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ʅʦ̫ ʙʨʴ 

ʇʝʨʠʦʜʠʯʝʩʢʠʡ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʠ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʡ ʞʫʨʥʘʣ. 
ɺʳʭʦʜʠʪ 12 ʨʘʟ ʚ ʛʦʜ. 
ʋʯʨʝʜʠʪʝʣʴ ʞʫʨʥʘʣʘ: ʀʇ ʉʦʢʦʣʦʚʘ ʄ.ɺ. 
ɻʣʘʚʥʳʡ ʨʝʜʘʢʪʦʨ: ʄʝʥʴʰʘʢʦʚ ɸ.ʀ. 
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ʜ. 4, ʢʦʨʧ. ɸ, ʦʬ. 17. 
ʕʣʝʢʪʨʦʥʥʘʷ ʧʦʯʪʘ: editors@research-journal.org 
ʉʘʡʪ: www.research-journal.org 
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ɸʬʘʥʘʩʴʝʚ ɸ.ʇ. 
ʂʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʇʨʠʘʤʫʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ çʐʦʣʦʤ-ɸʣʝʡʭʝʤʘè ʛ. ɹʠʨʦʙʠʜʞʘʥ. 

ʆʇʈɽɼɽʃɽʅʀɽ ʇʆʇʈɸɺʂʀ ʅɸ ʉʂʆʃʔɾɽʅʀɽ ɺ ʏɸʉʊʆʊʅʆ-ʈɽɻʋʃʀʈʋɽʄʆʄ ɸʉʀʅʍʈʆʅʅʆʄ 

ʕʃɽʂʊʈʆʇʈʀɺʆɼɽ 

ɸʥʥʦʪʘʮʠʷ  

ʇʨʝʜʣʦʞʝʥʘ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʘʷ ʩʭʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʤ ʚ ʨʘʙʦʯʠʭ ʧʨʝʜʝʣʘʭ ʠʟʤʝʥʝʥʠʷ ʤʦʤʝʥʪʘ ʠ 

ʩʢʦʨʦʩʪʠ. ʈʘʟʨʘʙʦʪʘʥʳ ʠʤʠʪʘʮʠʦʥʥʳʝ ʤʦʜʝʣʠ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ, ʠʤʠʪʠʨʫʶʱʠʝ ʨʘʙʦʪʫ ʚ ʦʙʳʯʥʦʤ ʨʝʞʠʤʝ ʠ ʩ 

ʫʯʝʪʦʤ ʦʧʪʠʤʠʟʘʮʠʠ ʩʢʦʣʴʞʝʥʠʷ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʟʘʜʘʥʥʳʭ ʛʨʘʥʠʮʘʭ ʠʟʤʝʥʝʥʠʷ ʥʘʛʨʫʟʦʯʥʳʭ ʤʦʤʝʥʪʦʚ ʠ ʦʙʦʨʦʪʘʭ ʧʨʠʚʦʜʘ ʧʦ ʧʘʨʘʤʝʪʨʫ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʘʷ ʤʦʜʝʣʴ ʫʧʨʘʚʣʝʥʠʷ ʜʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʨʝʟʫʣʴʪʘʪʳ.  

ʇʨʝʜʣʘʛʘʝʤʘʷ ʩʭʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʩ ʫʯʝʪʦʤ ʦʧʪʠʤʠʟʘʮʠʠ ʩʢʦʣʴʞʝʥʠʷ ʵʬʬʝʢʪʠʚʥʝʝ, ʯʝʤ ʩʭʝʤʘ /thV f const=  

ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ, ʟʘ ʩʯʝʪ ʤʝʥʴʰʠʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʪʝʨʴ ʚ ʦʙʤʦʪʢʝ ʨʦʪʦʨʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʧʨʘʚʣʷʝʤʳʡ ʘʩʠʥʭʨʦʥʥʳʡ ʵʣʝʢʪʨʦʧʨʠʚʦʜ, ʦʧʪʠʤʠʟʘʮʠʷ ʩʢʦʣʴʞʝʥʠʷ, ʠʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ 

ʫʧʨʘʚʣʝʥʠʷ, ʯʘʩʪʦʪʥʦ-ʨʝʛʫʣʠʨʫʝʤʳʡ ʵʣʝʢʪʨʦʧʨʠʚʦʜ.  
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DETERMINATION OF THE AMENDMENT TO SLIDE IN A FREQUENCY -REGULATED ASYNCHRONOUS 

ELECTRIC DRIVE  

Abstract 

An improved control scheme of the electric drive within the working limits of the torque and speed variation is proposed. 

Simulation models of the electric drive simulating the work in the normal mode and taking into account slip optimization are 

developed. 

It is shown that within the given limits of variation of load moments and drive speeds by the efficiency parameter, the 

proposed control model gives better results. 

The proposed control scheme, taking into account the slip optimization, is more effective than/thV f const=  the control 

circuit, due to the smaller electromagnetic losses in the rotor winding. 

Keywords: controlled asynchronous electric drive, slip optimization, simulation control model, frequency-controlled 

electric drive. 

 

ʚʝʜʝʥʠʝ 
ɸʩʠʥʭʨʦʥʥʳʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤʠ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʥʝʜʦʨʦʛʠʤʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ. ɼʘʥʥʳʝ ʢʘʯʝʩʪʚʘ ʦʧʨʝʜʝʣʷʶʪ ʠʭ ʦʩʥʦʚʥʳʝ ʢʦʥʢʫʨʝʥʪʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʜʨʫʛʠʤʠ ʪʠʧʘʤʠ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ. ɼʦʣʷ ʘʩʠʥʭʨʦʥʥʳʭ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʚ ʧʨʦʤʳʰʣʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʟʘʥʠʤʘʝʪ 

ʧʦʨʷʜʢʘ 70%. 

ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʘʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʜʦ ʧʦʩʣʝʜʥʝʛʦ ʚʨʝʤʝʥʠ, ʤʦʞʥʦ ʙʳʣʦ ʦʪʥʝʩʪʠ ʠʭ ʩʣʘʙʫʶ ʫʧʨʘʚʣʷʝʤʦʩʪʴ 

ʧʦ ʩʢʦʨʦʩʪʠ ʠ ʤʦʤʝʥʪʫ ʥʘ ʚʘʣʫ ʜʚʠʛʘʪʝʣʷ. ʇʨʠ ʥʠʟʢʠʭ ʥʘʛʨʫʟʢʘʭ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʜʘʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ 

ʠʤʝʝʪ ʪʝʥʜʝʥʮʠʶ ʢ ʨʝʟʢʦʤʫ ʫʙʳʚʘʥʠʶ ʧʦ ʧʨʠʯʠʥʝ ʚʦʟʨʘʩʪʘʶʱʠʭ ʧʦʪʝʨʴ ʦʙʤʦʪʢʝ ʠ ʩʝʨʜʝʯʥʠʢʝ ʩʪʘʪʦʨʘ [1, ʉ 105], [2]. 

ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʵʪʠʭ ʧʦʪʝʨʴ ʥʝʦʙʭʦʜʠʤʦ ʩʙʘʣʘʥʩʠʨʦʚʘʪʴ ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ ʤʝʞʜʫ ʩʪʘʪʦʨʦʤ ʠ ʨʦʪʦʨʦʤ, ʪ.ʝ. ʠʤʝʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʚʣʠʷʪʴ ʥʘ ʩʢʦʨʦʩʪʴ (ʯʠʩʣʦ ʦʙʦʨʦʪʦʚ) ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʠ ʥʘʧʨʷʞʝʥʠʝ ʩʪʘʪʦʨʥʳʭ ʦʙʤʦʪʦʢ. 

ɼʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ ʦʪʨʘʩʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʛʜʝ ʚʦʩʪʨʝʙʦʚʘʥʳ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʨʠʚʦʜʳ ʩ ʚʳʩʦʢʠʤʠ 

ʧʦʢʘʟʘʪʝʣʷʤʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʦ ʚʩʝʭ ʨʘʙʦʯʠʭ ʜʠʘʧʘʟʦʥʘʭ ʠʟʤʝʥʝʥʠʷ ʥʘʛʨʫʟʢʠ ʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ 

ʧʨʠʤʝʨʘ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʵʣʝʢʪʨʦʧʨʠʚʦʜʳ ʛʦʨʥʦ-ʦʙʦʛʘʪʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʤʦʞʥʦ ʧʦʚʳʩʠʪʴ ʟʘ ʩʯʝʪ ʪʦʯʥʦʛʦ ʚʳʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʫʧʨʘʚʣʷʶʱʠʭ 

ʚʦʟʜʝʡʩʪʚʠʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʝʢʫʱʠʤ ʫʩʣʦʚʠʷʤ ʨʘʙʦʪʳ. 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʩʧʦʩʦʙʦʚ ʫʧʨʘʚʣʝʥʠʷ ʩʢʦʨʦʩʪʴʶ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʠʟ 

ʥʠʭ ʧʨʠʚʝʜʝʥʳ ʥʘ ʜʠʘʛʨʘʤʤʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩ. 1. 

 
ʈʠʩ. 1 ï ʉʧʦʩʦʙʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʢʦʨʦʩʪʠ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ 

ɺ 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ ǐ ˉ 11 (65) ǐ ʏʘʩʪʴ 4 ǐ ʅʦʷʙʨʴ 

 

7 

 

ʆʜʥʠʤ ʠʟ ʪʨʘʜʠʮʠʦʥʥʳʭ ʩʧʦʩʦʙʦʚ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʛʘʪʝʣʝʤ ʷʚʣʷʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʚʝʣʠʯʠʥʳ ʧʠʪʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ. 

ʈʘʟʚʠʚʘʝʤʳʡ ʜʚʠʛʘʪʝʣʝʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ: 
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ɻʨʘʬʠʯʝʩʢʠ ʩʦʦʪʥʦʰʝʥʠʝ ʦʧʨʝʜʝʣʷʶʱʝʝ ʟʘʚʠʩʠʤʦʩʪʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ 
emT  ʦʪ ʩʢʦʣʴʞʝʥʠʷ, ʪ.ʝ. ï (1) 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 2. 

 
ʈʠʩ. 2 ï ɿʘʚʠʩʠʤʦʩʪʴ ʤʦʤʝʥʪʘ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʦʪ ʩʢʦʣʴʞʝʥʠʷ 

 

ʀʟ ʩʦʦʪʥʦʰʝʥʠʷ (1) ʠ ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ( )emT f s=  ʚʠʜʥʦ, ʯʪʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ 

ʤʦʤʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʢʚʘʜʨʘʪʫ ʥʘʧʨʷʞʝʥʠʷ 
2

thV ʠ ʩʣʦʞʥʳʤ ʦʙʨʘʟʦʤ ʟʘʚʠʩʠʪ ʦʪ ʚʝʣʠʯʠʥʳ ʩʢʦʣʴʞʝʥʠʷ s . 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʧʨʦʝʢʪʠʨʫʝʤʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʘʩʠʥʭʨʦʥʥʳʤʠ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘʤʠ ʠʩʧʦʣʴʟʫʶʪ 

çʢʣʘʩʩʠʯʝʩʢʦʝè /thV f const=  ʨʝʛʫʣʠʨʦʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʥʝʠʟʤʝʥʥʦʩʪʴ ʢʨʠʪʠʯʝʩʢʦʛʦ 

ʤʦʤʝʥʪʘ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʩʪʦʷʥʩʪʚʦ ʧʝʨʝʛʨʫʟʦʯʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʜʚʠʛʘʪʝʣʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʢʦʨʦʩʪʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ [3], [4], [5], [6] ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʩʪʦʷʥʩʪʚʦ ʦʪʥʦʰʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʩʪʘʪʦʨʘ ʢ ʯʘʩʪʦʪʝ                              

( /thV f const= ) ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʧʪʠʤʘʣʴʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʧʨʠʚʦʜʘ ʚʦ ʚʩʝʭ ʜʠʘʧʘʟʦʥʘʭ ʠʟʤʝʥʝʥʠʷ ʤʦʤʝʥʪʘ ʠ ʩʢʦʨʦʩʪʠ 

ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʤʝʭʘʥʠʟʤ ʢʦʤʧʝʥʩʘʮʠʠ ʩʢʦʣʴʞʝʥʠʷ, ʦʙʦʙʱʝʥʥʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ 

3. ʉ ʧʦʤʦʱʴʶ ʜʘʥʥʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʭʝʤʳ ʨʝʘʣʠʟʫʝʪʩʷ ʘʣʛʦʨʠʪʤ ʩʢʘʣʷʨʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʤ. 

ʇʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʩʭʝʤʳ ʤʦʞʥʦ ʥʘʡʪʠ ʚ [2, ʉ 14]. 

 
ʈʠʩ. 3 ï ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʯʘʩʪʦʪʥʦ-ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʩʦ ʩʢʘʣʷʨʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ  

 

ʋʧʨʘʚʣʝʥʠʝ (ʢʦʤʧʝʥʩʘʮʠʷ) ʩʢʦʣʴʞʝʥʠʝʤ ʚʦʟʤʦʞʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʚʳʙʦʨʦʤ ʜʦʙʘʚʢʠ ʥʘʧʨʷʞʝʥʠʷ ʢ ʟʘʜʘʥʥʦʤʫ 

ʥʘʧʨʷʞʝʥʠʶ ʥʘ ʟʘʞʠʤʘʭ ʩʪʘʪʦʨʘ, ʢʦʪʦʨʦʝ ʥʘ ʨʠʩ.3 ʠʤʝʝʪ ʦʙʦʟʥʘʯʝʥʠʝ 1kU*D . 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʤʦʜʠʬʠʢʘʮʠʡ ʤʝʪʦʜʘ ʢʦʤʧʝʥʩʘʮʠʠ ʩʢʦʣʴʞʝʥʠʷ.  

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʣʝʞʠʪ ʠʜʝʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʇʀɼ ï ʨʝʛʫʣʷʪʦʨʘ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʧʨʝʜʣʦʞʝʥʦ ʜʦʧʦʣʥʠʪʴ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʠʥʪʝʛʨʘʣʴʥʳʤ ʨʝʛʫʣʷʪʦʨʦʤ. 

 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ ǐ ˉ 11 (65) ǐ ʏʘʩʪʴ 4 ǐ ʅʦʷʙʨʴ 

 

8 

 

ʄʦʜʝʣʴ ʙʣʦʢʘ ʫʧʨʘʚʣʝʥʠʷ ʩʢʦʣʴʞʝʥʠʝʤ 

ɼʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʩʢʦʣʴʞʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʥʪʝʛʨʘʣʴʥʳʡ 

ʨʝʛʫʣʷʪʦʨ (2), ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʟʥʘʯʝʥʠʝ ʜʦʙʘʚʦʯʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 
1kU*D  ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʪʝʢʫʱʝʛʦ 

ʦʪʢʣʦʥʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ ʦʪ ʥʦʤʠʥʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ, ʥʦ ʠ ʫʯʠʪʳʚʘʪʴ ʚʩʶ çʠʩʪʦʨʠʶè ʜʘʥʥʳʭ ʦʪʢʣʦʥʝʥʠʡ [7]. 

 
_

0

[ ( )]

t

th ad i nV k s s dt t= -ñ   (2) 

ɺ ʭʦʜʝ ʨʝʘʣʠʟʘʮʠʠ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʜʣʷ ʙʣʦʢʘ ʫʧʨʘʚʣʝʥʠʷ ʩʢʦʣʴʞʝʥʠʝʤ ʙʳʣʘ ʩʦʟʜʘʥʘ ʠʤʠʪʘʮʠʦʥʥʘʷ 

SIMULINK  ʤʦʜʝʣʴ [8], [10]. 

ʅʘ ʨʠʩ. 4 ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʦʜʝʣʴ ʙʣʦʢʘ ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʦʙʱʝʡ ʤʦʜʝʣʠ ʠʤʠʪʘʮʠʦʥʥʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʧʘʨʘʤʝʪʨʦʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʚ ʨʘʟʣʠʯʥʳʭ ʪʝʩʪʦʚʳʭ 

ʨʝʞʠʤʘʭ. ɹʣʦʢʠ, ʚʳʜʝʣʝʥʥʳʝ ʮʚʝʪʦʤ, ʨʝʘʣʠʟʫʶʪ ʨʘʙʦʯʠʡ ʘʣʛʦʨʠʪʤ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʇʀɼ ʨʝʛʫʣʷʪʦʨʘ. 

 
ʈʠʩ. 4 ï ʉʭʝʤʘ ʢʦʥʪʨʦʣʣʝʨʘ ʙʣʦʢʘ ʦʧʪʠʤʠʟʘʮʠʠ ʩʢʦʣʴʞʝʥʠʷ 

 

ʅʘ ʨʠʩ. 5 ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʙʱʘʷ ʤʦʜʝʣʴ ʘʩʠʥʭʨʦʥʥʦʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʩ ʙʣʦʢʦʤ ʦʧʪʠʤʠʟʘʮʠʠ ʩʢʦʣʴʞʝʥʠʷ, ʚ ʢʦʪʦʨʦʡ 

ʙʣʦʢ çS-controllerè ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ ʧʠʪʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ. 

 
ʈʠʩ. 5 ï ʀʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʘʩʠʥʭʨʦʥʥʦʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʩ ʙʣʦʢʦʤ ʦʧʪʠʤʠʟʘʮʠʠ ʩʢʦʣʴʞʝʥʠʷ. 

 

ɺ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʙʣʦʢ çS-controllerè ʧʨʠʥʠʤʘʝʪ ʟʘʜʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʯʘʩʪʦʪʳ ʧʠʪʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ 

ï f, ʪʨʝʙʫʝʤʦʝ ʟʥʘʯʝʥʠʝ ʩʢʦʣʴʞʝʥʠʷ ï s, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʢʦʥʩʪʨʫʢʮʠʝʡ ʜʚʠʛʘʪʝʣʷ ʠ ʪʝʢʫʱʠʤ ʨʝʞʠʤʦʤ ʨʘʙʦʪʳ 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ ǐ ˉ 11 (65) ǐ ʏʘʩʪʴ 4 ǐ ʅʦʷʙʨʴ 

 

9 

 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ, ʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʩʢʦʣʴʞʝʥʠʷ ï Slip, ʧʦʣʫʯʝʥʥʦʝ ʩ ʜʘʪʯʠʢʦʚ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ.  

ʅʘ ʚʳʭʦʜʝ ʙʣʦʢʘ çS-controllerè ʧʦʣʫʯʘʝʪʩʷ ʟʥʘʯʝʥʠʝ ʧʠʪʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʜʚʠʛʘʪʝʣʷ ʩ ʫʯʝʪʦʤ ʧʦʧʨʘʚʢʠ ʥʘ 

ʩʢʦʣʴʞʝʥʠʝ, ʧʦʣʫʯʝʥʥʦʡ ʩ ʧʦʤʦʱʴʶ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʇʀɼ ʨʝʛʫʣʷʪʦʨʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ  

ʅʘ ʨʠʩʫʥʢʝ 6 ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʦʪ ʥʘʛʨʫʟʦʯʥʦʛʦ ʤʦʤʝʥʪʘ ʠ 

ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʜʚʠʛʘʪʝʣʷ ʙʝʟ ʫʯʝʪʘ ʢʦʤʧʝʥʩʘʮʠʠ ʩʢʦʣʴʞʝʥʠʷ ʠ ʩ ʫʯʝʪʦʤ ʢʦʤʧʝʥʩʘʮʠʠ ʩʢʦʣʴʞʝʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʇʀɼ ʨʝʛʫʣʷʪʦʨʘ. 

 
ʈʠʩ. 6 ï ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʂʇɼ ʜʚʠʛʘʪʝʣʷ ʦʪ ʥʘʛʨʫʟʦʯʥʦʛʦ ʤʦʤʝʥʪʘ ʠ ʯʘʩʪʦʪʳ ʥʘʧʨʷʞʝʥʠʷ ʧʠʪʘʥʠʷ 

 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʛʨʘʬʠʢʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʥʘʧʨʷʞʝʥʠʷ ʧʠʪʘʥʠʷ ʠ 

ʠʟʤʝʥʝʥʠʷ ʥʘʛʨʫʟʦʯʥʦʛʦ ʤʦʤʝʥʪʘ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʜʚʠʛʘʪʝʣʷ ʩ ʙʣʦʢʦʤ ʢʦʤʧʝʥʩʘʮʠʠ ʩʢʦʣʴʞʝʥʠʷ 

ʠʤʝʝʪ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ.  

ɺ ʦʙʣʘʩʪʠ  ʤʘʣʳʭ ʯʘʩʪʦʪ ʠ ʤʦʤʝʥʪʦʚ ʥʘʛʨʫʟʢʠ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʧʨʠʚʦʜʘ ʩ ʠʥʪʝʛʨʘʣʴʥʳʤ 

ʨʝʛʫʣʷʪʦʨʦʤ ʧʨʝʚʳʰʘʝʪ ʵʪʦʪ ʞʝ ʧʦʢʘʟʘʪʝʣʴ ʜʣʷ ʧʨʠʚʦʜʘ ʩ ʦʙʳʯʥʳʤ /thV f const=  ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʥʘ 30-40%.  

ʅʘ ʨʠʩ.7 ʧʨʝʜʩʪʘʚʣʝʥ ʩʨʝʟ ʛʨʘʬʠʢʘ ʥʘ ʯʘʩʪʦʪʝ 10 ɻʮ, ʠʟ ʢʦʪʦʨʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʥʘ ʜʘʥʥʦʡ ʯʘʩʪʦʪʝ ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ 

ʠʟʤʝʥʝʥʠʷ ʥʘʛʨʫʟʦʯʥʦʛʦ ʤʦʤʝʥʪʘ ʂʇɼ ʜʚʠʛʘʪʝʣʷ ʩ ʠʥʪʝʛʨʘʣʴʥʳʤ ʨʝʛʫʣʷʪʦʨʦʤ ʧʨʝʚʳʰʘʝʪ ʂʇɼ ʜʚʠʛʘʪʝʣʷ ʩ ʦʙʳʯʥʳʤ 

/thV f const=  ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ 

 

 
ʈʠʩ. 7 ï ʉʨʝʟ ʛʨʘʬʠʢʘ ʂʇɼ ʥʘ ʯʘʩʪʦʪʝ ʧʠʪʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ 10 ɻʮ 

 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ ǐ ˉ 11 (65) ǐ ʏʘʩʪʴ 4 ǐ ʅʦʷʙʨʴ 
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ʈʠʩ. 8 ʠʣʣʶʩʪʨʠʨʫʝʪ ʨʘʙʦʪʫ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʙʣʦʢʘ ʦʧʪʠʤʠʟʘʮʠʠ ʩʢʦʣʴʞʝʥʠʷ ʧʨʠ ʧʦʥʠʞʝʥʥʳʭ ʦʙʦʨʦʪʘʭ 

ʜʚʠʛʘʪʝʣʷ ʠ ʥʘʛʨʫʟʦʯʥʦʛʦ ʤʦʤʝʥʪʘ, ʨʘʚʥʦʛʦ 15 ʅ*ʤ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 8 ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʠʤʠʪʘʮʠʠ ʟʥʘʯʝʥʠʝ ʩʢʦʣʴʞʝʥʠʷ ʚ ʤʦʜʝʣʷʭ ʩ ʦʧʪʠʤʠʟʘʮʠʝʡ ʠ ʙʝʟ 

ʦʧʪʠʤʠʟʘʮʠʠ ʥʝ ʦʧʨʝʜʝʣʝʥʦ ʠ ʧʦʜʚʝʨʞʝʥʦ ʨʝʟʢʠʤ ʩʢʘʯʢʘʤ, ʪʘʢ ʢʘʢ ʵʪʦʪ ʧʝʨʠʦʜ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʨʝʞʠʤ ʧʫʩʢʘ ʜʚʠʛʘʪʝʣʷ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ, ʧʦ ʤʝʨʝ ʥʘʢʦʧʣʝʥʠʷ ʠʥʪʝʛʨʘʣʦʤ çʠʩʪʦʨʠʠ ʦʪʢʣʦʥʝʥʠʡè ʩʢʦʣʴʞʝʥʠʷ ʦʪ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ, 

ʩʢʦʣʴʞʝʥʠʝ ʚ ʤʦʜʝʣʠ ʩ ʠʥʪʝʛʨʘʣʴʥʳʤ ʨʝʛʫʣʷʪʦʨʦʤ ʧʨʠʥʠʤʘʝʪ ʙʦʣʝʝ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʤʦʜʝʣʴʶ, ʚ 

ʢʦʪʦʨʦʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʙʳʯʥʦʝ /thV f const=  ʨʝʛʫʣʠʨʦʚʘʥʠʝ.  

ʄʝʥʴʰʘʷ  ʚʝʣʠʯʠʥʘ ʩʢʦʣʴʞʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʧʦʪʝʨʴ ʚ ʦʙʤʦʪʢʝ ʨʦʪʦʨʘ, ʪʘʢ ʢʘʢ ʵʪʠ ʧʦʪʝʨʠ ʧʨʷʤʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʩʢʦʣʴʞʝʥʠʶ ï 2ɻ ʵʤP sP= , ʟʜʝʩʴ ʵʤP ï ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʤʦʱʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ [1], [9, ʉ 216]. 

 

 
ʈʠʩ. 8 ï ɿʥʘʯʝʥʠʷ ʩʢʦʣʴʞʝʥʠʡ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩ ʫʯʝʪʦʤ ʠ ʙʝʟ ʫʯʝʪʘ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʠ ʟʘʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ 

 

ɺʳʚʦʜ  

ʇʨʝʜʣʦʞʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʢʦʤʧʝʥʩʘʮʠʠ ʩʢʦʣʴʞʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʇʀɼ ʨʝʛʫʣʷʪʦʨʘ 

ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʘʩʠʥʭʨʦʥʥʦʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʦʪ 5 ʜʦ 40% ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʤ 

ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʥʝʥʠʷ ʤʦʤʝʥʪʘ ʥʘʛʨʫʟʢʠ ʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ. 

ɹʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʩ ʠʥʪʝʛʨʘʣʴʥʳʤ ʨʝʛʫʣʷʪʦʨʦʤ ʧʦʟʚʦʣʷʝʪ ʨʘʙʦʪʘʪʴ ʧʨʠʚʦʜʫ ʩ ʤʝʥʴʰʠʤ ʩʢʦʣʴʞʝʥʠʝʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʯʝʛʦ ʫʤʝʥʴʰʘʶʪʩʷ ʧʦʪʝʨʠ ʚ ʦʙʤʦʪʢʝ ʨʦʪʦʨʘ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʚʳʰʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʚ 

ʮʝʣʦʤ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʝʘʣʠʟʘʮʠʷ ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʤ ʚʧʦʣʥʝ ʦʩʫʱʝʩʪʚʠʤʘ ʥʘ ʦʩʥʦʚʝ 

ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʡ ʪʝʭʥʠʢʠ. 
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ʌʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ ˉ 17-07-00148 A 

ʇʈʀʄɽʅɽʅʀɽ ʄɽʊʆɼʆɺ ʄɸʐʀʅʅʆɻʆ ʆɹʋʏɽʅʀʗ ɼʃʗ ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʆɻʆ ʇʆʉʊʈʆɽʅʀʗ 

SPICE-ʄʆɼɽʃɽʁ ʉʀʃʆɺʓʍ ʄʆʇ-ʇʈʀɹʆʈʆɺ 

ɸʥʥʦʪʘʮʠʷ 

ʈʘʩʩʤʦʪʨʝʥʳ ʧʨʦʙʣʝʤʳ ʚʳʯʠʩʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ SPICE-ʤʦʜʝʣʝʡ ʩʠʣʦʚʳʭ ʄʆʇ-ʧʨʠʙʦʨʦʚ (MOSFET ʠ IGBT) ʥʘ 

ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. ʆʙʦʩʥʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʵʪʦʡ ʮʝʣʠ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ. ʇʨʠʚʝʜʝʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʦʣʫʯʝʥʠʷ ʤʘʩʩʠʚʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩ ʮʝʣʴʶ ʝʛʦ ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʛʦʨʠʪʤʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʧʦʣʫʯʝʥʠʷ ʩʪʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ SPICE-ʤʦʜʝʣʠ ʩʠʣʦʚʦʛʦ ʄʆʇ-

ʧʨʠʙʦʨʘ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʫʨʦʚʥʷ ʜʝʪʘʣʠʟʘʮʠʠ. ʇʨʠʚʝʜʝʥʳ ʚʦʣʴʪ-ʘʤʧʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʦʜʝʣʝʡ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ 

ʧʨʠʙʦʨʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʧʦʤʦʱʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʨʘʩʩʤʦʪʨʝʥʳ ʝʛʦ 

ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʥʘʤʝʯʝʥʳ ʧʫʪʠ ʜʘʣʴʥʝʡʰʝʛʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʧʨʠʙʦʨʳ, ʩʪʨʫʢʪʫʨʳ ʩ ʠʟʦʣʠʨʦʚʘʥʥʳʤ ʟʘʪʚʦʨʦʤ, MOSFET, IGBT, SPICE-

ʤʦʜʝʣʴ, ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʡ ʢʦʤʧʣʝʢʩ. 
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APPLICATION OF METHODS OF MACHINE TRAINING FOR AUTOMATED CONSTRUCTION OF SPICE 

MODELS OF POWER MOSFET INSTRUMENTS  

Abstract 

The problems of calculating the parameters of SPICE-models of power MOS-devices (MOSFET and IGBT) are considered 

on the basis of experimental data. The possibility of using methods of machine learning for this purpose is substantiated. A 

block diagram of the software and hardware complex intended for automated obtaining of an array of experimental data for 

the purpose of its further processing using machine learning algorithms and obtaining the static parameters of the SPICE 

model of a power MOS-device of an arbitrary level of detail is given. Volt-ampere characteristics of the models of 

semiconductor devices obtained with the help of the software and hardware complex are considered, its main characteristics 

and ways for further improvement are outlined. 

Keywords: semiconductor devices, isolated gate structures, MOSFET, IGBT, SPICE-model, machine learning, software 
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ʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʵʪʘʧʦʚ ʨʘʟʨʘʙʦʪʢʠ ʩʦʚʨʝʤʝʥʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʷʚʣʷʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ. ʇʨʦʚʝʜʝʥʠʝ ʪʘʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʨʝʙʫʝʪ ʥʘʣʠʯʠʷ ʪʦʯʥʳʭ ʤʦʜʝʣʝʡ ʵʣʝʢʪʨʦʥʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ. ʆʜʥʘʢʦ ʜʣʷ ʩʫʱʝʩʪʚʝʥʥʦʡ ʯʘʩʪʠ ʵʪʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ MOSFET ʠ IGBT-

ʪʨʘʥʟʠʩʪʦʨʦʚ ʪʘʢʠʝ ʤʦʜʝʣʠ ʦʪʩʫʪʩʪʚʫʶʪ. ʂʨʦʤʝ ʪʦʛʦ, ʪʦʯʥʦʩʪʴ ʤʥʦʛʠʭ ʤʦʜʝʣʝʡ, ʧʦʩʪʘʚʣʷʝʤʳʭ ʚ ʩʦʩʪʘʚʝ ʙʠʙʣʠʦʪʝʢ 

ʧʨʦʛʨʘʤʤ ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʥʝʜʦʩʪʘʪʦʯʥʘ ʠ ʪʘʢʠʝ ʤʦʜʝʣʠ ʪʨʝʙʫʶʪ ʫʪʦʯʥʝʥʠʷ [1], [2], [3]. ʇʦʵʪʦʤʫ 

ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʝʡ MOSFET ʠ IGBT-ʪʨʘʥʟʠʩʪʦʨʦʚ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʛʨʘʤʤʳ ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪ ʤʦʜʝʣʠ ʢʦʤʧʦʥʝʥʪʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ 

ʬʦʨʤʘʪʝ, ʚʳʧʦʣʥʝʥʥʦʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʠʥʪʘʢʩʠʩʦʤ ʦʧʠʩʘʥʠʷ SPICE (Simulation Program with Integrated Circuit 

Emphasis). ʊʘʢʠʝ ʤʦʜʝʣʠ ʥʘʟʳʚʘʶʪ SPICE-ʤʦʜʝʣʷʤʠ [4, ʉ. 318], [5, ʉ. 521], [5, C. 547]. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ SPICE-ʤʦʜʝʣʠ ʢʦʤʧʦʥʝʥʪʘ (ʥʘʧʨʠʤʝʨ, ʪʨʘʥʟʠʩʪʦʨʘ) ʚ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʥʬʦʨʤʘʮʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʪʝʭʥʠʯʝʩʢʦʤ ʦʧʠʩʘʥʠʠ (datasheet). ɺ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʪʨʘʥʟʠʩʪʦʨʘ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʜʝʣʘʪʴ ʥʝʤʘʣʳʡ ʦʙʲʝʤ ʨʘʙʦʪʳ, ʩʚʷʟʘʥʥʦʡ ʩ ʠʟʤʝʨʝʥʠʷʤʠ ʥʘʧʨʷʞʝʥʠʡ ʠ ʪʦʢʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ, 

ʧʦʩʢʦʣʴʢʫ ʥʫʞʥʦ ʧʦʣʫʯʠʪʴ ʥʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʘ ʠʭ ʩʝʤʝʡʩʪʚʘ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʪ 

ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ɺʳʧʦʣʥʷʪʴ ʵʪʦ ʚʨʫʯʥʫʶ ï ʚʝʩʴʤʘ ʪʨʫʜʦʝʤʢʠʡ ʧʨʦʮʝʩʩ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʘ ʘʚʪʦʤʘʪʠʟʘʮʠʷ, 

ʢʦʪʦʨʘʷ ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ.  

ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʤʘʩʩʠʚʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʥʝʦʙʭʦʜʠʤʦ ʚʳʯʠʩʣʠʪʴ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ. ʌʘʢʪʠʯʝʩʢʠ 

ʚʳʯʠʩʣʝʥʠʝ ʩʚʦʜʠʪʩʷ ʢ ʤʥʦʛʦʤʝʨʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ. ʇʨʠʯʝʤ, ʟʘʜʘʯʘ ʦʧʪʠʤʠʟʘʮʠʠ ʜʣʷ ʄʆʇ-ʪʨʘʥʟʠʩʪʦʨʦʚ ʜʦʩʪʘʪʦʯʥʦ 

ʩʣʦʞʥʘʷ, ʧʦʩʢʦʣʴʢʫ ʤʦʜʝʣʴ ʩʦʜʝʨʞʠʪ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʧʘʨʘʤʝʪʨʦʚ [5, ʉ. 524]. ʇʨʠ ʵʪʦʤ ʨʘʩʯʝʪʳ ʧʦ 

ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʬʦʨʤʫʣʘʤ ʦʛʨʘʥʠʯʠʚʘʶʪ ʜʝʪʘʣʠʟʘʮʠʶ ʤʦʜʝʣʠ ʠʤʝʶʱʠʤʩʷ ʥʘʙʦʨʦʤ ʫʨʘʚʥʝʥʠʡ, ʘ ʨʝʰʝʥʠʝ 

ʦʢʘʟʳʚʘʝʪʩʷ ʟʘʚʠʩʠʤʳʤ ʦʪ ʚʳʙʦʨʘ ʜʘʥʥʳʭ ʠ ʠʭ ʧʦʜʛʦʪʦʚʢʠ ʠ ʚ ʭʦʜʝ ʦʧʪʠʤʠʟʘʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥ ʣʦʢʘʣʴʥʳʡ, ʘ ʥʝ 

ʛʣʦʙʘʣʴʥʳʡ ʵʢʩʪʨʝʤʫʤ. 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʉɸʇʈ ʠʤʝʶʪʩʷ ʚʩʪʨʦʝʥʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʣʫʯʠʪʴ SPICE-ʤʦʜʝʣʴ ʥʘ ʦʩʥʦʚʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ [4, C. 348], [5, C. 492], ʥʦ ʠʭ ʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʟʘʪʨʫʜʥʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ 

ʨʫʯʥʦʛʦ ʚʚʦʜʘ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʪʦʯʝʢ ʠ ʧʨʠʚʷʟʢʦʡ ʪʦʣʴʢʦ ʢ ʚʩʪʨʦʝʥʥʳʤ ʤʦʜʝʣʷʤ. ʂʨʦʤʝ ʪʦʛʦ, ʚʩʪʨʦʝʥʥʳʝ ʘʣʛʦʨʠʪʤʳ 

ʥʝ ʚʩʝʛʜʘ ʩʧʦʩʦʙʥʳ ʚʳʧʦʣʥʠʪʴ ʵʬʬʝʢʪʠʚʥʫʶ ʦʧʪʠʤʠʟʘʮʠʶ ʠ ʥʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʚʳʙʦʨʘ ʘʣʛʦʨʠʪʤʦʚ ʵʪʦʡ ʦʧʪʠʤʠʟʘʮʠʠ. 

ʆʜʥʦʡ ʠʟ ʟʘʜʘʯ ʩʦʟʜʘʥʠʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ SPICE-ʤʦʜʝʣʝʡ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ 

ʵʬʬʝʢʪʠʚʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʦʧʪʠʤʠʟʘʮʠʠ, ʢʦʪʦʨʳʝ ʜʘʚʘʣʠ ʙʳ ʥʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʠʤʝʥʥʦ ʚ ʢʦʥʢʨʝʪʥʦʡ ʦʙʣʘʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ. ɺ ʵʪʦʤ ʧʣʘʥʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʚʳʛʣʷʜʷʪ ʘʣʛʦʨʠʪʤʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʪʝʭʥʦʣʦʛʠʷʭ ʚ ʦʙʣʘʩʪʠ ʤʘʰʠʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ. ʌʘʢʪʠʯʝʩʢʠ ʵʪʦ ʦʜʠʥ ʠʟ ʧʦʜʨʘʟʜʝʣʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʠʟʫʯʘʶʱʠʡ ʤʝʪʦʜʳ ʧʦʩʪʨʦʝʥʠʷ 

ʘʣʛʦʨʠʪʤʦʚ, ʩʧʦʩʦʙʥʳʭ ʦʙʫʯʘʪʴʩʷ [6], [7], [8]. ɺ ʢʣʘʩʩ ʟʘʜʘʯ, ʨʝʰʘʝʤʳʭ ʩ ʧʦʤʦʱʴʶ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʚʭʦʜʠʪ ʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʨʝʛʨʝʩʩʠʠ [7, ʉ. 119]. ʀʤʝʶʱʘʷʩʷ ʟʘʜʘʯʘ ʢʘʢ ʨʘʟ ʠ ʦʪʥʦʩʠʪʩʷ ʢ ʵʪʦʤʫ ʢʣʘʩʩʫ.  

ɹʦʣʴʰʠʥʩʪʚʦ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʩʚʦʜʷʪʩʷ ʢ ʟʘʜʘʯʝ ʦʧʪʠʤʠʟʘʮʠʠ ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʘ, ʢʦʪʦʨʳʡ 

ʟʘʯʘʩʪʫʶ ʥʘʟʳʚʘʶʪ ʬʫʥʢʮʠʦʥʘʣʦʤ ʧʦʪʝʨʴ (ʵʤʧʠʨʠʯʝʩʢʦʛʦ ʨʠʩʢʘ), ʪ. ʢ. ʝʛʦ ʟʥʘʯʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʰʠʙʢʫ ʨʘʙʦʪʳ 

ʘʣʛʦʨʠʪʤʘ ʥʘ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʝ ʜʘʥʥʳʭ [9, C. 13]. ʏʝʤ ʤʝʥʴʰʝ ʦʰʠʙʢʘ, ʪʝʤ ʪʦʯʥʝʝ ʘʣʛʦʨʠʪʤ ʚʦʩʧʨʦʠʟʚʦʜʠʪ 

ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ.  

ʄʠʥʠʤʠʟʘʮʠʷ ʬʫʥʢʮʠʦʥʘʣʘ ʧʦʪʝʨʴ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ ʧʦʠʩʢʘ ʤʠʥʠʤʫʤʘ ʬʫʥʢʮʠʡ. ʕʪʦ 

ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʣʠʯʥʳʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʧʨʷʤʦʛʦ ʧʝʨʝʙʦʨʘ, ʛʨʘʜʠʝʥʪʥʦʛʦ ʩʧʫʩʢʘ, ʩʣʫʯʘʡʥʦʛʦ ʧʦʠʩʢʘ (ʤʝʪʦʜ ʄʦʥʪʝ-

ʂʘʨʣʦ) ʠ ʜʨʫʛʠʝ ʘʣʛʦʨʠʪʤʳ ʧʦʠʩʢʘ ʛʣʦʙʘʣʴʥʦʛʦ ʵʢʩʪʨʝʤʫʤʘ [9, C. 261]. ʆʪ ʚʳʙʦʨʘ ʘʣʛʦʨʠʪʤʘ ʟʘʚʠʩʠʪ ʩʢʦʨʦʩʪʴ 

ʧʦʣʫʯʝʥʠʷ ʨʝʰʝʥʠʷ ʠ ʙʫʜʝʪ ʣʠ ʵʪʦ ʨʝʰʝʥʠʝ ʣʦʢʘʣʴʥʳʤ ʠʣʠ ʛʣʦʙʘʣʴʥʳʤ (ʥʘʩʪʦʷʱʠʤ) ʤʠʥʠʤʫʤʦʤ.  

ʅʘʧʨʠʤʝʨ, ʟʘʜʘʯʫ ʧʦʠʩʢʘ ʤʘʪʨʠʮʳ ʄT, ʧʨʝʦʙʨʘʟʫʶʱʝʡ ʦʜʠʥ ʪʨʝʭʤʝʨʥʳʡ ʚʝʢʪʦʨ ʚ ʜʨʫʛʦʡ, ʤʦʞʥʦ ʨʝʰʠʪʴ ʠʤʝʷ 3 

ʦʙʫʯʘʶʱʠʭ ʠʟʤʝʨʝʥʠʷ (ʧʘʨʳ ʠʩʭʦʜʥʳʭ (I i) ʠ ʨʝʟʫʣʴʪʠʨʫʶʱʠʭ (Oi=I iĿMT) ʚʝʢʪʦʨʦʚ) ʠ ʠʩʧʦʣʴʟʫʷ ʚ ʢʘʯʝʩʪʚʝ 

ʬʫʥʢʮʠʦʥʘʣʘ ʧʦʪʝʨʴ ʩʫʤʤʫ ʜʣʠʥ ʚʝʢʪʦʨʦʚ I iĿM
 
ï

 
Oi, ʛʜʝ ʄ ï ʧʨʝʜʧʦʣʘʛʘʝʤʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ. ʊʘʢʘʷ ʟʘʜʘʯʘ ʩʪʘʙʠʣʴʥʦ 

ʨʝʰʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʢʚʘʟʠʥʴʶʪʦʥʦʚʩʢʠʭ ʤʝʪʦʜʦʚ ʦʧʪʠʤʠʟʘʮʠʠ [10, ʉ. 41] ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʧʘʢʝʪʘʭ. 

ɽʩʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʦʣʴʢʦ 2 ʪʦʯʢʠ ï ʨʝʰʝʥʠʝ ʩʪʘʥʦʚʠʪʩʷ ʥʝʦʧʨʝʜʝʣʝʥʥʳʤ ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʚʠʜʝ, ʪ.ʢ. ʠʤʝʝʪʩʷ 9 

ʧʝʨʝʤʝʥʥʳʭ ʠ 6 ʫʨʘʚʥʝʥʠʡ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ ʪʝʧʝʨʴ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʥʘʯʘʣʴʥʦʡ ʪʦʯʢʠ 

ʧʦʠʩʢʘ ʠ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʪʦʯʥʳʤ.  

ʅʘ ʩʘʤʦʤ ʜʝʣʝ ʪʘʢʘʷ ʩʠʪʫʘʮʠʷ ʥʝ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʟʘʜʘʯ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʪ.ʢ. ʦʙʳʯʥʦ ʠʤʝʝʪʩʷ ʠʟʙʳʪʦʯʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʜʘʥʥʳʭ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʟʘʚʠʩʠʤʦʩʪʠ ʠ ʧʦʩʪʨʦʠʪʴ ʤʦʜʝʣʠ. ɿʘʜʘʯʘ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ 

SPICE-ʤʦʜʝʣʝʡ ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʢʘʢ ʨʘʟ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʘʢʦʡ ʠʟʙʳʪʦʯʥʦʩʪʴʶ, ʠʤʝʥʥʦ ʧʦ ʵʪʦʡ 

ʧʨʠʯʠʥʝ ʦʪʩʫʪʩʪʚʠʝ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ SPICE-ʤʦʜʝʣʝʡ ʪʨʝʙʫʝʪ ʩʣʠʰʢʦʤ ʤʥʦʛʦ 

ʯʝʣʦʚʝʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ. 

ʇʦʩʢʦʣʴʢʫ ʦʧʠʩʘʥʥʳʡ ʚʳʰʝ ʥʝʜʦʩʪʘʪʦʢ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʥʝ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʚʳʙʨʘʥʥʦʡ ʟʘʜʘʯʠ, ʪʦ 

ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ ʨʝʞʠʤʝ ʧʦʣʫʯʘʪʴ SPICE-

ʤʦʜʝʣʠ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʫʨʦʚʥʷ ʜʝʪʘʣʠʟʘʮʠʠ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʠʪʴ ʠʤʝʥʥʦ ʵʪʦʪ ʘʣʛʦʨʠʪʤ ʚʳʯʠʩʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

SPICE-ʤʦʜʝʣʝʡ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʧʦʣʫʯʝʥʠʷ 

ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ð ʨʘʟʨʘʙʦʪʘʪʴ ʣʘʙʦʨʘʪʦʨʥʳʡ ʩʪʝʥʜ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʡ ʠʟʤʝʨʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʠ 

ʪʦʢʦʚ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʩ ʧʝʨʝʜʘʯʝʡ ʠ ʩʦʭʨʘʥʝʥʠʝʤ ʤʘʩʩʠʚʘ ʜʘʥʥʳʭ ʥʘ ʧʝʨʩʦʥʘʣʴʥʦʤ ʢʦʤʧʴʶʪʝʨʝ (ʇʂ). ʅʘ 

ʚʪʦʨʦʤ ʵʪʘʧʝ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ ʠ ʧʦʩʪʨʦʝʥʠʷ ʧʦ ʥʠʤ SPICE-ʤʦʜʝʣʝʡ.  

ʃʘʙʦʨʘʪʦʨʥʳʡ ʩʪʝʥʜ, ʨʝʰʘʶʱʠʡ ʦʧʠʩʘʥʥʫʶ ʚʳʰʝ ʟʘʜʘʯʫ, ʩʦʩʪʦʠʪ ʠʟ ʩʠʣʦʚʦʡ ʯʘʩʪʠ, ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʠ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ (ʨʠʩ. 1). ɺ ʩʠʣʦʚʫʶ ʯʘʩʪʴ ʚʭʦʜʷʪ ʫʧʨʘʚʣʷʝʤʳʡ ʠʩʪʦʯʥʠʢ ʥʘʧʨʷʞʝʥʠʷ ʮʝʧʠ ʩʪʦʢʘ (ʢʦʣʣʝʢʪʦʨʘ) ʠ 

ʫʧʨʘʚʣʷʝʤʳʡ ʠʩʪʦʯʥʠʢ ʥʘʧʨʷʞʝʥʠʷ ʮʝʧʠ ʟʘʪʚʦʨʘ. ɺ ʠʟʤʝʨʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʚʭʦʜʠʪ ʜʘʪʯʠʢ ʪʦʢʘ ʠ ʫʩʪʨʦʡʩʪʚʦ ʟʘʭʚʘʪʘ 

ʩʠʛʥʘʣʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʫʩʪʨʦʡʩʪʚʘ ʟʘʭʚʘʪʘ ʩʠʛʥʘʣʦʚ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʦʝ ʠʟʤʝʨʠʪʝʣʴʥʦʝ 

ʆ 
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ʫʩʪʨʦʡʩʪʚʦ ð USB-ʦʩʮʠʣʣʦʛʨʘʬ. ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ (ʉʋ) ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʝʘʣʠʟʘʮʠʶ ʚʳʙʨʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ 

ʠʟʤʝʨʝʥʠʷ. 

 
ʈʠʩ. 1 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

 

ʊʘʢʘʷ ʩʭʝʤʘ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʨʷʪʴ ʪʦʢ ʯʝʨʝʟ ʩʪʦʢ ʪʨʘʥʟʠʩʪʦʨʘ, ʪʦʢ ʟʘʪʚʦʨʘ, ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʟʘʪʚʦʨʝ ʠ ʥʘʧʨʷʞʝʥʠʝ 

ʩʪʦʢ-ʠʩʪʦʢ. ɺ ʪʘʢʦʤ ʠʩʧʦʣʥʝʥʠʠ ʩʪʝʥʜ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʨʷʪʴ ʩʪʘʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ n-ʢʘʥʘʣʴʥʳʭ ʄʆʇ-

ʪʨʘʥʟʠʩʪʦʨʦʚ ʠ IGBT-ʪʨʘʥʟʠʩʪʦʨʦʚ ʚ ʜʠʘʧʘʟʦʥʘʭ 0ï100 ɺ ʠ 0ï250 ɸ. ʀʟʤʝʨʝʥʠʝ ʧʨʦʚʦʜʠʪʩʷ ʠʤʧʫʣʴʩʥʳʤ ʤʝʪʦʜʦʤ ʚ 

ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʚʦʟʤʦʞʥʘ ʜʦʨʘʙʦʪʢʘ ʩʪʝʥʜʘ ʩ ʮʝʣʴʶ ʠʟʤʝʨʝʥʠʷ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʪ.ʢ. 

ʠʤʝʶʱʝʝʩʷ ʦʙʦʨʫʜʦʚʘʥʠʝ ʪʝʭʥʠʯʝʩʢʠ ʧʦʟʚʦʣʷʝʪ ʨʘʙʦʪʘʪʴ ʚ ʪʘʢʦʤ ʨʝʞʠʤʝ ʠ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʦʜʦʙʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʜʦʩʪʘʪʦʯʥʦ ʣʠʰʴ ʠʟʤʝʥʠʪʴ ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ (ʇʆ), 

ʦʩʫʱʝʩʪʚʣʷʶʱʝʝ ʫʧʨʘʚʣʝʥʠʝ ʩʪʝʥʜʦʤ, ʧʦʣʫʯʝʥʠʝ ʠ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ USB-ʦʩʮʠʣʣʦʛʨʘʬʘ, ʭʨʘʥʝʥʠʝ ʠʭ ʚ ʧʘʤʷʪʠ ʇʂ ʠ 

ʦʪʦʙʨʘʞʝʥʠʝ. 

ʇʨʠ ʠʟʤʝʨʝʥʠʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʜʘʪʴ ʤʘʢʩʠʤʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʟʘʪʚʦʨʝ Ugs, 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʩʪʦʢ-ʠʩʪʦʢ Uds (ʜʣʷ ʄʆʇ-ʪʨʘʥʟʠʩʪʦʨʦʚ) ʠʣʠ ʢʦʣʣʝʢʪʦʨ-ʵʤʠʪʪʝʨ Uce (ʜʣʷ IGBT-

ʪʨʘʥʟʠʩʪʦʨʦʚ), ʰʘʛ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʟʘʪʚʦʨʝ, ʰʘʛ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʩʪʦʢ-ʠʩʪʦʢ ʠʣʠ ʢʦʣʣʝʢʪʦʨ-ʵʤʠʪʪʝʨ, 

ʤʘʢʩʠʤʘʣʴʥʳʡ ʪʦʢ ʩʪʦʢʘ ʠʣʠ ʢʦʣʣʝʢʪʦʨʘ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚ ʟʘʪʚʦʨʥʦʡ ʮʝʧʠ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʘ. ɺ ʭʦʜʝ ʠʟʤʝʨʝʥʠʷ 

ʠʩʪʦʯʥʠʢʠ ʧʠʪʘʥʠʷ ʩʪʝʥʜʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘ ʨʘʟʣʠʯʥʳʝ ʥʘʧʨʷʞʝʥʠʷ, ʧʨʦʠʩʭʦʜʠʪ ʛʝʥʝʨʘʮʠʷ 

ʠʤʧʫʣʴʩʘ ʟʘʪʚʦʨʘ ʠ ʨʝʛʠʩʪʨʘʮʠʷ ʩʠʛʥʘʣʘ ʩ ʧʦʤʦʱʴʶ USB-ʦʩʮʠʣʣʦʛʨʘʬʘ. ɸʣʛʦʨʠʪʤ ʠʟʤʝʨʝʥʠʷ ʢʘʞʜʦʡ ʪʦʯʢʠ ʚʦʣʴʪ-

ʘʤʧʝʨʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 2. ɿʘʧʠʩʘʥʥʳʝ ʜʘʥʥʳʝ ʤʦʞʥʦ ʧʨʦʩʤʦʪʨʝʪʴ ʠʣʠ ʩʦʭʨʘʥʠʪʴ ʥʘ ʜʠʩʢ ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ.  

ɺʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʷʞʝʥʠʷ ʟʘʪʚʦʨ-ʠʩʪʦʢ Ugs, ʥʘʧʨʷʞʝʥʠʷ ʩʪʦʢ-ʠʩʪʦʢ Uds ʠ ʪʦʢʘ ʩʪʦʢʘ Id ʜʣʷ n-

ʢʘʥʘʣʴʥʦʛʦ ʄʆʇ-ʪʨʘʥʟʠʩʪʦʨʘ IRFP250N ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 3. ʈʝʛʠʩʪʨʠʨʫʝʤʳʝ ʜʘʥʥʳʝ ʟʘʥʦʩʷʪʩʷ ʚ ʤʘʩʩʠʚ ʧʦʩʣʝ 

ʦʢʦʥʯʘʥʠʷ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʪʨʘʥʟʠʩʪʦʨʝ (ʪ.ʝ. ʚ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʦʤ ʨʝʞʠʤʝ). 

 
ʈʠʩ. 2 ï ɸʣʛʦʨʠʪʤ ʠʟʤʝʨʝʥʠʷ ʪʦʯʢʠ ʚʦʣʴʪ-ʘʤʧʝʨʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

Id Uds

USB

ȵȰ

ȷȹ

ȪɆɘɝɎɐ ɘɔɐɆ

MOS

USB-ɔɗɜɎɑɑɔɉɖɆɚ

ȹɕɖɆɈɑɥɋɒɡɏ
ɎɗɘɔɝɓɎɐ
ɓɆɕɖɥɌɋɓɎɥ

ȹɕɖɆɈɑɥɋɒɡɏ
ɎɗɘɔɝɓɎɐ
ɓɆɕɖɥɌɋɓɎɥ

USB
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ʈʠʩ. 3 ï ɺʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʷʞʝʥʠʡ ʩʪʦʢ-ʠʩʪʦʢ Uds, ʟʘʪʚʦʨ-ʠʩʪʦʢ Ugs ʠ ʪʦʢʘ ʩʪʦʢʘ Id ʄʆʇ-ʪʨʘʥʟʠʩʪʦʨʘ 

IRFP250N 

 

ɺ ʧʨʦʮʝʩʩʝ ʠʟʤʝʨʝʥʠʷ ʠʣʠ ʧʦʩʣʝ ʝʛʦ ʟʘʚʝʨʰʝʥʠʷ ʧʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʩʪʨʦʷʪʩʷ ʩʝʤʝʡʩʪʚʘ ʚʳʭʦʜʥʳʭ 

ʚʦʣʴʪʘʤʧʝʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ɺɸʍ) ʪʨʘʥʟʠʩʪʦʨʘ ʠ ʧʝʨʝʜʘʪʦʯʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʨʘʥʟʠʩʪʦʨʘ (ʨʠʩ. 4). 

 
ʈʠʩ. 4 ï ʉʪʘʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʄʆʇ-ʪʨʘʥʟʠʩʪʦʨʘ IRFP250N, ʧʦʩʪʨʦʝʥʥʳʝ ʧʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ 

 

ʊʘʢ ʢʘʢ ʠʟʤʝʨʝʥʥʳʝ ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʘʙʦʨ ʪʦʯʝʢ ʩ ʥʝʠʟʚʝʩʪʥʳʤʠ ʰʫʤʘʤʠ ʠ ʧʦʛʨʝʰʥʦʩʪʷʤʠ 

ʠʟʤʝʨʝʥʠʡ, ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʜʣʷ ʧʨʷʤʦʛʦ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʧʨʦʙʣʝʤʘʪʠʯʥʦ. ʂ ʪʦʤʫ ʞʝ ʧʨʷʤʦʡ ʨʘʩʯʝʪ 

ʦʛʨʘʥʠʯʠʪ ʦʙʣʘʩʪʴ ʦʧʨʝʜʝʣʷʝʤʳʭ ʤʦʜʝʣʝʡ, ʧʦʵʪʦʤʫ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʪʦʜʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. ɺ 

ʢʘʯʝʩʪʚʝ ʦʙʫʯʘʝʤʦʡ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʢʩʪʦʚʦʝ ʦʧʠʩʘʥʠʝ ʄʆʇ-ʪʨʘʥʟʠʩʪʦʨʘ ʥʘ ʷʟʳʢʝ SPICE. ɺ ʢʘʯʝʩʪʚʝ 

ʬʫʥʢʮʠʦʥʘʣʘ ʧʦʪʝʨʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʫʤʤʘ ʤʦʜʫʣʝʡ ʨʘʟʥʦʩʪʠ ʤʝʞʜʫ ʠʟʤʝʨʝʥʥʳʤʠ ʠ ʩʤʦʜʝʣʠʨʦʚʘʥʥʳʤʠ ʪʦʯʢʘʤʠ ɺɸʍ. 

ɺ ʧʨʦʮʝʩʩʝ ʦʧʪʠʤʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ ʠʟʤʝʥʷʶʪʩʷ ʪʘʢ, ʯʪʦʙʳ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʦʰʠʙʢʫ. 

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʦʧʨʝʜʝʣʷʪʴ ʜʝʪʘʣʠʟʘʮʠʶ SPICE-ʤʦʜʝʣʠ ʠ 

ʚʳʙʠʨʘʪʴ ʧʝʨʝʤʝʥʥʳʝ, ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʳʭ ʥʝʦʙʭʦʜʠʤʦ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ, ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʝʥʠʝ 
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ʧʘʨʘʤʝʪʨʦʚ ʥʝ ʪʦʣʴʢʦ ʩʪʘʥʜʘʨʪʥʳʭ SPICE-ʤʦʜʝʣʝʡ NMOS, PMOS, ʥʦ ʠ ʣʶʙʳʭ ʜʨʫʛʠʭ, ʜʘʞʝ ʝʱʝ ʥʝ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʥʳʥʝ ʤʦʜʝʣʝʡ, ʯʪʦ ʜʝʣʘʝʪ ʨʘʟʨʘʙʦʪʢʫ ʚʝʩʴʤʘ ʧʝʨʩʧʝʢʪʠʚʥʦʡ.   

ʇʨʠ ʟʘʧʫʩʢʝ ʨʝʞʠʤʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʥʘʯʠʥʘʝʪʩʷ ʧʨʦʮʝʩʩ ʧʦʠʩʢʘ ʛʣʦʙʘʣʴʥʦʛʦ ʵʢʩʪʨʝʤʫʤʘ 

ʤʝʪʦʜʦʤ ʛʨʘʜʠʝʥʪʥʦʛʦ ʩʧʫʩʢʘ ʠʟ ʩʣʫʯʘʡʥʦ ʚʳʙʨʘʥʥʳʭ ʥʘʯʘʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʠʩʣʘ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʥʳʥʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʦʱʥʦʩʪʷʭ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ ʜʦ ʧʦʣʫʯʝʥʠʷ 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʛʦ ʨʝʟʫʣʴʪʘʪʘ ʤʦʞʝʪ ʟʘʥʠʤʘʪʴ ʦʪ 15 ʤʠʥʫʪ ʠ ʙʦʣʝʝ. ɺʳʭʦʜʥʳʝ ʚʦʣʴʪʘʤʧʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʄʆʇ-

ʪʨʘʥʟʠʩʪʦʨʘ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʦʜʝʣʠ ʐʠʭʤʘʥʘ-ʍʦʜʞʝʩʘ (Level 1) ʜʦ ʠ ʧʦʩʣʝ ʦʧʪʠʤʠʟʘʮʠʠ, 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 5 ʠ 6.  

ɺ ʧʨʦʮʝʩʩʝ ʦʧʪʠʤʠʟʘʮʠʠ ʤʦʜʝʣʠ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʚʳʙʨʘʪʴ ʤʦʜʝʣʴ ʠʟ ʩʧʠʩʢʘ 30 ʥʘʠʣʫʯʰʠʭ ʧʨʠʙʣʠʞʝʥʠʡ, 

ʦʪʦʙʨʘʟʠʪʴ ʝʝ SPICE-ʪʝʢʩʪ ʠ ʩʨʘʚʥʠʪʴ ʥʘ ʦʜʥʦʤ ʛʨʘʬʠʢʝ ʠʟʤʝʨʝʥʥʫʶ ʠ ʩʤʦʜʝʣʠʨʦʚʘʥʥʫʶ ɺɸʍ ʜʣʷ ʦʮʝʥʢʠ 

ʩʦʦʪʚʝʪʩʪʚʠʷ ʤʦʜʝʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. 

 
ʈʠʩ. 5 ï ʉʝʤʝʡʩʪʚʘ ʚʳʭʦʜʥʳʭ ɺɸʍ ʪʨʘʥʟʠʩʪʦʨʘ IRFP250N, ʧʦʩʪʨʦʝʥʥʳʝ ʧʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ ʠ ʧʦ 

ʤʦʜʝʣʠ ʐʠʭʤʘʥʘ-ʍʦʜʞʝʩʘ (Level 1) ʜʦ ʦʧʪʠʤʠʟʘʮʠʠ (ʢʨʘʩʥʳʡ ï ʵʢʩʧʝʨʠʤʝʥʪ, ʩʠʥʠʡ ï ʤʦʜʝʣʴ) 

 
ʈʠʩ. 6 ï ʉʝʤʝʡʩʪʚʘ ʚʳʭʦʜʥʳʭ ɺɸʍ ʪʨʘʥʟʠʩʪʦʨʘ IRFP250N, ʧʦʩʪʨʦʝʥʥʳʝ ʧʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ ʠ ʧʦ 

ʤʦʜʝʣʠ ʐʠʭʤʘʥʘ-ʍʦʜʞʝʩʘ (Level 1) ʧʦʩʣʝ ʦʧʪʠʤʠʟʘʮʠʠ (ʢʨʘʩʥʳʡ ï ʵʢʩʧʝʨʠʤʝʥʪ, ʩʠʥʠʡ ï ʤʦʜʝʣʴ) 

 

ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤʘ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʩʫʨʩʳ ʫʜʘʣʝʥʥʳʭ ʤʘʰʠʥ, ʥʘ ʢʦʪʦʨʳʭ 

ʟʘʧʫʩʢʘʝʪʩʷ ʧʨʠʣʦʞʝʥʠʝ, ʦʩʫʱʝʩʪʚʣʷʶʱʝʝ ʚʳʯʠʩʣʝʥʠʝ ɺɸʍ ʧʦ SPICE-ʪʝʢʩʪʫ ʠ ʦʪʧʨʘʚʣʷʶʱʝʝ ʨʝʰʝʥʠʝ ʦʙʨʘʪʥʦ ʥʘ 

ʩʝʨʚʝʨ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚ ʧʨʦʛʨʘʤʤʝ ʠʤʝʶʪʩʷ ʚʩʪʨʦʝʥʥʳʝ ʟʘʛʦʪʦʚʢʠ SPICE-ʤʦʜʝʣʝʡ ʄʆʇ-ʪʨʘʥʟʠʩʪʦʨʦʚ ʜʚʫʭ 

ʫʨʦʚʥʝʡ: ʤʦʜʝʣʴ ʐʠʭʤʘʥʘ-ʍʦʜʞʝʩʘ Level 1 [5, ʉ. 524], ʩʦʜʝʨʞʘʱʘʷ 18 ʧʘʨʘʤʝʪʨʦʚ ʠ ʤʦʜʝʣʴ Level 6 [4, ʉ. 336], 

ʩʦʜʝʨʞʘʱʘʷ 37 ʧʘʨʘʤʝʪʨʦʚ. 

ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʧʦʢʘʟʘʣʦ ʭʦʨʦʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʩʪʘʪʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ SPICE-ʤʦʜʝʣʝʡ N-ʢʘʥʘʣʴʥʳʭ ʄʆʇ-ʪʨʘʥʟʠʩʪʦʨʦʚ, ʦʜʥʘʢʦ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʦʣʥʦʮʝʥʥʦʡ ʤʦʜʝʣʠ ʥʝʦʙʭʦʜʠʤ 

ʝʱʝ ʠ ʨʘʩʯʝʪ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ. ʂʘʢ ʫʞʝ ʙʳʣʦ ʩʢʘʟʘʥʦ ʚʳʰʝ, ʵʪʦ ʧʦʪʨʝʙʫʝʪ ʣʠʰʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ 

ʜʦʨʘʙʦʪʢʠ ʩʠʣʦʚʦʡ ʯʘʩʪʠ ʩʪʝʥʜʘ. ʄʝʪʦʜʠʢʘ ʧʦʠʩʢʘ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʠ ʚʳʙʨʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʦʧʪʠʤʠʟʘʮʠʠ ʥʝ 

ʪʨʝʙʫʝʪ ʠʟʤʝʥʝʥʠʡ, ʪ.ʢ. ʥʝ ʟʘʚʠʩʠʪ ʥʠ ʦʪ ʩʦʩʪʘʚʘ ʤʦʜʝʣʠ, ʥʠ ʦʪ ʪʠʧʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. ʇʦʵʪʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ 

ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʡ ʢʦʤʧʣʝʢʩ ʠʤʝʝʪ ʩʝʨʴʝʟʥʳʡ ʧʦʪʝʥʮʠʘʣ ʨʘʟʚʠʪʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚʦʟʤʦʞʥʦʩʪʠ ʘʧʧʘʨʘʪʥʦʡ ʯʘʩʪʠ 

ʵʪʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʦʟʚʦʣʷʶʪ ʠʩʩʣʝʜʦʚʘʪʴ ʝʱʝ ʦʜʠʥ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʧʦʜʭʦʜ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʧʨʦʮʝʩʩʦʚ ʚ 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ ǐ ˉ 11 (65) ǐ ʏʘʩʪʴ 4 ǐ ʅʦʷʙʨʴ 

 

16 

 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʧʨʠʙʦʨʘʭ ï ʧʨʷʤʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ [11]. 
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ɺʅʋʊʈʀʌʆʈʄɽʅʅʆɽ ʄʆɼʀʌʀʎʀʈʆɺɸʅʀɽ ʆʊʃʀɺʆʂ ʀɿ ʉʊɸʃʀ ɻɸɼʌʀʃʔɼɸ 

ʄɽʃʂʆɼʀʉʇɽʈʉʅʓʄʀ ʇʆʈʆʐʂɸʄʀ ʅɸ ʆʉʅʆɺɽ ʉʆɽɼʀʅɽʅʀʁ ʊʋɻʆʇʃɸɺʂʀʍ ʄɽʊɸʃʃʆɺ 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʠʷ ʧʣʘʥʠʨʫʝʤʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʚʥʫʪʨʠʬʦʨʤʝʥʥʦʤʫ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʶ ʦʪʣʠʚʦʢ ʠʟ ʩʪʘʣʠ ɻʘʜʬʠʣʴʜʘ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʤʠ ʧʦʨʦʰʢʘʤʠ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʦʧʨʝʜʝʣʝʥʠʝ 

ʩʦʚʤʝʩʪʥʦʛʦ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʧʦʨʦʰʢʦʚ ʥʘ ʘʙʨʘʟʠʚʥʫʶ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʦʪʣʠʚʦʢ ʠʟ ʚʳʩʦʢʦʤʘʨʛʘʥʮʝʚʦʡ 

ʩʪʘʣʠ. ʇʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʦʪʣʠʚʦʢ ʠʟ ʚʳʩʦʢʦʤʘʨʛʘʥʮʝʚʦʡ ʩʪʘʣʠ, 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʚʥʫʪʨʠ ʣʠʪʝʡʥʦʡ ʬʦʨʤʳ ʨʘʟʣʠʯʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʚʳʙʨʘʥʥʳʭ ʧʦʨʦʰʢʦʚ. ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳ ʧʨʝʜʧʨʠʷʪʠʷʤ, ʟʘʥʠʤʘʶʱʠʝʩʷ ʚʳʧʫʩʢʦʤ ʠʟʜʝʣʠʡ ʠʟ ʚʳʩʦʢʦʤʘʨʛʘʥʮʝʚʦʡ ʩʪʘʣʠ.  
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INTRAFORM MODIFICATION OF CASTINGS FROM HADFIELD STEEL BY FINELY DISPERSED 

POWDERS ON THE BASIS OF COMPOUNDS OF REFRACTORY METALS  

Abstract 
The article discusses the results of the planned experiment on intraform modification of castings from Hadfield steel by 

fine dispersed powders. The aim of the work is to determine the joint influence of various types of powders on the abrasive 

wear resistance of castings made from high-manganese steel. The values of the wear resistance coefficients of castings made of 

high-manganese steel modified inside the mold by a different number of selected powders are given. Presented results can be 

useful for enterprises engaged in the production of high-manganese steel products. 

Keywords: high-manganese steel, wear resistance, intraform modification. 

 

ʳʩʦʢʦʤʘʨʛʘʥʮʝʚʘʷ ʩʪʘʣʴ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʪʘʣʴ ɻʘʜʬʠʣʴʜʘ, ʷʚʣʷʝʪʩʷ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʪʣʠʚʦʢ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʫʩʣʦʚʠʷʭ ʘʙʨʘʟʠʚʥʦʛʦ ʠ ʫʜʘʨʥʦ-ʘʙʨʘʟʠʚʥʦʛʦ ʠʟʥʘʰʠʚʘʥʠʷ [1, ʉ. 61]. ʀʟ 

ʵʪʦʡ ʩʪʘʣʠ ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʪʘʢʠʝ ʠʟʜʝʣʠʷ, ʢʘʢ: ʙʨʦʥʠ ʠ ʤʦʣʦʪʢʠ ʜʨʦʙʠʣʴʥʦ-ʨʘʟʤʦʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʟʫʙʴʷ ʢʦʚʰʝʡ 

ʵʢʩʢʘʚʘʪʦʨʦʚ, ʢʦʥʫʩʘ ʟʘʩʳʧʥʳʭ ʘʧʧʘʨʘʪʦʚ ʜʦʤʝʥʥʦʡ ʧʝʯʠ, ʩʪʨʝʣʦʯʥʳʝ ʧʝʨʝʚʦʜʳ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʧʫʪʝʡ. ʇʦʢʘʟʘʪʝʣʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʟʘʚʠʩʷʪ ʦʪ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚʳʩʦʢʦʤʘʨʛʘʥʮʝʚʦʡ ʩʪʘʣʠ.  

ʅʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʪʘʣʠ ʦʛʨʦʤʥʦʝ ʚʣʠʷʥʠʠ ʦʢʘʟʳʚʘʶʪ: ʢʘʯʝʩʪʚʦ ʰʠʭʪʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʝʭʥʦʣʦʛʠʷ 

ʚʳʧʣʘʚʢʠ [2, ʉ. 386] ʠ ʚʥʝʧʝʯʥʦʡ ʦʙʨʘʙʦʪʢʠ [3], [4, ʉ. 156], ʤʘʪʝʨʠʘʣʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʜʣʷ ʣʝʛʠʨʦʚʘʥʠʷ ʠ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʩʧʣʘʚʘ [5], [6], [7], [8], [9], [10], [11, ʉ. 48 ï 50], ʘ ʪʘʢʞʝ ʪʝʧʣʦʚʳʝ ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪʣʠʚʢʠ, 

ʨʝʘʣʠʟʫʶʱʠʝʩʷ ʯʝʨʝʟ ʩʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ ʩʧʣʘʚʘ ʚ ʣʠʪʝʡʥʦʡ ʬʦʨʤʝ [12, ʉ. 24].  

ʊʝʭʥʦʣʦʛʠʷ ʣʝʛʠʨʦʚʘʥʠʷ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʚʳʩʦʢʦʤʘʨʛʘʥʮʝʚʦʡ ʩʪʘʣʠ ʪʨʘʜʠʮʠʦʥʥʳʤ ʤʘʪʝʨʠʘʣʘʤʠ ʠʟʚʝʩʪʥʘʷ 

ʦʯʝʥʴ ʜʘʚʥʦ. ɺ ʢʘʯʝʩʪʚʝ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʦʪʣʠʚʦʢ ʠʟ ʚʳʩʦʢʦʤʘʨʛʘʥʮʝʚʦʡ ʩʪʘʣʠ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʥʘʰʣʠ ʩʣʝʜʫʶʱʠʝ ʵʣʝʤʝʥʪʳ: ʭʨʦʤ, ʚʘʥʘʜʠʡ, ʤʦʣʠʙʜʝʥ. ɼʣʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ (ʤʠʢʨʦʣʝʛʠʨʦʚʘʥʠʷ) ʧʨʠʤʝʥʷʶʪ 

ʩʣʝʜʫʶʱʠʝ ʤʘʪʝʨʠʘʣʳ: ʪʠʪʘʥ, ʢʘʣʴʮʠʡ, ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʢʘʨʙʦʥʘʪʳ. ʈʝʘʣʠʟʘʮʠʷ ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʣʝʛʠʨʦʚʘʥʠʷ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʤʝʪʘʣʣʘ ʚ ʧʣʘʚʠʣʴʥʦʡ ʧʝʯʠ ʠʣʠ ʢʦʚʰʝ ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ï ʵʪʦ 

ʦʙʨʘʙʦʪʢʘ ʚʩʝʛʦ ʦʙʲʸʤʘ ʞʠʜʢʦʛʦ ʨʘʩʧʣʘʚʘ, ʥʝʤʘʣʘʷ ʯʘʩʪʴ ʢʦʪʦʨʦʛʦ ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʟʘʧʦʣʥʝʥʠʝ ʣʠʪʥʠʢʦʚʦ-ʧʠʪʘʶʱʝʡ 

ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʦʩʪʘʸʪʩʷ ʚ ʢʦʚʰʝ ʚ ʚʠʜʝ ʥʝʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʦʩʪʘʪʢʘ, ʢʦʪʦʨʳʡ ʩʣʠʚʘʝʪʩʷ ʚ ʩʧʝʮʠʘʣʴʥʦ 

ʧʦʜʛʦʪʦʚʣʝʥʥʫʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʸʤʢʦʩʪʴ.  

 ʈʝʘʣʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʠ ʚʥʫʪʨʠʬʦʨʤʝʥʥʦʛʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʪʦʣʴʢʦ ʥʘ ʤʝʪʘʣʣ, 

ʢʦʪʦʨʳʡ ʟʘʧʦʣʥʷʝʪ ʦʪʣʠʚʢʠ ʚʥʫʪʨʠ ʣʠʪʝʡʥʦʡ ʬʦʨʤʳ. ʕʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʵʢʦʥʦʤʠʠ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ 

ʪʘʢʞʝ ʢ ʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʦʤʫ ʠʭ ʨʘʩʭʦʜʦʚʘʥʠʶ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʦʪʣʠʚʦʢ ʰʠʨʦʢʦʝ ʧʨʦʤʳʰʣʝʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʥʘʭʦʜʠʪ ʪʝʭʥʦʣʦʛʠʷ ʚʥʫʪʨʠʬʦʨʤʝʥʥʦʛʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʤʠ ʧʦʨʦʰʢʘʤʠ ʩʦʝʜʠʥʝʥʠʡ ʪʫʛʦʧʣʘʚʢʠʭ 

ʤʝʪʘʣʣʦʚ. ʏʘʩʪʠʮʳ ʵʪʠʭ ʧʦʨʦʰʢʦʚ ʟʘʢʣʘʜʳʚʘʶʪ ʚ ʢʘʥʘʣʳ ʣʠʪʥʠʢʦʚʦʡ ʩʠʩʪʝʤʳ, ʣʠʙʦ ʚ ʩʧʝʮʠʘʣʴʥʳʝ ʢʘʤʝʨʳ, 

ʚʳʧʦʣʥʝʥʥʳʝ ʚ ʣʠʪʥʠʢʘʭ. ʄʝʪʘʣʣ, ʧʨʦʭʦʜʷ ʯʝʨʝʟ ʵʪʠ ʢʘʥʘʣʳ, ʫʚʣʝʢʘʝʪ ʯʘʩʪʠʮʳ ʟʘ ʩʦʙʦʡ ʚ ʦʪʣʠʚʢʫ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʚʳʰʝʥʠʶ ʝʸ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ ʩʚʦʡʩʪʚ.  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʦʧʨʝʜʝʣʝʥʠʝ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʤʦʜʠʬʠʢʘʪʦʨʦʚ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ 

ʘʙʨʘʟʠʚʥʦʡ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʪʘʣʠ ʤʘʨʢʠ 110ɻ13ʃ, ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʢʦʪʦʨʦʡ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥ 

ɻʆʉʊ 977-88.  

ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʠʬʠʮʠʨʫʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʦʨʦʰʢʠ ʜʚʫʭ ʪʠʧʦʚ: ʦʢʩʠʢʘʨʙʦʥʠʪʨʠʜ ʪʠʪʘʥʘ (ʆʂʅʊ) ʠ 

ʢʘʨʙʠʜ ʚʦʣʴʬʨʘʤʘ (WC) ʩʦ ʩʨʝʜʥʠʤʠ ʨʘʟʤʝʨʘʤʠ ʯʘʩʪʠʮ 6 ʠ 80 ʤʢʤ. ʇʣʦʪʥʦʩʪʴ ʥʘʟʚʘʥʥʳʭ ʧʦʨʦʰʢʦʚ ʩʫʱʝʩʪʚʝʥʥʦ 

ʦʪʣʠʯʘʝʪʩʷ: ʆʂʅʊ ʦʪ 5,8 ʜʦ 5,9 ʛ/ʩʤ
3
, ʘ ʫ WC ï 15,5 ï 15,7 ʛ/ʩʤ

3
. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʆʂʅʊ ʧʨʠ ʧʦʧʘʜʘʥʠʠ ʚ ʦʪʣʠʚʢʫ ʙʫʜʝʪ 

ɺ 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ ǐ ˉ 11 (65) ǐ ʏʘʩʪʴ 4 ǐ ʅʦʷʙʨʴ 
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ʚʩʧʣʳʚʘʪʴ, ʘ WC ʦʩʘʞʜʘʪʴʩʷ ʥʘ ʜʥʝ ʦʪʣʠʚʢʠ. ʆʂʅʊ ʙʫʜʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʷʪʴʩʷ ʧʦ ʦʙʲʸʤʫ 

ʦʪʣʠʚʢʠ, ʚ ʪʦ ʚʨʝʤʷ, ʢʘʢ WC ʙʫʜʝʪ ʦʩʝʜʘʪʴ ʥʘ ʜʥʝ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ, ʜʣʷ ʨʝʟʫʣʴʪʘʪʠʚʥʦʛʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʦʪʣʠʚʦʢ 

ʠʟ ʩʪʘʣʠ ɻʘʜʬʠʣʴʜʘ ʢʘʨʙʠʜʘʤʠ ʚʦʣʴʬʨʘʤʘ, ʨʘʙʦʯʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʜʝʪʘʣʠ ʜʦʣʞʥʘ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʚ ʥʠʞʥʝʡ ʧʦʣʫʬʦʨʤʝ. 

ɺ ʭʦʜʝ ʧʨʦʚʝʜʸʥʥʳʭ ʨʘʥʝʝ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʩʣʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʨʘʩʧʣʘʚʘ ʆʂʅʊ 

ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʧʦʚʳʰʘʝʪʩʷ ʩ 1,1 ï 1,2 ʜʦ 1,5 ï 1,6 ʝʜ., ʘ ʧʨʠ ʚʚʦʜʝ WC ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʜʦ 1,4 ï 1,5 ʝʜ . ʄʝʭʘʥʠʟʤ ʚʣʠʷʥʠʷ ʵʪʠʭ ʧʦʨʦʰʢʦʚ ʥʘ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: ʚʦ-

ʧʝʨʚʳʭ, ʯʘʩʪʠʮʳ ʧʦʨʦʰʢʦʚ ʷʚʣʷʶʪʩʷ ʮʝʥʪʨʘʤʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʣʴʯʝʥʠʶ ʨʘʟʤʝʨʘ ʟʝʨʥʘ 

ʘʫʩʪʝʥʠʪʘ. ɺʦ-ʚʪʦʨʳʭ, ʯʘʩʪʠʮʳ ʤʦʜʠʬʠʢʘʪʦʨʦʚ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʦʙʲʸʤʫ ʦʪʣʠʚʢʠ, ʣʦʢʘʣʴʥʦ ʢʦʥʮʝʥʪʨʠʨʫʷʩʴ ʥʘ 

ʨʘʙʦʯʝʡ (ʠʟʥʘʰʠʚʘʝʤʦʡ) ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʠ. ʆʙʣʘʜʘʷ ʚʳʩʦʢʦʡ ʪʚʸʨʜʦʩʪʴʶ, ʦʥʠ ʧʨʝʧʷʪʩʪʚʫʶʪ ʚʥʝʜʨʝʥʠʶ ʯʘʩʪʠʮ 

ʘʙʨʘʟʠʚʘ ʚ ʘʫʩʪʝʥʠʪ.  

ʉ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʨʘʩʧʣʘʚʘ ʚʳʩʦʢʦʤʘʨʛʘʥʮʝʚʦʡ ʩʪʘʣʠ ʵʪʠʤʠ ʧʦʨʦʰʢʘʤʠ, ʢʦʪʦʨʘʷ 

ʙʫʜʝʪ ʧʨʦʷʚʣʷʪʴʩʷ ʚ ʧʦʣʫʯʝʥʠʠ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʩʧʣʘʚʘ ʠ ʩʥʠʞʝʥʠʠ 

ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʧʨʦʮʝʩʩʘ, ʤʦʞʥʦ ʧʨʦʠʟʚʦʜʠʪʴ ʩʦʚʤʝʩʪʥʦʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʆʂʅʊ ʠ WC. ɼʣʷ ʵʪʦʛʦ ʩʧʣʘʥʠʨʦʚʘʣʠ ʠ 

ʧʨʦʚʝʣʠ ʨʦʪʦʪʘʙʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ. ɺ ʢʘʯʝʩʪʚʝ ʷʜʨʘ ʧʣʘʥʘ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʧʦʣʥʳʡ ʬʘʢʪʦʨʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ 2
2
, ʚ 

ʭʦʜʝ ʢʦʪʦʨʦʛʦ ʧʨʠʥʠʤʘʣʠ ʩʣʝʜʫʶʱʝʝ ʠʟʤʝʥʝʥʠʝ ʨʘʩʭʦʜʦʚ ʤʦʜʠʬʠʢʘʪʦʨʦʚ: ʍ1 (WC ï 0,2, ʠ 0,8 % ʦʪ ʤʘʩʩʳ 

ʤʦʜʠʬʠʮʠʨʫʝʤʦʛʦ ʨʘʩʧʣʘʚʘ), ʍ2 (ʆʂʅʊ ï 0,1 ʠ 0,3 % ʦʪ ʤʘʩʩʳ ʨʘʩʧʣʘʚʘ). ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʚʝʣʠ ʦʪʜʝʣʴʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʚ ʨʝʧʝʨʥʳʭ ʪʦʯʢʘʭ ʠ ʮʝʥʪʨʝ ʧʣʘʥʘ. ʇʦʣʫʯʝʥʥʘʷ ʚ ʭʦʜʝ ʧʣʘʥʠʨʦʚʘʥʠʷ ʤʘʪʨʠʮʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣ. 1. 

 

ʊʘʙʣʠʮʘ 1 ï ʄʘʪʨʠʮʘ ʧʣʘʥʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ˉ  

ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʈʘʩʭʦʜ ʤʦʜʠʬʠʢʘʪʦʨʦʚ (%) ʦʪ ʤʘʩʩʳ 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʨʘʩʧʣʘʚʘ 

ʍ0 ʍ1
2 

ʍ2
2
 ʍ1Țʍ2 

WC ʆʂʅʊ 

X1 ʢʛ/ʪ X2 ʢʛ/ʪ 

1 -1 0,2 -1 0,1 1 1 1 1 

2 +1 0,8 -1 0,1 1 1 1 -1 

3 -1 0,2 +1 0,3 1 1 1 -1 

4 +1 0,8 +1 0,3 1 1 1 1 

5 0 0,5 0 0,2 1 0 0 0 

6 0 0,5 0 0,2 1 0 0 0 

7 0 0,5 0 0,2 1 0 0 0 

8 0 0,5 0 0,2 1 0 0 0 

9 0 0,5 0 0,2 1 0 0 0 

10 -1,414 0,354 0 0,2 1 2 0 0 

11 +1,414 0,707 0 0,2 1 2 0 0 

12 0 0,5 -1,414 0,141 1 0 2 0 

13 0 0,5 +1,414 0,283 1 0 2 0 

 

ʇʨʦʚʝʜʷ ʵʢʩʧʝʨʠʤʝʥʪ ʠ ʦʙʨʘʙʦʪʘʚ ʝʛʦ ʨʝʟʫʣʴʪʘʪʳ (ʪʘʙʣ. 2), ʧʦʣʫʯʠʣʠ ʘʜʝʢʚʘʪʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʠ ʪʚʸʨʜʦʩʪʠ ʚʳʩʦʢʦʤʘʨʛʘʥʮʝʚʦʡ ʩʪʘʣʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʚʚʝʜʸʥʥʳʭ ʧʦʨʦʰʢʦʚʳʭ ʤʦʜʠʬʠʢʘʪʦʨʦʚ.  

ɺ ʪʘʙʣ. 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʨʠ ʬʘʢʪʦʨʘʭ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʘ ʪʘʢʞʝ 

ʫʢʘʟʘʥʳ ʟʥʘʯʝʥʠʷ ʢʨʠʪʝʨʠʷ ʌʠʰʝʨʘ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʘʜʝʢʚʘʪʥʦʩʪʴ ʫʢʘʟʘʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. 

 

ʊʘʙʣʠʮʘ 2 ï ʉʚʦʡʩʪʚʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʧʣʘʚʦʚ 

ˉ
 
ʩ
ʦ
ʩ
ʪ
ʘ
ʚ
ʘ

 ʉʚʦʡʩʪʚʘ ʩʧʣʘʚʘ ʧʨʠ ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ ʚ ʣʠʪʝʡʥʦʡ ʬʦʨʤʝ (Üʉ/ʩ) 

4,5 (1,0)  8,9 (1,8)  25,0 (5,45)  

ʂʠ, ʝʜ. HRB, ʝʜ. ʂʠ, ʝʜ. HRB, ʝʜ. ʂʠ, ʝʜ. HRB, ʝʜ. 

1 1,49 93,9 1,51 94,2 1,62 94,5 

2 1,51 93,3 1,56 94,6 1,64 98 

3 1,62 94,8 1,64 95,9 1,69 98,6 

4 1,55 94,5 1,56 95,2 1,64 98,5 

5 1,57 93,1 1,57 94,1 1,63 97,5 

6 1,58 92,8 1,57 94,4 1,63 97 

7 1,58 93,5 1,58 94,4 1,62 97,2 

8 1,55 93,2 1,59 94,3 1,64 97,5 

9 1,56 93,1 1,59 94,2 1,63 96,4 

10 1,52 92,9 1,54 94,3 1,61 97,4 

11 1,54 93,1 1,55 94,6 1,64 97,9 

12 1,53 93 1,57 94,5 1,64 97 

13 1,56 94,5 1,59 95,6 1,67 94,9 

ʇʨʠʤʝʯʘʥʠʝ: ʂʠ ï ʢʦʵʬʬʠʮʠʝʥʪ ʘʙʨʘʟʠʚʥʦʡ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ; ʅRB ï ʪʚʸʨʜʦʩʪʴ ʧʦ ʰʢʘʣʝ ɹʨʠʥʥʝʣʷ.   



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ ǐ ˉ 11 (65) ǐ ʏʘʩʪʴ 4 ǐ ʅʦʷʙʨʴ 
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ʆʙʱʠʡ ʚʠʜ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

Y = b0 + b1X1 + b2X2 + b11X1
2
 + b22X2

2
 + b12X1X2           (1) 

ʛʜʝ  Y ï ʦʪʢʣʠʢ (ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ, ʪʚʸʨʜʦʩʪʴ);  

ʍ1(2) ï ʬʘʢʪʦʨʳ; 

b0 ï ʩʚʦʙʦʜʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʫʨʘʚʥʝʥʠʷ; 

bi ï ʢʦʵʬʬʠʮʠʝʥʪs ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʘʢʪʦʨʘ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʦʯʝʨʢʠ, ʫʢʘʟʘʥʥʳʝ ʚ ʥʝʢʦʪʦʨʳʭ ʩʪʦʣʙʮʘʭ ʪʘʙʣ. 3, ʛʦʚʦʨʷʪ ʦ ʪʦʤ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 

ʧʨʦʯʝʨʢʫ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʠ ʬʘʢʪʦʨʝ ʥʝ ʷʚʣʷʝʪʩʷ ʟʥʘʯʠʤʳʤ ʜʣʷ ʧʦʣʫʯʝʥʥʦʛʦ ʧʦʣʠʥʦʤʘ ʚʪʦʨʦʡ ʩʪʝʧʝʥʠ.  

 

ʊʘʙʣʠʮʘ 3 ï ʏʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚ ʫʨʘʚʥʝʥʠʠ ʨʝʛʨʝʩʩʠʠ, ʩʚʷʟʳʚʘʶʱʝʝ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʠ 

ʢʦʣʠʯʝʩʪʚʦ ʚʚʝʜʸʥʥʳʭ ʚ ʨʘʩʧʣʘʚʘ ʤʦʜʠʬʠʢʘʪʦʨʦʚ 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʧʨʠ 

ʬʘʢʪʦʨʘʭ 

ʂʦʵʬʬʠʮʠʝʥʪ  

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ, ʂʀ, ʝʜ. 

ʊʚʸʨʜʦʩʪʴ ʩʧʣʘʚʘ,  

ʅRB, ʝʜ. 

ʉʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ ʩʧʣʘʚʘ, Üʉ/ʩ 
ʉʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ  

ʩʧʣʘʚʘ, Üʉ/ʩ 

4,5  

(1,0) 

8,9 

 (1,8) 
25,0 (5,45) 

4,5  

(1,0) 

8,9 

 (1,8) 
25,0 (5,45) 

ʭ0 + 1,276 + 1,288 + 1,332 + 76,079 + 77,006 + 76,076 

ʭ1(WC) - - - - - - 

ʭ2 (ʆʂʅʊ) + 0,027 + 0,020 + 0,014 + 0,528 + 0,484 + 0,523 

ʭ
2

1 (WC) + 0,052 + 0,053 + 0,065 + 3,835 + 3,967 + 3,810 

ʭ
2

2  (ʆʂʅʊ) + 0,059 + 0,068 + 0,078 + 4,168 + 4,231 + 4,232 

ʭ1 ʭ2 (WC-ʆʂʅʊ) - 0,090 - 0,130 - 0,070 + 0,3 - 1,100 + 0,900 

F ʨʘʩʯ 0,669 0,747 0,722 0,688 0,670 0,681 

F ʪʘʙʣ 6,09 6,09 6,09 6,09 6,09 6,09 

 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʧʦʣʫʯʝʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʚʚʝʜʝʥʠʠ ʚ ʨʘʩʧʣʘʚ 

ʚʳʩʦʢʦʤʘʨʛʘʥʮʝʚʦʡ ʩʪʘʣʠ WC ʠ ʆʂʅʊ ʚʣʠʷʥʠʝ ʢʘʨʙʠʜʘ ʚʘʥʘʜʠʷ ʥʝʟʥʘʯʠʤʦ. ʌʠʟʠʯʝʩʢʠ ʵʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ 

ʥʝʦʜʥʦʨʦʜʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʯʘʩʪʠʮ ʚ ʘʫʩʪʝʥʠʪʝ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʝʛʦ ʧʣʦʪʥʦʩʪʠ (> 15 ʛ/ʩʤ
3
). ʀʟ-ʟʘ ʵʪʦʛʦ ʚ ʧʨʦʮʝʩʩʝ 

ʟʘʣʠʚʢʠ ʨʘʩʧʣʘʚʦʤ ʬʦʨʤʳ ʧʨʦʠʩʭʦʜʠʪ ʣʦʢʘʣʴʥʦʝ ʩʢʦʧʣʝʥʠʝ ʯʘʩʪʠʮ ʤʦʜʠʬʠʢʘʪʦʨʘ WC ʚ ʦʜʥʠʭ ʟʦʥʘʭ ʧʦʚʝʨʭʥʦʩʪʠ 

ʠʟʥʘʰʠʚʘʥʠʷ, ʧʨʠ ʧʦʣʥʦʤ ʦʪʩʫʪʩʪʚʠʠ ʚ ʜʨʫʛʠʭ. ʕʪʦ ʦʙʲʷʩʥʷʝʪ ʝʛʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ.  

ʇʨʦʚʝʜʷ ʣʘʙʦʨʘʪʦʨʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʠ ʦʙʨʘʙʦʪʘʚ ʝʛʦ ʨʝʟʫʣʴʪʘʪʳ, ʩʜʝʣʘʣʠ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ:  

1. ʇʫʪʸʤ ʧʨʦʚʝʜʝʥʠʷ ʧʣʘʥʠʨʫʝʤʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʝʛʦ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʣʫʯʝʥʳ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ, ʦʧʠʩʳʚʘʶʱʠʝ ʚʟʘʠʤʦʩʚʷʟʴ ʩʦʚʤʝʩʪʥʦʛʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ 

ʚʳʩʦʢʦʤʘʨʛʘʥʮʝʚʦʡ ʩʪʘʣʠ WC ʠ ʆʂʅʊ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʠ ʪʚʸʨʜʦʩʪʴʶ ʠʩʩʣʝʜʫʝʤʦʛʦ ʩʧʣʘʚʘ.  

ʋʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ ʧʦʣʫʯʝʥʳ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʝʧʣʦʚʳʭ ʫʩʣʦʚʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪʣʠʚʢʠ.  

2. ʆʙʨʘʙʦʪʘʚ ʨʝʟʫʣʴʪʘʪʳ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʚ  ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ, ʩʜʝʣʘʣʠ ʚʳʚʦʜ, ʯʪʦ 

ʢʘʨʙʠʜ ʚʦʣʴʬʨʘʤʘ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʠʬʠʢʘʪʦʨʘ ʦʪʣʠʚʦʢ ʠʟ ʚʳʩʦʢʦʤʘʨʛʘʥʮʝʚʦʡ ʩʪʘʣʠ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʝʛʦ ʠ ʫʩʠʣʠʚʘʶʱʝʛʦ ʜʝʡʩʪʚʠʝ ʆʂʅʊ. 
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ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʚ ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢʝ 

ʇʈʀʅʎʀʇʓ ʇʆʉʊʈʆɽʅʀʗ ɸʃɻʆʈʀʊʄɸ ʋʇʈɸɺʃɽʅʀʗ ʅɸʉʆʉʆʄ 

ɸʥʥʦʪʘʮʠʷ 
ʅʘʩʦʩʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦʚʩʝʤʝʩʪʥʦ ʠ ʘʣʛʦʨʠʪʤʳ ʠʭ ʫʧʨʘʚʣʝʥʠʷ ʫ ʚʩʝʭ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʳ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ 

ʦʩʚʝʱʘʶʪʩʷ ʦʙʱʠʝ ʧʨʠʥʮʠʧʳ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʠʟ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʦʧʳʪʘ. ɺ ʮʝʣʦʤ ʪʨʫʜʥʦʩʪʴ ʚ ʨʘʟʨʘʙʦʪʢʝ 

ʩʚʦʜʠʪʩʷ ʢ ʪʦʤʫ, ʯʪʦ ʭʦʯʝʪ ʧʦʣʫʯʠʪʴ ʢʦʥʝʯʥʳʡ ʟʘʢʘʟʯʠʢ. ʏʘʩʪʦ ʟʘʢʘʟʯʠʢ ʪʦʣʴʢʦ ʧʨʠʤʝʨʥʦ ʧʨʝʜʩʪʘʚʣʷʝʪ, ʢʘʢ  

ʜʦʣʞʝʥ ʨʘʙʦʪʘʪʴ ʥʘʩʦʩ ʠʟ-ʟʘ ʵʪʦʛʦ ʧʨʦʝʢʪʥʳʡ ʠʥʩʪʠʪʫʪ ʬʦʨʤʠʨʫʝʪ ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʥʘʩʦʩʘ ʥʝ ʚ ʧʦʣʥʦʡ ʤʝʨʝ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʝʢʪ ʩʜʘʝʪʩʷ ʢʘʢ ʝʩʪʴ ʩ ʥʝʢʦʪʦʨʳʤʠ ʙʝʣʳʤʠ ʧʷʪʥʘʤʠ, ʥʦ ʚ ʮʝʣʦʤ ʚʳʛʣʷʜʠʪ ʢʘʢ ʚʧʦʣʥʝ ʨʘʙʦʯʠʡ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʦʪ ʪʘʢʠʭ ʙʝʣʳʭ ʧʷʪʝʥ ʩʪʨʘʜʘʝʪ ʧʨʦʛʨʘʤʤʠʩʪ ʠ ʵʢʩʧʣʫʘʪʘʮʠʷ, ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʧʨʠʚʦʜʠʪ ʢ ʩʨʳʚʫ 

ʩʨʦʢʦʚ ʩʜʘʯʠ ʠʣʠ ʩʙʦʷ ʚ ʨʘʙʦʪʝ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʎʝʣʴʶ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʦʩʥʦʚ ʧʦ ʪʦʤʫ, ʢʘʢ ʜʦʣʞʝʥ 

ʨʘʙʦʪʘʪʴ ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʥʘʩʦʩʘ, ʯʪʦ ʙʳ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʝʣʳʭ ʧʷʪʝʥ ʙʳʣʦ ʤʝʥʴʰʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʘʩʦʩʳ, ʘʣʛʦʨʠʪʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. 
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PRINCIPLES OF CONSTRUCTING A PUMP CONTROL ALGORITHM  

Abstract 
Pumps are used universally and their control algorithms are almost the same for all. This article highlights general 

principles that have been singled out from practical experience. In general, the difficulty in developing is reduced to what the 

final customer wants to receive. Often the customer only approximately represents how the pump should work, as a result of 

this the design institute forms the algorithm of the pump operation not fully. As a result, the project surrenders as it is with 

some white spots, but on the whole it looks like a fully working one. As a result, from such white spots the programmer and the 

operation suffers, which ultimately leads to a breakdown of the deadlines for the delivery or malfunction of the equipment. The 

aim of the article is to provide the basics on how the pump algorithm should work that there will be less white spots later. 

Keywords: pumps, control algorithms, automated control systems. 

 

ʶʙʘʷ ʨʘʟʨʘʙʦʪʢʘ ʥʘʯʠʥʘʝʪʩʷ ʩ ʧʨʦʝʢʪʘ. ʇʦʜ ʪʝʭʥʠʯʝʩʢʠʤ ʧʨʦʝʢʪʦʤ [1] ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʧʨʦʝʢʪʥʳʭ ʜʦʢʫʤʝʥʪʦʚ, ʚ ʢʦʪʦʨʳʭ ʦʪʨʘʞʘʝʪʩʷ ʠʭ ʦʙʱʝʝ: ʥʘʟʥʘʯʝʥʠʝ, ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ, ʛʘʙʘʨʠʪʳ ʠ ʦʩʥʦʚʥʳʝ 

ʧʘʨʘʤʝʪʨʳ. ʇʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʩʭʝʤʳ ʨʘʙʦʪʳ ʧʨʦʝʢʪʘ [2] (ʈʠʩ.1) ʚʦʟʤʦʞʥʳ ʩʦʚʤʝʱʝʥʠʷ ʬʫʥʢʮʠʡ ʟʘʢʘʟʯʠʢʘ, 

ʧʨʦʝʢʪʠʨʦʚʱʠʢʘ, ʧʦʩʪʘʚʱʠʢʘ ʠ ʨʘʟʨʘʙʦʪʯʠʢʘ. 

 
ʈʠʩ. 1 ï ʉʭʝʤʘ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʝʢʪʘ 

 

ʆʩʥʦʚʥʳʝ ʩʪʘʜʠʠ ʩʦʟʜʘʥʠʷ ʧʨʦʝʢʪʘ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʥʘʩʦʩʦʤ [3]: 

1. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ [4, C. 5] ï ʵʪʘʧ, ʥʘ ʢʦʪʦʨʦʤ ʧʨʦʝʢʪʥʳʡ ʠʥʩʪʠʪʫʪ ʬʦʨʤʠʨʫʝʪ ʧʨʦʝʢʪʥʦʝ ʨʝʰʝʥʠʝ ʥʘ ʦʩʥʦʚʝ 

ʪʨʝʙʦʚʘʥʠʡ ʟʘʢʘʟʯʠʢʘ. ʌʦʨʤʠʨʫʶʪʩʷ ʦʩʥʦʚʥʳʝ ʜʦʢʫʤʝʥʪʳ, ʩ ʫʢʘʟʘʥʠʷʤʠ ʪʦʛʦ, ʯʪʦ ʠ ʢʘʢ ʠʩʧʦʣʴʟʦʚʘʪʴ. ʌʦʨʤʠʨʫʝʪʩʷ 

ʧʨʦʛʨʘʤʤʘ ʠ ʤʝʪʦʜʠʢʘ ʠʩʧʳʪʘʥʠʡ [5]. ɿʘʜʘʶʪʩʷ ʧʨʠʤʝʨʥʦ ʪʘʢʠʝ ʚʦʧʨʦʩʳ: 

a. ʂʘʢʠʝ ʧʦʢʘʟʘʥʠʷ ʥʘʩʦʩʘ ʥʝʦʙʭʦʜʠʤʦ ʚʠʜʝʪʴ ʧʦʩʪʦʷʥʥʦ? 

b. ʉʧʦʩʦʙ ʫʧʨʘʚʣʝʥʠʷ ʥʘʩʦʩʦʤ ʫʜʘʣʝʥʥʦ ʠʣʠ ʧʦ ʤʝʩʪʫ? ɿʘʧʫʩʢ ʩ ɸʈʄ (ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʨʘʙʦʯʝʝ ʤʝʩʪʦ) 
ʦʧʝʨʘʪʦʨʘ ʠʣʠ ʢʥʦʧʢʦʡ ʧʦ ʤʝʩʪʫ ʠʣʠ ʩ ʫʜʘʣʝʥʥʦʛʦ ʪʝʨʤʠʥʘʣʘ ʪʝʣʝʤʝʭʘʥʠʢʠ? 

c. ʏʪʦ ʜʝʣʘʪʴ ʝʩʣʠ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʜʰʠʧʥʠʢʘ ʚʳʰʝ 100 ʛʨʘʜʫʩʦʚ ʎʝʣʴʩʠʷ? ʏʪʦ ʜʝʣʘʪʴ ʝʩʣʠ ʙʦʣʴʰʦʡ ʦʩʝʚʦʡ ʩʜʚʠʛ? 

2. ʈʘʟʨʘʙʦʪʢʘ ï ʵʪʘʧ, ʥʘ ʢʦʪʦʨʦʤ ʥʘʯʠʥʘʝʪʩʷ ʨʘʙʦʪʘ ʧʨʦʛʨʘʤʤʠʩʪʘ. ʇʦ ʧʨʦʝʢʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʧʠʰʝʪʩʷ 

ʧʨʦʛʨʘʤʤʘ ʫʧʨʘʚʣʝʥʠʷ. ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʨʝʰʘʶʪʩʷ ʥʝʢʦʪʦʨʳʝ ʧʨʦʙʣʝʤʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ.  

3. ʇʅʈ (ʧʫʩʢʦʥʘʣʘʜʦʯʥʳʝ ʨʘʙʦʪʳ) ï ʵʪʘʧ, ʥʘ ʢʦʪʦʨʦʤ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦʜʢʣʶʯʝʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʮʝʧʝʡ ʫʧʨʘʚʣʝʥʠʷ, ʠ 

ʩʦʚʤʝʩʪʥʦ ʩ ʟʘʢʘʟʯʠʢʦʤ ʠʜʸʪ ʧʨʦʚʝʨʢʘ ʘʣʛʦʨʠʪʤʦʚ ʫʧʨʘʚʣʝʥʠʷ. ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʟʘʢʘʟʯʠʢ ʧʦʥʠʤʘʝʪ, ʯʪʦ ʥʫʞʥʦ 

ʧʝʨʝʜʝʣʘʪʴ ʠ ʢʘʢ. ʊʘʢ ʢʘʢ ʜʦ ʵʪʦʛʦ ʤʦʤʝʥʪʘ ʥʝ ʙʳʣʦ ʧʦʣʥʦʡ ʢʘʨʪʠʥʳ ʧʦʥʠʤʘʥʠʷ ʪʦʛʦ ʢʘʢ ʦʥʦ ʤʦʞʝʪ ʙʳʪʴ ʫʩʪʨʦʝʥʦ ʠ 

ʨʘʙʦʪʘʪʴ. ʊʘʢ ʞʝ ʫʟʥʘʝʪʩʷ, ʯʪʦ ʙʳʣʦ ʟʘʢʫʧʣʝʥʦ ʥʝ ʪʦ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʥʝʦʙʭʦʜʠʤʦ ʠ ʝʛʦ ʥʠʢʪʦ ʥʝ ʙʫʜʝʪ ʤʝʥʷʪʴ. 

ʇʨʦʮʝʩʩ ʟʘʯʘʩʪʫʶ ʜʣʠʪʝʣʴʥʳʡ ʠ ʫʪʦʤʠʪʝʣʴʥʳʡ. 

ʃ 
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4. ɺʥʝʜʨʝʥʠʝ ï ʵʪʘʧ, ʥʘ ʢʦʪʦʨʦʤ ʛʦʪʦʚʳʡ ʠ ʦʙʢʘʪʘʥʥʳʡ ʧʨʦʝʢʪ ʧʝʨʝʜʘʝʪʩʷ ʚ ʵʢʩʧʣʫʘʪʠʨʫʶʱʫʶ ʦʨʛʘʥʠʟʘʮʠʶ. 

ʕʪʘʧ, ʥʘ ʢʦʪʦʨʦʤ ʠʜʸʪ ʦʛʨʦʤʥʘʷ ʙʫʤʘʞʥʘʷ ʨʘʙʦʪʘ. 

ʉʪʘʜʠʷ ʨʘʟʨʘʙʦʪʢʠ ʥʘʯʠʥʘʝʪʩʷ ʩ ʪʦʛʦ, ʯʪʦ ʧʦʣʫʯʘʝʪʩʷ ʧʨʦʝʢʪʥʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ, ʩʘʤʳʤʠ ʚʘʞʥʳʤʠ ʜʣʷ 

ʧʨʦʛʨʘʤʤʠʩʪʘ ʷʚʣʷʶʪʩʷ ʜʦʢʫʤʝʥʪʳ, ʛʜʝ ʦʧʠʩʳʚʘʶʪʩʷ: 

ǒ ɺʭʦʜʥʳʝ ʠ ʚʳʭʦʜʥʳʝ ʩʠʛʥʘʣʳ. ʇʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʧʠʩʦʢ ʩ ʫʢʘʟʘʥʠʝʤ ʚʠʜʘ ʩʠʛʥʘʣʘ, ʦʧʠʩʘʥʠʷ, ʧʦʟʠʮʠʦʥʥʦʛʦ 
ʦʙʦʟʥʘʯʝʥʠʷ, ʪʠʧʘ ʜʘʪʯʠʢʘ, ʧʨʝʜʝʣʘ ʠʟʤʝʨʝʥʠʷ ʠ ʦʧʠʩʘʥʠʷ ʩʨʘʙʦʪʢʠ ʘʚʘʨʠʡ ʠ ʟʘʱʠʪ. 

ǒ ɸʣʛʦʨʠʪʤʳ ʠ ʩʧʦʩʦʙʳ ʠʭ ʨʘʟʨʘʙʦʪʢʠ. ʇʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʧʠʩʘʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʣʦʢ-ʩʭʝʤ, UML, 

ʜʠʘʛʨʘʤʤ ʧʝʨʝʭʦʜʦʚ, ʪʝʢʩʪʦʚʦʝ ʠʣʠ ʠʥʦʝ ʜʨʫʛʦʝ ʦʧʠʩʘʥʠʝ. 

ǒ ʀʩʧʦʣʴʟʫʝʤʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʠ ʘʧʧʘʨʘʪʥʳʝ ʩʨʝʜʩʪʚʘ. ʆʧʠʩʳʚʘʝʪʩʷ ʠʩʧʦʣʴʟʫʝʤʳʡ ʇʃʂ, SCADA ʩʠʩʪʝʤʘ, ʢʘʢʦʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʇʆ ʠ ʪ.ʜ. ʠ ʪ.ʧ. 

ǒ ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʝʩʣʠ ʧʣʘʥʠʨʫʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ HMI. 

ʇʃʂ [6] ï ʧʨʦʛʨʘʤʤʠʨʫʝʤʘʷ ʪʚʝʨʜʦʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ, ʚʳʧʦʣʥʷʶʱʘʷ ʬʫʥʢʮʠʠ ʧʦʜʦʙʥʳʝ ʨʝʣʝʡʥʦ-

ʢʦʥʪʘʢʪʥʦʡ ʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʝ. 

SCADA (ʘʙʙʨ. ʦʪ ʘʥʛʣ. Supervisory Control And Data Acquisition) [7] ï ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠʣʠ ʨʘʙʦʪʳ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʩʠʩʪʝʤ ʩʙʦʨʘ, ʦʙʨʘʙʦʪʢʠ, ʦʪʦʙʨʘʞʝʥʠʷ ʠ 

ʘʨʭʠʚʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʙʲʝʢʪʝ ʫʧʨʘʚʣʝʥʠʷ. 

HMI (HMI /MMI  - Humain/Man Machine Interface [7] ï ʛʨʘʬʠʯʝʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʦʣʴʟʦʚʘʪʝʣʝʤ. 

ʋʩʨʝʜʥʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʫʧʨʘʚʣʝʥʠʷ ʥʘʩʦʩʦʤ ʧʦʣʫʯʝʥʥʳʡ ʦʧʳʪʥʳʤ ʧʫʪʝʤ [8], [9], [10] 

ʅʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ ʥʝʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʝʥʠʷ (ʊʘʙʣʠʮʘ 1). 

 

ʊʘʙʣʠʮʘ 1 ï ʆʧʨʝʜʝʣʝʥʠʝ ʥʝʦʙʭʦʜʠʤʳʭ ʪʠʧʦʚ ʩʪʨʫʢʪʫʨ 

ɻʨʫʧʧʘ ʊʠʧ ʕʣʝʤʝʥʪ ʆʧʠʩʘʥʠʝ 

ʂʦʤʘʥʜʳ (cmd) Bool* Reset ʉʙʨʦʩ 

 Bool StartOper ɺʢʣʶʯʠʪʴ ʦʧʝʨʘʪʦʨʦʤ 

 Bool StopOper ɺʳʢʣʶʯʠʪʴ ʦʧʝʨʘʪʦʨʦʤ 

 Bool StartAuto ɺʢʣʶʯʠʪʴ ɸʚʪʦ 

 Bool StopAuto ɺʳʢʣʶʯʠʪʴ ɸʚʪʦ 

 Bool Auto ɸʚʪʦʤʘʪʠʯʝʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ 

 Bool Rem ɼʠʩʪʘʥʮʠʦʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ 

 Bool Local ʄʝʩʪʥʦʝ ʫʧʨʘʚʣʝʥʠʝ 

ʉʦʩʪʦʷʥʠʷ (sw) Bool On ʉʦʩʪʦʷʥʠʝ ʚʢʣ/ʚʳʢʣ 

 Bool Ready ʂ ʧʫʩʢʫ ʛʦʪʦʚ 

 Bool Alarm ʅʝʠʩʧʨʘʚʥʦʩʪʴ ʥʘʩʦʩʘ 

 Bool StopAlm ɸʚʘʨʠʡʥʳʡ ʦʩʪʘʥʦʚ 

 Bool AlmStart ʆʪʢʘʟ ʧʫʩʢʘ 

 Bool AlmStop ʆʪʢʘʟ ʦʩʪʘʥʦʚʘ 

 Bool Oper ɺʤʝʰʘʪʝʣʴʩʪʚʦ ʦʧʝʨʘʪʦʨʘ 

 Bool Auto ʋʧʨʘʚʣʝʥʠʝ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ 

 Bool Rem ʋʧʨʘʚʣʝʥʠʝ ʜʠʩʪʘʥʮʠʦʥʥʦʝ 

 Bool Local ʋʧʨʘʚʣʝʥʠʝ ʤʝʩʪʥʦʝ 

ɸʚʘʨʠʠ (alm)  AI[0]***  ʂʘʢʦʡ-ʣʠʙʦ ʘʥʘʣʦʛʦʚʳʡ ʜʘʪʯʠʢ 

 Bool AI[0].alm_sen ʆʪʢʘʟ ʜʘʪʯʠʢʘ 

 Bool AI[0].alm_HH ɸʚʘʨʠʡʥʦ ʚʝʨʭʥʠʡ ʫʨʦʚʝʥʴ 

 Bool AI[0].alm_LL ɸʚʘʨʠʡʥʦ ʥʠʞʥʠʡ ʫʨʦʚʝʥʴ 

  AI é  

 Bool DI[0]  ʂʘʢʦʡ-ʣʠʙʦ ʜʠʩʢʨʝʪʥʳʡ ʜʘʪʯʠʢ 

 Bool DI[0].state ɿʥʘʯʝʥʠʝ ʥʘ ʚʭʦʜʝ 

 Bool DI[0].alm_sen ʆʪʢʘʟ ʜʘʪʯʠʢʘ 

  DI é  

ɺʳʭʦʜʳ (do) Bool Start ʇʫʩʢ 

 Bool Stop ʉʪʦʧ 

ʉʦʩʪʦʷʥʠʝ ʘʣʛʦʨʠʪʤʘ Int**  State ʇʝʨʝʤʝʥʥʘʷ 

  0 ʀʥʠʮʠʘʣʠʟʘʮʠʷ 

  20 ɸʚʘʨʠʷ 

  30 ɺʢʣʶʯʝʥ 

  40 ɺʳʢʣʶʯʝʥ 

  130 ɺʢʣʶʯʘʝʪʩʷ 

  140 ɺʳʢʣʶʯʘʝʪʩʷ 
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ʇʨʠʤʝʯʘʥʠʝ ʢ ʪʘʙʣʠʮʝ 1: * ï ʧʝʨʝʤʝʥʥʘʷ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʟʥʘʯʝʥʠʷ 0 ʠʣʠ 1; ** ï ʧʝʨʝʤʝʥʥʘʷ, ʢʦʪʦʨʘʷ 

ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʟʥʘʯʝʥʠʷ -32767 ʠʣʠ 32768.*** ï ʟʥʘʯʝʥʠʝ ʘʥʘʣʦʛʦʚʦ ʜʘʪʯʠʢʘ ʚ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥʘʭ.  

 

ʇʨʠʤʝʨ ʘʥʘʣʦʛʦʚʦ ʜʘʪʯʠʢʘ:  ʜʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʳ (ʵʣ.ʚ) ʜʘʪʯʠʢʘ 4-20ma, ʬʠʟʠʯʝʩʢʘʷ 

ʚʝʣʠʯʠʥʘ (ʬ.ʚ.) 0-100, ʪʦ ʧʨʠ ʵʣ.ʚ. = 4, ʬ.ʚ. = 0, ʧʨʠ ʵʣ.ʚ. = 6 ʬ.ʚ. = 12.5 ʠ ʪ.ʜ. ʠ ʪ.ʧ. ʏʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʦʨʤʫʣʘ 

ʣʠʥʝʡʥʦʡ ʠʥʪʝʨʧʦʣʷʮʠʠ. 

ʇʦʜʨʦʙʥʝʝ ʦ ʨʝʞʠʤʘʭ ʫʧʨʘʚʣʝʥʠʷ: 

ǒ ʄʝʩʪʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ï ʧʫʩʢ ʠ ʦʩʪʘʥʦʚ ʥʘʩʦʩʘ ʚʦʟʤʦʞʝʥ ʪʦʣʴʢʦ ʧʦ ʤʝʩʪʫ ʫʩʪʘʥʦʚʢʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʢʦʤʘʥʜʳ 

ʫʧʨʘʚʣʝʥʠʷ ʩ ʠʥʪʝʨʬʝʡʩʘ ʦʧʝʨʘʪʦʨʘ ʙʣʦʢʠʨʫʶʪʩʷ, ʢʦʥʪʨʦʣʣʝʨ ʥʘʩʦʩʦʤ ʥʝ ʫʧʨʘʚʣʷʝʪ. 

ǒ ɼʠʩʪʘʥʮʠʦʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ï ʥʘʩʦʩ ʫʧʨʘʚʣʷʝʪʩʷ ʢʦʤʘʥʜʘʤʠ ʦʧʝʨʘʪʦʨʘ ʩ ʇʂ, ʣʠʙʦ ʧʦ ʩʠʛʥʘʣʘʤ ʘʚʘʨʠʡʥʳʭ ʟʘʱʠʪ.  

ǒ ɸʚʪʦʤʘʪʠʯʝʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ ï ʥʘʩʦʩ ʫʧʨʘʚʣʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʘʣʛʦʨʠʪʤʦʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ.  

ʇʦʜʨʦʙʥʝʝ ʦ ʩʦʩʪʦʷʥʠʠ ʘʣʛʦʨʠʪʤʘ: 

ǒ ʀʥʠʮʠʘʣʠʟʘʮʠʷ ï ʠʟʥʘʯʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʘʣʛʦʨʠʪʤʘ. ʂʦʤʘʥʜ ʥʝʪ, ʩʦʩʪʦʷʥʠʝ ʥʝʦʧʨʝʜʝʣʝʥʥʦʝ, ʫʧʨʘʚʣʝʥʠʝ ʥʝ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ. ɺʢʣʶʯʘʝʪʩʷ ʢʦʤʘʥʜʘ Reset ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ. 

ǒ  ɸʚʘʨʠʷ ï ʩʦʩʪʦʷʥʠʝ, ʢʦʪʦʨʦʝ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʝʩʪʴ ʘʢʪʠʚʥʘʷ ʘʚʘʨʠʷ. 

ǒ ɺʢʣʶʯʝʥ ï ʩʦʩʪʦʷʥʠʝ, ʢʦʪʦʨʦʝ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʥʘʩʦʩ ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʙʦʪʝ. 

ǒ ɺʳʢʣʶʯʝʥ ï ʩʦʩʪʦʷʥʠʝ, ʢʦʪʦʨʦʝ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʥʘʩʦʩ ʚʳʢʣʶʯʝʥ. 

ǒ ɺʢʣʶʯʘʝʪʩʷ ï ʩʦʩʪʦʷʥʠʝ, ʢʦʪʦʨʦʝ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʥʘʩʦʩ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʧʨʦʙʫʝʪ ʟʘʧʫʩʪʠʪʴʩʷ ʠ ʧʝʨʝʡʪʠ ʚ ʩʪʘʜʠʶ 

çɺʢʣʶʯʝʥè. 

ǒ ɺʳʢʣʶʯʘʝʪʩʷ ï ʩʦʩʪʦʷʥʠʝ, ʢʦʪʦʨʦʝ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʥʘʩʦʩ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʧʨʦʠʟʚʦʜʠʪ ʦʩʪʘʥʦʚ ʠ ʧʦ ʟʘʚʝʨʰʝʥʠʶ 

ʪʘʡʤʝʨʘ ʥʘ ʦʞʠʜʘʥʠʝ ʚʳʢʣʶʯʝʥʠʝ ʦʥ ʧʝʨʝʡʜʝʪ ʚ ʩʦʩʪʦʷʥʠʝ çɺʳʢʣʶʯʝʥè ʠʣʠ ʝʩʣʠ ʧʦ ʟʘʚʝʨʰʝʥʠʶ ʪʘʡʤʝʨʘ ʦʥ ʙʫʜʝʪ 

ʚʢʣʶʯʝʥ, ʪʦ ʧʝʨʝʡʜʝʪ ʚ ʩʦʩʪʦʷʥʠʝ çɸʚʘʨʠʷè. 

ʇʦʜʨʦʙʥʝʝ ʦ ʣʦʛʠʢʝ ʨʘʙʦʪʳ ʥʘʩʦʩʘ: 

ǒ ɺʢʣʶʯʝʥʥʳʡ ʥʘʩʦʩ (sw.On = TRUE) ʤʦʞʝʪ ʙʳʪʴ ʚʳʢʣʶʯʝʥ ʧʦ ʢʦʤʘʥʜʝ ʦʪ ʦʧʝʨʘʪʦʨʘ (cmd.StopOper) ʠʣʠ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ (cmd.StopAuto)  ʧʦ ʩʨʘʙʦʪʢʝ ʘʚʘʨʠʠ (sw.AlmStop). ʅʝ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʛʦʪʦʚʥʦʩʪʴ ʢ ʟʘʧʫʩʢʫ (sw.Ready = 

FALSE). 

ǒ ɺʳʢʣʶʯʝʥʥʳʡ ʥʘʩʦʩ (sw.On = FALSE)  ʤʦʞʝʪ ʙʳʪʴ ʚʢʣʶʯʝʥ ʧʦ ʢʦʤʘʥʜʝ ʦʪ ʦʧʝʨʘʪʦʨʘ (cmd.StartOper)  ʠʣʠ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ (cmd.StartAuto) ʧʦ ʦʧʨʝʜʝʣʝʥʥʳʤ ʧʘʨʘʤʝʪʨʘʤ, ʥʦ ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ ʝʩʣʠ ʦʥ ʛʦʪʦʚ ʢ ʟʘʧʫʩʢʫ (sw.Ready = 

TRUE). 

ǒ ɺ ʩʣʫʯʘʝ ʝʩʣʠ ʥʘʩʦʩ ʥʘʭʦʜʠʪʩʷ ʚ ʘʚʘʨʠʡʥʦʤ ʩʦʩʪʦʷʥʠʠ (sw.Alarm), ʪʦ ʦʥ ʥʝ ʤʦʞʝʪ ʚʢʣʶʯʠʪʴʩʷ, ʧʦʢʘ ʥʝ ʙʫʜʝʪ 

ʧʦʜʘʥʘ ʢʦʤʘʥʜʘ ʩʙʨʦʩ (cmd.Reset). ʉʦʩʪʦʷʥʠʝ ʚ ʘʚʘʨʠʠ ʚʳʩʪʘʚʣʷʝʪʩʷ, ʚ ʩʣʫʯʘʝ ʝʩʣʠ ʘʣʛʦʨʠʪʤ ʧʝʨʝʰʝʣ ʚ ʩʦʩʪʦʷʥʠʝ 20-

ɸʚʘʨʠʷ. 

ʆʙʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʘ ʫʧʨʘʚʣʝʥʠʷ ʩʦʩʪʦʠʪ ʠʟ: 

1) ʀʥʠʮʠʘʣʠʟʘʮʠʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʝʨʝʤʝʥʥʳʭ. 

2) ʉʙʦʨ ʠ ʦʙʨʘʙʦʪʢʘ ʘʚʘʨʠʡ ʠ ʛʦʪʦʚʥʦʩʪʝʡ (ʈʠʩ. 2). 

3) ʆʙʨʘʙʦʪʢʘ ʩʦʩʪʦʷʥʠʷ ʥʘʩʦʩʘ (ʈʠʩ. 3). 

4) ʇʦʜʘʯʘ ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. 

 
ʈʠʩ. 2 ï ɸʣʛʦʨʠʪʤ ʩʙʦʨʘ ʘʚʘʨʠʡ ʠ ʛʦʪʦʚʥʦʩʪʠ ʥʘʩʦʩʘ 
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ʈʠʩ. 3 ï ɸʣʛʦʨʠʪʤ ʦʙʨʘʙʦʪʢʠ ʩʦʩʪʦʷʥʠʡ ʥʘʩʦʩʘ 

 

ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʙʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʘʣʛʦʨʠʪʤʘʤ ʫʧʨʘʚʣʝʥʠʷ ʥʘʯʠʥʘʝʪʩʷ ʩʪʘʜʠʷ 

ʨʘʟʨʘʙʦʪʢʠ, ʢʦʪʦʨʘʷ ʧʦʣʥʦʩʪʴʶ ʣʝʞʠʪ ʥʘ ʧʣʝʯʘʭ ʧʨʦʛʨʘʤʤʠʩʪʘ ʠ ʦʪ ʝʛʦ ʨʝʰʝʥʠʡ ʟʘʚʠʩʠʪ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʦʛʦ 

ʧʨʦʝʢʪʘ. ɺ ʦʙʱʝʤ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʘ ʦʩʥʦʚʥʳʭ ʧʦʜʭʦʜʘ ʚ ʨʘʟʨʘʙʦʪʢʝ:  

ǒ ʇʝʨʚʳʡ ï ʢʘʞʜʳʡ ʥʘʩʦʩ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʦʪʜʝʣʴʥʦ, ʪ.ʝ. ʜʣʷ ʥʝʛʦ ʚʳʜʝʣʷʝʪʩʷ ʦʪʜʝʣʴʥʳʡ ʢʫʩʦʢ ʢʦʜʘ ʢʦʪʦʨʳʡ 

ʦʙʨʘʙʘʪʳʚʘʝʪ ʝʛʦ ʠ ʪʦʣʴʢʦ ʝʛʦ. 

ǒ ɺʪʦʨʦʡ ï ʩʦʟʜʘʝʪʩʷ ʰʘʙʣʦʥ (ʩʪʨʫʢʪʫʨʘ, ʢʣʘʩʩ ʠ ʪ.ʜ. ʠ ʪ.ʧ.), ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʣ ʙʳ ʚ ʩʝʙʷ ʘʪʨʠʙʫʪʳ ʦʙʲʝʢʪʦʚ, 

ʩʛʨʫʧʧʠʨʦʚʘʥʥʳʝ ʚ ʵʪʦʪ ʰʘʙʣʦʥ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʰʘʙʣʦʥʘ ʚ ʚʠʜʝ ʤʘʩʩʠʚʘ, ʢʦʪʦʨʳʡ 

ʫʜʦʙʥʦ ʦʙʨʘʙʘʪʳʚʘʪʴ ʩ ʧʦʤʦʱʴʶ ʮʠʢʣʦʚ. 
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