪʝʣʴʥʳʡ ʩʠʛʥʘʣ: çʀʉ (0)f è - ʩʠʥʫʩʦʠʜʘʣʴʥʳʡ ʩʠʛʥʘʣ (0)f  ʩ ʯʘʩʪʦʪʦʡ, 

ʨʘʚʥʦʡ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʝ ʩʧʝʢʪʨʘ. 

ʄʝʪʦʜ: ʀʟʤʝʨʝʥʠʝ ʠ ʢʘʣʠʙʨʦʚʢʫ ʘʥʘʣʠʟʘʪʦʨʘ ʩʧʝʢʪʨʘ ʧʨʦʚʦʜʠʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ 

ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʦʡ, ʧʨʠʚʝʜʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 3. ʀʩʧʦʣʴʟʫʝʪʩʷ ʧʘʩʩʠʚʥʳʡ ʩʫʤʤʘʪʦʨ-

ʪʨʦʡʥʠʢ, ʦʙʨʘʟʦʚʘʥʥʳʡ ʨʝʟʠʩʪʦʨʘʤʠ 50 / 3 ʆʤ Ñ 0,5%. 

ʉʫʤʤʘʪʦʨ
ɸʥʘʣʠʟʘʪʦʨ 

ʩʧʝʢʪʨʘ

ʈɸɺʀʉ 

ʀʥʪʝʨʬʝʡʩ

L, M, N

ɻʝʥʝʨʘʪʦʨ 

ʦʧʦʨʥʦʡ 

ʯʘʩʪʦʪʳ
 

ʈʠʩʫʥʦʢ 3. ʉʭʝʤʘ ʠʟʤʝʨʝʥʠʷ ʪʦʯʥʦʩʪʠ ʥʘʩʪʨʦʡʢʠ ʧʦ ʈʏ 
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ɺ ʧʝʨʝʜʘʶʱʝʡ ʯʘʩʪʠ ʩʠʩʪʝʤʳ ʈɸɺʀʉ ʩʬʦʨʤʠʨʦʚʘʪʴ ʩʠʥʫʩʦʠʜʘʣʴʥʳʡ ʩʠʛʥʘʣ 

(0)f  ʩ ʯʘʩʪʦʪʦʡ, ʨʘʚʥʦʡ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʝ ʩʧʝʢʪʨʘ. ɺ ʛʝʥʝʨʘʪʦʨʝ ʦʧʦʨʥʦʡ 

ʯʘʩʪʦʪʳ ʩʬʦʨʤʠʨʦʚʘʪʴ ʩʠʥʫʩʦʠʜʘʣʴʥʳʡ ʩʠʛʥʘʣ (0) 20f +  ʩ ʯʘʩʪʦʪʦʡ ʥʘ 20 ɻʮ 

ʧʨʝʚʳʰʘʶʱʝʡ ʮʝʥʪʨʘʣʴʥʫʶ ʯʘʩʪʦʪʫ ʩʧʝʢʪʨʘ (0)f . 

ɺ ʘʥʘʣʠʟʘʪʦʨʝ ʩʧʝʢʪʨʘ (ʥʘʧʨʠʤʝʨ, ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Agilent 

VEE Pro) ʠʟʤʝʨʠʪʴ ʵʪʠ ʯʘʩʪʦʪ.r 

ʈʘʟʥʦʩʪʴ ʠʟʤʝʨʝʥʥʦʛʦ .(0) 20ʠʟʤf +  ʠ ʥʦʤʠʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʡ ʯʘʩʪʦʪʳ ʩʠʛʥʘʣʘ 

(0) 20f +  ʠʩʧʦʣʴʟʦʚʘʪ ɹ ʜʣʷ ʢʦʨʨʝʢʮʠʠ ʟʥʘʯʝʥʠʷ ʠʟʤʝʨʝʥʥʦʡ ʯʘʩʪʦʪʳ ʧʦ ʬʦʨʤʫʣʝ 

(0) .(0) (0) 20 .(0) 20ʠʟʤ ʠʟʤf f f f+ += + - . 

ʉʠʩʪʝʤʘ ʈɸɺʀʉ ʩʯʠʪʘʝʪʩ ̫ʚʳʜʝʨʞʘʚʰʝʡ ʠʩʧʳʪʘʥʠʷ ʧʦ ʜʘʥʥʦʤʫ ʧʘʨʘʤʝʪʨʫ, 

ʝʩʣʠ ʠʟʤʝʨʝʥʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ʦʪ ʥʦʤʠʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʥʝ 

ʙʦʣʝʝ Ñ10 ɻʮ. 

 

6.4.2 ʇʨʦʚʝʨʢʘ ʰʠʨʠʥʳ ʢʘʥʘʣʘ (ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʢʨʘʡʥʠʤʠ ʥʝʩʫʱʠʤʠ 
ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʘ) ʧʦ ʈʏ 

ʀʟʤʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʬʝʡʩ: L, M ʠʣʠ N. 

ʀʟʤʝʨʠʪʝʣʴʥʳʡ ʩʠʛʥʘʣ: çʀʉ ' '
min maxk k

f f+ è - ʜʚʘ ʩʠʥʫʩʦʠʜʘʣʴʥʳʭ ʩʠʛʥʘʣʘ ʩ 

ʯʘʩʪʦʪʘʤʠ, ʨʘʚʥʳʤʠ ʯʘʩʪʦʪʘʤ ʢʨʘʡʥʠʭ ʥʝʩʫʱʠʭ ʩʠʛʥʘʣʘ ʈɸɺʀʉ ʩ ʠʥʜʝʢʩʘʤʠ ʚ 

ʩʧʝʢʪʨʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʩʫʱʝʡ ' 107, 219, 276k = Ñ Ñ Ñ ( ( 107)f Ñ , ( 219)f Ñ , 

( 276)f Ñ  ʜʣʷ ʢʘʥʘʣʘ ʩ ʫʩʣʦʚʥʦʡ ʰʠʨʠʥʦʡ ʧʦʣʦʩ r100, 200 ʠ 250 ʢɻʮ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 

ʄʝʪʦʜ: ʐʠʨʠʥʘ ʧʦʣʦʩʳ ʯʘʩʪʦʪ ʢʘʥʘʣʘ COFDM ʟʘʚʠʩʠʪ ʦʪ ʯʘʩʪʦʪʳ ʜʠʩʢʨʝʪʠʟʘʮʠʠ. 

ʂʨʘʡʥʠʝ ʥʝʩʫʱʠʝ ʚ ʩʠʛʥʘʣʝ ʈɸɺʀʉ - ʧʦʚʪʦʨʷʶʱʠʝʩʷ ʧʠʣʦʪʥʳʝ ʥʝʩʫʱʠʝ (ʇʇʅ). 

ʀʟʤʝʨʷʷ ʯʘʩʪʦʪʳ ʢʨʘʡʥʠʭ ʥʝʩʫʱʠʭ ʇʇʅ ɺf  ʠ ʅf  ʧʦʣʫʯʠʤ ʠʟʤʝʨʝʥʥʫʶ ʰʠʨʠʥʫ 

ʧʦʣʦʩʳ ʯʘʩʪʦʪ ʢʘʥʘʣʘ ʧʦ ʬʦʨʤʫʣʝ ɺ ʅf f fD = - . 

ʀʟʤʝʨʝʥʠʝ ʠ ʢʘʣʠʙʨʦʚʢʫ ʘʥʘʣʠʟʘʪʦʨʘ ʩʧʝʢʪʨʘ ʚ ʫʩʣʦʚʥʦʡ ʧʦʣʦʩʝ 100, 200 ʠ 

250 ʢɻʮ ʧʨʦʚʦʜʠʪʴ ʧʦ ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʝ, ʧʨʠʚʝʜʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 3. 

 

ʀʟʤʝʨʝʥʠʝ ʇʇʅ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʯʘʩʪʦʪʦʡ 

ɺ ʧʝʨʝʜʘʶʱʝʡ ʯʘʩʪʠ ʩʠʩʪʝʤʳ ʈɸɺʀʉ ʩʬʦʨʤʠʨʦʚʘʪʴ ʥʝʧʨʝʨʳʚʥʳʡ 

ʩʠʥʫʩʦʠʜʘʣʴʥʳʡ ʩʠʛʥʘʣ 
)( '

mink
f , ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʥʝʩʫʱʝʡ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʠʥʜʝʢʩʦʤ 

(-276, -219, -107 ʜʣʷ ʢʘʥʘʣʦʚ ʩ ʫʩʣʦʚʥʦʡ ʧʦʣʦʩʦʡ 250 ʢɻʮ, 200 ʢɻʮ, 100 ʢɻʮ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ɺ ʛʝʥʝʨʘʪʦʨʝ ʦʧʦʨʥʦʡ ʯʘʩʪʦʪʳ ʩʬʦʨʤʠʨʦʚʘʪʴ ʥʝʧʨʝʨʳʚʥʳʡ 
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ʩʠʥʫʩʦʠʜʘʣʴʥʳʡ ʩʠʛʥʘʣ 
20)( '

min -k
f  ʩ ʯʘʩʪʦʪʦʡ ʥʘ 20 ɻʮ ʥʠʞʝ ʯʘʩʪʦʪʳ ʥʝʩʫʱʝʡ ʩ 

ʤʠʥʠʤʘʣʴʥʳʤ ʠʥʜʝʢʩʦʤ. 

ɺ ʘʥʘʣʠʟʘʪʦʨʝ ʩʧʝʢʪʨʘ ʠʟʤʝʨʠʪʴ ʵʪʠ ʯʘʩʪʦʪʳ. 

ʈʘʟʥʦʩʪʴ ʠʟʤʝʨʝʥʥʦʛʦ ʠ ʥʦʤʠʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʡ ʯʘʩʪʦʪʳ ʩʠʛʥʘʣʘ 
20)( '

min -k
f  

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʢʦʨʨʝʢʮʠʠ ʘʙʩʦʣʶʪʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʯʘʩʪʦʪʳ, ʢʘʢ ʵʪʦ 

ʧʦʢʘʟʘʥʦ ʚ ʧ.6.4.1. 

ʀʟʤʝʨʝʥʠʝ ʅʇʅ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʯʘʩʪʦʪʦʡ 

ɺ ʧʝʨʝʜʘʶʱʝʡ ʯʘʩʪʠ ʩʠʩʪʝʤʳ ʈɸɺʀʉ ʩʬʦʨʤʠʨʦʚʘʪʴ ʥʝʧʨʝʨʳʚʥʳʡ 

ʩʠʥʫʩʦʠʜʘʣʴʥʳʡ ʩʠʛʥʘʣ 
)( '

maxk
f , ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʥʝʩʫʱʝʡ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ 

ʠʥʜʝʢʩʦʤ (+276, +219, +107 ʜʣʷ ʢʘʥʘʣʦʚ ʩ ʫʩʣʦʚʥʦʡ ʧʦʣʦʩʦʡ 250 ʢɻʮ, 200 ʢɻʮ, 

100 ʢɻʮ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ɺ ʛʝʥʝʨʘʪʦʨʝ ʦʧʦʨʥʦʡ ʯʘʩʪʦʪʳ ʩʬʦʨʤʠʨʦʚʘʪʴ 

ʥʝʧʨʝʨʳʚʥʳʡ ʩʠʥʫʩʦʠʜʘʣʴʥʳʡ ʩʠʛʥʘʣ 
20)( '

max -k
f  ʩ ʯʘʩʪʦʪʦʡ ʥʘ 20 ɻʮ ʥʠʞʝ ʥʝʩʫʱʝʡ ʩ 

ʤʘʢʩʠʤʘʣʴʥʳʤ ʠʥʜʝʢʩʦʤ. 

ɺ ʘʥʘʣʠʟʘʪʦʨʝ ʩʧʝʢʪʨʘ ʠʟʤʝʨʠʪʴ ʵʪʠ ʯʘʩʪʦʪʳ. 

ʈʘʟʥʦʩʪʴ ʠʟʤʝʨʝʥʥʦʛʦ ʠ ʥʦʤʠʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʡ ʯʘʩʪʦʪʳ ʩʠʛʥʘʣʘ 
20)( '

max -k
f  

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʢʦʨʨʝʢʮʠʠ ʘʙʩʦʣʶʪʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʯʘʩʪʦʪʳ, ʢʘʢ ʵʪʦ 

ʧʦʢʘʟʘʥʦ ʚ ʧ.6.4.1. 

ʉʠʩʪʝʤʘ ʈɸɺʀʉ ʩʯʠʪʘʝʪʩ ̫ʚʳʜʝʨʞʘʚʰʝʡ ʠʩʧʳʪʘʥʠʷ ʧʦ ʜʘʥʥʦʤʫ ʧʘʨʘʤʝʪʨʫ, 

ʝʩʣʠ ʠʟʤʝʨʝʥʥʦʝ ʦʪʣʠʯʠʝ ʰʠʨʠʥr ʢʘʥʘʣʘ ʧʦ ʈʏ ʦʪ ʥʦʤʠʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʥʝ 

ʙʦʣʝʝ Ñ1 ɻʮ. 

 

ɺ ʪʘʙʣʠʮʝ 2 ʧʨʠʚʝʜʝʥʳ ʧʘʨʘʤʝʪʨʳ ʩʠʛʥʘʣʦʚ ʈɸɺʀʉ, ʢʦʪʦʨʳʝ ʚʳʯʠʩʣʷʶʪʩʷ ʥʘ 

ʦʩʥʦʚʝ ʠʟʤʝʨʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʰʠʨʠʥʳ ʧʦʣʦʩʳ ʯʘʩʪʦʪ. 

ʊʘʙʣʠʮʘ 2 

 ɿʥʘʯʝʥʠʝ ʥʦʤʠʥʘʣʴʥʦʝ 

ʐʠʨʠʥʘ ʧʦʣʦʩʳ ʯʘʩʪʦʪ ʫʩʣʦʚʥʘʷ, ʢɻʮ 250 200 100 

ʐʠʨʠʥʘ ʧʦʣʦʩʳ ʯʘʩʪʦʪ ʥʦʤʠʥʘʣʴʥʘʷ, ʢɻʮ 245,3 194,7 95,1 
 

ʐʠʨʠʥʘ ʧʦʣʦʩʳ ʯʘʩʪʦʪ ʠʟʤʝʨʝʥʥʘʷ, ʢɻʮ 
ɺ ʅf f fD = -  

ʏʘʩʪʦʪʥʳʡ ʠʥʪʝʨʚʘʣ ʥʦʤʠʥʘʣʴʥʳʡ, ɻʮ 444,444 
 

ʏʘʩʪʦʪʥʳʡ ʠʥʪʝʨʚʘʣ ʠʟʤʝʨʝʥʥʳʡ, ɻʮ / ( 1)totalf KD -  

ʕʬʬʝʢʪʠʚʥʘʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʥʦʤʠʥʘʣʴʥʘʷ, ʤʢʩ 2250 
 

ʕʬʬʝʢʪʠʚʥʘʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʟʤʝʨʝʥʥʘʷ, ʤʢʩ
 

( 1) /U totalT K f= - D  
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6.4.3 ʇʨʦʚʝʨʢʘ ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʠʤʚʦʣʘ ʥʘ ʈʏ 

ʀʟʤʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʬʝʡʩ: L, M ʠʣʠ N. 

ʀʟʤʝʨʠʪʝʣʴʥʳʡ ʩʠʛʥʘʣ: çʀʉ ʈʇʅè, ʩʦʜʝʨʞʘʱʠʡ ʪʦʣʴʢʦ ʨʘʩʩʝʷʥʥʳʝ ʧʠʣʦʪʥʳʝ 

ʥʝʩʫʱʠʝ ʩʠʛʥʘʣʘ ʈɸɺʀʉ. 

ʄʝʪʦʜ: ʂʘʞʜʘʷ ʨʘʩʩʝʷʥʥʘʷ ʧʠʣʦʪʥʘʷ ʥʝʩʫʱʘʷ ʬʦʨʤʠʨʫʝʪ ʩʧʝʢʪʨʘʣʴʥʳʝ ʣʠʥʠʠ, 

ʦʪʩʪʦʷʱʠʝ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʥʘ ʧʷʪʫʶ ʯʘʩʪʴ ʯʘʩʪʦʪʳ ʩʣʝʜʦʚʘʥʠʷ ʩʠʤʚʦʣʦʚ ʈɸɺʀʉ, 

ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʧʦʚʪʦʨʷʶʪʩʷ ʩ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʬʘʟʦʡ ʠ ʧʦʣʦʞʝʥʠʝʤ ʚ ʢʘʞʜʦʤ ʧʷʪʦʤ 

ʩʠʤʚʦʣʝ. ʈʘʟʥʦʩʪʴ ʯʘʩʪʦʪ 1i if f+ -  ʤʝʞʜʫ ʜʚʫʤʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ 

ʩʧʝʢʪʨʘʣʴʥʳʤʠ ʣʠʥʠʷʤʠ, ʦʪʥʦʩʷʱʠʤʠʩʷ ʢ ʈʇʅ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʙʨʘʪʥʦʡ ʚʝʣʠʯʠʥʝ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʷʪʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʩʠʤʚʦʣʦʚ ʈɸɺʀʉ, ʘ ʨʘʟʥʦʩʪʴ ʯʘʩʪʦʪ ʤʝʞʜʫ 

ʩʧʝʢʪʨʘʣʴʥʳʤʠ ʣʠʥʠʷʤʠ ii ff -+5 , ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʙʨʘʪʥʦʡ ʚʝʣʠʯʠʥʝ ʜʣʠʪʝʣʴʥʦʩʪʠ 

ʩʠʤʚʦʣʘ ʈɸɺʀʉ. 

ɼʣʠʪʝʣʴʥʦʩʪʴ ʟʘʱʠʪʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ G S UT T T= - , 

ʛʜʝ ʚʳʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ UT  ʧʨʠʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʝ 2. 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʠʤʚʦʣʘ ST  ʚ ʛʝʥʝʨʘʪʦʨʝ ʈɸɺʀʉ ʩʬʦʨʤʠʨʦʚʘʪʴ 

çʀʉ ʈʇʅè. 

ɺ ʘʥʘʣʠʟʘʪʦʨʝ ʩʧʝʢʪʨʘ ʠʟʤʝʨʠʪʴ ʨʘʟʥʦʩʪʴ ʯʘʩʪʦʪ ʤʝʞʜʫ ʩʧʝʢʪʨʘʣʴʥʳʤʠ 

ʣʠʥʠʷʤʠ ii ff -+5  ʠ ʚʳʯʠʩʣʠʪʴ ʜʣʠʪʝʣʴʥʦʩʪ ɹ ʩʠʤʚʦʣʘ ʈɸɺʀʉ ʧʦ ʬʦʨʤʫʣʝ 

( )5

1
S

i i

T
f f+

=
-

. 

ʉʠʩʪʝʤʘ ʈɸɺʀʉ ʩʯʠʪʘʝʪʩ ̫ʚʳʜʝʨʞʘʚʰʝʡ ʠʩʧʳʪʘʥʠʷ ʧʦ ʜʘʥʥʦʤʫ ʧʘʨʘʤʝʪʨʫ, 

ʝʩʣʠ ʠʟʤʝʨʝʥʥʦʝ ʦʪʣʠʯʠʝ ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʠʤʚʦʣʘ ʥʘ ʈʏ ʦʪ ʥʦʤʠʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ 

ʥʝ ʙʦʣʝʝ Ñ1 ʤʢʩ. 

 

6.4.4 ʇʨʦʚʝʨʢʘ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʈʏ 

6.4.4.1 ʉʧʝʢʪʨ ʈʏ 

ʀʟʤʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʬʝʡʩ: L, ʄ (ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʥʪʝʨʬʝʡʩʘ M ʠʟʤʝʨʝʥʠʷ 

ʧʨʦʚʦʜʷʪʩʷ ʥʘ ʚʳʭʦʜʝ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʦʪʚʝʪʚʠʪʝʣʷ ʧʝʨʝʜʘʪʯʠʢʘ). 

ʀʟʤʝʨʠʪʝʣʴʥʳʡ ʩʠʛʥʘʣ: çʀʉ ʇʉɼʇè - ʩʠʛʥʘʣ ʈɸɺʀʉ, ʩʦʜʝʨʞʘʱʠʡ ʪʦʣʴʢʦ 

ʣʦʛʠʯʝʩʢʠʡ ʢʘʥʘʣ ʂʆʉ ʠ ʂɼ, ʩʦʜʝʨʞʘʱʠʝ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʝ ʜʘʥʥʳʝ. 

ʇʨʦʚʝʨʢʫ ʘʥʘʣʠʟʘʪʦʨʘ ʩʧʝʢʪʨʘ ʧʨʦʚʦʜʠʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʨʫʢʪʫʨʥʦʡ 

ʩʭʝʤʦʡ, ʧʨʠʚʝʜʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 3. 
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ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʘ ʥʘ ʈʏ ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʟʤʝʨʝʥʠʝ ʤʦʱʥʦʩʪʠ 

ʩʠʛʥʘʣʘ ʈɸɺʀʉ ʚ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʷʭ ʩʧʝʢʪʨʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʝ - 

ʚʥʫʪʨʠ ʧʦʣʦʩʳ ʯʘʩʪʦʪ ʠ ʚʥʝ ʝʝ - ʚ ʨʘʩʰʠʨʝʥʥʳʭ ʧʦʣʦʩʘʭ ʯʘʩʪʦʪ, ʟʘʭʚʘʪʳʚʘʶʱʠʭ 

ʠʥʪʝʨʚʘʣʳ ʥʘʨʘʩʪʘʥʠʷ ʠ ʩʧʘʜʘ ʩʧʝʢʪʨʘ ʯʘʩʪʦʪ ʩʠʛʥʘʣʘ: 

215,333; 225,333; 235,333; 245,333; 255,333; 265,333; 275,333; 285,333; 295,333; 

305,333; 315,333; 325,333 ʠ 335,333 ʢɻʮ - ʜʣʷ ʫʩʣʦʚʥʦʡ ʧʦʣʦʩʳ 250 ʢɻʮ; 

170,7; 178,7; 186,7; 194,7; 202,7; 210,7; 218,7; 226,7; 234,7; 242,7; 250,7; 258,7; 

266,7 ʢɻʮ - ʜʣʷ ʫʩʣʦʚʥʦʡ ʧʦʣʦʩʳ 200 ʢɻʮ; 

83,1; 87,1; 91,1; 95,1; 99,1; 103,1; 107,1; 111,1; 115,1; 119,1; 123,1; 127,1; 

131,1 ʢɻʮ - ʜʣʷ ʫʩʣʦʚʥʦʡ ʧʦʣʦʩʳ 100 ʢɻʮ. 

ʇʦ ʠʟʤʝʨʝʥʥʳʤ ʜʘʥʥʳʤ ʩʪʨʦʷʪʩʷ ʛʨʘʬʠʢʠ ʩʧʝʢʪʨʦʚ. 

ʉʠʩʪʝʤʘ ʈɸɺʀʉ ʩʯʠʪʘʝʪʩ ̫ʚʳʜʝʨʞʘʚʰʝʡ ʠʩʧʳʪʘʥʠʷ ʧʦ ʜʘʥʥʦʤʫ ʧʘʨʘʤʝʪʨʫ, 

ʝʩʣʠ ʠʟʤʝʨʝʥʥʳʡ ʩʧʝʢʪʨ ʫʢʣʘʜʳʚʘʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʤʘʩʢʫ ʦʛʠʙʘʶʱʝʡ 

ʚʥʝʧʦʣʦʩʥʳʭ ʨʘʜʠʦʢʦʣʝʙʘʥʠʡ ʇʨʠʣʦʞʝʥʠʷ ɸ. 

6.4.4.2 ʇʨʦʚʝʨʢʘ ʤʦʱʥʦʩʪʠ ʩʠʛʥʘʣʘ ʈʏ 

ʀʟʤʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʬʝʡʩ: L, ʄ, N. (ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʥʪʝʨʬʝʡʩʘ M 

ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʷʪʩʷ ʥʘ ʚʳʭʦʜʝ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʦʪʚʝʪʚʠʪʝʣʷ ʧʝʨʝʜʘʪʯʠʢʘ). 

ʀʟʤʝʨʠʪʝʣʴʥʳʡ ʩʠʛʥʘʣ: çʀʉ ʇʉɼʇè - ʩʠʛʥʘʣ ʈɸɺʀʉ, ʩʦʜʝʨʞʘʱʠʡ ʪʦʣʴʢʦ 

ʣʦʛʠʯʝʩʢʠʡ ʢʘʥʘʣ ʂʆʉ ʠ ʂɼ, ʩʦʜʝʨʞʘʱʠʝ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʝ ʜʘʥʥʳʝ. 

ʇʨʦʚʝʨʢʫ ʘʥʘʣʠʟʘʪʦʨʘ ʩʧʝʢʪʨʘ ʧʨʦʚʦʜʠʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʨʫʢʪʫʨʥʦʡ 

ʩʭʝʤʦʡ, ʧʨʠʚʝʜʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 3. 

ʅʝʠʩʧʦʣʴʟʫʝʤʳʡ ʚʭʦʜ ʩʫʤʤʘʪʦʨʘ ʟʘʛʣʫʰʠʪʴ ʥʘʛʨʫʟʢʦʡ 50 ʆʤ. 

ʀʟʤʝʨʝʥʠʝ ʤʦʱʥʦʩʪʠ ʩʠʛʥʘʣʘ ʈɸɺʀʉ ʠ ʩʦʙʩʪʚʝʥʥʦʛʦ ʰʫʤʘ ʘʥʘʣʠʟʘʪʦʨʘ 

ʩʧʝʢʪʨʘ ʧʨʦʚʦʜʠʪʩʷ ʚ ʥʦʤʠʥʘʣʴʥʦʡ ʧʦʣʦʩʝ ʢʘʥʘʣʘ NfD  ʠʟ ʪʘʙʣʠʮʳ 2. 

ʀʟʤʝʨʠʪʴ ʤʦʱʥʦʩʪʴ ʰʫʤʘ ʧʨʠ ʚʳʢʣʶʯʝʥʥʦʤ ʩʠʛʥʘʣʝ ʈɸɺʀʉ. 

ɺʢʣʶʯʠʪʴ ʩʠʛʥʘʣ ʈɸɺʀʉ ʠ ʠʟʤʝʨʠʪʴ ʝʛʦ ʤʦʱʥʦʩʪʴ. 

ʄʦʱʥʦʩʪ ɹ ʩʠʛʥʘʣʘ ʈɸɺʀʉ ʨʘʚʥʘ ʨʘʟʥʦʩʪʠ ʠʟʤʝʨʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʩʠʛʥʘʣʘ 

ʈɸɺʀʉ ʠ ʤʦʱʥʦʩʪʠ ʰʫʤʘ, ʧʝʨʝʚʝʜʝʥʥʳʭ ʚ ʰʢʘʣʫ ɺʪ. 

ʉʠʩʪʝʤʘ ʈɸɺʀʉ ʩʯʠʪʘʝʪʩ ̫ʚʳʜʝʨʞʘʚʰʝʡ ʠʩʧʳʪʘʥʠʷ ʧʦ ʜʘʥʥʦʤʫ ʧʘʨʘʤʝʪʨʫ, 

ʝʩʣʠ ʦʪʣʠʯʠʝ ʠʟʤʝʨʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʤʦʱʥʦʩʪʠ ʩʠʛʥʘʣʘ ʦʪ ʥʦʤʠʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ 

ʥʝ ʙʦʣʝʝ ʜʦʧʫʩʢʘ ʥʘ ʧʘʨʘʤʝʪʨ ʤʦʱʥʦʩʪʴ ʩʠʛʥʘʣʘ ʧʝʨʝʜʘʪʯʠʢʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʨʫʢʦʚʦʜʩʪʚʦʤ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʝʨʝʜʘʪʯʠʢʘ. 
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6.4.4.3 ʇʨʦʚʝʨʢʘ ʤʦʱʥʦʩʪʠ ʰʫʤʘ 

ʀʟʤʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʬʝʡʩ: L, M, N (ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʥʪʝʨʬʝʡʩʘ M 

ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʷʪʩʷ ʥʘ ʚʳʭʦʜʝ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʦʪʚʝʪʚʠʪʝʣʷ ʧʝʨʝʜʘʪʯʠʢʘ). 

ʀʟʤʝʨʠʪʝʣʴʥʳʡ ʩʠʛʥʘʣ: çʀʉ ʇʉɼʇè. 

ʄʝʪʦʜ: ʄʦʱʥʦʩʪʴ ʰʫʤʘ (ʩʨʝʜʥʷʷ ʤʦʱʥʦʩʪʴ), ʠʣʠ ʥʝʞʝʣʘʪʝʣʴʥʘʷ ʤʦʱʥʦʩʪʴ, ʤʦʞʝʪ 

ʠʟʤʝʨʷʪʴʩʷ ʘʥʘʣʠʟʘʪʦʨʦʤ ʩʧʝʢʪʨʘ ʧʨʠ ʦʪʢʣʶʯʝʥʠʠ ʩʝʨʚʠʩʘ. ʄʦʱʥʦʩʪ ɹ ʰʫʤʘ 

ʠʟʤʝʨʷʝʪʩʷ ʚ ʥʦʤʠʥʘʣʴʥʦʡ ʧʦʣʦʩʝ ʯʘʩʪʦʪ, ʟʘʥʠʤʘʝʤʦʡ ʩʠʛʥʘʣʦʤ ʈɸɺʀʉ 

(ʪʘʙʣʠʮʘ 2). 

ʀʟʤʝʨʠʪʴ ʤʦʱʥʦʩʪʴ ʩʦʙʩʪʚʝʥʥʦʛʦ ʰʫʤʘ ʘʥʘʣʠʟʘʪʦʨʘ ʩʧʝʢʪʨʘ (ʚʩʝ ʩʠʛʥʘʣʳ 

ʦʪʢʣʶʯʝʥʳ, ʚʭʦʜʳ ʩʫʤʤʘʪʦʨʘ ʟʘʛʣʫʰʝʥʳ ʥʘʛʨʫʟʢʘʤʠ 50 ʆʤ). 

ʇʨʠʩʦʝʜʠʥʠʪʴ ʢʘʙʝʣʴ ʮʠʬʨʦʚʦʛʦ ʤʦʜʫʣʷʪʦʨʘ ʈɸɺʀʉ ʠ ʠʟʤʝʨʠʪʴ ʤʦʱʥʦʩʪʴ ʰʫʤʘ 

ʧʨʠ ʚʳʢʣʶʯʝʥʥʦʤ ʩʠʛʥʘʣʝ ʈɸɺʀʉ. 

ʄʦʱʥʦʩʪ ɹ ʰʫʤʘ ʮʠʬʨʦʚʦʛʦ ʤʦʜʫʣʷʪʦʨʘ ʈɸɺʀʉ ʨʘʚʥʘ ʨʘʟʥʦʩʪʠ ʠʟʤʝʨʝʥʥʦʡ 

ʤʦʱʥʦʩʪʠ ʰʫʤʘ ʧʨʠ ʚʳʢʣʶʯʝʥʥʦʤ ʩʠʛʥʘʣʝ ʈɸɺʀʉ ʠ ʤʦʱʥʦʩʪʠ ʩʦʙʩʪʚʝʥʥʦʛʦ ʰʫʤʘ 

ʘʥʘʣʠʟʘʪʦʨʘ ʩʧʝʢʪʨʘ. 

ʉʠʩʪʝʤʘ ʈɸɺʀʉ ʩʯʠʪʘʝʪʩ ̫ʚʳʜʝʨʞʘʚʰʝʡ ʠʩʧʳʪʘʥʠʷ ʧʦ ʜʘʥʥʦʤʫ ʧʘʨʘʤʝʪʨʫ, 

ʝʩʣʠ ʠʟʤʝʨʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʤʦʱʥʦʩʪʠ ʰʫʤʘ ʥʝ ʙʦʣʝʝ ʤʦʱʥʦʩʪʠ ʰʫʤʘ ʧʝʨʝʜʘʪʯʠʢʘ 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʫʢʦʚʦʜʩʪʚʦʤ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʝʨʝʜʘʪʯʠʢʘ. 

 

6.4.5 ʇʨʦʚʝʨʢʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʨʠʝʤʥʠʢʘ ʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʠʘʧʘʟʦʥʘ 

ʛʘʫʩʩʦʚʘ ʢʘʥʘʣʘ 

ʎʝʣʴ: ʆʧʨʝʜʝʣʝʥʠʝ ʤʠʥʠʤʘʣʴʥʦʡ ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ, 

ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʥʦʨʤʘʣʴʥʦʡ ʨʘʙʦʪʳ ʧʨʠʝʤʥʠʢʘ. 

ʀʟʤʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʬʝʡʩ: ʀʉ ʧʦʜʘʝʪʩʷ ʥʘ ʠʥʪʝʨʬʝʡʩ N ʠ ʠʟʤʝʨʷʝʪʩʷ ʥʘ ʵʪʦʤ 

ʠʥʪʝʨʬʝʡʩʝ; BER ʠʟʤʝʨʷʝʪʩʷ ʤʝʞʜʫ ʠʥʪʝʨʬʝʡʩʘʤʠ (B ʠ X), (B ʠ Y). 

ʀʟʤʝʨʠʪʝʣʴʥʳʡ ʩʠʛʥʘʣ: çʀʉ ʇʉɼʇè. 

ʄʝʪʦʜ: ɼʣ ̫ ʢʚʘʟʠʙʝʟʦʰʠʙʦʯʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠ ̫ ʤʝʞʜʫ ʤʠʥʠʤʘʣʴʥʳʤ ʠ 

ʤʘʢʩʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠ̫ ʤʠ ʚʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ ʩʠʛʥʘʣʘ ʜʦʣʞʥʦ ʚʳʧʦʣʥʷʪʴʩʷ 

ʫʩʣʦʚʠʝ: BER < 10-4 ʜʦ ʜʝʢʦʜʝʨʘ LDPC. ʈʘʟʥʦʩʪʴ ʤʝʞʜʫ ʠʟʤʝʨʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʤʠʥʠʤʘʣʴʥʦʛʦ ʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʦʨʦʛʦʚ ʚʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ ʩʠʛʥʘʣʘ ʩʦʩʪʘʚʣʷʝʪ 

ʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ ʛʘʫʩʩʦʚʘ ʢʘʥʘʣʘ. 

ʀʟʤʝʨʝʥʠʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʨʠʝʤʥʠʢʘ ʜʦʣʞʥʦ ʚʳʧʦʣʥʷʪʴʩʷ ʧʦ ʩʪʨʫʢʪʫʨʥʦʡ 

ʩʭʝʤʝ, ʧʨʠʚʝʜʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 4. 
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ʂʀ-ʊɺʄ-ʈɸɺʀʉ.

ɸʥʘʣʠʟʘʪʦʨ 

ʈɸɺʀʉ

ʎʠʬʨʦʚʦʡ

ʤʦʜʫʣʷʪʦʨ 

ʈɸɺʀʉ

ɸʪʪʝʥʶʘʪʦʨ

 ʨʝʛʫʣʠʨʫʝʤʳʡ

ʇʨʠʝʤʥʠʢ

ʈɸɺʀʉ

ɸʥʘʣʠʟʘʪʦʨ 

ʩʧʝʢʪʨʘ

USB

 

ʈʠʩʫʥʦʢ 4. ʉʭʝʤʘ ʠʟʤʝʨʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʠʘʧʘʟʦʥʘ 

ɺ ʮʠʬʨʦʚʦʤ ʤʦʜʫʣʷʪʦʨʝ ʈɸɺʀʉ ʟʘʜʘʪʴ: 

1 ʉʢʦʨʦʩʪʴ ʢʘʥʘʣʴʥʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ 3/4, ʤʦʜʫʣʷʮʠʷ ʥʝʩʫʱʠʭ QPSK, ʪʨʝʙʫʝʤʫʶ 

ʧʦʣʦʩʫ ʩʠʛʥʘʣʘ; 

2 ʇʨʠ ʠʟʤʝʨʝʥʠʷʭ ʩʠʛʥʘʣʘ ʩ ʥʘʠʙʦʣʴʰʠʤ ʫʨʦʚʥʝʤ - ʫʨʦʚʝʥʴ ʩʠʛʥʘʣʘ ʥʘ ʚʳʭʦʜʝ 

ʘʪʪʝʥʶʘʪʦʨʘ ʨʘʚʥrʤ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʫʨʦʚʥʶ, ʧʨʝʜʫʩʤʦʪʨʝʥʥʦʤʫ ʧʘʩʧʦʨʪʦʤ 

ʧʨʠʝʤʥʠʢʘ; 

3 ʇʨʠ ʠʟʤʝʨʝʥʠʷʭ ʩʠʛʥʘʣʘ ʩ ʥʘʠʤʝʥʴʰʠʤ ʫʨʦʚʥʝʤ - ʫʨʦʚʝʥʴ ʩʠʛʥʘʣʘ ʥʘ ʚʳʭʦʜʝ 

ʘʪʪʝʥʶʘʪʦʨʘ ʨʘʚʥʳʤ ʤʠʥʫʩ 102 ʜɹʤ. 

ɺ ʘʥʘʣʠʟʘʪʦʨʝ ʩʧʝʢʪʨʘ ʟʘʜʘʪʴ: 

1 ʎʝʥʪʨʘʣʴʥʫʶ ʯʘʩʪʦʪʫ ʨʘʚʥʦʡ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʝ 0f  ʥʝʩʫʱʝʡ ʩʠʛʥʘʣʘ ʩ 

ʮʠʬʨʦʚʦʛʦ ʤʦʜʫʣʷʪʦʨʘ ʈɸɺʀʉ; 

2 ʈʝʞʠʤ ʫʩʨʝʜʥʝʥʠʷ ʩ ʥʘʢʦʧʣʝʥʠʝʤ; 

3 ʇʦʜʘʚʣʝʥʠʝ ʩʠʛʥʘʣʘ ʚʭʦʜʘ 0 ʜɹʤ; 

4 ʈʝʞʠʤ ʠʟʤʝʨʝʥʠʷ ʤʦʱʥʦʩʪʠ ʚ ʧʦʣʦʩʝ; 

5 ʉʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʰʠʨʠʥʫ ʧʦʣʦʩʳ ʠʟʤʝʨʝʥʠʷ ʤʦʱʥʦʩʪʠ ʧʦ ʪʘʙʣʠʮʝ 2. 

ʀʟʤʝʨʝʥʠʝ MER ʠ BER ʧʨʦʠʟʚʦʜʠʪʴ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʣʝʢʩʘ ʂʀ-ʊɺʄ-ʈɸɺʀʉ 

ʠʣʠ ʚʩʪʨʦʝʥʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʧʨʠʝʤʥʠʢʘ. ɺ ʪʝʯʝʥʠʝ ʧʨʦʮʝʩʩʘ ʠʟʤʝʨʝʥʠʷ ʧʨʠʝʤʥʠʢ 

ʜʦʣʞʝʥ ʦʩʪʘʚʘʪʴʩʷ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥ. 

ʋʨʦʚʝʥʴ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʠʟʤʝʨʷʝʪʩʷ ʘʥʘʣʠʟʘʪʦʨʦʤ ʩʧʝʢʪʨʘ. ʀʟʤʝʨʝʥʠʷ 

ʜʦʣʞʥʳ ʙʳʪʴ ʚʳʧʦʣʥʝʥʳ ʜʣʷ ʚʩʝʭ ʧʨʠʤʝʥʷʝʤʳʭ ʪʠʧʦʚ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ. 

ʇʨʦʠʟʚʝʩʪʠ ʠʟʤʝʨʝʥʠʝ ʧʦ ʥʘʠʙʦʣʴʰʝʤʫ ʫʨʦʚʥʶ ʈʏ ʩʠʛʥʘʣʘ, ʫʙʝʜʠʪʴʩʷ ʚ ʪʦʤ, 

ʯʪʦ ʧʨʠʝʤʥʠʢ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʨʝʙʫʝʤʦʝ ʢʘʯʝʩʪʚʦ ʧʨʠʝʤʘ. 

6.4.5.1 ʇʨʦʠʟʚʝʩʪʠ ʠʟʤʝʨʝʥʠʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʦ ʥʘʠʤʝʥʴʰʝʤʫ ʫʨʦʚʥ ʁʈʏ 

ʩʠʛʥʘʣʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʠʝʤʥʠʢ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʨʝʙʫʝʤʦʝ ʢʘʯʝʩʪʚʦ ʧʨʠʝʤʘ. ʇʨʠ 

ʵʪʦʤ ʜʦʣʞʝʥ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʧʨʠʝʤ ʩʠʛʥʘʣʘ ʩ ʢʘʯʝʩʪʚʦʤ QCIF ʚ ʨʝʞʠʤʝ ʤʦʜʫʣʷʮʠʠ 

QPSK. 

6.4.5.2 ɼʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ ʦʧʨʝʜʝʣʠʪɹ ʢʘʢ ʨʘʟʥʦʩʪʴ ʚ ʜɹʤ ʤʝʞʜʫ 

ʥʘʠʙʦʣʴʰʠʤ ʫʨʦʚʥʝʤ ʧʨʠʥʠʤʘʝʤʦʛʦ ʩʠʛʥʘʣʘ ʠ ʫʨʦʚʥʝʤ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʧʨʠʸʤʥʠʢʘ, ʠʟʤʝʨʝʥʥʳʤ ʚ ʧ.6.4.5.1. 



ɻʆʉʊ ʈ 
(ʇʨʦʝʢʪ, ʨʝʜʘʢʮʠʷ 1) 

21 

ʉʠʩʪʝʤʘ ʈɸɺʀʉ ʩʯʠʪʘʝʪʩ ̫ʚʳʜʝʨʞʘʚʰʝʡ ʠʩʧʳʪʘʥʠʷ ʧʦ ʜʘʥʥʦʤʫ ʧʘʨʘʤʝʪʨʫ, 

ʝʩʣʠ BER ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ ʦʪ 10 ʜʦ ʤʠʥʫʩ 102 ʜɹʤ ʥʝ ʙʦʣʝʝ 10-4, MER - 

ʥʝ ʤʝʥʝʝ 11 ʜɹ ʜʣʷ ʛʘʫʩʩʦʚʘ ʢʘʥʘʣʘ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʨʠʝʤʥʠʢʘ - ʥʝ ʤʝʥʝʝ ʤʠʥʫʩ 

102 ʜɹʤ. 

 

6.4.6 ʇʨʦʚʝʨʢʘ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʠ ʧʨʠʝʤʥʠʢʘ 

ʀʟʤʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʬʝʡʩ: ʀʉ ʧʦʜʘʝʪʩʷ ʥʘ ʠʥʪʝʨʬʝʡʩ N ʠ ʠʟʤʝʨʷʝʪʩʷ ʥʘ ʵʪʦʤ 

ʠʥʪʝʨʬʝʡʩʝ; BER ʠʟʤʝʨʷʝʪʩʷ ʤʝʞʜʫ ʠʥʪʝʨʬʝʡʩʘʤʠ (B ʠ X), (B ʠ Y). 

ʀʟʤʝʨʠʪʝʣʴʥʳʡ ʩʠʛʥʘʣ: çʀʉ ʇʉɼʇè. 

6.4.6.1 ʀʟʤʝʨʝʥʠʝ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʠ ʧʦ ʩʦʩʝʜʥʝʤʫ ʢʘʥʘʣʫ ʜʦʣʞʥʦ ʚʳʧʦʣʥʷʪʴʩʷ 

ʧʦ ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʝ, ʧʨʠʚʝʜʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 5. 

ʂʀ-ʊɺʄ-ʈɸɺʀʉ.

ɸʥʘʣʠʟʘʪʦʨ 

ʈɸɺʀʉ

ʎʠʬʨʦʚʦʡ

ʤʦʜʫʣʷʪʦʨ 

ʈɸɺʀʉ 1

ɸʪʪʝʥʶʘʪʦʨ

 ʨʝʛʫʣʠʨʫʝʤʳʡ 1

ʇʨʠʝʤʥʠʢ

ʈɸɺʀʉ

ɸʥʘʣʠʟʘʪʦʨ 

ʩʧʝʢʪʨʘ

USB

ʎʠʬʨʦʚʦʡ 

ʤʦʜʫʣʷʪʦʨ 

ʈɸɺʀʉ 2

ɸʪʪʝʥʶʘʪʦʨ

 ʨʝʛʫʣʠʨʫʝʤʳʡ 2

ʉʫʤʤʘʪʦʨ

 

ʈʠʩʫʥʦʢ 5. ʉʭʝʤʘ ʠʟʤʝʨʝʥʠʷ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʠ ʧʦ ʩʦʩʝʜʥʝʤʫ ʢʘʥʘʣʫ ʠ ʫʨʦʚʥʷ ʙʣʦʢʠʨʦʚʢʠ 

ʋʩʪʘʥʦʚʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʣʦʩʳ ʧʦʣʝʟʥʦʛʦ ʠ ʤʝʰʘʶʱʝʛʦ ʩʠʛʥʘʣʦʚ 

ʈɸɺʀʉ. ʈʘʟʥʦʩ ʮʝʥʪʨʘʣʴʥʳʭ ʯʘʩʪʦʪ ʤʝʞʜʫ ʩʠʛʥʘʣʘʤʠ ʜʦʣʞʝʥ ʙʳʪʴ ʨʘʚʝʥ ʟʥʘʯʝʥʠʶ 

ʫʩʣʦʚʥʦʡ ʰʠʨʠʥʳ ʧʦʣʦʩʳ ʢʘʥʘʣʘ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʝʩʪʠ ʜʣʷ ʧʨʘʚʦʛʦ ʠ ʣʝʚʦʛʦ 

ʩʦʩʝʜʥʠʭ ʢʘʥʘʣʦʚ. ʆʪʨʝʛʫʣʠʨʦʚʘʪʴ ʫʨʦʚʝʥʴ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ ʦʪ ʮʠʬʨʦʚʦʛʦ 

ʤʦʜʫʣʷʪʦʨʘ ʈɸɺʀʉ 1 ʥʘ ʚʭʦʜʝ ʧʨʠʝʤʥʠʢʘ ʩ ʧʦʤʦʱʴʶ ʘʪʪʝʥʶʘʪʦʨʘ ʨʝʛʫʣʠʨʫʝʤʦʛʦ 1 

ʥʘ 10 ʜɹ ʚʳʰʝ ʫʨʦʚʥʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʨʠʝʤʥʠʢʘ ʧʨʠ ʚʳʢʣʶʯʝʥʥʦʤ ʮʠʬʨʦʚʦʤ 

ʤʦʜʫʣʷʪʦʨʝ ʈɸɺʀʉ 2. 

ʀʟʤʝʨʝʥʠʝ BER ʧʨʦʠʟʚʦʜʠʪʴ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʣʝʢʩʘ ʂʀ-ʊɺʄ-ʈɸɺʀʉ. ʇʦʩʣʝ 

ʚʢʣʶʯʝʥʠ̫ ʮʠʬʨʦʚʦʛʦ ʤʦʜʫʣʷʪʦʨʘ ʈɸɺʀʉ 2 ʫʚʝʣʠʯʠʚʘʪʴ ʫʨʦʚʝʥʴ ʤʝʰʘʶʱʝʛʦ 

ʩʠʛʥʘʣʘ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ BER ʥʝ ʚʦʟʨʘʩʪʝʪ ʜʦ ʟʥʘʯʝʥʠʷ 10-4. ʀʟʤʝʨʠʪʴ ʘʥʘʣʠʟʘʪʦʨʦʤ 

ʩʧʝʢʪʨʘ ʫʨʦʚʥʠ ʧʦʣʝʟʥʦʛʦ ʠ ʤʝʰʘʶʱʝʛʦ ʩʠʛʥʘʣʦʚ ʦʪ ʮʠʬʨʦʚʦʛʦ 

ʤʦʜʫʣʷʪʦʨʘ ʈɸɺʀʉ 1 ʠ ʮʠʬʨʦʚʦʛʦ ʤʦʜʫʣʷʪʦʨʘ ʈɸɺʀʉ 2 ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ. 

ʀʟʙʠʨʘʪʝʣʴʥʦʩʪʴ ʧʦ ʩʦʩʝʜʥʝʤʫ ʢʘʥʘʣʫ ʦʧʨʝʜʝʣʠʪɹ ʢʘʢ ʨʘʟʥʦʩʪʴ ʫʨʦʚʥʝʡ 

ʤʝʰʘʶʱʝʛʦ ʠ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʦʚ ʚ ʜɹ. 

6.4.6.2 ʀʟʤʝʨʝʥʠʝ ʫʨʦʚʥʷ ʙʣʦʢʠʨʦʚʢʠ ʧʨʠʝʤʥʠʢʘ ʜʦʣʞʥʦ ʚʳʧʦʣʥʷʪʴʩʷ ʧʦ 

ʩʭʝʤʝ, ʧʨʠʚʝʜʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 5. ɿʥʘʯʝʥʠʝ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪ r ʤʝʰʘʶʱʝʛʦ 

ʩʠʛʥʘʣʘ ʜʦʣʞʥʦ ʦʪʣʠʯʘʪʴʩʷ ʢʘʢ ʚ ʙʦʣʴʰʫʶ ʪʘʢ ʠ ʚ ʤʝʥʴʰʫʶ ʩʪʦʨʦʥʫ ʦʪ ʮʝʥʪʨʘʣʴʥʦʡ 
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ʯʘʩʪʦʪʳ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʚʝʣʠʯʠʥʫ ʢɻʮfD , ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʜʠʘʧʘʟʦʥʫ ʯʘʩʪʦʪ ʠ 

ʰʠʨʠʥʝ ʧʦʣʦʩʳ ʩʠʛʥʘʣʘ ʈɸɺʀʉ ʧʦ ʪʘʙʣʠʮʝ 3. 

ʊʘʙʣʠʮʘ 3 

 ɼʣʷ ʰʠʨʠʥʳ ʧʦʣʦʩʳ ʩʠʛʥʘʣʘ ʈɸɺʀʉ, ʢɻʮ 

250 200 100 

ɼʠʘʧʘʟʦʥ 65,8-74,0 ʄɻʮ 
ʢɻʮfD = Ñ 300 ʢɻʮfD = Ñ 240 ʢɻʮfD = Ñ 150 

ɼʠʘʧʘʟʦʥ 87,5-108,0 ʄɻʮ 
ʢɻʮfD = Ñ 300 ʢɻʮfD = Ñ 300 ʢɻʮfD = Ñ 200 

 
ʆʪʨʝʛʫʣʠʨʦʚʘʪʴ ʫʨʦʚʝʥʴ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ ʦʪ ʮʠʬʨʦʚʦʛʦ ʤʦʜʫʣʷʪʦʨʘ ʈɸɺʀʉ 1 

ʥʘ ʚʭʦʜʝ ʧʨʠʝʤʥʠʢʘ ʩ ʧʦʤʦʱʴʶ ʘʪʪʝʥʶʘʪʦʨʘ ʨʝʛʫʣʠʨʫʝʤʦʛʦ 1 ʥʘ 3 ʜɹ ʚʳʰʝ ʫʨʦʚʥʷ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʨʠ ʚʳʢʣʶʯʝʥʥʦʤ ʮʠʬʨʦʚʦʤ ʤʦʜʫʣʷʪʦʨʝ ʈɸɺʀʉ 2. ɺʢʣʶʯʠʪʴ 

ʮʠʬʨʦʚʦʡ ʤʦʜʫʣʷʪʦʨ ʈɸɺʀʉ 2. ʋʚʝʣʠʯʠʚʘʪʴ ʫʨʦʚʝʥʴ ʤʝʰʘʶʱʝʛʦ ʩʠʛʥʘʣʘ ʜʦ ʪʝʭ 

ʧʦʨ, ʧʦʢʘ MER ʥʝ ʜʦʩʪʠʛʥʝʪ ʟʥʘʯʝʥʠʷ 12 ʜɹ. ʀʟʤʝʨʠʪʴ ʫʨʦʚʥʠ ʧʦʣʝʟʥʦʛʦ ʠ 

ʤʝʰʘʶʱʝʛʦ ʩʠʛʥʘʣʦʚ ʦʪ ʮʠʬʨʦʚʳʭ ʤʦʜʫʣʷʪʦʨʦʚ ʈɸɺʀʉ 1 ʠ 2 ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ. 

ʇʨʦʠʟʚʝʩʪʠ ʠʟʤʝʨʝʥʠʷ ʜʣʷ ʤʝʰʘʶʱʝʛʦ ʩʠʛʥʘʣʘ ʩ ʙʦʣʴʰʝʡ ʠ ʤʝʥʴʰʝʡ ʯʘʩʪʦʪʦʡ. 

ʆʧʨʝʜʝʣʠʪʴ ʫʨʦʚʝʥʴ ʙʣʦʢʠʨʦʚʢʠ ʢʘʢ ʨʘʟʥʦʩʪʴ ʫʨʦʚʥʝʡ ʧʦʣʫʯʝʥʥʦʛʦ ʤʝʰʘʶʱʝʛʦ ʠ 

ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʦʚ ʚ ʜɹ. ɺʳʙʨʘʪʴ ʤʝʥʴʰʠʡ ʠʟ ʜʚʫʭ ʧʦʣʫʯʠʚʰʠʭʩʷ ʫʨʦʚʥʝʡ 

ʙʣʦʢʠʨʦʚʢʠ. 

ʇʈʀʄɽʏɸʅʀɽ: ʋʨʦʚʝʥʴ ʙʣʦʢʠʨʦʚʢʠ ʧʨʠʝʤʥʠʢʘ - ʵʪʦ ʤʘʢʩʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʧʦʤʝʭʠ 

ʚ ʧʦʣʦʩʝ ʧʨʠʝʤʘ ʠʣʠ ʚʥʝ ʝʝ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʥʘ ʬʦʥʝ 

ʤʘʣʦʛʦ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ ʙʝʟ ʧʦʪʝʨʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ. ɹʣʦʢʠʨʦʚʢʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʨʦʚʥʝʤ ʧʦʤʝʭʠ, ʘ ʩʣʝʜʩʪʚʠʝʤ ʙʣʦʢʠʨʦʚʢʠ ʙʫʜʫʪ 

ʷʚʣʷʪʴʩʷ ʛʘʨʤʦʥʠʢʠ ʠ ʰʫʤʳ. ɺʝʨʦʷʪʥʦʩʪʴ ʙʣʦʢʠʨʦʚʢʠ ʧʨʠʝʤʥʠʢʘ 

ʪʝʤ ʤʝʥʴʰʝ, ʯʝʤ ʙʦʣʴʰʝ ʯʘʩʪʦʪʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʩʠʛʥʘʣʦʚ ʨʘʟʣʠʯʥʳʭ 

ʨʘʜʠʦʩʠʩʪʝʤ. 

6.4.6.3 ʀʟʤʝʨʝʥʠʝ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʠ ʧʦ ʩʦʚʤʝʱʝʥʥʦʤʫ ʢʘʥʘʣʫ ʜʦʣʞʥʦ 

ʚʳʧʦʣʥʷʪʴʩʷ ʧʦ ʩʭʝʤʝ, ʧʨʠʚʝʜʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 5. 

ʋʩʪʘʥʦʚʠʪʴ ʨʘʟʥʦʩ ʯʘʩʪʦʪ 100 ɻʮ ʤʝʞʜʫ ʮʝʥʪʨʘʣʴʥʳʤʠ ʯʘʩʪʦʪʘʤʠ ʧʦʣʝʟʥʦʛʦ ʠ 

ʤʝʰʘʶʱʝʛʦ ʩʠʛʥʘʣʦʚ ʈɸɺʀʉ. ʆʪʨʝʛʫʣʠʨʦʚʘʪʴ ʫʨʦʚʝʥʴ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ ʦʪ 

ʮʠʬʨʦʚʦʛʦ ʤʦʜʫʣʷʪʦʨʘ ʈɸɺʀʉ 1 ʥʘ ʚʭʦʜʝ ʧʨʠʝʤʥʠʢʘ ʩ ʧʦʤʦʱʴʶ ʘʪʪʝʥʶʘʪʦʨʘ 

ʨʝʛʫʣʠʨʫʝʤʦʛʦ 1 ʥʘ 20 ʜɹ ʚʳʰʝ ʫʨʦʚʥʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʨʠ ʚʳʢʣʶʯʝʥʥʦʤ 

ʮʠʬʨʦʚʦʤ ʤʦʜʫʣʷʪʦʨʝ ʈɸɺʀʉ 2. ɺʢʣʶʯʠʪʴ ʮʠʬʨʦʚʦʡ ʤʦʜʫʣʷʪʦʨ ʈɸɺʀʉ 2. 

ʋʚʝʣʠʯʠʚʘʪʴ ʫʨʦʚʝʥʴ ʤʝʰʘʶʱʝʛʦ ʩʠʛʥʘʣʘ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ BER ʥʝ ʜʦʩʪʠʛʥʝʪ 

ʟʥʘʯʝʥʠʷ 10-4. ʀʟʤʝʨʠʪʴ ʫʨʦʚʥʠ ʧʦʣʝʟʥʦʛʦ ʠ ʤʝʰʘʶʱʝʛʦ ʩʠʛʥʘʣʦʚ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ. 

ʆʧʨʝʜʝʣʠʪʴ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴ ʧʦ ʩʦʚʤʝʱʝʥʥʦʤʫ ʢʘʥʘʣʫ ʢʘʢ ʨʘʟʥʦʩʪʴ ʫʨʦʚʥʝʡ 

ʤʝʰʘʶʱʝʛʦ ʠ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʦʚ ʚ ʜɹ. 
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ʇʨʠʝʤʥʠʢ ʈɸɺʀʉ ʩʯʠʪʘʝʪʩ ̫ʚʳʜʝʨʞʘʚʰʠʤ ʠʩʧʳʪʘʥʠʷ ʧʦ ʜʘʥʥʦʤʫ ʧʘʨʘʤʝʪʨʫ, 

ʝʩʣʠ ʠʟʤʝʨʝʥʥʘʷ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴ ʧʦ ʩʦʩʝʜʥʝʤʫ ʢʘʥʘʣʫ ʥʝ ʤʝʥʝʝ ʤʠʥʫʩ 10 ʜɹ, 

ʠʟʤʝʨʝʥʥʳʡ ʫʨʦʚʝʥʴ ʙʣʦʢʠʨʦʚʢʠ ʧʨʠʝʤʥʠʢʘ ʥʝ ʤʝʥʝʝ ʤʠʥʫʩ 30 ʜɹ, ʠʟʤʝʨʝʥʥʘʷ 

ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴ ʧʦ ʩʦʚʤʝʱʝʥʥʦʤʫ ʢʘʥʘʣʫ ʥʝ ʤʝʥʝʝ 11 ʜɹ. 

6.4.7 ʇʨʦʚʝʨʢʘ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʰʫʤʦʚʳʭ ʧʦʪʝʨʴ (END) 

ʎʝʣʴ: END - ʤʝʨʘ ʨʝʘʣʴʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʪʝʨʴ, ʚʦʟʥʠʢʘʶʠɦʭ ʚ ʮʠʬʨʦʚʦʤ 

ʤʦʜʫʣʷʪʦʨʝ, ʧʝʨʝʜʘʪʯʠʢʝ, ʩʝʪʠ ʠʣʠ ʦʢʦʥʝʯʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʠʜʝʘʣʴʥʳʤ ʢʘʯʝʩʪʚʦʤ. 

ʇʦʪʝʨʠ ʤʦʛʫʪ ʙʳʪʴ ʚʳʟʚʘʥʳ: 

¶ ʥʝʣʠʥʝʡʥʦʩʪʴʶ ʘʤʧʣʠʪʫʜʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚʣʠʷʥʠʝʤ ɼʌ, 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴʶ ʩʢʚʦʟʥʦʡ ɸʏʍ, ʰʫʤʦʚʳʭ ʠ ʜʠʩʢʨʝʪʥʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʨʠ ʠʟʣʫʯʝʥʠʠ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʢʦʣʝʙʘʥʠʷ, ʘ ʪʘʢʞʝ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴʶ ɻɺɿ; 

¶ ʚʝʣʠʯʠʥʦʡ ʜʦʧʫʩʪʠʤʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʯʘʩʪʦʪʳ; 

¶ ʦʪʥʦʰʝʥʠʝʤ ʧʠʢʦʚʦʡ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ ʢ ʝʝ ʩʨʝʜʥʝʤʫ ʟʥʘʯʝʥʠʶ. 

ʀʥʪʝʨʬʝʡʩ: Y ʜʣʷ ʠʟʤʝʨʝʥʠʷ BER; N, P ʠʣʠ S ʜʣʷ ʚʚʝʜʝʥʠʷ ʰʫʤʘ. 

ʀʟʤʝʨʠʪʝʣʴʥʳʡ ʩʠʛʥʘʣ: çʀʉ ʇʉɼʇè. 

ʄʝʪʦʜ: ɿʥʘʯʝʥʠʝ END ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

_ _before decoderLDPC Gauss ch
END SNR SNR= - , ʜɹ, 

ʛʜʝ 
_before decoderLDPC

SNR  - ʆʉʐ ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ BER, ʨʘʚʥʦʛʦ 2³10-4 ʜʦ 

ʚʥʝʰʥʝʛʦ ʜʝʢʦʜʝʨʘ LDPC, 
_Gauss ch

SNR  - ʆʉʐ, ʢʦʪʦʨʦʝ ʜʣʷ ʛʘʫʩʩʦʚʩʢʦʛʦ ʢʘʥʘʣʘ 

ʪʝʦʨʝʪʠʯʝʩʢʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ BER, ʨʘʚʥʦʛʦ 2³10-4 (ʧʨʠʣʦʞʝʥʠʝ ɸ [5]). 

ʇʨʠ ʠʟʤʝʨʝʥʠʠ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʨʦʛʦʚʘʷ ʚʝʣʠʯʠʥʘ ʆʉʐ ʥʘ 

ʚʭʦʜʝ ʧʨʠʝʤʥʠʢʘ ʜʣʷ ʠʩʢʘʞʝʥʥʦʛʦ ʰʫʤʦʤ ʩʠʛʥʘʣʘ ʠ ʧʦʨʦʛʦʚʘʷ ʚʝʣʠʯʠʥʘ ʆʉʐ 

ʥʝʠʩʢʘʞʝʥʥʦʛʦ ʩʠʛʥʘʣʘ. ʈʘʟʥʦʩʪʴ ʵʪʠʭ ʚʝʣʠʯʠʥ ʚ ʜɹ ʥʘʟʳʚʘʝʪʩʷ END. 

ʇʨʠʝʤʥʠʢ ʈɸɺʀʉ ʩʯʠʪʘʝʪʩ ̫ʚʳʜʝʨʞʘʚʰʠʤ ʠʩʧʳʪʘʥʠʷ ʧʦ ʜʘʥʥʦʤʫ ʧʘʨʘʤʝʪʨʫ, 

ʝʩʣʠ ʠʟʤʝʨʝʥʥʦʝ ʟʥʘʯʝʥʠʝ END ʥʝ ʙʦʣʝʝ 0,5 ʜɹ. 

6.4.8 ʇʨʦʚʝʨʢʘ ʙʘʟʦʚʦʛʦ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʫʨʦʚʥʷ ʰʫʤʘ (ENF) 

ʎʝʣʴ: ENF - ʤʝʨʘ ʨʝʘʣʴʥʳʭ ʧʦʪʝʨʴ, ʚʦʟʥʠʢʘʶʠɦʭ ʚ ʧʝʨʝʜʘʶʱʝʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʠʜʝʘʣʴʥʳʤ ʧʝʨʝʜʘʪʯʠʢʦʤ. 

ʀʟʤʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʬʝʡʩ: L ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʤʦʱʥʦʩʪʠ ʰʫʤʘ, Y ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

BER; N ʠʣʠ S ʜʣʷ ʚʚʝʜʝʥʠʷ ʰʫʤʘ. 
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ʀʟʤʝʨʠʪʝʣʴʥʳʡ ʩʠʛʥʘʣ: çʀʉ ʇʉɼʇè. 

ʄʝʪʦʜ: ENF ʧʦʣʫʯʘʶʪ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʰʫʤʘ, ʪʨʝʙʫʝʤʦʛʦ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ BER ʧʦʩʣʝ ʚʥʝʰʥʝʛʦ ʜʝʢʦʜʝʨʘ ɹʏʍ, ʨʘʚʥʦʛʦ 2³10-4, ʠ ʫʨʦʚʥʷ ʰʫʤʘ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ BER = 2³10-4 ʜʣʷ ʛʘʫʩʩʦʚʘ ʢʘʥʘʣʘ (ʧʨʠʣʦʞʝʥʠʝ ɸ 

[5]), ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʤ, ʢʘʢ ʦʧʠʩʘʥʦ ʚ ʇʨʠʣʦʞʝʥʠʠ B12 [3]. 

ʇʨʠʝʤʥʠʢ ʈɸɺʀʉ ʩʯʠʪʘʝʪʩ ̫ʚʳʜʝʨʞʘʚʰʠʤ ʠʩʧʳʪʘʥʠʷ ʧʦ ʜʘʥʥʦʤʫ ʧʘʨʘʤʝʪʨʫ, 

ʝʩʣʠ ʠʟʤʝʨʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ENF ʥʝ ʙʦʣʝʝ 0,7 ʜɹ. 

 

ʇʈʀʄɽʏɸʅʀɽ ʜʣʷ END ʠ ENF: 

ɺʣʠʷʥʠʝ ʧʝʨʝʜʘʪʯʠʢʘ ʈɸɺʀʉ ʥʘ ʦʙʱʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʠʩʪʝʤʳ, ʢʦʛʜʘ 

ʩʠʛʘʣ ʈɸɺʀʉ ʧʨʠʥʠʤʘʝʪʩʷ ʧʨʠʝʤʥʠʢʦʤ ʯʝʨʝʟ ʛʘʫʩʩʦʚ ʢʘʥʘʣ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠ 

ʧʦʤʦʱʠ ʠʟʤʝʨʝʥʠʷ END. 

ʇʨʠʝʤʥʠʢ ʚ ʥʘʩʪʦʷʱʝʤ ʜʦʢʫʤʝʥʪʝ ʦʧʨʝʜʝʣʝʥ ʢʘʢ ʧʨʠʝʤʥʠʢ ʈɸɺʀʉ, ʧʦʵʪʦʤʫ 

ʪʨʝʙʫʝʪʩ,̫ ʯʪʦʙʳ ʟʥʘʯʝʥʠʷ ʆʉʐ ʙʳʣʠ ʥʘ 3,0 ʜɹ ʚʳʰʝ, ʯʝʤ ʟʥʘʯʝʥʠʷ ʆʉʐ, 

ʫʢʘʟʘʥʥʳʝ ʚ [5], ʜʣʷ ʛʘʫʩʩʦʚʘ ʢʘʥʘʣʘ. 

END ʚ ʥʘʩʪʦʷʱʝʤ ʜʦʢʫʤʝʥʪʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʆʉʐ, ʧʨʠ 

ʢʦʪʦʨʦʤ BER = 2³10-4 ʧʦʩʣʝ ʚʥʝʰʥʝʛʦ ʜʝʢʦʜʝʨʘ ɹʏʍ ʚ ʧʨʠʝʤʥʠʢʝ ʈɸɺʀʉ, ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʘʣʴʥʦʛʦ ʠ ʠʜʝʘʣʴʥʦʛʦ ʧʝʨʝʜʘʪʯʠʢʦʚ ʈɸɺʀʉ. 

END ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝ ʪʦʣʴʢʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʩʘʤʦʛʦ ʧʝʨʝʜʘʪʯʠʢʘ, ʥʦ ʠ 

ʟʘʚʠʩʠʪ ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʡ ʧʦʣʦʩʳ ʯʘʩʪʦʪ ʠ ʦʪ ʨʝʘʣʴʥʳʭ ʧʦʪʝʨʴ ʚ ʧʨʠʝʤʥʠʢʝ (ʠʤʝʥʥʦ 

ʧʦʵʪʦʤʫ ʜʣʷ ʧʨʠʝʤʥʠʢʘ ʦʧʨʝʜʝʣʝʥʳ ʬʠʢʩʠʨʦʚʘʥʥʳʝ ʨʝʘʣʴʥʳʝ ʧʦʪʝʨʠ ʚ 

ʧʨʠʝʤʥʠʢʝ, ʨʘʚʥʳʝ 3,0 ʜɹ). 

END ʥʝ ʜʦʣʞʝʥ ʧʨʝʚʳʰʘʪʴ 0,5 ʜɹ ʠ ʥʝ ʜʦʣʞʝʥ ʟʘʚʠʩʝʪʴ ʦʪ ʚʳʙʨʘʥʥʦʛʦ 

ʟʘʱʠʪʥʦʛʦ ʠʥʪʝʨʚʘʣʘ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʨʝʙʦʚʘʥʠʡ ʦʧʝʨʘʪʦʨʘ ʩʝʪʠ ʪʠʧʠʯʥʳʝ 

ʟʥʘʯʝʥʠʷ END ʧʦʧʘʜʘʶʪ ʚ ʜʠʘʧʘʟʦʥ (0,1 - 0,4) ʜɹ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʷ END ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʨʫʛʦʡ ʧʘʨʘʤʝʪʨ - 

ENF. ʕʪʦ ʜʦʣʞʥʦ ʧʨʠʚʝʩʪʠ ʢ ʧʦʚʳʰʝʥʠʶ ʪʦʯʥʦʩʪʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ END, ʢʘʢ 

ʦʧʠʩʘʥʦ ʚ ʇʨʠʣʦʞʝʥʠʠ B.12 [3]. 

ɺ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ END ʚʝʣʠʯʠʥʘ ENF ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʟʘʚʠʩʠʤʘ ʦʪ 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʨʝʞʠʤʘ ʈɸɺʀʉ ʠ ʦʪ ʨʝʘʣʴʥʳʭ ʧʦʪʝʨʴ ʚ ʧʨʠʝʤʥʠʢʝ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʙʩʪʚʝʥʥʦ 

ʧʝʨʝʜʘʪʯʠʢʘ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʪʨʝʙʫʝʪʩʷ ʣʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʦʙʩʪʚʝʥʥʦ 

ʧʝʨʝʜʘʪʯʠʢʘ ʈɸɺʀʉ, ʠʣʠ ʪʨʝʙʫʝʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʝʛʦ ʚʣʠʷʥʠʷ ʥʘ ʧʨʠʝʤʥʠʢ, ENF 

ʠʥʦʛʜʘ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʧʘʨʘʤʝʪʨʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʢʘʢ 
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ʘʣʴʪʝʨʥʘʪʠʚʘ END. 

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʚ ʧʘʨʘʤʝʪʨʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ END ʚ ʨʝʘʣʴʥʳʭ ʩʣʫʯʘʷʭ 

ʜʦʣʞʥʳ ʧʨʝʦʙʣʘʜʘʪʴ ʚʣʠʷʥʠʷ ʠʥʪʝʨʤʦʜʫʣʷʮʠʠ ʠ ʧʫʣʴʩʘʮʠʠ ʘʤʧʣʠʪʫʜʳ. 

(ʆʪʢʣʠʢ ɻɺɿ ʧʝʨʝʜʘʪʯʠʢʘ ʜʦʣʞʝʥ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥ ʦʧʝʨʘʪʦʨʘʤʠ ʩʝʪʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ: ʢʘʥʘʣʴʥʳʝ ʢʦʤʤʫʪʘʪʦʨʳ, 

ʚʳʭʦʜʥʳʝ ʬʠʣʴʪʨʳ ʠ ʪ.ʜ.) 

6.4.9 ʇʨʦʚʝʨʢʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʠʥʝʡʥʦʩʪʠ (ʚʥʝʧʦʣʦʩʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʩʧʝʢʪʨʘ) 

ʎʝʣʴ: ʀʟʤʝʨʝʥʠʝ ɺʉʉ ʩʠʛʥʘʣʘ ʈɸɺʀʉ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʣʠʥʝʡʥʦʩʪʠ 

ʩʠʩʪʝʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʘ OFDM. 

ʀʟʤʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʬʝʡʩ: ʄ. 

ʀʟʤʝʨʠʪʝʣʴʥʳʡ ʩʠʛʥʘʣ: çʀʉ ʇʉɼʇè. 

ʄʝʪʦʜ: ɺ ʠʟʤʝʨʷʝʤʦʤ ʩʧʝʢʪʨʝ ʈʏ ʩʠʛʥʘʣʘ ʥʘ ʚʳʭʦʜʝ ʧʝʨʝʜʘʪʯʠʢʘ: 

1 ʆʧʨʝʜʝʣʷʝʪʩʷ ʧʨʝʜʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʩʧʝʢʪʨʘ ʚ ʧʦʣʦʩʝ, ʰʠʨʠʥʘ ʢʦʪʦʨʦʡ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ 10 ʨʘʟ ʧʨʝʚʳʰʘʝʪ ʚʝʣʠʯʠʥʫ ʨʘʩʰʠʨʝʥʠʷ ʩʧʝʢʪʨʘ ʥʝʩʫʱʝʡ. 

2 ʋʩʪʘʥʘʚʣʠʚʘʶʪ ʚʝʨʪʠʢʘʣʴʥʳʝ ʤʘʨʢʝʨʳ ʚ ʪʦʯʢʘʭ ʠʟʤʝʨʝʥʠʡ, ʦʪʩʪʦʷʱʠʭ ʥʘ 

300 ʢɻʮ ʠ 700 ʢɻʮ ʦʪ ʢʘʞʜʦʡ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʛʨʘʥʠʮ ʩʧʝʢʪʨʘ. ʈʠʩʫʶʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʣʠʥʠʠ, ʧʘʨʘʣʣʝʣʴʥʳʝ ʠʤ, ʪʘʢ, ʯʪʦʙʳ ʦʥʠ ʧʨʦʭʦʜʠʣʠ ʯʝʨʝʟ 

ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʩʧʝʢʪʨʘ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʜʠʘʧʘʟʦʥʝ. 

3 ɺʳʯʠʪʘʶʪ ʟʥʘʯʝʥʠʝ ʤʦʱʥʦʩʪʠ ʚ ʮʝʥʪʨʝ ʣʠʥʠʠ (500 ʢɻʮ ʦʪ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ 

ʛʨʘʥʠʮʳ) ʠʟ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʩʧʝʢʪʨʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʧ.1, ʠ ʦʧʨʝʜʝʣʷʶʪ 

ʨʘʟʥʦʩʪʴ ʢʘʢ ɺʉʉ ʥʘ ʚʝʨʭʥʝʡ ʠ ɺʉʉ ʥʘ ʥʠʞʥʝʡ ʛʨʘʥʠʮʝ. 

4 ʅʘʠʭʫʜʰʝʝ ʟʥʘʯʝʥʠʝ ɺʉʉ ʠʟ ʧʫʥʢʪʘ 3 ʙʝʨʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʟʥʘʯʝʥʠʷ ɺʉʉ. 

ʇʨʠʝʤʥʠʢ ʈɸɺʀʉ ʩʯʠʪʘʝʪʩ ̫ʚʳʜʝʨʞʘʚʰʠʤ ʠʩʧʳʪʘʥʠʷ ʧʦ ʜʘʥʥʦʤʫ ʧʘʨʘʤʝʪʨʫ, 

ʝʩʣʠ ʫʨʦʚʝʥʴ ʚʥʝʧʦʣʦʩʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʧʝʢʪʨʘ ʥʝ ʤʝʥʝʝ ʤʠʥʫʩ 75 ʜɹ. 

6.4.10 ʇʨʦʚʝʨʢʘ ʥʘʣʠʯʠʷ ʥʝʧʨʝʨʳʚʥʦʡ ʢʦʛʝʨʝʥʪʥʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʡ 

ʧʦʤʝʭʠ 

ʀʟʤʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʬʝʡʩ: N. 

ʀʟʤʝʨʠʪʝʣʴʥʳʡ ʩʠʛʥʘʣ: çʀʉ ʇʉɼʇè. 

ʄʝʪʦʜ: ʀʟʤʝʨʝʥʠʷ ʚʳʧʦʣʥʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʘʥʘʣʠʟʘʪʦʨʘ ʩʧʝʢʪʨʘ. ʇʦʣʦʩʘ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʪʦʙʨʘʞʘʝʤʳʡ 

ʫʨʦʚʝʥʴ ʤʦʜʫʣʠʨʦʚʘʥʥʳʭ ʥʝʩʫʱʠʭ (ʠ ʥʝʤʦʜʫʣʠʨʦʚʘʥʥʳʭ ʢʦʥʪʨʦʣʴʥʳʭ ʥʝʩʫʱʠʭ, 

ʙʣʘʛʦʜʘʨʷ ʚʣʠʷʥʠʶ ʟʘʱʠʪʥʦʛʦ ʠʥʪʝʨʚʘʣʘ) ʫʤʝʥʴʰʘʣʩʷ. ʅʝʧʨʝʨʳʚʥʘʷ ʢʦʛʝʨʝʥʪʥʘʷ 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʘʷ ʧʦʤʝʭʘ ʥʝ ʧʦʜʚʝʨʞʝʥʘ ʚʣʠʷʥʠʶ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʧʨʠ 
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ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʤ ʯʘʩʪʦʪʥʦʤ ʨʘʟʨʝʰʝʥʠʠ ʦʢʘʞʝʪʩʷ ʚʠʜʥʘ ʥʘ ʬʦʥʝ ʩʧʝʢʪʨʘ 

ʥʝʩʫʱʠʭ ʩʠʛʥʘʣʘ ʈɸɺʀʉ. 

ʇʨʠ ʵʪʦʤ ʧʦʷʚʠʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʠʪʴ ʝʝ ʧʘʨʘʤʝʪʨ r- ʯʘʩʪʦʪʫ ʠ ʤʦʱʥʦʩʪʴ. 

ʇʨʠʝʤʥʠʢ ʈɸɺʀʉ ʩʯʠʪʘʝʪʩ ̫ʚʳʜʝʨʞʘʚʰʠʤ ʠʩʧʳʪʘʥʠʷ ʧʦ ʜʘʥʥʦʤʫ ʧʘʨʘʤʝʪʨʫ, 

ʝʩʣʠ ʫʨʦʚʝʥʴ ʚʥʝʧʦʣʦʩʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʧʝʢʪʨʘ ʥʝ ʤʝʥʝʝ ʤʠʥʫʩ 66 ʜɹ. 

6.4.11 ʇʨʦʚʝʨʢʘ ʟʘʚʠʩʠʤʦʩʪʠ BER ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʆʉʐ 

6.4.11.1 ʇʨʦʚʝʨʢʘ ʟʘʚʠʩʠʤʦʩʪʠ BER ʦʪ ʆʉʐ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʤʦʱʥʦʩʪʠ 

ʛʘʫʩʩʦʚʘ ʰʫʤʘ ʥʘ ʚʭʦʜʝ ʧʨʠʝʤʥʠʢʘ 

ʎʝʣʴ: ʆʮʝʥʠʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ BER ʧʨʠʝʤʥʠʢʘ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʆʉʐ ʠʟʤʝʥʷʝʪʩʷ 

ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʜʦʙʘʚʣʷʝʤʦʡ ʤʦʱʥʦʩʪʠ ʛʘʫʩʩʦʚʘ ʰʫʤʘ. ʕʪʦ ʠʟʤʝʨʝʥʠʝ ʤʦʞʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʝʤʥʠʢʘ ʩ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠʣʠ ʩ 

ʜʨʫʛʠʤʠ ʧʨʠʝʤʥʠʢʘʤʠ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʰʫʤʦʚ 

ʧʨʠʝʤʥʠʢʘ. 

ʀʟʤʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʬʝʡʩ: ʆʪ F ʜʦ U ʠʣʠ ʦʪ E ʜʦ V. 

ʀʟʤʝʨʠʪʝʣʴʥʳʡ ʩʠʛʥʘʣ: çʀʉ ʇʉɼʇè. 

ʄʝʪʦʜ: çʀʉ ʇʉɼʇè ʧʦʜʘʝʪʩʷ ʥʘ ʠʥʪʝʨʬʝʡʩ F (ʠʣʠ E). ʈʘʟʣʠʯʥʳʝ ʟʥʘʯʝʥʠʷ ʆʉʐ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʧʫʪʝʤ ʧʦʜʘʯʠ ʛʘʫʩʩʦʚʘ ʰʫʤʘ ʥʘ ʚʭʦʜ ʧʨʠʝʤʥʠʢʘ, ʠ BER 

ʠʟʤʝʨʷʝʪʩʷ ʚ ʪʦʯʢʝ V (ʠʣʠ U) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʘ ʂʀ-ʊɺʄ-ʈɸɺʀʉ ʚ 

ʨʝʞʠʤʝ ʠʟʤʝʨʝʥʠʷ ʫʨʦʚʥʷ BER. 

ʇʝʨʝʜʘʪʯʠʢ ʜʦʣʞʝʥ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʛʝʥʝʨʠʨʦʚʘʪʴ PRBS 223-1, ʢʘʢ ʵʪʦ 

ʦʧʨʝʜʝʣʝʥʦ ʈʝʢʦʤʝʥʜʘʮʠʝʡ [6]. 

ʇʨʠ ʠʟʤʝʨʝʥʠʷʭ ʤʦʱʥʦʩʪʠ ʥʝʩʫʱʝʡ ʠ ʰʫʤʘ ʰʠʨʠʥʘ ʩʧʝʢʪʨʘ ʩʠʩʪʝʤʳ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ /total Uf K TD = . 

ʇʨʠʝʤʥʠʢ ʈɸɺʀʉ ʩʯʠʪʘʝʪʩ ̫ʚʳʜʝʨʞʘʚʰʠʤ ʠʩʧʳʪʘʥʠʷ ʧʦ ʜʘʥʥʦʤʫ ʧʘʨʘʤʝʪʨʫ, 

ʝʩʣʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʠʟʤʝʨʝʥʥʦʛʦ ʆʉʐ ʦʪ ʛʨʘʬʠʢʘ ʟʘʚʠʩʠʤʦʩʪʠ BER ʦʪ 

ʆʉʐ, ʧʨʠʚʝʜʝʥʥʦʛʦ ʚ ʧʨʠʣʦʞʝʥʠʠ ɹ, ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʷʭ BER 10-4 ʠ  

10-6 ʥʝ ʧʨʝʚʳʰʘʝʪ 0,5 ʜɹ. 

6.4.11.2 ʇʨʦʚʝʨʢʘ ʟʘʚʠʩʠʤʦʩʪʠ BER ʦʪ ʆʉʐ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʤʦʱʥʦʩʪʠ 

ʧʝʨʝʜʘʪʯʠʢʘ 

ʎʝʣʴ: ʆʮʝʥʠʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ BER ʧʝʨʝʜʘʪʯʠʢʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʆʉʐ, ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʩʨʝʜʥʝʡ ʚʳʭʦʜʥʦʡ ʧʝʨʝʜʘʚʘʝʤʦʡ ʤʦʱʥʦʩʪʠ. ʀʟʤʝʨʝʥʠʝ ʤʦʞʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʝʨʝʜʘʪʯʠʢʘ ʩ ʪʝʦʨʝʪʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʠʣʠ ʩ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʜʨʫʛʠʭ ʧʝʨʝʜʘʪʯʠʢʦʚ. 
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ʀʟʤʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʬʝʡʩ: ʆʪ F ʜʦ U ʠʣʠ ʦʪ E ʜʦ V. 

ʀʟʤʝʨʠʪʝʣʴʥʳʡ ʩʠʛʥʘʣ: çʀʉ ʇʉɼʇè. 

ʄʝʪʦʜ: çʀʉ ʇʉɼʇè ʧʦʜʘʝʪʩʷ ʥʘ ʠʥʪʝʨʬʝʡʩ F (ʠʣʠ E). ʈʘʟʣʠʯʥʳʝ ʟʥʘʯʝʥʠʷ ʆʉʐ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ ʛʘʫʩʩʦʚʘ ʰʫʤʘ ʥʘ ʚʭʦʜʝ ʧʨʠʝʤʥʠʢʘ. BER 

ʠʟʤʝʨʷʝʪʩʷ ʥʘ ʠʥʪʝʨʬʝʡʩʝ V (ʠʣʠ U) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʘ ʂʀ-ʊɺʄ-ʈɸɺʀʉ 

ʚ ʨʝʞʠʤʝ ʠʟʤʝʨʝʥʠʷ ʫʨʦʚʥʷ BER. ʀʟʤʝʨʝʥʠʝ ʧʦʚʪʦʨʷʝʪʩʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ 

ʩʨʝʜʥʝʡ ʚʳʭʦʜʥʦʡ ʧʝʨʝʜʘʚʘʝʤʦʡ ʤʦʱʥʦʩʪʠ. 

ɽʩʣʠ ʚ ʧʝʨʝʜʘʶʱʝʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʚ ʮʝʣʷʭ ʪʝʩʪʠʨʦʚʘʥʠʷ ʚʢʣʶʯʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʨʦʞʜʝʥʠʷ ʇʉɼʇ ʚ ʠʥʪʝʨʬʝʡʩʝ F (ʠʣʠ E), ʪʦ ʜʦʣʞʥʘ ʧʨʠʤʝʥʷʪʴʩʷ PRBS 223-1, ʢʘʢ 

ʵʪʦ ʦʧʨʝʜʝʣʝʥʦ ʈʝʢʦʤʝʥʜʘʮʠʝʡ [6]. 

ʇʨʠ ʠʟʤʝʨʝʥʠʷʭ ʤʦʱʥʦʩʪʠ ʥʝʩʫʱʝʡ ʠ ʰʫʤʘ ʰʠʨʠʥʘ ʩʧʝʢʪʨʘ ʩʠʩʪʝʤʳ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ /total Uf K TD = . 

ʇʝʨʝʜʘʪʯʠʢ ʈɸɺʀʉ ʩʯʠʪʘʝʪʩ ̫ ʚʳʜʝʨʞʘʚʰʠʤ ʠʩʧʳʪʘʥʠʷ ʧʦ ʜʘʥʥʦʤʫ 

ʧʘʨʘʤʝʪʨʫ, ʝʩʣʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʠʟʤʝʨʝʥʥʦʛʦ ʆʉʐ ʦʪ ʛʨʘʬʠʢʘ 

ʟʘʚʠʩʠʤʦʩʪʠ BER ʦʪ ʆʉʐ, ʧʨʠʚʝʜʝʥʥʦʛʦ ʚ ʧʨʠʣʦʞʝʥʠʠ ɹ, ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ 

ʟʥʘʯʝʥʠʷʭ BER 10-4 ʠ 10-6 ʥʝ ʧʨʝʚʳʰʘʝʪ 0,5 ʜɹ. 

 

ʇʈʀʄɽʏɸʅʀɽ: ʇʦʪʝʨʠ ʤʦʱʥʦʩʪʠ ʧʝʨʝʜʘʪʯʠʢʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ ʦʪʥʦʰʝʥʠʝ 

ʥʦʤʠʥʘʣʴʥʦʡ ʠʤʧʫʣʴʩʥʦʡ ʧʠʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʧʝʨʝʜʘʪʯʠʢʘ ʢ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʠ 

ʩʠʛʥʘʣʘ. ʅʦʤʠʥʘʣʴʥʘʷ ʠʤʧʫʣʴʩʥʘʷ ʧʠʢʦʚʘʷ ʤʦʱʥʦʩʪʴ ʦʙʳʯʥʦ ʵʢʚʠʚʘʣʝʥʪʥʘ 

ʧʠʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʩʠʥʭʨʦʠʤʧʫʣʴʩʦʚ ʈʏ ʩʠʛʥʘʣʘ ʩʪʘʥʜʘʨʪʦʚ B, D, G, H, I ʠʣʠ K. 

6.4.12 ʇʨʦʚʝʨʢʘ BER ʢʘʥʘʣʴʥʦʛʦ ʜʝʢʦʜʝʨʘ 

6.4.12.1 ʇʨʦʚʝʨʢʘ BER ʜʦ ʚʥʫʪʨʝʥʥʝʛʦ ʜʝʢʦʜʝʨʘ LDPC 

ʎʝʣʴ: ʉ ʧʦʤʦʱʴʶ ʵʪʦʛʦ ʠʟʤʝʨʝʥʠʷ (ʙʝʟ ʦʪʢʣʶʯʝʥʠʷ ʦʩʥʦʚʥʦʛʦ ʧʦʪʦʢʘ) 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʙʱʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʝʨʝʜʘʪʯʠʢʘ, ʢʘʥʘʣʘ ʠ ʧʨʠʝʤʥʠʢʘ ʚ 

ʧʝʨʝʩʯʝʪʝ ʥʘ ʥʝʟʘʢʦʜʠʨʦʚʘʥʥʳʡ ʩʠʛʥʘʣ. 

ʀʟʤʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʬʝʡʩ: V. 

ʀʟʤʝʨʠʪʝʣʴʥʳʡ ʩʠʛʥʘʣ: çʀʉ ʇʉɼʇè. 

ʄʝʪʦʜ: ʇʦʩʣʝ ʚʥʫʪʨʝʥʥʝʛʦ ʜʝʢʦʜʝʨʘ ʩʠʛʥʘʣ ʧʦʚʪʦʨʥʦ ʢʦʜʠʨʫʝʪʩʷ ʚ ʢʦʤʧʣʝʢʩʝ     

ʂʀ-ʊɺʄ-ʈɸɺʀʉ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʦʛʦ ʞʝ ʢʦʜʝʨʘ LDPC, ʯʪʦ ʠ ʚ ʧʝʨʝʜʘʪʯʠʢʝ, 

ʯʪʦʙʳ ʦʮʝʥʠʪʴ ʩʢʦʨʦʩʪʴ ʠʩʭʦʜʥʦʛʦ ʟʘʢʦʜʠʨʦʚʘʥʥʦʛʦ ʧʦʪʦʢʘ ʜʘʥʥʳʭ. ʕʪʦʪ ʧʦʪʦʢ 

ʜʘʥʥʳʭ ʧʦʙʠʪʥʦ ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ ʩʠʛʥʘʣʦʤ ʜʦ ʢʘʥʘʣʴʥʦʛʦ ʜʝʢʦʜʝʨʘ (ʨʠʩʫʥʦʢ 6). 

ʇʨʠ ʠʟʤʝʨʝʥʠʠ ʜʦʣʞʥʦ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʥʝʩʢʦʣʴʢʦ ʩʦʪʝʥ 

ʙʠʪʦʚʳʭ ʦʰʠʙʦʢ. 
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ʈʠʩʫʥʦʢ 6. ʀʟʤʝʨʝʥʠʝ BER ʜʦ ʢʘʥʘʣʴʥʦʛʦ ʜʝʢʦʜʝʨʘ LDPC 

6 ʇʨʦʚʝʨʢʘ BER ʜʦ ʚʥʝʰʥʝʛʦ ʜʝʢʦʜʝʨʘ ɹʏʍ 

ʎʝʣʴ: BER ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʧʘʨʘʤʝʪʨʦʤ, ʢʦʪʦʨʳʡ ʦʧʠʩʳʚʘʝʪ ʢʘʯʝʩʪʚʦ ʩʝʪʠ 

ʮʠʬʨʦʚʦʡ ʧʝʨʝʜʘʯʠ. 

ʀʟʤʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʬʝʡʩ: X. 

ʀʟʤʝʨʠʪʝʣʴʥʳʡ ʩʠʛʥʘʣ: çʀʉ ʇʉɼʇè. 

ʄʝʪʦʜ: BER ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʢʦʣʠʯʝʩʪʚʦʤ ʧʨʠʥʷʪʳʭ ʦʰʠʙʦʯʥʳʭ 

ʙʠʪ ʠ ʦʙʱʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʝʨʝʜʘʥʥʳʭ ʙʠʪ. 

ʀʤʝʶʪʩʷ ʜʚʘ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʤʝʪʦʜʘ; ʦʜʠʥ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ "ʇʨʠ ʦʪʢʣʶʯʝʥʠʠ 

ʩʝʨʚʠʩʘ", ʚʪʦʨʦʡ - "ɹʝʟ ʦʪʢʣʶʯʝʥʠʷ ʩʝʨʚʠʩʘ". ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʠʟʤʝʨʝʥʠʝ ʜʦʣʞʥʦ 

ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʪʦʣʴʢʦ ʧʨʠ ʥʘʣʠʯʠʠ ʣʦʢʘʣʴʥʦʡ ʩʚʷʟʠ (LAT), ʦʧʨʝʜʝʣʝʥʥʦʡ ʚ 

ʧ.6.2 [3]. 

6.4.12.2.1 ʀʟʤʝʨʝʥʠʝ ʧʨʠ ʦʪʢʣʶʯʝʥʠʠ ʩʝʨʚʠʩʘ 

ʀʟʤʝʨʠʪʝʣʴʥʳʡ ʩʠʛʥʘʣ: çʀʉ ʇʌ ʀʇè - ʧʦʚʪʦʨʷʶʱʠʡʩʷ ʬʠʢʩʠʨʦʚʘʥʥʳʡ 

ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʧʘʢʝʪ. 

ʆʩʥʦʚʥʦʡ ʧʨʠʥʮʠʧ ʵʪʦʛʦ ʠʟʤʝʨʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʨʦʞʜʝʥʠʠ ʚ ʢʦʜʝʨʝ 

ʢʘʥʘʣʘ ʠʟʚʝʩʪʥʦʡ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʧʦʚʪʦʨʷʶʱʝʡʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʙʠʪ 

ʧʩʝʚʜʦʩʣʫʯʘʡʥʦʛʦ ʚʠʜʘ. ɼʣʷ ʵʪʦʛʦ ʜʘʥʥʳʝ ʥʘ ʚʭʦʜ ʙʣʦʢʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʘʜʨʦʚ 

ʜʘʥʥʳʭ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʘʚʘʪʴ ʩʣʝʜʫʶʱʝʝ: ʪʠʧ ʧʦʪʦʢʘ ʜʘʥʥʳʭ ï ʅʉʇɼ, ʥʦʤʝʨʘ 

ʢʘʜʨʦʚ ʜʘʥʥʳʭ ʦʪʩʫʪʩʪʚʫʶʪ, ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ ʧʘʢʝʪʳ ʦʪʩʫʪʩʪʚʫʶʪ (DFL = 0, ʧʦʩʣʝ 

ʟʘʛʦʣʦʚʢʘ ʂɼ ʩʣʝʜʫʝʪ ʟʘʧʦʣʥʝʥʠʝ). ʅʘ ʚʳʭʦʜʝ ʢʘʜʨ ʜʘʥʥʳʭ ʩʦʩʪʦʠʪ ʠʟ ʟʘʛʦʣʦʚʢʘ (4 

ʙʘʡʪʘ, ʍʍʍʍ=0100 0000 0000 0000 0000 0000 0110 0100), ʟʘ ʢʦʪʦʨʳʤ ʩʣʝʜʫʶʪ 

ʥʫʣʝʚʳʝ ʙʠʪʳ. 

6.4.12.2.2 ʀʟʤʝʨʝʥʠʝ ʙʝʟ ʦʪʢʣʶʯʝʥʠʷ ʩʝʨʚʠʩʘ 

ʆʩʥʦʚʥʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʩʜʝʣʘʥʥʦʝ ʚ ʵʪʦʤ ʤʝʪʦʜʝ ʠʟʤʝʨʝʥʠʡ, ʩʦʩʪʦʠʪ ʚ 

ʪʦʤ, ʯʪʦ ʧʨʦʚʝʨʦʯʥʳʝ ʙʘʡʪʳ ʢʦʜʘ LDPC ʚʳʯʠʩʣʷʶʪʩʷ ʜʣʷ ʢʘʞʜʦʛʦ ʟʚʝʥʘ ʮʝʧʠ 

ʧʝʨʝʜʘʯʠ. ʇʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʨʘʙʦʪʳ ʜʝʢʦʜʝʨ LDPC ʙʫʜʝʪ ʠʩʧʨʘʚʣʷʪʴ ʚʩʝ 

ʦʰʠʙʢʠ ʠ ʚʳʜʘʚʘʪʴ ʧʘʢʝʪʳ ʊʇ ʙʝʟ ʦʰʠʙʦʢ. ɽʩʣʠ ʚʩʪʨʝʯʘʶʪʩʷ ʙʦʣʴʰʠʝ ʧʘʯʢʠ 

ʦʰʠʙʦʢ, ʪʦ ʘʣʛʦʨʠʪʤ ʜʝʢʦʜʠʨʦʚʘʥʠʷ LDPC ʤʦʞʝʪ ʙʳʪʴ ʧʝʨʝʛʨʫʞʝʥ ʠ ʥʝ ʩʧʨʘʚʠʪʩʷ ʩ 
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ʢʦʨʨʝʢʮʠʝʡ ʧʘʢʝʪʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʦʣʞʝʥ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥ ʚ ç1è ʙʠʪ 

transport_error_indicator, ʥʠʢʘʢʠʝ ʜʨʫʛʠʝ ʙʠʪʳ ʚ ʧʘʢʝʪʝ ʥʝ ʜʦʣʞʥʳ ʤʝʥʷʪʴʩʷ, ʘ 16 

ʧʨʦʚʝʨʦʯʥʳʭ ʙʘʡʪʦʚ LDPC ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʦʙʨʘʟʦʤ ʧʝʨʝʩʯʠʪʳʚʘʶʪʩʷ ʧʝʨʝʜ 

ʨʝʪʨʘʥʩʣʷʮʠʝʡ ʧʦ ʩʣʝʜʫʶʱʝʤʫ ʟʚʝʥʫ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ BER, ʠʟʤʝʨʝʥʥʳʡ ʚ ʣʶʙʦʡ 

ʪʦʯʢʝ ʮʝʧʠ ʧʝʨʝʜʘʯʠ, ʦʪʥʦʩʠʪʩʷ ʪʦʣʴʢʦ ʢ ʢʦʥʢʨʝʪʥʦʤʫ ʟʚʝʥʫ. 

ʂʦʣʠʯʝʩʪʚʦ ʦʰʠʙʦʯʥʳʭ ʙʠʪ ʚ ʧʘʢʝʪʝ ʊʇ ʜʦʣʞʥʦ ʦʮʝʥʠʚʘʪʴʩʷ ʧʨʠ ʧʦʤʦʱʠ 

ʧʦʙʠʪʦʚʦʛʦ ʩʨʘʚʥʝʥʠʷ ʵʪʦʛʦ ʧʘʢʝʪʘ ʊʇ ʜʦ ʠ ʧʦʩʣʝ ʜʝʢʦʜʠʨʦʚʘʥʠʷ LDPC. ɽʩʣʠ 

ʠʟʤʝʨʝʥʥʦʝ ʟʥʘʯʝʥʠʝ BER ʧʨʝʚʳʰʘʝʪ 10-3, ʪʦ ʠʟʤʝʨʝʥʠʝ ʜʦʣʞʥʦ ʦʮʝʥʠʚʘʪʴʩʷ ʢʘʢ 

ʥʝʥʘʜʝʞʥʦʝ ʠʟ-ʟʘ ʦʛʨʘʥʠʯʝʥʠʡ, ʥʘʢʣʘʜʳʚʘʝʤʳʭ ʘʣʛʦʨʠʪʤʦʤ ʜʝʢʦʜʠʨʦʚʘʥʠʷ LDPC. 

ʃʶʙʦʡ ʧʘʢʝʪ ʊʇ, ʢʦʪʦʨʳʡ ʜʝʢʦʜʝʨ LDPC ʥʝ ʩʧʦʩʦʙʝʥ ʠʩʧʨʘʚʠʪʴ, ʜʦʣʞʝʥ 

ʠʥʠʮʠʠʨʦʚʘʪʴ ʧʦʚʪʦʨʥʦʝ ʚʳʯʠʩʣʝʥʠʝ. 

6.4.12.3 ʇʨʦʚʝʨʢʘ BER ʧʦʩʣʝ ʚʥʝʰʥʝʛʦ ʜʝʢʦʜʝʨʘ LDPC (ʢʦʣʠʯʝʩʪʚʦ 

ʦʰʠʙʦʯʥʳʭ ʙʠʪ) 

ʎʝʣʴ: ʇʦʣʫʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʭʝʤʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʰʠʙʦʢ ʚ ʙʠʪʘʭ. 

ʀʟʤʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʬʝʡʩ: Y 

ʄʝʪʦʜ: ʀʩʧʦʣʴʟʫʝʪʩʷ ʪʦʪ ʞʝ ʧʨʠʥʮʠʧ, ʯʪʦ ʠ ʧʨʠ "ʀʟʤʝʨʝʥʠʠ ʧʨʠ ʦʪʢʣʶʯʝʥʠʠ 

ʩʝʨʚʠʩʘ" "BER ʜʦ ʚʥʝʰʥʝʛʦ ʜʝʢʦʜʝʨʘ LDPC", ʢʦʪʦʨʦʝ ʦʧʠʩʘʥʦ ʚ ʧ.6.4.14.2.1, ʩ ʪʦʡ 

ʨʘʟʥʠʮʝʡ, ʯʪʦ ʨʝʟʫʣʴʪʘʪ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʢʘʢ ʢʦʣʠʯʝʩʪʚʦ ʦʰʠʙʦʢ, ʘ ʥʝ ʢʘʢ 

ʦʪʥʦʰʝʥʠʝ. ʇʨʠʝʤʥʠʢ ʜʦʣʞʝʥ ʣʠʰʴ ʩʨʘʚʥʠʪʴ ʧʦʣʫʯʝʥʥʳʝ ʧʘʢʝʪʳ ʊʇ ʩ ʥʫʣʝʚʳʤʠ 

ʧʘʢʝʪʘʤʠ, ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʚ ʧʘʨʘʛʨʘʬʝ A.1.2 [3]. ʕʪʦʪ ʤʝʪʦʜ ʧʨʠʤʝʥʷʝʪʩʷ ʚ 

ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʟʥʘʯʝʥʠʝ BER > 10-3 ʜʦ ʜʝʢʦʜʝʨʘ LDPC. 

ʆʥ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʩʭʝʤʳ ʦʮʝʥʢʠ 

ʢʘʯʝʩʪʚʘ ʮʝʧʠ ʧʝʨʝʜʘʯʠ, ʦʧʨʝʜʝʣʝʥʥʦʡ ʦʧʝʨʘʪʦʨʦʤ, ʠʣʠ ʜʣʷ ʨʝʰʝʥʠʷ 

ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ. 

ʇʨʠʝʤʥʠʢ ʈɸɺʀʉ ʩʯʠʪʘʝʪʩ ̫ʚʳʜʝʨʞʘʚʰʠʤ ʠʩʧʳʪʘʥʠʷ ʧʦ ʜʘʥʥʦʤʫ ʧʘʨʘʤʝʪʨʫ, 

ʝʩʣʠ BER ʜʦ ʚʥʫʪʨʝʥʥʝʛʦ ʜʝʢʦʜʝʨʘ LDPC ʥʝ ʙʦʣʝʝ 10-9, BER ʜʦ ʚʥʝʰʥʝʛʦ ʜʝʢʦʜʝʨʘ 

ɹʏʍ ʥʝ ʙʦʣʝʝ 10-9, BER ʧʦʩʣʝ ʚʥʝʰʥʝʛʦ ʜʝʢʦʜʝʨʘ ɹʏʍ (ʢʦʣʠʯʝʩʪʚʦ ʦʰʠʙʦʯʥʳʭ ʙʠʪ) 

ʥʝ ʙʦʣʝʝ 10 ʙʠʪ ʚ ʯʘʩ. 

 

6.4.13 ɸʥʘʣʠʟ ʩʠʛʥʘʣʦʚ I ʠ Q ʩʠʩʪʝʤʳ ʈɸɺʀʉ 

ɸʥʘʣʠʟ ʠʩʢʘʞʝʥʠʡ ʩʠʛʥʘʣʦʚ I ʠ Q ʩʠʩʪʝʤʳ ʈɸɺʀʉ ʧʨʦʚʦʜʠʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩʦ ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʦʡ, ʧʨʠʚʝʜʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 7. 
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ʂʀ-ʊɺʄ-ʈɸɺʀʉ.

ɸʥʘʣʠʟʘʪʦʨ 

ʈɸɺʀʉ

ʇʝʨʝʜʘʪʯʠʢ ʈɸɺʀʉ, 

ʠʟʤʝʨʠʪʝʣʴʥʳʡ 

ʠʥʪʝʨʬʝʡʩ L, M

 

ʈʠʩʫʥʦʢ 7. ʉʭʝʤʘ ʠʟʤʝʨʝʥʠʷ ʠʩʢʘʞʝʥʠʡ ʩʠʛʥʘʣʦʚ I ʠ Q 

ʎʝʣʴ: ʀʟʤʝʨʝʥʠʝ ʠʩʢʘʞʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʩʠʛʥʘʣʦʚ I ʠ Q. 

ʀʟʤʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʬʝʡʩ: L, M. 

ʀʟʤʝʨʠʪʝʣʴʥʳʡ ʩʠʛʥʘʣ: çʎʀʉ ɹʀè - ʮʠʬʨʦʚʦʡ ʀʉ ʩ ʥʫʣʝʚʳʤʠ ʠʩʢʘʞʝʥʠʷʤʠ ʧʦ 

ʚʩʝʤ ʠʟʤʝʨʷʝʤʳʤ ʧʘʨʘʤʝʪʨʘʤ ʩʠʛʥʘʣʦʚ I ʠ Q. 

ʄʝʪʦʜ: ɸʥʘʣʠʟʘʪʦʨ ʈɸɺʀʉ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʦʙʨʘʙʘʪʳʚʘʝʪ ʩʠʛʥʘʣ rI ʠ Q ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʘʣʛʦʨʠʪʤʘʤʠ, ʦʧʠʩʘʥʥʳʤʠ ʚ ʧ.ʧ. 6.4.15.1 ï 6.4.15.6. 

ɺ ʧʝʨʝʜʘʪʯʠʢʝ ʈɸɺʀʉ ʩʬʦʨʤʠʨʦʚʘʪʴ ʩʠʛʥʘʣ ʩʠʩʪʝʤʳ ʈɸɺʀʉ ʩ ʫʩʣʦʚʥʦʡ 

ʧʦʣʦʩʦʡ 250 ʢɻʮ, ʤʦʜʫʣʷʮʠʝʡ QPSK ʠ ʩ ʫʨʦʚʥʝʤ ʤʠʥʫʩ 10 ʜɹʤ. ɺʢʣʶʯʠʪ ɹ

ɸʥʘʣʠʟʘʪʦʨ ʈɸɺʀʉ ʢʦʤʧʣʝʢʩʘ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʂʀ-ʊɺʄ-ʈɸɺʀʉ. ɺ ɸʥʘʣʠʟʘʪʦʨʝ 

ʈɸɺʀʉ ʧʨʦʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʥʘʣʠʯʠʝ ʩʠʛʥʘʣʘ, ʧʨʦʚʝʩʪʠ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʇʇʉ ʠ 

ʠʩʢʘʞʝʥʠʡ ʩʠʛʥʘʣʦʚ I ʠ Q. 

6.4.13.1 ʇʨʦʚʝʨʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʦʰʠʙʢʠ ʤʦʜʫʣʷʮʠʠ (MER) ʠ ʚʝʣʠʯʠʥʳ ʚʝʢʪʦʨʘ 

ʦʰʠʙʢʠ (EVM) 

ɸʣʛʦʨʠʪʤʳ ʠʟʤʝʨʝʥʠʷ MER ʠ EVM ʦʧʠʩʳʚʘʶʪʩʷ ʬʦʨʤʫʣʘʤʠ: 
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( )

2 2
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2 2
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ʛʜʝ I  ʠ Q  ð ʠʜʝʘʣʴʥʳʝ ʢʦʦʨʜʠʥʘʪʳ, Id  ʠ Qd  - ʦʰʠʙʢʠ ʚ ʧʦʣʫʯʝʥʥʳʭ ʚʳʙʦʨʢʘʭ 

ʜʘʥʥʳʭ, N  - ʯʠʩʣʦ ʚʳʙʦʨʦʢ ʚ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, []lg .  - 

ʜʝʩʷʪʠʯʥʳʡ ʣʦʛʘʨʠʬʤ ʦʪʥʦʰʝʥʠʷ []. , maxS  - ʤʘʢʩʠʤʘʣʴʥʦ-ʚʦʟʤʦʞʥʘʷ ʘʤʧʣʠʪʫʜʘ 

ʚʝʢʪʦʨʘ ʩʦʟʚʝʟʜʠʷ. 

ʉʠʩʪʝʤʘ ʈɸɺʀʉ ʩʯʠʪʘʝʪʩʷ ʚʳʜʝʨʞʘʚʰʝʡ ʠʩʧʳʪʘʥʠʷ ʧʦ ʜʘʥʥʦʤʫ ʧʘʨʘʤʝʪʨʫ, 

ʝʩʣʠ ʠʟʤʝʨʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ MER ʩʠʛʥʘʣʘ ʈɸɺʀʉ ʥʝ ʤʝʥʝʝ 42 ʜɹ ʥʘ 

ʠʥʪʝʨʬʝʡʩʝ L ʠ ʥʝ ʤʝʥʝʝ 36 ʜɹ ʥʘ ʠʥʪʝʨʬʝʡʩʝ M, ʘ ʠʟʤʝʨʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ 

EVM ʥʝ ʙʦʣʝʝ 0,8 % ʥʘ ʠʥʪʝʨʬʝʡʩʝ L ʠ ʥʝ ʙʦʣʝʝ 1,5 % ʥʘ ʠʥʪʝʨʬʝʡʩʝ M. 
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6.4.13.2 ʇʨʦʚʝʨʢʘ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʡ ʦʰʠʙʢʠ ʧʦʣʦʞʝʥʠʷ ʪʦʯʝʢ ʩʦʟʚʝʟʜʠʷ (STE) 

ɸʣʛʦʨʠʪʤ ʠʟʤʝʨʝʥʠʷ STE ʦʧʠʩʳʚʘʝʪʩʷ ʬʦʨʤʫʣʦʡ: 
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ʛʜʝ ( ),i i id I Qd d=  ʜʣʷ ʚʩʝʭ 1,2,... Sj N=  ʪʦʯʝʢ ʧʨʠʥʷʪʳʭ ʜʘʥʥʳʭ ʩ ʥʠʞʥʠʤ ʠʥʜʝʢʩʦʤ i , 
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ʉʠʩʪʝʤʘ ʈɸɺʀʉ ʩʯʠʪʘʝʪʩʷ ʚʳʜʝʨʞʘʚʰʝʡ ʠʩʧʳʪʘʥʠʷ ʧʦ ʜʘʥʥʦʤʫ ʧʘʨʘʤʝʪʨʫ, 

ʝʩʣʠ ʠʟʤʝʨʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ STE ʩʠʛʥʘʣʘ ʈɸɺʀʉ ʥʝ ʙʦʣʝʝ 0.25 % ʥʘ 

ʠʥʪʝʨʬʝʡʩʝ L ʠ ʥʝ ʙʦʣʝʝ 0,5 % ʥʘ ʠʥʪʝʨʬʝʡʩʝ M. 

6.4.13.3 ʇʨʦʚʝʨʢʘ ʜʠʩʙʘʣʘʥʩʘ ʘʤʧʣʠʪʫʜʳ (AI) 

ɸʣʛʦʨʠʪʤ ʠʟʤʝʨʝʥʠʷ AI ʦʧʠʩʳʚʘʝʪʩʷ ʬʦʨʤʫʣʦʡ: 
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ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ I - ʠ Q  ʢʦʤʧʦʥʝʥʪʳ ʚʝʣʠʯʠʥʳ ʚʝʢʪʦʨʘ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʡ ʦʰʠʙʢʠ 

ʩʠʤʚʦʣʘ id , ʦʧʨʝʜʝʣʝʥʥʦʡ ʚ ʧ.6.4.13.2. 

ʉʠʩʪʝʤʘ ʈɸɺʀʉ ʩʯʠʪʘʝʪʩʷ ʚʳʜʝʨʞʘʚʰʝʡ ʠʩʧʳʪʘʥʠʷ ʧʦ ʜʘʥʥʦʤʫ ʧʘʨʘʤʝʪʨʫ, 

ʝʩʣʠ ʠʟʤʝʨʝʥʥʦʝ ʟʥʘʯʝʥʠʝ  ʧʘʨʘʤʝʪʨʘ AI ʩʠʛʥʘʣʘ ʈɸɺʀʉ ʥʝ ʙʦʣʝʝ 0,025 % ʥʘ 

ʠʥʪʝʨʬʝʡʩʝ L ʠ ʥʝ ʙʦʣʝʝ 0,05 % ʥʘ ʠʥʪʝʨʬʝʡʩʝ M. 

6.4.13.4 ʇʨʦʚʝʨʢʘ ʢʚʘʜʨʘʪʫʨʥʦʡ ʦʰʠʙʢʠ (QE) 

ɸʣʛʦʨʠʪʤ ʠʟʤʝʨʝʥʠʷ QE ʦʧʠʩʳʚʘʝʪʩʷ ʬʦʨʤʫʣʦʡ: 

1 2

180
,QE j j

p
= - A, 

ʛʜʝ 1j, 1j - ʫʛʣr, ʦʧʨʝʜʝʣʷʝʤʳʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʠʩʫʥʢʦʤ 8. 

ʉʠʩʪʝʤʘ ʈɸɺʀʉ ʩʯʠʪʘʝʪʩʷ ʚʳʜʝʨʞʘʚʰʝʡ ʠʩʧʳʪʘʥʠʷ ʧʦ ʜʘʥʥʦʤʫ ʧʘʨʘʤʝʪʨʫ, 

ʝʩʣʠ ʠʟʤʝʨʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ QE ʩʠʛʥʘʣʘ ʈɸɺʀʉ ʥʝ ʙʦʣʝʝ 0,025 Ü ʥʘ 

ʠʥʪʝʨʬʝʡʩʝ L ʠ ʥʝ ʙʦʣʝʝ 0,05 Ü ʥʘ ʠʥʪʝʨʬʝʡʩʝ M. 
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Q

I

1
j

2
j

90 QE+o

ɻʨʘʥʠʮʳ ʧʨʠʥʷʪʠʷ 
ʨʝʰʝʥʠʷ

ʊʦʯʢʘ ʩʠʛʥʘʣʘ

ʇʦʛʨʘʥʠʯʥʘʷ ʷʯʝʡʢʘ 
ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ

 
ʈʠʩʫʥʦʢ 8. ʀʩʢʘʞʝʥʠʝ ʜʠʘʛʨʘʤʤʳ ʩʦʟʚʝʟʜʠʷ, ʚʳʟʚʘʥʥʦʝ ʢʚʘʜʨʘʪʫʨʥʦʡ ʦʰʠʙʢʦʡ 

6.4.13.5. ʇʨʦʚʝʨʢʘ ʬʘʟʦʚʦʛʦ ʜʞʠʪʪʝʨʘ (PJ) 

ɸʣʛʦʨʠʪʤ ʠʟʤʝʨʝʥʠʷ PJ ʦʧʠʩʳʚʘʝʪʩʷ ʬʦʨʤʫʣʦʡ: 
2
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ʛʜʝ 1 2Ej j j= - , 1 arctan rc d

rc d
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j=  - ʫʛʦʣ ʤʝʞʜʫ ʦʩʴʶ I  ʩʦʟʚʝʟʜʠʷ ʠ ʚʝʢʪʦʨʦʤ 

ʧʦʣʫʯʝʥʥʦʛʦ ʩʠʤʚʦʣʘ( ),rc d rc dI Qn n , 2 arctan ideal

ideal

Q

I
j =  - ʫʛʦʣ ʤʝʞʜʫ ʦʩʴʶ I  ʩʦʟʚʝʟʜʠʷ 

ʠ ʚʝʢʪʦʨʦʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʪʦʯʥʦʛʦ ʩʠʤʚʦʣʘ ( ),ideal idealI Q . 

ʉʠʩʪʝʤʘ ʈɸɺʀʉ ʩʯʠʪʘʝʪʩʷ ʚʳʜʝʨʞʘʚʰʝʡ ʠʩʧʳʪʘʥʠʷ ʧʦ ʜʘʥʥʦʤʫ ʧʘʨʘʤʝʪʨʫ, 

ʝʩʣʠ ʠʟʤʝʨʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ PJ ʩʠʛʥʘʣʘ ʈɸɺʀʉ ʥʝ ʙʦʣʝʝ 0,05 Ü ʥʘ 

ʠʥʪʝʨʬʝʡʩʝ L ʠ ʥʝ ʙʦʣʝʝ 0,1 Ü ʥʘ ʠʥʪʝʨʬʝʡʩʝ M. 

6.4.13.6 ʇʨʦʚʝʨʢʘ ʧʦʜʘʚʣʝʥʠʷ ʥʝʩʫʱʝʡ (CS) 

ɸʣʛʦʨʠʪʤ ʠʟʤʝʨʝʥʠʷ CS ʦʧʠʩʳʚʘʝʪʩʷ ʬʦʨʤʫʣʦʡ: 

10lg RC

sig

P
CS

P

å õ
= æ öæ ö

ç ÷

, ʜɹ, 

ʛʜʝ RCP  - ʩʨʝʜʥʷʷ ʤʦʱʥʦʩʪʴ ʧʠʣʦʪʥʳʭ ʥʝʩʫʱʠʭ ʙʝʟ ʫʯʝʪʘ ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʩʫʱʝʡ, sigP  -

 ʦʪʢʣʦʥʝʥʠʝ ʤʦʱʥʦʩʪʠ ʮʝʥʪʨʘʣʴʥʦʡ ʧʠʣʦʪʥʦʡ ʥʝʩʫʱʝʡ ʩʠʛʥʘʣʘ, 
ʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ OFDM, ʦʪ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʠ ʦʩʪʘʣʴʥʳʭ ʧʠʣʦʪʥʳʭ ʥʝʩʫʱʠʭ. 

ʉʠʩʪʝʤʘ ʈɸɺʀʉ ʩʯʠʪʘʝʪʩʷ ʚʳʜʝʨʞʘʚʰʝʡ ʠʩʧʳʪʘʥʠʷ ʧʦ ʜʘʥʥʦʤʫ ʧʘʨʘʤʝʪʨʫ, 

ʝʩʣʠ ʠʟʤʝʨʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʉS ʥʝ ʤʝʥʝʝ 66 ʜɹ ʥʘ ʠʥʪʝʨʬʝʡʩʝ L ʠ ʥʝ 

ʤʝʥʝʝ 60 ʜɹ ʥʘ ʠʥʪʝʨʬʝʡʩʝ M. 
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6.4.14 ʇʨʦʚʝʨʢʘ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ɸʏʍ ʠ ɻɺɿ 

ʎʝʣʴ: ɸʏʍ ʠ ɻɺɿ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʝʨʝʜʘʪʯʠʢʘ ʩʠʛʥʘʣʘ OFDM 

ʠ ʢʘʥʘʣʘ ʧʝʨʝʜʘʯʠ, ʚʣʠʷʶʱʠʤʠ ʥʘ ʪʦʯʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʈɸɺʀʉ. 

ʀʟʤʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʬʝʡʩ: L , ʄ ʠʣʠ N. 

ʀʟʤʝʨʠʪʝʣʴʥʳʡ ʩʠʛʥʘʣ: çʀʉ ʇʉɼʇè. 

ʄʝʪʦʜ: ʇʨʠ ʠʟʤʝʨʝʥʠʷʭ ʤʘʢʩʠʤʘʣʴʥʦʡ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ɸʏʍ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʬʦʨʤʫʣʘ: 

max

min

10lg
P

AFC
P

å õ
= æ ö

ç ÷
, ʜɹ, 

ʛʜʝ maxP  - ʤʦʱʥʦʩʪʴ ʧʠʣʦʪʥʦʡ ʥʝʩʫʱʝʡ ʩʠʛʥʘʣʘ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʫʨʦʚʥʝʤ, 

ʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ OFDM, ʘ minP  - ʤʦʱʥʦʩʪʴ ʧʠʣʦʪʥʦʡ ʥʝʩʫʱʝʡ ʩ ʤʠʥʠʤʘʣʴʥʳʤ 

ʫʨʦʚʥʝʤ. 

ʇʨʠ ʠʟʤʝʨʝʥʠʷʭ ʤʘʢʩʠʤʘʣʴʥʦʡ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ɻɺɿ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʬʦʨʤʫʣʘ: 

max minGTD T T= - , ʥʩ, 

ʛʜʝ maxT  - ʤʘʢʩʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ ʧʠʣʦʪʥʦʡ ʥʝʩʫʱʝʡ ʩʠʛʥʘʣʘ ʚ ʩʧʝʢʪʨʝ OFDM, 

ʘ minT  - ʤʠʥʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ ʧʠʣʦʪʥʦʡ ʥʝʩʫʱʝʡ ʩʠʛʥʘʣʘ ʚ ʩʧʝʢʪʨʝ 

OFDM. 

ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʷʪʩʷ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʣʝʢʩʘ ʂʀ-ʊɺʄ-ʈɸɺʀʉ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ 

ʨʝʞʠʤʝ. 

ʉʠʩʪʝʤʘ ʈɸɺʀʉ ʩʯʠʪʘʝʪʩʷ ʚʳʜʝʨʞʘʚʰʝʡ ʠʩʧʳʪʘʥʠʷ ʧʦ ʜʘʥʥʦʤʫ ʧʘʨʘʤʝʪʨʫ, 

ʝʩʣʠ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ɸʏʍ ʜʣʷ ʫʩʣʦʚʥʦʡ ʰʠʨʠʥʳ ʧʦʣʦʩʳ BW = 100; 200; 250 ʢɻʮ 

ʩʠʛʥʘʣʘ ʈɸɺʀʉ ʥʝ ʙʦʣʝʝ Ñ0,5 ʜɹ ʥʘ ʠʥʪʝʨʬʝʡʩʝ L ʠ ʥʝ ʙʦʣʝʝ Ñ2,5 ʜɹ ʥʘ 

ʠʥʪʝʨʬʝʡʩʝ M, ʘ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ɻɺɿ ʥʝ ʙʦʣʝʝ Ñ5 ʥʩ ʥʘ ʠʥʪʝʨʬʝʡʩʝ L ʠ ʥʝ ʙʦʣʝʝ 

Ñ10 ʥʩ ʥʘ ʠʥʪʝʨʬʝʡʩʝ M. 

6.5 ʇʨʦʚʝʨʢʘ ʩʦʦʪʚʝʪʩʪʚʠʷ ʪʨʝʙʦʚʘʥʠʷʤ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʠ 

ʤʝʭʘʥʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ʧʦ ʧ.5.4 

6.5.1 ʇʨʦʚʝʨʢʫ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʪʨʝʙʦʚʘʥʠʷʤ 5.4.1 ʧʨʦʚʦʜʷʪ ʠʩʧʳʪʘʥʠʝʤ 

ʩʠʩʪʝʤʳ ʈɸɺʀʉ ʧʨʠ ʨʘʙʦʪʝ ʚ ʩʣʝʜʫʶʱʠʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ: 

- ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʚ ʧʦʤʝʱʝʥʠʠ ʦʪ 10 ʜʦ 25Áʉ; 

- ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ 80 % ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 20Áʉ. 
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ɺ ʧʨʦʮʝʩʩʝ ʠʩʧʳʪʘʥʠʡ ʩʠʩʪʝʤʳ ʈɸɺʀʉ ʚ ʪʝʯʝʥʠʝ ʢʦʥʪʨʦʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʧʨʠ 

ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʧʦʥʠʞʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʧʦʚʳʰʝʥʥʦʡ ʚʣʘʞʥʦʩʪʠ 

ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷʤ ʨʘʟʜʝʣʦʚ 5 ʠ 6.2 

ʥʘʩʪʦʷʱʝʛʦ ʩʪʘʥʜʘʨʪʘ. 

6.5.2 ʇʨʦʚʝʨʢʫ ʩʦʦʪʚʝʪʩʪʚʠʷ ʪʨʝʙʦʚʘʥʠʷʤ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʠ 

ʤʝʭʘʥʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ʧʦ ʧ.5.4.2 ʧʨʠ ʭʨʘʥʝʥʠʠ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʠ ʧʨʦʚʦʜʷʪ 

ʧʦ ɻʆʉʊ 22261. 
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8 ɹʠʙʣʠʦʛʨʘʬʠʷ 

[1] ɻʆʉʊ ʈ 54309ð2011 ɸʫʜʠʦʚʠʟʫʘʣʴʥʘ ̫ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ 

ʩʠʩʪʝʤʘ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ (ʈɸɺʀʉ). 

ʇʨʦʮʝʩʩʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʘʜʨʦʚʦʡ 

ʩʪʨʫʢʪʫʨʳ, ʢʘʥʘʣʴʥʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ ʠ 

ʤʦʜʫʣʷʮʠʠ ʜʣʷ ʩʠʩʪʝʤʳ ʮʠʬʨʦʚʦʛʦ 

ʥʘʟʝʤʥʦʛʦ ʫʟʢʦʧʦʣʦʩʥʦʛʦ 

ʨʘʜʠʦʚʝʱʘʥʠʷ ʚ ʆɺʏ ʜʠʘʧʘʟʦʥʝ. 

ʊʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ 

 (ɻʆʉʊ ʈ 54309ð2011) (Realtime audiovisual information 

system (RAVIS). Framing structure, 

channel coding and modulation for 

digital terrestrial narrowband 

broadcasting system for VHF band. 

Technical specification) 

[2] ʀʉʆ/ʄʕʂ 13818-1: 2007 ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ï 

ʋʥʠʚʝʨʩʘʣʴʥʦʝ ʢʦʜʠʨʦʚʘʥʠʝ 

ʜʚʠʞʫʱʠʭʩʷ ʠʟʦʙʨʘʞʝʥʠʡ ʠ 

ʩʚʷʟʘʥʥʦʡ ʩ ʥʠʤʠ ʟʚʫʢʦʚʦʡ 

ʠʥʬʦʨʤʘʮʠʠ: ʉʠʩʪʝʤʳ 

 (ISO/IEC 13818-1:2007) (Information technology ï Generic 

coding of moving pictures and 

associated audio information: Systems) 

[3] ETSI TR 101 290 V1.2.1 (2001-05) ʎʠʬʨʦʚʦʝ ʚʠʜʝʦʚʝʱʘʥʠʝ; 

ʈʫʢʦʚʦʜʩʪʚʦ ʧʦ ʠʟʤʝʨʝʥʠʷʤ ʚ 

ʩʠʩʪʝʤʘʭ DVB 

 (ETSI TR 101 290 V1.2.1 (2001-05)) (Digital Video Broadcasting (DVB); 

Measurement guidelines for DVB 

systems) 

[4] ɼʦʢʫʤʝʥʪ DVB A14-2 (2012-07) ʈʫʢʦʚʦʜʩʪʚʦ ʧʦ ʠʟʤʝʨʝʥʠʷʤ ʚ 
ʩʠʩʪʝʤʘʭ ʮʠʬʨʦʚʦʛʦ ʪʝʣʝʚʠʟʠʦʥʥʦʛʦ 
ʚʝʱʘʥʠʷ (DVB); ʇʦʧʨʘʚʢʠ, ʚʥʝʩʝʥʥʳʝ 
ʚ ʩʠʩʪʝʤʫ DVB-T2 
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 DVB Document A14-2 (2012-07) (Digital Video Broadcasting (DVB); 

Measurement guidelines for DVB 

systems; Amendment for DVB-T2 

System) 

[5] ETSI EN 300 744 v1.6.1 (2009-01) ʎʠʬʨʦʚʦʝ ʚʠʜʝʦʚʝʱʘʥʠʝ. ʄʝʪʦʜʳ 

ʢʘʥʘʣʴʥʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ, 

ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʷ ʠ ʤʦʜʫʣʷʮʠʠ ʚ 

ʮʠʬʨʦʚʳʭ ʩʠʩʪʝʤʘʭ ʥʘʟʝʤʥʦʛʦ 

ʪʝʣʝʚʠʜʝʥʠʷ 

 (ETSI EN 300 744 v1.6.1 (2009-01)) (Digital Video Broadcasting (DVB); 

Framing structure, channel coding and 

modulation for digital terrestrial 

television) 

[6] ITU-T ʈʝʢʦʤʝʥʜʘʮʠʷ O.151 (10/92) ITU-T ʈʝʢʦʤʝʥʜʘʮʠʷ O.151: 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʜʦʣʠ 

ʦʰʠʙʦʢ, ʨʘʙʦʪʘʶʱʝʝ ʥʘ ʧʝʨʚʠʯʥʦʡ 

ʩʢʦʨʦʩʪʠ ʠ ʚʳʰʝ 

 (ITU-T Recommendation O.151 (10/92)) (ITU-T Recommendation O.151: "Error 

performance measuring equipment 

operating at the primary rate and above) 
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ʋɼʂ  621.396:621.397:006.354 ʆʂʉ  33.140 ʆʂʇ  65 7000 4 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʫʜʠʦʚʠʟʫʘʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʨʝʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ ʈɸɺʀʉ, ʥʦʨʤʳ ʥʘ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʪʝʭʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ, 

ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʩʠʛʥʘʣʳ, ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʠʥʪʝʨʬʝʡʩʳ, ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʡ ʠ 

ʠʩʧʳʪʘʥʠʡ 

 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʦʨʛʘʥʠʟʘʮʠʠ-ʨʘʟʨʘʙʦʪʯʠʢʘ 

ʅʇʌ ʆʆʆ çʉɸɼ-ʂʆʄè 

ɻʝʥʝʨʘʣʴʥʳʡ ʜʠʨʝʢʪʦʨ  ɸ.ɺ. ɼʚʦʨʢʦʚʠʯ 

ʀʩʧʦʣʥʠʪʝʣʴ 

 

 

ɺʝʜʫʱʠʡ ʥʘʫʯʥʳʡ 

ʩʦʪʨʫʜʥʠʢ  ɺ.ʊ. ɹʘʩʠʡ 
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ʇʨʠʣʦʞʝʥʠʝ ɸ. ʄʘʩʢʠ ʦʛʠʙʘʶʱʝʡ ʚʥʝʧʦʣʦʩʥʳʭ ʨʘʜʠʦʢʦʣʝʙʘʥʠʡ ʜʣʷ ʫʩʣʦʚʥʳʭ 

ʟʥʘʯʝʥʠʡ ʰʠʨʠʥʳ ʧʦʣʦʩʳ ʯʘʩʪʦʪ 100, 200 ʠ 250 ʢɻʮ 

 

ʈʠʩʫʥʦʢ 1 ï ʄʘʩʢʘ ʦʛʠʙʘʶʱʝʡ ʚʥʝʧʦʣʦʩʥʳʭ ʨʘʜʠʦʢʦʣʝʙʘʥʠʡ ʜʣʷ ʫʩʣʦʚʥʦʡ ʰʠʨʠʥʳ 

ʧʦʣʦʩʳ ʯʘʩʪʦʪ 100 ʢɻʮ 

 

ʈʠʩʫʥʦʢ 2 ï ʄʘʩʢʘ ʦʛʠʙʘʶʱʝʡ ʚʥʝʧʦʣʦʩʥʳʭ ʨʘʜʠʦʢʦʣʝʙʘʥʠʡ ʜʣʷ ʫʩʣʦʚʥʦʡ ʰʠʨʠʥʳ 

ʧʦʣʦʩʳ ʯʘʩʪʦʪ 200 ʢɻʮ 
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ʈʠʩʫʥʦʢ 3 ï ʄʘʩʢʘ ʦʛʠʙʘʶʱʝʡ ʚʥʝʧʦʣʦʩʥʳʭ ʨʘʜʠʦʢʦʣʝʙʘʥʠʡ ʜʣʷ ʫʩʣʦʚʥʦʡ ʰʠʨʠʥʳ 

ʧʦʣʦʩʳ ʯʘʩʪʦʪ 250 ʢɻʮ 
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ʇʨʠʣʦʞʝʥʠʝ ɹ. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ BER ʦʪ ʆʉʐ 

 

ʈʠʩʫʥʦʢ 1 - ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ BER ʦʪ ʆʉʐ 
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ʇʨʠʣʦʞʝʥʠʝ ɺ. ʇʨʠʤʝʨʳ ʠʟʤʝʨʝʥʠʡ ʚ ʨʘʜʠʦʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ 

ʂ ʧ.6.4.1 ʇʨʦʚʝʨʢʘ ʪʦʯʥʦʩʪʠ ʥʘʩʪʨʦʡʢʠ ʧʦ ʈʏ 

ɺ ʘʥʘʣʠʟʘʪʦʨʝ ʩʧʝʢʪʨʘ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ ʫʧʨʘʚʣʝʥʠʷ ESA-F_ref.vee ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ VEE Pro ʠʟʤʝʨʠʪʴ ʯʘʩʪʦʪʳ (0)f  ʠ (0) 20f +  (ʨʠʩʫʥʢʠ 1, 2). 

 

ʈʠʩʫʥʦʢ 1. Agilent E440B. ʈʝʟʫʣʴʪʘʪ ʠʟʤʝʨʝʥʠʡ ʨʘʟʥʦʩʪʠ ʯʘʩʪʦʪ (0)f  ʠ (0) 20f +  

 

ʈʠʩʫʥʦʢ 2. VEE Pro. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʯʘʩʪʦʪ (0)f  ʠ (0) 20f +  ʠ ʠʭ ʨʘʟʥʦʩʪʠ 
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ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʘʥʘʣʠʟʘʪʦʨ ʩʧʝʢʪʨʘ ʠʤʝʝʪ ʘʙʩʦʣʶʪʥʫʶ 

ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʯʘʩʪʦʪʳ fD  = ʧʣʶʩ 11 ɻʮ (ʨʠʩʫʥʦʢ 2), ʦʪʢʦʨʨʝʢʪʠʨʦʚʘʥʥʦʝ 

ʟʥʘʯʝʥʠʝ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ʩʧʝʢʪʨʘ ʨʘʚʥʦ 0f  = 66 859 996 ɻʮ. 

 

ʂ ʧ.6.4.2 ʇʨʦʚʝʨʢʘ ʰʠʨʠʥʳ ʢʘʥʘʣʘ (ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʢʨʘʡʥʠʤʠ ʥʝʩʫʱʠʤʠ ʩʧʝʢʪʨʘ 

ʩʠʛʥʘʣʘ) ʧʦ ʈʏ 

ʈʘʩʩʤʦʪʨʠʤ ʤʝʪʦʜʠʢʫ ʠʟʤʝʨʝʥʠʷ ʜʣʷ ʰʠʨʠʥʳ ʧʦʣʦʩʳ ʯʘʩʪʦʪ ʩʧʝʢʪʨʘ 250 ʢɻʮ. ɼʣʷ 

ʧʦʣʦʩʳ ʯʘʩʪʦʪ ʩʧʝʢʪʨʘ 200 ʠ 100 ʢɻʮ ʤʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʷ ʘʥʘʣʦʛʠʯʥʘ. 

 

6.4.2.1 ʇʦʣʦʩʘ 250 ʢɻʮ 

ʀʟʤʝʨʝʥʠʝ ʇʇʅ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʯʘʩʪʦʪʦʡ 

ɺ ʘʥʘʣʠʟʘʪʦʨʝ ʩʧʝʢʪʨʘ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ ʫʧʨʘʚʣʝʥʠʷ ESA-F_min-250.vee 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ VEE Pro ʠʟʤʝʨʠʪʴ ʯʘʩʪʦʪʳ ( 276)f -  ʠ ( 276) 20f - - , ʨʝʟʫʣʴʪʘʪʳ 

ʠʟʤʝʨʝʥʠʡ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 3, 4. ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʘʥʘʣʠʟʘʪʦʨ ʩʧʝʢʪʨʘ ʠʤʝʝʪ ʘʙʩʦʣʶʪʥʫʶ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʯʘʩʪʦʪʳ fD  = 10 ɻʮ 

(ʨʠʩʫʥʦʢ 4), ʦʪʢʦʨʨʝʢʪʠʨʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʯʘʩʪʦʪʳ ( 276)f -  = 66 737 329 ɻʮ. 

ʀʟʤʝʨʝʥʠʝ ʇʇʅ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʯʘʩʪʦʪʦʡ 

ɺ ʘʥʘʣʠʟʘʪʦʨʝ ʩʧʝʢʪʨʘ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ ʫʧʨʘʚʣʝʥʠʷ ESA-F_max-250.vee 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ VEE Pro ʠʟʤʝʨʠʪʴ ʯʘʩʪʦʪʳ (276)f  ʠ (276) 20f - , ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ 

ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 5, 6. ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʘʥʘʣʠʟʘʪʦʨ 

ʩʧʝʢʪʨʘ ʠʤʝʝʪ ʘʙʩʦʣʶʪʥʫʶ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʯʘʩʪʦʪʳ 10 ɻʮ (ʨʠʩʫʥʦʢ 6), 

ʦʪʢʦʨʨʝʢʪʠʨʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʯʘʩʪʦʪʳ (276)f  = 66 98266 662 ɻʮ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʤʝʨʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʰʠʨʠʥʳ ʧʦʣʦʩʳ ʯʘʩʪʦʪ ʨʘʚʥʦ fD =245,333 ʢɻʮ. 

 

ʈʠʩʫʥʦʢ 3. Agilent E440B. ʈʝʟʫʣʴʪʘʪ ʠʟʤʝʨʝʥʠʡ ʨʘʟʥʦʩʪʠ ʯʘʩʪʦʪ ( 276)f -  ʠ ( 276) 20f - -  
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ʈʠʩʫʥʦʢ 4. VEE Pro. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʯʘʩʪʦʪ ( 276)f -  ʠ ( 276) 20f - -  ʠ ʠʭ ʨʘʟʥʦʩʪʠ 

 

ʈʠʩʫʥʦʢ 5. Agilent E440B. ʈʝʟʫʣʴʪʘʪ ʠʟʤʝʨʝʥʠʡ ʨʘʟʥʦʩʪʠ ʯʘʩʪʦʪ (276)f  ʠ (276) 20f -  
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ʈʠʩʫʥʦʢ 6. VEE Pro. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʯʘʩʪʦʪ (276)f  ʠ (276) 20f -  ʠ ʠʭ ʨʘʟʥʦʩʪʠ 

ʂ ʧ.6.4.3 ʇʨʦʚʝʨʢʘ ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʠʤʚʦʣʘ ʥʘ ʨʘʜʠʦʯʘʩʪʦʪʝ (ʧʨʦʚʝʨʢʘ ʟʘʱʠʪʥʦʛʦ 

ʠʥʪʝʨʚʘʣʘ) 

ɺ ʘʥʘʣʠʟʘʪʦʨʝ ʩʧʝʢʪʨʘ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ ʫʧʨʘʚʣʝʥʠʷ Symbol_lenght_measurement.vee 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ VEE Pro ʠʟʤʝʨʠʪʴ ʧʝʨʠʦʜ ʧʦʚʪʦʨʝʥʠʷ ʈʇʅ ʩ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ 

ʬʘʟʦʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʷʪʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʩʠʤʚʦʣʦʚ ʈɸɺʀʉ - 

ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 7 - 9. 

 

ʈʠʩʫʥʦʢ 7. ʉʧʝʢʪʨ ʀʉ çʈʇʅè ʚ ʧʦʣʦʩʝ ʩʢʘʥʠʨʦʚʘʥʠʷ (Span) 320 ʢɻʮ 
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ʈʠʩʫʥʦʢ 8. ʉʧʝʢʪʨ ʀʉ çʈʇʅè ʚ ʧʦʣʦʩʝ ʩʢʘʥʠʨʦʚʘʥʠʷ (Span) 1 ʢɻʮ 

 

ʈʠʩʫʥʦʢ 9. VEE Pro. ʀʟʤʝʨʝʥʠʝ ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʷʪʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʩʠʤʚʦʣʦʚ ʈɸɺʀʉ 

ʀʟʤʝʨʝʥʥʘʷ ʜʣʠʪʝʣʴʥʦʩʪ ɹʧʷʪʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʩʠʤʚʦʣʦʚ ʈɸɺʀʉ ʩʦʩʪʘʚʣʷʝʪ 2,525 ʤʩ 

(ʨʠʩʫʥʦʢ 8). 

 

ʂ ʧ.6.4.4 ʇʨʦʚʝʨʢʘ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʈʏ ʠ ʇʏ 

6.4.4.1 ʇʨʦʚʝʨʢʘ ʩʧʝʢʪʨʘ ʈʏ ʠ ʇʏ 
6.4.4.1.1 ʇʨʠ ʠʟʤʝʨʝʥʠʷʭ ʧʣʦʪʥʦʩʪʠ ʩʧʝʢʪʨʘ ʇʏ ʠ ʈʏ ʩʠʛʥʘʣʘ ʈɸɺʀʉ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʧʨʦʛʨʘʤʤʘ Spectrum_mask2.vee ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Agilent VEE Pro. 

ʀʟʤʝʨʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ ʧʨʦʠʟʚʦʜʷʪʩʷ ʮʠʢʣʘʤʠ ʧʦ ʚʩʝʤ ʪʦʯʢʘʤ ʤʘʩʢʠ 

ʩʧʝʢʪʨʘ. ʀʟʤʝʨʝʥʠʷ ʢʘʞʜʦʡ ʪʦʯʢʠ ʤʘʩʢʠ ʧʨʦʚʦʜʷʪʩʷ ʩ 64-ʢʨʘʪʥʳʤ ʫʩʨʝʜʥʝʥʠʝʤ ʚ ʧʦʣʦʩʝ 


