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ɿʘʜʘʥʠʝ 

ʥʘ ʢʫʨʩʦʚʦʡ ʧʨʦʝʢʪ 

çʈʘʜʠʦʧʨʠʝʤʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʙʦʨʪʦʚʦʡ ʨʘʜʠʦʩʪʘʥʮʠʠè 

 

ʊʨʝʙʫʝʪʩʷ   

 ʚʳʧʦʣʥʠʪʴ ʨʘʩʯʝʪ ʩʪʨʫʢʪʫʨʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʭʝʤʳ ʜʦʜʝʪʝʢʪʦʨʥʦʛʦ ʪʨʘʢʪʘ 
ʨʘʜʠʦʧʨʠʝʤʥʠʢʘ, 

 ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʠʥʮʠʧʠʘʣʴʥʫʶ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʩʭʝʤʫ ʜʦʜʝʪʝʢʪʦʨʥʦʛʦ ʪʨʘʢʪʘ  
ʠ ʚʳʧʦʣʥʠʪʴ ʨʘʩʯʝʪ ʝʝ ʵʣʝʤʝʥʪʦʚ, 

 ʨʘʟʨʘʙʦʪʘʪʴ ʘʣʛʦʨʠʪʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʚʳʧʦʣʥʠʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ 
ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ Mathcad ʮʠʬʨʦʚʦʛʦ ʜʝʤʦʜʫʣʷʪʦʨʘ ʨʘʜʠʦʧʨʠʝʤʥʠʢʘ. 

 

      ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ: 

 
1. ɻʨʘʥʠʯʥʳʝ ʯʘʩʪʦʪʳ ʧʦʜʜʠʘʧʘʟʦʥʘ ʧʨʠʥʠʤʘʝʤʳʭ ʩʠʛʥʘʣʦʚ 

0 min
f  ʠ 

0 max
f ; 

2. ɿʥʘʯʝʥʠʝ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʯʘʩʪʦʪʳ ʨʘʜʠʦʧʨʠʝʤʥʠʢʘ 
ʧʨ ʛ c

f f f , ʨʘʚʥʦʡ 

ʨʘʟʥʦʩʪʠ ʯʘʩʪʦʪ ʛʝʪʝʨʦʜʠʥʘ  ʠ ʩʠʛʥʘʣʘ; 

3. ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʨʘʜʠʦʧʨʠʝʤʥʠʢʘ EA; 
4. ʉʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʟʝʨʢʘʣʴʥʦʤʫ ʢʘʥʘʣʫ ʥʝ ʤʝʥʝʝ Seʟʢ ; 

5. ʉʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʩʦʩʝʜʥʝʤʫ ʢʘʥʘʣʫ  ʥʝ ʤʝʥʝʝ Seʩʢ ; 

6. ʂʦʵʬʬʠʮʠʝʥʪ ʧʨʷʤʦʫʛʦʣʴʥʦʩʪʠ ɸʏʍ ʪʨʘʢʪʘ ʦʩʥʦʚʥʦʡ ʩʝʣʝʢʮʠʠ ʥʝ ʙʦʣʝʝ kʧ ; 

7. ʉʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʢʘʥʘʣʫ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʯʘʩʪʦʪʳ ʥʝ ʤʝʥʝʝ  Seʧʯ ; 
8. ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʘʥʪʝʥʥʳ RA ; 

9. ʅʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ɸʏʍ ʚ ʧʦʣʦʩʝ ʧʨʦʧʫʩʢʘʥʠʷ ʜʦʜʝʪʝʢʪʦʨʥʦʛʦ ʪʨʘʢʪʘ 

ʧʨʠʝʤʥʠʢʘ  ʥʝ ʙʦʣʝʝ ; 

10. ɻʣʫʙʠʥʘ ʨʝʛʫʣʠʨʦʚʢʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ ʪʨʘʢʪʘ ʧʨʦʤʝʞʫʪʦʯʥʦʡ 
ʯʘʩʪʦʪʳ -  p; 

11. ɺʠʜ ʧʨʠʥʠʤʘʝʤʦʛʦ ʠʟʣʫʯʝʥʠʷ; 

12. ʄʠʥʠʤʘʣʴʥʘʷ ʠ ʤʘʢʩʠʤʘʣʴʥʘʷ ʯʘʩʪʦʪʳ ʤʦʜʫʣʮ̫ʠʠ 
m in

F  ʠ 
m ax

F ; 

13. ʉʢʦʨʦʩʪʴ ʤʘʥʠʧʫʣʷʮʠʠ v ; 
14. ʉʜʚʠʛ ʯʘʩʪʦʪ ʧʨʠ ʯʘʩʪʦʪʥʦʡ ʤʘʥʠʧʫʣʷʮʠʠ 

ʩʜʚ
F ; 

15. ɺʠʜ ʙʦʢʦʚʦʡ ʧʦʣʦʩʳ ʧʨʠ ʦʜʥʦʧʦʣʦʩʥʦʡ ʤʦʜʫʣʷʮʠʠ ɺɹʇ (ʚʝʨʭʥʷʷ ʙʦʢʦʚʘʷ 
ʧʦʣʦʩʘ) ʠʣʠ ʅɹʇ (ʥʠʞʥʷʷ ʙʦʢʦʚʘʷ ʧʦʣʦʩʘ). 

ʏʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ  ʩʪʫʜʝʥʪ ʧʦʣʫʯʘʝʪ ʫ ʧʨʝʧʦʜʘʚʘʪʝʣʷ.  
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ʊʨʝʙʦʚʘʥʠʷ ʢ ʢʫʨʩʦʚʦʤʫ ʧʨʦʝʢʪʫ 

ʠ ʝʛʦ ʦʬʦʨʤʣʝʥʠ ʁ

 
1. ʉʪʨʫʢʪʫʨʘ ʧʦʷʩʥʠʪʝʣʴʥʦʡ ʟʘʧʠʩʢʠ (ʇɿ) 

 

1.1. ʇʦʷʩʥʠʪʝʣʴʥʘʷ ʟʘʧʠʩʢʘ ʂʇ ʚʢʣʶʯʘʝʪ ʩʦʩʪʘʚʥʳʝ ʵʣʝʤʝʥʪʳ, 
ʨʘʩʧʦʣʘʛʘʝʤʳʝ ʚ ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: 

 ʪʠʪʫʣʴʥʳʡ ʣʠʩʪ, 

 ʟʘʛʣʘʚʥʳʡ ʣʠʩʪ (ʩʦʜʝʨʞʘʥʠʝ ʇɿ), 

 ʚʚʝʜʝʥʠʝ, 

 ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ, 

 ʟʘʢʣʶʯʝʥʠʝ, 

 ʩʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, 

 ʧʨʠʣʦʞʝʥʠʷ. 

1.2. ʊʠʪʫʣʴʥʳʡ ʣʠʩʪ ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ ʙʫʤʘʛʝ ʬʦʨʤʘʪʘ ɸ4 ʧʦ ʫʪʚʝʨʞʜʝʥʥʦʡ 
ʬʦʨʤʝ (ʇʨʠʣʦʞʝʥʠʝ ɸ). 

1.3.  ɺ ʟʘʛʣʘʚʥʦʤ ʣʠʩʪʝ (ʩʦʜʝʨʞʘʥʠʠ ʇɿ) ʜʘʝʪʩʷ ʧʝʨʝʯʝʥʴ ʥʘʠʤʝʥʦʚʘʥʠʡ 

ʨʘʟʜʝʣʦʚ ʠ ʧʦʜʨʘʟʜʝʣʦʚ ʩ ʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʥʫʤʝʨʘʮʠʝʡ ʚ ʪʦʯʥʦʤ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʭ ʥʘʠʤʝʥʦʚʘʥʠʝʤ ʚ ʪʝʢʩʪʝ ʇɿ. 
1.4. ɺʚʝʜʝʥʠʝ ï ʚʩʪʫʧʠʪʝʣʴʥʳʡ ʨʘʟʜʝʣ ʪʝʢʩʪʘ ʇɿ, ʚ ʢʦʪʦʨʦʤ ʢʨʘʪʢʦ 

ʠʟʣʘʛʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ  ʂʇ, ʦʪʤʝʯʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʝʡ 

(ʙʣʦʢʦʚ), ʧʨʠʤʝʥʝʥʠʝ ʕɺʄ ʠ ʪ.ʧ. ʆʙʲʝʤ ʪʝʢʩʪʘ 0.5..1 ʩʪʨʘʥʠʮʘ. ʕʪʦʪ ʨʘʟʜʝʣ ʥʝ 

ʠʤʝʝʪ ʧʦʨʷʜʢʦʚʦʛʦ ʥʦʤʝʨʘ. 
1.5. ʆʩʥʦʚʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʇɿ ʩʦʩʪʦʠʪ ʠʟ ʟʘʜʘʥʠʷ ʥʘ ʂʇ ʠ ʪʝʢʩʪʘ, ʚ ʢʦʪʦʨʦʤ 

ʠʟʣʦʞʝʥʦ ʠʩʧʦʣʥʝʥʠʝ ʟʘʜʘʥʠʷ. ʆʩʥʦʚʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʜʝʣʠʪʩʷ ʥʘ ʨʘʟʜʝʣʳ, 

ʧʦʜʨʘʟʜʝʣʳ ʠ ʧʫʥʢʪʳ. ɺ ʨʘʟʜʝʣʝ ñɿʘʢʣʶʯʝʥʠʝò ʧʦʜʚʦʜʠʪʩʷ ʠʪʦʛ ʧʨʦʜʝʣʘʥʥʦʡ 
ʨʘʙʦʪʳ, ʥʘʧʨʠʤʝʨ, ʩʨʘʚʥʠʚʘʶʪʩʷ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʘʜʘʥʠʷ ʥʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ. ʆʙʲʝʤ 

ʪʝʢʩʪʘ ʤʝʥʝʝ 1 ʩʪʨʘʥʠʮʳ. ʈʘʟʜʝʣ ʥʝ ʠʤʝʝʪ ʧʦʨʷʜʢʦʚʦʛʦ ʥʦʤʝʨʘ. 

1.6. ɺ ʩʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʟʘʥʦʩʷʪʩʷ ʠʩʪʦʯʥʠʢʠ ʠʥʬʦʨʤʘʮʠʠ, 
ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʂʇ ʧʦʜ ʧʦʨʷʜʢʦʚʳʤʠ ʥʦʤʝʨʘʤʠ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʩʳʣʢʠ 

ʥʘ ʥʠʭ ʚ ʪʝʢʩʪʝ. ɿʘʛʦʣʦʚʦʢ ʩʧʠʩʢʘ ʥʝ ʠʤʝʝʪ ʧʦʨʷʜʢʦʚʦʛʦ ʥʦʤʝʨʘ. 

1.7. ɺ ʥʝʦʙʷʟʘʪʝʣʴʥʳʡ ʨʘʟʜʝʣ ñʇʨʠʣʦʞʝʥʠʷò ʚʢʣʶʯʘʶʪ ʥʝʦʙʭʦʜʠʤʳʡ 
ʤʘʪʝʨʠʘʣ, ʚʦʟʥʠʢʘʶʱʠʡ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʠ ʜʝʣʘʶʱʠʡ ʝʝ ʩʦʜʝʨʞʘʥʠʝ ʙʦʣʝʝ 

ʧʦʥʷʪʥʳʤ ʠ ʠʥʬʦʨʤʘʪʠʚʥʳʤ. ʂʘʞʜʦʝ ʧʨʠʣʦʞʝʥʠʝ ʥʘʯʠʥʘʝʪʩʷ ʩ ʥʦʚʦʛʦ ʣʠʩʪʘ. 

ɺʳʰʝ ʪʝʢʩʪʘ ʧʨʠʣʦʞʝʥʠʷ, ʧʦ ʩʝʨʝʜʠʥʝ ʩʪʨʘʥʠʮʳ ʧʠʰʝʪʩʷ ʟʘʛʦʣʦʚʦʢ, ʥʘʧʨʠʤʝʨ, 

ʇʨʠʣʦʞʝʥʠʝ ɸ, ʇʨʠʣʦʞʝʥʠʝ ɺ ʠ ʪ.ʜ. ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʨʠʣʦʞʝʥʠʷ ʧʠʰʝʪʩʷ ʧʦʜ 
ʟʘʛʦʣʦʚʢʦʤ  ʩʪʨʦʯʥʳʤʠ ʙʫʢʚʘʤʠ ʢʨʦʤʝ ʧʝʨʚʦʡ ʧʨʦʧʠʩʥʦʡ. 

 

      2. ʆʬʦʨʤʣʝʥʠʝ  ʧʦʷʩʥʠʪʝʣʴʥʦʡ ʟʘʧʠʩʢʠ 
 

2.1. ʇʦʷʩʥʠʪʝʣʴʥʘʷ ʟʘʧʠʩʢʘ ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ ʣʠʩʪʘʭ ʧʠʩʯʝʡ ʙʫʤʘʛʠ ʬʦʨʤʘʪʘ 

ɸ4. 
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2.2. ɺʩʝ ʣʠʩʪʳ ʂʇ ʩʰʠʚʘʶʪʩʷ ʚ ʇɿ ʠ ʥʫʤʝʨʫʶʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘʯʠʥʘʷ 

ʩ ʮʠʬʨʳ 1. 

ʅʦʤʝʨ ʣʠʩʪʘ ʧʠʰʝʪʩʷ ʘʨʘʙʩʢʠʤʠ ʮʠʬʨʘʤʠ  ʚ ʧʨʘʚʦʤ ʫʛʣʫ ʥʠʞʥʝʛʦ ʧʦʣʷ ʣʠʩʪʘ 

ʙʝʟ  ʯʝʨʪʦʯʝʢ ʠ ʩʢʦʙʦʢ. ʊʠʪʫʣʴʥʳʡ ʣʠʩʪ ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʤ ʣʠʩʪʦʤ ʇɿ, ʥʦ ʥʦʤʝʨ 
ʥʘ ʥʝʤ  ʥʝ ʩʪʘʚʠʪʩʷ. 

2.3. ʊʝʢʩʪ ʇɿ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʦʜʥʦʩʪʦʨʦʥʥʝʤ ʠʩʧʦʣʥʝʥʠʠ. ʈʘʙʦʯʝʝ ʧʦʣʝ ʣʠʩʪʘ 

ʦʛʨʘʥʠʯʝʥʦ ʨʘʤʢʦʡ (ʥʘ ʣʠʩʪ ʥʝ ʥʘʥʦʩʠʪʩʷ): ʩʣʝʚʘ ï25ʤʤ, ʩʚʝʨʭʫ ï 15ʤʤ, ʩʧʨʘʚʘ 

ï 8ʤʤ, ʩʥʠʟʫ ï15ʤʤ. 
2.4. ʈʘʟʜʝʣʳ, ʧʦʜʨʘʟʜʝʣʳ ʠ ʧʫʥʢʪʳ ʥʫʤʝʨʫʶʪʩʷ ʘʨʘʙʩʢʠʤʠ ʮʠʬʨʘʤʠ. 

 

3.ʆʬʦʨʤʣʝʥʠʝ ʪʝʢʩʪʘ ʧʦʷʩʥʠʪʝʣʴʥʦʡ ʟʘʧʠʩʢʠ ʂʇ 
 

3.1. ʊʝʢʩʪ ʇɿ ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ ʢʦʤʧʴʶʪʝʨʝ ʠʣʠ ʨʫʢʦʧʠʩʥʦ ʯʝʨʥʠʣʘʤʠ ʠʣʠ 

ʰʘʨʠʢʦʚʦʡ ʨʫʯʢʦʡ ʯʝʨʥʦʛʦ ʮʚʝʪʘ. 

3.2. ʂʘʞʜʳʡ ʨʘʟʜʝʣ ʥʘʯʠʥʘʝʪʩʷ ʩ ʥʦʚʦʛʦ ʣʠʩʪʘ. ʅʘʠʤʝʥʦʚʘʥʠʷ ʨʘʟʜʝʣʦʚ 
ʟʘʧʠʩʳʚʘʶʪʩʷ ʧʦʩʣʝ ʠʭ ʧʦʨʷʜʢʦʚʦʛʦ ʥʦʤʝʨʘ ʩʪʨʦʯʥʳʤʠ ʙʫʢʚʘʤʠ ʢʨʦʤʝ ʧʝʨʚʦʡ 

ʧʨʦʧʠʩʥʦʡ ʦʜʠʥʘʢʦʚʦʡ ʚʩrʦʪʳ ʩ ʮʠʬʨʘʤʠ. ʉʣʦʚʘ ʚ ʥʘʠʤʝʥʦʚʘʥʠʠ ʨʘʟʜʝʣʦʚ ʠ 

ʧʦʜʨʘʟʜʝʣʦʚ ʧʠʰʫʪʩʷ ʙʝʟ ʧʝʨʝʥʦʩʦʚ. ɽʩʣʠ ʟʘʛʦʣʦʚʦʢ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ 
ʧʨʝʜʣʦʞʝʥʠʡ, ʠʭ ʨʘʟʜʝʣʷʶʪ ʪʦʯʢʦʡ. ɺ ʢʦʥʮʝ ʟʘʛʦʣʦʚʢʘ ʪʦʯʢʘ ʥʝ ʩʪʘʚʠʪʩʷ. 

3.3. ʅʘʠʤʝʥʦʚʘʥʠʷ ʧʦʜʨʘʟʜʝʣʦʚ ʠ ʧʫʥʢʪʦʚ ʥʘʯʠʥʘʶʪʩʷ ʩ ʧʨʦʧʠʩʥʦʡ ʙʫʢʚʳ 

ʧʦʩʣʝ ʠʭ ʧʦʨʷʜʢʦʚʳʭ ʥʦʤʝʨʦʚ, ʘ ʦʩʪʘʣʥɹʳʝ ʙʫʢʚʳ ʷʚʣʷʶʪʩʷ ʩʪʨʦʯʥʳʤʠ. 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʦʜʨʘʟʜʝʣʘ ʤʦʞʝʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʚ ʣʶʙʦʤ ʤʝʩʪʝ ʣʠʩʪʘ ʇɿ, ʥʦ 
ʧʦʩʣʝ ʥʘʠʤʝʥʦʚʘʥʠʷ  ʜʦʣʞʥʦ ʙʳʪʴ ʥʝ ʤʝʥʝʝ ʪʨʝʭ ʩʪʨʦʢ ʪʝʢʩʪʘ ʦʪ ʥʠʞʥʝʛʦ ʧʦʣʷ 

ʣʠʩʪʘ. 

3.4. ʇʦʨʷʜʢʦʚʳʝ ʥʦʤʝʨʘ ʚʩʝʭ ʟʘʛʦʣʦʚʢʦʚ ʟʘʧʠʩʳʚʘʶʪ ʩ ʢʨʘʩʥʦʡ ʩʪʨʦʢʠ 
(ʘʙʟʘʮʥʳʡ ʦʪʩʪʫʧ ʨʘʚʝʥ 15-17ʤʤ), ʟʘʛʦʣʦʚʢʠ ʦʪʜʝʣʷʶʪʩʷ ʦʪ ʪʝʢʩʪʘ ʧʫʩʪʦʡ 

ʩʪʨʦʢʦʡ. ʉʦʢʨʘʱʝʥʠʝ ʩʣʦʚ ʚ ʟʘʛʦʣʦʚʢʘʭ ʥʝ ʜʦʧʫʩʢʘʝʪʩʷ. 

3.5. ʌʦʨʤʫʣʳ ʤʦʛʫʪ ʥʫʤʝʨʦʚʘʪʴʩʷ ʜʣʷ ʩʩʳʣʦʢ ʚ ʪʝʢʩʪʝ. ʅʦʤʝʨ ʬʦʨʤʫʣʳ 

ʟʘʧʠʩʳʚʘʝʪʩʷ  ʚ ʩʪʨʦʢʝ, ʛʜʝ ʬʦʨʤʫʣʘ ʟʘʢʘʥʯʠʚʘʝʪʩʷ, ʫ ʧʨʘʚʦʛʦ ʢʨʘʷ ʣʠʩʘ ʚ 
ʢʨʫʛʣʳʭ ʩʢʦʙʢʘʭ ʘʨʘʙʩʢʠʤʠ ʮʠʬʨʘʤʠ. ʅʫʤʝʨʘʮʠʷ ʬʦʨʤʫʣ ʤʦʞʝʪ ʙʳʪʴ ʝʜʠʥʦʡ 

ʜʣʷ ʚʩʝʛʦ ʪʝʢʩʪʘ  (ʩʢʚʦʟʥʦʡ) ʠʣʠ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʚʥʫʪʨʠ ʨʘʟʜʝʣʦʚ. ɺ ʧʦʩʣʝʜʥʝʤ 

ʩʣʫʯʘʝ ʥʦʤʝʨ ʬʦʨʤʫʣʳ ʜʦʣʞʝʥ ʩʦʜʝʨʞʘʪʴ ʥʦʤʝʨ ʨʘʟʜʝʣʘ ʠ ʥʦʤʝʨ ʬʦʨʤʫʣʳ ʚ 
ʥʝʤ, ʨʘʟʜʝʣʝʥʥʳʝ ʪʦʯʢʦʡ. 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʩʯʝʪʦʚ ʧʦ ʬʦʨʤʫʣʝ ʩʥʘʯʘʣʘ ʟʘʧʠʩʚrʘʝʪʩʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ, ʟʘʪʝʤ ʬʦʨʤʫʣʘ ʩ ʧʦʜʩʪʘʚʣʝʥʥʳʤʠ ʚ ʥʝʝ ʯʠʩʣʦʚʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ, ʘ ʧʦʩʣʝ ʵʪʦʛʦ ʨʝʟʫʣʴʪʘʪ ʚʯrʠʩʣʝʥʠʡ. 
3.6. ʌʦʨʤʫʣʳ  ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʦʪʜʝʣʴʥʦʡ ʩʪʨʦʢʝ. 

3.7. ʊʘʙʣʠʮʳ ʥʫʤʝʨʫʶʪʩʷ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʬʦʨʤʫʣʳ. ɿʘʛʦʣʦʚʦʢ ʪʘʙʣʠʮʳ 

ʟʘʧʠʩʳʚʘʝʪʩʷ ʩʪʨʦʯʥʳʤʠ ʙʫʢʚʘʤʠ ʢʨʦʤʝ ʧʝʨʚʦʡ ʧʨʦʧʠʩʥʦʡ  ʧʦʩʣʝ ʩʣʦʚʘ 

ñʊʘʙʣʠʮʘò. 
 

4.ʆʬʦʨʤʣʝʥʠʝ ʠʣʣʶʩʪʨʘʮʠʡ ʚ ʧʦʷʩʥʠʪʝʣʴʥʦʡ ʟʘʧʠʩʢʝ 
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4.1. ɺʩʝ ʠʣʣʶʩʪʨʘʮʠʠ (ʩʭʝʤʳ, ʛʨʘʬʠʢʠ, ʯʝʨʪʝʞʠ ʠ ʜʠʘʛʨʘʤʤʳ) ʦʙʦʟʥʘʯʘʶʪʩʷ 

ʚ ʇɿ ʢʘʢ ʨʠʩʫʥʢʠ. ʅʫʤʝʨʘʮʠʷ ʨʠʩʫʥʢʦʚ ʘʥʘʣʦʛʠʯʥʘ ʥʫʤʝʨʘʮʠʠ ʬʦʨʤʫʣ ʠ 

ʪʘʙʣʠʮ. ʈʠʩʫʥʢʠ ʤʦʛʫʪ ʠʤʝʪʴ ʟʘʛʦʣʦʚʦʢ, ʧʦʤʝʱʘʝʤʳʡ ʧʦʜ ʨʠʩʫʥʢʦʤ. 

4.2. ʇʦʟʠʮʠʦʥʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʭʝʤʘʭ, 
ʧʦʤʝʱʘʝʤʳʭ ʚ ʪʝʢʩʪ ʇɿ, ʜʦʧʫʩʢʘʝʪʩʷ ʚʧrʦʣʥʷʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʜʝʢʩʦʚ, 

ʥʘʧʨʠʤʝʨ, 
3 8

R , C . 

4.3. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʭʝʤ ʚ ʚʠʜʝ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʛʦ 

ʜʦʢʫʤʝʥʪʘ  (ʩ ʦʬʦʨʤʣʝʥʠʝʤ ʨʘʤʢʠ ʠ ʦʩʥʦʚʥʦʡ ʥʘʜʧʠʩʠ) ʙʫʢʚʝʥʥʦ-ʧʦʟʠʮʠʦʥʥʳʝ 

ʦʙʦʟʥʘʯʝʥʠʷ ʧʠʰʫʪʩʷ ʚ ʦʜʥʫ ʩʪʨʦʢʫ, ʥʘʧʨʠʤʝʨ, R 3, C8. 

4.4. ʇʦʷʩʥʠʪʝʣʴʥʘʷ ʟʘʧʠʩʢʘ ʜʦʣʞʥʘ ʩʦʜʝʨʞʘʪʴ ʯʝʨʪʝʞ: ɼʦʜʝʪʝʢʪʦʨʥʳʡ ʪʨʘʢʪ 
ʨʘʜʠʦʧʨʠʝʤʥʠʢʘ ʙʦʨʪʦʚʦʡ ʨʘʜʠʦʩʪʘʥʮʠʠ. ʉʭʝʤʘ ʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ. 

4.5. ʏʝʨʪʝʞ ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ  ʣʠʩʪʝ  ʙʫʤʘʛʠ ʬʦʨʤʘʪʘ ɸ3 ʩ ʦʬʦʨʤʣʝʥʠʝʤ 

ʨʘʤʢʠ ʠ ʦʩʥʦʚʥʦʡ ʥʘʜʧʠʩʠ. ʉʪʨʫʢʪʫʨʘ ʦʩʥʦʚʥʦʡ ʥʘʜʧʠʩʠ ʧʨʠʚʝʜʝʥʘ ʚ 
ʇʨʠʣʦʞʝʥʠʠ ɺ.  

ʇʦʩʢʦʣʴʢʫ ʨʘʩʯʝʪ ʙʣʦʢʘ ʧʠʪʘʥʠʷ ʠ ʩʠʥʪʝʟʘʪʦʨʘ ʯʘʩʪʦʪʳ ʨʘʜʠʦʩʪʘʥʮʠʠ 

ʟʘʜʘʥʠʝʤ ʥʝ ʧʨʝʜʫʩʤʦʪʨʝʥ, ʥʘ ʩʭʝʤʝ ʜʦʣʞʥʳ ʙʳʪʴ ʧʦʢʘʟʘʥʳ ʪʦʣʴʢʦ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʟʲʝʤʳ, ʥʘ ʢʦʪʦʨʳʝ ʧʦʜʘʶʪʩʷ ʫʢʘʟʘʥʥʳʝ ʥʘʧʨʷʞʝʥʠʷ.   

ʅʘ ʩʭʝʤʝ ʥʘʨʷʜʫ ʩ ʙʫʢʚʝʥʥʦ-ʧʦʟʠʮʠʦʥʥʳʤʠ ʦʙʦʟʥʘʯʝʥʠʷʤʠ ʜʦʣʞʥʳ ʙʳʪʴ 

ʫʢʘʟʘʥʳ ʥʦʤʠʥʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʠʣʠ ʧʨʠʣʦʞʝʥ ʧʝʨʝʯʝʥʴ ʵʣʝʤʝʥʪʦʚ. 

     4.6. ɼʣʷ ʧʫʙʣʠʯʥʦʡ ʟʘʱʠʪʳ ʧʨʦʝʢʪʘ ʜʦʣʞʥʳ ʙʳʪʴ ʧʦʜʛʦʪʦʚʣʝʥʳ: 
Ç ʯʝʨʪʝʞ ʜʦʜʝʪʝʢʪʦʨʥʦʛʦ ʪʨʘʢʪʘ ʨʘʜʠʦʧʨʠʝʤʥʠʢʘ ʙʦʨʪʦʚʦʡ ʨʘʜʠʦʩʪʘʥʮʠʠ 

(ʩʭʝʤʘ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ), ʚʳʧʦʣʥʝʥʥʳʡ ʥʘ ʣʠʩʪʝ ʙʫʤʘʛʠ 

ʬʦʨʤʘʪʘ ɸ2, ʂʦʧʠʷ ʯʝʨʪʝʞʘ ʧʨʠʚʦʜʠʪʩʷ ʚ ʧʦʷʩʥʠʪʝʣʴʥʦʡ ʟʘʧʠʩʢʝ. 
Ç ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʳʡ ʧʣʘʢʘʪ: ɸʣʛʦʨʠʪʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʮʠʬʨʦʚʦʛʦ 

ʜʝʤʦʜʫʣʷʪʦʨʘ ʠ ʚʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʩʠʛʥʘʣʦʚ ʚ ʜʝʤʦʜʫʣʷʪʦʨʝ. 

ɼʝʤʦʥʩʪʨʘʮʠʦʥʥʳʡ ʧʣʘʢʘʪ  ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ ʣʠʩʪʝ 

ʙʫʤʘʛʠ ʬʦʨʤʘʪʘ  ɸ2. ʂʦʧʠʷ ʧʣʘʢʘʪʘ ʧʨʠʚʦʜʠʪʩʷ ʚ  
ʧʦʷʩʥʠʪʝʣʴʥʦʡ ʟʘʧʠʩʢʝ. 
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ʄʝʪʦʜʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʳʧʦʣʥʝʥʠʶ ʢʫʨʩʦʚʦʛʦ ʧʨʦʝʢʪʘ 

 

1. ʅʘʯʘʪʴ ʨʘʙʦʪʫ ʥʘʜ ʧʨʦʝʢʪʦʤ ʩʣʝʜʫʝʪ ʩ ʠʟʫʯʝʥʠʷ ʩʣʝʜʫʶʱʠʭ ʨʘʟʜʝʣʦʚ 

ʢʦʥʩʧʝʢʪʘ ʣʝʢʮʠʡ ʧʦ ʜʠʩʮʠʧʣʠʥʝ çʋʩʪʨʦʡʩʪʚʘ ʧʨʠʝʤʘ ʠ ʦʙʨʘʙʦʪʢʠ 
ʨʘʜʠʦʩʠʛʥʘʣʦʚ ʚ ʩʠʩʪʝʤʘʭ ʧʦʜʚʠʞʥʦʡ ʨʘʜʠʦʩʚʷʟʠè: 

Ç ɺʚʝʜʝʥʠʝ, 

Ç ʇʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʨʘʜʠʦʧʨʠʝʤʥʠʢʘ, 

Ç ɺʭʦʜʥʳʝ ʮʝʧʠ, 
Ç ʈʝʟʦʥʘʥʩʥʳʝ ʫʩʠʣʠʪʝʣʠ, 

Ç ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʯʘʩʪʦʪʳ. 

2. ʇʨʠʩʪʫʧʠʚ ʢ ʚʳʧʦʣʥʝʥʠʶ ʧʨʦʝʢʪʘ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ 
ʧʨʠʚʦʜʠʤʳʤʠ ʥʠʞʝ ʤʝʪʦʜʠʢʘʤʠ ʨʘʩʯʝʪʘ  

Ç ʩʪʨʫʢʪʫʨʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʭʝʤʳ ʨʘʜʠʦʧʨʠʝʤʥʠʢʘ,  

Ç ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʭʝʤʳ ʜʦʜʝʪʝʢʪʦʨʥʦʛʦ ʪʨʘʢʪʘ 

ʨʘʜʠʦʧʨʠʝʤʥʠʢʘ, 
ʘ ʪʘʢʞʝ ʤʝʪʦʜʠʢʦʡ ʨʘʟʨʘʙʦʪʢʠ ʘʣʛʦʨʠʪʤʦʚ ʠ ʤʝʪʦʜʠʢʦʡ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʮʠʬʨʦʚʳʭ ʜʝʤʦʜʫʣʷʪʦʨʦʚ ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ Mathcad. 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʪʘʢʞʝ ʩʣʝʜʫʶʱʠʤʠ 
ʠʩʪʦʯʥʠʢʘʤʠ ʠʥʬʦʨʤʘʮʠʠ: 

1. ʈʝʜ ʕ. ʉʧʨʘʚʦʯʥʦʝ ʧʦʩʦʙʠʝ ʧʦ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʩʭʝʤʦʪʝʭʥʠʢʝ: ʇʝʨ. ʩ ʥʝʤ.-

ʄ.:1990.-256ʩ., ʠʣ., 

3. ɺ.ɽ. ʉʘʧʘʨʦʚ. ɼʠʧʣʦʤʥʳʡ ʧʨʦʝʢʪ ʦʪ ɸ ʜʦ ʗ. ïʄ.:ʉʆʃʆʅ-ʇʨʝʩʩ, 2003.-224 ʩ. 
4. ʇʝʨʝʣʴʤʘʥ ɹ.ʃ., ʇʝʪʫʭʦʚ ɺ.ʄ.  ʅʦʚʳʝ ʪʨʘʥʟʠʩʪʦʨʳ. ʉʧʨʘʚʦʯʥʠʢ ï 

çʉʆʃʆʅè, çʄʀʂʈʆʊɽʍè, 1994. ï272ʩ. 

5.  http://www.cxem.net/sprav/sprav62.php  ʉʧʨʘʚʦʯʥʠʢ ʧʦ ʧʦʣʝʚʳʤ 
ʪʨʘʥʟʠʩʪʦʨʘʤ.  

http://kazus.ru/guide/index.html ʉʧʨʘʚʦʯʥʠʢ ʧʦ ʵʣʝʢʪʨʦʥʥʳʤ ʢʦʤʧʦʥʝʥʪʘʤ ʥʘ 

ʨʫʩʩʢʦʤ ʷʟʳʢʝ 
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1. ʈʘʩʯʝʪ ʩʪʨʫʢʪʫʨʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʭʝʤʳ 

ʨʘʜʠʦʧʨʠʝʤʥʠʢʘ 

 

1.1. ʈʘʩʯʝʪ ʰʠʨʠʥʳ ʩʧʝʢʪʨʘ ʧʨʠʥʠʤʘʝʤʳʭ ʩʠʛʥʘʣʦʚ Fʩ ʠ ʧʦʣʦʩʳ 
ʧʨʦʧʫʩʢʘʥʠʷ ʪʨʘʢʪʘ ʦʩʥʦʚʥʦʡ ʩʝʣʝʢʮʠʠ 

1.1.1. ɸʤʧʣʠʪʫʜʥʘʷ ʤʦʜʫʣʷʮʠʷ ï A3E:  Fc = 2 Fmax, 

1.1.2. ʆʜʥʦʧʦʣʦʩʥʘʷ ʤʦʜʫʣʷʮʠʷ ʩ ʧʦʜʘʚʣʝʥʥʦʡ ʥʝʩʫʱʝʡ ï J3E:  Fc = Fmax - 
Fmin, 

1.1.3. ʏʘʩʪʦʪʥʘʷ ʤʘʥʠʧʫʣʷʮʠʷ ï F1B:  Fc = Fʩʜʚ+ k v,  

k = 3..5. 
ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ ʰʠʨʠʥʫ ʩʧʝʢʪʨʘ ʚ ʛʝʨʮʘʭ, ʩʢʦʨʦʩʪʴ ʤʘʥʠʧʫʣʷʮʠʠ 

ʧʦʜʩʪʘʚʣʷʝʪʩʷ ʚ ʬʦʨʤʫʣʫ ʚ ʙʦʜʘʭ. 

ʇʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ ʪʨʘʢʪʘ  ʦʩʥʦʚʥʦʡ ʩʝʣʝʢʮʠʠ - ʪʨʘʢʪʘ ʧʨʦʤʝʞʫʪʦʯʥʦʡ 

ʯʘʩʪʦʪʳ ï ʨʘʚʥʘ  ʇʧʯ = Fc. 
 

1.2.  ɺʳʙʦʨ ʩʝʣʝʢʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʪʨʘʢʪʘ ʨʘʜʠʦʯʘʩʪʦʪʳ 

1.2.1. ʇʨʦʚʝʨʢʘ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʧʝʨʝʩʪʨʘʠʚʘʝʤʦʛʦ 
ʧʨʝʩʝʣʝʢʪʦʨʘ. 

      ʊʨʘʢʪ ʨʘʜʠʦʯʘʩʪʦʪʳ ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ ʧʝʨʝʩʪʨʘʠʚʘʝʤʳʤ, ʪʘʢ ʠ 

ʥʝʧʝʨʝʩʪʨʘʠʚʘʝʤʳʤ. ɽʩʣʠ ʯʘʩʪʦʪʳ ʟʝʨʢʘʣʴʥʦʛʦ ʢʘʥʘʣʘ ʥʘʭʦʜʷʪʩʷ ʚʥʝ 
ʧʦʜʜʠʘʧʘʟʦʥʘ ʯʘʩʪʦʪ ʧʨʠʥʠʤʘʝʤʳʭ ʩʠʛʥʘʣʦʚ, ʪʦ ʩʣʝʜʫʝʪ ʨʘʩʩʤʦʪʨʝʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʧʝʨʝʩʪʨʘʠʚʘʝʤʦʛʦ ʧʨʝʩʝʣʝʢʪʦʨʘ (ʚʭʦʜʥʦʡ ʮʝʧʠ ʠ 

ʋʈʏ). 

      ɽʩʣʠ ʯʘʩʪʦʪʘ ʛʝʪʝʨʦʜʠʥʘ ʧʨʠʝʤʥʠʢʘ ʙʦʣʴʰʝ ʯʘʩʪʦʪʳ ʧʨʠʥʠʤʘʝʤʦʛʦ ʩʠʛʥʘʣʘ, 
ʪʦ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʯʘʩʪʦʪʳ ʧʦʤʝʭʠ ʟʝʨʢʘʣʴʥʦʛʦ ʢʘʥʘʣʘ ʨʘʚʥʦ   

ʟʢmin 0min ʧʨ
f f 2 f . 

      ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʯʘʩʪʦʪʳ ʧʦʤʝʭ ʟʝʨʢʘʣʴʥʦʛʦ ʢʘʥʘʣʘ ʥʘʭʦʜʷʪʩʷ ʚʥʝ 

ʧʦʜʜʠʘʧʘʟʦʥʘ ʯʘʩʪʦʪ ʧʨʠʥʠʤʘʝʤʳʭ ʩʠʛʥʘʣʦʚ, ʝʩʣʠ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ: 

ʟʢ min 0max
f f . 

1.2.2. ʆʧʨʝʜʝʣʝʥʠʝ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʇ ʠ ʯʘʩʪʦʪʳ ʥʘʩʪʨʦʡʢʠ 

ʥʝʧʝʨʝʩʪʨʘʠʚʘʝʤʦʛʦ ʧʨʝʩʝʣʝʢʪʦʨʘ f0 ʩʨ. 
ɽʩʣʠ ʨʝʟʦʥʘʥʩʥʘʷ ʩʠʩʪʝʤʘ ʥʝ ʧʝʨʝʩʪʨʘʠʚʘʝʪʩʷ, ʪʦ ʩʨʝʜʥʷʷ ʯʘʩʪʦʪʘ ʧʦʣʦʩʳ 

ʧʨʦʧʫʩʢʘʥʠʷ ʚʙrʠʨʘʝʪʩʷ ʨʘʚʥʦʡ  

)ff(5.0f max0min0cp . 

      ʇʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ ʨʝʟʦʥʘʥʩʥʦʡ ʩʠʩʪʝʤʳ ʪʨʘʢʪʘ ʈʏ ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʚʥʘ 

cmin0max0 FffȻ . 

1.2.3. ʆʧʨʝʜʝʣʠʤ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʟʝʨʢʘʣʴʥʦʤʫ ʢʘʥʘʣʫ, ʢʦʪʦʨʫʶ ʤʦʞʝʪ 

ʦʙʝʩʧʝʯʠʪʴ ʥʝʧʝʨʝʩʪʨʘʠʚʘʝʤʳʡ ʜʚʫʭʢʦʥʪʫʨʥʳʡ ʧʦʣʦʩʦʚʦʡ ʬʠʣʴʪʨ. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʡʜʝʤ:  
- ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʨʘʩʩʪʨʦʡʢʫ ʯʘʩʪʦʪʳ ʧʦʤʝʭʠ ʟʝʨʢʘʣʥɹʦʛʦ ʢʘʥʘʣʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʬʠʣʴʪʨʘ ʜʣʷ ʭʫʜʰʝʛʦ 

ʩʣʫʯʘʷ, ʢʦʛʜʘ ʯʘʩʪʦʪʘ ʧʦʤʝʭʠ ʟʝʨʢʘʣʥɹʦʛʦ ʢʘʥʘʣʘ ʨʘʚʥʘ ʟʢ min
f  
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ʟʢmin 0cp

ʟʢ

0cp ʟʢmin

f f
y

f f
. 

- ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʨʘʩʩʪʨʦʡʢʫ ʤʠʥʠʤʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ʩʠʛʥʘʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʬʠʣʴʪʨʘ 

0 cp 0 m in

ʩ

0 min 0 cp

f f
y

f f
 

ʆʧʨʝʜʝʣʠʤ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʟʝʨʢʘʣʴʥʦʤʫ ʢʘʥʘʣʫ, ʢʦʪʦʨʫʶ ʤʦʞʝʪ 

ʦʙʝʩʧʝʯʠʪʴ ʜʚʫʭʢʦʥʪʫʨʥʳʡ ʧʦʣʦʩʦʚʦʡ ʬʠʣʴʪʨ ʧʨʠ ʢʨʠʪʠʯʝʩʢʦʡ ʩʚʷʟʠ ʤʝʞʜʫ 

ʢʦʥʪʫʨʘʤʠ  
4

4

1
1

4

1
1

4

ʟʢ

ʵ

ʟʢ ʧʬ

ʩ

ʵ

y

d
Se

y

d

 

       ɺ ʧʦʩʣʝʜʥʝʤ ʩʦʦʪʥʦʰʝʥʠʠ d  ɻ ï ʵʢʚʠʚʘʣʝʥʪʥʦʝ ʟʘʪʫʭʘʥʠʝ ʢʦʥʪʫʨʦʚ 

ʧʦʣʦʩʦʚʦʛʦ ʬʠʣʴʪʨʘ. ɺʝʣʠʯʠʥʘ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʟʘʪʫʭʘʥʠʷ ʩʚʷʟʘʥʘ ʩ 

ʩʦʙʩʪʚʝʥʥʳʤ ʟʘʪʫʭʘʥʠʝʤ ʢʦʥʪʫʨʘ dk ʩʦʦʪʥʦh ʝʥʠʝʤ 

ʵ k
d 2d . 

ɺ ʜʠʘʧʘʟʦʥʝ 2.0..30.0 ʄɻʮ ʩʦʙʩʪʚʝʥʥʦʝ ʟʘʪʫʭʘʥʠʝ ʢʦʥʪʫʨʦʚ ʤʦʞʥʦ ʧʨʠʥʷʪʴ 
ʨʘʚʥʳʤ 0.004 .. 0.006. 

1.2.3. ʆʧʨʝʜʝʣʠʤ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʟʝʨʢʘʣʴʥʦʤʫ ʢʘʥʘʣʫ, ʢʦʪʦʨʫʶ ʤʦʞʝʪ 

ʦʙʝʩʧʝʯʠʪʴ ʦʜʠʥʦʯʥʳʡ ʢʦʣʝʙʘʪʝʣʴʥʳʡ ʢʦʥʪʫʨ 
2

2

1

.

1

ʟʢ

ʵ

ʟʢ ʢ

ʩ

ʵ

y

d
Se

y

d

 

      ʇʨʠʚʝʜʝʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʜʣʷ ʨʘʩʯʝʪʘ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʜʘʶʪ ʟʥʘʯʝʥʠʷ 

ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʚ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮʘʭ. ɼʣʷ ʧʝʨʝʚʦʜʘ ʚ ʜʝʮʠʙʝʣʳ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ 

)Selg(20SedB . 

1.2.4. ʈʘʩʯʝʪ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʨʝʩʝʣʝʢʪʦʨʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʘʭ ʝʛʦ 

ʧʦʩʪʨʦʝʥʠʷ 

 
ʈʘʩʩʤʦʪʨʠʤ ʩʣʝʜʫʶʱʠʝ ʚʘʨʠʘʥʪʳ: 

1. ɺʭʦʜʥʘʷ ʮʝʧʴ ʠ ʦʜʠʥ ʢʘʩʢʘʜ ʋʈʏ:  

 ʘ) ʦʜʥʦʢʦʥʪʫʨʥʘʷ ʚʭʦʜʥʘʷ ʮʝʧʴ ʠ ʋʈʏ ʩ ʦʜʠʥʦʯʥʳʤ  ʢʦʥʪʫʨʦʤ, ʢʦʣʠʯʝʩʪʚʦ 

ʢʦʥʪʫʨʦʚ nʢ = 2,  ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʦʩʦʚʳʭ ʬʠʣʴʪʨʦʚ nʧʬ = 0; 
 ʙ) ʦʜʥʦʢʦʥʪʫʨʥʘʷ ʚʭʦʜʥʘʷ ʮʝʧʴ ʠ ʋʈʏ ʩ ʧʦʣʦʩʦʚʳʤ ʬʠʣʴʪʨʦʤ, ʢʦʣʠʯʝʩʪʚʦ 

ʢʦʥʪʫʨʦʚ nʢ = 1,  ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʦʩʦʚʳʭ ʬʠʣʴʪʨʦʚ nʧʬ = 1; 

 ʚ) ʜʚʫʭʢʦʥʪʫʨʥʘʷ ʚʭʦʜʥʘʷ ʮʝʧʴ ʠ ʋʈʏ ʩ ʧʦʣʦʩʦʚʳʤ ʬʠʣʴʪʨʦʤ, ʢʦʣʠʯʝʩʪʚʦ 

ʢʦʥʪʫʨʦʚ nʢ = 0,  ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʦʩʦʚʳʭ ʬʠʣʴʪʨʦʚ nʧʬ = 2. 
 



 

10 

 

 

2. ɺʭʦʜʥʘʷ ʮʝʧʴ ʠ ʜʚʘ ʢʘʩʢʘʜʘ ʋʈʏ:  

ʘ) ʦʜʥʦʢʦʥʪʫʨʥʘʷ ʚʭʦʜʥʘʷ ʮʝʧʴ ʠ ʜʚʘ ʢʘʩʢʘʜʘ ʋʈʏ ʩ ʧʦʣʦʩʦʚʳʤʠ ʬʠʣʴʪʨʘʤʠ, 

ʢʦʣʠʯʝʩʪʚʦ ʢʦʥʪʫʨʦʚ nʢ = 1,  ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʦʩʦʚʳʭ ʬʠʣʴʪʨʦʚ nʧʬ = 2, 
ʙ) ʜʚʫʭʢʦʥʪʫʨʥʘʷ ʚʭʦʜʥʘʷ ʮʝʧʴ ʠ ʜʚʘ ʢʘʩʢʘʜʘ ʋʈʏ ʩ ʧʦʣʦʩʦʚʳʤʠ ʬʠʣʴʪʨʘʤʠ, 

ʢʦʣʠʯʝʩʪʚʦ ʢʦʥʪʫʨʦʚ nʢ = 0,  ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʦʩʦʚʳʭ ʬʠʣʴʪʨʦʚ nʧʬ = 3. 

ʇʨʠ ʵʪʦʤ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʚʩʝʛʦ ʪʨʘʢʪʘ ʨʘʜʠʦʯʘʩʪʦʪʳ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʦʦʪʥʦʰʝʥʠʝʤ 
Se ʟʢ ʜɹ  =  nʢ Se ʟʢ ʢ ʜɹ + nʧʬ Se ʟʢ ʧʬ ʜɹ. 

      ɽʩʣʠ ʧʨʦʭʦʜʠʪ ʦʜʠʥ ʠʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʘʨʠʘʥʪʦʚ, ʥʘʯʠʥʘʷ ʩ ʩʘʤʦʛʦ 

ʧʨʦʩʪʦʛʦ (ʨʘʩʩʯʠʪʘʥʥʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʥʝ ʤʝʥʴʰʝ ʟʘʜʘʥʥʦʡ), ʪʦ ʤʦʞʥʦ 
ʦʩʪʘʥʦʚʠʪʴʩʷ ʥʘ ʥʝʧʝʨʝʩʪʨʘʠʚʘʝʤʦʤ ʧʨʝʩʝʣʝʢʪʦʨʝ ʠ ʨʘʩʩʯʠʪʘʪʴ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ɸʏʍ, ʚʥʦʩʠʤʫʶ ʪʨʘʢʪʦʤ ʨʘʜʠʦʯʘʩʪʦʪʳ ʚ ʧʨʝʜʝʣʘʭ ʰʠʨʠʥʳ 

ʩʧʝʢʪʨʘ ʧʨʠʥʠʤʘʝʤʦʛʦ ʩʠʛʥʘʣʘ. 

1.2.5. ʈʘʩʩʯʠʪʘʝʤ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ɸʏʍ ʜʚʫʭʢʦʥʪʫʨʥʦʛʦ ʧʦʣʦʩʦʚʦʛʦ 
ʬʠʣʴʪʨʘ ʥʝʧʝʨʝʩʪʨʘʠʚʘʝʤʦʛʦ ʧʨʝʩʝʣʝʢʪʦʨʘ ʚ ʧʨʝʜʝʣʘʭ ʰʠʨʠʥʳ ʩʧʝʢʪʨʘ 

ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ 

 
4

0 cp 0 min

0 cp ʵ

ʧʬ 4

0 cp 0 min c

0 cp ʵ

2 f f1
1

4 f d

,

2 f f 0.5 F1
1

4 f d

 

 
1.2.6. ʈʘʩʩʯʠʪʘʝʤ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ɸʏʍ ʦʜʠʥʦʯʥʦʛʦ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘ 

ʥʝʧʝʨʘʩʪʨʘʠʚʘʝʤʦʛʦ ʧʨʝʩʝʣʝʢʪʦʨʘ ʚ ʧʨʝʜʝʣʘʭ ʰʠʨʠʥʳ ʩʧʝʢʪʨʘ ʧʦʣʝʟʥʦʛʦ 

ʩʠʛʥʘʣʘ 

2

ɩcp

cmin0cp

2

ɩcp

min0cp

ɖ

df

F5.0ff2
1

df

ff2
1

 

ʇʦʣʫʯʝʥʥʳʝ ʚ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮʘʭ ʟʥʘʯʝʥʠʷ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʝʡ ɸʏʍ 

ʧʝʨʝʚʦʜʷʪʩʷ ʚ ʜʝʮʠʙʝʣʳ ʧʦ ʬʦʨʤʫʣʝ 

)lg(20dB . 

ʆʧʨʝʜʝʣʠʤ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ɸʏʍ ʥʝʧʝʨʝʩʪʨʘʠʚʘʝʤʦʛʦ ʧʨʝʩʝʣʝʢʪʦʨʘ ʚ 
ʧʨʝʜʝʣʘʭ ʰʠʨʠʥʳ ʩʧʝʢʪʨʘ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ 

ʨʯ ʜɹ = nʢ ʢ ʜɹ  + nʧʬ ʧʬ ʜɹ, 

 
ɽʩʣʠ ʦʪʩʫʪʩʪʚʫʝʪ ʧʦʜʭʦʜʷʱʠʡ ʚʘʨʠʘʥʪ ʥʝʧʝʨʝʩʪʨʘʠʚʘʝʤʦʛʦ ʧʨʝʩʝʣʝʢʪʦʨʘ, 

ʥʫʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʝʩʝʣʝʢʪʦʨ, ʥʘʩʪʨʘʠʚʘʝʤʳʡ ʥʘ ʯʘʩʪʦʪʫ ʧʨʠʥʠʤʘʝʤʦʛʦ 

ʩʠʛʥʘʣʘ ʚ ʧʨʝʜʝʣʘʭ ʟʘʜʘʥʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʯʘʩʪʦʪ. 



 

11 

 

1.2.7. ʈʘʩʯʝʪ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʦ ʟʝʨʢʘʣʴʥʦʤʫ ʢʘʥʘʣʫ, ʢʦʪʦʨʫʶ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʜʚʫʭʢʦʥʪʫʨʥʳʡ ʧʦʣʦʩʦʚʦʡ ʬʠʣʴʪʨ, ʥʘʩʪʨʦʝʥʥʳʡ ʥʘ ʤʘʢʩʠʤʘʣʴʥʫʶ ʯʘʩʪʦʪʫ 

ʧʦʜʜʠʘʧʘʟʦʥʘ 

      ɺ ʩʣʫʯʘʝ ʧʝʨʝʩʪʨʘʠʚʘʝʤʦʛʦ ʧʨʝʩʝʣʝʢʪʦʨʘ ʥʘʠʤʝʥʴʰʝʡ ʙʫʜʝʪ ʩʝʣʝʢʪʠʚʥʦʩʪʴ 
ʧʦ ʟʝʨʢʘʣʴʥʦʤʫ ʢʘʥʘʣʫ ʥʘ ʤʘʢʩʠʤʘʣʥɹʦʡ ʯʘʩʪʦʪʝ ʜʠʘʧʘʟʦʥʘ. ʇʦʵʪʦʤʫ ʯʘʩʪʦʪʘ 

ʧʦʤʝʭʠ ʟʝʨʢʘʣʴʥʦʛʦ ʢʘʥʘʣʘ ʠ ʝʝ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʨʘʩʩʪʨʦʡʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʯʘʩʪʦʪʳ ʩʠʛʥʘʣʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ 

 

ɛɜmax0ɓɖ f2ff ,     
ɓɖ

max0

max0

ɓɖ
ɓɖ

f

f

f

f
y . 

       ʉʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʟʝʨʢʘʣʴʥʦʤʫ ʢʘʥʘʣʫ, ʦʙʝʩʧʝʯʠʚʘʝʤʘʷ ʜʚʫʭʢʦʥʪʫʨʥʳʤ 
ʧʦʣʦʩʦʚʳʤ ʬʠʣʴʪʨʦʤ, ʥʘʩʪʨʦʝʥʥʳʤ ʥʘ ʤʘʢʩʠʤʘʣʴʥʫʶ ʯʘʩʪʦʪʫ ʜʠʘʧʘʟʦʥʘ, ʨʘʚʥʘ 

Se
y

d
ʟʢʧʬ

ʟʢ

ʵ

1
1

4

4

. 

1.2.8. ʈʘʩʯʝʪ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʦ ʟʝʨʢʘʣʴʥʦʤʫ ʢʘʥʘʣʫ, ʢʦʪʦʨʫʶ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʦʜʠʥʦʯʥʳʡ ʢʦʣʝʙʘʪʝʣʴʥʳʡ ʢʦʥʪʫʨ, ʥʘʩʪʨʦʝʥʥʳʡ ʥʘ ʤʘʢʩʠʤʘʣʴʥʫʶ ʯʘʩʪʦʪʫ 
ʧʦʜʜʠʘʧʘʟʦʥʘ 

Se
y

d
ʟʢʢ

ʟʢ

ʵ

1

2

. 

      ʇʦʩʣʝ ʨʘʩʯʝʪʘ ʵʪʠʭ ʩʝʣʝʢʪʠʚʥʦʩʪʝʡ ʧʦʜʙʠʨʘʝʪʩʷ ʚʘʨʠʘʥʪ ʧʦʩʪʨʦʝʥʠʷ ʪʨʘʢʪʘ 

ʨʘʜʠʦʯʘʩʪʦʪʳ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ ʥʝʧʝʨʝʩʪʨʘʠʚʘʝʤʳʤ ʧʨʝʩʝʣʝʢʪʦʨʦʤ 
(1.2.4). 

1.2.9. ʆʧʨʝʜʝʣʠʤ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ɸʏʍ ʜʚʫʭʢʦʥʪʫʨʥʦʛʦ ʧʦʣʦʩʦʚʦʛʦ 

ʬʠʣʴʪʨʘ ʠ ʦʜʠʥʦʯʥʦʛʦ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘ ʚ ʧʦʣʦʩʝ ʧʨʦʧʫʩʢʘʥʠʷ ʪʨʘʢʪʘ 

ʨʘʜʠʦʯʘʩʪʦʪʳ ʥʘ ʤʠʥʠʤʘʣʥɹʦʡ ʯʘʩʪʦʪʝ ʜʠʘʧʘʟʦʥʘ 
 

4

ɩmin0

pɣ

ɛɠ
df4

1
1        

2

ɩmin0

pɣ

k
df

1 , 

 

ʛʜʝ
ʨʯ c 0max
ʇ F f ,  

min0max0max0
ff01.0..005.0f - ʰʘʛ ʧʝʨʝʩʪʨʦʡʢʠ ʧʨʠ ʜʠʩʢʨʝʪʥʦʡ ʧʝʨʝʩʪʨʦʡʢʝ 

ʪʨʘʢʪʘ. 

       ʅʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ɸʏʍ ʚʩʝʛʦ ʪʨʘʢʪʘ ʨʘʜʠʦʯʘʩʪʦʪʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʘʢ ʞʝ, ʢʘʢ 

ʠ ʧʨʠ ʥʝʧʝʨʝʩʪʨʘʠʚʘʝʤʦʤ ʧʨʝʩʝʣʝʢʪʦʨʝ. 

 
      1.3. ɺʳʙʦʨ ʩʝʣʝʢʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʪʨʘʢʪʘ ʇʏ 

      1.3.1. ʆʧʨʝʜʝʣʠʤ ʜʦʧʫʩʪʠʤʫʶ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ɸʏʍ  ʪʨʘʢʪʘ  

ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʯʘʩʪʦʪʳ 

ʧʯ ʜɹ = ʜɹ - ʨʯ ʜɹ. 

 

      1.3.2. ɺʳʷʩʥʠʤ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʌʉʉ, ʚʳʧʫʩʢʘʝʤʳʭ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ. ɺʳʙʦʨ ʬʠʣʴʪʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ, ʠʩʭʦʜʷ ʠʟ ʪʨʝʙʦʚʘʥʠʡ ʢ 
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ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʨʠʝʤʥʠʢʘ ʧʦ ʩʦʩʝʜʥʝʤʫ ʢʘʥʘʣʫ ʧʨʠʝʤʘ Seck ʧʨʠ ʟʘʜʘʥʥʦʤ 

ʢʦʵʬʬʠʮʠʝʥʪʝ ʧʨʷʤʦʫʛʦʣʴʥʦʩʪʠ kʧ, ʥʝʦʙʭʦʜʠʤʦʡ ʧʦʣʦʩʝ ʯʘʩʪʦʪ ʠ ʜʦʧʫʩʪʠʤʦʡ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ɸʏʍ ʚ ʧʦʣʦʩʝ ʧʨʦʧʫʩʢʘʥʠʷ 
ʧʯ
. ʇʘʨʘʤʝʪʨʳ ʬʠʣʴʪʨʦʚ 

ʧʨʠʚʝʜʝʥʳ ʚ ʇʨʠʣʦʞʝʥʠʠ ɹ. ʌʠʣʴʪʨ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ, ʝʩʣʠ ʝʛʦ ʨʘʙʦʯʘʷ 

ʯʘʩʪʦʪʘ ʨʘʚʥʘ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʯʘʩʪʦʪʝ ʧʨʠʝʤʥʠʢʘ, ʧʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ 
ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʣʦʩʝ ʧʨʦʧʫʩʢʘʥʠʷ ʪʨʘʢʪʘ ʦʩʥʦʚʥʦʡ ʩʝʣʝʢʮʠʠ ʇʧʯ, 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʚ ʧʦʣʦʩʝ ʧʨʦʧʫʩʢʘʥʠʷ ʥʝ ʙʦʣʴʰʝ ůʧʯ, ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʨʷʤʦʫʛʦʣʴʥʦʩʪʴ ʥʝ ʙʦʣʴʰʝ, ʯʝʤ ʫʢʘʟʘʥ ʚ ʟʘʜʘʥʠʠ, ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʥʝ ʤʝʥʴʰʝ 

Secʢ.  
      ʌʠʣʴʪʨʳ, ʚ ʦʙʦʟʥʘʯʝʥʠʠ ʢʦʪʦʨʳʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʙʫʢʚʳ çɺè (ʚʝʨʭʥʷʷ 

ʙʦʢʦʚʘʷ) ʠʣʠ çʅè (ʥʠʞʥʷʷ ʙʦʢʦʚʘʷ), ʠʩʧʦʣʟɹʫʶʪʩʷ ʚ ʧʨʠʝʤʥʠʢʘʭ 

ʦʜʥʦʧʦʣʦʩʥʦʛʦ ʩʠʛʥʘʣʘ. ɽʩʣʠ ʯʘʩʪʦʪʘ ʛʝʪʝʨʦʜʠʥʘ ʙʦʣʴʰʝ ʯʘʩʪʦʪʳ ʩʠʛʥʘʣʘ, ʪʦ 
ʧʨʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʯʘʩʪʦʪʳ  ʚʦʟʥʠʢʘʝʪ ʠʥʚʝʨʩʠʷ ʩʧʝʢʪʨʘ: ʚʝʨʭʥʷʷ ʙʦʢʦʚʘʷ 

ʩʪʘʥʦʚʠʪʩʷ ʥʠʞʥʝʡ ʠ ʥʘʦʙʦʨʦʪ. ʇʦʵʪʦʤʫ ʧʨʠ ʧʨʠʝʤʝ ʩʠʛʥʘʣʘ ʅɹʇ ʥʫʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʠʣʴʪʨ ʚʝʨʭʥʝʡ ʙʦʢʦʚʦʡ ʧʦʣʦʩʳ, ʘ ʧʨʠ ʧʨʠʝʤʝ ʩʠʛʥʘʣʘ ɺɹʇ ï 

ʥʠʞʥʝʡ.  
      1.3.3. ɽʩʣʠ ʧʦʜʭʦʜʷʱʠʡ ʬʠʣʴʪʨ ʥʝ ʥʘʡʜʝʥ, ʤʦʞʥʦ ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʟʘʢʘʟʥʦʡ 

ʚʘʨʠʘʥʪ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʬʠʣʴʪʨʘ, ʪ.ʢ. ʤʥʦʛʠʝ ʬʠʨʤʳ ʠʟʛʦʪʘʚʣʠʚʘʶʪ 

ʬʠʣʴʪʨʳ ʩ ʧʘʨʘʤʝʪʨʘʤʠ, ʢʦʪʦʨʳʝ ʪʨʝʙʫʶʪʩʷ ʟʘʢʘʟʯʠʢʫ. ʆʜʥʘʢʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 
ʥʫʞʥʦ ʦʮʝʥʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʬʠʣʴʪʨʘ ʩ ʪʨʝʙʫʝʤʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 

ɼʣʷ ʵʪʦʛʦ 

- ʦʧʨʝʜʝʣʠʤ ʢʦʣʠʯʝʩʪʚʦ ʤʝʭʘʥʠʯʝʩʢʠʭ ʨʝʟʦʥʘʪʦʨʦʚ, ʧʨʠʢʦʪʦʨʦʤ ʬʠʣʴʪʨ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʨʝʙʫʝʤʫʶ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʨʠ ʟʘʜʘʥʥʦʡ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ɸʏʍ ʚ 
ʧʦʣʦʩʝ ʧʨʦʧʫʩʢʘʥʠʷ ʠ ʟʘʜʘʥʥʦʤ ʢʦʵʬʬʠʮʠʝʥʪʝ ʧʨʷʤʦʫʛʦʣʴʥʦʩʪʠ. 

ʩʢɼʙ

ʨʝʟ

ʧ

ɼʙ ʧʯɼʙ

ʧ

ʩʢɼʙ ʧʯɼʙ

Se
n =

k
20 lg

3 -ů
1 + (k -1)

Se -ů

 

- ʨʘʩʩʯʠʪʘʝʤ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʚʷʟʠ ʤʝʞʜʫ 

ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʨʝʟʦʥʘʪʦʨʘʤʠ 

ʏ

min

ʨʝʟ ʨʝʟ

ʇʈ

ʨʝʟ ʨʝʟ

k

n 1 n 1
2 f sin sin

2 n 2 n

. 

ʌʠʣʴʪʨ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥ, ʝʩʣʠ  
ʨʝʟ

n 15 ,  

kmin > 10 
ï3

. 
 

  1.4. ʈʘʩʩʯʠʪʘʝʤ ʥʝʦʙʭʦʜʠʤʦʝ ʫʩʠʣʝʥʠʝ ʧʨʠʝʤʥʦʛʦ ʜʦʜʝʪʝʢʪʦʨʥʦʛʦ ʪʨʘʢʪʘ  

ʚʭ ʜ

ʧʪ

A

U
K

E
, 

ʛʜʝ ʚʭʜU (1..5)ɺ - ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʚʭʦʜʝ ɸʎʇ ʮʠʬʨʦʚʦʛʦ ʜʝʤʦʜʫʣʷʪʦʨʘ. 

ɺʳʯʝʨʯʠʚʘʝʤ   ʩʪʨʫʢʪʫʨʥʫʶ  ʵʣʝʢʪʨʠʯʝʩʢʫʶ  ʩʭʝʤʫ  ʜʦʜʝʪʝʢʪʦʨʥʦʛʦ ʪʨʘʢʪʘ 
ʨʘʜʠʦʧʨʠʝʤʥʠʢʘ. 

 ʅʘʧʨʠʤʝʨ, ʩʭʝʤʘ ʨʠʩʫʥʢʘ 1.1. 
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      1.5. ɺʳʙʠʨʘʝʤ ʯʘʩʪʦʪʫ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʩʠʛʥʘʣʦʚ ʢʣʘʩʩʦʚ ʠʟʣʫʯʝʥʠʡ ʩ 

ʩʠʤʤʝʪʨʠʯʥʳʤ ʩʧʝʢʪʨʦʤ: A3E, F1B. 

      ʏʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʜʦʣʞʥʘ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʜʚʫʤ ʫʩʣʦʚʠʷʤ: 

 ʙʳʪʴ ʙʦʣʴʰʝ ʫʜʚʦʝʥʥʦʡ ʰʠʨʠʥʳ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʘ ʥʘ ʚʭʦʜʝ ɸʎʇ, 

 ʯʘʩʪʦʪʘ ʥʝʩʫʱʝʡ, ʧʨʠʚʝʜʝʥʥʘʷ ʚ ʠʥʪʝʨʚʘʣ ʂʦʪʝʣʴʥʠʢʦʚʘ, ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʚʥʘ 

ʯʝʪʚʝʨʪʠ ʯʘʩʪʦʪʳ ʜʠʩʢʨʝʪʠʟʘʮʠʠ.  
 

                          
ʇʝʨʚʦʤʫ ʫʩʣʦʚʠʶ ʜʣʷ ʩʠʛʥʘʣʦʚ ʩ ʩʠʤʤʝʪʨʠʯʥʳʤ ʩʧʝʢʪʨʦʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʩʦʦʪʥʦʰʝʥʠʝ  ɼ ʧʯ ʧ
F 2 k . ɼʣʷ ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʧʨʠʤʝʤ 

ɼ1 ʧʯ ʧ
F 2.5 k . 

      ɼʣʷ ʦʜʥʦʧʦʣʦʩʥʦʛʦ ʩʠʛʥʘʣʘ ʩ ʘʩʠʤʤʝʪʨʠʯʥʳʤ ʩʧʝʢʪʨʦʤ ʩʣʝʜʫʝʪ ʧʨʠʥʷʪʴ 

ɼ1 max ʧ
F 5 F k . 

      ʉʦʛʣʘʩʥʦ ʚʪʦʨʦʤʫ ʫʩʣʦʚʠʶ ʧʨʠʚʝʜʝʥʥʘʷ ʯʘʩʪʦʪʘ ʥʝʩʫɦ ʝʡ ʨʘʚʥʘ 
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ʜ

0 ʧʨ ʜ

F
F f kF

4
, 

ʛʜʝ k =  0,1,2,.. 

ʀʟ ʜʚʫʭ ʧʦʩʣʝʜʥʠʭ ʩʦʦʪʥʦʰʝʥʠʡ ʩʥʘʯʘʣʘ ʥʘʡʜʝʤ ʥʦʤʝʨ ʛʘʨʤʦʥʠʢʠ ʯʘʩʪʦʪʳ 

ʜʠʩʢʨʝʪʠʟʘʮʠʠ  

ʧʨ

ɼ1

f 1
k

F 4
@ . 

      ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʦʢʨʫʛʣʷʝʤ ʜʦ ʙʣʠʞʘʡʰʝʛʦ ʤʝʥʴʰʝʛʦ ʮʝʣʦʛʦ ʯʠʩʣʘ ʠ 

ʥʘʭʦʜʠʤ ʜʚʘ ʪʦʯʥʳʭ ʟʥʘʯʝʥʠʷ ʯʘʩʪʦʪʳ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʧʦ ʬʦʨʤʫʣʝ 

ʧʨ

ɼ

f
F

1
k

4

. 

      ʀʟ ʜʚʫʭ ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʦ ʧʦʩʣʝʜʥʝʡ ʬʦʨʤʫʣʝ ʟʥʘʯʝʥʠʡ ʚʳʙʠʨʘʝʪʩʷ 

ʤʝʥʴʰʝʝ. ɿʘʤʝʪʠʤ, ʯʪʦ k, ʨʘʩʩʯʠʪʘʥʥʦʝ ʧʦ ʬʦʨʤʫʣʝ ʩʦ ʟʥʘʢʦʤ çʤʠʥʫʩè, 

ʧʦʜʩʪʘʚʣʷʝʪʩʷ ʚ ʧʦʩʣʝʜʥʶʶ ʬʦʨʤʫʣʫ ʩʦ ʟʥʘʢʦʤ çʧʣʶʩè. 
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2. ʈʘʩʯʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʭʝʤʳ 

ʜʦʜʝʪʝʢʪʦʨʥʦʛʦ ʪʨʘʢʪʘ ʨʘʜʠʦʧʨʠʝʤʥʠʢʘ 

 

2.1. ʅʝʧʝʨʝʩʪʨʘʠʚʘʝʤʘʷ ʚʭʦʜʥʘʷ ʮʝʧʴ ʩ ʦʜʠʥʦʯʥʳʤ ʢʦʣʝʙʘʪʝʣʴʥʳʤ ʢʦʥʪʫʨʦʤ 
 

       ʀʩʭʦʜʥʳʝ  ʜʘʥʥʳʝ: 

 f0 min   - ʤʠʥʠʤʘʣʴʥʘʷ ʯʘʩʪʦʪʘ ʧʦʜʜʠʘʧʘʟʦʥʘ,    

 f0 ʩʨ   - ʩʨʝʜʥʷʷ ʯʘʩʪʦʪʘ ʧʦʜʜʠʘʧʘʟʦʥʘ,     
 f ʧʨ      - ʧʨʦʤʝʞʫʪʦʯʥʘʷ ʯʘʩʪʦʪʘ ʨʘʜʠʦʧʨʠʝʤʥʠʢʘ,  

 dʵ         - ʵʢʚʠʚʘʣʝʥʪʥʦʝ ʟʘʪʫʭʘʥʠʝ ʢʦʥʪʫʨʘ,   

 RA       - ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʘʥʪʝʥʥʳ.  

 

      ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʚʭʦʜʥʦʡ ʮʝʧʠ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.1. ʎʝʣʴʶ 

ʨʘʩʯʝʪʘ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʩʭʝʤʳ: Lʩʚ, L, C, ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʚʷʟʠ k 

ʤʝʞʜʫ ʢʦʥʪʫʨʥʦʡ ʢʘʪʫʰʢʦʡ L ʠ ʢʘʪʫʰʢʦʡ ʩʚʷʟʠ Lʩʚ, ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʝʨʝʜʘʯʠ 
ʚʭʦʜʥʦʡ ʮʝʧʠ Kʚʮ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʚʭʦʜʥʦʡ ʮʝʧʠ ʧʦ ʢʘʥʘʣʫ ʧʨʦʤʝʞʫʪʦʯʥʦʡ 

ʯʘʩʪʦʪʳ. 

 

 

ʉ 

L Lʩʚ 

   p 

A  

ʂ ʋʈʏ 

 

ʈʠʩʫʥʦʢ 2.1 ï ʆʜʥʦʢʦʥʪʫʨʥʘʷ ʚʭʦʜʥʘʷ ʮʝʧʴ ʩ ʬʠʢʩʠʨʦʚʘʥ- 

                     ʥʦʡ ʥʘʩʪʨʦʡʢʦʡ ʥʘ ʩʨʝʜʥʶʶ ʯʘʩʪʦʪʫ ʜʠʘʧʘʟʦʥʘ 

 
2.1.1. ɿʘʜʘʜʠʤʩʷ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʝʤʢʦʩʪʴʶ ʢʦʣʝʙʘʪʝʣʥɹʦʛʦ ʢʦʥʪʫʨʘ 

ʧʌ

0ʩʨ ʄɻʮ

300..1200
ʉ

f
. 

      ɺ ʧʨʠʚʝʜʝʥʥʫʶ ʬʦʨʤʫʣʫ ʯʘʩʪʦʪʘ ʧʦʜʩʪʘʚʣʷʝʪʩʷ ʚ ʤʝʛʘʛʝʨʮʘʭ. ʇʨʠ ʵʪʦʤ 

ʟʥʘʯʝʥʠʝ ʝʤʢʦʩʪʠ ʧʦʣʫʯʘʝʪʩʷ ʚ ʧʠʢʦʬʘʨʘʜʘʭ. ɽʤʢʦʩʪʴ ʢʦʥʜʝʥʩʘʪʦʨʘ ʚʳʙʠʨʘʝʪʩʷ 
ʩʦʛʣʘʩʥʦ ʨʷʜʫ ɽ24 ʥʦʤʠʥʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʝʤʢʦʩʪʝʡ ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʠ 

ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʨʝʟʠʩʪʦʨʦʚ ʚ ʧʨʝʜʝʣʘʭ, ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʦʩʣʝʜʥʝʡ ʬʦʨʤʫʣʦʡ. 

ʈʷʜʳ ʥʦʤʠʥʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʘʙʣʠʮʝʡ 2.1. ʅʦʤʠʥʘʣʴʥʦʝ 
ʟʥʘʯʝʥʠʝ, ʧʨʠʚʝʜʝʥʥʦʝ ʚ ʪʘʙʣʠʮʝ, ʫʤʥʦʞʘʝʪʩʷ ʥʘ m

10 , ʛʜʝ m ïʮʝʣʦʝ ʯʠʩʣʦ. 

 

                             ʊʘʙʣʠʮʘ 2.1.-ʈʷʜʳ ʥʦʤʠʥʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ   

          ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʨʝʟʠʩʪʦʨʦʚ ʠ ʝʤʢʦʩʪʝʡ ʢʦʥʜʝʥʩʘʪʦʨʦʚ 
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1,2 1,2 - 2,7 2,7  5,6 5,6 - 

1,3 - - 3,0 - - 6,2 - - 

1,5 1,5 1,5 3,3 3,3 3,3 6,8 6,8 6,8 

1,6 - - 3,6 - - 7,5 - - 

1,8 1,8 - 3,9 3,9 - 8,2 8,2 - 

2,0 - - 4,3 - - 9,1 - - 

 
ʕʪʦʡ ʪʘʙʣʠʮʝʡ ʥʫʞʥʦ ʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ ʨʘʩʯʝʪʝ ʚʩʝʭ ʝʤʢʦʩʪʝʡ 

ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʨʝʟʠʩʪʦʨʦʚ. 

2.1.2. ʆʧʨʝʜʝʣʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ  ʠ ʠʥʜʫʢʪʠʚʥʦʩʪʴ 

ʢʦʥʪʫʨʘ L 

Cf2

1

ɝɜ0

 ,  
ɝɜ0f2

L . 

2.1.3. ʆʧʨʝʜʝʣʠʤ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʩʚʷʟʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʩʚʟ̫ʠ ʤʝʞʜʫ 
ʢʦʥʪʫʨʥʦʡ ʢʘʪʫʰʢʦʡ ʠ ʢʘʪʫʰʢʦʡ ʩʚʷʟʠ 

ɝɜ0

A
ɝɎ

f2

R
L    ɩdk . 

2.1.4. ʆʧʨʝʜʝʣʠʤ ʢʦʵʬʬʠʮʠʝʥʪ ʘʥʪʝʥʥʦʡ ʩʚʷʟʠ 

 

ɝɎ

0A
L2

L
kK . 

2.1.5.ʆʧʨʝʜʝʣʠʤ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʢʘʥʘʣʫ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʯʘʩʪʦʪʳ, ʢʦʪʦʨʫʶ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʜʥʦʢʦʥʪʫʨʥʘʷ ʚʭʦʜʥʘʷ ʮʝʧʴ 

2

ɩ

ɝ

2

ɩ

ɛɣ

ɛɣ

d

y
1

d

y
1

Se , 

ʛʜʝ 0ʩʨ ʧʨ

ʧʯ

ʧʨ 0ʩʨ

f f
y

f f
,      0ʩʨ 0 min

ʩ

0 min 0ʩʨ

f f
y

f f
. 

 

2.1.6. ʆʧʨʝʜʝʣʠʤ ʨʝʟʦʥʘʥʩʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ ʚʭʦʜʥʦʡ ʮʝʧʠ 

ɩ

0A
0Ɏɢ

d

K
K p. 

      ɺ ʧʦʩʣʝʜʥʝʤ ʩʦʦʪʥʦʰʝʥʠʠ p ï ʢʦʵʬʬʠʮʠʝʥʪ ʚʢʣʶʯʝʥʠʷ ʚʭʦʜʥʦʛʦ 

ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘ. ʂʦʵʬʬʠʮʠʝʥʪ ʚʢʣʶʯʝʥʠʷ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ, ʠʩʭʦʜʷ ʠʟ 
ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʫʩʠʣʠʪʝʣʷ ʨʘʜʠʦʯʘʩʪʦʪʳ. ʇʦʵʪʦʤʫ ʨʝʟʦʥʘʥʩʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ ʚʭʦʜʥʦʡ ʮʝʧʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦʩʣʝ ʨʘʩʯʝʪʘ ʋʈʏ. 
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2.2. ʅʝʧʝʨʝʩʪʨʘʠʚʘʝʤʘʷ ʚʭʦʜʥʘʷ ʮʝʧʴ ʩ ʜʚʫʭʢʦʥʪʫʨʥʳʤ ʧʦʣʦʩʦʚʳʤ ʬʠʣʪɹʨʦʤ 

 

      ʀʩʭʦʜʥʳʝ  ʜʘʥʥʳʝ: 

f0 min   - ʤʠʥʠʤʘʣʴʥʘʷ ʯʘʩʪʦʪʘ ʧʦʜʜʠʘʧʘʟʦʥʘ,    
 f0 ʩʨ   - ʩʨʝʜʥʷʷ ʯʘʩʪʦʪʘ ʧʦʜʜʠʘʧʘʟʦʥʘ,    

 f ʧʨ      - ʧʨʦʤʝʞʫʪʦʯʥʘʷ ʯʘʩʪʦʪʘ ʨʘʜʠʦʧʨʠʝʤʥʠʢʘ,  

 dʵ         - ʵʢʚʠʚʘʣʝʥʪʥʦʝ ʟʘʪʫʭʘʥʠʝ ʢʦʥʪʫʨʘ,   

 RA       - ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʘʥʪʝʥʥʳ, 

 =1  - ʬʘʢʪʦʨ ʩʚʷʟʠ ʤʝʞʜʫ ʢʦʥʪʫʨʘʤʠ ʧʦʣʦʩʦʚʦʛʦ ʬʠʣʴʪʨʘ. 

      ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʚʭʦʜʥʦʡ ʮʝʧʠ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.2. ʉʚʷʟʴ 

ʤʝʞʜʫ ʢʦʥʪʫʨʘʤʠ ʜʚʫʭʢʦʥʪʫʨʥʦʛʦ ʧʦʣʦʩʦʚʦʛʦ ʬʠʣʴʪʨʘ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʢʦʥʜʝʥʩʘʪʦʨ ʚʥʫʪʨʠʝʤʢʦʩʪʥʦʡ ʩʚʷʟʠ ʉʩʚ, ʢʦʪʦʨʳʡ ʚʭʦʜʠʪ ʢʘʢ ʚ ʧʝʨʚʳʡ, ʪʘʢ ʠ ʚʦ 

ʚʪʦʨʦʡ ʢʦʥʪʫʨ. 
      ʎʝʣʴʶ ʨʘʩʯʝʪʘ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʩʭʝʤʳ: Lʩʚ, L, C, ʉʩʚ, 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʚʷʟʠ k ʤʝʞʜʫ ʢʦʥʪʫʨʥʦʡ ʢʘʪʫʰʢʦʡ L ʠ ʢʘʪʫʰʢʦʡ ʩʚʷʟʠ Lʩʚ, 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʝʨʝʜʘʯʠ ʚʭʦʜʥʦʡ ʮʝʧʠ Kʚʮ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʚʭʦʜʥʦʡ ʮʝʧʠ ʧʦ 
ʢʘʥʘʣʫ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʯʘʩʪʦʪʳ. 

p

ʉʉ

LLʩʚ

A
ʂ ʋʈʏ

ʉʩʚ L

 

 
ʈʠʩʫʥʦʢ 2.2 ï ɼʚʫʭʢʦʥʪʫʨʥʘʷ ʚʭʦʜʥʘʷ ʮʝʧʴ ʩ ʬʠʢʩʠʨʦʚʘʥ-  

    ʥʦʡ ʥʘʩʪʨʦʡʢʦʡ ʢʦʥʪʫʨʦʚ ʥʘ ʩʨʝʜʥʶʶ ʯʘʩʪʦʪʫ ʜʠʘʧʘʟʦʥʘ 

 

ʇʫʥʢʪʳ 2.2.1 .. 2.2.4 ʪʝ ʞʝ, ʯʪʦ 2.1.1 ..2.1.4 ʧʨʠ ʨʘʩʯʝʪʝ ʥʝʧʝʨʝʩʪʨʘʠʚʘʝʤʦʡ 
ʚʭʦʜʥʦʡ ʮʝʧʠ ʩ ʦʜʠʥʦʯʥʳʤ ʢʦʥʪʫʨʦʤ. 

2.2.5. ʆʧʨʝʜʝʣʠʤ ʝʤʢʦʩʪʴ ʩʚʷʟʠ 

ʩʚ

ʕ

ʉ
ʉ

d
, 

ʛʜʝ -ʬʘʢʪʦʨ ʩʚʷʟʠ ʤʝʞʜʫ ʢʦʥʪʫʨʘʤʠ. 

2.2.6. ʆʧʨʝʜʝʣʠʤ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʢʘʥʘʣʫ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʯʘʩʪʦʪʳ, ʢʦʪʦʨʫʶ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʭʦʜʥʘʷ ʮʝʧʴ ʩ ʜʚʫʭʢʦʥʪʫʨʥʳʤ ʧʦʣʦʩʦʚʳʤ ʬʠʣʴʪʨʦʤ 

 

4

ɩ

ɝ

4

ɩ

ɛɣ

Ɏɢɛɣ

d

y

4

1
1

d

y

4

1
1

Se , 

ʛʜʝ 0ʩʨ ʧʨ

ʧʯ

ʧʨ 0ʩʨ

f f
y

f f
,    0ʩʨ 0 min

ʩ

0 min 0ʩʨ

f f
y

f f
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2.2.7. ʆʧʨʝʜʝʣʠʤ ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ ʚʭʦʜʥʦʡ ʮʝʧʠ 

A 0

ʚʮ0 2

ʵ

K
K p

d 1
. 

      ʂʦʵʬʬʠʮʠʝʥʪ ʚʢʣʶʯʝʥʠʷ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ, ʠʩʭʦʜʷ ʠʟ ʦʙʝʩʧʝʯʝʥʠʷ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʫʩʠʣʠʪʝʣʷ ʨʘʜʠʦʯʘʩʪʦʪʳ. ʇʦɻ ʪʦʤʫ ʨʝʟʦʥʘʥʩʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʝʨʝʜʘʯʠ ʚʭʦʜʥʦʡ ʮʝʧʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦʩʣʝ ʨʘʩʯʝʪʘ ʋʈʏ. 

 
      2.3. ʇʝʨʝʩʪʨʘʠʚʘʝʤʘʷ ʚʭʦʜʥʘʷ ʮʝʧʴ ʩ ʦʜʠʥʦʯʥʳʤ ʢʦʣʝʙʘʪʝʣʴʥʳʤ ʢʦʥʪʫʨʦʤ 

 

      ʀʩʭʦʜʥʳʝ  ʜʘʥʥʳʝ: 
f0 min     - ʤʠʥʠʤʘʣʴʥʘʷ ʯʘʩʪʦʪʘ ʧʦʜʜʠʘʧʘʟʦʥʘ,    

f0 max   - ʤʘʢʩʠʤʘʣʴʥʘʷ ʯʘʩʪʦʪʘ ʧʦʜʜʠʘʧʘʟʦʥʘ,    

 f ʧʨ      - ʧʨʦʤʝʞʫʪʦʯʥʘʷ ʯʘʩʪʦʪʘ ʨʘʜʠʦʧʨʠʝʤʥʠʢʘ,  

 dʵ         - ʵʢʚʠʚʘʣʝʥʪʥʦʝ ʟʘʪʫʭʘʥʠʝ ʢʦʥʪʫʨʘ,  
RA         - ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʘʥʪʝʥʥʳ.   

      ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʚʭʦʜʥʦʡ ʮʝʧʠ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.3. 

ʇʝʨʝʩʪʨʦʡʢʘ ʢʦʣʝʙʘʪʝʣʥɹʦʛʦ ʢʦʥʪʫʨʘ ʚ ʧʨʝʜʝʣʘʭ ʧʦʜʜʠʘʧʘʟʦʥʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 
ʜʠʩʢʨʝʪʥʳʤ ʢʦʥʜʝʥʩʘʪʦʨʦʤ ʉʥ. ʂʦʥʜʝʥʩʘʪʦʨʳ ʉ1 ʠ ʉ2 ʦʙʝʩʧʝʯʠʚʘʶʪ ʪʨʝʙʫʝʤʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʢʨʳʪʠʷ ʧʦʜʜʠʘʧʘʟʦʥʘ. 

ʂ ʋʈʏ

ʉʥ

C 2L

ʉ1

A

L cʚ

 

ʈʠʩʫʥʦʢ 2.3 ï ʆʜʥʦʢʦʥʪʫʨʥʘʷ ʚʭʦʜʥʘʷ ʮʝʧʴ, ʧʝʨʝ- 

              ʩʪʨʘʠʚʘʝʤʘʷ ʜʠʩʢʨʝʪʥʳʤ  ʢʦʥʜʘʥʩʘʪʦʨʦʤ 

 

2.3.1. ɿʘʜʘʚʰʠʩʴ ʰʘʛʦʤ ʧʝʨʝʩʪʨʦʡʢʠ f 0, ʦʧʨʝʜʝʣʠʤ ʢʦʣʠʯʝʩʪʚʦ ʯʘʩʪʦʪʥʳʭ 
ʠʥʪʝʨʚʘʣʦʚ ʄ, ʥʘ ʢʦʪʦʨʳʝ ʨʘʟʙʠʚʘʝʪʩʷ ʧʦʜʜʠʘʧʘʟʦʥ ʧʨʠ ʥʘʩʪʨʦʡʢʝ ʩ ʧʦʤʦʱʴʶ 

ʜʠʩʢʨʝʪʥʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ. ɺʝʣʠʯʠʥʫ f 0 ʥʫʞʥʦ ʚʳʙʨʘʪʴ ʪʘʢ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ 

M 256  ʠ 
0 0 max

f f , ʛʜʝ 
0 max

f 1ʢɻʮ. ʎʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʥʘʯʝʥʠʷ f 

0 = 0.01, 0.05, 0.10, 0.50, 1.00 ʢɻʮ. 

 

                                           
0

min0max0

f

ff
M  

ɺʳʙʠʨʘʝʤ ʙʣʠʞʘʡʰʝʝ ʮʝʣʦʝ ʯʠʩʣʦ. 
2.3.2. ʆʧʨʝʜʝʣʷʝʤ ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʝʢʣʶʯʘʝʤʳʭ ʢʦʥʜʝʥʩʘʪʦʨʦʚ, ʦʙʨʘʟʫʶʱʠʭ 

ʜʠʩʢʨʝʪʥʳʡ ʢʦʥʜʝʥʩʘʪʦʨ 
)M(logQ

2
 

ɺʳʙʠʨʘʝʤ ʙʣʠʞʘʡʰʝʝ ʙʦʣʴʰʝʝ ʮʝʣʦʝ ʯʠʩʣʦ. 
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2.3.3. ɼʣʷ ʧʝʨʝʩʪʨʦʡʢʠ ʧʨʝʩʝʣʝʢʪʦʨʘ ʧʦ ʜʠʘʧʘʟʦʥʫ ʚʦʩʧʦʣʴʟʫʝʤʩʷ  

ʜʠʩʢʨʝʪʥʳʤ  ʢʦʥʜʝʥʩʘʪʦʨʦʤ,  ʨʘʟʨʘʙʦʪʘʥʥʳʤ  ʜʣʷ  ʈʇʋ çʇʨʠʟʤʘè ,  ʢʦʪʦʨʳʡ  

ʦʙʨʘʟʦʚʘʥ  ʝʤʢʦʩʪʷʤʠ: 

Cd 1 = 0.375 ʧʌ, ʉd 2 = 0.75 ʧʌ, Cd 3 = 1.5 ʧʌ, Cd 4 = 3 ʧʌ,  
Cd 5 = 6 ʧʌ, Cd 6 =  12 ʧʌ, Cd 7 = 24 ʧʌ, ʉd 8 = 48 ʧʌ. 

     ʅʘʯʘʣʴʥʘʷ ʝʤʢʦʩʪʴ  ʢʦʥʜʝʥʩʘʪʦʨʘ      ʉʥʘʯ  = 20 ʧʌ. 

     ɽʩʣʠ Q <8 , ʪʦ ʥʫʞʥʦ ʦʛʨʘʥʠʯʠʪʴʩʷ ʪʦʣʴʢʦ ʢʦʥʜʝʥʩʘʪʦʨʘʤʠ Cd 1 .....Cd Q. 

2.3.4. ʆʧʨʝʜʝʣʠʤ ʤʠʥʠʤʘʣʴʥʦʝ ʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʷ ʝʤʢʦʩʪʠ 
ʜʠʩʢʨʝʪʥʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʢʨʳʪʠʷ ʧʦ ʝʤʢʦʩʪʠ 

                Cmin = Cʥʘʯ ,  ʉmax = Cʥʘʯ + ʉd 1 + ... Cd Q, 

                kc = Cmax / Cmin. 
2.3.5. ʅʘʡʜʝʤ  ʢʦʵʬʬʠʮʠʝʥʪ  ʧʝʨʝʢʨʳʪʠʷ  ʧʦʜʜʠʘʧʘʟʦʥʘ   

                 kʧʜ  =  f0 max /  f0 min . 

      ʇʨʦʚʝʨʠʤ ʚʳʧʦʣʥʝʥʠʝ ʫʩʣʦʚʠʷ kc > kʇɼ 
2
.  

2.3.6. ɿʘʜʘʜʠʤʩʷ ʤʠʥʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʝʤʢʦʩʪʠ ʢʦʥʪʫʨʘ 
Cʵmin = 30..50 ʧʌ   ʠ ʨʘʩʩʯʠʪʘʝʤ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʝʤʢʦʩʪʠ 

ʢʦʥʪʫʨʘ 

Cʵmax = kʧʜ 
2
 Cʵ min. 

2.3.7. ʅʘʡʜʝʤ ʝʤʢʦʩʪʴ ʢʦʥʜʝʥʩʘʪʦʨʘ ʉ2  

C =ʉʵ max - ʉɻ  min ,     q = (Cmax - C min )/( Cmax - C min - C), 

 

.
CCCCq

CC4
11Cq5.0C

minmax

2

minmax

2
 

 ɺʳʙʠʨʘʝʤ ʩʪʘʥʜʘʨʪʥʦʝ ʟʥʘʯʝʥʠʝ ʝʤʢʦʩʪʠ ʢʦʥʜʝʥʩʘʪʦʨʘ ʉ2. 
2.3.8. ʈʘʩʩʯʠʪʘʝʤ ʝʤʢʦʩʪʴ ʢʦʥʜʝʥʩʘʪʦʨʘ ʉ1  

min 2

1 ʵmin

min 2

C C
ʉ ʉ .

C C
 

2.3.9. ʆʧʨʝʜʝʣʠʤ  ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʢʦʥʪʫʨʘ ʠ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ 
ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʡ ʯʘʩʪʦʪʝ ʧʦʜʜʠʘʧʘʟʦʥʘ  

 

L = 1 / ((2  f0 max)
2
  C mɻin) ,      max =  2  f0 max  L. 

 

2.3.10. ʆʧʨʝʜʝʣʠʤ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʩʚʷʟʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʩʚʷʟʠ ʤʝʞʜʫ 

ʢʦʥʪʫʨʥʦʡ ʢʘʪʫʰʢʦʡ ʠ ʢʘʪʫʰʢʦʡ ʩʚʷʟʠ 

ɝɜ0

A
ɝɎ

f2

R
L ,   ɩdk . 

2.3.11. ʆʧʨʝʜʝʣʠʤ ʢʦʵʬʬʠʮʠʝʥʪ ʘʥʪʝʥʥʦʡ ʩʚʷʟʠ 

ɝɎ

0A
L2

L
kK  

2.3.12. ʆʧʨʝʜʝʣʠʤ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʢʘʥʘʣʫ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʯʘʩʪʦʪʳ, 

ʢʦʪʦʨʫʶ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʭʦʜʥʘʷ ʮʝʧʴ     
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2

ɉ

ȻɃ

ȮɂȻɃ
d

y
1Se , 

ʛʜʝ   yʧʯ =  f0min / fʧʨ  -  fʧʨ / f0min . 

 
2.3.13. ʆʧʨʝʜʝʣʠʤ ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ ʚʭʦʜʥʦʡ ʮʝʧʠ 

A 0

ʚʮ0

ʵ

K
K p

d
. 

      ʂʦʵʬʬʠʮʠʝʥʪ ʚʢʣʶʯʝʥʠʷ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ, ʠʩʭʦʜʷ ʠʟ ʦʙʝʩʧʝʯʝʥʠʷ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʫʩʠʣʠʪʝʣʷ ʨʘʜʠʦʯʘʩʪʦʪʳ. ʇʦɻ ʪʦʤʫ ʨʝʟʦʥʘʥʩʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʝʨʝʜʘʯʠ ʚʭʦʜʥʦʡ ʮʝʧʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦʩʣʝ ʨʘʩʯʝʪʘ ʋʈʏ. 

 
      2.4. ʇʝʨʝʩʪʨʘʠʚʘʝʤʘʷ ʚʭʦʜʥʘʷ ʮʝʧʴ ʩ ʜʚʫʭʢʦʥʪʫʨʥʳʤ ʧʦʣʦʩʦʚʳʤ ʬʠʣʴʪʨʦʤ 

 

      ʀʩʭʦʜʥʳʝ  ʜʘʥʥʳʝ: 
f0 min     - ʤʠʥʠʤʘʣʴʥʘʷ ʯʘʩʪʦʪʘ ʧʦʜʜʠʘʧʘʟʦʥʘ,    

f0 max   - ʤʘʢʩʠʤʘʣʴʥʘʷ ʯʘʩʪʦʪʘ ʧʦʜʜʠʘʧʘʟʦʥʘ,    

 f ʧʨ      - ʧʨʦʤʝʞʫʪʦʯʥʘʷ ʯʘʩʪʦʪʘ ʨʘʜʠʦʧʨʠʝʤʥʠʢʘ,  

 dʵ         - ʵʢʚʠʚʘʣʝʥʪʥʦʝ ʟʘʪʫʭʘʥʠʝ ʢʦʥʪʫʨʘ,   

1 - ʬʘʢʪʦʨ ʩʚʷʟʠ ʤʝʞʜʫ ʢʦʥʪʫʨʘʤʠ ʧʦʣʦʩʦʚʦʛʦ ʬʠʣʴʪʨʘ, 

RA       - ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʘʥʪʝʥʥʳ. 
ʅʘ ʨʠʩʫʥʢʝ 2.4 ʧʨʠʚʝʜʝʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʚʭʦʜʥʦʡ ʮʝʧʠ ʩ 

ʧʝʨʝʩʪʨʘʠʚʘʝʤʳʤ ʧʦ ʧʦʜʜʠʘʧʘʟʦʥʫ ʜʚʫʭʢʦʥʪʫʨʥʳʤ ʧʦʣʦʩʦʚʳʤ ʬʠʣʴʪʨʦʤ.  

 

      p

   ʉʥ       ʉʥ

ʉ1
ʉ1

ʉ2 ʉ2 LL

Lʩʚ

R

ʉʩʚ

A

 

 

ʈʠʩʫʥʦʢ 2.4 ï ɺʭʦʜʥʘʷ ʮʝʧʴ ʩ ʜʚʫʭʢʦʥʪʫʨʥʳʤ ʧʦʣʦʩʦʚʳʤ ʬʠʣʴʪʨʦʤ, 

ʧʝʨʝʩʪʨʘʠʚʘʝʤʘʷ  ʜʠʩʢʨʝʪʥʳʤʠ ʢʦʥʜʝʥʩʘʪʦʨʘʤʠ 

 
ʉʚʷʟʴ ʤʝʞʜʫ ʢʦʥʪʫʨʘʤʠ ʦʩʫʱʝʩʪʚʣʷʝʪ ʢʦʥʜʝʥʩʘʪʦʨ Cʩʚ. 

ʇʫʥʢʪʳ ʨʘʩʯʝʪʘ 2.4.1 .. 2.4.11 ʪʝ ʞʝ, ʯʪʦ ʠ 2.3.1..2.3.11 ʧʨʠ ʨʘʩʯʝʪʝ 

ʧʝʨʝʩʪʨʘʠʚʘʝʤʦʡ ʚʭʦʜʥʦʡ ʮʝʧʠ ʩ ʦʜʠʥʦʯʥʳʤ ʢʦʥʪʫʨʦʤ. 
 

2.4.12. ʆʧʨʝʜʝʣʠʤ ʝʤʢʦʩʪʴ ʩʚʷʟʠ 

ʵmin

ʩʚ

ʕ

ʉ
ʉ

d
. 
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2.4.13. ʆʧʨʝʜʝʣʠʤ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʢʘʥʘʣʫ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʯʘʩʪʦʪʳ, 

ʢʦʪʦʨʫʶ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʭʦʜʥʘʷ ʮʝʧʴ ʩ ʜʚʫʭʢʦʥʪʫʨʥʳʤ ʧʦʣʦʩʦʚʳʤ ʬʠʣʴʪʨʦʤ 

 

2

ʅ

2

ʅ

22

ʅ

2

ʇʏ

ɺʎʇʏ

1

4)1(
Se , 

ʛʜʝ    ʧʯ = yʧʯ / dʵ ,   yʧʯ = f0min / fʧʨ - fʧʨ / f0min,   
ɩɝɎ

maxɩ

ə
dC

Ƚ
. 

2.4.14. ʆʧʨʝʜʝʣʠʤ ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ ʚʭʦʜʥʦʡ ʮʝʧʠ 

A 0

ʚʮ0 2

ʵ

K
K p

d 1
. 

ʂʦʵʬʬʠʮʠʝʥʪ ʚʢʣʶʯʝʥʠʷ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ, ʠʩʭʦʜʷ ʠʟ ʦʙʝʩʧʝʯʝʥʠʷ 
ʫʩʪʦʡʯʠʚʦʩʪʠ ʫʩʠʣʠʪʝʣʷ ʨʘʜʠʦʯʘʩʪʦʪʳ. ʇʦʵʪʦʤʫ ʨʝʟʦʥʘʥʩʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʝʨʝʜʘʯʠ ʚʭʦʜʥʦʡ ʮʝʧʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦʩʣʝ ʨʘʩʯʝʪʘ ʋʈʏ. 

 

      2.5. ʅʝʧʝʨʝʩʪʨʘʠʚʘʝʤʳʡ ʋʈʏ ʩ ʦʜʠʥʦʯʥʳʤ ʢʦʣʝʙʘʪʝʣʥɹʳʤ ʢʦʥʪʫʨʦʤ 
 

      ʅʘ ʨʠʩʫʥʢʝ 2.5 ʧʨʠʚʝʜʝʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʋʈʏ ʩ ʦʜʠʥʦʯʥʳʤ 

ʢʦʣʝʙʘʪʝʣʴʥʳʤ ʢʦʥʪʫʨʦʤ ʠ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʥʘʩʪʨʦʡʢʦʡ ʥʘ ʩʨʝʜʥʶʶ ʯʘʩʪʦʪʫ 
ʧʦʜʜʠʘʧʘʟʦʥʘ. ʅʘ ʵʪʦʤ ʞʝ ʨʠʩʫʥʢʝ ʣʝʚʝʝ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʫʥʢʪʠʨʥʦʡ ʧʨʷʤʦʡ 

ʧʦʢʘʟʘʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʦʜʥʦʢʦʥʪʫʨʥʦʡ ʚʭʦʜʥʦʡ ʮʝʧʠ. ʇʘʨʘʤʝʪʨʳ 

ʢʦʥʪʫʨʘ ʋʈʏ, ʪʘʢʠʝ ʞʝ, ʢʘʢ ʫ ʢʦʥʪʫʨʘ ʚʭʦʜʥʦʡ ʮʝʧʠ. 

ʀʩʭʦʜʥʳʤʠ   ʜʘʥʥʳʤʠ ʜʣʷ ʨʘʩʯʝʪʘ ʷʚʣʷʶʪʩʷ: 
 f0 ʩʨ  - ʩʨʝʜʥʷʷ ʯʘʩʪʦʪʘ ʧʦʜʜʠʘʧʘʟʦʥʘ, 

 d  ɻ   - ʵʢʚʠʚʘʣʝʥʪʥʦʝ ʟʘʪʫʭʘʥʠʝ ʢʦʥʪʫʨʘ, 

 dʢ    - ʩʦʙʩʪʚʝʥʥʦʝ ʟʘʪʫʭʘʥʠʝ ʢʦʥʪʫʨʘ,  

 - ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʦʥʪʫʨʘ, 

L     - ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʢʦʥʪʫʨʘ, 

ʉ    -  ʝʤʢʦʩʪʴ ʢʦʥʪʫʨʘ, 
Rʚʭ ʩʣ ï ʚʭʦʜʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʘʩʢʘʜʘ, ʩʣʝʜʫʶʱʝʛʦ ʟʘ ʋʈʏ. 

 

     ʎʝʣʴʶ ʨʘʩʯʝʪʘ ʷʚʣʷʝʪʩʷ: 

- ʚʳʙʦʨ ʪʨʘʥʟʠʩʪʦʨʘ, 
- ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʢʣʶʯʝʥʠʷ p, p1, p2, 

- ʨʘʩʯʝʪ ʨʝʟʦʥʘʥʩʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ, 

- ʨʘʩʯʝʪ ʵʣʝʤʝʥʪʦʚ ʮʝʧʝʡ ʧʠʪʘʥʠʷ ʪʨʘʥʟʠʩʪʦʨʘ. 

+Eʧʠʪ

ɺʭʦʜʥʘʷ

ʮʝʧʴ

p

L
p1

p2

ʉʬ

Rʬ

C

ʉʠRʠ

ʉ

LLʩʚ

A
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ʈʠʩʫʥʦʢ 2.5 ïʋʩʠʣʠʪʝʣʴ ʨʘʜʠʦʯʘʩʪʦʪʳ ʩ ʦʜʠʥʦʯʥʳʤ ʢʦʣʝʙʘʪʝʣʴʥʳʤ 

ʢʦʥʪʫʨʦʤ ʠ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʥʘʩʪʨʦʡʢʦʡ ʥʘ ʩʨʝʜʥʶʶ ʯʘʩʪʦʪʫ ʧʦʜʜʠʘʧʘʟʦʥʘ 

 

      2.5.1. ɺʳʙʠʨʘʝʤ ʤʘʣʦʤʦʱʥʳʡ ʧʦʣʝʚʦʡ ʪʨʘʥʟʠʩʪʦʨ ʩ ʤʠʥʠʤʘʣʴʥʳʤ 
ʟʥʘʯʝʥʠʝʤ ʧʨʦʭʦʜʥʦʡ ʝʤʢʦʩʪʠ (ʝʤʢʦʩʪʠ ʟʘʪʚʦʨ-ʠʩʪʦʢ). ɼʦʩʪʦʠʥʩʪʚʦʤ ʧʦʣʝʚʦʛʦ 

ʪʨʘʥʟʠʩʪʦʨʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʠʧʦʣʷʨʥʳʤ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʣʠʥʝʡʥʦʩʪʴ 

ʫʩʠʣʝʥʠʷ, ʯʪʦ ʚʝʩʴʤʘ ʚʘʞʥʦ ʜʣʷ ʫʩʠʣʠʪʝʣʷ ʥʘ ʚʭʦʜʝ ʢʦʪʦʨʦʛʦ ʥʘʨʷʜʫ ʩ 

ʧʦʣʝʟʥʳʤ ʩʠʛʥʘʣʦʤ ʜʝʡʩʪʚʫʶʪ ʝʱʝ ʥʝʜʦʩʪʘʪʦʯʥʦ ʦʩʣʘʙʣʝʥʥʳʝ ʧʦʤʝʭʠ.   
ʇʘʨʘʤʝʪʨʳ  ʪʨʘʥʟʠʩʪʦʨʘ  2ʇ341ɹ: 

S = 27 ʤɸ / ɺ   ʧʨʠ  ɽʟʠ = 0.2 ɺ ,  Iʩ = 7 ʤɸ ,  ɽʩʠ = 5 ɺ,  R ʚʳʭ = 5 .. 10 ʢʆʤ,  Cʚʭ = 5 

ʧʌ,  Cʚʳʭ = 1.6 ʧʌ, Cʧʨʦʭ = 1 ʧʌ. 
 

2.5.2. ʈʘʩʩʯʠʪʘʝʤ ʢʦʵʬʬʠʮʠʝʥʪ ʚʢʣʶʯʝʥʠʷ p1, ʠʩʭʦʜʷ ʠʟ ʦʙʝʩʧʝʯʝʥʠʷ 

ʪʨʝʙʫʝʤʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʦ ʟʝʨʢʘʣʴʥʦʤʫ ʢʘʥʘʣʫ 

ʚʳʭ

1 ʚʥʚʳʭ

R
p d , 

ʛʜʝ  ɖɩɎɧɡɎə ddd , ʝʩʣʠ ʩʣʝʜʫʶʱʠʤ ʢʘʩʢʘʜʦʤ ʷʚʣʷʝʪʩʷ ʚʪʦʨʦʡ ʢʘʩʢʘʜ ʋʈʏ ʥʘ 

ʧʦʣʝʚʦʤ ʪʨʘʥʟʠʩʪʦʨʝ, 

2

dd
d

ɖɩ
ɎɧɡɎə , ʝʩʣʠ ʩʣʝʜʫʶʱʠʤ ʢʘʩʢʘʜʦʤ ʷʚʣʷʝʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʯʘʩʪʦʪʳ ʩ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʤ ʚʭʦʜʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ.  
2.5.3. ɺʳʙʠʨʘʝʤ ʢʦʵʬʬʠʮʠʝʥʪ ʚʢʣʶʯʝʥʠʷ p, ʠʩʭʦʜʷ ʠʟ ʫʩʣʦʚʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʫʩʠʣʠʪʝʣʷ  

ʫʵ

1 0ʩʨ ʧʨʦʭ

2 1 Kd C
p

p S L C
,   

ʛʜʝ Kʫ = 0.7..0.9 ï ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʪʦʡʯʠʚʦʩʪʠ ʫʩʠʣʠʪʝʣʷ. 

 

2.5.4. ɺʳʙʠʨʘʝʤ ʢʦʵʬʬʠʮʠʝʥʪ ʚʢʣʶʯʝʥʠʷ p2. 

ɽʩʣʠ ʩʣʝʜʫʶʱʠʤ ʢʘʩʢʘʜʦʤ ʷʚʣʷʝʪʩʷ ʢʘʩʢʘʜ ʋʈʏ ʥʘ ʧʦʣʝʚʦʤ ʪʨʘʥʟʠʩʪʦʨʝ, ʪʦ 

p2= p. 

ɽʩʣʠ ʩʣʝʜʫʶʱʠʤ ʢʘʩʢʘʜʦʤ ʷʚʣʷʝʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʯʘʩʪʦʪʳ ʩ ʚʭʦʜʥʳʤ 
ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ Rʚʭ ʩʣ, ʪʦ 

ʚʭʩʣʵ ʢ

2

Rd d
p

2
. 

2.5.5. ʆʧʨʝʜʝʣʠʤ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʫʩʠʣʠʪʝʣʷ 

ʋʈʏ0 1 2

ʵ

ʂ S p p .
d

 

2.5.6. ʈʘʩʯʝʪ ʵʣʝʤʝʥʪʦʚ ʮʝʧʝʡ ʧʠʪʘʥʠʷ ʫʩʠʣʠʪʝʣʷ 

ʟʠ

ʠ

c

E
R ,

I
             

ʠ

0ʩʨ

S
C 1..5 ,

f
 

ʧʠʪ ʩʠ ʟʠ

ʬ

c

E E E
R ,

I
   c

ʬ

0 m in

X
ʉ ,  Xc  = 0.1 ..1 ʆʤ. 

ʇʠʪʘʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʨʘʚʥʳʤ  ɽʧʠʪ = 9 ɺ. 
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2.5.7. ʆʧʨʝʜʝʣʠʤ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʫʩʠʣʠʪʝʣʷ ʧʦ ʢʘʥʘʣʫ ʧʨʦʤʝʞʫʪʦʯʥʦʡ 

ʯʘʩʪʦʪʳ. 

2

ɩ

ɝ

2

ɩ

ɛɣ

ɛɣ

d

y
1

d

y
1

Se , 

ʛʜʝ 0ʩʨ ʧʨ

ʧʯ

ʧʨ 0ʩʨ

f f
y

f f
,      0ʩʨ 0 min

ʩ

0 min 0ʩʨ

f f
y

f f
. 

 

2.5.8. ʆʧʨʝʜʝʣʠʤ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʨʝʩʝʣʝʢʪʦʨʘ ʧʦ ʢʘʥʘʣʫ ʧʨʦʤʝʞʫʪʦʯʥʦʡ 

ʯʘʩʪʦʪʳ 

ʧʯɼʙ ʧʯʚʮɼʙ ʧʯʫʨʯɼʙ
Se Se Se . 

 

2.6. ʅʝʧʝʨʝʩʪʨʘʠʚʘʝʤʳʡ ʋʈʏ ʩ ʜʚʫʭʢʦʥʪʫʨʥʳʤ ʧʦʣʦʩʦʚʳʤ ʬʠʣʴʪʨʦʤ 

 
      ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʋʈʏ ʚʤʝʩʪʝ ʩ ʦʜʥʦʢʦʥʪʫʨʥʦʡ ʚʭʦʜʥʦʡ ʮʝʧʴʶ 

ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.6. 

      ʀʩʭʦʜʥʳʤʠ   ʜʘʥʥʳʤʠ ʜʣʷ ʨʘʩʯʝʪʘ ʷʚʣʷʶʪʩʷ: 
f0 ʩʨ - ʩʨʝʜʥʷʷ ʯʘʩʪʦʪʘ ʧʦʜʜʠʘʧʘʟʦʥʘ, 

d  ɻ   - ʵʢʚʠʚʘʣʝʥʪʥʦʝ ʟʘʪʫʭʘʥʠʝ ʢʦʥʪʫʨʘ, 

dʢ    - ʩʦʙʩʪʚʝʥʥʦʝ ʟʘʪʫʭʘʥʠʝ ʢʦʥʪʫʨʘ,  

ɟ    - ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʦʥʪʫʨʘ, 
L     - ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʢʦʥʪʫʨʘ, 

ʉ    -  ʝʤʢʦʩʪʴ ʢʦʥʪʫʨʘ, 

 = 1ï ʬʘʢʪʦʨ ʩʚʷʟʠ ʤʝʞʜʫ ʢʦʥʪʫʨʘʤʠ ʧʦʣʦʩʦʚʦʛʦ ʬʠʣʴʪʨʘ, 

Rʚʭ ʩʣ ï ʚʭʦʜʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʘʩʢʘʜʘ, ʩʣʝʜʫʶʱʝʛʦ ʟʘ ʋʈʏ. 

ʎʝʣʴʶ ʨʘʩʯʝʪʘ ʷʚʣʷʝʪʩʷ: 
- ʚʳʙʦʨ ʪʨʘʥʟʠʩʪʦʨʘ, 

- ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʢʣʶʯʝʥʠʷ p, p1, p2, 

- ʨʘʩʯʝʪ ʨʝʟʦʥʘʥʩʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ, 

- ʨʘʩʯʝʪ ʵʣʝʤʝʥʪʦʚ ʮʝʧʝʡ ʧʠʪʘʥʠʷ ʪʨʘʥʟʠʩʪʦʨʘ. 
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ʈʠʩʫʥʦʢ 2.6 ïʋʩʠʣʠʪʝʣʴ ʨʘʜʠʦʯʘʩʪʦʪʳ ʩ ʜʚʫʭʢʦʥʪʫʨʥʳʤ ʧʦʣʦʩʦʚʳʤ 
ʬʠʣʴʪʨʦʤ ʠ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʥʘʩʪʨʦʡʢʦʡ ʥʘ ʩʨʝʜʥʶʶ ʯʘʩʪʦʪʫ ʜʠʘʧʘʟʦʥʘ 
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2.6.1 ɺʳʙʦʨ ʪʨʘʥʟʠʩʪʦʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʚ ʋʈʏ ʩ ʦʜʠʥʦʯʥʳʤ 

ʢʦʥʪʫʨʦʤ. 

2.6.2. ʈʘʩʩʯʠʪʘʝʤ ʢʦʵʬʬʠʮʠʝʥʪ ʚʢʣʶʯʝʥʠʷ p1, ʠʩʭʦʜʷ ʠʟ ʦʙʝʩʧʝʯʝʥʠʷ 

ʪʨʝʙʫʝʤʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʦ ʟʝʨʢʘʣʴʥʦʤʫ ʢʘʥʘʣʫ 

ʚʳʭ

1 ʵ ʢ

R
p (d d ) . 

2.6.3. ɺʳʙʠʨʘʝʤ ʢʦʵʬʬʠʮʠʝʥʪ ʚʢʣʶʯʝʥʠʷ p, ʠʩʭʦʜʷ ʠʟ ʫʩʣʦʚʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʫʩʠʣʠʪʝʣʷ  

ʫʵ

1 0ʩʨ ʧʨʦʭ

2 1 Kd C
p

p S L C
,  

ʛʜʝ Kʫ = 0.7..0.9 ï ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʪʦʡʯʠʚʦʩʪʠ ʫʩʠʣʠʪʝʣʷ 

 
2.6.4. ɺʳʙʠʨʘʝʤ ʢʦʵʬʬʠʮʠʝʥʪ ʚʢʣʶʯʝʥʠʷ p2 

ɽʩʣʠ ʩʣʝʜʫʶʱʠʤ ʢʘʩʢʘʜʦʤ ʷʚʣʷʝʪʩʷ ʢʘʩʢʘʜ ʋʈʏ ʥʘ ʧʦʣʝʚʦʤ ʪʨʘʥʟʠʩʪʦʨʝ, ʪʦ 

p2=p. 
ɽʩʣʠ ʩʣʝʜʫʶʱʠʤ ʢʘʩʢʘʜʦʤ ʷʚʣʷʝʪʩʷ ʢʘʩʢʘʜ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ ʩ 

ʚʭʦʜʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ Rʚʭ ʩʣ, ʪʦ 

ʚʭʩʣ

2 ʵ ʢ

R
p d d . 

2.6.5. ʆʧʨʝʜʝʣʠʤ ʝʤʢʦʩʪʴ ʩʚʷʟʠ 

ʩʚ

ʵ

C
C

d
. 

2.6.6. ʆʧʨʝʜʝʣʠʤ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʫʩʠʣʠʪʝʣʷ 

ʋʈʏ0 1 22

ʵ

ʂ S p p
d 1

. 

2.6.7. ʕʣʝʤʝʥʪʳ ʮʝʧʝʡ ʧʠʪʘʥʠʷ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʪʘʢ ʞʝ, ʢʘʢ ʚ ʫʩʠʣʠʪʝʣʝ ʩ 

ʦʜʠʥʦʯʥʳʤ ʢʦʣʝʙʘʪʝʣʴʥʳʤ ʢʦʥʪʫʨʦʤ. 
2.6.8. ʆʧʨʝʜʝʣʠʤ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʢʘʥʘʣʫ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʯʘʩʪʦʪʳ, ʢʦʪʦʨʫʶ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʋʈʏ ʩ ʜʚʫʭʢʦʥʪʫʨʥʳʤ ʧʦʣʦʩʦʚʳʤ ʬʠʣʴʪʨʦʤ 

 

4

ɩ

ɝ

4

ɩ

ɛɣ

Ɏɢɛɣ

d

y

4

1
1

d

y

4

1
1

Se , 

ʛʜʝ 
0ʩʨ ʧʨ

ʧʯ

ʧʨ 0ʩʨ

f f
y ,

f f
   

0ʩʨ 0 min

ʩ

0 min 0ʩʨ

f f
y .

f f
 

2.6.9. ʆʧʨʝʜʝʣʠʤ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʨʝʩʝʣʝʢʪʦʨʘ ʧʦ ʢʘʥʘʣʫ ʧʨʦʤʝʞʫʪʦʯʥʦʡ 
ʯʘʩʪʦʪʳ 

ʧʯɼʙ ʧʯʚʮɼʙ ʧʯʫʨʯɼʙ
Se Se Se . 

 
2.7. ʇʝʨʝʩʪʨʘʠʚʘʝʤʳʡ ʋʈʏ ʩ ʦʜʠʥʦʯʥʳʤ ʢʦʣʝʙʘʪʝʣʥɹʳʤ ʢʦʥʪʫʨʦʤ 
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ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʫʩʠʣʠʪʝʣʷ ʚʤʝʩʪʝ ʩ ʦʜʥʦʢʦʥʪʫʨʥʦʡ ʚʭʦʜʥʦʡ ʮʝʧʴʶ  

ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.7. 

p

p2

ʉ2

C 2

ʉ1

ʉʬ

ʉ1

p1

+ɽʧʠʪ

ʉʠ Rʠ

R ʬ

A

L

L cʚ

 
ʈʠʩʫʥʦʢ 2.7 ï ʇʝʨʝʩʪʨʘʠʚʘʝʤʳʡ ʋʈʏ ʩ ʦʜʠʥʦʯʥʳʤ 

                        ʢʦʣʝʙʘʪʝʣʴʥʳʤ ʢʦʥʪʫʨʦʤ 

 
ʀʩʭʦʜʥʳʤʠ   ʜʘʥʥʳʤʠ ʜʣʷ ʨʘʩʯʝʪʘ ʷʚʣʷʶʪʩʷ: 

f0 max  - ʤʘʢʩʠʤʘʣʴʥʘʷ ʯʘʩʪʦʪʘ ʧʦʜʜʠʘʧʘʟʦʥʘ, 

d  ɻ      - ʵʢʚʠʚʘʣʝʥʪʥʦʝ ʟʘʪʫʭʘʥʠʝ ʢʦʥʪʫʨʘ, 

dʢ       - ʩʦʙʩʪʚʝʥʥʦʝ ʟʘʪʫʭʘʥʠʝ ʢʦʥʪʫʨʘ,  
L       - ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʢʦʥʪʫʨʘ, 

ʉɻ  min  - ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʝʤʢʦʩʪʠ ʢʦʥ 

            ʪʫʨʘ, 
Rʚʭ ʩʣ ï ʚʭʦʜʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʘʩʢʘʜʘ, ʩʣʝʜʫʶʱʝʛʦ ʟʘ ʋʈʏ. 

ʎʝʣʴʶ ʨʘʩʯʝʪʘ ʷʚʣʷʝʪʩʷ: 

- ʚʳʙʦʨ ʪʨʘʥʟʠʩʪʦʨʘ, 

- ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʢʣʶʯʝʥʠʷ p, p1, p2, 
- ʨʘʩʯʝʪ ʨʝʟʦʥʘʥʩʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ, 

- ʨʘʩʯʝʪ ʵʣʝʤʝʥʪʦʚ ʮʝʧʝʡ ʧʠʪʘʥʠʷ ʪʨʘʥʟʠʩʪʦʨʘ. 

2.7.1. ɺʳʙʦʨ ʪʨʘʥʟʠʩʪʦʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʚ ʋʈʏ ʩ ʦʜʠʥʦʯʥʳʤ 
ʢʦʥʪʫʨʦʤ. 

2.7.2. ʈʘʩʩʯʠʪʘʝʤ ʢʦʵʬʬʠʮʠʝʥʪ ʚʢʣʶʯʝʥʠʷ p1, ʠʩʭʦʜʷ ʠʟ ʦʙʝʩʧʝʯʝʥʠʷ 

ʪʨʝʙʫʝʤʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʦ ʟʝʨʢʘʣʴʥʦʤʫ ʢʘʥʘʣʫ 

ʚʳʭ

1 ʚʥʚʳʭ

max

R
p d , 

ʛʜʝ  ɖɩɎɧɡɎə ddd , ʝʩʣʠ ʩʣʝʜʫʶʱʠʤ ʢʘʩʢʘʜʦʤ ʷʚʣʷʝʪʩʷ ʚʪʦʨʦʡ ʢʘʩʢʘʜ ʋʈʏ ʥʘ 

ʧʦʣʝʚʦʤ ʪʨʘʥʟʠʩʪʦʨʝ, 
2

dd
d

ɖɩ
ɎɧɡɎə , ʝʩʣʠ ʩʣʝʜʫʶʱʠʤ ʢʘʩʢʘʜʦʤ ʷʚʣʷʝʪʩʷ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʯʘʩʪʦʪʳ ʩ ʚʭʦʜʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ Rʚʭ ʩʣ,  
m ax 0 m ax

L . 

2.7.3. ɺʳʙʠʨʘʝʤ ʢʦʵʬʬʠʮʠʝʥʪ ʚʢʣʶʯʝʥʠʷ p, ʠʩʭʦʜʷ ʠʟ ʫʩʣʦʚʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ 
ʫʩʠʣʠʪʝʣʷ  

ʫ ʵminʵ

1 0 max ʧʨʦʭ

2 1 K Cd
p

p S L C
,  ʛʜʝ Kʫ = 0.7..0.9 

2.7.4. ɺʳʙʠʨʘʝʤ ʢʦʵʬʬʠʮʠʝʥʪ ʚʢʣʶʯʝʥʠʷ p2. 
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ɽʩʣʠ ʩʣʝʜʫʶʱʠʤ ʢʘʩʢʘʜʦʤ ʷʚʣʷʝʪʩʷ ʢʘʩʢʘʜ ʋʈʏ ʥʘ ʧʦʣʝʚʦʤ ʪʨʘʥʟʠʩʪʦʨʝ, ʪʦ 

p2= p. 

ɽʩʣʠ ʩʣʝʜʫʶʱʠʤ ʢʘʩʢʘʜʦʤ ʷʚʣʷʝʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʯʘʩʪʦʪʳ ʩ ʚʭʦʜʥʳʤ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ Rʚʭ ʩʣ, ʪʦ 

ʚʭʩʣʵ ʢ

2

max

Rd d
p

2
. 

 
2.7.5. ʆʧʨʝʜʝʣʠʤ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʫʩʠʣʠʪʝʣʷ 

max

ʋʈʏ0 1 2

ʵ

ʂ S p p
d

. 

2.7.6. ʕʣʝʤʝʥʪʳ ʮʝʧʝʡ ʧʠʪʘʥʠʷ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʪʘʢ ʞʝ, ʢʘʢ ʚ ʫʩʠʣʠʪʝʣʝ ʩ 
ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʥʘʩʪʨʦʡʢʦʡ. 

2.7.7. ʆʧʨʝʜʝʣʠʤ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʋʈʏ ʧʦ ʢʘʥʘʣʫ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʯʘʩʪʦʪʳ  
2

ɉ

ȻɃ

ȮɂȻɃ
d

y
1Se , 

ʛʜʝ   yʧʯ =  f0min / fʧʨ  -  fʧʨ / f0min . 

2.7.8. ʆʧʨʝʜʝʣʠʤ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʨʝʩʝʣʝʢʪʦʨʘ ʧʦ ʢʘʥʘʣʫ ʧʨʦʤʝʞʫʪʦʯʥʦʡ 

ʯʘʩʪʦʪʳ 

ʧʯɼʙ ʧʯʚʮɼʙ ʧʯʫʨʯɼʙ
Se Se Se . 

 

2.8. ʇʝʨʝʩʪʨʘʠʚʘʝʤʳʡ ʋʈʏ ʩ ʜʚʫʭʢʦʥʪʫʨʥʳʤ 
       ʧʦʣʦʩʦʚʳʤ ʬʠʣʴʪʨʦʤ 

 

ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʫʩʠʣʠʪʝʣʷ ʚʤʝʩʪʝ ʩ ʦʜʥʦʢʦʥʪʫʨʥʦʡ ʚʭʦʜʥʦʡ ʮʝʧʴʶ  

ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.8. 
ʀʩʭʦʜʥʳʤʠ   ʜʘʥʥʳʤʠ ʜʣʷ ʨʘʩʯʝʪʘ ʷʚʣʷʶʪʩʷ: 

f0 max - ʤʘʢʩʠʤʘʣʴʥʘʷ ʯʘʩʪʦʪʘ ʧʦʜʜʠʘʧʘʟʦʥʘ, 

d  ɻ     - ʵʢʚʠʚʘʣʝʥʪʥʦʝ ʟʘʪʫʭʘʥʠʝ ʢʦʥʪʫʨʘ, 
dʢ      - ʩʦʙʩʪʚʝʥʥʦʝ ʟʘʪʫʭʘʥʠʝ ʢʦʥʪʫʨʘ,  

L       - ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʢʦʥʪʫʨʘ, 

ʉɻ  min- ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʝʤʢʦʩʪʠ ʢʦʥʪʫʨʘ, 

1 - ʬʘʢʪʦʨ ʩʚʷʟʠ ʤʝʞʜʫ ʢʦʥʪʫʨʘʤʠ  ʬʠʣʴʪʨʘ, 

Rʚʭ ʩʣ - ʚʭʦʜʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʘʩʢʘʜʘ, ʩʣʝʜʫʶʱʝʛʦ ʟʘ ʋʈʏ.  

ʎʝʣʴʶ ʨʘʩʯʝʪʘ ʷʚʣʷʝʪʩʷ: 
- ʚʳʙʦʨ ʪʨʘʥʟʠʩʪʦʨʘ, 

- ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʢʣʶʯʝʥʠʷ p, p1, p2, 

- ʨʘʩʯʝʪ ʨʝʟʦʥʘʥʩʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ, 
- ʨʘʩʯʝʪ ʵʣʝʤʝʥʪʦʚ ʮʝʧʝʡ ʧʠʪʘʥʠʷ ʪʨʘʥʟʠʩʪʦʨʘ. 

2.8.1. ɺʳʙʦʨ ʪʨʘʥʟʠʩʪʦʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʚ ʋʈʏ ʩ ʦʜʠʥʦʯʥʳʤ 

ʢʦʥʪʫʨʦʤ. 

2.8.2. ʈʘʩʩʯʠʪʘʝʤ ʢʦʵʬʬʠʮʠʝʥʪ ʚʢʣʶʯʝʥʠʷ p1, ʠʩʭʦʜʷ ʠʟ ʦʙʝʩʧʝʯʝʥʠʷ 
ʪʨʝʙʫʝʤʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʦ ʟʝʨʢʘʣʴʥʦʤʫ ʢʘʥʘʣʫ 
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ʚʳʭ

1 ʵ ʢ

max

R
p (d d ) , 

ʛʜʝ 
max 0 max

L . 

                                    

       
 

 

2.8.3. ɺʳʙʠʨʘʝʤ ʢʦʵʬʬʠʮʠʝʥʪ ʚʢʣʶʯʝʥʠʷ p, ʠʩʭʦʜʷ ʠʟ ʫʩʣʦʚʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʫʩʠʣʠʪʝʣʷ  

ʫ ʵminʵ

1 0 max ʧʨʦʭ

2 1 K Cd
p

p S L C
,    ʛʜʝ Kʫ = 0.7..0.9 

 
2.8.4. ɺʳʙʠʨʘʝʤ ʢʦʵʬʬʠʮʠʝʥʪ ʚʢʣʶʯʝʥʠʷ p2 

ɽʩʣʠ ʩʣʝʜʫʶʱʠʤ ʢʘʩʢʘʜʦʤ ʷʚʣʷʝʪʩʷ ʢʘʩʢʘʜ ʋʈʏ ʥʘ ʧʦʣʝʚʦʤ ʪʨʘʥʟʠʩʪʦʨʝ, ʪʦ 

p2= p. 
ɽʩʣʠ ʩʣʝʜʫʶʱʠʤ ʢʘʩʢʘʜʦʤ ʷʚʣʷʝʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʯʘʩʪʦʪʳ ʩ ʚʭʦʜʥʳʤ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ Rʚʭ ʩʣ, ʪʦ 
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ʚʭʩʣ

2 ʵ ʢ

max

R
p d d  

2.8.5. ʕʣʝʤʝʥʪʳ ʮʝʧʝʡ ʧʠʪʘʥʠʷ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʪʘʢ ʞʝ, ʢʘʢ ʚ ʧʨʝʜʳʜʫʱʝʤ 

ʩʣʫʯʘʝ. 
2.8.6. ʆʧʨʝʜʝʣʠʤ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʫʩʠʣʠʪʝʣʷ 

max

ʋʈʏ0 1 22

ʵ

ʂ S p p
d 1

 

2.8.7. ʕʣʝʤʝʥʪʳ ʮʝʧʝʡ ʧʠʪʘʥʠʷ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʪʘʢ ʞʝ, ʢʘʢ ʚ ʫʩʠʣʠʪʝʣʝ ʩ 

ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʥʘʩʪʨʦʡʢʦʡ. 

2.8.8. ʆʧʨʝʜʝʣʠʤ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʋʈʏ ʧʦ ʢʘʥʘʣʫ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʯʘʩʪʦʪʳ.  
4

ʇʏ

ʇʏ ʋʈʏ

ʕ

y1
Se 1

4 d
, 

ʛʜʝ   yʧʯ =  f0min / fʧʨ  -  fʧʨ / f0min . 

2.8.9. ʆʧʨʝʜʝʣʠʤ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʨʝʩʝʣʝʢʪʦʨʘ ʧʦ ʢʘʥʘʣʫ ʧʨʦʤʝʞʫʪʦʯʥʦʡ 

ʯʘʩʪʦʪʳ 

ʧʯɼʙ ʧʯʚʮɼʙ ʧʯʫʨʯɼʙ
Se Se Se . 

 

 

2.9. ʈʘʩʯʝʪ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ  ʥʘ ʀʄʉ ʂ174ʇʉ1 
 

ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ  ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.9, 

ʘ ʥʘ ʨʠʩʫʥʢʝ 2.10 ï ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʤʠʢʨʦʫʟʣʘ ʂ174ʇʉ1, 
ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʦʙʦʡ ʜʚʦʡʥʦʡ ʙʘʣʘʥʩʥʳʡ ʩʤʝʩʠʪʝʣʴ. 
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Uʧʠʪ 

 

ʕʄʌ 

 ʈʠʩʫʥʦʢ 2.9 ï ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʯʘʩʪʦʪʳ  

                         ʥʘ ʀʄʉ ʂ174ʇʉ1 
 

 ʇʘʨʘʤʝʪʨʳ ʤʠʢʨʦʩʭʝʤʳ ʂ174ʇʉ1 :  

 ʪʦʢ ʧʦʪʨʝʙʣʝʥʠʷ ï  Iʧʦʪʨ = 2.5 ʤɸ, 

 ʢʨʫʪʠʟʥʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ  Sʧʨ = 4.5 ʤɸ/ɺ,  

 ʚʭʦʜʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ Rʚʭ = 1.7 ʢʆʤ,  

 ʚʳʭʦʜʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝRʚʳʭ = 5..10 ʢʆʤ,  

 ʧʦʩʪʦʷʥʥʦʝ ʧʠʪʘʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ Uʧʠʪ = 7...9ɺ. 



 

29 

 

VT2            VT5

   3

2

10

12

1

4

6

9

14

5

7

8

13

11

VD1

VD2

VD3

VD4

 1,4ʢ        1,4ʢ
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ʈʠʩʫʥʦʢ 2.10 ï ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʤʠʢʨʦʫʟʣʘ       ʂ174ʇʉ1 

 

ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʯʘʩʪʦʪʳ ʚʳʧʦʣʥʝʥ ʧʦ ʩʭʝʤʝ ʩ ʦʪʜʝʣʥɹʳʤ ʛʝʪʝʨʦʜʠʥʦʤ. ɺ 
ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʛʝʪʝʨʦʜʠʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʠʥʪʝʟʘʪʦʨ ʯʘʩʪʦʪʳ 

ʨʘʜʠʦʩʪʘʥʮʠʠ, ʨʘʩʯʝʪ ʢʦʪʦʨʦʛʦ ʥʝ ʧʨʝʜʫʩʤʦʪʨʝʥ ʜʘʥʥʳʤ  ʧʨʦʝʢʪʦʤ. 

ʅʘʧʨʷʞʝʥʠʝ ʛʝʪʝʨʦʜʠʥʘ ʧʦʩʪʫʧʘʝʪ ʥʘ ʚʳʚʦʜ 7 ʤʠʢʨʦʩʭʝʤʳ ʠ ʜʝʡʩʪʚʫʝʪ ʤʝʞʜʫ 
ʙʘʟʘʤʠ ʪʨʘʥʟʠʩʪʦʨʦʚ VT1 (VT6) ʠ VT3 (VT4). ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʵʪʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʦʢʘ ʪʨʘʥʟʠʩʪʦʨʘ VT2 (VT5), 

ʠʟʤʝʥʷʶʱʝʛʦʩʷ ʩ ʯʘʩʪʦʪʦʡ ʩʠʛʥʘʣʘ, ʤʝʞʜʫ ʪʨʘʥʟʠʩʪʦʨʘʤʠ VT1 (VT6) ʠ VT3 

(VT4). 
ɺ ʨʝʟʫʣʴʪʘʪʝ  ʢʦʣʣʝʢʪʦʨʥʳʝ ʪʦʢʠ ʪʨʘʥʟʠʩʪʦʨʦʚ VT3 ʠ VT6 ʩʦʜʝʨʞʘʪ 

ʩʦʩʪʘʚʣʷʶʱʠʝ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʯʘʩʪʦʪʳ. ʊʦʢ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʯʘʩʪʦʪʳ ʩʦʟʜʘʝʪ 

ʧʘʜʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʥʘʛʨʫʟʢʝ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʦʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʠʣʴʪʨ 
ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ ʩʝʣʝʢʮʠʠ, ʨʘʙʦʯʘʷ ʯʘʩʪʦʪʘ ʢʦʪʦʨʦʛʦ ʨʘʚʥʘ ʧʨʦʤʝʞʫʪʦʯʥʦʡ 

ʯʘʩʪʦʪʝ ʨʘʜʠʦʧʨʠʝʤʥʠʢʘ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʕʄʌ, ʚʳʧʫʩʢʘʝʤʦʛʦ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ, ʜʣʷ ʢʦʪʦʨʦʛʦ 

ʠʟʚʝʩʪʥʦ ʚʭʦʜʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ Rʚʭ ʬ ʧʦʨʷʜʦʢ ʨʘʩʯʝʪʘ ʟʘʚʠʩʠʪ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ 
ʚʭʦʜʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʬʠʣʴʪʨʘ ʠ ʚʳʭʦʜʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʠʢʨʦʩʭʝʤʳ. 

ʉʣʫʯʘʡ 1. ɺʭʦʜʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʬʠʣʴʪʨʘ ʤʝʥʴʰʝ ʚʳʭʦʜʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʀʄʉ   -  Rɺʍ ʌ < Rɺʓʍ. 

2.9.1. ʆʧʨʝʜʝʣʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝ R, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʨʝʞʠʤ ʩʦʛʣʘʩʦʚʘʥʠʷ ʥʘ 

ʚʭʦʜʝ ʬʠʣʴʪʨʘ 

R = Rɺʍʌ Rɺʓʍ / (Rɺʓʍ  - Rɺʍʌ). 
2.9.2. ʆʧʨʝʜʝʣʠʤ ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ 

K ʇʈ = 0.5 Sʇʈ Rɺʍ ʬ K ʌ, 

ʛʜʝ ʂʬ ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ ʬʠʣʴʪʨʘ. 
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2.9.3. ʆʧʨʝʜʝʣʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʬʠʣʴʪʨʘ ʚ ʮʝʧʠ ʧʠʪʘʥʠʷ 
 

2
I

UE
R

ɛɚɞɜ

ɛɔɞɛɔɞ
ɠ , 

2.9.4. ʆʧʨʝʜʝʣʠʤ ʝʤʢʦʩʪʴ ʬʠʣʴʪʨʘ ʚ ʮʝʧʠ ʧʠʪʘʥʠʷ 

c

ʬ

ʧʨ

X
ʉ , 

ʛʜʝ Xc = 0.1 é1 ʆʤ. 

2.9.5. ʆʧʨʝʜʝʣʠʤ ʝʤʢʦʩʪʠ ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʉ2, ʉ4 

c

2 4

ʧʨ ɻʮ

X
ʉ ʉ . 

2.9.6. ʆʧʨʝʜʝʣʠʤ ʝʤʢʦʩʪʠ ʨʘʟʜʝʣʠʪʝʣʴʥʳʭ ʢʦʥʜʝʥʩʘʪʦʨʦʚ  

1 3

ʧʨ ʚʭ

10..20
ʉ ʉ

R
. 

2.9.7. ʂʦʥʜʝʥʩʘʪʦʨʳ ʉ ʚʤʝʩʪʝ ʩ ʢʘʪʫʰʢʦʡ ʠʥʜʫʢʪʠʚʥʦʩʪʠ 

ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʦʙʨʘʟʫʶʪ ʢʦʣʝʙʘʪʝʣʴʥʳʡ ʢʦʥʪʫʨ, 

ʥʘʩʪʨʦʝʥʥʳʡ ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʫʶ ʯʘʩʪʦʪʫ ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʥʝʙʦʣʴʰʫʶ 

ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʩʦʩʝʜʥʝʤʫ ʢʘʥʘʣʫ. ɿʥʘʯʝʥʠʷ ʝʤʢʦʩʪʝʡ ʵʪʠʭ 
ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʠʣʠ ʫʢʘʟʳʚʘʶʪʩʷ ʚ ʧʘʩʧʦʨʪʥʳʭ ʜʘʥʥʳʭ ʬʠʣʴʪʨʘ, ʠʣʠ 

ʧʦʜʙʠʨʘʶʪʩʷ  ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ.  

ʉʣʫʯʘʡ 2. ɺʭʦʜʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʬʠʣʴʪʨʘ ʙʦʣʴʰʝ ʚʳʭʦʜʥʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʀʄʉ- 

Rɺʍ ʌ > Rɺʓʍ. 
2.9.8. ʈʝʟʠʩʪʦʨ R  ʦʪʩʫʪʩʪʚʫʝʪ:R . 

2.9.9.ʆʧʨʝʜʝʣʠʤ ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣ ̫

ʚʭʬ ʚʳʭ

ʧʨ ʧʨ ʬ

ʚʭʬ ʚʳʭ

R R
K S ʂ

R R
. 

ʇʫʥʢʪʳ 2.9.10-2.9.13 ʚʳʧʦʣʥʷʶʪʩʷ ʪʘʢ ʞʝ, ʢʘʢ 2.9.3..2.9.6 ʚ ʧʨʝʜʳʜʫʱʝʤ 

ʩʣʫʯʘʝ. 

ɽʩʣʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʟʘʢʘʟʥʦʡ ʚʘʨʠʘʥʪ ʬʠʣʴʪʨʘ, ʪʦ ʤʦʞʥʦ ʟʘʜʘʪʴʩʷ ʚʝʣʠʯʠʥʘʤʠ 

ʚʭʦʜʥʦʛʦ ʠ ʚʳʭʦʜʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʬʠʣʴʪʨʘ ʚ ʧʨʝʜʝʣʘʭ  2..3 ʢʆʤ ʠ 
ʚʳʧʦʣʥʠʪʴ ʦʨʠʝʥʪʠʨʦʚʦʯʥʳʡ ʨʘʩʯʝʪ, ʢʘʢ ʚ ʩʣʫʯʘʝ 1. 

 

      2.10. ʈʘʩʯʝʪ ʫʩʠʣʠʪʝʣʷ  ʧʨʦʤʝʞʫʪʦʯʥʦʡ  ʯʘʩʪʦʪʳ 

 
      ʀʩʭʦʜʥʳʝ  ʜʘʥʥʳʝ:  

 ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ  ʜʦʜʝʪʝʢʪʦʨʥʦʛʦ ʪʨʘʢʪʘ ʧʨʠʝʤʥʠʢʘ  Kʧʪ, 

 ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ ʚʭʦʜʥʦʡ ʮʝʧʠ Kʚʮ0, 

 ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʫʩʠʣʠʪʝʣʷ ʨʘʜʠʦʯʘʩʪʦʪʳ  Kʋʈʏ  ,  

 ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ Kʧʨ. 

ʊʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʢʘʩʢʘʜʦʚ ʫʩʠʣʠʪʝʣʷ ʧʨʦʤʝʞʫʪʦʯʥʦʡ 

ʯʘʩʪʦʪʳ ʠ ʚʳʧʦʣʥʠʪʴ ʠʭ ʨʘʩʯʝʪ. 
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ʅʘ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʯʘʩʪʦʪʘʭ 100..600 ʢɻʮ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʋʇʏ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʧʝʨʘʮʠʦʥʥʳʝ ʫʩʠʣʠʪʝʣʠ. ɽʩʣʠ ʪʨʝʙʫʝʤʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ 

ʩʦʩʝʜʥʝʤʫ ʢʘʥʘʣʫ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʬʠʣʴʪʨʦʤ ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ ʩʝʣʝʢʮʠʠ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ, ʪʦ ʢʘʩʢʘʜ ʋʇʏ ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʧʦ ʘʧʝʨʠʦʜʠʯʝʩʢʦʡ 
(ʥʝ ʨʝʟʦʥʘʥʩʥʦʡ) ʩʭʝʤʝ.  

ʅʘ  ʨʠʩʫʥʢʝ 2.11 ʧʨʠʚʝʜʝʥʘ ʩʭʝʤʘ ʥʝ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʢʘʩʢʘʜʘ ʋʇʏ.  
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ʈʠʩʫʥʦʢ 2.11- ʂʘʩʢʘʜ ʋʇʏ ʥʘ ʦʧʝʨʘʮʠʦʥʥʦʤ ʫʩʠʣʠʪʝʣʝ 

 

2.10.1.ʆʧʨʝʜʝʣʠʤ  ʪʨʝʙʫʝʤʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ  ʋʇʏ 

Kʫʧʯ = ʂʧʪ / ( ʂʚʮ  ʂʫʨʯ ʂʧʯ) . 
 

2.10.2. ʆʨʠʝʥʪʠʨʫʷʩʴ  ʥʘ ʯʘʩʪʦʪʫ  fʇʈ ,  ʚʳʙʠʨʘʝʤ  ʰʠʨʦʢʦʧʦʣʦʩʥʳʡ  

ʦʧʝʨʘʮʠʦʥʥʳʡ ʫʩʠʣʠʪʝʣʴ  (ʆʋ).  
ɺ ʪʘʙʣʠʮʝ 2.2 ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʠʚʝʜʝʥʳ ʧʘʨʘʤʝʪʨʳ ʪʨʝʭ ʦʧʝʨʘʮʠʦʥʥʳʭ 

ʫʩʠʣʠʪʝʣʝʡ: ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ Kf ʥʘ ʯʘʩʪʦʪʝ f, ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘʛʨʫʟʢʠ Rʥ min, ʧʦʩʪʦʷʥʥʳʝ ʧʠʪʘʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ +Uʧ ʠ ïUʧ ʠ 

ʪʦʢ ʧʦʪʨʝʙʣʝʥʠʷ  Iʧ. 
 

  ʊʘʙʣʠʮʘ 2.2 ï ʇʘʨʘʤʝʪʨʳ ʦʧʝʨʘʮʠʦʥʥʳʭ ʫʩʠʣʠʪʝʣʝʡ 

 

ʊʠʧ  
ʆʋ 

f , 
ʢɻʮ 

Kf,   
ʜɹ 

 Rʥmin,  
ʢʆʤ 

       
Uʧ , ɺ 

Iʇ, 
ʤɸ 

574ʋɼ1 1000 60 2 13.5 .. 16.5 8 

140ʋɼ2

5 

100 35 2 13.5 .. 16.5 3 

140ʋɼ2

6 

500 40 2 13.5 .. 16.5 3 

 
2.10.3. ʆʧʨʝʜʝʣʠʤ  ʢʦʵʬʬʠʮʠʝʥʪ  ʫʩʠʣʝʥʠʷ  ʆʋ  ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʯʘʩʪʦʪʝ  

fʧʨ 
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. .
f

f
KK

ʧʨ

fʧʨf
 

 ɺ ʧʦʩʣʝʜʥʝʝ ʩʦʦʪʥʦʰʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ 
f

K  ʧʦʜʩʪʘʚʣʷʝʪʩʷ ʚ 

ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮʘʭ 
f ʜɹK

20

f
K 10 . 

 

2.10.4. ɿʘʜʘʜʠʤʩʷ  ʢʦʵʬʬʠʮʠʝʥʪʦʤ  ʫʩʠʣʝʥʠʷ  ʦʧʝʨʘʮʠʦʥʥʦʛʦ ʫʩʠʣʠʪʝʣʷ,  

ʦʭʚʘʯʝʥʥʦʛʦ  ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ, 
Kʦʩ = ( 0.1 .. 0.20 ) Kf  ʧʨ . 

 

2.10.5. ʆʧʨʝʜʝʣʠʤ ʢʦʣʠʯʝʩʪʚʦ ʢʘʩʢʘʜʦʚ ʋʇʏ 

m = K ʋʇʏ ʜ ɹ / K ʦʩ ʜɹ , 

ʛʜʝ ʋʇʏ ʜɹ ʋʇʏ ʦʩʜɹ ʦʩ
K 20 lg K , K 20 lg K . 

2.10.6. ɽʩʣʠ ʢʘʩʢʘʜ  ʋʇʏ  ʥʘ ʆʋ ʧʦʜʢʣʶʯʝʥ  ʢ ʚʳʭʦʜʫ  ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ 

ʯʘʩʪʦʪʳ ʩ ʕʄʌ, ʪʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ  R1  ʚʳʙʠʨʘʝʪʩʷ ʠʟ ʫʩʣʦʚʠʷ ʩʦʛʣʘʩʦʚʘʥʠʷ  ʥʘ 

ʚʳʭʦʜʝ ʬʠʣʴʪʨʘ 
R1= Rʚʳʭ ʬ  , 

ʛʜʝ Rʚʳʭ ʬ  - ʚʳʭʦʜʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʬʠʣʴʪʨʘ. 

ɽʩʣʠ  ʢʘʩʢʘʜ  ʋʇʏ ʧʦʜʢʣʶʯʝʥ ʢ ʚʳʭʦʜʫ  ʘʥʘʣʦʛʠʯʥʦʛʦ ʢʘʩʢʘʜʘ ʥʘ 
ʦʧʝʨʘʮʠʦʥʥʦʤ ʫʩʠʣʠʪʝʣʝ, ʪʦ   

R1= (1.5 .. 2 ) Rʥ min . 

2.10.7.ʆʧʨʝʜʝʣʠʤ ʟʥʘʯʝʥʠʝ  ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ R2, ʚʢʣʶʯʝʥʥʦʛʦ 

ʤʝʞʜʫ  ʠʥʚʝʨʪʠʨʫʶʱʠʤ ʚʭʦʜʦʤ ʠ ʚʭrʦʜʦʤ   
R2= R1 Kʆ ʉ. 

2.10.8.ʆʧʨʝʜʝʣʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʬʠʣʴʪʨʘ ʚ ʮʝʧʠ ʧʠʪʘʥʠʷ 

ʦʫ ʧ

ʬ

ʧ

E U
R

I
, 

ʛʜʝ 
ʦʫ

E  - ʥʘʧʨʷʞʝʥʠʝ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ ʦʧʝʨʘʮʠʦʥʥʦʛʦ ʫʩʠʣʠʪʝʣʷ. 

2.10.9.ʈʘʩʩʯʠʪʘʝʤ ʝʤʢʦʩʪʴ ʢʦʥʜʝʥʩʘʪʦʨʘ ʉʬ 

c

ʬ

ʧʨ

X
ʉ ,    ʛʜʝ  Xc = 0.1 .. 1ʆʤ. 

2.10.10. ʆʧʨʝʜʝʣʠʤ ʝʤʢʦʩʪʴ ʢʦʥʜʝʥʩʘʪʦʨʘ ʉ1 

1

ʧʨ 1

10..20
ʉ

R
. 

ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʢʘʩʢʘʜʘ ʋʇʏ ʩ ʨʝʛʫʣʠʨʫʝʤʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʫʩʠʣʝʥʠʷ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.12. 
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ʂʈ590ʂʅ1 

 
 

ʈʠʩʫʥʦʢ 2.12 ï ʂʘʩʢʘʜ ʋʇʏ ʥʘ ʦʧʝʨʘʮʠʦʥʥʦʤ ʫʩʠʣʠʪʝʣʝ ʩ ʨʝʛʫʣʠʨʫʝʤʳʤ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʫʩʠʣʝʥʠʷ 

 
ʈʝʛʫʣʠʨʦʚʢʘ ʫʩʠʣʝʥʠʷ  ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʦʙʨʘʪʥʦʡ ʩʚʟ̫ʠ R2 =R2(0) + R2(1)+ R2(2) + R2(3)+ R2(4) + R2(5)+ R2(6) + R2(7). 

ʋʩʠʣʝʥʠʝ ʤʘʢʩʠʤʘʣʥɹʦ, ʢʦʛʜʘ ʚʢʣʶʯʝʥʳ ʚʩʝ ʨʝʟʠʩʪʦʨʳ, ʠ ʤʠʥʠʤʘʣʴʥʦ, ʢʦʛʜʘ ʚ 
ʮʝʧʠ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʦʩʪʘʝʪʩʷ ʦʜʠʥ ʨʝʟʠʩʪʦʨ R2(0). ʂʦʤʤʫʪʘʮʠʶ ʦʩʫʱʝʩʪʚʣʷʝʪ 

ʵʣʝʢʪʨʦʥʥʳʡ ʢʣʶʯ (ʂʈ590ʂʅ1). 

ʅʘ ʚʭʦʜʳ ʫʧʨʘʚʣʝʥʠʷ (2
0
, 2

1
, 2

2
) ʧʦʩʪʫʧʘʝʪ ʜʚʦʠʯʥʘʷ ʢʦʜʦʚʘʷ ʢʦʤʙʠʥʘʮʠʷ ʦʪ 

ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʢʦʜʦʚʦʡ 
ʢʦʤʙʠʥʘʮʠʠ ʩʦʝʜʠʥʝ̫ʪʩʷ ʦʜʠʥ ʠʟ ʩʠʛʥʘʣʴʥʳʭ ʚʭʦʜʦʚ ʤʠʢʨʦʩʭʝʤʳ (1-8) ʩ 

ʚʳʭʦʜʦʤ (10). ʇʨʠ ʢʦʜʦʚʦʡ ʢʦʤʙʠʥʘʮʠʠ 000 ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʦʤʤʫʪʘʮʠʷ ç1-

10è, ʧʨʠ ʢʦʜʦʚʦʡ ʢʦʤʙʠʥʘʮʠʠ 001  - ç2-10è ʠ ʪ.ʜ. 
ʇʨʠ ʢʦʜʦʚʦʡ ʢʦʤʙʠʥʘʮʠʠ 111 ʩʦʝʜʠʥʷʝʪʩʷ ʚʭʦʜ 8 ʩ ʚʭrʦʜʦʤ 10 - ç8-10è. ɺ 

ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʟʘʢʦʨʘʯʠʚʘʶʪʩʷ ʚʩʝ ʨʝʟʠʩʪʦʨʳ ʢʨʦʤʝ R2(0). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ ʢʦʜʦʚʦʡ ʢʦʤʙʠʥʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʠʥʠʤʘʣʴʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʫʩʠʣʠʪʝʣʷ. 
ʏʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʥʝʦʙʭʦʜʠʤʫʶ ʛʣʫʙʠʥʫ ʨʝʛʫʣʠʨʦʚʢʠ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʧʨʠʭʦʜʠʪʩʷ ʨʝʛʫʣʠʨʦʚʘʪʴ ʫʩʠʣʝʥʠʝ ʥʝʩʢʦʣʢɹʠʭ ʢʘʩʢʘʜʦʚ. 

      ʈʘʩʯʝʪ ʨʝʟʠʩʪʦʨʦʚ ʨʝʛʫʣʠʨʦʚʢʠ ʵʪʠʭ ʢʘʩʢʘʜʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ 

ʩʣʝʜʫʶʱʝʡ ʤʝʪʦʜʠʢʝ. 
2.10.11. ɿʘʜʘʚʰʠʩʴ  ʰʘʛʦʤ  ʠʟʤʝʥʝʥʠʷ  ʢʦʵʬʬʠʮʠʝʥʪʘ  ʫʩʠʣʝʥʠʷ   qʜɹ = 1 .. 3 

ʜɹ,  ʦʧʨʝʜʝʣʠʤ ʢʦʣʠʯʝʩʪʚʦ  ʨʘʟʨʷʜʦʚ  ʢʦʜʦʚʦʡ  ʢʦʤʙʠʥʘʮʠʠ  ʩʠʛʥʘʣʘ  

ʫʧʨʘʚʣʝʥʠʷ 
r = log2 (  pʜɹ / qʜɹ+1 ) . 

ɺʳʙʠʨʘʝʪʩʷ ʙʣʠʞʘʡʰʝʝ  ʙʦʣʴʰʝʝ ʮʝʣʦʝ ʯʠʩʣʦ. 
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2.10.12. ʈʘʩʧʨʝʜʝʣʠʤ ʧʦʣʫʯʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʨʷʜʦʚ ʤʝʞʜʫ ʢʘʩʢʘʜʘʤʠ, 

ʫʤʝʥʴʰʘʷ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʨʷʜʦʚ ʫʧʨʘʚʣʝʥʠʷ ʢʘʞʜʳʤ ʢʘʩʢʘʜʦʤ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ 

ʧʦʩʣʝʜʥʝʛʦ ʢʘʩʢʘʜʘ ʢ ʧʨʝʜʧʦʩʣʝʜʥʝʤʫ ʠ ʪ.ʜ. ʆʙʷʟʘʪʝʣʴʥʳʤ ʜʦʣʞʥʦ ʙʳʪʴ 

ʚrʧʦʣʥʝʥʠʝ ʫʩʣʦʚʠʷ  
r 0 1 + .. + r 0 m-1  + r 0 m = r , 

ʛʜʝ r 0 1 ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʨʷʜʦʚ ʫʧʨʘʚʣʝʥʠʷ ʫʩʠʣʝʥʠʝʤ ʧʝʨʚʦʛʦ ʢʘʩʢʘʜʘ ʋʇʏ, ʘ r 0 m 

ï ʧʦʩʣʝʜʥʝʛʦ. ʅʘʧʨʠʤʝʨ, ʧʨʠ  ʜʚʫʭ ʨʝʛʫʣʠʨʫʝʤʳʭ ʢʘʩʢʘʜʘʭ ʠ r = 5 ʤʦʞʥʦ 

ʧʨʠʥʷʪʴ:  
r 0 1=2, r 0 2=3.                                 

2.10.13.ʆʧʨʝʜʝʣʠʤ ʰʘʛ ʠʟʤʝʥʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ ʢʘʞʜʦʛʦ ʢʘʩʢʘʜʘ 

q m ʜ ɹ  = q ʜ ɹ  , 
q m -1 ʜ ɹ = q m ʜ ɹ 2 

r 0 m
 , 

q m - 2 ʜɹ = q m -1 ʜ ɹ 2 
r 0 m -1

  ʠ ʪ.ʜ. 

ʆʧʨʝʜʝʣʠʤ  ʢʦʣʠʯʝʩʪʚʦ  ʨʝʟʠʩʪʦʨʦʚ  ʨʝʛʫʣʠʨʦʚʢʠ  ʫʩʠʣʝʥʠʷ   m - ʛʦ ʢʘʩʢʘʜʘ 
m0r

r
2Q  

2.10.14. ʆʧʨʝʜʝʣʠʤ  ʩʦʧʨʦʪʠʚʣʝʥʠʷ  ʨʝʟʠʩʪʦʨʦʚ  ʨʝʛʫʣʠʨʦʚʢʠ m-ʛʦ ʢʘʩʢʘʜʘ 

,
q

1qR
iQR

i

m

m2

r2
 

  ʛʜʝ    i = 1, 2, ..  Q r  - 1, 

            

.
q

R
0R

1Q

m

2

2
r

 

ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʥʘʭʦʜʷʪʩʷ ʨʝʟʠʩʪʦʨʳ ʨʝʛʫʣʠʨʦʚʢʠ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ 

ʢʘʩʢʘʜʦʚ ʧʨʠ ʨʘʩʩʯʠʪʘʥʥʦʤ ʚʳʰʝ  ʰʘʛʝ ʨʝʛʫʣʠʨʦʚʢʠ ʢʘʞʜʦʛʦ ʢʘʩʢʘʜʘ. 
 

 

 
 

 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 



 

 

3. ʈʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʠ ʧʨʦʛʨʘʤʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʝʤʦʜʫʣʷʪʦʨʦʚ 

ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ Mathcad 

 
3.1.ɸʣʛʦʨʠʪʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʮʠʬʨʦʚʦʛʦ ʘʤʧʣʠʪʫʜʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʠ ʝʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ  

 

ʅʘ ʨʠʩʫʥʢʝ.3.1 ʧʨʠʚʝʜʝʥʘ ʩʭʝʤʘ  ʢʚʘʜʨʘʪʫʨʥʦʛʦ ʘʤʧʣʠʪʫʜʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʩ 
ʙʣʦʢʦʤ ʠʟʚʣʝʯʝʥʠʷ ʢʚʘʜʨʘʪʥʦʛʦ ʢʦʨʥʷ. 

 

w n

x fr  n

v  s n

v c n

ʌʈ

 / 2    

 
ʈʠʩʫʥʦʢ 3.1- ʎʠʬʨʦʚʦʡ ʘʤʧʣʠʪʫʜʥʳʡ ʜʝʪʝʢʪʦʨ ʩ 
                      ʙʣʦʢʦʤ ʠʟʚʣʝʯʝʥʠʷ ʢʚʘʜʨʘʪʥʦʛʦ ʢʦʨʥʷ 

 

 ɺ ʩʦʩʪʘʚ ʜʝʪʝʢʪʦʨʘ ʚʭʦʜʠʪ 90-ʛʨʘʜʫʩʥʳʡ ʬʘʟʦʨʘʩʱʝʧʠʪʝʣʴ (ʌʈ), ʙʣʦʢ 

ʠʟʚʣʝʯʝʥʠʷ ʢʚʘʜʨʘʪʥʦʛʦ ʢʦʨʥʷ, ʜʚʘ ʧʝʨʝʤʥʦʞʠʪʝʣʷ ʠ ʩʫʤʤʘʪʦʨ. 
ʉʭʝʤʘ ʥʝʨʝʢʫʨʩʠʚʥʦʛʦ 90-ʛʨʘʜʫʩʥʦʛʦ ʬʘʟʦʨʘʩʱʝʧʠʪʝʣʷ, ʚʳʧʦʣʥʝʥʥʦʛʦ ʥʘ 2N 

ʵʣʝʤʝʥʪʘʭ ʟʘʜʝʨʞʢʠ, ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.2 

ʇʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ ʌʈ ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʚʥʘ ʫʜʚʦʝʥʥʦʡ ʤʘʢʩʠʤʘʣʴʥʦʡ 
ʯʘʩʪʦʪʝ ʤʦʜʫʣʮ̫ʠʠ ʇ=2Fmax.  

 

 

 
 

 

 



 

 

 



 

 

          
 

ɺ ʪʘʙʣʠʮʝ 3.1 ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʠʩʪʝʤʥʦʡ ʬʫʥʢʮʠʠ ʌʈ 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʦʪʥʦʰʝʥʠʷ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʌʈ ʢ ʯʘʩʪʦʪʝ 

ʜʠʩʢʨʝʪʠʟʘʮʠʠ 
ɼ

F  ʠ ʧʨʠ ʜʦʧʫʩʪʠʤʦʤ ʦʪʢʣʦʥʝʥʠʠ ɸʏʍ ʧʦ ʚʳʭʦʜʫ ʩʠʥʫʩʥʦʡ 

ʢʦʤʧʦʥʝʥʪʳ, ʥʝ ʧʨʝʚʳʰʘʶʱʝʤ 0.015. ʀʟ ʪʘʙʣʠʮʳ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ ʇ/Fɼ = 0.1 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʘʟʦʨʘʩʱʝʧʠʪʝʣʴ ʥʘ 6 ʵʣʝʤʝʥʪʘʭ ʟʘʜʝʨʞʢʠ, ʘ ʧʨʠ ʇ/Fɼ = 

0.4  - ʥʘ 26. 
ɺʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʜʝʪʝʢʪʦʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʭʝʤʦʡ ʨʠʩʫʥʢʘ 

3.1 ʧʨʠ ʧʦʜʘʯʝ ʥʘ ʚʭʦʜ ɸʄ ʩʠʛʥʘʣʘ.  

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʝʪʝʢʪʦʨʘ ʥʝʦʙʭʦʜʠʤʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʠʩʧʳʪʘʪʝʣʴʥʳʡ 

ɸʄ ʩʠʛʥʘʣ.  
ɽʛʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʪʨʠ ʵʪʘʧʘ: 

1.ʌʦʨʤʠʨʦʚʘʥʠʝ ʩʣʫʯʘʡʥʦʛʦ ʤʦʜʫʣʠʨʫʶʱʝʛʦ ʩʠʛʥʘʣʘ, 

2. ʇʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʛʝʥʝʨʘʪʦʨʘ ʥʝʩʫʱʝʡ, 

3. ʇʦʣʫʯʝʥʠʝ ʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʩʠʛʥʘʣʘ. 



 

 

ʉʣʫʯʘʡʥʳʡ ʤʦʜʫʣʠʨʫʶʱʠʡ ʩʠʛʥʘʣ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʫʪʝʤ ʚʳʜʝʣʝʥʠʷ ʠʟ 

ʩʧʝʢʪʨʘ ʛʘʫʩʩʦʚʩʢʦʛʦ ʰʫʤʘ ʫʯʘʩʪʢʘ, ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʯʘʩʪʦʪʘʤʠ Fmin ʠ Fmax.  

ʄʘʩʩʠʚ 
m

n 1 ʦʪʩʯʝʪʦʚ ʛʘʫʩʩʦʚʩʢʦʛʦ ʰʫʤʘ  ʩʦ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʤ 

ʟʥʘʯʝʥʠʝʤ =1 ʠ ʥʫʣʝʚʳʤ ʩʨʝʜʥʠʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʩʦʦʪʥʦʰʝʥʠʝʤ 
x1 rnorm n m 1 0

 
ʛʜʝ 

m
n - ʤʘʢʩʠʤʘʣʴʥʳʡ ʥʦʤʝʨ ʦʪʩʯʝʪʘ. 

ɿʥʘʯʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʥʦʤʝʨʘ ʦʪʩʯʝʪʘ ʚʳʙʠʨʘʝʪʩʷ ʠʟ ʫʩʣʦʚʠʷ  M

m
n 2 1, 

ʛʜʝ M ï ʮʝʣʦʝ ʯʠʩʣʦ, ʥʘʧʨʠʤʝʨ, M =10. ʕʪʦʛʦ ʪʨʝʙʫʶʪ ʬʫʥʢʮʠʠ ʙʳʩʪʨʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ.  

ɺʨʝʤʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʵʪʦʛʦ ʩʠʛʥʘʣʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.3. 
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3000 n   
ʈʠʩʫʥʦʢ 3.3 ï ɺʨʝʤʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʛʘʫʩʩʦʚʩʢʦʛʦ ʰʫʤʘ 

 
ʉʧʝʢʪʨ ʰʫʤʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʝʪʦʜʦʤ ʧʨʷʤʦʛʦ ʙʳʩʪʨʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʌʫʨʴʝ 

S FFT x1( ) 
ʉʧʝʢʪʨʘʣʴʥʘʷ ʜʠʘʛʨʘʤʤʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.4 ʧʨʠ 

k 0

n m 1

2
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Sk

5120 k  
    ʈʠʩʫʥʦʢ 3.4 ï ɸʤʧʣʠʪʫʜʥʳʡ  ʩʧʝʢʪʨ ʛʘʫʩʩʦʚʩʢʦʛʦ ʰʫʤʘ 

 
ʆʛʨʘʥʠʯʠʤ ʩʧʝʢʪʨ ʟʥʘʯʝʥʠʷʤʠ k, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʤʠʥʠʤʘʣʴʥʦʡ ʠ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʯʘʩʪʦʪʘʤ ʤʦʜʫʣʠʨʫʶʱʝʛʦ ʩʠʛʥʘʣʘ 

k1 floor F omin

n m 1

2  

k2 floor F omax

n m 1

2
1

 



 

 

ɺ ʧʨʠʚʝʜʝʥʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ min

o min

ʜ

F
F

F
 - ʤʠʥʠʤʘʣʥɹʘʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ 

ʯʘʩʪʦʪʘ ʤʦʜʫʣʷʮʠʠ, max

o max

ʜ

F
F

F
 - ʤʘʢʩʠʤʘʣʴʥʘʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʯʘʩʪʦʪʘ 

ʤʦʜʫʣʷʮʠʠ. 

ɺʳʜʝʣʝʥʠʝ ʫʯʘʩʪʢʘ ʩʧʝʢʪʨʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʤʦʜʫʣʠʨʫʶʱʝʤʫ ʩʠʛʥʘʣʫ, 
ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʣʝʜʫʶɦ ʝʛʦ ʩʦʦʪʥʦʰʝʥʠʷ 

 
S

0
k

if k k1( ) k k2( ) S
k

0

 
ʆʙʨʘʪʥʦʝ ʙʳʩʪʨʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ ʧʦʟʚʦʣʷʝʪ ʩʬʦʨʤʠʨʦʚʘʪʴ ʤʘʩʩʠʚ 

ʦʪʩʯʝʪʦʚ ʤʦʜʫʣʠʨʫʶʱʝʛʦ ʩʠʛʥʘʣʘ 
x1 IFFT S 0  

ɺʨʝʤʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʵʪʦʛʦ ʩʠʛʥʘʣʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.5 
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3000 n  
ʈʠʩʫʥʦʢ 3.5 ï ɺʨʝʤʝʥʥʘʷ ʜʠʘʛʨʘʤʤ ʤʦʜʫʣʠʨʫʶʱʝʛʦ 

                        ʩʠʛʥʘʣʘ 

 

ʉʬʦʨʤʠʨʫʝʤ ʛʘʨʤʦʥʠʯʝʩʢʦʝ ʢʦʣʝʙʘʥʠʝ ʥʝʩʫʱʝʡ ʠʟ ʧʠʣʦʦʙʨʘʟʥʦʛʦ ʢʦʣʝʙʘʥʠʷ 

z0 0 
n 1 n m 
zn if zn 1 A 0 1 zn 1 A 0 zn 1 A 0 2

 
x 0

n
cos zn

 
ɺ ʚʳʨʘʞʝʥʠʠ, ʦʧʨʝʜʝʣʷʶʱʝʤ n-ʳʡ ʦʪʩʯʝʪ ʧʠʣʦʦʙʨʘʟʥʦʛʦ ʢʦʣʝʙʘʥʠʷ, 

ʢʦʥʩʪʘʥʪʘ A0 ʟʘʜʘʝʪ ʯʘʩʪʦʪʫ  ʵʪʦʛʦ ʢʦʣʝʙʘʥʠʷ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ 

0

0

ʜ

2 F
A

F
, 

ʛʜʝ 
0

F - ʯʘʩʪʦʪʘ ʥʝʩʫʱʝʡ (ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʯʘʩʪʦʪʳ), ʧʨʠʚʝʜʝʥʥʘʷ ʚ ʠʥʪʝʨʚʘʣ 

ʂʦʪʝʣʴʥʠʢʦʚʘ. ɽʩʣʠ ʯʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʚʳʙʨʘʥʘ ʠʟ ʫʩʣʦʚʠʷ ɼ

ʧʨ ɼ

F
f kF

4
, ʪʦ 

ʧʨʠʚʝʜʝʥʥʘʷ ʯʘʩʪʦʪʘ ʥʝʩʫʱʝʡ ʨʘʚʥʘ ʯʝʪʚʝʨʪʠ ʯʘʩʪʦʪʳ ʜʠʩʢʨʝʪʠʟʘʮʠʠ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, A0 = 0.5. 
ʅʘ ʟʘʚʝʨʰʘʶʱʝʤ ʵʪʘʧʝ  ʬʦʨʤʠʨʫʝʪʩʷ ɸʄ ʩʠʛʥʘʣ 

xn 1 m x1n x 0
n 

ɺ ʧʦʩʣʝʜʥʝʤ ʩʦʦʪʥʦʰʝʥʠʠ m ï ʢʦʵʬʬʠʮʠʝʥʪ ʛʣʫʙʠʥʳ ʤʦʜʫʣʷʮʠʠ, ʢʦʪʦʨʳʡ 
ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʨʘʚʥʳʤ 0.7..0.9. 



 

 

ɺʨʝʤʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ɸʄ ʩʠʛʥʘʣʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.6. 
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3001 n  
ʈʠʩʫʥʦʢ 3.6 ï ɺʨʝʤʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ 

                        ɸʄ ʩʠʛʥʘʣʘ 
 

ʀʩʧʳʪʘʪʝʣʴʥʳʡ ʩʠʛʥʘʣ ʧʦʜʘʝʪʩʷ ʥʘ ʚʭʦʜ ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ 90-ʛʨʘʜʫʩʥʦʛʦ 

ʬʘʟʦʨʘʩʱʝʧʠʪʝʣʷ 
x fr

n
xn

 
ɿʘʪʝʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʦʩʠʥʫʩʥʘʷ  ʠ ʩʠʥʫʩʥʘʷ ʢʦʤʧʦʥʝʥʪʳ ʝʛʦ ʚʳʭʦʜʥʦʛʦ 

ʩʠʛʥʘʣʘ  

 
n 2 N 1 n m 
v c

n
x fr

n N 

v s
n

0

N 1

2

i

Bfr 2 i 1 x fr
n N 2 i 1( )

x fr
n N 2 i 1( )

 
ɺ ʧʨʠʚʝʜʝʥʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ N ï ʧʦʣʦʚʠʥʘ ʜʣʠʥʳ ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ 

ʬʘʟʦʨʘʩʱʝʧʠʪʝʣʷ. 

ɺʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʜʝʪʝʢʪʦʨʘ ʦʧʨʝʜʝʣʷʝʪ ʩʣʝʜʫʶʱʝʝ ʩʦʦʪʥʦʰʝʥʠʝ 

wn v c
n

2
v s

n

2

 
ɺʨʝʤʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʵʪʦʛʦ ʩʠʛʥʘʣʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.7. 
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30031 n  
ʈʠʩʫʥʦʢ 3.7 ï ɺʨʝʤʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʚʳʭʦʜʥʦʛʦ 

                        ʩʠʛʥʘʣʘ ʜʝʪʝʢʪʦʨʘ 
 

ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʩʨʘʚʥʠʪʴ ʵʪʦʪ ʩʠʛʥʘʣ ʩ ʤʦʜʫʣʠʨʫʶʱʠʤ ʩʠʛʥʘʣʦʤ ʨʠʩʫʥʢʘ 3.5 

ʠ ʫʙʝʜʠʪʴʩʷ ʚ ʦʪʩʫʪʩʪʚʠʠ ʦʰʠʙʦʢ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʝʤʦʜʫʣʷʪʦʨʘ. 

 



 

 

3.2. ɸʣʛʦʨʠʪʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʮʠʬʨʦʚʦʛʦ ʜʝʤʦʜʫʣʪ̫ʦʨʘ ʦʜʥʦʧʦʣʦʩʥʦʛʦ 

ʩʠʛʥʘʣʘ ʠ ʝʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ  

 

ʋʢʨʫʧʥʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʜʝʤʦʜʫʣʷʪʦʨʘ ʦʜʥʦʧʦʣʦʩʥʦʛʦ 
ʩʠʛʥʘʣʘ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 3.8. 
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ʈʠʩʫʥʦʢ 3.8.- ʋʢʨʫʧʥʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʜʝʤʦʜʫʣʷʮʠʠ 

                               ʦʜʥʦʧʦʣʦʩʥʦʛʦ ʩʠʛʥʘʣʘ 
 

ɺ ʩʦʩʪʘʚ ʜʝʤʦʜʫʣʷʪʦʨʘ ʚʭʦʜʷʪ 90-ʛʨʘʜʫʩʥʳʡ ʬʘʟʦʨʘʩɦ ʝʧʠʪʝʣʴ  ʌʈ ʠ 

ʢʦʩʠʥʫʩʥʦ-ʩʠʥʫʩʥʳʡ ʛʝʥʝʨʘʪʦʨ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʥʝʩʫʱʝʡ ʂʉɻ. 

ʌʘʟʦʨʘʩʱʝʧʠʪʝʣʴ ʥʠʯʝʤ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʬʘʟʦʨʘʩʱʝʧʠʪʝʣʷ ɸʄ ʜʝʪʝʢʪʦʨʘ, 
ʦʧʠʩʘʥʥʦʛʦ ʚ ʨʘʟʜʝʣʝ 3.1 ʠ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʥʘ ʨʠʩʫʥʢʝ 3.2. ʂʦʵʬʬʠʮʠʝʥʪʳ 

ʩʠʩʪʝʤʥʦʡ ʬʫʥʢʮʠʠ ʌʈ ʚʳʙʠʨʘʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʘʙʣʠʮʝʡ 3.1. 

 ʂʦʩʠʥʫʩʥʦ-ʩʠʥʫʩʥʳʡ ʛʝʥʝʨʘʪʦʨ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʥʝʩʫʱʝʡ ʨʝʘʣʠʟʫʝʪʩʷ ʥʘ 
ʦʩʥʦʚʝ ʛʝʥʝʨʘʪʦʨʘ ʧʠʣʦʦʙʨʘʟʥʦʛʦ ʢʦʣʝʙʘʥʠʷ. ʏʘʩʪʦʪʘ ʧʠʣʳ ʟʘʜʘʝʪʩʷ ʢʦʥʩʪʘʥʪʦʡ  

0

0

ʜ

2 F
A

F
, 

ʛʜʝ 
0

F - ʯʘʩʪʦʪʘ ʥʝʩʫʱʝʡ (ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʯʘʩʪʦʪʳ), ʧʨʠʚʝʜʝʥʥʘʷ ʚ ʠʥʪʝʨʚʘʣ 

ʂʦʪʝʣʴʥʠʢʦʚʘ. ɽʩʣʠ ʯʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʚʳʙʨʘʥʘ ʠʟ ʫʩʣʦʚʠʷ ɼ

ʧʨ ɼ

F
f kF

4
, ʪʦ 

ʧʨʠʚʝʜʝʥʥʘʷ ʯʘʩʪʦʪʘ ʥʝʩʫʱʝʡ ʨʘʚʥʘ ʯʝʪʚʝʨʪʠ ʯʘʩʪʦʪʳ ʜʠʩʢʨʝʪʠʟʘʮʠʠ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, A0 = 0.5. 

ɺʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʜʝʪʝʢʪʦʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʭʝʤʦʡ ʨʠʩʫʥʢʘ 
3.8 ʧʨʠ ʧʦʜʘʯʝ ʥʘ ʚʭʦʜ ʦʜʥʦʧʦʣʦʩʥʦʛʦ ʩʠʛʥʘʣʘ.  

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʝʪʝʢʪʦʨʘ ʥʝʦʙʭʦʜʠʤʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʠʩʧʳʪʘʪʝʣʴʥʳʡ 

ʦʜʥʦʧʦʣʦʩʥʳʡ ʩʠʛʥʘʣ. ɽʛʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʪʨʠ ʵʪʘʧʘ: 
1.ʌʦʨʤʠʨʦʚʘʥʠʝ ʩʣʫʯʘʡʥʦʛʦ ʤʦʜʫʣʠʨʫʶʱʝʛʦ ʩʠʛʥʘʣʘ, 

2. ʇʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʛʝʥʝʨʘʪʦʨʘ  ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ  

    ʥʝʩʫʱʝʡ, 

3. ʇʦʣʫʯʝʥʠʝ ʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʩʠʛʥʘʣʘ. 
ʇʝʨʚʳʡ ʵʪʘʧ ʚʳʧʦʣʥʷʝʪʩʷ ʪʘʢ ʞʝ, ʢʘʢ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʩʠʛʥʘʣʘ ɸʄ. 

ʇʨʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʤ ʟʥʘʯʝʥʠʠ ʩʠʛʥʘʣʘ 1  ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʘʩʩʠʚ 

ʦʪʩʯʝʪʦʚ ʩʣʫʯʘʡʥʦʛʦ ʩʠʛʥʘʣʘ ʩ ʥʦʨʤʘʣʴʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ  x 0  ʠ ʥʘʭʦʜʠʪʩʷ 
ʤʘʩʩʠʚ ʦʪʩʯʝʪʦʚ ʩʧʝʢʪʨʘ ʵʪʦʛʦ ʩʠʛʥʘʣʘ S 0  

x0 rnorm n m 1 0
 

S0 FFT x0( ). 



 

 

ɸʤʧʣʠʪʫʜʥʳʡ ʩʧʝʢʪʨ ʵʪʦʛʦ ʩʠʛʥʘʣʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 3.9. 
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        ʈʠʩʫʥʦʢ 3.9 ï ʉʧʝʢʪʨ ʩʣʫʯʘʡʥʦʛʦ ʩʠʛʥʘʣʘ 

 

ʀʟ ʧʦʣʫʯʝʥʥʦʛʦ ʩʧʝʢʪʨʘ ʚʳʜʝʣʷʝʪʩʷ ʫʯʘʩʪʦʢ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʦʣʦʩʝ 

ʯʘʩʪʦʪ ʤʦʜʫʣʠʨʫʶʱʝʛʦ ʩʠʛʥʘʣʘ 

 

k1 floor

F min

F d

n m 1

2
 

 

k2 floor

F max

F d

n m 1

2
1

 
 
S1k if k k1( ) k k2( ) S0k 0 . 

     ʉʧʝʢʪʨ ʵʪʦʛʦ ʩʠʛʥʘʣʘ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 3.10 
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5120 k  
ʈʠʩʫʥʦʢ 3.10 ï ʉʧʝʢʪʨ ʤʦʜʫʣʠʨʫʶʱʝʛʦ ʩʠʛʥʘʣʘ 

 

ɺʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʦʙʨʘʪʥʳʤ ʙʳʩʪʨʳʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʌʫʨʴʝ, ʧʨʝʜʩʪʘʚʠʤ 
ʤʦʜʫʣʠʨʫʶʱʠʡ ʩʠʛʥʘʣ ʢʘʢ ʬʫʥʢʮʠʶ ʚʨʝʤʝʥʠ (ʨʠʩʫʥʦʢ 3.11) 

x1 IFFT S1( ) 
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x1n

3000 n  



 

 

              ʈʠʩʫʥʦʢ 3.11 ï ʄʦʜʫʣʠʨʫʶʱʠʡ ʩʠʛʥʘʣ 

 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʬʦʨʤʠʨʫʝʪʩʷ ʛʘʨʤʦʥʠʯʝʩʢʦʝ ʢʦʣʝʙʘʥʠʝ ʩ ʯʘʩʪʦʪʦʡ ʥʝʩʫʱʝʡ, 

ʧʨʠʚʝʜʝʥʥʦʡ ʚ ʠʥʪʝʨʚʘʣ ʂʦʪʝʣʴʥʠʢʦʚʘ 
z0 0 
n 1 n m 
zn if zn 1 A 0 1 zn 1 A 0 zn 1 A 0 2

 
x 0

n
cos zn

 
      ʅʘ ʪʨʝʪʴʝʤ ʵʪʘʧʝ ʩʥʘʯʘʣʘ ʧʦʣʫʯʘʝʤ  ʩʠʛʥʘʣ ʙʘʣʘʥʩʥʦʡ ʤʦʜʫʣʷʮʠʠ 

n
x 2  ʧʫʪʝʤ 

ʧʝʨʝʤʥʦʞʝʥʠʷ ʤʦʜʫʣʠʨʫʶʱʝʛʦ ʩʠʛʥʘʣʘ ʠ ʥʝʩʫʱʝʡ 
x2n x1n x 0

n 
ʉʧʝʢʪʨ ʵʪʦʛʦ ʩʠʛʥʘʣʘ, ʥʘʡʜʝʥʥʳʡ ʤʝʪʦʜʦʤ ɹʇʌ, ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 3.12 

S2 FFT x2( ) 
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5120 k  
ʈʠʩʫʥʦʢ 3.12 ï ʉʧʝʢʪʨ ʩʠʛʥʘʣʘ ʙʘʣʘʥʩʥʦʡ ʤʦʜʫʣʮ̫ʠʠ 

 

ʉʧʝʢʪʨ ʩʠʛʥʘʣʘ ʙʘʣʘʥʩʥʦʡ ʤʦʜʫʣʷʮʠʠ ʩʦʜʝʨʞʠʪ ʜʚʝ ʙʦʢʦʚʳʝ ʧʦʣʦʩʳ, ʚ ʥʝʤ 

ʦʪʩʫʪʩʪʚʫʝʪ ʥʝʩʫʱʘʷ.  
ʀʟ ʩʠʛʥʘʣʘ ʙʘʣʘʥʩʥʦʡ ʤʦʜʫʣʷʮʠʠ ʤʦʞʥʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʦʜʥʦʧʦʣʦʩʥʳʡ 

ʩʠʛʥʘʣ ʧʫʪʝʤ ʚʳʜʝʣʝʥʠʷ ʩʧʝʢʪʨʘ ʥʫʞʥʦʡ ʙʦʢʦʚʦʡ ʧʦʣʦʩʳ. 

ɺʝʨʭʥʷʷ ʙʦʢʦʚʘʷ ʧʦʣʦʩʘ ʚʳʜʝʣʷʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʣʝʜʫʶʱʝʛʦ 
ʩʦʦʪʥʦʰʝʥʠʷ 

 

S
k

if k

n
m

1

4
S2

k
0

 
ʉʧʝʢʪʨ ʩʠʛʥʘʣʘ ʚʝʨʭʥʝʡ ʙʦʢʦʚʦʡ ʧʦʣʦʩʳ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 3.13. 

ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʳʜʝʣʝʥʠʷ ʥʠʞʥʝʡ ʙʦʢʦʚʦʡ ʧʦʣʦʩʳ ʚ ʧʦʩʣʝʜʥʝʤ 

ʩʦʦʪʥʦʰʝʥʠʠ ʥʫʞʥʦ ʟʘʤʝʥʠʪʴ ʟʥʘʢ ñ>ò ʥʘ ʟʥʘʢ ñ<ò. 
ɺʨʝʤʝʥʥʘʷ  ʜʠʘʛʨʘʤʤʘ ʩʠʛʥʘʣʘ ʚʝʨʭʥʝʡ ʙʦʢʦʚʦʡ ʧʦʣʦʩʳ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 

3.14. 

x IFFT S( ) 
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5120 k  
ʈʠʩʫʥʦʢ 3.13 ï ʉʧʝʢʪʨ ʩʠʛʥʘʣʘ ʚʝʨʭʥʝʡ ʙʦʢʦʚʦʡ ʧʦʣʦʩʳ 
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3001 n  
        ʈʠʩʫʥʦʢ 3.14 ï ɺʨʝʤʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ 

                                  ʩʠʛʥʘʣʘ ɺɹʇ 

 
ʀʩʧʳʪʘʪʝʣʴʥʳʡ ʩʠʛʥʘʣ ʧʦʜʘʝʪʩʷ ʥʘ ʚʭʦʜ ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ 90-ʛʨʘʜʫʩʥʦʛʦ 

ʬʘʟʦʨʘʩʱʝʧʠʪʝʣʷ 
x fr

n
xn

 
ɿʘʪʝʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʦʩʠʥʫʩʥʘʷ  ʠ ʩʠʥʫʩʥʘʷ ʢʦʤʧʦʥʝʥʪʳ ʝʛʦ ʚʳʭʦʜʥʦʛʦ 

ʩʠʛʥʘʣʘ  
 

n 2 N 1 n m 
v c

n
x fr

n N 

v s
n

0

N 1

2

i

Bfr 2 i 1 x fr
n N 2 i 1( )

x fr
n N 2 i 1( )

 
ɺ ʧʨʠʚʝʜʝʥʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ N ï ʧʦʣʦʚʠʥʘ ʜʣʠʥʳ ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ 

ʬʘʟʦʨʘʩʱʝʧʠʪʝʣʷ. 

ʆʧʨʝʜʝʣʠʤ ʢʚʘʜʨʘʪʫʨʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʥʝʩʫʱʝʡ 
z d

0
0.5

 
n 1 n m 
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Cn cos z d

n  
Sn sin z d

n  
ʆʧʨʝʜʝʣʠʤ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʜʝʤʦʜʫʣʷʪʦʨʘ 
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ʕʪʦʪ ʩʠʛʥʘʣ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 3.15 
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ʈʠʩʫʥʦʢ 3.15 ï ɺʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʜʝʤʦʜʫʣʷʪʦʨʘ 

                                     ʦʜʥʦʧʦʣʦʩʥʦʛʦ ʩʠʛʥʘʣʘ 

               
ɸʤʧʣʠʪʫʜʥʳʡ ʩʧʝʢʪʨ ʵʪʦʛʦ ʩʠʛʥʘʣʘ  ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 3.16 

 
S w FFT w( )
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2000 k  
     ʈʠʩʫʥʦʢ 3.16 ï ʉʧʝʢʪʨ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʜʝʤʦʜʫʣʷʪʦʨʘ 

 
ʉʨʘʚʥʝʥʠʝ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ  ʜʝʤʦʜʫʣʷʪʦʨʘ ʠ ʝʛʦ ʩʧʝʢʪʨʘ ʩ ʤʦʜʫʣʠʨʫʶʱʠʤ 

ʩʠʛʥʘʣʦʤ ʠ ʝʛʦ ʩʧʝʢʪʨʦʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʠʛʥʘʣʳ ʦʪʣʠʯʘʶʪʩʷ 

ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʪʦʣʴʢʦ ʚʨʝʤʝʥʥʳʤ ʩʜʚʠʛʦʤ ʠ ʤʘʩʰʪʘʙʦʤ, ʘ ʩʧʝʢʪʨʳ ï ʪʦʣʴʢʦ 
ʤʘʩʰʪʘʙʦʤ. 

      ʆʜʥʘʢʦ, ʝʩʣʠ ʠʟʤʝʥʠʪʴ ʥʘʯʘʣʴʥʫʶ ʬʘʟʫ ʢʦʣʝʙʘʥʠʡ ʛʝʥʝʨʘʪʦʨʘ ʤʝʩʪʥʦʡ 

ʥʝʩʫʱʝʡ, ʥʘʧʨʠʤʝʨ, ʟʘʜʘʚ 
0d

z : 0, ʪʦ ʤʦʞʥʦ ʫʙʝʜʠʪʴʩʷ ʚ ʠʟʤʝʥʝʥʠʠ ʬʦʨʤʳ 

ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʧʨʠ ʦʩʪʘʚʰʝʤʩʷ ʥʝʠʟʤʝʥʥʳʤ ʩʧʝʢʪʨʝ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ 
ʠʟʤʝʥʝʥʠʝʤ ʬʘʟʦʚʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʩʧʝʢʪʨʘʣʴʥʳʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ 

ʩʠʛʥʘʣʘ. ɼʘʥʥʳʡ ʵʬʬʝʢʪ ʥʝ ʦʧʘʩʝʥ ʧʨʠ ʧʨʠʝʤʝ ʩʠʛʥʘʣʘ ʦʜʥʦʧʦʣʦʩʥʦʡ 

ʪʝʣʝʬʦʥʠʠ, ʪʘʢ ʢʘʢ ʯʝʣʦʚʝʯʝʩʢʦʝ ʫʭʦ ʨʝʘʛʠʨʫʝʪ ʪʦʣʴʢʦ ʥʘ ʘʤʧʣʠʪʫʜʳ 
ʩʧʝʢʪʨʘʣʥɹʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʠʛʥʘʣʘ ʠ ʥʝ ʢʨʠʪʠʯʥʦ ʢ ʬʘʟʦʚʳʤ ʩʜʚʠʛʘʤ ʤʝʞʜʫ 

ʥʠʤʠ. ʇʦʵʪʦʤʫ ʦ ʧʨʘʚʠʣʴʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʜʝʤʦʜʫʣʷʪʦʨʘ ʤʦʞʥʦ ʩʫʜʠʪʴ 

ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʩʧʝʢʪʨʦʚ ʤʦʜʫʣʠʨʫʶʱʝʛʦ ʩʠʛʥʘʣʘ ʠ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ 

ʜʝʤʦʜʫʣʪ̫ʦʨʘ. 
 

3.3. ɸʣʛʦʨʠʪʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʮʠʬʨʦʚʦʛʦ ʜʝʤʦʜʫʣʪ̫ʦʨʘ ʩʠʛʥʘʣʘ 

ʯʘʩʪʦʪʥʦʡ ʤʘʥʠʧʫʣʷʮʠʠ ʠ ʝʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ  
 



 

 

ʇʨʦʩʪʝʡʰʠʡ ʜʝʤʦʜʫʣʷʪʦʨ ʩʠʛʥʘʣʘ ʯʘʩʪʦʪʥʦʡ ʤʘʥʠʧʫʣʷʮʠʠ ʩʦʩʪʦʠʪ ʠʟ 

ʯʘʩʪʦʪʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʥʘ ʮʠʬʨʦʚʦʡ ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ ʠ ʬʦʨʤʠʨʦʚʘʪʝʣʷ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʦʩʳʣʦʢ. 

ɸʣʛʦʨʠʪʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʯʘʩʪʦʪʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 
3.17. 

ʃʠʥʠʷ ʟʘʜʝʨʞʢʠ ʚʳʧʦʣʥʝʥʘ ʥʘ  N 2 q 1 ʵʣʝʤʝʥʪʘʭ ʟʘʜʝʨʞʢʠ, ʛʜʝ 

q 1, 2,.. ʂʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ ʟʘʜʝʨʞʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

N = 1 + 0.5 Fɼ / Fʩʜʚ. 

ʈʘʩʩʯʠʪʘʥʥʘʷ ʚʝʣʠʯʠʥʘ ʦʢʨʫʛʣʷʝʪʩʷ ʜʦ ʙʣʠʞʘʡʰʝʛʦ ʮʝʣʦʛʦ ʥʝʯʝʪʥʦʛʦ ʯʠʩʣʘ. 
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ʈʠʩʫʥʦʢ 3.17 ï ʏʘʩʪʦʪʥʳʡ ʜʝʪʝʢʪʦʨ ʥʘ ʮʠʬʨʦʚʦʡ ʣʠʥʠʠ 
                          ʟʘʜʝʨʞʢʠ 

 

ʌʦʨʤʠʨʦʚʘʪʝʣʴ ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʦʩʳʣʦʢ ʚʳʨʘʙʘʪʳʚʘʝʪ ʧʦʩʪʦʷʥʥʳʡ 

ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʫʨʦʚʝʥʴ ʵʣʝʤʝʥʪʘʨʥʦʡ ʧʦʩʳʣʢʠ, ʥʘʧʨʠʤʝʨ, ç1è, ʝʩʣʠ ʚʳʭʦʜʥʦʡ 
ʩʠʛʥʘʣ ʜʝʪʝʢʪʦʨʘ ʧʦʣʦʞʠʪʝʣʝʥ ʠ ʚʳʨʘʙʘʪʳʚʘʝʪ ʧʦʩʪʦʷʥʥʳʡ ʦʪʨʠʮʘʪʝʣʴʥʳʡ 

ʫʨʦʚʝʥʴ, ʥʘʧʨʠʤʝʨ, ç-1è, ʝʩʣʠ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʜʝʪʝʢʪʦʨʘ ʦʪʨʠʮʘʪʝʣʝʥ.  

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʝʤʦʜʫʣʷʪʦʨʘ ʥʝʦʙʭʦʜʠʤʦ ʩʬʦʨʤʠʨʦʚʘʪʴ 
ʠʩʧʳʪʘʪʝʣʴʥʳʡ ʩʠʛʥʘʣ ʯʘʩʪʦʪʥʦʡ ʤʘʥʠʧʫʣʷʮʠʠ. 

      ʕʪʘ ʦʧʝʨʘʮʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʜʚʘ ʵʪʘʧʘ: 

1.ʌʦʨʤʠʨʫʝʪʩʷ ʩʣʫʯʘʡʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʦʩʳʣʦʢ ʧʦʟʠʪʠʚʘ 

ʠ ʥʝʛʘʪʠʚʘ, 
2. ʆʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʘʩʪʦʪʥʘʷ ʤʦʜʫʣʷʮʠʷ ʥʝʩʫʱʝʡ, ʢʦʪʦʨʫʶ ʚʳʨʘʙʘʪʳʚʘʝʪ 

ʛʝʥʝʨʘʪʦʨ ʩʠʥʫʩʦʠʜʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʩʥʘʯʘʣʘ ʬʦʨʤʠʨʫʝʪʩʷ ʧʠʣʦʦʙʨʘʟʥʦʝ ʢʦʣʝʙʘʥʠʝ (ʨʠʩʫʥʦʢ 
3.18), ʠʟ ʢʦʪʦʨʦʛʦ ʧʦʣʫʯʘʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʝʜʠʥʠʯʥʳʭ ʦʪʩʯʝʪʦʚ ʥʘ 

ʛʨʘʥʠʮʘʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʦʩʣrʦʢ (ʨʠʩʫʥʦʢ 3.19) 
z T

0
0

 
n 1 n m 
z T

n
if z T

n 1
A T 1 z T

n 1
A T z T

n 1
A T 2

 
ʂʦʥʩʪʘʥʪʘ Aʊ, ʟʘʜʘʶʱʘʷ ʯʘʩʪʦʪʫ ʧʠʣʳ ʨʘʚʥʘ 

T

ɼ

v
A

F
, 

ʛʜʝ v ï ʩʢʦʨʦʩʪʴ ʤʘʥʠʧʫʣʷʮʠʠ ʚ ʙʦʜʘʭ, Fɼ ï ʯʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʚ ʛʝʨʮʘʭ. 
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2000 n  
 ʈʠʩʫʥʦʢ 3.18 ï ɺʩʧʦʤʦʛʘʪʝʣʴʥʦʝ ʧʠʣʦʦʙʨʘʟʥʦʝ  ʢʦʣʝʙʘʥʠʝ 

 

ʌʦʨʤʠʨʫʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʝʜʠʥʠʯʥʳʭ ʦʪʩʯʝʪʦʚ ʥʘ ʛʨʘʥʠʮʘʭ 
ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʦʩʳʣʦʢ 
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2000 n  
            ʈʠʩʫʥʦʢ 3.19 ï ɽʜʠʥʠʯʥʳʝ ʦʪʩʯʝʪʳ ʥʘ ʛʨʘʥʠʮʘʭ 

                                      ɻʣʝʤʝʥʪʘʨʥʳʭ ʧʦʩʳʣʦʢ 

   

ɼʣʷ  ʧʦʣʫʯʝʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʦʩʳʣʦʢ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʬʫʥʢʮʠʷ rnd(1), ʢʦʪʦʨʘʷ ʚʳʜʘʝʪ ʩʣʫʯʘʡʥʦʝ ʯʠʩʣʦ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ ʥʫʣʷ ʜʦ 

ʝʜʠʥʠʮʳ. ɽʩʣʠ ʥʘ ʛʨʘʥʠʮʝ ʵʣʝʤʝʥʪʘʨʥʦʡ ʧʦʩʳʣʢʠ (ʧʨʠ in>0) ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ 
ʤʝʥʴʰʝ 0.5 ʬʦʨʤʠʨʫʝʪʩʷ ʧʦʩʳʣʢʘ ʧʦʟʠʪʠʚʘ, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʬʦʨʤʠʨʫʝʪʩʷ 

ʧʦʩʳʣʢʘ ʥʝʛʘʪʠʚʘ. 
x00 1 
n 1 n m 
x0n if in 0 if rnd 1( ) 0.5 1 1( ) x0n 1  
ɺʨʝʤʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʩʣʫʯʘʡʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʵʣʝʤʝʥʪʘʨʥʳʭ 

ʧʦʩʳʣʦʢ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.20. 
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x0n

2000 n  
ʈʠʩʫʥʦʢ 3.20 ï ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʵʣʝʤʝʥʪʘʨʥʳʭ  
                          ʧʦʩʳʣʦʢ 

ʋʧʨʘʚʣʝʥʠʝ ʯʘʩʪʦʪʦʡ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʩʠʛʥʘʣʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ 

ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʦʟʘʜʘʶʱʝʡ ʢʦʥʩʪʘʥʪʳ A ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʝʨʝʜʘʚʘʝʤʦʡ 

ʧʦʩʳʣʢʠ 



 

 

A n if x0n 0 A N A P , 

ʛʜʝ 0 ʩʜʚ
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 - ʢʦʥʩʪʘʥʪʘ, ʟʘʜʘʶʱʘʷ ʯʘʩʪʦʪʫ ʧʦʩʳʣʢʠ ʧʦʟʠʪʠʚʘ,         

0 ʩʜʚ

N

ɼ

2(F 0.5 F )
A

F
 - ʢʦʥʩʪʘʥʪʘ, ʟʘʜʘʶʱʘʷ ʯʘʩʪʦʪʫ ʧʦʩʳʣʢʠ ʥʝʛʘʪʠʚʘ, 

ʇʨʠ ʧʨʘʚʠʣʴʥʦ ʚʳʙʨʘʥʥʦʡ ʯʘʩʪʦʪʝ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʩʨʝʜʥʷʷ ʯʘʩʪʦʪʘ ʩʠʛʥʘʣʘ, 
ʧʨʠʚʝʜʝʥʥʘʷ ʚ ʠʥʪʝʨʚʘʣ ʂʦʪʝʣʴʥʠʢʦʚʘ, ʨʘʚʥʘ  

ɼ

0

F
F

4
. 

ʌʦʨʤʠʨʫʝʤ ʧʠʣʦʦʙʨʘʟʥʦʝ ʢʦʣʝʙʘʥʠʝ ʩ ʠʟʤʝʥʷʶʱʝʡʩʷ ʯʘʩʪʦʪʦʡ, ʘ ʠʟ ʥʝʛʦ 
ʯʘʩʪʦʪʥʦ-ʤʘʥʠʧʫʣʠʨʦʚʘʥʥʳʡ ʩʠʛʥʘ 

z0 0 
n 1 n m  
zn if zn 1 An 1 zn 1 An zn 1 An 2  
xn sin zn  
ɺʨʝʤʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ ʯʘʩʪʦʪʥʦ-ʤʘʥʠʧʫʣʠʨʦʚʘʥʥʦʛʦ ʩʠʛʥʘʣʘ 

ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.21. 

ʕʪʦʪ ʩʠʛʥʘʣ ʧʦʜʘʝʪʩʷ ʥʘ ʚʭʦʜ ʜʝʪʝʢʪʦʨʘ 

vn xn 
ɺʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʜʝʪʝʢʪʦʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʩʦʦʪʥʦʰʝʥʠʝʤ 

n 0 N 1 
vn 0 
n N n m 
wn vn 1 vn N 1 vn vn N 
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ʈʠʩʫʥʦʢ 3.21ï ʀʩʧʳʪʘʪʝʣʴʥʳʡ ʯʘʩʪʦʪʥʦ-ʤʘʥʠʧʫʣʠʨʦʚʘʥ-  

                         ʥʳʡ ʩʠʛʥʘʣ 
 

ɺʨʝʤʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʜʝʪʝʢʪʦʨʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 

3.22 
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    ʈʠʩʫʥʦʢ 3.22 ï ʉʠʛʥʘʣ ʥʘ ʚʳʭʦʜʝ ʯʘʩʪʦʪʥʦʛʦ ʜʝʪʝʢʪʦʨʘ 

 

ʌʦʨʤʠʨʦʚʘʪʝʣʴ ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʦʩʳʣʦʢ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩʦ ʩʣʝʜʫʶʱʠʤ ʩʦʦʪʥʦʰʝʥʠʝʤ 
w 0

n
if wn 0 1 1

 
      ɺʨʝʤʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʜʝʤʦʜʫʣʷʪʦʨʘ  

n0
w ʚʤʝʩʪʝ ʩ 

ʚʨʝʤʝʥʥʦʡ ʜʠʘʛʨʘʤʤʦʡ ʧʝʨʝʜʘʥʥʦʛʦ ʩʠʛʥʘʣʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.23 w0
n

wenn wn 0 1 1
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w 0
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x0n 0.5

2005 n  
ʈʠʩʫʥʦʢ 3.23 ï ɺʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʧʨʠʥʷʪʦʛʦ ʠ  
                          ʧʝʨʝʜʘʥʥʦʛʦ ʩʠʛʥʘʣʦʚ 

 

ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʧʨʠʥʷʪʳʡ ʩʠʛʥʘʣ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʝʨʝʜʘʥʥʦʛʦ ʪʦʣʴʢʦ 
ʚʨʝʤʝʥʥʳʤ ʩʜʚʠʛʦʤ. ɽʩʪʝʩʪʚʝʥʥʦ, ʵʪʦ ʩʧʨʘʚʝʜʣʠʚʦ ʪʦʣʴʢʦ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ 

ʧʦʤʝʭ ʨʘʜʠʦʧʨʠʝʤʫ. 



 

 

                                                               ʇʨʠʣʦʞʝʥʠʝ  ɸ 

                                     ʆʬʦʨʤʣʝʥʠʝ ʪʠʪʫʣʴʥʦʛʦ ʣʠʩʪʘ 

 

 
ʌʝʜʝʨʘʣʴʥʦʝ ʘʛʝʥʪʩʪʚʦ ʩʚʷʟʠ 

ʇʦʚʦʣʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ ʠ ʠʥʬʦʨʤʘʪʠʢʠ 
 

 

                                                                ʌʘʢʫʣʪɹʝʪ ʈʊ 

                                                                ʂʘʬʝʜʨʘ  ʈʈʊ 
 

             ʉʜʘʥ ʥʘ ʧʨʦʚʝʨʢʫ________ç___è_____201_ʛ.                                                               

ɼʦʧʫʩʪʠʪʴ ʢ ʟʘʱʠʪʝ________ç___è_____201_ʛ. 
 

 

____________________________________________ 

                        (ʥʘʠʤʝʥʦʚʘʥʠʝ ʪʝʤʳ) 
 

 ʂʫʨʩʦʚʦʡ ʧʨʦʝʢʪ ʧʦ_ʜʠʩʮʠʧʣʠʥʝ 

 çʋʩʪʨʦʡʩʪʚʘ ʧʨʠʝʤʘ ʠ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʚ ʉʇʈʉè   
 

ʇʦʷʩʥʠʪʝʣʴʥʘʷ ʟʘʧʠʩʢʘ 

ʥʘ ______ʣʠʩʪʘʭ 

 
 

 

 
                                  ʈʫʢʦʚʦʜʠʪʝʣʴ_______________ 

                                  ʉʪʫʜʝʥʪ_________ʛʨʫʧʧʳ____                                                                                                                                              

                                  ʆʮʝʥʢʘ____________________ 

 
                                  ʏʣʝʥʳ ʢʦʤʠʩʩʠʠ____________ 

                                                               ____________                               

 

 
 

 

 
 

 

 

 
 

ʉʘʤʘʨʘ 201_ʛ. 



 

 

             

ʇʈʀʃʆɾɽʅʀɽ ɹ 

 

ʇɸʈɸʄɽʊʈʓ  ʇʆʃʆʉʆɺʓʍ  ʌʀʃʔʊʈʆɺ  
ʊʈɸʂʊɸ ʇʈʆʄɽɾʋʊʆʏʅʆʁ ʏɸʉʊʆʊʓ 

 

 

             
               



 

 

            



 

 

 



 

 

            



 

 

         
 

 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 

 


