
 

 

 

ʌʝʜʝʨʘʣʴʥʦʝ ʘʛʝʥʪʩʪʚʦ ʩʚʷʟʠ 

 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 

ʚʳʩʰʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

 

ʇʆɺʆʃɾʉʂʀʁ ɻʆʉʋɼɸʈʉʊɺɽʅʅʓʁ ʋʅʀɺɽʈʉʀʊɽʊ 

  ʊɽʃɽʂʆʄʄʋʅʀʂɸʎʀʁ ʀ ʀʅʌʆʈʄɸʊʀʂʀ 

 

 

 

 

 

ʕʃɽʂʊʈʆʅʅɸʗ  

ɹʀɹʃʀʆʊɽʏʅɸʗ ʉʀʉʊɽʄɸ 
 

 

 

 
 

 

 

 

 

 

 

 

 

 

ʉʘʤʘʨʘ 
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ʌʝʜʝʨʘʣʴʥʦʝ ʘʛʝʥʪʩʪʚʦ ʩʚʷʟʠ 

 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ  

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 
 

ʇʦʚʦʣʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ  
ʠ ʠʥʬʦʨʤʘʪʠʢʠ 

 

 

 

 

 

ʀʣʴʠʯʸʚ ɺ.ʇ. 

 

 

ʄʅʆɻʆʂɸʅɸʃʔʅʓɽ ʉʀʉʊɽʄʓ  

ʇɽʈɽɼɸʏʀ (ʄʉʇ) 

 

ʂʫʨʩ ʣʝʢʮʠʡ ʚ ʩʭʝʤʘʭ, ʬʦʨʤʫʣʘʭ ʠ 

 ʛʨʘʬʠʢʘʭ 

 

 

ɼʣʷ ʩʪʫʜʝʥʪʦʚ, ʦʙʫʯʘʶʱʠʭʩʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ çʊʝʣʝʢʦʤʤʫʥʠʢʘʮʠʠ-210400è 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʉʘʤʘʨʘ 2008 
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   ʄʥʦʛʦʢʘʥʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʠ ʩʝʪʝʡ ï 

ʵʪʦ ʢʦʤʧʣʝʢʩ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʝʨʝʜʘʯʫ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ 

ʠʥʬʦʨʤʘʮʠʠ  ʥʘ ʣʶʙʳʝ ʨʘʩʩʪʦʷʥʠʷ ʩ ʟʘʜʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʢʘʯʝʩʪʚʘ. 

    ʎʝʣʠ ʠ ʟʘʜʘʯʠ ʜʠʩʮʠʧʣʠʥʳ çʄʥʦʛʦʢʘʥʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠè (ʄʉʇ) ʟʘ-

ʢʣʶʯʘʶʪʩʷ ʚ ʠʟʫʯʝʥʠʠ ʩʣʝʜʫʶʱʠʭ ʨʘʟʜʝʣʦʚ:  

   1) ʄʉʇ (ɸʉʇ); 

   2) ʮʠʬʨʦʚʳʝ ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ PDH; 

   3) ʦʩʥʦʚ ʧʦʩʪʨʦʝʥʠʷ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʧʝʨʝʜʘʯʠ (ɺʆʉʇ); 

   4) ʦʩʥʦʚ ʧʦʩʪʨʦʝʥʠʷ ʉʇ ʩʠʥʭʨʦʥʥʦʡ ʮʠʬʨʦʚʦʡ ʠʝʨʘʨʭʠʠ SDH (ʉʎʀ); 

   5) ʘʧʧʘʨʘʪʫʨʘ ʉʇ PDH ʠ SDH; 

   6) ʦʩʥʦʚ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤ ʨʘʜʠʦʩʚʷʟʠ. 

   ʉʦʜʝʨʞʘʥʠʝ ʜʠʩʮʠʧʣʠʥʳ ʷʚʣʷʝʪʩʷ ʙʘʟʦʡ ʜʣʷ ʠʟʫʯʝʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʜʠʩʮʠʧ-

ʣʠʥ ʧʦʜʛʦʪʦʚʢʠ ʙʘʢʘʣʘʚʨʦʚ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ çʊʝʣʝʢʦʤʤʫʥʠʢʘʮʠʠè. 

   ɼʠʩʮʠʧʣʠʥʘ ʄʉʇ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʢʫʨʩʘʭ: ʦʩʥʦʚ ʧʦʩʪʨʦʝʥʠʷ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠ-

ʦʥʥʳʭ ʩʠʩʪʝʤ ʠ ʩʝʪʝʡ (ʆʇʊʂʉʉ), ʪʝʦʨʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʚʷʟʠ (ʊʕʉ), ʪʝʦʨʠʠ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʝʡ (ʊʕʎ) ʠ ʮʠʢʣʘ ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʠʭ ʜʠʩʮʠʧʣʠʥ, ʠʟʫʯʘʝʤʳʭ 

ʨʘʥʝʝ. 
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1. ʄʉʇ (ɸʉʇ) 

 

ʆʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʷ 

 

   ʆʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʷ: ʩʚʷʟʴ, ʠʥʬʦʨʤʘʮʠʷ, ʩʦʦʙʱʝʥʠʝ, ʩʠʛʥʘʣ, 

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʠʛʥʘʣ, ʵʣʝʢʪʨʦʩʚʷʟʴ ʠ ʝʝ ʚʠʜʳ, ʩʠʩʪʝʤʘ ʵʣʝʢʪʨʦʩʚʷʟʠ, ʢʘʥʘʣ ʠ 

ʣʠʥʠʷ ʧʝʨʝʜʘʯʠ; ʧʦʤʝʭʠ ʠ ʠʩʢʘʞʝʥʠʷ, ʩʝʪʴ ʩʚʷʟʠ, ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʩʠʩ-

ʪʝʤʳ ʠ ʩʝʪʠ; ʫʩʣʫʛʠ ʵʣʝʢʪʨʦʩʚʷʟʠ ʠ ʠʭ ʢʣʘʩʩʠʬʠʢʘʮʠʷ. 

   ʃʦʛʘʨʠʬʤʠʯʝʩʢʠʝ ʝʜʠʥʠʮʳ ʧʝʨʝʜʘʯʠ: ʦʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʷ, 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʭ ʝʜʠʥʠʮ 

ʧʝʨʝʜʘʯʠ; ʫʨʦʚʥʠ ʧʝʨʝʜʘʯʠ, ʠʭ ʢʣʘʩʩʠʬʠʢʘʮʠʷ (ʫʨʦʚʥʠ ʧʝʨʝʜʘʯʠ ʧʦ ʤʦʱʥʦʩʪʠ, 

ʥʘʧʨʷʞʝʥʠʶ ʠ ʪʦʢʫ, ʦʪʥʦʩʠʪʝʣʴʥʳʝ, ʘʙʩʦʣʶʪʥʳʝ ʠ ʠʟʤʝʨʠʪʝʣʴʥʳʝ) ʠ  ʚʟʘʠʤʦ-

ʩʚʷʟʴ ʤʝʞʜʫ ʥʠʤʠ (ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʦʪʥʦʰʝʥʠʷ). ɼʠʘʛʨʘʤʤʘ ʫʨʦʚʥʝʡ, ʥʘʟʥʘʯʝ-

ʥʠʝ, ʦʩʥʦʚʥʳʝ ʝʝ ʪʦʯʢʠ, ʧʨʠʥʮʠʧʳ ʨʘʩʯʝʪʘ ʠ ʧʦʩʪʨʦʝʥʠʷ. ʆʩʪʘʪʦʯʥʦʝ ʟʘʪʫʭʘ-

ʥʠʝ ʢʘʥʘʣʘ (ʪʨʘʢʪʘ) ʧʝʨʝʜʘʯʠ. 

 

 
ʈʠʩʫʥʦʢ 1.1 ï ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʩʚʷʟʠ ʧʦ ʚʠʜʘʤ ʧʝʨʝʜʘʚʘʝʤʳʭ  

ʩʦʦʙʱʝʥʠʡ ʠ ʩʨʝʜʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

 
ʈʠʩʫʥʦʢ 1.2 ï ʊʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʠ ʩʝʪʠ 
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ʃʦʛʘʨʠʬʤʠʯʝʩʢʠʝ ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ (ʫʨʦʚʥʠ ʧʝʨʝʜʘʯʠ) 

 

   ʨʤ=10lg(ʈʭ/ʈ0); 

   ʨʥ=20lg(Uʭ/U0);   

   ʨʪ=20lg(Iʭ/I0); 

   ɺ ʵʪʠʭ ʬʦʨʤʫʣʘʭ ʈʭ, Uʭ, Iʭ ð ʚʝʣʠʯʠʥʳ ʢʘʞʫʱʝʡʩʷ ʤʦʱʥʦʩʪʠ, ʥʘʧʨʷʞʝʥʠʷ 

ʠʣʠ ʪʦʢʘ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʦʯʢʝ, ʘ ʈ0, U0 ʠ I0 ð ʚʝʣʠʯʠʥʳ, ʧʨʠʥʷʪʳʝ ʟʘ ʠʩ-

ʭʦʜʥʳʝ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʫʨʦʚʥʝʡ ʧʝʨʝʜʘʯʠ. ʋʨʦʚʥʠ ʥʘʟʳʚʘʶʪʩʷ ʘʙʩʦʣʶʪʥʳʤʠ, 

ʝʩʣʠ ʟʘ ʠʩʭʦʜʥʦʝ ʧʨʠʥʷʪʳ ʩʣʝʜʫʶʱʠʝ ʚʝʣʠʯʠʥʳ: ʢʘʞʫʱʘʷʩʷ ʤʦʱʥʦʩʪʴ ʈ0=1 

ʤɺʪ; ʜʝʡʩʪʚʫʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ U0=0,775 ɺ; ʜʝʡʩʪʚʫʶɦ ʠʡ ʪʦʢ I0=1,29 ʤɸ. 

   ʄʝʞʜʫ ʥʠʤʠ ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʚʟʘʠʤʦʟʘʚʠʩʠʤʦʩʪʴ, ʝʩʣʠ ʠʟʚʝʩʪʥʳ ʩʦʧʨʦʪʠʚ-

ʣʝʥʠʷ Zʭ ʠ Z0, ʥʘ ʢʦʪʦʨʳʭ ʚʳʜʝʣʷʶʪʩʷ ʤʦʱʥʦʩʪʠ ʈʭ ʠ ʈ0. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, 

ʨʤ=101g(Pʭ/P0)=10lg(U
2
ʭ/ Zʭ ) ( Z0 /U0

2
) = 

=201g (Uʭ/U0)-101g(|Zʭ|/|Z0|), ʦʪʢʫʜʘ 

   ʨʤ=ʨʥ-10lg Zx/Z0     

   ɸʥʘʣʦʛʠʯʥʦ ʧʦʣʫʯʠʤ 

   ʨʤ=ʨʪ+10lg Zx/Z0     

   ɽʩʣʠ ʘʙʩʦʣʶʪʥʳʝ ʫʨʦʚʥʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʨʠ ʩʦʧʨʦʪʠʚʣʝʥʠʠ Z=600 ʆʤ, ʪʦ ʨʤ = 

ʨʥ = ʨʪ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʚʳʙʦʨʦʤ ʠʩʭʦʜʥʳʭ ʚʝʣʠʯʠʥ: 0,775 ɺ. 1,29 ʤɸ=1ʤɺ ɸ; 

0,775 ɺ/1,29 ʤɸ=600 ʆʤ. 

   ʆʪ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʭ ʝʜʠʥʠʮ (ʫʨʦʚʥʝʡ ʚ ʜʝʮʠʙʝʣʘʭ) ʣʝʛʢʦ ʧʝʨʝʡʪʠ ʢ ʘʙʩʦʣʶʪ-

ʥʳʤ (ʤʦʱʥʦʩʪʠ, ʥʘʧʨʷʞʝʥʠʶ, ʪʦʢʫ) ʧʦ ʦʯʝʚʠʜʥʳʤ ʬʦʨʤʫʣʘʤ: 

   ʈʭ = ʈ0 10
0,1ʨʤ

; 

   Uʭ = U0 10
0,05ʨʥ

;    

   Iʭ = I0 10
0,05ʨʪ

; 

   ʈʘʙʦʯʝʝ ʟʘʪʫʭʘʥʠʝ: ap=10lg(ʈʚʭ/ʈʚʳʭ);    

   ʈʘʙʦʯʝʝ ʫʩʠʣʝʥʠʝ: Sp=10lg(ʈʚʳʭ/ʈʚʭ);  

   ʇʦʤʝʭʦʟʘʱʠʱʸʥʥʦʩʪʴ: ɸʟ=10lg(ʈʩ/ʈʧ) = ʨʩ-ʨʧ;  

   ʆʩʪʘʪʦʯʥʦʝ ʟʘʪʫʭʘʥʠʝ: Ar = aʨ.i- Sʨ.i;  
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ʈʠʩʫʥʦʢ 1.3 ï ɼʠʘʛʨʘʤʤʘ ʫʨʦʚʥʝʡ ʠ ʝʝ ʧʘʨʘʤʝʪʨ  r

 

 

ɸʉʇ (ʘʥʘʣʦʛʦʚʳʝ ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ) 

 

ʆʧʝʨʘʮʠʷ ʧʝʨʝʤʥʦʞʝʥʠʷ, ʧʨʠʚʦʜʷʱʘʷ ʢ ʧʨʝʦʙʨʘʟʦʚʘʥʠʶ ʯʘʩʪʦʪʳ ʠ ʬʘʟʳ 

ʩʠʛʥʘʣʘ (ʠʜʝʘʣʴʥʳʡ ʫʤʥʦʞʠʪʝʣʴ ʩʠʛʥʘʣʦʚ). 

  

   ʀʤʝʝʤ ʥʘ ʚʭʦʜʝ ʜʚʘ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʦʪ ʠ ʬʘʟ: 

   - ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʝ (ʥʝʩʫʱʝʝ) U (t) = U Ācos ( t+ ); 

   - ʥʠʟʢʦʯʘʩʪʦʪʥʦʝ (ʤʦʜʫʣʠʨʫʶʱʝʝ) U (t) = U Ācos( t+ ); 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 1.4 - ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʠʜʝʘʣʴʥʦʛʦ ʫʤʥʦʞʠʪʝʣʷ ʩʠʛʥʘʣʦʚ 

   ʇʨʦʠʟʚʝʜʷ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʦʧʝʨʘʮʠʶ ʧʝʨʝʤʥʦʞʝʥʠʷ ʵʪʠʭ ʢʦʣʝʙʘʥʠʡ ʩ ʧʦ-

ʤʦʱʴʶ ʠʜʝʘʣʴʥʦʛʦ ʫʤʥʦʞʠʪʝʣʷ, ʧʦʣʫʯʠʤ: 

 U (t) = U (t)ĀU(t) = U (t) cos ( t+ )ĀU(t) cos ( t+ ) = 

0,5U (t)ĀU(t)Ācos[(- )t+( - )]+ 

+0,5U (t)ĀU(t)Ācos[(+ )t+( + )]= 

=UʥʙĀcos (ʥʙt+ ʥʙ)+UʚʙĀcos ( ʚʙt+ ʚʙ); 

   ɸʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ ʧʝʨʝʤʥʦʞʝʥʠʠ 2-ʭ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ 

ʨʘʟʣʠʯʥʳʭ ʘʤʧʣʠʪʫʜ, ʯʘʩʪʦʪ ʠ ʬʘʟ ʧʦʣʫʯʘʝʪʩʷ ʜʚʘ ʛʘʨʤʦʥʠʯʝʩʢʠʭ (ʢʦʤʙʠʥʘʮʠ-

ʦʥʥʳʭ) ʢʦʣʝʙʘʥʠʷ, ʘʤʧʣʠʪʫʜʳ ʢʦʪʦʨʳʭ ʦʜʠʥʘʢʦʚʳ, ʘ ʯʘʩʪʦʪʳ ʠ ʬʘʟʳ ʨʘʟʣʠʯʥʳ. 

ɺʭ.1  

U (t) 

ɺʭ. 2  

U (t) 

ɺʳʭ.  

U (t) 
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ɺ ʦʜʥʦʤ ʠʟ ʥʠʭ (ʨʘʟʥʦʩʪʥʦʤ ʠʣʠ ʥʠʞʥʝʤ ʙʦʢʦʤ) ʯʘʩʪʦʪʘ ʠ ʬʘʟʘ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʨʘʟʥʦʩʪʴʶ ʯʘʩʪʦʪ ʠ ʬʘʟ ʧʝʨʝʤʥʦʞʘʝʤʳʭ ʢʦʣʝʙʘʥʠʡ, ʘ ʚʦ ʚʪʦʨʦʤ (ʩʫʤʤʘʨʥʦʤ 

ʠʣʠ ʚʝʨʭʥʝʤ ʙʦʢʦʚʦʤ) ï ʠʭ ʩʫʤʤʦʡ: 

   ʥʙ = -  = - ; ʥʙ = -  = -( - ); 

   ʚʙ = +  = + ; ʚʙ = +  = ( + ); 

   ʏʘʩʪʦʪʘ ʥʠʞʥʝʛʦ ʙʦʢʦʚʦʛʦ ʢʦʣʝʙʘʥʠʷ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʦʪʨʠʮʘʪʝʣʴʥʦʡ, ʧʦʵʪʦʤʫ 

ʧʨʠ ʝʸ ʦʧʨʝʜʝʣʝʥʠʠ ʨʝʟʫʣʴʪʘʪ ʨʘʟʥʦʩʪʠ ʜʚʫʭ ʯʘʩʪʦʪ  ʙʝʨʸʪʩʷ ʧʦ ʘʙʩʦʣʶʪʥʦʡ ʚʝ-

ʣʠʯʠʥʝ. ɸʤʧʣʠʪʫʜʳ ʙʦʢʦʚʳʭ ʚʩʝʛʜʘ ʦʜʠʥʘʢʦʚʳ: Uʥʙ = Uʚʙ = 0,5ĀU ĀU ; 

   ʏʘʩʪʦʪʳ ʥʠʞʥʝʛʦ ʠ ʚʝʨʭʥʝʛʦ ʙʦʢʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʚʩʝʛʜʘ ʩʠʤʤʝʪʨʠʯʥʦ ʨʘʩʧʦ-

ʣʦʞʝʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʠʞʝ ʠ ʚʳʰʝ ʝʸ ʥʘ ʦʜ-

ʥʦ ʠ ʪʦ ʞʝ ʟʥʘʯʝʥʠʝ ʯʘʩʪʦʪʳ ʩʠʛʥʘʣʘ, ʯʪʦ ʚʠʜʥʦ ʠʟ ʩʧʝʢʪʨʘʣʴʥʦʡ ʜʠʘʛʨʘʤʤʳ: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

ʈʠʩʫʥʦʢ 1.5  - ʉʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʩʠʛʥʘʣʦʚ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ ʇʏ 

   ɼʣʷ ʤʦʜʫʣʠʨʫʶʱʝʛʦ ʩʠʛʥʘʣʘ, ʟʘʥʠʤʘʶʱʝʛʦ ʧʦʣʦʩʫ ʯʘʩʪʦʪ ʦʪ min ʜʦ max ʠ 

 = max- min , ʪʦ ʩʠʛʥʘʣ ʥʘ ʚʳʭʦʜʝ ɸʄ ʤʦʜʫʣʪ̫ʦʨʘ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ: 

   U(t) = U i (t)ĀU(t)=
i

U icos( it+ i)ĀUcos( t+ )= 
i

0,5U iĀU{cos[( i-

)t+( I- )]+ cos[( i+ )t+( i+ )]}=
i

Uʙi[cos( ʥʙit+ ʥʙi)+cos( ʚʙit+ ʚʙi)] 

   ʊ.ʦ. ʧʝʨʝʤʥʦʞʝʥʠʝ ʤʥʦʛʦʯʘʩʪʦʪʥʦʛʦ ʩʠʛʥʘʣʘ ʠ ʦʜʥʦʯʘʩʪʦʪʥʦʛʦ ʥʝʩʫʱʝʛʦ ʢʦ-

ʣʝʙʘʥʠʷ ʵʢʚʠʚʘʣʝʥʪʥʦ ʨʘʟʜʝʣʴʥʦʤʫ ʫʤʥʦʞʝʥʠʶ ʢʘʞʜʦʡ ʛʘʨʤʦʥʠʯʝʩʢʦʡ ʯʘʩʪʦʪ-

ʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʩʠʛʥʘʣʘ ʥʘ ʥʝʩʫʱʝʝ ʢʦʣʝʙʘʥʠʝ ʠ ʩʫʤʤʠʨʦʚʘʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʦʪ 

ʢʘʞʜʦʛʦ ʠʟ ʵʪʠʭ ʧʝʨʝʤʥʦʞʝʥʠʡ. ʂʘʞʜʘʷ ʢʦʤʧʦʥʝʥʪʘ ʩʠʛʥʘʣʘ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʧʦ 

Uʚʭ. 

U  U  

 

ʥʙ= -  ʚʙ= +  

Uʚʙ Uʥʙ 
  

 

 

 

Uʚʳʭ 

 

  

Uʚʭ. 

U i 

 

Uʚʳʭ. 

+ max 

U

 

 -  

max 

+ mi

n 

Uʚʙ Uʥʙ 

  

 

- min 

  

2

min 

min max 
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ʯʘʩʪʦʪʝ ʠ ʬʘʟʝ ʚ ʜʚʝ ʙʦʢʦʚʳʝ ʢʦʤʧʦʥʝʥʪʳ (ʚʝʨʭʥʶʶ ʠ ʥʠʞʥʶʶ), ʚ ʩʫʤʤʝ ʧʦʣʫ-

ʯʘʝʪʩʷ ʜʚʝ ʙʦʢʦʚʳʝ ʧʦʣʦʩʳ (ʥʠʞʥʷʷ ʠ ʚʝʨʭʥʷʷ) ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʩʧʝʢʪʨʦʚ ʯʘʩʪʦʪ 

ʠ ʬʘʟ. 

   
i

( i ) = 
i

( i )  = 
i

i 

   
i

( i ) = 
i

i  = (
i

i) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 1.6  - ɸʏʍ ʧʦʣʦʩʦʚʦʛʦ ʢʘʥʘʣʴʥʦʛʦ ʬʠʣʴʪʨʘ (ʂʇʌ) ʉʇ ʩ ʏʈʂ 

 

 

 

 

 
ʈʠʩʫʥʦʢ 1.7 ï ʉʭʝʤʘ ʩʧʝʢʪʨʦʦʙʨʘʟʦʚʘʥʠʷ 12-ʢʘʥʘʣʴʥʦʡ ʩʪʘʥʜʘʨʪʥʦʡ ʇɻ ʧʨʠ 

ʧʦʤʦʱʠ ʦʜʥʦʡ ʩʪʫʧʝʥʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʠʛʥʘʣʘ ʧʦ ʯʘʩʪʦʪʝ 

ɸ

1 

ɸ

2 

ɸʬ

1 
ɸʬ2 

ʘʬ ʘʬ 

fʵʬ

ʬ 

f 
fʥʝʩ. 

ʘ 
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ʈʠʩʫʥʦʢ 1.8 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ 12-ʢʘʥʘʣʴʥʦʡ ʩʪʘʥʜʘʨʪʥʦʡ 

ʇɻ ʧʨʠ ʧʦʤʦʱʠ ʦʜʥʦʡ ʩʪʫʧʝʥʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʠʛʥʘʣʘ ʧʦ ʯʘʩʪʦʪʝ 

 

 
 

ʈʠʩʫʥʦʢ 1.9 ï ʉʭʝʤʘ ʩʧʝʢʪʨʦʦʙʨʘʟʦʚʘʥʠʷ 12-ʢʘʥʘʣʴʥʦʡ ʩʪʘʥʜʘʨʪʥʦʡ ʇɻ ʧʨʠ 

ʧʦʤʦʱʠ ʜʚʫʭ ʩʪʫʧʝʥʝʡ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʠʛʥʘʣʘ ʧʦ ʯʘʩʪʦʪʝ 
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ʈʠʩʫʥʦʢ 1.10 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ 12-ʢʘʥʘʣʴʥʦʡ ʩʪʘʥʜʘʨʪʥʦʡ 

ʇɻ ʧʨʠ ʧʦʤʦʱʠ ʜʚʫʭ ʩʪʫʧʝʥʝʡ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʠʛʥʘʣʘ ʧʦ ʯʘʩʪʦʪʝ 

 

 
 

ʈʠʩʫʥʦʢ 1.11 ï ʉʭʝʤʘ ʩʧʝʢʪʨʦʦʙʨʘʟʦʚʘʥʠʷ 60-ʢʘʥʘʣʴʥʦʡ ʩʪʘʥʜʘʨʪʥʦʡ ɺɻ 
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ʈʠʩʫʥʦʢ 1.12 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ 60-ʢʘʥʘʣʴʥʦʡ ʩʪʘʥʜʘʨʪʥʦʡ 

ɺɻ 

 
ʈʠʩʫʥʦʢ 1.13 ï ʉʭʝʤʘ ʩʧʝʢʪʨʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʬʦʨʤʠʨʦʚʘ-

ʥʠʷ 300-ʢʘʥʘʣʴʥʦʡ ʩʪʘʥʜʘʨʪʥʦʡ ʊɻ 

 

 
 

ʈʠʩʫʥʦʢ 1.14 ï ʉʭʝʤʘ ʩʧʝʢʪʨʦʦʙʨʘʟʦʚʘʥʠʷ 900-ʢʘʥʘʣʴʥʦʡ ʩʪʘʥʜʘʨʪʥʦʡ  
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ʈʠʩʫʥʦʢ 1.15 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʉʇ ɺ-12-3 

 

 

 

 
 

ʈʠʩʫʥʦʢ 1.16 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʉɻʇ ʂ-60ʇ 
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ʈʠʩʫʥʦʢ 1.17 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʉʇ ʂ-1920 
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2. ʎʉʇ PDH 

 

ʇʦʩʪʨʦʝʥʠʝ ʮʠʬʨʦʚʳʭ ʤʥʦʛʦʢʘʥʘʣʴʥʳʭ ʩʠʩʪʝʤ ʧʝʨʝʜʘʯʠ 

ʊʝʦʨʝʤʘ ʦʪʩʯʸʪʦʚ (ʂʦʪʝʣʴʥʠʢʦʚʘ) 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 2.1 ï ʆʪʢʣʠʢ ʌʅʏ ʥʘ ʢʦʨʦʪʢʠʡ ʧʨʷʤʦʫʛʦʣʴʥʳʡ ʠʤʧʫʣʴʩ 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 2.2ï ʌʦʨʤʠʨʦʚʘʥʠʝ ʥʝʧʨʝʨʳʚʥʦʛʦ ʩʠʛʥʘʣʘ ʬʠʣʴʪʨʦʤ ʥʠʞʥʠʭ ʯʘʩʪʦʪ 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 2.3 ï ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʥʝʤʦʜʫʣʠʨʦʚʘʥʥʳʭ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʠʤ-

ʧʫʣʴʩʦʚ 
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ʈʠʩʫʥʦʢ 2.4 ï ʏʘʩʪʦʪʥʳʡ ʩʧʝʢʪʨ ʥʝʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʠʤ-

ʧʫʣʴʩʘ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 2.5 ï ʌʦʨʤʘ ʩʠʛʥʘʣʘ ʧʨʠ ɸʀʄ-1 (ʘ) ʠ ɸʀʄ-2 (ʙ) 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 2.6 ï ʏʘʩʪʦʪʥʳʡ ʩʧʝʢʪʨ ɸʀʄ ʧʨʠ ʛʘʨʤʦʥʠʯʝʩʢʦʤ ʤʦʜʫʣʠʨʫʶʱʝʤ 

ʩʠʛʥʘʣʝ 
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ʈʠʩʫʥʦʢ 2.7 ï ʂ ʚʳʙʦʨʫ ʯʘʩʪʦʪʳ ʜʠʩʢʨʝʪʠʟʘʮʠʠ: Fʜ=2Fʚ (ʘ); Fʜ= (2,3é2,4)Fʚ 

(ʙ); 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 2.8 - ʈʘʚʥʦʤʝʨʥʦʝ ʢʚʘʥʪʦʚʘʥʠʝ: ʘ - ʘʤʧʣʠʪʫʜʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʢʚʘʥʪʫʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ; ʙ ð ʦʰʠʙʢʠ ʢʚʘʥʪʦʚʘʥʠʷ 

   ʉʨʝʜʥʷʷ ʤʦʱʥʦʩʪʴ ʰʫʤʦʚ ʢʚʘʥʪʦʚʘʥʠʷ ʧʨʠ ʨʘʚʥʦʤʝʨʥʦʤ ʰʘʛʝ ʈʰ.ʢʚ= /12, ʛʜʝ 

 ð ʰʘʛ ʢʚʘʥʪʦʚʘʥʠʷ. 

   ʄʘʢʩʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʫʩʣʦʚʥʳʭ ʫʨʦʚʥʝʡ (ʰʘʛʦʚ) ʢʚʘʥʪʦʚʘʥʠʷ ʧʨʠ ʨʘʚʥʦʤʝʨ-

ʥʦʤ ʢʚʘʥʪʦʚʘʥʠʠ 

   ʄʢʚ=2 Umax /  + 1 = 2 Uʦʛʨ/  + 1 
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ʈʠʩʫʥʦʢ 2.9 - ʅʝʨʘʚʥʦʤʝʨʥʦʝ ʢʚʘʥʪʦʚʘʥʠʝ: ʘ - ʘʤʧʣʠʪʫʜʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʢʚʘʥʪʫʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ; ʙ - ʦʰʠʙʢʠ ʢʚʘʥʪʦʚʘʥʠʷ. 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 2.10 - ʀʤʧʫʣʴʩʥʦ-ʢʦʜʦʚʘʷ ʤʦʜʫʣʷʮʠʷ ʧʨʠ ʩʠʤʤʝʪʨʠʯʥʦʤ ʜʚʦʠʯʥʦʤ 

ʢʦʜʝ 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 2.11 - ʆʧʨʝʜʝʣʝʥʠʝ ʪʘʢʪʦʚʦʡ ʯʘʩʪʦʪʳ ʀʂʄ ʩʠʛʥʘʣʘ 
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ʐʠʨʠʥʘ ʧʦʣʦʩʳ ʯʘʩʪʦʪ ʀʂʄ ʩʠʛʥʘʣʘ. 

 

   ʇʨʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʩʠʛʥʘʣʦʚ ʠʟ ʘʥʘʣʦʛʦʚʦʡ ʚ ʮʠʬʨʦʚʫʶ ʬʦʨʤʫ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠʭ ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʦʩʪʴ ʧʨʠ ʧʝʨʝʜʘʯʝ, ʪʘʢ ʢʘʢ ʧʨʠʝʤʥʠʢ ʜʦʣʞʝʥ 

ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʪʦʣʴʢʦ ʜʚʘ ʩʦʩʪʦʷʥʠʷ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʩʠʛʥʘʣʘ ʠʣʠ ʝʛʦ ʥʘʣʠʯʠʝ 

(ʧʨʠʸʤ ʝʜʠʥʠʮʳ), ʠʣʠ ʝʛʦ ʦʪʩʫʪʩʪʚʠʝ (ʧʨʠʝʤ ʥʫʣʷ). ʅʦ ʵʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʫ-

ʱʝʩʪʚʝʥʥʳʤ ʨʘʩʰʠʨʝʥʠʝʤ ʧʦʣʦʩʳ ʯʘʩʪʦʪ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʀʂʄ ʩʠʛʥʘʣʘ. 

   ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʦʨʝʤʦʡ ʂʦʪʝʣʴʥʠʢʦʚʘ ʧʝʨʠʦʜ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʤʝʞʜʫ ʜʚʫʤʷ 

ʩʦʩʝʜʥʠʤʠ ʦʪʩʯʝʪʘʤʠ ʩʠʛʥʘʣʘ ʧʝʨʚʦʛʦ ʢʘʥʘʣʘ ʊʜ 1/2Fʚ. ʇʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ 

ʤʝʞʜʫ ʜʚʫʤʷ ʦʪʩʯʝʪʘʤʠ ʩʦʩʝʜʥʠʭ ʢʘʥʘʣʦʚ ʟʘʚʠʩʠʪ ʦʪ ʯʠʩʣʘ ʦʙʲʝʜʠʥʷʝʤʳʭ ʢʘ-

ʥʘʣʦʚ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ Tʢ=ʊʜ/N, ʛʜʝ N ð ʯʠʩʣʦ ʦʙʲʝʜʠʥʷʝʤʳʭ ʢʘʥʘʣʦʚ. ʇʨʦ-

ʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʜʚʫʤʷ ʩʦʩʝʜʥʠʤʠ ʠʤʧʫʣʴʩʘʤʠ ʢʦʜʦʚʦʡ ʛʨʫʧʧʳ, ʥʘʟʳ-

ʚʘʝʤʳʡ ʪʘʢʪʦʚʳʤ ʧʝʨʠʦʜʦʤ, ʟʘʚʠʩʠʪ ʦʪ ʯʠʩʣʘ ʨʘʟʨʷʜʦʚ ʢʦʜʦʚʦʡ ʛʨʫʧʧʳ ʪ ʠ ʦʧ-

ʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʊʪ=ʊʢ/m=ʊʜ/N m. 

   ʏʘʩʪʦʪʘ ʩʣʝʜʦʚʘʥʠʷ ʠʤʧʫʣʴʩʦʚ ʛʨʫʧʧʦʚʦʛʦ ʮʠʬʨʦʚʦʛʦ ʩʠʛʥʘʣʘ ʥʘʟʳʚʘʝʪʩʷ 

ʪʘʢʪʦʚʦʡ ʯʘʩʪʦʪʦʡ fʪ=1/ʊʪ=FʜN m. ɼʣʷ ʀʂʄ-30 fʪ=fʜ(N+D)m=8 10
3
 

(30+2)8=2048 ʢɻʮ, ʛʜʝ D-ʯʠʩʣʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢʘʥʘʣʦʚ, m-ʨʘʟʨʷʜʥʦʩʪʴ ʢʦʜʦ-

ʚʦʡ ʢʦʤʙʠʥʘʮʠʠ. 

   ʉ ʪʘʢʪʦʚʦʡ ʯʘʩʪʦʪʦʡ ʩʚʷʟʘʥʦ ʪʘʢʦʝ ʧʦʥʷʪʠʝ, ʢʘʢ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʮʠʬʨʦʚʦʡ 

ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʯʠʩʣʦ ʧʝʨʝʜʘʥʥʳʭ ʜʚʦʠʯʥʳʭ ʟʥʘʢʦʚ 

(ʙʠʪ) ʚ ʩʝʢʫʥʜʫ (ʙʠʪ/ʩ). ʅʘʧʨʠʤʝʨ, ʪʘʢʪʦʚʘʷ ʯʘʩʪʦʪʘ ʮʠʬʨʦʚʦʛʦ ʩʠʛʥʘʣʘ ʘʧʧʘʨʘ-

ʪʫʨʳ ʀʂʄ-30 ʨʘʚʥʘ 2048 ʢɻʮ. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʮʠʬʨʦʚʦʛʦ ʧʦʪʦʢʘ ʘʧ-

ʧʘʨʘʪʫʨʳ ʨʘʚʥʘ 2048 ʢʙʠʪ/ʩ ʠʣʠ 2,048 ʄʙʠʪ/ʩ. 

   ɼʣʷ ʎʉʇ ʰʠʨʠʥʘ ʧʦʣʦʩʳ ʯʘʩʪʦʪ ʣʠʥʝʡʥʦʛʦ ʪʨʘʢʪʘ ʧʨʠ ʜʦʧʫʩʪʠʤʳʭ ʠʩʢʘʞʝ-

ʥʠʷʭ ʮʠʬʨʦʚʦʛʦ ʩʠʛʥʘʣʘ ʧʨʠʙʣʠʞʝʥʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ fʠʢʤ=fʪ, ʪ. ʝ. 

fʠʢʤ=FʜN m            

   ʉʨʘʚʥʠʤ ʧʦʣʦʩʳ ʯʘʩʪʦʪ, ʢʦʪʦʨʳʝ ʪʨʝʙʫʶʪʩʷ ʜʣʷ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʦʚ ʚ ʩʠʩʪʝ-

ʤʘʭ ʩ ʏʈʂ ʠ ʩ ʀʂʄ. ɺ ʩʠʩʪʝʤʘʭ ʩ ʏʈʂ f ʯʨʢ=4N ʢɻʮ, ʘ ʚ ʩʠʩʪʝʤʘʭ ʩ ʀʂʄ 

Fʠʢʤ ʚ 2ʪ ʨʘʟʘ ʙʦʣʴʰʝ, ʪ. ʝ. ʧʨʠ m=7...8 ʰʠʨʠʥʘ ʪʨʝʙʫʝʤʦʡ ʧʦʣʦʩʳ ʯʘʩʪʦʪ ʎʉʇ 

ʚ 14...16 ʨʘʟ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʘʥʘʣʦʛʦʚʳʭ ʩʠʩʪʝʤʘʭ ʩ ʏʈʂ. 

 

ʇʘʨʘʤʝʪʨʳ ʂʊʏ ʎʉʇ 
ʜɹʘ

ʦʩʪ
,

5

3

5

                   -55  -50    -40                                                             +3        ʈʚʭ, ʜɹʤ 
ʈʠʩʫʥʦʢ 2.12 - ɸʤʧʣʠʪʫʜʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ (ɸʍ) ʎʉʇ 
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ʈʠʩʫʥʦʢ 2.13 - ʐʘʙʣʦʥ ʟʘʱʠʱʝʥʥʦʩʪʠ ʰʫʤʦʚ ʢʚʘʥʪʦʚʘʥʠʷ (ɸʟ ʢʚ) ʦʪ ʫʨʦʚʥʷ 

ʩʠʛʥʘʣʘ ʥʘ ʚʭʦʜʝ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 2.14 - ʐʘʙʣʦʥ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ɸʏʍ) ʎʉʇ 
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ʈʠʩʫʥʦʢ 2.15 - ʌʘʟʦ-ʯʘʩʪʦʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ (ʌʏʍ) ʎʉʇ 

 

 

 

 

ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʩʠʛʥʘʣʦʚ ʚ ʎʉʇ 

 
Uʩ(t)

t

Uʘʠʤ(t)

t

G(f)

G(f)

                     fmin       fmax   fʜ-fmax      fʜ                  f, ʢɻʮ 
 

G(f)

                                      f, ʢɻʮ

G(f)

                                                                                    f, ʢɻʮ 
ʈʠʩʫʥʦʢ 2.16 - ɼʠʩʢʨʝʪʠʟʘʮʠʷ ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʘ ʧʦ ʚʨʝʤʝʥʠ. 

 

    0,6          1,0                     2,0                 2,6            3,0         f, ʢɻʮ                                     

ɻɺʇ, ʤʩ 

0,5 
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Uʩ(t), Uʘʠʤ(t), Uʢʚ(t)

 0
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)(t
ʢʚ

   t
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ʈʠʩʫʥʦʢ 2.17 - ɸʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ. 

    

   ʆʰʠʙʢʘ ʢʚʘʥʪʦʚʘʥʠʷ:  )()()( tUtUt
ʢʚʘʠʤʢʚ

 

   ʄʘʢʩʠʤʘʣʴʥʘʷ ʦʰʠʙʢʘ ʢʚʘʥʪʦʚʘʥʠʷ: 2/
maxʢʚ

.  

   ʄʦʱʥʦʩʪʴ ʰʫʤʘ ʢʚʘʥʪʦʚʘʥʠʷ: 
12

2

ʰʢʚ
ʈ . 

   ʇʦʤʝʭʦʟʘʱʠʱʝʥʥʦʩʪʴ: 
ʰʢʚʩʟʰʢʚ
ʈʈɸ  

 
Uʚr ʭ

U ʚʭ                       Ui        Ui+1

i

Uʦʛʨ

Uʦʛʨ

 
ʈʠʩʫʥʦʢ 2.18 - ɸʤʧʣʠʪʫʜʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʦʜʝʨʘ ʩ ʥʝʨʘʚʥʦʤʝʨʥʦʡ ʰʢʘ-

ʣʦʡ ʢʚʘʥʪʦʚʘʥʠʷ 
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ʃʠʥʝʡʥʦʝ

ʢʚʘʥʪʫʁ ʝɦʝ

ʫʩʪʨʦʡʩʪʚʦ

ʂʦʤʧʨʝʩʩʦʨ ʕʢʩʧʘʥʜʝʨ

ʇɽʈɽɼɸʊʏʀʂ ʇʈʀɽʄʅʀʂ

 
 

ʈʠʩʫʥʦʢ  2.19 - ʂʦʜʠʨʦʚʘʥʠʝ. 

-Uʦʛʨ      0
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  +Uʦʛʨ        10
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ʈʠʩʫʥʦʢ  2.20 ï ɺʨʝʤʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʥʘʪʫʨʘʣʴʥʦʛʦ ʜʚʦʠʯʥʦʛʦ ʢʦʜʘ 

  

ʏʠʩʣʦ ʫʨʦʚʥʝʡ ʢʚʘʥʪʦʚʘʥʠʷ: 1
2

ʦʛʨ

ʥʘʪ

U
L  

ʏʠʩʣʦ ʠʤʧʫʣʴʩʦʚ ʚ ʢʦʜʦʚʦʡ ʛʨʫʧʧʝ: 
ʥʘʪ

Lʎm
2

log  - ʙʣʠʞʘʡʰʝʝ ʮʝʣʦʝ ʯʠʩ-

ʣʦ ʚ ʙʦʣʴh ʫʶ ʩʪʦʨʦʥʫ. 

im
m

i
i

aN 2
1

, 

-Uʦʛʨ     -5

-4

-3

-2

-1

0

1

2

3

4

  +Uʦʛʨ         5

t

3

4 4

3

-3

-3 -3

 
ʈʠʩʫʥʦʢ  2.21 ïɺʨʝʤʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʜʚʦʠʯʥʦʛʦ ʢʦʜʘ 

ʏʠʩʣʦ ʫʨʦʚʥʝʡ ʢʚʘʥʪʦʚʘʥʠʷ: 

ʦʛʨ

ʥʘʪ

U
L  

1log
2 ʥʘʪ
Lʎm ,     

im
m

i
i

aaN 2
2

1
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ʋʟʣ  rʎʉʇ 

 

Uʩ

ɼ1

ɼ2

ɼ3

ɼ4 Rʥ

Uʫ

Rc

ɽʩ

Rʥ

H(t)

 
ʈʠʩʫʥʦʢ 2.22 - ɼʠʦʜʥʳʡ ʤʦʩʪ ʠ ʝʛʦ ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʩʭʝʤʘ ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʢ-

ʪʨʦʥʥʦʛʦ ʢʣʶʯʘ 

 

ʊ1 ʊ2
1

N

Uʫ

ɽʩ

Rʥ

Iʫ2

Iʫ1

Ic

 
ʈʠʩʫʥʦʢ 2.23 - ʉʭʝʤʘ ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʣʶʯʘ ʥʘ ʪʨʘʥʟʠʩʪʦʨʘʭ 

ʂʣ1

1

2

N

ʋʩ1
ʋʩ2

ʂʣ2

ʂʣ3

ʉ

1ʘʠʤ
U 2ʘʠʤ

U

 
 

ʈʠʩʫʥʦʢ 2.24 - ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ɸʀʄ1 ʚ ɸʀʄ2 

ɸʀʄ-ʐʀʄ ʀ ʊ1 ʊmʊ2

ɻʝʥʝʨʘʪʦʨʥʦʝ

ʦʙʦʨʫʜʦʚʘʥʠʝ

ʉʯʝʪʯʠʢ

1 2 m

ɸʀʄ

 
 

ʈʠʩʫʥʦʢ 2.25 - ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʢʦʜʝʨʘ ʩʯʝʪʥʦʛʦ ʪʠʧʘ 
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ʈʋ ʈʋ ʈʋ

ɸʀʄ

ʩʠʛʥʘʣ

U ʪɻ1 U ʪɻ2 U ʪɻm

1-ʡ ʨʘʟʨ̫ʜ 2-ʡ ʨʘʟʨ̫ʜ m-ʡ ʨʘʟʨ̫ʜ

ʉɺ ʉɺ

ʯ̫ʝʡʢʘ  
 

ʈʠʩʫʥʦʢ 2.26 - ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʣʠʥʝʡʥʦʛʦ ʢʦʜʝʨʘ ʚʟʚʝʰʠʚʘʥʠʷ. 

 

ʚʭʤʘʭ

ʚʭ

U

U

ʚʳʭʤʘʭ

ʚʳʭ

U
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1

0,75

0,5

0,25

0

1/16 1/8 1/4 1/2 1

I

II

III

IV

V

VI

VII

VIII

 ʈʠʩʫʥʦʢ 2.27 - ɸʤʧʣʠʪʫʜ-

ʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʦʤʧʨʝʩʩʠʠ ʪʠʧʘ ɸ-87,6/13 (ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʦʙʣʘʩʪʴ) 

 

 

ʅʦʤʝʨ  

ʩʝʛʤʝʥʪʘ 

2-ʡ, 3-ʡ, 4-ʡ 

ʨʘʟʨʷʜʳ 

ʐʘʛ  

ʢʚʘʥʪʦʚʘʥʠʷ 

ʕʪʘʣʦʥʥʦʝ ʥʘ-

ʧʨʷʞʝʥʠʝ 

ʧʨʠ ʢʦʜʠʨʦʚʘʥʠʠ 

ʚ ʧʨʝʜʝʣʘʭ ʩʝʛ-

ʤʝʥʪʘ 

ʕʪʘʣʦʥʥʦʝ  

ʥʘʧʨʷʞʝʥʠʝ 

ʥʠʞʥʝʡ  

ʛʨʘʥʠʮʳ 

ʩʝʛʤʝʥʪʘ 

I 0 000  , 2 , 4 , 8  0  

II  1 001  , 2 , 4 , 8  16  

III  2 010  2 , 4 , 8 , 16  32  

IV 3 011  4 , 8 , 16 , 32  64  

V 4 100  8 , 16 , 32 , 64  128  

VI  5 101  16 , 32 , 64 , 

128  

256  

VII  6 110  32 , 64 , 128 , 

256  

512  

VIII  7 111  64 , 128 , 256 , 

512  

1024  

 

ʊʘʙʣʠʮʘ 2.1 - ʕʪʘʣʦʥʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ (ˉ ʩʝʛʤʝʥʪʘ, ˉ ʫʨʦʚʥʷ ʢʚʘʥ-

ʪʦʚʘʥʠʷ ʚ ʩʝʛʤʝʥʪʝ) 
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ɿʋ ʂ

ʀʕ+ ʀʕ-

ɹʂʕ

1 ...11 1  ... 11

ʎ ʃʦʛ.

            1   2                     11
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1             2   3   4   5   6   7   8
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ʆʪ ʛʝʥʝʨʘʪʦʨʥʦʛʦ

ʦʙʦʨʫʜʦʚʘʥʠ̫

ʆʪ ʛʝʥʝʨʘʪʦʨʥʦʛʦ

ʦʙʦʨʫʜʦʚʘʥʠ̫

ʆʪ ʛʝʥʝʨʘʪʦʨʥʦʛʦ

ʦʙʦʨʫʜʦʚʘʥʠ̫

ɸʀʄ ʩʠʛʥʘʣ
1

2

ʀʂʄ ʩʠʛʥʘʣ

 
 

ʈʠʩʫʥʦʢ 2.28 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʥʝʣʠʥʝʡʥʦʛʦ 
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ʈʠʩʫʥʦʢ 2.29 - ɼʝʨʝʚʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʨʝʩʩʠʠ ʪʠʧʘ ɸ-87,6/13 (ʧʦʣʦʞʠ-

ʪʝʣʴʥʘʷ ʦʙʣʘʩʪʴ) 
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ʀʕ+ʀʕ-

ɹʂʕ

1 ...111  ... 11

ʕʃ

ʎʈ

8    7   6   5   4   3   2             1

ʆʪ ʛʝʥʝʨʘʪʦʨʥʦʛʦ
ʦʙʦʨʫʜʦʚʘʥʠ̫

  11    10                    1

ɺʭʦʜʥʦʡ ʀʂʄ

ʩʠʛʥʘʣ

ɺr ʭʦʜʥʦʡ ɸʀʄ

ʩʠʛʥʘʣ  
 

ʈʠʩʫʥʦʢ 2.30 - ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʥʝʣʠʥʝʡʥʦʛʦ  

ʜʝʢʦʜʝʨʘ 

 
ʉʀʅʍʈʆʉʀɻʅɸʃ

ʉʠʛʥʘʣ

ʉʋɺ

1 2 N

ʢ

ʎʠʢʣ ʧʝʨʝʜʘʯʠ  ʊʮ=125 ʤʢʩ

ʂʘʥʘʣɹʥr ʡ ʠʥʪʝʨʚʘʣ

 
 

ʈʠʩʫʥʦʢ 2.31 ï ɺʨʝʤʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʩʠʥʭʨʦʩʠʛʥʘʣʘ ʠ ʩʠʛʥʘʣʘ ʉʋɺ ʚ ʛʨʫʧ-

ʧʦʚʦʤ ʮʠʬʨʦʚʦʤ ʩʠʛʥʘʣʝ 
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ʈʠʩʫʥʦʢ 2.32 ï ɺʠʜʳ ʩʠʥʭʨʦʩʠʛʥʘʣʦʚ ʎʉʇ 
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ʈʠʩʫʥʦʢ  2.33  - ɸʣʛʦʨʠʪʤ ʧʦʠʩʢʘ ʩʠʥʭʨʦʩʠʛʥʘʣʘ 
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ʈʠʩʫʥʦʢ 2.34 ï ɺʨʝʤʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʧʦʠʩʢʘ  
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ʈʠʩʫʥʦʢ 2.35 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ  

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʪʨʘʢʪʘ ʧʨʠʸʤʘ ʎʉʇ 
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ʈʠʩʫʥʦʢ 2.36 - ʉʪʨʫʢʪʫʨʘ ʩʚʝʨʭʮʠʢʣʘ ʩʠʩʪʝʤʳ ʀʂʄ-30 

 

U

t

G

f
         fʪ            2fʪ           3fʪ

Gʜ(f)

Gʥ(f)

 
 

ʈʠʩʫʥʦʢ 2.37 - ʉʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʦʜʥʦʧʦʣʷʨʥʦʛʦ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʠʤ-
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ʈʠʩʫʥʦʢ 2.38 - ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʠ ʚʨʝʤʝʥʥʳʝ  

ʜʠʘʛʨʘʤʤʳ ʧʨʠʸʤʥʠʢʘ ʛʨʫʧʧʦʚʦʛʦ ʮʠʬʨʦʚʦʛʦ ʩʠʛʥʘʣʘ 
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ʈʠʩʫʥʦʢ 2.39 - ʀʝʨʘʨʭʠʷ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʎʉʇ 
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ʈʠʩʫʥʦʢ 2.40 - ʆʙʦʨʫʜʦʚʘʥʠʝ ʠ ʚʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʦʙ̡-

ʝʜʠʥʝʥʠʷ ʮʠʬʨʦʚʳʭ ʩʠʛʥʘʣʦʚ (ʪʨʘʢʪ ʧʝʨʝʜʘʯʠ) 
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ʈʠʩʫʥʦʢ 2.41 - ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚʨʝʤʝʥʥʦʛʦ ʛʨʫʧʧʦʦʙʨʘʟʦ-
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ʈʠʩʫʥʦʢ 2.42 - ʆʙʦʨʫʜʦʚʘʥʠʝ ʚʨʝʤʝʥʥʦʛʦ ʛʨʫʧʧʦʦʙʨʘʟʦʚʘʥʠʷ ʘʩʠʥʭʨʦʥʥʳʭ 

ʮʠʬʨʦʚʳʭ ʧʦʪʦʢʦʚ 
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ʈʠʩʫʥʦʢ 2.43 ï ɺʨʝʤʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʛʨʫʧʧʦʦʙʨʘʟʦʚʘʥʠʷ ʘʩʠʥʭʨʦʥʥʳʭ ʮʠʬ-

ʨʦʚʳʭ ʧʦʪʦʢʦʚ 
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ʈʠʩʫʥʦʢ 2.44 ï ʎʠʬʨʦʚʦʡ ʣʠʥʝʡʥʳʡ ʪʨʘʢʪ 
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