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ʋɼʂ 681.518 (076) 
 
ɹɹʂ 32.965 ʇ 95  

 
ʈʝʮʝʥʟʝʥʪ:r 

 ɼʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, 
ʟʘʚ. ʢʘʬʝʜʨʦʡ ʉɸʇʈ ɺʉ  

ʈʷʟʘʥʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 
ɺ.ʇ. ʂʦʨʷʯʢʦ  

 
 ʂʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʢʘʬʝʜʨʳ ʨʘʜʠʦʪʝʭʥʠʢʠ ʠ ʨʘʜʠʦʩʠʩʪʝʤ 
ɺʣʘʜʠʤʠʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ɺ.ɸ. ɽʬʠʤʦʚ  
 

 
 

ʇʝʯʘʪʘʝʪʩʷ ʧʦ ʨʝʰʝʥʠʶ ʨʝʜʘʢʮʠʦʥʥʦ-ʠʟʜʘʪʝʣʴʩʢʦʛʦ ʩʦʚʝʪʘ  

ɺʣʘʜʠʤʠʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 
 

 
ʇʨʘʢʪʠʢʫʤ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʚʭʦʜʥʳʭ ʫʩʪʨʦʡʩʪʚ ʩʠʩʪʝʤ ʩʚʷʟʠ 

ʚ ʩʨʝʜʝ ʉɸʇʈ ADS/ ɺʣʘʜʠʤ. ʛʦʩ. ʫʥ-ʪ; ʉʦʩʪ. ʃ.ɸ. ʂʘʣʳʛʠʥʘ, ɸ.ʉ. 
ʄʝʨʢʫʪʦʚ. ɺʣʘʜʠʤʠʨ, 2011. 103 ʩ. 

 
ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʝʪʦʜʦʣʦʛʠʷ ʚʳʧʦʣʥʝʥʠʷ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʘʥʘʣʦʛʦʚʳʭ ʀʄʉ ʚ ʉɸʇʈ Advanced Design System. 
ʄʘʪʝʨʠʘʣ ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ ʦʩʚʦʝʥʠʝ ʦʩʥʦʚʥʳʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ 

ʧʨʦʝʢʪʥʳʭ ʧʨʦʮʝʜʫʨ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚʭʦʜʥʳʭ ʫʩʪʨʦʡʩʪʚ 
ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʥʘ ʵʪʘʧʘʭ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʠ 
ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ.  

ʇʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ  ʩʪʫʜʝʥʪʦʚ 3-5 ʢʫʨʩʦʚ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 210402 ï 
ʉʨʝʜʩʪʚʘ ʩʚʷʟʠ ʩ ʧʦʜʚʠʞʥʳʤʠ ʦʙʲʝʢʪʘʤʠ, ʙʘʢʘʣʘʚʨʦʚ ʠ ʤʘʛʠʩʪʨʘʥʪʦʚ 

ʥʘʧʨʘʚʣʝʥʠʷ 210400 - ʊʝʣʝʢʦʤʤʫʥʠʢʘʮʠʠ, ʤʘʛʠʩʪʨʘʥʪʦʚ ʥʘʧʨʘʚʣʝʥʠʷ 
552800 - ʀʥʬʦʨʤʘʪʠʢʘ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʪʝʭʥʠʢʘ. ʄʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʝʥ 

ʩʪʫʜʝʥʪʘʤ, ʘʩʧʠʨʘʥʪʘʤ, ʩʧʝʮʠʘʣʠʩʪʘʤ, ʟʘʥʠʤʘʶʱʠʤʩʷ ʚʦʧʨʦʩʘʤʠ 
ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʘʥʘʣʦʛʦʚʳʭ ʫʩʪʨʦʡʩʪʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʨʝʜʩʪʚ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 
ʀʣ. 26. ɹʠʙʣʠʦʛʨ.: 10 ʥʘʟʚ. 
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ɺɺɽɼɽʅʀɽ 
 

ʉʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʭʝʤ 
ʧʦʜʨʘʟʫʤʝʚʘʶʪ ʥʝʧʨʝʤʝʥʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʨʝʜʩʪʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʉɸʇʈ ʦʧʨʝʜʝʣʷʝʪʩʷ 
ʪʨʫʜʦʝʤʢʦʩʪʴʶ, ʘ, ʧʦʜʯʘʩ, ʠ ʥʝʚʦʟʤʦʞʥʦʩʪʴʶ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ  

ʠʩʩʣʝʜʦʚʘʪʴ ʯʘʩʪʦʪʥʳʝ, ʚʨʝʤʝʥʥʳʝ ʠ ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʩʠʛʥʘʣʦʚ ʚ ʤʠʢʨʦʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʩʣʦʞʥʳʭ ʧʦ 
ʬʦʨʤʝ ʩʠʛʥʘʣʦʚ, ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʴʶ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʉɸʇʈ Advanced Design System (ADS) ʬʠʨʤʳ Agilent Technologies 
ʷʚʣʷʝʪʩʷ ʧʨʠʟʥʘʥʥʳʤ ʤʠʨʦʚʳʤ ʣʠʜʝʨʦʤ ʩʨʝʜʠ ʉɸʇʈ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʠ ʫʩʪʨʦʡʩʪʚ. ʆʥʘ ʧʦʟʚʦʣʷʝʪ 
ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʙʦʣʴʰʠʥʩʪʚʦ ʧʨʦʝʢʪʥʳʭ ʦʧʝʨʘʮʠʡ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʢʘʢ ʦʪʜʝʣʴʥʳʭ ʙʣʦʢʦʚ, ʪʘʢ ʠ ʚʩʝʡ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ. 
ɼʘʥʥʦʝ ʧʦʩʦʙʠʝ ʦʨʠʝʥʪʠʨʦʚʘʥʦ ʥʘ ʧʨʠʤʝʥʝʥʠʝ ʉɸʇʈ ADS ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʚʭʦʜʥʳʭ ʫʩʪʨʦʡʩʪʚ ʩʠʩʪʝʤ ʩʚʷʟʠ. ɺ ʧʝʨʚʦʡ ʛʣʘʚʝ 
ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʙʘʟʦʚʳʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ  ʘʥʘʣʦʛʦʚʳʭ ʩʭʝʤ, ʦʩʦʙʝʥʥʦʩʪʠ 

ʠʭ ʨʝʘʣʠʟʘʮʠʠ ʚ ʉɸʇʈ ADS. ɺʪʦʨʘʷ ʛʣʘʚʘ ʧʦʩʚʷʱʝʥʘ ʨʝʰʝʥʠʶ ʦʩʥʦʚʥʳʭ 
ʟʘʜʘʯ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʧʨʠʚʦʜʷʪʩʷ ʤʝʪʦʜʠʢʠ ʤʥʦʛʦʚʘʨʠʘʥʪʥʦʛʦ ʘʥʘʣʠʟʘ  ʠ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ. ɺ ʪʨʝʪʴʝʡ ʛʣʘʚʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʟʘʜʘʯʠ 
ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʵʪʘʧʘʭ 
ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠʥʪʝʛʨʘʣʴʥʳʭ ʤʠʢʨʦʩʭʝʤ, ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʦʩʥʦʚʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ  ʩʭʝʤ ʚ ʥʝʣʠʥʝʡʥʦʤ ʨʝʞʠʤʝ ʥʘ ʧʨʠʤʝʨʝ ʘʥʘʣʠʟʘ 
ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʩʭʝʤ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤ ʫʨʦʚʥʝ. ɺ ʯʝʪʚʝʨʪʦʡ ʛʣʘʚʝ 

ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʤʘʨʰʨʫʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚʭʦʜʥʳʭ ʢʘʩʢʘʜʦʚ 
ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʮʝʜʫʨ. ʄʘʪʝʨʠʘʣ ʢʘʞʜʦʡ ʛʣʘʚʳ ʩʦʜʝʨʞʠʪ 
ʦʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ï ʠʟʣʦʞʝʥʠʝ ʤʝʪʦʜʦʣʦʛʠʠ ʠ ʧʨʠʤʝʨʳ ʝʝ ʧʨʠʤʝʥʝʥʠʷ, 

ʟʘʜʘʥʠʝ ʜʣʷ ʟʘʢʨʝʧʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʠ ʢʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ. ʄʘʪʝʨʠʘʣʳ 
ʛʣʘʚ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʪʨʝʙʫʶʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʠ 

ʚʳʧʦʣʥʝʥʠʷ ʚʩʝʭ ʟʘʜʘʥʠʡ. ʇʨʠʣʦʞʝʥʠʷ ʩʦʜʝʨʞʘʪ ʥʝʦʙʭʦʜʠʤʫʶ 
ʠʥʬʦʨʤʘʮʠʶ  ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʉɸʇʈ ADS. 

ʆʩʚʦʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 
ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʢʘʯʝʩʪʚʝʥʥʫʶ  

ʧʦʜʛʦʪʦʚʢʫ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʦʙʣʘʩʪʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ ʠ ʩʤʝʞʥʳʭ 
ʦʙʣʘʩʪʷʭ.  



 

4 

ɻʃɸɺɸ 1. ɹɸɿʆɺʓɽ ʄɽʊʆɼʓ ɸʅɸʃʀɿɸ ɸʅɸʃʆɻʆɺʓʍ 
ʉʍɽʄ ɺ ʉɸʇʈ ADS 

 

1.1  ʈʘʩʯʝʪ ʩʪʘʪʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ 
 

ɸʥʘʣʠʟ ʧʦ ʧʦʩʪʦʷʥʥʦʤʫ ʪʦʢʫ (ʘʥʘʣʠʟ ʩʪʘʪʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ) ï ʪɻʦ 
ʦʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʪʦʢʦʚ ʚ ʚʝʪʚʷʭ ʠ ʥʘʧʨʷʞʝʥʠʡ ʚ ʫʟʣʘʭ ʧʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʪʦʣʴʢʦ ʧʦʩʪʦʷʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ. 
 

 
ʉʦʩʪʘʚ ʧʨʦʝʢʪʘ  

 

 ʕʣʝʤʝʥʪ ʙʠʙʣʠʦʪʝʢʠ (ʠʤʷ 
ʙʠʙʣʠʦʪʝʢʠ) 

ʂʦʥʪʨʦʣʣʝʨ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ  DC (Simulation-DC) 

ʀʩʪʦʯʥʠʢʠ V_DC, I_DC (Sources-Freq Domain) 

ʆʙʷʟʘʪʝʣʴʥʳʡ ʧʘʨʘʤʝʪʨ ʠʩʪʦʯʥʠʢʘ Vdc (Idc) 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ: 
ʅʘʧʨʷʞʝʥʠʷ (ʧʦʪʝʥʮʠʘʣʳ ʫʟʣʦʚ) 

 
ʊʦʢʠ ʚʝʪʚʝʡ 

 
ʀʤʝʥʘ ʫʟʣʦʚ (ʢʦʤʘʥʜʘ Insert > 

Wire/Pin Label), 
ʂʦʤʧʦʥʝʥʪ I_Probe (Probe 

Component). 

 
 

ʇʨʦʩʤʦʪʨ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʟʘ 
 

ʆʧʮʠʠ ʚ ʦʢʥʝ ʩʭʝʤʥʦʛʦ ʨʝʜʘʢʪʦʨʘ Simulate > Annotate DC Solution 

Simulate > Detailed Device 
Operating Point 

ʈʝʜʘʢʪʦʨ ʨʝʟʫʣʴʪʘʪʦʚ Data Display  

 

 
ɺʳʭʦʜʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʊʦʢʠ ʚʝʪʚʝʡ ʂʦʤʧʦʥʝʥʪʳ I_Probe,  
ʚʝʪʚʠ ʠʩʪʦʯʥʠʢʦʚ. 

ʅʘʧʨʷʞʝʥʠʷ ʋʟʣʳ ʩʭʝʤʳ 

ʇʘʨʘʤʝʪʨʳ ʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ 

(ʨʘʙʦʯʠʝ ʪʦʯʢʠ) 

Simulate > Detailed Device 

Operating Point 
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ʇʨʠʤʝʨ ʩʭʝʤʳ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʩʯʝʪʘ ʩʪʘʪʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ 

ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. 1. 

 
 

 
ʈʠʩ. 1. ʇʨʠʤʝʨ ʟʘʜʘʥʠʷ ʜʣʷ ʨʘʩʯʝʪʘ ʩʭʝʤʳ ʚ ʩʪʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ 

 

 
 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʪʘʪʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʚ ʨʝʜʘʢʪʦʨʝ 
ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 2. 

freq

0.0000 Hz

I_Probe1.i

-500.0 nA

SRC1.i

-500.0 nA

Vb

-500.0 kV

Vc

3.000  V

 
ʈʠʩ. 2. ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʧʦ ʧʦʩʪʦʷʥʥʦʤʫ ʪʦʢʫ  

ʚ ʨʝʜʘʢʪʦʨʝ ʨʝʟʫʣʴʪʘʪʦʚ  
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1.2. ʄʘʣʦʩʠʛʥʘʣʴʥʳʡ ʘʥʘʣʠʟ 

 

ɸʥʘʣʠʟ ʧʦ ʧʝʨʝʤʝʥʥʦʤʫ ʪʦʢʫ (AC) ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 
ʤʘʣʦʩʠʛʥʘʣʴʥʳʝ ʧʝʨʝʜʘʪʦʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʪʘʢʠʝ ʢʘʢ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʧʝʨʝʜʘʯʠ ʧʦ ʥʘʧʨʷʞʝʥʠʶ, ʧʦ ʪʦʢʫ, ʰʫʤʦʚʳʝ ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʠ. ʅʘ ʚʭʦʜ 
ʩʭʝʤʳ ʧʦʜʘʝʪʩʷ ʛʘʨʤʦʥʠʯʝʩʢʦʝ ʢʦʣʝʙʘʥʠʝ, ʩʭʝʤʘ ʨʘʙʦʪʘʝʪ ʚ ʣʠʥʝʡʥʦʤ 

ʨʝʞʠʤʝ. 
 

 
ʉʦʩʪʘʚ ʧʨʦʝʢʪʘ  

 

 ʕʣʝʤʝʥʪ ʙʠʙʣʠʦʪʝʢʠ (ʠʤʷ 
ʙʠʙʣʠʦʪʝʢʠ) 

ʂʦʥʪʨʦʣʣʝʨ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ AC (Simulation-AC) 

ʇʘʨʘʤʝʪʨʳ ʢʦʥʪʨʦʣʣʝʨʘ  

ʏʘʩʪʦʪʥʳʡ ʜʠʘʧʘʟʦʥ Frequency 

ɸʥʘʣʠʟ ʰʫʤʦʚ Noise 

 

ʀʩʪʦʯʥʠʢʠ* V_AC, I_AC, V_1Tone, I_1Tone 

(Sources-Freq Domain) 

ʆʙʷʟʘʪʝʣʴʥʳʡ ʧʘʨʘʤʝʪʨ ʠʩʪʦʯʥʠʢʘ Vac (Iac) = 1.0 

ʂʦʥʪʨʦʣʴʥʳʝ ʪʦʯʢʠ ʀʤʝʥʘ ʫʟʣʦʚ (ʢʦʤʘʥʜʘ Insert > 
Wire/Pin Label) 

 
* ɺ ʩʭʝʤʝ ʤʦʞʝʪ ʙʳʪʴ ʥʝʩʢʦʣʴʢʦ ʠʩʪʦʯʥʠʢʦʚ, ʚʭʦʜʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʜʣʷ 

ʵʪʦʛʦ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʠʩʪʦʯʥʠʢ, ʚ ʢʦʪʦʨʦʤ ʟʥʘʯʝʥʠʝ 
ʧʘʨʘʤʝʪʨʘ Vac(Iac) ʨʘʚʥʦ 1.0, ʫ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʟʥʘʯʝʥʠʝ ʵʪʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʜʦʣʞʥʦ ʙʳʪʴ ʨʘʚʥʦ 0. 
 
 

ʇʨʦʩʤʦʪʨ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʟʘ 
 

ʈʝʜʘʢʪʦʨ ʨʝʟʫʣʴʪʘʪʦʚ Data Display 
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ɺʳʭʦʜʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

 

ʂʦʤʧʣʝʢʩʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʝʨʝʜʘʯʠ: 

 

ɻʨʘʬʠʢʠ: 
ɸʤʧʣʠʪʫʜʘ ʚ 

- ʜɹ, 
- ʜɹʤ, 

- ɺ. 
ʌʘʟʘ, ʛʨʘʜ. 
ɼʝʡʩʪʚʠʪʝʣʴʥʘʷ ʠ ʤʥʠʤʘʷ ʯʘʩʪʴ, ɺ. 

ɸʤʧʣʠʪʫʜʘ ʰʫʤʦʚ, ɺ. 

 
 

- dB, 
- dBm, 

- Magnitude, 
- Phase, 
- Real part, Imaginary part 

ʊʘʙʣʠʮʘ: 

ɸʤʧʣʠʪʫʜʘ, ɺ/ ʬʘʟʘ, ʛʨʘʜ. 
ɸʤʧʣʠʪʫʜʘ ʰʫʤʦʚ, ɺ. 

 

 

 
ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʦʝʢʪ ʜʣʷ ʘʥʘʣʠʟʘ ʩʭʝʤʳ ʚ ʤʘʣʦʩʠʛʥʘʣʴʥʦʤ 

ʨʝʞʠʤʝ, ʥʘ ʨʠʩ. 4 ï ɸʏʍ (ʚ ʜɹ)  ʠ ʌʏʍ. 

 

 
 

ʈʠʩ. 3.  ʇʨʠʤʝʨ ʟʘʜʘʥʠʷ ʜʣʷ ʨʘʩʯʝʪʘ ʩʭʝʤʳ ʚ ʤʘʣʦʩʠʛʥʘʣʴʥʦʤ ʨʝʞʠʤʝ 
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ʈʠʩ. 4. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʘʣʦʩʠʛʥʘʣʴʥʦʛʦ ʨʝʞʠʤʘ ʚ ʨʝʜʘʢʪʦʨʝ 

ʨʝʟʫʣʴʪʘʪʦʚ 
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1.3. ɸʥʘʣʠʟ S ï ʧʘʨʘʤʝʪʨʦʚ ʚ ʤʘʣʦʩʠʛʥʘʣʴʥʦʤ ʨʝʞʠʤʝ 
 

ɸʥʘʣʠʟ S-ʧʘʨʘʤʝʪʨʦʚ (S-Param) ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ 

ʣʠʥʝʘʨʠʟʦʚʘʥʥʳʝ S- ʠ ʰʫʤʦʚʳʝ ʧʘʨʘʤʝʪʨʳ, ʧʝʨʝʜʘʪʦʯʥʳʝ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ 
ʠʤʧʝʜʘʥʩʳ. ʋʩʪʨʦʡʩʪʚʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʚʠʜʝ ʤʥʦʛʦʧʦʣʶʩʥʠʢʘ, ʚʭʦʜʳ/ 

ʚʳʭʦʜʳ ʟʘʜʘʶʪʩʷ ʢʦʤʧʦʥʝʥʪʦʤ Term, ʧʘʨʘʤʝʪʨ Num ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷʝʪ 
ʧʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ ʧʦʨʪʘ. 

 
ʉʦʩʪʘʚ ʧʨʦʝʢʪʘ  

 ʕʣʝʤʝʥʪ ʙʠʙʣʠʦʪʝʢʠ (ʠʤʷ 

ʙʠʙʣʠʦʪʝʢʠ) 

ʂʦʥʪʨʦʣʣʝʨ ʘʥʘʣʠʟʘ S_Param (Simulation-S_Param) 

ʇʘʨʘʤʝʪʨʳ ʢʦʥʪʨʦʣʣʝʨʘ  

   ʏʘʩʪʦʪʥʳʡ ʜʠʘʧʘʟʦʥ Frequency 

   ʇʘʨʘʤʝʪʨʳ Parameters (S-, Y-, Z- ʧʘʨʘʤʝʪʨʳ) 

 

ʕʣʝʤʝʥʪʳ ʚʳʚʦʜʘ ʨʝʟʫʣʴʪʘʪʦʚ 
ʘʥʘʣʠʟʘ - ʧʦʨʪʳ (ʚʭʦʜ/ ʚʳʭʦʜ) 

Term (Simulation-S_Param) 

ʆʙʷʟʘʪʝʣʴʥʳʡ ʧʘʨʘʤʝʪʨ ʧʦʨʪʘ Num = ʥʦʤʝʨ ʚʭʦʜʘ/ ʚʳʭʦʜʘ 
 

 

ʇʨʦʩʤʦʪʨ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʟʘ 

 

ʈʝʜʘʢʪʦʨ ʨʝʟʫʣʴʪʘʪʦʚ Data Display 

 
ɺʳʭʦʜʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
 

S-, Y-, Z- ʧʘʨʘʤʝʪʨʳ 
ʤʥʦʛʦʧʦʣʶʩʥʠʢʘ: 

 

ɻʨʘʬʠʢʠ S-, Y-, Z- ʧʘʨʘʤʝʪʨʦʚ 

ʤʥʦʛʦʧʦʣʶʩʥʠʢʘ: 
ɸʤʧʣʠʪʫʜʘ ʚ 

- ʜɹ, 
- ʜɹʤ, 

- ɺ. 
ʌʘʟʘ, ʛʨʘʜ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʘʷ ʠ ʤʥʠʤʘʷ ʯʘʩʪʴ, ɺ. 

 

 
 

- dB, 
- dBm, 

- Magnitude, 
- Phase, 

- Real part, Imaginary part 
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1.4. ɸʥʘʣʠʟ ʤʝʪʦʜʦʤ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ 
 

ɸʥʘʣʠʟ ʤʝʪʦʜʦʤ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ (HB) ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʨʘʩʯʝʪʘ ʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʨʝʞʠʤʦʚ ʚ ʥʝʣʠʥʝʡʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʚ ʯʘʩʪʦʪʥʦʡ 
ʦʙʣʘʩʪʠ. ʅʘ ʚʭʦʜʳ ʩʭʝʤʳ ʧʦʜʘʶʪʩʷ ʪʦʣʴʢʦ ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ, ʜʦ 

ʥʘʯʘʣʘ ʘʥʘʣʠʟʘ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʯʘʩʪʦʪʥʳʡ ʩʦʩʪʘʚ ʩʧʝʢʪʨʘ, 
ʚʢʣʶʯʠʚ ʚ ʥʝʛʦ ʚʩʝ çʩʫʱʝʩʪʚʝʥʥʳʝè ʩʦʩʪʘʚʣʷʶʱʠʝ. 

 
ʉʦʩʪʘʚ ʧʨʦʝʢʪʘ  

 

 ʕʣʝʤʝʥʪ ʙʠʙʣʠʦʪʝʢʠ (ʠʤʷ 
ʙʠʙʣʠʦʪʝʢʠ) 

ʂʦʥʪʨʦʣʣʝʨ ʘʥʘʣʠʟʘ HB (Simulation-HB) 

ʇʘʨʘʤʝʪʨʳ ʢʦʥʪʨʦʣʣʝʨʘ  

ʏʘʩʪʦʪʥʳʡ ʩʦʩʪʘʚ ʩʧʝʢʪʨʘ: Freq,  

ʇʦʨʷʜʦʢ 
ʢʦʤʙʠʥʘʮʠʦʥʥʳʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ 

Maximum mixing order 

ʏʘʩʪʦʪʘ 1 (F1)
*  

Freq[1] 

ʂʦʣʠʯʝʩʪʚʦ ʛʘʨʤʦʥʠʢ 

F1 

Order[1] 

ʏʘʩʪʦʪʘ 2 (F2) Freq[2[ 

ʂʦʣʠʯʝʩʪʚʦ ʛʘʨʤʦʥʠʢ 

F2 

Order[2] 

ʀʩʪʦʯʥʠʢ V_1Tone, I_1Tone (Sources-Freq 
Domain) 

ʆʙʷʟʘʪʝʣʴʥʳʡ ʧʘʨʘʤʝʪʨ ʠʩʪʦʯʥʠʢʘ V (I) = ʘʤʧʣʠʪʫʜʘ  
Freq = ʯʘʩʪʦʪʘ  

ʂʦʥʪʨʦʣʴʥʳʝ ʪʦʯʢʠ ʀʤʝʥʘ ʫʟʣʦʚ (ʢʦʤʘʥʜʘ Insert > 

Wire/Pin Label) 

*ʧʦʨʷʜʦʢ ʧʝʨʝʯʠʩʣʝʥʠʷ ʯʘʩʪʦʪ ʧʦ ʫʙʳʚʘʥʠʶ ʤʦʱʥʦʩʪʝʡ ʠʩʪʦʯʥʠʢʦʚ 
 

ʇʨʦʩʤʦʪʨ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʟʘ 
 

ʈʝʜʘʢʪʦʨ ʨʝʟʫʣʴʪʘʪʦʚ Data Display 
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ɺʳʭʦʜʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
 

ɻʨʘʬʠʢʠ: 

ʏʘʩʪʦʪʥʳʡ ʩʦʩʪʘʚ ʩʧʝʢʪʨʘ 

ɸʤʧʣʠʪʫʜʥʳʡ ʩʧʝʢʪʨ ʩʠʛʥʘʣʘ ʚ 

- ʜɹ, 

- ʜɹʤ, 

- ɺ. 

ʉʠʛʥʘʣ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ, ɺ. 

 

- Mix 

 

- Spectrum in dB, 

- Spectrum in dBm, 

- Magnitude of spectrum. 

- Time domain signal. 

ʊʘʙʣʠʮʘ: 

ʉʧʝʢʪʨ - ʘʤʧʣʠʪʫʜʘ, ɺ/ 

               ʬʘʟʘ, ʛʨʘʜ. 

 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ 

ʤʥʦʛʦʚʘʨʠʘʥʪʥʦʛʦ ʘʥʘʣʠʟʘ 

 

ɻʨʘʬʠʢʠ: 

- ʆʩʥʦʚʥʘʷ ʛʘʨʤʦʥʠʢʘ ʚ ʜɹ, 

- ʆʩʥʦʚʥʘʷ ʛʘʨʤʦʥʠʢʘ ʚ ʜɹʤ, 

- ɸʤʧʣʠʪʫʜʘ ʦʩʥʦʚʥʦʡ ʛʘʨʤʦʥʠʢʠ 

ʚ ɺ, 

- ʇʦʩʪʦʷʥʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ, 

- ɺʪʦʨʘʷ ʛʘʨʤʦʥʠʢʘ ʚ ʜɹ, 

- ʊʨʝʪʴʷ ʛʘʨʤʦʥʠʢʘ ʚ ʜɹ, 

- ʉʠʛʥʘʣ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ. 

 

- Fundamental tone dB 

- Fundamental tone dBm 

- Magnitude of fundamental tone 

 

- DC component 

- Second harmonic in dB 

- Third harmonic in dB 

- Time domain signal 
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ʈʠʩ. 5 ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʟʘʜʘʥʠʷ ʜʣʷ ʨʘʩʯʝʪʘ ʤʝʪʦʜʦʤ 
ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ ʚ ʨʝʞʠʤʝ ʦʜʥʦʯʘʩʪʦʪʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʘ ʥʘ ʨʠʩ. 6 
ï ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

 
 

 
 

 
 

 
ʈʠʩ. 5.  ʇʨʠʤʝʨ ʟʘʜʘʥʠʷ ʜʣʷ ʨʘʩʯʝʪʘ ʩʭʝʤʳ  

ʤʝʪʦʜʦʤ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ  
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ʈʠʩ. 6. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ  - ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ 
 

 

 
 
 

 
 

1.5.    ɸʥʘʣʠʟ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ 
 

ɸʥʘʣʠʟ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ (TRAN) ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʘʪʴ 
ʧʘʨʘʤʝʪʨʳ ʥʝʣʠʥʝʡʥʳʭ ʫʩʪʨʦʡʩʪʚ ʤʝʪʦʜʘʤʠ ʯʠʩʣʝʥʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ 

ʥʝʣʠʥʝʡʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ. ʅʘ 
ʚʭʦʜʳ ʧʦʜʘʶʪʩʷ ʠʟʤʝʥʷʶʱʠʝʩʷ ʚʦ ʚʨʝʤʝʥʠ ʩʠʛʥʘʣʳ, ʨʝʟʫʣʴʪʘʪʦʤ ʷʚʣʷʝʪʩʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʪʦʢʦʚ ʠ ʥʘʧʨʷʞʝʥʠʡ ʩʭʝʤʳ ʦʪ ʚʨʝʤʝʥʠ. ʕʪʦ ʝʜʠʥʩʪʚʝʥʥʳʡ 
ʤʝʪʦʜ, ʧʦʟʚʦʣʷʶʱʠʡ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʩʭʝʤʝ. 

ʇʦʣʫʯʝʥʥʳʝ ʚʨʝʤʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʨʘʩʯʝʪʘ 
ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʘ, ʧʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ, ʜʣʷ 
ʨʘʩʯʝʪʘ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʝʦʙʭʦʜʠʤʦ ʫʙʝʜʠʪʴʩʷ ʚ 

ʩʪʘʮʠʦʥʘʨʥʦʩʪʠ ʚʨʝʤʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 
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1.5.1. ɹʘʟʦʚʳʡ ʘʥʘʣʠʟ 

 

ʉʦʩʪʘʚ ʧʨʦʝʢʪʘ  
 

 ʕʣʝʤʝʥʪ ʙʠʙʣʠʦʪʝʢʠ (ʠʤʷ 
ʙʠʙʣʠʦʪʝʢʠ) 

ʂʦʥʪʨʦʣʣʝʨ ʘʥʘʣʠʟʘ Trans (Simulation-Transient) 

ʇʘʨʘʤʝʪʨʳ ʢʦʥʪʨʦʣʣʝʨʘ: Time Setup 

ɺʨʝʤʝʥʥʦʡ ʰʘʛ ʘʥʘʣʠʟʘ Tstep 

ɺʨʝʤʷ ʘʥʘʣʠʟʘ Tstop 

ʀʩʪʦʯʥʠʢ ʀʩʪʦʯʥʠʢʠ ʠʟ ʙʠʙʣʠʦʪʝʢʠ Source-
Time Domain. 

ʀʩʪʦʯʥʠʢʠ ʛʘʨʤʦʥʠʯʝʩʢʠʭ 
ʩʠʛʥʘʣʦʚ - V_1Tone, I_1Tone 

(Sources-Freq Domain) 

ʂʦʥʪʨʦʣʴʥʳʝ ʪʦʯʢʠ ʀʤʝʥʘ ʫʟʣʦʚ (ʢʦʤʘʥʜʘ Insert > 
Wire/Pin Label) 

 

ʇʨʦʩʤʦʪʨ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʟʘ 
 

ʈʝʜʘʢʪʦʨ ʨʝʟʫʣʴʪʘʪʦʚ Data Display 
 

ɺʳʭʦʜʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
 

ɺʨʝʤʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

ʩʠʛʥʘʣ (ʥʘʧʨʷʞʝʥʠʝ,ɺ/ ʪʦʢ,ɸ) ʚʦ 
ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ 

 

ʉʧʝʢʪʨ ʇ.1.5.2 
 

ʅʘ ʨʠʩ. 7 ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʟʘʜʘʥʠʷ ʘʥʘʣʠʟʘ ʩʭʝʤʳ ʚʦ ʚʨʝʤʝʥʥʦʡ 
ʦʙʣʘʩʪʠ, ʥʘ ʨʠʩ. 8 ï ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ. 

 
1.5.2 ʉʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ  
1.5.2.1 ɺʳʧʦʣʥʠʪʴ ʘʥʘʣʠʟ ʩʭʝʤʳ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʩʦʩʪʦʷʥʠʷ. ʆʧʨʝʜʝʣʠʪʴ ʙʘʟʦʚʫʶ ʯʘʩʪʦʪʫ ʌʫʨʴʝ- ʘʥʘʣʠʟʘ 
ï ʥʘʠʙʦʣʴʰʝʝ ʦʙʱʝʝ ʢʨʘʪʥʦʝ ʜʣʷ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʳʭʦʜʥʦʛʦ ʩʧʝʢʪʨʘ, 

ʨʘʩʩʯʠʪʘʪʴ ʧʦ ʙʘʟʦʚʦʡ ʯʘʩʪʦʪʝ ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʥʪʝʨʚʘʣʘ ʌʫʨʴʝ- ʘʥʘʣʠʟʘ ʊʌ. 
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ɼʣʷ ʦʜʥʦʯʘʩʪʦʪʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʙʘʟʦʚʘʷ ʯʘʩʪʦʪʘ ï ʯʘʩʪʦʪʘ ʚʭʦʜʥʦʛʦ 
ʩʠʛʥʘʣʘ. 

1.5.2.2 ɺ ʦʢʥʝ ʨʝʜʘʢʪʦʨʘ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʟʤʝʩʪʠʪʴ ʢʦʤʧʦʥʝʥʪʫ Eqn ʠ 

ʦʧʨʝʜʝʣʠʪʴ ʩʣʝʜʫʶʱʝʝ ʫʨʘʚʥʝʥʠʝ   spectr=fs(vout,,,,,,,t1,t2 ). ɿʜʝʩʴ spectr 
ï ʠʤʷ ʩʧʝʢʪʨʘʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʥʘʟʥʘʯʘʝʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ), fs-

ʬʫʥʢʮʠʷ ʨʝʘʣʠʟʫʶʱʘʷ ʧʨʦʚʝʜʝʥʠʝ ʌʫʨʴʝ-ʘʥʘʣʠʟʘ, vout- ʦʙʦʟʥʘʯʝʥʠʝ 
ʚʳʭʦʜʘ ʩʭʝʤʳ, t1 ʠ t2 ï cʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘʯʘʣʴʥʦʝ ʠ ʢʦʥʝʯʥʦʝ ʟʥʘʯʝʥʠʷ 

ʠʥʪʝʨʚʘʣʘ ʌʫʨʴʝ-ʘʥʘʣʠʟʘ, ʧʨʠʯʝʤ t2=  t1+ʊʌ.  
1.5.2.3 ɺʳʚʝʩʪʠ ʘʤʧʣʠʪʫʜʥʳʡ (ʦʧʮʠʷ Magnitude) ʠ ʬʘʟʦʚʳʡ (ʦʧʮʠʷ 

Phase) ʩʧʝʢʪʨʳ, ʠʩʧʦʣʴʟʫʷ ʠʤ̫ spectr, ʢʦʪʦʨʦʝ ʙʫʜʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʛʨʫʧʧʝ 
ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ     Equations ʚ ʦʢʥʝ Data Sets and Equations.  

 
 

 
 

 

 
 
 

 
ʈʠʩ. 7.  ʇʨʦʝʢʪ ʟʘʜʘʥʠʷ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʧʝʨʝʭʦʜʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  ʚ ʠʤʧʫʣʴʩʥʦʤ ʨʝʞʠʤʝ ʚʭʦʜʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 
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ʈʠʩ. 8. ʆʪʢʣʠʢ ʥʘ ʠʤʧʫʣʴʩʥʦʝ ʚʭʦʜʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 
 

 

 
ɿʘʜʘʥʠʝ 

 
1. ʇʦʜʛʦʪʦʚʠʪʴ ʧʨʦʝʢʪ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʙʘʟʦʚʳʭ ʘʥʘʣʠʟʦʚ ʧʦ ʟʘʜʘʥʥʦʡ  
ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʩʭʝʤʝ (ʧʨʠʣʦʞʝʥʠʝ 1). 

2. ʇʨʦʚʝʩʪʠ ʨʘʩʯʝʪ ʪʦʢʦʚ ʚ ʚʝʪʚʷʭ ʠ ʥʘʧʨʷʞʝʥʠʡ ʚ ʫʟʣʘʭ ʚ ʩʪʘʪʠʯʝʩʢʦʤ 

ʨʝʞʠʤʝ. 
3. ʆʧʨʝʜʝʣʠʪʴ ʯʘʩʪʦʪʥʳʡ ʜʠʘʧʘʟʦʥ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚʘ, ʜʣʷ ʯʝʛʦ ʧʨʦʚʝʩʪʠ 
ʘʥʘʣʠʟ ʤʘʣʦʩʠʛʥʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 
(ʦʪ 100 ɻʮ ʜʦ 10 ɻɻʮ), ʟʘʪʝʤ ʩʫʟʠʪʴ ʘʥʘʣʠʟʠʨʫʝʤʳʡ ʯʘʩʪʦʪʥʳʡ 

ʜʠʘʧʘʟʦʥ, ʚʢʣʶʯʠʚ ʚ ʥʝʛʦ ʪʦʣʴʢʦ ʦʙʣʘʩʪʴ ʫʩʠʣʝʥʠʷ, ʚʳʙʨʘʪʴ ʨʘʙʦʯʫʶ 
ʯʘʩʪʦʪʫ ʫʩʪʨʦʡʩʪʚʘ. 

4. ʇʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʚʳʭʦʜʥʦʛʦ ʩʧʝʢʪʨʘ ʜʣʷ ʦʜʥʦʯʘʩʪʦʪʥʦʛʦ ʚʭʦʜʥʦʛʦ 
ʚʦʟʜʝʡʩʪʚʠʷ, ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ ʠ ʘʥʘʣʠʟ ʚʦ 
ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ. ɺʭʦʜʥʦʡ ʩʠʛʥʘʣ - ʛʘʨʤʦʥʠʯʝʩʢʠʡ ʩ ʘʤʧʣʠʪʫʜʦʡ 

100ʤɺ, ʯʘʩʪʦʪʘ ʨʘʚʥʘ ʨʘʙʦʯʝʡ ʯʘʩʪʦʪʝ (ʠʟ ʧ.3). 
5. ʇʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʚʳʭʦʜʥʦʛʦ ʩʧʝʢʪʨʘ ʜʣʷ ʜʚʫʭʯʘʩʪʦʪʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, 
ʚ ʢʘʯʝʩʪʚʝ ʚʪʦʨʦʛʦ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʠʩʧʦʣʴʟʦʚʘʪʴ ʛʘʨʤʦʥʠʯʝʩʢʫʶ 
ʧʦʤʝʭʫ ʩ ʯʘʩʪʦʪʦʡ, ʦʪʩʪʦʷʱʝʡ ʦʪ ʨʘʙʦʯʝʡ ʯʘʩʪʦʪʳ ʥʘ 0,1Fʚʭ ʠ 

ʘʤʧʣʠʪʫʜʦʡ 0,3Aʚʭ. 
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ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ 
 

1. ʉʪʨʫʢʪʫʨʘ ʟʘʜʘʥʠʷ ʜʣʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʨʘʩʯʝʪʘ ʚ ʉɸʇʈ ADS. 

2. ʊʨʝʙʦʚʘʥʠʷ ʢ ʠʩʪʦʯʥʠʢʘʤ ʠ ʧʘʨʘʤʝʪʨʘʤ ʠʩʪʦʯʥʠʢʦʚ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 
ʙʘʟʦʚʳʭ ʘʥʘʣʠʟʦʚ. 

3. ʂʘʢʦʡ ʤʝʪʦʜ ʘʥʘʣʠʟʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʨʘʙʦʯʠʝ ʪʦʯʢʠ ʘʢʪʠʚʥʳʭ 
ʧʨʠʙʦʨʦʚ. 

4. ʂʘʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ADS ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ, 
ʢʘʢʠʝ ʢʦʤʧʦʥʝʥʪʳ ʩʭʝʤʳ ʦʧʨʝʜʝʣʷʶʪ ʠʤʝʥʘ ʵʪʠʭ  ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʢʘʢʦʚʳ ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ ʵʪʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

¶ DC1..vout, DC1..I_Probe1.i; 

¶ dB(AC1..Vout), dB(SP1..S(2,1)); 

¶ dB(HB2..Vout), dBm(mix(Vin,{1,1}), dBm(Mix1..Vif);  

¶ TRAN1..Vin. 
5. ʂʘʢʦʡ ʤʝʪʦʜ ʘʥʘʣʠʟʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʜʣʷ ʨʘʩʯʝʪʘ: 

¶ ʂʦʵʬʬʠʮʠʝʥʪʘ ʧʝʨʝʜʘʯʠ ʧʦ ʧʦʩʪʦʷʥʥʦʤʫ ʪʦʢʫ; 

¶ ʂʦʵʬʬʠʮʠʝʥʪʘ ʧʝʨʝʜʘʯʠ ʧʦ ʥʘʧʨʷʞʝʥʠʶ; 

¶ ʂʦʵʬʬʠʮʠʝʥʪʘ 1-ʡ ʛʘʨʤʦʥʠʢʠ ʧʦ ʬʦʨʤʫʣʝ ...321

1
1

+++
=

UUU

U
K

, 

ʛʜʝ U1, U2, U3 é - ʟʥʘʯʝʥʠʷ 1-ʡ, 2-ʡ, 3-ʡ ʛʘʨʤʦʥʠʢ ʩʠʛʥʘʣʘ ʚ 

ʟʘʜʘʥʥʦʡ ʪʦʯʢʝ ʩʭʝʤʳ, ʚ ʟʥʘʤʝʥʘʪʝʣʝ ʫʯʠʪʳʚʘʶʪʩʷ ʚʩʝ ʛʘʨʤʦʥʠʢʠ, 
ʠʤʝʶʱʠʝ ʟʥʘʯʝʥʠʝ ʥʝ ʤʝʥʝʝ 0,05 ʦʪ ʟʥʘʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʛʘʨʤʦʥʠʢʠ. 
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ɻʃɸɺɸ 2. ʈɽʐɽʅʀɽ ʆʉʅʆɺʅʓʍ ɿɸɼɸʏ 
ʇʈʆɽʂʊʀʈʆɺɸʅʀʗ ɺ ʉɸʇʈ ADS 

 

ʆʩʥʦʚʥʳʤʠ ʟʘʜʘʯʘʤʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʩʠʥʪʝʟ ʠ ʨʘʩʯʝʪ.  
ʇʦʜ ʩʠʥʪʝʟʦʤ ʧʦʥʠʤʘʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʦʧʠʩʘʥʠʷ ʩʠʩʪʝʤ  r ʧʦ 

ʟʘʜʘʥʥʦʤʫ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʶ. ʎʝʣʴ ʟʘʜʘʯʠ ʩʠʥʪʝʟʘ ï ʦʧʨʝʜʝʣʝʥʠʝ 
ʩʪʨʫʢʪʫʨʳ ʧʨʦʝʢʪʘ ʠʣʠ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʧʨʦʝʢʪʘ. 

ɸʥʘʣʠʟ ð ʵʪʦ ʦʧʨʝʜʝʣʝʥʠʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʦ ʟʘʜʘʥʥʦʤʫ 
ʦʧʠʩʘʥʠʶ ʩʠʩʪʝʤʳ. ʎʝʣʴ ʟʘʜʘʯʠ ʘʥʘʣʠʟʘ ï ʦʧʨʝʜʝʣʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ 

ʟʘʜʘʥʥʳʭ ʩʪʨʫʢʪʫʨʳ ʠ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʦʚ. 
 

ɺ ʉɸʇʈ ADS ʟʘʜʘʯʘ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʠʥʪʝʟʘ ʨʝʰʘʝʪʩʷ ʜʣʷ 
ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʢʣʘʩʩʘ ʫʩʪʨʦʡʩʪʚ ï ʘʥʘʣʦʛʦʚʳʭ ʠ ʮʠʬʨʦʚʳʭ ʬʠʣʴʪʨʦʚ, 

ʟʘʜʘʯʘ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʨʝʰʘʝʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠ ̫ ʟʥʘʯʝʥʠʡ 
ʧʘʨʘʤʝʪʨʦʚ ʩʭʝʤʳ ʧʫʪʝʤ ʦʧʪʠʤʠʟʘʮʠʠ. 

 
ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʘʥʘʣʠʟ ʚʢʣʶʯʘʝʪ ʦʜʥʦʚʘʨʠʘʥʪʥʳʡ ʨʘʩʯʝʪ ʧʘʨʘʤʝʪʨʦʚ 

(ʠʣʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ) ʩʭʝʤʳ ʠ ʤʥʦʛʦʚʘʨʠʘʥʪʥʳʡ ʨʘʩʯʝʪ. 

 
2.1. ɿʘʜʘʯʘ ʦʜʥʦʚʘʨʠʘʥʪʥʦʛʦ ʨʘʩʯʝʪʘ 

 ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʦʜʥʦʚʘʨʠʘʥʪʥʦʛʦ ʨʘʩʯʝʪʘ ʥʝʦʙʭʦʜʠʤʦ 
ʩʬʦʨʤʠʨʦʚʘʪʴ ʟʘʜʘʥʠʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʧʨʠ ʥʝʠʟʤʝʥʥʳʭ ʟʥʘʯʝʥʠʷʭ 

ʚʭʦʜʥʳʭ ʠ ʚʥʫʪʨʝʥʥʠʭ ʧʘʨʘʤʝʪʨʘʭ ʩʭʝʤʳ. ʇʘʨʘʤʝʪʨʳ ʤʦʛʫʪ ʙʳʪʴ ʟʘʜʘʥʳ 
ʩʚʦʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʣʠʙʦ ʠʭ ʟʥʘʯʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʝʨʝʤʝʥʥʦʡ, ʪʦʛʜʘ 

ʧʝʨʝʤʝʥʥʘʷ ʦʙʷʟʘʪʝʣʴʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʢʦʤʧʦʥʝʥʪʝ Var. ɺʳʭʦʜʥʳʝ 
ʧʘʨʘʤʝʪʨʳ (ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ) ʦʧʨʝʜʝʣʷʶʪʩʷ ʙʘʟʦʚʳʤ ʤʝʪʦʜʦʤ ʘʥʘʣʠʟʘ.  

 
2.2. ʄʥʦʛʦʚʘʨʠʘʥʪʥʳʡ ʨʘʩʯʝʪ 

 

ʄʥʦʛʦʚʘʨʠʘʥʪʥʳʡ ʘʥʘʣʠʟ ï ʵʪʦ ʥʘʠʙʦʣʝʝ ʙʳʩʪʨʳʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ 
ʨʝʟʫʣʴʪʘʪʦʚ ʥʝʩʢʦʣʴʢʠʭ ʩʝʘʥʩʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠ ʠʟʤʝʥʷʶʱʝʤʩʷ 

ʧʘʨʘʤʝʪʨʝ (ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʧʘʨʘʤʝʪʨʘʭ), ʧʨʠ ʵʪʦʤ ʨʝʟʫʣʴʪʘʪʘʤʠ ʷʚʣʷʶʪʩʷ 
ʟʘʚʠʩʠʤʦʩʪʠ ʭʘʨʢʪʝʨʠʩʪʠʢ ʘʥʘʣʠʟʘ ʦʪ ʠʟʤʝʥʷʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ,  

ʦʪʦʙʨʘʞʘʶʪʩʷ ʚ ʚʠʜʝ ʪʘʙʣʠʮ ʠʣʠ ʛʨʘʬʠʢʦʚ.  
ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʤʥʦʛʦʚʘʨʠʘʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʥʝʦʙʭʦʜʠʤʦ: 

¶ ʆʧʨʝʜʝʣʠʪʴ ʠʟʤʝʥʷʶʱʠʡʩʷ ʧʘʨʘʤʝʪʨ, ʜʠʘʧʘʟʦʥ ʝʛʦ ʠʟʤʝʥʝʥʠʷ 
(ʤʠʥʠʤʘʣʴʥʦʝ ʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ) ʠ ʰʘʛ 
ʧʨʠʨʘʱʝʥʠʷ. 

¶ ɿʘʜʘʪʴ ʚʳʭʦʜʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ (ʚʳʭʦʜʥʦʡ ʧʘʨʘʤʝʪʨ). 
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ɿʥʘʯʝʥʠʝ ʠʟʤʝʥʷʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ ʚ ʩʭʝʤʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʝʨʝʤʝʥʥʦʡ, 

ʵʪʘ ʧʝʨʝʤʝʥʥʘʷ ʦʧʠʩʳʚʘʝʪʩʷ ʚ ʢʦʤʧʦʥʝʥʪʝ Var. ɺ ʧʨʠʤʝʨʝ ʥʘ ʨʠʩ. 9 ʚ 

ʢʘʯʝʩʪʚʝ ʧʝʨʝʤʝʥʥʳʭ ʤʥʦʛʦʚʘʨʠʘʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʟʥʘʯʝʥʠʝ 
ʧʘʨʘʤʝʪʨʘ Vdc = VBE ʢʦʤʧʦʥʝʥʪʘ SRC3 ʠ Vdc = VʉE ʢʦʤʧʦʥʝʥʪʘ SRC2,  

ʵʪʠ ʧʝʨʝʤʝʥʥʳʝ ʦʧʠʩʘʥʳ ʚ ʢʦʤʧʦʥʝʥʪʝ VAR1. 
ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʚʘʨʴʠʨʫʝʤʦʡ ʧʝʨʝʤʝʥʥʦʡ 

ʤʥʦʛʦʚʘʨʠʘʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʥʝʦʙʭʦʜʠʤʦ ʦʧʠʩʘʪʴ ʝʝ ʚ ʦʢʥʝ Sweep 
ʢʦʥʪʨʦʣʣʝʨʘ ʘʥʘʣʠʟʘ ʠʣʠ ʚ ʢʦʥʪʨʦʣʣʝʨʝ ParamSweep. ɽʩʣʠ ʧʨʦʚʦʜʠʪʩʷ 

ʤʥʦʛʦʚʘʨʠʘʥʪʥʳʡ ʘʥʘʣʠʟ ʩ ʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ, ʪʦ ʜʦʩʪʘʪʦʯʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

 

ʈʠʩ. 9 ʇʨʦʝʢʪ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʤʥʦʛʦʚʘʨʠʘʥʪʥʦʛʦ ʘʥʘʣʠʟʘ 
 

 ʪʦʣʴʢʦ ʢʦʥʪʨʦʣʣʝʨ ʘʥʘʣʠʟʘ. ɺ ʦʢʥʝ SWEEP ʢʦʥʪʨʦʣʣʝʨʘ ʘʥʘʣʠʟʘ ʟʘʜʘʶʪʩʷ 
ʠʤʷ ʠʟʤʝʥʷʝʤʦʡ ʧʝʨʝʤʝʥʥʦʡ (SweepVar), ʥʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ (Start), 

ʢʦʥʝʯʥʦʝ ʟʥʘʯʝʥʠʝ (Stop) ʠ ʰʘʛ (Step). ɺ ʧʨʠʤʝʨʝ ʚ ʢʦʥʪʨʦʣʣʝʨʝ DC1 
ʧʝʨʝʤʝʥʥʘʷ VCE ʦʧʠʩʘʥʘ ʢʘʢ ʧʝʨʝʤʝʥʥʘʷ ʤʥʦʛʦʚʘʨʠʘʥʪʥʦʛʦ ʘʥʘʣʠʟʘ, ʵʪʘ 
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ʧʝʨʝʤʝʥʥʘʷ ʙʫʜʝʪ ʠʟʤʝʥʷʪʴʩʷ ʦʪ 0 ʜʦ 10 ʩ ʰʘʛʦʤ 1. ʊʘʢ ʢʘʢ ʢʦʥʪʨʦʣʣʝʨ 
DC1 ʦʧʨʝʜʝʣʷʝʪ ʘʥʘʣʠʟ ʧʦ ʧʦʩʪʦʷʥʥʦʤʫ ʪʦʢʫ, ʨʝʟʫʣʴʪʘʪ ʤʥʦʛʦʚʘʨʠʘʥʪʥʦʛʦ 
ʘʥʘʣʠʟʘ ï ʟʘʚʠʩʠʤʦʩʪʠ ʪʦʢʦʚ ʚʝʪʚʝʡ ʠ ʥʘʧʨʷʞʝʥʠʡ ʚ ʫʟʣʘʭ ʦʪ ʚʘʨʴʠʨʫʝʤʦʡ 

ʧʝʨʝʤʝʥʥʦʡ, ʚ ʧʨʠʤʝʨʝ ï ʦʪ ʥʘʧʨʷʞʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ. 
 

 
 

 

 
 

ʈʠʩ. 10. ʈʝʟʫʣʴʪʘʪʳ ʤʥʦʛʦʚʘʨʠʘʥʪʥʦʛʦ ʘʥʘʣʠʟʘ 

 
 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʩ ʜʚʫʤʷ ʠ ʙʦʣʝʝ ʧʝʨʝʤʝʥʥʳʤʠ ʥʝʦʙʭʦʜʠʤʦ 
ʜʦʙʘʚʠʪʴ ʚ ʩʭʝʤʫ ʢʦʥʪʨʦʣʣʝʨ ParamSweep ʠʟ ʙʠʙʣʠʦʪʝʢʠ Controllers. 

ʀʟʤʝʥʷʝʤʘʷ ʧʝʨʝʤʝʥʥʘʷ ʦʧʠʩʳʚʘʝʪʩʷ ʘʥʘʣʦʛʠʯʥʦ ʥʘ ʟʘʢʣʘʜʢʝ SWEEP. 
ʇʘʨʘʤʝʪʨ SiminstanceName ʢʦʥʪʨʦʣʣʝʨʘ ParamSweep ʦʧʨʝʜʝʣʷʝʪ 

ʢʦʥʪʨʦʣʣʝʨ ʘʥʘʣʠʟʘ (ʫʢʘʟʳʚʘʝʪʩʷ ʠʤʷ ʢʦʥʪʨʦʣʣʝʨʘ, ʚ ʧʨʠʤʝʨʝ ï ʵʪʦ DC1), 
ʦʥ ʟʘʜʘʝʪʩʷ ʥʘ ʟʘʢʣʘʜʢʝ Simulations. ɺ ʧʨʠʤʝʨʝ ʚʪʦʨʘʷ ʠʟʤʝʥʷʝʤʘʷ 

ʚʝʣʠʯʠʥʘ ï ʟʥʘʯʝʥʠʝ ʧʝʨʝʤʝʥʥʦʡ VBE. ʈʝʟʫʣʴʪʘʪʳ ʤʥʦʛʦʚʘʨʠʘʥʪʥʦʛʦ 
ʘʥʘʣʠʟʘ ʩ ʜʚʫʤʷ ʧʝʨʝʤʝʥʥʳʤʠ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 10. ɿʥʘʯʝʥʠʝ ʧʝʨʚʦʡ 
ʠʟʤʝʥʷʝʤʦʡ ʚʝʣʠʯʠʥʳ (VCE) ʟʘʜʘʝʪʩʷ ʥʘ ʦʩʠ ʘʙʩʮʠʩʩ, ʚʪʦʨʘʷ ʧʝʨʝʤʝʥʥʘʷ 

(VBE) ʦʧʨʝʜʝʣʷʝʪ ʩʝʤʝʡʩʪʚʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʢʘʞʜʦʤʫ ʟʥʘʯʝʥʠʷ VBE 
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ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʜʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ. ʄʘʨʢʝʨʳ ʥʘ ʨʠʩ. 10 ʩʦʦʪʚʝʪʩʪʚʫʶʪ 
ʦʜʥʦʤʫ ʟʥʘʯʝʥʠʶ VCE  ʠ ʨʘʟʣʠʯʥʳʤ ʟʥʘʯʝʥʠʷʤ VBE. 
 

2.3. ʇʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʦʧʪʠʤʠʟʘʮʠʷ 
 

ʇʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʦʧʪʠʤʠʟʘʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʪʝʨʘʮʠʦʥʥʳʡ 
ʧʨʦʮʝʩʩ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʛʦ ʧʨʦʛʨʘʤʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʠʟʤʝʥʷʝʪ ʧʘʨʘʤʝʪʨʳ 

ʧʨʦʝʢʪʘ ʚ ʫʢʘʟʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʜʠʘʧʘʟʦʥʘʭ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʫʢʘʟʘʥʥʳʭ 
ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʮʝʣʝʡ (ʟʥʘʯʝʥʠʡ ʥʝʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʝʢʪʘ).  

 
ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʦʧʪʠʤʠʟʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ 

ʩʣʝʜʫʶʱʠʝ ʫʩʣʦʚʠʷ: 

¶ ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʦʜʠʥ ʧʘʨʘʤʝʪʨ ʚ ʧʨʦʝʢʪʝ ʜʦʣʞʝʥ ʙʳʪʴ ʦʧʠʩʘʥ ʢʘʢ 
ʦʧʪʠʤʠʟʠʨʫʝʤʘʷ ʧʝʨʝʤʝʥʥʘʷ; 

¶ ʜʦʣʞʥʘ ʙʳʪʴ ʫʢʘʟʘʥʘ ʭʦʪʷ ʙʳ ʦʜʥʘ ʮʝʣʴ ʦʧʪʠʤʠʟʘʮʠʠ (ʢʦʤʧʦʥʝʥʪ 
Goal), ʪ.ʝ. ʜʦʣʞʥʘ ʙʳʪʴ ʟʘʜʘʥʦ ʞʝʣʘʝʤʦʝ ʟʥʘʯʝʥʠʝ ʢʘʢʦʛʦ- ʣʠʙʦ ʚʳʭʦʜʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ; 

¶ ʜʦʣʞʝʥ ʙʳʪʴ ʫʢʘʟʘʥ ʢʦʥʪʨʦʣʣʝʨ ʦʧʪʠʤʠʟʘʮʠʠ (ʢʦʤʧʦʥʝʥʪ Optim);  

¶ ʜʦʣʞʝʥ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʢʦʥʪʨʦʣʣʝʨ ʘʥʘʣʠʟʘ. 

 
2.3.1 ʋʩʪʘʥʦʚʢʘ ʧʘʨʘʤʝʪʨʦʚ ʢʦʤʧʦʥʝʥʪʦʚ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ 

 
1. ɺ ʜʠʘʣʦʛʦʚʦʤ ʦʢʥʝ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʢʦʤʧʦʥʝʥʪʘ ʚ ʧʦʣʝ Select 

Parameter ʚʳʙʝʨʠʪʝ ʧʘʨʘʤʝʪʨ, ʧʦʜʣʝʞʘʱʠʡ ʦʧʪʠʤʠʟʘʮʠʠ (ʥʘʧʨʠʤʝʨ, 
ʧʘʨʘʤʝʪʨ R ʵʣʝʤʝʥʪʦʚ R1 ʠ R2 ʥʘ ʨʠʩ. 11), ʧʦʩʣʝ ʵʪʦʛʦ ʥʘʞʤʠʪʝ 

ʢʥʦʧʢʫ Optimization/Statistics Setup (ʵʪʘ ʢʥʦʧʢʘ ʜʦʩʪʫʧʥʘ ʪʦʣʴʢʦ ʜʣʷ 
ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ). ʇʦʷʚʠʪʩʷ ʜʠʘʣʦʛʦʚʦʝ 
ʦʢʥʦ Setup ʩ ʘʢʪʠʚʥʦʡ ʚʢʣʘʜʢʦʡ Optimization. 

2. ʀʟ ʚʳʧʘʜʘʶʱʝʛʦ ʩʧʠʩʢʘ Optimization Status ʚʳʙʝʨʠʪʝ Enabled, ʯʪʦʙʳ 
ʧʦʣʫʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʧʦʣʝʡ. 

3. ʀʟ ʚʳʧʘʜʘʶʱʝʛʦ ʩʧʠʩʢʘ Type ʚʳʙʝʨʠʪʝ ʥʘʜʣʝʞʘʱʠʡ ʩʧʦʩʦʙ 
ʠʟʤʝʥʝʥʠʷ ʟʥʘʯʝʥʠʷ ʧʝʨʝʤʝʥʥʦʡ ʧʨʠ ʦʧʪʠʤʠʟʘʮʠʠ (Continuous 

(ʥʝʧʨʝʨʳʚʥʦʝ) ʠʣʠ Discrete (ʜʠʩʢʨʝʪʥʦʝ)).  
4. ʀʟ ʚʳʧʘʜʘʶʱʝʛʦ ʩʧʠʩʢʘ Format ʚʳʙʝʨʠʪʝ ʥʘʜʣʝʞʘʱʠʡ ʬʦʨʤʘʪ 

ʦʧʪʠʤʠʟʘʮʠʠ (min/max, +/ï Delta %, +/ï Delta, Unconstrained). 
ɾʝʣʘʪʝʣʴʥʦ ʚʳʙʠʨʘʪʴ ʜʠʘʧʘʟʦʥ ʢʘʢ ʤʦʞʥʦ ʫʞʝ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʛʦ 

ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʦʧʪʠʤʠʟʘʮʠʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʙʦʣʴʰʠʭ ʠʣʠ 
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ʥʝʦʛʨʘʥʠʯʝʥʥʳʭ (Unconstrained) ʜʠʘʧʘʟʦʥʦʚ ʦʙʳʯʥʦ ʧʨʠʚʦʜʠʪ ʢ 
ʨʝʟʢʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʚʨʝʤʝʥʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ.  

5. ɽʩʣʠ ʚʳʙʨʘʥ ʬʦʨʤʘʪ min/max, ʤʦʞʥʦ ʟʘʜʘʪʴ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ, 

ʤʠʥʠʤʫʤʘ ʠ ʤʘʢʩʠʤʫʤʘ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʣʷʭ ʚʚʦʜʘ, ʘ ʪʘʢʞʝ 
ʫʢʘʟʘʪʴ ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ ʟʘʜʘʥʥʳʭ ʚʝʣʠʯʠʥ. ɽʩʣʠ ʚʳʙʨʘʥ ʬʦʨʤʘʪ 

Unconstrained, ʪʦ ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʪʴ ʣʠʰʴ ʥʦʤʠʥʘʣ ʠ ʝʛʦ ʝʜʠʥʠʮʫ 
ʠʟʤʝʨʝʥʠʷ. ɽʩʣʠ ʚʳʙʨʘʥ ʦʜʠʥ ʠʟ ʬʦʨʤʘʪʦʚ Delta, ʪʦ ʥʝʦʙʭʦʜʠʤʦ 

ʙʫʜʝʪ ʟʘʜʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʝʣʠʯʠʥʳ.  
 

ʈʠʩ. 11. ʇʨʠʤʝʨ ʧʨʦʝʢʪʘ ʜʣʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ 
 

 
2.3.2 ʋʩʪʘʥʦʚʢʘ ʮʝʣʝʡ ʦʧʪʠʤʠʟʘʮʠʠ - ʢʦʤʧʦʥʝʥʪ Goal 

 
ʎʝʣʴʶ ʦʧʪʠʤʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ 

ʦʧʪʠʤʠʟʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʜʦʩʪʠʞʝʥʠʝ ʟʘʜʘʥʥʳʭ 
ʟʥʘʯʝʥʠʡ ʚʳʭʦʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ (ʠʣʠ ʚʳʭʦʜʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ). ʊʠʧ 

ʚʳʭʦʜʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʥʪʨʦʣʣʝʨʦʤ ʘʥʘʣʠʟʘ. ʇʝʨʝʜ 
ʧʨʦʚʝʜʝʥʠʝʤ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʦʚʝʩʪʠ ʨʘʩʯʝʪ ʩʭʝʤʳ ʜʣʷ 
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ʫʪʦʯʥʝʥʠʷ ʠʤʝʥʠ ʚʳʭʦʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʠ ʪʠʧʘ (ʠʤʝʥʠ) ʥʝʟʘʚʠʩʠʤʦʡ 
ʧʝʨʝʤʝʥʥʦʡ.  

ɼʣʷ ʦʧʠʩʘʥʠʷ ʚʳʭʦʜʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝʦʙʭʦʜʠʤʦ ʦʧʠʩʘʪʴ ʦʩʴ 

ʘʙʩʮʠʩʩ (ʥʝʟʘʚʠʩʠʤʫʶ ʧʝʨʝʤʝʥʥʫʶ) ʠ ʦʩʴ ʦʨʜʠʥʘʪ (ʚʳʭʦʜʥʫʶ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ). ʆʩʴ ʘʙʩʮʠʩʩ  ʟʘʜʘʝʪʩʷ ʧʘʨʘʤʝʪʨʘʤʠ RangeVar, RangeMin 

ʠ RangeMax (ʝʩʣʠ ʟʥʘʯʝʥʠʝ ʚʳʭʦʜʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʜʘʝʪʩʷ ʧʨʠ 
ʝʜʠʥʩʪʚʝʥʥʦʤ ʟʥʘʯʝʥʠʠ ʥʝʟʘʚʠʩʠʤʦʡ ʧʝʨʝʤʝʥʥʦʡ, ʪʦ RangeMin= 

RangeMax); ʦʧʠʩʘʥʠʝ ʦʩʠ ʦʨʜʠʥʘʪ: Expr ï ʠʤʷ ʚʳʭʦʜʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
(ʧʘʨʘʤʝʪʨʘ), SiminstanceName ï ʠʤʷ ʢʦʥʪʨʦʣʣʝʨʘ ʘʥʘʣʠʟʘ, Min  ʠ Max 

ʤʠʥʠʤʘʣʴʥʦʝ ʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ (ʝʩʣʠ ʥʝʦʙʭʦʜʠʤʦ 
ʟʘʜʘʪʴ ʝʜʠʥʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʚʳʭʦʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʪʦ Min= Max). 

ɺ ʧʨʠʤʝʨʝ ʥʘ ʨʠʩ. 11, ʟʘʜʘʥʳ ʟʥʘʯʝʥʠʷ ʜʚʫʭ ʧʘʨʘʤʝʪʨʦʚ ʩʭʝʤʳ ï ʪʦʢ 
ʚ ʚʝʪʚʠ ʢʦʤʧʦʥʝʥʪʘ I_probe1 ʠ ʥʘʧʨʷʞʝʥʠʝ ʚ ʪʦʯʢʝ ve ʚ ʩʪʘʪʠʯʝʩʢʦʤ 

ʨʝʞʠʤʝ. ɺ ʜʘʥʥʦʤ ʧʨʠʤʝʨʝ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʟʥʘʯʝʥʠʷ ʥʦʤʠʥʘʣʦʚ 
ʨʝʟʠʩʪʦʨʦʚ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʦʢʘ ʚ ʮʝʧʠ ʢʦʣʣʝʢʪʦʨʘ 9ʤɸ ʠ ʥʘʧʨʷʞʝʥʠʷ ʥʘ 

ʙʘʟʝ 0,8ɺ. 
ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʮʝʣʝʡ ʦʧʪʠʤʠʟʘʮʠʠ ʤʦʞʥʦ ʫʢʘʟʘʪʴ 

ʧʨʠʦʨʠʪʝʪ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʩ ʧʦʤʦʱʴʶ ʧʘʨʘʤʝʪʨʘ Weight, ʙʦʣʝʝ 

ʧʨʠʦʨʠʪʝʪʥʳʝ ʮʝʣʠ ʠʤʝʶʪ ʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ. 
 

2.3.3 ʂʦʥʪʨʦʣʣʝʨ ʦʧʪʠʤʠʟʘʮʠʠ (ʢʦʤʧʦʥʝʥʪ Optim) ʟʘʜʘʝʪ ʤʝʪʦʜ 
ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʧʘʨʘʤʝʪʨʳ ʤʝʪʦʜʘ.  ʄʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʧʦ 

ʫʤʦʣʯʘʥʠʶ. 
 

 
ɿʘʜʘʥʠʝ 

 
1. ʀʩʧʦʣʴʟʫʷ ʩʦʟʜʘʥʥʳʝ ʧʨʦʝʢʪʳ ʩʬʦʨʤʠʨʦʚʘʪʴ ʟʘʜʘʥʠʷ ʥʘ 
ʤʥʦʛʦʚʘʨʠʘʥʪʥʳʡ ʘʥʘʣʠʟ ʜʣʷ ʧʦʣʫʯʝʥʠʷ: 

¶ ʟʘʚʠʩʠʤʦʩʪʠ ʪʦʢʘ ʢʦʣʣʝʢʪʦʨʘ ʪʨʘʥʟʠʩʪʦʨʘ ʦʪ ʥʘʧʨʷʞʝʥʠʷ 
ʧʠʪʘʥʠʷ (ʥʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ ʠʟʤʝʥʷʪʴ ʦʪ 0 ʜʦ ʥʦʤʠʥʘʣʘ); 

¶ ʘʤʧʣʠʪʫʜʳ ʧʝʨʚʦʡ ʛʘʨʤʦʥʠʢʠ ʩʧʝʢʪʨʘ ʧʨʠ ʦʜʥʦʯʘʩʪʦʪʥʦʤ 
ʚʦʟʜʝʡʩʪʚʠʠ ʦʪ ʯʘʩʪʦʪʳ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ (ʯʘʩʪʦʪʫ ʤʝʥʷʪʴ ʚ 
ʜʠʘʧʘʟʦʥʝ ʦʪ 0,8F ʜʦ 1,2F); 

¶ ʘʤʧʣʠʪʫʜʳ ʨʘʟʥʦʩʪʥʦʡ ʯʘʩʪʦʪʳ ʥʘ ʚʳʭʦʜʝ ʦʪ ʯʘʩʪʦʪʳ ʧʦʤʝʭʠ ʠ 

ʘʤʧʣʠʪʫʜʳ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ (ʯʘʩʪʦʪʫ ʤʝʥʷʪʴ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 
0,8F ʜʦ 1,2F, ʘʤʧʣʠʪʫʜʫ - ʦʪ 0,5ɸ ʜʦ ɸ). 

2. ʉʦʩʪʘʚʠʪʴ ʟʘʜʘʥʠʝ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʥʦʤʠʥʘʣʘ ʦʜʥʦʛʦ ʵʣʝʤʝʥʪʘ ʩʭʝʤʳ 
ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʙʦʪʳ ʪʨʘʥʟʠʩʪʦʨʘ ʚ ʟʘʜʘʥʥʦʡ ʪʦʯʢʝ (ʪʦʢ ʢʦʣʣʝʢʪʦʨʘ, 
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ʥʘʧʨʷʞʝʥʠʝ ʙʘʟʳ), ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ 
ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʳʜʫʱʝʛʦ ʧʫʥʢʪʘ. 
ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ 

 
1. ʆʩʥʦʚʥʳʝ ʟʘʜʘʯʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʨʝʰʝʥʠʷ ʚ ADS. 

2. ʇʦʥʷʪʠʝ ʤʥʦʛʦʚʘʨʠʘʥʪʥʦʛʦ ʘʥʘʣʠʟʘ, ʨʝʟʫʣʴʪʘʪʳ ʤʥʦʛʦʚʘʨʠʘʥʪʥʦʛʦ 
ʘʥʘʣʠʟʘ. 

3. ʈʝʘʣʠʟʘʮʠʷ ʤʥʦʛʦʚʘʨʠʘʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʚ ADS ʩ ʦʜʥʦʡ, ʜʚʫʤʷ ʠ ʙʦʣʝʝ 
ʧʝʨʝʤʝʥʥʳʤʠ. 

4. ʂʘʢʦʡ ʠʟ ʙʘʟʦʚʳʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʚʘʨʠʘʥʪʥʳʤ. 
5. ʇʦʥʷʪʠʝ ʩʪʨʫʢʪʫʨʥʦʛʦ ʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ. 

6. ʂʘʢʘʷ ʟʘʜʘʯʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʨʝʰʘʝʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 
ʢʦʥʪʨʦʣʣʝʨʘ Optim. 

7. ʉʪʨʫʢʪʫʨʘ ʟʘʜʘʥʠʷ ʚ ʉɸʇʈ ADS ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ 
ʦʧʪʠʤʠʟʘʮʠʠ. 
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ɻʣʘʚʘ 3. ʕʪʘʧʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʘʥʘʣʦʛʦʚʳʭ ʤʠʢʨʦʩʭʝʤ.  
ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚ ADS 

 

 
3.1. ʕʪʘʧʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʘʥʘʣʦʛʦʚʳʭ ʀʄʉ 

 
ʉɸʇʈ ADS ʧʦʟʚʦʣʷʝʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʘʥʘʣʦʛʦʚʳʭ ʤʠʢʨʦʩʭʝʤ, ʚʢʣʶʯʘʷ ʚʭʦʜʥʳʝ 
ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʙʣʦʢʠ. ʉʪʨʫʢʪʫʨʘ ʧʨʦʮʝʩʩʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 12. 
 

ʌʫʥʢʮʠʦʥʘʣɹʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ

ʉʭʝʤʦʪʝʭʥʠʯʝʩʢʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ 

ʬʫʥʢʮʠʦʥʘʣɹʥrʭ ʫʟʣʦʚ

ɸʥʘʣʠʟ ʧʘʨʘʤʝʪʨʦʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʟʣʦʚ 

ʩʭʝʤr

ʂʦʥʩʪʨʫʢʪʦʨʩʢʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ

ɸʥʘʣʠʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤr

ʇʦʜʛʦʪʦʚʢʘ ʬʘʡʣʦʚ ʜʣ̫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠ̫

 
 

ʈʠʩ. 12. ʕʪʘʧʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʘʥʘʣʦʛʦʚʳʭ ʩʭʝʤ ʚ ʉɸʇʈ ADS 
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ʌʫʥʢʮʠʦʥʘʣʴʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʜʩʠʩʪʝʤʦʡ 
ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ; ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʭʝʤʳ ʷʚʣʷʶʪʩʷ 
ʤʦʜʝʣʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʙʣʦʢʦʚ ʫʩʪʨʦʡʩʪʚ ʠ ʩʠʩʪʝʤ ï ʬʠʣʴʪʨʳ, ʫʩʠʣʠʪʝʣʠ, 

ʩʤʝʩʠʪʝʣʠ ʠ ʪ.ʜ.  
 ʅʘ ʵʪʘʧʝ ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʭʝʤʥʦʛʦ ʩʠʤʫʣʷʪʦʨʘ ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʪʜʝʣʴʥʳʭ 
ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʫʟʣʦʚ. ʇʨʠʥʮʠʧʠʘʣʴʥʳʝ ʩʭʝʤʳ ʩʦʜʝʨʞʘʪ ʠʜʝʘʣʴʥʳʝ 

ʵʣʝʤʝʥʪʳ ʠ/ʠʣʠ ʤʦʜʝʣʠ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. 
 ʅʘ ʵʪʘʧʝ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚ ʨʝʜʘʢʪʦʨʝ ʪʦʧʦʣʦʛʠʡ 

(Layout)ʩʦʟʜʘʝʪʩʷ ʚʘʨʠʘʥʪ ʨʝʘʣʠʟʘʮʠʠ ʙʣʦʢʘ (ʫʩʪʨʦʡʩʪʚʘ). 
ʂʦʥʩʪʨʫʢʪʦʨʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʙʣʦʢʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʘ ʚ 

ʧʨʠʥʮʠʧʠʘʣʴʥʫʶ ʩʭʝʤʫ, ʚ ʢʦʪʦʨʫʶ ʚʢʣʶʯʝʥʳ ʣʠʥʠʠ ʧʝʨʝʜʘʯ ʠ ʵʣʝʤʝʥʪʳ, 
ʫʯʠʪʳʚʘʶʱʠʝ ʢʦʥʩʪʨʫʢʮʠʶ ʢʦʤʧʦʥʝʥʪʘ (ʢʦʨʧʫʩʘ ʠ ʪ.ʜ.). ʇʦʣʫʯʝʥʥʘʷ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʘʥʘʣʠʟʘ ʨʝʘʣʴʥʳʭ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʩʪʨʦʡʩʪʚʘ (ʵʪʘʧ 4 ʥʘ ʨʠʩ. 12). 

 ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʥʘ ʵʪʘʧʘʭ 1-5 ʥʦʩʠʪ ʠʪʝʨʘʮʠʦʥʥʳʡ ʭʘʨʘʢʪʝʨ. ʇʦʩʣʝ 
ʜʦʩʪʠʞʝʥʠʷ ʪʨʝʙʫʝʤʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʟʣʦʚ ʠ ʚʩʝʡ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ ʤʦʛʫʪ 
ʙʳʪʴ ʧʦʜʛʦʪʦʚʣʝʥʳ ʬʘʡʣʳ, ʩʦʜʝʨʞʘʱʠʝ ʜʘʥʥʳʝ ʜʣʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. 
 

 

3.2. ʕʪʘʧ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

 

ɼʣʷ ʘʥʘʣʠʟʘ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤ ʫʨʦʚʥʝ ʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʝʥʠʝ 

ʩʣʝʜʫʶʱʠʭ ʢʦʥʪʨʦʣʣʝʨʦʚ: 

¶ HB ï ʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ ʤʝʪʦʜʦʤ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ. 

¶ LSSP ï ʘʥʘʣʠʟ S ï ʧʘʨʘʤʝʪʨʦʚ ʚ ʨʝʞʠʤʝ ʙʦʣʴʰʦʛʦ ʩʠʛʥʘʣʘ. 

¶ AC ï ʤʘʣʦʩʠʛʥʘʣʴʥʳʡ ʘʥʘʣʠʟ. 

¶ S ï Param ï ʘʥʘʣʠʟ ʤʘʣʦʩʠʛʥʘʣʴʛʳʭ S ï ʧʘʨʘʤʝʪʨʦʚ. 

¶ XDB ï ʘʥʘʣʠʟ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʤʧʨʝʩʩʠʠ. 

HB ʠ AC ʢʦʥʪʨʦʣʣʝʨʳ ʚʢʣʶʯʘʶʪ ʦʧʮʠʠ ʜʣʷ ʨʘʩʯʝʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʭʝʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʴʥʳʭ ʬʫʥʢʮʠʡ, ʦʧʠʩʘʥʠʷ ʢʦʪʦʨʳʭ 
ʧʨʠʚʝʜʝʥʳ ʚ ʧʨʠʣʦʞʝʥʠʠ 3. 

ɼʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʫʥʢʮʠʡ ʥʝʦʙʭʦʜʠʤʦ: 

¶ ɺʢʣʶʯʠʪʴ ʦʧʮʠʶ ParamĄBudgetĄ Perform Budget Simulation ʚ 

ʢʦʥʪʨʦʣʣʝʨʝ AC ʠ HB. 
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¶ ʇʦʤʝʩʪʠʪʴ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʨʘʩʯʝʪʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʫʥʢʮʠʡ ʚ ʦʢʥʝ 
ʩʭʝʤʥʦʛʦ ʨʝʜʘʢʪʦʨʘ (ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ PaletteĄSimulator 

AC/HB) ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʠ ʬʫʥʢʮʠʠ ʚ Data Display ʜʣʷ 
ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʨʘʞʝʥʠʡ (Equation). 

¶ ʇʨʠ ʨʘʩʯʝʪʝ ʰʫʤʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʫʩʪʘʥʦʚʠʪʴ ʦʧʮʠʠ Noise (1) ʠ 

Noise (2) ʢʦʥʪʨʦʣʣʝʨʦʚ HB/AC ʠ ʢʣʶʯ ʨʘʩʯʝʪʘ ʰʫʤʦʚ ʫ ʠʩʪʦʯʥʠʢʦʚ ʠ 
ʥʘʛʨʫʟʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. 
ɹʠʙʣʠʦʪʝʢʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʙʣʦʢʦʚ ʩʦʜʝʨʞʘʪ ʣʠʥʝʡʥʳʝ ʠ 

ʥʝʣʠʥʝʡʥʳʝ ʤʦʜʝʣʠ ʵʣʝʤʝʥʪʦʚ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʘʚʠʣʴʥʦ ʚʳʙʠʨʘʪʴ ʤʦʜʝʣʴ 
ʙʣʦʢʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ. ʆʧʠʩʘʥʠʷ 

ʥʝʢʦʪʦʨʳʭ ʤʦʜʝʣʝʡ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʙʣʦʢʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʧʨʠʣʦʞʝʥʠʠ 2. 
ʆʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʤʦʜʝʣʠ (ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ ʨʘʩʯʝʪʝ ʪʦʡ 

ʠʣʠ ʠʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ) ʦʛʦʚʘʨʠʚʘʝʪʩʷ ʚ ʦʧʠʩʘʥʠʠ ʤʦʜʝʣʠ.  
 

 

3.2.1 ɸʥʘʣʠʟ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʤʝʪʦʜʦʤ 

ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ ʚ ʣʠʥʝʡʥʦʤ ʨʝʞʠʤʝ 

 

ʇʨʦʝʢʪ ʜʣʷ ʘʥʘʣʠʟʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 13. ʆʩʦʙʝʥʥʦʩʪʴʶ 
ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʩʭʝʤ ʷʚʣʷʝʪʩʷ ʜʚʫʭʯʘʩʪʦʪʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ, ʧʦʵʪʦʤʫ 
ʚ ʢʦʥʪʨʦʣʣʝʨʝ HB ʟʘʜʘʶʪʩʷ ʜʚʝ ʯʘʩʪʦʪʳ ï ʯʘʩʪʦʪʘ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʠ 

ʯʘʩʪʦʪʘ ʛʝʪʝʨʦʜʠʥʘ, ʧʨʠʯʝʤ ʯʘʩʪʦʪʘ ʛʝʪʝʨʦʜʠʥʘ (ʠʩʪʦʯʥʠʢ PORT2) 
ʟʘʥʦʩʠʪʩʷ ʧʦʜ ʧʝʨʚʳʤ ʥʦʤʝʨʦʤ (Freq[1]), ʘ ʯʘʩʪʦʪʘ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ 

(ʠʩʪʦʯʥʠʢ PORT1) ʧʦʜ ʚʪʦʨʳʤ ʥʦʤʝʨʦʤ. ʇʦʨʷʜʦʢ ʧʝʨʝʯʠʩʣʝʥʠʷ ʯʘʩʪʦʪ 
ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʙʳʚʘʥʠʶ ʤʦʱʥʦʩʪʝʡ ʠʩʪʦʯʥʠʢʦʚ.  ɺ ʩʦʩʪʘʚ ʧʨʦʝʢʪʘ ʚʭʦʜʷʪ 

ʤʦʜʝʣʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʙʣʦʢʦʚ, ʢʦʪʦʨʳʝ ʟʘʜʘʶʪʩʷ ʤʘʣʦʩʠʛʥʘʣʴʥʳʤʠ  S- 
ʧʘʨʘʤʝʪʨʘʤʠ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʡ ʯʘʩʪʦʪʝ. ʈʝʟʫʣʴʪʘʪʦʤ ʘʥʘʣʠʟʘ ʷʚʣʷʝʪʩʷ 

ʩʧʝʢʪʨ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʭʝʤʳ ʥʝʦʙʭʦʜʠʤʦ ʠʩʩʣʝʜʦʚʘʪʴ 
ʬʫʥʢʮʠʶ mix ʚ ʨʝʜʘʢʪʦʨʝ ʨʝʟʫʣʴʪʘʪʦʚ (ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʙʣʠʯʥʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ). Mix ʦʧʨʝʜʝʣʷʝʪ ʯʘʩʪʦʪʥʳʡ ʩʦʩʪʘʚ ʩʧʝʢʪʨʘ, ʧʝʨʚʳʡ ʠʥʜʝʢʩ 
ï ʢʦʵʬʬʠʮʠʝʥʪ, ʩ ʢʦʪʦʨʳʤ ʚʭʦʜʠʪ ʯʘʩʪʦʪʘ Freq[1] ʢʦʥʪʨʦʣʣʝʨʘ HB ʚ ʵʪʫ 

ʩʦʩʪʘʚʣʷʶʱʫʶ ʩʧʝʢʪʨʘ, ʘ ʚʪʦʨʦʡ ʠʥʜʝʢʩ ʦʪʥʦʩʠʪʩʷ ʢ ʯʘʩʪʦʪʝ Freq[2]. 

ʅʘʧʨʠʤʝʨ, Mix(-2, 1) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʯʘʩʪʦʪʝ ]2[]1[*2 FreqFreq +- . 

ɼʣʷ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 
ʚʭ

ʚʳʭ
ʧʨ

P

P
K =  ʥʝʦʙʭʦʜʠʤʦ ʚ 

ʨʝʜʘʢʪʦʨʝ ʨʝʟʫʣʴʪʘʪʦʚ ʟʘʜʘʪʴ ʚʳʯʠʩʣʷʝʤʦʝ ʚʳʨʘʞʝʥʠʝ 

ʂ= dBm(mix(out,{1,-1}))- dBm(mix(in,{0,1}))  
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ʕʪʦ ʚʳʨʘʞʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʜɹʤ: 
mix(in,{0,1}) ʟʘʜʘʝʪ ʟʥʘʯʝʥʠʝ ʧʝʨʚʦʡ ʛʘʨʤʦʥʠʢʠ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ (ʚ ʪʦʯʢʝ 
in), mix(out,{1,-1}) ï ʟʥʘʯʝʥʠʝ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ (ʚ ʪʦʯʢʝ out) ʥʘ 

ʨʘʟʥʦʩʪʥʦʡ ʯʘʩʪʦʪʝ Freq[1]-Freq[2]. 
 

 
 

ʈʠʩ. 13. ʇʨʦʝʢʪ ʜʣʷ ʘʥʘʣʠʟʘ ʩʭʝʤʳ ʤʝʪʦʜʦʤ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ 

ʙʘʣʘʥʩʘ ʧʨʠ ʜʚʫʭʯʘʩʪʦʪʥʦʤ ʚʭʦʜʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ 

3.2.2 ɸʥʘʣʠʟ ʰʫʤʦʚ 

ʇʨʦʝʢʪ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 14, ʦʥ ʧʦʩʪʨʦʝʥ ʥʘ ʙʘʟʝ ʧʨʝʜʳʜʫʱʝʛʦ 
ʧʨʠʤʝʨʘ, ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ: 

¶ ɺʭʦʜʥʦʡ ʠʩʪʦʯʥʠʢ ï Port1: ʢʦʤʧʦʥʝʥʪ P_1 Tone, ʥʦʤʝʨ ʧʦʨʪʘ ï Num 
= 1. ʇʨʠʟʥʘʢ ʨʘʩʯʝʪʘ ʰʫʤʦʚ ï Noise = yes. 

¶ ɺʳʭʦʜʥʘʷ ʥʘʛʨʫʟʢʘ: Port2 - ʢʦʤʧʦʥʝʥʪ Term, ʥʦʤʝʨ ʧʦʨʪʘ Num = 2, 

ʧʨʠʟʥʘʢ ʨʘʩʯʝʪʘ ʰʫʤʦʚ, noise = yes. 

¶ ɻʝʪʝʨʦʜʠʥ (Port3): ʢʦʤʧʦʥʝʥʪ P_1 Tone, ʥʦʤʝʨ ʧʦʨʪʘ Num = 3, 

ʧʨʠʟʥʘʢ ʨʘʩʯʝʪʘ ʰʫʤʦʚ = No. 

¶ ʇʘʨʘʤʝʪʨʳ ʢʦʥʪʨʦʣʣʝʨʘ HB ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ. ʋʩʪʘʥʦʚʠʪʴ 

ʢʣʶʯ çNoiseè - ʨʘʩʯʝʪ ʰʫʤʦʚ. ɺ ʤʝʥʶ Noise (1) ʚʳʙʨʘʪʴ nonlinear 

noise. ɺ ʜʠʘʣʦʛʦʚʦʤ ʦʢʥʝ ʫʩʪʘʥʦʚʠʪʴ ʚ ʧʦʣʝ Frequency ʚʳʭʦʜʥʫʶ 
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ʯʘʩʪʦʪʫ ʩʤʝʩʠʪʝʣʷ 140 ʄɻʮ = (431-321) ʄɻʮ,  Input Frequency = 321 
ʄʛʮ (ʚʭʦʜʥʘʷ ʯʘʩʪʦʪʘ). Noise input port = 1 (ʧʦʨʪ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ). 
Noise output port = 2 (ʧʦʨʪ ʚʳʭʦʜʘ). 

¶ ʋʩʪʘʥʦʚʠʪʴ ʚ ʢʦʤʧʦʥʝʥʪʝ Options ʟʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ 

ʰʫʤʦʚʦʛʦ ʘʥʘʣʠʟʘ Temp = 16,8. 
 

 

 
 

ʈʠʩ. 14. ʇʨʦʝʢʪ ʜʣʷ ʘʥʘʣʠʟʘ ʰʫʤʦʚ ʚ ʨʝʞʠʤʝ ʙʦʣʴʰʦʛʦ ʩʠʛʥʘʣʘ 
 

 
ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ. ʂʦʵʬʬʠʮʠʝʥʪ ʰʫʤʘ ʥʘ ʚʳʭʦʜʝ ï ʚʳʭʦʜʥʘʷ 

ʧʝʨʝʤʝʥʥʘʷ nf(2), ʵʬʬʝʢʪʠʚʥʘʷ ʰʫʤʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ  ʥʘ ʚʳʭʦʜʝ te(2), 

ʠʥʜʝʢʩ (2) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʨʪʫ ʩ ʥʦʤʝʨʦʤ 2 (Num=2).  
 

 
3.2.3 ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʥʝʣʠʥʝʡʥʦʤ 

ʨʝʞʠʤʝ 
ɽʩʣʠ ʩʤʝʩʠʪʝʣʴ ʨʘʙʦʪʘʝʪ ʚ ʨʝʞʠʤʝ ʙʦʣʴʰʦʛʦ ʩʠʛʥʘʣʘ, ʢʦʵʬʬʠʮʠʝʥʪ  
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ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʡ ʤʝʪʦʜʠʢʝ. ʅʘ ʨʠʩ. 15 
ʧʨʠʚʝʜʝʥ ʧʨʦʝʢʪ ʜʣʷ ʘʥʘʣʠʟʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. 

 

 
 

ʈʠʩ. 15. ʇʨʦʝʢʪ ʜʣʷ ʘʥʘʣʠʟʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 
 

ʆʧʠʩʘʥʠʝ ʧʨʦʝʢʪʘ: 
    

¶ ʉʤʝʩʠʪʝʣʴ ʤʦʜʝʣʠʨʫʝʪʩʷ ʢʦʤʧʦʥʝʥʪʦʤ Mixer. 

¶ ʀʩʪʦʯʥʠʢ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ (Port1): ʢʦʤʧʦʥʝʥʪ P_1 Tone, P = 

dBmfow (Power_RF) ï ʟʥʘʯʝʥʠʝ ʤʦʱʥʦʩʪʠ ʦʙʷʟʘʪʝʣʴʥʦ ʟʘʜʘʚʘʪʴ 

ʧʝʨʝʤʝʥʥʦʡ. 

¶ ɺ ʢʦʥʪʨʦʣʣʝʨʝ Harmonic Balance ʫʩʪʘʥʦʚʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ: 

ɺ ʤʝʥʶ Freq: 

¶ Maximum order = 5; 

¶ Freq [1] = 461 MHz; 

¶ Order [1] = 5; 

¶ Freq [2] = 321 MHz; 

¶ Order [2] = 3. 
ɺ ʤʝʥʶ Krylov ʚʳʙʨʘʪʴ Use Krylov solver. 
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ɺ ʤʝʥʶ Display ʚʳʙʨʘʪʴ Other. 

¶ ɺ ʦʢʥʝ ʩʭʝʤʥʦʛʦ ʨʝʜʘʢʪʦʨʘ ʦʪʨʝʜʘʢʪʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨ Other 

ʢʦʤʧʦʥʝʥʪʘ HB1: Other=OutVar = çRF_Powerè - ʵʪʦ ʧʦʟʚʦʣʠʪ 
ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʝʨʝʤʝʥʥʫʶ RF_Power ʜʣʷ ʚʳʯʠʩʣʝʥʠʡ ʚ ʨʝʜʘʢʪʦʨʝ 

ʨʝʟʫʣʴʪʘʪʦʚ. 
 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ.  
 

ɺ ʨʝʜʘʢʪʦʨʝ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʙʨʘʪʴ Equation ʠ ʚʚʝʩʪʠ ʩʣʝʜʫʶʱʠʝ 
ʚʳʨʘʞʝʥʠʷ: 

VifLow=dBm(mix(Vif ,{1;-1}))  
, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʦʱʥʦʩʪʠ ʢʦʤʧʦʥʝʥʪʘ (FLO-FRF) ʚ ʫʟʣʝ Vif  (ʪ.ʝ. ʥʘ 
ʚʳʭʦʜʝ ʩʭʝʤʳ) ʠ  

MixConvGain = VifLow ï RF_power 
- ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. 

 

3.2.4 ʆʧʨʝʜʝʣʝʥʠʝ ʠʥʪʝʨʤʦʜʫʣʷʮʠʦʥʥʳʭ ʠʩʢʘʞʝʥʠʡ  

 

 
 

ʈʠʩ. 16. ʇʨʦʝʢʪ ʜʣʷ ʘʥʘʣʠʟʘ ʠʥʪʝʨʤʦʜʫʣʷʮʠʦʥʥʳʭ ʠʩʢʘʞʝʥʠʡ 
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ʆʧʠʩʘʥʠʝ ʧʨʦʝʢʪʘ (ʈʠʩ. 16): 
 

¶ ʀʩʪʦʯʥʠʢ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ (Port1): ʢʦʤʧʦʥʝʥʪ P_nTone ʩʦ 

ʩʣʝʜʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ - Freq[1] ʠ Freq[2] ï ʯʘʩʪʦʪʳ ʧʦʣʝʟʥʦʛʦ 
ʩʠʛʥʘʣʘ ʠ ʧʦʤʝʭʠ. ʆʥʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʯʝʨʝʟ ʩʨʝʜʥʶʶ ʯʘʩʪʦʪʫ 

RF_Freq = (Freq[1] + Freq[2])/2 ʠ ʨʘʩʩʪʨʦʡʢʫ F_Spacing = (Freq[1] ï 
Freq[2]): 

Freq[1] = RF_Freq ï F_Spacing/2, 
Freq[2] = RF_Freq + F_Spacing/2. 

ʄʦʱʥʦʩʪʠ ʠʩʪʦʯʥʠʢʦʚ: 
P [1] = dBmfow (Power_RF) 
P [2] = dBmfow (Power_RF) 

ɿʥʘʯʝʥʠʷ RF_Freq ʠ F_Spacing, Power_RF ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ 
ʢʦʤʧʦʥʝʥʪʝ Var. 

¶ ɻʝʪʝʨʦʜʠʥ Port 3 ïʢʦʤʧʦʥʝʥʪ P_1 Tone ʩ ʧʘʨʘʤʝʪʨʘʤʠ  

P = dBmfow (Power_LO), F=LO_Freq. 

¶ ʇʘʨʘʤʝʪʨʳ ʢʦʥʪʨʦʣʣʝʨʘ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ (HB): 

ʄʝʥʶ Freq: 

¶ Freq[1] = LO_Freq; 

¶ Order[1] = 5; 

¶ Freq[2] = RF_Freq ï F_Spacing/2; 

¶ Order[2] = 3; 

¶ Freq[3] = RF_Freq + F_Spacing/2; 

¶ Order[3] = 3. 

ʄʝʥʶ Krylov: ʚʳʙʨʘʪʴ Use Krylov select. 

 
ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ.  

 
ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʳʚʝʩʪʠ ʩʧʝʢʪʨ ʚ ʪʦʯʢʝ Vif  ʚ 

dBm. ʇʦʤʝʥʷʪʴ ʰʢʘʣʫ ʧʦ ʦʩʠ ʍ (ʯʘʩʪʦʪʘ) ï Xmin = 139,9 ʄɻʮ, Xmax=140,1 
ʄɻʮ. ʋʩʪʘʥʦʚʠʪʴ ʤʘʨʢʝʨʳ ʥʘ ʯʘʩʪʦʪʘʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ: (Freq[1] ï 
Freq[3]) - ʤʘʨʢʝʨ  m1 ʠ ʥʘ ʯʘʩʪʦʪʝ (Freq[1] ï Freq[2]) ï ʤʘʨʢʝʨ m2, ʛʜʝ 

Freq[1], Freq[2], Freq[3] - ʯʘʩʪʦʪʳ ʢʦʥʪʨʦʣʣʝʨʘ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ.  
ɿʘʧʠʩʘʪʴ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʥʪʝʨʤʦʜʫʣʷʮʠʦʥʥʳʭ ʠʩʢʘʞʝʥʠʡ: 

TOIoutput=1.5+m1ï0.5+m2.  
ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 17. 
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ʈʠʩ. 17. ʈʘʩʯʝʪ TOI 

 

3.2.5. ɸʥʘʣʠʟ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʤʧʨʝʩʩʠʠ 

ʅʘ ʨʠʩ. 18  ʧʨʠʚʝʜʝʥ ʧʨʦʝʢʪ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʤʧʨʝʩʩʠʠ 
ʤʝʪʦʜʦʤ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ. ʂʦʤʧʦʥʝʥʪ Sweep ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʟʘʜʘʥʠʷ ʜʠʘʧʘʟʦʥʘ ʠʟʤʝʥʝʥʠʷ ʟʥʘʯʝʥʠʷ ʚʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ. ʈʝʟʫʣʴʪʘʪʳ 
ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 19. ɺ ʨʝʜʘʢʪʦʨʝ Data Display ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʚʳʨʘʞʝʥʠʷ:  
linear = gain [1] + Pin  

ï ʜʣʷ ʨʘʩʯʝʪʘ ʠʜʝʘʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ;  

gain = dBm(out[1]) ï Pin  
ï ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʝʨʝʜʘʯʠ ʧʦ ʤʦʱʥʦʩʪʠ.  

ʅʘ ʛʨʘʬʠʢʝ ʚʳʚʦʜʠʪʩʷ ʟʥʘʯʝʥʠʝ ʚʳʯʠʩʣʷʝʤʦʡ ʬʫʥʢʮʠʠ Linear ʠ 
ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʧʝʢʪʨʘ ʚ ʪʦʯʢʝ Out (ʥʘ ʦʩʥʦʚʥʦʡ ʯʘʩʪʦʪʝ). ʅʘ ʢʘʞʜʦʤ ʠʟ 

ʛʨʘʬʠʢʦʚ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʤʘʨʢʝʨʳ. ɼʦʙʘʚʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝ Compression 
= m2 ï m1, ʢʦʪʦʨʦʝ ʟʘʪʝʤ ʧʨʦʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʪʘʙʣʠʮʝ. ʇʝʨʝʤʝʱʝʥʠʝʤ 

ʤʘʨʢʝʨʦʚ (ʜʣʷ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʟʥʘʯʝʥʠʷ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ) ʥʘʭʦʜʷʪ 
ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʤʧʨʝʩʩʠʠ ʜʣ ̫ ʟʘʜʘʥʥʦʡ ʤʦʱʥʦʩʪʠ ʚʭʦʜʥʦʛʦ 

ʩʠʛʥʘʣʘ. ɼʚʠʞʝʥʠʝʤ ʤʘʨʢʝʨʦʚ ʥʘʭʦʜʷʪ ʟʥʘʯʝʥʠʝ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʜʣʷ 
ʟʘʜʘʥʥʦʛʦ ʫʨʦʚʥʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʤʧʨʝʩʩʠʠ (ʦʙʳʯʥʦ ʵʪʦ 1ʜɹ).



 
 

ʈʠʩ. 18. ʇʨʦʝʢʪ ʜʣʷ ʘʥʘʣʠʟʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʤʧʨʝʩʩʠʠ 



Eqn linear=gain[1]+Pin

Eqngain=dbm(out[1])-Pin

m1
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dBm(out[::,1])=0.941
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ʈʠʩ. 19. ʈʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʤʧʨʝʩʩʠʠ 

 
 

 
 

3.3. ʕʪʘʧ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ - ʩʦʟʜʘʥʠʝ ʬʘʡʣʘ 
ʬʠʟʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʘ  

 
ʕʪʦʪ ʵʪʘʧ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʦʛʦ ʵʪʘʧʘ 

1. ʅʝʦʙʭʦʜʠʤʦ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʚʩʝ ʵʣʝʤʝʥʪʳ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʩʭʝʤʳ ʚ 

ʢʦʤʧʦʥʝʥʪʳ ʨʝʘʣʴʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. ɼʣʷ ʵʪʦʛʦ ʚʳʙʨʘʪʴ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ ʠʟ ʙʠʙʣʠʦʪʝʢʠ RF_Passive_SMT Library. 

2. ʋʜʘʣʠʪʴ ʠʟ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʩʭʝʤʳ ʠʩʪʦʯʥʠʢʠ ʚʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ, 

ʧʠʪʘʥʠʷ, ʟʘʥʫʣʝʥʠʷ, ʟʘʤʝʥʠʚ ʠʭ ʢʦʤʧʦʥʝʥʪʦʤ ʪʠʧʘ Port. 

3. ʉʦʟʜʘʪʴ ʥʦʚʳʡ ʧʨʦʝʢʪ (Design). 
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4. ɺ ʦʢʥʝ Schematic ʜʦʙʘʚʠʪʴ ʵʣʝʤʝʥʪʳ SMT_Pad, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʢʘʞʜʦʤʫ ʪʠʧʫ ʢʦʨʧʫʩʦʚ ʵʣʝʤʝʥʪʦʚ ʩʭʝʤʳ. 

5. ʋʩʪʘʥʦʚʠʪʴ ʨʝʞʠʤ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʠʟʤʝʥʝʥʠʡ ʚ ʦʢʥʝ Schematic ʠ 

Layout. ɼʣʷ ʵʪʦʛʦ ʚ ʤʝʥʶ Option ʚʳʙʨʘʪʴ Preferences. ɺ ʟʘʢʣʘʜʢʝ 

Placement ʚʳʙʨʘʪʴ Dual representation ʠʣʠ  Always Design Synchronize. 

6. ʇʝʨʝʡʪʠ ʚ ʦʢʥʦ Layout. 

7. ʈʘʟʤʝʩʪʠʪʴ ʜʚʘ ʢʦʤʧʦʥʝʥʪʘ (ʤʦʞʥʦ ʯʝʨʝʟ ʤʝʥʶ ComponentĄComponent 

Library). 

8. ɼʦʙʘʚʠʪʴ ʚ ʩʭʝʤʫ ʵʣʝʤʝʥʪʳ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʣʠʥʠʠ ʧʝʨʝʜʘʯ ï ʧʦʚʦʨʦʪ 

(MBand), ʊ- ʩʦʯʣʝʥʝʥʠʝ, ʍ ï ʩʦʯʣʝʥʝʥʠʝ ʠ ʪ.ʧ. 

9. ʉʦʝʜʠʥʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʳʚʦʜʳ ʢʦʤʧʦʥʝʥʪʦʚ (ComponentĄTrace), 

ʦʧʨʝʜʝʣʠʚ ʧʨʠ ʵʪʦʤ ʧʘʨʘʤʝʪʨʳ ʣʠʥʠʡ ʧʝʨʝʜʘʯ. 

10. ʇʨʝʦʙʨʘʟʦʚʘʪʴ ʪʨʘʩʩʳ ʚ ʵʣʝʤʝʥʪʳ: EditĄPath/TraceĄConvert Traces.  

11. ɼʦʙʘʚʠʪʴ ʠʟʤʝʥʝʥʠʷ ʚ ʬʘʡʣ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʩʭʝʤʳ. ɼʣʷ ʵʪʦʛʦ ʚ ʦʢʥʝ 

Layout ʚʳʙʨʘʪʴ ʦʧʮʠʶ SchematicĄGenerate/Update Schematic (ʜʣʷ 

ʢʦʥʪʨʦʣʷ ʚʚʝʜʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʤʦʞʥʦ ʧʝʨʝʡʪʠ ʚ ʦʢʥʦ Schematic (ʤʝʥʶ 

WindowĄSchematic)). 

12. ɼʦʙʘʚʠʪʴ ʩʣʝʜʫʶʱʠʡ ʢʦʤʧʦʥʝʥʪ ʩʭʝʤʳ. ʇʦʚʪʦʨʠʪʴ ʧʫʥʢʪʳ 8-11. 

13. ʉʦʭʨʘʥʠʪʴ ʧʨʦʝʢʪ. 

14. ɺʳʧʦʣʥʷʝʪʩʷ ʜʣʷ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʚʘʨʠʘʥʪʘ ʬʠʟʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʘ. 

ʇʣʦʩʢʦʩʪʴ ʟʘʟʝʤʣʝʥʠʷ ʜʦʙʘʚʣʷʝʪʩʷ ʢ ʚʝʨʭʥʝʤʫ ʩʣʦʶ ʤʝʪʘʣʣʠʟʘʮʠʠ 

ʧʫʪʝʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ ʨʘʟʤʝʨʦʤ ʩ ʧʣʘʪʫ 

ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʚʘʨʠʘʥʪʘ ʩʭʝʤʳ. ɼʣʷ ʢʘʞʜʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʩʭʝʤʳ 

ʩʛʝʥʝʨʠʨʦʚʘʪʴ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ ʣʠʥʠʝʡ ʧʝʨʝʜʘʯʠ/ʢʦʤʧʦʥʝʥʪʘ ʠ 

ʧʣʦʩʢʦʩʪʴʶ ʟʘʟʝʤʣʝʥʠʷ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʧʮʠʶ EditĄCreate 

Clearence, ʚʳʜʝʣʠʪʴ ʧʣʦʩʢʦʩʪʴ ʟʘʟʝʤʣʝʥʠʷ, ʫʩʪʘʥʦʚʠʪʴ ʨʘʟʤʝʨ ʟʘʟʦʨʘ, 

ʚʳʙʨʘʪʴ ʵʣʝʤʝʥʪ. 

15. ʉʦʭʨʘʥʠʪʴ ʧʨʦʝʢʪ. 

 
 

 
ɿʘʜʘʥʠʝ 

 
1. ʀʟʫʯʠʪʴ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 
ʘʥʘʣʦʛʦʚʳʭ ʩʭʝʤ ʚ ʉɸʇʈ ADS. 
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2. ʀʩʧʦʣʴʟʫʷ ʨʝʟʫʣʴʪʘʪʳ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ 1 ʠ 2 ʩʬʦʨʤʠʨʦʚʘʪʴ 
ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʩʭʝʤʫ ʫʩʪʨʦʡʩʪʚʘ, ʠʩʧʦʣʴʟʫʷ ʵʣʝʤʝʥʪʳ 
ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʙʣʦʢʦʚ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʧʨʠʣʦʞʝʥʠʠ 2. 

3. ɺʳʧʦʣʥʠʪʴ ʨʘʩʯʝʪ: 

¶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʝʨʝʜʘʯʠ ʚ ʣʠʥʝʡʥʦʤ ʠ ʥʝʣʠʥʝʡʥʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ,  

¶ ʘʥʘʣʠʟ ʰʫʤʦʚ ʚ ʣʠʥʝʡʥʦʤ ʠ ʥʝʣʠʥʝʡʥʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ,  

¶ ʨʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʛʘʨʤʦʥʠʢ,  

¶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʤʧʨʝʩʩʠʠ. 

 
 

 
ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ 
 

1. ʆʩʥʦʚʥʳʝ ʟʘʜʘʯʠ, ʨʝʰʘʝʤʳʝ ʥʘ ʦʪʜʝʣʴʥʳʭ ʵʪʘʧʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 
ʀʄʉ. 

2. ɼʘʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʤʦʜʝʣʝʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʘʥʘʣʠʟʝ 
ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤ, ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʦʤ ʠ 

ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʤ ʵʪʘʧʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 
3. ɿʘʚʠʩʠʪ ʣʠ ʚʳʙʦʨ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ ʩʭʝʤʳ ʦʪ ʵʪʘʧʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

4. ʂʘʢʫʶ ʤʦʜʝʣʴ ʩʤʝʩʠʪʝʣʷ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʘʥʘʣʠʟʝ 
ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʣʠʥʝʡʥʦʤ ʠ ʥʝʣʠʥʝʡʥʦʤ ʨʝʞʠʤʘʭ 

ʨʘʙʦʪʳ ʩʭʝʤʳ. 
5. ʂʘʢʦʡ ʤʝʪʦʜ ʘʥʘʣʠʟʘ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʨʘʩʯʝʪʘ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʝʨʝʜʘʯʠ ʫʩʠʣʠʪʝʣʷ ʚ ʣʠʥʝʡʥʦʤ ʠ ʥʝʣʠʥʝʡʥʦʤ 
ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ. 

6. ʂʘʢʠʤ ʦʙʨʘʟʦʤ ʦʩʫʱʝʩʪʚʠʪʴ ʧʝʨʝʭʦʜ ʦʪ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʵʪʘʧʘ 
ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʢ ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʦʤʫ. 



 

38 

 

ɻʣʘʚʘ 4. ʀʟʫʯʝʥʠʝ ʤʘʨʰʨʫʪʘ ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʦʛʦ 
ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʫʩʠʣʠʪʝʣʴʥʳʭ ʢʘʩʢʘʜʦʚ ʚʭʦʜʥʳʭ ʫʩʪʨʦʡʩʪʚ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʚ ʉɸʇʈ ADS 
 

 
ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʙʲʝʢʪʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʊʨʝʙʦʚʘʥʠʷ ʢ 

ʫʩʠʣʠʪʝʣʴʥʳʤ ʢʘʩʢʘʜʘʤ ï ʦʙʝʩʧʝʯʝʥʠʝ ʤʘʢʩʠʤʫʤʘ ʢʦʵʬʬʠʮʠʝʥʪʘ 
ʫʩʠʣʝʥʠʷ, ʤʠʥʠʤʫʤʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʰʫʤʘ ʠ ʥʝʣʠʥʝʡʥʳʭ ʠʩʢʘʞʝʥʠʡ ʚ 

ʟʘʜʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ. 
ʊʠʧʦʚʦʡ ʤʘʨʰʨʫʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 1. 
 

ʊʘʙʣʠʮʘ 1. ʊʠʧʦʚʦʡ ʤʘʨʰʨʫʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ  

ʇʨʦʝʢʪʥʘʷ ʧʨʦʮʝʜʫʨʘ ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʦʧʝʨʘʮʠʷ 

1. ɺr ʙʦʨ ʨʘʙʦʯʠʭ ʪʦʯʝʢ ʢʘʩʢʘʜʦʚ 
ʫʩʠʣʝʥʠʷ 

1. ʄʥʦʛʦʚʘʨʠʘʥʪʥʳʡ ʘʥʘʣʠʟ 
ʩʪʘʪʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠ ̫ ʩʝʤʝʡʩʪʚʘ ʚʳʭʦʜʥʳʭ 
ʚʦʣʴʪʘʤʧʝʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʪʨʘʥʟʠʩʪʦʨʘ. 

2. ʈʘʩʯʝʪ ʮʝʧʝʡ ʩʤʝʱʝʥʠʷ 
 

2. ʆʧʪʠʤʠʟʘʮʠʷ ʟʥʘʯʝʥʠʡ 
ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʮʝʧʝʡ ʩʤʝʱʝʥʠʷ ʚ 

ʩʪʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ. 

3. ʈʘʩʯʝʪ ʤʘʣʦʩʠʛʥʘʣʴʥʳʭ 
ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʩʢʘʜʦʚ 

ʫʩʠʣʝʥʠʷ 

3. ʈʘʩʯʝʪ S- ʠ Z- ʧʘʨʘʤʝʪʨʦʚ ʚ 
ʤʘʣʦʩʠʛʥʘʣʴʥʦʤ ʨʝʞʠʤʝ. ʈʘʩʯʝʪ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʩʪʦʡʯʠʚʦʩʪʠ  ʠ 
ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ ʧʦ 

ʤʦʱʥʦʩʪʠ, ʨʘʩʯʝʪ ʰʫʤʦʚ. 

4. ʌʦʨʤʠʨʦʚʘʥʠʝ ʩʭʝʤʳ 
ʜʚʫʭʢʘʩʢʘʜʥʦʛʦ ʫʩʠʣʠʪʝʣʷ. ʈʘʩʯʝʪ 

ʮʝʧʝʡ ʩʦʛʣʘʩʦʚʘʥʠʷ ʥʘ ʚʭʦʜʝ, 
ʚʳʭʦʜʝ ʠ ʤʝʞʜʫ ʢʘʩʢʘʜʘʤʠ 

4. ʆʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ 
ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʭ ʣʠʥʠʡ. 

5. ʆʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʦʪʥʳʭ, 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʨʝʞʠʤʝ ʙʦʣʴʰʦʛʦ 
ʩʠʛʥʘʣʘ ʧʨʠ ʦʜʥʦʯʘʩʪʦʪʥʦʤ 

ʚʭʦʜʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ 
 

5. ʄʥʦʛʦʚʘʨʠʘʥʪʥʳʡ ʘʥʘʣʠʟ 

ʤʝʪʦʜʦʤ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ. 

6. ʆʧʨʝʜʝʣʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ 6. ʄʥʦʛʦʚʘʨʠʘʥʪʥʳʡ ʘʥʘʣʠʟ 



 

39 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʨʝʞʠʤʝ ʙʦʣʴʰʦʛʦ 

ʩʠʛʥʘʣʘ ʧʨʠ ʦʜʥʦʯʘʩʪʦʪʥʦʤ 
ʚʭʦʜʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ 

ʤʝʪʦʜʦʤ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ. 

ʈʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʤʧʨʝʩʩʠʠ. 

7. ʆʧʨʝʜʝʣʝʥʠʝ 

ʠʥʪʝʨʤʦʜʫʣʷʮʠʦʥʥʳʭ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʨʝʞʠʤʝ ʙʦʣʴʰʦʛʦ 

ʩʠʛʥʘʣʘ ʧʨʠ ʦʜʥʦ- ʠ ʜʚʫʭʯʘʩʪʦʪʥʦʤ 
ʚʭʦʜʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ 

7. ɸʥʘʣʠʟ ʤʝʪʦʜʦʤ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ 

ʙʘʣʘʥʩʘ ʧʨʠ ʜʚʫʭʯʘʩʪʦʪʥʦʤ ʚʭʦʜʥʦʤ 
ʚʦʟʜʝʡʩʪʚʠʠ. 

8. ʈʘʩʯʝʪ ʢʦʥʩʪʨʫʢʮʠʠ ʫʩʠʣʠʪʝʣʷ 8. ʌʦʨʤʠʨʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ 

ʫʩʠʣʠʪʝʣʷ ʚ ʪʦʧʦʣʦʛʠʯʝʩʢʦʤ 
ʨʝʜʘʢʪʦʨʝ. 

9. ʆʮʝʥʢʘ ʨʝʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʫʩʪʨʦʡʩʪʚʘ 

9. ʌʦʨʤʠʨʦʚʘʥʠʝ ʩʭʝʤʥʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʟ ʪʦʧʦʣʦʛʠʯʝʩʢʦʛʦ ʠ 
ʘʥʘʣʠʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩ ʫʯʝʪʦʤ 

ʬʠʟʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ. 

 
 

ɿʘʜʘʥʠʝ 
 

ʈʝʘʣʠʟʦʚʘʪʴ ʤʘʨʰʨʫʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʜʚʫʭʢʘʩʢʘʜʥʦʛʦ ʫʩʠʣʠʪʝʣʷ. ɼʣʷ 
ʵʪʦʛʦ ʚ ʙʠʙʣʠʦʪʝʢʝ Analog Parts Library ʧʦʜʦʙʨʘʪʴ ʪʨʘʥʟʠʩʪʦʨ ʧʦ ʨʘʙʦʯʝʡ 

ʧʦʣʦʩʝ ʯʘʩʪʦʪ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ (ʨʘʙʦʯʘʷ ʯʘʩʪʦʪʘ ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʚʥʦʡ 
ʧʨʠʤʝʨʥʦ 0,5Ft ʪʨʘʥʟʠʩʪʦʨʘ). ʈʘʙʦʯʘʷ ʯʘʩʪʦʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʦʤʝʨʦʤ 

ʚʘʨʠʘʥʪʘ, ʝʜʠʥʠʮʘ ʠʟʤʝʨʝʥʠʷ ʯʘʩʪʦʪʳ ï ɻɻʮ. 
 
 

1. ʄʥʦʛʦʚʘʨʠʘʥʪʥʳʡ ʘʥʘʣʠʟ ʩʪʘʪʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠ ̫
ʩʝʤʝʡʩʪʚʘ ʚʳʭʦʜʥʳʭ ʚʦʣʴʪʘʤʧʝʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʘʥʟʠʩʪʦʨʘ. 

 
ʅʝʦʙʭʦʜʠʤʦ ʩʦʩʪʘʚʠʪʴ ʟʘʜʘʥʠʝ ʜʣʷ ʨʘʩʯʝʪʘ ʟʘʚʠʩʠʤʦʩʪʠ ʪʦʢʘ ʚ 

ʢʦʣʣʝʢʪʦʨʥʦʡ ʮʝʧʠ ʪʨʘʥʟʠʩʪʦʨʘ ʦʪ ʥʘʧʨʷʞʝʥʠʷ ʙʘʟʘ- ʵʤʠʪʪʝʨ ʧʨʠ 
ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʥʘʧʨʷʞʝʥʠʷ ʧʠʪʘʥʠʷ. ʉʭʝʤʘ ʘʥʘʣʠʟʘ ʩʦʜʝʨʞʠʪ 

ʠʩʪʦʯʥʠʢʠ ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚ ʮʝʧʠ ʙʘʟʳ ʠ ʢʦʣʣʝʢʪʦʨʘ.  
ɺʘʨʴʠʨʫʝʤʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʭʝʤʳ ʷʚʣʷʶʪʩʷ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ 

Vdc ʠʩʪʦʯʥʠʢʦʚ ʥʘʧʨʷʞʝʥʠʷ. ɺʳʭʦʜʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʷʚʣʷʝʪʩʷ ʪʦʢ ʚ 
ʢʦʣʣʝʢʪʦʨʥʦʡ ʮʝʧʠ, ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʝʛʦ ʟʥʘʯʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʵʣʝʤʝʥʪ 

I_Probe.  
ɺʦʣʴʪʘʤʧʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʨʘʥʟʠʩʪʦʨʘ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 20. 
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ʈʠʩ. 20. ɺɸʍ ʪʨʘʥʟʠʩʪʦʨʘ ʠ ʚʳʙʦʨ ʨʘʙʦʯʠʭ ʪʦʯʝʢ ʩ ʧʦʤʦʱʴʶ ʤʘʨʢʝʨʦʚ 
 

 
ɺʦʣʴʪʘʤʧʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʨʘʙʦʯʠʭ 

ʪʦʯʝʢ ʪʨʘʥʟʠʩʪʦʨʦʚ ʚʩʝʭ ʢʘʩʢʘʜʦʚ. ʈʘʙʦʯʫʶ ʪʦʯʢʫ ʥʘʜʦ ʚʳʙʠʨʘʪʴ ʪʘʢʠʤ 
ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʤʠʥʠʤʫʤ ʠʩʢʘʞʝʥʠʡ ʩʠʛʥʘʣʘ ʧʨʠ ʝʛʦ 

ʫʩʠʣʝʥʠʠ, ʜʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʪʘʢʦʡ ʨʝʞʠʤ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ 
ʜʘʣʝʢ ʦʪ ʨʝʞʠʤʘ ʥʘʩʳɦ ʝʥʠʷ ʠ ʦʙʣʘʩʪʠ ʦʪʩʝʯʢʠ. ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ 

ʦʙʝʩʧʝʯʠʪʴ ʤʠʥʠʤʫʤ ʵʥʝʨʛʦʟʘʪʨʘʪ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʪʨʘʥʟʠʩʪʦʨʘ ʧʝʨʚʦʛʦ 
ʢʘʩʢʘʜʘ ʫʩʠʣʠʪʝʣʷ ʚʳʙʠʨʘʝʪʩʷ ʨʘʙʦʯʘʷ ʪʦʯʢʘ ʧʨʠ Vʂʕ=5ɺ, Iʂ=3ʤɸ ʠ 
Vɹʕ=0,77ɺ, ʘ ʜʣʷ ʚʪʦʨʦʛʦ ʢʘʩʢʘʜʘ ï ʧʨʠ Vʂʕ=5ɺ ʠ Iʂ=9ʤɸ, Vɹʕ=0,80ɺ. 
 
 

2. ʆʧʪʠʤʠʟʘʮʠʷ ʟʥʘʯʝʥʠʡ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʮʝʧʝʡ ʩʤʝʱʝʥʠʷ ʚ 
ʩʪʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ 

 
ɺ ʮʝʧʠ ʙʘʟʳ ʠ ʵʤʠʪʪʝʨʘ ʚʢʣʶʯʘʝʪʩʷ ʜʝʣʠʪʝʣʴ ʥʘʧʨʷʞʝʥʠʷ (ʈʠʩ.). 

ɿʘʜʘʯʘ ʦʧʪʠʤʠʟʘʮʠʠ ï ʦʧʨʝʜʝʣʠʪʴ ʟʥʘʯʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʡ, 
ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʨʘʙʦʯʫʶ ʪʦʯʢʫ ʪʨʘʥʟʠʩʪʦʨʘ.  ʈʘʙʦʯʘʷ ʪʦʯʢʘ ʪʨʘʥʟʠʩʪʦʨʘ 
ʟʘʜʘʝʪʩʷ ʟʥʘʯʝʥʠʝʤ ʥʘʧʨʷʞʝʥʠʷ ʙʘʟʘ- ʵʤʠʪʪʝʨ (ʪʦʯʢʘ vb) ʠ ʪʦʢʦʤ  ʯʝʨʝʟ 

I_Probe1.  

m1
indep(m1)=
plot_vs(I_Probe1.i, VCE)=0.003
VBE=0.770000

5.000

m2
indep(m2)=
plot_vs(I_Probe1.i, VCE)=0.009
VBE=0.800000

5.000
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m2
m1
indep(m1)=
plot_vs(I_Probe1.i, VCE)=0.003
VBE=0.770000

5.000

m2
indep(m2)=
plot_vs(I_Probe1.i, VCE)=0.009
VBE=0.800000

5.000
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2.1  ʉʦʩʪʘʚʠʪʴ ʟʘʜʘʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʦʤʠʥʘʣʦʚ ʩʦʧʨʦʪʠʚʣʝʥʠʡ, 
ʠʩʧʦʣʴʟʫʷ ʟʘʜʘʯʫ ʦʧʪʠʤʠʟʘʮʠʠ. 
2.2  ɺʳʧʦʣʥʠʪʴ ʘʥʘʣʠʟ ʧʦ ʧʦʩʪʦʷʥʥʦʤʫ ʪʦʢʫ, ʧʦʣʫʯʠʪʴ ʢʘʨʪʫ 

ʥʘʧʨʷʞʝʥʠʡ ʠ ʪʦʢʦʚ, ʩʨʘʚʥʠʪʴ ʩ ʚʳʙʨʘʥʥʳʤʠ ʨʘʙʦʯʠʤʠ ʪʦʯʢʘʤʠ.  
 

 
 

 

 
 

ʈʠʩ. 21. ʊʦʧʦʣʦʛʠʷ ʩʭʝʤʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʦʤʠʥʘʣʦʚ ʮʝʧʝʡ ʩʤʝʱʝʥʠʷ 
 

 
3. ʈʘʩʯʝʪ S- ʠ Z- ʧʘʨʘʤʝʪʨʦʚ ʚ ʤʘʣʦʩʠʛʥʘʣʴʥʦʤ ʨʝʞʠʤʝ. ʈʘʩʯʝʪ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʩʪʦʡʯʠʚʦʩʪʠ  ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ ʧʦ 
ʤʦʱʥʦʩʪʠ, ʨʘʩʯʝʪ ʰʫʤʦʚ. 

3.1 ʉʬʦʨʤʠʨʦʚʘʪʴ ʟʘʜʘʥʠʝ ʜʣʷ ʘʥʘʣʠʟʘ (ʈʠʩ. 22). ɺ ʩʭʝʤʫ ʚʨʝʤʝʥʥʦ 
ʚʢʣʶʯʝʥʳ ʙʣʦʢʠʨʦʚʦʯʥʳʝ ʵʣʝʤʝʥʪʳ ʜʣʷ ʮʝʧʝʡ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ï 
ʉ2=ʉ3=ʉ1=8200 ʧʌ, L1=1000 ʥɻʥ. ʂʘʩʢʘʜ ʠʩʩʣʝʜʫʝʪʩʷ ʚ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ (100ɻʮ ï 3.0 ɻɻʮ). ʂʨʦʤʝ S- ʠ Z- ʧʘʨʘʤʝʪʨʦʚ, ʨʘʩʯʝʪ 
ʢʦʪʦʨʳʭ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʢʦʥʪʨʦʣʣʝʨʦʤ (S_Param), ʜʦʧʦʣʥʠʪʝʣʴʥʦ 
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ʟʘʜʘʝʪʩʷ ʨʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʩʪʦʡʯʠʚʦʩʪʠ  (ʵʣʝʤʝʥʪʳ StabFact ʠ 
StabMeas) ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ ʧʦ ʤʦʱʥʦʩʪʠ (PwrGain), ʢʦʪʦʨʳʝ 
ʚʳʙʠʨʘʶʪʩʷ ʠʟ ʙʠʙʣʠʦʪʝʢʠ Simulation S_Param.   

 

 
 

ʈʠʩ. 22. ʈʘʩʯʝʪ ʤʘʣʦʩʠʛʥʘʣʴʥʳʭ S- ʠ Z- ʧʘʨʘʤʝʪʨʦʚ 

 
3.2 ɺʳʧʦʣʥʠʪʴ ʨʘʩʯʝʪ ʧʘʨʘʤʝʪʨʦʚ ʩʭʝʤʳ ʧʦʤʦʱʴʶ ʜʠʘʛʨʘʤʤ ʉʤʠʪʘ ï 

ʧʦ ʟʦʥʘʤ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʜʣʷ ʚʭʦʜʘ ʠ ʚʳʭʦʜʘ,  ʤʠʥʠʤʘʣʴʥʦʛʦ ʰʫʤʘ,  
ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʫʩʠʣʝʥʠʷ ʧʦ ʚʭʦʜʫ ʠ ʚʳʭʦʜʫ ʥʘ ʬʠʢʩʠʨʦʚʘʥʥʦʡ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʝ ʨʘʙʦʯʝʛʦ ʜʠʘʧʘʟʦʥʘ 2.435 ɻɻʮ ʧʦ ʦʙʨʘʟʮʫ ʨʠʩʫʥʢʘ 23 
. ɼʣʷ ʘʥʘʣʠʟʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʢʦʥʪʨʦʣʣʝʨʳ ʠʟʤʝʨʝʥʠʡ (ʠʟ 

ʙʠʙʣʠʦʪʝʢʠ Simulation S_Param): 

¶ S_StabCircle, L_StabCircle ï ʚʭʦʜʥʳʝ ʠ ʚʳʭʦʜʥʳʝ ʢʨʫʛʠ 

ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ, 

¶ NsCircleï ʟʦʥʘ ʤʠʥʠʤʘʣʴʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʰʫʤʘ, 



 

43 

¶ GsCircle,GlCircle ï ʟʦʥʳ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʫʩʠʣʝʥʠʷ ʧʦ ʚʭʦʜʫ ʠ ʧʦ 
ʚʳʭʦʜʫ  

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 
 

ʈʠʩ. 23 . ʇʨʦʝʢʪ ʜʣʷ ʘʥʘʣʠʟʘ ʩʭʝʤʳ ʩ ʧʦʤʦʱʴʶ ʜʠʘʛʨʘʤʤ ʉʤʠʪʘ 
 

 
3.3 ʈʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʂ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ɺ1 ʧʦ ʬʦʨʤʫʣʘʤ 
 

  ʂ=
2112

22

22

2

11

2

1

SS

SS D+--
, ʛʜʝ D=S11S22 - S12S21, 

 

 ɺ1=1+îS11î
2
-îS22î

2
-îDî

2
 

ʚʳʧʦʣʥʷʝʪʩʷ ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʯʠʩʣʷʝʤʳʭ ʚʳʨʘʞʝʥʠʡ ʚ ʨʝʜʘʢʪʦʨʝ 
ʨʝʟʫʣʴʪʘʪʦʚ: 

delta = S(1,1)*S(2,2) - S(1,2)*S(2,1) 
K = (1-abs( S(1,1))* abs( S(1,1)) -abs( S(2,2))* abs( S(2,2))   + abs(delta)* 

abs(delta)) / (2* abs( S(1,2)* S(2,1)) 
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B = 1+abs(S(1,1))*abs(S(1,1)) -abs(S(2,2))* abs(S(2,2))- abs(delta)* 
abs(delta)) 
 

4. ʆʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʭ ʣʠʥʠʡ 
 

4.1 ʉʬʦʨʤʠʨʦʚʘʪʴ ʧʨʦʝʢʪ ʜʚʫʭʢʘʩʢʘʜʥʦʛʦ ʫʩʠʣʠʪʝʣʷ (ʨʠʩ. 24).  
 

4.2 ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʭ ʩʦʛʣʘʩʫʶʱʠʭ ʠ 
ʨʘʟʚʷʟʳʚʘʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʢʘʯʝʩʪʚʝ ʧʦʜʣʦʞʢʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʘʪʝʨʠʘʣ  ʩ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ 4,7 ʠ ʚʳʩʦʪʦʡ 0.8 ʤʤ, ʪʦʣʱʠʥʘ 
ʧʨʦʚʦʜʷʱʝʛʦ ʩʣʦʷ ï 0.01 ʤʤ (ʧʘʨʘʤʝʪʨʳ ʟʘʜʘʶʪʩʷ ʚ ʢʦʥʪʨʦʣʣʝʨʝ  Msub). ɺ 

ʢʘʯʝʩʪʚʝ ʵʣʝʤʝʥʪʦʚ ʨʘʟʚʷʟʢʠ ʢʦʣʣʝʢʪʦʨʥʳʭ ʮʝʧʝʡ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʪʨʝʟʢʠ 
100ïʦʤʥʦʡ ʣʠʥʠʠ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʄʇʃ 

(ʰʠʨʠʥʳ W ʠ ʜʣʠʥʳ L) ʫʜʦʙʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʩɹʷ ʫʪʠʣʠʪʦʡ LineCalc, 
ʢʦʪʦʨʘʷ ʟʘʧʫʩʢʘʝʪʩʷ ʠʟ ʩʭʝʤʥʦʛʦ ʨʝʜʘʢʪʦʨʘ ʢʦʤʘʥʜʦʡ Tools>LineCalc.  

 
4.3 ɺʳʧʦʣʥʠʪʴ ʘʥʘʣʠʟ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʚʫʭʢʘʩʢʘʜʥʦʛʦ ʫʩʠʣʠʪʝʣʷ ʚ 

ʟʘʜʘʥʥʦʡ ʧʦʣʦʩʝ ʯʘʩʪʦʪ ʠ ʥʘ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʝ,  ʨʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʦʪʨʘʞʝʥʠʷ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ, ʘ ʪʘʢʞʝ ʚʭʦʜʥʦʡ ʠ 
ʚʳʭʦʜʥʦʡ ʠʤʧʝʜʘʥʩʳ ʙʝʟ ʩʦʛʣʘʩʫʶʱʠʭ ʮʝʧʝʡ. 
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ʈʠʩ. 24. ʉʭʝʤʘ ʜʚʫʭʢʘʩʢʘʜʥʦʛʦ ʫʩʠʣʠʪʝʣʷ ʜʣʷ ʨʘʩʯʝʪʘ ʤʘʣʦʩʠʛʥʘʣʴʥʳʭ 
ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

5. ʄʥʦʛʦʚʘʨʠʘʥʪʥʳʡ ʘʥʘʣʠʟ ʤʝʪʦʜʦʤ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ 

 
ʉʬʦʨʤʠʨʦʚʘʪʴ ʟʘʜʘʥʠʝ ʜʣʷ ʘʥʘʣʠʟʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʝʨʝʜʘʯʠ 

ʜʚʫʭʢʘʩʢʘʜʥʦʛʦ ʫʩʠʣʠʪʝʣʷ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʨʝʘʣʴʥʦʛʦ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ, 
ʠʩʧʦʣʴʟʫʷ ʤʥʦʛʦʚʘʨʠʘʥʪʥʳʡ ʘʥʘʣʠʟ. ɼʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ 

(2.4é2.47 ɻɻʮ) ʚʭʦʜʥʦʛʦ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʠʩʪʦʯʥʠʢʘ,  ʤʦʱʥʦʩʪʴ ʚʭʦʜʥʦʛʦ 
ʠʩʪʦʯʥʠʢʘ ʬʠʢʩʠʨʦʚʘʥʘ çï40dBmè.  

ʂʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ ʧʦ ʤʦʱʥʦʩʪʠ (ʚ  ʜɹ) ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 
 

ʂʈ(fʚʭ) = ʈʚʳʭ(fʚʭ) - ʈʚʭ(fʚʭ) 
 

 
6. ʄʥʦʛʦʚʘʨʠʘʥʪʥʳʡ ʘʥʘʣʠʟ ʤʝʪʦʜʦʤ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ. 

   ʈʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʤʧʨʝʩʩʠʠ 
 
ʉʦʩʪʘʚʠʪʴ ʟʘʜʘʥʠʝ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʤʧʨʝʩʩʠʠ ʥʘ 

ʮʝʥʪʨʘʣʴʥʦʡ  ʯʘʩʪʦʪʝ  ʚ  ʜʠʘʧʘʟʦʥʝ  ʠʟʤʝʥʝʥʠʷ ʚʭʦʜʥʦʡ  ʤʦʥɦʦʩʪʠ ï
40é.+20ʜɹʤ. ɼʣʷ ʵʪʦʛʦ ʚʥʝʩʪʠ ʩʣʝʜʫʶʱʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʧʨʦʝʢʪ: 

ʬʠʢʩʠʨʫʝʪʩʷ ʟʥʘʯʝʥʠʝ ʯʘʩʪʦʪʳ ʚʭʦʜʥʦʛʦ ʠʩʪʦʯʥʠʢʘ, ʟʥʘʯʝʥʠʝ ʤʦʱʥʦʩʪʠ 
ʚʭʦʜʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʟʘʜʘʝʪʩʷ ʧʝʨʝʤʝʥʥʦʡ ʤʥʦʛʦʚʘʨʠʘʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ 

ʢʦʥʪʨʦʣʣʝʨʘ HB c ʧʨʝʜʝʣʘʤʠ ʠʟʤʝʥʝʥʠʷ  ʦʪ ï40  ʜʦ +10 dBm ʠ ʰʘʛʦʤ 1 
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dBm. ʄʘʢʩʠʤʘʣʴʥʳʡ ʥʦʤʝʨ ʫʯʠʪʳʚʘʝʤʦʡ ʛʘʨʤʦʥʠʢʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 6, 
ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʩʭʦʜʠʤʦʩʪʴ ʨʝʰʝʥʠʷ ʧʨʠ ʙʦʣʴʰʠʭ ʫʨʦʚʥʷʭ ʚʭʦʜʥʦʛʦ 
ʩʠʛʥʘʣʘ. ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʣʴʟʦʚʘʪʴʩʷ ʩʪʘʥʜʘʨʪʥʳʤ ʤʝʪʦʜʦʤ 

ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ, ʪʘʢ ʢʘʢ ʤʝʪʦʜ ʂʨʳʣʦʚʘ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ 
ʩʭʦʜʠʤʦʩʪʠ ʚ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝʣʠʥʝʡʥʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʫʩʠʣʠʪʝʣʷ (ʧʨʠ 

pin>+4 dBm) . 
ʇʦʣʫʯʠʪʴ ʜʠʥʘʤʠʯʝʩʢʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʫʩʠʣʠʪʝʣʷ ï ʟʘʚʠʩʠʤʦʩʪʴ 

ʧʝʨʚʦʡ  ʛʘʨʤʦʥʠʢʠ  ʥʘ  ʚʳʭʦʜʝ ʩʭʝʤʳ  ʦʪ  ʤʦʱʥʦʩʪʠ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ 
(ʨʠʩ. 25).  

ɺ ʦʢʥʝ ʨʝʜʘʢʪʦʨʘ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʦʥʝʥʪʳ Eqn 
ʬʦʨʤʠʨʫʁ ʪʩʷ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʜʝʘʣʴʥʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  (ʧʝʨʝʤʝʥʥʘʷ linear) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʧʧʘʨʘʪʘ 
ʚʩʪʨʦʝʥʥʳʭ ʬʫʥʢʮʠʡ. ʈʫʯʥʳʤ ʩʧʦʩʦʙʦʤ ʥʘ ʠʜʝʘʣʴʥʫʶ ʠ ʨʝʘʣʴʥʫʶ 

ʟʘʚʠʩʠʤʦʩʪʠ  ʥʘʥʦʩʷʪʩʷ ʤʘʨʢʝʨʳ m1 ʠ m2 ʠ ʧʝʨʝʤʝʱʘʶʪʩʷ ʧʘʨʘʣʣʝʣʴʥʦ ʧʦ 
ʥʠʤ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʨʘʟʥʦʩʪʴ ʟʥʘʯʝʥʠʡ ʤʝʞʜʫ ʥʠʤʠ (ʧʝʨʝʤʝʥʥʘʷ 

Compression) ʥʝ ʩʪʘʥʝʪ ʨʘʚʥʦʡ 1 ʜɹ. 

 

 

ʈʠʩ. 25. ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʤʧʨʝʩʩʠʠ 
 

 
 

 
7. ɸʥʘʣʠʟ ʤʝʪʦʜʦʤ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ ʧʨʠ ʜʚʫʭʯʘʩʪʦʪʥʦʤ 

ʚʭʦʜʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ 
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ʉʦʩʪʘʚʠʪʴ ʟʘʜʘʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʨʤʦʜʫʣʷʮʠʦʥʥʳʭ ʠʩʢʘʞʝʥʠʡ 
ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ (ʧʘʨʘʤʝʪʨ TOI). ɼʣʷ ʵʪʦʛʦ ʟʘʜʘʥʠʝ ʥʘ ʨʘʩʯʝʪ 
ʧʨʝʦʙʨʘʟʦʚʘʪʴ:ʥʘ ʚʭʦʜ ʫʩʠʣʠʪʝʣʷ ʧʦʜʢʣʶʯʠʪʴ ʤʥʦʛʦʯʘʩʪʦʪʥʳʡ ʠʩʪʦʯʥʠʢ 

ʤʦʱʥʦʩʪʠ Pn_Tone, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ ʜʚʘ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʠʩʪʦʯʥʠʢʘ ʩ 
ʯʘʩʪʦʪʘʤʠ, ʩʤʝʱʝʥʥʳʤʠ ʚʣʝʚʦ ʠ ʚʧʨʘʚʦ ʦʪ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʳ 

RF_Freq=2,435 ɻɻʮ ʥʘ ʚʝʣʠʯʠʥʫ Fspace/2=500 ʄɻʮ ʤʦʱʥʦʩʪʴʶ Pow_RF = 
-40 ʜɹʤ ʢʘʞʜʳʡ.  ɺ ʢʦʥʪʨʦʣʣʝʨʝ  ʤʝʪʦʜʘ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ HB ʚ 

ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʳʭ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʠʤʝʥʘ ʧʝʨʝʤʝʥʥʳʭ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʜʚʝ 
ʚʭʦʜʥʳʝ ʯʘʩʪʦʪʳ. ʇʦʨʷʜʦʢ ʫʯʠʪʳʚʘʝʤʳʭ ʢʦʤʙʠʥʘʮʠʡ ʟʘʜʘʝʪʩʷ ʨʘʚʥʳʤ 3, ʠ 

ʚʢʣʁʯʘʝʪʩʷ ʦʧʮʠʷ ʤʝʪʦʜʘ ʂʨʳʣʦʚʘ.  
ɺ ʨʝʜʘʢʪʦʨʝ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʚʝʩʪʠ ʩʧʝʢʪʨ ʤʦʱʥʦʩʪʠ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ. 

ɼʘʣʝʝ ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ ʤʘʨʢʝʨʳ ʥʘ ʢʦʤʙʠʥʘʮʠʷʭ F2 ʠ 2*F2-F1 ʠ 
ʩʬʦʨʤʠʨʦʚʘʪʴ ʫʨʘʚʥʝʥʠʝ  

TOI=1,5*m1 - 0,5*m2, ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪ ʟʥʘʯʝʥʠʝ TOI. 
 

 

ʈʠʩ. 26. ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʥʪʝʨʤʦʜʫʣʷʮʠʠ  

ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 

 

 

ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ 
 

1. ɺʳʜʝʣʠʪʝ ʚ ʚʳʧʦʣʥʝʥʥʦʤ ʤʘʨʰʨʫʪʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 
ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʠ ʥʝʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʧʨʦʮʝʜʫʨʳ. 

2. ʉʦʧʦʩʪʘʚʴʪʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʦʧʝʨʘʮʠʠ ʩ ʟʘʜʘʯʘʤʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ (ʢʘʢʘʷ ʠʟ ʟʘʜʘʯ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʠ 
ʚʳʧʦʣʥʝʥʠʠ ʢʦʥʢʨʝʪʥʦʡ ʧʨʦʝʢʪʥʦʡ ʦʧʝʨʘʮʠʠ). 



 

48 

3. ʇʝʨʝʯʠʩʣʠʪʝ ʙʘʟʦʚʳʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʘʥʘʣʦʛʦʚʳʭ ʩʭʝʤ, ʢʦʪʦʨʳʝ 
ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ, ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚʭʦʜʥʳʭ ʫʩʪʨʦʡʩʪʚ. 

4. ɼʘʡʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʟʘʜʘʥʠʷ ʥʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ. 
5. ʂʘʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʜʘʢʪʦʨʘ ʨʝʟʫʣʴʪʘʪʦʚ ADS ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʭʝʤʳ (ʩʨʘʚʥʠʪʝ ʧʧ.3.1 ʠ 3.2, 3.2 ʠ 3.3, 5 
ʠ 6, 6 ʠ 7). 

6. ʆʧʨʝʜʝʣʠʪʝ ʧʘʨʘʤʝʪʨʳ ʫʩʠʣʠʪʝʣʷ, ʧʦ ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʦʮʝʥʠʪʴ 
ʚʳʧʦʣʥʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʢ ʙʣʦʢʫ ʫʩʠʣʠʪʝʣʷ ʥʘ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʤ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 
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ʇʨʠʣʦʞʝʥʠʝ 1 

 

ɺʘʨʠʘʥʪʳ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʫʩʪʨʦʡʩʪʚ ʠ  ʧʘʨʘʤʝʪʨʦʚ 
 

 
 

1. ɼʚʫʭʢʘʩʢʘʜʥʳʡ ʫʩʠʣʠʪʝʣʴ 

 

 
 

ʇʘʨʘʤʝʪʨʳ ʜʚʫʭʢʘʩʢʘʜʥʦʛʦ ʫʩʠʣʠʪʝʣʷ 
 

ʅʦʤʝʨ 
ʚʘʨʠʘʥʪʘ 

Ri, 
ʆʤ 

R1, 
ʢʆʤ 

R2, 
ʢʆʤ 

R5, 
ʆʤ 

R6, 
ʆʤ 

C2, 
ʤʢʌ 

1 
2 

3 
4 
5 

6 
7 

8 

500 
400 

500 
550 
700 

510 
470 

500 

2 
1,5 

2,2 
3 

3,3 

2,2 
4,7 

1,5 

10 
15 

8,2 
10 
8,2 

10 
15 

8,2 

47 
47 

68 
51 
82 

47 
68 

51 

220 
270 

200 
220 
200 

220 
130 

200 

0,33 
0,5 

0,33 
0,47 
0,1 

0,33 
0,25 

0,5 
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2. ʇʦʣʦʩʦʚʦʡ RC-ʬʠʣʴʪʨ 
 
 

 
 

 

                                                          

ʇʘʨʘʤʝʪʨʳ ʧʦʣʦʩʦʚʦʛʦ RC-ʬʠʣʴʪʨʘ 

 

ʅʦʤʝʨ 

ʚʘʨʠʘʥʪ
ʘ 

 

R1, 
ʢʆʤ 

 

C1, 
ʤʢʌ 

 

C2, 
ʤʢʌ 

 

R3, 
ʂʆʤ 

 

R4, 
ʂʆʤ 

 

R5, 
ʂʆʤ 

 

E, 
ɺ 

ʂʦʵʬʬʠʮʠʝ

ʥʪ ʫʩʠʣʝʥʠʷ 
ʪʨʘʥʟʠʩʪʦʨʘ 

1 

2 
3 

4 
5 

6 
7 

8 

30 

50 
40 

30 
45 

50 
27 

30 

0,01 

0,015 
0,02 

0,01 
0,033 

0,015 
0,1 

0,05 

0,015 

0,02 
0,01 

0,01 
0,02 

0,047 
0,05 

0,01 

150 

100 
120 

200 
300 

150 
100 

200 

3 

3,3 
4,7 

4,3 
4 

5,1 
7 

4 

100 

100 
150 

100 
200 

130 
100 

130 

9 

10 
8 

6 
12 

9 
9 

9 

80 

100 
200 

100 
80 

50 
80 

80 
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3. ʋʩʠʣʠʪʝʣʴ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ (ʋɺʏ) ʩ ʦʙʱʝʡ ʙʘʟʦʡ 

 

 
 

 

ʇʘʨʘʤʝʪʨʳ ʋɺʏ 

 

ʅʦʤʝʨ 

ʚʘʨʠʘʥʪʘ 

ʉ1,ʉ6, 

ʧʌ 

L1,L3, 

ʤʢɻʥ 

L2,L4, 

ʤʢɻʥ 

C2,C4, 

ʧʌ 

C3,C5, 

ʧʌ 

Eʧʠʪ,ɺ 

1 

2 

3 

4 

5 

6 

7 

8 

100 

50 

100 

150 

100 

50 

100 

150 

0,025 

0,05 

0,05 

0,015 

0,05 

0,05 

0,033 

0,05 

1,2 

1 

2 

1,2 

2 

1,2 

2 

2 

10 

20 

15 

10 

10 

12 

15 

10 

10 

20 

10 

10 

10 

15 

15 

12 

30 

25 

30 

27 

30 

25 

32 

27 
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4. ʋʩʠʣʠʪʝʣʴ ʥʠʟʢʦʡ ʯʘʩʪʦʪʳ (ʋʅʏ) ʩ ʦʙʱʠʤ ʵʤʠʪʪʝʨʦʤ 

 
 

ʇʘʨʘʤʝʪʨʳ  ʋʅʏ 
 

ʅʦʤʝʨ 

ʚʘʨʠʘʥʪʘ 

ʉ1, 

ʥʌ 

ʉ2, 

ʥʌ 

R1, 

ʢʆʤ 

R2, 

ʢʆʤ 

R3, 

ʢʆʤ 

Eʧʠʪ,ɺ 

1 

2 

3 

4 

5 

6 

7 

8 

22 

30 

22 

30 

47 

68 

30 

30 

2,2 

1,5 

3 

1,2 

3,3 

1,5 

3 

1,5 

910 

510 

820 

680 

680 

510 

680 

680 

10 

15 

15 

8,2 

10 

12 

10 

8,2 

100 

82 

50 

100 

50 

70 

70 

50 

100 

9 

15 

10 

12 

12 

12 

9 
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ʇʘʨʘʤʝʪʨʳ  ʪʨʘʥʟʠʩʪʦʨʦʚ 
 
 

 
 
 

 

 

 
 ̄

 
ʄʘʨʢʘ 

ʇʨʦʚʦʜ
ʠʤʦʩʪʴ 

ʂʦʵʬʬʠʮʠ- 
ʝʥʪ 

ʧʝʨʝʜʘʯʠ 
ʧʦ ʪʦʢʫ Bf 

Eʤʢʦʩʪʴ  
ʙʘʟʘ- 

ʵʤʠʪʪʝʨ,  
ʧʌ 

ɽʤʢʦʩʪʴ 
ʙʘʟʘ-

ʢʦʣʣʝʢʪʦʨ, 
ʧʌ 

ʉʦʧʨʦʪʠ-
ʚʣʝʥʠʝ 

ʙʘʟʳ, ʆʤ 

 

 
1 

 

 
ʂʊ312ɹ 

 

 
NPN 

 

 
55 

 

 
42 

 

 
14 

 

 
12 

 
 

2 

 
 

ʂʊ368ɹ 

 
 

NPN 

 
 

146 

 
 

2 

 
 

3,6 

 
 

200 

 
 

3 

 
 

ʂʊ363ɹ 

 
 

PNP 

 
 

60 

 
 

3 

 
 

6 
 
 

 
 

150 
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ʇʨʠʣʦʞʝʥʠʝ 2 

ʆʧʠʩʘʥʠʝ ʙʠʙʣʠʦʪʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ 
 

ʋʩʠʣʠʪʝʣʴ (Amplifier) 

 

ʉʭʝʤʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ: 

 
ʇʘʨʘʤʝʪʨʳ: 

S21 ʇʨʷʤʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ  

S11 ʂʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʦʪ ʇʦʨʪʘ 1  

S22 ʂʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʦʪ ʇʦʨʪʘ 2 

S12 ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ ʩ ʚʳʭʦʜʘ ʥʘ ʚʭʦʜ  

NF ɺʭʦʜʥʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʰʫʤʘ, ʚ ʜɹ (NF>=0 ʜɹ) 

NFmin ʄʠʥʠʤʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʰʫʤʘ ʠʩʪʦʯʥʠʢʘ Sopt, ʚ ʜɹ  

Sopt ʆʧʪʠʤʘʣʴʥʳʡ ʠʩʪʦʯʥʠʢ ʦʪʨʘʞʝʥʠʷ ʩʠʛʥʘʣʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

Nfmin (0<|Sopt|<1) 

Rn ʕʢʚʠʚʘʣʝʥʪʥʦʝ ʰʫʤʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ  

Z1 ʀʤʧʝʜʘʥʩ ʜʣʷ ʧʦʨʪʘ 1  

Z2 ʀʤʧʝʜʘʥʩ ʜʣʷ ʧʦʨʪʘ 2  
 

 
ʇʘʨʘʤʝʪʨʳ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʤʧʨʝʩʩʠʠ: 

GainCompType ʊʠʧ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʤʧʨʝʩʩʠʠ: 

LIST, ʠʩʧʦʣʴʟʫʝʪ ʩʧʝʮʠʘʣʴʥʳʝ 
ʤʦʜʝʣʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʤʧʨʝʩʩʠʠ 

FILE, ʠʩʧʦʣʴʟʫʝʪ ʜʘʥʥʳʝ ʜʣʷ 
ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʤʧʨʝʩʩʠʠ ʠʟ ʬʘʡʣʘ 
ʜʘʥʥʳʭ 

GainCompFreq ʂʦʥʪʨʦʣʴʥʘʷ ʯʘʩʪʦʪʘ ʜʣʷ 
ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʤʧʨʝʩʩʠʠ (ʝʩʣʠ 

ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʤʧʨʝʩʩʠʠ 
ʦʧʠʩʳʚʘʝʪʩʷ ʢʘʢ ʬʫʥʢʮʠʷ ʦʪ 
ʯʘʩʪʦʪʳ) (GainCompFreq>0) 

ReferToInput ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ 
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ʢʦʤʧʨʝʩʩʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʚʭʦʜʥʦʡ ʠʣʠ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ 
ʫʩʪʨʦʡʩʪʚʘ 

SOI ʊʦʯʢʘ ʧʝʨʝʩʝʯʝʥʠʷ ʢʨʠʚʳʭ ʚʪʦʨʦʛʦ 

ʧʦʨʷʜʢʘ, ʚ ʜɹ 

TOI ʊʦʯʢʘ ʧʝʨʝʩʝʯʝʥʠʷ ʢʨʠʚʳʭ ʪʨʝʪʴʝʛʦ 
ʧʦʨʷʜʢʘ, ʚ ʜɹ 

Psat ʄʦʱʥʦʩʪʴ ʥʘʩʳʱʝʥʠʷ, ʚ ʜɹ 

GainCompSat ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʤʧʨʝʩʩʠʠ 
ʦʪʥʦʩʠʪʝʣʴʥʦ Psat, ʚ ʜɹ 

GainCompPower ʋʨʦʚʝʥʴ ʤʦʱʥʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʢʦʤʧʨʝʩʩʠʠ ʚ ʜɹ, ʦʧʨʝʜʝʣʝʥʥʦʛʦ 
ʧʘʨʘʤʝʪʨʦʤ GainComp ʚ ʜɹ 

GainComp ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʤʧʨʝʩʩʠʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ GainCompPower, ʚ ʜɹ 
(ʧʦ ʫʤʦʣʯʘʥʠʶ 1 ʜɹ) 

AM2PM ɸʤʧʣʠʪʫʜʥʦ-ʬʘʟʦʚʘʷ ʤʦʜʫʣʷʮʠʷ, 

ʚ ʫʨʦʚʝʥʴ/ ʜɹ 

PAM2PM ʋʨʦʚʝʥʴ ʤʦʱʥʦʩʪʠ AM2PM, ʚ ʜɹ 

GainCompFile ʀʤʷ ʬʘʡʣʘ ʜʘʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʘ 
ʢʦʤʧʨʝʩʩʠʠ ʚ ʬʦʨʤʘʪʝ S2D  

 
ɼʠʘʧʘʟʦʥ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʤʧʨʝʩʩʠʠ: 

 

¶ ʊʦʯʢʘ ʧʝʨʝʩʝʯʝʥʠʷ ʢʨʠʚʳʭ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪ 

ʢʦʤʧʨʝʩʩʠʠ ʨʘʚʥʳʡ 1ʜɹ: 
TOI, GainCompPower, c GainComp = 1ʜɹ. 

ɼʠʘʧʘʟʦʥ ʥʘʜʝʞʥʦʩʪʠ: TOI>GainCompPower. 

¶ ʊʦʯʢʘ ʧʝʨʝʩʝʯʝʥʠʷ ʢʨʠʚʳʭ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ ʠ ʤʦʱʥʦʩʪʴ ʥʘʩʳʱʝʥʠʷ: 

TOI, Psat, GainCompSat. ɼʠʘʧʘʟʦʥ ʥʘʜʝʞʥʦʩʪʠ: TOI>Psat. 

¶ ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʤʧʨʝʩʩʠʠ ʨʘʚʥʳʡ 1ʜɹ ʠ ʤʦʱʥʦʩʪʴ ʥʘʩʳʱʝʥʠʷ: 

GainCompPower, c GainComp = 1ʜɹ, ʠ Psat, GainCompSat. 

ɼʠʘʧʘʟʦʥ ʥʘʜʝʞʥʦʩʪʠ: Psat>GainCompPower. 

¶ ʊʦʯʢʘ ʧʝʨʝʩʝʯʝʥʠʷ ʢʨʠʚʳʭ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ, ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʤʧʨʝʩʩʠʠ 
ʨʘʚʥʳʡ 1ʜɹ ʠ ʤʦʱʥʦʩʪʴ ʥʘʩʳʱʝʥʠʷ: 
TOI, GainCompPower ʩ GainComp=1ʜɹ, ʠ Psat, GainCompSat. 

ɼʠʘʧʘʟʦʥ ʥʘʜʝʞʥʦʩʪʠ: Psat>GainCompPower, TOI> GainCompPower. 

¶ ʊʦʯʢʘ ʧʝʨʝʩʝʯʝʥʠʷ ʢʨʠʚʳʭ ʚʪʦʨʦʛʦ ʠ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ: SOI,TOI 
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¶ AM to PM ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʢʦʤʧʨʝʩʩʠʠ = 1ʜɹ: 
AM2PM, PAM2PM ʠ GainCompPower ʩ GainComp=1ʜɹ. 

ɿʥʘʯʝʥʠʝ AM2PM ʜʦʣʞʥʦ ʦʪʚʝʯʘʪʴ ʩʣʝʜʫʶʱʝʤʫ ʫʩʣʦʚʠʶ, ʜʣʷ 
ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʦʧʝʨʘʮʠʠ ʠʟʚʣʝʯʝʥʠʷ ʢʚʘʜʨʘʪʥʦʛʦ ʢʦʨʥʷ ʠʟ 

ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʚʝʣʠʯʠʥʳ: 

 
¶ AM to PM ʩ ʪʦʯʢʦʡ ʧʝʨʝʩʝʯʝʥʠʷ ʢʨʠʚʳʭ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ: AM2PM, 

PAM2PM ʠ TOI. 
ɿʥʘʯʝʥʠʝ AM2PM ʜʦʣʞʥʦ ʦʪʚʝʯʘʪʴ ʵʪʦʤʫ ʫʩʣʦʚʠʶ, ʜʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʦʧʝʨʘʮʠʠ ʠʟʚʣʝʯʝʥʠʷ ʢʚʘʜʨʘʪʥʦʛʦ ʢʦʨʥʷ ʠʟ 
ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʚʝʣʠʯʠʥʳ: 

 

 
ɽʩʣʠ ʪʦʯʢʘ ʧʝʨʝʩʝʯʝʥʠʷ ʢʨʠʚʳʭ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ (SOI) ʥʝ ʦʧʨʝʜʝʣʝʥʘ, ʚ 

ʤʦʜʝʣʠ ʫʩʠʣʠʪʝʣʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʣʠʥʦʤ ʥʝʯʝʪʥʦʡ ʩʪʝʧʝʥʠ: 

 
ɺ ʢʘʯʝʩʪʚʝ ʨʝʟʫʣʴʪʘʪʘ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʦʣʴʢʦ ʥʝʯʝʪʥʳʝ ʛʘʨʤʦʥʠʢʠ (m 

x f, ʛʜʝ m ï ʥʝʯʝʪʥʦʝ ʯʠʩʣʦ) ʠ ʥʝʯʝʪʥʳʝ ʠʥʪʝʨʤʦʜʳ (m x f1 + n + f2, ʛʜʝ 
m + n ï ʥʝʯʝʪʥʦʝ ʯʠʩʣʦ). 

 
ɽʩʣʠ SOI ʦʧʨʝʜʝʣʝʥʘ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʣʠʥʦʤ ʯʝʪʥʦʡ ʩʪʝʧʝʥʠ: 

 
ɺ ʢʘʯʝʩʪʚʝ ʨʝʟʫʣʴʪʘʪʘ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʯʝʪʥʳʝ, ʪʘʢ ʠ ʥʝʯʝʪʥʳʝ 
ʛʘʨʤʦʥʠʢʠ ʠ ʠʥʪʝʨʤʦʜʳ. 

 
ʇʨʝʜʫʧʨʝʞʜʝʥʠʷ: 
 

ʂʦʛʜʘ ʟʥʘʯʝʥʠʷ TOI, 1 GainCompPower ʠ Psat ï ʧʨʘʚʠʣʴʥʦ ʩʦʦʪʥʝʩʝʥʳ, 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʭʦʜ-ʚʳʭʦʜ ʠʤʝʝʪ ʚʠʜ: 
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ʅʝʪ ʥʘʩʳʱʝʥʠʷ: 

 
ʅʝʤʦʥʦʪʦʥʥʘʷ ʢʨʠʚʘʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. ɽʩʣʠ ʟʥʘʯʝʥʠʝ Psat ʤʝʥʴʰʝ, ʯʝʤ 

GainCompPower: 
 

 

 

 
ʇʨʠʤʝʯʘʥʠʷ/ʫʨʘʚʥʝʥʠʷ/ʩʩʳʣʢʠ 

1. ɽʩʣʠ ʧʘʨʘʤʝʪʨʳ Nfmin, Sopt, Rn ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʰʫʤʘ, ʩʣʝʜʫʶʱʠʝ ʚʳʨʘʞʝʥʠʝ ʜʦʣʞʥʦ ʚʳʧʦʣʥʷʪʴʩʷ ʜʣʷ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ 
ʩʦʩʪʘʚʣʷʶʱʠʭ. 

 
ɿʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ Rn ʥʫʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʟʘʥʦʚʦ. 

2. ʌʫʥʢʮʠʠ polar(mag,ang), dbpolar(dB,ang) ʠ VSWRpolar(VSWR,ang) 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʝʨʝʚʦʜʘ ʧʘʨʘʤʝʪʨʦʚ ʚ ʢʦʤʧʣʝʢʩʥʳʝ ʚʝʣʠʯʠʥʳ. 
3. ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠʠ ʤʝʪʦʜʦʤ S ï ʧʘʨʘʤʝʪʨʦʚ ʠʣʠ ʩʛʣʘʞʠʚʘʥʠʷ 

ʩʠʥʫʩʦʠʜʳ ʢʦʵʬʬʠʮʠʝʥʪʘ ʰʫʤʘ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʫʥʢʮʠʷ 
ripple(mag,intercept,period,variable). ʅʘʧʨʠʤʝʨ: ripple(0.1, 0, 10 ʄɻʮ, 

freq). 
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4. ɼʘʥʥʳʝ ʤʦʜʝʣʠ ʙʣʦʢʠʨʫʶʪʩʷ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʦ ʧʦʩʪʦʷʥʥʦʤʫ ʪʦʢʫ. 
5. ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʤʝʪʦʜʦʤ circuit envelop, ʧʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ 
ʩʠʛʥʘʣʘ ʙʣʦʢʠʨʫʝʪʩʷ. 

6. ʆʧʮʠʷ AM to PM ʠʩʧʦʣʴʟʫʝʪ ʧʘʨʘʙʦʣʠʯʝʩʢʫʶ ʘʤʧʣʠʪʫʜʥʫʶ 
ʟʘʚʠʩʠʤʦʩʪʴ, ʦʧʠʩʳʚʘʶʱʫʶ ʘʤʧʣʠʪʫʜʥʦ-ʬʘʟʘʚʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ. 

ʂʦʛʜʘ ʩʠʛʥʘʣ ʪʠʧʘ ʠʩʧʦʣʴʟʫʝʪʩʷ, ʢʘʢ ʚʭʦʜʥʦʡ ʩʠʛʥʘʣ ʠ 
ʜʘʥʥʘʷ ʦʧʮʠʷ ʚʢʣʶʯʝʥʘ, ʬʘʟʘ ʥʘ ʚʳʭʦʜʝ ʙʫʜʝʪ ʚʳʯʠʩʣʷʪʴʩʷ ʧʦ 
ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

 
ʇʦʵʪʦʤʫ ʘʤʧʣʠʪʫʜʥʦ-ʬʘʟʦʚʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ï ʘʤʧʣʠʪʫʜʥʦ-ʟʘʚʠʩʠʤʦʝ. 
ʇʘʨʘʤʝʪʨ k ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

 
ʂʦʛʜʘ ʟʥʘʯʝʥʠʝ AM to PM ʦʧʨʝʜʝʣʝʥʦ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦʙʦʯʥʳʝ ʵʬʬʝʢʪʳ - 
ʪʦʯʢʘ ʧʝʨʝʩʝʯʝʥʠʷ ʠʥʪʝʨʤʦʜ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʤʧʨʝʩʩʠʠ. 

ɽʩʣʠ ʧʘʨʘʤʝʪʨ AM2PM ʛʦʨʘʟʜʦ ʙʦʣʴʰʝ, ʯʝʤ ʟʥʘʯʝʥʠʝ ʪʦʯʢʠ ʧʝʨʝʩʝʯʝʥʠʷ 
ʢʨʠʚʳʭ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ ʠʣʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʤʧʨʝʩʩʠʠ, ʧʨʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʦʷʚʠʪʩʷ ʧʨʝʜʫʧʨʝʞʜʝʥʠʝ. 
 

 
 
 

ʉʤʝʩʠʪʝʣʴ (Mixer) 

ʉʭʝʤʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ 
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ʇʘʨʘʤʝʪʨʳ: 
 
 

SideBand ʊʠʧ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ - UPPER, 
LOWER, BOTH  

ImageRej ʋʨʦʚʝʥʴ ʨʝʞʝʢʪʦʨʥʳʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ  ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ 
ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʥʦʚʥʦʛʦ, ʚ ʜɹ 

LO_Rej1 ʂʦʬɻʬʠʮʠʝʥʪ ʨʝʞʝʢʮʠʠ ʧʦ ʩʠʛʥʘʣʫ 

ʛʝʪʝʨʦʜʠʥʘ ʜʣʷ ʚʭʦʜʥʦʛʦ ʧʦʨʪʘ 

LO_Rej2 ʂʦʵʬʬʠʮʠʝʥʪ ʨʝʞʝʢʮʠʠ ʧʦ ʩʠʛʥʘʣʫ 
ʛʝʪʝʨʦʜʠʥʘ ʜʣʷ ʚʳʭʦʜʥʦʛʦ ʧʦʨʪʘ 

RF_Rej ʂʦʵʬʬʠʮʠʝʥʪ ʨʝʞʝʢʮʠʠ ʧʦ 

ʚʭʦʜʥʦʤʫ ʩʠʛʥʘʣʫ 

ConvGain ʂʦʵʬʬʠʮʠʝʥʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, 

ʨʝʘʣʴʥʦʝ ʠʣʠ ʢʦʤʧʣʝʢʩʥʦʝ ʯʠʩʣʦ. 
|ConvGain|>0 

S11 ʉʠʛʥʘʣʴʥʳʡ ʧʦʨʪ 1 

S22 ɺʳʭʦʜʥʦʡ ʧʦʨʪ 2 

S33 ʇʦʨʪ ʛʝʪʝʨʦʜʠʥʘ 3 

PminLO ʄʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʤʦʱʥʦʩʪʠ 

ʛʝʪʝʨʦʜʠʥʘ 

NF ʂʦʵʬʬʠʮʠʝʥʪ ʰʫʤʘ ʥʘ ʚʭʦʜʝ, ʚ ʜɹ 

(NF>=0 ʜɹ) 

NFmin ʄʠʥʠʤʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʰʫʤʘ, 
ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʘʨʘʤʝʪʨʘ Sopt, ʚ 

ʜɹ (NFmin>0) 

Sopt ʆʧʪʠʤʘʣʴʥʳʡ ʠʩʪʦʯʥʠʢ ʦʪʨʘʞʝʥʠʷ 
ʩʠʛʥʘʣʘ ʧʨʠ Nfmin( 0<|Sopt|<1) 

Rn ʕʢʚʠʚʘʣʝʥʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʰʫʤʘ  

(0<Rn) 

Z1 ʀʤʧʝʜʘʥʩ ʚʭʦʜʥʦʛʦ ʧʦʨʪʘ 1, 
ʨʝʘʣʴʥʦʝ ʠʣʠ ʢʦʤʧʣʝʢʩʥʦʝ ʯʠʩʣʦ 

Z2 ʀʤʧʝʜʘʥʩ ʚʳʭʦʜʥʦʛʦ ʧʦʨʪʘ 2, 
ʨʝʘʣʴʥʦʝ ʠʣʠ ʢʦʤʧʣʝʢʩʥʦʝ ʯʠʩʣʦ 

Z3 ʀʤʧʝʜʘʥʩ ʚʭʦʜʘ ʛʝʪʝʨʦʜʠʥʘ (ʧʦʨʪʘ 

3) , ʨʝʘʣʴʥʦʝ ʠʣʠ ʢʦʤʧʣʝʢʩʥʦʝ ʯʠʩʣʦ 
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ʇʘʨʘʤʝʪʨʳ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʤʧʨʝʩʩʠʠ: 
 

GainCompType ʊʠʧ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʤʧʨʝʩʩʠʠ: 
LIST, ʠʩʧʦʣʴʟʫʝʪ ʩʧʝʮʠʘʣʴʥʳʝ 
ʤʦʜʝʣʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʤʧʨʝʩʩʠʠ 

FILE, ʠʩʧʦʣʴʟʫʝʪ ʜʘʥʥʳʝ ʜʣʷ 
ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʤʧʨʝʩʩʠʠ ʠʟ ʬʘʡʣʘ 

ʜʘʥʥʳʭ 

GainCompFreq ʂʦʥʪʨʦʣʴʥʘʷ ʯʘʩʪʦʪʘ ʜʣʷ 
ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʤʧʨʝʩʩʠʠ (ʝʩʣʠ 

ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʤʧʨʝʩʩʠʠ 
ʦʧʠʩʳʚʘʝʪʩʷ ʢʘʢ ʬʫʥʢʮʠʷ ʦʪ 

ʯʘʩʪʦʪʳ) 

ReferToInput ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ 
ʢʦʤʧʨʝʩʩʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʚʭʦʜʥʦʡ ʠʣʠ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ 
ʫʩʪʨʦʡʩʪʚʘ 

SOI ʊʦʯʢʘ ʧʝʨʝʩʝʯʝʥʠʷ ʢʨʠʚʳʭ ʚʪʦʨʦʛʦ 

ʧʦʨʷʜʢʘ, ʚ ʜɹ 

TOI ʊʦʯʢʘ ʧʝʨʝʩʝʯʝʥʠʷ ʢʨʠʚʳʭ ʪʨʝʪʴʝʛʦ 

ʧʦʨʷʜʢʘ, ʚ ʜɹ 

Psat ʄʦʱʥʦʩʪʴ ʥʘʩʳʱʝʥʠʷ, ʚ ʜɹ 

GainCompSat ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʤʧʨʝʩʩʠʠ 
ʦʪʥʦʩʠʪʝʣʴʥʦ Psat, ʚ ʜɹ 

GainCompPower ʋʨʦʚʝʥʴ ʤʦʱʥʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʢʦʤʧʨʝʩʩʠʠ ʚ ʜɹ, ʦʧʨʝʜʝʣʝʥʥʦʛʦ 
ʧʘʨʘʤʝʪʨʦʤ GainComp ʚ ʜɹ 

GainComp ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʤʧʨʝʩʩʠʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ GainCompPower, ʚ ʜɹ 
(ʧʦ ʫʤʦʣʯʘʥʠʶ 1 ʜɹ) 

GainCompFile ʀʤʷ ʬʘʡʣʘ ʜʘʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʘ 
ʢʦʤʧʨʝʩʩʠʠ ʚ ʬʦʨʤʘʪʝ S2D  
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ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʤʧʨʝʩʩʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʪʦʣʴʢʦ ʦʧʨʝʜʝʣʝʥʥʳʝ ʢʦʤʙʠʥʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ 
ʜʘʶʪ ʩʪʘʙʠʣʴʥʳʡ ʧʦʣʠʥʦʤʠʘʣʴʥʳʡ ʧʦʜʙʦʨ ʢʨʠʚʳʭ. ʈʝʢʦʤʝʥʜʫʝʤʳʝ 

ʢʦʤʙʠʥʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʠʞʝ: 

¶ ʊʦʯʢʘ ʧʝʨʝʩʝʯʝʥʠʷ ʢʨʠʚʳʭ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪ 

ʢʦʤʧʨʝʩʩʠʠ ʨʘʚʥʳʡ 1ʜɹ: 

TOI, GainCompPower, c GainComp = 1ʜɹ. 
ɼʠʘʧʘʟʦʥ ʥʘʜʝʞʥʦʩʪʠ: TOI>GainCompPower. 

¶ ʊʦʯʢʘ ʧʝʨʝʩʝʯʝʥʠʷ ʢʨʠʚʳʭ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ ʠ ʤʦʱʥʦʩʪʴ ʥʘʩʳʱʝʥʠʷ: 
TOI, Psat, GainCompSat. ɼʠʘʧʘʟʦʥ ʥʘʜʝʞʥʦʩʪʠ: TOI>Psat. 

¶ ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʤʧʨʝʩʩʠʠ ʨʘʚʥʳʡ 1ʜɹ ʠ ʤʦʱʥʦʩʪʴ ʥʘʩʳʱʝʥʠʷ: 

GainCompPower, c GainComp = 1ʜɹ, ʠ Psat, GainCompSat. 
ɼʠʘʧʘʟʦʥ ʥʘʜʝʞʥʦʩʪʠ: Psat>GainCompPower. 

¶ ʊʦʯʢʘ ʧʝʨʝʩʝʯʝʥʠʷ ʢʨʠʚʳʭ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ, ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʤʧʨʝʩʩʠʠ 
ʨʘʚʥʳʡ 1ʜɹ ʠ ʤʦʱʥʦʩʪʴ ʥʘʩʳʱʝʥʠʷ: 

TOI, GainCompPower ʩ GainComp=1ʜɹ, ʠ Psat, GainCompSat. 
ɼʠʘʧʘʟʦʥ ʥʘʜʝʞʥʦʩʪʠ: Psat>GainCompPower, TOI> GainCompPower. 

¶ ʊʦʯʢʘ ʧʝʨʝʩʝʯʝʥʠʷ ʢʨʠʚʳʭ ʚʪʦʨʦʛʦ ʠ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ: SOI,TOI 

 
ʇʨʠʤʝʯʘʥʠʷ/ʫʨʘʚʥʝʥʠʷ/ʩʩʳʣʢʠ 

1. ɽʩʣʠ ʧʘʨʘʤʝʪʨʳ Nfmin, Sopt, Rn ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʰʫʤʘ, ʩʣʝʜʫʶʱʠʝ ʚʳʨʘʞʝʥʠʝ ʜʦʣʞʥʦ ʚʳʧʦʣʥʷʪʴʩʷ ʜʣʷ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ 
ʩʦʩʪʘʚʣʷʶʱʠʭ. 

 
ɿʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ Rn ʥʫʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʟʘʥʦʚʦ. 
2. ʌʫʥʢʮʠʠ polar(mag,ang), dbpolar(dB,ang) ʠ VSWRpolar(VSWR,ang) 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʝʨʝʚʦʜʘ ʧʘʨʘʤʝʪʨʦʚ ʚ ʢʦʤʧʣʝʢʩʥʳʝ ʚʝʣʠʯʠʥʳ. 
3. ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠʠ ʤʝʪʦʜʦʤ S ï ʧʘʨʘʤʝʪʨʦʚ ʠʣʠ ʩʛʣʘʞʠʚʘʥʠʷ 

ʩʠʥʫʩʦʠʜʳ ʢʦʵʬʬʠʮʠʝʥʪʘ ʰʫʤʘ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʫʥʢʮʠʷ 
ripple(mag,intercept,period,variable). ʅʘʧʨʠʤʝʨ: ripple(0.1, 0, 10 ʄɻʮ, 

freq). 
4. ɼʘʥʥʳʝ ʤʦʜʝʣʠ ʙʣʦʢʠʨʫʶʪʩʷ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʦ ʧʦʩʪʦʷʥʥʦʤʫ ʪʦʢʫ. 

5. ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʤʧʨʝʩʩʠʠ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥ, ʠʩʧʦʣʴʟʫʷ 
ʧʘʨʘʤʝʪʨʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʜʘʥʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʠʣʠ ʠʥʬʦʨʤʘʮʠʶ, 

ʩʦʜʝʨʞʘʱʫʶʩʷ ʚ ʬʘʡʣʝ ʬʦʨʤʘʪʘ S2D. ɺ ʜʘʥʥʦʡ ʤʦʜʝʣʠ 
ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ ʚʩʝ ʪʠʧʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʦʤʧʨʝʩʩʠʠ. ʂʦʵʬʬʠʮʠʝʥʪʳ 
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ʢʦʤʧʨʝʩʩʠʠ ʪʠʧʘ 1-6 ʤʦʛʫʪ ʙʳʪʴ ʦʧʠʩʘʥʳ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʤʧʨʝʩʩʠʠ ʪʠʧʘ 7 ʩʦʜʝʨʞʠʪʩʷ 
ʪʦʣʴʢʦ ʚ ʬʘʡʣʝ.  

 

 

 

ʅʝʣʠʥʝʡʥʳʡ ʩʤʝʩʠʪʝʣʴ (MixerIMT) 

ʉʭʝʤʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ 

 
ʇʘʨʘʤʝʪʨʳ: 

SS_SideBand ʊʠʧ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ - UPPER ʠʣʠ LOWER   ʜʣʷ 

ʣʠʥʝʡʥʦʛʦ ʪʠʧʘ ʘʥʘʣʠʟʘ (ʠʛʥʦʨʠʨʫʝʪʩʷ ʧʨʠ 
ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝʣʠʥʝʡʥʦʛʦ ʘʥʘʣʠʟʘ) 

ConvGain ʂʦʵʬʬʠʮʠʝʥʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

S11 ɺʭʦʜʥʦʡ ʧʦʨʪ 1 

S22 ɺʳʭʦʜʥʦʡ ʧʦʨʪ 2 

S33 ʇʦʨʪ ʛʝʪʝʨʦʜʠʥʘ 

NF ʂʦʵʬʬʠʮʠʝʥʪ ʰʫʤʘ (NF>=0 ʜɹ) 

Nfmin ʄʠʥʠʤʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʰʫʤʘ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʘʨʘʤʝʪʨʘ Sopt, ʚ ʜɹ (NFmin>0) 

Sopt ʆʧʪʠʤʘʣʴʥʳʡ ʠʩʪʦʯʥʠʢ ʦʪʨʘʞʝʥʠʷ ʩʠʛʥʘʣʘ ʧʨʠ Nfmin 
(0<|Sopt|<1) 

Rn ʕʢʚʠʚʘʣʝʥʪʥʦʝ ʰʫʤʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ (equivalent noise 

resistance) 

R1 ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦʨʪʘ 1 

R2 ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦʨʪʘ 2 

R3 ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦʨʪʘ 3 

InThresh ʇʦʨʦʛ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ, ʚ ɺʦʣʴʪʘʭ (InThresh>0) 

LoThresh ʇʦʨʦʛ ʩʠʛʥʘʣʘ ʛʝʪʝʨʦʜʠʥʘ , ʚ ɺʦʣʴʪʘʭ (LoThresh>0) 

IMT_File ʌʘʡʣ, ʩʦʜʝʨʞʘʱʠʡ ʪʘʙʣʠʮʫ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʨʦʚʥʝʡ 
ʠʥʪʝʨʤʦʜʫʣʷʮʠʦʥʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ 

 




