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ʌʝʜʝʨʘʣʴʥʦʝ ʘʛʝʥʪʩʪʚʦ ʩʚʷʟʠ 
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ʈɸɹʆʊɸ ˉ1 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ  ɼʀʉʂʈɽʊʀɿɸʎʀʀ, 

ʇʈʆʈɽɾʀɺɸʅʀʗ ʀ ʀʅʊɽʈʇʆʃʗʎʀʀ ʉʀɻʅɸʃʆɺ 

 

1. ʎɽʃʔ ʈɸɹʆʊʓ 

 

ʀʟʫʯʝʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʜʠʩʢʨʝʪʠʟʘʮʠʠ, ʧʨʦʨʝʞʠʚʘʥʠʷ ʠ ʠʥʪʝʨʧʦʣʷʮʠʠ ʩʠʛʥʘ-

ʣʦʚ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʦʚ ʥʘ ʚʭʦʜʝ ʠ 

ʚʳʭʦʜʝ ʜʠʩʢʨʝʪʠʟʘʪʦʨʘ. 

 

 2. ʃʀʊɽʈɸʊʋʈɸ 

 

2.1. ʇʨʠʣʦʞʝʥʠʝ ʢ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʝ. 

2.2. ɺ.ɻ.ʀʚʘʥʦʚʘ, ɸ.ʀ.ʊʷʞʝʚ. ʎʠʬʨʦʚʘʷ ʦʙʨʘʙʦʪʢʘ ʩʠʛʥʘʣʦʚ ʠ ʩʠʛʥʘʣʥɹʳʝ 

ʧʨʦʮʝʩʩʦʨʳ, ʉʘʤʘʨʘ, 2008ʛ. 

 

3. ʇʆɼɻʆʊʆɺʂɸ ʂ ʃɸɹʆʈɸʊʆʈʅʆʁ ʈɸɹʆʊɽ 

 

ʀʟʫʯʠʪʝ ʫʢʘʟʘʥʥʫʶ ʚ ʨʘʟʜʝʣʝ 2 ʣʠʪʝʨʘʪʫʨʫ ʠ ʦʪʚʝʪʴʪʝ ʥʘ ʢʦʥʪʨʦʣʴʥʳʝ ʚʦ-

ʧʨʦʩʳ. 

 

4. ʂʆʅʊʈʆʃʔʅʓɽ ɺʆʇʈʆʉʓ 

 

4.1. ʏʪʦ ʪʘʢʦʝ ʜʠʩʢʨʝʪʠʟʘʮʠʷ ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʘ? ʅʘʯʝʨʪʠʪʝ ʚʨʝʤʝʥʥʳʝ 

ʜʠʘʛʨʘʤʤʳ ʩʠʛʥʘʣʦʚ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ ʜʠʩʢʨʝʪʠʟʘʪʦʨʘ. ʅʘʯʝʨʪʠʪʝ ʘʤʧʣʠʪʫʜ-

ʥʳʡ ʩʧʝʢʪʨ ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʢʦʣʝʙʘʥʠʷ ʠ ʩʧʝʢʪʨ ʜʠʩʢʨʝʪʥʦʡ ʩʠʥʫ-

ʩʦʠʜʳ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʯʘʩʪʦʪʘ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʢʦʣʝʙʘʥʠʷ ʤʝʥʴʰʝ ʧʦʣʦʚʠʥʳ 

ʯʘʩʪʦʪʳ ʜʠʩʢʨʝʪʠʟʘʮʠʠ. 

4.2. ʂʘʢ ʦʧʨʝʜʝʣʠʪʴ ʘʤʧʣʠʪʫʜʥʳʡ ʩʧʝʢʪʨ ʥʘ ʚʳʭʦʜʝ ʜʠʩʢʨʝʪʠʟʘʪʦʨʘ, ʝʩʣʠ 
ʩʧʝʢʪʨ ʚʭʦʜʥʦʛʦ ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʘ ʩʦʜʝʨʞʠʪ ʥʝʩʢʦʣʴʢʦ ʩʧʝʢʪʨʘʣʥɹʳʭ ʩʦ-

ʩʪʘʚʣʷʶʱʠʭ? 

4.3. ɺ ʯʝʤ ʩʫʱʥʦʩʪʴ ʵʬʬʝʢʪʘ ʥʘʣʦʞʝʥʠʷ ʩʧʝʢʪʨʦʚ?  ʂʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ 
ʫʤʝʥʴʰʠʪʴ ʦʰʠʙʢʫ ʥʘʣʦʞʝʥʠʷ? 

4.4. ʅʘʯʝʨʪʠʪʝ ʘʤʧʣʠʪʫʜʥʳʡ ʩʧʝʢʪʨ ʜʠʩʢʨʝʪʥʦʡ ʩʠʥʫʩʦʠʜʳ, ʝʩʣʠ ʯʘʩʪʦʪʘ 

ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʢʦʣʝʙʘʥʠʷ ʥʘ ʚʭʦʜʝ ʜʠʩʢʨʝʪʠʟʘʪʦʨʘ ʚʳʰʝ ʯʘʩʪʦ-

ʪʳ ʜʠʩʢʨʝʪʠʟʘʮʠʠ. 

4.5. ʀʟ ʢʘʢʠʭ ʫʩʣʦʚʠʡ ʚʳʙʠʨʘʝʪʩʷ ʯʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ 

ʢʦʣʝʙʘʥʠʷ, ʝʩʣʠ ʨʝʟʫʣʴʪʘʪʦʤ ʧʦʩʣʝʜʫʶʱʝʡ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʜʦʣʞʥʦ ʙʳʪʴ 

ʚʳʜʝʣʝʥʠʝ ʤʦʜʫʣʠʨʫʶʱʝʛʦ ʢʦʣʝʙʘʥʠʷ? 

4.6. ʉ ʢʘʢʦʡ ʮʝʣʴʶ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʦʨʝʞʠʚʘʥʠʝ ʦʪʩʯʝʪʦʚ ʜʠʩʢʨʝʪʥʦʛʦ 

ʩʠʛʥʘʣʘ? ʇʦʷʩʥʠʪʝ ʵʪʦʪ ʧʨʦʮʝʩʩ ʩ ʧʦʤʦʱʴʶ ʚʨʝʤʝʥʥʳʭ ʜʠʘʛʨʘʤʤ. 
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4.7. ʏʪʦ ʪʘʢʦʝ ʠʥʪʝʨʧʦʣʷʮʠʷ ʜʠʩʢʨʝʪʥʦʛʦ ʩʠʛʥʘʣʘ? ʅʘʯʝʨʪʠʪʝ  ʚʨʝʤʝʥʥʳʝ 

ʜʠʘʛʨʘʤʤʳ ʩʠʛʥʘʣʦʚ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ ʠʥʪʝʨʧʦʣʷʪʦʨʘ ʥʫʣʝʚʦʛʦ ʧʦʨʷʜʢʘ.  

4.8. ʅʘʯʝʨʪʠʪʝ ʚʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʩʠʛʥʘʣʦʚ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ ʠʥʪʝʨʧʦ-

ʣʷʪʦʨʘ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ (ʣʠʥʝʡʥʦʛʦ ʠʥʪʝʨʧʦʣʷʪʦʨʘ).  

4.9. ʇʦʷʩʥʠʪʝ ʩʫʱʥʦʩʪʴ ʘʣʛʦʨʠʪʤʘ ʧʨʦʨʝʞʠʚʘʥʠʷ, ʦʙʨʘʙʦʪʢʠ ʠ ʠʥʪʝʨʧʦʣ̫-

ʮʠʠ ʜʠʩʢʨʝʪʥʦʛʦ ʩʠʛʥʘʣʘ. 

 

5. ʉʆɼɽʈɾɸʅʀɽ ʈɸɹʆʊʓ 

 

5.1. ʉʬʦʨʤʠʨʫʡʪʝ ʘʥʘʣʦʛʦʚʳʡ ʩʠʛʥʘʣ ʚ ʚʠʜʝ ʩʣʫʯʘʡʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʥɹʦʩʪʠ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʦʩʳʣʦʢ (ʨʠʩʫʥʦʢ 1), ʛʜʝ i ï ʧʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ ʨʘʩʯʝʪʥʦʡ ʪʦʯʢʠ. 

ʊʝʢʫʱʝʝ ʚʨʝʤʷ t ʩʚʷʟʘʥʦ ʩ ʧʦʨʷʜʢʦʚʳʤ ʥʦʤʝʨʦʤ ʨʘʩʯʝʪʥʦʡ ʪʦʯʢʠ i ʠ ʚʨʝʤʝʥ-

ʥʳʤ ʠʥʪʝʨʚʘʣʦʤ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʪʦʯʢʘʤʠ ȹi ʩʦʦʪʥʦʰʝʥʠʝʤ    t = i ȹt.  
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ʈʠʩʫʥʦʢ 1 ï ʉʣʫʯʘʡʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

        ɻ ʣʝʤʝʥʪʘʨʥʳʭ ʧʦʩʳʣʦʢ 

 

ʄʠʥʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʩʠʛʥʘʣʘ xi  ʨʘʚʝʥ ʥʫʣʶ, ʤʘʢʩʠʤʘʣʴʥʳʡ ï Xmax, ʢʦʣʠ-

ʯʝʩʪʚʦ ʨʘʩʯʝʪʥʳʭ ʪʦʯʝʢ ʚ ʦʜʥʦʡ ʵʣʝʤʝʥʪʘʨʥʦʡ ʧʦʩʳʣʢʝ ʨʘʚʥʦ iv, ʤʘʢʩʠʤʘʣʴʥʳʡ 

ʥʦʤʝʨ ʨʘʩʯʝʪʥʦʡ ʪʦʯʢʠ ʨʘʚʝʥ imax. ɿʥʘʯʝʥʠʷ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙ-

ʣʠʮʝ 1. 

ʇʨʦʥʘʙʣʶʜʘʡʪʝ ʘʤʧʣʠʪʫʜʥʳʡ ʩʧʝʢʪʨ ʵʪʦʛʦ ʩʠʛʥʘʣʘ. 

5.2. ɺʳʧʦʣʥʠʪʝ ʜʠʩʢʨʝʪʠʟʘʮʠʶ ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʠʛʥʘʣʘ, ʧʨʠʥʷʚ, ʯʪʦ ʢʦ-

ʣʠʯʝʩʪʚʦ ʨʘʩʯʝʪʥʳʭ ʪʦʯʝʢ ʚ ʠʥʪʝʨʚʘʣʝ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʨʘʚʥʦ id. ɿʥʘʯʝʥʠʝ id 

ʚʦʟʴʤʠʪʝ ʠʟ ʪʘʙʣʠʮʳ 1. ʆʧʨʝʜʝʣʠʪʝ ʩʧʝʢʪʨ ʜʠʩʢʨʝʪʥʦʛʦ ʩʠʛʥʘʣʘ. ʆʙʨʘʪʠʪʝ ʚʥʠ-

ʤʘʥʠʝ ʥʘ ʵʬʬʝʢʪ ʨʘʟʤʥʦʞʝʥʠʷ ʩʧʝʢʪʨʘ. ʇʦʚʪʦʨʠʪʝ ʵʢʩʧʝʨʠʤʝʥʪ ʧʨʠ id ʚ ʜʚʘ 

ʨʘʟʘ ʙʦʣʴʰʝʤ, ʯʝʤ ʚ ʪʘʙʣʠʮʝ 1. ʇʨʦʥʘʙʣʶʜʘʡʪʝ ʵʬʬʝʢʪ ʥʘʣʦʞʝʥʠʷ ʩʧʝʢʪʨʦʚ. 

5.3. ɺʦʩʩʪʘʥʦʚʠʪʝ ʘʥʘʣʦʛʦʚʳʡ ʩʠʛʥʘʣ ʠʟ ʜʠʩʢʨʝʪʥʦʛʦ ʩʠʛʥʘʣʘ, ʩʬʦʨʤʠʨʦ-

ʚʘʥʥʦʛʦ ʚ ʧ.5.2, ʧʨʠ ʜʚʫʭ ʟʥʘʯʝʥʠʷʭ id ʠ ʩʨʘʚʥʠʪʝ ʚʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʚʦʩ-
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ʩʪʘʥʦʚʣʝʥʥʦʛʦ ʩʠʛʥʘʣʘ ʩ ʚʨʝʤʝʥʥʦʡ ʜʠʘʛʨʘʤʤʦʡ ʠʩʭʦʜʥʦʛʦ ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘ-

ʣʘ. 

                                                                          ʊʘʙʣʠʮʘ 1 

ʅʦʤʝʨ 

ʙʨʠʛʘʜʳ 

ɿʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

imax Xmax iv id 

1 4095 1 96 16 

2 2047 2 48 8 

3 8191 3 160 32 

4 8191 4 192 32 

5 2047 5 40 8 

6 4095 6 80 16 

 

5.4. ʉʬʦʨʤʠʨʫʡʪʝ ʘʤʧʣʠʪʫʜʥʦ-ʤʦʜʫʣʠʨʦʚʘʥʥʳʡ ʘʥʘʣʦʛʦʚʳʡ ʩʠʛʥʘʣ, ʠʩ-

ʧʦʣʴʟʫʷ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʫʣʠʨʫʶʱʝʛʦ ʩʠʛʥʘʣʘ xi, ʧʦʣʫʯʝʥʥʳʡ ʚ ʧ.5.1, 

0i i

0

i
x x cos 2

i , 

ʛʜʝ i0 ï ʩʨʝʜʥʝʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʯʝʪʥʳʭ ʪʦʯʝʢ ʚ ʧʝʨʠʦʜʝ ʥʝʩʫʱʝʡ. ɿʥʘʯʝʥʠʝ i0 ʚ 

ʚʠʜʝ ʥʝʧʨʘʚʠʣʴʥʦʡ ʜʨʦʙʠ ʧʨʠʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʝ 2.  

ɼʨʦʙʥʦʝ ʟʥʘʯʝʥʠʝ i0 ʦʟʥʘʯʘʝʪ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʯʝʪʥʳʭ ʪʦʯʝʢ ʚ ʨʘʟʥʳʭ ʧʝ-

ʨʠʦʜʘʭ ʥʝʩʫʱʝʡ ʨʘʟʣʠʯʥʦ. ʅʘʧʨʠʤʝʨ, i0=32/13 ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ 13 ʧʨʠʤʳʢʘʶʱʠʭ 

ʜʨʫʛ ʢ ʜʨʫʛʫ ʧʝʨʠʦʜʘʭ ʥʝʩʫʱʝʡ ʩʦʜʝʨʞʠʪʩʷ 32 ʨʘʩʯʝʪʥʳʭ ʪʦʯʢʠ.  

ʆʧʨʝʜʝʣʠʪʝ ʩʧʝʢʪʨ ʵʪʦʛʦ ʩʠʛʥʘʣʘ. 

5.5. ɺʳʧʦʣʥʠʪʝ ʜʠʩʢʨʝʪʠʟʘʮʠʶ ʘʥʘʣʦʛʦʚʦʛʦ ɸʄ ʩʠʛʥʘʣʘ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ 

ʚ ʧ.5.4 ʧʨʠ ʟʥʘʯʝʥʠʠ id, ʫʢʘʟʘʥʥʦʤ ʚ ʪʘʙʣʠʮʝ 2. ʆʧʨʝʜʝʣʠʪʝ ʩʧʝʢʪʨ   ʜʠʩʢʨʝʪʥʦʛʦ 

ɸʄ ʩʠʛʥʘʣʘ. 
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ʅʦʤʝʨ 

ʙʨʠʛʘʜʳ 

ɿʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

imax i0 id 

1 4095 32/13 8 

2 2047 16/7 4 

3 8191 64/15 16 
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4 8191 54/17 16 

5 2047 16/5 4 

6 4095 32/11 8 

 

5.6. ɺʦʩʩʪʘʥʦʚʠʪʝ ʘʥʘʣʦʛʦʚʳʡ ɸʄ ʩʠʛʥʘʣ ʠʟ ʜʠʩʢʨʝʪʥʦʛʦ, ʧʦʣʫʯʝʥʥʦʛʦ ʚ 

ʧ.5.4, ʧʫʪʝʤ ʦʛʨʘʥʠʯʝʥʠʷ ʩʧʝʢʪʨʘ ʜʠʩʢʨʝʪʥʦʛʦ ʩʠʛʥʘʣʘ. ʋʙʝʜʠʪʝʩʴ ʚ ʪʦʤ, ʯʪʦ 

ʠʟʤʝʥʠʣʘʩʴ ʯʘʩʪʦʪʘ ʥʝʩʫʱʝʡ ʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʢʦʣʝʙʘʥʠʷ, ʥʦ ʩʦʭʨʘʥʠʣʩʷ ʟʘʢʦʥ 

ʤʦʜʫʣʷʮʠʠ. ɺʳʷʩʥʠʪʝ ʚʣʠʷʥʠʝ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ ʥʝʩʫʱʝʡ ʥʘ ʩʧʝʢʪʨ ʜʠʩʢʨʝʪ-

ʥʦʛʦ ʩʠʛʥʘʣʘ ʠ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʡ ʘʥʘʣʦʛʦʚʳʡ ʩʠʛʥʘʣ. ʕʢʩʧʝʨʠʤʝʥʪ ʥʫʞʥʦ 

ʚʳʧʦʣʥʠʪʴ ʧʨʠ ʪʨʝʭ ʟʥʘʯʝʥʠʷʭ ʧʝʨʠʦʜʘ ʥʝʩʫɦ ʝʡ: i0, 1.05 i0, 0.95 i0. 

5.7. ʈʘʟʨʘʙʦʪʘʡʪʝ ʧʨʦʛʨʘʤʤʫ ʠ ʚʳʧʦʣʥʠʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʧʨʦ-

ʨʝʞʠʚʘʥʠʷ ʜʠʩʢʨʝʪʥʦʛʦ ʩʠʛʥʘʣʘ, ʝʛʦ ʦʙʨʘʙʦʪʢʠ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʠʥʪʝʨʧʦʣʷʮʠʠ 

ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʟʥʘʯʝʥʠʷʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʨʦʨʝʞʠʚʘʥʠʷ ʠ ʠʥʪʝʨʧʦʣʷʮʠʠ M0. 

ʅʘ ʚʭʦʜʝ ʧʨʦʨʝʞʠʚʘʪʝʣʷ ʜʝʡʩʪʚʫʝʪ ʜʠʩʢʨʝʪʥʳʡ ʩʠʛʥʘʣ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʫʤʤʫ 

ʧʦʣʝʟʥʦʛʦ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʩʠʛʥʘʣʘ ʩ ʯʘʩʪʦʪʦʡ Fʩ  ʠ ʩʠʥʫʩʦʠʜʘʣʴʥʦʡ ʧʦʤʝʭʠ ʩ 

ʯʘʩʪʦʪʦʡ Fʇ.  ɸʤʧʣʠʪʫʜʳ ʩʠʛʥʘʣʘ ʠ ʧʦʤʝʭʠ ʦʜʠʥʘʢʦʚʳ. ʏʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ 

ʜʦ ʧʨʦʨʝʞʠʚʘʥʠʷ Fɼ.  ɿʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʠʛʥʘʣʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʨʝʞʠ-

ʚʘʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 3. 
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ʅʦʤʝʨ 

ʙʨʠʛʘʜʳ 

ɿʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

Fc, ʢɻʮ Fʧ, ʢɻʮ Fd, ʢɻʮ M0 

1 1,0 3,0 40 4 

2 0,5 1,5 20 4 

3 0,5 2,0 20 4 

4 1,0 3,0 30 3 

5 0,5 1,5 15 3 

6 1,0 3,5 33 3 

 

ʇʦʩʣʝ ʧʨʦʨʝʞʠʚʘʥʠʷ ʩʣʝʜʫʝʪ ʚʳʧʦʣʥʠʪʴ ʬʠʣʴʪʨʘʮʠʶ ʩʠʛʥʘʣʘ ʩ ʧʦʩʣʝʜʫʁ-

ʱʝʡ ʠʥʪʝʨʧʦʣʷʮʠʝʡ ʩʥʘʯʘʣʘ ʥʫʣʝʚʦʛʦ, ʘ ʟʘʪʝʤ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ. 
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6. ʉʆɼɽʈɾɸʅʀɽ ʆʊʏɽʊɸ 

 

ʆʪʯʝʪ ʜʦʣʞʝʥ ʩʦʜʝʨʞʘʪʴ: 

6.1. ʇʨʦʛʨʘʤʤʫ ʠ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʚʠʜʝ ʚʨʝʤʝʥʥʳʭ ʠ ʩʧʝʢ-

ʪʨʘʣʴʥʳʭ ʜʠʘʛʨʘʤʤ ʧʦ ʧ.5.1..5.7 ʩʦʜʝʨʞʘʥʠʷ ʨʘʙʦʪʳ. 

6.2. ʂʨʘʪʢʠʝ ʚʳʚʦʜʳ ʧʦ ʨʘʙʦʪʝ. 

 

7. ʄɽʊʆɼʀʏɽʉʂʀɽ ʋʂɸɿɸʅʀʗ 

    ʇʆ ɺʓʇʆʃʅɽʅʀʖ  ʈɸɹʆʊʓ 

 

7.1. ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧ.5.1 ʚʦʩʧʦʣʴʟʫʡʪʝʩʴ ʧʨʦʛʨʘʤʤʥʳʤ ʧʨʦʜʫʢʪʦʤ Math-

cad. ɺʚʝʜʠʪʝ ʟʥʘʯʝʥʠʷ imax, Xmax ʠ iv ʠʟ ʪʘʙʣʠʮʳ 1 ʠ ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ ʧʦʨʷʜ-

ʢʦʚʦʛʦ ʥʦʤʝʨʘ ʦʪʩʯʝʪʘ  

i 0 i max 
ʉʬʦʨʤʠʨʫʡʪʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʝʜʠʥʠʯʥʳʭ ʦʪʩʯʝʪʦʚ ʥʘ ʛʨʘʥʠʮʘʭ ʵʣʝʤʝʥ-

ʪʘʨʥʳʭ ʧʦʩʣrʦʢ 

Ii if
i

i v

floor
i

i v

0 1 0

 
ʀʩʧʦʣʴʟʫʝʤʘʷ ʚ ʧʦʩʣʝʜʥʝʤ ʩʦʦʪʥʦʰʝʥʠʠ ʬʫʥʢʮʠʷ floor(x) ʦʧʨʝʜʝʣʷʝʪ ʥʘʠ-

ʙʦʣʴʰʝʝ ʮʝʣʦʝ ʯʠʩʣʦ, ʤʝʥʴʰʝʝ ʠʣʠ ʨʘʚʥʦʝ x. 

ɺʩʪʘʚʴʪʝ ʛʨʘʬʠʢ ʵʪʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʫʢʘʟʘʚ ʥʘ ʦʩʠ ʘʙʩʮʠʩʩ i, ʘ ʥʘ ʦʩʠ 

ʦʨʜʠʥʘʪ Ii. ɽʜʠʥʠʯʥʳʝ ʦʪʩʯʝʪʳ ʥʫʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʦʪʨʝʟʢʘʤʠ 

ʧʨʷʤʳʭ ʣʠʥʠʡ (Format, Traces Type, stem, Symbol, none). 

ɺʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʬʫʥʢʮʠʝʡ rnd(1), ʢʦʪʦʨʘʷ ʚʦʟʚʨʘʱʘʝʪ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩ-

ʧʨʝʜʝʣʝʥʥʦʝ ʩʣʫʯʘʡʥʦʝ ʯʠʩʣʦ ʤʝʞʜʫ 0 ʠ 1, ʧʦʣʫʯʠʪʝ ʩʣʫʯʘʡʥʫʶ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦʩʪʴ ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʦʩʳʣʦʢ 

x
0

0 
 

 

i 0 imax
 
 

 

x
i

if I
i

1 if rnd 1( ) 0.5 0 Xmax x
i 1

 
 

 

ʇʦʩʪʨʦʡʪʝ ʚʨʝʤʝʥʥʫʶ ʜʠʘʛʨʘʤʤʫ ʩʠʛʥʘʣʘ xi. 

ʆʧʨʝʜʝʣʠʪʝ ʤʘʩʩʠʚ ʦʪʩʯʝʪʦʚ ʩʧʝʢʪʨʘ ʵʪʦʛʦ ʩʠʛʥʘʣʘ, ʠʩʧʦʣʴʟʫʷ ʬʫʥʢʮʠʶ 

ʙʳʩʪʨʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ 

S FFT x( )
 

ɿʘʜʘʡʪʝ ʜʠʘʧʘʟʦʥ ʧʦʨʷʜʢʦʚʦʛʦ ʥʦʤʝʨʘ ʦʪʩʯʝʪʘ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʘ 
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k 0
i max 1

2  
ʇʨʦʥʘʙʣʶʜʘʡʪʝ ʘʤʧʣʠʪʫʜʥʳʡ ʩʧʝʢʪʨ. ɼʣʷ ʵʪʦʛʦ ʚʚʝʜʠʪʝ ʛʨʘʬʠʢ, ʦʪʣʦʞʠʚ 

ʧʦ ʦʩʠ ʘʙʩʮʠʩʩ k, ʘ ʧʦ ʦʩʠ ʦʨʜʠʥʘʪ kS . ɽʩʣʠ ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʦʝ ʫʤʝʥʴʰʝʥʠʝ 

ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ k, ʪʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ k ʮʝʣʝ-

ʩʦʦʙʨʘʟʥʦ ʫʤʝʥʴʰʠʪʴ ʜʣʷ ʜʝʪʘʣʴʥʦʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ ʩʧʝʢʪʨʘ. 

7.2. ɼʣʷ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʘ ʚʚʝʜʠʪʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʯʝʪʥʳʭ 

ʪʦʯʝʢ ʚ ʠʥʪʝʨʚʘʣʝ ʜʠʩʢʨʝʪʠʟʘʮʠʠ id ʠʟ ʪʘʙʣʠʮʳ 1 ʠ ʩʬʦʨʤʠʨʫʡʪʝ ʚʩʧʦʤʦʛʘʪʝʣʴ-

ʥʳʡ ʩʠʛʥʘʣ ʚ ʚʠʜʝ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʝʜʠʥʠʯʥʳʭ ʦʪʩʯʝʪʦʚ. 

ʇʝʨʠʦʜ ʵʪʦʛʦ ʩʠʛʥʘʣʘ ʜʦʣʞʝʥ ʙʳʪʴ ʨʘʚʝʥ ʠʥʪʝʨʚʘʣʫ ʜʠʩʢʨʝʪʠʟʘʮʠʠ. 

i 0 imax ui if
i

id

floor
i

id

0 1 0

 
ʇʨʦʥʘʙʣʶʜʘʡʪʝ ʚʨʝʤʝʥʥʫʶ ʜʠʘʛʨʘʤʤʫ ʵʪʦʛʦ ʩʠʛʥʘʣʘ.  

ɺʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʜʠʩʢʨʝʪʠʟʘʪʦʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ 

x d
i

xi ui

0 500 1000 1500 2000
0

5
xd

i

xi

i

 
ʇʨʠʚʝʜʠʪʝ ʚʨʝʤʝʥʥʫʶ ʜʠʘʛʨʘʤʤʫ ʜʠʩʢʨʝʪʥʦʛʦ ʩʠʛʥʘʣʘ, ʧʦʩʪʨʦʠʚ ʛʨʘʬʠʢ ʚ 

ʚʠʜʝ ʚʝʨʪʠʢʘʣʴʥʳʭ ʦʪʨʝʟʢʦʚ ʧʨʷʤʳʭ ʣʠʥʠʡ. 

ʆʧʨʝʜʝʣʠʪʝ ʤʘʩʩʠʚ ʦʪʩʯʝʪʦʚ ʩʧʝʢʪʨʘ ʜʠʩʢʨʝʪʥʦʛʦ ʩʠʛʥʘʣʘ 

0 500 1000 1500 2000
0

5
xd

i

xi

i

k 0
imax 1

2
Sd FFT xd

 
ʇʦʩʪʨʦʡʪʝ ʛʨʘʬʠʢ ʘʤʧʣʠʪʫʜʥʦʛʦ ʩʧʝʢʪʨʘ ʜʠʩʢʨʝʪʥʦʛʦ ʩʠʛʥʘʣʘ ï ʟʘʚʠʩʠ-

ʤʦʩʪʴ .kʦʪS kd . ʋʙʝʜʠʪʝʩʴ ʚ ʪʦʤ, ʯʪʦ ʠʤʝʝʪ ʤʝʩʪʦ ʵʬʬʝʢʪ ʨʘʟʤʥʦʞʝʥʠʷ 

ʩʧʝʢʪʨʘ ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʘ.  

7.3. ɼʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʘ ʠʟ ʜʠʩʢʨʝʪʥʦʛʦ ʥʫʞʥʦ ʠʟ 

ʩʧʝʢʪʨʘ ʜʠʩʢʨʝʪʥʦʛʦ ʩʠʛʥʘʣʘ ʚʳʜʝʣʠʪʴ ʩʦʩʪʘʚʣʷʶʱʠʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʘʥʘʣʦ-

ʛʦʚʦʤʫ ʩʠʛʥʘʣʫ. ʉʥʘʯʘʣʘ ʦʧʨʝʜʝʣʠʪʝ ʟʥʘʯʝʥʠʝ k, ʥʘʭʦʜʷʱʝʝʩʷ ʚ ʩʝʨʝʜʠʥʝ ʠʥ-

ʪʝʨʚʘʣʘ ʤʝʞʜʫ ʧʝʨʚʳʤ ʠ ʚʪʦʨʳʤ ʩʛʫʩʪʢʘʤʠ ʩʧʝʢʪʨʘ ʜʠʩʢʨʝʪʥʦʛʦ ʩʠʛʥʘʣʘ k1, ʘ 

ʟʘʪʝʤ ʚʚʝʜʠʪʝ ʩʣʝʜʫʶʱʠʝ ʩʦʦʪʥʦʰʝʥʠʷ 

k 0 k1 S0
k

Sd
k  

k k1 1
imax 1

2
S0

k
0
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ɺʦʩʧʦʣʴʟʫʡʪʝʩʴ ʬʫʥʢʮʠʝʡ ʦʙʨʘʪʥʦʛʦ ʙʳʩʪʨʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʩʠʛʥʘʣʘ ʢʘʢ ʬʫʥʢʮʠʠ ʚʨʝʤʝʥʠ 

x 0 IFFT S0
 

ʇʦʩʪʨʦʡʪʝ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ x0i ʦʪ i. ʈʷʜʦʤ ʩ ʥʠʤ ʧʨʠʚʝʜʠʪʝ ʨʘʥʝʝ ʧʦʣʫ-

ʯʝʥʥʳʡ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʠʩʭʦʜʥʦʛʦ ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʘ ʦʪ ʚʨʝʤʝʥʠ xi. 

ʋʙʝʜʠʪʝʩʴ ʚ ʪʦʤ, ʯʪʦ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʡ ʩʠʛʥʘʣ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʠʩʭʦʜʥʦʛʦ ʘʥʘʣʦ-

ʛʦʚʦʛʦ ʩʠʛʥʘʣʘ ʠʟ-ʟʘ ʵʬʬʝʢʪʦʚ ʦʛʨʘʥʠʯʝʥʠʷ ʠ ʥʘʣʦʞʝʥʠʷ ʩʛʫʩʪʢʦʚ ʩʧʝʢʪʨʘ ʜʠʩ-

ʢʨʝʪʥʦʛʦ ʩʠʛʥʘʣʘ.  

ʇʦʚʪʦʨʠʪʝ ʵʢʩʧʝʨʠʤʝʥʪ ʧʨʠ ʚ 2 ʨʘʟʘ ʙʦʣʴʰʝʤ ʟʥʘʯʝʥʠʠ id. ʋʙʝʜʠʪʝʩʴ ʚ ʪʦʤ, 

ʯʪʦ ʠʩʢʘʞʝʥʠʷ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʩʠʛʥʘʣʘ ʩʪʘʣʠ ʙʦʣʴʰʝ. 

7.4. ɺʚʝʜʠʪʝ ʟʥʘʯʝʥʠʝ i0  (ʪʘʙʣʠʮʘ 2) ʠ ʩʬʦʨʤʠʨʫʡʪʝ ʘʤʧʣʠʪʫʜʥʦ-

ʤʦʜʫʣʠʨʦʚʘʥʥʳʡ ʩʠʛʥʘʣ, ʠʩʧʦʣʴʟʫʷ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʫʣʠʨʫʶʱʝʛʦ ʩʠʛʥʘʣ xi 

i 0 imax
 
 

x0
i

x
i
sin 2

i

i0

 

 
ʇʨʠʚʝʜʠʪʝ ʚʨʝʤʝʥʥʫʶ ʜʠʘʛʨʘʤʤʫ ʵʪʦʛʦ ʩʠʛʥʘʣʘ. 

ʆʧʨʝʜʝʣʠʪʝ ʩʧʝʢʪʨ ɸʄ ʩʠʛʥʘʣʘ 

S0 FFT x0( )
 

ɿʘʜʘʡʪʝ 

k 0
i max 1

2 . 

ʇʨʠʚʝʜʠʪʝ ʛʨʘʬʠʢ ʘʤʧʣʠʪʫʜʥʦʛʦ ʩʧʝʢʪʨʘ ɸʄ - ʩʠʛʥʘʣʘ - ʟʘʚʠʩʠʤʦʩʪʴ 

kS0  ʦʪ k. 

7.5. ɺʚʝʜʠʪʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʯʝʪʥʳʭ ʪʦʯʝʢ ʚ ʠʥʪʝʨʚʘʣʝ ʜʠʩʢʨʝʪʠʟʘʮʠʠ id ʠʟ 

ʪʘʙʣʠʮʳ 2. 

ʉʬʦʨʤʠʨʫʡʪʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʝʜʠʥʠʯʥʳʭ ʦʪʩʯʝʪʦʚ 

ui if
i

i d

floor
i

i d

0 1 0

 
ʇʦʣʫʯʠʪʝ ʜʠʩʢʨʝʪʥʳʡ ɸʄ ʩʠʛʥʘʣ 

x0 d
i

ui x0i
 

ʇʦʩʪʨʦʡʪʝ ʚʨʝʤʝʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʵʪʦʛʦ ʩʠʛʥʘʣʘ ʚ ʚʠʜʝ ʚʝʨʪʠʢʘʣʴʥʳʭ ʦʪ-

ʨʝʟʢʦʚ ʧʨʤ̫ʳʭ ʣʠʥʠʡ.  

ʆʧʨʝʜʝʣʠʪʝ ʩʧʝʢʪʨ ʜʠʩʢʨʝʪʥʦʛʦ ʩʠʛʥʘʣʘ 



 

10 

 

S0d FFT x0 d
 

ɿʘʜʘʡʪʝ 

k 0
i max 1

2
. 

ʇʦʩʪʨʦʡʪʝ ʛʨʘʬʠʢ ʘʤʧʣʠʪʫʜʥʦʛʦ ʩʧʝʢʪʨʘ ʜʠʩʢʨʝʪʥʦʛʦ ɸʄ ʩʠʛʥʘʣʘ  - ʟʘʚʠ-

ʩʠʤʦʩʪʴ  k.ʦʪS0 kd  

ʋʙʝʜʠʪʝʩʴ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʟʘʜʘʥʥʦʤ ʧʝʨʠʦʜʝ ʥʝʩʫʱʝʡ ʩʛʫʩʪʢʠ ʩʧʝʢʪʨʘ ʩʠʛ-

ʥʘʣʘ ʨʘʩʧʦʣʦʞʝʥʳ ʨʘʚʥʦʤʝʨʥʦ ʚʜʦʣʴ ʦʩʠ ʯʘʩʪʦʪ. 

7.6. ɼʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʘʥʘʣʦʛʦʚʦʛʦ ɸʄ ʩʠʛʥʘʣʘ ʠʟ ʜʠʩʢʨʝʪʥʦʛʦ ʩʥʘʯʘʣʘ 

ʦʧʨʝʜʝʣʠʪʝ ʟʥʘʯʝʥʠʷ k, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ  ʩʧʝʢʪʨʘʣʴʥʳʤ ʩʦʩʪʘʚʣʷʶɦ ʠʤ ʥʝʩʫ-

ʱʝʡ ʚ ʧʝʨʚʦʤ ʠ ʚʪʦʨʦʤ ʩʛʫʩʪʢʘʭ ʩʧʝʢʪʨʘ,  ʥʘʡʜʠʪʝ ʩʨʝʜʥʝʝ ʵʪʠʭ ʜʚʫʭ ʟʥʘʯʝʥʠʡ 

ʠ ʧʨʠʩʚʦʡʪʝ ʝʛʦ ʢʦʥʩʪʘʥʪʝ k1. ɿʥʘʯʝʥʠʝ k1 ʚʚʝʜʠʪʝ ʚ ʧʨʦʛʨʘʤʤʫ.  

ɿʘʧʠʰʠʪʝ ʩʣʝʜʫʶʱʠʝ ʩʦʦʪʥʦʰʝʥʠʷ 

k 0 k1 S0k S0d
k

 

k k1 1
imax 1

2
S0k 0

 
ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʩʧʝʢʪʨ, ʩʦʜʝʨʞʘʱʠʡ ʪʦʣʴʢʦ ʧʝʨʚʳʡ ʩʛʫʩʪʦʢ ʩʧʝʢ-

ʪʨʘ ʜʠʩʢʨʝʪʥʦʛʦ ʩʠʛʥʘʣʘ. 

ʇʦ ʩʧʝʢʪʨʫ ʧʦʣʫʯʠʪʝ ʩʠʛʥʘʣ ʢʘʢ ʬʫʥʢʮʠʶ ʚʨʝʤʝʥʠ 

x0 IFFT S0( )
 

ɺʩʪʘʚʴʪʝ ʛʨʘʬʠʢ ʧʦʣʫʯʝʥʥʦʛʦ ʩʠʛʥʘʣʘ x0i ʠ ʩʨʘʚʥʠʪʝ ʝʛʦ ʩ ʠʩʭʦʜʥʳʤ ʘʥʘʣʦ-

ʛʦʚʳʤ ɸʄ ʩʠʛʥʘʣʦʤ. ʆʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʯʘʩʪʦʪʘ ʥʝʩʫʱʝʡ ʩʥʠʟʠʣʘʩʴ, 

ʘ ʟʘʢʦʥ ʤʦʜʫʣʷʮʠʠ ʦʩʪʘʣʩʷ ʥʝʠʟʤʝʥʥʳʤ.  

ʉʨʘʚʥʠʪʝ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʡ ʩʠʛʥʘʣ ʩ ʤʦʜʫʣʠʨʫʶʱʠʤ ʩʠʛʥʘʣʦʤ ʧʨʠ ʪʨʝʭ 

ʟʥʘʯʝʥʠʷʭ ʧʝʨʠʦʜʘ ʥʝʩʫʱʝʡ: i0, 1.05 i0, 0.95 i0.  

ʋʙʝʜʠʪʝʩʴ ʪʘʢʞʝ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʜʚʫʭ ʥʦʚʳʭ ʟʥʘʯʝʥʠʷʭ ʧʝʨʠʦʜʘ ʥʝʩʫɦ ʝʡ 

ʩʛʫʩʪʢʠ ʩʧʝʢʪʨʦʚ ʜʠʩʢʨʝʪʥʦʛʦ ʩʠʛʥʘʣʘ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚʜʦʣʴ ʦʩʠ ʯʘʩʪʦʪ ʥʝʨʘʚ-

ʥʦʤʝʨʥʦ, ʯʪʦ ʫʩʠʣʠʚʘʝʪ ʵʬʬʝʢʪ ʥʘʣʦʞʝʥʠʷ ʩʧʝʢʪʨʦʚ. 

7.7. ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʛʨʘʤʤʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʧʨʦʨʝʞʠʚʘʥʠʷ, 

ʦʙʨʘʙʦʪʢʠ ʠ ʠʥʪʝʨʧʦʣʷʮʠʠ ʜʠʩʢʨʝʪʥʳʭ ʩʠʛʥʘʣʦʚ ʚʦʩʧʦʣʴʟʫʡʪʝʩʴ ʙʣʦʢ-ʩʭʝʤʦʡ 

ʘʣʛʦʨʠʪʤʘ, ʧʨʠʚʝʜʝʥʥʦʡ ʚ ʇʨʠʣʦʞʝʥʠʠ ʢ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʝ ˉ1, (ʨʠʩʫʥʦʢ 

ʇ.15).  ʆʧʝʨʘʮʠʠ, ʫʢʘʟʘʥʥʳʝ ʚ ʙʣʦʢʘʭ 1-12, ʜʦʣʞʥʳ ʚʳʧʦʣʥʷʪʴʩʷ ʚʥʫʪʨʠ ʮʠʢʣʘ  

ʧʦ ʧʦʨʷʜʢʦʚʦʤʫ  ʥʦʤʝʨʫ ʦʪʩʯʝʪʘ ʚʭʦʜʥʦʛʦ ʜʠʩʢʨʝʪʥʦʛʦ ʩʠʛʥʘʣʘ. ɺ ʜʘʥʥʦʤ ʵʢʩ-
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ʧʝʨʠʤʝʥʪʝ ʦʙʨʘʙʦʪʢʘ ʩʠʛʥʘʣʘ ʩʦʩʪʦʠʪ ʚ ʝʛʦ ʬʠʣʴʪʨʘʮʠʠ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ 

ʨʘʩʩʯʠʪʘʪʴ ʮʠʬʨʦʚʦʡ ʌʅʏ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʡ ʩʣʝʜʫʶʱʠʤ ʪʨʝʙʦʚʘʥʠʷʤ: 

 ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʷʤʦʫʛʦʣʴʥʦʩʪʠ  Fʇ / F c , 

 ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ɸʏʍ ʚ ʧʦʣʦʩʝ ʧʨʦʧʫʩʢʘʥʠʷ  ʥʝ ʙʦʣʝʝ 3 ʜɹ, 

 ʦʩʣʘʙʣʝʥʠʝ ʚ ʧʦʣʦʩʝ ʟʘʜʝʨʞʠʚʘʥʠʷ ʥʝ ʤʝʥʝʝ 30 ʜɹ, 

 ʯʘʩʪʦʪʘ ʩʨʝʟʘ ʬʠʣʴʪʨʘ (ʛʨʘʥʠʯʥʘʷ ʯʘʩʪʦʪʘ) ʨʘʚʥʘ F c  , 

 ʯʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ  F ɼ  / M  0 . 

 

ʈʘʩʯʝʪ  ʥʫʞʥʦ ʚʳʧʦʣʥʠʪʴ ʧʦ ʧʨʦʛʨʘʤʤʝ ʩʠʥʪʝʟʘ ʨʝʢʫʨʩʠʚʥʳʭ ʮʠʬʨʦʚʳʭ 

ʬʠʣʴʪʨʦʚ FILTRD.  ʈʝʟʫʣʴʪʘʪ ʨʘʩʯʝʪʘ - ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʠʩʪʝʤʥʦʡ ʬʫʥʢʮʠʠ 

ʬʠʣʴʪʨʘ  A1L,  A2L,  B1L, B2L  ʠ ʤʘʩʰʪʘʙʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʥʘ ʚʭʦʜʝ ʟʚʝʥʘ ML ʠ 

ʥʘ ʚʳʭʦʜʝ ʬʠʣʴʪʨʘ, L - ʥʦʤʝʨ ʟʚʝʥʘ. ɿʚʝʥʴʷ ʬʠʣʴʪʨʘ ʚʢʣʶʯʝʥʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴ-

ʥʦ.   ʊʠʧʦʚʦʝ ʟʚʝʥʦ ʬʠʣʴʪʨʘ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

  

 

 

  

 

 

 

 

 

 

 

 

ɺ1L 

 

 

 

ɺ2L 

 

 

 

u2L 

u1L

-1 

ML u0L yf L 
xf L 

-A1L 

 

 

-A2L 

 

 

 

  z 
-1

 

 

  z
-1

 

 
                    ʈʠʩʫʥʦʢ 2 ï ɿʚʝʥʦ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ 

 

ʀʟ ʩʭʝʤʳ ʩʣʝʜʫʝʪ, ʯʪʦ 

LL L f L L L Lu0 M x A1 u1 A2 u2  

LLLLLf 2u2B1u1B0uy
L  

ɿʘʪʝʤ ʚʳʧʦʣʥʷʝʪʩʷ ʩʜʚʠʛ ʚ ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ 

LL 1u2u     LL 0u1u  

 

ɽʩʣʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʘ ʦʢʘʞʝʪʩʷ, ʯʪʦ ʬʠʣʴʪʨ ʩʦʜʝʨʞʠʪ ʙʦʣʝʝ ʦʜʥʦʛʦ ʟʚʝ-

ʥʘ, ʪʦ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʬʠʣʴʪʨʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʮʠʢʣ ʧʦ ʧʦʨʷʜ-

ʢʦʚʦʤʫ ʥʦʤʝʨʫ ʟʚʝʥʘ L. ɽʩʣʠ ʬʠʣʴʪʨʘʮʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʜʥʠʤ ʟʚʝʥʦʤ, ʪʦ 

ʤʦʞʥʦ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪʳ ʠ ʩʠʛʥʘʣʳ ʢʘʢ ʵʣʝʤʝʥʪʳ ʤʘʩʩʠʚʘ. 
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ʇʨʠʚʝʜʝʥʥʳʝ ʚʳʰʝ ʩʦʦʪʥʦʰʝʥʠʷ ʥʫʞʥʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʘʩʧʨʝʜʝʣʠʪʴ 

ʤʝʞʜʫ ʙʣʦʢʘʤʠ ʦʙʨʘʙʦʪʢʠ, ʥʘʯʠʥʘʷ ʩ ʧʝʨʚʦʛʦ.  ʉʭʝʤʳ ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʳʭ 

ʬʠʣʴʪʨʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʇʨʠʣʦʞʝʥʠʠ ʢ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʝ ˉ1. 

ɺʚʝʜʠʪʝ ʟʥʘʯʝʥʠʷ ʯʘʩʪʦʪʳ ʩʠʛʥʘʣʘ Fc, ʯʘʩʪʦʪʳ ʧʦʤʝʭʠ Fp, ʯʘʩʪʦʪʳ ʜʠʩʢʨʝ-

ʪʠʟʘʮʠʠ Fd ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʨʝʞʠʚʘʥʠʷ M0. 

ɺʚʝʜʠʪʝ ʧʘʨʘʤʝʪʨʳ ʮʠʬʨʦʚʦʛʦ ʬʠʣʴʪʨʘ A1, A2, B1, B2, M. ɿʘʜʘʡʪʝʩʴ ʤʘʢ-

ʩʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʧʦʨʷʜʢʦʚʦʛʦ ʥʦʤʝʨʘ ʦʪʩʯʝʪʘ ʩʠʛʥʘʣʘ nmax ʚ ʧʨʝʜʝʣʘʭ 

400..600. 

ʋʢʘʞʠʪʝ ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ ʧʦʨʷʜʢʦʚʦʛʦ ʥʦʤʝʨʘ ʦʪʩʯʝʪʘ 

n 0 nmax 
ɿʘʧʠʰʠʪʝ ʩʦʦʪʥʦʰʝʥʠʷ ʜʣʷ ʩʠʛʥʘʣʘ, ʧʦʤʝʭʠ ʠ ʩʫʤʤʘʨʥʦʛʦ ʢʦʣʝʙʘʥʠʷ ʥʘ 

ʚʭʦʜʝ ʧʨʦʨʝʞʠʚʘʪʝʣʷ ʦʪʩʯʝʪʦʚ 

 

xs
n

cos 2 n
Fc

Fd

xp
n

cos 2 n
Fp

Fd

xn xs
n

xp
n

 
     ʇʨʦʥʘʙʣʶʜʘʡʪʝ ʚʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʵʪʠʭ ʩʠʛʥʘʣʦʚ. 

ɺʚʝʜʠʪʝ ʧʨʦʛʨʘʤʤʫ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʦʨʝʞʠʚʘʪʝʣʷ ʦʪʩʯʝʪʦʚ ʚʤʝʩʪʝ ʩ 

ʙʣʦʢʘʤʠ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʘ (ʨʠʩʫʥʦʢ 3). 

ɿʘʪʝʤ ʚʳʧʦʣʥʠʪʝ ʠʥʪʝʨʧʦʣʷʮʠʶ ʧʨʦʨʝʞʝʥʥʦʛʦ ʠ ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʩʠʛʥʘʣʘ. 

ʉʥʘʯʘʣʘ ʠʩʧʦʣʴʟʫʡʪʝ ʠʥʪʝʨʧʦʣʷʪʦʨ ʥʫʣʝʚʦʛʦ ʧʦʨʷʜʢʘ. ɺʚʝʜʠʪʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬ-

ʬʠʮʠʝʥʪʦʚ ʩʠʩʪʝʤʥʦʡ ʬʫʥʢʮʠʠ ʦʜʥʦʨʦʜʥʦʛʦ ʬʠʣʴʪʨʘ Bo, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʚ ʢʘʯʝʩʪʚʝ ʠʥʪʝʨʧʦʣʷʪʦʨʘ ʥʫʣʝʚʦʛʦ ʧʦʨʷʜʢʘ, ʘ ʟʘʪʝʤ ʩʤʦʜʝʣʠʨʫʡʪʝ ʬʠʣʴʪʨ ʠ 

ʚʳʚʝʜʠʪʝ ʛʨʘʬʠʢ ʩ ʚʨʝʤʝʥʥʦʡ ʜʠʘʛʨʘʤʤʦʡ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʠʥʪʝʨʧʦʣʷʪʦʨʘ 

wn.  

j 0 M0 1 Boj 1
          

n M0 1 nmax 1 
           

 

w
n

0

M 0 1

j

Bo
j

v
n j
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v u1 0

u2 0

m 0

x f xn m 0if

u0 M x f A1 u1 A2 u2 m 0if

m M 0 m 0if

u f u0 B1 u1 B2 u2 m 3if

u2 u1 m 2if

u1 u0 m 1if

vn u f m 1if

vn 0 otherwise

m m 1

n 0 nmaxfor

v  
 

ʈʠʩʫʥʦʢ 3 ï ʇʨʦʛʨʘʤʤʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ  ʧʨʦʨʝʞʠʚʘʪʝ- 

                     ʣʷ ʦʪʩʯʝʪʦʚ ʠ ʙʣʦʢʦʚ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʘ 

ʇʦʚʪʦʨʠʪʝ ʵʢʩʧʝʨʠʤʝʥʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʠʥʝʡʥʦʛʦ ʠʥʪʝʨʧʦʣʷʪʦʨʘ ʚ ʚʠʜʝ 

ʪʨʠʘʥʛʫʣʷʨʥʦʛʦ ʬʠʣʴʪʨʘ. ɼʣʷ ʵʪʦʛʦ ʚʚʝʜʠʪʝ ʩʥʘʯʘʣʘ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʩʠʩʪʝʤʥʦʡ ʬʫʥʢʮʠʠ ʪʨʠʘʥʛʫʣʷʨʥʦʛʦ ʬʠʣʴʪʨʘ, ʘ ʟʘʪʝʤ ʩʦʦʪʥʦh ʝʥʠʷ, ʤʦʜʝʣʠ-

ʨʫʶʱʠʝ ʝʛʦ ʨʘʙʦʪʫ 

j 0 M0 1 Btj j 1
 

j M0 2 M0 2 Btj 2 M0 1 j
 

 

n 2 M0 2 nmax 1 
 

 



 

14 

 

 

w
n

0

2 M 0 2

j
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v
n j

 

 
 

ɺʳʚʝʜʠʪʝ ʛʨʘʬʠʢ ʩ ʚʨʝʤʝʥʥʦʡ ʜʠʘʛʨʘʤʤʦʡ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʠʥʪʝʨʧʦʣ̫-

ʪʦʨʘ  wn.   
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ʇʈʀʃʆɾɽʅʀɽ 

ʢ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʝ ˉ1 

                  ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʠʩʢʨʝʪʠʟʘʮʠʠ, ʧʨʦʨʝʞʠʚʘʥʠʷ 

                  ʠ ʠʥʪʝʨʧʦʣʷʮʠʠ ʩʠʛʥʘʣʦʚ 

 

1. ʉʧʝʢʪʨ ʜʠʩʢʨʝʪʥʦʡ ʢʦʩʠʥʫʩʦʠʜʳ. ʕʬʬʝʢʪ  

    ʨʘʟʤʥʦʞʝʥʠʷ ʩʧʝʢʪʨʘ 

 

ɼʠʩʢʨʝʪʠʟʘʮʠʝʡ ʥʘʟʳʚʘʝʪʩʷ ʟʘʤʝʥʘ ʥʝʧʨʝʨʳʚʥʦʛʦ ʩʠʛʥʘʣʘ ʜʠʩʢʨʝʪʥʤrʠ ʦʪ-

ʩʯʝʪʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ (ʦʪʩʯʝʪʘʤʠ), ʚʟʷʪʳʤʠ ʯʝʨʝʟ ʦʧʨʝʜʝʣʝʥʥʳʡ ʠʥʪʝʨʚʘʣ ʚʨʝ-

ʤʝʥʠ - ʠʥʪʝʨʚʘʣ ʜʠʩʢʨʝʪʠʟʘʮʠʠ Tɼ. 

 

 

 x(t) 

 

 

 

 

u(t) 

 

 

 

xɼ(t) 

 

 

t 

 

 

 

 

t 

 

 

 

 

t 

 

Tɼ              Ű 

 

U 

ʈʠʩʫʥʦʢ ʇ.1 ï ɼʠʩʢʨʝʪʠʟʘʮʠʷ ʢʦʩʠʥʫʩʦʠʜʳ 
 

    ʅʘ ʨʠʩʫʥʢʝ ʇ.1 ʧʦʢʘʟʘʥʳ ʢʦʩʠʥʫʩʦʠʜʘʣʴʥʳʡ ʩʠʛʥʘʣ x(t) ʠ ʚʩʧʦʤʦʛʘʪʝʣɹ-

ʥʦʝ ʢʦʣʝʙʘʥʠʝ u(t), ʧʨʝʜʩʪʘʚʣʷʶʱʝʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʢʦʨʦʪʢʠʭ ʧʨʷʤʦʫʛʦʣʴ-

ʥʳʭ ʠʤʧʫʣʴʩʦʚ ʩ ʧʝʨʠʦʜʦʤ Tɼ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴʶ .  

ɼʠʩʢʨʝʪʥʳʡ ʩʠʛʥʘʣ xɼ(t) ʩ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠ-

ʚʘʪʴ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʧʝʨʝʤʥʦʞʝʥʠʷ ʬʫʥʢʮʠʡ x(t) ʠ u(t). 

ʇʝʨʠʦʜʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ u(t) ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʷʜʦʤ ʌʫʨʴʝ 

           u t C C k tk
k

ɼ( ) cos( )0
1

                    (ʇ.1) 
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ʛʜʝ        C
T

Udt U
Tɼ ɼ

0

0

22
, 

 

             C
T

U k t dt U

k
T

k
k

ɼ

ɼ

ɼ4
2

0

2

cos( )

sin( )

. 

ʇʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ ʧʦʩʣʝʜʥʠʭ ʩʦʦʪʥʦʰʝʥʠʡ ʚ (ʇ.1) ʧʦʣʫʯʠʤ 

u t U
T

k
T

k
T

k t
ɼ

ɼ

ɼ

k
ɼ( ) (

sin( )

cos( ))1 2
1

.          (ʇ.2) 

ʀʟ (ʇ.2) ʚʠʜʥʦ, ʯʪʦ ʘʤʧʣʠʪʫʜʘ k-ʦʡ ʛʘʨʤʦʥʠʢʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʢʦʣʝʙʘʥʠʷ 

u(t) ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ  ʬʫʥʢʮʠʠ sin(x)/x, ʛʜʝ x = k  ́Ű / Tɼ. ʇʨʠ x = 0 ʬʫʥʢʮʠʷ 

ʨʘʚʥʘ ʝʜʠʥʠʮʝ. ʇʝʨʚʳʡ ʥʫʣʴ ʬʫʥʢʮʠʠ ʠʤʝʝʪ ʤʝʩʪʦ ʧʨʠ x = .́  ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ 

ʧʨʠ Ű / Tɼ = 0.001 ʘʤʧʣʠʪʫʜʘ  1000-ʦʡ ʛʘʨʤʦʥʠʢʠ ʨʘʚʥʘ ʥʫʣʶ. ʆʜʥʘʢʦ ʧʨʠ 

k 100 ʘʤʧʣʠʪʫʜʘ k-ʦʡ ʛʘʨʤʦʥʠʢʠ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʘʤʧʣʠʪʫʜʳ ʧʝʨʚʦʡ ʛʘʨʤʦ-

ʥʠʢʠ ʥʝ ʙʦʣʝʝ ʯʝʤ ʥʘ 1.6%. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠʙʣʠʞʝʥʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ 

                  

0k

1k

ɼ

ɼ

t))ɤcos(k2(1
T

Ű
Uu(t)

,             (ʇ.3) 

ʛʜʝ k0 ï ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʥʦʤʝʨʘ ʛʘʨʤʦʥʠʢʠ, ʘʤʧʣʠʪʫʜʘ ʢʦʪʦʨʦʡ ʦʪʣʠʯʘ-

ʝʪʩʷ ʦʪ ʘʤʧʣʠʪʫʜʳ ʧʝʨʚʦʡ ʛʘʨʤʦʥʠʢʠ ʥʘ ʚʝʣʠʯʠʥʫ, ʥʝ ʧʨʝʚʳʰʘʶʱʫʶ ʜʦʧʫʩʪʠ-

ʤʫʶ ʧʦʛʨʝʰʥʦʩʪʴ. 

ʇʨʠ x t X t( ) cos( )  ʩʠʛʥʘʣ ʥʘ ʚʳʭʦʜʝ ʜʠʩʢʨʝʪʠʟʘʪʦʨʘ ʦʧʨʝʜʝʣʝ̫ʪʩʷ 

ʩʦʦʪʥʦʰʝʥʠʝʤ 

            
00 k

1k

ɼ

k

1k

ɼ

ɼ

ɼ

ɤ)t))ɤcos((kɤ)t)ɤcos((k

t)(cos(ɤ
T

Ű
XUu(t)x(t)(t)x

      (ʇ.4) 
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ʀʟ ʥʝʛʦ ʚʠʜʥʦ, ʯʪʦ ʩʧʝʢʪʨ ʜʠʩʢʨʝʪʥʦʡ ʢʦʩʠʥʫʩʦʠʜʳ ʩʦʜʝʨʞʠʪ ʩʧʝʢʪʨʘʣʴʥʫʶ 

ʩʦʩʪʘʚʣʷʶʱʫʶ ʥʘ ʯʘʩʪʦʪʝ ʚʭʦʜʥʦʛʦ ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʘ ʠ ʤʥʦʞʝʩʪʚʦ ʩʦʩʪʘʚ-

ʣʷʶʱʠʭ ʥʘ ʯʘʩʪʦʪʘʭk ɼ . ʇʨʠʯʝʤ ʘʤʧʣʠʪʫʜʳ ʚʩʝʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʩʦʩʪʘʚ-

ʣʷʶʱʠʭ ʚ ʧʨʝʜʝʣʘʭ ʩʜʝʣʘʥʥʦʛʦ ʜʦʧʫʱʝʥʠʷ ʦʜʠʥʘʢʦʚʳ ʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʘʤ-

ʧʣʠʪʫʜʝ ʚʭʦʜʥʦʛʦ ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʘ. 

 ɸʤʧʣʠʪʫʜʥʳʡ ʩʧʝʢʪʨ ʘʥʘʣʦʛʦʚʦʛʦ ʠ ʜʠʩʢʨʝʪʥʦʛʦ ʢʦʩʠʥʫʩʦʠʜʘʣʴʥʳʭ ʩʠʛʥʘ-

ʣʦʚ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ ʇ.2. 

ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʚʦʟʥʠʢʘʝʪ ʨʘʟʤʥʦʞʝʥʠʝ 

ʩʧʝʢʪʨʘ ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʘ.  

ʉʧʝʢʪʨ ʜʠʩʢʨʝʪʥʦʡ ʢʦʩʠʥʫʩʦʠʜʳ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʝʨʠʦʜʠʯʝʩʢʫʶ 

ʬʫʥʢʮʠʶ ʯʘʩʪʦʪʳ, ʧʝʨʠʦʜ ʢʦʪʦʨʦʡ ʨʘʚʝʥ ʯʘʩʪʦʪʝ ʜʠʩʢʨʝʪʠʟʘʮʠʠ. 

 

 
 0   F               Fɼ-F  Fɼ  Fɼ+F     2Fɼ-F  2Fɼ   2Fɼ+F        f 

0   F                                                                                    f 

ʘ 

ʙ 

 
ʈʠʩʫʥʦʢ ʇ.2 ï ʉʧʝʢʪʨ ʢʦʩʠʥʫʩʦʠʜʳ ʜʦ (ʘ) ʠ ʧʦʩʣʝ (ʙ) 

                         ʜʠʩʢʨʝʪʠʟʘʮʠʠ 

 

2. ʕʬʬʝʢʪ ʥʘʣʦʞʝʥʠʷ ʩʧʝʢʪʨʦʚ. ɺʳʙʦʨ ʯʘʩʪʦʪʳ 

    ʜʠʩʢʨʝʪʠʟʘʮʠʠ 

 

ɽʩʣʠ ʩʧʝʢʪʨ ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʘ ʩʦʜʝʨʞʠʪ ʥʝ ʦʜʥʫ, ʘ ʥʝʩʢʦʣʴʢʦ ʩʧʝʢʪʨʘʣʴ-

ʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʪʦ ʢʘʞʜʘʷ ʠʟ ʥʠʭ ʧʦʨʦʞʜʘʝʪ ʚ ʜʠʩʢʨʝʪʥʦʤ ʩʠʛʥʘʣʝ ʛʨʫʧʧʫ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʩ ʘʤʧʣʠʪʫʜʘʤʠ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʤʠ ʩʚʦʝʡ ʘʤʧʣʠʪʫʜʝ (ʨʠʩʫʥʦʢ 

ʇ.3).  

ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʝʩʣʠ ʠʟ ʩʧʝʢʪʨʘ ʜʠʩʢʨʝʪʥʦʛʦ ʩʠʛʥʘʣʘ ʚʳʜʝʣʠʪʴ ʩʦ-

ʩʪʘʚʣʷʶʱʠʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʧʝʢʪʨʫ  ʠʩʭʦʜʥʦʛʦ ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʘ, ʪʦ ʪʘ-

ʢʠʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʚʦʩʩʪʘʥʦʚʠʪʴ ʘʥʘʣʦʛʦʚʳʡ ʩʠʛʥʘʣ ʠʟ ʜʠʩʢʨʝʪʥʦʛʦ. ʊʘʢʫʶ 

ʩʝʣʝʢʮʠʶ ʤʦʞʥʦ  ʦʩʫʱʝʩʪʚʠʪʴ ʩ ʧʦʤʦʱʴʶ ʬʠʣʴʪʨʘ, ɸʏʍ ʢʦʪʦʨʦʛʦ ʧʦʢʘʟʘʥʘ 
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ʧʫʥʢʪʠʨʦʤ. ʅʦ ʨʝʘʣʠʟʦʚʘʪʴ ʪʘʢʫʶ ʬʠʣʴʪʨʘʮʠʶ  ʤʦʞʥʦ ʪʦʣʴʢʦ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʫʩʣʦʚʠʷ  

F F Fɼmax max, 

ʛʜʝ Fmax - ʤʘʢʩʠʤʘʣʴʥʘʷ ʯʘʩʪʦʪʘ ʩʧʝʢʪʨʘ ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʘ 

 

 

 0   F    Fmax  Fɼ-Fmax                                                            f 

0   F      Fmax                                                                         f 

ʘ 

ʙ 

 
    ʈʠʩʫʥʦʢ ʇ.3 ï ʉʧʝʢʪʨ ʩʠʛʥʘʣʘ ʜʦ (ʘ) ʠ ʧʦʩʣʝ (ʙ)  

                             ʜʠʩʢʨʝʪʠʟʘʮʠʠ 

 

ʀʟ ʧʨʠʚʝʜʝʥʥʦʛʦ ʥʝʨʘʚʝʥʩʪʚʘ ʚʳʪʝʢʘʝʪ ʠʟʚʝʩʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʂʦʪʝʣʴʥʠ-

ʢʦʚʘ, ʧʦʟʚʦʣʷʶʱʝʝ ʚʳʙʨʘʪʴ ʯʘʩʪʦʪʫ ʜʠʩʢʨʝʪʠʟʘʮʠʠ 

           F Fɼ 2 max .         (ʇ.5) 

 

ɽʩʣʠ ʵʪʦ ʫʩʣʦʚʠʝ ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ, ʪʦ ʚʦʟʥʠʢʘʝʪ ʥʘʣʦʞʝʥʠʝ ʩʧʝʢʪʨʦʚ. ʕʬ-

ʬʝʢʪ ʥʘʣʦʞʝʥʠʷ ʩʧʝʢʪʨʦʚ ʠʣʣʶʩʪʨʠʨʫʝʪʩʷ ʨʠʩʫʥʢʦʤ ʇ.4. 
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Fmax 

  0   Fɼ-Fmax  Fmax Fɼ 2Fɼ 3Fɼ f 

0 2 Fɼ 3Fɼ f 

a 

ʙ 
Fɼ 

 
 

            ʈʠʩʫʥʦʢ ʇ.4 ï ʕʬʬʝʢʪ ʥʘʣʦʞʝʥʠʷ ʩʧʝʢʪʨʦʚ 

                                  ʧʨʠ ʥʝʚʳʧʦʣʥʝʥʠʠ  ʫʩʣʦʚʠʷ ʇ.5 

 

ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʥʝʣʴʟʷ ʧʦ ʢʘʢʠʤ - ʣʠʙʦ ʧʨʠʯʠʥʘʤ ʫʚʝʣʠʯʠʪʴ ʯʘʩʪʦʪʫ ʜʠʩ-

ʢʨʝʪʠʟʘʮʠʠ ʩʠʛʥʘʣʘ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤ ʩʧʝʢʪʨʦʤ, ʠʣʠ ʘʥʘʣʦʛʦʚʳʡ ʩʠʛʥʘʣ ʠʤʝʝʪ  

ʥʝʦʛʨʘʥʠʯʝʥʥʳʡ ʩʧʝʢʪʨ, ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʦʰʠʙʢʠ ʥʘʣʦʞʝʥʠʷ ʩʧʝʢʪʨʦʚ ʪʨʝʙʫʝʪ-

ʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʩʧʝʢʪʨʘ ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʘ. ʀʟ ʨʠʩʫʥʢʘ ʇ5 

ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʵʪʦʤ ʦʰʠʙʢʘ ʥʘʣʦʞʝʥʠʷ ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʜʚʘ ʨʘʟʘ. 
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Fmax 

   0           Fmax Fɼ 2Fɼ 3Fɼ f 

0 2 Fɼ 3Fɼ f 

a 

ʙ 
Fɼ 

 
ʈʠʩʫʥʦʢ ʇ.5 ï ʋʤʝʥʴʰʝʥʠʝ ʦʰʠʙʢʠ ʥʘʣʦʞʝʥʠʷ ʧʨʠ 

                     ʦʛʨʘʥʠʯʝʥʠʠ ʩʧʝʢʪʨʘ ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʘ 

 

1.3. ɼʠʩʢʨʝʪʠʟʘʮʠʷ ʫʟʢʦʧʦʣʦʩʥʳʭ ʤʦʜʫʣʠʨʦʚʘʥʥʳʭ ʩʠʛʥʘʣʦʚ 

 

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʣʫʯʘʡ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʤʦʜʫʣʠʨʦʚʘʥʥʳʭ ʩʠʛ-

ʥʘʣʦʚ, ʢʦʛʜʘ ʨʝʟʫʣʴʪʘʪʦʤ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʜʦʣʞʥʦ ʙʳʪʴ ʚʳʜʝʣʝʥʠʝ ʤʦʜʫ-

ʣʠʨʫʶʱʝʡ ʬʫʥʢʮʠʠ. ʇʦʢʘʞʝʤ, ʯʪʦ ʧʨʠ ʵʪʦʤ ʯʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʤʦʞʝʪ ʙʳʪʴ 

ʚʳʙʨʘʥʘ ʥʠʞʝ ʯʘʩʪʦʪʳ ʥʝʩʫʱʝʡ.  ʅʘ ʨʠʩʫʥʢʝ ʇ.6 ʧʦʢʘʟʘʥ ʩʧʝʢʪʨ ʘʥʘʣʦʛʦʚʦʛʦ 
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ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ  ʩʠʛʥʘʣʘ   ʩ ʯʘʩʪʦʪʦʡ  f0 > Fɼ  ʜʦ (ʘ)  ʠ ʧʦʩʣʝ (ʙ) ʜʠʩʢʨʝʪʠʟʘʮʠʠ.  

ʉʧʝʢʪʨ ʜʠʩʢʨʝʪʥʦʛʦ ʩʠʛʥʘʣʘ ʧʦʣʫʯʝʥ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ (ʇ.4). 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ  ʚ ʠʥʪʝʨʚʘʣʝ ʯʘʩʪʦʪ ɼ0 f F / 2 - ʠʥʪʝʨʚʘʣʝ ʂʦ-

ʪʝʣʴʥʠʢʦʚʘ - ʧʦʷʚʣʷʝʪʩʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʧʝʢʪʨʘ ʩ ʯʘʩʪʦʪʦʡ F0. 
 

                                                                      

   .  . 

 

 

     
  
                                                                      

 

0 f Fɼ/2 Fɼ 
ʙ) 

f0 

a) 

 0         F0 = f0-Fɼ            2Fɼ-f0        Fɼ           f0                    3Fɼ-

f0 
 

      ʈʠʩʫʥʦʢ ʇ.6 ï ʉʧʝʢʪʨ ʜʠʩʢʨʝʪʥʦʡ ʩʠʥʫʩʦʠʜʳ ʜʦ (ʘ) ʠ  

      ʧʦʩʣʝ (ʙ) ʜʠʩʢʨʝʪʠʟʘʮʠʠ. ʏʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʥʝ  

      ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʪʝʦʨʝʤʝ ʂʦʪʝʣʴʥʠʢʦʚʘ. 

 

ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʥʘ ʨʠʩʫʥʢʝ  ʇ.2 ʧʨʠ  

F < Fɼ / 2, ʩʧʝʢʪʨ ʜʠʩʢʨʝʪʥʦʛʦ ʩʠʛʥʘʣʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʝʨʠʦʜʠʯʝʩʢʫʶ 

ʬʫʥʢʮʠʶ ʯʘʩʪʦʪʳ. ɺʙʣʠʟʠ ʯʘʩʪʦʪ kFɼ ʠʤʝʶʪʩʷ ʩʧʝʢʪʨʘʣʴʥʳʝ ʩʦʩʪʘʚʣʷʶɦ ʠʝ, 

ʦʪʩʪʦʷʱʠʝ ʥʘ ʚʝʣʠʯʠʥʫ F0.   

ʅʘ ʨʠʩʫʥʢʝ ʇ.7 ʠʟʦʙʨʘʞʝʥ ʩʧʝʢʪʨ ʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʢʦʣʝʙʘʥʠʷ ʜʦ ʠ ʧʦʩʣʝ 

ʜʠʩʢʨʝʪʠʟʘʮʠʠ. 

ʀʟ ʥʝʛʦ ʚʠʜʥʦ, ʯʪʦ 

  ʚ ʠʥʪʝʨʚʘʣʝ ʂʦʪʝʣʴʥʠʢʦʚʘ ʩʫʱʝʩʪʚʫʝʪ ʩʧʝʢʪʨ, ʢʦʪʦʨʳʡ ʧʦ ʬʦʨʤʝ ʥʝ ʦʪʣʠʯʘ-

ʝʪʩʷ ʦʪ ʩʧʝʢʪʨʘ ʠʩʭʦʜʥʦʛʦ ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʟʘʢʦʥ ʤʦʜʫ-

ʣʷʮʠʠ ʩʠʛʥʘʣʘ ʧʦʩʣʝ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʦʩʪʘʣʩʷ ʥʝʠʟʤʝʥʥʳʤ, ʠʟʤʝʥʠʣʘʩʴ ʪʦʣʴʢʦ 

ʯʘʩʪʦʪʘ ʥʝʩʫʱʝʡ (F0 ʚʤʝʩʪʦ f0),  

  ʯʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʜʦʣʞʥʘ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʫʩʣʦʚʠʶ  

                        F Fɼ 2 .                             (ʇ.6)     

ʇʦʩʣʝʜʥʝʝ ʫʩʣʦʚʠʝ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ, ʥʦ ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʜʣʷ ʦʙʦʩʥʦ-

ʚʘʥʥʦʛʦ ʚʳʙʦʨʘ ʯʘʩʪʦʪʳ ʜʠʩʢʨʝʪʠʟʘʮʠʠ. 
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ȹF 

Fɼ/2 

Fɼ f0 

ʙ) 
0 Fɼ f f0 

a) 

Fɼ/2 

 
ʈʠʩʫʥʦʢ ʇ.7 ï ʉʧʝʢʪʨ ʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʩʠʛʥʘʣʘ ʜʦ (ʘ)  

                         ʠ ʧʦʩʣʝ (ʙ) ʜʠʩʢʨʝʪʠʟʘʮʠʠ 

 

ʅʘ ʨʠʩʫʥʢʝ ʇ.8 ʧʦʢʘʟʘʥ ʩʣʫʯʘʡ, ʢʦʛʜʘ ɼF 2 F ʠ ʩʛʫʩʪʢʠ ʩʧʝʢʪʨʘ ʨʘʚ-

ʥʦʤʝʨʥʦ ʨʘʩʧʦʣʦʞʝʥʳ ʚʜʦʣʴ ʦʩʠ ʯʘʩʪʦʪ. ʇʨʠ ʵʪʦʤ ʯʘʩʪʦʪʘ ʥʝʩʫʱʝʡ, ʧʨʠʚʝʜʝʥ-

ʥʘʷ ʚ ʠʥʪʝʨʚʘʣ ʂʦʪʝʣʴʥʠʢʦʚʘ, ʨʘʚʥʘ F Fɼ0 4. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ 

ʪʘʢʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʚʝʜʝʥʥʦʡ ʯʘʩʪʦʪʳ ʥʝʩʫʱʝʡ ʜʠʩʢʨʝʪʥʦʛʦ ʩʠʛʥʘʣʘ, ʯʘʩʪʦʪʘ ʥʝ-

ʩʫʱʝʡ ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʘ f 0ʜʦʣʞʥʘ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʯʘʩʪʦʪʳ ʜʠʩʢʨʝʪʠʟʘʮʠʠ 

ʠʣʠ ʝʝ ʛʘʨʤʦʥʠʢʠ ʥʘ Fɼ 4.  

ʙ)

0
F0 Fɼ f0

f

0 Fɼ/2 Fɼ f0 f

a)

Fɼ/2
     

ʈʠʩʫʥʦʢ ʇ.8 ï ʉʧʝʢʪʨ ʩʠʛʥʘʣʘ ʜʦ ʠ ʧʦʩʣʝ ʜʠʩʢʨʝʪʠʟʘʮʠʠ 

                         ʧʨʠ F0 =Fɼ / 4 

 

ʉʧʝʢʪʨʘʣʴʥʳʝ ʜʠʘʛʨʘʤʤʳ, ʧʨʠʚʝʜʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʘʭ ʇ.9 ʠ ʇ.10, ʧʦʢʘʟʳʚʘ-

ʶʪ, ʯʪʦ ʝʩʣʠ ʵʪʦ ʫʩʣʦʚʠʝ ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ, ʪʦ ʩʛʫʩʪʢʠ ʩʧʝʢʪʨʘ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʧʦ 

ʦʩʠ ʯʘʩʪʦʪ ʥʝʨʘʚʥʦʤʝʨʥʦ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚʦʟʥʠʢʘʝʪ ʥʘʣʦʞʝʥʠʝ ʩʧʝʢʪʨʦʚ, 

ʧʨʠʚʦʜʷʱʝʝ ʢ ʠʩʢʘʞʝʥʠʶ ʩʠʛʥʘʣʘ. 
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ʙ)

0 F0 Fɼ f0
f

0 Fɼ/2 Fɼ f0 f

a)

Fɼ/2
    

ʈʠʩʫʥʦʢ ʇ.9 ï ʉʧʝʢʪʨ ʩʠʛʥʘʣʘ ʜʦ ʠ ʧʦʩʣʝ ʜʠʩʢʨʝʪʠʟʘʮʠʠ  

                         ʧʨʠ F   < Fɼ /4 

Fɼ/2

ʙ)

0
F0 Fɼ f0

f

0 Fɼ/2 Fɼ f0 f

a)

 
ʈʠʩʫʥʦʢ ʇ.10 ï ʉʧʝʢʪʨ ʩʠʛʥʘʣʘ ʜʦ ʠ ʧʦʩʣʝ ʜʠʩʢʨʝʪʠʟʘʮʠʠ 

                           ʧʨʠ   F0 > Fɼ/4 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʪʦʨʦʝ ʫʩʣʦʚʠʝ ʚʳʙʦʨʘ ʯʘʩʪʦʪʳ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʚʳʨʘʞʘʝʪʩʷ 

ʩʣʝʜʫʶɦ ʠʤ ʩʦʦʪʥʦʰʝʥʠʝʤ 

                   4

F
fFk

ɼ

0ɼ                              (ʇ.7) 

ʛʜʝ k 012, , .. 
 

1.4. ʇʨʦʨʝʞʠʚʘʥʠʝ ʠ ʠʥʪʝʨʧʦʣʷʮʠʷ ʜʠʩʢʨʝʪʥʳʭ ʩʠʛʥʘʣʦʚ 

 

ʇʨʦʨʝʞʠʚʘʥʠʝʤ ʠʣʠ ʜʝʮʠʤʘʮʠʝʡ ʥʘʟʳʚʘʝʪʩʷ ʧʨʦʮʝʩʩ ʧʦʥʠʞʝʥʠʷ ʯʘʩʪʦʪʳ 

ʜʠʩʢʨʝʪʠʟʘʮʠʠ, ʘ ʠʥʪʝʨʧʦʣʷʮʠʝʡ - ʧʨʦʮʝʩʩ ʝʝ ʧʦʚʳʰʝʥʠʷ.  ʂʦʵʬʬʠʮʠʝʥʪʳ, ʧʦ-

ʢʘʟʳʚʘʶʱʠʝ ʚʦ ʩʢʦʣʴʢʦ ʨʘʟ ʠʟʤʝʥʷʝʪʩʷ ʯʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ, ʥʘʟʳʚʘʶʪʩʷ ʢʦ-

ʵʬʬʠʮʠʝʥʪʘʤʠ ʧʨʦʨʝʞʠʚʘʥʠʷ ʠ ʠʥʪʝʨʧʦʣʷʮʠʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ʇʨʦʨʝʞʠʚʘʥʠʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʜʚʫʭ ʩʣʫʯʘʷʭ. ɺʦ-ʧʝʨʚʳʭ, ʚ 

ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʦʙʨʘʙʦʪʢʫ ʢʘʢ ʚʩrʦʢʦ-

ʯʘʩʪʦʪʥʳʭ, ʪʘʢ ʠ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʩʠʛʥʘʣʦʚ. ʇʨʠ ʵʪʦʤ ʘʧʧʘʨʘʪʥʦ ʯʘʩʪʦʪʘ ʜʠʩ-

ʢʨʝʪʠʟʘʮʠʠ ʚʳʙʠʨʘʝʪʩʷ, ʠʩʭʦʜʷ ʠʟ ʪʨʝʙʦʚʘʥʠʡ ʢ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʩʠʛʥʘʣʦʚ ʩ ʤʘʢ-

ʩʠʤʘʣʴʥʦʡ  ʯʘʩʪʦʪʦʡ, ʘ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʩʠʛʥʘʣʦʚ ʦʥʘ ʧʦʥʠʞʘʝʪ-

ʩʷ ʟʘ ʩʯʝʪ ʧʨʦʨʝʞʠʚʘʥʠʷ ʦʪʩʯʝʪʦʚ.  ɺʦ-ʚʪʦʨʳʭ, ʧʨʦʨʝʞʠʚʘʥʠʝ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚ-

ʣʷʪʴ ʧʦ ʤʝʨʝ ʩʫʞʝʥʠʷ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʘ ʟʘ ʩʯʝʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʬʠʣʴʪʨʘʮʠʠ. ʀ 

ʚ  ʧʝʨʚʦʤ, ʠ ʚʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʧʨʦʨʝʞʠʚʘʥʠʝ ʫʚʝʣʠʯʠʚʘʝʪ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʩʠʛ-

ʥʘʣʘ, ʘ ʟʥʘʯʠʪ, ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʘʣʛʦʨʠʪʤʳ ʦʙʨʘʙʦʪʢʠ.  

 ʀʥʪʝʨʧʦʣʷʮʠʷ ʜʠʩʢʨʝʪʥʦʛʦ ʩʠʛʥʘʣʘ ʫʧʨʦʱʘʝʪ ʧʨʦʮʝʩʩ ʧʦʩʣʝʜʫʶʱʝʛʦ ʮʠʬ-

ʨʦ-ʘʥʘʣʦʛʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. 

ʅʘ ʨʠʩʫʥʢʝ ʇ.11 ʧʦʢʘʟʘʥ ʬʨʘʛʤʝʥʪ ʫʢʨʫʧʥʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʮʠʬʨʦʚʦʡ ʦʙ-

ʨʘʙʦʪʢʠ ʩ ʧʨʦʨʝʞʠʚʘʥʠʝʤ ʦʪʩʯʝʪʦʚ ʠ ʚʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʩʠʛʥʘʣʦʚ ʥʘ ʚʭʦʜʝ 

ʠ ʚʳʭʦʜʝ ʧʨʦʨʝʞʠʚʘʪʝʣʷ. 
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ʈʠʩʫʥʦʢ ʇ.11 ï ʌʨʘʛʤʝʥʪ ʘʣʛʦʨʠʪʤʘ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʩ ʧʨʦʨʝʞʠʚʘʥʠʝʤ ʦʪ-

ʩʯʝʪʦʚ ʠ ʚʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʩʠʛʥʘʣʦʚ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ ʧʨʦʨʝʞʠʚʘʪʝʣʷ.  

 

ʕʪʦʪ ʬʨʘʛʤʝʥʪ ʚʢʣʶʯʘʝʪ ʮʠʬʨʦʚʦʡ ʬʠʣʴʪʨ (ʎʌ), ʧʨʦʨʝʞʠʚʘʪʝʣʴ ʩ ʢʦɻ ʬʬʠ-

ʮʠʝʥʪʦʤ ʧʨʦʨʝʞʠʚʘʥʠʷ ʄ0  ʠ ʙʣʦʢ ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʘ (ɹʆ). ʆʧʝ-

ʨʘʮʠʷ ʧʨʦʨʝʞʠʚʘʥʠʷ ʩʚʦʜʠʪʩʷ ʢ ʧʨʦʧʫʩʢʫ (ʄ 0 - 1) ʦʪʩʯʝʪʘ ʠʩʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ. 

ʇʨʦʮʝʩʩ ʠʥʪʝʨʧʦʣʷʮʠʠ ʠʣʣʶʩʪʨʠʨʫʝʪʩʷ ʨʠʩʫʥʢʦʤ ʇ.12. 
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ʈʠʩʫʥʦʢ ʇ.12- ʀʥʪʝʨʧʦʣʷʮʠʷ ʥʫʣʝʚʦʛʦ ʠ ʧʝʨʚʦʛʦ 

                               ʧʦʨʷʜʢʘ 

 

ɺ ʩʦʩʪʘʚ ʠʥʪʝʨʧʦʣʷʪʦʨʘ ʚʭʦʜʠʪ ʙʣʦʢ ʧʦʚʳʰʝʥʠʷ ʯʘʩʪʦʪʳ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʚ 

ʄ 0 ʨʘʟ ʠ ʠʥʪʝʨʧʦʣʠʨʫʶʱʠʡ ʮʠʬʨʦʚʦʡ ʬʠʣʴʪʨ.  ʀʟ ʚʨʝʤʝʥʥʳʭ ʜʠʘʛʨʘʤʤ ʚʠʜʥʦ, 

ʯʪʦ ʠʥʪʝʨʧʦʣʷʮʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʜʚʘ ʵʪʘʧʘ: ʩʥʘʯʘʣʘ ʚʤʝʩʪʦ ʦʪʩʫʪʩʪʚʫʶʱʠʭ 

ʦʪʩʯʝʪʦʚ ʩʠʛʥʘʣʘ v kʚ ʩʠʛʥʘʣʝ v
n0  ʬʦʨʤʠʨʫʶʪʩʷ ʥʫʣʝʚʳʝ ʦʪʩʯʝʪʳ. ɿʘʪʝʤ 

ʩʠʛʥʘʣ, ʩʦʜʝʨʞʘʱʠʡ ʥʫʣʝʚʳʝ ʦʪʩʯʝʪʳ, ʧʦʜʘʝʪʩʷ ʥʘ ʠʥʪʝʨʧʦʣʠʨʫʶʱʠʡ ʮʠʬʨʦ-

ʚʦʡ ʬʠʣʴʪʨ, ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʡ ʦʪʩʫʪʩʪʚʫʶʱʠʝ ʦʪʩʯʝʪʳ.  ʅʘ ʨʠʩʫʥʢʝ ʧʦʢʘʟʘ-

ʥʳ ʚʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʥʘ ʚʳʭʦʜʝ ʜʚʫʭ ʠʥʪʝʨʧʦʣʷʪʦʨʦʚ: ʠʥʪʝʨʧʦʣʷʪʦʨʘ ʥʫ-

ʣʝʚʦʛʦ ʧʦʨʷʜʢʘ ʠ ʠʥʪʝʨʧʦʣʷʪʦʨʘ 1-ʛʦ ʧʦʨʷʜʘ (ʣʠʥʝʡʥʦʛʦ ʠʥʪʝʨʧʦʣʷʪʦʨʘ). 

ɺ ʠʥʪʝʨʧʦʣʷʪʦʨʝ ʥʫʣʝʚʦʛʦ ʧʦʨʷʜʢʘ ʦʪʩʫʪʩʪʚʫʶʱʠʝ ʦʪʩʯʝʪʳ ʧʨʠʥʠʤʘʁ ʪ 

ʟʥʘʯʝʥʠʝ ʧʨʝʜʰʝʩʪʚʫʶʱʝʛʦ ʠʤ ʦʪʩʯʝʪʘ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ.  
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ɺ ʠʥʪʝʨʧʦʣʷʪʦʨʝ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʚʝʨʰʠʥʳ ʦʪʩʫʪʩʪʚʫʶʱʠʭ ʦʪʩʯʝʪʦʚ ʥʘʭʦ-

ʜʷʪʩʷ ʥʘ ʧʨʷʤʦʡ ʣʠʥʠʠ, ʢʦʪʦʨʘʷ ʩʦʝʜʠʥʷʝʪ ʚʝʨʰʠʥʳ ʜʚʫʭ ʩʦʩʝʜʥʠʭ ʦʪʩʯʝʪʦʚ 

ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʠʥʪʝʨʧʦʣʷʪʦʨʘ. 

ʀʥʪʝʨʧʦʣʷʮʠʶ ʥʫʣʝʚʦʛʦ ʧʦʨʷʜʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪ ʦʜʥʦʨʦʜʥʳʡ ʬʠʣʴʪʨ, ʩʦ-

ʜʝʨʞʘʱʠʡ  (ʄ 0 -1) ʵʣʝʤʝʥʪʦʚ ʟʘʜʝʨʞʢʠ. ʉʭʝʤʘ ʪʘʢʦʛʦ ʬʠʣʴʪʨʘ ʧʨʠʚʝʜʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ ʇ.13.  

ʀʤʧʫʣʴʩʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʜʥʦʨʦʜʥʦʛʦ ʬʠʣʴʪʨʘ ʩʦʜʝʨʞʠʪ ʄ 0  ʦʜʠʥʘʢʦ-

ʚʳʭ ʦʪʩʯʝʪʦʚ. ʕʪʠʤ ʠ ʦʙʲʷʩʥʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʠʥʪʝʨ-

ʧʦʣʷʮʠʠ ʥʫʣʝʚʦʛʦ ʧʦʨʷʜʢʘ. 
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ʈʠʩʫʥʦʢ ʇ.13 ï ʆʜʥʦʨʦʜʥʳʡ ʬʠʣʴʪʨ 

 

ʃʠʥʝʡʥʘʷ ʠʥʪʝʨʧʦʣʷʮʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʪʨʠʘʥʛʫʣʷʨʥʦʛʦ 

ʬʠʣʴʪʨʘ ʩ ʪʨʝʫʛʦʣʴʥʦʡ ʠʤʧʫʣʴʩʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ. ʃʠʥʠʷ ʟʘʜʝʨʞʢʠ ʵʪʦʛʦ 

ʬʠʣʴʪʨʘ ʩʦʜʝʨʞʠʪ  2 10M  ʵʣʝʤʝʥʪʦʚ. ʂʦʵʬʬʠʮʠʝʥʪ ʩʠʩʪʝʤʥʦʡ ʬʫʥʢʮʠʠ ʚ 

ʦʪʚʦʜʝ ʠʟ ʩʝʨʝʜʠʥʳ ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ ʨʘʚʝʥ ʢʦʵʬʬʠʮʠʝʥʪʫ ʧʨʦʨʝʞʠʚʘʥʠʷ. ʇʦ 

ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʪ ʩʝʨʝʜʠʥʳ ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ ʟʥʘʯʝʥʠʷ ʢʦɻ ʬʬʠʮʠʝʥʪʦʚ ʫʤʝʥʴ-

ʰʘʶʪʩʷ ʥʘ ʝʜʠʥʠʮʫ, ʜʦʩʪʠʛʘʷ ʝʜʠʥʠʮʳ ʚ ʥʘʯʘʣʝ ʠ ʚ ʢʦʥʮʝ ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ. 

ʉʭʝʤʘ ʬʠʣʴʪʨʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ ʇ.14.  
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ʈʠʩʫʥʦʢ ʇ.14 ï ʊʨʠʘʥʛʫʣʷʨʥʳʡ ʬʠʣʴʪʨ 
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ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʧʨʦʨʝʞʠʚʘʥʠʷ, ʦʙʨʘʙʦʪʢʠ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʠʥʪʝʨʧʦ-

ʣʷʮʠʠ ʜʠʩʢʨʝʪʥʦʛʦ ʩʠʛʥʘʣʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ ʇ.15. ʆʧʝʨʘʮʠʠ, ʧʨʝʜʫʩʤʦʪ-

ʨʝʥʥʳʝ ʙʣʦʢʘʤʠ 2-12 ʜʦʣʞʥʳ ʚʳʧʦʣʥʷʪʴʩʷ ʚ ʮʠʢʣʝ ʧʦ ʧʦʨʷʜʢʦʚʦʤʫ ʥʦʤʝʨʫ ʦʪ-

ʩʯʝʪʘ n, ʢʦʪʦʨʳʡ ʥʘ ʨʠʩʫʥʢʝ ʥʝ ʧʦʢʘʟʘʥ. ɿʜʝʩʴ m - ʧʝʨʝʤʝʥʥʘʷ ʩʯʝʪʯʠʢʘ ʧʨʦʨʝ-

ʞʠʚʘʪʝʣʷ, ʢʦʪʦʨʘʷ ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʷ ʦʪ 0 ʜʦ M0. ʇʨʠ m = 0 ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ 

ʧʨʦʨʝʞʠʚʘʪʝʣʷ ʨʘʚʝʥ ʚʭʦʜʥʦʤʫ, ʘ ʧʝʨʝʤʝʥʥʦʡ ʩʯʝʪʯʠʢʘ ʧʨʠʩʚʘʠʚʘʝʪʩʷ ʤʘʢʩʠ-

ʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ, ʨʘʚʥʦʝ ʢʦʵʬʬʠʮʠʝʥʪʫ ʧʨʦʨʝʞʠʚʘʥʠʷ. ʇʝʨʝʤʝʥʥʘʷ ʩʯʝʪʯʠʢʘ 

ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ ʝʜʠʥʠʮʫ ʩ ʧʨʠʭʦʜʦʤ ʦʯʝʨʝʜʥʦʛʦ ʦʪʩʯʝʪʘ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ x.   

ʕʪʦʪ ʧʨʦʮʝʩʩ ʧʨʦʜʦʣʞʘʝʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ m ʩʥʦʚʘ ʥʝ ʦʢʘʞʝʪʩʷ ʨʘʚʥʦʡ 

ʥʫʣʶ. ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʙʣʦʢ ʦʙʨʘʙʦʪʢʠ ʨʘʟʙʠʪ ʥʘ M  0 ʙʣʦʢʦʚ, ʯʪʦ ʧʦʟʚʦʣʷ-

ʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʚʝʩʴ ʧʝʨʠʦʜ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʧʨʦʨʝʞʝʥʥʦʛʦ ʩʠʛ-

ʥʘʣʘ. 
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ʈʠcʫʥʦʢ ʇ.15 - ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʧʨʦʨʝʞʠʚʘʥʠʷ,  ʦʙʨʘʙʦʪʢʠ ʠ ʧʦʩʣʝʜʫʶ-

ʱʝʡ ʠʥʪʝʨʧʦʣʷʮʠʠ ʜʠʩʢʨʝʪʥʦʛʦ  ʩʠʛʥʘʣʘ 
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ʈɸɹʆʊɸ ˉ2 

 

ʉʀʅʊɽɿ ʅɽʈɽʂʋʈʉʀɺʅʆɻʆ ʎʀʌʈʆɺʆɻʆ 

     ʌʀʃʔʊʈɸ ʄɽʊʆɼʆʄ ʈʗɼɸ ʌʋʈʔɽ ʀ çʆʂʅɸè.  

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʇʈʆʎɽʉʉɸ ʌʀʃʔʊʈɸʎʀʀ 

 

1. ʎɽʃʔ ʈɸɹʆʊʓ 

ʀʟʫʯʝʥʠʝ ʩʠʥʪʝʟʘ ʥʝʨʝʢʫʨʩʠʚʥʳʭ ʮʠʬʨʦʚʳʭ ʬʠʣʴʪʨʦʚ ʩ ʣʠʥʝʡʥʦʡ ʌʏʍ ʤʝ-

ʪʦʜʦʤ ʨʘʟʣʦʞʝʥʠʷ ʪʨʝʙʫʝʤʦʡ ɸʏʍ ʚ ʨʷʜ ʌʫʨʴʝ ʠ ʧʨʠʤʝʥʝʥʠʷ ʦʢʦʥʥʳʭ ʬʫʥʢ-

ʮʠʡ ʜʣʷ ʦʩʣʘʙʣʝʥʠʷ ʷʚʣʝʥʠʷ ɻʠʙʙʩʘ. 

ʈʘʩʯʝʪ  ɸʏʍ ʠ ʌʏʍ ʬʠʣʴʪʨʘ, ʩʨʘʚʥʝʥʠʝ ʨʝʘʣʴʥʦʡ ɸʏʍ ʩ ʪʨʝʙʫʝʤʦʡ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʬʠʣʴʪʨʘʮʠʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʝʣʝʢʪʠʚʥʳʭ ʩʚʦʡʩʪʚ 

ʬʠʣʴʪʨʘ.  

  

2.ʃʀʊɽʈɸʊʋʈɸ 

1.ʇʨʠʣʦʞʝʥʠʝ ʢ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʝ. 

2. ɺ.ɻ.ʀʚʘʥʦʚʘ, ɸ.ʀ.ʊʷʞʝʚ. ʎʠʬʨʦʚʘʷ ʦʙʨʘʙʦʪʢʘ ʩʠʛʥʘʣʦʚ ʠ ʩʠʛʥʘʣʥɹʳʝ 

ʧʨʦʮʝʩʩʦʨʳ, ʉʘʤʘʨʘ, 2008ʛ. 

 

3. ʇʆɼɻʆʊʆɺʂɸ ʂ ʃɸɹʆʈɸʊʆʈʅʆʁ ʈɸɹʆʊɽ 

 

ʀʟʫʯʠʪʝ ʫʢʘʟʘʥʥʫʶ ʚ ʨʘʟʜʝʣʝ 2 ʣʠʪʝʨʘʪʫʨʫ ʠ ʦʪʚʝʪʴʪʝ ʥʘ ʢʦʥʪʨʦʣʴʥʳʝ ʚʦ-

ʧʨʦʩʳ. 

 

4. ʂʆʅʊʈʆʃʔʅʓɽ ɺʆʇʈʆʉʓ 

 

4.10. ɼʘʡʪʝ ʦʧʨʝʜʝʣʝʥʠʝ ʮʠʬʨʦʚʦʤʫ ʬʠʣʴʪʨʫ. 

4.11. ʂʘʢʦʡ ʮʠʬʨʦʚʦʡ ʬʠʣʴʪʨ ʥʘʟʳʚʘʶʪ ʥʝʨʝʢʫʨʩʠʚʥʳʤ? 

4.12. ɼʘʡʪʝ ʦʧʨʝʜʝʣʝʥʠʝ ʠʤʧʫʣʴʩʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʬʠʣʴʪʨʘ. ʏʪʦ ʪʘʢʦʝ 

ɹʀʍ - ʠ ʂʀʍ - ʬʠʣʴʪʨʳ? 

4.13. ɼʘʡʪʝ ʦʧʨʝʜʝʣʝʥʠʝ ʩʠʩʪʝʤʥʦʡ ʬʫʥʢʮʠʠ ʬʠʣʴʪʨʘ. 

4.14. ʏʪʦ ʧʦʥʠʤʘʶʪ ʧʦʜ ʢʦʤʧʣʝʢʩʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʝʨʝʜʘʯʠ ʬʠʣʴʪʨʘ? 

4.15.  ʂʘʢ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʦʪ ʩʠʩʪʝʤʥʦʡ ʬʫʥʢʮʠʠ ʢ ʢʦʤʧʣʝʢʩʥʦʤʫ 

ʢʦʵʬʬʠʮʠʝʥʪʫ ʧʝʨʝʜʘʯʠ ʬʠʣʴʪʨʘ? 

4.16. ɼʦʢʘʞʠʪʝ, ʯʪʦ ʯʘʩʪʦʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʬʠʣʴʪʨʘ (ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʤ-

ʧʣʝʢʩʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʝʨʝʜʘʯʠ ʬʠʣʴʪʨʘ ʦʪ ʯʘʩʪʦʪʳ)   ʷʚʣʷʝʪʩʷ ʧʝʨʠʦʜʠʯʝ-

ʩʢʦʡ ʬʫʥʢʮʠʝʡ ʯʘʩʪʦʪʳ.  ʏʝʤʫ ʨʘʚʝʥ ʧʝʨʠʦʜ ʵʪʦʡ ʬʫʥʢʮʠʠ? 

4.17. ɼʘʡʪʝ ʦʧʨʝʜʝʣʝʥʠʝ ɸʏʍ ʠ ʌʏʍ ʬʠʣʴʪʨʘ.  

4.18. ʇʨʠʚʝʜʠʪʝ ʩʪʨʫʢʪʫʨʥʫʶ ʩʭʝʤʫ ʥʝʨʝʢʫʨʩʠʚʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʬʠʣʴʪʨʘ ï 

ʛʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʘʣʛʦʨʠʪʤʘ ʥʝʨʝʢʫʨʩʠʚʥʦʡ ʮʠʬʨʦʚʦʡ ʬʠʣʴʪʨʘʮʠʠ. 

ʂʘʢʦʝ ʫʩʣʦʚʠʝ ʥʫʞʥʦ ʚʳʧʦʣʥʠʪʴ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʣʠʥʝʡʥʦʩʪʴ ʌʏʍ ʵʪʦʛʦ 

ʬʠʣʴʪʨʘ? 
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4.19. ʇʦʷʩʥʠʪʝ ʩʫʱʥʦʩʪʴ  ʩʠʥʪʝʟʘ ʥʝʨʝʢʫʨʩʠʚʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʬʠʣʴʪʨʘ ʤʝ-

ʪʦʜʦʤ ʨʷʜʘ ʌʫʨʴʝ.   

4.20. ʏʪʦ ʪʘʢʦʝ ʷʚʣʝʥʠʝ ɻʠʙʙʩʘ? ʂʘʢ ʟʘʚʠʩʠʪ ʯʘʩʪʦʪʘ ʧʫʣʴʩʘʮʠʡ ɸʏʍ 

ʬʠʣʴʪʨʘ ʦʪ ʜʣʠʥʳ ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ? 

4.21. ʂʘʢ  ʚʣʠʷʶʪ ʦʢʦʥʥʳʝ ʬʫʥʢʮʠʠ ʥʘ ʫʨʦʚʝʥʴ  ʧʫʣʴʩʘʮʠʡ ɸʏʍ ʠ ʰʠʨʠʥʫ 

ʧʝʨʝʭʦʜʥʦʡ ʧʦʣʦʩʳ ɸʏʍ ʬʠʣʴʪʨʘ? 

 

5. ʉʆɼɽʈɾɸʅʀɽ ʈɸɹʆʊʓ 

 

5.1. ɺʳʧʦʣʥʠʪʝ ʩʠʥʪʝʟ ʮʠʬʨʦʚʦʛʦ ʌʅʏ ʤʝʪʦʜʦʤ ʨʷʜʘ ʌʫʨʴʝ ʠ çʦʢʥʘè ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʦʢʥʘ ʠ ʦʢʥʘ ʍʝʤʤʠʥʛʘ ʠ ʧʷʪʠ ʟʥʘʯʝʥʠ̫ ʭ ʜʣʠʥʳ 

ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ: K=5, 10, 15, 20, 25.  

ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʩʠʥʪʝʟʘ ʬʠʣʴʪʨʘ ʷʚʣʷʶʪʩʷ: 

 ʏʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ Fd, 

 ɻʨʘʥʠʯʥʘʷ ʯʘʩʪʦʪʘ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ Fg, 

ʕʪʠ ʜʘʥʥʳʝ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

                                                                                                 ʊʘʙʣʠʮʘ 1 

ʅʦʤʝʨ 

ʙʨʠʛʘʜʳ 

ɿʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

Fd,  ʄɻʮ Fg,  ʄɻʮ 

1 10 1 

2 10 2 

3 16 1 

4 16 2 

5 1 0.1 

6 1 0.2 

 

5.2. ʈʘʩʩʯʠʪʘʡʪʝ ɸʏʍ ʠ ʌʏʍ ʬʠʣʴʪʨʘ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ ʥʫʣʷ ʜʦ ʧʦʣʦʚʠʥʳ 

ʯʘʩʪʦʪʳ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʧʨʠ ʧʨʷʤʦʫʛʦʣʴʥʦʤ ʦʢʥʝ ʠ ʦʢʥʝ ʍʝʤʤʠʥʛʘ ʠ ʧʨʠ ʤʠʥʠ-

ʤʘʣʴʥʦʡ ʜʣʠʥʝ ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ (K=5).  

ʆʧʨʝʜʝʣʠʪʝ ʧʦʣʦʩʫ ʧʨʦʧʫʩʢʘʥʠʷ ʬʠʣʴʪʨʘ ʥʘ ʫʨʦʚʥʝ 0.707 ʠ ʤʘʢʩʠʤʘʣʴʥʳʡ 

ʫʨʦʚʝʥʴ ʧʫʣʴʩʘʮʠʡ ʚ ʧʦʣʦʩʝ ʟʘʜʝʨʞʠʚʘʥʠʷ ʧʨʠ ʧʨʷʤʦʫʛʦʣʴʥʦʤ ʦʢʥʝ ʠ ʦʢʥʝ 

ʍʝʤʤʠʥʛʘ. 

5.3. ʉʥʠʤʠʪʝ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʷʤʦʫʛʦʣɹʥʦʩʪʠ ʬʠʣʴʪʨʘ ʦʪ ʜʣʠ-

ʥʳ ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ ʧʨʠ ʧʨʷʤʦʫʛʦʣʥɹʦʤ ʦʢʥʝ ʠ ʦʢʥʝ ʍʝʤʤʠʥʛʘ. 

5.4. ʉʥʠʤʠʪʝ ʟʘʚʠʩʠʤʦʩʪʴ ʦʩʣʘʙʣʝʥʠʷ ʚ ʧʦʣʦʩʝ ʟʘʜʝʨʞʠʚʘʥʠʷ ʦʪ ʜʣʠʥʳ ʣʠ-

ʥʠʠ ʟʘʜʝʨʞʢʠ ʧʨʠ ʧʨʷʤʦʫʛʦʣʴʥʦʤ ʦʢʥʝ ʠ ʦʢʥʝ ʍʝʤʤʠʥʛʘ. 
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5.5. ʆʧʨʝʜʝʣʠʪʝ ʠʤʧʫʣʴʩʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʬʠʣʴʪʨʘ, ʥʘʙʣʶʜʘʷ ʚʭrʦʜʥʦʡ 

ʩʠʛʥʘʣ ʬʠʣʴʪʨʘ ʧʨʠ ʜʝʡʩʪʚʠʠ ʥʘ ʚʭʦʜʝ ʝʜʠʥʠʯʥʦʛʦ ʦʪʩʯʝʪʘ ʧʨʠ ʧʨʷʤʦʫʛʦʣʴʥʦʤ 

ʦʢʥʝ ʠ ʦʢʥʝ ʍʝʤʤʠʥʛʘ. 

5.6. ɺʳʧʦʣʥʠʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʬʠʣʴʪʨʘʮʠʠ ʧʨʠ ʜʝʡʩʪʚʠʠ ʥʘ ʚʭʦʜʝ 

ʬʠʣʴʪʨʘ ʩʠʛʥʘʣʘ ʚ ʚʠʜʝ  ʩʣʫʯʘʡʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʨʷʤʦʫʛʦʣʥɹʳʭ ʠʤ-

ʧʫʣʴʩʦʚ ʠ ʩʠʥʫʩʦʠʜʘʣʴʥʦʡ ʧʦʤʝʭʠ. 

ʇʘʨʘʤʝʪʨʳ ʩʠʛʥʘʣʘ ʠ ʧʦʤʝʭʠ: 

 ʂʦʣʠʯʝʩʪʚʦ ʦʪʩʯʝʪʦʚ ʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʧʦʩʳʣʢʝ ʩʠʛʥʘʣʘ nv, 

 ʄʘʢʩʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʩʠʛʥʘʣʘ  X, ʤʠʥʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʩʠʛʥʘʣʘ ï

X, 

 ɸʤʧʣʠʪʫʜʘ ʧʦʤʝʭʠ   Xp, 

 ʏʘʩʪʦʪʘ ʧʦʤʝʭʠ   Fp. 

ɿʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

 

6. ʉʆɼɽʈɾɸʅʀɽ ʆʊʏɽʊɸ 

 

ʆʪʯʝʪ ʜʦʣʞʝʥ ʩʦʜʝʨʞʘʪʴ: 

6.1. ʇʨʦʛʨʘʤʤʫ ʠ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʬʠʣʴʪʨʘ ʩ ʛʨʘʬʠʢʘʤʠ ɸʏʍ ʠ ʌʏʍ, 

6.2. ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʷʤʦʫʛʦʣʥɹʦʩʪʠ ʬʠʣʴʪʨʘ ʦʪ ʜʣʠ-

ʥʳ ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ ʠ ʟʘʚʠʩʠʤʦʩʪʠ ʦʩʣʘʙʣʝʥʠʷ ʚ ʧʦʣʦʩʝ ʧʨʦʧʫʩʢʘʥʠʷ ʦʪ ʜʣʠʥʳ 

ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ, 

6.3. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʬʠʣʴʪʨʘ ʚ ʚʠʜʝ ʚʨʝʤʝʥʥʳʭ  ʜʠʘʛʨʘʤʤ. 

6.4. ɺʳʚʦʜʳ ʧʦ ʨʘʙʦʪʝ. 

                                                                        ʊʘʙʣʠʮʘ 2 

 

ʅʦʤʝʨ 

ʙʨʠʛʘʜʳ 

ɿʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

nv X Xp Fp, ʄɻʮ 

1 10 1 5 3 

2 5 2 10 4 

3 8 3 9 5 

4 4 0,1 0,4 6 

5 10 0,2 0,6 0,3 

6 5 0,5 2 0,4 

7. ʄɽʊʆɼʀʏɽʉʂʀɽ ʋʂɸɿɸʅʀʗ  

ʇʆ ɺʓʇʆʃʅɽʅʀʖ ʈɸɹʆʊʓ 

 

7.1. ʉʠʥʪʝʟ ʥʝʨʝʢʫʨʩʠʚʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʬʠʣʴʪʨʘ ʨʠʩʫʥʢʘ 1 ʚʳʧʦʣʥʷʝʪʩʷ ʚ 

ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ Mathcad. 
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    xn               xn-K+2       xn-K+1        xn-K                xn-K-1           xn-K-2             xn-2k 

 

            bK                             b1               b0             b1                bK 
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z
-1 

 

z
-1 

 

z
-1 

 

yn 

ʈʠʩʫʥʦʢ 1 ï ʅʝʨʝʢʫʨʩʠʚʥʳʡ ʬʠʣʴʪʨ ʩ ʣʠʥʝʡʥʦʡ ʌʏʍ 

 

ɺʚʝʜʠʪʝ ʟʥʘʯʝʥʠʷ ʯʘʩʪʦʪʳ ʜʠʩʢʨʝʪʠʟʘʮʠʠ Fd, ʛʨʘʥʠʯʥʦʡ ʯʘʩʪʦʪʳ ʬʠʣʴʪʨʘ 

Fg  ʠ ʧʦʣʦʚʠʥʳ ʜʣʠʥʳ ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ K=5 ʠ ʨʘʩʩʯʠʪʘʡʪʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʠʩ-

ʪʝʤʥʦʡ ʬʫʥʢʮʠʠ ʬʠʣʴʪʨʘ bm 

g 2
Fg

Fd
 
 

b
0

g
 
     

 m 1 K 
 

 

b
m

sin m g( )

m( )
 
 

 7.2. ʈʘʩʩʯʠʪʘʡʪʝ ɸʏʍ ʠ ʌʏʍ ʬʠʣʴʪʨʘ ʚ ʜʠʘʧʘʟʦʥʝ ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʯʘʩʪʦʪ 

fN ʦʪ ʥʫʣʷ ʜʦ fN max =0.5   c  h ʘʛʦʤ  0001.0f N .  

ɺʚʝʜʠʪʝ ʟʥʘʯʝʥʠʷ   fN max   ʠ  Nf  

ɿʘʜʘʡʪʝ ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʯʘʩʪʦʪʳ 

fN 0 f N fNmax
 
 

ʆʧʨʝʜʝʣʠʪʝ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʝʨʝʜʘʯʠ ʦʪ ʥʦʨʤʠ-

ʨʦʚʘʥʥʦʡ ʯʘʩʪʦʪʳ 
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z fN e
j 2 fN 

 

H fN b
0

z fN
K

1

K

m

b
m

z fN
K m( )

z fN
K m( )  

 
 

ɺʚʝʜʠʪʝ ʩʦʦʪʥʦʰʝʥʠʷ ʜʣʷ ɸʏʍ   NF fK  ʠ  ʌʏʍ   NF f  

 

KF fN H fN
 
 

 

F fN arg H fN
 
 

 

ʆʧʨʝʜʝʣʠʪʝ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʝʨʝʜʘʯʠ ʬʠʣʴʪʨʘ 
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ʇʦʩʪʨʦʡʪʝ ʛʨʘʬʠʢ ɸʏʍ (ʨʠʩʫʥʦʢ 2) ʚ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʧʦ ʦʩʠ ʦʨ-

ʜʠʥʘʪ ï ʟʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʝʨʝʜʘʯʠ 

maxFNF KfK  ʦʪ  ʯʘʩʪʦʪʳ  Fdf N  
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ʈʠʩʫʥʦʢ 2 ï ʆʧʨʝʜʝʣʝʥʠʝ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʬʠʣʴʪʨʘ 

                   ʧʨʠ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ 2  (ʫʨʦʚʥʝ 0.707) 

 

ʅʘ ʛʨʘʬʠʢʝ ʧʨʦʚʝʜʠʪʝ ʧʨʷʤʫʶ, ʧʘʨʘʣʣʝʣʴʥʫʶ ʦʩʠ ʘʙʩʮʠʩʩ ʥʘ ʫʨʦʚʥʝ 

707.02/1/1  (ʧʨʠ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʝʨʝʜʘʯʠ ʚ ʧʦ-

ʣʦʩʝ ʧʨʦʧʫʩʢʘʥʠʷ ). ʊʦʯʢʘ ʧʝʨʝʩʝʯʝʥʠʷ ʵʪʦʡ ʧʨʷʤʦʡ ʩ ʛʨʘʬʠʢʦʤ ɸʏʍ ʦʧʨʝ-

ʜʝʣʷʝʪ ʧʦʣʦʩʫ  ʧʨʦʧʫʩʢʘʥʠʷ ʬʠʣʴʪʨʘ .   

ʇʦʩʪʨʦʡʪʝ ʪʦʪ ʞʝ ʛʨʘʬʠʢ ɸʏʍ, ʠʩʧʦʣʴʟʫʷ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʡ ʤʘʩʰʪʘʙ ʧʦ 

ʦʩʠ ʦʨʜʠʥʘʪ (ʨʠʩʫʥʦʢ 3). 
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ʈʠʩʫʥʦʢ 3 ï ʆʧʨʝʜʝʣʝʥʠʝ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʬʠʣʴʪʨʘ 

                     ʧʨʠ ʦʩʣʘʙʣʝʥʠʠ A  ʚ ʧʦʣʦʩʝ ʟʘʜʝʨʞʠʚʘʥʠʷ 

   

ʀʟʤʝʨʴʪʝ ʤʘʢʩʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʧʫʣʴʩʘʮʠʡ ʚ ʧʦʣʦʩʝ ʟʘʜʝʨʞʠʚʘʥʠʷ ʬʠʣʴʪ-

ʨʘ  max  ʠ ʨʘʩʩʯʠʪʘʡʪʝ ʦʩʣʘʙʣʝʥʠʝ ʚ ʧʦʣʦʩʝ ʟʘʜʝʨʞʠʚʘʥʠʷ  max1A . 

ʇʨʦʚʝʜʠʪʝ ʥʘ ʛʨʘʬʠʢʝ ɸʏʍ ʧʨʷʤʫʶ, ʧʘʨʘʣʣʝʣʴʥʫʶ ʦʩʠ ʘʙʩʮʠʩʩ ʥʘ ʫʨʦʚʥʝ 

max, ʠ ʦʧʨʝʜʝʣʠʪʝ ʢʦʦʨʜʠʥʘʪʫ ʪʦʯʢʠ ʧʝʨʝʩʝʯʝʥʠʷ ʵʪʦʡ ʧʨʷʤʦʡ ʩ ɸʏʍ ʬʠʣʴʪ-

ʨʘ ʧʦ ʦʩʠ ʘʙʩʮʠʩʩ.  ʂʦʦʨʜʠʥʘʪʘ ʵʪʦʡ ʪʦʯʢʠ ʦʧʨʝʜʝʣʷʝʪ  ʧʦʣʦʩʫ ʧʨʦʧʫʩʢʘʥʠʷ 

ʬʠʣʴʪʨʘ A  ʧʨʠ ʦʩʣʘʙʣʝʥʠʠ A. 

ʈʘʩʩʯʠʪʘʡʪʝ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʷʤʦʫʛʦʣʴʥʦʩʪʠ ʬʠʣʴʪʨʘ 

.ʇʇk ɸp  

 

ʇʦʚʪʦʨʠʪʝ ʵʢʩʧʝʨʠʤʝʥʪ ʜʣʷ ʬʠʣʴʪʨʘ ʩ ʦʢʥʦʤ ʍʝʤʤʠʥʛʘ. 

ɼʣʷ ʵʪʦʛʦ ʚʚʝʜʠʪʝ ʚ ʧʨʦʛʨʘʤʤʫ ʬʫʥʢʮʠʶ ʍʝʤʤʠʥʛʘ 
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ʉʢʦʧʠʨʫʡʪʝ ʧʨʝʜʳʜʫʱʫʶ ʧʨʦʛʨʘʤʤʫ, ʥʘʯʠʥʘʷ ʩ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʝʨʝʜʘʯʠ ʬʠʣʴʪʨʘ H(ȹfN). 

ʇʨʦʥʘʙʣʶʜʘʡʪʝ ɸʏʍ ʠ ʌʏʍ ʠ  ʨʘʩʩʯʠʪʘʡʪʝ ʥʦʚʳʝ ʟʥʘʯʝʥʠʷ ʦʩʣʘʙʣʝʥʠʷ ʚ 

ʧʦʣʦʩʝ ʟʘʜʝʨʞʠʚʘʥʠʷ A ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʷʤʦʫʛʦʣʴʥʦʩʪʠ kp. 

7.3. ʏʪʦʙʳ ʩʥʷʪʴ ʟʘʚʠʩʠʤʦʩʪʠ  ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʷʤʦʫʛʦʣʴʥʦʩʪʠ ʬʠʣʴʪʨʘ kp ʠ 

ʦʩʣʘʙʣʝʥʠʷ ʚ ʧʦʣʦʩʝ ʟʘʜʝʨʞʠʚʘʥʠʷ Aʜɹ ʦʪ ʜʣʠʥʳ ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ ʧʦʚʪʦʨʠʪʝ 

ʵʢʩʧʝʨʠʤʝʥʪ ʧʨʠ ʚʩʝʭ ʟʥʘʯʝʥʠʷʭ K, ʫʢʘʟʘʥʥʳʭ ʚ ʪʘʙʣʠʮʘʭ 3 ʠ 4. ʈʝʢʦʤʝʥʜʫʝʪʩʷ 

ʧʨʠ ʚʳʙʨʘʥʥʦʤ ʟʥʘʯʝʥʠʠ K  ʦʧʨʝʜʝʣʷʪʴ ʩʨʘʟʫ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʷʤʦʫʛʦʣʴʥʦʩʪʠ ʠ 

ʦʩʣʘʙʣʝʥʠʝ ʚ ʧʦʣʦʩʝ ʟʘʜʝʨʞʠʚʘʥʠʷ ʩʥʘʯʘʣʘ ʜʣʷ ʦʜʥʦʛʦ ʦʢʥʘ, ʟʘʪʝʤ ʜʣʷ ʜʨʫʛʦʛʦ. 

ʇʦʩʣʝ ʵʪʦʛʦ ʤʦʞʥʦ ʧʝʨʝʭʦʜʠʪʴ ʢ ʩʣʝʜʫʶʱʝʤʫ ʟʥʘʯʝʥʠʶ K. 

ɿʘʧʠʰʠʪʝ ʚ ʦʪʯʝʪ ʚʳʚʦʜʳ ʦ ʚʣʠʷʥʠʠ ʜʣʠʥʳ ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ ʥʘ ʯʘʩʪʦʪʫ 

ʧʫʣʴʩʘʮʠʡ ɸʏʍ, ʦʩʣʘʙʣʝʥʠʝ ʚ ʧʦʣʦʩʝ ʟʘʜʝʨʞʠʚʘʥʠʷ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʤ̫ʦ-

ʫʛʦʣʴʥʦʩʪʠ ʬʠʣʴʪʨʘ. 

                                                                              ʊʘʙʣʠʮʘ 3 
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                                                                              ʊʘʙʣʠʮʘ 4 
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7.4. ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʬʠʣʴʪʨʘ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʩʭʝʤʦʡ ʨʠʩʫʥʢʘ 1, ʥʦ ʚʤʝ-

ʩʪʦ ʦʪʩʯʝʪʦʚ ʟʘʜʝʨʞʘʥʥʦʛʦ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʚʳʭʦʜʘʭ ʵʣʝʤʝʥʪʦʚ ʟʘʜʝʨʞʢʠ xn 

-1 éxn-2K , ʛʜʝ ʠʥʜʝʢʩ ʦʪʨʘʞʘʝʪ ʥʦʤʝʨ ʦʪʩʯʝʪʘ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ, ʚʚʝʜʝʤ ʤʘʩʩʠʚ 

ʦʪʩʯʝʪʦʚ v, ʛʜʝ ʠʥʜʝʢʩ, ʥʘʯʠʥʘʷ ʩ 1, ʦʧʨʝʜʝʣʷʝʪ ʥʦʤʝʨ ʵʣʝʤʝʥʪʘ ʟʘʜʝʨʞʢʠ. ʕʣʝ-

ʤʝʥʪʫ ʟʘʜʝʨʞʢʠ ʧʨʠ ʛʨʘʬʠʯʝʩʢʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʘʣʛʦʨʠʪʤʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʷʯʝʡʢʘ ʧʘʤʷʪʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʬʠʣʴʪʨʘ, ʘ ʥʦʤʝʨʫ 

ʵʣʝʤʝʥʪʘ ʟʘʜʝʨʞʢʠ ï ʘʜʨʝʩ ʷʯʝʡʢʠ ʧʘʤʷʪʠ. ʉʦʜʝʨʞʠʤʦʝ ʷʯʝʡʢʠ ʧʘʤʷʪʠ ʠʟʤʝʥʷ-

ʝʪʩʷ ʢʘʞʜʳʡ ʠʥʪʝʨʚʘʣ ʜʠʩʢʨʝʪʠʟʘʮʠʠ.  ʄʘʩʩʠʚ x ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ ʫʛʦʜʥʦ ʙʦʣʴ-

ʰʠʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʜʝʡʩʪʚʠʷ ʩʠʛʥʘʣʘ, ʘ  ʨʘʟʤʝʨʥʦʩʪʴ ʤʘʩʩʠʚʘ v ʦʧ-

ʨʝʜʝʣʷʝʪʩʷ ʜʣʠʥʦʡ ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ. ʉʭʝʤʘ ʬʠʣʴʪʨʘ ʩ ʥʦʚʳʤʠ ʦʙʦʟʥʘʯʝʥʠʷʤʠ 

ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.   
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ʈʠʩʫʥʦʢ 3 ï ʅʝʨʝʢʫʨʩʠʚʥʳʡ ʮʠʬʨʦʚʦʡ ʬʠʣʴʪʨ ʩ ʣʠʥʝʡʥʦʡ ʌʏʍ ʩ ʦʙʦʟʥʘʯʝ-

ʥʠʝʤ ʚʭrʦʜʥʳʭ ʩʠʛʥʘʣʦʚ ʵʣʝʤʝʥʪʦʚ ʟʘʜʝʨʞʢʠ ʵʣʝʤʝʥʪʘʤʠ ʤʘʩʩʠʚʘ v 

 

ʀʟ ʩʭʝʤʳ ʚʠʜʥʦ, ʯʪʦ 
K

1i

iKiKik0n vvbvby
. 

ʇʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʦʪʩʯʝʪʘ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʜʚʠʛ ʦʪʩʯʝ-

ʪʦʚ ʩʠʛʥʘʣʘ ʚ ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ, ʥʘʯʠʥʘʷ ʩ ʝʝ ʢʦʥʮʘ: 

.vvvv,vv 012K21K21K2K2 2  

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʠʤʧʫʣʴʩʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʬʦʨʤʠʨʫʡʪʝ ʝʜʠʥʠʯʥʳʡ ʦʪ-

ʩʯʝʪ. 

ɼʣʷ ʵʪʦʛʦ ʟʘʜʘʡʪʝ ʤʘʢʩʠʤʘʣʴʥʳʡ ʥʦʤʝʨ ʦʪʩʯʝʪʘ nmax ʚ ʠʥʪʝʨʚʘʣʝ 150é250. 

ɺʚʝʜʠʪʝ ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ ʧʦʨʷʜʢʦʚʦʛʦ ʥʦʤʝʨʘ ʦʪʩʯʝʪʘ 

n 0 nmax
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xn if n 0 1 0( ) 

 
ɺʚʝʜʠʪʝ ʟʥʘʯʝʥʠʝ ʧʦʣʦʚʠʥʳ ʜʣʠʥʳ ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ K=25 ʠ ʨʘʩʩʯʠʪʘʡʪʝ ʢʦ-

ʵʬʬʠʮʠʝʥʪʳ ʩʠʩʪʝʤʥʦʡ ʬʫʥʢʮʠʠ ʬʠʣʴʪʨʘ ʩ ʧʨʤ̫ʦʫʛʦʣʴʥʳʤ ʦʢʥʦʤ 
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 ɺʚʝʜʠʪʝ ʧʨʦʛʨʘʤʤʫ ʬʠʣʴʪʨʘʮʠʠ 
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ʇʦʩʢʦʣʴʢʫ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʬʠʣʴʪʨʘ ʧʨʠ ʜʝʡʩʪʚʠʠ ʥʘ ʚʭʦʜʝ ʝʜʠʥʠʯʥʦʛʦ ʦʪ-

ʩʯʝʪʘ ʠ ʧʨʠ ʥʫʣʝʚʳʭ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʤʧʫʣʴʩʥʫʶ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʫ ʬʠʣʴʪʨʘ, ʪʦ ʠʤʧʫʣʴʩʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʧʨʝʜʝʣʠʪʩʷ ʩʣʝʜʫʶʱʠʤ 

ʩʦʦʪʥʦʰʝʥʠʝʤ 
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ʍʝʤʤʠʥʛʘ ʚʚʝʜʠʪʝ ʦʢʦʥʥʫʶ ʬʫʥʢʮʠ ʁ
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ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʬʠʣʴʪʨʘ yn ʚʥʦʚʴ ʚʚʝʜʠʪʝ ʧʨʦʛʨʘʤʤʫ 

ʬʠʣʴʪʨʘʮʠʠ, ʘ ʟʘʪʝʤ  ʩʦʦʪʥʦʰʝʥʠʝ, ʦʧʨʝʜʝʣʷʶʱʝʝ ʠʤʧʫʣʴʩʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ 

ho
n

y
n
 
 

ʇʦʩʪʨʦʡʪʝ ʛʨʘʬʠʢʠ ʠʤʧʫʣʴʩʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ ʧʨʷʤʦʫʛʦʣʴʥʦʤ ʦʢʥʝ hn 

ʠ ʦʢʥʝ ʍʝʤʤʠʥʛʘ hon. 

ʆʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ ʥʘ ʩʠʤʤʝʪʨʠʶ ʠʤʧʫʣʴʩʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʠʭ ʦʪʣʠʯʠʝ 

ʜʨʫʛ ʦʪ ʜʨʫʛʘ.  

ʋʤʝʥʴʰʠʪʝ ʜʣʠʥʫ ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ, ʫʩʪʘʥʦʚʠʚ K = 5, ʠ ʚʥʦʚʴ ʧʨʦʥʘʙʣʶʜʘʡ-

ʪʝ ʠʤʧʫʣʴʩʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.   

ɿʘʧʠʰʠʪʝ ʚ ʦʪʯʝʪ ʚʳʚʦʜʳ ʦ ʚʣʠʷʥʠʠ ʜʣʠʥʳ ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ ʥʘ ʠʤʧʫʣʴʩʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʠʣʴʪʨʦʚ ʠ ʦʙ ʦʪʣʠʯʠʠ ʠʤʧʫʣʴʩʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʠʣʴʪʨʘ ʩ 

ʦʢʥʦʤ ʍʝʤʤʠʥʛʘ ʦʪ ʠʤʧʫʣʴʩʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʠʣʴʪʨʘ ʩ ʧʨʷʤʦʫʛʦʣʴʥʳʤ ʦʢ-

ʥʦʤ. 

7.5. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʝʣʝʢʪʠʚʥʳʭ ʩʚʦʡʩʪʚ ʬʠʣʴʪʨʘ ʥʘʯʥʠʪʝ ʩ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ ʠ ʧʦʤʝʭʠ. 

ʉʥʘʯʘʣʘ ʚʳʧʦʣʥʠʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʯʝʪʯʠʢʘ ʦʪʩʯʝʪʦʚ ʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʧʦ-

ʩʳʣʢʝ ʩʠʛʥʘʣʘ, ʩʦʜʝʨʞʘʱʝʡ  nv ʦʪʩʯʝʪʦʚ. 

ɿʘʜʘʡʪʝ ʟʥʘʯʝʥʠʝ nv 

ɿʘʜʘʡʪʝ ʥʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʝʨʝʤʝʥʥʦʡ ʩʯʝʪʯʠʢʘ  

q
0

0
  

ʆʧʨʝʜʝʣʠʪʝ n ï ʳʡ ʦʪʩʯʝʪ ʩʯʝʪʯʠʢʘ ʠ ʧʨʦʥʘʙʣʶʜʘʡʪʝ ʝʛʦ ʚʨʝʤʝʥʥʫʶ ʜʠʘ-

ʛʨʘʤʤʫ 

n 1 nmax
 
 

q
n

if q
n 1

1 nv q
n 1

1 0  
 

 

ɿʘʜʘʡʪʝ ʤʘʢʩʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʩʠʛʥʘʣʘ X ʠ ʩʬʦʨʤʠʨʫʡʪʝ ʩʣʫʯʘʡʥʫʶ ʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʦʩʳʣʦʢ ʩʠʛʥʘʣʘ 

xs
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xs
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if q
n

0 if rnd 1( ) 0.5 X X( ) xs
n 1
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ʉʬʦʨʤʠʨʫʡʪʝ ʩʠʥʫʩʦʠʜʘʣʴʥʫʶ ʧʦʤʝʭʫ 
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ɿʘʜʘʡʪʝ ʩʫʤʤʫ ʩʠʛʥʘʣʘ ʠ ʧʦʤʝʭʠ  
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ɿʘʜʘʡʪʝ ʧʦʣʦʚʠʥʫ ʜʣʠʥʳ ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ 
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ʇʨʦʥʘʙʣʶʜʘʡʪʝ ʚʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʚʭʦʜʥʦʛʦ xn ʠ ʚʳʭʦʜʥʦʛʦ yn ʩʠʛʥʘ-

ʣʦʚ ʬʠʣʴʪʨʘ  ʧʨʠ K=5, 10, 15, 20, 25. 

ɿʘʧʠʰʠʪʝ ʚ ʦʪʯʝʪ ʚʳʚʦʜ ʦ ʚʣʠʷʥʠʠ ʜʣʠʥʳ ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ ʥʘ ʩʝʣʝʢʪʠʚʥʳʝ 

ʩʚʦʡʩʪʚʘ ʬʠʣʴʪʨʘ. 
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                                                  ʇʈʀʃʆɾɽʅʀɽ 

                                                 ʢ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʝ ˉ2 

 

ʉʠʥʪʝʟ ʥʝʨʝʢʫʨʩʠʚʥʦʛʦ  ʮʠʬʨʦʚʦʛʦ ʬʠʣʴʪʨʘ ʤʝʪʦʜʦʤ ʨʷʜʘ ʌʫʨʴʝ ʠ çʦʢʥʘè. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʬʠʣʴʪʨʘʮʠʠ 

 

1. ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʠʬʨʦʚʳʭ ʬʠʣʴʪʨʦʚ 

ʎʠʬʨʦʚʳʤ ʬʠʣʴʪʨʦʤ ʥʘʟʳʚʘʝʪʩʷ ʣʠʥʝʡʥʘʷ ʯʘʩʪʦʪʥʦ-ʠʟʙʠʨʘʪʝʣʴʥʘʷ ʩʠʩʪʝ-

ʤʘ, ʨʝʘʣʠʟʫʝʤʘʷ ʥʘ ʦʩʥʦʚʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ.  

ʇʫʩʪʴ ʧʨʠ ʜʝʡʩʪʚʠʠ ʥʘ ʚʭʦʜʝ ʮʠʬʨʦʚʦʛʦ ʬʠʣʴʪʨʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʪ-

ʩʯʝʪʦʚ xn ʥʘ ʚʳʭʦʜʝ ʜʝʡʩʪʚʫʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ yn  

ɽʩʣʠ n-ʳʡ ʦʪʩʯʝʪ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʬʠʣʴʪʨʘ yn ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʦʪʩʯʝʪʦʚ 

ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʚ ʜʘʥʥʳʡ ʠ ʧʨʝʜʰʝʩʪʚʫʶʱʠʝ ʤʦʤʝʥʪʳ ʜʠʩʢʨʝʪʥʦʛʦ ʚʨʝʤʝʥʠ 

xn, xn-1 ..ʠ ʪ.ʜ., ʪʦ ʪʘʢʦʡ ʬʠʣʴʪʨ ʥʘʟʳʚʘʝʪʩʷ ʥʝʨʝʢʫʨʩʠʚʥʳʤ. 

ɽʩʣʠ n-ʳʡ ʦʪʩʯʝʪ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʬʠʣʴʪʨʘ yn ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʦʪ-

ʩʯʝʪʦʚ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʚ ʜʘʥʥʳʡ ʠ ʧʨʝʜʰʝʩʪʚʫʶʱʠʝ ʤʦʤʝʥʪʳ ʜʠʩʢʨʝʪʥʦʛʦ 

ʚʨʝʤʝʥʠ xn, xn-1 ʠ ʪ.ʜ.,  ʥʦ ʠ ʦʪ ʦʪʩʯʝʪʦʚ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʚ ʧʨʝʜʰʝʩʪʚʫʶʱʠʝ 

ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ, ʪʦ ʪʘʢʦʡ ʬʠʣʴʪʨ ʥʘʟʳʚʘʝʪʩʷ ʨʝʢʫʨʩʠʚʥʳʤ.  

ʀʤʧʫʣʴʩʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʮʠʬʨʦʚʦʛʦ ʬʠʣʴʪʨʘ ʥʘʟʳʚʘʝʪʩʷ ʚʭrʦʜʥʦʡ 

ʩʠʛʥʘʣ ʬʠʣʴʪʨʘ ʧʨʠ ʜʝʡʩʪʚʠʠ ʥʘ ʝʛʦ ʚʭʦʜʝ ʝʜʠʥʠʯʥʦʛʦ ʦʪʩʯʝʪʘ ʠ ʥʫʣʝʚʳʭ ʥʘ-

ʯʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʌʠʣʴʪʨ ʩ ʢʦʥʝʯʥʦʡ ʠʤʧʫʣʴʩʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʥʘʟʳʚʘʝʪʩʷ ʂʀʍ-

ʬʠʣʴʪʨʦʤ (ʂʀʍ-ʢʦʥʝʯʥʘʷ ʠʤʧʫʣʴʩʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ). ʌʠʣʴʪʨ ʩ ʙʝʩʢʦʥʝʯʥʦʡ 

ʠʤʧʫʣʴʩʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʥʘʟʳʚʘʶʪ ɹʀʍ-ʬʠʣʴʪʨʦʤ.  

ʉʠʩʪʝʤʥʦʡ ʬʫʥʢʮʠʝʡ ʮʠʬʨʦʚʦʛʦ ʬʠʣʴʪʨʘ ʥʘʟʳʚʘʝʪʩʷ ʦʪʥʦʰʝʥʠʝ Z-

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʬʠʣʴʪʨʘ ʢ Z-ʧʨʝʦʙʨʘʟʦʚʘʥʠʶ ʚʭʦʜʥʦʛʦ 

ʩʠʛʥʘʣʘ. 

ʀʟʚʝʩʪʥʦ [2], ʯʪʦ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʬʠʣʴʪʨʘ yn ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʠʩʢʨʝʪ-

ʥʫʶ ʩʚʝʨʪʢʫ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ xn ʠ ʠʤʧʫʣʴʩʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ hn 

.xhy kn

n

0k

kn  

ɺʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʪʝʦʨʝʤʦʡ ʦ ʜʠʩʢʨʝʪʥʦʡ ʩʚʝʨʪʢʝ [2], ʚʳʨʘʟʠʤ Z-

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ Y(z) ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʬʠʣʴʪʨʘ yn ʯʝʨʝʟ Z-ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 

X(z) ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ xn 

Y(z) = H(z) X(z), 

ʛʜʝ      
n n n

n n n

n 0 n 0 n 0

Y(z) y z , H(z) h z , X(z) x z . 

ʀʟ ʧʦʩʣʝʜʥʠʭ ʩʦʦʪʥʦʰʝʥʠʡ ʩʣʝʜʫʝʪ, ʯʪʦ ʩʠʩʪʝʤʥʘʷ ʬʫʥʢʮʠʷ H(z) ʧʨʝʜ-

ʩʪʘʚʣʷʝʪ ʩʦʙʦʡ  Z-ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠʤʧʫʣʴʩʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʠʬʨʦʚʦʛʦ 

ʬʠʣʴʪʨʘ.  
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ʂʦʤʧʣʝʢʩʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʝʨʝʜʘʯʠ ʬʠʣʴʪʨʘ K# ʷʚʣʷʝʪʩʷ ʦʪʥʦʝh-

ʥʠʝ ʢʦʤʧʣʝʢʩʥʦʡ ʘʤʧʣʠʪʫʜʳ Y# ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʬʠʣʴʪʨʘ ʢ ʢʦʤʧʣʝʢʩʥʦʡ 

ʘʤʧʣʠʪʫʜʝ ʚʭʦʜʥʦʛʦ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʩʠʛʥʘʣʘ X# 

Y
K

X

#
#
#. 

ʂʦʵʬʬʠʮʠʝʥʪʦʤ ʧʝʨʝʜʘʯʠ ʬʠʣʴʪʨʘ ʂ ʥʘʟʳʚʘʝʪʩʷ ʤʦʜʫʣʴ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʝʨʝʜʘʯʠ 

.KK #
 

ʏʘʩʪʦʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʮʠʬʨʦʚʦʛʦ ʬʠʣʴʪʨʘ K( j )#
 ʥʘʟʳʚʘʝʪʩʷ ʟʘ-

ʚʠʩʠʤʦʩʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʝʨʝʜʘʯʠ ʬʠʣʴʪʨʘ ʦʪ ʯʘʩʪʦʪʳ.  

ɸʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ (ɸʏʍ) K( )  ʥʘʟʳʚʘʝʪʩʷ ʟʘ-

ʚʠʩʠʤʦʩʪʴ ʤʦʜʫʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʝʨʝʜʘʯʠ ʦʪ ʯʘʩʪʦʪʳ 

K( ) K( j )#
. 

ʌʘʟʦʯʘʩʪʦʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ (ʌʏʍ) ʥʘʟʳʚʘʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ ʘʨʛʫ-

ʤʝʥʪʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʝʨʝʜʘʯʠ ʬʠʣʴʪʨʘ ʦʪ ʯʘʩʪʦʪʳ. 

( ) arg(K( j ))#
. 

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʝʨʝʜʘʯʠ ʥʫʞʥʦ ʚ ʚʨrʘʞʝ-

ʥʠʠ ʜʣʷ ʩʠʩʪʝʤʥʦʡ ʬʫʥʢʮʠʠ ʟʘʤʝʥʠʪʴ z ʥʘ 
ɼj T

e : 

jz e , 

ʛʜʝ ɼ N N

ɼ

f
T 2 f , f

F  - ʥʦʨʤʠʨʦʚʘʥʥʘʷ ʯʘʩʪʦʪʘ ï ʦʪʥʦʰʝʥʠʝ ʪʝ-

ʢʫʱʝʡ ʯʘʩʪʦʪʳ f ʢ ʯʘʩʪʦʪʝ ʜʠʩʢʨʝʪʠʟʘʮʠʠ Fɼ. 

 

2. ʅʝʨʝʢʫʨʩʠʚʥʳʡ  ʮʠʬʨʦʚʦʡ ʬʠʣʴʪʨ ʩ ʣʠʥʝʡʥʦʡ ʌʏʍ 

 

ʅʘ ʨʠʩʫʥʢʝ ʇ.1 ʧʦʢʘʟʘʥ ʥʝʨʝʢʫʨʩʠʚʥʳʡ ʬʠʣʴʪʨ, ʫ ʢʦʪʦʨʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʩʠʩʪʝʤʥʦʡ ʬʫʥʢʮʠʠ b ʩʠʤʤʝʪʨʠʯʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʝʨʝʜʠʥʳ ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ. 

ɺʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʬʠʣʴʪʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʩʦʦʪʥʦh ʝʥʠʝʤ 

n 0 n K 1 n K 1 n K 1 K n n 2Ky b x b (x x ) .. b (x x ). 
ɺʳʨʘʟʠʤ Z ï ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʬʠʣʴʪʨʘ ʯʝʨʝʟ Z ï ʧʨʝʦʙ-

ʨʘʟʦʚʘʥʠʝ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘ-

ʣʘ
K K 1 K 1 2K

0 1 KY(z) b z X(z) b (z z )X(z) .. b (1 z )X(z). 
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z
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z
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z
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ʈʠʩʫʥʦʢ ʇ.1 ï ʅʝʨʝʢʫʨʩʠʚʥʳʡ ʮʠʬʨʦʚʦʡ ʬʠʣʴʪʨ ʩ  

                           ʣʠʥʝʡʥʦʡ ʌʏʍ 

 

ʈʘʟʜʝʣʠʚ Y(z) ʥʘ X(z), ʥʘʡʜʝʤ ʩʠʩʪʝʤʥʫʶ ʬʫʥʢʮʠʶ  
K 1 1 K K

0 1 KH(z) z (b b (z z ) .. b (z z )). 
ʅʘʡʜʝʤ ʢʦʤʧʣʝʢʩʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ ʬʠʣʴʪʨʘ, ʠʩʧʦʣʴʟʫʷ ʧʦʜʩʪʘ-

ʥʦʚʢʫ 
jz e . 

jK

0 1 KK( j ) e (b 2b cos( ) ..2b cos(k ))#
. 

ʆʙʦʟʥʘʯʠʤ  

,mcosC

Kcosb2...cosb2bA

K

0m

m

K10

       (ʇ.1) 

      ʛʜʝ 
m

m

m

b ʧʨʠm 0,
C

2b ʧʨʠm 1,2..K.                      

ʊʦʛʜʘ  ɸʏʍ  ʠ ʌʏʍ (ʙʝʟ ʧʨʠʚʝʜʝʥʠʷ ʚ ʠʥʪʝʨʚʘʣ ʦʪ -ˊ  ʜʦ ˊ) ʬʠʣʴʪʨʘ ʦʧʨʝ-

ʜʝʣʷʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ 

                             K( ) A( ) ,                        (ʇ.2) 

                                  0( ) K arg(A( )) .                                        

ʊʘʢ ʢʘʢ ʚʪʦʨʦʝ ʩʣʘʛʘʝʤʦʝ ʚ ʚʳʨʘʞʝʥʠʠ ʜʣʷ ʌʏʍ - ʢʦʥʩʪʘʥʪʘ (0 ʠʣʠ ˊ), ʌʏʍ 

ʵʪʦʛʦ ʬʠʣʴʪʨʘ  ʷʚʣʷʝʪʩʷ ʣʠʥʝʡʥʦ-ʣʦʤʘʥʦʡ.  
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ʃʠʥʝʡʥʦʩʪʴ ʌʏʍ ʦʙʫʩʣʦʚʣʝʥʘ ʩʠʤʤʝʪʨʠʝʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʠʩʪʝʤʥʦʡ 

ʬʫʥʢʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʝʨʝʜʠʥʳ ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ (ʩʠʤʤʝʪʨʠʝʡ ʠʤʧʫʣʴʩʥʦʡ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ ʬʠʣʴʪʨʘ). 

 

3. ʉʠʥʪʝʟ ʥʝʨʝʢʫʨʩʠʚʥʦʛʦ ʬʠʣʴʪʨʘ ʩ ʣʠʥʝʡʥʦʡ ʌʏʍ ʤʝʪʦʜʦʤ ʨʷʜʘ  ʌʫʨʴʝ ʠ 

çʦʢʥʘè 

 

ɿʘʜʘʯʝʡ ʩʠʥʪʝʟʘ  ʬʠʣʴʪʨʘ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʝʛʦ ʩʠʩ-

ʪʝʤʥʦʡ ʬʫʥʢʮʠʠ ʧʨʠ ʟʘʜʘʥʥʳʭ ʪʨʝʙʦʚʘʥʠʷʭ ʢ ɸʏʍ. ɺ ʩʣʫʯʘʝ ʬʠʣʴʪʨʘ ʩ ʣʠʥʝʡ-

ʥʦʡ ʌʏʍ ʠ ɸʏʍ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʨʷʜʦʤ ʢʦʩʠʥʫʩʦʚ (ʇ.1), (ʇ.2) ʵʪʠʤʠ ʢʦʵʬʬʠʮʠ-

ʝʥʪʘʤʠ ʷʚʣʷʶʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʳ  0 1 Kb , b , .. b . 

ʀʟ (ʇ.1) ʚʠʜʥʦ, ʯʪʦ ʬʫʥʢʮʠʷ A( ), ʦʧʨʝʜʝʣʷʶʱʘʷ ɸʏʍ ʬʠʣʴʪʨʘ, ʷʚʣʷʝʪʩʷ 

ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʬʫʥʢʮʠʝʡ ʩ ʧʝʨʠʦʜʦʤ 2ˊ. 

ʇʫʩʪʴ ʪʨʝʙʫʝʪʩʷ ʚʳʧʦʣʥʠʪʴ ʩʠʥʪʝʟ ʌʅʏ, ʫ ʢʦʪʦʨʦʛʦ ʬʫʥʢʮʠʷ A(ɗ) ʩʪʨʝ-

ʤʠʪʩʷ ʢ ʬʫʥʢʮʠʠ D(ɗ), ʧʦʢʘʟʘʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ ʇ.2 ʚ ʠʥʪʝʨʚʘʣʝ ʠʟʤʝʥʝʥʠʷ ɗ ʦʪ ï

 ́ ʜʦ  .́ 

1
  D(ɗ)

  - ́             - ɗ0         0          ɗ0              ́         ɗ
 

ʈʠʩʫʥʦʢ ʇ.2 ï ʀʜʝʘʣʴʥʘʷ ɸʏʍ  ʌʅʏ 

 

ʈʘʟʣʦʞʝʥʠʝ ʬʫʥʢʮʠʠ D(ɗ) ʚ ʨʷʜ ʌʫʨʴʝ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʢʦʵʬʬʠʮʠʝʥ-

ʪ r

0

0

0jm0
0 m

sin m1
b ʠ b e d

2 m ,          (ʇ.3) 

ʛʜʝ m = 1,2 ..K. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ  ʧʨʠʚʝʜʝʤ ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʬʦʨʤʫʣʘʤ (ʇ.3), (ʇ.1) ʠ 

(ʇ.2) ʬʫʥʢʮʠʶ  A( )  ʠ ɸʏʍ  ʂ(ɗ) ʧʨʠ ɗ0 = ˊ / 2,  K=3.  
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ʈʠʩʫʥʦʢ ʇ.3 - ʌʫʥʢʮʠʷ A( )  ʧʨʠ ɗ0 = ˊ / 2, K=3 
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            ʈʠʩʫʥʦʢ ʇ.4 ïɸʏʍ  ʂ(ɗ)  ʧʨʠ ɗ0 = ˊ / 2, K=3 

 

ɺʤʝʩʪʝ ʩ ʛʨʘʬʠʢʦʤ  ʨʝʘʣʴʥʦʡ ɸʏʍ   K(ɗ)  ʧʦʢʘʟʘʥʘ  ʠʜʝʘʣʴʥʘʷ ʧʨʷʤʦʫʛʦʣʴ-

ʥʘʷ ɸʏʍ  D(ɗ). ʇʨʠ  K=3 ʵʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ɸʏʍ ʷʚʣʷʶʪʩʷ ʧʫʣʴʩʘʮʠʠ ʢʘʢ ʚ ʧʦʣʦʩʝ ʧʨʦʧʫʩʢʘʥʠʷ, ʪʘʢ ʠ ʚ ʧʦ-

ʣʦʩʝ ʟʘʜʝʨʞʠʚʘʥʠʷ. 

ʅʘ ʨʠʩʫʥʢʘʭ ʇ.5 ʠ ʇ.6 ʧʨʠʚʝʜʝʥʳ ɸʏʍ ʬʠʣʴʪʨʦʚ ʧʨʠ K=10 ʠ K=20 ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ. 
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ʈʠʩʫʥʦʢ ʇ.5 ï ɸʏʍ ʬʠʣʴʪʨʘ ʩ ʣʠʥʝʡʥʦʡ ʌʏʍ  

        ʧʨʠ ɗ0 = ˊ / 2,  K = 10 
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ʈʠʩʫʥʦʢ ʇ.6 ï ɸʏʍ ʬʠʣʴʪʨʘ ʩ ʣʠʥʝʡʥʦʡ ʌʏʍ 

       ʧʨʠ ɗ0 = ˊ / 2,  K = 20 

 

ʅʘ ʵʪʠʭ ʨʠʩʫʥʢʘʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʡ ʤʘʩʰʪʘʙ ʧʦ ʦʩʠ ʦʨʜʠʥʘʪ 

ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ɸʏʍ ʙʳʣʘ ʙʦʣʝʝ ʥʘʛʣʷʜʥʦʡ ʚ ʧʦʣʦʩʝ ʟʘʜʝʨʞʠʚʘʥʠʷ. 

ʀʟ ʨʠʩʫʥʢʦʚ ʚʠʜʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʜʣʠʥʳ ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ (ʫʤʝʥʴʰʝʥʠʝ 

ʢʦʣʠʯʝʩʪʚʘ ʦʪʙʨʘʩʳʚʘʝʤʳʭ ʯʣʝʥʦʚ ʨʘʟʣʦʞʝʥʠʷ ʌʫʨʴʝ), ʜʝʣʘʷ ɸʏʍ ʙʦʣʝʝ ʧʨʷ-

ʤʦʫʛʦʣʴʥʦʡ, ʥʝ ʫʩʪʨʘʥʷʝʪ ʧʫʣʴʩʘʮʠʠ ɸʏʍ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʜʣʠʥʳ ʣʠʥʠʠ ʟʘ-

ʜʝʨʞʢʠ ʯʘʩʪʦʪʘ ʧʫʣʴʩʘʮʠʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʦʜʥʘʢʦ ʤʘʢʩʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʧʝʨ-

ʚʦʛʦ ʙʦʢʦʚʦʛʦ ʣʝʧʝʩʪʢʘ ʚ ʧʦʣʦʩʝ ʟʘʜʝʨʞʠʚʘʥʠʷ ʦʩʪʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟʤʝʥ-

ʥʳʤ ʠ ʨʘʚʥʳʤ 0.1. 

ʇʫʣʴʩʘʮʠʠ ɸʏʍ ʚʙʣʠʟʠ ʪʦʯʝʢ ʨʘʟʨʳʚʘ ʬʫʥʢʮʠʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʛʨʘʥʠʯʝʥʠʝʤ 

ʯʣʝʥʦʚ ʨʘʟʣʦʞʝʥʠʷ ʚ ʨʷʜ ʌʫʨʴʝ, ʧʦʣʫʯʠʣʠ ʥʘʟʚʘʥʠʝ ʷʚʣʝʥʠʷ ɻʠʙʙʩʘ. 
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ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʧʫʣʴʩʘʮʠʡ ʨʷʜʦʤ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʝ 

ʩʠʛʥʘʣʦʚ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢ ʥʘʟʚrʘʝʤʳʭ  çʦʢʦʥʥʳʭ ʬʫʥʢ-

ʮʠʡè. 

ʉʫʱʥʦʩʪʴ ʤʝʪʦʜʘ ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ: ʚʤʝʩʪʦ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʠʩʪʝʤʥʦʡ 

ʬʫʥʢʮʠʠ bm  ʠʩʧʦʣʴʟʫʶʪ ʢʦʵʬʬʠʮʠʝʥʪʳ 

m m mb b W , 

ʛʜʝ mW - m-ʳʡ ʦʪʩʯʝʪ ʦʢʦʥʥʦʡ ʬʫʥʢʮʠʠ. 

ʇʨʦʩʪʦʤʫ ʦʛʨʘʥʠʯʝʥʠʶ ʨʷʜʘ ʌʫʨʴʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʤ̫ʦʫʛʦʣʴʥʦʝ ʦʢʥʦ  

m

1 ʧʨʠ m K,
W

0 ʧʨʠ m K. 

 

ʅʝʩʢʦʣʴʢʦ ʜʨʫʛʠʭ ʬʫʥʢʮʠʡ ʧʨʠʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʝ ʇ.1. 

ʅʘ ʨʠʩʫʥʢʘʭ ʇ.7 ʠ ʇ.8  ʧʦʢʘʟʘʥʳ ɸʏʍ ʨʠʩʫʥʢʦʚ ʇ.5 ʠ ʇ.6 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʧʦʩʣʝ ʦʧʝʨʘʮʠʠ ʩʛʣʘʞʠʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʢʥʘ ʍʝʤʤʠʥʛʘ. ʀʟ ʩʦʧʦʩʪʘʚʣʝ-

ʥʠʷ  ɸʏʍ ʜʦ ʩʛʣʘʞʠʚʘʥʠʷ ʠ ʧʦʩʣʝ ʥʝʛʦ ʚʠʜʥʦ, ʯʪʦ ʵʪʘ ʦʧʝʨʘʮʠʷ ʧʨʠʚʦʜʠʪ ʢ ʩʫ-

ʱʝʩʪʚʝʥʥʦʤʫ (ʧʨʠʤʝʨʥʦ ʥʘ 40 ʜɹ) ʦʩʣʘʙʣʝʥʠʶ ʧʫʣʴʩʘʮʠʡ, ʥʦ ʠ ʢ ʨʘʩʰʠʨʝʥʠʶ 

ʧʝʨʝʭʦʜʥʦʡ ʧʦʣʦʩʳ ʤʝʞʜʫ ʧʦʣʦʩʦʡ ʧʨʦʧʫʩʢʘʥʠʷ ʠ ʧʦʣʦʩʦʡ ʟʘʜʝʨʞʠʚʘʥʠʷ 

ʬʠʣʴʪʨʘ. 

 

                                                                       ʊʘʙʣʠʮʘ ʇ.1 

                                                                       ʌʫʥʢʮʠʠ ʦʢʥʘ 

 

ʅʘʟʚʘʥʠʝ ʦʢʥʘ ʌʫʥʢʮʠʷ ʦʢʥʘ 

ʆʢʥʦ 

 ʬʦʥ ɻʘʥʥʘ 

(ʧʨʠʧʦʜʥʷʪʳʡ 

ʢʦʩʠʥʫʩ) 

m

m
W 0.5 1 cos

K  

 

ʆʢʥʦ 

ʍʝʤʤʠʥʛʘ 
m

m
W 0.54 0.46cos

K  
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ʆʢʥʦ 

ɹʣʵʢʤʘʥʘ 
m

m 2 m
W 0.42 0.5cos 0.08cos

K K

 

 

ʆʢʥʦ 

ʃʘʥʮʦʰʘ 

L

m

sin m K
W

m K , 

 ʛʜʝ L - ʮʝʣʦʝ ʯʠʩʣʦ 
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ʈʠʩʫʥʦʢ ʇ.7 ï ɸʏʍ ʬʠʣʴʪʨʘ ʧʨʠ ɗ0 = ˊ / 2, K=10 ʠ 

        ʩʛʣʘʞʠʚʘʥʠʝʤ ʧʫʣʴʩʘʮʠʡ ʬʫʥʢʮʠʝʡ ʍʝʤʤʠʥʛʘ   
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ʈʠʩʫʥʦʢ ʇ.8 ï ɸʏʍ ʬʠʣʴʪʨʘ ʧʨʠ ɗ0 = ˊ / 2,  K=20 ʠ 

        ʩʛʣʘʞʠʚʘʥʠʝʤ ʧʫʣʴʩʘʮʠʡ ʬʫʥʢʮʠʝʡ ʍʝʤʤʠʥʛʘ 
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ʆʧʠʩʘʥʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʨʘʩʩʤʦʪʨʝʥ ʥʘ ʧʨʠʤʝʨʝ ʬʠʣʴʪʨʘ ʥʠʞʥʠʭ ʯʘʩʪʦʪ. 

ʆʜʥʘʢʦ ʝʛʦ ʥʝʪʨʫʜʥʦ ʨʘʩʧʨʦʩʪʨʘʥʠʪʴ ʥʘ ʬʠʣʴʪʨʳ ʜʨʫʛʠʭ ʪʠʧʦʚ. 

ʅʘʧʨʠʤʝʨ, ɸʏʍ ʧʦʣʦʩʦʚʦʛʦ ʬʠʣʴʪʨʘ ʩ ʛʨʘʥʠʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʦʣʦʩʳ ɗ1 ʠ 

ɗ2 ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʨʘʟʥʦʩʪʠ ɸʏʍ ʌʅʏ, ʢʘʢ ʵʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 

ʇ.9. 

 

 
 

 1   D2(ɗ)     

 - ́    - ɗ2                   0                   ɗ2       ́         ɗ
 

  -ˊ                -  ɗ 1       0      ɗ1                 ˊ       ɗ 

1 
  D1(ɗ)     

  -ˊ    -  ɗ 2      - ɗ1       0       ɗ1        ɗ2      ˊ      ɗ 

1 

 D(ɗ)         

1 

 
ʈʠʩʫʥʦʢ ʇ.9 ï ʇʨʝʜʩʪʘʚʣʝʥʠʝ ɸʏʍ ʧʦʣʦʩʦʚʦʛʦ ʬʠʣʴʪʨʘ 

               ʚ ʚʠʜʝ ʨʘʟʥʦʩʪʠ ɸʏʍ ʌʅʏ  D(ɗ)=D2(ɗ) ï D1(ɗ)   

 

ʊʘʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ɸʏʍ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʘʟʣʦʞʝ-

ʥʠʷ ʚ ʨʷʜ ʌʫʨʴʝ bm ʢʘʢ ʨʘʟʥʦʩʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʟʣʦʞʝʥʠʡ 

ʚ ʨʷʜ ʌʫʨʴʝ ɸʏʍ ʌʅʏ 

2 12 1
0 m

sin m sin m
b ʠ b ʧʨʠm 0.

m .             

ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʥʘʭʦʜʷʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʘʟʣʦʞʝʥʠʷ ʜʣʷ ʨʝʞʝʢʪʦʨ-

ʥʦʛʦ ʬʠʣʴʪʨʘ (ʈʌ) ʠ ʬʠʣʴʪʨʘ ʚʝʨʭʥʠʭ ʯʘʩʪʦʪ (ʌɺʏ) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

2 12 1
0 m

sin m sin m
b , b ʧʨʠm 0

m  
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00
0 m

sin m
b , b ʧʨʠm 0

m . 

 

ʈɸɹʆʊɸ ˉ3 

 

ʉʀʅʊɽɿ ʅɽʈɽʂʋʈʉʀɺʅʆɻʆ ʎʀʌʈʆɺʆɻʆ ʌʀʃʔʊʈɸ ʉ ʃʀʅɽʁʅʆʁ ʌʏʍ 

ʄɽʊʆɼʆʄ 

ʅɸʀʃʋʏʐɽʁ ʈɸɺʅʆʄɽʈʅʆʁ ɸʇʇʈʆʂʉʀʄɸʎʀʀ 

 

1. ʎɽʃʔ ʈɸɹʆʊʓ 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʜʣʠʥʳ ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ ʠ ʚʝʩʦʚʦʡ ʬʫʥʢʮʠʠ, ʠʩʧʦʣɹ-

ʟʫʝʤʦʡ ʧʨʠ ʩʠʥʪʝʟʝ, ʥʘ ɸʏʍ ʬʠʣʴʪʨʘ  

 

2. ʃʀʊɽʈɸʊʋʈɸ 

 

2.1. ʇʨʠʣʦʞʝʥʠ ̫ʢ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʝ ˉ3 

2.2. ʇʨʠʣʦʞʝʥʠʝ ʢ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʝ ˉ2 

2.3. ɺ.ɻ.ʀʚʘʥʦʚʘ, ɸ.ʀ.ʊʷʞʝʚ. ʎʠʬʨʦʚʘʷ ʦʙʨʘʙʦʪʢʘ ʩʠʛʥʘʣʦʚ ʠ ʩʠʛʥʘʣʴʥʳʝ 

ʧʨʦʮʝʩʩʦʨʳ, ʉʘʤʘʨʘ, 2008ʛ. 

 

3. ʇʆɼɻʆʊʆɺʂɸ ʂ ʃɸɹʆʈɸʊʆʈʅʆʁ ʈɸɹʆʊɽ 

 

ʀʟʫʯʠʪʝ ʫʢʘʟʘʥʥʫʶ ʚ ʨʘʟʜʝʣʝ 2 ʣʠʪʝʨʘʪʫʨʫ ʠ ʦʪʚʝʪʴʪʝ ʥʘ ʢʦʥʪʨʦʣʴʥʳʝ ʚʦ-

ʧʨʦʩʳ. 

 

4. ʂʆʅʊʈʆʃʔʅʓɽ ɺʆʇʈʆʉʓ 

 

4.1. ʅʘʯʝʨʪʠʪʝ ʩʭʝʤʫ ʥʝʨʝʢʫʨʩʠʚʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʬʠʣʴʪʨʘ ʩ ʣʠʥʝʡʥʦʡ ʌʏʍ, 

ʩʦʜʝʨʞʘʱʝʛʦ 2K ʵʣʝʤʝʥʪʦʚ ʟʘʜʝʨʞʢʠ. ɿʘʧʠʰʠʪʝ ʨʘʟʥʦʩʪʥʦʝ ʫʨʘʚʥʝʥʠʝ ʬʠʣʴʪ-

ʨʘ. 

4.2. ɼʘʡʪʝ ʦʧʨʝʜʝʣʝʥʠʝ ʩʠʩʪʝʤʥʦʡ ʬʫʥʢʮʠʠ ʬʠʣʴʪʨʘ. ɿʘʧʠʰʠʪʝ ʚʳʨʘʞʝʥʠʝ 

ʜʣʷ ʩʠʩʪʝʤʥʦʡ ʬʫʥʢʮʠʠ ʮʠʬʨʦʚʦʛʦ ʬʠʣʴʪʨʘ ʩ ʣʠʥʝʡʥʦʡ ʌʏʍ 

4.3. ʂʘʢ ʦʧʨʝʜʝʣʠʪʴ ʢʦʤʧʣʝʢʩʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ ʬʠʣʴʪʨʘ, ʝʩʣʠ 

ʠʟʚʝʩʪʥʘ ʝʛʦ ʩʠʩʪʝʤʥʘʷ ʬʫʥʢʮʠʷ? ɿʘʧʠʰʠʪʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʦ-

ʵʬʬʠʮʠʝʥʪʘ ʧʝʨʝʜʘʯʠ ʬʠʣʴʪʨʘ ʩ ʣʠʥʝʡʥʦʡ ʌʏʍ. 

4.4. ʂʘʢ ʦʧʨʝʜʝʣʠʪʴ ɸʏʍ ʠ ʌʏʍ ʮʠʬʨʦʚʦʛʦ ʬʠʣʴʪʨʘ, ʝʩʣʠ ʠʟʚʝʩʪʥʘ ʩʠʩ-

ʪʝʤʥʘʷ ʬʫʥʢʮʠʷ ʬʠʣʴʪʨʘ? 

4.5. ɼʘʡʪʝ ʦʧʨʝʜʝʣʝʥʠʝ ʠʤʧʫʣʴʩʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʠʬʨʦʚʦʛʦ ʬʠʣʴʪʨʘ. 

ʇʨʠ ʢʘʢʦʡ ʠʤʧʫʣʴʩʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʥʝʨʝʢʫʨʩʠʚʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʬʠʣʴʪʨʘ 

ʧʦʣʫʯʘʝʪʩʷ ʣʠʥʝʡʥʘʷ ʌʏʍ? 
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4.6. ʂʘʢ ʠʟʤʝʥʷʝʪʩʷ ʬʦʨʤʘ ɸʏʍ  ʥʝʨʝʢʫʨʩʠʚʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʬʠʣʴʪʨʘ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʜʣʠʥʳ ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ (ʢʦʣʠʯʝʩʪʚʘ ʵʣʝʤʝʥʪʦʚ ʟʘʜʝʨʞʢʠ)?  

4.7. ʂʘʢ ʟʘʚʠʩʷʪ ʧʫʣʴʩʘʮʠʠ ɸʏʍ ʦʪ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ?  

4.8. ʇʦʷʩʥʠʪʝ ʩʫʱʥʦʩʪʴ ʩʠʥʪʝʟʘ ʬʠʣʴʪʨʘ ʤʝʪʦʜʦʤ ʥʘʠʣʫʯʰʝʡ ʨʘʚʥʦʤʝʨʥʦʡ  

ʘʧʧʨʦʢʩʠʤʘʮʠʠ.        

 

5. ʉʆɼɽʈɾɸʅʀɽ ʈɸɹʆʊʓ 

 

5.1. ɺʳʧʦʣʥʠʪʝ ʩʠʥʪʝʟ ʧʦʣʦʩʦʚʦʛʦ ʮʠʬʨʦʚʦʛʦ ʬʠʣʴʪʨʘ ʧʦ ʧʨʦʛʨʘʤʤʝ 

Filter1.  

ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʩʠʥʪʝʟʘ ʷʚʣʷʶʪʩʷ: 

 ʄʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʯʘʩʪʦʪʳ ʣʝʚʦʡ ʧʦʣʦʩʳ ʟʘʜʝʨ-

ʞʠʚʘʥʠʷ fN1min, 

 ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʯʘʩʪʦʪʳ ʣʝʚʦʡ ʧʦʣʦʩʳ ʟʘʜʝʨ-

ʞʠʚʘʥʠʷ fN1max, 

 ʄʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʯʘʩʪʦʪʳ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ 

fNmin, 

 ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʯʘʩʪʦʪʳ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ 

fNmax, 

  ʄʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʯʘʩʪʦʪʳ ʧʨʘʚʦʡ ʧʦʣʦʩʳ ʟʘ-

ʜʝʨʞʠʚʘʥʠʷ fN2min, 

 ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʯʘʩʪʦʪʳ ʧʨʘʚʦʡ ʧʦʣʦʩʳ ʟʘ-

ʜʝʨʞʠʚʘʥʠʷ fN2max, 

 ʊʨʝʙʫʝʤʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ ʬʠʣʴʪʨʘ ʚ ʧʦʣʦʩʝ ʧʨʦʧʫʩʢʘʥʠʷ K, 

 ʊʨʝʙʫʝʤʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ ʬʠʣʴʪʨʘ ʚ ʧʦʣʦʩʝ ʟʘʜʝʨʞʠʚʘʥʠʷ 

Kz, 

 ɺʝʩʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʚ ʧʦʣʦʩʝ ʧʨʦʧʫʩʢʘʥʠʷ g1, 

 ɺʝʩʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʚ ʧʦʣʦʩʝ ʟʘʜʝʨʞʠʚʘʥʠʷ g2, 

 ɼʣʠʥʘ (ʢʦʣʠʯʝʩʪʚʦ ʦʪʩʯʝʪʦʚ) ʠʤʧʫʣʴʩʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ N. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʠʚʝʜʝʥʘ ʪʨʝʙʫʝʤʘʷ ɸʏʍ ʬʠʣʴʪʨʘ. 

ɼʣʷ ʧʦʣʦʩʦʚʦʛʦ ʬʠʣʴʪʨʘ fN1min=0, fN2max=0.5. ʆʩʪʘʣʴʥʳʝ ʛʨʘʥʠʯʥʳʝ 

ʯʘʩʪʦʪʳ ʠ ʜʣʠʥʘ ʠʤʧʫʣʴʩʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʜʘʥʳ ʚ ʪʘʙʣʠʮʝ 1. 
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1 

K 

fN1min  fN1max     fNmin   fNmax     fN2min    fN2max    
 

ʈʠʩʫʥʦʢ 1 ï ʊʨʝʙʫʝʤʘʷ ɸʏʍ ʬʠʣʴʪʨʘ 

 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʵʪʦʛʦ ʧʫʥʢʪʘ ʟʘʜʘʥʠʷ ʚʩʝʤ ʙʨʠʛʘʜʘʤ ʧʨʠʥʷʪʴ K=1, Kz=0, 

g1=g2=1. 

5.2. ʀʩʩʣʝʜʫʡʪʝ ʚʣʠʷʥʠʝ  ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ 

ʧʫʣʴʩʘʮʠʠ ɸʏʍ ʚ ʧʦʣʦʩʝ ʧʨʦʧʫʩʢʘʥʠʷ  ŭ1 ʠ ʚ ʧʦʣʦʩʝ ʟʘʜʝʨʞʠʚʘʥʠʷ ŭ2 ʧʨʠ ʚʝ-

ʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʘʭ g1=g2=1; g1=1, g2=0.5; g1=1, g2=2.  

5.3. ʉʥʠʤʠʪʝ ʟʘʚʠʩʠʤʦʩʪʴ ʘʤʧʣʠʪʫʜʳ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʚʳʭʦʜʝ 

ʬʠʣʴʪʨʘ Y ʦʪ ʯʘʩʪʦʪʳ ʩʠʛʥʘʣʘ ʧʨʠ ʟʥʘʯʝʥʠʠ N, ʫʢʘʟʘʥʥʦʤ ʚ ʪʘʙʣʠʮʝ 1, g1=g2=1 

ʠ ʘʤʧʣʠʪʫʜʝ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ X=1. ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʵʪʦʛʦ ʧʫʥʢʪʘ ʟʘʜʘʥʠʷ ʚʦʩ-

ʧʦʣʴʟʫʡʪʝʩʴ ʧʨʦʛʨʘʤʤʦʡ  Filter2. 

                                                                             ʊʘʙʣʠʮʘ 1 

                                                            ʇʘʨʘʤʝʪʨʳ ʬʠʣʴʪʨʘ 

 

ʅʦʤʝʨ 

ʙʨʠʛʘʜʳ 

ʇʘʨʘʤʝʪʨʳ 

fNmin fNmax fN1max fN2min N 

1 0.15 0.20 0.13 0.22 51 

2 0.20 0.30 0.15 0.35 21 

3 0.15 0.25 0.13 0.27 31 

4 0.20 0.25 0.16 0.29 29 

5 0.22 0.28 0.20 0.30 29 

6 0.25 0.30 0.22 0.33 25 
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6. ʉʆɼɽʈɾɸʅʀɽ ʆʊʏɽʊɸ 

 

ʆʪʯʝʪ ʜʦʣʞʝʥ ʩʦʜʝʨʞʘʪʴ: 

6.1. ɻʨʘʬʠʢʠ ʠʤʧʫʣʴʩʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ɸʏʍ ʧʨʠ ʧʘʨʘʤʝʪʨʘʭ, ʟʘʜʘʥ-

ʥʳʭ ʚ ʪʘʙʣʠʮʝ 1. 

6.2. ʊʘʙʣʠʮʫ ʠ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʝʡ ʘʤʧʣʠʪʫʜʳ ʧʫʣʴʩʘʮʠʡ ʚ ʧʦʣʦʩʝ ʧʨʦ-

ʧʫʩʢʘʥʠʷ ʠ ʚ ʧʦʣʦʩʝ ʟʘʜʝʨʞʠʚʘʥʠʷ ʦʪ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠ-

ʢʠ ʧʨʠ  ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʘʭ g1=g2=1; g1=1, g2=0.5; g1=1, g2=2.  

6.3. ʊʘʙʣʠʮʫ ʠ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʘʤʧʣʠʪʫʜʳ ʚʳʭʦʜʥʦʛʦ ʩʠʥʫʩʦʠʜʘʣʴʥʦ-

ʛʦ ʩʠʛʥʘʣʘ ʦʪ ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʯʘʩʪʦʪ.r 

6.4. ɺʳʚʦʜʳ ʧʦ ʚʩʝʤ ʧʫʥʢʪʘʤ ʟʘʜʘʥʠʷ 

 

 

7. ʄɽʊʆɼʀʏɽʉʂʀɽ ʋʂɸɿɸʅʀʗ 

        ʇʆ ɺʓʇʆʃʅɽʅʀʖ ʈɸɹʆʊʓ 

 

   ʃʘʙʦʨʘʪʦʨʥʘʷ ʨʘʙʦʪʘ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ scilab-5.3.3.  ʆʪ-

ʢʨʦʡʪʝ ʵʪʫ ʧʨʦʛʨʘʤʤʫ. ʇʦʷʚʠʪʩʷ ʦʩʥʦʚʥʦʝ ʦʢʥʦ ʧʨʠʣʦʞʝʥʠʷ.  

   ʑʝʣʯʢʦʤ ʣʝʚʦʡ ʢʥʦʧʢʠ ʤʳʰʠ ʦʪʢʨʦʡʪʝ ʨʝʜʘʢʪʦʨ (ʀʥʩʪʨʫʤʝʥʪʳ Ÿ ʊʝʢ-

ʩʪʦʚʳʡ ʨʝʜʘʢʪʦʨ SciNotes). ʇʦʷʚʠʪʩʷ ʦʢʥʦ ʜʣʷ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ. ʀʟ ʨʝʜʘʢʪʦʨʘ 

ʦʪʢʨʦʡʪʝ ʬʘʡʣ ñFilter1ò. ʇʦʷʚʠʪʩʷ ʪʝʢʩʪ ʧʨʦʛʨʘʤʤʳ (ʇʨʠʣʦʞʝʥʠʝ ɹ ʢ ʣʘʙʦʨʘ-

ʪʦʨʥʦʡ ʨʘʙʦʪʝ ˉ3).  

   ʇʨʦʛʨʘʤʤʘ ʥʘʯʠʥʘʝʪʩʷ ʩ ʚʚʦʜʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. ʇʨʠ ʨʘʩʯʝʪʘʭ ʠʩʧʦʣɹ-

ʟʫʶʪʩʷ ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʯʘʩʪʦʪʳ fN ï ʦʪʥʦʰʝʥʠʷ ʘʙʩʦʣʶʪʥʳʭ ʟʥʘʯʝʥʠʡ ʯʘʩʪʦʪ ʢ 

ʯʘʩʪʦʪʝ ʜʠʩʢʨʝʪʠʟʘʮʠʠ. ʄʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʯʘʩʪʦʪʳ ʚ ʧʨʝ-

ʜʝʣʘʭ ʠʥʪʝʨʚʘʣʘ ʂʦʪʝʣʴʥʠʢʦʚʘ ʨʘʚʥʦ ʥʫʣʶ, ʘ ʤʘʢʩʠʤʘʣʴʥʦʝ 0.5. ɿʘʪʝʤ ʩʣʝʜʫʝʪ 

ʨʘʩʯʸʪ ʠʤʧʫʣʴʩʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʠʣʴʪʨʘ ʜʣʠʥʦʡ ʚ N ʦʪʩʯʝʪʦʚ ʩ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝʤ ʬʫʥʢʮʠʠ Scilab  ñeqfirò  ʠ ʨʘʩʯʸʪ ɸʏʍ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʫʥʢʮʠʠ Scilab 

ñfrmag. ɼʣʷ ʚʳʜʘʯʠ ʛʨʘʬʠʢʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʛʨʘʬʠʯʝʩʢʦʝ ʦʢʥʦ (ʨʠʩʫʥʦʢ 1).  

ʇʨʦʛʨʘʤʤʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʚʝʣʠʯʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʦʙʣʘʩʪʝʡ 

ʛʨʘʬʠʢʦʚ, ʢʘʢ ʵʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 2, ʘ ʪʘʢʞʝ ʚʦʟʚʨʘʪʘ ʚ ʠʩʭʦʜʥʦʝ ʩʦʩʪʦʷ-

ʥʠʝ. ʋʚʝʣʠʯʝʥʠʝ ʚʳʜʝʣʝʥʥʦʡ ʦʙʣʘʩʪʠ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʥʝʦʜʥʦʢʨʘʪʥʦ ʜʦ 

ʜʦʩʪʠʞʝʥʠʷ ʞʝʣʘʝʤʦʛʦ ʵʬʬʝʢʪʘ. 

ɺʚʝʜʠʪʝ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʩʠʥʪʝʟʘ ʬʠʣʴʪʨʘ ʠ ʟʘʧʫʩʪʠʪʝ ʧʨʦʛʨʘʤʤʫ 

(ɺʳʧʦʣʥʝʥʠʝ Ÿ éʬʘʡʣʘ ʙʝʟ ʦʪʦʙʨʘʞʝʥʠʷ ʢʦʤʘʥʜ). ɺʳ ʧʦʣʫʯʠʪʝ ʢʦʤʘʥʜʥʦʝ 

ʦʢʥʦ ʩ ʛʨʘʬʠʢʘʤʠ ʠʤʧʫʣʴʩʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ɸʏʍ ʬʠʣʴʪʨʘ, ʧʦʜʦʙʥʳʝ ʪʝʤ, 

ʯʪʦ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1. ʀʭ ʤʦʞʥʦ ʩʢʦʧʠʨʦʚʘʪʴ ʚ ʙʫʬʝʨ ʦʙʤʝʥʘ, ʘ ʟʘʪʝʤ ʚ  

Word  ʜʣʷ ʦʬʦʨʤʣʝʥʠʷ ʦʪʯʝʪʘ. 



 

54 

 

 
ʈʠʩʫʥʦʢ 1- ɻʨʘʬʠʯʝʩʢʦʝ ʦʢʥʦ  

 

ʇʦ ʵʪʦʡ ʞʝ ʧʨʦʛʨʘʤʤʝ ʚʳʧʦʣʥʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʜʣʠʪʝʣʴʥʦʩʪʠ 

ʠʤʧʫʣʴʩʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʥʘ ʧʫʣʴʩʘʮʠʠ ɸʏʍ 

ʬʠʣʴʪʨʘ. ʈʝʟʫʣʴʪʘʪʳ ʩʚʦʜʷʪʩʷ ʚ ʪʘʙʣʠʮʫ 2. ɺ ʵʪʦʡ ʪʘʙʣʠʮʝ ŭ1-ʤʘʢʩʠʤʘʣʴʥʦʝ ʧʦ 

ʘʙʩʦʣʶʪʥʦʡ ʚʝʣʠʯʠʥʝ ʦʪʢʣʦʥʝʥʠʝ ʨʝʘʣʴʥʦʡ ɸʏʍ  ʚ ʧʦʣʦʩʝ ʧʨʦʧʫʩʢʘʥʠʷ ʦʪ ʝʜʠ-

ʥʠʮʳ, ʘ ŭ2 -- ʤʘʢʩʠʤʘʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʨʝʘʣʴʥʦʡ ɸʏʍ ʚ ʧʦʣʦʩʝ ʟʘʜʝʨʞʠʚʘʥʠʷ 

ʦʪ ʥʫʣʷ.  

ʅʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʟʤɹʠʪʝ 

ʠʟ ʪʘʙʣʠʮʳ 1. ʂʘʞʜʦʝ ʧʦʩʣʝʜʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ ʙʦʣʴʰʝ ʧʨʝʜʳʜʫ-

ʱʝʛʦ ʥʘ 10 ʦʪʩʯʝʪʦʚ. ʇʦ ʜʘʥʥʳʤ ʪʘʙʣʠʮʳ ʧʦʩʪʨʦʡʪʝ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʝʡ ŭ1 

ʠ ŭ2 ʦʪ N ʧʨʠ ʨʘʟʥʳʭ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʘʭ. 
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ʈʠʩʫʥʦʢ 3 ï ɻʨʘʬʠʯʝʩʢʦʝ ʦʢʥʦ ʩ ʫʚʝʣʠʯʝʥʥʦʡ ʦʙʣʘʩʪʴʶ 

                     ɸʏʍ 

ʊʘʙʣʠʮʘ 2 

ɿʘʚʠʩʠʤʦʩʪʠ ʘʤʧʣʠʪʫʜʳ ʧʫʣʴʩʘʮʠʡ ɸʏʍ ʦʪ ʜʣʠʪʝʣʥɹʦʩʪʠ ʠʤʧʫʣʴʩʥʦʡ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

 

 

 

N 

ɸʤʧʣʠʪʫʜʘ ʧʫʣʴʩʘʮʠʡ ŭ 

g1=g2=1 g1=1, g2=0.5 g1=1, g2=2 

ŭ1 ŭ2 ŭ1 ŭ2 ŭ1 ŭ2 

       

       

       

       

       

2. ʏʪʦʙʳ ʩʥʷʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʘʤʧʣʠʪʫʜʳ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʚʳʭʦ-

ʜʝ ʬʠʣʴʪʨʘ Y ʦʪ ʯʘʩʪʦʪʳ ʩʠʛʥʘʣʘ ʚʦʩʧʦʣʴʟʫʡʪʝʩʴ ʧʨʦʛʨʘʤʤʦʡ Filter2 (ʇʨʠʣʦ-

ʞʝʥʠʝ ɺ).  
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ɺʚʝʜʠʪʝ ʚ ʧʨʦʛʨʘʤʤʫ ʧʘʨʘʤʝʪʨʳ ʬʠʣʴʪʨʘ ʠʟ ʪʘʙʣʠʮʳ 1, ʪʨʝʙʫʝʤʳʡ ʢʦʵʬ-

ʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ ʬʠʣʴʪʨʘ ʚ ʧʦʣʦʩʝ ʧʨʦʧʫʩʢʘʥʠʷ K=1, ʪʨʝʙʫʝʤʳʡ ʢʦɻ ʬʬʠʮʠ-

ʝʥʪ ʧʝʨʝʜʘʯʠ ʬʠʣʴʪʨʘ ʚ ʧʦʣʦʩʝ ʟʘʜʝʨʞʠʚʘʥʠʷ Kz = 0, ʚʝʩʦʚʳʝ ʢʦɻ ʬʬʠʮʠʝʥʪʳ 

g1=g2=1, ʘʤʧʣʠʪʫʜʫ ʚʭʦʜʥʦʛʦ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʩʠʛʥʘʣʘ X=1.  

ɿʥʘʯʝʥʠʷ ʯʘʩʪʦʪ ʩʠʛʥʘʣʘ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 3. 

ɸʤʧʣʠʪʫʜʘ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʟʘʤʝʨʷʝʪʩʷ ʧʦ ʛʨʘʬʠʢʫ ʟʘʚʠʩʠʤʦʩʪʠ ʘʤʧʣʠ-

ʪʫʜʳ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʦʪ ʯʘʩʪʦʪʳ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝ. ʕʪʦʪ ʛʨʘʬʠʢ ʥʘʭʦʜʠʪʩʷ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʦʢʥʝ, ʚʳʜʘ-

ʚʘʝʤʦʤ ʧʨʦʛʨʘʤʤʦʡ, ʚʤʝʩʪʝ ʩ ʚʨʝʤʝʥʥʳʤʠ ʜʠʘʛʨʘʤʤʘʤʠ ʚʭʦʜʥʦʛʦ ʠ ʚʳʭʦʜʥʦʛʦ 

ʩʠʛʥʘʣʦʚ ʬʠʣʴʪʨʘ (ʨʠʩʫʥʦʢ 4). 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʬʠʣʴʪʨʘ ʚ ʧʨʦʛʨʘʤʤʝ ʠʩ-

ʧʦʣʴʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʡ ʧʨʠʝʤ.  

ʅʘ ʚʭʦʜ ʬʠʣʴʪʨʘ ʧʦʜʘʝʪʩʷ ʩʠʛʥʘʣ  

nfNs2sinXnxs . 

 ʆʧʨʝʜʝʣʷʝʪʩʷ ʚʳʭʦʜʥʦʡ  ʩʠʛʥʘʣ  

 nfNs2sinnYnys . 

ʅʘ ʚʭʦʜ ʢʦʧʠʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʬʠʣʴʪʨʘ ʧʦʜʘʝʪʩʷ ʩʠʛʥʘʣ 

 nfNs2cosXnxʩ . 

 ʆʧʨʝʜʝʣʷʝʪʩʷ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ 

 nfNs2cosnYnyc . 

ʅʘʭʦʜʠʪʩʷ ʘʤʧʣʠʪʫʜʘ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ 

22
nycnysnY . 

ʇʦʩʢʦʣʴʢʫ ʘʤʧʣʠʪʫʜʘ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʬʠʣʴʪʨʘ ʨʘʚʥʘ ʝʜʠʥʠʮʝ, ʪʦ ʢʦʵʬ-

ʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ ʬʠʣʴʪʨʘ ʯʠʩʣʝʥʥʦ ʨʘʚʝʥ ʘʤʧʣʠʪʫʜʝ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ. ʇʦ-

ʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʝʨʝʜʘʯʠ ʬʠʣʴʪʨʘ ʥʘʥʝʩʠʪʝ ʪʦʯʢʘʤʠ ʥʘ ʨʘʩ-

ʩʯʠʪʘʥʥʳʡ ʛʨʘʬʠʢ ɸʏʍ ʬʠʣʴʪʨʘ. ɿʘʧʠʰʠʪʝ ʚ ʦʪʯʝʪ ʚʳʚʦʜ ʦ ʩʦʦʪʚʝʪʩʪʚʠʠ ɸʏʍ, 

ʩʥʷʪʦʡ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʤʘʰʠʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʨʘʩʩʯʠʪʘʥʥʦʡ ʨʘʥʝʝ ɸʏʍ. 
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  ʊʘʙʣʠʮʘ 3 

        ɿʘʚʠʩʠʤʦʩʪʴ ʘʤʧʣʠʪʫʜʳ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʩʠʛʥʘʣʘ  

        ʥʘ  ʚʳʭʦʜʝ  ʬʠʣʴʪʨʘ ʦʪ ʯʘʩʪʦʪʳ (ɸʏʍ ʬʠʣʴʪʨʘ) 

 

ʅʦʨʤʠʨʦʚʘʥʥʘʷ 

ʯʘʩʪʦʪʘ  fN 

ɸʤʧʣʠʪʫʜʘ 

ʚʳʭʦʜʥʦʛʦ 

ʩʠʛʥʘʣʘ Y 

max1fN1,0   

 
2

max1fNmax1fN1.0
 

 

max1fN   

minfN   

2

maxfNminfN
 

 

maxfN   

min2fN   

2

45,0min2fN
 

 

45,0   
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ʈʠʩʫʥʦʢ 4 ï ɺʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʚʭʦʜʥʦʛʦ ʠ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʦʚ 

ʬʠʣʴʪʨʘ ʠ ʟʘʚʠʩʠʤʦʩʪʴ ʘʤʧʣʠʪʫʜʳ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʦʪ ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʯʘʩ-

ʪʦʪ r
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ʇʈʀʃʆɾɽʅʀɽ ɸ 

                                                ʢ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʝ ˉ3 

 

ʉʠʥʪʝʟ ʥʝʨʝʢʫʨʩʠʚʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʬʠʣʴʪʨʘ ʩ ʣʠʥʝʡʥʦʡ     ʌʏʍ ʤʝʪʦʜʦʤ 

ʥʘʠʣʫʯʰʝʡ ʨʘʚʥʦʤʝʨʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 

 

ʄʝʪʦʜ ʨʘʟʣʦʞʝʥʠʷ ʬʫʥʢʮʠʠ, ʦʧʠʩʳʚʘʶʱʝʡ ʪʨʝʙʫʝʤʫʶ ɸʏʍ ʬʠʣʴʪʨʘ, ʚ 

ʨʷʜ ʌʫʨʴʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʨʠʤʝʥʝʥʠʝʤ ʦʢʦʥʥʳʭ ʬʫʥʢʮʠʡ ʧʦʟʚʦʣʷʝʪ ʩʠʥʪʝʟʠ-

ʨʦʚʘʪʴ ʬʠʣʴʪʨʳ ʩ ʣʠʥʝʡʥʦʡ ʌʏʍ ʠ ɸʏʍ ʩ ʜʦʧʫʩʪʠʤʳʤʠ ʧʫʣʴʩʘʮʠʷʤʠ, ʧʨʠʯʝʤ 

ʫʨʦʚʝʥʴ ʧʫʣʴʩʘʮʠʡ ʟʘʚʠʩʠʪ ʦʪ ʯʘʩʪʦʪʳ. ɺ ʇʨʠʣʦʞʝʥʠʠ ʢ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʝ 

ˉ2 ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʨʦʚʝʥʴ ʧʫʣʴʩʘʮʠʡ ʚ ʧʦʣʦʩʝ ʟʘʜʝʨʞʠʚʘʥʠʷ ʫʤʝʥʴʰʘʝʪʩʷ ʧʦ 

ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʪ ʧʝʨʝʭʦʜʥʦʡ ʧʦʣʦʩʳ. ʆʜʥʘʢʦ ʧʨʠ ʩʠʥʪʝʟʝ ʧʨʠʭʦʜʠʪʩʷ ʦʨʠʝʥ-

ʪʠʨʦʚʘʪʴʩʷ ʥʘ ʤʘʢʩʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʧʫʣʴʩʘʮʠʡ, ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ ʙʳʪʴ ʤʝʥʴ-

ʰʝ ʜʦʧʫʩʪʠʤʦʛʦ. ʇʦʵʪʦʤʫ ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ, ʥʝʣʴʟʷ ʣʠ ʫʤʝʥʴʰʠʪʴ ʤʘʢʩʠʤʘʣʴ-

ʥʳʡ ʫʨʦʚʝʥʴ ʟʘ ʩʯʝʪ ʚʳʨʘʚʥʠʚʘʥʠʷ ʧʫʣʴʩʘʮʠʡ ʚ ʧʨʝʜʝʣʘʭ ʟʘʜʘʥʥʦʡ ʧʦʣʦʩʳ. ʆʪ-

ʚʝʪʦʤ ʥʘ ʵʪʦʪ ʚʦʧʨʦʩ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʥʘʠʣʫʯʰʝʡ ʨʘʚʥʦʤʝʨʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ. 

ʅʘ ʨʠʩʫʥʢʝ ʇ.1 ʧʨʠʚʝʜʝʥʳ ʪʨʝʙʫʝʤʘʷ ɸʏʍ ʧʦʣʦʩʦʚʦʛʦ ʬʠʣʴʪʨʘ D(ɗ), ʟʘ-

ʜʘʥʥʘʷ ʚ ʧʦʣʦʩʝ ʧʨʦʧʫʩʢʘʥʠʷ ʠ ʚ ʧʦʣʦʩʝ ʟʘʜʝʨʞʠʚʘʥʠʷ, ʠ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʘʷ 

ʬʫʥʢʮʠʷ A(ɗ) ʩ ʨʘʚʥʦʚʝʣʠʢʠʤʠ ʧʫʣʴʩʘʮʠʤ̫ʠ 

                                    

K

k

k 0

A( ) C cos(k ).
 

 ʊʦʯʢʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʵʢʩʪʨʝʤʫʤʳ ʵʪʦʡ ʬʫʥʢʮʠʠ.  

ʉʬʦʨʤʠʨʫʝʤ ʚʟʚʝʰʝʥʥʫʶ ʬʫʥʢʮʠʶ ʦʰʠʙʢʠ 

 

( ) g( )(D( ) A( )) . 

 

  

1+ŭmax 

1 

1-ŭmax 

 

ŭmax 

0 

- ŭmax    0  ɗ1-ȹ ɗ1      ɗ1               ɗ2     ɗ2+ ȹ ɗ2   ˊ   ɗ 

A(ɗ) 
D(ɗ) 

 
        ʈʠʩʫʥʦʢ ʇ.1 ï ʊʨʝʙʫʝʤʘʷ ɸʏʍ  D(ɗ) ʠ ʬʫʥʢʮʠʷ 
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                       A(ɗ) ʧʨʠ ʯʝʙʳʰʝʚʩʢʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 

 

ɺʝʩʦʚʘʷ ʬʫʥʢʮʠʷ g(ɗ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ 

1 ʚʧʦʣʦʩʝʧʨʦʧʫʩʢʘʥʠʷ,
g( )

g ʚʧʦʣʦʩʝʟʘʜʝʨʞʠʚʘʥʠʷ. 

 

ʇʨʠ g<1 ʧʫʣʴʩʘʮʠʠ ɸʏʍ ʚ ʧʦʣʦʩʝ ʧʨʦʧʫʩʢʘʥʠʷ ʤʝʥʴh ʝ, ʯʝʤ ʚ ʧʦʣʦʩʝ ʟʘ-

ʜʝʨʞʠʚʘʥʠʷ, ʘ ʧʨʠ g>1 ʥʘʦʙʦʨʦʪ. ʅʘ ʨʠʩʫʥʢʝ ʇ.1 ʧʨʝʜʩʪʘʚʣʝʥ ʩʣʫʯʘʡ, ʢʦʛʜʘ g = 

1 ʠ ʧʫʣʴʩʘʮʠʠ ʚ ʧʦʣʦʩʝ ʟʘʜʝʨʞʠʚʘʥʠʷ ʪʘʢʠʝ ʞʝ, ʢʘʢ ʚ ʧʦʣʦʩʝ ʧʨʦʧʫʩʢʘʥʠʷ. 

ʏʝʙʳʰʝʚ ʜʦʢʘʟʘʣ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʦʰʠʙʢʘ ʠʤʝʝʪ ʧʦ 

ʢʨʘʡʥʝʡ ʤʝʨʝ K+2 ʵʢʩʪʨʝʤʫʤʘ. ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ N i i ɼf f F , ʛʜʝ i= 0,1,..K+1, 

ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʯʘʩʪʦʪʳ  ʵʢʩʪʨʝʤʫʤʦʚ. 

ʅʘ ʵʪʠʭ ʯʘʩʪʦʪʘʭ ʜʦʣʞʥʦ ʚʳʧʦʣʥʷʪʴʩʷ ʫʩʣʦʚʠʝ 
i

i i i maxg( )(D( ) A( )) ( 1) ,   

ʛʜʝ  i N i2 f , i =0,1,..K+1 

ʇʨʠʚʝʜʝʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʠʩʪʝʤʫ K+2 ʣʠʥʝʡʥʳʭ 

ʫʨʘʚʥʝʥʠʡ ʩ K+2 ʥʝʠʟʚʝʩʪʥʳʤʠ, ʠʟ ʢʦʪʦʨʳʭ K+1 ʥʝʠʟʚʝʩʪʥʘʷ ï ʢʦʬɻʬʠʮʠʝʥʪʳ 

Ck ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʡ ʬʫʥʢʮʠʠ A(ɗ), ʘ ʝʱʸ ʦʜʥʘ ʥʝʠʟʚʝʩʪʥʘʷ - ʦʰʠʙʢʘ max . 

ʊʨʫʜʥʦʩʪʴ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʯʘʩʪʦʪʳ N if  ʥʝʠʟʚʝʩʪʥʳ. 

ʇʦʵʪʦʤʫ ʩʥʘʯʘʣʘ ʧʨʦʠʟʚʦʣʴʥʦ ʚʳʙʠʨʘʶʪ K+2 ʟʥʘʯʝʥʠʷ ʯʘʩʪʦʪ, ʨʝʰʘʁ ʪ 

ʧʨʠʚʝʜʝʥʥʫʶ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ, ʥʘʭʦʜʷʪ Ck ʠ max  ʠ  ʘʥʘʣʠʟʠʨʫʶʪ ʦʰʠʙʢʫ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʚʦ ʚʩʝʤ ʠʥʪʝʨʚʘʣʝ ʯʘʩʪʦʪ. ɽʩʣʠ ʚ ʥʝʢʦʪʦʨʳʭ ʪʦʯʢʘʭ ʬʘʢʪʠʯʝ-

ʩʢʘʷ ʦʰʠʙʢʘ ʧʨʝʚʦʩʭʦʜʠʪ max, ʪʦ ʚʳʙʠʨʘʶʪ ʥʦʚʦʝ ʤʥʦʞʝʩʪʚʦ ʵʢʩʪʨʝʤʘʣʴʥʳʭ 

ʯʘʩʪʦʪ ʧʫʪʝʤ ʨʘʩʩʤʦʪʨʝʥʠʷ K+2 ʪʦʯʝʢ, ʛʜʝ ʵʪʘ ʦʰʠʙʢʘ ʤʘʢʩʠʤʘʣʴʥʘ ʠ ʠʤʝʝʪ 

ʯʝʨʝʜʫʶʱʠʡʩʷ ʟʥʘʢ. 

ɺ ʵʪʦʡ ʧʨʦʮʝʜʫʨʝ ʟʥʘʯʝʥʠʝ maxʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʚʦʟʨʘʩʪʘʝʪ ʠ, ʚ ʢʦʥʮʝ 

ʢʦʥʮʦʚ, ʩʭʦʜʠʪʩʷ ʢ ʩʚʦʝʡ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʝ. 
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ʇʈʀʃʆɾɽʅʀɽ ɹ 

 

    ʇʨʦʛʨʘʤʤʘ ʩʠʥʪʝʟʘ ʥʝʨʝʢʫʨʩʠʚʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʬʠʣʴʪʨʘ 

    ʩ ʣʠʥʝʡʥʦʡ ʌʏʍ ʤʝʪʦʜʦʤ ʥʘʠʣʫʯʰʝʡ ʨʘʚʥʦʤʝʨʥʦʡ 

     ʯʝʙʳʰʝʚʩʢʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ - Filter1 

 

       1   // ʇʨʦʛʨʘʤʤʘ ʩʠʥʪʝʟʘ ʥʝʨʝʢʫʨʩʠʚʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʬʠʣʴʪʨʘ 

2   // ʩ ʣʠʥʝʡʥʦʡ ʌʏʍ ʤʝʪʦʜʦʤ ʥʘʠʣʫʯʰʝʡ ʨʘʚʥʦʤʝʨʥʦʡ  

3   // ʯʝʙʳʰʝʚʩʢʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ - Filter1 

4   // ɺʚʦʜ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ 

5   N = 51; // ɼʣʠʥʘ ʠʤʧʫʣʴʩʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʠʣʴʪʨʘ 

6   fNmin = 0.15; // ʄʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʥʦʨʤʠʨʦʚʘʥʥʦʡ  

7   // ʯʘʩʪʦʪʳ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ 

8   fNmax = 0.2; //ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʥʦʨʤʠʨʦʚʘʥʥʦʡ  

9   // ʯʘʩʪʦʪʳ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ 

10  fN1min = 0; // ʄʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʥʦʨʤʠʨʦʚʘʥʥʦʡ   

11 // ʯʘʩʪʦʪʳ ʣʝʚʦʡ ʧʦʣʦʩʳ ʟʘʜʝʨʞʠʚʘʥʠʷ 

12 fN1max = 0.12; // ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʥʦʨʤʠʨʦʚʘʥʥʦʡ 

13 // ʯʘʩʪʦʪʳ ʣʝʚʦʡ ʧʦʣʦʩʳ ʟʘʜʝʨʞʠʚʘʥʠʷ 

14 fN2min = 0.23; // ʄʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʥʦʨʤʠʨʦʚʘʥʥʦʡ 

15 // ʯʘʩʪʦʪʳ ʧʨʘʚʦʡ ʧʦʣʦʩʳ ʟʘʜʝʨʞʠʚʘʥʠʷ 

16 fN2max = 0.5; // ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʥʦʨʤʠʨʦʚʘʥʥʦʡ 

17 // ʯʘʩʪʦʪʳ ʧʨʘʚʦʡ ʧʦʣʦʩʳ ʟʘʜʝʨʞʠʚʘʥʠʷ 

18 K = 1; // ʊʨʝʙʫʝʤʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ ʬʠʣʴʪʨʘ  

19 // ʚ ʧʦʣʦʩʝ ʧʨʦʧʫʩʢʘʥʠʷ 

20 Kz = 0; // ʊʨʝʙʫʝʤʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ ʬʠʣʴʪʨʘ  

21 // ʚ ʧʦʣʦʩʝ ʟʘʜʝʨʞʠʚʘʥʠʷ 

22 g1 = 1; // ɺʝʩʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʚ ʧʦʣʦʩʝ ʧʨʦʧʫʩʢʘʥʠʷ 

23 g2 = 1; // ɺʝʩʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʚ ʧʦʣʦʩʝ ʟʘʜʝʨʞʠʚʘʥʠʷ 

24 // ʆʧʨʝʜʝʣʝʥʠʝ ʠʤʧʫʣʴʩʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

25 h = zeros (1:N); 

26 h = eqfir(N, [fN1min fN1max; fNmin fNmax; fN2min  

     fN2max], [Kz K Kz], [g2 g1 g2]; 

27 // ɺʳʚʦʜ ʛʨʘʬʠʢʘ ʠʤʧʫʣʴʩʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

28 clf ( ); 

29 subplot (2,1,1) 

30 k = [1:N]; 

31 plot2d3 (k, h, style= [ color(ñblueò)]) 

32 xgrid 

33 xtitle (óʀʤʧʫʣʴʩʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʬʠʣʴʪʨʘô) 

34 // ʈʘʩʯʝʪ ɸʏʍ ʬʠʣʴʪʨʘ 

35 [Kf   fN]= frmag(h, 500); // ʈʘʩʯʝʪ ɸʏʍ Kf 

36 // ɺʳʚʦʜ ʛʨʘʬʠʢʘ ɸʏʍ 
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37 subplot (2,1,2) 

38 plot2d (fN, Kf, style=[color(ñblueò)]) 

39 xgrid 

40 xtitle (óɸʏʍ ʬʠʣʴʪʨʘô) 

41 // disp (h) // ɺʳʚʦʜ ʦʪʩʯʝʪʦʚ ʠʤʧʫʣʴʩʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.  

42 // ɽʩʣʠ ʥʝʦʙʭʦʜʠʤʦ ʚʳʚʝʩʪʠ ʦʪʩʯʝʪʳ ʠʤʧʫʣʴʩʥʦʡ  

43 // ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʥʫʞʥʦ ʫʙʨʘʪʴ ʩʠʤʚʦʣ ñ // ò ʚ ʥʘʯʘʣʝ  

44 // ʩʪʨʦʢʠ 41   

 

 

ʇʈʀʃʆɾɽʅʀɽ ɺ 

 

 ʇʨʦʛʨʘʤʤʘ ʤʘʰʠʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʦʧʨʝʜʝʣʝʥʠ ʁ

  ɸʏʍ  ʬʠʣʴʪʨʘ ï Filter2 

 

1   // ʇʨʦʛʨʘʤʤʘ ʤʘʰʠʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ  

2   // ɸʏʍ  ʬʠʣʴʪʨʘ - Filter2 

3   // ɺʚʦʜ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ 

4   N = 51; // ɼʣʠʥʘ ʠʤʧʫʣʴʩʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʠʣʴʪʨʘ 

5   fNmin = 0.15; // ʄʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʥʦʨʤʠʨʦʚʘʥʥʦʡ  

6   // ʯʘʩʪʦʪʳ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ 

7   fNmax = 0.2; //ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʥʦʨʤʠʨʦʚʘʥʥʦʡ  

8   // ʯʘʩʪʦʪʳ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ 

9  fN1min = 0; // ʄʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʥʦʨʤʠʨʦʚʘʥʥʦʡ  

10 // ʯʘʩʪʦʪʳ ʣʝʚʦʡ ʧʦʣʦʩʳ ʟʘʜʝʨʞʠʚʘʥʠʷ 

11 fN1max = 0.12; // ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʥʦʨʤʠʨʦʚʘʥʥʦʡ 

12 // ʯʘʩʪʦʪʳ ʣʝʚʦʡ ʧʦʣʦʩʳ ʟʘʜʝʨʞʠʚʘʥʠʷ 

13 fN2min = 0.23; // ʄʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʥʦʨʤʠʨʦʚʘʥʥʦʡ 

14 // ʯʘʩʪʦʪʳ ʧʨʘʚʦʡ ʧʦʣʦʩʳ ʟʘʜʝʨʞʠʚʘʥʠʷ 

15 fN2max = 0.5; // ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʥʦʨʤʠʨʦʚʘʥʥʦʡ 

16 // ʯʘʩʪʦʪʳ ʧʨʘʚʦʡ ʧʦʣʦʩʳ ʟʘʜʝʨʞʠʚʘʥʠʷ 

17 K = 1; // ʊʨʝʙʫʝʤʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ ʬʠʣʴʪʨʘ  

18 // ʚ ʧʦʣʦʩʝ ʧʨʦʧʫʩʢʘʥʠʷ 

19 Kz = 0; // ʊʨʝʙʫʝʤʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ ʬʠʣʴʪʨʘ  

20 // ʚ ʧʦʣʦʩʝ ʟʘʜʝʨʞʠʚʘʥʠʷ 

21 g1 = 1; // ɺʝʩʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʚ ʧʦʣʦʩʝ ʧʨʦʧʫʩʢʘʥʠʷ 

22 g2 = 1; // ɺʝʩʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʚ ʧʦʣʦʩʝ ʟʘʜʝʨʞʠʚʘʥʠʷ 

23 X=1; // ɸʤʧʣʠʪʫʜʘ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ 

24 fNs = 0.15; // ʏʘʩʪʦʪʘ ʩʠʛʥʘʣʘ 

25 nmax = 300; // ʂʦʣʠʯʝʩʪʚʦ ʦʪʩʯʝʪʦʚ ʩʠʛʥʘʣʘ 

26 // ʆʧʨʝʜʝʣʝʥʠʝ ʠʤʧʫʣʴʩʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

27 h = zeros (1:N); 
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28 h = eqfir(N, [fN1min fN1max; fNmin fNmax; fN2min fN2max],  [Kz K Kz], [g2 

g1 g2]; 

29 n = 1:nmax; 

30 xs = X*sin(2*%pi* fNs*n); // ʌʦʨʤʠʨʦʚʘʥʠʝ ʩʠʥʫʩʦʠʜʘʣʥɹʦʛʦ  

31 // ʩʠʛʥʘʣʘ ʥʘ ʚʭʦʜʝ ʬʠʣʴʪʨʘ ʜʣʷ ʩʥʷʪʠʷ ɸʏʍ 

32 xc = X*cos(2*%pi* fNs*n); // ʌʦʨʤʠʨʦʚʘʥʠʝ ʢʦʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ 

33 // ʩʠʛʥʘʣʘ ʥʘ ʚʭʦʜʝ ʢʦʧʠʠ ʬʠʣʴʪʨʘ 

34 ys = zeros (1: nmax); 

35 yc = zeros (1: nmax); 

36 Vs = zeros (1: nmax); // ʅʘʯʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ï ʦʙʥʫʣʝʥʠʝ  

37 // ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ ʬʠʣʴʪʨʘ 

38  Vʩ = zeros (1: nmax); // ʅʘʯʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ï ʦʙʥʫʣʝʥʠʝ 

39 // ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ ʢʦʧʠʠ ʬʠʣʴʪʨʘ 

40 Y = zeros (1: nmax);  

41 B = h; 

42 for n = 1:nmax // ʆʨʛʘʥʠʟʘʮʠʷ ʮʠʢʣʘ ʧʦ ʧʦʨʷʜʢʦʚʦʤʫ ʥʦʤʝʨʫ  

43 // ʦʪʩʯʝʪʘ ʩʠʛʥʘʣʘ 

44    Vs(1) = xs(n); // ʇʦʜʘʯʘ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʚʭʦʜ  

45                            // ʬʠʣʴʪʨʘ 

46    Vc(1) = xc(n); // ʇʦʜʘʯʘ ʢʦʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʚʭʦʜ   47                            

// ʢʦʧʠʠ ʬʠʣʴʪʨʘ 

48     s = 0; 

49     c = 0; 

50     for k = 1:N 

51        s = s+B (k)*Vs (k); 

52       ʩ = ʩ+B (k)*Vʩ (k); 

53     end 

54    ys (n) = s; // ʆʪʩʯʝʪ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʬʠʣʴʪʨʘ 

55    yʩ (n) = ʩ; // ʆʪʩʯʝʪ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ  ʢʦʧʠʠ ʬʠʣʴʪʨʘ 

56 for k = 1 : N-1 // ʆʨʛʘʥʠʟʘʮʠʷ ʮʠʢʣʘ ʜʣʷ ʩʜʚʠʛʘ ʩʠʛʥʘʣʘ  

57                         // ʚ ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ ʬʠʣʴʪʨʘ 

58    Vs (N+1-k) = Vs (N-k); 

59    Vʩ (N+1-k) = Vʩ (N-k); 

60  end  

61 Y(n) = sqrt(yc(n)*yc(n)+ys(n)*ys(n) // ɸʤʧʣʠʪʫʜʘ ʩʠʛʥʘʣʘ ʥʘ  

62                                                             // ʚʳʭʦʜʝ ʬʠʣʴʪʨʘ     

63 end 

64 // ɺʳʜʘʯʘ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

65  clf() ; 

66 Mn = [1:nmax]; 

67 subplot (3,1,1) 

68 plot2d (Mn,xs,style = [color (ñredò)]) 

69 xgrid 



 

64 

 

70 xtitle (óʉʠʛʥʘʣ ʥʘ ʚʭʦʜʝ ʬʠʣʴʪʨʘô) 

71 subplot (3,1,2) 

72 plot2d (Mn, ys, style = [color (ñredò)]) 

73 xgrid 

74 xtitle (óʉʠʛʥʘʣ ʥʘ ʚʳʭʦʜʝ ʬʠʣʴʪʨʘô) 

75 subplot (3,1,3) 

76 plot2d (Mn, Y, style = [color (ñredò)]) 

77 xgrid 

78 xtitle (óɸʤʧʣʠʪʫʜʘ ʩʠʛʥʘʣʘ ʥʘ ʚʳʭʦʜʝ ʬʠʣʴʪʨʘô) 
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ʈɸɹʆʊɸ  ˉ4 

 

ʉʀʅʊɽɿ ʀ ʀʉʉʃɽɼʆɺɸʅʀɽ ʈɽʂʋʈʉʀɺʅʆɻʆ  

ʇʆʃʆʉʆɺʆɻʆ ʌʀʃʔʊʈɸ 

 

1. ʎɽʃʔ ʈɸɹʆʊʓ 

 

ʀʟʫʯʝʥʠʝ ʤʝʪʦʜʘ ʙʠʣʠʥʝʡʥʦʛʦ Z-ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠ ʩʠʥʪʝʟʝ ʨʝʢʫʨʩʠʚʥʳʭ 

ʬʠʣʴʪʨʦʚ, ʨʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʠʩʪʝʤʥʦʡ ʬʫʥʢʮʠʠ ʧʦʣʦʩʦʚʦʛʦ ʬʠʣʴʪʨʘ, ʠʩ-

ʩʣʝʜʦʚʘʥʠʝ ʩʝʣʝʢʪʠʚʥʳʭ ʩʚʦʡʩʪʚ ʬʠʣʴʪʨʘ. 

 

2. ʃʀʊɽʈɸʊʋʈɸ 

 

2.1. ʇʨʠʣʦʞʝʥʠʝ ʢ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʝ . 

2.2. ɺ.ɻ.ʀʚʘʥʦʚʘ, ɸ.ʀ.ʊʷʞʝʚ. ʎʠʬʨʦʚʘʷ ʦʙʨʘʙʦʪʢʘ ʩʠʛʥʘʣʦʚ ʠ ʩʠʛʥʘʣʥɹʳʝ 

ʧʨʦʮʝʩʩʦʨʳ, ʉʘʤʘʨʘ, 2008ʛ. 

 

3. ʇʆɼɻʆʊʆɺʂɸ ʂ ʃɸɹʆʈɸʊʆʈʅʆʁ ʈɸɹʆʊɽ 

 

ʀʟʫʯʠʪʝ ʫʢʘʟʘʥʥʫʶ ʚ ʨʘʟʜʝʣʝ 2 ʣʠʪʝʨʘʪʫʨʫ ʠ ʦʪʚʝʪʴʪʝ ʥʘ ʢʦʥʪʨʦʣʴʥʳʝ ʚʦ-

ʧʨʦʩʳ. 

 

4. ʂʆʅʊʈʆʃʔʅʓɽ ɺʆʇʈʆʉʓ 

 

4.1.  ʏʪʦ ʥʘʟʳʚʘʶʪ ʮʠʬʨʦʚʳʤ ʬʠʣʴʪʨʦʤ? 

4.2. ʂʘʢʦʡ ʮʠʬʨʦʚʦʡ ʬʠʣʴʪʨ ʥʘʟʳʚʘʶʪ ʨʝʢʫʨʩʠʚʥʳʤ, ʘ ʢʘʢʦʡ ʥʝʨʝʢʫʨʩʠʚʥʳʤ? 

4.3. ɼʘʡʪʝ ʦʧʨʝʜʝʣʝʥʠʝ ʠʤʧʫʣʴʩʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʬʠʣʴʪʨʘ. ʏʪʦ ʪʘʢʦʝ ɹʀʍ- 

ʠ ʂʀʍ-ʬʠʣʴʪʨʳ? 

4.4. ɼʘʡʪʝ ʦʧʨʝʜʝʣʝʥʠʝ ʩʠʩʪʝʤʥʦʡ ʬʫʥʢʮʠʠ ʬʠʣʴʪʨʘ. ʂʘʢ ʧʦ ʩʠʩʪʝʤʥʦʡ ʬʫʥʢ-

ʮʠʠ ʦʧʨʝʜʝʣʠʪʴ ʯʘʩʪʦʪʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʬʠʣʴʪʨʘ ï ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʤ-

ʧʣʝʢʩʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʝʨʝʜʘʯʠ ʬʠʣʴʪʨʘ ʦʪ ʯʘʩʪʦʪʳ? 

4.5. ʂʘʢ ʧʦ ʯʘʩʪʦʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʬʠʣʴʪʨʘ ʥʘʡʪʠ ʝʛʦ ɸʏʍ? 

4.6. ʂʘʢ ʧʦ ʯʘʩʪʦʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʬʠʣʴʪʨʘ ʥʘʡʪʠ ʝʛʦ ʌʏʍ? 

4.7. ɿʘʧʠʰʠʪʝ ʩʦʦʪʥʦʰʝʥʠʝ, ʩʚʷʟʳʚʘʶʱʝʝ ʢʦʤʧʣʝʢʩʥʫʶ ʧʝʨʝʤʝʥʥʫʶ p ʧʝʨʝ-

ʜʘʪʦʯʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʥʘʣʦʛʦʚʦʛʦ ʬʠʣʴʪʨʘ-ʧʨʦʪʦʪʠʧʘ ʩ ʢʦʤʧʣʝʢʩʥʦʡ 

ʧʝʨʝʤʝʥʥʦʡ z ʩʠʩʪʝʤʥʦʡ ʬʫʥʢʮʠʠ ʮʠʬʨʦʚʦʛʦ ʬʠʣʴʪʨʘ ï ʙʠʣʠʥʝʡʥʦʝ z ï 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ. ɼʦʢʘʞʠʪʝ, ʯʪʦ ʙʠʣʠʥʝʡʥʦʝ z ï ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʨʝʦʙʨʘ-

ʟʫʝʪ ʫʩʪʦʡʯʠʚʳʡ ʘʥʘʣʦʛʦʚʳʡ ʬʠʣʴʪʨ ï ʧʨʦʪʦʪʠʧ ʚ ʫʩʪʦʡʯʠʚʳʡ ʮʠʬʨʦʚʦʡ 

ʬʠʣʴʪʨ. 

4.8. ɿʘʧʠʰʠʪʝ ʩʦʦʪʥʦʰʝʥʠʝ, ʩʚʷʟʳʚʘʶʱʝʝ ʢʦʤʧʣʝʢʩʥʫʶ ʧʝʨʝʤʝʥʥʫʶ p ʧʝʨʝ-

ʜʘʪʦʯʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʥʘʣʦʛʦʚʦʛʦ ʬʠʣʴʪʨʘ-ʧʨʦʪʦʪʠʧʘ ʩ ʢʦʤʧʣʝʢʩʥʦʡ 

ʧʝʨʝʤʝʥʥʦʡ z ʩʠʩʪʝʤʥʦʡ ʬʫʥʢʮʠʠ ʮʠʬʨʦʚʦʛʦ ʬʠʣʴʪʨʘ ï ʙʠʣʠʥʝʡʥʦʝ z ï 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ. ʏʝʤ ʦʪʣʠʯʘʝʪʩʷ ɸʏʍ ʮʠʬʨʦʚʦʛʦ ʬʠʣʴʪʨʘ ʦʪ ɸʏʍ ʘʥʘʣʦ-
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ʛʦʚʦʛʦ ʧʨʦʪʦʪʠʧʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʘ ʙʠʣʠʥʝʡʥʦʛʦ Z ï ʧʨʝʦʙʨʘʟʦ-

ʚʘʥʠʷ?  

4.9. ʅʘʯʝʨʪʠʪʝ ʩʧʝʢʪʨʘʣʴʥʫʶ ʜʠʘʛʨʘʤʤʫ ʰʫʤʘ ʥʘ ʚʳʭʦʜʝ ʧʦʣʦʩʦʚʦʛʦ ʬʠʣʴʪʨʘ 
ʩ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ɸʏʍ, ʝʩʣʠ ʥʘ ʚʭʦʜʝ ʬʠʣʴʪʨʘ ʜʝʡʩʪʚʫʝʪ ʙʝʣʳʡ ʰʫʤ. 

4.10.  ɺʦ ʩʢʦʣʴʢʦ ʨʘʟ ʠʟʤʝʥʷʝʪʩʷ ʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʧʦʤʝʭʘ ʥʘ ʚʳʭʦʜʝ ʧʦʣʦʩʦ-

ʚʦʛʦ ʬʠʣʴʪʨʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʪʥʦʰʝʥʠʝʤ ʩʠʛʥʘʣ/ʧʦʤʝʭʘ ʥʘ ʚʭʦʜʝ, ʝʩʣʠ 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ ʬʠʣʴʪʨʘ ʚ ʧʦʣʦʩʝ ʧʨʦʧʫʩʢʘʥʠʷ ʨʘʚʝʥ ʝʜʠʥʠʮʝ, ʘ ʚ 

ʧʦʣʦʩʝ ʟʘʜʝʨʞʠʚʘʥʠʷ 0.001? ʏʘʩʪʦʪʘ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʩʠʛʥʘʣʘ ʥʘʭʦʜʠʪʩʷ 

ʚ ʧʦʣʦʩʝ ʧʨʦʧʫʩʢʘʥʠʷ ʬʠʣʴʪʨʘ, ʘ ʯʘʩʪʦʪʘ ʩʠʥʫʩʦʠʜʘʣʴʥʦʡ ʧʦʤʝʭʠ ʚ ʧʦʣʦ-

ʩʝ ʟʘʜʝʨʞʠʚʘʥʠʷ. 

5. ʉʆɼɽʈɾɸʅʀɽ ʈɸɹʆʊʓ 

 

5.1. ɺʳʧʦʣʥʠʪʝ ʩʠʥʪʝʟ ʮʠʬʨʦʚʦʛʦ ʧʦʣʦʩʦʚʦʛʦ ʵʣʣʠʧʪʠʯʝʩʢʦʛʦ ʬʠʣʴʪʨʘ ʧʦ 

ʧʨʦʛʨʘʤʤʝ çFiltrdè. 

ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʩʠʥʪʝʟʘ ʬʠʣʴʪʨʘ ʷʚʣʷʶʪʩʷ: 

 ʏʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ Fd, 

 ʉʨʝʜʥʷʷ ʯʘʩʪʦʪʘ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ F0, 

 ʇʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ ʇ, 

 ʅʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ɸʏʍ ʚ ʧʦʣʦʩʝ ʧʨʦʧʫʩʢʘʥʠʷ ů, 

 ʆʩʣʘʙʣʝʥʠʝ ʚ ʧʦʣʦʩʝ ʟʘʜʝʨʞʠʚʘʥʠʷ ɸ, 

 ʂʦʵʬʬʠʮʠʝʥʪ ʧʨʷʤʦʫʛʦʣʴʥʦʩʪʠ kp. 

ʕʪʠ ʜʘʥʥʳʝ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1                                                                                                             

                                                                             ʊʘʙʣʠʮʘ 1 

 

ʇʘʨʘʤʝʪʨ 

ʅʦʤʝʨ ʙʨʠʛʘʜʳ 

ˉ1 ˉ2 ˉ3 ˉ4 ˉ5 ˉ6 

Fd, ʢɻʮ 16 16 8 8 24 12 

F0, ʢɻʮ 4 3 2 1.5 6 3 

ʇ, ʢɻʮ 2 2 1 1 2 1 

ů, ʜɹ 

ʥʝ ʙʦʣʝʝ 

0.5 1 1.5 2.5 2.5 1.8 

ɸ, ʜɹ 65 70 70 

 

 

1 

58 85 72 

kp 2 2 2 1.5 2.5 2 

 




