
ʆʨʜʝʥʘ ʊʨʫʜʦʚʦʛʦ ʂʨʘʩʥʦʛʦ ɿʥʘʤʝʥʠ ʬʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ 

ʙʁ ʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

çʄʆʉʂʆɺʉʂʀʁ ʊɽʍʅʀʏɽʉʂʀʁ ʋʅʀɺɽʈʉʀʊɽʊ 

ʉɺʗɿʀ ʀ ʀʅʌʆʈʄɸʊʀʂʀè 

 

ʅʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʠ  

 

ɽʨʤʘʢʦʚʘ ɸʥʘʩʪʘʩʠʷ ɺʩʝʚʦʣʦʜʦʚʥʘ  

 

ʇʆɺʓʐɽʅʀɽ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʉʀʉʊɽʄ ʈɸɼʀʆɼʆʉʊʋʇɸ ʅɸ  

ʆʉʅʆɺɽ ʎʀʈʂʋʃʗʈʅʓʍ ʄɸʊʈʀʎ ʄʅʆɻʆʇʆɿʀʎʆʅʅʓʍ  

ʃʀʅɽʁʅʓʍ ʈɽʂʋʈʈɽʅʊʅʓʍ ʇʆʉʃɽɼʆɺɸʊɽʃʔʅʆʉʊɽʁ  

 

ʉʧʝʮʠʘʣʴʥʦʩʪʴ 2.2.13 ï 

çʈʘʜʠʦʪʝʭʥʠʢʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʠʩʪʝʤʳ ʠ ʫʩʪʨʦʡʩʪʚʘ ʪʝʣʝʚʠʜʝʥʠʷè 

ɼʠʩʩʝʨʪʘʮʠʷ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ 

 

 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ:  

ʜ.ʪ.ʥ., ʧʨʦʬ.  

ɻʦʨʛʘʜʟʝ ʉʚʝʪʣʘʥʘ ʌʝʣʠʢʩʦʚʥʘ  

 

ʄʦʩʢʚʘ ð 2026 



 

 

2 

  

ʆɻʃɸɺʃɽʅʀɽ 

ɺɺɽɼɽʅʀɽ ...................................................................................................................... 5 

1. ɸʅɸʃʀɿ ʀ ʉʈɸɺʅɽʅʀɽ ɺɸʈʀɸʅʊʆɺ ʄʅʆɾɽʉʊɺɽʅʅʆɻʆ  ɼʆʉʊʋʇɸ . 17 

1.1.ɺʘʨʠʘʥʪʳ ʩʠʤʤʝʪʨʠʯʥʳʭ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʤʘʪʨʠʮ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ  ʩʠʩʪʝʤ 

ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʩʠʛʥʘʪʫʨ ............................................................................................ 17 

1.2.ʉʠʩʪʝʤʳ ʨʘʜʠʦʜʦʩʪʫʧʘ ʩ OFDM ʩʠʛʥʘʣʘʤʠ ʥʘ ʦʩʥʦʚʝ ɼʕʌ .......................... 20 

1.3.ʉʠʩʪʝʤʳ ʩ ʢʦʜʦʚʳʤ ʨʘʟʜʝʣʝʥʠʝʤ ʥʘ ʦʩʥʦʚʝ ʤʘʪʨʠʮ ʋʦʣʰʘ-ɸʜʘʤʘʨʘ ............ 33 

1.4.ɸʣʴʪʝʨʥʘʪʠʚʥʳʝ ʚʘʨʠʘʥʪʳ ʤʥʦʛʦʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʨʘʜʠʦʜʦʩʪʫʧʘ ............... 34 

1.4.1. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʠ IDMA ʠ CDMA ............................................. 34 

1.4.2.ʄʥʦʞʝʩʪʚʝʥʥʳʡ ʜʦʩʪʫʧ ʩ ʥʠʟʢʦʧʣʦʪʥʦʩʪʥʳʤ ʢʦʜʦʚʳʤ ʨʘʟʜʝʣʝʥʠʝʤ ..... 45 

1.5.ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʙʳʩʪʨʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʨʠ  ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʠ ʦʙʨʘʙʦʪʢʝ ʛʨʫʧʧʦʚʳʭ ʩʠʛʥʘʣʦʚ ʩʠʩʪʝʤ ʨʘʜʠʦʜʦʩʪʫʧʘ ........................................ 47 

ɺʳʚʦʜʳ ʧʦ ʨʘʟʜʝʣʫ 1 ..................................................................................................... 56 

2. ʄʅʆɻʆʉʊɸʅʎʀʆʅʅʓʁ ɼʆʉʊʋʇ ʅɸ ʆʉʅʆɺɽ ʎʀʈʂʋʃʗʈʅʓʍ ʄɸʊʈʀʎ 

ʄʅʆɻʆʇʆɿʀʎʀʆʅʅʓʍ ʃʀʅɽʁʅʓʍ ʈɽʂʋʈʈɽʅʊʅʓʍ 

ʇʆʉʃɽɼʆɺɸʊɽʃʔʅʆʉʊɽʁ ................................................................................... 59 

2.1.ʇʦʩʪʨʦʝʥʠʝ ʤʘʪʨʠʮ-ʮʠʨʢʫʣʷʥʪʦʚ p-ʠʯʥʳʭ ʃʈʇ ............................................... 60 

2.2.ʌʦʨʤʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʤʥʦʛʦʧʦʟʠʮʠʦʥʥʳʭ ʩʠʛʥʘʪʫʨ ʥʘ 

ʦʩʥʦʚʝ ʨ-ʠʯʥʳʭ ʃʈʇ ʠ ʠʭ ʩʚʦʡʩʪʚʘ .......................................................................... 68 

2.3.ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʤʘʪʨʠʮʳ-ʮʠʨʢʫʣʷʥʪʘ p-ʠʯʥʦʡ ʃʈʇ ʢ ʤʘʪʨʠʮʝ  ʬʫʥʢʮʠʡ 

ɺʠʣʝʥʢʠʥʘ-ʂʨʝʩʪʝʥʩʦʥʘ ............................................................................................ 79 

2.4.ʇʝʨʝʜʘʯʘ ʠ ʦʙʨʘʙʦʪʢʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ ʥʘ ʦʩʥʦʚʝ  ʤʘʪʨʠʮʳ-

ʮʠʨʢʫʣʷʥʪʘ p-ʠʯʥʦʡ ʃʈʇ ........................................................................................... 84 



 

 

3 

2.5.ʇʝʨʝʜʘʯʘ ʚ ʦʙʱʝʡ ʧʦʣʦʩʝ ʯʘʩʪʦʪ ʠ ʦʙʨʘʙʦʪʢʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ  ʩʠʛʥʘʣʦʚ ʥʘ 

ʦʩʥʦʚʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʤʥʦʛʠʭ ʤʘʪʨʠʮ-ʮʠʨʢʫʣʷʥʪʦʚ ʨʘʟʥʳʭ  ʨ-ʠʯʥʳʭ ʃʈʇ ʧʨʠ 

ʢʦʤʧʝʥʩʘʮʠʠ ʠʭ ʚʟʘʠʤʥʳʭ ʧʦʤʝʭ ............................................................................. 88 

ɺʳʚʦʜʳ ʧʦ ʨʘʟʜʝʣʫ 2 ..................................................................................................... 92 

3. ʉʀʅʍʈʆʅʀɿɸʎʀʗ ʄʅʆɻʆɿʅɸʏʅʓʍ ʃʀʅɽʁʅʓʍ  ʈɽʂʋʈʈɽʅʊʅʓʍ 

ʇʆʉʃɽɼʆɺɸʊɽʃʔʅʆʉʊɽʁ ʅɸ ʆʉʅʆɺɽ ʆɹʆɹʑɽʅʅʆɻʆ ɹʓʉʊʈʆɻʆ 

ʇʈɽʆɹʈɸɿʆɺɸʅʀʗ ʌʋʈʔɽ .................................................................................... 95 

3.1.ʇʦʩʪʨʦʝʥʠʝ ʤʘʪʨʠʮ-ʮʠʨʢʫʣʷʥʪʦʚ p-ʠʯʥʳʭ ʣʠʥʝʡʥʳʭ ʨʝʢʫʨʨʝʥʪʥʳʭ  

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ................................................................................................. 97 

3.2.ɻʝʥʝʨʘʪʦʨʳ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʳʭ ʛʨʫʧʧ ʠ p-ʠʯʥʳʭ ʃʈʇ ................................ 105 

3.3.ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʤʘʪʨʠʮʳ-ʮʠʨʢʫʣʷʥʪʘ p-ʠʯʥʦʡ ʃʈʇ ʢ ʤʘʪʨʠʮʝ ʬʫʥʢʮʠʡ 

ɺʠʣʝʥʢʠʥʘ-ʂʨʝʩʪʝʥʩʦʥʘ .......................................................................................... 109 

3.4. ʉʠʥʭʨʦʥʠʟʘʮʠʷ ʨ-ʠʯʥʦʡ ʃʈʇ .......................................................................... 112 

ɺʳʚʦʜʳ ʧʦ ʨʘʟʜʝʣʫ 3 ................................................................................................... 116 

4. ɻʈʋʇʇʆɺʓɽ ʉʀɻʅɸʃʓ ʅɸ ʆʉʅʆɺɽ ʉʀʄʄɽʊʈʀʏʅʓʍ 

ʆʈʊʆɻʆʅɸʃʔʅʓʍ ʄɸʊʈʀʎ ʀ ʆɹʈɸɹʆʊʂɸ ʄʅʆɻʆʃʋʏɽɺʓʍ 

ʉʀɻʅɸʃʆɺ  ............................................................................................................. 119 

4.1.ʉʪʨʫʢʪʫʨʘ ʛʨʫʧʧʦʚʦʛʦ ʜʠʩʢʨʝʪʥʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʦʩʥʦʚʝ ʉʆʄ ....................... 119 

4.2.ʇʨʠʩʦʝʜʠʥʝʥʠʝ ʩʠʥʭʨʦʩʠʛʥʘʣʘ ʢ ʉʆʄ, ʧʦʩʪʨʦʝʥʥʦʡ ʥʘ ʦʩʥʦʚʝ  

ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʤʘʪʨʠʮʳ-ʮʠʨʢʫʣʷʥʪʘ ʨ-ʠʯʥʦʡ ʃʈʇ ............................................. 123 

4.3.ʆʙʨʘʙʦʪʢʘ ʛʨʫʧʧʦʚʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʧʨʠʝʤʥʦʡ ʩʪʦʨʦʥʝ ʚ ʦʜʥʦʣʫʯʝʚʦʤ ʢʘʥʘʣʝ ... 

  ......................................................................................................................... 133 

4.4.ʆʙʨʘʙʦʪʢʘ ʛʨʫʧʧʦʚʦʛʦ ʩʠʛʥʘʣʘ ʚ ʤʥʦʛʦʣʫʯʝʚʦʤ ʢʘʥʘʣʝ ................................ 135 

4.5.ɺʦʩʭʦʜʷʱʠʡ ʢʘʥʘʣ .............................................................................................. 145 

ɺʳʚʦʜʳ ʧʦ ʨʘʟʜʝʣʫ 4 ................................................................................................... 147 

ɿɸʂʃʖʏɽʅʀɽ ........................................................................................................... 151 



 

 

4 

ʉʇʀʉʆʂ ʉʆʂʈɸʑɽʅʀʁ ʀ ʋʉʃʆɺʅʓʍ ʆɹʆɿʅɸʏɽʅʀʁ ............................... 153 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ ........................................................................................... 155 

ʇʈʀʃʆɾɽʅʀɽ ɸ. ɸʂʊʓ ɺʅɽɼʈɽʅʀʗ ................................................................. 175 

ʇʈʀʃʆɾɽʅʀɽ ɹ. ʉɺʀɼɽʊɽʃʔʉʊɺɸ ʆ ɻʆʉʋɼɸʈʉʊɺɽʅʅʆʁ  ʈɽɻʀʉʊʈɸʎʀʀ 

ʇʈʆɻʈɸʄʄ ɼʃʗ ʕɺʄ .............................................................................................. 178 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

5 

 

ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʟʨʳʚʥʦʡ ʨʦʩʪ ʦʙʲʝʤʦʚ ʧʝʨʝʜʘʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ 

ʯʠʩʣʘ ʘʙʦʥʝʥʪʦʚ ʩʠʩʪʝʤ ʨʘʜʠʦʜʦʩʪʫʧʘ ï ʪʘʢʠʭ ʢʘʢ ʩʝʪʠ ʤʦʙʠʣʴʥʦʡ ʩʚʷʟʠ, ʨʘʟʣʠʯ-

ʥʳʝ ʩʠʩʪʝʤʳ ʨʘʜʠʦʩʚʷʟʠ ʠ ʨʘʜʠʦʚʝʱʘʥʠʷ, ʪʝʣʝʚʠʜʝʥʠʷ ʠ ʪ.ʜ., ʚʢʣʶʯʘʷ ʩʧʫʪʥʠʢʦ-

ʚʳʝ ʨʘʜʠʦʩʠʩʪʝʤʳ, ï ʩʪʠʤʫʣʠʨʫʝʪ ʧʨʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʪʝʭʥʦʣʦʛʠʡ 

ʤʥʦʛʦʩʪʘʥʮʠʦʥʥʦʛʦ ʜʦʩʪʫʧʘ [1]. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʘʥʘʣʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʧʦʜ-

ʭʦʜʦʚ, ʧʨʠʤʝʥʷʶʱʠʭʩʷ, ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʢʘʢ ʧʨʘʚʠʣʦ ʦʥʠ ʦʩʥʦ-

ʚʳʚʘʶʪʩʷ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʤʦʜʫʣʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʜʠʩʢʨʝʪʥʳʭ 

ʬʫʥʢʮʠʡ, ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʠ ʦʙʨʘʙʦʪʢʝ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʙʳʩʪʨʳʝ ʜʠʩ-

ʢʨʝʪʥʳʝ ʩʧʝʢʪʨʘʣʴʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʧʨʠʯʝʤ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʨʘʟʣʠʯʥʳʭ 

ʧʨʠʣʦʞʝʥʠʷʭ ʧʨʠʤʝʥʷʶʪʩʷ ʣʠʰʴ ʜʚʘ ʪʠʧʘ ʪʘʢʠʭ ʩʠʩʪʝʤ ʬʫʥʢʮʠʡ, ʷʚʣʷʶʱʠʭʩʷ 

ʯʘʩʪʥʳʤʠ ʩʣʫʯʘʷʤʠ ʦʨʪʦʛʦʥʘʣʴʥʦʛʦ ʙʘʟʠʩʘ ɺʠʣʝʥʢʠʥʘ-ʂʨʝʩʪʝʥʩʦʥʘ (ɺʂ) [2]. ʕʪʦ 

ʩʠʩʪʝʤʳ ʜʠʩʢʨʝʪʥʳʭ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʭ ʬʫʥʢʮʠʡ (ɼʕʌ) ʠ ʩʠʩʪʝʤʘ ʬʫʥʢʮʠʡ ʋʦʣ-

ʰʘ-ɸʜʘʤʘʨʘ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʩʧʝʢʪʨʘʣʴʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʵʪʠʭ ʦʨʪʦʛʦ-

ʥʘʣʴʥʳʭ ʙʘʟʠʩʦʚ ʷʚʣʷʶʪʩʷ ʯʘʩʪʥʳʤʠ ʩʣʫʯʘʷʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʚ ʦʜʥʦʤ ʠʟ ʚʘʨʠʘʥʪʦʚ ʩʠʩʪʝʤʳ ɺʂ, ʥʘʟʳʚʘʝʤʦʛʦ ʦʙʦʙʱʝʥʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ 

ʌʫʨʴʝ, ʘ ʝʛʦ ʙʳʩʪʨʳʡ ʚʘʨʠʘʥʪ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʦʙʦʙʱʝʥʥʳʤ ʙʳʩʪʨʳʤ ʧʨʝʦʙʨʘʟʦ-

ʚʘʥʠʝʤ ʌʫʨʴʝ (ɹʇʌ) [2].  

ʇʨʠʤʝʥʝʥʠʝ ɼʕʌ ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ ʝʱʝ ʚ ʥʘʯʘʣʝ 60-ʭ ʛʦʜʦʚ, ʘ ʠʭ ʪʝʦʨʠʷ ʨʘʟʚʠʪʘ ʚ 

[3]. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʜʠʩʢʨʝʪʥʳʝ ʘʥʘʣʦʛʠ ʩʠʛʥʘʣʦʚ OFDM (orthogonal frequency-

division multiplexing) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ɼʕʌ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʨʠ ʠʭ ʬʦʨʤʠ-

ʨʦʚʘʥʠʠ ʠ ʜʝʤʦʜʫʣʷʮʠʠ ʦʢʘʟʘʣʦʩʴ ʚʦʟʤʦʞʥʳʤ ʧʨʠʤʝʥʝʥʠʝ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʦʙʨʘʪ-

ʥʦʛʦ ʠ ʧʨʷʤʦʛʦ ɹʇʌ [4]. ʆʪʤʝʪʠʤ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ OFDM ʩʠʛʥʘʣʘ ʚ ʚʠʜʝ ʩʦʚʦ-

ʢʫʧʥʦʩʪʠ ʥʝʧʨʝʨʳʚʥʳʭ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʢʦʨʝʝ ʜʣʷ ʨʘʟʲʷʩ-
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ʥʝʥʠʷ ʢʦʥʮʝʧʮʠʠ ʦʨʛʘʥʠʟʘʮʠʠ ʢʘʥʘʣʘ ʩʚʷʟʠ. ɺ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʦʜʥʝʩʫʱʠʝ 

OFDM ʩʠʛʥʘʣʦʚ ʩʫʱʝʩʪʚʫʶʪ ʚ ʜʠʩʢʨʝʪʥʦʤ ʚʠʜʝ, ʪ.ʝ. ʚ ʚʠʜʝ ɼʕʌ, ʠ ʠʭ ʤʦʜʫʣʷʮʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʩʠʤʚʦʣʘʤʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʦʙʨʘʪʥʦʛʦ ʜʠʩʢʨʝʪʥʦʛʦ 

ɹʇʌ, ʧʦʩʣʝ ʯʝʛʦ ʩʬʦʨʤʠʨʦʚʘʥʥʳʡ ʛʨʫʧʧʦʚʦʡ ʜʠʩʢʨʝʪʥʳʡ ʩʠʛʥʘʣ ʧʦʜʚʝʨʛʘʝʪʩʷ 

ʮʠʬʨʦ-ʘʥʘʣʦʛʦʚʦʤʫ ʧʨʝʦʙʨʘʟʦʚʘʥʠʶ. ɸʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʛʨʫʧʧʦ-

ʚʦʛʦ ʩʠʛʥʘʣʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʧʨʠʝʤʥʠʢʝ, ʧʦʩʣʝ ʯʝʛʦ ʧʦʣʫʯʝʥʥʳʡ ʜʠʩʢʨʝʪʥʳʡ 

ʛʨʫʧʧʦʚʦʡ ʩʠʛʥʘʣ, ʩʦʩʪʦʷʱʠʡ ʠʭ ʤʦʜʫʣʠʨʦʚʘʥʥʳʭ ɼʕʌ, ʜʝʤʦʜʫʣʠʨʫʝʪʩʷ ʩ ʧʦʤʦ-

ʱʴʶ ʧʨʷʤʦʛʦ ɹʇʌ. 

ʊʨʘʜʠʮʠʦʥʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ OFDM ʩʠʛʥʘʣʘ ʚ ʚʠʜʝ ʥʘʙʦʨʘ ʘʥʘʣʦʛʦʚʳʭ ʛʘʨ-

ʤʦʥʠʯʝʩʢʠʭ ʧʦʜʥʝʩʫʱʠʭ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʧʨʠʚʝʣʦ ʢ ʜʦʚʦʣʴʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʤʫ 

ʟʘʙʣʫʞʜʝʥʠʶ, ʩʦʩʪʦʷʱʝʤʫ ʚ ʪʦʤ, ʯʪʦ ʚ ʤʥʦʛʦʣʫʯʝʚʦʤ ʢʘʥʘʣʝ ʩʚʷʟʠ ʧʨʠ ʩʜʚʠʛʝ 

ʩʠʛʥʘʣʦʚ ʣʫʯʝʡ ʧʦ ʚʨʝʤʝʥʠ ʥʝ ʩʦʚʧʘʜʘʶʱʠʝ ʧʦ ʯʘʩʪʦʪʝ ʧʦʜʥʝʩʫʱʠʝ ʨʘʟʥʳʭ ʣʫʯʝʡ 

ʦʩʪʘʶʪʩʷ ʦʨʪʦʛʦʥʘʣʴʥʳʤʠ. ʅʦ ʧʨʠ ʜʠʩʢʨʝʪʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ OFDM ʩʠʛʥʘʣʘ ʚ 

ʚʠʜʝ ɼʕʌ ʩʪʘʥʦʚʠʪʩʷ ʦʯʝʚʠʜʥʳʤ, ʯʪʦ ʣʶʙʦʡ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʩʜʚʠʛ ʵʪʠʭ ʬʫʥʢʮʠʡ 

ʧʦ ʬʘʟʝ ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʫʰʝʥʠʶ ʩʚʦʡʩʪʚʘ ʠʭ ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚ 

ʤʥʦʛʦʣʫʯʝʚʦʤ ʢʘʥʘʣʝ ʧʦʤʝʭʦʚʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʜʣʷ ʩʠʛʥʘʣʘ ʢʘʞʜʦʡ ʧʦʜʥʝʩʫʱʝʡ 

ʚʢʣʶʯʘʝʪ ʩʠʛʥʘʣʳ ʚʩʝʭ ʧʦʜʥʝʩʫʱʠʭ ʩʦʩʝʜʥʠʭ ʣʫʯʝʡ. ɼʘʥʥʫʶ ʧʦʤʝʭʫ ʩʢʦʤʧʝʥʩʠ-

ʨʦʚʘʪʴ ʩʣʦʞʥʦ, ʪʘʢ ʢʘʢ ʝʝ ʤʛʥʦʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʟʘʚʠʩʠʪ ʦʪ ʚʩʝʭ ʧʝʨʝʜʘʚʘʝʤʳʭ ʚ 

ʵʪʦʪ ʤʦʤʝʥʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʤʚʦʣʦʚ ʥʘ ʚʩʝʭ ʧʦʜʥʝʩʫʱʠʭ ʩʦʩʝʜʥʠʭ ʣʫʯʝʡ ʠ ʦʪ 

ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʩʤʝʱʝʥʠʡ ʧʦ ʚʨʝʤʝʥʠ. ʅʦ ʝʝ ʤʦʞʥʦ ʩʫʱʝʩʪʚʝʥʥʦ ʦʩʣʘʙʠʪʴ, ʧʦ-

ʚʳʰʘʷ ʪʦʯʥʦʩʪʴ ʯʘʩʪʦʪʥʦʡ ʠ ʚʨʝʤʝʥʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ ʧʦʜʥʝʩʫʱʠʭ OFDM ʩʠʛʥʘ-

ʣʦʚ ʩ ʧʦʤʦʱʴʶ ʙʘʥʢʦʚ ʬʠʣʴʪʨʦʚ, ʭʦʪʷ ʦʙʳʯʥʦ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʵʪʠ ʬʠʣʴʪʨʳ ʧʨʠʤʝ-

ʥʷʶʪʩʷ ʣʠʰʴ ʜʣʷ ʙʦʨʴʙʳ ʩ ʜʦʧʣʝʨʦʚʩʢʠʤ ʩʜʚʠʛʦʤ ʯʘʩʪʦʪʳ [5]. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʚ ʩʦ-

ʯʝʪʘʥʠʠ ʩ ʙʘʥʢʘʤʠ ʬʠʣʴʪʨʦʚ ʥʝ ʧʨʠʤʝʥʷʶʪʩʷ ʮʠʢʣʠʯʝʩʢʠʝ ʧʨʝʬʠʢʩʳ, ʧʦʟʚʦʣʷʶ-

ʱʠʝ ʦʪʯʘʩʪʠ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʦʪʩʫʪʩʪʚʠʷ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʦ ʚʨʝʤʝʥʠ ʚ ʩʠʩʪʝʤʝ ʩ 

OFDM ʩʠʛʥʘʣʘʤʠ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʩʠʤʚʦʣʘ ɼʕʌ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ 

ʧʝʨʝʜʘʯʝ ʪʝʩʪʦʚʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʘʭ ʥʘ ʧʠʣʦʪʥʳʭ ʧʦʜʥʝʩʫʱʠʭ, ʢʦʪʦʨʳʝ 

ʧʦʷʚʣʷʶʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʨʘʟʤʝʨʥʦʩʪʠ ʙʘʟʦʚʦʡ ʤʘʪʨʠʮʳ ʠʟ-ʟʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʨʝʬʠʢʩʦʚ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʬʘʟʦʚʳʡ ʩʜʚʠʛ ʧʨʠʥʠʤʘʝʤʳʭ ʧʠʣʦʪ-ʩʠʛʥʘʣʦʚ ʠ 

ʧʦʜʥʝʩʫʱʠʭ ʙʘʟʦʚʦʡ ʩʠʩʪʝʤʳ ɼʕʌ, ʚ ʢʦʪʦʨʦʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ɼʇʌ ʚ ʧʨʠʝʤʥʠʢʝ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʧʦʤʦʱʴʶ ʧʨʝʬʠʢʩʦʚ ʦʪʯʘʩʪʠ ʨʝʰʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʨʝʣʝʝʚʩʢʠʭ ʟʘ-

ʤʠʨʘʥʠʡ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʥʝ ʪʦʣʴʢʦ ʚ ʤʥʦʛʦʣʫʯʝʚʦʤ ʢʘʥʘʣʝ, ʥʦ ʠ ʠʟ-ʟʘ ʥʝ ʦʨʪʦ-

ʛʦʥʘʣʴʥʦʩʪʠ ʮʠʢʣʠʯʝʩʢʠ ʩʜʚʠʥʫʪʦʡ ʣʶʙʦʡ ʧʨʠʥʠʤʘʝʤʦʡ ʧʦʜʥʝʩʫʱʝʡ ʧʦ ʦʪʥʦʰʝ-

ʥʠʶ ʢ ʣʶʙʦʡ ʠʟ ʧʦʜʥʝʩʫʱʠʭ ʤʘʪʨʠʮʳ ɼʕʌ, ʚ ʢʦʪʦʨʦʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ɹʇʌ. ʇʨʠ 

ʵʪʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʮʠʢʣʠʯʝʩʢʠʭ ʧʨʝʬʠʢʩʦʚ ʟʘʪʨʫʜʥʝʥʦ ʧʨʠ ʙʦʣʴʰʦʤ ʜʦʧʣʝʨʦʚ-

ʩʢʦʤ ʩʜʚʠʛʝ ʠʟ-ʟʘ ʪʨʝʙʦʚʘʥʠʡ ʢ ʚʝʣʠʯʠʥʝ ʟʘʱʠʪʥʦʛʦ ʯʘʩʪʦʪʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʤʝʞʜʫ 

ʧʦʜʥʝʩʫʱʠʤʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʯʠʩʣʦ ʧʦʜʥʝʩʫʱʠʭ ʚ ʩʠʩʪʝʤʘʭ ʩ OFDM ʩʠʛʥʘʣʘʤʠ 

ʥʝ ʧʨʝʚʳʰʘʝʪ ʥʘ ʧʨʘʢʪʠʢʝ 1200.  

ʆʜʥʦʡ ʠʟ ʧʨʦʙʣʝʤ, ʟʘʪʨʫʜʥʷʶʱʝʡ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʩʠʩʪʝʤ ʩʚʷʟʠ ʩ ʚʘ-

ʨʠʘʥʪʘʤʠ OFDM ʩʠʛʥʘʣʦʚ, ʷʚʣʷʝʪʩʷ ʪʨʫʜʥʦʩʪʴ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢ ʥʠʤ ʩʠʥʭʨʦʩʠʛ-

ʥʘʣʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʵʬʬʝʢʪʠʚʥʦ ʠʟʤʝʨʠʪʴ ʚʨʝʤʝʥʥʫʶ ʟʘʜʝʨʞʢʫ, ʩʤʝʱʝʥʠʝ ʧʦ ʯʘ-

ʩʪʦʪʝ, ʤʦʱʥʦʩʪʴ, ʬʘʟʦʚʳʡ ʩʜʚʠʛ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʳ ʛʨʫʧʧʦʚʦʛʦ ʩʠʛʥʘʣʘ ʢʘʢ ʧʨʷʤʦ-

ʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʪʘʢ ʠ ʩʠʛʥʘʣʦʚ ʣʫʯʝʡ ʚ ʤʥʦʛʦʣʫʯʝʚʦʤ ʢʘʥʘʣʝ.  

ʆʨʪʦʛʦʥʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʜʠʩʢʨʝʪʥʳʭ ʬʫʥʢʮʠʡ ʋʦʣʰʘ-ɸʜʘʤʘʨʘ ʠ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʝʝ ʝʡ ʙʳʩʪʨʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ɸʜʘʤʘʨʘ (ɹʇɸ), ʷʚʣʷʶʱʝʝʩʷ ʯʘʩʪʥʳʤ ʩʣʫ-

ʯʘʝʤ ʦʙʦʙʱʝʥʥʦʛʦ ɹʇʌ, ʧʨʠʤʝʥʷʝʪʩʷ ʚ CDMA-ʩʠʩʪʝʤʘʭ ʤʦʙʠʣʴʥʦʡ ʩʚʷʟʠ 3-ʝʛʦ 

ʧʦʢʦʣʝʥʠʷ (Qualcomm) ʠ ʚ ʩʧʫʪʥʠʢʦʚʦʡ ʩʠʩʪʝʤʝ Globalstar [6,7]. ʇʨʠ ʵʪʦʤ ʩʠʩʪʝʤʘ 

ʜʠʩʢʨʝʪʥʳʭ ʬʫʥʢʮʠʡ ʋʦʣʰʘ-ɸʜʘʤʘʨʘ ʜʦʧʫʩʢʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦʡ ʚʘʨʠʘʥʪ ʧʨʠ-

ʩʦʝʜʠʥʝʥʠʷ ʢ ʥʝʡ ʩʚʝʨʭʜʣʠʥʥʦʛʦ ʩʠʥʭʨʦʩʠʛʥʘʣʘ ʠ ʠʟʤʝʨʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʩʠʛʥʘʣʦʚ 

ʚ ʤʥʦʛʦʣʫʯʝʚʦʤ ʢʘʥʘʣʝ.  

ʏʠʩʣʦ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʜʠʩʢʨʝʪʥʳʭ ʩʠʛʥʘʣʦʚ ʚ ʠʭ ʧʦʣʥʦʡ ʩʠʩʪʝʤʝ ʚʩʝʛʜʘ ʩʦ-

ʦʪʚʝʪʩʪʚʫʝʪ ʨʘʟʤʝʨʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤʦʡ ʤʘʪʨʠʮʳ ʜʠʩʢʨʝʪʥʳʭ ʬʫʥʢʮʠʡ, ʧʦʵʪʦʤʫ 

ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʢ ʥʝʡ ʣʶʙʳʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʬʫʥʢʮʠʡ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʧʨʦ-

ʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢʘʥʘʣʘ ʩʚʷʟʠ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʚʟʘʠʤʥʳʭ ʧʦʤʝʭ ʦʜʥʦ-

ʚʨʝʤʝʥʥʦ ʧʝʨʝʜʘʚʘʝʤʳʭ ʩʠʛʥʘʣʦʚ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʥʝʦʙʭʦ-

ʜʠʤʳʡ ʨʝʟʫʣʴʪʘʪ ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʥʠʞʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʢ ʢʘʯʝʩʪʚʫ 

ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʘʨʠʘʥʪʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʦʣʴʢʦ ʦʨʪʦʛʦ-

ʥʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʩʠʛʥʘʣʦʚ. ʂʦʤʧʝʥʩʘʮʠʷ ʚʟʘʠʤʥʳʭ ʧʦʤʝʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʪʨʝʙʫʝʪ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ [5]. ʂʨʦʤʝ ʪʦʛʦ, ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʠʛʥʘʣʳ 
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ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʦʙʨʘʙʦʪʘʥʳ ʚ ʢʦʥʪʝʢʩʪʝ ʧʨʠʤʝʥʷʝʤʦʛʦ ʙʳʩʪʨʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ.   

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʚʦʟʤʦʞʥʦ ʫʚʝʣʠʯʠʪʴ ʯʠʩʣʦ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʬʫʥʢʮʠʡ ʚ ʦʜ-

ʥʦʤ ʠʭ ʧʦʣʥʦʤ ʥʘʙʦʨʝ, ʘ ʯʠʩʣʦ ʪʘʢʠʭ ʥʘʙʦʨʦʚ ʦʛʨʘʥʠʯʝʥʦ, ʠ ʠʭ ʥʝʚʦʟʤʦʞʥʦ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ. ʅʦ ʚ ʨʘʙʦʪʘʭ [8-12], ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʘʪʨʠʮʳ-ʮʠʨʢʫʣʷʥʪʳ 

ʄ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ (ʄʇ) ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʨʘʟʤʝʨʥʦʩʪʠ, ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ ʦʩʥʦ-

ʚʝ ʨʘʟʥʳʭ ʥʝʧʨʠʚʦʜʠʤʳʭ ʧʨʠʤʠʪʠʚʥʳʭ ʧʦʣʠʥʦʤʦʚ, ʧʨʠʚʦʜʷʪʩʷ ʢ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ 

ʤʘʪʨʠʮʝ ɸʜʘʤʘʨʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʠʥʝʡʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ. ʉʫʱʝʩʪʚʦʚʘʥʠʝ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʦʜʥʦʪʠʧʥʳʭ, ʥʦ ʨʘʟʥʳʭ ʧʦʣʥʳʭ ʩʠʩʪʝʤ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʬʫʥʢʮʠʡ 

ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʧʝ-

ʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʚ ʦʙʱʝʤ ʨʘʜʠʦʢʘʥʘʣʝ ʧʨʠ ʢʦʤʧʝʥʩʘʮʠʠ ʠʭ ʚʟʘʠʤʥʳʭ ʧʦʤʝʭ.  

ʉʚʦʡʩʪʚʘʤʠ, ʘʥʘʣʦʛʠʯʥʳʤʠ ʩʚʦʡʩʪʚʘʤ ʄʇ, ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʤʥʦʛʦʧʦʟʠʮʠ-

ʦʥʥʳʝ (ὴ-ʠʯʥʳʝ) ʣʠʥʝʡʥʳʝ ʨʝʢʫʨʨʝʥʪʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (ʃʈʇ), ʥʦ ʠʭ ʤʘʪ-

ʨʠʮʳ-ʮʠʨʢʫʣʷʥʪʳ ʙʫʜʫʪ ʧʨʠʚʦʜʠʪʴʩʷ ʢ ʜʠʩʢʨʝʪʥʦʤʫ ʦʨʪʦʛʦʥʘʣʴʥʦʤʫ ʙʘʟʠʩʫ 

ʬʫʥʢʮʠʡ ɺʂ, ʚ ʢʦʪʦʨʦʤ ʦʧʨʝʜʝʣʝʥʦ ʦʙʦʙʱʝʥʥʦʝ ɹʇʌ, ʛʜʝ pï ʮʝʣʦʝ ʧʦʣʦʞʠʪʝʣʴ-

ʥʦʝ ʯʠʩʣʦ, ʙʦʣʴʰʝʝ ʜʚʫʭ. ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ [11], ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʦʛʦ 

ɹʇʌ (ʚ ʙʘʟʠʩʝ ɼʕʌ) ʢ ɹʇʌ ʚ ʙʘʟʠʩʝ ɺʂ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʧʝʨʘʮʠʠ ʫʤʥʦʞʝʥʠʷ 

ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ ʚʳʠʛʨʳʰ ʧʦ ʯʠʩʣʫ ʵʣʝʤʝʥʪʘʨʥʳʭ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ 

ʩʦʩʪʘʚʠʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 3,5 ʨʘʟʘ (ʥʘ ʧʨʘʢʪʠʢʝ 3 ʨʘʟʘ). ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʫʯʠʪʳʚʘʝʪ-

ʩʷ ʘʣʛʦʨʠʪʤ ʬʘʢʪʦʨʠʟʘʮʠʠ ʤʘʪʨʠʮʳ ɺʂ, ʧʨʠ ʫʤʥʦʞʝʥʠʠ ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ ʩʦ-

ʦʪʚʝʪʩʪʚʫʶʱʠʡ ʚʳʠʛʨʳʰ ʜʦʩʪʠʛʘʝʪ ʧʨʠʤʝʨʥʦ 5 ʨʘʟ (ʥʘ ʧʨʘʢʪʠʢʝ 4 ʨʘʟʘ). ʇʨʠ 

ʫʤʥʦʞʝʥʠʠ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʪʦʯʢʦʡ ʜʘʥʥʳʡ ʚʳʠʛʨʳʰ ʩʦʩʪʘʚʣʷʝʪ 11 ʨʘʟ. (ʇʨʠʚʝ-

ʜʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʚʳʠʛʨʳʰʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʚʦʠʯʥʦ-ʨʘʮʠʦʥʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ 

ʨʘʟʤʝʨʥʦʩʪʠ ɹʇʌ, ʭʦʪʷ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʚʳʛʦʜʥʳʤʠ ʷʚʣʷʶʪʩʷ ʨʘʟʤʝʨʥʦʩʪʠ, 

ʢʨʘʪʥʳʝ ʪʨʝʤ [13]). ʆʪʤʝʪʠʤ, ʯʪʦ ʫʯʝʪ ʪʦʣʴʢʦ ʜʘʥʥʦʛʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ ʧʦʟʚʦʣʷʝʪ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦʙ ʘʢʪʫʘʣʴʥʦʩʪʠ ʨʘʩʩʤʦʪʨʝʥʠʷ ʜʠʩʢʨʝʪʥʦʛʦ ʦʨʪʦʛʦʥʘʣʴʥʦʛʦ ʙʘʟʠʩʘ 

ɺʂ, ʘ ʪʘʢʞʝ ʮʠʨʢʫʣʷʨʥʳʭ ʤʘʪʨʠʮ -ʠʯʥʳʭ ʃʈʇ ʚ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʳʭ ʩʠʩʪʝʤ ʦʨʪʦʛʦ-

ʥʘʣʴʥʳʭ ʬʫʥʢʮʠʡ, ʠʩʧʦʣʴʟʫʶʱʠʭʩʷ ʜʣʷ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ.  
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ʎʝʣʴ ʨʘʙʦʪʳ: ʉʥʠʞʝʥʠʝ ʩʣʦʞʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʠ ʧʦʚʳʰʝʥʠʝ ʧʦʤʝʭʦʫʩʪʦʡ-

ʯʠʚʦʩʪʠ ʩʠʩʪʝʤ ʨʘʜʠʦʜʦʩʪʫʧʘ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ɹʇʌ ʚ ʙʘʟʠʩʝ ʬʫʥʢʮʠʡ ɺʂ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʥʦʛʦʧʦʟʠʮʠʦʥʥʳʭ ʃʈʇ.  

ʅʘʫʯʥʘʷ ʟʘʜʘʯʘ: ʂʦʤʧʣʝʢʩʥʦʝ ʨʘʩʩʤʦʪʨʝʥʠʝ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʧʨʦʮʝʜʫʨ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʛʨʫʧʧʦʚʳʭ ʩʠʛʥʘʣʦʚ, ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʮʠʨʢʫ-

ʣʷʨʥʳʭ ʤʘʪʨʠʮ p -ʠʯʥʳʭ ʃʈʇ ʢʘʢ ʧʨʠ ʧʨʷʤʦʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʩʠʛʥʘʣʘ, ʪʘʢ ʠ ʚ 

ʤʥʦʛʦʣʫʯʝʚʦʤ ʢʘʥʘʣʝ ʩʚʷʟʠ, ʚʢʣʶʯʘʷ ʨʘʟʨʘʙʦʪʢʫ ʩʧʦʩʦʙʦʚ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩʠʥ-

ʭʨʦʩʠʛʥʘʣʘ ʠ ʫʩʢʦʨʝʥʥʫʶ ʦʮʝʥʢʫ ʧʘʨʘʤʝʪʨʦʚ ʤʥʦʛʦʣʫʯʝʚʦʛʦ ʢʘʥʘʣʘ ʩʚʷʟʠ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʙʳʩʪʨʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ.  

ɿʘʜʘʯʘ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʘʷ ʚʳʰʝ, ʚʢʣʶʯʘʝʪ ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʦʜʟʘʜʘʯ, ʨʝʰʝ-

ʥʠʝ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ ʩʦʜʝʨʞʘʥʠʝ ʜʘʥʥʦʡ ʨʘʙʦʪʳ: 

1. ʈʘʩʩʤʦʪʨʝʥʠʝ ʚʘʨʠʘʥʪʦʚ ʧʦʩʪʨʦʝʥʠʷ ʤʘʪʨʠʮ-ʮʠʨʢʫʣʷʥʪʦʚ p -ʠʯʥʳʭ ʃʈʇ 

ʥʘ ʦʩʥʦʚʝ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʳʭ ʛʨʫʧʧ ʨʘʩʰʠʨʝʥʥʦʛʦ ʧʦʣʷ ɻʘʣʫʘ ʧʦ ʤʦʜʫʣʶ ʥʝʧʨʠ-

ʚʦʜʠʤʦʛʦ ʧʨʠʤʠʪʠʚʥʦʛʦ ʧʦʣʠʥʦʤʘ, ʠʩʧʦʣʴʟʦʚʘʚʰʝʛʦʩʷ ʧʨʠ ʝʝ ʬʦʨʤʠʨʦʚʘʥʠʠ, ʘ 

ʪʘʢʞʝ  ʚʘʨʠʘʥʪʦʚ ʧʨʠʚʝʜʝʥʠʷ ʵʪʠʭ ʤʘʪʨʠʮ ʢ ʧʦʣʥʦʡ ʠʣʠ ʫʩʝʯʝʥʥʦʡ ʤʘʪʨʠʮʝ ʬʫʥʢ-

ʮʠʡ ɺʂ ʩ ʮʝʣʴʶ ʨʘʟʨʘʙʦʪʢʠ ʫʩʢʦʨʝʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ ʛʨʫʧʧʦʚʳʭ ʩʠʛʥʘ-

ʣʦʚ ʚ ʩʠʩʪʝʤʘʭ ʨʘʜʠʦʜʦʩʪʫʧʘ ʥʘ ʦʩʥʦʚʝ ʙʳʩʪʨʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ; 

2.  ʆʙʦʩʥʦʚʘʥʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʚʝʜʝʥʠʷ ʧʦʥʷʪʠʡ ʘʚʪʦ- ʠ ʚʟʘʠʤʥʦ ʢʦʨʨʝʣʷ-

ʮʠʦʥʥʳʭ ʤʘʪʨʠʮ p -ʠʯʥʳʭ ʃʈʇ, ʚʳʷʚʣʝʥʠʝ ʠʭ ʚʟʘʠʤʦʩʚʷʟʠ ʩ ʢʦʨʨʝʣʷʮʠʦʥʥʳʤʠ 

ʬʫʥʢʮʠʷʤʠ ʵʪʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʪʠʭ ʤʘʪʨʠʮ; 

3.  ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʠ ʦʙʦʩʥʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʘ ʫʩʢʦʨʝʥʥʦʡ ʜʝʤʦʜʫʣʷ-

ʮʠʠ ʛʨʫʧʧʦʚʦʛʦ ʩʠʛʥʘʣʘ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʥʘ ʦʩʥʦʚʝ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʤʘʪʨʠʮ-

ʮʠʨʢʫʣʷʥʪʦʚ p -ʠʯʥʳʭ ʃʈʇ; 

4. ɺʳʙʦʨ ʠ ʦʙʦʩʥʦʚʘʥʠʝ ʚʘʨʠʘʥʪʦʚ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩʠʥʭʨʦʩʠʛʥʘʣʦʚ ʢ ʛʨʫʧ-

ʧʦʚʳʤ ʩʠʛʥʘʣʘʤ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʤʫ ʥʘ ʦʩʥʦʚʝ ʮʠʨʢʫʣʷʨʥʳʭ ʤʘʪʨʠʮ p -ʠʯʥʳʭ 

ʃʈʇ; 

5. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʛʨʫʧʧʦʚʳʭ ʩʠʛʥʘʣʦʚ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʥʘ 

ʦʩʥʦʚʝ ʮʠʨʢʫʣʷʨʥʳʭ ʤʘʪʨʠʮ ʃʈʇ, ʚ ʤʥʦʛʦʣʫʯʝʚʦʤ ʢʘʢ ʥʠʩʭʦʜʷʱʝʤ, ʪʘʢ ʠ ʚ ʚʦʩ-

ʭʦʜʷʱʝʤ ʢʘʥʘʣʘʭ ʩʚʷʟʠ. 
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ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʙʘʟʠʨʦʚʘʣʠʩʴ ʥʘ 

ʧʨʠʤʝʥʝʥʠʠ ʪʝʦʨʠʠ ʧʦʣʝʡ ɻʘʣʫʘ ʠ ʠʭ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʳʭ ʛʨʫʧʧ, ʪʝʦʨʠʠ ʬʫʥʢʮʠʡ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʝʨʝʤʝʥʥʦʛʦ, ʪʝʦʨʠʠ ʰʫʤʦʧʦʜʦʙʥʳʭ ʩʠʛʥʘʣʦʚ, ʪʝʦʨʠʠ ʤʘʪʝʤʘʪʠʯʝ-

ʩʢʦʡ ʤʘʪʨʠʮ, ʘ ʪʘʢʞʝ ʥʘ ʤʝʪʦʜʘʭ ʙʳʩʪʨʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʚ ʧʦʣʥʳʭ 

ʩʠʩʪʝʤʘʭ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʜʠʩʢʨʝʪʥʳʭ ʬʫʥʢʮʠʡ ɺʠʣʝʥʢʠʥʘ-ʂʨʝʩʪʝʥʩʦʥʘ. ʊʘʢ ʞʝ 

ʧʨʠʤʝʥʷʣʠʩʴ ʤʝʪʦʜʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʘʪʨʠʮ-

ʮʠʨʢʫʣʷʥʪʦʚ p -ʠʯʥʳʭ ʃʈʇ ʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʧʦʣʥʳʭ ʦʨ-

ʪʦʛʦʥʘʣʴʥʳʭ ʤʘʪʨʠʮ, ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʠʭ ʦʩʥʦʚʝ. ʇʨʦʚʦʜʠʣʠʩʴ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʤʝʪʦʜʦʚ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʨʘʜʠʦʪʝʭʥʠʢʠ.   

ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʮʠʬʨʦʚʳʝ ʘʣʛʦʨʠʪʤʳ ʫʩʢʦʨʝʥʥʦʛʦ ʚʝʢʪʦʨʥʦ-

ʤʘʪʨʠʯʥʦʛʦ ʧʝʨʝʤʥʦʞʝʥʠʷ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʟʘʜʘʯʝ ʦʙʥʘʨʫʞʝʥʠʷ, ʜʝʤʦʜʫʣʷʮʠʠ ʠ 

ʢʦʤʧʝʥʩʘʮʠʠ ʚʟʘʠʤʥʳʭ ʧʦʤʝʭ ʠ ʧʨʠ ʤʥʦʛʦʣʫʯʝʚʦʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʛʨʫʧʧʦʚʳʭ 

ʩʠʛʥʘʣʦʚ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʩʠʤʤʝʪʨʠʯʥʳʭ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʤʘʪʨʠʮ, ʘ 

ʪʘʢʞʝ ʧʦʜʦʙʥʳʝ ʘʣʛʦʨʠʪʤʳ ʧʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʛʨʫʧʧʦʚʳʭ ʩʠʛʥʘ-

ʣʦʚ. 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʘʣʛʦʨʠʪʤʳ ʠ ʫʩʪʨʦʡʩʪʚʘ ʦʙʨʘʙʦʪʢʠ ʛʨʫʧʧʦʚʳʭ ʩʠʛ-

ʥʘʣʦʚ ʚ ʩʠʩʪʝʤʘʭ ʨʘʜʠʦʜʦʩʪʫʧʘ, ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʩʠʤʤʝʪʨʠʯʥʳʭ ʦʨʪʦʛʦ-

ʥʘʣʴʥʳʭ ʤʘʪʨʠʮ. 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʷʭ ʧʨʠʤʝʥʝʥʠʝ ʤʥʦʛʦʟʥʘʯʥʳʭ 

ʃʈʇ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ, ʘ ʠʭ ʪʝʦʨʠʷ ʬʘʢʪʠʯʝʩʢʠ ʥʝ ʨʘʟʚʠʪʘ. ʆʪʩʫʪʩʪʚʫʶʪ ʪʘʙʣʠ-

ʮʳ ʥʝʧʨʠʚʦʜʠʤʳʭ ʧʨʠʤʠʪʠʚʥʳʭ ʧʦʣʠʥʦʤʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ, 

ʥʝ ʠʩʩʣʝʜʦʚʘʥʳ ʩʚʦʡʩʪʚʘ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʰʫʤʦʧʦʜʦʙʥʳʭ ʩʠʛʥʘʣʦʚ, ʬʦʨʤʠʨʫʝ-

ʤʳʭ ʥʘ ʠʭ ʦʩʥʦʚʝ. ʅʦ ʝʱʝ ʩ ʢʦʥʮʘ 50-ʳʭ ï ʥʘʯʘʣʘ 60-ʳʭ ʛʦʜʦʚ ʰʠʨʦʢʦ ʦʙʩʫʞʜʘ-

ʣʦʩʴ ʧʨʠʤʝʥʝʥʠʝ ʜʚʦʠʯʥʳʭ ʃʈʇ, ʥʘʟʳʚʘʝʤʳʭ ʄʇ, ʯʪʦ ʠʩʪʦʨʠʯʝʩʢʠ ʦʙʫʩʣʦʚʣʝʥʦ, 

ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʧʦʚʩʝʤʝʩʪʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʚʦʠʯʥʦʡ ʩʠʩʪʝʤʳ ʩʯʠʩʣʝʥʠʷ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʚʦʠʯʥʳʭ ʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʫʟʣʦʚ, ʘʣʛʦʨʠʪʤʦʚ ʠ ʢʦʤʧʴʶʪʝ-

ʨʦʚ, ʘ ʩ ʜʨʫʛʦʡ ï ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʙʣʝʤʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʨʘʟʨʘʙʦʪʢʦʡ 

ʫʩʪʨʦʡʩʪʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʤʥʦʛʦʬʘʟʥʳʭ ʰʫʤʦʧʦʜʦʙʥʳʭ ʩʠʛʥʘʣʦʚ. ʅʦ 

ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʚ ʩʚʷʟʠ ʩ ʨʘʟʚʠʪʠʝʤ ʜʚʦʠʯʥʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʘ 



 

 

11 

ʪʘʢʞʝ ʢʚʘʜʨʘʪʫʨʥʳʭ ʫʩʪʨʦʡʩʪʚ ʤʦʜʫʣʷʮʠʠ ʥʝʩʫʱʠʭ ʯʘʩʪʦʪ ʩʠʛʥʘʣʦʚ, ʥʝ ʩʫʱʝʩʪʚʫ-

ʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʪʨʫʜʥʦʩʪʝʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʥʦʛʦʟʥʘʯʥʳʭ ʇʉʇ ʚ ʧʨʘʢʪʠʯʝ-

ʩʢʠʭ ʧʨʠʣʦʞʝʥʠʷʭ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʦʯʝʚʠʜʥʦ, ʯʪʦ ʩ ʧʝʨʝʭʦʜʦʤ ʥʘ ʤʥʦʛʦʟʥʘʯʥʫʶ ʣʦ-

ʛʠʢʫ ʧʨʠʤʝʥʝʥʠʝ ʤʥʦʛʦʟʥʘʯʥʳʭ ʇʉʇ ʙʳʣʦ ʙʳ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ, ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʜʚʦʠʯʥʳʤʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʯʠʪʘʝʪʩʷ ʜʦʢʘʟʘʥʥʳʤ, ʯʪʦ, ʥʘʧʨʠʤʝʨ, ʪʨʦʠʯʥʘʷ 

ʣʦʛʠʢʘ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʪʨʦʠʯʥʳʝ ʢʦʤʧʴʶʪʝʨʳ ʠʤʝʣʠ ʙʳ ʦʱʫʪʠʤʳʝ ʧʨʝʠʤʫʱʝ-

ʩʪʚʘ ʧʝʨʝʜ ʜʚʦʠʯʥʳʤʠ [12], ʦʙʝʩʧʝʯʠʚʘʷ ʧʦʚʳʰʝʥʠʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʚʳʯʠʩʣʝʥʠʡ 

ʚ ʧʦʣʪʦʨʘ-ʜʚʘ ʨʘʟʘ. ʇʨʝʠʤʫʱʝʩʪʚʘ, ʥʘʧʨʠʤʝʨ, ʧʷʪʝʨʠʯʥʦʡ ʠʣʠ ʩʝʤʝʨʠʯʥʦʡ ʣʦʛʠʢʠ 

ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʝʱʝ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ. 

ʇʨʦʙʣʝʤʳ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʦ ʩʚʝʨʭʜʣʠʥʥʳʤ ʩʣʘʙʳʤ ʧʦ ʤʦʱʥʦʩʪʠ ʧʝʨʠʦʜʠ-

ʯʝʩʢʠʤ ʰʫʤʦʧʦʜʦʙʥʳʤ ʩʠʛʥʘʣʘʤ ʠ ʠʭ ʩʝʛʤʝʥʪʘʤ, ʬʦʨʤʠʨʫʝʤʳʤ ʥʘ ʦʩʥʦʚʝ ʜʚʦʠʯ-

ʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʚ ʨʘʙʦʪʘʭ ʉʤʠʨʥʦʚʘ ʅ.ʀ., ɻʦʨʛʘʜʟʝ 

ʉ.ʌ. [4, 7, 21, 24, 25, 29, 36, 48, 50, 59, 62, 66-68, 70, 71, 78]. ʇʨʦʙʣʝʤʳ ʪʝʭʥʦʣʦʛʠʡ 

ʩ ʢʦʜʦʚʳʤ ʨʘʟʜʝʣʝʥʠʝʤ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʚ ʨʘʙʦʪʘʭ ɺʘʨʘʢʠʥʘ ʃ.ɽ., ʂʨʝʡʥʜʝʣʠʥʘ 

ɺ.ɹ. [46, 51, 127, 131, 135]. ʊʝʦʨʠʷ ʙʳʩʪʨʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʚ ʙʘʟʠ-

ʩʝ ʬʫʥʢʮʠʡ ʋʦʣʰʘ-ɸʜʘʤʘʨʘ ʧʨʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʜʠʩʢʨʝʪʥʳʭ ʰʫʤʦʧʦʜʦʙʥʳʭ ʩʠʛ-

ʥʘʣʦʚ ʨʘʟʚʠʪʘ ʚ ʨʘʙʦʪʘʭ Beôeny Y., Leung K., Snyders J., Li P., ʃʦʩʝʚʘ ɺ.ɺ., ɼʚʦʨ-

ʥʠʢʦʚʘ ɺ.ɼ. [8-12].  ɺ ʨʘʙʦʪʘʭ ʉʤʦʣʴʷʥʠʥʦʚʘ ɺ.ʄ., ʅʘʟʘʨʦʚʘ ʃ.ɽ., ʂʘʥʘʪʦʚʦʡ ʃ.ɺ, 

ʃʠʪʚʠʥʦʚʘ, ʌʠʥʢʘ ʃ.ʄ. ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʳʩʪʨʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʚ ʙʘʟʠʩʝ ʬʫʥʢʮʠʡ ɺʂ ʜʣʷ ʙʳʩʪʨʦʛʦ ʜʝʢʦʜʠʨʦʚʘʥʠʷ ʮʠʢʣʠʯʝʩʢʠʭ -

ʠʯʥʳʭ ʙʣʦʢʦʚʳʭ ʢʦʜʦʚ ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʣʠʥʳ [18, 19].  

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ. 

1. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ɹʇʌ ʚ ʙʘʟʠʩʝ ɺʂ ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ ʚʤʝʩʪʦ 

ʢʣʘʩʩʠʯʝʩʢʦʛʦ ɹʇʌ (ʙʘʟʠʩ ɼʕʌ) ʧʨʠ ʨʘʟʤʝʨʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ N=2048 ʜʘʝʪ ʤʘʢ-

ʩʠʤʘʣʴʥʳʡ ʚʳʠʛʨʳʰ ʧʦ ʯʠʩʣʫ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʦʪ 2,1 ʜʦ 3,5 ʨʘʟ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ OFDM: ʜʣʷ N=256ï1024 ʚʳʠʛʨʳʰ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 2,1 ʜʦ 2,8 ʨʘʟʘ, ʘ ʧʨʠ 

N=2048 ʜʦʩʪʠʛʘʝʪ 3,5 ʨʘʟʘ;  

2. ʇʨʝʜʣʦʞʝʥ ʚʘʨʠʘʥʪ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤʳ ʨʘʜʠʦʜʦʩʪʫʧʘ, ʦʙʣʘʜʘʶʱʠʭ ʥʠʟ-

ʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ ʜʦʧʣʝʨʦʚʩʢʠʤ ʩʜʚʠʛʘʤ ʯʘʩʪʦʪʳ, ʜʦʩʪʠʛʘʶʱʠʤʩʷ ʟʘ ʩʯʝʪ 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʩʣʝʞʝʥʠʷ ʟʘ ʩʤʝʱʝʥʠʷʤʠ ʰʫʤʦʧʦʜʦʙʥʦʛʦ ʩʠʥʭʨʦʩʠʛʥʘʣʘ ʧʦ ʯʘʩʪʦ-



 

 

12 

ʪʝ ʠ ʟʘʜʝʨʞʢʝ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʜʚʠʞʝ-

ʥʠʷ ʘʙʦʥʝʥʪʦʚ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʜʦ 500 ʢʤ/ʯ (1400 ɻʮ) ʠ ʙʦʣʝʝ, ʘ ʪʘʢʞʝ ʧʨʠ 

ʫʩʢʦʨʝʥʠʠ ʜʦ 30é50 Ⱦ̍̒  (ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ ʥʝ ʙʦʣʝʝ 100 ɻʮ/ʩ) ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʦʙʲʝʤʘ ʆɿʋ ʜʦ 100 KiB ʩ ʫʯʝʪʦʤ ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʝʜʠʩʢʨʝʪʠʟʘʮʠʠ 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʩʠʥʭʨʦʩʠʛʥʘʣʘ ʚ 5 ʨʘʟ, ʪʦʛʜʘ ʢʘʢ ʩʪʘʥʜʘʨʪʥʳʝ ʩʭʝʤʳ OFDM ʪʝ-

ʨʷʶʪ ʩʠʥʭʨʦʥʠʟʘʮʠʶ ʧʨʠ ʩʜʚʠʛʘʭ ʩʚʳʰʝ 300 ɻʮ; 

3. ʈʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʩʧʦʩʦʙ ʧʦʜʘʚʣʝʥʠʷ ʚʟʘʠʤʥʳʭ ʧʦʤʝʭ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥ-

ʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʩʠʩʪʝʤ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʩʠʛʥʘʪʫʨ ʚ ʦʙʱʝʤ ʨʘʜʠʦ-

ʢʘʥʘʣʝ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʦʚʳʩʠʪʴ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʯʠʩʣʫ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʠʩʪʝʤ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʦʙʦʙʱʝʥʥʦʛʦ ɹʇʌ, ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʜʦ 25% ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 

ʩʣʦʞʥʦʩʪʠ ʘʣʛʦʨʠʪʤʘ ʦʙʨʘʙʦʪʢʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʫʚʝʣʠʯʝʥʠʶ ʯʠʩʣʘ ʠʩʧʦʣʴʟʫ-

ʶʱʠʭʩʷ ʩʠʩʪʝʤ ʩʠʛʥʘʪʫʨ; 

4. ʆʮʝʥʠʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʩʚʝʨʭʜʣʠʥʥʦʛʦ ʩʠʥʭʨʦʩʠʛʥʘʣʘ ʠ ʝʛʦ ʤʥʦʛʦʣʫʯʝ-

ʚʳʭ ʢʦʧʠʡ ʧʦ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʠ ʤʥʠʤʦʡ ʯʘʩʪʷʤ ʠʭ ʦʩʥʦʚʥʳʭ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʧʠ-

ʢʦʚ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʪʦʯʥʦʩʪʴ ʦʮʝʥʢʠ ʬʘʟʦʚʳʭ ʩʜʚʠʛʦʚ ʯʘʩʪʦʪ ʩʠʛʥʘʣʦʚ ʣʫ-

ʯʝʡ ʧʦʨʷʜʢʘ υȣχ , ʘ ʪʘʢʞʝ ʧʦʛʨʝʰʥʦʩʪʴ ʩʜʚʠʛʘ ʧʦ ʚʨʝʤʝʥʠ ʵʪʠʭ ʩʠʛʥʘʣʦʚ, ʥʝ 

ʧʨʝʚʳʰʘʶʱʫʶ 0,1 ʪʘʢʪʦʚʦʛʦ ʠʥʪʝʨʚʘʣʘ; ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʢʚʘʟʠʢʦʛʝʨʝʥʪʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʩʠʛʥʘʣʦʚ ʣʫʯʝʡ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʠʙʣʠʞʝʥʠʝ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʥʦʛʦʣʫʯʝʚʦʛʦ ʢʘʥʘʣʘ ʢ ʛʘʫʩʩʦʚʩʢʦʤʫ ʠ ʜʦʩʪʠʞʝ-

ʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʚʳʠʛʨʳʰʘ ʜʦ 3ï5 ʜɹ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʣʘʩʩʠʯʝʩʢʦʛʦ OFDM; 

ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʣʦʞʥʦʩʪʴ ʧʨʠʝʤʥʦʛʦ ʪʨʘʢʪʘ ʚʦʟʨʘʩʪʘʝʪ ʚ 2,3ï3 ʨʘʟʘ ʧʦ ʯʠʩʣʫ 

ʦʧʝʨʘʮʠʡ ʢʦʤʧʣʝʢʩʥʦʛʦ ʫʤʥʦʞʝʥʠʷ ʧʨʠ ʨʘʟʜʝʣʝʥʠʠ ʩʠʛʥʘʣʦʚ 2é3 ʣʫʯʝʡ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ OFDM. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ ʥʦʚʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫ-

ʯʝʥʥʳʤʠ ʚ ʦʙʣʘʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʦʨʠʠ ʫʩʢʦʨʝʥʥʦʛʦ ʜʝʢʦʜʠʨʦʚʘʥʠʷ ʮʠʢʣʠʯʝ-

ʩʢʠʭ -ʠʯʥʳʭ ʙʣʦʢʦʚʳʭ ʢʦʜʦʚ ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʣʠʥʳ ʥʘ ʦʩʥʦʚʝ ʦʙʦʙʱʝʥʥʦʛʦ ɹʇʌ 

ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʛʨʫʧʧʦʚʳʭ ʩʠʛʥʘʣʦʚ ʩʠʩʪʝʤ ʨʘʜʠʦʜʦʩʪʫʧʘ.  
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ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʠ ʚʥʝʜʨʝʥʳ ʚ ɸʆ çʆʙʲʝʜʠʥʝʥʥʘʷ ʜʚʠʛʘʪʝ-

ʣʝʩʪʨʦʠʪʝʣʴʥʘʷ ʢʦʨʧʦʨʘʮʠʷè, ʌɻɹʆʋ ɺʆ çʄʦʩʢʦʚʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʩʚʷʟʠ ʠ ʠʥʬʦʨʤʘʪʠʢʠè, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʘʢʪʘʤʠ ʦ ʚʥʝʜʨʝʥʠʠ. 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ. 

1. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʦʙʨʘʙʦʪʢʠ ʛʨʫʧʧʦʚʳʭ ʩʠʛʥʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ɹʇʌ ʚ 

ʙʘʟʠʩʝ ʬʫʥʢʮʠʡ ɺʂ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʩʣʦʞʥʦʩʪʴ ʜʦ 3,5 ʨʘʟ ʧʦ 

ʯʠʩʣʫ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥ-

ʥʳʤ ɹʇʌ ʚ ʙʘʟʠʩʝ ɼʕʌ.  

2. ʇʨʝʜʣʦʞʝʥʥʳʡ ʚʘʨʠʘʥʪ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤʳ ʨʘʜʠʦʜʦʩʪʫʧʘ ʩ ʥʝʧʨʝʨʳʚ-

ʥʳʤ ʩʣʝʞʝʥʠʝʤ ʟʘ ʩʤʝʱʝʥʠʷʤʠ ʰʫʤʦʧʦʜʦʙʥʦʛʦ ʩʠʥʭʨʦʩʠʛʥʘʣʘ ʧʦ ʯʘʩʪʦʪʝ ʠ ʟʘ-

ʜʝʨʞʢʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʠʟʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʜʦʧʣʝʨʦʚʩʢʠʤ ʩʜʚʠʛʘʤ ʠ ʩʪʘ-

ʙʠʣʴʥʦʩʪʴ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʜʚʠʞʝʥʠʷ ʘʙʦʥʝʥʪʦʚ ʩʦ ʩʢʦʨʦʩʪʴʶ ʜʦ 500 

ʢʤ/ʯ (1400 ɻʮ), ʯʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʦʙʲʝʤʘ ʆɿʋ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʥʘ 

100 KiB ʩ ʫʯʝʪʦʤ ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʝʜʠʩʢʨʝʪʠʟʘʮʠʠ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʩʠʥʭʨʦʩʠʛ-

ʥʘʣʘ ʜʦ 5 ʨʘʟ. 

3. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʛʝʨʝʥʪʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʣʫʯʝʡ ʥʝʧʦ-

ʩʨʝʜʩʪʚʝʥʥʦ ʚ OFDM-ʪʨʘʢʪʝ ʟʘ ʩʯʝʪ ʚʳʩʦʢʦʪʦʯʥʦʛʦ ʦʮʝʥʠʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʩʚʝʨʭʜʣʠʥʥʦʛʦ ʩʠʥʭʨʦʩʠʛʥʘʣʘ (ʧʦʛʨʝʰʥʦʩʪʴ ʧʦ ʟʘʜʝʨʞʢʝ Ò0,1 ʪʘʢʪʦʚʦʛʦ ʠʥʪʝʨʚʘ-

ʣʘ, ʧʦ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʩʜʚʠʛʘʤ ʬʘʟ ʯʘʩʪʦʪ ʩʠʛʥʘʣʦʚ ʣʫʯʝʡ ʧʦʨʷʜʢʘ υȣχ), ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʨʠʙʣʠʟʠʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʥʘʣʘ ʢ ʛʘʫʩʩʦʚʩʢʦʤʫ ʠ 

ʜʦʩʪʠʯʴ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʚʳʠʛʨʳʰʘ ʜʦ 3ï5 ʜɹ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʣʘʩʩʠʯʝʩʢʦʡ OFDM 

ʮʝʥʦʡ ʫʚʝʣʠʯʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʠ ʧʨʠʝʤʥʦʛʦ ʪʨʘʢʪʘ ʚ 2,3é3 ʨʘʟʘ ʟʘ 

ʩʯʝʪ ʨʘʟʜʝʣʝʥʠʷ ʩʠʛʥʘʣʦʚ ʣʫʯʝʡ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ. 

1. ɼʠʩʢʨʝʪʥʳʡ ʩʠʛʥʘʣ, ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʦʪʦʨʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ -ʠʯʥʘʷ 

ʃʈʇ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʝʨʠʦʜʘ, ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥ ʢ ʣʶʙʦʡ ʬʫʥʢʮʠʠ ɺʂ ʧʨʠ 

ʧʝʨʝʩʪʘʥʦʚʢʝ ʝʛʦ ʩʠʤʚʦʣʦʚ ʧʦ ʚʦʟʨʘʩʪʘʥʠʶ ʟʥʘʯʝʥʠʡ ʵʣʝʤʝʥʪʦʚ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚ-

ʥʦʡ ʛʨʫʧʧʳ ʨʘʩʰʠʨʝʥʥʦʛʦ ʧʦʣʷ ɻʘʣʫʘ, ʧʦʩʪʨʦʝʥʥʦʛʦ ʧʦ ʤʦʜʫʣʶ ʥʝʧʨʠʚʦʜʠʤʦʛʦ 

ʧʨʠʤʠʪʠʚʥʦʛʦ ʧʦʣʠʥʦʤʘ, ʠʩʧʦʣʴʟʦʚʘʚʰʝʛʦʩʷ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʠʩʭʦʜʥʦʡ ʇʉʇ; 
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ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ ʦʩʥʦʚʝ ʚʘʨʠʘʥʪʦʚ ʩʦʧʨʦʚʦʞʜʘʶʱʠʭ ʤʘʪʨʠʮ ʠʩʭʦʜʥʦʛʦ ʧʦʣʠ-

ʥʦʤʘ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʢʘʢ ʤʠʥʠʤʫʤ ʯʝʪʳʨʝ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʳʭ ʛʨʫʧʧʳ ʧʦʣʷ; 

2. ʉʧʦʩʦʙ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ p -ʠʯʥʦʡ ʃʈʇ ʥʘ ʦʩʥʦʚʝ ʚʳʙʨʘʥʥʦʡ ʤʫʣʴʪʠʧʣʠ-

ʢʘʪʠʚʥʦʡ ʛʨʫʧʧʳ ʨʘʩʰʠʨʝʥʥʦʛʦ ʧʦʣʷ ɻʘʣʫʘ, ʘ ʪʘʢʞʝ ʚʳʙʦʨ ʧʝʨʚʦʦʙʨʘʟʥʦʛʦ ʵʣʝ-

ʤʝʥʪʘ ʛʨʫʧʧʳ, ʩ ʢʦʪʦʨʦʛʦ ʥʘʯʠʥʘʝʪʩʷ ʧʝʨʝʩʪʘʥʦʚʢʘ ʵʣʝʤʝʥʪʦʚ ʠʩʭʦʜʥʦʡ ʇʉʇ, 

ʧʦʟʚʦʣʷʝʪ ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʥʘʯʘʣʴʥʳʡ ʙʣʦʢ ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʡ p -ʠʯʥʦʡ 

ʃʈʇ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʙʱʝʥʥʦʛʦ ɹʇʌ ʚ ʙʘʟʠʩʝ ʬʫʥʢʮʠʡ ɺʂ. 

3. ʅʘʫʯʥʫʶ ʥʦʚʠʟʥʫ ʩʦʩʪʘʚʣʷʶʪ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ 

ʩʚʦʡʩʪʚ ʨ-ʠʯʥʳʭ ʃʈʇ ʠ ʚʧʝʨʚʳʝ ʚʚʝʜʝʥʥʳʭ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʤʘʪʨʠʮ ʦʨʪʦʛʦ-

ʥʘʣʴʥʳʭ ʩʠʛʥʘʪʫʨ ʥʘ ʠʭ ʦʩʥʦʚʝ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʝʨʝʤʥʦʞʝʥʠʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ 

ʠ ʤʥʠʤʦʡ ʯʘʩʪʝʡ ʤʘʪʨʠʮʳ ʦʜʥʦʡ ʃʈʇ ʜʘʝʪ ʥʫʣʝʚʫʶ ʤʘʪʨʠʮʫ, ʘ ʧʝʨʝʢʨʝʩʪʥʦʝ ʧʝ-

ʨʝʤʥʦʞʝʥʠʝ ʯʘʩʪʝʡ ʤʘʪʨʠʮ ʨʘʟʥʳʭ ʃʈʇ ð ʥʝʥʫʣʝʚʫʶ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʨʘʟʨʘʙʦʪʘʪʴ 

ʩʧʦʩʦʙ ʢʦʤʧʝʥʩʘʮʠʠ ʚʟʘʠʤʥʳʭ ʧʦʤʝʭ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝʩʢʦʣʴʢʠʭ 

ʩʠʩʪʝʤ ʩʠʛʥʘʪʫʨ ʚ ʦʙʱʝʡ ʧʦʣʦʩʝ ʯʘʩʪʦʪ; 

4. ʄʥʠʤʘʷ ʯʘʩʪʴ ʜʚʫʤʝʨʥʦʡ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ ʣʶʙʦʡ p -ʠʯʥʦʡ 

ʃʈʇ ʥʝ ʠʤʝʝʪ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʠʢʘ; ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ ʜʚʫʤʝʨʥʦʡ ʚʟʘʠʤʥʦ ʢʦʨʨʝʣʷ-

ʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ p -ʠʯʥʦʡ ʃʈʇ ʠ ʝʝ ʢʦʧʠʠ, ʩʜʚʠʥʫʪʦʡ ʧʦ ʬʘʟʝ, ʧʦʣʫʯʠʤ ʮʝʥ-

ʪʨʘʣʴʥʳʝ ʧʠʢʠ ʢʘʢ ʫ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ, ʪʘʢ ʠ ʫ ʤʥʠʤʦʡ ʯʘʩʪʠ ʵʪʦʡ ʬʫʥʢʮʠʠ, ʧʦ ʩʦ-

ʦʪʥʦʰʝʥʠʶ ʫʨʦʚʥʝʡ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ  ʬʘʟʦʚʳʡ ʩʜʚʠʛ ʦʜʥʦʡ ʇʉʇ ʦʪ-

ʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʦʡ. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ  

- ʘʧʨʦʙʘʮʠʝʡ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʥʘ ʄʝʞʜʫʥʘʨʦʜʥʳʭ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠ-

ʷʭ ʠ ʧʫʙʣʠʢʘʮʠʷʤʠ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʠʟʜʘʥʠʷʭ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʩʧʠʩʢʫ 

ɺɸʂ; 

- ʩʦʦʪʥʝʩʝʥʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦ-

ʚʘʥʠʡ, ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ.  

ɸʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʚʪʦʨʦʤ 

ʧʨʠ ʝʛʦ ʣʠʯʥʦʤ ʫʯʘʩʪʠʠ ʥʘ XVI, XVII, XVIII, XIX ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʦʪʨʘʩʣʝʚʘʷ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʊʝʭʥʦʣʦʛʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʱʝʩʪʚʘè 
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(2022 ʛ., 2023 ʛ., 2024 ʛ., 2025 ʛ.) [14, 15, 17, 51] ʚ ʛʦʨʦʜʝ ʄʦʩʢʚʘ; ʄʅʊʂ «Systems 

of Signal Synchronization, Generating and Processing in Telecommunications (SYN-

CHROINFO)» (2024ʛ., 2025 ʛ.) [16, 19, 20] ʚ ʛʦʨʦʜʘʭ ɺʳʙʦʨʛ ʠ ʊʶʤʝʥʴ; ʄʅʊʂ 

"2025 Systems of signals generating and processing in the field of on board communi-

cations" (2025 ʛ.) [18] ʚ ʛʦʨʦʜʝ ʄʦʩʢʚʘ; ʄʅʊʂ «Intelligent Technologies and Elec-

tronic Devices in Vehicle and Road Transport Complex (TIRVED)» (2025 ʛ.) [121] ʚ 

ʛʦʨʦʜʝ ʄʦʩʢʚʘ. 

ʇʫʙʣʠʢʘʮʠʠ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʠ ʠʟʣʦʞʝʥʳ ʚ 18 ʧʝʯʘʪʥʳʭ 

ʠʟʜʘʥʠʷʭ [2, 15, 16, 18, 19, 20-22, 24, 26-29, 30, 31, 32, 74, 111], 3 ʠʟ ʢʦʪʦʨʳʭ ʨʘʟ-

ʤʝʱʝʥʳ ʚ ʞʫʨʥʘʣʘʭ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɺɸʂ [2, 30, 111]. ʇʦʣʫʯʝʥʳ 13 ʩʚʠʜʝʪʝʣʴ-

ʩʪʚ ʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʕɺʄ [32-35, 112-120], 3 ʧʫʙ-

ʣʠʢʘʮʠʠ ʚ Scopus [16, 20, 122]. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʩʦʩʪʦʠʪ ʚ ʧʨʦʚʝʜʝʥʠʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʘʟʨʘ-

ʙʦʪʢʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ ʜʣʷ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɺʩʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ-

ʣʫʯʝʥʳ ʘʚʪʦʨʦʤ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ. 

ʆʙʲʝʤ ʠ ʩʪʨʫʢʪʫʨʘ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʯʝʪʳʨʝʭ 

ʨʘʟʜʝʣʦʚ, ʟʘʢʣʶʯʝʥʠʷ ʠ ʜʚʫʭ ʧʨʠʣʦʞʝʥʠʡ. ɽʝ ʦʙʲʝʤ ʩʦʩʪʘʚʣʷʝʪ 174 ʩʪʨʘʥʠʮ rʩ 30 

ʨʠʩʫʥʢʘʤʠ ʠ 10 ʪʘʙʣʠʮʘʤʠ. ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ ʩʦʜʝʨʞʠʪ 145 ʥʘʠʤʝʥʦʚʘʥʠʡ. 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʧʘʩʧʦʨʪʫ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 

ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʘʚʪʦʨʦʤ ʜʠʩʩʝʨʪʘʮʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʫʥʢʪʘʤ 

ʧʘʩʧʦʨʪʘ ʥʘʫʯʥʦʡ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 2.2.13 ï ʈʘʜʠʦʪʝʭʥʠʢʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʠʩʪʝʤʳ ʠ 

ʫʩʪʨʦʡʩʪʚʘ ʪʝʣʝʚʠʜʝʥʠʷ:  

ï ʧ. 1. "ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʠ ʷʚʣʝʥʠʡ ʚ ʨʘʜʠʦʪʝʭʥʠʢʝ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ ʠ ʩʠʩʪʝʤ";  

ï ʧ. 5. "ʈʘʟʨʘʙʦʪʢʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʦʚ, ʚʢʣʶʯʘʷ ʮʠʬʨʦʚʳʝ, ʦʙʨʘ-

ʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʠ ʠʥʬʦʨʤʘʮʠʠ ʚ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚʘʭ ʠ ʩʠʩʪʝʤʘʭ ʨʘʟ-

ʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʠʥʪʝʟ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ"; 

ï ʧ. 10. ''ʈʘʟʨʘʙʦʪʢʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʠ ʫʩʪʨʦʡʩʪʚ ʧʝʨʝʜʘʯʠ, ʧʨʠʝʤʘ, 

ʦʙʨʘʙʦʪʢʠ, ʦʪʦʙʨʘʞʝʥʠʷ, ʨʝʛʠʩʪʨʘʮʠʠ, ʭʨʘʥʝʥʠʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, 
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ʚʢʣʶʯʘʷ ʙʝʩʧʨʦʚʦʜʥʳʝ, ʢʦʩʤʠʯʝʩʢʠʝ, ʵʬʠʨʥʳʝ, ʢʘʙʝʣʴʥʳʝ ʠ ʤʦʙʠʣʴʥʳʝ ʩʠʩʪʝʤʳ 

ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ''.  
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1. ɸʅɸʃʀɿ ʀ ʉʈɸɺʅɽʅʀɽ ɺɸʈʀɸʅʊʆɺ ʄʅʆɾɽʉʊɺɽʅʅʆɻʆ  

ɼʆʉʊʋʇɸ 

 

1.1. ɺʘʨʠʘʥʪʳ ʩʠʤʤʝʪʨʠʯʥʳʭ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʤʘʪʨʠʮ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ  

ʩʠʩʪʝʤ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʩʠʛʥʘʪʫʨ 

 

ʉʠʤʤʝʪʨʠʯʥʘʷ ʦʨʪʦʛʦʥʘʣʴʥʘʷ ʤʘʪʨʠʮʘ (ʉʆʄ) ï ɻ ʪʦ ʢʚʘʜʨʘʪʥʘʷ ʤʘʪʨʠʮʘ, ʵʣʝ-

ʤʝʥʪʳ ʢʦʪʦʨʦʡ ʩʠʤʤʝʪʨʠʯʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʝʝ ʛʣʘʚʥʦʡ ʜʠʘʛʦʥʘʣʠ, ʧʨʠʯʝʤ ʝʝ ʩʪʨʦ-

ʢʠ ʠ ʩʪʦʣʙʮʳ ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʥʦʤʝʨʘʤʠ ʩʦʚʧʘʜʘʶʪ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʵʪʘ ʤʘʪʨʠʮʘ 

ʩʦʚʧʘʜʘʝʪ ʩ ʨʝʟʫʣʴʪʘʪʦʤ ʝʝ ʪʨʘʥʩʧʦʥʠʨʦʚʘʥʠʷ, ʠ ʧʨʠ ʝʝ ʧʝʨʝʤʥʦʞʝʥʠʠ  ʩ ʪʨʘʥʩʧʦ-

ʥʠʨʦʚʘʥʥʦʡ ʤʘʪʨʠʮʝʡ ʧʦʣʫʯʘʝʪʩʷ ʝʜʠʥʠʯʥʘʷ ʤʘʪʨʠʮʘ. ʀʤʝʥʥʦ ʪʘʢʠʝ ʤʘʪʨʠʮʳ ʠʩ-

ʧʦʣʴʟʫʶʪʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʠ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʩʠʛʥʘʪʫʨ, 

ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʤʚʦʣʦʚ.  

ʇʨʠʤʝʨʘʤʠ ʉʆʄ ʷʚʣʷʶʪʩʷ, ʥʘʧʨʠʤʝʨ, ʩʠʩʪʝʤʘ ʬʫʥʢʮʠʡ ɺʂ, ʫʧʦʨʷʜʦʯʝʥʥʘʷ 

ʧʦ ʂʨʦʥʝʢʝʨʫ (ɺʂ-ʂ), ʩʠʩʪʝʤʘ ɼʕʌ, ʘ ʪʘʢʞʝ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʫʧʦʨʷʜʦʯʝʥʥʳʝ ʤʘʪ-

ʨʠʮʳ-ʮʠʨʢʫʣʷʥʪʳ ʜʚʦʠʯʥʳʭ ʠ ʤʥʦʛʦʧʦʟʠʮʠʦʥʥʳʭ ʃʈʇ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʢʘʢ 

ʩʪʝʧʝʥʠ 

2

pW e

p

=  ʩ ʧʨʠʩʦʝʜʠʥʝʥʥʳʤʠ ʩʘʤʦʡ ʚʝʨʭʥʝʡ ʩʪʨʦʢʦʡ ʠ ʣʝʚʳʤ ʩʪʦʣʙʮʦʤ, 

ʩʦʩʪʦʷʱʠʤʠ ʠʟ ʝʜʠʥʠʮ [36], ʛʜʝ ὴ ï ʮʝʣʦʝ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʯʠʩʣʦ. ʅʘʠʙʦʣʝʝ ʧʨʦ-

ʩʪʦʡ ʚʘʨʠʘʥʪ ʉʆʄ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʤʘʪʨʠʮʫ ɸʜʘʤʘʨʘ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʝ ʩʧʦ-

ʩʦʙʳ ʫʧʦʨʷʜʦʯʝʥʠʷ ʬʫʥʢʮʠʡ ʋʦʣʰʘ ʠ ɺʂ ʧʦʟʚʦʣʷʶʱʠʝ ʩʬʦʨʤʠʨʦʚʘʪʴ ʉʆʄ, ʨʘʩ-

ʩʤʘʪʨʠʚʘʪʴ ʚ ʵʪʦʤ ʨʘʟʜʝʣʝ ʥʝ ʙʫʜʝʤ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʠʚʝʜʝʤ ʉʆʄ ʜʝʚʷʪʦʛʦ 

ʧʦʨʷʜʢʘ, ʭʦʪʷ ʥʘ ʧʨʘʢʪʠʢʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʘʪʨʠʮʳ, ʧʦʨʷʜʦʢ ʢʦʪʦʨʳʭ 

ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʥʝʩʢʦʣʴʢʠʭ ʪʳʩʷʯ. ʊʘʢ, ʤʘʪʨʠʮʘ ɺʂ-ʂ ʠʤʝʝʪ ʚʠʜ: 



 

 

18 

0 0 0 0 0 0 0 0 0

0 1 2 0 1 2 0 1 2

0 2 1 0 2 1 0 2 1

0 0 0 1 1 1 2 2 2

0 1 2 1 2 0 2 0 1
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9S    (1.1) 

ʛʜʝ

2

pW e

p

= , pï ʮʝʣʦʝ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʯʠʩʣʦ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ3p=  , ʘ ʨʘʟʤʝʨ-

ʥʦʩʪʴ ʤʘʪʨʠʮʳ ʨʘʚʥʷʝʪʩʷ mp , ʪʦ ʝʩʪʴ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 9.  

ʄʘʪʨʠʮʘ ɼʕʌ ʜʝʚʷʪʦʛʦ ʧʦʨʷʜʢʘ ʧʨʠ ὡ Ὡ Ⱦ : 

0 0 0 0 0 0 0 0 0

0 1 2 3 4 5 6 7 8

0 2 4 6 8 10 12 14 16

0 3 6 9 12 15 18 21 24

0 4 8 12 16 20 24 28 32
9,

0 5 10 15 20 25 30 35 40

0 6 12 18 24 30 36 42 48

0 7 14 21 28 35 42 49 56

0 8 16 24 32

ɼʕʌ

W W W W W W W W W

W W W W W W W W W

W W W W W W W W W

W W W W W W W W W

s W W W W W W W W W

W W W W W W W W W

W W W W W W W W W

W W W W W W W W W

W W W W W

=

0 0 0 0 0 0 0 0 0

0 1 2 3 4 5 6 7 8

0 2 4 6 8 0 3 1 7

0 3 6 0 3 6 0 3 6

0 4 8 3 7 1 6 0 5

0 5 0 6 1 7 3 8 4

0 6 3 0 6 3 0 6 3

0 7 1 3 0 8 6 4 2

40 48 56 64 0 8 7 6 5 4
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Φ (1.2) 

ʇʨʠʚʝʜʝʤ ʪʘʢ ʞʝ ʜʚʝ ʉʆʄ, ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʤʘʪʨʠʮ-

ʮʠʨʢʫʣʷʥʪʦʚ p -ʠʯʥʳʭ ʃʈʇ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʥʝʧʨʠʚʦʜʠʤʳʭ ʧʨʠʤʠ-

ʪʠʚʥʳʭ ʧʦʣʠʥʦʤʦʚ 2

2( ) 2 1f x x x= + + ʠ ' 2 2

2( ) 2 1f x x x= + +, ʛʜʝ 
2 /pW ep= Υ 
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9,ʃʈʇs Σ  
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9,ʃʈʇs Φ (1.3) 

ɿʘʤʝʪʠʤ, ʯʪʦ ʤʘʪʨʠʮ, ʧʦʜʦʙʥʳʭ (1.3), ʪʦ ʝʩʪʴ ʨʘʟʤʝʨʥʦʩʪʠmp , ʤʦʞʥʦ ʧʦʩʪʨʦ-

ʠʪʴ ʩʪʦʣʴʢʦ, ʩʢʦʣʴʢʦ ʩʫʱʝʩʪʚʫʝʪ ʥʝʧʨʠʚʦʜʠʤʳʭ ʧʨʠʤʠʪʠʚʥʳʭ ʧʦʣʠʥʦʤʦʚ m-ʛʦ 
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ʧʦʨʷʜʢʘ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʪʦʨʳʭ ʧʨʠʥʘʜʣʝʞʘʪ ʤʥʦʞʝʩʪʚʫ{ }0,..., 1p- [30]. ʂʨʦʤʝ 

ʪʦʛʦ, ʩʪʨʫʢʪʫʨʘ ʤʘʪʨʠʮʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʙʦʨʦʤ ʧʝʨʚʦʦʙʨʘʟʥʦʛʦ ʵʣʝʤʝʥʪʘ ʤʫʣʴʪʠ-

ʧʣʠʢʘʪʠʚʥʦʡ ʛʨʫʧʧʳ ʨʘʩʰʠʨʝʥʥʦʛʦ ʧʦʣʷ ɻʘʣʫʘ ʧʦ ʤʦʜʫʣʶ ʥʝʧʨʠʚʦʜʠʤʦʛʦ ʧʨʠʤʠ-

ʪʠʚʥʦʛʦ ʧʦʣʠʥʦʤʘ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʠ ʩʪʨʦʠʪʩʷ ʤʘʪʨʠʮʘ,  ʘ ʪʘʢʞʝ ʚʠʜʦʤ ʩʦʧʨʦ-

ʚʦʞʜʘʶʱʝʡ ʤʘʪʨʠʮʳ ʵʪʦʛʦ ʧʦʣʠʥʦʤʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʉʆʄ ʧʦʩʣʝ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩʪʦʣʙʮʘ ʠ ʩʪʨʦʢʠ ʩ ʥʦʤʝʨʦʤ ʥʦʣʴ, ʩʦʩʪʦʷʱʠʭ ʣʠʰʴ ʠʟ ʵʣʝʤʝʥʪʦʚ 

0 1W =Ȣ ʉʪʨʦʢʠ ʠ ʩʪʦʣʙʮʳ ʣʶʙʦʡ ʤʘʪʨʠʮʳ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʝʤ ʥʫʤʝʨʦʚʘʪʴ ʦʪ ʥʫ-

ʣʷ ʩ ʧʦʤʦʱʴʶ ʩʠʤʚʦʣʦʚ , (0,..., 1)mi k p= - ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ [30], 

ʣʶʙʘʷ ʉʆʄ, ʧʦʩʪʨʦʝʥʥʘʷ ʥʘ ʦʩʥʦʚʝ p -ʠʯʥʦʡ ʃʈʇ, ʧʨʠʚʦʜʠʪʩʷ ʢ ʤʘʪʨʠʮʝ ɺʂ-ʂ 

ʧʨʠ ʧʝʨʝʩʪʘʥʦʚʢʝ ʩʪʦʣʙʮʦʚ ʠ ʩʪʨʦʢ ʧʦ ʧʨʘʚʠʣʘʤ, ʦʧʠʩʘʥʥʳʤ ʚ [30], ʧʨʠ ʠʟʚʝʩʪʥʦʤ 

ʧʝʨʚʦʦʙʨʘʟʥʦʤ ʵʣʝʤʝʥʪʝ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʦʡ ʛʨʫʧʧʳ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʦʥʘ ʧʦ-

ʩʪʨʦʝʥʘ. ɺʦʧʨʦʩʘʤ ʧʦʩʪʨʦʝʥʠʷ ʉʆʄ ʥʘ ʦʩʥʦʚʝ ʃʈʇ ʧʦʩʚʷʱʝʥ ʚʪʦʨʦʡ ʨʘʟʜʝʣ 

ʥʘʩʪʦʷʱʝʡ ʜʠʩʩʝʨʪʘʮʠʠ. 

ʂʘʢ ʚʠʜʥʦ, ʩʪʨʦʢʠ ʠ ʩʪʦʣʙʮʳ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʉʆʄ ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʥʦʤʝʨʘʤʠ 

ʩʦʚʧʘʜʘʶʪ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʊ

, ,m mp ɺ ʂ ʂ p ɺ ʂ ʂ
S S

- - - -
= , ʊ

, ,m mp ɼʕʌ p ɼʕʌ
S S= ,

ʊ

, ,m mp ɼʕʌ p ɼʕʌ
S S= , ʊ

,ʃʈʇ ,ʃʈʇm mp p
S S= , ʛʜʝ Ͻ̓ ï ʦʙʦʟʥʘʯʝʥʠʝ ʦʧʝʨʘʮʠʠ ʪʨʘʥʩʧʦʥʠʨʦʚʘ-

ʥʠʷ ʤʘʪʨʠʮʳ. ʂʨʦʤʝ ʪʦʛʦ, ʢʘʢ ʩʪʨʦʢʠ, ʪʘʢ ʠ ʩʪʦʣʙʮʳ ʣʶʙʦʡ ʠʟ ʤʘʪʨʠʮ ʧʦʧʘʨʥʦ ʦʨ-

ʪʦʛʦʥʘʣʴʥʳ. ʆʪʤʝʪʠʤ ʪʘʢʞʝ, ʯʪʦ ʵʪʠ ʤʘʪʨʠʮʳ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʩʪʝʧʝʥʝʡ

W. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʪʨʦʢʠ ʠ ʩʪʦʣʙʮʳ ʉʆʄ, ʧʦʩʪʨʦʝʥʥʦʡ ʥʘ ʦʩʥʦʚʝ p -ʠʯʥʦʡ ʃʈʇ 

ʙʝʟ ʩʪʨʦʢʠ ʠ ʩʪʦʣʙʮʘ ʩ ʥʦʤʝʨʦʤ ʥʦʣʴ, ʷʚʣʷʶʪʩʷ ʮʠʢʣʠʯʝʩʢʠʤʠ ʩʜʚʠʛʘʤʠ ʵʪʦʡ 

ʃʈʇ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʚʠʜʝ ʩʠʤʚʦʣʦʚ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʤʥʦʞʝʩʪʚʫ{ }0,..., 1p- .  

ʂʘʞʜʫʶ ʩʪʨʦʢʫ ʉʆʄ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʜʠʩʢʨʝʪʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʨ-

ʪʦʛʦʥʘʣʴʥʦʡ ʧʦʜʥʝʩʫʱʝʡ, ʠʩʧʦʣʴʟʫʶʱʝʡʩʷ ʜʣʷ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʠʤ-

ʚʦʣʘ. ʊʦ ʝʩʪʴ ʧʨʠ ʧʝʨʝʜʘʯʝ ʠʥʬʦʨʤʘʮʠʠ ʚʩʝ ʦʨʪʦʛʦʥʘʣʴʥʳʝ ʩʪʨʦʢʠ, ʩʬʦʨʤʠʨʦʚʘʥ-

ʥʳʝ ʥʘ ʦʩʥʦʚʝ ʦʜʥʦʡ ʉʆʄ, ʤʦʜʫʣʠʨʫʶʪʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʩʠʤʚʦʣʘʤʠ ʠ ʧʝʨʝ-

ʜʘʶʪʩʷ ʚ ʨʘʜʠʦʢʘʥʘʣ ʩʦʚʤʝʩʪʥʦ ʩ ʧʨʠʩʦʝʜʠʥʝʥʥʳʤ ʩʠʥʭʨʦʩʠʛʥʘʣʦʤ.  

 



 

 

20 

 

1.2. ʉʠʩʪʝʤʳ ʨʘʜʠʦʜʦʩʪʫʧʘ ʩ OFDM ʩʠʛʥʘʣʘʤʠ ʥʘ ʦʩʥʦʚʝ ɼʕʌ 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚʘʨʠʘʥʪʳ OFDM ʜʦʚʦʣʴʥʦ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʳ ʚ ʣʠʪʝʨʘʪʫ-

ʨʝ, ʚ ʨʫʩʩʢʦʷʟʳʯʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʠʤʝʶʪʩʷ ʥʝʢʦʪʦʨʳʝ ʨʘʟʥʦʯʪʝʥʠʷ ʚ ʪʨʘʢʪʦʚʢʝ ʧʨʦ-

ʮʝʜʫʨ, ʦʩʫʱʝʩʪʚʣʷʝʤʳʭ ʧʨʠ ʠʭ ʨʝʘʣʠʟʘʮʠʠ [38, 127-131]. ʇʦʵʪʦʤʫ ʥʠʞʝ ʧʨʠʚʦ-

ʜʠʪʩʷ ʦʧʠʩʘʥʠʝ ʠʭ ʩʫʪʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʧʦʩʣʝʜʫʶʱʠʤ ʩʧʦʩʦʙʘʤ ʠʭ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʷ ʩ ʮʝʣʴʶ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʧʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ.  ʉʭʝʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʦʙʨʘ-

ʙʦʪʢʠ ʩʠʛʥʘʣʘ OFDM ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1.1. 

 

ʘ) 

 

ʙ) 

ʈʠʩʫʥʦʢ 1.1 - ʉʭʝʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ (ʘ) ʠ ʦʙʨʘʙʦʪʢʠ (ʙ) ʩʠʛʥʘʣʘ OFDM 

 

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʘ ʩ OFDM ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 

1.1 ʘ).  ʆʥʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʮʠʬʨʦʚʦʛʦ ʙʣʦʢʘ ʦʙʨʘʪʥʦʛʦ ʙʳʩʪʨʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ (ʆɹʇʌ) ʚ ʙʘʟʠʩʝ ɼʕʌ, ʪʦ ʝʩʪʴ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʆɹʇʌ. ʅʘ 

ʚʭʦʜʝ ʙʣʦʢʘ ʆɹʇʌ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʚʦʠʯʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʤʚʦʣʦʚ 

ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʧʘʨʘʣʣʝʣʴʥʳʝ ʧʦʪʦʢʠ ʢʦʤʧʣʝʢʩʥʳʭ ʢʘʥʘʣʴʥʳʭ ʩʠʤʚʦʣʦʚ, ʧʨʝʜʥʘ-

ʟʥʘʯʝʥʥʳʭ ʜʣʷ I/Q ʤʦʜʫʣʷʮʠʠ ʜʠʩʢʨʝʪʥʳʭ ʧʦʜʥʝʩʫʱʠʭ ʯʘʩʪʦʪ (ʦʨʪʦʛʦʥʘʣʴʥʳʭ 

ʩʠʛʥʘʪʫʨ) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʩʧʦʣʴʟʫʝʤʳʤ ʚʘʨʠʘʥʪʦʤ ʢʚʘʜʨʘʪʫʨʥʦʡ ʘʤʧʣʠʪʫʜʥʦʡ 

ʤʦʜʫʣʷʮʠʠ (QAM). ʇʦʣʫʯʝʥʥʳʝ ʢʦʤʧʣʝʢʩʥʳʝ ʯʠʩʣʘ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʠʥʬʦʨʤʘʮʠ-
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ʦʥʥʳʤʠ ʩʠʤʚʦʣʘʤʠ QAM, ʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʩʠʛʥʘʣʳ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʥʘ 

ʜʠʩʢʨʝʪʥʳʭ ʧʦʜʥʝʩʫʱʠʭ ʠʣʠ ʥʘ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ ï ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʩʠʛʥʘʣʘʤʠ 

QAM. ʄʦʜʫʣʷʮʠʷ ʧʦʜʥʝʩʫʱʠʭ ʯʘʩʪʦʪ ʥʘ ʦʩʥʦʚʝ ʩʠʤʚʦʣʦʚ QAM ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʙʣʦʢʝ ʆɹʇʌ, ʧʦʩʢʦʣʴʢʫ ʧʨʦʮʝʜʫʨʫ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʠʩʢʨʝʪʥʦ-

ʛʦ ʩʠʛʥʘʣʘ ʚ ʥʝʤ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʝʨʝʤʥʦʞʝʥʠʝ ʤʘʪʨʠʮʳ, ʵʨʤʠʪʦʚʦ-

ʩʦʧʨʷʞʝʥʥʦʡ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʤʘʪʨʠʮʝ ʜʠʩʢʨʝʪʥʳʭ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʭ ʬʫʥʢʮʠʡ 

(ɼʕʌ) [39, 132-135], ʥʘ ʢʦʤʧʣʝʢʩʥʳʡ ʩʧʝʢʪʨ ʩʠʛʥʘʣʘ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʦʛʦ ʚ ʜʘʥ-

ʥʦʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʤʧʣʝʢʩʥʳʝ ʩʠʤʚʦʣʳ QAM. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʤʦʜʫʣʷ-

ʮʠʠ ʥʘ ʚʭʦʜʝ ʙʣʦʢʘ ʆɹʇʌ ʩ ʧʦʤʦʱʴʶ ʚʨʝʤʝʥʥʦʛʦ ʦʢʥʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚʳʙʦʨʢʘ 

ʢʦʤʧʣʝʢʩʥʳʭ ʩʠʤʚʦʣʦʚ QAM, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʧʝʨʝʜʘʚʘʪʴʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘ ʚʩʝʭ 

ʧʦʜʥʝʩʫʱʠʭ ʯʘʩʪʦʪʘʭ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-ʧʘʨʘʣʣʝʣʴʥʦʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚ ʧʨʝʜʝʣʘʭ ʵʪʦʛʦ ʦʢʥʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʚʳʭʦʜʝ ʙʣʦʢʘ ʆɹʇʌ ʚ 

ʧʘʨʘʣʣʝʣʴʥʦʡ ʬʦʨʤʝ ʙʫʜʫʪ ʜʠʩʢʨʝʪʥʳʝ ʦʪʩʯʝʪʳ ʩʫʤʤʳ ʧʦʜʥʝʩʫʱʠʭ ʯʘʩʪʦʪ (ʛʨʫʧ-

ʧʦʚʦʡ ʩʠʛʥʘʣ), ʤʦʜʫʣʠʨʦʚʘʥʥʳʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʝʨʝʜʘʚʘʝʤʳʤʠ ʢʘʥʘʣʴʥʳʤʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʩʠʤʚʦʣʘʤʠ, ʧʨʠʯʝʤ ʯʠʩʣʦ ʧʦʜʥʝʩʫʱʠʭ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʨʘʚʥʦ 

ʯʠʩʣʫ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʝʨʝʜʘʚʘʝʤʳʭ ʢʘʥʘʣʴʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʤʚʦʣʦʚ ʠ ʯʠʩ-

ʣʫ ʦʪʩʯʝʪʦʚ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʛʨʫʧʧʦʚʦʛʦ ʩʠʛʥʘʣʘ ʩ ʚʳʭʦʜʘ ʙʣʦʢʘ ʆɹʇʌ. ʅʦ ʯʠʩ-

ʣʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʦʜʥʝʩʫʱʠʭ ʯʘʩʪʦʪ ʤʦʞʝʪ ʙʳʪʴ ʠ ʤʝʥʴʰʝ, ʠ ʠʭ ʨʘʩʩʪʘʥʦʚʢʘ ʧʦ 

ʚʳʜʝʣʝʥʥʦʡ ʧʦʣʦʩʝ ʯʘʩʪʦʪ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʠʟʚʦʣʴʥʦʡ. ɼʣʷ ʵʪʦʛʦ ʤʦʞʥʦ ʬʦʨʤʘʣʴʥʦ 

ʧʨʠʨʘʚʥʷʪʴ ʢ ʥʫʣʶ ʢʘʥʘʣʴʥʳʝ ʩʠʤʚʦʣʳ, ʢʦʪʦʨʳʝ ʧʝʨʝʜʘʶʪʩʷ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʥʝʠʩʧʦʣʴʟʫʝʤʳʭ ʧʦʜʥʝʩʫʱʠʭ ʯʘʩʪʦʪʘʭ.  ɿʘʪʝʤ ʢ ʦʪʩʯʝʪʘʤ ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʬʨʘʛ-

ʤʝʥʪʘ ʛʨʫʧʧʦʚʦʛʦ ʩʠʛʥʘʣʘ ʩʧʝʨʝʜʠ ʜʦʙʘʚʣʷʝʪʩʷ ʮʠʢʣʠʯʝʩʢʠʡ ʧʨʝʬʠʢʩ, ʷʚʣʷʶʱʠʡ-

ʩʷ ʧʦʚʪʦʨʝʥʠʝʤ ʝʛʦ ʦʢʦʥʯʘʥʠʷ, ʯʪʦ ʫʧʨʦʱʘʝʪ ʝʛʦ ʦʙʨʘʙʦʪʢʫ ʚ ʙʣʦʢʝ ʙʳʩʪʨʦʛʦ ʧʨʝ-

ʦʙʨʘʟʦʚʘʥʠʷ (ɹʇʌ) ʧʨʠʝʤʥʠʢʘ ʧʨʠ ʤʥʦʛʦʣʫʯʝʚʦʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ, ʪʘʢ ʢʘʢ ʣʠ-

ʥʝʡʥʘʷ ʩʚʝʨʪʢʘ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʩʠʛʥʘʣʘ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʢʘʢ ʮʠʢʣʠʯʝʩʢʘʷ ʩʚʝʨʪ-

ʢʘ. ɿʘʪʝʤ ʩʠʛʥʘʣ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʧʘʨʘʣʣʝʣʴʥʦ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʠ ʮʠʬʨʦ-

ʘʥʘʣʦʛʦʚʦʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʭ, ʧʝʨʝʥʦʩʠʪʩʷ ʥʘ ʨʘʙʦʯʫʶ ʯʘʩʪʦʪʫ ʠ ʧʝʨʝʜʘʝʪʩʷ ʥʘ 

ʚʭʦʜ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʫʩʠʣʠʪʝʣʴʥʦʛʦ ʪʨʘʢʪʘ ʧʝʨʝʜʘʪʯʠʢʘ. ɺ ʧʨʠʝʤʥʠʢʝ, ʧʦʢʘʟʘʥ-

ʥʦʤ ʥʘ ʨʠʩ. 1.1 ʙ), ʚʭʦʜʥʦʡ ʩʠʛʥʘʣ ʩ ʚʳʭʦʜʘ ʝʛʦ ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʘʜʠʦʯʘʩʪʦʪʥʦʛʦ 

ʙʣʦʢʘ ʧʝʨʝʚʦʜʠʪʩʷ ʥʘ ʚʠʜʝʦʯʘʩʪʦʪʫ, ʘ ʟʘʪʝʤ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʤ 
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ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝ. ɺʨʝʤʝʥʥʦʝ ʦʢʥʦ ʩ ʜʣʠʪʝʣʴʥʦʩʪʴʶ, ʨʘʚʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʢʘʥʘʣʴ-

ʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ ʜʣʷ ʠʭ ʧʦʩʣʝʜʫʶʱʝʡ ʧʦʜʘʯʠ ʥʘ ʙʣʦʢ ɹʇʌ, ʤʦʞʥʦ 

ʧʨʘʚʠʣʴʥʦ ʨʘʩʧʦʣʦʞʠʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʪʠʭ ʩʠʛʥʘʣʦʚ ʪʦʣʴʢʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʜʝʢʚʘʪ-

ʥʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʢʘʥʘʣʘ ʩʚʷʟʠ ʧʦ ʚʨʝʤʝʥʠ. ɿʘʪʝʤ ʚ ʧʨʝʜʝʣʘʭ ʵʪʦʛʦ ʚʨʝʤʝʥʥʦʛʦ 

ʦʢʥʘ ʨʝʘʣʠʟʫʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-ʧʘʨʘʣʣʝʣʴʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʦʪʦʢʘ ʦʪʩʯʝʪʦʚ 

ʢʘʥʘʣʴʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʦʪʩʯʝʪʳ ʚ ʧʘʨʘʣʣʝʣʴʥʦʡ ʬʦʨ-

ʤʝ ʧʦʜʘʶʪʩʷ ʥʘ ʙʣʦʢ, ʚ ʢʦʪʦʨʦʤ ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʷʤʦʝ ɹʇʌ. ʉ ʝʛʦ ʚʳʭʦʜʘ ʚ ʧʘʨʘʣ-

ʣʝʣʴʥʦʡ ʬʦʨʤʝ ʧʦʣʫʯʘʝʤ ʢʘʥʘʣʴʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʤʚʦʣʳ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦ-

ʨʳʭ ʙʳʣ ʧʝʨʝʜʘʥ ʥʘ ʩʚʦʝʡ ʧʦʜʥʝʩʫʱʝʡ ʯʘʩʪʦʪʝ (ʦʨʪʦʛʦʥʘʣʴʥʦʡ ʜʠʩʢʨʝʪʥʦʡ ʩʠʛʥʘ-

ʪʫʨʝ). ɿʘʪʝʤ ʚ ʵʢʚʘʣʘʡʟʝʨʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ ʢʘʥʘʣʘ ʦʙʳʯʥʦ ʧʦ ʧʨʠ-

ʥʷʪʳʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʩʠʤʚʦʣʘʤ ʧʠʣʦʪʥʳʭ ʧʦʜʥʝʩʫʱʠʭ. ʕʪʠ ʧʦʜʥʝʩʫʱʠʝ ʠʩ-

ʧʦʣʴʟʫʶʪʩʷ ʠ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʦ ʚʨʝʤʝʥʠ. ʆʮʝʥʢʠ ʠʩʢʘʞʝʥʠʡ 

ʩʠʛʥʘʣʘ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʵʢʚʘʣʘʡʟʝʨʘ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʧʦʩʣʝ-

ʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʝ ʢʘʥʘʣʴʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʤʚʦʣʦʚ.  

ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʚʘʨʠʘʥʪʦʤ OFDM ʩʯʠʪʘʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ, ʦʩʥʦʚʘʥʥʘʷ 

ʥʘ ʯʘʩʪʦʪʥʦʤ ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʠ ʤʥʦʞʝʩʪʚʘ ʧʦʜʥʝʩʫʱʠʭ ʧʨʠ ʠʭ ʬʠʣʴʪʨʘʮʠʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʨʝʙʝʥʢʠ (ʙʘʥʢʘ) ʬʠʣʴʪʨʦʚ (FBMC ï Filter-Banc Multi-Carriar 

Modulation). ʇʨʠ ʵʪʦʤ ʥʘ ʢʘʞʜʦʡ ʧʦʜʥʝʩʫʱʝʡ ʯʘʩʪʦʪʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʚʘʜʨʘʪʫʨʥʘʷ 

ʘʤʧʣʠʪʫʜʥʘʷ ʤʦʜʫʣʷʮʠʷ ʩʦ ʩʜʚʠʛʦʤ ʝʝ ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʦ ʚʨʝʤʝʥʠ (OQAM - Offset 

Quadrature Amplitude Modulation). ʕʪʦʪ ʚʠʜ ʤʦʜʫʣʷʮʠʠ ʚ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠ-

ʢʘʭ ʦʙʦʟʥʘʯʘʶʪ ʢʘʢ FBMC/OQAM [40, 136-141]. 

ʂʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ, ʧʨʝʜʩʪʘʚʣʝʥʦʤ ʥʠʞʝ, ʢʦʤʧʣʝʢʩʥʳʝ ʢʘʥʘʣʴʥʳʝ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʤʚʦʣʳ, ʢʦʪʦʨʳʝ ʚ ʩʣʫʯʘʝ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʚʘʨʠʘʥʪʘ OFDM, ʨʘʩ-

ʩʤʦʪʨʝʥʥʦʛʦ ʚʳʰʝ, ʧʨʝʜʥʘʟʥʘʯʘʣʠʩʴ ʙʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʜʣʷ ʢʚʘʜʨʘʪʫʨʥʦʡ ʘʤ-

ʧʣʠʪʫʜʥʦʡ ʤʦʜʫʣʷʮʠʠ ʧʦʜʥʝʩʫʱʠʭ ʯʘʩʪʦʪ ʚ ʙʣʦʢʝ ʆɹʇʌ, ʧʦʜʘʶʪʩʷ ʥʘ ʙʣʦʢ ʬʦʨ-

ʤʠʨʦʚʘʥʠʷ ʢʘʥʘʣʴʥʳʭ ʩʠʤʚʦʣʦʚ OQAM. ʉʫʪʴ ʧʨʦʮʝʜʫʨ, ʨʝʘʣʠʟʫʝʤʳʭ ʚ ʵʪʦʤ ʙʣʦ-

ʢʝ, ʤʦʞʥʦ ʧʦʷʩʥʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʧʨʝʜʩʪʘʚʠʤ, ʯʪʦ ʜʝʡʩʪʚʠʪʝʣʴʥʳʝ ʠ ʤʥʠ-

ʤʳʝ ʯʘʩʪʠ ʩʠʤʚʦʣʦʚ QAM ʚʳʩʪʨʘʠʚʘʶʪʩʷ ʧʘʨʘʣʣʝʣʴʥʦ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʦʣʫʯʘ-

ʶʪʩʷ ʜʚʘ ʧʦʪʦʢʘ ʯʠʩʝʣ ï ʦʜʠʥ ʠʟ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʯʘʩʪʝʡ ʩʠʤʚʦʣʦʚ QAM, ʘ ʜʨʫʛʦʡ 

ʠʟ ʤʥʠʤʳʭ. ɿʘʪʝʤ ʵʪʠ ʩʠʤʚʦʣʳ ʫʜʚʘʠʚʘʶʪʩʷ, ʠ ʧʦʪʦʢ ʤʥʠʤʳʭ ʯʘʩʪʝʡ ʩʤʝʱʘʝʪʩʷ ʥʘ 
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ʦʜʠʥ ʩʠʤʚʦʣ ʚʣʝʚʦ ʠʣʠ ʚʧʨʘʚʦ. ʋ ʚʥʦʚʴ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʩʠʤʚʦʣʦʚ 

OQAM ʠʭ ʜʝʡʩʪʚʠʪʝʣʴʥʳʝ ʠ ʤʥʠʤʳʝ ʯʘʩʪʠ ʥʘʭʦʜʷʪʩʷ ʥʘʧʨʦʪʠʚ ʜʨʫʛ ʜʨʫʛʘ. ʇʨʠ 

ʵʪʦʤ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʩʠʤʚʦʣʦʚ OQAM ʪʘʢʘʷ ʞʝ, ʢʘʢ ʠ ʩʠʤʚʦʣʦʚ QAM, ʥʦ ʩʢʦ-

ʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʠʩʭʦʜʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʪʦʢʘ ʫʤʝʥʴʰʠʣʘʩʴ ʚ ʜʚʘ ʨʘʟʘ. ɼʣʷ 

ʪʦʛʦ, ʯʪʦʙʳ ʵʪʦʛʦ ʥʝ ʧʨʦʠʩʭʦʜʠʣʦ, ʥʘʜʦ ʫʚʝʣʠʯʠʪʴ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ OQAM ʚ ʜʚʘ 

ʨʘʟʘ, ʥʦ ʠʩʭʦʜʥʘʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʦʩʪʘʝʪʩʷ ʪʘʢʦʡ ʞʝ, ʢʘʢ ʠ ʚ ʩʣʫ-

ʯʘʝ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʚʘʨʠʘʥʪʘ OFDM.  

ʉʬʦʨʤʠʨʦʚʘʥʥʳʡ ʧʦʪʦʢ ʢʦʤʧʣʝʢʩʥʳʭ ʩʠʤʚʦʣʦʚ OQAM ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʦ-ʧʘʨʘʣʣʝʣʴʥʦʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝ ʚ ʧʨʝʜʝʣʘʭ ʥʝʦʙʭʦʜʠʤʦʛʦ ʚʨʝʤʝʥ-

ʥʦʛʦ ʦʢʥʘ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʩʠʤʚʦʣʦʚ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʧʝʨʝʜʘʚʘʪʴʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ, ʠ 

ʧʦʩʪʫʧʘʝʪ ʥʘ ʙʣʦʢ ʆɹʇʌ. ʆʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʘʨʘʣʣʝʣʴʥʦ ʜʚʘ ʪʘʢʠʭ ʙʣʦʢʘ 

(ʆɹʇʌ1 ʠ ʆɹʇʌ2) - ʦʜʠʥ ʜʣʷ ʧʦʪʦʢʘ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʯʘʩʪʝʡ ʩʠʤʚʦʣʦʚ QAM (ʚ 

ʢʘʯʝʩʪʚʝ ʤʥʠʤʳʭ ʯʘʩʪʝʡ ʢʦʤʧʣʝʢʩʥʳʭ ʩʠʤʚʦʣʦʚ ʧʝʨʝʜʘʶʪʩʷ ʥʫʣʠ), ʘ ʜʨʫʛʦʡ - ʜʣʷ 

ʤʥʠʤʳʭ ʯʘʩʪʝʡ (ʚ ʢʘʯʝʩʪʚʝ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʯʘʩʪʝʡ ʧʝʨʝʜʘʶʪʩʷ ʥʫʣʠ). ʆʪʤʝʪʠʤ, 

ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ QAM ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʬʠʣʴʪʨʘʮʠʝʡ ʩʠʛʥʘʣʦʚ ʥʘ ʢʘʞʜʦʡ ʧʦʜʥʝʩʫʱʝʡ 

ʯʘʩʪʦʪʝ ʧʦʟʚʦʣʷʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʤʝʥʴʰʠʪʴ ʢʘʢ ʠʥʪʝʨʬʝʨʝʥʮʠʶ ʤʝʞʜʫ ʩʠʥʬʘʟ-

ʥʳʤʠ ʠ ʢʚʘʜʨʘʪʫʨʥʳʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʩʠʛʥʘʣʦʚ QAM, ʪʘʢ ʠ ʢʣʘʩʩʠʯʝʩʢʫʶ ʤʝʞ-

ʩʠʤʚʦʣʴʥʫʶ ʠʥʪʝʨʬʝʨʝʥʮʠʶ ʤʝʞʜʫ ʥʠʤʠ. ʎʠʬʨʦʚʘʷ ʬʠʣʴʪʨʘʮʠʷ ʩʠʛʥʘʣʘ ʥʘ ʢʘʞ-

ʜʦʡ ʧʦʜʥʝʩʫʱʝʡ ʯʘʩʪʦʪʝ ʧʨʠ FBMC ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʘ ʥʘ ʚʳʭʦʜʝ ʙʣʦʢʘ 

ʆɹʇʌ, ʪʘʢ ʢʘʢ ʩ ʥʝʛʦ ʧʦʩʪʫʧʘʝʪ ʩʫʤʤʘ ʩʠʛʥʘʣʦʚ ʥʘ ʚʩʝʭ ʧʦʜʥʝʩʫʱʠʭ ʚ ʧʘʨʘʣʣʝʣʴ-

ʥʦʡ ʬʦʨʤʝ. ʇʦʵʪʦʤʫ ʦʥʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʤʝʩʪʝ ʩ ʧʨʦʮʝʜʫʨʦʡ 

ʆɹʇʌ ʧʫʪʝʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʮʠʬʨʦʚʦʛʦ ʩʠʛʥʘʣʘ ʩ ʧʦʤʦʱʴʶ PPN (PolyPhase Net-

work) [41, 142-144]. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʧʨʠʤʝʥʷʝʤʳʭ ʬʠʣʴʪʨʦʚ ʤʦʞʥʦ ʦʙʝʩ-

ʧʝʯʠʪʴ ʣʫʯʰʫʶ ʯʘʩʪʦʪʥʫʶ ʠʣʠ (ʠ) ʚʨʝʤʝʥʥʫʶ ʣʦʢʘʣʠʟʘʮʠʶ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʩʠʛʥʘʣʘ ʥʘ ʢʘʞʜʦʡ ʧʦʜʥʝʩʫʱʝʡ ʯʘʩʪʦʪʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ OFDM. ʇʨʠ ʵʪʦʤ ʭʦʨʦ-

ʰʘʷ ʯʘʩʪʦʪʥʘʷ ʣʦʢʘʣʠʟʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʤʝʞʩʠʤʚʦʣʴʥʫʶ ʠʥʪʝʨʬʝʨʝʥ-

ʮʠʶ, ʢʘʢ ʠ ʚʨʝʤʝʥʥʘʷ ʣʦʢʘʣʠʟʘʮʠʷ. ʀʥʪʝʨʬʝʨʝʥʮʠʶ ʩʠʥʬʘʟʥʳʭ ʠ ʢʚʘʜʨʘʪʫʨʥʳʭ 

ʩʠʤʚʦʣʦʚ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʠ ʠʭ ʩʜʚʠʛ ʧʦ ʚʨʝʤʝʥʠ. ʆʜʥʦʚʨʝʤʝʥʥʦʝ  ʫʣʫʯʰʝ-

ʥʠʝ ʣʦʢʘʣʠʟʘʮʠʠ ʩʠʤʚʦʣʦʚ ʢʘʢ ʧʦ ʯʘʩʪʦʪʝ, ʪʘʢ ʠ ʧʦ ʚʨʝʤʝʥʠ ʧʦʟʚʦʣʷʶʪ ʦʙʝʩʧʝʯʠʪʴ 

ʩʣʝʜʫʶʱʠʝ ʮʠʬʨʦʚʳʝ ʬʠʣʴʪʨʳ: ʩ ʠʤʧʫʣʴʩʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 
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ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʬʫʥʢʮʠʠ IOTA (Isotropic Orthogonal Transform Algorithm), ʩ ʨʝʛʫ-

ʣʠʨʫʝʤʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʧʨʠʧʦʜʥʷʪʦʛʦ ʢʦʩʠʥʫʩʘ, ʪʠʧʘ  TFL1 [42], ʦʙʣʘʜʘʶʱʝʛʦ 

ʜʦʚʦʣʴʥʦ ʥʠʟʢʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʴʶ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʮʠʬʨʦʚʦʛʦ ʩʠʛʥʘʣʘ 

ʥʘ ʧʨʠʝʤʥʦʡ ʩʪʦʨʦʥʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʪʠʧʘʤʠ ʮʠʬʨʦʚʳʭ ʬʠʣʴʪʨʦʚ, ʪʘʢʞʝ 

ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʙʘʥʢʘ ʬʠʣʴʪʨʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʕʨʤʠʪʘ. ɹʣʘʛʦʜʘʨʷ 

ʭʦʨʦʰʝʡ ʚʨʝʤʝʥʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ ʢʘʥʘʣʴʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ ʧʨʠ 

FBMC ʤʦʞʝʪ ʥʝ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʮʠʢʣʠʯʝʩʢʠʡ ʧʨʝʬʠʢʩ. ɼʘʣʝʝ, ʩʠʛʥʘʣʳ ʩ ʚʳʭʦʜʦʚ 

ʙʣʦʢʦʚ ʆɹʇʌ1 ʠ ʆɹʇʌ2 ʩ PPN ʩʢʣʘʜʳʚʘʶʪʩʷ, ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ ʧʘʨʘʣʣʝʣʴʥʦ-

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʠ ʮʠʬʨʦ-ʘʥʘʣʦʛʦʚʦʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʭ ʠ ʧʦʜʘʶʪʩʷ ʥʘ ʚʳʩʦʢʦ-

ʯʘʩʪʦʪʥʳʡ ʫʩʠʣʠʪʝʣʴʥʳʡ ʪʨʘʢʪ ʨʘʜʠʦʧʝʨʝʜʘʪʯʠʢʘ. ʉʭʝʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʦʙʨʘ-

ʙʦʪʢʠ ʩʠʛʥʘʣʘ FBMC/OQAM ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1.2. 

 

ʘ) 

 

ʙ) 

ʈʠʩʫʥʦʢ 1.2 - ʉʭʝʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ (ʘ) ʠ ʦʙʨʘʙʦʪʢʠ (ʙ) ʩʠʛʥʘʣʘ FBMC/OQAM 

 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚ ʩʪʨʫʢʪʫʨʝ ʧʝʨʝʜʘʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ OQAM ʩʦ-

ʜʝʨʞʘʪʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʛʥʘʣʳ QAM. ʅʘ ʧʨʠʝʤʥʦʡ ʩʪʦʨʦʥʝ ʣʦʢʘʣʠʟʘʮʠʷ 

ʚʨʝʤʝʥʥʦʛʦ ʦʢʥʘ ʜʣʷ ʧʦʜʘʯʠ ʩʠʛʥʘʣʘ ʥʘ ʙʣʦʢ ɹʇʌ ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥʘ ʧʦ 
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ʛʨʘʥʠʮʘʤ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʢʘʥʘʣʴʥʳʭ ʩʠʛʥʘʣʦʚ QAM. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠ ʦʙʨʘʙʦʪ-

ʢʝ ʩʠʛʥʘʣʘ ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʙʣʦʢʝ ɹʇʌ ʦʨʪʦʛʦʥʘʣʴʥʳʤʠ ʙʫʜʫʪ ʪʦʣʴʢʦ ʜʝʡʩʪʚʠ-

ʪʝʣʴʥʳʝ ʠʭ ʯʘʩʪʠ, ʧʝʨʝʜʘʥʥʳʝ ʥʘ ʨʘʟʥʳʭ ʧʦʜʥʝʩʫʱʠʭ ʯʘʩʪʦʪʘʭ, ʘ ʤʥʠʤʳʝ ʯʘʩʪʠ ʥʝ 

ʙʫʜʫʪ ʦʨʪʦʛʦʥʘʣʴʥʳ. ʅʦ ʪʘʢʞʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʦʢʘʣʠʟʘʮʠʶ ʚʨʝʤʝʥʥʦʛʦ ʦʢʥʘ 

ʧʦ ʛʨʘʥʠʮʘʤ ʤʥʠʤʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ (ʩʦ ʩʜʚʠʛʦʤ ʧʦ ʚʨʝʤʝʥʠ ʥʘ ʦʜʠʥ ʩʠʤʚʦʣ 

OQAM), ʠ ʪʦʛʜʘ ʦʨʪʦʛʦʥʘʣʴʥʳʤʠ ʙʫʜʫʪ ʣʠʰʴ ʤʥʠʤʳʝ ʯʘʩʪʠ ʩʠʛʥʘʣʘ QAM. ʇʦ-

ʵʪʦʤʫ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʵʪʦʛʦ ʩʠʛʥʘʣʘ, ʥʘ ʧʨʠʝʤʥʦʡ ʩʪʦʨʦʥʝ ʥʝʦʙ-

ʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʚʘ ʧʘʨʘʣʣʝʣʴʥʳʭ ʢʘʥʘʣʘ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʝʛʦ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ 

ʠ ʤʥʠʤʦʡ ʯʘʩʪʝʡ ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.2 ʙ). ʇʨʦʮʝʜʫʨʘ ɹʇʌ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʚʤʝʩʪʝ ʩ ʮʠʬʨʦʚʦʡ ʬʠʣʴʪʨʘʮʠʝʡ ʧʦʜʥʝʩʫʱʠʭ ʯʘʩʪʦʪ ʩ ʧʦʤʦʱʴʶ PPN. ʇʨʠ ʵʪʦʤ ʩ 

ʚʳʭʦʜʘ ʚʝʨʭʥʝʛʦ ʙʣʦʢʘ ɹʇʌ1+PPN ʠʩʧʦʣʴʟʫʝʤ ʣʠʰʴ ʜʝʡʩʪʚʠʪʝʣʴʥʳʝ ʯʘʩʪʠ, ʘ ʩ 

ʚʳʭʦʜʘ ɹʇʌ2+PPN ï ʣʠʰʴ ʤʥʠʤʳʝ ʯʘʩʪʠ. ʇʦʩʣʝ ʠʭ ʦʙʲʝʜʠʥʝʥʠʷ ʧʦʣʫʯʘʝʤ ʩʠʤ-

ʚʦʣʳ OQAM ʚ ʧʘʨʘʣʣʝʣʴʥʦʡ ʬʦʨʤʝ. ʇʦʩʣʝ ʠʭ ʧʘʨʘʣʣʝʣʴʥʦ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʜʚʠʛʘ ʧʦ ʚʨʝʤʝʥʠ ʧʦʣʫʯʠʤ ʧʦʪʦʢ ʩʠʤʚʦʣʦʚ 

QAM. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʩ ʚʳʭʦʜʘ ʧʨʠʝʤʥʠʢʘ ʤʦʞʥʦ ʩʨʘʟʫ ʨʘʟʜʝʣʠʪʴ ʜʝʡʩʪʚʠ-

ʪʝʣʴʥʫʶ ʠ ʤʥʠʤʫʶ ʯʘʩʪʠ ʧʨʠʥʷʪʦʛʦ ʩʠʛʥʘʣʘ. ʉʫʪʴ ʧʨʦʮʝʜʫʨ, ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ, 

ʧʨʠ ʵʪʦʤ ʥʝ ʠʟʤʝʥʷʝʪʩʷ. ʈʘʥʝʝ ʚ ʨʷʜʝ ʨʘʙʦʪ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ FBMC ʥʝ ʮʝ-

ʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʢʚʘʣʘʡʟʝʨ ʥʘ ʧʨʠʝʤʥʦʡ ʩʪʦʨʦʥʝ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʤʥʠʤʳʝ 

ʩʦʩʪʘʚʣʷʶʱʠʝ ʧʨʠʥʠʤʘʝʤʦʛʦ ʩʠʛʥʘʣʘ ʥʝ ʷʚʣʷʶʪʩʷ ʦʨʪʦʛʦʥʘʣʴʥʳʤʠ [26, 145]. ɺ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ɻ ʪʦ ʥʝ ʪʘʢ, ʧʦʩʢʦʣʴʢʫ ʵʢʚʘʣʘʡʟʝʨ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʩʣʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʝʨʝʜʘʥʥʳʭ ʩʠʤʚʦʣʦʚ QAM. ʅʦ ʥʘʜʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʵʢʚʘʣʘʡʟʝʨ ï 

ʵʪʦ ʜʦʚʦʣʴʥʦ ʠʥʝʨʮʠʦʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʠ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʩʦʯʝʪʘʥʠʠ ʩ çʜʣʠʥ-

ʥʳʤʠè ʠʤʧʫʣʴʩʥʳʤʠ ʦʪʢʣʠʢʘʤʠ ʬʠʣʴʪʨʦʚ, ʢʦʪʦʨʳʝ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʦʩʭʦʜʷʪ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ, ʧʨʠʚʝʜʝʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʡ ʟʘʜʝʨʞʢʝ ʧʨʠ 

ʦʙʨʘʙʦʪʢʝ ʩʠʛʥʘʣʦʚ ʠ ʠʥʝʨʮʠʦʥʥʦʩʪʠ ʚʩʝʛʦ ʧʨʠʝʤʥʠʢʘ. ʅʦ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʦ-

ʷʚʠʣʠʩʴ ʨʘʙʦʪʳ, ʚ ʢʦʪʦʨʳʭ ʨʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʵʢʚʘʣʘʡʟʝʨʦʚ, ʢʦʪʦ-

ʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʠʩʪʝʤʘʭ ʩ FBMC ʚ ʦʙʨʘʪʥʦʤ ʢʘʥʘʣʝ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʙʦʣʴʰʠʤʠ 

ʤʘʩʩʠʚʘʤʠ ʘʥʪʝʥʥ ʥʘ ʙʘʟʦʚʦʡ ʩʪʘʥʮʠʠ, ʠ ʜʦʢʘʟʘʥʘ ʠʭ ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ [42]. 

ʉʭʝʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʘ F-OFDM ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1.3. 
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ʘ) 

 

ʙ) 

ʈʠʩʫʥʦʢ 1.3 - ʉʭʝʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ (ʘ) ʠ ʦʙʨʘʙʦʪʢʠ (ʙ) ʩʠʛʥʘʣʘ F-OFDM 

 

 ɿʘʩʣʫʞʠʚʘʝʪ ʚʥʠʤʘʥʠʷ ʚʘʨʠʘʥʪ OFDM ʩ ʦʨʪʦʛʦʥʘʣʴʥʳʤ ʯʘʩʪʦʪʥʳʤ ʨʘʟʜʝʣʝ-

ʥʠʝʤ ʩʠʛʥʘʣʦʚ ʧʨʠ ʬʠʣʴʪʨʘʮʠʠ ʛʨʫʧʧ ʧʦʜʥʝʩʫʱʠʭ ʯʘʩʪʦʪ (F-OFDM ï Filtered Or-

thogonal frequency-division multiplexing). ɺ ɻ ʪʦʤ ʩʣʫʯʘʝ ʧʘʨʘʣʣʝʣʴʥʳʡ ʧʦʪʦʢ ʩʠʤ-

ʚʦʣʦʚ QAM ʩ N ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʝʨʝʜʘʚʘʝʤʳʤʠ ʩʠʤʚʦʣʘʤʠ ʜʝʣʠʪʩʷ ʥʘ P ʧʦʜʧʦʪʦ-

ʢʦʚ ʩ ʦʜʠʥʘʢʦʚʳʤ ʠʣʠ ʨʘʟʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʩʠʤʚʦʣʦʚ, ʧʝʨʝʜʘʚʘʝʤʳʭ ʦʜʥʦʚʨʝʤʝʥ-

ʥʦ ʚ ʢʘʞʜʦʤ ʠʟ ʥʠʭ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.3 ʘ). ɼʣʷ ʧʦʥʠʤʘʥʠʷ ʩʫʪʠ ʧʦʩʣʝʜʫʶ-

ʱʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʨʝʜʩʪʘʚʠʤ, ʯʪʦ ʚ ʢʘʞʜʦʤ ʧʦʜʧʦʪʦʢʝ ʢʦʣʠʯʝʩʪʚʦ ʦʜʥʦʚʨʝ-

ʤʝʥʥʦ ʧʝʨʝʜʘʚʘʝʤʳʭ ʩʠʤʚʦʣʦʚ ʫʚʝʣʠʯʝʥʦ ʜʦ N ʩʠʤʚʦʣʦʚ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ ʥʫ-

ʣʝʡ. ɿʘʪʝʤ ʵʪʠ ʧʦʜʧʦʪʦʢʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦʜʘʶʪʩʷ ʥʘ P ʙʣʦʢʦʚ ʆɹʇʌ, ʢ ʩʠʛʥʘʣʘʤ 

ʥʘ ʚʳʭʦʜʘʭ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʜʦʙʘʚʣʷʪʴʩʷ ʮʠʢʣʠʯʝʩʢʠʝ ʧʨʝʬʠʢʩʳ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩ. 1.3 ʘ). ʅʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʝʬʠʢʩʦʚ ʟʘʚʠʩʠʪ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʦʩʣʝʜʫʶʱʠʭ ʮʠʬʨʦʚʳʭ ʬʠʣʴʪʨʦʚ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʥʘ ʚʳʭʦʜʝ ʙʣʦʢʦʚ ʆɹʇʌ. 
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ʅʘ ʨʠʩ.1.3 ʘ) ʬʠʣʴʪʨʳ ʧʦʢʘʟʘʥʳ ʢʘʢ ʠʭ ʮʠʬʨʦʚʳʝ ʠʤʧʫʣʴʩʥʳʝ ʦʪʢʣʠʢʠ (ʚʝʩʦʚʳʝ 

ʦʢʥʘ)[]if n , 1,...,i P= . ʆʪʤʝʪʠʤ, ʯʪʦ ʜʣʠʥʘ ʚʝʩʦʚʦʛʦ ʦʢʥʘ ʬʠʣʴʪʨʘ ʦʢʘʟʳʚʘʝʪ ʨʝʰʘ-

ʶʱʝʝ ʚʣʠʷʥʠʝ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤʳ ʩ F-OFDM, ʪʘʢ ʢʘʢ ʝʝ ʫʚʝʣʠʯʝʥʠʝ ʧʦʟ-

ʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʚʥʝʧʦʣʦʩʥʳʝ ʠʟʣʫʯʝʥʠʷ ʠ ʤʝʞʩʠʤʚʦʣʴʥʫʶ ʠʥʪʝʨʬʝʨʝʥʮʠʶ 

ʙʣʘʛʦʜʘʨʷ ʫʣʫʯʰʝʥʠʶ ʯʘʩʪʦʪʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ ʩʠʛʥʘʣʦʚ, ʧʝʨʝʜʘʚʘʝʤʳʭ ʦʜʥʦʚʨʝ-

ʤʝʥʥʦ ʧʦʜʥʝʩʫʱʠʭ ʯʘʩʪʦʪʘʭ, ʥʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʩʠʤ-

ʚʦʣʦʚ.  

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʦʣʝʝ ʢʦʨʦʪʢʠʭ ʚʨʝʤʝʥʥʳʭ ʦʢʦʥ ʫʣʫʯʰʘʝʪ 

ʚʨʝʤʝʥʥʫʶ ʣʦʢʘʣʠʟʘʮʠʶ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ. ɼʦʚʦʣʴʥʦ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫ-

ʶʪʩʷ ʚʝʩʦʚʳʝ ʦʢʥʘ ʩ ʜʣʠʥʦʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʜʣʠʥʝ ʮʠʢʣʠʯʝʩʢʦʛʦ ʧʨʝʬʠʢʩʘ, ʢʦ-

ʪʦʨʳʡ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ. ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [42] ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʢʥʘ ɼʦʣʴʬʘ-ʏʝʙʳʰʝʚʘ ʩ ʧʦʜʘʚʣʝʥʠʝʤ ʙʦʢʦʚʦʛʦ ʣʝʧʝʩʪʢʘ, ʩʦʩʪʘʚ-

ʣʷʶʝɦʛʦ 60ʜɹ. ɿʘʪʝʤ ʩʠʛʥʘʣʳ ʩ ʚʳʭʦʜʦʚ ʚʩʝʭ ʬʠʣʴʪʨʦʚ ʩʢʣʘʜʳʚʘʶʪʩʷ, ʧʨʝʦʙʨʘ-

ʟʫʶʪʩʷ ʚ ʧʘʨʘʣʣʝʣʴʥʦ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʠ ʮʠʬʨʦ-ʘʥʘʣʦʛʦʚʦʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʭ. 

ʇʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʠʨʫʶʱʠʡ ʩʠʛʥʘʣ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʥʘ ʨʘʙʦʯʫʶ ʯʘʩʪʦʪʫ ʠ ʧʝʨʝʜʘ-

ʝʪʩʷ ʥʘ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʡ ʫʩʠʣʠʪʝʣʴʥʳʡ ʪʨʘʢʪ ʨʘʜʠʦʧʝʨʝʜʘʪʯʠʢʘ. ɺ ʜʝʡʩʪʚʠʪʝʣʴ-

ʥʦʩʪʠ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʪʴ N -ʪʦʯʝʯʥʦʝ ʆɹʇʌ  P ʨʘʟ, ʪʘʢ ʢʘʢ ʩʫʱʝ-

ʩʪʚʫʶʪ ʫʩʢʦʨʝʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʨʘʙʦʪʳ ʩ ʫʩʝʯʝʥʥʳʤʠ ʤʘʪʨʠʮʘʤʠ ɼʕʌ. ʅʘ ʧʨʠʝʤ-

ʥʦʡ ʩʪʦʨʦʥʝ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʦʙʨʘʪʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʣʫʯʝʥʥʦʛʦ ʩʠʛʥʘʣʘ ʚ ʩʦ-

ʦʪʚʝʪʩʪʚʠʠ ʩ ʨʠʩ. 1.3 ʙ). 

ʎʝʣʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ F-OFDM ʷʚʣʷʝʪʩʷ ʫʣʫʯʰʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʛʥʘʣʘ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤ ʚʘʨʠʘʥʪʦʤ OFDM, ʪʘʢ ʢʘʢ ʦʥ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ 

ʫʨʦʚʝʥʴ ʚʥʝʧʦʣʦʩʥʳʭ ʠʟʣʫʯʝʥʠʡ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ - ʯʘʩʪʦʪʥʫʶ ʠ ʚʨʝʤʝʥʥʫʶ ʣʦʢʘ-

ʣʠʟʘʮʠʶ ʧʦʜʥʝʩʫʱʠʭ ʯʘʩʪʦʪ, ʪʦ ʝʩʪʴ ʫʤʝʥʴʰʠʪʴ ʤʝʞʩʠʤʚʦʣʴʥʫʶ ʠʥʪʝʨʬʝʨʝʥʮʠʶ 

ʢʘʢ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤ ʚʘʨʠʘʥʪʦʤ OFDM, ʪʘʢ ʠ ʩ ʚʦʟʤʦʞʥʳʤ ʚʘʨʠʘʥ-

ʪʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʚʩʝʛʦ ʩʠʛʥʘʣʘ OFDM ʩ ʮʝʣʴʶ 

ʩʥʠʞʝʥʠʷ ʣʠʰʴ ʚʥʝʧʦʣʦʩʥʳʭ ʠʟʣʫʯʝʥʠʡ. ʇʨʝʠʤʫʱʝʩʪʚʘ F-OFDM, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

FBMC, ʦʙʲʷʩʥʷʶʪʩʷ ʤʝʥʴʰʝʡ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʠʤʧʫʣʴʩʥʳʭ ʦʪʢʣʠʢʦʚ ʧʨʠʤʝʥʷʝʤʳʭ 

ʬʠʣʴʪʨʦʚ. 
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ʉʣʝʜʫʶʱʠʡ ʚʘʨʠʘʥʪ OFDM ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʦʯʝʪʘʥʠʝ FBMC ʠ F-

OFDM, ʢʦʛʜʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʝ ʙʣʦʢʦʚ ʧʦʜʥʝʩʫʱʠʭ ʯʘʩʪʦʪ ʠ ʠʭ 

ʬʠʣʴʪʨʘʮʠʷ ʩ ʧʦʤʦʱʴʶ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʬʠʣʴʪʨʦʚ (UFMC ï Universal Filtered Mul-

ticarrier). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʪʦʢ ʩʠʤʚʦʣʦʚ OQAM ʧʦʣʫʯʘʶʪ ʠʟ ʧʦʪʦʢʘ QAM ʪʘʢ ʞʝ, 

ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ FBMC, ʟʘʪʝʤ ʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚ ʧʝʨʝʜʘʪʯʠʢʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʘʢ 

ʞʝ, ʢʘʢ ʠ ʧʨʠ F-OFDM. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ UFMC, ʚ ʦʪʣʠʯʠʝ ʦʪ FBMC, ʧʨʦʠʩʭʦ-

ʜʠʪ ʬʠʣʴʪʨʘʮʠʷ ʥʝ ʢʘʞʜʦʡ ʧʦʜʥʝʩʫʱʝʡ, ʘ ʛʨʫʧʧʳ ʩʦʩʝʜʥʠʭ ʧʦʜʥʝʩʫʱʠʭ ʯʘʩʪʦʪ. 

ʇʨʠ ʵʪʦʤ ʦʢʘʟʳʚʘʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʫʤʝʥʴʰʠʪʴ ʚʥʝʧʦʣʦʩʥʳʝ ʠʟʣʫʯʝʥʠʷ, ʧʦ ʩʨʘʚʥʝ-

ʥʠʶ ʩ OFDM, ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʜʣʠʥʳ ʩʠʤʚʦʣʘ, ʯʪʦ ʠʤʝʝʪ ʤʝʩʪʦ ʚ 

ʩʣʫʯʘʝ FBMC. ʆʯʝʚʠʜʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ UFMC, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ FBMC, ʙʫʜʝʪ 

ʤʝʥʴʰʘʷ ʟʘʜʝʨʞʢʘ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ [42]. 

ʉ ʮʝʣʴʶ ʩʨʘʚʥʝʥʠʷ ʩʠʩʪʝʤ ʩ OFDM, FBMC, F-OFDM ʠ UFMC ʧʦ ʪʘʢʠʤ ʧʦʢʘ-

ʟʘʪʝʣʷʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʘʢ ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʢʠ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʙʠʪ ʠ ʟʥʘ-

ʯʝʥʠʶ ʧʠʢ-ʬʘʢʪʦʨʘ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʩʠʛʥʘʣʘ ʧʨʠ ʨʘʟʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʢʘʥʘʣʘ 

ʩʚʷʟʠ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʠʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʠʭ ʨʘʙʦʪʳ ʩ ʩʨʝʜʝ MATLAB 2021. 

ʇʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ ʢʘʥʘʣʦʚ ʩʚʷʟʠ ʧʝʨʝʯʠʩʣʝʥʳ ʚ ʪʘʙʣ. 1.1 ʠ 1.2. ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ 

ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʢʚʘʣʘʡʟʝʨʘ ʥʘ ʧʨʠʝʤʥʦʡ ʩʪʦʨʦʥʝ.  

ʊʘʙʣʠʮʘ 1.1.  ʇʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ ʢʘʥʘʣʦʚ ʩʚʷʟʠ 

 ʂʘʥʘʣ ʩ ʙʳʩʪʨʳʤʠ ʟʘʤʠʨʘ-

ʥʠʷʤʠ. 

ʂʘʥʘʣ ʩ ʤʝʜʣʝʥʥʳʤʠ ʟʘʤʠ-

ʨʘʥʠʷʤʠ. 

ʅʦʤʝʨ ʚʘʨʠʘʥ-

ʪʘ ʤʦʜʝʣʠ 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ 

ʟʘʜʝʨʞʢʘ ʧʨʠ 

ʧʝʨʝʜʘʯʝ ʩʠʛ-

ʥʘʣʘ (ʥʩ) 

ʉʨʝʜʥʷʷ 

ʤʦʱʥʦʩʪʴ 

ʩʠʛʥʘʣʘ (ʜɹ) 

 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ 

ʟʘʜʝʨʞʢʘ (ʥʩ) 

ʉʨʝʜʥʷʷ 

ʤʦʱʥʦʩʪʴ 

ʩʠʛʥʘʣʘ 

(ʜɹ) 

1 0 0 0 0 

2 300 -1 205 -0,9 

3 720 -10 205 -5,9 

4 1050 -11 1270 -9 

5 1630 -15 2350 -8 

6 2530 -21 3720 -24,9 
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ʊʘʙʣʠʮʘ 1.2.  ʇʘʨʘʤʝʪʨʳ ʩʠʛʥʘʣʦʚ 

ʇʘʨʘʤʝʪʨ OFDM FBMC FOFDM UFMC 

ʊʠʧ ʤʦʜʫʣʷʮʠʠ QAM-4, QAM-16, 

QAM-64, QAM-

256 

QAM-4, QAM-16, 

QAM-64, QAM-256 

QAM-4, QAM-

16, QAM-64, 

QAM-256 

QAM-4, QAM-16, 

QAM-64, QAM-

256 

ʈʘʟʤʝʨ ɹʇʌ/ ʯʠʩʣʦ ʠʩ-

ʧʦʣʴʟʦʚʘʥʥʳʭ ʧʦʜʥʝʩʫʱʠʭ 

256/200, 512/300 256/200, 512/300 256/200, 512/300 256/200, 512/300 

ʊʠʧ ʬʠʣʴʪʨʘ - ʅʘ ʦʩʥʦʚʝ ʧʨʝʦʙʨʘʟʦ-

ʚʘʥʠʷ ʕʨʤʠʪʘ 

ʆʢʥʦ ʍɻʥʥʠʥʛʘ ʆʢʥʦ ɼʦʣʴʬʘ-

ʏʝʙʳʰʝʚʘ 

ɼʣʠʥʘ ʮʠʢʣʠʯʝʩʢʦʛʦ ʧʨʝ-

ʬʠʢʩʘ (ʤʢʩ) 

4,8  - - - 

ʈʘʟʥʦʩ ʧʦʜʥʝʩʫʱʠʭ (ʢɻʮ) 15 15 15 15 

ʄʦʜʝʣʴ ʢʘʥʘʣʘ ʄʦʜʝʣʴ ɼʞʝʡʢʩʘ ʄʦʜʝʣʴ ɼʞʝʡʢʩʘ ʄʦʜʝʣʴ ɼʞʝʡʢʩʘ ʄʦʜʝʣʴ ɼʞʝʡʢʩʘ 

ʉʢʦʨʦʩʪʴ ʘʙʦʥʝʥʪʘ (ʢʤ/ʯ)  10, 200,500 10, 200,500 10, 200,500 10, 200,500 

ʅʝʩʫʱʘʷ ʯʘʩʪʦʪʘ (ɻɻʮ) 2.5 2.5 2.5 2.5 

ɼʣʷ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʘʨʠʘʥʪʦʚ OFDM ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ ʦʰʠʙʢʠ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʙʠʪ ʦʪ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ ʚ 

ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 200 ʧʦʜʥʝʩʫʱʠʭ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 1.4, ʠʟ ʘʥʘʣʠʟʘ ʢʦʪʦʨʦʛʦ 

ʩʣʝʜʫʝʪ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ FBMC, F-OFDM ʠ UFMC ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʘʷ, ʥʦ 

ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʜʦʚʦʣʴʥʦ ʥʝʙʦʣʴʰʦʡ ʚʳʠʛʨʳʰ ʧʦʨʷʜʢʘ (0.5-1)ʜɹ ʚ ʦʪʥʦʰʝ-

ʥʠʠ ʩʠʛʥʘʣ/ʰʫʤ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤ ʚʘʨʠʘʥʪʦʤ OFDM.  

 
ʈʠʩʫʥʦʢ 1.4 - ɺʝʨʦʷʪʥʦʩʪ ɹʦʰʠʙʢʠ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʙʠʪ ʚ ʢʘʥʘʣʝ ʩ ʘʜʜʠʪʠʚ-

ʥr ʤ ʙʝʣrʤ ʛʘʫʩʩʦʚʩʢʠʤ ʰʫʤʦʤ ʚ ʩʣʫʯʘʝ 200 ʧʦʜʥʝʩʫʱʠʭ ʧʨʠ OFDM ʠ QAM-4, 

QAM-16, QAM-64 ʠ QAM-256 

 

ʅʘ ʨʠʩ. 1.5 ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʦʰʠʙʢʠ ʥʘ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʳʡ ʙʠʪ ʚ ʢʘʥʘʣʝ ʩʚʷʟʠ ʩ ʙʳʩʪʨʳʤʠ ʟʘʤʠʨʘʥʠʷʤʠ ʧʨʠ ʯʠʩʣʝ ʠʩʧʦʣʴʟʫ-
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ʝʤʳʭ ʧʦʜʥʝʩʫʱʠʭ, ʨʘʚʥʦʤ 200, QAM-64 ʠ ʨʘʟʥʳʭ ʩʢʦʨʦʩʪʷʭ ʜʚʠʞʝʥʠʷ ʘʙʦʥʝʥʪ-

ʩʢʦʡ ʩʪʘʥʮʠʠ. ʂʘʢ ʚʠʜʥʦ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ F-OFDM, UFMC ʠ OFDM ʧʨʠʙʣʠʟʠʪʝʣʴ-

ʥʦ ʦʜʠʥʘʢʦʚʘʷ. ʇʨʠ ʥʠʟʢʠʭ ʩʢʦʨʦʩʪʷʭ (ʤʝʥʴʰʝ 100 ʢʤ/ʯ) FBMC ʥʝʟʥʘʯʠʪʝʣʴʥʦ 

ʧʨʦʠʛʨʳʚʘʝʪ ʚʩʝʤ ʦʩʪʘʣʴʥʳʤ ʚʘʨʠʘʥʪʘʤ OFDM. ʅʦ ʧʨʠ ʙʦʣʴʰʠʭ ʩʢʦʨʦʩʪʷʭ ʧʦ-

ʨʷʜʢʘ ʠ ʙʦʣʝʝ 200ʢʤ/ʯ FBMC ʟʥʘʯʠʪʝʣʴʥʦ (ʜʦ 3 ʜɹ ʚ ʦʪʥʦʰʝʥʠʠ ʩʠʛʥʘʣ/ʰʫʤ) ʚʳ-

ʠʛʨʳʚʘʝʪ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʚʘʨʠʘʥʪʘʤʠ. ʅʦ ʚʳʠʛʨʳʰ ʠʤʝʝʪ ʤʝʩʪʦ ʪʦʣʴʢʦ 

ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʙʦʣʴʰʠʭ ʦʪʥʦʰʝʥʠʷʭ ʩʠʛʥʘʣ/ʰʫʤ ï ʧʦʨʷʜʢʘ (30-35) ʜɹ. ʊʠʧʠʯ-

ʥʳʝ ʟʥʘʯʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʦʰʠʙʢʠ ʥʘ ʙʠʪ ʩʦʩʪʘʚʣʷʶʪ ʧʨʠ ʵʪʦʤ ʙʦʣʝʝ 
210-. ʕʪʦ 

ʦʙʲʷʩʥʷʝʪʩʷ ʧʦ-ʚʠʜʠʤʦʤʫ ʪʝʤ, ʯʪʦ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ F-OFDM, 

UFMC ʠ OFDM, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ FBMC ʧʨʠ ʜʚʠʞʝʥʠʠ ʘʙʦʥʝʥʪʩʢʦʡ ʩʪʘʮʠʠ ʦʙʲʷʩ-

ʥʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʢʚʘʣʘʡʟʝʨʘ, ʨʘʙʦʪʘ ʢʦʪʦʨʦʛʦ ʧʨʠ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ ʧʝʨʝ-

ʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʩʪʘʥʦʚʠʪʩʷ ʥʝʵʬʬʝʢʪʠʚʥʦʡ ʠʟ-ʟʘ ʝʛʦ ʠʥʝʨʮʠʦʥʥʦʩʪʠ, ʚ ʩʣʫʯʘʝ 

FBMC ɻʢʚʘʣʘʡʟʝʨ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ. ʅʦ ʚʳʠʛʨʳʰ ʧʨʠ FBMC ʠʤʝʝʪ ʤʝʩʪʦ ʧʨʠ 

ʩʪʦʣʴ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʷʭ ʚʝʨʦʷʪʥʦʩʪʠ ʦʰʠʙʢʠ ʥʘ ʙʠʪ, ʯʪʦ ʜʘʞʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

FBMC ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝ ʵʬʬʝʢʪʠʚʥʦ. 

 

ʈʠʩʫʥʦʢ 1.5 ïɺʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʢʠ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʙʠʪ ʚ ʢʘʥʘʣʝ ʩʚʷʟʠ ʩ 

ʙʳʩʪʨʳʤʠ ʟʘʤʠʨʘʥʠʷʤʠ ʚ ʩʣʫʯʘʝ 200 ʧʦʜʥʝʩʫʱʠʭ, QAM-64 ʠ ʩʢʦʨʦʩʪʝʡ ʘʙʦʥʝʥ-

ʪʦʚ 10, 200, 500 ʢʤ/ʯ 
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ʅʘ ʨʠʩ. 1.6 ʧʦʢʘʟʘʥʘ ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʢʠ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʙʠʪ ʚ ʩʣʫʯʘʝ ʢʘ-

ʥʘʣʘ ʩʚʷʟʠ ʩ ʤʝʜʣʝʥʥʳʤʠ ʟʘʤʠʨʘʥʠʷʤʠ ʧʨʠ ʩʢʦʨʦʩʪʠ 20 ʢʤ/ʯ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 200 

ʧʦʜʥʝʩʫʱʠʭ. ʂʘʢ ʚʠʜʥʦ, ʥʘʠʣʫʯʰʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʦʙʣʘʜʘʝʪ ʚʘʨʠʘʥʪ ʢʣʘʩʩʠ-

ʯʝʩʢʦʛʦ OFDM.  FBMC ʠ F-OFDM ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʳ ʧʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʜʦ-

ʚʦʣʴʥʦ ʟʥʘʯʠʪʝʣʴʥʦ (ʥʘ (4-5) ʜɹ ʚ ʦʪʥʦʰʝʥʠʠ ʩʠʛʥʘʣ/ʰʫʤ) ʧʨʦʠʛʨʳʚʘʶʪ OFDM, 

ʥʦ ʧʨʦʠʛʨʳʰ ʠʤʝʝʪ ʤʝʩʪʦ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʦʪʥʦʰʝʥʠʷʭ ʩʠʛʥʘʣ/ʰʫʤ, ʧʨʝʚʳʰʘ-

ʶʱʠʭ 25-27ʜɹ. 

 

ʈʠʩʫʥʦʢ 1.6 - ɺʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʢʠ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʙʠʪ ʚ ʢʘʥʘʣʝ ʩ ʤʝʜʣʝʥ-

ʥʳʤʠ ʟʘʤʠʨʘʥʠʷʤʠ ʚ ʩʣʫʯʘʝ 200 ʧʦʜʥʝʩʫʱʠʭ, ʩʢʦʨʦʩʪʠ 10 ʢʤ/ʯ ʠ QAM-4, QAM - 

16, QAM - 64 

ɺʘʞʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʩʠʩʪʝʤʳ ʩʚʷʟʠ ʷʚʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝ ʧʠʢ-ʬʘʢʪʦʨʘ ʝʝ 

ʛʨʫʧʧʦʚʦʛʦ ʩʠʛʥʘʣʘ ʬʠʟʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʤʧʣʝʤʝʥʪʘʨ-

ʥʳʭ ʠʥʪʝʛʨʘʣʴʥʳʭ ʬʫʥʢʮʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʧʠʢ-ʬʘʢʪʦʨʘ ʜʣʷ ʨʘʩʩʤʘʪʨʠ-

ʚʘʝʤʳʭ ʚʘʨʠʘʥʪʦʚ ʩʠʛʥʘʣʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1.7. ʀʟ ʘʥʘʣʠʟʘ ʵʪʦʛʦ ʨʠʩʫʥʢʘ 

ʩʣʝʜʫʝʪ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʣʶʙʳʭ ʪʠʧʦʚ ʬʠʣʴʪʨʘʮʠʠ ʧʦʜʥʝʩʫʱʠʭ ʯʘʩʪʦʪ ʧʨʠʚʦ-

ʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʠʢ-ʬʘʢʪʦʨʘ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʩʠʛʥʘʣʘ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʣʘʩʩʠ-

ʯʝʩʢʠʤ ʚʘʨʠʘʥʪʦʤ OFDM, ʢʦʪʦʨʦʝ ʜʦʩʪʠʛʘʝʪ 1 ʜɹ ʧʨʠ FBMC. ʅʦ ʚ ʮʝʣʦʤ ʦʥʦ ʥʝ 

ʩʣʠʰʢʦʤ ʟʥʘʯʠʪʝʣʴʥʦ, ʢʘʢ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʧʨʝʜʧʦʣʘʛʘʪʴ. 
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ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʧʣʦʪʥʦʩʪʝʡ ʤʦʱʥʦ-

ʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʚʘʨʠʘʥʪʦʚ OFDM ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1.8. ʆʥʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʦʯʝʚʠʜʥʦʤʫ ʨʝʟʫʣʴʪʘʪʫ, ʩʦʩʪʦʷʱʝʤʫ ʚ ʪʦʤ, ʯʪʦ ʬʠʣʴʪʨʘʮʠʷ ʧʦʜʥʝʩʫʱʠʭ ʯʘʩʪʦʪ 

ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʫʨʦʚʥʷ ʚʥʝʧʦʣʦʩʥʳʭ ʠʟʣʫʯʝʥʠʡ, ʧʨʠʯʝʤ ʥʘʠʙʦʣʴʰʠʡ 

ʚʳʠʛʨʳʰ ʚ ʠʭ ʫʤʝʥʴʰʝʥʠʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ FBMS, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ OFDM. 

 

ʈʠʩʫʥʦʢ 1.7 - ʂʦʤʧʣʝʤʝʥʪʘʨʥʳʝ ʠʥʪʝʛʨʘʣʴʥʳʝ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʣʷ QAM-

4, QAM-64, QAM-256 ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 200 ʧʦʜʥʝʩʫʱʠʭ ʯʘʩʪʦʪ 

 

 

ʈʠʩʫʥʦʢ 1.8 ï ʅʦʨʤʠʨʦʚʘʥʥʳʝ ʩʧʝʢʪʨʘʣʴʥʳʝ ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ 

ʚʘʨʠʘʥʪʦʚ OFDM ʜʣʷ QAM-64 ʧʨʠ 24 ʧʦʜʥʝʩʫʱʠʭ ʯʘʩʪʦʪʘʭ 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʚʘʨʠʘʥʪʦʚ ʬʠʣʴ-

ʪʨʘʮʠʠ ʧʦʜʥʝʩʫʱʠʭ ʯʘʩʪʦʪ ʧʨʠ OFDM, ʪʘʢʠʭ ʢʘʢ FBMC, FOFDM, UFMC, ʥʝ ʧʨʠ-

ʚʦʜʷʪ ʢ ʩʢʦʣʴʢʦ-ʥʠʙʫʜʴ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʤʝʥʴʰʝʥʠʶ ʚʝʨʦʷʪʥʦʩʪʠ ʦʰʠʙʢʠ ʥʘ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʳʡ ʙʠʪ ʚ ʢʘʥʘʣʘʭ ʩʚʷʟʠ ʢʘʢ ʩ ʙʳʩʪʨʳʤʠ, ʪʘʢ ʠ ʩ ʤʝʜʣʝʥʥʳʤʠ ʟʘʤʠʨʘ-

ʥʠʷʤʠ. ɺʳʠʛʨʳʰ ʚ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢʘʥʘʣʘ ʩʚʷʟʠ ʧʨʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʜʦ (10-15) %, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤ OFDM, ʩʚʷʟʘʥ ʣʠʰʴ ʩ ʦʪʩʫʪʩʪʚʠʝʤ 

ʮʠʢʣʠʯʝʩʢʦʛʦ ʧʨʝʬʠʢʩʘ ʧʝʨʝʜ ʢʘʞʜʳʤ ʙʣʦʢʦʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʤʚʦʣʦʚ. ʂʨʦʤʝ 

ʪʦʛʦ, ʫʜʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ, ʩʥʠʟʠʪʴ ʫʨʦʚʝʥʴ ʚʥʝʧʦʣʦʩʥʳʭ ʠʟʣʫʯʝʥʠʡ ʧʨʠ ʬʠʣʴ-

ʪʨʘʮʠʠ ʧʦʜʥʝʩʫʱʠʭ ʯʘʩʪʦʪ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʛʨʘʬʠʢʠ, ʧʨʠʚʝʜʝʥʥʳʝ ʥʘ ʨʠʩ. 

1.8. 

 

1.3. ʉʠʩʪʝʤʳ ʩ ʢʦʜʦʚʳʤ ʨʘʟʜʝʣʝʥʠʝʤ ʥʘ ʦʩʥʦʚʝ ʤʘʪʨʠʮ ʋʦʣʰʘ-ɸʜʘʤʘʨʘ 

 

ʉʪʨʦʢʠ ʤʘʪʨʠʮʳ ʋʦʣʰʘ-ɸʜʘʤʘʨʘ ʚ ʢʘʯʝʩʪʚʝ ʜʠʩʢʨʝʪʥʳʭ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʩʠʛ-

ʥʘʪʫʨ ʧʨʠʤʝʥʷʶʪʩʷ ʚ CDMA (Code Division Multiple Asses) ʩʠʩʪʝʤʘʭ ʤʦʙʠʣʴʥʦʡ 

ʩʚʷʟʠ 3-ʝʛʦ ʧʦʢʦʣʝʥʠʷ ʠ ʚ ʩʧʫʪʥʠʢʦʚʦʡ ʩʠʩʪʝʤʝ Globalstar. ʉʪʨʫʢʪʫʨʘ ʛʨʫʧʧʦʚʦʛʦ 

ʢʘʥʘʣʘ ʩʚʷʟʠ ʬʠʟʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʜʣʷ ʵʪʦʛʦ ʩʣʫʯʘʷ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʘ ʚ ʣʠʪʝʨʘʪʫʨʝ 

[1, 3,6,7], ʧʦʵʪʦʤʫ ʚ ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʠ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ. ʇʨʠʥʮʠʧʠʘʣʴʥʦʝ ʦʪ-

ʣʠʯʠʝ ʦʪ ʩʠʪʫʘʮʠʠ, ʩʚʷʟʘʥʥʦʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ ɼʕʌ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ 

ʢ ʤʘʪʨʠʮʘʤ ʋʦʣʰʘ-ɸʜʘʤʘʨʘ ʦʢʘʟʘʣʦʩʴ ʚʦʟʤʦʞʥʳʤ ʧʨʠʩʦʝʜʠʥʠʪʴ ʩʠʥʭʨʦʩʠʛʥʘʣ 

(ʧʠʣʦʪ-ʩʠʛʥʘʣ), ʩʬʦʨʤʠʨʦʚʘʥʥʳʡ ʥʘ ʦʩʥʦʚʝ ʜʚʦʠʯʥʦʡ ʄ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʧʝ-

ʨʠʦʜ ʧʦʚʪʦʨʝʥʠʷ ʢʦʪʦʨʦʛʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʣʠʪʝʣʴʥʦʩʪʠ ʢʘʜʨʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʢʘʥʘʣʘ ʩʚʷʟʠ. ʉʠʥʭʨʦʥʠʟʘʮʠʷ ʧʦ ʵʪʦʤʫ ʩʠʛʥʘʣʫ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʦʜʥʦʚʨʝ-

ʤʝʥʥʦ ʚʳʩʦʢʦʪʦʯʥʫʶ ʢʘʜʨʦʚʫʶ, ʪʘʢʪʦʚʫʶ ʠ ʯʘʩʪʦʪʥʫʶ ʩʠʥʭʨʦʥʠʟʘʮʠʶ ʚ ʤʥʦʛʦ-

ʣʫʯʝʚʦʤ ʢʘʥʘʣʝ ʩʚʷʟʠ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʩʧʦʩʦʙ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩʠʥʭʨʦ-

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʢ ʤʘʪʨʠʮʝ ʋʦʣʰʘ-ɸʜʘʤʘʨʘ ʧʨʠ ʩʫʤʤʠʨʦʚʘʥʠʠ ʝʝ ʩʠʤʚʦʣʦʚ ʩ 

ʩʠʤʚʦʣʘʤʠ ʢʘʞʜʦʡ ʦʨʪʦʛʦʥʘʣʴʥʦʡ ʩʠʛʥʘʪʫʨʳ ʧʦ ʤʦʜʫʣʶ ʜʚʘ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝ-

ʯʠʪʴ ʩʢʨʝʤʙʣʠʨʦʚʘʥʠʝ ʧʦʩʣʝʜʥʝʡ ʠ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʰʠʨʝʥʠʝ ʩʧʝʢʪʨʘ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʝʛʦ ʩʠʛʥʘʣʘ ʚ ʚʳʜʝʣʝʥʥʦʡ ʧʦʣʦʩʝ ʯʘʩʪʦʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʜʝʣʝʥʠʝ ʩʠʛ-
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ʥʘʪʫʨ ʥʘ ʧʨʠʝʤʥʦʡ ʩʪʦʨʦʥʝ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʷʚʣʷʝʪʩʷ ʢʦʜʦʚʳʤ. ʇʨʦʙʣʝʤʘ ʦʙʝʩʧʝ-

ʯʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʢ ʫʨʦʚʥʶ ʚʥʝʧʦʣʦʩʥʳʭ ʠʟʣʫʯʝʥʠʡ ʨʝʰʘʝʪʩʷ ʧʫʪʝʤ ʬʠʣʴʪʨʘʮʠʠ 

ʛʨʫʧʧʦʚʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʚʠʜʝʦʯʘʪʦʪʝ, ʯʪʦ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʚʟʘʠʤʥʳʭ ʧʦ-

ʤʝʭ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʧʦʜʥʝʩʫʱʠʭ, ʢʘʢ ʵʪʦ ʙʳʣʦ ʙʳ ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʡ ʩʠʩʪʝ-

ʤʳ ɼʕʌ. 

 

1.4. ɸʣʴʪʝʨʥʘʪʠʚʥʳʝ ʚʘʨʠʘʥʪʳ ʤʥʦʛʦʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʨʘʜʠʦʜʦʩʪʫʧʘ  

1.4.1. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʠ IDMA ʠ CDMA  

ʇʨʝʞʜʝ ʚʩʝʛʦ, ʩʣʝʜʦʚʘʣʦ ʙʳ ʨʘʩʩʤʦʪʨʝʪʴ CDMA ʩʠʩʪʝʤʳ ʩ ʥʝ ʦʨʪʦʛʦʥʘʣʴʥʳ-

ʤʠ ʧʦʜʥʝʩʫʱʠʤʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʤʠ ʩʦʙʦʡ ʘʥʩʘʤʙʣʠ ʥʝ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʇʉʇ. 

ɼʘʥʥʳʡ ʚʘʨʠʘʥʪ ʤʥʦʛʦʩʪʘʥʮʠʦʥʥʦʛʦ ʜʦʩʪʫʧʘ ʷʚʣʷʝʪʩʷ ʢʣʘʩʩʠʯʝʩʢʠʤ, ʦʥ ʰʠʨʦʢʦ 

ʦʙʩʫʞʜʘʝʪʩʷ ʚ ʣʠʪʝʨʘʪʫʨʝ ʥʘʯʠʥʘʷ ʧʨʠʤʝʨʥʦ ʩ 50-ʭ - 60-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʚʝʢʘ 

[12,13,43,44,46,47].  

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢʘʥʘʣʘ ʩʚʷʟʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝ ʦʨ-

ʪʦʛʦʥʘʣʴʥʦʛʦ ʜʦʩʪʫʧʘ ʩ ʢʦʜʦʚʳʤ ʨʘʟʜʝʣʝʥʠʝʤ ʢʘʥʘʣʦʚ ʧʨʠʤʝʨʥʦ ʥʘ ʧʦʨʷʜʦʢ ʥʠʞʝ, 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʨʪʦʛʦʥʘʣʴʥʳʤ ʜʦʩʪʫʧʦʤ ʧʨʠ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʜʣʠʥʘʭ ʠʩʧʦʣʴʟʫʝ-

ʤʳʭ ʜʠʩʢʨʝʪʥʳʭ ʩʠʛʥʘʣʦʚ ʠʟ-ʟʘ ʚʟʘʠʤʥʳʭ ʧʦʤʝʭ ʧʦʜʥʝʩʫʱʠʭ, ʬʦʨʤʠʨʫʝʤʳʭ ʥʘ 

ʦʩʥʦʚʝ ʧʨʠʤʝʥʷʝʤʳʭ ʪʠʧʦʚ ʇʉʇ [13]. ʇʨʦʙʣʝʤʘ ʢʦʤʧʝʥʩʘʮʠʠ ʚʟʘʠʤʥʳʭ ʧʦʤʝʭ 

ʧʨʠ ʥʝ ʦʨʪʦʛʦʥʘʣʴʥʦʤ ʜʦʩʪʫʧʝ ʩ ʰʫʤʦʧʦʜʦʙʥʳʤʠ ʩʠʛʥʘʣʘʤʠ ʰʠʨʦʢʦ ʦʙʩʫʞʜʘʣʘʩʴ 

ʚ ʥʫʣʝʚʳʭ-ʜʝʩʷʪʳʭ ʛʦʜʘʭ ʥʘʰʝʛʦ ʚʝʢʘ [45,48-50]. ʅʦ ʘʣʛʦʨʠʪʤʳ ʢʦʤʧʝʥʩʘʮʠʠ ʚʟʘ-

ʠʤʥʳʭ ʧʦʤʝʭ ʦʢʘʟʘʣʠʩʴ ʚʝʩʴʤʘ ʩʣʦʞʥʳʤʠ. ɸʚʪʦʨʫ ʥʘʩʪʦʷʱʝʡ ʜʠʩʩʝʨʪʘʮʠʠ ʥʝ ʠʟ-

ʚʝʩʪʥʳʤʠ ʧʨʠʤʝʨʳ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʧʨʘʢʪʠʢʝ.  

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʚʘʨʠʘʥʪ ʥʝ ʦʨʪʦʛʦʥʘʣʴʥʦʛʦ ʜʦʩʪʫʧʘ ʩ ʢʦʜʦʚʳʤ ʨʘʟʜʝʣʝʥʠʝʤ ʦʙ-

ʩʫʞʜʘʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʚʘʨʠʘʥʪʘ ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʜʦʩʪʫʧʘ ʜʣʷ ʦʙʨʘʪʥʦʛʦ (ʚʦʩʭʦʜʷ-

ʱʝʛʦ) ʢʘʥʘʣʘ ʤʦʙʠʣʴʥʳʭ ʩʠʩʪʝʤ ʧʷʪʦʛʦ ʠ ʧʦʩʣʝʜʫʶʱʠʭ ʧʦʢʦʣʝʥʠʡ. ʋʯʠʪʳʚʘʷ, 

ʯʪʦ ʝʱʝ ʚ 60-ʭ ʛʦʜʘʭ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʩʨʘʚʥʠʚʘʣʠʩʴ ʚʘʨʠʘʥʪʳ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤ ʥʝ ʦʨ-

ʪʦʛʦʥʘʣʴʥʳʤ ʢʦʜʦʚʳʤ ʨʘʟʜʝʣʝʥʠʝʤ ʠ ʚʘʨʠʘʥʪʳ ʨʘʟʜʝʣʝʥʠʷ ʩʠʛʥʘʣʦʚ ʘʙʦʥʝʥʪʦʚ ʩ 
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ʧʝʨʝʤʝʞʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʤʚʦʣʦʚ, ʧʨʦʚʝʜʝʤ ʘʥʘʣʠʟ ʠ ʩʨʘʚʥʝʥʠʝ ʜʘʥʥʳʭ 

ʧʦʜʭʦʜʦʚ ʩ ʝʜʠʥʳʭ ʧʦʟʠʮʠʡ.  

ʊʝʭʥʦʣʦʛʠʷ ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʜʦʩʪʫʧʘ ʩ ʨʘʟʜʝʣʝʥʠʝʤ ʩʠʛʥʘʣʦʚ ʘʙʦʥʝʥʪʦʚ ʥʘ 

ʦʩʥʦʚʝ ʧʝʨʝʤʝʞʝʥʠʷ ʩʠʤʚʦʣʦʚ (interleave division multiple access - IDMA) ʷʚʣʷʝʪʩʷ 

ʚʘʨʠʘʥʪʦʤ ʥʝ ʦʨʪʦʛʦʥʘʣʴʥʦʛʦ ʜʦʩʪʫʧʘ (Non-Orthogonal Multiple Access ï NOMA), 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʚ ʨʘʤʢʘʭ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ 3GPP [51,52]. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʦʥʘ ʷʚ-

ʣʷʝʪʩʷ ʚʘʨʠʘʥʪʦʤ DS-CDMA (Direct-Sequence Code Division Access), ʥʦ ʙʝʟ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʇʉʇ ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʩʧʝʢʪʨʘ. ʇʦʩʣʝʜʥʝʝ ʚ ʩʣʫʯʘʝ IDMA  ʨʝʘʣʠʟʫʝʪ-

ʩʷ ʥʘ ʦʩʥʦʚʝ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʦʚʪʦʨʝʥʠʝʤ ʠ ʧʝ-

ʨʝʤʝʞʝʥʠʝʤ ʧʦʣʫʯʝʥʥʳʭ ʩʠʤʚʦʣʦʚ, ʧʨʠʯʝʤ ʘʣʛʦʨʠʪʤ ʧʝʨʝʤʝʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʠʥ-

ʜʠʚʠʜʫʘʣʴʥʳʤ ʫ ʢʘʞʜʦʛʦ ʘʙʦʥʝʥʪʘ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘ ʧʨʠʝʤʥʦʡ ʩʪʦʨʦʥʝ ʜʣʷ ʠʭ 

ʨʘʟʜʝʣʝʥʠʷ [28,29].  ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʢʦʨʦʩʪʴ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʛʦ ʢʦʜʘ ʙʫʜʝʪ ʙʦʣʝʝ 

ʥʠʟʢʦʡ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʢʦʨʦʩʪʴʶ ʢʦʜʘ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʩʦʯʝʪʘʥʠʠ ʩ DS-CDMA 

ʧʨʠ ʪʘʢʦʡ ʞʝ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʠ ʚ ʧʦʣʦʩʝ ʯʘʩʪʦʪ ʩ ʪʘʢʦʡ ʞʝ ʰʠʨʠ-

ʥʦʡ. ʂʘʢ ʧʦʢʘʟʘʥʦ ʥʠʞʝ, ʩʢʦʨʦʩʪʴ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʛʦ ʢʦʜʘ ʩ ʫʯʝʪʦʤ ʧʦʚʪʦʨʝʥʠʷ 

ʩʠʤʚʦʣʦʚ ʧʨʠ IDMA ʜʦʣʞʥʘ ʙʳʪʴ ʚ uN  ʨʘʟ ʤʝʥʴʰʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ DS-CDMA, 

ʛʜʝ uN  - ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʰʠʨʝʥʠʷ ʩʧʝʢʪʨʘ [53,54]. ʅʦ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʠʥʮʠʧʠ-

ʘʣʴʥʳʤ ʦʪʣʠʯʠʝʤ ʵʪʠʭ ʪʝʭʥʦʣʦʛʠʡ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʨʠ IDMA ʨʘʟʜʝʣʝʥʠʝ ʩʠʛʥʘ-

ʣʦʚ ʘʙʦʥʝʥʪʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʧʨʠʥʷʪʳʤ ʩʠʤʚʦʣʘʤ ʢʦʜʘ, ʘ ʧʨʠ DS-CDMA ï 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦ ʢʘʥʘʣʴʥʳʤ ʩʠʛʥʘʣʘʤ. ʊʦ ʝʩʪʴ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʙʦʣʝʝ çʤʦʱʥʳʡè ʚʘʨʠʘʥʪ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ ʧʨʠ ʧʦʣʥʦʤ ʦʪʩʫʪ-

ʩʪʚʠʠ çʨʘʟʜʝʣʝʥʠʷè ʢʘʥʘʣʴʥʳʭ ʩʠʛʥʘʣʦʚ, ʘ ʚʦ ʚʪʦʨʦʤ ï ʙʦʣʝʝ çʩʣʘʙʳʡè ʚʘʨʠʘʥʪ 

ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʨʘʟʜʝʣʝʥʠʝʤ ʢʘʥʘʣʴʥʳʭ ʩʠʛʥʘʣʦʚ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʧʨʠ DS-CDMA ʚʤʝʩʪʝ ʩ ʨʘʟʜʝʣʝʥʠʝʤ ʢʘʥʘʣʴʥʳʭ ʩʠʛʥʘʣʦʚ ʤʦʞʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʠ ʨʘʟʜʝʣʝʥʠʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʘʣʛʦʨʠʪʤʦʤ ʧʝʨʝʤʝʞʝʥʠʷ ʠʥʬʦʨ-

ʤʘʮʠʦʥʥʳʭ ʩʠʤʚʦʣʦʚ ʥʘ ʚʳʭʦʜʝ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʛʦ ʢʦʜʝʨʘ.  

ʆʙʦʙʱʝʥʥʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʘʢ IDMA, ʪʘʢ 

ʠ CDMA ʩʠʛʥʘʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1.9.  
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ʈʠʩʫʥʦʢ 1.9 - ʆʙʦʙʱʝʥʥʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʬʦʨʤʠʨʦʚʘʥʠʷ IDMA 

ʠ CDMA ʩʠʛʥʘʣʦʚ 

 

ɺ ʵʪʦʤ ʫʩʪʨʦʡʩʪʚʝ ʧʦʪʦʢ ʜʚʦʠʯʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʤʚʦʣʦʚ ʢʘʞʜʦʛʦ -ʛʦ 

ʘʙʦʥʝʥʪʘ ,i kb  ( {1,..., }, {1,..., })bk K i NÍ Í  ʢʦʜʠʨʫʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʛʦ 

ʩʚʝʨʪʦʯʥʦʛʦ ʢʦʜʘ ʩʦ ʩʢʦʨʦʩʪʴʶ cR  ʚ ʧʦʪʦʢ ʜʚʦʠʯʥʳʭ ʩʠʤʚʦʣʦʚ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦ-

ʠʟʚʦʜʠʪʩʷ ʠʭ ʧʦʚʪʦʨʝʥʠʝ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʚ rR  ʨʘʟ. ʈʝʟʫʣʴʪʠʨʫ-

ʶʱʘʷ ʩʢʦʨʦʩʪʴ ʥʠʟʢʦʩʢʦʨʦʩʪʥʦʛʦ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʛʦ ʢʦʜʘ ʨʘʚʥʷʝʪʩʷ c rR R R= . 

ʆʧʝʨʘʮʠʷ ʧʝʨʝʤʝʞʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʜʚʦʠʯʥʳʭ ʩʠʤʚʦʣʦʚ 
,j kc , 

( {1,..., }, )c c bj N N NÍ > ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʙʣʦʢʝ 
kʇ  ʥʘ ʠʥʪʝʨʚʘʣʝ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʚcN

ʩʠʤʚʦʣʦʚ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʬʦʨʤʠʨʫʝʪʩʷ ʧʦʪʦʢ ʜʚʦʠʯʥʳʭ ʩʠʤʚʦʣʦʚ, ʢʦʪʦʨʳʝ ʨʘʟ-

ʙʠʚʘʶʪʩʷ ʥʘ ʩʣʦʚʘ '

, ,m n kc ʜʣʠʥʦʡ ʧʦ cN  ʩʠʤʚʦʣʦʚ, ʛʜʝ ά ï ʥʦʤʝʨ ʩʠʤʚʦʣʘ i -ʛʦ ʩʣʦ-

ʚʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʘʝʤ ʧʦʪʦʢ ʩʣʦʚ' '

1, , , , 
mn k N n kc c» , 1,2, sn N= » .   

ʆʪʤʝʪʠʤ, ʯʪʦ ʘʣʛʦʨʠʪʤ ʧʝʨʝʤʝʞʝʥʠʷ ʩʠʤʚʦʣʦʚ ʚ ʧʨʝʜʝʣʘʭ ʩʣʦʚʘ ʷʚʣʷʝʪʩʷ ʠʥ-

ʜʠʚʠʜʫʘʣʴʥʳʤ ʫ ʢʘʞʜʦʛʦ ʘʙʦʥʝʥʪʘ, ʠ ʚ ʩʣʫʯʘʝ IDMA ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʝʛʦ ʠʜʝʥ-

ʪʠʬʠʢʘʮʠʠ ʥʘ ʧʨʠʝʤʥʦʡ ʩʪʦʨʦʥʝ. ɿʘʪʝʤ ʧʨʦʠʟʚʦʜʠʪʩʷ ʢʘʥʘʣʴʥʦʝ ʢʦʜʠʨʦʚʘʥʠʝ ʧʫ-

ʪʝʤ ʦʪʦʙʨʘʞʝʥʠʷ ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ ʢʦʜʦʚʳʭ ʩʣʦʚ ʥʘ ʢʦʤʧʣʝʢʩʥʳʝ ʢʘʥʘʣʴʥʳʝ 

ʩʠʤʚʦʣʳ  { }, 1 2
, , Nmn kx a aÍ » ,ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʫʩʣʦʚʠʷʤ: 

2

1
0,

Nm

ii
a

=
=ä

2 2

1
(1/ 2 ) 1

Nm

mN

ii
a

=
=ä . ɺ ʩʣʫʯʘʝ IDMA ʧʨʦʮʝʩʩ ʢʦʜʠʨʦʚʘʥʠʷ ʠʩʭʦʜʥʦʛʦ ʧʦʪʦʢʘ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʤʚʦʣʦʚ ʥʘ ʵʪʦʤ ʟʘʚʝʨʰʘʝʪʩʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʞʜʳʡ ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʳʡ ʩʠʤʚʦʣ ,i kb  ʧʝʨʝʜʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʢʦʤʧʣʝʢʩʥʳʭ ʢʘ-

ʥʘʣʴʥʳʭ ʩʠʤʚʦʣʦʚ ,n kx , ʧʨʠʯʝʤ ʠʭ ʯʠʩʣʦ uN ʟʘʚʠʩʠʪ ʦʪ ʟʥʘʯʝʥʠʡ Rʠ mN , ʘ ʜʣʠ-

ʪʝʣʴʥʦʩʪʴ ʢʘʞʜʦʛʦ ʢʘʥʘʣʴʥʦʛʦ ʩʠʛʥʘʣʘ, ʬʦʨʤʠʨʫʝʤʦʛʦ ʥʘ ʦʩʥʦʚʝ ,n kx , ʦʧʨʝʜʝʣʷʝʪ 

ʰʠʨʠʥʫ ʠʩʧʦʣʴʟʫʝʤʦʡ ʧʦʣʦʩʳ ʯʘʩʪʦʪ.  
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ɺ ʩʣʫʯʘʝ CDMA ʜʣʠʪʝʣʴʥʦʩʪʴ ʢʘʥʘʣʴʥʦʛʦ ʩʠʛʥʘʣʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʘʞʜʦ-

ʤʫ ʩʠʤʚʦʣʫ 
,n kx , ʜʦʣʞʥʘ ʙʳʪʴ ʚ uN  ʨʘʟ ʙʦʣʴʰʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ IDMA. ʊʦʛʜʘ ʝʛʦ 

ʧʝʨʝʤʥʦʞʝʥʠʝ ʩ ʩʠʤʚʦʣʘʤʠ ʇʉʇ 
1 2 uNu u u» , ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʜʣʷ ʢʘʞʜʦʛʦ ʘʙʦʥʝʥ-

ʪʘ, ʧʨʠʚʝʜʝʪ ʢ ʨʘʩʰʠʨʝʥʠʶ ʩʧʝʢʪʨʘ ʢʘʥʘʣʴʥʦʛʦ ʩʠʛʥʘʣʘ ʚ ὔ  ʨʘʟ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʰʠ-

ʨʠʥʘ ʟʘʥʠʤʘʝʤʦʡ ʧʦʣʦʩʳ ʯʘʩʪʦʪ ʠ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʤʚʦʣʦʚ  

,i kb  ʙʫʜʝʪ ʦʜʠʥʘʢʦʚʦʡ ʧʨʠ IDMA ʠ CDMA. ʇʦʵʪʦʤʫ ʚ ʩʣʫʯʘʝ CDMA ʥʝʦʙʭʦʜʠʤʦ, 

ʯʪʦʙʳ ʩʢʦʨʦʩʪʴ Ὑ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʛʦ ʢʦʜʘ ʙʳʣʘ ʙʦʣʝʝ ʚʳʩʦʢʦʡ, 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ IDMA. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʥʘʣʴʥʳʡ ʩʠʛʥʘʣ, ʬʦʨʤʠʨʫʝʤʳʡ ʥʘ ʦʩʥʦ-

ʚʝ ʜʚʦʠʯʥʦʡ ʇʉʇ 
1 2 uNu u u»  ʚ ʩʣʫʯʘʝ CDMA, ʠ ʢʘʥʘʣʴʥʳʝ ʩʠʛʥʘʣʳ, ʬʦʨʤʠʨʫʝʤʳʝ 

ʥʘ ʦʩʥʦʚʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʠʤʚʦʣʦʚ 
1, ,, , 

uk N kx x»  ʚ ʩʣʫʯʘʝ IDMA, ʧʝʨʝʜʘʶʪ ʦʜ-

ʥʦ ʠ ʪʦ ʞʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʭʦʜʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʤʚʦʣʦʚ ,i kb , ʪʦ ʝʩʪʴ ʧʦ ʦʜʥʦ-

ʤʫ ʩʠʤʚʦʣʫ. ʇʨʠʯʝʤ ʜʣʠʪʝʣʴʥʦʩʪʴ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʩʠʤʚʦʣʘ (ʯʠʧʘ) CDMA ʩʠʛʥʘʣʘ 

ʚ ʢʘʥʘʣʝ ʩʚʷʟʠ Ὕ̒ ʨʘʚʥʷʝʪʩʷ ʜʣʠʪʝʣʴʥʦʩʪʠ ʢʘʥʘʣʴʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ, 

ʬʦʨʤʠʨʫʝʤʦʛʦ ʥʘ ʦʩʥʦʚʝ ʢʘʞʜʦʛʦ ʩʠʤʚʦʣʘ ,n kx  ʧʨʠ IDMA. ɺ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʝʤ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʠʤʚʦʣʦʚ 
1 2 uNu u u» ʚ ʢʘʯʝʩʪʚʝ ʢʘʥʘʣʴʥʳʭ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʤʚʦʣʦʚ IDMA ʩʠʛʥʘʣʘ, ʩʯʠʪʘʷ, ʯʪʦ ,n k nx u= , ʧʦʩʢʦʣʴʢʫ ʨʘʩʰʠ-

ʨʝʥʠʝ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʘ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʧʝʨʝʜʘʯʝ ʩʣʫʯʘʡʥʦʡ ʧʦʩʣʝ-

ʜʦʚʘʪʝʣʴʥʦʩʪʠ ʢʘʥʘʣʴʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʤʚʦʣʦʚ ό. ɺ ʩʣʫʯʘʝ CDMA ʢʘʞ-

ʜʳʡ ʩʠʤʚʦʣ ʇʉʇ 
1 2 uNu u u»  ʫʤʥʦʞʘʝʪʩʷ ʥʘ ,n kx , ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʦʣʫʯʘʝʪʩʷ ʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʢʦʤʧʣʝʢʩʥʳʭ ʢʘʥʘʣʴʥʳʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʩʠʤʚʦʣʦʚ 
1 2 uNu u u» , ʩʦ-

ʦʪʚʝʪʩʪʚʫʶʱʠʭ ʯʠʧʘʤ (ʵʣʝʤʝʥʪʘʨʥʳʤ ʠʤʧʫʣʴʩʘʤ) CDMA ʩʠʛʥʘʣʘ. ʇʨʠ ʵʪʦʤ 

s ʩ uT T N= ï ʜʣʠʪʝʣʴʥʦʩʪʴ ʢʘʥʘʣʴʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ.  

ʄʦʜʝʣʴ ʤʥʦʛʦʣʫʯʝʚʦʛʦ ʢʘʥʘʣʘ ʩʚʷʟʠ ʜʣʷ k  -ʛʦ ʘʙʦʥʝʥʪʘ ( 1,..., )k K= ʧʨʝʜʩʪʘ-

ʚʠʤ ʚ ʚʠʜʝ ʂʀʍ-ʬʠʣʴʪʨʘ ʩ ʯʠʩʣʦʤ ʦʪʚʦʜʦʚ kn, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʜʣʠʪʝʣʴʥʦʩʪʠ 

ʚʨʝʤʝʥʠ ʟʘʜʝʨʞʢʠ ʧʦ ʚʨʝʤʝʥʠ ʝʛʦ ʩʠʛʥʘʣʘ ʚ ʥʝʤ. ʇʨʠ ʵʪʦʤ
2

1
1

k

lkl
h

n

=
=ä , ʛʜʝ lkh  ï 

ʚʝʩʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʚʦʜʘ ʬʠʣʴʪʨʘ, ʘ 1,.., kl n= . ʂʨʦʤʝ ʪʦʛʦ, ʩʠʛʥʘʣ ʢʘʞʜʦʛʦ 
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ʘʙʦʥʝʥʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʜʚʠʥʫʪ ʧʦ ʚʨʝʤʝʥʠ ʥʘktʦʪʩʯʝʪʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʩʣʦʚʥʦ 

ʥʫʣʝʚʦʛʦ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ ʠʟ-ʟʘ ʥʝʩʦʚʝʨʰʝʥʩʪʚʘ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʩʝʪʝʚʦʡ ʩʠʥ-

ʭʨʦʥʠʟʘʮʠʠ. ʊʦʛʜʘ ʟʘʜʝʨʞʢʘ ʧʦ ʚʨʝʤʝʥʠ ʩʠʛʥʘʣʘ k -ʛʦ ʘʙʦʥʝʥʪʘ ʥʘ ʚʭʦʜʝ ʧʨʠʝʤ-

ʥʠʢʘ ʩʦʩʪʘʚʠʪ( )kkv t+ ʦʪʩʯʝʪʦʚ ʩʠʛʥʘʣʘ (ʧʦ ʦʜʥʦʤʫ ʦʪʩʯʝʪʫ ʥʘ ʩʠʤʚʦʣ ʠʣʠ ʯʠʧ), ʘ 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʨʝʤʝʥʥʘʷ ʟʘʜʝʨʞʢʘ ʧʦ ʚʩʝʤ ὑ ʘʙʦʥʝʥʪʘʤ ʩʦʩʪʘʚʠʪ 

( )maxc k k
k

L vt+ ʩʠʤʚʦʣʦʚ (ʯʠʧʦʚ). ʕʪʘ ʟʘʜʝʨʞʢʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʢʘʢ ʯʠʩʣʦ ʢʘ-

ʥʘʣʴʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ, ʩʦʩʪʘʚʠʪ [ ]  /s c uL L N , ʛʜʝ[]¶ - ʮʝʣʘʷ ʯʘʩʪʴ 

ʦʪ ʯʠʩʣʘ.  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʰʝʩʢʘʟʘʥʥʳʤ, ʩʠʛʥʘʣ ʢʘʞʜʦʛʦ ʘʙʦʥʝʥʪʘ ʥʘ ʚʭʦʜʝ ʧʨʠʝʤ-

ʥʠʢʘ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʜʠʩʢʨʝʪʥʫʶ ʩʚʝʨʪʢʫ 

'

, , *n k k n k kag u h        (1.4) 

ʚʝʢʪʦʨʦʚ 
'

, , ,0
u

ʪ
ʪ ʪ

n k n k N
è ø
ê úu u  ʠ 

T

0, ,0 , , , ,0
k k c k k

ʪ ʪ

k k v k L vh ht t- -
è ø»ê úh ʜʣʠʥʦʡ 2 uN  ʠ ( 1)cL +

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʛʜʝ0
u

ʪ

N
,0

k

ʪ

tʠ 0
c k k

ʪ

L vt- -
 ï ʦʙʦʟʥʘʯʝʥʠʝ ʩʪʦʣʙʮʦʚ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʥʫʣʝʡ 

ʜʣʠʥʦʡ uN , kt,( )c k kL vt- -  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ,
T. ʦʧʝʨʘʮʠʷ ʪʨʘʥʩʧʦʥʠʨʦʚʘʥʠʷ ʤʘʪʨʠ-

ʮʳ,ka ï ʘʤʧʣʠʪʫʜʘ ʩʠʛʥʘʣʘ, ʫʯʠʪʳʚʘʶʱʘʷ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʘʙʦʥʝʥʪʦʤ ʠ ʤʥʦʛʦ-

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʤ ʧʨʠʝʤʥʠʢʦʤ.  

ɺʝʢʪʦʨ ʜʣʠʥʦʡ uN , ʦʧʠʩʳʚʘʶʱʠʡ ʛʨʫʧʧʦʚʦʡ ʩʠʛʥʘʣ ὑ ʘʙʦʥʝʥʪʦʚ ʥʘ ʚʭʦʜʝ 

ʤʥʦʛʦʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʧʨʠʝʤʥʠʢʘ, ʟʘʜʝʨʞʘʥʥʳʡ ʥʘ ὰ ʩʠʤʚʦʣʦʚ ʚ ʢʘʥʘʣʝ ʩʚʷʟʠ, 

ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ
( )

T

1 1
, ,

u u
n l n lN n l N

y y+ + + + -
è ø»
ê ú

y . ʆʥ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ 

ʢʘʢ ( )
0

,
sL

n n l nl
n l l -=

= - +äy G x ɖ, ʛʜʝ 
T

,1 ,, ,n n n Kx xè ø»ê úx - ʚʝʢʪʦʨ ʜʣʠʥʦʡ ὑ, ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʡ ʩʠʛʥʘʣʘʤ ʘʙʦʥʝʥʪʦʚ, 
( )

T

1 1
, ,

u u
n l n lN n l N

h h+ + + + -
è ø»
ê ú

ɖ ï ʚʝʢʪʦʨ ʰʫʤʘ, ʘ ( ),n lG

ï ʤʘʪʨʠʮʘ, ʦʧʠʩʳʚʘʶʱʘʷ ʢʘʥʘʣ ʩʚʷʟʠ. ʇʨʠ ʵʪʦʤ  

( ) ( ) ( )1, , , ,  ,Kn l n l n l»è øê úG g g      (1.5) 

ï ʤʘʪʨʠʮʘ ʨʘʟʤʝʨʦʤ
uN K³ , ʘ   

( ) [ ] ( )
T

, ,, 1 , , 1k n k u n k un l lN l Nè ø+ » +è øê úê úg g g     (1.6) 
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ʚʝʢʪʦʨ ʜʣʠʥʦʡ uN . 

ʉ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʤʦʜʝʣʠ ʩʦ ʚʩʝʤʠ ʚʦʟʤʦʞʥʳʤʠ ʦʪʥʦʩʠʪʝʣʴʥʳʤʠ ʩʜʚʠʛʘʤʠ 

ʢʘʥʘʣʴʥʳʭ ʩʠʛʥʘʣʦʚ,n kx  ʚʩʝʭ K ʘʙʦʥʝʥʪʦʚ ʨʘʩʩʤʦʪʨʠʤ ʩʢʦʣʴʟʷʱʝʝ ʚʨʝʤʝʥʥʦʝ ʦʢʥʦ 

ʜʣʠʥʦʡ2 1sL +. ʊʦʛʜʘ ʤʘʪʨʠʮʫ ʚʭʦʜʥʳʭ ʧʦʣʝʟʥʳʭ ʩʠʛʥʘʣʦʚ ʢʘʥʘʣʘ ʩʚʷʟʠ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʚʝʢʪʦʨʘ: 
T

, , ,
s s

ʪ ʪ ʪ

n n L n n L- +
è ø» »ê úx x x x . ɿʘʪʝʤ ʜʣʷ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘ-

ʣʘ ʥʘ ʧʨʠʝʤʥʦʡ ʩʪʦʨʦʥʝ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ:  

n n n nx= +y H ɖ,      (1.7) 

ʛʜʝ
T

, ,
s

ʪ ʪ

n n n L+
è ø»ê úy y y , 

T

, ,   
s

ʪ ʪ

n n n L+
è ø»ê úɖ ɖ ɖ  ʠ, ʥʘʢʦʥʝʮ,  

( ) ( )

( ) ( )

, ,0

, ,0

s s

n

s s

n L L n

n L n L

è ø- »
é ù
é ù
é ù» +ê ú

G G

H

G G

    (1.8) 

- ʤʘʪʨʠʮʘ ʨʘʟʤʝʨʦʤ ( ) ( )1 2 1s u sL N L K+ ³ + , ʦʧʠʩʳʚʘʶʱʘʷ ʢʘʥʘʣ ʩʚʷʟʠ. 

ɿʘʤʝʪʠʤ, ʯʪʦ ʤʘʪʨʠʮʫ 
nH  ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ:  

,1 , ,1 ,,  ,  ,  ,  ,  , 
s s s sn n L n L K n L n L K- - + +

è øè ø è ø» » »ê ú ê úê ú
H h h h h . 

ʊʦʛʜʘ (1.7) ʤʦʞʥʦ ʧʝʨʝʧʠʩʘʪʴ ʚ ʢʘʢ: 

() , ,

1

s

s

LK

n l k n l k n

k l L

n x- -

= =-

= +ääy h ɖ.     (1.9) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʫʯʝʪʦʤ (1.9) ʤʦʜʝʣʴ ʛʨʫʧʧʦʚʦʛʦ ʢʘʥʘʣʘ ʩʚʷʟʠ ʤʦʞʥʦ ʧʨʦʠʣʣʶ-

ʩʪʨʠʨʦʚʘʪʴ ʩ ʧʦʤʦʱʴʶ ʨʠʩ. 1.10. 
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ʈʠʩʫʥʦʢ 1.10 - ʄʦʜʝʣʴ ʛʨʫʧʧʦʚʦʛʦ ʢʘʥʘʣʘ ʩʚʷʟʠ 

ɼʣʷ ʜʝʢʦʜʠʨʦʚʘʥʠʷ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʛʦ ʢʦʜʘ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴ-

ʟʦʚʘʪʴ ʠʪʝʨʘʪʠʚʥʫʶ ʚʝʨʩʠʶ ʧʨʘʚʠʣʘ ʤʘʢʩʠʤʫʤʘ ʘʧʦʩʪʝʨʠʦʨʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ 

[55,56]. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʨʠʝʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʨʝʜ-

ʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1.11. ʆʥʘ ʚʢʣʶʯʘʝʪ ʤʥʦʛʦʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʜʝʪʝʢʪʦʨ ʠ K  ʜʝʢʦ-

ʜʝʨʦʚ, ʚʳʯʠʩʣʷʶʱʠʭ ʘʧʦʩʪʝʨʠʦʨʥʳʝ ʚʝʨʦʷʪʥʦʩʪʠ ʩʠʤʚʦʣʦʚ, ʧʝʨʝʜʘʥʥʳʭ ʘʙʦʥʝʥ-

ʪʘʤʠ. ʕʪʠ ʜʝʢʦʜʝʨʳ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʜʝʢʦʜʝʨʘʤʠ ʘʧʦʩʪʝʨʠʦʨʥʦʡ ʚʝ-

ʨʦʷʪʥʦʩʪʠ. ʆʥʠ ʧʦʜʢʣʶʯʝʥʳ ʢ ʤʥʦʛʦʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʤʫ ʜʝʪʝʢʪʦʨʫ ʩ ʧʦʤʦʱʴʶ ὑ 

ʧʝʨʝʤʝʞʠʪʝʣʝʡ (kÔ ) ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ὑ ʜʝʧʝʨʝʤʝʞʠʪʝʣʝʡ 1

k

-Ô . ʇʨʠ ʵʪʦʤ ʤʥʦʛʦ-

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʜʝʪʝʢʪʦʨ ʠ ʵʪʠ ʜʝʢʦʜʝʨʳ ʷʚʣʷʶʪʩʷ ʢʦʤʧʦʥʝʥʪʘʤʠ çʤʷʛʢʦʛʦè ʜʝ-

ʢʦʜʝʨʘ ʠ ʠʪʝʨʘʪʠʚʥʦ ʦʙʤʝʥʠʚʘʶʪʩʷ ʟʥʘʯʝʥʠʷʤʠ ʚʳʯʠʩʣʝʥʥʳʭ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʭ 

ʦʪʥʦʰʝʥʠʡ ʧʨʘʚʜʦʧʦʜʦʙʠʷ (LLR). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʥʦʛʦʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʜʝʪʝʢ-

ʪʦʨ ʧʦʣʫʯʘʝʪ ʦʪ ʜʝʢʦʜʝʨʦʚ ʘʧʦʩʪʝʨʠʦʨʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʘʧʨʠʦʨʥʳʝ ʣʦʛʘʨʠʬʤʠʯʝ-

ʩʢʠʝ ʦʪʥʦʰʝʥʠʷ ʧʨʘʚʜʦʧʦʜʦʙʠʷ ʦ ʢʦʜʦʚʳʭ ʙʠʪʘʭ, ʧʝʨʝʜʘʥʥʳʭ ʢʘʞʜʳʤ -ʳʤ ʘʙʦ-

ʥʝʥʪʦʤ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʢʘʢ ( )
}{
}{

'

, ,'

, , '

, ,

1

1

m n km

a m n k

m n k

P c
L c ln

P c

=+

=-
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ʈʠʩʫʥʦʢ 1.11 - ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʠʪʝʨʘʪʠʚʥʦʡ ʤʥʦʛʦʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʡ ʩʭʝʤʳ 

ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʜʝʢʦʜʠʨʦʚʘʥʠʷ 

 

ʇʝʨʝʜ ʧʝʨʚʦʡ ʠʪʝʨʘʮʠʝʡ ʦʪʩʫʪʩʪʚʫʝʪ ʠʥʬʦʨʤʘʮʠʷ ʦʪ ʜʝʢʦʜʝʨʘ, ʠ '

, ,m n kc  ʨʘʚʥʦ-

ʚʝʨʦʷʪʥʦ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʟʥʘʯʝʥʠʷ +1 ʠ -1, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʝʨʝʜ ʧʝʨʚʦʡ ʠʪʝ-

ʨʘʮʠʝʡ( )'

, , 0m

a m n kL c . ɿʘʪʝʤ ʩ ʫʯʝʪʦʤ ʧʨʠʥʷʪʦʛʦ ʚʝʢʪʦʨʘ ʥʘʙʣʶʜʝʥʠʷ ʚʭʦʜʥʦʛʦ 

ʩʠʛʥʘʣʘ ◐ὲ   ʩ ʫʯʝʪʦʤ ʧʦʩʪʫʧʠʚʰʠʭ ʟʥʘʯʝʥʠʡ ( )'

, ,

m

a m n kL c ʚ ʤʥʦʛʦʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʤ 

ʜʝʪʝʢʪʦʨʝ ʚʳʯʠʩʣʷʶʪʩʷ ʘʧʦʩʪʝʨʠʦʨʥʳʝ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʝ ʦʪʥʦʰʝʥʠʷ ʧʨʘʚʜʦʧʦʜʦ-

ʙʠʷ  

( )
}{
}{

'

, ,'

, , '

, ,

1| 

1| 

m n k nm

m n k

m n k n

P c
L c ln

P c

=+

=-

y

y
,      (1.10) 

ʘ ʪʘʢʞʝ ʚʥʝʰʥʠʝ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʝ ʦʪʥʦʰʝʥʠʷ ʧʨʘʚʜʦʧʦʜʦʙʠʷ

( ) ( ) ( )' ' '

, , , , , ,

m m m

e m n k m n k a m n kL c L c L c- .  ʆʥʠ ʯʝʨʝʟ ʜʝʧʝʨʝʤʝʞʠʪʝʣʴ ʦʪʧʨʘʚʣʷʶʪʩʷ ʚ ʜʝ-

ʢʦʜʝʨ ʘʧʦʩʪʝʨʠʦʨʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʦʨʝʤʦʡ ʦ ʧʦʣʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ:     
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}{ }{
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p x x P c d

L c
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ɻʜʝ Ὠάǋ ɴ {+1, ī1} ï ά-ʡ ʩʠʤʚʦʣ ʧʨʠʥʷʪʦʛʦ ʩʣʦʚʘ ὼ. ʕʪʠ ʩʣʦʚʘ ʦʪʦʙʨʘʞʘʶʪʩʷ ʥʘ ὼὲ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ.1.12, ʢʘʞʜʳʡ ʠʟ ὑ ʜʝʢʦʜʝʨʦʚ ʘʧʦʩʪʝʨʠʦʨ-

ʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʧʦʣʫʯʘʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʥʝʰʥʠʭ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʭ ʦʪʥʦ-

ʰʝʥʠʡ ʧʨʘʚʜʦʧʦʜʦʙʠʷ( )'

, ,

m

e m n kL c ʦʪ ʤʥʦʛʦʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʜʝʪʝʢʪʦʨʘ ʚ ʚʠʜʝ

( ),

d

c j kL c , ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʢʦʜʦʚʳʭ ʦʛʨʘʥʠʯʝʥʠʷ-

ʤʠ ʢʘʞʜʳʡ ʜʝʢʦʜʝʨ ʚʳʯʠʩʣʷʝʪ ʘʧʦʩʪʝʨʠʦʨʥʳʝ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʝ ʦʪʥʦʰʝʥʠʷ ʧʨʘʚ-

ʜʦʧʦʜʦʙʠʷ( ),

d

j kL c ,ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʫʣʫʯʰʝʥʥʳʤʠ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʤʠ ʦʪʥʦʰʝ-

ʥʠʷʤʠ ʧʨʘʚʜʦʧʦʜʦʙʠʷ ʢʦʜʦʚʳʭ ʩʠʤʚʦʣʦʚ. ɿʘʪʝʤ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʝ ʦʪʥʦʰʝʥʠʷ 

ʧʨʘʚʜʦʧʦʜʦʙʠʷ ( ),

d

c j kL c ʚʳʯʠʪʘʶʪʩʷ ʠʟ ( ),

d

j kL c , ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʦʣʫʯʘʶʪʩʷ 

ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʚʥʝʰʥʠʝ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʝ ʦʪʥʦʰʝʥʠʷ ʧʨʘʚʜʦʧʦʜʦʙʠʷ( ),

d

e j kL c , ʪʦ 

ʝʩʪ(ɹ ) ( ), , , )(d d d

e j k j k c j kL c L c L c- , ʢʦʪʦʨʳʝ ʦʪʧʨʘʚʣʷʶʪʩʷ ʚ ʤʥʦʛʦʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ 

ʜʝʪʝʢʪʦʨ ʢʘʢ ʥʦʚʳʝ ʘʧʨʠʦʨʥʳʝ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʝ ʦʪʥʦʰʝʥʠʷ ʧʨʘʚʜʦʧʦʜʦʙʠʷ 

( )'

, ,

m

a m n kL c  ʧʦʩʣʝ ʧʝʨʝʤʝʞʝʥʠʷ ʚ ʙʣʦʢʝ ɩ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʥʦʛʦʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ 

ʜʝʪʝʢʪʦʨ ʚʳʯʠʩʣʷʝʪ ʠ ʚʳʜʘʝʪ ʥʦʚʳʝ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʝ ʦʪʥʦʰʝʥʠʷ ʧʨʘʚʜʦʧʦʜʦʙʠʷ

( )'

, ,

m

m n kL c . ʇʦʩʣʝ ʥʝʢʦʪʦʨʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʪʝʨʘʮʠʡ ʜʝʢʦʜʝʨ ʚʳʯʠʩʣʷʝʪ ʘʧʦʩʪʝʨʠʦʨ-

ʥʳʝ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʝ ʦʪʥʦʰʝʥʠʷ ʧʨʘʚʜʦʧʦʜʦʙʠʷ ʜʣʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʤʚʦʣʦʚ

( ),b i kL b , ʘ ʪʘʢʞʝ ʦʮʝʥʢʠ ʩʠʤʚʦʣʦʚ ʢʘʢ( )( ), ,
Ĕ d

i k j kb sing L c .  

ɼʘʣʝʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʨʠ ʪʠʧʘ ʢʚʘʟʠʦʧʪʠʤʘʣʴʥʳʭ ʣʠʥʝʡʥʳʭ ʤʥʦʛʦʧʦʣʴʟʦʚʘ-

ʪʝʣʴʩʢʠʭ ʜʝʪʝʢʪʦʨʦʚ ï MMSE, rake detector, soft-rake detector, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪ 

ʘʧʨʠʦʨʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʧʦʩʪʫʧʘʶʱʫʶ ʦʪ ʜʝʢʦʜʝʨʦʚ ʘʧʦʩʪʝʨʠʦʨʥʦʡ ʚʝʨʦʷʪʥʦ-

ʩʪʠ. ʇʨʠʥʮʠʧʳ ʠʭ ʨʘʙʦʪʳ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ʚ [55,57,58]. 

ɺ [55] ʧʨʦʚʦʜʠʣʦʩʴ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʛʨʫʧʧʦʚʳʭ ʢʘʥʘʣʦʚ ʩʚʷʟʠ ʩ ʪʝʭʥʦʣʦʛʠʷʤʠ 

IDMA ʠ CDMA. ʉ ʵʪʦʡ ʮʝʣʴʶ ʠʩʭʦʜʥʳʡ ʧʦʪʦʢ ʜʚʦʠʯʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʤ-
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ʚʦʣʦʚ ʢʘʞʜʦʛʦ -ʛʦ ʘʙʦʥʝʥʪʘ 
,i kb   ʨʘʟʙʠʚʘʣʩʷ ʥʘ ʙʣʦʢʠ ʜʣʠʥʦʡ ʧʦ 1024bN = ʩʠʤʚʦ-

ʣʦʚ. ɿʘʪʝʤ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʩʚʝʨʪʦʯʥʦʝ ʢʦʜʠʨʦʚʘʥʠʝ ʵʪʦʛʦ ʧʦʪʦʢʘ ʥʘ ʦʩʥʦʚʝ ʦʜʥʦʛʦ 

ʠ ʪʦʛʦ ʞʝ ʜʣʷ ʚʩʝʭ ʘʙʦʥʝʥʪʦʚ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʧʦʣʠʥʦʤʘ ʧʨʠ ʩʢʦʨʦʩʪʠ 1/ 2cR =   ʩ 

ʢʦʜʦʚʳʤ ʦʛʨʘʥʠʯʝʥʠʝʤ 4. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʚʳʭʦʜʝ ʢʦʜʝʨʘ ʙʳʣʦ ʧʦʣʫʯʝʥʦ 

( 4) / 2056b cN R+ =  ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʤʚʦʣʦʚ.  

ɼʘʣʝʝ, ʜʣʷ ʩʣʫʯʘʷ IDMA ʩʠʤʚʦʣʳ ʧʦʚʪʦʨʷʣʠʩʴ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʩʢʦʨʦʩʪʴ ʢʦʜʘ 

ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʚ 1/ 4rR =  ʨʘʟʘ. ʈʝʟʫʣʴʪʠʨʫʶʱʝʝ ʯʠʩʣʦ ʢʦʜʦʚʳʭ ʩʠʤʚʦʣʦʚ 
,j kc  ʩʦ-

ʩʪʘʚʠʣʦ( 4 / ) / 8224b c rN R R+ = . ɿʘʪʝʤ ʵʪʠ ʩʠʤʚʦʣʳ ʯʝʨʝʜʦʚʘʣʠʩʴ ʧʨʠ ʠʥʜʠʚʠʜʫ-

ʘʣʴʥʦʤ ʫ ʢʘʞʜʦʛʦ ʘʙʦʥʝʥʪʘ ʘʣʛʦʨʠʪʤʝ ʧʝʨʝʤʝʞʝʥʠʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʙʳʣʠ ʧʦʣʫ-

ʯʝʥʳ ʩʠʤʚʦʣʳ'

, ,m n kc . ɼʣʠʥʘ ʙʣʦʢʘ ʩʠʤʚʦʣʦʚ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʛʦ ʧʨʦʠʟʚʦʜʠʣʦʩʴ 

ʧʝʨʝʤʝʞʝʥʠʝ ʚ ʩʣʫʯʘʝ IDMA ʩʦʩʪʘʚʠʣʦ 8224 ʢʦʜʦʚʳʭ ʩʠʤʚʦʣʘ, ʚ ʩʣʫʯʘʝ CDMA ï 

2056 ʩʠʤʚʦʣʘ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ CDMA ʧʦʚʪʦʨʝʥʠʷ ʩʠʤʚʦʣʦʚ ʥʝ ʧʨʦʠʟʚʦʜʠʣʦʩʴ. ɸʣ-

ʛʦʨʠʪʤ ʧʝʨʝʤʝʞʝʥʠʷ ʛʝʥʝʨʠʨʦʚʘʣʩʷ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ.  

ʂʘʞʜʳʝ ʜʚʘ ʩʠʤʚʦʣʘ ' '

1, , 2, , n k n kc cè øê ú
 ʦʪʦʙʨʘʞʘʣʠʩʴ ʥʘ ʢʘʥʘʣʴʥʳʝ ʩʠʤʚʦʣʳ 

1 1 1 1
, , ,

2 2 2 2 2 2 2 2

j j j jë û
+ - - + - -ì ü

í ý

 ʧʨʠ QPSK ʤʦʜʫʣʷʮʠʠ ʥʝʩʫʱʝʡ ʯʘʩʪʦ-

ʪʳ.  ɺ ʩʣʫʯʘʝ CDMA ʧʦʪʦʢ ʢʘʥʘʣʴʥʳʭ ʩʠʤʚʦʣʦʚ ʫʤʥʦʞʘʣʩʷ ʥʘ ʩʚʝʨʭʜʣʠʥʥʫʶ 

ʇʉʇ ʪʘʢ, ʥʘ ʢʘʞʜʳʡ ʢʘʥʘʣʴʥʳʡ ʩʠʤʚʦʣ QPSK ὼὲ,Ὧ ʧʨʠʭʦʜʠʣʦʩʴ ʧʦ ὔ τ ʩʠʤʚʦʣʘ 

ʇʉʇ. ʊʦ ʝʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʰʠʨʝʥʠʷ ʩʧʝʢʪʨʘ ʩʦʩʪʘʚʠʣ ʚʩʝʛʦ 4. ʆʪʤʝʪʠʤ, ʯʪʦ ʚ 

ʩʣʫʯʘʝ CDMA ʧʝʨʝʤʝʞʝʥʠʝ ʩʠʤʚʦʣʦʚ ʤʦʞʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ 

ʨʘʟʜʝʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ʘʙʦʥʝʥʪʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ 

ʦʜʥʦʣʫʯʝʚʦʛʦ ʢʘʥʘʣʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1.12, ʘ ʜʣʷ ʤʥʦʛʦʣʫʯʝʚʦʛʦ ʢʘʥʘʣʘ ʧʨʠ 

ʯʠʩʣʝ ʣʫʯʝʡ, ʨʘʚʥʦʤ 16, - ʥʘ ʨʠʩ.1.13. 
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ʈʠʩʫʥʦʢ 1.12 - ɿʘʚʠʩʠʤʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ ʦʰʠʙʢʠ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʩʠʤʚʦʣ ʦʪ 

ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ ʧʦ ʤʦʱʥʦʩʪʠ ʜʣʷ ʦʜʥʦʣʫʯʝʚʦʛʦ ʢʘʥʘʣʘ ʩ ʘʜʜʠʪʠʚʥʳʤ ʙʝ-

ʣʳʤ ʛʘʫʩʩʦʚʩʢʠʤ ʰʫʤʦʤ ʧʨʠ CDMA (MMSE) ʠ IDMA (soft rake) ʧʨʠ ὑ = 6, 8 ʧʦ-

ʩʣʝ 10 ʠʪʝʨʘʮʠʡ 

 

ʈʠʩʫʥʦʢ 1.13 - ɿʘʚʠʩʠʤʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ ʙʠʪʦʚʦʡ ʦʰʠʙʢʠ ʦʪ ʦʪʥʦʰʝʥʠʷ ʩʠʛ-

ʥʘʣ/ʰʫʤ ʧʦ ʤʦʱʥʦʩʪʠ ʜʣʷ ʩʠʩʪʝʤ CDMA ʠ IDMA ʧʨʠ ὑ = 4,8 ʧʦʩʣʝ 10 ʠʪʝʨʘʮʠʡ 

ʜʣʷ ʤʥʦʛʦʣʫʯʝʚʦʛʦ ʢʘʥʘʣʘ ʩʚʷʟʠ ʩ 16 ʣʫʯʘʤʠ 
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ɸʥʘʣʠʟ ʨʠʩ. 1.12, 1.13 ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʝʠʤʫʱʝʩʪʚʘʭ ʪʝʭʥʦʣʦʛʠʠ IDMA, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ CDMA, ʦʩʦʙʝʥʥʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʯʠʩʣʘ ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʝʡʩʪʚʫʶʱʠʭ 

ʘʙʦʥʝʥʪʦʚ ʚ ʤʥʦʛʦʣʫʯʝʚʦʤ ʢʘʥʘʣʝ ʩʚʷʟʠ. ʅʦ ʧʨʦʚʝʜʝʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʩʦʦʪʚʝʪ-

ʩʪʚʫʝʪ ʩʣʠʰʢʦʤ ʤʘʣʦʤʫ ʟʥʘʯʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʩʰʠʨʝʥʠʷ ʩʧʝʢʪʨʘ, ʢʦʛʜʘ ʧʨʝ-

ʠʤʫʱʝʩʪʚʘ CDMA ʝʱʝ ʥʝ ʤʦʛʫʪ ʧʨʦʷʚʠʪʴʩʷ ʚ ʧʦʣʥʦʡ ʤʝʨʝ, ʪʘʢ ʢʘʢ ʧʨʠ ʜʣʠʥʝ 

ʇʉʇ, ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʩʧʝʢʪʨʘ ʚ ʦʧʠʩʘʥʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ, ʵʬʬʝʢ-

ʪʠʚʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʘʩʠʥʭʨʦʥʥʳʭ CDMA ʩʠʛʥʘʣʦʚ ʥʝʚʦʟʤʦʞʥʦ ʠʟ-ʟʘ ʚʳʩʦʢʦʛʦ 

ʫʨʦʚʥʷ ʧʠʢʦʚ ʚʟʘʠʤʥʦ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʬʫʥʢʮʠʡ ʠʭ ʩʫʤʤʳ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʫʨʦʚ-

ʥʝʤ ʦʩʥʦʚʥʦʛʦ ʧʠʢʘ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ [59]. ɺ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʫʨʦʚʥʠ ʩʫʤʤʳ ʧʠʢʦʚ ʚʟʘʠʤʥʦ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʬʫʥʢʮʠʡ ʠ ʦʩʥʦʚʥʦʛʦ ʧʠʢʘ 

ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ ʦʯʝʚʠʜʥʦ ʩʦʧʦʩʪʘʚʠʤʳ ʧʦ ʩʚʦʠʤ ʟʥʘʯʝʥʠʷʤ.   

 

1.4.2. ʄʥʦʞʝʩʪʚʝʥʥʳʡ ʜʦʩʪʫʧ ʩ ʥʠʟʢʦʧʣʦʪʥʦʩʪʥʳʤ ʢʦʜʦʚʳʤ ʨʘʟʜʝʣʝʥʠʝʤ 

 

ɺʘʨʠʘʥʪʳ ʤʥʦʛʦʩʪʘʥʮʠʦʥʥʦʛʦ ʜʦʩʪʫʧʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʨʝʞʝʥʥʳʭ ʢʦʜʦ-

ʚʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ (ʩʦʜʝʨʞʘʱʠʭ ʥʫʣʝʚʳʝ ʩʠʤʚʦʣʳ) ʦʙʩʫʞʜʘʣʩʷ ʝʱʝ ʚ 70-ʭ 

ʛʦʜʘʭ ʧʨʦʰʣʦʛʦ ʚʝʢʘ [55]. ʂʘʢ ʦʢʘʟʘʣʦʩʴ, ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʜʝʡʩʪʚʠʪʝʣʴ-

ʥʦ ʫʜʘʝʪʩʷ ʫʣʫʯʰʠʪʴ ʚʟʘʠʤʥʦ-ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʧʨʠʤʝʥʷʝʤʳʭ ʇʉʇ, ʥʦ 

ʪʦʛʜʘ ʦʪʢʘʟʘʣʠʩʴ ʦʪ ʝʛʦ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʧʨʦʨʝʞʝʥʥʳʭ 

ʇʉʇ ʧʦʷʚʣʷʶʪʩʷ ʧʘʫʟʳ ʧʨʠ ʧʝʨʝʜʘʯʝ ʢʘʞʜʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʝʛʦ ʵʥʝʨʛʠʠ ʥʘ ʚʭʦʜʝ ʨʝʰʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʨʠʝʤʥʠʢʘ, 

ʪʦ ʝʩʪʴ ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ, ʧʨʠʭʦʜʷʱʝʛʦʩʷ ʥʘ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʳʡ ʩʠʤʚʦʣ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʝ ʯʠʩʣʫ ʚʚʦʜʠʤʳʭ ʥʫʣʝʚʳʭ ʩʠʤʚʦʣʦʚ 

ʇʉʇ.   

ʅʦ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚ ʩʚʷʟʠ ʩ ʰʠʨʦʢʦʤ ʦʙʩʫʞʜʝʥʠʝʤ ʚʘʨʠʘʥʪʦʚ NOMA ʜʘʥ-

ʥʳʡ ʧʦʜʭʦʜ ʚʥʦʚʴ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʤʦʙʠʣʴʥʳʭ ʩʠʩʪʝʤʘʭ 5-ʛʦ 

ʠ ʧʦʩʣʝʜʫʶʱʠʭ ʧʦʢʦʣʝʥʠʡ ʧʦʜ ʥʘʟʚʘʥʠʷʤʠ LDS-CDMA (Low Density Spread Code 

Division Multiple Access) ʠ SCMA (Sparse Code Multiple Access). ʆʪʣʠʯʠʝ LDS-
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CDMA ʦʪ SCMA ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʇʉʇ, ʩʦʩʪʦʷ-

ʱʠʝ ʣʠʰʴ ʠʟ ʝʜʠʥʠʮ ʠ ʥʫʣʝʡ, ʘ ʚʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ï ʥʝʥʫʣʝʚʳʝ ʩʠʤʚʦʣʳ ʚ ʦʙʱʝʤ 

ʩʣʫʯʘʝ ʷʚʣʷʶʪʩʷ ʢʦʤʧʣʝʢʩʥʳʤʠ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚ ʩʣʫʯʘʝ SCMA ʫʜʘʝʪʩʷ 

ʫʣʫʯʰʠʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʥʘʣʘ ʩʚʷʟʠ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ LDS-CDMA, ʧʫʪʝʤ ʚʳʙʦ-

ʨʘ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʦʧʪʠʤʘʣʴʥʳʭ ʢʦʜʦʚʳʭ ʢʥʠʛ ʠ ʤʥʦʛʦʤʝʨʥʳʭ ʩʠʛʥʘʣʴʥʳʭ ʩʦ-

ʟʚʝʟʜʠʡ (ʠʤʝʶʪʩʷ ʚ ʚʠʜʫ ʨʘʟʨʝʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʩʠʤʚʦʣʦʚ ʇʉʇ). 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʩʣʝʜʫʝʪ ʧʨʠʟʥʘʪʴ, ʯʪʦ ʜʘʥʥʳʝ ʧʦʜʭʦʜʳ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝʜʦ-

ʩʪʘʪʦʯʥʦ ʧʨʦʨʘʙʦʪʘʥʳ ʚ ʩʚʷʟʠ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘʤʠ: 

- ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʧʦʩʦʙ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʚ ʢʘʥʘʣʝ ʩʚʷʟʠ ʩ ʧʨʦʨʝʞʝʥʥʳʤʠ 

ʢʦʜʦʚʳʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ, ʯʪʦ ʜʝʣʘʝʪ ʧʨʦʙʣʝʤʘʪʠʯʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʚ ʤʥʦʛʦʣʫʯʝʚʳʭ ʢʘʥʘʣʘʭ ʩʚʷʟʠ, ʘ ʪʘʢʞʝ ʧʨʠ ʜʚʠʞʝʥʠʠ ʘʙʦʥʝʥʪʦʚ 

ʩ ʚʳʩʦʢʠʤʠ ʩʢʦʨʦʩʪʷʤʠ; 

- ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʨʝʞʝʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʟʘʪʨʫʜʥʷʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʩʧʦʩʦʙʦʚ ʨʘʟʥʝʩʝʥʠʷ ʩʠʛʥʘʣʦʚ ʣʫʯʝʡ ʚ ʤʥʦʛʦʣʫʯʝʚʦʤ ʢʘʥʘʣʝ ʩʚʷʟʠ, 

ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ; 

- ʘʥʩʘʤʙʣʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-

ʩʪʝʡ ʧʦʜʙʠʨʘʝʪʩʷ, ʪʦ ʝʩʪʴ ʢʘʢ ʧʨʘʚʠʣʦ ʦʪʩʫʪʩʪʚʫʶʪ ʨʝʛʫʣʷʨʥʳʝ ʘʣʛʦʨʠʪʤʳ ʬʦʨ-

ʤʠʨʦʚʘʥʠʷ ʧʨʠʤʝʥʷʝʤʳʭ ʇʉʇ; ʧʨʠ ʵʪʦʤ ʧʦʜʙʦʨ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʦʧʪʠʤʘʣʴʥʳʭ 

ʢʦʜʦʚʳʭ ʢʥʠʛ ʟʘʪʨʫʜʥʝʥ ʚ ʩʣʫʯʘʝ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʘʙʦʥʝʥʪʦʚ; 

- ʧʨʠ ʚʳʩʦʢʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʘʥʩʘʤʙʣʷ ʠʩʧʦʣʴʟʫʝʤʳʭ ʨʘʟʨʝʞʝʥʥʳʭ ʇʉʇ ʟʥʘʯʠ-

ʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ ʩʣʦʞʥʦʩʪʴ ʘʣʛʦʨʠʪʤʘ ʠʭ ʜʝʤʦʜʫʣʷʮʠʠ, ʯʪʦ ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʙʳʩʪʨʳʭ ʘʣʛʦʨʠʪʤʦʚ; 

- ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ SCMA ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʘʙʦʥʝʥʪʦʚ ʩ ʚʳʩʦʢʠʤʠ 

ʩʢʦʨʦʩʪʷʤʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ, ʥʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʪʦʣʴʢʦ ʥʝʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʘʙʦʥʝʥʪʦʚ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʭ ʩʢʦʨʦʩʪʷʭ ʧʝʨʝʜʘʯʠ 

ʠʥʬʦʨʤʘʮʠʠ. 
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1.5. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʙʳʩʪʨʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʨʠ  

ʬʦʨʤʠʨʦʚʘʥʠʠ ʠ ʦʙʨʘʙʦʪʢʝ ʛʨʫʧʧʦʚʳʭ ʩʠʛʥʘʣʦʚ ʩʠʩʪʝʤ ʨʘʜʠʦʜʦʩʪʫʧʘ 

 

ʂʘʞʜʘ ̫ʩʪʨʦʢʘ ʢʦʤʧʣʝʢʩʥʦ-ʩʦʧʨʷʞʝʥʥʦʡ ʉʆʄ *
mp

aS  ʨʘʟʤʝʨʥʦʩʪʠ 

( 1)mp N= + ̫ ʚʣʷʝʪʩʷ ʥʠʟʢʦʯʘʩʪʦʪʥʳʤ ʜʠʩʢʨʝʪʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʦʨʪʦʛʦʥʘʣʴʥʦʡ 

ʥʝʛʘʨʤʦʥʠʯʝʩʢʦʡ ʧʦʜʥʝʩʫʱʝʡ, ʠʩʧʦʣʴʟʫʶʱʝʡʩʷ ʜʣʷ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʩʠʤʚʦʣʦʚ. ʇʨʦʮʝʜʫʨʫ ʤʦʜʫʣʷʮʠʠ ʧʦʜʥʝʩʫʱʠʭ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʦʨʤʝ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ ʧʝʨʝʤʥʦʞʝʥʠʝ ʤʘʪʨʠʮ:  
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ʛʜʝ ʠ,ʤ,ɸI ï ʜʠʘʛʦʥʘʣʴʥʘʷ ʤʘʪʨʠʮʘ, ʟʥʘʯʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʛʣʘʚʥʦʡ ʜʠʘʛʦʥʘʣʠ ʢʦʪʦʨʦʡ 

ʨʘʚʥʳ ʧʝʨʝʜʘʚʘʝʤʳʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʩʠʤʚʦʣʘʤ; ,i iA j  ï ʟʥʘʯʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʠ 

ʬʘʟʳ i -ʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʠʤʚʦʣʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; *

iks a
 ï ʟʥʘʯʝʥʠʷ  ʩʠʤʚʦʣʦʚ 

ʉʆʄ *
mp

aS ; Ͻᶻ - ʦʙʦʟʥʘʯʝʥʠʝ ʦʧʝʨʘʮʠʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʧʨʷʞʝʥʠʷ; , 0,...,i k N=  ï 

ʥʦʤʝʨʘ ʩʪʨʦʢ ʠ ʩʪʦʣʙʮʦʚ ʤʘʪʨʠʮ *

ʠ,mp
S ,ʠ,ʤ,ɸI  ʠ *

mp

aS . ʊʦʛʜʘ ʥʠʟʢʦʯʘʩʪʦʪʥʳʡ ʜʠʩ-

ʢʨʝʪʥʳʡ ʵʢʚʠʚʘʣʝʥʪ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ, ʧʝʨʝʜʘʚʘʝʤʦʛʦ 

ʧʦ ʢʘʥʘʣʫ ʩʚʷʟʠ, ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʩʫʤʤʠʨʦʚʘʥʠʠ ʩʪʨʦʢ ʤʘʪʨʠʮʳ *

ʠ,mp
S , ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʯʝʛʦ ʥʘ ʧʦʣʫʯʠʤ:  
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ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ (1.13), ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʝʨʝʜʘʶʱʝʡ ʩʪʦʨʦʥʳ ʥʝ ʠʤʝʝʪ ʟʥʘʯʝ-

ʥʠʷ, ʢʘʢʦʡ ʩʧʦʩʦʙ ʫʧʦʨʷʜʦʯʝʥʠʷ ʩʪʨʦʢ ʠʩʭʦʜʥʦʡ ʉʆʄ *
mp

aS  ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʧʝ-

ʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʤʚʦʣʦʚ, ʧʦʩʢʦʣʴʢʫ ʩʪʦʣʙʮʳ ʚ ʥʝʡ ʤʦʞʥʦ ʧʝʨʝʩʪʘʚʣʷʪʴ 

ʚ ʧʨʦʠʟʚʦʣʴʥʦʤ ʧʦʨʷʜʢʝ. ʅʦ, ʦʯʝʚʠʜʥʦ, ʯʪʦ ʢʘʞʜʳʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʩʠʤʚʦʣ ʙʫ-

ʜʝʪ ʚʷʟʘʥ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʨʦʢʦʡ ʢʦʤʧʣʝʢʩʥʦ-ʩʦʧʨʷʞʝʥʥʦʡ ʉʆʄ *
mp

aS . ʊʦʛʜʘ 

(1.13) ʤʦʞʥʦ ʧʝʨʝʧʠʩʘʪʴ ʢʘʢ: 
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ʀʟ (1.14) ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʦʮʝʜʫʨʘ ʤʦʜʫʣʷʮʠʠ ʜʠʩʢʨʝʪʥʳʭ ʧʦʜʥʝʩʫʱʠʭ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʝʨʝʤʥʦʞʝʥʠʝ ʢʦʤʧʣʝʢʩʥʦ-ʩʦʧʨʷʞʝʥʥʦʡ ʉʆʄ ʠ ʚʝʢʪʦʨʘ, ʩʦʩʪʦʷ-

ʱʝʛʦ ʠʟ ʢʦʤʧʣʝʢʩʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʤʚʦʣʦʚ. ɽʩʣʠ *
mp

aS - ɻ ʪʦ ʢʦʤʧʣʝʢʩʥʦ-

ʩʦʧʨʷʞʝʥʥʘʷ ʩʠʩʪʝʤʘ ɼʕʌ, ʪʦ (1.4) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʙʨʘʪʥʦʤʫ ʜʠʩʢʨʝʪʥʦʤʫ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʶ ʌʫʨʴʝ (ɼʇʌ), ʘ ʝʩʣʠ *
mp

aS  - ɻ ʪʦ ʢʦʤʧʣʝʢʩʥʦ-ʩʦʧʨʷʞʝʥʥʘʷ ʩʠʩʪʝʤʘ 

ɺʂ, ʪʦ (1.14) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʙʨʘʪʥʦʤʫ ʦʙʦʙʱʝʥʥʦʤʫ ɼʇʌ.  

ɼʝʤʦʜʫʣʷʮʠʷ ʛʨʫʧʧʦʚʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʠ ʧʝ-

ʨʝʤʥʦʞʝʥʠʠ ʠʩʭʦʜʥʦʡ ʉʆʄ *
mp

aS  ʠ T
X , ʪʦ ʝʩʪʴ  

T *

ʠ, ʠ, ʠ,,m m m

a a m m

A ɸ ɸ ɸp p p
p p= = = =aY S X S S I II I      (1.15) 

ɿʘʤʝʪʠʤ, ʯʪʦ (1.15) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʷʤʦʤʫ ɼʇʌ ʚ ʙʘʟʠʩʝ 
mp

aS . ʊʘʢʠʤ ʦʙʨʘ-

ʟʦʤ, ʧʨʷʤʦʝ ʠ ʦʙʨʘʪʥʦʝ ɼʇʌ ʦʪʣʠʯʘʶʪʩʷ ʪʦʣʴʢʦ ʪʝʤ, ʯʪʦ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʧʨʦʠʟ-

ʚʦʜʠʪʩʷ ʫʤʥʦʞʝʥʠʝ ʉʆʄ ʥʘ ʚʝʢʪʦʨ-ʩʪʦʣʙʝʮ, ʘ ʚʦ ʚʪʦʨʦʤ ï ʧʝʨʝʤʥʦʞʝʥʠʝ ʢʦʤ-

ʧʣʝʢʩʥʦ-ʩʦʧʨʷʞʝʥʥʦʡ ʉʆʄ ʠ ʩʪʦʣʙʮʘ. ɽʩʣʠ ʧʝʨʝʤʥʦʞʝʥʠʝ ʉʆʄ ʠ ʩʪʦʣʙʮʘ ʧʨʦ-

ʠʟʚʦʜʠʪʩʷ ʙʳʩʪʨʦ, ʘ ʉʆʄ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʩʪʝʤʫ ɼʕʌ, ʪʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 

ʚʝʢʪʦʨʘ-ʩʪʦʣʙʮʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ (1.15) ʥʘʟʳʚʘʝʪʩʷ ɹʇʌ, ʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ (1.14) 

- ʦʙʨʘʪʥʳʤ ɹʇʌ. ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʉʆʄ ɺʂ, ʪʦ ʧʦʣʫʯʠʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʦʙʦʙʱʝʥʥʦʝ ɹʇʌ ʠ ʦʙʨʘʪʥʦʝ ʦʙʦʙʱʝʥʥʦʝ ɹʇʌ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʧʨʷʤʦʝ ʠ ʦʙʨʘʪʥʦʝ 
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ɹʇʌ ʤʘʣʦ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʚ ʜʘʥʥʦʤ ʧʘʨʘʛʨʘʬʝ ʜʘʣʝʝ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠ-

ʚʘʪʴ ʪʦʣʴʢʦ ʧʨʷʤʦʝ ɹʇʌ ʠ ʦʙʦʙʱʝʥʥʦʝ ʧʨʷʤʦʝ ɹʇʌ. 

ɺʳʠʛʨʳʰ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ɹʇʌ ʧʦ ʯʠʩʣʫ ʵʣʝʤʝʥʪʘʨʥʳʭ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ 

ʦʧʝʨʘʮʠʡ ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʚʨʝʤʝʥʠ ʚʳʯʠʩʣʝʥʠʡ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ɼʇʌ, ʦʙʫʩʣʦʚʣʝʥ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʬʘʢʪʦʨʠʟʘʮʠʠ ʤʘʪʨʠʮʳ 
mp

aS , ʪʦ ʝʩʪʴ ʝʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚ ʚʠʜʝ ʧʨʦ-

ʩʪʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ ʩʣʘʙʦ ʟʘʧʦʣʥʝʥʥʳʭ ʤʘʪʨʠʮ. ɺʝʣʠʯʠʥʘ ʚʳʠʛʨʳʰʘ ʟʘʚʠʩʠʪ ʦʪ 

ʚʳʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʨʘʟʤʝʨʥʦʩʪʠ ʤʘʪʨʠʮʳ, ʪʦ ʝʩʪʴ ὴ, ʘ ʪʘʢʞʝ p. ʂʘʢ ʠʟʚʝʩʪʥʦ, 

ʥʘʠʙʦʣʝʝ ʚʳʛʦʜʥʦʡ ʷʚʣʷʝʪʩʷ ʨʘʟʤʝʨʥʦʩʪʴ  ὴ σ ʠ 3p= , ʧʦʩʢʦʣʴʢʫ ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ ʫʜʘʝʪʩʷ ʦʙʝʩʧʝʯʠʪʴ ʢʦʤʧʨʦʤʠʩʩ ʤʝʞʜʫ ʢʦʣʠʯʝʩʪʚʦʤ ʩʣʘʙʦ ʟʘʧʦʣʥʝʥʥʳʭ 

ʤʘʪʨʠʮ ʬʘʢʪʦʨʠʟʘʮʠʠ 
mp

aS  ʠ ʠʭ ʩʣʦʞʥʦʩʪʴʶ [13]. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝ-

ʤʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʜʚʦʠʯʥʦ-ʨʘʮʠʦʥʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʨʘʟʤʝʨʥʦʩʪʠ 
mp

aS , 

ʪʦ ʝʩʪʴ 2m mp =  ʧʨʠ 2p=  ʜʣʷ ʙʘʟʠʩʘ ɼʕʌ ʠ 2,4,8,...p=  ʜʣʷ ʙʘʟʠʩʘ ɺʂ. ʆʪʤʝ-

ʪʠʤ, ʯʪʦ ʧʨʠ 2p=  ʤʘʪʨʠʮʘ ɺʂ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʘʪʨʠʮʫ ʋʦʣʰʘ-ɸʜʘʤʘʨʘ [13]. 

ʇʦʚʩʝʤʝʩʪʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʜʚʦʠʯʥʦ-ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʨʘʟʤʝʨʥʦʩʪʠ 

ɹʇʌ ʦʙʲʷʩʥʷʝʪʩʷ ʜʦʚʦʣʴʥʦ ʧʨʦʩʪʦʡ ʠ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʛʨʘʬʘ, ʦʧʠ-

ʩʳʚʘʶʱʝʛʦ ʝʛʦ, ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʦʛʦ ʧʦ ʩʫʪʠ ʥʝ ʤʝʥʷʝʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟ-

ʥʳʭ ʤʘʪʨʠʮ 
mp

aS , ʧʦʵʪʦʤʫ ʩʨʘʚʥʝʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʠ ɹʇʌ ʚ ʙʘʟʠʩʘʭ 

ɼʕʌ, ɺʂ ʠ ʋʦʣʰʘ ʦʙʳʯʥʦ ʧʨʦʠʟʚʦʜʷʪʩʷ ʜʣʷ ʩʣʫʯʘʷ 2m mp = . 

ʊʘʢ, ɹʇʌ ʚ ʙʘʟʠʩʝ ɼʕʌ ʜʚʦʠʯʥʦ-ʨʘʮʠʦʥʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʤʦʞʥʦ ʛʨʘʬʠ-

ʯʝʩʢʠ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʩ ʧʦʤʦʱʴʶ ʜʠʘʛʨʘʤʤʳ "ʙʘʙʦʯʢʘ", ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ 

ʨʠʩ. 1.14. ʆʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʨʘʬʠʯʝʩʢʫʶ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʦʧʝʨʘʮʠʠ ʫʤʥʦ-

ʞʝʥʠʷ ʜʚʫʤʝʨʥʦʛʦ ʚʝʢʪʦʨʘ ʥʘ ʤʘʪʨʠʮʫ ʨʘʟʤʝʨʦʤ 2ʭ2, ʧʨʠʯʝʤ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ὡ 

ʥʘʟʳʚʘʶʪ ʬʘʟʦʚʨʘʱʘʶʱʠʤ ʤʥʦʞʠʪʝʣʝ.  

 

ʈʠʩʫʥʦʢ 1.14 - ɼʠʘʛʨʘʤʤʘ "ʙʘʙʦʯʢʘ" 
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ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʥʘ ʨʠʩ. 1.15 ʧʨʠʚʝʜʝʥ ʛʨʘʬ ɹʇʌ ʚ ʙʘʟʠʩʝ ɼʕʌ ʧʨʠ 

8mp = , ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

2

4
m

j j
pW e e

p p- -

= =  . ʀʟ ʘʥʘʣʠʟʘ ʨʠʩ. 1.15 ʚʠʜʥʦ, ʯʪʦ ʦʪʩʯʝʪʳ 

ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ ʚʭʦʜʘʭ ʛʨʘʬʘ ɹʇʌ ʚ ʜʚʦʠʯʥʦ-ʠʥʚʝʨʩʥʦʤ ʧʦ-

ʨʷʜʢʝ.  

 

ʈʠʩʫʥʦʢ 1.15 - ɻʨʘʬ 8-ʤʠ ʪʦʯʝʯʥʦʛʦ ɹʇʌ ʚ ʙʘʟʠʩʝ ɼʕʌ. 

 

ʇʨʦʩʪʝʡʰʘʷ ʤʘʪʨʠʮʘ ɺʂ ʜʚʦʠʯʥʦ-ʨʘʮʠʦʥʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ὴ τ=16 

ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʧʨʠ ʚʦʟʚʝʜʝʥʠʠ ʚʦ ʚʪʦʨʫʶ ʢʨʦʥʝʢʝʨʦʚʩʢʫʶ ʩʪʝʧʝʥʴ ʤʘʪʨʠʮʳ 

ɼʕʌ ʨʘʟʤʝʨʥʦʩʪʠ 22 4mp = =, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʘʣʛʦʨʠʪʤ 16-ʪʦʯʝʯʥʦʛʦ ɹʇʌ ʚ ʙʘ-

ʟʠʩʝ ɺʂ-ʂ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 16-ʛʦ ʧʦʨʷʜʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʚʫʭʵʪʘʧʥʫʶ ʧʨʦʮʝ-

ʜʫʨʫ, ʢʘʞʜʳʡ ʵʪʘʧ ʢʦʪʦʨʦʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʪʳʨʴʤʷ ʯʝʪʳʨʝʭʪʦʯʝʯʥʳʤʠ ʛʨʘʬʘʤʠ 

ɹʇʌ ʚ ʙʘʟʠʩʝ ɼʕʌ ʨʘʟʤʝʨʥʦʩʪʠ 4. ɻʨʘʬ ʯʝʪʳʨʝʭʪʦʯʝʯʥʦʛʦ ɹʇʌ ʚ ʙʘʟʠʩʝ ɼʕʌ 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 1.16.  ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʬʘʟʦʚʨʘʱʘʶʱʠʡ ʤʥʦʞʠʪʝʣʴ 
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2

4
m

j j
pW e e j

p p- -

= = =-. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʛʨʘʬ 16-ʪʦʯʝʯʥʦʛʦ ɹʇʌ ʚ ʙʘʟʠʩʝ ɺʂ-ʂ ʧʨʠ-

ʚʝʜʝʥ ʥʘ ʨʠʩ. 1.17. 

 

ʈʠʩʫʥʦʢ 1.16 - ɻʨʘʬ ʯʝʪʳʨʝʭʪʦʯʝʯʥʦʛʦ ɹʇʌ ʚ ʙʘʟʠʩʝ ɼʕʌ 

 

ʈʠʩʫʥʦʢ 1.17 - ɻʨʘʬ 16-ʪʦʯʝʯʥʦʛʦ ɹʇʌ ʚ ʙʘʟʠʩʝ ɺʂ-ʂ 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʨʘʬ ɹʇʌ ʚ ʙʘʟʠʩʝ ɺʂ-ʂ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ὴ τ=16 ʚʢʣʶ-

ʯʘʝʪ 8 ʛʨʘʬʦʚ ɹʇʌ ʚ ʙʘʟʠʩʝ ɼʕʌ ʨʘʟʤʝʨʥʦʩʪʴʶ 4 ʠ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʜʚʘ ʵʪʘʧʘ. ʂʘʞ-

ʜʳʡ ʵʪʘʧ ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʝʭ ʙʣʦʢʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ 4-ʭ ʪʦʯʝʯʥʳʝ ɹʇʌ ʚ 

ʙʘʟʠʩʝ ɼʕʌ, ʧʨʠʯʝʤ çʥʫʣʝʚʳʝè ʚʳʭʦʜʳ ʛʨʘʬʦʚ ʧʝʨʚʦʛʦ ʵʪʘʧʘ ʩʦʝʜʠʥʝʥʳ ʩ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʤʠ ʚʭʦʜʘʤʠ ʥʫʣʝʚʦʛʦ ʛʨʘʬʘ ʚʪʦʨʦʛʦ ʵʪʘʧʘ, ʧʝʨʚʳʝ ʚʳʭʦʜʳ ʛʨʘʬʦʚ 

ʧʝʨʚʦʛʦ ʵʪʘʧʘ ʩʦʝʜʠʥʷʶʪʩʷ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʚʭʦʜʘʤʠ ʧʝʨʚʦʛʦ ʛʨʘʬʘ ʚʪʦʨʦʛʦ 

ʵʪʘʧʘ ʠ ʪ.ʧ. ʊʦʛʜʘ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʛʨʘʬ ɹʇʌ ʚ ʙʘʟʠʩʝ ɺʂ-ʂ, ʥʘʧʨʠʤʝʨ, ʩ ʧʘʨʘʤʝʪʨʘ-

ʤʠ 34 64mp = =  ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʪʨʠ ʵʪʘʧʘ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʩʦʩʪʦʠʪ ʠʟ 16-

ʪʦʯʝʯʥʳʭ ɹʇʌ ʚ ʙʘʟʠʩʝ ɼʕʌ, ʧʨʠʯʝʤ ʣʦʛʠʢʘ ʧʦʜʢʣʶʯʝʥʠʷ ʚʳʭʦʜʦʚ ʛʨʘʬʦʚ 

ʧʨʝʜʳʜʫʱʝʛʦ ʵʪʘʧʘ ʢ ʛʨʘʬʘʤ ʩʣʝʜʫʶʱʝʛʦ ʵʪʘʧʘ ʩʦʭʨʘʥʷʝʪʩʷ ʪʘʢʦʡ ʞʝ, ʢʘʢ ʚ 

ʧʨʝʜʳʜʫʱʝʤ ʩʣʫʯʘʝ.  

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʧʨʝʜʳʜʫʱʝʛʦ ʪʝʢʩʪʘ, ʝʩʣʠ mp  ï ɻ ʪʦ ʜʚʦʠʯʥʦ-ʨʘʮʠʦʥʘʣʴʥʦʝ 

ʯʠʩʣʦ, ʪʦ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʘʨʥʳʭ ʛʨʘʬʦʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʪʦ ʝʩʪʴ ʵʣʝʤʝʥʪʘʨʥʳʭ 

ʛʨʘʬʦʚ ʚ ʙʘʟʠʩʝ ɼʕʌ ʩ ʜʚʫʤʷ ʚʭʦʜʘʤʠ (ʨʠʩ. 1.14), ʚ ʛʨʘʬʘʭ ɹʇʌ ʚ ɼʕʌ ʠ ɺʂ ʩʦʚ-

ʧʘʜʘʝʪ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʙʫʜʝʪ ʦʜʠʥʘʢʦʚʳʤ ʠ ʢʦʣʠʯʝʩʪʚʦ ʫʤʥʦʞʝʥʠʡ ʯʠʩʝʣ ʥʘ ʩʪʝʧʝʥʴ 

ʬʘʟʦʚʨʘʱʘʶʱʝʛʦ ʤʥʦʞʠʪʝʣʷ. ʅʦ ʚʩʝ ʵʣʝʤʝʥʪʘʨʥʳʝ ʛʨʘʬʳ, ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʭʝʤʫ 

ɹʇʌ ʚ ʙʘʟʠʩʝ ɼʕʌ, ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʛʨʫʧʧʳ: ʧʝʨʚʘʷ ʩʦʩʪʦʠʪ ʠʟ ʵʣʝʤʝʥ-

ʪʘʨʥʳʭ ʛʨʘʬʦʚ, ʬʘʟʦʚʨʘʱʘʶʱʠʝ ʤʥʦʞʠʪʝʣʠ ʢʦʪʦʨʳʭ ʧʦʚʪʦʨʷʶʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʤʥʦʞʠʪʝʣʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʛʨʘʬʦʚ ʩʭʝʤʳ ɹʇʌ ʚ ʙʘʟʠʩʝ ɺʂ, ʘ ʚʪʦʨʘʷ ï ʩʦʩʪʦʠʪ ʠʟ 

ʛʨʘʬʦʚ ʩ ʜʨʫʛʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʬʘʟʦʚʨʘʱʘʶʱʠʭ ʤʥʦʞʠʪʝʣʝʡ. ʇʨʠ ʵʪʦʤ ʵʣʝʤʝʥʪʘʨ-

ʥʳʝ ʛʨʘʬʳ ʚʪʦʨʦʡ ʛʨʫʧʧʳ ʪʨʝʙʫʶʪ ʧʝʨʝʤʥʦʞʝʥʠʷ ʠʨʨʘʮʠʦʥʘʣʴʥʳʭ ʯʠʩʝʣ ʠ ʪʨʝ-

ʙʫʶʪ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝʛʦ ʚʨʝʤʝʥʠ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʨʘʬʘʤʠ ʧʝʨʚʦʡ 

ʛʨʫʧʧʳ, ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʢʦʪʦʨʳʭ ʪʨʝʙʫʝʪʩʷ ʪʦʣʴʢʦ ʦʧʝʨʘʮʠʷ ʩʣʦʞʝʥʠʷ. ɺ ʨʝʟʫʣʴ-

ʪʘʪʝ ʵʪʦʛʦ ʚʳʠʛʨʳʰ ʚ ʜʣʠʪʝʣʴʥʦʩʪʠ ʚʨʝʤʝʥʠ ʚʳʧʦʣʥʝʥʠʷ ɹʇʌ ʚ ʙʘʟʠʩʝ ɺʂ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʙʘʟʠʩʦʤ ɼʕʌ, ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʢʦʣʠʯʝʩʪʚʘʤʠ 

ʛʨʘʬʦʚ ʚ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʛʨʫʧʧʘʭ, ʘ ʪʘʢʞʝ ʦʪ ʩʦʦʪʥʦʰʝʥʠʡ ʚʨʝʤʝʥʠ ʚʳʧʦʣʥʝʥʠʷ 

ʵʪʠʭ ʛʨʘʬʦʚ.  

ʆʮʝʥʠʤ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʢʦʣʠʯʝʩʪʚʦʤ ʛʨʘʬʦʚ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʪʠʧʘ. 

ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʨʘʟʤʝʨʥʦʩʪʴ ɹʇʌ ʢʘʢ ʚ ʙʘʟʠʩʝ ɼʕʌ, ʪʘʢ ʠ ʚ ʙʘʟʠʩʝ ɺʂ ʩʦʩʪʘʚ-
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ʣʷʝʪ 2m. ʊʦʛʜʘ ʧʝʨʚʳʡ ʵʪʘʧ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʚ ʙʘʟʠʩʝ ɼʕʌ ʩʦʩʪʦʠʪ ʠʟ 12m- ɻ ʣʝʤʝʥ-

ʪʘʨʥʳʭ ʛʨʘʬʦʚ ʧʝʨʚʦʡ ʛʨʫʧʧʳ, ʚʦ ʚʪʦʨʦʤ ʵʪʘʧʝ ʢ ʧʝʨʚʦʡ ʛʨʫʧʧʝ ʧʨʠʥʘʜʣʝʞʠʪ 

ʢʘʞʜʳʡ ʚʪʦʨʦʡ ʛʨʘʬ, ʥʘ ʪʨʝʪʴʝʤ - ʢʘʞʜʳʡ ʯʝʪʚʝʨʪʳʡ, ʥʘ ʯʝʪʚʝʨʪʦʤ - ʢʘʞʜʳʡ 

ʚʦʩʴʤʦʡ ʛʨʘʬ ʠ ʪ. ʜ. ʊʦʛʜʘ ʚʳʯʠʩʣʠʚ ʩʫʤʤʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʧʨʦ-

ʛʨʝʩʩʠʠ ʧʨʠʭʦʜʠʤ ʢ ʨʝʟʫʣʴʪʘʪʫ, ʧʦʢʘʟʳʚʘʶʱʝʤʫ, ʩʢʦʣʴʢʦ ʛʨʘʬʦʚ ʧʝʨʚʦʛʦ ʪʠʧʘ ʙʫ-

ʜʝʪ ʩʦʜʝʨʞʘʪʴ ɹʇʌ ʨʘʟʤʝʨʥʦʩʪʠ ς ʚ ʙʘʟʠʩʝ ɼʕʌ: 

1 1

1

1 1 1
2 1 ... 2 1

2 4 2

m m

m

- -

-

å õ
+ + + + = -æ ö
ç ÷

. ʇʨʠ ʵʪʦʤ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʘʨʥʳʭ ʛʨʘ-

ʬʦʚ ʚ ʩʭʝʤʝ ɹʇʌ ʩʦʩʪʘʚʣʷʝʪ  
12mF m-= . ʊʦʛʜʘ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥ-

ʪʘʨʥʳʭ ʛʨʘʬʦʚ ʧʝʨʚʦʡ ʛʨʫʧʧʳ ʩʦʩʪʘʚʠʪ: 

1

1 1

2 1

2

m

m
k

m

-

-

-
= ,      (1.12) 

ʘ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʘʨʥʳʭ ʛʨʘʬʦʚ ʚʪʦʨʦʡ ʛʨʫʧʧʳ ʨʘʚʥʦ 

1

2 1

2 1
1

2

m

m
k

m

-

-

-
= -       (1.13) 

ɺʨʝʤʷ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ɹʇʌ ʚ ʙʘʟʠʩʝ ɼʕʌ ʩʦʩʪʘʚʠʪ:  

1 1 2 2( )ɼʕʌʊ F tk t k= +      (1.14) 

ʛʜʝ 1t  - ʚʨʝʤʷ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʛʨʘʬʦʚ ʧʝʨʚʦʡ ʛʨʫʧʧʳ, 2t  - ʚʨʝʤʷ ʜʣʷ 

ʛʨʘʬʦʚ ʚʪʦʨʦʡ ʛʨʫʧʧʳ.  

ʇʨʠ 4p=  ɻ ʣʝʤʝʥʪʘʨʥʳʡ ʛʨʘʬ ɹʇʌ ʚ ʙʘʟʠʩʝ ɺʂ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 1.16. 

ɽʛʦ ʚʳʧʦʣʥʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʯʝʚʠʜʥʦ ʧʝʨʝʤʥʦʞʝʥʠʶ ʤʘʪʨʠʮʳ  

1 1 1 1

1 1

1 1 1 1

1 1

j j

j j

è ø
é ù

- -
é ù
é ù- -
é ù
- -ê ú

      (1.15) 
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ʠ ʚʝʢʪʦʨʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʯʝʪʳʨʝʭ ʢʦʤʧʣʝʢʩʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʯʪʦ ʧʦʪʨʝʙʫʝʪ ʚʳʧʦʣ-

ʥʝʥʠʷ 24 ʦʧʝʨʘʮʠʠ ʩʣʦʞʝʥʠʷ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʯʠʩʝʣ. ʊʦʛʜʘ ʚʨʝʤʷ, ʥʝʦʙʭʦʜʠʤʦʝ 

ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ɹʇʌ ʚ ʙʘʟʠʩʝ ɺʂ, ʩʦʩʪʘʚʠʪ:  

24ɺʂT Ft+= ,      (1.16) 

ʛʜʝ t+ - ʚʨʝʤʷ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʠ ʩʣʦʞʝʥʠʷ ʜʚʫʭ ʜʝʡʩʪʚʠ-

ʪʝʣʴʥʳʭ ʯʠʩʝʣ.  

ɺ ʩʣʫʯʘʝ ɹʇʌ ʚ ʙʘʟʠʩʝ ɼʕʌ ʢ ʵʪʠʤ ʛʨʘʬʘʤ ʧʨʠʙʘʚʷʪʩʷ ʝʱʝ ʠ ʛʨʘʬʳ, ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʝ ʧʝʨʝʤʥʦʞʝʥʠʶ ʤʘʪʨʠʮʳ  

2 3

2 4 6

6 12 24

1 1 1 1

1

1

1

q q q

q q q

q q q

W W W

W W W

W W W

è ø
é ù
é ù
é ù
é ù
ê ú

     (1.17) 

ʠ ʚʝʢʪʦʨʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʯʝʪʳʨʝʭ ʢʦʤʧʣʝʢʩʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʛʜʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠ-

ʮʠʝʥʪʘ ή ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʤʝʨʥʦʩʪʠ ɹʇʌ ʠ ʥʦʤʝʨʘ ʵʪʘʧʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. ɺ ʦʙʱʝʤ 

ʩʣʫʯʘʝ ʚʳʧʦʣʥʝʥʠʝ ʪʘʢʦʛʦ ʛʨʘʬʘ ʧʦʪʨʝʙʫʝʪ 36 ʦʧʝʨʘʮʠʡ ʫʤʥʦʞʝʥʠʷ ʠ 42 ʦʧʝʨʘʮʠʠ 

ʩʣʦʞʝʥʠʷ, ʪʦ ʝʩʪʴ ʧʦʪʨʝʙʫʝʪ ʜʣʠʪʝʣʴʥʦʩʪʠ ʚʨʝʤʝʥʠ  2 36 42xt t t+= + , ʛʜʝ xt  ï ʜʣʠ-

ʪʝʣʴʥʦʩʪʴ ʚʨʝʤʝʥʠ ʦʧʝʨʘʮʠʠ ʫʤʥʦʞʝʥʠʷ ʜʚʫʭ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʯʠʩʝʣ. 

ɺʝʨʥʝʤʩʷ ʢ ʬʦʨʤʫʣʝ (1.12). ɺ ʥʝʡ, ʦʯʝʚʠʜʥʦ, 1 24t t+= , ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ  

( )1 2(24 36 42 )ɼʕʌ xT F t k t t k+ += + +      (1.18) 

ʊʦʛʜʘ ʚʳʠʛʨʳʰ ʚ ʜʣʠʪʝʣʴʥʦʩʪʠ ʚʨʝʤʝʥʠ ʚʳʯʠʩʣʝʥʠʡ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʙʘʟʠʩʘ ɼʕʌ 

ʨʘʟʤʝʨʥʦʩʪʠ ς ʢ ʙʘʟʠʩʫ ɺʂ ʪʦʡ ʞʝ ʨʘʟʤʝʨʥʦʩʪʠ ʧʨʠ ὴ τ ʩʦʩʪʘʚʠʪ:   

1

1

4 1 6 3
1 1

3 4 4

m

x

m

x

t t

m t
x

-

+

-

å õå õ- +
= + - æ öæ ö

Öç ÷ç ÷
.     (1.19) 

ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʦʧʝʨʘʮʠʠ ʫʤʥʦʞʝʥʠʷ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ 

ʪʦʯʢʦʡ ʥʘ ʩʦʚʨʝʤʝʥʥʦ ʢʦʤʧʴʶʪʝʨʝ 5xt t+= , ʘ ʜʣʷ ʦʧʝʨʘʮʠʡ ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ - 

xt t+= . ʊʦʛʜʘ ʜʣʷ ʫʤʥʦʞʝʥʠʷ ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ 
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1

1

4 1
1 2.25 1

3 4

m

m m
x

-

-

å õ-
= + -æ ö

Öç ÷
,     (1.20) 

ʘ ʜʣʷ ʫʤʥʦʞʝʥʠʷ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʪʦʯʢʦʡ 

1

1

4 1
1 8.25 1

3 4

m

m m
x

-
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å õ-
= + -æ ö

Öç ÷
     (1.21) 

ɿʘʚʠʩʠʤʦʩʪʴ ʚʳʠʛʨʳʰʘ ʚ ʦʙʲʝʤʝ ʚʳʯʠʩʣʝʥʠʡ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ɹʇʌ ʚ ʙʘʟʠʩʝ 

ɼʕʌ ʢ ɹʇʌ ʚ ʙʘʟʠʩʝ ɺʂ ʦʪ m ʧʨʠ ʫʤʥʦʞʝʥʠʠ ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ ʧʦʢʘʟʘʥ ʥʘ 

ʨʠʩ. 1.18. ɽʱʝ ʨʘʟ ʧʦʜʯʝʨʢʥʝʤ, ʯʪʦ ʚ ʢʘʞʜʦʤ ʩʣʫʯʘʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ɹʇʌ ʦʜʥʦʡ ʠ 

ʪʦʡ ʞʝ ʨʘʟʤʝʨʥʦʩʪʠ 2m, ʥʦ ʚ ʩʣʫʯʘʝ ɹʇʌ ʚ ʙʘʟʠʩʝ ɺʂ 4p= , ʪʦ ʝʩʪʴ ʧʨʠ ʦʜʥʦʤ ʠ 

ʪʦʤ ʞʝ ʟʥʘʯʝʥʠʠ m ʨʘʟʤʝʨʥʦʩʪʴ ɹʇʌ ʚ ʙʘʟʠʩʝ ɺʂ ʨʘʚʥʷʝʪʩʷ /24m , ʪʦ ʝʩʪʴ ʙʘʟʠʩ ɺʂ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʜʣʷ ʟʥʘʯʝʥʠʡ m, ʢʨʘʪʥʳʭ 2.  ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʘʥʘʣʠʟʘ ʨʠʩ. 

1.18, ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ (ʧʨʠ m­¤) ʟʥʘʯʝʥʠʝ x ʩʦʩʪʘʚʣʷʝʪ 3,5. ʅʘʧʨʠʤʝʨ, 

ʧʨʠ 1024-ʪʦʯʝʯʥʦʤ ɹʇʌ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʙʘʟʠʩʘ ɼʕʌ ʢ ʙʘʟʠʩʫ ɺʂ ʚʳʠʛʨʳʰ ʩʦ-

ʩʪʘʚʠʪ ʦʢʦʣʦ ʪʨʝʭ ʨʘʟ. 

 

ʈʠʩʫʥʦʢ 1.18 - ɿʘʚʠʩʠʤʦʩʪʴ ʚʳʠʛʨʳʰʘ ʚ ʜʣʠʪʝʣʴʥʦʩʪʠ ʚʨʝʤʝʥʠ ʚʳʯʠʩʣʝʥʠʡ 

ɹʇʌ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʙʘʟʠʩʘ ɼʕʌ ʢ ʙʘʟʠʩʫ ɺʂ ʪʦʡ ʞʝ ʨʘʟʤʝʨʥʦʩʪʠ  ς ʦʪ ά 

 

ɽʩʣʠ ʚ ʘʣʛʦʨʠʪʤʝ ɹʇʌ ʚ ʙʘʟʠʩʝ ɺʂ ʫʯʠʪʳʚʘʝʪʩʷ ʩʧʦʩʦʙ ʬʘʢʪʦʨʠʟʘʮʠʠ ʤʘʪ-

ʨʠʮʳ ɺʂ-ʂ, ʪʦ ʛʨʘʬ, ʧʨʠʚʝʜʝʥʥʳʡ ʥʘ ʨʠʩ. 1.16, ʥʝ ʙʫʜʝʪ ʵʣʝʤʝʥʪʘʨʥʳʤ, ʘ ɻʣʝʤʝʥ-
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ʪʘʨʥʳʤ ʛʨʘʬʦʤ ʩʪʘʥʝʪ ʜʠʘʛʨʘʤʤʘ "ʙʘʙʦʯʢʘ", ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩ. 1.14. ʊʦʛʜʘ 

ʢʦʥʝʯʥʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʚʳʠʛʨʳʰʘ ʚ ʙʳʩʪʨʦʜʝʡʩʪʚʠʠ ʚ ʩʣʫʯʘʝ ʫʤʥʦʞʝʥʠʷ ʩ ʧʣʘ-

ʚʘʶʱʝʡ ʪʦʯʢʦʡ ʧʨʠʤʝʪ ʚʠʜ: 

1

1

2 1
1 4 1

3 2

m

m m
x

-

-

å õ-
= + -æ ö

Öç ÷
.     (1.22) 

ʀʟ ʝʛʦ ʘʥʘʣʠʟʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ ʟʥʘʯʝʥʠʝ ‚ ʚ ʵʪʦʤ ʩʣʫ-

ʯʘʝ ʩʦʩʪʘʚʠʪ 5, ʘ ʜʦʩʪʠʞʠʤʦʝ ʥʘ ʧʨʘʢʪʠʢʝ ʙʫʜʝʪ ʧʦʨʷʜʢʘ 4. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʣʫʯʘʝ 

ʦʧʝʨʘʮʠʠ ʫʤʥʦʞʝʥʠʷ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʪʦʯʢʦʡ ʠʟ (1.21) ʧʦʣʫʯʘʝʤ, ʯʪʦ ʚʳʠʛʨʳʰ ʚ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʚʨʝʤʝʥʠ ʚʳʯʠʩʣʝʥʠʷ ɹʇʌ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʙʘʟʠʩʘ ɼʕʌ ʢ ʙʘʟʠʩʫ ɺʂ 

ʩʦʩʪʘʚʠʪ ʦʢʦʣʦ 11 ʨʘʟ. 

 

ɺʳʚʦʜʳ ʧʦ ʨʘʟʜʝʣʫ 1 

1. ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʦʙʱʠʭ ʧʨʠʥʮʠʧʦʚ ʧʦʩʪʨʦʝʥʠʷ ʫʩʪʨʦʡʩʪʚ ʬʦʨʤʠʨʦʚʘ-

ʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʬʠʟʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʜʣʷ ʚʘʨʠʘʥʪʦʚ OFDM ʧʨʠ ʨʘʟʣʠʯ-

ʥʳʭ ʩʧʦʩʦʙʘʭ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʮʠʬʨʦʚʦʡ ʬʠʣʴʪʨʘʮʠʠ ʧʦʜʥʝʩʫʱʠʭ ʯʘʩʪʦʪ ʧʦʢʘʟʳ-

ʚʘʝʪ, ʯʪʦ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʧʨʦʠʩʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʩʣʦʞʥʝʥʠʝ ʮʠʬʨʦʚʳʭ ʘʣʛʦ-

ʨʠʪʤʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʧʨʠ ʧʨʘʢʪʠʯʝʩʢʦʤ ʦʪʩʫʪʩʪʚʠʠ ʠʣʠ ʚ 

ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʥʝʙʦʣʴʰʦʤ ʚʳʠʛʨʳʰʝ (ʥʝ ʙʦʣʝʝ (0.5-0.8) ʜɹ ʚ ʦʪʥʦʰʝʥʠʠ ʩʠʛ-

ʥʘʣ/ʰʫʤ) ʧʦ ʚʝʣʠʯʠʥʝ ʦʰʠʙʢʠ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʙʠʪ. ʇʨʠ ʪʝʭ ʚʘʨʠʘʥʪʘʭ 

OFDM, ʢʦʛʜʘ ʤʦʞʝʪ ʥʝ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʮʠʢʣʠʯʝʩʢʠʡ ʧʨʝʬʠʢʩ (FBMC, UFMC) 

ʚʦʟʤʦʞʥʦʩʪʴ ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʷʚʣʷʝʪʩʷ ʩʧʦʨʥʦʡ, ʪʘʢ 

ʢʘʢ ʠʤʧʫʣʴʩʥʳʝ ʦʪʢʣʠʢʠ ʬʠʣʴʪʨʦʚ, ʥʘʧʨʠʤʝʨ ʧʨʠ FBMC ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʦʩʭʦʜʷʪ 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʤʝʞʩʠʤʚʦʣʴʥʫʶ ʠʥ-

ʪʝʨʬʝʨʝʥʮʠʶ.  

2. ʆʩʥʦʚʥʳʤ, ʥʦ ʩʧʦʨʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʩʠʛʥʘʣʦʚ ʩ ʮʠʬʨʦʚʦʡ ʬʠʣʴʪʨʘʮʠʝʡ 

ʧʦʜʥʝʩʫʱʠʭ ʯʘʩʪʦʪ ʷʚʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʳʠʛʨʳʰ ʚ ʫʨʦʚʥʝ ʚʥʝʧʦʣʦʩʥʳʭ ʠʟʣʫ-

ʯʝʥʠʡ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤ ʚʘʨʠʘʥʪʦʤ OFDM. ʅʦ ʩʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠ-
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ʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʵʪʦʪ ʫʨʦʚʝʥʴ ʥʘ ʧʨʘʢʪʠʢʝ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʠʩʢʘʞʝʥʠʡ ʩʠʛ-

ʥʘʣʘ ʚ ʨʘʜʠʦʧʝʨʝʜʘʪʯʠʢʝ, ʠ ʩʚʷʟʘʥ ʩ ʝʛʦ ʧʠʢ-ʬʘʢʪʦʨʦʤ ʩʠʛʥʘʣʘ. ʋʚʝʣʠʯʝʥʠʝ ʧʠʢ-

ʬʘʢʪʦʨʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʮʠʬʨʦʚʦʡ ʬʠʣʴʪʨʘʮʠʠ ʧʦʜʥʝʩʫʱʠʭ ʯʘʩʪʦʪ ʜʘʞʝ ʥʘ 

1ʜɹ ʥʝʩʦʤʥʝʥʥʦ ʧʨʠʚʝʜʝʪ ʣʠʙʦ ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʥʝʧʦʣʦʩʥʳʭ ʠʟʣʫʯʝʥʠʡ, ʣʠʙʦ ʢ 

ʩʥʠʞʝʥʠʶ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ ʧʝʨʝʜʘʪʯʠʢʘ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʚʘʨʠʘʥʪʘ ʵʢʚʘʣʘʡʟʝʨʘ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʘʥʪʝʥʥ (ʙʦ-

ʣʝʝ 100) ʥʘ ʙʘʟʦʚʦʡ ʩʪʘʥʮʠʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʦʙʨʘʪʥʦʤ ʢʘʥʘʣʝ ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʢʠ 

ʥʘ ʙʠʪ ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ FBMC ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʣʘʩʩʠʯʝ-

ʩʢʦʛʦ ʚʘʨʠʘʥʪʘ OFDM. ʊʦ ʝʩʪʴ ʚʳʠʛʨʳʰ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ OFDM ʙʫʜʝʪ ʪʦʣʴʢʦ ʧʦ 

ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ (ʦʢʦʣʦ 7%) ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʮʠʢʣʠʯʝʩʢʦʛʦ ʧʨʝ-

ʬʠʢʩʘ ʠ ʧʦ ʫʨʦʚʥʶ ʚʥʝʧʦʣʦʩʥʳʭ ʠʟʣʫʯʝʥʠʡ.  ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʭʥʦʣʦʛʠʷ OFDM 

ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʧʨʦʨʳʚʥʳʭ ʨʝʰʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʛʥʘʣʦʚ 

ʬʠʟʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʜʣʷ ʩʝʪʝʡ 5G ʠ 6G, ʠ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ 

ʚʘʨʠʘʥʪʳ ʧʦʩʪʨʦʝʥʠʷ ʛʨʫʧʧʦʚʳʭ ʩʠʛʥʘʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʢʦʪʦʨʳʝ ʚ ʩʦʯʝʪʘʥʠʠ ʩ 

ʘʥʪʝʥʥʘʤʠ ʩʠʩʪʝʤʘʤʠ ʙʦʣʴʰʠʭ ʨʘʟʤʝʨʥʦʩʪʝʡ ʪʦʞʝ ʚʦʟʤʦʞʥʦ ʧʦʟʚʦʣʷʪ ʩʫʱʝʩʪʚʝʥ-

ʥʦ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʘʥʘʣʦʚ ʩʚʷʟʠ. 

3. ʂʘʢ ʧʦʢʘʟʘʣʠ ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʝʩʤʦʪʨʷ ʥʘ ʜʦʚʦʣʴʥʦ ʤʘʣʳʡ ʢʦ-

ʵʬʬʠʮʠʝʥʪ ʨʘʩʰʠʨʝʥʠʷ ʩʧʝʢʪʨʘ, ʨʘʚʥʳʡ ʣʠʰʴ ʯʝʪʳʨʝʤ, ʪʝʭʥʦʣʦʛʠʷ DS-CDMA 

ʧʨʠ ʤʘʣʦʤ ʯʠʩʣʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʝʡʩʪʚʫʶʱʠʭ ʘʙʦʥʝʥʪʦʚ, ʨʘʚʥʦʤ ʪʘʢʞʝ ʯʝʪʳʨʝʤ, 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʨʦʠʛʨʳʚʘʝʪ IDMA, ʭʦʪʷ ʧʨʠ DS-CDMA ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʦʣʝʝ çʩʣʘ-

ʙʳʡè ʤʝʪʦʜ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ ʙʝʟ ʧʦʚʪʦʨʝʥʠʷ ʩʠʤʚʦʣʦʚ ʥʘ ʚʳʭʦʜʝ 

ʢʦʜʝʨʘ. ʅʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʯʠʩʣʘ ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʝʡʩʪʚʫʶʱʠʭ ʘʩʠʥʭʨʦʥʥʳʭ ʘʙʦ-

ʥʝʥʪʦʚ IDMA ʷʚʥʦ ʧʨʝʚʦʩʭʦʜʠʪ CDMA, ʪʘʢ ʢʘʢ ʚ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʫʨʦʚʝʥʴ ʚʟʘ-

ʠʤʥʦ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʧʠʢʦʚ ʘʩʠʥʭʨʦʥʥʳʭ ʩʫʤʤʳ ʩʠʛʥʘʣʦʚ ʧʨʝʚʳʰʘʝʪ ʫʨʦʚʝʥʴ 

ʦʩʥʦʚʥʦʛʦ ʧʠʢʘ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ, ʪʦ ʝʩʪʴ çʨʘʟʜʝʣʝʥʠʷè ʩʠʛʥʘʣʦʚ ʧʦ 

ʬʦʨʤʝ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. IDMA ʪʘʢʞʝ ʧʨʝʚʦʩʭʦʜʠʪ CDMA ʧʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʩʣʫ-

ʯʘʝ, ʝʩʣʠ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʝ ʢʦʜʠʨʦʚʘʥʠʝ ʥʝ ʧʨʦʠʟʚʦʜʠʪʩʷ, ʘ ʣʠʰʴ ʧʦʚʪʦʨʝʥʠʝ 

ʩʠʤʚʦʣʦʚ ʧʨʠ IDMA. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʪʝʨʘʪʠʚʥʳʡ ʘʣʛʦʨʠʪʤ ʦʙʨʘʙʦʪ-

ʢʠ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʩʠʤʚʦʣʦʚ. 
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4. ʋʚʝʣʠʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʩʰʠʨʝʥʠʷ ʩʧʝʢʪʨʘ, ʝʩʣʠ ʦʥʦ ʚʦʟʤʦʞʥʦ, ʧʨʠʚʝ-

ʜʝʪ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʩʣʦʞʥʝʥʠʶ ʘʣʛʦʨʠʪʤʘ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʠ ʜʝʢʦʜʠʨʦʚʘʥʠʷ ʩʠʛ-

ʥʘʣʦʚ ʧʨʠ IDMA ʠ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ çʨʘʟʜʝʣʝʥʠʷè ʢʘʥʘʣʴʥʳʭ ʩʠʛʥʘʣʦʚ 

ʧʨʠ DS-CDMA. ɼʘʥʥʳʡ ʚʦʧʨʦʩ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʘʣʛʦ-

ʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʘʫʯʥʳʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ. 

5. ʌʦʨʤʠʨʦʚʘʥʠʝ ʠ ʦʙʨʘʙʦʪʢʘ ʛʨʫʧʧʦʚʳʭ ʩʠʛʥʘʣʦʚ ʚ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ 

ʩʦʚʨʝʤʝʥʥʳʭ ʤʥʦʛʦʩʪʘʥʮʠʦʥʥʦʛʦ ʜʦʩʪʫʧʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ɹʇʌ. ʇʨʠ ʧʝ-

ʨʝʭʦʜʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ɹʇʌ (ʚ ʙʘʟʠʩʝ ɼʕʌ) ʢ ɹʇʌ ʚ ʙʘʟʠʩʝ ɺʂ ʧʨʠ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʠ ʦʧʝʨʘʮʠʠ ʫʤʥʦʞʝʥʠʷ ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ ʚʳʠʛʨʳʰ ʧʦ ʯʠʩʣʫ ʵʣʝʤʝʥʪʘʨʥʳʭ 

ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʩʦʩʪʘʚʠʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 3,5 ʨʘʟʘ (ʥʘ ʧʨʘʢʪʠʢʝ 3 ʨʘʟʘ). 

ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʫʯʠʪʳʚʘʝʪʩʷ ʘʣʛʦʨʠʪʤ ʬʘʢʪʦʨʠʟʘʮʠʠ ʤʘʪʨʠʮʳ ɺʂ ʧʨʠ ʫʤʥʦʞʝʥʠʠ ʩ 

ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʚʳʠʛʨʳʰ ʜʦʩʪʠʛʘʝʪ ʧʨʠʤʝʨʥʦ 5 ʨʘʟ (ʥʘ 

ʧʨʘʢʪʠʢʝ 4 ʨʘʟʘ). ʇʨʠ ʫʤʥʦʞʝʥʠʠ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʪʦʯʢʦʡ ʜʘʥʥʳʡ ʚʳʠʛʨʳʰ ʩʦ-

ʩʪʘʚʣʷʝʪ 11 ʨʘʟ. (ʇʨʠʚʝʜʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʚʳʠʛʨʳʰʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʚʦʠʯʥʦ-

ʨʘʮʠʦʥʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ ʨʘʟʤʝʨʥʦʩʪʠ ɹʇʌ, ʭʦʪʷ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʚʳʛʦʜ-

ʥʳʤʠ ʷʚʣʷʶʪʩʷ ʨʘʟʤʝʨʥʦʩʪʠ, ʢʨʘʪʥʳʝ ʪʨʝʤ [13]).  

ʄʘʪʝʨʠʘʣʳ, ʠʟʣʦʞʝʥʥʳʝ ʚ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ, ʦʧʫʙʣʠʢʦʚʘʥʳ ʘʚʪʦʨʦʤ ʚ [14, 26]. 
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2. ʄʅʆɻʆʉʊɸʅʎʀʆʅʅʓʁ ɼʆʉʊʋʇ ʅɸ ʆʉʅʆɺɽ ʎʀʈʂʋʃʗʈʅʓʍ 

ʄɸʊʈʀʎ ʄʅʆɻʆʇʆɿʀʎʀʆʅʅʓʍ ʃʀʅɽʁʅʓʍ ʈɽʂʋʈʈɽʅʊʅʓʍ  

ʇʆʉʃɽɼʆɺɸʊɽʃʔʅʆʉʊɽʁ 

 

ʆʩʥʦʚʥʫʶ ʠʜʝʶ ʵʪʦʛʦ ʨʘʟʜʝʣʘ ʩʦʩʪʘʚʣʷʝʪ ʨʘʩʩʤʦʪʨʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʤʘʪʨʠʮ-ʮʠʨʢʫʣʷʥʪʦʚ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ 

ʩʢʨʝʤʙʣʠʨʦʚʘʥʥʳʭ p -ʠʯʥʳʭ ʣʠʥʝʡʥʳʭ ʨʝʢʫʨʨʝʥʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

(ʃʈʇ), ʚʢʣʶʯʘʷ ʄ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʚ ʢʘʯʝʩʪʚʝ ʥʘʙʦʨʦʚ ʜʠʩʢʨʝʪʥʳʭ ʦʨʪʦʛʦ-

ʥʘʣʴʥʳʭ ʩʠʛʥʘʣʦʚ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʯʘʩʪʥʳʤʠ ʩʣʫʯʘʷʤʠ p -ʠʯʥʳʭ ʃʈʇ ʷʚʣʷʶʪʩʷ ʄ-

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (ʄʇ), ʪʝʦʨʠʷ ʢʦʪʦʨʳʭ ʨʘʟʚʠʪʘ ʚ ʨʘʙʦʪʘʭ [60,61]. ʂʘʢ ʧʦʢʘʟʘʥʦ 

ʚ [61], ʠʭ ʤʘʪʨʠʮʳ-ʮʠʨʢʫʣʷʥʪʳ ʧʨʠ ʧʝʨʝʩʪʘʥʦʚʢʝ ʩʪʦʣʙʮʦʚ ʧʨʠʚʦʜʷʪʩʷ ʢ ʩʠʩʪʝʤʘʤ 

ʬʫʥʢʮʠʡ ʋʦʣʰʘ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʜʝʤʦʜʫʣʷʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ ʩʠʛ-

ʥʘʣʦʚ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ɹʇɸ. ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ [62], ʚʩʝ ʚʘʨʠʘʥʪʳ ʤʘʪʨʠʮ-

ʮʠʨʢʫʣʷʥʪʦʚ ʪʘʢʠʭ ʬʫʥʢʮʠʡ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʨʘʟʤʝʨʥʦʩʪʠ ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʢ ʦʜʥʦʡ ʠ 

ʪʦʡ ʞʝ ʤʘʪʨʠʮʝ ʬʫʥʢʮʠʡ ʋʦʣʰʘ. ʊʦ ʝʩʪʴ, ʝʩʣʠ ʜʣʷ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʠʩʧʦʣʴ-

ʟʫʶʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʝʩʢʦʣʴʢʦ ʧʦʣʥʳʭ ʥʘʙʦʨʦʚ ʤʘʪʨʠʮ-ʮʠʨʢʫʣʷʥʪʦʚ ʨʘʟʥʳʭ ʄʇ 

ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʜʣʠʥʳ, ʪʦ ʧʨʠ ʣʠʥʝʡʥʦʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʚʭʦʜʥʦʡ ʩʤʝʩʠ ʩʠʛʥʘʣʦʚ 

ʧʦ ʥʝʢʦʪʦʨʦʤʫ ʧʨʘʚʠʣʫ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʤʘʪʨʠʮʫ ʬʫʥʢʮʠʡ ʋʦʣʰʘ, ʤʦʜʫʣʠʨʦʚʘʥ-

ʥʫʶ ʥʘʙʦʨʦʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʤʚʦʣʦʚ, ʧʨʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʪʦʡ ʞʝ ʩʤʝʩʠ ʧʦ 

ʜʨʫʛʦʤʫ ʧʨʘʚʠʣʫ ï ʧʦʣʫʯʠʤ ʪʫ ʞʝ ʤʘʪʨʠʮʫ ʬʫʥʢʮʠʡ ʋʦʣʰʘ, ʥʦ ʤʦʜʫʣʠʨʦʚʘʥʥʫʶ 

ʜʨʫʛʠʤ ʥʘʙʦʨʦʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʤʚʦʣʦʚ ʠ ʪ.ʜ. ʇʨʠ ʵʪʦʤ ʙʫʜʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ 

ʚʟʘʠʤʥʳʝ ʧʦʤʝʭʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʥʘʯʝʥʠʷʤ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʚʟʘʠʤʥʦ ʢʦʨʨʝʣʷ-

ʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ (ʇɺʂʌ) ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

(ʇʉʇ). ʆʯʝʚʠʜʥʦ, ʚʳʙʠʨʘʷ ʧʘʨʳ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʭ ʄʇ [63-65] 

ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʠʩʭʦʜʥʳʭ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʩʠʩʪʝʤ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚ ʢʘʯʝʩʪʚʝ ʚʟʘ-

ʠʤʥʦʡ ʧʦʤʝʭʠ ʦʪʩʯʝʪʳ ʇɺʂʌ ʇʉʇ ɻʦʣʜʘ, ʪʦ ʝʩʪʴ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʫʨʦʚʝʥʴ ʪʘʢʠʭ 

ʧʦʤʝʭ ʧʨʠ ʧʝʨʝʜʘʯʝ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʜʚʫʭ ʩʠʩʪʝʤ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʬʫʥʢʮʠʡ. 
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ʂʨʦʤʝ ʪʦʛʦ, ʦʢʘʟʳʚʘʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʫʧʨʦʩʪʠʪʴ ʧʨʦʮʝʜʫʨʫ ʦʙʨʘʱʝʥʠʷ ʤʘʪʨʠʮ ʧʨʠ 

ʢʦʤʧʝʥʩʘʮʠʠ ʵʪʠʭ ʧʦʤʝʭ.  

ɺʤʝʩʪʝ ʩ ʪʝʤ, p -ʠʯʥʳʝ ʃʈʇ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝ ʧʨʠʤʝʥʷʶʪʩʷ ʥʘ ʧʨʘʢʪʠ-

ʢʝ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʰʫʤʦʧʦʜʦʙʥʳʭ ʩʠʛʥʘʣʦʚ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʪʩʫʪʩʪʚʫʶʪ ʪʘʙʣʠʮʳ 

ʥʝʧʨʠʚʦʜʠʤʳʭ ʧʨʠʤʠʪʠʚʥʳʭ ʧʦʣʠʥʦʤʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ, ʠ ʥʝ 

ʥʘʡʜʝʥʳ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʝ ʇʉʇ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ p -ʠʯʥʳʭ ʘʥʘʣʦʛʦʚ ʇʉʇ ɻʦʣ-

ʜʘ. ʅʦ ʣʶʙʘʷ ʇɺʂʌ ʄʇ ʤʦʞʝʪ ʙʳʪʴ ʚʳʯʠʩʣʝʥʘ ʩ ʧʦʤʦʱʴʶ ɹʇɸ [2]. ʂʨʦʤʝ ʪʦʛʦ, 

ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʠʞʝ, ʇɺʂʌ p -ʠʯʥʦʡ ʃʈʇ ʤʦʞʝʪ ʙʳʪʴ ʚʳʯʠʩʣʝʥʘ ʥʘ ʦʩʥʦʚʝ ʦʙʦʙ-

ʱʝʥʥʦʛʦ ɹʇʌ. ɼʘʥʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʧʦʩʪʨʦʝ-

ʥʠʠ ʘʣʛʦʨʠʪʤʘ ʢʦʤʧʝʥʩʘʮʠʠ ʚʟʘʠʤʥʳʭ ʧʦʤʝʭ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʝʩʢʦʣʴʢʠʭ ʩʠʩʪʝʤ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʬʫʥʢʮʠʡ ʜʣʷ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨ-

ʤʘʮʠʠ. 

ɺ ʨʘʟʜʝʣʝ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥʘ ʨʘʟʨʘʙʦʪʢʘ ʩʧʦʩʦʙʦʚ ʧʦʩʪʨʦʝʥʠʷ ʤʘʪʨʠʮ-

ʮʠʨʢʫʣʷʥʪʦʚ p -ʠʯʥʳʭ ʃʈʇ, ʘ ʪʘʢʞʝ ʠʭ ʣʠʥʝʡʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢ ʩʠʩʪʝʤʘʤ ɺʂ 

ʠ ʩʧʦʩʦʙʦʚ ʢʦʤʧʝʥʩʘʮʠʠ ʚʟʘʠʤʥʳʭ ʧʦʤʝʭ ʥʘ ʦʩʥʦʚʝ ʦʙʦʙʱʝʥʥʦʛʦ ɹʇʌ ʧʨʠ ʦʜʥʦ-

ʚʨʝʤʝʥʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʠʩʪʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʩʠʛʥʘʣʦʚ ʜʣʷ 

ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ.  

 

2.1. ʇʦʩʪʨʦʝʥʠʝ ʤʘʪʨʠʮ-ʮʠʨʢʫʣʷʥʪʦʚ p -ʠʯʥʳʭ ʃʈʇ 

 

ʇʨʠʥʮʠʧʳ ʧʦʩʪʨʦʝʥʠʷ ʤʘʪʨʠʮ-ʮʠʨʢʫʣʷʥʪʦʚ ʄʇ, ʷʚʣʷʶʱʠʭʩʷ ʯʘʩʪʥʳʤ ʩʣʫ-

ʯʘʝʤ p -ʠʯʥʳʭ ʃʈʇ, ʨʘʩʩʤʦʪʨʝʥʳ ʚ [66], ʧʦʵʪʦʤʫ ʚ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʙʫʜʝʤ ʨʘʩ-

ʩʤʘʪʨʠʚʘʪʴ ʙʦʣʝʝ ʦʙʱʠʡ ʚʘʨʠʘʥʪ ï ʤʘʪʨʠʮʳ-ʮʠʨʢʫʣʷʥʪʳ p -ʠʯʥʳʭ ʃʈʇ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʣʶʙʫʶ p -ʠʯʥʫʶ ʃʈʇ ʩ ʧʝʨʠʦʜʦʤ1mN p= - ʠ ʵʣʝʤʝʥʪʘʤʠ ʠʟ 

ʤʥʦʞʝʩʪʚʘ }0,1, ,( 1){ p» -  ʤʦʞʥʦ ʩʬʦʨʤʠʨʦʚʘʪʴ  ʩ ʧʦʤʦʱʴʶ ʥʝʧʨʠʚʦʜʠʤʦʛʦ ʧʨʠ-

ʤʠʪʠʚʥʦʛʦ ʧʦʣʠʥʦʤʘ m-ʛʦ ʧʦʨʷʜʢʘ: 

   1

1 1 0( ) ... ,m m

m m mf x a x a x a x a-

-= + + + +   (2.1) 
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ʛʜʝ ʟʥʘʯʝʥʠʷ ʥʘʙʦʨʘ ʝʛʦ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 
0 1 2 1, , , ,m m ma a a a a- -

 ʪʘʢʞʝ ʧʨʠʥʘʜʣʝ-

ʞʘʪ ʤʥʦʞʝʩʪʚʫ}0,1, ,( 1){ p» -  [16, 21, 22] (ʚ ʜʘʣʴʥʝʡʰʝʤ ʪʘʢʦʡ ʧʦʣʠʥʦʤ ʙʫʜʝʤ 

ʥʘʟʳʚʘʪʴ -ʠʯʥʳʤ ʧʦʣʠʥʦʤʦʤ ά-ʛʦ ʧʦʨʷʜʢʘ). ʉʬʦʨʤʠʨʦʚʘʥʥʫʶ ʇʉʇ ʧʨʝʜʩʪʘʚʠʤ 

ʢʘʢ ʚʝʢʪʦʨ-ʩʪʨʦʢʫ ( )( ), , 0,..., 1 ; 0,..., 1 ,
i

n

l i i kx k N i mè ø= = - = -ê úÀ  ʛʜʝ
,i kx ï ɻ ʣʝʤʝʥʪʘʨ-

ʥʳʡ ʩʠʤʚʦʣ ʇʉʇ, kï ʥʦʤʝʨ ʝʝ ʩʠʤʚʦʣʘ, i ï ʥʦʤʝʨ ʝʝ ʮʠʢʣʠʯʝʩʢʦʛʦ ʩʜʚʠʛʘ ʥʘ 

{ }0,1,..., 1il NÍ - ʩʠʤʚʦʣʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʇʉʇ 
0 0

nÀ ʩ ʮʠʢʣʠʯʝʩʢʠʤ ʩʜʚʠʛʦʤ, ʧʨʠʥʷ-

ʪʳʤ ʚ ʢʘʯʝʩʪʚʝ ʥʫʣʝʚʦʛʦ,nï ʥʦʤʝʨ ʩʧʦʩʦʙʘ ʫʧʦʨʷʜʦʯʝʥʠʷ ʇʉʇ ʧʦ ʠʭ ʮʠʢʣʠʯʝ-

ʩʢʠʤ ʩʜʚʠʛʘʤ.  

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, -ʠʯʥʫʶ ʃʈʇ ʤʦʞʥʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʥʘ ʦʩʥʦʚʝ ʮʠʢʣʠʯʝ-

ʩʢʦʡ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʦʡ ʛʨʫʧʧʳ ʨʘʩʰʠʨʝʥʥʦʛʦ ʧʦʣʷ ɻʘʣʫʘ ( )mGF p ʧʦ ʤʦʜʫʣʶ 

( )mf x , ʢʘʞʜʳʡ ʵʣʝʤʝʥʪ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʠʤ ʢʘʢ ʚʝʢʪʦʨ-ʩʪʦʣʙʝʮ 

( )
T

, , 0,..., 1);( 0,..., 1 ,k

i kx k N i mè ø= = - = -ê úa  ʛʜʝ []
T
Ö- ʦʙʦʟʥʘʯʝʥʠʝ ʪʨʘʥʩʧʦʥʠʨʦʚʘʥ-

ʥʦʡ ʤʘʪʨʠʮʳ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ  k - ʥʦʤʝʨ ʵʣʝʤʝʥʪʘ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʦʡ ʛʨʫʧʧʳ ʩ 

ʧʝʨʚʦʦʙʨʘʟʥʳʤ ʵʣʝʤʝʥʪʦʤ 
0a, ʧʨʠʯʝʤ 1( 1,...,4)k k

n n-= =a aH , ʛʜʝ  

[ ] [ ]

0 1

1 2
TT

1 2 1 3 4 3

2 1

1 0

0 0 ... 0 1 ... 0 0

1 0 ... 0 0 ... 0 0

, , ,

0 0 ... 0 0 ... 0 1

0 0 ... 1 0 ... 0 0

m

m

m

m

a a

a a

a a

a a

-

-

-

-

è ø è ø
é ù é ù
é ù é ù
é ù é ù= Ö Ö Ö Ö Ö = = Ö Ö Ö Ö Ö = -
é ù é ù
é ù é ù
é ù é ùê ú ê ú

H H H H H H    (2.2) 

ʚʘʨʠʘʥʪʳ ʩʦʧʨʦʚʦʞʜʘʶʱʝʡ ʤʘʪʨʠʮʳ( )mf x  ʨʘʟʤʝʨʥʦʩʪʴʶ m m³ .  

ʆʪʤʝʪʠʤ, ʯʪʦ ʜʣʷ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ʜʚʦʡʩʪʚʝʥʥʦʛʦ ʧʦʣʠʥʦʤʘ 

0 1 1

1( ) ... ,m m

mɼ m mf x a x a x a x a-

-= + + + +̫ʚʣʷʶʱʝʛʦʩʷ ʥʝʧʨʠʚʦʜʠʤʳʤ ʠ ʧʨʠʤʠʪʠʚ-

ʥʳʤ, ʢʘʢ ʠ ʠʩʭʦʜʥʳʡ ʧʦʣʠʥʦʤ,  
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[ ] [ ]

1

21
TT

1 2 1 3 4 3

12

1

1 ... 0 00 0 ... 0

0 ... 0 01 0 ... 0

, , , .

0 ... 0 10 0 ... 0

0 ... 0 00 0 ... 1

m

m

m

m

aa

aa

aa

aa

-

-

è øè ø
é ùé ù
é ùé ù
é ùé ù= = = Ö Ö Ö Ö Ö =Ö Ö Ö Ö Ö
é ùé ù
é ùé ù
é ùé ùê ú ê ú

H H H H H H     (2.3) 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠ ʥʫʤʝʨʘʮʠʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʚʦʡʩʪʚʝʥʥʦʛʦ (ʟʝʨʢʘʣʴʥʦʛʦ) 

ʧʦʣʠʥʦʤʘ, ʩʦʚʧʘʜʘʶʱʝʡ ʩ ʥʫʤʝʨʘʮʠʝʡ ʠʩʭʦʜʥʦʛʦ ʧʦʣʠʥʦʤʘ, ʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʦ-

ʧʨʦʚʦʞʜʘʶʱʠʭ ʤʘʪʨʠʮ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ (2.2), ʧʦʣʫʯʠʤ ʤʘʪʨʠʮʳ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦ-

ʨʳʭ ʥʝʣʴʟʷ ʧʦʩʪʨʦʠʪʴ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʳʝ ʛʨʫʧʧʳ ʧʦʣʷ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʧʝʨʠʦʜʦʤ 

ʧʦʚʪʦʨʝʥʠʷ ʵʣʝʤʝʥʪʦʚ, ʨʘʚʥʳʤ N, ʪʘʢ ʯʪʦ0 1 1,N N+= =a a a a,é.ʇʨʠ ʵʪʦʤ ʚ ʢʘʯʝ-

ʩʪʚʝ 
0aʤʦʞʥʦ ʚʳʙʨʘʪʴ ʣʶʙʦʡ ʵʣʝʤʝʥʪ ʛʨʫʧʧʳ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʚ ʪʘʙʣ. 2.1 

ʧʨʠʚʦʜʷʪʩʷ ʵʣʝʤʝʥʪʳ ʤʘʢʩʠʤʘʣʴʥʳʭ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʳʭ ʛʨʫʧʧ ʨʘʩʰʠʨʝʥʥʳʭ ʧʦ-

ʣʝʡ ɻʘʣʫʘ ʜʣʷ ʪʨʦʠʯʥʳʭ ʧʦʣʠʥʦʤʦʚ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ 2 2

2( ) 2 1f x x x= + + ʠ 

' 2

2( ) 2 1f x x x= + +. ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʘʪʨʠʮʳ 1H  ʠ 3H  ʧʨʠ ʧʝʨʚʦʦʙʨʘʟʥʦʤ ʵʣʝʤʝʥ-

ʪʝ [ ]
T0 1 0=a . ɺ ʜʘʣʴʥʝʡʰʝʤ ʜʝʩʷʪʠʯʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʣʶʙʦʛʦ -ʛʦ ʵʣʝʤʝʥʪʘ 

ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʦʡ ʛʨʫʧʧʳ ʙʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ ʢʘʢ 
10

kè øê úa , ʪʘʢ ʯʪʦ 
0

10
3è ø=ê úa . ʆʪʤʝ-

ʪʠʤ ʪʘʢʞʝ, ʯʪʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ [ ]
T

2 1 1= =H H H  ʠ [ ]
T

4 3 3= =H H H . 
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ʊʘʙʣʠʮʘ 2.1 - ʕʣʝʤʝʥʪʳ ʤʘʢʩʠʤʘʣʴʥʳʭ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʳʭ ʛʨʫʧʧ ʨʘʩʰʠʨʝʥʥʳʭ 

ʧʦʣʝʡ ɻʘʣʫʘ ʜʣʷ ʪʨʦʠʯʥʳʭ ʧʦʣʠʥʦʤʦʚ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ 2 2

2( ) 2 1f x x x= + + ʠ 

' 2

2( ) 2 1f x x x= + + 

k  2( )f x  '

2( )f x  

1H

 
3H  

1H  
3H  

0 3 3 3 3 

1 1 4 1 7 

2 4 7 5 8 

3 5 2 8 2 

4 6 6 6 6 

5 2 8 2 5 

6 8 5 7 4 

7 7 1 4 1 

 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ά ʮʠʢʣʠʯʝʩʢʠʭ ʩʜʚʠʛʦʚ -ʠʯʥʦʡ ʃʈʇ ʨʘʩʩʤʦʪʨʠʤ ʤʘʪʨʠʮʫ, 

ʩʦʩʪʘʚʣʝʥʥʫʶ ʠʟ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʦʡ ʛʨʫʧʧʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʦ:0 1 1 1... ,N k k

n

- -è ø =ê úa a a a aH . ʂʘʢ ʠʟʚʝʩʪʥʦ, ʩʪʨʦʢʠ ʧʦʣʫʯʝʥʥʦʡ 

ʤʘʪʨʠʮʳ ʷʚʣʷʶʪʩʷ ʮʠʢʣʠʯʝʩʢʠʤʠ ʩʜʚʠʛʘʤʠ -ʠʯʥʦʡ ʃʈʇ [8], ʪʦ ʝʩʪʴ  

  
1

1

0 0

10 1 1

,

1

... ,
...

m

n

n

lN

m n

n

l m-

-

-

è ø
é ù
é ùè ø= =ê úé ù
é ù
é ùê ú

a a a

À

À
À

À

    (2.4) 

ʛʜʝ ,m nÀ  ï ʦʙʦʟʥʘʯʝʥʠʝ ʤʘʪʨʠʮʳ ʨʘʟʤʝʨʥʦʩʪʠ m N³ , ʧʦʩʪʨʦʝʥʥʦʡ ʥʘ ʦʩʥʦʚʝ -ʦʡ 

ʩʦʧʨʦʚʦʞʜʘʶʱʝʡ ʤʘʪʨʠʮʳ ʥʝʧʨʠʚʦʜʠʤʦʛʦ ʧʨʠʤʠʪʠʚʥʦʛʦ ʧʦʣʠʥʦʤʘ ( )mf x . ʉʪʨʦ-
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ʢʠ ʵʪʦʡ ʤʘʪʨʠʮʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʮʠʢʣʠʯʝʩʢʠʝ ʩʜʚʠʛʠ ὴ-ʠʯʥʦʡ ʃʈʇ ʥʘ il  ʝʝ 

ʩʠʤʚʦʣʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ 
0 0, 0,..., 1n i mÀ = -ï ʥʦʤʝʨ ʩʪʨʦʢʠ ʤʘʪʨʠʮʳ. ʎʠʢʣʠʯʝʩʢʠʡ 

ʩʜʚʠʛ ʩʪʨʦʢʠ ʩ ʥʫʣʝʚʳʤ ʥʦʤʝʨʦʤ ʩʯʠʪʘʝʪʩʷ ʨʘʚʥʳʤ ʥʫʣʶ, ʪʦ ʝʩʪʴ 0 0l = . ʂʘʢ ʚʠʜ-

ʥʦ, ʥʫʣʝʚʦʡ ʮʠʢʣʠʯʝʩʢʠʡ ʩʜʚʠʛ, ʢʘʢ ʠ ʩʪʨʫʢʪʫʨʘ 
,m nÀ , ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʙʦʨʦʤ nH  

ʠ 
0a. ʊʘʢ ʜʣʷ ʤʘʪʨʠʮʳ 1H ʦʯʝʚʠʜʥʦ  

 

0

0, 1 0,

1

1, 1 1,1

2

1, 1 1

1

0 0 ... 0

1 0 ... 0

, 0,..., 1.
... ...

0 0 ... 0

0 0 ... 1

k k

k kk

m

m k m

m

a
x x

a
x x

k N

a
x x

a

+

++

-

- + -

-

è ø
è ø è øé ù
é ù é ùé ù
é ù é ùé ù= = Ö Ö Ö Ö Ö = -
é ù é ùé ù
é ù é ùé ù

ê úê úé ùê ú

a   (2.5) 

ɺ ʨʝʟʫʣʴʪʘʪʝ  

  

0,0 0,1 0,0

1,0 1,1 1, 1

,1

1,0 1,1 1, 1

...

...
.

...

N

m

m m m N

x x x

x x x

x x x

-

- - - -

è ø
é ù
é ù=
é ùÖ Ö Ö Ö
é ù
ê ú

À      (2.6) 

ɼʣʷ ʧʦʣʠʥʦʤʦʚ2( )f x , '

2( )f x  ʠ ʠʭ ʩʦʧʨʦʚʦʞʜʘʶʱʠʭ ʤʘʪʨʠʮ 1H  ʠ 3H  ɻ ʣʝ-

ʤʝʥʪʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʘʪʨʠʮ ,1mÀ  ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.2. 

ʊʘʙʣʠʮʘ 2.2 - ʕʣʝʤʝʥʪʳ ʤʘʪʨʠʮ ,1mÀ  

2( )f x  1H  
2( )f x  3H  

ʕʣʝʤʝʥʪʳ 

ʛʨʫʧʧʳ 

k  ʕʣʝʤʝʥʪʳ 

ʛʨʫʧʧʳ 

k  

0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 

10

kè øê úa  
10

kè øê úa  

3 1 4 5 6 2 8 7 3 4 7 2 6 8 5 1 

0,kx  1 0 1 1 2 0 2 2 0,kx  1 1 2 0 2 2 1 0 

1,kx  0 1 1 2 0 2 2 1 1,kx  0 1 1 2 0 2 2 1 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 2.2. 

'

2( )f x  1H  '

2( )f x  3H  

ʕʣʝʤʝʥʪʳ 

ʛʨʫʧʧʳ 

k  ʕʣʝʤʝʥʪʳ 

ʛʨʫʧʧʳ 

k  

0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 

10

kè øê úa  
10

kè øê úa  

3 1 5 8 6 2 7 4 3 7 8 2 6 5 4 1 

0,kx  1 0 1 2 2 0 2 1 0,kx  1 2 2 0 2 1 1 0 

1,kx  0 1 2 2 0 2 1 1 1,kx  0 1 2 2 0 2 1 1 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʣʶʙʦʛʦ ὲ ʩʫʱʝʩʪʚʫʝʪ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʯʝʪʳʨʝ, ʘ ʚ ʯʘʩʪ-

ʥʦʤ ʩʣʫʯʘʝ ʜʚʝ (ʢʦʛʜʘ 2 1=H H ʠ 4 3=H H ) ʤʘʪʨʠʮʳ ,m nÀ ʨʘʟʤʝʨʥʦʩʪʠ m N³ , ʩʦ-

ʜʝʨʞʘʱʠʭ m  ʥʝʩʦʚʧʘʜʘʶʱʠʭ ʮʠʢʣʠʯʝʩʢʠʭ ʩʜʚʠʛʦʚ -ʠʯʥʦʡ ʃʈʇ ʥʘ 0 1 1, ,..., ml l l - 

ʩʠʤʚʦʣʦʚ. ʉʣʝʜʫʶʱʠʝ m ʮʠʢʣʠʯʝʩʢʠʭ ʩʜʚʠʛʦʚ 1 2 1, ,..., ,m m ml l l+ - ʥʝ ʩʦʚʧʘʜʘʶʱʠʭ ʩ 

0 1 1, ,..., ml l l -, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʨʠ ʧʝʨʝʤʥʦʞʝʥʠʠ ʤʘʪʨʠʮ 
m

nH  ʠ ,m nÀ , ʩʣʝʜʫʶʱʠʡ 

ʥʘʙʦʨ ʮʠʢʣʠʯʝʩʢʠʭ ʩʜʚʠʛʦʚ ï ʧʨʠ ʧʝʨʝʤʥʦʞʝʥʠʠ 
2m

nH  ʠ ,m nÀ  ʠ ʪ.ʜ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʤʘʪʨʠʮʘ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʩʦʜʝʨʞʘʱʘʷ ʚʩʝ ʮʠʢʣʠʯʝʩʢʠʝ ʩʜʚʠʛʠ ʠʩʭʦʜʥʦʡ ʇʉʇ, 

ʙʫʜʝʪ ʩʦʜʝʨʞʘʪʴ ʯʠʩʣʦ ʩʪʨʦʢ, ʜʝʣʷʱʝʝʩʷ ʥʘʮʝʣʦ ʥʘ m. ʅʦ ʦʙʱʝʝ ʯʠʩʣʦ ʮʠʢʣʠʯʝ-

ʩʢʠʭ ʩʜʚʠʛʦʚ ʇʉʇ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʙʦʣʴʰʝ ʝʝ ʜʣʠʥʳ N, ʧʦʵʪʦʤʫ ʧʦʩʣʝʜʥʠʡ ʙʣʦʢ, 

ʧʦʣʫʯʝʥʥʳʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʰʝʦʧʠʩʘʥʥʳʤ ʧʨʘʚʠʣʦʤ, ʙʫʜʝʪ ʩʦʜʝʨʞʘʪʴ ʮʠʢʣʠ-

ʯʝʩʢʠʝ ʩʜʚʠʛʠ, ʩʦʜʝʨʞʘʱʠʝʩʷ ʠ ʚ ʧʝʨʚʦʤ ʙʣʦʢʝ,m nÀ . ʇʨʠ ʵʪʦʤ ʦʙʱʝʝ ʯʠʩʣʦ ʙʣʦ-

ʢʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʧʨʘʚʠʣʫ,

x

n m nH À  ʠ ʩʦʜʝʨʞʘʱʠʭ ʥʝ ʩʦʚʧʘʜʘʶʱʠʝ ʮʠʢʣʠʯʝʩʢʠʝ 

ʩʜʚʠʛʠ p -ʠʯʥʦʡ ʃʈʇ, ʙʫʜʝʪ ʨʘʚʥʦ 
( )A n

m
, ʛʜʝ 0,1,2...x= , ʘ( )A N  ï ʯʠʩʣʦ, ʜʝʣʷʱʝ-

ʝʩʷ ʥʘʮʝʣʦ ʥʘ m ʠ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʦʝ ʧʦ ʟʥʘʯʝʥʠʶ ʢ N, ʧʨʠʯʝʤ ( )A N N> .  

ʄʘʪʨʠʮʫ, ʧʦʣʫʯʝʥʥʫʶ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʘʚʠʣʦʤ 
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,

,

2

,, ,ʮ

( )

,

,

...

m n

ʪ

n m n

ʪ

n m nm n

C N ʪ

n m n

è ø
é ù
é ù
é ù=
é ù
é ù
é ù
ê ú

À

À

ÀÀ

À

H

H

H

     (2.7) 

ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʤʘʪʨʠʮʝʡ-ʮʠʨʢʫʣʷʥʪʦʤ p -ʠʯʥʦʡ ʃʈʇ, ʛʜʝ 

( )
( ) 1

A N
C N

m

å õ
= -æ ö
ç ÷

. ɽʝ ʨʘʟʤʝʨʥʦʩʪʴ ʩʦʩʪʘʚʠʪ ( )A N N³ .  

ʕʣʝʤʝʥʪʳ ʤʘʪʨʠʮ 2,1,ʮÀ  ʠ 2,3,ʮÀ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʥʦʤʦʚ 2( )f x  

ʠ 
'

2( )f x , ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.3.  

ʊʘʙʣʠʮʘ 2.3 - ʕʣʝʤʝʥʪʳ ʤʘʪʨʠʮ 2,1,ʮÀ  ʠ 2,3,ʮÀ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʥʦ-

ʤʦʚ 2( )f x   

Ὢὼ ╗  Ὢὼ ╗  

ʎʠʢʣʠʯʝʩʢʠʝ 

ʩʜʚʠʛʠ ʄʇ 

Ὧ Ὥ ὰ ʎʠʢʣʠʯʝʩʢʠʝ 

ʩʜʚʠʛʠ ʄʇ 

Ὧ Ὥ ὰ 

0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 

10

kè øê úa  
10

kè øê úa  

3 1 4 5 6 2 8 7 3 4 7 2 6 8 5 1 

ὼȟ 1 0 1 1 2 0 2 2 0 0 ὼȟ 1 1 2 0 2 2 1 0 0 0 

ὼȟ 0 1 1 2 0 2 2 1 1 7 ὼȟ 0 1 1 2 0 2 2 1 1 1 

ὼȟ 1 1 2 0 2 2 1 0 2 6 ὼȟ 2 0 2 2 1 0 1 1 2 2 

ὼȟ 1 2 0 2 2 1 0 1 3 5 ὼȟ 1 2 0 2 2 1 0 1 3 3 

ὼȟ 2 0 2 2 1 0 1 1 4 4 ὼȟ 2 2 1 0 1 1 2 0 4 4 

ὼȟ 0 2 2 1 0 1 1 2 5 3 ὼȟ 0 2 2 1 0 1 1 2 5 5 

ὼȟ 2 2 1 0 1 1 2 0 6 2 ὼȟ 1 0 1 1 2 0 2 2 6 6 

ὼȟ 2 1 0 1 1 2 0 2 7 1 ὼȟ 2 1 0 1 1 2 0 2 7 7 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 2.3. 

Ὢ ὼ ╗  Ὢ ὼ ╗  

ʎʠʢʣʠʯʝʩʢʠʝ 

ʩʜʚʠʛʠ ʄʇ 

Ὧ Ὥ ὰ ʎʠʢʣʠʯʝʩʢʠʝ 

ʩʜʚʠʛʠ ʄʇ 

Ὧ Ὥ ὰ 

0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 

10

kè øê úa  
10

kè øê úa  

3 1 5 8 6 2 7 4 3 7 8 2 6 5 4 1 

ὼȟ 1 0 1 2 2 0 2 1 0 0 ὼȟ 1 2 2 0 2 1 1 0 0 0 

ὼȟ 0 1 2 2 0 2 1 1 1 7 ὼȟ 0 1 2 2 0 2 1 1 1 1 

ὼȟ 1 2 2 0 2 1 1 0 2 6 ὼȟ 2 0 2 1 1 0 1 2 2 2 

ὼȟ 2 2 0 2 1 1 0 1 3 5 ὼȟ 2 2 0 2 1 1 0 1 3 3 

ὼȟ 2 0 2 1 1 0 1 2 4 4 ὼȟ 2 1 1 0 1 2 2 0 4 4 

ὼȟ 0 2 1 1 0 1 2 2 5 3 ὼȟ 0 2 1 1 0 1 2 2 5 5 

ὼȟ 2 1 1 0 1 2 2 0 6 2 ὼȟ 1 0 1 2 2 0 2 1 6 6 

ὼȟ 1 1 0 1 2 2 0 2 7 1 ὼȟ 1 1 0 1 2 2 0 2 7 7 

 

 ʀʟ ʘʥʘʣʠʟʘ ʵʪʠʭ ʪʘʙʣʠʮ ʩʣʝʜʫʝʪ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʧʨʦʚʦʞʜʘʶʱʠʭ ʤʘʪʨʠʮ 

1H , 2H  ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʘʪʨʠʮ-ʮʠʨʢʫʣʷʥʪʦʚ ʧʨʠʚʝʣʦ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʪʘʢ ʥʘʟʳ-

ʚʘʝʤʳʭ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʤʘʪʨʠʮ, ʫ ʢʦʪʦʨʳʭ ʢʘʞʜʘʷ ʧʦʩʣʝʜʫʶʱʘʷ ʩʪʨʦʢʘ ʩʜʚʠʥʫʪʘ 

ʮʠʢʣʠʯʝʩʢʠ ʥʘ ʦʜʠʥ ʩʠʤʚʦʣ ʚʣʝʚʦ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʳʜʫʱʝʡ ʩʪʨʦʢʦʡ [67]. ɼʘ-

ʣʝʝ ʙʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ ʠʭ ʢʘʢ , ,ʮʫm nÀ . ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʤʘʪʨʠʮ-

ʮʠʨʢʫʣʷʥʪʦʚ ʥʘ ʦʩʥʦʚʝ 3H , 4H  ʧʦʣʫʯʘʶʪʩʷ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʝ ʮʠʢʣʠʯʝʩʢʠʝ ʩʜʚʠ-

ʛʠ ʠʭ ʩʪʨʦʢ. ʅʦ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʪʨʫʢʪʫʨ ʤʘʪʨʠʮ-ʮʠʨʢʫʣʷʥʪʦʚ ʜʣʷ ʄʇ, 

ʧʦʣʫʯʝʥʥʳʝ ʚ [67], ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʜʘʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʣʠʰʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤ ʚ ʵʪʦʤ ʨʘʟʜʝʣʝ ʚʘʨʠʘʥʪʘʤ ʥʝʧʨʠʚʦʜʠʤʳʭ ʧʦʣʠʥʦʤʦʚ, ʜʣʷ 

ʢʦʪʦʨʳʭ 2 1=H H ʠ 4 3=H H . ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ 2 1¸H H ʠ 4 3¸H H , ʫʧʦʨʷʜʦ-

ʯʝʥʥʳʝ ʤʘʪʨʠʮʳ ʤʦʛʫʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʥʘ ʦʩʥʦʚʝ 2H  ʠ 4H , ʘ ʤʘʪʨʠʮʳ ʩ ʧʩʝʚʜʦ-

ʩʣʫʯʘʡʥʳʤʠ ʩʜʚʠʛʘʤʠ ʩʪʨʦʢ ï ʥʘ ʦʩʥʦʚʝ 1H  ʠ 3H . 
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ʅʘʯʘʣʴʥʳʡ ʙʣʦʢ p -ʠʯʥʦʡ ʃʈʇ ib, ʥʘʭʦʜʷʱʝʡʩʷ ʚ Ὥ-ʦʡ ʩʪʨʦʢʝ ʫʧʦʨʷʜʦʯʝʥ-

ʥʦʡ ʤʘʪʨʠʮʳ-ʮʠʨʢʫʣʷʥʪʘ ʤʦʞʝʪ ʙʳʪʴ ʚʳʯʠʩʣʝʥ ʧʦ ʬʦʨʤʫʣʝ:  

        
0

2

i

i =b H a,           (2.8) 

ʛʜʝ 
, , 0,..., 1i i kx k mè ø= = -ê úb . ɺ ʜʘʣʴʥʝʡʰʝʤ ib ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʘʙʩʦʣʶʪʥʳʤ 

ʮʠʢʣʠʯʝʩʢʠʤ ʩʜʚʠʛʦʤ -ʠʯʥʦʡ ʃʈʇ. 

ʆʪʤʝʪʠʤ ʪʘʢʞʝ, ʯʪʦ ʚʳʙʦʨ ʵʣʝʤʝʥʪʘ ʣʶʙʦʡ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʦʡ ʛʨʫʧʧʳ 

0 ( 1,2,..., 1)y y N+ = -a  ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʚʦʦʙʨʘʟʥʦʛʦ ʧʨʠʚʦʜʠʪ ʢ ʝʝ ʮʠʢʣʠʯʝʩʢʦʤʫ 

ʩʜʚʠʛʫ ʥʘ y  ɻ ʣʝʤʝʥʪʦʚ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚʩʝ ʩʪʨʦʢʠ ʤʘʪʨʠʮ-ʮʠʨʢʫʣʷʥʪʦʚ ʪʘʢʞʝ 

ʩʜʚʠʛʘʶʪʩʷ ʮʠʢʣʠʯʝʩʢʠ ʥʘy  ɻ ʣʝʤʝʥʪʦʚ.  ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʝ ʢʘʞʜʦʛʦ ʧʝʨ-

ʚʦʦʙʨʘʟʥʦʛʦ ʵʣʝʤʝʥʪʘ 
0 ( 0,2,..., 1)y y N+ = -a  ʠ ʣʶʙʦʡ ʠʟ ʤʘʪʨʠʮ nH  ʤʦʞʥʦ ʩʬʦʨ-

ʤʠʨʦʚʘʪʴ ʤʘʪʨʠʮʫ-ʮʠʨʢʫʣʷʥʪ p -ʠʯʥʦʡ ʃʈʇ. ʊʦ ʝʩʪʴ ʩʫʱʝʩʪʚʫʝʪ 4Nʠʣʠ 2Nʥʝ-

ʩʦʚʧʘʜʘʶʱʠʭ ʤʘʪʨʠʮ-ʮʠʨʢʫʣʷʥʪʦʚ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʇʉʇ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʪʠʧʘ.  

 

2.2. ʌʦʨʤʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʤʥʦʛʦʧʦʟʠʮʠʦʥʥʳʭ ʩʠʛʥʘʪʫʨ 

ʥʘ ʦʩʥʦʚʝ ʨ-ʠʯʥʳʭ ʃʈʇ ʠ ʠʭ ʩʚʦʡʩʪʚʘ 

 

ʅʘ ʦʩʥʦʚʝ ʤʘʪʨʠʮ-ʮʠʨʢʫʣʷʥʪʦʚ p -ʠʯʥʳʭ ʃʈʇ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʩʠʩʪʝʤʳ 

ʧʦʯʪʠ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʩʠʛʥʘʪʫʨ, ʢʦʪʦʨʳʝ ʙʫʜʝʤ ʧʨʝʜʩʪʘʚʣʷʪʴ ʢʘʢ ʩʪʨʦʢʠ ʤʘʪʨʠʮ 

ʚʠʜʘ: 

    
,( , ) i kx

N i k Wè ø=
ê ú

S ,                                                 (2.9) 

ʛʜʝ1,...,i N= ï ʥʦʤʝʨ ʩʪʨʦʢʠ ʤʘʪʨʠʮʳ, 1,...,k N= ï ʥʦʤʝʨ ʩʪʦʣʙʮʘ, 

2

1,
j

m pN p W e

p

= - = . ɺ ʜʘʣʴʥʝʡʰʝʤ ʩʠʤʚʦʣʳ Ὥ ʠ Ὧ ʚ ʦʙʦʟʥʘʯʝʥʠʠ ʤʘʪʨʠʮʳ (2.9) 

ʦʧʫʩʪʠʤ. 
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 ɼʣʷ ʨʘʟʲʷʩʥʝʥʠʷ ʩʫʪʠ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʧʦʜʭʦʜʘ ʢ ʧʦʩʪʨʦʝʥʠʶ ʩʦʚʦʢʫʧʥʦʩʪʝʡ 

ʧʦʯʪʠ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʠ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʩʠʛʥʘʪʫʨ, ʩʧʦʩʦʙʫ ʧʝʨʝʜʘʯʠ ʠ ʚʳʜʝʣʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʤʚʦʣʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ, ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʫʧʦʨʷʜʦʯʝʥʥʳʝ 

ʤʘʪʨʠʮʳ-ʮʠʨʢʫʣʷʥʪʳ p -ʠʯʥʳʭ ʃʈʇ. ʆʪʤʝʪʠʤ, ʯʪʦ ʩ ʵʪʦʡ ʮʝʣʴʶ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴ ʠ ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʝ ʤʘʪʨʠʮʳ, ʥʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʫʩʣʦʞʥʷʝʪʩʷ ʠʟʣʦʞʝʥʠʝ ʨʘʟʨʘ-

ʙʘʪʳʚʘʝʤʦʛʦ ʤʝʪʦʜʘ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʝʛʦ ʩʫʪʠ ʠʟ-ʟʘ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʧʠʩʘʥʠʷ ʜʦʧʦʣ-

ʥʠʪʝʣʴʥʳʭ ʚʘʨʠʘʥʪʦʚ ʧʝʨʝʩʪʘʥʦʚʦʢ ʩʪʨʦʢ ʠ ʩʪʦʣʙʮʦʚ ʤʘʪʨʠʮ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʠʤ ʧʦʩʪʨʦʝʥʠʝ ʧʦʯʪʠ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʩʠʛʥʘʪʫʨ 

ʥʘ ʦʩʥʦʚʝ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʤʘʪʨʠʮ-ʮʠʨʢʫʣʷʥʪʦʚ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 2.3. ɺ ʨʝ-

ʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʤ ʤʘʪʨʠʮʳ: 

 

1 0 1 1 2 0 2 2 1 0 1 2 2 0 2 1

0 1 1 2 0 2 2 1 0 1 2 2 0 2 1 1

1 1 2 0 2 2 1 0 1 2

1 2 0 2 2 1 0 1

8 82 0 2 2 1 0 1 1

0 2 2 1 0 1 1 2

2 2 1 0 1 1 2 0

2 1 0 1 1 2 0 2

,a b

W W W W W W W W W W W W W W W W

W W W W W W W W W W W W W W W W

W W W W W W W W W W W

W W W W W W W W

W W W W W W W W

W W W W W W W W

W W W W W W W W

W W W W W W W W

è ø
é ù
é ù
é ù
é ù
é ù
= =
é ù
é ù
é ù
é ù
é ù
é ùê ú

S S

2 0 2 1 1 0

2 2 0 2 1 1 0 1

2 0 2 1 1 0 1 2

0 2 1 1 0 1 2 2

2 1 1 0 1 2 2 0

1 1 0 1 2 2 0 2

,

W W W W W

W W W W W W W W

W W W W W W W W

W W W W W W W W

W W W W W W W W

W W W W W W W W

è ø
é ù
é ù
é ù
é ù
é ù
é ù
é ù
é ù
é ù
é ù
é ùê ú

 (2.10) 

ʛʜʝ8 8,a bS Sï ʜʚʝ ʨʘʟʥʳʝ ʫʧʦʨʷʜʦʯʝʥʥʳʝ ʩʠʩʪʝʤʳ ʧʦʯʪʠ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʩʠʛʥʘʪʫʨ, ʜʣʷ 

ʨʘʟʣʠʯʝʥʠʷ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʦʚʘʥʳ ʙʫʢʚʝʥʥʳʝ ʩʠʤʚʦʣʳ a ʠ b; 
2

3
j

W e
p

= . ɺ ʜʘʣʴ-

ʥʝʡʰʝʤ ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʨʘʩʩʫʞʜʝʥʠʡ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʫʧʦʨʷʜʦʯʝʥʥʳʝ ʩʠʩʪʝ-

ʤʳ, ʭʦʪʷ ʚʳʙʦʨ ʩʧʦʩʦʙʘ ʠʭ ʧʦʩʪʨʦʝʥʠʷ ʥʝ ʠʤʝʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ. ʆʪ-

ʤʝʪʠʤ, ʯʪʦ ʥʘ ʦʩʥʦʚʝ ʢʘʞʜʦʛʦ ʥʝʧʨʠʚʦʜʠʤʦʛʦ ʧʨʠʤʠʪʠʚʥʦʛʦ ʧʦʣʠʥʦʤʘ ʠ ʝʛʦ ʩʦ-

ʧʨʦʚʦʞʜʘʶʱʝʡ ʤʘʪʨʠʮʳ 2H  ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ N ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʩʠʩʪʝʤ ʧʦʯʪʠ 

ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʩʠʛʥʘʪʫʨ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʣʷ ʠʭ ʧʦʩʪʨʦʝʥʠʷ ʨʘʟʥʳʭ ʧʝʨʚʦʦʙ-

ʨʘʟʥʳʭ ʵʣʝʤʝʥʪʦʚ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʦʡ ʛʨʫʧʧʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʪʦʡ ʤʘʪʨʠʮʝ. 

ɽʩʣʠ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʧʦʩʣʝʜʫʶʱʝʡ ʤʘʪʨʠʮʳ ʧʦʯʪʠ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʩʠʛʥʘʪʫʨ ʠʩ-

ʧʦʣʴʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʡ ʵʣʝʤʝʥʪ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʦʡ ʛʨʫʧʧʳ, ʪʦ ʝʝ ʩʪʨʦʢʠ ʙʫʜʫʪ 

ʩʜʚʠʥʫʪʳ ʮʠʢʣʠʯʝʩʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʝʜʳʜʫʱʝʡ ʤʘʪʨʠʮʳ ʥʘ ʦʜʥʫ ʩʪʨʦʢʫ, ʪʦ ʝʩʪʴ 

ʧʦʩʣʝʜʥʷʷ ʩʪʨʦʢʘ ʩʪʘʥʝʪ ʧʝʨʚʦʡ, ʧʝʨʚʘʷ ʚʪʦʨʦʡ ʠ ʪ.ʜ. 



 

 

70 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʢʘʞʜʘʷ ʩʪʨʦʢʘ ʣʶʙʦʡ ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʤʘʪʨʠʮʳ NS  ̫ ʚʣʷʝʪʩʷ 

ʮʠʢʣʠʯʝʩʢʠʤ ʩʜʚʠʛʦʤ ʚʳʙʨʘʥʥʦʡ p -ʠʯʥʦʡ ʃʈʇ ʥʘ ʦʜʠʥ ʩʠʤʚʦʣ ʚʣʝʚʦ, ʤʘʪʨʠʮʫ, 

ʩʪʨʦʢʠ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʟʥʘʯʝʥʠʷ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʳʭ 

ʬʫʥʢʮʠʡ (ʇɸʂʌ) ʩʠʛʥʘʪʫʨ, ʥʘʟʦʚʝʤ ʮʠʨʢʫʣʷʨʥʦʡ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʤʘʪʨʠʮʝʡ 

(ʎɸʂʄ). ɽʝ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʧʦ ʬʦʨʤʫʣʝ:  

    
T* *

ʎɸʂʄ

1 1
,N N N N

N N
c = =S S S S     (2.11) 

ʛʜʝ 
T*

NS  - ʪʨʘʥʩʧʦʥʠʨʦʚʘʥʥʘʷ ʤʘʪʨʠʮʘ NS  ʩ ʢʦʤʧʣʝʢʩʥʦ-ʩʦʧʨʷʞʝʥʥʳʤʠ ʵʣʝ-

ʤʝʥʪʘʤʠ, Ͻᶻ - ʦʙʦʟʥʘʯʝʥʠʝ ʢʦʤʧʣʝʢʩʥʦ-ʩʦʧʨʷʞʝʥʥʦʡ ʤʘʪʨʠʮʳ ʠʣʠ ʝʝ ʢʦʤʧʣʝʢʩʥʦ-

ʩʦʧʨʷʞʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ. ʈʘʚʝʥʩʪʚʦ ʚ (2.11) ʩʧʨʘʚʝʜʣʠʚʦ, ʧʦʩʢʦʣʴʢʫ ʜʣʷ ʫʧʦʨʷʜʦ-

ʯʝʥʥʳʭ ʤʘʪʨʠʮ 
T

N N=S S . ɺ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʣʶʙʦʡ ʠʟ ʩʠʩʪʝʤ ʧʦʯʪʠ ʦʨʪʦʛʦʥʘʣʴʥʳʭ 

ʩʠʛʥʘʪʫʨ (2.10) ʧʦʣʫʯʠʤ ʦʜʠʥʘʢʦʚʳʝ ʤʘʪʨʠʮʳ: 

ʎɸʂʄ

1 1/ 8 1/ 8 1/ 8 1/ 8 1/ 8 1/ 8 1/ 8

1/ 8 1 1/ 8 1/ 8 1/ 8 1/ 8 1/ 8 1/ 8

1/ 8 1/ 8 1 1/ 8 1/ 8 1/ 8 1/ 8 1/ 8

1/ 8 1/ 8 1/ 8 1 1/ 8 1/ 8 1/ 8 1/ 8

1/ 8 1/ 8 1/ 8 1/ 8 1 1/ 8 1/ 8 1/ 8

1/ 8 1/ 8 1/ 8 1/ 8 1/ 8 1 1/ 8 1/ 8

1/ 8 1/ 8 1/ 8 1

Re c

- - - - - - -

- - - - - - -

- - - - - - -

- - - - - - -
è ø=ê ú- - - - - - -

- - - - - - -

- - - -

ʎɸʂʄ,

/ 8 1/ 8 1/ 8 1 1/ 8

1/ 8 1/ 8 1/ 8 1/ 8 1/ 8 1/ 8 1/ 8 1

Im c

è ø
é ù
é ù
é ù
é ù
é ù è ø=ê úé ù
é ù
é ù
é ù- - -
é ù
- - - - - - -é ùê ú

0, (2.12) 

ʛʜʝ 0 ï ʤʘʪʨʠʮʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʥʫʣʝʡ. 

 ʇɸʂʌ ʠʩʭʦʜʥʦʡ p -ʠʯʥʦʡ ʃʈʇ ʚ ʝʝ ʪʨʘʜʠʮʠʦʥʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʧʫʪʝʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʣʶʙʦʡ ʩʪʨʦʢʠ ʝʝ ʎɸʂʄ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʥʘ 

ʨʠʩ. 2.1 ʧʨʠʚʦʜʠʪʩʷ ʜʝʡʩʪʚʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʇɸʂʌ[ ]ʇɸʂʌ( )Re kc , ʧʦʣʫʯʝʥʥʘʷ ʠʟ 

ʩʪʨʦʢʠ ʎɸʂʄ ʩ ʥʦʤʝʨʦʤ ʥʦʣʴ. ɿʥʘʯʝʥʠʷ ʇɸʂʌ ʧʨʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʷʭ Ὧ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʮʠʢʣʠʯʝʩʢʠʤ ʩʜʚʠʛʘʤ ʚʪʦʨʦʡ ʩʠʛʥʘʪʫʨʳ ʚʣʝʚʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨ-

ʚʦʡ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʠʭ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʨʠ ʟʝʨʢʘʣʴʥʦʤ ʦʪʨʘʞʝʥʠʠ ʟʥʘʯʝʥʠʡ

[ ]ʇɸʂʌ( )Re kc ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʦʨʜʠʥʘʪ ʢʦʦʨʜʠʥʘʪʥʦʡ ʧʣʦʩʢʦʩʪʠ [ ]( )ʇɸʂʌ( ) ,Re k kc

. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʜʚʫʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʇʉʇ ʧʦʣʫʯʠʣʠ ʚʠʜ [ ]ʇɸʂʌ( )Re kc  (ʩʤ. 
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ʨʠʩ. 2.1), ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ ʚʩʝʭ p -ʠʯʥʳʭ ʃʈʇ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʠʭ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ ʵʪʦʤʫ ʢʣʘʩʩʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. ʇʨʠ ʵʪʦʤ [ ]ʇɸʂʌ( )Im kc =0 

ʧʨʠ ʚʩʝʭ ʟʥʘʯʝʥʠʷʭ k.  

 

ʈʠʩʫʥʦʢ 2.1 - ɺʠʜ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʇɸʂʌ ʣʶʙʦʡ ʨ-ʠʯʥʦʡ ʃʈʇ ʧʨʠ N=8 

 

ʎʠʨʢʫʣʷʨʥʘʷ ʚʟʘʠʤʥʦ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʤʘʪʨʠʮʘ (ʎɺʂʄ) ʣʶʙʳʭ ʜʚʫʭ ʫʧʦʨʷ-

ʜʦʯʝʥʥʳʭ ʩʠʩʪʝʤ ʧʦʯʪʠ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʩʠʛʥʘʪʫʨ a ʠ b ʦʧʠʩʳʚʘʝʪʩʷ ʬʦʨʤʫʣʦʡ: 

   
T* *

ʎɺʂʄ,

1 1
.a b a b

ab
N N

c = =N N N NS S S S     (2.13) 

ʊʘʢ ʞʝ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ  

    
*

ʎɺʂʄ,

1 b a

ba
N

c = N NS S .     (2.14) 

ɺ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʩʠʩʪʝʤ (2.10) ʧʦʣʫʯʠʤ: 
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ʎɺʂʄ

2 / 8 2 / 8 1/ 8 1/ 8 5 / 8 4 / 8 1/ 8 4 / 8

4 / 8 2 / 8 2 / 8 1/ 8 1/ 8 5 / 8 4 / 8 1/ 8

1/ 8 4 / 8 2 / 8 2 / 8 1/ 8 1/ 8 5 / 8 4 / 8

4 / 8 1/ 8 4 / 8 2 / 8 2 / 8 1/ 8 1/ 8 5 / 8
,

5 / 8 4 / 8 1/ 8 4 / 8 2 / 8 2 / 8 1/ 8 1/ 8

1/ 8 5 / 8 4 / 8 1/ 8 4 / 8 2 / 8 2 / 8 1/ 8

1/ 8 1/ 8 5 / 8

Re ab

- - - - -

- - - - -

- - - - -

- - - - -
è ø=ê ú - - - - -

- - - - -

- -

c ʎɺʂʄ, , .

4 / 8 1/ 8 4 / 8 2 / 8 2 / 8

2 / 8 1/ 8 1/ 8 5 / 8 4 / 8 1/ 8 4 / 8 2 / 8

Im ab

è ø
é ù
é ù
é ù
é ù
é ù è ø=ê úé ù
é ù
é ù
é ù- - -
é ù

- - - - -é ùê ú

0c   (2.15) 

 
ʎɺʂʄ

1/ 8 2 / 8 2 / 8 1/ 8 2 / 8 1/ 8 1/ 8 1/ 8

1/ 8 1/ 8 2 / 8 2 / 8 1/ 8 2 / 8 1/ 8 1/ 8

1/ 8 1/ 8 1/ 8 2 / 8 2 / 8 1/ 8 2 / 8 1/ 8

1/ 8 1/ 8 1/ 8 1/ 8 2 / 8 2 / 8 1/ 8 2 / 8
,

2 / 8 1/ 8 1/ 8 1/ 8 1/ 8 2 / 8 2 / 8 1/ 8

1/ 8 2 / 8 1/ 8 1/ 8 1/ 8 1/ 8 2 / 8 2 / 8

2 / 8 1/ 8 2 / 8

Re ba

- - - - -

- - - - -

- - - - -

- - - - -
è ø=ê ú - - - - -

- - - - -

- -

c ʎɺʂʄ, , .

1/ 8 1/ 8 1/ 8 1/ 8 2 / 8

2 / 8 2 / 8 1/ 8 2 / 8 1/ 8 1/ 8 1/ 8 1/ 8

Im ba

è ø
é ù
é ù
é ù
é ù
é ù è ø=ê úé ù
é ù
é ù
é ù- - -
é ù

- - - - -é ùê ú

0c   (2.16) 

ʂʘʢ ʚʠʜʥʦ, ʦʙʝ ʎɺʂʄ, ʪʘʢ ʞʝ, ʢʘʢ ʠ ʎɸʂʄ, ʠʤʝʶʪ ʮʠʢʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ, 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʇɺʂʌ ʜʚʫʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ p -ʠʯʥʳʭ ʃʈʇ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʧʫʪʝʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʣʶʙʳʭ ʠʭ ʩʪʨʦʢ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ 0,1,..., 1k N= - ʟʥʘʯʝʥʠʷ 

ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʯʘʩʪʝʡ ʇɺʂʌ 
ʇɺʂʌ,abReè øê úc  ʠ 

ʇɺʂʌ,bʘReè øê úc  ʨʘʚʥʷʶʪʩʷ ʵʣʝʤʝʥʪʘʤ 

ʚʝʨʭʥʠʭ ʩʪʨʦʢ ʠʭ ʤʘʪʨʠʮ-ʮʠʨʢʫʣʷʥʪʦʚ 
ʎɺʂʄ,abReè øê úc  (2.15)  ʠ

ʎɺʂʄ,bʘReè øê úc  (2.16). 

ʇʨʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʷʭ k, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʮʠʢʣʠʯʝʩʢʠʤ ʩʜʚʠʛʘʤ ʚʪʦʨʦʡ 

ʩʠʛʥʘʪʫʨʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʚʦʡ ʚʧʨʘʚʦ, ʟʥʘʯʝʥʠʷ ʇɺʂʌ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʠʞʥʠʤ 

ʩʪʨʦʢʘʤ (2.15) ʠ (2.16) ʙʝʟ ʧʦʩʣʝʜʥʝʛʦ ʩʠʤʚʦʣʘ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʥʘ ʨʠʩ. 2.2 (ʘ) 

ʠ (ʙ) ʧʨʠʚʦʜʠʪʩʷ ʇɺʂʌ 
ʇɺʂʌ,abReè øê úc ʠ 

ʇɺʂʌ,bʘReè øê úc  ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʇʉʇ, ʦʙ-

ʨʘʟʫʶʱʠʭ ʩʠʩʪʝʤʳ ὥ ʠ ὦ. 
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(ʘ) 

 

(ʙ) 

ʈʠʩʫʥʦʢ 2.2 - ɺʠʜʳ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʯʘʩʪʝʡ ʇɺʂʌ 
ʇɺʂʌ,abReè øê úc  (ʘ) ʠ 

ʇɺʂʌ,bʘReè øê úc  (ʙ) p -ʠʯʥʳʭ ʃʈʇ, ʦʙʨʘʟʫʶʱʠʭ ʧʦʯʪʠ ʦʨʪʦʛʦʥʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ὥ ʠ ὦ  

(2.10) 

ɿʘʤʝʪʠʤ, ʯʪʦ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʢ ʤʘʪʨʠʮʘʤ (2.10) ʩʪʨʦʢʠ ʩʚʝʨʭʫ ʠ ʩʪʦʣʙʮʘ 

ʩʣʝʚʘ, ʵʣʝʤʝʥʪʳ ʢʦʪʦʨʳʭ ʨʘʚʥʳ 
0 1W =, ʧʦʣʫʯʠʤ ʢʚʘʜʨʘʪʥʳʝ ʤʘʪʨʠʮʳ ʨʘʟʤʝʨʥʦ-

ʩʪʠ 9, ʩʦʩʪʦʷʱʠʝ ʠʟ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʩʠʛʥʘʪʫʨ:   
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0 0 0 0 0 0 0 0 0

0 1 0 1 1 2 0 2 2

0 0 1 1 2 0 2 2 1

0 1 1 2 0 2 2 1 0

0 1 2 0 2 2 1 0 1

0 2 0 2 2 1 0 1 1

0 0 2 2 1 0 1 1 2

0 2 2 1 0 1 1 2 0

0 2 1 0 1 1 2 0 2

a

W W W W W W W W W

W W W W W W W W W

W W W W W W W W W

W W W W W W W W W

W W W W W W W W W

W W W W W W W W W

W W W W W W W W W

W W W W W W W W W

W W W W W W W W W

è ø
é ù
é ù
é ù
é ù
é ù
é ù=
é ù
é ù
é ù
é ù
é ù
é ù
é ùê ú

9s
,  

0 0 0 0 0 0 0 0 0

0 1 0 1 2 2 0 2 1

0 0 1 2 2 0 2 1 1

0 1 2 2 0 2 1 1 0

0 2 2 0 2 1 1 0 1

0 2 0 2 1 1 0 1 2

0 0 2 1 1 0 1 2 2

0 2 1 1 0 1 2 2 0

0 1 1 0 1 2 2 0 2

b

W W W W W W W W W

W W W W W W W W W

W W W W W W W W W

W W W W W W W W W

W W W W W W W W W

W W W W W W W W W

W W W W W W W W W

W W W W W W W W W

W W W W W W W W W

è ø
é ù
é ù
é ù
é ù
é ù
é ù=
é ù
é ù
é ù
é ù
é ù
é ù
é ùê ú

9s
 .  (2.17) 

ʈʘʟʤʝʨʥʦʩʪʴ ʩʠʩʪʝʤ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʩʠʛʥʘʪʫʨ ʩʦʩʪʘʚʣʷʝʪ 1mp N= +, ʘ

, 0,..., .i k N=  ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʎɸʂʄ ʢʘʞʜʦʡ ʠʟ ʥʠʭ ʠ ʎɺʂʄ ʣʶʙʳʭ ʜʚʫʭ ʨʘʟʥʳʭ 

ʧʦ ʩʪʨʫʢʪʫʨʝ ʩʠʩʪʝʤ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʨʘʟʤʝʨʥʦʩʪʠ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ: 

( )
T

* * *

ʎɸʂʄ,ʦ

1 1 1
m m m m m mm m mp p p p p pp p p

= = =c S S S S S S, 

( )
* *T

ʎɺʂʄ,ʦ,

1 1
m m m m

a b a b

ab m mp p p pp p
= =c S S S S , 

  ( )
* *T

ʎɺʂʄ,ʦ,

1 1
m m m m

b a b a

ba m mp p p pp p
= =c S S S S  ,                              (2.18) 

ʛʜʝ mp
S ʤʘʪʨʠʮʘ ʨʘʟʤʝʨʥʦʩʪʠ 1mp N= +, ʦʧʠʩʳʚʘʶʱʘʷ ʩʠʩʪʝʤʫ ʦʨʪʦʛʦʥʘʣʴʥʳʭ 

ʩʠʛʥʘʪʫʨ. ɼʣʷ ʢʘʞʜʦʡ ʠʟ ʪʘʢʠʭ ʩʠʩʪʝʤ ʦʯʝʚʠʜʥʦ ʚʳʧʦʣʥʷʝʪʩʷ ʨʘʚʝʥʩʪʚʦ: 

T*1
m mm p pp

=S S I, ʛʜʝ I ï ʝʜʠʥʠʯʥʘʷ ʤʘʪʨʠʮʘ. ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʥʳʭ ʦʨʪʦʛʦʥʘʣʴ-

ʥʳʭ ʩʠʛʥʘʪʫʨ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʨʘʟʤʝʨʥʦʩʪʠ, ʧʦʩʪʨʦʝʥʥʳʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʰʝ-

ʦʧʠʩʘʥʥʳʤ ʧʨʘʚʠʣʦʤ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʠʩʣʦʤ ʨʘʟʥʳʭp -ʠʯʥʳʭ ʃʈʇ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʧʝʨʠʦʜʘ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʜʣʠʥʳ, ʘ ʪʘʢʞʝ ʯʠʩʣʦʤ ʦʪʣʠʯʘʶʱʠʭʩʷ ʧʦ ʩʪʨʫʢʪʫʨʝ ʩʦ-

ʧʨʦʚʦʞʜʘʶʱʠʭ ʤʘʪʨʠʮ ʢʘʞʜʦʛʦ ʧʦʣʠʥʦʤʘ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʬʦʨʤʠʨʫʝʪʩʷ ʃʈʇ.  

ʈʘʩʩʤʦʪʨʠʤ ʦʯʝʚʠʜʥʳʝ, ʥʦ ʚʝʩʴʤʘ ʚʘʞʥʳʝ ʩʚʦʡʩʪʚʘ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʩʠʛʥʘ-

ʪʫʨ, ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʤʘʪʨʠʮ-ʮʠʨʢʫʣʷʥʪʦʚp -ʠʯʥʳʭ ʃʈʇ. ʇʦʜʯʝʨʢʥʝʤ, ʯʪʦ 

ʦʥʠ ʙʫʜʫʪ ʬʦʨʤʫʣʠʨʦʚʘʪʴʩʷ ʜʣʷ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʩʠʩʪʝʤ, ʫ ʢʦʪʦʨʳʭ ʢʘʞʜʘʷ ʧʦʩʣʝ-

ʜʫʶʱʘʷ ʩʪʨʦʢʘ ʤʘʪʨʠʮʳ-ʮʠʨʢʫʣʷʥʪʘ ʮʠʢʣʠʯʝʩʢʠ ʩʜʚʠʥʫʪʘ ʥʘ ʦʜʠʥ ʩʠʤʚʦʣ ʚʧʨʘʚʦ, 
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ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʳʜʫʱʝʡ ʩʪʨʦʢʦʡ. ʂʨʦʤʝ ʪʦʛʦ, ʩʪʨʦʢʠ ʩ ʩʪʦʣʙʮʳ ʩ ʦʜʠʥʘʢʦʚʳ-

ʤʠ ʥʦʤʝʨʘʤʠ ʩʦʚʧʘʜʘʶʪ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʜʣʷ ʣʶʙʦʡ ʩʠʩʪʝʤʳ ( )
T

m m

a a

p p
=S S . 

ʉʚʦʡʩʪʚʦ 1. 

ʄʘʪʨʠʮʘmp
S , ʦʧʠʩʳʚʘʶʱʘʷ ʣʶʙʫʶ ʫʧʦʨʷʜʦʯʝʥʥʫʶ ʩʠʩʪʝʤʫ ʦʨʪʦʛʦʥʘʣʴʥʳʭ 

ʩʠʛʥʘʪʫʨ, ʦʙʨʘʱʘʝʪʩʷ, ʧʨʠʯʝʤ 1 *
m mp p

-=S S  ʠ ( )
1

*
m mp p

-

=S S , ʧʦʩʢʦʣʴʢʫ 

* *1 1
m m m mm mp p p pp p

= =S S S S I. 

ʉʚʦʡʩʪʚʦ 2. 

ʄʥʠʤʳʝ ʯʘʩʪʠ ʤʘʪʨʠʮ, ʦʧʠʩʳʚʘʶʱʠʭ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʩʠʩʪʝʤ ʦʨ-

ʪʦʛʦʥʘʣʴʥʳʭ ʩʠʛʥʘʪʫʨ ʩʦʩʪʦʷʪ ʠʟ ʥʫʣʝʡ, ʪʦ ʝʩʪʴ 
ʎɸʂʄ,ʦImè ø=ê ú0c  ʠ 

ʎɺʂʄ,ʦ, ʎɺʂʄ,ʦ,ab baIm Imè ø è ø= =ê ú ê ú0c c  ʜʣʷ ʣʶʙʦʡ ʧʘʨʳ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʩʠʩʪʝʤ (a  ʠ b) 

ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʨʘʟʤʝʨʥʦʩʪʠ, ʧʦʩʢʦʣʴʢʫ 

ʎɸʂʄ,ʦ m m m m

a a a a

p p p p
Im Re Im Im Reè ø è ø è ø è øè ø= -ê ú ê ú ê ú ê ú ê ú

S S S Sc ,ʘ 

ʎɺʂʄ,ʦ, m m m m

a b a b

ab p p p p
Im Re Im Im Reè ø è ø è ø è øè ø= -ê ú ê ú ê ú ê ú ê ú
c S S S S . 

ʉʚʦʡʩʪʚʦ 3. 

,m m m m

a a a b

p p p p
Re Im Re Imè ø è ø è ø è ø= ¸
ê ú ê ú ê ú ê ú

0 0S S S S .  

ʈʘʚʝʥʩʪʚʦ ʥʫʣʶ ʧʨʦʠʟʚʝʜʝʥʠʷ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʠ ʤʥʠʤʦʡ ʯʘʩʪʝʡ ʤʘʪʨʠʮʳ, 

ʦʧʠʩʳʚʘʶʱʝʡ ʣʶʙʫʶ ʦʨʪʦʛʦʥʘʣʴʥʫʶ ʩʠʩʪʝʤʫ, ʤʦʞʥʦ ʜʦʢʘʟʘʪʴ ʧʨʠ ʘʥʘʣʠʟʝ ʝʝ 

ʩʪʨʫʢʪʫʨʳ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʨʠ ʧʝʨʝʤʥʦʞʝʥʠʠ ʵʪʠʭ ʜʚʫʭ ʤʘʪʨʠʮ ʥʝʦʙʭʦʜʠʤʦ ʩʥʘ-

ʯʘʣʘ ʢʘʞʜʳʡ ʵʣʝʤʝʥʪ ʩʪʨʦʢʠ ʧʝʨʚʦʡ ʤʘʪʨʠʮʳ ʧʝʨʝʤʥʦʞʠʪʴ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 

ʵʣʝʤʝʥʪʦʤ ʩʪʦʣʙʮʘ ʚʪʦʨʦʡ ʤʘʪʨʠʮʳ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʢʘʞʜʳʡ ʵʣʝʤʝʥʪ ʩʪʨʦʢʠ ʨʝ-

ʟʫʣʴʪʠʨʫʶʱʝʡ ʤʘʪʨʠʮʳ ʩʦʩʪʦʠʪ ʠʟ ʧʨʦʠʟʚʝʜʝʥʠʷ ( ) ( ) ( )
1

cos sin sin 2
2

ik ik iks s s= , ʧʦ-

ʩʢʦʣʴʢʫ ik iks s=  ʫ ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʤʘʪʨʠʮʳ, ʛʜʝ iks  ï ʧʦʢʘʟʘʪʝʣʴ ʵʢʩʧʦʥʝʥʪʳ ʠʩʭʦʜ-

ʥʦʡ ʤʘʪʨʠʮʳ-ʮʠʨʢʫʣʷʥʪʘ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ i -ʦʡ ʩʪʨʦʢʝ ʠ k -ʦʤ ʩʪʦʣʙʮʝ. ɼʘʣʝʝ, 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ, ʯʪʦ ʧʨʠ ʧʦʵʣʝʤʝʥʪʥʦʤ ʧʝʨʝʤʥʦʞʝʥʠʠ ʣʶʙʳʭ ʩʪʨʦʢʠ ʠ ʩʪʦʣʙ-
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ʮʘ ʠʩʭʦʜʥʦʡ ʤʘʪʨʠʮʳ-ʮʠʨʢʫʣʷʥʪʘ ʧʦʣʫʯʘʝʪʩʷ ʜʨʫʛʘʷ ʠʣʠ ʪʘ ʞʝ ʩʘʤʘʷ ʩʪʨʦʢʘ ʠʣʠ 

ʩʪʦʣʙʝʮ ʠʩʭʦʜʥʦʡ ʤʘʪʨʠʮʳ. ʇʦʵʪʦʤʫ ʧʨʠ ʩʫʤʤʠʨʦʚʘʥʠʠ ʵʣʝʤʝʥʪʦʚ ( )sin 2 iks  ʧʦ i 

ʠʣʠ ʧʦ k ʚʩʝʛʜʘ ʧʦʣʫʯʘʝʤ ʩʫʤʤʫ ʩʠʥʫʩʦʚ ʫʜʚʦʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʧʦʢʘʟʘʪʝʣʝʡ ʵʢʩ-

ʧʦʥʝʥʪʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʪʨʦʢʠ ʠʣʠ ʩʪʦʣʙʮʘ ʤʘʪʨʠʮʳ-ʮʠʨʢʫʣʷʥʪʘ, ʢʦʪʦʨʘʷ ʚʩʝ-

ʛʜʘ ʨʘʚʥʘ ʥʫʣʶ. 

ʉʚʦʡʩʪʚʦ 4. 

ʄʘʪʨʠʮʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʤʘʪʨʠʮʳ-ʮʠʨʢʫʣʷʥʪʘ ʣʶʙʦʡ 

ʦʨʪʦʛʦʥʘʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʦʙʨʘʟʫʝʪ ʫʩʣʦʚʥʦ ʦʨʪʦʛʦʥʘʣʴʥʫʶ ʩʠʩʪʝʤʫ, ʧʦʩʢʦʣʴʢʫ 

1m m

a a

yp p
Re Re Iè ø è ø=
ê ú ê ú
S S , ʛʜʝ 1yI   ï ʫʩʣʦʚʥʦ ʝʜʠʥʠʯʥʘʷ ʤʘʪʨʠʮʘ. ʆʯʝʚʠʜʥʦ, ʯʪʦ1yI   

ï ɻ ʪʦ ʜʠʘʛʦʥʘʣʴʥʘʷ ʤʘʪʨʠʮʘ, ʫ ʢʦʪʦʨʦʡ ʵʣʝʤʝʥʪ ʛʣʘʚʥʦʡ ʜʠʘʛʦʥʘʣʠ ʩ ʥʦʤʝʨʦʤ ʥʦʣʴ 

ʨʘʚʝʥ 
mp , ʘ ʦʩʪʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʜʠʘʛʦʥʘʣʠ ʨʘʚʥʳ p. ʊʘʢʠʤ ʦʙʨʘʟʦʤ 

1 1

1m m

a a

yp p
Re I Re

- -
è øè ø è øè ø=ê úê ú ê úê ú

S S . 

ʉʚʦʡʩʪʚʦ 5. 

ʄʘʪʨʠʮʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʤʥʠʤʦʡ ʯʘʩʪʠ ʤʘʪʨʠʮʳ-ʮʠʨʢʫʣʷʥʪʘ ʣʶʙʦʡ ʦʨʪʦʛʦ-

ʥʘʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʦʙʨʘʟʫʝʪ ʫʩʣʦʚʥʦ ʦʨʪʦʛʦʥʘʣʴʥʫʶ ʩʠʩʪʝʤʫ, ʧʦʩʢʦʣʴʢʫ 

2m m

a a

yp p
Im Im Iè ø è ø=
ê ú ê ú
S S , ʛʜʝ 2yI   ï ʫʩʣʦʚʥʦ ʝʜʠʥʠʯʥʘʷ ʤʘʪʨʠʮʘ, ʫ ʢʦʪʦʨʦʡ ʵʣʝʤʝʥʪ 

ʛʣʘʚʥʦʡ ʜʠʘʛʦʥʘʣʠ ʩ ʥʦʤʝʨʦʤ ʥʦʣʴ ʨʘʚʝʥ ʥʫʣʶ, ʦʩʪʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʛʣʘʚʥʦʡ ʜʠʘ-

ʛʦʥʘʣʠ ʨʘʚʥʳ 
1mp -
. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʤʘʪʨʠʮʘ m

a

p
Imè ø
ê ú
S  ʫʩʣʦʚʥʦ ʦʙʨʘʱʘʝʪʩʷ, ʠ 

1 1

2m m

a a

yp p
Im I Im

- -
è øè ø è øè ø=ê úê ú ê úê ú

S S  . 

ʉʚʦʡʩʪʚʦ 6.   

 ʃʶʙʘʷ ʤʘʪʨʠʮʘ ʎɺʂʄ,ʦ,ʘbc , ʨʘʚʥʘʷ 
*1

m m

a b

m p pp
S S , ʦʙʨʘʱʘʝʪʩʷ, ʧʨʠʯʝʤ 

( )
*

ʎɺʂʄ,ʦ, ʎɺʂ

1

ʄ,ʦ,

1
m mʘb ba

b a

m p pp

-

= =c cS S   ʠ ( ) ,

1

ʎɺʂʄ,ʦ, ʎɺʂʄʦ,ba ʘb

-

=c c , ʧʦʩʢʦʣʴʢʫ ʩʧʨʘ-

ʚʝʜʣʠʚʦ ʨʘʚʝʥʩʪʚʦ: 

( )

* *1 2 2 1

2

1
m m m mp p p pmp

=S S S S I. 
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ʋʯʠʪʳʚʘʷ, ʯʪʦ ʉʚʦʡʩʪʚʦ 6 ʚʳʷʚʣʝʥʦ ʟʜʝʩʴ ʚʧʝʨʚʳʝ, ʧʨʦʠʣʣʶʩʪʨʠʨʫʝʤ ʝʛʦ ʩ 

ʧʦʤʦʱʴʶ ʩʠʛʥʘʪʫʨ
a

9
S   ʠ 

b

9
S  (ʩʤ. 2.15). ɼʣʷ ʥʠʭ ʧʦʣʫʯʠʤ: 

ʎɺʂʄ,ʦ,

1 0 0 0 0 0 0 0 0

0 1 0 3 / 9 6 / 9 3 / 9 0 3 / 9 3 / 9

0 3 / 9 1 0 3 / 9 6 / 9 3 / 9 0 3 / 9

0 3 / 9 3 / 9 1 0 3 / 9 6 / 9 3 / 9 0

0 0 3 / 9 3 / 9 1 0 3 / 9 6 / 9 3 / 9

0 3 / 9 0 3 / 9 3 / 9 1 0 3 / 9 6 / 9

0 6 / 9 3 / 9 0 3 / 9 3 / 9 1 0 3 / 9

0 3 / 9 6 / 9 3 / 9 0 3 / 9 3 / 9 1 0

0 0 3 / 9 6 / 9 3 / 9 0 3 / 9 3 / 9 1

abRe

è
é

- -
é
é - -
é
- -

è ø= - -ê ú

- -

- -

- -

- -ê

c ʎɺʂʄ,ʦ,, abIm

ø
ù
ù
ù
ù

é ù
é ù è ø=ê úé ù
é ù
é ù
é ù
é ù
é ù

ú

0c
, (2.19) 

ʎɺʂʄ,ʦ,

1 0 0 0 0 0 0 0 0

0 1 0 3 / 9 6 / 9 3 / 9 0 3 / 9 3 / 9

0 3 / 9 1 0 3 / 9 6 / 9 3 / 9 0 3 / 9

0 3 / 9 3 / 9 1 0 3 / 9 6 / 9 3 / 9 0

0 0 3 / 9 3 / 9 1 0 3 / 9 6 / 9 3 / 9

0 3 / 9 0 3 / 9 3 / 9 1 0 3 / 9 6 / 9

0 6 / 9 3 / 9 0 3 / 9 3 / 9 1 0 3 / 9

0 3 / 9 6 / 9 3 / 9 0 3 / 9 3 / 9 1 0

0 0 3 / 9 6 / 9 3 / 9 0 3 / 9 3 / 9 1

baRe

è
é

-
é
é -
é

-é
éè ø= -ê úé

-é
é -
é
-é

é
-ê

c ʎɺʂʄ,ʦ,, .baIm

ø
ù
ù
ù
ù
ù
ù è ø=ê úù
ù
ù
ù
ù
ù
ú

0c
 (2.20) 

ʃʝʛʢʦ ʧʨʦʚʝʨʠʪʴ, ʯʪʦ 

ʎɺʂʄ,ʦ, ʎɺʂʄ,ʦ, ʎɺʂʄ,ʦ, ʎɺʂʄ,ʦ, ʎɺʂʄ,ʦ, ʎɺʂʄ,ʦ,ab ba ba ab ab baRe Reè ø è ø= = =ê ú ê úc c c c c c I .  

ʉʚʦʡʩʪʚʦ 7. 

ʇʫʩʪʴ ʢʘʞʜʘʷ ʩʪʨʦʢʘ ʤʘʪʨʠʮʳ 
mp

bS  ʫʤʥʦʞʝʥʘ ʥʘ ʦʜʥʫ ʠ ʪʫ ʞʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʢʦʤʧʣʝʢʩʥʳʭ ʥʝʥʫʣʝʚʳʭ ʩʠʤʚʦʣʦʚ ( 0,..., )kJj

kJ e k Nj
= , 

ʥʘʨʫʰʘʶʱʠʭ ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʴ ʝʝ ʩʪʨʦʢ, ʪʦ ʝʩʪʴ ʩʬʦʨʤʠʨʦʚʘʥʘ ʤʘʪʨʠʮʘ  

0

1

0

1

,

0 0 ... 0

0 ... ... 0
.

... ... ... ... ...

0 0 0 ...

J

J

m m

NJ

j

j

p J p

j

N

J e

J e

J e

j

j

j

è ø
é ù
é ù=
é ù
é ù
é ùê ú

b bS = S J,J  

ɼʘʥʥʫʶ ʧʨʦʮʝʜʫʨʫ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʩʢʨʝʤʙʣʠʨʦʚʘʥʠʝʤ 

ʦʨʪʦʛʦʥʘʣʴʥʦʡ ʩʠʩʪʝʤʳ 
m

b

p
S . ʊʦʛʜʘ ʎɸʂʄ ʩʢʨʝʤʙʣʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ 
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* 2 *

ʎɸʂʄ,ʦ,

1 1
*m m m m

b b b b

b m mp p p pp p
= =c

J
S JJ S S J S , ʧʦʩʢʦʣʴʢʫ ( )

T
*

,
*m m

b

p J p
=b*S J S  . 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʷ ʎɺʂʄ 
m

a

p
S  ʠ 

,mp J

bS  ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ: 

( )
T

* *

ʎɺʂʄ,ʦ, , , , *

1 1 1
*m m m m m m

a a b b

a b m m mp p J p p p J pp p p
= = =c b* a

J
S S S J S S S , ʛʜʝ 

, *m m

a

p J p
=aS S J . ʂʨʦʤʝ ʪʦʛʦ, * *

ʎɺʂʄ,ʦ, ,

1 1
* .m m m m

b a b a

b a m mp J p p pp p
= =c

J,
S S S J S    

ʉʚʦʡʩʪʚʦ 8. 

* * 2 *

ʎɺʂʄ,ʦ, , ʎɺʂʄ,ʦ, ʎAʂʄ,ʦ,2

1 1
* *m m m m m m

a b b a a a

a b b a am mp p p p p pp p
= = = ¸c c c

J J, J
S J S S J S S J S I

. 

* * 2 *

ʎɺʂʄ,ʦ, ʎɺʂʄ,ʦ, , ʎAʂʄ,ʦ,2

1 1
* *m m m m m m

b a a b b b

b a a b bm mp p p p p pp p
= = = ¸c c c

J, J J
S J S S J S S J S I

. 

ʅʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʡ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʚʘʨʠʘʥʪ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʩʠʛʥʘʪʫʨ ʩʦʦʪ-

ʚʝʪʩʪʚʫʝʪ ʩʠʩʪʝʤʝ ɺʂ ʧʨʠ ʪʨʝʭ ʚʘʨʠʘʥʪʘʭ ʫʧʦʨʷʜʦʯʝʥʠʷ ʜʠʩʢʨʝʪʥʳʭ ʬʫʥʢʮʠʡ ʚ ʠʭ 

ʩʪʨʫʢʪʫʨʝ ï ɻ ʪʦ ʩʠʩʪʝʤʳ ɺʂ-ʂʨʦʥʝʢʝʨʘ (ɺʂ-ʂ), ɺʂ-ʇʵʣʠ (ɺʂ-ʇ) ʠ ɺʂ-ʋʦʣʰʘ 

(ɺʂ-ʋ) [68]. ɺ ʯʘʩʪʥʦʩʪʠ, ʩʠʩʪʝʤʘ ɺʂ-ʂ ʧʨʠ
21 3 9N+ = = ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: 

  

0 0 0 0 0 0 0 0 0

0 1 2 0 1 2 0 1 2

0 2 1 0 2 1 0 2 1

0 0 0 1 1 1 2 2 2

0 1 2 1 2 0 2 0 1
,ɺʂ ʂ

0 2 1 1 0 2 2 1 0

0 0 0 2 2 2 1 1 1

0 1 2 2 0 1 1 2 0

0 2 1 2 1 0 1 0 2

.

W W W W W W W W W

W W W W W W W W W

W W W W W W W W W

W W W W W W W W W

W W W W W W W W W

W W W W W W W W W

W W W W W W W W W

W W W W W W W W W

W W W W W W W W W

-

è ø
é ù
é ù
é ù
é ù
é ù
é ù=
é ù
é ù
é ù
é ù
é ù
é ù
ê ú

9S    (2.21) 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʣʶʙʘʷ ʩʠʩʪʝʤʘ ɺʂ-ʂ ʨʘʟʤʝʨʥʦʩʪʠ 
mp  ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚ-

ʣʝʥʘ ʢʘʢ m-ʷ ʢʨʦʥʝʢʝʨʦʚʩʢʘʷ ʩʪʝʧʝʥʴ ʤʘʪʨʠʮʳ ɼʕʌ ʨʘʟʤʝʨʥʦʩʪʠp, ʪʦ ʝʩʪʴ 

    ( )
[]

,ɼʕʌ,ɺʂ ʂ
,m

m

pp -
=S S      (2.22) 
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ʛʜʝ []m ï ʦʙʦʟʥʘʯʝʥʠʝ m-ʦʡ ʢʨʦʥʝʢʝʨʦʚʩʢʦʡ ʩʪʝʧʝʥʠ ʤʘʪʨʠʮʳ [6]. ɺ ʯʘʩʪʥʦ-

ʩʪʠ, []3
,ɺʂ ʂ ,ɼʕʌ- =9 3

S S , ʛʜʝ  

   

0 0 0 0 0 0

0 1 2 0 1 2

,ɼʕʌ

0 2 4 0 2 1

.

W W W W W W

W W W W W W

W W W W W W

è ø è ø
é ù é ù
= =é ù é ù
é ù é ù
ê ú ê ú

3S   (2.23) 

ʆʪʤʝʪʠʤ, ʯʪʦ ʤʘʪʨʠʮʘ ,ɼʕʌ2
S ʧʨʠ 

jW ep= , ʩʦʚʧʘʜʘʝʪ ʩ ʤʘʪʨʠʮʝʡ ʬʫʥʢʮʠʡ ʋʦ-

ʣʰʘ-ɸʜʘʤʘʨʘ 2-ʛʦ ʧʦʨʷʜʢʘ. ʊʦʛʜʘ ʝʝ m-ʷ ʢʨʦʥʝʢʝʨʦʚʩʢʘʷ ʩʪʝʧʝʥʴ ï ɻ ʪʦ ʤʘʪʨʠʮʘ 

ʋʦʣʰʘ-ɸʜʘʤʘʨʘ ʧʦʨʷʜʢʘ 2m. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʠʩʪʝʤʘ ʋʦʣʰʘ-ɸʜʘʤʘʨʘ ʷʚʣʷʝʪʩʷ 

ʯʘʩʪʥʳʤ ʩʣʫʯʘʝʤ ʩʠʩʪʝʤʳ ɺʂ-ʂʨʦʥʝʢʝʨʘ.  

 

2.3. ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʤʘʪʨʠʮʳ-ʮʠʨʢʫʣʷʥʪʘ p-ʠʯʥʦʡ ʃʈʇ ʢ ʤʘʪʨʠʮʝ  

ʬʫʥʢʮʠʡ ɺʠʣʝʥʢʠʥʘ-ʂʨʝʩʪʝʥʩʦʥʘ 

 

ɿʘʤʝʪʠʤ, ʯʪʦ ʧʨʠ ʧʝʨʝʩʪʘʥʦʚʢʝ ʩʪʦʣʙʮʦʚ ʤʘʪʨʠʮʳ,m nÀ , ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʥʘ 

ʦʩʥʦʚʝ ʣʶʙʦʡ ʩʦʧʨʦʚʦʞʜʘʶʱʝʡ ʤʘʪʨʠʮʳ ʠʩʭʦʜʥʦʛʦ ʧʦʣʠʥʦʤʘ (2.2) ʧʨʠ ʣʶʙʦʤ 

ʟʥʘʯʝʥʠʠ ʧʝʨʚʦʦʙʨʘʟʥʦʛʦ ʵʣʝʤʝʥʪʘ 
0a, ʧʦ ʚʦʟʨʘʩʪʘʥʠʶ ʟʥʘʯʝʥʠʡ ʵʣʝʤʝʥʪʦʚ 

ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʦʡ ʛʨʫʧʧʳ ʚ ʠʭ ʜʝʩʷʪʠʯʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ, ʧʦʣʫʯʠʤ ʤʘʪʨʠʮʫ, 

ʩʪʦʣʙʮʳ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʯʠʩʝʣ ʦʪ 1 ʜʦ 

( 1)mp -  ʚ p -ʠʯʥʦʡ ʩʠʩʪʝʤʝ ʩʯʠʩʣʝʥʠʷ. ʕʪʫ ʧʨʷʤʦʫʛʦʣʴʥʫʶ ʤʘʪʨʠʮʫ ʨʘʟʤʝʨʥʦʩʪʠ 

( 1)mm p³ - ʦʙʦʟʥʘʯʠʤ ʢʘʢ mQ , ʘ ʜʠʩʢʨʝʪʥʳʝ ʬʫʥʢʮʠʠ, ʟʘʧʠʩʘʥʥʳʝ ʚ ʝʝ ʩʪʨʦʢʘʭ, 

ʧʨʦʥʫʤʝʨʫʝʤ ʦʪ 0 ʜʦ ( 1)m-  ʠ ʦʙʦʟʥʘʯʠʤ ʢʘʢ 0 1 ( 1), ,..., m-q q q . ʊʦʛʜʘ 

[ ]
T

0 1 1...m m-=Q q q q . ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ ʚʳʰʝʫʢʘʟʘʥʥʦʡ ʧʝʨʝʩʪʘʥʦʚʢʝ ʩʪʦʣʙʮʦʚ 

ʤʘʪʨʠʮʳ 2,2À , ʧʦʩʪʨʦʝʥʥʦʡ ʜʣʷ ʧʦʣʠʥʦʤʘ 2( )f x  ʧʨʠ 2n=  ʠ 3p= , ʧʦʣʫʯʠʤ ʤʘʪ-

ʨʠʮʫ: 

   0 0 1 1 1 2 2 2

1 2 0 1 2 0 1 2
m

è ø
=é ù
ê ú

Q .     (2.24) 
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ʇʨʠ ʧʝʨʝʩʪʘʥʦʚʢʝ ʩʪʦʣʙʮʦʚ 2,2,ʮÀ  ʧʦ ʚʦʟʨʘʩʪʘʥʠʶ ʟʥʘʯʝʥʠʡ ɻʣʝʤʝʥʪʦʚ ʤʫʣʴ-

ʪʠʧʣʠʢʘʪʠʚʥʦʡ ʛʨʫʧʧʳ ʧʦʣʷ ɻʘʣʫʘ ʧʦʣʫʯʠʤ ʤʘʪʨʠʮʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʩʪʝʧʝʥʝʡ ʵʣʝ-

ʤʝʥʪʦʚ 

2
j

pW e

p

=  ʬʫʥʢʮʠʡ ɺʂ ʙʝʟ ʩʠʤʚʦʣʦʚ, ʥʦʤʝʨʘ ʢʦʪʦʨʳʭ ʨʘʚʥʳ ʥʫʣʶ, ʪʦ ʝʩʪʴ  

  

2 2 2

2 2 2

, ,ɺʂ 2 2 2

( ) ( ) ( )

2 2 2

,

... ... ...

m m m m

m m m

m m

m m m

m p m m m

C N m C N m C N m

m m

è ø è øè ø
é ù é ùé ù
é ù é ùé ù
é ù é ùé ù= = =
é ù é ùé ù
é ù é ùé ù
é ù é ùé ùê úê ú ê ú

Q Q

Q Q

Q Q Q

Q Q

I I

H H H

H H H

H H H

  (2.25) 

ʛʜʝ mI  ï ʝʜʠʥʠʯʥʘʷ ʤʘʪʨʠʮʘ ʨʘʟʤʝʨʦʤ ά ά. ʉʪʨʦʢʠ ʤʘʪʨʠʮ 

2 ( ,2 ,...)x

m x m m=QH  ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ ʩʫʤʤʠʨʦʚʘʥʠʠ ʧʦ ʤʦʜʫʣʶpʚʩʝʭ ʚʦʟʤʦʞʥʳʭ 

ʢʦʤʙʠʥʘʮʠʡ ʬʫʥʢʮʠʡ 0 1 ( 1), ,..., m-q q q  ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʬʫʥʢʮʠʠ ɺʂ ʙʝʟ ʩʠʤʚʦ-

ʣʘ ʩ ʥʦʤʝʨʦʤ ʥʦʣʴ. ʇʦʨʷʜʦʢ ʨʘʩʧʦʣʦʞʝʥʠʷ ʬʫʥʢʮʠʡ ɺʂ ʚ ʤʘʪʨʠʮʝ , ,ɺʂm p  ʦʧʨʝʜʝ-

ʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʦʡ ʤʘʪʨʠʮʳ   

     

2

2

2

( )

2

.
...

m

m

C N m

è ø
é ù
é ù=
é ù
é ù
ê ú

H

H
H

H

     (2.26) 

ɼʘʣʝʝ, ʫʯʠʪʳʚʘʷ, ʯʪʦ 
T

2 1=H H , ʟʘʧʠʰʝʤ:  

 

( ) ( )( ) ( )( ) ( )( )

( ) ( ) ( )

( )

( )

( )

T
2 ( )

T T T T
T T T T

2 2 2

T

1

T
T

2 ( )
T T T 1
1 1 1

T

1

...

... ,
...

m m C N m

m

2m
m m C N m

C(N)m

è ø
= = =é ù

ê ú

è ø
é ù
é ù

è øé ù=
é ùê úé ù

é ù
é ù
ê ú

H H H H H

H

H
H H H

H

  (2.27) 

ʛʜʝ  
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  ( ) ( ) ( )

0

1
1 1

1 1 1 1

2

1

0 0 ... 0

1 0 ... 0

0 0 ... 0

0 0 ... 1

m m m

m

m

a

a

a

a

- -

-

-

è ø
é ù
é ù
é ù= = Ö Ö Ö Ö Ö
é ù
é ù
é ùê ú

H H H H .  (2.28) 

ɿʘʪʝʤ ʚʳʙʝʨʝʤ ʧʝʨʚʦʦʙʨʘʟʥʳʡ ʵʣʝʤʝʥʪ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʦʡ ʛʨʫʧʧʳ ʧʦʣʷ ɻʘ-

ʣʫʘ ʩʦʚʧʘʜʘʶʱʠʤ ʩ ʢʨʘʡʥʠʤ ʣʝʚʳʤ ʩʪʦʣʙʮʦʤ 1H , ʪʦ ʝʩʪʴ 

[ ]
T0 0 1 0 ... 0 0=a . ʊʦʛʜʘ [ ]

T0 1

1 0 0 1 ... 0 0= =Ha a  ʩʦʚʧʘʜʘʝʪ ʩʦ 

ʚʪʦʨʳʤ ʩʪʦʣʙʮʦʤ 1H . ʇʨʦʜʦʣʞʘʷ ʧʦʣʫʯʠʤ:

[ ] [ ]
TT1 2

1 1 0 1 10 0 ... 0 1 ...m m

ma a a- -

-= = =H Ha a , ʪʦ ʝʩʪʴ 
1m-a  ʩʦʦʪʚʝʪ-

ʩʪʚʫʝʪ ʧʦʩʣʝʜʥʝʤʫ ʩʪʦʣʙʮʫ ʤʘʪʨʠʮʳ 1H , ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʨʠ ʚʳʙʦʨʝ ʚ ʢʘʯʝʩʪʚʝ 

0a ʧʝʨʚʳʡ ʩʪʦʣʙʝʮ ʤʘʪʨʠʮʳ 1H  ʧʦʣʫʯʠʤ ʬʦʨʤʫʣʫ: 0 1 1

1 ... m-è ø=ê úa a aH . ʅʦ 

ʪʦʛʜʘ  

( ) ( ) ( ) ( )
1 1 10 1 1 1 2 2

1 1 1 1... ... ;
m m m m m m m m- - - - - -è øè ø= =ê úê ú

H H H Ha a a a a a

( ) ( )
2 2 1 2 1 2 3 2

1 1 1 ...
m m m m m- - -è ø= =ê úH H H a a a ʠ ʪ.ʜ.     (2.29) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

T T T T T T T
( 1) (2 2) ( ( ) 1) ( ) (( ( ) 1) 2)... ...m m m C N m C N m C N m- - - + -è ø=

ê ú
H a a a a a a , (2.30) 

ʛʜʝ [ ]
T0 0 1 0 ... 0 0=a .  

ɸʥʘʣʠʟ ʧʦʩʣʝʜʥʝʡ ʬʦʨʤʫʣʳ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ: ʩʪʨʦʢʠ ╗ ̫ ʚʣʷʶʪʩʷ 

ʵʣʝʤʝʥʪʘʤʠ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʦʡ ʛʨʫʧʧʳ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʪ-

ʨʠʮʳ 1H , ʧʨʠʯʝʤ ʝʝ ʥʫʣʝʚʘʷ ʩʪʨʦʢʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ( 1)m- -ʤʫ ʵʣʝʤʝʥʪʫ ʛʨʫʧʧʳ, ʘ 

ʧʦʩʣʝʜʥʷʷ - (( ( ) 1) 2)C N m+ - -ʤʫ ʵʣʝʤʝʥʪʫ. ʇʝʨʚʦʦʙʨʘʟʥʳʤ ʵʣʝʤʝʥʪʦʤ ʵʪʦʡ ʛʨʫʧ-

ʧʳ ʙʫʜʝʪ [ ]
T1 1 0

1 0 1 1...m m

ma a a- -

-= =a aH . ʊʦʛʜʘ  
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, ,ɺʂ

1 0 ... 0m

m p m m

è ø è ø
= =é ù é ù
ê ú ê ú

Q Q
I

H H
,      (2.31) 

ʛʜʝ pH   ï ʤʘʪʨʠʮʘ, ʩʪʨʦʢʠ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʵʣʝʤʝʥʪʳ ʤʫʣʴʪʠ-

ʧʣʠʢʘʪʠʚʥʦʡ ʛʨʫʧʧʳ ʧʦʣʷ ɻʘʣʫʘ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ 1H ʧʨʠ ʧʝʨʚʦʦʙʨʘʟʥʦʤ ʵʣʝʤʝʥʪʝ 

ʛʨʫʧʧʳ [ ]
T0 0 1 0 ... 0 0=a . ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʫʤʥʦʞʝʥʠʠ 1H  ʥʘ ʚʝʨʭʥʶʶ 

ʩʪʨʦʢʫ ʤʘʪʨʠʮʳ mI  ʧʦʣʫʯʠʤ ʩʪʦʣʙʝʮ [ ]
T

0 1 0 ... 0 0 . ʊʦʛʜʘ ʧʝʨʚʳʝ N ʩʪʨʦʢ, 

ʤʘʪʨʠʮʳ  mè ø
é ù
ê ú

I

H
ï ɻʪʦ ʧʦʣʥʳʡ ʥʘʙʦʨ ɻʣʝʤʝʥʪʦʚ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʦʡ ʛʨʫʧʧʳ ʧʦʣʷ ɻʘ-

ʣʫʘ, ʧʦʩʪʨʦʝʥʥʦʡ ʥʘ ʦʩʥʦʚʝ ʩʦʧʨʦʚʦʞʜʘʶʱʝʡ ʤʘʪʨʠʮʳ 1H , ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ȟ
̓
. ʊʘʢʠʤ ʦʙʨʘʟʦʤ,  

 

0,0 1,0 1,0

0,1 1,1 1,1T

, ,ɺʂ ,1

0, 1 1, 1 1, 1

...

...
,

...

m

m

m p m m m

N N m N

x x x

x x x

x x x

-

-

- - - -

è ø
é ù
é ù= =
é ùÖ Ö Ö Ö
é ù
ê ú

Q QÀ    (2.32) 

ʛʜʝ [ ]
T T0

1 0,0 1,0 1,0... 1 0 ... 0 0mx x x -è ø= =ê úaH . ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʤʦʞʥʦ ʨʘʩʧʨʦʩʪʨʘʥʠʪʴ ʥʘ ʩʣʫʯʘʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʪʨʠʮ 3H  ʠ 4H . 

ʀʟ (2.26) ʩʣʝʜʫʝʪ, ʯʪʦ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʤʘʪʨʠʮʳ-ʮʠʨʢʫʣʷʥʪʘ p -ʠʯʥʦʡ 

ʃʈʇ, ʧʦʩʪʨʦʝʥʥʦʡ ʥʘ ʦʩʥʦʚʝ ʩʦʧʨʦʚʦʞʜʘʶʱʝʡ ʤʘʪʨʠʮʳ ʥʝʧʨʠʚʦʜʠʤʦʛʦ ʧʨʠʤʠ-

ʪʠʚʥʦʛʦ ʧʦʣʠʥʦʤʘ 2H  ʠʣʠ 4H  ʚ ʤʘʪʨʠʮʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʩʪʝʧʝʥʝʡ ʬʫʥʢʮʠʡ ɺʂ ʙʝʟ 

ʩʠʤʚʦʣʘ ʩ ʥʦʤʝʨʦʤ ʥʦʣʴ, ʥʘʜʦ ʧʝʨʝʩʪʘʚʠʪʴ ʝʝ ʩʪʦʣʙʮʳ ʧʦ ʚʦʟʨʘʩʪʘʥʠʶ ʟʥʘʯʝʥʠʡ 

ʵʣʝʤʝʥʪʦʚ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʦʡ ʛʨʫʧʧʳ (ʚ ʠʭ ʜʝʩʷʪʠʯʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ) ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʝʛʦ ʧʦʣʷ ɻʘʣʫʘ, ʧʦʩʪʨʦʝʥʥʫʶ ʥʘ ʦʩʥʦʚʝ ʪʝʭ ʞʝ 2H  ʠʣʠ 4H  ʩʦʦʪʚʝʪʩʪʚʝʥ-

ʥʦ. ʊʘʢ, ʜʣʷ ʧʦʣʠʥʦʤʘ 2( )f x  ʠ ʝʛʦ ʩʦʧʨʦʚʦʞʜʘʶʱʠʭ ʤʘʪʨʠʮ 2H , 4H , ʫʯʠʪʳʚʘʷ, 

ʯʪʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 1 2=H H  ʠ 3 4=H H , ʧʦʣʫʯʠʤ ʤʘʪʨʠʮʳ: 
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2,3,ɺʂ

0 0 1 1 1 2 2 2

1 2 0 1 2 0 1 2

1 2 1 2 0 2 0 1

2 1 1 0 2 2 1 0
,

0 0 2 2 2 1 1 1

2 1 0 2 1 0 2 1

2 1 2 1 0 1 0 2

1 2 2 0 1 1 2 0

è ø
é ù
é ù
é ù
é ù
é ù=
é ù
é ù
é ù
é ù
é ù
ê ú

2,3,ɺʂ

0 0 1 1 1 2 2 2

1 2 0 1 2 0 1 2

0 0 1 1 1 2 2 2

1 2 1 2 0 2 0 1

1 2 2 0 1 1 2 0

2 1 0 2 1 0 2 1

0 0 2 2 2 1 1 1

2 1 2 1 0 1 0 2

è ø
é ù
é ù
é ù
é ù
é ù=
é ù
é ù
é ù
é ù
é ù
ê ú

.   (2.33) 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʷ ʧʦʣʠʥʦʤʘ 
'

2( )f x ï ʤʘʪʨʠʮʳ: 

2,3,ɺʂ

0 0 1 1 1 2 2 2

1 2 0 1 2 0 1 2

2 1 1 0 2 2 1 0

2 1 2 1 0 1 0 2
,

0 0 2 2 2 1 1 1

2 1 0 2 1 0 2 1

1 2 2 0 1 1 2 0

1 2 1 2 0 2 0 1

è ø
é ù
é ù
é ù
é ù
é ù=
é ù
é ù
é ù
é ù
é ù
ê ú

2,3,ɺʂ

0 0 1 1 1 2 2 2

1 2 0 1 2 0 1 2

1 2 1 2 0 2 0 1

2 1 1 0 2 2 1 0
.

0 0 2 2 2 1 1 1

2 1 2 2 1 0 2 1

2 1 0 1 0 1 2 2

1 2 2 0 1 1 0 2

è ø
é ù
é ù
é ù
é ù
é ù=
é ù
é ù
é ù
é ù
é ù
ê ú

   (2.34) 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʩʠʩʪʝʤʫ ʌɺʂ ʙʝʟ ʩʪʨʦʢʠ ʠ ʩʪʦʣʙʮʘ ʩ ʥʦʤʝʨʦʤ ʥʦʣʴ ʠ ʧʨʝʜ-

ʩʪʘʚʣʝʥʥʫʶ ʚ ʚʠʜʝ ʩʪʝʧʝʥʝʡ Wʤʦʞʥʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʢʘʢ 

  

0,0 1,0 1,0

0,1 1,1 1,1

1,ɺʂ-ʂ

0, 1 1, 1 1, 1

...

...
,

...

m

m

m

mp

N N m N

z z z

z z z

z z z

-

-

-

- - - -

è ø
é ù
é ù=
é ùÖ Ö Ö Ö
é ù
ê ú

S Q         (2.35) 

ʛʜʝ ʩʪʨʦʢʠ 
0, 1, 1,...i i m iz z z-è øê ú

 , 0,...,( 1)i N= -ï ʥʦʤʝʨ ʩʪʨʦʢʠ ʷʚʣʷʶʪʩʷ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ ʯʠʩʝʣ ( 1)i+  ʚ p -ʠʯʥʦʡ ʩʠʩʪʝʤʝ ʩʯʠʩʣʝʥʠʷ, ʧʦʣʫʯʠʤ, ʯʪʦ ʣʶ-

ʙʫʶ ʤʘʪʨʠʮʫ (2.31), (2.32) ʤʦʞʥʦ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʚ
1,ɺʂ-ʂmp -

S  ʧʫʪʝʤ ʧʝʨʝʩʪʘʥʦʚʢʠ ʝʝ 

ʩʪʨʦʢ  ʧʦ ʚʦʟʨʘʩʪʘʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʝʡ ʟʥʘʯʝʥʠʡ 
10

kè øê úa ,, 0,..., 1k N= -. ʊʘʢ, 

ʜʣʷ 2( )f x  ʠ 1H  ʟʥʘʯʝʥʠʷ  
10

kè øê úa ʨʘʚʥʳ 3,1,4,5,6,2,8,7 (ʩʤ.ʪʘʙʣ.2.2). ʊʦʛʜʘ 1-ʷ ʩʪʨʦ-

ʢʘ ʣʝʚʦʡ ʤʘʪʨʠʮʳ (2.31) ʙʫʜʝʪ 3-ʝʡ ʚ ʤʘʪʨʠʮʝ 
1,ɺʂ-ʂmp -

S , 2-  ̫ʙʫʜʝʪ 1-ʦʡ, 3-ʷ ʙʫʜʝʪ 4-
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ʦʡ ʠ ʪ.ʜ. ʃʝʛʢʦ ʧʨʦʚʝʨʠʪʴ, ʯʪʦ ʣʶʙʘʷ ʤʘʪʨʠʮʘ (2.33), (2.35) ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʤʘʪʨʠ-

ʮʫ: 

   
1,ɺʂ-ʂ

1 2 0 1 2 0 1 2

2 1 0 2 1 0 2 1

0 0 1 1 1 2 2 2

1 2 1 2 0 2 0 1

2 1 1 0 2 2 1 0

0 0 2 2 2 1 1 1

1 2 2 0 1 1 2 0

2 1 2 1 0 1 0 2

mp -

è ø
é ù
é ù
é ù
é ù
é ù=
é ù
é ù
é ù
é ù
é ù
é ùê ú

S .   (2.36) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʦʢʘʟʘʥʦ, ʯʪʦ ʣʶʙʘʷ ʤʘʪʨʠʮʘ-ʮʠʨʢʫʣʷʥʪ p -ʠʯʥʦʡ ʃʈʇ ʨʘʟ-

ʤʝʨʥʦʩʪʠ ( 1)mp -  ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʤʘʪʨʠʮʫ ʠʟ ʩʪʝʧʝʥʝʡ 

2
j

pW e

p

= ʵʣʝʤʝʥʪʦʚ ʬʫʥʢ-

ʮʠʡ ɺʂ ʨʘʟʤʝʨʥʦʩʪʠ 
mp  ʧʨʠ ʣʶʙʦʤ ʩʧʦʩʦʙʝ ʝʝ ʫʧʦʨʷʜʦʯʝʥʠʷ ʧʫʪʝʤ ʧʝʨʝʩʪʘʥʦʚʢʠ 

ʩʪʨʦʢ ʠ ʩʪʦʣʙʮʦʚ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʜʦʙʘʚʣʝʥʠʝʤ ʩʪʨʦʢʠ ʠ ʩʪʦʣʙʮʘ ʩ ʥʦʤʝʨʦʤ ʥʦʣʴ, 

ʩʦʩʪʦʷʱʠʭ ʠʟ ʥʫʣʝʡ.  

 

2.4. ʇʝʨʝʜʘʯʘ ʠ ʦʙʨʘʙʦʪʢʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ ʥʘ ʦʩʥʦʚʝ  

ʤʘʪʨʠʮʳ-ʮʠʨʢʫʣʷʥʪʘ p-ʠʯʥʦʡ ʃʈʇ 

 

ʂʘʞʜʫʶ ʩʪʨʦʢʫ ʤʘʪʨʠʮʳ ʦʨʪʦʛʦʥʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʜʠʩʢʨʝʪʥʳʭ ʬʫʥʢʮʠʡ *
mp

S  

ʨʘʟʤʝʨʥʦʩʪʠ ( 1)mp N= + ʧʦʩʪʨʦʝʥʥʦʡ ʥʘ ʦʩʥʦʚʝ ʣʶʙʦʡ p -ʠʯʥʦʡ ʃʈʇ, ʙʫʜʝʤ 

ʩʯʠʪʘʪʴ ʥʠʟʢʦʯʘʩʪʦʪʥʳʤ ʜʠʩʢʨʝʪʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʦʨʪʦʛʦʥʘʣʴʥʦʡ ʥʝʛʘʨʤʦʥʠ-

ʯʝʩʢʦʡ ʧʦʜʥʝʩʫʱʝʡ, ʠʩʧʦʣʴʟʫʶʱʝʡʩʷ ʜʣʷ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʤʚʦʣʦʚ. 

ʇʨʦʮʝʜʫʨʫ ʤʦʜʫʣʷʮʠʠ ʧʦʜʥʝʩʫʱʠʭ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʦʨʤʝ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ 

ʢʘʢ ʧʝʨʝʤʥʦʞʝʥʠʝ ʤʘʪʨʠʮ:  
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a a a

a a a

a

a a a

S      (2.37) 

ʛʜʝ ʠ,ʤ,ɸI ï ʜʠʘʛʦʥʘʣʴʥʘʷ ʤʘʪʨʠʮʘ, ʟʥʘʯʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʛʣʘʚʥʦʡ ʜʠʘʛʦʥʘʣʠ ʢʦʪʦʨʦʡ 

ʨʘʚʥʳ ʧʝʨʝʜʘʚʘʝʤʳʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʩʠʤʚʦʣʘʤ; ,i iA j  ï ʟʥʘʯʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʠ 

ʬʘʟʳ i -ʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʠʤʚʦʣʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 
*

iks a
 ï ʟʥʘʯʝʥʠʷ  ʩʠʤʚʦʣʦʚ 

ʤʘʪʨʠʮʳ*
ʠ,mp

S ; , 0,...,i k N=  ï ʥʦʤʝʨʘ ʩʪʨʦʢ ʠ ʩʪʦʣʙʮʦʚ ʤʘʪʨʠʮ *

ʠ,mp
S ,ʠ,ʤ,ɸI  ʠ *

mp

aS

. 

ʅʠʟʢʦʯʘʩʪʦʪʥʳʡ ʜʠʩʢʨʝʪʥʳʡ ʵʢʚʠʚʘʣʝʥʪ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʛʦ ʩʠʛʥʘʣʘ, ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʧʦ ʢʘʥʘʣʫ ʩʚʷʟʠ, ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʩʫʤʤʠʨʦʚʘʥʠʠ ʩʪʨʦʢ 

ʤʘʪʨʠʮʳ *

ʠ,mp
S , ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʥʘ ʚʭʦʜʝ ʧʨʠʝʤʥʠʢʘ ʩ ʫʯʝʪʦʤ ʚʦʟʜʝʡʩʪʚʠʷ ʙʝʣʦ-

ʛʦ ʛʘʫʩʩʦʚʩʢʦʛʦ ʰʫʤʘ ʩ ʦʪʩʯʝʪʘʤʠ 0 2, ,..., Nx x x, ʧʦʣʫʯʠʤ: 

  0 1

000 10 0

1T 01 11 1

0 1

0 1

... .
...... ... ...

A NAA

N

j jj N

N

NN N NN

s s s

s s s
A e Ae A e

s s s

j jj

x

x

x

è ø è ø è øè ø
é ù é ù é ùé ù
é ù é ù é ùé ù= + + + +
é ù é ù é ùé ù
é ù é ù é ùé ù

ê úê ú ê ú ê ú

a* a* a*

a* a* a*

a* a* a*

X   (2.38) 

ʆʪʤʝʪʠʤ, ʯʪʦ ʠʟ ʬʦʨʤʫʣʳ (2.38) ʩʣʝʜʫʝʪ, ʯʪʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʝʨʝʜʘʶʱʝʡ 

ʩʪʦʨʦʥʳ ʥʝ ʠʤʝʝʪ ʟʥʘʯʝʥʠʷ, ʢʘʢʦʡ ʩʧʦʩʦʙ ʫʧʦʨʷʜʦʯʝʥʠʷ ʩʪʨʦʢ ʠʩʭʦʜʥʦʡ ʩʠʩʪʝʤʳ 

*
mp

S  ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʤʚʦʣʦʚ, ʧʦʩʢʦʣʴʢʫ ʩʪʦʣʙʮʳ 

ʚ ʥʝʡ ʤʦʞʥʦ ʧʝʨʝʩʪʘʚʣʷʪʴ ʚ ʧʨʦʠʟʚʦʣʴʥʦʤ ʧʦʨʷʜʢʝ. ʅʦ, ʦʯʝʚʠʜʥʦ, ʯʪʦ ʢʘʞʜʳʡ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʩʠʤʚʦʣ ʩʚʷʟʘʥ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʨʦʢʦʡ ʤʘʪʨʠʮʳ *
mp

S . ʅʦ, ʢʘʢ 

ʩʣʝʜʫʝʪ ʠʟ ʧʨʝʜʳʜʫʱʝʛʦ ʧʦʜʨʘʟʜʝʣʘ, ʩʫʱʝʩʪʚʫʝʪ N ʝʝ ʚʘʨʠʘʥʪʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦ-
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ʨʳʭ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʫʪʝʤ ʮʠʢʣʠʯʝʩʢʦʡ ʧʝʨʝʩʪʘʥʦʚʢʦʡ ʩʪʨʦʢ ʣʶʙʦʡ ʜʨʫʛʦʡ ʤʘʪ-

ʨʠʮʳ ʠʟ ʠʭ ʥʘʙʦʨʘ ʧʨʠ ʚʳʙʦʨʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʝʨʚʦʦʙʨʘʟʥʦʛʦ ʵʣʝʤʝʥʪʘ ʤʫʣʴ-

ʪʠʧʣʠʢʘʪʠʚʥʦʡ ʛʨʫʧʧʳ ʧʦʣʷ ɻʘʣʫʘ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʩʦʧʨʦʚʦʞʜʘʶʱʝʡ ʤʘʪʨʠʮʝʡ ʧʦ-

ʣʠʥʦʤʘ 2H , ʠʩʧʦʣʴʟʫʶʱʠʭʩʷ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʘʪʨʠʮʳ. ʇʨʠ ʵʪʦʤ ʚʩʝ ʚʳʰʝʫʢʘ-

ʟʘʥʥʳʝ ʚʘʨʠʘʥʪʳ ʤʘʪʨʠʮ*
mp

S  ʧʨʠʚʦʜʷʪʩʷ ʢ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʤʘʪʨʠʮʝ ʬʫʥʢʮʠʡ ɺʂ 

ʧʫʪʝʤ ʧʝʨʝʩʪʘʥʦʚʢʠ ʩʪʦʣʙʮʦʚ, ʥʘʯʠʥʘʷ ʩʦ ʩʪʦʣʙʮʘ ʩ ʥʦʤʝʨʦʤ ʦʜʠʥ, ʚ ʧʦʨʷʜʢʝ ʚʦʟ-

ʨʘʩʪʘʥʠʷ ʟʥʘʯʝʥʠʡ ʵʣʝʤʝʥʪʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʦʡ ʛʨʫʧʧʳ, 

ʥʘʯʠʥʘʷ ʩ ʧʝʨʚʦʛʦ ʵʣʝʤʝʥʪʘ. ʇʦʵʪʦʤʫ, ʝʩʣʠ ʩ ʮʝʣʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʙʦʙʱʝʥʥʦʛʦ 

ɹʇʌ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʩʠʛʥʘʣʦʚ ʥʘ ʧʨʠʝʤʥʦʡ ʩʪʦʨʦʥʝ ʙʫʜʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʧʝʨʝʩʪʘ-

ʥʦʚʢʘ ʩʠʤʚʦʣʦʚ ʥʘʯʠʥʘʷ ʥʝ ʩ ʪʦʛʦ ʧʝʨʚʦʦʙʨʘʟʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʦʚʘʣ-

ʩʷ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʘʪʨʠʮʳ *
mp

S   ʥʘ ʧʝʨʝʜʘʶʱʝʡ ʩʪʦʨʦʥʝ, ʪʦ ʧʨʠʥʠʤʘʝʤʳʡ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʳʡ ʩʠʤʚʦʣ ʙʫʜʝʪ ʧʨʠʚʷʟʘʥ ʥʝ ʢ ʪʦʡ ʩʪʨʦʢʝ ʤʘʪʨʠʮʳ ʬʫʥʢʮʠʡ ɺʂ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʣʫʯʘʝʤ, ʢʦʛʜʘ ʧʝʨʝʩʪʘʥʦʚʢʘ ʥʘʯʠʥʘʣʘʩʴ ʙʳ ʩ ʪʦʛʦ ʞʝ ʧʝʨʚʦʦʙʨʘʟʥʦ-

ʛʦ ʵʣʝʤʝʥʪʘ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʘʨʠʘʥʪ ʧʝʨʝʤʝʞʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʤʚʦʣʦʚ, ʢʦʛʜʘ ʟʘʨʘʥʝʝ ʚʳʙʠʨʘʝʪʩʷ ʧʘʨʘ ʧʝʨʚʦʦʙʨʘʟʥʳʭ ʵʣʝ-

ʤʝʥʪʦʚ, ʠʩʧʦʣʴʟʫʶʱʠʭʩʷ ʥʘ ʧʝʨʝʜʘʶʱʝʡ ʠ ʧʨʠʝʤʥʦʡ ʩʪʦʨʦʥʝ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 

ʠʤ ʚʘʨʠʘʥʪ ʧʝʨʝʤʝʞʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʤʚʦʣʦʚ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ, ʫʯʠʪʳʚʘʷ, ʯʪʦ ʚ ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʤʘʪʨʠʮʝ *
mp

aS  ʩʪʨʦʢʠ ʠ 

ʩʪʦʣʙʮʳ ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʥʦʤʝʨʘʤʠ ʦʜʠʥʘʢʦʚʳʝ, ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ   
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aX S I Ix ,    (2.39) 

ʛʜʝ xï ʩʪʦʣʙʝʮ ʠʟ ʦʪʩʯʝʪʦʚ ʰʫʤʦʚʦʡ ʧʦʤʝʭʠ, ʠ,ɸI ï ʩʪʦʣʙʝʮ ʠʟ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʩʠʤʚʦʣʦʚ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ,  
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   (2.40) 

ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʤʘʪʨʠʮʳ *
mp

aS  ʜʣʷ ʣʶʙʳʭ ʟʥʘʯʝʥʠʡ ,i k 

ʩʧʨʘʚʝʜʣʠʚʦ 
* *

ik kis s=a a
. ʊʦʛʜʘ ʧʦʩʣʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʝʨʝʩʪʘʥʦʚʢʠ ʩʠʤʚʦʣʦʚ 

ʠʪʦʛʦʚʦʡ ʤʘʪʨʠʮʳ (2.39) ʧʦʣʫʯʘʝʤ ʩʠʛʥʘʣʴʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʬʦʨʤʫʣʳ (2.37).  

ʆʧʪʠʤʘʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ╧̓ ʚ ʧʨʠʝʤʥʠʢʝ ʦʧʠʩʳʚʘʝʪʩʷ ʢʘʢ: 

T *

ʠ, ʠ, 1 ʠ, 1,m m m m

a a a m m

A ɸ ɸ ɸp p p p
p p= = + = + = +aY S X S S I S II Ix x x  (2.41) 

ʛʜʝ 1x  ï ʩʪʦʣʙʝʮ ʠʟ ʦʪʩʯʝʪʦʚ ʰʫʤʦʚʦʡ ʧʦʤʝʭʠ ʥʘ ʚʭʦʜʝ ʨʝʰʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ 

(ʈʋ). ɺ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ *

ʠ,m ɸp

aS I  ʧʨʠʩʫʪʩʪʚʫʝʪ ʚʦ ʚʭʦʜʥʦʡ ʩʤʝʩʠ ʚ ʚʠʜʝ ʚʝʢʪʦʨʘ, 

ʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʜʥʦʢʨʘʪʥʦʝ ʫʤʥʦʞʝʥʠʝ ʥʘ ʥʝʛʦ ʤʘʪʨʠʮʳ 
m

a

p
S .  

ʉ ʮʝʣʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʘ ʦʙʦʙʱʝʥʥʦʛʦ ɹʇʌ ʧʨʠ ʵʪʦʤ ʧʝʨʝʤʥʦʞʝ-

ʥʠʠ, ʚʚʝʜʝʤ ʦʧʝʨʘʪʦʨʳ
, nHa

­R   ʠ 
, nHa

¬
R  ʧʝʨʝʩʪʘʥʦʚʢʠ ʩʪʦʣʙʮʦʚ ʤʘʪʨʠʮʳ (ʠʣʠ ʩʠʤʚʦ-

ʣʦʚ ʩʪʨʦʢʠ) ʠ ʝʝ ʩʪʨʦʢ (ʠʣʠ ʵʣʝʤʝʥʪʦʚ ʩʪʦʣʙʮʘ), ʥʘʯʠʥʘʷ ʩʦ ʩʪʨʦʢʠ ʠʣʠ ʩʪʦʣʙʮʘ ʩ 

ʥʦʤʝʨʦʤ ʦʜʠʥ, ʧʦ ʚʦʟʨʘʩʪʘʥʠʶ ʟʥʘʯʝʥʠʡ ʵʣʝʤʝʥʪʦʚ 
10

kè øê úa ( 0,...,( 1))k N= -  ʤʫʣʴ-

ʪʠʧʣʠʢʘʪʠʚʥʦʡ ʛʨʫʧʧʳ ʨʘʩʰʠʨʝʥʥʦʛʦ ʧʦʣʷ ɻʘʣʫʘ ʧʦ ʤʦʜʫʣʶ ʥʝʢʦʪʦʨʦʛʦ ʥʝʧʨʠʚʦ-

ʜʠʤʦʛʦ ʧʨʠʤʠʪʠʚʥʦʛʦ ʧʦʣʠʥʦʤʘ. ɼʘʥʥʘʷ ʛʨʫʧʧʘ ʧʦʩʪʨʦʝʥʘ ʥʘ ʦʩʥʦʚʝ ʩʦʧʨʦʚʦʞ-

ʜʘʶʱʝʡ ʤʘʪʨʠʮʳ ʠʩʭʦʜʥʦʛʦ ʧʦʣʠʥʦʤʘ nH . ɹʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʪʘʢʞʝ ʠ ʦʧʝʨʘʪʦ-

ʨʳ ʦʙʨʘʪʥʦʡ ʧʝʨʝʩʪʘʥʦʚʢʠ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʙʦʟʥʘʯʠʤ ʢʘʢ 
, nHa

«R  ʠ 
, nHa

®
R . 

ʊʦʛʜʘ ʩʠʛʥʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʚʝʢʪʦʨʘ-ʩʪʨʦʢʠ []
2,Ha

­
R X  ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʫʤʤʫ ʚʩʝʭ ʜʠʩʢʨʝʪʥʳʭ ʬʫʥʢʮʠʡ ɺʂ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʥʘʙʦʨʘ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ 
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ʫʤʥʦʞʝʥʘ ʥʘ ʩʚʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʩʠʤʚʦʣ, ʘ ʩʠʛʥʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʚʝʢʪʦʨʘ-

ʩʪʦʣʙʮʘ 
2

T

,Ha
¬ è øê úR X ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʘʥʩʧʦʥʠʨʦʚʘʥʥʦʡ ʩʪʨʦʢʝ[]

2,Ha

­
R X , ʪʦ ʝʩʪʴ 

  
2 2

* *

, ʠ , ʠ,.m mH H Ap pa a

¬ ¬è ø è ø=
ê ú ê ú

a aR S I R S I      (2.42) 

ʅʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʨʝʟʫʣʴʪʘʪ ʚʳʯʠʩʣʝʥʠʷ ʧʦ (2.38) ʥʝ ʠʟʤʝʥʠʣʩʷ ʧʦʩʣʝ ʪʘ-

ʢʦʡ ʧʝʨʝʩʪʘʥʦʚʢʠ, ʥʝʦʙʭʦʜʠʤʦ ʚ ʥʝʤ ʚʤʝʩʪʦ 
m

a

p
S  ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʘʪʨʠʮʫ

2, m

a

H pa

­ è ø
ê ú

R S , ʚ ʢʦʪʦʨʦʡ ʩʪʨʦʢʠ ʧʨʝʦʙʨʘʟʦʚʘʥʳ ʢ ʬʫʥʢʮʠʷʤ ɺʂ. ɼʘʣʝʝ, ʫʯʠʪʳʚʘʝʤ, 

ʯʪʦ 
2 2, , ,ɺʂ ʂm m

a

H H p pa a

¬ ­

-
è øè ø=

ê úê ú
R R S S . ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʧʦʩʣʝ ʙʳʩʪʨʦʛʦ ʫʤʥʦʞʝʥʠʷ 

,ɺʂ ʂmp -
S   ʩ ʧʦʤʦʱʴʶ ʦʙʦʙʱʝʥʥʦʛʦ ɹʇʌ ʥʘ ʚʝʢʪʦʨ 

2

*

, ʠ,mH Apa

¬ è ø
ê ú

aR S I   ʧʦʣʫʯʠʤ ʚʝʢ-

ʪʦʨ-ʩʪʦʣʙʝʮ 
2, ʠ,H Aa

¬ è øê úR I , ʪʦ ʝʩʪʴ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʩʭʦʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʩʠʤʚʦʣʦʚ ʥʝʦʙʭʦʜʠʤʦ ʦʩʫʱʝʩʪʚʠʪʴ ʦʙʨʘʪʥʫʶ ʧʝʨʝʩʪʘʥʦʚʢʫ ʵʣʝʤʝʥʪʦʚ ʧʦʣʫʯʝʥʥʦ-

ʛʦ ʩʪʦʣʙʮʘ, ʪʦ ʝʩʪʴ 
1 1, , ʠ,H H Aa a

® ¬è øè øê úê ú
R R I . ʅʘʧʦʤʥʠʤ, ʯʪʦ ʚʩʝ ʧʝʨʝʩʪʘʥʦʚʢʠ, ʦʧʠʩʳʚʘ-

ʝʤʳʝ ʦʧʝʨʘʪʦʨʦʤ 
, nHa

¬
R , ʥʘʯʠʥʘʶʪʩʷ ʩ ʧʝʨʚʦʦʙʨʘʟʥʦʛʦ ʵʣʝʤʝʥʪʘ [ ]0 1 0 ... 0a = . 

ɺ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ╡ȟ
ᴽ ╘̉ȟ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʠʟʚʝʜʝʥʘ ʥʘ ʧʝʨʝʜʘʶʱʝʡ ʩʪʦʨʦʥʝ ʠ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʚʘʨʠʘʥʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʝʨʝʤʝʞʝʥʠʷ ʧʝʨʝʜʘʚʘʝʤʳʭ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʤʚʦʣʦʚ.  

 

2.5. ʇʝʨʝʜʘʯʘ ʚ ʦʙʱʝʡ ʧʦʣʦʩʝ ʯʘʩʪʦʪ ʠ ʦʙʨʘʙʦʪʢʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ  

ʩʠʛʥʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʤʥʦʛʠʭ ʤʘʪʨʠʮ-ʮʠʨʢʫʣʷʥʪʦʚ ʨʘʟʥʳʭ  

ʨ-ʠʯʥʳʭ ʃʈʇ ʧʨʠ ʢʦʤʧʝʥʩʘʮʠʠ ʠʭ ʚʟʘʠʤʥʳʭ ʧʦʤʝʭ 

 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʜʣʷ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʜʚʝ ʨʘʟʥʳʝ ʧʦʣʥʳʝ ʦʨʪʦʛʦʥʘʣʴʥʳʝ ʩʠʩʪʝʤʳ aʠ b, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʥʘ ʦʩʥʦʚʝ 

ʜʚʫʭ ʨʘʟʥʳʭ ʥʝʧʨʠʚʦʜʠʤʳʭ ʧʨʠʤʠʪʠʚʥʳʭ ʧʦʣʠʥʦʤʦʚ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʧʦʨʷʜʢʘ. 

ʊʦʛʜʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʩʠʛʥʘʣ, ʧʝʨʝʜʘʚʘʝʤʳʡ ʚ ʢʘʥʘʣʝ ʩʚʷʟʠ, ʠʤʝʝʪ ʚʠʜ:   
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ʛʜʝʠ,ʤ,ɸI ,ʠ,ʤ,BI ï ʜʠʘʛʦʥʘʣʴʥʳʝ ʤʘʪʨʠʮʳ, ʟʥʘʯʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʜʠʘʛʦʥʘʣʝʡ ʢʦ-

ʪʦʨʳʭ ʨʘʚʥʳ ʧʝʨʝʜʘʚʘʝʤʳʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʩʠʤʚʦʣʘʤ iAj

iAej  ʠ iBj

iB ej . 

ʈʝʟʫʣʴʪʠʨʫʶʱʠʡ ʩʠʛʥʘʣ ʥʘ ʚʭʦʜʝ ʧʨʠʝʤʥʠʢʘ ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʬʦʨʤʫʣʦʡ: 

0 01

1

00 10 0 00

T 01 11 1 01

0 1 0

0 1 0

10

11

1

1

...
... ... ... ...

..
...

A NA BA

B

N

j j jj N

N

N N NN N

j

N

s s s s

s s s s
A e Ae A e B e

s s s s

s

s
B e

s

j j jj

j

è ø è ø è ø è ø
é ù é ù é ù é ù
é ù é ù é ù é ù= + + + + +
é ù é ù é ù é ù
é ù é ù é ù é ù
ê ú ê ú ê ú ê ú

è ø
é ù
é ù+ +
é ù
é ù
ê ú

a* a* a* b*

a* a* a* b*

a* a* a* b*

b*

b*

b*

X

00

11. .
......

NB

N

jN

N

NNN

s

s
B e

s

j

x

x

x

è ø è ø
é ù é ù
é ù é ù+ +
é ù é ù
é ù é ù

ê úê ú

b*

b*

b*

(2.44) 

ɼʘʣʝʝ, ʧʝʨʝʧʠʰʝʤ (2.43) ʘʥʘʣʦʛʠʯʥʦ (2.39), ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʦʣʫʯʠʤ: 

  T * *

ʠ, ʠ,Bm mɸp p
= + +a bX S I S I x.       (2.45) 
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ɼʦʧʫʩʪʠʤ, ʚ ʧʨʠʝʤʥʠʢʝ ʧʨʠʥʠʤʘʝʪʩʷ ʨʝʰʝʥʠʝ ʦ ʟʥʘʯʝʥʠʷʭ ʠʥʬʦʨʤʘʮʠʦʥ-

ʥʳʭ ʩʠʤʚʦʣʦʚ, ʦʧʠʩʳʚʘʝʤʳʭ ʩʪʦʣʙʮʦʤʠ,ɸI , ʧʨʠ ʧʦʣʥʦʤ ʧʦʜʘʚʣʝʥʠʠ ʚʟʘʠʤʥʳʭ ʧʦ-

ʤʝʭ, ʩʦʟʜʘʚʘʝʤʳʭ ʠʟ-ʟʘ ʧʝʨʝʜʘʯʠ ʚ ʪʦʡ ʞʝ ʧʦʣʦʩʝ ʯʘʩʪʦʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʤʚʦ-

ʣʦʚ ʠ,BI  ʩ ʧʦʤʦʱʴʶ ʥʘʙʦʨʘ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʧʦʜʥʝʩʫʱʠʭ *
mp

bS . ʆʯʝʚʠʜʥʦ, ʯʪʦ ʜʣʷ 

ʧʦʣʥʦʛʦ ʦʙʥʫʣʝʥʠʷ ʠʭ ʚʢʣʘʜʘ ʚT
X , ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʭ ʟʥʘʯʝʥʠʡ, ʩʣʝʜʫʝʪ ʤʘʪʨʠʯʥʦʝ 

ʫʨʘʚʥʝʥʠʝ (2.43) ʩʣʝʚʘ ʠ ʩʧʨʘʚʘ ʫʤʥʦʞʠʪʴ ʩʣʝʚʘ ʥʘ ʤʘʪʨʠʮʫ U ʪʘʢʫʶ, ʯʪʦ 

T 0̧UX , *
mp

0̧aUS  ʠ *
mp

= 0bUS , ʛʜʝ 0 ï ʤʘʪʨʠʮʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʥʫʣʝʡ. ʊʦ ʝʩʪʴ 

ʥʫʞʥʦ ʨʝʰʠʪʴ ʤʘʪʨʠʯʥʦʝ ʫʨʘʚʥʝʥʠʝ *
mp

= 0bUS , ʧʨʠʯʝʤ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴ ʪʘʢʠʝ ʝʛʦ ʨʝʰʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʧʝʨʝʤʥʦʞʝʥʠʝ ʤʘʪʨʠʮ Uʠ T
X ʜʦʧʫʩʢʘʝʪ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʦʙʦʙʱʝʥʥʦʛʦ ɹʇʌ. ʂʨʦʤʝ ʪʦʛʦ, Uʜʦʣʞʥʘ ʦʙʨʘʱʘʪʴʩʷ, ʠ ʧʨʠ ʫʤʥʦ-

ʞʝʥʠʠ 
1-

U  ʥʘ ʚʝʢʪʦʨ ʠʣʠ ʤʘʪʨʠʮʫ ʪʘʢ ʞʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʙʦʙʱʝʥʥʦʝ 

ɹʇʌ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʜʘʥʥʘʷ ʟʘʜʘʯʘ ʥʝ ʠʤʝʝʪ ʨʝʰʝʥʠʷ, ʪʘʢ ʢʘʢ ʪʨʝʙʫʝʪ ʧʦʜʙʦʨʘ 

ʤʘʪʨʠʮʳ U, ʩʪʨʦʢʠ ʢʦʪʦʨʦʡ ʩʦʩʪʦʷʪ ʠʟ ʜʠʩʢʨʝʪʥʳʭ ʬʫʥʢʮʠʡ, ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʩʪʦʣʙʮʘʤ ʦʨʪʦʛʦʥʘʣʴʥʦʡ ʩʠʩʪʝʤʳ *
mp

bS Ȣ  

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʩʠʩʪʝʤ a ʠ b ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʝʡ-

ʩʪʚʠʪʝʣʴʥʳʝ ʯʘʩʪʠ 
m

a

p
S  ʠ 

m

b

p
S , ʘ ʜʣʷ ʦʙʥʫʣʝʥʠʷ ʚ T

X  ʚʢʣʘʜʘ ʠ,BI , ʧʝʨʝʜʘʚʘʝʤʳʭ 

ʩ ʧʦʤʦʱʴʶ ʥʘʙʦʨʘ ʫʩʣʦʚʥʦ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʧʦʜʥʝʩʫʱʠʭ 
m

b

p
S , ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʠʭ ʤʥʠʤʳʝ ʯʘʩʪʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ     

  
T

ʠ, ʠ,m m

a b

ɸ Bp p
Re Reè ø è ø= + +
ê ú ê ú

X S I S I x.    (2.46) 

ʋʤʥʦʞʠʚ ʤʘʪʨʠʯʥʦʝ ʫʨʘʚʥʝʥʠʝ (2.46) ʩʣʝʚʘ ʠ ʩʧʨʘʚʘ ʥʘm

b

p
Imè ø
ê ú
S  ʩʣʝʚʘ, ʧʦ-

ʣʫʯʠʤ: 

T

ʠ, ʠ,m m m m m

b a b b b

ɸ Bp p p p p
Im Re Im Re Imè ø è ø è ø è ø è ø+ +
ê ú ê ú ê ú ê ú ê ú
S S I S S I S Xx= .   (2.47) 

ɼʘʣʝʝ, ʚ ʩʠʣʫ ʉʚʦʡʩʪʚʘ 3 ʧʦʣʫʯʘʝʤ:    
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T

ʠ,m m m m

b a b b

ɸp p p p
Im Re Im Imè ø è ø è ø è ø+ =
ê ú ê ú ê ú ê ú
S S I S S Xx      (2.48) 

ʆʪʤʝʪʠʤ, ʯʪʦ ʧʨʠ ʫʤʥʦʞʝʥʠʠ m

b

p
Imè ø
ê ú
S  ʥʘT

X   ʦʙʥʫʣʷʝʪʩʷ ʠ ʩʠʤʚʦʣ 

ὃὩ , ʧʝʨʝʜʘʚʘʝʤʳʡ ʥʘ ʧʦʜʥʝʩʫʱʝʡ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʩʪʨʦʢʝ ʩ ʥʦʤʝʨʦʤ ʥʦʣʴ ʠʩ-

ʭʦʜʥʦʡ ʦʨʪʦʛʦʥʘʣʴʥʦʡ ʩʠʩʪʝʤʳ m

a

p
Reè ø
ê ú
S , ʧʦʩʢʦʣʴʢʫ ʩʪʨʦʢʘ ʩ ʵʪʠʤ ʥʦʤʝʨʦʤ ʤʘʪ-

ʨʠʮʳ m

b

p
Imè ø
ê ú
S  ʩʦʩʪʦʠʪ ʠʟ ʥʫʣʝʡ. ʅʦ ʜʘʥʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʥʝ ʠʤʝʝʪ ʟʥʘʯʝʥʠʷ, ʪʘʢ 

ʢʘʢ ʥʘ ʧʦʜʥʝʩʫʱʝʡ ʩ ʥʦʤʝʨʦʤ ʥʦʣʴ ʥʠʢʦʛʜʘ ʥʝ ʧʝʨʝʜʘʝʪʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʩʠʤ-

ʚʦʣ. ʆʙʳʯʥʦ ʦʥʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʝʨʝʜʘʯʠ ʩʠʥʭʨʦʩʠʛʥʘʣʘ, ʢʦʪʦʨʳʡ ʦʙʨʘʙʘʪʳʚʘ-

ʝʪʩʷ ʜʦ ʧʨʠʝʤʘ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʩʣʝ ʯʝʛʦ ʫʜʘʣʷʝʪʩʷ ʠʟ ʚʭʦʜʥʦʡ ʩʤʝʩʠ [36,40]. ʊʘ-

ʢʠʤ ʦʙʨʘʟʦʤ, ʠʟ (2.45) ʩʣʝʜʫʝʪ: 

1 1 1 1
T

ʠ, m m m m m

b a a b b

ɸ p p p p p
Im Re Re Im Im

- - - -å õè ø è ø è ø è øè ø è ø è ø è ø è ø+ = æ öê ú ê ú ê ú ê ú ê úê ú ê ú ê ú ê úç ÷
I S S S S S Xx  (2.49) 

ʆʪʤʝʪʠʤ, ʯʪʦ ʤʘʪʨʠʯʥʳʝ ʧʨʦʠʟʚʝʜʝʥʠʷ ʚ ʣʝʚʦʡ ʯʘʩʪʠ (2.49) ʜʦʣʞʥʳ ʙʳʪʴ 

ʨʝʘʣʠʟʦʚʘʥʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ. ʉʥʘʯʘʣʘ ʚʳʯʠʩʣʷʝʪʩʷ 
T

m

b

p
Imè ø
ê ú
S X , ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʯʝʛʦ ʦʙʥʫʣʷʝʪʩʷ ʚʢʣʘʜ ʠ,BI  ʚ T
X , ʟʘʪʝʤ ʧʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʫʤʥʦʞʘʝʪʩʷ ʥʘ 

1

m

b

p
Im

-

è øè ø
ê úê ú
S , ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʠʟʚʦʜʠʪʩʷ ʫʤʥʦʞʝʥʠʝ ʥʘ 

1

m

a

p
Re

-

è øè ø
ê úê ú
S . ʅʦ ʥʝʦʙʭʦʜʠ-

ʤʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʤʘʪʨʠʮʘ m

b

p
Imè ø
ê ú
S ʥʝ ʦʙʨʘʱʘʝʪʩʷ ʚ ʩʪʨʦʛʦʤ ʩʤʳʩʣʝ, ʪʘʢ ʢʘʢ ʝʝ 

ʩʪʨʦʢʘ ʠ ʩʪʦʣʙʝʮ ʩ ʥʦʤʝʨʦʤ ʥʦʣʴ ʩʦʩʪʦʷʪ ʠʟ ʥʫʣʝʡ. ɼʘʣʝʝ, ʫʯʠʪʳʚʘʷ ʉʚʦʡʩʪʚʘ 4 ʠ 

5 ʧʝʨʝʧʠʰʝʤ (2.49) ʚ ʚʠʜʝ: 

 ( )( )1 1
T

ʠ, 1 2m m m

a b b

ɸ A y yp p p
I Re I Im Im

- -
è ø è ø è øè ø è ø+ =ê ú ê úê ú ê ú ê ú

I S S S Xx , (2.50) 

ʛʜʝ
1 1

1 2m m

a b

A y yp p
I Re I Im

- -
è ø è øè ø è ø=ê ú ê úê ú ê ú

x xS S  ï hʫʤʦʚʘʷ ʧʦʤʝʭʘ.  

ɽʱʝ ʨʘʟ ʧʦʜʯʝʨʢʥʝʤ, ʯʪʦ ʧʝʨʝʤʥʦʞʝʥʠʝ ʤʘʪʨʠʮ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ (2.50) ʦʩʫ-

ʱʝʩʪʚʣʷʶʪʩʷ ʩʪʨʦʛʦ ʩ ʢʦʥʮʘ, ʧʨʠʯʝʤ ʧʨʠ ʢʘʞʜʦʤ ʧʝʨʝʤʥʦʞʝʥʠʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 
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ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʝʨʝʩʪʘʥʦʚʢʘ ʩʪʨʦʢ ʠ ʩʪʦʣʙʮʦʚ ʤʘʪʨʠʮ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʘʚʠʣʘʤʠ, 

ʦʧʠʩʘʥʥʳʤʠ ʚ ʧʨʝʜʳʜʫʱʝʤ ʨʘʟʜʝʣʝ, ʧʦʩʣʝ ʯʝʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʙʦʙʱʝʥʥʦʝ ɹʇʌ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʚʳʯʠʩʣʝʥʠʶ ʝʛʦ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʠʣʠ ʤʥʠʤʦʡ ʯʘʩʪʠ, ʪʦ ʝʩʪʴ  

ʯʠʩʣʦ ʵʣʝʤʝʥʪʘʨʥʳʭ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ ʧʨʘʚʦʡ ʯʘʩʪʠ 

(2.50) ʚʩʝʛʦ ʣʠʰʴ ʚ 1,5 ʙʦʣʴʰʝ, ʯʝʤ ʧʨʠ ʦʜʥʦʢʨʘʪʥʦʤ ʦʙʦʙʱʝʥʥʦʤ ɹʇʌ ʪʦʡ ʞʝ 

ʨʘʟʤʝʨʥʦʩʪʠ. 

ʇʦʚʪʦʨʷʷ ʘʥʘʣʦʛʠʯʥʳʝ ʨʘʩʩʫʞʜʝʥʠʷ ʜʣʷ ʩʣʫʯʘʷ ʧʦʜʘʚʣʝʥʠʷ ʠ,ɸI , ʧʦʣʫʯʠʤ: 

 ( )( )1 1
T

ʠ, 1 2m m m

b a a

B B y yp p p
I Re I Im Im

- -
è ø è ø è øè ø è ø+ =ê ú ê úê ú ê ú ê ú

I S S S Xx   (2.51) 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʬʦʨʤʫʣʳ (2.50), (2.51) ʤʦʛʫʪ ʙʳʪʴ ʦʙʦʙʱʝʥʳ ʜʣʷ ʣʶʙʦʛʦ 

ʯʠʩʣʘ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʩʠʛʥʘʪʫʨ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʧʝʨʝʜʘʝʪʩʷ ʧʦʪʦʢ ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʳʭ ʩʠʤʚʦʣʦʚ ʚ ʦʙʱʝʡ ʧʦʣʦʩʝ ʯʘʩʪʦʪ. 

 

ɺʳʚʦʜʳ ʧʦ ʨʘʟʜʝʣʫ 2 

 

1. ʅʘ ʦʩʥʦʚʝ ʣʶʙʦʡ ʣʠʥʝʡʥʦʡ ʨʝʢʫʨʨʝʥʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (ʃʈʇ) 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʝʨʠʦʜʘ 1mp -  ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʩʠʩʪʝʤʳ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʩʠʛʥʘ-

ʪʫʨ, ʢʦʪʦʨʳʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʤʘʪʨʠʮ ʨʘʟʤʝʨʥʦʩʪʠ 
mp , ʛʜʝ 

p  ʠ m ï ʮʝʣʳʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʯʠʩʣʘ. ʕʣʝʤʝʥʪʳ ʣʶʙʦʡ ʪʘʢʦʡ ʤʘʪʨʠʮʳ ʷʚʣʷʶʪʩʷ 

ʩʪʝʧʝʥʷʤʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʯʠʩʣʘ
2 /j pW e p= . ʀʩʢʣʶʯʘʷ ʠʟ ʥʝʝ ʩʪʨʦʢʠ ʠ ʩʪʦʣʙʮʘ ʩ ʥʦ-

ʤʝʨʦʤ ʥʦʣʴ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʥʫʣʝʚʳʭ ʩʪʝʧʝʥʝʡ W, ʠ ʨʘʩʩʤʘʪʨʠʚʘʷ ʪʦʣʴʢʦ ʩʪʝʧʝʥʠ 

W, ʧʦʣʫʯʠʤ ʤʘʪʨʠʮʫ-ʮʠʨʢʫʣʷʥʪ ʠʩʭʦʜʥʦʡ ʃʈʇ, ʧʦʩʪʨʦʝʥʥʫʶ ʥʘ ʦʩʥʦʚʝ ʦʜʥʦʡ ʠʟ 

ʯʝʪʳʨʝʭ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʳʭ ʛʨʫʧʧ ʨʘʩʰʠʨʝʥʥʦʛʦ ʧʦʣʷ ɻʘʣʫʘ ʧʦ ʤʦʜʫʣʶ ʥʝʧʨʠ-

ʚʦʜʠʤʦʛʦ ʧʨʠʤʠʪʠʚʥʦʛʦ ʧʦʣʠʥʦʤʘ, ʠʩʧʦʣʴʟʦʚʘʚʰʝʛʦʩʷ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʠʩʭʦʜ-

ʥʦʡ ʃʈʇ. ʂʘʞʜʘʷ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʘʷ ʛʨʫʧʧʘ ʩʚʷʟʘʥʘ ʩ ʦʜʥʠʤ ʠʟ ʯʝʪʳʨʝʭ ʚʘʨʠʘʥ-

ʪʦʚ ʩʦʧʨʦʚʦʞʜʘʶʱʠʭ ʤʘʪʨʠʮ ʠʩʭʦʜʥʦʛʦ ʧʦʣʠʥʦʤʘ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʚʳʙʦʨʝ ʧʝʨ-

ʚʦʦʙʨʘʟʥʦʛʦ ʵʣʝʤʝʥʪʘ ʣʶʙʦʡ ʪʘʢʦʡ ʛʨʫʧʧʳ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 1mp -  ʤʘʪʨʠʮ-

ʮʠʨʢʫʣʷʥʪʦʚ ʠʩʭʦʜʥʦʡ ʃʈʇ, ʮʠʢʣʠʯʝʩʢʠ ʩʜʚʠʥʫʪʳʭ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ. ɺ 
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ʵʪʦʡ ʨʘʙʦʪʝ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ʪʦʣʴʢʦ ʜʚʝ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʳʝ ʛʨʫʧʧʳ ï ʥʘ 

ʦʩʥʦʚʝ ʤʘʪʨʠʮ 1H  ʠ 2H .  

2. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʤʘʪʨʠʮʘ-ʮʠʨʢʫʣʷʥʪ ʃʈʇ, ʩʬʦʨʤʠʨʦʚʘʥʥʘʷ ʥʘ ʦʩʥʦʚʝ 2H , 

ʚʩʝʛʜʘ ʷʚʣʷʝʪʩʷ ʫʧʦʨʷʜʦʯʝʥʥʦʡ, ʪʦ ʝʩʪʴ ʢʘʞʜʘʷ ʧʦʩʣʝʜʫʶʱʘʷ ʩʪʨʦʢʘ ʚ ʥʝʡ ʮʠʢʣʠ-

ʯʝʩʢʠ ʩʜʚʠʥʫʪʘ ʥʘ ʦʜʠʥ ʩʠʤʚʦʣ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʝʜʳʜʫʱʝʡ ʩʪʨʦʢʠ. ʂʨʦʤʝ ʪʦʛʦ, ʫ 

ʵʪʦʡ ʤʘʪʨʠʮʳ ʩʪʨʦʢʠ ʠ ʩʪʦʣʙʮʳ ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʥʦʤʝʨʘʤʠ ʩʦʚʧʘʜʘʶʪ. ɺ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʦʪ ʚʳʙʦʨʘ ʧʝʨʚʦʦʙʨʘʟʥʦʛʦ ʵʣʝʤʝʥʪʘ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʦʡ ʛʨʫʧʧʳ, ʩʚʷʟʘʥʥʦʡ 

ʩ 2H , ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 1mp -  ʚʘʨʠʘʥʪʦʚ ʪʘʢʠʭ ʤʘʪʨʠʮ, ʧʦʣʫʯʘʶʱʠʭʩʷ ʦʜʥʘ ʠʟ 

ʜʨʫʛʦʡ ʧʫʪʝʤ ʮʠʢʣʠʯʝʩʢʠʭ ʧʝʨʝʩʪʘʥʦʚʦʢ ʩʪʨʦʢ ʠʣʠ ʩʪʦʣʙʮʦʚ. ʇʝʨʝʩʪʘʥʦʚʢʘ 

ʩʪʦʣʙʮʦʚ ʣʶʙʦʡ ʪʘʢʦʡ ʤʘʪʨʠʮʳ ʧʦ ʚʦʟʨʘʩʪʘʥʠʶ ʟʥʘʯʝʥʠʡ ʵʣʝʤʝʥʪʦʚ ʤʫʣʴʪʠʧʣʠ-

ʢʘʪʠʚʥʦʡ ʛʨʫʧʧʳ ʧʦʣʷ ɻʘʣʫʘ, ʩʚʷʟʘʥʥʦʡ ʩ 2H , ʥʘʯʠʥʘʷ ʩ ʧʝʨʚʦʦʙʨʘʟʥʦʛʦ ʵʣʝʤʝʥʪʘ 

ʧʦʣʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʜʘʥʥʦʡ ʤʘʪʨʠʮʝ, ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʡ ʧʝʨʝʩʪʘʥʦʚʢʝ ʝʝ 

ʩʪʨʦʢ ʧʦ ʚʦʟʨʘʩʪʘʥʠʶ ʵʣʝʤʝʥʪʦʚ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʦʡ ʛʨʫʧʧʳ, ʩʚʷʟʘʥʥʦʡ ʩ 1H , 

ʥʘʯʠʥʘʷ ʩ ʧʝʨʚʦʦʙʨʘʟʥʦʛʦ ʵʣʝʤʝʥʪʘ [ ]1 0 ... 0, ʧʨʠʚʦʜʠʪ ʜʘʥʥʫʶ ʤʘʪʨʠʮʫ ʢ 

ʤʘʪʨʠʮʝ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʩʪʝʧʝʥʝʡ W  ʤʘʪʨʠʮʳ ʬʫʥʢʮʠʡ ɺʠʣʝʥʢʠʥʘ-ʂʨʝʩʪʝʥʩʦʥʘ, 

ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʧʦ ʂʨʦʥʝʢʝʨʫ, ʙʝʟ ʩʪʨʦʢʠ ʠ ʩʪʦʣʙʮʘ ʩ ʥʦʤʝʨʦʤ ʥʦʣʴ. ʊʘʢʠʤ ʦʙʨʘ-

ʟʦʤ, ʚʩʝ ʚʳʰʝʦʧʠʩʘʥʥʳʝ ʩʠʩʪʝʤʳ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʩʠʛʥʘʪʫʨ ʨʘʟʤʝʨʥʦʩʪʠ 
mp , ʧʦ-

ʩʪʨʦʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʥʝʧʨʠʚʦʜʠʤʳʭ ʧʨʠʤʠʪʠʚʥʳʭ ʧʦʣʠʥʦʤʦʚ -

ʦʡ ʩʪʝʧʝʥʠ ʩ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ, ʧʨʠʥʘʜʣʝʞʘʱʠʤʠ ʤʥʦʞʝʩʪʚʫ { }0,...,( 1)p- , ʧʨʠʚʦ-

ʜʷʪʩʷ ʢ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʩʠʩʪʝʤʝ ʬʫʥʢʮʠʡ ɺʠʣʝʥʢʠʥʘ-ʂʨʝʩʪʝʥʩʦʥʘ ʨʘʟʤʝʨʥʦʩʪʠ 

mp , ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʧʦ ʂʨʦʥʝʢʝʨʫ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʣʶʙʦʡ 

ʩʠʩʪʝʤʫ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʩʠʛʥʘʪʫʨ ʚ ʢʘʯʝʩʪʚʝ ʥʘʙʦʨʘ ʧʦʜʥʝʩʫʱʠʭ ʜʣʷ ʧʝʨʝʜʘʯʠ ʧʦ-

ʪʦʢʘ ʢʘʥʘʣʴʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʤʚʦʣʦʚ ʧʦ ʨʘʜʠʦʢʘʥʘʣʫ, ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʧʦ-

ʩʣʝʜʥʠʭ ʚ ʧʨʠʝʤʥʠʢʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʙʦʙʱʝʥʥʦʝ ʙʳʩʪʨʦʝ ʧʨʝʦʙʨʘ-

ʟʦʚʘʥʠʝ ʌʫʨʴʝ (ɹʇʌ) ʚ ʙʘʟʠʩʝ ʬʫʥʢʮʠʡ ɺʠʣʝʥʢʠʥʘ-ʂʨʝʩʪʝʥʩʦʥʘ. ʋʯʠʪʳʚʘʷ, ʯʪʦ 

ʢʘʞʜʳʡ ʧʝʨʝʜʘʚʘʝʤʳʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʩʠʤʚʦʣ ʩʚʷʟʘʥ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʨʦʢʦʡ 

ʩʠʩʪʝʤʳ ʩʠʛʥʘʪʫʨ, ʚʳʙʨʘʥʥʦʡ ʥʘ ʧʝʨʝʜʘʶʱʝʡ ʩʪʦʨʦʥʝ, ʧʨʠ ʠʭ ʦʙʨʘʙʦʪʢʝ ʧʦʣʫʯʘ-

ʝʤ ʫʥʠʢʘʣʴʥʳʡ ʩʧʦʩʦʙ ʧʝʨʝʤʝʞʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʤʚʦʣʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʡ-
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ʩʷ ʩʪʨʫʢʪʫʨʘʤʠ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʳʭ ʛʨʫʧʧ, ʩʚʷʟʘʥʥʳʭ ʢʘʢ ʩ 1H , ʪʘʢ ʠ ʩ 2H , ʘ 

ʪʘʢʞʝ ʚʳʙʦʨʦʤ ʧʝʨʚʦʦʙʨʘʟʥʦʛʦ ʵʣʝʤʝʥʪʘ ʛʨʫʧʧʳ, ʩʚʷʟʘʥʥʦʡ ʩ 2H . 

3. ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʚʧʝʨʚʳʝ ʚʚʝʜʝʥʳ ʚ ʨʘʩʩʤʦʪʨʝʥʠʝ ʮʠʨʢʫʣʷʨʥʳʝ ʘʚʪʦ- ʠ 

ʚʟʘʠʤʥʦ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʤʘʪʨʠʮʳ ʩʠʩʪʝʤ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʩʠʛʥʘʪʫʨ, ʧʦʩʪʨʦʝʥʥʳʭ 

ʥʘ ʦʩʥʦʚʝ ʤʥʦʛʦʧʦʟʠʮʠʦʥʥʳʭ ʃʈʇ ʠ ʠʩʩʣʝʜʦʚʘʥʳ ʠʭ ʩʚʦʡʩʪʚʘ. ʇʦʣʫʯʝʥʥʳʝ ʨʝ-

ʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʠʣʠ ʨʘʟʨʘʙʦʪʘʪʴ ʥʦʚʳʡ ʩʧʦʩʦʙ ʧʦʜʘʚʣʝʥʠʷ ʚʟʘʠʤʥʳʭ ʧʦʤʝʭ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʣʷ ʧʝʨʝʜʘʯʠ ʧʦʪʦʢʘ ʢʘʥʘʣʴʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʤʚʦʣʦʚ ʚ ʦʙ-

ʱʝʤ ʨʘʜʠʦʢʘʥʘʣʝ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʠʭ ʩʠʩʪʝʤ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʩʠʛʥʘʪʫʨ, ʯʪʦ ʧʦʟʚʦʣʷ-

ʝʪ ʧʦʚʳʩʠʪʴ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʢʘʥʘʣʘ ʩʚʷʟʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʯʠʩʣʫ ʦʜʥʦ-

ʚʨʝʤʝʥʥʦ ʠʩʧʦʣʴʟʫʶʱʠʭʩʷ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʩʠʩʪʝʤ ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʚʳ-

ʯʠʩʣʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʠ ʘʣʛʦʨʠʪʤʘ ʧʦʜʘʚʣʝʥʠʷ ʚʟʘʠʤʥʳʭ ʧʦʤʝʭ ʠʟ-ʟʘ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʷ ʦʙʦʙʱʝʥʥʦʛʦ ɹʇʌ.  

4. ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʥʝ ʨʘʩʩʤʦʪʨʝʥ ʩʧʦʩʦʙ ʧʦʩʪʨʦʝʥʠʷ ʬʠʟʠʯʝʩʢʦʛʦ ʨʘʜʠʦ-

ʢʘʥʘʣʘ ʧʨʠ ʢʦʤʧʦʥʦʚʢʝ ʢʘʥʘʣʴʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ 

ʥʘ ʦʩʥʦʚʝ ʤʦʜʫʣʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʩʠʛʥʘʪʫʨ, ʩ ʩʠʥʭʨʦʩʠʛʥʘʣʦʤ. 

ɺʘʨʠʘʥʪ ʪʘʢʦʡ ʢʦʤʧʦʥʦʚʢʠ ʦʯʝʚʠʜʝʥ ï ʧʝʨʝʜʘʯʘ ʜʣʠʥʥʦʛʦ ʩʠʥʭʨʦʩʠʛʥʘʣʘ ʩ ʧʦʤʦ-

ʱʴʶ ʩʪʨʦʢ ʩ ʥʦʤʝʨʦʤ ʥʦʣʴ ʚʩʝʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠʟʣʫʯʘʝʤʳʭ ʩʠʩʪʝʤ ʩʠʛʥʘʪʫʨ. ʉ 

ʪʘʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʬʠʟʠʯʝʩʢʦʛʦ ʢʘʥʘʣʘ ʩʚʷʟʘʥ ʠ ʦʯʝʚʠʜʥʳʡ ʩʧʦʩʦʙ ʦʙʨʘʙʦʪʢʠ ʤʥʦ-

ʛʦʣʫʯʝʚʳʭ ʩʠʛʥʘʣʦʚ, ʢʦʪʦʨʳʡ ʪʘʢ ʞʝ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʵʪʦʤ ʨʘʟʜʝʣʝ.    

ʄʘʪʝʨʠʘʣʳ, ʠʟʣʦʞʝʥʥʳʝ ʚ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ, ʦʧʫʙʣʠʢʦʚʘʥʳ ʘʚʪʦʨʦʤ ʚ [2]. 
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3. ʉʀʅʍʈʆʅʀɿɸʎʀʗ ʄʅʆɻʆɿʅɸʏʅʓʍ ʃʀʅɽʁʅʓʍ  

ʈɽʂʋʈʈɽʅʊʅʓʍ ʇʆʉʃɽɼʆɺɸʊɽʃʔʅʆʉʊɽʁ ʅɸ ʆʉʅʆɺɽ 

ʆɹʆɹʑɽʅʅʆɻʆ ɹʓʉʊʈʆɻʆ ʇʈɽʆɹʈɸɿʆɺɸʅʀʗ ʌʋʈʔɽ 

 

ʇʨʠʤʝʥʝʥʠʝ ʰʫʤʦʧʦʜʦʙʥʳʭ ʩʣʦʞʥʳʭ ʩʠʛʥʘʣʦʚ (ʉʣʉ) ʦʪʢʨʳʚʘʝʪ ʰʠʨʦʢʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʢʘʥʘʣʦʚ ʨʘʜʠʦʩʚʷʟʠ ʚʦ ʚʨʝʤʝʥʥʦʡ 

ʠ ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʷʭ ʚ ʩʠʩʪʝʤʘʭ ʤʦʙʠʣʴʥʦʡ ʩʚʷʟʠ ʠ ʨʘʜʠʦʜʦʩʪʫʧʘ [3, 67,69], ʧʨʠ 

ʚʳʩʦʢʦʪʦʯʥʦʤ ʦʧʨʝʜʝʣʝʥʠʠ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʚ ʨʘʜʠʦʥʘʚʠʛʘʮʠʠ [7, 48, 70, 71], ʚ 

ʩʣʫʯʘʝ ʢʦʛʝʨʝʥʪʥʦʛʦ ʩʫʤʤʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ ʧʨʠ ʠʭ ʤʥʦʛʦʣʫʯʝʚʦʤ ʨʘʩʧʨʦʩʪʨʘʥʝ-

ʥʠʠ ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʠʟʣʫʯʘʪʝʣʝʡ, ʚʢʣʶʯʘʷ ʩʧʫʪʥʠʢʦʚʳʝ [71]. 

ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʘʢʠʭ ʉʣʉ ʪʨʘʜʠʮʠʦʥʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʦʠʯʥʳʝ ʧʩʝʚʜʦʩʣʫ-

ʯʘʡʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (ʇʉʇ), ʯʪʦ ʠʩʪʦʨʠʯʝʩʢʠ ʦʙʫʩʣʦʚʣʝʥʦ, ʩ ʦʜʥʦʡ ʩʪʦʨʦ-

ʥʳ, ʧʦʚʩʝʤʝʩʪʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʚʦʠʯʥʦʡ ʩʠʩʪʝʤʳ ʩʯʠʩʣʝʥʠʷ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥ-

ʥʦ, ʜʚʦʠʯʥʳʭ ʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʫʟʣʦʚ, ʘʣʛʦʨʠʪʤʦʚ ʠ ʢʦʤʧʴʶʪʝʨʦʚ, ʘ ʩ ʜʨʫʛʦʡ 

ï ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʙʣʝʤʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʫʩʪʨʦʡʩʪʚ ʬʦʨʤʠʨʦ-

ʚʘʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʤʥʦʛʦʬʘʟʥʳʭ ʩʠʛʥʘʣʦʚ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʩʚʷʟʠ ʩ ʨʘʟʚʠʪʠʝʤ ʜʚʦʠʯʥʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦ-

ʛʠʡ, ʘ ʪʘʢʞʝ ʢʚʘʜʨʘʪʫʨʥʳʭ ʫʩʪʨʦʡʩʪʚ ʤʦʜʫʣʷʮʠʠ ʥʝʩʫʱʠʭ ʯʘʩʪʦʪ ʩʠʛʥʘʣʦʚ, ʥʝ ʩʫ-

ʱʝʩʪʚʫʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʪʨʫʜʥʦʩʪʝʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʥʦʛʦʟʥʘʯʥʳʭ ʇʉʇ ʚ ʧʨʘʢ-

ʪʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʷʭ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʩ ʧʝʨʝʭʦʜʦʤ ʥʘ ʤʥʦʛʦʟʥʘʯʥʫʶ 

ʣʦʛʠʢʫ ʧʨʠʤʝʥʝʥʠʝ ʤʥʦʛʦʟʥʘʯʥʳʭ ʇʉʇ ʙʳʣʦ ʙʳ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʧʦ ʩʨʘʚʥʝ-

ʥʠʶ ʩ ʜʚʦʠʯʥʳʤʠ, ʧʦʩʢʦʣʴʢʫ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʯʠʪʘʝʪʩʷ ʜʦʢʘʟʘʥʥʳʤ, ʯʪʦ, 

ʥʘʧʨʠʤʝʨ, ʪʨʦʠʯʥʘʷ ʣʦʛʠʢʘ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʪʨʦʠʯʥʳʝ ʢʦʤʧʴʶʪʝʨʳ ʠʤʝʣʠ ʙʳ 

ʦʱʫʪʠʤʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʝʨʝʜ ʜʚʦʠʯʥʳʤʠ [38,39], ʦʙʝʩʧʝʯʠʚʘʷ ʧʦʚʳʰʝʥʠʝ 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʚʳʯʠʩʣʝʥʠʡ ʚ ʧʦʣʪʦʨʘ-ʜʚʘ ʨʘʟʘ [38]. ɺ ʤʝʩʪʝ ʩ ʪʝʤ ʘʧʧʘʨʘʪʫʨʥʳʡ 

ʚʳʠʛʨʳʰ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʥʦʛʦʟʥʘʯʥʳʭ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʪʨʦʠʯʥʳʭ ʇʉʇ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʫʞʜʘʝʪʩʷ ʚ ʦʙʦʩʥʦʚʘʥʠʠ ʠ ʟʘʚʠʩʠʪ ʦʪ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ ʤʥʦʛʦ-

ʟʥʘʯʥʦʡ ʣʦʛʠʢʠ.  
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ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʩʯʠʪʘʣʦʩʴ, ʯʪʦ ʥʠʢʘʢʠʭ ʧʨʝʠʤʫ-

ʱʝʩʪʚ, ʢʨʦʤʝ ʧʦʚʳʰʝʥʠʷ ʩʢʨʳʪʥʦʩʪʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʥʦʛʦʟʥʘʯʥʳʭ ʇʉʇ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʚʦʠʯʥʳʤʠ ʇʉʇ ʥʝ ʜʘʝʪ. ʅʦ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʦʷʚʠʣʠʩʴ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʛʨʫʧʧʦʚʳʭ ʉʣʉ ʥʘ ʦʩʥʦʚʝ ʮʠʨʢʫʣʷʨ-

ʥʳʭ ʤʘʪʨʠʮ ʤʥʦʛʦʟʥʘʯʥʳʭ ʣʠʥʝʡʥʳʭ ʨʝʢʫʨʨʝʥʪʥʳʭ ʇʉʇ (ʃʈʇ) ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʧʝʨʠʦʜʘ ʫʜʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʦ ʦʨʪʦʛʦ-

ʥʘʣʴʥʳʭ ʩʠʩʪʝʤ ʩʠʛʥʘʣʦʚ ʚ ʦʙʱʝʤ ʢʘʥʘʣʝ ʩʚʷʟʠ ʧʨʠ ʢʦʤʧʝʥʩʘʮʠʠ ʠʭ ʚʟʘʠʤʥʳʭ 

ʧʦʤʝʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʙʱʝʥʥʦʛʦ ʙʳʩʪʨʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ (ɹʇʌ), 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʢʘʥʘʣʘ ʩʚʷʟʠ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ. 

ʇʨʠ ʵʪʦʤ ʚ ʢʘʯʝʩʪʚʝ ʩʠʥʭʨʦʩʠʛʥʘʣʦʚ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʢʞʝ ʤʥʦʛʦ-

ʟʥʘʯʥʳʝ ʃʈʇ [2].  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʥʭʨʦʩʠʛʥʘʣʦʚ ʚ ʩʠʩʪʝʤʘʭ ʩ ʰʫʤʦʧʦʜʦʙʥʳʤʠ ʉʣʉ ʯʘʩʪʦ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʳʜʝʣʝʥʠʝ ʥʘ ʠʭ ʜʦʣʶ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʦʙʱʝʡ ʤʦʱʥʦʩʪʠ, ʠʟ-

ʣʫʯʘʝʤʦʡ ʚ ʦʙʱʝʤ ʢʘʥʘʣʝ ʩʚʷʟʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʵʪʠʭ 

ʩʠʛʥʘʣʦʚ ʥʘ ʧʨʠʝʤʥʦʡ ʩʪʦʨʦʥʝ ʧʨʠ ʤʦʱʥʦʩʪʠ ʩʫʤʤʘʨʥʦʡ ʧʦʤʝʭʠ ʚ ʜʝʩʷʪʢʠ, ʩʦʪʥʠ, 

ʘ ʠʥʦʛʜʘ ʠ ʚ ʪʳʩʷʯʠ ʨʘʟ ʧʨʝʚʦʩʭʦʜʷʱʝʡ ʤʦʱʥʦʩʪʴ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ. ʇʨʠ ʵʪʦʤ 

ʜʦʚʦʣʴʥʦ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʩʠʥʭʨʦʩʠʛʥʘʣʳ ʩ ʙʦʣʴʰʠʤʠ ʧʝʨʠʦʜʘʤʠ ʧʦʚʪʦʨʝʥʠʷ, 

ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʜʝʩʷʪʢʠ ʤʩ, ʪ.ʝ. ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʦʩʭʦʜʷʱʠʤʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʢʘ-

ʥʘʣʴʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ ʠʟ-ʟʘ ʪʨʝʙʦʚʘʥʠʡ ʢ ʚʳʩʦʢʦʡ ʥʘʜʝʞʥʦʩʪʠ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʘʥʘʣʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʙʨʘʙʦʪʢʠ 

ʩʠʥʭʨʦʩʠʛʥʘʣʘ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʦ ʜʣʠʪʝʣʴʥʦʩʪʠ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʘʭ. 

ʂʣʶʯʝʚʳʤ ʵʪʘʧʦʤ ʦʙʨʘʙʦʪʢʠ ʪʘʢʦʛʦ ʰʫʤʦʧʦʜʦʙʥʦʛʦ ʩʠʥʭʨʦʩʠʛʥʘʣʘ ʧʨʠ ʥʝ-

ʠʟʚʝʩʪʥʦʡ ʝʛʦ ʯʘʩʪʦʪʝ ʠ ʟʘʜʝʨʞʢʝ ʧʦ ʚʨʝʤʝʥʠ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʢʨʘʪ-

ʥʦʝ ʚʳʯʠʩʣʝʥʠʝ ʝʛʦ ʩʚʝʨʪʢʠ ʥʘ ʜʣʠʪʝʣʴʥʦʩʪʠ ʚʨʝʤʝʥʠ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʧʝ-

ʨʠʦʜʦʚ ʝʛʦ ʧʦʚʪʦʨʝʥʠʷ [13, 36, 50, 62, 66]. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʨʘʟ-

ʜʝʣʝʥʠʷ ʩʣʦʞʥʳʭ ʩʠʛʥʘʣʦʚ ʩ ʨʘʟʥʳʤʠ ʯʘʩʪʦʪʘʤʠ ʠ ʟʘʜʝʨʞʢʘʤʠ ʧʦ ʚʨʝʤʝʥʠ ʧʨʠ 

ʥʠʟʢʦʤ ʦʪʥʦʰʝʥʠʠ ʩʠʛʥʘʣ/ʰʫʤ ʧʦ ʤʦʱʥʦʩʪʠ ʥʘ ʚʭʦʜʝ ʧʨʠʝʤʥʠʢʘ. ɺʳʯʠʩʣʝʥʠʝ 

ʩʚʝʨʪʢʠ ʉʣʉ ʚ ʮʠʬʨʦʚʦʤ ʚʠʜʝ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʩʚʦʜʠʪʩʷ ʢ ʩʚʝʨʪʢʝ ʇʉʇ, ʥʘ ʦʩʥʦ-

ʚʝ ʢʦʪʦʨʦʡ ʦʥ ʩʬʦʨʤʠʨʦʚʘʥ, ʪ.ʝ. ʢ ʦʙʨʘʙʦʪʢʝ ʜʠʩʢʨʝʪʥʳʭ ʩʠʛʥʘʣʦʚ. ʉʫʱʝʩʪʚʝʥʥʳʡ 

ʧʨʦʛʨʝʩʩ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪ ʙʣʘʛʦʜʘʨʷ ʧʨʠʤʝʥʝʥʠʶ ʙʳʩʪ-
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ʨʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʚ ʙʘʟʠʩʥʳʭ ʬʫʥʢʮʠʷʭ ɺʠʣʝʥʢʠʥʘ-ʂʨʝʩʪʝʥʩʦʥʘ 

(ɺʂ) [13, 24, 72, 73]. ɼʣʷ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʜʦʢʘʟʘʪʴ, ʯʪʦ ʤʥʦʛʦʧʦʟʠ-

ʮʠʦʥʥʳʝ ʃʈʇ ʧʨʠʚʦʜʷʪʩʷ ʢ ʬʫʥʢʮʠʷʤʠ ɺʂ ʠ ʦʙʦʩʥʦʚʘʪʴ ʢʘʢ ʩʧʦʩʦʙʳ ʪʘʢʦʛʦ ʧʨʠ-

ʚʝʜʝʥʠʷ, ʪʘʢ ʠ ʚʘʨʠʘʥʪʳ ʦʪʦʙʨʘʞʝʥʠʷ ʩʪʨʦʢ ʠ ʩʪʦʣʙʮʦʚ ʤʘʪʨʠʮ-ʮʠʨʢʫʣʷʥʪʦʚ ʤʥʦ-

ʛʦʧʦʟʠʮʠʦʥʥʳʭ ʃʈʇ ʧʨʠ ʚʳʙʨʘʥʥʳʭ ʩʧʦʩʦʙʘʭ ʠʭ ʫʧʦʨʷʜʦʯʝʥʠʷ ʥʘ ʩʪʨʦʢʠ ʠ 

ʩʪʦʣʙʮʳ ʤʘʪʨʠʮʳ ʬʫʥʢʮʠʡ ɺʂ. ʉʠʥʭʨʦʥʠʟʘʮʠʷ ʇʉʇ ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʪʘʢʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ ʜʣʷ ʣʶʙʦʛʦ ʝʝ ʮʠʢʣʠʯʝʩʢʦʛʦ ʩʜʚʠʛʘ [22, 25].  

 

3.1. ʇʦʩʪʨʦʝʥʠʝ ʤʘʪʨʠʮ-ʮʠʨʢʫʣʷʥʪʦʚ p-ʠʯʥʳʭ ʣʠʥʝʡʥʳʭ ʨʝʢʫʨʨʝʥʪʥʳʭ  

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

 

ʇʨʝʜʩʪʘʚʠʤ p-ʠʯʥʫʶ ʃʈʇ, ʩʬʦʨʤʠʨʦʚʘʥʥʫʶ ʥʘ ʦʩʥʦʚʝ ʥʝʧʨʠʚʦʜʠʤʦʛʦ 

ʧʨʠʤʠʪʠʚʥʦʛʦ ʧʦʣʠʥʦʤʘ fm(x) ʚ ʚʠʜʝ ʚʝʢʪʦʨʘ-ʩʪʨʦʢʠ: 

, ,  0,  ..., 1,
i

n

l i i kx k Nè ø= = -ê úÀ      (3.1) 

ʛʜʝ xi,k ï ɻ ʣʝʤʝʥʪʘʨʥʳʝ ʩʠʤʚʦʣʳ ʃʈʇ; { }0,..., 1i mÍ -  ï ʥʦʤʝʨ ʝʝ ʮʠʢʣʠʯʝʩʢʦʛʦ 

ʩʜʚʠʛʘ ʥʘ { }0,  1,  ..., 1il NÍ - ʩʠʤʚʦʣʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʃʈʇ 0 0

nÀ ʩ ʫʩʣʦʚʥʦ ʥʫʣʝʚʳʤ 

ʮʠʢʣʠʯʝʩʢʠʤ ʩʜʚʠʛʦʤ; k ï ʥʦʤʝʨ ʝʝ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʩʠʤʚʦʣʘ; 1mN p= - ï ʜʣʠʥʘ 

(ʧʝʨʠʦʜ ʧʦʚʪʦʨʝʥʠʷ) ʃʈʇ; m ï ʧʦʨʷʜʦʢ fm(x); n ï ʥʦʤʝʨ ʚʳʙʨʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʫʧʦ-

ʨʷʜʦʯʝʥʠʷ p-ʠʯʥʦʡ ʃʈʇ ʧʦ ʝʝ ʮʠʢʣʠʯʝʩʢʠʤ ʩʜʚʠʛʘʤ. ɿʘʤʝʪʠʤ, ʮʠʢʣʠʯʝʩʢʠʡ ʩʜʚʠʛ 

ʃʈʇ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʟʘʜʘʝʪʩʷ ʝʝ ʥʘʯʘʣʴʥʳʤ ʙʣʦʢʦʤ, ʪ.ʝ. ʩʦʯʝʪʘʥʠʝʤ ʝʸ m 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʩʠʤʚʦʣʦʚ, ʘ ʩʧʦʩʦʙ ʫʧʦʨʷʜʦʯʝʥʠʷ ʣʶʙʳʭ m ʝʝ ʮʠʢʣʠʯʝʩʢʠʭ ʩʜʚʠʛʦʚ 

ʤʦʞʥʦ ʟʘʜʘʪʴ ʩ ʧʦʤʦʱʴʶ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʦʡ ʛʨʫʧʧʳ ʨʘʩʰʠʨʝʥʥʦ-

ʛʦ ʧʦʣʷ ɻʘʣʫʘ ( )mGF p  ʧʦ ʤʦʜʫʣʶ fm(x) ʪʘʢ, ʯʪʦ ʝʝ ʵʣʝʤʝʥʪʳ 
ka, ʩʣʝʜʫʶʱʠʝ ʜʨʫʛ 

ʟʘ ʜʨʫʛʦʤ, ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

0 1 1

,, ...  ;N

i kxa a a-è øè ø=ê úê ú
 0,  ...,  1;i m= -  0,  ...,  1.k N= -  (3.2) 

ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʬʦʨʤʫʣʝ (3.2) ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʘʪʨʠʮʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ m ʩʪʨʦʢ, 

ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ i-ʳʡ ʮʠʢʣʠʯʝʩʢʠʡ ʩʜʚʠʛ ʃʈʇ ʥʘ li 

ʩʠʤʚʦʣʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʃʈʇ 0 0

nÀ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʩʪʨʦʢʠ ʵʪʦʡ ʤʘʪʨʠʮʳ 
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ʥʫʤʝʨʫʶʪʩʷ ʩʠʤʚʦʣʦʤ i, ʘ ʝʝ ʩʪʦʣʙʮʳ ï ʩʠʤʚʦʣʦʤ k, ʧʦʩʢʦʣʴʢʫ ʥʦʤʝʨʘ ʵʪʠʭ 

ʩʪʦʣʙʮʦʚ ʩʦʚʧʘʜʘʶʪ ʩ ʥʦʤʝʨʘʤʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʩʠʤʚʦʣʦʚ ʃʈʇ ʚ (3.1). ʂʨʦʤʝ ʪʦʛʦ, 

ʩʠʤʚʦʣ k ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʩʪʝʧʝʥʠ k-ʛʦ 

ʵʣʝʤʝʥʪʘ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʦʡ ʛʨʫʧʧʳ, ʪ.ʝ. 
ka. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʵʪʘ ʛʨʫʧʧʘ ʠʤʝʝʪ 

ʮʠʢʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ, ʪ.ʝ. 
0 ,Na a=  

1 1 ,  ...,Na a+=  
0Na a=  ʠ ʪ.ʜ., ʠ ʩʦʩʪʦʠʪ ʠʟ 

ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʛʦ ʯʠʩʣʘ N ʥʝʩʦʚʧʘʜʘʶʱʠʭ ʥʝʥʫʣʝʚʳʭ ʵʣʝʤʝʥʪʦʚ, ʷʚʣʷʶ-

ʱʠʭʩʷ ʩʪʝʧʝʥʷʤʠ ʧʝʨʚʦʦʙʨʘʟʥʦʛʦ ʵʣʝʤʝʥʪʘ 
0a ʧʦʣʷ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ 

ʚʳʙʨʘʪʴ ʣʶʙʦʡ ʝʝ ʵʣʝʤʝʥʪ [13]. ʇʨʠ ʵʪʦʤ, ʢʘʢ ʠʟʚʝʩʪʥʦ, 
1,k ka a-=

n
H  ʛʜʝ Hn ï ʩʦ-

ʧʨʦʚʦʞʜʘʶʱʘʷ ʤʘʪʨʠʮʘ fm(x). ʆʙʳʯʥʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʯʝʪʳʨʝ ʪʠʧʘ ʪʘʢʠʭ ʤʘʪʨʠʮ 

[12, 47, 60]: 

0

1

1

2

1

0 0 ... 0

1 0 ... 0

;

0 0 ... 0

0 0 ... 1

m

m

a

a

a

a

-

-

è ø
é ù
é ù
é ù=
é ù
é ù
é ùê ú

H
 

2

0 1 2 1

0 1 ... 0 0

0 0 ... 0 0

;

0 0 ... 0 1

... m ma a a a- -

è ø
é ù
é ù
é ù=
é ù
é ù
é ùê ú

H
 

1

2

3

1

0

1 ... 0 0

0 ... 0 0

;

0 ... 0 1

0 ... 0 0

m

m

a

a

a

a

-

-

è ø
é ù
é ù
é ù=
é ù
é ù
é ùê ú

H

1 2 1 0

4

...

1 0 ... 0 0

,

0 0 ... 0 0

0 0 ... 1 0

m ma a a a- -è ø
é ù
é ù
é ù=
é ù
é ù
é ùê ú

H
 

ʛʜʝ 0 1 2 1, ,..., ,m ma a a a- - ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʣʠʥʦʤʘ fm(x), ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʤʥʦʞʝʩʪʚʫ 

{ }0,  1,  ..., 1 .p-  ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʤʝʨʥʦʩʪʴ ʵʪʠʭ ʤʘʪʨʠʮ ʩʦʩʪʘʚʣʷʝʪ .m m³  ʊʦʛʜʘ 

m ʮʠʢʣʠʯʝʩʢʠʭ ʩʜʚʠʛʦʚ p-ʠʯʥʦʡ ʃʈʇ ʥʘ li ʝʝ ʩʠʤʚʦʣʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ 0 0

nÀ ʩ ʥʝʢʦ-

ʪʦʨʳʤ ʩʜʚʠʛʦʤ, ʫʩʣʦʚʥʦ ʩʯʠʪʘʶʱʠʤʩʷ ʥʫʣʝʚʳʤ, ʢʦʛʜʘ li=0, ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ 

ʚʠʜʝ ʤʘʪʨʠʮʳ: 



 

 

99 

1

1

0 0

1 0 1 1

,

1

1

... ;
...

;  0,  ..., 1,

m

n

n

l N

m n

n

l m

k k k N

a a a

a a

-

-

-

-

è øÀ
é ù
Àé ùè ø= =ê úé ù

é ù
Àé ùê ú

= = -
n

À

H

   (3.3) 

ʛʜʝ ʩʪʦʣʙʮʳ Ŭk ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʧʨʠ ʚʳʙʦʨʝ ʤʘʪʨʠʮʳ Hn. ʂʨʦʤʝ ʪʦʛʦ, ʤʦʞʥʦ 

ʧʨʦʠʟʚʦʣʴʥʦ ʚʳʙʨʘʪʴ Ŭ0, ʯʪʦ ʦʧʨʝʜʝʣʠʪ ʢʘʢ ʮʠʢʣʠʯʝʩʢʠʡ ʩʜʚʠʛ 0 0

nÀ, ʪʘʢ ʠ 

ʮʠʢʣʠʯʝʩʢʠʝ ʩʜʚʠʛʠ ʦʩʪʘʣʴʥʳʭ ʇʉʇ ʚ (3.3) ʧʨʠ ʚʳʙʨʘʥʥʦʡ ʤʘʪʨʠʮʝ Hn.  

ɼʣʷ ʤʘʪʨʠʮʳ H1 ɻ ʣʝʤʝʥʪʳ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʦʡ ʛʨʫʧʧʳ ʧʦʣʷ ɻʘʣʫʘ ʤʦʞʥʦ 

ʚʳʯʠʩʣʠʪʴ ʧʦ ʬʦʨʤʫʣʝ  

0,0

0, 1

1,1

1, 11

2,2

1, 1

1,1

0 0 ... 0

1 0 ... 0

... .
...

0 0 ... 0

0 0 ... 1

k

k

k

kk

m km

m k

m km

xa
x

xa
x

xa
x

xa

a

+

++

--

- +

--

è øè ø
è ø é ùé ù
é ù é ùé ù
é ù é ùé ù= = Ö Ö Ö Ö Ö
é ù é ùé ù
é ù é ùé ù
ê ú é ùé ùê úê ú

  (3.4) 

ʇʨʠ ʵʪʦʤ m ʮʠʢʣʠʯʝʩʢʠʭ ʩʜʚʠʛʦʚ ʧʦʨʦʞʜʘʝʤʦʡ p-ʠʯʥʦʡ ʃʈʇ ʨʘʩʧʦʣʘʛʘʶʪʩʷ 

ʚ ʩʪʨʦʢʘʭ ʤʘʪʨʠʮʳ ,1mÀ , ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ H1, ʪ.ʝ.: 

0,0 0,1 0, 1

1,0 1,1 1, 1

,1

1,0 1,1 1, 1

...

...
.

...

N

N

m

m m m N

x x x

x x x

x x x

-

-

- - - -

è ø
é ù
é ù=
é ùÖ Ö Ö Ö
é ù
ê ú

À
 

ɽʝ ʩʪʦʣʙʮʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʵʣʝʤʝʥʪʳ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʦʡ ʛʨʫʧʧʳ ʧʦʣʷ 

ɻʘʣʫʘ ʧʦ ʤʦʜʫʣʶ fm(x) ʩ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ a0, a1, ..., amï1, am. 

ʄʘʪʨʠʮʫ-ʮʠʨʢʫʣʷʥʪ p-ʠʯʥʦʡ ʃʈʇ , ,ʮm nÀ  ʩ ʵʣʝʤʝʥʪʘʤʠ (0, 1, ..., Nï1), ʩʦʜʝʨ-

ʞʘʱʫʶ ʝʝ ʮʠʢʣʠʯʝʩʢʠʝ ʩʜʚʠʛʠ ʥʘ l0, l1, ..., lmï1 ʩʠʤʚʦʣʦʚ, ʘ ʪʘʢʞʝ ʚʩʝ ʦʩʪʘʣʴʥʳʝ 

ʩʜʚʠʛʠ, ʥʝ ʩʦʚʧʘʜʘʶʱʠʝ ʩ ʥʠʤʠ, ʩʬʦʨʤʠʨʫʝʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʘʚʠʣʦʤ: 
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H

H
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À
    

( )
( ) 1

A N
C N

m

å õ
= -æ ö
ç ÷

,  (3.5) 

ʛʜʝ A(N) ï ʯʠʩʣʦ, ʤʘʢʩʠʤʘʣʴʥʦ ʙʣʠʟʢʦʝ ʢ N, ʜʝʣʷʱʝʝʩʷ ʥʘʮʝʣʦ ʥʘ m ʠ ʫʜʦʚʣʝʪʚʦ-

ʨʷʶʱʝʝ ʥʝʨʘʚʝʥʩʪʚʫ A(N) >N. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 
( )A N

m
 ï ɻ ʪʦ ʦʙʱʝʝ ʯʠʩʣʦ ʙʣʦʢʦʚ ʚ 

ʤʘʪʨʠʮʝ , ,m nʮÀ , ʩʦʜʝʨʞʘʱʝʝ ʤʘʪʨʠʮʫ ,m nÀ  ʠʣʠ ʝʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚʠʜʘ , .x

n m nH À  ʈʘʟ-

ʤʝʨʥʦʩʪʴ ʢʘʞʜʦʛʦ ʙʣʦʢʘ ʩʦʩʪʘʚʠʪ ( 1).m N³ - ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʤʝʨʥʦʩʪʴ ʤʘʪʨʠ-

ʮʳ , ,ʮm nÀ  ʙʫʜʝʪ ( ) ( 1),A N N³ - ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʦʩʣʝʜʥʠʡ ʙʣʦʢ , ,ʮm nÀ  ʚ ʩʚʦʠʭ 

(A(N)ïN) ʩʪʨʦʢʘʭ ʙʫʜʝʪ ʩʦʜʝʨʞʘʪʴ p-ʠʯʥrʝ ʃʈʇ, ʮʠʢʣʠʯʝʩʢʠʝ ʩʜʚʠʛʠ ʢʦʪʦʨʳʭ 

ʩʦʚʧʘʜʘʶʪ ʩʦ ʩʜʚʠʛʘʤʠ p-ʠʯʥrʭ ʃʈʇ ʧʝʨʚʦʛʦ ʙʣʦʢʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʚ ʪʘʙʣ. 3.1 ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚʦʩʴʤʠ ʤʘʢ-

ʩʠʤʘʣʴʥʳʭ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʳʭ ʛʨʫʧʧ ʧʦʣʷ ɻʘʣʫʘ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʥʦ-

ʤʦʚ 
3

1( ) 2 2f x x x= + + ʠ 
3 2

2( ) 2 2f x x x= + + ʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʜʝʩʷʪʠʯʥʦʡ ʩʠ-

ʩʪʝʤʝ ʩʯʠʩʣʝʥʠʷ. ʊʘʢʦʝ ʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙʦʟʥʘʯʠʤ ʢʘʢ 0
10

.aè øê ú
 ɺ ʢʘʯʝʩʪʚʝ ʧʝʨʚʦ-

ʦʙʨʘʟʥʦʛʦ ʙʳʣ ʚʳʙʨʘʥ ʵʣʝʤʝʥʪ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʦʡ ʛʨʫʧʧʳ [ ]0 1 0 0 ,a =  ʪ.ʝ. ʚʦ 

ʚʩʝʭ ʩʣʫʯʘʷʭ 0

10
9.aè ø=ê ú
  

 

 

 

 

 

 

 

 

 



 

 

101 

ʊʘʙʣʠʮʘ 3.1 - ʄʘʢʩʠʤʘʣʴʥʳʝ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʳʝ ʛʨʫʧʧʳ ʧʦʣʷ ɻʘʣʫʘ ʧʦ ʤʦʜʫʣʶ 

ʧʦʣʠʥʦʤʦʚ 
3

1( ) 2 2f x x x= + + ʠ 
3 2

2( ) 2 2f x x x= + + 

 
k 3

1( ) 2 2f x x x= + + 3 2

2( ) 2 2f x x x= + + 

H1 H2 H3 H4 H1 H2 H3 H4 

0 9 9 9 9 9 9 9 9 

1 3 2 5 3 3 2 11 12 

2 1 6 15 10 1 8 17 13 

3 21 20 23 21 19 26 8 4 

4 7 7 13 16 25 24 24 19 

5 23 23 17 14 24 19 10 15 

6 13 17 20 22 8 5 14 14 

7 25 25 4 7 10 17 26 22 

8 20 21 12 11 22 25 16 16 

9 12 11 14 12 26 23 5 5 

10 4 8 11 13 16 15 15 10 

11 22 26 2 4 21 20 2 3 

12 19 24 6 1 7 6 6 1 

13 18 18 18 18 18 18 18 18 

14 6 1 7 6 6 1 19 24 

15 2 3 21 20 2 4 22 26 

16 15 10 16 15 11 13 4 8 

17 5 5 26 23 14 12 12 11 

18 16 16 22 25 12 11 20 21 

19 26 22 10 17 4 7 25 25 

20 14 14 8 5 20 22 13 17 

21 10 15 24 19 17 14 23 23 

22 24 19 25 24 13 16 7 7 

23 8 4 19 26 23 21 21 20 

24 17 13 1 8 15 10 1 6 

25 11 12 3 2 5 3 3 2 

 

ɺ ʪʘʙʣ. 3.2 ʧʨʠʚʦʜʷʪʩʷ ʵʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ 3,1À  ʜʣʷ ʧʦʣʠʥʦʤʘ 

3

1( ) 2 2f x x x= + + ʠ ʝʛʦ ʩʦʧʨʦʚʦʞʜʘʶʱʝʡ ʤʘʪʨʠʮʳ H1, ʘ ʚ ʪʘʙʣ. 3.3 ï ɻ ʣʝʤʝʥʪʳ 

,2mÀ  ʜʣʷ ʵʪʦʛʦ ʞʝ ʧʦʣʠʥʦʤʘ, ʥʦ ʜʣʷ ʤʘʪʨʠʮʳ H2. 
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ʊʘʙʣʠʮʘ 3.2 - ʕʣʝʤʝʥʪʳ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʦʡ ʛʨʫʧʧʳ ʧʦʣʷ ɻʘʣʫʘ ʥʘ ʦʩʥʦʚʝ ʩʦʧʨʦ-

ʚʦʞʜʘʶʱʝʡ ʤʘʪʨʠʮʳ H1 ʧʦʣʠʥʦʤʘ 
3

1( ) 2 2f x x x= + + 

 

ʕʣʝʤʝʥʪʳ 

ʛʨʫʧʧʳ 

k 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 

10

kaè øê ú 

9 3 1 21 7 23 13 25 20 12 4 22 19 18 6 2 15 5 16 26 14 10 24 8 17 11 

0,kx  1 0 0 2 0 2 1 2 2 1 0 2 2 2 0 0 1 0 1 2 1 1 2 0 1 1 

1,kx  0 1 0 1 2 1 1 2 0 1 1 1 0 0 2 0 2 1 2 2 1 0 2 2 2 0 

2,kx  0 0 1 0 1 2 1 1 2 0 1 1 1 0 0 2 0 2 1 2 2 1 0 2 2 2 

 

ʊʘʙʣʠʮʘ 3.3 - ʕʣʝʤʝʥʪʳ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʦʡ ʛʨʫʧʧʳ ʧʦʣʷ ɻʘʣʫʘ ʥʘ ʦʩʥʦʚʝ ʩʦʧʨʦ-

ʚʦʞʜʘʶʱʝʡ ʤʘʪʨʠʮʳ H2 ʧʦʣʠʥʦʤʘ 
3

1( ) 2 2f x x x= + + 

 

ʕʣʝʤʝʥʪʳ 

ʛʨʫʧʧʳ 

k 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 

10

kaè øê ú 

9 2 6 20 7 23 17 25 21 11 8 26 24 18 1 3 10 5 16 22 14 15 19 4 13 12 

0,kx  1 0 0 2 0 2 1 2 2 1 0 2 2 2 0 0 1 0 1 2 1 1 2 0 1 1 

1,kx  0 0 2 0 2 1 2 2 1 0 2 2 2 0 0 1 0 1 2 1 1 2 0 1 1 1 

2,kx  0 2 0 2 1 2 2 1 0 2 2 2 0 0 1 0 1 2 1 1 2 0 1 1 1 0 

 

ɺ ʪʘʙʣ. 3.4 ʧʨʠʚʦʜʠʪʩʷ ʤʘʪʨʠʮʘ 3,1,ʮÀ , ʩʬʦʨʤʠʨʦʚʘʥʥʘʷ ʥʘ ʦʩʥʦʚʝ 

3

1( ) 2 2f x x x= + + ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʪʨʠʮʳ H1. 
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ʊʘʙʣʠʮʘ 3.4 - ʄʘʪʨʠʮʘ 3,1,ʮÀ  ʩʬʦʨʤʠʨʦʚʘʥʥʘʷ ʥʘ ʦʩʥʦʚʝ 
3

1( ) 2 2f x x x= + + ʠ H1 

ʎʠʢʣʠ-

ʯʝʩʢʠʝ 

ʩʜʚʠʛʠ 

ʨ-

ʠʯʥʦʡ 

ʃʈʇ 

k 

i li 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 2

5 

  

10

kaè øê ú 

  

9 3 1 21 7 23 13 25 20 12 4 22 19 18 6 2 15 5 16 26 14 10 24 8 17 11   

0,kx  
1 0 0 2 0 2 1 2 2 1 0 2 2 2 0 0 1 0 1 2 1 1 2 0 1 1 0 0 

1,kx  
0 1 0  1 2 1 1 2 0 1 1 1 0 0 2 0 2 1 2 2 1 0 2 2 2 0 1 15 

2,kx  
0 0 1 0 1 2 1 1 2 0 1 1 1 0 0 2 0 2 1 2 2 1 0 2 2 2 2 14 

3,kx  
2 0 2 1 2 2 1 0 2 2 2 0 0 1 0 1 2 1 1 2 0 1 1 1 0 0 3 3 

4,kx  
1 2 1 1 2 0 1 1 1 0 0 2 0 2 1 2 2 1 0 2 2 2 0 0 1 0 4 18 

5,kx  
0 1 2 1 1 2 0 1 1 1 0 0 2 0 2 1 2 2 1 0 2 2 2 0 0 1 5 17 

6,kx  

1 2 2 1 0 2 2 2 0 0 1 0 1 2 1 1 2 0 1 1 1 0 0 2 0 2 6 6 

7,kx  
1 2 0 1 1 1 0 0 2 0 2 1 2 2 1 0 2 2 2 0 0 1 0 1 2 1 7 21 

8,kx  
1 1 2 0 1 1 1 0 0 2 0 2 1 2 2 1 0 2 2 2 0 0 1 0 1 2 8 20 

9,kx  

1 0 2 2 2 0 0 1 0 1 2 1 1 2 0 1 1 1 0 0 2 0 2 1 2 2 9 9 

10,kx  
1 1 1 0 0 2 0 2 1 2 2 1 0 2 2 2 0 0 1 0 1 2 1 1 2 0 10 24 

11,kx  
0 1 1 1 0 0 2 0 2 1 2 2 1 0 2 2 2 0 0 1 0 1 2 1 1 2 11 23 

12,kx  
2 2 0 0 1 0 1 2 1 1 2 0 1 1 1 0 0 2 0 2 1 2 2 1 0 2 12 12 

13,kx  
0 0 2 0 2 1 2 2 1 0 2 2 2 0 0 1 0 1 2 1 1 2 0 1 1 1 13 1 

14,kx  

1 0 0 2 0 2 1 2 2 1 0 2 2 2 0 0 1 0 1 2 1 1 2 0 1 1 14 0 

15,kx  
0 1 0 1 2 1 1 2 0 1 1 1 0 0 2 0 2 1 2 2 1 0 2 2 2 0 15 15 

16,kx  
0 2 1 2 2 1 0 2 2 2 0 0 1 0 1 2 1 1 2 0 1 1 1 0 0 2 16 4 

17,kx  
2 0 2 1 2 2 1 0 2 2 2 0 0 1 0 1 2 1 1 2 0 1 1 1 0 0 17 3 

18,kx  
1 2 1 1 2 0 1 1 1 0 0 2 0 2 1 2 2 1 0 2 2 2 0 0 1 0 18 18 

19,kx  
2 2 1 0 2 2 2 0 0 1 0 1 2 1 1 2 0 1 1 1 0 0 2 0 2 1 19 7 

20,kx  
1 2 2 1 0 2 2 2 0 0 1 0 1 2 1 1 2 0 1 1 1 0 0 2 0 2 20 6 

21,kx  
1 2 0 1 1 1 0 0 2 0 2 1 2 2 1 0 2 2 2 0 0 1 0 1 2 1 21 21 

22,kx  
0 2 2 2 0 0 1 0 1 2 1 1 2 0 1 1 1 0 0 2 0 2 1 2 2 1 22 10 

23,kx  
1 0 2 2 2 0 0 1 0 1 2 1 1 2 0 1 1 1 0 0 2 0 2 1 2 2 23 9 

24,kx  
1 1 1 0 0 2 0 2 1 2 2 1 0 2 2 2 0 0 1 0 1 2 1 1 2 0 24 24 

25,kx  
2 0 0 1 0 1 2 1 1 2 0 1 1 1 0 0 2 0 2 1 2 2 1 0 2 2 25 13 

ɺ ʪʘʙʣ. 3.5 ʧʨʠʚʦʜʠʪʩʷ ʤʘʪʨʠʮʘ 3,2,ʮÀ  ʜʣʷ ʵʪʦʛʦ ʞʝ ʧʦʣʠʥʦʤʘ, ʥʦ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ H2. 
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ʊʘʙʣʠʮʘ 3.5 - ʄʘʪʨʠʮʘ 3,2,ʮÀ  ʩʬʦʨʤʠʨʦʚʘʥʥʘʷ ʥʘ ʦʩʥʦʚʝ 
3

1( ) 2 2f x x x= + + ʠ H2  

ʎʠʢʣʠʯʝ-

ʩʢʠʝ ʩʜʚʠʛʠ 

ʨ-ʠʯʥʦʡ 

ʃʈʇ 

k 

i li 

0 1 2 3 4 5 6 7 8 9 1

0 

1

1 

1

2 

1

3 

1

4 

1

5 

1

6 

1

7 

1

8 

1

9 

2

0 

2

1 

2

2 

2

3 

2

4 

2

5 

  

10

kaè øê ú 

  

9 3 1 2

1 

7 2

3 

1

3 

2

5 

2

0 

1

2 

4 2

2 

1

9 

1

8 

6 2 1

5 

5 1

6 

2

6 

1

4 

1

0 

2

4 

8 1

7 

1

1 

  

0,kx  
1 0 0 2 0 2 1 2 2 1 0 2 2 2 0 0 1 0 1 2 1 1 2 0 1 1 0 0 

1,kx  
0 0 2 0 2 1 2 2 1 0 2 2 2 0 0 1 0 1 2 1 1 2 0 1 1 1 1 1 

2,kx  
0 2 0 2 1 2 2 1 0 2 2 2 0 0 1 0 1 2 1 1 2 0 1 1 1 0 2 2 

3,kx  
2 0 2 1 2 2 1 0 2 2 2 0 0 1 0 1 2 1 1 2 0 1 1 1 0 0 3 3 

4,kx  
0 2 1 2 2 1 0 2 2 2 0 0 1 0 1 2 1 1 2 0 1 1 1 0 0 2 4 4 

5,kx  
2 1 2 2 1 0 2 2 2 0 0 1 0 1 2 1 1 2 0 1 1 1 0 0 2 0 5 5 

6,kx  
1 2 2 1 0 2 2 2 0 0 1 0 1 2 1 1 2 0 1 1 1 0 0 2 0 2 6 6 

7,kx  
2 2 1 0 2 2 2 0 0 1 0 1 2 1 1 2 0 1 1 1 0 0 2 0 2 1 7 7 

8,kx  
2 1 0 2 2 2 0 0 1 0 1 2 1 1 2 0 1 1 1 0 0 2 0 2 1 2 8 8 

9,kx  
1 0 2 2 2 0 0 1 0 1 2 1 1 2 0 1 1 1 0 0 2 0 2 1 2 2 9 9 

10,kx  
0 2 2 2 0 0 1 0 1 2 1 1 2 0 1 1 1 0 0 2 0 2 1 2 2 1 1

0 

1

0 

11,kx  
2 2 2 0 0 1 0 1 2 1 1 2 0 1 1 1 0 0 2 0 2 1 2 2 1 0 1

1 

1

1 

12,kx  
2 2 0 0 1 0 1 2 1 1 2 0 1 1 1 0 0 2 0 2 1 2 2 1 0 2 1

2 

1

2 

13,kx  
2 0 0 1 0 1 2 1 1 2 0 1 1 1 0 0 2 0 2 1 2 2 1 0 2 2 1

3 

1

3 

14,kx  
0 0 1 0 1 2 1 1 2 0 1 1 1 0 0 2 0 2 1 2 2 1 0 2 2 2 1

4 

1

4 

15,kx  
0 1 0 1 2 1 1 2 0 1 1 1 0 0 2 0 2 1 2 2 1 0 2 2 2 0 1

5 

1

5 

16,kx  
1 0 1 2 1 1 2 0 1 1 1 0 0 2 0 2 1 2 2 1 0 2 2 2 0 0 1

6 

1

6 

17,kx  
0 1 2 1 1 2 0 1 1 1 0 0 2 0 2 1 2 2 1 0 2 2 2 0 0 1 1

7 

1

7 

18,kx  
1 2 1 1 2 0 1 1 1 0 0 2 0 2 1 2 2 1 0 2 2 2 0 0 1 0 1

8 

1

8 

19,kx  
2 1 1 2 0 1 1 1 0 0 2 0 2 1 2 2 1 0 2 2 2 0 0 1 0 1 1

9 

1

9 

20,kx  
1 1 2 0 1 1 1 0 0 2 0 2 1 2 2 1 0 2 2 2 0 0 1 0 1 2 2

0 

2

0 

21,kx  
1 2 0 1 1 1 0 0 2 0 2 1 2 2 1 0 2 2 2 0 0 1 0 1 2 1 2

1 

2

1 

22,kx  
2 0 1 1 1 0 0 2 0 2 1 2 2 1 0 2 2 2 0 0 1 0 1 2 1 1 2

2 

2

2 

23,kx  
0 1 1 1 0 0 2 0 2 1 2 2 1 0 2 2 2 0 0 1 0 1 2 1 1 2 2

3 

2

3 

24,kx  
1 1 1 0 0 2 0 2 1 2 2 1 0 2 2 2 0 0 1 0 1 2 1 1 2 0 2

4 

2

4 

25,kx  
1 1 0 0 2 0 2 1 2 2 1 0 2 2 2 0 0 1 0 1 2 1 1 2 0 1 2

5 

2

5 

 

ɸʥʘʣʠʟ ʪʘʙʣ. 3.5 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʤʘʪʨʠʮʝ-ʮʠʨʢʫʣʷʥʪʝ p-ʠʯʥʦʡ ʃʈʇ, ʧʨʠ-

ʚʝʜʝʥʥʦʡ ʚ ʥʝʡ, ʢʘʞʜʘʷ ʧʦʩʣʝʜʫʶʱʘʷ ʩʪʨʦʢʘ ʮʠʢʣʠʯʝʩʢʠ ʩʜʚʠʥʫʪʘ ʥʘ ʦʜʠʥ ʩʠʤʚʦʣ 

ʚʧʨʘʚʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʝʜʳʜʫʱʝʡ ʩʪʨʦʢʠ. ʂʨʦʤʝ ʪʦʛʦ, ʩʪʨʦʢʠ ʠ ʩʪʦʣʙʮʳ ʩ ʦʜʠʥʘ-
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ʢʦʚʳʤʠ ʥʦʤʝʨʘʤʠ ʩʦʚʧʘʜʘʶʪ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʪʘʢʠʝ ʤʘʪʨʠʮʳ-

ʮʠʨʢʫʣʷʥʪʳ ʫʧʦʨʷʜʦʯʝʥʥʳʤʠ. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʫʧʦ-

ʨʷʜʦʯʝʥʥʫʶ ʤʘʪʨʠʮʫ-ʮʠʨʢʫʣʷʥʪ p-ʠʯʥʦʡ ʃʈʇ ʤʦʞʥʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʥʘ ʦʩʥʦʚʝ ʩʦ-

ʧʨʦʚʦʞʜʘʶʱʠʭ ʤʘʪʨʠʮ H2 ʠ H4. ʄʘʪʨʠʮʳ-ʮʠʨʢʫʣʷʥʪʳ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʥʘ ʦʩʥʦ-

ʚʝ H1 ʠ H3 ̫ ʚʣʷʶʪʩʷ ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʤʠ, ʪ.ʝ. ʩʪʨʦʢʠ ʠ ʩʪʦʣʙʮʳ ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʥʦ-

ʤʝʨʘʤʠ ʚ ʥʠʭ ʥʝ ʩʦʚʧʘʜʘʶʪ (ʩʤ. ʪʘʙʣ. 3.4), ʘ ʩʪʨʦʢʠ ʩʜʚʠʥʫʪʳ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʜʨʫʛʘ ʧʩʝʚʜʦʩʣʫʯʘʡʥʦ. 

ɺ ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʤʘʪʨʠʮʝ ʚ ʩʪʨʦʢʝ ʩ ʥʦʤʝʨʦʤ i ʥʘʭʦʜʠʪʩʷ ʮʠʢʣʠʯʝʩʢʠʡ 

ʩʜʚʠʛ p-ʠʯʥʦʡ ʃʈʇ, ʥʘʯʠʥʘʶʱʠʡʩʷ ʩ ʙʣʦʢʘ ʝʝ ʵʣʝʤʝʥʪʘʨʥʳʭ ʩʠʤʚʦʣʦʚ, ʢʘʢ ʟʘʧʠ-

ʩʘʥʦ ʚ ʬʦʨʤʫʣʝ 

0

2 ,i

i = 2Hb H a  

ʛʜʝ , , 0,..., 1 ,i i kx k mè ø= = -ê úb  0

2
aH

 ï ʧʝʨʚʦʦʙʨʘʟʥʳʡ ʵʣʝʤʝʥʪ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʦʡ 

ʛʨʫʧʧʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʤʘʪʨʠʮʝ H2. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʚʳʙʦʨʝ ʢʘʞʜʦʛʦ ʩʣʝʜʫʶ-

ʱʝʛʦ ʵʣʝʤʝʥʪʘ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʦʡ ʛʨʫʧʧʳ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʚʦʦʙʨʘʟʥʦʛʦ ʧʨʦʠʩʭʦʜʠʪ 

ʮʠʢʣʠʯʝʩʢʠʡ ʩʜʚʠʛ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʛʨʫʧʧʳ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʩʫ-

ʱʝʩʪʚʫʝʪ N ʚʘʨʠʘʥʪʦʚ ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʤʘʪʨʠʮʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʙʦʨʘ ʧʝʨʚʦʦʙ-

ʨʘʟʥʦʛʦ ʵʣʝʤʝʥʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʨʫʢʪʫʨʘ ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʤʘʪʨʠʮʳ ʦʧʨʝʜʝʣʷʝʪ-

ʩʷ ʢʘʢ ʚʠʜʦʤ ʤʘʪʨʠʮʳ H2, ʪʘʢ ʠ ʚʳʙʦʨʦʤ ʧʝʨʚʦʦʙʨʘʟʥʦʛʦ ʵʣʝʤʝʥʪʘ ʤʫʣʴʪʠʧʣʠʢʘ-

ʪʠʚʥʦʡ ʛʨʫʧʧʳ. 

 

3.2. ɻʝʥʝʨʘʪʦʨʳ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʳʭ ʛʨʫʧʧ ʠ p-ʠʯʥʳʭ ʃʈʇ 

 

ɺ ʧʨʝʜʳʜʫʱʝʤ ʨʘʟʜʝʣʝ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʦʩʪʨʦʝʥʠʷ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʳʭ 

ʛʨʫʧʧ ʠ ʤʘʪʨʠʮ-ʮʠʨʢʫʣʷʥʪʦʚ p-ʠʯʥʳʭ ʃʈʇ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʃʈʇ ʩ ʧʝʨʠʦʜʦʤ 

33 1 26.N= - = ʅʦ ʥʘ ʧʨʘʢʪʠʢʝ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʦʠʯʥʳʝ ʇʉʇ ʩ ʧʝʨʠʦʜʘʤʠ 

ʦʪ 127 ʜʦ 32767 ʩʠʤʚʦʣʦʚ ʠ ʙʦʣʝʝ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʩʠʩʪʝʤʘʭ ʤʦʙʠʣʴʥʦʡ ʩʚʷʟʠ 3G ʠ 

ʚ ʩʧʫʪʥʠʢʦʚʦʡ ʩʠʩʪʝʤʝ Globalstar ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʦʠʯʥʳʝ ʄ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 
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ʩ ʧʝʨʠʦʜʘʤʠ 
172 1 131071N= - =  ʠ N=242ï1=4398046511103. ɺ ʜʠʘʧʘʟʦʥʝ ʧʝʨʠʦʜʦʚ 

ʧʦʚʪʦʨʝʥʠʷ ʜʦ 32767 ʦʯʝʚʠʜʥʦ ʩʫʱʝʩʪʚʫʶʪ ʠ ʤʥʦʛʦʧʦʟʠʮʠʦʥʥʳʝ ʇʉʇ. ʊʘʢ, ʪʨʦ-

ʠʯʥʳʝ ʃʈʇ ʙʫʜʫʪ ʠʤʝʪʴ ʧʝʨʠʦʜʳ N=9, 26, 80, 242, 725, 2177, 6533, 19601, ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ ʯʝʪʚʝʨʠʯʥʳʝ ʃʈʇ ï ʧʝʨʠʦʜʳ N=15, 63, 255, 1023, 4095, 16383, ʧʷʪʝʨʠʯ-

ʥʳʝ ï ʧʝʨʠʦʜʳ N=24, 124, 624, 3124, 15724, ʰʝʩʪʝʨʠʯʥʳʝ ï ʧʝʨʠʦʜʳ N=35, 215, 

1295, 7775 ʠ ʪ.ʜ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʳʝ ʛʨʫʧʧʳ ʙʫʜʫʪ ʠʤʝʪʴ ʪʘʢʠʝ 

ʞʝ ʧʝʨʠʦʜʳ ʧʦʚʪʦʨʝʥʠʷ. 

ʈʘʩʩʤʦʪʨʠʤ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʳʝ ʛʨʫʧʧʳ, ʬʦʨʤʠʨʫʝʤʳʝ ʥʘ ʦʩʥʦʚʝ ʩʦʧʨʦ-

ʚʦʞʜʘʶʱʠʭ ʤʘʪʨʠʮ ʥʝʧʨʠʚʦʜʠʤʦʛʦ ʧʨʠʤʠʪʠʚʥʦʛʦ ʧʦʣʠʥʦʤʘ 

1

1 1 0( ) ... .m m

m m mf x a x a x a x a-

-= + + + + ʉ ʵʪʦʡ ʮʝʣʴʶ, ʫʯʠʪʳʚʘʷ ʩʪʨʫʢʪʫʨʫ ʤʘʪʨʠʮʳ 

H1 ʠ ʬʦʨʤʫʣʫ (3.4), ʧʦʣʫʯʠʤ ʨʝʢʫʨʨʝʥʪʥʫʶ ʬʦʨʤʫʣʫ ʜʣʷ ʵʣʝʤʝʥʪʦʚ ʩʦʦʪʚʝʪʩʪʚʫ-

ʶʱʝʡ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʦʡ ʛʨʫʧʧʳ: 

   

0, 0 1, 1

1, 0, 1 1 1, 1

1, 2, 1 1 1, 1

;

;

...

,

k m k

k k p m k

m k m k p m m k
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x x a x

x x a x

- -

- - -

- - - - - -
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î
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    (3.6) 

ʛʜʝ pÄ  ï ʦʙʦʟʥʘʯʝʥʠʝ ʦʧʝʨʘʮʠʠ ʩʫʤʤʠʨʦʚʘʥʠʷ ʧʦ ʤʦʜʫʣʶ p; a0, a1, ..., amï1 ʠ xi,k, 

i=0, ..., mï1; k=1, ..., Nï1 ʧʨʠʥʘʜʣʝʞʘʪ ʤʥʦʞʝʩʪʚʫ {0, 1,é, pï1}. ɿʘʤʝʪʠʤ, ʯʪʦ ʠ 

ʫʤʥʦʞʝʥʠʝ ʚ (3.6) ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʤʦʜʫʣʶ p. ʀʟ ʬʦʨʤʫʣʳ (3.6) ʩʣʝʜʫʝʪ, ʯʪʦ ʛʝʥʝ-

ʨʘʪʦʨ ʜʘʥʥʦʡ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʦʡ ʛʨʫʧʧʳ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʚ ʚʠʜʝ ʩʜʚʠʛʦʚʦʛʦ ʨʝ-

ʛʠʩʪʨʘ ʥʘ ʤʥʦʛʦʟʥʘʯʥʳʭ D-ʪʨʠʛʛʝʨʘʭ. ʅʘ ʨʠʩ. 3.1. ʧʨʝʜʩʪʘʚʣʝʥ ʛʝʥʝʨʘʪʦʨ ʤʫʣʴʪʠ-

ʧʣʠʢʘʪʠʚʥʦʡ ʛʨʫʧʧʳ ʧʦʣʷ ɻʘʣʫʘ ʧʦ ʤʦʜʫʣʶ ʥʝʧʨʠʚʦʜʠʤʦʛʦ ʧʨʠʤʠʪʠʚʥʦʛʦ ʧʦʣʠ-

ʥʦʤʘ ʩ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ a0, a1, ..., amï1, ʧʦʩʪʨʦʝʥʥʦʡ ʥʘ ʦʩʥʦʚʝ ʩʦʧʨʦʚʦʞʜʘʶʱʝʡ 

ʤʘʪʨʠʮʳ H1. ʅʘ ʨʠʩ. 3.1 ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ: D0, D1, ..., Dmï1 ï 

ʤʥʦʛʦʟʥʘʯʥʳʝ D-ʪʨʠʛʛʝʨʳ, ɻʊʀ ï ʛʝʥʝʨʘʪʦʨ ʪʘʢʪʦʚʳʭ ʠʤʧʫʣʴʩʦʚ. ʅʘ ʵʪʦʤ ʨʠʩʫʥʢʝ 

ʚ ʙʣʦʢʘʭ, ʚ ʢʦʪʦʨʳʭ ʠʟʦʙʨʘʞʝʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʣʠʥʦʤʘ, ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʤʥʦ-

ʞʝʥʠʝ ʧʦ ʤʦʜʫʣʶ p ʟʥʘʯʝʥʠʷ ʚʭʦʜʥʦʛʦ ʵʣʝʤʝʥʪʘ ʇʉʇ ʠ ʵʪʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ, ʩʫʤ-

ʤʠʨʦʚʘʥʠʝ ʪʘʢʞʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʤʦʜʫʣʶ p. ɺ ʪʨʠʛʛʝʨʳ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʟʘʥʦʩʠʪʩʷ 

ʧʝʨʚʦʦʙʨʘʟʥʳʡ ʵʣʝʤʝʥʪ ʬʦʨʤʠʨʫʝʤʦʡ ʛʨʫʧʧʳ. 
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ʈʠʩʫʥʦʢ 3.1 - ɻʝʥʝʨʘʪʦʨ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʦʡ ʛʨʫʧʧʳ ʧʦʣʷ ɻʘʣʫʘ ʧʦ ʤʦʜʫʣʶ ʥʝʧʨʠ-

ʚʦʜʠʤʦʛʦ ʧʨʠʤʠʪʠʚʥʦʛʦ ʧʦʣʠʥʦʤʘ, ʧʦʩʪʨʦʝʥʥʦʡ ʥʘ ʦʩʥʦʚʝ ʤʘʪʨʠʮʳ H1 

 

ɼʣʷ ʵʣʝʤʝʥʪʦʚ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʦʡ ʛʨʫʧʧʳ, ʬʦʨʤʠʨʫʝʤʦʡ ʥʘ ʦʩʥʦʚʝ ʤʘʪʨʠ-

ʮʳ H2, ʧʦʣʫʯʠʤ ʨʝʢʫʨʨʝʥʪʥʫʶ ʬʦʨʤʫʣʫ 

0, 1, 1

1, 2, 1

1, 0 0, 1 1 1, 1 1 1, 1

,

,

...

... .

k k

k k

m k k k m m k

x x

x x

x a x a x a x
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-

- - - - - -
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ʅʘ ʨʠʩ. 3.2 ʧʨʠʚʦʜʠʪʩʷ ʛʝʥʝʨʘʪʦʨ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʦʡ ʛʨʫʧʧʳ ʧʦʣʷ ɻʘʣʫʘ ʧʦ 

ʤʦʜʫʣʶ ʥʝʧʨʠʚʦʜʠʤʦʛʦ ʧʨʠʤʠʪʠʚʥʦʛʦ ʧʦʣʠʥʦʤʘ ʩ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ a0, a1, ..., amï2, 

amï1, ʧʦʩʪʨʦʝʥʥʦʡ ʥʘ ʦʩʥʦʚʝ ʩʦʧʨʦʚʦʞʜʘʶʱʝʡ ʤʘʪʨʠʮʳ H2. 
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ʈʠʩʫʥʦʢ 3.2 - ɻʝʥʝʨʘʪʦʨ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʦʡ ʛʨʫʧʧʳ ʧʦʣʷ ɻʘʣʫʘ ʧʦ ʤʦʜʫʣʶ ʥʝʧʨʠ-

ʚʦʜʠʤʦʛʦ ʧʨʠʤʠʪʠʚʥʦʛʦ ʧʦʣʠʥʦʤʘ, ʧʦʩʪʨʦʝʥʥʦʡ ʥʘ ʦʩʥʦʚʝ ʤʘʪʨʠʮʳ H2 

 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʛʝʥʝʨʘʪʦʨʳ p-ʠʯʥʳʭ ʃʈʇ ʠʤʝʶʪ ʪʘʢʫʶ ʞʝ ʩʪʨʫʢʪʫʨʫ, ʢʘʢ ʠ 

ʛʝʥʝʨʘʪʦʨʳ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʳʭ ʛʨʫʧʧ. ʇʨʠ ʵʪʦʤ ʵʣʝʤʝʥʪʳ ʛʨʫʧʧʳ ʬʦʨʤʠʨʫʶʪʩʷ 

ʧʘʨʘʣʣʝʣʴʥʦ ʩ ʚʳʭʦʜʦʚ ʚʩʝʭ ʪʨʠʛʛʝʨʦʚ, ʘ ʮʠʢʣʠʯʝʩʢʠʝ ʩʜʚʠʛʠ p-ʠʯʥʦʡ ʃʈʇ ï ʩ 

ʚʳʭʦʜʘ ʢʘʞʜʦʛʦ ʪʨʠʛʛʝʨʘ. ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʩʜʚʠʛʠ ʃʈʇ, ʬʦʨʤʠʨʫʝʤʳʭ ʩ ʚʳʭʦʜʘ ʩʦ-

ʩʝʜʥʠʭ ʪʨʠʛʛʝʨʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʪʨʫʢʪʫʨʝ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʦʡ ʛʨʫʧʧʳ. ɺ ʯʘʩʪ-

ʥʦʩʪʠ, ʜʣʷ ʧʨʠʤʝʨʘ, ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʚ ʧʨʝʜʳʜʫʱʝʤ ʨʘʟʜʝʣʝ, ʦʥʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʜʘʥʥʳʤ ʪʘʙʣ. 3.2 ʠ 3.3. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʨʦʠʯʥʘʷ ʣʦʛʠʢʘ, 

ʩʫʱʝʩʪʚʫʶʪ ʪʨʦʠʯʥʳʝ ʪʨʠʛʛʝʨʳ, ʨʝʛʠʩʪʨʳ ʩʜʚʠʛʘ ʥʘ ʠʭ ʦʩʥʦʚʝ, ʘ ʪʘʢʞʝ ʪʨʦʠʯʥʳʝ 

ʩʫʤʤʘʪʦʨʳ ʠ ʧʝʨʝʤʥʦʞʠʪʝʣʠ, ʦʜʥʘʢʦ ʪʨʦʠʯʥʳʝ ʧʨʦʮʝʩʩʦʨʳ ʠ ʢʦʤʧʴʶʪʝʨʳ ʥʘʭʦ-

ʜʷʪʩʷ ʪʦʣʴʢʦ ʚ ʩʪʘʜʠʠ ʨʘʟʨʘʙʦʪʢʠ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʚʦ ʤʥʦʛʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʦʢʘʟʘ-

ʥʦ, ʯʪʦ ʧʨʠ ʧʨʠʤʝʥʝʥʠʝ ʪʨʦʠʯʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʧʦʚʳʰʝʥʠʝ 

ʩʢʦʨʦʩʪʠ ʚʳʯʠʩʣʝʥʠʡ ʚ ʧʦʣʪʦʨʘ-ʜʚʘ ʨʘʟʘ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʚʦʠʯʥʳʤʠ ʢʦʤʧʴʶʪʝ-

ʨʘʤʠ [38, 39]. 

ʆʪʤʝʪʠʤ, ʯʪʦ p-ʠʯʥʳʝ ʃʈʇ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʳʝ ʛʨʫʧʧʳ 

ʤʦʞʥʦ ʬʦʨʤʠʨʦʚʘʪʴ ʠ ʥʘ ʜʚʦʠʯʥʳʭ ʧʨʦʮʝʩʩʦʨʘʭ ʩ ʧʦʤʦʱʴʶ ʨʝʢʫʨʨʝʥʪʥʳʭ ʬʦʨ-

ʤʫʣ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʚʳʰʝ.  
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3.3. ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʤʘʪʨʠʮʳ-ʮʠʨʢʫʣʷʥʪʘ p-ʠʯʥʦʡ ʃʈʇ ʢ ʤʘʪʨʠʮʝ ʬʫʥʢʮʠʡ 

ɺʠʣʝʥʢʠʥʘ-ʂʨʝʩʪʝʥʩʦʥʘ 

 

ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʤʘʪʨʠʮ-ʮʠʨʢʫʣʷʥʪʦʚ ʄ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ (ʄʇ) ʢ ʤʘʪ-

ʨʠʮʝ ʋʦʣʰʘ-ɸʜʘʤʘʨʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ [50]. ʅʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʄʇ, p-ʠʯʥʳʝ ʃʈʇ 

ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʢ ʬʫʥʢʮʠʷʤ ɺʂ, ʘ ʠʭ ʤʘʪʨʠʮʳ-ʮʠʨʢʫʣʷʥʪʳ ï ʢ ʤʘʪʨʠʮʘʤ ʵʪʠʭ 

ʬʫʥʢʮʠʡ ʧʨʠ ʣʶʙʦʤ ʩʧʦʩʦʙʝ ʠʭ ʫʧʦʨʷʜʦʯʝʥʠʷ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʢ ʤʘʪʨʠʮʝ ʬʫʥʢʮʠʡ 

ɺʂ, ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʧʦ ʂʨʦʥʝʢʝʨʫ. ʇʨʠ ʵʪʦʤ ʦʙʱʠʡ ʧʦʜʭʦʜ ʢ ʦʙʦʩʥʦʚʘʥʠʶ ʪʘʢʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʪʘʢʠʤ ʞʝ, ʢʘʢ ʠ ʚ [25], ʧʦʵʪʦʤʫ ʠʟʣʦʞʠʤ ʪʦʣʴʢʦ ʨʝ-

ʟʫʣʴʪʘʪʳ ʦʙʦʩʥʦʚʘʥʠʷ ʩʧʦʩʦʙʦʚ ʧʨʠʚʝʜʝʥʠʷ ʤʘʪʨʠʮ-ʮʠʨʢʫʣʷʥʪʦʚ p-ʠʯʥʳʭ ʃʈʇ ʢ 

ʤʘʪʨʠʮʝ ʬʫʥʢʮʠʠʡ ɺʂ. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʚ [25] ʜʦʢʘʟʘʥʦ, ʯʪʦ ʤʘʪʨʠʮʘ , ,ɺ-ʂ,m p ʩʪʨʦʢʠ ʢʦʪʦʨʦʡ ʷʚʣʷʶʪ-

ʩʷ ʩʪʝʧʝʥʷʤʠ 
2 / pW ep=  ʨʘʟʥʳʭ (ʥʝʩʦʚʧʘʜʘʶʱʠʭ) ʬʫʥʢʮʠʡ ɺʂ ʙʝʟ ʵʣʝʤʝʥʪʘ ʩ ʥʦ-

ʤʝʨʦʤ ʥʦʣʴ, ʠʩʢʣʶʯʘʷ ʬʫʥʢʮʠʶ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʥʫʣʝʡ, ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʧʫʪʝʤ 

ʧʝʨʝʩʪʘʥʦʚʢʠ ʩʪʦʣʙʮʦʚ ʤʘʪʨʠʮʳ , ,ʮm nÀ  (3.5) ʧʦ ʚʦʟʨʘʩʪʘʥʠʶ ʟʥʘʯʝʥʠʡ ʵʣʝʤʝʥʪʦʚ 

ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʦʡ ʛʨʫʧʧʳ ʧʦʣʷ ɻʘʣʫʘ, ʧʦʩʪʨʦʝʥʥʦʡ ʥʘ ʦʩʥʦʚʝ ʤʘʪʨʠʮ rH2, 

ʥʘʯʠʥʘʷ ʩ ʣʶʙʦʛʦ ʵʣʝʤʝʥʪʘ ʵʪʦʡ ʛʨʫʧʧʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʤ ʤʘʪʨʠʮʫ 
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   (3.7) 

ʛʜʝ Im ï ʝʜʠʥʠʯʥʘʷ ʤʘʪʨʠʮʘ ʨʘʟʤʝʨʦʤ ;m m³  Qm ï ɻ ʪʦ ʤʘʪʨʠʮʘ ʨʘʟʤʝʨʦʤ m N³ , ʧʦ 

ʩʪʦʣʙʮʘʤ ʢʦʪʦʨʦʡ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʯʠʩʣʘ ʦʪ 1 ʜʦ N ʚ ʠʭ p-ʠʯʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ. ʀʟ 

(3.7) ʩʣʝʜʫʝʪ, ʯʪʦ ʧʦʨʷʜʦʢ ʨʘʩʧʦʣʦʞʝʥʠʷ ʬʫʥʢʮʠʡ ɺʂ ʚ ʤʘʪʨʠʮʝ , ,ɺ-ʂm p  ʦʧʨʝʜʝ-

ʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʦʡ ʤʘʪʨʠʮʳ H. ɼʘʣʝʝ, ʨʘʩʧʨʦʩʪʨʘʥʷʷ ʨʝʟʫʣʴʪʘʪʳ [50] ʥʘ ʨʘʩʩʤʘʪ-

ʨʠʚʘʝʤʳʡ ʩʣʫʯʘʡ, ʧʦʣʫʯʠʤ, ʯʪʦ ʩʪʨʦʢʠ H ̫ ʚʣʷʶʪʩʷ ɻ ʣʝʤʝʥʪʘʤʠ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚ-

ʥʦʡ ʛʨʫʧʧʳ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʪʨʠʮʳ H1, ʧʨʠʯʝʤ ʝʝ ʥʫʣʝʚʘʷ 
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ʩʪʨʦʢʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ (mï1)-ʤʫ ʵʣʝʤʝʥʪʫ ʛʨʫʧʧʳ, ʘ ʧʦʩʣʝʜʥʷʷ ï ((C(N)+1)mï2)-ʤʫ 

ʵʣʝʤʝʥʪʫ. ʇʝʨʚʦʦʙʨʘʟʥʳʤ ʵʣʝʤʝʥʪʦʤ ʵʪʦʡ ʛʨʫʧʧʳ ʙʫʜʝʪ 

[ ]
T( 1) 1 0

0 1 1... .m m

ma a a- -

-= =
1

a aH  ʇʨʠ ʵʪʦʤ ʧʝʨʚʳʝ N ʩʪʨʦʢ ʤʘʪʨʠʮʳ 
è ø
é ù
ê ú

mI

H
 ï 

ʵʪʦ ʧʦʣʥʳʡ ʥʘʙʦʨ ɻʣʝʤʝʥʪʦʚ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʦʡ ʛʨʫʧʧʳ ʧʦʣʷ ɻʘʣʫʘ, ʧʦʩʪʨʦʝʥʥʦʡ 

ʥʘ ʦʩʥʦʚʝ ʩʦʧʨʦʚʦʞʜʘʶʱʝʡ ʤʘʪʨʠʮʳ H1, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 
T

,1mÀ . ɺ ʨʝʟʫʣʴʪʘʪʝ: 

0,0 1,0 1,0

0,1 1,1 1,1T
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,
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m

m p m
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x x x

x x x
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- - - -

è ø
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é ù= =
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é ù
ê ú

m m
Q QÀ      (3.8) 

ʛʜʝ [ ]
1

T T 0

0,0 1,0 1,0... 1 0 ... 0 0mx x x -è ø= =ê ú Ha , ʘ ʵʣʝʤʝʥʪʘʨʥʳʝ ʦʧʝʨʘʮʠʠ 

ʧʝʨʝʤʥʦʞʝʥʠʷ ʠ ʩʫʤʤʠʨʦʚʘʥʠʷ ʩʠʤʚʦʣʦʚ ʧʨʦʠʟʚʦʜʷʪʩʷ ʧʦ ʤʦʜʫʣʶ p. ʊʦ ʝʩʪʴ ʧʦ 

ʩʪʦʣʙʮʘʤ ʤʘʪʨʠʮʳ 
T

,1mÀ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʮʠʢʣʠʯʝʩʢʠʝ ʩʜʚʠʛʠ p-ʠʯʥʦʡ ʃʈʇ, ʝʝ 

ʩʪʨʦʢʠ ï ɻ ʪʦ ʵʣʝʤʝʥʪʳ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʦʡ ʛʨʫʧʧʳ ʨʘʩʰʠʨʝʥʥʦʛʦ ʧʦʣʷ ɻʘʣʫʘ ʧʦ 

ʤʦʜʫʣʶ ʥʝʧʨʠʚʦʜʠʤʦʛʦ ʧʨʠʤʠʪʠʚʥʦʛʦ ʧʦʣʠʥʦʤʘ, ʠʩʧʦʣʴʟʦʚʘʚʰʝʛʦʩʷ ʧʨʠ ʝʝ ʬʦʨ-

ʤʠʨʦʚʘʥʠʠ. ʇʨʠ ʵʪʦʤ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʘʷ ʛʨʫʧʧʘ ʧʦʩʪʨʦʝʥʘ ʥʘ ʦʩʥʦʚʝ ʩʦʧʨʦʚʦʞ-

ʜʘʶʱʝʡ ʤʘʪʨʠʮʳ H1, ʠ ʝʝ ʧʝʨʚʦʦʙʨʘʟʥʳʤ ʵʣʝʤʝʥʪʦʤ ʤʦʞʝʪ ʙʳʪʴ ʪʦʣʴʢʦ 

[ ]
1

T 01 0 ... 0 0 .= Ha  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʝ N ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʤʘʪʨʠʮ-ʮʠʨʢʫʣʷʥʪʦʚ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ p-

ʠʯʥʦʡ ʃʈʇ ʧʨʠ ʧʝʨʝʩʪʘʥʦʚʢʝ ʠʭ ʩʪʦʣʙʮʦʚ ʧʦ ʚʦʟʨʘʩʪʘʥʠʶ ʟʥʘʯʝʥʠʡ ʵʣʝʤʝʥʪʦʚ 

ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʦʡ ʛʨʫʧʧʳ ʨʘʩʰʠʨʝʥʥʦʛʦ ʧʦʣʷ ɻʘʣʫʘ ʧʦ ʤʦʜʫʣʶ ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʝʛʦ ʥʝʧʨʠʚʦʜʠʤʦʛʦ ʧʨʠʤʠʪʠʚʥʦʛʦ ʧʦʣʠʥʦʤʘ, ʧʦʩʪʨʦʝʥʥʦʡ ʥʘ ʦʩʥʦʚʝ ʩʦʧʨʦʚʦʞ-

ʜʘʶʱʝʡ ʤʘʪʨʠʮʳ ʵʪʦʛʦ ʧʦʣʠʥʦʤʘ H2, ʧʨʠʚʦʜʷʪʩʷ ʢ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʤʘʪʨʠʮʝ (3.8), 

ʩʪʨʦʢʠ ʢʦʪʦʨʦʡ ʩʦʚʧʘʜʘʶʪ ʩ ʬʫʥʢʮʠʷʤʠ ɺʂ ʙʝʟ ʩʠʤʚʦʣʘ ʩ ʥʦʤʝʨʦʤ ʥʦʣʴ. ʇʨʠ ʵʪʦʤ 

ʧʝʨʝʩʪʘʥʦʚʢʫ ʩʪʦʣʙʮʦʚ ʢʘʞʜʦʡ ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʤʘʪʨʠʮʳ-ʮʠʨʢʫʣʷʥʪʘ ʥʘʯʠʥʘʝʤ ʩ 

ʧʝʨʚʦʦʙʨʘʟʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʠʩʧʦʣʴʟʦʚʘʚʰʝʛʦʩʷ ʧʨʠ ʝʝ ʬʦʨʤʠʨʦʚʘʥʠʠ. ʇʨʠ ʵʪʦʤ i-ʷ 

ʩʪʨʦʢʘ ʤʘʪʨʠʮʳ-ʮʠʨʢʫʣʷʥʪʘ, ʥʘʯʘʣʴʥʳʡ ʙʣʦʢ ʩʠʤʚʦʣʦʚ ʢʦʪʦʨʦʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ bi, 

ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʩʪʨʦʢʫ ʤʘʪʨʠʮʳ , ,ɺ-ʂm p  ʪʘʢʞʝ ʩ ʥʦʤʝʨʦʤ i. ʅʦ ʝʩʣʠ ʤʳ ʚʳʙʝʨʝʤ 
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ʧʝʨʚʦʦʙʨʘʟʥʳʡ ʵʣʝʤʝʥʪ 
2

0 y+

Ha  ʠ, ʥʘʯʠʥʘʷ ʩ ʥʝʛʦ, ʙʫʜʝʤ ʧʝʨʝʩʪʘʚʣʷʪʴ ʩʪʦʣʙʮʳ 

ʤʘʪʨʠʮʳ-ʮʠʨʢʫʣʷʥʪʘ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʥʘ ʦʩʥʦʚʝ ʧʝʨʚʦʦʙʨʘʟʥʦʛʦ ʵʣʝʤʝʥʪʘ 
2

0 ,Ha  

ʪʦ i-ʷ ʩʪʨʦʢʘ ʵʪʦʡ ʤʘʪʨʠʮʳ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ (i+y)-  ʁʩʪʨʦʢʫ ʤʘʪʨʠʮʳ, ,ɺ-ʂ,m p , ʛʜʝ 

y ï ʮʝʣʦʝ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʯʠʩʣʦ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʩʤʝʱʝʥʠʶ ʥʦʤʝʨʘ ʧʝʨʚʦʦʙ-

ʨʘʟʥʦʛʦ ʵʣʝʤʝʥʪʘ ʛʨʫʧʧʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ‌.  

ʉʦʧʦʩʪʘʚʠʤ ʤʘʪʨʠʮʫ , ,ɺ-ʂm p  ʩ ʤʘʪʨʠʮʝʡ 
1,ɺ-ʂ-ʂmp -

S , ʩʦʩʪʦʷʱʝʡ ʠʟ ʩʪʝʧʝʥʝʡ 

2 / pW ep=  ʤʘʪʨʠʮʳ ʬʫʥʢʮʠʡ ɺʂ, ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʧʦ ʂʨʦʥʝʢʝʨʫ ʙʝʟ ʩʪʨʦʢʠ ʠ 

ʩʪʦʣʙʮʘ ʩ ʥʦʤʝʨʦʤ ʥʦʣʴ. ʇʦʩʣʝʜʥʶʶ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ  

T

1,ɺ-ʂ-ʂ
,m m mp -

=Q QS  

ʛʜʝ ʵʣʝʤʝʥʪʘʨʥʳʝ ʦʧʝʨʘʮʠʠ ʩʫʤʤʠʨʦʚʘʥʠʷ ʠ ʧʝʨʝʤʥʦʞʝʥʠʷ ʩʠʤʚʦʣʦʚ ʧʨʦʠʟʚʦʜʷʪ-

ʩʷ ʧʦ ʤʦʜʫʣʶ p [2]. ʊʦʛʜʘ ʤʘʪʨʠʮʫ , ,ɺ-ʂm p  ʤʦʞʥʦ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʚ ʤʘʪʨʠʮʫ 

1,ɺ-ʂ-ʂmp -
S  ʧʫʪʝʤ ʧʝʨʝʩʪʘʥʦʚʢʠ ʝʝ ʩʪʨʦʢ ʧʦ ʚʦʟʨʘʩʪʘʥʠʶ ʵʣʝʤʝʥʪʦʚ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚ-

ʥʦʡ ʛʨʫʧʧʳ ʨʘʩʰʠʨʝʥʥʦʛʦ ʧʦʣʷ ɻʘʣʫʘ, ʧʦʩʪʨʦʝʥʥʦʡ ʥʘ ʦʩʥʦʚʝ ʩʦʧʨʦʚʦʞʜʘʶʱʝʡ 

ʤʘʪʨʠʮʳ ʠʩʭʦʜʥʦʛʦ ʧʦʣʠʥʦʤʘ ʚʠʜʘ H1, ʥʘʯʠʥʘʷ ʩ ʧʝʨʚʦʦʙʨʘʟʥʦʛʦ ʵʣʝʤʝʥʪʘ 

[ ]
1

T0 1 0 ... 0 0=Ha . 

ʉ ʮʝʣʴʶ ʦʙʦʩʥʦʚʘʥʠʷ ʜʨʫʛʦʛʦ ʩʧʦʩʦʙʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʤʘʪʨʠʮʳ-ʮʠʨʢʫʣʷʥʪʘ 

p-ʠʯʥʦʡ ʃʈʇ ʢ ʤʘʪʨʠʮʝ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʩʪʝʧʝʥʝʡ W ʤʘʪʨʠʮʳ ʬʫʥʢʮʠʡ ɺʂ, ʥʝʦʙʭʦ-

ʜʠʤʦ ʨʘʩʩʤʦʪʨʝʪʴ ʤʘʪʨʠʮʫ , ,ɺ-ʂ.m p  ʆʯʝʚʠʜʥʦ, ʯʪʦ ʝʝ ʩʪʨʦʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʩʪʝʧʝʥʠ W ʬʫʥʢʮʠʡ ɺʂ ʙʝʟ ʩʠʤʚʦʣʘ ʩ ʥʦʤʝʨʦʤ ʥʦʣʴ, ʘ ʩʪʦʣʙʮʳ ʧʦ-ʧʨʝʞʥʝʤʫ ʷʚ-

ʣʷʶʪʩʷ ʮʠʢʣʠʯʝʩʢʠʤʠ ʩʜʚʠʛʘʤʠ p-ʠʯʥʦʡ ʃʈʇ. ɽʩʣʠ ʨʘʩʩʤʦʪʨʝʪʴ ʪʨʘʥʩʧʦʥʠʨʦʚʘʥ-

ʥʫʶ ʤʘʪʨʠʮʫ , ,ɺ-ʂ,m p  ʪ.ʝ. 
T

, ,ɺ-ʂ,m p  ʪʦ ʩʪʘʥʝʪ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʝʝ ʩʪʨʦʢʠ ï ɻ ʪʦ ʮʠʢ-

ʣʠʯʝʩʢʠʝ ʩʜʚʠʛʠ p-ʠʯʥʦʡ ʃʈʇ, ʧʨʠʯʝʤ ʥʘʯʘʣʴʥʳʝ ʙʣʦʢʠ ʵʪʠʭ ʩʜʚʠʛʦʚ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʪ ʵʣʝʤʝʥʪʘʤ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʦʡ ʛʨʫʧʧʳ ʧʦʣʷ ɻʘʣʫʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʦ-

ʧʨʦʚʦʞʜʘʶʱʝʡ ʤʘʪʨʠʮʝ ʠʩʭʦʜʥʦʛʦ ʧʦʣʠʥʦʤʘ H1, ʥʘʯʠʥʘʷ ʩ ʧʝʨʚʦʦʙʨʘʟʥʦʛʦ ʵʣʝ-

ʤʝʥʪʘ [ ]
1

T0 1 0 ... 0 0=Ha , ʘ ʩʪʦʣʙʮʳ ï ɻ ʪʦ ʩʪʝʧʝʥʠ W ʬʫʥʢʮʠʡ ɺʂ ʙʝʟ ʩʠʤʚʦʣʘ ʩ 
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ʥʦʤʝʨʦʤ ʥʦʣʴ. ʇʦʵʪʦʤʫ, ʧʝʨʝʩʪʘʚʣʷʷ ʩʪʦʣʙʮʳ ʤʘʪʨʠʮʳ
T

, ,ɺ-ʂm p  ʧʦ ʚʦʟʨʘʩʪʘʥʠʶ 

ʟʥʘʯʝʥʠʡ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʦʡ ʛʨʫʧʧʳ, ʧʦʩʪʨʦʝʥʥʦʡ ʥʘ ʦʩʥʦʚʝ ʩʦʧʨʦʚʦʞʜʘʶʱʝʡ 

ʤʘʪʨʠʮʳ ʠʩʭʦʜʥʦʛʦ ʧʦʣʠʥʦʤʘ H1, ʥʘʯʠʥʘʷ ʩ ʧʝʨʚʦʦʙʨʘʟʥʦʛʦ ʵʣʝʤʝʥʪʘ

[ ]
1

T0 1 0 ... 0 0=Ha , ʧʦʣʫʯʠʤ ʤʘʪʨʠʮʫ ʠʟ ʩʪʝʧʝʥʝʡ W ʬʫʥʢʮʠʡ ɺʂ, ʫʧʦʨʷʜʦʯʝʥ-

ʥʫʶ ʧʦ ʂʨʦʥʝʢʝʨʫ, ʥʦ ʙʝʟ ʩʪʨʦʢʠ ʩʪʦʣʙʮʘ ʩ ʥʦʤʝʨʦʤ ʥʦʣʴ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʤʘʪʨʠʮʘ 

T

, ,ɺ-ʂm p  ï ɻ ʪʦ ʤʘʪʨʠʮʘ-ʮʠʨʢʫʣʷʥʪ p-ʠʯʥʦʡ ʃʈʇ ʩ ʜʨʫʛʠʤ ʩʧʦʩʦʙʦʤ ʫʧʦʨʷʜʦʯʝʥʠʷ 

ʝʝ ʩʪʨʦʢ, ʥʝ ʦʧʠʩʘʥʥʳʤ ʚ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʩʪʦʣʙʮʳ ʵʪʦʡ ʤʘʪʨʠʮʳ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʪʝʧʝʥʠ W ʬʫʥʢʮʠʡ ɺʂ ʙʝʟ ʵʣʝʤʝʥʪʘ ʩ ʥʦʤʝʨʦʤ ʥʦʣʴ. 

 

3.4. ʉʠʥʭʨʦʥʠʟʘʮʠʷ ʨ-ʠʯʥʦʡ ʃʈʇ 

 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʰʫʤʦʧʦʜʦʙʥʦʛʦ ʉʣʉ ʥʘ ʦʩʥʦʚʝ p-ʠʯʥʦʡ ʃʈʇ ʧʨʝʜʧʦʣʘʛʘʝʪ 

p-ʬʘʟʥʫʶ ʤʦʜʫʣʷʮʠʶ ʝʛʦ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʳ ʥʘ ʝʝ ʦʩʥʦʚʝ. ʂʦʤʧʣʝʢʩʥʫʶ ʦʛʠʙʘʶ-

ʱʫʶ ʧʦʣʫʯʝʥʥʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʜʣʠʪʝʣʴʥʦʩʪʠ ʚʨʝʤʝʥʠ ʝʛʦ ʧʦʚʪʦʨʝʥʠʷ ʤʦʞʥʦ ʦʧʠ-

ʩʘʪʴ ʢʘʢ 
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ʛʜʝ i=0, 1, é, Nï1 ï ɻ ʪʦ ʫʩʣʦʚʥʳʡ ʥʦʤʝʨ ʥʘʯʘʣʴʥʦʛʦ ʙʣʦʢʘ, ʩ ʢʦʪʦʨʦʛʦ ʥʘʯʠʥʘʝʪʩʷ 

p-ʠʯʥʘ ̫ʃʈʇ; 
2 / ;pW ep=  S0(tïkTɻ) ï ʬʫʥʢʮʠʷ, ʦʧʠʩʳʚʘʶʱʘʷ ʬʦʨʤʫ ʵʣʝʤʝʥʪʘʨʥʦʛʦ 

ʠʤʧʫʣʴʩʘ ʉʣʉ; Tɻ ï ʜʣʠʪʝʣʴʥʦʩʪʴ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʠʤʧʫʣʴʩʘ. ʉʧʦʩʦʙ ʧʦʣʫʯʝ-

ʥʠʷ ʢʦʤʧʣʝʢʩʥʦʡ ʦʛʠʙʘʶʱʝʡ ʤʥʦʛʦʬʘʟʥʦʛʦ ʉʣʉ ʥʘ ʚʭʦʜʝ ʧʨʠʝʤʥʠʢʘ ʩ ʧʦʤʦʱʴʶ 

ʢʚʘʜʨʘʪʫʨʥʦʡ ʩʭʝʤʳ ʚ ʵʪʦʤ ʨʘʟʜʝʣʝ ʦʧʠʩʳʚʘʪʴ ʥʝ ʙʫʜʝʤ. ɽʛʦ ʩʠʥʬʘʟʥʫʶ ʠ ʢʚʘʜʨʘ-

ʪʫʨʥʫʶ ʩʦʩʪʘʚʣʷʶʱʠʝ ʥʘ ʚʳʭʦʜʘʭ ʪʘʢʦʡ ʩʭʝʤʳ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʦʜʠʥ 

ʢʦʤʧʣʝʢʩʥʳʡ ʩʠʛʥʘʣ. ʊʘʢʞʝ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʪʦʣʴʢʦ ʧʦʣʝʟʥʦʡ 

(ʩʠʛʥʘʣʴʥʦʡ) ʩʦʩʪʘʚʣʷʶʱʝʡ ʚʭʦʜʥʦʡ ʩʤʝʩʠ ʧʨʠʝʤʥʠʢʘ, ʪʘʢ ʢʘʢ ʘʜʜʠʪʠʚʥʘʷ ʰʫʤʦ-

ʚʘʷ ʧʦʤʝʭʘ ʙʫʜʝʪ ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʧʦʣʝʟʥʳʡ ʩʠʛʥʘʣ. 
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ʇʦʩʣʝ ʜʠʩʢʨʝʪʠʟʘʮʠʠ (3.9) ʩ ʠʥʪʝʨʚʘʣʦʤ T  ɻʧʦʣʫʯʠʤ ʟʥʘʯʝʥʠʷ ʦʪʩʯʝʪʦʚ ʢʦʤ-

ʧʣʝʢʩʥʦʛʦ ʜʠʩʢʨʝʪʥʦʛʦ ʩʠʛʥʘʣʘ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʠʤ ʢʘʢ ʚʝʢʪʦʨ XN. ɽʛʦ ʟʥʘʯʝʥʠʷ, 

ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.3, ʩʣʝʜʫʶʪ ʩ ʚʳʭʦʜʘ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ 

(ɸʎʇ) ʧʨʠ ʦʪʢʨʳʪʦʤ ʢʣʶʯʝ (ʂʣ), ʥʝʦʙʭʦʜʠʤʦʤ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʠ ʟʥʘ-

ʯʝʥʠʡ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʪʦʣʴʢʦ ʥʘ ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʝʨʠʦʜʘ ʝʛʦ ʧʦʚʪʦʨʝʥʠʷ.  

 

ʈʠʩʫʥʦʢ 3.3 - ʋʩʪʨʦʡʩʪʚʦ ʫʩʢʦʨʝʥʥʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ p-ʠʯʥʦʡ ʃʈʇ 

 

ɼʘʣʝʝ, ʦʪʩʯʝʪʳ ʚʝʢʪʦʨʘ XN ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʩʪʘʚʠʪʴ ʧʦ ʚʦʟʨʘʩʪʘʥʠʶ ʟʥʘʯʝ-

ʥʠʡ ʵʣʝʤʝʥʪʦʚ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʦʡ ʛʨʫʧʧʳ 
2 2 2

0 1 1, ..., N-

H H Ha a a  ʧʨʠ ʣʶʙʦʤ ʚʳʙʨʘʥ-

ʥʦʤ 
2

0

Ha . ʕʪʦ ʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʩ ʧʦʤʦʱʴʶ ʦʧʝʨʘʪʠʚʥʦʛʦ ʟʘʧʦʤʠʥʘʶʱʝʛʦ 

ʫʩʪʨʦʡʩʪʚʘ (ʆɿʋ) (ʩʤ. ʨʠʩ. 3.3), ʢʦʛʜʘ ʥʦʤʝʨ ʷʯʝʡʢʠ, ʚ ʢʦʪʦʨʫʶ ʟʘʧʠʩʳʚʘʝʪʩʷ 

ʢʘʞʜʳʡ ʧʦʩʣʝʜʫʶʱʠʡ ʵʣʝʤʝʥʪ XN, ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝʤ ʵʣʝʤʝʥʪʘ ʤʫʣʴʪʠʧʣʠ-

ʢʘʪʠʚʥʦʡ ʛʨʫʧʧʳ ʧʦʣʷ ɻʘʣʫʘ, ʧʦʩʪʨʦʝʥʥʦʡ ʥʘ ʦʩʥʦʚʝ ʤʘʪʨʠʮʳ H2. ʇʨʠ ʵʪʦʤ ʷʯʝʡ-

ʢʘ ʧʘʤʷʪʠ ʆɿʋ ʩ ʥʫʣʝʚʳʤ ʥʦʤʝʨʦʤ ʠʛʥʦʨʠʨʫʝʪʩʷ, ʪ.ʝ. ʟʘʧʠʩʴ ʥʘʯʠʥʘʝʪʩʷ ʩ ʧʝʨʚʦʡ 

ʷʯʝʡʢʠ ʧʘʤʷʪʠ. ɻʝʥʝʨʘʪʦʨ ʛʨʫʧʧʳ ʥʘ ʦʩʥʦʚʝ H2 ʦʙʦʟʥʘʯʝʥ ʥʘ ʨʠʩ. 3.3 ʢʘʢ ɻʇɻ 

(H2). ɿʥʘʯʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʦʡ ʛʨʫʧʧʳ ʧʦʩʪʫʧʘʶʪ ʥʘ ʆɿʋ ʯʝʨʝʟ 

ʢʦʤʤʫʪʘʪʦʨ ʂ1. ʉʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʝʩʣʠ ɻʇɻ(H2) ʩʪʨʦʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʪʨʦʠʯ-

ʥʦʡ ʣʦʛʠʢʠ, ʪʦ ʥʦʤʝʨʘ ʷʯʝʝʢ ʧʘʤʷʪʠ, ʚ ʢʦʪʦʨʳʝ ʩʣʝʜʫʝʪ ʟʘʧʠʩʳʚʘʪʴ ʵʣʝʤʝʥʪ XN, 

ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʨʦʠʯʥʦʡ ʩʠʩʪʝʤʝ ʩʯʠʩʣʝʥʠʷ. ʇʦʵʪʦʤʫ ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʷ ʜʚʦʠʯʥʦʛʦ ʆɿʋ ʥʝʦʙʭʦʜʠʤ ʙʣʦʢ, ʧʨʝʦʙʨʘʟʫʶʱʠʡ ʪʨʦʠʯʥʳʝ ʯʠʩʣʘ ʚ ʜʚʦʠʯ-
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ʥʳʝ. ʆʥ ʥʝ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 3.3. ɼʘʣʝʝ, ʚ ʷʯʝʡʢʫ ʧʘʤʷʪʠ ʆɿʋ ʩ ʥʫʣʝʚʳʤ ʥʦʤʝʨʦʤ 

ʩʣʝʜʫʝʪ ʟʘʧʠʩʘʪʴ ʟʥʘʯʝʥʠʝ 1, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚ ʆɿʋ ʙʫʜʝʪ ʟʘʧʠʩʘʥʘ ʬʫʥʢʮʠʷ ɺʂ. 

ʉ ʮʝʣʴʶ ʝʝ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʫʤʥʦʞʠʪʴ ʤʘʪʨʠʮʫ ʬʫʥʢʮʠʡ ɺʂ, ʫʧʦʨʷ-

ʜʦʯʝʥʥʫʶ, ʥʘʧʨʠʤʝʨ, ʧʦ ʂʨʦʥʝʢʝʨʫ, ʥʘ ʚʝʢʪʦʨ-ʩʪʦʣʙʝʮ, ʟʘʧʠʩʘʥʥʳʡ ʚ ʆɿʋ, ʯʪʦ 

ʵʢʚʠʚʘʣʝʥʪʥʦ ʦʙʦʙʱʝʥʥʦʤʫ ɹʇʌ ʚ ʙʘʟʠʩʝ ʬʫʥʢʮʠʡ ɺʂ. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʪʘʢʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʦʜʝʨʞʠʤʦʝ ʆɿʋ ʯʝʨʝʟ ʢʦʤʤʫʪʘʪʦʨ ʂ2 (ʩʤ. ʨʠʩ. 3.3) ʧʦʩʪʫʧʘʝʪ ʥʘ 

ʙʣʦʢ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʙʦʙʱʝʥʥʦʝ ɹʇʌ (ɹʇʌ ʚ ɺʂ), ʨʝʟʫʣʴʪʘʪ ʢʦʪʦʨʦʛʦ 

ʚʥʦʚʴ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʆɿʋ. ɿʘʪʝʤ ʯʝʨʝʟ ʢʦʤʤʫʪʘʪʦʨ ʂ1 ʢ ʆɿʋ ʧʦʜʢʣʶʯʘʝʪʩʷ ʩʯʝʪ-

ʯʠʢ (ʉʏ), ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʷʯʝʡʢʠ ʧʘʤʷʪʠ ʆɿʋ ʥʫʤʝʨʫʶʪʩʷ ʧʦʜʨʷʜ ʠ ʧʦʩʣʝ-

ʜʦʚʘʪʝʣʴʥʦ ʧʦʩʪʫʧʘʶʪ ʥʘ ʨʝʰʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ (ʈʋ), ʚ ʢʦʪʦʨʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʥʦʤʝʨ ʷʯʝʡʢʠ v, ʚ ʢʦʪʦʨʦʡ ʦʢʘʟʘʣʦʩʴ ʟʘʧʠʩʘʥʦ ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʨʝʟʫʣʴʪʘʪʘ 

ʦʙʦʙʱʝʥʥʦʛʦ ɹʇʌ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʠʜʝʥʪʠʬʠʮʠʨʫʝʪʩʷ ʩʪʨʦʢʘ ʤʘʪʨʠʮʳ ɺʂ, ʫʧʦ-

ʨʷʜʦʯʝʥʥʦʡ ʧʦ ʂʨʦʥʝʢʝʨʫ, ʝʩʣʠ ʦʙʦʙʱʝʥʥʦʝ ɹʇʌ ʚʳʧʦʣʥʷʣʦʩʴ ʚ ʙʘʟʠʩʝ ɺʂ-

ʂʨʦʥʝʢʝʨʘ. ʆʙʨʘʪʥʦʝ p-ʠʯʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ v, ʪ.ʝ. 1, 2, 0,...m v m v vh h h- - , ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʢʘʢ ʵʣʝʤʝʥʪ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʦʡ ʛʨʫʧʧʳ ʧʦʣʷ ɻʘʣʫʘ, ʧʦʩʪʨʦʝʥʥʦʛʦ ʥʘ ʦʩʥʦʚʝ ʩʦ-

ʧʨʦʚʦʞʜʘʶʱʝʡ ʤʘʪʨʠʮʳ H1 ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʧʦʣʠʥʦʤʘ ʧʨʠ ʧʝʨʚʦʦʙʨʘʟʥʦʤ ʵʣʝʤʝʥ-

ʪʝ [ ]
1

T0 1 0 ... 0 0 .=Ha  

ʅʦʤʝʨ ʩʪʨʦʢʠ, ʚ ʢʦʪʦʨʦʡ ʙʫʜʝʪ ʥʘʭʦʜʠʪʴʩʷ ʮʠʢʣʠʯʝʩʢʠʡ ʩʜʚʠʛ p-ʠʯʥʦʡ ʃʈʇ 

ʚ ʝʝ ʤʘʪʨʠʮʝ-ʮʠʨʢʫʣʷʥʪʝ, ʧʦʩʪʨʦʝʥʥʦʡ ʥʘ ʦʩʥʦʚʝ ʩʦʧʨʦʚʦʞʜʘʶʱʝʡ ʤʘʪʨʠʮʳ ʧʦ-

ʣʠʥʦʤʘ H1 ʠ ʧʝʨʚʦʦʙʨʘʟʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʩ ʢʦʪʦʨʦʛʦ ʥʘʯʠʥʘʣʘʩʴ ʧʝʨʝʩʪʘʥʦʚʢʘ ʵʣʝ-

ʤʝʥʪʦʚ XN, ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ, ʨʝʰʘʷ ʤʘʪʨʠʯʥʦʝ ʫʨʘʚʥʝʥʠʝ 
1

T0

1 1, 2, 0,...i

m v m v vh h ha - -
è ø=ê úHH   

ʦʪʥʦʩʠʪʝʣʴʥʦ i. ʊʦʛʜʘ ʠʩʢʦʤʳʡ ʥʘʯʘʣʴʥʳʡ ʙʣʦʢ p-ʠʯʥʦʡ ʃʈʇ, ʩ ʢʦʪʦʨʦʛʦ ʥʘʯʘʣʘʩʴ 

ʝʝ ʟʘʧʠʩʴ ʚ ʆɿʋ, ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʧʦ ʬʦʨʤʫʣʝ 
2

0

2 .i= Hb H a  ʅʘ ʧʨʘʢʪʠʢʝ ʨʝʰʝʥʠʝ 

ʵʪʠʭ ʫʨʘʚʥʝʥʠʡ ʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʩ ʧʦʤʦʱʴʶ ʛʝʥʝʨʘʪʦʨʦʚ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʳʭ 

ʛʨʫʧʧ ʧʦʣʷ ɻʘʣʫʘ, ʬʦʨʤʠʨʫʝʤʳʭ ʥʘ ʦʩʥʦʚʝ ʩʦʧʨʦʚʦʞʜʘʶʱʠʭ ʤʘʪʨʠʮ ʠʩʭʦʜʥʦʛʦ 

ʧʦʣʠʥʦʤʘ H2 ʠ H1. ʅʘ ʨʠʩ. 3.3 ʛʝʥʝʨʘʪʦʨ ʛʨʫʧʧʳ ʥʘ ʦʩʥʦʚʝ H1 ʧʨʝʜʩʪʘʚʣʝʥ ʢʘʢ 

ɻʇɻ(H1). ɼʣʷ ɻʇɻ(H1) ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʝʨʚʦʦʙʨʘʟʥʳʡ ʵʣʝʤʝʥʪ 

[ ]
1

T0 1 0 ... 0 0 ,=Ha  ʘ ʜʣʷ ɻʇɻ(H2) ʧʝʨʚʦʦʙʨʘʟʥʳʡ ʵʣʝʤʝʥʪ ʩʦʚʧʘʜʘʝʪ ʩ 
2

0 ,Ha  ʩ 
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ʢʦʪʦʨʦʛʦ ʥʘʯʠʥʘʣʘʩʴ ʧʝʨʝʩʪʘʥʦʚʢʘ ʟʥʘʯʝʥʠʡ XN. ʂʦʛʜʘ ʯʠʩʣʘ ʥʘ ʚʳʭʦʜʝ ʵʪʠʭ ʛʝʥʝ-

ʨʘʪʦʨʦʚ ʩʦʚʧʘʜʫʪ, ʥʘ ʚʳʭʦʜʝ ɻʇɻ(H2) ʙʫʜʝʪ ʠʩʢʦʤʳʡ ʥʘʯʘʣʴʥʳʡ ʙʣʦʢ p -ʠʯʥʦʡ 

ʃʈʇ, ʩ ʢʦʪʦʨʦʛʦ ʥʘʯʘʣʘʩʴ ʟʘʧʠʩʴ XN ʚ ʆɿʋ.  

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʦʙʦʙʱʝʥʥʦʛʦ ɹʇʌ ʤʦʞʥʦ ʧʝʨʝʩʪʘʚʠʪʴ 

ʩʦʜʝʨʞʠʤʦʝ ʷʯʝʝʢ ʧʘʤʷʪʠ ʆɿʋ ʧʦ ʚʦʟʨʘʩʪʘʥʠʶ ʵʣʝʤʝʥʪʦʚ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʦʡ 

ʛʨʫʧʧʳ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʥʘ ʦʩʥʦʚʝ H1, ʥʘʯʠʥʘʷ ʩ ʧʝʨʚʦʦʙʨʘʟʥʦʛʦ ʵʣʝʤʝʥʪʘ

[ ]
1

T0 1 0 ... 0 0 ,=Ha  ʠʛʥʦʨʠʨʫʷ ʷʯʝʡʢʫ ʩ ʥʦʤʝʨʦʤ ʥʦʣʴ. ʅʦʤʝʨ ʷʯʝʡʢʠ ʩ ʤʘʢ-

ʩʠʤʘʣʴʥʳʤ ʩʦʜʝʨʞʠʤʳʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚ p-ʠʯʥʦʡ ʩʠʩʪʝʤʝ ʩʯʠʩʣʝʥʠʷ, ʩʦʚʧʘʜʘ-

ʝʪ ʩ ʥʘʯʘʣʴʥʳʤ ʙʦʢʦʤ p-ʠʯʥʦʡ ʃʈʇ, ʩ ʢʦʪʦʨʦʛʦ ʥʘʯʘʣʘʩʴ ʝʝ ʟʘʧʠʩʴ ʚ ʆɿʋ. ʕʪʦʪ 

ʥʘʯʘʣʴʥʳʡ ʙʣʦʢ ʥʝʦʙʭʦʜʠʤʦ ʟʘʧʠʩʘʪʴ ʚ ɻʇɻ(H2), ʩ ʚʳʭʦʜʘ ʪʨʠʛʛʝʨʘ D0 ʢʦʪʦʨʦʛʦ 

ʙʫʜʝʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʦʧʦʨʥʘʷ ʇʉʇ. ʅʦ ʩʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʮʠʬʨʦʚʦʡ ʩʠʛ-

ʥʘʣʴʥʳʡ ʧʨʦʮʝʩʩʦʨ ʧʦʩʣʝ ʟʘʧʠʩʠ ʦʪʩʯʝʪʦʚ ʚʭʦʜʥʦʛʦ ʉʣʉ ʚ ʆɿʋ ʩ ʪʘʢʪʦʚʦʡ ʯʘʩʪʦ-

ʪʦʡ ʵʪʦʛʦ ʉʣʉ (ʚʝʨʦʷʪʥʦ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʄɻʮ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ 

ʄɻʮ) ʙʫʜʝʪ ʨʘʙʦʪʘʪʴ ʩ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʩʪʠʞʠʤʦʡ ʜʣʷ ʥʝʛʦ ʩʢʦʨʦʩʪʴʶ ʩʦ ʩʚʦʝʡ ʪʘʢ-

ʪʦʚʦʡ ʯʘʩʪʦʡ ʧʦʨʷʜʢʘ 3ï4 ɻɻʮ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʜʣʠʪʝʣʴʥʦʩʪʴ ʚʨʝʤʝʥʠ ʟʘʧʠʩʠ ʦʪ-

ʩʯʝʪʦʚ ʉʣʉ ʚ ʆɿʋ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʦʩʭʦʜʠʪʴ ʜʣʠʪʝʣʴʥʦʩʪʴ ʚʨʝʤʝʥʠ ʚʳʰʝ-

ʦʧʠʩʘʥʥʳʭ ʚʳʯʠʩʣʝʥʠʡ. ʊʝʤ ʥʝ ʤʝʥʝʝ ʥʝʦʙʭʦʜʠʤʦ ʬʠʢʩʠʨʦʚʘʪʴ ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʚʨʝʤʝʥʠ ʚʳʯʠʩʣʝʥʠʡ ʠ ʩʜʚʠʥʫʪʴ ʦʧʦʨʥʫʶ ʇʉʇ ʩ ʚʳʭʦʜʘ ʪʨʠʛʛʝʨʘ D0 ʥʘ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʝʝ ʯʠʩʣʦ ʵʣʝʤʝʥʪʘʨʥʳʭ ʩʠʤʚʦʣʦʚ ʠ ʧʦʥʠʟʠʪʴ ʪʘʢʪʦʚʫʶ ʯʘʩʪʦʪʫ ʬʦʨʤʠʨʫʝ-

ʤʦʡ ʦʧʦʨʥʦʡ ʇʉʇ ʜʦ ʪʘʢʪʦʚʦʡ ʯʘʩʪʦʪʳ ʚʭʦʜʥʦʛʦ ʉʣʉ. ʇʦʜʯʝʨʢʥʝʤ, ʯʪʦ ʠʤʝʥʥʦ 

ɻʇɻ(H2) ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʛʝʥʝʨʘʪʦʨʘ ʦʧʦʨʥʦʡ ʇʉʇ, ʧʦ-

ʩʢʦʣʴʢʫ ʣʶʙʳʝ m ɻ ʣʝʤʝʥʪʘʨʥʳʭ ʩʠʤʚʦʣʦʚ, ʩʣʝʜʫʶʱʠʭ ʩ ʪʨʠʛʛʝʨʘ D0, ʩʦʚʧʘʜʘʶʪ ʩ 

ʩʠʤʚʦʣʘʤʠ ʛʨʫʧʧʳ, ʬʦʨʤʠʨʫʝʤʦʡ ʥʘ ʦʩʥʦʚʝ H2, ʦʢʘʟʘʚʰʠʭʩʷ ʟʘʧʠʩʘʥʥʳʤʠ ʚ 

ʷʯʝʡʢʘʭ ʧʘʤʷʪʠ ʨʝʛʠʩʪʨʘ.  

ɺʪʦʨʦʡ ʘʣʛʦʨʠʪʤ ʩʠʥʭʨʦʥʠʟʘʮʠʠ p-ʠʯʥʦʡ ʃʈʇ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʝʨʝʩʪʘʥʦʚʢʫ 

ʦʪʩʯʝʪʦʚ ʚʭʦʜʥʦʛʦ ʉʣʉ ʧʦ ʚʦʟʨʘʩʪʘʥʠʶ ʟʥʘʯʝʥʠʡ ʵʣʝʤʝʥʪʦʚ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʦʡ 

ʛʨʫʧʧʳ, ʧʦʩʪʨʦʝʥʥʦʡ ʥʘ ʦʩʥʦʚʝ ʤʘʪʨʠʮʳ H1, ʥʘʯʠʥʘʷ ʩ ʧʝʨʚʦʦʙʨʘʟʥʦʛʦ ʵʣʝʤʝʥʪʘ

[ ]
1

T0 1 0 ... 0 0 .=Ha  ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʦʙʦʙʱʝʥʥʦʛʦ ɹʇʌ ʠ ʟʘʧʠʩʠ ʝʛʦ ʨʝ-

ʟʫʣʴʪʘʪʘ ʚ ʆɿʋ ʥʦʤʝʨ ʷʯʝʡʢʠ ʧʘʤʷʪʠ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʩʦʜʝʨʞʠʤʳʤ, ʧʨʝʜʩʪʘʚʣʝʥ-
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ʥʳʡ ʚ p-ʠʯʥʦʡ ʩʠʩʪʝʤʝ ʩʯʠʩʣʝʥʠʷ, ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʥʘʯʘʣʴʥʦʤʫ ʙʣʦʢʫ ʃʈʇ, ʩ 

ʢʦʪʦʨʦʛʦ ʥʘʯʘʣʘʩʴ ʝʝ ʟʘʧʠʩʴ ʚ ʆɿʋ. ʅʘʯʘʣʴʥʳʡ ʙʣʦʢ ʦʧʦʨʥʦʡ ʇʉʇ ʩ ʧʦʧʨʘʚʢʦʡ ʥʘ 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʚʨʝʤʝʥʠ ʚʳʯʠʩʣʝʥʠʡ, ʩʣʝʜʫʝʪ ʟʘʧʠʩʘʪʴ ʚ ʨʝʛʠʩʪʨ ʩʜʚʠʛʘ ɻʇɻ(H2), ʩ 

ʚʳʭʦʜʘ ʪʨʠʛʛʝʨʘ D0 ʢʦʪʦʨʦʛʦ ʙʫʜʝʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʦʧʦʨʥʘʷ ʃʈʇ ʩʠʥʭʨʦʥʥʦ ʩ ʧʨʠ-

ʥʠʤʘʝʤʳʤ ʉʣʉ. 

 

ɺʳʚʦʜ rʧʦ ʨʘʟʜʝʣʫ 3 

 

1.ʉʠʥʭʨʦʥʠʟʘʮʠʷ ʤʥʦʛʦʧʦʟʠʮʠʦʥʥʦʡ ʃʈʇ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʤʦʞʝʪ 

ʙʳʪʴ ʧʨʦʠʟʚʝʜʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʙʱʝʥʥʦʛʦ ɹʇʌ ʚ ʙʘʟʠʩʝ ʬʫʥʢʮʠʡ ɺʠʣʝʥ-

ʢʠʥʘ-ʂʨʝʩʪʝʥʩʦʥʘ ʧʨʠ ʧʝʨʝʩʪʘʥʦʚʢʝ ʝʝ ʩʠʤʚʦʣʦʚ ʧʦ ʚʦʟʨʘʩʪʘʥʠʶ ʟʥʘʯʝʥʠʡ ʵʣʝ-

ʤʝʥʪʦʚ ʣʶʙʦʡ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʦʡ ʛʨʫʧʧʳ ʨʘʩʰʠʨʝʥʥʦʛʦ ʧʦʣʷ ɻʘʣʫʘ ʧʦ ʤʦʜʫʣʶ 

ʥʝʧʨʠʚʦʜʠʤʦʛʦ ʧʨʠʤʠʪʠʚʥʦʛʦ ʧʦʣʠʥʦʤʘ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʦʥʘ ʩʬʦʨʤʠʨʦʚʘʥʘ. 

ʃʶʙʘʷ ʪʘʢʘʷ ʧʝʨʝʩʪʘʥʦʚʢʘ ʧʨʝʦʙʨʘʟʫʝʪ ʠʩʭʦʜʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚ ʜʠʩʢʨʝʪ-

ʥʫʶ ʬʫʥʢʮʠʶ ɺʠʣʝʥʢʠʥʘ-ʂʨʝʩʪʝʥʩʦʥʘ (ɺʂ) ʙʝʟ ʩʠʤʚʦʣʘ ʩ ʥʦʤʝʨʦʤ ʥʦʣʴ. ʉ ʮʝʣʴʶ 

ʚʳʷʚʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʠʷ ʧʦʣʫʯʝʥʥʦʡ ʬʫʥʢʮʠʠ ʮʠʢʣʠʯʝʩʢʦʤʫ ʩʜʚʠʛʫ ʧʨʝʦʙʨʘʟʦ-

ʚʘʥʥʦʡ ʃʈʇ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʦʪʨʝʪʴ ʩʧʦʩʦʙʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʤʘʪʨʠʮ-

ʮʠʨʢʫʣʷʥʪʦʚ ʃʈʇ ʢ ʤʘʪʨʠʮʝ ʬʫʥʢʮʠʡ ɺʂ. 

2. ʈʘʩʩʤʦʪʨʝʥʳ ʩʧʦʩʦʙʳ ʧʦʩʪʨʦʝʥʠʷ ʤʘʪʨʠʮ-ʮʠʨʢʫʣʷʥʪʦʚ ʃʈʇ ʥʘ ʦʩʥʦʚʝ 

ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʳʭ ʛʨʫʧʧ ʨʘʩʰʠʨʝʥʥʦʛʦ ʧʦʣʷ ɻʘʣʫʘ ʠ ʥʘʡʜʝʥ ʩʧʦʩʦʙ ʧʦʩʪʨʦʝʥʠʷ 

ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʤʘʪʨʠʮ, ʫ ʢʦʪʦʨʳʭ ʩʦʚʧʘʜʘʶʪ ʩʪʨʦʢʠ ʠ ʩʪʦʣʙʮʳ ʩ ʦʜʠʥʘʢʦʚʳʤʠ 

ʥʦʤʝʨʘʤʠ. ʇʨʠ ʵʪʦʤ ʢʘʞʜʘʷ ʩʣʝʜʫʶʱʘʷ ʩʪʨʦʢʘ ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʤʘʪʨʠʮʳ ʩʜʚʠʥʫʪʘ 

ʥʘ ʦʜʠʥ ʩʠʤʚʦʣ ʚʣʝʚʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʝʜʳʜʫʱʝʡ ʩʪʨʦʢʠ, ʧʨʠʯʝʤ ʩʫʱʝʩʪʚʫʝʪ N 

ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʤʘʪʨʠʮ, ʛʜʝ N ï ʜʣʠʥʘ (ʧʝʨʠʦʜ) ʃʈʇ. 

3. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʣʶʙʘʷ ʠʟ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʤʘʪʨʠʮ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʚʝʜʝʥʘ ʢ 

ʤʘʪʨʠʮʝ ʬʫʥʢʮʠʡ ɺʂ, ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʧʦ ʂʨʦʥʝʢʝʨʫ, ʙʝʟ ʩʪʨʦʢʠ ʠ ʩʪʦʣʙʮʘ ʩ ʥʦʤʝ-

ʨʦʤ ʥʦʣʴ ʧʨʠ ʧʝʨʝʩʪʘʥʦʚʢʝ ʩʪʦʣʙʮʦʚ ʧʨʝʦʙʨʘʟʫʝʤʦʡ ʤʘʪʨʠʮʳ ʧʦ ʚʦʟʨʘʩʪʘʥʠʶ 

ʟʥʘʯʝʥʠʡ ʵʣʝʤʝʥʪʦʚ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʦʡ ʛʨʫʧʧʳ ʧʦʣʷ ɻʘʣʫʘ, ʧʦʩʪʨʦʝʥʥʦʡ ʥʘ ʦʩ-

ʥʦʚʝ ʤʘʪʨʠʮʳ H2 ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʧʝʨʝʩʪʘʥʦʚʢʦʡ ʩʪʨʦʢ ʧʦ ʚʦʟʨʘʩʪʘʥʠʶ ʟʥʘʯʝʥʠʡ 
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ʛʨʫʧʧʳ, ʧʦʩʪʨʦʝʥʥʦʡ ʥʘ ʦʩʥʦʚʝ H1. ʇʨʠ ʫʯʝʪʝ ʪʦʛʦ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʫʧʦʨʷʜʦʯʝʥʥʦʡ 

ʤʘʪʨʠʮʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʙʦʨʦʤ ʧʝʨʚʦʦʙʨʘʟʥʦʛʦ ʵʣʝʤʝʥʪʘ 
2

0

Ha  ʠ ʚʠʜʦʤ ʤʘʪʨʠʮʳ 

H2, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʣʶʙʦʡ ʮʠʢʣʠʯʝʩʢʠʡ ʩʜʚʠʛ ʃʈʇ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʚʝʜʝʥ ʢ 

ʣʶʙʦʡ ʬʫʥʢʮʠʠ ɺʂ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʙʦʨʘ 
2

0 .Ha  ʅʦ ʧʨʠ ʚʳʙʦʨʝ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ 

ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʡ ʧʝʨʝʩʪʘʥʦʚʢʝ ʩʠʤʚʦʣʦʚ ʧʦ ʚʦʟʨʘʩʪʘʥʠʶ ʟʥʘʯʝʥʠʡ ʵʣʝʤʝʥʪʦʚ 

ʛʨʫʧʧʳ, ʧʦʩʪʨʦʝʥʥʦʡ ʥʘ ʦʩʥʦʚʝ H2, ʚʟʘʠʤʥʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʧʨʝʦʙʨʘʟʫʝʤʦʛʦ ʩʜʚʠʛʘ 

ʠ ʬʫʥʢʮʠʠ ɺʂ ʙʫʜʝʪ ʚʟʘʠʤʥʦ ʦʜʥʦʟʥʘʯʥʳʤ. 

4. ɼʨʫʛʦʡ ʚʳʷʚʣʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʤʥʦʛʦʟʥʘʯʥʦʡ ʃʈʇ ʤʘʢʩʠ-

ʤʘʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʢ ʬʫʥʢʮʠʠ ɺʂ ʙʝʟ ʵʣʝʤʝʥʪʘ ʩ ʥʦʤʝʨʦʤ ʥʦʣʴ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʝʨʝ-

ʩʪʘʥʦʚʢʫ ʝʝ ʩʠʤʚʦʣʦʚ ʧʦ ʚʦʟʨʘʩʪʘʥʠʶ ʟʥʘʯʝʥʠʡ ʵʣʝʤʝʥʪʦʚ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʦʡ 

ʛʨʫʧʧʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʨʘʩʰʠʨʝʥʥʦʛʦ ʧʦʣʷ ɻʘʣʫʘ, ʧʦʩʪʨʦʝʥʥʦʡ ʥʘ ʦʩʥʦʚʝ ʤʘʪ-

ʨʠʮʳ H1. ʅʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʝʨʝʩʪʘʥʦʚʢʘ ʤʦʞʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʪʦʣʴʢʦ ʥʘʯʠʥʘʷ ʩ 

ʧʝʨʚʦʦʙʨʘʟʥʦʛʦ ʵʣʝʤʝʥʪʘ [ ]
1

T0 1 0 ... 0 0 .=Ha  ʇʨʠ ʵʪʦʤ ʥʘʯʘʣʴʥʳʡ ʙʣʦʢ ʧʨʝ-

ʦʙʨʘʟʫʝʤʦʡ ʃʈʇ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʦʤʝʨʫ ʬʫʥʢʮʠʠ ɺʂ ʢ ʤʘʪʨʠʮʝ ʬʫʥʢʮʠʡ ɺʂ, ʫʧʦ-

ʨʷʜʦʯʝʥʥʦʡ ʧʦ ʂʨʦʥʝʢʝʨʫ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʤʫ ʚ p-ʠʯʥʦʡ ʩʠʩʪʝʤʝ ʩʯʠʩʣʝʥʠʷ. ʇʝʨʝ-

ʩʪʘʥʦʚʢʘ ʧʦ ʚʦʟʨʘʩʪʘʥʠʶ ʵʣʝʤʝʥʪʦʚ ʵʪʦʡ ʛʨʫʧʧʳ, ʥʘʯʠʥʘʷ ʩ ʣʶʙʦʛʦ ʜʨʫʛʦʛʦ ʧʝʨ-

ʚʦʦʙʨʘʟʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʨʠʚʝʩʪʠ ʃʈʇ ʢ ʬʫʥʢʮʠʠ ɺʂ.  

5. ʅʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ, ʚʪʦʨʦʡ ʘʣʛʦʨʠʪʤ ʚʳʯʠʩʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʧʨʦʩʪʳʤ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʚʳʤ, ʧʦʩʢʦʣʴʢʫ ʥʝ ʪʨʝʙʫʝʪ ʚʳʯʠʩʣʝʥʠʷ ʥʘʯʘʣʴʥʦʛʦ ʙʣʦʢʘ ʧʨʠ-

ʥʠʤʘʝʤʦʡ ʃʈʇ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʙʦʙʱʝʥʥʦʛʦ ɹʇʌ. ʅʦ ʝʩʣʠ ʟʘʨʘʥʝʝ ʠʟʚʝʩʪʝʥ ʜʠʘ-

ʧʘʟʦʥ ʮʠʢʣʠʯʝʩʢʠʭ ʩʜʚʠʛʦʚ, ʚ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʧʨʠʥʠʤʘʝʤʳʡ ʉʣʉ, ʣʠʙʦ 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʉʣʉ ʥʘ ʚʭʦʜʝ ʧʨʠʝʤʥʠʢʘ ʧʨʠ ʤʥʦʛʦʣʫʯʝʚʦʤ ʠʭ ʭʘʨʘʢʪʝʨʝ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʠʷ, ʪʦ ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʟʥʘʯʝʥʠʝ 
2

0 ,Ha  ʥʘʯʠʥʘʷ ʩ ʢʦʪʦʨʦʛʦ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʧʝʨʝʩʪʘʥʦʚʢʘ ʩʠʤʚʦʣʦʚ ʚʭʦʜʥʳʭ ʃʈʇ. ʇʨʠ ʵʪʦʤ ʚʩʝ ʮʠʢʣʠʯʝʩʢʠʝ ʩʜʚʠʛʠ ʃʈʇ, 

ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʥʘ ʚʭʦʜʝ ʧʨʠʝʤʥʠʢʘ, ʙʫʜʫʪ ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʢ ʬʫʥʢʮʠʷʤ ɺʂ, 

ʚʦʟʤʦʞʥʳʝ ʥʦʤʝʨʘ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʟʘʨʘʥʝʝ. ʊʦʛʜʘ ʤʦʞʥʦ ʦʧʪʠʤʠʟʠʨʦ-

ʚʘʪʴ ʘʣʛʦʨʠʪʤ ʦʙʦʙʱʝʥʥʦʛʦ ɹʇʌ, ʪ.ʝ. ʧʨʠʤʝʥʠʪʴ ʫʩʝʯʝʥʥʦʝ ʦʙʦʙʱʝʥʥʦʝ ɹʇʌ, ʚ 
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ʢʦʪʦʨʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʦʣʴʢʦ ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʳʝ ʬʫʥʢʮʠʠ, ʩʥʠʟʠʚ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ 

ʩʣʦʞʥʦʩʪʴ ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ. 

6. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʣʦʞʥʦʩʪʴ ʦʙʦʙʱʝʥʥʦʛʦ ɹʇʌ ʚ ʙʘʟʠʩʝ ɺʂ 

ʧʦ ʯʠʩʣʫ ʵʣʝʤʝʥʪʘʨʥʳʭ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʧʨʠʤʝʨʥʦ ʚ ʪʨʠ ʨʘʟʘ ʥʠʞʝ, ʯʝʤ 

ʦʙʳʯʥʦʛʦ ɹʇʌ. ʊʦ ʝʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʚʦʠʯʥʳʭ ʄ-

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʜʣʷ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʳʩʪʨʦʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ɸʜʘʤʘʨʘ (ɹʇɸ), ʚʳʠʛʨʳʰ ʧʦ ʜʣʠʪʝʣʴʥʦʩʪʠ ʚʨʝʤʝʥʠ ʩʠʥʭʨʦʥʠʟʘ-

ʮʠʠ ʩʦʩʪʘʚʠʪ ʧʨʠʤʝʨʥʦ ʪʨʠ ʨʘʟʘ, ʭʦʪʷ ʠ ʧʨʠ ʥʘʣʠʯʠʠ ʦʧʝʨʘʮʠʠ ʧʝʨʝʤʥʦʞʝʥʠʷ ʚ 

ʩʣʫʯʘʝ ʤʥʦʛʦʟʥʘʯʥʳʭ ʃʈʇ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʨʦʠʯʥʳʭ ʃʈʇ ʠ ʪʨʦ-

ʠʯʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ ʤʦʞʥʦ ʩʥʠʟʠʪʴ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʩʣʦʞʥʦʩʪʴ ʘʣʛʦʨʠʪʤʘ ʝʱʝ ʚ 

1,5ï2 ʨʘʟʘ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʳʯʥʳʤ ɹʇʌ, ʪ.ʝ. ʩʫʤʤʘʨʥʦ ʧʨʠʤʝʨʥʦ ʚ 4,5ï6 ʨʘʟ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʩʠʥʭʨʦʥʠʟʘʮʠʝʡ ʜʚʦʠʯʥʳʭ ʄ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ (ʄʇ) ʥʘ ʦʩʥʦʚʝ 

ɹʇɸ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʚʦʠʯʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ. ʅʘʧʦʤʥʠʤ, ʯʪʦ ʧʨʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ 

ʜʚʦʠʯʥʳʭ ʄʇ ʥʘ ʦʩʥʦʚʝ ɹʇɸ ʠʤʝʝʪ ʤʝʩʪʦ ʚʳʠʛʨʳʰ ʧʦ ʯʠʩʣʫ ʵʣʝʤʝʥʪʘʨʥʳʭ 

ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ, ʨʘʚʥʳʡ (N+1)/m, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʨʨʝʣʷʮʠʦʥʥʳʤ ʘʣ-

ʛʦʨʠʪʤʦʤ, ʛʜʝ m ï ʛʣʫʙʠʥʘ ʧʘʤʷʪʠ ʄʇ.  

ʄʘʪʝʨʠʘʣʳ, ʠʟʣʦʞʝʥʥʳʝ ʚ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ, ʦʧʫʙʣʠʢʦʚʘʥʳ ʘʚʪʦʨʦʤ ʚ [30]. 
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4. ɻʈʋʇʇʆɺʓɽ ʉʀɻʅɸʃʓ ʅɸ ʆʉʅʆɺɽ ʉʀʄʄɽʊʈʀʏʅʓʍ  

ʆʈʊʆɻʆʅɸʃʔʅʓʍ ʄɸʊʈʀʎ ʀ ʆɹʈɸɹʆʊʂɸ ʄʅʆɻʆʃʋʏɽɺʓʍ 

ʉʀɻʅɸʃʆɺ 

 

ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʨʘʟʜʝʣʘ ̫ ʚʣʷʝʪʩʷ  ʨʘʩʩʤʦʪʨʝʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ ʢʘʢ 

ʦʜʥʦʣʫʯʝʚʳʭ, ʪʘʢ ʠ ʤʥʦʛʦʣʫʯʝʚʳʭ ʛʨʫʧʧʦʚʳʭ ʩʠʛʥʘʣʦʚ, ʬʦʨʤʠʨʫʝʤʳʭ ʥʘ ʦʩʥʦʚʝ 

ʩʠʤʤʝʪʨʠʯʥʳʭ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʤʘʪʨʠʮ (ʉʆʄ), ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʤʘʪʨʠʮʳ-

ʮʠʨʢʫʣʷʥʪʳ ʤʥʦʛʦʧʦʟʠʮʠʦʥʥʳʭ ʣʠʥʝʡʥʳʭ ʨʝʢʫʨʨʝʥʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩ 

ʧʨʠʩʦʝʜʠʥʝʥʥʳʤʠ ʩʠʥʭʨʦʩʠʛʥʘʣʘʤʠ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʘ ʚʘʨʠʘʥʪʦʚ ʧʦʩʪʨʦʝʥʠʷ 

ʢʘʜʨʦʚ ʢʘʢ ʚʦʩʭʦʜʷʱʝʛʦ, ʪʘʢ ʠ ʥʠʩʭʦʜʷʱʝʛʦ ʢʘʥʘʣʦʚ ʩʚʷʟʠ, ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ 

ʪʘʢʠʭ ʤʘʪʨʠʮ.  

 

4.1. ʉʪʨʫʢʪʫʨʘ ʛʨʫʧʧʦʚʦʛʦ ʜʠʩʢʨʝʪʥʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʦʩʥʦʚʝ ʉʆʄ 

 

 ʉʆʄ ï ɻ ʪʦ ʢʚʘʜʨʘʪʥʘʷ ʤʘʪʨʠʮʘ, ʵʣʝʤʝʥʪʳ ʢʦʪʦʨʦʡ ʩʠʤʤʝʪʨʠʯʥʳ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʝʝ ʛʣʘʚʥʦʡ ʜʠʘʛʦʥʘʣʠ, ʧʨʠʯʝʤ ʝʝ ʩʪʨʦʢʠ ʠ ʩʪʦʣʙʮʳ ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʥʦʤʝʨʘ-

ʤʠ ʩʦʚʧʘʜʘʶʪ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʵʪʘ ʤʘʪʨʠʮʘ ʩʦʚʧʘʜʘʝʪ ʩ ʨʝʟʫʣʴʪʘʪʦʤ ʝʝ ʪʨʘʥʩʧʦ-

ʥʠʨʦʚʘʥʠʷ. ʊʦ ʝʩʪʴ ʧʨʠ ʝʝ ʧʝʨʝʤʥʦʞʝʥʠʠ ʩ ʪʨʘʥʩʧʦʥʠʨʦʚʘʥʥʦʡ ʢʦʤʧʣʝʢʩʥʦ-

ʩʦʧʨʷʞʝʥʥʦʡ ʤʘʪʨʠʮʝʡ ʧʦʣʫʯʠʤ ʝʜʠʥʠʯʥʫʶ ʤʘʪʨʠʮʫ. ʇʨʠʤʝʨʘʤʠ ʉʆʄ ʷʚʣʷʶʪʩʷ, 

ʥʘʧʨʠʤʝʨ, ʩʠʩʪʝʤʘ ʬʫʥʢʮʠʡ ɺʂ, ʫʧʦʨʷʜʦʯʝʥʥʘʷ ʧʦ ʂʨʦʥʝʢʝʨʫ (ɺʂ-ʂ), ʩʠʩʪʝʤʘ 

ɼʕʌ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʫʧʦʨʷʜʦʯʝʥʥʳʝ ʤʘʪʨʠʮʳ-ʮʠʨʢʫʣʷʥʪʳ ʜʚʦʠʯʥʳʭ ʠ ʤʥʦʛʦʧʦ-

ʟʠʮʠʦʥʥʳʭ ʃʈʇ ʩ ʧʨʠʩʦʝʜʠʥʝʥʥʳʤʠ ʩʘʤʦʡ ʚʝʨʭʥʝʡ ʩʪʨʦʢʦʡ ʠ ʣʝʚʳʤ ʩʪʦʣʙʮʦʤ, 

ʩʦʩʪʦʷʱʠʤʠ ʠʟ ʝʜʠʥʠʮ ʠ ʪ.ʜ. [2, 16, 18, 30]. ʅʘʠʙʦʣʝʝ ʧʨʦʩʪʦʡ ʚʘʨʠʘʥʪ ʉʆʄ, ʧʨʝʜ-

ʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʤʘʪʨʠʮʫ ɸʜʘʤʘʨʘ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʝ ʩʧʦʩʦʙʳ ʫʧʦʨʷʜʦʯʝʥʠʷ 

ʬʫʥʢʮʠʡ ʋʦʣʰʘ ʠ ɺʂ, ʧʦʟʚʦʣʷʶʱʠʝ ʩʬʦʨʤʠʨʦʚʘʪʴ ʉʆʄ, ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʵʪʦʤ 

ʨʘʟʜʝʣʝ ʥʝ ʙʫʜʝʤ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʠʚʝʜʝʤ ʉʆʄ ʜʝʚʷʪʦʛʦ ʧʦʨʷʜʢʘ, ʭʦʪʷ ʥʘ 
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ʧʨʘʢʪʠʢʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʘʪʨʠʮʳ, ʧʦʨʷʜʦʢ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʥʝʩʢʦʣʴʢʠʭ 

ʪʳʩʷʯ [2]. ʊʘʢ, ʤʘʪʨʠʮʘ ɺʂ-ʂ ʠʤʝʝʪ ʚʠʜ [13]: 

 

0 0 0 0 0 0 0 0 0
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    (4.1) 

ʛʜʝ 

2
j

pW e

p

= , p ï ʮʝʣʦʝ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʯʠʩʣʦ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 3p=  ʠ 3m= , ʘ 

ʧʦʨʷʜʦʢ ʤʘʪʨʠʮʳ ʨʘʚʥʷʝʪʩʷ 
mp , ʪʦ ʝʩʪʴ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 9. ɿʘʤʝʪʠʤ, ʯʪʦ ʧʦʩʣʝ-

ʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʪʝʧʝʥʝʡ W, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʩʪʨʦʢʘʭ ʠ ʩʪʦʣʙʮʘʭ ʤʘʪʨʠʮʳ (1), ʷʚʣʷ-

ʶʪʩʷ ʪʨʦʠʯʥʳʤʠ. ʆʯʝʚʠʜʥʦ, ʚʳʙʠʨʘʷ m, ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʤʘʪʨʠʮʫ ʣʶʙʦʡ ʨʘʟ-

ʤʝʨʥʦʩʪʠ3m
, ʩʦʩʪʦʷʱʫʶ ʪʦʣʴʢʦ ʠʟ ʪʨʦʠʯʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ.  

ʇʨʠʚʝʜʝʤ ʤʘʪʨʠʮʫ ɼʕʌ ʜʝʚʷʪʦʛʦ ʧʦʨʷʜʢʘ, ʭʦʪʷ ʥʘ ʧʨʘʢʪʠʢʝ ʜʣʷ ʬʦʨʤʠʨʦ-

ʚʘʥʠʷ OFDM ʩʠʛʥʘʣʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʘʪʨʠʮʳ, ʟʥʘʯʝʥʠʷ ʧʦʨʷʜʢʦʚ ʢʦʪʦʨʳʭ ʨʘʚ-

ʥʷʶʪʩʷ ʩʪʝʧʝʥʷʤ ʜʚʦʡʢʠ [2, 13]: 
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Φ      (4.2) 

ɺ (4.2) 
2 / mj pW e p= , ʠ ʪʦʣʴʢʦ ʚ ʵʪʦʡ ʬʦʨʤʫʣʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʘʢʦʝ ʟʥʘʯʝʥʠʝ W; 

ʚʦ ʚʩʝʭ ʬʦʨʤʫʣʘʭ ʜʘʥʥʦʛʦ ʨʘʟʜʝʣʘ 

2
j

pW e

p

= Φ ɿʘʤʝʪʠʤ, ʯʪʦ ʯʠʩʣʦ ʨʘʟʥʳʭ ʩʠʤʚʦʣʦʚ 
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ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʦʙʨʘʟʫʶʱʠʭ ʩʪʝʧʝʥʠ ὡ ʩʪʨʦʢ ʠ ʩʪʦʣʙʮʦʚ ʵʪʠʭ ʤʘʪʨʠʮ, ʫʚʝ-

ʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʠʭ ʨʘʟʤʝʨʥʦʩʪʠ.  

ʇʨʠʚʝʜʝʤ ʪʘʢ ʞʝ ʜʚʝ ʉʆʄ ʜʝʚʷʪʦʛʦ ʧʦʨʷʜʢʘ, ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʫʧʦʨʷ-

ʜʦʯʝʥʥʳʭ ʤʘʪʨʠʮ-ʮʠʨʢʫʣʷʥʪʦʚ -ʠʯʥʳʭ ʃʈʇ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʥʝʧʨʠʚʦ-

ʜʠʤʳʭ ʧʨʠʤʠʪʠʚʥʳʭ ʧʦʣʠʥʦʤʦʚ 
2

2( ) 2 1f x x x= + + ʠ 
' 2 2

2( ) 2 1f x x x= + + 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [2]: 
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s  Φ (4.3) 

 

ʉʧʦʩʦʙ ʧʦʩʪʨʦʝʥʠʷ ʤʘʪʨʠʮ, ʧʦʜʦʙʥʳʭ (4.3), ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʨʘʟʤʝʨʥʦʩʪʠ 

mp  ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥ ʚ ʨʘʙʦʪʝ [2]. ʊʘʢʠʭ ʤʘʪʨʠʮ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʩʪʦʣʴʢʦ, ʩʢʦʣʴ-

ʢʦ ʩʫʱʝʩʪʚʫʝʪ ʥʝʧʨʠʚʦʜʠʤʳʭ ʧʨʠʤʠʪʠʚʥʳʭ ʧʦʣʠʥʦʤʦʚ m-ʛʦ ʧʦʨʷʜʢʘ, ʢʦʵʬʬʠʮʠ-

ʝʥʪʳ ʢʦʪʦʨʳʭ ʧʨʠʥʘʜʣʝʞʘʪ ʤʥʦʞʝʩʪʚʫ { }0,..., 1p-   [2]. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʤʳ ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʤ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʫʧʦʨʷʜʦʯʝʥʥʳʝ ʤʘʪʨʠʮʳ-ʮʠʨʢʫʣʷʥʪʳ ʃʈʇ, ʷʚʣʷʶʱʠ-

ʝʩʷ ʉʆʄ ʧʦʩʣʝ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢ ʥʠʤ ʚʝʨʭʥʝʡ ʩʪʨʦʢʠ ʠ ʢʨʘʡʥʝʛʦ ʣʝʚʦʛʦ ʩʪʦʣʙʮʘ, 

ʩʦʩʪʦʷʱʠʭ ʣʠʰʴ ʠʟ ʵʣʝʤʝʥʪʦʚ 
0 1W =. ʊʘʢʠʝ ʤʘʪʨʠʮʳ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʥʘ ʦʩʥʦʚʝ 

ʩʦʧʨʦʚʦʞʜʘʶʱʝʡ ʤʘʪʨʠʮʳ ʣʶʙʦʛʦ ʥʝʧʨʠʚʦʜʠʤʦʛʦ ʧʦʣʠʥʦʤʘ ʚʠʜʘ 2H  (ʩʤ. [2]) 

ʧʨʠ ʚʳʙʦʨʝ ʧʝʨʚʦʦʙʨʘʟʥʦʛʦ ɻ ʣʝʤʝʥʪʘ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʦʡ ʛʨʫʧʧʳ ʨʘʩʰʠʨʝʥʥʦʛʦ 

ʧʦʣʷ ɻʘʣʫʘ ʧʦ ʤʦʜʫʣʶ ʜʘʥʥʦʛʦ ʧʦʣʠʥʦʤʘ. ʇʨʠ ʚʳʙʦʨʝ ʩʣʝʜʫʶʱʝʛʦ ʧʝʨʚʦʦʙʨʘʟʥʦ-

ʛʦ ʵʣʝʤʝʥʪʘ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʦʡ ʛʨʫʧʧʳ ʧʦʣʫʯʠʤ ʫʧʦʨʷʜʦʯʝʥʥʫʶ ʤʘʪʨʠʮʫ-

ʮʠʨʢʫʣʷʥʪ ʩ ʮʠʢʣʠʯʝʩʢʠ ʧʝʨʝʩʪʘʚʣʝʥʥʳʤʠ ʩʪʦʣʙʮʘʤʠ ʠ ʩʪʨʦʢʘʤʠ, ʢʦʛʜʘ ʧʦʩʣʝʜ-

ʥʠʡ ʩʪʦʣʙʝʮ ʩʪʘʥʦʚʠʪʩʷ ʥʫʣʝʚʳʤ (ʩʪʨʦʢʠ ʠ ʩʪʦʣʙʮʳ ʣʶʙʦʡ ʤʘʪʨʠʮʳ ʚ ʜʘʣʴʥʝʡ-

ʰʝʤ ʙʫʜʝʤ ʥʫʤʝʨʦʚʘʪʴ ʦʪ ʥʫʣʷ ʩ ʧʦʤʦʱʴʶ ʩʠʤʚʦʣʦʚ , (0,..., 2)mi k p= -  ʩʦʦʪʚʝʪ-



 

 

122 

ʩʪʚʝʥʥʦ). ʇʨʠ ʵʪʦʤ ʣʶʙʘʷ ʫʧʦʨʷʜʦʯʝʥʥʘʷ ʤʘʪʨʠʮʘ-ʮʠʨʢʫʣʷʥʪ ʃʈʇ ʠʤʝʝʪ ʨʘʟʤʝʨ-

ʥʦʩʪʴ( 1)mp - , ʷʚʣʷʝʪʩʷ ʩʠʤʤʝʪʨʠʯʥʦʡ ʠ ʢʚʘʟʠʦʨʪʦʛʦʥʘʣʴʥʦʡ (ʉʂʄ), ʪʦ ʝʩʪʴ ʢʦ-

ʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʜʚʫʭ ʝʝ ʨʘʟʥʳʭ ʩʪʨʦʢ (ʠ ʨʘʟʥʳʭ ʩʪʦʣʙʮʦʚ), ʠʣʠ ʣʶʙʳʭ 

ʜʚʫʭ ʨʘʟʥʳʭ ʧʦ ʩʪʨʫʢʪʫʨʝ ʩʪʨʦʢʠ ʠ ʩʪʦʣʙʮʘ ʨʘʚʝʥ ʥʝ 0, ʢʘʢ ʫ ʉʆʄ, ʘ -1 [2]. ʇʦʩʣʝ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢ ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʤʘʪʨʠʮʝ-ʮʠʨʢʫʣʷʥʪʫ ʣʶʙʦʡ ʃʈʇ ʚʝʨʭʥʝʡ ʩʪʨʦʢʠ 

ʠ ʢʨʘʡʥʝʛʦ ʣʝʚʦʛʦ ʩʪʦʣʙʮʘ, ʩʦʩʪʦʷʱʠʭ ʣʠʰʴ ʠʟ ʝʜʠʥʠʮ, ʧʦʣʫʯʠʤ ʉʆʄ ʨʘʟʤʝʨʥʦ-

ʩʪʠ
mp .  

ʆʙʨʘʪʠʤ ʚʥʠʤʘʥʠʝ ʥʘ ʫʥʠʢʘʣʴʥʦʝ ʩʚʦʡʩʪʚʦ ʉʂʄ, ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ 

ʃʈʇ (ʢʘʢ ʜʚʦʠʯʥʳʭ, ʪʘʢ ʠ ʤʥʦʛʦʧʦʟʠʮʠʦʥʥʳʭ): ʧʨʠ ʮʠʢʣʠʯʝʩʢʦʡ ʧʝʨʝʩʪʘʥʦʚʢʝ 

ʩʪʦʣʙʮʦʚ ʤʘʪʨʠʮʳ-ʮʠʨʢʫʣʷʥʪʘ ʃʈʇ, ʩʦʩʪʘʚʣʷʶʱʝʡ ʝʝ ʦʩʥʦʚʫ, ʚʥʦʚʴ ʧʦʣʫʯʘʝʤ 

ʉʂʄ. ʇʦʩʣʝ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩʪʨʦʢʠ ʠ ʩʪʦʣʙʮʘ ʩ ʥʦʤʝʨʦʤ ʥʦʣʴ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʝʜʠ-

ʥʠʮ, ʧʦʣʫʯʠʤ ʉʆʄ. ɼʘʥʥʳʤ ʩʚʦʡʩʪʚʦʤ ʦʯʝʚʠʜʥʦ ʥʝ ʦʙʣʘʜʘʶʪ ʉʆʄ, ʧʦʩʪʨʦʝʥʥʳʝ 

ʥʘ ʦʩʥʦʚʝ ɺʂ, ɼʕʌ, ʤʘʪʨʠʮʳ ʋʦʣʰʘ-ɸʜʘʤʘʨʘ. ʇʨʠ ʵʪʦʤ ʣʶʙʘʷ ʉʆʄ, ʧʦʩʪʨʦʝʥ-

ʥʘʷ ʥʘ ʦʩʥʦʚʝ p -ʠʯʥʦʡ ʃʈʇ, ʧʨʠʚʦʜʠʪʩʷ ʢ ʤʘʪʨʠʮʝ ɺʂ-ʂ ʧʨʠ ʧʝʨʝʩʪʘʥʦʚʢʝ 

ʩʪʦʣʙʮʦʚ ʠ ʩʪʨʦʢ ʧʦ ʧʨʘʚʠʣʘʤ, ʦʧʠʩʘʥʥʳʤ ʚ [2], ʧʨʠ ʠʟʚʝʩʪʥʦʤ ʧʝʨʚʦʦʙʨʘʟʥʦʤ 

ʵʣʝʤʝʥʪʝ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʦʡ ʛʨʫʧʧʳ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʦʥʘ ʧʦʩʪʨʦʝʥʘ ʧʨʠ ʧʦ-

ʩʣʝʜʫʶʱʝʤ ʧʨʠʩʦʝʜʠʥʝʥʠʠ ʩʪʨʦʢʠ ʠ ʩʪʦʣʙʮʘ ʩ ʥʦʤʝʨʦʤ ʥʦʣʴ. ʊʦ ʝʩʪʴ ʚʩʝ ʉʆʄ, 

ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʨʘʟʥʳʭ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʤʘʪʨʠʮ-ʮʠʨʢʫʣʷʥʪʦʚ ʃʈʇ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʢ ʦʜʥʦʛʦ ʠ ʪʦʛʦ-ʞʝ ʥʝʧʨʠʚʦʜʠʤʦʛʦ ʧʨʠʤʠʪʠʚʥʦʛʦ ʧʦʣʠʥʦʤʘ, ʪʘʢ ʠ 

ʚʩʝʭ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʘʢʠʭ ʧʦʣʠʥʦʤʦʚ ʣʶʙʦʛʦ ʚʳʙʨʘʥʥʦʛʦ ʧʦʨʷʜʢʘ, ʧʨʠʚʦʜʷʪʩʷ ʢ 

ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʤʘʪʨʠʮʝ ɺʂ-ʂ ʪʦʛʦ ʞʝ ʧʦʨʷʜʢʘ. 

ɼʨʫʛʦʝ ʚʘʞʥʦʝ ʠ ʫʥʠʢʘʣʴʥʦʝ ʩʚʦʡʩʪʚʦ ʉʆʄ, ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʃʈʇ: 

ʢʘʞʜʳʡ ʨʘʜʠʦʩʠʛʥʘʣ, ʦʙʨʘʟʦʚʘʥʥʳʡ ʧʫʪʝʤ ʤʦʜʫʣʷʮʠʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʛʘʨʤʦʥʠ-

ʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʣʶʙʦʡ ʧʦʜʥʝʩʫʱʝʡ ʪʘʢʦʡ ʉʆʄ, ʷʚʣʷʝʪʩʷ ʰʫʤʦʧʦʜʦʙʥʳʤ ʩʠʛʥʘ-

ʣʦʤ ʠ ʟʘʥʠʤʘʝʪ ʚʩʶ ʚʳʜʝʣʝʥʥʫʶ ʧʦʣʦʩʫ ʯʘʩʪʦʪ. ʇʦʵʪʦʤʫ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʨʘʟʤʝʨ-

ʥʦʩʪʠ ʜʘʥʥʳʭ ʉʆʄ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʜʣʠʪʝʣʴʥʦʩʪʴ ʛʨʫʧʧʦʚʦʛʦ ʩʠʛʥʘʣʘ, ʧʝ-

ʨʝʜʘʚʘʝʤʦʛʦ ʚ ʚʳʜʝʣʝʥʥʦʡ ʧʦʣʦʩʝ ʯʘʩʪʦʪ, ʘ ʨʘʩʰʠʨʝʥʠʷ ʝʛʦ ʩʧʝʢʪʨʘ ʥʝ ʧʨʦʠʩʭʦʜʠʪ 

ʧʨʠ ʪʦʡ ʞʝ ʪʘʢʪʦʚʦʡ ʯʘʩʪʦʪʝ ʩʠʛʥʘʣʘ. ɺʩʝ ʧʦʜʥʝʩʫʱʠʝ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʭ ʯʠʩʣʘ ʧʝ-

ʨʝʜʘʶʪʩʷ ʚ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʧʦʣʦʩʝ ʯʘʩʪʦʪ. ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 
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OFDM ʩʠʛʥʘʣʦʚ, ʬʦʨʤʠʨʫʝʤʳʭ ʚʩʝʛʜʘ ʥʘ ʦʩʥʦʚʝ ɼʕʌ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʨʘʟʤʝʨʥʦ-

ʩʪʠ ʤʘʪʨʠʮʳ ʫʤʝʥʴʰʘʝʪʩʷ ʨʘʩʩʪʦʷʥʠʝ ʧʦ ʯʘʩʪʦʪʝ ʤʝʞʜʫ ʧʦʜʥʝʩʫʱʠʤʠ, ʯʪʦ ʧʨʠʚʦ-

ʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʩʠʩʪʝʤʳ ʢ ʜʦʧʣʝʨʦʚʩʢʦʤʫ ʩʜʚʠʛʫ ʯʘʩʪʦʪʳ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤʳ ʩʚʷʟʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠʤʝʥʷʶʪ ʪʝʭʥʦʣʦ-

ʛʠʶ OFDM, ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʯʘʩʪʦʪʥʦʤ ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʠ ʧʦʜʥʝʩʫʱʠʭ ʧʨʠ ʠʭ 

ʬʠʣʴʪʨʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʨʝʙʝʥʢʠ (ʙʘʥʢʘ) ʬʠʣʴʪʨʦʚ (FBMC ï Filter-Banc 

Multi-Carriar Modulation), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʩʣʦʞʥʝʥʠʶ ʘʣʛʦʨʠʪʤʘ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʧʨʠ ʙʦʣʴʰʠʭ ʨʘʟʤʝʨʥʦʩʪʷʭ ʤʘʪʨʠʮʳ ɼʕʌ 

[1].   

ʂʘʢ ʚʠʜʥʦ, ʩʪʨʦʢʠ ʠ ʩʪʦʣʙʮʳ ʣʶʙʦʛʦ ʠʟ ʚʳʰʝ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʘʨʠʘʥʪʦʚ 

ʉʆʄ ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʥʦʤʝʨʘʤʠ ʩʦʚʧʘʜʘʶʪ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʊ

,ɺʂ-ʂ ,ɺʂ-ʂm mp p
=S S , 

ʊ

,ɼʕʌ ,ɼʕʌm mp p
=S S , ʊ

,ʃʈʇ ,ʃʈʇm mp p
=S S , ʛʜʝ 

T.  ï ʦʙʦʟʥʘʯʝʥʠʝ ʦʧʝʨʘʮʠʠ ʪʨʘʥʩʧʦʥʠʨʦ-

ʚʘʥʠʷ ʤʘʪʨʠʮʳ. ʂʨʦʤʝ ʪʦʛʦ, ʢʘʢ ʩʪʨʦʢʠ, ʪʘʢ ʠ ʩʪʦʣʙʮʳ ʣʶʙʦʡ ʠʟ ʤʘʪʨʠʮ ʧʦʧʘʨʥʦ 

ʦʨʪʦʛʦʥʘʣʴʥʳ. ʆʪʤʝʪʠʤ ʪʘʢʞʝ, ʯʪʦ ʵʪʠ ʤʘʪʨʠʮʳ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʩʪʝʧʝ-

ʥʝʡ W. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʪʨʦʢʠ ʠ ʩʪʦʣʙʮʳ ʉʆʄ, ʧʦʩʪʨʦʝʥʥʦʡ ʥʘ ʦʩʥʦʚʝ p -ʠʯʥʦʡ 

ʃʈʇ ʙʝʟ ʩʪʨʦʢʠ ʠ ʩʪʦʣʙʮʘ ʩ ʥʦʤʝʨʦʤ ʥʦʣʴ, ʷʚʣʷʶʪʩʷ ʮʠʢʣʠʯʝʩʢʠʤʠ ʩʜʚʠʛʘʤʠ ʵʪʦʡ 

ʃʈʇ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʚʠʜʝ ʩʠʤʚʦʣʦʚ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʤʥʦʞʝʩʪʚʫ { }0,..., 1p-  .  

 

4.2. ʇʨʠʩʦʝʜʠʥʝʥʠʝ ʩʠʥʭʨʦʩʠʛʥʘʣʘ ʢ ʉʆʄ, ʧʦʩʪʨʦʝʥʥʦʡ ʥʘ ʦʩʥʦʚʝ  

ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʤʘʪʨʠʮʳ-ʮʠʨʢʫʣʷʥʪʘ -ʠʯʥʦʡ ʃʈʇ 

 

ʂʘʞʜʫʶ ʩʪʨʦʢʫ ʉʆʄ ʨʘʟʤʝʨʥʦʩʪʠ  ὴ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʩʠʤʚʦʣʦʚ, ʧʨʠʥʘʜʣʝ-

ʞʘʱʠʭ ʤʥʦʞʝʩʪʚʫ 

2 0 2 1 2 ( 1)

, ,...,

p
j j j

p p pe e e

p p p-ë ûî î
ì ü
î îí ý

Σ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʜʠʩʢʨʝʪʥʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʨʪʦʛʦʥʘʣʴʥʦʡ ʧʦʜʥʝʩʫʱʝʡ, ʠʩʧʦʣʴʟʫʶʱʝʡʩʷ ʜʣʷ ʧʝʨʝʜʘʯʠ ʦʜʥʦʛʦ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʠʤʚʦʣʘ. ʊʦ ʝʩʪʴ ʧʨʠ ʧʝʨʝʜʘʯʝ ʠʥʬʦʨʤʘʮʠʠ ʚʩʝ 

ʦʨʪʦʛʦʥʘʣʴʥʳʝ ʩʪʨʦʢʠ ʉʆʄ ʤʦʜʫʣʠʨʫʶʪʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʩʠʤʚʦʣʘʤʠ, ʧʦʜ-
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ʚʝʨʛʘʶʪʩʷ ʎɸʇ ʠ ʧʝʨʝʜʘʶʪʩʷ ʚ ʨʘʜʠʦʢʘʥʘʣ ʩʦʚʤʝʩʪʥʦ ʩ ʧʨʠʩʦʝʜʠʥʝʥʥʳʤ ʩʠʥʭʨʦ-

ʩʠʛʥʘʣʦʤ. ɺ ʝʛʦ ʢʘʯʝʩʪʚʝ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ -ʠʯʥʫʶ ʃʈʇ, ʟʥʘʯʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʢʦ-

ʪʦʨʦʡ Ὠ ʧʨʠʥʘʜʣʝʞʘʪ ʤʥʦʞʝʩʪʚʫ { }0,..., 1p- , ʛʜʝ ( )0,..., 2cm
v p= -ï ʥʦʤʝʨ ʵʣʝ-

ʤʝʥʪʘʨʥʦʛʦ ʩʠʤʚʦʣʘ ʃʈʇ, ʘ ά̒ ï ʛʣʫʙʠʥʘ ʝʝ ʧʘʤʷʪʠ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʵʣʝʤʝʥʪʳ ʵʪʦʡ 

ʃʈʇ, ʢʘʢ ʠ ʵʣʝʤʝʥʪʳ ʣʶʙʦʡ -ʠʯʥʦʡ ʃʈʇ, ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ 

2
vj d

pW e

p

= .  

ɺʦʟʤʦʞʥʳ ʥʠʞʝʩʣʝʜʫʶʱʠʝ ʚʘʨʠʘʥʪʳ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩʠʥʭʨʦʩʠʛʥʘʣʘ ʢ 

ʉʆʄ.  

ʇʝʨʚʳʡ ʚʘʨʠʘʥʪ 

ɺ ʮʝʣʦʤ ʩʦʚʧʘʜʘʝʪ ʩʦ ʩʧʦʩʦʙʦʤ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩʠʥʭʨʦʩʠʛʥʘʣʘ ʢ ʉʆʄ ʋʦʣ-

ʰʘ-ɸʜʘʤʘʨʘ ʚ ʤʦʙʠʣʴʥʳʭ CDMA ʩʠʩʪʝʤʘʭ 3-ʝʛʦ ʧʦʢʦʣʝʥʠʷ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʩʧʦ-

ʩʦʙʘ ʩʦʛʣʘʩʦʚʘʥʠʷ ʧʝʨʠʦʜʘ ʧʦʚʪʦʨʝʥʠʷ ʩʠʥʭʨʦʩʠʛʥʘʣʘ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ 

ʩʣʝʜʫʶʱʠʭ ʜʨʫʛ ʟʘ ʜʨʫʛʦʤ ʉʆʄ. 

ɺʳʙʝʨʝʤ cm m, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʥʘ ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʝʨʠʦʜʘ ʧʦʚʪʦʨʝʥʠʷ 

ʩʠʥʭʨʦʩʠʛʥʘʣʘ 1cmp - ʩ ʦʜʥʠʤ ʜʦʙʘʚʣʝʥʥʳʤ ʩʠʤʚʦʣʦʤ ʙʫʜʝʪ ʧʦʤʝʰʘʪʴʩʷ ʮʝʣʦʝ 

ʯʠʩʣʦ 
cm

ʢm

p
N

p
=  ʧʝʨʠʦʜʦʚ ʉʆʄ, ʢʘʢ ʵʪʦ ʠʤʝʝʪ ʤʝʩʪʦ ʚ CDMA ʩʠʩʪʝʤʘʭ 3-ʝʛʦ ʧʦ-

ʢʦʣʝʥʠʷ. ʅʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʳʩʪʨʳʝ ʘʣʛʦʨʠʪʤʳ ʩʠʥʭʨʦ-

ʥʠʟʘʮʠʠ ʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʦʪʩʯʝʪʦʚ ʩʠʥʭʨʦʩʠʛʥʘʣʘ ʢ ʬʫʥʢʮʠʠ ɺʂ ʩ ʧʦʩʣʝʜʫʶ-

ʱʠʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʙʱʝʥʥʦʛʦ ɹʇʌ [70]. ʇʨʠ ʙʳʩʪʨʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʨʠʩʦ-

ʝʜʠʥʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʩʠʤʚʦʣʘ ʢ ʢʘʞʜʦʤʫ ʧʝʨʠʦʜʫ ʩʠʥʭʨʦʩʠʛʥʘʣʘ ʤʦʞʝʪ ʟʘ-

ʪʨʫʜʥʠʪʴ ʜʘʥʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ. ʇʦʵʪʦʤʫ ʩʯʠʪʘʝʤ, ʯʪʦ ʧʝʨʠʦʜ ʧʦʚʪʦʨʝʥʠʷ ʩʠʥ-

ʭʨʦʩʠʛʥʘʣʘ1cmp - ʨʘʚʥʳʤ ʜʣʠʪʝʣʴʥʦʩʪʠ ʢʘʜʨʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʢʘʥʘʣʘ, ʢʘʢ ʵʪʦ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4.1. 
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ʈʠʩʫʥʦʢ 4.1 - ʉʪʨʫʢʪʫʨʘ ʢʘʜʨʘ ʩ ʧʨʠʩʦʝʜʠʥʝʥʥʳʤ ʩʠʥʭʨʦʩʠʛʥʘʣʦʤ ʩ ʧʝʨʠʦʜʦʤ 

( 1)cmp -  ʢ ʉʆʄ ʧʦʨʷʜʢʘ 
mp  

ɼʘʥʥʳʡ ʚʘʨʠʘʥʪ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩʠʥʭʨʦʩʠʛʥʘʣʘ ʢ ʉʆʄ ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʫʤ-

ʤʠʨʦʚʘʥʠʝ ʧʦ ʤʦʜʫʣʶ p ʩʪʝʧʝʥʝʡ W ʩʠʥʭʨʦʩʠʛʥʘʣʘ ʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʩʠʤʚʦʣʦʚ 

ʉʆʄ, ʣʠʙʦ ʧʝʨʝʤʥʦʞʝʥʠʝ ʵʣʝʤʝʥʪʘʨʥʳʭ ʩʠʤʚʦʣʦʚ ʵʪʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚʩʝ ʩʪʨʦʢʠ ʣʶʙʦʡ ʉʆʄ ʦʢʘʟʳʚʘʶʪʩʷ ʩʢʨʝʤʙʣʠʨʦʚʘʥʥʳʤʠ ʦʜʥʠʤ ʠ 

ʪʝʤ ʞʝ ʦʪʨʝʟʢʦʤ ʩʠʥʭʨʦʩʠʛʥʘʣʘ, ʘ ʩʪʨʦʢʠ ʩʣʝʜʫʶʱʝʡ ʉʆʄ ʚ ʢʘʜʨʝ ʙʫʜʫʪ ʩʢʨʝʤ-

ʙʣʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʤ ʦʪʨʝʟʢʦʤ ʩʠʥʭʨʦʩʠʛʥʘʣʘ ʠ ʪ.ʜ. ʇʨʠ ʵʪʦʤ ʧʦʜʥʝʩʫʱʘʷ ʩ ʥʦ-

ʤʝʨʦʤ ʥʦʣʴ ʩʦʩʪʦʠʪ ʣʠʰʴ ʠʟ ʵʣʝʤʝʥʪʘʨʥʳʭ ʩʠʤʚʦʣʦʚ 
0 1W = ʠ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʜʣʷ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʩʠʥʭʨʦʩʠʛʥʘʣ ʠʟʣʫʯʘʝʪʩʷ ʚ ʢʘʥʘʣʝ 

ʩʚʷʟʠ ʧʘʨʘʣʣʝʣʴʥʦ ʩ ʧʦʜʥʝʩʫʱʠʤʠ, ʥʘ ʢʦʪʦʨʳʭ ʧʝʨʝʜʘʶʪʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʤ-

ʚʦʣʳ. ɼʣʷ ʩʦʛʣʘʩʦʚʘʥʠʷ ʝʛʦ ʧʝʨʠʦʜʘ, ʨʘʚʥʦʛʦ 1cmp -  ʩ ʩʫʤʤʘʨʥʦʡ ʜʣʠʥʦʡ ʮʝʣʦʛʦ 

ʯʠʩʣʘ ʉʆʄ, ʠʩʧʦʣʴʟʫʶʱʠʭʩʷ ʚ ʪʝʯʝʥʠʝ ʦʜʥʦʛʦ ʢʘʜʨʘ, ʪʦ ʝʩʪʴ
m

ʢN p , ʚ ʢʘʢʦʡ-ʪʦ ʠʟ 

ʉʆʄ, ʥʘʧʨʠʤʝʨ, ʚ ʧʦʩʣʝʜʥʝʡ ʚ ʢʘʜʨʝ, ʦʪʩʫʪʩʪʚʫʝʪ ʩʪʦʣʙʝʮ ʩ ʥʦʤʝʨʦʤ ʥʦʣʴ, ʩʦʩʪʦ-

ʷʱʠʡ ʣʠʰʴ ʠʟ ʝʜʠʥʠʮ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʩʣʝʜʥʝʡ ʚ ʢʘʜʨʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʉʂʄ ʩ ʜʦ-

ʙʘʚʣʝʥʥʦʡ ʚʝʨʭʥʝʡ ʩʪʨʦʢʦʡ, ʩʦʩʪʦʷʱʝʡ ʣʠʰʴ ʠʟ ʝʜʠʥʠʮ. ʇʨʠ ʝʝ ʫʩʢʦʨʝʥʥʦʡ ʦʙʨʘ-

ʙʦʪʢʝ ʚ ʧʨʠʝʤʥʠʢʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʙʱʝʥʥʦʛʦ ɹʇʌ ʤʦʞʥʦ ʜʦʙʘʚʠʪʴ ʩʪʦʣʙʝʮ 

ʩ ʥʦʤʝʨʦʤ ʥʦʣʴ ʩ ʫʯʝʪʦʤ ʨʝʟʫʣʴʪʘʪʘ ʠʟʤʝʨʝʥʠʷ ʤʦʱʥʦʩʪʠ ʧʨʠʥʠʤʘʝʤʦʛʦ ʩʠʛʥʘʣʘ, 

ʢʦʪʦʨʦʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʩʠʥʭʨʦʩʠʛʥʘʣʫ. ʂʦʥʝʯʥʦ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʩʠʤʚʦʣ ʩ ʥʦʤʝ-

ʨʦʤ ʥʦʣʴ ʫ ʚʩʝʭ ʧʦʜʥʝʩʫʱʠʭ ʥʝ ʙʫʜʝʪ ʤʦʜʫʣʠʨʦʚʘʥ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʩʠʤʚʦʣʦʤ, 

ʥʦ, ʫʯʠʪʳʚʘʷ, ʯʪʦ ʧʝʨʠʦʜ ʠʩʧʦʣʴʟʫʝʤʦʡ ʙʘʟʦʚʦʡ ʉʆʄ ʥʘ ʧʨʘʢʪʠʢʝ ʤʦʞʝʪ ʩʦʩʪʘʚ-
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ʣʷʪʴ ʥʝʩʢʦʣʴʢʦ ʪʳʩʷʯ, ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʜʘʥʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʝʜʚʘ ʣʠ ʧʨʠ-

ʚʝʜʝʪ ʢ ʟʘʤʝʪʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʚʝʨʦʷʪʥʦʩʪʠ ʦʰʠʙʢʠ ʧʨʠʝʤʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʩʠʤʚʦʣʦʚ.  

ʂʘʢ ʚʠʜʥʦ, ʪʘʢʠʤ ʩʧʦʩʦʙʦʤ ʥʝʫʜʦʙʥʦ ʧʨʠʩʦʝʜʠʥʷʪʴ ʩʠʥʭʨʦʩʠʛʥʘʣ ʢ ʉʆʄ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʫʶ ʩʦʙʦʡ ɼʕʌ, ʧʦʩʢʦʣʴʢʫ ʫ ʵʪʦʡ ʤʘʪʨʠʮʳ ʥʘʙʦʨ ʟʥʘʯʝʥʠʡ ʵʣʝʤʝʥ-

ʪʘʨʥʳʭ ʩʠʤʚʦʣʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʝʝ ʨʘʟʤʝʨʥʦʩʪʠ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʫ 

ʤʘʪʨʠʮ ɺʂ ʠ ʫ ʉʆʄ, ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ p -ʠʯʥʳʭ ʃʈʇ, ʦʩʪʘʝʪʩʷ ʦʜʠʥ ʠ ʪʦʪ 

ʞʝ ʥʘʙʦʨ ʟʥʘʯʝʥʠʡ ʵʣʝʤʝʥʪʘʨʥʳʭ ʩʠʤʚʦʣʦʚ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʠʭ ʨʘʟʤʝʨʥʦʩʪʠ, ʩʦʚ-

ʧʘʜʘʶʱʠʡ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʩʠʤʚʦʣʦʚ ʩʠʥʭʨʦʩʠʛʥʘʣʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʉʆʄ ʨʘʟʤʝʨʥʦʩʪʠ 
mp , ʤʦʜʫʣʠʨʦʚʘʥʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ 

ʩʠʤʚʦʣʘʤʠ ʠ ʩʠʥʭʨʦʩʠʛʥʘʣʦʤ, ʪʦ ʝʩʪʴ  mp

aS , ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʢ: 
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,  (4.4) 

ʛʜʝ Ͻᶻ - ʦʙʦʟʥʘʯʝʥʠʝ ʦʧʝʨʘʮʠʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʧʨʷʞʝʥʠʷ; 1mN p= -; mp

aS  ï 

ʉʆʄ; ʠ,ʤ,ɸI ï ʜʠʘʛʦʥʘʣʴʥʘʷ ʤʘʪʨʠʮʘ, ʟʥʘʯʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʛʣʘʚʥʦʡ ʜʠʘʛʦʥʘʣʠ ʢʦʪʦ-

ʨʦʡ ʨʘʚʥʳ ʧʝʨʝʜʘʚʘʝʤʳʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʩʠʤʚʦʣʘʤ; ,i iA j  ï ʟʥʘʯʝʥʠʷ ʘʤʧʣʠʪʫ-

ʜʳ ʠ ʬʘʟʳ i -ʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʠʤʚʦʣʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ( )0

0 1
j

A e
j
= ; 

*

iks a
 ï ʟʥʘ-

ʯʝʥʠʷ  ʩʠʤʚʦʣʦʚ ʤʘʪʨʠʮʳ mp

aS ; 
,mp v

C ï ʜʠʘʛʦʥʘʣʴʥʘʷ ʤʘʪʨʠʮʘ, ʥʘ ʛʣʘʚʥʦʡ ʜʠʘʛʦ-

ʥʘʣʠ ʢʦʪʦʨʦʡ ʥʘʭʦʜʷʪʩʷ ʩʠʤʚʦʣʳ ʩʠʥʭʨʦʩʠʛʥʘʣʘ ,..., mv v p
C C

+
, ʥʘʯʠʥʘʷ ʩ v-ʛʦ ʩʠʤ-

ʚʦʣʘ; , 0,...,i k N= - ʥʦʤʝʨʘ ʩʪʨʦʢ ʠ ʩʪʦʣʙʮʦʚ ʤʘʪʨʠʮ. 
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ʅʠʟʢʦʯʘʩʪʦʪʥʳʡ ʜʠʩʢʨʝʪʥʳʡ ʵʢʚʠʚʘʣʝʥʪ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʛʦ ʩʠʛʥʘʣʘ, ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʧʦ ʢʘʥʘʣʫ ʩʚʷʟʠ, ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʩʫʤʤʠʨʦʚʘʥʠʠ ʩʪʨʦʢ 

ʤʘʪʨʠʮʳ *

ʠ,mp
S , ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʥʘ ʚʭʦʜʝ ʧʨʠʝʤʥʠʢʘ ʩ ʫʯʝʪʦʤ ʚʦʟʜʝʡʩʪʚʠʷ ʙʝʣʦ-

ʛʦ ʛʘʫʩʩʦʚʩʢʦʛʦ ʰʫʤʘ ʩ ʦʪʩʯʝʪʘʤʠ 0 2, ,..., Nx x x, ʧʦʣʫʯʠʤ: 
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X C  (4.5) 

ʂʘʢ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ ʥʠʞʝ, ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʧʨʦʮʝʜʫʨʳ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʠ 

ʧʨʦʚʝʜʝʥʠʷ ʚʩʝʭ ʥʝʦʙʭʦʜʠʤʳʭ ʠʟʤʝʨʝʥʠʡ (ʩʤʝʱʝʥʠʡ ʧʦ ʯʘʩʪʦʪʝ ʠ ʟʘʜʝʨʞʢʝ ʩʠʛ-

ʥʘʣʦʚ ʣʫʯʝʡ ʠ ʠʭ ʤʦʱʥʦʩʪʝʡ), ʩʠʥʭʨʦʩʠʛʥʘʣ ʤʦʞʝʪ ʙʳʪʴ ʫʜʘʣʝʥ ʠʟ ʢʘʥʘʣʘ ʩʚʷʟʠ 

ʧʫʪʝʤ ʧʝʨʝʤʥʦʞʝʥʠʷ ʝʛʦ ʢʦʧʠʠ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʚ ʧʨʠʝʤʥʠʢʝ, ʩ ʧʨʠʥʠʤʘʝʤʳʤ 

ʛʨʫʧʧʦʚʳʤ ʩʠʛʥʘʣʦʤ. 

ɺʪʦʨʦʡ ʚʘʨʠʘʥʪ 

ʆʪʤʝʪʠʤ, ʯʪʦ ʩʧʦʩʦʙ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩʠʥʭʨʦʩʠʛʥʘʣʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʚʳ-

ʰʝʦʧʠʩʘʥʥʦʤʫ ʧʝʨʚʦʤʫ ʝʛʦ ʚʘʨʠʘʥʪʫ, ʚ ʤʦʙʠʣʴʥʳʭ cdma ʩʠʩʪʝʤʘʭ 3-ʝʛʦ ʧʦʢʦʣʝ-

ʥʠʷ ʧʦʟʚʦʣʷʝʪ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʠʪʴ ʤʦʱʥʦʩʪʴ ʢʘʞʜʦʡ ʧʦʜʥʝʩʫʱʝʡ, ʧʨʝʜ-

ʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ ʬʫʥʢʮʠʶ ʋʦʣʰʘ, ʚ ʚʳʜʝʣʝʥʥʦʡ ʧʦʣʦʩʝ ʯʘʩʪʦʪ, ʠ ʚ ʧʦʣʥʦʡ ʤʝʨʝ 

ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʶ ʩʢʨʝʤʙʣʠʨʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ʅʦ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝ-

ʤʦʤ ʩʣʫʯʘʝ (ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʉʆʄ ʥʘ ʦʩʥʦʚʝ ʤʘʪʨʠʮ-ʮʠʨʢʫʣʷʥʪʦʚ ʃʈʇ) ʜʘʥʥʘʷ 

ʦʧʮʠʷ ʩʠʥʭʨʦʩʠʛʥʘʣʘ ʷʚʣʷʝʪʩʷ ʦʯʝʚʠʜʥʦ ʠʟʣʠʰʥʝʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʩʦʝʜʠʥʝ-

ʥʠʝ ʩʠʥʭʨʦʩʠʛʥʘʣʘ ʢ ʉʆʄ ʚʳʰʝʦʧʠʩʘʥʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʪʦʣʴ-

ʢʦ ʣʠʰʴ ʧʦʚʳʰʝʥʥʫʶ ʩʢʨʳʪʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʤʚʦʣʦʚ. ʅʦ, ʫʯʠ-

ʪʳʚʘʷ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʪʨʠʮ-ʮʠʨʢʫʣʷʥʪʦʚ ʃʈʇ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʉʆʄ, ʚʦʟʤʦʞʥʳ ʠ ʜʨʫʛʠʝ ʩʧʦʩʦʙʳ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʚʳʰʝʥʥʦʡ ʩʢʨʳʪʥʦʩʪʠ, ʥʘʧʨʠ-

ʤʝʨ, ʧʨʠ ʯʝʨʝʜʦʚʘʥʠʠ ʧʦ ʟʘʨʘʥʝʝ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʧʨʘʚʠʣʫ ʧʝʨʚʦʦʙʨʘʟʥʳʭ ʵʣʝʤʝʥ-

ʪʦʚ ʙʘʟʦʚʦʡ ʤʘʪʨʠʮʳ-ʮʠʨʢʫʣʷʥʪʘ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʩʪʠ ʢʘʜʨʘ, ʨʘʩʩʤʦʪʨʠʤ ʚʘʨʠ-

ʘʥʪ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩʠʥʭʨʦʩʠʛʥʘʣʘ ʪʦʣʴʢʦ ʢ ʩʪʨʦʢʘʤ ʩ ʥʦʤʝʨʦʤ ʥʦʣʴ ʩʣʝʜʫʶʱʠʭ 
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ʜʨʫʛ ʜʨʫʛʦʤ ʉʆʄ. ʇʨʠ ʵʪʦʤ ʦʙʱʘʷ ʩʪʨʫʢʪʫʨʘ ʢʘʥʘʣʘ ʩʚʷʟʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʠʩ. 4.1. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʫʜʘʣʝʥʠʝ ʩʠʥʭʨʦʩʠʛʥʘʣʘ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʠʟʤʝʨʝʥʠʡ 

ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʠʟʚʝʜʝʥʦ ʧʨʠ ʚʳʯʠʪʘʥʠʠ ʝʛʦ ʢʦʧʠʠ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʚ ʧʨʠʝʤʥʠʢʝ, 

ʠʟ ʚʭʦʜʥʦʛʦ ʛʨʫʧʧʦʚʦʛʦ ʩʠʛʥʘʣʘ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʩʠʥʭʨʦʩʠʛʥʘʣ ʙʦʣʴʰʝʡ ʤʦʱʥʦʩʪʠ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʳʜʫʱʠʤ ʚʘʨʠʘʥʪʦʤ ʝʛʦ 

ʢʦʤʧʘʥʦʚʢʠ ʩ ʉʆʄ, ʧʦʩʢʦʣʴʢʫ ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʧʦʜʥʝʩʫʱʠʝ ʙʫʜʫʪ ʩʦʟʜʘʚʘʪʴ ʧʦʤʝʭʫ 

ʢʘʥʘʣʫ ʩʠʥʭʨʦʥʠʟʘʮʠʠ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʪʘʢʠʤ ʩʧʦʩʦʙʦʤ ʤʦʞʥʦ ʧʨʠʩʦʝʜʠʥʠʪʴ ʩʠʥʭʨʦʩʠʛʥʘʣ ʢ ʣʶʙʦʡ 

ʉʆʄ, ʚʢʣʶʯʘʷ ʠ ʩʠʩʪʝʤʫ ɼʕʌ. ʅʦ ʚ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʩʠʥʭʨʦʩʠʛʥʘʣ ʥʝ ʤʦʞʝʪ 

ʙʳʪʴ ʦʙʨʘʙʦʪʘʥ ʚ ʢʦʥʪʝʢʩʪʝ ʘʣʛʦʨʠʪʤʘ ʙʳʩʪʨʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʪʦʛʦ ʞʝ ʪʠʧʘ, ʢʦ-

ʪʦʨʦʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʤʚʦʣʦʚ.  

ʊʨʝʪʠʡ ʚʘʨʠʘʥʪ 

ʆʥ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʮʠʢʣʠʯʝʩʢʠʭ ʧʨʝʬʠʢʩʦʚ, ʢʦʪʦʨʳʝ ʚʩʪʘʚʣʷ-

ʶʪʩʷ ʤʝʞʜʫ ʉʆʄ, ʧʝʨʝʜʘʚʘʝʤʳʤʠ ʚ ʪʝʯʝʥʠʝ ʢʘʜʨʘ. ɼʘʥʥʳʡ ʚʘʨʠʘʥʪ ʮʝʣʝʩʦʦʙʨʘʟ-

ʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʤʥʦʛʦʣʫʯʝʚʦʤ ʭʘʨʘʢʪʝʨʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʦʚ. ɼʣʠ-

ʪʝʣʴʥʦʩʪʴ ʮʠʢʣʠʯʝʩʢʦʛʦ ʧʨʝʬʠʢʩʘ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʤʝʥʴʰʝ ʟʥʘʯʝʥʠʷ maxl , ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʝʛʦ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʯʠʩʣʫ ʵʣʝʤʝʥʪʘʨʥʳʭ ʠʤʧʫʣʴʩʦʚ ʧʦʜʥʝʩʫʱʝʡ, ʥʘ ʢʦʪʦ-

ʨʦʝ ʤʦʛʫʪ ʙʳʪʴ ʩʜʚʠʥʫʪʳ ʩʠʛʥʘʣʳ ʣʫʯʝʡ ʧʦ ʚʨʝʤʝʥʠ. ʉʪʨʫʢʪʫʨʘ ʢʘʜʨʘ ʜʣʷ ʵʪʦʛʦ 

ʩʣʫʯʘʷ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 4.2, ʛʜʝ ʇ ï ʮʠʢʣʠʯʝʩʢʠʡ ʧʨʝʬʠʢʩ. ʋʢʘʟʘʥʥʘʷ ʝʛʦ ʜʣʠʥʘ 1l, 

ʚʳʨʘʞʝʥʥʘʷ ʚ ʯʠʩʣʝ ʵʣʝʤʝʥʪʘʨʥʳʭ ʩʠʤʚʦʣʦʚ ʉʆʄ, ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʤʦʞʝʪ ʚʘ-

ʨʴʠʨʦʚʘʪʴʩʷ ʚ ʪʝʯʝʥʠʝ ʢʘʜʨʘ, ʧʦʩʢʦʣʴʢʫ ʩʫʤʤʘʨʥʘʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʚʩʝʭ ʧʨʝʬʠʢʩʦʚ ʚ 

ʢʘʜʨʝ ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʚʥʘ 1mp -, ʘ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʣʶʙʦʛʦ ʠʟ 

ʧʨʝʬʠʢʩʦʚ ʥʝ ʜʦʣʞʥʘ ʙʳʪʴ ʤʝʥʴʰʝ 
maxl  
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ʈʠʩʫʥʦʢ 4.2 -  ʉʪʨʫʢʪʫʨʘ ʢʘʜʨʘ ʩ ʧʨʠʩʦʝʜʠʥʝʥʥʳʤ ʩʠʥʭʨʦʩʠʛʥʘʣʦʤ ʩ ʧʝʨʠʦʜʦʤ 

( 1)cmp - , ʉʆʄ ʧʦʨʷʜʢʘ 
mp  ʠ ʮʠʢʣʠʯʝʩʢʠʤʠ ʧʨʝʬʠʢʩʘʤʠ (ʇ) 

 

ɺ ʢʘʯʝʩʪʚʝ ʠʣʣʶʩʪʨʘʮʠʠ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʚʘʨʠʘʥʪʘ ʩʪʨʫʢ-

ʪʫʨʳ ʢʘʜʨʘ ʨʘʩʩʤʦʪʨʠʤ ʪʠʧʠʯʥʦʝ ʟʥʘʯʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʟʘʜʝʨʞ-

ʢʠ ʩʠʛʥʘʣʦʚ ʣʫʯʝʡ ʚ ʤʦʙʠʣʴʥʦʡ ʩʠʩʪʝʤʝ ʩʚʷʟʠ, ʩʦʩʪʘʚʣʷʶʱʝʝ 5ʟʊ ʤʢʩ= ʧʨʠ ʰʠ-

ʨʠʥʝ ʧʦʣʦʩʳ ʯʘʩʪʦʪ ʩʠʛʥʘʣʘ 5F ʄɻʮD = . ʊʦʛʜʘ ʜʣʠʪʝʣʴʥʦʩʪʴ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʠʤ-

ʧʫʣʴʩʘ ʧʦʜʥʝʩʫʱʝʡ ʉʆʄ ʩʦʩʪʘʚʣʷʝʪ 
71

2 10ʊɻ c
F

-= = Ö
D

, ʘ max / 25ʟ ʵl ʊ ʊ= = . ɼʘ-

ʣʝʝ, ʧʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʜʣʷ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʉʆʄ, ʧʦʩʪʨʦʝʥʥʘʷ 

ʥʘ ʦʩʥʦʚʝ ʪʨʦʠʯʥʦʡ ʃʈʇ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʥʘ ʦʩʥʦʚʝ ʥʝʧʨʠʚʦʜʠʤʦʛʦ ʧʨʠʤʠʪʠʚ-

ʥʦʛʦ ʧʦʣʠʥʦʤʘ ʰʝʩʪʦʛʦ ʧʦʨʷʜʢʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʝʨʠʦʜ ʃʈʇ ʩʦʩʪʘʚʠʪ 

61 3 1 728mp - = - =, ʘ ʨʘʟʤʝʨʥʦʩʪʴ ʉʆʄ ʙʫʜʝʪ 729mp = . ʉʬʦʨʤʠʨʫʝʤ ʩʠʥʭʨʦ-

ʩʠʛʥʘʣ ʥʘ ʦʩʥʦʚʝ ʪʨʦʠʯʥʦʡ ʃʈʇ ʜʝʚʷʪʦʛʦ ʧʦʨʷʜʢʘ. ɽʛʦ ʧʝʨʠʦʜ ʧʦʚʪʦʨʝʥʠʷ ʩʦʩʪʘ-

ʚʠʪ 
91 3 1 19682ʩmp - = - = . ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʮʠʢʣʠʯʝʩʢʠʭ ʧʨʝʬʠʢʩʦʚ ʚ ʢʘʜʨʝ ʯʠʩʣʦ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠʟʣʫʯʘʝʤʳʭ ʉʆʄ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʩʪʠ ʝʛʦ ʚʨʝʤʝʥʠ ʩʦʩʪʘʚʠʪ 

27
cm

m

p

p
= . ɼʣʠʪʝʣʴʥʦʩʪʴ ʧʦʜʥʝʩʫʱʠʭ ʧʦʩʣʝʜʥʝʡ ʉʂʄ ʩʦʩʪʘʚʠʪ 1 728mp - = . ʊʦ-

ʛʜʘ ʢʘʜʨ ʩ ʧʨʝʬʠʢʩʘʤʠ (ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʠʩ. 2) ʙʫʜʝʪ ʩʦʜʝʨʞʘʪʴ 26 ʉʆʄ, ʘ ʜʣʠ-

ʪʝʣʴʥʦʩʪʴ ʢʘʞʜʦʛʦ ʧʨʝʬʠʢʩʘ ʩʦʩʪʘʚʠʪ  ( )1 max1 / 26 28ml p l= - = >. ʅʦ ʪʦʛʜʘ ʚʤʝʩʪʦ 
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ʉʆʄ ʧʦʨʷʜʢʘ 728 ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʉʆʄ ʧʦʨʷʜʢʘ 729, ʥʦ ʦʜʠʥ ʠʟ ʮʠʢʣʠʯʝʩʢʠʭ 

ʧʨʝʬʠʢʩʦʚ ʙʫʜʝʪ ʠʤʝʪʴ ʜʣʠʥʫ ʥʝ 28, ʘ 27. 

ɺʤʝʩʪʦ ʉʆʄ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʉʂʄ ʨʘʟʤʝʨʥʦʩʪʠ 

1mp -, ʫʚʝʣʠʯʠʚ ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʨʝʬʠʢʩʘ ὰ ʥʘ ʦʜʠʥ ʩʠʤʚʦʣ. 

ʏʝʪʚʝʨʪʳʡ ʚʘʨʠʘʥʪ 

ɺ ʪʝʯʝʥʠʝ ʢʘʜʨʘ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʉʆʄ ʨʘʟʥʳʭ ʧʦʨʷʜʢʦʚ ʧʨʠ ʠʟʚʝʩʪʥʦʤ 

ʟʥʘʯʝʥʠʠ ὰ , ʧʦʩʢʦʣʴʢʫ ʠʟʤʝʥʝʥʠʝ ʧʦʨʷʜʢʘ ʉʆʄ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʪʠʧʘ ʥʝ ʪʨʝ-

ʙʫʝʪ ʨʘʩʰʠʨʝʥʠʷ ʰʠʨʠʥʳ ʧʦʣʦʩʳ ʯʘʩʪʦʪ, ʟʘʥʠʤʘʝʤʦʡ ʛʨʫʧʧʦʚʳʤ ʩʠʛʥʘʣʦʤ (ʩʤ. 

ʚʳʰʝ) ʧʨʠ ʪʦʡ ʞʝ ʝʛʦ ʪʘʢ ʪʘʢʪʦʚʦʡ ʯʘʩʪʦʪʝ. ʀʣʣʶʩʪʨʘʮʠʷ ʩʪʨʫʢʪʫʨʳ ʢʘʜʨʘ ʜʣʷ 

ʜʘʥʥʦʛʦ ʩʣʫʯʘʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 4.3. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʉʆʄ ʨʘʟ-

ʥʳʭ ʧʦʨʷʜʢʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʥʳʝ ʥʝʧʨʠʚʦʜʠʤʳʝ ʧʨʠʤʠʪʠʚʥʳʝ ʧʦʣʠʥʦʤʳ, ʠ ʜʣʷ 

ʙʳʩʪʨʦʡ ʦʙʨʘʙʦʪʢʠ ʢʘʞʜʦʡ ʉʆʄ, ʤʦʜʫʣʠʨʦʚʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʩʠʤʚʦʣʘ-

ʤʠ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʜʥʦ ʠ ʪʦʞʝ ʦʙʦʙʱʝʥʥʦʝ ɹʇʌ. 

 

ʈʠʩʫʥʦʢ 4.3 - ʉʪʨʫʢʪʫʨʘ ʢʘʜʨʘ ʩ ʧʨʠʩʦʝʜʠʥʝʥʥʳʤ ʩʠʥʭʨʦʩʠʛʥʘʣʦʤ ʩ ʧʝʨʠʦʜʦʤ 

( 1)ʩmp - , ʉʆʄ ʨʘʟʥʳʭ ʧʦʨʷʜʢʦʚ 1 2, ,..., Nʢ
mm mp p p  ʠ ʮʠʢʣʠʯʝʩʢʠʤʠ ʧʨʝʬʠʢʩʘʤʠ (ʇ) 

 

ɺʦʟʚʨʘʱʘʷʩʴ ʢ ʧʨʝʜʳʜʫʱʝʤʫ ʧʨʠʤʝʨʫ ʧʦʩʪʨʦʝʥʠʷ ʢʘʜʨʘ, ʟʘʤʝʪʠʤ, ʯʪʦ ʚ ʥʝʤ 

ʚʤʝʩʪʦ ʣʶʙʳʭ ʪʨʝʭ ʉʆʄ ʧʦʨʷʜʢʘ 
63 729=  ʤʦʞʥʦ ʧʝʨʝʜʘʚʘʪʴ ʦʜʥʫ ʉʆʄ ʧʦʨʷʜʢʘ 

73 2187= , ʘ ʚʤʝʩʪʦ ʦʜʥʦʡ ʉʆʄ ʧʦʨʷʜʢʘ 729 ʤʦʞʥʦ ʧʝʨʝʜʘʪʴ ʪʨʠ ʉʆʄ ʧʦʨʷʜʢʘ 

ὴ ςτσ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʤʝʩʪʦ ʜʝʚʷʪʠ ʉʆʄ ʧʦʨʷʜʢʘ 729 ʤʦʞʥʦ ʧʝʨʝʜʘʚʘʪʴ ʦʜ-
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ʥʫ ʉʆʄ ʧʦʨʷʜʢʘ 6561. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʧʨʝʬʠʢʩʦʚ ʚ ʢʘʜʨʝ ʩʦʚʤʝʩʪʥʦ ʩ 

ʩʠʥʭʨʦʩʠʛʥʘʣʦʤ ʩ ʧʝʨʠʦʜʦʤ 
93 1 19682- =  ʚʤʝʩʪʦ ʜʚʘʜʮʘʪʠ ʰʝʩʪʠ ʉʆʄ ʧʦʨʷʜʢʘ 

729 ʠ ʦʜʥʦʡ ʉʆʄ ʧʦʨʷʜʢʘ 728 ʤʦʞʥʦ ʚ ʣʶʙʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʝʨʝʜʘʪʴ ʜʚʝ 

ʉʆʄ ʧʦʨʷʜʢʘ 6561, ʜʚʝ ʉʆʄ ʧʦʨʷʜʢʘ 2187, ʦʜʥʫ ʉʆʄ ʧʦʨʷʜʢʘ 729, ʪʨʠ ʉʆʄ ʧʦ-

ʨʷʜʢʘ 243 ʠ ʦʜʥʫ ʉʂʄ ʧʦʨʷʜʢʘ 728. ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʘʨʠʘʥʪ ʩ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝʤ ʮʠʢʣʠʯʝʩʢʠʭ ʧʨʝʬʠʢʩʦʚ ʧʨʠ ʠʩʢʣʶʯʝʥʠʠ ʦʜʥʦʡ ʠʟ ʉʆʄ ʧʦʨʷʜʢʘ 243, ʪʦ ʧʦ-

ʪʨʝʙʫʝʪʩʷ 8 ʧʨʝʬʠʢʩʦʚ, ʧʦʩʢʦʣʴʢʫ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥʦ 8ʢN =  ʉʆʄ. ɼʣʠʥʘ ʢʘʞʜʦ-

ʛʦ ʧʨʝʬʠʢʩʘ ʩʦʩʪʘʚʠʪ 243/8=30,375 ʩʠʤʚʦʣʦʚ ʇʉʇ. ʅʦ, ʧʦʩʢʦʣʴʢʫ ʜʣʠʥʘ ʢʘʞʜʦʛʦ 

ʠʟ ʧʨʝʬʠʢʩʦʚ 1 2, ,...,
ʢNl l l  ʤʦʞʝʪ ʙʳʪʴ ʪʦʣʴʢʦ ʮʝʣʳʤ ʯʠʩʣʦʤ, ʙʦʣʴʰʠʤ ʠʣʠ ʨʘʚʥʳʤ 

25, ʪʦ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʝʬʠʢʩʳ ʨʘʟʥʦʡ ʜʣʠʥʳ ʩ ʫʯʝʪʦʤ ʚʳʰʝʫʢʘʟʘʥʥʳʭ 

ʦʛʨʘʥʠʯʝʥʠʡ. ʇʨʝʠʤʫʱʝʩʪʚʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʉʆʄ ʨʘʟʥʳʭ ʧʦʨʷʜʢʦʚ ʚ ʪʝʯʝʥʠʝ ʜʣʠ-

ʪʝʣʴʥʦʩʪʠ ʢʘʜʨʘ: ʚ ʧʨʠʤʝʨʝ, ʨʘʩʩʤʦʪʨʝʥʥʦʤ ʚʳʰʝ, ʩʫʤʤʘʨʥʘʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʨʝ-

ʬʠʢʩʦʚ ʚ ʪʝʯʝʥʠʝ ʢʘʜʨʘ ʧʨʠ ʦʜʠʥʘʢʦʚʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʉʆʄ ʩʦʩʪʘʚʣʷʝʪ 728 ʩʠʤʚʦ-

ʣʦʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʘ ʚ ʩʣʫʯʘʝ ʨʘʟʥʳʭ ʨʘʟʤʝʨʥʦʩʪʝʡ - ʣʠʰʴ 243 ʩʠʤʚʦʣʘ. ʇʨʠ 

ʵʪʦʤ ʦʙʱʝʝ ʯʠʩʣʦ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʤʚʦʣʦʚ, ʧʝʨʝʜʘʥʥʳʭ ʚ ʪʝʯʝʥʠʠ ʢʘʜʨʘ, ʦʩʪʘ-

ʝʪʩʷ ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ. ʅʦ ʫʤʝʥʴʰʝʥʠʝ ʩʫʤʤʘʨʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʨʝʬʠʢʩʦʚ ʚ ʪʝʯʝ-

ʥʠʝ ʢʘʜʨʘ ï ɻ ʪʦ ʥʝ ʝʜʠʥʩʪʚʝʥʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʉʆʄ ʨʘʟʥʳʭ ʨʘʟ-

ʤʝʨʥʦʩʪʝʡ, ʯʪʦ ʙʫʜʝʪ ʦʙʦʩʥʦʚʘʥʦ ʥʠʞʝ. ʆʪʤʝʪʠʤ, ʯʪʦ ʚʤʝʩʪʦ ʉʆʄ ʚ ʜʘʥʥʦʤ ʩʣʫ-

ʯʘʝ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʝʤ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʉʂʄ. 

 ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʦʨʷʜʢʘ ʉʆʄ (ʠʣʠ ʉʂʄ) ʤʦʱʥʦʩʪʴ, ʧʨʠʭʦʜʷʱʘʷʩʷ ʥʘ ʦʜ-

ʥʫ ʧʦʜʥʝʩʫʱʫʶ ʠʟʣʫʯʘʝʤʦʛʦ ʛʨʫʧʧʦʚʦʛʦ ʩʠʛʥʘʣʘ, ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ 

ʝʝ ʧʦʨʷʜʢʫ, ʧʦʩʢʦʣʴʢʫ ʤʦʱʥʦʩʪʴ ʧʝʨʝʜʘʪʯʠʢʘ ʥʝ ʤʝʥʷʝʪʩʷ. ʅʦ ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʦʜ-

ʥʝʩʫʱʝʡ ʫʚʝʣʠʯʠʪʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʨʘʟʤʝʨʥʦʩʪʠ ʉʆʄ(ʉʂʄ), ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝ-

ʛʦ ʵʥʝʨʛʠʷ ʢʘʞʜʦʛʦ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʢʘʥʘʣʴʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʠʤʧʫʣʴʩʘ ʥʝ ʟʘ-

ʚʠʩʠʪ ʦʪ ʧʦʨʷʜʢʘ ʉʆʄ (ʉʂʄ). ʅʦ, ʢʘʢ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ ʥʠʞʝ ʚ ʵʪʦʤ ʨʘʟʜʝʣʝ, ʫʚʝ-

ʣʠʯʝʥʠʝ ʧʦʨʷʜʢʘ ʉʂʄ ʚ ʢʘʜʨʝ ʙʝʟ ʮʠʢʣʠʯʝʩʢʠʭ ʧʨʝʬʠʢʩʦʚ ʧʦʟʚʦʣʠʪ ʩʥʠʟʠʪʴ ʚʣʠ-

ʷʥʠʝ ʚʟʘʠʤʥʳʭ ʧʦʤʝʭ ʣʫʯʝʡ ʧʨʠ ʤʥʦʛʦʣʫʯʝʚʦʤ ʭʘʨʘʢʪʝʨʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘ-
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ʣʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ max 25l =  ʠ ʉʆʄ ʧʦʨʷʜʢʘ 6561 ʠʣʠ 2187 ʚʣʠʷʥʠʝʤ ʪʘʢʦʡ ʧʦ-

ʤʝʭʠ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ.  

ʇʷʪʳʡ ʚʘʨʠʘʥʪ 

ʆʩʥʦʚʫ ʢʘʥʘʣʘ ʩʚʷʟʠ ʩʦʩʪʘʚʣʷʝʪ ʛʨʫʧʧʦʚʦʡ ʩʠʛʥʘʣ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʡ ʥʘ ʦʩ-

ʥʦʚʝ ʧʝʨʠʦʜʠʯʝʩʢʠ ʠʟʣʫʯʘʝʤʳʭ ʉʂʄ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʧʦʨʷʜʢʘ ʩ ʧʨʠʩʦʝʜʠʥʝʥʥʦʡ 

ʢ ʢʘʞʜʦʡ ʠʟ ʥʠʭ ʩʪʨʦʢʦʡ ʩ ʥʫʣʝʚʳʤ ʥʦʤʝʨʦʤ, ʤʦʜʫʣʠʨʦʚʘʥʥʦʡ ʩʠʥʭʨʦʩʠʛʥʘʣʦʤ. 

ʇʨʠ ʵʪʦʤ ʚ ʢʘʜʨʝ ʤʦʛʫʪ ʢʘʢ ʦʪʩʫʪʩʪʚʦʚʘʪʴ, ʪʘʢ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʮʠʢʣʠʯʝʩʢʠʝ ʧʨʝ-

ʬʠʢʩʳ.  

ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʮʠʢʣʠʯʝʩʢʠʭ ʧʨʝʬʠʢʩʦʚ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʫʶ ʧʨʦʨʝʞʝʥʥʫʶ ʉʂʄ (ʙʝʟ ʥʝʢʦʪʦʨʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʪʦʣʙʮʦʚ) ʜʣʷ ʩʦ-

ʛʣʘʩʦʚʘʥʠʷ ʜʣʠʥʳ ʢʘʜʨʘ ʠ ʩʫʤʤʘʨʥʦʡ ʜʣʠʥʳ ʉʂʄ ʚ ʢʘʜʨʝ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʵʪʫ 

ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʉʂʄ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠ ʜʣʷ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ, ʦʧʪʠʤʠ-

ʟʠʨʦʚʘʚ ʧʨʘʚʠʣʦ ʧʨʦʨʝʞʠʚʘʥʠʷ ʝʝ ʩʪʦʣʙʮʦʚ ʧʦ ʢʨʠʪʝʨʠʶ ʤʠʥʠʤʫʤʘ ʚʟʘʠʤʥʳʭ ʧʦ-

ʤʝʭ ʥʝ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʧʦʜʥʝʩʫʱʠʭ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʝʝ ʩʪʨʦʢʘʤʠ [48, 71].   

ɺ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʮʠʢʣʠʯʝʩʢʠʭ ʧʨʝʬʠʢʩʦʚ, ʠʭ ʜʣʠʥʳ ʤʦʞʥʦ ʚʳʙʠʨʘʪʴ 

ʧʨʦʠʟʚʦʣʴʥʦ ʩ ʫʯʝʪʦʤ ʟʥʘʯʝʥʠʷ maxl , ʘ ʥʘʯʘʣʦ ʢʘʞʜʦʡ ʩʣʝʜʫʶʱʝʡ ʉʂʄ, ʠʩʧʦʣʴ-

ʟʫʶʱʝʡʩʷ ʜʣʷ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ, ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʚʳʙʦʨʦʤ ʧʝʨʚʦʦʙʨʘʟʥʦʛʦ 

ʵʣʝʤʝʥʪʘ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʦʡ ʛʨʫʧʧʳ ʨʘʩʰʠʨʝʥʥʦʛʦ ʧʦʣʷ ɻʘʣʫʘ ʧʦ ʤʦʜʫʣʶ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʝʛʦ ʥʝʧʨʠʚʦʜʠʤʦʛʦ ʧʨʠʤʠʪʠʚʥʦʛʦ ʧʦʣʠʥʦʤʘ. ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʵʪʦʤ ʩʣʫ-

ʯʘʝ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʩʪʠ ʢʘʜʨʘ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʉʂʄ ʨʘʟʥʳʭ ʨʘʟʤʝʨʥʦ-

ʩʪʝʡ. 

ɹʳʩʪʨʳʝ ʘʣʛʦʨʠʪʤʳ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʩʣʘʙʳʭ ʧʦ ʤʦʱʥʦʩʪʠ 

ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʰʫʤʦʧʦʜʦʙʥʳʭ ʩʠʛʥʘʣʦʚ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ p -ʠʯʥʳʭ 

ʃʈʇ ʩ ʙʦʣʴʰʠʤ ʧʝʨʠʦʜʦʤ ʧʦʚʪʦʨʝʥʠʷ, ʥʘ ʦʩʥʦʚʝ ʦʙʦʙʱʝʥʥʦʛʦ ʙʳʩʪʨʦʛʦ ʧʨʝʦʙʨʘ-

ʟʦʚʘʥʠʷ ʌʫʨʴʝ ʚ ʙʘʟʠʩʝ ʬʫʥʢʮʠʡ ɺʂ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʨʘʙʦʪʘʭ [7, 30, 21, 66]. ʇʦʩʣʝ 

ʦʙʥʘʨʫʞʝʥʠʷ ʩʠʛʥʘʣʦʚ ʚʩʝʭ ʣʫʯʝʡ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʥʘ ʚʭʦʜʝ ʧʨʠ-

ʝʤʥʠʢʘ, ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʟʥʘʯʝʥʠʡ ʯʘʩʪʦʪʳ ʠ ʟʘʜʝʨʞʢʠ ʧʦ ʚʨʝʤʝʥʠ ʩʠʛʥʘʣʘ ʢʘʞʜʦʛʦ 

ʣʫʯʘ, ʘ ʪʘʢʞʝ ʜʣʷ ʩʣʝʞʝʥʠʷ ʟʘ ʠʭ ʠʟʤʝʥʝʥʠʷʤʠ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʣʴʮʘ ʬʘʟʦ-
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ʚʦʡ ʘʚʪʦʧʦʜʩʪʨʦʡʢʠ ʯʘʩʪʦʪʳ (ʌɸʇʏ) ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʧʦʜʩʪʨʦʡʢʠ ʚʨʝʤʝʥʠ 

(ɸʇɺ) ʩ ʧʝʨʝʢʨʝʩʪʥʳʤʠ ʩʚʷʟʷʤʠ, ʣʠʙʦ ʥʝʢʦʛʝʨʝʥʪʥʳʝ ʩʠʩʪʝʤʳ ɸʇɺ [22]. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʩʠʥʭʨʦʥʠʟʘʮʠʶ ʩʠʛʥʘʣʦʚ ʚʩʝʭ ʣʫʯʝʡ, ʧʨʠʩʫʪʩʪʚʫʶ-

ʱʠʭ ʥʘ ʚʭʦʜʝ ʧʨʠʝʤʥʠʢʘ, ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʜʦʣʝʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʠʤ-

ʧʫʣʴʩʘ ʩʠʛʥʘʣʘ ʧʦ ʚʨʝʤʝʥʠ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ɻʮ ʧʦ ʯʘʩʪʦʪʝ 

ʧʨʘʢʪʠʯʝʩʢʠ ʧʨʠ ʣʶʙʦʤ ʚʦʟʤʦʞʥʦʤ ʟʥʘʯʝʥʠʠ ʝʝ ʜʦʧʣʝʨʦʚʩʢʦʛʦ ʩʜʚʠʛʘ [72]. ʂʨʦʤʝ 

ʪʦʛʦ, ʦʙʨʘʙʦʪʢʘ ʩʠʥʭʨʦʩʠʛʥʘʣʦʚ ʧʦʟʚʦʣʠʪ ʠʟʤʝʨʠʪʴ ʠ ʤʦʱʥʦʩʪʠ ʩʠʛʥʘʣʦʚ ʣʫʯʝʡ ʩ 

ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ [36, 50]. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʚʩʝ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʚʘʨʠʘʥʪʳ ʧʦʩʪʨʦʝʥʠʷ ʢʘʥʘʣʘ ʨʘʜʠʦʜʦʩʪʫʧʘ 

ʬʠʟʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʥʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʜʦʧʣʝʨʦʚʩʢʦʤʫ ʩʜʚʠʛʫ ʯʘʩʪʦʪʳ, ʧʦʩʢʦʣʴ-

ʢʫ ʚ ʥʠʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʰʫʤʦʧʦʜʦʙʥʳʝ ʩʠʛʥʘʣʳ ʠ ʨʘʩʧʨʝʜʝʣʝʥʥʳʡ ʧʦ ʢʘʜʨʫ ʩʠʥ-

ʭʨʦʩʠʛʥʘʣ, ʟʘ ʩʤʝʱʝʥʠʝʤ ʢʦʪʦʨʦʛʦ ʧʦ ʯʘʩʪʦʪʝ (ʠ ʟʘʜʝʨʞʢʝ ʧʦ ʚʨʝʤʝʥʠ) ʧʨʦʠʟʚʦ-

ʜʠʪʩʷ ʧʦʩʪʦʷʥʥʦʝ ʩʣʝʞʝʥʠʝ ʚ ʢʘʥʘʣʝ ʩʠʥʭʨʦʥʠʟʘʮʠʠ, ʧʨʠʯʝʤ ʚ ʤʥʦʛʦʣʫʯʝʚʦʤ ʢʘ-

ʥʘʣʝ ʩʚʷʟʠ. ʋʤʝʥʴʰʝʥʠʝ ʠʣʠ ʫʚʝʣʠʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʩʪʠ ʢʘʜʨʘ ʠʟ-ʟʘ ʜʦʧʣʝʨʦʚʩʢʦʛʦ 

ʩʜʚʠʛʘ ʯʘʩʪʦʪʳ ʝʜʚʘ ʣʠ ʤʦʞʝʪ ʦʢʘʟʘʪʴ ʩʢʦʣʴʢʦ-ʥʠʙʫʜʴ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʥʘʨʫʞʝʥʠʷ ʩʠʥʭʨʦʩʠʛʥʘʣʘ ʥʘ ʚʩʝʤ ʧʝʨʠʦʜʝ ʝʛʦ ʧʦʚʪʦʨʝʥʠʷ, ʧʦ-

ʩʢʦʣʴʢʫ ʧʨʠ ʪʘʢʪʦʚʳʭ ʯʘʩʪʦʪʘʭ ʩʠʛʥʘʣʦʚ ʧʦʨʷʜʢʘ ʝʜʠʥʠʮ-ʜʝʩʷʪʢʦʚ ʄɻʮ ʦʥʘ ʨʝʰʘ-

ʝʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʯʘʩʪʦʪʳ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʦʙʥʘʨʫʞʠʚʘʝʤʦʛʦ ʩʠʥʭʨʦʩʠʛʥʘʣʘ ʩ 

ʧʘʨʘʣʣʝʣʴʥʦʡ ʙʳʩʪʨʦʡ ʦʙʨʘʙʦʪʢʦʡ ʚʩʝʭ ʝʛʦ ʜʠʩʢʨʝʪʥʳʭ ʢʦʧʠʡ.  

 

4.3. ʆʙʨʘʙʦʪʢʘ ʛʨʫʧʧʦʚʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʧʨʠʝʤʥʦʡ ʩʪʦʨʦʥʝ  

ʚ ʦʜʥʦʣʫʯʝʚʦʤ ʢʘʥʘʣʝ 

 

ʇʨʝʜʧʦʣʘʛʘʷ, ʯʪʦ ʥʘ ʧʨʠʝʤʥʦʡ ʩʪʦʨʦʥʝ ʧʨʦʠʟʦʰʣʦ ʦʙʥʘʨʫʞʝʥʠʝ ʠ ʩʠʥʭʨʦ-

ʥʠʟʘʮʠʷ ʩʠʥʭʨʦʩʠʛʥʘʣʘ ʩʯʠʪʘʝʤ, ʯʪʦ ʥʦʤʝʨ ʝʛʦ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʩʠʤʚʦʣʘ v, ʩ ʢʦʪʦ-

ʨʦʛʦ ʥʘʯʠʥʘʝʪʩʷ ʩʢʨʝʤʙʣʠʨʦʚʘʥʠʝ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʉʆʄ, ʠʟʚʝʩʪʝʥ. ɼʘʣʝʝ, ʧʨʝʜ-

ʧʦʣʘʛʘʷ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʝʨʚʳʡ ʚʘʨʠʘʥʪ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩʠʥʭʨʦʩʠʛʥʘʣʘ, ʘ ʪʘʢ-

ʞʝ ʫʯʠʪʳʚʘʷ, ʯʪʦ ʚ ʉʆʄ mp

aS  ʩʪʨʦʢʠ ʠ ʩʪʦʣʙʮʳ ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʥʦʤʝʨʘʤʠ ʦʜʠʥʘ-

ʢʦʚʳʝ, ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ   
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ʛʜʝ xï ʩʪʦʣʙʝʮ ʠʟ ʦʪʩʯʝʪʦʚ ʰʫʤʦʚʦʡ ʧʦʤʝʭʠ, ʠ,ɸI ï ʩʪʦʣʙʝʮ ʠʟ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʩʠʤʚʦʣʦʚ.  

ɼʦʢʘʞʝʤ, ʯʪʦ (4.5) ʠ (4.6) ï ɻ ʪʦ ʨʘʟʥʳʝ ʟʘʧʠʩʠ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʚʝʢʪʦʨʘ ╧̓. 
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ɼʘʣʝʝ, ʧʦʩʣʝ ʜʚʦʡʥʦʡ ʧʝʨʝʩʪʘʥʦʚʢʠ ʩʠʤʚʦʣʦʚ 
* *

ik kis sªa a
, ʫʯʠʪʳʚʘʷ, ʯʪʦ ʫ 

ʉʆʄ ʜʣʷ ʣʶʙʳʭ ʟʥʘʯʝʥʠʡ ,i k  ʩʧʨʘʚʝʜʣʠʚʦ 
* *

ik kis s=a a
, ʠʟ (4.7) ʧʦʣʫʯʠʤ ʩʠʛʥʘʣʴ-

ʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ (4.5).  

ʆʧʪʠʤʘʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʚʭʦʜʥʦʡ ʩʤʝʩʠ T
X  ʥʘ ʬʦʥʝ ʙʝʣʦʛʦ ʛʘʫʩʩʦʚʩʢʦʛʦ 

ʰʫʤʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʧʝʨʝʤʥʦʞʝʥʠʝ ʚʝʢʪʦʨʘ T
X  ʩ ʤʘʪʨʠʮʘʤʠ 

,mp v
C
 ʠ  

m

a

p
S
, ʪʦ ʝʩʪʴ: 

* T * *

ʠ, ʠ, 1 ʠ, 1, , , ,
,m m m m m m m m

a a a m m

A ɸ ɸ ɸp p v p p p v p v p p v
p p= = + = + = +aY S C X S S C C I S C III Ix x x

(4.7) 

ʛʜʝ 1x  ï ʩʪʦʣʙʝʮ ʠʟ ʦʪʩʯʝʪʦʚ ʰʫʤʦʚʦʡ ʧʦʤʝʭʠ ʥʘ ʚʭʦʜʝ ʨʝʰʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ 

(ʈʋ). ɺ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ *

,mp v
C Σ *

ʠ,m ɸp

aS I  ʧʨʠʩʫʪʩʪʚʫʝʪ ʚʦ ʚʭʦʜʥʦʡ ʩʤʝʩʠ ʚ ʚʠʜʝ 
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ʚʝʢʪʦʨʘ, ʠ ʩʥʘʯʘʣʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʫʤʥʦʞʝʥʠʝ ʥʘ ʥʝʛʦ ʤʘʪʨʠʮʳ 
,mp v

C  ʩ ʮʝʣʴʶ ʫʜʘʣʝ-

ʥʠʷ ʩʠʥʭʨʦʩʠʛʥʘʣʘ, ʘ ʟʘʪʝʤ ʫʩʢʦʨʝʥʥʦʝ ʫʤʥʦʞʝʥʠʝ ʧʦʣʫʯʝʥʥʦʛʦ ʚʝʢʪʦʨʘ ʥʘ m

a

p
S  ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʛʦʨʠʪʤʘ ʙʳʩʪʨʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ ʚ ʙʘʟʠʩʝ ʬʫʥʢʮʠʡ ɺʂ 

ʧʦʩʣʝ ʧʝʨʝʩʪʘʥʦʚʢʠ ʩʠʤʚʦʣʦʚ ʪʘʢ, ʢʘʢ ʵʪʦ ʦʧʠʩʘʥʦ ʚ [2].  

 

4.4. ʆʙʨʘʙʦʪʢʘ ʛʨʫʧʧʦʚʦʛʦ ʩʠʛʥʘʣʘ ʚ ʤʥʦʛʦʣʫʯʝʚʦʤ ʢʘʥʘʣʝ 

 

ɺ ʤʥʦʛʦʣʫʯʝʚʦʤ ʢʘʥʘʣʝ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚʪʦʨʦʡ ʩʧʦʩʦʙ ʧʨʠʩʦʝʜʠʥʝʥʠʷ 

ʩʠʥʭʨʦʩʠʛʥʘʣʘ ʢ ʉʆʄ ʠʣʠ ʉʂʄ, ʠ ʧʦʜʨʦʙʥʦ ʨʘʟʙʝʨʝʤ ʦʙʨʘʙʦʪʢʫ ʜʚʫʭʣʫʯʝʚʦʛʦ 

ʩʠʛʥʘʣʘ. ɼʣʷ ʵʪʦʛʦ ʩʣʫʯʘʷ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʩʠʛʥʘʣʦʚ ʣʫʯʝʡ ʩʦ ʩʜʚʠ-

ʛʦʤ ʦʜʥʦʛʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʦʛʦ ʥʘ l ʩʠʤʚʦʣʦʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʣʣʶʩʪʨʠʨʫ-

ʝʪʩʷ ʥʘ ʨʠʩ. 4.4, ʛʜʝ ʛʨʘʥʠʮʳ ʉʆʄ(ʉʂʄ) ʦʙʦʟʥʘʯʝʥʳ ʩʧʣʦʰʥʳʤʠ ʣʠʥʠʷʤʠ. ɼʣʷ 

ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʉʆʄ, ʭʦʪʷ ʚʩʝ ʨʘʩʩʫʞʜʝʥʠʷ, 

ʧʨʠʚʦʜʠʤʳʝ ʥʠʞʝ, ʤʦʛʫʪ ʙʳʪʴ ʧʦʚʪʦʨʝʥʳ ʜʣʷ ʉʂʄ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʨʘʟʤʝʨʥʦʩʪʝʡ 

ʤʘʪʨʠʮ. ʇʨʝʠʤʫʱʝʩʪʚʦ ʉʂʄ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʉʆʄ, ʧʨʦʷʚʣʷʝʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʠ ʙʳʩʪʨʦʛʦ ʘʣʛʦʨʠʪʤʘ ʦʙʨʘʙʦʪʢʠ ʛʨʫʧʧʦʚʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʦʩʥʦʚʝ ʦʙʦʙʱʝʥʥʦʛʦ 

ɹʇʌ. 

 ʂʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4.4, ʜʣʷ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʜʥʘ ʠ ʪʘ 

ʞʝ ʉʆʄ, ʥʦ ʜʣʷ ʤʦʜʫʣʷʮʠʠ ʝʝ ʧʦʜʥʝʩʫʱʠʭ, ʠʟʣʫʯʘʶʱʠʭʩʷ ʜʨʫʛ ʟʘ ʜʨʫʛʦʤ, ʠʩ-

ʧʦʣʴʟʫʶʪʩʷ ʨʘʟʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʤʚʦʣʦʚ. ɺ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʚʳʜʝʣʝʥʳ ʪʨʠ ʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʧʝʨʝʜʘʚʘʝʤʳʝ ʜʨʫʛ ʟʘ ʜʨʫʛʦʤ, ʢʦʪʦ-

ʨʳʝ ʦʙʦʟʥʘʯʝʥʳ ʥʘ ʨʠʩ. 4.4 ʢʘʢ A, B ʠ C. ʇʨʠ ʵʪʦʤ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʛʨʫʧʧʦ-

ʚʦʡ ʩʠʛʥʘʣ ʚʪʦʨʦʛʦ ʣʫʯʘ ʦʧʝʨʝʞʘʝʪ ʩʠʛʥʘʣ ʧʝʨʚʦʛʦ ʣʫʯʘ ʥʘ l  ɻ ʣʝʤʝʥʪʘʨʥʳʭ ʩʠʤ-

ʚʦʣʦʚ ʇʉʇ. ɻʨʘʥʠʮʳ ʢʘʜʨʘ ʚʪʦʨʦʛʦ ʣʫʯʘ ʥʘ ʢʘʜʨʝ ʧʝʨʚʦʛʦ ʣʫʯʘ ʠ, ʥʘʦʙʦʨʦʪ, ʢʘʜʨʘ 

ʚʪʦʨʦʛʦ ʥʘ ʢʘʜʨʝ ʧʝʨʚʦʛʦ, ʦʙʦʟʥʘʯʝʥʳ ʥʘ ʨʠʩ.4.4 ʰʪʨʠʭʦʚʳʤʠ ʣʠʥʠʷʤʠ. 

ʄʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʩʜʚʠʛ ʩʠʛʥʘʣʦʚ ʣʫʯʝʡ ʝʜʚʘ ʣʠ ʤʦʞʝʪ ʙʳʪʴ ʥʘ ʮʝʣʦʝ 

ʯʠʩʣʦ l  ʩʠʤʚʦʣʦʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʥʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʠʩʪʝʤʳ ɸʇɺ ʧʨʠ 

ʩʣʝʞʝʥʠʠ ʟʘ ʩʠʥʭʨʦʩʠʛʥʘʣʦʤ ʦʢʘʟʳʚʘʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʦʪʩʣʝʜʠʪʴ ʩʜʚʠʛʠ ʧʦ ʚʨʝʤʝ-
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ʥʠ ʤʝʞʜʫ ʩʠʛʥʘʣʘʤʠ ʣʫʯʝʡ ʜʦ ʜʝʩʷʪʳʭ ʜʦʣʝʡ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʠʤʧʫʣʴʩʘ ʇʉʇ, ʠ ʧʦ-

ʜʦʙʨʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʠʥʪʝʨʚʘʣ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʚʭʦʜʥʦʛʦ ʜʚʫʭʣʫʯʝʚʦʛʦ ʩʠʛʥʘ-

ʣʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʫʤʤʳ ʜʠʩʢʨʝʪʥʳʭ ʩʠʛʥʘʣʦʚ ʣʫʯʝʡ, ʩʜʚʠʥʫʪʳʭ ʥʘ ʮʝʣʦʝ ʯʠʩʣʦ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʩʠʤʚʦʣʦʚ. ɺ ʜʘʣʴʥʝʡʰʝʤ, ʥʝ ʘʢʮʝʥʪʠʨʫʷ ʚʥʠʤʘʥʠʝ ʥʘ ʩʧʦʩʦʙʝ ʜʠʩ-

ʢʨʝʪʠʟʘʮʠʠ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ, ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʚ ʧʨʠʝʤʥʠʢʝ ʧʦʣʫʯʝʥʳ ʦʪʩʯʝʪʳ 

ʚʭʦʜʥʦʡ ʩʤʝʩʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʩʫʤʤʫ ʦʪʩʯʝʪʦʚ ʩʠʛʥʘʣʦʚ ʜʚʫʭ ʣʫʯʝʡ, 

ʩʜʚʠʥʫʪʳʭ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ ʥʘ ʮʝʣʦʝ ʯʠʩʣʦ ʦʪʩʯʝʪʦʚ l, ʠ ʢʘʞʜʳʡ ʦʪʩʯʝʪ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʜʥʦʤʫ ʵʣʝʤʝʥʪʘʨʥʦʤʫ ʠʤʧʫʣʴʩʫ ʩʠʛʥʘʣʘ ʣʶʙʦʛʦ ʠʟ ʣʫʯʝʡ. ʂʨʦʤʝ 

ʪʦʛʦ, ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʘʜʜʠʪʠʚʥʳʝ ʩʠʥʭʨʦʩʠʛʥʘʣʳ, ʧʦ ʢʦʪʦʨʳʤ ʟʘʚʝʨʰʠʣʠʩʴ 

ʧʨʦʮʝʜʫʨʳ ʠʟʤʝʨʝʥʠʷ ʚʨʝʤʝʥʥʳʭ ʟʘʜʝʨʞʝʢ, ʥʝʩʫʱʠʭ ʯʘʩʪʦʪ ʠ ʤʦʱʥʦʩʪʝʡ ʩʠʛʥʘ-

ʣʦʚ ʣʫʯʝʡ, ʫʜʘʣʝʥʳ ʠʟ ʚʭʦʜʥʦʡ ʩʤʝʩʠ.   

 

ʈʠʩʫʥʦʢ 4.4 - ʀʣʣʶʩʪʨʘʮʠʷ ʩʪʨʫʢʪʫʨʳ ʜʚʫʭʣʫʯʝʚʦʛʦ ʩʠʛʥʘʣʘ ʜʣʷ ʚʪʦʨʦʛʦ ʚʘʨʠʘʥʪʘ 

ʦʨʛʘʥʠʟʘʮʠʠ ʢʘʜʨʘ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʮʠʢʣʠʯʝʩʢʠʭ ʧʨʝʬʠʢʩʦʚ (ʩʤ. ʧʨʝʜʳʜʫʱʠʡ ʧʦʜ-

ʨʘʟʜʝʣ). 

 

ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʤʚʦʣʦʚ, ʦʙʦʟʥʘʯʝʥ-

ʥʳʭ ʢʘʢ A ʥʘ ʨʠʩ. 4.4, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʨʝʤʝʥʥʦʡ ʀʥʪʝʨʚʘʣ 1 ʠʣʠ ʀʥʪʝʨʚʘʣ 2. 

ʅʘʧʨʠʤʝʨ, ʜʣʷ ʩʠʛʥʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʦʪʩʯʝʪʦʚ ʚʭʦʜʥʦʡ ʩʤʝʩʠ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ 

ʀʥʪʝʨʚʘʣʝ 1 ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʉʆʄ, ʟʘʧʠʰʝʤ: 
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 ,  (4.8) 

ʛʜʝ 1P ʠ 2P ï ʟʥʘʯʝʥʠʷ ʤʦʱʥʦʩʪʝʡ ʩʠʛʥʘʣʦʚ ʣʫʯʝʡ, ʠʟʤʝʨʝʥʥʳʭ ʧʦ ʩʠʥʭʨʦʩʠʛʥʘ-

ʣʘʤ, 1Ǐï ʚʝʢʪʦʨ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʦʪʩʯʝʪʦʚ ʙʝʣʦʛʦ ʛʘʫʩʩʦʚʩʢʦʛʦ ʰʫʤʘ.  ɼʘʣʝʝ, ʧʨʠʙʘ-

ʚʠʚ ʢ ʚʳʨʘʞʝʥʠʶ (4.8) ʠ ʦʪʥʷʚ ʦʪ ʥʝʛʦ ʤʘʪʨʠʮʫ  
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ʧʝʨʝʧʠʰʝʤ ʝʛʦ ʚ ʚʠʜʝ: 
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(4.9) 

ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʠʟ ʩʤʝʩʠ (4.9) ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʤʚʦ-

ʣʦʚ, ʦʙʦʟʥʘʯʝʥʥʳʭ ʢʘʢ ὃ, ʨʘʩʩʤʦʪʨʠʤ ʨʝʟʫʣʴʪʘʪ ʧʝʨʝʤʥʦʞʝʥʠʷ ʤʘʪʨʠʮʳ m

a

p
S  ʠ 

ʊ

ʠʥʪ1ʍ , ʪʦ ʝʩʪʴ:  

ʊ

ʠʥʪ1m

a

Ap
= + +S ʍ S Ǐz  ,     (4.10) 

ʛʜʝ  
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I
-  (4.11) 

ʛʜʝ ╢ ï ʩʠʛʥʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʚʭʦʜʥʦʡ ʩʤʝʩʠ; mp
I , lI , 

( )mp l-
I ï ʝʜʠʥʠʯʥʳʝ 

ʤʘʪʨʠʮʳ ʨʘʟʤʝʨʥʦʩʪʠ ,mp lʠ ( )mp l-  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 
( )mp l l- ³

0  ʠ 
( )ml p l³ -

0  ï ʧʨʷʤʦ-

ʫʛʦʣʴʥʳʝ ʤʘʪʨʠʮʳ ʨʘʟʤʝʨʥʦʩʪʠ ( )mp l l- ³ ʠ ( )ml p l³ - ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʦʩʪʦʷ-

ʱʠʝ ʠʟ ʥʫʣʝʡ;  
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-  (4.12) 

 

 - ʧʦʤʝʭʦʚʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ, ʧʦʜʣʝʞʘʱʘʷ ʦʧʪʠʤʠʟʘʮʠʠ ʚ ʩʤʳʩʣʝ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟ-

ʤʦʞʥʦʛʦ ʫʤʝʥʴʰʝʥʠʷ ʝʝ ʚʣʠʷʥʠʷ ʥʘ ʩʠʛʥʘʣʴʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʥʘ ʚʭʦʜʝ ʨʝʰʘʶ-

ʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʣʠʙʦ ʧʦʣʥʦʡ ʢʦʤʧʝʥʩʘʮʠʠ; m

a

p
=S 1Ǐ Ǐ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ,  
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S ʍ 3D Ǐz Σ    (4.13) 

ʛʜʝ ( )
,mp l

3D  ï ʢʚʘʜʨʘʪʥʘʷ ʥʝʩʠʤʤʝʪʨʠʯʥʘʷ ʪʨʝʭʜʠʘʛʦʥʘʣʴʥʘʷ ʤʘʪʨʠʮʘ ʨʘʟʤʝʨʥʦʩʪʠ 

mp . ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʠʚʝʜʝʤ ʤʘʪʨʠʮʫ ( )
,mp l

3D  ʨʘʟʤʝʨʥʦʩʪʠ 9 ʧʨʠ 2l = , ʪʦ 

ʝʩʪʴ: 

( )
9,2
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3D ,   

 (4.14) 

ʛʜʝ 1x P= , 2y P= . ɿʘʤʝʪʠʤ, ʯʪʦ ʝʩʣʠ ʙʳ ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʪʨʠ ʣʫʯʘ, ʪʦ ʜʘʥʥʘʷ ʤʘʪ-

ʨʠʮʘ ʙʳʣʘ ʙʳ ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʧʷʪʠʜʠʘʛʦʥʘʣʴʥʦʡ, ʠ ʝʝ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʦʙʦʟʥʘ-

ʯʠʪʴ ʢʘʢ ( )
1 2, ,mp l l

5D , ʛʜʝ 1 2,l l  ï ʩʤʝʱʝʥʠʷ ʚʪʦʨʦʛʦ ʠ ʪʨʝʪʴʝʛʦ ʣʫʯʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʝʨʚʦʛʦ ʣʫʯʘ. ʉʪʨʫʢʪʫʨʘ ʤʘʪʨʠʮʳ ( )
1 2, ,mp l l

5D  ʦʯʝʚʠʜʥʘ, ʢʘʢ ʠ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʤʘʪ-

ʨʠʮ ʜʘʥʥʦʛʦ ʚʠʜʘ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʙʦʣʴʰʝʛʦ ʯʠʩʣʘ ʣʫʯʝʡ ʤʥʦʛʦʣʫʯʝʚʦʛʦ ʢʘʥʘʣʘ. 

ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʜʣʷ ʜʚʫʭʣʫʯʝʚʦʛʦ ʢʘʥʘʣʘ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʥʘʙʦʨʘ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʤʚʦʣʦʚ, ʦʙʦʟʥʘʯʝʥʥʳʭ ʢʘʢ Aȟ ʥʘʜʦ ʧʨʠ ʠʟʚʝʩʪʥʳʭ ʟʥʘʯʝʥʠʷʭ 

ʵʣʝʤʝʥʪʦʚ ʩʪʦʣʙʮʘʊ

ʠʥʪ1m

a

p
S ʍ , ʧʨʝʥʝʙʨʝʛʘʷ ʩʫʤʤʘʨʥʦʡ ʧʦʤʝʭʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ
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+Ǐz , ʨʝʰʠʪʴ ʩʠʩʪʝʤʫ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ (ʉʃɸʋ) (13), ʜʣʷ ʯʝʛʦ ʥʝʦʙʭʦʜʠʤʦ 

ʦʪʳʩʢʘʪʴ ʩʧʦʩʦʙ ʦʙʨʘʱʝʥʠʷ ʤʘʪʨʠʮʳ ( )
,mp l

3D . ʋʯʠʪʳʚʘʷ, ʯʪʦ ʜʘʥʥʘʷ ʟʘʜʘʯʘ ʷʚʣʷ-

ʝʪʩʷ ʩʫʛʫʙʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ, ʤʳ ʥʝ ʙʫʜʝʤ ʝʝ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʵʪʦʤ ʨʘʟʜʝʣʝ. ɺʤʝʩʪʝ 

ʩ ʪʝʤ, ʩʧʦʩʦʙ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʦʯʝʚʠʜʝʥ. ɼʣʷ ʝʛʦ ʨʘʩʩʤʦʪʨʝ-

ʥʠʷ ʧʝʨʝʧʠʰʝʤ (13) ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 
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S ʍ Ǐz Φ  (4.15) 

 

ɿʘʤʝʪʠʤ, ʯʪʦ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʨʘʟʤʝʨʥʦʩʪʠ ʜʘʥʥʦʡ ʉʃɸʋ ʥʘ ʝʜʠʥʠʮʫ ʧʨʠ 

ʠʩʢʣʶʯʝʥʠʠ ʣʶʙʦʛʦ ʚʳʙʨʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʥʝʠʟʚʝʩʪʥʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣ-

ʥʝʥʠʝ ʜʚʫʭ ʦʧʝʨʘʮʠʡ ʫʤʥʦʞʝʥʠʷ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʯʠʩʝʣ ʠ ʜʚʫʭ 

ʦʧʝʨʘʮʠʡ ʩʣʦʞʝʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʯʠʩʝʣ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʜʥʦʛʦ 

(ʧʦʩʣʝʜʥʝʛʦ ʫʨʘʚʥʝʥʠʷ) ʩ ʦʜʥʠʤ ʢʦʤʧʣʝʢʩʥʳʤ ʥʝʠʟʚʝʩʪʥʳʤ ʥʝʦʙʭʦʜʠʤʦ 2( 1)mp -  

ʵʣʝʤʝʥʪʘʨʥʳʭ ʦʧʝʨʘʮʠʡ ʫʤʥʦʞʝʥʠʷ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʯʠʩʝʣ ʠ 2( 1)mp - ʩʣʦʞʝʥʠʷ 

ʜʚʫʭ ʢʦʤʧʣʝʢʩʥʳʭ ʯʠʩʝʣ. ɺʳʯʠʩʣʝʥʠʝ ʵʪʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʥʝʠʟʚʝʩʪʥʦʛʦ ʧʦʪʨʝʙʫʝʪ 

ʝʱʝ ʦʜʥʦʡ ʦʧʝʨʘʮʠʠ ʫʤʥʦʞʝʥʠʷ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʯʠʩʝʣ. ɸ ʚʳʯʠʩʣʝʥʠʝ ʢʘʞʜʦʛʦ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʥʝʠʟʚʝʩʪʥʦʛʦ ʧʦʪʨʝʙʫʝʪ ʝʱʝ ʧʦ ʦʜʥʦʡ ʦʧʝʨʘʮʠʠ 

ʫʤʥʦʞʝʥʠʷ ʠ ʦʜʥʦʡ ʦʧʝʨʘʮʠʠ ʩʣʦʞʝʥʠʷ ʪʘʢʠʭ ʯʠʩʝʣ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʨʝʰʝʥʠʷ 

ʉʃɸʋ ʧʦʪʨʝʙʫʝʪʩʷ ʚʩʝʛʦ 4( 1)mp -  ɻ ʣʝʤʝʥʪʘʨʥʳʭ ʦʧʝʨʘʮʠʡ ʫʤʥʦʞʝʥʠʷ ʧʦʣʦʞʠ-

ʪʝʣʴʥʳʭ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʯʠʩʝʣ ʠ 4( 1)mp - ʩʣʦʞʝʥʠʷ ʜʚʫʭ ʢʦʤʧʣʝʢʩʥʳʭ ʯʠʩʝʣ.  
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ʇʝʨʝʡʜʝʤ ʢ ʦʧʠʩʘʥʠʶ ʧʦʤʝʭʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ z. ʀʟ (4.11),(4.12) ʩʣʝʜʫʝʪ, 

ʯʪʦ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʩʠʛʥʘʣʳ ʣʫʯʝʡ ʩʢʣʘʜʳʚʘʶʪʩʷ ʢʦʛʝʨʝʥʪʥʦ, ʪʦ ʝʩʪʴ 

ʧʦʣʫʯʘʝʤ ʥʘ ʚʭʦʜʝ ʧʨʠʝʤʥʠʢʘ ʨʝʟʫʣʴʪʘʪ ʚʦʟʜʝʡʩʪʚʠʷ ʩʠʩʪʝʤʳ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʧʦʜ-

ʥʝʩʫʱʠʭ (ʩʠʛʥʘʪʫʨ), ʤʦʜʫʣʠʨʦʚʘʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʩʠʤʚʦʣʘʤʠ ὃ, ʩ ʘʤʧʣʠ-

ʪʫʜʦʡ 1 2( )P P+ , ʥʦ ʧʦʷʚʣʷʝʪʩʷ ʘʜʜʠʪʠʚʥʘʷ ʧʦʤʝʭʘ, ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʧʨʠʩʦʝʜʠʥʝ-

ʥʠʶ ʚ ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʩʠʛʥʘʪʫʨ l ʥʝ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʠʤ ʩʠʛʥʘʪʫʨ, 

ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʘʤʧʣʠʪʫʜʫ 2P . ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ 

ʩʧʦʩʦʙʳ ʫʤʝʥʴʰʝʥʠʷ ʚʣʠʷʥʠʷ ʧʦʤʝʭʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ z ʥʘ ʢʘʯʝʩʪʚʦ ʧʝʨʝʜʘʯʠ 

ʠʥʬʦʨʤʘʮʠʠ ʚ ʤʥʦʛʦʣʫʯʝʚʦʤ ʢʘʥʘʣʝ ʩʚʷʟʠ: 

- ʚʳʙʠʨʘʪʴ ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʤʚʦʣʦʚ 

ʧʦ ʛʨʘʥʠʮʘʤ ʩʠʩʪʝʤʳ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʩʠʛʥʘʪʫʨ ʣʫʯʘ ʩ ʥʘʠʙʦʣʴʰʝʡ ʤʦʱʥʦʩʪʴʶ 

ʩʠʛʥʘʣʘ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ1 2P P> ύΤ 

- ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʚ ʣʶʙʦʡ ʨʘʜʠʦʩʠʩʪʝʤʝ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʤʘʢʩʠ-

ʤʘʣʴʥʳʡ ʩʜʚʠʛ ʩʠʛʥʘʣʦʚ ʣʫʯʝʡ ʧʦ ʚʨʝʤʝʥʠ maxl  ʦʛʨʘʥʠʯʝʥ ʠ ʠʟʚʝʩʪʝʥ, ʧʦʵʪʦʤʫ ʩ 

ʮʝʣʴʶ ʫʤʝʥʴʰʝʥʠʷ ʚʣʠʷʥʠʷ ʤʝʰʘʶʱʠʭ ʩʠʛʥʘʣʦʚ ʚ ʤʥʦʛʦʣʫʯʝʚʦʤ ʢʘʥʘʣʝ ʤʦʞʥʦ 

ʫʚʝʣʠʯʠʚʘʪʴ ʜʣʠʥʫ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʩʠʛʥʘʪʫʨ, ʪʦ ʝʩʪʴ 
mp Σ ʧʦʜʙʠʨʘʷ ʝʝ ʟʥʘʯʝʥʠʝ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʦʧʫʩʪʠʤʦʡ ʩʣʦʞʥʦʩʪʠ ʘʣʛʦʨʠʪʤʘ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʩ ʧʦʤʦʱʴʶ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʙʳʩʪʨʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ; ʝʱʝ ʨʘʟ ʧʦʜʯʝʨʢʥʝʤ, 

ʯʪʦ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʚ ʢʘʥʘʣʝ ʩʚʷʟʠ ʧʨʠ ʵʪʦʤ ʥʝ ʫʤʝʥʴʰʘʝʪʩʷ, ʧʦ-

ʩʢʦʣʴʢʫ ʦʙʱʝʝ ʯʠʩʣʦ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʩʠʛʥʘʪʫʨ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ 
mp  (ʥʘʧʨʠʤʝʨ, 

ʝʩʣʠ ʚ ʩʣʫʯʘʝ ʪʨʦʠʯʥʳʭ ʃʈʇ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʠʩʪʝʤʘ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʩʠʛʥʘʪʫʨ ʨʘʟ-

ʤʝʨʥʦʩʪʠ 729 ʧʨʠ ʣʶʙʦʤ ʟʥʘʯʝʥʠʠ  maxl , ʪʦ ʧʨʠ ʜʣʷ ʧʝʨʝʭʦʜʝ ʢ ʩʠʩʪʝʤʝ ʨʘʟʤʝʨʥʦ-

ʩʪʠ 2177 ʤʦʞʥʦ ʫʚʝʣʠʯʠʪʴ ʦʪʥʦʰʝʥʠʝ ʤʦʱʥʦʩʪʠ ʣʶʙʦʡ ʠʟ ʧʦʜʥʝʩʫʱʠʭ ʢ ʩʫʤʤʘʨ-

ʥʦʡ ʤʦʱʥʦʩʪʠ ʤʝʰʘʶʱʠʭ ʩʠʛʥʘʣʦʚ, ʦʧʠʩʳʚʘʝʤʳʭ (4.12), ʚ ʪʨʠ ʨʘʟʘ, ʪʦ ʝʩʪʴ ʧʨʠ-

ʤʝʨʥʦ ʥʘ 5 ʜɹ); 

- ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʮʠʢʣʠʯʝʩʢʠʭ ʧʨʝʬʠʢʩʦʚ ʩ ʮʝʣʴʶ ʫʤʝʥʴʰʝʥʠʷ ʚʣʠʷʥʠʷ ʧʦ-

ʤʝʭ ʩʦʩʝʜʥʠʭ ʣʫʯʝʡ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʨʝʤʝʥʥʦʝ ʦʢʥʦ, ʧʦʟʚʦʣʷʶʱʠʝ ʫʚʝʣʠʯʠʪʴ 
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ʫʨʦʚʝʥʴ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʧʦʜʥʝʩʫʱʠʭ ʚ ʝʛʦ ʮʝʥʪʨʝ ʠ ʫʤʝʥʴʰʘʪʴ ʙʣʠʞʝ ʢ ʝʛʦ ʛʨʘʥʠ-

ʮʘʤ; ʥʘ ʨʠʩ. 5 ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʣʣʶʩʪʨʘʮʠʷ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʫʤʝʥʴʰʝʥʠʷ ʤʝʞʩʠʤ-

ʚʦʣʴʥʳʭ ʧʦʤʝʭ, ʛʜʝ 
1( 1)cp ʚʘʨP ï ʩʨʝʜʥʠʡ ʫʨʦʚʝʥʴ ʩʠʛʥʘʣʘ ʧʝʨʚʦʛʦ ʣʫʯʘ ʜʣʷ ɺʘʨʠ-

ʘʥʪʘ 1 (ʨʠʩ.4.5), 
1( 2)cp ʚʘʨP  - ʩʨʝʜʥʠʡ ʫʨʦʚʝʥʴ ʩʠʛʥʘʣʘ ʧʝʨʚʦʛʦ ʣʫʯʘ ʜʣʷ ɺʘʨʠʘʥʪʘ 

2, 
1 ( 1)cp l ʚʘʨP  - ʩʨʝʜʥʠʡ ʫʨʦʚʝʥʴ l ʢʨʘʡʥʠʭ ʢʘʥʘʣʴʥʳʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʠʤʧʫʣʴʩʦʚ 

ʩʠʛʥʘʣʘ 1-ʛʦ ʣʫʯʘ ʜʣʷ ʚʘʨʠʘʥʪʘ 1, 
1 ( 2)cp l ʚʘʨP  - ʩʨʝʜʥʠʡ ʫʨʦʚʝʥʴ l ʢʨʘʡʥʠʭ ʢʘʥʘʣʴ-

ʥʳʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʠʤʧʫʣʴʩʦʚ 1-ʛʦ ʣʫʯʘ ʚʘʨʠʘʥʪʘ 2 (ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʙʦʟʥʘʯʝ-

ʥʠʷ ʜʣʷ 2-ʛʦ ʣʫʯʘ ʙʫʜʫʪ ʩʣʝʜʫʶʱʠʝ: 
2( 1)cp ʚʘʨP , 

2( 2)cp ʚʘʨP , 
2 ( 1)cp l ʚʘʨP  ʠ 

2 ( 2)cp l ʚʘʨP ; 

ʢʘʢ ʩʣʝʜʫʝʪ ʠʟ ʘʥʘʣʠʟʘ ʨʠʩ. 4.5, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʨʘʟʤʝʨʥʦʩʪʠ ʉʆʄ(ʉʂʄ) ʜʘʥʥʳʡ 

ʩʧʦʩʦʙ ʧʦʜʘʚʣʝʥʠʷ ʤʝʞʩʠʤʚʦʣʴʥʦʡ ʧʦʤʝʭʠ ʤʦʞʝʪ ʙʳʪʴ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ, ʧʦ-

ʩʢʦʣʴʢʫ ʚ ʬʦʨʤʫʣʘʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚʳʰʝ, ʩʣʝʜʫʝʪ ʚ ʚʳʨʘʞʝʥʠʠ ʜʣʷ ⱡ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴ  ʥʝ 2P , ʘ ὖ̒ ̑ ̃́  ̑ʠʣʠ  2 ( 2)cp l ʚʘʨP , ʘ ʚ ʚʳʨʘʞʝʥʠʠ ʜʣʷ ╢ ï 
1( 1)cp ʚʘʨP  ʠ  

2( 1)cp ʚʘʨP  ʠʣʠ 
1( 2)cp ʚʘʨP  ʠ 

2( 2)cp ʚʘʨP .   

 

 

ʈʠʩʫʥʦʢ 4.5 - ʀʣʣʶʩʪʨʘʮʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʨʝʤʝʥʥʦʛʦ ʦʢʥʘ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʚʣʠ-

ʷʥʠʷ ʧʦʤʝʭ ʩʦʩʝʜʥʠʭ ʣʫʯʝʡ 
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ʅʘ ʨʠʩ. 4.6 ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʚʝʨʦʷʪʥʦʩʪʠ ʦʰʠʙʢʠ ʥʘ ʠʥʬʦʨ-

ʤʘʮʠʦʥʥʳʡ ʩʠʤʚʦʣ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ ʧʦ ʤʦʱʥʦʩʪʠ ʜʣʷ 

ʩʣʫʯʘʝʚ, ʢʦʛʜʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʮʠʢʣʠʯʝʩʢʠʡ ʧʨʝʬʠʢʩ, ʘ ʪʘʢʞʝ ʧʨʠ ʝʛʦ ʦʪʩʫʪʩʪʚʠʠ ʠ 

ʟʘʜʝʨʞʢʝ ʧʦ ʚʨʝʤʝʥʠ ʩʠʛʥʘʣʘ ʧʝʨʚʦʛʦ ʣʫʯʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʠʛʥʘʣʘ 2-ʛʦ ʣʫʯʘ ʪʦʡ ʞʝ 

ʤʦʱʥʦʩʪʠ ʥʘ l  ɻ ʣʝʤʝʥʪʘʨʥʳʭ ʩʠʤʚʦʣʦʚ ʇʉʇ, ʧʨʠʯʝʤ ʟʥʘʯʝʥʠʝ lʩʦʦʪʚʝʪʩʪʚʫʝʪ 

5%, 10% ʠ 20% ʦʪ ʜʣʠʪʝʣʴʥʦʩʪʠ ʉʆʄ 
mp  (ʠʣʠ ( 1)mp - ).  

 

 

ʈʠʩʫʥʦʢ 4.6 - ɺʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʢʠ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʩʠʤʚʦʣ ʧʨʠ ʥʘʣʠʯʠʠ ʮʠʢ-

ʣʠʯʝʩʢʦʛʦ ʧʨʝʬʠʢʩʘ ʠ ʝʛʦ ʦʪʩʫʪʩʪʚʠʠ, ʢʦʛʜʘ ʟʘʧʘʟʜʳʚʘʥʠʝ ʧʦ ʚʨʝʤʝʥʠ ʩʠʛʥʘʣʘ 

ʚʪʦʨʦʛʦ ʣʫʯʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʠʛʥʘʣʘ ʧʝʨʚʦʛʦ ʣʫʯʘ ʪʦʡ ʞʝ ʤʦʱʥʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ 5%, 

10% ʠ 20% ʦʪ ʜʣʠʪʝʣʴʥʦʩʪʠ ʉʆʄ(ʉʂʄ) 

 

ʅʘ ʨʠʩ. 4.7 ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʚʝʨʦʷʪʥʦʩʪʠ ʦʰʠʙʢʠ ʥʘ ʠʥʬʦʨ-

ʤʘʮʠʦʥʥʳʡ ʩʠʤʚʦʣ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ ʧʦ ʤʦʱʥʦʩʪʠ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʢʥʘ ʍʵʤʤʠʥʛʘ ʜʣʷ ʧʦʜʘʚʣʝʥʠʷ ʤʝʞʣʫʯʝʚʦʡ ʧʦʤʝʭʠ. 
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ʈʠʩʫʥʦʢ 4.7 - ɺʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʢʠ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʩʠʤʚʦʣ ʧʨʠ ʥʘʣʠʯʠʠ ʮʠʢ-

ʣʠʯʝʩʢʦʛʦ ʧʨʝʬʠʢʩʘ ʠ ʝʛʦ ʦʪʩʫʪʩʪʚʠʠ, ʢʦʛʜʘ ʚ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʢʥʦ 

ʍʵʤʤʠʥʛʘ ʜʣʷ ʧʦʜʘʚʣʝʥʠʷ ʤʝʞʣʫʯʝʚʦʡ ʧʦʤʝʭʠ, ʘ ʟʘʧʘʟʜʳʚʘʥʠʝ ʧʦ ʚʨʝʤʝʥʠ ʩʠʛʥʘ-

ʣʘ ʚʪʦʨʦʛʦ ʣʫʯʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʠʛʥʘʣʘ ʧʝʨʚʦʛʦ ʣʫʯʘ ʪʦʡ ʞʝ ʤʦʱʥʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ 

5%, 10% ʠ 20% ʦʪ ʜʣʠʪʝʣʴʥʦʩʪʠ ʉʆʄ(ʉʂʄ) 

 

ʀʟ ʘʥʘʣʠʟʘ ʨʠʩ. 4.7 ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʢʥʘ ʍʵʤʤʠʥʛʘ ʜʣʷ ʧʦ-

ʜʘʚʣʝʥʠʷ ʧʦʤʝʭʠ ʩʦʩʝʜʥʠʭ ʣʫʯʝʡ ʠʤʝʝʪ ʤʝʩʪʦ ʚʳʠʛʨʳʰ ʚ ʦʪʥʦʰʝʥʠʠ ʩʠʛʥʘʣ/ʰʫʤ 

ʧʦ ʤʦʱʥʦʩʪʠ, ʩʦʩʪʘʚʣʷʶʱʠʡ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ (2é2.5) ʜɹ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʣʫʯʘ-

ʝʤ ʝʛʦ ʦʪʩʫʪʩʪʚʠʷ ʚ ʢʘʥʘʣʝ ʙʝʟ ʮʠʢʣʠʯʝʩʢʦʛʦ ʧʨʝʬʠʢʩʘ.  

ʈʘʜʠʢʘʣʴʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʜʘʚʣʝʥʠʷ ʧʦʤʝʭʠ ʩʦʩʝʜʥʠʭ ʣʫʯʝʡ ʦʯʝʚʠʜʥʦ ʷʚʣʷ-

ʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʮʠʢʣʠʯʝʩʢʦʛʦ ʧʨʝʬʠʢʩʘ, ʢʦʛʜʘ 0=z , ʪʦ ʝʩʪʴ ʩʪʨʫʢʪʫʨʳ ʢʘʜʨʘ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʊʨʝʪʴʝʤʫ ʠ ʏʝʪʚʝʨʪʦʤʫ ʝʛʦ ʚʘʨʠʘʥʪʫ (ʩʤ. ʧʦʜʨʘʟʜʝʣ 2 ʜʘʥʥʦʛʦ 

ʨʘʟʜʝʣʘ), ʥʦ ʧʨʠ ʵʪʦʤ ʦʯʝʚʠʜʥʦ ʠʤʝʝʪ ʤʝʩʪʦ ʩʥʠʞʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨ-

ʤʘʮʠʠ, ʚʳʟʚʘʥʥʦʝ ʥʘʣʠʯʠʝʤ ʧʨʝʬʠʢʩʦʚ ʚ ʩʪʨʫʢʪʫʨʝ ʢʘʜʨʘ.  

 

4.5. ɺʦʩʭʦʜʷʱʠʡ ʢʘʥʘʣ 

 

ɼʦ ʩʠʭ ʧʦʨ ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʥʠʩʭʦʜʷʱʠʡ ʢʘʥʘʣ ʨʘʜʠʦʜʦʩʪʫʧʘ. ɼʣʷ ʧʦ-

ʩʪʨʦʝʥʠʷ ʩʠʛʥʘʣʘ, ʠʟʣʫʯʘʝʤʦʛʦ ʢʘʞʜʳʤ ʘʙʦʥʝʥʪʦʤ ʚ ʚʦʩʭʦʜʷʱʝʤ ʢʘʥʘʣʝ ʩʚʷʟʠ, 

ʚʦʟʴʤʝʤ ʟʘ ʦʩʥʦʚʫ ʇʷʪʳʡ ʚʘʨʠʘʥʪ ʧʦʩʪʨʦʝʥʠʷ ʢʘʜʨʘ ʩ ʮʠʢʣʠʯʝʩʢʠʤʠ ʧʨʝʬʠʢʩʘʤʠ 
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ʠ, ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʨʘʟʥʳʤʠ ʨʘʟʤʝʨʥʦʩʪʷʤʠ ʙʘʟʦʚʳʭ ʤʘʪʨʠʮ, ʨʘʩʩʤʦʪʨʝʥʥʳʡ ʚʦ 

ʚʪʦʨʦʤ ʧʦʜʨʘʟʜʝʣʝ ʜʘʥʥʦʛʦ ʨʘʟʜʝʣʘ. ʆʩʥʦʚʫ ʛʨʫʧʧʦʚʦʛʦ ʩʠʛʥʘʣʘ ʢʘʞʜʦʛʦ ʘʙʦʥʝʥ-

ʪʘ ʩʦʩʪʘʚʣʷʝʪ ʩʠʥʭʨʦʩʠʛʥʘʣ ʪʦʯʥʦ ʪʘʢʦʡ ʞʝ ʩʪʨʫʢʪʫʨʳ, ʯʪʦ ʠ ʩʠʥʭʨʦʩʠʛʥʘʣ ʥʠʩ-

ʭʦʜʷʱʝʛʦ ʢʘʥʘʣʘ. ɺ ʧʨʠʝʤʥʠʢʝ ʢʘʞʜʦʛʦ ʘʙʦʥʝʥʪʘ ʧʦ ʥʠʩʭʦʜʷʱʝʤʫ ʩʠʥʭʨʦʩʠʛʥʘʣʫ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʦ ʤʦʱʥʦʩʪʠ ʣʫʯʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʛʝʥʝʨʘʪʦʨ ʝʛʦ ʩʠʥʭʨʦʥʥʦʡ ʢʦ-

ʧʠʠ, ʢʦʪʦʨʘʷ ʠʟʣʫʯʘʝʪʩʷ ʢ ʙʘʟʦʚʦʡ ʩʪʘʥʮʠʠ (ʠʣʠ ʩʪʘʥʮʠʠ ʩʦʧʨʷʞʝʥʠʷ) ʠ ʩʣʫʞʠʪ 

ʦʩʥʦʚʦʡ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʨʫʧʧʦʚʦʛʦ ʩʠʛʥʘʣʘ ʘʙʦʥʝʥʪʩʢʦʡ ʩʪʘʥʮʠʠ.  

ʆʪʤʝʪʠʤ, ʯʪʦ ʧʨʠ ʪʘʢʦʤ ʩʧʦʩʦʙʝ ʧʦʩʪʨʦʝʥʠʷ ʚʦʩʭʦʜʷʱʝʛʦ ʢʘʥʘʣʘ ʩʚʷʟʠ, ʚʦ-

ʧʝʨʚʳʭ, ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʠʥʭʨʦʩʠʛʥʘʣʳ ʩ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʤʠ ʧʝʨʠʦ-

ʜʘʤʠ ʧʦʚʪʦʨʝʥʠʷ, ʘ, ʚʦ-ʚʪʦʨʳʭ, ʦʢʘʟʳʚʘʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʥʘ ʩʪʘʥʮʠʠ ʩʦʧʨʷʞʝʥʠʷ 

ʨʝʛʫʣʠʨʦʚʘʪʴ ʩʜʚʠʛ ʧʦ ʚʨʝʤʝʥʠ ʩʠʛʥʘʣʘ, ʠʟʣʫʯʘʝʤʦʛʦ ʢʘʞʜʳʤ ʘʙʦʥʝʥʪʦʤ. ɺ ʨʝ-

ʟʫʣʴʪʘʪʝ, ʦʢʘʟʳʚʘʝʪʩʷ ʥʝ ʩʪʦʣʴ ʚʘʞʥʳʤ, ʥʘ ʢʘʢʦʤ ʨʘʩʩʪʦʷʥʠʠ ʥʘʭʦʜʠʪʩʷ ʪʦʪ ʠʣʠ 

ʠʥʦʡ ʘʙʦʥʝʥʪ ʦʪ ʩʪʘʥʮʠʠ ʩʦʧʨʷʞʝʥʠʷ. ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʩʤʝʱʝʥʠʷ ʧʦ ʚʨʝʤʝʥʠ ʩʠʥ-

ʭʨʦʩʠʛʥʘʣʦʚ ʘʙʦʥʝʥʪʦʚ, ʧʨʠʭʦʜʷʱʠʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘ ʩʪʘʥʮʠʶ ʩʦʧʨʷʞʝʥʠʷ, ʤʦ-

ʛʫʪ ʙʳʪʴ ʚʳʟʚʘʥʳ ʣʠʰʴ ʥʝʪʦʯʥʦʩʪʷʤʠ ʨʝʛʫʣʠʨʦʚʢʠ ʩʤʝʱʝʥʠʷ ʧʦ ʚʨʝʤʝʥʠ ʩʠʥʭʨʦ-

ʩʠʛʥʘʣʦʚ ʚʦʩʭʦʜʷʱʝʛʦ ʢʘʥʘʣʘ, ʣʠʙʦ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʴʶ ʠʭ ʢʦʧʠʡ, ʚʳʟʚʘʥʥʦʡ ʤʥʦ-

ʛʦʣʫʯʝʚʳʤ ʭʘʨʘʢʪʝʨʦʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʦʚ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʚʩʝ ʢʦʧʠʠ ʦʜʥʦʛʦ 

ʠ ʪʦʛʦ ʞʝ ʩʠʥʭʨʦʩʠʛʥʘʣʘ, ʠʟʣʫʯʝʥʥʦʛʦ ʚʩʝʤʠ ʘʙʦʥʝʥʪʩʢʠʤʠ ʩʪʘʥʮʠʷʤʠ, ʠ ʠʤʝʶ-

ʱʠʝ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʨʘʟʥʳʝ ʩʤʝʱʝʥʠʷ ʧʦ ʚʨʝʤʝʥʠ ʠ ʯʘʩʪʦʪʝ, ʜʦʣʞʥʳ ʙʳʪʴ ʦʙʥʘ-

ʨʫʞʝʥʳ ʠ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʳ ʥʘ ʩʪʘʥʮʠʠ ʩʦʧʨʷʞʝʥʠʷ. ɼʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʩʠʥ-

ʭʨʦʩʠʛʥʘʣʘ ʢʘʞʜʦʛʦ ʘʙʦʥʝʥʪʘ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʚʝʨʭʜʣʠʥʥʘʷ ʩʢʨʝʤʙʣʠʨʫʶ-

ʱʘʷ ʤʥʦʛʦʧʦʟʠʮʠʦʥʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, ʧʨʠʩʦʝʜʠʥʷʝʤʘʷ ʢ ʩʠʥʭʨʦʩʠʛʥʘʣʫ 

ʘʙʦʥʝʥʪʘ ʧʦʩʣʝ ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ, ʜʦʩʪʘʪʦʯʥʦʛʦ ʜʣʷ ʝʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʥʘ ʩʪʘʥʮʠʠ 

ʩʦʧʨʷʞʝʥʠʷ, ʠ ʩʤʝʱʝʥʥʘʷ ʧʦ ʚʨʝʤʝʥʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʯʘʣʘ ʩʠʥʭʨʦʩʠʛʥʘʣʘ ʫ ʢʘʞ-

ʜʦʛʦ ʘʙʦʥʝʥʪʘ ʥʘ ʨʘʟʥʦʝ ʯʠʩʣʦ ʵʣʝʤʝʥʪʘʨʥʳʭ ʩʠʤʚʦʣʦʚ [36, 38, 50, 62].   

ʉʠʥʭʨʦʩʠʛʥʘʣ ʢʘʞʜʦʛʦ ʘʙʦʥʝʥʪʘ ʚ ʚʦʩʭʦʜʷʱʝʤ ʢʘʥʘʣʝ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʢʘʜʨʘ ʝʛʦ ʢʘʥʘʣʘ ʨʘʜʠʦʜʦʩʪʫʧʘ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʧʨʠ ʨʝʛʫʣʠʨʦʚʘʥʠʠ 

ʩʜʚʠʛʦʚ ʧʦ ʚʨʝʤʝʥʠ ʩʠʥʭʨʦʩʠʛʥʘʣʦʚ ʘʙʦʥʝʥʪʦʚ ʚ ʚʦʩʭʦʜʷʱʝʤ ʢʘʥʘʣʝ ʩʚʷʟʠ, ʧʦʣʫ-

ʯʘʝʪʩʷ ʦʙʱʠʡ ʜʣʷ ʚʩʝʭ ʘʙʦʥʝʥʪʦʚ ʢʘʥʘʣ ʩʚʷʟʠ ʩ ʠʟʚʝʩʪʥʦʡ ʥʘ ʩʪʘʥʮʠʠ ʩʦʧʨʷʞʝʥʠʷ 

ʣʦʢʘʣʠʟʘʮʠʝʡ ʢʘʜʨʦʚ ʠ ʛʨʘʥʠʮʘʤʠ ʧʝʨʝʜʘʚʘʝʤʳʭ ʚ ʥʠʭ ʙʘʟʦʚʳʭ ʤʘʪʨʠʮ ʩ ʫʯʝʪʦʤ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʮʠʢʣʠʯʝʩʢʠʭ ʧʨʝʬʠʢʩʦʚ. ʇʦʵʪʦʤʫ ʩʪʘʥʮʠʷ ʩʦʧʨʷʞʝʥʠʷ ʤʦʞʝʪ ʨʘʩ-

ʧʨʝʜʝʣʠʪʴ ʙʘʟʦʚʳʝ ʤʘʪʨʠʮʳ, ʧʝʨʝʜʘʚʘʝʤʳʝ ʚ ʪʝʯʝʥʠʝ ʢʘʜʨʘ, ʤʝʞʜʫ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʨʘʙʦʪʘʶʱʠʤʠ ʘʙʦʥʝʥʪʘʤʠ ʩ ʫʯʝʪʦʤ ʨʘʟʥʳʭ ʠʭ ʩʢʦʨʦʩʪʝʡ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ, 

ʧʦʩʢʦʣʴʢʫ ʚ ʪʝʯʝʥʠʝ ʢʘʜʨʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʘʪʨʠʮʳ ʨʘʟʥʳʭ ʨʘʟʤʝʨʥʦʩʪʝʡ. ʆʪʤʝ-

ʪʠʤ, ʯʪʦ ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ ʩʠʥʭʨʦʩʠʛʥʘʣʦʚ ʚʩʝʭ ʘʙʦʥʝʥʪʦʚ ʦʙʨʘʙʦʪʢʘ ʛʨʫʧʧʦʚʦʛʦ 

ʩʠʛʥʘʣ ʚʦʩʭʦʜʷʱʝʛʦ ʢʘʥʘʣʘ ʥʘ ʩʪʘʥʮʠʠ ʩʦʧʨʷʞʝʥʠʷ ʥʠʯʝʤ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʦʙʨʘ-

ʙʦʪʢʠ ʛʨʫʧʧʦʚʦʛʦ ʩʠʛʥʘʣʘ ʤʛʦʛʦʣʫʯʝʚʦʛʦ ʥʠʩʭʦʜʷʱʝʛʦ ʢʘʥʘʣʘ ʩʚʷʟʠ.      

 

ɺʳʚʦʜ rʧʦ ʨʘʟʜʝʣʫ 4 

 

ʇʝʨʝʯʠʩʣʠʤ ʦʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʩʪʝʤ ʦʨʪʦʛʦʥʘʣʴʥʳʭ 

ʠ ʢʚʘʟʠʦʨʪʦʛʦʥʘʣʴʥʳʭ ʤʘʪʨʠʮ ʥʘ ʦʩʥʦʚʝ ʤʘʪʨʠʮ-ʮʠʨʢʫʣʷʥʪʦʚ ʤʥʦʛʦʧʦʟʠʮʠʦʥʥʳʭ 

ʣʠʥʝʡʥʳʭ ʨʝʢʫʨʨʝʥʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʨʫʧʧʦʚʦʛʦ ʩʠʛ-

ʥʘʣʘ ʩʠʩʪʝʤʳ ʨʘʜʠʦʜʦʩʪʫʧʘ: 

1. ʇʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʠ ʦʙʨʘʙʦʪʢʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʛʨʫʧʧʦʚʳʭ ʩʠʛʥʘʣʦʚ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʤʥʦʛʦʣʫʯʝʚʳʭ ʢʘʥʘʣʘʭ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʙʦʙʱʝʥʥʦʝ ʙʳʩʪʨʦʝ ʧʨʝʦʙʨʘ-

ʟʦʚʘʥʠʝ ʌʫʨʴʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʚʳʠʛʨʳʰ ʧʦ ʯʠʩʣʫ ʵʣʝʤʝʥʪʘʨʥʳʭ ʘʨʠʬʤʝʪʠʯʝ-

ʩʢʠʭ ʦʧʝʨʘʮʠʡ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ ʪʨʠ ʨʘʟʘ ʥʘ ʧʨʘʢʪʠʢʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʳʩʪʨʳʤ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʌʫʨʴʝ, ʧʨʠʤʝʥʷʝʤʦʤ ʧʨʠ ʦʙʨʘʙʦʪʢʝ OFDM ʩʠʛʥʘʣʦʚ, ʬʦʨʤʠʨʫ-

ʝʤʳʭ ʥʘ ʦʩʥʦʚʝ ʜʠʩʢʨʝʪʥʳʭ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʭ ʬʫʥʢʮʠʡ; 

2. ʂ ʛʨʫʧʧʦʚʦʤʫ ʩʠʛʥʘʣʫ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʤʫ ʥʘ ʦʩʥʦʚʝ ʤʘʪʨʠʮʳ-ʮʠʨʢʫʣʷʥʪʘ 

ʣʶʙʦʡ ʣʠʥʝʡʥʦʡ ʨʝʢʫʨʨʝʥʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʤʦʞʥʦ ʧʨʠʩʦʝʜʠʥʠʪʴ ʰʠʨʦ-

ʢʦʧʦʣʦʩʥʳʡ ʰʫʤʦʧʦʜʦʙʥʳʡ ʩʠʥʭʨʦʩʠʛʥʘʣ, ʦʙʨʘʙʦʪʢʘ ʢʦʪʦʨʦʛʦ ʧʨʠ ʝʛʦ ʦʙʥʘʨʫ-

ʞʝʥʠʠ ʚ ʧʨʠʝʤʥʠʢʝ ʤʦʞʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʙʱʝʥʥʦʛʦ ʙʳʩʪʨʦ-

ʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ ʪʦʛʦ ʞʝ ʪʠʧʘ, ʯʪʦ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ, ʠʩʧʦʣʴʟʫʶʱʝʝʩʷ 

ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʠ ʦʙʨʘʙʦʪʢʝ ʛʨʫʧʧʦʚʦʛʦ ʩʠʛʥʘʣʘ;  

3. ʆʙʥʘʨʫʞʝʥʠʝ ʜʘʥʥʦʛʦ ʩʠʥʭʨʦʩʠʛʥʘʣʘ ʚ ʧʨʠʝʤʥʠʢʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʬʦʥʝ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʛʨʫʧʧʦʚʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ, ʢʦʪʦʨʳʡ ʧʨʠ 
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ʥʝʢʦʪʦʨʳʭ ʩʧʦʩʦʙʘʭ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢ ʥʝʤʫ ʩʠʥʭʨʦʩʠʛʥʘʣʘ, ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚ ʜʘʥ-

ʥʦʤ ʨʘʟʜʝʣʝ, ʩʦʟʜʘʝʪ ʘʜʜʠʪʠʚʥʫʶ ʰʫʤʦʧʦʜʦʙʥʫʶ ʧʦʤʝʭʫ ʥʘ ʚʭʦʜʝ ʧʨʠʝʤʥʠʢʘ 

ʩʠʥʭʨʦʩʠʛʥʘʣʘ; ʙʳʩʪʨʳʝ ʘʣʛʦʨʠʪʤʳ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʝʨʠʦʜʠʯʝ-

ʩʢʠʭ ʰʫʤʦʧʦʜʦʙʥʳʭ ʩʠʛʥʘʣʦʚ ʩ ʙʦʣʴʰʠʤ ʧʝʨʠʦʜʦʤ ʧʦʚʪʦʨʝʥʠʷ, ʨʘʩʩʦʛʣʘʩʦʚʘʥ-

ʥʳʭ ʧʦ ʯʘʩʪʦʪʝ ʠ ʟʘʜʝʨʞʢʝ ʧʦ ʚʨʝʤʝʥʠ, ʥʘ ʬʦʥʝ ʧʦʤʝʭ, ʚ ʩʦʪʥʠ-ʪʳʩʷʯʠ ʨʘʟ ʧʨʝ-

ʚʦʩʭʦʜʷʱʠʭ ʠʭ ʧʦ ʤʦʱʥʦʩʪʠ, ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʨʘʙʦʪʘʭ [30, 60, 62, 66]; ʧʦʩʣʝ ʦʙʥʘ-

ʨʫʞʝʥʠʷ ʩʠʥʭʨʦʩʠʛʥʘʣʦʚ ʚʩʝʭ ʣʫʯʝʡ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʥʘ ʚʭʦʜʝ 

ʧʨʠʝʤʥʠʢʘ, ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʟʥʘʯʝʥʠʡ ʯʘʩʪʦʪʳ ʠ ʟʘʜʝʨʞʢʠ ʧʦ ʚʨʝʤʝʥʠ ʩʠʛʥʘʣʘ ʢʘʞ-

ʜʦʛʦ ʣʫʯʘ, ʘ ʪʘʢʞʝ ʜʣʷ ʩʣʝʞʝʥʠʷ ʟʘ ʠʭ ʠʟʤʝʥʝʥʠʷʤʠ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʣʴʮʘ 

ʬʘʟʦʚʦʡ ʘʚʪʦʧʦʜʩʪʨʦʡʢʠ ʯʘʩʪʦʪʳ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʧʦʜʩʪʨʦʡʢʠ ʚʨʝʤʝʥʠ ʩ ʧʝʨʝ-

ʢʨʝʩʪʥʳʤʠ ʩʚʷʟʷʤʠ; ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʩʠʥʭʨʦʥʠʟʘʮʠʶ ʩʠʛʥʘʣʦʚ 

ʚʩʝʭ ʣʫʯʝʡ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʥʘ ʚʭʦʜʝ ʧʨʠʝʤʥʠʢʘ, ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʜʦʣʝʡ ʜʣʠʪʝʣʴ-

ʥʦʩʪʠ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʠʤʧʫʣʴʩʘ ʩʠʛʥʘʣʘ ʧʦ ʚʨʝʤʝʥʠ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʦ ʥʝʩʢʦʣʴʢʠʭ 

ʩʦʪʝʥ ɻʮ ʧʦ ʯʘʩʪʦʪʝ ʧʨʘʢʪʠʯʝʩʢʠ ʧʨʠ ʣʶʙʦʤ ʚʦʟʤʦʞʥʦʤ ʟʥʘʯʝʥʠʠ ʝʝ ʜʦʧʣʝʨʦʚ-

ʩʢʦʛʦ ʩʜʚʠʛʘ; ʢʨʦʤʝ ʪʦʛʦ, ʦʙʨʘʙʦʪʢʘ ʩʠʥʭʨʦʩʠʛʥʘʣʦʚ ʧʦʟʚʦʣʠʪ ʠʟʤʝʨʠʪʴ ʠ ʤʦʱʥʦ-

ʩʪʠ ʩʠʛʥʘʣʦʚ ʣʫʯʝʡ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ; 

4. ɺʩʝ ʚʘʨʠʘʥʪʳ ʧʦʩʪʨʦʝʥʠʷ ʢʘʥʘʣʘ ʨʘʜʠʦʜʦʩʪʫʧʘ ʬʠʟʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ, ʦʧʠ-

ʩʘʥʥʳʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʥʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʜʦʧʣʝʨʦʚʩʢʦʤʫ ʩʜʚʠʛʫ ʯʘʩʪʦʪʳ, ʧʦ-

ʩʢʦʣʴʢʫ ʚ ʥʠʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʰʫʤʦʧʦʜʦʙʥʳʝ ʩʠʛʥʘʣʳ ʠ ʨʘʩʧʨʝʜʝʣʝʥʥʳʡ ʧʦ ʢʘʜʨʫ 

(ʧʦ ʚʨʝʤʝʥʠ) ʩʠʥʭʨʦʩʠʛʥʘʣ, ʟʘ ʩʤʝʱʝʥʠʝʤ ʢʦʪʦʨʦʛʦ ʧʦ ʯʘʩʪʦʪʝ (ʠ ʟʘʜʝʨʞʢʝ ʧʦ 

ʚʨʝʤʝʥʠ) ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʩʪʦʷʥʥʦʝ ʩʣʝʞʝʥʠʝ ʚ ʢʘʥʘʣʝ ʩʠʥʭʨʦʥʠʟʘʮʠʠ, ʧʨʠʯʝʤ ʚ 

ʤʥʦʛʦʣʫʯʝʚʦʤ ʢʘʥʘʣʝ ʩʚʷʟʠ; ʫʤʝʥʴʰʝʥʠʝ ʠʣʠ ʫʚʝʣʠʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʩʪʠ ʢʘʜʨʘ ʠʟ-

ʟʘ ʜʦʧʣʝʨʦʚʩʢʦʛʦ ʩʜʚʠʛʘ ʯʘʩʪʦʪʳ, ʣʠʙʦ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʪʘʢʪʦʚʦʡ ʯʘʩʪʦʪʳ ʩʠʥʭʨʦ-

ʩʠʛʥʘʣʘ, ʝʜʚʘ ʣʠ ʤʦʞʝʪ ʦʢʘʟʘʪʴ ʩʢʦʣʴʢʦ-ʥʠʙʫʜʴ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʠ ʝʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʥʘ ʚʩʝʤ ʧʝʨʠʦʜʝ ʝʛʦ ʧʦʚʪʦʨʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʪʘʢ-

ʪʦʚʳʭ ʯʘʩʪʦʪʘʭ ʧʦʨʷʜʢʘ ʝʜʠʥʠʮ-ʜʝʩʷʪʢʦʚ ʄɻʮ ʜʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʨʝʰʘʝʪʩʷ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʯʘʩʪʦʪʳ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʦʙʥʘʨʫʞʠʚʘʝʤʦʛʦ ʩʠʥʭʨʦʩʠʛʥʘʣʘ ʩ ʧʘʨʘʣ-

ʣʝʣʴʥʦʡ ʙʳʩʪʨʦʡ ʦʙʨʘʙʦʪʢʦʡ ʚʩʝʭ ʝʛʦ ʜʠʩʢʨʝʪʥʳʭ ʢʦʧʠʡ; 

5. ʇʨʠ ʮʠʢʣʠʯʝʩʢʦʡ ʧʝʨʝʩʪʘʥʦʚʢʝ ʩʪʦʣʙʮʦʚ ʠ ʩʪʨʦʢ ʤʘʪʨʠʮʳ-ʮʠʨʢʫʣʷʥʪʘ 

ʣʶʙʦʡ ʤʥʦʛʦʧʦʟʠʮʠʦʥʥʦʡ ʣʠʥʝʡʥʦʡ ʨʝʢʫʨʨʝʥʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʟʘʧʠʩʘʥ-
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ʠ ̫ʚʣʷʶʱʝʡʩʷ ʩʠʤʤʝʪʨʠʯʥʦʡ ʢʚʘʟʠʦʨʪʦʛʦ-

ʥʘʣʴʥʦʡ ʤʘʪʨʠʮʝʡ, ʚʥʦʚʴ ʧʦʣʫʯʘʝʤ ʩʠʤʤʝʪʨʠʯʥʫʶ ʢʚʘʟʠʦʨʪʦʛʦʥʘʣʴʥʫʶ ʤʘʪʨʠʮʫ, 

ʘ ʧʦʩʣʝ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢ ʥʝʡ ʢʨʘʡʥʝʛʦ ʣʝʚʦʛʦ ʩʪʦʣʙʮʘ ʠ ʚʝʨʭʥʝʡ ʩʨʦʢʠ, ʩʦʩʪʦʷ-

ʱʠʭ ʣʠʰʴ ʠʟ ʝʜʠʥʠʮ, ʧʦʣʫʯʠʤ ʩʠʤʤʝʪʨʠʯʥʫʶ ʦʨʪʦʛʦʥʘʣʴʥʫʶ ʤʘʪʨʠʮʫ; ʙʣʘʛʦʜʘʨʷ 

ʜʘʥʥʦʤʫ ʩʚʦʡʩʪʚʫ ʵʪʠʭ ʤʘʪʨʠʮ, ʧʨʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʨʫʧʧʦ-

ʚʦʛʦ ʩʠʛʥʘʣʘ ʩʠʩʪʝʤʳ ʨʘʜʠʦʜʦʩʪʫʧʘ ʦʪʩʫʪʩʪʚʫʶʪ ʧʦʤʝʭʠ ʦʪ ʩʦʩʝʜʥʠʭ ʧʦʜʥʝʩʫʱʠʭ 

ʧʨʠ ʤʥʦʛʦʣʫʯʝʚʦʤ ʭʘʨʘʢʪʝʨʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ;   ʦʪʤʝʪʠʤ, ʯʪʦ ʜʘʥʥʳʤ 

ʩʚʦʡʩʪʚʦʤ ʥʝ ʦʙʣʘʜʘʶʪ ʜʨʫʛʠʝ ʩʠʤʤʝʪʨʠʯʥʳʝ ʦʨʪʦʛʦʥʘʣʴʥʳʝ ʤʘʪʨʠʮʳ ʠ, ʚ ʯʘʩʪ-

ʥʦʩʪʠ, ʩʠʩʪʝʤʘ ʜʠʩʢʨʝʪʥʳʭ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʭ ʬʫʥʢʮʠʡ; 

6. ɺ ʤʥʦʛʦʣʫʯʝʚʦʤ ʢʘʥʘʣʝ ʩʫʤʤʠʨʦʚʘʥʠʝ ʩʠʛʥʘʣʦʚ ʩʦʩʝʜʥʠʭ ʣʫʯʝʡ ʧʨʦʠʟʚʦ-

ʜʠʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʘʣʛʦʨʠʪʤʦʤ, ʦʧʠʩʘʥʥʳʤ ʚ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ, ʧʨʠ ʫʩʣʦʚʠʠ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʩʠʛʥʘʣʦʚ ʣʫʯʝʡ ʧʦ ʯʘʩʪʦʪʝ ʠ ʟʘʜʝʨʞʢʝ ʧʦ ʚʨʝʤʝʥʠ ʚ ʤʥʦʛʦʣʫʯʝʚʦʤ 

ʢʘʥʘʣʝ ʩʚʷʟʠ, ʘ ʪʘʢʞʝ ʠʟʤʝʨʝʥʠʠ ʤʦʱʥʦʩʪʠ ʩʠʛʥʘʣʦʚ ʣʫʯʝʡ, ʚʦʟʤʦʞʥʳʤ ʙʣʘʛʦʜʘʨʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʰʫʤʦʧʦʜʦʙʥʦʛʦ ʩʠʥʭʨʦʩʠʛʥʘʣʘ;  

7. ɺʩʝ ʧʦʜʥʝʩʫʱʠʝ ʛʨʫʧʧʦʚʦʛʦ ʩʠʛʥʘʣʘ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʥʘ ʦʩʥʦʚʝ ʤʘʪ-

ʨʠʮ-ʮʠʨʢʫʣʷʥʪʦʚ ʣʠʥʝʡʥʳʭ ʨʝʢʫʨʨʝʥʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʷʚʣʷʶʪʩʷ ʰʫʤʦ-

ʧʦʜʦʙʥʳʤʠ ʩʠʛʥʘʣʘʤʠ, ʟʘʥʠʤʘʶʱʠʤʠ ʚʩʶ ʚʳʜʝʣʝʥʥʫʶ ʧʦʣʦʩʫ ʯʘʩʪʦʪ, ʙʣʘʛʦʜʘʨʷ 

ʯʝʤʫ ʢʘʢ ʦʪʜʝʣʴʥʳʝ ʧʦʜʥʝʩʫʱʠʝ, ʪʘʢ ʠ ʛʨʫʧʧʦʚʦʡ ʩʠʛʥʘʣ, ʥʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʜʦ-

ʧʣʝʨʦʚʩʢʦʤʫ ʩʜʚʠʛʫ ʯʘʩʪʦʪʳ; 

8. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʨʘʟʤʝʨʥʦʩʪʠ ʙʘʟʦʚʦʡ ʤʘʪʨʠʮʳ-ʮʠʨʢʫʣʷʥʪʘ, ʧʦʩʪʨʦʝʥʥʦʡ 

ʥʘ ʦʩʥʦʚʝ ʣʶʙʦʡ ʣʠʥʝʡʥʦʡ ʨʝʢʫʨʨʝʥʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠ ʠʩʧʦʣʴʟʫʶʱʝʡʩʷ 

ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʨʫʧʧʦʚʦʛʦ ʩʠʛʥʘʣʘ ʢʘʥʘʣʘ ʨʘʜʠʦʜʦʩʪʫʧʘ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʪʦʣʴʢʦ 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʛʨʫʧʧʦʚʦʛʦ ʩʠʛʥʘʣʘ, ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʚ ʚʳʜʝʣʝʥʥʦʡ ʧʦʣʦʩʝ ʯʘʩʪʦʪ, ʘ 

ʨʘʩʰʠʨʝʥʠʷ ʝʛʦ ʩʧʝʢʪʨʘ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʪʦʡ ʞʝ ʪʘʢʪʦʚʦʡ ʯʘʩʪʦʪʝ ʩʠʛʥʘʣʘ, ʧʦ-

ʩʢʦʣʴʢʫ ʚʩʝ ʧʦʜʥʝʩʫʱʠʝ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʭ ʯʠʩʣʘ, ʧʝʨʝʜʘʶʪʩʷ ʚ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ 

ʧʦʣʦʩʝ ʯʘʩʪʦʪ; ʜʘʥʥʦʝ ʩʚʦʡʩʪʚʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʘʟʦʚʳʝ ʤʘʪʨʠʮʳ ʨʘʟʥʳʭ 

ʨʘʟʤʝʨʥʦʩʪʝʡ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʩʪʠ ʚʨʝʤʝʥʠ ʦʜʥʦʛʦ ʢʘʜʨʘ ʠ ʫʤʝʥʴʰʠʪʴ ʧʨʠʙʣʠ-

ʟʠʪʝʣʴʥʦ ʚ ʪʨʠ ʨʘʟʘ ʩʫʤʤʘʨʥʫʶ ʜʣʠʪʝʣʴʥʦʩʪʴ ʮʠʢʣʠʯʝʩʢʦʛʦ ʧʨʝʬʠʢʩʘ; ʦʪʤʝʪʠʤ, 
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ʯʪʦ ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ OFDM ʩʠʛʥʘʣʦʚ, ʬʦʨʤʠʨʫʝʤʳʭ ʚʩʝʛʜʘ ʥʘ ʦʩʥʦʚʝ ʜʠʩ-

ʢʨʝʪʥʳʭ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʭ ʬʫʥʢʮʠʡ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʨʘʟʤʝʨʥʦʩʪʠ ʙʘʟʦʚʦʡ ʤʘʪ-

ʨʠʮʳ ʫʤʝʥʴʰʘʝʪʩʷ ʨʘʩʩʪʦʷʥʠʝ ʧʦ ʯʘʩʪʦʪʝ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʧʦʜʥʝʩʫʱʠʤʠ ʛʨʫʧ-

ʧʦʚʦʛʦ ʩʠʛʥʘʣʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʩʠʩʪʝʤʳ ʢ ʜʦʧʣʝ-

ʨʦʚʩʢʦʤʫ ʩʜʚʠʛʫ ʯʘʩʪʦʪʳ ʠ ʫʚʝʣʠʯʝʥʠʶ ʫʨʦʚʥʷ ʤʝʞʩʠʤʚʦʣʴʥʳʭ ʧʦʤʝʭ, ʧʦʵʪʦʤʫ 

ʩʫʱʝʩʪʚʫʝʪ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʯʠʩʣʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʦʜʥʝʩʫʱʠʭ ʚ ʩʣʫʯʘʝ OFDM, ʢʦ-

ʪʦʨʦʝ ʦʙʳʯʥʦ ʥʘ ʧʨʘʢʪʠʢʝ ʥʝ ʧʨʝʚʳʰʘʝʪ 1024 ʠʣʠ 2048.  

ʄʘʪʝʨʠʘʣʳ, ʠʟʣʦʞʝʥʥʳʝ ʚ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ, ʦʧʫʙʣʠʢʦʚʘʥʳ ʘʚʪʦʨʦʤ ʚ [111]. 
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ɿɸʂʃʖʏɽʅʀɽ 

 

ɺ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʧʝʰʥʦ ʨʝʰʝʥʳ 

ʧʦʩʪʘʚʣʝʥʥʳʝ ʟʘʜʘʯʠ ʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʥʘʫʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ: 

1. ʈʘʟʨʘʙʦʪʘʥ ʠ ʠʩʩʣʝʜʦʚʘʥ ʤʝʪʦʜ ʦʙʨʘʙʦʪʢʠ ʛʨʫʧʧʦʚʳʭ ʩʠʛʥʘʣʦʚ ʥʘ ʦʩʥʦʚʝ 

ɹʇʌ ʚ ʙʘʟʠʩʝ ʬʫʥʢʮʠʡ ɺʂ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʩʥʠʞʝʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦ-

ʩʪʠ ʦʪ 2,1 ʜʦ 3,5 ʨʘʟ ʧʦ ʯʠʩʣʫ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ ʚ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ: ʧʨʠ N = 256ï1024 ʚʳʠʛʨʳʰ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 

2,1 ʜʦ 2,8 ʨʘʟʘ, ʘ ʧʨʠ N = 2048 ʜʦʩʪʠʛʘʝʪ 3,5 ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤ 

ɹʇʌ ʚ ʙʘʟʠʩʝ ɼʕʌ. 

2. ʇʨʝʜʣʦʞʝʥ ʚʘʨʠʘʥʪ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤʳ ʨʘʜʠʦʜʦʩʪʫʧʘ, ʦʙʣʘʜʘʶʱʠʭ 

ʥʠʟʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ ʜʦʧʣʝʨʦʚʩʢʠʤ ʩʜʚʠʛʘʤ ʯʘʩʪʦʪʳ, ʜʦʩʪʠʛʘʶʱʠʤʩʷ ʟʘ 

ʩʯʝʪ ʥʝʧʨʝʨʳʚʥʦʛʦ ʩʣʝʞʝʥʠʷ ʟʘ ʩʤʝʱʝʥʠʷʤʠ ʰʫʤʦʧʦʜʦʙʥʦʛʦ ʩʠʥʭʨʦʩʠʛʥʘʣʘ ʧʦ 

ʯʘʩʪʦʪʝ ʠ ʟʘʜʝʨʞʢʝ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ 

ʜʚʠʞʝʥʠʷ ʘʙʦʥʝʥʪʦʚ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʜʦ 500 ʢʤ/ʯ (1400 ɻʮ) ʠ ʙʦʣʝʝ, ʘ 

ʪʘʢʞʝ ʧʨʠ ʫʩʢʦʨʝʥʠʠ ʜʦ (30é50) ̍ϳ̒  (ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ ʥʝ ʙʦʣʝʝ 100 

ɻʮ/ʩ) ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʦʙʲʝʤʘ ʆɿʋ ʜʦ 100 KiB ʩ ʫʯʝʪʦʤ ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʝʜʠʩʢʨʝ-

ʪʠʟʘʮʠʠ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʩʠʥʭʨʦʩʠʛʥʘʣʘ ʚ 5 ʨʘʟ, ʪʦʛʜʘ ʢʘʢ ʩʪʘʥʜʘʨʪʥʳʝ ʩʭʝʤʳ 

OFDM ʪʝʨʷʶʪ ʩʠʥʭʨʦʥʠʟʘʮʠʶ ʧʨʠ ʩʜʚʠʛʘʭ ʩʚʳʰʝ 300 ɻʮ; 

3. ʈʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʩʧʦʩʦʙ ʧʦʜʘʚʣʝʥʠʷ ʚʟʘʠʤʥʳʭ ʧʦʤʝʭ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥ-

ʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʩʠʩʪʝʤ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʩʠʛʥʘʪʫʨ ʚ ʦʙʱʝʤ ʨʘʜʠʦ-

ʢʘʥʘʣʝ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʦʚʳʩʠʪʴ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʯʠʩʣʫ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʠʩʪʝʤ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʦʙʦʙʱʝʥʥʦʛʦ ɹʇʌ, ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʜʦ 25% ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 

ʩʣʦʞʥʦʩʪʠ ʘʣʛʦʨʠʪʤʘ ʦʙʨʘʙʦʪʢʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʫʚʝʣʠʯʝʥʠʶ ʯʠʩʣʘ ʠʩʧʦʣʴʟʫ-

ʶʱʠʭʩʷ ʩʠʩʪʝʤ ʩʠʛʥʘʪʫʨ;  
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4. ʆʮʝʥʠʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʩʚʝʨʭʜʣʠʥʥʦʛʦ ʩʠʥʭʨʦʩʠʛʥʘʣʘ ʠ ʝʛʦ ʤʥʦʛʦʣʫʯʝ-

ʚʳʭ ʢʦʧʠʡ ʧʦ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʠ ʤʥʠʤʦʡ ʯʘʩʪʷʤ ʠʭ ʦʩʥʦʚʥʳʭ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʧʠ-

ʢʦʚ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʪʦʯʥʦʩʪʴ ʦʮʝʥʢʠ ʬʘʟʦʚʳʭ ʩʜʚʠʛʦʚ ʯʘʩʪʦʪ ʩʠʛʥʘʣʦʚ ʣʫ-

ʯʝʡ ʧʦʨʷʜʢʘ υȣχ , ʘ ʪʘʢʞʝ ʧʦʛʨʝʰʥʦʩʪʴ ʩʜʚʠʛʘ ʧʦ ʚʨʝʤʝʥʠ ʵʪʠʭ ʩʠʛʥʘʣʦʚ, ʥʝ 

ʧʨʝʚʳʰʘʶʱʫʶ 0,1 ʪʘʢʪʦʚʦʛʦ ʠʥʪʝʨʚʘʣʘ; ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʢʚʘʟʠʢʦʛʝʨʝʥʪʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʩʠʛʥʘʣʦʚ ʣʫʯʝʡ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʠʙʣʠʞʝʥʠʝ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʥʦʛʦʣʫʯʝʚʦʛʦ ʢʘʥʘʣʘ ʢ ʛʘʫʩʩʦʚʩʢʦʤʫ ʠ ʜʦʩʪʠʞʝ-

ʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʚʳʠʛʨʳʰʘ ʜʦ 3ï5 ʜɹ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʣʘʩʩʠʯʝʩʢʦʛʦ OFDM; 

ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʣʦʞʥʦʩʪʴ ʧʨʠʝʤʥʦʛʦ ʪʨʘʢʪʘ ʚʦʟʨʘʩʪʘʝʪ ʚ 2,3ï3 ʨʘʟʘ ʧʦ ʯʠʩʣʫ 

ʦʧʝʨʘʮʠʡ ʢʦʤʧʣʝʢʩʥʦʛʦ ʫʤʥʦʞʝʥʠʷ ʧʨʠ ʨʘʟʜʝʣʝʥʠʠ ʩʠʛʥʘʣʦʚ 2é3 ʣʫʯʝʡ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ OFDM.  

ʎʝʣʴ ʨʘʙʦʪʳ, ʟʘʢʣʶʯʘʶʱʘʷʩʷ ʚ ʩʥʠʞʝʥʠʠ ʩʣʦʞʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʠ ʧʦʚʳʰʝ-

ʥʠʝ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʩʪʝʤ ʨʘʜʠʦʜʦʩʪʫʧʘ ʧʫʪʝʤ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʨʠʤʝʥʝʥʠʷ 

ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ɹʇʌ ʚ ʙʘʟʠʩʝ ʬʫʥʢʮʠʡ ɺʠʣʝʥʢʠʥʘï

ʂʨʝʩʪʝʥʩʦʥʘ ʠ ʤʥʦʛʦʧʦʟʠʮʠʦʥʥʳʭ ʣʠʥʝʡʥʳʭ ʨʝʢʫʨʨʝʥʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, 

ʜʦʩʪʠʛʥʫʪʘ.  

ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʘʜʘʧʪʘʮʠʶ ʨʘʟʨʘʙʦʪʘʥ-

ʥʳʭ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʠ ʘʨʭʠʪʝʢʪʫʨ ʧʦʩʪʨʦʝʥʠʷ ʢʘʥʘʣʘ ʨʘʜʠʦʜʦʩʪʫʧʘ 

ʜʣʷ ʰʠʨʦʢʦʧʦʣʦʩʥʳʭ ʤʦʙʠʣʴʥʳʭ ʩʠʩʪʝʤ ʩʚʷʟʠ (ʚʢʣʶʯʘʷ ʩʪʘʥʜʘʨʪʳ 5G Advanced ʠ 

ʧʝʨʩʧʝʢʪʠʚʥʳʝ 6G), ʘ ʪʘʢʞʝ ʜʣʷ ʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤ ʥʘ ʥʠʟʢʠʭ ʦʨʙʠʪʘʭ, ʭʘʨʘʢʪʝ-

ʨʠʟʫʶʱʠʭʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʜʦʧʣʝʨʦʚʩʢʠʤʠ ʩʜʚʠʛʘʤʠ.  
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ʉʇʀʉʆʂ ʉʆʂʈɸʑɽʅʀʁ ʀ ʋʉʃʆɺʅʓʍ ʆɹʆɿʅɸʏɽʅʀʁ 

 

DS-CDMA Direct-Sequence Code Division Access 

FBMC Filter Bank based Multicarrier 

F-OFDM Filtered Orthogonal Frequency-Division Multiplexing 

IDMA Interleave Division Multiple Access 

IOTA Isotropic Orthogonal Transform Algorithm 

LDS-CDMA Low Density Spread Code Division Multiple Access 

MMSE Robust minimum mean-square error 

NOMA Non-orthogonal Multiple Access  

OFDM Orthogonal Frequency-Division Multiplexing 

OQAM Offset Quadrature Amplitude Modulation 

PPN PolyPhase Network 

QAM Quadrature Amplitude Modulation  

SCMA Sparse Code Multiple Access 

UFMC Universal Filtered Multicarrier 

ɸʇɺ  ɸʚʪʦʤʘʪʠʯʝʩʢʘ ̫ʧʦʜʩʪʨʦʡʢʘ ʚʨʝʤʝʥʠ 

ɸʎʇ ɸʥʘʣʦʛʦ-ʎʠʬʨʦʚʦʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ 

ɹʇɸ ɹr ʩʪʨʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ɸʜʘʤʘʨʘ  

ɹʇʌ ɹʳʩʪʨʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ 

ɺʂ ɺʠʣʝʥʢʠʥʘ-ʂʨʝʩʪʝʥʩʦʥʘ (ʤʘʪʨʠʮʘ) 
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ɺʂ-ʂ ɺʠʣʝʥʢʠʥʘ-ʂʨʝʩʪʝʥʩʦʥʘ ʤʘʪʨʠʮʘ, ʫʧʦʨʷʜʦʯʝʥʥʘʷ ʧʦ ʂʨʦʥʝʢʝʨʫ 

ɻʇɻ ɻʝʥʝʨʘʪʦʨ ʧʦʣʷ ɻʘʣʫʘ 

ɼʕʌ ɼʠʩʢʨʝʪʥʘʷ ʢɻʩʧʦʥʝʥʮʠʘʣʴʥʘʷ ʬʫʥʢʮʠʷ 

ʂ ʂʦʤʤʫʪʘʪʦʨ 

ʂʣ ʂʣʶʯ 

ʃʈʇ ʃʠʥʝʡʥʘ ̫ʈʝʢʫʨʨʝʥʪʥʘ ̫ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪ ɹ 

ʄʇ ʄ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪ ɹ

ʄʎʄʃʈʇ ʄʘʪʨʠʮʘ-ʮʠʨʢʫʣʷʥʪ ʤʥʦʛʦʧʦʟʠʮʠʦʥʥʳʭ ʃʈʇ 

ʆɹʇʌ ʆʙʨʘʪʥʦʝ ɹr ʩʪʨʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ 

ʆɿʋ ʆʧʝʨʘʪʠʚʥʦʝ ʟʘʧʦʤʠʥʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ 

ʇ ʎʠʢʣʠʯʝʩʢʠʡ ʧʨʝʬʠʢʩ 

ʇɸʂʌ ʇʝʨʠʦʜʠʯʝʩʢʘʷ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ  

ʇɺʂʌ ʇʝʨʠʦʜʠʯʝʩʢʘʷ ʚʟʘʠʤʥʦ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ  

ʇʉʇ ʇʩʝʚʜʦʩʣʫʯʘʡʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ  

ʉʆʄ ʉʠʤʤʝʪʨʠʯʥʳʝ ʆʨʪʦʛʦʥʘʣʴʥʳʝ ʄʘʪʨʠʮʳ  

ʌɸʇʏ  ʌʘʟʦʚʘ ̫ʘʚʪʦʧʦʜʩʪʨʦʡʢʘ ʯʘʩʪʦʪʳ 

ʎɸʂʄ ʎʠʨʢʫʣʷʨʥʘʷ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʤʘʪʨʠʮʘ  

ʎɺʂʄ ʎʠʨʢʫʣʷʨʥʘʷ ʚʟʘʠʤʥʦ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʤʘʪʨʠʮʘ 
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