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ʄʂ ï ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ; 

ʎɸʇ ï ʮʠʬʨʦʘʥʘʣʦʛʦʚʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ; 

ʆɺʇʌ ï ʦʧʘʩʥʳʝ ʠ ʚʨʝʜʥʳʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʬʘʢʪʦʨʳ;  

ɺʏ ï ʚʳʩʦʢʠʝ ʯʘʩʪʦʪʳ; 

X/Y ï ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʫʨʦʚʥʝʡ;  

ʈʕɸ ï ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʘʷ ʘʧʧʘʨʘʪʫʨʘ;  

ʊʋ ï ʪʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ; 

ʌʅʏ ï ʬʠʣʴʪʨ ʥʠʟʢʠʭ ʯʘʩʪʦʪ; 

ʕɺʄ ï ʵʣʝʢʪʨʦʥʥʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʤʘʰʠʥʘ. 
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ɺɺɽɼɽʅʀɽ 

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʤʦʜʫʣʷ ʮʠʬʨʦʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ 

ʩʠʛʥʘʣʦʚ ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʦʨʤʳ. ɼʠʧʣʦʤ ʙʳʣ ʥʘʧʠʩʘʥ ʚ ʭʦʜʝ ʧʨʦʭʦʞʜʝʥʠʷ 

ʧʨʝʜʜʠʧʣʦʤʥʦʡ ʧʨʘʢʪʠʢʠ ʚ ʎɿʀ ʠ ɼʆ ʅʀʀʎʉ ʖʋʨɻʋ.  

ʎʝʥʪʨ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʙʫʯʝʥʠʷ ʅʀʀ 

ʮʠʬʨʦʚʳʭ ʩʠʩʪʝʤ ʦʙʨʘʙʦʪʢʠ ʠ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʖʋʨɻʋ (ʎɿʀ ʠ ɼʆ 

ʅʀʀʎʉ ʖʋʨɻʋ) ʧʨʦʚʦʜʠʪ ʢʫʨʩʳ ʧʦ ʧʦʚʳʰʝʥʠʶ ʢʚʘʣʠʬʠʢʘʮʠʠ 

ʨʫʢʦʚʦʜʠʪʝʣʝʡ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ: 

ʟʘʱʠʪʘ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʘʷ ʟʘʱʠʪʘ ʠʥʬʦʨʤʘʮʠʠ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʨʝʜʩʪʚ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʝ ʫʩʪʨʦʡʩʪʚʦ ʛʝʥʝʨʘʪʦʨ 

ʩʠʛʥʘʣʦʚ.ʉʫʱʝʩʪʚʫʶʪ ʛʝʥʝʨʘʪʦʨʳ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʠ ʛʝʥʝʨʘʪʦʨʳ 

ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ. 

ɻʝʥʝʨʘʪʦʨʳ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʧʦ ʬʦʨʤʝ ʚʳʭʦʜʘ ʩʠʛʥʘʣʘ ʜʝʣʷʪʩʷ 

ʥʘ ʛʝʥʝʨʘʪʦʨʳ ʩʠʥʫʩʦʠʜʘʣʴʥʳʭ, ʛʘʨʤʦʥʠʯʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʛʝʥʝʨʘʪʦʨ 

ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʠʤʧʫʣʴʩʦʚ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʝʥʝʨʘʪʦʨʳ, ʘ ʪʘʢʞʝ, ʛʝʥʝʨʘʪʦʨʳ 

ʰʫʤʘ. ʇʦ ʧʨʠʥʮʠʧʫ ʨʘʙʦʪʳ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʛʝʥʝʨʘʪʦʨʳ ʩʠʛʥʘʣʦʚ ʤʦʞʥʦ 

ʨʘʟʜʝʣʠʪʴ ʥʘ LC-ʛʝʥʝʨʘʪʦʨʳ, ʙʣʦʢʠʥʛ-ʛʝʥʝʨʘʪʦʨʳ, ʛʝʥʝʨʘʪʦʨʳ ʇʠʨʩʘ, 

ʛʝʥʝʨʘʪʦʨʳ ʥʘ ʪʫʥʥʝʣʴʥʳʭ ʜʠʦʜʘʭ, RC-ʛʝʥʝʨʘʪʦʨʳ. 

ɻʝʥʝʨʘʪʦʨʳ ʛʘʨʤʦʥʠʯʥʳʭ ʢʦʣʝʙʘʥʠʡ ï ʵʪʦ ʫʩʠʣʠʪʝʣʴ ʩ ʧʦʣʦʞʠʪʝʣʴʥʦʡ 

ʦʙʨʘʪʥʦʡ ʠʣʠ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ. ʇʦʩʣʝʜʥʠʝ ʷʚʣʷʶʪʩʷ 

ʘʢʪʠʚʥʳʤ ʬʠʣʴʪʨʦʤ, ʧʦʜʘʚʠʪʝʣʝʤ. ɼʣʷ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʛʝʥʝʨʘʪʦʨʘ 

ʫʩʪʦʡʯʠʚʳʤ ʩʦʩʪʦʷʥʠʝʤ ʷʚʣʷʝʪʩʷ ʩʨʝʜʥʝʝ, ʘ ʚʩʷʢʠʝ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʩʨʝʜʥʝʛʦ ï 

ʥʝʫʩʪʦʡʯʠʚʳʤʠ. 

ɻʝʥʝʨʘʪʦʨʳ ʩʠʛʥʘʣʦʚ ʧʨʠʤʝʥʷʶʪʩʷ: 

- ʚ ʫʩʪʨʦʡʩʪʚʘʭ ʩʚʷʟʠ, ʥʘʧʨʠʤʝʨ, ʚ ʨʘʜʠʦʧʨʠʝʤʥʠʢʘʭ, ʤʦʙʠʣʴʥʳʭ 

ʪʝʣʝʬʦʥʘʭ, ʪʝʣʝʚʠʟʠʦʥʥʳʭ ʧʨʠʝʤʥʠʢʘʭ, ʧʨʠʝʤʦʧʝʨʝʜʘʪʯʠʢʘʭ ʠ ʚ ʘʧʧʘʨʘʪʫʨʝ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ; 



 

  
 

ʀʟʤ. ʃʠʩʪ ˉ ʜʦʢʫʤ. ʇʦʜʧʠʩʴ ɼʘʪʘ 

ʃʠʩʪ 

7 
    ʖʋʨɻʋ ï ɼ.11.05.01.2017.317.00 ʇɿɺʂʇ 

- ʚ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʘʭ ï ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʚʦʣʴʪʤʝʪʨʳ, 

ʦʩʮʠʣʣʦʛʨʘʬʳ, ʘʤʧʝʨʤʝʪʨʳ; 

- ʤʝʜʠʮʠʥʩʢʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ï ʪʦʤʦʛʨʘʬʳ, ʵʣʝʢʪʨʦʥʥʳʝ ʪʦʥʦʤʝʪʨʳ, 

ʵʣʝʢʪʨʦʢʘʨʜʠʦʛʨʘʬʳ, ʬʠʟʠʦʪʝʨʘʧʝʚʪʠʯʝʩʢʠʝ ʧʨʠʙʦʨʳ, ʨʝʥʪʛʝʥʦʛʨʘʬʳ, 

cʘʧʧʘʨʘʪʳ ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ; 

- ʚ ʙʳʪʦʚʦʡ ʪʝʭʥʠʢʝ ï ʉɺʏ-ʧʝʯʠ, ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʝ ʩʪʠʨʘʣʴʥʳʝ 

ʤʘʰʠʥʳ, ʧʦʩʫʜʦʤʦʝʯʥʳʝ ʤʘʰʠʥʳ ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʫʩʪʨʦʡʩʪʚʘʭ. 
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1 ɸʥʘʣʠʟ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʘʜʘʥʠʷ 

ʀʩʭʦʜʷ ʠʟ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʘʜʘʥʠʷ, ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʫʩʪʨʦʡʩʪʚʦ ʩ 

ʟʘʜʘʥʥʳʤʠ ʢ ʥʝʤʫ ʪʨʝʙʦʚʘʥʠʷʤʠ. ʆʩʥʦʚʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʫʩʪʨʦʡʩʪʚʫ 

ʷʚʣʷʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩʚʦʝʤʫ ʥʘʟʥʘʯʝʥʠʶ ʠ ʚʳʩʦʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, 

ʦʙʝʩʧʝʯʝʥʠʝ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ, ʥʘʜʝʞʥʦʩʪʠ ʠ ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʠ. 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʦʝ ʠʟʜʝʣʠʝ ʜʦʣʞʥʦ ʦʙʣʘʜʘʪʴ ʫʜʦʙʩʪʚʦʤ ʧʨʠʤʝʥʝʥʠʷ; 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʥʝʦʙʭʦʜʠʤʳʤʠ ʜʣʷ ʚʳ- ʧʦʣʥʝʥʠʷ ʥʫʞʥʳʭ 

ʦʧʝʨʘʮʠʡ. ʇʨʠʙʦʨ ʜʦʣʞʝʥ ʠʤʝʪʴ ʢʦʥʢʨʝʪʥʦʝ ʮʝʣʝʚʦʝ ʥʘʟʥʘʯʝʥʠʝ, ʯʪʦ 

ʧʨʝʜʲʷʚʣʷʝʪ ʢ ʫʩʪʨʦʡʩʪʚʫ ʪʝ ʠʣʠ ʠʥʳʝ ʪʨʝʙʦʚʘʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥʦ ʜʦʣʞʥʦ 

ʙʳʪʴ ʫʜʦʙʥʳʤ ʚ ʧʨʠʤʝʥʝʥʠʠ. 

ʀʟʛʦʪʦʚʣʝʥʠʝ ʫʩʪʨʦʡʩʪʚʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʝʡʩʪʚʫʶʱʠʤʠ ʥʦʨʤʘʪʠʚʥʦ-

ʪʝʭʥʠʯʝʩʢʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʦʭʨʘʥʝ ʪʨʫʜʘ 

ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ ʠ ʦʭʨʘʥʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

 

ʉʦʛʣʘʩʥʦ ʪʝʭʥʠʯʝʩʢʦʤʫ ʟʘʜʘʥʠʶ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʩʪʨʫʢʪʫʨʥʫʶ 

ʩʭʝʤʫ, ʧʨʠʥʮʠʧʠʘʣʴʥʫʶ ʩʭʝʤʫ ʠ ʧʝʯʘʪʥʫʶ ʧʣʘʪʫ. 

ʊʨʝʙʦʚʘʥʠʷ ʢ ʢʦʥʩʪʨʫʢʮʠʠ 

-ʠʩʧʦʣʥʝʥʠʝ ʢʦʨʧʫʩʘ ʜʦʣʞʥʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʪʨʝʙʦʚʘʥʠʶ ʩʪʝʧʝʥʠ 

ʟʘʱʠʪʳ ʧʦ ɻʆʉʊ 14254-96-IP20; 

- ʥʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ 5ɺ; 

- ʛʘʙʘʨʠʪʳ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ 150ʭ150 ʤʤ. 

ʀʟʜʝʣʠʝ ʜʦʣʞʥʦ ʦʙʣʘʜʘʪʴ ʩʪʦʡʢʦʩʪʴʶ ʢ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʫʶʱʠʤ ʬʘʢ- 

ʪʦʨʘʤ: 

- ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ ʩ ʧʨʝʜʝʣʴʥʳʤʠ ʠ ʨʘʙʦʯʠʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨ ʦʪ ʤʠʥʫʩ 40 Áʉ ʜʦ ʧʣʶʩ 100Áʉ; 
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2ʉʭʝʤʦʪʝʭʥʠʯʝʩʢʠʡ ʨʘʟʜʝʣ 

2.1 ʈʘʟʨʘʙʦʪʢʘ ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʳ ʛʝʥʝʨʘʪʦʨʘ 

ɿʘʜʘʶʱʠʡ ʛʝʥʝʨʘʪʦʨ ʚʳʨʘʙʘʪʳʚʘʝʪ ʠʤʧʫʣʴʩʳ ʚ ʟʘʜʘʥʥʦʤ ʠʥʪʝʨʚʘʣʝ 

ʯʘʩʪʦʪ. ʉʬʦʨʤʠʨʦʚʘʥʥʳʝ ʠʤʧʫʣʴʩʳ ʚʳʚʦʜʷʪʩʷ ʜʣʷ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʚʥʝʰʥʠʭ 

ʫʩʪʨʦʡʩʪʚ (ʦʩʮʠʣʣʦʛʨʘʬʦʚ, ʛʝʥʝʨʘʪʦʨʦʚ ʠ ʪ.ʜ.) ʠ ʧʦʩʪʫʧʘʶʪ ʥʘ ʚʳʭʦʜʥʦʡ 

ʨʘʟʲʝʤ. ʕʪʠ ʠʤʧʫʣʴʩʳ ʫʩʠʣʠʚʘʶʪʩʷ ʚʳʭʦʜʥʳʤ ʫʩʠʣʠʪʝʣʝʤ. 

ɺ ʢʘʯʝʩʪʚʝ ʟʘʜʘʶʱʝʛʦ ʛʝʥʝʨʘʪʦʨʘ ʠʤʧʫʣʴʩʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʠʥʪʝʛʨʘʣʴʥʘ̫  ʤʠʢʨʦʩʭʝʤʘ STM32F407VG. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʤʦʜʫʣʷ ʮʠʬʨʦʚʦʛʦ 

ʛʝʥʝʨʘʪʦʨʘ ʩʠʛʥʘʣʦʚ ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʦʨʤʳ. 

 

 

 

ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʤʦʜʫʣʷ ʮʠʬʨʦʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʩʠʛʥʘʣʦʚ 

ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʦʨʤʳ 

ʆʩʥʦʚʥʦʝ ʧʠʪʘʥʠʝ ʙʫʜʝʤ ʧʦʜʘʚʘʪʴ ʧʦ USB-B ʯʝʨʝʟ ʩʪʘʙʠʣʠʟʘʪʦʨ 

ʥʘʧʨʷʞʝʥʠʷ, ʜʘʣʝʝ ʚ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʬʦʨʤʠʨʫʝʪ ʥʫʞʥʳʝ ʥʘʤ ʢʦʣʝʙʘʥʠʷ, 

ʢʦʪʦʨʳʝ ʧʦʪʦʤ ʧʦʩʪʫʧʘʶʪ ʚ ʎɸʇ, ʜʘʣʝʝ ʧʦʩʪʫʧʘʶʪ ʚ ʬʠʣʴʪʨ ʥʠʟʢʠʭ ʯʘʩʪʦʪ. 

ʆʪ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʩʠʛʥʘʣ ʠʜʝʪ ʥʘ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʫʨʦʚʥʷ ʧʝʨʝʚʝʩʪʠ 

ʘʥʘʣʦʛʦʚʳʡ ʩʠʛʥʘʣ ʚ ʮʠʬʨʦʚʦʡ ʠ ʧʦʪʦʤ ʚ USB-B ʠ ʥʘ ʧʝʨʩʦʥʘʣʴʥʳʡ 

ʢʦʤʧʴʶʪʝʨ. 

МК

X/Y

USB

ЦАП1

ЦАП2

ФНЧ1

ФНЧ2

           +3,3 В
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2.2 ʈʘʟʨʘʙʦʪʢʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʩʭʝʤʳ ʛʝʥʝʨʘʪʦʨʘ 

ʅʘ ʚʩʝ ʤʠʢʨʦʩʭʝʤʳ ʚ ʜʦʢʫʤʝʥʪʘʮʠʷʭ ʠʤʝʝʪʩʷ ʪʠʧʦʚʘʷ ʩʭʝʤʘ ʚʢʣʶʯʝʥʠʝ 

ʜʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʨʘʙʦʪʘ ʙʫʜʝʪ ʚʝʩʪʠʩʴ ʥʘ ʯʘʩʪʦʪʝ 

400ʄɻʮ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʘʥʥʦʡ ʯʘʩʪʦʪʦʡ ʚʳʙʨʘʣʠ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ 

STM32F407VG, ʢʦʪʦʨʳʡ ʧʦʜʭʦʜʠʪ ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʜʣʷ ʜʘʥʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʛʝʥʝʨʘʪʦʨʘ 

 

ʈʠʩʫʥʦʢ 2 ï ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʛʝʥʝʨʘʪʦʨʘ 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʥʝʦʙʭʦʜʠʤʳʡ ʩʠʛʥʘʣ ʦʪ ʤʠʢʨʦʢʦʨʥʪʨʦʣʣʝʨʘ 

ʤʳ ʙʫʜʝʤ ʝʛʦ ʧʦʜʢʣʶʯʘʪʴ ʯʝʨʝʟ ʨʘʟʲʝʤ JTAG ʠ ʧʨʦʰʠʚʘʪʴ ʥʝʦʙʭʦʜʠʤʦʡ 

ʧʨʦʛʨʘʤʤʦʡ. ʋ FT232RL - ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʫʨʦʚʥʝʡ ʪʦʞʝ ʠʤʝʝʪʩʷ ʪʠʧʦʚʘʷ 

ʩʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ. ɼʘʥʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʚʳʙʨʘʣʠ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ 

ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʤʳ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʚʘ 

ʩʚʝʪʦʜʠʦʜʘ ʜʣʷ ʠʥʜʠʢʘʮʠʠ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚʘ ʠ ʧʨʠʝʤʘ/ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʘ. ʋ 

ʤʠʢʨʦʩʭʝʤ ʧʦʜʢʣʶʯʘʝʤ ʪʦʣʴʢʦ ʪʝ ʢʦʥʪʘʢʪʳ, ʢʦʪʦʨʳʝ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ. 

2.2.1 ʆʧʠʩʘʥʠʝʤʠʢʨʦʩʭʝʤʳ STM32F407VG 

ɺ ʜʘʥʥʦʤ ʨ ʨʘʟʜʝʣʝ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ STM32F407VG. 
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ʆʩʦʙʝʥʥʦʩʪʠ: 

- ʉore: 32ʭ-ʙʠʪʥʳʡ ʧʨʦʮʝʩʩʦʨ ARM ʩ ʧʨʦʮʝʩʩʦʨʦʤ Cortex-M4 ʩ FPU, 

ʘʜʘʧʪʠʚʥʳʡ ʫʩʢʦʨʠʪʝʣʴ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ (ART Accelerator), 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʚʳʧʦʣʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʦʞʠʜʘʥʠʷ ʥʫʣʝʚʦʛʦ ʚʨʝʤʝʥʠ ʠʟ 

ʬʣʵʰ-ʧʘʤʷʪʠ, ʯʘʩʪʦʪʘ ʜʦ 168 ʄɻʮ, ʙʣʦʢ ʟʘʱʠʪʳ ʧʘʤʷʪʠ, 210 DMIPS /1.25 

DMIPS / ʄɻʮ (Dhrystone 2.1) ʠ ʠʥʩʪʨʫʢʮʠʠ DSP; 

- ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝ ʟʘʧʠʩʘʥʥʦʛʦ ʠʟ Flash ï ʧʘʤʷʪʠ; 

- ʜʦ 1 ʄʙʘʡʪ ʬʣʵʰ-ʧʘʤʷʪʠ; 

- ʜʦ 192 + 4 ʂʙʘʡʪ SRAM, ʚ ʪʦʤ ʯʠʩʣʝ 64-ʂʙʘʡʪ ʧʘʤʷʪʠ ʧʘʤʷʪʠ CCM 

(ʧʘʤʷʪʴ ʷʜʨʘ); 

-ʛʠʙʢʠʡ ʢʦʥʪʨʦʣʣʝʨ ʩʪʘʪʠʯʝʩʢʦʡ ʧʘʤʷʪʠ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʡ ʧʘʤʷʪʴ 

Compact Flash, SRAM, PSRAM, NOR ʠ NAND; 

- ʧʘʨʘʣʣʝʣʴʥʳʡ ʠʥʪʝʨʬʝʡʩ LCD, ʨʝʞʠʤʳ 8080/6800; 

- ʫʧʨʘʚʣʝʥʠʝ ʯʘʩʘʤʠ, ʩʙʨʦʩʦʤ ʠ ʧʦʩʪʘʚʢʦʡ; 

- ʧʦʩʪʘʚʢʘ ʧʨʠʣʦʞʝʥʠʡ ʦʪ 1,8 ɺ ʜʦ 3,6 ɺ ʠ ʚʚʦʜʘ / ʚʳʚʦʜʘ; 

- POR, PDR, PVD ʠ BOR; 

- ʢʚʘʨʮʝʚʳʡ ʛʝʥʝʨʘʪʦʨ ʦʪ 4 ʜʦ 26 ʄɻʮ; 

- ʚʥʫʪʨʝʥʥʠʡ 16 ʄɻʮ ʟʘʚʦʜʩʢʦʡ RC (1% ʪʦʯʥʦʩʪʠ); 

- ʛʝʥʝʨʘʪʦʨ 32 ʢɻʮ ʜʣʷ RTC ʩ ʢʘʣʠʙʨʦʚʢʦʡ; 

- ʚʥʫʪʨʝʥʥʠʡ 32 ʢɻʮ RC ʩ ʢʘʣʠʙʨʦʚʢʦʡ; 

- ʤʘʣʦʤʦʱʥʘʷ ʨʘʙʦʪʘ; 

- ʨʝʞʠʤ ʦʞʠʜʘʥʠʷ, ʦʩʪʘʥʦʚʢʠ ʠ ʦʞʠʜʘʥʠʷ; 

- ʧʦʩʪʘʚʢʘ VBAT ʜʣʷ RTC, ʨʝʟʝʨʚʥʳʝ ʨʝʛʠʩʪʨʳ 20Ĭ32 ʙʠʪ ʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʨʝʟʝʨʚʥʘʷ ʢʦʧʠʷ 4 ʂɹ; 

- 3Ĭ12-ʨʘʟʨʷʜʥʳʝ, 2,4 MSPS ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ: ʜʦ 24 

ʢʘʥʘʣʦʚ ʠ 7.2 MSPS ʚ ʨʝʞʠʤʝ ʩ ʪʨʦʡʥʳʤ ʯʝʨʝʜʦʚʘʥʠʝʤ; 

- 2Ĭ12-ʨʘʟʨʷʜʥʳʝ ʎɸʇ; 
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- DMA ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ: 16-ʧʦʪʦʯʥʳʡ ʢʦʥʪʨʦʣʣʝʨ DMA ʩ FIFO ʠ 

ʧʦʜʜʝʨʞʢʦʡ ʚʩʧʣʝʩʢʘ; 

- ʜʦ 17 ʪʘʡʤʝʨʦʚ: ʜʦ ʜʚʝʥʘʜʮʘʪʠ ʰʝʩʪʥʘʜʮʘʪʠʙʠʪʥʳʭ ʠ ʜʚʫʭ  

32ʭ-ʨʘʟʨʷʜʥʳʭ ʪʘʡʤʝʨʦʚ ʜʦ 168 ʄɻʮ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʜʦ 4 

IC/OC/PWM ʠʣʠ ʩʯʝʪʯʠʢ ʠʤʧʫʣʴʩʦʚ ʠ ʢʚʘʜʨʘʪʫʨʥʳʡ (ʠʥʢʨʝʤʝʥʪʥʳʡ) ʚʭʦʜ 

ʵʥʢʦʜʝʨʘ; 

- ʠʥʪʝʨʬʝʡʩʳ ʦʪʣʘʜʢʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ (SWD) ʠ JTAG; 

- Cortex-M4 Embedded Trace Macrocell; 

- ʜʦ 140 ʧʦʨʪʦʚ ʚʚʦʜʘ / ʚʳʚʦʜʘ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʝʨʳʚʘʥʠʷ; 

- ʜʦ 136 ʙʳʩʪʨʳʭ ʚʭʦʜʦʚ / ʚʳʭʦʜʦʚ ʜʦ 84 ʄɻʮ; 

- ʜʦ 138 ɺ-ʪʦʣʝʨʘʥʪʥʳʭ ʚʭʦʜʦʚ / ʚʳʭʦʜʦʚ; 

- ʜʦ 15 ʠʥʪʝʨʬʝʡʩʦʚ ʩʚʷʟʠ; 

- ʠʥʪʝʨʬʝʡʩʳ ʜʦ 3ĬI2C (SMBus/PMBus); 

- ʜʦ 4 USART/2 UART (10,5 ʄʙʠʪ/ʩ, ʠʥʪʝʨʬʝʡʩ ISO 7816, LIN, IrDA, 

ʫʧʨʘʚʣʝʥʠʝ ʤʦʜʝʤʦʤ); 

- ʜʦ 3 SPI (42 ʄʙʠʪ/ʩ), 2 ʩ ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʥʳʤ ʧʦʣʥʦʜʫʧʣʝʢʩʥʳʤ I2S 

ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʪʦʯʥʦʩʪʠ ʢʣʘʩʩʘ ʟʚʫʢʘ ʯʝʨʝʟ ʚʥʫʪʨʝʥʥʠʡ ʘʫʜʠʦ PLL ʠʣʠ 

ʚʥʝʰʥʠʝ ʯʘʩʳ; 

- 2 Ĭ CAN-ʠʥʪʝʨʬʝʡʩʘ (2.0B Active); 

- ʠʥʪʝʨʬʝʡʩ SDIO; 

- ʨʘʩʰʠʨʝʥʥʦʝ ʧʦʜʢʣʶʯʝʥʠʝ; 

- USB 2.0 ʧʦʣʥʦʩʢʦʨʦʩʪʥʦʝ ʫʩʪʨʦʡʩʪʚʦ / ʭʦʩʪ / ʢʦʥʪʨʦʣʣʝʨ OTG ʩ 

ʚʩʪʨʦʝʥʥʳʤ PHY; 

- USB 2.0 ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ / ʧʦʣʥʦʩʢʦʨʦʩʪʥʦʡ ʢʦʥʪʨʦʣʣʝʨ ʫʩʪʨʦʡʩʪʚʘ / 

ʭʦʩʪʘ / OTG ʩ ʚʳʜʝʣʝʥʥʳʤ DMA, ʚʩʪʨʦʝʥʥʳʤ ʧʦʣʥʦʩʢʦʨʦʩʪʥʳʤ PHY ʠ 

ULPI; 
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- 10/100 Ethernet MAC ʩ ʚʳʜʝʣʝʥʥʳʤ DMA: ʧʦʜʜʝʨʞʠʚʘʝʪ ʦʙʦʨʫʜʦʚʘʥʠʝ 

IEEE 1588v2, MII / RMII; 

-ʚʦʩʴʤʠ ʠ ʯʝʪʳʨʥʘʜʮʘʪʠʨʘʟʨʷʜʥʳʡ ʧʘʨʘʣʣʝʣʴʥʳʡ ʠʥʪʝʨʬʝʡʩ ʢʘʤʝʨʳ ʜʦ 

54 ʄʙʘʡʪ/ʩ; 

- ʛʝʥʝʨʘʪʦʨ ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ; 

- ʝʜʠʥʠʮʘ ʨʘʩʯʝʪʘ CRC; 

- 96-ʙʠʪʥʳʡ ʫʥʠʢʘʣʴʥʳʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ; 

- RTC: ʩʫʙʩʝʢʫʥʜʥʘʷ ʪʦʯʥʦʩʪʴ, ʘʧʧʘʨʘʪʥʳʡ ʢʘʣʝʥʜʘʨʴ. 

ʇʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʤʠʢʨʦʩʭʝʤʳ 

ʉʝʤʝʡʩʪʚʦ STM32F405xx ʠ STM32F407xx ʦʩʥʦʚʘʥʦ ʥʘ 32ʭ-ʨʘʟʨʷʜʥʦʤ 

RISC-ʧʨʦʮʝʩʩʦʨʝ ARM Cortex-M4 ʩ ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ, 

ʨʘʙʦʪʘʶʱʝʤ ʥʘ ʯʘʩʪʦʪʝ ʜʦ 168 ʄɻʮ.  

ʗʜʨʦ ʦʩʥʘʱʝʥʦ ʦʜʥʦʪʦʯʝʯʥʦʡ ʝʜʠʥʠʮʝʡ ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ (FPU), 

ʢʦʪʦʨʘʷ ʧʦʜʜʝʨʞʠʚʘʝʪ ʚʩʝ ʠʥʩʪʨʫʢʮʠʠ ʠ ʪʠʧʳ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʩ 

ʦʜʥʦʪʦʯʝʯʥʦʡ ʦʙʨʘʙʦʪʢʦʡ ARM. ʆʥ ʪʘʢʞʝ ʨʝʘʣʠʟʫʝʪ ʧʦʣʥʳʡ ʥʘʙʦʨ 

ʠʥʩʪʨʫʢʮʠʡ DSP ʠ ʙʣʦʢ ʟʘʱʠʪʳ ʧʘʤʷʪʠ (MPU), ʢʦʪʦʨʳʡ ʧʦʚʳʰʘʝʪ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʠʣʦʞʝʥʠʡ. 

ʉʝʤʝʡʩʪʚʦ STM32F405xx ʠ STM32F407xx ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʝ ʚʩʪʨʦʝʥʥʳʝ ʟʘʧʦʤʠʥʘʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ (ʬʣʵʰ-ʧʘʤʷʪʴ ʜʦ  

1 ʄʙʘʡʪ, ʜʦ 192 ʂʙʘʡʪ SRAM), ʜʦ 4 ʂʙʘʡʪ ʨʝʟʝʨʚʥʦʛʦ SRAM ʠ ʰʠʨʦʢʠʡ 

ʜʠʘʧʘʟʦʥ ʨʘʩʰʠʨʝʥʥʳʭ ʚʭʦʜʦʚ/ʚʳʭʦʜʦʚ ʠ ʧʝʨʠʬʝʨʠʡʥʳʭ ʫʩʪʨʦʡʩʪʚ, 

ʧʦʜʢʣʶʯʝʥʥʳʭ ʢ ʜʚʫʤ APB ʘʚʪʦʙʫʩʳ, ʪʨʠ ʰʠʥʳ AHB ʠ 32-ʭ ʙʠʪʥʫʶ ʤʘʪʨʠʮʫ 

ʰʠʥʳ AHB. 

ɺʩʝ ʫʩʪʨʦʡʩʪʚʘ ʧʨʝʜʣʘʛʘʶʪ ʪʨʠ ʜʚʝʥʘʜʮʘʪʠʨʘʟʨʷʜʥʳʭ ɸʎʇ, ʜʚʘ ʎɸʇ, 

ʤʘʣʦʤʦʱʥʳʡ RTC, ʜʚʝʥʘʜʮʘʪʴ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʰʝʩʪʥʘʜʮʘʪʠʨʘʟʨʷʜʥʳʭ 

ʪʘʡʤʝʨʦʚ, ʚʢʣʶʯʘʷ ʜʚʘ ʪʘʡʤʝʨʘ PWM ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʛʘʪʝʣʝʤ, ʜʚʘ 32-ʭ 

ʨʘʟʨʷʜʥʳʭ ʪʘʡʤʝʨʘ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ. ʅʘʩʪʦʷʱʠʡ ʛʝʥʝʨʘʪʦʨ ʩʣʫʯʘʡʥʳʭ 
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ʯʠʩʝʣ (RNG). ʆʥʠ ʪʘʢʞʝ ʦʩʥʘʱʝʥʳ ʩʪʘʥʜʘʨʪʥʳʤʠ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʤʠ 

ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʤʠ ʠʥʪʝʨʬʝʡʩʘʤʠ: 

- ʜʦ ʪʨʝʭ I2C; 

- ʪʨʠ SPI, ʜʚʘ ʜʚʫʭʢʘʥʘʣʴʥʳʭ I2S. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʪʦʯʥʦʩʪʠ ʟʚʫʢʦʚʦʛʦ 

ʢʣʘʩʩʘ ʧʝʨʠʬʝʨʠʡʥʳʝ ʫʩʪʨʦʡʩʪʚʘ I2S ʤʦʞʥʦ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʪʴ ʯʝʨʝʟ 

ʚʳʜʝʣʝʥʥʳʡ ʚʥʫʪʨʝʥʥʠʡ ʘʫʜʠʦʧʣʝʝʨ PLL ʠʣʠ ʯʝʨʝʟ ʚʥʝʰʥʠʝ ʯʘʩʳ, ʯʪʦʙʳ 

ʦʙʝʩʧʝʯʠʪʴ ʩʠʥʭʨʦʥʠʟʘʮʠʶ; 

- ʯʝʪʳʨʝ USART ʧʣʶʩ ʜʚʘ UART; 

- ʧʦʣʥʘʷ ʩʢʦʨʦʩʪʴ USB OTG ʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʘʷ USB OTG ʩ ʧʦʣʥʦʡ 

ʩʢʦʨʦʩʪʴʶ (ʩ ULPI); 

- ʜʚʝ CAN-ʢʘʨʪʳ; 

- ʠʥʪʝʨʬʝʡʩ SDIO / MMC; 

-Ethernet ʠ ʠʥʪʝʨʬʝʡʩ ʢʘʤʝʨʳ ʜʦʩʪʫʧʥʳ ʪʦʣʴʢʦ ʥʘ ʫʩʪʨʦʡʩʪʚʘʭ 

STM32F407xx. 

ʅʦʚʳʝ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʝ ʧʝʨʠʬʝʨʠʡʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʚʢʣʶʯʘʶʪ ʚ 

ʩʝʙʷ SDIO, ʨʘʩʰʠʨʝʥʥʳʡ ʛʠʙʢʠʡ ʠʥʪʝʨʬʝʡʩ ʫʧʨʘʚʣʝʥʠʷ ʩʪʘʪʠʯʝʩʢʦʡ 

ʧʘʤʷʪʴʶ (FSMC) (ʜʣʷ ʫʩʪʨʦʡʩʪʚ, ʧʨʝʜʣʘʛʘʝʤʳʭ ʚ ʧʘʢʝʪʘʭ ʧʦ 100 ʢʦʥʪʘʢʪʦʚ ʠ 

ʙʦʣʝʝ), ʠʥʪʝʨʬʝʡʩ ʢʘʤʝʨʳ ʜʣʷ ʜʘʪʯʠʢʦʚ CMOS.  

ʉʝʤʝʡʩʪʚʦ STM32F405xx ʠ STM32F407xx ʨʘʙʦʪʘʝʪ ʚ ʜʠʘʧʘʟʦʥʝ 

ʪʝʤʧʝʨʘʪʫʨ ʦʪ ʤʠʥʫʩ 40ÁC ʜʦ ʧʣʶʩ 105ÁC ʦʪ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ ʦʪ 1,8 ʜʦ 3,6 

ɺ. ʅʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ ʤʦʞʝʪ ʫʧʘʩʪʴ ʜʦ 1,7 ɺ, ʢʦʛʜʘ ʫʩʪʨʦʡʩʪʚʦ ʨʘʙʦʪʘʝʪ ʚ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ ʦʪ 0 ÁC ʜʦ 70Áʉ ʩ ʧʦʤʦʱʴʶ ʚʥʝʰʥʝʛʦ ʢʦʥʪʨʦʣʝʨʘ 

ʧʠʪʘʥʠʷ. ʇʦʣʥʳʡ ʥʘʙʦʨ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʨʝʞʠʤʦʚ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ 

ʧʨʠʣʦʞʝʥʠʷ ʩ ʤʘʣʦʡ ʤʦʱʥʦʩʪʴʶ. 

ʉʝʤʝʡʩʪʚʦ STM32F405xx ʠ STM32F407xx ʧʨʝʜʣʘʛʘʝʪ ʫʩʪʨʦʡʩʪʚʘ ʚ 

ʨʘʟʣʠʯʥʳʭ ʧʘʢʝʪʘʭ ʦʪ 64 ʢʦʥʪʘʢʪʦʚ ʜʦ 176 ʢʦʥʪʘʢʪʦʚ. ʅʘʙʦʨ ʚʢʣʶʯʝʥʥʳʭ 

ʧʝʨʠʬʝʨʠʡʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠʟʤʝʥʷʝʪʩʷ ʩ ʚʳʙʨʘʥʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ. 
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ʕʪʠ ʬʫʥʢʮʠʠ ʜʝʣʘʶʪ ʩʝʤʝʡʩʪʚʦ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʚ STM32F405xx ʠ 

STM32F407xx ʧʦʜʭʦʜʷʱʠʤʠ ʜʣʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʧʨʠʤʝʥʝʥʠʡ: 

- ʫʧʨʘʚʣʝʥʠʝ ʜʚʠʛʘʪʝʣʝʤ ʠ ʧʨʠʣʦʞʝʥʠʝʤ; 

-ʤʝʜʠʮʠʥʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ; 

- ʧʨʦʤʳʰʣʝʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ: ʇʃʂ, ʠʥʚʝʨʪʦʨʳ, ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ 

ʚʳʢʣʶʯʘʪʝʣʠ; 

- ʧʨʠʥʪʝʨʳ ʠ ʩʢʘʥʝʨʳ; 

- ʩʠʩʪʝʤʳ ʩʠʛʥʘʣʠʟʘʮʠʠ, ʚʠʜʝʦʜʦʤʦʬʦʥ ʠ HVAC; 

- ʜʦʤʘʰʥʠʝ ʘʫʜʠʦʘʧʧʘʨʘʪʫʨʳ. 

ʗʜʨʦ ARMCortex-M4 ʩ FPU ʠ ʚʩʪʨʦʝʥʥʦʡ Flash ʠ SRAM 

ʇʨʦʮʝʩʩʦʨ ARM Cortex-M4 ʩ FPU - ʵʪʦ ʥʦʚʝʡʰʝʝ ʧʦʢʦʣʝʥʠʝ 

ʧʨʦʮʝʩʩʦʨʦʚ ARM ʜʣʷ ʚʩʪʨʦʝʥʥʳʭ ʩʠʩʪʝʤ. ʆʥ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʜʦʨʦʛʦʡ ʧʣʘʪʬʦʨʤʳ, ʢʦʪʦʨʘʷ ʦʪʚʝʯʘʝʪ ʧʦʪʨʝʙʥʦʩʪʷʤ 

ʚʥʝʜʨʝʥʠʷ MCU, ʩ ʫʤʝʥʴʰʝʥʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʢʦʥʪʘʢʪʦʚ ʠ ʥʠʟʢʠʤ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʨʠ ʵʪʦʤ ʚʳʜʘʶʱʫʶʩʷ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʨʘʩʰʠʨʝʥʥʳʡ ʦʪʢʣʠʢ ʥʘ ʧʨʝʨʳʚʘʥʠʷ. 

32-ʭ ʨʘʟʨʷʜʥʳʡ RISC-ʧʨʦʮʝʩʩʦʨ ARM Cortex-M4 ʩ FPU ʦʙʣʘʜʘʝʪ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʢʦʜʘ, ʦʙʝʩʧʝʯʠʚʘʷ ʚʳʩʦʢʫʶ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʦʞʠʜʘʝʤʫʶ ʦʪ ʷʜʨʘ ARM ʚ ʨʘʟʤʝʨʝ ʧʘʤʷʪʠ, ʦʙʳʯʥʦ 

ʩʚʷʟʘʥʥʦʤ ʩ ʚʦʩʴʤʠ ʠ hʝʩʪʥʘʜʮʘʪʠʨʘʟʨʷʜʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ. 

ʇʨʦʮʝʩʩʦʨ ʧʦʜʜʝʨʞʠʚʘʝʪ ʥʘʙʦʨ ʠʥʩʪʨʫʢʮʠʡ DSP, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʵʬʬʝʢʪʠʚʥʫʶ ʦʙʨʘʙʦʪʢʫ ʩʠʛʥʘʣʦʚ ʠ ʚʳʧʦʣʥʝʥʠʝ ʩʣʦʞʥʦʛʦ ʘʣʛʦʨʠʪʤʘ. 

ɽʛʦ ʦʜʥʦʪʦʯʝʯʥʘʷ FPU (ʩʠʩʪʝʤʘ ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ) ʫʩʢʦʨʷʝʪ 

ʨʘʟʨʘʙʦʪʢʫ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʠʩʧʦʣʴʟʫʷ ʠʥʩʪʨʫʤʝʥʪʳ ʨʘʟʨʘʙʦʪʢʠ 

ʤʝʪʘʷʟʳʢʦʚ, ʠʟʙʝʛʘʷ ʧʨʠ ʵʪʦʤ ʥʘʩʳʱʝʥʠʷ. 
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ʉʝʤʝʡʩʪʚʦ STM32F405xx ʠ STM32F407xx ʩʦʚʤʝʩʪʠʤʦ ʩʦ ʚʩʝʤʠ 

ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʠ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ ARM. 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʠʚʝʜʝʥʘ ʦʙʱʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ 

ʩʝʤʝʡʩʪʚʘ STM32F40xx. 

 
ʈʠʩʫʥʦʢ 3 ï ʆʙʱʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʩʝʤʝʡʩʪʚʘ 

STM32F40xx 
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ɸʜʘʧʪʠʚʥʳʡ ʫʩʢʦʨʠʪʝʣʴ ʧʘʤʷʪʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ (ART Accelerator) 

ART Accelerator - ʵʪʦ ʫʩʢʦʨʠʪʝʣʴ ʧʘʤʷʪʠ, ʢʦʪʦʨʳʡ ʦʧʪʠʤʠʟʠʨʦʚʘʥ ʜʣʷ 

ʩʪʘʥʜʘʨʪʥʳʭ ARM Cortex-M4 ʩʪʘʥʜʘʨʪʘ STM32 ʩ ʧʨʦʮʝʩʩʦʨʘʤʠ FPU. ʆʥ 

ʫʨʘʚʥʦʚʝʰʠʚʘʝʪ ʧʨʠʩʫʱʝʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ARM Cortex-M4 ʩ 

ʪʝʭʥʦʣʦʛʠʝʡ FPU ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʬʣʵʰ-ʧʘʤʷʪʠ, ʢʦʪʦʨʘʷ ʦʙʳʯʥʦ ʪʨʝʙʫʝʪ, 

ʯʪʦʙʳ ʧʨʦʮʝʩʩʦʨ ʦʞʠʜʘʣ ʬʣʵʰ-ʧʘʤʷʪʴ ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ. 

ʏʪʦʙʳ ʦʩʚʦʙʦʜʠʪʴ ʧʨʦʮʝʩʩʦʨ ʩ ʧʦʣʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 210 DMIPS 

ʥʘ ʵʪʦʡ ʯʘʩʪʦʪʝ, ʫʩʢʦʨʠʪʝʣʴ ʨʝʘʣʠʟʫʝʪ ʦʯʝʨʝʜʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʚʳʙʦʨʢʠ 

ʢʦʤʘʥʜ ʠ ʢʵʰʘ ʬʠʣʠʘʣʦʚ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʩʢʦʨʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʛʨʘʤʤʳ 

ʠʟ 128-ʤʠ ʨʘʟʨʷʜʥʦʡ ʬʣʵʰ-ʧʘʤʷʪʠ. ʅʘ ʦʩʥʦʚʝ ʪʝʩʪʘ CoreMark 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʜʦʩʪʠʛʘʝʤʘʷ ʙʣʘʛʦʜʘʨʷ ʫʩʢʦʨʠʪʝʣʶ ART, ʵʢʚʠʚʘʣʝʥʪʥʘ 

ʚʳʧʦʣʥʝʥʠʶ ʧʨʦʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ ʦʞʠʜʘʥʠʷ 0 ʠʟ ʬʣʵʰ-ʧʘʤʷʪʠ ʩ ʯʘʩʪʦʪʦʡ 

ʧʨʦʮʝʩʩʦʨʘ ʜʦ 168 ʄɻʮ. 

ɹʣʦʢ ʟʘʱʠʪʳ ʧʘʤʷʪʠ 

ʄʦʜʫʣʴ ʟʘʱʠʪʳ ʧʘʤʷʪʠ (MPU) ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʜʦʩʪʫʧʦʤ ʢ 

ʎʇ ʚ ʧʘʤʷʪʴ, ʯʪʦʙʳ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʩʣʫʯʘʡʥʦʝ ʧʦʚʨʝʞʜʝʥʠʝ ʧʘʤʷʪʠ ʠʣʠ 

ʨʝʩʫʨʩʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʣʶʙʦʡ ʜʨʫʛʦʡ ʘʢʪʠʚʥʦʡ ʟʘʜʘʯʝʡ. ʕʪʘ ʦʙʣʘʩʪʴ ʧʘʤʷʪʠ 

ʦʨʛʘʥʠʟʦʚʘʥʘ ʚ ʚʦʩʝʤʴ ʟʘʱʠʱʝʥʥʳʭ ʦʙʣʘʩʪʝʡ, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʜʝʣʝʥʳ ʥʘ ʚʦʩʝʤʴ ʧʦʜʨʘʡʦʥʦʚ. ʈʘʟʤʝʨʳ ʦʙʣʘʩʪʠ ʟʘʱʠʪʳ 

ʩʦʩʪʘʚʣʷʶʪ ʦʪ 32 ʙʘʡʪ ʜʦ 4 ʛʠʛʘʙʘʡʪ ʘʜʨʝʩʥʦʡ ʧʘʤʷʪʠ. 

MPU ʦʩʦʙʝʥʥʦ ʧʦʣʝʟʝʥ ʜʣʷ ʧʨʠʣʦʞʝʥʠʡ, ʛʜʝ ʢʨʠʪʠʯʝʩʢʠʡ ʠʣʠ 

ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʳʡ ʢʦʜ ʜʦʣʞʝʥ ʙʳʪʴ ʟʘʱʠʱʝʥ ʦʪ ʥʝʧʨʘʚʠʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ 

ʜʨʫʛʠʭ ʟʘʜʘʯ. ʆʙʳʯʥʦ ʵʪʦ ʫʧʨʘʚʣʷʝʪʩʷ RTOS (ʦʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ). ɽʩʣʠ ʧʨʦʛʨʘʤʤʘ ʦʙʨʘʱʘʝʪʩʷ ʢ ʷʯʝʡʢʝ ʧʘʤʷʪʠ, ʢʦʪʦʨʘʷ 

ʟʘʧʨʝʱʝʥʘ MPU, RTOS ʤʦʞʝʪ ʦʙʥʘʨʫʞʠʪʴ ʝʝ ʠ ʧʨʠʥʷʪʴ ʤʝʨʳ. ɺ ʩʨʝʜʝ RTOS 

ʷʜʨʦ ʤʦʞʝʪ ʜʠʥʘʤʠʯʝʩʢʠ ʦʙʥʦʚʣʷʪʴ ʥʘʩʪʨʦʡʢʫ ʦʙʣʘʩʪʠ MPU ʥʘ ʦʩʥʦʚʝ 

ʧʨʦʮʝʩʩʘ, ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ ʙʳʪʴ ʚʳʧʦʣʥʝʥ. 
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MPU ʷʚʣʷʝʪʩʷ ʥʝʦʙʷʟʘʪʝʣʴʥʳʤ ʠ ʤʦʞʝʪ ʙʳʪʴ ʦʪʢʣʶʯʝʥ ʜʣʷ ʧʨʠʣʦʞʝʥʠʡ, 

ʢʦʪʦʨʳʝ ʝʤʫ ʥʝ ʥʫʞʥʳ. 

ɺʩʪʨʦʝʥʥʘʷ ʬʣʵʰ-ʧʘʤʷʪʴ 

ɺ ʫʩʪʨʦʡʩʪʚʘʭ STM32F40xxx ʚʩʪʨʦʝʥʘ ʬʣʵʰ-ʧʘʤʷʪʴ ʦʙʲʝʤʦʤ 512 ʂʙʘʡʪ 

ʠʣʠ 1 ʄʙʘʡʪ ʜʣʷ ʭʨʘʥʝʥʠʷ ʧʨʦʛʨʘʤʤ ʠ ʜʘʥʥʳʭ. 

ɹʣʦʢ ʚʳʯʠʩʣʝʥʠʷ CRC (ʮʠʢʣʠʯʝʩʢʘʷ ʠʟʙʳʪʦʯʥʦʩʪʴ) 

ɹʣʦʢ ʚʳʯʠʩʣʝʥʠʷ CRC (ʮʠʢʣʠʯʝʩʢʘʷ ʠʟʙʳʪʦʯʥʦʩʪʴ) ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʢʦʜʘ CRC ʠʟ 32-ʭ ʙʠʪʥʦʛʦ ʩʣʦʚʘ ʜʘʥʥʳʭ ʠ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ 

ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʧʦʣʠʥʦʤʘ. 

ʉʨʝʜʠ ʜʨʫʛʠʭ ʧʨʠʣʦʞʝʥʠʡ ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ CRC, ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʜʣʷ ʧʨʦʚʝʨʢʠ ʮʝʣʦʩʪʥʦʩʪʠ ʜʘʥʥʳʭ ʠʣʠ ʮʝʣʦʩʪʥʦʩʪʠ ʭʨʘʥʠʣʠʱʘ. ɺ ʨʘʤʢʘʭ 

ʩʪʘʥʜʘʨʪʘ EN / IEC 60335-1 ʦʥʠ ʧʨʝʜʣʘʛʘʶʪ ʩʨʝʜʩʪʚʦ ʧʨʦʚʝʨʢʠ ʮʝʣʦʩʪʥʦʩʪʠ 

ʬʣʵʰ-ʧʘʤʷʪʠ. ɹʣʦʢ ʚʳʯʠʩʣʝʥʠʷ CRC ʧʦʟʚʦʣʷʝʪ ʚʳʯʠʩʣʠʪʴ ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʜʧʠʩʴ ʚʦ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ, ʯʪʦʙʳ ʙʳʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʵʪʘʣʦʥʥʦʡ ʧʦʜʧʠʩʴʶ, ʩʦʟʜʘʥʥʦʡ ʚ ʩʚʷʟʠ ʚʨʝʤʷ ʠ ʭʨʘʥʷʪʩʷ ʚ ʜʘʥʥʦʡ ʷʯʝʡʢʝ 

ʧʘʤʷʪʠ. 

ɺʩʪʨʦʝʥʥʘʷ SRAM 

ɺʩʝ ʧʨʦʜʫʢʪʳ STM32F40xxx ʚʢʣʶʯʘʶʪ: 

- ʜʦ 192 ʂʙʘʡʪ ʩʠʩʪʝʤʥʦʛʦ SRAM, ʚʢʣʶʯʘʷ 64 ʂʙʘʡʪ ʧʘʤʷʪʠ ʧʘʤʷʪʠ 

CCM (ʧʘʤʷʪʴ ʷʜʨʘ); 

- ʜʦʩʪʫʧ ʢ ʧʘʤʷʪʠ RAM (ʯʪʝʥʠʝ/ʟʘʧʠʩʴ) ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʪʘʢʪʦʚʦʡ 

ʯʘʩʪʦʪʦʡ ʧʨʦʮʝʩʩʦʨʘ ʩ 0 ʩʦʩʪʦʷʥʠʷʤʠ ʦʞʠʜʘʥʠʷ; 

- 4 ʂʙʘʡʪʘ ʨʝʟʝʨʚʥʦʛʦ SRAM. 

ʕʪʘ ʦʙʣʘʩʪʴ ʜʦʩʪʫʧʥʘ ʪʦʣʴʢʦ ʦʪ CPU. ɽʛʦ ʩʦʜʝʨʞʠʤʦʝ ʟʘʱʠʱʝʥʦ ʦʪ 

ʚʦʟʤʦʞʥʳʭ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʦʙʨʘʱʝʥʠʡ ʢ ʟʘʧʠʩʠ ʠ ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʨʝʞʠʤʝ 

ʦʞʠʜʘʥʠʷ ʠʣʠ VBAT. 
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ʄʘʪʨʠʮʘ ʩ ʰʠʥʦʡ AHB 

32-ʭ ʙʠʪʥʘʷ ʤʘʪʨʠʮʘ ʰʠʥʳ AHB ʦʙʲʝʜʠʥʷʝʪ ʚʩʝ ʚʝʜʫʱʠʝ ʫʩʪʨʦʡʩʪʚʘ 

(CPU, DMA, Ethernet, USB HS) ʠ ʚʝʜʦʤʳʝ ʫʩʪʨʦʡʩʪʚʘ (ʬʣʵʰ-ʧʘʤʷʪʴ, ʆɿʋ, 

FSMC, AHB ʠ ʧʝʨʠʬʝʨʠʡʥʳʝ ʫʩʪʨʦʡʩʪʚʘ APB) ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʙʝʩʧʝʨʝʙʦʡʥʫʶ ʠ ʵʬʬʝʢʪʠʚʥʫʶ ʨʘʙʦʪʫ, ʜʘʞʝ ʝʩʣʠ ʥʝʩʢʦʣʴʢʦ ʚʳʩʦʢʠʭ -

ʩʢʦʨʦʩʪʥʘʷ ʧʝʨʠʬʝʨʠʷ ʨʘʙʦʪʘʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ. 

ʅʘ ʨʠʩʫʥʢʝ 4 ʦʪʦʙʨʘʞʝʥʘ ʤʘʪʨʠʮʘ ʰʠʥʳ AHB. 

 

ʈʠʩʫʥʦʢ 4 ï ʄʘʪʨʠʮʘ ʰʠʥʳ AHB 

ʂʦʥʪʨʦʣʣʝʨ DMA (DMA) 

ʋʩʪʨʦʡʩʪʚʘ ʦʩʥʘʱʝʥʳ ʜʚʫʤʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ ʜʚʫʭʧʦʨʪʦʚʳʤʠ DMA 

(DMA1 ʠ DMA2) ʩ ʚʦʩʴʤʴʶ ʧʦʪʦʢʘʤʠ ʢʘʞʜʳʡ. ʆʥʠ ʤʦʛʫʪ ʫʧʨʘʚʣʷʪʴ 

ʧʝʨʝʜʘʯʝʡ ʧʘʤʷʪʠ ʚ ʧʘʤʷʪʴ, ʧʝʨʠʬʝʨʠʡʥʦʡ ʧʘʤʷʪʴʶ ʠ ʧʝʨʝʜʘʯʝʡ ʧʘʤʷʪʠ ʚ 

ʧʝʨʠʬʝʨʠʶ. ʆʥʠ ʦʩʥʘʱʝʥʳ ʚʳʜʝʣʝʥʥʳʤʠ FIFO ʜʣʷ ʧʝʨʠʬʝʨʠʡʥʳʭ ʫʩʪʨʦʡʩʪʚ 

APB/AHB, ʧʦʜʜʝʨʞʠʚʘʶʪ ʧʘʢʝʪʥʫʶ ʧʝʨʝʜʘʯʫ ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʝʨʠʬʝʨʠʡʥʦʡ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ (AHB/APB). 
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ɼʚʘ ʢʦʥʪʨʦʣʣʝʨʘ DMA ʧʦʜʜʝʨʞʠʚʘʶʪ ʫʧʨʘʚʣʝʥʠʝ ʮʠʢʣʠʯʝʩʢʠʤ 

ʙʫʬʝʨʦʤ, ʪʘʢ ʯʪʦ ʥʠʢʘʢʦʡ ʢʦʥʢʨʝʪʥʳʡ ʢʦʜ ʥʝ ʪʨʝʙʫʝʪʩʷ, ʢʦʛʜʘ ʢʦʥʪʨʦʣʣʝʨ 

ʜʦʩʪʠʛʘʝʪ ʢʦʥʮʘ ʙʫʬʝʨʘ. ɼʚʘ ʢʦʥʪʨʦʣʣʝʨʘ DMA ʪʘʢʞʝ ʠʤʝʶʪ ʬʫʥʢʮʠʶ 

ʜʚʦʡʥʦʡ ʙʫʬʝʨʠʟʘʮʠʠ, ʢʦʪʦʨʘʷ ʘʚʪʦʤʘʪʠʟʠʨʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠ 

ʧʝʨʝʢʣʶʯʝʥʠʝ ʜʚʫʭ ʙʫʬʝʨʦʚ ʧʘʤʷʪʠ, ʥʝ ʪʨʝʙʫʷ ʩʧʝʮʠʘʣʴʥʦʛʦ ʢʦʜʘ. 

ʂʘʞʜʳʡ ʧʦʪʦʢ ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ ʚʳʜʝʣʝʥʥʳʤ ʘʧʧʘʨʘʪʥʳʤ ʟʘʧʨʦʩʘʤ DMA, 

ʧʦʜʜʝʨʞʠʚʘʷ ʧʨʦʛʨʘʤʤʥʳʡ ʪʨʠʛʛʝʨ ʜʣʷ ʢʘʞʜʦʛʦ ʧʦʪʦʢʘ. ʂʦʥʬʠʛʫʨʘʮʠʷ 

ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʘ ʨʘʟʤʝʨʳ ʧʝʨʝʜʘʯʠ 

ʤʝʞʜʫ ʠʩʪʦʯʥʠʢʦʤ ʠ ʤʝʩʪʦʤ ʥʘʟʥʘʯʝʥʠʷ ʷʚʣʷʶʪʩʷ ʥʝʟʘʚʠʩʠʤʳʤʠ. 

DMA ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩ ʦʩʥʦʚʥʳʤʠ ʧʝʨʠʬʝʨʠʡʥʳʤʠ 

ʫʩʪʨʦʡʩʪʚʘʤʠ: 

- SPI; 

- USART; 

- ʪʘʡʤʝʨʳ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʙʘʟʦʚʦʛʦ ʠ ʨʘʩʰʠʨʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

TIMx; 

- DAC; 

- SDIO; 

- ʠʥʪʝʨʬʝʡʩ ʢʘʤʝʨʳ (DCMI); 

- ɸʎʇ. 

ɻʠʙʢʠʡ ʢʦʥʪʨʦʣʣʝʨ ʩʪʘʪʠʯʝʩʢʦʡ ʧʘʤʷʪʠ (FSMC) 

FSMC ʚʩʪʨʦʝʥ ʚ ʩʝʤʝʡʩʪʚʦ STM32F405xx ʠ STM32F407xx. ʆʥ ʠʤʝʝʪ 

ʯʝʪʳʨʝ ʚʳʭʦʜʘ Chip Select, ʧʦʜʜʝʨʞʠʚʘʶʱʠʝ ʩʣʝʜʫʶʱʠʝ ʨʝʞʠʤʳ: 

PCCard/Compact Flash, SRAM, PSRAM, NOR Flash ʠ NAND Flash. 

ʆʙʟʦʨ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ: 

- ʟʘʧʠʩʴ FIFO; 

- ʤʘʢʩʠʤʘʣʴʥʘʷ ʯʘʩʪʦʪʘ FSMC_CLK ʜʣʷ ʩʠʥʭʨʦʥʥʦʛʦ ʜʦʩʪʫʧʘ 

ʩʦʩʪʘʚʣʷʝʪ 60 ʄɻʮ. 
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ʇʘʨʘʣʣʝʣʴʥʳʡ ʠʥʪʝʨʬʝʡʩ LCD 

FSMC ʤʦʞʝʪ ʙʳʪʴ ʥʘʩʪʨʦʝʥ ʥʘ ʙʝʩʰʦʚʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 

ʙʦʣʴʰʠʥʩʪʚʦʤ ʛʨʘʬʠʯʝʩʢʠʭ ʢʦʥʪʨʦʣʣʝʨʦʚ LCD. ʆʥ ʧʦʜʜʝʨʞʠʚʘʝʪ ʨʝʞʠʤʳ 

Intel 8080 ʠ Motorola 6800 ʠ ʜʦʩʪʘʪʦʯʥʦ ʛʠʙʢʠʡ, ʯʪʦʙʳ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ 

ʢʦʥʢʨʝʪʥʳʤ ʠʥʪʝʨʬʝʡʩʘʤ LCD. ʕʪʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ 

ɾʂ-ʜʠʩʧʣʝʷ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʵʢʦʥʦʤʠʯʥʳʝ ʛʨʘʬʠʯʝʩʢʠʝ ʧʨʠʣʦʞʝʥʠʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɾʂ-ʤʦʜʫʣʝʡ ʩʦ ʚʩʪʨʦʝʥʥʳʤʠ ʢʦʥʪʨʦʣʣʝʨʘʤʠ ʠʣʠ 

ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʤʠ ʨʝʰʝʥʠʷʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʥʝʰʥʠʭ 

ʢʦʥʪʨʦʣʣʝʨʦʚ ʩʦ ʩʧʝʮʠʘʣʴʥʳʤ ʫʩʢʦʨʝʥʠʝʤ. 

ɺʣʦʞʝʥʥʳʡ ʚʝʢʪʦʨʥʳʡ ʢʦʥʪʨʦʣʣʝʨ ʧʨʝʨʳʚʘʥʠʡ (NVIC) 

STM32F405xx ʠ STM32F407xx ʚʩʪʨʦʝʥʳ ʚʣʦʞʝʥʥʳʡ ʚʝʢʪʦʨʥʳʡ 

ʢʦʥʪʨʦʣʣʝʨ ʧʨʝʨʳʚʘʥʠʡ, ʩʧʦʩʦʙʥʳʡ ʫʧʨʘʚʣʷʪʴ 16 ʫʨʦʚʥʷʤʠ ʧʨʠʦʨʠʪʝʪʘ ʠ 

ʦʙʨʘʙʘʪʳʚʘʪʴ ʜʦ 82 ʤʘʩʢʠʨʫʝʤʳʭ ʢʘʥʘʣʦʚ ʧʨʝʨʳʚʘʥʠʡ ʧʣʶʩ 16 ʩʪʨʦʢ 

ʧʨʝʨʳʚʘʥʠʡ Cortex-M4 ʩ ʷʜʨʦʤ FPU. 

1. ʉʦʚʤʝʩʪʠʤʘʷ ʩ NVIC ʪʝʭʥʦʣʦʛʠʷ ʦʙʨʘʙʦʪʢʠ ʧʨʝʨʳʚʘʥʠʡ ʩ ʥʠʟʢʦʡ 

ʟʘʜʝʨʞʢʦʡ. 

2. Aʜʨʝʩ ʪʘʙʣʠʮʳ ʚʝʢʪʦʨʘ ʧʨʝʨʳʚʘʥʠʷ, ʧʝʨʝʜʘʥʥʳʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʷʜʨʦ. 

3. ʇʦʟʚʦʣʷʝʪ ʨʘʥʥʶʶ ʦʙʨʘʙʦʪʢʫ ʧʨʝʨʳʚʘʥʠʡ. 

4. ʆʙʨʘʙʦʪʢʘ ʧʦʟʜʥʠʭ ʧʨʠʙʳʚʘʶʱʠʭ ʧʨʝʨʳʚʘʥʠʡ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤ 

ʧʨʠʦʨʠʪʝʪʦʤ. 

5. ʇʦʜʜʝʨʞʢʘ ʭʚʦʩʪʦʚʦʡ ʮʝʧʦʯʢʠ. 

6. ʉʦʩʪʦʷʥʠʝ ʧʨʦʮʝʩʩʦʨʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʦʭʨʘʥʷʝʪʩʷ. 

7. ɿʘʧʠʩʴ ʧʨʝʨʳʚʘʥʠʷ ʚʦʩʩʪʘʥʦʚʣʝʥʘ ʥʘ ʚʳʭʦʜʝ ʧʨʝʨʳʚʘʥʠʷ ʙʝʟ ʥʘʢʣʘʜʥʳʭ 

ʨʘʩʭʦʜʦʚ ʥʘ ʢʦʤʘʥʜʳ. 

ʕʪʦʪ ʘʧʧʘʨʘʪʥʳʡ ʙʣʦʢ ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʠʙʢʠʝ ʬʫʥʢʮʠʠ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʝʨʳʚʘʥʠʷʤʠ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʟʘʜʝʨʞʢʦʡ ʧʨʝʨʳʚʘʥʠʷ. 
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ʂʦʥʪʨʦʣʣʝʨ ʚʥʝʰʥʠʭ ʧʨʝʨʳʚʘʥʠʡ/ʩʦʙʳʪʠʡ (EXTI) 

ʂʦʥʪʨʦʣʣʝʨ ʚʥʝʰʥʠʭ ʧʨʝʨʳʚʘʥʠʡ/ʩʦʙʳʪʠʡ ʩʦʩʪʦʠʪ ʠʟ 23 ʣʠʥʠʡ 

ʧʦʛʨʘʥʠʯʥʦʛʦ ʜʝʪʝʢʪʦʨʘ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʟʘʧʨʦʩʦʚ 

ʧʨʝʨʳʚʘʥʠʷ/ʩʦʙʳʪʠʡ. ʂʘʞʜʘʷ ʩʪʨʦʢʘ ʤʦʞʝʪ ʙʳʪʴ ʥʝʟʘʚʠʩʠʤʦ 

ʩʢʦʥʬʠʛʫʨʠʨʦʚʘʥʘ ʜʣʷ ʚʳʙʦʨʘ ʩʦʙʳʪʠʷ ʪʨʠʛʛʝʨʘ (ʥʘʨʘʩʪʘʶʱʠʡ ʬʨʦʥʪ, 

ʟʘʜʥʠʡ ʬʨʦʥʪ, ʦʙʘ) ʠ ʤʦʞʝʪ ʤʘʩʢʠʨʦʚʘʪʴʩʷ ʥʝʟʘʚʠʩʠʤʦ. ʆʞʠʜʘʶʱʠʡ ʨʝʛʠʩʪʨ 

ʧʦʜʜʝʨʞʠʚʘʝʪ ʩʪʘʪʫʩ ʟʘʧʨʦʩʦʚ ʧʨʝʨʳʚʘʥʠʡ. EXTI ʤʦʞʝʪ ʦʙʥʘʨʫʞʠʪʴ 

ʚʥʝʰʥʶʶ ʣʠʥʠʶ ʩ ʰʠʨʠʥʦʡ ʠʤʧʫʣʴʩʘ ʢʦʨʦʯʝ, ʯʝʤ ʚʥʫʪʨʝʥʥʠʡ ʧʝʨʠʦʜ 

ʚʨʝʤʝʥʠ APB2. ʂ 16 ʚʥʝʰʥʠʤ ʣʠʥʠʷʤ ʧʨʝʨʳʚʘʥʠʡ ʤʦʞʥʦ ʧʦʜʢʣʶʯʠʪʴ ʜʦ 140 

GPIO. 

ʏʘʩʳ ʠ ʟʘʧʫʩʢ 

ʇʨʠ ʧʝʨʝʟʘʛʨʫʟʢʝ ʰʝʩʪʥʘʜʮʘʪʠʢʨʘʪʥʳʡ ʚʥʫʪʨʝʥʥʠʡ RC-ʛʝʥʝʨʘʪʦʨ 

ʚʳʙʠʨʘʝʪʩʷ ʢʘʢ ʯʘʩʳ CPU ʧʦ ʫʤʦʣʯʘʥʠʶ. ɺʥʫʪʨʝʥʥʠʡ RC-ʛʝʥʝʨʘʪʦʨ ʥʘ  

16 ʄɻʮ ʦʙʨʝʟʘʝʪʩʷ ʥʘ ʬʘʙʨʠʢʝ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʪʦʯʥʦʩʪʴ 1% ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʧʦʣʥʳʤʜʠʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ. ɿʘʪʝʤ ʧʨʠʣʦʞʝʥʠʝ ʤʦʞʝʪ ʚʳʙʠʨʘʪʴ ʚ ʢʘʯʝʩʪʚʝ 

ʩʠʩʪʝʤʥʳʭ ʯʘʩʦʚ ʣʠʙʦ RC-ʛʝʥʝʨʘʪʦʨ, ʣʠʙʦ ʚʥʝʰʥʠʡ ʠʩʪʦʯʥʠʢ ʩʠʛʥʘʣʘ 

ʯʘʩʪʦʪʦʡ 4é26 ʄɻʮ. ʕʪʠ ʯʘʩʳ ʤʦʞʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʜʣʷ ʦʪʢʘʟʘ. ɽʩʣʠ 

ʦʙʥʘʨʫʞʝʥ ʩʙʦʡ, ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʝʨʝʢʣʶʯʘʝʪʩʷ ʥʘ ʚʥʫʪʨʝʥʥʠʡ RC-

ʛʝʥʝʨʘʪʦʨ ʠ ʛʝʥʝʨʠʨʫʝʪʩʷ ʧʨʦʛʨʘʤʤʥʦʝ ʧʨʝʨʳʚʘʥʠʝ (ʝʩʣʠ ʚʢʣʶʯʝʥʦ). ʕʪʦʪ 

ʠʩʪʦʯʥʠʢ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʚʚʦʜʠʪʩʷ ʚ PLL, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʯʘʩʪʦʪʫ 

ʜʦ 168 ʄɻʮ. ʊʦʯʥʦ ʪʘʢ ʞʝ ʧʦʣʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʧʨʝʨʳʚʘʥʠʷʤʠ PLLʢʦʛʜʘ ʵʪʦ 

ʥʝʦʙʭʦʜʠʤʦ (ʥʘʧʨʠʤʝʨ, ʝʩʣʠ ʢʦʩʚʝʥʥʦ ʠʩʧʦʣʴʟʫʝʤʳʡ ʚʥʝʰʥʠʡ ʛʝʥʝʨʘʪʦʨ 

ʚʳʭʦʜʠʪ ʠʟ ʩʪʨʦʷ). 

ʅʝʩʢʦʣʴʢʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʜʝʣʠʪʝʣʝʡ ʧʦʟʚʦʣʷʶʪ ʢʦʥʬʠʛʫʨʠʨʦʚʘʪʴ ʪʨʠ 

ʰʠʥʳ AHB, ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʝ APB (APB2) ʠ ʥʠʟʢʦʩʢʦʨʦʩʪʥʳʝ APB (APB1). 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʯʘʩʪʦʪʘ ʪʨʝʭ ʰʠʥ AHB ʩʦʩʪʘʚʣʷʝʪ 168 ʄɻʮ, ʘ ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʯʘʩʪʦʪʘ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʜʦʤʝʥʦʚ APB -84 ʄɻʮ. ʄʘʢʩʠʤʘʣʴʥʘʷ 

ʨʘʟʨʝʰʝʥʥʘʷ ʯʘʩʪʦʪʘ ʥʠʟʢʦʩʢʦʨʦʩʪʥʦʛʦ ʜʦʤʝʥʘ APB ʩʦʩʪʘʚʣʷʝʪ 42 ʄɻʮ. 
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ɺ ʫʩʪʨʦʡʩʪʚʘʭ ʚʩʪʨʦʝʥ ʚʳʜʝʣʝʥʥʳʡ PLL (PLLI2S), ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ 

ʜʦʩʪʠʯʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʢʣʘʩʩʘ ʘʫʜʠʦ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʝʜʫʱʠʝ ʯʘʩʳ I2S 

ʤʦʛʫʪ ʛʝʥʝʨʠʨʦʚʘʪʴ ʚʩʝ ʩʪʘʥʜʘʨʪʥʳʝ ʯʘʩʪʦʪʳ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʦʪ 8 ʢɻʮ ʜʦ  

192 ʢɻʮ. 

ʈʝʞʠʤʳ ʟʘʛʨʫʟʢʠ 

ʇʨʠ ʟʘʧʫʩʢʝ ʟʘʛʨʫʟʦʯʥʳʝ ʢʦʥʪʘʢʪʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʚʳʙʦʨʘ ʦʜʥʦʛʦ ʠʟ 

ʪʨʝʭ ʚʘʨʠʘʥʪʦʚ ʟʘʛʨʫʟʢʠ: 

- ʟʘʛʨʫʟʢʘ ʩ Flash ï ʧʘʤʷʪʠ; 

- ʟʘʛʨʫʟʢʘ ʠʟ ʩʠʩʪʝʤʥʦʡ ʧʘʤʷʪʠ; 

- ʟʘʛʨʫʟʢʘ ʩʦ ʚʩʪʨʦʝʥʥʦʡ SRAM. 

ɿʘʛʨʫʟʦʯʥʳʡ ʟʘʛʨʫʟʯʠʢ ʥʘʭʦʜʠʪʩʷ ʚ ʩʠʩʪʝʤʥʦʡ ʧʘʤʷʪʠ. ʆʥ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʜʣʷ ʧʝʨʝʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʬʣʵʰ-ʧʘʤʷʪʠ ʩ ʧʦʤʦʱʴʶ USART1 (PA9/PA10), 

USART3 (PC10/PC11 ʠʣʠPB10/PB11), CAN2 (PB5/PB13), USBOTG FS ʚ 

ʨʝʞʠʤʝ ʫʩʪʨʦʡʩʪʚʘ (PA11/PA12) ʯʝʨʝʟ DFU (ʦʙʥʦʚʣʝʥʠʝ ʧʨʦʰʠʚʢʠ 

ʫʩʪʨʦʡʩʪʚʘ). 

ʉʭʝʤʳ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ 

- VDD= ʦʪ 1,8 ɺ ʜʦ 3,6 ɺ: ʚʥʝʰʥʠʡ ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ ʜʣʷ 

ʚʭʦʜʦʚ/ʚʳʭʦʜʦʚ ʠ ʚʥʫʪʨʝʥʥʠʡ ʨʝʛʫʣʷʪʦʨ (ʝʩʣʠ ʦʥ ʚʢʣʶʯʝʥ), ʧʦʩʪʘʚʣʷʝʤʳʡ 

ʩʥʘʨʫʞʠ ʯʝʨʝʟ ʢʦʥʪʘʢʪʳ VDD; 

- VSSA, VDDA = ʦʪ 1,8 ɺ ʜʦ 3,6 ɺ: ʚʥʝʰʥʠʝ ʘʥʘʣʦʛʦʚʳʝ ʠʩʪʦʯʥʠʢʠ 

ʧʠʪʘʥʠʷ ʜʣʷ ɸʎʇ, ʎɸʇ, ʩʙʨʦʩ ʙʣʦʢʦʚ, RC ʠ PLL. VDDA ʠ VSSA ʜʦʣʞʥʳ 

ʙʳʪʴ ʧʦʜʢʣʶʯʝʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢ VDD ʠ VSS; 

- VBAT= ʦʪ 1,65 ɺ ʜʦ 3,6 ɺ: ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ ʜʣʷ RTC, ʚʥʝʰʥʠʡ 

ʛʝʥʝʨʘʪʦʨ ʩʠʥʭʨʦʩʠʛʥʘʣʘ 32 ʢɻʮ ʠ ʨʝʟʝʨʚʥʳʝ ʨʝʛʠʩʪʨʳ (ʯʝʨʝʟ ʚʳʢʣʶʯʘʪʝʣʴ 

ʧʠʪʘʥʠʷ), ʢʦʛʜʘ VDDʦʪʩʫʪʩʪʚʫʝʪ. 

ʅʘ ʨʠʩʫʥʢʝ 5 ʦʪʦʙʨʘʞʝʥʘ ʪʠʧʦʚʘʷ ʩʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ STM32F40xx. 
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ʈʠʩʫʥʦʢ 5 ï ʊʠʧʦʚʘʷ ʩʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ STM32F40xx 

ʈʝʛʫʣʷʪʦʨ ʥʘʧʨʷʞʝʥʠʷ 

ʈʝʛʫʣʷʪʦʨ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʨʝʞʠʤ rʨʘʙʦʪʳ: 

- ʨʝʛʫʣʷʪʦʨ ʚʢʣʶʯʝʥ; 

- ʨʝʞʠʤ ʛʣʘʚʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ (MR); 

- ʤʘʣʦʤʦʱʥʳʡ ʨʝʛʫʣʷʪʦʨ (LPR); 

- ʨʝʛʫʣʷʪʦʨ ʚʳʢʣʶʯʝʥ. 

ʈʝʛʫʣʷʪʦʨ ʚʢʣʶʯʝʥ 

ʅʘ ʧʘʢʝʪʘʭ, ʚʩʪʨʘʠʚʘʶʱʠʭ ʢʦʥʪʘʢʪ BYPASS_REG, ʨʝʛʫʣʷʪʦʨ 

ʘʢʪʠʚʠʨʫʝʪʩʷ ʧʫʪʝʤ ʥʠʟʢʦʛʦ ʫʨʦʚʥʷ BYPASS_REG. ɺʦ ʚʩʝʭ ʜʨʫʛʠʭ ʧʘʢʝʪʘʭ 

ʨʝʛʫʣʷʪʦʨ ʚʩʝʛʜʘ ʚʢʣʶʯʝʥ. 

ʉʫʱʝʩʪʚʫʝʪ ʪʨʠ ʨʝʞʠʤʘ ʧʠʪʘʥʠʷ, ʥʘʩʪʨʦʝʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʤ 

ʦʙʝʩʧʝʯʝʥʠʝʤ, ʢʦʛʜʘ ʨʝʛʫʣʷʪʦʨ ʚʢʣʶʯʝʥ: 

- MR ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʨʝʞʠʤʝ ʥʦʤʠʥʘʣʴʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ (ʧʨʠ 

ʨʘʟʣʠʯʥʦʤ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʠ ʥʘʧʨʷʞʝʥʠʷ ʚ ʨʝʞʠʤʝ ʨʘʙʦʪʳ); 
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ɺ ʨʝʞʠʤʝ ʛʣʘʚʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ (ʨʝʞʠʤ MR) ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʨʘʟʣʠʯʥʦʝ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʥʘʠʣʫʯʰʝʛʦ ʢʦʤʧʨʦʤʠʩʩʘ 

ʤʝʞʜʫ ʤʘʢʩʠʤʘʣʴʥʦʡ ʯʘʩʪʦʪʦʡ ʠ ʜʠʥʘʤʠʯʝʩʢʠʤ ʧʦʪʨʝʙʣʝʥʠʝʤ ʵʥʝʨʛʠʠ. 

- LPR ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʨʝʞʠʤʘʭ Stop; 

ʈʝʞʠʤ LP-ʨʝʛʫʣʷʪʦʨʘ ʥʘʩʪʨʘʠʚʘʝʪʩʷ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ ʧʨʠ 

ʚʭʦʜʝ ʚ ʨʝʞʠʤ ʦʩʪʘʥʦʚʢʠ. 

- ʚr ʢʣʶʯʝʥʠʝ ʧʠʪʘʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʨʝʞʠʤʝ ʦʞʠʜʘʥʠʷ. 

ʈʝʞʠʤ ʚʳʢʣʶʯʝʥʠʷ ʘʢʪʠʚʠʨʫʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʚʭʦʜʝ ʚ ʨʝʞʠʤ ʦʞʠʜʘʥʠʷ. 

ɺʳʭʦʜ ʨʝʛʫʣʷʪʦʨʘ ʠʤʝʝʪ ʚʳʩʦʢʠʡ ʠʤʧʝʜʘʥʩ, ʘ ʩʭʝʤʘ ʷʜʨʘ ʚʳʢʣʶʯʝʥʘ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʥʫʣʝʚʦʤʫ ʧʦʪʨʝʙʣʝʥʠʶ. ʉʦʜʝʨʞʠʤʦʝ ʨʝʛʠʩʪʨʦʚ ʠ SRAM 

ʪʝʨʷʝʪʩʷ). 

ʈʝʛʫʣʷʪʦʨ ʚʳʢʣʶʯʝʥ 

ʕʪʘ ʬʫʥʢʮʠʷ ʜʦʩʪʫʧʥʘ ʪʦʣʴʢʦ ʚ ʧʘʢʝʪʘʭ ʩ ʚʳʚʦʜʦʤ BYPASS_REG. 

ʈʝʛʫʣʷʪʦʨ ʦʪʢʣʶʯʝʥ, ʫʜʝʨʞʠʚʘʷ BYPASS_REG ʚʚʝʨʭʫ. ʈʝʞʠʤ ʚʳʢʣʶʯʝʥʠʷ 

ʨʝʛʫʣʷʪʦʨʘ ʧʦʟʚʦʣʷʝʪ ʧʦʜʘʚʘʪʴ ʚʥʝʰʥʠʡ ʠʩʪʦʯʥʠʢ ʥʘʧʨʷʞʝʥʠʷ V12 ʯʝʨʝʟ 

ʢʦʥʪʘʢʪʳ VCAP_1 ʠ VCAP_2. 

ʇʦʩʢʦʣʴʢʫ ʚʥʫʪʨʝʥʥʝʝ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʥʝ ʫʧʨʘʚʣʷʝʪʩʷ 

ʚʥʫʪʨʝʥʥʝ, ʟʥʘʯʝʥʠʝ ʚʥʝʰʥʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʜʦʣʞʥʦ ʙʳʪʴ ʚʳʨʦʚʥʝʥʦ ʩ 

ʮʝʣʝʚʦʡ ʤʘʢʩʠʤʘʣʴʥʦʡ ʯʘʩʪʦʪʦʡ. ɼʚʘ ʢʝʨʘʤʠʯʝʩʢʠʭ ʢʦʥʜʝʥʩʘʪʦʨʘ ʝʤʢʦʩʪʴʶ 

2,2 ʤʢʌ ʩʣʝʜʫʝʪ ʟʘʤʝʥʠʪʴ ʜʚʫʤʷ ʢʦʥʜʝʥʩʘʪʦʨʘʤʠ ʩ ʨʘʟʚʷʟʢʦʡ ʥʘ 100 ʥʌ. 

ʂʦʛʜʘ ʨʝʛʫʣʷʪʦʨ ʚʳʢʣʶʯʝʥ, ʥʘ V12 ʙʦʣʴʰʝ ʥʝʪ ʚʥʫʪʨʝʥʥʝʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ. ɼʣʷ ʥʘʙʣʶʜʝʥʠʷ ʟʘ V12 ʣʦʛʠʯʝʩʢʦʛʦ ʜʦʤʝʥʘ ʤʦʱʥʦʩʪʠ ʩʣʝʜʫʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʥʝʰʥʠʡ ʜʠʩʧʝʪʯʝʨ ʧʠʪʘʥʠʷ. PA0-ʢʦʥʪʘʢʪ ʜʦʣʞʝʥ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʵʪʦʡ ʮʝʣʠ ʠ ʜʝʡʩʪʚʦʚʘʪʴ ʢʘʢ ʩʙʨʦʩ ʧʨʠ ʚʢʣʶʯʝʥʠʠ 

ʧʠʪʘʥʠʷ ʚ VLC-ʜʦʤʝʥʝ. 

ɺ ʨʝʞʠʤʝ ʚʳʢʣʶʯʝʥʠʷ ʨʝʛʫʣʷʪʦʨʘ ʩʣʝʜʫʶʱʠʝ ʬʫʥʢʮʠʠ ʙʦʣʴʰʝ ʥʝ 

ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ. 



 

  
 

ʀʟʤ. ʃʠʩʪ ˉ ʜʦʢʫʤ. ʇʦʜʧʠʩʴ ɼʘʪʘ 

ʃʠʩʪ 

26 
    ʖʋʨɻʋ ï ɼ.11.05.01.2017.317.00 ʇɿɺʂʇ 

1. PA0 ʥʝʣʴʟʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʚʳʚʦʜʦʚ GPIO, ʧʦʩʢʦʣʴʢʫ ʦʥ 

ʧʦʟʚʦʣʷʝʪ ʩʙʨʦʩʠʪʴ ʯʘʩʪʴ ʣʦʛʠʯʝʩʢʦʛʦ ʜʦʤʝʥʘ ʤʦʱʥʦʩʪʠ V12, ʢʦʪʦʨʳʡ ʥʝ 

ʩʙʨʘʩʳʚʘʝʪʩʷ ʥʘ ʚʳʚʦʜ NRST. 

2. ʇʦʢʘ PA0 ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʥʘ ʥʠʟʢʦʤ ʫʨʦʚʥʝ, ʨʝʞʠʤ ʦʪʣʘʜʢʠ ʥʝ ʤʦʞʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ ʧʝʨʝʟʘʛʨʫʟʢʝ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʢʦʥʪʘʢʪʳ PA0 ʠ NRST 

ʜʦʣʞʥʳ ʫʧʨʘʚʣʷʪʴʩʷ ʦʪʜʝʣʴʥʦ, ʝʩʣʠ ʪʨʝʙʫʝʪʩʷ ʦʪʣʘʜʦʯʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʧʨʠ 

ʩʙʨʦʩʝ ʠʣʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤ ʩʙʨʦʩʝ. 

3. ʈʝʞʠʤ ʦʞʠʜʘʥʠʷ ʥʝʜʦʩʪʫʧʝʥ. 

ɼʦʣʞʥʳ ʩʦʙʣʶʜʘʪʴʩʷ ʩʣʝʜʫʶʱʠʝ ʫʩʣʦʚʠʷ: 

- VDD ʚʩʝʛʜʘ ʜʦʣʞʝʥ ʙʳʪʴ ʚʳʰʝ VCAP_1 ʠ VCAP_2, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ 

ʪʝʢʫʱʝʡ ʠʥʲʝʢʮʠʠ ʤʝʞʜʫ ʚʣʘʩʪʥʳʤʠ ʜʦʤʝʥʘʤʠ; 

- ʝʩʣʠ ʚʨʝʤʷ VCAP_1 ʠ VCAP_2 ʜʦʩʪʠʛʘʝʪ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ V12 

ʙʳʩʪʨʝʝ, ʯʝʤ ʚʨʝʤʷ VDD ʜʦʩʪʠʛʘʝʪ 1,8 ɺ, ʪʦʛʜʘ PA0 ʩʣʝʜʫʝʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʥʘ 

ʥʠʟʢʦʤ ʫʨʦʚʥʝ, ʯʪʦʙʳ ʧʦʢʨʳʪʴ ʦʙʘ ʫʩʣʦʚʠʷ: ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ VCAP_1 ʠ 

VCAP_2 ʥʝ ʜʦʩʪʠʛʥʫʪ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ V12 ʠ ʧʦʢʘ VDD ʥʝ ʜʦʩʪʠʛʥʝʪ 

1,8 ɺ; 

-ʝʩʣʠ ʚʨʝʤʷ VCAP_1 ʠ VCAP_2 ʜʦʩʪʠʛʥʝʪ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ V12 

ʤʝʜʣʝʥʥʝʝ, ʯʝʤ ʚʨʝʤʷ VDD ʜʦʩʪʠʛʘʝʪ 1,8 ɺ, ʪʦʛʜʘ PA0 ʤʦʞʝʪ ʙʳʪʴ 

ʚʳʢʣʶʯʝʥʦ; 

- ʝʩʣʠ VCAP_1 ʠ VCAP_2 ʦʧʫʩʢʘʶʪʩʷ ʥʠʞʝ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ 

V12, ʘ VDD ʚʳʰʝ 1,8 ɺ, ʪʦ ʥʘ ʚʳʚʦʜʝ PA0 ʜʦʣʞʝʥ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥ ʩʙʨʦʩ. 

ʏʘʩʳ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ (RTC), ʨʝʟʝʨʚʥʳʝ SRAM ʠ ʨʝʟʝʨʚʥʳʝ ʨʝʛʠʩʪʨʳ 

ʈʝʟʝʨʚʥʳʡ ʜʦʤʝʥ STM32F405xx ʠ STM32F407xx ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ: 

- ʯʘʩʳ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ (RTC); 

- 4 ʂʙʘʡʪʘ ʨʝʟʝʨʚʥʦʛʦ SRAM; 

- 20 ʨʝʟʝʨʚʥʳʭ ʨʝʛʠʩʪʨʦʚ. 

ʏʘʩʳ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ (RTC) ʷʚʣʷʶʪʩʷ ʥʝʟʘʚʠʩʠʤʳʤ 

ʪʘʡʤʝʨʦʤ/ʩʯʝʪʯʠʢʦʤ BCD. ɺʳʜʝʣʝʥʥʳʝ ʨʝʛʠʩʪʨʳ ʩʦʜʝʨʞʘʪ ʚʪʦʨʦʡ, 
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ʤʠʥʫʪʥʳʡ, ʯʘʩ (ʚ 12/24 ʯʘʩʘ), ʜʝʥʴ ʥʝʜʝʣʠ, ʜʘʪʫ, ʤʝʩʷʮ, ʛʦʜ, ʚ ʬʦʨʤʘʪʝ BCD 

(ʜʚʦʠʯʥʦ-ʢʦʜʠʨʦʚʘʥʥʳʡ ʜʝʩʷʪʠʯʥʳʡ). ʀʩʧʨʘʚʣʝʥʠʝ ʜʣʷ 28, 29 (ʚʠʩʦʢʦʩʥʳʡ 

ʛʦʜ), 30 ʠ 31 ʜʝʥʴ ʤʝʩʷʮʘ ʚʳʧʦʣʥʷʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ. RTC ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʡ ʘʚʘʨʠʡʥʳʡ ʩʠʛʥʘʣ ʠ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʝ ʧʝʨʠʦʜʠʯʝʩʢʠʝ 

ʧʨʝʨʳʚʘʥʠʷ ʩ ʧʨʦʙʫʞʜʝʥʠʝʤ ʠʟ ʨʝʞʠʤʦʚ Stop ʠ Standby. ɿʥʘʯʝʥʠʝ ʧʦʜʩʝʪʝʡ 

ʪʘʢʞʝ ʜʦʩʪʫʧʥʦ ʚ ʜʚʦʠʯʥʦʤ ʬʦʨʤʘʪʝ. 

ʆʥ ʩʠʥʭʨʦʥʠʟʠʨʫʝʪʩʷ ʚʥʝʰʥʠʤ ʢʨʠʩʪʘʣʣʦʤ, ʨʝʟʦʥʘʪʦʨʦʤ ʠʣʠ 

ʛʝʥʝʨʘʪʦʨʦʤ 32,768 ʢɻʮ, ʚʥʫʪʨʝʥʥʠʤ ʤʘʣʦʤʦʱʥʳʤ RC-ʛʝʥʝʨʘʪʦʨʦʤ ʠʣʠ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʤʠ ʚʥʝʰʥʠʤʠ ʯʘʩʘʤʠ, ʨʘʟʜʝʣʝʥʥʳʤʠ ʥʘ 128. ɺʥʫʪʨʝʥʥʠʡ 

ʥʠʟʢʦʩʢʦʨʦʩʪʥʦʡ RCʠʤʝʝʪ ʪʠʧʠʯʥʫʶ ʯʘʩʪʦʪʫ 32 ʢɻʮ. RTC ʤʦʞʝʪ ʙʳʪʴ 

ʦʪʢʘʣʠʙʨʦʚʘʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʥʝʰʥʝʛʦ ʚʳʭʦʜʘ 512 ɻʮ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ 

ʣʶʙʦʛʦ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʢʚʘʨʮʘ. 

ɼʚʘ ʘʚʘʨʠʡʥʳʭ ʨʝʛʠʩʪʨʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʩʠʛʥʘʣʘ ʪʨʝʚʦʛʠ ʚ 

ʦʧʨʝʜʝʣʝʥʥʦʝ ʚʨʝʤʷ, ʠ ʢʘʣʝʥʜʘʨʥʳʝ ʧʦʣʷ ʤʦʛʫʪ ʙʳʪʴ ʥʝʟʘʚʠʩʠʤʦ 

ʤʘʩʢʠʨʦʚʘʥʳ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʩʠʛʥʘʣʦʚ. ʏʪʦʙʳ ʛʝʥʝʨʠʨʦʚʘʪʴ ʧʝʨʠʦʜʠʯʝʩʢʦʝ 

ʧʨʝʨʳʚʘʥʠʝ, ʜʦʩʪʫʧʝʥ 16-ʙʠʪʥʳʡ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʡ ʜʚʦʠʯʥʳʡ ʘʚʪʦʟʘʧʫʩʢ ʩ 

ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʠ ʧʦʟʚʦʣʷʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʧʨʦʙʫʞʜʝʥʠʝ ʠ 

ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʪʨʝʚʦʛʠ ʢʘʞʜʳʝ 120 ʤʢʩ ʢʘʞʜʳʝ 36 ʯʘʩʦʚ. 

ɼʚʘʜʮʘʪʠʨʘʟʨʷʜʥʳʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʜʝʣʠʪʝʣʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʪʘʢʪʦʚʳʭ ʠʤʧʫʣʴʩʦʚ ʚʨʝʤʝʥʠ. ʇʦ ʫʤʦʣʯʘʥʠʶ ʦʥ ʥʘʩʪʨʦʝʥ ʥʘ ʩʦʟʜʘʥʠʝ 

ʚʨʝʤʝʥʥʦʡ ʙʘʟʳ ʚ 1 ʩʝʢʫʥʜʫ ʦʪ ʪʘʢʪʦʚʳʭ ʠʤʧʫʣʴʩʦʚ ʥʘ 32,768 ʢɻʮ. 

ʈʝʟʝʨʚʥʘʷ SRAM ʩ 4 ʂʙʘʡʪʘʤʠ ʷʚʣʷʝʪʩʷ ʦʙʣʘʩʪʴʶ ʧʘʤʷʪʠ, ʧʦʜʦʙʥʦʡ 

EEPROM. ʆʥ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ 

ʥʝʦʙʭʦʜʠʤʦ ʩʦʭʨʘʥʠʪʴ ʚ VBAT ʠ ʚ ʨʝʞʠʤʝ ʦʞʠʜʘʥʠʷ. ʕʪʘ ʦʙʣʘʩʪʴ ʧʘʤʷʪʠ ʧʦ 

ʫʤʦʣʯʘʥʠʶ ʦʪʢʣʶʯʝʥʘ, ʯʪʦʙʳ ʩʚʝʩʪʠ ʢ ʤʠʥʠʤʫʤʫ ʧʦʪʨʝʙʣʝʥʠʝ ʵʥʝʨʛʠʠ. ʆʥʘ 

ʤʦʞʝʪ ʙʳʪʴ ʚʢʣʶʯʝʥʘ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ. 

ʈʝʟʝʨʚʥʳʝ ʨʝʛʠʩʪʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 32-ʭ ʨʘʟʨʷʜʥʳʝ ʨʝʛʠʩʪʨʳ, 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʭʨʘʥʝʥʠʷ 80 ʙʘʡʪʦʚ ʜʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ 

ʧʨʠʣʦʞʝʥʠʡ, ʢʦʛʜʘ ʥʝʪ ʤʦʱʥʦʩʪʠ VDD. ʈʝʟʝʨʚʥʳʝ ʨʝʛʠʩʪʨʳ ʥʝ 
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ʩʙʨʘʩʳʚʘʶʪʩʷ ʩʠʩʪʝʤʦʡ, ʩʙʨʦʩʦʤ ʧʠʪʘʥʠʷ ʠʣʠ ʢʦʛʜʘ ʫʩʪʨʦʡʩʪʚʦ ʧʨʦʩʳʧʘʝʪʩʷ 

ʠʟ ʨʝʞʠʤʘ ʦʞʠʜʘʥʠʷ 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ 32-ʭ ʨʘʟʨʷʜʥʳʝ ʨʝʛʠʩʪʨʳ ʩʦʜʝʨʞʘʪ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʝ 

ʠʥʪʝʨʚʘʣʳ ʪʨʝʚʦʛʠ, ʩʝʢʫʥʜʳ, ʤʠʥʫʪʳ, ʯʘʩʳ, ʜʝʥʴ ʠ ʜʘʪʫ. 

ʂʘʢ ʠ ʨʝʟʝʨʚʥʘʷ SRAM, RTC ʠ ʨʝʟʝʨʚʥʳʝ ʨʝʛʠʩʪʨʳ ʧʦʜʘʶʪʩʷ ʯʝʨʝʟ 

ʧʝʨʝʢʣʶʯʘʪʝʣʴ, ʢʦʪʦʨʳʡ ʧʠʪʘʝʪʩʷ ʣʠʙʦ ʦʪ ʠʩʪʦʯʥʠʢʘ VDD, ʣʠʙʦ ʦʪ VBAT. 

ʄʘʣʦʤʦʱʥʳʝ ʨʝʞʠʤʳ 

STM32F405xx ʠ STM32F407xx ʧʦʜʜʝʨʞʠʚʘʶʪ ʪʨʠ ʨʝʞʠʤʘ ʩ ʥʠʟʢʠʤ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʥʘʠʣʫʯʰʝʛʦ ʢʦʤʧʨʦʤʠʩʩʘ ʤʝʞʜʫ 

ʥʠʟʢʠʤ ʧʦʪʨʝʙʣʝʥʠʝʤ ʵʥʝʨʛʠʠ, ʢʦʨʦʪʢʠʤ ʚʨʝʤʝʥʝʤ ʟʘʧʫʩʢʘ ʠ ʜʦʩʪʫʧʥʳʤʠ 

ʠʩʪʦʯʥʠʢʘʤʠ ʧʨʦʙʫʞʜʝʥʠʷ. 

ʈʝʞʠʤ ʩʥʘ 

ɺ ʩʧʷʱʝʤ ʨʝʞʠʤʝ ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʪʦʣʴʢʦ CPU. ɺʩʝ ʧʝʨʠʬʝʨʠʡʥʳʝ 

ʫʩʪʨʦʡʩʪʚʘ ʧʨʦʜʦʣʞʘʶʪ ʨʘʙʦʪʘʪʴ ʠ ʤʦʛʫʪ ʨʘʟʙʫʜʠʪʴ CPU ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ 

ʧʨʝʨʳʚʘʥʠʷ/ʩʦʙʳʪʠʷ. 

ʈʝʞʠʤ ʦʩʪʘʥʦʚʢʠ 

ʈʝʞʠʤ Stop ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʠʤʝʥʴʰʝʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʧʨʠ 

ʩʦʭʨʘʥʝʥʠʠ ʩʦʜʝʨʞʠʤʦʛʦ SRAM ʠ ʨʝʛʠʩʪʨʦʚ. ɺʩʝ ʯʘʩʳ ʚ ʜʦʤʝʥʝ V12 

ʧʨʝʢʨʘʱʝʥʳ, PLL, HSI RC ʠ HSE-ʛʝʥʝʨʘʪʦʨʳ ʦʪʢʣʶʯʝʥʳ. ʈʝʛʫʣʷʪʦʨ 

ʥʘʧʨʷʞʝʥʠʷ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥ ʢʘʢ ʚ ʥʦʨʤʘʣʴʥʦʤ, ʪʘʢ ʠ ʚ 

ʤʘʣʦʤʦʱʥʦʤ ʨʝʞʠʤʝ. 

ʋʩʪʨʦʡʩʪʚʦ ʤʦʞʥʦ ʨʘʟʙʫʜʠʪʴ ʠʟ ʨʝʞʠʤʘ çʉʪʦʧè ʣʶʙʦʡ ʠʟ ʣʠʥʠʡ EXTI 

(ʠʩʪʦʯʥʠʢʦʤ ʣʠʥʠʠ EXTI ʤʦʞʝʪ ʙʳʪʴ ʦʜʥʘ ʠʟ 16 ʚʥʝʰʥʠʭ ʣʠʥʠʡ, ʚʳʭʦʜ PVD, 

ʩʦʙʳʪʠʷ ʪʨʝʚʦʛʠ RTC alarm / wakeup / tamper / time stamp, USB OTG FS / HS-

ʧʨʦʙʫʞʜʝʥʠʝ ʠʣʠ ʧʨʦʙʫʞʜʝʥʠʝ Ethernet). 
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ʈʝʞʠʤ ʦʞʠʜʘʥʠʷ 

ʈʝʞʠʤ ʦʞʠʜʘʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʥʘʠʤʝʥʴʰʝʛʦ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ. ɺʥʫʪʨʝʥʥʠʡ ʨʝʛʫʣʷʪʦʨ ʥʘʧʨʷʞʝʥʠʷ ʚʳʢʣʶʯʝʥ, ʪʘʢ ʯʪʦ 

ʚʝʩʴ ʜʦʤʝʥ V12 ʦʪʢʣʶʯʝʥ. PLL, HSI RC ʠ ʢʚʘʨʮʝʚʳʝ ʛʝʥʝʨʘʪʦʨʳ HSE ʪʘʢʞʝ 

ʦʪʢʣʶʯʝʥʳ. ʇʦʩʣʝ ʚʚʦʜʘ ʨʝʟʝʨʚʥʳʡ ʨʝʞʠʤ, SRAM ʠ ʩʦʜʝʨʞʠʤʦʝ ʨʝʛʠʩʪʨʘ 

ʪʝʨʷʶʪʩʷ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʨʝʛʠʩʪʨʦʚ ʚ ʨʝʟʝʨʚʥʦʤ ʜʦʤʝʥʝ ʠ ʨʝʟʝʨʚʥʦʡ SRAM 

ʧʨʠ ʚʳʙʦʨʝ. 

ʋʩʪʨʦʡʩʪʚʦ ʚʳʭʦʜʠʪ ʠʟ ʨʝʞʠʤʘ ʦʞʠʜʘʥʠʷ, ʢʦʛʜʘ ʧʨʦʠʩʭʦʜʠʪ ʚʥʝʰʥʠʡ 

ʩʙʨʦʩ (ʚʳʚʦʜ NRST), ʩʙʨʦʩ IWDG, ʥʘʨʘʩʪʘʶʱʠʡ ʬʨʦʥʪ ʥʘ ʚʳʚʦʜʝ WKUP ʠʣʠ 

ʩʦʙʳʪʠʝ RTC alarm / wakeup / tamper / time stamp. 

ʈʝʞʠʤ ʦʞʠʜʘʥʠʷ ʥʝ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ, ʢʦʛʜʘ ʚʩʪʨʦʝʥʥʳʡ ʨʝʛʫʣʷʪʦʨ 

ʥʘʧʨʷʞʝʥʠʷ ʦʪʢʣʶʯʝʥ, ʘ ʜʦʤʝʥ V12 ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʚʥʝʰʥʠʤ ʧʠʪʘʥʠʝʤ. 

ʈʘʙʦʪʘ VBAT 

ʂʦʥʪʘʢʪ VBAT ʧʦʟʚʦʣʷʝʪ ʧʦʜʢʣʶʯʘʪʴ VBAT-ʫʩʪʨʦʡʩʪʚʦ ʢ ʫʩʪʨʦʡʩʪʚʫ ʦʪ 

ʚʥʝʰʥʝʛʦ ʘʢʢʫʤʫʣʷʪʦʨʘ, ʚʥʝʰʥʝʛʦ ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʘ ʠʣʠ ʦʪ VDD, ʢʦʛʜʘ ʥʝʪ 

ʚʥʝʰʥʝʛʦ ʘʢʢʫʤʫʣʷʪʦʨʘ ʠ ʚʥʝʰʥʝʛʦ ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʘ. 

ʈʘʙʦʪʘ VBAT ʘʢʪʠʚʠʨʫʝʪʩʷ, ʢʦʛʜʘ VDD ʦʪʩʫʪʩʪʚʫʝʪ. ʂʦʥʪʘʢʪ VBAT 

ʩʥʘʙʞʘʝʪ RTC, ʨʝʟʝʨʚʥʳʝ ʨʝʛʠʩʪʨʳ ʠ ʨʝʟʝʨʚʥʳʡ SRAM. 

ʊʘʡʤʝʨ SysTick 

ʕʪʦʪ ʪʘʡʤʝʨ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, 

ʥʦ ʪʘʢʞʝ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʩʪʘʥʜʘʨʪʥʳʡ downcounter. ʆʥ ʠʤʝʝʪ: 

- 24-ʙʠʪʥʳʡ ʟʘʛʨʫʟʯʠʢ; 

- ʚʦʟʤʦʞʥʦʩʪʴ ʘʚʪʦʟʘʛʨʫʟʢʠ; 

- ʤʘʩʢʠʨʫʝʤʦʝ ʛʝʥʝʨʠʨʦʚʘʥʠʝ ʧʨʝʨʳʚʘʥʠʡ ʩʠʩʪʝʤʳ, ʢʦʛʜʘ ʩʯʝʪʯʠʢ 

ʜʦʩʪʠʛʘʝʪ ʥʫʣʷ; 

- ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʡ ʠʩʪʦʯʥʠʢ ʩʠʥʭʨʦʥʠʟʘʮʠʠ; 
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ʀʥʪʝʨʬʝʡʩ ʤʝʞʜʫ ʠʥʪʝʛʨʘʣʴʥʳʤʠ ʩʭʝʤʘʤʠ (IĮC) 

ɼʦ ʪʨʝʭ ʠʥʪʝʨʬʝʡʩʦʚ ʰʠʥʳ IĮC ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʚ ʨʝʞʠʤʘʭ ʩ ʥʝʩʢʦʣʴʢʠʤʠ 

ʨʝʞʠʤʘʤʠ ʠ ʧʦʜʯʠʥʝʥʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ. ʆʥʠ ʤʦʛʫʪ ʧʦʜʜʝʨʞʠʚʘʪʴ 

ʩʪʘʥʜʘʨʪʥʳʡ ʨʝʞʠʤ (ʜʦ 100 ʢɻʮ) ʠ ʨʝʞʠʤ Fast-mode (ʜʦ 400 ʢɻʮ). ʆʥʠ 

ʧʦʜʜʝʨʞʠʚʘʶʪ ʩʝʤʠ ʠ ʜʝʩʷʪʠʨʘʟʨʷʜʥʳʡ ʨʝʞʠʤ ʘʜʨʝʩʘʮʠʠ ʠ ʩʝʤʠʙʠʪʥʳʡ 

ʨʝʞʠʤ ʜʚʦʡʥʦʡ ʘʜʨʝʩʘʮʠʠ (ʢʘʢ ʚʝʜʦʤʳʡ). ɺʩʪʨʦʝʥʥʘʷ ʘʧʧʘʨʘʪʥʘʷ 

ʛʝʥʝʨʘʮʠʷ/ʧʨʦʚʝʨʢʘ CRC. 

ʆʥʠ ʤʦʛʫʪ ʦʙʩʣʫʞʠʚʘʪʴʩʷ DMA, ʠ ʦʥʠ ʧʦʜʜʝʨʞʠʚʘʶʪ SMBus 2.0/ 

PMBus. 

ʋʥʠʚʝʨʩʘʣʴʥʳʝ ʩʠʥʭʨʦʥʥʳʝ/ʘʩʠʥʭʨʦʥʥʳʝ ʧʨʠʝʤʥʳʝ ʧʝʨʝʜʘʪʯʠʢʠ 

(USART) 

STM32F405xx ʠ STM32F407xx ʚʩʪʨʦʝʥʳ ʯʝʪʳʨʝ ʫʥʠʚʝʨʩʘʣʴʥʳʭ 

ʩʠʥʭʨʦʥʥʳʭ/ʘʩʠʥʭʨʦʥʥʳʭ ʧʨʠʝʤʥʳʭ ʧʝʨʝʜʘʪʯʠʢʘ (USART1, USART2, 

USART3 ʠ USART6) ʠ ʜʚʘ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʘʩʠʥʭʨʦʥʥʳʭ ʧʨʠʝʤʥʳʭ 

ʧʝʨʝʜʘʪʯʠʢʘ (UART4 ʠ UART5). 

ʕʪʠ ʰʝʩʪʴ ʠʥʪʝʨʬʝʡʩʦʚ ʦʙʝʩʧʝʯʠʚʘʶʪ ʘʩʠʥʭʨʦʥʥʫʶ ʩʚʷʟʴ, ʧʦʜʜʝʨʞʢʫ 

IrDA SIR ENDEC, ʤʥʦʛʦʧʨʦʮʝʩʩʦʨʥʳʡ ʨʝʞʠʤ ʩʚʷʟʠ, ʦʜʥʦʧʨʦʚʦʜʥʳʡ 

ʧʦʣʫʜʫʧʣʝʢʩʥʳʡ ʨʝʞʠʤ ʩʚʷʟʠ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʢʣʶʯʝʥʠʷ LIN Master/Slave. 

ʀʥʪʝʨʬʝʡʩʳ USART1 ʠ USART6 ʤʦʛʫʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʚʷʟʴ ʩʦ ʩʢʦʨʦʩʪʴʶ ʜʦ 

10,5 ʄʙʠʪ/ʩ. ɼʨʫʛʠʝ ʜʦʩʪʫʧʥʳʝ ʠʥʪʝʨʬʝʡʩʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩʦ ʩʢʦʨʦʩʪʴʶ 

ʜʦ 5,25 ʄʙʠʪ/ʩ. 

USART1, USART2, USART3 ʠ USART6 ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʘʧʧʘʨʘʪʥʦʝ 

ʫʧʨʘʚʣʝʥʠʝ ʩʠʛʥʘʣʘʤʠ CTS ʠ RTS, ʨʝʞʠʤʦʤ ʩʤʘʨʪ-ʢʘʨʪʳ (ʩʦʚʤʝʩʪʠʤʳʤ ʩ 

ISO 7816) ʠ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, ʧʦʜʦʙʥʦʡ SPI. ɺʩʝ 

ʠʥʪʝʨʬʝʡʩʳ ʤʦʛʫʪ ʦʙʩʣʫʞʠʚʘʪʴʩʷ ʢʦʥʪʨʦʣʣʝʨʦʤ DMA. 
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ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʧʝʨʠʬʝʨʠʡʥʳʡ ʠʥʪʝʨʬʝʡʩ (SPI) 

STM32F40xxx ʧʦʜʜʝʨʞʠʚʘʝʪ ʜʦ ʪʨʝʭ SPI ʚ ʨʝʞʠʤʝ ʚʝʜʦʤʦʛʦ ʠ ʚʝʜʫʱʝʛʦ 

ʨʝʞʠʤʦʚ ʚ ʨʝʞʠʤʘʭ ʧʦʣʥʦʜʫʧʣʝʢʩʥʦʡ ʠ ʩʠʤʧʣʝʢʩʥʦʡ ʩʚʷʟʠ. SPI1 ʤʦʞʝʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʚʷʟʴ ʩʦ ʩʢʦʨʦʩʪʴʶ ʜʦ 42 ʄʙʠʪ/ʩ, SPI2 ʠ SPI3 ʤʦʛʫʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʚʷʟʴ ʩʦ ʩʢʦʨʦʩʪʴʶ ʜʦ 21 ʄʙʠʪ/ʩ. ʊʨʸʭʙʠʪʥʳʡ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʜʝʣʠʪʝʣʴ ʜʘʝʪ ʚʦʩʝʤʴ ʦʩʥʦʚʥʳʭ ʨʝʞʠʤʦʚ, ʠ ʢʘʜʨ 

ʥʘʩʪʨʘʠʚʘʝʪʩʷ ʥʘ 8 ʙʠʪ ʠʣʠ 16 ʙʠʪ. ɸʧʧʘʨʘʪʥʘʷ ʛʝʥʝʨʘʮʠʷ/ʧʨʦʚʝʨʢʘ CRC 

ʧʦʜʜʝʨʞʠʚʘʝʪ ʙʘʟʦʚʳʝ ʨʝʞʠʤʳ SD Card/ MMC. ɺʩʝ SPI ʤʦʛʫʪ ʦʙʩʣʫʞʠʚʘʪʴʩʷ 

ʢʦʥʪʨʦʣʣʝʨʦʤ DMA. 

ʀʥʪʝʨʬʝʡʩ SPI ʤʦʞʥʦ ʥʘʩʪʨʦʠʪʴ ʜʣʷ ʨʘʙʦʪʳ ʚ ʨʝʞʠʤʝ TI ʜʣʷ ʩʚʷʟʠ ʚ 

ʨʝʞʠʤʝ ʚʝʜʫʱʝʛʦ ʠ ʚʝʜʦʤʦʛʦ. 

ʉʝʪʝʚʘʷ ʩʝʪʴ ʢʦʥʪʨʦʣʣʝʨʘ (bxCAN) 

ɼʚʝ CAN-ʢʘʨʪʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʧʝʮʠʬʠʢʘʮʠʷʤ 2.0A ʠ B (ʘʢʪʠʚʥʳʤ) ʩ 

ʙʠʪʨʝʡʪʦʤ ʜʦ 1 ʄʙʠʪ/ʩ. ʆʥʠ ʤʦʛʫʪ ʧʨʠʥʠʤʘʪʴ ʠ ʧʝʨʝʜʘʚʘʪʴ ʩʪʘʥʜʘʨʪʥʳʝ 

ʢʘʜʨʳ ʩ ʦʜʠʥʥʘʜʮʘʪʠʨʘʟʨʷʜʥʳʤʠ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘʤʠ, ʘ ʪʘʢʞʝ ʨʘʩʰʠʨʝʥʥʳʝ 

ʢʘʜʨʳ ʩ 29-ʶ ʨʘʟʨʷʜʥʳʤʠ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘʤʠ. ʂʘʞʜʳʡ CAN ʠʤʝʝʪ ʪʨʠ 

ʧʝʨʝʜʘʶʱʠʭ ʧʦʯʪʦʚʳʭ ʷʱʠʢʘ, ʜʚʘ ʧʨʠʝʤʘ FIFOS ʩ ʪʨʝʤʷ ʵʪʘʧʘʤʠ ʠ 28 

ʨʘʟʜʝʣʷʝʤʳʭ ʤʘʩʰʪʘʙʠʨʫʝʤʳʭ ʙʘʥʢʦʚ ʬʠʣʴʪʨʦʚ (ʚʩʝ ʦʥʠ ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ, ʜʘʞʝ ʝʩʣʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʜʥʘ CAN-ʩʠʩʪʝʤʘ). ɼʣʷ ʢʘʞʜʦʡ 

CAN-ʧʘʤʷʪʠ ʚʳʜʝʣʷʝʪʩʷ 256 ʙʘʡʪ SRAM. 

ʋʥʠʚʝʨʩʘʣʴʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʰʠʥʘ (OTG_FS) 

STM32F405xx ʠ STM32F407xx ʚʩʪʨʦʝʥʳ ʧʝʨʠʬʝʨʠʡʥʦʝ ʫʩʪʨʦʡʩʪʚʦ 

USB/OTG ʩ ʠʥʪʝʨʬʝʡʩʦʤ USB OTG ʩʦ ʚʩʪʨʦʝʥʥʳʤʠ ʪʨʘʥʩʠʚʝʨʘʤʠ. ɺʥʝʰʥʷʷ 

ʧʝʨʠʬʝʨʠʷ USB OTG FS ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʧʝʮʠʬʠʢʘʮʠʠ USB 2.0 ʠ 

ʩʧʝʮʠʬʠʢʘʮʠʠ OTG 1.0. ʆʥ ʠʤʝʝʪ ʥʘʩʪʨʘʠʚʘʝʤʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ ʢʦʥʝʯʥʦʡ 

ʪʦʯʢʠ ʠ ʧʦʜʜʝʨʞʠʚʘʝʪ ʧʨʠʦʩʪʘʥʦʚʢʫ/ʚʦʟʦʙʥʦʚʣʝʥʠʝ. ɼʣʷ ʢʦʥʪʨʦʣʣʝʨʘ ʧʦʣʥʦʡ 
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ʩʢʦʨʦʩʪʠ USB OTG ʪʨʝʙʫʝʪʩʷ ʩʧʝʮʠʘʣʴʥʘʷ ʯʘʩʪʦʪʘ 48 ʄɻʮ, ʢʦʪʦʨʘʷ 

ʛʝʥʝʨʠʨʫʝʪʩʷ PLL, ʧʦʜʢʣʶʯʝʥʥʦʡ ʢ ʦʩʮʠʣʣʷʪʦʨʫ HSE.  

ʆʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ: 

- ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʨʘʟʤʝʨ Rx ʠ Tx FIFO 320 Ĭ 35 ʙʠʪ ʩ ʜʠʥʘʤʠʯʝʩʢʠʤ 

ʨʘʟʤʝʨʦʤ FIFO; 

- ʧʦʜʜʝʨʞʠʚʘʝʪ ʧʨʦʪʦʢʦʣ ʟʘʧʨʦʩʘ ʩʝʘʥʩʘ (SRP) ʠ ʧʨʦʪʦʢʦʣ ʩʦʛʣʘʩʦʚʘʥʠʷ 

ʭʦʩʪʘ (HNP); 

-ʯʝʪʳʨʝ ʜʚʫʥʘʧʨʘʚʣʝʥʥʳʭ ʢʦʥʝʯʥʳʭ ʪʦʯʢʠ; 

-ʚʦʩʝʤʴ ʭʦʩʪ-ʢʘʥʘʣʦʚ ʩ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʧʦʜʜʝʨʞʢʦʡ OUT; 

- HNP/SNP/IP ʚʥʫʪʨʠ (ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʢʘʢʦʤ-ʣʠʙʦ ʚʥʝʰʥʝʤ 

ʨʝʟʠʩʪʦʨʝ); 

- ʜʣʷ ʨʝʞʠʤʦʚ OTG/Host ʥʝʦʙʭʦʜʠʤ ʧʝʨʝʢʣʶʯʘʪʝʣʴ ʧʠʪʘʥʠʷ ʚ ʩʣʫʯʘʝ 

ʧʦʜʢʣʶʯʝʥʠʷ ʫʩʪʨʦʡʩʪʚ ʩ ʧʠʪʘʥʠʝʤ ʦʪ ʰʠʥʳ. 

ʀʥʪʝʨʬʝʡʩ ʮʠʬʨʦʚʦʡ ʢʘʤʝʨʳ (DCMI) 

ʀʥʪʝʨʬʝʡʩ ʢʘʤʝʨʳ ʥʝʜʦʩʪʫʧʝʥ ʚ ʫʩʪʨʦʡʩʪʚʘʭ STM32F405xx. 

ʇʨʦʜʫʢʪʳ STM32F407xx ʚʩʪʨʘʠʚʘʶʪ ʠʥʪʝʨʬʝʡʩ ʢʘʤʝʨʳ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ 

ʧʦʜʢʣʶʯʘʪʴʩʷ ʢ ʤʦʜʫʣʷʤ ʢʘʤʝʨʳ ʠ CMOS-ʜʘʪʯʠʢʘʤ ʯʝʨʝʟ ʚʦʩʴʤʠʙʠʪʥʳʡ ʜʦ 

ʯʝʪʳʨʥʘʜʮʘʪʠʨʘʟʨʷʜʥʦʛʦ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʜʣʷ ʧʨʠʝʤʘ 

ʚʠʜʝʦʜʘʥʥʳʭ. ʀʥʪʝʨʬʝʡʩ ʢʘʤʝʨʳ ʤʦʞʝʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ ʜʦ 54 ʄʙʘʡʪ/ʩ ʥʘ ʯʘʩʪʦʪʝ 54 ʄɻʮ. ʆʥ ʠʤʝʝʪ: 

- ʧʨʦʛʨʘʤʤʠʨʫʝʤʘʷ ʧʦʣʷʨʥʦʩʪʴ ʜʣʷ ʩʠʛʥʘʣʦʚ ʚʭʦʜʥʦʛʦ ʧʠʢʩʝʣʷ ʠ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ; 

-ʧʘʨʘʣʣʝʣʴʥʘʷ ʧʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʤʦʞʝʪ ʙʳʪʴ ʚʦʩʴʤʠ-, ʜʝʩʷʪʠ-, 

ʜʚʝʥʘʜʮʘʪʠ- ʠʣʠ ʯʝʪʳʨʥʘʜʮʘʪʠʨʘʟʨʷʜʥʦʡ; 

- ʧʦʜʜʝʨʞʠʚʘʝʪ ʚʦʩʴʤʠʙʠʪʥʳʡ ʧʨʦʛʨʝʩʩʠʚʥʳʡ ʚʠʜʝʦ ʤʦʥʦʭʨʦʤʥʳʡ ʠʣʠ 

ʥʝʦʙʨʘʙʦʪʘʥʥʳʡ ʬʦʨʤʘʪ Bayer, ʧʨʦʛʨʝʩʩʠʚʥʦʝ ʚʠʜʝʦ YCbCr 4: 2: 2, 

ʧʨʦʛʨʝʩʩʠʚʥʦʝ ʚʠʜʝʦ RGB 565 ʠʣʠ ʩʞʘʪʳʝ ʜʘʥʥʳʝ (ʥʘʧʨʠʤʝʨ, JPEG); 
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- ʧʦʜʜʝʨʞʠʚʘʝʪ ʨʝʞʠʤ ʥʝʧʨʝʨʳʚʥʦʛʦ ʨʝʞʠʤʘ ʠʣʠ ʤʦʤʝʥʪʘʣʴʥʦʛʦ ʩʥʠʤʢʘ 

(ʦʜʠʥ ʢʘʜʨ); 

- ʚʦʟʤʦʞʥʦʩʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʙʨʝʟʘʪʴ ʠʟʦʙʨʘʞʝʥʠʝ. 

ɻʝʥʝʨʘʪʦʨ ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ (RNG) 

ɺʩʝ ʧʨʦʜʫʢʪʳ STM32F405xx ʠ STM32F407xx ʚʩʪʨʘʠʚʘʶʪ RNG, ʢʦʪʦʨʳʡ 

ʦʙʝʩʧʝʯʠʚʘʝʪ 32-ʭ ʙʠʪʥʳʝ ʩʣʫʯʘʡʥʳʝ ʯʠʩʣʘ, ʛʝʥʝʨʠʨʫʝʤʳʝ ʠʥʪʝʛʨʘʣʴʥʦʡ 

ʘʥʘʣʦʛʦʚʦʡ ʩʭʝʤʦʡ. 

ɺʭʦʜʳ/ʚr ʭʦʜʳ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ (GPIO) 

ʂʘʞʜʳʡ ʠʟ ʢʦʥʪʘʢʪʦʚ GPIO ʤʦʞʝʪ ʙʳʪʴ ʩʢʦʥʬʠʛʫʨʠʨʦʚʘʥ ʧʨʦʛʨʘʤʤʥʳʤ 

ʦʙʝʩʧʝʯʝʥʠʝʤ ʢʘʢ ʚʳʭʦʜ (push-pull ʠʣʠ open-drain, ʩ ʠʣʠ ʙʝʟ ʧʦʜʪʷʛʠʚʘʥʠʷ 

ʠʣʠ ʚʳʪʘʣʢʠʚʘʥʠʷ), ʢʘʢ ʚʭʦʜ (ʧʣʘʚʘʶʱʠʡ, ʩ ʠʣʠ ʙʝʟ ʧʦʜʪʷʛʠʚʘʥʠʷ ʠʣʠ 

ʩʧʫʩʢʘ) ʠʣʠ ʢʘʢ ʧʝʨʠʬʝʨʠʡʥʘʷ ʘʣʴʪʝʨʥʘʪʠʚʥʘʷ ʬʫʥʢʮʠʷ. ɹʦʣʴʰʠʥʩʪʚʦ 

ʢʦʥʪʘʢʪʦʚ GPIO ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʦʚʤʝʩʪʥʦ ʩ ʮʠʬʨʦʚʳʤʠ ʠʣʠ ʘʥʘʣʦʛʦʚʳʤʠ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʤʠ ʬʫʥʢʮʠʷʤʠ. ɺʩʝ GPIO ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʪʦʢʦʚʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʠ ʠʤʝʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʦʨʘ ʩʢʦʨʦʩʪʠ ʜʣʷ ʣʫʯʰʝʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʚʥʫʪʨʝʥʥʠʤ ʰʫʤʦʤ, ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ 

ʠʟʣʫʯʝʥʠʝʤ. 

ʂʦʥʬʠʛʫʨʘʮʠʷ ʚʚʦʜʘ/ʚʳʚʦʜʘ ʤʦʞʝʪ ʙʳʪʴ ʟʘʙʣʦʢʠʨʦʚʘʥʘ ʧʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʩʣʝʜʫʷ ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ 

ʣʦʞʥʦʡ ʟʘʧʠʩʠ ʚ ʨʝʛʠʩʪʨʳ ʚʚʦʜʘ/ʚʳʚʦʜʘ. 

ɹʳʩʪʨʘʷ ʦʙʨʘʙʦʪʢʘ ʚʚʦʜʘ-ʚʳʚʦʜʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʤʘʢʩʠʤʘʣʴʥʳʡ 

ʚʚʦʜ/ʚʳʚʦʜ ʜʦ 84 ʄɻʮ. 

ɸʥʘʣʦʛʦ-ʮʠʬʨʦʚʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ (ɸʎʇ) 

ʊʨʠ ʜʚʝʥʘʜʮʘʪʠʨʘʟʨʷʜʥʳʭ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʚʩʪʨʦʝʥʳ, 

ʠ ʢʘʞʜʳʡ ɸʎʇ ʠʤʝʝʪ ʜʦ 16 ʚʥʝʰʥʠʭ ʢʘʥʘʣʦʚ, ʚʳʧʦʣʥʷʶʱʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʚ ʨʝʞʠʤʝ ʦʜʥʦʢʨʘʪʥʦʛʦ ʠʣʠ ʩʢʘʥʠʨʦʚʘʥʠʷ. ɺ ʨʝʞʠʤʝ ʩʢʘʥʠʨʦʚʘʥʠʷ 
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ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʚʳʙʨʘʥʥʦʡ ʛʨʫʧʧʝ 

ʘʥʘʣʦʛʦʚʳʭ ʚʭʦʜʦʚ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʣʦʛʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ, ʚʩʪʨʦʝʥʥʳʝ ʚ ʠʥʪʝʨʬʝʡʩ ADC, 

ʧʦʟʚʦʣʷʶʪ: 

- ʦʜʥʦʚʨʝʤʝʥʥʘʷ ʚʳʙʦʨʢʘ ʠ ʫʜʝʨʞʘʥʠʝ; 

- ʧʨʦʥʫʤʝʨʦʚʘʥʥʳʡ ʦʙʨʘʟʝʮ ʠ ʫʜʝʨʞʘʥʠʝ. 

ɸʎʇ ʤʦʞʝʪ ʦʙʩʣʫʞʠʚʘʪʴʩʷ ʢʦʥʪʨʦʣʣʝʨʦʤ DMA. ɸʥʘʣʦʛʦʚʘʷ ʬʫʥʢʮʠʷ 

ʩʪʦʨʦʞʝʚʦʛʦ ʪʘʡʤʝʨʘ ʧʦʟʚʦʣʷʝʪ ʦʯʝʥʴ ʪʦʯʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 

ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʦʜʥʦʛʦ, ʥʝʢʦʪʦʨʳʭ ʠʣʠ ʚʩʝʭ ʚʳʙʨʘʥʥʳʭ 

ʢʘʥʘʣʦʚ. ʇʨʝʨʳʚʘʥʠʝ ʛʝʥʝʨʠʨʫʝʪʩʷ, ʢʦʛʜʘ ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ 

ʥʘʭʦʜʠʪʩʷ ʟʘ ʧʨʝʜʝʣʘʤʠ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʥʳʭ ʧʦʨʦʛʦʚʳʭ ʟʥʘʯʝʥʠʡ. 

ʏʪʦʙʳ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʪʴ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠ ʪʘʡʤʝʨʳ, 

ɸʎʇ ʤʦʛʫʪ ʟʘʧʫʩʢʘʪʴʩʷ ʩ ʧʦʤʦʱʴʶ ʣʶʙʳʭ ʪʘʡʤʝʨʦʚ TIM1, TIM2, TIM3, 

TIM4, TIM5 ʠʣʠ TIM8. 

ɼʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʳ 

ɼʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦʣʞʝʥ ʛʝʥʝʨʠʨʦʚʘʪʴ ʥʘʧʨʷʞʝʥʠʝ, ʢʦʪʦʨʦʝ 

ʠʟʤʝʥʷʝʪʩʷ ʣʠʥʝʡʥʦ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ. ɼʠʘʧʘʟʦʥ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 

1,8 ʜʦ 3,6 ɺ. ɼʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʳ ʚʥʫʪʨʝʥʥʝ ʧʦʜʢʣʶʯʝʥ ʢ ʚʭʦʜʥʦʤʫ ʢʘʥʘʣʫ 

ADC1_IN16, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʳʭʦʜʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʜʘʪʯʠʢʘ ʚ ʮʠʬʨʦʚʦʝ ʟʥʘʯʝʥʠʝ. 

ʇʦʩʢʦʣʴʢʫ ʩʤʝʱʝʥʠʝ ʜʘʪʯʠʢʘ ʪʝʤʧʝʨʘʪʫʨʳ ʠʟʤʝʥʷʝʪʩʷ ʦʪ ʯʠʧʘ ʢ 

ʢʨʠʩʪʘʣʣʫ ʠʟ-ʟʘ ʠʟʤʝʥʝʥʠʷ ʧʨʦʮʝʩʩʘ, ʜʘʪʯʠʢ ʚʥʫʪʨʝʥʥʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ 

ʦʩʥʦʚʥʦʤ ʧʦʜʭʦʜʠʪ ʜʣʷ ʧʨʠʤʝʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʦʙʥʘʨʫʞʠʚʘʶʪ ʠʟʤʝʥʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʤʝʩʪʦ ʘʙʩʦʣʶʪʥʳʭ ʪʝʤʧʝʨʘʪʫʨ. ɽʩʣʠ ʪʨʝʙʫʝʪʩʷ ʪʦʯʥʦʝ 

ʩʯʠʪʳʚʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʯʘʩʪʴ ʚʥʝʰʥʝʛʦ ʜʘʪʯʠʢʘ 

ʪʝʤʧʝʨʘʪʫʨʳ. 
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ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʧʦʨʪ ʦʪʣʘʜʢʠ JTAG (SWJ-DP) 

ʀʥʪʝʨʬʝʡʩ ARM SWJ-DP ʚʩʪʨʦʝʥ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʧʦʨʪ ʦʪʣʘʜʢʠ JTAG ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ, 

ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʧʦʜʢʣʶʯʘʪʴ ʢ ʮʝʣʝʚʦʡ ʮʝʣʠ ʣʠʙʦ ʦʪʣʘʜʢʫ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʚʦʜʘ, ʣʠʙʦ ʜʘʪʯʠʢ JTAG. 

ʆʪʣʘʜʢʘ ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 2 ʢʦʥʪʘʢʪʦʚ ʪʦʣʴʢʦ ʚʤʝʩʪʦ 5, 

ʪʨʝʙʫʝʤʳʭ JTAG (ʢʦʥʪʘʢʪʳ JTAG ʤʦʞʥʦ ʧʦʚʪʦʨʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ 

GPIO ʩ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʬʫʥʢʮʠʝʡ): ʢʦʥʪʘʢʪʳ JTAG TMS ʠ TCK ʩʦʚʤʝʩʪʥʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ SWDIO ʠ SWCLK ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠ ʦʧʨʝʜʝʣʝʥʥʘʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʥʘ ɺʳʚʦʜ TMS ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʝʨʝʢʣʶʯʝʥʠʷ ʤʝʞʜʫ 

JTAG-DP ʠ SW-DP. 

ɺʩʪʨʦʝʥʥʘʷ ʪʨʘʩʩʠʨʦʚʢʘ Macrocell 

ʄʘʢʨʦʩʝʪʝʢʪʦʨ ARM Embedded Trace Macrocell ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʴʰʫʶ 

ʚʠʜʠʤʦʩʪʴ ʧʦʪʦʢʘ ʢʦʤʘʥʜ ʠ ʜʘʥʥʳʭ ʚʥʫʪʨʠ ʷʜʨʘ ʎʇ ʧʫʪʝʤ ʧʦʪʦʢʦʚʦʡ 

ʧʝʨʝʜʘʯʠ ʩʞʘʪʳʭ ʜʘʥʥʳʭ ʩ ʦʯʝʥʴ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʦʪ STM32F40xxx ʯʝʨʝʟ 

ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʳʚʦʜʦʚ ETM ʢ ʫʩʪʨʦʡʩʪʚʫ ʘʥʘʣʠʟʘʪʦʨʘ ʚʥʝʰʥʝʛʦ 

ʘʧʧʘʨʘʪʥʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ ʪʨʘʩʩ (TPA). TPA ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ ʛʣʘʚʥʦʤʫ 

ʢʦʤʧʴʶʪʝʨʫ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ USB, Ethernet ʠʣʠ ʣʶʙʦʛʦ ʜʨʫʛʦʛʦ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʢʘʥʘʣʘ. ʆʧʝʨʘʮʠʶ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʠ ʧʦʪʦʢ ʜʘʥʥʳʭ 

ʤʦʞʥʦ ʟʘʧʠʩʳʚʘʪʴ, ʘ ʟʘʪʝʤ ʦʪʬʦʨʤʘʪʠʨʦʚʘʪʴ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʥʘ ʛʣʘʚʥʦʤ 

ʢʦʤʧʴʶʪʝʨʝ, ʥʘ ʢʦʪʦʨʦʤ ʚʳʧʦʣʥʷʝʪʩʷ ʦʪʣʘʜʯʠʢ. ʆʙʦʨʫʜʦʚʘʥʠʝ TPA 

ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʦ ʦʪ ʧʦʩʪʘʚʱʠʢʦʚ ʦʙʱʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʨʘʟʨʘʙʦʪʢʠ. 

ɺʩʪʨʦʝʥʥʘʷʪʨʘʩʩʠʨʦʚʢʘ Macrocell ʨʘʙʦʪʘʝʪ ʩ ʧʨʦʛʨʘʤʤʥʳʤʠ 

ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʦʪʣʘʜʯʠʢʘ ʩʪʦʨʦʥʥʠʭ ʨʘʟʨʘʙʦʪʯʠʢʦʚ. 
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ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʄʠʥʠʤʘʣʴʥʳʝ ʠ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ʄʠʥʠʤʘʣʴʥʳʝ ʠ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʛʘʨʘʥʪʠʨʫʶʪʩʷ ʚ ʥʘʠʭʫʜʰʠʭ 

ʫʩʣʦʚʠʷʭ ʦʢʨʫʞʘʶʱʝʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʥʘʧʨʷʞʝʥʠʷ ʧʠʪʘʥʠʷ ʠ ʯʘʩʪʦʪ ʧʨʠ 

ʠʩʧʳʪʘʥʠʷʭ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʥʘ 100% ʫʩʪʨʦʡʩʪʚ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ ʧʨʠ TA = 25ÁC ʠ TA = TAmax (ʟʘʜʘʝʪʩʷ ʚʳʙʨʘʥʥʳʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ 

ʜʠʘʧʘʟʦʥ). 

ɼʘʥʥʳʝ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʤʦʜʝʣʠʨʦʚʘʥʠʠ 

ʢʦʥʩʪʨʫʢʮʠʠ ʠ/ʠʣʠ ʪʝʭʥʦʣʦʛʠʷʭ, ʫʢʘʟʘʥʳ ʚ ʪʘʙʣʠʯʥʳʭ ʩʥʦʩʢʘʭ ʠ ʥʝ 

ʪʝʩʪʠʨʫʶʪʩʷ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ, ʤʠʥʠʤʘʣʴʥʳʝ 

ʠ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʦʪʥʦʩʷʪʩʷ ʢ ʠʩʧʳʪʘʥʠʷʤ ʦʙʨʘʟʮʦʚ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʧʣʶʩ ʠʣʠ ʤʠʥʫʩ ʚ ʪʨʠ ʨʘʟʘ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ 

(ʩʨʝʜʥʝʝ Ñ 3Ɇ). 

ʊʠʧʠʯʥʳʝ ʟʥʘʯʝʥʠʷ 

ʊʠʧʠʯʥʳʝ ʟʥʘʯʝʥʠʷ ʦʩʥʦʚʘʥʳ ʥʘ TA = 25 ÁC, VDD = 3,3 ɺ (ʜʣʷ1,8 ɺ ʠ 

3,6 ɺ). ʆʥʠ ʧʨʠʚʝʜʝʥʳ ʪʦʣʴʢʦ ʚ ʢʘʯʝʩʪʚʝ ʨʫʢʦʚʦʜʷʱʠʭ ʧʨʠʥʮʠʧʦʚ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʥʝ ʧʨʦʚʝʨʷʶʪʩʷ. 

ʊʠʧʠʯʥʳʝ ʟʥʘʯʝʥʠʷ ʪʦʯʥʦʩʪʠ ɸʎʇ ʦʧʨʝʜʝʣʷʶʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ 

ʧʘʨʪʠʠ ʦʙʨʘʟʮʦʚ ʠʟ ʩʪʘʥʜʘʨʪʥʦʡ ʜʠʬʬʫʟʠʦʥʥʦʡ ʧʘʨʪʠʠ ʚ ʧʦʣʥʦʤ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ, ʛʜʝ 95% ʫʩʪʨʦʡʩʪʚ ʠʤʝʶʪ ʧʦʛʨʝʰʥʦʩʪʴ, ʤʝʥʴʰʫʶ 

ʠʣʠ ʨʘʚʥʫʶ ʫʢʘʟʘʥʥʦʤʫ ʟʥʘʯʝʥʠʶ (ʩʨʝʜʥʝʝ Ñ 2Ɇ). 

ʇʦʪʨʝʙʣʝʥʠʝ ʪʦʢʘ ʚ ʩʠʩʪʝʤʝ 

ʊʝʢʫʱʝʝ ʧʦʪʨʝʙʣʝʥʠʝ ʩʠʩʪʝʤʳ ʚʚʦʜʘ-ʚʳʚʦʜʘ ʠʤʝʝʪ ʜʚʘ ʢʦʤʧʦʥʝʥʪʘ: 

ʩʪʘʪʠʯʝʩʢʠʡ ʠ ʜʠʥʘʤʠʯʝʩʢʠʡ. ʇʦʪʨʝʙʣʝʥʠʝ ʩʪʘʪʠʯʝʩʢʦʛʦ ʪʦʢʘ ʚʚʦʜʘ/ʚʳʚʦʜʘ 

ɺʩʝ ʚʭʦʜʳ/ʚʳʭʦʜʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʢʘʯʝʩʪʚʝ ʚʭʦʜʦʚ ʩ ʧʦʜʪʷʛʠʚʘʥʠʝʤ, 

ʛʝʥʝʨʠʨʫʶʪ ʧʦʪʨʝʙʣʝʥʠʝ ʪʦʢʘ, ʢʦʛʜʘ ʢʦʥʪʘʢʪ ʠʟ-ʟʘ ʩʣʘʙʦ ʧʨʠʧʘʷʥ. ɿʥʘʯʝʥʠʝ 
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ʵʪʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʪʦʢʘ ʤʦʞʥʦ ʧʨʦʩʪʦ ʚʳʯʠʩʣʠʪʴ, ʠʩʧʦʣʴʟʫʷ ʟʥʘʯʝʥʠʷ 

ʚʳʪʘʣʢʠʚʘʶʱʠʭ ʨʝʟʠʩʪʦʨʦʚ. 

ɼʣʷ ʚʳʭʦʜʥʳʭ ʢʦʥʪʘʢʪʦʚ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʣʶʙʫʶ 

ʚʥʝʰʥʶʶ ʚʳʪʷʛʠʚʘʶʱʫʶ ʠʣʠ ʚʥʝʰʥʶʶ ʥʘʛʨʫʟʢʫ ʜʣʷ ʦʮʝʥʢʠ ʧʦʪʨʝʙʣʝʥʠʷ 

ʪʦʢʘ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʪʦʢʘ I/O ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʚʭʦʜʳ/ʚʳʭʦʜʳ 

ʩʢʦʥʬʠʛʫʨʠʨʦʚʘʥʳ ʢʘʢ ʚʭʦʜʳ, ʝʩʣʠ ʚʥʝʰʥʠʡ ʫʨʦʚʝʥʴ ʥʘʧʨʷʞʝʥʠʷ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʥʘʨʫʞʠ. ʕʪʦ ʧʦʪʨʝʙʣʝʥʠʝ ʪʦʢʘ ʚʳʟʚʘʥʦ ʚʭʦʜʥʳʤʠ 

ʪʨʠʛʛʝʨʥʳʤʠ ʩʭʝʤʘʤʠ ʐʤʠʪʪʘ, ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʜʣʷ ʨʘʟʣʠʯʝʥʠʷ ʚʭʦʜʥʦʛʦ 

ʟʥʘʯʝʥʠʷ. ɽʩʣʠ ʵʪʘ ʢʦʥʢʨʝʪʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʥʝ ʪʨʝʙʫʝʪʩʷ ʧʨʠʣʦʞʝʥʠʷʤ, 

ʵʪʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʪʦʢʘ ʧʦʪʨʝʙʣʝʥʠʷ ʤʦʞʥʦ ʠʟʙʝʞʘʪʴ, ʥʘʩʪʨʦʠʚ ʵʪʠ 

ʚʭʦʜʳ/ʚʳʭʦʜʳ ʚ ʘʥʘʣʦʛʦʚʦʤ ʨʝʞʠʤʝ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʚʭʦʜʥʳʭ 

ʢʦʥʪʘʢʪʦʚ ɸʎʇ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʙʳʪʴ ʩʢʦʥʬʠʛʫʨʠʨʦʚʘʥʳ ʢʘʢ ʘʥʘʣʦʛʦʚʳʝ 

ʚʭʦʜʳ. 

ʇʨʝʜʦʩʪʝʨʝʞʝʥʠʝ: ʣʶʙʦʡ ʧʣʘʚʘʶʱʠʡ ʚʭʦʜʥʦʡ ʢʦʥʪʘʢʪ ʤʦʞʝʪ ʪʘʢʞʝ 

ʧʦʩʪʝʧʝʥʥʦ ʦʩʝʜʘʪʴ ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʫʨʦʚʝʥʴ ʥʘʧʨʷʞʝʥʠʷ ʠʣʠ 

ʧʝʨʝʢʣʶʯʘʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʰʫʤʘ. ʏʪʦʙʳ 

ʠʟʙʝʞʘʪʴ ʧʦʪʨʝʙʣʝʥʠʷ ʪʦʢʘ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʧʣʘʚʘʶʱʠʤʠ ʢʦʥʪʘʢʪʘʤʠ, ʦʥʠ 

ʜʦʣʞʥʳ ʣʠʙʦ ʙʳʪʴ ʩʢʦʥʬʠʛʫʨʠʨʦʚʘʥʳ ʚ ʘʥʘʣʦʛʦʚʦʤ ʨʝʞʠʤʝ, ʣʠʙʦ 

ʧʨʠʥʫʜʠʪʝʣʴʥʦ ʚʥʫʪʨʝʥʥʝ ʜʦ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʟʥʘʯʝʥʠʷ. ʕʪʦ ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʣʠʙʦ ʩ ʧʦʤʦʱʴʶ ʨʝʟʠʩʪʦʨʦʚ pull-up/down, ʣʠʙʦ ʧʫʪʝʤ ʥʘʩʪʨʦʡʢʠ 

ʢʦʥʪʘʢʪʦʚ ʚ ʨʝʞʠʤʝ ʚʳʚʦʜʘ. 

ɼʠʥʘʤʠʯʝʩʢʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʪʦʢʘ ʚʚʦʜʘ / ʚʳʚʦʜʘ 

ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʠʟʤʝʨʝʥʥʦʤʫ ʚʥʫʪʨʝʥʥʝʤʫ ʧʦʪʨʝʙʣʝʥʠʶ ʧʝʨʠʬʝʨʠʡʥʦʛʦ 

ʪʦʢʘ ʚʭʦʜʳ/ʚʳʭʦʜʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠʣʦʞʝʥʠʝʤ, ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʪʝʢʫʱʝʤʫ ʧʦʪʨʝʙʣʝʥʠʶ. ʂʦʛʜʘ ʧʝʨʝʢʣʶʯʘʪʝʣʴ ʚʚʦʜʘ/ʚʳʚʦʜʘ ʧʝʨʝʢʣʶʯʘʝʪʩʷ, 

ʦʥ ʠʩʧʦʣʴʟʫʝʪ ʪʦʢ ʦʪ ʧʠʪʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ MCU ʜʣʷ ʧʠʪʘʥʠʷ ʩʭʝʤʳ 
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ʚʳʚʦʜʘ I/O ʠ ʜʣʷ ʟʘʨʷʜʢʠ/ʨʘʟʨʷʜʘ ʝʤʢʦʩʪʥʦʡ ʥʘʛʨʫʟʢʠ (ʚʥʫʪʨʝʥʥʝʡ ʠʣʠ 

ʚʥʝʰʥʝʡ), ʧʦʜʢʣʶʯʝʥʥʦʡ ʢ ʢʦʥʪʘʢʪʫ: 

ISW = ʉ Ā VDD ĀfSW,(2.1) 

ʛʜʝ ISW - ʵʪʦ ʪʦʢ, ʢʦʪʦʨʳʡ ʧʦʪʦʧʣʝʥ ʧʝʨʝʢʣʶʯʝʥʠʝʤ ʚʚʦʜʘ/ʚʳʚʦʜʘ ʜʣʷ 

ʟʘʨʷʜʢʠ/ʨʘʟʨʷʜʢʠ ʝʤʢʦʩʪʥʦʡ ʥʘʛʨʫʟʢʠ; 

VDD - ʵʪʦ ʥʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ MCU; 

fSW - ʯʘʩʪʦʪʘ ʧʝʨʝʢʣʶʯʝʥʠʷ ʚʚʦʜʘ/ʚʳʚʦʜʘ; 

C - ʦʙʱʘʷ ʝʤʢʦʩʪʴ, ʥʘʙʣʶʜʘʝʤʘʷ ʚʳʚʦʜʦʤ ʚʚʦʜʘ/ʚʳʚʦʜʘ: C = CINT + 

CEXT; 

ʊʝʩʪʦʚʳʡ ʢʦʥʪʘʢʪ ʩʢʦʥʬʠʛʫʨʠʨʦʚʘʥ ʚ ʨʝʞʠʤʝ push-pull output ʠ 

ʧʝʨʝʢʣʶʯʘʝʪʩʷ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʯʘʩʪʦʪʦʡ. 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʙʦʟʥʘʯʝʥʠʷ ʠ ʩʦʢʨʘʱʝʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ 

ʪʘʙʣʠʮʝ ʚʳʚʦʜʦʚ ʢʦʥʪʘʢʪʦʚ STM32. 

ʊʘʙʣʠʮʘ 1 - ʆʙʦʟʥʘʯʝʥʠʷ ʠ ʩʦʢʨʘʱʝʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʪʘʙʣʠʮʝ 

ʚʳʚʦʜʦʚ ʢʦʥʪʘʢʪʦʚSTM32 

ʀʤ ̫ ʉʦʢʨʘʱʝʥʠʝ ʆʧʨʝʜʝʣʝʥʠʝ 

ʀʤʷ ʢʦʥʪʘʢʪʘ 
ɽʩʣʠ ʚ ʩʢʦʙʢʘʭ ʥʠʞʝ ʠʤʝʥʠ ʢʦʥʪʘʢʪʘ ʥʝ ʫʢʘʟʘʥʦ ʠʥʦʝ, ʬʫʥʢʮʠʷ 

ʚʳʚʦʜʘ ʚʦ ʚʨʝʤʷ ʠ ʧʦʩʣʝ ʩʙʨʦʩʘ ʩʦʚʧʘʜʘʝʪ ʩ ʬʘʢʪʠʯʝʩʢʠʤ 

ʠʤʝʥʝʤ ʬʫʥʢʮʠʠ 

 

ʊʠʧ ʢʦʥʪʘʢʪʘ 

S ʂʦʥʪʘʢʪ ʧʠʪʘʥʠʷ 

I ʊʦʣʴʢʦ ʚʭʦʜʥʦʡ ʢʦʥʪʘʢʪ 

I/O ɺʭʦʜʥʦʡ / ʚʳʭʦʜʥʦʡ ʢʦʥʪʘʢʪ 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 1 

ʀʤ ̫ ʉʦʢʨʘʱʝʥʠʝ ʆʧʨʝʜʝʣʝʥʠʝ 

 

 

ʉʪʨʫʢʪʫʨʘ ɺʭ\ɺʳʭ 

FT 5 ɺ-ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʚʚʦʜ-ʚʳʚʦʜ 

TTa +3,3 ɺ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʚʚʦʜ-ʚʳʚʦʜ, 

ʧʦʜʢʣʶʯʝʥʥʳʡ ʥʘʧʨʷʤʫʶ ʢ ɸʎʇ 

B ʉʧʝʮʠʘʣʴʥʳʡ ʚʳʚʦʜ BOOT0 

RST ɼʚʫʥʘʧʨʘʚʣʝʥʥʳʡ ʩʙʨʦʩʥʳʡ 

ʢʦʥʪʘʢʪ ʩʦ ʚʩʪʨʦʝʥʥʳʤ ʩʣʘʙʳʤ 

ʧʦʜʪʷʛʠʚʘʶʱʠʤ ʨʝʟʠʩʪʦʨʦʤ 

ʇʨʠʤʝʯʘʥʠʝ ɽʩʣʠ ʠʥʦʝ ʥʝ ʫʢʘʟʘʥʦ ʚ ʧʨʠʤʝʯʘʥʠʠ, ʚʩʝ ʚʭʦʜʳ / ʚʳʭʦʜʳ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʢʘʢ ʧʣʘʚʘʶʱʠʝ ʚʭʦʜʳ ʚʦ ʚʨʝʤʷ ʠ ʧʦʩʣʝ ʩʙʨʦʩʘ 

ɸʣʴʪʝʨʥʘʪʠʚʥʳʝ 

ʬʫʥʢʮʠʠ 
ʌʫʥʢʮʠʠ, ʚʳʙʨʘʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʨʝʛʠʩʪʨʦʚ GPIOx_AFR 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʬʫʥʢʮʠʠ 

ʌʫʥʢʮʠʠ, ʢʦʪʦʨʳʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʳʙʠʨʘʶʪʩʷ / ʘʢʪʠʚʠʨʫʶʪʩʷ 

ʯʝʨʝʟ ʧʝʨʠʬʝʨʠʡʥʳʝ ʨʝʛʠʩʪʨʳ 

ɺ ʪʘʙʣʠʮʝ 2 ʦʧʠʩʘʥʳ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʪʘʢʪʦʚ ʤʠʢʨʦʩʭʝʤʳ STM32. 

ʊʘʙʣʠʮʘ 2 ï ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʥʪʘʢʪʦʚ ʤʠʢʨʦʩʭʝʤʳSTM32 

ʅʦʤʝʨ 

ʢʦʥʪʘʢʪʘ 

ʀʤʷ ʢʦʥʪʘʢʪʘ ʊʠʧ 

ʢʦʥʪʘʢʪʘ 

ɸʣʴʪʝʨʥʘʪʠʚʥʳʝ 

ʬʫʥʢʮʠʠ 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʬʫʥʢʮʠʠ 

LQFP64 

1 VBAT S - - 

 

2 

 

PC13 

 

I/O 

 

EVENTOUT 

RTC_OUT, 

RTC_TAMP1, 

RTC_TS 

3 
PC14/OSC32_IN 

(PC14) 
I/O EVENTOUT OSC32_IN 

 

4 

PC15/ 

OSC32_OUT 

(PC15) 

 

I/O 

 

EVENTOUT 

 

OSC32_OUT 

5 
PH0/OSC_IN 

(PH0) 
I/O EVENTOUT OSC_IN 

6 
PH1/OSC_OUT 

(PH1) 
I/O EVENTOUT OSC_OUT 

7 NRST I/O - - 

8 PC0 I/O 
OTG_HS_ULPI_STP

/ EVENTOUT 
ADC123_IN10 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 2 

ʅʦʤʝʨ 

ʢʦʥʪʘʢʪʘ 

ʀʤʷ ʢʦʥʪʘʢʪʘ ʊʠʧ 

ʢʦʥʪʘʢʪʘ 

ɸʣʴʪʝʨʥʘʪʠʚʥʳʝ 

ʬʫʥʢʮʠʠ 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʬʫʥʢʮʠʠ 

LQFP64 

9 PC1 I/O ETH_MDC/ 

EVENTOUT 

ADC123_IN11 

 

10 

 

PC2 

 

I/O 

SPI2_MISO / 

OTG_HS_ULPI_DIR 

/ ETH_MII_TXD2 

/I2S2ext_SD/ 

EVENTOUT 

 

ADC123_IN12 

 

11 
 

PC3 
 

I/O 

SPI2_MOSI / I2S2_SD / 

OTG_HS_ULPI_NXT / 

ETH_MII_TX_CLK/ 

EVENTOUT 

 

ADC123_IN13 

12 VSSA S - - 

13 VDDA S - - 

 

 

14 

 

 

PA0/WKUP 

(PA0) 

 

 

I/O 

USART2_CTS/ 

UART4_TX/ 

ETH_MII_CRS / 

TIM2_CH1_ETR/ 

TIM5_CH1 / 

TIM8_ETR/ 

EVENTOUT 

 

 

ADC123_IN0/WK

U P 

 

 

15 

 

 

PA1 

 

 

I/O 

USART2_RTS / 

UART4_RX/ 

ETH_RMII_REF_CLK 

/ ETH_MII_RX_CLK / 

TIM5_CH2 / 

TIM2_CH2/ 

EVENTOUT 

 

 

ADC123_IN1 

 

16 

 

PA2 

 

I/O 

USART2_TX/TIM5_CH

3/ TIM9_CH1 / 

TIM2_CH3 / 

ETH_MDIO/EVENTO

UT 

 

ADC123_IN2 

18 VSS S - - 

19 VDD S - - 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 2 

ʅʦʤʝʨ 

ʢʦʥʪʘʢʪʘ 

ʀʤʷ ʢʦʥʪʘʢʪʘ ʊʠʧ 

ʢʦʥʪʘʢʪʘ 

ɸʣʴʪʝʨʥʘʪʠʚʥʳʝ 

ʬʫʥʢʮʠʠ 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʬʫʥʢʮʠʠ 

 

 

20 

 

 

PA4 

 

 

I/O 

SPI1_NSS / SPI3_NSS / 

USART2_CK / 

DCMI_HSYNC / 

OTG_HS_SOF/ 

I2S3_WS/ EVENTOUT 

 

ADC12_IN4 

/DAC_OUT1 

 

21 

 

PA5 

 

I/O 

SPI1_SCK/ 

OTG_HS_ULPI_CK / 

TIM2_CH1_ETR/ 

TIM8_CH1N/EVENTO

UT 

 

ADC12_IN5/DAC

_ OUT2 

 

22 

 

PA6 

 

I/O 

SPI1_MISO / 

TIM8_BKIN/TIM13_CH

1 / 

DCMI_PIXCLK/TIM3_C

H1 

/ TIM1_BKIN/ 

EVENTOUT 

 

ADC12_IN6 

 

 

23 

 

 

PA7 

 

 

I/O 

SPI1_MOSI/ TIM8_CH1N 

/ 

TIM14_CH1/TIM3_CH2/ 

ETH_MII_RX 

 

 

ADC12_IN7 

 

24 

 

PC4 

 

I/O 

ETH_RMII_RX_D0 / 

ETH_MII_RX_D0/ 

EVENTOUT 

 

ADC12_IN14 

 

25 

 

PC5 

 

I/O 

ETH_RMII_RX_D1 / 

ETH_MII_RX_D1/ 

EVENTOUT 

 

ADC12_IN15 

 

26 

 

PB0 

 

I/O 

TIM3_CH3 

/TIM8_CH2N/ 

OTG_HS_ULPI_D1/ 

ETH_MII_RXD2 / 

TIM1_CH2N/EVENTO

UT 

 

ADC12_IN8 

 

27 

 

PB1 

 

I/O 

TIM3_CH4 

/TIM8_CH3N/ 

OTG_HS_ULPI_D2/ 

ETH_MII_RXD3 / 

TIM1_CH3N/EVENTO

UT 

 

ADC12_IN9 

28 PB2/BOOT1 

(PB2) 

I/O EVENTOUT - 
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ʀʤʷ ʢʦʥʪʘʢʪʘ ʊʠʧ 
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ʬʫʥʢʮʠʠ 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʬʫʥʢʮʠʠ 

 

 

29 

 

 

PB10 

 

 

I/O 

SPI2_SCK / I2S2_CK / 

I2C2_SCL/ 

USART3_TX/ 

OTG_HS_ULPI_D3 / 

ETH_MII_RX_ER / 

TIM2_CH3/EVENTOU

T 

 

 

- 

 

 

30 

 

 

PB11 

 

 

I/O 

I2C2_SDA/USART3_RX

/ OTG_HS_ULPI_D4 / 

ETH_RMII_TX_EN/ 

ETH_MII_TX_EN / 

TIM2_CH4/ 

EVENTOUT 

 

 

- 

31 VCAP_1 S - - 

32 VDD S - - 

 

 

 

33 

 

 

 

PB12 

 

 

 

I/O 

SPI2_NSS / I2S2_WS / 

I2C2_SMBA/ 

USART3_CK/ 

TIM1_BKIN/ CAN2_RX 

/ OTG_HS_ULPI_D5/ 

ETH_RMII_TXD0 / 

ETH_MII_TXD0/ 

OTG_HS_ID/EVENTOU

T 

 

 

 

- 

 

 

 

34 

 

 

 

PB13 

 

 

 

I/O 

SPI2_SCK / I2S2_CK / 

USART3_CTS/ 

TIM1_CH1N 

/CAN2_TX / 

OTG_HS_ULPI_D6 / 

ETH_RMII_TXD1 / 

ETH_MII_TX 

 

 

 

OTG_HS_VBUS 

 

 

35 

 

 

PB14 

 

 

I/O 

SPI2_MISO/ 

TIM1_CH2N / 

TIM12_CH1 / 

OTG_HS_DM/ 

USART3_RTS / 

TIM8_CH2N/I2S2ext_S

D/ EVENTOUT 

 

 

- 
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ʬʫʥʢʮʠʠ 

 

36 

 

PB15 

 

I/O 

SPI2_MOSI / I2S2_SD/ 

TIM1_CH3N 

/TIM8_CH3N 

/ TIM12_CH2 / 

OTG_HS_DP/EVENTO

UT 

 

RTC_REFIN 

 

 

37 

 

 

PC6 

 

 

I/O 

I2S2_MCK / 

TIM8_CH1/SDIO_D

6 / USART6_TX / 

DCMI_D0/TIM3_CH

1/ EVENTOUT 

 

 

- 

 

 

38 

 

 

PC7 

 

 

I/O 

I2S3_MCK / 

TIM8_CH2/SDIO_D

7 / USART6_RX / 

DCMI_D1/TIM3_CH

2/ EVENTOUT 

 

 

- 

 

39 

 

PC8 

 

I/O 

TIM8_CH3/SDIO_D0 

/TIM3_CH3/ 

USART6_CK / 

DCMI_D2/ EVENTOUT 

 

- 

 

40 

 

PC9 

 

I/O 

I2S_CKIN/ MCO2 / 

TIM8_CH4/SDIO_D

1 / 

/I2C3_SDA / 

DCMI_D3/ 

TIM3_CH4/EVENTO

UT 

 

- 

 

41 

 

PA8 

 

I/O 

MCO1 / 

USART1_CK/ 

TIM1_CH1/ 

I2C3_SCL/ 

OTG_FS_SOF/ 

EVENTOUT 

 

- 

 

42 

 

PA9 

 

I/O 

USART1_TX/ 

TIM1_CH2 / 

I2C3_SMBA / 

DCMI_D0/ EVENTOUT 

 

OTG_FS_VBUS 

 

43 

 

PA10 

 

I/O 

USART1_RX/ 

TIM1_CH3/ 

OTG_FS_ID/DCMI_D1/ 

EVENTOUT 

 

- 
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44 

 

PA11 

 

I/O 

USART1_CTS / 

CAN1_RX 

/ TIM1_CH4 / 

OTG_FS_DM/EVENTO

UT 

 

- 

 

45 

 

PA12 

 

I/O 

USART1_RTS / 

CAN1_TX/ TIM1_ETR/ 

OTG_FS_DP/ 

EVENTOUT 

 

- 

46 PA13 (JTMS-

SWDIO) 

I/O JTMS-SWDIO/ 

EVENTOUT 

- 

47 VCAP_2 S - - 

48 VDD S - - 

49 PA14 

(JTCK/SWCLK) 

I/O JTCK-SWCLK/ 

EVENTOUT 

- 

 

50 

PA15 

(JTDI) 

 

I/O 

JTDI/ SPI3_NSS/ 

I2S3_WS/TIM2_CH1_E

TR 

/ SPI1_NSS / 

EVENTOUT 

 

- 

 

51 

 

PC10 

 

I/O 

SPI3_SCK / I2S3_CK/ 

UART4_TX/SDIO_D2 / 

DCMI_D8 

/USART3_TX/ 

EVENTOUT 

 

- 

 

52 

 

PC11 

 

I/O 

UART4_RX/ 

SPI3_MISO / SDIO_D3 / 

DCMI_D4/USART3_RX 

/ I2S3ext_SD/ 

EVENTOUT 

 

- 

 

53 

 

PC12 

 

I/O 

UART5_TX/SDIO_C

K / DCMI_D9 / 

SPI3_MOSI 

/I2S3_SD / 

USART3_CK/  

 

- 

 

54 

 

PD2 

 

I/O 

TIM3_ETR/UART5_R

X/ SDIO_CMD / 

DCMI_D11/ 

EVENTOUT 

 

- 

 

 

 



 

  
 

ʀʟʤ. ʃʠʩʪ ˉ ʜʦʢʫʤ. ʇʦʜʧʠʩʴ ɼʘʪʘ 

ʃʠʩʪ 

45 
    ʖʋʨɻʋ ï ɼ.11.05.01.2017.317.00 ʇɿɺʂʇ 

ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 2 

ʅʦʤʝʨ 

ʢʦʥʪʘʢʪʘ 

ʀʤʷ ʢʦʥʪʘʢʪʘ ʊʠʧ 

ʢʦʥʪʘʢʪʘ 

ɸʣʴʪʝʨʥʘʪʠʚʥʳʝ 

ʬʫʥʢʮʠʠ 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʬʫʥʢʮʠʠ 

 

55 

PB3 

(JTDO/ 

TRACESWO) 

 

I/O 

JTDO/ TRACESWO/ 

SPI3_SCK / I2S3_CK / 

TIM2_CH2 / 

SPI1_SCK/ 

EVENTOUT 

 

- 

 

56 

PB4 

(NJTRST) 

 

I/O 

NJTRST/ SPI3_MISO / 

TIM3_CH1 / 

SPI1_MISO / 

I2S3ext_SD/ 

EVENTOUT 

 

- 

 

 

57 

 

 

PB5 

 

 

I/O 

I2C1_SMBA/ CAN2_RX 

/ OTG_HS_ULPI_D7 / 

ETH_PPS_OUT/TIM3_C

H2 

/ SPI1_MOSI/ SPI3_MOSI 

/ DCMI_D10 / I2S3_SD/ 

EVENTOUT 

 

 

- 

 

58 

 

PB6 

 

I/O 

I2C1_SCL/ TIM4_CH1 / 

CAN2_TX / 

DCMI_D5/USART1_TX

/ EVENTOUT 

 

- 

 

59 

 

PB7 

 

I/O 

I2C1_SDA / FSMC_NL 

/ DCMI_VSYNC  

 

- 

60 BOOT0 I - VPP 

 

 

61 

 

 

PB8 

 

 

I/O 

TIM4_CH3/SDIO_D4/ 

TIM10_CH1 / 

DCMI_D6 / 

ETH_MII_TXD3 / 

I2C1_SCL/ CAN1_RX/ 

EVENTOUT 

 

 

- 

 

 

62 

 

 

PB9 

 

 

I/O 

SPI2_NSS/ I2S2_WS / 

TIM4_CH4/ 

TIM11_CH1/ SDIO_D5 

/ DCMI_D7 / 

I2C1_SDA / 

CAN1_TX/ 

EVENTOUT 

 

 

- 

63 VSS S - - 

64 VDD S - - 
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2.2.2 ʆʧʠʩʘʥʠʝ ʦʧʝʨʘʮʠʦʥʥʦʛʦ ʫʩʠʣʠʪʝʣʷ OPA842ID 

ʆʩʦʙʝʥʥʦʩʪʠ ʦʧʠʩʘʥʠʷ: 

- ʝʜʠʥʩʪʚʝʥʥʘʷ ʯʘʩʪʦʪʘ: 400 ʄɻʮ; 

- ʧʨʦʜʫʢʮʠʷ gain-bandwidth: 200 ʄɻʮ; 

- ʥʠʟʢʠʡ ʚʭʦʜʥʦʡ ʰʫʤ: 2,6 ʥɺ/ãɻʮ; 

- ʦʯʝʥʴ ʥʠʟʢʦʝ ʟʘʪʫʭʘʥʠʝ: -93ʜɹʥ (5ʄɻʮ); 

- ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʫʩʠʣʝʥʠʷ: 110 ʜɹ; 

- ʥʠʟʢʠʡ ʫʨʦʚʝʥɹ  ʦʰʠʙʢʠ: 0,003% / 0,008 Áʉ; 

- ʥʠʟʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʨʠ ʫʩʠʣʝʥʠʠ; 

- ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʧʨʠʝʤʥʠʢ ʥʠʟʢʦʛʦ ʰʫʤʘ; 

- ʠʟʦʙʨʘʞʝʥʠʝ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ; 

- ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʝ ʢʘʯʝʩʪʚʦ ʟʚʫʢʘ; 

- ʦʙʥʦʚʣʝʥʠʝ OPA642. 

OPA842 ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʨʦʚʝʥʴ ʩʢʦʨʦʩʪʠ ʠ ʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ, 

ʨʘʥʝʝ ʥʝʜʦʩʪʠʞʠʤʳʡ ʚ ʤʦʥʦʣʠʪʥʦʤ ʦʧʝʨʘʮʠʦʥʥʦʤ ʫʩʠʣʠʪʝʣʝ. ʀʩʧʦʣʴʟʫʷ 

ʩʪʘʙʠʣʴʥʫʶ ʘʨʭʠʪʝʢʪʫʨʫ ʩ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ ʧʦ ʥʘʧʨʷʞʝʥʠʶ ʩ ʜʚʫʤʷ 

ʚʥʫʪʨʝʥʥʠʤʠ ʩʪʫʧʝʥʷʤʠ ʫʩʠʣʝʥʠʷ, OPA842 ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ 

ʥʠʟʢʦʝ ʛʘʨʤʦʥʠʯʝʩʢʦʝ ʠʩʢʘʞʝʥʠʝ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ. ʂʣʘʩʩʠʯʝʩʢʠʡ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʚʭʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʩʝ ʟʥʘʢʦʤʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ 

ʧʨʝʮʠʟʠʦʥʥʳʭ ʦʧʝʨʘʮʠʦʥʥʳʭ ʫʩʠʣʠʪʝʣʝʡ, ʪʘʢʠʭ ʢʘʢ ʦʪʢʣʶʯʝʥʠʝ ʪʦʢʘ 

ʩʤʝʱʝʥʠʷ ʠ ʦʯʝʥʴ ʥʠʟʢʠʡ ʠʥʚʝʨʪʠʨʫʶʱʠʡ ʪʦʢ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʰʠʨʦʢʦʧʦʣʦʩʥʳʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʫʩʠʣʝʥʠʷ/ʬʘʟʦʡ, 

ʥʠʟʢʦʚʦʣʴʪʥʳʤ ʰʫʤʦʤ ʠ ʚʳʩʦʢʠʤ ʚʳʭʦʜʥʳʤ ʪʦʢʦʤ, ʯʪʦ ʜʝʣʘʝʪ OPA842 

ʠʜʝʘʣʴʥʳʤ ʜʣʷ ʧʨʠʣʦʞʝʥʠʡ ʩ ʚʳʩʦʢʠʤ ʜʠʥʘʤʠʯʝʩʢʠʤ ʜʠʘʧʘʟʦʥʦʤ. 

ʉʪʘʙʠʣʴʥʦʩʪʴ ʫʩʠʣʝʥʠʷ ʜʝʣʘʝʪ OPA842 ʦʩʦʙʝʥʥʦ ʧʦʜʭʦʜʷʱʠʤ ʜʣʷ 
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ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʩʠʣʠʪʝʣʝʡ ʩ ʥʠʟʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʫʩʠʣʝʥʠʷ, 

ʫʩʠʣʠʪʝʣʝʡ ʪʨʘʥʩʠʤʧʝʜʘʥʩʘ, ʫʩʠʣʝʥʠʷ ʜʚʫʭ ʣʠʥʝʡʥʳʭ ʜʨʘʡʚʝʨʦʚ, 

ʰʠʨʦʢʦʧʦʣʦʩʥʳʭ ʠʥʪʝʛʨʘʪʦʨʦʚ ʠ ʙʫʬʝʨʦʚ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʩ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʠʩʢʘʞʝʥʠʡ (ADC). ɽʩʣʠ ʪʨʝʙʫʝʪʩʷ ʙʦʣʝʝ 

ʚʳʩʦʢʦʝ ʫʩʠʣʝʥʠʝ ʠʣʠ ʜʘʞʝ ʙʦʣʝʝ ʥʠʟʢʦʝ ʛʘʨʤʦʥʠʯʝʩʢʦʝ ʠʩʢʘʞʝʥʠʝ, 

ʨʘʩʩʤʦʪʨʠʪʝ OPA843 - ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʰʠʨʠʥʫ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʠ ʙʦʣʝʝ 

ʥʠʟʢʫʶ ʰʫʤʦʚʫʶ ʚʝʨʩʠʶ OPA842. 

ʅʘ ʨʠʩʫʥʢʝ 6 ʦʪʦʙʨʘʞʝʥʘ ʪʠʧʦʚʘʷ ʩʭʝʤʘ ʚʢʣʶʯʝʥʠʷ ʫʩʠʣʠʪʝʣʷ OPA842. 

 

 

 

 

 

 

 

 

 

  

 

ʈʠʩʫʥʦʢ 6 ï ʊʠʧʦʚʘʷ ʩʭʝʤʘ ʚʢʣʶʯʝʥʠʷ ʫʩʠʣʠʪʝʣʷ 

ʆʙʨʘʪʥʘʷ ʩʚʷʟʴ 

ʂʦʤʙʠʥʘʮʠʷ ʩʢʦʨʦʩʪʠ ʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʠʘʧʘʟʦʥʘ OPA842 ʣʝʛʢʦ 

ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʰʠʨʦʢʦʤ ʩʧʝʢʪʨʝ ʩʭʝʤ ʧʨʠʣʦʞʝʥʠʡ, ʦʙʝʩʧʝʯʠʚʘʷ ʩʦʙʣʶʜʝʥʠʝ 

ʧʨʦʩʪʳʭ ʧʨʠʥʮʠʧʦʚ ʭʦʨʦʰʝʡ ʧʨʦʝʢʪʥʦʡ ʧʨʘʢʪʠʢʠ. ʍʦʨʦʰʘʷ ʨʘʟʚʷʟʢʘ 

ʧʠʪʘʥʠʷ, ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʭ 

ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʠʩʢʘʞʝʥʠʡ ʠ ʧʣʘʚʥʦʛʦ ʯʘʩʪʦʪʥʦʛʦ ʦʪʢʣʠʢʘ. 

ʇʨʘʚʠʣʴʥʘʷ ʩʭʝʤʘ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ (PCB) ʠ ʪʱʘʪʝʣʴʥʳʡ ʚʳʙʦʨ 

ʢʦʤʧʦʥʝʥʪʦʚ ʤʘʢʩʠʤʠʟʠʨʫʶʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ OPA842 ʚʦ ʚʩʝʭ 

ʧʨʠʣʦʞʝʥʠʷʭ, ʢʘʢ ʦʧʠʩʘʥʦ ʚ ʩʣʝʜʫʶʱʠʭ ʨʘʟʜʝʣʘʭ ʵʪʦʡ ʩʧʝʮʠʬʠʢʘʮʠʠ. 
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ɹʦʣʴʰʠʥʩʪʚʦ ʢʨʠʚʳʭ ʙʳʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʠʩʪʦʯʥʠʢʦʚ ʩʠʛʥʘʣʘ ʩ ʠʤʧʝʜʘʥʩʦʤ 50 ʆʤ ʠ ʠʟʤʝʨʠʪʝʣʴʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, 

ʠʤʝʶʱʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘʛʨʫʟʢʠ 50 ʆʤ. 

ʉʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ ʩ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶOPA842 ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 7. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 7 ï ʉʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ ʩ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ 

 

ʈʘʙʦʪʘ OPA842 ʚ ʢʘʯʝʩʪʚʝ ʠʥʚʝʨʪʠʨʫʶʱʝʛʦ ʫʩʠʣʠʪʝʣʷ ʠʤʝʝʪ ʥʝʩʢʦʣʴʢʦ 

ʧʨʝʠʤʫʱʝʩʪʚ ʠ ʦʩʦʙʝʥʥʦ ʧʦʣʝʟʥʘ, ʢʦʛʜʘ ʪʨʝʙʫʝʪʩʷ ʩʦʛʣʘʩʦʚʘʥʥʳʡ ʠʩʪʦʯʥʠʢ 

50 ʆʤ ʠ ʚʭʦʜʥʦʡ ʠʤʧʝʜʘʥʩ. ʀʥʚʝʨʪʠʨʫʶʱʝʝ ʫʩʠʣʝʥʠʝ ʩʭʝʤʳ, ʠʩʧʦʣʴʟʫʝʤʦʝ ʚ 

ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʜʣʷ ʨʝʞʠʤʘ ʠʥʚʝʨʪʠʨʦʚʘʥʠʷ ʪʠʧʠʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ɺ ʠʥʚʝʨʪʠʨʫʶʱʝʤ ʩʣʫʯʘʝ ʪʦʣʴʢʦ ʨʝʟʠʩʪʦʨ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʧʦʷʚʣʷʝʪʩʷ 

ʢʘʢ ʯʘʩʪʴ ʦʙʱʝʡ ʚʳʭʦʜʥʦʡ ʥʘʛʨʫʟʢʠ ʧʘʨʘʣʣʝʣʴʥʦ ʩ ʬʘʢʪʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʦʡ. 

ɼʣʷ ʥʘʛʨʫʟʢʠ 100 ʆʤ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ, ʵʪʦ ʜʘʝʪ ʦʙʱʫʶ 

ʥʘʛʨʫʟʢʫ 80 ʆʤ ʚ ʵʪʦʡ ʠʥʚʝʨʪʠʨʫʶʱʝʡ ʢʦʥʬʠʛʫʨʘʮʠʠ. ʋʩʠʣʝʥʥʳʡ ʨʝʟʠʩʪʦʨ 

ʫʩʪʘʥʦʚʣʝʥ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʞʝʣʘʝʤʦʛʦ ʫʩʠʣʝʥʠʷ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 200 ʆʤ ʜʣʷ 

ʫʩʠʣʝʥʠʷ ʤʠʥʫʩ 2 ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʩʦʛʣʘʩʫʶʱʠʡ ʚʭʦʜʥʦʡ 

ʨʝʟʠʩʪʦʨ (R) ʤʦʞʝʪʯʪʦʙʳ ʫʩʪʘʥʦʚʠʪʴ ʧʦʣʥʦʝ ʚʭʦʜʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʨʘʚʥʦʝ 

ʠʩʪʦʯʥʠʢʫ, ʝʩʣʠ ʵʪʦ ʥʝʦʙʭʦʜʠʤʦ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ RM = 66,5 ʆʤ ʧʘʨʘʣʣʝʣʴʥʦ ʩ 

ʨʝʟʠʩʪʦʨʦʤ ʥʘʩʪʨʦʡʢʠ ʫʩʠʣʝʥʠʷ 200 ʆʤ ʜʘʝʪ ʩʦʛʣʘʩʦʚʘʥʥʳʡ ʚʭʦʜʥʦʡ 
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ʠʤʧʝʜʘʥʩ 50 ʆʤ. ʕʪʦ ʩʦʛʣʘʩʦʚʘʥʠʝ ʥʝʦʙʭʦʜʠʤʦ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʚʭʦʜ 

ʥʝʦʙʭʦʜʠʤʦ ʩʦʛʣʘʩʦʚʘʪʴ ʩ ʠʤʧʝʜʘʥʩʦʤ ʠʩʪʦʯʥʠʢʘ, ʢʘʢ ʠ ʧʨʠ ʪʝʩʪʠʨʦʚʘʥʠʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. OPA842 ʦʙʝʩʧʝʯʠʚʘʝʪ ʯʨʝʟʚʳʯʘʡʥʦ ʭʦʨʦʰʫʶ ʪʦʯʥʦʩʪʴ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, ʘ ʪʘʢʞʝ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʰʫʤʘ ʠ ʠʩʢʘʞʝʥʠʡ. ʏʪʦʙʳ ʚ 

ʧʦʣʥʦʡ ʤʝʨʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʫ ʪʦʯʥʦʩʪʴ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, ʧʦʣʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, ʩʤʦʪʨʷʱʝʝ ʠʟ ʢʘʞʜʦʛʦ ʚʭʦʜʥʦʛʦ ʫʟʣʘ, 

ʜʦʣʞʥʦ ʙʳʪʴ ʩʦʛʣʘʩʦʚʘʥʦ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʦʪʤʝʥʫ ʪʦʢʘ ʩʤʝʱʝʥʠʷ. ɼʣʷ ʵʪʦʛʦ 

ʪʨʝʙʫʝʪʩʷ, ʯʪʦʙʳ ʨʝʟʠʩʪʦʨ 147 ʆʤ ʧʦʢʘʟʳʚʘʣʩʷ ʥʘ ʟʝʤʣʝ ʥʘ 

ʥʝʠʥʚʝʨʪʠʨʫʶʱʝʤ ʚʭʦʜʝ. ʈʘʩʯʝʪ ʜʣʷ ʵʪʦʛʦ ʨʝʟʠʩʪʦʨʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʧʦʩʪʦʷʥʥʳʡ ʠʤʧʝʜʘʥʩ ʠʩʪʦʯʥʠʢʘ 50 ʆʤ ʩ ʧʦʩʪʦʷʥʥʳʤ ʪʦʢʦʤ ʩ RG ʠ RM. 

ʍʦʪʷ ʵʪʦʪ ʨʝʟʠʩʪʦʨ ʙʫʜʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʦʪʤʝʥʫ ʪʦʢʘ ʩʤʝʱʝʥʠʷ, ʦʥ ʜʦʣʞʝʥ 

ʙʳʪʴ ʭʦʨʦʰʦ ʨʘʟʚʷʟʘʥ ʜʣʷ ʬʠʣʴʪʨʘʮʠʠ ʰʫʤʦʚʦʛʦ ʚʢʣʘʜʘ ʨʝʟʠʩʪʦʨʘ ʠ ʰʫʤʦʚ 

ʚʭʦʜʥʦʛʦ ʪʦʢʘ. 

ʅʘ ʨʠʩʫʥʢʝ 8 ʠʟʦʙʨʘʞʝʥʘ ʥʚʝʨʪʠʨʫʶʱʘʷ ʩʭʝʤʘ OPA842. 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 8 ï ʀʥʚʝʨʪʠʨʫʶʱʘʷ ʩʭʝʤʘ OPA842 

 

ɹʫʬʝʨʳ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ɸʎʇ 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʣʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩ ɸʎʇ ʩ ʚʳʩʦʢʠʤ 

ʜʠʥʘʤʠʯʝʩʢʠʤ ʜʠʘʧʘʟʦʥʦʤ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʷʚʣʷʪʴ ʙʦʣʴʰʫʶ ʦʩʪʦʨʦʞʥʦʩʪʴ 

ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʭʝʤʳ ʠʥʪʝʨʬʝʡʩʘ ʚʭʦʜʥʦʛʦ ʫʩʠʣʠʪʝʣʷ. ʂʦʥʩʪʨʫʢʮʠʷ ʩʭʝʤʳ 

ʠʥʪʝʨʬʝʡʩʘ ʚʭʦʜʥʦʛʦ ʫʩʠʣʠʪʝʣʷ. ɸʩʠʥʭʨʦʥʥʳʡ ʠʥʪʝʨʬʝʡʩ ʩ ʦʯʝʥʴ ʚʳʩʦʢʠʤ 
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ʜʠʥʘʤʠʯʝʩʢʠʤ ʜʠʘʧʘʟʦʥʦʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ. ʕʪʦʪ ʧʨʠʤʝʨ ʩ ʧʦʜʢʣʶʯʝʥʠʝʤ 

ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʧʦʟʚʦʣʷʝʪ OPA842 ʨʘʙʦʪʘʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʘʧʘʟʦʥʘ 

ʩʠʛʥʘʣʦʚ, ʢʦʪʦʨʳʡ ʩʠʤʤʝʪʨʠʯʥʦ ʢʘʯʘʝʪʩʷ ʚʦʢʨʫʛ ʟʝʤʣʠ (0 ɺ).  

ʂʘʯʘʥʠʝ 2Vpp ʟʘʪʝʤ ʩʜʚʠʛʘʝʪʩʷ ʧʦ ʫʨʦʚʥʶ ʯʝʨʝʟ ʙʣʦʢʠʨʫʶʱʠʡ 

ʢʦʥʜʝʥʩʘʪʦʨ ʥʘ ʦʧʦʨʥʳʡ ʫʨʦʚʝʥʴ ʩʨʝʜʥʝʛʦ ʫʨʦʚʥʷ, ʢʦʪʦʨʳʡ ʩʦʟʜʘʝʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʭʦʨʦʰʦ ʨʘʟʚʷʟʘʥʥʦʛʦ ʨʝʟʠʩʪʠʚʥʦʛʦ ʜʝʣʠʪʝʣʷ ʦʪ ʚʥʫʪʨʝʥʥʠʭ 

ʦʧʦʨʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ. ʏʪʦʙʳ ʦʢʘʟʘʪʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʥʦʤʠʥʘʣʴʥʳʡ ʙʝʩʰʫʤʥʳʡ ʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ (SFDR) 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ, ʫʩʠʣʠʪʝʣʴ SFDR ʜʦʣʞʝʥ ʙʳʪʴ ʢʘʢ ʤʠʥʠʤʫʤ ʥʘ 10 ʜɹ 

ʙʦʣʴʰʝ, ʯʝʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ. OPA842 ʥʝ ʚʣʠʷʝʪ ʥʘ ʥʦʤʠʥʘʣʴʥʦʝ ʠʩʢʘʞʝʥʠʝ 

ADS850, ʫʯʠʪʳʚʘʷ ʝʛʦ 82ʜɹ SFDR ʧʨʠ 2Vpp, 5Mɻʮ. ɹʦʣʝʝ ʯʝʤ 9 ʜɹ SFDR ʜʣʷ 

OPA842 ʚ ʵʪʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʥʝ ʫʭʫʜʰʘʶʪ ʢʦʥʚʝʨʪʝʨ. 

ʋʩʧʝʰʥʦʝ ʧʨʠʤʝʥʝʥʠʝ OPA842 ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ɸʎʇ ʪʨʝʙʫʝʪ 

ʪʱʘʪʝʣʴʥʦʛʦ ʚʳʙʦʨʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʨʝʟʠʩʪʦʨʘ ʥʘ ʚʳʭʦʜʝ ʫʩʠʣʠʪʝʣʷ, ʘ 

ʪʘʢʞʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʰʫʥʪʠʨʫʶʱʝʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ ʥʘ ʚʭʦʜʝ ɸʎʇ. ɺ 

ʢʘʢʦʡ-ʪʦ ʩʪʝʧʝʥʠ ʚʳʙʦʨ ʵʪʦʡ RC-ʩʝʪʠ ʙʫʜʝʪ ʦʧʨʝʜʝʣʝʥ ʵʤʧʠʨʠʯʝʩʢʠ ʜʣʷ 

ʢʘʞʜʦʡ ʤʦʜʝʣʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ. ʄʥʦʛʠʝ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʂʄʆʇ-

ɸʎʇ, ʪʘʢʠʝ ʢʘʢ ADS850, ʨʘʙʦʪʘʶʪ ʣʫʯʰʝ ʩ ʰʫʥʪʠʨʫʶʱʠʤ ʢʦʥʜʝʥʩʘʪʦʨʦʤ ʥʘ 

ʚʭʦʜʥʦʤ ʰʪʳʨʝ. ʕʪʦʪ ʢʦʥʜʝʥʩʘʪʦʨ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʠʟʢʠʡ ʠʤʧʝʜʘʥʩ ʠʩʪʦʯʥʠʢʘ 

ʜʣʷ ʧʝʨʝʭʦʜʥʳʭ ʪʦʢʦʚ, ʩʦʟʜʘʚʘʝʤʳʭ ʧʨʦʮʝʩʩʦʤ ʚʳʙʦʨʢʠ. ʋʣʫʯʰʝʥʥʳʡ SFDR 

ʯʘʩʪʦ ʧʦʣʫʯʘʝʪʩʷ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ ʵʪʦʛʦ ʚʥʝʰʥʝʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ, ʟʥʘʯʝʥʠʝ 

ʢʦʪʦʨʦʛʦ ʯʘʩʪʦ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʚ ʵʪʦʤ ʣʠʩʪʝ ʜʘʥʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ. 

ɺʥʝʰʥʠʡ ʢʦʥʜʝʥʩʘʪʦʨ ʚ ʩʦʯʝʪʘʥʠʠ ʩʦ ʚʩʪʨʦʝʥʥʦʡ ʝʤʢʦʩʪʴʶ ʚʭʦʜʘ ɸʎʇ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʝʤʢʦʩʪʥʫʶ ʥʘʛʨʫʟʢʫ ʥʘ OPA842. ɹʝʟ ʨʝʟʠʩʪʦʨʘ ʩ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʠʟʦʣʷʮʠʝʡ ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ ʥʝʞʝʣʘʪʝʣʴʥʳʡ ʧʠʢ ʠʣʠ 

ʧʦʪʝʨʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʚ ʫʩʠʣʠʪʝʣʝ. 

ʇʦʩʢʦʣʴʢʫ ʪʦʢ ʩʤʝʱʝʥʠʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʚʭʦʜʘ CMOS ADC ʥʠʯʪʦʞʝʥ, 

ʨʝʟʠʩʪʦʨ ʥʝ ʚʣʠʷʝʪ ʥʘ ʦʙʱʫʶ ʪʦʯʥʦʩʪʴ ʫʩʠʣʝʥʠʷ ʠʣʠ ʩʤʝʱʝʥʠʷ.  
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ʆʜʠʥʦʯʥʳʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʫʩʠʣʠʪʝʣʴ 

ɸʨʭʠʪʝʢʪʫʨʘ ʩ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ ʧʦ ʥʘʧʨʷʞʝʥʠʶ OPA842 ʩ ʚʳʩʦʢʠʤ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʦʙʱʝʛʦ ʨʝʞʠʤʘ (CMRR) ʦʙʝʩʧʝʯʠʪ 

ʠʩʢʣʶʯʠʪʝʣʴʥʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚ ʢʦʥʬʠʛʫʨʘʮʠʷʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ 

ʫʩʠʣʠʪʝʣʷ. ʆʪʧʨʘʚʥʦʡ ʪʦʯʢʦʡ ʩʭʝʤʳ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʟʥʘʯʝʥʠʷ ʨʘʜʠʦʯʘʩʪʦʪʳ 

ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 200 ʜʦ 2 ʢʆʤ. ɹʦʣʝʝ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʫʤʝʥʴʰʘʶʪ ʪʨʝʙʫʝʤʳʡ 

RG, ʫʚʝʣʠʯʠʚʘʷ ʥʘʛʨʫʟʢʫ ʥʘ ʠʩʪʦʯʥʠʢ V2 ʠ ʥʘ ʚʳʭʦʜ OPA842. ɹʦʣʝʝ ʚʳʩʦʢʠʝ 

ʟʥʘʯʝʥʠʷ ʫʚʝʣʠʯʠʚʘʶʪ ʚʳʭʦʜʥʦʡ ʰʫʤ ʠ ʫʩʫʛʫʙʣʷʶʪ ʚʣʠʷʥʠʝ ʧʘʨʘʟʠʪʥʦʡ 

ʧʣʘʪʳ ʠ ʝʤʢʦʩʪʠ ʫʩʪʨʦʡʩʪʚʘ. ʇʦʩʣʝ ʚʳʙʦʨʘ RF, RG ʜʦʣʞʝʥ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥ 

ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʞʝʣʘʝʤʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʥʚʝʨʩʠʠ ʜʣʷ V2. ʇʦʤʥʠʪʝ, ʯʪʦ 

ʧʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ ʙʫʜʝʪ ʫʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʩ ʧʦʤʦʱʴʶ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ (GBP), ʜʝʣʝʥʥʦʛʦ ʥʘ ʫʩʠʣʝʥʠʝ 

ʰʫʤʘ (1 + RF/RG). ɼʣʷ ʪʦʯʥʦʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʦʧʝʨʘʮʠʠ (ʪʦ ʝʩʪʴ, 

ʭʦʨʦʰʝʛʦ CMRR) ʦʪʥʦʰʝʥʠʝ R2/R1 ʜʦʣʞʥʦ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʦ ʨʘʚʥʳʤ 

RF/RG. ʂʘʢ ʧʨʘʚʠʣʦ, ʣʫʯʰʝ ʚʩʝʛʦ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʘʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ R2 ʠ 

R1, ʨʘʚʥʳʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ RF ʠ RG; ʵʪʦ ʚʳʨʘʚʥʠʚʘʝʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʨʘʟʜʝʣʠʪʝʣʷ ʠ ʦʪʤʝʥʷʝʪ ʚʣʠʷʥʠʝ ʪʦʢʦʚ ʚʭʦʜʥʦʛʦ ʩʤʝʱʝʥʠʷ. ʆʜʥʘʢʦ ʠʥʦʛʜʘ 

ʧʦʣʝʟʥʦ ʤʘʩʰʪʘʙʠʨʦʚʘʪʴ ʟʥʘʯʝʥʠʷ R2 ʠ R1, ʯʪʦʙʳ ʨʝʛʫʣʠʨʦʚʘʪʴ ʥʘʛʨʫʟʢʫ ʥʘ 

ʠʩʪʦʯʥʠʢ V1 ʚʦʟʙʫʞʜʝʥʠʷ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʜʦʩʪʠʞʠʤʘʷ 

ʥʠʟʢʦʯʘʩʪʦʪʥʘʷ CMRR ʙʫʜʝʪ ʦʛʨʘʥʠʯʝʥʘ ʪʦʯʥʦʩʪʴʶ ʟʥʘʯʝʥʠʡ ʨʝʟʠʩʪʦʨʦʚ. 

85ʜɹ CMRR ʩʘʤʦʛʦ OPA842 ʥʝ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴ ʦʙʱʫʶ ʩʭʝʤʫ CMRR, ʝʩʣʠ 

ʩʦʦʪʥʦʰʝʥʠʝ ʨʝʟʠʩʪʦʨʦʚ ʥʝ ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʙʦʣʝʝ 0,003%. ɽʩʣʠ 

ʥʝʦʙʭʦʜʠʤʦ ʦʙʨʝʟʘʪʴ CMRR, ʪʦ R2 ʷʚʣʷʝʪʩʷ ʨʝʢʦʤʝʥʜʫʝʤʦʡ ʪʦʯʢʦʡ 

ʥʘʩʪʨʦʡʢʠ. 

ʅʘ ʨʠʩʫʥʢʝ 9 ʦʪʦʙʨʘʞʝʥʘ ʉʭʝʤʘ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ, 

ʦʜʥʦʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʩʠʣʠʪʝʣʷ. 
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ʈʠʩʫʥʦʢ 9 ï ʉʭʝʤʘ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ, ʦʜʥʦʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ 

ʫʩʠʣʠʪʝʣʷ 

ʊʦʧʦʣʦʛʠʷ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʷ 

ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʩʠʣʠʪʝʣʷ ʆʋ ʷʚʣʷʝʪʩʷ ʝʛʦ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʡ ʚʭʦʜʥʦʡ ʠʤʧʝʜʘʥʩ. ɽʩʣʠ ʪʨʝʙʫʝʪʩʷ ʚʳʩʦʢʠʡ ʠʤʧʝʜʘʥʩ 

ʥʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤ ʚʭʦʜʝ, ʩʪʘʥʜʘʨʪʥʘʷ ʪʦʧʦʣʦʛʠʷ ʫʩʠʣʠʪʝʣʷ (INA) ʤʦʞʝʪ 

ʙʳʪʴ ʧʦʩʪʨʦʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ OPA842 ʚ ʢʘʯʝʩʪʚʝ ʨʘʟʥʦʩʪʥʦʡ ʩʪʫʧʝʥʠ. ʅʘ 

ʨʠʩʫʥʢʝ 10 ʧʦʢʘʟʘʥ ʧʨʠʤʝʨ ʵʪʦʛʦ, ʚ ʢʦʪʦʨʦʤ ʜʚʘ ʚʭʦʜʥʳʭ ʫʩʠʣʠʪʝʣʷ 

ʫʧʘʢʦʚʳʚʘʶʪʩʷ ʚʤʝʩʪʝ ʢʘʢ ʜʚʦʡʥʦʡ ʦʧʝʨʘʮʠʦʥʥʳʡ ʫʩʠʣʠʪʝʣʴ ʩ ʦʙʨʘʪʥʦʡ 

ʩʚʷʟʴʶ ʧʦ ʥʘʧʨʷʞʝʥʠʶ, OPA2822. ʕʪʦʪ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʵʢʦʥʦʤʠʪʴ 

ʧʨʦʩʪʨʘʥʩʪʚʦ, ʩʪʦʠʤʦʩʪʴ ʠ ʤʦʱʥʦʩʪʴ ʧʣʘʪʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʜʚʫʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ OPA842 ʠ ʧʦ-ʧʨʝʞʥʝʤʫ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʯʝʥʴ 

ʭʦʨʦʰʠʝ ʰʫʤʦʚʳʝ ʠ ʠʩʢʘʞʘʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʟ-ʟʘ ʫʤʝʨʝʥʥʦʡ ʥʘʛʨʫʟʢʠ 

ʥʘ ʚʭʦʜʥʳʝ ʫʩʠʣʠʪʝʣʠ. ɺ ʵʪʦʡ ʩʭʝʤʝ ʫʩʠʣʝʥʠʝ ʩʠʥʬʘʟʥʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʚʳʭʦʜʝ 

ʚʩʝʛʜʘ ʨʘʚʥʦ ʦʜʠʥ ʠʟ-ʟʘ ʯʝʪʳʨʝʭ ʩʦʛʣʘʩʦʚʘʥʥʳʭ ʨʝʟʠʩʪʦʨʦʚ 500 ʆʤ, ʪʦʛʜʘ ʢʘʢ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʩʠʣʝʥʠʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ (1 + 2RF1/RG), ʢʦʪʦʨʦʝ ʨʘʚʥʦ 

ʜʚʘ.ɼʠʬʬʝʨʝʥʮʠʘʣ ʥʘ ʦʜʥʦʩʪʦʨʦʥʥʝʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚʩʝ ʝʱʝ ʚʳʧʦʣʥʷʝʪʩʷ 

ʚʳʭʦʜʥʳʤ ʢʘʩʢʘʜʦʤ OPA842. ɺʭʦʜʳ ʩ ʚʳʩʦʢʠʤ ʠʤʧʝʜʘʥʩʦʤ ʧʦʟʚʦʣʷʶʪ 

ʧʨʝʨʳʚʘʪʴ ʠʩʪʦʯʥʠʢʠ V1 ʠ V2 ʠʣʠ ʩʦʛʣʘʩʦʚʳʚʘʪʴ ʠʤʧʝʜʘʥʩ ʧʦ ʤʝʨʝ 
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ʥʝʦʙʭʦʜʠʤʦʩʪʠ. ɽʩʣʠ ʚʭʦʜʳ V1 ʠ V2 ʫʞʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʳ, 

ʥʘʧʨʠʤʝʨ, ʚʳʭʦʜ ʠʟ ʩʠʛʥʘʣʴʥʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʪʦ ʤʝʞʜʫ ʥʠʤʠ ʤʦʞʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʦʜʠʥ ʩʦʛʣʘʩʫʶʱʠʡ ʨʝʟʠʩʪʦʨ. ʇʦʤʥʠʪʝ, ʦʜʥʘʢʦ, ʯʪʦ ʜʣʷ ʚʭʦʜʘ 

V1 ʠ V2 ʚʩʝʛʜʘ ʜʦʣʞʝʥ ʩʫʱʝʩʪʚʦʚʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʡ ʢʘʥʘʣ ʩʠʛʥʘʣʘ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ; ʜʣʷ ʢʦʨʧʫʩʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʚʪʦʨʠʯʥʘʷ ʚʪʦʨʠʯʥʘʷ 

ʩʪʘʥʮʠʷ, ʧʦʜʢʣʶʯʝʥʥʘʷ ʢ ʟʝʤʣʝ, ʦʙʝʩʧʝʯʠʚʘʣʘ ʙʳ ʦʧʪʠʤʘʣʴʥʫʶ ʨʘʙʦʯʫʶ 

ʪʦʯʢʫ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. 

ʅʘ ʨʠʩʫʥʢʝ 10 ʠʟʦʙʨʘʞʝʥ ʰʠʨʦʢʦʧʦʣʦʩʥʳʡ ʪʨʦʡʥʦʡ ʫʩʠʣʠʪʝʣʴ. 

 

ʈʠʩʫʥʦʢ 10 ï ʐʠʨʦʢʦʧʦʣʦʩʥʳʡ ʪʨʦʡʥʦʡ ʫʩʠʣʠʪʝʣʴ 

ʋʩʠʣʠʪʝʣʴ ʎɸʇ 

ɺʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʮʠʬʨʦ-ʘʥʘʣʦʛʦʚʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ (ʎɸʇ) ʪʨʝʙʫʶʪ 

ʚʳʭʦʜʥʦʛʦ ʫʩʠʣʠʪʝʣʷ ʩ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʠʩʢʘʞʝʥʠʡ, ʯʪʦʙʳ ʩʦʭʨʘʥʠʪʴ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ SFDR ʚ ʨʝʘʣʴʥʳʭ ʥʘʛʨʫʟʢʘʭ. ɺ ʵʪʦʡ ʩʭʝʤʝ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʪʦʣʴʢʦ ʦʜʥʘ ʩʪʦʨʦʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʩʠʛʥʘʣʘ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ. ʅʘ 

ʜʠʘʛʨʘʤʤʝ ʧʦʢʘʟʘʥ ʚʳʭʦʜʥʦʡ ʪʦʢ ʩʠʛʥʘʣʘ, ʧʦʜʢʣʶʯʝʥʥʳʡ ʢ ʚʠʨʪʫʘʣʴʥʦʤʫ 

ʥʘʟʝʤʥʦʤʫ ʩʫʤʤʠʨʫʶʱʝʤʫ ʩʦʝʜʠʥʝʥʠʶ OPA842, ʢʦʪʦʨʳʡ ʥʘʩʪʨʦʝʥ ʢʘʢ 

ʩʪʫʧʝʥʴ ʪʨʘʥʩʠʤʧʝʜʘʥʩʘ ʠʣʠ I-V ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ. ʅʝʠʩʧʦʣʴʟʦʚʘʥʥʳʡ 
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ʚʳʭʦʜʥʦʡ ʪʦʢ ʎɸʇ ʧʦʜʢʣʶʯʝʥ ʢ ʟʝʤʣʝ. ɽʩʣʠ ʎɸʇ ʪʨʝʙʫʝʪ, ʯʪʦʙʳ ʝʛʦ 

ʚʳʭʦʜʳ ʙʳʣʠ ʦʩʪʘʥʦʚʣʝʥʳ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʥʘʧʨʷʞʝʥʠʶ, ʦʪʣʠʯʥʦʤʫ ʦʪ ʟʝʤʣʠ 

ʜʣʷ ʨʘʙʦʪʳ, ʪʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʫʨʦʚʝʥʴ ʥʘʧʨʷʞʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥ 

ʢ ʥʝʠʥʚʝʨʪʠʨʫʶʱʝʤʫ ʚʭʦʜʫ OPA842. ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʜʣʷ 

ʵʪʦʡ ʩʭʝʤʳ ʨʘʚʝʥ ɺʏ. ʅʘ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ ʚʳʭʦʜʥʘʷ ʝʤʢʦʩʪʴ ʎɸʇ ʙʫʜʝʪ 

ʛʝʥʝʨʠʨʦʚʘʪʴ ʥʫʣʴ ʚ ʢʦʵʬʬʠʮʠʝʥʪʝ ʫʩʠʣʝʥʠʷ ʰʫʤʘ ʜʣʷ OPA842, ʢʦʪʦʨʳʡ 

ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʧʠʢʦʚʫʶ ʯʘʩʪʦʪʫ ʚ ʟʘʤʢʥʫʪʦʤ ʢʦʥʪʫʨʝ. CF ʜʦʙʘʚʣʷʝʪʩʷ ʯʝʨʝʟ 

RF ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʵʪʦʛʦ ʧʠʢʘ ʫʩʠʣʝʥʠʷ ʰʫʤʘ.ʈʝʘʣʠʟʘʮʠʷ ʚʳʭʦʜʥʦʛʦ 

ʧʨʠʚʦʜʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 11. 

 

 

ʈʠʩʫʥʦʢ 11 ï ʐʠʨʦʢʦʧʦʣʩʥʳʡ, ʥʠʟʢʦʨʝʟʠʩʪʦʨʥʳʡ ʎɸʇ 

ɸʢʪʠʚʥʳʝ ʬʠʣʴʪʨʳ 

ɹʦʣʴʰʠʥʩʪʚʦ ʘʢʪʠʚʥʳʭ ʪʦʧʦʣʦʛʠʡ ʬʠʣʴʪʨʘ ʙʫʜʫʪ ʠʤʝʪʴ 

ʠʩʢʣʶʯʠʪʝʣʴʥʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʠʩʧʦʣʴʟʫʷ ʰʠʨʦʢʫʶ ʧʦʣʦʩʫ 

ʧʨʦʧʫʩʢʘʥʠʷ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ OPA842. ʊʦʧʦʣʦʛʠʠ, 

ʠʩʧʦʣʴʟʫʶʱʠʝ ʝʤʢʦʩʪʥʫʶ ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ, ʪʨʝʙʫʶʪ ʩʪʘʙʠʣʴʥʦʛʦ, 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʦ ʥʘʧʨʷʞʝʥʠʶ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʦʧʝʨʘʮʠʦʥʥʦʛʦ 

ʫʩʠʣʠʪʝʣʷ. ʌʠʣʴʪʨʳ Sallen-Key ʧʨʦʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʦʧʝʨʘʮʠʦʥʥʳʡ ʫʩʠʣʠʪʝʣʴ 
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ʢʘʢ ʥʝʠʥʚʝʨʪʠʨʫʶʱʠʡ ʫʨʦʚʝʥʴ ʫʩʠʣʝʥʠʷ ʚʥʫʪʨʠ RC-ʩʝʪʠ. ɺ ʨʝʘʣʠʟʘʮʠʷʭ 

Sallen-Key ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʦʧʝʨʘʮʠʦʥʥʳʝ ʫʩʠʣʠʪʝʣʠ ʩ ʪʦʢʦʚʦʡ ʠʣʠ 

ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ ʧʦ ʥʘʧʨʷʞʝʥʠʶ. 

ʅʠʟʢʦʯʘʩʪʦʪʥʳʡ ʬʠʣʴʪʨ Sallen-Key, ʚ ʢʦʪʦʨʦʤ OPA842 ʥʘʩʪʨʦʝʥ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʫʩʠʣʝʥʠʷ ʧʣʶʩ 2. ɿʥʘʯʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ 

ʬʠʣʴʪʨʘ ʙʳʣʠ ʚʳʙʨʘʥʳ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦ ʧʣʦʩʢʦʛʦ ʦʪʚʝʪʘ 

ɹʘʪʪʝʨʚʦʨʪʘ ʩ ʧʦʣʦʩʦʡ ʧʨʦʧʫʩʢʘʥʠʷ 5 ʄɻʮ, ʤʠʥʫʩ 3 ʜɹ. ɿʥʘʯʝʥʠʷ ʨʝʟʠʩʪʦʨʦʚ 

ʙʳʣʠ ʩʣʝʛʢʘ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʳ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʵʬʬʝʢʪʦʚ ʧʦʣʦʩʳ 

ʧʨʦʧʫʩʢʘʥʠʷ 150 ʄɻʮ, ʧʨʝʜʦʩʪʘʚʣʝʥʥʦʡ OPA842 ʚ ʵʪʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ. ʕʪʦʪ 

ʬʠʣʴʪʨ ʤʦʞʝʪ ʩʦʯʝʪʘʪʴʩʷ ʩ ʧʨʝʜʣʦʞʝʥʠʷʤʠ ʜʨʘʡʚʝʨʘ ɸʎʇ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʫʤʝʨʝʥʥʦʡ (ʜʚʫʭʧʦʣʶʩʥʦʡ) ʬʠʣʴʪʨʘʮʠʠ ʅʘʡʢʚʠʩʪʘ, ʦʛʨʘʥʠʯʝʥʠʷ ʰʫʤʘ ʠ 

ʚʥʝʧʦʣʦʩʥʳʭ ʛʘʨʤʦʥʠʢ ʚʦ ʚʭʦʜ ɸʎʇ. ʕʪʦʪ ʬʠʣʴʪʨ ʙʫʜʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʠʟʢʦʝ ʛʘʨʤʦʥʠʯʝʩʢʦʝ ʠʩʢʘʞʝʥʠʝ, ʪʨʝʙʫʝʤʦʝ ʚʳʩʦʢʠʤʠ ɸʎʇ 

SFDR, ʪʘʢʠʤʠ ʢʘʢ ADS850 (14 ʙʠʪ, 10MSPS, 82 ʜɹ SFDR). 

ʅʘ ʨʠʩʫʥʢʝ 12 ʦʪʦʙʨʘʞʝʥ ʥʠʟʢʦʯʘʩʪʦʪʥʳʡ ʘʢʪʠʚʥʳʡ ʬʠʣʴʪʨ 

ɹʘʪʪʝʨʬʦʨʜʘ. 

 

ʈʠʩʫʥʦʢ 12 ï ʅʠʟʢʦʯʘʩʪʦʪʥʳʡ ʘʢʪʠʚʥʳʡ ʬʠʣʴʪʨ ɹʘʪʪʝʨʬʦʨʜʘ 
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ʊʝʧʣʦʚʦʡ ʘʥʘʣʠʟ 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ OPA842 ʥʝ ʧʦʪʨʝʙʫʝʪ ʪʝʧʣʦʦʪʜʘʯʠ ʠʣʠ 

ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʞʝʣʘʝʤʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʝʨʝʭʦʜʘ 

ʫʩʪʘʥʦʚʠʣʘ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʫʶ ʚʥʫʪʨʝʥʥʶʶ ʨʘʩʩʝʠʚʘʝʤʫʶ ʤʦʱʥʦʩʪʴ, 

ʢʘʢ ʦʧʠʩʘʥʦ ʥʠʞʝ. ɺ ʣʶʙʦʤ ʩʣʫʯʘʝ ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʝʨʝʭʦʜʘ ʥʝ 

ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ ʧʣʶʩ 175ÁC. 

ʉʫʤʤʘʨʥʘʷ ʚʥʫʪʨʝʥʥʷʷ ʨʘʩʩʝʠʚʘʝʤʘʷ ʤʦʱʥʦʩʪʴ (PD) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʫʤʤʫ ʧʦʢʦʷ (PDQ) ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʤʦʱʥʦʩʪʴ, ʨʘʩʩʝʠʚʘʝʤʫʶ ʥʘ 

ʚʳʭʦʜʥʦʤ ʢʘʩʢʘʜʝ (PDL) ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʤʦʱʥʦʩʪʠ ʥʘʛʨʫʟʢʠ. ʉʠʣʘ ʧʦʢʦʷ - 

ʵʪʦ ʧʨʦʩʪʦ ʟʘʜʘʥʥʳʡ ʪʦʢ ʧʠʪʘʥʠʷ ʙʝʟ ʥʘʛʨʫʟʢʠ, ʫʤʥʦʞʝʥʥʳʡ ʥʘ ʦʙʱʝʝ 

ʥʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ ʥʘ ʯʘʩʪʠ. PDL ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʪʨʝʙʫʝʤʦʛʦ ʚʳʭʦʜʥʦʛʦ 

ʩʠʛʥʘʣʘ ʠ ʥʘʛʨʫʟʢʠ, ʥʦ ʜʣʷ ʟʘʟʝʤʣʝʥʥʦʡ ʨʝʟʠʩʪʠʚʥʦʡ ʥʘʛʨʫʟʢʠ ʙʫʜʝʪ 

ʤʘʢʩʠʤʘʣʴʥʳʤ, ʝʩʣʠ ʚʳʭʦʜ ʟʘʬʠʢʩʠʨʦʚʘʥ ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ, ʨʘʚʥʦʤ 1/2 ʦʪ 

ʣʶʙʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʠʪʘʥʠʷ (ʜʣʷ ʨʘʚʥʳʭ ʙʠʧʦʣʷʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ). ɺ ʵʪʦʤ 

ʭʫʜʰʝʤ ʩʣʫʯʘʝ  

PDL = VS2 / (4 Ā RL),              (2.2) 

ʛʜʝ RL ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʟʘʛʨʫʟʢʫ ʩʝʪʠ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ. 

ʆʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʵʪʦ ʤʦʱʥʦʩʪʴ ʥʘ ʚʳʭʦʜʥʦʤ ʢʘʩʢʘʜʝ, ʘ ʥʝ 

ʥʘʛʨʫʟʢʘ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪ ʚʥʫʪʨʝʥʥʶʶ ʨʘʩʩʝʠʚʘʝʤʫʶ ʤʦʱʥʦʩʪʴ. 
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2.2.3 ʆʧʠʩʘʥʠʝ ʩʪʘʙʠʣʠʟʘʪʦʨʘ ʥʘʧʨʷʞʝʥʠʷLM1117 

ʉʪʘʙʠʣʠʟʘʪʦʨ ʥʘʧʨʷʞʝʥʠʷ ï ʫʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ ʧʦʜʜʝʨʞʠʚʘʝʪ 

ʚʳʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʚ ʟʘʜʘʥʥʳʭ ʧʨʝʜʝʣʘʭ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʝʙʘʥʠʷ 

ʚʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʘ. 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝʤ ʤʳ ʚʳʙʨʘʣʠ ʩʪʘʙʠʣʠʟʘʪʦʨ ʩ ʤʘʣʳʤ ʧʘʜʝʥʠʝʤ 

ʥʘʧʨʷʞʝʥʠʷ ï LM1117, ʢʦʪʦʨʳʡ ʠʟʙʦʨʘʞʝʥ ʥʘ ʨʠʩʫʥʢʝ 13. 

 

 

ʈʠʩʫʥʦʢ 13- ɺʥʝʰʥʠʡ ʚʠʜ ʩʪʘʙʠʣʠʟʘʪʦʨʘ ʥʘʧʨʷʞʝʥʠʷ 

ɼʘʥʥʳʡ ʩʪʘʙʠʣʠʟʘʪʦʨ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʜʦ 800ʤɸ. 

2.2.4 ʆʧʠʩʘʥʠʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʫʨʦʚʥʷ FT232RL 

ʅʘ ʨʠʩʫʥʢʝ 14 ʠʟʦʙʨʘʞʝʥ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʫʨʦʚʥʷ FT232RL. 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 14 ï ɺʥʝʰʥʠʡ ʚʠʜ FT232RL 
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ʆʩʦʙʝʥʥʦʩʪʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʫʨʦʚʥʷ 

FT232R - ʵʪʦ ʠʥʪʝʨʬʝʡʩ USB ʜʣʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ UART 

ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʨʘʩʰʠʨʝʥʥʳʤʠ ʬʫʥʢʮʠʷʤʠ: 

- ʦʜʠʥ ʯʠʧ USB ʜʣʷ ʘʩʠʥʭʨʦʥʥʦʛʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ; 

- ʚʝʩʴ ʧʨʦʪʦʢʦʣ USB ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʥʘ ʯʠʧʝ. ʇʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ 

ʧʨʦʰʠʚʢʠ ʥʝ ʪʨʝʙʫʝʪʩʷ; 

- ʧʦʣʥʦʩʪʴʶ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʜʝʩʢʨʠʧʪʦʨʳ ʫʩʪʨʦʡʩʪʚʘ EEPROM ʩ 1024 

ʙʠʪ EEPROM ʠ ʢʦʥʬʠʛʫʨʘʮʠʷ ʚʚʦʜʘ-ʚʳʚʦʜʘ CBUS; 

- ʧʦʣʥʦʩʪʴʶ ʚʩʪʨʦʝʥʥʳʝ ʨʝʟʠʩʪʦʨʳ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ USB; 

- ʧʦʣʥʦʩʪʴʶ ʚʩʪʨʦʝʥʥʘʷ ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʚʥʝʰʥʝʛʦ 

ʢʨʠʩʪʘʣʣʘ ʧʣʶʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʚʳʙʦʨ ʚʳʭʦʜʥʦʛʦ ʪʘʢʪʦʚʦʛʦ ʩʠʛʥʘʣʘ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʙʝʩ ʢʣʶʯʝʚʦʡ ʠʥʪʝʨʬʝʡʩ ʜʣʷ ʚʥʝʰʥʝʛʦ MCU ʠʣʠ FPGA; 

- ʧʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʦʪ 300 ʙʠʪ  ʜʦ 3 ʄʙʠʪ (RS422, RS485, 

RS232) ʥʘ ʫʨʦʚʥʷʭ TTL; 

- 256-ʙʘʡʪʦʚʳʡ ʧʨʠʝʤʥʳʡ ʙʫʬʝʨ ʠ 128-ʙʘʡʪʦʚʳʡ ʙʫʬʝʨ ʧʝʨʝʜʘʯʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʩʛʣʘʞʠʚʘʥʠʷ ʙʫʬʝʨʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʡ 

ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʜʘʥʥʳʭ; 

- ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʜʨʘʡʚʝʨ FTDI ʙʝʟ ʣʠʮʝʥʟʠʦʥʥʳʭ ʧʣʘʪʝʞʝʡ 

(VCP) ʠ Direct (D2XX) ʫʩʪʨʘʥʷʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʜʨʘʡʚʝʨʦʚ USB; 

- ʫʥʠʢʘʣʴʥʘʷ ʬʫʥʢʮʠʷ USB FTDIChip-ID; 

- ʢʦʥʬʠʛʫʨʠʨʫʝʤʳʝ ʢʦʥʪʘʢʪʳ ʚʚʦʜʘ / ʚʳʚʦʜʘ CBUS; 

- ʧʝʨʝʜʘʚʘʪʴ ʠ ʧʨʠʥʠʤʘʪʴ ʩʠʛʥʘʣʳ ʩʚʝʪʦʜʠʦʜʥʦʛʦ ʧʨʠʚʦʜʘ; 

-ʙʫʬʝʨʳ ʧʨʠʝʤʘ ʠ ʧʝʨʝʜʘʯʠ FIFO ʜʣʷ ʚʳʩʦʢʦʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ; 

- ʫʩʪʨʦʡʩʪʚʦ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʥʦʝ ʩ ʫʥʠʢʘʣʴʥʳʤ 

ʩʝʨʠʡʥʳʤ ʥʦʤʝʨʦʤ USB; 

- ʧʦʜʜʝʨʞʠʚʘʝʪ ʢʦʥʬʠʛʫʨʘʮʠʠ USB ʩ ʧʠʪʘʥʠʝʤ ʦʪ ʰʠʥʳ, ʘʚʪʦʥʦʤʥʦʛʦ 

ʧʠʪʘʥʠʷ ʠ ʚʳʩʦʢʦʡ ʤʦʱʥʦʩʪʠ.; 
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- ʚʩʪʨʦʝʥʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʫʨʦʚʥʷʧʣʶʩ 3,3 ɺ ʜʣʷ ʚʚʦʜʘ / ʚʳʚʦʜʘ 

USB; 

- ʚʩʪʨʦʝʥʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʫʨʦʚʥʷ ʥʘ UART ʠ CBUS ʜʣʷ ʩʦʧʨʷʞʝʥʠʷ 

ʤʝʞʜʫ ʣʦʛʠʢʦʡ ʧʣʶʩ 1,8 ɺ ʠ ʧʣʶʩ 5 ɺ; 

- ʠʩʧʦʣʴʟʫʶʪʩʷ  5 ɺ / 3,3 ɺ / 2,8 ɺ / 1,8ɺ CMOS ʚʳʭʦʜ ʠ TTL-ʚʭʦʜ; 

- ʢʦʥʬʠʛʫʨʠʨʫʝʤʘʷ ʩʠʣʘ ʚʳʚʦʜʘ ʚʳʭʦʜʥʦʛʦ ʢʦʥʪʘʢʪʘ I/O; 

- ʚʩʪʨʦʝʥʥʘʷ ʩʭʝʤʘ ʚʢʣʶʯʝʥʠʷ ʧʠʪʘʥʠʷ; 

- ʧʦʣʥʦʩʪʴʶ ʠʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʬʠʣʴʪʨʘʮʠʷ ʧʦʜʘʯʠ AVCC - ʥʝ ʪʨʝʙʫʝʪʩʷ 

ʚʥʝʰʥʷʷ ʬʠʣʴʪʨʘʮʠʷ; 

- ʦʧʮʠʷ ʠʥʚʝʨʩʠʠ ʩʠʛʥʘʣʘ UART; 

- ʦʪ ʧʣʶʩ 3,3 ɺ ʜʦ ʧʣʶʩ 5,25 ɺ; 

- ʥʠʟʢʠʡ ʨʘʙʦʯʠʡ ʪʦʢ ʠ ʧʨʠʦʩʪʘʥʦʚʢʘ USB; 

- ʥʠʟʢʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ USB; 

- ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʩ ʭʦʩʪ-ʢʦʥʪʨʦʣʣʝʨʦʤ UHCI / OHCI / EHCI; 

- ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʩ USB 2.0 Full Speed.; 

- ʜʠʘʧʘʟʦʥ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ ʦʪ ʤʠʥʫʩ 40ÁC ʜʦ 85ÁC; 

ʆʙʣʘʩʪʠ  ʧʨʠʤʝʥʝʥʠʷ 

- ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ USB ʚ RS232 / RS422 / RS485; 

- ʦʙʥʦʚʣʝʥʠʝ ʫʩʪʘʨʝʚʰʠʭ ʧʝʨʠʬʝʨʠʡʥʳʭ ʫʩʪʨʦʡʩʪʚ ʜʦ USB; 

- ʢʘʙʝʣʠ ʠ ʠʥʪʝʨʬʝʡʩʳ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʩʦʪʦʚʦʛʦ ʠ ʙʝʩʧʨʦʚʦʜʥʦʛʦ 

ʪʝʣʝʬʦʥʘ USB; 

- ʧʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʂʇʂ ʠ USB; 

- USB-ʩʯʠʪʳʚʘʪʝʣʠ ʩʤʘʨʪ-ʢʘʨʪ; 

- ʧʨʦʤʳʰʣʝʥʥʳʡ ʢʦʥʪʨʦʣʴ USB; 

- ʠʥʪʝʨʬʝʡʩ USB-ʧʣʝʝʨʘ USB; 

- USB-ʫʩʪʨʦʡʩʪʚʦ ʯʪʝʥʠʷ FLASH-ʢʘʨʪ ʠ Writers; 

- ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʇʂ Top Box ï USB; 

- ʠʥʪʝʨʬʝʡʩ USB ʮʠʬʨʦʚʦʡ ʢʘʤʝʨʳ; 
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- ʤʦʜʝʤ USB-ʫʩʪʨʦʡʩʪʚʘ; 

- ʙʝʩʧʨʦʚʦʜʥʳʝ ʤʦʜʝʤʳ USB; 

- USB-ʩʯʠʪʳʚʘʪʝʣʠ ʰʪʨʠʭ-ʢʦʜʦʚ; 

- USB-ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʠ ʘʧʧʘʨʘʪʥʳʝ ʢʣʶʯʠ ʰʠʬʨʦʚʘʥʠʷ. 

ɺʭʦʜʥʳʝ ʠ ʚʳʭʦʜʥʳʝ ʢʦʥʪʘʢʪʳFT232RL 

ʅʘ ʨʠʩʫʥʢʝ 15 ʠʟʦʙʨʘʞʝʥʦ ʥʘʠʤʝʥʦʚʘʥʠʝ ʢʦʥʪʘʢʪʦʚ FT232RL. 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 15 ï ʅʘʠʤʝʥʦʚʘʥʠʝ ʢʦʥʪʘʢʪʦʚFT232RL 

ʅʘ ʨʠʩʫʥʢʝ 16 ʠʟʦʙʨʘʞʝʥʳʩʛʨʫʧʧʠʨʦʚʘʥʥʳʝ ʢʦʥʪʘʢʪFrT232RL. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 16 ï ʉʛʫʧʠʨʦʚʘʥʥʳʝ ʢʦʥʪʘʢʪʳFT232RL 
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ɺ ʪʘʙʣʠʮʝ 3 ʦʧʠʩʘʥʳ ʠʥʪʝʨʬʝʡʩ rUART ʠ CUSB Group. 

ʊʘʙʣʠʮʘ 3 - ʀʥʪʝʨʬʝʡʩ UART ʠ CUSB Group 

ʅʦʤʝʨ ʅʘʠʤʝʥʦʚʘʥʠʝ ʊʠʧ ʆʧʠʩʘʥʠʝ 

 

13 

 

CBUS2 

 

I/O 

ʂʦʥʬʠʛʫʨʠʨʫʝʤʳʡ ʢʦʥʪʘʢʪ ʚʚʦʜʘ / 

ʚʳʚʦʜʘ CBUS. ʌʫʥʢʮʠʷ ʵʪʦʛʦ 

ʰʪʳʨʷ ʥʘʩʪʨʘʠʚʘʝʪʩʷ ʚ ʚʥʫʪʨʝʥʥʝʡ 

EEPROM ʫʩʪʨʦʡʩʪʚʘ. ɿʘʚʦʜʩʢʘʷ 

ʥʘʩʪʨʦʡʢʘ ʧʦ ʫʤʦʣʯʘʥʠʶ - TXDEN 

 

14 

 

CBUS3 

 

I/O 

ʂʦʥʬʠʛʫʨʠʨʫʝʤʳʡ ʢʦʥʪʘʢʪ ʚʚʦʜʘ / 

ʚʳʚʦʜʘ CBUS. ʌʫʥʢʮʠʷ ʵʪʦʛʦ ʰʪʳʨʷ 

ʥʘʩʪʨʘʠʚʘʝʪʩʷ ʚ ʚʥʫʪʨʝʥʥʝʡ 

EEPROM ʫʩʪʨʦʡʩʪʚʘ. ɿʘʚʦʜʩʢʘʷ 

ʥʘʩʪʨʦʡʢʘ ʧʦ ʫʤʦʣʯʘʥʠʶ PWREN 

 

22 

 

CBUS1 

 

I/O 

ʂʦʥʬʠʛʫʨʠʨʫʝʤʳʡ ʢʦʥʪʘʢʪ ʚʚʦʜʘ / 

ʚʳʚʦʜʘ CBUS. ʌʫʥʢʮʠʷ ʵʪʦʛʦ 

ʰʪʳʨʷ ʥʘʩʪʨʘʠʚʘʝʪʩʷ ʚ ʚʥʫʪʨʝʥʥʝʡ 

EEPROM ʫʩʪʨʦʡʩʪʚʘ. ɿʘʚʦʜʩʢʘʷ 

ʥʘʩʪʨʦʡʢʘ ʧʦ ʫʤʦʣʯʘʥʠʶ RXLED 

 

23 

 

CBUS0 

 

I/O 

ʂʦʥʬʠʛʫʨʠʨʫʝʤʳʡ ʢʦʥʪʘʢʪ ʚʚʦʜʘ / 

ʚʳʚʦʜʘ CBUS. ʌʫʥʢʮʠʷ ʵʪʦʛʦ 

ʰʪʳʨʷ ʥʘʩʪʨʘʠʚʘʝʪʩʷ ʚ ʚʥʫʪʨʝʥʥʝʡ 

EEPROM ʫʩʪʨʦʡʩʪʚʘ. ɿʘʚʦʜʩʢʘʷ 

ʥʘʩʪʨʦʡʢʘ ʧʦ ʫʤʦʣʯʘʥʠʶ TXLED 

 

ɺ ʪʘʙʣʠʮʝ 4 ʦʧʠʩʘʥʳ ʜʨʫʛʠʝ ʛʨʫʧʧʳ ʩʠʛʥʘʣʦʚFT232RL. 

ʊʘʙʣʠʮʘ 4 ï ɼʨʫʛʘʷ ʛʨʫʧʧʘ ʩʠʛʥʘʣʦʚ 
ʅʦʤʝʨ ʅʘʠʤʝʥʦʚʘʥʠʝ ʊʠʧ ʆʧʠʩʘʥʠʝ 

8, 24 NC NC ʅʝʪ ʚʥʫʪʨʝʥʥʝʡ ʩʚʷʟʠ 

 

19 

 

RESET# 

 

Input 

ɸʢʪʠʚʥʳʡ ʥʠʟʢʠʡ ʩʙʨʦʩ. ʕʪʦ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʥʝʰʥʠʤ 

ʫʩʪʨʦʡʩʪʚʦʤ ʜʣʷ ʩʙʨʦʩʘ FT232R. 

ɽʩʣʠ ʥʝ ʪʨʝʙʫʝʪʩʷ, ʝʛʦ ʤʦʞʥʦ 

ʦʪʢʣʶʯʠʪʴ ʠʣʠ ʧʦʜʢʣʶʯʠʪʴ ʢ VCC. 

 

26 

 

TEST 

 

Input 

ʇʝʨʝʚʦʜʠʪ ʫʩʪʨʦʡʩʪʚʦ ʚ 

ʨʝʞʠʤ ʪʝʩʪʠʨʦʚʘʥʠʷ IC. ɼʣʷ 

ʥʦʨʤʘʣʴʥʦʡ ʨʘʙʦʪʳ ʜʦʣʞʝʥ 

ʙʳʪʴ ʧʨʠʚʷʟʘʥ ʢ GND, ʠʥʘʯʝ 

ʫʩʪʨʦʡʩʪʚʦ ʥʝ ʙʫʜʝʪ 

ʢʦʨʨʝʢʪʥʦ ʨʘʙʦʪʘʪʴ. 

 

27 

 

OSCI 

 

Input 

ɺʭʦʜʥʘʷ ʷʯʝʡʢʘ ʦʩʮʠʣʣʷʪʦʨʘ 12 ʄɻʮ. 

ʊʘʢ ʞʝ ʤʦʞʝʪ ʙʳʪʴ ʥʝ ʧʦʜʢʣʶʯʝʥ ʜʣʷ 

ʥʦʨʤʘʣʴʥʦʡ ʨʘʙʦʪʳ.  

 

28 

 

OSCO 

 

Output 

ɺʳʭʦʜ ʠʟ ʷʯʝʡʢʠ ʦʩʮʠʣʣʷʪʦʨʘ 12 ʄɻʮ. 

ʊʘʢ ʞʝ ʤʦʞʝʪ ʙʳʪʴ ʥʝ ʧʦʜʢʣʶʯʝʥ ʜʣʷ 

ʥʦʨʤʘʣʴʥʦʡ ʨʘʙʦʪʳ , ʝʩʣʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʥʫʪʨʝʥʥʠʡ ʦʩʮʠʣʣʷʪʦʨ 
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ɺ ʪʘʙʣʠʮʝ 5 ʦʧʠʩʘʥʳ ʧʠʪʘʥʠʝ ʠ ʟʘʟʝʤʣʝʥʠʝ ʢʦʥʪʘʢʪʦʚ FT232RL. 

ʊʘʙʣʠʮʘ 5 ï ʇʠʪʘʥʠʝ ʠ ʟʘʟʝʤʣʝʥʠʝ 

ʅʦʤʝʨ ʅʘʠʤʝʥʦʚʘʥʠʝ ʊʠʧ ʆʧʠʩʘʥʠʝ 

 

 

 

4 

 

 

 

VCCIO 

 

 

 

PWR 

+ 1,8 ɺ ʜʦ + 5,25 ɺ ʜʣʷ ʠʥʪʝʨʬʝʡʩʘ UART ʠ 

ʢʦʥʪʘʢʪʦʚ ʛʨʫʧʧʳ CBUS (1 ... 3, 5, 6, 9 ... 14, 22, 

23). ɺ ʫʩʪʨʦʡʩʪʚʘʭ ʩ ʰʠʥʦʡ USB ʧʦʜʢʣʶʯʘʝʪʩʷ 

ʵʪʦʪ ʢʦʥʪʘʢʪ ʢ ʚʳʭʦʜʫ 3V3OUT ʜʣʷ ʚʳʢʣʶʯʝʥʠʷ 

ʥʘ ʫʨʦʚʥʷʭ + 3,3 ɺ ʠʣʠ ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ VCC ʜʣʷ 

ʚʳʢʣʶʯʝʥʠʷ ʥʘ 5ɺ CMOS ʫʨʦʚʥʝ. ʕʪʦʪ ʚʳʚʦʜ 

ʪʘʢʞʝ ʤʦʞʝʪ ʧʦʩʪʘʚʣʷʪʴʩʷ ʩ ʚʥʝʰʥʠʤ ʧʠʪʘʥʠʝʤ 

ʦʪ 1,8 ɺ ʜʦ + 2,8 ɺ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʫʧʨʘʚʣʷʪʴ 

ʚʳʭʦʜʘʤʠ ʥʘ ʙʦʣʝʝ ʥʠʟʢʠʭ ʫʨʦʚʥʷʭ. ʕʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ ʩʭʝʤʘʭ ʩ ʧʠʪʘʥʠʝʤ ʦʪ ʰʠʥʳ 

ʜʦʣʞʝʥ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʨʝʛʫʣʷʪʦʨ, ʢʦʪʦʨʳʡ 

ʧʠʪʘʝʪʩʷ +5 ɺ ʥʘ ʰʠʥʝ USB. 

7, 18, 

21 
 

GND 

 

PWR 
ʂʦʥʪʘʢʪʳ ʜʣʷ ʟʘʟʝʤʣʝʥʠʷ ʫʩʪʨʦʡʩʪʚʘ 

 

 

17 

 

 

3V3OUT 

 

 

Outpu

t 

+ 3,3 ɺ ʦʪ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ LDO. 

ʕʪʦʪ ʢʦʥʪʘʢʪ ʜʦʣʞʝʥ ʙʳʪʴ ʦʪʩʦʝʜʠʥʝʥ ʦʪ 

ʟʝʤʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʥʜʝʥʩʘʪʦʨʘ 100 ʥʌ. 

ʆʩʥʦʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʦʛʦ ʢʦʥʪʘʢʪʘ - 

ʦʙʝʩʧʝʯʠʪʴ ʚʥʫʪʨʝʥʥʝʝ ʧʠʪʘʥʠʝ + 3,3 ɺ ʜʣʷ 

ʧʨʠʝʤʦʧʝʨʝʜʘʪʯʠʢʘ USB ʠ ʚʥʫʪʨʝʥʥʝʛʦ 

ʨʝʟʠʩʪʦʨʘ ʥʘ 1,5 ʢʆʤ ʥʘ USBDP. ɼʦ 50 ʤɸ 

ʤʦʞʥʦ ʠʟʚʣʝʯʴ ʠʟ ʵʪʦʛʦ ʢʦʥʪʘʢʪʘ, ʯʪʦʙʳ 

ʧʦʜʢʣʶʯʠʪʴ ʚʥʝʰʥʶʶ ʣʦʛʠʢʫ, ʝʩʣʠ ʵʪʦ 

ʥʝʦʙʭʦʜʠʤʦ. ʕʪʦʪ ʢʦʥʪʘʢʪ ʤʦʞʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʚʳʚʦʜʘ VCCIO. 

20 VCC PWR 
+ 3,3 ɺ ʜʦ + 5,25 ɺ ʜʣʷ ʷʜʨʘ ʫʩʪʨʦʡʩʪʚʘ.  

25 AGND PWR 
ɸʥʘʣʦʛʦʚʳʡ ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ 

ʚʥʫʪʨʝʥʥʝʛʦ ʤʥʦʞʠʪʝʣʷ ʪʘʢʪʦʚʳʭ ʠʤʧʫʣʴʩʦʚ 

ɺ ʪʘʙʣʠʮʝ 6 ʦʧʠʩʘʥʳ ʛʨʫʧʧʳ ʠʥʪʝʨʬʝʡʩʘ USBFT232RL. 

ʊʘʙʣʠʮʘ 6 ï ɻʨʫʧʧʘ ʠʥʪʝʨʬʝʡʩʘ USB 

ʅʦʤʝʨ ʅʘʠʤʝʥʦʚʘʥʠʝ ʊʠʧ ʆʧʠʩʘʥʠʝ 

 

15 

 

USBDP 

 

I/O 

USB Data Signal Plus, 

ʚʢʣʶʯʘʶʱʠʡ ʚʥʫʪʨʝʥʥʠʡ 

ʨʝʟʠʩʪʦʨ ʠ ʨʝʟʠʩʪʦʨ 1,5 ʢʆʤ ʜʦ 

3,3 ɺ. 

16 USBDM I/O 
USB Data Signal Minus, ʚʢʣʶʯʘʶʱʠʡ 

ʚʩʪʨʦʝʥʥʳʡ ʨʝʟʠʩʪʦʨ. 
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ʆʧʠʩʘʥʠʝ ʬʫʥʢʮʠʠ 

FT232R - ʵʪʦ USB-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʠʥʪʝʨʬʝʡʩʥʦʝ ʫʩʪʨʦʡʩʪʚʦ UART, 

ʢʦʪʦʨʦʝ ʫʧʨʦʱʘʝʪ USB-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʜʠʟʘʡʥ ʠ ʫʤʝʥʴʰʘʝʪ ʢʦʣʠʯʝʩʪʚʦ 

ʚʥʝʰʥʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʧʦʣʥʦʩʪʴʶ ʠʥʪʝʛʨʠʨʫʷ ʚʥʝʰʥʠʝ ʫʩʪʨʦʡʩʪʚʘ EEPROM, 

USB-ʪʝʨʤʠʥʘʣʴʥʳʝ ʨʝʟʠʩʪʦʨʳ ʠ ʚʩʪʨʦʝʥʥʫʶ ʩʭʝʤʫ ʩʠʥʭʨʦʥʠʟʘʮʠʠ, ʢʦʪʦʨʘʷ 

ʥʝ ʪʨʝʙʫʝʪ ʚʥʝʰʥʝʛʦ ʢʨʠʩʪʘʣʣʘ, ʚ ʫʩʪʨʦʡʩʪʚʦ. ʆʥ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʜʣʷ 

ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʩ ʢʦʥʪʨʦʣʣʝʨʦʤ ʭʦʩʪʘ USB, ʠʩʧʦʣʴʟʫʷ ʢʘʢ ʤʦʞʥʦ 

ʤʝʥʴʰʝ ʦʙʱʝʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ USB. 
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3 ʈʘʟʨʘʙʦʪʢʘ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ 

ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʤʳ ʙʫʜʝʤ ʧʨʦʠʟʚʦʜʠʪʴ ʨʘʟʚʦʜʢʫ ʩʭʝʤʳ. ʧʨʠʚʝʜʝʥʥʦʡ ʚ 

ʨʘʟʜʝʣʝ çʈʘʟʨʘʙʦʪʢʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʩʭʝʤʳè ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ PCAD-2006.ʀʟ-ʟʘ ʤʘʣʳʭ ʛʘʙʘʨʠʪʦʚ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ ʤʳ ʥʝ 

ʩʤʦʞʝʤ ʨʝʘʣʠʟʦʚʘʪʴ ʢʦʧʣʘʥʘʨʥʳʝ ʧʨʦʚʦʜʥʠʢʠ.ɹʫʜʫʪ ʧʝʨʝʭʦʜʥʠʢʠ ʥʘ ʜʨʫʛʠʝ 

ʩʣʦʠ ʧʝʯʘʪʦʡ ʧʣʘʪʳ ʠ ʚʩʣʝʜʩʪʚʠʠ ʵʪʦʛʦ - ʙʦʣʴʰʠʝ ʧʦʤʝʭʠ, ʤʘʣʳʡ ʂʉɺ. 

ɹʫʜʝʪ ʨʝʘʣʠʟʦʚʘʥʦ 2 ʩʣʦʷ,ʪʘʢ ʢʘʢ ʙʦʣʴʰʝ ʩʣʦʝʚ ï ʵʪʦ ʫʚʝʣʠʯʝʥʠʝ ʟʘʪʨʘʪ 

ʥʘ ʠʟʛʦʪʦʚʣʝʥʠʝ ʫʩʪʨʦʡʩʪʚʘ.  

ʅʘ ʨʠʩʫʥʢʝ 17 ʠʟʦʙʨʘʞʝʥ ʛʣʘʚʥʳʡ ʩʣʦʡ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ. 

 

ʈʠʩʫʥʦʢ 17 ï ʈʘʩʧʦʣʦʞʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʥʘ ʛʣʘʚʥʦʤ ʩʣʦʝ 

 

 

 

 

 

 



 

  
 

ʀʟʤ. ʃʠʩʪ ˉ ʜʦʢʫʤ. ʇʦʜʧʠʩʴ ɼʘʪʘ 

ʃʠʩʪ 

65 
    ʖʋʨɻʋ ï ɼ.11.05.01.2017.317.00 ʇɿɺʂʇ 

ʅʘ ʨʠʩʫʥʢʝ 18 ʠʟʦʙʨʘʞʝʥ ʥʠʞʥʠʡ ʩʣʦʡ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ. 

 

ʈʠʩʫʥʦʢ 18 ï ʅʠʞʥʠʡ ʩʣʦʡ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ 
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4  ɹʝʟʦʧʘʩʥʦʩʪʴ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ 

ɺ ʜʠʧʣʦʤʥʦʤ  ʧʨʦʝʢʪʝ  ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʠ ʠʩʩʣʝʜʫʝʪʩʷ ʵʣʝʢʪʨʦʥʥʦʝ 

ʫʩʪʨʦʡʩʪʚʦ, ʧʦʵʪʦʤʫ ʚ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʥʝʦʙʭʦʜʠʤʦ  ʨʘʩʩʤʦʪʨʝʪʴ  ʚʦʧʨʦʩʳ,  

ʩʚʷʟʘʥʥʳʝ  ʩ  ʦʭʨʘʥʦʡ  ʪʨʫʜʘ  ʢʘʢ ʥʘ  ʵʪʘʧʝ  ʧʨʦʠʟʚʦʜʩʪʚʘ, ʪʘʢ ʠ ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ.  

ʄʦʜʫʣʴ ʮʠʬʨʦʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʩʠʛʥʘʣʦʚ ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʦʨʤʳ ʚʳʧʦʣʥʝʥ 

ʚ ʚʠʜʝ ʫʯʝʙʥʦʛʦ ʩʪʝʥʜʘ, ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ. ʇʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʨʘʙʦʪ ʩ ʫʯʝʙʥʳʤ ʩʪʝʥʜʦʤ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʩʦʙʣʶʜʝʥʠʝ 

ʪʨʝʙʦʚʘʥʠʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ɼʘʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʷʚʣʷʝʪʩʷ ʧʝʨʝʥʦʩʥʳʤ ʠ ʦʪʥʦʩʠʪʩʷ ʢ 

ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʤ ʠʟʜʝʣʠʷʤ I ʢʣʘʩʩʘ ʧʦ ʩʧʦʩʦʙʫ ʟʘʱʠʪʳ ʯʝʣʦʚʝʢʘ ʦʪ 

ʧʦʨʘʞʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʪʦʢʦʤ. 

ʂʣʘʩʩ ʵʣʝʢʪʨʦʙʝʟʦʧʘʩʥʦʩʪʠ I - ʠʟʜʝʣʠʷ, ʠʤʝʶʱʠʝ ʨʘʙʦʯʫʶ ʠʟʦʣʷʮʠʶ ʠ 

ʵʣʝʤʝʥʪ ʜʣʷ ʟʘʟʝʤʣʝʥʠʷ. ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʠʟʜʝʣʠʝ ʢʣʘʩʩʘ I ʠʤʝʝʪ ʧʨʦʚʦʜ ʜʣʷ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢ ʠʩʪʦʯʥʠʢʫ ʧʠʪʘʥʠʷ, ʵʪʦʪ ʧʨʦʚʦʜ ʜʦʣʞʝʥ ʠʤʝʪʴ 

ʟʘʟʝʤʣʷʶʱʫʶ ʞʠʣʫ ʠ ʚʠʣʢʫ ʩ ʟʘʟʝʤʣʷʶʱʠʤ ʢʦʥʪʘʢʪʦʤ. 

4.1 ɸʥʘʣʠʟ ʦʧʘʩʥʳʭ ʠ ʚʨʝʜʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʬʘʢʪʦʨʦʚ 

 ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ʜʦʣʞʥʦ ʙʳʪʴ ʜʦʚʝʜʝʥʦ ʜʦ 

ʙʝʟʦʧʘʩʥʳʭ ʟʥʘʯʝʥʠʡ ʦʧʘʩʥʳʭ ʠ ʚʨʝʜʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʬʘʢʪʦʨʦʚ. ʇʨʠ  

ʧʨʦʚʝʜʝʥʠʠ  ʵʪʠʭ  ʨʘʙʦʪ  ʚʦʟʥʠʢʘʶʪ  ʦʧʘʩʥʳʝ  ʠ ʚʨʝʜʥʳʝ  ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ  

ʬʘʢʪʦʨʳ  (ʆɺʇʌ). 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ 12.0.003-2015 çʂʣʘʩʩʠʬʠʢʘʮʠʷ ʦʧʘʩʥʳʭ ʠ 

ʚʨʝʜʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʬʘʢʪʦʨʦʚè, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ ʛʨʫʧʧ 

ʬʘʢʪʦʨʦʚ. 

ʌʠʟʠʯʝʩʢʠʝ: 

-  ʧʦʚʳʰʝʥʥʘʷ ʠʣʠ ʧʦʥʠʞʝʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ  ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ; 

-    ʧʦʚʳʰʝʥʥʘʷ ʟʘʧʳʣʝʥʥʦʩʪʴ ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ; 
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-    ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʦʩʚʝʱʝʥʥʦʩʪʴ ʨʘʙʦʯʝʡ ʟʦʥʳ; 

-    ʧʦʚʳʰʝʥʥʳʡ ʫʨʦʚʝʥʴ ʰʫʤʘ; 

-    ʦʧʘʩʥʳʡ ʫʨʦʚʝʥʴ ʥʘʧʨʷʞʝʥʠʷ; 

-    ʩʪʘʪʠʯʝʩʢʦʝ ʵʣʝʢʪʨʠʯʝʩʪʚʦ. 

ʇʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ: 

- ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʚʥʠʤʘʥʠʷ; 

- ʥʝʧʨʘʚʠʣʴʥʘʷ ʨʘʙʦʯʘʷ ʧʦʟʘ. 

ʍʠʤʠʯʝʩʢʠʝ: 

-    ʚʳʜʝʣʝʥʠʝ ʧʘʨʦʚ ʩʣʝʜʫʶʱʠʭ ʚʝʱʝʩʪʚ: ʦʣʦʚʘ, ʩʚʠʥʮʘ, ʢʘʥʠʬʦʣʠ, ʢʣʝʷ, 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ. 

ʆʙʦʨʫʜʦʚʘʥʠʝ, ʧʨʠʤʝʥʷʝʤʦʝ ʚ ʫʯʝʙʥʳʭ ʣʘʙʦʨʘʪʦʨʠʷʭ, ʜʦʣʞʥʦ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷʤ ɻʆʉʊ 12.2.003-2015. 

ʋʯʝʙʥʦʝ ʣʘʙʦʨʘʪʦʨʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʦʣʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ, 

ʠʩʧʦʣʴʟʫʶʱʠʭ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʠ ʩʦʙʣʶʜʘʪʴ ʪʨʝʙʦʚʘʥʠʷ,ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʝ 

ʨʫʢʦʚʦʜʩʪʚʦʤ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʠ(ʈʕ). 

ʕʢʩʧʣʫʘʪʘʮʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦ ʥʘʟʥʘʯʝʥʠʶ,ʭʨʘʥʝʥʠʝ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʝ. 

ɹʝʟʦʧʘʩʥʦʩʪʴ ʫʯʝʙʥʦʛʦ ʩʪʝʥʜʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʳʙʦʨʦʤ ʨʘʙʦʯʠʭ 

ʧʨʦʮʝʩʩʦʚ, ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ ʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ,ʧʨʠʤʝʥʝʥʠʷ ʩʨʝʜʩʪʚ 

ʟʘʱʠʪʳ ʦʪ ʧʦʨʘʞʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʪʦʢʦʤ. 

4.2 ʆʙʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʊʨʝʙʦʚʘʥʠʷ ʢ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʝʝ ʦʪʜʝʣʴʥʳʤ ʯʘʩʪʷʤ. 

1. ʂʦʥʩʪʨʫʢʮʠʷ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʦʣʞʥʘ ʠʩʢʣʶʯʘʪʴ ʚʦ ʚʩʝʭ 

ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʥʘʛʨʫʟʢʠ ʥʘ ʜʝʪʘʣʠ ʠ ʩʙʦʨʦʯʥʳʝ ʝʜʠʥʠʮʳ, ʩʧʦʩʦʙʥʳʝ 

ʚʳʟʚʘʪʴ ʨʘʟʨʫʰʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʫʯʘʱʠʭʩʷ. 

2. ʕʣʝʤʝʥʪʳ ʢʦʥʩʪʨʫʢʮʠʠ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʝ ʜʦʣʞʥʳ 

ʠʤʝʪʴ ʦʩʪʨʳʭ ʫʛʣʦʚ, ʢʨʦʤʦʢ, ʟʘʫʩʝʥʮʝʚ ʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩ ʥʝʨʦʚʥʦʩʪʷʤʠ, 
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ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʦʧʘʩʥʦʩʪʴ ʪʨʘʚʤʠʨʦʚʘʥʠʷ ʫʯʘʱʠʭʩʷ, ʝʩʣʠ ʠʭ ʥʘʣʠʯʠʝ ʥʝ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʥʘʟʥʘʯʝʥʠʝʤ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ.  

3. ʃʘʙʦʨʘʪʦʨʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ ʧʦʞʘʨʦʚʟʨʳʚʦʙʝʟʦʧʘʩʥʳʤ ʚ 

ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

4. ʂʦʥʩʪʨʫʢʮʠʷ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʨʠʚʦʜʠʤʦʛʦ ʚ ʜʝʡʩʪʚʠʝ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʝʡ, ʜʦʣʞʥʘ ʚʢʣʶʯʘʪʴ ʫʩʪʨʦʡʩʪʚʘ (ʩʨʝʜʩʪʚʘ) ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʵʣʝʢʪʨʦʙʝʟʦʧʘʩʥʦʩʪʠ. 

5. ʃʘʙʦʨʘʪʦʨʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʷʚʣʷʶʱʝʝʩʷ ʠʩʪʦʯʥʠʢʦʤ ʰʫʤʘ, 

ʫʣʴʪʨʘʟʚʫʢʘ ʠ ʚʠʙʨʘʮʠʠ, ʜʦʣʞʥʦ ʙʳʪʴ ʚʳʧʦʣʥʝʥʦ ʪʘʢ, ʯʪʦʙʳ ʰʫʤ, ʫʣʴʪʨʘʟʚʫʢ 

ʠ ʚʠʙʨʘʮʠʷ ʚ ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʨʝʞʠʤʘʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʝ 

ʧʨʝʚʳʰʘʣʠ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʩʪʘʥʜʘʨʪʘʤʠ ʜʦʧʫʩʪʠʤʳʝ ʫʨʦʚʥʠ. 

6. ʃʘʙʦʨʘʪʦʨʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ ʦʩʥʘʱʝʥʦ ʤʝʩʪʥʳʤ 

ʦʩʚʝʱʝʥʠʝʤ, ʝʩʣʠ ʝʛʦ ʦʪʩʫʪʩʪʚʠʝ ʤʦʞʝʪ ʷʚʠʪʴʩʷ ʧʨʠʯʠʥʦʡ ʧʝʨʝʥʘʧʨʷʞʝʥʠʷ 

ʦʨʛʘʥʘ ʟʨʝʥʠʷ ʠʣʠ ʧʦʚʣʝʯʴ ʟʘ ʩʦʙʦʡ ʜʨʫʛʠʝ ʚʠʜʳ ʦʧʘʩʥʦʩʪʠ. 

4.3 ʊʨʝʙʦʚʘʥʠʝ ʢ ʨʘʙʦʯʠʤ ʤʝʩʪʘʤ 

1. ʈʘʟʤʝʨʳ ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ ʠ ʨʘʟʤʝʱʝʥʠʝ ʝʛʦ ʵʣʝʤʝʥʪʦʚ ʜʦʣʞʥʳ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʳʧʦʣʥʝʥʠʝ ʨʘʙʦʯʠʭ ʦʧʝʨʘʮʠʡ ʚ ʫʜʦʙʥʳʭ ʨʘʙʦʯʠʭ ʧʦʟʘʭ ʠ ʥʝ 

ʟʘʪʨʫʜʥʷʪʴ ʜʚʠʞʝʥʠʡ ʨʘʙʦʪʘʶʱʝʛʦ. 

2.ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ ʩʣʝʜʫʝʪ ʧʨʝʜʫʩʤʘʪʨʠʚʘʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʯʠʭ ʦʧʝʨʘʮʠʡ ʚ ʧʦʣʦʞʝʥʠʠ ʩʠʜʷ ʠʣʠ ʧʨʠ 

ʯʝʨʝʜʦʚʘʥʠʠ ʧʦʣʦʞʝʥʠʡ ʩʠʜʷ ʠ ʩʪʦʷ, ʝʩʣʠ ʚʳʧʦʣʥʝʥʠʝ ʦʧʝʨʘʮʠʡ ʥʝ ʪʨʝʙʫʝʪ 

ʧʦʩʪʦʷʥʥʦʛʦ ʧʝʨʝʜʚʠʞʝʥʠʷ ʫʯʘʱʝʛʦʩʷ. 

4.4ʊʨʝʙʦʚʘʥʠʷ ʢ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ 

1. ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʜʦʣʞʥʘ 

ʚʢʣʶʯʘʪʴ ʩʨʝʜʩʪʚʘ ʵʢʩʪʨʝʥʥʦʛʦ ʪʦʨʤʦʞʝʥʠʷ ʠ ʘʚʘʨʠʡʥʦʛʦ ʦʩʪʘʥʦʚʘ 

(ʚʳʢʣʶʯʝʥʠʷ), ʝʩʣʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʞʝʪ ʫʤʝʥʴʰʠʪʴ ʠʣʠ ʧʨʝʜʦʪʚʨʘʪʠʪʴ 

ʦʧʘʩʥʦʩʪʴ. 
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2. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʣʦʞʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʟʘ ʨʝʞʠʤʦʤ 

ʨʘʙʦʪʳ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʜʦʣʞʥʘ 

ʚʢʣʶʯʘʪʴ ʩʨʝʜʩʪʚʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʥʦʨʤʘʣʠʟʘʮʠʠ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʠʣʠ 

ʩʨʝʜʩʪʚʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʦʩʪʘʥʦʚʘ, ʝʩʣʠ ʥʘʨʫʰʝʥʠʝ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʤʦʞʝʪ 

ʷʚʠʪʴʩʷ ʧʨʠʯʠʥʦʡ ʩʦʟʜʘʥʠʷ ʦʧʘʩʥʦʡ ʩʠʪʫʘʮʠʠ. 

3.ʇʨʠ ʥʘʣʠʯʠʠ ʚ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʧʝʨʝʢʣʶʯʘʪʝʣʷ ʨʝʞʠʤʦʚ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʢʘʞʜʦʝ ʧʦʣʦʞʝʥʠʝ 

ʧʝʨʝʢʣʶʯʘʪʝʣʷ ʜʦʣʞʥʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʪʦʣʴʢʦ ʦʜʥʦʤʫ ʨʝʞʠʤʫ (ʥʘʧʨʠʤʝʨ, 

ʨʝʞʠʤʫ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʢʦʥʪʨʦʣʷ ʠ ʪ.ʧ.) ʠ ʥʘʜʝʞʥʦ ʬʠʢʩʠʨʦʚʘʪʴʩʷ ʚ ʢʘʞʜʦʤ 

ʠʟ ʧʦʣʦʞʝʥʠʡ, ʝʩʣʠ ʦʪʩʫʪʩʪʚʠʝ ʬʠʢʩʘʮʠʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʦʟʜʘʥʠʶ 

ʦʧʘʩʥʦʡ ʩʠʪʫʘʮʠʠ. 

4. ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʜʦʣʞʥʘ ʚʢʣʶʯʘʪʴ ʩʨʝʜʩʪʚʘ ʩʠʛʥʘʣʠʟʘʮʠʠ ʠ 

ʜʨʫʛʠʝ ʩʨʝʜʩʪʚʘ ʠʥʬʦʨʤʘʮʠʠ, ʧʨʝʜʫʧʨʝʞʜʘʶʱʠʝ ʦ ʥʘʨʫʰʝʥʠʷʭ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʨʠʚʦʜʷʱʠʭ ʢ 

ʚʦʟʥʠʢʘʥʠʶ ʦʧʘʩʥʳʭ ʩʠʪʫʘʮʠʡ. 

5. ʇʦʣʥʦʝ ʠʣʠ ʯʘʩʪʠʯʥʦʝ ʧʨʝʢʨʘʱʝʥʠʝ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʝ 

ʝʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ, ʘ ʪʘʢʞʝ ʧʦʚʨʝʞʜʝʥʠʝ ʮʝʧʠ ʫʧʨʘʚʣʝʥʠʷ 

ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʝʤ ʥʝ ʜʦʣʞʥʳ ʧʨʠʚʦʜʠʪʴ ʢ ʚʦʟʥʠʢʘʥʠʶ ʦʧʘʩʥʳʭ ʩʠʪʫʘʮʠʡ, ʚ 

ʪʦʤ ʯʠʩʣʝ: 

- ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʤʫ ʧʫʩʢʫ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ; 

- ʥʝʚʳʧʦʣʥʝʥʠʶ ʫʞʝ ʚʳʜʘʥʥʦʡ ʢʦʤʘʥʜʳ ʥʘ ʦʩʪʘʥʦʚ; 

- ʩʥʠʞʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʟʘʱʠʪʥʳʭ ʫʩʪʨʦʡʩʪʚ. 

4.5 ʊʨʝʙʦʚʘʥʠʷ ʢ ʩʨʝʜʩʪʚʘʤ ʟʘʱʠʪʳ, ʚʭʦʜʷʱʠʤ ʚ ʢʦʥʩʪʨʫʢʮʠʶ, ʠ 

ʩʠʛʥʘʣʴʥʳʤ ʫʩʪʨʦʡʩʪʚʘʤ 

1. ʉʨʝʜʩʪʚʘ ʟʘʱʠʪʳ ʜʦʣʞʥʳ ʚʳʧʦʣʥʷʪʴ ʩʚʦʝ ʥʘʟʥʘʯʝʥʠʝ ʥʝʧʨʝʨʳʚʥʦ ʚ 

ʧʨʦʮʝʩʩʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠʣʠ ʧʨʠ 

ʚʦʟʥʠʢʘʥʠʠ ʦʧʘʩʥʦʡ ʩʠʪʫʘʮʠʠ. 
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2. ʂʦʥʩʪʨʫʢʮʠʷ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʥʝ ʜʦʣʞʥʳ 

ʦʛʨʘʥʠʯʠʚʘʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʫʜʦʙʩʪʚʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ. 

3. ɼʝʡʩʪʚʠʝ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʥʝ ʜʦʣʞʥʦ ʧʨʝʢʨʘʱʘʪʴʩʷ ʨʘʥʴʰʝ, ʯʝʤ 

ʟʘʢʦʥʯʠʪʩʷ ʜʝʡʩʪʚʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʦʧʘʩʥʦʛʦ ʠʣʠ ʚʨʝʜʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʬʘʢʪʦʨʘ. 

4. ʂʦʥʩʪʨʫʢʮʠʷ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʢʦʥʪʨʦʣʷ ʚʳʧʦʣʥʝʥʠʷ ʠʤʠ ʩʚʦʝʛʦ ʥʘʟʥʘʯʝʥʠʷ ʜʦ ʥʘʯʘʣʘ ʠ (ʠʣʠ) ʚ ʧʨʦʮʝʩʩʝ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

5. ʆʪʢʘʟ ʦʜʥʦʛʦ ʠʟ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʠʣʠ ʝʛʦ ʵʣʝʤʝʥʪʘ ʥʝ ʜʦʣʞʝʥ 

ʧʨʠʚʦʜʠʪʴ ʢ ʧʨʝʢʨʘʱʝʥʠʶ ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʜʨʫʛʠʭ ʩʨʝʜʩʪʚ 

ʟʘʱʠʪʳ. 

 ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʢ ʢʦʪʦʨʳʤ ʚʦʟʤʦʞʥʳ ʧʨʠʢʦʩʥʦʚʝʥʠʷ ʣʶʜʝʡ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ, ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ 45Áʉ. 

 ʇʠʪʘʥʠʝ ʫʯʝʙʥʦʛʦ ʩʪʝʥʜʘ ʜʦʣʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʦʪ ʩʝʪʠ ʥʝ ʙʦʣʝʝ 380 

ɺ. ʇʨʠ ʯʘʩʪʦʪʝ 50 ɻʮ. ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʠʟʦʣʷʮʠʠ ʪʦʢʦʚʝʜʫʱʠʭ ʯʘʩʪʝʡ 

ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʦʢ ʜʦ ʧʝʨʚʦʛʦ ʘʧʧʘʨʘʪʘ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʦʢʦʚʦʡ ʟʘʱʠʪʳ 

(ʧʨʝʜʦʭʨʘʥʠʪʝʣʷ, ʘʚʪʦʤʘʪʘ ʠ ʜʨ.) ʜʦʣʞʥʦ ʙʳʪʴ ʥʝ ʤʝʥʝʝ 0,5 ʄʆʤ, ʘ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʝʞʜʫ ʟʘʟʝʤʣʷʶʱʠʤ ʙʦʣʪʦʤ (ʚʠʥʪʦʤ, ʰʧʠʣʴʢʦʡ) ʠ ʢʘʞʜʦʡ 

ʜʦʩʪʫʧʥʦʡ ʧʨʠʢʦʩʥʦʚʝʥʠʶ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʥʝʪʦʢʦʚʝʜʫʱʝʡ ʯʘʩʪʴʶ ʠʟʜʝʣʠʷ, 

ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʧʦʜ ʥʘʧʨʷʞʝʥʠʝʤ, - ʥʝ ʙʦʣʝʝ 0,1 ʆʤ. 

4.6  ʊʨʝʙʦʚʘʥʠʷ ʢ ʧʦʤʝʱʝʥʠʷʤ ʜʣʷ ʫʯʝʙʥʳʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ 

1. ʇʣʦʱʘʜʴ ʧʦʤʝʱʝʥʠʡ ʫʯʝʙʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʥʘ ʦʜʥʦʛʦ ʩʪʫʜʝʥʪʘ ʜʦʣʞʥʘ 

ʙʳʪʴ ʥʝ ʤʝʥʝʝ 4,5 ʤ
2
. 

2. ʇʦʤʝʱʝʥʠʝ ʣʘʙʦʨʘʪʦʨʠʠ ʜʦʣʞʥʦ ʙʳʪʴ ʦʙʦʨʫʜʦʚʘʥʦ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤʠ 

ʠʟʚʝʱʘʪʝʣʷʤʠ ʩʠʩʪʝʤʳ ʧʦʞʘʨʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ. 
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3. ʂʦʥʩʪʨʫʢʮʠʠ ʠ ʵʣʝʤʝʥʪʳ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʘʧʧʘʨʘʪʫʨʳ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʪʦʯʥʠʢʦʤ ʦʧʘʩʥʦʩʪʠ, ʜʦʣʞʥʳ ʙʳʪʴ ʦʙʦʟʥʘʯʝʥʳ 

ʩʠʛʥʘʣʴʥʳʤʠ ʮʚʝʪʘʤʠ, ʘ ʚ ʦʧʘʩʥʳʭ ʟʦʥʘʭ ʧʦʤʝʱʝʥʠʷ ʣʘʙʦʨʘʪʦʨʠʠ 

ʫʩʪʘʥʦʚʣʝʥʳ ʟʥʘʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦ ɻʆʉʊ 12.4.026-2015. 

4. ɺ ʧʦʤʝʱʝʥʠʠ ʫʯʝʙʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʜʦʣʞʥʳ ʙʳʪʴ ʩʨʝʜʩʪʚʘ ʦʢʘʟʘʥʠʷ 

ʧʝʨʚʦʡ ʤʝʜʠʮʠʥʩʢʦʡ ʧʦʤʦʱʠ (ʘʧʪʝʯʢʘ, ʰʠʥʳ, ʩʨʝʜʩʪʚʘ ʜʝʟʠʥʬʝʢʮʠʠ ʠ ʜʨ.) ʠ 

ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʦʩʦʙʦ ʦʧʘʩʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʩ ʧʦʩʪʦʷʥʥʦ 

ʦʙʥʦʚʣʷʝʤʳʤʠ ʚ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʩʨʦʢʠ ʤʝʜʠʢʘʤʝʥʪʘʤʠ. 

4.7 ʊʨʝʙʦʚʘʥʠʷ ʢ ʨʘʟʤʝʱʝʥʠʶ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʯʠʭ 

ʤʝʩʪ 

1. ʈʘʟʤʝʱʝʥʠʝ ʩʨʝʜʩʪʚ ʦʪʦʙʨʘʞʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʜʦʣʞʥʦ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʩʚʦʙʦʜʥʦʝ ʚʦʩʧʨʠʷʪʠʝ ʦʙʱʝʡ ʩʠʛʥʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʠʥʪʝʨʴʝʨʝ 

ʣʘʙʦʨʘʪʦʨʠʠ. 

2. ʈʘʟʤʝʱʝʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʧʦʤʝʱʝʥʠʠ ʫʯʝʙʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʜʦʣʞʥʦ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʫʜʦʙʩʪʚʦ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʚʩʝʭ ʚʠʜʦʚ ʨʘʙʦʯʝʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ. 

3. ʇʣʘʥʠʨʦʚʢʘ ʧʦʤʝʱʝʥʠʡ ʫʯʝʙʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʦʩʚʝʱʝʥʠʝ ʨʘʙʦʯʠʭ ʤʝʩʪ ʩʪʫʜʝʥʪʦʚ ʝʩʪʝʩʪʚʝʥʥʳʤ ʩʚʝʪʦʤ. 

4.8 ʊʨʝʙʦʚʘʥʠʷ ʢ ʧʝʨʩʦʥʘʣʫ ʠ ʩʪʫʜʝʥʪʘʤ 

1. ɺ ʫʯʝʙʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʜʦʣʞʥʳ ʙʳʪʴ ʫʪʚʝʨʞʜʝʥʥʳʝ ʠʥʩʪʨʫʢʮʠʠ ʧʦ 

ʪʝʭʥʠʢʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʞʫʨʥʘʣʳ 

ʠʥʩʪʨʫʢʪʘʞʘ. 

2. ʇʨʝʧʦʜʘʚʘʪʝʣʴʩʢʠʡ ʩʦʩʪʘʚ, ʧʨʦʚʦʜʷʱʠʡ ʣʘʙʦʨʘʪʦʨʥʳʝ ʨʘʙʦʪʳ, ʠ 

ʫʯʝʙʥʦ-ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʡ ʧʝʨʩʦʥʘʣ, ʦʙʩʣʫʞʠʚʘʶʱʠʡ ʦʙʦʨʫʜʦʚʘʥʠʝ ʚ 

ʣʘʙʦʨʘʪʦʨʠʷʭ, ʜʦʣʞʥʳ ʧʨʦʭʦʜʠʪʴ ʦʙʫʯʝʥʠʝ, ʠʥʩʪʨʫʢʪʘʞ ʠ ʧʨʦʚʝʨʢʫ ʟʥʘʥʠʡ 

ʧʨʘʚʠʣ ʙʝʟʦʧʘʩʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ. 
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3. ʉʪʫʜʝʥʪʳ ʜʦʧʫʩʢʘʶʪʩʷ ʢ ʚʳʧʦʣʥʝʥʠʶ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ʪʦʣʴʢʦ 

ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʠʥʩʪʨʫʢʪʘʞʘ ʧʦ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʨʫʜʘ ʠ ʧʦʞʘʨʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʚ ʮʝʣʦʤ ʠ ʥʘ ʢʘʞʜʦʤ ʨʘʙʦʯʝʤ ʤʝʩʪʝ. 
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 5 ʆʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʡ  ʨʘʟʜʝʣ 

ɺ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʤ ʨʘʟʜʝʣʝ ʨʘʙʦʪʳ ʧʨʦʚʦʜʠʪʩʷ 

ʧʣʘʥʠʨʦʚʘʥʠʝ ʦʧʳʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʨʘʙʦʪ ʤʝʪʦʜʦʤ ʩʝʪʝʚʦʛʦ 

ʧʣʘʥʠʨʦʚʘʥʠʷ, ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʚʳʧʦʣʥʷʝʤʳʭ ʨʘʙʦʪ, 

ʩʪʦʠʤʦʩʪʥʘʷ ʦʮʝʥʢʘ ʨʝʟʫʣʴʪʘʪʦʚ, ʘ ʪʘʢ ʞʝ ʚʳʯʠʩʣʷʝʪʩʷ ʩʨʦʢ ʦʢʫʧʘʝʤʦʩʪʠ 

ʥʦʚʦʛʦ ʠʟʜʝʣʠʷ. 

5.1 ʇʦʩʪʨʦʝʥʠʝ ʩʝʪʝʚʦʛʦ ʛʨʘʬʠʢʘ 

ʉʝʪʝʚʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʫʧʨʘʚʣʝʥʠʷ 

ʩʣʦʞʥʳʤʠ ʨʘʟʚʝʪʚʣʝʥʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʨʘʙʦʪ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʩʝʪʝʚʦʛʦ 

ʛʨʘʬʠʢʘ ʩʦʩʪʘʚʣʷʝʪʩʷ ʧʝʨʝʯʝʥʴ ʨʘʙʦʪ, ʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʘ ʪʘʢʞʝ ʯʠʩʣʝʥʥʦʩʪʴ 

ʠʩʧʦʣʥʠʪʝʣʝʡ ʧʦ ʢʘʪʝʛʦʨʠʷʤ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʧʦʣʥʠʪʝʣʝʡ ʨʘʙʦʪ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʠʚʣʝʯʴ ʦʜʥʦʛʦ ʨʫʢʦʚʦʜʠʪʝʣʷ (ʨʫʢ.), ʜʚʫʭ ʠʥʞʝʥʝʨʦʚ (ʠʥʞ.) ʠ ʦʜʥʦʛʦ 

ʣʘʙʦʨʘʥʪʘ ʪʝʭʥʠʢʘ (ʣʘʙ.). ɺ ʪʘʙʣʠʮʝ 7 ʧʨʠʚʝʜʝʥ ʧʝʨʝʯʝʥʴ ʨʘʙʦʪ ʩʝʪʝʚʦʛʦ 

ʛʨʘʬʠʢʘ ʜʠʧʣʦʤʥʦʡ ʨʘʙʦʪʳ ʩ ʫʢʘʟʘʥʠʝʤ ʢʦʜʘ ʨʘʙʦʪʳ, ʠʩʧʦʣʥʠʪʝʣʝʡ, ʘ ʪʘʢʞʝ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʚ ʜʥʷʭ ʢʘʞʜʦʡ ʨʘʙʦʪʳ. ʇʨʠ  ʵʪʦʤ  ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ 

ʤʠʥʠʤʘʣʴʥʘʷ ʦʮʝʥʢʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʤ, ʘ  

ʤʘʢʩʠʤʘʣʴʥʘʷ - ʥʘʠʙʦʣʝʝ  ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤ ʫʩʣʦʚʠʷʤ ʨʘʙʦʪʳ. 

ʆʞʠʜʘʝʤʘʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʨʘʙʦʪʳ tij ʚ ʉɻ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʧʨʠʥʷʪʦʡ 

ʜʚʫʭʦʮʝʥʦʯʥʦʡ ʤʝʪʦʜʠʢʝ, ʠʩʭʦʜʷ ʠʟ ʤʠʥʠʤʘʣʴʥʦʡ tij ʤʠʥ ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ tij 

ʤʘʢʩ ʦʮʝʥʦʢ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ, ʟʘʜʘʚʘʝʤʳʭ ʦʪʚʝʪʩʪʚʝʥʥʳʤ ʠʩʧʦʣʥʠʪʝʣʝʤ 

ʢʘʞʜʦʡ ʨʘʙʦʪʳ. ʇʨʠ ʵʪʦʤ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʤʠʥʠʤʘʣʴʥʘʷ ʦʮʝʥʢʘ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʤ ʫʩʣʦʚʠʷʤ ʨʘʙʦʪʳ, ʘ ʤʘʢʩʠʤʘʣʴʥʘʷ - 

ʥʘʠʙʦʣʝʝ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤ. 

ʆʞʠʜʘʝʤʘʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʢʘʞʜʦʡ ʨʘʙʦʪʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

tij ʦʞ = 0,6 tij ʤʠʥ + 0,4 tij ʤʘʢʩ.     (5.1) 

ʉʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ ŭǉ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʚ ʜʚʫʭʦʮʝʥʦʯʥʦʡ 

ʤʝʪʦʜʠʢʝ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

ŭǉ = 0,2 ( tij ʤʘʢʩ - tij ʤʠʥ).    (5.2) 
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ɼʠʩʧʝʨʩʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

Dij = 0,04( tij ʤʘʢʩ - tij ʤʠʥ )
2
.    (5.3) 

ʈʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʟʘʥʦʩʷʪʩʷ ʚ ʪʘʙʣʠʮʫ 7 ʧʦ ʚʦʟʨʘʩʪʘʥʠʶ ʢʦʜʦʚ ʨʘʙʦʪ. 

ʈʘʥʥʠʡ ʩʨʦʢ ʥʘʯʘʣʘ ʨʘʙʦʪʳ ʊʨʥij  ʩʦʚʧʘʜʘʝʪ ʩ ʨʘʥʥʠʤ ʩʨʦʢʦʤ ʩʚʝʨʰʝʥʠʷ 

ʝʛʦ ʥʘʯʘʣʴʥʦʛʦ ʩʦʙʳʪʠʷ. 

ʇʦʟʜʥʠʡ ʩʨʦʢ ʥʘʯʘʣʘ ʨʘʙʦʪʳ ʊʧʥij ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, ʝʩʣʠ ʠʟ ʧʦʟʜʥʝʛʦ ʩʨʦʢʘ 

ʩʚʝʨʰʝʥʠʷ ʝʸ ʢʦʥʝʯʥʦʛʦ ʩʦʙʳʪʠʷ  ʚʳʯʝʩʪʴ ʝʸ ʦʞʠʜʘʝʤʫʶ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ. 

ʈʘʥʥʠʡ ʩʨʦʢ ʦʢʦʥʯʘʥʠʷ ʨʘʙʦʪʳ ʊʨʦij ʦʙʨʘʟʫʝʪʩʷ ʧʨʠʙʘʚʣʝʥʠʝʤ ʝʸ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʢ ʨʘʥʥʝʤʫ ʩʨʦʢʫ ʩʚʝʨʰʝʥʠʷ ʝʸ ʥʘʯʘʣʴʥʦʛʦ ʩʦʙʳʪʠʷ. 

ʇʦʟʜʥʠʡ ʩʨʦʢ ʦʢʦʥʯʘʥʠʷ ʨʘʙʦʪʳ  ʊ ʧʦijʩʦʚʧʘʜʘʝʪ ʩ ʧʦʟʜʥʠʤ ʩʨʦʢʦʤ 

ʩʚʝʨʰʝʥʠʷ ʝʸ ʢʦʥʝʯʥʦʛʦ ʩʦʙʳʪʠʷ. 

ʇʦʣʥʳʡ ʨʝʟʝʨʚ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ  Rnijʦʙʨʘʟʫʝʪʩʷ ʚʳʯʠʪʘʥʠʝʤ ʠʟ ʧʦʟʜʥʝʛʦ 

ʩʨʦʢʘ ʩʚʝʨʰʝʥʠʷ ʝʸ ʢʦʥʝʯʥʦʛʦ ʩʦʙʳʪʠʷ ʨʘʥʥʝʛʦ ʩʨʦʢʘ ʩʚʝʨʰʝʥʠʷ ʝʸ 

ʥʘʯʘʣʴʥʦʛʦ ʩʦʙʳʪʠʷ ʠ ʝʸ ʦʞʠʜʘʝʤʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ. 

ʏʘʩʪʥʳʡ ʨʝʟʝʨʚ ʚʨʝʤʝʥʠ ʧʝʨʚʦʛʦ ʨʦʜʘ R
1
nijʨʘʚʝʥ ʨʘʟʥʦʩʪʠ ʧʦʟʜʥʠʭ ʩʨʦʢʦʚ 

ʩʚʝʨʰʝʥʠʷ ʝʸ ʢʦʥʝʯʥʦʛʦ ʠ ʥʘʯʘʣʴʥʦʛʦ ʩʦʙʳʪʠʡ ʟʘ ʚʳʯʝʪʦʤ ʝʸ ʦʞʠʜʘʝʤʦʡ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ. 

ʏʘʩʪʥʳʡ ʨʝʟʝʨʚ ʚʨʝʤʝʥʠ ʚʪʦʨʦʛʦ ʨʦʜʘ R
2
nij ʨʘʚʝʥ ʨʘʟʥʦʩʪʠ ʨʘʥʥʠʭ ʩʨʦʢʦʚ 

ʩʚʝʨʰʝʥʠʷ ʝʸ ʢʦʥʝʯʥʦʛʦ ʠ ʥʘʯʘʣʴʥʦʛʦ ʩʦʙʳʪʠʡ ʟʘ ʚʳʯʝʪʦʤ ʝʸ ʦʞʠʜʘʝʤʦʡ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ. 

ʉʚʦʙʦʜʥʳʡ ʨʝʟʝʨʚ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ Rʩijʦʙʨʘʟʫʝʪʩʷ ʚʳʯʠʪʘʥʠʝʤ ʠʟ ʨʘʥʥʝʛʦ 

ʩʨʦʢʘ ʩʚʝʨʰʝʥʠʷ ʝʸ ʢʦʥʝʯʥʦʛʦ ʩʦʙʳʪʠʷ ʧʦʟʜʥʝʛʦ ʩʨʦʢʘ ʩʚʝʨʰʝʥʠʷ ʝʸ  

ʥʘʯʘʣʴʥʦʛʦ ʩʦʙʳʪʠʷ  ʝʸ ʦʞʠʜʘʝʤʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ. 

ɺ ʪʘʙʣʠʮʝ 7ʦʪʦʙʨʘʞʝʥ ʧʝʨʝʯʝʥʴ, ʧʘʨʘʤʝʪʨʳ ʠ ʚʝʨʦʷʪʥʦʩʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʙʦʪ ʉɻ. 
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ʊʘʙʣʠʮʘ 7 - ʇʝʨʝʯʝʥʴ, ʧʘʨʘʤʝʪʨʳ ʠ ʚʝʨʦʷʪʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʙʦʪ ʉɻ 

ʂʦʜ 

ʨʘʙʦʪʳ 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʨʘʙʦʪʳ 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ, 

ʜʥ 

ʀʩʧʦʣʥʠʪʝʣʠ, 

ʯʝʣ. 

ʉʨʝʜʥʝ-

ʢʚʘʜʨʘʪʠ-

ʯʝʩʢʦʝ 

ʦʪʢʣʦʥʝ-

ʥʠʝ, ʜʥ 

ɼʠʩʧʝʨ-

ʩʠʷ, ʜʥ
2
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ʠ
ʥ
.

 

ʤ
ʘ
ʢ
ʩ
.

 

ʦ
ʞ
ʠ
ʜ

. ʨ
ʫ
ʢ
.

 

ʠ
ʥ
ʞ
.

 

ʣ
ʘ
ʙ
.

 

0-1 

ʇʦʣʫʯʝʥʠʝ ʪʝʤʳ. 

ɸʥʘʣʠʟ ʪʝʤʳ. 

ʉʦʩʪʘʚʣʝʥʠʝ 

ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʟʘʜʘʥʠʷ 

2 5 3 1 2 0 0,60 0,36 

1-2 

ʉʦʛʣʘʩʦʚʘʥʠʝ ʠ 

ʧʦʜʧʠʩʘʥʠʝ 

ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʟʘʜʘʥʠʷ 

1 3 2 1 2 0 0,24 0,16 

1-3 

ʇʦʜʙʦʨ ʣʠʪʝʨʘʪʫʨʳ 

ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʧʨʦʝʢʪʘ 

3 6 4 0 1 1 0,80 0,64 

1-4 
ɺʳʙʦʨ ʉɸʇʈʘ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ 
2 7 4 0 2 0 0,80 0,64 

2-5 ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʳ 1 6 3 0 0 1 1,00 1,00 

3-5 
ʇʦʠʩʢ ʘʥʘʣʦʛʠʯʥʳʭ 

ʧʨʦʝʢʪʦʚ  
1 4 2 0 2 1 0,60 0,36 

4-5 

ʇʦʜʨʦʙʥʦʝ 

ʠʟʫʯʝʥʠʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʉɸʇʈʘ 

6 13 9 0 2 0 1,40 1,96 

 

 

5-6 

ʀʟʫʯʝʥʠʝ 

ʘʥʘʣʦʛʠʯʥʳʭ 

ʧʨʦʝʢʪʦʚ (ʤʦʜʝʣʝʡ) 

 

3 

 

7 

 

5 

 

0 
2 

 

1 
0,80 

 

0,64 

6-7 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ 

ʦʧʠʩʘʥʠʝ ʢʘʞʜʦʛʦ 

ʵʣʝʤʝʥʪʘ ʧʨʦʝʢʪʘ 

7 11 9 0 2 0 0,80 0,64 

7-8 
ʇʦʜʙʦʨ ʣʠʪʝʨʘʪʫʨʳ 

ʧʦ ɹɾɼ 
1 3 2 0 0 1 0,40 0,16 

 

7-9 

ʇʦʜʙʦʨ ʣʠʪʝʨʘʪʫʨʳ 

ʧʦ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʯʘʩʪʠ 

 

1 

 

3 

 

2 

 

0 

 

0 

 

1 

 

0,40 

 

0,16 

8-10 
ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʳ 

ʧʦ ɹɾɼ 
4 6 5 0 0 1 0,40 0,16 

9-10 

ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʳ 

ʧʦ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʯʘʩʪʠ 

3 6 4 0 0 1 0,60 0,36 
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ʂʦʜ 

ʨʘʙʦʪʳ 

 

 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʨʘʙʦʪʳ 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ, 

ʜʥ 
ʀʩʧʦʣʥʠʪʝʣʠ, 

ʯʝʣ. 
ʉʨʝʜʥʝ-

ʢʚʘʜʨʘʪʠ-

ʯʝʩʢʦʝ 

ʦʪʢʣʦʥʝ-

ʥʠʝ, ʜʥ 

ɼʠʩʧʝʨ-

ʩʠʷ, ʜʥ
2
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10-11 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ 

ʦʧʠʩʘʥʠʝ ʢʘʞʜʦʛʦ 

ʵʣʝʤʝʥʪʘ ʧʨʦʝʢʪʘ 

6 18 11 0 2 0 2,40 5,76 

11-12 
ʈʝʘʣʠʟʘʮʠʷ 

ʧʨʦʝʢʪʘ ʚ ʉɸʇʈ 
9 24 15 1 2 0 3,00 9,00 

12-13 

ɸʥʘʣʠʟ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ  

3 7 5 0 2 1 0,80 0,64 

12-14 

ɺʳʜʚʠʞʝʥʠʝ ʠ 

ʧʨʦʨʘʙʦʪʢʘ 

ʧʨʝʜʣʦʞʝʥʠʝ ʧʦ 

ʤʦʜʝʨʥʠʟʘʮʠʠ 

ʧʨʦʝʢʪʘ. 

5 10 7 1 2 1 1,00 1,00 

13-15 

ʈʘʟʨʘʙʦʪʢʘ 

ʢʨʠʪʝʨʠʝʚ ʦʮʝʥʢʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʧʨʦʝʢʪʘ 

2 5 3 1 2 0 0,60 0,36 

14-15 

ɼʦʨʘʙʦʪʢʘ ʧʨʦʝʢʪʘ 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʧʨʝʜʣʦʞʝʥʠʷʤʠ ʧʦ 

ʝʛʦ ʤʦʜʝʨʥʠʟʘʮʠʠ 

4 8 6 0 2 1 0,80 0,64 

15-16 

ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʮʠʬʨʦʚʦʛʦ 

ʛʝʥʝʨʘʪʦʨʘ 

ʩʠʛʥʘʣʦʚ, 

ʨʝʘʣʠʟʦʚʘʥʥʦʤ ʚ 

ʉɸʇʈ 

4 9 6 0 2 1 1,00 1,00 

16-17 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ, 

ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʮʠʬʨʦʚʦʛʦ 

ʛʝʥʝʨʘʪʦʨʘ 

ʩʠʛʥʘʣʦʚ 

2 5 3 0 1 1 0,60 0,36 

16-18 

ʈʘʟʨʘʙʦʪʢʘ 

ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ 

ɹɾɼ 

2 6 4 0 1 1 0,80 0,64 

17-19 
ʉʦʩʪʘʚʣʝʥʠʝ 

ʩʝʪʝʚʦʛʦ ʛʨʘʬʠʢʘ 
3 6 4 0 0 1 0,60 0,36 

18-19 
ʉʦʩʪʘʚʣʝʥʠʝ ʦʙʟʦʨʘ 

ʧʦ ʣʠʪʝʨʘʪʫʨʝ 
1 3 2 0 0 1 0,40 0,16 

19-20 

ʆʬʦʨʤʣʝʥʠʝ 

ʧʦʷʩʥʠʪʝʣʴʥʦʡ 

ʟʘʧʠʩʢʠ 

4 7 5 0 2 0 0,60 0,36 
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ʂʦʜ 

ʨʘʙʦʪʳ 

 

 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʨʘʙʦʪʳ 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ, 

ʜʥ 
ʀʩʧʦʣʥʠʪʝʣʠ, 

ʯʝʣ. ʉʨʝʜʥʝ-

ʢʚʘʜʨʘʪʠ-

ʯʝʩʢʦʝ 

ʦʪʢʣʦʥʝ-

ʥʠʝ, ʜʥ 

ɼʠʩʧʝʨ-

ʩʠʷ, ʜʥ
2
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20-21 
ʇʦʜʛʦʪʦʚʢʘ 

ʧʣʘʢʘʪʦʚ 
1 5 3 0 2 1 0,80 0,64 

21-22 

ʉʦʩʪʘʚʣʝʥʠʝ 

ʧʨʝʟʝʥʪʘʮʠʠ ʜʣʷ 

ʟʘʱʠʪʳ ʧʨʦʝʢʪʘ 

3 6 4 0 1 1 0,60 0,36 

22-23 ʅʘʧʠʩʘʥʠʝ ʨʝʯʠ 2 4 3 0 2 0 0,24 0,16 

23-24 ɿʘʱʠʪʘ ʧʨʦʝʢʪʘ 1 1 1 1 2 0 0 0 

 

5.2 ʈʘʩʯʸʪ ʧʘʨʘʤʝʪʨʦʚ ʩʦʙʳʪʠʡ ʩʝʪʝʚʦʛʦ ʛʨʘʬʠʢʘ 

ʈʘʥʥʠʡ ʩʨʦʢ ʩʚʝʨʰʝʥʠʷ ʠʩʭʦʜʥʦʛʦ (ʥʫʣʝʚʦʛʦ) ʩʦʙʳʪʠʷ ʉɻ ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʳʤ 

ʥʫʣʶ. ʈʘʥʥʠʡ ʩʨʦʢ ʩʚʝʨʰʝʥʠʷ ʜʘʥʥʦʛʦ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʩʦʙʳʪʠʷ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʫʪʸʤ 

ʩʨʘʚʥʝʥʠʷ ʩʫʤʤ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʨʘʥʥʝʛʦ ʩʨʦʢʘ ʩʚʝʨʰʝʥʠʷ ʩʦʙʳʪʠʷ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʧʨʝʜʰʝʩʪʚʫʶʱʝʛʦ ʜʘʥʥʦʤʫ ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʨʘʙʦʪʳ. ʊʘʢ ʢʘʢ ʜʘʥʥʦʝ ʩʦʙʳʪʠʝ ʥʝ ʤʦʞʝʪ 

ʩʚʝʨʰʠʪʴʩʷ, ʧʦʢʘ ʥʝ ʟʘʢʦʥʯʠʪʩʷ ʧʦʩʣʝʜʥʷʷ ʠʟ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʝʤʫ 

ʨʘʙʦʪ, ʦʯʝʚʠʜʥʦ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ ʨʘʥʥʝʛʦ ʩʨʦʢʘ ʩʚʝʨʰʝʥʠʷ ʩʦʙʳʪʠʷ ʧʨʠʥʠʤʘʝʪʩʷ 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʠʟ ʩʨʘʚʥʠʚʘʝʤʳʭ ʩʫʤʤ. 

ʇʘʨʘʤʝʪʨʳ ʩʦʙʳʪʠʡ ʩʝʪʝʚʦʛʦ ʛʨʘʬʠʢʘ ʦʪʦʙʨʘʞʝʥʳ ʚ ʪʘʙʣʠʮʝ 8. 
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ʊʘʙʣʠʮʘ 8- ʇʘʨʘʤʝʪʨʳ ʩʦʙʳʪʠʡ ʩʝʪʝʚʦʛʦ ʛʨʘʬʠʢʘ 
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ʉʨʦʢʠ ʩʚʝʨʰʝʥʠʷ 
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ʥ
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ʦ
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ʉʨʦʢʠ ʩʚʝʨʰʝʥʠʷ 

ʈ
ʝ
ʟ
ʝ
ʨ
ʚ
 

ʚ
ʨ
ʝ
ʤ
ʝ
ʥ
ʠ

 

ʨʘʥʥʠʡ ʧʦʟʜʥʠʡ ʨʘʥʥʠʡ ʧʦʟʜʥʠʡ 

0 0 0 0 13 68 73 5 

1 3 3 0 14 70 70 0 

2 5 12 7 15 76 76 0 

3 7 14 7 16 82 82 0 

4 7 7 0 17 85 85 0 

5 16 16 0 18 86 87 1 

6 21 21 0 19 89 89 0 

7 30 30 0 20 94 94 0 

8 32 32 0 21 97 97 0 

9 32 33 1 22 101 101 0 

10 37 37 0 23 104 104 0 

11 48 48 0 24 105 105 0 

12 63 63 0     

 

5.3ʈʘʩʯʸʪ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʪ ʩʝʪʝʚʦʛʦ ʛʨʘʬʠʢʘ 

ɼʣʷ ʨʘʙʦʪ, ʣʝʞʘʱʠʭ ʥʘ ʢʨʠʪʠʯʝʩʢʦʤ ʧʫʪʠ ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʧʨʷʞʸʥʥʦʩʪʠ 

ʂʥij  = 1. ʂʦʵʬʬʠʮʠʝʥʪ ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʚʩʝʛʜʘ ʤʝʥʴʰʝ ʣʠʙʦ ʨʘʚʝʥ 1, ʝʛʦ ʚʝʣʠʯʠʥʘ 

ʧʦʜʩʯʠʪʳʚʘʝʪʩʷ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʩʫʤʤʳ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʝʡ ʦʪʨʝʟʢʦʚ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʫʪʠ, ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ ʜʘʥʥʫʶ ʨʘʙʦʪʫ, ʥʝ ʩʦʚʧʘʜʘʶʱʠʭ ʩ 

ʢʨʠʪʠʯʝʩʢʠʤ ʧʫʪʸʤ tʤʘʢʩij ʢ ʩʫʤʤʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʝʡ ʦʪʨʝʟʢʦʚ ʢʨʠʪʠʯʝʩʢʦʛʦ 

ʧʫʪʠ, ʥʝ ʩʦʚʧʘʜʘʶʱʠʭ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʧʫʪʸʤ, ʧʨʦʭʦʜʷʱʠʤ ʯʝʨʝʟ ʵʪʫ ʨʘʙʦʪʫ t 

ʢʨij . 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʚʩʝ ʨʘʙʦʪʳ ʧʦʧʘʜʘʶʪ ʚ 

ʦʜʥʫ ʠʟ ʪʨʸʭ ʟʦʥ ʥʘʧʨʷʞʸʥʥʦʩʪʠ: 

-  ʢʨʠʪʠʯʝʩʢʫʶ, ʢ ʥij> 0.8; 

- ʧʨʦʤʝʞʫʪʦʯʥʫʶ, 0,5Òʢ ʥij Ò 0,8; 

- ʨʝʟʝʨʚʥʫʶ, ʢ ʥij< 0,5. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 9. 
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ʊʘʙʣʠʮʘ 9 - ʇʘʨʘʤʝʪʨʳ ʨʘʙʦʪ ʩʝʪʝʚʦʛʦ ʛʨʘʬʠʢʘ 
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ʉʨʦʢʠ ʥʘʯʘʣʘ 
ʉʨʦʢʠ 

ʦʢʦʥʯʘʥʠʷ 
ʈʝʟʝʨʚʳ ʚʨʝʤʝʥʠ 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʥʘʧʨʷʞʸʥʥʦʩʪ

ʠ 

ʨ
ʘ
ʥ
ʥ
ʠ
ʡ

 

ʧ
ʦ
ʟ
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ʥ
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ʡ

 

ʨ
ʘ
ʥ
ʥ
ʠ
ʡ
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ʦ
ʟ
ʜ
ʥ
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ʡ

 

ʧ
ʦ
ʣ
ʥ
ʳ
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ʯ
ʘ
ʩ
ʪ
ʥ
ʳ
ʡ
 

1
 

ʨ
ʦ
ʜ
ʘ

 

ʯ
ʘ
ʩ
ʪ
ʥ
ʳ
ʡ
 

2
 

ʨ
ʦ
ʜ
ʘ

 

ʩ
ʚ
ʦ
ʙ
ʦ
ʜ

ʥ
ʳ
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0-1 3 0 0 3 3 0 0 0 0 1,00 

1-2 2 3 3 5 12 7 7 0 0 0,46 

1-3 4 3 3 7 14 7 7 0 0 0,46 

1-4 4 3 3 7 7 0 0 8 0 1,00 

2-5 3 5 12 16 16 8 1 7 1 0,46 

3-5 2 7 14 16 16 7 0 0 0 0,46 

4-5 9 7 7 16 16 0 0 0 0 1,00 

5-6 5 16 16 21 21 0 0 0 0 1,00 

6-7 9 21 21 30 30 0 0 0 0 1,00 

7-8 2 30 30 32 32 0 0 0 0 1,00 

7-9 2 30 30 32 33 1 1 0 0 0,86 

8-10 5 32 32 37 37 0 0 1 0 1,00 

9-10 4 32 33 37 37 1 0 0 0 0,86 

10-11 11 37 37 48 48 0 0 0 0 1,00 

11-12 15 48 48 63 63 0 0 0 0 1,00 

12-13 5 63 63 68 73 5 5 0 0 0,62 

12-14 7 63 63 70 70 0 0 5 0 1,00 

13-15 3 68 73 76 76 5 0 0 0 0,62 

14-15 6 70 70 76 76 0 0 0 0 1,00 

15-16 6 76 76 82 82 0 0 0 0 1,00 

16-17 3 82 82 85 85 0 0 0 0 1,00 

16-18 4 82 82 86 87 1 1 0 0 0,86 

17-19 4 85 85 89 89 0 0 1 0 1,00 

18-19 2 86 87 89 89 1 0 0 0 0,86 

19-20 5 89 89 94 94 0 0 0 0 1,00 

20-21 3 94 94 97 97 0 0 0 0 1,00 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 9 
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ʉʨʦʢʠ ʥʘʯʘʣʘ 
ʉʨʦʢʠ 

ʦʢʦʥʯʘʥʠʷ 
ʈʝʟʝʨʚʳ ʚʨʝʤʝʥʠ 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʥʘʧʨʷʞʸʥʥʦʩʪʠ 
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ʩ
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ʥ
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21-22 2 97 97 101 101 0 0 0 0 1,00 

22-23 3 101 101 104 104 0 0 0 0 1,00 

23-24 1 104 104 105 105 0 0 0 0 1,00 

 

ʂʦʣʠʯʝʩʪʚʦ ʩʦʙʳʪʠʡ nc = 24. ʂʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ nʨ = 29. 

ʂʦʵʬʬʠʮʠʝʥʪ ʩʣʦʞʥʦʩʪʠ ʉɻ, ʨʘʚʥʳʡ ʦʪʥʦʰʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʨʘʙʦʪ ʢ 

ʢʦʣʠʯʝʩʪʚʫ ʩʦʙʳʪʠʡ ʚ ʉɻ: Kc=1,21. ʂʨʠʪʠʯʝʩʢʠʡ ʧʫʪʴ Lʢʨ = 105 ʜʥʝʡ. 

ɼʠʩʧʝʨʩʠʷ ʩʨʦʢʘ ʥʘʩʪʫʧʣʝʥʠʷ ʟʘʚʝʨʰʘʶʱʝʛʦ ʩʦʙʳʪʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʮʝʥʪʨʘʣʴʥʦʡ ʧʨʝʜʝʣʴʥʦʡ ʪʝʦʨʝʤʦʡ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ ʢʘʢ 

ʩʫʤʤʘ ʜʠʩʧʝʨʩʠʠ ʨʘʙʦʪ ʢʨʠʪʠʯʝʩʢʦʛʦ ʧʫʪʠ: 

D= 26 

ɺʝʨʦʷʪʥʦʩʪʴ ʩʚʝʨʰʝʥʠʷ ʟʘʚʝʨʰʘʶʱʝʛʦ ʩʦʙʪrʠʷ ʚ ʩʨʦʢ, ʨʘʚʥʳʡ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʢʨʠʪʠʯʝʩʢʦʛʦ ʧʫʪʠ, ʨʘʚʥʘ p(tʩʚ Ò tʢʨ) = 0,5. ɽʩʣʠ 

ʜʠʨʝʢʪʠʚʥʳʡ ʩʨʦʢ ʊʜ ʫʩʪʘʥʦʚʣʝʥ ʤʝʥʴʰʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʢʨʠʪʠʯʝʩʢʦʛʦ 

ʧʫʪʠ, ʚʝʨʦʷʪʥʦʩʪʴ ʩʚʝʨʰʝʥʠʷ ʩʦʙʳʪʠʷ ʢ ʜʠʨʝʢʪʠʚʥʦʤʫ ʩʨʦʢʫ ʤʝʥʴʰʝ 0,5 ʠ 

ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʘ ʩ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʦʨʤʘʣʴʥʦʛʦ 

ʦʪʢʣʦʥʝʥʠʷ (ʥʦʨʤʠʨʦʚʘʥʥʘʷ ʬʫʥʢʮʠʷ ʃʘʧʣʘʩʘ) ʌ(ʠ)+0,5. ʅʦʨʤʘʣʴʥʦʝ 

ʦʪʢʣʦʥʝʥʠʝ "ʠ" ʨʘʚʥʦ ʨʘʟʥʦʩʪʠ ʤʝʞʜʫ ʜʠʨʝʢʪʠʚʥʳʤ ʩʨʦʢʦʤ ʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʢʨʠʪʠʯʝʩʢʦʛʦ ʧʫʪʠ (ʩ ʫʯʸʪʦʤ ʟʥʘʢʘ), ʦʪʥʝʩʸʥʥʦʡ ʢ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʤʫ ʦʪʢʣʦʥʝʥʠʶ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʢʨʠʪʠʯʝʩʢʦʛʦ ʧʫʪʠ. 

ɽʩʣʠ ʚʝʨʦʷʪʥʦʩʪʴ ʩʚʝʨʰʝʥʠʷ ʟʘʚʝʨʰʘʶʱʝʛʦ ʩʦʙʳʪʠʷ ʤʝʥʴʰʝ 0,35, 

ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʦʧʘʩʥʦʩʪʴ ʥʘʨʫʰʝʥʠʷ ʜʠʨʝʢʪʠʚʥʦʛʦ ʩʨʦʢʘ ʥʘʩʪʦʣʴʢʦ ʚʝʣʠʢʘ, 

ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʧʦʚʪʦʨʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʩ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʠʣʠ 
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ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʧʨʠʚʣʝʯʝʥʠʝʤ ʨʝʩʫʨʩʦʚ ʥʘ ʨʘʙʦʪʳ ʢʨʠʪʠʯʝʩʢʦʛʦ ʧʫʪʠ. ɽʩʣʠ 

ʵʪʘ ʚʝʨʦʷʪʥʦʩʪʴ ʙʦʣʴʰʝ 0,65 (ʯʪʦ ʠʤʝʝʪ ʤʝʩʪʦ ʧʨʠ ʜʠʨʝʢʪʠʚʥʦʤ ʩʨʦʢʝ, 

ʧʨʝʚʳʰʘʶʱʠʤ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʢʨʠʪʠʯʝʩʢʦʛʦ ʧʫʪʠ), ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʧʝʨʝʧʣʘʥʠʨʦʚʘʪʴ ʚʝʩʴ ʉɻ, ʪʘʢ ʢʘʢ ʥʘ ʚʩʝʭ ʨʘʙʦʪʘʭ, ʚʢʣʶʯʘʷ ʢʨʠʪʠʯʝʩʢʠʝ, 

ʠʤʝʶʪʩʷ ʠʟʙʳʪʦʯʥʳʝ ʨʝʩʫʨʩʳ.  

ʉʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʢʨʠʪʠʯʝʩʢʦʛʦ 

ʧʫʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

ŭʢʨ= ˑ̋ =̑5,1,   (5.4) 

ʛʜʝ ɼtʢʨ - ʜʠʩʧʝʨʩʠʷ ʩʨʦʢʘ ʥʘʩʪʫʧʣʝʥʠʷ ʟʘʚʝʨʰʘʶʱʝʛʦ ʩʦʙʳʪʠʷ, ʨʘʚʥʘʷ 

ʩʫʤʤʝ ʜʠʩʧʝʨʩʠʡ ʨʘʙʦʪ ʢʨʠʪʠʯʝʩʢʦʛʦ ʧʫʪʠ. 

ɼʠʨʝʢʪʠʚʥʳʡ ʩʨʦʢ ʥʘʧʠʩʘʥʠʷ ʜʠʧʣʦʤʘ 105 ʜʥʝʡ ʩ ʤʦʤʝʥʪʘ ʚʳʜʘʯʠ 

ʟʘʜʘʥʠʷ ʥʘ ʧʨʝʜʜʠʧʣʦʤʥʦʡ ʧʨʘʢʪʠʢʝ ʜʦ ʩʜʘʯʠ ʧʦʷʩʥʠʪʝʣʴʥʦʡ ʟʘʧʠʩʢʠ ʥʘ 

ʢʘʬʝʜʨʫ ʜʣʷ ʫʪʚʝʨʞʜʝʥʠʷ  ʠ ʧʨʦʭʦʞʜʝʥʠʷ ʥʦʨʤʦʢʦʥʪʨʦʣʷ. 

ɺʝʨʦʷʪʥʦʩʪʠ ʩʚʝʨʰʝʥʠʷ ʟʘʚʝʨʰʘʶʱʝʛʦ ʩʦʙʳʪʠʷ ʫʢʘʟʘʥʘ ʚ ʪʘʙʣʠʮʝ 10. 

ʊʘʙʣʠʮʘ 10 - ɺʝʨʦʷʪʥʦʩʪʠ ʩʚʝʨʰʝʥʠʷ ʟʘʚʝʨʰʘʶʱʝʛʦ ʩʦʙʳʪʠʷ  

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ɼʠʨʝʢʪʠʚʥʳʡ ʩʨʦʢ 

ʂʨʠʪʠʯʝʩʢʠʡ ʩʨʦʢ 105 

ʉʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ 3,949683532 

ɼʠʨʝʢʪʠʚʥʳʡ ʩʨʦʢ 106 

ʅʦʨʤʘʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ 0,253184842 

ɺʝʨʦʷʪʥʦʩʪʴ ʩʚʝʨʰʝʥʠʷ 0,6 

ʇʦʣʫʯʝʥʥʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʙʦʣʴʰʝ 0,35 ʠ ʤʝʥʴʰʝ 0,65, ʵʪʦʟʥʘʯʠʪ, ʯʪʦ 

ʦʧʪʠʤʠʟʘʮʠʷ ʩʝʪʝʚʦʛʦ ʛʨʘʬʠʢʘ ʥʝ ʪʨʝʙʫʝʪʩʷ. 

5.4 ʈʘʩʯʝʪ ʟʘʪʨʘʪ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʅʀʆʂʈ 

ɼʠʧʣʦʤʥʳʡ  ʧʨʦʝʢʪ ʦʪʥʦʩʠʪʩʷ  ʢ ʅʀʆʂʈ (ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʠ 

ʦʧʳʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʘʷ ʨʘʙʦʪʘ). ʉʤʝʪʥʘʷ ʩʪʦʠʤʦʩʪʴ ʅʀʆʂʈ  ʩʢʣʘʜʳʚʘʝʪʩʷ 

ʠʟ ʩʣʝʜʫʶʱʠʭ ʩʪʘʪʝʡ ʟʘʪʨʘʪ: 

- ʤʘʪʝʨʠʘʣʳ; 
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- ʢʦʥʪʨʘʛʝʥʪʩʢʠʝ ʨʘʩʭʦʜʳ; 

- ʧʦʢʫʧʥʳʝ ʠʟʜʝʣʠʷ; 

- ʟʘʨʘʙʦʪʥʘʷ  ʧʣʘʪʘ; 

- ʥʘʢʣʘʜʥʳʝ ʨʘʩʭʦʜʳ; 

- ʩʤʝʪʘ ʟʘʪʨʘʪ. 

ʈʘʩʩʤʦʪʨʠʤ ʢʘʞʜʫʶ ʩʪʘʪʴʶ ʟʘʪʨʘʪ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ. ɿʘʪʨʘʪʳ ʥʘ 

ʤʘʪʝʨʠʘʣʳ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 11. 

ʊʘʙʣʠʮʘ 11 - ɿʘʪʨʘʪʳ ʥʘ ʤʘʪʝʨʠʘʣʳ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʂʦʣʠʯʝʩʪʚʦ, ʰʪ ʉʪʦʠʤʦʩʪʴ, ʨʫʙ 

ʄʠʢʨʦʩʭʝʤʘ  STM32 F407 

VGT6 

1 750 

ʢʦʥʜʝʩʘʪʦʨ 18 51 

ʢʘʪʫʰʢʠ 10 33 

ʈʘʟʲʸʤ USB 1 39 

ʇʘʷʣʴʥʘʷ ʧʘʩʪʘ 1 19 

ʂʨʳʰʢʘ 1 63 

ʆʙʝʯʘʡʢʘ 1 55 

ɼʥʦ 1 48 

ʇʝʨʝʛʦʨʦʜʢʘ 2 3 

ʈʘʜʠʘʪʦʨ 1 99 

ʀʪʦʛʦ: 2327 

 

ʂʦʥʪʨʘʛʝʥʪʩʢʠʝ ʨʘʩʭʦʜʳ ʚʢʣʶʯʘʶʪ ʩʪʦʠʤʦʩʪʴ ʨʘʙʦʪ, ʚʳʧʦʣʥʷʝʤʳʭ 

ʩʪʦʨʦʥʥʠʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʧʦ ʟʘʢʘʟʫ ʜʘʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ, 

ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʜʘʥʥʦʡ ʅʀʈ. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʜʘʥʥʦʡ 

ʨʘʙʦʪʳ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʘʛʝʥʪʩʢʠʭ ʨʘʩʭʦʜʦʚ ʚʳʩʪʫʧʘʝʪ ʚʳʚʦʜ ʛʨʘʬʠʯʝʩʢʦʛʦ 

ʤʘʪʝʨʠʘʣʘ. 

ɺ ʪʘʙʣʠʮʝ 12 ʦʧʠʩʘʥʳ ʟʘʪʨʘʪʳ ʥʘ ʢʦʥʪʨʘʛʝʥʪʩʢʠʝ ʨʘʩʭʦʜʳ. 
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ʊʘʙʣʠʮʘ 12 ï ɿʘʪʨʘʪʳ ʥʘ ʢʦʥʪʨʘʛʝʥʪʩʢʠʝ ʨʘʩʭʦʜʳ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʂʦʣʠʯʝʩʪʚʦ, ʰʪ. ʎʝʥʘ, ʨʫʙ. ʉʪʦʠʤʦʩʪʴ, ʨʫʙ. 

ʇʝʯʘʪʴ ɸ4 80 2 160 

ʇʝʯʘʪʴ ɸ1 4 50 200 

ʀʪʦʛʦ: 360 ʨʫʙ. 

ʈʘʩʩʯʠʪʘʝʤ ʨʘʩʭʦʜʳ  ʥʘ ʟʘʨʘʙʦʪʥʫʶ ʧʣʘʪʫ. ɽʝ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ, 

ʨʘʟʜʝʣʠʚ ʤʝʩʷʯʥʳʡ ʜʦʣʞʥʦʩʪʥʦʡ ʦʢʣʘʜ ʥʘ ʩʨʝʜʥʝʝ ʯʠʩʣʦ ʨʘʙʦʯʠʭ ʜʥʝʡ ʚ 

ʤʝʩʷʮʝ, ʫʩʪʘʥʦʚʣʝʥʥʦʝ ʚ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦʤ ʧʦʨʷʜʢʝ (22 ʜʥʷ), ʠ ʫʤʥʦʞʠʚ ʥʘ 

ʢʦʣʠʯʝʩʪʚʦ ʜʥʝʡ, ʚ ʢʦʪʦʨʳʭ ʟʘʥʷʪ ʩʧʝʮʠʘʣʠʩʪ (ʪʨʫʜʦʝʤʢʦʩʪʴ). 

ʂ ʠʪʦʛʦʚʦʡ ʩʫʤʤʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʙʘʚʠʪʴ 30% ʵʪʦ ʟʘʪʨʘʪʳ ʥʘ ʬʦʥʜ 

ʦʧʣʘʪʳ ʪʨʫʜʘ. 

ɿʘʪʨʘʪʳ ʥʘ ʟʘʨʘʙʦʪʥʫʶ ʧʣʘʪʫ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 13. 

ʊʘʙʣʠʮʘ 13 ï ʈʘʩʯʝʪ ʦʩʥʦʚʥʦʡ ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʳ 

ʂʘʪʝʛʦʨʠʠ 

ʨʘʙʦʪʥʠʢʦʚ 

ʆʢʣʘʜ, 

ʨʫʙ. 

ʊʨʫʜʦ-ʝʤʢʦʩʪʴ, 

ʜʥ 

ʆʜʥʦ-ʜʥʝʚʥʘʷ 

ʟ/ʧ, ʨʫʙ. 

ʇʦʣʥʘʷ ʟ/ʧ, 

ʨʫʙ. 

ʈʫʢʦʚʦʜʠʪʝʣʴ 37000 31 1380 42780 

ʀʥʞʝʥʝʨʳ 25000 209 1100 229900 

ʃʘʙʦʨʘʥʪ 11000 72 500 36000 

   ʀʪʦʛʦ 308680 

   ʀʪʦʛʦ +ʌʆʊ 401284 

ʇʦʢʫʧʥʳʝ ʠʟʜʝʣʠʷ ʠʣʠ ʧʦʢʫʧʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʧʨʦʜʫʢʪʳ, ʣʠʮʝʥʟʠʠ.  

ʃʠʮʝʥʟʠʷ P-CAD 2017 ï 50000 ʨʫʙ. 

ʀʪʦʛʦ: 50000 ʨʫʙ. 

ʅʘʢʣʘʜʥʳʝ ʨʘʩʭʦʜʳ (ʅʈ). ʅʘʢʣʘʜʥʳʝ ʨʘʩʭʦʜʳ ʩʚʷʟʘʥʳ ʩ ʟʘʪʨʘʪʘʤʠ ʥʘ 

ʫʧʨʘʚʣʝʥʠʝ ʠ ʭʦʟʷʡʩʪʚʝʥʥʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ, ʠ ʩʦʩʪʘʚʣʷʶʪ 10% ʦʪ ʩʫʤʤʳ 

ʟʘʪʨʘʪ ʧʦ ʧʨʝʜʳʜʫʱʠʤ ʧʫʥʢʪʘʤ (453971 ʨʫʙ.). ʅʘʢʣʘʜʥʳʝ ʨʘʩʭʦʜʳ ʨʘʚʥʳ 

45397 ʨʫʙ. 
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ʉʤʝʪʘ ʟʘʪʨʘʪ ʥʘ ʅʀʆʂʈ ʦʪʦʙʨʘʞʝʥʘ ʚ ʪʘʙʣʠʮʝ 14. 

ʊʘʙʣʠʮʘ 14 - ʉʤʝʪʘ ʟʘʪʨʘʪ ʥʘ ʅʀʆʂʈ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʉʪʦʠʤʦʩʪʴ, ʨʫʙ. 

ʄʘʪʝʨʠʘʣʳ 2327 

ʂʦʥʪʨʘʛʝʥʪʩʢʠʝ ʨʘʩʭʦʜʳ 360 

ʇʦʢʫʧʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʧʨʦʜʫʢʪʳ 50000 

ɿʘʨʘʙʦʪʥʳʝ ʧʣʘʪʳ ʠ ʥʘʯʠʩʣʝʥʠʷ 401284 

ʅʘʢʣʘʜʥʳʝ ʨʘʩʭʦʜʳ 45397 

ʀʪʦʛʦ 499368 

5.5 ɸʥʘʣʠʟ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ɺ ʭʦʜʝ ʜʠʧʣʦʤʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʣʘʙʦʨʘʪʦʨʥʳʡ 

ʤʘʢʝʪ, ʩʪʦʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʪʝʥʜʘ ʚ ʩʪʦʨʦʥʥʝʡ ʦʨʛʘʥʠʟʘʮʠʠ 

1500 ʨʫʙʣʝʡ ʟʘ 1 ʯʘʩ ʨʘʙʦʪʳ. ɼʣʷ ʦʧʳʪʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʥʘ ʨʘʟʨʘʙʦʪʢʫ 

ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʧʨʠ 8 ʯʘʩʦʚʦʤ ʨʘʙʦʯʝʤ ʜʥʝ ʧʦʪʨʝʙʦʚʘʣʦʩʴ ʙʳ ʦʢʦʣʦ 2 ʤʝʩʷʮʝʚ 

ʨʘʙʦʪʳ (44 ʨʘʙʦʯʠʭ ʜʥʷ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʣʫʯʘʝʤ 528000 ʨʫʙ. ʊʘʢ ʞʝ 

ʜʘʥʥʳʡ ʩʪʝʥʜ ʥʫʞʥʦ ʪʝʩʪʠʨʦʚʘʪʴ ʠ ʧʨʦʚʝʨʷʪʴ. ʊʝʩʪʠʨʦʚʘʥʠʝ ʠ ʫʩʪʨʘʥʝʥʠʝ 

ʥʝʧʦʣʘʜʦʢ ʟʘʥʷʣʦ ʙʳ ʚ ʩʪʦʨʦʥʥʝʡ ʦʨʛʘʥʠʟʘʮʠʠ ʦʢʦʣʦ ʜʚʫʭ ʥʝʜʝʣʴ (10 ʨʘʙʦʯʠʭ 

ʜʥʝʡ). ʀʥʞʝʥʝʨʳ ʧʦ ʪʝʩʪʠʨʦʚʘʥʠʶ ʧʦʣʫʯʘʶʪ 800 ʨʫʙ. ʟʘ ʯʘʩ ʩʚʦʝʛʦ ʨʘʙʦʯʝʛʦ 

ʚʨʝʤʝʥʠ. ʈʘʩʩʯʠʪʘʚ ʩʪʦʠʤʦʩʪʴ ʧʦʣʫʯʠʤ 64000 ʨʫʙ. ʉʣʦʞʠʚ ʚʩʝ ʟʘʪʨʘʪʳ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ ʚ ʩʪʦʨʦʥʥʠʭ ʦʨʛʘʥʠʟʘʮʠʷʭ ʧʦʣʫʯʘʝʤ ʤʠʥʠʤʫʤ 

592000 ʨʫʙ, ʙʝʟ ʫʯʝʪʘ ʨʘʩʭʦʜʦʚ ʥʘ ʤʘʪʝʨʠʘʣʳ, ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʠ 

ʪ.ʜ., ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʥʘʰʠ ʨʘʩʭʦʜʳ. 
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ʇʨʦʪʦʢʦʣ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʦ USART 

ʇʝʨʝʜʘʯʘ. 

1. ʀʥʠʮʠʘʣʠʟʘʮʠʷ ʫʩʪʨʦʡʩʪʚʘ 

2.ʆʧʨʝʜʝʣʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ 

3. ʆʧʨʝʜʝʣʝʥʠʝ ʪʠʧʘ ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ 

4. ʆʙʲʷʚʣʝʥʠʝ ʤʘʩʩʠʚʘ ʧʝʨʝʤʝʥʥʳʭ 

5. ʆʙʲʷʚʣʝʥʠʝ ʤʠʥʠʤʫʤʘ ʜʘʥʥʳʭ ʧʝʨʝʜʘʚʘʝʤʳʭ ʧʦ ʢʘʥʘʣʫ ʩʚʷʟʠ 

6. ɸʢʪʠʚʘʮʠʷ ʬʫʥʢʮʠʠʠ ʥʘʯʘʣʘ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʦ USB-B 

7. ʇʝʨʝʜʘʯʘ ʤʘʩʩʠʚʘ ʜʘʥʥʳʭ 

8.ɸʢʪʠʚʘʮʠʷ ʬʫʥʢʮʠʠʠ ʦʢʦʥʯʘʥʠʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʦ USB-B 

9. ʆʢʦʥʯʘʥʠʝ ʧʝʨʝʜʘʯʠ ʤʘʩʩʠʚʘ ʜʘʥʥʳʭ 

10. ʆʪʧʨʘʚʣʝʥʠʝ ʢʦʥʪʨʦʣʴʥʦʛʦ ʢʦʜʘ 

ʇʨʠʝʤ. 

1.ʇʨʠʝʤ ʤʘʩʩʠʚʘ ʜʘʥʥʳʭ 

2.ʇʨʠʝʤ ʢʦʥʪʨʦʣʴʥʦʛʦ ʢʦʜʘ 

3.ʉʨʘʚʥʝʥʠʝ ʢʦʥʪʨʦʣʴʥʦʡ ʩʫʤʤʳ 

 

ʃʠʩʪʠʥʛ ʧʨʦʛʨʘʤʤʳ 

#include "spi.h" 

#include "type.h" 

#include "messags.h" 

#include "timers.h" 

#include "stm32f10x.h" 

#include "stm32f10x_spi.h" 

#include "stm32f10x_gpio.h" 

#include "stm32f10x_rcc.h" 

#include "graphic.h" 

#include "stdint.h" 
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SPI_FSM_STATES SPI_FSM_state; 

uint8_t   SPI_FSM_current_hw; 

void InitSPI_FSM() { 

 RCC->CFGR &= 0xFFFFC7FF; 

 RCC->CFGR |= 0x00002000; 

 SPI_FSM_state = SPI_FSM_START; 

}  

#define  SPI_CONFIG_PGA280 ( \ 

 SPI_Direction_2Lines_FullDuplex | \ 

 SPI_Mode_Master     | \ 

 SPI_DataSize_16b    | \ 

 SPI_CPOL_High     | \ 

 SPI_CPHA_1Edge     | \ 

 SPI_NSS_Soft     | \ 

 SPI_BaudRatePrescaler_128  | \ 

 SPI_FirstBit_MSB    | \ 

 0x0040) // SPI Enable Bit 

#define  SPI_CONFIG_PGA280ECS ( \ 

 SPI_Direction_2Lines_FullDuplex | \ 

 SPI_Mode_Master     | \ 

 SPI_DataSize_8b     | \ 

 SPI_CPOL_High     | \ 

 SPI_CPHA_1Edge     | \ 

 SPI_NSS_Soft     | \ 

 SPI_BaudRatePrescaler_128  | \ 

 SPI_FirstBit_MSB    | \ 
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 0x0040) // SPI Enable Bit 

#define  SPI_CONFIG_TMP123_DISP ( \ 

 SPI_Direction_2Lines_FullDuplex | \ 

 SPI_Mode_Master     | \ 

 SPI_DataSize_16b    | \ 

 SPI_CPOL_High     | \ 

 SPI_CPHA_2Edge     | \ 

 SPI_NSS_Soft     | \ 

 SPI_BaudRatePrescaler_256   | \ 

 SPI_FirstBit_MSB    | \ 

 0x0040) // SPI Enable Bit 

 

#define  SPI_CONFIG_DAC8811_DAC8831_ADS7866 ( \ 

 SPI_Direction_2Lines_FullDuplex | \ 

 SPI_Mode_Master     | \ 

 SPI_DataSize_16b    | \ 

 SPI_CPOL_Low     | \ 

 SPI_CPHA_1Edge     | \ 

 SPI_NSS_Soft     | \ 

 SPI_BaudRatePrescaler_128  | \ 

 SPI_FirstBit_MSB    | \ 

 0x0040) // SPI Enable Bit 

uint8_t ProcessSPI_FSM(SPI_HW hardware, uint16_t *SPI_Data) { 

 //int i; 

 switch(SPI_FSM_state) { 

  case SPI_FSM_START: 

   if(hardware != SPI_GEN_PULSE) { 
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    GPIO_ResetBits(GPIOC, \ 

     MEAS_OE_Pin  | \ 

     GEN_OE_Pin  ); 

    GPIO_SetBits(GPIOC,   \ 

     MEAS_CS_Pin  | \ 

     GEN_CS_Pin  ); 

   }  

   RCC_APB2PeriphClockCmd(RCC_APB2Periph_SPI1, ENABLE); 

   SPI_FSM_current_hw = hardware; 

   // Select hardware 

   switch(SPI_FSM_current_hw) { 

    case SPI_MEAS: 

     SPI1->CR1 = SPI_CONFIG_PGA280; 

     MEAS_OE_HIGH(); 

     MEAS_CS_LOW(); 

     SPI_I2S_SendData(SPI1, *SPI_Data); 

     break;  

    case SPI_MEAS_PULSE: 

     SPI1->CR1 = SPI_CONFIG_PGA280ECS; 

     MEAS_OE_HIGH(); 

     MEAS_CS_LOW(); 

     SPI_I2S_SendData(SPI1, 0xC2); 

     break; 

    case SPI_GEN: 

     SPI1->CR1 = SPI_CONFIG_PGA280; 

     GEN_OE_HIGH(); 

     GEN_CS_LOW(); 
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     SPI_I2S_SendData(SPI1, *SPI_Data); 

     break; 

    case SPI_GEN_PULSE: 

    case SPI_GEN_PGA: 

    case SPI_GEN_DAC8831: 

    case SPI_GEN_DAC8811: 

    case SPI_GEN_ADS7866: 

     SPI1->CR1 = SPI_CONFIG_PGA280ECS; 

     GEN_OE_HIGH(); 

     GEN_CS_LOW();     

     switch(SPI_FSM_current_hw) { 

      case SPI_GEN_PULSE: 

       SPI_I2S_SendData(SPI1, 0xC5); 

       break; 

      case SPI_GEN_PGA: 

       SPI_I2S_SendData(SPI1, 0xC1); 

       break; 

      case SPI_GEN_DAC8831: 

       SPI_I2S_SendData(SPI1, 0xC3); 

       break; 

      case SPI_GEN_DAC8811: 

       SPI_I2S_SendData(SPI1, 0xC4); 

       break; 

      case SPI_GEN_ADS7866: 

       SPI_I2S_SendData(SPI1, 0xC0); 

       break; 

     }  
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     break; 

    case SPI_TEMP0: 

    case SPI_TEMP1: 

    case SPI_DISP: 

     SPI1->CR1 = SPI_CONFIG_TMP123_DISP; 

    // for(i=0;i<1000000;i++); 

     switch(SPI_FSM_current_hw) { 

      case SPI_TEMP0: 

       TEMP0_CS_LOW(); 

       break; 

      case SPI_TEMP1: 

       TEMP1_CS_LOW(); 

       break; 

      case SPI_DISP: 

       GPIOD->BSRR = GPIO_Pin_2; //!!!! 

       DISP_CS_LOW(); 

       break; 

     }  

     SPI_I2S_SendData(SPI1, *SPI_Data); 

     break; 

    case SPI_FLASH: 

     FLASH_CS_LOW(); 

     break; 

   }  

   SPI_FSM_state = SPI_FSM_WAIT_SPI_HW; 

  case SPI_FSM_WAIT_SPI_HW: 

   if((SPI_I2S_GetFlagStatus(SPI1, SPI_I2S_FLAG_RXNE) == RESET) || 

(hardware != SPI_FSM_current_hw)) break; 
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   SPI_Cmd(SPI1, DISABLE);  

   switch(SPI_FSM_current_hw) { 

    case SPI_GEN_PGA: 

    case SPI_GEN_DAC8831: 

    case SPI_GEN_DAC8811: 

    case SPI_GEN_ADS7866: 

     SPI_I2S_ReceiveData(SPI1); 

     SPI1->CR1 = (SPI_FSM_current_hw == SPI_GEN_PGA) ? 

SPI_CONFIG_PGA280 : SPI_CONFIG_DAC8811_DAC8831_ADS7866; 

     SPI_I2S_SendData(SPI1, *SPI_Data); 

     SPI_FSM_state = SPI_FSM_ECS_WAIT_SPI_HW; 

     break; 

   }  

  case SPI_FSM_ECS_WAIT_SPI_HW: 

   if((SPI_I2S_GetFlagStatus(SPI1, SPI_I2S_FLAG_RXNE) == RESET) || 

(hardware != SPI_FSM_current_hw)) break; 

   *SPI_Data = SPI_I2S_ReceiveData(SPI1); 

   RCC_APB2PeriphClockCmd(RCC_APB2Periph_SPI1, DISABLE); 

  

   if(SPI_FSM_current_hw != SPI_GEN_PULSE && SPI_FSM_current_hw 

!= SPI_MEAS_PULSE) { 

    GPIO_ResetBits(GPIOC, \ 

     MEAS_OE_Pin  | \ 

     GEN_OE_Pin  ); 

    GPIO_SetBits(GPIOC,   \ 

     MEAS_CS_Pin  | \ 

     GEN_CS_Pin  | \ 

     TEMP0_CS_Pin | \ 

     TEMP1_CS_Pin | \ 
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     FLASH_CS_Pin | \ 

     DISP_CS_Pin  ); 

   }  

   SPI_FSM_state = SPI_FSM_START; 

   return(0); 

 }  

 return(1); 

}  
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ɿɸʂʃʖʏɽʅʀɽ 

ɺ ʜʘʥʥʦʤ ʜʠʧʣʦʤʥʦʤ ʧʨʦʝʢʪʝ ʤʳ ʨʘʟʨʘʙʦʪʘʣʠ ʤʦʜʫʣʴ ʮʠʬʨʦʚʦʛʦ 

ʛʝʥʝʨʘʪʦʨʘ ʩʠʛʥʘʣʦʚ ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʦʨʤʳ. ʈʘʩʩʯʠʪʘʣʠ ʟʘʪʨʘʪʳ ʥʝʦʙʭʦʜʠʤʳʝ 

ʥʘ ʩʦʟʜʘʥʠʝ ʪʘʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. 

ʇʨʝʜʦʩʪʘʚʠʣʠ ʨʘʟʚʦʜʢʫ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ ʚ ʜʚʫʭ ʩʣʦʷʭ. ʀʟ-ʟʘ ʤʘʣʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʤʝʩʪʘ ʥʘ ʧʝʯʘʪʥʦʡ ʧʣʘʪʝ, ʤʳ ʧʦʤʝʩʪʠʣʠ ʢʦʤʧʦʥʝʥʪʳ ʩʣʠʰʢʦʤ 

ʙʣʠʟʢʦ ʜʨʫʛ ʢ ʜʨʫʛʫ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʪʦʤʫ, ʯʪʦ ʙʫʜʫʪ ʧʦʪʝʨʠ ʚ ʨʘʜʠʦ ʪʨʘʢʪʝ, 

ʩʣʘʙʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʩʪʦʷʯʝʡ ʚʦʣʥʳ, ʦʪʩʫʪʩʪʚʠʝ ʢʦʧʣʘʥʘʨʥʳʭ ʧʨʦʚʦʜʥʠʢʦʚ. 
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