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Abstract. In this paper is presented a technical solution, design and the 
implementation of a cost effective digitally controlled programmable-gain 
instrumentation amplifier. The amplifier is composed of two cascaded stages, 
based on PGA202/203. It can be controlled with DAQ NI USB6008/9 and 
LabVIEW, or with microcontroller.   
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УВОД 

ʀʟʚʝʩʪʥʦ ʝ, ʯʝ ʠʟʤʝʨʚʘʪʝʣʥʠʪʝ ʫʩʠʣʚʘʪʝʣʠ (Instrumentation Amplifiers) 
ʧʨʠʪʝʞʘʚʘʪ ʤʥʦʛʦ ʫʩʪʦʡʯʠʚʠ ʧʘʨʘʤʝʪʨʠ, ʩʚʝʞʜʘʱʠ ʜʦ ʤʠʥʠʤʫʤ ʧʨʦʤʝʥʠʪʝ ʚ 
ʫʩʠʣʚʘʥʠʷ ʩʠʛʥʘʣ. ʊʝ ʠʤʘʪ ʛʦʣʷʤʦ ʚʭʦʜʥʦ ʩʲʧʨʦʪʠʚʣʝʥʠʝ ʠ ʢʦʝʬʠʮʠʝʥʪ ʥʘ 
ʫʩʠʣʚʘʥʝ ʧʦ ʥʘʧʨʝʞʝʥʠʝ AU ʟʘ ʜʠʬʝʨʝʥʮʠʘʣʥʠ ʩʠʛʥʘʣʠ ʦʪ 1 ʜʦ 10000 [1, 11]. ʀʤʘʪ 
ʩʲʱʦ ʛʦʣʷʤ ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʧʦʪʠʩʢʘʥʝ ʥʘ ʩʠʥʬʘʟʥʠ ʩʠʛʥʘʣʠ CMRR. ʊʦʚʘ 
ʦʧʨʝʜʝʣʷ ʠ ʜʠʬʝʨʝʥʮʠʘʣʥʠʷ ʠʤ ʚʭʦʜ. 

ʆʩʥʦʚʥʠʪʝ ʧʘʨʘʤʝʪʨʠ ʥʘ ʠʟʤʝʨʚʘʪʝʣʝʥ ʫʩʠʣʚʘʪʝʣ ʩʘ: 
• ʂʦʝʬʠʮʠʝʥʪ ʥʘ ʫʩʠʣʚʘʥʝ AU..  

ʄʘʢʩʠʤʘʣʥʘʪʘ ʤʫ ʩʪʦʡʥʦʩʪ ʟʘʚʠʩʠ ʦʪ ʩʭʝʤʘʪʘ, ʧʦ ʢʦʷʪʦ ʝ ʨʝʘʣʠʟʠʨʘʥ 
ʠʥʩʪʨʫʤʝʥʪʘʣʥʠʷʪ ʫʩʠʣʚʘʪʝʣ (ʀʋ) ʠ ʦʪ ʠʟʧʦʣʟʚʘʥʠʪʝ ʆʋ. 

• ʆʪʥʦʩʠʪʝʣʥʘ ʛʨʝʰʢʘ ʚ ʢʦʝʬʠʮʠʝʥʪʘ ʥʘ ʫʩʠʣʚʘʥʝ (Gain Error).  
ʅʘʡ-ʯʝʩʪʦ ʚ ʢʘʪʘʣʦʞʥʠʪʝ ʜʘʥʥʠ ʩʝ ʜʘʚʘ ʚ ʧʨʦʮʝʥʪʠ. ɿʘʚʠʩʠ ʦʩʥʦʚʥʦ ʦʪ 

ʪʦʣʝʨʘʥʩʠʪʝ ʥʘ ʨʝʟʠʩʪʦʨʠʪʝ, ʢʘʪʦ ʟʘ ʥʘʤʘʣʷʚʘʥʝʪʦ ʡ ʪʝ ʩʝ ʥʘʩʪʨʦʡʚʘʪ ʣʘʟʝʨʥʦ ʦʱʝ 
ʚ ʧʨʦʮʝʩʘ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ. 

• ɺʭʦʜʥʦ ʩʲʧʨʦʪʠʚʣʝʥʠʝ Ri. 
ʆʙʠʢʥʦʚʝʥʦ ʝ ʥʷʢʦʣʢʦ ʩʪʦʪʠʮʠ ʄÝ, ʢʘʪʦ ʧʨʠ ʩʭʝʤʠʪʝ ʩ ʧʦʣʝʚʠ 

ʪʨʘʥʟʠʩʪʦʨʠ ʥʘ ʚʭʦʜʘ, ʤʦʞʝ ʜʘ ʜʦʩʪʠʛʥʝ ʜʝʩʝʪʢʠ  GÝ. 
• ʏʝʩʪʦʪʥʘ ʣʝʥʪʘ (Bandwidth - BW). 

ʅʘ ʧʨʘʢʪʠʢʘ ʪʦʚʘ ʝ ʛʦʨʥʘʪʘ ʛʨʘʥʠʯʥʘ ʯʝʩʪʦʪʘ ʥʘ ʫʩʠʣʚʘʪʝʣʷ. ʉʪʦʡʥʦʩʪʪʘ ʠ 
ʝ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʥʘ ʢʦʝʬʠʮʠʝʥʪʘ ʥʘ ʫʩʠʣʚʘʥʝ AU, ʧʦʨʘʜʠ ʢʦʝʪʦ ʚ 
ʢʘʪʘʣʦʟʠʪʝ ʩʝ ʜʘʚʘ ʟʘ ʥʷʢʦʣʢʦ ʥʝʛʦʚʠ ʩʪʦʡʥʦʩʪʠ. 

• ʂʦʝʬʠʮʠʝʥʪ ʥʘ ʧʦʪʠʩʢʘʥʝ ʥʘ ʩʠʥʬʘʟʥʠ ʩʠʛʥʘʣʠ (Common Mode 
Rejection Ratio). 
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ɺʠʥʘʛʠ ʩʝ ʠʟʨʘʟʷʚʘ ʚ ʜʝʮʠʙʝʣʠ, ʢʘʪʦ: 
CMRR = 20lg(AU / AUʩ) = 20lgAU ï 20lgAUc , 
ʢʲʜʝʪʦ AUc = U0c/ Uic ʝ ʢʦʝʬʠʮʠʝʥʪʲʪ ʥʘ ʧʨʝʜʘʚʘʥʝ ʥʘ ʩʠʥʬʘʟʥʠʪʝ ʩʠʛʥʘʣʠ. 

 ɺ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʥʘʯʠʥʘ ʥʘ ʟʘʜʘʚʘʥʝ ʥʘ AU, ʠʟʤʝʨʚʘʪʝʣʥʠʪʝ ʫʩʠʣʚʘʪʝʣʠ 
(ʀʋ) ʙʠʚʘʪ ʪʨʠ ʚʠʜʘ:   

• ʀʋ ʩ ʬʠʢʩʠʨʘʥʦ ʫʩʠʣʚʘʥʝ ï ʉʪʦʡʥʦʩʪʪʘ ʥʘ AU ʝ ʬʘʙʨʠʯʥʦ 
ʦʧʨʝʜʝʣʝʥʘ.  

• ʇʨʦʛʨʘʤʠʨʫʝʤʠ  ʀʋ,  ʧʨʠ ʢʦʠʪʦ AU ʩʝ ʟʘʜʘʚʘ ʯʨʝʟ ʚʲʥʰʝʥ ʨʝʟʠʩʪʦʨ.  
• ʀʋ ʩ ʮʠʬʨʦʚʦ ʫʧʨʘʚʣʝʥʠʝ - ʩʪʦʡʥʦʩʪʪʘ ʥʘ AU ʠʤʘ ʥʷʢʦʣʢʦ ʬʠʢʩʠʨʘʥʠ 

ʩʪʦʡʥʦʩʪʠ, ʚʩʷʢʘ ʦʪ ʢʦʠʪʦ ʩʝ ʠʟʙʠʨʘ ʯʨʝʟ ʜʚʦʠʯʥʦ ʯʠʩʣʦ. ʊʦʚʘ ʩʝ 
ʧʦʩʪʠʛʘ ʢʘʪʦ ʯʠʩʣʦʪʦ ʫʧʨʘʚʣʷʚʘ ʘʥʘʣʦʛʦʚʠ ʢʣʶʯʦʚʝ, ʘ ʪʝ 
ʧʨʝʚʢʣʶʯʚʘʪ ʨʝʟʠʩʪʦʨʠ. 

ʅʘʩʪʦʷʱʘʪʘ ʩʪʘʪʠʷ ʨʘʟʛʣʝʞʜʘ ʧʨʦʝʢʪʠʨʘʥʝʪʦ ʥʘ ʀʋ ʩ ʮʠʬʨʦʚʦ ʫʧʨʘʚʣʝʥʠʝ, 
ʧʨʝʜʥʘʟʥʘʯʝʥ ʟʘ ʨʘʙʦʪʘ ʩ DAQmx NIUSB6008/9 ʠ LabVIEW, ʥʦ ʝ ʧʨʝʜʚʠʜʝʥʘ 
ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʠ ʦʪ ʤʠʢʨʦʢʦʥʪʨʦʣʝʨʠ. ʅʘʣʠʮʝ ʝ ʚʲʟʤʦʞʥʦʩʪ ʠ ʟʘ 
ʩʘʤʦʩʪʦʷʪʝʣʥʘ ʨʘʙʦʪʘ ʥʘ ʫʩʠʣʚʘʪʝʣʷ. ʆʩʥʦʚʥʠʪʝ ʧʘʨʘʤʝʪʨʠ ʥʘ ʧʨʦʝʢʪʠʨʘʥʠʷ 
ʫʩʠʣʚʘʪʝʣ ʩʘ: 

- ʂʦʝʬʠʮʠʝʥʪ ʥʘ ʫʩʠʣʚʘʥʝ: ʇʨʦʛʨʘʤʠʨʫʝʤ ʤʝʞʜʫ 1 ʠ 8000. 
- ʈʘʟʤʘʭ ʥʘ ʠʟʭʦʜʥʦʪʦ ʥʘʧʨʝʞʝʥʠʝ -10V õ 10V. 
- ʈʝʛʫʣʠʨʘʥʝ ʥʘ ʦʬʩʝʪʘ -10V õ 10V. 
- ɺʲʟʤʦʞʥʦʩʪ ʟʘ ʠʟʙʦʨ ʥʘ AU ʩ ʚʲʥʰʥʠ ʥʘʧʨʝʞʝʥʠʷ ʩ TTL ʥʠʚʘ. 
- ɺʲʟʤʦʞʥʦʩʪ ʟʘ ʨʝʛʫʣʠʨʘʥʝ ʥʘ ʦʬʩʝʪʘ, ʢʘʢʪʦ ʨʲʯʥʦ (ʩ ʧʦʪʝʥʮʠʦʤʝʪʲʨ), 

ʪʘʢʘ ʠ ʩ ʚʲʥʰʥʦ ʥʘʧʨʝʞʝʥʠʝ ʩ ʨʘʟʤʘʭ 0 õ 5V. 
- CMRR> 80dBʧʨʠ ʝʜʠʥʠʯʥʦ ʫʩʠʣʚʘʥʝ. 

ПРОЕКТИРАНЕ НА БЛОКОВАТА СХЕМА НА УСИЛВАТЕЛЯ 

ʇʦʨʘʜʠ ʩʨʘʚʥʠʪʝʣʥʦ ʛʦʣʝʤʠʷ ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʫʩʠʣʚʘʥʝ, ʫʩʠʣʚʘʪʝʣʷʪ ʱʝ 
ʙʲʜʝ ʠʟʛʨʘʜʝʥ ʦʪ ʜʚʝ ʢʘʩʢʘʜʥʦ ʩʚʲʨʟʘʥʠ ʩʪʲʧʘʣʘ. ʇʲʨʚʦʪʦ ʩʪʲʧʘʣʦ ʱʝ ʦʩʠʛʫʨʷʚʘ 
ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʫʩʠʣʚʘʥʝ AU 1, 10, 100, ʠ 1000, ʘ ʚʪʦʨʦʪʦ 1, 2, 4, ʠ 8. ɹʣʦʢʦʚʘʪʘ 
ʩʭʝʤʘ ʥʘ ʫʩʠʣʚʘʪʝʣʷ ʝ ʜʘʜʝʥʘ ʥʘ ʬʠʛ.1. ʈʝʛʫʣʠʨʘʥʝʪʦ ʥʘ ʦʪʤʝʩʪʚʘʥʝʪʦ ʤʦʞʝ ʜʘ ʩʝ 
ʧʨʝʚʢʣʶʯʚʘ ʟʘ ʨʘʙʦʪʘ ʩ ʧʲʨʚʦʪʦ ʠʣʠ ʩ ʚʪʦʨʦʪʦ ʫʩʠʣʚʘʪʝʣʥʦ ʩʪʲʧʘʣʦ. ɺʭʦʜʥʦʪʦ 
ʤʫ ʫʧʨʘʚʣʷʚʘʱʦ ʥʘʧʨʝʞʝʥʠʝ ʩʝ ʚʟʝʤʘ ʦʪ ʘʥʘʣʦʛʦʚʠʷ ʠʟʭʦʜ ʥʘ DAQmx6008/9 ʠʣʠ 
ʦʪ ʎɸʇ ʥʘ ʫʧʨʘʚʣʷʚʘʱʠʷ ʤʠʢʨʦʢʦʥʪʨʦʣʝʨ. ʇʨʝʜʚʠʜʝʥʘ ʝ ʠ ʚʲʟʤʦʞʥʦʩʪ ʟʘ 
ʟʘʜʘʚʘʥʝ ʥʘ ʦʪʤʝʩʪʚʘʥʝʪʦ ʩ ʧʦʪʝʥʮʠʦʤʝʪʲʨ. 

ɿʘʭʨʘʥʚʘʱʠʷʪ ʙʣʦʢ ʦʩʠʛʫʨʷʚʘ ʥʝʦʙʭʦʜʠʤʠʪʝ ʟʘ ʨʘʙʦʪʘʪʘ ʥʘ ʩʭʝʤʘʪʘ 
ʥʘʧʨʝʞʝʥʠʷ. ʊʨʷʙʚʘ ʜʘ ʧʨʠʪʝʞʘʚʘ ʟʘʱʠʪʘ ʩʨʝʱʫ ʧʦʛʨʝʰʥʦ ʚʢʣʶʯʚʘʥʝ ʠ ʜʘ 
ʬʠʣʪʨʠʨʘ ʜʦʩʪʘʪʲʯʥʦ ʜʦʙʨʝ, ʩʤʫʱʝʥʠʷʪʘ, ʧʨʦʥʠʢʚʘʱʠ ʧʨʝʟ ʤʨʝʞʘʪʘ. 
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Фигура 1. ɹʣʦʢʦʚʘ ʩʭʝʤʘ ʥʘ ʫʩʠʣʚʘʪʝʣʷ. 

ПРОЕКТИРАНЕ НА ПРИНЦИПНАТА ЕЛЕКТРИЧЕСКА СХЕМА И РЕАЛИЗАЦИЯ  

 ʇʨʠ ʧʨʦʝʢʪʠʨʘʥʝʪʦ ʥʘ 
ʫʩʠʣʚʘʪʝʣʷ ʝ ʟʘʣʦʞʝʥʦ ʥʘ 
ʛʲʚʢʘʚʦʩʪʪʘ ʠ ʚʲʟʤʦʞʥʦʪʦ ʤʫ 
ʠʟʧʦʣʟʚʘʥʝ ʚ ʨʘʟʣʠʯʥʠ 
ʧʨʠʣʦʞʝʥʠʷ. ʀʟʧʦʣʟʚʘʥʠ ʩʘ 
ʠʥʪʝʛʨʘʣʥʠ ʩʭʝʤʠ (ʀʉ) ʥʘ Texas 
Instruments: PGA202 [3] ʟʘ 
ʩʪʝʧʝʥʠʪʝ ʥʘ ʫʩʠʣʚʘʥʝ, ʢʨʘʪʥʠ ʥʘ 
10 ʠ PGA203 ʟʘ ʩʪʝʧʝʥʠʪʝ, ʢʨʘʪʥʠ 
ʥʘ 2. ɼʚʝʪʝ ʀʉ ʩʘ ʧʨʦʝʢʪʠʨʘʥʠ ʟʘ 
ʨʘʙʦʪʘ ʚ ʩʠʩʪʝʤʠ ʟʘ ʩʲʙʠʨʘʥʝ ʥʘ 
ʜʘʥʥʠ, ʢʘʪʦ ʦʩʥʦʚʥʠʪʝ ʠʤ 
ʧʨʠʣʦʞʝʥʠʷ ʩʘ ʚ ʩʭʝʤʠ ʟʘ 
ʨʘʟʰʠʨʷʚʘʥʝ ʥʘ ʜʠʥʘʤʠʯʥʠʷ 
ʦʙʭʚʘʪ, ʩʭʝʤʠ ʟʘ ʘʚʪʦʤʘʪʠʯʥʦ 
ʧʨʝʚʢʣʶʯʚʘʥʝ ʥʘ ʦʙʭʚʘʪʘ, 

ʪʝʩʪʦʚʘ ʝʢʠʧʠʨʦʚʢʘ ʠ ʜʨ. ɺʭʦʜʦʚʝʪʝ ʟʘ ʠʟʙʦʨ ʥʘ ʢʦʝʬʠʮʠʝʥʪʘ ʥʘ ʫʩʠʣʚʘʥʝ ʩʘ 
TTL/CMOS ʩʲʚʤʝʩʪʠʤʠ, ʢʦʝʪʦ ʫʣʝʩʥʷʚʘ ʩʚʲʨʟʚʘʥʝʪʦ ʠʤ ʩ ʤʠʢʨʦʢʦʥʪʨʦʣʝʨ. ʅʘ 
ʬʠʛ. 2 ʝ ʧʦʢʘʟʘʥʘ ʦʧʨʦʩʪʝʥʘ ʩʭʝʤʘ ʥʘ PGA202/203. ɿʘ ʨʝʘʣʠʟʘʮʠʷʪʘ ʥʘ ʚʭʦʜʥʦʪʦ 
ʩʪʲʧʘʣʦ ʩʘ ʠʟʧʦʣʟʚʘʥʠ FET ʙʫʬʝʨʠ, ʢʦʝʪʦ ʦʧʨʝʜʝʣʷ ʤʘʣʢʠʷ ʚʭʦʜʝʥ ʪʦʢ ʥʘ 
ʥʝʩʠʤʝʪʨʠʷ. ʀʟʠʩʢʚʘʥʠʷʪʘ ʢʲʤ ʚʲʥʰʥʠʪʝ ʝʣʝʤʝʥʪʠ ʩʘ ʧʦ ʝʜʠʥ ʨʘʟʚʲʨʟʚʘʱ 
ʪʘʥʪʘʣʦʚ ʢʦʥʜʝʥʟʘʪʦʨ, ʢʲʤ ʧʦʣʦʞʠʪʝʣʥʦʪʦ ʠ ʦʪʨʠʮʘʪʝʣʥʦ ʟʘʭʨʘʥʚʘʱʠ 
ʥʘʧʨʝʞʝʥʠʷ, ʩʲʩ ʩʪʦʡʥʦʩʪ 1 ÕF. ɸʥʘʣʦʛʦʚʠʪʝ  ñʟʝʤʠò ʪʨʷʙʚʘ ʜʘ ʩʘ ʩʚʲʨʟʘʥʠ ʚ ʝʜʥʘ 
ʪʦʯʢʘ, ʢʘʢʪʦ ʠ ʣʠʥʠʠʪʝ Sense ʠ Vref ʜʘ ʩʘ ʚʲʟʤʦʞʥʦ ʥʘʡ-ʢʲʩʠ. 

 
Фигура2. ʆʧʨʦʩʪʝʥʘ ʩʭʝʤʘ ʥʘ PGA202/203 
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ʉʭʝʤʘʪʘ ʟʘ ʨʝʛʫʣʠʨʘʥʝ ʥʘ ʦʪʤʝʩʪʚʘʥʝʪʦ ʝ ʧʦʢʘʟʘʥʘ ʥʘ ʬʠʛ.3, ʘ ʩʠʤʫʣʘʮʠʷ 
ʥʘ ʨʘʙʦʪʘʪʘ ʡ ʥʘ ʬʠʛ.4. ʉʲʩ ʩʭʝʤʘʪʘ TL431[4] ʝ ʨʝʘʣʠʟʠʨʘʥʦ ʦʧʦʨʥʦ  ʥʘʧʨʝʞʝʥʠʝ 
ʦʪ 4 V, ʧʦʣʦʚʠʥʘʪʘ ʦʪ ʢʦʝʪʦ ʩʝ ʧʦʜʘʚʘ ʥʘ ʥʝʠʥʚʝʨʪʠʨʘʱʠʷ ʚʭʦʜ ʥʘ ʆʋ TL082 [5]. 

ʅʘ ʠʥʚʝʨʪʠʨʘʱʠʷ ʚʭʦʜ, 
ʧʨʝʟ ʙʫʬʝʨ, ʨʝʘʣʠʟʠʨʘʥ ʩ 
ʚʪʦʨʠʷ ʆʋ ʥʘ 
ʠʥʪʝʛʨʘʣʥʘʪʘ ʩʭʝʤʘ, ʩʝ 
ʧʦʜʘʚʘ ʚʭʦʜʥʦʪʦ 
ʦʪʤʝʩʪʚʘʱʦ ʥʘʧʨʝʞʝʥʠʝ, 
ʢʦʝʪʦ ʝ ʩ ʨʘʟʤʘʭ 0 õ 5V. 
ʈʘʟʤʘʭʲʪ ʥʘ ʠʟʭʦʜʥʦʪʦ 
ʥʘʧʨʝʞʝʥʠʝ ʝ -10,1 õ 
10,1V. ʊʦʚʘ ʥʘʧʨʝʞʝʥʠʝ, 
ʧʘʢ ʧʨʝʟ ʙʫʬʝʨ, 
ʨʝʘʣʠʟʠʨʘʥ ʩ ʀʉ ʆʈɸ602 
[6], ʩʝ ʧʦʜʘʚʘ ʥʘ VREF 
ʠʟʚʦʜʘ ʥʘ 

ʧʨʦʛʨʘʤʠʨʫʝʤʠʷ ʫʩʠʣʚʘʪʝʣ. ʉ ʜʞʲʤʧʝʨʠ ʤʦʞʝ ʜʘ ʩʝ ʠʟʙʠʨʘ ʢʲʤ ʢʦʡ ʦʪ ʜʚʘʪʘ 
ʧʨʦʛʨʘʤʠʨʫʝʤʠ ʫʩʠʣʚʘʪʝʣʷ ʜʘ ʩʝ ʧʦʜʘʜʝ. ʆʩʚʝʥ ʪʦʚʘ ʠʤʘ ʚʲʟʤʦʞʥʦʩʪ ʜʘ ʩʝ 
ʠʟʙʠʨʘ ʦʪʢʲʜʝ ʜʘ ʩʝ ʧʦʣʫʯʘʚʘ ʥʘʧʨʝʞʝʥʠʝʪʦ ʥʘ ʦʪʤʝʩʪʚʘʥʝ ï ʦʪ DAQmx6008/9 
[7] ʠʣʠ ʦʪ ʧʦʪʝʥʮʠʦʤʝʪʲʨ, ʩʚʲʨʟʘʥ ʢʲʤ ʟʘʭʨʘʥʚʘʱʦʪʦ ʥʘʧʨʝʞʝʥʠʝ. ʀʤʘ  
ʚʲʟʤʦʞʥʦʩʪ ʜʘ ʩʝ ʚʢʣʶʯʚʘ ʠ ʠʟʢʣʶʯʚʘ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʦʪʤʝʩʪʚʘʱʦ ʥʘʧʨʝʞʝʥʠʝ, 
ʢʘʢʪʦ ʠ ʜʘʣʠ ʘʥʘʣʦʛʦʚʘʪʘ ʠ ʮʠʬʨʦʚʘʪʘ ñʟʝʤʠò ʜʘ ʩʘ ʦʙʱʠ. 

 

 
Фигура 3.  ʉʭʝʤʘ ʟʘ ʨʝʛʫʣʠʨʘʥʝ ʥʘ ʦʪʤʝʩʪʚʘʥʝʪʦ. 

 
Фигура 4. ʉʠʤʫʣʘʮʠʷ, ʨʘʙʦʪʘʪʘ ʥʘ ʩʭʝʤʘʪʘ ʟʘ ʨʝʛʫʣʠʨʘʥʝ ʥʘ ʦʪʤʝʩʪʚʘʥʝʪʦ. 
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ɼʦʙʘʚʝʥʠ ʩʘ ʠ ʩʝʜʝʤ ʩʚʝʪʦʜʠʦʜʘ, 

ʧʦʢʘʟʚʘʱʠ ʟʘʜʘʜʝʥʘʪʘ ʢʦʤʙʠʥʘʮʠʷʪʘ ʥʘ 
ʮʠʬʨʦʚʠʪʝ ʚʭʦʜʦʚʝ ʠ ʥʘʣʠʯʠʝʪʦ ʥʘ 
ʟʘʭʨʘʥʚʘʱʠ ʥʘʧʨʝʞʝʥʠʷ. 
 ɺ ʪʘʙʣʠʮʘ 1 ʩʘ ʜʘʜʝʥʠ 16-ʪʝ ʩʪʦʡʥʦʩʪʠ 
ʥʘ ʢʦʝʬʠʮʠʝʥʪʘ ʥʘ ʫʩʠʣʚʘʥʝ, ʢʘʢʪʦ ʠ 
ʩʲʦʪʚʝʪʩʪʚʘʱʠʪʝ ʠʤ ʢʦʤʙʠʥʘʮʠʠ ʥʘ 
ʮʠʬʨʦʚʠʪʝ ʚʭʦʜʦʚʝ. ʇʨʝʜʠ ʚʩʷʢʦ 
ʠʟʤʝʨʚʘʥʝ ʪʨʷʙʚʘ ʜʘ ʩʝ ʠʟʚʲʨʰʠ 
ʢʘʣʠʙʨʠʨʘʥʝ ʟʘ ʚʩʝʢʠ ʦʪ ʠʟʧʦʣʟʚʘʥʠʪʝ 
ʦʙʭʚʘʪʠ (ʠʣʠ ʟʘ ʚʩʠʯʢʠ ʦʙʭʚʘʪʠ), ʟʘʱʦʪʦ 
ʧʨʠ ʩʤʷʥʘ ʥʘ ʢʦʝʬʠʮʠʝʥʪʘ ʥʘ ʫʩʠʣʚʘʥʝ 
ʩʝ ʧʨʦʤʝʥʷ ʠ ʚʭʦʜʥʠʷʪ ʦʬʩʝʪ. 
ʎʠʬʨʦʚʠʪʝ ʚʭʦʜʦʚʝ ʥʘ ʧʨʦʛʨʘʤʠʨʫʝʤʠʪʝ 
ʫʩʠʣʚʘʪʝʣʠ, ʧʦʣʫʯʘʚʘʪ ʩʠʛʥʘʣ ʧʨʝʟ ʩʭʝʤʘ 
Ăʞʠʯʥʦ ʠʣʠò. ʂʦʛʘʪʦ ʥʷʢʦʡ ʦʪ DIP 
ʧʨʝʚʢʣʶʯʚʘʪʝʣʠʪʝ ʟʘ ʨʲʯʝʥ ʠʟʙʦʨ ʥʘ 

ʢʦʝʬʠʮʠʝʥʪʘ ʥʘ ʫʩʠʣʚʘʥʝ ʝ ʚ ʧʦʟʠʮʠʷ ĂOFFò, ʣʦʛʠʯʝʩʢʘ ʝʜʠʥʠʮʘ ʥʘ ʩʲʦʪʚʝʪʥʠʷ 
ʚʭʦʜ ʤʦʞʝ ʜʘ ʩʝ ʧʦʷʚʠ ʩʘʤʦ ʦʪ ʚʲʥʰʥʦ ʫʩʪʨʦʡʩʪʚʦ (DAQmx NIUSB6008/9 ʠʣʠ 
ʤʠʢʨʦʢʦʥʪʨʦʣʝʨ). 

ɿʘʭʨʘʥʚʘʱʠʷʪ ʙʣʦʢ ʝ ʨʝʘʣʠʟʠʨʘʥ  ʩ  ʀʉ: LM317[8] +12V, LM337[9]-12V ʠ 
ÕA78L05 [10] ʟʘ 5V. ʂʦʥʩʫʤʘʮʠʷʪʘ ʥʘ ʩʭʝʤʘʪʘ ʝ ʦʢʦʣʦ 70 mA. 

 
Фигура5. ʇʨʘʢʪʠʯʝʩʢʘ ʨʝʘʣʠʟʘʮʠʷ ʥʘ ʫʩʠʣʚʘʪʝʣʷ. 

Таблица 1. ʉʪʦʡʥʦʩʪʠ ʥʘ AU 

A3 A2 A1 A0 AU 
0 0 0 0 1 
0 0 0 1 2 
0 0 1 0 4 
0 0 1 1 8 
0 1 0 0 10 
0 1 0 1 20 
0 1 1 0 40 
0 1 1 1 80 
1 0 0 0 100 
1 0 0 1 200 
1 0 1 0 400 
1 0 1 1 800 
1 1 0 0 1000 
1 1 0 1 2000 
1 1 1 0 4000 
1 1 1 1 8000 
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ЗАКЛЮЧЕНИЕ 

ʇʨʦʛʨʘʤʠʨʫʝʤʠʷʪ ʫʩʠʣʚʘʪʝʣ ʤʥʦʛʦʢʨʘʪʥʦ ʝ ʨʝʘʣʠʟʠʨʘʥ ʥʘ ʧʨʘʢʪʠʢʘ, 
ʨʘʙʦʪʠ ʫʩʪʦʡʯʠʚʦ ʠ ʩʝ ʠʟʧʦʣʟʚʘ ʢʘʢʪʦ ʟʘ ʦʙʫʯʝʥʠʝ ʧʦ ʜʠʩʮʠʧʣʠʥʠʪʝ Ăʉʝʥʟʦʨʠ ʠ 
ʘʢʪʫʘʪʦʨʠò ʠ Ăʉʝʥʟʦʨʥʠ ʩʭʝʤʠ ʠ ʫʩʪʨʦʡʩʪʚʘò, ʪʘʢʘ ʠ ʟʘ ʥʘʫʯʥʦʠʟʩʣʝʜʦʚʘʪʝʣʩʢʠ 
ʮʝʣʠ.  

ʏʘʩʪ ʦʪ ʧʨʝʜʩʪʘʚʝʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʩʘ ʦʩʲʱʝʩʪʚʝʥʠ ʚ ʨʘʤʢʠʪʝ ʥʘ ʧʨʦʝʢʪ  
ñ132ʇɼ 0057-03ò, ʢʦʡʪʦ ʝ ʬʠʥʘʥʩʦʚʦ ʧʦʜʧʦʤʘʛʘʥ ʦʪ ʅʀʉ ʧʨʠ ʊʋ-ʉʦʬʠʷ. 
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