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ʈʋʂʆɺʆɼʉʊɺʆ ʇʆʃʔɿʆɺɸʊɽʃʗ 

USB 2.0 ʤʦʜʫʣʴ ɸʎʇ, 4 ʢʘʥʘʣʘ 

ʅʝʧʨʝʨʳʚʥʳʡ ʩʙʦʨ ʜʘʥʥʳʭ ɸʎʇ (ʜʦ 10 ʄɻʮ, 14 ʙʠʪ) 

ɺʦʟʤʦʞʥʦʩʪʴ ʚʥʝʰʥʝʡ ʠ ʤʥʦʛʦʤʦʜʫʣʴʥʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ 

ɸʩʠʥʭʨʦʥʥʳʡ ʮʠʬʨʦʚʦʡ ʚʚʦʜ-ʚʳʚʦʜ 

ɸʩʠʥʭʨʦʥʥʳʡ 2-ʢʘʥʘʣʴʥʳʡ ʎɸʇ (ʦʧʮʠʷ) 
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ʊʝʭʥʠʯʝʩʢʘʷ ʧʦʜʜʝʨʞʢʘ: support@lcard.ru  
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ʀʩʪʦʨʠʷ ʨʝʚʠʟʠʡ ʥʘʩʪʦʷʱʝʛʦ ʜʦʢʫʤʝʥʪʘ 
 

ʈʝʚʠʟʠʷ 

ʨʫʢʦʚʦʜʩʪʚʘ 

ɼʘʪʘ ʇʨʠʤʝʯʘʥʠʷ ʧʦ ʚʥʝʩʸʥʥʳʤ ʠʟʤʝʥʝʥʠʷʤ 

1.00.02 ï  

1.00.07 

05-2006 -  

05-2007 

ʈʫʢʦʚʦʜʩʪʚʦ ʧʦ  ʨʝʚʠʟʠʠ ɸ, ʚʳʧʫʩʢ ʢʦʪʦʨʳʭ ʟʘʢʦʥʯʝʥ ʚ E20-10

ʢʦʥʮʝ 2007 ʛ.  

2.00.01 04-2008 ʈʫʢʦʚʦʜʩʪʚʦ ʟʥʘʯʠʪʝʣʴʥʦ ʜʦʧʦʣʥʝʥʦ, ʜʦʨʘʙʦʪʘʥʦ ʚ ʩʚʷʟʠ ʩ 

ʜʦʙʘʚʣʝʥʠʝʤ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʩʚʝʜʝʥʠʡ ʦ  ʨʝʚʠʟʠʠ ɺ. E20-10

2.00.02 04-2008 ɼʦʧʦʣʥʝʥʘ ʪʘʙʣ. ʧ. 7.3, ʚʚʝʜʸʥ ʧ. 3.3.4, ʜʦʧʦʣʥʝʥʘ  

ʪʘʙʣ. 5-5., ʠʩʧʨʘʚʣʝʥʘ ʦʰʠʙʢʘ ʚ ʪʘʙʣ. 6-3 

2.00.03 09-2008 ɼʦʧʦʣʥʝʥʳ ʩʚʝʜʝʥʠʷ ʦʙ ʦʙʥʦʚʣʝʥʠʠ ʧʨʦʰʠʚʢʠ FPGA  

(ʧ. 3.3.4).  

2.00.04 10-2008 ɼʦʙʘʚʣʝʥʘ ʧʦʷʩʥʷʶʱʘʷ ʢʘʨʪʠʥʢʘ ʚ ʧ. 4.4.  

2.00.05 10-2008 ɼʦʧʦʣʥʝʥʳ ʩʚʝʜʝʥʠʷ ʦʙ ʦʙʥʦʚʣʝʥʠʠ ʧʨʦʰʠʚʢʠ FPGA  

(ʧ. 3.3.4). 

2.00.06 04-2009 ɺʚʝʜʝʥʳ ʠʟʤʝʥʝʥʠʷ ʠ ʜʦʧʦʣʥʝʥʠʷ ʚ ʩʠʩʪʝʤʫ ʦʙʦʟʥʘʯʝʥʠʡ 

ʚʘʨʠʘʥʪʦʚ ʠʩʧʦʣʥʝʥʠʷ E20-10 (ʧ. 3.3.2) 

2.00.07 12-2009 ʇʦʣʫʯʠʣ ʥʦʚʫʶ ʨʝʜʘʢʮʠʶ ʧ. 6.5.4.3  

2.00.08 06-2010 ɼʦʧʦʣʥʝʥ ʧ. 7.1.4 

2.00.09 07-2010 ʆʪʨʝʜʘʢʪʠʨʦʚʘʥ ʧ. 6.3 

2.00.10 06-2011 ʆʪʨʝʜʘʢʪʠʨʦʚʘʥ ʧ.5.2.2.  ɼʦʙʘʚʣʝʥ ʧ. 6.5.5 

2.00.11 03-2012 ʅʝʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʦʬʦʨʤʣʝʥʠʷ 

2.00.12 09-2012 ʋʚʝʣʠʯʝʥ ʨʘʟʤʝʨ ʢʘʜʨʘ ɸʎʇ ʜʦ 8192 ʦʪʩʯʸʪʦʚ! 

ɺ  ʪʘʙʣ. 7.1 ʜʦʙʘʚʣʝʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ: ʉʤʝʱʝʥʠʝ ʥʫʣʷ ʧʨʠ 

ʥʝʧʦʜʢʣʶʯʝʥʥʦʤ ʚʭʦʜʝ  ɸʎʇ 

2.00.13 11-2012 ɼʦʧʦʣʥʝʥʳ ʩʚʝʜʝʥʠʷ ʚ ʧ. 3.3.4 

2.00.14 02-2013 ɺʥʝʩʝʥʳ ʩʚʝʜʝʥʠʷ ʦ ʨʝʚʠʟʠʠ B.01. (ʧ. 2.1) 

2.00.15 03-2013 ʆʪʨʝʜʘʢʪʠʨʦʚʘʥ ʧ. 2.1 

2.00.16 01-2014 ʆʪʨʝʜʘʢʪʠʨʦʚʘʥ ʧ. 6.5.1 

2.00.17 02-2014 ɼʦʧʦʣʥʝʥʳ ʪʘʙʣ. 6-7 , ʧ. 7.4, ʧ. 6.5.1 

2.00.18 12-2014 ɼʦʙʘʚʣʝʥʳ ʩʚʝʜʝʥʠʷ ʦ ʥʦʚʦʡ ʧʨʦʰʠʚʢʝ 2.00.10, ʧ. 3.3.4 

2.01.00 10-2017 ɼʦʙʘʚʣʝʥ rʠʥʜʫʩʪʨʠʘʣʴʥʳʝ ʚʘʨʠʘʥʪ rʠʩʧʦʣʥʝʥʠʷ  

ʇʨʠʚʝʜʝʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ   

ʧʦʜʛʦʪʦʚʢʠ ʩʝʤʝʡʩʪʚʘ ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʥʘʧʨʷʞʝʥʠʷ 

ʠʟʤʝʨʠʪʝʣʴʥʳʭ L-CARD ʢ ʩʝʨʪʠʬʠʢʘʮʠʠ ʢʘʢ ʉʨʝʜʩʪʚʘ ʀʟʤʝʨʝʥʠʷ 

2.01.01 02-2018 ʇ. 1.1 ʜʦʧʦʣʥʝʥ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʚʥʝʩʝʥʠʠ ʚ ɻʦʩʨʝʝʩʪʨ ʉʀ, ʟʥʘʢ 
ʩʦʦʪʚʝʪʩʪʚʠʷ ʚʥʝʩʸʥ ʥʘ ʪʠʪʫʣʴʥʫʶ ʩʪʨʘʥʠʮʫ. ʅʘ ʩʪʨ. 17 ʜʦʙʘʚʣʝʥʦ 
ʧʨʝʜʫʧʨʝʞʜʝʥʠʝ (ʦʪʤʝʯʝʥʦ ʢʨʘʩʥʳʤ).  ʅʘ ʩʪʨ. 19 ʜʦʙʘʚʣʝʥʳ 
ʩʚʝʜʝʥʠʷ ʦ ʧʨʦʰʠʚʢʝ FPGA 2.01.11.  

2.01.02 

2.01.03 

11-2018 ɼʦʧʦʣʥʝʥʳ ʩʚʝʜʝʥʠʷ ʦ ʥʦʚʳʭ ʧʨʦʰʠʚʢʘʭ, ʧ. 3.3.4 



 

E20-10  ʈʫʢʦʚʦʜʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʷ  

2.01.04 11-2018 ɼʦʧʦʣʥʝʥʳ ʩʚʝʜʝʥʠʷ ʦ ʥʦʚʳʭ ʩʠʥʭʨʦʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ 

ʢʘʥʘʣʘʭ ʮʠʬʨʦʚʦʛʦ ʚʚʦʜʘ: ʦʙʥʦʚʣʝʥʳ ʧ. 3.3.4, ʨʠʩ. 5-2, ʧ. 5.2.1, 

ʧ 5.2.3, ʜʦʙʘʚʣʝʥʳ ʧʧ. 5.2.3.3,  5.2.8. ʈʘʟʜʝʣʝʥʳ ʧʦʥʷʪʠʷ ñʣʠʥʠʷ 

(ʮʝʧʴ) DI16/STARTò ʠ ñʩʠʛʥʘʣ STARTò ʚ ʧʧ. 5.1, 5.2, 5.2.2, 6.5.5, 

ʪʘʙʣ. 5-2, ʪʘʙʣ. 6-2, ʪʘʙʣ. 6-3, ʪʘʙʣ. 6-4. 

2.01.05 11-2018 ɺ ʧʧ. 2, 5.2.8  ʜʦʙʘʚʣʝʥʳ ʪʘʙʣʠʮʳ ʠ ʩʦʧʨʦʚʦʜʠʪʝʣʴʥʳʡ ʪʝʢʩʪ ʢ ʥʠʤ 

2.01.06 12-2018 ɺ ʧ. 5.2.5 ʠʟʤʝʥʸʥ 3-ʠʡ ʘʙʟʘʮ 

2.02.00 04-2019 ɼʦʙʘʚʣʝʥʳ ʩʚʝʜʝʥʠʷ ʦ E20-10 ʨʝʚʠʟʠʠ C:  

- ɼʦʧʦʣʥʝʥʳ ʧʧ.1.1, 2, 2.1, 3.3.4, 5.1, 5.2.1, 5.2.2, 5.2.2.1, 5.2.3.1, 

5.2.3.2, 5.2.4, 5.2.5, 5.2.6, 6.5.4.2, 6.5.4.3, 6.5.4.7, 7.1, 7.4 

- ʀʟʤʝʥʝʥʳ ʧʧ. 3.1, 3.2, 3.3.1, 3.3.2, 3.3.3.4, 6.5.4.1.  

- ɼʦʧʦʣʥʝʥʳ ʨʠʩ. 5-1, ʨʠʩ. 5-2, ʨʠʩ. 5-3, ʨʠʩ. 6-5. 

- ɼʦʧʦʣʥʝʥʳ ʪʘʙʣ. 6-3, ʪʘʙʣ. 6-6. 

- ɺʩʪʘʚʣʝʥ ʥʦʚʳʡ ʧ. 7.1.3.  

- ñL-Cardò (ʢʘʢ ʦʬʠʮʠʘʣʴʥʦʝ ʥʘʟʚʘʥʠʝ ʢʦʤʧʘʥʠʠ) ʟʘʤʝʥʝʥʦ ʥʘ 

OOO ñʃ ʂʘʨʜò. 

2.02.01 01-2020 ʆʬʦʨʤʣʝʥʳ ʩʚʝʜʝʥʠʷ ʦ ʧʨʦʰʠʚʢʘʭ FPGA ʚ ʧʧ.3.3.4.1, 3.3.4.2,  

3.3.4.3. ʉʢʦʨʨʝʢʪʠʨʦʚʘʥ rʧʧ. 5.2, 5.2.8, ʜʦʙʘʚʣʝʥ ʧ. 5.2.8.1 

 

ʅʘ CD-ROM, ʚʭʦʜʷʱʠʡ ʚ ʢʦʤʧʣʝʢʪ ʧʦʩʪʘʚʢʠ (ʧ. 3.3), ʚʩʝʛʜʘ ʟʘʧʠʩʳʚʘʝʪʩʷ ʧʦʩʣʝʜʥʷʷ 

ʨʝʚʠʟʠʷ ʜʘʥʥʦʛʦ ʜʦʢʫʤʝʥʪʘ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʩʣʝʜʥʶʶ ʨʝʚʠʟʠʶ ɺʳ ʩʤʦʞʝʪʝ ʥʘʡʪʠ ʚ 

ʙʠʙʣʠʦʪʝʢʝ ʬʘʡʣʦʚ ʥʘ ʥʘʰʝʤ ʩʘʡʪʝ http://www.lcard.ru/download. 
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1. ʆ ʯʝʤ ʵʪʦʪ ʜʦʢʫʤʝʥʪ 
ʅʘʩʪʦʷʱʠʡ ʜʦʢʫʤʝʥʪ ð ʵʪʦ ʈʫʢʦʚʦʜʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʥʘʧʠʩʘʥʥʦʝ, ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ, 

ʚ ʤʘʢʩʠʤʘʣʴʥʦ ʜʨʫʞʝʩʪʚʝʥʥʦʡ ʢ ʧʦʣʴʟʦʚʘʪʝʣʶ ʬʦʨʤʝ
1
. ɿʜʝʩʴ ʦʧʠʩʳʚʘʶʪʩʷ ʪʝʭʥʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ , ʨʘʟʲʷʩʥʷʶʪʩʷ ʧʨʘʚʠʣʘ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʧʨʠʥʮʠʧʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, E20-10

ʩʦʜʝʨʞʘʪʩʷ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʢʦʤʧʣʝʢʪʥʦʩʪʴ ʧʦʩʪʘʚʢʠ. 

ɺ ʥʘʩʪʦʷʱʝʤ ʜʦʢʫʤʝʥʪʝ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢʠʝ-ʣʠʙʦ ʚʦʧʨʦʩʳ, ʢʘʩʘʶʱʠʝʩʷ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʕʪʠ ʚʦʧʨʦʩʳ ʠʟʣʦʞʝʥʳ ʚ ʨʫʢʦʚʦʜʩʪʚʝ 

ʧʨʦʛʨʘʤʤʠʩʪʘ [1]. 

ʀʪʘʢ, ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʩ  ɺʘʤ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʧʦʥʘʜʦʙʷʪʩʷ ʜʚʘ E20-10

ʜʦʢʫʤʝʥʪʘ: ʨʫʢʦʚʦʜʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʨʫʢʦʚʦʜʩʪʚʦ ʧʨʦʛʨʘʤʤʠʩʪʘ. 

 

1.1. ʆ ʨʝʚʠʟʠʷʭ ɸ, B, ɺ.01 ʠ ʉ ʤʦʜʫʣʷ E20-10. 
ɹʫʨʥʦ ʨʘʟʚʠʚʘʶʱʘʷʩʷ ʩʦʚʨʝʤʝʥʥʘʷ ʵʣʝʤʝʥʪʥʘʷ ʙʘʟʘ ʠ ʪʝʭʥʦʣʦʛʠʠ, ʤʥʦʛʦʣʝʪʥʠʡ ʦʧʳʪ 

ʩʝʨʠʡʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ , ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʦʞʝʣʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ï ʚʩʸ ʵʪʦ ʩʦʟʜʘʣʦ E20-10

ʚʦʟʤʦʞʥʦʩʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʧʝʨʝʨʘʙʦʪʘʪʴ ʧʨʦʝʢʪ : ʜʦʧʦʣʥʠʪʴ ʝʛʦ ʮʝʣʳʤ ʨʷʜʦʤ E20-10

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʦʣʝʟʥʳʭ ʬʫʥʢʮʠʡ ʠ ʩʚʦʡʩʪʚ, ʤʘʢʩʠʤʘʣʴʥʦ ʩʦʭʨʘʥʷʷ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʩ 

ʧʨʝʞʥʠʤʠ ʬʫʥʢʮʠʷʤʠ, ʦʩʪʘʚʘʷʩʴ ʧʨʠ ʵʪʦʤ ʚ ʪʦʡ ʞʝ ʩʪʦʠʤʦʩʪʥʦʡ ʢʘʪʝʛʦʨʠʠ ʫʩʪʨʦʡʩʪʚ ʩʙʦʨʘ 

ʜʘʥʥʳʭ. ʅʦʚʦʤʫ  ʧʨʠʩʚʦʝʥʘ ʨʝʚʠʟʠʷ ɺ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘʯʘʪʦ ʩ 2008 ʛʦʜʘ. E20-10

ʇʨʦʠʟʚʦʜʠʤʘʷ ʜʦ ʢʦʥʮʘ 2007 ʛʦʜʘ ʨʝʚʠʟʠʷ ɸ ʤʦʜʫʣʷ  ʩʥʷʪʘ ʩ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʥʦ, E20-10

ʝʩʪʝʩʪʚʝʥʥʦ, ʧʨʦʜʦʣʞʘʝʪ ʧʦʜʜʝʨʞʠʚʘʪʴʩʷ ʢʦʤʧʘʥʠʝʡ OOO ñʃ ʂʘʨʜò, ʠ ʝʸ ʦʧʠʩʘʥʠʝ  

ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʵʪʦʤ ʨʫʢʦʚʦʜʩʪʚʝ.  

ɺ 2013 ʛʦʜʫ ʢʦʤʧʘʥʠʷ OOO ñʃ ʂʘʨʜò ʚʳʧʫʩʪʠʣʘ ʥʦʚʫʶ ʨʝʚʠʟʠʶ B.01, ʢʦʪʦʨʘʷ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʝʥʥʳʤ ʜʠʘʧʘʟʦʥʦʤ ʥʘʧʨʷʞʝʥʠʡ 

ʧʠʪʘʥʠʷ, ʩʤ. ʧ. 7.4, ʩʪʨ. 70. 

ʈʘʟʚʠʚʘʶʱʘʷʩʷ ʵʣʝʤʝʥʪʥʘʷ ʙʘʟʘ ʷʚʠʣʘʩʴ ʧʨʠʯʠʥʦʡ ʚ 2019 ʛʦʜʫ ʚʳʧʫʩʪʠʪʴ ʥʦʚʫʶ 

ʨʝʚʠʟʠʶ C. 

ʉ ʧʦʣʥʳʤ ʧʝʨʝʯʥʝʤ ʦʪʣʠʯʠʡ ʨʝʚʠʟʠʡ ɸ, ɺ, ɺ.01 ʠ ʉ ʤʦʞʥʦ ʧʦʟʥʘʢʦʤʠʪʴʩʷ ʚ ʧ. 2.1 

ʥʘʩʪʦʷʱʝʛʦ ʨʫʢʦʚʦʜʩʪʚʘ. 

ʉʤʝʥʘ ʨʝʚʠʟʠʡ  ʩʚʷʟʘʥʘ ʩ ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʦʙʥʦʚʣʝʥʠʷʤʠ, E20-10

ʧʦʵʪʦʤʫ, ʦʪʤʝʪʠʤ ʩʨʘʟʫ, ʯʪʦ ʚʦʟʤʦʞʥʦʩʪʴ ʢʘʢʦʡ-ʣʠʙʦ ʜʦʨʘʙʦʪʢʠ  ʜʦ ʙʦʣʝʝ ʩʪʘʨʰʠʭ E20-10

ʨʝʚʠʟʠʡ ʧʦʣʥʦʩʪʴʶ ʠʩʢʣʶʯʝʥʘ. 

 

ʋʢʘʟʘʥʥʳʝ ʚ ʥʘʩʪʦʷʱʝʤ ʨʫʢʦʚʦʜʩʪʚʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʚʠʟʠʠ B.01 ʠ ʉ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʳʭ  ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʩʝʤʝʡʩʪʚʘ 

L-CARD:   

 

 

ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʠ E20-10. E20-10-I ,  E20-10-1, E20-10-1-I ,  

E20-10-D, E20-10-D-I , E20-10-D-1, E20-10-D-1-I   ʚʥʝʩʝʥʳ  ʚ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʨʝʝʩʪʨ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ ʚ ʩʦʩʪʘʚʝ ʩʝʤʝʡʩʪʚʘ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ L-CARD ʠ ʠʭ ʚʳʧʫʩʢ ʥʘʯʘʣʩʷ ʚ 2018 ʛʦʜʫ. 

 

  

                                                 
1
 ʥʦ ʥʝ ʧʦ ɻʆʉʊʫ 

http://www.lcard.ru/node/1462
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1.2. ʉʠʩʪʝʤʘ ʦʙʦʟʥʘʯʝʥʠʡ. 
 

E20-10 -  -  -  

ȲɔɊɎɚɎɐɆɜɎɥ 
ɕɖɋɔɇɖɆɍɔɈɆɘɋɑɥ 1 ȵɔɑɔɗɆ ɝɆɗɘɔɘ

ɕɖɔɕəɗɐɆɓɎɥ 5 Ȳȩɜ

D ȼȦȵ (2 ɐɆɓɆɑɆ)
ɕɖɎɗəɘɗɘɈəɋɘ

ȼȦȵ
ɔɘɗəɘɗɘɈəɋɘ

ȵɖɋɔɇɖɆɍɔɈɆɘɋɑɎ ɓɆɕɖɥɌɋɓɎɥ 
ɎɍɒɋɖɎɘɋɑɢɓɡɋ  

I

 + 5é+ 55 Áȷ

-40é+ 60 Áȷ
ȷ ɑɆɐɎɖɔɈɐɔɏ

ȳɋɘ
ɎɓɊɋɐɗɆ

ȳɋɘ
ɎɓɊɋɐɗɆ D

ȳɋɘ
ɎɓɊɋɐɗɆ 1

ȵɔɑɔɗɆ ɝɆɗɘɔɘ 
ɕɖɔɕəɗɐɆɓɎɥ 1,2 Ȳȩɜ

 

 

1.3. ɺʘʨʠʘʥʪʳ ʠʩʧʦʣʥʝʥʠʡ. 
¶ E20-10  (ʰʠʨʠʥʘ ʧʦʣʦʩʳ ʯʘʩʪʦʪ ʧʨʦʧʫʩʢʘʥʠʷ ɸʎʇ 1,2 ʄɻʮ, 2-ʢʘʥʘʣʴʥʳʡ ʎɸʇ 

ʦʪʩʫʪʩʪʚʫʝʪ). 

¶ E20-10-D (ʰʠʨʠʥʘ ʧʦʣʦʩʳ ʯʘʩʪʦʪ ʧʦʣʦʩʳ ʯʘʩʪʦʪ ʧʨʦʧʫʩʢʘʥʠʷ ɸʎʇ 1,2 ʄɻʮ 

2-ʢʘʥʘʣʴʥʳʡ ʎɸʇ ʧʨʠʩʫʪʩʪʚʫʝʪ). 

¶ E20-10-1  (ʰʠʨʠʥʘ ʧʦʣʦʩʳ ʯʘʩʪʦʪ ʧʦʣʦʩʳ ʯʘʩʪʦʪ ʧʨʦʧʫʩʢʘʥʠʷ ɸʎʇ 5 ʄɻʮ, 

2-ʢʘʥʘʣʴʥʳʡ ʎɸʇ ʦʪʩʫʪʩʪʚʫʝʪ). 

¶ E20-10-D-1 (ʰʠʨʠʥʘ ʧʦʣʦʩʳ ʯʘʩʪʦʪ ʧʨʦʧʫʩʢʘʥʠʷ ɸʎʇ 5 ʄɻʮ 2-ʢʘʥʘʣʴʥʳʡ ʎɸʇ 

ʧʨʠʩʫʪʩʪʚʫʝʪ). 

¶ E20-10-D-I  (ʰʠʨʠʥʘ ʧʦʣʦʩʳ ʯʘʩʪʦʪ ʧʨʦʧʫʩʢʘʥʠʷ ɸʎʇ 1,2 ʄɻʮ 2-ʢʘʥʘʣʴʥʳʡ 

ʎɸʇ ʧʨʠʩʫʪʩʪʚʫʝʪ, ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʚʘʨʠʘʥʪ ʠʩʧʦʣʥʝʥʠʷ).  

¶ E20-10-D-1-I  (ʰʠʨʠʥʘ ʧʦʣʦʩʳ ʯʘʩʪʦʪ ʧʨʦʧʫʩʢʘʥʠʷ ɸʎʇ 5 ʄɻʮ 2-ʢʘʥʘʣʴʥʳʡ 

ʎɸʇ ʧʨʠʩʫʪʩʪʚʫʝʪ, ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʚʘʨʠʘʥʪ ʠʩʧʦʣʥʝʥʠʷ). 

 

ʀʥʜʫʩʪʨʠʘʣʴʥʳʝ ʠʩʧʦʣʥʝʥʠʷ
2
 (ʩ ʙʫʢʚʝʥʥʳʤ ʠʥʜʝʢʩʦʤ "I"), ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʪ -40 ʜʦ +60 Áʉ, ʠʤʝʁʪ ʛʝʨʤʝʪʠʟʘʮʠʶ ʧʣʘʪ ʣʘʢʠʨʦʚʢʦʡ, 

ʯʪʦ ʧʦʚʳʰʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠʟʜʝʣʠʡ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʇʦʜʨʦʙʥʝʝ ʦʙ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʯʠʪʘʡʪʝ ʚ ʧ. 7.6. 

 

 

  

                                                 
2
 ʇʦʜʨʦʙʥʝʝ ʪʝʨʤʠʥ ñʠʥʜʫʩʪʨʠʘʣʴʥʦʝ ʠʩʧʦʣʥʝʥʠʝò ʦʙʲʷʩʥʸʥ ʚ ʩʪʘʪʴʝ https://www.lcard.ru/lexicon/industrial 

https://www.lcard.ru/lexicon/industrial


 

 

 

 

1.4. ʂʘʢ ʯʠʪʘʪʴ ʵʪʦ ʨʫʢʦʚʦʜʩʪʚʦ? 
ɺ ʛʣʘʚʝ 2 ʧʨʠʚʝʜʝʥʘ ʩʞʘʪʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʦʩʥʦʚʥʳʭ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ ʩʚʦʡʩʪʚʘʭ  

. ʕʪʘ ʛʣʘʚʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʣʠʮ. E20-10

ɺ ʛʣʘʚʘʭ 3, 4, 6  ʧʨʠʚʝʜʝʥʳ ʩʚʝʜʝʥʠʷ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʯʠʩʪʦ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʘʙʦʪʝ ʩ  

 . ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʟʜʝʩʴ ʚʦʧʨʦʩʳ ʘʢʪʫʘʣʴʥʳ ʜʣʷ ʩʧʝʮʠʘʣʠʩʪʦʚ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʱʠʢʦʚ. E20-10

ɻʣʘʚʫ 5 ʧʨʠ ʦʟʥʘʢʦʤʠʪʝʣʴʥʦʤ ʯʪʝʥʠʠ ʤʦʞʥʦ ʧʨʦʧʫʩʪʠʪʴ, ʧʦʩʢʦʣʴʢʫ ʚ ʥʝʡ ʥʘʭʦʜʠʪʩʷ 

ʦʧʠʩʘʥʠʝ ʚʥʫʪʨʝʥʥʝʡ ʘʨʭʠʪʝʢʪʫʨʳ ʤʦʜʫʣʷ , ʢʦʪʦʨʘʷ ʚʘʞʥʘ ʧʨʠ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʤ E20-10

ʦʟʥʘʢʦʤʣʝʥʠʠ. 

ɺ ʛʣʘʚʝ 7 ʧʨʠʚʝʜʝʥʳ ʩʧʝʮʠʬʠʢʘʮʠʠ ʥʘ . ʇʨʠʚʝʜʸʥʥʳʡ ʟʜʝʩʴ ʧʝʨʝʯʝʥʴ E20-10

ʭʘʨʘʢʪʝʨʠʩʪʠʢ  ʘʜʨʝʩʦʚʘʥ ʩʧʝʮʠʘʣʠʩʪʘʤ. E20-10

ɺ ʛʣʘʚʝ 8 ʧʨʠʚʝʜʝʥʳ ʧʨʘʢʪʠʯʝʩʢʠʝ ʩʚʝʜʝʥʠʷ ʧʦ ʨʝʰʝʥʠʶ ʚʦʧʨʦʩʦʚ ʚ ʥʝʰʪʘʪʥʳʭ 

ʩʠʪʫʘʮʠʷʭ. 
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2. ʆʩʥʦʚʥʳʝ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʝ 
ʩʚʦʡʩʪʚʘ 

 ð ʵʪʦ ʤʦʜʫʣʴ ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʝʛʦ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩ  E20-10

 USB 2.0 ʠʥʪʝʨʬʝʡʩʦʤ. ʅʠʞʝ ʢʨʘʪʢʦ, ʚ ʪʝʟʠʩʥʦʡ ʬʦʨʤʝ, ʧʝʨʝʯʠʩʣʝʥʳ ʦʩʥʦʚʥʳʝ 

ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠʟʜʝʣʠʷ. 

¶ ʆʙʝʩʧʝʯʠʚʘʝʪʩʷ ʥʝʧʨʝʨʳʚʥʳʡ ʩʙʦʨ 16-ʙʠʪʥʳʭ ʜʘʥʥʳʭ ʩ ʯʘʩʪʦʪʦʡ ʜʦ 10 ʄɻʮ ʧʦ 

ʠʥʪʝʨʬʝʡʩʫ USB2.0
3
. 

¶ 4-ʢʘʥʘʣʴʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʩ ʦʜʥʠʤ 14-ʨʘʟʨʷʜʥʳʤ ɸʎʇ, ʢʦʤʤʫʪʘʪʦʨʦʤ, ʚʭʦʜʥʳʤʠ 

ʙʫʬʝʨʥʳʤʠ ʫʩʠʣʠʪʝʣʷʤʠ, ʬʠʣʴʪʨʘʤʠ ʚ ʢʘʞʜʦʤ ʢʘʥʘʣʝ. ɹʣʘʛʦʜʘʨʷ ʚʭʦʜʥʳʤ ʙʫʬʝʨʥʳʤ 

ʫʩʠʣʠʪʝʣʷʤ, ʬɻʬʝʢʪ ʜʠʥʘʤʠʯʝʩʢʠʭ ʢʦʤʤʫʪʘʮʠʦʥʥʳʭ ʧʦʤʝʭ ʧʦʣʥʦʩʪʴʶ ʠʩʢʣʶʯʸʥ. 

¶ ʂʘʞʜʳʡ ʠʟ 4 ʢʘʥʘʣʦʚ ɸʎʇ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʛʨʘʤʤʥʦʡ ʫʩʪʘʥʦʚʢʠ ʩʣʝʜʫʶʱʠʭ 

ʧʦʜʜʠʘʧʘʟʦʥʦʚ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʥʝʟʘʚʠʩʠʤʦ ʜʣʷ ʢʘʞʜʦʛʦ ʢʘʥʘʣʘ: Ñ3,0ɺ, Ñ1,0ɺ, 

Ñ0,3ɺ.  

¶ ʂʘʞʜʳʡ ʢʘʥʘʣ ʠʤʝʝʪ ʌʅʏ 3-ʛʦ ʧʦʨʷʜʢʘ ʩ ʯʘʩʪʦʪʦʡ ʩʨʝʟʘ 1,25 ʄɻʮ (ʦʧʪʠʤʘʣʴʥʘʷ 

ʧʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ ʜʣʷ 4-ʢʘʥʘʣʴʥʦʛʦ ʨʝʞʠʤʘ ʠ ʯʘʩʪʦʪʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ɸʎʇ 

10 ʄɻʮ), ʫʣʫʯʰʘʶʱʠʡ ʩʦʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ-ʰʫʤ. ɺʦʟʤʦʞʥʳ ʠ ʜʨʫʛʠʝ ʯʘʩʪʦʪʳ ʩʨʝʟʘ 

ʌʅʏ (ʧ. 3.3.2). 

¶ ʏʘʩʪʦʪʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ɸʎʇ FADC ʤʦʞʝʪ ʙʳʪʴ ʟʘʜʘʥʘ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 1,00 ʜʦ  

10,0 ʄɻʮ. ʏʘʩʪʦʪʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ɸʎʇ ʤʦʞʝʪ ʙʳʪʴ ʣʠʙʦ ʚʥʫʪʨʝʥʥʝʡ, 

ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʧʨʦʛʨʘʤʤʥʦ, ʩʝʪʢʘ ʯʘʩʪʦʪ ʚ ʤʝʛʘʛʝʨʮʘʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

FADC = 30/ʢ, ʛʜʝ ʢ = {3,4, 5,..., 30}, ʣʠʙʦ ʚʥʝʰʥʝʡ ʩ ʣʶʙʦʡ ʯʘʩʪʦʪʦʡ ʦʪ 1,00 ʜʦ  

10,0 ʄɻʮ (ʤʝʥʴʰʘʷ ʯʘʩʪʦʪʘ ʩʙʦʨʘ ʜʘʥʥʳʭ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʘ ʧʫʪʸʤ ʟʘʜʘʥʠʷ 

ʤʝʞʢʘʜʨʦʚʦʡ ʟʘʜʝʨʞʢʠ). 

¶ ʄʘʢʩʠʤʘʣʴʥʘʷ ʯʘʩʪʦʪʘ ʩʙʦʨʘ ʜʘʥʥʳʭ ʧʦ ʢʘʞʜʦʤʫ ʢʘʥʘʣʫ ʨʘʚʥʘ FADC,/ʧ,  

ʛʜʝ ʧ = {1,2,3,4} ð ʢʦʣʠʯʝʩʪʚʦ ʦʧʨʘʰʠʚʘʝʤʳʭ ʢʘʥʘʣʦʚ. 

¶ ɺ ʫʧʨʘʚʣʷʶʱʝʡ ʪʘʙʣʠʮʝ ʤʦʜʫʣʷ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥ ʢʘʜʨ ð ʵʪʦ 

ʧʨʦʠʟʚʦʣʴʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʧʨʦʩʘ ʢʘʥʘʣʦʚ ʜʣʠʥʦʡ ʦʪ 1 ʜʦ 8192
4
. ʅʦʤʝʨʘ 

ʦʧʨʘʰʠʚʘʝʤʳʭ ʢʘʥʘʣʦʚ ʙʫʜʫʪ ʮʠʢʣʠʯʝʩʢʠ ʚʳʙʠʨʘʪʴʩʷ ʠʟ ʪʘʙʣʠʮʳ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ 

ʨʘʟʤʝʨʘ, ʠ ʧʦʨʷʜʦʢ ʚʳʭʦʜʥʳʭ ʦʪʩʯʸʪʦʚ ʜʘʥʥʳʭ  ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ E20-10

ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʧʨʦʩʘ ʢʘʥʘʣʦʚ. 

¶ ʄʝʞʢʘʜʨʦʚʘʷ ʟʘʜʝʨʞʢʘ ʚʳʙʦʨʢʠ ɸʎʇ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʘ ʦʪ 0 ʜʦ 
65535

5
 ʧʝʨʠʦʜʦʚ ʯʘʩʪʦʪʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ɸʎʇ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʙʦʣʝʝ 

ʥʠʟʢʠʝ ʯʘʩʪʦʪʳ ʚʳʙʦʨʦʢ ʧʦ ʢʘʞʜʦʤʫ ʢʘʥʘʣʫ. 

¶ ʀʤʝʶʪʩʷ ʨʘʟʚʠʪʳʝ ʨʝʞʠʤʳ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʩʪʘʨʪʘ ʩʙʦʨʘ ʜʘʥʥʳʭ ʠ/ʠʣʠ ʯʘʩʪʦʪʳ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ɸʎʇ ʚ ʤʥʦʛʦʤʦʜʫʣʴʥʦʡ ʩʠʩʪʝʤʝ. ʅʘʧʨʠʤʝʨ, ʩʦʝʜʠʥʠʚ ʤʦʜʫʣʠ  

 ʧʦ ʩʭʝʤʝ ʦʜʠʥ ʟʘʜʘʪʯʠʢ - ʤʥʦʛʦ ʧʨʠʸʤʥʠʢʦʚ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩʠʥʭʨʦʥʥʫʶ E20-10

ʤʥʦʛʦʤʦʜʫʣʴʥʫʶ ʩʠʩʪʝʤʫ ʩʙʦʨʘ ʜʘʥʥʳʭ! 

¶ ʇʦʣʥʦʩʪʴʶ ʟʘʛʨʫʞʘʝʤʘʷ ʠʟʚʥʝ ʘʨʭʠʪʝʢʪʫʨʘ: ʟʘʛʨʫʞʘʝʤʘʷ FPGA, ʤʦʞʝʪ ʙʳʪʴ 

ʦʙʥʦʚʣʝʥʘ ʧʨʦʰʠʚʢʘ ʢʦʥʪʨʦʣʣʝʨʘ. ʕʪʦ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʴʟʦʚʘʪʝʣʶ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʦʙʥʦʚʣʷʪʴ ʧʨʦʰʠʚʢʠ ʧʦʩʣʝʜʥʠʤʠ ʚʝʨʩʠʷʤʠ. 

                                                 
3
 ʚ ʨʝʞʠʤʝ full-speed (USB1.1) ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʩʪʠʞʠʤʘʷ ʯʘʩʪʦʪʘ cʦʩʪʘʚʠʪ 500 ʢɻʮ 

4
 ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʢʘʜʨʘ ʟʘʚʠʩʠʪ ʦʪ ʚʝʨʩʠʠ ʧʨʦʰʠʚʢʠ FPGA, ʩʤ. ʪʘʙʣʠʮʫ ʚ ʧ. 3.3.4 

5
 ʚ  ʨʝʚʠʟʠʷʭ ɺ, ɺ.01, ʉ E20-10

http://www.lcard.ru/lexicon/fpga


 

 

¶ ɺʥʫʪʨʝʥʥʠʡ ʙʫʬʝʨ FIFO ʜʘʥʥʳʭ ʨʘʟʤʝʨʦʤ 8 ʄB (16 ʄɺ ʚ ʨʝʚʠʟʠʠ ʉ) ʙʫʬʝʨʠʟʠʨʫʝʪ 

ʜʘʥʥʳʝ, ʠʩʢʣʶʯʘʷ ʠʭ ʧʦʪʝʨʶ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʦʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʢʦʤʧʴʶʪʝʨʘ 

"ʟʘʜʫʤʘʣʘʩʴ"
6
 (ʜʣʷ ʨʝʚʠʟʠʠ ʉ ʛʣʫʙʠʥʘ ʙʫʬʝʨʠʟʘʮʠʠ ʩʦʩʪʘʚʠʪ ʜʦ 800 ʤʩ ʧʨʠ ʯʘʩʪʦʪʝ 

ʩʙʦʨʘ ʜʘʥʥʳʭ 10 ʄɻʮ, ʠ ʜʦ 8 ʩ ï ʧʨʠ ʯʘʩʪʦʪʝ 1 ʄɻʮ). 

¶ ʎʠʬʨʦʚʦʡ ʚʚʦʜ-ʚʳʚʦʜ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ 16 ʚʭʦʜʥʳʭ ʠ 16 ʚʳʭʦʜʥʳʭ ʮʠʬʨʦʚʳʭ 

ʊʊʃ-ʩʦʚʤʝʩʪʠʤʳʭ ʣʠʥʠʡ. ʎʠʬʨʦʚʳʝ ʚʳʚʦʜʳ ʧʦ ʞʝʣʘʥʠʶ ʧʦʣʴʟʦʚʘʪʝʣʷ ʤʦʛʫʪ ʙʳʪʴ 

ʧʝʨʝʚʝʜʝʥʳ ʚ ʪʨʝʪʴʝ ʩʦʩʪʦʷʥʠʝ. 

¶ ɼʚʫʭʢʘʥʘʣʴʥʳʡ 12-ʪʠ ʨʘʟʨʷʜʥʳʡ ʎɸʇ (ʦʧʮʠʷ) ʧʦʟʚʦʣʷʝʪ ʚʳʩʪʘʚʣʷʪʴ ʚ ʘʩʠʥʭʨʦʥʥʦʤ 

ʨʝʞʠʤʝ ʧʦʩʪʦʷʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʚ ʜʠʘʧʘʟʦʥʝ Ñ5 ɺ. 

¶ ɺʳʭʦʜ ʧʠʪʘʥʠʷ ʚʥʝʰʥʝʛʦ ʫʩʪʨʦʡʩʪʚʘ Ñ12 ɺ, 35 ʤɸ   

¶ ʇʠʪʘʥʠʝ  ʦʪ ʚʥʝʰʥʝʛʦ ʥʝʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ +8ɺ...+40 ɺ
7
 (ʮʝʧʴ E20-10

ʧʠʪʘʥʠʷ ʦʪ USB ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ). ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʝʪʝʚʦʡ ʘʜʘʧʪʝʨ -220/=12 ɺ 

(ʚʭʦʜʠʪ ʚ ʢʦʤʧʣʝʢʪ ʧʦʩʪʘʚʢʠ). ɺ ʘʚʪʦʥʦʤʥʳʭ ʫʩʣʦʚʠʷʭ  ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʪʘʥ E20-10

ʦʪ ʚʥʝʰʥʝʛʦ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ ʦʪ +9 ʜʦ +27 ɺ. ʇʦʪʨʝʙʣʷʝʤʘʷ ʤʦʱʥʦʩʪʴ ð  

ʜʦ 4,5 ɺʪ
8
. ʈʝʚʠʟʠʠ B.01 ʠ C ʤʦʜʫʣʷ  ʠʤʝʁʪ ʨʘʩʰʠʨʝʥʥʳʡ ʜʠʘʧʘʟʦʥ E20-10

ʥʘʧʨʷʞʝʥʠʡ ʧʠʪʘʥʠʷ ʦʪ +8 ʜʦ +40 ɺ. 

ʂʨʦʤʝ ʵʪʦ, ʙʦʣʝʝ ʩʪʘʨʰʘʷ ʨʝʚʠʟʠʷ ʤʦʜʫʣʷ , ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʦʣʝʝ ʤʣʘʜʰʝʡ, E20-10

ʠʤʝʝʪ ʨʷʜ ʫʣʫʯʰʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ, ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʥʠʞʝ 

(ʧ. 2.1).  

 

! 
ɺ ʧʨʦʰʠʚʢʝ FPGA 2.0x.13 ʤʦʜʫʣʷ E20-10 ʨʝʚ.B, ʘ ʪʘʢʞʝ ʚʦ ʚʩʝʭ ʧʨʦʰʠʚʢʘʭ ʨʝʚ.C, 

ʨʝʘʣʠʟʦʚʘʥʳ ʜʚʘ ʢʘʥʘʣʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʚʚʦʜʘ ʩ ʯʘʩʪʦʪʦʡ ʜʦ 60 ʄʙʠʪ/c 

ʢʘʞʜʳʡ. ɺʦʟʤʦʞʥʳʝ ʩʦʯʝʪʘʥʠʷ ʯʘʩʪʦʪ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʠ ʢʦʣʠʯʝʩʪʚ ʢʘʥʘʣʦʚ ʚʚʦʜʘ 

ʜʘʥʥʳʭ ʧʦʢʘʟʘʥʳ ʚ ʪʘʙʣʠʮʝ ʥʠʞʝ. ʇʦʜʨʦʙʥʝʝ ʦ ʢʘʥʘʣʘʭ ʩʠʥʭʨʦʥʥʦʛʦ ʚʚʦʜʘ ʯʠʪʘʡʪʝ ʚ 

ʧ. 5.2.8.   

 

ʏʘʩʪʦʪʘ 

ʜʠʩʢʨʝʪʠʟʘʮʠʠ 

ɸʎʇ ʥʘ ʢʘʥʘʣ, 

ʄɻʮ 

ʂʦʣ-ʚʦ 

ʢʘʥʘʣʦʚ 

ɸʎʇ 

ʏʘʩʪʦʪʘ 

ʮʠʬʨʦʚʦʛʦ 

ʩʠʥʭʨʦʥʥʦʛʦ 

ʚʚʦʜʘ, ʄɻʮ 

ʂʦʣ-ʚʦ 

ʢʘʥʘʣʦʚ 

ʮʠʬʨʦʚʦʛʦ 

ʩʠʥʭʨʦʥʥʦʛʦ 

ʚʚʦʜʘ 

- 0 60 2 

5 1 60 1 

5 1 30 2 

3,333 2 20 2 

2,5 3 15 2 

2 4 12 2 

 

  

                                                 
6
 ʥʘʧʨʠʤʝʨ, ʚ Windows ï ʚ ʩʠʩʪʝʤʝ ʅɽ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ 

7
 ʜʣʷ ʨʝʚʠʟʠʡ ʤʦʜʫʣʷ B.01 ʠ ʉ 

8
 ɺ  ʨʝʚʠʟʠʠ ɺ, ɺ.01 ʠ ʉ E20-10



 

E20-10  ʈʫʢʦʚʦʜʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʷ  

2.1. ʇʦʣʥʳʡ ʧʝʨʝʯʝʥʴ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ 
ʦʪʣʠʯʠʡ ʨʝʚʠʟʠʡ A, ɺ, B.01 ʠ C ʤʦʜʫʣʷ  E20-10

ɺʩʝ ʤʦʜʫʣʠ  2006-ʛʦ ʠ 2007-ʛʦ ʛʦʜʘ ʚʳʧʫʩʢʘ ʥʝʦʙʭʦʜʠʤʦ ʦʪʥʦʩʠʪʴ ʢ ʨʝʚʠʟʠʠ A E20-10

(ʩʤ. ʵʪʠʢʝʪʢʫ ʩʥʠʟʫ ʢʦʨʧʫʩʘ). 

ʅʘʯʠʥʘʷ ʩ 2008-ʛʦ ʛʦʜʘ OOO ñʃ ʂʘʨʜò ʧʨʦʠʟʚʦʜʠʪ  ʨʝʚʠʟʠʠ ɺ. E20-10

ɺ 2013 ʛʦʜʫ OOO ñʃ ʂʘʨʜò ʥʘʯʘʣ ʚʳʧʫʩʢ ʨʝʚʠʟʠʠ ɺ.01 ʩ ʨʘʩʰʠʨʝʥʥʳʤ ʜʠʘʧʘʟʦʥʦʤ 

ʥʘʧʨʷʞʝʥʠʡ ʧʠʪʘʥʠʷ. ʇʨʦʛʨʘʤʤʥʳʭ ʦʪʣʠʯʠʡ ʨʝʚʠʟʠʡ B ʠ ɺ.01 ʥʝ ʩʫʱʝʩʪʚʫʝʪ.  

ʅʘʯʠʥʘʷ ʩ 2017 ʛʦʜʘ, ʤʦʜʫʣʴ E20-10 ʚʭʦʜʠʪ ʢʘʢ ʤʦʜʠʬʠʢʘʮʠʷ ʚ ʩʝʤʝʡʩʪʚʦ 

ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʥʘʧʨʷʞʝʥʠʷ ʠʟʤʝʨʠʪʝʣʴʥʳʭ L-CARD ʩ 

ʦʙʦʟʥʘʯʝʥʠʝʤ L-CARD-E20-10, ʫʢʘʟʘʥʥʳʤ ʥʘ ʵʪʠʢʝʪʢʝ ʩʥʠʟʫ ʢʦʨʧʫʩʘ. 

ɺ 2019 ʛʦʜʫ OOO ñʃ ʂʘʨʜò ʥʘʯʘʣ ʚʳʧʫʩʢ  ʨʝʚʠʟʠʠ C ʩ ʜʘʣʴʥʝʡʰʠʤʠ E20-10

ʦʙʥʦʚʣʝʥʠʷʤʠ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ, ʨʘʩʰʠʨʝʥʥʳʡ ʜʠʘʧʘʟʦʥ ʥʘʧʨʷʞʝʥʠʡ ʧʠʪʘʥʠʷ ʩʦʭʨʘʥʸʥ.  

 

ɺʩʝ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʝ ʦʪʣʠʯʠʷ  ʨʘʟʥʳʭ ʨʝʚʠʟʠʡ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʫ:  E20-10

 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʧʘʨʘʤʝʪʨ, 

ʬʫʥʢʮʠʷ, ʧʨʠʟʥʘʢ  

ʈʝʚʠʟʠʷ A ʈʝʚʠʟʠʠ B ʠ B.01 

 

ʈʝʚʠʟʠ ̫C 

 

ʇʝʨʚʘʷ ʮʠʬʨʘ ʩʝʨʠʡʥʦʛʦ ʥʦʤʝʨʘ
9
 

 E20-10

1 - 4 5 (ʨʝʚʠʟʠʷ B) 

6 (ʨʝʚʠʟʠʷ B.01) 

7 ʠʣʠ 8 

ʇʨʦʮʝʜʫʨʘ ʢʘʣʠʙʨʦʚʢʠ ʜʘʥʥʳʭ (ʧ. 

5.2.5) 

ʇʨʦʠʟʚʦʜʠʪʩʷ ʚ 

ʢʦʤʧʴʶʪʝʨʝ 

(ʧʦʩʨʝʜʩʪʚʦʤ 

ʚʳʧʦʣʥʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʙʠʙʣʠʦʪʝʯʥʦʡ 

ʬʫʥʢʮʠʠ) 

ʇʨʦʠʟʚʦʜʠʪʩʷ ʚʥʫʪʨʠ 

 ʘʧʧʘʨʘʪʥʦ E20-10

ʩʨʝʜʩʪʚʘʤʠ FPGA 

ʇʨʦʠʟʚʦʜʠʪʩʷ 

ʚʥʫʪʨʠ 

 ʘʧʧʘʨʘʪʥʦ E20-10

ʩʨʝʜʩʪʚʘʤʠ FPGA 

ɼʠʘʧʘʟʦʥ ʤʝʞʢʘʜʨʦʚʦʡ ʟʘʜʝʨʞʢʠ 

(ʧ. 5.2.1) 

0-255 ʧʝʨʠʦʜʦʚ 

ʯʘʩʪʦʪʳ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ɸʎʇ 

0-65535 ʧʝʨʠʦʜʦʚ 

ʯʘʩʪʦʪʳ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ɸʎʇ 

0-65535 ʧʝʨʠʦʜʦʚ 

ʯʘʩʪʦʪʳ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ɸʎʇ 

ʇʦʪʨʝʙʣʷʝʤʘʷ ʤʦʱʥʦʩʪʴ  

(ʧ. 7.4) 

ɼʦ 5 ɺʪ ɼʦ 4,5 ɺʪ ɼʦ 4,5 ɺʪ 

ʅʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ +9,0...+27 ɺ  +9,0...+27 ɺ 

(ʨʝʚʠʟʠʷ B) 

+8,0...+40 ɺ 

(ʨʝʚʠʟʠʷ B.01) 

+8,0...+40 ɺ 

ɺʦʟʤʦʞʥʦʩʪʴ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʪʢʣʶʯʝʥʠʷ ʚʭʦʜʥʦʛʦ ʪʦʢʘ ʩʤʝʱʝʥʠʷ 

ʚʭʦʜʘ ɸʎʇ (ʧ. 6.5.4.1) 

ʆʪʩʫʪʩʪʚʫʝʪ  ʇʨʠʩʫʪʩʪʚʫʝʪ ʇʨʠʩʫʪʩʪʚʫʝʪ 

ʉʦʙʩʪʚʝʥʥʳʡ ʚʭʦʜʥʦʡ ʪʦʢ 

ʘʥʘʣʦʛʦʚʦʛʦ ʚʭʦʜʘ ɸʎʇ (ʧ. 7.1) 

 

-15...0 ʤʢɸ  

(ʪʠʧʠʯʥʦʝ 

ʟʥʘʯʝʥʠʝ -7 ʤʢɸ) 

10 ʥɸ (ʪʠʧʠʯʥʦʝ ʟʥʘʯʝʥʠʝ), ʝʩʣʠ ʚʭʦʜʥʦʡ 

ʪʦʢ ʩʤʝʱʝʥʠʷ ʧʨʦʛʨʘʤʤʥʦ ʥʝ ʚʢʣʶʯʸʥ 

(ʧ. 6.5.4.1) 

ʊʠʧʠʯʥʦʝ ʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ-ʰʫʤ  

(ʧ. 7.1) 

70 ʜɹ 73 ʜɹ 73 ʜɹ 

                                                 
9
 ʥʘ ʵʪʠʢʝʪʢʝ ʩʥʠʟʫ ʢʦʨʧʫʩʘ ʠ ʚ ʧʘʩʧʦʨʪʝ ʠʟʜʝʣʠʷ 



 

 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʧʘʨʘʤʝʪʨ, 

ʬʫʥʢʮʠʷ, ʧʨʠʟʥʘʢ  

ʈʝʚʠʟʠʷ A ʈʝʚʠʟʠʠ B ʠ B.01 

 

ʈʝʚʠʟʠ ̫C 

 

ʄʠʥʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʩʙʦʨʘ 

ʜʘʥʥʳʭ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʤʝʞʢʘʜʨʦʚʦʡ ʟʘʜʝʨʞʢʝ ʠ ʯʘʩʪʦʪʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ɸʎʇ 1 ʄɻʮ (ʧ. 7.1) 

7,8 ʢʙʘʡʪ/ʩ 30 ʙʘʡʪ/ʩ 30 ʙʘʡʪ/ʩ 

ɺʭʦʜʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʘʥʘʣʦʛʦʚʦʛʦ 

ʚʭʦʜʘ ɸʎʇ 

ʅʝ ʤʝʥʝʝ 5 ʄOʤ 10 ʄʆʤ Ñ 5% 10 ʄʆʤ Ñ 5% 

ʄʝʞʢʘʥʘʣʴʥʦʝ ʧʨʦʭʦʞʜʝʥʠʝ, ʥʝ 

ʭʫʞʝ  (ʧ. 7.1): 

ï ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʥʘʧʨʷʞʝʥʠʠ 

ï ʥʘ ʯʘʩʪʦʪʝ 1 ʢɻʮ 

ï ʥʘ ʯʘʩʪʦʪʝ 1 ʄɻʮ 

 

 

-50 ʜɹ 

-70 ʜɹ  

-60 ʜɹ 

 

 

-70 ʜɹ   

-75 ʜɹ  

-65 ʜɹ 

 

 

-70 ʜɹ   

-75 ʜɹ  

-65 ʜɹ 

ʈʘʙʦʯʠʡ ʪʦʢ ʚʳʭʦʜʘ +5V ʧʠʪʘʥʠʷ 

ʚʥʝʰʥʠʭ ʫʩʪʨʦʡʩʪʚ 

35 ʤɸ 35 ʤɸ (ʨʝʚʠʟʠʷ B) 

100 ʤɸ (ʨʝʚʠʟʠʷ 

B.01) 

100 ʤɸ 

ʈʝʞʠʤʳ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʩʪʘʨʪʘ ʩʙʦʨʘ 

ʜʘʥʥʳʭ "ʧʦ ʫʨʦʚʥʶ"  ʩʠʛʥʘʣʘ 

ʚʳʙʨʘʥʥʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʢʘʥʘʣʘ 

(ʧ. 5.2.2) 

ʆʪʩʫʪʩʪʚʫʶʪ ʇʨʠʩʫʪʩʪʚʫʶʪ ʇʨʠʩʫʪʩʪʚʫʶʪ 

ʈʝʞʠʤ ʤʘʨʢʝʨʘ ʧʝʨʚʦʛʦ ʢʘʜʨʘ ï 

ʣʦʛʠʯʝʩʢʦʛʦ ʧʨʠʟʥʘʢʘ ʥʝʧʨʝʨʳʚʥʦʛʦ 

ʫʯʘʩʪʢʘ ʜʘʥʥʳʭ (ʧ.5.2.3.2)  

ʆʪʩʫʪʩʪʚʫʝʪ ʇʨʠʩʫʪʩʪʚʫʝʪ ʇʨʠʩʫʪʩʪʚʫʝʪ 

ɺʦʟʤʦʞʥʦʩʪʴ ʥʘʩʪʨʦʡʢʠ ʥʘ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ ʨʘʟʨʝʰʝʥʠʷ 

ʟʘʧʠʩʠ ʜʘʥʥʳʭ ɸʎʇ ʚ ʙʫʬʝʨʥʫʶ 

ʧʘʤʷʪʴ : E20-10

ï "ʧʦ ʧʝʨʝʧʘʜʫ" ʩʠʛʥʘʣʘ ʚ ʚʳʙʨʘʥʥʦʤ 

ʢʘʥʘʣʝ ɸʎʇ,  

ï ʟʘʧʨʝʪ ʧʝʨʝʜʘʯʠ ʟʘʜʘʥʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʦ ʢʘʜʨʦʚ ʦʪ ʥʘʯʘʣʘ ʩʙʦʨʘ 

ʜʘʥʥʳʭ (ʧ. 5.2.2) 

ʆʪʩʫʪʩʪʚʫʝʪ ʇʨʠʩʫʪʩʪʚʫʝʪ ʇʨʠʩʫʪʩʪʚʫʝʪ 

ʈʝʞʠʤ ʘʧʧʘʨʘʪʥʦʡ ʦʩʪʘʥʦʚʢʠ ʩʙʦʨʘ 

ʜʘʥʥʳʭ ʧʦ ʟʘʜʘʥʥʦʤʫ ʢʦʣʠʯʝʩʪʚʫ 

ʩʦʙʨʘʥʥʳʭ ʢʘʜʨʦʚ ʜʘʥʥʳʭ
10

 (ʧ. 5.2.2). 

ʆʪʩʫʪʩʪʚʫʝʪ ʇʨʠʩʫʪʩʪʚʫʝʪ ʇʨʠʩʫʪʩʪʚʫʝʪ 

ʊʠʧ FPGA
11

 Acex 1K Cyclone III Cyclone IV 

ɺʦʟʤʦʞʥʦʩʪʠ ʨʘʩʰʠʨʝʥʠʷ 

ʬʫʥʢʮʠʦʥʘʣʘ E20-10 ʚ ʙʫʜʫʱʠʭ 

ʚʝʨʩʠʷʭ ʧʨʦʰʠʚʦʢ FPGA 

ʆʪʩʫʪʩʪʚʫʶʪ  ʅʝʟʥʘʯʠʪʝʣʴʥʳʝ  ɿʥʘʯʠʪʝʣʴʥʳʝ 

ʉʢʦʨʦʩʪʥʦʡ ʩʠʥʭʨʦʥʥʳʡ ʮʠʬʨʦʚʦʡ 

ʚʚʦʜ (2 ʢʘʥʘʣʘ) 

ʅʝ ʨʝʘʣʠʟʦʚʘʥ  ʈʝʘʣʠʟʦʚʘʥ, ʥʘʯʠʥʘʷ 

ʩ ʚʝʨʩʠʠ 2.00.13 

ʧʨʦʰʠʚʢʠ FPGA 

(ʧ. 3.3.4) 

ʈʝʘʣʠʟʦʚʘʥ  

                                                 
10

 ʧʦʩʣʝ ʦʩʪʘʥʦʚʢʠ ʤʦʞʝʪ ʙʳʪʴ ʜʘʥ ʨʝʩʪʘʨʪ ʩʙʦʨʘ ʜʘʥʥʳʭ, ʥʘʧʨʠʤʝʨ, ʧʦ ʚʥʝʰʥʝʤʫ ʩʠʥʭʨʦʩʠʛʥʘʣʫ 

START.  ʕʪʘ ʚʦʟʤʦʞʥʦʩʪʴ ʬʘʢʪʠʯʝʩʢʠ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʪʘʨʪ-ʩʪʦʧʥʳʡ ʨʝʞʠʤ ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ 

ʨʝʞʠʤʦʚ ʩʪʘʨʪʘ ʩʙʦʨʘ ʜʘʥʥʳʭ 
11

 ʩʤʝʥʘ ʪʠʧʘ FPGA ʚ ʥʦʚʳʭ ʨʝʚʠʟʠʷʭ E20-10 ʩʚʷʟʘʥʘ ʩ ʧʦʚʳʰʝʥʠʝʤ ʣʦʛʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ 

ʨʝʘʣʠʟʫʶʪʩʷ ʚ ʥʦʚʳʭ ʚʝʨʩʠʷʭ ʧʨʦʰʠʚʦʢ FPGA (ʧ. 3.3.4)  



 

E20-10  ʈʫʢʦʚʦʜʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʷ  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʧʘʨʘʤʝʪʨ, 

ʬʫʥʢʮʠʷ, ʧʨʠʟʥʘʢ  

ʈʝʚʠʟʠʷ A ʈʝʚʠʟʠʠ B ʠ B.01 

 

ʈʝʚʠʟʠ ̫C 

 

ʐʪʘʪʥʘʷ ʟʘʛʨʫʟʢʘ  FPGA ʀʟ ʇʂ ʧʨʠ ʧʨʦʛʨʘʤʤʥʦʡ ʠʥʠʮʠʘʣʠʟʘʮʠʠ 

ʤʦʜʫʣʷ E20-10  

ʀʟ ʚʥʫʪʨʝʥʥʝʡ 

flash-ʧʘʤʷʪʠ ʧʨʠ 

ʚʢʣʶʯʝʥʠʠ ʧʠʪʘʥʠʷ 

(ʚʨʝʤʷ ʟʘʛʨʫʟʢʠ 

ʦʢʦʣʦ 6 ʩ) 

ʆʙʲʸʤ ʙʫʬʝʨʥʦʡ ʧʘʤʷʪʠ  8 MB 8 MB 16 MB 

ʇʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʧʨʦʛʨʘʤʤʥʦ 

ʨʘʩʧʦʟʥʘʚʘʝʤʦʛʦ ʩʦʙʳʪʠʷ 

ʧʝʨʝʧʦʣʥʝʥʠʷ ʙʫʬʝʨʥʦʡ ʧʘʤʷʪʠ 

 (ʧʦ ʧʨʠʯʠʥʝ ʩʠʣʴʥʦʡ E20-10

ʟʘʜʝʨʞʢʠ ʦʪʢʘʯʢʠ ʜʘʥʥʳʭ ʧʦ USB ʩʦ 

ʩʪʦʨʦʥʳ ʢʦʤʧʴʶʪʝʨʘ) (ʧ. 5.2.4)...  

...ʪʨʝʙʫʝʪʩʷ 

ʦʙʷʟʘʪʝʣʴʥʳʡ 

ʧʝʨʝʟʘʧʫʩʢ ʩʙʦʨʘ 

ʜʘʥʥʳʭ ʩʦ 

ʩʪʦʨʦʥʳ 

ʢʦʤʧʴʶʪʝʨʘ 

...ʥʝ ʪʨʝʙʫʝʪʩʷ ʧʝʨʝʟʘʧʫʩʢ ʩʙʦʨʘ ʜʘʥʥʳʭ, 

ʧʦʩʢʦʣʴʢʫ ʥʝʦʙʭʦʜʠʤʦʝ ʤʠʥʠʤʘʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʢʘʜʨʦʚ ʜʘʥʥʳʭ ʙʫʜʝʪ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ (ʘʧʧʘʨʘʪʥʦʡ ʣʦʛʠʢʦʡ) 

ʫʜʘʣʝʥʦ ʠʟ ʙʫʬʝʨʥʦʡ ʧʘʤʷʪʠ  ʜʣʷ E20-10

ʫʩʪʨʘʥʝʥʠʷ ʧʝʨʝʧʦʣʥʝʥʠʷ, ʧʨʠ ʵʪʦʤ, 

ʘʢʪʠʚʠʟʠʨʫʝʪʩʷ ʧʨʦʛʨʘʤʤʥʦ ʜʦʩʪʫʧʥʳʡ 

ʧʨʠʟʥʘʢ ʧʝʨʝʧʦʣʥʝʥʠʷ. 

ʇʨʠʟʥʘʢ ʧʝʨʝʛʨʫʟʢʠ ʨʘʟʨʷʜʥʦʡ ʩʝʪʢʠ 

ɸʎʇ ʧʦ ʢʘʞʜʦʤʫ ʢʘʥʘʣʫ ɸʎʇ 

(ʧ. 5.2.6). 

ɺʩʪʘʚʣʷʝʪʩʷ ʚ 

ʧʦʪʦʢ ʜʘʥʥʳʭ 

ɸʎʇ (ʧʨʠ 

ʚʢʣʶʯʝʥʠʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʨʝʞʠʤʘ) 

ʅʝ ʚʩʪʘʚʣʷʝʪʩʷ ʚ ʧʦʪʦʢ ʜʘʥʥʳʭ ɸʎʇ, ʘ 

ʚʳʟʳʚʘʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʧʨʦʛʨʘʤʤʥʦʝ 

ʩʦʙʳʪʠʝ 

ɺʥʝʰʥʠʝ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʦʪʣʠʯʠʷ (ʩʪʨ. 14)  

ʈʘʟʲʸʤʳ BNC 

(ʚʭʦʜʳ ɸʎʇ) 

ʠʤʝʶʪ ʬʣʘʥʮʳ ʩ 

4-ʤʷ ʚʠʥʪʘʤʠ  

ʈʘʟʲʸʤʳ BNC (ʚʭʦʜʳ ɸʎʇ) ʙʝʟ ʬʣʘʥʮʝʚ, 

ʠʤʝʶʪ ʢʨʝʧʣʝʥʠʝ ʦʜʥʦʡ ʛʘʡʢʦʡ 

ɺʥʫʪʨʝʥʥʠʝ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʦʪʣʠʯʠʷ 

2-ʵʪʘʞʥʘʷ 

ʢʦʥʩʪʨʫʢʮʠʷ ʥʘ 

ʦʩʥʦʚʝ ʜʚʫʭ ʧʣʘʪ 

1-ʵʪʘʞʥʘʷ ʦʜʥʦʧʣʘʪʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʙʦʣʝʝ ʫʜʦʙʥʘʷ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʝʟ ʢʦʨʧʫʩʘ ʚ E20-10 

ʢʘʯʝʩʪʚʝ ʚʩʪʨʦʝʥʥʦʛʦ ʤʦʜʫʣʷ ɸʎʇ ʚ ɺʘʰʝʡ 

ʩʠʩʪʝʤʝ
12

. 

ʂʦʣʠʯʝʩʪʚʦ ʚʘʨʠʘʥʪʦʚ ʠʩʧʦʣʥʝʥʠʡ 

(ʧ. 3.3.2) 

2 (ʬʠʢʩʠʨʦʚʘʥʥʦʝ) 4  

6 (ʜʣʷ L-CARD-E20-10) 

ʉʝʨʪʠʬʠʢʘʪ ʉʨʝʜʩʪʚʘ ʀʟʤʝʨʝʥʠʷ ʆʪʩʫʪʩʪʚʫʝʪ  RU.C.34.390.A ˉ 68764 

ñʇʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʥʘʧʨʷʞʝʥʠʷ 

ʠʟʤʝʨʠʪʝʣʴʥʳʝ L-CARDò 

 

 

  

                                                 
12

  ɿʜʝʩʴ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʧʨʦʩ ʢʦʨʨʝʢʪʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʉʨʝʜʩʪʚʘ ʀʟʤʝʨʝʥʠʷ ʙʝʟ 

ʰʪʘʪʥʦʛʦ ʢʦʨʧʫʩʘ.  



 

 

3. ʆʙʱʝʝ ʟʥʘʢʦʤʩʪʚʦ 
ɺ ʵʪʦʡ ʛʣʘʚʝ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʥʘʟʥʘʯʝʥʠʝʤ ʫʩʪʨʦʡʩʪʚʘ  E20-10

ʫʟʥʘʪʴ ʦ ʥʝʦʙʭʦʜʠʤʦʤ ʠ ʦʧʮʠʦʥʘʣʴʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ, ʩʦʜʝʨʞʘʥʠʠ ʧʦʩʪʘʚʢʠ ʇʆ ʥʘ  

CD-ROM, ʘ ʪʘʢʞʝ ʧʦʣʫʯʠʪʴ ʩʚʝʜʝʥʠʷ ʦ ʪʦʤ, ʯʪʦ ʥʫʞʥʦ ʜʣʷ ʥʘʯʘʣʘ ʨʘʙʦʪʳ. 

3.1. ʅʘʟʥʘʯʝʥʠʝ ʫʩʪʨʦʡʩʪʚʘ 
 ʷʚʣʷʝʪʩʷ ʤʘʣʦʛʘʙʘʨʠʪʥʳʤ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʠʟʤʝʨʠʪʝʣʴʥʳʤ ʤʦʜʫʣʝʤ, E20-10

ʧʦʜʩʦʝʜʠʥʷʝʤʳʤ ʢ ʇʂ ʯʝʨʝʟ USB 2.0-ʠʥʪʝʨʬʝʡʩ. ʆʩʥʦʚʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ï ʵʪʦ ʩʢʦʨʦʩʪʥʘʷ 

ʧʦʪʦʢʦʚʘʷ ʦʮʠʬʨʦʚʢʘ ʜʘʥʥʳʭ ʩ ʯʘʩʪʦʪʦʡ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ɸʎʇ ʜʦ 10 ʄɻʮ. 

ɹʘʟʦʚʳʝ ʬʫʥʢʮʠʠ : E20-10

¶ 4-ʭ ʢʘʥʘʣʴʥʦʝ ɸʎʇ 10 ʄɻʮ ʩ ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʝʤ ʢʘʥʘʣʦʚ, ʩ ʙʫʬʝʨʠʟʠʨʦʚʘʥʥʳʤ 

ʚʭʦʜʦʤ, c ʨʘʟʚʠʪʳʤʠ ʬʫʥʢʮʠʷʤʠ ʚʥʫʪʨʝʥʥʝʡ, ʚʥʝʰʥʝʡ, ʤʥʦʛʦʤʦʜʫʣʴʥʦʡ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ; 

¶ ʮʠʬʨʦʚʦʡ ʘʩʠʥʭʨʦʥʥʳʡ ʚʚʦʜ-ʚʳʚʦʜ;  

¶ ʩʢʦʨʦʩʪʥʦʡ ʩʠʥʭʨʦʥʥʳʡ ʮʠʬʨʦʚʦʡ ʚʚʦʜ (  ʨʝʚʠʟʠʡ B, B.01ʠ ʉ);  E20-10

¶ 2-ʭ ʢʘʥʘʣʴʥʳʡ ʘʩʠʥʭʨʦʥʥʳʡ ʎɸʇ (ʦʧʮʠʷ).  

 

3.2. ɺʥʝʰʥʠʡ ʚʠʜ 
ʈʝʚʠʟʠ ̫ɸ ʤʦʜʫʣʷ E20-10 ʧʦ ʦʪʥʦʰʝʥʠʶ ʫ ʨʝʚʠʟʠʷʤ B ʠ ʉ,  ʠʤʝʶʪ ʤʝʣʢʠʝ ʚʥʝʰʥʠʝ , 

ʦʪʣʠʯʠʷ (ʨʠʩ. 3-1, ʨʠʩ. 3-2).  

 

 

  



 

E20-10  ʈʫʢʦʚʦʜʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʷ  

 

 

 

 

 

  

 

 

 

 

 

 

 

ʈʠʩ. 3-1. ɺʥʝʰʥʠʡ ʚʠʜ 

 ʨʝʚʠʟʠʠ ɸ E20-10 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

ʈʠʩ. 3-2. ɺʥʝʰʥʠʡ ʚʠʜ  

ʨʝʚʠʟʠʡ ɺ ʠ ʉ E20-10 

 

 

 

 

  



 

 

3.3. ʂʦʤʧʣʝʢʪʘʮʠʷ ʤʦʜʫʣʷ 

3.3.1. ɹʘʟʦʚʳʡ ʢʦʤʧʣʝʢʪ ʧʦʩʪʘʚʢʠ 

¶ ʩʦʙʩʪʚʝʥʥʦ ʤʦʜʫʣʴ  (1 h ʪ.) ʚ ʚʘʨʠʘʥʪʝ ʠʩʧʦʣʥʝʥʠʷ (ʧ. 3.3.2), ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ E20-10

ʟʘʢʘʟʦʤ;  

¶ ʢʘʙʝʣʴ ʩʚʷʟʠ ʧʦ USB 2.0 (1 ʰʪ.) ð ʪʠʧ ɸ-ɺ, ʜʣʠʥʦʡ 1.3...2.0 ʤ; 

¶ ʩʝʪʝʚʦʡ ʘʜʘʧʪʝʨ ʜʣʷ ʧʠʪʘʥʠʷ  ʦʪ ʩʝʪʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ 220 ɺ, 50 ɻʮ; E20-10

¶ ʢʘʙʝʣʴʥʘʷ ʯʘʩʪʴ ʨʘʟʲʝʤʘ (1 ʰʪ.) ð DB-37M ʩ ʢʦʞʫʭʦʤ DP-37P ð ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʢʘʙʝʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʮʠʬʨʦʚʳʭ ʩʠʛʥʘʣʦʚ;  

¶ ʢʘʙʝʣʴʥʘʷ ʯʘʩʪʴ ʨʘʟʲʝʤʘ (1 ʰʪ.) ð DJK-10A ð ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʘʙʝʣʷ 

ʧʦʜʢʣʶʯʝʥʠʷ ʚʥʝʰʥʝʡ ʮʝʧʠ ʧʠʪʘʥʠʷ, ʝʩʣʠ ʪʨʝʙʫʝʪʩʷ ʟʘʧʠʪʘʪʴ  ʥʝ ʦʪ ʩʝʪʠ E20-10

220V ʯʝʨʝʟ ʧʨʠʣʘʛʘʝʤʳʡ ʩʝʪʝʚʦʡ ʘʜʘʧʪʝʨ, ʘ ʦʪ ʜʨʫʛʦʛʦ ʠʩʪʦʯʥʠʢʘ +9...+27 ɺ;  

¶ ʢʘʙʝʣʴʥʘʷ ʯʘʩʪʴ ʨʘʟʲʝʤʘ (1 ʰʪ.) ð MDN-9P ð ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʘʙʝʣʷ 

ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʚʳʭʦʜʘʤ ʧʠʪʘʥʠʷ ʚʥʝʰʥʝʛʦ ʫʩʪʨʦʡʩʪʚʘ Ñ12 ɺ ʠ ʢ ʚʳʭʦʜʘʤ ʎɸʇ;  

¶ CD-ROM c ʜʦʢʫʤʝʥʪʘʮʠʝʡ ʠ ʇʆ. 

 

3.3.2. ɺʘʨʠʘʥʪʳ ʠʩʧʦʣʥʝʥʠʷ 

E20-10 ʚʳʧʫʩʢʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʠʭ ʚʘʨʠʘʥʪʘʭ ʠʩʧʦʣʥʝʥʠʷ: 

ʇʦʣʥʦʝ ʥʘʟʚʘʥʠʝ 

ʠʟʜʝʣʠʷ 

ʆʧʠʩʘʥʠʝ 

L-CARD-E20-10  ʐʠʨʠʥʘ ʧʦʣʦʩ rʯʘʩʪʦʪ ʧʨʦʧʫʩʢʘʥʠʷ 1,25 ʄɻʮ ʢʘʞʜʦʛʦ ʢʘʥʘʣʘ 

ɸʎʇ. ʎɸʇ ʦʪʩʫʪʩʪʚʫʝʪ. ʈʘʙʦʯʠʡ ʪʝʤʧ. ʜʠʘʧʘʟʦʥ 

ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ +5...+55Áʉ 

L-CARD-E20-10-D     ʐʠʨʠʥʘ ʧʦʣʦʩ rʯʘʩʪʦʪ ʧʨʦʧʫʩʢʘʥʠʷ 1,25 ʄɻʮ ʢʘʞʜʦʛʦ ʢʘʥʘʣʘ 

ɸʎʇ. ɼʚʫʭʢʘʥʘʣʴʥʳʡ ʎɸʇ ʧʨʠʩʫʪʩʪʚʫʝʪ. ʈʘʙʦʯʠʡ ʪʝʤʧ. 

ʜʠʘʧʘʟʦʥ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ +5...+55Áʉ 

L-CARD-E20-10-1     ʐʠʨʠʥʘ ʧʦʣʦʩ rʯʘʩʪʦʪ ʧʨʦʧʫʩʢʘʥʠʷ 5 ʄɻʮ ʢʘʞʜʦʛʦ ʢʘʥʘʣʘ 

ɸʎʇ. ʎɸʇ ʦʪʩʫʪʩʪʚʫʝʪ. ʈʘʙʦʯʠʡ ʪʝʤʧ. ʜʠʘʧʘʟʦʥ 

ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ +5...+55Áʉ 

L-CARD-E20-10-D-1   ʐʠʨʠʥʘ ʧʦʣʦʩ rʯʘʩʪʦʪ ʧʨʦʧʫʩʢʘʥʠʷ 5 ʄɻʮ ʢʘʞʜʦʛʦ ʢʘʥʘʣʘ 

ɸʎʇ. ɼʚʫʭʢʘʥʘʣʴʥʳʡ ʎɸʇ ʧʨʠʩʫʪʩʪʚʫʝʪ. ʈʘʙʦʯʠʡ ʪʝʤʧ. 

ʜʠʘʧʘʟʦʥ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ +5...+55Áʉ 

L-CARD-E20-10-D-I   ʐʠʨʠʥʘ ʧʦʣʦʩ rʯʘʩʪʦʪ ʧʨʦʧʫʩʢʘʥʠʷ 1,25 ʄɻʮ ʢʘʞʜʦʛʦ 

ʢʘʥʘʣʘ ɸʎʇ. ɼʚʫʭʢʘʥʘʣʴʥʳʡ ʎɸʇ ʧʨʠʩʫʪʩʪʚʫʝʪ. ʈʘʙʦʯʠʡ 

ʪʝʤʧ. ʜʠʘʧʘʟʦʥ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ ï40...+60Áʉ,  ʩ 

ʣʘʢʠʨʦʚʢʦʡ ʧʘʷʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʠʥʜʫʩʪʨʠʘʣʴʥʦʝ ʠʩʧʦʣʥʝʥʠʝ)  

L-CARD-E20-10-D-1-I   ʐʠʨʠʥʘ ʧʦʣʦʩ rʯʘʩʪʦʪ ʧʨʦʧʫʩʢʘʥʠʷ 5 ʄɻʮ ʢʘʞʜʦʛʦ ʢʘʥʘʣʘ 

ɸʎʇ. ɼʚʫʭʢʘʥʘʣʴʥʳʡ ʎɸʇ ʧʨʠʩʫʪʩʪʚʫʝʪ. ʈʘʙʦʯʠʡ ʪʝʤʧ. 

ʜʠʘʧʘʟʦʥ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ ï40...+60Áʉ,  ʩ ʣʘʢʠʨʦʚʢʦʡ 

ʧʘʷʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʠʥʜʫʩʪʨʠʘʣʴʥʦʝ ʠʩʧʦʣʥʝʥʠʝ) 

ɺʥʠʤʘʥʠʝ! ʇʨʠ ʟʘʢʘʟʝ E20-10 ʦʙʷʟʘʪʝʣʴʥʦ ʫʢʘʞʠʪʝ ʪʨʝʙʫʝʤʳʡ ʚʘʨʠʘʥʪ ʠʩʧʦʣʥʝʥʠʷ. 

ʇʦʣʥʦʝ ʥʘʟʚʘʥʠʝ ʠʟʜʝʣʠʷ ʦʪʦʙʨʘʞʘʝʪʩʷ ʥʘ ʟʘʚʦʜʩʢʦʡ ʵʪʠʢʝʪʢʝ ʩʥʠʟʫ ʢʦʨʧʫʩʘ.   

 

ɺʦʟʤʦʞʥʳ ʠ ʜʨʫʛʠʝ  ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʢʘʥʘʣʦʚ ɸʎʇ, ʧʦ ʩʦʛʣʘʩʦʚʘʥʠʶ ʩ 

OOO ñʃ ʂʘʨʜò.  

  

http://www.lcard.ru/lexicon/industrial
http://www.lcard.ru/lexicon/industrial


 

E20-10  ʈʫʢʦʚʦʜʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʷ  

3.3.3. ʇʦʩʪʘʚʢʘ ʇʆ 

 

3.3.3.1. ʐʪʘʪʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

ʊʘʢ ʠʩʪʦʨʠʯʝʩʢʠ ʩʣʦʞʠʣʦʩʴ, ʯʪʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʬʠʨʤʘ ʆʆʆ ñʃ ʂʘʨʜ" 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʜʚʝ ʙʠʙʣʠʦʪʝʢʠ ʜʣʷ ʨʘʙʦʪʳ ʩ ʤʦʜʫʣʝʤ , ʘ ʠʤʝʥʥʦ: E20-10

Lusbapi  ʠ LComp . ʆʙʝ ʙʠʙʣʠʦʪʝʢʠ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʨʘʙʦʪʳ ʚ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʨʝʜʘʭ 

Windowsô98/2000/XP/Vista. ʂʘʢ Lusbapi , ʪʘʢ ʠ LComp  ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʣʥʫʶ 

ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʧʦʜʜʝʨʞʢʫ ʤʦʜʫʣʶ . ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʠʙʣʠʦʪʝʢʠ E20-10

LComp  ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʰʠʨʦʢʘʷ ʧʦʜʜʝʨʞʢʘ ʠʟʜʝʣʠʡ ʦʪ ʬʠʨʤr ʆʆʆ ñʃ ʂʘʨʜ". ʊʘʢ Lusbapi  

ʧʦʜʜʝʨʞʠʚʘʝʪ ʪʦʣʴʢʦ USB ʫʩʪʨʦʡʩʪʚʘ, ʘ ʙʠʙʣʠʦʪʝʢʘ LComp  ʢʨʦʤʝ ʵʪʦʛʦ ʝʱʸ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʨʘʙʦʪʫ ʩ ISA ʠ PCI ʠʟʜʝʣʠʷʤʠ ʦʪ ʬʠʨʤʳ ʆʆʆ ñʃ ʂʘʨʜ". 

ɺʥʠʤʘʥʠʝ! ɹʠʙʣʠʦʪʝʢʠ Lusbapi  ʠ LComp  ʦʙʣʘʜʘʶʪ ʧʦʣʥʦʩʪʴʶ ʥʝʩʦʚʤʝʩʪʠʤʳʤʠ 

ʧʨʦʛʨʘʤʤʥʳʤʠ ʠʥʪʝʨʬʝʡʩʘʤʠ, ʥʦ ʠʩʧʦʣʴʟʫʶʪ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʫʥʠʚʝʨʩʘʣʴʥʳʡ USB ʜʨʘʡʚʝʨ 

ʧʦʜ ʥʘʟʚʘʥʠʝʤ Ldevusbu.sys . 

3.3.3.2. ɹʠʙʣʠʦʪʝʢʘ Lusbapi 

ɺʝʩʴ ʧʘʢʝʪ ʙʠʙʣʠʦʪʝʢʠ Lusbapi  ʥʘʭʦʜʠʪʩʷ ʥʘ ʧʨʠʣʘʛʘʝʤʦʤ ʢ ʤʦʜʫʣʶ ʬʠʨʤʝʥʥʦʤ  

CD-ROMôʝ ʚ ʙʘʟʦʚʦʡ ʜʠʨʝʢʪʦʨʠʠ \USB\Lusbapi. ʕʪʫ ʞʝ ʙʠʙʣʠʦʪʝʢʫ ʤʦʞʥʦ ʪʘʢʞʝ ʩʢʘʯʘʪʴ ʩ 

ʥʘʰʝʛʦ ʩʘʡʪʘ www.lcard.ru ʠʟ ʨʘʟʜʝʣʘ ñɹʠʙʣʠʦʪʝʢʘ ʬʘʡʣʦʚò. ʊʘʤ, ʚ ʧʦʜʨʘʟʜʝʣʝ 

ñʇʆ ʜʣʷ ʚʥʝʰʥʠʭ ʤʦʜʫʣʝʡò ʩʣʝʜʫʝʪ ʚʳʙʨʘʪʴ ʩʘʤʦʨʘʩʧʘʢʦʚʳʚʘʶʱʠʡʩʷ ʘʨʭʠʚ lusbapiXY.exe, 

ʛʜʝ X.Y ʦʟʥʘʯʘʝʪ ʪʝʢʫʱʠʡ ʥʦʤʝʨ ʚʝʨʩʠʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʅʘ ʤʦʤʝʥʪ ʥʘʧʠʩʘʥʠʷ 
ʜʘʥʥʦʛʦ ʨʫʢʦʚʦʜʩʪʚʘ ʧʦʩʣʝʜʥʷʷ ʙʠʙʣʠʦʪʝʢʘ Lusbapi  ʠʤʝʝʪ ʚʝʨʩʠʶ 3.2, ʘ ʩʦʜʝʨʞʘʱʠʡ ʝʸ 

ʘʨʭʠʚ ʥʘʟʳʚʘʝʪʩʷ lusbapi32.exe. 

 ʅʠʞʝ ʚ ʪʘʙʣʠʮʝ ʧʨʠʚʦʜʠʪʩʷ ʩʪʨʫʢʪʫʨʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʥʘ ʬʠʨʤʝʥʥʦʤ CD-ROMôʝ ʚʩʝʭ 

ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʙʠʙʣʠʦʪʝʢʠ Lusbapi  (ʧʫʪʠ ʫʢʘʟʘʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʘʟʦʚʦʡ ʜʠʨʝʢʪʦʨʠʠ 
\USB\Lusbapi): 

ɼʠʨʝʢʪʦʨʠʷ ʅʘʟʥʘʯʝʥʠʝ 

\DLL\ ɹʠʙʣʠʦʪʝʢʘ Lusbapi , ʚʢʣʶʯʘʷ ʚʩʝ ʠʩʭʦʜʥʳʝ ʪʝʢʩʪʳ, 
ʙʠʙʣʠʦʪʝʢʠ ʠʤʧʦʨʪʘ, ʤʦʜʫʣʠ ʦʙʲʷʚʣʝʥʠʡ ʠ ʪ.ʜ. 

\DRV\ USB ʜʨʘʡʚʝʨ ʤʦʜʫʣʷ ʠ inf -ʬʘʡʣ. 

\ \DOC\ E20-10 ɼʦʢʫʤʝʥʪʘʮʠʷ. ɺ ʪʦʤ ʯʠʩʣʝ ʨʫʢʦʚʦʜʩʪʚʦ ʧʨʦʛʨʘʤʤʠʩʪʘ ʧʦ 

ʨʘʙʦʪʝ ʩ ʙʠʙʣʠʦʪʝʢʦʡ Lusbapi . 

\ \Examples\ E20-10 ʇʨʦʝʢʪʳ ʧʨʠʤʝʨʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʤʦʜʫʣʷ ʚ 

ʨʘʟʣʠʯʥʳʭ ʩʨʝʜʘʭ ʨʘʟʨʘʙʦʪʢʠ: Borland C++ 5.02, 

Borland C++ Builder 5.0, Delphi 6.0 ʠ MS Visual C++ 6.0. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʣʝʞʘʱʝʡ ʨʘʙʦʪʳ ɺʘʰʠʭ ʧʨʠʣʦʞʝʥʠʡ ʩ ʤʦʜʫʣʝʤ  E20-10

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʩʢʦʧʠʨʦʚʘʪʴ ʙʠʥʘʨʥʳʡ ʬʘʡʣ ʙʠʙʣʠʦʪʝʢʠ \DLL\Bin\Lusbapi.dll ʚ ʜʠʨʝʢʪʦʨʠʶ 
%SystemRoot%\system32, ʯʪʦ ʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ, ʚʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʛʦʪʦʚʳʤ ʢʦʤʘʥʜʥʳʤ 
ʬʘʡʣʦʤ \DLL\CopyLusbapi.bat. ʕʪʦ ʧʦʣʝʟʥʦ ʩʜʝʣʘʪʴ ʧʦʪʦʤʫ, ʯʪʦ Windowsô98/2000/XP/Vista 

ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʨʦʠʟʚʦʜʠʪ ʧʦʠʩʢ ʥʝʦʙʭʦʜʠʤʳʭ ʙʠʙʣʠʦʪʝʢ ʚ ʫʢʘʟʘʥʥʦʡ 

ʜʠʨʝʢʪʦʨʠʠ. ʍʦʪʷ, ʚ ʧʨʠʥʮʠʧʝ, ʙʠʙʣʠʦʪʝʢʘ Lusbapi.dll ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʜʠʨʝʢʪʦʨʠʠ 
ʢʦʥʝʯʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʠʣʠ ʚ ʦʜʥʦʡ ʠʟ ʜʠʨʝʢʪʦʨʠʡ, ʫʢʘʟʘʥʥʳʭ ʚ ʧʝʨʝʤʝʥʥʦʡ ʦʢʨʫʞʝʥʠʷ 

PATH. 

ɺʩʝ ʧʦʪʨʝʙʦʚʘʚʰʠʝʩʷ ʧʦʣʴʟʦʚʘʪʝʣʶ ʩʦʩʪʘʚʥʳʝ ʯʘʩʪʠ ʙʠʙʣʠʦʪʝʢʠ Lusbapi  

(ʟʘʛʦʣʦʚʦʯʥʳʝ ʬʘʡʣʳ, ʧʨʠʤʝʨʳ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʪ.ʧ.) ʧʝʨʝʥʦʩʷʪʩʷ ʥʘ ʮʝʣʝʚʦʡ ʢʦʤʧʴʶʪʝʨ 

http://www.lcard.ru/
http://www.lcard.ru/download/
http://www.lcard.ru/download/#7
http://www.lcard.ru/download/lusbapi32.exe


 

 

ʧʨʦʩʪʳʤ ʢʦʧʠʨʦʚʘʥʠʝʤ ʥʝʦʙʭʦʜʠʤʳʭ ʜʠʨʝʢʪʦʨʠʡ ʠ ʬʘʡʣʦʚ ʩ ʧʦʩʪʘʚʣʷʝʤʦʛʦ ʬʠʨʤʝʥʥʦʛʦ 

CD-ROM.  

3.3.3.3. ɹʠʙʣʠʦʪʝʢʘ LComp 

ɹʠʙʣʠʦʪʝʢʘ LComp  ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʠʥʩʪʘʣʣʷʮʠʦʥʥʦʡ ʧʨʦʛʨʘʤʤʳ 

LComp.exe, ʢʦʪʦʨʘʷ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʬʠʨʤʝʥʥʦʤ CD-ROMôʝ ʚ ʜʠʨʝʢʪʦʨʠʠ \DLL\LComp. 

ʕʪʫ ʞʝ ʙʠʙʣʠʦʪʝʢʫ ʤʦʞʥʦ ʪʘʢʞʝ ʩʢʘʯʘʪʴ ʩ ʥʘʰʝʛʦ ʩʘʡʪʘ www.lcard.ru ʠʟ ʨʘʟʜʝʣʘ 

ñɹʠʙʣʠʦʪʝʢʘ ʬʘʡʣʦʚò. ʊʘʤ, ʚ ʧʦʜʨʘʟʜʝʣʝ ñʐʪʘʪʥʳʝ ʜʨʘʡʚʝʨʘ ʠ ʙʠʙʣʠʦʪʝʢʠ ʜʣʷ Microsoft 

Windowsò ʩʣʝʜʫʝʪ ʚʳʙʨʘʪʴ ʩʘʤʦʨʘʩʧʘʢʦʚʳʚʘʶʱʠʡʩʷ ʘʨʭʠʚ lcomp.exe. 

ʀʥʩʪʘʣʣʷʮʠʦʥʥʘʷ ʧʨʦʛʨʘʤʤʳ LComp.exe ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʢʦʨʨʝʢʪʥʦʛʦ 

ʨʘʟʤʝʱʝʥʠʷ ʚʩʝʭ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʙʠʙʣʠʦʪʝʢʠ LComp  ʥʘ ʢʦʤʧʴʶʪʝʨʝ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʇʨʠ 

ʵʪʦʤ ʚ ʜʠʨʝʢʪʦʨʠʠ, ʫʢʘʟʘʥʥʦʡ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʧʨʠ ʫʩʪʘʥʦʚʢʝ ʙʠʙʣʠʦʪʝʢʠ, ʙʫʜʫʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ 

ʪʘʢʠʝ ʥʝʦʙʭʦʜʠʤʳʝ ʢʦʤʧʦʥʝʥʪʳ LComp  ʢʘʢ ʠʩʭʦʜʥʳʝ ʪʝʢʩʪʳ, ʙʠʙʣʠʦʪʝʢʠ ʠʤʧʦʨʪʘ, ʤʦʜʫʣʠ 

ʦʙʲʷʚʣʝʥʠʡ, ʧʨʠʤʝʨ rʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʵʣʝʢʪʨʦʥʥʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ ʠ ʪ.ʜ. 

3.3.3.4. ɼʦʧʦʣʥʠʪʝʣʴʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

¶ ɹʝʩʧʣʘʪʥʘʷ ʧʨʦʛʨʘʤʤʘ L-Graph 2. ʆʥʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʨʘʙʦʪʳ ʠʩʢʣʶʯʠʪʝʣʴʥʦ  

¶ ʂʦʤʤʝʨʯʝʩʢʘʷ ʧʨʦʛʨʘʤʤʘ ʤʥʦʛʦʢʘʥʘʣʴʥʦʛʦ ʩʘʤʦʧʠʩʮʘïʨʝʛʠʩʪʨʘʪʦʨʘ PowerGraph.  

¶ ʂʦʤʤʝʨʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʫʩʪʘʥʦʚʦʢ ACTest.  

 

 ʆ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʇʆ ʩʤ. ʩʪʨʘʥʠʮʫ ʩʘʡʪʘ http://www.lcard.ru/products/software. 

 

3.3.4. ɺʝʨʩʠʠ ʧʨʦʰʠʚʦʢ FPGA. 

 

ɺ  ʚʝʨʩʠʷ ʠ ʜʘʪʘ ʩʦʟʜʘʥʠʷ ʧʨʦʰʠʚʢʠ FPGA
13

 ʧʨʦʛʨʘʤʤʥʦ ʜʦʩʪʫʧʥʳ [1]. E20-10

ʊʝʢʫʱʘʷ ʧʦʩʪʘʚʣʷʝʤʘʷ ʧʨʦʰʠʚʢʘ FPGA ʠʥʪʝʛʨʠʨʦʚʘʥʘ ʚ ʧʦʩʪʘʚʣʷʝʤʦʝ ʇʆ (ʧʨʦʰʠʚʢʘ 

ʟʘʧʠʩʘʥʘ ʚʦ flash-ʧʘʤʷʪʠ ʚ ʧʦʩʪʘʚʣʷʝʤʳʝ  ʚ ʨʝʚʠʟʠʠ ʉ).   E20-10

ɼʣʷ ʚʩʝʭ ʨʝʚʠʟʠʡ ʜʣʷ ʦʙʥʦʚʣʝʥʠʷ ʚʩʪʨʦʝʥʥʦʛʦ ʇʆ (ʚʤʝʩʪʝ ʩ ʧʨʦʰʠʚʢʦʡ E20-10 

FPGA) ʠʩʧʦʣʴʟʫʡʪʝ ʫʪʠʣʠʪʫ E2010Update, ʧʦʩʣʝʜʥʶʶ ʚʝʨʩʠʶ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʩʢʘʯʘʪʴ ʠʟ 

ʨʘʟʜʝʣʘ  ɹʠʙʣʠʦʪʝʢʘ ʬʘʡʣʦʚ ʥʘ ʩʘʡʪʝ OOO ñʃ ʂʘʨʜò. 

ɺ ʨʝʚ. ɸ, ɺ, B.01 ʧʨʠ ʥʘʧʠʩʘʥʠʠ (ʠʣʠ ʟʘʢʘʟʝ)  ʩʦʙʩʪʚʝʥʥʦʛʦ ʇʆ ʪʨʝʙʦʚʘʣʦʩʴ  E20-10 

ʦʙʝʩʧʝʯʠʪ,ɹ ʯʪʦʙʳ ʦʪʜʝʣʴʥʳʡ ʬʘʡʣ ʧʨʦʰʠʚʢʠ FPGA ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʠʟʤʝʥʠʪʴ ʙʝʟ 

ʧʝʨʝʢʦʤʧʠʣʷʮʠʠ ʵʪʦʛʦ ʇʆ (ʙʳʣʦ ʥʝʢʦʨʨʝʢʪʥʦ ʨʘʩʧʦʣʘʛʘʪʴ ʧʨʦʰʠʚʢʫ FPGA ʚʥʫʪʨʠ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʩʧʦʣʥʷʝʤʦʛʦ ʢʦʜʘ).  ɼʣʷ ʤʦʜʫʣʷ ʨʝʚ. ʉ ʦʪʩʫʪʩʪʚʫʝʪ ʵʪʦ E20-10 

ʪʨʝʙʦʚʘʥʠʝ, ʧʦʩʢʦʣʴʢʫ FPGA ʟʘʛʨʫʞʘʝʪʩʷ ʠʟ ʚʩʪʨʦʝʥʥʦʡ flash-ʧʘʤʷʪʠ ʧʨʠ ʚʢʣʶʯʝʥʠʠ 

ʧʠʪʘʥʠʷ, ʠ ʩʪʘʨʘʷ ʧʨʦʰʠʚʢʘ FPGA, ʢʦʪʦʨʫʶ ʙʫʜʝʪ ʟʘʛʨʫʞʘʪʴ ʩʪʘʨʦʝ ʇʆ, ʙʫʜʝʪ 

ʧʨʦʠʛʥʦʨʠʨʦʚʘʥʘ. ʆʜʥʘʢʦ, ʩʪʘʨʦʝ ʇʆ ʦʧʨʝʜʝʣʠʪ ʨʝʚʠʟʠʶ ʉ ʤʦʜʫʣʷ  ʢʘʢ ʨʝʚʠʟʠʶ ɺ, E20-10

ʧʦʩʢʦʣʴʢʫ ʦ ʨʝʚʠʟʠʠ ʉ ʦʥʦ ʥʠʯʝʛʦ ʥʝ ʟʥʘʝʪ.  

ʆʜʥʘʢʦ, ʜʣʷ ʣʶʙʦʡ ʨʝʚʠʟʠʠ  ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʝ ʇʆ E20-10

ʠʩʧʦʣʴʟʦʚʘʣʦ ʰʪʘʪʥʳʝ ʬʘʡʣʳ *.dll ʦʪ OOO ñʃ ʂʘʨʜò! ʊʦʛʜʘ ʧʨʠ ʚʦʟʤʦʞʥʦʡ  ʤʦʜʠʬʠʢʘʮʠʠ  

ʬʘʡʣʘ *.dll  ʩʦ ʩʪʦʨʦʥʳ OOO ñʃ ʂʘʨʜò ʦʙʥʦʚʣʝʥʠʝ ɺʘʰʝʛʦ  ʇʆ ʩʚʝʜʸʪʩʷ ʢ ʧʨʦʩʪʦʡ ʟʘʤʝʥʝ 

ʬʘʡʣʦʚ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʝʨʝʢʦʤʧʠʣʷʮʠʠ ʇʆ. 
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 ʆ ʪʝʨʤʠʥʝ FPGA ʯʠʪʘʡʪʝ ʩʪʘʪʴʶ https://www.lcard.ru/lexicon/fpga 

http://www.lcard.ru/
http://www.lcard.ru/download/
http://www.lcard.ru/download/#3
http://www.lcard.ru/download/#3
http://www.lcard.ru/download/lcomp.exe
http://www.lcard.ru/products/software
http://www.lcard.ru/download
https://www.lcard.ru/lexicon/fpga


 

E20-10  ʈʫʢʦʚʦʜʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʷ  

ʋʟʥʘʪʴ ʦ ʬʘʢʪʠʯʝʩʢʦʡ ʚʝʨʩʠʠ ʧʨʦʰʠʚʢʠ FPGA ɺʘʰʝʛʦ ʤʦʜʫʣʷ E20-10 ʤʦʞʥʦ ʩ 

ModulesViewer, ʧʦʩʣʝʜʥʶʶ ʚʝʨʩʠʶ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʩʢʘʯʘʪʴ ʠʟ ʨʘʟʜʝʣʘ  ʤʦʱʴʶ ʫʪʠʣʠʪʳ 

ɹʠʙʣʠʦʪʝʢʘ ʬʘʡʣʦʚ ʥʘ ʩʘʡʪʝ OOO ñʃ ʂʘʨʜò. 

ʆʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʢʘʜʨʘ (ʠʟʤʝʨʷʝʤʳʡ ʚ ʢʦʣʠʯʝʩʪʚʝ 

ʣʦʛʠʯʝʩʢʠʭ ʢʘʥʘʣʦʚ ʚ ʦʜʥʦʤ ʢʘʜʨʝ ʩʙʦʨʘ ʜʘʥʥʳʭ) ʟʘʚʠʩʠʪ ʦʪ ʚʝʨʩʠʠ ʧʨʦʰʠʚʢʠ. 

 

3.3.4.1. ʇʨʦʰʠʚʢʠ  ʨʝʚ.ɸ. E20-10

 

ɺʝʨʩʠʷ 

ʧʨʦʰʠʚʢʠ 

FPGA  

ʨʝʚ. ɸ 

ʄʘʢʩʠ-

ʤʘʣʴʥʳʡ 

ʨʘʟʤʝʨ 

ʢʘʜʨʘ 

ʊʝʤʧʝ- 

ʨʘʪʫʨʥʳʡ 

ʜʠʘʧʘʟʦʥ 

ʂʦʤʤʝʥʪʘʨʠʠ 

1.00.06 

ʦʪ 15.01.07 ʛ. 

256  +5...+55Áʉ ʇʝʨʚʘʷ ʧʨʦʰʠʚʢʘ ʩʝʨʠʡʥʳʭ  ʨʝʚ.ɸ. E20-10

1.00.07 

ʦʪ 29.10.08 ʛ. 

256 +5...+55Áʉ ʋʩʪʨʘʥʝʥʘ ʧʦʨʯʘ ʜʘʥʥʳʭ ʧʨʠ ʤʥʦʛʦʢʨʘʪʥʦʤ ʯʝʨʝʜʦʚʘʥʠʠ  

ʚʥʝʰʥʝʛʦ ʩʪʘʨʪʘ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʩʪʘʥʦʚʘ (ʵʪʦ ʦʪʥʦʩʠʪʩʷ ʪʦʣʴʢʦ 

ʢ ʨʝʚ.ɸ). ʇʨʦʰʠʚʢʘ FPGA 1.00.07 ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦʝ 

ʦʙʥʦʚʣʝʥʠʝ ʧʨʦʰʠʚʢʠ ʢʦʥʪʨʦʣʣʝʨʘ AVR. 

 

3.3.4.2. ʇʨʦʰʠʚʢʠ  ʨʝʚ.B. E20-10

 

ɺʝʨʩʠʷ 

ʧʨʦʰʠʚʢʠ 

FPGA 

 ʨʝʚ. B 

ʄʘʢʩʠ-

ʤʘʣʴʥʳʡ 

ʨʘʟʤʝʨ 

ʢʘʜʨʘ 

ʊʝʤʧʝ- 

ʨʘʪʫʨʥʳʡ 

ʜʠʘʧʘʟʦʥ 

ʂʦʤʤʝʥʪʘʨʠʠ 

2.00.03 

ʦʪ  

10.04.08 ʛ. 

256  +5...+55Áʉ ʇʝʨʚʘʷ ʧʨʦʰʠʚʢʘ ʩʝʨʠʡʥʳʭ  ʨʝʚ.ɺ.  E20-10

ʇʦʣʴʟʦʚʘʪʝʣʷʤ, ʧʨʠʤʝʥʷʶʱʠʤ ʚʥʫʪʨʝʥʥʶʶ ʢʘʣʠʙʨʦʚʢʫ ʚ  

 ʨʝʚ.ɺ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʦʙʥʦʚʠʪʴ ʧʨʦʰʠʚʢʫ ʜʦ ʙʦʣʝʝ E20-10

ʩʪʘʨʰʝʡ ʚʝʨʩʠʠ, ʛʜʝ ʫʩʪʨʘʥʸʥ ʵʬʬʝʢʪ ʧʦʨʯʠ ʦʪʜʝʣʴʥʳʭ ʩʵʤʧʣʦʚ 

ʜʘʥʥʳʭ ʧʨʠ ʧʨʠʙʣʠʞʝʥʠʠ ʢʦʜʘ ʢ ʛʨʘʥʠʮʝ ʨʘʟʨʷʜʥʦʡ ʩʝʪʢʠ ɸʎʇ. 

ʉ ʚʳʢʣʶʯʝʥʥʦʡ ʚʥʫʪʨʝʥʥʝʡ ʢʘʣʠʙʨʦʚʢʦʡ ʥʝʛʘʪʠʚʥʳʭ ʵʬʬʝʢʪʦʚ 

ʥʝ ʦʙʥʘʨʫʞʝʥʦ. 

2.00.05 

ʦʪ  

24.07.08 ʛ. 

 

 

 

 

 

 
256  

+5...+55Áʉ ɺ ʧʨʦʰʠʚʢʝ 2.00.05 ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʫʩʣʦʚʠʷ ʩʪʘʨʪʘ "ʧʦ ʧʝʨʝʭʦʜʫ ʯʝʨʝʟ ʟʘʜʘʥʥʳʡ ʫʨʦʚʝʥʴ ʩʠʛʥʘʣʘ ʚ 
ʚʳʙʨʘʥʥʦʤ ʢʘʥʘʣʝ"  ʠ  ʫʩʣʦʚʠʷ ʦʩʪʘʥʦʚʘ "ʧʦ ʢʦʣʠʯʝʩʪʚʫ M 

ʟʘʧʠʩʘʥʥʳʭ ʢʘʜʨʦʚ"  ʧʦʚʪʦʨʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʩʪʘʨʪ ʥʝ 

ʪʨʝʙʫʝʪʩʷ, ʧʦʩʢʦʣʴʢʫ ʧʦʩʣʝ ʦʯʝʨʝʜʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʫʩʣʦʚʠʷ 

ʦʩʪʘʥʦʚʘ ʧʦʚʪʦʨʥʳʡ ʩʪʘʨʪ ʩʙʦʨʘ ʜʘʥʥʳʭ ʥʘʯʥʸʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ  

ʧʦʩʣʝ ʥʦʚʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʫʩʣʦʚʠʷ ʩʪʘʨʪʘ.  ɼʣʷ ʜʨʫʛʠʭ ʫʩʣʦʚʠʡ 

ʩʪʘʨʪʘ ʧʨʦʰʠʚʢʘ FPGA 2.00.05 ʠʜʝʥʪʠʯʥʘ ʧʨʦʰʠʚʢʝ  

2.00.03. ʉʤ. ʪʘʢʞʝ ʪʘʙʣ. 5-5 ʠ ʧʨʠʤʝʯʘʥʠʷ ʢ ʥʝʡ. 

ʇʨʦʰʠʚʢʠ FPGA 2.00.03 ʠ 2.00.05 ʧʦʣʥʦʩʪʴʶ ʩʦʚʤʝʩʪʠʤʳ ʧʦ 

ʧʨʦʛʨʘʤʤʥʳʤ ʙʠʙʣʠʦʪʝʯʥʳʤ ʬʫʥʢʮʠʷʤ. 

http://www.lcard.ru/download


 

 

ɺʝʨʩʠʷ 

ʧʨʦʰʠʚʢʠ 

FPGA 

 ʨʝʚ. B 

ʄʘʢʩʠ-

ʤʘʣʴʥʳʡ 

ʨʘʟʤʝʨ 

ʢʘʜʨʘ 

ʊʝʤʧʝ- 

ʨʘʪʫʨʥʳʡ 

ʜʠʘʧʘʟʦʥ 

ʂʦʤʤʝʥʪʘʨʠʠ 

2.00.06  

ʦʪ 

01.09.08 ʛ. 

256 +5...+55Áʉ ʋʩʪʨʘʥʝʥʘ ʧʨʦʙʣʝʤʘ ʩʙʦʨʘ ʜʘʥʥʳʭ, ʧʨʦʷʚʣʷʶʱʘʷʩʷ ʚ 

ʦʜʥʦʢʘʥʘʣʴʥʦʤ ʨʝʞʠʤʝ. 

2.00.07 

ʦʪ  

05.09.12 ʛ. 

8192 +5...+55Áʉ ʋʚʝʣʠʯʝʥ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʡ ʨʘʟʤʝʨ ʢʘʜʨʘ ʜʦ 8192 

ʦʪʩʯʸʪʦʚ ɸʎʇ! ɼʣʷ ʦʙʥʦʚʣʝʥʠʷ ʧʦʪʨʝʙʫʝʪʩʷ ʫʜʘʣʸʥʥʦ ʧʝʨʝʰʠʪʴ 

ʢʦʥʪʨʦʣʣʝʨ AVR ʠ ʦʙʥʦʚʠʪʴ ʙʠʙʣʠʦʪʝʢʫ (ʚ ʢʦʪʦʨʫʶ ʫʞʝ 

ʜʦʙʘʚʣʝʥʘ ʧʨʦʰʠʚʢʘ FPGA 2.00.07). ʉʦʚʤʝʩʪʠʤʦʩʪʴ ʩʦ ʩʪʘʨʳʤ 

ʇʆ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ ʩʦʭʨʘʥʷʝʪʩʷ. 

2.00.08  

ʦʪ 

20.11.12 ʛ. 

8192 +5...+55Áʉ ʋʩʪʨʘʥʝʥʘ ʧʨʦʙʣʝʤʘ ʧʦʧʘʜʘʥʠʷ ʚ ʙʫʬʝʨ ɸʎʇ ʣʠʰʥʠʭ ʜʘʥʥʳʭ 

ʧʨʠ ʧʦʚʪʦʨʥʦʤ ʟʘʧʫʩʢʝ ʩʙʦʨʘ ʜʘʥʥʳʭ ʧʦ ʩʠʛʥʘʣʫ START ʚ 

ʨʝʞʠʤʝ ʩ ʧʨʦʛʨʘʤʤʥʳʤ ʦʩʪʘʥʦʚʦʤ ʩʙʦʨʘ ʜʘʥʥʳʭ.   

2.00.10  

ʦʪ 

15.12.14 ʛ. 

8192 +5...+55Áʉ ʋʩʪʨʘʥʝʥʘ ʧʨʦʙʣʝʤʘ ʩ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʧʦʚʪʦʨʥʦʛʦ ʟʘʧʫʩʢʝ 

ʩʙʦʨʘ ʜʘʥʥʳʭ ʧʦ ʩʠʛʥʘʣʫ START.   

2.00.12  

ʦʪ 

09.11.18 ʛ. 

8192 +5...+55Áʉ ʇʨʦʰʠʚʢʘ ʘʥʘʣʦʛʠʯʥʘ ʧʦ ʬʫʥʢʮʠʦʥʘʣʫ ʚʝʨʩʠʠ 2.00.10, ʜʦʙʘʚʣʝʥ 

ʣʦʛʠʯʝʩʢʠʡ ʧʨʠʟʥʘʢ ñʢʦʤʤʝʨʯʝʩʢʦʡò ʧʨʦʰʠʚʢʠ. 

2.01.12 

ʦʪ 

08.11.18 ʛ. 

8192 -40...+60Áʉ ʇʨʦʰʠʚʢʘ ʘʥʘʣʦʛʠʯʥʘ ʧʦ ʬʫʥʢʮʠʦʥʘʣʫ ʚʝʨʩʠʠ 2.00.10, ʜʦʙʘʚʣʝʥ 

ʣʦʛʠʯʝʩʢʠʡ ʧʨʠʟʥʘʢ ñʠʥʜʫʩʪʨʠʘʣʴʥʦʡò ʧʨʦhʠʚʢʠ.  

2.00.13 

ʦʪ 

22.11.18 

4096 +5...+55Áʉ ɼʦʙʘʚʣʝʥʳ ʜʚʘ ʢʘʥʘʣʘ ʩʠʥʭʨʦʥʥʦʛʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ 

ʮʠʬʨʦʚʦʛʦ ʚʚʦʜʘ.  ʄʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʡ ʨʘʟʤʝʨ ʢʘʜʨʘ 

ʫʤʝʥʴʰʝʥ ʜʦ 4096 ʦʪʩʯʸʪʦʚ ɸʎʇ. 

2.00.14 

ʦʪ 

28.01.20 ʛ. 

4096 +5...+55Áʉ ʈʘʩʰʠʨʝʥʳ ʬʫʥʢʮʠʠ ʣʠʥʠʡ SYNC, START, ʥʘʩʪʨʦʝʥʥʳʭ ʥʘ 

ʚʳʭʦʜ 

2.01.14 

ʦʪ 

28.01.20 ʛ. 

4096 -40...+60Áʉ ʈʘʩʰʠʨʝʥʳ ʬʫʥʢʮʠʠ ʣʠʥʠʡ SYNC, START, ʥʘʩʪʨʦʝʥʥʳʭ ʥʘ 

ʚʳʭʦʜ 

 

ʇʨʠʤʝʯʘʥʠʝ: ʧʨʦʰʠʚʢʠ ʩ ʪʝʤʧ. ʜʠʘʧʘʟʦʥʦʤ -40...+60Áʉ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʪʦʣʴʢʦ ʜʣʷ 

ʠʥʜʫʩʪʨʠʘʣʴʥʦʛʦ ʠʩʧʦʣʥʝʥʠʷ
14

 ʠʟʜʝʣʠʡ (E20-10-D-I, E20-10-D-1-I). 

  

                                                 
14

 ʊʝʨʤʠʥ ʦʙʲʷʩʥʸʥ ʚ ʩʪʘʪʴʝ https://www.lcard.ru/lexicon/industrial 

https://www.lcard.ru/lexicon/industrial


 

E20-10  ʈʫʢʦʚʦʜʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʷ  

3.3.4.3. ʇʨʦʰʠʚʢʠ  ʨʝʚ.C. E20-10

 

ɺʝʨʩʠʷ 

ʧʨʦʰʠʚʢʠ 

FPGA 

ʨʝʚ. ʉ 

ʄʘʢʩʠ-

ʤʘʣʴʥʳʡ 

ʨʘʟʤʝʨ 

ʢʘʜʨʘ 

ʊʝʤʧʝ-

ʨʘʪʫʨʥʳʡ 

ʜʠʘʧʘʟʦʥ 

 

ʂʦʤʤʝʥʪʘʨʠʠ 

3.00.04c 

ʦʪ 

19.06.19 

8192 +5...+55Áʉ ʇʝʨʚʘʷ ʧʨʦʰʠʚʢʘ ʩʝʨʠʡʥʳʭ  ʨʝʚ.ɺ. E20-10

ʂʨʦʤʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʘʟʤʝʨʘ ʢʘʜʨʘ, ʧʦ ʦʩʪʘʣʴʥʦʤʫ 

ʬʫʥʢʮʠʦʥʘʣʫ ʧʨʦʰʠʚʢʘ ʘʥʘʣʦʛʠʯʥʘ ʧʨʦʰʠʚʢʝ 2.00.13 

3.00.04i 8192 -40...+60Áʉ ʂʨʦʤʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʘʟʤʝʨʘ ʢʘʜʨʘ, ʧʦ ʦʩʪʘʣʴʥʦʤʫ 

ʬʫʥʢʮʠʦʥʘʣʫ ʧʨʦʰʠʚʢʘ ʘʥʘʣʦʛʠʯʥʘ ʧʨʦʰʠʚʢʝ 2.00.13 

3.00.05ʩ 

ʦʪ 

28.01.20 ʛ. 

8192 +5...+55Áʉ ʈʘʩʰʠʨʝʥʳ ʬʫʥʢʮʠʠ ʣʠʥʠʡ SYNC, START, ʥʘʩʪʨʦʝʥʥʳʭ ʥʘ 

ʚʳʭʦʜ (ʧ. 5.2.8.1). ʂʨʦʤʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʘʟʤʝʨʘ ʢʘʜʨʘ, ʧʦ 
ʦʩʪʘʣʴʥʦʤʫ ʬʫʥʢʮʠʦʥʘʣʫ ʜʘʥʥʘʷ ʧʨʦʰʠʚʢʘ ʘʥʘʣʦʛʠʯʥʘ 

ʧʨʦʰʠʚʢʘʤ 2.0x.14 

3.00.05i 

ʦʪ 

28.01.20 ʛ. 

8192 -40...+60Áʉ ʈʘʩʰʠʨʝʥʳ ʬʫʥʢʮʠʠ ʣʠʥʠʡ SYNC, START, ʥʘʩʪʨʦʝʥʥʳʭ ʥʘ 

ʚʳʭʦʜ (ʧ. 5.2.8.1). ʂʨʦʤʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʘʟʤʝʨʘ ʢʘʜʨʘ, ʧʦ 
ʦʩʪʘʣʴʥʦʤʫ ʬʫʥʢʮʠʦʥʘʣʫ ʜʘʥʥʘʷ ʧʨʦʰʠʚʢʘ ʘʥʘʣʦʛʠʯʥʘ 

ʧʨʦʰʠʚʢʘʤ 2.0x.14 

 

ʇʨʠʤʝʯʘʥʠʝ: ʧʨʦʰʠʚʢʠ ʩ ʪʝʤʧ. ʜʠʘʧʘʟʦʥʦʤ -40...+60Áʉ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʪʦʣʴʢʦ ʜʣʷ 

ʠʥʜʫʩʪʨʠʘʣʴʥʦʛʦ ʚʘʨʠʘʥʪʘ ʠʩʧʦʣʥʝʥʠʷ ʠʟʜʝʣʠʡ (E20-10-D-I, E20-10-D-1-I). 
 

  



 

 

 

4. ʀʥʩʪʘʣʣʷʮʠʷ ʠ ʥʘʩʪʨʦʡʢʘ 

4.1. ʇʦʜʢʣʶʯʝʥʠʝ ʤʦʜʫʣʷ ʢ ʢʦʤʧʴʶʪʝʨʫ 
ʇʨʦʚʝʨʴʪʝ ʫʧʘʢʦʚʢʫ ʠ ʢʦʤʧʦʥʝʥʪʳ ʠʟʜʝʣʠʷ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʚʨʝʞʜʝʥʠʡ. 

ɺʢʣʶʯʠʪʝ ʧʠʪʘʥʠʝ ʢʦʤʧʴʶʪʝʨʘ, ʝʩʣʠ ʦʥʦ ʙʳʣʦ ʚʳʢʣʶʯʝʥʦ, ʠ ʟʘʛʨʫʟʠʪʝ ʦʧʝʨʘʮʠʦʥʥʫʶ 

ʩʠʩʪʝʤʫ Windowsô98/2000/XP/Vista. ʀʤʝʥʥʦ ʵʪʠ ʦʧʝʨʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʩʧʦʩʦʙʥʳ 

ʧʦʜʜʝʨʞʠʚʘʪʴ ʢʦʨʨʝʢʪʥʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ USB ʰʠʥʳ. 

ʉʧʝʮʠʬʠʢʘʮʠʷ ʰʠʥʳ USB ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʨʝʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ 

ʨʘʙʦʪʘʪʴ ʩ ʧʝʨʠʬʝʨʠʡʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʚ ʠʩʪʠʥʥʦʤ ʨʝʞʠʤʝ Plug&Play. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ 

ʩʪʘʥʜʘʨʪʦʤ USB ʧʨʝʜʫʩʤʦʪʨʝʥʦ óʛʦʨʷʯʝʝô ʧʦʜʢʣʶʯʝʥʠʝ ʫʩʪʨʦʡʩʪʚʘ ʢ ʨʘʙʦʪʘʶʱʝʤʫ 

ʢʦʤʧʴʶʪʝʨʫ, ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʝʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ ʥʝʤʝʜʣʝʥʥʦ ʧʦʩʣʝ 

ʧʦʜʢʣʶʯʝʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʘʷ ʟʘʛʨʫʟʢʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʘʥʥʦʤʫ ʫʩʪʨʦʡʩʪʚʫ ʜʨʘʡʚʝʨʦʚ. 

ʊʘʢʞʝ ʚʧʦʣʥʝ ʜʦʧʫʩʢʘʝʪʩʷ ʦʪʢʣʶʯʝʥʠʝ USB ʫʩʪʨʦʡʩʪʚʘ ʦʪ ʢʦʤʧʴʶʪʝʨʘ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ. ɹʦʣʝʝ ʪʦʛʦ, ʚʦʟʤʦʞʥʦ ʚʢʣʶʯʝʥʠʝ ʢʦʤʧʴʶʪʝʨʘ ʩ ʫʞʝ ʧʦʜʩʦʝʜʠʥʸʥʥʳʤ USB 

ʫʩʪʨʦʡʩʪʚʦʤ. 

ʇʨʦʮʝʜʫʨʘ ʘʧʧʘʨʘʪʥʦʛʦ ʧʦʜʢʣʶʯʝʥʠʷ ʤʦʜʫʣʷ  ʢ ʢʦʤʧʴʶʪʝʨʫ ʩʣʝʜʫʶʱʘʷ: E20-10

ʧʦʜʘʡʪʝ ʚʥʝʰʥʝʝ ʧʠʪʘʥʠʝ ʥʘ , ʧʦʜʩʦʝʜʠʥʠʚ ʩʝʪʝʚʦʡ ʘʜʘʧʪʝʨ, ʚʭʦʜʷʱʠʡ ʚ ʢʦʤʧʣʝʢʪ E20-10

ʧʦʩʪʘʚʢʠ, ʩʦʝʜʠʥʠʪʝ  USB ʨʘʟʲʸʤ ʤʦʜʫʣʷ ʩ USB ʧʦʨʪʦʤ ʢʦʤʧʴʶʪʝʨʘ ʧʨʠ ʧʦʤʦʱʠ ʢʘʙʝʣʷ, 

ʚʭʦʜʷʱʝʛʦ ʚ ʢʦʤʧʣʝʢʪ ʧʦʩʪʘʚʢʠ. ɺʩʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʜʢʣʶʯʝʥʠʡ ʩʠʛʥʘʣʦʚ ʦʧʠʩʘʥʳ ʚ ʛʣ. 6, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʧʦ ʧʦʜʢʣʶʯʝʥʠʶ ʢ USB ʩʤ. ʧ. 6.5.1.  

ʆʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʧʨʠ ʨʘʙʦʪʝ ʩ ʜʨʘʡʚʝʨʘʤʠ LComp ʩʥʘʯʘʣʘ ʥʫʞʥʦ ʫʩʪʘʥʦʚʠʪʴ 

ʜʨʘʡʚʝʨʘ 4.2.2, ʘ ʪʦʣʴʢʦ ʧʦʩʣʝ ʵʪʦʛʦ ʧʦʜʢʣʶʯʘʪʴ . E20-10

4.2. ʋʩʪʘʥʦʚʢʘ USB ʜʨʘʡʚʝʨʦʚ 
ʇʨʦʮʝʜʫʨʳ ʫʩʪʘʥʦʚʢʠ USB ʜʨʘʡʚʝʨʦʚ ʦʪ ʙʠʙʣʠʦʪʝʢ Lusbapi  ʠ LComp  ʜʣʷ ʤʦʜʫʣʷ 

 ʥʝʤʥʦʛʦ ʨʘʟʣʠʯʘʶʪʩʷ. ʀʤʝʥʥʦ ʵʪʠ ʨʘʟʣʠʯʠʷ ʦʧʠʩʘʥʳ ʚ ʩʣʝʜʫʶʱʠʭ ʜʚʫʭ ʧʘʨʘʛʨʘʬʘʭ. E20-10

4.2.1. ʋʩʪʘʥʦʚʢʘ USB ʜʨʘʡʚʝʨʦʚ ʦʪ Lusbapi 

ʇʨʠ ʩʘʤʦʤ ʧʝʨʚʦʤ ʧʦʜʩʦʝʜʠʥʝʥʠʠ ʤʦʜʫʣʷ  ʢ ʢʦʤʧʴʶʪʝʨʫ ʩ ʧʦʤʦʱʴʶ E20-10

ʧʨʠʣʘʛʘʝʤʦʛʦ ʩʪʘʥʜʘʨʪʥʦʛʦ USB ʢʘʙʝʣʷ ʦʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʟʘʧʨʦʩʠʪʴ ʬʘʡʣʳ 

ʜʨʘʡʚʝʨʘ ʜʣʷ ʚʧʝʨʚʳʝ ʧʦʜʢʣʶʯʘʝʤʦʛʦ USB ʫʩʪʨʦʡʩʪʚʘ. ʊʦʛʜʘ ʝʡ ʥʝʦʙʭʦʜʠʤʦ ʫʢʘʟʘʪʴ inf-ʬʘʡʣ 

ʦʪ ʙʠʙʣʠʦʪʝʢʠ Lusbapi  ʩ ʥʘʰʝʛʦ ʬʠʨʤʝʥʥʦʛʦ CD-ROM: \USB\Lusbapi\DRV\Lusbapi.inf. 
ʇʨʠ ʵʪʦʤ ʦʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʩʘʤʘ ʩʢʦʧʠʨʫʝʪ ʚʩʝ ʪʨʝʙʫʝʤʳʝ ʝʡ ʬʘʡʣʳ ʚ ʥʫʞʥʳʝ ʤʝʩʪʘ ʠ 

ʩʜʝʣʘʝʪ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʟʘʧʠʩʠ ʚ ʩʚʦʸʤ ʨʝʝʩʪʨʝ. ʇʦʩʣʝ ʯʝʛʦ, ʩʠʩʪʝʤʘ Windows ʜʦʣʞʥʘ 

ʧʨʦʚʝʩʪʠ ʪʘʢ ʥʘʟʳʚʘʝʤʫʶ ʧʨʦʮʝʜʫʨʫ ʥʫʤʝʨʘʮʠʠ (enumeration)  USB ʫʩʪʨʦʡʩʪʚʘ, ʦ ʯʸʤ ʩʤ. 

ʥʠʞʝ ʧ. 4.3 "ʆʙʥʘʨʫʞʝʥʠʝ ʤʦʜʫʣʷ" . 

4.2.2. ʋʩʪʘʥʦʚʢʘ USB ʜʨʘʡʚʝʨʦʚ ʦʪ LComp 

ʇʨʝʞʜʝ ʯʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʦʜʫʣʴ  ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʙʠʙʣʠʦʪʝʢʠ LComp  E20-10

ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʠʥʩʪʘʣʣʷʮʠʦʥʥʫʶ ʧʨʦʛʨʘʤʤʫ LComp.exe, ʢʦʪʦʨʘʷ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ 
ʬʠʨʤʝʥʥʦʤ CD-ROMôʝ ʚ ʜʠʨʝʢʪʦʨʠʠ \DLL\LComp. ɼʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ, ʧʦʤʠʤʦ ʚʩʝʛʦ 
ʧʨʦʯʝʛʦ, ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʥʘ ʮʝʣʝʚʦʡ ʢʦʤʧʴʶʪʝʨ ʧʦʣʴʟʦʚʘʪʝʣʷ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʬʘʡʣʳ, 

ʢʦʪʦʨʳʝ ʧʦʪʨʝʙʫʶʪʩʷ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ʚ ʧʨʦʮʝʩʩʝ ʦʧʦʟʥʘʚʘʥʠʷ ʤʦʜʫʣʷ  ʧʨʠ ʝʛʦ E20-10

ʧʝʨʚʦʤ ʧʦʜʢʣʶʯʝʥʠʠ ʢ USB ʧʦʨʪʫ ʢʦʤʧʴʶʪʝʨʘ. ʊʦʣʴʢʦ ʧʦʩʣʝ ʫʩʧʝʰʥʦʛʦ ʟʘʚʝʨʰʝʥʠʷ 

ʧʨʦʛʨʘʤʤʳ LComp.exe ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʦʜʢʣʶʯʝʥʠʝ ʤʦʜʫʣʷ ʢ ʢʦʤʧʴʶʪʝʨʫ ʩ ʧʦʤʦʱʴʶ 



 

E20-10  ʈʫʢʦʚʦʜʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʷ  

ʧʨʠʣʘʛʘʝʤʦʛʦ ʩʪʘʥʜʘʨʪʥʦʛʦ USB ʢʘʙʝʣʷ. ʇʨʠ ʵʪʦʤ ʩʠʩʪʝʤʘ Windows ʜʦʣʞʥʘ ʧʨʦʠʟʚʝʩʪʠ 

ʧʨʦʮʝʜʫʨʫ ʥʫʤʝʨʘʮʠʠ USB ʫʩʪʨʦʡʩʪʚʘ, ʦ ʯʸʤ ʩʤʦʪʨʠ ʩʣʝʜʫʶʱʠʡ ʧʫʥʢʪ ʜʘʥʥʦʛʦ ʨʫʢʦʚʦʜʩʪʚʘ. 

4.3. ʆʙʥʘʨʫʞʝʥʠʝ ʤʦʜʫʣʷ 
ʂʘʢ ʫʞʝ ʛʦʚʦʨʠʣʦʩʴ ʚʳʰʝ, ʦʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ Windows ʜʦʣʞʥʘ ʧʨʦʠʟʚʝʩʪʠ 

ʧʨʦʮʝʜʫʨʫ ʥʫʤʝʨʘʮʠʠ ʜʣʷ ʢʘʞʜʦʛʦ ʧʦʜʢʣʶʯʘʝʤʦʛʦ USB ʫʩʪʨʦʡʩʪʚʘ. ʊʘʢʘʷ ʧʨʦʮʝʜʫʨʘ ʜʣʷ 

USB ʫʩʪʨʦʡʩʪʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʜʠʥʘʤʠʯʝʩʢʠ ʧʦ ʤʝʨʝ ʠʭ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʢʦʤʧʴʶʪʝʨʫ ʙʝʟ 

ʢʘʢʦʛʦ-ʣʠʙʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠʣʠ ʢʣʠʝʥʪʩʢʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ.  

ɺʦ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʥʫʤʝʨʘʮʠʠ USB ʠʥʜʠʢʘʪʦʨ ʤʦʜʫʣʷ ï ʩʚʝʪʦʜʠʦʜ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ 

ʨʷʜʦʤ ʩ USB ʨʘʟʲʸʤʦʤ , ʜʦʣʞʝʥ ʥʝʧʨʝʨʳʚʥʦ ʤʠʛʘʪʴ, ʘ ʧʦ ʦʢʦʥʯʘʥʠʠ ʧʦʩʪʦʷʥʥʦ E20-10

ʟʘʛʦʨʝʪʴʩʷ ʢʨʘʩʥʳʤ ʠʣʠ ʟʝʣʸʥʳʤ ʮʚʝʪʦʤ. ʕʪʦ ʙʫʜʝʪ ʧʨʠʟʥʘʢʦʤ ʪʦʛʦ, ʯʪʦ ʧʦʜʢʣʶʯʸʥʥʦʝ USB 

ʫʩʪʨʦʡʩʪʚʦ ʢʦʨʨʝʢʪʥʦ ʦʧʦʟʥʘʥʦ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ ʠ ʧʦʣʥʦʩʪʴʶ ʛʦʪʦʚʦ ʢ ʜʘʣʴʥʝʡʰʝʡ 

ʨʘʙʦʪʝ. ʎʚʝʪ ʠʥʜʠʢʘʪʦʨʘ ʩʠʛʥʘʣʠʟʠʨʫʝʪ ʦ ʩʢʦʨʦʩʪʠ, ʥʘ ʢʦʪʦʨʦʡ  ʧʦʜʢʣʶʯʠʣʩʷ ʢ E20-10

ʠʥʪʝʨʬʝʡʩʫ USB
15

:  

¶ ʢʨʘʩʥʳʡ ï full speed,  

¶ ʟʝʣʸʥʳʡ ï high speed.  

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʦʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʧʨʘʚʠʣʴʥʦʩʪʴ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʧʝʨʘʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʦʡ ʧʦʜʢʣʶʯʝʥʥʦʛʦ ʤʦʜʫʣʷ ʤʦʞʥʦ ʚ ñDevice Managerò (ñɼʠʩʧʝʪʯʝʨʝ ʫʩʪʨʦʡʩʪʚò). 

ʊʘʤ ʚ ʧʦʷʚʠʚʰʝʤʩʷ ʨʘʟʜʝʣʝ ñL-Card USB devicesò (ñUSB ʫʩʪʨʦʡʩʪʚʘ ʦʪ ʬʠʨʤʳ 'ʃ-ʂʘʨʜ'ò) 

ʜʦʣʞʥʦ ʦʪʦʙʨʘʞʘʪʴʩʷ ʫʩʪʨʦʡʩʪʚʦ , ʢʘʢ ʵʪʦ, ʥʘʧʨʠʤʝʨ, ʦʪʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʝ ʥʠʞʝ: E20-10

ʇʨʠ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʝ ʩ ʤʦʜʫʣʝʤ  ʦʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʫʞʝ ʙʫʜʝʪ ʟʥʘʪʴ, ʛʜʝ E20-10

ʥʘʭʦʜʠʪʩʷ ʜʨʘʡʚʝʨ ʜʣʷ ʜʘʥʥʦʛʦ ʪʠʧʘ ʫʩʪʨʦʡʩʪʚʘ, ʠ ʙʫʜʝʪ ʧʦʜʛʨʫʞʘʪʴ ʝʛʦ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦ 

ʤʝʨʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʠ ʧʦʜʢʣʶʯʝʥʠʠ ʠʟʜʝʣʠʷ ʢ ʢʦʤʧʴʶʪʝʨʫ. 
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 ɺ E20-10 ʨʝʚʠʟʠʠ ɺ ʠʥʜʠʢʘʪʦʨ ʤʠʛʘʝʪ ʧʨʠ ʧʝʨʝʜʘʯʝ ʜʘʥʥʳʭ ʧʦ USBï ʵʪʦ ʥʦʨʤʘʣʴʥʦʝ ʷʚʣʝʥʠʝ 



 

 

4.4. ʈʘʟʣʠʯʠʷ ʚ USB ʜʨʘʡʚʝʨʘʭ ʙʠʙʣʠʦʪʝʢʠ 
Lusbapi 

ʅʘʯʠʥʘʷ ʩ ʚʝʨʩʠʠ 3.2 ʚ ʙʠʙʣʠʦʪʝʢʝ Lusbapi  ʠʟʤʝʥʠʣʩʷ ʦʩʥʦʚʥʦʡ ʬʘʡʣ USB ʜʨʘʡʚʝʨʘ, 

ʪʝʧʝʨʴ ʦʥ ʥʘʟʳʚʘʝʪʩʷ Ldevusbu.sys  ʚʤʝʩʪʦ ʙʳʚʰʝʛʦ ʨʘʥʝʝ Ldevusb.sys . ʊ.ʦ. ʪʝʤ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤ, ʥʘ ʢʦʤʧʴʶʪʝʨʘʭ ʢʦʪʦʨʳʭ ʨʘʥʝʝ ʫʞʝ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ USB ʜʨʘʡʚʝʨʘ ʦʪ 

ʙʠʙʣʠʦʪʝʢʠ Lusbapi  ʚʝʨʩʠʠ 3.1 ʠʣʠ ʥʠʞʝ, ʧʨʠ ʧʝʨʝʭʦʜʝ ʥʘ ʙʦʣʝʝ ʥʦʚʫʶ ʙʠʙʣʠʦʪʝʢʫ 

ʧʨʠʜʸʪʩʷ ʙʳʪʴ ʦʯʝʥʴ ʚʥʠʤʘʪʝʣʴʥʳʤ, ʪ.ʢ. ʥʝʦʙʭʦʜʠʤʦ ʙʫʜʝʪ ʧʝʨʝʢʣʶʯʠʪʴ ʤʦʜʫʣʴ  ʥʘ E20-10

ʨʘʙʦʪʫ ʩ ʥʦʚʳʤʠ USB ʜʨʘʡʚʝʨʘʤʠ. ɼʣʷ ʵʪʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʶ ʩʣʝʜʫʝʪ ʚʳʧʦʣʥʠʪʴ ʨʷʜ 

ʩʪʘʥʜʘʨʪʥʳʭ ʜʝʡʩʪʚʠʡ, ʠʩʧʦʣʴʟʫʷ ñDevice Managerò (ñɼʠʩʧʝʪʯʝʨ ʫʩʪʨʦʡʩʪʚò). 

ɼʣʷ ʥʘʯʘʣʘ ʤʦʞʥʦ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʧʦʜʢʣʶʯʝʥʥʳʡ ʢ ʢʦʤʧʴʶʪʝʨʫ ʤʦʜʫʣʴ  E20-10

ʨʘʙʦʪʘʝʪ ʩʦ ʩʪʘʨʳʤ USB ʜʨʘʡʚʝʨʦʤ Ldevusb.sys . ʕʪʦ ʜʝʣʘʝʪʩʷ ʧʫʪʸʤ ʥʘʭʦʞʜʝʥʠʷ ʚ 

ñDevice Managerò (ñɼʠʩʧʝʪʯʝʨ ʫʩʪʨʦʡʩʪʚò) ʫʩʪʨʦʡʩʪʚʘ ʪʠʧʘ ʤʦʜʫʣʴ  ʠ E20-10

ʧʦʩʣʝʜʫʶʱʝʛʦ ʚʳʟʦʚʘ ʧʘʥʝʣʠ ʩ ʝʛʦ ʩʚʦʡʩʪʚʘʤʠ. ɼʘʣʝʝ ʥʘ ʵʪʦʡ ʧʘʥʝʣʠ ʧʝʨʝʭʦʜʠʤ ʥʘ ʟʘʢʣʘʜʢʫ 

"Driver"("ɼʨʘʡʚʝʨ"), ʥʘ ʢʦʪʦʨʦʡ ʱʝʣʢʘʝʤ ʧʦ ʢʥʦʧʦʯʢʝ ñ Driver Detailséò (ñʉʚʝʜʝʥʠʷéò). 

ʇʨʠ ʵʪʦʤ ʜʦʣʞʥʘ ʧʦʷʚʠʪʴʩʷ ʧʘʥʝʣʴ ʩʦ ʩʧʠʩʢʦʤ ʚʩʝʭ ʜʨʘʡʚʝʨʦʚ, ʢʦʪʦʨʳʝ ʟʘʜʝʡʩʪʚʦʚʘʥʳ ʜʣʷ 

ʚʳʙʨʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʚ ʵʪʦʤ ʩʧʠʩʢʝ ʜʦʣʞʝʥ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʜʨʘʡʚʝʨ 

Ldevusb.sys . ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʜʣʷ ʨʘʙʦʪʳ ʩ ʤʦʜʫʣʝʤ  ʠʩʧʦʣʴʟʫʝʪʩʷ USB ʜʨʘʡʚʝʨʘ E20-10

ʦʪ ʙʠʙʣʠʦʪʝʢʠ Lusbapi  ʚʝʨʩʠʠ 3.1 ʠʣʠ ʥʠʞʝ. 

 

ɼʣʷ ʧʝʨʝʭʦʜʘ ʥʘ ʥʦʚʳʡ USB ʜʨʘʡʚʝʨ (ʦʪ ʙʠʙʣʠʦʪʝʢʠ Lusbapi  Ɏɑɜɝɔɔ 3.2 ʠʣʠ ʚʳʰʝ) 

ʩʣʝʜʫʝʪ ʚʳʧʦʣʥʠʪʴ, ʥʘʧʨʠʤʝʨ, ʩʣʝʜʫʶʱʠʝ ʰʘʛʠ. ɺ ñDevice Managerò (ñɼʠʩʧʝʪʯʝʨʝ 

ʫʩʪʨʦʡʩʪʚò) ʚʳʙʨʘʪʴ ʪʦʪ ʞʝ ʤʦʜʫʣʴ , ʦ ʢʦʪʦʨʦʤ ʛʦʚʦʨʠʣʦʩʴ ʧʨʝʜʳʜʫʱʝʤ ʘʙʟʘʮʝ, ʠ ʩ E20-10

ʧʦʤʦʱʴʶ ʱʝʣʯʢʘ ʧʨʘʚʦʡ ʢʥʦʧʢʠ ʤʳʰʢʠ ʚʳʟʚʘʪʴ ʚʩʧʣʳʚʘʶʱʝʝ ʤʝʥʶ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʩʝʭ ʵʪʠʭ 

ʜʝʡʩʪʚʠʡ ʜʦʣʞʥʘ ʧʦʣʫʯʠʪʴʩʷ ʧʨʠʤʝʨʥʦ ʩʣʝʜʫʶʱʘʷ ʢʘʨʪʠʥʘ: 



 

E20-10  ʈʫʢʦʚʦʜʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʷ  

ɼʘʣʝʝ ʩʣʝʜʫʝʪ ʩ ʧʦʤʦʱʴʶ ʱʝʣʯʢʘ ʣʝʚʦʡ ʢʥʦʧʢʠ ʤʳʰʠ ʘʢʪʠʚʠʨʦʚʘʪʴ ʧʫʥʢʪ 

ʦʙʥʦʚʣʝʥʠʷ ʜʨʘʡʚʝʨʘ. ʇʨʠ ʵʪʦʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʩʪʨʦʝʢ Windows ʚʦʟʤʦʞʥʳ ʧʦʷʚʣʝʥʠʷ 

ʥʝʩʫʱʝʩʪʚʝʥʥʳʭ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʘʥʝʣʝʡ ʪʠʧʘ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʦʙ 

ʦʪʩʫʪʩʪʚʠʠ ʮʠʬʨʦʚʦʡ ʧʦʜʧʠʩʠ ʜʨʘʡʚʝʨʘ ʠ ʧʨʝʜʣʦʞʝʥʠʷ ʧʦʠʩʢʘ ʜʨʘʡʚʝʨʦʚ ʚ ʀʥʪʝʨʥʝʪʝ. 

ʇʦʩʣʝ ʵʪʦʛʦ ʧʝʨʝʭʦʜʠʤ ʢ ʩʪʘʥʜʘʨʪʥʳʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʧʘʥʝʣʷʤñHardware Update Wizardò 

(ñʄʘʩʪʝʨʘ ʦʙʥʦʚʣʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷò), ʥʘ ʢʦʪʦʨʳʭ ʩʣʝʜʫʝʪ ʫʢʘʟʘʪʴ ʚʘʨʠʘʥʪ rʚʳʙʦʨʘ, 

ʧʨʠʚʝʜʸʥʥʳʝ ʥʘ ʨʠʩʫʥʢʘʭ ʥʠʞʝ, ʠ ʥʘʞʘʪʴ ʢʥʦʧʢʫ ñNextò (ñɼʘʣʝʝò): 

ʇʦʩʣʝ ʵʪʦʛʦ ʜʦʣʞʥʘ ʧʦʷʚʠʪʴʩʷ ʩʣʝʜʫʶʱʘʷ ʧʘʥʝʣʴ, ʥʘ ʢʦʪʦʨʦʡ ʩʣʝʜʫʝʪ ʧʨʦʩʪʦ ʥʘʞʘʪʴ 

ʢʥʦʧʢʫ ñHave Diskéò (ñʋʩʪʘʥʦʚʠʪʴ ʩ ʜʠʩʢʘéò). 

 

 



 

 

ʇʨʠ ʵʪʦʤ ʚ ʧʦʷʚʠʚʰʝʤʩʷ ʜʠʘʣʦʛʦʚʦʤ ʦʢʥʝ ñ Install From Disk ò (ñʋʩʪʘʥʦʚʢʘ ʩ 

ʜʠʩʢʘò) ʥʝʦʙʭʦʜʠʤʦ ʫʢʘʟʘʪʴ inf-ʬʘʡʣ \USB\Lusbapi\DRV\Lusbapi.inf ʩ ʥʘʰʝʛʦ ʬʠʨʤʝʥʥʦʛʦ 

CD-ROM ʠ ʥʘʞʘʪʴ ʢʥʦʧʢʫ ñOKò. ʇʦʩʣʝ ʯʝʛʦ, ʚʝʨʥʫʚʰʠʩʴ ʥʘ ʧʨʝʜʳʜʫʱʫʶ ʧʘʥʝʣʴ, ʧʨʠʚʳʯʥʦ 

ʥʘʞʘʪʴ ʢʥʦʧʢʫ ñNextò (ñɼʘʣʝʝò): 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʊʝʧʝʨʴ ʦʩʪʘʣʦʩʴ ʪʦʣʴʢʦ ʜʦʚʝʩʪʠ ʜʝʣʦ ʜʦ ʢʦʥʮʘ, ʪ.ʝ. ʜʦʙʠʪʴʩʷ ʦʪ Windows ʟʘʚʝʨʝʥʠʡ ʚ 

ʪʦʤ, ʯʪʦ ʫʩʪʘʥʦʚʢʘ ʜʨʘʡʚʝʨʦʚ ʜʣʷ ʤʦʜʫʣʷ  ʫʩʧʝʰʥʦ ʟʘʚʝʨʰʝʥʘ ʠ ʫʩʪʨʦʡʩʪʚʦ E20-10

ʧʦʣʥʦʩʪʴʶ ʛʦʪʦʚʦ ʢ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʝ. 

 ɺ ʧʨʠʥʮʠʧʝ ʜʣʷ ʨʘʙʦʪʳ ʩ ʤʦʜʫʣʝʤ  ʥʘ ʢʦʤʧʴʶʪʝʨʝ ʤʦʛʫʪ ʙʳʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ E20-10

ʫʩʪʘʥʦʚʣʝʥʳ USB ʜʨʘʡʚʝʨʳ, ʢʘʢ ʦʪ ʩʪʘʨʳʭ (ʚʝʨʩʠʠ 3.1 ʠʣʠ ʥʠʞʝ), ʪʘʢ ʠ ʦʪ ʥʦʚʳʭ (ʚʝʨʩʠʠ 3.2 

ʠʣʠ ʚʳʰʝ) ʙʠʙʣʠʦʪʝʢ Lusbapi . ɺʝʩʴ ʚʦʧʨʦʩ ʣʠʰʴ ʚ ʪʦʤ, USB ʜʨʘʡʚʝʨ ʦʪ ʢʘʢʦʡ ʠʤʝʥʥʦ 

ʙʠʙʣʠʦʪʝʢʠ ʙʫʜʝʪ ʠʟʙʨʘʥ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ ʧʨʠ ʧʦʜʢʣʶʯʝʥʠʠ ʤʦʜʫʣʷ ʢ ʈʉ. ʇʨʦʷʩʥʠʪʴ 

ʵʪʫ ʩʠʪʫʘʮʠʶ ʠ ʦʧʨʝʜʝʣʠʪʴʩʷ ʩ ʠʩʧʦʣʴʟʫʝʤʳʤ (ʘʢʪʠʚʥʳʤ) USB ʜʨʘʡʚʝʨʦʤ ʤʦʞʥʦ ʟʘʛʣʷʥʫʚ ʚ 

ñDevice Managerò (ñɼʠʩʧʝʪʯʝʨ ʫʩʪʨʦʡʩʪʚò), ʢʘʢ ʵʪʦ ʫʢʘʟʳʚʘʣʦʩʴ ʚ ʥʘʯʘʣʝ ʜʘʥʥʦʛʦ 

ʧʘʨʘʛʨʘʬʘ. ʀʩʧʦʣʴʟʫʷ ʰʪʘʪʥʳʝ ʩʨʝʜʩʪʚʘ ñDevice Managerò (ñɼʠʩʧʝʪʯʝʨʘ ʫʩʪʨʦʡʩʪʚò), 

ʤʦʞʥʦ ʜʦʩʪʘʪʦʯʥʦ ʣʝʛʢʦ ʧʝʨʝʢʣʶʯʘʪʴʩʷ ʤʝʞʜʫ ʦʙʦʠʤʠ USB ʜʨʘʡʚʝʨʘʤʠ, ʪ.ʝ. ʧʦ ʩʚʦʝʤʫ 

ʫʩʤʦʪʨʝʥʠʶ ʜʝʣʘʪʴ ʘʢʪʠʚʥʳʤʠ ʠʤʝʥʥʦ ʪʝ ʜʨʘʡʚʝʨʘ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʪʝʢʫʱʝʡ 

ʨʘʙʦʪʳ ʩ ʤʦʜʫʣʝʤ . E20-10

 

 

 

 

 

  



 

E20-10  ʈʫʢʦʚʦʜʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʷ  

5. ʆʙʟʦʨ ʘʧʧʘʨʘʪʥʦʡ ʯʘʩʪʠ ʠ 
ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ 
ɺ ʵʪʦʡ ʛʣʘʚʝ ʩʥʘʯʘʣʘ ʧʨʠʚʦʜʠʪʩʷ ʦʧʠʩʘʥʠʝ ʘʧʧʘʨʘʪʥʦʡ ʯʘʩʪʠ, ʢʦʪʦʨʦʝ ʜʘʝʪ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʧʨʠʥʮʠʧʘʭ ʨʘʙʦʪʳ , ʟʘʪʝʤ ʧʨʠʚʦʜʠʪʩʷ ʜʝʪʘʣʠʟʘʮʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ E20-10

ʦʩʦʙʝʥʥʦʩʪʝʡ. ʆʧʠʩʘʥʠʝ ʥʝ ʚʢʣʶʯʘʝʪ ʥʠʟʢʦʫʨʦʚʥʝʚʦʝ ʦʧʠʩʘʥʠʝ ʘʧʧʘʨʘʪʫʨʳ, ʥʦ ʚʧʦʣʥʝ 

ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʩʫʱʝʩʪʚʝʥʥʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʠʟʜʝʣʠʷ. 

5.1. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ 
ʄʦʜʫʣʴ  ʩʦʜʝʨʞʠʪ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʫʟʣʳ, ʧʦʢʘʟʘʥʥʳʝ ʥʘ ʩʭʝʤʝ (ʨʠʩ. 5-1).  E20-10
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ʈʠʩ. 5-1. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ  E20-10

 

ɼʘʣʝʝ ʨʘʩʩʤʦʪʨʠʤ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ  ʧʦ ɻʪʦʡ ʩʭʝʤʝ.  E20-10

ʏʝʪʳʨʝ ʠʜʝʥʪʠʯʥʳʭ ʘʥʘʣʦʛʦʚʳʭ ʪʨʘʢʪʘ ʩʦʩʪʦʷʪ ʠʟ ʩʭʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʚʭʦʜʥʳʤ 

ʪʦʢʦʤ ʩʤʝʱʝʥʠʷ, ʚʭʦʜʥʦʛʦ ʩʪʘʪʠʯʝʩʢʦʛʦ ʢʦʤʤʫʪʘʪʦʨʘ, ʫʧʨʘʚʣʷʝʤʦʛʦ ʫʩʠʣʠʪʝʣʷ, ʘʢʪʠʚʥʦʛʦ 

ʌʅʏ 3-ʛʦ ʧʦʨʷʜʢʘ.  

ʉʭʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʚʭʦʜʥʳʤ ʪʦʢʦʤ ʩʤʝʱʝʥʠʷ ʧʨʠʩʫʪʩʪʚʫʝʪ ʪʦʣʴʢʦ ʚ ʨʝʚʠʟʠʷʭ ɺ, B.01 ʠ 

ʉ ʤʦʜʫʣʷ . ɺ ʨʝʚʠʟʠʠ ɸ ʪʠʧʠʯʥʳʡ ʚʭʦʜʥʦʡ ʪʦʢ ʩʤʝʱʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ -7 ʤʢɸ (ʚ E20-10

ʯʘʩʪʥʦʩʪʠ, ʧʨʠ ʥʝʧʦʜʢʣʶʯʝʥʥʦʤ ʘʥʘʣʦʛʦʚʦʤ ʚʭʦʜʝ ɸʎʇ ʵʪʦʪ ʪʦʢ ʚʳʟʳʚʘʣ ʟʘʰʢʘʣ ʚ ʩʪʦʨʦʥʫ 

ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʰʢʘʣʳ ɸʎʇ). ʕʪʦʪ ʪʦʢ ʷʚʣʷʣʩʷ ʩʚʦʡʩʪʚʦʤ ʧʨʠʤʝʥʸʥʥʦʡ ʚ ʨʝʚʠʟʠʠ 

ɸ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ ʫʩʠʣʠʪʝʣʷ. ɺ ʩʪʘʨʰʠʭ ʨʝʚʠʟʠʷʭ ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʧʨʠʤʝʥʠʪʴ ʫʩʠʣʠʪʝʣʴ ʩ 

ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʠʤ ʚʭʦʜʥʳʤ ʪʦʢʦʤ. ʅʦ ʧʦʩʢʦʣʴʢʫ ʬʘʢʪ ʥʘʣʠʯʠʷ ʚʭʦʜʥʦʛʦ ʪʦʢʘ ʨʝʚʠʟʠʠ ɸ 

ʤʦʛ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʠʣʦʞʝʥʠʷʭ (ʥʘʧʨʠʤʝʨ, ʢʘʢ ʧʨʠʟʥʘʢ ʧʦʜʢʣʶʯʝʥʠʷ 

ʚʥʝʰʥʝʛʦ ʠʩʪʦʯʥʠʢʘ ʩʠʛʥʘʣʘ), ʪʦ ʚ ʨʝʚʠʟʠʷʭ ɺ-ʉ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʪʦʢ ʩʤʝʱʝʥʠʷ ʧʦ 



 

 

ʧʨʦʛʨʘʤʤʥʦʡ ʢʦʤʘʥʜʝ ʤʦʞʝʪ ʙʳʪʴ ʚʢʣʶʯʸʥ (ʧʨʠ ʵʪʦʤ, ʪʦʢ ʩʤʝʱʝʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦ 

ʩʦʟʜʘʸʪʩʷ) ʜʣʷ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʩ ʧʨʝʞʥʝʡ ʨʝʚʠʟʠʝʡ, ʥʦ ʧʦ ʫʤʦʣʯʘʥʠʶ ʚ ʨʝʚʠʟʠʷʭ ɺ-ʉ ʚʭʦʜʥʦʡ 

ʪʦʢ ʩʤʝʱʝʥʠʷ ʚʳʢʣʶʯʝʥ (ʧ. 6.5.4.1).  

ɺʭʦʜʥʦʡ ʩʪʘʪʠʯʝʩʢʠʡ ʢʦʤʤʫʪʘʪʦʨ ʩʣʫʞʠʪ ʜʣʷ ʚʢʣʶʯʝʥʠʷ ʨʝʞʠʤʘ ʠʟʤʝʨʝʥʠʷ 

ʩʦʙʩʪʚʝʥʥʦ ʥʫʣʷ ʤʦʜʫʣʷ  ʥʝʟʘʚʠʩʠʤʦ ʜʣʷ ʢʘʞʜʦʛʦ ʢʘʥʘʣʘ ɸʎʇ. ʀʟʤʝʨʝʥʠʝ E20-10

ʩʦʙʩʪʚʝʥʥʦʛʦ ʥʫʣʷ ʧʝʨʝʜ ʩʝʘʥʩʦʤ ʩʙʦʨʘ ʜʘʥʥʳʭ ʠ ʧʨʦʛʨʘʤʤʥʳʡ ʫʯʸʪ ʠʟʤʝʨʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ 

ʧʦʟʚʦʣʷʝʪ ʩʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʜʦʣʛʦʚʨʝʤʝʥʥʳʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʠ ʚʨʝʤʝʥʥʦʡ ʜʨʝʡʬ ʥʫʣʷ ɸʎʇ. 

ʆʪʤʝʪʠʤ ʩʨʘʟʫ, ʯʪʦ ʜʣʷ ʧʦʜʦʙʥʦʡ ʢʦʤʧʝʥʩʘʮʠʠ ʥʫʣʷ "ʥʘ ʣʝʪʫ" (ʪ.ʝ. ʚʦ ʚʨʝʤʷ ʩʙʦʨʘ ʜʘʥʥʳʭ) 

ʵʪʦʪ ʢʦʤʤʫʪʘʪʦʨ ʥʝ ʧʨʝʜʥʘʟʥʘʯʝʥ. 

ʋʧʨʘʚʣʷʝʤʳʡ ʫʩʠʣʠʪʝʣʴ ʠʤʝʝʪ 3 ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʝʨʝʜʘʯʠ, ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʝ 

ʥʝʟʘʚʠʩʠʤʦ ʜʣʷ ʢʘʞʜʦʛʦ ʢʘʥʘʣʘ ɸʎʇ. ʕʪʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʝʨʝʜʘʯʠ ʨʝʘʣʠʟʫʶʪ ʚʭʦʜʥʳʝ 

ʧʦʜʜʠʘʧʘʟʦʥʳ ɸʎʇ: Ñ3 ɺ, Ñ1 ɺ, Ñ0,3 ɺ. 

ɸʢʪʠʚʥʳʡ ʌʅʏ ʚ ʙʘʟʦʚʦʤ ʚʘʨʠʘʥʪʝ ʠʩʧʦʣʥʝʥʠʷ ʠʤʝʝʪ ʯʘʩʪʦʪʫ ʩʨʝʟʘ 1,25 ʄɻʮ 

(ʦʧʪʠʤʘʣʴʥʫʶ ʜʣʷ 4-ʭ ʢʘʥʘʣʴʥʦʛʦ ʨʝʞʠʤʘ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʡ ʯʘʩʪʦʪʝ ʩʙʦʨʘ), ʥʦ ʪʝʭʥʠʯʝʩʢʠ 

ʚʦʟʤʦʞʥʳ
16

 ʠ ʜʨʫʛʠʝ ʚʘʨʠʘʥʪʳ ʠʩʧʦʣʥʝʥʠʷ E20-10 ʩ ʜʨʫʛʠʤʠ ʯʘʩʪʦʪʘʤʠ ʩʨʝʟʘ (ʧ. 3.3.2).  

ʉʠʛʥʘʣ ʩ ʚʳʭʦʜʦʚ ʘʢʪʠʚʥʳʭ ʌʅʏ ʢʘʞʜʦʛʦ ʢʘʥʘʣʘ ʧʨʠʭʦʜʠʪ ʥʘ ʜʠʥʘʤʠʯʝʩʢʠʡ 

ʢʦʤʤʫʪʘʪʦʨ, ʚʳʧʦʣʥʷʶʱʠʡ ʢʦʤʤʫʪʘʮʠʶ ʩʠʛʥʘʣʦʚ ʩ ʯʘʩʪʦʪʦʡ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ɸʎʇ ʩ 

ʚʳʭʦʜʦʚ ʯʝʪʳʨʸʭ ʘʥʘʣʦʛʦʚʳʭ ʪʨʘʢʪʦʚ ʥʘ ʚʭʦʜ ɸʎʇ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʢʦʤʤʫʪʘʮʠʠ 

ʥʦʤʝʨʦʚ ʢʘʥʘʣʦʚ ʧʨʦʠʟʚʦʣʴʥʦ ʟʘʜʘʸʪʩʷ ʚ ʫʧʨʘʚʣʷʶʱʝʡ ʪʘʙʣʠʮʝ. 

ʂʦʥʚʝʡʝʨʥʳʡ ɸʎʇ ð 14-ʙʠʪʥʳʡ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʡ ɸʎʇ ʪʠʧʘ LTC2245 ʢʦʤʧʘʥʠʠ 

Linear Technology. ʀʤʝʶʪʩʷ ʜʚʝ ʚʘʞʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʵʪʦʛʦ ɸʎʇ, ʢʦʪʦʨʳʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʦʪʨʘʟʠʣʠʩʴ ʥʘ ʘʨʭʠʪʝʢʪʫʨʝ : ʛʣʫʙʦʢʦ ʢʦʥʚʝʡʝʨʠʟʠʨʦʚʘʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʵʪʦʛʦ ɸʎʇ, E20-10

ʜʠʘʧʘʟʦʥ ʯʘʩʪʦʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ɸʎʇ ʦʪ 1,0 ʜʦ 10 ʄɻʮ.  

ʉ ʚʳʭʦʜʘ ɸʎʇ ʜʘʥʥʳʝ ʧʦʩʪʫʧʘʶʪ ʚ FPGA. ɺ ʨʝʚʠʟʠʠ ɸ , ʢʨʦʤʝ E20-10

ʚʳʰʝʫʧʦʤʷʥʫʪʦʛʦ ʧʦʜʤʝʰʠʚʘʥʠʷ ʧʨʠʟʥʘʢʘ ʧʝʨʝʛʨʫʟʢʠ ʨʘʟʨʷʜʥʦʡ ʩʝʪʢʠ ɸʎʇ, ʧʦʪʦʢ ʜʘʥʥʳʭ 

ʜʘʣʝʝ ʥʝ ʧʨʝʦʙʨʘʟʦʚʳʚʘʝʪʩʷ, ʧʦʩʢʦʣʴʢʫ ʧʨʦʮʝʜʫʨʘ ʢʘʣʠʙʨʦʚʢʠ ʜʘʥʥʳʭ ʨʝʘʣʠʟʫʝʪʩʷ ʟʜʝʩʴ 

ʩʨʝʜʩʪʚʘʤʠ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ (ʚ ʢʦʤʧʴʶʪʝʨʝ). ʂʘʣʠʙʨʦʚʘʪʴ ʧʦʪʦʢ ʚ 10 ʤʝʛʘʩʵʤʧʣʦʚ ʚ ʩʝʢʫʥʜʫ 

(20 MB/s) "ʥʘ ʣʝʪʫ", ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʢ ʢʦʤʧʴʶʪʝʨʫ ʧʦʜʢʣʶʯʝʥ ʥʝ ʦʜʠʥ ʤʦʜʫʣʴ , ï ʵʪʦ E20-10

ʥʘʢʣʘʜʥʘʷ ʧʨʦʮʝʜʫʨʘ ʜʘʞʝ ʜʣʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ, ʧʦʵʪʦʤʫ ʚ ʨʝʚʠʟʠʷʭ ɺ-ʉ ʤʦʜʫʣʷ  

 ʧʨʦʮʝʜʫʨʘ ʢʘʣʠʙʨʦʚʢʠ ʜʘʥʥʳʭ ʨʝʘʣʠʟʦʚʘʥʘ ʩʨʝʜʩʪʚʘʤʠ FPGA. E20-10

ɺ ʨʝʚʠʟʠʠ ɸ ʤʦʜʫʣʷ ʧʨʠʤʝʥʸʥ FPGA ʩʝʤʝʡʩʪʚʘ Aceʭ, ʚ ʨʝʚʠʟʠʷʭ B, B.01 ʧʨʠʤʝʥʸʥ 

ʙʦʣʝʝ ʨʝʩʫʨʩʦʸʤʢʠʡ FPGA ʩʝʤʝʡʩʪʚʘ Cyclone III , ʘ ʚ ʨʝʚʠʟʠʠ ʉ ï Cyclone IV. ʕʪʠ 

ʟʘʛʨʫʞʘʝʤʳʝ FPGA ʢʦʨʧʦʨʘʮʠʠ Intel ʚʳʧʦʣʥʷʪʁ ʚʝʩʴ ʢʦʤʧʣʝʢʩ ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʠʭ 

ʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʚ . ɺ ʨʝʚʠʟʠʡ ɸ-ʉ ʧʨʦʰʠʚʢʘ FPGA ʟʘʛʨʫʞʘʝʪʩʷ ʠʟ E20-10 E20-10 

ʢʦʤʧʴʶʪʝʨʘ ʯʝʨʝʟ USB ʧʨʠ ʢʘʞʜʦʡ ʧʨʦʛʨʘʤʤʥʦʡ ʠʥʠʮʠʘʣʠʟʘʮʠʠ, ʘ ʚ ʨʝʚʠʟʠʠ ʉ ï ʠʟ 
17

ʚʩʪʨʦʝʥʥʦʡ flash-ʧʘʤʷʪʠ E20-10. OOO ñʃ ʂʘʨʜò ʥʝ ʠʩʢʣʶʯʘʝʪ ʦʙʥʦʚʣʝʥʠʡ ʧʨʦʰʠʚʦʢ FPGA 

3.3.4(ʩʤ. ʧ. ʧʦ ʤʝʨʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ) . E20-10

ʄʠʢʨʦʢʦʥʪʨʦʣʣʝʨ AVR AtMega162 ʢʦʨʧʦʨʘʮʠʠ Atmel (ʜʘʣʝʝ ʙʫʜʝʤ ʝʛʦ ʥʘʟʳʚʘʪʴ 

ʧʨʦʩʪʦ ï AVR)ð ʵʪʦʪ ʢʦʥʪʨʦʣʣʝʨ ʦʩʫʱʝʩʪʚʣʷʝʪ ʘʩʠʥʭʨʦʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʫʧʨʘʚʣʝʥʠʝ 

ʤʦʜʫʣʝʤ (ʧʦ ʢʦʤʘʥʜʘʤ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ), ʧʦʜʜʝʨʞʘʥʠʝ ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʝʡ ʧʦ USB, 

ʧʨʦʮʝʜʫʨʫ ʟʘʛʨʫʟʢʠ ʠ ʫʧʨʘʚʣʝʥʠʷ FPGA, ʭʨʘʥʝʥʠʝ ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠ 

ʩʝʨʠʡʥʦʛʦ ʥʦʤʝʨʘ ʠʟʜʝʣʠʷ.  

ɺ ʨʝʚʠʟʠʠ ɸ  ʠʩʧʦʣʴʟʫʝʪʩʷ USB-ʢʦʥʪʨʦʣʣʝʨ ISP1581 ï ʵʪʦ ʥʠʟʢʦʫʨʦʚʥʝʚʳʡ E20-10

ʢʦʥʪʨʦʣʣʝʨ USB, ʫʧʨʘʚʣʷʝʤʳʡ ʦʪ ɸVR. ɺ ʨʝʚʠʟʠʷʭ ɺ ʠ ʉ ʧʨʠʤʝʥʸʥ ʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʡ  

USB-ʢʦʥʪʨʦʣʣʝʨ ISP1583. ʆʙʘ ʵʪʠʭ ʢʦʥʪʨʦʣʣʝʨʘ ʢʦʨʧʦʨʘʮʠʠ NXP ʧʦʜʜʝʨʞʠʚʘʶʪ ʧʨʦʪʦʢʦʣʳ 

full - ʠ high-speed ʠʥʪʝʨʬʝʡʩʘ USB. 
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 ʵʪʦʪ ʚʦʧʨʦʩ ʪʨʝʙʫʝʪ ʩʦʛʣʘʩʦʚʘʥʠʷ ʩ OOO ñʃ ʂʘʨʜò 
17

 ʧʨʦʰʠʚʢʫ ʜʦʩʪʘʪʦʯʥʦ ʟʘʛʨʫʟʠʪʴ ʭʦʪʷ ʙʳ ʦʜʠʥ ʨʘʟ ʧʦʩʣʝ ʚʢʣʶʯʝʥʠʷ ʧʠʪʘʥʠʷ E20-10  



 

E20-10  ʈʫʢʦʚʦʜʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʷ  

ɹʫʬʝʨ FIFO 8 MB (ʚ ʨʝʚʠʟʠʠ ʉ ï 16 MB) ʥʘ ʦʩʥʦʚʝ SDRAM ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʙʫʬʝʨʠʟʘʮʠʠ ʧʦʪʦʢʘ ʜʘʥʥʳʭ ɸʎʇ. ʕʪʘ ʛʣʫʙʠʥʘ ʙʫʬʝʨʘ ʚʧʦʣʥʝ ʜʦʩʪʘʪʦʯʥʘ ʜʣʷ ʨʘʙʦʪʳ ʧʦʜ 

ʣʶʙʦʡ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʡ ʯʘʩʪʦʪʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 10 ʄɻʮ ɸʎʇ
18

. 

ʃʦʛʠʢʘ ʫʧʨʘʚʣʝʥʠʷ SDRAM ʨʝʘʣʠʟʦʚʘʥʘ ʚ FPGA (ʧʨʦ FIFO ʧʦʜʨʦʙʥʦ ï  ʧ.5.2.4).  

ɼʚʫʭʢʘʥʘʣʴʥʳʡ ʘʩʠʥʭʨʦʥʥʳʡ ʎɸʇ (ʦʧʮʠʷ) ʫʧʨʘʚʣʷʝʪʩʷ ʦʪ AVR ʪʦʣʴʢʦ ʘʩʠʥʭʨʦʥʥʳʤ 

ʦʙʨʘʟʦʤ ʧʦʩʨʝʜʩʪʚʦʤ control pipe ʠʥʪʝʨʬʝʡʩʘ USB ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʬʫʥʢʮʠʠ ʚʝʨʭʥʝʛʦ 

ʫʨʦʚʥʷ. 

ʈʝʛʠʩʪʨ ʮʠʬʨʦʚʦʛʦ ʚʚʦʜʘ DI1...DI16 ʩʪʨʦʛʦ ʧʘʨʘʣʣʝʣʴʥʦ ʩʪʨʦʙʠʨʫʝʪ 16 TTL-ʣʠʥʠʡ 

ʜʘʥʥʳʭ ʩ ʮʠʬʨʦʚʳʭ ʚʭʦʜʦʚ, ʩʦʜʝʨʞʠʤʦʝ ʨʝʛʠʩʪʨʘ ʩʯʠʪʳʚʘʝʪ ɸVR. ʆʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ, ʯʪʦ 

ʣʠʥʠʷ DI16/START ʠʤʝʝʪ ʧʨʦʛʨʘʤʤʠʨʫʝʤʫʶ ʘʣʴʪʝʨʥʘʪʠʚʥʫʶ ʬʫʥʢʮʠʶ ʜʚʫʥʘʧʨʘʚʣʝʥʥʦʛʦ 

ʩʠʛʥʘʣʘ START ʩʙʦʨʘ ʜʘʥʥʳʭ.  

ʈʝʛʠʩʪʨ ʮʠʬʨʦʚʦʛʦ ʚʳʚʦʜʘ DO1...DO16 ʩʪʨʦʛʦ ʧʘʨʘʣʣʝʣʴʥʦ ʚʳʩʪʘʚʣʷʝʪ 16 ʙʠʪ ʜʘʥʥʳʭ 

ʥʘ TTL-ʚʳʭʦʜʘʭ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʪʨʝʪʴʠʤ ʩʦʩʪʦʷʥʠʝʤ ʚʳʭʦʜʦʚ, ʘ 

ʪʘʢʞʝ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʫʧʨʘʚʣʝʥʠʷ ʪʨʝʪʴʠʤ ʩʦʩʪʦʷʥʠʝʤ ʧʦ ʩʠʛʥʘʣʫ EN_OE (ʪʘʙʣ. 6-2).  

ɺʭʦʜ-ʚʳʭʦʜ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʩʪʘʨʪʘ ʩʙʦʨʘ START. ɽʩʣʠ ʮʠʬʨʦʚʘʷ ʣʠʥʠʷ DI16/START 

ʧʦʜ ʘʩʠʥʭʨʦʥʥʫʶ ʬʫʥʢʮʠʶ ʚʚʦʜʘ ʥʝ ʟʘʜʝʡʩʪʚʦʚʘʥʘ, ʪʦ ʵʪʘ ʮʠʬʨʦʚʘ ̫ʣʠʥʠ ̫ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʦʛʨʘʤʤʥʦ ʥʘʩʪʨʦʝʥʘ ʥʘ ʬʫʥʢʮʠʠ "ʚʝʜʫʱʠʡ" (ʚʳʭʦʜ) ʠʣʠ "ʚʝʜʦʤʳʡ" (ʚʭʦʜ)  ʩʠʛʥʘʣʘ 

START. ʕʪʠ ʚʦʟʤʦʞʥʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʤʥʦʛʦʤʦʜʫʣʴʥʦʡ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʩʪʘʨʪʘ ʩʙʦʨʘ ʜʘʥʥʳʭ ʥʝʩʢʦʣʴʢʠʭ  ʧʦ ʩʭʝʤʝ "ʦʜʠʥ ʚʝʜʫʱʠʡ ï ʥʝʩʢʦʣʴʢʦ E20-10

ʚʝʜʦʤʳʭ"(ʧ. 5.2.2). 

ʎʠʬʨʦʚʦʡ ʚʭʦʜ-ʚʳʭʦʜ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʯʘʩʪʦʪʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ɸʎʇ SYNC ʤʦʞʝʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʤʥʦʛʦʤʦʜʫʣʴʥʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʯʘʩʪʦʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ɸʎʇ 

ʥʝʩʢʦʣʴʢʠʭ  ʧʦ ʩʭʝʤʝ "ʦʜʠʥ ʚʝʜʫʱʠʡ ï ʥʝʩʢʦʣʴʢʦ ʚʝʜʦʤʳʭ" (ʧ. 5.2.2). E20-10

ɺ  ʨʝʚʠʟʠʡ ɺ-ʉ ʣʠʥʠʠ START ʠ (ʠʣʠ) SYNC ʤʦʛʫʪ ʙʳʪʴ ʟʘʜʝʡʩʪʚʦʚʘʥʳ ʜʣʷ E20-10

ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʬʫʥʢʮʠʠ ʩʠʥʭʨʦʥʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʚʚʦʜʘ (ʧ. 5.2.8).  

 ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʥʘʧʨʷʞʝʥʠʷ ʢʦʥʚʝʨʪʠʨʫʝʪ ʥʝʩʪʘʙʠʣʴʥʦʝ ʚʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ 

+9 ɺ...+27 ɺ (ʜʣʷ  ʨʝʚ. ɸ ʠ ɺ) ʠʣʠ +8...+40 ɺ (ʨʝʚ. B.01, C) ʚ ʩʪʘʙʠʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ E20-10

ʧʠʪʘʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʫʟʣʦʚ . ʉ ʚʳʭʦʜʘ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʥʘ ʨʘʟʲʸʤ ʘʥʘʣʦʛʦʚʳʭ ʚʳʭʦʜʦʚ E20-10

ʤʦʜʫʣʷ  ʚʳʚʦʜʠʪʩʷ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ Ñ12ɺ ʜʣʷ ʧʠʪʘʥʠʷ ʚʥʝʰʥʝʛʦ E20-10

ʫʩʪʨʦʡʩʪʚʘ.  

ʉʚʝʪʦʜʠʦʜʥʳʡ ʠʥʜʠʢʘʪʦʨ (ʥʘ ʩʭʝʤʝ ʥʝ ʧʦʢʘʟʘʥ, ʚʳʚʝʜʝʥ ʥʘ ʧʝʨʝʜʥʶʶ ʧʘʥʝʣʴ 

ʤʦʜʫʣʷ) ʫʧʨʘʚʣʷʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʪ AVR. ʍʘʨʘʢʪʝʨʦʤ ʠ ʮʚʝʪʦʤ ʩʚʝʯʝʥʠʷ 

ʩʠʛʥʘʣʠʟʠʨʫʝʪʩʷ ʩʦʩʪʦʷʥʠʝ ʩʦʝʜʠʥʝʥʠʡ ʧʦ USB ʠ ʜʨʫʛʠʝ ʩʦʙʳʪʠʷ, ʧʦʜʨʦʙʥʝʝ ʵʪʦ ʦʧʠʩʘʥʦ ʚ 

ʈʫʢʦʚʦʜʩʪʚʝ ʧʨʦʛʨʘʤʤʠʩʪʘ [1]. 
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 ʙʝʟ ʤʝʞʢʘʜʨʦʚʳʭ ʟʘʜʝʨʞʝʢ ʠ ʜʨʫʛʠʭ ʥʘʩʪʨʦʝʢ, ʟʘʤʝʜʣʷʶʱʠʭ ʩʢʦʨʦʩʪʴ ʩʙʦʨʘ ʜʘʥʥʳʭ 
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ʈʠʩ. 5-2. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʣʦʛʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʧʧʘʨʘʪʫʨʳ  E20-10

ʆʙʦʟʥʘʯʝʥʠʷ ʥʘ ʨʠʩ. 5-2:  

- ʉʠʥʠʤ ʮʚʝʪʦʤ ʧʦʢʘʟʘʥ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʬʫʥʢʮʠʦʥʘʣ ʧʨʦʰʠʚʦʢ FPGA 2.0X.13 ʠ 3.00.04x ʠ 

ʩʪʘʨʰʝ. 

- ɿʝʣʸʥʳʤ ʮʚʝʪʦʤ ʧʦʢʘʟʘʥ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʬʫʥʢʮʠʦʥʘʣ ʧʨʦʰʠʚʦʢ FPGA 2.0X.14 ʠ 3.00.05x 

ʠ ʩʪʘʨʰʝ.  

 ʇʦʜʨʦʙʥʦʩʪʠ ʦ ʩʠʥʭʨʦʥʥʳʭ ʢʘʥʘʣʘʭ ʮʠʬʨʦʚʦʛʦ ʚʚʦʜʘ ʩʤ. ʧ. 5.2.8. ʆ ʧʨʦʰʠʚʢʘʭ FPGA ʩʤ. ʚ 

ʧʧ. 3.3.4.2, 3.3.4.3. 

 

  



 

E20-10  ʈʫʢʦʚʦʜʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʷ  

 

5.2. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ . E20-10

USB-ʤʦʜʫʣʴ  ʥʝ ʠʩʧʦʣʴʟʫʝʪ ʮʝʧʴ ʧʠʪʘʥʠʷ ʠʥʪʝʨʬʝʡʩʘ USB 2.0. ɼʣʷ ʚʢʣʶʯʝʥʠʷ E20-10

ʤʦʜʫʣʷ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʘʪʴ ʥʘ ʥʝʛʦ ʨʘʙʦʯʝʝ ʥʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠ ̫ʯʝʨʝʟ ʨʘʟʲʸʤ ʧʠʪʘʥʠʷ 

(ʧ. 6.3.1) ʦʪ ʩʝʪʝʚʦʛʦ ʘʜʘʧʪʝʨʘ, ʚʭʦʜʷʱʝʛʦ ʚ ʢʦʤʧʣʝʢʪ ʧʦʩʪʘʚʢʠ (ʧ. 3.3.1), ʠʣʠ ʦʪ ʚʥʝʰʥʝʛʦ 

ʠʩʪʦʯʥʠʢʘ ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. ʇʘʨʘʤʝʪʨʳ ʮʝʧʠ ʧʠʪʘʥʠʷ  ʩʤ. ʚ ʧ. 7.4. E20-10

ʇʦʩʣʝ ʧʦʜʘʯʠ ʧʠʪʘʥʠʷ ʧʨʦʰʠʪʘʷ ʚ AVR ʧʨʦʛʨʘʤʤʘ USB-ʫʩʪʨʦʡʩʪʚʘ ʦʪʨʘʙʦʪʘʝʪ 

ʧʨʦʮʝʜʫʨʫ ʩʦʝʜʠʥʝʥʠʷ ʧʦ USB, ʢʘʢ ʪʦʣʴʢʦ ʧʦ USB-ʠʥʪʝʨʬʝʡʩʫ ʙʫʜʝʪ ʦʙʥʘʨʫʞʝʥʦ 

ʩʦʝʜʠʥʝʥʠʝ ʩ ʢʦʤʧʴʶʪʝʨʦʤ. 

ʇʦʩʣʝ ʫʜʘʯʥʦʛʦ ʥʘʭʦʞʜʝʥʠʷ  ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ ɺʘʰʝʛʦ ʢʦʤʧʴʶʪʝʨʘ
19

 E20-10

ʤʦʜʫʣʴ ʛʦʪʦʚ ʢ ʨʘʙʦʪʝ ʥʘ ʫʨʦʚʥʝ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʠʣʦʞʝʥʠʡ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʧʦʩʪʘʚʣʷʝʤʳʝ 

 OOO ñʃ ʂʘʨʜò ʙʠʙʣʠʦʪʝʯʥʳʝ ʬʫʥʢʮʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʨʝʚʠʟʠʷʭ ɸ-B ʤʦʜʫʣʷ  c E20-10

ʧʦʤʦʱʴʶ ʦʜʥʦʡ ʠʟ ʪʘʢʠʭ ʬʫʥʢʮʠʡ ʜʦʣʞʥʘ ʧʨʦʠʩʭʦʜʠʪ ɹʟʘʛʨʫʟʢʘ FPGA  ï ʵʪʫ ʟʘʛʨʫʟʢʫ E20-10

ʥʝʦʙʭʦʜʠʤʦ ʩʜʝʣʘʪʴ ʭʦʪʷ ʙʳ ʦʜʠʥ ʨʘʟ ʧʦʩʣʝ ʧʦʜʘʯʠ ʧʠʪʘʥʠʷ  (ʩʤ. ʈʫʢʦʚʦʜʩʪʚʦ E20-10

ʧʨʦʛʨʘʤʤʠʩʪʘ [1]). ɺ ʨʝʚʠʟʠʠ ʉ ʤʦʜʫʣʷ  ʟʘʛʨʫʟʢʘ FPGA c ʇʂ ʥʝ ʪʨʝʙʫʝʪʩʷ, ʠ, ʝʩʣʠ E20-10

ʦʥʘ ʧʨʦʠʩʭʦʜʠʪ, ʪʦ ʟʘʛʨʫʟʢʘ ʙʫʜʝʪ ʧʨʦʠʛʥʦʨʠʨʦʚʘʥʘ. 

ɼʘʣʝʝ, ʩ ʧʨʦʛʨʘʤʤʥʦʛʦ ʫʨʦʚʥ ̫ʙʫʜʝʪ ʜʦʩʪʫʧʥʘ ʚʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʜʘʥʥʦʤ ʤʦʜʫʣʝ 

, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʝʨʠʡʥʳʡ ʥʦʤʝʨ, ʨʝʚʠʟʠʷ ʤʦʜʫʣʷ, ʚʝʨʩʠʷ ʧʨʦʰʠʚʢʠ AVR, ʚʝʨʩʠʷ E20-10

ʧʨʦʰʠʚʢʠ FPGA. 

ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʩʙʦʨʘ ʜʘʥʥʳʭ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʛʨʘʤʤʥʦ ʩʢʦʥʬʠʛʫʨʠʨʦʚʘʪʴ ʝʛʦ, 

ʧʦʩʢʦʣʴʢʫ ʚʦ ʚʨʝʤʷ ʩʙʦʨʘ ʜʘʥʥʳʭ ʥʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʤʝʥʷʪʴ ʥʘʩʪʨʦʡʢʠ ʢʦʥʬʠʛʫʨʘʮʠʠ. 

ʇʝʨʝʯʠʩʣʠʤ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʢʦʥʬʠʛʫʨʘʮʠʠ: 

¶ ʏʘʩʪʦʪʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ɸʎʇ (ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 1,0 ʜʦ 10 ʄɻʮ). 

¶ ʇʘʨʘʤʝʪʨʳ ʢʘʜʨʘ ʩʙʦʨʘ ʜʘʥʥʳʭ: ʨʘʟʤʝʨ ʢʘʜʨʘ, ʨʘʟʤʝʨ ʤʝʞʢʘʜʨʦʚʦʡ ʟʘʜʝʨʞʢʠ. 

ʂʦʣʠʯʝʩʪʚʦ ʦʧʨʘʰʠʚʘʝʤʳʭ ʚʭʦʜʥʳʭ ʢʘʥʘʣʦʚ ʤʦʞʝʪ ʙʳʪʴ ʛʠʙʢʦ ʥʘʩʪʨʦʝʥʦ ʦʪ 1 ʜʦ 4. 

ʏʘʩʪʦʪʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ɸʎʇ ʜʝʣʠʪʩʷ ʤʝʞʜʫ ʦʧʨʘʰʠʚʘʝʤʳʤʠ ʢʘʥʘʣʘʤʠ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʭ ʢʦʣʠʯʝʩʪʚʦʤ ʠ ʧʦʨʷʜʢʦʤ (ʢʨʘʪʥʦʩʪʴʶ) ʦʧʨʦʩʘ. ʊʨʝʙʫʝʤʳʡ 

ʧʦʨʷʜʦʢ ʦʧʨʦʩʘ ʢʘʥʘʣʦʚ, ʦʙʨʘʟʫʶʱʠʭ ʢʘʜʨ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ 

ʫʧʨʘʚʣʷʶʱʫʶ ʪʘʙʣʠʮʫ ʩ ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʤ ʨʘʟʤʝʨʦʤ ʦʪ 1 ʜʦ 8192
20

 ʪʘʢʪʦʚ ɸʎʇ. ɺ 

ʧʨʦʮʝʩʩʝ ʩʙʦʨʘ ʜʘʥʥʳʭ ʥʦʤʝʨʘ ʢʘʥʘʣʦʚ ʮʠʢʣʠʯʝʩʢʠ ʩʯʠʪʳʚʘʶʪʩʷ ʠʟ ʫʧʨʘʚʣʷʶʱʝʡ 

ʪʘʙʣʠʮʳ c ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʯʘʩʪʦʪʦʡ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ɸʎʇ (1...10 ʄɻʮ) ʠ ʧʦʜʘʶʪʩʷ ʚ 

ʢʘʯʝʩʪʚʝ ʩʠʛʥʘʣʘ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʜʠʥʘʤʠʯʝʩʢʠʡ ʢʦʤʤʫʪʘʪʦʨ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ 

ʥʠʟʢʠʭ ʯʘʩʪʦʪ ʩʙʦʨʘ ʜʘʥʥʳʭ ʧʨʦʛʨʘʤʤʠʨʫʝʪʩʷ ʤʝʞʢʘʜʨʦʚʘʷ ʟʘʜʝʨʞʢʘ, ʢʦʪʦʨʘʷ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʥʠʟʢʠʝ ʯʘʩʪʦʪʳ ʩʙʦʨʘ ʜʘʥʥʳʭ. ʇʨʠ ʫʩʪʘʥʦʚʣʝʥʥʦʡ 

ʥʝʥʫʣʝʚʦʡ ʤʝʞʢʘʜʨʦʚʦʡ ʟʘʜʝʨʞʢʝ ʧʦ ʦʢʦʥʯʘʥʠʠ ʮʠʢʣʘ ʚʳʙʦʨʢʠ ʫʧʨʘʚʣʷʶʱʝʡ 

ʪʘʙʣʠʮʳ (ʧʨʠ ʦʢʦʥʯʘʥʠʠ ʢʘʜʨʘ) ʚʩʪʘʚʣʷʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʯʠʩʣʦ ʭʦʣʦʩʪʳʭ 

ʧʝʨʠʦʜʦʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʯʘʩʪʦʪʳ ɸʎʇ, ʜʘʥʥʳʝ ʚ ʢʦʪʦʨʳʭ ʦʪʢʠʜʳʚʘʶʪʩʷ ʥʘ 

ʘʧʧʘʨʘʪʥʦʤ ʫʨʦʚʥʝ, ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʨʘʬʠʢ ʥʘ USB ʥʝ ʧʝʨʝʛʨʫʞʘʝʪʩʷ ʥʝʥʫʞʥʳʤʠ 

ʜʘʥʥʳʤʠ. 

¶ ʈʝʞʠʤ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʯʘʩʪʦʪʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ɸʎʇ (ʧ. 5.2.2). ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ 

ʤʝʭʘʥʠʟʤʘ ʚʥʝʰʥʝʡ ʠ ʤʥʦʛʦʤʦʜʫʣʴʥʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʯʘʩʪʦʪʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ɸʎʇ ʩʣʫʞʠʪ ʢʦʥʬʠʛʫʨʠʨʫʝʤʳʡ ʜʚʫʥʘʧʨʘʚʣʝʥʥʳʡ TTL-ʩʠʛʥʘʣ SYNC (ʧ. 6.3.1). 

                                                 
19

 ʧʨʠ ʧʝʨʚʦʤ ʧʦʜʢʣʶʯʝʥʠʠ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʮʝʩʩ ʫʩʪʘʥʦʚʢʠ ʜʨʘʡʚʝʨʘ ʫʩʪʨʦʡʩʪʚʘ (ʧ. 4.2) 
20

 ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʢʘʜʨʘ ʟʘʚʠʩʠʪ ʦʪ ʚʝʨʩʠʠ ʧʨʦʰʠʚʢʠ FPGA (ʧ. 3.3.4) 



 

 

¶ ʈʝʞʠʤ ʩʪʘʨʪʘ ʩʙʦʨʘ ʜʘʥʥʳʭ (ʧ. 5.2.2).. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚʥʝʰʥʝʛʦ, 

ʤʥʦʛʦʤʦʜʫʣʴʥʦʛʦ ʩʠʥʭʨʦʥʥʦʛʦ ʩʪʘʨʪʘ ʩʙʦʨʘ ʜʘʥʥʳʭ ʩʣʫʞʠʪ ʢʦʥʬʠʛʫʨʠʨʫʝʤʳʡ 

ʜʚʫʥʘʧʨʘʚʣʝʥʥʳʡ TTL-ʩʠʛʥʘʣ START (ʧ. 6.3.1). 

¶ ɺʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ ʢʘʥʘʣʦʚ ɸʎʇ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʫʩʪʘʥʦʚʢʠ 

ʢʘʞʜʦʛʦ ʢʘʥʘʣʘ ʥʘ ʪʨʝʙʫʝʤʳʡ ʚʭʦʜʥʦʡ ʧʦʜʜʠʘʧʘʟʦʥ ʥʘʧʨʷʞʝʥʠʡ, ʥʘ ʚʭʦʜʥʦʡ ʪʦʢ 

ʩʤʝʱʝʥʠʷ, ʘ ʪʘʢʞʝ ʥʘ ʨʝʞʠʤ ʠʟʤʝʨʝʥʠʷ ʩʦʙʩʪʚʝʥʥʦʛʦ ʥʫʣʷ ʥʝ ʫʧʨʘʚʣʷʶʪʩʷ ʚ 

ʜʠʥʘʤʠʢʝ (ʩʠʥʭʨʦʥʥʦ), ʘ ʫʧʨʘʚʣʷʶʪʩʷ ʩʪʘʪʠʯʝʩʢʠ ʠ ʘʩʠʥʭʨʦʥʥʦ ʦʪ ɸVR.  

ʅʘ ʨʠʩ. 5-2 ʦʪʦʙʨʘʞʝʥʳ ʛʣʘʚʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʫʟʣʳ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʩʙʦʨʝ 

ʜʘʥʥʳʭ. ʆʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʦʚʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʫʟʣʦʚ, ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʚ ʨʝʚʠʟʠʠ ɺ-ʉ, ʦʪʩʫʪʩʪʚʦʚʘʣʠ ʚ ʨʝʚʠʟʠʠ ɸ (ʩʤ. ʧʦʷʩʥʷʶʱʠʝ ʥʘʜʧʠʩʠ 

"ʈʝʚ. ɺ-ʉ" ʥʘ ʵʪʦʤ ʨʠʩʫʥʢʝ).  

ʅʘ ʨʠʩ. 5-2 ʪʘʢʞʝ ʨʘʟʥʳʤʠ ʮʚʝʪʘʤʠ ʦʪʦʙʨʘʞʝʥʳ ʨʘʟʣʠʯʠʷ ʬʫʥʢʮʠʦʥʘʣʘ, ʟʘʚʠʩʠʤʦʛʦ 

ʦʪ ʚʝʨʩʠʡ ʧʨʦʰʠʚʢʠ FPGA. ʉʪʨʘʪʝʛʠʷ ʨʘʟʚʠʪʠʷ ʬʫʥʢʮʠʦʥʘʣʘ ʧʨʦʰʠʚʦʢ FPGA E20-10, 

ʧʨʠʥʷʪʘʷ ʚ ʆʆʆ ñʃ ʂʘʨʜò, ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʜʦʙʘʚʣʝʥʠʠ ʥʦʚʳʭ ʬʫʥʢʮʠʡ ʚ ʩʣʝʜʫʶʱʫʶ 

ʧʨʦʰʠʚʢʫ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʚʩʝʛʦ ʬʫʥʢʮʠʦʥʘʣʘ ʧʨʝʜʳʜʫʱʠʭ ʧʨʦʰʠʚʦʢ.    

ɺ  ʨʝʚʠʟʠʠ ɸ "ʣʦʛʠʢʘ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʩʙʦʨʘ ʜʘʥʥʳʭ" ʟʘʢʣʶʯʘʣʘʩʴ ʚ E20-10

ʧʨʦʩʪʦʤ ʟʘʧʫʩʢʝ ʢʦʥʚʝʡʝʨʘ "ɸʎʇ ðFIFOðUSB-ʠʥʪʝʨʬʝʡʩ" ʦʪ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʦʙʳʪʠʷ 

ʟʘʧʫʩʢʘ ʠʣʠ ʦʪ ʚʥʝʰʥʝʛʦ ʧʝʨʝʧʘʜʘ ʩʠʛʥʘʣʘ START. ʉʦʙʩʪʚʝʥʥʦ, ʦ ʩʦʩʪʦʷʥʠʠ ʟʘʧʫʩʢʘ ɸʎʇ 

(ʩʦʚʤʝʩʪʥʦ ʩ ʣʦʛʠʢʦʡ ʫʧʨʘʚʣʷʶʱʝʡ ʪʘʙʣʠʮʳ) ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣ "ʊʨʠʛʛʝʨ START". ɺ ʨʝʚʠʟʠʠ 

ɸ ʦʩʪʘʥʦʚʢʘ ʢʦʥʚʝʡʝʨʘ (ʩʙʨʦʩ ʪʨʠʛʛʝʨʘ START) ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʴʢʦ ʧʦ ʧʨʦʛʨʘʤʤʥʦʤʫ 

ʩʦʙʳʪʠʶ ʦʩʪʘʥʦʚʢʠ ʢʦʥʚʝʡʝʨʘ (ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʦʯʠʩʪʢʦʡ ʜʘʥʥʳʭ FIFO), ʘ ʣʦʛʠʢʘ ʨʘʟʨʝʰʝʥʠʷ 

ʟʘʧʠʩʠ ʚ ʙʫʬʝʨ FIFO ʩʨʘʙʘʪʳʚʘʝʪ ʪʦʣʴʢʦ ʦʪ ʤʝʭʘʥʠʟʤʘ ʤʝʞʢʘʜʨʦʚʦʡ ʟʘʜʝʨʞʢʠ (ʩʫʪʴ 

ʤʝʞʢʘʜʨʦʚʦʡ ʟʘʜʝʨʞʢʠ ʦʙʲʷʩʥʝʥʘ ʚ ʧ. 5.2.1). ʍʘʨʘʢʪʝʨʥʦ, ʯʪʦ ʩʦʩʪʦʷʥʠʝ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ 

START ʚ ʨʝʞʠʤʝ "ʚʝʜʫʱʠʡ" ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦʩʪʦʷʥʠʶ "ʊʨʠʛʛʝʨʘ START". 

ɺ  ʨʝʚʠʟʠʷʭ ɺ-ʉ ʧʦʩʣʝ ʢʦʥʚʝʡʝʨʘ ɸʎʇ, ʥʦ ʧʝʨʝʜ ʙʫʬʝʨʦʤ FIFO, ʚʥʝʜʨʝʥʘ E20-10

ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʣʦʛʠʢʘ ʨʘʟʨʝʰʝʥʠʷ ʟʘʧʠʩʠ ʚ FIFO (ʠ ʦʩʪʘʥʦʚʘ ʩʙʦʨʘ), ʢʦʪʦʨʘʷ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʘ ʩ ʘʥʘʣʠʟʦʤ ʜʘʥʥʳʭ ʥʘ ʚʳʭʦʜʝ ɸʎʇ: ʨʘʟʨʝʰʝʥʠʝ ʟʘʧʠʩʠ ʧʦ 

ʘʥʘʣʦʛʦʚʦʤʫ ʫʨʦʚʥʶ, ʩʯʸʪʯʠʢ ʟʘʜʝʨʞʢʠ ʟʘʧʠʩʠ ʟʘʜʘʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʘʜʨʦʚ ʦʪ ʥʘʯʘʣʘ ʩʙʦʨʘ, 

ʩʯʸʪʯʠʢ ʢʦʣʠʯʝʩʪʚʘ ʩʦʙʨʘʥʥʳʭ ʢʘʜʨʦʚ. ɺʩʝ ʵʪʠ ʥʦʚʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʫʟʣʳ ʫʯʘʩʪʚʫʶʪ ʚ 

ʥʦʚʳʭ ʤʝʭʘʥʠʟʤʘʭ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʨʝʚʠʟʠʡ ɺ-ʉ (ʦʧʠʩʘʥʠʝ ʚʩʝʭ ʨʝʞʠʤʦʚ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʩʤ. ʚ  

ʧ. 5.2.2.1), ʥʦ ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʪʠ ʤʝʭʘʥʠʟʤʳ ʩʚʷʟʘʥʳ ʥʝ ʩ ʟʘʧʫʩʢʦʤ ʢʦʥʚʝʡʝʨʘ ʩʙʦʨʘ 

ʜʘʥʥʳʭ ʮʝʣʠʢʦʤ, ʘ ʪʦʣʴʢʦ ʩ ʨʘʙʦʪʦʡ ʤʝʭʘʥʠʟʤʘ ʨʘʟʨʝʰʝʥʠʷ ʟʘʧʠʩʠ ʚ ʙʫʬʝʨ FIFO ʥʘ ʬʦʥʝ 

ʫʞʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʟʘʧʫʱʝʥʥʦʛʦ ɸʎʇ ʚ ʩʚʷʟʢʝ ʩ "ʣʦʛʠʢʦʡ ʫʧʨʘʚʣʷʶʱʝʡ ʪʘʙʣʠʮʳ".  

ʀʟ ʵʪʦʛʦ ʪʘʢʞʝ ʩʣʝʜʫʝʪ, ʯʪʦ ʣʦʛʠʢʘ ʧʦʚʝʜʝʥʠʷ "ʪʨʠʛʛʝʨʘ START", ʘ ʪʘʢʞʝ 

ʩʠʥʭʨʦʩʠʛʥʘʣʘ START ʚ ʨʝʞʠʤʝ "ʚʝʜʫʱʠʡ" ʥʝ ʩʚʷʟʘʥʘ ʩ "ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʣʦʛʠʢʦʡ 

ʨʘʟʨʝʰʝʥʠʷ ʟʘʧʠʩʠ ʚ ʙʫʬʝʨ". ʕʪʘ ʦʩʦʙʝʥʥʦʩʪʴ ʙʫʜʝʪ ʚʘʞʥʘ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʦʧʠʩʘʥʥʳʭ ʥʠʞʝ 

ʨʝʞʠʤʦʚ ʩʠʥʭʨʦʥʠʟʘʮʠʠ (ʧ. 5.2.2), ʛʜʝ ʟʘʜʝʡʩʪʚʦʚʘʥ ʩʠʛʥʘʣ START. 

5.2.1. ʇʨʠʥʮʠʧ ʦʧʨʦʩʘ ʢʘʥʘʣʦʚ 

ɺ  ʤʦʞʝʪ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥ ʨʘʟʤʝʨ ʢʘʜʨʘ ʩʙʦʨʘ ʜʘʥʥʳʭ ʦʪ 1 ʜʦ 8192 ʪʘʢʪʦʚ ɸʎʇ E20-10

(ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʢʘʜʨʘ ʟʘʚʠʩʠʪ ʦʪ ʚʝʨʩʠʡ ʧʨʦʰʠʚʦʢ FPGA ʧ. 3.3.4).  ʄʦʛʫʪ ʙʳʪʴ 

ʟʘʜʘʥʳ: ʧʨʦʠʟʚʦʣʴʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʧʨʦʩʘ ʥʦʤʝʨʦʚ ʢʘʥʘʣʦʚ ʚʥʫʪʨʠ ʢʘʜʨʘ, 

ʧʨʦʧʠʩʘʥʥʘ ̫ʚ ʫʧʨʘʚʣʷʶʱʝʡ ʪʘʙʣʠʮʝ, ʘ ʪʘʢʞʝ ʤʝʞʢʘʜʨʦʚʘʷ ʟʘʜʝʨʞʢʘ ʦʪ 0 ʜʦ 255 ʧʝʨʠʦʜʦʚ 

ʯʘʩʪʦʪʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ɸʎʇ (ʜʣʷ  ʨʝʚʠʟʠʠ ɸ), ʠʣʠ ʦʪ 0 ʜʦ 65535 ʧʝʨʠʦʜʦʚ ɸʎʇ (ʜʣʷ E20-10

 ʨʝʚʠʟʠʡ B-ʉ). ʋʩʪʘʥʦʚʣʝʥʥʳʡ ʨʘʟʤʝʨ ʫʧʨʘʚʣʷʶʱʝʡ ʪʘʙʣʠʮʳ ʚʩʝʛʜʘ ʨʘʚʝʥ ʨʘʟʤʝʨʫ E20-10

ʢʘʜʨʘ ʩʙʦʨʘ ʜʘʥʥʳʭ. ɺ ʣʶʙʦʤ ʨʝʞʠʤʝ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʩʪʘʨʪ ʩʙʦʨʘ ʜʘʥʥʳʭ ʚʩʝʛʜʘ ʧʨʠʚʷʟʘʥ ʢ 

ʥʦʤʝʨʫ ʢʘʥʘʣʘ, ʧʨʦʧʠʩʘʥʥʦʤʫ ʚ ʥʘʯʘʣʝ ʫʧʨʘʚʣʷʶʱʝʡ ʪʘʙʣʠʮʳ, ʘ ʥʝʥʫʣʝʚʘʷ ʤʝʞʢʘʜʨʦʚʘʷ 

ʟʘʜʝʨʞʢʘ ʚʩʝʛʜʘ ʚʩʪʘʚʣʷʝʪʩʷ ʧʦʩʣʝ ʦʧʨʦʩʘ ʧʦʩʣʝʜʥʝʛʦ ʥʦʤʝʨʘ ʢʘʥʘʣʘ ʚ ʢʦʥʮʝ ʫʧʨʘʚʣʷʶʱʝʡ 

ʪʘʙʣʠʮʳ ʟʘʜʘʥʥʦʛʦ ʨʘʟʤʝʨʘ. ɺ ʣʶʙʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʩʙʦʨ ʜʘʥʥʳʭ ʥʝ ʦʩʪʘʥʦʚʣʝʥ, ʧʦʩʣʝ ʦʧʨʦʩʘ 



 

E20-10  ʈʫʢʦʚʦʜʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʷ  

ʥʦʤʝʨʘ ʢʘʥʘʣʘ, ʟʘʜʘʥʥʦʛʦ ʚ ʧʦʩʣʝʜʥʝʡ ʩʪʨʦʢʝ ʫʧʨʘʚʣʷʶʱʝʡ ʪʘʙʣʠʮʳ, ʩʣʝʜʫʶʱʠʡ ʥʦʤʝʨ 

ʢʘʥʘʣʘ ʙʫʜʝʪ ʚʟʷʪ ʩ ʥʘʯʘʣʘ ʫʧʨʘʚʣʷʶʱʝʡ ʪʘʙʣʠʮʳ (ʠ ʜʘʣʝʝ ʧʦ ʮʠʢʣʫ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʨʘʟʤʝʨʘ 

ʢʘʜʨʘ). ʂʘʞʜʳʡ ʧʝʨʠʦʜ ʮʠʢʣʠʯʝʩʢʦʛʦ ʯʪʝʥʠʷ ʥʦʤʝʨʘ ʢʘʥʘʣʘ ɸʎʇ ʠʟ ʫʧʨʘʚʣʷʶʱʝʡ ʪʘʙʣʠʮʳ, 

ʘ ʪʘʢʞʝ ʢʘʞʜʳʡ ʧʝʨʠʦʜ ʩʯʸʪʘ ʤʝʞʢʘʜʨʦʚʦʡ ʟʘʜʝʨʞʢʠ, ʩʪʨʦʛʦ ʧʨʠʚʷʟʘʥ ʢ ʧʝʨʠʦʜʫ ʟʘʜʘʥʥʦʡ 

ʯʘʩʪʦʪʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ɸʎʇ  (ʦʪ 1,0 ʜʦ 10 ʄɻʮ). E20-10

5.2.2. ʉʠʥʭʨʦʥʠʟʘʮʠ ̫ʚ  E20-10

ɽʩʣʠ ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʥʝ ʪʨʝʙʫʝʪʩʷ, ʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʥʫʪʨʝʥʥʠʡ ʠʩʪʦʯʥʠʢ ʯʘʩʪʦʪʳ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ɸʎʇ ʚ ʠ ʧʨʦʩʪʦʡ ʧʨʦʛʨʘʤʤʥʳʡ ʩʪʘʨʪ ʩʙʦʨʘ ʜʘʥʥʳʭ. ʅʦ ʘ  E20-10 E20-10

ʠʤʝʶʪʩʷ ʪʘʢʞʝ ʩʨʝʜʩʪʚʘ ʚʥʝʰʥʝʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʢʘʢ ʧʦ ʯʘʩʪʦʪʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ɸʎʇ, ʪʘʢ ʠ 

ʧʦ ʩʪʘʨʪʫ ʩʙʦʨʘ ʜʘʥʥʳʭ. ʕʪʦ ʜʚʘ ʥʝʟʘʚʠʩʠʤʳʭ ʤʝʭʘʥʠʟʤʘ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʦ-ʦʪʜʝʣʴʥʦʩʪʠ ʪʘʢ ʠ ʚʤʝʩʪʝ.  

ʉʠʥʭʨʦʥʠʟʘʮʠ ̫ʧʦ ʯʘʩʪʦʪʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ɸʎʇ (ʚ ʜʦʧʫʩʪʠʤʦʤ ʜʠʘʧʘʟʦʥʝ 

1,0 ï 10 ʄɻʮ) ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʣʠʥʠʠ SYNC, ʢʦʪʦʨʘ ̫ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʛʨʘʤʤʥʦ 

ʥʘʩʪʨʦʝʥʘ ʥʘ ʚʳʭʦʜ, ʣʠʙʦ ʥʘ ʚʭʦʜ (ʪʘʙʣ. 5-1). ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ:  

¶  ʉʠʥʭʨʦʥʠʟʘʮʠʷ ʧʦ ʯʘʩʪʦʪʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ɸʎʇ ʥʝʩʢʦʣʴʢʠʭ .  ɼʣʷ E20-10

ʵʪʦʛʦ ʥʝʩʢʦʣʴʢʦ  ʚʢʣʶʯʘʶʪ ʧʦ ʩʭʝʤʝ "ʚʝʜʫʱʠʡïʚʝʜʦʤʳʝ", ʩʦʝʜʠʥʷʷ E20-10 

ʦʜʥʦʠʤʸʥʥʳʝ ʮʝʧʠ GND ʠ SYNC ʥʝʩʢʦʣʴʢʠʭ  E20-10.

¶ ɺʳʜʘʯʘ ʩʠʛʥʘʣʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʯʘʩʪʦʪʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ  ʥʘ ʚʥʝʰʥʠʡ E20-10

ʧʨʠʙʦʨ, ʥʘʧʨʠʤʝʨ, ʥʘ ʯʘʩʪʦʪʦʤʝʨ ʜʣʷ ʢʦʥʪʨʦʣʷ ʯʘʩʪʦʪʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ.       

¶  ɺʥʝʰʥʷʷ ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʦʪ TTL-ʩʠʛʥʘʣʘ (ʩ ʯʘʩʪʦʪʦʡ 1,0 ï 10 ʄɻʮ ʠ 

ʩʢʚʘʞʥʦʩʪʴʶ 2) ʜʣʷ ʚʥʝʰʥʝʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʧʦ E20-10 

ʯʘʩʪʦʪʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ɸʎʇ. 

ʉʠʥʭʨʦʥʠʟʘʮʠʷ ʩʪʘʨʪʘ ʩʙʦʨʘ ʜʘʥʥʳʭ ʧʦʩʨʝʜʩʪʚʦʤ ʣʠʥʠʠ DI16/START, ʧʨʦʛʨʘʤʤʥʦ 

ʥʘʩʪʨʦʝʥʥʦʡ ʥʘ ʚʭʦʜ ʠʣʠ ʥʘ ʚʳʭʦʜ (ʪʘʙʣ. 5-2), ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ:  

¶ ʊʨʘʥʩʣʷʮʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʩʠʛʥʘʣʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʪʘʨʪʘ ʩʙʦʨʘ ʜʘʥʥʳʭ ʯʝʨʝʟ 
ʣʠʥʠʶ DI16/START ʜʣʷ ʩʠʥʭʨʦʥʥʦʛʦ ʟʘʧʫʩʢʘ ʩʙʦʨʘ ʜʘʥʥʳʭ ʚ ʜʨʫʛʠʭ ʤʦʜʫʣʷʭ 

.  ɼʣʷ ʵʪʦʛʦ ʥʝʩʢʦʣʴʢʦ  ʚʢʣʶʯʘʶʪ ʧʦ ʩʭʝʤʝ "ʚʝʜʫʱʠʡïʚʝʜʦʤʳʝ", E20-10 E20-10 

ʩʦʝʜʠʥʷ ̫ʦʜʥʦʠʤʸʥʥʳʝ ʮʝʧʠ GND ʠ DI16/START ʥʝʩʢʦʣʴʢʠʭ  E20-10

¶ ʉʠʥʭʨʦʥʠʟʘʮʠʷ ʩʪʘʨʪʘ ʩʙʦʨʘ ʜʘʥʥʳʭ ʦʪ ʚʥʝʰʥʝʛʦ ʠʩʪʦʯʥʠʢʘ E20-10 

TTL-ʩʠʛʥʘʣʘ. 

¶ ʊʨʘʥʩʣʷʮʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʩʠʛʥʘʣʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʪʘʨʪʘ ʩʙʦʨʘ ʜʘʥʥʳʭ  E20-10 

ʯʝʨʝʟ TTL-ʣʠʥʠʶ DI16/START ʚʥʝʰʥʝʤʫ ʧʨʠʙʦʨʫ ʜʣʷ ʮʝʣʝʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ 

ʠʣʠ ʠʥʜʠʢʘʮʠʠ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ ʩʙʦʨʘ ʜʘʥʥʳʭ.  

ʄʦʜʫʣʴ  ʨʝʚʠʟʠʷʭ ɺ-ʉ ʧʦʜʜʝʨʞʠʚʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ ʨʘʟʨʝʰʝʥʠʷ E20-10

ʟʘʧʠʩʠ ʜʘʥʥʳʭ ɸʎʇ ʚ ʙʫʬʝʨʥʫʶ ʧʘʤʷʪʴ  (ʧʦ ʧʝʨʝʧʘʜʫ ʩʠʛʥʘʣʘ ʚ ʚʳʙʨʘʥʥʦʤ ʢʘʥʘʣʝ E20-10

ɸʎʇ, ʩ ʟʘʧʨʝʪʦʤ ʧʝʨʝʜʘʯʠ ʟʘʜʘʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʦ ʢʘʜʨʦʚ ʦʪ ʥʘʯʘʣʘ ʩʙʦʨʘ ʜʘʥʥʳʭ), ʘ ʪʘʢʞʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ ʦʩʪʘʥʦʚʘ ʩʙʦʨʘ ʜʘʥʥʳʭ (ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʩʦʙʨʘʥʥʳʭ ʢʘʜʨʦʚ ʜʘʥʥʳʭ). 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʨʝʚʠʟʠʷʭ B-ʉ ʚʚʝʜʝʥʦ ʩʝʤʝʡʩʪʚʦ ʨʝʞʠʤʦʚ ʩʙʦʨʘ ʜʘʥʥʳʭ "ʧʦ ʫʨʦʚʥʶ". ʕʪʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʦʙʦʛʘʱʘʶʪ ʩʨʝʜʩʪʚʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ 

ʤʦʜʫʣʷ  ʨʝʚʠʟʠʷʭ ɺ-ʉ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʝʚʠʟʠʝʡ A. E20-10

 ʆʪʤʝʪʠʤ ʚʘʞʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ: ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ ʨʘʟʨʝʰʝʥʠʷ ʟʘʧʠʩʠ ʜʘʥʥʳʭ ʠ 

ʦʩʪʘʥʦʚʘ ʩʙʦʨʘ ʜʝʡʩʪʚʫʶʪ ʪʦʣʴʢʦ ʚʥʫʪʨʠ ʦʜʥʦʛʦ ʤʦʜʫʣʷ  ʠ ʥʝ ʚʣʠʷʶʪ ʥʘ ʧʦʚʝʜʝʥʠʝ E20-10

ʩʠʛʥʘʣʘ START ʚ ʤʝʞʤʦʜʫʣʴʥʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʦ ʧʨʠʥʮʠʧʫ ʚʝʜʫʱʠʡ-ʚʝʜʦʤʳʝ. ɺ ʪʦʞʝ ʚʨʝʤʷ, 

ʚ ʨʘʟʥʳʭ ʤʦʜʫʣʷʭ  ʧʨʠ ʞʝʣʘʥʠʠ ʤʦʛʫʪ ʙʳʪʴ ʧʦʩʪʘʚʣʝʥʳ ʦʜʠʥʘʢʦʚʳʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ E20-10

ʫʩʣʦʚʠʷ ʨʘʟʨʝʰʝʥʠʷ ʟʘʧʠʩʠ ʜʘʥʥʳʭ ʠ ʦʩʪʘʥʦʚʘ ʩʙʦʨʘ, ʠ ʪʦʛʜʘ ʧʨʠ ʩʦʝʜʠʥʝʥʠʠ "ʚʝʜʫʱʠʡ-



 

 

ʚʝʜʦʤʳʡ" ʤʦʜʫʣʝʡ  ʧʦ ʩʠʛʥʘʣʘʤ START ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʫʩʣʦʚʠʡ ʩʠʥʭʨʦʥʥʦʛʦ E20-10

ʚʳʧʦʣʥʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ ʨʘʟʨʝʰʝʥʠʷ ʟʘʧʠʩʠ ʜʘʥʥʳʭ ʠ ʦʩʪʘʥʦʚʘ ʩʙʦʨʘ ʜʘʥʥʳʭ ʚ 

ʨʘʟʥʳʭ ʤʦʜʫʣʷʭ  . E20-10

ɽʩʪʝʩʪʚʝʥʥʦ, ʚ ʤʥʦʛʦʤʦʜʫʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ  ʧʦ ʧʨʠʥʮʠʧʫ "ʚʝʜʫʱʠʡ-E20-10

ʚʝʜʦʤʳʡ" ʧʦʣʴʟʦʚʘʪʝʣʴ ʜʦʣʞʝʥ ʦʩʤʳʩʣʝʥʥʦ ʥʘʩʪʨʘʠʚʘʪʴ ʫʧʨʘʚʣʷʶʱʠʝ ʪʘʙʣʠʮʳ, 

ʤʝʞʢʘʜʨʦʚʳʝ ʟʘʜʝʨʞʢʠ (ʘ ʚ   ʨʝʚʠʟʠʷʭ B-ʉ ʪʘʢʞʝ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ E20-10

ʨʘʟʨʝʰʝʥʠʷ ʟʘʧʠʩʠ ʙʫʬʝʨ) ʵʪʠʭ ʤʦʜʫʣʝʡ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʦʙʨʘʪʴʩʷ ʚ 

ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʚʨʝʤʝʥʥʳʭ ʧʨʠʚʷʟʢʘʭ ʤʝʞʜʫ ʧʦʪʦʢʘʤʠ ʩʵʤʧʣʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʦʪ ʵʪʠʭ 

ʤʦʜʫʣʝʡ. ɺʝʜʦʤʳʝ   ʩʣʝʜʫʝʪ ʧʨʦʛʨʘʤʤʥʦ ʥʘ ʩʙʦʨ ʜʘʥʥʳʭ ʟʘʧʫʩʢʘʪʴ ʨʘʥʴʰʝ, ʧʦʩʢʦʣʴʢʫ E20-10

ʦʥʠ ʜʦʣʞʥʳ ʚʦʡʪʠ ʚ ʦʞʠʜʘʥʠʝ ʩʪʘʨʪʘ ʦʪ ʚʝʜʫʱʝʛʦ, ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ, ʧʦʩʣʝ ʟʘʧʫʩʢʘ ʩʙʦʨʘ 

ʜʘʥʥʳʭ ʚʝʜʦʤʦʛʦ, ʚ ʚʝʜʫʱʠʭ ʩʙʦʨ ʜʘʥʥʳʭ ʟʘʧʫʩʪʠʪʩʷ ʘʧʧʘʨʘʪʥʦ ʠ ʩʠʥʭʨʦʥʥʦ ʩ ʚʝʜʦʤʳʤ 

. E20-10

ʉʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʧʨʠ ʥʘʩʪʨʦʡʢʝ ʣʠʥʠʠ SYNC ʥʘ ʬʫʥʢʮʠʶ "ʚʝʜʦʤʳʡ" (ʧʨʠ 

ʚʥʝʰʥʝʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʯʘʩʪʦʪʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ɸʎʇ ʦʪ ʚʥʝʰʥʝʛʦ ʠʩʪʦʯʥʠʢʘ ʮʠʬʨʦʚʦʛʦ 

TTL- ʩʠʥʭʨʦʩʠʛʥʘʣʘ) ʥʝʢʦʨʨʝʢʪʥʦ ʧʦʜʘʚʘʪʴ ʠʟʚʥʝ ʠʤʧʫʣʴʩʳ SYNC ʯʘʱʝ, ʯʝʤ ʯʝʨʝʟ 100 ʥʩ 

(10 ʄɻʮ), ʠʣʠ ʨʝʞʝ ʯʝʤ ʯʝʨʝʟ 1000 ʥʩ (1,0 ʄɻʮ), ʧʦʩʢʦʣʴʢʫ SYNC ʚ ʵʪʦʤ ʨʝʞʠʤʝ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʜʘʸʪʩʷ ʥʘ ɸʎʇ LTC2245, ʘ, ʩʦʛʣʘʩʥʦ ʜʦʢʫʤʝʥʪʘʮʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷ, ʵʪʦʪ 

ɸʎʇ ʨʘʙʦʪʘʝʪ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʦʪ 1,0 ʜʦ 10 ʄɻʮ. ʅʘ ʩʢʚʘʞʥʦʩʪʴ ʩʠʛʥʘʣʘ 

SYNC ʪʘʢʞʝ ʥʘʢʣʘʜʳʚʘʶʪʩʷ ʞʸʩʪʢʠʝ ʪʨʝʙʦʚʘʥʠʷ (ʧ. 7.1.4). ɽʩʪʝʩʪʚʝʥʥʦ, ʩʠʛʥʘʣ SYNC ʦʪ 

"ʚʝʜʫʱʝʛʦ"  ʵʪʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ. E20-10

ʆʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʵʣʝʢʪʨʠʯʝʩʢʠ TTL-ʣʠʥʠʷ DI16/START, ʥʘʩʪʨʦʝʥʥʘʷ  "ʥʘ 

ʚʭʦʜ", ʠʤʝʝʪ ʨʝʟʠʩʪʦʨʥʫʶ ʧʦʜʪʷʞʢʫ (ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ ʦʧʨʝʜʝʣʸʥʥʦʝ ʝʜʠʥʠʯʥʦʝ ʩʦʩʪʦʷʥʠʝ 

ʥʝʧʦʜʢʣʶʯʝʥʥʦʛʦ ʚʭʦʜʘ), ʘ  TTL-ʣʠʥʠʷ SYNC, ʥʘʩʪʨʦʝʥʥʘʷ  "ʥʘ ʚʭʦʜ", ʨʝʟʠʩʪʦʨʥʦʡ 

ʧʦʜʪʷʞʢʠ ʥʝ ʠʤʝʝʪ, ʪ. ʝ. ʦʧʨʝʜʝʣʸʥʥʦʩʪʴ ʩʦʩʪʦʷʥʠʷ ʥʝʧʦʜʢʣʶʯʝʥʥʦʛʦ ʚʭʦʜʘ SYNC ʥʝ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ, ʪʘʙʣ. 6-2. 

  



 

E20-10  ʈʫʢʦʚʦʜʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʷ  

5.2.2.1. ʈʝʞʠʤʳ ʩʠʥʭʨʦʥʠʟʘʮʠʠ 

ɺʦʟʤʦʞʥʳʝ ʨʝʞʠʤʳ ʩʠʥʭʨʦʥʠʟʘʮʠʠ  ʦʧʠʩʘʥʳ ʚ ʪʘʙʣʠʮʘʭ ʥʠʞʝ. ʆʙʨʘʪʠʪʝ E20-10

ʚʥʠʤʘʥʠʝ ʥʘ ʠʥʬʦʨʤʘʮʠʶ, ʚ ʢʘʢʠʭ ʠʤʝʥʥʦ ʨʝʚʠʟʠʷʭ  ʨʝʘʣʠʟʦʚʘʥ ʪʦʪ ʠʣʠ ʠʥʦʡ ʨʝʞʠʤ. E20-10

 

ʊʘʙʣ. 5-1. ʈʝʞʠʤʳ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʦ ʯʘʩʪʦʪʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ɸʎʇ (ʧʦ 
ʩʠʛʥʘʣʫ SYNC) 

ʉʠʥʭʨʦʥʠʟʘʮʠʷ 

ʧʦ ʯʘʩʪʦʪʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ɸʎʇ 

ʈʝʘʣʠ-

ʟʦʚʘʥʦ ʚ 

ʨʝʚʠʟʠʷʭ 

 E20-10

ʇʨʠʤʝʯʘʥʠʷ 

"ʚʥʫʪʨʝʥʥʷʷ"  A, B, B.01, C 

 ʏʘʩʪʦʪʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ɸʎʇ:  
n

30
  Mɻʮ,  

 ʛʜʝ n=3,4,5,é,29,30. 

ʃʠʥʠʷ SYNC ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ (ʧʝʨʝʚʝʜʸʥ ʚ Z-

ʩʦʩʪʦʷʥʠʝ) 

"ʚʥʫʪʨʝʥʥʷʷ ï 

ʚʝʜʫʱʠʡ" 

A, B, B.01, C 

 

ʃʠʥʠʷ  SYNC ʥʘʩʪʨʦʝʥʘ ʥʘ ʚʳʭʦʜ: ʚʳʜʘʸʪʩʷ ʩʠʛʥʘʣ cʦ 

ʩʢʚʘʞʥʦʩʪʴʶ 2 ʠ ʯʘʩʪʦʪʦʡ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ɸʎʇ: 

 
n

30
  Mɻʮ,       ʛʜʝ n=3,4,5,é,29,30.  

ʄʦʤʝʥʪ ʬʠʟʠʯʝʩʢʦʛʦ ʩʵʤʧʣʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ ɸʎʇ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʨʦʥʪʫ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ SYNC  

"ʚʥʝʰʥʷʷ ï 

ʚʝʜʦʤʳʡ 

A, B, B.01, C 

 

ʃʠʥʠʷ SYNC ʠʩʧʦʣʴʟʫʝʪʩʷ ñʥʘ ʚʭʦʜò ʜʣʷ   

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʦʪ TTL-ʚʳʭʦʜʘ ʚʥʝʰʥʝʛʦ ʧʨʠʙʦʨʘ:  

ʥʝʦʙʭʦʜʠʤ ʩʠʛʥʘʣ ʩ ʯʘʩʪʦʪʦʡ ʦʪ 1,0 ʜʦ 10 ʄɻʮ, ʩʦ 

ʩʢʚʘʞʥʦʩʪʴʶ 2 (ʤʝʘʥʜʨ).  

 

ʊʘʙʣ. 5-2. ʈʝʞʠʤʳ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʩʪʘʨʪʘ ʩʙʦʨʘ ʜʘʥʥʳʭ (ʧʦ ʩʠʛʥʘʣʫ START) 

ʉʠʥʭʨʦʥʠʟʘʮʠʷ ʩʪʘʨʪʘ 

ʩʙʦʨʘ ʜʘʥʥʳʭ 

ʈʝʘʣʠʟʦʚʘʥʦ 

ʚ ʨʝʚʠʟʠʠ 

 E20-10
ʇʨʠʤʝʯʘʥʠʷ 

"ʧʨʦʛʨʘʤʤʥʘʷ":  

ï ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʫʩʣʦʚʠʡ ʩʪʘʨʪʘ 

ï ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ 

ʫʩʣʦʚʠʷʤʠ cʪʘʨʪʘ,  

ʪʘʙʣ. 5-3 

 

A, B, B.01, C 

 

ɺ, B.01 

ʇʨʦʛʨʘʤʤʥʳʡ ʘʩʠʥʭʨʦʥʥʳʡ ʩʪʘʨʪ. ɺʦʟʤʦʞʥʳʝ 

ʫʩʣʦʚʠʷ ʦʩʪʘʥʦʚʘ ï ʪʘʙʣ. 5-5. 

ʃʠʥʠʷ DI16/START ʥʘʭʦʜʠʪʩʷ ʚ Z-ʩʦʩʪʦʷʥʠʠ 

 

 

"ʧʨʦʛʨʘʤʤʥʘʷ ï ʚʝʜʫʱʠʡ 

ʧʦ ʩʠʛʥʘʣʫ START": 

ï ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʫʩʣʦʚʠʡ ʩʪʘʨʪʘ 

 ï ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ 

ʫʩʣʦʚʠʷʤʠ ʩʪʘʨʪʘ, 

ʪʘʙʣ. 5-3 

 

 

 

A, B, B.01, C 

 

ɺ, B.01, C 

Cʠʛʥʘʣ START ʚʝʜʫʱʝʛʦ  ʧʦʜʘʸʪʩʷ E20-10

ʘʢʪʠʚʥʳʤ ʫʨʦʚʥʝʤ "1" (ʧʦʜʩʦʝʜʠʥʸʥʥʳʝ 

ʚʝʜʦʤʳʝ  ʜʦʣʞʥʳ ʥʘʭʦʜʠʪʴʩʷ ʚ ʨʝʞʠʤʝ E20-10

"ʧʦ ʬʨʦʥʪʫ ʩʠʛʥʘʣʘ START"). ɺʦʟʤʦʞʥʳʝ 

ʫʩʣʦʚʠʷ ʦʩʪʘʥʦʚʘ ï ʪʘʙʣ. 5-5.  

ʃʠʥʠʷ DI/START ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ñʥʘ 

ʚʳʭʦʜò 



 

 

ʉʠʥʭʨʦʥʠʟʘʮʠʷ ʩʪʘʨʪʘ 

ʩʙʦʨʘ ʜʘʥʥʳʭ 

ʈʝʘʣʠʟʦʚʘʥʦ 

ʚ ʨʝʚʠʟʠʠ 

 E20-10
ʇʨʠʤʝʯʘʥʠʷ 

"ʚʥʝʰʥʷʷ ï ʚʝʜʦʤʳʡ ʧʦ 

ʬʨʦʥʪʫ ʩʠʛʥʘʣʘ START": 

ï ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʫʩʣʦʚʠʡ 

ï ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ 

ʫʩʣʦʚʠʷʤʠ ʩʪʘʨʪʘ,  

ʪʘʙʣ. 5-3. 

 

 

A, B, B.01, C 

 

ɺ, B.01, C 

ɿʘʧʫʩʢ ʦʪ ʩʠʛʥʘʣʘ START. 

ɺʦʟʤʦʞʥʳʝ ʫʩʣʦʚʠʷ ʦʩʪʘʥʦʚʘ ï  

ʪʘʙʣ. 5-5. 

"ʚʥʝʰʥʷʷ ï ʚʝʜʦʤʳʡ ʧʦ 

ʩʧʘʜʫ" ʩʠʛʥʘʣʘ START": 

ï ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʫʩʣʦʚʠʡ 

ï ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ 

ʫʩʣʦʚʠʷʤʠ ʩʪʘʨʪʘ,  

ʪʘʙʣ. 5-3. 

 

 

A, B, B.01, C  

 

ɺ, B.01, C 

ɿʘʧʫʩʢ ʦʪ ʩʠʛʥʘʣʘ START. 

ɺʦʟʤʦʞʥʳʝ ʫʩʣʦʚʠʷ ʦʩʪʘʥʦʚʘ  

ʩʤ. ʚ ʪʘʙʣ. 5-5. 

ʨʝʞʠʤʳ ʩʠʥʭʨʦʥʠʟʘʮʠʠ 

ʩʙʦʨʘ ʜʘʥʥʳʭ "ʧʦ ʫʨʦʚʥʶ", 

ʪʘʙʣ. 5-3. 

 

ɺ, B.01, C 

ʆʪ ʘʥʘʣʦʛʦʚʦʛʦ ʫʨʦʚʥʷ ʩʠʛʥʘʣʘ ʚ ʚʳʙʨʘʥʥʦʤ 

ʢʘʥʘʣʝ 

 

 

ʊʘʙʣ. 5-3. ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ ʨʘʟʨʝʰʝʥʠʷ ʟʘʧʠʩʠ ʜʘʥʥʳʭ ʚ  ʙʫʬʝʨʥʫʶ 

ʧʘʤʷʪʴ  E20-10

ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ ʈʝʘʣʠʟʦʚʘʥʦ ʚ 

ʨʝʚʠʟʠʠ  E20-10

ʇʨʠʤʝʯʘʥʠʷ 

ɿʘʧʨʝʪ ʟʘʧʠʩʠ ʟʘʜʘʥʥʦʛʦ N ʢʘʜʨʦʚ ʦʪ ʥʘʯʘʣʘ ʩʙʦʨʘ 

ʜʘʥʥʳʭ 

B, B.01, C 0 Ò N Ò 16777214, 

ʛʜʝ N-ʮʝʣʦʝ 

ʇʦ ʧʝʨʝʭʦʜʫ ʩʥʠʟʫ ʚʚʝʨʭ ʯʝʨʝʟ ʟʘʜʘʥʥʳʡ ʫʨʦʚʝʥʴ 

ʩʠʛʥʘʣʘ ʚ ʚʳʙʨʘʥʥʦʤ ʢʘʥʘʣʝ ʠ ʟʘʧʨʝʪʦʤ ʟʘʧʠʩʠ N 

ʢʘʜʨʦʚ ʦʪ ʥʘʯʘʣʘ ʩʙʦʨʘ ʜʘʥʥʳʭ 

B, B.01, C 0 Ò N Ò 16777214, 

ʛʜʝ N-ʮʝʣʦʝ 

ʇʦ ʧʝʨʝʭʦʜʫ ʩʚʝʨʭʫ ʚʥʠʟ ʯʝʨʝʟ ʟʘʜʘʥʥʳʡ ʫʨʦʚʝʥʴ 

ʩʠʛʥʘʣʘ ʚ ʚʳʙʨʘʥʥʦʤ ʢʘʥʘʣʝ ʠ ʟʘʧʨʝʪʦʤ ʟʘʧʠʩʠ N 

ʢʘʜʨʦʚ ʦʪ ʥʘʯʘʣʘ ʩʙʦʨʘ ʜʘʥʥʳʭ 

B, B.01, C 0 Ò N Ò 16777214, 

ʛʜʝ N-ʮʝʣʦʝ 

 

ʊʘʙʣ. 5-4. ʈʝʞʠʤʳ ʩʠʥʭʨʦʥʠʟʘʮʠʠ "ʧʦ ʫʨʦʚʥʶ"  

ʈʝʞʠʤʳ ʩʙʦʨʘ ʜʘʥʥʳʭ "ʧʦ ʫʨʦʚʥʶ" 

(ʩʪʘʨʪ ʠ ʦʩʪʘʥʦʚ ʩʙʦʨʘ ʜʘʥʥʳʭ ʧʨʦʠʩʭʦʜʠʪ ʦʪ 

ʫʨʦʚʥʷ ʩʠʛʥʘʣʘ) 

ʈʝʘʣʠ-

ʟʦʚʘʥʦ ʚ 

ʨʝʚʠʟʠʠ 

 E20-10

ʇʨʠʤʝʯʘʥʠʷ 

"ʧʦ ʫʨʦʚʥʶ ʩʠʛʥʘʣʘ ʚʳʰʝ ʧʦʨʦʛʘ ʩʠʛʥʘʣʘ ʚ 1 ʢʘʥʘʣʝ ɸʎʇ" B, B.01, C ʆʩʪʘʥʦʚ ʙʫʜʝʪ 

ʧʨʦʠʩʭʦʜʠʪʴ ʥʘ 

ʛʨʘʥʠʮʝ ʢʦʥʮʘ ʢʘʜʨʘ 
"ʧʦ ʫʨʦʚʥʶ ʩʠʛʥʘʣʘ ʚʳʰʝ ʧʦʨʦʛʘ ʩʠʛʥʘʣʘ ʚ 2 ʢʘʥʘʣʝ ɸʎʇ" 

"ʧʦ ʫʨʦʚʥʶ ʩʠʛʥʘʣʘ ʚʳʰʝ ʧʦʨʦʛʘ ʩʠʛʥʘʣʘ ʚ 3 ʢʘʥʘʣʝ ɸʎʇ" 

"ʧʦ ʫʨʦʚʥʶ ʩʠʛʥʘʣʘ ʚʳʰʝ ʧʦʨʦʛʘ ʩʠʛʥʘʣʘ ʚ 4 ʢʘʥʘʣʝ ɸʎʇ" 

"ʧʦ ʫʨʦʚʥʶ ʩʠʛʥʘʣʘ ʥʠʞʝ ʧʦʨʦʛʘ ʩʠʛʥʘʣʘ ʚ 1 ʢʘʥʘʣʝ ɸʎʇ" 

"ʧʦ ʫʨʦʚʥʶ ʩʠʛʥʘʣʘ ʥʠʞʝ ʧʦʨʦʛʘ ʩʠʛʥʘʣʘ ʚ 2 ʢʘʥʘʣʝ ɸʎʇ" 

"ʧʦ ʫʨʦʚʥʶ ʩʠʛʥʘʣʘ ʥʠʞʝ ʧʦʨʦʛʘ ʩʠʛʥʘʣʘ ʚ 3 ʢʘʥʘʣʝ ɸʎʇ" 

"ʧʦ ʫʨʦʚʥʶ ʩʠʛʥʘʣʘ ʥʠʞʝ ʧʦʨʦʛʘ ʩʠʛʥʘʣʘ ʚ 4 ʢʘʥʘʣʝ ɸʎʇ" 

 



 

E20-10  ʈʫʢʦʚʦʜʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʷ  

ʊʘʙʣ. 5-5. ʋʩʣʦʚʠʷ ʦʩʪʘʥʦʚʘ ʩʙʦʨʘ ʜʘʥʥʳʭ. 

ʋʩʣʦʚʠʷ ʦʩʪʘʥʦʚʘ ʩʙʦʨʘ ʜʘʥʥʳʭ ʈʝʘʣʠʟʦʚʘʥʦ ʚ 

ʨʝʚʠʟʠʠ  E20-10

ʇʨʠʤʝʯʘʥʠʷ 

ʇʨʦʛʨʘʤʤʥʳʡ ʘʩʠʥʭʨʦʥʥʳʡ ʦʩʪʘʥʦʚ A, ɺ, B.01, C ʩ ʫʯʸʪʦʤ ʛʨʘʥʠʮ ʢʘʜʨʘ 

ʇʦ ʢʦʣʠʯʝʩʪʚʫ M ʟʘʧʠʩʘʥʥʳʭ ʢʘʜʨʦʚ 

ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʦʚʪʦʨʥʦʛʦ ʟʘʧʫʩʢʘ 

ʩʙʦʨʘ ʜʘʥʥʳʭ (ʩʤ. ʧʨʠʤʝʯʘʥʠʷ 1,2) ʧʦ 

ʫʩʪʘʥʦʚʣʝʥʥʦʤʫ ʫʩʣʦʚʠʶ ʩʪʘʨʪʘ, 

ʥʘʧʨʠʤʝʨ, ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʩʪʘʨʪ-

ʩʪʦʧʥʦʛʦ ʨʝʞʠʤʘ ʩʙʦʨʘ 

B, B.01, C 0 Ò M Ò 16777215, 

ʛʜʝ M-ʮʝʣʦʝ 

ʇʨʠʤʝʯʘʥʠʝ1:  

ɺ ʧʨʦʰʠʚʢʝ FPGA ʚʝʨʩʠʠ 2.00.03 (ʦ ʚʝʨʩʠʷʭ ʧʨʦʰʠʚʦʢ ʩʤ. ʧ. 3.3.4) ʜʣʷ 

ʧʦʚʪʦʨʥʦʛʦ ʟʘʧʫʩʢʘ ʧʨʠ  ʣʶʙʦʤ ʫʩʣʦʚʠʠ ʩʪʘʨʪʘ ʥʝʦʙʭʦʜʠʤʦ ʜʘʪʴ ʧʦʚʪʦʨʥʳʡ 

ʧʨʦʛʨʘʤʤʥʳʡ ʩʪʘʨʪ  ʥʘ ʚʝʨʭʥʝʤ ʧʨʦʛʨʘʤʤʥʦʤ ʫʨʦʚʥʝ (ʪ.ʝ. ʬʘʢʪʠʯʝʩʢʠ 

ʦʩʫʱʝʩʪʚʣʸʥ ʦʜʥʦʢʨʘʪʥʳʡ ʟʘʧʫʩʢ ʧʦ ʫʩʣʦʚʠʶ). ɺ ʧʨʦʰʠʚʢʝ FPGA 2.00.05 ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʫʩʣʦʚʠʷ ʩʪʘʨʪʘ "ʧʦ ʧʝʨʝʭʦʜʫ ʯʝʨʝʟ ʟʘʜʘʥʥʳʡ 
ʫʨʦʚʝʥʴ ʩʠʛʥʘʣʘ ʚ ʚʳʙʨʘʥʥʦʤ ʢʘʥʘʣʝ"  ʠ  ʫʩʣʦʚʠʷ ʦʩʪʘʥʦʚʘ "ʧʦ ʢʦʣʠʯʝʩʪʚʫ M 

ʟʘʧʠʩʘʥʥʳʭ ʢʘʜʨʦʚ"  ʧʦʚʪʦʨʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʩʪʘʨʪ ʥʝ ʪʨʝʙʫʝʪʩʷ, ʧʦʩʢʦʣʴʢʫ ʧʦʩʣʝ 

ʦʯʝʨʝʜʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʫʩʣʦʚʠʷ ʦʩʪʘʥʦʚʘ ʧʦʚʪʦʨʥʳʡ ʩʪʘʨʪ ʩʙʦʨʘ ʜʘʥʥʳʭ ʥʘʯʥʸʪʩʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ  ʧʦʩʣʝ ʥʦʚʦʛʦ ʚʳʧʦʣʥʝʥʠ ̫ʫʩʣʦʚʠʷ ʩʪʘʨʪʘ (ʪ.ʝ. ʬʘʢʪʠʯʝʩʢʠ 

ʤʥʦʛʦʢʨʘʪʥʳʡ ʟʘʧʫʩʢ ʧʦ ʫʩʣʦʚʠʶ).  ɼʣʷ ʜʨʫʛʠʭ ʫʩʣʦʚʠʡ ʩʪʘʨʪʘ ʧʨʦʰʠʚʢʘ FPGA 

2.00.05 ʠʜʝʥʪʠʯʥʘ ʧʨʦʰʠʚʢʝ  2.00.03. 

ʇʨʠʤʝʯʘʥʠʝ 2:  

ɺ ʙʫʜʫʱʠʭ ʚʝʨʩʠʷʭ ʧʨʦʰʠʚʦʢ FPGA ʪʝʭʥʠʯʝʩʢʠ ʚʦʟʤʦʞʥʦ ʚʚʝʩʪʠ 

ʧʨʦʛʨʘʤʤʥʦʝ ʫʧʨʘʚʣʝʥʠʝ  ʨʝʞʠʤʘʤʠ ʦʜʥʦʢʨʘʪʥʦʛʦ/ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʟʘʧʫʩʢʘ (ʚ 

ʢʦʥʪʝʢʩʪʝ ʧʨʠʤʝʯʘʥʠʷ.1)  ʧʦ ʣʶʙʦʤʫ ʩʧʝʮʠʬʠʯʝʩʢʦʤʫ ʫʩʣʦʚʠʶ ʩʪʘʨʪʘ ʧʦʩʣʝ 

ʦʩʪʘʥʦʚʘ "ʧʦ ʢʦʣʠʯʝʩʪʚʫ M ʟʘʧʠʩʘʥʥʳʭ ʢʘʜʨʦʚ". ʆʪʧʨʘʚʴʪʝ ʟʘʧʨʦʩ ʚ 

OOO ñʃ ʂʘʨʜò, ʝʩʣʠ ʜʣʷ ʨʝʰʝʥʠʷ ɺʘʰʝʡ ʟʘʜʘʯʠ ʧʦʜʦʙʥʳʡ ʨʝʞʠʤ ʥʝʦʙʭʦʜʠʤ. 

 

 

ʅʘʛʣʷʜʥʘʷ ʠʣʣʶʩʪʨʘʮʠʷ ʨʝʞʠʤʘʤ ʩʠʥʭʨʦʥʠʟʘʮʠʠ  ʧʨʠʚʝʜʝʥʘ ʥʘ ʜʠʘʛʨʘʤʤʘʭ E20-10

(ʨʠʩ. 5-3). ʅʘ ʜʠʘʛʨʘʤʤʘʭ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʚʟʷʪ ʨʘʟʤʝʨ ʢʘʜʨʘ, ʨʘʚʥʳʡ 4, ʨʘʟʤʝʨ 

ʤʝʞʢʘʜʨʦʚʦʡ ʟʘʜʝʨʞʢʠ, ʨʘʚʥʳʡ 6-ʪʠ ʧʝʨʠʦʜʘʤ ʯʘʩʪʦʪʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ɸʎʇ, ʢʘʜʨ ʥʘʩʪʨʦʝʥ 

ʥʘ  ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʦʧʨʦʩ ʚʩʝʭ 4-ʭ ʢʘʥʘʣʦʚ. ʇʨʠ ʪʘʢʠʭ ʥʘʩʪʨʦʡʢʘʭ ʯʘʩʪʦʪʘ ʦʮʠʬʨʦʚʢʠ 

ʜʘʥʥʳʭ ʧʦ ʢʘʞʜʦʤʫ ʢʘʥʘʣʫ ɸʎʇ ʩʦʩʪʘʚʠʪ 
10

1
ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʯʘʩʪʦʪʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ɸʎʇ. 

ʅʘ ʚʝʨʭʥʝʡ ʜʠʘʛʨʘʤʤʝ (ʨʠʩ. 5-3) ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥ ʦʙʱʠʡ ʩʣʫʯʘʡ ʧʨʠʤʝʥʝʥʠʷ ʚʩʝʭ 

ʚʦʟʤʦʞʥʳʭ ʫʩʣʦʚʠʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ (ʢʨʦʤʝ ʫʩʣʦʚʠʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ "ʧʦ ʫʨʦʚʥʶ", ʢʦʪʦʨʳʝ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʪʜʝʣʴʥʦ). ɺ  ʨʝʚʠʟʠʠ ɸ ʙʳʣ ʚʦʟʤʦʞʝʥ ʧʨʦʛʨʘʤʤʥʳʡ ʩʪʘʨʪ ʩʙʦʨʘ E20-10

ʜʘʥʥʳʭ (ʠʣʠ ʧʦ ʧʝʨʝʧʘʜʫ ʩʠʛʥʘʣʘ START), ʧʨʠ ʵʪʦʤ, ʜʘʥʥʳʝ ʧʦʩʣʝ ʩʪʘʨʪʘ ʙʝʟʫʩʣʦʚʥʦ 

ʟʘʧʠʩʳʚʘʣʠʩʴ ʚ ʙʫʬʝʨ FIFO ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʩ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ ʥʝ ʙʫʜʝʪ ʧʦʜʘʥ ʧʨʦʛʨʘʤʤʥʳʡ 

ʦʩʪʘʥʦʚ ʩʙʦʨʘ ʜʘʥʥʳʭ (ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʛʨʘʥʠʮ ʢʘʜʨʘ). ɺ  ʨʝʚʠʟʠʡ ɺ-ʉ ʩʪʘʣʠ ʪʘʢʞʝ E20-10

ʚʦʟʤʦʞʥʳ ʥʘʩʪʨʦʡʢʠ ʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ ʟʘʧʠʩʠ ʧʦ ʧʝʨʝʧʘʜʫ ʩʠʛʥʘʣʘ, ʥʘʧʨʠʤʝʨ, ʢʘʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʜʠʘʛʨʘʤʤʝ, ʚ 3-ʝʤ ʢʘʥʘʣʝ ɸʎʇ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʧʦʢʘ ʥʝ ʚʳʧʦʣʥʠʪʴʩʷ ʫʢʘʟʘʥʥʦʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʫʩʣʦʚʠʝ, ʢʘʜʨʳ ʥʝ ʙʫʜʫʪ ʧʦʧʘʜʘʪʴ ʚ ʙʫʬʝʨ FIFO (ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʝ ʙʫʜʫʪ 

ʧʦʧʘʜʘʪʴ ʚ USB). ʂʘʢ ʪʦʣʴʢʦ ʫʩʣʦʚʠʝ ʚʳʧʦʣʥʠʪʴʩʷ ʚ ʪʝʢʫʱʝʤ ʢʘʜʨʝ, ʜʘʥʥʳʝ, ʥʘʯʠʥʘʷ ʩʦ 

ʩʣʝʜʫʶʱʝʛʦ ʢʘʜʨʘ, ʧʦʣʴʶʪʩʷ ʚ FIFO ʠ ʤʦʛʫʪ ʙʳʪʴ ʦʪʢʘʯʝʥʳ ʧʦ USB. ʅʝʟʘʚʠʩʠʤʦ ʠʣʠ ʚ 

ʢʘʯʝʩʪʚʝ ʚʪʦʨʦʛʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʫʩʣʦʚʠʷ ʚ ʨʝʚʠʟʠʷʭ ɺ-ʉ ʤʦʞʝʪ ʙʳʪʴ ʧʦʩʪʘʚʣʝʥ ʟʘʧʨʝʪ 

ʧʝʨʝʜʘʯʠ ʚ ʙʫʬʝʨ FIFO ʟʘʜʘʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʘʜʨʦʚ ʦʪ ʥʘʯʘʣʘ ʩʙʦʨʘ ʜʘʥʥʳʭ.  



 

 

ʂʨʦʤʝ ʘʩʠʥʭʨʦʥʥʦʡ ʧʨʦʛʨʘʤʤʥʦʡ ʦʩʪʘʥʦʚʢʠ ʩʙʦʨʘ ʜʘʥʥʳʭ, ʚ ʨʝʚʠʟʠʷʭ ɺ-ʉ 

ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʪʘʢʞʝ ʦʩʪʘʥʦʚʢʘ ʧʦ ʬʘʢʪʫ ʩʙʦʨʘ ʟʘʜʘʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʘʜʨʦʚ, ʧʨʠ ʵʪʦʤ, 

ʛʨʘʥʠʮʘ ʦʩʪʘʥʦʚʢʠ ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʢʦʥʮʫ ʧʦʩʣʝʜʥʝʛʦ ʩʦʙʨʘʥʥʦʛʦ ʢʘʜʨʘ. ʕʪʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʬʘʢʪʠʯʝʩʢʠ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʠʪʴ ʩʪʘʨʪ-ʩʪʦʧʥʳʡ ʨʝʞʠʤ ʩʙʦʨʘ ʜʘʥʥʳʭ ʧʦ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʥʦʤʫ ʨʝʞʠʤʫ ʩʪʘʨʪʘ (ʦʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ ʥʘ ʧʨʠʤʝʯʘʥʠʷ ʢ  

ʪʘʙʣ. 5-5 ʦ ʚʦʟʤʦʞʥʦʩʪʷʭ ʦʜʥʦʢʨʘʪʥʦʛʦ ʠ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʟʘʧʫʩʢʘ). 

ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚ ʧ. 5.2 ʠ ʢʘʢ ʦʪʦʙʨʘʞʝʥʦ ʥʘ ʜʠʘʛʨʘʤʤʘʭ, ʧʦʚʝʜʝʥʠʝ ʩʠʛʥʘʣʘ 

START ʚ ʩʣʫʯʘʝ ʝʛʦ ʥʘʩʪʨʦʡʢʠ ʥʘ ʚʳʭʦʜ ("ʚʝʜʫʱʠʡ"), ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʫʩʣʦʚʠʡ ʟʘʧʫʩʢʘ. 

ʅʘ ʥʠʞʥʝʡ ʜʠʘʛʨʘʤʤʝ (ʨʠʩ. 5-3) ʧʦʢʘʟʘʥ ʨʝʞʠʤ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʩʙʦʨʘ ʜʘʥʥʳʭ ʧʦ 

ʫʨʦʚʥʶ ʩʠʛʥʘʣʘ (ʚʳʰʝ ʠʣʠ ʥʠʞʝ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʧʦʨʦʛʘ) ʚ ʚʳʙʨʘʥʥʦʤ (ʥʘ ʜʠʘʛʨʘʤʤʝ ï  

ʥʘ 3-ʝʤ) ʬʠʟʠʯʝʩʢʦʤ ʢʘʥʘʣʝ ɸʎʇ (ʪʦʣʴʢʦ ʚ ʨʝʚ. ɺ-ʉ). ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʨʠʩ. 5-2, ʩʨʘʚʥʝʥʠʝ  

ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʩ ʢʘʣʠʙʨʦʚʘʥʥʳʤ ʟʥʘʯʝʥʠʝʤ ʩʵʤʧʣʘ, ʧʦʩʢʦʣʴʢʫ 

ʣʦʛʠʢʘ ʢʘʣʠʙʨʦʚʢʠ ʜʘʥʥʳʭ ʚ  ʨʝʚ. ɺ-ʉ ʩʪʦʠʪ ʧʝʨʝʜ ʣʦʛʠʢʦʡ ʨʘʟʨʝʰʝʥʠʷ ʟʘʧʠʩʠ ʚ E20-10

ʙʫʬʝʨ FIFO. ʃʦʛʠʢʘ ʵʪʦʛʦ ʨʝʞʠʤʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʦʩʥʦʚʘʥʘ ʣʦʛʠʢʝ ʨʘʟʨʝʰʝʥʠʷ ʟʘʧʠʩʠ 

ʜʘʥʥʳʭ ʚ ʙʫʬʝʨ FIFO, ʧʨʠ ʵʪʦʤ, ʩʪʘʨʪ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʫʟʣʘ ɸʎʇ (ʩʦʚʤʝʩʪʥʦ ʩ ʣʦʛʠʢʦʡ 

ʫʧʨʘʚʣʷʶʱʝʡ ʪʘʙʣʠʮʳ) ʜʘʸʪʩʷ ʟʘʨʘʥʝʝ, ʠ ʘʥʘʣʠʟ ʟʥʘʯʝʥʠʡ ʩʵʤʧʣʦʚ ɸʎʇ ʦʪ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʢʘʥʘʣʘ ʘʧʧʘʨʘʪʫʨʘ  ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʝʨʝʜ ʟʘʧʠʩʴʶ E20-10

ʜʘʥʥʳʭ ʚ ʙʫʬʝʨ FIFO. ʇʦʢʘ ʫʩʪʘʥʦʚʣʝʥʥʦʝ ʟʘʨʘʥʝʝ  ʫʩʣʦʚʠʝ ʟʘʧʠʩʠ ʥʝ ʚʳʧʦʣʥʠʪʴʩʷ 

(ʪʘʙʣ. 5-4),  ʙʫʜʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʦʞʠʜʘʥʠʷ. ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠ ̫ʚ ʪʝʢʫʱʝʤ E20-10

ʢʘʜʨʝ ʫʩʣʦʚʠʷ ʟʘʧʠʩʠ ʙʫʬʝʨ FIFO ʥʘʯʥʸʪ ʥʘʧʦʣʥʷʪʴʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʫʩʣʦʚʠʝ ʟʘʧʠʩʠ "ʧʦ 

ʫʨʦʚʥʶ" ʚʳʧʦʣʥʷʶʪʩʷ. ʇʨʠ ʥʝʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʷ ʟʘʧʠʩʴ ʙʫʜʝʪ ʧʨʠʦʩʪʘʥʦʚʣʝʥʘ ʜʦ ʪʝʭ ʧʦʨ, 

ʧʦʢʘ ʫʩʣʦʚʠʝ "ʧʦ ʫʨʦʚʥʶ" ʥʝ ʙʫʜʝʪ ʚʳʧʦʣʥʝʥʦ ʚʥʦʚʴ, ʠʣʠ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʙʫʜʝʪ ʧʦʜʘʥʘ 

ʧʨʦʛʨʘʤʤʥʘʷ ʢʦʤʘʥʜʘ ʦʩʪʘʥʦʚʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʞʠʤʝ ʩʠʥʭʨʦʥʠʟʘʮʠʠ  "ʧʦ ʫʨʦʚʥʶ" ʚ 

ʙʫʬʝʨʝ FIFO ʦʢʘʟʳʚʘʶʪʩʷ ʦʪʩʝʣʝʢʪʠʨʦʚʘʥʥʳʝ ʧʦ ʫʨʦʚʥʶ ʫʯʘʩʪʢʠ ʩʠʛʥʘʣʦʚ ʧʦ ʚʳʙʨʘʥʥʦʤʫ  

ʥʦʤʝʨʫ ʩʠʥʭʨʦʥʠʟʠʨʫʶʱʝʛʦ ʢʘʥʘʣʘ ʠ, ʚʤʝʩʪʝ ʩ ʥʠʤʠ,  ʜʘʥʥʳʝ ʦʪ ʜʨʫʛʠʭ  ʬʠʟʠʯʝʩʢʠʭ 

ʢʘʥʘʣʦʚ, ʧʨʦʧʠʩʘʥʥʳʭ ʚ ʢʘʜʨʝ.  ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʩʝ ʵʪʠ ʜʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ ʦʪʢʘʯʝʥʳ ʚ 

ʢʦʤʧʴʶʪʝʨ ʧʦ ʤʝʨʝ ʠʭ ʧʦʩʪʫʧʣʝʥʠʷ ʚ ʙʫʬʝʨ FIFO  . E20-10

ʇʨʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ "ʧʦ ʫʨʦʚʥʶ" ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʘ ʚ  ʨʝʚ. ɺ-ʉ ʜʣʷ ʧʨʦʛʨʘʤʤʥʦʛʦ E20-10

ʨʘʟʣʠʯʝʥʠʷ ʛʨʘʥʠʮ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʜʘʥʥʳʭ ʙʳʣ ʚʚʝʜʸʥ ʤʝʭʘʥʠʟʤ ʤʘʨʢʠʨʦʚʘʥʠʷ ʧʝʨʚʦʛʦ 

ʩʵʤʧʣʘ ʥʝʧʨʝʨʳʚʥʦʛʦ ʫʯʘʩʪʢʘ ʜʘʥʥʳʭ, ʧʦʣʫʯʘʝʤʦʛʦ ʦʪ(ʨʠʩ. 5-2).  ɽʩʣʠ ʨʝʞʠʤ  E20-10  

ʤʘʨʢʝʨʘ ʚʢʣʶʯʸʥ, ʪʦ  ʚ ʧʝʨʚʳʡ ʩʵʤʧʣ ʢʘʞʜʦʛʦ ʥʝʧʨʝʨʳʚʥʦʛʦ ʫʯʘʩʪʢʘ ʜʘʥʥʳʭ ʚʩʪʘʚʣʷʝʪʩʷ 

ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʣʦʛʠʯʝʩʢʠʡ ʧʨʠʟʥʘʢ, ʧʦʟʚʦʣʷʶʱʠʡ ʥʘ ʚʝʨʭʥʝʤ ʧʨʦʛʨʘʤʤʥʦʤ ʫʨʦʚʥʝ 

ʨʘʟʣʠʯʠʪʴ ʥʘʯʘʣʦ ʦʯʝʨʝʜʥʦʛʦ ʥʝʧʨʝʨʳʚʥʦʛʦ ʫʯʘʩʪʢʘ ʜʘʥʥʳʭ. ʉʧʦʩʦʙ ʧʨʝʜʩʪʘʚʣʝʥʠʷ  ʤʘʨʢʝʨʘ 

ʚ ʬʦʨʤʘʪʝ ʜʘʥʥʳʭ ʨʝʚ. ɺ-ʉ ʦʙʲʷʩʥʸʥ  ʚ ʧ. 5.2.3.  E20-10 

 

 



 

E20-10  ʈʫʢʦʚʦʜʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʷ  

1 2 3 4 1 2 3 4

˾͔͊ͣͪ͘ 
͊͒ͪ͊͟

˾͔͊ͣͪ͘ 
͔ͣ ͍͗͊͒ͪͦͦ͟  ͚
͔͊͒ͪ͗͘ ͙͟ 

1 2 3 4 1 2 3 4

˭͔͊ͨͪͭ ͔ͨ ͔ͪ͒͊;͙ 
͎͊͒͊ͤͤͦ͘  ͦͦ͟ ͙͡;͔͍ͫͭ ͊

  ͟ ͊͒ͪͦ  ͍ͭͦ  ͤ͊ ;͊͊͡
 ͫ ͋ͦͪ͊ ͒͊ ͤͤ·ͻ 

(͔ͪ .͍ ʕ -C)

2 3 4 1 2 3 4 1 2 3 4

˴͙ͦ͡;͔͍ͫͭ  ͦ͊͟ ͍͒ͪͦ, ͘ ͙͊ͨͫ͊ͤ ·ͤͻ ͍ ͋ͯ ͺ͔ͪ

˻͍ͫͭ͊ͤͦ͟  ͊͊ͤ  
͎ͪ͊ͤ ͼ͙͔ ͊͟ ͒ͪ͊
ͨͦ ͦ͟ ͙͡;͔͍ͫͭ  ͯ
͍͊͒ͪͦ͟, 
͙͊ͨͫ͊ͤͤ͘·ͻ ͍ ͋ͯ ͺ͔  ͪ
(͔ͪ .͍ ʕ -C) ͙ ͙͡ 
͎ͨͪͦͪ͊ͣͣ ͤ͊Ύ 
͙͊ͫͤͻͪͦͤͤ͊Ύ 
͍ͦͫͭ͊ͤͦ͟  ͊
(͔ͪ .͍ A-C)

˻͗ ͙͙͔͒͊ͤ ͍·ͨ ͔͙ͦͤͤ͡Ύ 
͙͔͒ͦͨͦͤͭ͡͡Έ͎ͤͦ  ͍͙ͦͫͯͦ͡Ύ 
͎͍͚͊ͤ͊ͦͦͦ͡ ͙ͫ ͻ͙ͤͪͦͤ͘ ͼ͙͊  ͙
ͫͭ͊ ͪͭ  ͊ͦͨ  ͔ͨ ͔ͪͨ͊͒ͯ ͙ͫ ͎ͤ͊͊͡
(͔ͪ .͍ ʕ -C)

˿ͭ͊ͪ  ͭ̇s  ˽
(͎ͨͪͦͪ͊ͣͣ ·͚ͤ  ͙͡  ͙ͦͨ  
͔͔ͨͪͨ͊͒ͯ ͙ͫ ͎ͤ͊͡  ͊START 
 ͍͔ͪ ͙͗ ͔ͣ "͍͔͒ͦ ·͚ͣ "), 
͔ͪ .͍ -sC

˽͔͙ͪͦ͒ 
;͊ͫͭͦ ·ͭ 
ˢ̇˽

˶͎͙ͦ;͔͙͚ͫ͟ ͯͪ ͍͔ͦͤΈ 
·͍ͻ͎ͦ͒ͤͦ  ͦ ͙ͫ ͎ͤ͊͡  ͊

START (  ͍͔ͪ ͙͗ ͔ͣ 
"͍͔͒ͯ΅͙ "͚), ͪ ͔͍. -sC

0 1 0

ˤͫ  ͔͔ͪ͗ ͙ͣ · ͙ͫͤ ͻͪ ͦͤ ͙͘ ͼ͙͊  ͙( ͪ͟ ͦͣ  ͔͔ͪ͗ ͙ͣ ͍ͦ  " ͨͦ  ͯͪͦ ͍ͤ Ό" )

1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4

˽͔ͪͪ·͍͙͔͊ͤ ͙͙͊ͨͫ͘  ͤ͊  
͎ͪ͊ͤ ͼ͙͔ ͊͟ ͒ͪ  ͊(͒ͦ 
͔ͫ͒͡ Όͯ̈́ ͔͎ͦ  ͍·ͨ ͔͙ͦͤͤ͡Ύ 
͍͙ͯͫͦ͡Ύ άͨ  ͦͪͯ ͍ͦ Όͤέ) ͙ ͙͡ 
͎ͨͪͦͪ͊ͣͣ ͤ͊Ύ 
͙͊ͫͤͻͪͦͤͤ͊Ύ ͦͫ ͍ͭ͊ͤͦ͊͟

˻͗ ͙͙͔͒͊ͤ ͍·ͨ ͔͙ͦͤͤ͡Ύ 
͙͔͒ͦͨͦͤͭ͡͡Έ͎ͤͦ  ͍͙ͦͫͯͦ͡Ύ 
͎͍͚͊ͤ͊ͦͦͦ͡ ͙ͫ ͻ͙ͤͪͦͤ͘ ͼ͙͊  ͙
ͫͭ͊ ͪͭ  ͊άͨ  ͦͪͯ ͍ͦ Όͤ"
 (͔ͪ .͍ ʕ -C)

˿ͭ͊ͪ  ͭ̇s  ˽
(͎ͨͪͦͪ͊ͣͣ ·͚ͤ 
͙͡  ͙ͦͨ  ͔ͨ ͔ͪͨ͊͒ͯ 
͙͎ͫͤ͊͡  ͊START ͍  
͔͙ͪ͗ ͔ͣ 
"͍͔͒ͦ ·͚ͣ ")

˶͎͙ͦ;͔͙͚ͫ͟ 
͍͔ͯͪͦͤΈ 
·͍ͻ͎ͦ͒ͤͦ  ͦ 
͙͎ͫͤ͊͡  ͊
START (  ͍
͔͙ͪ͗ ͔ͣ 
"͍͔͒ͯ΅͙ "͚)

0 1 0

1 2 3 4 1 2 3 4

˭͙͊ͨ Έͫ ͍ ͋ͯ ͺ͔ .ͪ 

ʈʝʞʠʤ ʧʦ ʫʨʦʚʥ̫ ʤ ʩʠʛʥʘʣʘ ʚ ʚr ʙʨʘʥʥʦʤ ʢʘʥʘʣʝ ɸʎʇ (ʨʝʚ.  ɺ- C )

11

˽͙ͪ Ύͤͭ ·  ͔ͦ ͋ͦ ͤ͘ ;͔͊ ͙ͤ Ύ:

Ή˿ͣͨ͡ ͦͭ  ͯ͟ ͊͊ͤ͘-
͎ͤͦͦ ͙͘ͅ ;͙͔͎ͫͦ͟  ͦ
͊ͤ͊͊͟͡ ṡ  ˽͔ͤ  
͔͔ͨͪ͒͊  ͍ͤ ͋ͯ ͺ͔  ͪ
FIFO. 

Ή˿ͣͨ͡ ͦͭ  ͯ͟ ͎͊͊ͤͤͦͦ͘ 
ͺ͙͙͘;͔͎ͫͦ͟  ͦ͊͟ ͤ͊͊͡ 
ˢ̇  ˽͔ͨ ͔ͪ͒͊  ͍ͤ 
͋ͯͺ͔  ͪFIFO. 

˸͔͍͗͊͒ͪͦ͟ Ύ͊ 
͔͊͒ͪ͗͘ ͊͟ 
͙͔͒ͭ͡͡Έͤͦͫ ΈͭΌ
1 ͨ ͔͙ͪͦ  ͒;͊ͫͭͦ ·ͭ 
ˢ̇  ˽

˨ͦ ͙͔ͨͦͤͭ͡͡Έ͔ͤͦ 
͍͙ͯͫͦ͡  ͔άͨ  ͦͪͯ ͍ͦ Όͤέ 
·͍ͨ ͔ͦͤͤͦ͡. ˭ ͙͊ͨͫΈ 
ͤ͊;͖ͤͭ Ύͫ ͫͦ  ͫ͡ ͔͒ Όͯ̈́ ͔͎ͦ  
͊͒ͪ͟ .͊

˨ͦ .ͨ ͯ ͍͙͔ͫͦ͡ "ͨͦ 
͍ͯͪͦ Όͤ" ͤ  ͔͍·ͨ ͔ͦͤͤͦ͡. 
˭͙͊ͨ Έͫ ͨͪ ͔͍͖ͪͭͫΎ ͨͦ ͫ͡  ͔
ͦͦͤ͟;͙͊ͤΎ ͔ͭͯ͟΅͔ ͎ͦ 
͊͒ͪ͊͟

1 2 3 4 2 3 41 2 3 4

˻͗ ͙͙͔͒͊ͤ ͍·ͨ ͔͙ͦͤͤ͡Ύ 
͙͔͒ͦͨͦͤͭ͡͡Έ͎ͤͦ  ͍͙ͦͫͯͦ͡Ύ 
͎͍͚͊ͤ͊ͦͦͦ͡ ͙ͫ ͻ͙ͤͪͦͤ͘ ͼ͙͊  ͙
ͫͭ͊ ͪͭ  ͊άͨ  ͦͪͯ ͍ͦ Όͤ" 

˨ͦ ͙͔ͨͦͤͭ͡͡Έ͔ͤͦ 
͍͙ͯͫͦ͡  ͔άͨ  ͦͪͯ ͍ͦ Όͤέ 
·͍ͨ ͔ͦͤͤͦ͡. ˭ ͙͊ͨͫΈ 
ͤ͊;͖ͤͭ Ύͫ ͫͦ  ͫ͡ ͔͒ Όͯ̈́ ͔͎ͦ  
͊͒ͪ͟ .͊

˽ͦͫ͡  ͔ͪͨ ͎ͦͪ͊ͣͣ ͤͦ  ͚
͍ͦͫͭ͊ͤͦ͟  ͙

1

1

Ή˿ͣͨ͡ ͦͭ  ͯ͟ ͎͊͊ͤͤͦͦ͘ 
ͺ͙͙͘;͔͎ͫͦ͟  ͦ͊͟ ͤ͊͊͡ ṡ  ˽
͔͔ͨͪ͒͊  ͍ͤ ͋ͯ ͺ͔  ͪFIFO. 
Ή˿ͣͨ͡ ͫͦ ͔͒ͪ͗ ͙ͭ ͔ͣ͊ͪ͟  ͪ
͔͍͎ͨͪͦ  ͦ͊͟ ͒ͪ  ͊(͔͙ͫ͡ 
͔͙ͪ͗  ͔ͣͣ͊ͪͪ͊͟ ͍͟ Ό͡;͖ )ͤ

1

˭͙͊ͨ Έͫ ͍ ͋ͯ ͺ͔ .ͪ 

 
 

ʈʠʩ. 5-3 ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʣʦʛʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʧʧʘʨʘʪʫʨʳ  E20-10

 



 

 

5.2.3. ʌʦʨʤʘʪ ʜʘʥʥʳʭ  E20-10

ʌʦʨʤʘʪ ʜʘʥʥʳʭ ʦʪ  ʚ ʥʦʨʤʘʣʴʥʦʤ ʨʝʞʠʤʝ (ʧʦ ʫʤʦʣʯʘʥʠʶ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ E20-10

16-ʙʠʪʥʳʝ ʮʝʣʳʝ ʯʠʩʣʘ ʩʦ ʟʥʘʢʦʤ (ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʢʦʜʝ) ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ -8192 ʜʦ +8191. 

ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʷʚʣʷʶʪʩʷ 14 ʤʣʘʜʰʠʭ ʙʠʪ, ʘ 2 ʩʪʘʨʰʠʭ ʙʠʪʘ ʩʦʜʝʨʞʘʪ 

ʨʘʩʰʠʨʝʥʥʳʡ ʟʥʘʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʦʜʘ. ɺ ʙʠʥʘʨʥʦʤ ʚʠʜʝ ʜʘʥʥʳʝ ʚʳʛʣʷʜʷʪ ʢʘʢ (ʩʣʝʚʘ 

ʠʟʦʙʨʘʞʸʥ 15-ʪʳʡ ʙʠʪ ʩʧʨʘʚʘ ï ʥʫʣʝʚʦʡ):  

sssXXXXXXXXXXXXX,  

ʛʜʝ s  ï ʨʘcʰʠʨʝʥʥʳʡ ʟʥʘʢ ʢʦʜʘ, X ï  ʨʘʟʨʷʜʳ ʢʦʜʘ 

ʅʝʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʜʚʫʭ ʩʪʘʨʰʠʭ ʙʠʪʦʚ ʢʦʜʘ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʤʘʥʠʧʫʣʷʮʠʠ ʠʭ 

ʟʥʘʯʝʥʠʝʤ ʚ ʩʧʝʮʠʘʣʴʥʳʭ ʩʣʫʯʘʷʭ, ʦʧʠʩʘʥʥʳʭ ʚ ʧʧ. 5.2.3.1, 5.2.3.2.  

ɼʘʥʥʳʝ ɸʎʇ ʬʠʟʠʯʝʩʢʠʭ ʢʘʥʘʣʦʚ ʩ 1-ʛʦ ʧʦ 4-ʳʡ ʧʝʨʝʜʘʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʟʥʘʯʝʥʠʷ ʢʦʜʘ (ʦʪ 0 ʜʦ 3, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʧʨʦʛʨʘʤʤʥʦ ʟʘʧʠʩʘʥʥʦʛʦ ʚ ʫʧʨʘʚʣʷʶʱʫʶ ʪʘʙʣʠʮʫ 

(ʨʠʩ. 5-2) ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʣʦʛʠʯʝʩʢʦʛʦ ʢʘʥʘʣʘ.  

5.2.3.1. ʂʦʜʠʨʦʚʘʥʠʝ ʧʨʠʟʥʘʢʘ ʧʝʨʝʛʨʫʟʢʠ ʨʘʟʨʷʜʥʦʡ 

ʩʝʪʢʠ E20-10ʨʝʚʠʟʠʠ ɸ   

ɺ ʨʝʚʠʟʠʠ ɸ ʧʨʠʤʝʥʝʥʦ ʩʣʝʜʫʶʱʝʝ ʢʦʜʠʨʦʚʘʥʠʝ ʧʨʠʟʥʘʢʘ ʧʝʨʝʛʨʫʟʢʠ E20-10 

ʨʘʟʨʷʜʥʦʡ ʩʝʪʢʠ (ʝʩʣʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʨʝʞʠʤ ʚʢʣʶʯʸʥ): ʝʩʣʠ ʧʝʨʝʛʨʫʟʢʠ ʥʝʪ, ʪʦ ʜʘʥʥʳʝ 

ʧʝʨʝʜʘʶʪʩʷ ʚ ʥʝʠʟʤʝʥʥʦʤ ʚʠʜʝ, ʝʩʣʠ ʝʩʪʴ ï ʜʘʥʥʳʝ ʧʝʨʝʜʘʶʪʩʷ ʩ ʠʥʚʝʨʪʠʨʦʚʘʥʥʳʤ 14-ʪʳʤ  

ʙʠʪʦʤ ʜʘʥʥʳʭ ġ:   

sġsXXXXXXXXXXXXX,  

 ʀʩʭʦʜʷ ʠʟ ʩʚʦʡʩʪʚ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʯʠʩʣʘ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʢʦʜʝ, ʧʦʜʦʙʥʘʷ ʠʥʚʝʨʩʠʷ  

14-ʪʦʛʦ ʙʠʪʘ ʚ ʣʶʙʦʤ ʩʣʫʯʘʝ ʚʳʟʦʚʝʪ ʚʳʭʦʜ ʧʦʣʫʯʠʚʰʝʛʦʩʷ ʟʥʘʯʝʥʠʷ 16-ʙʠʪʥʦʛʦ ʢʦʜʘ ʟʘ 

ʜʠʘʧʘʟʦʥ 

 -8192é+8191, ï ʵʪʦ ʠ ʷʚʣʷʝʪʩʷ ʧʨʦʛʨʘʤʤʥʦ ʨʘʟʣʠʯʠʤʳʤ ʧʨʠʟʥʘʢʦʤ ʥʘʣʠʯʠʷ ʧʝʨʝʛʨʫʟʢʠ.    

ɺ ʨʝʚʠʟʠʡ ɺ-ʉ ʧʨʠʟʥʘʢ ʧʝʨʝʛʨʫʟʢʠ ʨʘʟʨʷʜʥʦʡ ʩʝʪʢʠ ʚ ʬʦʨʤʘʪ ʜʘʥʥʳʭ ʥʝ E20-10 

ʚʩʪʘʚʣʷʝʪʩʷ (ʧ.  5.2.6). 

5.2.3.2. ʂʦʜʠʨʦʚʘʥʠʝ ʥʘʯʘʣʘ ʥʝʧʨʝʨʳʚʥʦʛʦ ʫʯʘʩʪʢʘ 

ʜʘʥʥʳʭ ʚ  ʨʝʚʠʟʠʡ ɺ-ʉ E20-10

ɺ ʨʝʚʠʟʠʷʭ ɺ-ʉ ʧʨʠʤʝʥʸʥ ʤʘʨʢʝʨ ʥʘʯʘʣʘ ʥʝʧʨʝʨʳʚʥʦʛʦ ʫʯʘʩʪʢʘ ʜʘʥʥʳʭ, E20-10 

ʢʦʪʦʨʳʡ ʢʦʜʠʨʫʝʪʩʷ ʫʩʪʘʥʦʚʢʦʡ ʟʥʘʯʝʥʠʷ "01" ʚ ʧʦʣʝ ʨʘʟʨʷʜʦʚ <15..14>, ʝʩʣʠ ʨʝʞʠʤ ʤʘʨʢʝʨʘ 

ʚʢʣʶʯʸʥ: 

01sXXXXXXXXXXXXX, 

ʊʘʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʤʘʨʢʝʨʘ ʜʘʸʪ ʧʨʦʩʪʦʡ ʢʨʠʪʝʨʠʡ ʝʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ  

ï  ɻ ʪʦ ʟʥʘʯʝʥʠʝ ʢʦʜʘ ʙʦʣʴʰʝ 8191. 

 

5.2.3.3. ʌʦʨʤʘʪ ʜʘʥʥʳʭ ʩʠʥʭʨʦʥʥʳʭ ʮʠʬʨʦʚʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʚʭʦʜʦʚ. 

ɺ ʧʨʦʰʠʚʢʝ FPGA 2.00.13 ʠ ʩʪʘʨʰʝ ʜʣʷ ʜʘʥʥʳʭ ʦʪ ʩʠʥʭʨʦʥʥʳʭ ʮʠʬʨʦʚʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʚʭʦʜʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʝ ʥʦʚʳʝ ʬʦʨʤʘʪʳ ʜʘʥʥʳʭ. 



 

E20-10  ʈʫʢʦʚʦʜʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʷ  

MMXXXXXXXXXXXXXX,  

ʛʜʝ MM ï ʤʘʨʢʝʨ ʥʘʯʘʣʘ ʥʝʧʨʝʨʳʚʥʦʛʦ ʫʯʘʩʪʢʘ ʜʘʥʥʳʭ (ʚ ʪʦʤ ʞʝ ʢʦʥʪʝʢʩʪʝ, ʯʪʦ ʠ ʚ 

ʧ. 5.2.3.2), X ï  ʨʘʟʨʷʜʳ ʢʦʜʘ ʜʘʥʥʳʭ <13:0> ʩʠʥʭʨʦʥʥʳʭ ʮʠʬʨʦʚʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ 

ʚʭʦʜʦʚ ʚ ʩʣʝʜʫʶʱʠʭ ʬʦʨʤʘʪʘʭ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʷ ʢʦʜʘ ʚ ʫʧʨʘʚʣʷʶʱʝʡ ʪʘʙʣʠʮʝ 

(ʨʠʩ. 5-2):  

¶ ʇʨʠ ʦʧʨʦʩʝ ʜʚʫʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʩʠʥʭʨʦʥʥʳʭ  ʮʠʬʨʦʚʳʭ ʢʘʥʘʣʘ ʩʦ 

ʚʭʦʜʦʚ  SYNC ʠ DI16/START ʢʘʥʘʣʘ (ʢʦʜ 4 ʚ ʫʧʨʘʚʣʷʶʱʝʡ ʪʘʙʣʠʮʝ) : 
<6:0>  ï  ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʜʘʥʥʳʝ ʩʦ ʚʭʦʜʘ SYNC ʦʪ ʤʣʘʜʰʝʛʦ ʙʠʪʘ ʢ ʩʪʘʨʰʝʤʫ 

(ʤʣʘʜʰʠʝ 6 ʙʠʪʦʚ Rg2 ʥʘ ʨʠʩ. 5-2). 

<13:7> ï  ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʜʘʥʥʳʝ ʩʦ ʚʭʦʜʘ DI16/START ʦʪ ʤʣʘʜʰʝʛʦ ʙʠʪʘ ʢ 

ʩʪʘʨʰʝʤʫ (ʤʣʘʜʰʠʝ 6 ʙʠʪʦʚ Rg1 ʥʘ ʨʠʩ. 5-2). 

¶ ʇʨʠ ʦʧʨʦʩʝ ʦʜʥʦʛʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʩʠʥʭʨʦʥʥʦʛʦ  ʮʠʬʨʦʚʦʛʦ ʢʘʥʘʣʘ ʩʦ 

ʚʭʦʜʘ  DI16/START ʢʘʥʘʣʘ (ʢʦʜ 5 ʚ ʫʧʨʘʚʣʷʶʱʝʡ ʪʘʙʣʠʮʝ): 
<13:0> ï  ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʜʘʥʥʳʝ ʩʦ ʚʭʦʜʘ DI16/START ʦʪ ʤʣʘʜʰʝʛʦ ʙʠʪʘ ʢ 

ʩʪʘʨʰʝʤʫ (14 ʙʠʪʦʚ Rg1 ʥʘ ʨʠʩ. 5-2). 

¶ ʇʨʠ ʦʧʨʦʩʝ ʦʜʥʦʛʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʩʠʥʭʨʦʥʥʦʛʦ  ʮʠʬʨʦʚʦʛʦ ʢʘʥʘʣʘ ʩʦ 

ʚʭʦʜʘ  SYNC ʢʘʥʘʣʘ (ʢʦʜ 6 ʚ ʫʧʨʘʚʣʷʶʱʝʡ ʪʘʙʣʠʮʝ): 
<13:0> ï  ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʜʘʥʥʳʝ ʩʦ ʚʭʦʜʘ SYNC ʦʪ ʤʣʘʜʰʝʛʦ ʙʠʪʘ ʢ ʩʪʘʨʰʝʤʫ (14 

ʙʠʪʦʚ Rg2 ʥʘ ʨʠʩ. 5-2). 

 

ʇʨʠʤʝʯʘʥʠʝ: ʟʥʘʯʝʥʠʷ ʤʣʘʜʰʠʭ ʙʠʪʦʚ ʩʜʚʠʛʦʚʳʭ ʨʝʛʠʩʪʨʦʚ Rg1, Rg2 ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʤʦʤʝʥʪʫ ʚʨʝʤʝʥʠ ʩʵʤʣʠʨʦʚʘʥʠʷ ɸʎʇ ʜʣʷ ʜʘʥʥʦʡ ʬʘʟʳ ʦʧʨʦʩʘ (ʝʩʣʠ ʙʳ ʚ ʵʪʦʡ ʬʘʟʝ 

ʙʳʣ ʦʧʨʦʩ ɸʎʇ), ʘ ʟʥʘʯʝʥʠʷ ʦʩʪʘʣʴʥʳʭ ʙʠʪʦʚ ï ʵʪʦ ñʠʩʪʦʨʠʷò ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʟʥʘʯʝʥʠʶ ʤʣʘʜʰʝʛʦ ʙʠʪʘ (ʧʦʜʨʦʙʥʝʝ ʦ ʨʘʙʦʪʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ï ʧ. 5.2.8). 

  

5.2.4. ɹʫʬʝʨ FIFO ʠ ʣʦʛʠʢʘ ʫʩʪʨʘʥʝʥʠʷ ʝʛʦ  
ʧʝʨʝʧʦʣʥʝʥʠʷ 

 ʠʤʝʝʪ ʥʘ ʙʦʨʪʫ 8 MB (16 MB) ʧʘʤʷʪʠ, ʚ ʢʦʪʦʨʦʡ ʦʨʛʘʥʠʟʦʚʘʥ ʙʫʬʝʨ FIFO. E20-10

ʊʘʢʦʡ ʛʣʫʙʠʥʳ ʙʫʬʝʨʘ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ, ʥʘʧʨʠʤʝʨ, ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʡ ʯʘʩʪʦʪʝ ʩʙʦʨʘ 10 ʄɻʮ 

(ʩ ʥʫʣʝʚʦʡ ʤʝʞʢʘʜʨʦʚʦʡ ʟʘʜʝʨʞʢʦʡ) ʩʢʦʤʧʝʥʩʠʨʦʚʘʪʴ 400 ʤʩ (800 ʤʩ) ʟʘʜʝʨʞʢʠ ʦʪʢʘʯʢʠ 

ʜʘʥʥʳʭ ʧʦ USB ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ ʢʦʤʧʴʶʪʝʨʘ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʵʪʦʛʦ 

ʚʨʝʤʝʥʠ  ʚʧʦʣʥʝ ʜʦʩʪʘʪʦʯʥʦ ʜʘʞʝ ʧʨʠ ʨʘʙʦʪʝ ʧʦʜ Windows (ʧʦʜ ʆʉ ʥʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ), 

ʧʨʠ ʩʨʝʜʥʝʡ ʟʘʛʨʫʟʢʝ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʦʩʪʘʣʴʥʳʤʠ ʧʨʠʣʦʞʝʥʠʷʤʠ, ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ 

ʷʚʥʦʡ ʥʝʭʚʘʪʢʠ ʨʝʩʫʨʩʦʚ ʢʦʤʧʴʶʪʝʨʘ (ʧʦʜʨʦʙʥʝʝ ʩʤ. ʈʫʢʦʚʦʜʩʪʚʦ ʧʨʦʛʨʘʤʤʠʩʪʘ [1]). 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʯʘʩʪʦʪʳ ʩʙʦʨʘ ʜʘʥʥʳʭ, ʧʨʠ ʥʘʩʪʨʦʡʢʝ ʥʘ ʥʝʥʫʣʝʚʫʶ 

ʤʝʞʢʘʜʨʦʚʫʶ ʟʘʜʝʨʞʢʫ ʤʘʢʩʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ ʦʪʢʘʯʢʠ ʜʘʥʥʳʭ ʙʫʜʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ  

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʫʤʝʥʴʰʝʥʠʶ ʪʨʘʬʠʢʘ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ ʢʦʤʧʴʶʪʝʨ. ʆʩʪʘʥʦʚʠʤʩʷ ʜʘʣʝʝ 

ʧʦʜʨʦʙʥʦ ʥʘ ʦʙʨʘʙʦʪʢʝ ʚʥʫʪʨʠ  ʩʘʤʦʡ ʩʠʪʫʘʮʠʠ ʧʝʨʝʧʦʣʥʝʥʠʷ ʙʫʬʝʨʘ. E20-10

ɺ   ʨʝʚʠʟʠʠ ɸ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʧʝʨʝʧʦʣʥʝʥʠʷ ʙʫʬʝʨʘ FIFO ʧʨʠʚʦʜʠʪ ʢ ʦʩʪʘʥʦʚʢʝ E20-10

ʩʙʦʨʘ ʜʘʥʥʳʭ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʛʨʘʤʤʝ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ ʧʝʨʝʟʘʧʫʩʪʠʪʴ   ʟʘʥʦʚʦ, E20-10

ʯʪʦ ʧʨʠʚʦʜʠʪ ʧʨʘʢʪʠʯʝʩʢʠ ʧʨʠʚʦʜʠʪ ʢ ʜʦʩʪʘʪʦʯʥʦ ʜʣʠʪʝʣʴʥʦʤʫ "ʚʳʧʘʜʘʥʠʶ"  ʠʟ E20-10

ʧʨʦʮʝʩʩʘ ʩʙʦʨʘ ʜʘʥʥʳʭ. ʋʢʘʟʘʥʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʙʳʣ ʫʯʪʸʥ ʚ  E20-10

ʨʝʚʠʟʠʷʭ ɺ-ʉ. ɿʜʝʩʴ ʚʚʝʜʝʥʘ ʩʧʝʮʠʘʣʴʥʘʷ ʘʧʧʘʨʘʪʥʘʷ ʣʦʛʠʢʘ ʫʩʪʨʘʥʝʥʠʷ ʧʝʨʝʧʦʣʥʝʥʠʷ 

ʙʫʬʝʨʘ FIFO ʥʘ ʬʦʥʝ ʥʝʧʨʝʢʨʘʱʘʶʱʝʛʦʩʷ ʩʙʦʨʘ ʜʘʥʥʳʭ. ʇʨʠ ʧʨʠʙʣʠʞʝʥʠʠ ʢ ʛʨʘʥʠʮʝ  8 ʄɺ 

(16 ʄɺ) ʥʘʢʦʧʣʝʥʥʳʭ ʚ FIFO ʜʘʥʥʳʭ  ʣʦʛʠʢʘ ʫʩʪʨʘʥʝʥʠʷ ʧʝʨʝʧʦʣʥʝʥʠʷ ʙʫʜʝʪ ʦʪʢʘʯʠʚʘʪʴ ʠʟ 

FIFO ʜʘʥʥʳʝ ʦʙʲʸʤʦʤ, ʢʨʘʪʥʳʤ ʨʘʟʤʝʨʫ ʢʘʜʨʘ ʠ ʤʠʥʠʤʘʣʴʥʦ ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʝʧʦʣʥʝʥʠʷ FIFO. ʕʪʠ ʦʪʢʘʯʝʥʥʳʝ ʚ ʘʚʘʨʠʡʥʦʤ ʧʦʨʷʜʢʝ ʜʘʥʥʳʝ 



 

 

ʚʳʙʨʘʩʳʚʘʶʪʩʷ ʠʟ ʧʦʪʦʢʘ ʜʘʥʥʳʭ, ʥʦ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʩʙʦʨ ʜʘʥʥʳʭ ʙʝʟ ʩʙʦʷ ʩʯʸʪʘ ʥʦʤʝʨʘ 

ʢʘʥʘʣʘ ʥʘ ʚʝʨʭʥʝʤ ʫʨʦʚʥʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʜʦʣʞʝʥ, ʧʦʩʢʦʣʴʢʫ ʨʘʟʤʝʨ ʦʪʙʨʦʰʝʥʥʳʭ ʜʘʥʥʳʭ 

ʚʩʝʛʜʘ ʢʨʘʪʝʥ ʨʘʟʤʝʨʫ ʢʘʜʨʘ. ʀʪʘʢ, ʚ   ʨʝʚʠʟʠʷʭ ɺ-ʉ ʧʝʨʝʧʦʣʥʝʥʠʝ ʙʫʬʝʨʘ FIFO E20-10

ʧʨʠʚʝʜʸʪ ʢ ʥʝʠʟʙʝʞʥʦʤʫ (ʚ ʵʪʦʡ ʩʠʪʫʘʮʠʠ) ʨʘʟʨʳʚʫ ʧʦʪʦʢʘ ʜʘʥʥʳʭ, ʥʦ, ʚ ʦʪʣʠʯʠʠ ʦʪ ʨʝʚʠʟʠʠ 

ɸ,  ʥʝ ʧʨʠʚʝʜʸʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʝʨʝʟʘʧʫʩʢʘʪʴ ʩʙʦʨ ʜʘʥʥʳʭ .  E20-10

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʦ ʚʩʝʭ ʨʝʚʠʟʠʷʭ  ʠʤʝʶʪʩʷ ʩʨʝʜʩʪʚʘ ʚʝʨʭʥʝʛʦ E20-10

ʧʨʦʛʨʘʤʤʥʦʛʦ ʫʨʦʚʥʷ ʜʣʷ ʩʠʛʥʘʣʠʟʘʮʠʠ ʬʘʢʪʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʝʨʝʧʦʣʥʝʥʠʷ ʙʫʬʝʨʘ FIFO, 

ʢʦʪʦʨʳʝ ʩʠʛʥʘʣʠʟʠʨʫʶʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʦ ʪʦʤ, ʯʪʦ ʧʦʪʦʢ ʜʘʥʥʳʭ ʦʪ  ʙʳʣ ʨʘʟʦʨʚʘʥ E20-10

(ʧʦʜʨʦʙʥʝʝ ʩʤ. ʈʫʢʦʚʦʜʩʪʚʦ ʧʨʦʛʨʘʤʤʠʩʪʘ [1]). 

5.2.5. ʂʦʨʨʝʢʪʠʨʦʚʢʘ ʧʦʢʘʟʘʥʠʡ (ʢʘʣʠʙʨʦʚʢʘ) 

ʄʦʜʫʣʴ  ʧʦʩʪʘʚʣʷʝʪʩʷ ʩ ʢʘʣʠʙʨʦʚʢʘʤʠ, ʟʘʧʠʩʘʥʥʳʤʠ ʚ OOO ñʃ ʂʘʨʜò. E20-10

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʘʣʠʙʨʦʚʦʯʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ (ʘ ʪʘʢʞʝ ʩʝʨʠʡʥʳʡ ʥʦʤʝʨ ʠʟʜʝʣʠʷ ʠ ʜʨʫʛʘʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ) ʟʘʧʠʩʘʥʳ ʚ Flash-ʧʘʤʷʪʠ ʢʦʥʪʨʦʣʣʝʨʘ AVR. 

ʂʘʣʠʙʨʦʚʦʯʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʭʨʘʥʷʱʠʝʩʷ ʚ Flash-ʧʘʤʷʪʠ AVR, ʧʦʟʚʦʣʷʶʪ ʫʯʝʩʪʴ 

ʩʤʝʱʝʥʠʝ ʠ ʦʰʠʙʢʠ ʰʢʘʣʳ (ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ) ʘʥʘʣʦʛʦʚʦʛʦ ʪʨʘʢʪʘ ʥʘ ʢʘʞʜʦʤ 

ʜʠʘʧʘʟʦʥʝ. 

ɺ ʨʝʚʠʟʠʠ ɸ ʤʦʜʫʣʷ ʧʨʦʮʝʜʫʨʘ ʣʠʥʝʡʥʦʡ ʢʦʨʨʝʢʮʠʠ ʜʘʥʥʳʭ (ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʢʘʣʠʙʨʦʚʦʯʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ, ʟʘʧʠʩʘʥʥʳʤʠ ʚ Flash-ʧʘʤʷʪʠ AVR) ʨʝʘʣʠʟʦʚʘʥʘ 

ʩʨʝʜʩʪʚʘʤʠ E20-10 ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ (ʚ ʢʦʤʧʴʶʪʝʨʝ), ʘ ʨʝʚʠʟʠʷʭ ɺ-ʉ ï ʩʨʝʜʩʪʚʘʤʠ FPGA 

ʚʥʫʪʨʠ . E20-10

ɺ ʦʙʝʠʭ ʨʝʚʠʟʠʷʭ, ʧʨʠ ʞʝʣʘʥʠʠ, ʤʝʭʘʥʠʟʤ ʢʘʣʠʙʨʦʚʢʠ ʤʦʞʥʦ ʥʝ ʠʩʧʦʣʴʟʦʚʘʪʴ, 

ʨʘʙʦʪʘʷ ʩ ʯʠʩʪʳʤʠ ʥʝʢʘʣʠʙʨʦʚʘʥʥʳʤʠ ʜʘʥʥʳʤʠ, ʥʦ ʩʣʝʜʫʝʪ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʨʘʟʙʨʦʩ ʧʦʢʘʟʘʥʠʡ ʨʘʟʥʳʭ ʵʢʟʝʤʧʣʷʨʦʚ ʤʦʜʫʣʝʡ  ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 5% ʰʢʘʣʳ.  E20-10

ʆʪʤʝʪʠʤ ʪʘʢʞʝ, ʯʪʦ ʚ  ʨʝʚʠʟʠʷʭ ɺ-ʉ ʘʨʠʬʤʝʪʠʢʘ ʣʠʥʝʡʥʦʡ ʢʘʣʠʙʨʦʚʢʠ ï E20-10

ʮʝʣʦʯʠʩʣʝʥʥʘʷ ʜʘʥʥʳʭ ɸʎʇ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʜʠʘʧʘʟʦʥʝ  ï8192é8191. ʂʘʣʠʙʨʦʚʦʯʥʳʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʚ ʧʨʦʮʝʩʩʝ  ʢʘʣʠʙʨʦʚʢʠ  ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ-ʠʟʛʦʪʦʚʠʪʝʣʝ ʟʘʜʘʶʪʩʷ ʪʘʢʠʤ E20-10

ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʢʨʘʡʥʠʝ ʪʦʯʢʠ ʢʘʞʜʦʛʦ ʚʭʦʜʥʦʛʦ ʧʦʜʜʠʘʧʘʟʦʥʘ ɸʎʇ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ 

ʢʘʣʠʙʨʦʚʘʥʥʳʤ ʟʥʘʯʝʥʠʷʤ ʢʦʜʘ Ñ8000. 

 

5.2.6. ʉʠʛʥʘʣʠʟʘʮʠʷ ʧʝʨʝʛʨʫʟʢʠ ʨʘʟʨʷʜʥʦʡ ʩʝʪʢʠ ɸʎʇ 

 

ʉʠʛʥʘʣ ʧʝʨʝʛʨʫʟʢʠ ʨʘʟʨʷʜʥʦʡ ʩʝʪʢʠ ɸʎʇ ʧʨʠʩʫʪʩʪʚʫʝʪ ʥʘ ʚʳʭʦʜʝ ʤʠʢʨʦʩʭʝʤʳ ɸʎʇ 

LTC2245, ʦʥ ʬʦʨʤʠʨʫʝʪʩʷ ʜʣʷ ʢʘʞʜʦʛʦ ʩʵʤʧʣʘ ɸʎʇ, ʠ ʵʪʦʪ ʩʠʛʥʘʣ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ  ʜʣʷ E20-10

ʩʠʛʥʘʣʠʟʘʮʠʠ ʵʪʦʡ ʧʝʨʝʛʨʫʟʢʠ. ɺ ʩʠʪʫʘʮʠʠ ʧʝʨʝʛʨʫʟʢʠ ʥʝʢʘʣʠʙʨʦʚʘʥʥʳʡ ʢʦʜ ɸʎʇ ʧʨʠʥʠʤʘʝʪ ʦʜʥʦ ʠʟ 

ʢʨʘʡʥʠʭ ʟʥʘʯʝʥʠʡ  -8192 ʠʣʠ 8191 ï  ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʢʘ ʧʦʜʘʥʥʦʛʦ ʚʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʭʦʜ 

ɸʎʇ. 

ʆʩʦʙʦ ʧʦʜʯʝʨʢʥʸʤ, ʯʪʦ ʚ  ʬʠʢʩʠʨʫʝʪʩʷ ʥʝ ʧʨʠʟʥʘʢ ʧʝʨʝʧʦʣʥʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ E20-10

ʚʭʦʜʥʦʛʦ ʧʦʜʜʠʘʧʘʟʦʥʘ ɸʎʇ, ʘ ʧʨʠʟʥʘʢ ʚʳʭʦʜʘ ʫʨʦʚʥʷ ʩʠʛʥʘʣʘ ʟʘ ʟʥʘʯʝʥʠʝ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ 

ʧʦʜʜʠʘʧʘʟʦʥʘ ɸʎʇ, ʢʦʪʦʨʦʝ ʧʨʠʚʝʣʦ ʢ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʢʦʨʨʝʢʪʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʵʪʦʛʦ ʫʨʦʚʥʷ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʠʟ-ʟʘ ʧʨʝʚʳʰʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʛʨʘʥʠʮ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ.     

ɺ  ʨʝʚʠʟʠʠ ɸ ʧʨʠʟʥʘʢ ʧʝʨʝʛʨʫʟʢʠ ʨʘʟʨʷʜʥʦʡ ʩʝʪʢʠ ɸʎʇ, ʧʨʠ ʚʢʣʶʯʝʥʠʠ E20-10

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʨʝʞʠʤʘ, ʧʦʜʤʝʰʠʚʘʝʪʩʷ ʚ 16-ʙʠʪʥʳʡ ʚʳʭʦʜʥʦʡ ʬʦʨʤʘʪ ʜʘʥʥʳʭ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʯʪʦ ʧʨʠ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʧʝʨʝʛʨʫʟʢʝ ʙʫʜʝʪ ʚʳʜʘʥ ʢʦʜ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ 8191, ʘ ʧʨʠ 

ʦʪʨʠʮʘʪʝʣʴʥʦʡ  ï ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ -8192. ʇʨʠ ʵʪʦʤ, ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ, ʯʪʦ ʥʘ ʚʝʨʭʥʝʤ ʫʨʦʚʥʝ, ʝʩʣʠ 

ɺʳ ʧʨʦʛʨʘʤʤʥʦ ʚʢʣʶʯʘʝʪʝ ʧʨʠʟʥʘʢ ʧʝʨʝʛʨʫʟʢʠ, ʪʦ ʩʣʫʯʘʠ ʧʨʝʚʳʰʝʥʠʷ ʜʠʘʧʘʟʦʥʘ -8192...8191 ɺʳ 



 

E20-10  ʈʫʢʦʚʦʜʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʷ  

ʜʦʣʞʥʳ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ ʧʝʨʝʛʨʫʟʢʠ, ʘ ʧʝʨʝʜ ʦʙʨʘʙʦʪʢʦʡ ʦʮʠʬʨʦʚʘʥʥʦʛʦ 

ʩʠʛʥʘʣʘ ʚ ʩʚʦʝʡ ʧʨʦʛʨʘʤʤʝ ɺʳ ʜʦʣʞʥʳ ʦʛʨʘʥʠʯʠʪʴ ʜʠʘʧʘʟʦʥ ʜʘʥʥʳʭ ʜʦ -8192...8191. ɺ ʩʣʫʯʘʝ 

ʧʨʠʤʝʥʝʥʠʷ ʥʘ ʚʝʨʭʥʝʤ ʫʨʦʚʥʝ ʙʠʙʣʠʦʪʝʯʥʦʡ ʬʫʥʢʮʠʠ ʢʘʣʠʙʨʦʚʢʠ ʜʘʥʥʳʭ ɸʎʇ, ʚʳʰʝʠʟʣʦʞʝʥʥʳʡ 

ʧʨʠʥʮʠʧ ʚʳʜʝʣʝʥʠʷ ʧʨʠʟʥʘʢʘ ʧʝʨʝʛʨʫʟʢʠ ʥʝ ʤʝʥʷʝʪʩʷ, ʩ ʪʦʡ ʣʠʰʴ ʨʘʟʥʠʮʝʡ, ʯʪʦ ʢ ʚʳʭʦʜʥʳʤ ʜʘʥʥʳʤ 

 ʧʨʠʤʝʥʷʝʪʩʷ ʬʫʥʢʮʠʷ ʣʠʥʝʡʥʦʡ ʢʘʣʠʙʨʦʚʢʠ ʜʘʥʥʳʭ. E20-10

ɺ ʨʝʚʠʟʠʷʭ ɺ-ʉ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ  ʧʦʣʥʦʩʪʴʶ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʧʦʜʤʝʰʠʚʘʥʠʷ ʧʨʠʟʥʘʢʘ 

ʧʝʨʝʛʨʫʟʢʠ ʚ ʧʦʪʦʢ ʜʘʥʥʳʭ, ʘ ʧʦʢʘʥʘʣʴʥʫ  ʁʩʠʛʥʘʣʠʟʘʮʠ ʁʧʝʨʝʛʨʫʟʢʠ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʧʦʩʨʝʜʩʪʚʦʤ ʢʘʥʘʣʘ control pipe ʠʥʪʝʨʬʝʡʩʘ USB ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʙʠʙʣʠʦʪʝʯʥʳʭ 

ʬʫʥʢʮʠʡ. ʇʨʠ ʵʪʦʤ, ʤʝʭʘʥʠʟʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʟʘʧʨʦʩʘ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʘʥʥʳʭ ʠʟ 

 ʨʝʚʠʟʠʡ ɺ-ʉ ʩʦʛʣʘʩʦʚʘʥ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʧʨʦʛʨʘʤʤʥʳʤ ʧʨʠʟʥʘʢʦʤ ʥʘʣʠʯʠʷ E20-10

ʧʝʨʝʛʨʫʟʢʠ ʚ ʟʘʧʨʦʰʝʥʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʜʘʥʥʳʭ. 

5.2.7. ʆʧʮʠʦʥʘʣʴʥʳʡ ʎɸʇ 

ɼʚʫʭʢʘʥʘʣʴʥʳʡ ʘʩʠʥʭʨʦʥʥʳʡ ʎɸʇ (ʦʧʮʠʷ) ʫʧʨʘʚʣʷʝʪʩʷ ʦʪ AVR ʪʦʣʴʢʦ ʘʩʠʥʭʨʦʥʥʳʤ 

ʦʙʨʘʟʦʤ ʧʦʩʨʝʜʩʪʚʦʤ control pipe ʠʥʪʝʨʬʝʡʩʘ USB ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʬʫʥʢʮʠʠ ʚʝʨʭʥʝʛʦ 

ʫʨʦʚʥʷ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʎɸʇ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʪʦʣʴʢʦ ʜʣʷ ʤʝʜʣʝʥʥʦʛʦ 

ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʧʦʩʪʦʷʥʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʘʩʠʥʭʨʦʥʥʦʤ ʨʝʞʠʤʝ ʫʧʨʘʚʣʝʥʠʷ ʩʦ ʩʨʝʜʥʠʤ  

ʚʨʝʤʝʥʝʤ ʨʝʘʢʮʠʠ ï ʜʝʩʷʪʢʠ ʤʠʣʣʠʩʝʢʫʥʜ, ʟʘʚʠʩʠʤʳʤ ʦʪ ʪʝʢʫʱʝʛʦ ʚʨʝʤʝʥʠ ʨʝʘʢʮʠʠ 

ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʢʦʤʧʴʶʪʝʨʘ. 

5.2.8. ʉʠʥʭʨʦʥʥʳʝ ʮʠʬʨʦʚʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ 
ʢʘʥʘʣʳ ʚʚʦʜʘ ʜʘʥʥʳʭ E20-10 (ʧʦʜʨʦʙʥʦ) 

 

ʅʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʭʝʤʝ ʨʠʩ. 5-2 ʧʦʢʘʟʘʥʳ ʫʟʣʳ ʩʠʥʭʨʦʥʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʚʚʦʜʘ, 

ʨʝʘʣʠʟʦʚʘʥʥʳʝ ʚ ʧʨʦʰʠʚʢʘʭ FPGA 2.0x.13, 3.00.04x ʠ ʩʪʘʨʰʝ (ʚ ʧ. 5.2.3.3 ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ 

ʬʦʨʤʘʪʳ ʜʘʥʥʳʭ ʵʪʠʭ ʢʘʥʘʣʦʚ ʚʚʦʜʘ). ʈʘʩʩʤʦʪʨʠʤ ʥʠʞʝ ʧʦʜʨʦʙʥʝʝ ʨʘʙʦʪʫ ʵʪʠʭ ʫʣʦʚ ʩ 

ʧʦʤʦʱʴʶ ʨʠʩ. 5-4. 

ʂ ʨʘʥʝʝ ʨʝʘʣʠʟʦʚʘʥʥʳʤ ʬʫʥʢʮʠʷʤ ʚʭʦʜʦʚ-ʚʳʭʦʜʦʚ DI16/START, SYNC ʚ ʧʨʦʰʠʚʢʘʭ 

FPGA 2.0x.13, 3.00.04x ʠ ʩʪʘʨʰʝ ʜʦʙʘʚʠʣʘʩʴ ʘʣʴʪʝʨʥʘʪʠʚʥʘʷ ʬʫʥʢʮʠʷ ʩʠʥʭʨʦʥʥʦʛʦ ʚʚʦʜʘ 

ʜʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ 14-ʙʠʪʥʳʭ ʩʜʚʠʛʦʚʳʭ ʨʝʛʠʩʪʨʦʚ Rg1, Rg2, ʚ ʢʦʪʦʨʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʚʜʚʠʛʘʶʪʩʷ ʜʘʥʥʳʝ ʩ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ  ʯʘʩʪʦʪʦʡ    Ὂ
 ̇ ː̗

, ʛʜʝ mðʮʝʣʦʝ ʯʠʩʣʦ ʦʪ 1 ʜʦ 

65536.  

ɽʩʣʠ ʧʘʨʘʤʝʪʨʳ ʢʘʜʨʘ ʩʙʦʨʘ ʜʘʥʥʳʭ ʨʝʘʣʠʟʫʶʪ ʧʝʨʠʦʜʠʯʥʳʡ ʧʘʨʘʣʣʝʣʴʥʳʡ ʚʚʦʜ 

ʜʘʥʥʳʭ ʩ ʨʝʛʠʩʪʨʦʚ  Rg1, Rg2 ʩ ʯʘʩʪʦʪʦʡ Ὂ  ʠ ʦʪʥʦʰʝʥʠʝ ὦ
 ̇ ː̗

ᶻ
 ʠʤʝʝʪ ʮʝʣʦʝ ʟʥʘʯʝʥʠʝ, 

ʪʦ ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ
21
, ʯʪʦ ʥʘ ʤʦʤʝʥʪ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʩʯʠʪʳʚʘʥʠʷ ʟʥʘʯʝʥʠʡ ʨʝʛʠʩʪʨʦʚ Rg1, 

Rg2 ʚ ʥʠʭ ʥʘʭʦʜʠʣʠʩʴ b ʟʥʘʯʘʱʠʭ ʙʠʪʦʚ, ʛʜʝ ʟʥʘʯʝʥʠʝ ʤʣʘʜʰʝʛʦ ʙʠʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʪʝʢʫʱʝʤʫ ʚʨʝʤʝʥʠ ʩʵʤʣʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ ɸʎʇ (ʝʩʣʠ ʙʳ ʚ ʜʘʥʥʦʡ ʬʘʟʝ ʦʧʨʦʩʘ 

ʩʵʤʧʣʠʨʦʚʘʣʠʩʴ ʜʘʥʥʳʝ ɸʎʇ), ʘ ʟʥʘʯʝʥʠʷ ʤʣʘʜʰʠʭ ʙʠʪʦʚ ñʫʭʦʜʷʪ ʚ ʠʩʪʦʨʠʶò ʦʪ ʤʣʘʜʰʝʛʦ 

ʙʠʪʘ ʢ ʩʪʘʨʰʝʤʫ ʩ ʜʠʩʢʨʝʪʥʦʩʪʴʶ, ʨʘʚʥʦʡ ʧʝʨʠʦʜʫ ʯʘʩʪʦʪʳ   
 ̇ ː̗

. 

 

                                                 
21

 ʋʪʚʝʨʞʜʝʥʠʝ ʦʩʥʦʚʘʥʦ ʥʘ ʪʦʤ, ʯʪʦ ʚʩʝ ʧʨʦʮʝʩʩʳ ʚ FPGA ʦʪʜʝʣʴʥʦ ʚʟʷʪʦʛʦ E20-10 ʩʠʥʭʨʦʥʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʝʜʠʥʦʛʦ ʪʘʢʪʦʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ 60 ʄɻʮ.  
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ˤͤͯͭͪ ͔ͤ ΎͤΎ ;͊ͫͭͦ ͭ͊ 
͙ͫ ͻ͙ͤͪͦͤ͘ ͼ͙͊  ͙
͔͍ͨͪͦ͋ͪ͊ͦ͊ͤ͘ Ύ͙ 
͍͔͚͔͎ͦͤͪͤͦͦ͟ 

ˢ̇  ˽ (FADC)

˭͔͊͒ͪ͗ ͊͟ 
͍͙͎ͫ͒ͦ ·͍ͻ 
͔͎͙ͪͫͭͪ ͍ͦ 

Rg1, Rg2

˭͔͊͒ͪ͗ ͊͟ 
͎͍͎͊ͤ͊ͦͦͦ͡  ͦ
ͭͪ͊ͭ͊͟ ṡ  ˽

̉͊ͫͭͦ ͭ͊ ͫ͒ ͍͙͎͊ Rg1, Rg2
Fsft

˭͔͊͒ͪ͗ ͊͟ 
͎͍͎͊ͤ͊ͦͦͦ͡  ͦ
ͭͪ͊ͭ͊͟ ṡ  ˽

ˣͯ͒ͯ΅͙  ͚
ͣͦ ͔ͣ ͤͭ 
͍͔ͪͣ ͔ͤ  ͙

Ή͙͍ͫͣͨͪͦ͊ͤ͡ Ύ͙
ɸʎʇ

˽ͪͦ́ ͔͒΄͙  ͚
ͣͦ ͔ͣ ͤͭ 
͍͔ͪͣ ͔ͤ  ͙

Ή͙͍ͫͣͨͪͦ͊ͤ͡ Ύ͙
ɸʎʇ

˽ͪͦ́ ͔͒΄͙  ͚
ͣͦ ͔ͣ  ͭ
͍͔ͪͣ ͔ͤ  ͙

͔ͨ͊ͪ͊͡͡͡Έ͎ͤͦ  ͦ
͍͍ͦ͒  ͙͊͘ 
Rg1, Rg2

FSD

͍͔͙͔̂ͨͪ͊ͤ͡ 
͙͍͔͙͔͚ͤͪͫ

͍͔͙͔̂ͨͪ͊ͤ͡ 
͙͍͔͙͔͚ͤͪͫ

 

ʈʠʩ. 5-4. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʩʠʥʭʨʦʥʥʳʭ ʮʠʬʨʦʚʳʭ ʢʘʥʘʣʦʚ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʚʚʦʜʘ 

ʇʨʠ ʦʧʨʦʩʝ ʜʚʫʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʩʠʥʭʨʦʥʥʳʭ  ʮʠʬʨʦʚʳʭ ʢʘʥʘʣʘ ʩʦ ʚʭʦʜʦʚ  SYNC ʠ 

DI16/START ʢʘʥʘʣʘ (ʢʦʜ 4 ʚ ʫʧʨʘʚʣʷʶʱʝʡ ʪʘʙʣʠʮʝ, ʧ 5.2.3.3) ʟʥʘʯʝʥʠʝ b ʜʦʣʞʥʦ ʙʳʪʴ ʮʝʣʳʤ 

ʦʪ 1 ʜʦ 7, ʘ ʧʨʠ ʦʧʨʦʩʝ ʦʜʥʦʛʦ ʩʠʥʭʨʦʥʥʳʭ  ʮʠʬʨʦʚʳʭ ʢʘʥʘʣʘ (ʢʦʜr 5,6 ʚ ʫʧʨʘʚʣʷʶʱʝʡ 

ʪʘʙʣʠʮʝ) ʟʥʘʯʝʥʠʝ b ʜʦʣʞʥʦ ʙʳʪʴ ʮʝʣʳʤ ʦʪ 1 ʜʦ 14. ʅʘʩʪʨʘʠʚʘʷ ʧʘʨʘʤʝʪʨʳ ʢʘʜʨʘ ʩʙʦʨʘ 

ʜʘʥʥʳʭ (ʚʢʣʶʯʘʷ ʤʝʞʢʘʜʨʦʚʫʶ ʟʘʜʝʨʞʢʫ) ʠ ʜʝʣʠʪʝʣʴ m ʯʘʩʪʦʪʳ ʩʜʚʠʛʘ, ʦʧʪʠʤʘʣʴʥʳʤ 

ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ b ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʫʩʣʦʚʠʡ.  

ʅʘ ʚʝʨʭʥʝʤ ʧʨʦʛʨʘʤʤʥʦʤ ʫʨʦʚʥʝ, ʯʪʦʙʳ ʚʦʩʩʪʘʥʦʚʠʪʴ ʥʝʧʨʝʨʳʚʥʫʶ ʙʠʪʦʚʫʶ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩ ʯʘʩʪʦʪʦʡ Ὂ , ʥʫʞʥʦ ʠʟ ʧʨʠʥʷʪʳʭ ʬʦʨʤʘʪʦʚ ʜʘʥʥʳʭ ʩʦʩʪʳʢʦʚʘʪʴ 

ʤʣʘʜʰʠʭ b ʙʠʪʦʚ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʣʝʡ Rg1 ʠʣʠ Rg2. 

 

ɺ ʪʘʙʣʠʮʝ ʥʠʞʝ ʧʝʨʝʯʠʩʣʝʥʳ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʝ ʨʝʞʠʤʳ ʥʘʩʪʨʦʝʢ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʥʫʣʝʚʫʶ 

ʤʝʞʢʘʜʨʦʚʫʶ ʟʘʜʝʨʞʢʫ ʠ ʤʘʢʩʠʤʘʣʴʥʫʶ FADC =10 ʄɻʮ. 

 

 



 

E20-10  ʈʫʢʦʚʦʜʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʷ  

ʊʘʙʣ. 5-6. ʊʠʧʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʥʘʩʪʨʦʝʢ ʩʠʥʭʨʦʥʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʚʚʦʜʘ 
 

ʏʘʩʪʦʪʘ 

ʜʠʩʢʨʝʪʠʟʘʮʠʠ 

ɸʎʇ ʥʘ ʢʘʥʘʣ,  

ʄɻʮ 

ʂʘʥʘʣʦʚ 

ɸʎʇ  

ʏʘʩʪʦʪʘ 

ʮʠʬʨʦʚʦʛʦ 

ʩʠʥʭʨʦʥʥʦʛʦ 

ʚʚʦʜʘ, ʄɻʮ  

(FSFT ) 

ʂʘʥʘʣʦʚ 

ʮʠʬʨʦʚʦʛʦ 

ʩʠʥʭʨʦʥʥʦʛʦ 

ʚʚʦʜʘ 

ʇʨʠʤʝʯʘʥʠʝ  

- 0 60 2 m=1,  b=6, Ὂ =10 ʄɻʮ 

5 1 60 1 m=1,  b=12, Ὂ =5 ʄɻʮ 

5 1 30 2 m=2,  b=6, Ὂ =5 ʄɻʮ 

3,333 2 20 2 m=3,  b=6, Ὂ =3,333 ʄɻʮ 

2,5 3 15 2 m=4,  b=6, Ὂ =2,5 ʄɻʮ 

2 4 12 2 m=5,  b=6, Ὂ =2 ʄɻʮ 

 

 

ɿʘʤʝʪʠʤ, ʯʪʦ ʜʘʥʥʳʝ ʬʫʥʢʮʠʠ ʩʠʥʭʨʦʥʥʦʛʦ ʚʚʦʜʘ ʙʫʜʫʪ ʨʘʙʦʪʘʪʴ ʥʝ ʪʦʣʴʢʦ, ʢʦʛʜʘ 

ʣʠʥʠʠ DI16/START, SYNC ʥʘʩʪʨʦʝʥʳ ʥʘ ʚʭʦʜ, ʥʦ ʠ ʥʘ ʚʳʭʦʜ, ʢʦʛʜʘ ʦʥʠ ʪʨʘʥʩʣʠʨʫʶʪ 

ʩʠʛʥʘʣʳ ʩʠʥʭʨʦʥʠʟʘʮʠʠ. ʅʘʧʨʠʤʝʨ, ʨʝʞʠʤ ʩʠʥʭʨʦʥʥʦʛʦ ʚʚʦʜʘ ʩ ʣʠʥʠʠ SYNC, ʥʘʩʪʨʦʝʥʥʦʡ 

ʥʘ ʪʨʘʥʩʣʷʮʠʶ ʯʘʩʪʦʪʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ɸʎʇ, ʙʫʜʝʪ ʠʥʪʝʨʝʩʝʥ ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ ʟʘʜʝʨʞʝʢ 

ʢʘʥʘʣʦʚ ɸʎʇ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʯʘʩʪʦʪʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ FADC. 

ɽʩʣʠ ʚ ʤʥʦʛʦʤʦʜʫʣʴʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ (ʧ. 5.2.2)  ʢʘʢʘʷ-ʪʦ ʠʟ ʣʠʥʠʡ  DI16/START ʠʣʠ 

SYNC ʠʩʧʦʣʴʟʦʚʘʥʘ ñʥʘ ʚʭʦʜò ʜʣʷ ʩʠʥʭʨʦʥʥʦʛʦ ʚʚʦʜʘ ʜʘʥʥʳʭ ʦʪ ʩʪʦʨʦʥʥʝʛʦ ʠʩʪʦʯʥʠʢʘ, ʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʬʫʥʢʮʠʷ ʤʥʦʛʦʤʦʜʫʣʴʥʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ, ʠʩʧʦʣʴʟʫʶʱʘʷ ʵʪʫ ʣʠʥʠʶ 

ʚʝʜʦʤʦʛʦ ʤʦʜʫʣʷ E20-10, ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʘ. 

ɽʩʣʠ ʚ ʤʥʦʛʦʤʦʜʫʣʴʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ E20-10 ʜʣʷ ʩʠʛʥʘʣʘ SYNC ñʚʝʜʦʤʦʛʦò E20-10 

ʨʘʟʨʝʰʠʪʴ ʢʘʥʘʣ ʩʠʥʭʨʦʥʥʦʛʦ ʚʚʦʜʘ ʜʘʥʥʳʭ, ʪʦ ʜʘʥʥʳʡ ʨʝʞʠʤ ʚʦʟʤʦʞʝʥ, ʥʦ ʪʦʣʴʢʦ  

ʫʩʣʦʚʥʦ, ʧʦʩʢʦʣʴʢʫ ʯʘʩʪʦʪʳ ʧʨʦʮʝʩʩʦʚ ʩʜʚʠʛʘ ʨʝʛʠʩʪʨʦʚ Rg1, Rg2 ʠ ʠʭ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʯʪʝʥʠʷ 

ʥʝ ʙʫʜʫʪ ʢʦʛʝʨʝʥʪʥʳ, ʠ ʪʦʛʜʘ ʥʘ ʚʝʨʭʥʝʤ ʧʨʦʛʨʘʤʤʥʦʤ ʫʨʦʚʥʝ ʫʩʣʦʞʥʠʪʩʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ 

ʙʠʪʦʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʨʠ ʩʢʣʝʡʢʝ b ʙʠʪʦʚ ʠʟ ʢʘʞʜʦʛʦ ʧʨʠʥʷʪʦʛʦ ʩʣʦʚʘ ʜʘʥʥʳʭ. 

ñʋʩʣʦʚʥʦò ï ʵʪʦ ʟʥʘʯʠʪ: ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʧʦʣʴʟʦʚʘʪʝʣʴ ʙʫʜʝʪ ʚ ʩʚʦʸʤ ʤʝʪʦʜʝ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ʜʘʥʥʳʭ ʫʯʠʪʳʚʘʪʴ ʵʪʫ ʥʝʢʦʛʝʨʝʥʪʥʦʩʪʴ. ɿʥʘʯʝʥʠʝ ʧʦʛʨʝʰʥʦʩʪʠ ʯʘʩʪʦʪʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

E20-10 ʧʨʠʚʝʜʝʥʘ ʚ ʧ. 7.1 ʥʘ ʩʪʨ. 62.    

5.2.8.1. ʈʘʩʰʠʨʝʥʥʳʝ ʬʫʥʢʮʠʠ ʣʠʥʠʡ DI16/START ʠ SYNC, 

ʥʘʩʪʨʦʝʥʥʳʭ ʥʘ ʚʳʭʦʜ . 

ɿʜʝʩʴ ʦʧʠʩʘʥ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʬʫʥʢʮʠʦʥʘʣ ʧʨʦʰʠʚʦʢ FPGA 2.0x.14, 3.00.05x (ʠ 

ʩʪʘʨʰʝ), ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ, ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʜʥʦʛʦ ʢʘʥʘʣʘ ʩʠʥʭʨʦʥʥʦʛʦ ʮʠʬʨʦʚʦʛʦ 

ʚʚʦʜʘ ʩʠʛʥʘʣʘ ʩ ʦʜʥʦʡ ʠʟ ʣʠʥʠʡ SYNC ʠʣʠ DI16/START, ʚʪʦʨʫʶ ʣʠʥʠʶ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘ 

ʚʳʭʦʜ ʜʣʷ ʚʳʚʦʜʘ ʩʠʛʥʘʣʘ ʩ ʤʣʘʜʰʝʛʦ ʨʘʟʨʷʜʘ ʩʜʚʠʛʦʚʦʛʦ ʨʝʛʠʩʪʨʘ Rg1 ʠʣʠ Rg2 

ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʢʘʥʘʣʘ (ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 5-2 ʠ ʨʠʩ. 5-4 ʟʝʣʸʥʳʤ ʮʚʝʪʦʤ). 

ɼʘʥʥʳʡ ʬʫʥʢʮʠʦʥʘʣ ʧʦʟʚʦʣʷʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʚʥʝʰʥʝʡ ʩʠʩʪʝʤʦʡ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʦʮʠʬʨʦʚʘʥʥʳʡ ʩʠʥʭʨʦʥʥʳʡ ʙʠʪʦʚʳʡ ʧʦʪʦʢ, ʢʦʪʦʨʳʡ ʙʳʣ ʚʚʝʜʸʥ ʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʚʭʦʜʘ E20-10. 

 ʉ ʫʯʸʪʦʤ ʚʦʟʤʦʞʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʠʥʚʝʨʩʠʝʡ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ, ʧʦʚʝʜʝʥʠʝ ʦʜʥʦʡ 

ʠʟ ʣʠʥʠʡ SYNC ʠ START, ʥʘʩʪʨʦʝʥʥʦʡ ʥʘ ʚʳʭʦʜ, ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʟʥʘʯʝʥʠʡ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ  ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʭ ʧʦʣʝʡ extension_syn_out_mode<7:0> ʠ 

extension_start_out_mode<7:0>, ʢʘʢ ʵʪʦ ʦʧʠʩʘʥʦ ʚ ʪʘʙʣ. 5-5.    

 



 

 

ʊʘʙʣ. 5-7. ʈʘʩʰʠʨʝʥʥʳʝ ʬʫʥʢʮʠʠ ʚʳʭʦʜʥʳʭ ʣʠʥʠʡ DI16/START ʠ SYNC. 

ʅʘʩʪʨʦʡʢʠ ʣʠʥʠʡ  ʈʘʩʰʠʨʝʥʥʳʝ ʬʫʥʢʮʠʠ (ʚ ʧʨʦʰʠʚʢʘʭ FPGA 2.0x.14, 3.00.05x ʠ 

ʩʪʘʨʰʝ) 
DI16/START SYNC 

ñʅʘ ʚʭʦʜò ñʅʘ ʚʳʭʦʜò ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʷ ʧʦʣʷ extension_syn_out_mode<7:0>: 

ñ0ò ï ʅʝʪ ʬʫʥʢʮʠʠ ʨʘʩʰʠʨʝʥʠʷ (ʨʝʞʠʤ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ñʧʦ 

ʫʤʦʣʯʘʥʠʶò). 

ñ1ò ï ʅʘ ʚʳʭʦʜ SYNC ʪʨʘʥʩʣʠʨʫʝʪʩʷ ʩʠʛʥʘʣ ʩ ʚʳʭʦʜʘ Rg1<0> 

ʮʠʬʨʦʚʦʛʦ ʩʜʚʠʛʦʚʦʛʦ ʨʝʛʠʩʪʨʘ ʜʘʥʥʳʭ, ʧʨʠʰʝʜʰʠʭ ʩʦ ʚʭʦʜʘ 

DI16/START. 

ñ2ò ï ʅʘ ʚʳʭʦʜ SYNC ʪʨʘʥʩʣʠʨʫʝʪʩʷ ʠʥʚʝʨʩʥʳʡ  ʩʠʛʥʘʣ ʩ ʚʳʭʦʜʘ 

Rg1<0> ʮʠʬʨʦʚʦʛʦ ʩʜʚʠʛʦʚʦʛʦ ʨʝʛʠʩʪʨʘ ʜʘʥʥʳʭ, ʧʨʠʰʝʜʰʠʭ ʩʦ 

ʚʭʦʜʘ DI16/START. 

ñ3ò ï ñ255ò ɿʥʘʯʝʥʠʷ ʨʝʟʝʨʚʠʨʦʚʘʥʳ ʜʣʷ ʨʘʟʚʠʪʠʷ (ʃʠʥʠʷ SYNC 

ʫʜʝʨʞʠʚʘʝʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ñʥʘ ʚʭʦʜò)   

ɿʥʘʯʝʥʠʝ extension_start_out_mode<7:0> ʥʝ ʚʣʠʷʝʪ ʥʘ 

ʬʫʥʢʮʠʦʥʘʣ 

ñʅʘ ʚʳʭʦʜò ñʅʘ ʚʭʦʜò ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʷ ʧʦʣʷ 

extension_start_out_mode<7:0>: 

ñ0ò ï ʅʝʪ ʬʫʥʢʮʠʠ ʨʘʩʰʠʨʝʥʠʷ (ʨʝʞʠʤ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ñʧʦ 

ʫʤʦʣʯʘʥʠʶò). 

ñ1ò ï ʅʘ ʚʳʭʦʜ ʣʠʥʠʠ DI16/START ʪʨʘʥʩʣʠʨʫʝʪʩʷ ʩʠʛʥʘʣ ʩ 

ʚʳʭʦʜʘ Rg2<0> ʮʠʬʨʦʚʦʛʦ ʩʜʚʠʛʦʚʦʛʦ ʨʝʛʠʩʪʨʘ ʜʘʥʥʳʭ, 

ʧʨʠʰʝʜʰʠʭ ʩʦ ʚʭʦʜʘ SYNC. 

ñ2ò ï ʅʘ ʚʳʭʦʜ ʣʠʥʠʠ DI16/START ʪʨʘʥʩʣʠʨʫʝʪʩʷ ʠʥʚʝʨʩʥʳʡ  

ʩʠʛʥʘʣ ʩ ʚʳʭʦʜʘ Rg2<0> ʮʠʬʨʦʚʦʛʦ ʩʜʚʠʛʦʚʦʛʦ ʨʝʛʠʩʪʨʘ ʜʘʥʥʳʭ, 

ʧʨʠʰʝʜʰʠʭ ʩʦ ʚʭʦʜʘ SYNC. 

ñ3ò ï ñ255ò ɿʥʘʯʝʥʠʷ ʨʝʟʝʨʚʠʨʦʚʘʥʳ ʜʣʷ ʨʘʟʚʠʪʠʷ (ʃʠʥʠʷ 

DI16/START ʫʜʝʨʞʠʚʘʝʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ñʥʘ ʚʭʦʜò)   

ɿʥʘʯʝʥʠʝ extension_syn_out_mode<7:0> ʥʝ ʚʣʠʷʝʪ ʥʘ ʬʫʥʢʮʠʦʥʘʣ 

ñʅʘ ʚʳʭʦʜò ñʅʘ ʚʭrʦʜò ʇʨʠ extension_syn_out_mode<7:0> = 0 ʠ 

extension_start_out_mode<7:0> = 0 ʥʝʪ ʬʫʥʢʮʠʡ ʨʘʩʰʠʨʝʥʠʷ 

(ʨʝʞʠʤ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʩʦ ʩʪʘʨʳʤ ʬʫʥʢʮʠʦʥʘʣʦʤ). 

ʅʘʩʪʨʦʡʢʠ extension_syn_out_mode<7:0> Í 0 ʠʣʠ 

extension_start_out_mode<7:0> Í 0  ʥʝ ʨʝʢʦʤʝʥʜʦʚʘʥʳ ʠ ʥʝ 

ʠʤʝʶʪ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʩʤʳʩʣʘ. 

ñʅʘ ʚʭʦʜò ñʅʘ ʚʭʦʜò  ʅʝʪ ʬʫʥʢʮʠʡ ʨʘʩʰʠʨʝʥʠʷ (ʨʝʞʠʤ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʩʦ ʩʪʘʨʳʤ 

ʬʫʥʢʮʠʦʥʘʣʦʤ) ʥʝʟʘʚʠʩʠʤʦ ʦʪ  extension_syn_out_mode<7:0> ʠ 

extension_start_out_mode<7:0> 

 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʟʘʜʝʨʞʢʘ ʩʠʛʥʘʣʘ ʥʘ ʚʳʭʦʜʥʦʡ ʣʠʥʠʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʚʭʦʜʥʦʡ 

ʦʮʝʥʠʚʘʝʪʩʷ ʚʝʣʠʯʠʥʦʡ  φυz ρπ c,  ʛʜʝ ʯʘʩʪʦʪʘ Ὂ  (ʧ.  5.2.8) ʟʘʜʘʥʘ ʚ ʛʝʨʮʘʭ. 

ʌʘʢʪʠʯʝʩʢʘʷ ʟʘʜʝʨʞʢʘ ʩʠʛʥʘʣʘ ʥʘ ʚʳʭʦʜʥʦʡ ʣʠʥʠʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʚʭʦʜʥʦʡ ʟʘʚʠʩʠʪ ʦʪ ʬʘʟʳ 

ʯʘʩʪʦʪʳ Ὂ , ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʵʢʟʝʤʧʣʷʨʘ E20-10.   
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6. ʇʦʜʢʣʶʯʝʥʠʝ ʩʠʛʥʘʣʦʚ 
ʕʪʘ ʛʣʘʚʘ ʨʘʟʲʷʩʥʷʝʪ ʥʘʟʥʘʯʝʥʠʝ ʩʠʛʥʘʣʦʚ ʥʘ ʨʘʟʲʝʤʘʭ , ʘ ʪʘʢʞʝ ʧʨʝʜʝʣʴʥʦ E20-10

ʜʦʧʫʩʪʠʤʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʩʧʦʩʦʙʳ ʧʦʜʢʣʶʯʝʥʠʷ ʩʠʛʥʘʣʦʚ. 

6.1. ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ 
ʇʦʜʢʣʶʯʝʥʠʝ ʩʠʛʥʘʣʦʚ ʠ ʨʘʩʧʘʡʢʘ ʨʘʟʲʝʤʦʚ ʚʦʟʣʘʛʘʶʪʩʷ ʥʘ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩʠʩʪʝʤʳ. 

ʂʘʙʝʣʴʥʳʝ ʯʘʩʪʠ ʨʘʟʲʝʤʦʚ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʩʠʛʥʘʣʦʚ (ʢʨʦʤʝ ʢʘʙʝʣʴʥʳʭ BNC) ʩʦʜʝʨʞʘʪʩʷ ʚ 

ʢʦʤʧʣʝʢʪʝ ʧʦʩʪʘʚʢʠ (ʧ. 3.3). 

ʄʦʥʪʘʞ ʩʠʛʥʘʣʴʥʳʭ ʮʝʧʝʡ ʩ ʧʦʜʢʣʶʯʝʥʠʝʤ ʠʩʪʦʯʥʠʢʦʚ ʩʠʛʥʘʣʘ, ʜʘʪʯʠʢʦʚ ʠ ʪ.ʧ. 

ʢ ʤʦʜʫʣʶ  ʜʦʣʞʝʥ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʧʝʮʠʘʣʠʩʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʚʘʣʠʬʠʢʘʮʠʠ. E20-10

ʇʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ ʧʦʜʢʣʶʯʝʥʠʷ, ʚʣʝʢʫʱʠʝ ʟʘ ʩʦʙʦʡ ʧʨʝʚʳʰʝʥʠʝ ʧʨʝʜʝʣʴʥʦ 

ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ ʥʘʧʨʷʞʝʥʠʡ ʠ ʪʦʢʦʚ, ʤʦʛʫʪ ʚʳʟʚʘʪʴ ʫʭʫʜʰʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ  ʠʣʠ E20-10

ʚʳʭʦʜ ʠʟ ʩʪʨʦʷ  , ʢʦʤʧʴʶʪʝʨʘ ʠ ʜʨʫʛʦʛʦ ʧʦʜʩʦʝʜʠʥʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. E20-10

OOO ñʃ ʂʘʨʜò ʥʝ ʥʝʩʝʪ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʟʘ ʫʱʝʨʙ, ʧʨʠʯʠʥʸʥʥʳʡ ʵʣʝʢʪʨʠʯʝʩʢʠ 

ʥʝʢʦʨʨʝʢʪʥʳʤ ʧʦʜʢʣʶʯʝʥʠʝʤ ʩʠʛʥʘʣʦʚ. 

ʇʦʣʝʟʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʧʦʩʦʙʘʭ ʧʦʜʢʣʶʯʝʥʠʷ ʩʠʛʥʘʣʦʚ ʢ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʝ ʠ 

ʙʦʨʴʙʳ ʩ ʧʦʤʝʭʘʤʠ ɺʳ ʥʘʡʜʝʪʝ ʚ ʩʧʝʮʠʘʣʴʥʦʡ ʩʪʘʪʴʝ: ʈʝʰʝʥʠʝ ʚʦʧʨʦʩʦʚ 

ʵʣʝʢʪʨʦʩʦʚʤʝʩʪʠʤʦʩʪʠ ʠ ʧʦʤʝʭʦʟʘʱʠʪʳ ʧʨʠ ʧʦʜʢʣʶʯʝʥʠʠ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ ʥʘ 

ʧʨʠʤʝʨʝ ʧʨʦʜʫʢʮʠʠ ʬʠʨʤʳ L-Card  ʃ.[2]. ʉʩʳʣʢʠ ʥʘ ʩʪʘʪʴʠ ʩ ʧʨʠʤʝʨʘʤʠ ʧʦʜʢʣʶʯʝʥʠʡ ʃ.[3], 

ʘ ʪʘʢʞʝ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʧʦʜʢʣʶʯʝʥʠʡ ʃ.[4] ʧʨʠʚʝʜʝʥʳ ʚ ʨʘʟʜʝʣʝ ʃʠʪʝʨʘʪʫʨʘ ʥʘʩʪʦʷʱʝʛʦ 

ʨʫʢʦʚʦʜʩʪʚʘ ʥʘ ʩʪʨ. 75. 

6.2. ɺʥʝʰʥʠʝ ʨʘʟʲʝʤʳ 
ɺ ʥʘʩʪʦʷʱʝʤ ʨʘʟʜʝʣʝ ʧʨʠʚʦʜʷʪʩʷ ʧʦʜʨʦʙʥʳʝ ʦʧʠʩʘʥʠʷ ʨʘʟʲʝʤʦʚ  c ʪʦʯʢʠ E20-10

ʟʨʝʥʠʷ ʚʥʝʰʥʠʭ ʧʦʜʢʣʶʯʝʥʠʡ. 

ɼʠʘʧʘʟʦʥʳ ʥʘʧʨʷʞʝʥʠʡ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʚ ʪʘʙʣʠʮʘʭ ʧʨʠ ʦʧʠʩʘʥʠʠ ʩʠʛʥʘʣʦʚ, 

ʚʳʚʝʜʝʥʥʳʭ ʥʘ ʢʦʥʪʘʢʪʳ ʨʘʟʲʝʤʦʚ, ʚʩʝʛʜʘ ʧʨʠʚʦʜʷʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʘʢʪʘ AGND ʜʣʷ 

ʘʥʘʣʦʛʦʚʳʭ ʩʠʛʥʘʣʦʚ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʘʢʪʘ GND - ʜʣʷ ʮʠʬʨʦʚʳʭ. 

ʂʦʥʮʝʧʮʠʷ ʢʦʤʧʦʥʦʚʢʠ ʨʘʟʲʸʤʦʚ ʚ  ʩʣʝʜʫʶʱʘʷ: ʩʧʝʨʝʜʠ ʥʘʭʦʜʷʪʩʷ ʨʘʟʲʸʤʳ E20-10

ʘʥʘʣʦʛʦʚʳʭ ʩʠʛʥʘʣʦʚ, ʩʟʘʜʠ ð ʮʠʬʨʦʚʳʭ. 

  



 

 

6.3. ʈʘʟʲʸʤʳ ʘʥʘʣʦʛʦʚʳʭ ʩʠʛʥʘʣʦʚ 

 

ʈʠʩ. 6-1. ʈʘʟʲʸʤ rʘʥʘʣʦʛʦʚʳʭ ʚʭʦʜʦʚ 

 

 

 

 

ʈʠʩ. 6-2. ʈʘʟʲʸʤ ʘʥʘʣʦʛʦʚʳʭ ʚʳʭʦʜʦʚ 

 

 

ʊʠʧ ʨʘʟʲʝʤʦʚ ʯʝʪʳʨʸʭ ʘʥʘʣʦʛʦʚʳʭ ʚʭʦʜʦʚ ʤʦʜʫʣʷ  ð ʙʣʦʯʥʘʷ ʨʦʟʝʪʢʘ BNC, ʝʡ E20-10

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʘʙʝʣʴʥʳʡ ʨʘʟʲʸʤ ð ʢʘʙʝʣʴʥʘʷ ʚʠʣʢʘ BNC. ʉʦʦʪʚʝʪʩʪʚʠʝ ʢʘʥʘʣʦʚ ʧʦʢʘʟʘʥʦ ʥʘ  

ʨʠʩ. 6-1. ʕʪʦ ʞʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʥʘʛʣʷʜʥʦ ʧʦʢʘʟʘʥʦ ʥʘ ʢʦʨʧʫʩʝ . E20-10

ʇʨʘʢʪʠʯʝʩʢʠ, ʚ ʩʣʫʯʘʝ ʘʢʢʫʨʘʪʥʦʛʦ ʦʙʨʘʱʝʥʠʷ ʩ  c ɺʘʰʝʡ ʩʪʦʨʦʥʳ, ʥʝ E20-10

ʟʘʧʨʝʱʘʝʪʩʷ (ʥʦ ʥʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ!) ʚ ʢʘʯʝʩʪʚʝ ʢʘʙʝʣʴʥʦʛʦ ʨʘʟʲʸʤʘ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝ 

ʠʤʧʦʨʪʥʳʡ BNC, ʘ ʦʪʝʯʝʩʪʚʝʥʥʳʡ ʨʘʟʲʸʤ ʩʝʨʠʠ ʉʈ-50, ʥʦ ʧʨʠ ʵʪʦʤ ʚʦʟʤʦʞʥʳ 

ʟʘʪʨʫʜʥʝʥʠʷ
22

 ʧʨʠ ʩʦʝʜʠʥʝʥʠʠ-ʨʘʟʲʝʜʠʥʝʥʠʠ, ʵʪʦʛʦ ʨʘʟʲʸʤʘ ʩ ʙʣʦʯʥʳʤ ʨʘʟʲʸʤʦʤ BNC ʥʘ 

ʤʦʜʫʣʝ E20-10. 
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 ʂʦʨʥʠ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ï ʚ ʥʝʩʦʦʪʚʝʪʩʪʚʠʠ ʤʝʪʨʠʯʝʩʢʠʭ ʩʪʘʥʜʘʨʪʦʚ ʙʳʚʰʝʛʦ ʉʉʉʈ ʟʘʧʘʜʥʳʤ ʜʶʡʤʦʚʳʤ 

ʩʪʘʥʜʘʨʪʘʤ   
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ɺʥʠʤʘʥʠʝ!   ʀʟ-ʟʘ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʨʘʟʤʝʨʦʚ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʨʘʟʲʝʤʦʚ  ʩʪʘʥʜʘʨʪʫ BNC   

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʲʸʤʦʚ ʩʝʨʠʠ  ʉʈ-50  (ʢʘʙʝʣʴʥʳʭ ʯʘʩʪʝʡ  ʠʣʠ ʧʝʨʝʭʦʜʥʠʢʦʚ)  ʚ  ʦʪʜʝʣʴʥʳʭ  

ʩʣʫʯʘʷʭ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʚʨʝʞʜʝʥʠʶ ʙʣʦʯʥʳʭ ʨʘʟʲʝʤʦʚ BNC ʚ  E20-10  .

ʊʠʧ ʨʘʟʲʝʤʦʚ ʜʚʫʭ ʘʥʘʣʦʛʦʚʳʭ ʚʳʭʦʜʦʚ ʎɸʇ ʠ ʚʳʭʦʜʦʚ ʧʠʪʘʥʠʷ E20-10 

ð 9-ʢʦʥʪʘʢʪʥʦʝ ʛʥʝʟʜʦ MiniDIN. ʅʘʟʥʘʯʝʥʠʝ ʢʦʥʪʘʢʪʦʚ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 6-2.  

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʢʘʙʝʣʴʥʳʡ ʨʘʟʲʸʤð ʵʪʦ 9-ʢʦʥʪʘʢʪʥʘʷ ʢʘʙʝʣʴʥʘʷ ʚʠʣʢʘ MiniDIN.  

 

 

ʊʘʙʣ. 6-1.ʅʘʟʥʘʯʝʥʠʝ ʘʥʘʣʦʛʦʚʳʭ ʩʠʛʥʘʣʦʚ ʥʘ ʨʘʟʲʝʤʘʭ 

ʆʙʦʟʥʘʯʝʥʠʝ 

ʩʠʛʥʘʣʘ 

ʆʙʱʘʷ 

ʪʦʯʢʘ 

ʅʘʧʨʘʚʣʝ- 

ʥʠʝ 

ʆʧʠʩʘʥʠʝ 

ʂʘʥʘʣ 1ɸʎʇ AGND ʚʭʦʜ ʆʜʥʦʬʘʟʥʳʡ (ʩ ʦʙʱʝʡ ʟʝʤʣʸʡ) ʚʭʦʜ ʢʘʥʘʣʘ 1 

ɸʎʇ, ʵʢʨʘʥ ʨʘʟʲʸʤʘ ʩʦʝʜʠʥʸʥ AGND 

ʂʘʥʘʣ 2 ɸʎʇ AGND ʚʭʦʜ ʆʜʥʦʬʘʟʥʳʡ (ʩ ʦʙʱʝʡ ʟʝʤʣʸʡ) ʚʭʦʜ ʢʘʥʘʣʘ 2 

ɸʎʇ, ʵʢʨʘʥ ʨʘʟʲʸʤʘ ʩʦʝʜʠʥʸʥ AGND 

ʂʘʥʘʣ 3 ɸʎʇ AGND ʚʭʦʜ ʆʜʥʦʬʘʟʥʳʡ (ʩ ʦʙʱʝʡ ʟʝʤʣʸʡ) ʚʭʦʜ ʢʘʥʘʣʘ 3 

ɸʎʇ, ʵʢʨʘʥ ʨʘʟʲʸʤʘ ʩʦʝʜʠʥʸʥ AGND 

ʂʘʥʘʣ 4 ɸʎʇ AGND ʚʭʦʜ ʆʜʥʦʬʘʟʥʳʡ (ʩ ʦʙʱʝʡ ʟʝʤʣʸʡ) ʚʭʦʜ ʢʘʥʘʣʘ 4 

ɸʎʇ, ʵʢʨʘʥ ʨʘʟʲʸʤʘ ʩʦʝʜʠʥʸʥ AGND 

ʂʘʥʘʣ 1 ʎɸʇ AGND ʚʳʭʦʜ ʆʜʥʦʬʘʟʥʳʡ (ʩ ʦʙʱʝʡ ʟʝʤʣʸʡ) ʚʳʭʦʜ ʢʘʥʘʣʘ 1 

ʎɸʇ 

ʂʘʥʘʣ 2 ʎɸʇ AGND ʚʳʭʦʜ ʆʜʥʦʬʘʟʥʳʡ (ʩ ʦʙʱʝʡ ʟʝʤʣʸʡ) ʚʳʭʦʜ ʢʘʥʘʣʘ 2 

ʎɸʇ 

+12ɺ, -12ɺ AGND ʚʳʭʦʜʳ ɼʚʫʧʦʣʷʨʥʳʡ (ʦʪʥʦʩʠʪʝʣʴʥʦ AGND) ʚʳʭʦʜ 

ʧʠʪʘʥʠʷ ʚʥʝʰʥʝʛʦ ʫʩʪʨʦʡʩʪʚʘ 

AGND - - ɸʥʘʣʦʛʦʚʘʷ ʟʝʤʣʷ  E20-10

 

  



 

 

6.3.1. ʈʘʟʲʸʤʳ ʮʠʬʨʦʚʳʭ ʩʠʛʥʘʣʦʚ ʠ ʚʥʝʰʥʝʛʦ 
ʧʠʪʘʥʠʷ 

 

 

 

ʈʠʩ. 6-3. ʈʘʟʲʸʤʳ ʮʠʬʨʦʚʳʭ ʩʠʛʥʘʣʦʚ ʠ ʚʥʝʰʥʝʛʦ ʧʠʪʘʥʠʷ 

 

ʊʠʧ ʨʘʟʲʝʤʘ ʮʠʬʨʦʚʳʭ ʩʠʛʥʘʣʦʚ ʚʚʦʜʘ-ʚʳʚʦʜʘ ʚ : DRB-37F, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ E20-10

ʢʘʙʝʣʴʥʘʷ ʯʘʩʪʴ ʨʘʟʲʝʤʘ ð DB-37M. 

ɺʥʠʤʘʥʠʝ! ʄʝʪʘʣʣʠʯʝʩʢʘʷ ʦʢʘʥʪʦʚʢʘ (ʢʦʨʧʫʩ) ʢʘʙʝʣʴʥʦʛʦ ʨʘʟʲʸʤʘ DB-37M ʥʝ 

ʜʦʣʞʥʘ ʙʳʪʴ ʩʦʝʜʠʥʝʥʘ ʩ ʢʘʢʦʡ-ʣʠʙʦ ʮʝʧʴʶ. 

ʊʠʧ ʨʘʟʲʸʤʘ ʚʥʝʰʥʝʛʦ ʧʠʪʘʥʠʷ: DJK-02A, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʝʤʫ ʢʘʙʝʣʴʥʘʷ ʯʘʩʪʴ  ð   

DJK-10A.
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DI16 /  START

DI1

DI2

DI3

DI4

DI5

DI6

DI7

DI8

DI9

DI10

DI11

DI12

DI13

DI14

DI15

GND

+5 V

SYNC

DO16

DO1

DO2

DO3

DO4

DO5

DO6

DO7

DO8

DO9

DO10

DO11

DO12

DO13

DO14

DO15

GND

EN_OE

GND*

+9...+27V (˾͔ .͍ A, B)
+8Χ+40V (˾͔ .͍ B.01, C)
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ʊʘʙʣ. 6-2. ʉʠʛʥʘʣʳ ʨʘʟʲʸʤʘ DIGITAL I/O 

ʆʙʦʟʥʘ- 

ʯʝʥʠʝ 

ʩʠʛʥʘʣʘ 

ʆʙʱʘʷ 

ʪʦʯʢʘ 

ʅʘʧʨʘʚ- 

ʣʝʥʠʝ 

ʉʦʩʪʦʷʥʠʝ 

ʧʦʩʣʝ 

ʚʢʣʶʯʝʥʠʷ 

ʆʧʠʩʘʥʠʝ 

DI<16...1> GND ɺʭʦʜ  16-ʙʠʪʥʳʡ ʮʠʬʨʦʚʦʡ ʚʭʦʜ: DI1-ʤʣʘʜʰʠʡ ʙʠʪ, 

DI16-ʩʪʘʨʰʠʡ ʙʠʪ. ʃʠʥʠ̫  DI16/START 

ʷʚʣʷʝʪʩʷ ʨʘʟʜʝʣʷʝʤʦʡ ʜʣʷ ʩʠʛʥʘʣʦʚ DI16 ʠ 

START, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʛʨʘʤʤʥʳʭ 

ʥʘʩʪʨʦʝʢ 

DO<16...1> GND ɺr ʭʦʜ Z-ʩʦʩʪʦʷʥʠʝ 16-ʙʠʪʥʳʡ ʮʠʬʨʦʚʦʡ ʚʳʭʦʜ: DO16-ʩʪʘʨʰʠʡ 

ʙʠʪ, DO1-ʤʣʘʜʰʠʡ ʙʠʪ 

GND - - - ʎʠʬʨʦʚʘʷ ʟʝʤʣʷ 

+5V GND ɺʳʭʦʜ +4,75...+5,0V ɺʳʭʦʜ +5V ʧʠʪʘʥʠʷ ʚʥʝʰʥʠʭ ʮʝʧʝʡ, ʩʤ. 

ʧ. 6.4.5 

SYNC GND ɺʭʦʜ-

ʚʳʭʦʜ 

 ɺʭʦʜ-ʚʳʭʦʜ ʩʠʛʥʘʣʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ɸʎʇ 

(ʨʝʟʠʩʪʦʨʥʘʷ ʧʦʜʪʷʞʢʘ ʦʪʩʫʪʩʪʚʫʝʪ). 

START GND ɺʭʦʜ-

ʚʳʭʦʜ 

 ɺʭʦʜ-ʚʳʭʦʜ ʩʠʛʥʘʣʘ ʩʪʘʨʪʘ ʩʙʦʨʘ ʜʘʥʥʳʭ.  

ʃʠʥʠ̫  DI16/START ʷʚʣʷʝʪʩʷ ʨʘʟʜʝʣʷʝʤʦʡ ʜʣʷ 

ʩʠʛʥʘʣʦʚ DI16 ʠ START, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʨʦʛʨʘʤʤʥʳʭ ʥʘʩʪʨʦʝʢ. ʀʤʝʝʪʩʷ ʧʦʜʪʷʞʢʘ 

ʨʝʟʠʩʪʦʨʦʤ 4,7 ʢʆʤ ʢ ʮʝʧʠ +5 V. 

+8...+40 V 

(ʨʝʚ. B.01, C) 

+9...+27 V 

(ʨʝʚ. ɸ, ɺ) 

 

GND* ɺʭʦʜ  ɺʭʦʜ ʥʘʧʨʷʞʝʥʠʷ +8...+40 V 

 (+9...+27 V)  ʦʪ ʚʥʝʰʥʝʛʦ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ 

5 W. ʆ ʮʝʧʠ GND* ʩʤ. ʧ. 6.5.3  

EN_OE GND ɺʭʦʜ  ɺʭʦʜ ʫʧʨʘʚʣʝʥʠʷ ʨʝʞʠʤʦʤ ʧʨʠʥʫʜʠʪʝʣʴʥʦʡ 

ʫʩʪʘʥʦʚʢʠ ʣʠʥʠʡ DO<16...1> ʥʘ ʘʢʪʠʚʥʳʡ 

ʚʳʭʦʜ ʩʨʘʟʫ ʧʦʩʣʝ ʧʦʜʘʯʠ ʧʠʪʘʥʠʷ ʥʘ ʤʦʜʫʣʴ, ʚ 

ʵʪʦʤ ʩʣʫʯʘʝ, ʬʫʥʢʮʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʨʘʟʨʝʰʝʥʠʝʤ ʚʳʭʦʜʘ ʠʛʥʦʨʠʨʫʝʪʩʷ. 

ɼʣʷ ʚʢʣʶʯʝʥʠʷ ʨʝʞʠʤʘ ʥʝʦʙʭʦʜʠʤʦ ʟʘʤʢʥʫʪʴ 

ʮʝʧʠ EN_OE ʠ GND ʥʘ ʢʘʙʝʣʴʥʦʡ ʯʘʩʪʠ 

ʨʘʟʲʸʤʘ ʮʠʬʨʦʚʳʭ ʩʠʛʥʘʣʦʚ. ʇʨʠ 

ʥʝʧʦʜʢʣʶʯʝʥʥʦʤ ʚʭʦʜʝ EN_OE 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʨʝʞʠʤ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʨʘʟʨʝʰʝʥʠʝʤ ʚʳʭʦʜʘ 

 

 

 

 

 

  



 

 

6.4. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʭʦʜʦʚ ʠ ʚʳʭʦʜʦʚ 
ʩʠʛʥʘʣʴʥʳʭ ʣʠʥʠʡ 

ɺʥʠʤʘʥʠʝ!: ʇʝʨʝʜ ʧʦʜʢʣʶʯʝʥʠʝʤ ʤʦʜʫʣʷ  ʢ ɺʘʰʝʡ ʩʠʩʪʝʤʝ ʥʝʦʙʭʦʜʠʤʦ E20-10

ʩʪʨʦʛʦ ʫʯʠʪʳʚʘʪʴ ʧʘʨʘʤʝʪʨʳ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣʠʮʘʭ ʥʘʩʪʦʷʱʝʛʦ ʨʘʟʜʝʣʘ. 

ʌʠʨʤʘ-ʠʟʛʦʪʦʚʠʪʝʣʴ ʥʝ ʥʝʩʝʪ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʧʨʠ ʚʳʭʦʜʝ  ʠʟ ʩʪʨʦʷ ʧʦ E20-10

ʧʨʠʯʠʥʝ ʧʨʝʚʳʰʝʥʠʷ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ ʨʝʞʠʤʦʚ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ɺ ʪʘʙʣʠʮʘʭ ʥʘʩʪʦʷʱʝʛʦ ʨʘʟʜʝʣʘ ʧʨʠʥʷʪʳ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ: 

AI - ʘʥʘʣʦʛʦʚʳʡ ʚʭʦʜ 

DI - ʮʠʬʨʦʚʦʡ ʚʭʦʜ 

DOZ - ʮʠʬʨʦʚʦʡ ʚʳʭʦʜ c ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʝʨʝʭʦʜʘ ʚ Z-ʩʦʩʪʦʷʥʠʝ 

DIO - ʮʠʬʨʦʚʦʡ ʚʭʦʜ-ʚʳʭʦʜ 

AIO - ʘʥʘʣʦʛʦʚʳʡ ʚʭʦʜ-ʚʳʭʦʜ 

6.4.1. ʈʘʙʦʯʠʡ ʨʝʞʠʤ 

ʄʦʜʫʣʴ   ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʩʠʛʥʘʣʴʥʳʭ E20-10

ʣʠʥʠʡ. 

 

ʊʘʙʣ. 6-3. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʭʦʜʦʚ ʠ ʚʳʭʦʜʦʚ ʩʠʛʥʘʣʴʥʳʭ ʣʠʥʠʡ, ʨʘʙʦʯʠʡ 
ʨʝʞʠʤ 

 

ʉʠʛʥʘʣ ʊʠʧ ɺʭʦʜʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʇʨʝʜʝʣʴʥʦ 

ʜʦʧʫʩʪʠʤʳʝ 

ʫʩʣʦʚʠʷ ʥʘ 

ʚʭʦʜʝ 

ʇʨʝʜʝʣʴʥʦ 

ʜʦʧʫʩʪʠʤʳʝ 

ʫʩʣʦʚʠʷ ʥʘ 

ʚʳʭʦʜʝ 

ʈʝʟʠʩʪʦʨʥʘʷ 

ʧʦʜʪʷʞʢʘ 

ɺʭʦʜʳ 

ʢʘʥʘʣʦʚ 

ɸʎʇ 

AI  ʅʝ ʤʝʥʝʝ 5 ʄʆʤ 

(ʨʝʚ. ɸ) 

10 ʄʆʤ (ʨʝʚ. ɺ-ʉ) 

Ñ10 ɺ   

ɺʳʭʦʜʳ 

ʢʘʥʘʣʦʚ 

ʎɸʇ 

AO   ɼʦʧʫʩʢʘʝʪʩʷ 

ʢʦʨʦʪʢʦʝ 

ʟʘʤʳʢʘʥʠʝ 

ʚʳʭʦʜʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ 

AGND  

 

INT, 

DI1... 

DI15 

DI 4,7 ʢʆʤ  -0,2ɺ...+5,2ɺ 

ʦʪʥʦʩʠʪʝʣʴʥʦ 

GND 

 4,7 ʢʆʤ 

ʦʪʥʦʩʠʪʝʣʴʥʦ 

+5V 

ʅʘ 

ʣʠʥʠʠ 

DI16/ 

START 

DIO 4,7 ʢʆʤ ʧʨʠ 

ʥʘʩʪʨʦʡʢʝ ʥʘ ʚʭʦʜ 

-0,2ɺ...+5,2ɺ 

ʦʪʥʦʩʠʪʝʣʴʥʦ 

GND 

 4,7 ʢʆʤ 

ʦʪʥʦʩʠʪʝʣʴʥʦ 

+5V 

DO1... 

DO16 

DO

Z 

ð ð Ñ20 ʤɸ ð 
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ʉʠʛʥʘʣ ʊʠʧ ɺʭʦʜʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʇʨʝʜʝʣʴʥʦ 

ʜʦʧʫʩʪʠʤʳʝ 

ʫʩʣʦʚʠʷ ʥʘ 

ʚʭʦʜʝ 

ʇʨʝʜʝʣʴʥʦ 

ʜʦʧʫʩʪʠʤʳʝ 

ʫʩʣʦʚʠʷ ʥʘ 

ʚʳʭʦʜʝ 

ʈʝʟʠʩʪʦʨʥʘʷ 

ʧʦʜʪʷʞʢʘ 

SYNʉ DIO ʅʝ ʤʝʥʝʝ  

100 ʢʆʤ ʧʨʠ 

ʥʘʩʪʨʦʡʢʝ ʥʘ ʚʭʦʜ 

-0,2...+5,2 ɺ 

ʦʪʥʦʩʠʪʝʣʴʥʦ 

GND 

Ñ20 ʤɸ ʧʨʠ 

ʥʘʩʪʨʦʡʢʝ ʥʘ 

ʚʳʭʦʜ 

 

ɺʥʠʤʘʥʠʝ: ʅʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʩʥʠʤʘʪʴ ʩ   ʙʦʣʝʝ 0,7...1 ɺʪ ʩʫʤʤʘʨʥʦʡ ʤʦʱʥʦʩʪʠ ʧʦ E20-10

ʚʩʝʤ ʚʳʭʦʜʥʳʤ ʮʝʧʷʤ  . E20-10

6.4.2. ɺʳʢʣʶʯʝʥʥʳʡ ʨʝʞʠʤ 

ʄʦʜʫʣʴ , ʦʪʢʣʶʯʝʥʥʳʡ ʦʪ ʚʥʝʰʥʝʛʦ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ, ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ E20-10

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʩʠʛʥʘʣʴʥʳʭ ʣʠʥʠʡ: 

 

ʊʘʙʣ. 6-4. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʭʦʜʦʚ ʠ ʚʳʭʦʜʦʚ ʩʠʛʥʘʣʴʥʳʭ ʣʠʥʠʡ, ʚʳʢʣʶʯʝʥʥʳʡ 
ʨʝʞʠʤ 

 

ʉʠʛʥʘʣ ʊʠʧ ɺʭʦʜʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʇʨʝʜʝʣʴʥʦ 

ʜʦʧʫʩʪʠʤʦʝ 

ʥʘʧʨʷʞʝʥʠʝ ʥʘ 

ʚʭʦʜʝ 

ʇʨʝʜʝʣʴʥʦ 

ʜʦʧʫʩʪʠʤʳʝ 

ʫʩʣʦʚʠʷ ʥʘ 

ʚʳʭʦʜʝ 

ɺʭʦʜʳ 

ʢʘʥʘʣʦʚ 

ɸʎʇ 

AI  ʅʝ ʤʝʥʝʝ 1 ʢʆʤ Ñ10ɺ ð 

ɺʳʭʦʜʳ 

ʢʘʥʘʣʦʚ 

ʎɸʇ 

AO ð ð ð 

DI1...DI15 DI ʅʝ ʤʝʥʝʝ 600 ʆʤ -0,2...+5,2 ɺ 

ʦʪʥʦʩʠʪʝʣʴʥʦ 

GND 

ð 

ʅʘ ʣʠʥʠʠ 

DI16/START 

DIO ʅʝ ʤʝʥʝʝ 600 ʆʤ -0,2...+5,2 ɺ 

ʦʪʥʦʩʠʪʝʣʴʥʦ 

GND 

-0,2...+5,2 ɺ 

ʦʪʥʦʩʠʪʝʣʴʥʦ 

GND 

DO<1...16> DOZ   -0,2...+5,2 ɺ 

ʦʪʥʦʩʠʪʝʣʴʥʦ 

GND 

SYNʉ DIO ʅʝ ʤʝʥʝʝ 600 ʆʤ -0,2...+5,2 ɺ 

ʦʪʥʦʩʠʪʝʣʴʥʦ 

GND 

 

 

  



 

 

6.4.3. ʇʨʝʜʝʣʴʥʳʝ ʩʢʚʦʟʥʳʝ ʪʦʢʠ 

ɺʥʫʪʨʠ ʚ  ʮʝʧʠ AGND, GND, GND*, ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʥʘ ʨʘʟʲʸʤʘʭ ʤʦʜʫʣʷ, E20-10

ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ (ʧ. 6.5.3). ʕʪʦ ʥʘʢʣʘʜʳʚʘʝʪ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʝ 

ʩʢʚʦʟʥʳʝ ʪʦʢʠ ʧʦ ʮʝʧʷʤ AGND-GND-GND*. 

ɺʥʠʤʘʥʠʝ! ʇʨʝʚʳʰʝʥʠʝ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ ʩʢʚʦʟʥʳʭ ʪʦʢʦʚ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʚʳʭʦʜʫ ʠʟ ʩʪʨʦʷ . E20-10

 

ʊʘʙʣ. 6-5. ʇʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʝ ʩʢʚʦʟʥʳʝ ʪʦʢʠ 

ʎʝʧʴ ʇʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʡ ʩʢʚʦʟʥʦʡ 

ʪʦʢ 

AGND-GND 0,1 ɸ 

AGND-GND* 0,1 ɸ 

GND-GND* 0,7 ɸ 

 

6.4.4. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʭʦʜʘ ʚʥʝʰʥʝʛʦ ʧʠʪʘʥʠʷ 

ʇʨʠ ʧʠʪʘʥʠʠ ʥʝ ʦʪ ʩʝʪʝʚʦʛʦ ʘʜʘʧʪʝʨʘ, ʚʭʦʜʷʱʝʛʦ ʚ ʢʦʤʧʣʝʢʪ ʧʦʩʪʘʚʢʠ  E20-10 

(ʧ. 3.3.1), ʘ ʦʪ ʚʥʝʰʥʝʛʦ ʠʩʪʦʯʥʠʢʘ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, ʫʯʠʪʳʚʘʡʪʝ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: 

 

ʊʘʙʣ. 6-6. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʭʦʜʘ ʚʥʝʰʥʝʛʦ ʧʠʪʘʥʠʷ 

 

ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʠʝ ʚ ʨʝʚʠʟʠʷʭ  E20-10

ɸ, ɺ ɺ.01, ʉ 

ʈʘʙʦʯʠʡ ʜʠʘʧʘʟʦʥ ʥʘʧʨʷʞʝʥʠʡ  +9,0é+27 ɺ 

(ʧʦʨʦʛ ʚʢʣʶʯʝʥʠʷ 

+9,5 ɺ) 

 

+8,0é+40 ɺ 

ʇʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʝ ʥʘʧʨʷʞʝʥʠʝ  ī30é+30 ɺ ī45é+45 ɺ 

ʇʦʪʨʝʙʣʷʝʤʘʷ ʤʦʱʥʦʩʪʴ ʚ ʨʘʙʦʯʝʤ ʨʝʞʠʤʝ 

ʙʝʟ ʥʘʛʨʫʟʢʠ ʚʳʭʦʜʥʳʭ ʮʝʧʝʡ . E20-10

 ʅʝ ʙʦʣʝʝ 5 Bʪ (ʨʝʚ. ɸ) 

ʅʝ ʙʦʣʝʝ 4,5 Bʪ (ʨʝʚ. ɺ) 

 

ʅʝ ʙʦʣʝʝ 4,5 Bʪ 

 

  



 

E20-10  ʈʫʢʦʚʦʜʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʷ  

6.4.5. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʳʭʦʜʦʚ ʚʥʝʰʥʝʛʦ ʧʠʪʘʥʠʷ 

ʇʨʠ ʩʥʷʪʠʠ ʩ  ʪʦʢʦʚ ʜʣʷ ʧʠʪʘʥʠʷ ʚʥʝʰʥʠʭ ʫʩʪʨʦʡʩʪʚ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ E20-10

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʳʭʦʜʦʚ ʚʥʝʰʥʝʛʦ ʧʠʪʘʥʠʷ. 

 

ʊʘʙʣ. 6-7. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʳʭʦʜʦʚ ʚʥʝʰʥʝʛʦ ʧʠʪʘʥʠʷ 

ʀʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ ʚʥʝʰʥʠʭ 

ʮʝʧʝʡ 

Ñ12 V +5 V  

ʄʘʢʩʠʤʘʣʴʥʳʡ ʚʳʭʦʜʥʦʡ ʪʦʢ 2 x 35 ʤɸ 35 ʤɸ 

 

100 ʤɸ ʜʣʷ  E20-10

ʨʝʚʠʟʠʡ B.01 ʠ ʉ 

ɿʘʱʠʪʘ ʧʦ ʪʦʢʫ ʊʝʧʣʦʚʘʷ ʟʘʱʠʪʘ 

ʩʪʘʙʠʣʠʟʘʪʦʨʘ 

ʊʝʧʣʦʚʘʷ ʟʘʱʠʪʘ 

ʩʪʘʙʠʣʠʟʘʪʦʨʘ 

ɺʥʠʤʘʥʠʝ!  ʅʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʩʥʠʤʘʪʴ ʩ  ʙʦʣʝʝ 0,7...1 ɺʪ ʩʫʤʤʘʨʥʦʡ E20-10

ʤʦʱʥʦʩʪʠ ʧʦ ʚʩʝʤ ʚʳʭʦʜʥʳʤ ʮʝʧʷʤ . E20-10

  



 

 

6.5. ʉʧʝʮʠʬʠʢʘ ʠ ʧʨʠʤʝʨʳ ʧʦʜʢʣʶʯʝʥʠʷ 
ɺ ʵʪʦʪ ʨʘʟʜʝʣ ʚʳʥʝʩʝʥʳ ʦʪʜʝʣʴʥʳʝ ʚʘʞʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʤʦʜʫʣʶ  

 ʚʥʝʰʥʠʭ ʮʝʧʝʡ. E20-10

6.5.1. ʇʦʜʢʣʶʯʝʥʠʷ ʢ USB 

ʉʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ  ʩʣʝʜʫʶʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ: 

¶ ʉʢʦʨʦʩʪʴ 20 MB/s  (ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʯʘʩʪʦʪʝ ʩʙʦʨʘ ʜʘʥʥʳʭ 10 ʄɻʮ ʧʨʠ ʥʫʣʝʚʦʡ 

ʤʝʞʢʘʜʨʦʚʦʡ ʟʘʜʝʨʞʢʝ) ʙʣʠʟʢʘ  ʢ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʨʘʢʪʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʠ high-speed 

USB 2.0 ʠʥʪʝʨʬʝʡʩʘ. ʕʪʦ ʚ ʯʘʩʪʥʦʩʪʠ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʜʚʘ , ʧʦʜʢʣʶʯʝʥʥʳʭ ʢ E20-10

ʦʜʥʦʤʫ USB-ʭʘʙʫ (ʠʣʠ ʦʜʥʦʤʫ USB-ʢʦʥʪʨʦʣʣʝʨʫ ʢʦʤʧʴʶʪʝʨʘ),  ʩʤʦʛʫʪ ʨʘʙʦʪʘʪʴ 

ʪʦʣʴʢʦ ʜʦ 10 MB/s ʢʘʞʜʳʡ.  

¶ ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ,  ʩʦʚʨʝʤʝʥʥʳʝ USB3.0 ï ʭʘʙʳ  ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʚʘʪ ɹʩʢʦʨʦʩʪʴ 

20 MB/s  ʧʦ ʢʘʞʜʦʤʫ ʥʠʩʭʦʜʷʱʝʤʫ (downsteam) ʧʦʨʪʫ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ,  

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʭʘʙʦʚ ʥʠʢʪʦ ʥʝ ʦʙʷʟʳʚʘʝʪ ʵʪʦ ʦʙʝʩʧʝʯʠʚʘʪʴ, ʠ ʚ ʧʦʛʦʥʝ ʟʘ 

ʫʜʝʰʝʚʣʝʥʠʝʤ ʪʦʚʘʨʘ ʚʦʟʤʦʞʥʳ ʚʘʨʠʘʥʪʳ 
23
é 

¶ ʇʨʠ ʩʤʝʰʘʥʥʦʤ ʧʦʜʢʣʶʯʝʥʠʠ high-speed ʠ full-speed USB ʫʩʪʨʦʡʩʪʚ ʢ ʦʜʥʦʤʫ ʠ 

ʪʦʤʫ ʞʝ USB-ʭʘʙʫ ʩʢʦʨʦʩʪʴ USɺ ʙʫʜʝʪ ʚʳʩʪʘʚʣʷʪʴʩʷ ʧʦ ʩʘʤʦʤʫ ʤʝʜʣʝʥʥʦʤʫ 

ʫʩʪʨʦʡʩʪʚʫ, ʪ.ʝ. ʪʦʣʴʢʦ full-speed.  

¶ ʇʨʠ ʩʢʦʨʦʩʪʠ full-speed (USB 1.1) ʧʨʝʜʝʣʴʥʦ ʜʦʩʪʠʞʠʤʘʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

 ð 1 MB/s (ɸʎʇ 500 ʢɻʮ), ʦʥʘ ʤʦʞʝʪ ʙʳʪʴ ʚʳʩʪʘʚʣʝʥʘ ʧʫʪʸʤ E20-10

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʥʘʩʪʨʦʡʢʠ ʤʝʞʢʘʜʨʦʚʦʡ ʟʘʜʝʨʞʢʠ. ʇʨʠ ʙ·ʣʴʰʠʭ ʯʘʩʪʦʪʘʭ ʙʫʜʝʪ 

ʧʨʦʠʩʭʦʜʠʪʴ ʧʝʨʝʧʦʣʥʝʥʠʝ ʙʫʬʝʨʘ FIFO , ʧʦʩʢʦʣʴʢʫ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ E20-10

USB full-speed ʥʝ ʦʙʝʩʧʝʯʠʪ ʥʝʦʙʭʦʜʠʤʦʡ ʩʢʦʨʦʩʪʠ ʦʪʢʘʯʢʠ ʜʘʥʥʳʭ ʠʟ E20-10  

(ʧʝʨʝʧʦʣʥʝʥʠʝ ʙʫʬʝʨʘ ʧʨʠʚʝʜʸʪ ʢ ʧʦʪʝʨʝ ʜʘʥʥʳʭ, ʥʦ ʥʝ ʜʦʣʞʥʘ ʧʨʠʚʝʩʪʠ ʢ ʧʦʪʝʨʠ 

 ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ E20-10). 

¶ ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝʩʢʦʣʴʢʠʭ   ʥʘ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʙʦʣʝʝ  10 MB/sE20-10  

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʭ ʧʦʜʢʣʶʯʘʪʴ ʢ ʨʘʟʥʳʤ ʢʦʥʪʨʦʣʣʝʨʘʤ ʢʦʤʧʴʶʪʝʨʘ ï ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʥʝ ʜʦʣʞʥʦ ʙʳʪʴ ʧʨʦʙʣʝʤ ʩ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ (ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ, 

ʚʥʫʪʨʝʥʥʠʡ USB-ʭʘʙ ʥʘ ʤʘʪʝʨʠʥʩʢʦʡ ʧʣʘʪʝ ʥʝ ʦʙʝʩʧʝʯʠʪ 20 MB/s  ʧʦ ʢʘʞʜʦʤʫ 

ʧʦʨʪʫ).  ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ USB-ʢʦʥʪʨʦʣʣʝʨʘʭ ʧʨʠʤʝʥʷʡʪʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ PCI ʠʣʠ PCI Express ʢʘʨʪʳ ʨʘʩʰʠʨʝʥʠʷ  USB-ʧʦʨʪʦʚ ʠʟ ʨʘʩʯʸʪʘ: 

1 ʢʘʨʪʘ ʥʘ 1 ʤʦʜʫʣʴ E20-10 (ʵʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʛʘʨʘʥʪʠʨʫʝʪ ʦʙʝʩʧʝʯʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦʡ 

ʩʢʦʨʦʩʪʠ ʧʦ USB).  

¶ ʉʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʤʦʜʫʣʝʡ E20-10 ʥʘ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ c ʦʜʥʠʤ ʢʦʤʧʴʶʪʝʨʦʤ ʠʤʝʶʪʩʷ ʦʙʲʝʢʪʠʚʥʳʝ ʬʠʟʠʯʝʩʢʠʝ 

ʦʛʨʘʥʠʯʝʥʠʷ:  

- ʬʠʟʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʠ ʟʘʧʠʩʠ ʥʘ ʞʸʩʪʢʠʡ ʜʠʩʢ (ʝʩʣʠ ɺʘʰʝ ʇʆ ʠʩʧʦʣʴʟʫʝʪ ʪʘʢʫʶ 

ʟʘʧʠʩʴ); 

- ʩʢʦʨʦʩʪʴʶ ʨʘʙʦʪʳ ʯʠʧʩʝʪʘ ʩ ʆɿʋ ʢʦʤʧʴʶʪʝʨʘ, ʧʦʩʢʦʣʴʢʫ ʧʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʦʪ 

E20-10 ʚ Oɿʋ ʢʦʤʧʴʶʪʝʨʘ ʧʨʦʠʩʭʦʜʠʪ ʧʦ DMA (ʪ.ʝ. ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʫʯʘʩʪʠʝʤ 

ʧʨʦʮʝʩʩʦʨʘ ʢʦʤʧʴʶʪʝʨʘ); 

- ʟʘʛʨʫʞʝʥʥʦʩʪʴʶ ʢʦʤʧʴʶʪʝʨʘ ʩʪʦʨʦʥʥʠʤʠ ʟʘʜʘʯʘʤʠ, ʘʢʪʠʚʥʦ ʨʘʙʦʪʘʶʱʠʤʠ  ʩ ʆɿʋ.     

¶ ʄʘʢʩʠʤʘʣʴʥʘʷ ʜʣʠʥʘ ʢʘʙʝʣʷ USɺ ʧʦ ʩʪʘʥʜʘʨʪʫ ð 5 ʤ. 
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 OOO ñʃ ʂʘʨʜò ʥʝ ʤʦʞʝʪ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʢʘʯʝʩʪʚʦ ʩʪʦʨʦʥʥʝʛʦ ʪʦʚʘʨʘ;  ʜʣʷ ʚʳʙʨʘʥʥʦʛʦ ʭʘʙʘ ʧʝʨʝʜ ʝʛʦ 

ʧʦʢʫʧʢʦʡ ʩʣʝʜʫʝʪ ʫʪʦʯʥʠʪʴ ʤʘʢʩʠʤʘʣʴʥʳʝ ʩʢʦʨʦʩʪʠ ʧʦ downstream-ʧʦʨʪʘʤ.  



 

E20-10  ʈʫʢʦʚʦʜʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʷ  

ɺʥʠʤʘʥʠʝ! ɺʦ ʠʟʙʝʞʘʥʠʝ ʩʙʦʝʚ  (ʦʩʦʙʝʥʥʦ ʥʘ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ ʨʘʙʦʪʳ) E20-10

ʢʨʘʡʥʝ ʥʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʳʥʦʩʥʳʝ ʧʦʨʪʳ ʨʘʩʰʠʨʝʥʠʷ USB ʢʦʤʧʴʶʪʝʨʘ 

ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ (ʵʪʦ ʪʝ ʧʦʨʪʳ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪ ʰʪʳʨʴʢʦʚʳʝ ʜʚʫʭʨʷʜʥʳʝ E20-10 

ʨʘʟʲʸʤʳ
24

 ʥʘ ʤʘʪʝʨʠʥʩʢʠʭ ʧʣʘʪʘʭ ʩ ʢʘʙʝʣʷʤʠ-ʫʜʣʠʥʠʪʝʣʷʤʠ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ USB-

ʨʘʟʲʸʤʘʤʠ, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʦʙʳʯʥʦ ʣʠʙʦ ʩʟʘʜʠ ʩʠʩʪʝʤʥʦʛʦ ʙʣʦʢʘ ʥʘ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʣʘʥʢʘʭ, ʣʠʙʦ ʚʳʥʝʩʝʥʳ ʚʧʝʨʸʜ ʢʦʨʧʫʩʘ ʢʦʤʧʴʶʪʝʨʘ) ʠʟ-ʟʘ 

ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʢʘʯʝʩʪʚʘ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʜʣʷ ʩʪʦʣʴ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, 

ʢʘʢ  , ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʚʘʞʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ: ʥʝʵʢʨʘʥʠʨʦʚʘʥʥʳʡ ʨʘʟʲʸʤ ʥʘ E20-10

ʤʘʪʝʨʠʥʩʢʦʡ ʧʣʘʪʝ, ʯʘʩʪʠʯʥʦ ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʥʝʵʢʨʘʥʠʨʦʚʘʥʥʳʡ ʢʘʙʝʣʴ ʦʪ ʵʪʦʛʦ 

ʨʘʟʲʸʤʘ, ʥʝʢʘʯʝʩʪʚʝʥʥʦʝ ʧʦʜʩʦʝʜʠʥʝʥʠʝ ʵʢʨʘʥʘ ʢʘʙʝʣ ̫ʠ ʚʳʥʦʩʥʦʛʦ ʨʘʟʲʸʤʘ.  

 

6.5.2. ʄʥʦʛʦʤʦʜʫʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ɺ ʤʥʦʛʦʤʦʜʫʣʴʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʷʭ c ʜʦʣʞʥʳ ʩʦʙʣʶʜʘʪʴʩʷ ʩʣʝʜʫʶʱʠʝ E20-10 

ʧʨʘʚʠʣʘ: 

ɽʩʣʠ ʤʦʜʫʣʠ ʤʝʞʜʫ ʩʦʙʦʡ ʩʦʝʜʠʥʷʶʪʩʷ ʧʦ ʮʠʬʨʦʚʳʤ ʣʠʥʠʷʤ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʦ 

ʣʠʥʠʷʤ ʩʠʥʭʨʦʥʠʟʘʮʠʠ, ʧʨʝʨʳʚʘʥʠʷ), ʪʦ ʮʝʧʠ GND ʤʦʜʫʣʝʡ ʪʘʢʞʝ ʜʦʣʞʥʳ ʙʳʪʴ ʩʦʝʜʠʥʝʥʳ 

ʤʝʞʜʫ ʩʦʙʦʡ. 

ɽʩʣʠ ʨʘʟʥʳʝ ʤʦʜʫʣʠ ʛʘʣʴʚʘʥʠʯʝʩʢʠ ʩʚʷʟʘʥʳ ʧʦ ʢʘʢʠʤ-ʣʠʙʦ ʮʝʧʷʤ, ʥʦ ʠʩʧʦʣʴʟʫʶʪ 

ʨʘʟʥʳʝ PC ʠʣʠ ʨʘʟʥʳʝ USB-ʭʘʙʳ ʦʪ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ, ʪʦ ʵʪʠ PC ʠʣʠ 

USB-ʭʘʙʳ ʜʦʣʞʥʳ ʠʤʝʪʴ ʦʙʱʝʝ ʟʘʟʝʤʣʝʥʠʝ (ʝʩʣʠ ʮʝʧʴ ʟʘʟʝʤʣʝʥʠʷ ʧʨʝʜʫʩʤʦʪʨʝʥʘ), ʘ ʮʝʧʠ 

GND ʤʦʜʫʣʝʡ ʜʦʣʞʥʳ ʙʳʪʴ ʩʦʝʜʠʥʝʥʳ ʤʝʞʜʫ ʩʦʙʦʡ. 

ʇʨʠ ʩʦʝʜʠʥʝʥʠʠ ʜʚʫʥʘʧʨʘʚʣʝʥʥʳʭ ʣʠʥʠʡ ʨʘʟʥʳʭ ʤʦʜʫʣʝʡ ʤʝʞʜʫ ʩʦʙʦʡ ʩʣʝʜʫʝʪ 

ʠʩʢʣʶʯʘʪʴ ʧʨʦʪʠʚʦʨʝʯʠʚʦʝ ʩʦʩʪʦʷʥʠʝ ʚʳʭʦʜ ʥʘ ʚʳʭʦʜ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʝʨʝʛʨʫʟʢʝ 

ʣʠʥʠʡ . E20-10

ɺʦʧʨʦʩʳ ʧʦʜʢʣʶʯʝʥʠʷ ʤʦʜʫʣʝʡ ʢ USB ʨʘʩʩʤʦʪʨʝʥʳ 6.5.1. ʆ ʧʨʘʚʠʣʴʥʦʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʮʝʧʝʡ GND, GND* ʠ AGND ʩʤ. ʧʨʠ ʩʦʝʜʠʥʝʥʠʠ ʫʩʪʨʦʡʩʪʚ ʩʤ. ʚ 6.5.3.  

ɺ ʤʥʦʛʦʤʦʜʫʣʴʥʳʡ ʩʦʝʜʠʥʝʥʠʷʭ E20-10 ʚʝʨʦʷʪʥʳ ʧʦʚʳʰʝʥʥʳʝ ʫʨʦʚʥʠ ʩʢʚʦʟʥʳʭ 

ʪʦʢʦʚ (ʧʧ.6.5.3, 6.5.4.4-6.5.4.6). ʄʝʪʦʜʳ ʧʨʝʦʜʦʣʝʥʠʷ: ʧʨʘʚʠʣʴʥʦʝ ʟʘʟʝʤʣʝʥʠʝ, ʩʠʥʬʘʟʥʳʝ 

ʬʠʣʴʪʨʳ (ʧʨʝʜʦʩʪʘʚʣʷʶʪʩʷ ʢʦʥʢʨʝʪʥʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʨʠ ʫʩʣʦʚʠʠ ʧʦʜʨʦʙʥʦʛʦ ʦʧʠʩʘʥʠʷ 

ʢʦʥʢʨʝʪʥʦʛʦ ʩʣʫʯʘʷ ʧʦʜʢʣʶʯʝʥʠʷ ï ʧʦ ʟʘʧʨʦʩʫ ʚ OOO ñʃ ʂʘʨʜò). 
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 ʚʦʦʙʱʝ ʛʦʚʦʨʷ, ʪʘʢʦʡ ʨʘʟʲʸʤ USB ʜʘʞʝ ʥʝ ʧʨʝʜʫʩʤʦʪʨʝʥ ʩʧʝʮʠʬʠʢʘʮʠʷʤʠ USB 1.1, 2.0 ʠ 3.0  [10] [11] 



 

 

6.5.3. ʎʝʧʠ GND, GND* ʠ AGND 

ʇʨʠ ʧʦʜʢʣʶʯʝʥʠʠ ʚʥʝʰʥʠʭ ʮʝʧʝʡ ʤʦʜʫʣʷ  ʩʣʝʜʫʝʪ ʠʩʭʦʜʠʪʴ ʠʟ ʝʛʦ ʚʥʫʪʨʝʥʥʝʡ ʩʭʝʤʳ E20-10

ʩʦʝʜʠʥʝʥʠʷ ʦʙʱʠʭ ʧʨʦʚʦʜʦʚ ʦʪ ʨʘʟʥʳʭ ʨʘʟʲʸʤʦʚ ï ʈʠʩ. 6-4. 

 

ʈʠʩ. 6-4. ʎʝʧʠ GND, GND* ʠ AGND 

ʄʦʜʫʣʴ  ʥʝ ʠʤʝʝʪ ʚʥʫʪʨʝʥʥʠʭ ʛʘʣʴʚʘʥʦʨʘʟʚʷʟʦʢ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʮʝʧʠ GND, E20-10

GND* ʠ AGND ʠʤʝʶʪ ʚʥʫʪʨʝʥʥʶʶ ʩʚʷʟʴ (ʧ. 6.5.3): ʦʙʱʠʡ ʧʨʦʚʦʜ ʮʠʬʨʦʚʳʭ ʮʝʧʝʡ GND ʚ 

ʦʜʥʦʡ ʪʦʯʢʝ ʚʥʫʪʨʠ  ʩʦʝʜʠʥʷʝʪʩʷ ʩ ʦʙʱʠʤ ʧʨʦʚʦʜʦʤ ʘʥʘʣʦʛʦʚʳʭ ʮʝʧʝʡ AGND. ʂ ʵʪʦʡ E20-10

ʞʝ ʚʥʫʪʨʝʥʥʝʡ ʪʦʯʢʝ  ʯʝʨʝʟ ʩʠʥʬʘʟʥʳʡ ʧʦʤʝʭʦʧʦʜʘʚʣʷʶʱʠʡ ʬʠʣʴʪʨ ʧʦʜʩʦʝʜʠʥʸʥ E20-10

ʦʙʱʠʡ ʧʨʦʚʦʜ ʚʥʝʰʥʝʛʦ ʠcʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ. 

ʇʨʠʥʮʠʧʠʘʣʴʥʦ, ʯʪʦ ʦʙʱʠʡ ʧʨʦʚʦʜ ʠʥʪʝʨʬʝʡʩʘ USB ʦʪ ʢʦʤʧʴʶʪʝʨʘ (ʩʦʝʜʠʥʸʥʥʳʡ ʩ 

ʢʦʨʧʫʩʦʤ ʢʦʤʧʴʶʪʝʨʘ) ʪʘʢʞʝ ʧʦʜʩʦʝʜʠʥʸʥ ʚ ʪʦʯʢʫ ʩʦʝʜʠʥʝʥʠʷ ʦʙʱʠʭ ʧʨʦʚʦʜʦʚ ʚʥʫʪʨʠ  

.  E20-10

ʇʨʠ ʧʦʜʢʣʶʯʝʥʠʠ  ʢ ʚʥʝʰʥʠʤ ʮʝʧʷʤ ʩʣʝʜʫʝʪ ʧʦʤʥʠʪʴ, ʯʪʦ ʥʘʠʙʦʣʝʝ E20-10

ʧʨʘʚʠʣʴʥʦʝ ʧʦʜʢʣʶʯʝʥʠʝ  ï ʵʪʦ ʪʦ, ʢʦʪʦʨʦʝ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʪʝʢʘʥʠʶ ʩʢʚʦʟʥʳʭ ʪʦʢʦʚ E20-10

ʧʦ ʮʝʧʷʤ: 

GNDðAGND,  GNDðʢʦʨʧʫʩ ʢʦʤʧʴʶʪʝʨʘ ʠʣʠ AGNDðGNDðʢʦʨʧʫʩ ʢʦʤʧʴʶʪʝʨʘ. 

ɺʥʠʤʘʥʠʝ! ʅʘʣʠʯʠʝ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʩʢʚʦʟʥʳʭ ʪʦʢʦʚ ʤʦʞʝʪ ʫʭʫʜʰʠʪʴ ʩʦʦʪʥʦʰʝʥʠʝ 

ʩʠʛʥʘʣ-ʰʫʤ ʚ ʢʘʥʘʣʘʭ , ʚʳʟʚʘʪʴ ʥʝʫʩʪʦʡʯʠʚʫʶ ʨʘʙʦʪʫ USB, ʠʣʠ USB-ʭʘʙʘ, ʘ ʧʨʠ E20-10

ʧʨʝʚʳʰʝʥʠʠ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ ʩʢʚʦʟʥʳʭ ʪʦʢʦʚ (ʪʘʙʣ. 6-5) ʚʳʚʝʩʪʠ ʠʟ ʩʪʨʦʷ  ʠ E20-10

ʧʨʠʩʦʝʜʠʥʸʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. 

ɽʩʣʠ ʞʝ ʪʘʢʠʝ ʪʦʢʠ ʚ ɺʘʰʝʡ ʩʠʩʪʝʤʝ ʧʦ ʢʘʢʦʡ-ʣʠʙʦ ʧʨʠʯʠʥʝ ʥʝʠʟʙʝʞʥʳ, ʪʦ ʩʣʝʜʫʝʪ 

ʧʨʠʥʷʪʴ ʤʝʨʳ ʧʦ ʝʛʦ ʤʠʥʠʤʠʟʘʮʠʠ (ʧʧ.6.5.4.5, 6.5.4.6). 
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E20-10  ʈʫʢʦʚʦʜʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʷ  

ʆʙʱʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʦʜʢʣʶʯʝʥʠʶ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ ɺʳ ʤʦʞʝʪʝ ʥʘʡʪʠ ʚ 

ʩʧʝʮʠʘʣʴʥʦʡ ʩʪʘʪʴʝ [2]. 

6.5.4. ʇʦʜʢʣʶʯʝʥʠʝ ʚʭʦʜʘ ɸʎʇ 

ɿʜʝʩʴ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥ ʨʷʜ ʧʨʘʢʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʚʦʧʨʦʩʦʚ ʧʦʜʢʣʶʯʝʥʠʷ ʚʭʦʜʘ ɸʎʇ. 

6.5.4.1. ʉʦʙʩʪʚʝʥʥʳʡ ʚʭʦʜʥʦʡ ʪʦʢ ʘʥʘʣʦʛʦʚʦʛʦ ʚʭʦʜʘ 

ɸʎʇ 

ʕʪʦʪ ʪʦʢ ʷʚʣʷʣʩʷ ʩʚʦʡʩʪʚʦʤ ʧʨʠʤʝʥʸʥʥʦʡ ʚ ʨʝʚʠʟʠʠ ɸ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ ʫʩʠʣʠʪʝʣʷ. ɺ 

ʨʝʚʠʟʠʷʭ ɺ-C ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʧʨʠʤʝʥʠʪʴ ʫʩʠʣʠʪʝʣʴ ʩ ʥʝʩʨʘʚʥʠʤʦ ʤʝʥʴʰʠʤ ʚʭʦʜʥʳʤ 

ʪʦʢʦʤ (ʧʦʨʷʜʢʘ 10 ʥɸ). ʅʦ ʧʦʩʢʦʣʴʢʫ ʬʘʢʪ ʥʘʣʠʯʠʷ ʚʭʦʜʥʦʛʦ ʪʦʢʘ ʨʝʚʠʟʠʠ ɸ ʤʦʛ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʠʣʦʞʝʥʠʷʭ (ʥʘʧʨʠʤʝʨ, ʢʘʢ ʧʨʠʟʥʘʢ ʧʦʜʢʣʶʯʝʥʠʷ ʚʥʝʰʥʝʛʦ 

ʠʩʪʦʯʥʠʢʘ ʩʠʛʥʘʣʘ), ʪʦ ʚ ʨʝʚʠʟʠʷʭ ɺ-C ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʪʦʢ ʩʤʝʱʝʥʠʷ ʧʦ ʧʨʦʛʨʘʤʤʥʦʡ 

ʢʦʤʘʥʜʝ ʤʦʞʝʪ ʙʳʪʴ ʚʢʣʶʯʸʥ (ʧʨʠ ʵʪʦʤ, ʪʦʢ ʩʤʝʱʝʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦ ʩʦʟʜʘʸʪʩʷ) ʜʣʷ 

ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʩ ʧʨʝʞʥʝʡ ʨʝʚʠʟʠʝʡ, ʥʦ ʧʦ ʫʤʦʣʯʘʥʠʶ ʚ ʨʝʚʠʟʠʷʭ ɺ-ʉ ʚʭʦʜʥʦʡ ʪʦʢ ʩʤʝʱʝʥʠʷ 

ʚʳʢʣʶʯʝʥ, ʩʤ. ʨʠʩ. 6-5. 

ʉʦʙʩʪʚʝʥʥʳʡ ʪʦʢ ʚʭʦʜʘ ɸʎʇ  ʨʝʚʠʟʠʠ ɸ ʠʤʝʝʪ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʥʘʢ, ʧʦʵʪʦʤʫ E20-10

ʧʨʠ ʥʝʧʦʜʢʣʶʯʝʥʥʦʤ ʘʥʘʣʦʛʦʚʦʤ ʚʭʦʜʝ  ʙʫʜʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ñʟʘʰʢʘʣò ʚ ʩʪʦʨʦʥʫ E20-10

ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ. ʀʟ ʵʪʦʛʦ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʩʣʝʜʫʝʪ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʩʪʴ 

ʩʦʩʪʦʷʥʠʷ ʥʝʧʦʜʢʣʶʯʝʥʥʦʛʦ ʘʥʘʣʦʛʦʚʦʛʦ ʚʭʦʜʘ, c ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʥʘʢʣʘʜʳʚʘʝʪ ʦʛʨʘʥʠʯʝʥʠʝ 

ʥʘ ʚʥʫʪʨʝʥʥʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠʩʪʦʯʥʠʢʘ ʩʠʛʥʘʣʘ ʧʦ ʧʦʩʪʦʷʥʥʦʤʫ ʪʦʢʫ, ʧʦʩʢʦʣʴʢʫ ʟʥʘʯʝʥʠʝ 

ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʭʦʜʥʦʛʦ ʪʦʢʘ, ʫʤʥʦʞʝʥʥʦʝ ʥʘ ʚʥʫʪʨʝʥʥʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠʩʪʦʯʥʠʢʘ ʩʠʛʥʘʣʘ 

(ʧʦ ʧʦʩʪʦʷʥʥʦʤʫ ʪʦʢʫ) ʜʘʩʪ ʧʦʩʪʦʷʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʩʤʝʱʝʥʠʷ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ . E20-10

ʅʘʧʨʠʤʝʨ, ʧʨʠ ʩʦʧʨʦʪʠʚʣʝʥʠʠ ʠʩʪʦʯʥʠʢʘ 50 ʆʤ ʪʠʧʠʯʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʩʤʝʱʝʥʠʷ ʩʦʩʪʘʚʠʪ 

0,35 ʤɺ, ʘ ʧʨʠ 1 ʢʆʤ ð ʩʦʩʪʘʚʠʪ 7 ʤɺ. 

 

 

ʈʠʩ. 6-5. ʕʢʚʠʚʘʣʝʥʪʥʳʝ ʩʭʝʤʳ ʚʭʦʜʥʦʡ ʮʝʧʠ ɸʎʇ ʧʦ ʧʦʩʪʦʷʥʥʦʤʫ ʪʦʢʫ 
(ʦʪʣʠʯʠʷ ʨʝʚʠʟʠʡ ɸ ʦʪ ɺ-C) 

 

ˣ͔ͦ͡  ͔
5 MOͣ

7 ͣ ͟s
(͙ͭ .ͨ)

ͻʕͦ  ͒                    ͔ͪ ͍͙͙͘  ͙s

10 MOͣ

0.6 ͣ ͟s
(͙ͭ .ͨ)

ͻʕͦ  ͒                       ͔ͪ ͍͙͙͘  ͙B-˿

͍̂ͨͪ͊͡Ύ͔ͭͫΎ ͨͪ ͎ͦͪ͊ͣͣ ͤͦ
(άͨ  ͦͣͯ ͦ͡;͙͊ͤΌέ - ͍ ·͟ Ό͡;͔ )ͤ



 

 

6.5.4.2. ʇʦʜʢʣʶʯʝʥʠʝ ʢ ʚʳʩʦʢʦʦʤʥʦʤʫ ʚʳʭʦʜʫ ʠ ʚʳʭʦʜʫ 

ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ  

ɺ ʩʣʫʯʘʝ  ʨʝʚʠʟʠʠ ɸ,  ʝʩʣʠ ʚʳʭʦʜ ɺʘʰʝʛʦ ʠʩʪʦʯʥʠʢʘ ʩʠʛʥʘʣʘ ð ʵʪʦ ʚʳʭʦʜ E20-10

ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ, ʩʦʜʝʨʞʘʱʠʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʨʘʟʜʝʣʠʪʝʣʴʥʳʡ ʢʦʥʜʝʥʩʘʪʦʨ (ʪ.ʝ. ʧʦ 

ʧʦʩʪʦʷʥʥʦʤʫ ʪʦʢʫ ï ʦʙʨʳʚ ʠʣʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʙʦʣʝʝ 10 ʢʆʤ), ʪʦʛʜʘ ʧʨʠ ʧʦʜʢʣʶʯʝʥʠʠ ʢ 

ʪʘʢʦʤʫ ʚʳʭʦʜʫ ʥʝʦʙʭʦʜʠʤʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʧʦʜʢʣʶʯʝʥʠʝ  ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʨʝʟʠʩʪʦʨʘ 

(ʞʝʣʘʪʝʣʴʥʦ ʥʝ ʙʦʣʝʝ 1 ʢʆʤ) ʢ ʚʳʭʦʜʫ ʠʩʪʦʯʥʠʢʘ ʩʠʛʥʘʣʘ
25
. ʕʪʦʪ ʨʝʟʠʩʪʦʨ ʩʦʟʜʘʩʪ ʪʨʝʙʫʝʤʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠʩʪʦʯʥʠʢʘ ʧʦ ʧʦʩʪʦʷʥʥʦʤʫ ʪʦʢʫ ʠ ʩʚʝʜʸʪ ʢ ʤʠʥʠʤʫʤʫ ʚʣʠʷʥʠʝ ʚʭʦʜʥʦʛʦ ʪʦʢʘ 

(ʧ. 6.5.4.1) ʥʘ ʥʘʧʨʷʞʝʥʠʝ ʩʤʝʱʝʥʠʷ ʥʫʣʷ ʚʭʦʜʘ ɸʎʇ. ʄʦʞʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ: ʚʭʦʜ ɸʎʇ 

 ʨʝʚʠʟʠʠ ɸ ʥʝʩʦʚʤʝʩʪʠʤ ʩ ʠʩʪʦʯʥʠʢʦʤ ʩʠʛʥʘʣʘ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʙʦʣʝʝ 10 ʢʆʤ ʧʦ E20-10

ʧʦʩʪʦʷʥʥʦʤʫ ʪʦʢʫ.  

ɺ ʩʣʫʯʘʝ  ʨʝʚʠʟʠʡ ɺ-ʉ ʚ ʘʥʘʣʦʛʠʯʥʦʡ ʩʠʪʫʘʮʠʠ  ʤʠʥʠʤʠʟʘʮʠʷ ʚʭʦʜʥʦʛʦ E20-10

ʥʘʧʨʷʞʝʥʠʷ ʩʤʝʱʝʥʠʷ   ʚʭʦʜʘ ɸʎʇ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʘ ʧʨʦʛʨʘʤʤʥʳʤ ʦʪʢʣʶʯʝʥʠʝʤ 

ʚʭʦʜʥʦʛʦ ʪʦʢʘ ʩʤʝʱʝʥʠʷ, ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝʩʥʠʤʘʝʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ  

ʨʝʚʠʟʠʠ ɸ.  

ɿʘʤʝʪʠʤ ʪʘʢʞʝ, ʯʪʦ, ʚʦ ʚʩʝʭ ʨʝʚʠʟʠʷʭ  ʥʝʚʳʩʦʢʦʝ ʚʥʫʪʨʝʥʥʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ E20-10

ʠʩʪʦʯʥʠʢʘ ʩʠʛʥʘʣʘ ʞʝʣʘʪʝʣʴʥʦ ʩʦʚʩʝʤ ʧʦ ʜʨʫʛʦʡ ʧʨʠʯʠʥʝ ï ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʩʦʦʪʥʦʰʝʥʠʷ 

ʩʠʛʥʘʣ-ʰʫʤ. 

 

6.5.4.3. ʆ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʜʢʣʶʯʝʥʠ ̫ʩʪʘʥʜʘʨʪʥʦʛʦ 

ʦʩʮʠʣʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʱʫʧʘ 

ʈʘʟʲʸʤ rBNC ʚʭʦʜʦʚ ɸʎʇ  ʥʘʚʦʜʷʪ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʥʘ ʤʳʩʣʴ ʦ ʚʦʟʤʦʞʥʦʩʪʠ E20-10

ʧʦʜʢʣʶʯʝʥʠ ̫ʩʪʘʥʜʘʨʪʥʦʛʦ ʱʫʧʘ ʩ ʜʝʣʠʪʝʣʝʤ 1:1/1:10, ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʥʘ ʚʭʦʜʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʩʮʠʣʣʦʛʨʘʬʘ 1 ʄOʤ ʠ ʚʭʦʜʥʫʶ ʸʤʢʦʩʪʴ 15-30 ʧʌ. ʉʣʝʜʫʝʪ ʫʯʝʩʪʴ, ʯʪʦ ʧʦ 

ʧʦʩʪʦʷʥʥʦʤʫ ʪʦʢʫ ʚ ʨʝʞʠʤʝ 1:10 ʪʘʢʦʡ ʱʫʧ ʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʚʭʦʜʫ ɸʎʇ ʵʢʚʠʚʘʣʝʥʪʝʥ 

ʚʳʩʦʢʦʦʤʥʦʤʫ ʠʩʪʦʯʥʠʢʫ ʩʠʛʥʘʣʘ (ʙʦʣʝʝ 10 ʢʆʤ) ʠ ʩ  ʨʝʚʠʟʠʝʡ ɸ ʪʘʢʦʡ ʱʫʧ ʚ ʨʝʞʠʤʝ E20-10

1:10 ʥʝʩʦʚʤʝʩʪʠʤ ʩ   ʨʝʚʠʟʠʠ ɸ  (ʧ. 6.5.4.2),  ʥʦ  ʩʦʚʤʝʩʪʠʤ ʩ E20-10   ʨʝʚʠʟʠʡ ɺ-C, E20-10

ʝʩʣʠ ʚʭʦʜʥʦʡ ʪʦʢ ʙʫʜʝʪ ʧʨʦʛʨʘʤʤʥʦ ʦʪʢʣʶʯʸʥ (ñʧʦ ʫʤʦʣʯʘʥʠʶòʚ ʨʝʚʠʟʠʠ ɺ-C ʚʭʦʜʥʦʡ ʪʦʢ 

ʦʪʢʣʶʯʝʥ). ʇʨʠ ʵʪʦʤ ʧʦʪʨʝʙʫʝʪʩʷ ʩʦʛʣʘʩʦʚʘʪʴ ʱʫʧ. ʈʘʩʩʤʦʪʨʠʤ ʵʪʠ ʚʦʧʨʦʩʳ ʧʦʜʨʦʙʥʝʝ. 

ʉʪʘʥʜʘʨʪʥʳʡ ʦʩʮʠʣʣʦʛʨʘʬʠʯʝʩʢʠʡ ʱʫʧ, ʢʘʢ ʧʨʘʚʠʣʦ, ʨʘʩʩʯʠʪʘʥ ʥʘ ʚʭʦʜʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʩʮʠʣʣʦʛʨʘʬʘ 1 MOʤ.  ɺ  ʨʝʞʠʤʝ 1:10  ʚʭʦʜʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʠʙʦʨʘ 

ʚʳʧʦʣʥʷʝʪ ʨʦʣʴ ñʥʠʞʥʝʛʦ ʧʣʝʯʘò ʜʝʣʠʪʝʣʷ ʥʘʧʨʷʞʝʥʠʷ ʱʫʧʘ 1:10, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʦʭʦʜʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʱʫʧʘ (ʧʦʨʷʜʢʘ 9 ʄʆʤ) ʚʳʧʦʣʥʷʝʪ ʨʦʣʴ ñʚʝʨʭʥʝʛʦ ʧʣʝʯʘò ʜʝʣʠʪʝʣʷ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʬʫʥʢʮʠʠ ʜʝʣʝʥʠʷ 1:10 ʱʫʧʘ ʦʩʮʠʣʣʦʛʨʘʬʘ  ʥʝʦʙʭʦʜʠʤʦ 

ʧʦʜʢʣʶʯʝʥʠʝ ʧʘʨʘʣʣʝʣʴʥʦ ʚʭʦʜʫ E20-10 ʨʝʟʠʩʪʦʨʘ 1,1 ʄʆʤ.  ʕʪʦʪ ʨʝʟʠʩʪʦʨ, ʚʢʣʶʯʝʥʥʳʡ 

ʧʘʨʘʣʣʝʣʴʥʦ ʚʭʦʜʥʦʤʫ ʩʦʧʨʦʪʠʚʣʝʥʠʶ E20-10, ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʦʙʝʩʧʝʯʠʪ ʪʨʝʙʫʝʤʳʝ 1 ʄOʤ 

ʜʣʷ ʥʘʛʨʫʟʢʠ ʩʪʘʥʜʘʨʪʥʦʛʦ ʱʫʧʘ ʦʩʮʠʣʣʦʛʨʘʬʘ.   

 ʄʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʚ ʨʝʞʠʤʝ 1:1 ʩʪʘʥʜʘʨʪʥʳʡ ʱʫʧ ʦʩʮʠʣʣʦʛʨʘʬʘ ʦʢʘʟʳʚʘʝʪʩʷ 

ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʦʚʘʥ ʚ ʧʦʣʦʩʝ ʯʘʩʪʦʪ ʜʦ 5 ʄɻʮ ʩʦ ʚʭʦʜʦʤ ɸʎʇ  ʣʶʙʦʡ E20-10

ʨʝʚʠʟʠʠ, ʧʦʩʢʦʣʴʢʫ ʚ ʨʝʞʠʤʝ 1:1 ʧʦ ʧʦʩʪʦʷʥʥʦʤʫ ʪʦʢʫ ʧʨʦʭʦʜʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʱʫʧʘ ʥʝ 

ʩʣʠʰʢʦʤ ʚʳʩʦʢʦ, ʘ ʥʝʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʧʦ ʧʝʨʝʤʝʥʥʦʤʫ ʪʦʢʫ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʠʭ 

ʯʘʩʪʦʪʘʭ, ʥʝ ʧʦʧʘʜʘʶʱʠʭ ʚ ʧʦʣʦʩʫ ʧʨʦʧʫʩʢʘʥʠʷ ʚʭʦʜʘ ɸʎʇ. ʇʨʠ ʵʪʦʤ, ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʪʢʣʶʯʝʥʠʷ ʚʭʦʜʥʦʛʦ ʪʦʢʘ  ʨʝʚʠʟʠʠ ɺ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʢʣʶʯʝʥʠʷ ʱʫʧʘ E20-10

1:1 ʢ ʚʳʩʦʢʦʦʤʥʳʤ ʠʩʪʦʯʥʠʢʘʤ ʩʠʛʥʘʣʘ, ʢʘʢ ʚ ʩʣʫʯʘʝ ʨʘʙʦʪʳ ʩ ʦʙʳʯʥʳʤ ʦʩʮʠʣʣʦʛʨʘʬʦʤ. 

                                                 
25

 ɽʩʪʝʩʪʚʝʥʥʦ, ʩʘʤʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʢʣʶʯʝʥʠʷ ʪʘʢʦʛʦ ʨʝʟʠʩʪʦʨʘ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʠ ʥʘʛʨʫʟʦʯʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʠʩʪʦʯʥʠʢʘ ʩʠʛʥʘʣʘ  



 

E20-10  ʈʫʢʦʚʦʜʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʷ  

ʊʦʯʥʦʝ ʩʦʛʣʘʩʦʚʘʥʠʝ ʱʫʧʘ ʧʦ ʧʝʨʝʤʝʥʥʦʤʫ ʪʦʢʫ ʚ ʨʝʞʠʤʝ 1:10 ʤʦʞʝʪ ʙʳʪʴ 

ʚʳʧʦʣʥʝʥʦ ʰʪʘʪʥʳʤ ʧʦʩʪʨʦʝʯʥʳʤ ʢʦʥʜʝʥʩʘʪʦʨʦʤ, ʢʦʪʦʨʳʡ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʨʘʟʲʸʤʝ BNC 

ʱʫʧʘ, ʝʩʣʠ, ʢʦʥʝʯʥʦ, ɺʘʰ ʱʫʧ ʠʤʝʝʪ ʪʘʢʫʶ ʧʦʜʩʪʨʦʡʢʫ.    

ʇʦʜʢʣʶʯʝʥʠʝ ʧʘʨʘʣʣʝʣʴʥʦ ʚʭʦʜʫ E20-10 ʨʝʟʠʩʪʦʨʘ 1,1 ʄʆʤ, ʢʘʢ ʵʪʦ ʙʳʣʦ 

ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʚʳʰʝ, ʪʝʭʥʠʯʝʩʢʠ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʦ ʧʦʩʨʝʜʩʪʚʦʤ ʚʢʣʶʯʝʥʠʷ ʱʫʧʘ 

ʦʩʮʠʣʣʦʛʨʘʬʘ ʯʝʨʝʟ BNC-ʧʝʨʝʭʦʜʥʠʢ-ʥʘʛʨʫʟʢʫ
26

.   

 

6.5.4.4. ʆ ʚʣʠʷʥʠʠ ʩʢʚʦʟʥʳʭ ʪʦʢʦʚ ʥʘ ʩʦʦʪʥʦʰʝʥʠʝ 
ʩʠʛʥʘʣ-ʰʫʤ 

ɺʭʦʜ ɸʎʇ  ʠʤʝʝʪ ʜʚʫʧʦʣʷʨʥʳʡ, ʦʜʥʦʬʘʟʥʳʡ ʚʭʦʜ ʥʘʧʨʷʞʝʥʠʷ ʙʝʟ E20-10

ʛʘʣʴʚʘʥʦʨʘʟʚʷʟʢʠ (ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʪʠʧʦʚ ʚʭʦʜʦʚ ʩʤ. ʚ 2). 

ɽʩʣʠ ɺʳ ʥʘʤʝʨʝʚʘʝʪʝʩʴ ʧʦʣʫʯʠʪʴ ʥʘʠʣʫʯʰʝʝ ʩʦʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ-ʰʫʤ ʧʨʠ 

ʩʦʝʜʠʥʝʥʠʠ ʦʜʥʦʬʘʟʥʦʛʦ ʚʭʦʜʘ ɸʎʇ  ʩ ʚʥʝʰʥʠʤ ʧʨʠʙʦʨʦʤ (ʠʩʪʦʯʥʠʢʦʤ ʩʠʛʥʘʣʘ), E20-10

cʣʝʜʫʝʪ ʦʙʝʩʧʝʯʠʪʴ ʥʫʣʝʚʦʡ ʪʦʢ (ʚʦ ʚʩʝʡ ʧʦʣʦʩʝ ʯʘʩʪʦʪ), ʪʝʢʫʱʠʡ ʧʦ ʵʢʨʘʥʫ ʢʦʘʢʩʠʘʣʴʥʦʛʦ 

ʢʘʙʝʣʷ ʚʭʦʜʥʦʡ ʮʝʧʠ ɸʎʇ, ʧʦʩʢʦʣʴʢʫ ʧʘʜʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʩʢʚʦʟʥʦʤ ʠʤʧʝʜʘʥʩʝ ʮʝʧʠ 

ʵʢʨʘʥʘ ʢʘʙʝʣʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʩʫʤʤʠʨʫʝʪʩʷ ʩ ʥʘʧʨʷʞʝʥʠʝʤ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ ʥʘ 

ʚʭʦʜʝ ɸʎʇ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʭʫʜʰʝʥʠʶ ʩʦʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ-ʰʫʤ. 

6.5.4.5. ʂʘʢ ʦʙʥʘʨʫʞʠʪʴ, ʯʪʦ ʩʢʚʦʟʥʳʝ ʪʦʢʠ ʫʭʫʜʰʘʶʪ 
ʩʠʛʥʘʣ-ʰʫʤ ʚ ɺʘʰʝʡ ʩʭʝʤʝ 

ʩʦʝʜʠʥʝʥʠʷ? 

ɼʦʧʫʩʪʠʤ, ɺʳ ʩʦʝʜʠʥʠʣʠ ʚʭʦʜ ɸʎʇ  ʩ ʚʥʝʰʥʠʤ ʧʨʠʙʦʨʦʤ ʠ ʦʙʥʘʨʫʞʠʣʠ ʚ E20-10

ʩʧʝʢʪʨʝ ʦʮʠʬʨʦʚʘʥʥʦʛʦ ʩʠʛʥʘʣʘ ʧʦʤʝʭʠ, ʢʦʪʦʨʳʭ ʥʝʪ ʥʘ ʚʳʭʦʜʝ ʚʥʝʰʥʝʛʦ ʧʨʠʙʦʨʘ. 

ʃʦʢʘʣʠʟʘʮʠʷ ʧʨʠʯʠʥʳ ʧʨʦʙʣʝʤʳ: 

¶ ʆʪʩʦʝʜʠʥʠʪʝ ʨʘʟʲʸʤ ʢʦʘʢʩʠʘʣʴʥʦʛʦ ʢʘʙʝʣʷ ʦʪ ʧʨʠʙʦʨʘ (ʚʪʦʨʦʡ ʢʦʥʝʮ ʢʘʙʝʣʷ 

ʦʩʪʘʸʪʩʷ ʧʦʜʢʣʶʯʝʥʥʳʤ ʢ ) ʠ ʟʘʤʢʥʠʪʝ ʮʝʥʪʨʘʣʴʥʳʡ ʢʦʥʪʘʢʪ ʦʪʩʦʝʜʠʥʸʥʥʦʛʦ E20-10

ʨʘʟʲʸʤʘ ʥʘ ʝʛʦ ʢʦʨʧʫʩ. ɽʩʣʠ ʧʦʤʝʭʘ ʚ ʦʮʠʬʨʦʚʘʥʥʦʤ ʩʠʛʥʘʣʘ ʠʩʯʝʟʣʘ, ʟʥʘʯʠʪ ʦʥʘ 

ʨʦʞʜʘʝʪʩʷ ʥʝ ʚ  ʠ ʥʝ ʚ ʢʘʙʝʣʝ ʧʦ ʧʨʠʯʠʥʝ ʝʛʦ ʥʝʠʩʧʨʘʚʥʦʩʪʠ. E20-10

¶ ʆʩʪʘʚʣʷʷ ʟʘʤʢʥʫʪʳʡ ʮʝʥʪʨʘʣʴʥʳʡ ʢʦʥʪʘʢʪ ʨʘʟʲʸʤʘ ʩʦʝʜʠʥʠʪʝ ʢʦʨʧʫʩ ʨʘʟʲʸʤʘ ʩ 
ʢʦʨʧʫʩʦʤ ʚʳʭʦʜʥʦʛʦ ʨʘʟʲʸʤʘ ʧʨʠʙʦʨʘ. ɽʩʣʠ ʧʦʤʝʭʘ ʧʦʷʚʠʣʘʩʴ, ʪʦ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ 

ʝʸ ʚʳʟʚʘʣʠ ʩʢʚʦʟʥʳʝ ʪʦʢʠ. ɽʩʣʠ ʞʝ ʧʦʤʝʭʘ ʥʝ ʧʦʷʚʠʣʘʩʴ, ʪʦ ʵʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ 

ʧʦʤʝʭʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʩʘʤʦʤ ʩʠʛʥʘʣʝ ʥʘ ʚʳʭʦʜʝ ʧʨʠʙʦʨʘ. 

6.5.4.6. ʂʘʢ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ, ʝʩʣʠ ʩʢʚʦʟʥʳʝ ʪʦʢʠ 
ʦʙʥʘʨʫʞʝʥʳ? 

ʉʫʱʝʩʪʚʫʶʪ ʩʣʝʜʫʶʱʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʧʫʪʠ ʨʝʰʝʥʠʷ: 

¶ ʕʣʝʢʪʨʠʯʝʩʢʠ ʙʣʠʟʢʦ ʟʘʟʝʤʣʷʪʴ ʩʦʝʜʠʥʷʝʤʳʝ ʧʨʠʙʦʨʳ, ʫʢʦʨʘʯʠʚʘʪʴ 

ʩʦʝʜʠʥʠʪʝʣʴʥʳʝ ʧʨʦʚʦʜʘ. 

¶ ʇʨʠʤʝʥʷʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʛʘʣʴʚʘʥʦʨʘʟʚʷʟʢʠ ʚ ʩʠʩʪʝʤʝ, ʨʘʟʨʳʚʘʶʱʠʝ 
ʢʦʥʪʫʨ rʩʢʚʦʟʥʳʭ ʪʦʢʦʚ ʧʦ ʦʙʱʠʤ ʧʨʦʚʦʜʘʤ. 
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  ɼʘʥʥʳʡ ʧʝʨʝʭʦʜʥʠʢ OOO ñʃ ʂʘʨʜò ʥʝ ʧʦʩʪʘʚʣʷʝʪ. ʇʨʠ ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʦʪʨʝʙʥʦʩʪʠ OOO ñʃ ʂʘʨʜò  ʛʦʪʦʚ 

ʨʘʩʩʤʦʪʨʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʧʫʩʢʘ ʤʦʜʠʬʠʢʘʮʠʠ E20-10 c ʚʭʦʜʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 1 ʄʆʤ. ʇʨʠ 

ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪʠ ʚ ʪʘʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ E20-10 ʦʙʨʘʱʘʡʪʝʩʴ, ʧʦʞʘʣʫʡʩʪʘ, ʚ ʦʬʠʩ OOO ñʃ ʂʘʨʜò ʠʣʠ ʚ 

ʢʦʥʬʝʨʝʥʮʠʶ ʥʘ ʩʘʡʪʝ www.lcard.ru  
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, E20-10

ʢʦʪʦʨʳʡ ʩʢʦʤʧʝʥʩʠʨʫʝʪ ʧʝʨʝʤʝʥʥʳʡ ʩʢʚʦʟʥʦʡ ʪʦʢ, ʠ ʧʦʤʝʭʘ ʥʝ ʙʫʜʝʪ 

ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʚ ʩʠʛʥʘʣʝ. 

6.5.4.7. ʆ ʥʝʧʦʜʢʣʶʯʝʥʥʳʭ ʚʭʦʜʘʭ ɸʎʇ 

ɺʥʠʤʘʥʠʝ! ʅʝʧʦʜʢʣʶʯʝʥʥʳʝ ʚʭʦʜʳ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʫʩʪʘʥʦʚʠʪʴ ʚ ʨʝʞʠʤ ʠʟʤʝʨʝʥʠʷ 

ʩʦʙʩʪʚʝʥʥʦʛʦ ʥʫʣʷ ʠʣʠ ʠʭ ʥʝ ʩʣʝʜʫʝʪ ʦʧʨʘʰʠʚʘʪʴ. 

ʉʦʙʩʪʚʝʥʥʳʡ ʪʦʢ ʚʭʦʜʘ ɸʎʇ (ʢʨʦʤʝ ʩʣʫʯʘʷ  ʨʝʚʠʟʠʡ ɺ-ʉ ʩ ʧʨʦʛʨʘʤʤʥʦ E20-10

ʚʳʢʣʶʯʝʥʥʳʤ ʚʭʦʜʥʳʤ ʪʦʢʦʤ) ʥʘ ʥʝʧʦʜʢʣʶʯʝʥʥʳʭ ʚʭʦʜʘʭ ɸʎʇ ʤʦʞʝʪ ʩʦʟʜʘʪʴ ʚʭʦʜʥʦʝ 

ʥʘʧʨʷʞʝʥʠʝ, ʧʨʝʚʳʰʘʶʱʝʝ ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʧʦʜʜʠʘʧʘʟʦʥ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ.  ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ,  

ʝʩʣʠ ʚ ʨʝʞʠʤʝ ʧʝʨʝʛʨʫʟʢʠ ʚʭʦʜʘ ʦʧʨʘʰʠʚʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʢʘʥʘʣ ʚ ʧʨʦʮʝʩʩʝ ʩʙʦʨʘ 

ʜʘʥʥʳʭ, ʪʦ ʵʪʦ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʥʝʢʦʪʦʨʦʝ ʫʚʝʣʠʯʝʥʠʝ ʤʝʞʢʘʥʘʣʴʥʦʛʦ ʧʨʦʭʦʞʜʝʥʠʷ. ʇʦʵʪʦʤʫ, 

ʚ ʰʪʘʪʥʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʥʝʧʦʜʢʣʶʯʝʥʥʳʡ ʚʭʦʜ ʩʣʝʜʫʝʪ ʣʠʙʦ ʥʘʩʪʨʦʠʪʴ ʥʘ ʨʝʞʠʤ 

ʠʟʤʝʨʝʥʠʷ ʩʦʙʩʪʚʝʥʥʦʛʦ ʥʫʣʷ ï ʵʪʦ ʫʩʪʨʘʥʠʪ ʧʝʨʝʛʨʫʟʢʫ, ʣʠʙʦ ʥʝ ʦʧʨʘʰʠʚʘʪʴ (ʪ.ʝ. ʚ 

ʫʧʨʘʚʣʷʶʱʝʡ ʪʘʙʣʠʮʝ ʥʝ ʜʦʣʞʝʥ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʢʦʜ ʢʘʥʘʣʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 

ʥʝʧʦʜʢʣʶʯʝʥʥʦʤʫ ʚʭʦʜʫ). 

6.5.5. ʇʦʜʢʣʶʯʝʥʠʝ ʮʠʬʨʦʚʳʭ ʣʠʥʠʡ ʠ ʣʠʥʠʡ 
ʩʠʥʭʨʦʥʠʟʘʮʠʠ 

ɺʩʝ ʮʠʬʨʦʚʳʝ ʣʠʥʠʠ ʨʠʩ. 6-3)ʠʤʝʶʪ ʮʝʧʴ ʦʙʱʝʛʦ ʧʨʦʚʦʜʘ GND, E20-10 (  

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʪʦʨʦʛʦ ʜʦʣʞʥʳ ʙʳʪʴ ʚʳʧʦʣʥʝʥʳ ʩʚʷʟʠ ʩ ʚʥʝʰʥʠʤʠ ʮʠʬʨʦʚʳʤʠ ʫʟʣʘʤʠ. 

ɺʥʝʰʥʝʝ ʧʦʜʢʣʶʯʝʥʠʝ ʮʝʧʠ GND ʚʩʝʛʜʘ ʜʦʣʞʥʦ ʫʯʠʪʳʚʘʪʴ ʝʸ ʚʥʫʪʨʝʥʥʝʝ ʧʦʜʢʣʶʯʝʥʠʝ 

(ʧ. 6.5.3)  

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʭʝʤʳ ʧʦʜʢʣʶʯʝʥʠʷ ñʚʝʜʫʱʠʡïʚʝʜʦʤʳʝò ʨ̫ ʜʦʤ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʦʪ 

2-ʭ ʜʦ 5-ʪʠ ʰʪ.  ʤʦʞʥʦ ʩʦʝʜʠʥʠʪʴ ʚʠʪʳʤʠ ʧʘʨʘʤʠ ʢʨʘʪʯʘʡʰʠʤ ʧʫʪʸʤ. ʇʦ ʩʤʳʩʣʫ E20-10

ʪʨʝʙʫʝʪʩʷ ʚʦ ʚʩʝʭ  ʩʦʝʜʠʥʠʪʴ ʠʭ ʦʜʥʦʠʤʸʥʥʳʝ ʮʝʧʠ (ʨʠʩ. 6-3): GNDïGND, SYNCïE20-10

SYNC, DI16/STARTïDI16/START. ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʩʚʷʟʝʡ ʚʠʪʳʤʠ ʧʘʨʘʤʠ ʦʜʠʥ ʠʟ ʧʨʦʚʦʜʦʚ 

ʚ ʧʘʨʝ ʚʩʝʛʜʘ ʜʦʣʞʝʥ ʙʳʪʴ ʮʝʧʴʶ GND.  

ʆʧʪʠʤʘʣʴʥʘʷ ʪʦʧʦʣʦʛʠʷ ʩʚʷʟʝʡ ʢʦʨʦʪʢʠʤʠ ʚʠʪʳʤʠ ʧʘʨʘʤʠ ï ʵʪʦ ʢʦʛʜʘ ʦʪ ñʚʝʜʫʱʝʛʦò 

ʧʦ ʣʫʯʝʚʦʤʫ ʧʨʠʥʮʠʧʫ ʢʨʘʪʯʘʡʰʠʤ ʧʫʪʸʤ ʨʘʩʭʦʜʠʪʩʷ ʧʦ ʜʚʝ ʚʠʪʳʭ ʧʘʨʳ ʥʘ ʢʘʞʜʳʡ 

ñʚʝʜʦʤʳʡò, ʘ ʥʝ ʦʧʪʠʤʘʣʴʥʘʷ ï ʵʪʦ ʪʦʧʦʣʦʛʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʦʙʭʦʜʘ. ʈʝʘʣʴʥʦ, ʙʳʚʘʝʪ 

ʧʨʠʝʤʣʝʤ ʢʦʤʧʨʦʤʠʩʩʥʳʡ ʚʘʨʠʘʥʪ ʤʝʞʜʫ ʧʝʨʚʳʤ ʠ ʚʪʦʨʳʤ. ʂʦʨʦʪʢʠʝ ʚʠʪʳʝ ʧʘʨʳ ʤʦʞʥʦ 

ʟʘʤʝʥʠʪʴ ʢʦʨʦʪʢʠʤʠ ʦʪʨʝʟʢʘʤʠ ʵʢʨʘʥʠʨʦʚʘʥʥʳʭ ʧʨʦʚʦʜʦʚ (GND-ʵʢʨʘʥ).  

ɺʳʰʝ ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ ʩʣʫʯʘʡ ʢʦʨʦʪʢʠʭ ʩʚʷʟʝʡ ʨʷʜʦʤ ʨʘʩʧʦʣʦʞʝʥʥʳʭ , ʦʜʥʘʢʦ E20-10

ʩʫʱʝʩʪʚʫʝʪ ʪʝʭʥʠʯʝʩʢʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪʴ ʜʣʠʥʫ ʩʚʷʟʝʡ ʠ ʢʦʣʠʯʝʩʪʚʦ 

ʩʠʥʭʨʦʥʠʟʠʨʫʝʤʳʭ . ɽʩʣʠ ʤʥʦʛʦʢʨʘʪʥʦ ʨʝʪʨʘʥʩʣʠʨʦʚʘʪʴ ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʩʭʝʤʳ E20-10

ʧʝʨʝʜʘʪʯʠʢʘ ʩʠʛʥʘʣʳ START ʠ SYNC ʦʪ ʚʝʜʫʱʝʛʦ  (ʧʠʪʘʥʠʝ +5V ʠʤʝʝʪʩʷ ʥʘ ʨʘʟʲʸʤʝ), E20-10

ʪʦ ʢʦʣʠʯʝʩʪʚʦ ʩʦʝʜʠʥʷʝʤʳʭ ʧʦ ʩʭʝʤʝ "ʚʝʜʫʱʠʡ-ʚʝʜʦʤʳʝ" ʪʝʭʥʠʯʝʩʢʠ ʥʝ ʦʛʨʘʥʠʯʝʥʦ! E20-10 

ʆʜʠʥ ʠʟ ʧʨʠʤʝʨʦʚ ʪʘʢʦʛʦ ʧʦʜʢʣʶʯʝʥʠʷ ʧʦ ʪʝʭʥʦʣʦʛʠʠ MLVDS ʨʘʩʩʤʦʪʨʝʥ ʚ ʃ.[3] , ʩʤ. 

ʩʪʨ. 75.
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E20-10  ʈʫʢʦʚʦʜʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʷ  

7. ʉʧʝʮʠʬʠʢʘʮʠʠ 
ɺʩʝ ʧʨʠʚʦʜʠʤʳʝ ʥʠʞʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʦʜʢʣʶʯʝʥʠʶ ʢ E20-10

ʩʪʘʥʜʘʨʪʥʦʤʫ USB 2.0 ʧʦʨʪʫ ʢʦʤʧʴʶʪʝʨʘ. 

ɺ ʧʨʠʚʦʜʠʤʳʭ ʥʠʞʝ ʩʧʝʮʠʬʠʢʘʮʠʷʭ ʫʢʘʟʘʥʳ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ  ʧʦ E20-10

ʥʘʟʥʘʯʝʥʠʶ ʜʣʷ ʨʘʙʦʯʝʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ. 

ɺʥʠʤʘʥʠʝ! ʇʨʝʜʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʜʫʣʷ  , ʘ ʪʘʢʞʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ E20-10

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʛʥʘʣʴʥʳʭ ʣʠʥʠʡ ʧʨʠʚʦʜʷʪʩʷ ʚ ʧ. 6.4. 

7.1. ɸʎʇ 
ʅʘʠʤʝʥʦʚʘʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɿʥʘʯʝʥʠʝ 

ʏʠʩʣʦ ʢʘʥʘʣʦʚ 4 ʩ ʦʙʱʝʡ ʟʝʤʣʸʡ (ʦʜʥʦʬʘʟʥʳʭ) 

ʈʘʟʨʷʜʥʦʩʪʴ ɸʎʇ 14 ʙʠʪ 

ʇʦʜʜʠʘʧʘʟʦʥʳ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ Ñ3 ɺ; Ñ1 ɺ; Ñ0,3 ɺ ï ʥʝʟʘʚʠʩʠʤʘʷ ʧʨʦʛʨʘʤʤʥʘʷ 

ʥʘʩʪʨʦʡʢʘ ʜʣʷ ʢʘʞʜʦʛʦ ʢʘʥʘʣʘ 

ʇʨʝʜʝʣʳ ʜʦʧʫʩʢʘʝʤʦʡ ʧʨʠʚʝʜʝʥʥʦʡ ʦʩʥʦʚʥʦʡ 

ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʥʘʧʨʷʞʝʥʠʷ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ 

Ñ0,25 % 

ʇʨʝʜʝʣʳ ʜʦʧʫʩʢʘʝʤʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʦʩʥʦʚʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ 

ʥʘʧʨʷʞʝʥʠʷ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ 

ʉʦʛʣʘʩʥʦ ʧ. 7.1.1, 7.1.2 

ʇʨʝʜʝʣʳ ʜʦʧʫʩʢʘʝʤʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʦʩʥʦʚʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʯʘʩʪʦʪʳ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ɸʎʇ 

Ñ0,005 % 

ʊʠʧʠʯʥʦʝ ʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ-ʰʫʤ 

 
70 ʜɹ (ʜʣʷ  ʨʝʚʠʟʠʠ ɸ) E20-10

73 ʜɹ (ʜʣʷ  ʨʝʚʠʟʠʡ ɺ-C) E20-10

ʇʨʝʜʝʣʳ ʜʦʧʫʩʢʘʝʤʦʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʧʦʛʨʝʰʥʦʩʪʠ ʦʪ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚ ʜʠʘʧʘʟʦʥʝ ʨʘʙʦʯʠʭ 

ʪʝʤʧʝʨʘʪʫʨ, ʥʘ ʢʘʞʜʳʝ 10 ÜC 

0,5 ʦʪ ʧʨʝʜʝʣʦʚ ʜʦʧʫʩʢʘʝʤʦʡ ʦʩʥʦʚʥʦʡ 

ʧʦʛʨʝʰʥʦʩʪʠ 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʯʘʩʪʦʪʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ɸʎʇ 10.0  

ʄʠʥʠʤʘʣʴʥʘʷ ʯʘʩʪʦʪʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ɸʎʇ 1,00 ʄɻʮ (ʤʝʥʴʰʠʝ ʯʘʩʪʦʪʳ ʩʙʦʨʘ ʜʘʥʥʳʭ 

ʚʦʟʤʦʞʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʥʫʪʨʝʥʥʝʛʦ 

ʤʝʭʘʥʠʟʤʘ ʤʝʞʢʘʜʨʦʚʦʡ ʟʘʜʝʨʞʢʠ, 

ʨʝʘʣʠʟʫʶʱʝʛʦ ʧʨʦʨʝʞʠʚʘʥʠʝ ʜʘʥʥʳʭ) 

  




























