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ȔȘȎȒȚȘȌȊȗȒȩ: ȒȜȘȍȒ 25 ȕȏȜ 

ȚȊȑȌȒȜȒȩ 

ɿʫʙʘʨʝʚ ʖ.ɹ. 
ʄʦʩʢʦʚʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʣʝʚʠʟʠʦʥʥʳʡ ʠʥʩʪʠʪʫʪ 
ɿʦʣʦʪʘʨʸʚ ɺ.ɺ.,  
ʀʥʩʪʠʪʫʪ ʢʦʩʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʈɸʅ  
ʆʚʝʯʢʠʥ ɻ.ɺ., ʆʚʝʯʢʠʥ ʇ.ɺ. 
ʈʷʟʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʎʠʬʨʦʚʘʷ ʦʙʨʘʙʦʪʢʘ ʩʠʛʥʘʣʦʚ (30.03.2016) 
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șȘȖȏȟȘȝțȜȘȓȡȒȌȘȏ ȔȘȎȒȚȘȌȊȗȒȏ 

ʇʦʤʝʭʦʫʩʪʦʡʯʠʚʦʝ ʢʦʜʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ: 
Åʩʥʠʞʘʪʴ ʤʦʱʥʦʩʪʴ ʧʝʨʝʜʘʪʯʠʢʘ; 
Åʧʦʚʳʰʘʪʴ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ; 
Åʫʤʝʥʴʰʘʪʴ ʨʘʟʤʝʨʳ ʘʥʪʝʥʥ; 
Åʧʦʚʳʰʘʪʴ ʜʘʣʴʥʦʩʪʴ ʩʚʷʟʠ; 
Åʵʢʦʥʦʤʠʪʴ ʧʦʣʦʩʫ ʯʘʩʪʦʪ; 
Åʫʚʝʣʠʯʠʪʴ ʧʣʦʪʥʦʩʪʴ ʟʘʧʠʩʠ; 
Åʧʦʚʳʩʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ; 
Åʧʦʚʳʩʠʪʴ ʢ.ʧ.ʜ. ʠʩʧʦʣʴʟʫʝʤʳʭ ʢʘʥʘʣʦʚ. 

ʂʦʜʠʨʦʚʘʥʠʝ - ʵʪʦ  ʚʚʝʜʝʥʠʝ ʠʟʙʳʪʦʯʥʦʩʪʠ ʚ ʧʝʨʝʜʘʚʘʝʤʦʝ ʩʦʦʙʱʝʥʠʝ 
ʜʣʷ ʠʩʧʨʘʚʣʝʥʠʷ ʦʰʠʙʦʢ ʧʝʨʝʜʘʯʠ ʠ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ. 

k  ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʤʚʦʣʦʚ m ʠʟʙʳʪʦʯʥʳʭ ʩʠʤʚʦʣʦʚ 

n = k + m - ʜʣʠʥʘ ʢʦʜʘ 

R=k/n - ʢʦʜʦʚʘʷ ʩʢʦʨʦʩʪʴ (ʜʦʣʷ ʧʦʣʝʟʥʦʡ ʠʥʬʦʨʤʘʮʠʠ) 

+ 



ȠȏȗȗȘțȜȦ șȘȖȏȟȘȝțȜȘȓȡȒȌȘȍȘ 

ȔȘȎȒȚȘȌȊȗȒȩ 

ɽʩʣʠ R<C, ʪʦ ʚʦʟʤʦʞʥʘ ʧʝʨʝʜʘʯʘ 

ʠʥʬʦʨʤʘʮʠʠ ʩʦ ʩʢʦʣʴ ʫʛʦʜʥʦ ʚʳʩʦʢʦʡ 

ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ (ʪʝʦʨʝʤʘ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ). 

ʆʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ: ʜʝʢʦʜʠʨʦʚʘʥʠʝ 

ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʳʭ ʢʦʜʦʚ ʩ ʙʣʠʟʢʦʡ ʢ 

ʧʨʝʜʝʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʧʨʠ 

ʤʠʥʠʤʘʣʴʥʦ  ʚʦʟʤʦʞʥʦʡ ʩʣʦʞʥʦʩʪʠ 

ʨʝʘʣʠʟʘʮʠʠ. 

ɼʣ ̫ ʧʦʣʫʯʝʥʠʷ ʥʘʠʙʦʣʴʰʝʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʦʜʳ ʜʦʣʞʥʳ ʙʳʪʴ 

ʜʣʠʥʥʳʤʠ. 

ʇʨʠʤʝʥʝʥʠʝ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʛʦ 

ʢʦʜʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʚʳʠʛʨʳʰ ʢʦʜʠʨʦʚʘʥʠʷ 

(ʕɺʂ), ʢʘʞʜʳʡ ʜʝʮʠʙʝʣ ʢʦʪʦʨʦʛʦ 

ʦʮʝʥʠʚʘʝʪʩʷ ʚ ʜʝʩʷʪʢʠ ʤʠʣʣʠʦʥʦʚ 

ʜʦʣʣʘʨʦʚ ʚ ʩʨʝʜʥʝʤʘʩʰʪʘʙʥʳʭ 

ʩʠʩʪʝʤʘʭ. 

 

G = (Eb/N0)ʙʝʟ ʢʦʜʠʨ. ï (Eb/N0)ʩ ʢʦʜʠʨ. 

 

ʕɺʂ ʚ 3 ʜɹ ʧʦʟʚʦʣʷʝʪ: 

Å ʩʥʠʟʠʪʴ ʤʦʱʥʦʩʪʴ ʧʝʨʝʜʘʪʯʠʢʘ ʚ 2 

ʨʘʟʘ; 

Å ʧʦʚʳʩʠʪʴ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

ʥʘ 50%; 

Å ʫʤʝʥʴʰʠʪʴ ʨʘʟʤʝʨʳ ʘʥʪʝʥʥ ʥʘ 30%; 

Å ʧʦʚʳʩʠʪʴ ʜʘʣʴʥʦʩʪʴ ʩʚʷʟʠ ʥʘ 40%; 

Å ʫʤʝʥʴʰʠʪʴ ʟʘʥʠʤʘʝʤʫʶ ʧʦʣʦʩʫ ʯʘʩʪʦʪ 

ʚ 2 ʨʘʟʘ;  

Å ʩʥʠʟʠʪʴ ʪʨʝʙʦʚʘʥʠʷ ʢ ʫʨʦʚʥʶ ʰʫʤʘ ʚ 

ʢʘʥʘʣʝ ʥʘ 3 ʜɹ. 



ɼʘʞʝ ʢʦʜʳ ʜʣʠʥʳ n=1000  ʥʝʵʬʬʝʢʪʠʚʥʳ   

ʧʨʠ   ʚʝʨʦʷʪʥʦʩʪʠ   ʦʰʠʙʢʠ  ʚ   ʢʘʥʘʣʝ  ʈ0>0.08.   

ɸ   ʪʝʦʨʠʷ   ʫʪʚʝʨʞʜʘʝʪ,  

ʯʪʦ  ʤʦʞʥʦ  ʫʩʧʝʰʥʦ ʨʘʙʦʪʘʪʴ  ʧʨʠ  ʈ0<0.11  !!! 

ʀ  ʵʪʦ  ʧʨʠ   2500    ʚʘʨʠʘʥʪʘʭ ʨʝʰʝʥʠʡ!  
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P0 - ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʢʠ ʚ ɼʉʂ
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ȗȒȐȗȒȏ ȘȠȏȗȔȒ ȌȏȚȘȩȜȗȘțȜȏȓ ȘȢȒȋȔȒ 

 ȎȏȔȘȎȒȚȘȌȊȗȒȩ ȋȕȘȔȘȌȥȟ ȔȘȎȘȌ ț R=1/2   



ȍȕȊȌȗȥȏ șȚȘȋȕȏȖȥ    
ȜȏȟȗȒȔȒ ȔȘȎȒȚȘȌȊȗȒȩ 

1. ɼʝʢʦʜʠʨʦʚʘʥʠʝ ï ʧʨʦʱʝ! 

2. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ï ʚʳʰʝ! 

3. ʂ.ʧ.ʜ. ʢʘʥʘʣʦʚ ï ʙʦʣʴʰʝ!  
 

ʂʘʢ ʚʩʝʛʦ ʵʪʦʛʦ ʜʦʩʪʠʯʴ? 

  ʅʘ ʦʩʥʦʚʝ ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʡ ʪʝʦʨʠʠ ʠ 

ʤʥʦʛʦʧʦʨʦʛʦʚʳʭ ʜʝʢʦʜʝʨʦʚ  (ʄʇɼ) !!! 
 

ɿʦʣʦʪʘʨʸʚ ɺ.ɺ. ʉʫʙʦʧʪʠʤʘʣʴʥʳʝ ʘʣʛʦʨʠʪʤʳ 

ʤʥʦʛʦʧʦʨʦʛʦʚʦʛʦ ʜʝʢʦʜʠʨʦʚʘʥʠʷ // ɼʦʢʪʦʨʩʢʘʷ 

ʜʠʩʩʝʨʪʘʮʠʷ. ʄ., 1990.  



ȘțȗȘȌȗȊȩ ȒȎȏȩ ȖȗȘȍȘșȘȚȘȍȘȌȘȍȘ 

ȎȏȔȘȎȒȚȘȌȊȗȒȩ 



ʖʙʠʣʝʡ  ʆʊ 7 

șȘȌȜȘȚȗȘȏ șȘȚȘȍȘȌȘȏ ȎȏȔȘȎȒȚȘȌȊȗȒȏ 

D=11, R=1/2  



țȟȏȖȊ ȔȘȎȏȚȊ Ȓ ȖȗȘȍȘșȘȚȘȍȘȌȘȍȘ 

ȎȏȔȘȎȏȚȊ țȌȏȚȜȘȡȗȘȍȘ ȔȘȎȊ ț R=1/2  
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ʄʥʦʛʦʧʦʨʦʛʦʚʳʡ ʜʝʢʦʜʝʨ (ʄʇɼ) ʩ ʜʚʫʤʷ ʠʪʝʨʘʮʠʷʤʠ 

ʆʩʥʦʚʘ ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʡ ʪʝʦʨʠʠ! 

ʄʥʦʛʦʧʦʨʦʛʦʚʳʡ ʜʝʢʦʜʝʨ ʷʚʣʷʝʪʩʷ ʤʦʜʠʬʠʢʘʮʠʝʡ ʦʙʳʯʥʦʛʦ ʧʦʨʦʛʦʚʦʛʦ ʜʝʢʦʜʝʨʘ ʄʝʩʩʠ. 

ʄʇɼ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʜʝʢʦʜʠʨʦʚʘʥʠʷ ʙʣʦʢʦʚʳʭ ʠ ʩʚʝʨʪʦʯʥʳʭ ʜʚʦʠʯʥʳʭ ʠ ʥʝʜʚʦʠʯʥʳʭ 

ʩʘʤʦʦʨʪʦʛʦʥʘʣʴʥʳʭ ʢʦʜʦʚ . 

ʇʨʠ ʢʘʞʜʦʤ ʠʟʤʝʥʝʥʠʠ ʜʝʢʦʜʠʨʫʝʤʳʭ ʩʠʤʚʦʣʦʚ ʨʝʰʝʥʠʝ ʄʇɼ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʦʧʪʠʤʘʣʴʥʦʤʫ. 

ʉʣʦʞʥʦʩʪʴ ʄʇɼ ï ʣʠʥʝʡʥʘʷ! 

ɼʦʢʘʟʘʥʘ ʦʩʥʦʚʥʘʷ ʪʝʦʨʝʤʘ ʤʥʦʛʦʧʦʨʦʛʦʚʦʛʦ ʜʝʢʦʜʠʨʦʚʘʥʠʷ. 



ȘȋȤȏȖ ȌȥȡȒțȕȏȗȒȓ șȚȒ ȎȏȔȘȎȒȚȘȌȊȗȒȒ  
(ȡȒțȕȘ ȘșȏȚȊȠȒȓ ȗȊ ȋȒȜ) 

ʆʙʳʯʥʦ N1~ d* I . 

ɼʣʷ ʄʇɼ ʤʦʞʥʦ ʩʥʠʟʠʪʴ ʦʙʲʝʤ ʚʳʯʠʩʣʝʥʠʡ ʜʦ N2~d+I .  

ʕʪʦ ʚ ~100 ʨʘʟ ʧʨʦʱʝ ʠ ʙʳʩʪʨʝʝ, ʯʝʤ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʪʫʨʙʦ ʢʦʜʦʚ! 
  



ȘțȗȘȌȗȊȩ ȜȏȘȚȏȖȊ 

ȖȗȘȍȘșȘȚȘȍȘȌȘȍȘ ȎȏȔȘȎȒȚȘȌȊȗȒȩ 

 ʇʨʠ ʢʘʞʜʦʤ ʠʟʤʝʥʝʥʠʠ ʜʝʢʦʜʠʨʫʝʤʳʭ ʩʠʤʚʦʣʦʚ ʢʦʜʘ 

ʨʝʰʝʥʠʷ ʄʇɼ ʩʪʨʦʛʦ ʧʨʠʙʣʠʞʘʶʪʩʷ ʢ  ʧʨʠʥʷʪʦʤʫ 

ʩʦʦʙʱʝʥʠʶ,  ʪ.ʝ.  ʧʨʘʚʜʦʧʦʜʦʙʠʝ ʨʝʰʝʥʠʡ  ʄʇɼ ʩʪʨʦʛʦ 

ʚʦʟʨʘʩʪʘʝʪ. 

ʉʣʝʜʩʪʚʠʝ. ʄʇɼ ʤʦʞʝʪ ʧʨʠ ʣʠʥʝʡʥʦʡ ʦʪ ʜʣʠʥʳ ʢʦʜʘ 

ʩʣʦʞʥʦʩʪʠ ʜʝʢʦʜʠʨʦʚʘʥʠʷ  ʜʦʩʪʠʯʴ ʥʘʠʙʦʣʝʝ 

ʧʨʘʚʜʦʧʦʜʦʙʥʦʛʦ ʨʝʰʝʥʠʷ, ʢʦʪʦʨʦʝ ʦʙʳʯʥʦ ʪʨʝʙʫʝʪ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʦʪ ʜʣʠʥʳ ʢʦʜʘ ʩʣʦʞʥʦʩʪʠ.  



ȘșȜȒȖȒȑȊȠȒȘȗȗȊȩ ȜȏȘȚȒȩ  

 ʆʊʄʇɼ ï ʦʩʥʦʚʘ ʪʝʦʨʠʠ! 

ɺʩʝ  ʵʪʘʧʳ: 

- ʥʘʩʪʨʦʡʢʘ ʘʣʛʦʨʠʪʤʘ,  

- ʚʳʙʦʨ  ʢʦʜʦʚ    

- ʩʘʤʠ ʘʣʛʦʨʠʪʤʳ ʄʇɼ  

ʵʪʦ  ʨʝʰʝʥʠʝ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ   
ʟʘʜʘʯ. 

   



ȘȋȣȊȩ ȒȎȏȘȕȘȍȒȩ ȜȏȘȚȒȒ 

ʈʘʟʚʠʚʘʪʴ ʩʣʝʜʫʝʪ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʧʨʦʩʪʝʡʰʠʝ ʘʣʛʦʨʠʪʤʳ   

ʜʝʢʦʜʠʨʦʚʘʥʠʷ.  

ʄʇɼ ï ʪʝʦʨʝʪʠʯʝʩʢʠ  ʧʨʝʜʝʣʴʥʦ ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʠʝ 

ʘʣʛʦʨʠʪʤʳ  ʩ ʟʘʧʘʪʝʥʪʦʚʘʥʥʳʤʠ ʨʝʰʝʥʠʷʤʠ. 

ʄʇɼ  ʚ 102 õ 105  ʨʘʟ ʙʳʩʪʨʝʝ ʧʨʦʯʠʭ ʤʝʪʦʜʦʚ. 

ʉʠʤʚʦʣʴʥʳʝ ʢʦʜʳ ʧʦʣʥʦʩʪʴʶ ʨʝʰʘʶʪ ʚʩʝ ʚʦʧʨʦʩʳ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ   ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʡ ʩʣʦʞʥʦʩʪʠ. 

ʅʦʚʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʆʊʄʇɼ ʤʦʛʫʪ ʩʪʘʪʴ ʤʝʪʦʜʳ 

ʜʠʚʝʨʛʝʥʪʥʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ, ʠʩʧʦʣʴʟʫʶʱʠʝ 

ʘʣʛʦʨʠʪʤʳ ʧʨʷʤʦʛʦ ʢʦʥʪʨʦʣʷ ʤʝʪʨʠʢʠ (ʇʂʄ).  

ɺ ʵʪʦʡ ʦʙʣʘʩʪʠ ʥʘʤʠ ʧʦʜʘʥʳ ʟʘʷʚʢʠ ʥʘ ʧʘʪʝʥʪʳ.  



ȑȊ 25 ȕȏȜ ȒțțȕȏȎȘȌȊȗȒȓ ȚȊȑȚȊȋȘȜȊȗȥ ȖșȎ 

ɼʣʷ ʜʝʢʦʜʠʨʦʚʘʥʠʷ ʙʣʦʢʦʚʳʭ ʠ ʩʚʝʨʪʦʯʥʳʭ 

ʩʘʤʦʦʨʪʦʛʦʥʘʣʴʥʳʭ ʢʦʜʦʚ. 

ʈʘʙʦʪʘʶʱʠʝ ʩ ʥʝʢʘʩʢʘʜʥʳʤʠ ʠ ʢʘʩʢʘʜʥʳʤʠ ʢʦʜʦʚʳʤʠ 

ʢʦʥʩʪʨʫʢʮʠʷʤʠ. 

ɼʣʷ ʢʘʥʘʣʦʚ ʩ ʥʝʟʘʚʠʩʠʤʳʤʠ ʠ ʜʣʷ ʢʘʥʘʣʦʚ ʩ 

ʛʨʫʧʧʠʨʫʶʱʠʤʠʩʷ ʦʰʠʙʢʘʤʠ. 

ɼʣʷ ʠʩʧʨʘʚʣʝʥʠʷ ʙʠʪʦʚʳʭ, ʩʠʤʚʦʣʴʥʳʭ ʦʰʠʙʦʢ ʠ ʜʣʷ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʪʠʨʘʥʠʡ. 

 



ȟȊȚȊȔȜȏȚȒțȜȒȔȒ ȖȏȜȘȎȘȌ ȔȘȚȚȏȔȠȒȒ 

ȘȢȒȋȘȔ Ȍ ȍȊȝțțȘȌțȔȘȖ ȔȊȗȊȕȏ 



țȟȏȖȊ ȔȘȎȏȚȊ ȋȕȘȔȘȌȘȍȘ ȔȘȎȊ ț R=2/ 4 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠ ʥʝʩʢʦʣʴʢʠʭ 

ʧʨʦʚʝʨʦʯʥʳʭ ʚʝʪʚʝʡ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʩʥʠʞʝʥʠʷ 

ʫʨʦʚʥʷ ʨʘʟʤʥʦʞʝʥʠʷ ʦʰʠʙʦʢ ʧʨʠ ʤʥʦʛʦʧʦʨʦʛʦʚʦʤ ʜʝʢʦʜʠʨʦʚʘʥʠʠ. 
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ȟȊȚȊȔȜȏȚȒțȜȒȔȒ ȖȏȜȘȎȘȌ ȔȘȚȚȏȔȠȒȒ 

ȘȢȒȋȘȔ Ȍ Q-ȒȡȗȘȖ țȒȖȖȏȜȚȒȡȗȘȖ ȔȊȗȊȕȏ 
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ȟȊȚȊȔȜȏȚȒțȜȒȔȒ ȖȏȜȘȎȘȌ ȔȘȚȚȏȔȠȒȒ 

ȘȢȒȋȘȔ Ȍ ȔȊȗȊȕȏ țȘ țȜȒȚȊȗȒȩȖȒ 


