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ʈɽɻʈɽʉʉʀʆʅʅɸʗ ʄʆɼɽʃʔ ɼʃʗ ʇʈʆɻʅʆɿʀʈʆɺɸʅʀʗ 

ʉʆʇʈʆʊʀɺʃɽʅʀʗ ɻɸɿʆʏʋɺʉʊɺʀʊɽʃʔʅʓʍ ʇʃɽʅʆʂ 

ʂʆɹɸʃʔʊʉʆɼɽʈɾɸʑɽɻʆ ʇɸʅ 

ʇʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʶ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʨʝʞʠʤʘʤ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʨʠʤʝʥʝʥʘ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʦʪʢʣʠʢʘ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʩʣʦʷ ʩʝʥʩʦʨʘ ʛʘʟʘ ʥʘ ʦʩʥʦʚʝ ʧʣʝʥʦʢ ʢʦʙʘʣʴʪʩʦʜʝʨʞʘʱʝʛʦ 

ʧʦʣʠʘʢʨʠʣʦʥʠʪʨʠʣʘ. ʇʦʩʪʨʦʝʥʘ ʨʝʛʨʝʩʩʠʦʥʥʘʷ ʤʦʜʝʣʴ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʦʣʫʯʝʥʠʷ 

ʤʘʪʝʨʠʘʣʘ (ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʜʦʙʘʚʢʠ (ʤʘʩʩ. %), ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʚʨʝʤʷ 2-ʛʦ 

ʵʪʘʧʘ ʀʂ-ʦʪʞʠʛʘ). ɼʦʢʘʟʘʥʘ ʘʜʝʢʚʘʪʥʦʩʪʴ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʤʦʜʝʣʠ 

(ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ R=0,95, ʦʙʲʷʩʥʝʥʥʘʷ ʜʠʩʧʝʨʩʠʷ ɡ=0,90).  

A new approach to the forecasting of physical and chemical properties of 

materials on technological modes of their formation is proposed. The developed 

method was applied to predict the response of the sensitive layer the chlorine 

sensor based on cobalt-containing polyacrylonitrile films. The regression model is 

constructed for predicting gas sensitivity coefficient on the basis of these 

technological processes of material (mass fraction of additives (wt.%), The 

temperature and time of the 2nd IR annealing step). The adequacy of the 

synthesized models is proved (correlation coefficient is 0,95, explained variance is 

0,90) 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, 

ʧʦʣʠʘʢʨʠʣʦʥʠʪʨʠʣ, ʛʘʟʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, ʩʝʥʩʦʨ ʛʘʟʘ. 

Keywords: modeling, physical and chemical properties, polyacrylonitrile, gas 

sensitivity, gas sensor. 

 

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟʚʠʪʠʷ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ ʷʚʣʷʝʪʩʷ 

ʨʘʟʨʘʙʦʪʢʘ ʠ ʠʟʛʦʪʦʚʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʤʫʣʴʪʠʩʝʥʩʦʨʥʳʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʭ ʧʦʣʠʩʦʧʨʷʞʝʥʥʳʭ ʤʝʪʘʣʣʦʨʛʘʥʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. ɺʘʨʴʠʨʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʤʝʪʘʣʣʦʨʛʘʥʠʯʝʩʢʦʛʦ ʧʦʣʠʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 
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ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ ʩʝʥʩʦʨʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʝʛʨʝʩʩʠʦʥʥʦʡ 

ʤʦʜʝʣʠ [1, 2], ʦʧʠʩʳʚʘʶʱʘʷ ʚʣʠʷʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʙʘʣʴʪʩʦʜʝʨʞʘʱʝʛʦ ʧʦʣʠʘʢʨʠʣʦʥʠʪʨʠʣʘ (ʉʦ/ʇɸʅ) ʥʘ 

ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝ ʛʘʟʦʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɼʘʥʥʘʷ ʤʦʜʝʣʴ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʜʣʷ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʩʠʥʪʝʟʘ ʤʘʪʝʨʠʘʣʦʚ ʠ ʟʥʘʯʠʪʝʣʴʥʦʛʦ 

ʩʦʢʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ ʠ ʨʝʩʫʨʩʦʚ. 

ɻʘʟʦʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʤʘʪʝʨʠʘʣ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʣʝʥʢʫ 

ʥʘʥʦʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ [3], ʢʦʪʦʨʘʷ ʩʦʩʪʦʠʪ ʠʟ ʇɸʅ ʠ ʤʦʜʠʬʠʮʠʨʫʶʱʝʡ 

ʜʦʙʘʚʢʠ ʚ ʚʠʜʝ ʉo ʚ ʢʦʣʠʯʝʩʪʚʝ 0,25õ1 ʤʘʩʩ.%. ɺ ʢʘʯʝʩʪʚʝ ʧʦʜʣʦʞʝʢ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʣʘʩʪʠʥʳ ʧʦʣʠʢʦʨʘ. 

ʆʙʨʘʟʮʳ ʧʣʝʥʦʢ ʧʦʣʫʯʝʥʳ ʧʠʨʦʣʠʟʦʤ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʥʝʢʦʛʝʨʝʥʪʥʦʛʦ ʀʂ-

ʠʟʣʫʯʝʥʠʷ: ʧʨʦʚʦʜʠʣʠ ʀʂ-ʦʪʞʠʛ ʦʙʨʘʟʮʦʚ ʚ ʜʚʘ ʵʪʘʧʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʥʝʛʣʫʙʦʢʦʛʦ ʚʘʢʫʫʤʘ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʧʝʨʚʦʛʦ ʵʪʘʧʘ ʀʂ-ʦʪʞʠʛʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ 

ʪʝʤʧʝʨʘʪʫʨʝ 250ęʉ, ʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʪʦʨʦʛʦ ʵʪʘʧʘ ʀʂ-ʦʪʞʠʛʘ ï 350é500ęʉ. ʅʘ 

ʧʝʨʚʦʤ ʵʪʘʧʝ ʀʂ-ʦʪʞʠʛʘ ʚʨʝʤʷ ʚʦʟʜʝʡʩʪʚʠ ̫ʩʦʩʪʘʚʠʣʦ 15 ʤʠʥʫʪ, ʥʘ ʚʪʦʨʦʤ ʵʪʘʧʝ 

ï ʧʨʠ ʢʘʞʜʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚʨʝʤʷ ʙʳʣʦ ʨʘʟʣʠʯʥʳʤ (2é10 ʤʠʥʫʪ). ʀʟʤʝʨʝʥʠʷ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʠ ʥʘ ʪʝʨʘʦʤʤʝʪʨʝ ɽ6-13ɸ. 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʧʣʸʥʦʢ ʇɸʅ, ʚ ʢʦʪʦʨʳʭ ʧʨʠʩʫʪʩʪʚʫʝʪ  ʉʦ, ʥʘ ʥʝʩʢʦʣʴʢʦ 

ʧʦʨʷʜʢʦʚ ʤʝʥʴʰʝ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʧʣʝʥʢʘʤʠ ʇɸʅ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʘʥʘʣʦʛʠʯʥʳʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʞʠʤʘʭ. 

ɹʘʟʘ ʜʘʥʥʳʭ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʦʩʪʦʠʪ ʠʟ ʙʦʣʝʝ 100 ʩʪʨʦʢ (ʤʘʩʩʦʚʘʷ ʜʦʙʘʚʢʘ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʞʠʤʳ ʧʦʣʫʯʝʥʠʷ ʦʙʨʘʟʮʦʚ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʘ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ 

(ʄʅʂ), ʢʦʪʦʨʳʡ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʧʨʠ ʧʦʤʦʱʠ ʧʘʢʝʪʘ ʧʨʦʛʨʘʤʤ Maple 12, 

ʧʦʩʪʨʦʝʥʘ ʨʝʛʨʝʩʩʠʦʥʥʘʷ ʤʦʜʝʣʴ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʣʝʥʦʢ ʢʦʙʘʣʴʪʩʦʜʝʨʞʘʱʝʛʦ ʇɸʅ.  

ʇʦʣʫʯʝʥʥʘʷ ʤʦʜʝʣʴ ʠʤʝʝʪ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ. 

ʈʝʟʫʣʴʪʠʨʫʶʱʝʝ ʫʨʘʚʥʝʥʠʝ ʤʦʜʝʣʠ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

 

46,17444,22ln64,02ln95,25ln +---= mtTR  ,  (1) 

 

ʛʜʝ T2 ï ʪʝʤʧʝʨʘʪʫʨʘ ʚʪʦʨʦʛʦ ʀʂ-ʦʪʞʠʛʘ; t2 ï ʚʨʝʤʷ ʚʪʦʨʦʛʦ ʀʂ-ʦʪʞʠʛʘ; 

m ï ʤʘʩʩʘ ʣʝʛʠʨʫʶʱʝʡ ʜʦʙʘʚʢʠ. ʆʙʲʝʤ ʚʳʙʦʨʢʠ n=80; ʢʦʵʬʬʠʮʠʝʥʪ 

ʢʦʨʨʝʣʷʮʠʠ r=0,95: ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʠ r
2
=0,90; ʢʨʠʪʝʨʠʡ ʌʠʰʝʨʘ 

F=231,02; ʦʙʲʷʩʥʝʥʥʘʷ ʜʠʩʧʝʨʩʠʷ ɡ=0,90.  

ɺʩʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʨʘʚʥʝʥʠʷ (1) ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳ ʠ ʥʘʭʦʜʷʪʩʷ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʧʨʝʜʝʣʘʭ [ -27,98;-23,93], [ -1,09;-0,19], [ -3,23;-1,65], 

[162,04;186,88]. ʇʦʩʪʨʦʝʥʥʘʷ ʤʦʜʝʣʴ ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʳʚʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ 

ʟʥʘʯʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʣʝʥʦʢ Co-ʩʦʜʝʨʞʘʱʝʛʦ ʇɸʅ ʩ ʧʘʨʘʤʝʪʨʘʤʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ. 

ɺʢʣʶʯʝʥʠʝ ʚ ʤʦʜʝʣʴ ʜʝʩʢʨʠʧʪʦʨʦʚ ï ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʚʨʝʤʷ ʧʝʨʚʦʛʦ ʵʪʘʧʘ 

ʀʂ-ʦʪʞʠʛʘ ï ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʣʫʯʰʝʥʠʶ ʥʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 
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ISBN 978-5-906967-76-3.  ʉɸʇʈ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʵʣʝʢʪʨʦʥʠʢʝ. ɹʨʷʥʩʢ, 2017. 

ʧʦʢʘʟʘʪʝʣʝʡ ʤʦʜʝʣʠ, ʥʠ ʝʝ ʧʨʦʛʥʦʟʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ. ʅʘʠʙʦʣʴʰʫʶ 

ʟʥʘʯʠʤʦʩʪʴ ʜʣʷ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʠʤʝʶʪ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʚʨʝʤʷ ʚʪʦʨʦʛʦ ʵʪʘʧʘ 

ʀʂ-ʦʪʞʠʛʘ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʦʜʠʬʠʮʠʨʫʶʱʝʡ ʜʦʙʘʚʢʠ. 

ʉʧʦʩʦʙʥʦʩʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʟʥʘʯʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʣʫʯʘʝʤʳʭ 

ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʪʴ ʯʠʩʣʦ 

ʧʨʦʚʦʜʠʤʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɿʘʜʘʚʘʷ ʦʧʨʝʜʝʣʸʥʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ, ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʤʘʪʝʨʠʘʣʳ ʩ ʞʝʣʘʝʤʦʡ ʩʪʝʧʝʥʴʶ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. 
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ʈɸʉʏɽʊ ʈɽɿʆʅɸʅʉʅʓʍ ʇʈʆʎɽʉʉʆɺ  

ɺ ʇʈʆʉʊɽʁʐɽʁ RLC-ʎɽʇʀ ɺ ʈɸɿʃʀʏʅʓʍ  

ʇʈʆɻʈɸʄʄɸʍ ʄʆɼɽʃʀʈʆɺɸʅʀʗ
*
 

ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʨʝʟʦʥʘʥʩʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʧʨʦʩʪʝʡʰʝʡ 

RLC-ʮʝʧʠ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʦʛʨʘʤʤʘʭ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʝʨʝʯʠʩʣʝʥʳ ʠʭ ʦʩʥʦʚʥʳʝ 

ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ 

ʠ ʧʨʦʚʝʨʢʠ ʚ ʵʪʠʭ ʧʨʦʛʨʘʤʤʘʭ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʥʘ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘʭ. 

In the article the results of calculation of resonant processes in the simplest 

RLC-circuit in various modeling programs are presents, their main advantages 

and disadvantages are listed, and the possibility of constructing and testing in 

these modeling programs of control systems on microcontrollers is investigated. 

                                                           
*
 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ˉ 15-48-

02189-ʨ_ʧʦʚʦʣʞʴʝ_ʘ. 
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ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʩʯʝʪ, ʨʝʟʦʥʘʥʩʥʳʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʩʪʝʡʰʘʷ RLC-ʮʝʧʴ, 

ʧʨʦʛʨʘʤʤʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

Keywords: calculation, resonant processes, the simplest RLC circuit, 

modeling programs 

 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʙʘʟʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʨʝʟʦʥʘʥʩʥʦʛʦ ʠʥʚʝʨʪʦʨʘ ʩ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʙʘʟʝ 

ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʚ (ʥʘʧʨʠʤʝʨ, ʢʦʤʧʘʥʠʠ Atmel ʠʣʠ 

ʩʝʤʝʡʩʪʚʘ PIC) ʧʝʨʝʜ ʘʚʪʦʨʘʤʠ ʩʪʘʪʴʠ ʚʩʪʘʣʘ ʟʘʜʘʯʘ ʧʨʦʚʝʨʢʘ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʥʝʩʠʤʤʝʪʨʠʯʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʩʠʣʦʚʳʤʠ ʪʨʘʥʟʠʩʪʦʨʘʤʠ ʨʝʟʦʥʘʥʩʥʦʛʦ ʠʥʚʝʨʪʦʨʘ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʤ 

PIC18F4620 [1]. 

ʅʘʨʷʜʫ ʩ ʧʨʦʚʝʨʢʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʩʪʨʦʝʥʠʷ ʩʭʝʤ ʥʘ ʙʘʟʝ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʚ ʚ ʪʝʭ ʠʣʠ ʠʥʳʭ ʧʨʦʛʨʘʤʤʘʭ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʚʪʦʨʘʤʠ 

ʙʳʣʠ ʩʦʙʨʘʥʳ ʧʨʦʩʪʝʡʰʠʝ RLC-ʮʝʧʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʵʪʠʭ ʧʨʦʛʨʘʤʤ ʧʦ ʨʘʩʯʝʪʫ ʨʝʟʦʥʘʥʩʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥ ʨʝʟʫʣʴʪʘʪ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʩʪʝʡʰʝʡ RLC-ʮʝʧʠ ʚ 

ʧʨʦʛʨʘʤʤʝ Spectrum Micro-Cap ʚʝʨʩʠʠ 11. ʂʘʢ ʚʠʜʥʦ, ʧʨʦʛʨʘʤʤʘ ʧʦʟʚʦʣʷʝʪ 

ʨʘʩʩʯʠʪʳʚʘʪʴ ʨʝʟʦʥʘʥʩʥʳʝ ʧʨʦʮʝʩʩʳ, ʪ.ʢ. ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʧʨʦʛʨʘʤʤʝ 

ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʳʭ P-Spice ʤʦʜʝʣʷʭ ʵʣʝʢʪʨʦʥʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ. ʅʝʜʦʩʪʘʪʢʦʤ ʧʨʦʛʨʘʤʤʳ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʩʦʙʠʨʘʪʴ ʩʭʝʤʳ ʥʘ ʙʘʟʝ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʚ. 

 

 

ʈʠʩ. 1. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʩʪʝʡʰʝʡ RLC-ʮʝʧʠ ʚ Micro-Cap 

ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʨʝʟʦʥʘʥʩʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʧʨʦʛʨʘʤʤʝ Cadence OrCAD ʚʝʨʩʠʠ 17, ʨʘʙʦʪʘ ʢʦʪʦʨʦʡ ʪʘʢʞʝ ʷʚʥʦ ʦʩʥʦʚʘʥʘ 

ʥʘ P-Spice ʤʦʜʝʣʷʭ. ʇʨʦʛʨʘʤʤʘ OrCAD ʪʘʢʞʝ ʤʦʞʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴ 

ʨʝʟʦʥʘʥʩʥʳʝ ʧʨʦʮʝʩʩʳ, ʥʦ ʥʝ ʧʦʜʜʝʨʞʠʚʘʝʪ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʳ. 



 

7 

 

       

ʈʠʩ. 2. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʩʪʝʡʰʝʡ RLC-ʮʝʧʠ ʚ OrCAD 

ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʧʨʦʛʨʘʤʤʝ National 

Instruments Multisim ʚʝʨʩʠʠ 14, ʨʘʙʦʪʘ ʢʦʪʦʨʦʡ ʪʘʢʞʝ ʦʩʥʦʚʘʥʘ ʥʘ P-Spice 

ʤʦʜʝʣʷʭ, ʥʦ ʵʪʘ ʧʨʦʛʨʘʤʤʘ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʫʜʦʙʥʦʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ Micro-Cap 

ʠ OrCAD, ʪ.ʢ. ʠʤʝʝʪ ʤʥʦʛʦ ʧʨʦʩʪʳʭ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʟʤʝʨʠʪʝʣʴʥʳʭ 

ʧʨʠʙʦʨʦʚ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ. ʇʨʦʛʨʘʤʤʘ Multisim ʧʦʜʜʝʨʞʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʦʙʠʨʘʪʴ ʠ ʦʪʣʘʞʠʚʘʪʴ ʩʭʝʤʳ ʥʘ ʙʘʟʝ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ, ʥʦ ʪʦʣʴʢʦ ʤʦʜʝʣʝʡ 

Intel 8051 ʠ 8052, ʘ ʪʘʢʞʝ PIC16F84 ʠ PIC16F84A. 

 

        

ʈʠʩ. 3. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʩʪʝʡʰʝʡ RLC-ʮʝʧʠ ʚ Multisim 

ʇʨʦʩʪʝʡʰʘʷ RLC-ʮʝʧʴ ʠ ʨʝʟʫʣʴʪʘʪʳ ʝʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʧʨʦʛʨʘʤʤʝ 

Proteus ISIS ʚʝʨʩʠʠ 7.6 ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 4, ʥʘ ʢʦʪʦʨʦʤ ʚʠʜʥʦ, ʯʪʦ 

ʧʨʦʛʨʘʤʤʘ (ʝʜʠʥʩʪʚʝʥʥʘʷ ʠʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ) ʥʝ ʤʦʞʝʪ ʧʨʘʚʠʣʴʥʦ 

ʨʘʩʩʯʠʪʳʚʘʪʴ ʨʝʟʦʥʘʥʩʥʳʝ ʧʨʦʮʝʩʩʳ. ʅʦ Proteus, ʚ ʦʪʣʠʯʠʝ ʦʪ ʦʩʪʘʣʴʥʳʭ 

ʧʨʦʛʨʘʤʤ, ʧʨʝʜʥʘʟʥʘʯʝʥ ʧʨʝʞʜʝ ʚʩʝʛʦ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʮʠʬʨʦʚʳʭ 

ʫʩʪʨʦʡʩʪʚ ʥʘ ʙʘʟʝ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʚ ʠ ʜʘʞʝ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʭ ʣʦʛʠʯʝʩʢʠʭ 

ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʭʝʤ (ʇʃʀʉ). 

ʅʘ ʨʠʩ. 5 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʨʝʟʦʥʘʥʩʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʧʘʢʝʪʝ Simulink ʧʨʦʛʨʘʤʤʳ Matlab ʚʝʨʩʠʠ R2014b. ʂʘʢ ʚʠʜʥʦ, ʨʘʩʯʝʪʳ 
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ʧʨʘʚʠʣʴʥʳʝ, ʥʦ ʧʨʦʛʨʘʤʤʘ Simulink ʥʝ ʧʦʟʚʦʣʷʝʪ ʩʦʙʠʨʘʪʴ ʩʭʝʤʳ ʥʘ ʙʘʟʝ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʚ. 

 

 

 

ʈʠʩ. 4. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʩʪʝʡʰʝʡ RLC-ʮʝʧʠ ʚ Proteus 

    

ʈʠʩ. 5. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʩʪʝʡʰʝʡ RLC-ʮʝʧʠ ʚ Simulink 

ʀʩʭʦʜʷ ʠʟ ʫʢʘʟʘʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʧʨʦʛʨʘʤʤ, 

ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ 

ʥʝʩʠʤʤʝʪʨʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʫʧʨʘʚʣʝʥʠʷ ʫʜʘʣʦʩʴ ʧʨʦʚʝʨʠʪʴ ʪʦʣʴʢʦ ʧʨʠ 

ʧʦʩʪʨʦʝʥʠʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʜʠʩʢʨʝʪʥʳʭ ʢʦʤʧʦʥʝʥʪʘʭ [2-4]. 
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ʂʆʄʇʃɽʂʉʅʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʌʀɿʀʏɽʉʂʀʍ ʇʈʆʎɽʉʉʆɺ 

ʀ ɸʇʇɸʈɸʊʅʓʍ ʇʈɽʆɹʈɸɿʆɺɸʅʀʁ ɺ ʈɽʃɸʂʉɸʎʀʆʅʅʆʁ 

ʉʇɽʂʊʈʆʉʂʆʇʀʀ ɻʃʋɹʆʂʀʍ ʋʈʆɺʅɽʁ 

ʈʘʩʩʤʦʪʨʝʥʘ ʧʨʦʙʣʝʤʘ ʩʦʚʤʝʩʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ 

ʨʝʣʘʢʩʘʮʠʠ ʝʤʢʦʩʪʠ ʙʘʨʴʝʨʥʦʡ ʤʠʢʨʦʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʘʧʧʘʨʘʪʥʳʭ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʩʣʘʙʳʭ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ. 

The problems of joint modeling of the relaxation processes of the capacitance 

of the barrier microelectronic structure and the hardware transformations of weak 

relaxation signals. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʝʣʘʢʩʘʮʠʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʛʣʫʙʦʢʠʭ ʫʨʦʚʥʝʡ 

(ʈʉɻʋ), ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʦʙʨʘʙʦʪʢʘ, ʯʘʩʪʦʪʥʳʡ ʩʢʘʥ 

Keywords: deep-level transient spectroscopy (DLTS), correlation processing, 

frequency scan 

 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʲʝʤʥʳʭ ʜʝʬʝʢʪʦʚ ʚ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʙʘʨʴʝʨʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʧʨʠʤʝʥʷʝʪʩʷ ʤʝʪʦʜ 

ʨʝʣʘʢʩʘʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʛʣʫʙʦʢʠʭ ʫʨʦʚʥʝʡ (ʈʉɻʋ), ʢʦʪʦʨʳʡ 

ʧʦʟʚʦʣʷʝʪ, ʥʘʧʨʠʤʝʨ, ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʨʝʣʘʢʩʘʮʠʠ ʝʤʢʦʩʪʠ p-n-ʧʝʨʝʭʦʜʘ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʧʦʩʪʦʨʦʥʥʠʝ ʧʨʠʤʝʩʠ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʝ [1]. ɺ ʟʦʥʥʦʡ 

ʪʝʦʨʠʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʦʥʠ ʧʦʣʫʯʠʣʠ ʥʘʟʚʘʥʠʝ ʛʣʫʙʦʢʠʭ ʫʨʦʚʥʝʡ (ɻʋ) ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʦʩʥʦʚʥʳʭ ʧʨʠʤʝʩʝʡ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʪʠʧ ʧʨʦʚʦʜʠʤʦʩʪʠ, 
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ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʫʨʦʚʥʠ ʢʦʪʦʨʳʭ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʫ ʛʨʘʥʠʮ 

ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ. ʅʝʩʤʦʪʨʷ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ɻʋ 

ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ, ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʠʣʠ ʦʪʨʠʮʘʪʝʣʴʥʦʝ, 

ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʙʘʨʴʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʩʯʠʪʘʪʴ ʠʭ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʩʤʳʩʣʝ ʘʥʘʣʦʛʘʤʠ ʛʝʥʦʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ 

ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʚʝʩʪʠ ʨʝʯʴ ʦ ʢʚʘʣʠʛʝʥʝʪʠʯʝʩʢʦʤ ʧʦʜʭʦʜʝ ʢ ʦʮʝʥʢʝ 

ʥʘʜʝʞʥʦʩʪʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʧʨʠʙʦʨʦʚ ʠ ʠʥʪʝʛʨʘʣʴʥʳʭ ʤʠʢʨʦʩʭʝʤ [2]. 

ʆʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʈʉɻʋ ʚ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʝ 

ʩʚʷʟʘʥʘ ʩ ʤʘʣʳʤʠ ʨʘʟʤʝʨʘʤʠ ʙʘʨʴʝʨʥʳʭ ʩʪʨʫʢʪʫʨ, ʯʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ 

ʧʨʠʤʝʥʝʥʠʝ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʣʘʙʳʭ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ, ʘ 

ʪʘʢʞʝ ʠʩʢʫʩʩʪʚʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʨʘʟʤʝʨʦʚ ʦʙʣʘʩʪʠ ʨʝʣʘʢʩʘʮʠʠ ʧʫʪʝʤ 

ʫʚʝʣʠʯʝʥʠʷ ʨʘʟʥʦʩʪʠ ʟʘʧʦʣʥʷʶʱʝʛʦ ʠ ʦʧʫʩʪʦʰʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʟʘʧʦʣʥʝʥʠʠ ɻʋ. ɺʤʝʩʪʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʦʙʨʘʟʮʘ ʧʨʠ ʥʝʠʟʤʝʥʥʦʡ ʯʘʩʪʦʪʝ ʩʣʝʜʦʚʘʥʠʷ ʠʤʧʫʣʴʩʦʚ ʟʘʧʦʣʥʝʥʠʷ ɻʋ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʤ ʩʪʘʥʦʚʠʪʩʷ ʯʘʩʪʦʪʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ ʩʣʝʜʦʚʘʥʠʷ ʠʤʧʫʣʴʩʦʚ ʟʘʧʦʣʥʝʥʠʷ ɻʋ 

ʚ ʧʨʝʜʝʣʘʭ ʯʝʪʳʨʝʭ ʠ ʙʦʣʝʝ ʧʦʨʷʜʢʦʚ. 

ʇʦʣʫʯʝʥʥʳʝ ʧʨʠ ʵʪʦʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ (ʨʠʩ.1) ʜʣʷ ʩʝʨʠʡʥʦʛʦ 

ʤʘʣʦʤʦʱʥʦʛʦ ʠʤʧʫʣʴʩʥʦʛʦ ʜʠʦʜʘ ʂɼ-521, ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʟʦʣʦʪʦʤ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ, ʥʝ ʧʦʜʜʘʶʪʩʷ ʩʦʜʝʨʞʘʪʝʣʴʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ʧʨʠ ʢʣʘʩʩʠʯʝʩʢʦʤ ʧʦʜʭʦʜʝ ʢ ʦʙʨʘʙʦʪʢʝ ʨʝʟʫʣʴʪʘʪʦʚ [1], ʢʦʪʦʨʳʡ ʙʘʟʠʨʫʝʪʩʷ 

ʥʘ ʨʘʟʜʝʣʴʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʨʝʣʘʢʩʘʮʠʠ ʠ 

ʘʧʧʘʨʘʪʥʳʭ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʩʣʘʙʳʭ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ 

ʩʠʛʥʘʣʦʚ. 

 

 

  
ʘ)      ʙ) 

 

ʈʠʩ. 1. ʉʝʤʝʡʩʪʚʘ ʯʘʩʪʦʪʥʳʭ ʩʢʘʥʦʚ ʧʨʠ ʨʘʟʥʳʭ ʨʘʟʤʝʨʘʭ ʦʙʣʘʩʪʠ ʨʝʣʘʢʩʘʮʠʠ 
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ɺ ʯʘʩʪʥʦʩʪʠ, ʩʪʘʥʜʘʨʪʥʘʷ ʤʝʪʦʜʠʢʘ [1] ʠʩʭʦʜʠʪ ʠʟ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ 

ʤʛʥʦʚʝʥʥʦʤ ʚʳʥʦʩʝ ʥʦʩʠʪʝʣʝʡ ʚ ʦʙʣʘʩʪʴ ʵʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʦʩʪʠ ʚ ʧʨʦʮʝʩʩʝ 

ʦʧʫʩʪʦʰʝʥʠʷ ɻʋ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʝʟʘʚʠʩʠʤʦʩʪʴ 

ʧʦʣʦʞʝʥʠʷ ʧʠʢʘ ʯʘʩʪʦʪʥʦʛʦ ʩʢʘʥʘ ʧʦ ʯʘʩʪʦʪʝ ʦʪ ʨʘʟʥʦʩʪʠ ʟʘʧʦʣʥʷʶʱʝʛʦ ʠ 

ʦʧʫʩʪʦʰʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʕʢʩʧʝʨʠʤʝʥʪ, 

ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʧʨʠ ʨʘʟʥʳʭ ʥʘʧʨʷʞʝʥʠʷʭ ʟʘʧʦʣʥʝʥʠʷ ɻʋ (ʩʤ. ʨʠʩ. 1ʘ), 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʙʨʘʪʥʦʤ. ʅʘʧʨʷʞʝʥʠʝ ʦʧʫʩʪʦʰʝʥʠʷ ʨʘʚʥʦ -10 ɺ. 

ɸʥʘʣʦʛʠʯʥʘʷ ʩʠʪʫʘʮʠʷ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʘʤʧʣʠʪʫʜ ʧʠʢʦʚ ʯʘʩʪʦʪʥʳʭ 

ʩʢʘʥʦʚ ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʙʨʘʟʮʘ (ʨʠʩ.1ʙ), ʧʦʩʢʦʣʴʢʫ ʠʟʤʝʥʝʥʠʷ 

ʘʤʧʣʠʪʫʜʳ ʧʠʢʘ ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʦ ʤʝʪʦʜʠʢʝ [1].  

ʈʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ʩʚʦʜʠʪʩʷ ʢ ʫʯʝʪʫ ʩʪʝʧʝʥʠ 

ʠʦʥʠʟʘʮʠʠ ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʙʨʘʟʮʘ, ʤʘʢʩʚʝʣʣʦʚʩʢʦʛʦ ʪʦʨʤʦʞʝʥʠʷ 

[3] ʠ ʧʦʚʪʦʨʥʦʛʦ ʟʘʭʚʘʪʘ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ, ʚʳʥʦʩʠʤʳʭ ʚ ʧʨʦʮʝʩʩʝ 

ʨʝʣʘʢʩʘʮʠʠ ʩ ɻʋ ʚ ʦʙʣʘʩʪʴ ʵʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʦʩʪʠ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʦʚʤʝʩʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʨʝʣʘʢʩʘʮʠʠ ʠ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʘʧʧʘʨʘʪʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ 

ʩʠʛʥʘʣʦʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʷʚʣʷʝʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʨʘʩʰʠʨʝʥʠʷ ʩʦʩʪʘʚʘ ʠʜʝʥʪʠʬʠʮʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʙʣʘʩʪʝʡ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ, ʧʦʩʢʦʣʴʢʫ ʧʦʩʪʦʷʥʥʘʷ ʄʘʢʩʚʝʣʣʘ, ʢʘʢ ʠʟʚʝʩʪʥʦ [3], ʟʘʚʠʩʠʪ 

ʦʪ ʦʙʲʝʤʥʦʛʦ ʫʜʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʦʞʠʜʘʝʪʩʷ ʚʩʣʝʜʩʪʚʠʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʝʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʩʪʠ ʩʠʛʥʘʣʘ ʨʝʣʘʢʩʘʮʠʠ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ɻʋ.   

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ASTM F 978 - 02 Standard Test Method for Characterizing Semiconductor Deep 

Levels by Transient Capacitance Techniques // Current edition approved Jan~10, 2002. 

Originally published as F978 - 86. Last previous edition F978 - 90// Annual Book of ASTM 

Standards, Vol 10.05. 

2. ʂʨʳʣʦʚ, ɺ.ʇ. ʂʚʘʣʠʛʝʥʝʪʠʢʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʕʂɹ: ʬʘʥʪʘʩʪʠʢʘ ʠʣʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ? ʅʝʢʦʪʦʨʳʝ ʘʩʧʝʢʪʳ ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʕʂɹ. / 

ɺ.ʇ. ʂʨʳʣʦʚ // ʕʣʝʢʪʨʦʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ. ï 2015. ï ˉ 10. ï ʉ.22-25. 

3. ʄʘʣʣʝʨ, ʈ. ʕʣʝʤʝʥʪʳ ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʭʝʤ: [ʧʝʨ. ʩ ʘʥʛʣ.]. ʈ. ʄʘʣʣʝʨ, 

ʊ. ʂʝʡʤʠʥʩ. ï ʄ.: ʄʠʨ, 1989. ï 630 ʩ. 

ʄʘʪʝʨʠʘʣ ʧʦʩʪʫʧʠʣ ʚ ʨʝʜʢʦʣʣʝʛʠʶ 07.11.17. 

  



 

12 

 

ISBN 978-5-906967-76-3.  ʉɸʇʈ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʵʣʝʢʪʨʦʥʠʢʝ. ɹʨʷʥʩʢ, 2017. 

ʋɼʂ 621.382 

ʉ.ɺ. ɽʛʦʨʦʚ (ʛ. ɹʨʷʥʩʢ, ɿɸʆ çɻʨʫʧʧʘ ʂʨʝʤʥʠʡ ʕʣè) 

ɺ.ʌ. ɿʦʪʠʥ (ʛ. ɹʨʷʥʩʢ, ɹʨʷʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ) 

ʂʆʅʊʈʆʃʔ ʕʃɽʂʊʈʀʏɽʉʂʀʍ ʇɸʈɸʄɽʊʈʆɺ ʀʅʊɽɻʈɸʃʔʅʓʍ 

ʉʍɽʄ ʇʆɺʓʐɸʖʑʀʍ ʀʄʇʋʃʔʉʅʓʍ ʉʊɸɹʀʃʀɿɸʊʆʈʆɺ 

ʅɸʇʈʗɾɽʅʀʗ 

ʉʢʦʨʨʝʢʪʠʨʦʚʘʥʳ ʩʭʝʤʳ ʠ ʨʝʞʠʤʳ ʠʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʠʥʪʝʛʨʘʣʴʥʳʭ ʧʦʚʳʰʘʶʱʠʭ ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ ʥʘʧʨʷʞʝʥʠʷ ʩ 

ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ.  

With the help of computer simulation, the circuits and modes of measuring the 

electrical parameters of integral boosting voltage regulators are corrected. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʧʘʨʘʤʝʪʨʳ, ʠʤʧʫʣʴʩʥʳʝ 

ʩʪʘʙʠʣʠʟʘʪʦʨʳ ʥʘʧʨʷʞʝʥʠʷ. 

Keywords: simulation, parameters, pulse voltage regulators. 

 
ʄʠʢʨʦʩʭʝʤʳ ʠʤʧʫʣʴʩʥʳʭ ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ ʥʘʧʨʷʞʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʩʣʦʞʥʳʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʩʦʩʪʘʚʦʤ ʠ ʟʥʘʯʠʪʝʣʴʥʳʤ ʯʠʩʣʦʤ ʧʘʨʘʤʝʪʨʦʚ, 

ʧʦʜʣʝʞʘʱʠʭ ʢʦʥʪʨʦʣʶ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʠʭ ʢʘʯʝʩʪʚʘ. ʆʪʜʝʣʴʥʫʶ ʛʨʫʧʧʫ 

ʦʙʨʘʟʫʶʪ ʧʦʚʳʰʘʶʱʠʝ ʩʪʘʙʠʣʠʟʘʪʦʨʳ ʥʘʧʨʷʞʝʥʠʷ, ʧʨʠʤʝʨʘʤʠ ʢʦʪʦʨʳʭ 

ʷʚʣʷʶʪʩʷ ʤʠʢʨʦʩʭʝʤʳ LT1170 ʠ LT1372 (Linear Technology) ʠ ʠʭ ʘʥʘʣʦʛʠ. 

ɼʣʷ ʤʥʦʛʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʠʢʨʦʩʭʝʤ LT1170 ʠ LT1372 ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ 

ʦʜʥʦʟʥʘʯʥʦ ʟʘʜʘʥ ʨʝʞʠʤ ʠʟʤʝʨʝʥʠʷ [1, 2], ʠ ʧʦʩʪʨʦʝʥʠʝ ʩʭʝʤʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʪʝʩʪʘ ʥʝ ʚʳʟʳʚʘʝʪ ʟʘʪʨʫʜʥʝʥʠʡ. ʆʜʥʘʢʦ ʜʣʷ ʥʝʢʦʪʦʨʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʝʩʪʘ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ɹʣʘʛʦʧʨʠʷʪʥʳʤ ʬʘʢʪʦʨʦʤ, ʢʦʪʦʨʳʤ ʚʦʩʧʦʣʴʟʦʚʘʣʠʩʴ ʘʚʪʦʨʳ, ʷʚʠʣʘʩʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʩʭʝʤ, ʩʦʜʝʨʞʘʱʠʭ ʫʢʘʟʘʥʥʳʝ 

ʤʠʢʨʦʩʭʝʤʳ, ʚ ʩʨʝʜʝ LTspice. 

ʅʘ ʨʠʩ.1 ʧʨʠʚʝʜʝʥʘ ʩʭʝʤʘ, ʤʦʜʝʣʠʨʫʶʱʘʷ ʧʨʦʮʝʩʩ ʠʟʤʝʨʝʥʠʷ 

ʧʨʝʜʝʣʴʥʦʛʦ ʪʦʢʘ ʩʠʣʦʚʦʛʦ ʢʣʶʯʘ ʚ ʩʦʩʪʘʚʝ ʤʠʢʨʦʩʭʝʤʳ LT1372. ɼʣʷ ʵʪʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʫʩʪʘʥʦʚʣʝʥʳ ʜʚʝ ʥʦʨʤʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘʤ 

ʟʘʧʦʣʥʝʥʠʷ ʠʤʧʫʣʴʩʦʚ ʪʦʢʘ, 50 ʠ 80 %. ɺʝʨʠʬʠʢʘʮʠʷ ʨʝʞʠʤʘ ʠ ʦʧʨʝʜʝʣʝʥʠʝ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʦʩʮʠʣʣʦʛʨʘʤʤʝ ʪʦʢʘ Isw 

(ʨʠʩ.1). 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʳʷʚʣʝʥʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʛʦ ʠʩʪʦʯʥʠʢʘ ʪʦʢʘ ʥʘʛʨʫʟʢʠ (I1 ʚ ʩʭʝʤʝ ʨʠʩ. 1) ʠ ʩʥʠʞʝʥʠʷ 

ʚʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ (V1) ʜʦ 3 ɺ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʟʘʜʘʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʟʘʧʦʣʥʝʥʠʷ. ʋʩʪʘʥʦʚʣʝʥʳ ʦʨʠʝʥʪʠʨʦʚʦʯʥʳʝ ʟʥʘʯʝʥʠʷ ʪʦʢʘ ʥʘʛʨʫʟʢʠ: 0,58 ɸ 

ʜʣʷ ʟʘʜʘʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʧʦʣʥʝʥʠʷ 50% ʠ 0,3 ɸ ʜʣʷ ʟʘʜʘʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʧʦʣʥʝʥʠʷ 80%. 
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ʈʠʩ. 1. LTspice-ʤʦʜʝʣʴ ʩʭʝʤʳ ʢʦʥʪʨʦʣʷ ʧʨʝʜʝʣʴʥʦʛʦ ʪʦʢʘ ʢʣʶʯʘ 

ʅʘ ʨʠʩ.2 ʧʨʠʚʝʜʝʥʘ ʩʭʝʤʘ, ʤʦʜʝʣʠʨʫʶʱʘʷ ʧʨʦʮʝʩʩ ʠʟʤʝʨʝʥʠʷ ʚʨʝʤʝʥʠ 

ʟʘʜʝʨʞʢʠ ʚ ʨʝʞʠʤʝ çflybackè ʜʣʷ ʤʠʢʨʦʩʭʝʤʳ LT1170. ʀʩʢʦʤʳʡ ʧʘʨʘʤʝʪʨ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʦʩʮʠʣʣʦʛʨʘʤʤʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʳʚʦʜʝ SW ʤʠʢʨʦʩʭʝʤʳ. ʉ 

ʧʦʤʦʱʴʶ ʤʦʜʝʣʠ ʫʪʦʯʥʝʥʳ ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʦʚ ʩʭʝʤʳ (R3, R4, V3 ʥʘ ʨʠʩ. 

2). 

 
ʉ ʧʦʤʦʱʴʶ LTspice-ʤʦʜʝʣʝʡ ʪʘʢʞʝ ʫʪʦʯʥʝʥʳ ʩʭʝʤʳ ʠ ʨʝʞʠʤʳ 

ʠʟʤʝʨʝʥʠʷ ʩʣʝʜʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ: 

- ʦʧʦʨʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʢʨʫʪʠʟʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚʳʪʝʢʘʶʱʝʛʦ ʠ 

ʚʪʝʢʘʶʱʝʛʦ ʪʦʢʘ ʫʩʠʣʠʪʝʣʷ ʦʰʠʙʢʠ ʚ ʨʝʞʠʤʝ çflybackè ʜʣʷ ʤʠʢʨʦʩʭʝʤʳ 

LT1170; 

- ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʳʭʦʜʥʦʛʦ ʢʣʶʯʘ ʠ ʦʪʥʦʰʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʪʦʢʘ 

ʧʦʪʨʝʙʣʝʥʠʷ ʢ ʠʟʤʝʥʝʥʠʶ ʪʦʢʘ ʚʳʭʦʜʥʦʛʦ ʢʣʶʯʘ ʜʣʷ ʤʠʢʨʦʩʭʝʤʳ LT1372. 

ʈʠʩ. 2. LTspice-ʤʦʜʝʣʴ ʩʭʝʤʳ ʠʟʤʝʨʝʥʠʷ 

ʚʨʝʤʝʥʠ ʟʘʜʝʨʞʢʠ ʚ ʨʝʞʠʤʝ çflybackè 
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ISBN 978-5-906967-76-3.  ʉɸʇʈ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʵʣʝʢʪʨʦʥʠʢʝ. ɹʨʷʥʩʢ, 2017. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 
ʟʥʘʯʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ, ʚʧʦʣʥʝ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʥʦʨʤʘʤʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʷ [1, 2]. ʆʜʥʘʢʦ ʚʳʷʚʣʝʥʳ ʠ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʘʸʪ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʦʨʤʦʡ ʟʥʘʯʝʥʠʝ 

ʚʨʝʤʝʥʠ ʟʘʜʝʨʞʢʠ ʚʳʢʣʶʯʝʥʠʷ ʜʣʷ ʤʠʢʨʦʩʭʝʤʳ LT1372. ɺ ʤʦʜʝʣʷʭ 

ʦʪʩʫʪʩʪʚʫʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʪʦʢʘ ʧʦʪʨʝʙʣʝʥʠʷ ʦʪ ʪʦʢʘ ʩʠʣʦʚʦʛʦ ʢʣʶʯʘ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. LT1170/LT1171/LT1172 100kHz, 5A, 2.5A and 1.25A High Efficiency 

Switching Regulators [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

http://cds.linear.com/docs/en/datasheet/117012fi.pdf. ɿʘʛʣʘʚʠʝ ʩ ʵʢʨʘʥʘ. 

2. LT1372/LT1377 500kHz and 1MHz High Efficiency 1.5A Switching 

Regulators [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

http://cds.linear.com/docs/en/datasheet/13727fbs.pdf. ɿʘʛʣʘʚʠʝ ʩ ʵʢʨʘʥʘ. 

ʄʘʪʝʨʠʘʣ ʧʦʩʪʫʧʠʣ ʚ ʨʝʜʢʦʣʣʝʛʠʶ 09.11.17. 

ʋɼʂ 519.876.5 

ʉ.ɺ. ʉʝʜʳʭ, ɺ.ʌ. ɿʦʪʠʥ 

(ʛ. ɹʨʷʥʩʢ, ɹʨʷʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ) 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʋʉʊʈʆʁʉʊɺɸ ɼʃʗ ʀʉʇʓʊɸʅʀʗ ɼʀʆɼʆɺ    

ʅɸ ʉʊʆʁʂʆʉʊʔ ʂ ʉʂʆʈʆʉʊʀ ʀɿʄɽʅɽʅʀʗ ʆɹʈɸʊʅʆɻʆ 

ʅɸʇʈʗɾɽʅʀʗ 

ʆʧʠʩʘʥʦ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʠʩʧʳʪʘʥʠʷ ʜʠʦʜʦʚ ʥʘ ʩʪʦʡʢʦʩʪʴ ʢ ʩʢʦʨʦʩʪʠ 

ʠʟʤʝʥʝʥʠʷ ʦʙʨʘʪʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʫʩʪʨʦʡʩʪʚʘ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ Cadence OrCad Capture.  

The description of the device for testing diodes on the resistance to rate of 

change of reverse voltage, and the results of modeling the device using the 

program Cadence OrCad Capture. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʦʙʨʘʪʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ, ʜʠʦʜ ʐʦʪʪʢʠ. 

Keywords: simulation, rate of change of reverse voltage, Schottky diode. 

 

ʂ ʢʦʥʪʨʦʣʠʨʫʝʤʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ ʜʠʦʜʦʚ ʐʦʪʪʢʠ 

ʦʪʥʦʩʠʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʦʙʨʘʪʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ. ɼʣʷ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʳʭ ʜʠʦʜʦʚ ʐʦʪʪʢʠ ʵʪʦʪ 

ʧʘʨʘʤʝʪʨ ʩʦʩʪʘʚʣʷʝʪ 200 ɺ/ʥʩ ʠ ʙʦʣʝʝ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʵʢʩʪʨʝʤʘʣʴʥʦ ʙʳʩʪʨʳʭ ʬʨʦʥʪʦʚ ʥʘʧʨʷʞʝʥʠʷ 

ʧʨʠʤʝʥʷʶʪʩʷ ʨʪʫʪʥʳʝ ʨʝʣʝ ʠ ʙʠʧʦʣʷʨʥʳʝ ʪʨʘʥʟʠʩʪʦʨ rʚ ʨʝʞʠʤʝ ʣʘʚʠʥʥʦʛʦ 

ʧʨʦʙʦʷ. ʆʜʥʘʢʦ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ ʠ ʚʭʦʜʥʦʤ ʢʦʥʪʨʦʣʷʭ ʜʠʦʜʦʚ 

http://cds.linear.com/docs/en/datasheet/117012fi.pdf
http://cds.linear.com/docs/en/datasheet/13727fbs.pdf
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ʥʝʦʙʭʦʜʠʤʦ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʢʘʢ ʢʨʫʪʠʟʥʳ ʬʨʦʥʪʘ, ʪʘʢ ʠ ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ 

ʦʙʨʘʪʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʯʪʦ ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ ʩʧʝʮʠʘʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʚʘʨʠʘʥʪ ʩʭʝʤʳ ʪʘʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ (ʨʠʩ. 1) ʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʝʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʩʨʝʜʝ Cadence OrCad Capture. 

ʉʭʝʤʘ ʩʦʜʝʨʞʠʪ ʣʘʚʠʥʥʳʡ ʪʨʘʥʟʠʩʪʦʨ VT1 (2N5551) ʠ 

ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʳʡ MOSFET VT2 (ʉ2M0080120D). ɺ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ 

VT1 ʠ VT2 ʟʘʧʝʨʪʳ, ʢʦʥʜʝʥʩʘʪʦʨ ʉ1 ʟʘʨʷʞʝʥ ʜʦ 300 ɺ, ʘ ʢʦʥʜʝʥʩʘʪʦʨ ʉ3 ï ʜʦ 

ʟʘʜʘʥʥʦʛʦ ʚ ʧʨʝʜʝʣʘʭ 0é1000 ɺ ʥʘʧʨʷʞʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʫʩʪʘʥʦʚʠʚʰʝʤʫʩʷ ʦʙʨʘʪʥʦʤʫ ʥʘʧʨʷʞʝʥʠʶ. 

ʇʨʠ ʧʦʜʘʯʝ ʚ ʙʘʟʦʚʫʶ ʮʝʧʴ VT1 ʠʤʧʫʣʴʩʘ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ 

ʣʘʚʠʥʥʳʡ ʧʨʦʙʦʡ ʪʨʘʥʟʠʩʪʦʨʘ. ʇʨʠ ʵʪʦʤ ʟʘʨʷʜ ʢʦʥʜʝʥʩʘʪʦʨʘ ʉ1 ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʩʢʦʨʷʝʪ ʦʪʧʠʨʘʥʠʝ MOSFET VT2. ʉʢʦʨʦʩʪʴ ʦʪʧʠʨʘʥʠʷ VT2 ʦʧʨʝʜʝʣʷʝʪ 

ʩʢʦʨʦʩʪʴ ʨʘʟʨʷʜʘ ʢʦʥʜʝʥʩʘʪʦʨʘ ʉ3 ʯʝʨʝʟ ʨʝʟʠʩʪʦʨ RLOAD ʠ ʠʩʧʳʪʫʝʤʳʡ 

ʜʠʦʜ. ʆʥʘ ʟʘʚʠʩʠʪ ʦʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʝʟʠʩʪʦʨʘ R3 ʚ ʮʝʧʠ ʟʘʪʚʦʨʘ VT2, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʫʧʨʘʚʣʷʪʴ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʬʨʦʥʪʘ ʠʤʧʫʣʴʩʘ ʦʙʨʘʪʥʦʛʦ ʜʣʷ 

ʠʩʧʳʪʫʝʤʦʛʦ ʜʠʦʜʘ ʥʘʧʨʷʞʝʥʠʷ. 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʠʩʧʳʪʘʥʠʷ ʜʠʦʜʦʚ  

ʅʘ ʨʠʩ. 2 ʠ 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʬʨʦʥʪʘ ʦʙʨʘʪʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ R3 ʠ ʦʪʩʫʪʩʪʚʠʠ ʠʩʧʳʪʫʝʤʦʛʦ ʜʠʦʜʘ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 100 ɺ/ʥʩ, ʚʦ ʚʪʦʨʦʤ ï 40 ɺ/ʥʩ.  
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ʈʠʩ. 2. ʀʟʤʝʥʝʥʠʝ ʦʙʨʘʪʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ R3=4 ʆʤ 

 
ʈʠʩ. 3. ʀʟʤʝʥʝʥʠʝ ʦʙʨʘʪʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ R3=40 ʆʤ 

 
ʈʠʩ. 4. ʇʨʦʚʝʨʢʘ ʜʠʦʜʘ 

 

ʅʘ ʨʠʩ. 4 ʧʨʠʚʝʜʸʥ ʬʨʘʛʤʝʥʪ ʜʠʘʛʨʘʤʤʳ ʦʙʨʘʪʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, 

ʧʦʣʫʯʝʥʥʳʡ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʦʮʝʩʩʘ ʠʩʧʳʪʘʥʠʷ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʛʦ 

ʜʠʦʜʘ ʐʦʪʪʢʠ C3D03060A (600 ɺ, 3 ɸ). ʋʩʪʘʥʦʚʠʚʰʝʝʩʷ ʦʙʨʘʪʥʦʝ 

ʥʘʧʨʷʞʝʥʠʝ ʟʘʜʘʚʘʣʦʩʴ ʨʘʚʥʳʤ 500 ɺ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʝʟʠʩʪʦʨʘ R3 = 4 ʆʤ. 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʜʠʦʜʝ ʩʦʩʪʘʚʣʷʝʪ 120 

ɺ/ʥʩ (ʨʠʩ. 4). 
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ISBN 978-5-906967-76-3.  ʉɸʇʈ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʵʣʝʢʪʨʦʥʠʢʝ. ɹʨʷʥʩʢ, 2017. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʘʜʝʢʚʘʪʥʦʡ Spice-ʤʦʜʝʣʠ 

ʪʨʘʥʟʠʩʪʦʨʘ ʉ2M0080120D ʧʨʠʤʝʥʷʣʘʩʴ ʤʦʜʝʣʴ ʘʥʘʣʦʛʠʯʥʦʛʦ ʧʦ 

ʧʨʝʜʝʣʴʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʢʨʝʤʥʠʝʚʦʛʦ MOSFET. ʕʪʦ ʙʝʟʫʩʣʦʚʥʦ ʧʦʚʣʠʷʣʦ ʥʘ 

ʩʥʠʞʝʥʠʝ ʜʦʩʪʠʛʥʫʪʳʭ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʝʜʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʩʢʦʨʦʩʪʠ 

ʠʟʤʝʥʝʥʠʷ ʦʙʨʘʪʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. 
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ʈʝʞʠʤ ʜʦʩʪʫʧʘ: http://www.electronics.ru/journal/article/754. ɿʘʛʣʘʚʠʝ ʩ ʵʢʨʘʥʘ. 

ʄʘʪʝʨʠʘʣ ʧʦʩʪʫʧʠʣ ʚ ʨʝʜʢʦʣʣʝʛʠʶ 14.11.17. 

ʋɼʂ 621.382 

ɺ.ɺ. ʇʝʰʝʭʦʜʴʢʦ, ɸ.ʅ. ʐʢʦʣʠʥ  

(ʛ. ɹʨʷʥʩʢ, ɹʨʷʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ) 

ʋʊʆʏʅɽʅʅɸʗ PSPICE-ʄʆɼɽʃʔ ʐʀʄ ʂʆʅʊʈʆʃʃɽʈɸ LM2596 

ʆʧʠʩʘʥʘ ʧʦʣʫʯʝʥʥʘ̫ ʫʪʦʯʥʝʥʥʘʷ Pspice-ʤʦʜʝʣʴ ʐʀʄ ʢʦʥʪʨʦʣʣʝʨʘ 

LM2596. ʉ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ OrCAD ʧʨʦʚʝʨʝʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ 

ʤʦʜʝʣʠ, ʘ ʪʘʢʞʝ ʧʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʇʨʦʛʨʘʤʤʘ 

ʩʯʠʪʘʝʪʩʷ ʦʜʥʦʡ ʠʟ ʩʘʤʦʡ ʣʫʯʰʝʡ ʉɸʇʈ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʠʢʠ.  

In this work, we sharpen the Pspice-model of the PWM controller LM-2596. 

Verifying model and simulation results obtained using the OrCAD program which 

is considered one of the best CAD software for design automation of electronics. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʐʀʄ ʢʦʥʪʨʦʣʣʝʨ, Pspice-ʤʦʜʝʣʴ, ʠʥʪʝʛʨʘʣʴʥʘʷ ʩʭʝʤʘ. 

Keywords: PWM controller, Pspice-model, Integrated circuit. 

 

ʈʝʛʫʣʷʪʦʨʳ ʩʝʨʠʠ LM2596 - ʵʪʦ ʤʦʥʦʣʠʪʥʳʝ ʠʥʪʝʛʨʘʣʴʥʳʝ ʩʭʝʤʳ, 

ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʩʝ ʘʢʪʠʚʥʳʝ ʬʫʥʢʮʠʠ ʧʦʥʠʞʘʶʱʝʛʦ ʠʤʧʫʣʴʩʥʦʛʦ 

ʩʪʘʙʠʣʠʟʘʪʦʨʘ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʝ 3ɸ ʚ ʣʠʥʠʠ ʥʘʛʨʫʟʢʠ. ʕʪʠ ʫʩʪʨʦʡʩʪʚʘ 

ʜʦʩʪʫʧʥʳ ʚ ʚʝʨʩʠʷʭ ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤʠ ʚʳʭʦʜʥʳʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ 3,3 ɺ, 5ɺ, 

12ɺ ʠ ʠʟʤʝʥʷʝʤʳʤ ʚʳʭʦʜʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ. ʆʥʠ ʪʨʝʙʫʶʪ ʤʠʥʠʤʘʣʴʥʦʝ 

ʯʠʩʣʦ ʚʥʝʰʥʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʧʨʦʩʪʳ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ 

ʯʘʩʪʦʪʥʫʶ ʢʦʤʧʝʥʩʘʮʠʶ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʯʘʩʪʦʪʦʡ ʢʚʘʨʮʝʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ. 

http://www.electronics.ru/journal/article/754
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ʄʠʢʨʦʩʭʝʤʳ ʩʝʨʠʠ LM2596 (ʨʠʩ.1) ʨʘʙʦʪʘʶʪ ʥʘ ʦʩʥʦʚʥʦʡ ʯʘʩʪʦʪʝ 

150 ʢɻʮ, ʧʦʟʚʦʣʷʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʤʧʦʥʝʥʪʳ ʬʠʣʴʪʨʘ ʤʝʥʴʰʝʛʦ ʨʘʟʤʝʨʘ. 

ʄʠʢʨʦʩʭʝʤʳ ʜʦʩʪʫʧʥʳ ʚ ʩʪʘʥʜʘʨʪʥʦʤ ʠʩʧʦʣʥʝʥʠʠ ʚ ʢʦʨʧʫʩʘʭ TO-220 ʠ TO-

263 ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʤʦʥʪʘʞʘ.  

ʆʥʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʛʘʨʘʥʪʠʨʦʚʘʥʥʳʡ ʜʦʧʫʩʢ Ñ4% ʥʘ ʚʳʭʦʜʥʦʝ 

ʥʘʧʨʷʞʝʥʠʝ ʚ ʧʨʝʜʝʣʘʭ ʫʢʘʟʘʥʥʳʭ ʚʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ ʚʳʭʦʜʥʦʡ 

ʥʘʛʨʫʟʢʠ. ʊʦʢ ʧʦʪʨʝʙʣʝʥʠʷ ʚ ʨʝʞʠʤʝ ʦʞʠʜʘʥʠʷ 80 ʤʢɸ. ɿʘʱʠʪʘ ʩʭʝʤʳ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʜʚʫʢʨʘʪʥʦʛʦ ʩʥʠʞʝʥʠʷ ʧʨʝʜʝʣʴʥʦʛʦ ʪʦʢʘ ʜʣʷ ʚʳʭʦʜʥʦʛʦ ʢʣʶʯʘ 

ʠ ʧʦʣʥʦʝ ʦʪʢʣʶʯʝʥʠʝ ʧʨʠ ʧʝʨʝʛʨʝʚʝ. 

ɺʳʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ:  

ð ʨʝʛʫʣʠʨʫʝʤʳʡ ʜʠʘʧʘʟʦʥ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʦʪ 1.2 ʜʦ 37 ɺ 

ð Ñ4% ʩʪʘʙʠʣʴʥʦʩʪʴ ʥʘʧʨʷʞʝʥʠʷ ʚ ʮʝʧʠ ʥʘʛʨʫʟʢʠ 

ð ʜʦʩʪʫʧʥʳ ʚ TO-220 ʠ TO-263 ʠʩʧʦʣʥʝʥʠʷ 

ð ʛʘʨʘʥʪʠʨʦʚʘʥʥʳʡ ʚʳʭʦʜʥʦʡ ʪʦʢ ʥʘʛʨʫʟʢʠ 3ɸ 

ð ʜʠʘʧʘʟʦʥ ʚʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʜʦ 40 ɺ 

ð ʪʨʝʙʫʝʪ ʪʦʣʴʢʦ 4 ʚʥʝʰʥʠʭ ʢʦʤʧʦʥʝʥʪʘ 

ð ʧʨʝʚʦʩʭʦʜʥʳʝ ʥʘʛʨʫʟʦʯʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ð ʬʠʢʩʠʨʦʚʘʥʥʘʷ ʯʘʩʪʦʪʘ ʚʥʫʪʨʝʥʥʝʛʦ ʛʝʥʝʨʘʪʦʨʘ 150 ʢɻʮ 

ð TTL ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʢʣʶʯʝʥʠʷ 

ð ʥʠʟʢʦʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ, ʨʝʞʠʤ ʦʞʠʜʘʥʠʷ, IQ, ʢʘʢ ʧʨʘʚʠʣʦ, 80 ʤʢɸ 

ð ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ  

ð ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʣʝʛʢʦ ʜʦʩʪʫʧʥʳʭ ʩʪʘʥʜʘʨʪʥʳʭ ʠʥʜʫʢʪʠʚʥʦʩʪʝʡ 

ð ʪʝʧʣʦʚʦʝ ʦʪʢʣʶʯʝʥʠʝ ʠ ʟʘʱʠʪʘ ʧʦ ʪʦʢʫ  

ʇʨʠʤʝʥʝʥʠʝ 

ð ʧʨʦʩʪʦʡ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʡ ʩʪʫʧʝʥʯʘʪʳʡ ʨʝʛʫʣʷʪʦʨ  

ð ʢʣʶʯʝʚʳʝ ʨʝʛʫʣʷʪʦʨʳ  

ð ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʠʟ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʚ ʦʪʨʠʮʘʪʝʣʴʥʳʡ 

 
 

 

ʈʠʩ. 1. ʉʭʝʤʘ ʚʢʣʶʯʝʥʠʷ LM2596 

ɼʣʷ ʧʨʦʩʪʦʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ OrCad ʜʦʧʠʰʝʤ ʢʦʜ ʐʀʄ ʢʦʥʪʨʦʣʣʝʨʘ 

LM2596, ʚ ʢʦʪʦʨʳʡ ʚʢʣʶʯʠʤ ʵʣʝʤʝʥʪʳ çʦʙʚʷʟʢʠè:  

 

X_U6         N01015 VIN d_d1 PARAMS: 

X_U4         GND OUT d_d1 PARAMS: 

X_U5         GND 0 d_d1 PARAMS: 



 

19 

 

R_R6         GND N01196  0.02   

C_C1         N01196 VIN  68u   

V_V1         N01015 GND 12Vdc 

V_V2         ON_OFF_N GND  PULSE 1 0 100u 1n 1n 5m 5.1m 

L_L1         OUT N02063  39u   

R_R7         N02063 0  0.056   

R_R8         N02118 0  0.08   

C_C2         GND N02118  680u IC=0  

R_R9         GND 0  5   

  ɺ ʩʪʘʥʜʘʨʪʥʦʡ ʤʦʜʝʣʠ ʢʦʤʧʘʥʠʠ Texas instruments ʥʝ ʫʯʪʝʥʘ ʦʜʥʘ 

ʚʘʞʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʘ ʠʤʝʥʥʦ: ʪʦʢ ʧʦʪʨʝʙʣʝʥʠʷ ʚ ʨʝʞʠʤʝ 

ʦʞʠʜʘʥʠʷ IQ. ʈʝʘʣʠʟʫʝʤ ʤʦʜʝʣʴ (ʨʠʩ.2), ʚ ʢʦʪʦʨʦʡ ʫʯʪʝʥ ʵʪʦʪ ʧʘʨʘʤʝʪʨ: 

R_U1_ DOP        VIN GND 150000   

X_U1_S2    VIN GND U1_N16913159 0 Soft_Start_U1_S2 

.SUBCKT  Soft_Start_U1_S2 1 2 3 4   

S_U1_S2         3 4 1 2 _U1_S2 

RS_U1_S2         1 2 1G 

.MODEL         _U1_S2 VSWITCH Roff=2400 Ron=705.88 Voff=0.2 

Von=0.8 

.ENDS Soft_Start_U1_S2 

 

 
ʈʠʩ. 2. ʉʭʝʤʘ ʨʝʘʣʠʟʘʮʠʠ ʢʦʜʘ 
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(ʛ. ʂʘʟʘʥʴ, ʂʘʟʘʥʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ 
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ʈɸɿʈɸɹʆʊʂɸ ɺʀʈʊʋɸʃʔʅʆʁ 3D-ʄʆɼɽʃʀ ʇɽʏɸʊʅʆʁ ʇʃɸʊʓ 

ɺ ʇʈʆɻʈɸʄʄɽ DIPTRACE 

ʆʧʠʩʘʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʠʭ ʉɸʇʈ, 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʨʦʛʨʘʤʤʘ DipTrace, ʝʛʦ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʠ 

ʚʳʧʦʣʥʝʥʠʠ ʚʳʧʫʩʢʥʦʡ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʙʘʢʘʣʘʚʨʘ.  

This article presents material describing the current capabilities of the circuit 

design CAD, the program DipTrace, its capabilities, and use it in the course of 

execution of final qualifying work of bachelor. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʉɸʇʈ, ʩʭʝʤʦʪʝʭʥʠʢʘ, ɺʂʈ, 3D ʤʦʜʝʣʴ, ʧʝʯʘʪʥʘʷ 

ʧʣʘʪʘ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 

Keywords: CAD, circuit design, WRC, 3D model, printed circuit board, 

simulation. 

 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʵʣʝʢʪʨʦʥʥʳʭ ʩʭʝʤ ʚʢʣʶʯʘʝʪ ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʠʝ, 

ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ. ʉʭʝʤʦʪʝʭʥʠʯʝʩʢʦʝ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʚʷʟʘʥʦ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʭʝʤ 

ʵʣʝʢʪʨʦʥʥʦʡ ʪʝʭʥʠʢʠ. ʂʦʥʩʪʨʫʢʪʦʨʩʢʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʦʪʥʦʩʠʪʩʷ ʢ 

ʨʘʟʨʘʙʦʪʢʝ ʢʦʥʩʪʨʫʢʮʠʠ ʤʦʜʫʣʝʡ, ʪʠʧʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʟʘʤʝʥʳ, ʨʝʘhʝʪ 

ʚʦʧʨʦʩʳ ʨʘʟʤʝʱʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʠʣʠ ʤʦʜʫʣʝʡ ʥʘ ʧʦʜʣʦʞʢʝ ʠʣʠ ʧʣʘʪʝ, 

ʪʨʘʩʩʠʨʦʚʢʠ ʩʦʝʜʠʥʝʥʠʡ ʠ ʪ.ʜ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ï ʵʪʦ 

ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʟʜʝʣʠʷ, ʚʳʙʦʨ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʪʝʭʧʨʦʮʝʩʩʘ, ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʨʝʞʠʤʦʚ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʡ 

[1]. 

ʉʦʚʨʝʤʝʥʥʳʝ ʜʦʩʪʠʞʝʥʠʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʉɸʇʈ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʙʣʝʛʯʠʪʴ ʨʘʟʨʘʙʦʪʢʫ ʠʟʜʝʣʠʷ, ʚʠʟʫʘʣʴʥʦ ʜʝʤʦʥʩʪʨʠʨʫʷ ʧʨʠʥʮʠʧʠʘʣʴʥʫʶ 

ʩʭʝʤʫ ʠʟʜʝʣʠʷ, ʩʠʤʫʣʠʨʫʷ ʨʘʙʦʪʫ ʩʦʙʨʘʥʥʦʡ ʩʭʝʤʳ, ʚʧʣʦʪʴ ʜʦ ʜʝʤʦʥʩʪʨʘʮʠʠ 

3D-ʤʦʜʝʣʝʡ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩʭʝʤʳ. ʆʜʥʠʤ ʠʟ ʧʦʧʫʣʷʨʥʝʡʰʠʭ ʉɸʇʈ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʘʢʦʤʫ ʦʧʠʩʘʥʠʶ, ʷʚʣʷʝʪʩʷ Circuit Design Suite ʢʦʤʧʘʥʠʠ 

National Instruments. ʆʜʥʘʢʦ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ɺʂʈ ʘʚʪʦʨʳ ʦʩʪʘʥʦʚʠʣʠ ʩʚʦʡ 

ʚʳʙʦʨ ʥʘ ʧʨʦʛʨʘʤʤʝ DipTrace ʢʦʤʧʘʥʠʠ Novarma.  

DipTrace ï ʵʪʦ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʉɸʇʈ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʵʣʝʢʪʨʦʥʥʳʭ 

ʧʝʯʘʪʥʳʭ ʧʣʘʪ ʠ ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʜʣʷ ʧʨʦʝʢʪʦʚ ʣʶʙʦʡ 

ʩʣʦʞʥʦʩʪʠ: ʦʪ ʠʜʝʠ ʜʦ ʧʝʨʚʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʦʧʫʣʷʨʥʦʡ ʉɸʇʈ NI Circuit Design Suite 

[2]: 

- ʇʨʦʩʪʦʡ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʩ ʧʦʜʜʝʨʞʢʦʡ ʨʫʩʩʢʦʛʦ ʷʟʳʢʘ. 
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- 3D-ʧʨʝʜʧʨʦʩʤʦʪʨ ʧʣʘʪʳ ʠ STEP ʵʢʩʧʦʨʪ. 

- ʕʢʩʧʦʨʪ ʚ ʧʦʧʫʣʷʨʥʳʝ ʬʦʨʤʘʪʳ Gerber, DXF, N/C Drill,  Pick&Place. 

- ʉʢʦʨʦʩʪʥʦʡ shape-based ʪʨʘʩʩʠʨʦʚʱʠʢ. 

- ɹʝʩʧʣʘʪʥʘʷ ʚʝʨʩʠʷ ʜʣʷ ʥʝʢʦʤʤʝʨʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

- ɺʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʨʧʫʩʦʚ ʫʩʪʨʦʡʩʪʚ. 

ʉʭʝʤʦʪʝʭʥʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʧʘʢʝʪʘ PCB 

Layout. ɼʣʷ ʵʪʦʛʦ ʚʥʘʯʘʣʝ ʩʦʙʠʨʘʣʘʩʴ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʚ 

ʧʘʢʝʪʝ Schematic Capture (ʨʠʩ.1). 

 
ʈʠʩ. 1. ʉʦʙʨʘʥʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ                                            

ʚ ʧʘʢʝʪʝ Schematic Capture 

ɼʘʣʝʝ ʩʦʙʨʘʥʥʘʷ ʩʭʝʤʘ ʢʦʥʚʝʨʪʠʨʦʚʘʣʘʩʴ ʚ ʬʦʨʤʘʪ ʨʘʙʦʪʳ ʩ ʧʘʢʝʪʦʤ 

PCB Layout (ʨʠʩ.2). 

 
ʈʠʩ. 2. ʉʭʝʤʘ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ ʚ ʧʘʢʝʪʝ PCB Layout 
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ʇʘʢʝʪ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʚʳʙʦʨʘ ʟʘʜʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʪʨʘʩʩʠʨʦʚʢʠ, 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ, ʦʧʨʝʜʝʣʝʥʠʷ ʦʰʠʙʦʢ 

ʪʨʘʩʩʠʨʦʚʢʠ, ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʪʨʘʩʩʠʨʦʚʢʠ ʩ ʟʘʜʘʥʠʝʤ ʨʫʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. 

ʇʦʩʣʝ ʪʨʘʩʩʠʨʦʚʢʠ ʧʣʘʪʳ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʜʧʨʦʩʤʦʪʨʘ ʧʣʘʪʳ ʚ 3D 

(ʨʠʩ3).  

 

ʈʠʩ. 3. ʇʨʝʜʧʨʦʩʤʦʪʨ ʩʠʛʥʘʣʴʥʦʡ ʧʣʘʪʳ ʢʦʨʠʦʣʠʩʦʚʘ ʨʘʩʭʦʜʦʤʝʨʘ 

ʚ ʧʘʢʝʪʝ PCB Layout 

ɺ ʭʦʜʝ ʨʘʟʨʘʙʦʪʢʠ ʧʣʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʛʘʙʘʨʠʪʥʳʝ 

ʨʘʟʤʝʨʳ (116,5ʭ86 ʤʤ) (ʨʠʩ.4). 

 
ʈʠʩ. 4. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 
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(ʛ. ʄʦʩʢʚʘ, ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çʄʦʩʢʦʚʩʢʠʡ 

ʠʥʩʪʠʪʫʪ ʵʣʝʢʪʨʦʥʥʦʡ ʪʝʭʥʠʢʠè) 

ʇʈʀɹʆʈʅʆ-ʊɽʍʅʆʃʆɻʀʏɽʉʂʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ 

ʀʅʊɽɻʈɸʃʔʅʓʍ ʄɸɻʅʀʊʆʏʋɺʉʊɺʀʊɽʃʔʅʓʍ ʕʃɽʄɽʅʊʆɺ 

ʆʧʠʩʘʥ ʧʨʘʢʪʠʯʝʩʢʠʡ ʦʧʳʪ ʧʨʠʙʦʨʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʚ ʧʘʢʝʪʝ ʧʨʦʛʨʘʤʤ Synopsys Sentaurus TCAD ʠʥʪʝʛʨʘʣʴʥʳʭ 

ʤʘʛʥʠʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ ʥʘ ʧʨʠʤʝʨʝ ʩʪʨʫʢʪʫʨ ʣʘʪʝʨʘʣʴʥʦʛʦ 

ʜʚʫʭʢʦʣʣʝʢʪʦʨʥʦʛʦ ʙʠʧʦʣʷʨʥʦʛʦ ʤʘʛʥʠʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ, 

ʤʘʛʥʠʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʜʠʦʜʘ ʠ ʂʅʀ ʧʦʣʝʚʦʛʦ ʜʘʪʯʠʢʘ ʍʦʣʣʘ. ʇʨʠʚʦʜʷʪʩʷ 

ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʥʘʩʪʨʦʡʢʝ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʳ, ʧʦʣʫʯʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

The article describes practical experience of instrumentation and process 

modeling in the software package Synopsys Sentaurus TCAD of integrated 

magnetosensitive devices; for example, structures lateral dual-collector bipolar 

magnetosensitive transistor, a magnetosensitive diode and SOI field Hall sensor. 

Lists requirements for configuring the software environment, the obtained 

characteristics. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: Synopsys Sentaurus TCAD, ʤʘʛʥʠʪʥʘʷ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, ʣʘʪʝʨʘʣʴʥʳʡ ʜʚʫʭʢʦʣʣʝʢʪʦʨʥʳʡ ʙʠʧʦʣʷʨʥʳʡ 

ʤʘʛʥʠʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʪʨʘʥʟʠʩʪʦʨ, ʤʘʛʥʠʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʜʠʦʜ, 

ʢʨʝʤʥʠʡ ï ʥʘ ï ʠʟʦʣʷʪʦʨʝ ʧʦʣʝʚʦʡ ʜʘʪʯʠʢ ʍʦʣʣʘ. 

Keywords: Synopsys Sentaurus TCAD, magnetic sensitivity, lateral dual-

collector bipolar magnetosensitivity transistor, magnetosensitivity diode, SOI Hall 

field sensor. 

 

ʉʝʛʦʜʥʷ ʪʨʫʜʥʦ ʧʝʨʝʦʮʝʥʠʪʴ ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ 

ʨʘʟʣʠʯʥʳʭ ʜʘʪʯʠʢʦʚ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ: ʜʘʪʯʠʢʦʚ ʪʝʤʧʝʨʘʪʫʨʳ, ʜʘʚʣʝʥʠʷ, 

ʩʢʦʨʦʩʪʠ, ʫʩʢʦʨʝʥʠʷ, ʧʨʠʙʣʠʞʝʥʠʷ, ʫʜʘʨʘ, ʥʘʢʣʦʥʘ, ʚʣʘʞʥʦʩʪʠ ʠ ʤʥʦʛʠʭ 

ʜʨʫʛʠʭ. ʆʥʠ ʥʝ ʪʦʣʴʢʦ ʧʦʤʦʛʘʶʪ ʯʝʣʦʚʝʢʫ ʢʦʤʬʦʨʪʥʦ ʧʨʝʙʳʚʘʪʴ ʜʦʤʘ, ʥʘ 
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ʨʘʙʦʪʝ, ʚ ʪʨʘʥʩʧʦʨʪʝ, ʥʘ ʦʪʜʳʭʝ, ʚ ʢʦʤʘʥʜʠʨʦʚʢʘʭ, ʥʦ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ 

çʦʨʛʘʥʘʤʠ ʯʫʚʩʪʚè ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʧʦʩʣʝʜʥʠʝ 15 

ʣʝʪ ʫʯʝʥʳʝ ʨʘʟʥʳʭ ʩʪʨʘʥ ʤʠʨʘ ʫʜʝʣʷʶʪ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʫ ʪʘʢʠʭ ʜʘʪʯʠʢʦʚ. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʜʘʪʯʠʢʦʚ ʧʦʩʪʨʦʝʥʘ ʥʘ ʧʨʠʥʮʠʧʝ 

ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʚ ʢʦʪʦʨʳʭ ʯʘʱʝ ʚʩʝʛʦ ʤʘʛʥʠʪʥʦʝ 

ʧʦʣʝ ʥʘʚʦʜʠʪʩʷ ʧʦʩʪʦʷʥʥʳʤʠ ʤʘʛʥʠʪʘʤʠ. 

ɺ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʝ ʝʩʪʴ ʦʪʜʝʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ 

çʤʠʢʨʦʤʘʛʥʠʪʦʵʣʝʢʪʨʦʥʠʢʘè, ʧʦʩʚʷʱʝʥʥʦʝ ʨʘʟʨʘʙʦʪʢʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʫ 

ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʥʘ ʦʩʥʦʚʝ ʜʠʩʢʨʝʪʥʳʭ ʠ ʠʥʪʝʛʨʘʣʴʥʳʭ 

ʜʘʪʯʠʢʦʚ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ɿʘ ʪʨʠ ʵʪʘʧʘ ʨʘʟʚʠʪʠʷ ʫʢʘʟʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ 

ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʚʥʝʜʨʝʥʳ ʩʦʪʥʠ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʜʘʪʯʠʢʦʚ, ʦʙʣʘʜʘʶʱʠʝ 

ʪʘʢʠʤʠ ʜʦʩʪʦʠʥʩʪʚʘʤʠ, ʢʘʢ ʤʘʣʳʝ ʛʘʙʘʨʠʪʳ, ʥʠʟʢʘʷ ʧʦʪʨʝʙʣʷʝʤʘʷ ʤʦʱʥʦʩʪʴ, 

ʰʠʨʦʢʠʡ ʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʚʳʩʦʢʘʷ ʤʘʛʥʠʪʥʘʷ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, ʚʳʩʦʢʘʷ ʨʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ, ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʟʤʝʨʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʦʜʥʦʚʨʝʤʝʥʥʦ, 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʠʛʥʘʣ 

ʠ ʝʛʦ ʫʩʠʣʝʥʠʝ ʤʘʛʥʠʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ ʠ ʜʨʫʛʠʝ. 

ɹʦʣʴʰʘʷ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʜʘʪʯʠʢʦʚ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʦʟʚʦʣʷʝʪ 

ʨʘʟʨʘʙʦʪʯʠʢʫ ʘʧʧʘʨʘʪʫʨʳ ʚʳʙʨʘʪʴ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʡ ʜʣʷ ʝʛʦ ʮʝʣʝʡ. 

ʆʜʥʘʢʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʪʨʫʜʥʦ ʥʘʡʪʠ ʜʘʪʯʠʢ, ʢʦʪʦʨʳʡ ʠʤʝʣ ʙ  r

ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʩʝ ʫʢʘʟʘʥʥʳʝ ʜʦʩʪʦʠʥʩʪʚʘ, ʘ ʪʘʢʞʝ ʥʘʜʝʞʥʦ ʨʘʙʦʪʘʣ ʚ 

ʰʠʨʦʢʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ ʠ ʚ ʫʩʣʦʚʠʷʭ ʨʘʜʠʘʮʠʠ. 

ʉʨʝʜʠ ʰʠʨʦʢʦʡ ʥʦʤʝʥʢʣʘʪʫʨʳ ʠʥʪʝʛʨʘʣʴʥʳʭ ʜʘʪʯʠʢʦʚ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʧʦ ʩʦʚʦʢʫʧʥʳʤ ʜʦʩʪʦʠʥʩʪʚʘʤ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʘʢʠʝ ʩʪʨʫʢʪʫʨʳ, ʢʘʢ ʢʨʝʤʥʠʡ 

ï ʥʘ ï ʠʟʦʣʷʪʦʨʝ ʧʦʣʝʚʦʡ ʜʘʪʯʠʢ ʍʦʣʣʘ, ʣʘʪʝʨʘʣʴʥʳʡ ʜʚʫʭʢʦʣʣʝʢʪʦʨʥʳʡ 

ʙʠʧʦʣʷʨʥʳʡ ʪʨʘʥʟʠʩʪʦʨ ʠ ʤʘʛʥʠʪʦʜʠʦʜ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʫʢʘʟʘʥʥʳʝ 

ʧʨʠʙʦʨʳ ʧʨʠʥʘʜʣʝʞʘʪ ʨʘʟʥʳʤ ʢʣʘʩʩʘʤ, ʠʤʝʶʪ ʨʘʟʥʳʝ ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʠ 

ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ, ï ʦʥʠ ʚʦʩʪʨʝʙʦʚʘʥʳ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ.  

ʂʅʀ ʧʦʣʝʚʦʡ ʜʘʪʯʠʢ ʍʦʣʣʘ (ʂʅʀ ʇɼʍ) ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤ 

ʜʘʪʯʠʢʦʤ ʍʦʣʣʘ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ:  

- ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ; 

- ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʨʘʜʠʘʮʠʠ; 

- ʧʦʨʦʛʦʚʘʷ ʤʘʛʥʠʪʥʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʤʦʞʝʪ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʪʴ; 

- ʨʘʙʦʪʘʝʪ ʧʨʠ ʥʠʟʢʦʤ ʟʥʘʯʝʥʠʠ ʨʘʙʦʯʝʛʦ ʪʦʢʘ; 

- ʚʦʟʤʦʞʥʘ ʨʝʘʣʠʟʘʮʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʦʨʦʛʦʚʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʧʫʪʝʤ ʧʦʚʳʰʝʥʠʷ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ / ʰʫʤ ʠ ʜʨ. 

ʅʘ ʨʠʩ.1 ʧʨʠʚʝʜʝʥʦ ʩʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʪʦʧʦʣʦʛʠʠ ʠ ʧʦʧʝʨʝʯʥʦʛʦ 

ʩʝʯʝʥʠʷ ʂʅʀ ʇɼʍ. 
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ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʂʅʀ ʇɼʍ ʩʣʝʜʫʶʱʠʡ. ɺ ʢʘʯʝʩʪʚʝ ʥʘʯʘʣʴʥʦʛʦ ʫʩʣʦʚʠʷ 

ʥʘ ʚʩʝ ʯʝʪʳʨʝ ʵʣʝʢʪʨʦʜʘ (ʩʪʦʢ, ʠʩʪʦʢ, ʚʝʨʭʥʠʡ ʠ ʥʠʞʥʠʡ ʟʘʪʚʦʨʳ) ʧʦʜʘʚʘʣʠʩʴ 

ʥʫʣʝʚʳʝ ʧʦʪʝʥʮʠʘʣʳ. ɺʳʙʨʘʥʘ ʩʭʝʤʘ ʚʢʣʶʯʝʥʠʷ ʩ ʦʙʱʠʤ ʵʣʝʢʪʨʦʜʦʤ ʠʩʪʦʢʘ. 

ʇʦʪʝʥʮʠʘʣ ʵʣʝʢʪʨʦʜʘ ʩʪʦʢʘ ʚʦʟʨʘʩʪʘʣ ʜʦ ʥʘʧʨʷʞʝʥʠʷ Uʧʠʪ. ʇʨʠ ʧʦʜʘʯʝ 

ʥʘʧʨʷʞʝʥʠʷ ʚʝʨʭʥʠʡ ʟʘʪʚʦʨ-ʠʩʪʦʢ Uʟʠ ʧʨʦʪʝʢʘʣ ʪʦʢ ʩʪʦʢʘ.  

ɺ ʦʪʩʫʪʩʪʚʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʪʦʢ, ʧʨʦʪʝʢʘʶʱʠʡ ʤʝʞʜʫ 1 ʠ 2 

ʵʣʝʢʪʨʦʜʘʤʠ, ʦʙʝʩʧʝʯʠʚʘʣ ʨʘʚʥʳʝ ʧʦʪʝʥʮʠʘʣʳ ʤʝʞʜʫ 3 ʠ 4 ʵʣʝʢʪʨʦʜʘʤʠ, ʠ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ U3-4 ʦʪʩʫʪʩʪʚʦʚʘʣʦ. ʇʨʠ ʧʨʠʣʦʞʝʥʠʠ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʚʝʢʪʦʨ ʢʦʪʦʨʦʛʦ ʥʘʧʨʘʚʣʝʥ ʦʨʪʦʛʦʥʘʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʨʠʩʪʘʣʣʘ, ʯʘʩʪʴ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʣʘʩʪʠ ʨʘʙʦʯʝʛʦ 

ʩʣʦʷ ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʣʠʩʴ, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʧʦʷʚʣʝʥʠʶ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ 

ʤʝʞʜʫ 3 ʠ 4 ʵʣʝʢʪʨʦʜʘʤʠ. ʕʪʦ ʥʘʧʨʷʞʝʥʠʝ ʚʦʟʨʘʩʪʘʣʦ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ. ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʪʘʢʞʝ, ʯʪʦ ʪʦʢ ʩʪʦʢʘ ʨʘʩʪʝʪ ʧʦ ʤʝʨʝ 

ʫʚʝʣʠʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʨʘʙʦʯʝʤ ʩʣʦʝ [1]. 

ʉʪʨʫʢʪʫʨʘ ʣʘʪʝʨʘʣʴʥʦʛʦ ʜʚʫʭʢʦʣʣʝʢʪʦʨʥʦʛʦ ʙʠʧʦʣʷʨʥʦʛʦ 

ʤʘʛʥʠʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ (ɼʂɹʄʊ) ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ.2. 

 

 

ʈʠʩ. 2. ʉʪʨʫʢʪʫʨʘ ɼʂɹʄʊ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʚ ʜʠʬʬʫʟʠʦʥʥʦʤ ʢʘʨʤʘʥʝ 

ʈʠʩ. 1. ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʂʅʀ ʇɼʍ: ʘ ï ʪʦʧʦʣʦʛʠʷ (1, 

2 ï ʪʦʢʦʚʳʝ ʵʣʝʢʪʨʦʜʳ; 3, 4 ï ʵʣʝʢʪʨʦʜʳ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʕɼʉ 

ʍʦʣʣʘ; 5 ï ʵʣʝʢʪʨʦʜ ʚʝʨʭʥʝʛʦ ʟʘʪʚʦʨʘ); ʙ ï ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ 

(6 ï ʨʘʙʦʯʠʡ ʩʣʦʡ (n-Si); 7 ï ʦʤʠʯʝʩʢʠʝ ʢʦʥʪʘʢʪʳ (n+-Si); 

8 ïSiO2; 9 ï ʧʦʜʣʦʞʢʘ (n-Si); 10 ï ʘʣʶʤʠʥʠʝʚʘʷ ʧʣʝʥʢʘ;  

11 ï ʚʝʨʭʥʠʡ ʟʘʪʚʦʨ; 12 ï ʥʠʞʥʠʡ ʟʘʪʚʦʨ) 

ʘ) ʙ) 
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ʇʨʠ ʚʢʣʶʯʝʥʠʠ ɼʂɹʄʊ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʮʝʧʴ ʚʳʙʠʨʘʣʘʩʴ ʩʭʝʤʘ 

ʚʢʣʶʯʝʥʠʷ ʩ ʦʙʱʠʤ ʵʤʠʪʪʝʨʦʤ: ʵʣʝʢʪʨʦʜ ʵʤʠʪʪʝʨʘ E ʥʘʭʦʜʠʣʩʷ ʥʘ ʦʙʱʝʤ 

ʧʦʪʝʥʮʠʘʣʝ, ʵʣʝʢʪʨʦʜʳ ʢʦʣʣʝʢʪʦʨʘ ʨʘʟʲʝʜʠʥʝʥʳ ʠ ʥʘʭʦʜʠʣʠʩʴ ʥʘ ʧʦʪʝʥʮʠʘʣʝ 

Uʧʠʪ, ʥʘ ʦʙʲʝʜʠʥʝʥʥʳʝ ʵʣʝʢʪʨʦʜʳ ʙʘʟʳ B1 ʠ B2 ʧʦʜʘʚʘʣʦʩʴ ʫʧʨʘʚʣʷʶʱʝʝ 

ʥʘʧʨʷʞʝʥʠʝ ʵʤʠʪʪʝʨ-ʙʘʟʘ. ʂʦʣʣʝʢʪʦʨʥʳʝ ʧʝʨʝʭʦʜʳ, ʫʧʨʘʚʣʷʝʤʳʝ 

ʥʘʧʨʷʞʝʥʠʝʤ ʢʦʣʣʝʢʪʦʨ - ʵʤʠʪʪʝʨ UC1E ʠ Uʉ2E , ʩʤʝʱʘʣʠʩʴ ʚ ʦʙʨʘʪʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʨʘʙʦʪʫ ʪʨʘʥʟʠʩʪʦʨʘ ʚ ʥʦʨʤʘʣʴʥʦ-ʘʢʪʠʚʥʦʤ 

ʨʝʞʠʤʝ. ʇʝʨʝʭʦʜ çʜʠʬʬʫʟʠʦʥʥʳʡ ʢʘʨʤʘʥïʧʦʜʣʦʞʢʘè ʪʘʢʞʝ ʩʤʝʱʘʣʩʷ ʚ 

ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠʟʦʣʷʮʠʠ ʨʘʙʦʪʳ 

ʪʨʘʥʟʠʩʪʦʨʘ ʦʪ ʦʩʪʘʣʴʥʦʡ ʩʭʝʤʳ [2]. 

ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʥʘʧʨʷʞʝʥʠʷ ʙʘʟʘ-ʵʤʠʪʪʝʨ UBE ʵʤʠʪʪʝʨʥʳʡ ʧʝʨʝʭʦʜ 

ʠʥʞʝʢʪʠʨʦʚʘʣ ʵʣʝʢʪʨʦʥʳ ʯʝʨʝʟ ʙʘʟʫ ʚ ʜʚʘ ʨʘʙʦʯʠʭ ʢʦʣʣʝʢʪʦʨʘ. ɺʩʣʝʜʩʪʚʠʝ 

ʩʠʤʤʝʪʨʠʠ ʪʨʘʥʟʠʩʪʦʨʘ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʪʦʢʠ ʨʘʙʦʯʠʭ 

ʢʦʣʣʝʢʪʦʨʦʚ ʷʚʣʷʣʠʩʴ ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʳʤʠ, ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʪʦʢ 

ʢʦʣʣʝʢʪʦʨʘ ʩʪʨʝʤʠʣʩʷ ʢ ʥʫʣʶ. 

ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʚʝʢʪʦʨ ʢʦʪʦʨʦʛʦ ʥʘʧʨʘʚʣʝʥ ʚʜʦʣʴ 

ʵʣʝʢʪʨʦʜʦʚ ʦʪ ʥʘʙʣʶʜʘʪʝʣʷ, ʚ ʣʝʚʦʡ ʧʦʣʦʚʠʥʝ ʪʨʘʥʟʠʩʪʦʨʘ ʯʘʩʪʴ ʵʣʝʢʪʨʦʥʦʚ 

ʧʨʠʞʠʤʘʣʘʩʴ ʢ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʚ ʧʨʘʚʦʡ ï ʥʘʦʙʦʨʦʪ, ʚ ʦʙʲʝʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʪʦʢ ʣʝʚʦʛʦ ʢʦʣʣʝʢʪʦʨʘ IC1 (ɺ) ʚʦʟʨʘʩʪʘʣ ʧʨʠ ʩʥʠʞʝʥʠʠ ʜʦʣʠ 

ʨʝʢʦʤʙʠʥʠʨʫʶʱʠʭ ʚ ʙʘʟʝ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ, ʘ ʧʨʘʚʦʛʦ IC2 (B) ï ʧʘʜʘʣ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʪʨʘʝʢʪʦʨʠʡ ʧʦʪʦʢʦʚ ʵʣʝʢʪʨʦʥʦʚ. 

ʄʘʛʥʠʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʜʠʦʜ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ.3.  

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʤʘʛʥʠʪʦʜʠʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʪʢʣʦʥʝʥʠʠ ʯʘʩʪʠ 

ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʢ ʜʨʫʛʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʨʠʙʦʨʘ, ʦʙʣʘʜʘʶʱʝʡ ʠʥʦʡ 

ʩʢʦʨʦʩʪʴʶ ʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʨʝʢʦʤʙʠʥʘʮʠʠ. ʏʝʤ ʚʳʰʝ 

ʠʥʜʫʢʮʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʪʝʤ 

ʙʦʣʴʰʝ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ 

ʦʪʢʣʦʥʷʣʦʩʴ ʢ ʜʨʫʛʦʡ ʛʨʘʥʠ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ. ʀʟ-ʟʘ ʨʘʟʥʳʭ 

ʩʢʦʨʦʩʪʝʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʨʝʢʦʤʙʠʥʘʮʠʠ ʥʘ ʜʚʫʭ ʛʨʘʥʷʭ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ ʪʦʢ ʜʠʦʜʘ 

ʟʘʚʠʩʠʪ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʚʝʣʠʯʠʥʳ ʠʥʜʫʢʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ʇʨʠʙʦʨʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʫʢʘʟʘʥʥʳʭ 

ʤʘʛʥʠʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʧʘʢʝʪʝ ʧʨʦʛʨʘʤʤ Synopsys 

Sentaurus TCAD. ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʠʙʦʨʦʚ ʧʨʠʤʝʥʷʣʦʩʴ ʜʠʬʬʫʟʠʦʥʥʦ-

ʜʨʝʡʬʦʚʦʝ ʧʨʠʙʣʠʞʝʥʠʝ. 

ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʨʫʢʪʫʨ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ 

ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʇʫʘʩʩʦʥʘ, ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʧʣʦʪʥʦʩʪʝʡ ʪʦʢʦʚ ʥʦʩʠʪʝʣʝʡ 

ʦʙʦʠʭ ʟʥʘʢʦʚ ʩʦʚʤʝʩʪʥʦ ʩ ʫʨʘʚʥʝʥʠʷʤʠ ʥʝʧʨʝʨʳʚʥʦʩʪʠ, ʯʪʦ ʜʣʷ 

ʈʠʩ. 3. ʉʪʨʫʢʪʫʨʘ ʤʘʛʥʠʪʦʜʠʦʜʘ 
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ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʤʘʨʰʨʫʪʘ ʠ/ʠʣʠ ʟʘʜʘʥʠ ̫ʧʨʦʬʠʣʷ 

ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ ʙʳʣʠ ʫʢʘʟʘʥr  ʧʘʨʘʤʝʪʨ rʧʦʜʣʦʞʢʠ, ʣʝʛʠʨʫʶʱʠʭ 

ʩʣʦʝʚ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʠʤʝʩʠ. 

ʕʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʙʦʪʳ ʫʢʘʟʘʥʥʳʭ ʧʨʠʙʦʨʦʚ 

ʷʚʠʣʦʩʴ ʩʨʘʚʥʝʥʠʝ ʜʚʫʤʝʨʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʨʘʩʯʝʪʥʳʭ ʚʝʣʠʯʠʥ 

(ʢʦʥʮʝʥʪʨʘʮʠʡ ʵʣʝʢʪʨʦʥʦʚ ʠ ʜʳʨʦʢ, ʧʣʦʪʥʦʩʪʝʡ ʵʣʝʢʪʨʦʥʥʦʛʦ ʠ ʜʳʨʦʯʥʦʛʦ 

ʪʦʢʦʚ, ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʧʣʦʪʥʦʩʪʠ ʦʙʲʝʤʥʦʛʦ ʟʘʨʷʜʘ ʠ ʪ.ʜ.) ʚ ʤʘʛʥʠʪʥʦʤ 

ʧʦʣʝ ʠ ʧʨʠ ʝʛʦ ʦʪʩʫʪʩʪʚʠʠ, ʪ.ʝ. ʧʦʩʪʨʦʝʥʠʝ ʨʘʟʥʦʩʪʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ. 

ʄʝʪʦʜʠʢʘ ʧʦʣʫʯʝʥʠʷ ʨʘʟʥʦʩʪʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʧʫʪʝʤ ʦʙʨʘʙʦʪʢʠ ʚʳʭʦʜʥʳʭ 

ʜʘʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʦʩʪʦʠʪ ʚ ʚʳʯʠʪʘʥʠʠ ʤʘʩʩʠʚʦʚ 

ʜʠʩʢʨʝʪʥʳʭ ʟʥʘʯʝʥʠʡ ʚʳʙʨʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʥʘ ʦʩʥʦʚʝ ʧʨʠʚʷʟʢʠ ʢ ʫʟʣʘʤ 

ʩʝʪʢʠ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʉ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʘʜʝʢʚʘʪʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʨʝʜʩʪʚ Synopsys 

Sentaurus TCAD ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʘʛʥʠʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʥʘ 

ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘʩʪʨʦʡʢʘ ʤʦʜʝʣʝʡ. ʇʘʨʘʤʝʪʨʘʤʠ ʥʘʩʪʨʦʡʢʠ 

ʩʣʫʞʠʣʠ ʚʨʝʤʷ ʞʠʟʥʠ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ, ʧʦʜʚʠʞʥʦʩʪʴ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʠ 

ʩʢʦʨʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ. ɿʥʘʯʝʥʠʷ ʪʦʢʦʚ ʥʘ ɺɸʍ ʫʢʘʟʘʥʥʳʭ 

ʤʘʛʥʠʪʦʵʣʝʤʝʥʪʦʚ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʧʨʠʙʦʨʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʦʪʣʠʯʘʣʠʩʴ ʦʪ ʠʟʤʝʨʝʥʠʡ ʨʝʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʥʝ ʙʦʣʝʝ ʯʝʤ ʥʘ 

20%, ʯʪʦ ʜʦʧʫʩʪʠʤʦ. 

ɿʘʢʣʶʯʝʥʠʝ. ʇʨʠʤʝʥʝʥʠʝ ʩʨʝʜʩʪʚ ʧʨʠʙʦʨʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, 

ʠʟʫʯʘʶʱʠʭ ʥʦʚʳʝ ʧʨʠʙʦʨʳ ʠ/ʠʣʠ ʫʣʫʯʰʘʶʱʠʭ ʧʘʨʘʤʝʪʨʳ ʫʞʝ 

ʩʫʱʝʩʪʚʫʶʱʠʭ, ï ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ ʠ ʵʢʦʥʦʤʠʪ ʟʘʪʨʘʪʳ.  
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ʆʈɻɸʅʀɿɸʎʀʗ ʕʌʌɽʂʊʀɺʅʆɻʆ ɺɿɸʀʄʆɼɽʁʉʊɺʀʗ 

ʉɸʇʈ-ʄɽʍɸʅʀʂʀ ʀ ʉɸʇʈ-ʕʃɽʂʊʈʆʅʀʂʀ 

ʅɸ ʇʈʀʄɽʈɽ SOLID EDGE 

ʆʧʠʩʳʚʘʝʪʩʷ ʤʝʪʦʜ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʉɸʇʈ-ʤʝʭʘʥʠʢʠ ʠ ʉɸʇʈ-

ʵʣʝʢʪʨʦʥʠʢʠ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʚʟʷʪʘ ʉɸʇʈ-ʩʠʩʪʝʤʘ Solid Edge. ʊʘʢʞʝ 

ʦʧʠʩʳʚʘʶʪʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚʳʙʨʘʥʥʦʡ ʩʠʩʪʝʤʳ. 

This article describes the method of interaction between CAD-mechanics and 

CAD-electronics. As an example, the CAD system Solid Edge is taken. Also, the 

functionality of the selected system is described. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʉɸʇʈ, Solid Edge, ECAD. 

Keywords: CAD / CAM interaction, Solid Edge, ECAD. 

 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʥʞʝʥʝʨʘ MCAD (ʤʝʭʘʥʠʯʝʩʢʠʡ ʉɸʇʈ) ʩ ʠʥʞʝʥʝʨʦʤ 

ECAD (ʵʣʝʢʪʨʦʥʥʳʡ ʉɸʇʈ) ʜʦʣʞʥʦ ʩʪʨʦʠʪʴʩʷ ʥʘ ʧʦʥʷʪʥʦʡ ʧʨʦʛʨʘʤʤʥʦʡ 

ʧʣʘʪʬʦʨʤʝ ʩ ʧʦʤʦʱʴʶ ʧʨʦʚʝʨʝʥʥʦʛʦ ʚʨʝʤʝʥʝʤ ʠʥʪʝʨʬʝʡʩʘ. ɺʘʞʥʦ, ʯʪʦʙʳ 

ʧʨʦʠʩʭʦʜʠʣ ʜʚʫʩʪʦʨʦʥʥʠʡ ʦʙʤʝʥ ʜʘʥʥʳʤʠ ʠ ʚʩʝ ʠʟʤʝʥʝʥʠʷ ʧʨʦʭʦʜʠʣʠ ʙʝʟ 

ʧʦʪʝʨʴ ʠ ʦʰʠʙʦʢ. ʇʨʠ ʵʪʦʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʪʦʯʥʦʩʪʴ ʤʦʜʝʣʠ ʫʩʪʨʦʡʩʪʚʘ ʠ 

ʜʦʢʫʤʝʥʪʘʮʠʠ, ʯʪʦ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚ ʢʨʘʪʯʘʡʰʠʝ ʩʨʦʢʠ ʠ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ 

ʠʟʜʝʨʞʢʘʤʠ ʚʳʚʝʩʪʠ ʥʦʚʳʡ ʧʨʦʜʫʢʪ ʥʘ ʨʳʥʦʢ.  

ʂʦʤʧʘʥʠʷ Siemens PLM Software ʷʚʣʷʝʪʩʷ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ ʠ 

ʧʦʩʪʘʚʱʠʢʦʤ ʥʘ ʨʦʩʩʠʡʩʢʠʡ ʨʳʥʦʢ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʤʦʱʥʳʭ ʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʉɸʇʈ Solid Edge.  

Solid Edge ï ʵʪʦ ʥʘʙʦʨ ʜʦʩʪʫʧʥʳʭ, ʧʨʦʩʪʳʭ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʧʨʦʛʨʘʤʤʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʚʩʝ ʘʩʧʝʢʪʳ ʧʨʦʮʝʩʩʘ 

ʨʘʟʨʘʙʦʪʢʠ ʠʟʜʝʣʠʷ: 3D-ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʧʨʦʠʟʚʦʜʩʪʚʦ, 

ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝʤ ʠ ʜʨ., ʙʣʘʛʦʜʘʨʷ ʨʘʩʪʫʱʝʡ ʵʢʦʩʠʩʪʝʤʝ 

ʧʨʠʣʦʞʝʥʠʡ. Solid Edge ʩʦʯʝʪʘʝʪ ʩʢʦʨʦʩʪʴ ʠ ʧʨʦʩʪʦʪʫ ʧʨʷʤʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʛʠʙʢʦʩʪʴʶ ʠ ʢʦʥʪʨʦʣʝʤ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ, ʠ ʚʩʸ ʵʪʦ ʚʦʟʤʦʞʥʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʠʥʭʨʦʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ. ɼʘʥʥʘʷ ʟʘʧʘʪʝʥʪʦʚʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʚ Solid Edge ʧʦʟʚʦʣʷʝʪ 

ʨʝʰʘʪʴ ʩʘʤʳʡ ʰʠʨʦʢʠʡ ʢʨʫʛ ʟʘʜʘʯ ʚ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʠ ʠ ʜʨʫʛʠʭ ʦʪʨʘʩʣʷʭ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ.  

ʇʘʨʘʣʣʝʣʴʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʯʘʩʪʝʡ 

ʠʟʜʝʣʠʷ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʠʪʴ ʵʪʘʧ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʝʨʝʜʘʯʫ ʛʦʪʦʚʳʭ 

ʜʘʥʥʳʭ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ 

ʦʩʥʦʚʥʳʭ ʬʦʨʤʘʪʦʚ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʤʝʞʜʫ ʩʠʩʪʝʤʘʤʠ ECAD ʠ MCAD. ʂ 
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ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʪʘʢʠʝ ʬʦʨʤʘʪʳ, ʢʘʢ ʦʪʨʘʩʣʝʚʦʡ ʩʪʘʥʜʘʨʪ IDF, STEP, ʬʦʨʤʘʪ 

IDX. 

 

ʊʠʧʦʚʦʡ ʤʘʨʰʨʫʪ ʩʦʟʜʘʥʠʷ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʠʟʜʝʣʠʷ ʚʳʛʣʷʜʠʪ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

 

1. MCAD-ʠʥʞʝʥʝʨ ʩʦʟʜʘʸʪ ʵʣʝʢʪʨʦʥʥʳʡ ʙʣʦʢ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʧʝʯʘʪʥʳʭ 

ʧʣʘʪ ʠ ʜʝʪʘʣʝʡ ʢʦʨʧʫʩʘ. 

2. ɺʳʧʦʣʥʷʝʪʩʷ ʵʢʩʧʦʨʪ ʤʦʜʝʣʠ ʧʣʘʪʳ ʚ ʬʦʨʤʘʪ IDF 3.0. 

3. ECAD-ʠʥʞʝʥʝʨ ʟʘʛʨʫʞʘʝʪ ʩʧʠʩʦʢ ʮʝʧʝʡ ʠ ʢʦʤʧʦʥʝʥʪʦʚ ʠʟ 

ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʦʛʦ ʨʝʜʘʢʪʦʨʘ ʚ ʨʝʜʘʢʪʦʨ ʪʦʧʦʣʦʛʠʠ. 

4. ECAD-ʠʥʞʝʥʝʨ ʟʘʛʨʫʞʘʝʪ IDF-ʬʘʡʣ ʩ ʛʦʪʦʚʳʤ ʢʦʥʪʫʨʦʤ ʠ 

ʟʘʧʨʝʱʸʥʥʳʤʠ / ʨʘʟʨʝʰʸʥʥʳʤʠ ʟʦʥʘʤʠ, ʢʦʪʦʨʳʝ ʨʘʟʤʝʱʘʶʪʩʷ ʥʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʣʦʷʭ ʚ ECAD-ʩʠʩʪʝʤʝ. ʂʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʝ ʜʣʷ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʙʦʨʢʠ ʢʦʤʧʦʥʝʥʪʳ ʪʘʢʞʝ ʨʘʟʤʝʱʘʶʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ.  

5. ʈʝʜʘʢʪʠʨʫʝʪʩʷ ʩʪʝʢ ʩʣʦʸʚ ʧʣʘʪʳ, ʥʘʟʥʘʯʘʶʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʠʝ, 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ, ʬʠʟʠʯʝʩʢʠʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ, 

ʨʘʟʤʝʱʘʶʪʩʷ ʦʩʪʘʚʰʠʝʩʷ ʢʦʤʧʦʥʝʥʪʳ, ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʨʝʛʠʦʥʦʚ ʧʣʘʪʳ ʧʦ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʝʣʘʝʪʩʷ ʪʨʘʩʩʠʨʦʚʢʘ. 

6. ʌʘʡʣ ʧʣʘʪʳ ʵʢʩʧʦʨʪʠʨʫʝʪʩʷ ʚ IDF 3.0 ʠ ʠʤʧʦʨʪʠʨʫʝʪʩʷ ʚ Solid Edge. 

ʅʘ ʵʪʦʤ ʵʪʘʧʝ MCAD-ʠʥʞʝʥʝʨ ʟʘʤʝʥʷʝʪ ʫʧʨʦʱʸʥʥʳʝ 3D-ʤʦʜʝʣʠ 

ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ ʙʦʣʝʝ ʜʝʪʘʣʴʥʳʝ ʪʘʤ, ʛʜʝ ʵʪʦ ʥʝʦʙʭʦʜʠʤʦ, ʠ ʧʨʦʚʦʜʠʪ 

ʦʢʦʥʯʘʪʝʣʴʥʫʶ ʜʦʨʘʙʦʪʢʫ ʤʝʭʘʥʠʢʠ ʧʣʘʪʳ ʚ ʨʘʤʢʘʭ ʦʙʱʝʡ ʩʙʦʨʢʠ: ʤʝʥʷʝʪ 

ʪʦʯʢʠ ʢʨʝʧʣʝʥʠʷ, ʨʘʟʤʝʱʝʥʠʝ ʥʝʢʦʪʦʨʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʪʘʢ ʜʘʣʝʝ. ʅʘ ʵʪʦʤ 

ʵʪʘʧʝ ʦʮʝʥʠʚʘʝʪʩʷ ʩʦʙʠʨʘʝʤʦʩʪʴ ʚʩʝʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʧʨʦʚʦʜʷʪʩʷ ʥʝʦʙʭʦʜʠʤʳʝ 

ʨʘʩʯʸʪʳ ʠ ʘʥʘʣʠʟ.  

7. ʇʣʘʪʘ ʯʝʨʝʟ IDF 3.0 ʚʦʟʚʨʘʱʘʝʪʩʷ ʢʦʥʩʪʨʫʢʪʦʨʫ ʧʣʘʪʳ ʜʣʷ ʜʦʨʘʙʦʪʢʠ 

ʨʘʟʤʝʱʝʥʠʡ ʠ ʦʢʦʥʯʘʪʝʣʴʥʦʡ ʪʨʘʩʩʠʨʦʚʢʠ.  

8. ʏʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʠʪʝʨʘʮʠʡ MCAD- ʠʥʞʝʥʝʨ ʧʦʣʫʯʘʝʪ ʛʦʪʦʚʫʶ 3D-

ʤʦʜʝʣʴ ʧʣʘʪʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʥʞʝʥʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʚʳʧʫʩʢʘ 

ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʥʘ ʠʟʜʝʣʠʝ. ʇʨʦʮʝʩʩ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ Solid 

Edge ʠ ECAD ʤʦʞʥʦ ʢʨʘʪʢʦ ʦʧʠʩʘʪʴ ʩ ʧʦʤʦʱʴʶ ʩʭʝʤʳ (ʨʠʩ. 1). 
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ʈʠʩ. 1. ʇʨʦʮʝʩʩ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ MCAD ʠ ECAD 

ɿʜʝʩʴ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʨʝʘʣʠʟʫʝʪʩʷ ʢʦʥʮʝʧʮʠʷ ʧʘʨʘʣʣʝʣʴʥʦʡ ʨʘʟʨʘʙʦʪʢʠ, 

ʢʦʛʜʘ ʤʝʭʘʥʠʯʝʩʢʘʷ ʠ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʯʘʩʪʠ ʣʝʛʢʦ ʠʥʪʝʛʨʠʨʫʶʪʩʷ ʜʨʫʛ ʩ 

ʜʨʫʛʦʤ ʥʘ ʣʶʙʦʤ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ.  

ʀʥʞʝʥʝʨʳ ʚ ʢʨʘʪʯʘʡʰʠʝ ʩʨʦʢʠ ʤʦʛʫʪ ʩʦʟʜʘʚʘʪʴ ʧʦʜʨʦʙʥʫʶ 

ʨʝʘʣʠʩʪʠʯʥʫʶ ʤʦʜʝʣʴ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʩ ʣɻʝʢʪʨʦʧʨʦʚʦʜʢʦʡ 

ʠ ʢʘʯʝʩʪʚʝʥʥʫ ʁʜʦʢʫʤʝʥʪʘʮʠʶ ʧʦ ɻʆʉʊ ɽʉʂɼ.  

ɹʣʘʛʦʜʘʨʷ Solid Edge ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʩʪʘʥʦʚʠʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦ 

ʢʦʤʬʦʨʪʥʳʤ, ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʱʘʶʪʩʷ ʩʨʦʢʠ ʚʳʭʦʜʘ ʥʦʚʳʭ ʠʟʜʝʣʠʡ ʥʘ 

ʨʳʥʦʢ. 
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(ʛ. ɹʨʷʥʩʢ, ɹʨʷʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ) 

ʈɸɿʈɸɹʆʊʂɸ ʀ ʀɿɻʆʊʆɺʃɽʅʀɽ ʇʈʆʊʆʊʀʇɸ 

ʇʈʀʉʇʆʉʆɹʃɽʅʀʗ ɼʃʗ ʌʆʈʄʆɺʂʀ ɺʓɺʆɼʆɺ ʄʀʂʈʆʉʍɽʄ                 

ɺ ʂʆʈʇʋʉɽ ʉ ʇʆʄʆʑʔʖ CAD-Cʀʉʊɽʄ ʀ 3D-ʇɽʏɸʊʀ 

ʆʧʠʩʳʚʘʝʪʩʷ ʚʳʙʨʘʥʥʘʷ ʤʠʢʨʦʩʭʝʤʘ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙ ʩʦʟʜʘʥʠʷ 

ʬʦʨʤʦʚʱʠʢʘ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʤʦʥʪʘʞʘ ʤʠʢʨʦʩʭʝʤʳ ʥʘ 

ʧʝʯʘʪʥʫʶ ʧʣʘʪʫ. ɺʳʙʨʘʥʘ ʉɸʇʈ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʬʦʨʤʘʪʳ ʜʣʷ ʧʝʯʘʪʠ ʥʘ 3D-ʧʨʠʥʪʝʨʝ ʠ ʦʛʨʘʥʠʯʝʥʠʷ ʧʨʠ 

ʧʝʯʘʪʠ, ʚʣʠʷʶʱʠʝ ʥʘ ʢʘʯʝʩʪʚʦ ʨʝʟʫʣʴʪʘʪʘ. 

This article describes the selected chip, as well as the way to create the 

moulder. The analysis of the chip mounting technology on a printed circuit board 

is carried out. CAD is selected for design, as well as formats for printing on a 3D 

printer and printing restrictions affecting the quality of the result are analyzed. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʪʦʪʠʧ, ʬʦʨʤʦʚʱʠʢ, ʤʠʢʨʦʩʭʝʤʘ, 3D-ʧʝʯʘʪʴ, CAD-

ʩʠʩʪʝʤʘ. 

Keywords: prototype, moulder, microcircuit, 3D printing, CAD-system. 

 

ɿʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʴ ʣʝʪ ʢʦʣʠʯʝʩʪʚʦ ʪʠʧʦʚ ʢʦʨʧʫʩʦʚ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ 

ʚʳʨʦʩʣʦ, ʚʦʟʨʦʩʣʠ ʪʘʢʞʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʦʯʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʫ ʬʦʨʤʦʚʢʠ 

ʚʳʚʦʜʦʚ ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʠ ʩʦʙʠʨʘʝʤʳʭ ʩʙʦʨʦʢ ʩ ʨʘʟʣʠʯʥʳʤ ʥʘʙʦʨʦʤ 

ʢʦʤʧʦʥʝʥʪʦʚ. ɿʘʜʘʯʘ ʫʩʣʦʞʥʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʤ ʥʘʙʦʨʦʤ ʪʨʝʙʦʚʘʥʠʡ: 

ʢʦʤʤʝʨʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʚ ʢʦʨʥʝ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʪʨʝʙʦʚʘʥʠʡ ʚʦʝʥʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʦʜʥʠ ʩʦʙʠʨʘʶʪ ʜʝʩʷʪʢʠ ʠ ʩʦʪʥʠ ʪʳʩʷʯ ʫʩʪʨʦʡʩʪʚ, ʜʨʫʛʠʝ ï 

ʚʩʝʛʦ ʥʝʩʢʦʣʴʢʦ. ʆʜʥʠ ʠ ʪʝ ʞʝ ʢʦʤʧʦʥʝʥʪʳ ʤʦʛʫʪ ʤʦʥʪʠʨʦʚʘʪʴʩʷ ʢʘʢ 

ʚʨʫʯʥʫʶ, ʪʘʢ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ, ʘ ʨʘʟʤʝʨ ʧʘʨʪʠʠ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʥʘ 

ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ.  

ʄʥʦʛʠʝ ʚʝʜʫʱʠʝ ʨʦʩʩʠʡʩʢʠʝ ʨʘʟʨʘʙʦʪʯʠʢʠ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʧʨʦʜʫʢʮʠʠ 

ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ ʪʘʢʠʝ, ʢʘʢ ɸʆ çʇʂʂ ʄʠʣʘʥʜʨè, ɸʆ çɸʥʛʩʪʨʝʤè 

ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʤʠʢʨʦʩʭʝʤ 132-ʭ ʚʳʚʦʜʥʦʡ ʤʝʪʘʣʣʦʢʝʨʘʤʠʯʝʩʢʠʡ ʢʦʨʧʫʩ 

4229.132-3 (ʨʠʩ.1.). ʂʦʨʧʫʩ ʷʚʣʷʝʪʩʷ ʛʝʨʤʝʪʠʯʥʦʡ ʯʘʩʪʴʶ, ʢʦʪʦʨʘʷ ʟʘʱʠʱʘʝʪ 

ʢʨʠʩʪʘʣʣ ʠʥʪʝʛʨʘʣʴʥʦʡ ʩʭʝʤʳ ʦʪ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʘ ʪʘʢʞʝ ʩʦʝʜʠʥʷʝʪ 

ʝʛʦ ʩ ʚʥʝʰʥʠʤʠ ʮʝʧʷʤʠ ʧʦʩʨʝʜʩʪʚʦʤ ʚʳʚʦʜʦʚ. ɺʳʚʦʜʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ 

ʢʦʨʧʫʩʝ, ʥʘʭʦʜʷʪʩʷ ʥʘ ʨʘʟʥʦʤ ʫʨʦʚʥʝ, ʯʪʦ ʫʩʣʦʞʥʷʝʪ ʟʘʜʘʯʫ ʬʦʨʤʦʚʢʠ 

ʜʘʥʥʦʛʦ ʢʦʨʧʫʩʘ [4]. 
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ʇʨʠ ʧʦʜʛʦʪʦʚʢʝ ʤʠʢʨʦʩʭʝʤ ʢ ʤʦʥʪʘʞʫ ʥʘ ʧʝʯʘʪʥʳʝ ʧʣʘʪʳ (ʦʧʝʨʘʮʠʠ 

ʨʠʭʪʦʚʢʠ, ʬʦʨʤʦʚʢʠ ʠ ʦʙʨʝʟʢʠ ʚʳʚʦʜʦʚ) ʚʳʚʦʜʳ ʧʦʜʚʝʨʛʘʶʪʩʷ ʨʘʩʪʷʞʝʥʠʶ, 

ʠʟʛʠʙʫ ʠ ʩʞʘʪʠʶ. 

ʊʝʭʥʦʣʦʛʠʷ ʫʩʪʘʥʦʚʢʠ ʤʠʢʨʦʩʭʝʤʳ ʥʘ ʧʝʯʘʪʥʫʶ ʧʣʘʪʫ ʩʫʱʝʩʪʚʝʥʥʦ 

ʠʟʤʝʥʠʣʘʩʴ ʟʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ. ɺ ʧʨʦʰʣʦʤ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʤʠʢʨʦʩʭʝʤʳ 

ʚʳʧʫʩʢʘʣʠʩʴ ʩʦ ʰʪʳʨʝʚʳʤʠ ʚʳʚʦʜʘʤʠ, ʢʦʪʦʨʳʝ ʟʘʧʘʠʚʘʣʠʩʴ ʚ ʦʪʚʝʨʩʪʠʷ ʥʘ 

ʧʝʯʘʪʥʦʡ ʧʣʘʪʝ. ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ ʤʦʥʪʘʞʘ ʷʚʣʷʝʪʩʷ ʝʝ 

ʧʨʦʩʪʦʪʘ, ʪʘʢ ʢʘʢ ʧʨʦʠʟʚʦʜʩʪʚʦ ʪʘʢʠʭ ʧʣʘʪ ʥʝ ʪʨʝʙʫʝʪ ʩʣʦʞʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʩʧʝʮʠʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ. 

ʅʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʪʚʝʨʩʪʠʝ ʟʘʥʠʤʘʝʪ ʥʘ 

ʧʣʘʪʝ ʟʥʘʯʠʪʝʣʴʥʫʶ ʧʣʦʱʘʜʴ, ʠ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʩʦʩʝʜʥʠʤʠ ʚʳʚʦʜʘʤʠ ʤʠʢʨʦʩʭʝʤʳ ʜʦʣʞʥʦ ʙʳʪʴ 

ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝ, ʯʝʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʪʝʭʥʦʣʦʛʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʤʦʥʪʘʞʘ, ʢʦʛʜʘ ʚʳʚʦʜʳ 

ʤʠʢʨʦʩʭʝʤʳ ʧʨʠʧʘʠʚʘʶʪʩʷ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʪʳ. 

ʉʫʱʝʩʪʚʫʝʪ ʨʘʟʥʦʦʙʨʘʟʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʨʫʯʥʳʭ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ, ʫʩʪʘʥʦʚʦʢ, 

ʧʨʠʩʧʦʩʦʙʣʝʥʠʡ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʬʦʨʤʦʚʢʠ 

ʚʳʚʦʜʦʚ ʤʠʢʨʦʩʭʝʤ. ʊʘʢʞʝ ʠʟʛʦʪʦʚʣʷʶʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʰʪʘʤʧʳ ʜʣʷ 

ʬʦʨʤʦʚʢʠ ʚʳʚʦʜʦʚ ʤʠʢʨʦʩʭʝʤ. ʊʘʢʠʝ ʫʩʪʨʦʡʩʪʚʘ ʧʨʠʦʙʨʝʪʘʶʪʩʷ ʟʘʚʦʜʘʤʠ ʠ 

ʧʨʝʜʧʨʠʷʪʠʷʤʠ, ʢʦʪʦʨʳʝ ʚʳʧʫʩʢʘʶʪ ʩʝʨʠʡʥʫʶ ʧʨʦʜʫʢʮʠʶ, ʪʘʢ ʢʘʢ ʰʪʘʤʧ 

ʷʚʣʷʝʪʩʷ ʜʦʨʦʛʦʩʪʦʷʱʠʤ çʫʜʦʚʦʣʴʩʪʚʠʝʤè. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʥʘ 

ʧʨʝʜʧʨʠʷʪʠʷʭ, ʛʜʝ ʚʳʧʫʩʢʘʶʪ ʤʘʣʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʣʘʪ ʠ ʵʣʝʢʪʨʦʥʥʳʭ ʠʟʜʝʣʠʡ, 

ʟʘʜʫʤʳʚʘʶʪʩʷ ʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ 

ʬʦʨʤʦʚʱʠʢʘ, ʧʦʜʭʦʜʷʱʝʛʦ ʧʦʜ ʦʧʨʝʜʝʣʝʥʥʳʡ ʚʠʜ ʤʠʢʨʦʩʭʝʤʳ ʠ ʪʠʧ 

ʢʦʨʧʫʩʘ. ʇʨʝʞʜʝ ʯʝʤ ʠʟʛʦʪʦʚʠʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʳʡ ʵʢʟʝʤʧʣʷʨ, ʥʝʦʙʭʦʜʠʤʦ 

ʟʘʜʫʤʘʪʴʩʷ ʦ ʧʨʦʪʦʪʠʧʝ ʠʟʜʝʣʠʷ.  

ʀʟʛʦʪʦʚʣʝʥʠʝ ʧʨʦʪʦʪʠʧʦʚ ʥʦʚʳʭ ʚʠʜʦʚ ʠʟʜʝʣʠʡ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʵʪʘʧʦʤ 

ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʨʘʟʨʘʙʦʪʢʠ. ʉʦʟʜʘʥʠʝ 

ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʪʦʪʠʧʘ, ʤʘʢʩʠʤʘʣʴʥʦ 

ʧʦʭʦʞʝʛʦ ʥʘ ʙʫʜʫʱʝʝ ʠʟʜʝʣʠʝ, ʷʚʣʷʝʪʩʷ 

ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦʡ ʠʥʞʝʥʝʨʥʦʡ ʟʘʜʘʯʝʡ. 

ʇʨʠ ʩʦʟʜʘʥʠʠ ʧʨʦʪʦʪʠʧʘ ʥʝʦʙʭʦʜʠʤʦ 

ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʪʦʯʥʦʛʦ ʧʦʚʪʦʨʝʥʠʷ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʳ, ʚʥʝʰʥʝʛʦ ʚʠʜʘ ʠ, 

ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʩʦʙʠʨʘʝʤʦʩʪʠ 

ʠʟʜʝʣʠʷ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ 

ʙʳʩʪʨʦʛʦ ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʷ ʩʧʦʩʦʙʥʦ 

ʈʠʩ. 1. ʄʠʢʨʦʩʭʝʤʘ 

ʚ ʢʦʨʧʫʩʝ 4229.132-3 

ʈʠʩ. 2. ʊʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ 

ʧʨʦʪʦʪʠʧʘ ʬʦʨʤʦʚʱʠʢʘ 

ʚʳʚʦʜʦʚ ʤʠʢʨʦʩʭʝʤ 

ʚ SolidWorks 
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ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʪʴ ʩʨʦʢʠ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʧʨʘʢʪʠʯʝʩʢʠ 

ʧʦʣʥʦʩʪʴʶ ʠʩʢʣʶʯʠʪʴ ʜʣʠʪʝʣʴʥʳʡ ʠ ʪʨʫʜʦʝʤʢʠʡ ʵʪʘʧ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʧʳʪʥʳʭ 

ʦʙʨʘʟʮʦʚ ʚʨʫʯʥʫʶ ʠʣʠ ʥʘ ʩʪʘʥʢʘʭ ʩ ʏʇʋ. 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʜʣʷ ʬʦʨʤʦʚʢʠ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʠ 

ʧʝʨʚʦʩʪʝʧʝʥʥʦʡ ʟʘʜʘʯʝʡ ʧʨʠ ʩʦʟʜʘʥʠʠ ʧʨʦʪʦʪʠʧʘ ʠʟʜʝʣʠʷ. ʉ ʧʦʤʦʱʴʶ 

ʩʦʚʨʝʤʝʥʥʳʭ CAD-ʩʠʩʪʝʤ ʚʨʝʤʷ ʥʘ ʩʦʟʜʘʥʠʝ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʧʨʦʪʦʪʠʧʘ 

ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ. ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʧʨʠʤʝʥʷʣʘʩʴ ʩʠʩʪʝʤʘ 

SolidWorks. ʅʘ ʨʠʩ.2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʧʨʦʪʦʪʠʧʘ 

ʬʦʨʤʦʚʱʠʢʘ ʚʳʚʦʜʦʚ ʤʠʢʨʦʩʭʝʤʳ. 

ʉʣʝʜʫʶʱʝʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʧʦʜʛʦʪʦʚʢʘ 3D-ʤʦʜʝʣʠ ʥʘ ʧʝʯʘʪʴ. 

ʉʝʛʦʜʥʷ ʜʣʷ ʧʝʯʘʪʠ ʤʦʜʝʣʝʡ ʥʘ 3D-ʧʨʠʥʪʝʨʘʭ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪ 

ʬʦʨʤʘʪʳ ʬʘʡʣʦʚ .STL (ʜʣʷ ʧʝʯʘʪʠ ʙʝʩʮʚʝʪʥʳʭ ʠ ʦʜʥʦʮʚʝʪʥʳʭ 

ʤʦʜʝʣʝʡ) ʠ .WRL (ʜʣʷ ʧʝʯʘʪʠ ʮʚʝʪʥʳʭ ʤʦʜʝʣʝʡ). ʇʨʠ ʵʪʦʤ ʩʦʟʜʘʚʘʪʴ 

ʤʦʜʝʣʠ ʤʦʞʥʦ ʚ ʣʶʙʦʡ ʫʜʦʙʥʦʡ ʠ ʟʥʘʢʦʤʦʡ ʛʨʘʬʠʯʝʩʢʦʡ ʧʨʦʛʨʘʤʤʝ, 

ʧʦʜʜʝʨʞʠʚʘʶʱʝʡ ʢʦʥʚʝʨʪʘʮʠʶ ʚ ʬʘʡʣʳ ʬʦʨʤʘʪʘ .STL, .WRL ʠ ʜʨ. [5]. 

ʂ ʦʛʨʘʥʠʯʝʥʠʷʤ ʤʦʜʝʣʠ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʧʦʚʣʠʷʪʴ ʥʘ ʢʘʯʝʩʪʚʦ 

ʨʝʟʫʣʴʪʘʪʘ ʠʣʠ ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ 3D-ʧʝʯʘʪʠ ʚ ʮʝʣʦʤ, ʦʪʥʦʩʷʪʩʷ 

ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʪʦʣʱʠʥʘ ʩʪʝʥʦʢ, ʦʩʦʙʝʥʥʦʩʪʴ 

ʢʦʥʩʪʨʫʢʮʠʠ, ʛʝʦʤʝʪʨʠʷ, ʮʚʝʪʦʧʝʨʝʜʘʯʘ (ʮʚʝʪʥʳʝ ʤʦʜʝʣʠ) ʠ ʜʨ. ʕʪʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʛʫʪ ʥʝ ʷʚʣʷʪʴʩʷ ʦʰʠʙʦʯʥʳʤʠ ʚ 3D-ʤʦʜʝʣʷʭ, 

ʢʦʪʦʨʳʝ ʚ rʧʨʠʚʳʢʣʠ ʩʦʟʜʘʚʘʪʴ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ 

ʩʣʫʯʘʝ ʩ 3D-ʧʝʯʘʪʴʶ ʦʥʠ ʩʪʘʥʫʪ ʨʝʰʘʶʱʠʤʠ.  
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ʆʊ ʌɸɿʀʈʆɺʂʀ ʅɽʉʋʑɽɻʆ ʉʀɻʅɸʃɸ 

ʉʦʟʜʘʥ ʩʮʝʥʘʨʠʡ ʥʘ ʷʟʳʢʝ MATLAB ʜʣʷ ʚʘʨʠʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ 

ʰʠʨʦʪʥʦ-ʠʤʧʫʣʴʩʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʨʝʭʬʘʟʥʦʛʦ ʘʚʪʦʥʦʤʥʦʛʦ ʠʥʚʝʨʪʦʨʘ 

ʥʘʧʨʷʞʝʥʠʷ ʚ ʩʨʝʜʝ Simulink. ʇʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ 

ʩʫʤʤʘʨʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʠʩʢʘʞʝʥʠʡ (ʂɻʀ) ʠ ʘʤʧʣʠʪʫʜʥʦʛʦ 

ʩʧʝʢʪʨʘ ʚʳʭʦʜʥʦʛʦ ʪʦʢʘ ʦʪ ʠʟʤʝʥʝʥʠʷ ʩʜʚʠʛʘ ʬʘʟ ʥʝʩʫʱʠʭ ʩʠʛʥʘʣʦʚ. 

Script on MATLAB language for variation of model parameters of three-

phase autonomous voltage inverter pulse-width regulator in the Simulink 

environment is created. Plots of total harmonic distortion and an output current 

amplitude spectrum as functions of a carrier signal phase shift is presented. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʰʠʨʦʪʥʦ-ʠʤʧʫʣʴʩʥʘʷ ʤʦʜʫʣʷʮʠʷ, ʪʨʸʭʬʘʟʥʳʡ 

ʘʚʪʦʥʦʤʥʳʡ ʠʥʚʝʨʪʦʨ ʥʘʧʨʷʞʝʥʠʷ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʐʀʄ ʚ MatLab/Simulink, 

ʬʘʟʘ ʥʝʩʫʱʝʛʦ ʩʠʛʥʘʣʘ ʐʀʄ, ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʠʩʢʘʞʝʥʠʷ ʐʀʄ. 

Keywords: pulse-width modulation, PWM, three-phase autonomous voltage 

inverter, PWM model, three-phase PWM in the Simulink. 

 

ɺʦʟʤʦʞʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʢʠ ʧʘʨʘʤʝʪʨʦʚ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʩʠʩʪʝʤʳ 

ʪʨʝʭʬʘʟʥʦʛʦ ʘʚʪʦʥʦʤʥʦʛʦ ʠʥʚʝʨʪʦʨʘ ʥʘʧʨʷʞʝʥʠʷ (ɸʀʅ) ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ 

ʢʨʠʪʝʨʠʝʤ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʢʘʢ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ. 

ɺʳʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʤʦʞʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ: 

ʘʤʧʣʠʪʫʜʥʳʤ, ʬʘʟʦʚʳʤ ʠ ʰʠʨʦʪʥʦ-ʠʤʧʫʣʴʩʥʳʤ [1]. 

ɺ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥ ʤʝʪʦʜ ʰʠʨʦʪʥʦ-ʠʤʧʫʣʴʩʥʦʡ ʤʦʜʫʣʷʮʠʠ 

(ʐʀʄ) ʪʠʧʘ ɼʈʄ-2 ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʪʨʝʭʬʘʟʥʦʛʦ ɸʀʅ. ɼʘʥʥʘʷ ʤʝʪʦʜʠʢʘ 

ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʩʨʘʚʥʝʥʠʠ ʫʧʨʘʚʣʷʶʱʝʛʦ ʩʠʛʥʘʣʘ ʩʠʥʫʩʦʠʜʘʣʴʥʦʡ ʬʦʨʤʳ ʩ 

ʥʝʩʫʱʠʤ ʩʠʛʥʘʣʦʤ ʪʨʝʫʛʦʣʴʥʦʡ ʬʦʨʤʳ. ʇʨʠ ʨʘʙʦʪʝ ɸʀʅ ʩ ʩʠʩʪʝʤʦʡ ʐʀʄ 

ʫʢʘʟʘʥʥʦʛʦ ʪʠʧʘ ʥʘ ʘʢʪʠʚʥʦ-ʠʥʜʫʢʪʠʚʥʫʶ ʥʘʛʨʫʟʢʫ ʬʦʨʤʘ ʝʛʦ ʚʳʭʦʜʥʦʛʦ 

ʪʦʢʘ ʩʪʨʝʤʠʪʩʷ ʢ ʩʠʥʫʩʦʠʜʘʣʴʥʦʡ, ʘ ʦʩʥʦʚʥʘʷ ʛʘʨʤʦʥʠʢʘ ʵʪʦʛʦ ʪʦʢʘ ʠʤʝʝʪ 

ʯʘʩʪʦʪʫ ʫʧʨʘʚʣʷʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ [2]. 

ʆʜʥʘʢʦ ʘʤʧʣʠʪʫʜʥʳʡ ʩʧʝʢʪʨ ʪʦʢʘ ʥʘʛʨʫʟʢʠ ʩʦʜʝʨʞʠʪ ʠ ʚʳʩʰʠʝ 

ʛʘʨʤʦʥʠʢʠ. ʏʘʩʪʦʪʳ ʵʪʠʭ ʛʘʨʤʦʥʠʢ ʤʦʛʫʪ ʙʳʪʴ ʙʣʠʟʢʠ ʢ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʝ 

ʩʠʩʪʝʤʳ, ʧʠʪʘʝʤʦʡ ʦʪ ɸʀʅ, ʯʝʛʦ ʩʣʝʜʫʝʪ ʠʟʙʝʛʘʪʴ. ʊʘʢʞʝ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ɸʀʅ ʩ ʐʀʄ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʦʙʱʝʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ 

ʘʤʧʣʠʪʫʜʥʦʤ ʩʧʝʢʪʨʝ ʚʳʭʦʜʥʦʛʦ ʪʦʢʘ ʜʣʷ ʘʥʘʣʠʟʘ ʩʪʝʧʝʥʠ ʝʛʦ ʦʪʢʣʦʥʝʥʠʷ ʦʪ 

ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ. ʇʦʣʝʟʥʦ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʷ 
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ʵʪʦʛʦ ʘʤʧʣʠʪʫʜʥʦʛʦ ʩʧʝʢʪʨʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ 

ʐʀʄ. ʊʘʢʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʟʚʦʣʷʝʪ ʫʩʪʨʘʥʠʪʴ ʥʝʢʦʪʦʨʳʝ ʚʦʟʤʦʞʥʳʝ 

ʥʝʜʦʩʪʘʪʢʠ ʚʳʭʦʜʥʦʛʦ ʪʦʢʘ ʥʘ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʐʀʄ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʣʝʛʢʦ ʠʟʤʝʥʷʝʤʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʥʘʯʘʣʴʥʘʷ ʬʘʟʘ ʥʝʩʫʱʝʛʦ ʩʠʛʥʘʣʘ. 

ʆʜʥʠʤ ʠʟ ʧʨʝʠʤʫʱʝʩʪʚ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʦʥ ʥʝ ʪʨʝʙʫʝʪ 

ʫʚʝʣʠʯʝʥʠʷ ʯʘʩʪʦʪʳ ʥʝʩʫʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʢʦʪʦʨʦʝ ʧʨʠʚʦʜʠʪ ʢ ʧʘʜʝʥʠʶ 

ʂʇɼ ɸʀʅ.  
 

 
ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʜʘʥʥʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʚ ʧʘʢʝʪʝ MATLAB / Simulink ʙʳʣʘ 

ʨʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ ʩʠʩʪʝʤʳ çʪʨʸʭʬʘʟʥʳʡ ɸʀʅ ʩ ʐʀʄ ɼʈʄ-2è. ɼʣʷ ʵʪʦʡ 

ʤʦʜʝʣʠ ʙʳʣ ʩʦʟʜʘʥ ʩʮʝʥʘʨʠʡ ʥʘ ʚʩʪʨʦʝʥʥʦʤ ʷʟʳʢʝ MATLAB , ʨʝʘʣʠʟʫʶʱʠʡ 

ʤʥʦʛʦʢʨʘʪʥʦʝ ʠʟʤʝʥʝʥʠʝ ʥʘʯʘʣʴʥʦʡ ʬʘʟʳ ʫʧʨʘʚʣʷʶʱʝʛʦ ʩʠʛʥʘʣʘ ʬʘʟ ɺ ʠ ʉ 

ʩʠʩʪʝʤʳ ʐʀʄ ʩ ʟʘʜʘʥʥʳʤ ʰʘʛʦʤ [3]. ʌʘʟʘ ʥʝʩʫʱʝʛʦ ʩʠʛʥʘʣʘ ʚ ʬʘʟʝ ɸ 

ʦʩʪʘʸʪʩʷ ʨʘʚʥʦʡ ʥʫʣʶ. ʈʝʟʫʣʴʪʘʪʦʤ ʚʳʧʦʣʥʝʥʠʷ ʜʘʥʥʦʛʦ ʩʮʝʥʘʨʠʷ ʷʚʣʷʶʪʩʷ 

ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʩʫʤʤʘʨʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʠʩʢʘʞʝʥʠʡ 

(ʂɻʀ) ʦʪ ʩʜʚʠʛʘ ʥʝʩʫʱʝʛʦ ʩʠʛʥʘʣʘ ʚ ʬʘʟʝ ɺ ʠ ʉ (ʨʠʩ.1) ʠ ʘʤʧʣʠʪʫʜʥʦʛʦ 

ʩʧʝʢʪʨʘ ʪʦʢʘ ʥʘʛʨʫʟʢʠ ʦʪ ʩʜʚʠʛʘ ʥʝʩʫʱʝʛʦ ʩʠʛʥʘʣʘ ʚ ʬʘʟʝ ɺ ʠ ʉ (ʨʠʩ.2). 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʛʨʘʬʠʢʠ ʧʦʣʫʯʝʥʳ ʜʣʷ ʯʘʩʪʦʪʳ ʥʝʩʫʱʝʛʦ ʩʠʛʥʘʣʘ 

ʥʝʩ
1100 ɻʮ,f =  1 ɺ,ʥʝʩU =  

ʫʧʨ
110 ɻʮ,f =  0,7 ɺ,ʫʧʨU =  

ʚʭ
500 ɺ,U =  

11 ʆʤ,ʥR = 0,1 ɻʥ.ʥL =  ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʥʘʛʨʫʟʢʠ ʠʟʤʝʥʷʶʪʩʷ 

ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʂɻʀ ʦʪ ʩʜʚʠʛʘ ʬʘʟ ʥʝʩʫʱʝʛʦ ʩʠʛʥʘʣʘ ʬʘʟ ɺ ʠ ʉ 
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ʘʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʛʘʨʤʦʥʠʢ, ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʦʙʱʝʛʦ ʚʠʜʘ ʠʭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʇʦʜ ʂɻʀ ʧʦʥʠʤʘʝʪʩʷ ʚʝʣʠʯʠʥʘ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʧʦ ʬʦʨʤʫʣʝ: 
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 (1) 

ʛʜʝ iI  ï ʘʤʧʣʠʪʫʜʘ ʡi-  ʛʘʨʤʦʥʠʢʠ (ʢʨʦʤʝ ʧʝʨʚʦʡ); 1I  ï ʘʤʧʣʠʪʫʜʘ 

ʧʝʨʚʦʡ ʛʘʨʤʦʥʠʢʠ. 

ʀʟ ʨʠʩ. 1 ʚʠʜʥʦ, ʯʪʦ ʥʘʠʤʝʥʴʰʠʡ ʂɻʀ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ 

ʩʜʚʠʛʘ ʬʘʟ ʜʣʷ ʥʝʩʫʱʠʭ ʩʠʛʥʘʣʦʚ ʦʙʝʠʭ ʬʘʟ, ʘ ʥʘʠʙʦʣʴʰʠʡ ï ʧʨʠ ʥʘʭʦʞʜʝʥʠʠ 

ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʛʥʘʣʦʚ ʬʘʟ B ʠ C ʚ ʧʨʦʪʠʚʦʬʘʟʝ. 
 

 
ʈʠʩ. 2 ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʩʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʚʳʭʦʜʥʦʛʦ ʪʦʢʘ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʢʦʤʙʠʥʘʮʠʷʭ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ. ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ 

ʛʘʨʤʦʥʠʢʠ ʦʪʩʫʪʩʪʚʫʶʪ ʚ ʚʳʭʦʜʥʦʤ ʩʠʛʥʘʣʝ ʧʨʠ ʣʶʙʦʤ ʩʜʚʠʛʝ ʬʘʟ, ʘ 

ʥʝʢʦʪʦʨʳʝ ï ʣʠʰʴ ʧʨʠ ʥʝʩʢʦʣʴʢʠʭ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʢʦʤʙʠʥʘʮʠʷʭ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʠʩʫʥʢʠ ʧʦʟʚʦʣʷʶʪ ʧʦʜʦʙʨʘʪʴ ʥʘʯʘʣʴʥʳʝ ʬʘʟʳ 

ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʛʥʘʣʦʚ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʧʦʧʘʜʘʥʠʷ ʚ 

ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʦʧʨʝʜʝʣʝʥʥʳʭ ʛʘʨʤʦʥʠʢ, ʦʧʘʩʥʳʭ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʨʝʟʦʥʘʥʩʥʳʭ ʷʚʣʝʥʠʡ. 
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʇɽʈɽʍʆɼʅʓʍ ʇʈʆʎɽʉʉʆɺ 

ʇʆʃʋʄʆʉʊʆɺʆɻʆ ʈɽɿʆʅɸʅʉʅʆɻʆ LLC  ʇʈɽʆɹʈɸɿʆɺɸʊɽʃʗ ɺ 

MATLAB  SIMULINK  

ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʣʫʤʦʩʪʦʚʦʛʦ ʨʝʟʦʥʘʥʩʥʦʛʦ 

LLC ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʚ Matlab Simulink ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʧʦʣʥʫʶ ʥʘʛʨʫʟʢʫ. 

ʋʢʘʟʘʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ ʜʘʥʥʦʛʦ ʪʠʧʘ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠʤʧʫʣʴʩʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ. 

The results of simulation of a half-bridge resonant LLC converter in Matlab 

Simulink are presented at full load operation. Advantages of this type of 

transducers in the design of switching power supplies are indicated. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʝʨʝʭʦʜʥʳʡ ʧʨʦʮʝʩʩ, ʨʝʟʦʥʘʥʩʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ. 

Keywords: transitional processes, resonant converter. 

 

ʀʟʫʯʝʥʠʝ ʩʦʚʨʝʤʝʥʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ 

ʩʧʝʮʠʘʣʴʥʳʭ ʧʨʦʛʨʘʤʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʚ ʢʨʘʪʯʘʡʰʠʝ ʩʨʦʢʠ ʦʩʫʱʝʩʪʚʠʪʴ ʚʳʯʠʩʣʝʥʠʝ ʩʣʦʞʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʨʘʩʯʸʪʦʚ, ʦʧʨʝʜʝʣʠʪʴ ʨʝʘʢʮʠʶ ʩʠʩʪʝʤʳ ʥʘ ʚʥʝʰʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ, ʧʨʝʜʩʪʘʚʠʪʴ 

ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʠʣʠ ʮʠʬʨʦʚʦʤ ʚʠʜʝ. ʅʘʠʙʦʣʝʝ ʤʦʱʥʳʤ 

ʠ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʧʘʢʝʪʦʤ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʟʘʜʘʯ 

ʷʚʣʷʝʪʩʷ ʩʨʝʜʘ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ Matlab Simulink. 

ɹʳʩʪʨʳʝ ʪʝʤʧʳ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʨʠʚʦʜʷʪ ʢ 

ʨʦʩʪʫ ʪʨʝʙʦʚʘʥʠʡ, ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʢ ʠʤʧʫʣʴʩʥʳʤ ʠʩʪʦʯʥʠʢʘʤ ʧʠʪʘʥʠʷ ʜʣʷ 

ʫʩʪʨʦʡʩʪʚ ʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ. ɿʘʜʘʯʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʨʘʙʦʪʳ, ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʫʤʝʥʴʰʝʥʠʷ ʟʘʪʨʘʪ ʧʦʪʨʝʙʣʷʝʤʦʡ 

ʵʥʝʨʛʠʠ, ʧʦʚʳʰʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʤʦʥʪʘʞʘ ʚʳʭʦʜʷʪ ʥʘ ʧʝʨʚʳʡ ʧʣʘʥ. ɺʩʝʤʠ 

ʧʝʨʝʯʠʩʣʝʥʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʦʙʣʘʜʘʶʪ ʨʝʟʦʥʘʥʩʥʳʝ ʠʩʪʦʯʥʠʢʠ ʧʠʪʘʥʠʷ.  

ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʪʦʧʦʣʦʛʠʝʡ ʠʟ ʚʩʝʛʦ ʤʥʦʛʦʦʙʨʘʟʠʷ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ, ʨʘʙʦʪʘʶʱʠʭ ʧʦ ʧʨʠʥʮʠʧʫ ʨʝʟʦʥʘʥʩʥʦʛʦ ʧʝʨʝʢʣʶʯʝʥʠʷ 
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ʪʨʘʥʟʠʩʪʦʨʦʚ, ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʤʦʱʥʦʩʪʷʭ ʜʦ 1 ʢɺʪ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʭʝʤʘ 

ʧʦʣʫʤʦʩʪʦʚʦʛʦ ʨʝʟʦʥʘʥʩʥʦʛʦ LLC ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ. ʆʥʘ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʚʳʩʦʢʫʶ ʥʘʜʸʞʥʦʩʪ ɹ ʨʘʙʦʪʳ ʥʘ ʙʦʣʴʰʠʭ ʯʘʩʪʦʪʘʭ ʧʨʠ ʥʠʟʢʠʭ 

ʢʦʤʤʫʪʘʮʠʦʥʥʳʭ ʧʦʪʝʨʷʭ ʠ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʚʭʦʜʥʳʭ ʥʘʧʨʷʞʝʥʠʡ 

ʧʠʪʘʶʱʝʡ ʩʝʪʠ. ɺ ʜʘʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʝʨʝʢʣʶʯʝʥʠʝ ʩʠʣʦʚʳʭ 

ʢʣʶʯʝʡ ʧʨʠ ʥʫʣʝʚʦʤ ʥʘʧʨʷʞʝʥʠʠ (ʤʷʛʢʦʝ ʧʝʨʝʢʣʶʯʝʥʠʝ), ʯʪʦ ʨʝʟʢʦ ʩʥʠʞʘʝʪ 

ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʠ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ, ʘ 

ʚʳʩʦʢʘʷ ʯʘʩʪʦʪʘ ʨʘʙʦʪʳ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʫʤʝʥʴʰʝʥʠʝ ʛʘʙʘʨʠʪʦʚ 

ʧʘʩʩʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʅʝʩʦʤʥʝʥʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʩʪʘʥʦʚʢʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʥʘʙʙʝʨʥʳʭ ʮʝʧʦʯʝʢ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʛʘʰʝʥʠʷ ʚʳʙʨʦʩʘ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ 

ʵʣʝʤʝʥʪʘʭ ʚʦ ʚʨʝʤʷ ʢʦʤʤʫʪʘʮʠʠ ʩʠʣʦʚʳʭ ʢʣʶʯʝʡ. ʂʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ 

ʜʘʥʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ, ʩʦʙʨʘʥʥʘʷ ʚ ʩʨʝʜʝ Simulink, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1.  

 

ʈʠʩ. 1. ʇʦʣʫʤʦʩʪʦʚʦʡ ʨʝʟʦʥʘʥʩʥʳʡ LLC ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ 

ɹʳʣ ʨʘʩʩʯʠʪʘʥ ʨʝʟʦʥʘʥʩʥʳʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ [1] ʧʦ 

ʧʘʨʘʤʝʪʨʘʤ, ʫʢʘʟʘʥʥʳʤ ʚ ʪʘʙʣ. 1. ʆʧʨʝʜʝʣʝʥʘ ʸʤʢʦʩʪʴ ʨʝʟʦʥʘʥʩʥʦʛʦ 

ʢʦʥʜʝʥʩʘʪʦʨʘ ʠ ʚʳʭʦʜʥʦʛʦ ʬʠʣʴʪʨʘ ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʟʘʜʘʥʥʫʶ ʨʝʟʦʥʘʥʩʥʫʶ 

ʯʘʩʪʦʪʫ. 
ʊʘʙʣʠʮʘ 1. ɿʥʘʯʝʥʠʷ ʠʩʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʫʤʦʩʪʦʚʦʛʦ ʨʝʟʦʥʘʥʩʥʦʛʦ LLC 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ 

ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʠʝ 

ʄʠʥʠʤʘʣʴʥʦʝ ʚʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ  (Uinmin), ɺ 350 

ʅʦʤʠʥʘʣʴʥʦʝ ʚʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ  (Uinmnom), ɺ 380 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʚʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ  (Uinmax), ɺ 400 

ʅʦʤʠʥʘʣʴʥʦʝ ʚʳʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ  (Uout), ɺ 24 

ʅʦʤʠʥʘʣʴʥʳʡ ʚʳʭʦʜʥʦʡ ʪʦʢ  (Iout), ɸ 30 

ʈʝʟʦʥʘʥʩʥʘʷ ʯʘʩʪʦʪʘ  (fr), ʢɻʮ 92 
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ʇʦ ʟʘʜʘʥʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʦʙʨʘʥʥʦʡ 

ʩʭʝʤʳ. ʌʦʨʤʘ ʚʳʭʦʜʥʦʛʦ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ.2.  
 

 

ʈʠʩ. 2. ʌʦʨʤʘ ʚʳʭʦʜʥʦʛʦ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ ʧʦʣʫʤʦʩʪʦʚʦʛʦ ʨʝʟʦʥʘʥʩʥʦʛʦ LLC 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ 

ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʬʦʨʤʘ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ ʯʝʨʝʟ ʩʠʣʦʚʳʝ ʢʣʶʯʠ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ. ʊʦʢ ʠʤʝʝʪ ʩʠʥʫʩʦʠʜʘʣʴʥʫʶ ʬʦʨʤʫ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʥʘʣʠʯʠʝʤ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʨʘʩʩʝʠʚʘʥʠʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ (ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʶ 

ʚʥʝʰʥʝʛʦ ʨʝʟʦʥʘʥʩʥʦʛʦ ʜʨʦʩʩʝʣʷ), ʢʦʪʦʨʘʷ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʢʦʥʜʝʥʩʘʪʦʨʦʤ ʦʙʝʩʧʝʯʠʚʘʶʪ ʨʝʟʦʥʘʥʩʥʳʡ ʢʦʥʪʫʨ. ɼʘʥʥʳʡ 

ʪʦʢ ʧʨʦʪʝʢʘʝʪ ʯʝʨʝʟ ʩʠʣʦʚʳʝ ʪʨʘʥʟʠʩʪʦʨʳ. ʆʜʠʥ ʠʟ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ 

ʢʣʶʯʝʡ ʚʢʣʶʯʘʝʪʩʷ ʚ ʪʦʪ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʚʪʦʨʦʡ ʢʣʶʯ ʚʳʢʣʶʯʝʥ ʠ 

ʧʦʣʥʦʩʪʴʶ ʨʘʟʨʷʞʝʥʘ ʧʘʨʘʟʠʪʥʘʷ ʸʤʢʦʩʪʴ Mosfet-ʪʨʘʥʟʠʩʪʦʨʘ. 
 

 

ʈʠʩ. 3. ʌʦʨʤʘ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ ʯʝʨʝʟ ʩʠʣʦʚʳʝ ʪʨʘʥʟʠʩʪʦʨʳ  

ʧʦʣʫʤʦʩʪʦʚʦʛʦ ʨʝʟʦʥʘʥʩʥʦʛʦ LLC ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ 
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ISBN 978-5-906967-76-3.  ʉɸʇʈ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʵʣʝʢʪʨʦʥʠʢʝ. ɹʨʷʥʩʢ, 2017. 

ɼʘʥʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʨʘʙʦʪʳ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ. ɺ ʨʝʘʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʥʘʛʨʫʟʢʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠʟʤʝʥʷʝʪʩʷ ʨʝʟʦʥʘʥʩʥʘʷ ʯʘʩʪʦʪʘ ʜʦ ʪʝʭ ʧʨʝʜʝʣʦʚ, ʧʦʢʘ ʥʝ 

ʙʫʜʝʪ ʦʙʝʩʧʝʯʝʥ ʤʘʢʩʠʤʫʤ ʂʇɼ ʫʩʪʨʦʡʩʪʚʘ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʨʘʙʦʪʘʝʪ ʥʘ ʯʘʩʪʦʪʘʭ ʣʠʙʦ ʚʳʰʝ, ʣʠʙʦ ʥʠʞʝ ʨʝʟʦʥʘʥʩʥʦʡ, 

ʯʪʦ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʂʇɼ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ [2]. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. Ya Liu. High Efficiency Optimization of LLC Resonant Converter for Wide Load 

Range, Virginia Polytechnic Inst. & State Univ. ï Blacksburg, VA, 2007. ï 106 ʩ. 

2. Alfio Scuto. Half bridge resonant LLC converter and primary side MOSFET 

selection, STMicroelectronics, Application Note 4720, 2015. ï 26 ʩ. 

ʄʘʪʝʨʠʘʣ ʧʦʩʪʫʧʠʣ ʚ ʨʝʜʢʦʣʣʝʛʠʶ 14.11.17. 

ʋɼʂ 519.876.5 

ɼ.ɺ. ɺʦʨʦʥʦʚ, ɸ.ʖ. ɼʨʘʢʠʥ  
(ʛ. ɹʨʷʥʩʢ, ɹʨʷʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ) 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ɺ SIMULINK  ʅɸʇʈɸɺʃɽʅʅʆʁ 

ʄɸʂʉʀʄɸʃʔʅʆʁ ʊʆʂʆɺʆʁ ɿɸʑʀʊʓ ɺ ʉʀʉʊɽʄɽ 

ʕʃɽʂʊʈʆʉʅɸɹɾɽʅʀʗ 

ʆʧʠʩʘʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʘʧʨʘʚʣʝʥʥʦʡ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʦʢʦʚʦʡ ʟʘʱʠʪʳ 

(ʄʊɿʅ). ʈʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ MatLab Simulink ʠ 

ʧʨʦʚʝʜʝʥʳ ʦʧʳʪʳ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʘʙʦʪʳ ʜʘʥʥʦʡ ʟʘʱʠʪʳ. 

In this work the task was the modeling of directional overcurrent protection 

(DOP). To implement this task, a model was developed in the software 

environment of MatLab Simulink and the experiments to represent the work of this 

protection. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʘʧʨʘʚʣʝʥʥʘʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʦʢʦʚʘʷ ʟʘʱʠʪʘ. 

Keywords: directed overcurrent protection. 

 

ʅʘʧʨʘʚʣʝʥʥʦʡ ʥʘʟʳʚʘʝʪʩʷ ʟʘʱʠʪʘ, ʨʝʘʛʠʨʫʶʱʘʷ ʥʘ ʪʦʢ, ʧʨʦʭʦʜʷʱʠʡ ʚ 

ʟʘʱʠʱʘʝʤʦʤ ʵʣʝʤʝʥʪʝ, ʠ ʬʘʟʫ (ʥʘʧʨʘʚʣʝʥʠʝ) ʪʦʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʠʷ 

ʚ ʤʝʩʪʝ ʫʩʪʘʥʦʚʢʠ ʟʘʱʠʪʳ [3]. ʋʩʣʦʚʥʳʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ 

ʫʢʘʟʘʥʥʳʭ ʪʦʢʦʚ ʧʨʠʥʷʪʳ ʦʪ ʰʠʥ, ʛʜʝ ʫʩʪʘʥʦʚʣʝʥʘ ʟʘʱʠʪʘ, ʚ ʛʣʫʙʴ 

ʟʘʱʠʱʘʝʤʦʡ ʟʦʥʳ. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʧʨʠʤʝʥʝʥʠʠ ʥʘʧʨʘʚʣʝʥʥʳʭ ʟʘʱʠʪ ʚʦʟʥʠʢʘʝʪ ʚ ʩʝʪʷʭ ʩ 

ʜʚʫʭʩʪʦʨʦʥʥʠʤ ʧʠʪʘʥʠʝʤ ʠ ʢʦʣʴʮʝʚʳʭ ʩʝʪʷʭ, ʛʜʝ ʙʝʟ ʫʯʝʪʘ ʥʘʧʨʘʚʣʝʥʠʷ 

ʤʦʱʥʦʩʪʠ (ʪʦʢʘ) ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʥʝʚʦʟʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʩʝʣʝʢʪʠʚʥʦʝ 
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ʜʝʡʩʪʚʠʝ ʟʘʱʠʪʳ. ʉʭʝʤʘ ʥʘʧʨʘʚʣʝʥʥʦʡ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʦʢʦʚʦʡ ʟʘʱʠʪʳ ʚ 

ʦʙʱʝʤ ʩʣʫʯʘʝ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ: 

1) ʧʫʩʢʦʚʦʛʦ ʦʨʛʘʥʘ, ʬʫʥʢʮʠʶ ʢʦʪʦʨʦʛʦ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴ ʪʦʢʦʚʦʝ ʨʝʣʝ, 

ʨʝʘʛʠʨʫʶʱʝʝ ʥʘ ʧʦʷʚʣʝʥʠʝ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ; 

2) ʦʨʛʘʥʘ ʢʦʥʪʨʦʣʷ ʥʘʧʨʘʚʣʝʥʠʷ ʤʦʱʥʦʩʪʠ; 

3) ʦʨʛʘʥʘ ʚʳʜʝʨʞʢʠ ʚʨʝʤʝʥʠ. 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʟʘʱʠʪ ʨʫʢʦʚʦʜʩʪʚʫʶʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʧʨʠʥʮʠʧʘʤʠ: 

Å ʟʘʱʠʪʳ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʩ ʦʙʝʠʭ ʩʪʦʨʦʥ ʟʘʱʠʱʘʝʤʦʡ ʣʠʥʠʠ ʪʘʢ, ʯʪʦʙʳ 

ʦʥʠ ʜʝʡʩʪʚʦʚʘʣʠ ʧʨʠ ʥʘʧʨʘʚʣʝʥʠʠ ʤʦʱʥʦʩʪʠ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʦʪ ʰʠʥ ʚ 

ʣʠʥʠʶ;  

Å ʚʳʜʝʨʞʢʠ ʚʨʝʤʝʥʠ ʥʘ ʟʘʱʠʪʘʭ, ʨʘʙʦʪʘʶʱʠʭ ʧʨʠ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

ʤʦʱʥʦʩʪʠ, ʩʦʛʣʘʩʦʚʳʚʘʝʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦ ʩʪʫʧʝʥʯʘʪʦʤʫ ʧʨʠʥʮʠʧʫ, 

ʫʚʝʣʠʯʠʚʘʷ ʠʭ ʫʩʪʘʚʢʠ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʢ ʠʩʪʦʯʥʠʢʫ ʧʠʪʘʥʠʷ, ʦʪ ʪʦʢʘ 

ʢʦʪʦʨʦʛʦ ʜʝʡʩʪʚʫʶʪ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʟʘʱʠʪʳ. 

ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʟʘʱʠʪʳ (ʨʠʩ.1). 

 

 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʥʘʧʨʘʚʣʝʥʥʦʡ ʪʦʢʦʚʦʡ ʟʘʱʠʪʳ 

ʇʨʠ ʟʘʤʳʢʘʥʠʠ ʚ ʣʶʙʦʡ ʪʦʯʢʝ ʬʘʟʘ ʪʦʢʘ, ʧʨʦʪʝʢʘʶʱʝʛʦ ʯʝʨʝʟ ʟʘʱʠʪʳ 

ɸ1 ʠ ɸ4, ʥʝ ʤʝʥʷʝʪʩʷ. ʀʭ ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʙʝʟ ʨʝʣʝ ʥʘʧʨʘʚʣʝʥʠʷ ʤʦʱʥʦʩʪʠ. 

ɺʝʢʪʦʨʥʳʝ ʜʠʘʛʨʘʤʤʳ ʧʨʠ ʟʘʤʳʢʘʥʠʠ ʚ ʪʦʯʢʝ ʂ1 (ʨʠʩ.2). 

 

 

ʈʠʩ. 2. ɺʝʢʪʦʨʥʳʝ ʜʠʘʛʨʘʤʤʳ ʧʨʠ ʟʘʤʳʢʘʥʠʠ ʚ ʪʦʯʢʝ ʂ1 

ɺʝʢʪʦʨʥʳʝ ʜʠʘʛʨʘʤʤʳ ʧʨʠ ʟʘʤʳʢʘʥʠʠ ʚ ʪʦʯʢʝ ʂ2 (ʨʠʩ.3). 
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ʈʠʩ. 3. ɺʝʢʪʦʨʥʳʝ ʜʠʘʛʨʘʤʤʳ ʧʨʠ ʟʘʤʳʢʘʥʠʠ ʚ ʪʦʯʢʝ ʂ2 

ʌʘʟʘ ʪʦʢʘ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʪʦʯʢʠ ʂɿ ʦʪ ʂ1 ʢ ʂ2 ʚ ʟʘʱʠʪʘʭ ɸ2 ʠ ɸ3 

ʤʝʥʷʝʪʩʷ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ. ʕʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʥʦʡ ʟʘʱʠʪʝ. 

ʈʝʣʝ ʥʘʧʨʘʚʣʝʥʠʠ ʤʦʱʥʦʩʪʠ ʟʘʱʠʪʳ ɸ2 ʩʨʘʙʘʪʳʚʘʝʪ ʧʨʠ ʩʜʚʠʛʝ ʬʘʟ.  

ɼʣʷ ʠʟʫʯʝʥʠʷ ʧʨʠʥʮʠʧʘ ʨʘʙʦʪʳ ʅʄʊɿ ʙʳʣʘ ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ ʤʦʜʝʣʴ, 

ʢʦʪʦʨʘʷ ʦʪʨʘʞʘʝʪ ʨʘʙʦʪʫ ʥʘʧʨʘʚʣʝʥʥʦʡ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʦʢʦʚʦʡ ʟʘʱʠʪʳ ʚ 

ʵʥʝʨʛʦʩʠʩʪʝʤʝ, ʧʠʪʘʝʤʦʡ ʦʪ ʜʚʫʭ ʠʩʪʦʯʥʠʢʦʚ (ʨʠʩ.4). ʄʦʜʝʣʴ ʩʦʩʪʦʠʪ ʠʟ 

ʩʣʝʜʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ [2]: 

Three Phase Source ï 1-ʡ ʛʝʥʝʨʘʪʦʨ 

Three Phase Source1 - 2-ʡ ʛʝʥʝʨʘʪʦʨ  

Three Phase Parallel RLC Branch ï ʣʠʥʠʷ ɻ ʣʝʢʪʨʦʧʝʨʝʜʘʯ ʦʪ 1-ʛʦ ʛʝʥʝʨʘʪʦʨʘ 

Three Phase Fault ï ʤʝʩʪʦ ʚʦʟʤʦʞʥʦʛʦ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ 

Three Phase Parallel RLC Branch - ʥʘʛʨʫʟʢʘ 

 
ʈʠʩ. 4 ʄʦʜʝʣʴ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʦʢʦʚʦʡ ʥʘʧʨʘʚʣʝʥʥʦʡ ʟʘʱʠʪʳ ʚ ʩʨʝʜʝ  
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ɺ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 1,5 ʩ ʙʣʦʢʦʤ Three Phase Fault ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʢʦʨʦʪʢʦʝ ʤʝʞʬʘʟʥʦʝ ʟʘʤʳʢʘʥʠʝ. 

 

ʈʠʩ. 5. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʦ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ 

 

ʈʠʩ. 6. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʩʣʝ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʨʠʩ.5-6), ʧʦʩʣʝ ʩʨʘʙʘʪʳʚʘʥʠʷ 

ʟʘʤʳʢʘʪʝʣʷ ʨʘʟʥʠʮʘ ʬʘʟ ʠʟʤʝʨʷʝʤʳʭ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ ʠʟʤʝʥʷʝʪʩʷ ʩʢʘʯʢʦʤ 

[2], ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʧʝʨʝʜʘʯʠ ʤʦʱʥʦʩʪʠ ʠ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ ʚʢʣʶʯʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʠʩʧʦʣʥʠʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʦʢʦʚʦʡ ʟʘʱʠʪʳ ʧʦ ʧʨʝʚʳʰʝʥʠʶ ʪʦʢʦʚʦʡ ʫʩʪʘʚʢʠ (ʩʤ. ʨʠʩ.1), 

ʠʣʠ, ʠʥʳʤʠ ʩʣʦʚʘʤʠ, ʦʙʝʩʧʝʯʠʪʴ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʩʨʘʙʘʪʳʚʘʥʠʷ. 

ʆʮʝʥʢʘ ʄʊɿʅ: 

ɼʦʩʪʦʠʥʩʪʚʘ: 
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ʊʝʨʤʠʥ çʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷè (ʉɸʇʈ) 

ʚʧʝʨʚʳʝ ʧʦʷʚʠʣʩʷ ʚ 1947 ʛʦʜʫ ʚ ʉʐɸ ʚʤʝʩʪʝ ʩ ʧʦʷʚʣʝʥʠʝʤ ʧʝʨʚʦʡ ʩʠʩʪʝʤʳ 

ʜʘʥʥʦʛʦ ʪʠʧʘ, ʚ ʉʉʉʈ ʞʝ ʘʥʘʣʦʛ ʧʦʷʚʠʣʩʷ ʣʠʰʴ ʚ ʢʦʥʮʝ 1980-ʭ ʛʛ. ʉʦʛʣʘʩʥʦ 

ɻʆʉʊ 34.003-90 ʉɸʇʈ ï ʵʪʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ, ʨʝʘʣʠʟʫʶʱʘʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʪʝʭʥʦʣʦʛʠʶ ʚʳʧʦʣʥʝʥʠʷ ʬʫʥʢʮʠʡ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʩʝʛʦʜʥʷʰʥʝʤʫ ʜʥ ʁ ʉɸʇʈ ï ʵʪʦ ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ (ʇʆ), ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʧʫʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʫʪʠʥʥʳʭ ʦʧʝʨʘʮʠʡ ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ 

ʧʨʦʮʝʩʩʦʚ ʨʘʟʨʘʙʦʪʢʠ, ʚʝʜʝʥʠʷ, ʜʦʨʘʙʦʪʢʠ ʬʘʡʣʦʚ ʧʨʦʝʢʪʘ (ʤʦʜʝʣʝʡ, 

ʯʝʨʪʝʞʝʡ, ʜʦʢʫʤʝʥʪʘʮʠʠ), ʩʦʢʨʘʪʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʨʘʟʨʘʙʦʪʢʫ, ʘ ʪʘʢʞʝ ʧʦʚʳʩʠʪʴ 

ʢʘʯʝʩʪʚʦ.  

ʉɸʇʈ ʥʘʰʣʠ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ ʜʝʷʪʝʣʴʥʦʩʪʠ: ʨʘʟʨʘʙʦʪʢʘ 

ʠʟʜʝʣʠʡ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʠ ʩʠʩʪʝʤ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ. ɺ ʜʘʣʴʥʝʡʰʝʤ 

ʦʛʨʘʥʠʯʠʤʩʷ ʣʠʰʴ ʨʘʩʩʤʦʪʨʝʥʠʝʤ ʉɸʇʈ ʚ ʦʙʣʘʩʪʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ 

ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʦʙʲʝʢʪʦʚ ʢʦʤʤʝʨʯʝʩʢʦʡ ʠ ʧʨʦʤʳʰʣʝʥʥʦʡ ʥʝʜʚʠʞʠʤʦʩʪʠ. 

ʉʦʛʣʘʩʥʦ ɻʨʘʜʦʩʪʨʦʠʪʝʣʴʥʦʤʫ ʢʦʜʝʢʩʫ ʈʌ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, 

ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠʣʠ ʢʘʧʠʪʘʣʴʥʦʤ ʨʝʤʦʥʪʝ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʪʨʝʙʫʝʪʩʷ 

ʦʬʦʨʤʣʝʥʠʝ ʧʨʦʝʢʪʥʦ-ʩʤʝʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ. 

ʇʨʦʝʢʪʥʦ-ʩʤʝʪʥʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ ï ʵʪʦ ʢʦʤʧʣʝʢʪ ʜʦʢʫʤʝʥʪʦʚ, ʚ ʢʦʪʦʨʳʭ 

ʨʘʩʢʨʳʚʘʝʪʩʷ ʩʫʪʴ ʧʨʦʝʢʪʘ, ʝʛʦ ʮʝʣʠ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ, ʩʦʜʝʨʞʘʪʩʷ 

ʪʝʢʩʪʦʚʳʝ ʠ ʨʘʟʣʠʯʥʳʝ ʛʨʘʬʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ. ɺ ʥʝʤ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʨʝʰʝʥʠʷ (ʘʨʭʠʪʝʢʪʫʨʥʳʝ, ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ, ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ 

ʠ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ) ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʨʝʢʦʥʩʪʨʫʢʮʠʠ, 

ʢʘʧʠʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʘ. ʇʨʠ ʵʪʦʤ ʩʦʜʝʨʞʘʥʠʝ ʠ ʦʙʲʸʤ ʧʨʦʝʢʪʥʦ-ʩʤʝʪʥʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʠ ʜʣʷ ʢʘʞʜʦʛʦ ʦʙʲʝʢʪʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʦʨʤʘʪʠʚʥʳʤʠ 

ʜʦʢʫʤʝʥʪʘʤʠ ʠ ʠʥʩʪʨʫʢʮʠʷʤʠ. 

ɼʣʷ ʢʘʞʜʦʛʦ ʦʙʲʝʢʪʘ ʤʦʛʫʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʢʦʤʧʣʝʢʪʦʚ 

ʜʦʢʫʤʝʥʪʦʚ ï ʧʨʦʝʢʪʥʳʡ (ʛʦʪʦʚʠʪʩʷ ʚ ʦʙʷʟʘʪʝʣʴʥʦʤ ʧʦʨʷʜʢʝ ʜʣʷ ʚʩʝʭ ʥʦʚʳʭ 

ʦʙʲʝʢʪʦʚ ʠʣʠ ʨʘʙʦʪ, ʠʤʝʶʱʠʭ ʢʘʧʠʪʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ), ʨʘʙʦʯʠʡ ʠ 

ʠʩʧʦʣʥʠʪʝʣʴʥʳʡ.  

ʇʨʦʝʢʪʥʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ (ʇɼ) ʩʦʜʝʨʞʠʪ ʪʝʢʩʪʦʚʳʝ ʠ ʛʨʘʬʠʯʝʩʢʠʝ 

ʜʦʢʫʤʝʥʪʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʦʩʥʦʚʥʳʝ ʘʨʭʠʪʝʢʪʫʨʥʳʝ, ʬʫʥʢʮʠʦʥʘʣʴʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ, ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʠ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, ʩʦʩʪʘʚ 

ʢʦʪʦʨʳʭ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʦʮʝʥʢʠ ʩʦʦʪʚʝʪʩʪʚʠʷ ʧʨʠʥʷʪʳʭ ʨʝʰʝʥʠʡ ʟʘʜʘʥʠʶ ʥʘ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʪʨʝʙʦʚʘʥʠʷʤ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ. ʂʘʢ ʧʨʘʚʠʣʦ, ʇɼ 

ʥʝʦʙʭʦʜʠʤʘ ʪʦʣʴʢʦ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʪʠʟʳ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʙʫʜʫʱʠʭ 

ʨʘʙʦʪ ʨʘʟʣʠʯʥʳʤ ʥʦʨʤʘʤ, ʧʨʠʥʷʪʳʤ ʚ ʈʌ.  

ʉʦʩʪʘʚ ʢʦʤʧʣʝʢʪʘ ʠ ʩʦʜʝʨʞʘʥʠʝ ʇɼ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʇʦʩʪʘʥʦʚʣʝʥʠʝ 

ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ʦʪ 16 ʬʝʚʨʘʣʷ 2008 ʛ. N 87 çʆ ʩʦʩʪʘʚʝ ʨʘʟʜʝʣʦʚ ʧʨʦʝʢʪʥʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʠ ʠ ʪʨʝʙʦʚʘʥʠʷʭ ʢ ʠʭ ʩʦʜʝʨʞʘʥʠʶè. ʂʦʤʧʣʝʢʪ ʚʢʣʶʯʘʝʪ 

ʧʦʷʩʥʠʪʝʣʴʥʫʶ ʟʘʧʠʩʢʫ, ʩʭʝʤʫ ʟʝʤʝʣʴʥʦʛʦ ʫʯʘʩʪʢʘ, ʩʚʝʜʝʥʠʷ ʦʙ 
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ʦʙʦʨʫʜʦʚʘʥʠʠ ʠ ʢʦʤʤʫʥʠʢʘʮʠʷʭ, ʧʨʦʝʢʪ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʪ ʠ ʠʥʫʶ 

ʜʦʢʫʤʝʥʪʘʮʠʶ (ʚʩʝʛʦ 12 ʧʫʥʢʪʦʚ). 

ʇʦʩʪʘʥʦʚʣʝʥʠʝ ˉ87 ʧʦʜʨʦʙʥʦ ʦʧʠʩʳʚʘʝʪ ʩʦʜʝʨʞʘʥʠʝ ʢʘʞʜʦʛʦ 

ʜʦʢʫʤʝʥʪʘ, ʧʦʵʪʦʤʫ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʥʦʚʦʛʦ ʢʦʤʧʣʝʢʪʘ ʧʨʦʝʢʪʥʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʠ ʚʩʝʛʜʘ ʥʫʞʥʦ ʟʘʧʦʣʥʷʪʴ ʝʛʦ ʪʠʧʦʚʳʤ ʦʙʨʘʟʦʤ, ʚʝʜʴ ʤʥʦʛʦʝ 

ʧʦʚʪʦʨʷʝʪʩʷ ʠʟ ʧʨʦʝʢʪʘ ʚ ʧʨʦʝʢʪ (ʩʦʩʪʘʚ ʢʦʤʧʣʝʢʪʘ, ʟʘʧʦʣʥʝʥʠʝ ʩʪʘʥʜʘʨʪʥʳʭ 

ʬʦʨʤ ʯʝʨʪʝʞʝʡ ʠ ʩʭʝʤ ʠ ʪ. ʜ.).  

ʂʦʤʧʣʝʢʪ ʨʘʙʦʯʝʡ ʜʦʢʫʤʝʥʪʘʮʠʠ (ʈɼ) ʩʦʟʜʘʸʪʩʷ ʥʘ ʦʩʥʦʚʝ ʧʨʦʰʝʜʰʝʡ 

ʵʢʩʧʝʨʪʠʟʫ ʧʨʦʝʢʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʦʥ ʚʢʣʶʯʘʝʪ ʯʝʨʪʝʞʠ, ʩʭʝʤʳ, 

ʩʧʝʮʠʬʠʢʘʮʠʠ ʥʘ ʪʨʝʙʫʝʤʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʤʘʪʝʨʠʘʣʳ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʝ 

ʜʦʢʫʤʝʥʪʳ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʪʝʭ ʠʣʠ ʠʥʳʭ ʦʧʝʨʘʮʠʡ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʙʳʪʴ 

ʚʳʧʦʣʥʝʥʳ ʩʦʛʣʘʩʥʦ ʧʨʦʝʢʪʫ. ʀʥʘʯʝ ʛʦʚʦʨʷ, ʈɼ ï ʵʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʜʦʢʫʤʝʥʪʦʚ (ʪʝʢʩʪʦʚʳʭ, ʛʨʘʬʠʯʝʩʢʠʭ), ʧʦʜʨʦʙʥʦ ʦʧʠʩʳʚʘʶʱʠʭ ʚʩʝ ʨʝʰʝʥʠʷ, 

ʧʨʠʥʷʪʳʝ ʚ ʧʨʦʝʢʪʝ, ʠ ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥʳ (ʚʥʝʜʨʝʥʳ) ʚ 

ʭʦʜʝ ʨʘʙʦʪ. ʀʤʝʥʥʦ ʵʪʠ ʜʦʢʫʤʝʥʪʳ ʩʣʫʞʘʪ ʫʢʘʟʘʥʠʷʤʠ ʢ ʜʝʡʩʪʚʠʶ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʠʩʧʦʣʥʠʪʝʣʷʤ ʨʘʙʦʪ. ʊʨʝʙʦʚʘʥʠʷ ʢ ʦʬʦʨʤʣʝʥʠʶ ʇɼ ʠ ʈɼ 

ʧʨʦʧʠʩʘʥʳ ʚ ɻʆʉʊ 21.1101-2013.  

ʊʘʢʞʝ ʩʫʱʝʩʪʚʫʝʪ ʠʩʧʦʣʥʠʪʝʣʴʥʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ. ɽ y ʧʦʜʛʦʪʦʚʣʷʶʪ 

ʠʩʧʦʣʥʠʪʝʣʠ ʨʘʙʦʪ, ʚ ʥʝʡ ʫʢʘʟʳʚʘʶʪ, ʛʜʝ ʠ ʢʘʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʢʘʢʠʝ ʤʘʪʝʨʠʘʣʳ ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ, ʢʘʢʠʝ ʩʢʨʳʪʳʝ ʨʘʙʦʪʳ 

ʧʨʦʚʦʜʠʣʠʩʴ ʠ ʪ. ʜ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʩʜʝʣʘʪʴ ʚʩʝ ʨʘʙʦʪʳ ʚ ʪʦʯʥʦʩʪʠ ʧʦ 

ʈɼ ʥʝʚʦʟʤʦʞʥʦ ʧʦ ʪʦʡ ʠʣʠ ʠʥʦʡ ʧʨʠʯʠʥʝ, ʥʘʧʨʠʤʝʨ ʙʳʣʦ ʩʥʷʪʦ ʩ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʘʢʦʝ-ʣʠʙʦ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʪʦʛʜʘ ʠʩʧʦʣʥʠʪʝʣʠ ʩ 

ʧʨʦʝʢʪʠʨʦʚʱʠʢʘʤʠ ʧʦʜʙʠʨʘʶʪ ʘʥʘʣʦʛʠʯʥʦʝ, ʘ ʢʘʢʦʝ ʠʤʝʥʥʦ, ʫʢʘʟʳʚʘʶʪ ʚ 

ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʜʦʢʫʤʝʥʪʘʭ, ʧʦʪʦʤʫ ʯʪʦ ʚʥʦʩʠʪʴ ʠʟʤʝʥʝʥʠʷ ʚ ʈɼ ʫʞʝ ʥʝʣʴʟʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʟʘʢʘʟʯʠʢ ʚ ʠʪʦʛʝ ʠʤʝʝʪ ʧʦʣʥʳʡ ʥʘʙʦʨ 

ʜʦʢʫʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʜʘʣʴʥʝʡʰʝʤ ʜʣʷ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʲʝʢʪʘ.  

ʀʟʣʦʞʝʥʥʦʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ, ʧʦʤʠʤʦ ʧʦʜʛʦʪʦʚʢʠ ʯʝʨʪʝʞʝʡ ʠ ʩʭʝʤ, 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʝʦʙʭʦʜʠʤʳʭ ʚ ʨʘʙʦʪʝ, ʠʩʧʦʣʥʠʪʝʣʴʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ 

ʜʦʣʞʥʳ ʛʦʪʦʚʠʪʴ ʧʘʢʝʪʳ ʜʦʢʫʤʝʥʪʦʚ. ɺ ʵʪʦʤ ʠʤ ʧʦʤʦʛʘʶʪ ʉɸʇʈ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦʜʛʦʪʦʚʠʪʴ ʥʝʢʦʪʦʨʳʝ ʬʦʨʤʳ ʠ ʜʦʢʫʤʝʥʪʳ.  

ɽʱ y ʦʜʥʠʤ ʥʝʤʘʣʦʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʚ ʧʨʦʮʝʩʩʝ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʢʦʣʣʝʢʪʠʚʥʘʷ ʨʘʙʦʪʘ ʥʘʜ ʙʦʣʴʰʠʤʠ ʧʨʦʝʢʪʘʤʠ. 

ʉʫʱʝʩʪʚʫʶʪ ʜʚʘ ʧʦʜʭʦʜʘ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʜʦʙʥʦʛʦ ʨʦʜʘ 

ʜʝʷʪʝʣʴʥʦʩʪʠ: ʩʢʚʦʟʥʦʝ ʠ ʧʘʨʘʣʣʝʣʴʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ. ʈʘʩʩʤʦʪʨʠʤ ʢʘʞʜʦʝ 

ʥʘʧʨʘʚʣʝʥʠʝ. 

ʉʢʚʦʟʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ï ʤʝʪʦʜ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʡ 

ʩʦʪʨʫʜʥʠʢʘʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʢʪʫʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʝʷʪʝʣʴʥʦʩʪʠ ʜʨʫʛ ʜʨʫʛʘ. 

ʊʘʢ, ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʯʝʨʪʝʞʝʡ ʪʨʝʙʫʝʪʩʷ ʥʝʩʢʦʣʴʢʦ 

ʩʦʪʨʫʜʥʠʢʦʚ ʩ ʨʘʟʥʳʤʠ ʩʧʝʮʠʘʣʠʟʘʮʠʷʤʠ, ʧʨʠ ʵʪʦʤ ʠʭ ʨʘʙʦʪʘ ʥʦʩʠʪ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ï ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʟʝʤʝʣʴʥʳʡ ʧʣʘʥ, ʥʘ ʥʝʛʦ 

ʥʘʢʣʘʜʳʚʘʝʪʩʷ ʧʣʘʥ ʟʜʘʥʠʷ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʥʘ ʦʩʥʦʚʝ ʧʨʝʜʳʜʫʱʠʭ 
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ʜʦʢʫʤʝʥʪʦʚ ʛʦʪʦʚʷʪ ʩʭʝʤʳ ʧʦʜʚʝʜʝʥʠʷ ʢʦʤʤʫʥʠʢʘʮʠʡ ʠ ʪ. ʜ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ 

ʥʝʦʙʭʦʜʠʤʦ ʢʦʧʠʨʦʚʘʪʴ ʧʨʝʜʳʜʫʱʠʝ ʜʦʢʫʤʝʥʪʳ ʠ ʩʦʟʜʘʚʘʪʴ ʥʦʚʳʝ ʩʣʦʠ. 

ʉʢʚʦʟʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʚʝʩʪʠ ʨʘʙʦʪʫ ʧʫʪʸʤ ʜʦʙʘʚʣʝʥʠʷ ʩʩʳʣʦʢ 

ʥʘ ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʨʘʙʦʪʳ ʜʦʢʫʤʝʥʪʳ, ʯʪʦ ʜʘʸʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ: 

ʦʧʝʨʘʪʠʚʥʦʝ ʦʙʥʦʚʣʝʥʠʝ ʬʘʡʣʦʚ (ʚʥʦʩʠʤʳʝ ʠʟʤʝʥʝʥʠʷ ʩʨʘʟʫ ʦʪʦʙʨʘʟʷʪʩʷ ʥʘ 

ʚʩʝʭ ʟʘʚʠʩʠʤʳʭ ʜʦʢʫʤʝʥʪʘʭ), ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʛʦʪʦʚʥʦʩʪʠ 

ʧʨʝʜʳʜʫʱʠʭ ʜʦʢʫʤʝʥʪʦʚ (ʥʘʧʨʠʤʝʨ, ʝʩʣʠ ʩʭʝʤʘ ʩʦʜʝʨʞʠʪ ʥʝʩʢʦʣʴʢʦ 

ʦʙʲʝʢʪʦʚ, ʪʦ ʨʘʙʦʪʫ ʟʘʯʘʩʪʫʶ ʤʦʞʥʦ ʥʘʯʠʥʘʪʴ ʧʨʠ ʛʦʪʦʚʥʦʩʪʠ ʣʠʰʴ 

ʥʝʢʦʪʦʨʳʭ ʠʟ ʥʠʭ, ʜʦʨʘʙʘʪʳʚʘʷ ʚ ʜʘʣʴʥʝʡʰʝʤ ʜʦʢʫʤʝʥʪ ʧʦ ʤʝʨʝ ʛʦʪʦʚʥʦʩʪʠ 

ʦʩʥʦʚʳ), ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʥʪʨʦʣʷ (ʦʰʠʙʢʠ ʠ ʨʘʩʭʦʞʜʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ 

ʚʝʨʩʠʷʭ, ʩʨʘʟʫ ʚʠʜʥʳ). 

ʇʘʨʘʣʣʝʣʴʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ï ʤʝʪʦʜ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʠʥʬʦʨʤʘʮʠʷ ʦ ʣʶʙʦʤ ʵʪʘʧʝ ʧʝʨʝʜʘʸʪʩʷ ʚʩʝʤ ʫʯʘʩʪʥʠʢʘʤ, ʘ ʥʝ ʪʦʣʴʢʦ ʥʘ 

ʧʦʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʧʨʦʝʢʪʘʭ, ʛʜʝ ʚʦʟʤʦʞʥʦ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʚʩʝ ʵʪʘʧʳ ʦʜʥʦʚʨʝʤʝʥʥʦ (ʥʘʧʨʠʤʝʨ, ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʵʣʝʢʪʨʦʥʥʳʭ ʩʭʝʤ), ʦʥ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʝʨʝʜʘʯʫ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʵʪʘʧʘʭ, ʘ ʥʝ ʠʭ 

ʩʦʜʝʨʞʘʥʠʝ.  

ʈʘʩʩʤʦʪʨʠʤ ʥʝʩʢʦʣʴʢʦ ʉɸʇʈ, ʧʦʣʫʯʠʚʰʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʈʌ: Autodesk AutoCAD, ɸʩʢʦʥ Koʤʧac-3D, Nanosoft Nanocad. 

ʉʨʘʚʥʝʥʠʶ ʙʫʜʫʪ ʧʦʜʚʝʨʛʘʪʴʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʛʨʘʤʤ, ʚʣʠʷʶʱʠʝ ʥʘ 

ʧʨʦʮʝʩʩ ʚʝʜʝʥʠʷ ʧʨʦʝʢʪʦʚ ʤʝʪʦʜʦʤ ʩʢʚʦʟʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚ ʩʬʝʨʝ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 

ʇʆ AutoCAD, ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʤʧʘʥʠʠ Autodesk (ʉʐɸ) [1], ʥʘ ʨʳʥʢʝ ʩ 

1982 ʛʦʜʘ. ɿʘ ʵʪʦ ʚʨʝʤʷ ʢʦʤʧʘʥʠʷ ʩʪʘʣʘ ʣʠʜʝʨʦʤ ʥʘ ʤʠʨʦʚʦʤ ʨʳʥʢʝ ʉɸʇʈ.  

ɼʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʨʘʙʦʪʳ ʩ ʬʘʡʣʘʤʠ ʧʨʦʝʢʪʘ AutoCAD ʠʤʝʝʪ 

ʬʫʥʢʮʠʶ çʇʦʜʰʠʚʢʘè, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʧʦʜʢʣʶʯʠʪʴ ʬʘʡʣʳ ʧʨʦʝʢʪʘ ʚ 

ʝʜʠʥʫʶ ʩʠʩʪʝʤʫ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʯʝʨʝʟ ʧʦʜʰʠʚʢʫ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʨʘʙʦʪʫ, 

ʚ ʪʦʤ ʯʠʩʣʝ ʢʦʣʣʝʢʪʠʚʥʫʶ. ʉ ʦʜʥʠʤ ʬʘʡʣʦʤ ʚ ʧʦʜʰʠʚʢʝ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ 

ʥʝʩʢʦʣʴʢʦ ʯʝʣʦʚʝʢ, ʥʦ ʩ ʢʦʥʢʨʝʪʥʳʤ ʩʣʦʝʤ ï ʪʦʣʴʢʦ ʦʜʠʥ. ɼʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ 

ʠʤʝʝʪ ʠʥʩʪʨʫʤʝʥʪ çɺʥʝʰʥʠʝ ʩʩʳʣʢʠè, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʚʩʪʨʘʠʚʘʪʴ 

ʦʙʲʝʢʪʳ ʠʟ ʜʨʫʛʠʭ ʬʘʡʣʦʚ, ʧʦʟʚʦʣʷʷ ʠʟʙʝʛʘʪʴ ʧʦʚʪʦʨʦʚ, ʘ ʪʘʢʞʝ ʧʦʣʫʯʘʪʴ 

ʥʦʚʝʡʰʠʝ ʚʝʨʩʠʠ ʦʙʲʝʢʪʦʚ ʘʚʪʦʤʘʪʠʯʝʩʢʠ. ɸʥʘʣʦʛʠʯʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʠ ʚ ʦʩʪʘʣʴʥʳʭ ʧʘʢʝʪʘʭ ʉɸʇʈ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚ ʜʘʥʥʦʡ 

ʩʪʘʪʴʝ. 

ʇʆ ʂʆʄʇɸʉ-ɿD, ʨʘʟʨʘʙʦʪʘʥʥʦʝ ʢʦʤʧʘʥʠʝʡ ɸʩʢʦʥ (ʈʦʩʩʠʷ) [2] ʚ 1989 

ʛʦʜʫ. ʕʪʦ ʉɸʇʈ, ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʨʦʩʩʠʡʩʢʠʤ ʩʪʘʥʜʘʨʪʘʤ, ʧʨʠ 

ʵʪʦʤ ʬʠʥʘʥʩʦʚʦ ʙʦʣʝʝ ʜʦʩʪʫʧʥʘʷ, ʯʝʤ ʢʦʥʢʫʨʝʥʪ ʦʪ Autodesk, ʢʦʪʦʨʳʡ ʥʝ 

ʘʜʘʧʪʠʨʦʚʘʥ ʢ ɻʆʉʊʘʤ çʠʟ ʢʦʨʦʙʢʠè. ʂʆʄʇɸʉ-3D ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ 

ʩʧʝʮʠʬʠʢʘʮʠʠ ʠ ʜʨʫʛʠʝ ʜʦʢʫʤʝʥʪʳ ʧʦ ʰʘʙʣʦʥʘʤ, ʚʦʟʤʦʞʥʦ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ 

ʟʘʧʦʣʥʝʥʠʝ ʬʦʨʤ ʨʘʤʢʠ. ɼʣʷ ʢʦʣʣʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʠʤʝʶʪʩʷ ʠʥʩʪʨʫʤʝʥʪʳ 

çʉʙʦʨʢʘè, çʂʦʤʧʦʥʦʚʦʯʥʘʷ ʛʝʦʤʝʪʨʠʷè ʠ çʂʦʣʣʝʢʮʠʠè, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ 

ʨʘʩʧʨʝʜʝʣʠʪʴ ʫʯʘʩʪʢʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʝʞʜʫ ʚʩʝʤʠ ʫʯʘʩʪʥʠʢʘʤʠ ʢʦʤʘʥʜʳ 

ʨʘʟʨʘʙʦʪʯʠʢʦʚ. 
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ʉɸʇʈ NanoCAD, ʦʪ ʨʦʩʩʠʡʩʢʦʡ ʢʦʤʧʘʥʠʠ Nanosoft [3] ʙʝʨʸʪ ʩʚʦʸ ʥʘʯʘʣʦ 

ʚ 2008 ʛʦʜʫ. ʅʝʩʤʦʪʨʷ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʥʦʚʠʟʥʫ ʥʘ ʨʳʥʢʝ ʉɸʇʈ, ʜʘʥʥʦʝ 

ʇʆ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʚ 

ʙʝʩʧʣʘʪʥʦʡ ʚʝʨʩʠʠ ʜʣʷ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʢʣʠʝʥʪʦʚ (ʫʜʦʙʥʦ ʜʣʷ ʥʝʙʦʣʴʰʠʭ ʠʣʠ 

ʥʘʯʠʥʘʶʱʠʭ ʢʦʤʧʘʥʠʡ) ʠ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʘʚʪʦʤʘʪʠʟʘʮʠʠ (NanoCAD 

ʩʧʦʩʦʙʝʥ ʥʝ ʧʨʦʩʪʦ ʟʘʧʦʣʥʷʪʴ ʬʦʨʤʳ ʨʘʤʢʠ, ʥʦ ʠ ʛʝʥʝʨʠʨʦʚʘʪʴ ʥʝʢʦʪʦʨʳʝ 

ʧʨʦʝʢʪʥʳʝ ʜʦʢʫʤʝʥʪʳ). ɹʦʣʴʰʠʥʩʪʚʦ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ çʜʦʨʘʙʦʪʦʢè 

ʠʥʪʝʨʬʝʡʩʘ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʩʜʝʣʘʪʴ ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʨʠ ʨʘʙʦʪʝ ʩ 

AutoCAD ʠ ʂʆʄʇɸʉ-3D, ʫʞʝ ʫʯʪʝʥʳ ʚ ʙʘʟʦʚʦʤ ʧʘʢʝʪʝ NanoCAD. ʂʨʦʤʝ 

ʵʪʦʛʦ, ʢʦʤʧʘʥʠʷ Nanosoft ʠʤʝʝʪ ʨʷʜ ʫʟʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʨʘʩʰʠʨʝʥʠʡ ʠ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʢʦʪʦʨʳʝ ʧʦʣʥʦʩʪʴʶ ʩʦʚʤʝʩʪʠʤʳ ʚʩʣʝʜʩʪʚʠʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʪʘʥʜʘʨʪʥʳʭ ʬʦʨʤʘʪʦʚ ʚʳʚʦʜʘ ʜʘʥʥʳʭ. 

ʇʨʠ ʢʦʣʣʝʢʪʠʚʥʦʡ ʨʘʙʦʪʝ ʥʘʜ ʧʨʦʝʢʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʵʬʬʝʢʪʠʚʥʦ 

ʫʧʨʘʚʣʷʪʴ ʬʘʡʣʘʤʠ ʧʨʦʝʢʪʘ, ʧʨʠ ʵʪʦʤ ʚʦʟʤʦʞʥʳ ʥʝʩʢʦʣʴʢʦ ʩʧʦʩʦʙʦʚ 

ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʪʳ. 

ʇʨʦʩʪʝʡʰʠʡ ʚʘʨʠʘʥʪ ʜʦʩʪʫʧʘ ʢ ʬʘʡʣʘʤ ʧʨʦʝʢʪʘ ï ʦʙʱʠʡ ʢʘʪʘʣʦʛ, ʚ 

ʢʦʪʦʨʦʤ ʚʩʝ ʬʘʡʣʳ ʛʨʫʧʧʠʨʫʶʪʩʷ ʧʦ ʧʘʧʢʘʤ ʠ ʨʘʟʜʘʶʪʩʷ ʧʨʘʚʘ ʜʦʩʪʫʧʘ ʢ 

ʥʠʤ. ɼʘʥʥʳʡ ʩʧʦʩʦʙ ʜʦʩʪʘʪʦʯʝʥ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʩʩʳʣʦʢ, ʥʦ ʚʦʟʥʠʢʘʝʪ 

ʧʨʦʙʣʝʤʘ ʩ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʨʘʙʦʪʦʡ ʥʘʜ ʦʜʥʠʤ ʬʘʡʣʦʤ. ʅʘ ʦʩʥʦʚʝ ʪʘʢʦʛʦ 

ʢʘʪʘʣʦʛʘ ʦʯʝʥʴ ʫʜʦʙʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʜʰʠʚʢʠ AutoCAD'a. 

ɹʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʡ ʚʘʨʠʘʥʪ ï ʵʪʦ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʳʤʠ ï ʇʆ, 

ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʫʧʨʘʚʣʷʪʴ ʬʘʡʣʘʤʠ ʧʨʦʝʢʪʘ ʠ ʦʨʛʘʥʠʟʦʚʳʚʘʪ ɹ ʧʨʦʮʝʩʩ 

ʨʘʙʦʪʳ. ʂ ʧʦʜʦʙʥʳʤ ʩʠʩʪʝʤʘʤ ʦʪʥʦʩʷʪʩʷ Autodesk Vault ʠ ɸʩʢʦʥ ʃʦʮʤʘʥ. 

ɼʘʥʥʳʝ ʩʠʩʪʝʤʳ ʥʝ ʠʤʝʶʪ ʞʸʩʪʢʦʡ ʧʨʠʚʷʟʢʠ ʢ ʇʆ ʦʪ ʩʚʦʝʛʦ ʧʨʦʠʟʚʦʜʠʪʝʣʷ, 

ʧʦʵʪʦʤʫ ʠʭ ʤʦʞʥʦ ʢʦʤʙʠʥʠʨʦʚʘʪʴ ʩʦ ʩʪʦʨʦʥʥʠʤʠ ʉɸʇʈ. ʂʦʤʧʘʥʠʷ Autodesk, 

ʧʦʤʠʤʦ ʧʨʦʯʝʛʦ, ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʦʙʣʘʯʥʳʡ ʩʝʨʚʠʩ ɸ360, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪʴ ʧʨʝʠʤʫʱʝʩʪʚʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʳʤʠ ʠʟ ʣʶʙʦʡ ʪʦʯʢʠ 

ɿʝʤʣʠ, ʧʦʟʚʦʣʷʷ ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʬʘʡʣʳ ʧʨʦʝʢʪʘ ʥʘ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ. 

ʂʦʤʧʘʥʠʷ Nanosoft ʘʥʘʣʦʛʠʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʥʝ ʠʤʝʝʪ, ʯʪʦ ʣʠʰʘʝʪ 

ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʢʣʠʝʥʪʦʚ ʚʦʟʤʦʞʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʙʳʣʦ ʙ  r

ʧʦʣʫʯʠʪʴ ʦʪ ʦʨʛʘʥʠʟʘʮʠʠ ʝʜʠʥʦʡ çʵʢʦʩʠʩʪʝʤʳè ï ʢʦʤʧʣʝʢʪʘ ʧʨʦʛʨʘʤʤʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʦʪ ʦʜʥʦʛʦ ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʩ ʧʦʣʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʴʶ.  

ʇʦʜʚʝʜʸʤ ʠʪʦʛʠ. ʈʘʩʩʤʦʪʨʝʥʥʦʝ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʇʆ ʠʩʧʦʣʴʟʫʝʪ 

ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʢ ʚʝʜʝʥʠʶ ʧʨʦʝʢʪʦʚ, ʦʜʥʘʢʦ ʩʨʝʜʠ ʥʠʭ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʦʙʱʠʝ ʥʘʧʨʘʚʣʝʥʠʷ: ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʟʘʧʦʣʥʝʥʠʷ ʬʦʨʤ (ʚʧʣʦʪʴ ʜʦ ʩʦʟʜʘʥʠʷ 

ʛʦʪʦʚʦʛʦ ʜʦʢʫʤʝʥʪʘ ʙʝʟ ʫʯʘʩʪʠʷ ʯʝʣʦʚʝʢʘ), ʨʘʟʛʨʘʥʠʯʝʥʠʝ ʜʦʩʪʫʧʘ ʢ ʬʘʡʣʘʤ 

ʧʨʠ ʢʦʣʣʝʢʪʠʚʥʦʡ ʨʘʙʦʪʝ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʩʳʣʦʢ ʥʘ ʚʥʝʰʥʠʝ ʬʘʡʣʳ ʩ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʧʦʣʫʯʝʥʠʝʤ ʘʢʪʫʘʣʴʥʳʭ ʜʘʥʥʳʭ ʦʙ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʘʭ 

ʯʝʨʪʝʞʘ. ʅʘ ʧʝʨʝʜʥʠʡ ʧʣʘʥ ʚʳʭʦʜʷʪ ʦʙʣʘʯʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʢʦʪʦʨʳʝ ʫʞʝ 

ʩʝʡʯʘʩ ʧʦʟʚʦʣʷʶʪ ʚʝʩʪʠ ʨʘʙʦʪʫ ʥʘ ʣʶʙʦʤ ʨʘʩʩʪʦʷʥʠʠ. ʄʦʞʥʦ ʦʞʠʜʘʪʴ, ʯʪʦ 

ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʚʥʝʜʨʝʥʠʠ ʚʝʙ-ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʮʝʩʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʪʘʥʝʪ 

ʧʦ-ʥʘʩʪʦʷʱʝʤʫ ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʳʤ. 
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(ʛ. ɼʦʥʝʮʢ, ɼʦʥʝʮʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ) 

ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʉɸʇʈ ɼʃʗ ʈɽʐɽʅʀʗ ʋʏɽɹʅʆ-

ʀʉʉʃɽɼʆɺɸʊɽʃʔʉʂʀʍ ɿɸɼɸʏ ʇʈʀ ʇʈʆɽʂʊʀʈʆɺɸʅʀʀ 

ʉʆɺʈɽʄɽʅʅʓʍ ʂɸɹɽʃʔʅʓʍ ʃʀʅʀʁ ɺʓʉʆʂʆɻʆ                              

ʀ ʉɺɽʈʍɺʓʉʆʂʆɻʆ ʅɸʇʈʗɾɽʅʀʗ 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʨʘʟʨʘʙʦʪʦʢ ʧʦ ʩʦʟʜʘʥʠʶ ʫʯʝʙʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʚʘʨʠʘʥʪʘ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʢʘʙʝʣʴʥʳʭ ʣʠʥʠʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʚʳʩʦʢʦʛʦ ʠ ʩʚʝʨʭʚʳʩʦʢʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ. ɼʣʷ ʩʠʣʦʚʦʛʦ ʢʘʙʝʣʷ ʥʘ ʥʘʧʨʷʞʝʥʠʝ 110 ʢɺ ʩ ʠʟʦʣʷʮʠʝʡ ʠʟ 

ʩʰʠʪʦʛʦ ʧʦʣʠʵʪʠʣʝʥʘ ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʦʤʫ ʘʣʛʦʨʠʪʤʫ ʠ ʢʦʤʧʴʶʪʝʨʥʦʡ 

ʧʨʦʛʨʘʤʤʝ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ PHP ʚʳʧʦʣʥʝʥ ʪʝʧʣʦʚʦʡ ʨʘʩʯʝʪ 

ʢʘʙʝʣʷ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʦʛʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʟʨʘʙʦʪʦʢ.  

Discusses the results of the development of teaching and research version of 

the computer aided design of cable lines of high and extra-high voltage. For power 

cable, for a voltage of 110 kV with XLPE insulation according to the developed 

algorithm and the computer program in the programming language PHP thermal 

design of the cable, and the results show the efficiency of the made developments. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʦʟʜʘʥʠʝ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʢʘʙʝʣʴʥʳʭ ʣʠʥʠʡ ʫʯʝʙʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʚʘʨʠʘʥʪ, ʢʘʙʝʣʴ 

ʥʘʧʨʷʞʝʥʠʝʤ 110 ʢɺ ʩ ʠʟʦʣʷʮʠʝʡ ʠʟ ʩʰʠʪʦʛʦ ʧʦʣʠʵʪʠʣʝʥʘ, ʪʝʧʣʦʚʦʡ ʨʘʩʯʝʪ, 

ʘʣʛʦʨʠʪʤ ʠ ʢʦʤʧʴʶʪʝʨʥʘʷ ʧʨʦʛʨʘʤʤʘ ʥʘ ̫ʟʳʢʝ PHP. 

Keywords: development of the computer aided design of cable lines, teaching 

and research version, cable for a voltage of 110 kV with XLPE insulation, thermal 

https://www.autodesk.ru/
https://ascon.ru/
http://www.nanocad.ru/
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design of the cable, algorithm and the computer program in the programming 

language PHP. 

 

ɺ ʩʚʷʟʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʧʦʷʚʣʷʶʪʩʷ 

ʧʨʦʙʣʝʤʳ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʚʦʟʜʫʰʥʳʭ ʣʠʥʠʡ (ɺʃ), 

ʧʦʚʳʰʝʥʠ ̫ʠʭ ʥʘʜʝʞʥʦʩʪʠ, ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ 

ɺʃ. ʉʦʦʨʫʞʝʥʠʝ ʥʦʚʳʭ ɺʃ ʩʚʷʟʘʥʦ ʩ ʙʦʣʴʰʠʤʠ ʪʨʫʜʥʦʩʪʷʤʠ, ʦʩʦʙʝʥʥʦ ʚ 

ʫʩʣʦʚʠʷʭ ʧʣʦʪʥʦʡ ʛʦʨʦʜʩʢʦʡ ʟʘʩʪʨʦʡʢʠ. ʅʦʨʤʘʪʠʚʥʳʝ ʜʦʢʫʤʝʥʪʳ ʜʦʧʫʩʢʘʶʪ 

ʧʨʦʭʦʞʜʝʥʠʝ ɺʃ ʥʘʜ ʥʝʞʠʣʳʤʠ ʟʜʘʥʠʷʤʠ ʠ ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʥʦʨʤ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʘʢʪʫʘʣʴʥʳʤ ʧʨʝʜʣʦʞʝʥʠʝʤ ʜʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʛʦ ʚʦʧʨʦʩʘ 

ʷʚʣʷʝʪʩʷ ʟʘʤʝʥʘ ɺʃ ʥʘ ʢʘʙʝʣʴʥʳʝ ʣʠʥʠʠ, ʘ ʪʘʢʞʝ ʫʩʪʨʦʡʩʪʚʦ ʢʘʙʝʣʴʥʳʭ 

ʚʩʪʘʚʦʢ. ɺ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʧʨʠʤʝʨʦʚ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʨʘʟʨʘʙʦʪʢʫ ʠ 

ʨʝʘʣʠʟʘʮʠʶ ʚ ʆɸʆ çʇʨʦʤʠʢè ʧʝʨʝʭʦʜʘ ɺʃ 35 ʢɺ ʚ ʢʘʙʝʣʴʥʫʶ ʣʠʥʠʶ ʥʘ 

ʨʝʰʝʪʯʘʪʦʡ ʩʪʘʣʴʥʦʡ ʦʧʦʨʝ ʪʠʧʘ ʋ35-2ʪ.  

ʈʘʙʦʪʳ, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝʤ ʢʘʙʝʣʴʥʳʭ ʣʠʥʠʡ (ʂʃ) 

ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ (ɺʅ) ʠ ʩʚʝʨʭʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 

(ʉɺʅ), ʥʫʞʜʘʶʪʩʷ ʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʦʨʛʘʥʠʟʘʮʠʷʤʠ, ʢʦʪʦʨʳʝ ʟʘʥʠʤʘʶʪʩʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝʤ ʠ ʩʦʦʨʫʞʝʥʠʝʤ 

ʢʘʙʝʣʴʥʳʭ ʃʕʇ ʧʦʜʦʙʥʦ ʚʦʟʜʫʰʥʳʤ ʃʕʇ. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ 

ʨʘʮʠʦʥʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʬʫʥʢʮʠʡ ʤʝʞʜʫ ʯʝʣʦʚʝʢʦʤ ʠ ʢʦʤʧʴʶʪʝʨʦʤ. 

ʇʨʦʝʢʪʠʨʦʚʱʠʢ ʨʝʰʘʝʪ ʟʘʜʘʯʠ, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʩ ʫʥʠʢʘʣʴʥʦʩʪʴʶ 

ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ, ʘ ʢʦʤʧʴʶʪʝʨ ʦʪʚʝʯʘʝʪ ʟʘ ʪʦʯʥʦʩʪʴ ʨʘʩʯʝʪʦʚ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʥʘ ʢʘʬʝʜʨʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ɼʦʥʅʊʋ ʩʪʨʫʢʪʫʨʥʘʷ 

ʩʭʝʤʘ ʫʯʝʙʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʚʘʨʠʘʥʪʘ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʢʘʙʝʣʴʥʳʭ ʣʠʥʠʡ ʣɻʝʢʪʨʦʧʝʨʝʜʘʯʠ (ʋʀ ʉɸʇʈ ʂʃ) 

ʧʦʣʥʦʩʪʴʶ ʦʪʚʝʯʘʝʪ ʪʨʝʙʦʚʘʥʠʷʤ [1] ʠ ʩʦʩʪʦʠʪ ʠʟ ʪʝʭʥʠʯʝʩʢʦʡ ʠ 

ʜʦʢʫʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʝʡ (ʧʦʜʩʠʩʪʝʤ). ɹʦʣʝʝ ʜʝʪʘʣʴʥʦ ʧʨʝʜʣʘʛʘʝʤʘʷ 

ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1.  

ʊʝʭʥʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʳ ʩʦʜʝʨʞʠʪ ʣʠʥʝʡʥʫʶ ʠ 

ʩʪʨʦʠʪʝʣʴʥʫʶ ʧʦʜʩʠʩʪʝʤʳ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʣʠʥʝʡʥʘʷ ʧʦʜʩʠʩʪʝʤʘ ʚʢʣʶʯʘʝʪ ʫ 

ʩʝʙʷ ʧʦʜʩʠʩʪʝʤʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʂʃ ʩ ʨʘʩʯʝʪʘʤʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʢʘʙʝʣʷ, ʘ ʪʘʢʞʝ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʠ ʪʝʧʣʦʚʳʤʠ 

ʨʘʩʯʝʪʘʤʠ.  

ɼʦʢʫʤʝʥʪʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʚʢʣʶʯʘʝʪ ʜʝʚʷʪʴ ʦʩʥʦʚʥʳʭ ʝʜʠʥʠʮ ʜʦʢʫʤʝʥʪʦʚ 

(ɼ), ʚ ʢʦʪʦʨʳʝ ʧʦʵʪʘʧʥʦ ʟʘʥʦʩʠʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʋʀ ʉɸʇʈ ʂʃ ɺʅ ʠ ʉɺʅ ʚʳʛʣʷʜʠʪ ʢʘʢ web-ʩʪʨʘʥʠʮʘ. ɺ 

ʢʘʯʝʩʪʚʝ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ   ʠʩʧʦʣʴʟʫʝʪʩʷ ʷʟʳʢ ʈʅʈ (Hypertext 

Preprocessor - ʇʨʝʧʨʦʮʝʩʩʦʨ ɻʠʧʝʨʪʝʢʩʪʘ). 
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ʉɸʇʈ ʂʃ ɺʅ ʀ  ʉɺʅ

ʊʝʭʥʠʯʝʩʢʘ̫ ʩʠʩʪʝʤʘ ɼʦʢʫʤʝʥʪʘʣɹʥʘ̫ ʩʠʩʪʝʤʘ

ʃʠʥʝʡʥʘ̫ ʧʦʜʩʠʩʪʝʤʘ
ʉʪʨʦʠʪʝʣɹʥʦ-ʤʦʥʪʘʞʥʘ̫ 

ʧʦʜʩʠʩʪʝʤʘ

ʈʘʩʯʝʪ 

ʢʦʥʩʪʨʫʢʪʠʚʥrʭ 

ʣɻʝʤʝʥʪʦʚ ʢʘʙʝʣ̫

ʕʣʝʢʪʨʠʯʝʩʢʠʡ 

ʨʘʩʯʝʪ

ʊʝʧʣʦʚʦʡ 

ʨʘʩʯʝʪ

ʈʘʩʯʝʪ 

ʪʦʢʦʧʨʦʚʦʜ̫ ʝɦʡ 

ʞʠʣr

ʈʘʩʯʝʪ ʠʟʦʣ̫ʮʠʠ 

ʠ ʟʘʚʠʩʠʤʦʩʪʠ  

ʥʘʧʨ̫ʞʝʥʥʦʩʪʠ 

ʣɻʝʢʪʨʠʯʝʩʢʦʛʦ

 ʧʦʣ̫ ʚ ʠʟʦʣ̫ʮʠʠ

 ʦʪ  ʨʘʜʠʫʩʘ

ʈʘʩʯʝʪ ʟʘɦʠʪʥrʭ 

ʧʦʢʨrʪʠʡ

ʈʘʩʯʝʪ 

ʩʦʧʨʦʪʠʚʣʝʥʠ̫  

ʪʦʢʦʧʨʦʚʦʜ̫ ʝɦʡ  

ʞʠʣr ʧʦʩʪʦ̫ʥʥʦʛʦ

ʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ

ʈʘʩʯʝʪ 

ʜʠɻʣʝʢʪʨʠʯʝʩʢʠʭ 

ʧʦʪʝʨɹ ʚ ʠʟʦʣ̫ʮʠʠ,

 ʩʦʧʨʦʪʠʚʣʝʥʠ̫ 

ʠʟʦʣ̫ʮʠʠ, 

ʣɻ. ʝʤʢʦʩʪʠ ʢʘʙʝʣ̫, 

ʠʥʜʫʢʪʠʚʥʦʩʪʠ 

ʞʠʣr  

ʧʨʠ ʟʘʤʢʥʫʪrʭ 

ʦʙʦʣʦʯʢʘʭ ʥʘ ʟʝʤʣʁ

ʈʘʩʯʝʪ ʧʦʪʝʨɹ 

ʧʦʣʝʟʥʦʡ ʥɻʝʨʛʠʠ ʚ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʦʙʦʣʦʯʢʘʭ ʢʘʙʝʣ̫

ʈʘʩʯʝʪ ʪʝʧʣʦʚrʭ 

ʩʦʧʨʦʪʠʚʣʝʥʠʡ 

ʢʦʥʩʪʨʫʢʪʠʚʥrʭ 

ʣɻʝʤʝʥʪʦʚ ʠ 

ʦʢʨʫʞʘʁ ʝɦʡ 

ʩʨʝʜr

ʈʘʩʯʝʪ 

ʜʦʧʫʩʪʠʤʦʛʦ 

ʪʦʢʘ 

ʥʘʛʨʫʟʢʠ, 

ʧʝʨʝʜʘʥʥʦʡ 

ʤʦɦ ʥʦʩʪʠ
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ʧʦʩʪʦ̫ʥʥʦʡ 

ʚʨʝʤʝʥʠ ʥʘʛʨʝʚʘ
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      ʟʘʚʠʩʠʤʦʩʪʠ ʪʦʢʘ 

ʧʝʨʝʛʨʫʟʢʠ 

ʦʪ ʚʨʝʤʝʥʠ 

ʧʝʨʝʛʨʫʟʢʠ

ʈʘʩʯʝʪ 

ʟʘʚʠʩʠʤʦʩʪʠ 

ʪʦʢʘ ʂɿ 

ʦʪ ʚʨʝʤʝʥʠ 

ʩʨʘʙʘʪrʚʘʥʠ̫ 

ʟʘɦʠʪr

ɼ1. ʉʝʨʪʠʬʠʢʘʪ 

ʢʘʯʝʩʪʚʘ ʢʘʙʝʣ̫

ɼ2.ɸʢʪ ʨʘʟʙʠʚʢʠ 

ʢʘʙʝʣ̫

ɼ3.ɸʢʪʠ ʧʨʠʝʤʢʠ 

ʪʨʘʥh ʝʡ, ʢʘʥʘʣʦʚ 

ʧʦʜ ʧʨʦʢʣʘʜʢʫ ʂʃ

ɼ4.ɸʢʪr ʥʘ ʤʦʥʪʘʞ 

ʢʘʙʝʣɹʥrʭ ʤʫʬʪ

ɼ5.ɸʢʪr ʦʩʤʦʪʨʘ 

ʢʘʙʝʣʝʡ

ɼ6.ɾʫʨʥʘʣ ʧʨʦʢʣʘʜʢʠ 

ʢʘʙʝʣʝʡ

ɼ7.ɸʢʪ ʧʨʦʚʝʨʢʠ 

ʠ ʦʧʨʦʙrʚʘʥʠ̫ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ 

ʫʩʪʘʥʦʚʦʢ ʩʠʩʪʝʤ 

ʧʦʞʘʨʥʦʡ 

ʩʠʛʥʘʣʠʟʘʮʠʠ
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ɼ9.ɺr ʯʝʨʯʠʚʘʥʠʝ 
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ʢʦʤʤʫʥʠʢʘʮʠ̫ʤʠ

ɺr ʙʦʨ ʪʨʘʩʩr

ʈr ʪɹʝ ʪʨʘʥh ʝʡ

ʋʢʣʘʜʢʘ 

ʢʘʙʝʣʝʡ

ʋʩʪʘʥʦʚʢʘ 

ʩʦʝʜʠʥʠʪʝʣɹ-

ʥrʭ ʤʫʬʪ
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ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʋʀ ʉɸʇʈ ʂʃ ɺʅ ʠ ʉɺʅ 

 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ ʪʝʧʣʦʚʦʛʦ 

ʨʘʩʯʝʪʘ ʢʘʙʝʣʷ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʨʘʩʯʝʪʳ ʪʝʧʣʦʚʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ; ʨʘʩʯʝʪʳ ʜʦʧʫʩʪʠʤʦʛʦ ʪʦʢʘ 

ʥʘʛʨʫʟʢʠ, ʧʝʨʝʜʘʥʥʦʡ ʤʦʱʥʦʩʪʠ; ʨʘʩʯʝʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ 

ʢʘʙʝʣʝ; ʨʘʩʯʝʪʳ ʪʝʧʣʦʝʤʢʦʩʪʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʧʦʩʪʦʷʥʥʦʡ 

ʚʨʝʤʝʥʠ ʥʘʛʨʝʚʘʥʠʷ; ʨʘʩʯʝʪʳ ʟʘʚʠʩʠʤʦʩʪʠ ʪʦʢʘ ʧʝʨʝʛʨʫʟʢʠ ʦʪ ʚʨʝʤʝʥʠ 

ʧʝʨʝʛʨʫʟʢʠ; ʨʘʩʯʝʪʳ ʟʘʚʠʩʠʤʦʩʪʠ ʪʦʢʘ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʦʪ ʚʨʝʤʝʥʠ 

ʩʨʘʙʘʪʳʚʘʥʠʷ ʨʝʣʝʡʥʦʡ ʟʘʱʠʪʳ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʜʣʷ ʢʦʥʪʨʦʣʴʥʦʛʦ ʧʨʦʝʢʪʥʦʛʦ ʨʘʩʯʝʪʘ ʙʳʣ ʚʙrʨʘʥ 

ʩʠʣʦʚʦʡ ʢʘʙʝʣʴ ʥʘ ʥʘʧʨʷʞʝʥʠʝ 110 ʢɺ ʩ ʠʟʦʣʷʮʠʝʡ ʠʟ ʩʰʠʪʦʛʦ ʧʦʣʠʪɻʠʣʝʥʘ 

(ʉʇʕ), ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʪ ʚʩʝ ʙʦʣʴʰʝʝ ʧʨʠʤʝʥʝʥʠʝ. ʅʘʨʷʜʫ ʩ ʠʟʦʣʷʮʠʦʥʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʦʣʠʵʪʠʣʝʥʘ ʷʚʣʷʶʪʩʷ ʠ ʝʛʦ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ɼʘʞʝ ʚ ʨʝʞʠʤʝ ʢʦʨʦʪʢʦʛʦ 

ʟʘʤʳʢʘʥʠʷ ʉʇʕ ʯʫʜʝʩʥʦ ʩʦʭʨʘʥʷʝʪ ʬʦʨʤʫ, ʢʦʪʦʨʘʷ ʜʘʝʪ ʝʤʫ ʩʫʱʝʩʪʚʝʥʥʳʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʝʨʝʜ ʪʝʨʤʦʧʣʘʩʪʠʯʝʩʢʠʤ ʘʥʘʣʦʛʦʤ. ɺʳʩʦʢʘʷ ʪʝʨʤʦʩʪʦʡʢʦʩʪʴ 
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ʉʇʕ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʘʙʝʣʶ ʟʘʱʠʪʫ ʦʪ ʪʝʨʤʠʯʝʩʢʦʛʦ ʩʪʘʨʝʥʠʷ ʧʨʠ ʩʦʙʣʶʜʝʥʠʠ 

ʧʨʘʚʠʣ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʠ.  

ʆʜʥʘʢʦ ʥʘʨʷʜʫ ʩ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʂʃ ɺʅ ʩ ʉʇʕ ʥʘ ʧʨʘʢʪʠʢʝ ʠʟʚʝʩʪʥʳ 

ʩʣʫʯʘʠ, ʢʦʛʜʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ ʧʨʦʪʝʢʘʥʠʷ ʪʦʢʘ ʂɿ ʧʦ ʢʘʙʝʣʷʤ 

ʧʨʠ ʦʪʢʣʶʯʝʥʠʠ ʧʨʠʩʦʝʜʠʥʝʥʠʡ ʜʝʡʩʪʚʠʝʤ ʨʝʟʝʨʚʥʳʭ ʟʘʱʠʪ ʚʦʟʥʠʢʘʣʠ 

ʧʦʞʘʨʳ ʚ ʢʘʙʝʣʴʥʳʭ ʭʦʟʷʡʩʪʚʘʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʚʩʣʝʜʩʪʚʠʝ ʥʘʛʨʝʚʘ 

ʪʦʢʦʧʨʦʚʦʜʷʱʠʭ ʞʠʣ ʢʘʙʝʣʝʡ ʜʦ ʪʝʤʧʝʨʘʪʫʨ, ʧʨʠ ʢʦʪʦʨʳʭ ʧʦʷʚʣʷʣʠʩʴ 

ʨʘʟʨʳʚʳ ʦʙʦʣʦʯʝʢ ʠ ʨʘʟʨʫʰʝʥʠʷ ʢʦʥʝʯʥʳʭ ʟʘʢʣʘʜʦʢ ʩ ʟʘʛʦʨʘʥʠʝʤ ʢʘʙʝʣʝʡ. 

ɹʣʦʢ - ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ ʪʝʧʣʦʚʦʛʦ ʨʘʩʯʝʪʘ 

ʢʘʙʝʣʷ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2.  
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ʈʠʩ. 2. ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ ʨʘʩʯʝʪʘ 

 ʪʝʧʣʦʚʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ  

ʢʘʙʝʣʷ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʠʥʷʪ ʫʧʨʦʱʝʥʥʳʡ ʨʘʩʯʝʪ ʪʝʧʣʦʚʳʭ 

ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʦʢʨʫʞʘʶʱʝʛʦ ʩʨʝʜʳ. ʇʦ 
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ʉʀʉʊɽʄʓè 

ʋɼʂ 536.531 

ʊ.ɺ. ʅʝʩʚʝʪʘʡʣʦ, ɺ.ɸ. ʇʝʥʥʝʨ 

(ʛ. ʆʤʩʢ, ʆʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ) 

ʀɿʄɽʈʀʊɽʃʔʅʓɽ ʇʈʀɹʆʈʓ ʕʃɽʂʊʈʆʅʅʆɻʆ ʊʀʇɸ                     

ʅɸ ʇʈʀʄɽʈɽ ʊɽʈʄʆʄɽʊʈɸ ʉʆʇʈʆʊʀɺʃɽʅʀʗ 

ʆʧʠʩʘʥ ʧʨʠʙʦʨ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʦʩʥʦʚʝ ʪʝʨʤʦʤʝʪʨʘ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ. 

In given article the device is developed for measurement of temperature on 

the basis of the thermometer of resistance. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʤʧʝʨʘʪʫʨʘ, ʠʟʤʝʨʝʥʠʝ, ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ. 

Keywords: temperature, measurement, sensitive element. 

 

ʉ ʧʦʷʚʣʝʥʠʝʤ ʥʦʚʭr ʥʘʫʯʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʟʘʜʘʯ ʧʦʷʚʣʷʶʪʩʷ ʥʦʚʝr 

ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʟʘʜʘʯʠ. ʆʪ ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ, 

ʷʚʣʷʶʱʠʭʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʟʘʚʠʩʠʪ 

ʢʘʯʝʩʪʚʦ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ. 

ʊʝʤʧʝʨʘʪʫʨʘ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʢʘʢ ʧʘʨʘʤʝʪʨ ʪʝʧʣʦʚʦʛʦ 

ʩʦʩʪʦʷʥʠʷ, ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ. 
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ʉʫʱʝʩʪʚʫʪʁ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜ rʠ ʩʨʝʜʩʪʚʘ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʠ ʢʦʥʪʨʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʆʜʠʥ ʠʟ 

ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʪʠʧʦʚ ʜʘʪʯʠʢʦʚ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ï  ʪʝʨʤʦʤʝʪʨ ʩʦʧʨʦʪʠʚʣʝʥʠʷ (ʊʉ), ʦʙʣʘʜʘʶʱʠʡ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ, ʠʟʣʦʞʝʥʥʳʤʠ ʚ  [1]. 

ʊʉ ʩʦʩʪʦʠʪ ʠʟ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʪʝʨʤʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʚʥʫʪʨʝʥʥʠʭ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʧʨʦʚʦʜʦʚ, ʧʦʤʝʱʝʥʥʳʭ ʚ 

ʛʝʨʤʝʪʠʯʥʳʡ ʟʘʱʠʪʥʳʡ ʢʦʨʧʫʩ, ʚʥʝʰʥʠʭ ʢʣʝʤʤ ʠʣʠ ʚʳʚʦʜʦʚ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʠʟʤʝʨʠʪʝʣʴʥʦʤʫ ʧʨʠʙʦʨʫ. ɺ ʩʦʩʪʘʚ ʊʉ 

ʤʦʛʫʪ ʚʭʦʜʠʪʴ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤ ʤʦʥʪʘʞʥʳʝ ʠ 

ʢʦʤʤʫʪʘʮʠʦʥʥʳʝ ʩʨʝʜʩʪʚʘ. 

ɼʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠ ̫ʧʨʠʙʦʨʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʦʩʥʦʚʝ ʊʉ 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ: 

1. ʇʦʢʘʟʘʪʝʣʠ ʥʘʟʥʘʯʝʥʠʷ ʠʟʜʝʣʠʷ: 

- ʜʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʷ: (ï200é+ 200) ęC; 

- ʘʙʩʦʣʶʪʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʜʘʪʯʠʢʘ ʥʝ ʙʦʣʝʝ 1,5 ęC. 

2. ʉʦʩʪʘʚ ʠʟʜʝʣʠʷ ʠ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʦʥʩʪʨʫʢʮʠʠ: 

- ʜʘʪʯʠʢ; 

- ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʮʝʧʴ, ʧʦʢʘʟʳʚʘʶʱʘʷ ʧʨʠʙʦʨ. 

3. ʊʨʝʙʦʚʘʥʠʷ ʢ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʤʫ ʦʙʝʩʧʝʯʝʥʠʶ, ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ: 

ʦʪʩʫʪʩʪʚʫʶʪ. 

4. ʊʨʝʙʦʚʘʥʠʷ ʢ ʥʘʜʝʞʥʦʩʪʠ: ʦʪʩʫʪʩʪʚʫʶʪ. 

5. ʋʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ: 

- ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ 20 Ñ 5ęʉ; 

- ʘʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ  84 ï 106 ʢʇʘ; 

- ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ 30 ï80%. 

- ʧʠʪʘʥʠʝ ʧʨʠʙʦʨʘ Ñ 12 ɺ. 

6. ʈʘʙʦʯʠʝ ʫʩʣʦʚʠʷ: 

- ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ 10 ï 35 ęʉ; 

- ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ 80%; 

- ʘʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ  84 ï 106,7 ʢʇʘ. 

ʆʪ ʪʦʯʥʦʩʪʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ (ʏʕ) ʢʘʢ ʧʝʨʚʠʯʥʦʛʦ 

ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʟʘʚʠʩʪ̫ ʧʦʢʘʟʘʪʝʣʠ ʚʩʝʡ ʩʠʩʪʝʤʳ ʠʟʤʝʨʝʥʠʷ 

ʠ ʢʦʥʪʨʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʝʪʘʣʣ, ʠʟ ʢʦʪʦʨʦʛʦ ʩʦʩʪʦʠʪ 

ʏʕ ʊʉ, ʜʦʣʞʝʥ ʥʝ ʦʢʠʩʣʷʪʴʩʷ ʠ ʦʙʣʘʜʘʪʴ ʚʳʩʦʢʦʡ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʁ

ʟʥʘʯʝʥʠʡ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʠʥʪʝʨʚʘʣʝ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʊʉ ʷʚʣʷʝʪʩʷ ʧʣʘʪʠʥʦʚʳʡ, ʪ.ʢ. ʧʣʘʪʠʥʘ 

ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʠʤ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ, ʦʥʘ ʫʩʪʦʡʯʠʚʘ ʢ 

ʦʢʠʩʣʝʥʠʶ, ʠʤʝʝʪ ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʫʩʪʦʡʯʠʚʘ ʢ 

ʚʦʟʜʝʡʩʪʚʠʶ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜ, ʪʝʭʥʦʣʦʛʠʯʥʘ.  

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʧʨʠʙʦʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ.1.  
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ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʪʝʨʤʦʤʝʪʨʘ: ʊʉʇ ï ʊʉ ʧʣʘʪʠʥʦʚʳʡ;  

ʀʎ ï ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʮʝʧʴ; ʋʆ ï ʫʩʪʨʦʡʩʪʚʦ ʦʪʦʙʨʘʞʝʥʠʷ 

ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʟʘʚʠʩʠʤʦʩʪʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ R ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ T (1): 

Ὑ ὪὝ       (1) 

ʅʦʤʠʥʘʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ Rʊ0 ʧʨʠʤʝʤ ʨʘʚʥʳʤ 100 ʆʤ. 

ʋʯʠʪʳʚʘʷ ʟʘʜʘʥʥʳʡ ʜʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʡ, ʩʦʩʪʘʚʠʤ ʛʨʘʜʫʠʨʦʚʦʯʥʫ  ʁ

ʪʘʙʣʠʮʫ (ʪʘʙʣ. 1). 
ʊʘʙʣʠʮʘ 1. ɻʨʘʜʫʠʨʦʚʦʯʥʘʷ ʪʘʙʣʠʮʘ ʊʉʇ 

T , ÁC 

ʇʨʠʨʘʱʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ,  

ÁC 
RT0,ʆʤ R,Oʤ 

0   

-200 0,17307 100 17,307 

-190 0,21657 100 21,657 

-180 0,25986 100 25,986 

180 1,69544 100 169,544 

190 1,73294 100 173,294 

200 1,77033 100 177,033 

ɿʘʚʠʩʠʤʦʩʪ ɹ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ R ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ T 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2. 

 

ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ R \(T) 

ʇʦʜʩʪʘʚʠʚ ʜʘʥʥʳʝ ʠʟ ʪʘʙʣ. 1, ʦʧʨʝʜʝʣʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʊʉ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ  -200Áʉ ʠ 200Áʉ:  
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ὙὝ ςππ ρππϽπȟρχσπχρχȟσπχ ̨ Ƞ̍ 
ὙὝ ςππ ρππϽρȟχχπσσρχχȟπσσ ̨ Ȣ̍ 

ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʥʘʧʨʷʞʝʥʠʝ (ʧʨʠ ʪʦʢʝ, ʧʨʦʪʝʢʘʶʱʝʤ ʯʝʨʝʟ ʊʉ, ʨʘʚʥʦʤ 

10
-2 

 ɸ) ʩʦʩʪʘʚʠʪ 

ὟὝ ςππ ὙὝ ςππϽὍ ρχȟσπχϽρπ πȟρχ ὄȠ 
ὟὝ ςππ ὙὝ ςππϽὍ ρχχȟπσσϽρπ ρȟχχ ὄȢ 

ʇʨʝʦʙʨʘʟʦʚʘʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʊʉ ʚ  ʥʘʧʨʷʞʝʥʠʝ ʧʦʟʚʦʣʷʝʪ 

ʯʝʪʳʨʝʭʧʨʦʚʦʜʥʘ ̫ ʠʟʤʝʨʠʪʝʣʴʥʘ ̫ ʮʝʧʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʧʝʨʘʮʠʦʥʥʳʭ 

ʫʩʠʣʠʪʝʣʝʡ. 

ʆʧʨʝʜʝʣʠʤ ʚʳʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʩʠʩʪʝʤʳ Ὗ̃ ̜ ̖: 

Ὗ̃ ̜̖ ὯὯὝ̖        (2) 

ʇʨʠ ʟʥʘʯʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʨʠʙʦʨʘ k1=0,39 ʆʤ/Áʉ, k2=0,026 ɺ/ʆʤ, 

ʊʭ=200Áʉ ʟʥʘʯʝʥʠʝ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʩʦʩʪʘʚʠʪ  

Ὗ̃ ̜̖ πȟσωϽπȟπςφϽςππς ὄȢ 
ɺ ʢʘʯʝʩʪʚʝ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʚʳʙʝʨʝʤ ʚʦʣʴʪʤʝʪʨ ʄ253 

ʧʝʨʝʥʦʩʥʳʡ ʤʥʦʛʦʧʨʝʜʝʣʴʥʳʡ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʢʣʘʩʩʘ 

ʪʦʯʥʦʩʪʠ 0,5, ʩ ʜʠʘʧʘʟʦʥʦʤ ʠʟʤʝʨʝʥʠʷ 0 ɺ ï 3 ɺ. 

ʇʨʠ ʫʢʘʟʘʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʷʭ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʪʝʨʤʦʤʝʪʨʘ ʩʦʩʪʦʠʪ ʠʟ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ 

ʜʘʪʯʠʢʘ (0,05%), ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʭʝʤʳ (0,01%) ʠ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ 

(0,5%).  ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʪʝʨʤʦʤʝʪʨʘ ŭ ʩʦʩʪʘʚʠʪ 

ɿ πȟπυ Ϸ πȟπρ Ϸ πȟυ Ϸ πȟυφ ϷȢ 
ɸʙʩʦʣʶʪʥʘ ̫ʧʦʛʨʝʰʥʦʩʪʴ ʪʝʨʤʦʤʝʪʨʘ ɝ  ʩʦʩʪʘʚʠʪ: 

ɝ
ςππЈϽ˞πȟυφϷ 

ρππϷ
ρȟςЈ˞Ȣ 

ʇʦʛʨʝʰʥʦʩʪʴ ʚ ʧʨʝʜʝʣʘʭ ʜʦʧʫʩʪʠʤʦʡ. ʇʨʠʙʦʨ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʦʩʥʦʚʝ ʊʉ ʦʪʥʦʩʠʪʩʷ ʢ ʦʙʣʘʩʪʠ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʭr ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ, ʘ ʪʘʢʞʝ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʉɽʅʉʆʈʅʓʍ ʉʀʉʊɽʄ 

ʕʃɽʂʊʈʆʄɸɻʅʀʊʅʓʍ ʇʆʃɽʁ 

ʈʘʩʩʤʦʪʨʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ, ʢʦʪʦʨʦʝ 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʨʝʘʣʴʥʳʝ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʠ ʫʣʫʯʰʘʪʴ ʠʭ 

ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.  

Simulation of measuring systems makes it possible to design real measuring 

structures and to predict results of measurements and to improve their 

metrological characteristics. The measurement of the parameters of the 

electromagnetic systems constantly requires an improvement, that is why the 

modeling of the sensor systems of the electromagnetic fields is urgent. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʥʘʧʨʷʞʝʥʥʦʩʪʴ, ʜʘʪʯʠʢ, 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

Keywords: electromagnetic field, strength, sensor, simulation 

 

ʈʘʟʚʠʪʠʝ ʦʪʨʘʩʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʦʨʦʞʜʘʝʪ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʠ ʦʮʝʥʢʦʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʪʝʭʥʦʛʝʥʥʦʡ ʧʨʠʨʦʜʳ 

[1], ʠʭ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʪʝʭʥʠʯʝʩʢʠʝ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ. ɺ 

ʥʝʬʪʝʛʘʟʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʪʨʝʙʫʝʪʩʷ ʢʦʥʪʨʦʣʴ ʟʘ ʥʘʧʨʷʞʸʥʥʦʩʪʴʶ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʥʝʬʪʠ ʠ ʜʨʫʛʠʭ ʞʠʜʢʦʩʪʝʡ ʧʦ 

ʪʨʫʙʦʧʨʦʚʦʜʫ ʠ ʭʨʘʥʝʥʠʠ ʚ ʨʝʟʝʨʚʫʘʨʥʳʭ ʧʘʨʢʘʭ, ʘ ʪʘʢʞʝ ʛʣʦʙʘʣʴʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʨʘʟʣʠʯʥʳʭ 

ʯʘʩʪʦʪ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʝʥʩʦʨʥʳʭ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʵʪʘʧʦʚ, ʘ 

ʠʤʝʥʥʦ: ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʝʥʩʦʨʦʚ, 

ʚʦʟʤʦʞʥʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʜʘʪʯʠʢʘ ʩ ʧʦʣʷʤʠ 

ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ [2], ʘ ʪʘʢʞʝ ʩʦʟʜʘʥʠʝ ʚʠʨʪʫʘʣʴʥʦʡ ʤʦʜʝʣʠ ʠʟʤʝʨʠʪʝʣʷ 

ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩ ʫʯʝʪʦʤ ʧʨʝʜʳʜʫʱʠʭ ʵʪʘʧʦʚ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 
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ʈʠʩ. 1. ʄʦʜʝʣʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʦʚʦʜʷʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʬʝʨʠʯʝʩʢʦʛʦ  

ʜʘʪʯʠʢʘ ʚ ʧʦʣʝ ʢʨʠʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʩʤʝʱʝʥʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦ  

ʮʝʥʪʨʘ ʜʘʪʯʠʢʘ. ʕʢʚʠʧʦʪʝʥʮʠʘʣʴʥʳʝ ʣʠʥʠʠ ʧʦʣʷ ʠʩʪʦʯʥʠʢʘ 

 

ʈʠʩ. 2. ʄʦʜʝʣʴ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʬʝʨʠʯʝʩʢʦʛʦ (ʨʘʜʠʫʩʘ R) 

 ʩʝʥʩʦʨʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩ ʵʣʝʢʪʨʦʜʘʤʠ ʚ ʬʦʨʤʝ ʧʦʣʳʭ  

ʩʬʝʨʠʯʝʩʢʠʭ ʩʝʛʤʝʥʪʦʚ ʩ ʨʘʟʥʝʩʝʥʥʳʤʠ ʵʣʝʢʪʨʦʜʘʤʠ  

ʨʘʟʣʠʯʥʳʭ ʨʘʢʫʨʩʦʚ 

ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʘ 3D-ʤʦʜʝʣʴ ʩʝʥʩʦʨʦʚ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ [3], 

ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʙʦʨ ʤʦʜʝʣʝʡ ʜʣʷ ʨʘʩʯʝʪʘ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʠ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʠʟʦʪʨʦʧʥʳʭ ʵʣʝʢʪʨʦʠʥʜʫʢʮʠʦʥʥʳʭ ʩʝʥʩʦʨʦʚ ʧʘʨʘʤʝʪʨʦʚ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ, ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʩʦʛʣʘʩʥʦ ʥʦʨʤʘʪʠʚʥʳʤ ʜʦʢʫʤʝʥʪʘʤ 

ʈʌ, ʘ ʠʤʝʥʥʦ ʩʦʛʣʘʩʥʦ ʜʝʡʩʪʚʫʶʱʠʤ ʧʨʘʚʦʚʳʤ ʠ ʥʦʨʤʘʪʠʚʥʳʤ ʜʦʢʫʤʝʥʪʘʤ 

ɻʦʩʩʪʘʥʜʘʨʪʘ ʠ ɻʦʩʢʦʤʵʧʠʜʝʤʥʘʜʟʦʨʘ ʈʦʩʩʠʠ (ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʩʘʥʠʪʘʨʥʦ-
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ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʦʝ ʥʦʨʤʠʨʦʚʘʥʠʝ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ʥʘʧʨʠʤʝʨ, 

ʉʘʥʇʠʅ 2.2.4.1191-03, ʉʘʥʇʠʅ 2.2.2/2.4.1340-03, ʇʆʊ ʈʄ-016-2001) ʠ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʩʪʘʥʜʘʨʪʳ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ɻʆʉʊ 12.1.045-84 

(1996), ɻʆʉʊ ʈ 51070-97). 

 

ʈʠʩ. 3. ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʚʠʨʪʫʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʩʘʤʦʦʨʠʝʥʪʘʮʠʠ ʩʝʥʩʦʨʘ 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʚʠʨʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʨʘʩʯʝʪʘ 

ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʩʘʤʦʦʨʠʝʥʪʘʮʠʠ 

ʩʝʥʩʦʨʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʦʛʨʘʤʤʫ LabVIEW [4], ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʨʝʜʫ ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, 

ʦʙʨʘʟʦʚʘʥʠʠ ʠ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʣʘʙʦʨʘʪʦʨʠʷʭ ʚ ʢʘʯʝʩʪʚʝ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʩʙʦʨʘ ʜʘʥʥʳʭ ʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠʙʦʨʘʤʠ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ 

ʦʪʚʝʯʘʶʪ ʩʣʝʜʫʶʱʠʤ ʪʨʝʙʦʚʘʥʠʷʤ: ʨʘʩʧʨʝʜʝʣʝʥʥʦʩʪʴ ʠ ʤʥʦʛʦʢʘʥʘʣʴʥʦʩʪʴ, 

ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʠ ʧʘʨʘʣʣʝʣʴʥʳʝ ʠʟʤʝʨʝʥʠʷ ʩʠʛʥʘʣʦʚ, ʩʦʛʣʘʩʦʚʘʥʠʝ ʠ 

ʠʟʤʝʨʝʥʠʝ ʩʠʛʥʘʣʦʚ ʩ ʜʘʪʯʠʢʘ, ʦʙʨʘʙʦʪʢʘ ʩʠʛʥʘʣʦʚ. ɺʩʝʤ ʵʪʠʤ ʪʨʝʙʦʚʘʥʠʷʤ 

ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʩʨʝʜʘ LabVIEW (ʨʠʩ.3). 
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(ʛ. ɹʨʷʥʩʢ, ɹʨʷʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ) 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʊɽʇʃʆɺʓʍ ʇʈʆʎɽʉʉʆɺ 

ɺʓʉʆʂʆʏɸʉʊʆʊʅʆɻʆ ʀʄʇʋʃʔʉʅʆɻʆ ʇʈɽʆɹʈɸɿʆɺɸʊɽʃʗ 

ʅɸʇʈʗɾɽʅʀʗ LM2676 

ʀʩʩʣʝʜʦʚʘʥʳ ʨʝʞʠʤʳ ʥʘʛʨʝʚʘ ʠ ʦʭʣʘʞʜʝʥʠʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ 

ʠʤʧʫʣʴʩʥʦʛʦ ʩʪʘʙʠʣʠʟʘʪʦʨʘ ʥʘʧʨʷʞʝʥʠʷ LM2676, ʧʦʣʫʯʝʥʘ ʧʝʨʝʭʦʜʥʘʷ 

ʪʝʧʣʦʚʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʦʧʨʝʜʝʣʝʥʳ ʪʝʧʣʦʚʳʝ ʧʦʩʪʦʷʥʥʳʝ ʚʨʝʤʝʥʠ 

ʥʘʛʨʝʚʘ ʢʦʨʧʫʩʘ ʠ ʢʨʠʩʪʘʣʣʘ, ʦʧʨʝʜʝʣʝʥʦ ʪʝʧʣʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ.  

The heating and cooling modes of the high-frequency pulsed voltage stabilizer 

LM2676 are studied, a transient thermal characteristic is obtained, the thermal 

constants of the heating time of the case and the crystal are determined, and the 

thermal resistance is determined. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʧʣʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʧʝʨʝʭʦʜʥʘʷ ʪʝʧʣʦʚʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʪʝʧʣʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠ. 

Keywords: thermal resistance, transient thermal characteristic, thermal time 

constant. 

 

ɺʚʝʜʝʥʠʝ 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʠʤʧʫʣʴʩʥʳʝ ʩʪʘʙʠʣʠʟʘʪʦʨʳ ʥʘʧʨʷʞʝʥʠʷ (ʀʇʅ) 

ʥʘʛʨʝʚʘʶʪʩʷ ʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʤʦʛʫʪ ʥʘʛʨʝʪʴʩʷ ʜʦ ʥʝʜʦʧʫʩʪʠʤʳʭ 

ʪʝʤʧʝʨʘʪʫʨ ʠ ʚʳʡʪʠ ʠʟ ʩʪʨʦʷ. ɺʦʟʤʦʞʥʳ ʪʘʢʞʝ ʩʦʩʪʦʷʥʠʷ ʩʢʨʳʪʳʭ ʜʝʬʝʢʪʦʚ: 

ʤʠʢʨʦʩʭʝʤʘ ʧʝʨʝʛʨʝʚʘʝʪʩʷ, ʥʦ ʩʦʭʨʘʥʷʝʪ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ, ʦʜʥʘʢʦ ʧʦ 

ʠʩʪʝʯʝʥʠʠ ʚʨʝʤʝʥʠ ʥʘʩʪʫʧʘʝʪ ʜʝʛʨʘʜʘʮʠʷ ʢʨʠʩʪʘʣʣʘ ʠ ʀʇʅ ʚʳʭʦʜʠʪ ʠʟ ʩʪʨʦʷ. 
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ɼʣʷ ʦʮʝʥʢʠ ʪʝʧʣʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʀʇʅ ʚ ʥʦʤʠʥʘʣʴʥʦʤ ʨʝʞʠʤʝ 

ʦʧʨʝʜʝʣʷʶʪ ʝʛʦ ʪʝʧʣʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ çʢʨʠʩʪʘʣʣ-ʢʦʨʧʫʩè Rthjc ʢʘʢ 

ʦʪʥʦʰʝʥʠʝ ʨʘʟʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʢʨʠʩʪʘʣʣʘ ʠ ʢʦʨʧʫʩʘ ʀʇʅ ʢ ʤʦʱʥʦʩʪʠ 

ʥʘʛʨʝʚʘ [1,2]. ʊʝʧʣʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ çʢʨʠʩʪʘʣʣ-ʢʦʨʧʫʩè ʢʦʥʢʨʝʪʥʦʛʦ ʀʇʅ 

ʠʟʤʝʥʠʪʴ ʥʝʣʴʟʷ. ʆʥʦ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʘʨʘʤʝʪʨʦʚ, 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʢʘʯʝʩʪʚʦ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʧʨʠʙʦʨʘ. ʀʟ-ʟʘ ʥʘʨʫʰʝʥʠʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʚʦʟʤʦʞʥʦ ʩʥʠʞʝʥʠʝ ʢʘʯʝʩʪʚʘ ʢʨʝʧʣʝʥʠʷ 

ʢʨʠʩʪʘʣʣʘ ʢ ʢʦʨʧʫʩʫ, ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʚʦʟʜʫʰʥʳʭ ʟʘʟʦʨʦʚ, ʫʭʫʜʰʝʥʠʝ ʢʣʝʷ ʠ 

ʜʨ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʘʚʳʰʝʥʥʦʤʫ ʟʥʘʯʝʥʠʶ ʪʝʧʣʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ.  

 

ʆʧʨʝʜʝʣʝʥʠʝ ʪʝʧʣʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʠʢʨʦʩʭʝʤʳ LM2676 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʢʨʠʩʪʘʣʣʘ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʷʤʦʝ 

ʥʘʧʨʷʞʝʥʠʝ ʥʘ p-n-ʧʝʨʝʭʦʜʝ. ɺ ʢʦʥʩʪʨʫʢʮʠʠ ʀʇʅ ʠʤʝʶʪʩʷ p-n-ʧʝʨʝʭʦʜʳ, 

ʜʦʩʪʫʧʥʳʝ ʜʣʷ ʠʟʤʝʨʝʥʠʡ. ʇʦʵʪʦʤʫ ʪʝʤʧʝʨʘʪʫʨʫ ʢʨʠʩʪʘʣʣʘ ʀʇʅ ʤʦʞʥʦ 

ʥʘʭʦʜʠʪʴ ʯʝʨʝʟ ʪʝʤʧʝʨʘʪʫʨʫ p-n-ʧʝʨʝʭʦʜʘ, ʦʧʨʝʜʝʣʠʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʷʤʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ p-n-ʧʝʨʝʭʦʜʝ ʧʨʠ ʤʘʣʦʤ ʠʟʤʝʨʠʪʝʣʴʥʦʤ 

ʪʦʢʝ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. ɸʥʘʣʦʛʠʯʥʳʡ ʩʧʦʩʦʙ ʥʘʟʚʘʥ ʚ ɻʆʉʊ 24461-80 [2,3] ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ çʧʝʨʝʭʦʜ - ʢʦʨʧʫʩè Rthjc ʩʠʣʦʚʳʭ 

ʜʠʦʜʦʚ. ʕʪʦʪ ʞʝ ʧʨʠʝʤ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʧʣʦʚʳʭ ʨʝʞʠʤʦʚ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʠʤʧʫʣʴʩʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʥʘʧʨʷʞʝʥʠʷ LM2676.  

ɿʘʚʠʩʠʤʦʩʪʴ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʷʤʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ p-n ʧʝʨʝʭʦʜʝ ʧʨʠ 

ʤʘʣʦʤ ʠʟʤʝʨʠʪʝʣʴʥʦʤ ʪʦʢʝ ʚʧʦʣʥʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʥʘʛʨʝʚʘʷ ʠ ʜʣʠʪʝʣʴʥʦ ʚʳʜʝʨʞʠʚʘʷ ʤʠʢʨʦʩʭʝʤʫ ʧʨʠ ʥʝʩʢʦʣʴʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʦ ʧʦʣʥʦʛʦ ʝʝ ʧʨʦʛʨʝʚʘ ʠ ʟʘʪʝʤ ʠʟʤʝʨʷʷ ʧʨʷʤʦʝ ʥʘʧʨʷʞʝʥʠʝ ʥʘ 

p-n-ʧʝʨʝʭʦʜʝ ʧʨʠ ʤʘʣʦʤ ʠʟʤʝʨʠʪʝʣʴʥʦʤ ʪʦʢʝ.  

ʅʘ ʨʠʩ.1 ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʷʤʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 

ʥʘ p-n-ʧʝʨʝʭʦʜʝ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

(1). ɿʘʚʠʩʠʤʦʩʪʴ 2 ʠʤʝʝʪ 

ʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʤʦʞʝʪ 

ʦʧʨʝʜʝʣʷʪʴʩʷ ʫʨʘʚʥʝʥʠʝʤ

 U = 722 ï 2T. 

ʀʟ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʬʦʨʤʫʣʫ ʜʣʷ ʨʘʩʯʝʪʘ 

ʪʝʤʧʝʨʘʪʫʨʳ ʢʨʠʩʪʘʣʣʘ ʧʦ 

ʥʘʧʨʷʞʝʥʠʶ ʥʘ ʢʨʠʩʪʘʣʣʝ: 

T = 0,5(722 ï U). 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʧʣʦʚʳʭ 

ʨʝʞʠʤʦʚ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʭʝʤʘ 

ʠʟʤʝʨʝʥʠʡ (ʨʠʩ.2). ɼʣʷ ʵʪʦʛʦ ʙr ʣʘ 

ʠʟʛʦʪʦʚʣʝʥʘ ʤʦʥʪʘʞʥʘʷ ʧʣʘʪʘ 

(ʨʠʩ.3). 

ʈʠʩ.1. ɿʘʚʠʩʠʤʦʩʪʴ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʨʷʤʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ p-n-ʧʝʨʝʭʦʜʝ 

ʧʨʠ ʤʘʣʦʤ ʠʟʤʝʨʠʪʝʣʴʥʦʤ ʪʦʢʝ; 1 ï 

ʢʨʠʩʪʘʣʣ; 2 ï ʢʦʨʧʫʩ 
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ʈʠʩ. 2. ʉʭʝʤʘ ʠʟʤʝʨʝʥʠʡ: 1 ï ʙʣʦʢ ʧʠʪʘʥʠʷ GW INSTEK GPS-230;  

2 ï ʣɻʝʢʪʨʦʥʥʘʷ ʧʨʦʛʨʘʤʤʠʨʫʝʤʘʷ ʥʘʛʨʫʟʢʘ ɸʢʪʘʢʦʤ AEL-8321L 

ʇʝʨʝʢʣʶʯʘʪʝʣʝʤ SA1 ʚʢʣʶʯʘʣʩʷ ʨʝʞʠʤ ʥʘʛʨʝʚʘ ʤʠʢʨʦʩʭʝʤʳ ʀʇʅ 

ʥʦʤʠʥʘʣʴʥʳʤ ʪʦʢʦʤ ʦʪ ʠʩʪʦʯʥʠʢʘ 1 ʠ ʨʝʞʠʤ ʠʟʤʝʨʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ p-n-

ʧʝʨʝʭʦʜʝ ʧʨʠ ʤʘʣʦʤ ʠʟʤʝʨʠʪʝʣʴʥʦʤ ʪʦʢʝ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʣʘʙʦʨʘʪʦʨʥʳʡ 

ʙʣʦʢ ʧʠʪʘʥʠʷ GW INSTEK 

GPS-230, ʘ ʚ ʢʘʯʝʩʪʚʝ 

ʥʘʛʨʫʟʢʠ ï ʵʣʝʢʪʨʦʥʥʘʷ 

ʧʨʦʛʨʘʤʤʠʨʫʝʤʘʷ ʥʘʛʨʫʟʢʘ 

ɸʢʪʘʢʦʤ AEL-8321L. ɺ 

ʥʦʤʠʥʘʣʴʥʦʤ ʨʝʞʠʤʝ 

ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʥʘʧʨʷʞʝʥʠʝ 

ʧʠʪʘʥʠ ̫ 12ɺ ʠ ʠʟʤʝʨʷʣʠ 

ʚʭʦʜʥʦʡ ʪʦʢ 1,5ɸ, c 

ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ 

ʥʘʛʨʫʟʢʠ ʟʘʜʘʚʘʣʠ ʪʦʢ 

ʥʘʛʨʫʟʢʠ 3ɸ ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ 

ʥʘ ʥʘʛʨʫʟʢʝ 4,8 ɺ. 

ʇʦʩʣʝ ʨʘʙʦʪʳ ʚ 

ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ ʚ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩ ʧʦʤʦʱʴʶ 

ʪʝʨʤʦʧʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʨʧʫʩʘ ʊʢʦʨʧ=82Áʉ, ʥʘʧʨʷʞʝʥʠʝ ʥʘ p-n-ʧʝʨʝʭʦʜʝ ʧʨʠ 

ʤʘʣʦʤ ʠʟʤʝʨʠʪʝʣʴʥʦʤ ʪʦʢʝ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʢʨʠʩʪʘʣʣʘ ʊʢʨ=95Áʉ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ 

ʨʘʩʩʯʠʪʘʪʴ ʪʝʧʣʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ çʢʨʠʩʪʘʣʣïʢʦʨʧʫʩè ʚ ʜʘʥʥʦʤ ʨʝʞʠʤʝ ʧʦ 

ʬʦʨʤʫʣʝ: 

ʥʥ

ʢʦʨʧʢʨ

IUIU

TT
R

nn

thjc
Ö-Ö

-
= . 

ɼʣʷ ʧʦʥʠʞʘʶʱʝʛʦ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʠʤʧʫʣʴʩʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ 

ʥʘʧʨʷʞʝʥʠʷ LM2676 ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʸʥʥʦʝ ʟʥʘʯʝʥʠʝ ʪʝʧʣʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ çʢʨʠʩʪʘʣʣ-ʢʦʨʧʫʩè ʩʦʩʪʘʚʠʣʦ Rthjc = 3,6 Áʉ /ɺʪ, ʯʪʦ ʦʪʣʠʯʘʝʪʩʷ 

ʈʠʩ. 3. ʄʦʥʪʘʞʥʘʷ ʧʣʘʪʘ ʫʩʪʨʦʡʩʪʚʘ 
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1 

2 

ʈʠʩ. 4. ɿʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ 

ʢʨʠʩʪʘʣʣʘ ʠ ʢʦʨʧʫʩʘ ʀʇʅ ʦʪ ʚʨʝʤʝʥʠ ʧʨʠ 

ʦʭʣʘʞʜʝʥʠʠ;1 ï ʢʨʠʩʪʘʣʣ; 2 ï ʢʦʨʧʫʩ 

ʈʠʩ. 5. ʇʝʨʝʭʦʜʥʘʷ ʪʝʧʣʦʚʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʠʢʨʦʩʭʝʤʳ 

LM2676:1 ï ʢʨʠʩʪʘʣʣ; 3 ï ʢʦʨʧʫʩ; 

2,4 ï ʨʘʩʯʝʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

3 

2 

4 1 

ʦʪ ʚʝʣʠʯʠʥʳ ʪʝʧʣʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʟʘʷʚʣʝʥʥʦʛʦ ʠʟʛʦʪʦʚʠʪʝʣʝʤ, ʚ 1,8 

ʨʘʟʘ. ɺʦʟʤʦʞʥʦ, ʠʟʤʝʨʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʢʦʨʧʫʩʘ ʤʠʢʨʦʩʭʝʤʳ ʩ ʧʦʤʦʱʴʶ 

ʪʝʨʤʦʧʘʨʳ ʪʨʝʙʫʝʪ ʩʧʝʮʠʘʣʴʥʦʛʦ 

ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ, ʠʩʢʣʶʯʘʶʱʝʛʦ 

ʦʭʣʘʞʜʝʥʠʷ ʪʝʨʤʦʧʘʨʳ 

ʦʢʨʫʞʘʶʱʠʤ ʚʦʟʜʫʭʦʤ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʥʘʛʨʝ-

ʚʘ ʠ ʦʭʣʘʞʜʝʥʠʷ ʤʠʢʨʦʩʭʝʤʳ 

LM2676 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʘ 

ʪʝʧʣʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ 

ʦʭʣʘʞʜʝʥʠʠ ʀʇʅ ʧʦʩʣʝ ʥʘʛʨʝʚʘ ʚ 

ʥʦʤʠʥʘʣʴʥʦʤ ʨʝʞʠʤʝ ʙʳʣʘ ʩʥʷʪʘ 

ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ 

ʢʨʠʩʪʘʣʣʘ ʠ ʢʦʨʧʫʩʘ ʀʇʅ ʦʪ 

ʚʨʝʤʝʥʠ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ 

ʙʳʣʦ ʦʧʨʝʜʝʣʷʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ 3 

ʚʝʣʠʯʠʥʳ: ʪʝʤʧʝʨʘʪʫʨʫ ʢʦʨʧʫʩʘ 

ʀʇʅ, ʥʘʧʨʷʞʝʥʠʝ ʥʘ p-n 

ʧʝʨʝʭʦʜʝ ʠ ʚʨʝʤʷ ʧʨʦʮʝʩʩʘ. 

ɼʣ ̫ ʵʪʦʛʦ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʚʠʜʝʦʩʲʸʤʢʘ. ʅʘ ʨʠʩ.4 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʰʠʬʨʦʚʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʚʠʜʝʦʩʲʸʤʢʠ. ʅʘ ʛʨʘʬʠʢʘʭ ʚʠʜʥʦ, ʯʪʦ 

ʨʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ ʚ ʧʝʨʚʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ʙʳʣʘ ʙʦʣʴʰʘʷ, ʘ ʟʘʪʝʤ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʙʳʩʪʨʦ ʫʤʝʥʴʰʠʣʘʩʴ ʠ ʧʦʯʪʠ ʜʦ ʢʦʥʮʘ ʛʨʘʬʠʢʘ ʦʩʪʘʚʘʣʘʩʴ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟʤʝʥʥʦʡ.  

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ 

ʥʘʛʨʝʚʘ ʤʠʢʨʦʩʭʝʤʳ ʀʇʅ ʠ 

ʧʦʩʪʨʦʝʥʠʷ ʝʝ ʧʝʨʝʭʦʜʥʦʡ 

ʪʝʧʣʦʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ T(t) 

ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦ 

ʧʨʝʨʳʚʘʪʴ ʧʨʦʮʝʩʩ ʥʘʛʨʝʚʘ, ʯʪʦʙʳ 

ʠʟʤʝʨʠʪʴ ʥʘʧʨʷʞʝʥʠʝ ʥʘ p-n-

ʧʝʨʝʭʦʜʝ. ʇʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ 

ʦʧʨʝʜʝʣʝʥʠʠ 3-ʭ ʚʝʣʠʯʠʥ - 

ʪʝʤʧʝʨʘʪʫʨʳ ʢʦʨʧʫʩʘ ʀʇʅ, 

ʥʘʧʨʷʞʝʥʠʷ ʥʘ p-n-ʧʝʨʝʭʦʜʝ ʠ 

ʚʨʝʤʝʥʠ ʧʨʦʮʝʩʩʘ - 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʚʠʜʝʦʩʲʝʤʢʘ. ʇʨʠ 

ʨʘʩʰʠʬʨʦʚʢʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʚʠʜʝʦʩʲʝʤʢʠ ʬʠʢʩʠʨʦʚʘʣʠʩʴ 

ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʨʧʫʩʘ, ʥʘʧʨʷʞʝʥʠʝ 

ʥʘ ʢʨʠʩʪʘʣʣʝ ʠ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ 

t1, ʢʦʛʜʘ ʧʝʨʝʢʣʶʯʘʣʩʷ ʧʝʨʝʢʣʶʯʘʪʝʣʴ ʥʘ ʠʟʤʝʨʝʥʠʝ ʠ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ t2, 
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ISBN 978-5-906967-76-3.  ʉɸʇʈ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʵʣʝʢʪʨʦʥʠʢʝ. ɹʨʷʥʩʢ, 2017. 

ʢʦʛʜʘ ʧʦʩʣʝ ʚʢʣʶʯʝʥʠʷ ʥʘʛʨʝʚʘ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʨʧʫʩʘ ʚʳʨʘʚʥʠʚʘʣʘʩʴ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ ʧʝʨʝʢʣʶʯʝʥʠʠ. ʈʘʟʥʦʩʪʴ ʚʨʝʤʝʥʠ   t2 ï t1 ʠʩʢʣʶʯʘʣʘʩʴ ʠʟ 

ʦʙʱʝʛʦ ʚʨʝʤʝʥʠ ʥʘʛʨʝʚʘ. 

ʅʘ ʨʠʩ. 5 ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʝʨʝʭʦʜʥʘʷ ʪʝʧʣʦʚʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʤʠʢʨʦʩʭʝʤʳ LM2676. ɿʘʚʠʩʠʤʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʳ ʢʨʠʩʪʘʣʣʘ ʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʢʦʨʧʫʩʘ ʤʠʢʨʦʩʭʝʤʳ ʫʜʘʸʪʩʷ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʪʴ ʜʚʫʤʷ ʵʢʩʧʦʥʝʥʪʘʤʠ: 

Tʢʦʨʧ = 82 ï 40e
 ï 0,005t1

 ï 22e
 ï 0,02t1

; 

Tʢʨ = 95 ï 42e
 ï 0,005t1

 ï 33e
 ï 0,14t1

. 

ʄʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʦʜʥʘ ʵʢʩʧʦʥʝʥʪʘ ʦʧʨʝʜʝʣʷʝʪ ʪʝʧʣʦʚʫʶ ʧʦʩʪʦʷʥʥʫʶ 

ʚʨʝʤʝʥʠ ʜʣʷ ʢʦʨʧʫʩʘ Űʢʦʨʧ =  200 ʩ, ʘ ʜʨʫʛʘʷ ï ʜʣʷ ʢʨʠʩʪʘʣʣʘ Űʢʨ =50 ʩ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʦʚʝʜʸʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʧʣʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘʛʨʝʚʘ ʠ ʦʭʣʘʞʜʝʥʠʷ 

ʤʠʢʨʦʩʭʝʤʳ ʠʤʧʫʣʴʩʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʥʘʧʨʷʞʝʥʠʷ LM2676 ʧʦʟʚʦʣʠʣʠ 

ʦʧʨʝʜʝʣʠʪʴ ʝ yʧʝʨʝʭʦʜʥʫʶ ʪʝʧʣʦʚʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ, ʪʝʧʣʦʚʳʝ ʧʦʩʪʦʷʥʥʳʝ 

ʚʨʝʤʝʥʠ ʢʦʨʧʫʩʘ ʠ ʢʨʠʩʪʘʣʣʘ ʠ ʪʝʧʣʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ çʢʨʠʩʪʘʣʣ-ʢʦʨʧʫʩè 

LM2676. 
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ɹʀʆʃʆɻʀʏɽʉʂʀʍ ɼɸʅʅʓʍ 

ʈʘʩʩʤʦʪʨʝʥʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʩʠʩʪʝʤ ʩʙʦʨʘ 
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ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʯʝʣʠʥʦʛʦ ʫʣʴʷ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ 
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ʠʥʬʦʨʤʘʮʠʶ ʦ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʤʘʩʩʝ ʫʣʴʷ ʠ ʧʝʨʝʜʘʝʪ ʵʪʠ ʜʘʥʥʳʝ ʥʘ 
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ʫʜʘʣʝʥʥʳʡ ʩʝʨʚʝʨ. ʊʘʢʞʝ ʩʠʩʪʝʤʘ ʘʥʘʣʠʟʠʨʫʝʪ ʚʥʫʪʨʠʫʣʴʝʚʳʝ ʰʫʤʳ ʧʨʠ 

ʧʦʤʦʱʠ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʩ ʮʝʣʴʶ ʟʘʙʣʘʛʦʚʨʝʤʝʥʥʦʛʦ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʨʦʝʥʠʷ. 

The article is devoted to the design of distributed systems for biological data 

collecting. An example of design of data acquisition system for beehive monitoring 

is given. Proposed solution acquires hive temperature and weight referring this 

data to the mobile application via wireless network. The system also performs an 

analysis of collected bee noises with artificial  neural network to recognize bee 

piping and informs the beekeeper to prevent unwanted swarming.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʩʠʩʪʝʤʳ; ʚʩʪʨʘʠʚʘʝʤʳʝ ʩʠʩʪʝʤʳ; 

ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ; ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʯʝʣʦʚʦʜʩʪʚʘ; ʩʙʦʨ ʜʘʥʥʳʭ; ʦʙʨʘʙʦʪʢʘ 

ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʜʘʥʥʳʭ; ʧʯʝʣʦʚʦʜʩʪʚʦ.  

Keywords: distributed systems; embedded systems; agriculture; apiculture 

automation; data acquisition; big data processing; beekeeping. 

 

ɺʚʝʜʝʥʠʝ 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʠ ʧʨʠʤʝʥʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʨʘʟʣʠʯʥʳʭ 

ʦʪʨʘʩʣʷʭ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʪʝʥʜʝʥʮʠʡ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ. ʆʩʥʦʚʥʳʤ ʤʦʪʠʚʦʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʚʳʩʪʫʧʘʝʪ ʩʥʠʞʝʥʠʝ ʩʪʦʠʤʦʩʪʠ ʢʦʥʝʯʥʦʡ ʧʨʦʜʫʢʮʠʠ ʠ ʧʦʚʳʰʝʥʠʝ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ, ʜʦʩʪʠʛʘʝʤʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʥʝʜʨʝʥʠʷ 

ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ʇʯʝʣʦʚʦʜʩʪʚʦ ʦʪʥʦʩʠʪʩʷ ʢ ʢʘʪʝʛʦʨʠʠ ʩʣʘʙʦ ʠʥʬʦʨʤʘʪʠʟʠʨʦʚʘʥʥʳʭ 

ʦʪʨʘʩʣʝʡ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ. ɹʦʣʝʟʥʠ ʠ ʨʦʝʥʠʝ ʧʯʝʣʠʥʳʭ ʩʝʤʝʡ, 

ʪʨʫʜʦʝʤʢʦʩʪʴ ʨʫʯʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʨʝʛʫʣʷʨʥʦʤ 

ʦʙʩʣʝʜʦʚʘʥʠʠ ʤʥʦʞʝʩʪʚʘ ʫʣʴʝʚ ʟʘʪʨʫʜʥʷʶʪ ʚʝʜʝʥʠʝ ʭʦʟʷʡʩʪʚʘ ʠ 

ʧʨʝʧʷʪʩʪʚʫʶʪ ʫʚʝʣʠʯʝʥʠʶ ʤʘʩʰʪʘʙʦʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʧʘʩʝʢʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʤʝʜʦʥʦʩʥʘʷ ʧʯʝʣʘ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʠʤ ʦʧʳʣʠʪʝʣʝʤ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʢʫʣʴʪʫʨ, ʦʢʘʟʳʚʘʶʱʠʤ ʚʣʠʷʥʠʝ ʥʘ ʚʝʩʴ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʳʡ ʢʦʤʧʣʝʢʩ. 

ʆʜʥʠʤ ʠʟ ʨʝʰʝʥʠʡ, ʩʧʦʩʦʙʥʳʭ ʫʧʨʦʩʪʠʪʴ ʥʘʙʣʶʜʝʥʠʝ ʠ ʫʧʨʘʚʣʝʥʠʝ 

ʧʘʩʝʢʦʡ, ʷʚʣʷʶʪʩʷ ʩʠʩʪʝʤʳ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʦʙʲʝʢʪʦʚ. 

 

ʆʧʠʩʘʥʠʝ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʨʝʰʝʥʠʷ 

ʌʫʥʢʮʠʦʥʘʣ ʩʠʩʪʝʤʳ ʘʧʠʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ 

ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ: ʦʧʨʝʜʝʣʝʥʠʝ ʢʨʠʪʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʡ ʫʣʴʷ ʠ ʦʙʥʘʨʫʞʝʥʠʝ 

ʤʘʪʦʯʥʦʛʦ ʧʝʥʠʷ ʚ ʰʫʤʝ ʧʯʝʣ. ʅʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʤʠ ʙʠʦʤʝʪʨʠʯʝʩʢʠʤʠ 

ʧʦʢʘʟʘʪʝʣʷʤʠ ʩʦʩʪʦʷʥʠʷ ʧʯʝʣʠʥʦʡ ʩʝʤʴʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʨʠʪʠʯʝʩʢʠʭ 

ʩʦʩʪʦʷʥʠʡ ʷʚʣʷʶʪʩʷ ʤʘʩʩʘ ʫʣʴʷ, ʪʝʤʧʝʨʘʪʫʨʘ ʚʥʫʪʨʠ ʫʣʴʷ ʠ ʘʢʫʩʪʠʯʝʩʢʠʝ 

ʰʫʤʳ ʧʯʝʣ [1]. ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʠʩʪʝʤʳ ʧʨʠʤʝʥʷʣʘʩʴ ʢʦʥʮʝʧʮʠʷ ʤʦʜʝʣʴʥʦʛʦ 

(Model-Based) ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ [2], ʚʢʣʶʯʘʷ ʧʨʠʝʤ ʨʘʟʨʘʙʦʪʢʠ ʘʧʧʘʨʘʪʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʚ ʧʝʪʣʝ ʪʝʩʪʠʨʦʚʘʥʠʷ (Hardware-in-the-Loop).  

ʇʝʨʚʳʡ ʧʨʦʪʦʪʠʧ ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ ʥʘʙʦʨ ʩʝʥʩʦʨʦʚ ï ʚʝʩʳ, 

ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʜʘʪʯʠʢ ʠ ʤʠʢʨʦʬʦʥ ʩ ʫʩʠʣʠʪʝʣʝʤ, ʢʦʪʦʨʳʝ ʧʦʜʢʣʶʯʘʣʠʩʴ ʢ 
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ʧʣʘʪʬʦʨʤʝ NI PXI-1042 ʩ ʧʣʘʪʦʡ ʩʙʦʨʘ ʜʘʥʥʳʭ NI PXI 6123. ʇʆ ʩʠʩʪʝʤʳ 

ʙʳʣʦ ʨʝʘʣʠʟʦʚʘʥʦ ʚ ʩʨʝʜʝ ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ NI LabVIEW 

2015sp1 (ʨʠʩ. 1).  
 

 
ʈʠʩ. 1. ɹʣʦʢ-ʜʠʘʛʨʘʤʤʘ ʧʨʠʙʦʨʘ ʩʙʦʨʘ ʠ ʟʘʧʠʩʠ ʜʘʥʥʳʭ 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʨʝʰʝʥʠʝ ʙʳʣʦ ʘʜʘʧʪʠʨʦʚʘʥʦ ʜʣʷ 

ʨʘʙʦʪʳ ʥʘ ʙʦʣʝʝ ʜʝʰʸʚʦʡ ʠ ʤʦʙʠʣʴʥʦʡ ʘʧʧʘʨʘʪʥʦʡ ʧʣʘʪʬʦʨʤʝ Arduino. 

ʇʨʦʪʦʪʠʧ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʥʘ ʧʣʘʪʬʦʨʤʝ Arduino, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʤʦʜʫʣʝʡ ʜʚʫʭ ʪʠʧʦʚ: ʤʦʜʫʣʠ ʩʙʦʨʘ ʜʘʥʥʳʭ ʠ ʤʦʜʫʣʠ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ.  

ʄʦʜʫʣʴ ʩʙʦʨʘ ʜʘʥʥʳʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʤʝʱʘʝʪʩʷ ʚ ʫʣʝʡ ʠ 

ʢʦʤʤʫʪʠʨʫʝʪ ʚʩʝ ʜʘʪʯʠʢʠ ʩʠʩʪʝʤʳ. ʄʦʜʫʣʝʤ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʚʩʝ 

ʧʦʩʪʫʧʘʶʱʠʝ ʩʠʛʥʘʣʳ ʠ ʧʝʨʝʩʳʣʘʶʪʩʷ ʥʘ ʤʦʜʫʣʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʡ 

ʧʝʨʝʜʘʝʪ ʜʘʥʥʳʝ ʩ ʛʨʫʧʧʳ ʫʣʴʝʚ ʯʝʨʝʟ ʙʝʩʧʨʦʚʦʜʥʦʡ 2G/3G ʠʥʪʝʨʥʝʪ ʥʘ 

ʫʜʘʣʝʥʥʳʡ ʩʝʨʚʝʨ.  
 

 

ʈʠʩ. 2. ʉʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ ʤʦʜʫʣʷ ʩʙʦʨʘ ʜʘʥʥʳʭ ʠ ʤʦʜʫʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

ʈʝʘʣʠʟʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʨʘʩʧʨʝʜʝʣʠʪʴ ʜʦ 256 ʫʣʴʝʚ, 

ʦʩʥʘʱʝʥʥʳʭ ʤʦʜʫʣʷʤʠ ʩʙʦʨʘ ʜʘʥʥʳʭ, ʚʦʢʨʫʛ ʦʜʥʦʛʦ ʤʦʜʫʣʷ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʜʠʦʤʦʜʫʣʷ NRF24L01+. ʊʘʢ ʢʘʢ ʜʘʥʥʳʡ 
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ʨʘʜʠʦʤʦʜʫʣʴ ʧʦʟʚʦʣʷʝʪ ʘʜʨʝʩʦʚʘʪʴ ʪʦʣʴʢʦ ʰʝʩʪʴ ʥʝʟʘʚʠʩʠʤʳʭ ʫʩʪʨʦʡʩʪʚ, ʚ 

ʩʠʩʪʝʤʝ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʘʜʨʝʩʘʮʠʷ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ 

ʨʘʟʜʝʣʝ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʧʘʢʝʪʘ.  

 

ʅʝʡʨʦʩʝʪʴ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʨʦʝʚʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʉ ʧʦʤʦʱʴʶ ʠʥʬʦʨʤʘʮʠʠ, ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ ʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʘʭ 

ʚʥʫʪʨʠʫʣʴʝʚʦʛʦ ʤʠʢʨʦʬʦʥʘ, ʤʦʞʥʦ ʟʘʨʘʥʝʝ ʦʙʥʘʨʫʞʠʪʴ ʧʨʝʜʨʦʝʚʦʝ 

ʩʦʩʪʦʷʥʠʝ ʫʣʴʷ [3]. ʉʠʛʥʘʣʦʤ ʢ ʥʘʯʘʣʫ ʨʦʝʥʠʷ ʦʙʳʯʥʦ ʩʣʫʞʠʪ ʤʘʪʦʯʥʦʝ 

ʧʝʥʠʝ - ʦʩʦʙʳʡ ʟʚʫʢ, ʠʟʜʘʚʘʝʤʳʡ ʤʦʣʦʜʳʤʠ ʧʯʝʣʠʥʳʤʠ ʤʘʪʢʘʤʠ. 

ɸʤʧʣʠʪʫʜʥʳʝ ʩʧʝʢʪʨʳ ʰʫʤʦʚ ʧʯʝʣʠʥʳʭ ʩʝʤʝʡ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʥʦʨʤʘʣʴʥʦʤ ʠ 

ʨʦʝʚʦʤ ʩʦʩʪʦʷʥʠʠ [3] ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.  

 

ʈʠʩ. 3. ɸʤʧʣʠʪʫʜʥʳʝ ʩʧʝʢʪʨʳ ʰʫʤʦʚ ʧʯʝʣʠʥʳʭ ʩʝʤʝʡ: (ʘ) ï ʩʝʤʴʷ ʥʘʭʦʜʠʪʩʷ ʚ 

ʥʦʨʤʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ, (ʙ) ï ʩʝʤʴʷ ʥʘʭʦʜʠʪʩʷ ʚ ʨʦʝʚʦʤ ʩʦʩʪʦʷʥʠʠ 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦʙʥʘʨʫʞʝʥʠʷ ʤʘʪʦʯʥʦʛʦ ʧʝʥʠʷ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ 

ʠʩʢʫʩʩʪʚʝʥʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʩ ʧʨʤ̫ʦʡ ʧʝʨʝʜʘʯʝʡ ʩʠʛʥʘʣʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʣʘʪʬʦʨʤʳ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʥʝʡʨʦʩʝʪʠ ʚʳʙʨʘʥʘ ʢʦʤʧʣʝʢʩʥʘʷ 

ʩʨʝʜʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ MATLAB  ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʢʝʪʘ Neural Network 

Toolbox.  

ɺ ʢʘʯʝʩʪʚʝ ʨʝʟʫʣʴʪʘʪʘ ʧʨʦʛʨʘʤʤʘ ʚʳʜʘʝʪ ʩʪʨʦʢʫ ʜʣʠʥʦʡ 20 ʩʠʤʚʦʣʦʚ, ʧʦ 

ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʢ ʢʘʢʦʡ ʠʟ ʛʨʫʧʧ ʧʨʠʥʘʜʣʝʞʠʪ ʠʩʩʣʝʜʫʝʤʳʡ 
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ʩʠʛʥʘʣ. ɽʩʣʠ ʚ ʩʪʨʦʢʝ ʙʦʣʴʰʝ ʩʠʤʚʦʣʦʚ ç0è, ʪʦ ʵʪʦ ʦʙʳʯʥʳʡ ʚʥʫʪʨʝʫʣʴʝʚʦʡ 

ʰʫʤ, ʠʥʘʯʝ ï ʵʪʦ ʩʠʛʥʘʣ, ʩʦʜʝʨʞʘʱʠʡ ʟʚʫʢ ʤʘʪʦʯʥʦʛʦ ʧʝʥʠʷ (ʨʠʩ. 4). 
 

 

ʈʠʩ. 4. ʈʝʟʫʣʴʪʘʪ ʪʝʩʪʠʨʦʚʘʥʠʷ ʥʝʡʨʦʩʝʪʠ ʥʘ ʚʳʙʦʨʢʝ,  

ʦʪʣʠʯʥʦʡ ʦʪ ʦʙʫʯʘʶʱʝʡ 

ɿʘʢʣʶʯʝʥʠʝ 

ʄ  r ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʣʠ ʨʷʜ ʩʪʘʜʠʡ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʪʠʧʘ 

ñʫʤʥʳʡ ʫʣʝʡò: ʦʪ ʨʘʟʨʘʙʦʪʢʠ ʘʨʭʠʪʝʢʪʫʨʳ ʩʠʩʪʝʤʳ ʩʙʦʨʘ ʜʘʥʥʳʭ ʜʦ 

ʨʝʘʣʠʟʘʮʠʠ ʚʩʪʨʦʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʦʣʫʯʘʪʴ ʥʘʠʙʦʣʝʝ 

ʚʘʞʥʳʝ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʯʝʣʦʚʦʜʘ ʜʘʥʥʳʝ ʦ ʩʦʩʪʦʷʥʠʠ ʫʣʴʷ ʠ ʧʨʦʠʟʚʦʜʠʪʴ ʠʭ 

ʧʝʨʚʠʯʥʫʶ ʦʙʨʘʙʦʪʢʫ, ʘ ʪʘʢʞʝ ʧʝʨʝʜʘʚʘʪʴ ʠʭ ʥʘ ʩʝʨʚʝʨ. ʇʨʠʤʝʥʝʥʠʝ 

ʢʦʥʮʝʧʮʠʠ ʤʦʜʝʣʴ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʦ ʫʩʢʦʨʠʪʴ 

ʨʘʟʨʘʙʦʪʢʫ ʩʠʩʪʝʤʳ ʧʫʪʝʤ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʷ ʧʨʦʝʢʪʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ 

ʩʥʠʞʝʥʠʷ ʯʠʩʣʘ ʦʰʠʙʦʢ, ʜʦʧʫʱʝʥʥʳʭ ʥʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ.  

ʈʘʟʨʘʙʦʪʘʥʥʫʶ ʩʠʩʪʝʤʫ ʤʦʥʠʪʦʨʠʥʛʘ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʦʙ̡ʝʢʪʦʚ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʚ ʥʘʨʦʜʥʦʤ ʭʦʟʷʡʩʪʚʝ, ʪʘʢ ʠ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʘʧʠʦʣʦʛʠʠ. ɿʘ ʩʯʝʪ ʛʠʙʢʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʩʠʩʪʝʤʘ 

ʣʝʛʢʦ ʘʜʘʧʪʠʨʫʝʪʩʷ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʜʨʫʛʠʭ ʦʪʨʘʩʣʷʭ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ. 
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ʀɿʄɽʈɽʅʀɽ ʋɻʃɸ ʇʆʃʆɾɽʅʀʗ ɸʅʊɽʅʅʓ  

ɺ ʆʇʆʈʅʆ-ʇʆɺʆʈʆʊʅʆʄ ʋʉʊʈʆʁʉʊɺɽ  

ʇʨʠʚʝʜʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʚʳʙʦʨʘ ʜʘʪʯʠʢʘ ʫʛʣʘ ʧʦʣʦʞʝʥʠʷ ʘʥʪʝʥʥʳ. 

ʈʘʩʩʤʦʪʨʝʥ ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʢʦʜʘ ʜʘʪʯʠʢʘ ʫʛʣʘ ʃʀʈ - 

ɼɸ190ʌ. 

The features of choice of an antenna angle sensor and the algorithm of 

operation of angle sensor ʃʀʈ -ɼɸ190ʌ code converter are presented. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʘʪʯʠʢ ʫʛʣʦʚʳʭ ʧʝʨʝʤʝʱʝʥʠʡ, ʦʧʦʨʥʦ-ʧʦʚʦʨʦʪʥʦʝ 

ʫʩʪʨʦʡʩʪʚʦ ʘʥʪʝʥʥʳ. 

Keywords: angle sensor, antenna pedestal. 

 

ʆʧʦʨʥʦ-ʧʦʚʦʨʦʪʥʦʝ ʫʩʪʨʦʡʩʪʚʦ (ʆʇʋ) ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʢʨʝʧʣʝʥʠʷ 

ʘʥʪʝʥʥʳ ʠ ʝʝ ʥʘʚʝʜʝʥʠʷ ʥʘ ʩʧʫʪʥʠʢ-ʨʝʪʨʘʥʩʣʷʪʦʨ.  ɿʘʜʘʥʥʘʷ ʪʦʯʥʦʩʪʴ 

ʥʘʚʝʜʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʜʘʪʯʠʢʦʤ ʫʛʣʦʚʳʭ ʧʝʨʝʤʝʱʝʥʠʡ, ʩʚʷʟʘʥʥʳʤ ʩ 

ʦʩʴʶ ʘʥʪʝʥʥʳ ʯʝʨʝʟ ʙʝʟʣʶʬʪʦʚʳʡ ʨʝʜʫʢʪʦʨ.  

ʆʩʥʦʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʚʳʙʦʨ ʜʘʪʯʠʢʘ, ʷʚʣʷʶʪʩʷ ʝʛʦ 

ʪʦʯʥʦʩʪʴ, ʨʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ 

ʚʘʣʘ. ʂʘʢ ʧʨʘʚʠʣʦ, ʵʪʠ ʧʘʨʘʤʝʪʨʳ ʫʢʘʟʘʥʳ ʚ ʜʦʢʫʤʝʥʪʘʮʠʠ. ɺ ʨʘʙʦʪʝ 

ʨʘʩʩʤʦʪʨʝʥ ʧʨʠʤʝʨ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʜʘʪʯʠʢʘ ʫʛʣʦʚʳʭ 

ʧʝʨʝʤʝʱʝʥʠʡ ʃʀʈ-ɼɸ190ʌ. 

ʉʦʛʣʘʩʥʦ ʪʨʝʙʦʚʘʥʠʷʤ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʘʜʘʥʠʷ (ʊɿ) ʥʘ ʆʇʋ, ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʘʥʪʝʥʥʳ V = 20 ʛʨʘʜ/ʩ (3,3 ʦʙ/ʤʠʥ), ʪʦʯʥʦʩʪʴ ʥʘʚʝʜʝʥʠʷ ï 

ʥʝ ʤʝʥʝʝ 0,05 ʛʨʘʜ, ʜʠʘʧʘʟʦʥ ʫʛʣʦʚ ʘʥʪʝʥʥʳ  Ŭ = Ñ 310,15 ʛʨʘʜ. ʄʘʢʩʠʤʘʣʴʥʘʷ 

ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʜʘʪʯʠʢʘ ʃʀʈ-ɼɸ190ʌ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʨʘʟʨʝʰʘʶʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʠ 24 ʙʠʪ ï 35 ʦʙ/ʤʠʥ, ʪʦʯʥʦʩʪʴ ï Ñ 5ò, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʪʨʝʙʦʚʘʥʠʷʤ ʊɿ. ʊʘʢ ʢʘʢ ʜʠʘʧʘʟʦʥ ʫʛʣʦʚ ʚʨʘʱʝʥʠʷ ʘʥʪʝʥʥʳ ʧʨʝʚʳʰʘʝʪ 

ʜʦʧʫʩʪʠʤʳʡ ʜʠʘʧʘʟʦʥ ʫʛʣʦʚ ʜʘʪʯʠʢʘ, ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʭʘʥʠʟʤ ʩ 

ʧʝʨʝʜʘʪʦʯʥʳʤ ʯʠʩʣʦʤ k = 0,58.   

ɼʣʷ ʠʥʪʝʛʨʘʮʠʠ ʢʦʥʪʨʦʣʣʝʨʘ ʥʘʚʝʜʝʥʠʷ ʘʥʪʝʥʥʳ (ʂʅ) ʠ ʙʣʦʢʘ 

ʫʧʨʘʚʣʝʥʠʷ (ɹʋ) ʩ ʃʀʈ-ɼɸ190ʌ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʢʦʜʘ (ʇʂ), 

ʧʝʨʝʜʘʶʱʠʡ ʠʥʬʦʨʤʘʮʠʶ ʦ ʪʝʢʫʱʝʤ ʟʥʘʯʝʥʠʠ ʫʛʣʘ ʧʦʣʦʞʝʥʠʷ ʘʥʪʝʥʥʳ ʧʦ 

ʠʥʪʝʨʬʝʡʩʘʤ CAN ʠ RS-422. ʇʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʠʟ ʇʂ ʚ ʂʅ ʧʦ ʠʥʪʝʨʬʝʡʩʫ 

RS-422 ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʟʘʧʨʦʩʫ ʩ ʧʝʨʠʦʜʦʤ ʊRS-422 = 2,5 ʤʩ ʠ ʥʝʧʨʝʨʳʚʥʦ 

ʧʦ CAN ʩ ʧʝʨʠʦʜʦʤ TCAN = 1 ʤʩ. ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʇʂ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ.1. 
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ʈʠʩ. 1. ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʇʂ: Ŭmax ï ʯʠʩʣʦ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ ʫʛʣʘ (ʜʣʷ 24 ʙʠʪ - 16777216) 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʦʧʝʨʘʮʠʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʥʘʩʪʨʦʡʢʠ 

ʥʫʣʝʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʜʘʪʯʠʢʘ, ʚ ʇʂ ʚʚʝʜʝʥʘ ʬʫʥʢʮʠʷ ʧʨʦʛʨʘʤʤʥʦʡ ʫʩʪʘʥʦʚʢʠ 
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ʥʫʣʴ-ʤʝʪʢʠ. ʇʨʠ ʧʦʣʫʯʝʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʦʦʙʱʝʥʠʷ ʧʦ CAN ʚ 

ʬʫʥʢʮʠʠ ʦʙʨʘʙʦʪʢʠ ʧʨʝʨʳʚʘʥʠʷ ʧʦ ʧʨʠʝʤʫ ʩʦʦʙʱʝʥʠʷ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʬʣʘʛ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʟʘʧʠʩʠ ʪʝʢʫʱʝʛʦ ʫʛʣʘ ʚʦ ʬʣʝ-hʧʘʤʷʪʴ ʇʂ. ʇʨʠ ʧʝʨʝʟʘʧʫʩʢʝ 

ʦʩʥʦʚʥʦʛʦ ʮʠʢʣʘ ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʬʫʥʢʮʠʠ ʠʟʤʝʨʝʥʠʷ ʫʛʣʘ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʧʨʦʚʝʨʢʘ ʜʘʥʥʦʛʦ ʬʣʘʛʘ, ʧʦʩʣʝ ʯʝʛʦ ʟʥʘʯʝʥʠʝ ʪʝʢʫʱʝʛʦ ʫʛʣʘ Ŭtemp 

ʟʘʧʠʩʳʚʘʝʪʩʷ ʚʦ ʬʣʝ-hʧʘʤʷʪʴ. ɼʘʣʝʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 

ʠʟʤʝʨʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʫʛʣʘ ʩ ʫʯʝʪʦʤ ʧʨʦʛʨʘʤʤʥʦʡ ʥʫʣʴ-ʤʝʪʢʠ Ŭ0 ʢʘʢ ʧʦʢʘʟʘʥʦ 

ʥʘ ʨʠʩ.1. 

ʌʦʨʤʘʪ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ, ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʪʯʠʢʦʤ ʃʀʈ-ɼɸ190ʌ, ï 

ʧʨʷʤʦʡ ʜʚʦʠʯʥʳʡ ʢʦʜ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʫʤʝʥʴʰʠʪʴ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ 

ʙʣʦʢʦʤ ʫʧʨʘʚʣʝʥʠʷ, ʚ ʇʂ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʨʷʤʦʛʦ ʜʚʦʠʯʥʦʛʦ 

ʢʦʜʘ ʚ ʯʠʩʣʦ ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ ʩ ʫʯʝʪʦʤ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʦʪʥʦʰʝʥʠʷ k.  

ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʇʂ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ.2. ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ 

ʧʠʪʘʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʥʠʞʘʶʱʠʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʥʘ ʐʀʄ-ʢʦʥʪʨʦʣʣʝʨʝ 

1114ɽʋ10/ʀʄ, ʢʦʥʚʝʨʪʠʨʫʶʱʠʡ ʧʦʩʪʦʷʥʥʦʝ ʚʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ Uʚʭ = 24 ɺ 

ʚ ʧʦʩʪʦʷʥʥʦʝ Uʚʳʭ = 5 ɺ. ʄʠʢʨʦʢʦʥʪʨʦʣʣʝʨ 1986ɺɽ93ʋ ʧʠʪʘʝʪʩʷ ʣʠʥʝʡʥʳʤ 

ʩʪʘʙʠʣʠʟʘʪʦʨʦʤ 1325ɽʅ3.3ʋ ʩ ʫʨʦʚʥʝʤ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 3,3 ɺ. 

ʄʠʢʨʦʢʦʥʪʨʦʣʣʝʨ 1986ɺɽ93ʋ ʩʦʜʝʨʞʠʪ ʚʩʪʨʦʝʥʥʳʝ ʢʦʥʪʨʦʣʣʝʨʳ 

ʠʥʪʝʨʬʝʡʩʦʚ CAN ʠ UART, ʧʦʵʪʦʤʫ ʜʣʷ ʩʚʷʟʠ ʧʦ CAN  ʜʦʩʪʘʪʦʯʥʦ 

ʫʩʪʘʥʦʚʠʪʴ ʜʨʘʡʚʝʨ ʬʠʟʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ 5559ʀʅ14ɸʋ, ʧʦ RS-422 ï 

5559ʀʅ5ʊɹʇ. ɺ ʇʂ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʩʢʦʣʴʢʠʭ 

ʜʘʪʯʠʢʦʚ ʚ ʦʜʥʦʡ ʣʠʥʠʠ, ʜʣʷ ʯʝʛʦ ʚʳʜʝʣʝʥʦ 3 ʚʳʚʦʜʘ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʜʣʷ 

ʟʘʜʘʥʠʷ ʘʜʨʝʩʘ. 

 
ʈʠʩ. 2. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʢʦʜʘ 

ɸʜʝʢʚʘʪʥʦʩʪʴ ʚʳʙʦʨʘ ʜʘʪʯʠʢʘ ʃʀʈ-ɼɸ190ʌ ʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʢʦʜʘ ʧʦʜʪʚʝʨʞʜʝʥʳ ʚ ʭʦʜʝ ʠʩʧʳʪʘʥʠʡ 

ʦʧʦʨʥʦ-ʧʦʚʦʨʦʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʘʥʪʝʥʥʳ. 

ʄʘʪʝʨʠʘʣ ʧʦʩʪʫʧʠʣ ʚ ʨʝʜʢʦʣʣʝʛʠʶ 21.11.17. 
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ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʎʀʌʈʆɺʆɻʆ ʌʀʃʔʊʈɸ ɺ MATLAB  

ʇʈʀ ɸʇʇʈʆʂʉʀʄɸʎʀʀ ɼɸʅʅʓʍ ʀɿʄɽʈɽʅʀʗ 

ɼʀʅɸʄʀʏɽʉʂʀʍ ʇɸʈɸʄɽʊʈʆɺ ʉʀʃʆɺʓʍ ʄʆɼʋʃɽʁ 

ʇʨʝʜʩʪʘʚʣʝʥ ʘʣʛʦʨʠʪʤ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʠʟʤʝʨʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʩʠʣʦʚʳʭ ʤʦʜʫʣʝʡ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʨʦʠʟʚʝʩʪʠ ʬʠʣʴʪʨʘʮʠʶ ʧʦʤʝʭ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʠʟʤʝʨʝʥʠʷ. ɸʣʛʦʨʠʪʤ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʩʠʩʪʝʤʘʭ 

ʪʝʩʪʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʠʣʦʚʳʭ ʤʦʜʫʣʝʡ. 

The approximation algorithm for measurement dynamic parameters of power 

modules is presented. This algorithm allows noise filtering. The algorithm can be 

used in testing systems of power modules. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʣʦʚʳʝ ʤʦʜʫʣʠ, ʟʘʨʷʜ ʦʙʨʘʪʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, 

ʚʨʝʤʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʮʠʬʨʦʚʦʡ ʬʠʣʴʪʨ. 

Keywords: power modules, recovery time, reverse recovery charge, digital 

filter. 

 

ʇʨʠ ʠʟʤʝʨʝʥʠʠ ʠ ʪʝʩʪʠʨʦʚʘʥʠʠ ʩʠʣʦʚʳʭ ʤʦʜʫʣʝʡ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʚ ʥʠʭ ʷʚʣʷʝʪʩʷ ʚʨʝʤʷ ʠ ʟʘʨʷʜ ʦʙʨʘʪʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʠʦʜʘ. 

ʂʦʛʜʘ ʩʠʣʦʚʦʡ ʜʠʦʜ ʙʳʩʪʨʦ ʧʝʨʝʢʣʶʯʘʝʪʩʷ ʠʟ ʧʨʦʚʦʜʷʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʚ 

ʟʘʢʨʳʪʦʝ, ʚʦʟʥʠʢʘʝʪ ʧʨʦʮʝʩʩ ʦʙʨʘʪʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, 

ʢʦʪʦʨʳʡ ʧʨʦʷʚʣʷʝʪʩʷ ʠʟ-ʟʘ ʥʘʢʦʧʣʝʥʠʷ ʥʝʦʩʥʦʚʥʳʭ ʥʦʩʠʪʝʣʝʡ ʚ ʦʙʝʠʭ 

ʦʙʣʘʩʪʷʭ ʜʠʦʜʘ - ʙʘʟʝ ʠ ʵʤʠʪʪʝʨʝ ʧʨʠ ʧʨʷʤʦʤ ʧʨʦʪʝʢʘʥʠʠ ʪʦʢʘ ʯʝʨʝʟ ʜʠʦʜ 

(ʧʣʶʩ ʧʨʠʣʦʞʝʥ ʢ ʘʥʦʜʫ (p-ʦʙʣʘʩʪʴ), ʤʠʥʫʩ - ʢ ʢʘʪʦʜʫ (n-ʦʙʣʘʩʪʴ)). ɺ ʙʘʟʝ 

(ʢʘʪʦʜʝ, n-ʦʙʣʘʩʪʴ) ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʜʳʨʢʠ, ʚ ʵʤʠʪʪʝʨʝ (ʘʥʦʜʝ, p-ʦʙʣʘʩʪʴ) - 

ʵʣʝʢʪʨʦʥʳ. ʇʦʩʣʝ ʩʤʝʥʳ ʧʦʣʷʨʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʦʙʨʘʪʥʦʝ (ʧʣʶʩ ʥʘ 

ʢʘʪʦʜʝ, ʤʠʥʫʩ ʥʘ ʘʥʦʜʝ) ʥʘʢʦʧʣʝʥʥʳʝ ʥʝʦʩʥʦʚʥʳʝ ʥʦʩʠʪʝʣʠ ʚ ʦʙʣʘʩʪʷʭ ʜʠʦʜʘ 

ʥʘʯʠʥʘʶʪ ʜʚʠʛʘʪʴʩʷ ʥʘʚʩʪʨʝʯʫ, ʩʦʟʜʘʚʘʷ ʢʦʨʦʪʢʠʡ ʠʤʧʫʣʴʩ (ʚʳʙʨʦʩ) 

ʦʙʨʘʪʥʦʛʦ ʪʦʢʘ. ʂʦʨʦʪʢʠʡ ʠʤʧʫʣʴʩ ʪʦʢʘ ʦʙʨʘʟʫʝʪʩʷ ʚʩʣʝʜʩʪʚʠʝ ʤʘʣʦʛʦ ʯʠʩʣʘ 

ʥʘʢʦʧʣʝʥʥʳʭ ʥʝʦʩʥʦʚʥʳʭ ʥʦʩʠʪʝʣʝʡ (ʟʘʚʠʩʠʪ ʦʪ ʧʘʨʘʟʠʪʥʦʡ ʸʤʢʦʩʪʠ 

ʧʝʨʝʭʦʜʘ ʠ ʩʠʣʳ ʧʨʦʪʝʢʘʚʰʝʛʦ ʪʦʢʘ) [1]. ʂʦʣʠʯʝʩʪʚʦ ʚʨʝʤʝʥʠ, ʢʦʪʦʨʦʝ 

ʪʨʝʙʫʝʪʩʷ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʜʠʦʜʘ, ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʠʩʧʦʣʴʟʫʝʤʳʤ ʜʣʷ ʦʮʝʥʢʠ ʦʙʨʘʪʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʜʠʦʜʘ. ʆʜʥʘʢʦ ʘʤʧʣʠʪʫʜʘ ʦʙʨʘʪʥʦʛʦ ʪʦʢʘ, ʧʨʦʪʝʢʘʶʱʝʛʦ ʯʝʨʝʟ ʜʠʦʜ ʚ 

ʪʝʯʝʥʠʝ ʚʨʝʤʝʥʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʝʛʦ 

ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʠ ʷʚʣʷʝʪʩʷ ʣʫʯʰʠʤ ʧʦʢʘʟʘʪʝʣʝʤ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ [2].  

ʆʙʨʘʪʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʜʠʦʜʘ ʦʙʳʯʥʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʨʝʤʷ 

ʧʘʨʘʤʝʪʨʘʤʠ: ʚʨʝʤʝʥʝʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʘʤʧʣʠʪʫʜʦʡ ʪʦʢʘ ʦʙʨʘʪʥʦʛʦ 
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ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠ ʟʘʨʷʜʦʤ ʦʙʨʘʪʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. ʕʪʠ ʧʘʨʘʤʝʪʨʳ ʚʩʝʛʜʘ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʣʠʩʪʘʭ ʜʘʥʥʳʭ ʜʣʷ ʜʠʦʜʦʚ. ɿʘʨʷʜ ʦʙʨʘʪʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʢʦʨʦʩʪʥʦʡ ʦʪʢʣʠʢ ʜʠʦʜʘ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ 

ʮʝʧʷʭ ʧʨʠʤʝʥʷʶʪʩʷ ʜʠʦʜʳ ʩ ʢʘʢ ʤʦʞʥʦ ʤʝʥʴʰʠʤ ʟʘʨʷʜʦʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

[3].  

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʚʨʝʤʝʥʠ ʠ ʟʘʨʷʜʘ ʦʙʨʘʪʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʣʷ ʩʠʣʦʚʳʭ 

ʤʦʜʫʣʝʡ, ʚʳʧʫʩʢʘʝʤʳʭ ɿɸʆ ñɻʨʫʧʧʘ ʂʨʝʤʥʠʡ ʕʃò, ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ 

ʩʧʝʮʠʘʣʴʥʳʡ ʪʝʩʪʝʨ. ʆʥ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʨʷʪʴ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʜʠʦʜʦʚ ʠ 

ʦʧʨʝʜʝʣʷʪʴ ʧʨʦʮʝʥʪ ʙʨʘʢʘ ʚ ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʧʘʨʪʠʠ. ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʧʝʨʚʦʡ ʚʝʨʩʠʠ ʫʩʪʨʦʡʩʪʚʘ ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ ʥʝʜʦʨʦʛʠʝ ʢʦʤʧʣʝʢʪʫʶʱʠʝ ʜʣʷ 

ʢʦʥʪʘʢʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʫʩʪʨʦʡʩʪʚʘ ʩ ʩʠʣʦʚʳʤʠ ʤʦʜʫʣʷʤʠ, ʠʤʝʶʱʠʝ ʚʳʩʦʢʠʝ 

ʧʘʨʘʟʠʪʥʳʝ ʧʘʨʘʤʝʪʨʳ. ʊʘʢ ʢʘʢ ʫʩʪʨʦʡʩʪʚʦ ʨʘʙʦʪʘʝʪ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʭ 

ʥʘʧʨʷʞʝʥʠʷʭ (ʜʦ 800 ɺ) ʠ ʪʦʢʘʭ (ʜʦ 200 ɸ) ʠ ʠʭ ʠʟʤʝʥʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʥʘ 

ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʝ, ʪʦ ʚʣʠʷʥʠʝ ʧʘʨʘʟʠʪʥʳʭ ʸʤʢʦʩʪʝʡ ʠ ʠʥʜʫʢʪʠʚʥʦʩʪʝʡ ʧʨʠʚʝʣʦ 

ʢ ʩʦʜʝʨʞʘʥʠʶ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʚ ʧʦʣʫʯʝʥʥʳʭ ʠʟʤʝʨʝʥʠʷʭ 

(ʨʠʩ.1), ʠʩʢʘʞʘʶʱʠʭ ʩʠʛʥʘʣ ʠ ʧʨʠʚʦʜʷʱʠʭ ʢ ʥʝʚʝʨʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʦʚ 

ʟʘʨʷʜʘ ʠ ʚʨʝʤʝʥʠ ʦʙʨʘʪʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. 

 

 

ʈʠʩ. 1. ʆʩʮʠʣʣʦʛʨʘʤʤʘ ʪʦʢʘ ʯʝʨʝʟ ʩʠʣʦʚʦʡ ʜʠʦʜ ʧʨʠ ʪʦʢʝ ʟʘʜʘʥʠʷ 50 ɸ 

ʊʘʢ ʢʘʢ ʛʨʘʬʠʯʝʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ 

ʠ ʦʙʨʘʙʦʪʢʘ ʩʠʛʥʘʣʦʚ ʚ ʪʝʩʪʝʨʝ ʨʝʘʣʠʟʦʚʘʥʳ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ Matlab, ʪʦ ʙʳʣʦ ʨʝʰʝʥʦ ʜʣʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʜʘʥʥʳʭ ʠ ʧʦʣʫʯʝʥʠʷ 

ʘʜʝʢʚʘʪʥʳʭ ʦʩʮʠʣʣʦʛʨʘʤʤ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʠʣʦʚʳʭ ʤʦʜʫʣʷʭ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʩʪʨʦʝʥʥʳʝ ʩʨʝʜʩʪʚʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Matlab. ɹʳʣ 

ʥʘʧʠʩʘʥ ʘʣʛʦʨʠʪʤ ʧʦʠʩʢʘ ʠ ʫʩʪʨʘʥʝʥʠʷ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʧʦʤʝʭ (ʨʠʩ.2). 
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ɸʣʛʦʨʠʪʤ ʨʝʘʣʠʟʫʝʪ ʩʣʝʜʫʶʱʠʝ 

ʦʧʝʨʘʮʠʠ.  

ʇʦʣʫʯʝʥʥʘʷ ʩ ɸʎʇ 

ʦʩʮʠʣʣʦʛʨʘʤʤʘ ʪʦʢʘ ʜʠʦʜʘ Id 

ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ, ʠ ʥʘʭʦʜʠʪʩʷ ʚʨʝʤʷ 

ʥʘʯʘʣʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʤʝʭʠ ʧʨʠ 

ʧʦʜʘʯʝ ʪʦʢʘ ʥʘ ʜʠʦʜ (t_start_up) ʠ 

ʚʨʝʤʷ ʦʪʢʣʶʯʝʥʠʷ ʧʦʜʘʯʠ ʪʦʢʘ ʥʘ 

ʜʠʦʜ (t_end_up).  

ɼʘʣʝʝ ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʘʝʪ ʩ 

ʯʘʩʪʴʶ ʩʠʛʥʘʣʘ, ʦʛʨʘʥʠʯʝʥʥʦʡ ʚʦ 

ʚʨʝʤʝʥʥʦʤ ʧʨʦʤʝʞʫʪʢʝ [t_start_up; 

t_end_up]. ʇʨʦʠʟʚʦʜʠʪʩʷ ʧʦʠʩʢ 

ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʢʦʣʝʙʘʥʠʷ ʠ 

ʥʘʭʦʞʜʝʥʠʝ ʝʛʦ ʧʝʨʠʦʜʘ T. ɺ ʩʠʛʥʘʣʝ 

ʚʳʜʝʣʷʝʪʩʷ ʝʛʦ ʧʝʨʝʤʝʥʥʘʷ 

ʩʦʩʪʘʚʣʷʶʱʘʷ, ʢʦʪʦʨʘʷ 

ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʮʠʬʨʦʚʳʤ ʌɺʏ ʚ 

Matlab (ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʤʘʥʜʘ filter) ʩ 

ʫʯʝʪʦʤ ʟʥʘʯʝʥʠʷ ʥʘʡʜʝʥʥʦʛʦ ʧʝʨʠʦʜʘ 

ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʧʦʤʝʭʠ.  

ʇʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ 

ʩʦʭʨʘʥʷʝʪʩʷ, ʟʘʪʝʤ ʘʥʘʣʦʛʠʯʥʦ 

ʥʘʭʦʜʷʪʩʷ ʤʦʤʝʥʪʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʢʦʣʝʙʘʥʠʷ ʧʨʠ 

ʚʳʭʦʜʝ ʟʘʚʝʨʰʝʥʠʷ ʧʨʦʮʝʩʩʘ 

ʦʙʨʘʪʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

(t_start_down) ʠ ʜʦ ʦʢʦʥʯʘʥʠʷ ʟʘʤʝʨʘ 

ʥʘ (t_end_down). ɸʥʘʣʦʛʠʯʥʦ ʠʱʝʪʩʷ 

ʧʝʨʠʦʜ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʧʦʤʝʭʠ ʠ 

ʥʘʭʦʜʠʪʩʷ ʧʝʨʝʤʝʥʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ 

ʩʠʛʥʘʣʘ. ʇʨʦʠʩʭʦʜʠʪ ʦʙʨʘʙʦʪʢʘ 

ʫʯʘʩʪʢʘ ʩʠʛʥʘʣʘ [t_start_down; 

t_end_down] ʩ ʧʦʤʦʱʴʶ ʌɺʏ, ʠ 

ʧʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʩʦʭʨʘʥʷʝʪʩʷ. 

ɿʘʪʝʤ ʧʨʦʠʩʭʦʜʠʪ ʟʘʤʝʥʘ ʫʯʘʩʪʢʦʚ ʩ 

ʧʦʤʝʭʦʡ ʚ ʩʠʛʥʘʣʝ Id ʥʘ 

ʦʪʬʠʣʴʪʨʦʚʘʥʥʳʝ, ʠ ʨʝʟʫʣʴʪʘʪ 

ʧʝʨʝʜʘʝʪʩʷ ʦʩʥʦʚʥʦʡ ʧʨʦʛʨʘʤʤʝ. 

ʉʠʛʥʘʣ ʜʦ ʬʠʣʴʪʨʘʮʠʠ ʠ ʧʦʩʣʝ 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ.3 ʜʣʷ ʪʦʢʘ 50 ɸ ʠ 

ʥʘ ʨʠʩ.4 ʜʣʷ ʪʦʢʘ 200 ɸ. 

ʈʠʩ. 2. ɸʣʛʦʨʠʪʤ 

ʧʦʠʩʢʘ ʠ ʫʩʪʨʘʥʝʥʠʷ 

ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʧʦʤʝʭ 
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ʈʠʩ. 3. ʇʨʠʤʝʥʝʥʠʝ ʬʠʣʴʪʨʘʮʠʠ ʢ ʩʠʛʥʘʣʫ ʪʦʢʘ ʯʝʨʝʟ ʜʠʦʜ ʧʨʠ ʪʦʢʝ 50 ɸ 

 

ʈʠʩ. 4. ʇʨʠʤʝʥʝʥʠʝ ʬʠʣʴʪʨʘʮʠʠ ʢ ʩʠʛʥʘʣʫ ʪʦʢʘ ʯʝʨʝʟ ʜʠʦʜ ʧʨʠ ʪʦʢʝ 200 ɸ 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʘʜʘʧʪʠʨʫʝʪʩʷ ʢ ʨʘʟʣʠʯʥʳʤ ʧʘʨʘʤʝʪʨʘʤ 

ʟʘʜʘʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʘ ʢ ʩʠʣʦʚʦʤʫ ʤʦʜʫʣʶ ʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʧʨʠʝʤʣʝʤʫʶ ʦʩʮʠʣʣʦʛʨʘʤʤʫ, ʦʧʠʩʳʚʘʶʱʫʶ ʜʠʥʘʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ 

ʤʦʜʫʣʷ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʩʪʠ ʧʨʦʛʨʘʤʤʥʫʶ ʬʠʣʴʪʨʘʮʠʶ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʧʦʤʝʭ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʩʥʠʞʘʝʪ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʦʥʪʘʢʪʠʨʫʶʱʝʤʫ 
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ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, 
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ɺʊʆʈʀʏʅʓʁ ʈɽɻʋʃʀʈʋɽʄʓʁ ʀʉʊʆʏʅʀʂ ʇʀʊɸʅʀʗ, 

ʇʈʀʄɽʅʗɽʄʓʁ ɺ ʋʏɽɹʅʆʄ ʇʈʆʎɽʉʉɽ 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʠʩʪʦʯʥʠʢʠ ʚʪʦʨʠʯʥʦʛʦ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ. 

ʆʧʠʩʳʚʘʝʪʩʷ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʤʦʜʝʣʴ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʭʝʤʳ ʨʝʛʫʣʠʨʫʝʤʦʛʦ  

ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ ʩ ʵʣʝʢʪʨʦʥʥʦʡ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʦʡ ʟʘʱʠʪʳ 

ʦʪ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ, ʧʨʠʤʝʥʷʝʤʦʛʦ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ. 

In the article the sources of secondary power supply are considered. A 

mockup of the electrical circuit of a regulated power supply with an electronic and 

electromagnetic short-circuit protection system is being developed. It is used in the 

educational process. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʝʛʫʣʠʨʠʫʝʤʳʡ ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ, ʟʘʱʠʪʘ ʦʪ 

ʢʦʨʦʢʢʦʛʦ ʟʘʤʳʢʘʥʠʷ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʡ ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ.  

Keywords: regulated power supply, protection against short-circuit, stabilized 

power supply. 

 

ʃʶʙʘʷ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʘʷ ʘʧʧʘʨʘʪʫʨʘ ʨʘʙʦʪʘʝʪ ʦʪ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ.  

ʆʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ: ʦʙʝʩʧʝʯʝʥʠʝ ʟʘʜʘʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 

ʜʣʷ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚʘ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʬʦʨʤʳ ʠ ʚʝʣʠʯʠʥʳ ʥʘʧʨʷʞʝʥʠʷ, 

ʩʪʘʙʠʣʠʟʘʮʠʷ ʥʘʧʨʷʞʝʥʠʷ, ʟʘʱʠʪʘ ʧʦ ʪʦʢʫ ʠ ʥʘʧʨʷʞʝʥʠʶ, ʛʘʣʴʚʘʥʠʯʝʩʢʘʷ 

ʨʘʟʚʷʟʢʘ ʮʝʧʝʡ, ʨʝʛʫʣʠʨʦʚʢʘ, ʫʧʨʘʚʣʝʥʠʝ ʠ ʢʦʥʪʨʦʣʴ [1]. ɺʪʦʨʠʯʥʳʝ 



 

77 

 

ʠʩʪʦʯʥʠʢʠ ʧʠʪʘʥʠʷ ʩʦʩʪʦʷʪ ʠʟ ʚʳʧʨʷʤʠʪʝʣʷ, ʠʥʚʝʨʪʦʨʘ, ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ 

ʥʘʧʨʷʞʝʥʠʷ, ʩʪʘʙʠʣʠʟʘʪʦʨʘ ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʘ, ʫʩʪʨʦʡʩʪʚʘ ʟʘʱʠʪʳ ʠ 

ʫʧʨʘʚʣʝʥʠʷ [2].  

ɺʪʦʨʠʯʥʳʝ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ʜʝʣʷʪʩʷ ʥʘ 

ʣʠʥʝʡʥʳʝ ʠ ʠʤʧʫʣʴʩʥʳʝ. ʕʣʝʤʝʥʪʥʘʷ ʙʘʟʘ ʠʤʧʫʣʴʩʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʣʦʞʥʝʝ, 

ʯʝʤ ʫ ʣʠʥʝʡʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ. ʆʩʥʦʚʥʦʝ ʦʪʣʠʯʠʝ: ʣʠʥʝʡʥʳʝ 

ʠʩʪʦʯʥʠʢʠ ʧʠʪʘʥʠʷ ʥʘ ʚʳʭʦʜʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʤʝʥʴʰʠʡ ʫʨʦʚʝʥʴ ʧʫʣʴʩʘʮʠʡ ʠ 

ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʥʘʜʝʞʥʦʩʪʴ.  

ʀʩʪʦʯʥʠʢʠ ʧʠʪʘʥʠʷ ʙʝʟ ʩʪʘʙʠʣʠʟʘʪʦʨʘ ʥʘʧʨʷʞʝʥʠʷ - 

ʥʝʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʝ ʠʩʪʦʯʥʠʢʠ, ʥʘ ʚʳʭʦʜʝ ʠʤʝʶʪ ʥʝʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʝ 

ʥʘʧʨʷʞʝʥʠʝ ʩ ʙʦʣʴʰʠʤ ʫʨʦʚʥʝʤ ʧʫʣʴʩʘʮʠʡ [4]. ɺ ʩʦʩʪʘʚ ʪʘʢʠʭ ʠʩʪʦʯʥʠʢʦʚ 

ʚʭʦʜʠʪ ʧʦʥʠʞʘʶʱʠʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ, ʚʳʧʨʷʤʠʪʝʣʴ, ʬʠʣʴʪʨ. ɺʳʭʦʜʥʦʝ 

ʥʘʧʨʷʞʝʥʠʝ  ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʚʝʣʠʯʠʥʳ ʥʘʛʨʫʟʢʠ. ʅʦʤʠʥʘʣʴʥʦʝ ʚʳʭʦʜʥʦʝ 

ʥʘʧʨʷʞʝʥʠʝ ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 1,5 ʜʦ 220 ɺ 

Ñ10%, ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ ʩʝʪʠ 220 ɺ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘ ʚʳʭʦʜʝ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʪʘʙʠʣʠʟʘʪʦʨ ʥʘʧʨʷʞʝʥʠʷ, 

ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ ʪʨʘʥʩʬʦʨʤʘʪʦʨ, ʚʳʧʨʷʤʠʪʝʣʴ, ʬʠʣʴʪʨ ʠ ʩʪʘʙʠʣʠʟʘʪʦʨ. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʚʪʦʨʠʯʥʳʝ ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ, ʫʯʠʪʳʚʘʷ ʠʭ ʜʦʩʪʦʠʥʩʪʚʘ ʠ 

ʥʝʜʦʩʪʘʪʢʠ, ʤʳ ʨʘʟʨʘʙʘʪʳʚʘʝʤ ʤʦʜʝʣʴ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʭʝʤʳ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ, ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʚʪʦʨʠʯʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ (ʨʠʩ.1). 

ɼʘʥʥʳʡ ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʤʝʥʝʥʥʳʭ ʜʝʪʘʣʝʡ, 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʥʘ ʚʳʭʦʜʝ ʨʝʛʫʣʠʨʫʝʤʦʝ ʥʘʧʨʷʞʝʥʠʝ ʦʪ 0 ʜʦ 12 ɺ, ʧʨʠ 

ʩʠʣʝ ʪʦʢʘ ʜʦ 1,5 ɸ. ʊʘʢʠʝ ʠʩʪʦʯʥʠʢʠ ʧʠʪʘʥʠʷ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʣʘʙʦʨʘʪʦʨʠʷʭ 

ʜʣʷ ʦʪʨʘʙʦʪʢʠ ʠ ʥʘʣʘʞʠʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ. ʏʪʦʙʳ 

ʠʟʙʝʞʘʪʴ ʧʝʨʝʛʨʫʟʢʠ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʥʝ ʚʳʚʝʩʪʠ ʝʛʦ 

ʠʟ ʩʪʨʦʷ, ʚ ʠʩʪʦʯʥʠʢ ʜʦʙʘʚʣʝʥ ʙʣʦʢ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʚʳʧʦʣʥʷʪʴ ʟʘʱʠʪʫ ʦʪ 

ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ. 

 

ʈʠʩ. 1.  ʈʝʛʫʣʠʨʫʝʤʳʡ ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ ʩ ʟʘʱʠʪʦʡ ʦʪ ʢʦʨʦʪʢʦʛʦ 

ʟʘʤʳʢʘʥʠʷ 
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ʈʠʩ. 2. ʉʪʘʙʠʣʠʟʘʪʦʨ ʥʘʧʨʷʞʝʥʠʷ  

ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ  

ʉʪʘʙʠʣʠʟʘʪʦʨ ʥʘʧʨʷʞʝʥʠʷ ʚ ʜʘʥʥʦʤ ʠʩʪʦʯʥʠʢʝ ʧʠʪʘʥʠʷ ʩʦʩʪʦʠʪ  ʠʟ ʪʨʝʭ 

ʙʣʦʢʦʚ. ɼʠʦʜ V5, ʨʝʟʠʩʪʦʨ R1  ʠ ʪʨʘʥʟʠʩʪʦʨ V6 ʩʦʩʪʘʚʣʷʶʪ ʧʝʨʚʳʡ ʙʣʦʢ ʠ 

ʚʳʧʦʣʥʷʶʪ ʟʘʱʠʪʫ ʦʪ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ. ɺʪʦʨʦʡ ʙʣʦʢ ʩʪʘʙʠʣʠʟʘʪʦʨʘ 

ʩʦʩʪʦʠʪ ʠʟ ʨʝʟʠʩʪʦʨʘ R2, ʩʪʘʙʠʣʠʪʨʦʥʘ V7 ʠ ʧʝʨʝʤʝʥʥʦʛʦ ʨʝʟʠʩʪʦʨʘ R3. ʅʘ 

ʧʝʨʝʤʝʥʥʦʤ ʨʝʟʠʩʪʦʨʝ R3 ʩʪʘʙʠʣʠʟʘʮʠʶ ʥʘʧʨʷʞʝʥʠʷ ʚʳʧʦʣʥʷʶʪ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ʩʪʘʙʠʣʠʟʘʪʦʨ ʚ ʩʦʩʪʘʚʝ ʨʝʟʠʩʪʦʨʘ R2 ʠ ʩʪʘʙʠʣʠʪʨʦʥʘ VD6. 

ʉ ʧʦʤʦʱʴʶ ʜʘʥʥʦʛʦ ʨʝʟʠʩʪʦʨʘ ʥʘ ʚʳʭʦʜʝ ʙʣʦʢʘ ʧʠʪʘʥʠʷ ʫʩʪʘʥʘʚʣʠʚʘʶʪ 

ʥʘʧʨʷʞʝʥʠʝ. ʅʘ ʧʝʨʝʤʝʥʥʦʤ ʨʝʟʠʩʪʦʨʝ R3 ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʝ 

ʥʘʧʨʷʞʝʥʠʝ, ʨʘʚʥʦʝ ʥʘʧʨʷʞʝʥʠʶ ʩʪʘʙʠʣʠʟʘʮʠʠ Uʩʪ ʜʘʥʥʦʛʦ ʩʪʘʙʠʣʠʪʨʦʥʘ. 

ʊʨʝʪʠʡ ʙʣʦʢ ʩʪʘʙʠʣʠʟʘʪʦʨʘ ʩʦʩʪʦʠʪ ʠʟ ʪʨʘʥʟʠʩʪʦʨʦʚ VT2, VT3 ʠ ʨʝʟʠʩʪʦʨʘ 

R4. 

ʈʘʟʨʘʙʦʪʘʥʥʫʶ ʤʦʜʝʣʴ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ ʩ ʵʣʝʢʪʨʦʥʥʦʡ 

ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʦʡ ʟʘʱʠʪʳ ʦʪ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʤʦʞʥʦ 

ʧʨʠʤʝʥʷʪʴ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ 

ʣʘʙʦʨʘʪʦʨʠʷʭ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠ ʥʘʩʪʨʦʡʢʠ ʨʘʟʣʠʯʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʧʨʠʙʦʨʦʚ. 
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ʈɸɿʈɸɹʆʊʂɸ ANDROID -ʇʈʀʃʆɾɽʅʀʗ çʄʆʁ ɺʓɹʆʈè                       

ɼʃʗ ɸɺʊʆʄɸʊʀʏɽʉʂʆɻʆ ʉɹʆʈɸ ʀʅʌʆʈʄɸʎʀʀ ɺʓʍʆɼʅʓʍ 

ɼɸʅʅʓʍ ʆ ʊɽʉʊʀʈʆɺɸʅʀʀ ʀ ɼɸʃʔʅɽʁʐɽʁ ʆɹʈɸɹʆʊʂɽ 

ʇʆʃʋʏɽʅʅʓʍ ʈɽɿʋʃʔʊɸʊʆɺ 

ʆʧʠʩʘʥʳ ʵʪʘʧʳ ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ 

Android, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʳʭʦʜʥʳʝ ʜʘʥʥʳʝ ʩʠʩʪʝʤʳ ʘʥʘʣʠʪʠʢʠ ʩʙʦʨʘ ʜʘʥʥʳʭ 

ʦ ʧʦʣʴʟʦʚʘʪʝʣʷʭ, ʫʩʪʘʥʦʚʠʚʰʠʭ ʜʘʥʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʥʘ ʩʚʦʸ ʫʩʪʨʦʡʩʪʚʦ, 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʠʟʫʘʣʠʟʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

The work describes the development stages of the application for the Android 

operating system, presents the output of the system for collecting data on users 

who installed the application on their devices, and visualizing the results. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: android, ʧʨʠʣʦʞʝʥʠʝ, firebase, google play market. 

Keywords: android, app, firebase, google, play market. 

ʎʝʣʴʶ ʥʘʰʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ 

çʄʦʡ ɺʳʙʦʨè ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, 

ʨʝʛʠʩʪʨʘʮʠʠ ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʩʠʩʪʝʤ 

ʩʪʘʪʠʩʪʠʢʠ ʩʙʦʨʘ ʜʘʥʥʳʭ ʧʦ ʧʨʠʣʦʞʝʥʠʶ. 

ɿʘʜʘʯʠ: 

1. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʦʥʷʪʠʷ, ʚʠʜʳ ʤʦʙʠʣʴʥʳʭ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, 

ʠʩʩʣʝʜʦʚʘʚ ʧʣʘʪʬʦʨʤʫ, ʥʘ ʢʦʪʦʨʦʡ ʩʦʟʜʘʚʘʣʦʩʴ ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ. 

2. ʈʘʟʨʘʙʦʪʘʪʴ ʤʝʭʘʥʠʢʫ, ʠʥʪʝʨʬʝʡʩ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ, 

ʧʦʜʢʣʶʯʠʪʴ ʢʦʤʧʣʝʢʩ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ, ʚʢʣʶʯʘʷ 

ʙʘʟʫ ʜʘʥʥʳʭ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʜʣʷ ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʨʦʭʦʞʜʝʥʠʠ 

ʧʨʠʣʦʞʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ. 

3. ʇʨʝʜʩʪʘʚʠʪʴ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʚʳʚʦʜʳ ʦ 

ʧʝʨʩʧʝʢʪʠʚʘʭ ʨʘʟʚʠʪʠʷ ʤʦʙʠʣʴʥʳʭ ʦʧʝʨʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʚʳʩʪʫʧʘʶʱʠʭ 

ʚ ʢʘʯʝʩʪʚʝ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ. 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʚʩʝ ʙʦʣɹh ʝ ʣʶʜʝʡ ʩʢʣʦʥʷʶʪʩʷ ʢ ʧʨʠʦʙʨʝʪʝʥʠ ʁʠ 

ʧʦʩʪʦʷʥʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠ ʁ ʤʦʙʠʣʴʥʳʭ ʪʝʣʝʬʦʥʦʚ ʠʣʠ ʩʤʘʨʪʬʦʥʦʚ. ʕʪʠ 

ʫʩʪʨʦʡʩʪʚʘ ʧʦʤʦʛʘʪʁ ʥʝ ʪʦʣʴʢʦ ʧʦʜʜʝʨʞʠʚʘʪʴ ʩʚʷʟʴ ʩ ʣʶʜʴʤʠ, ʥʦ ʠ 

ʦʭʚʘʪʳʚʘʪʁ ʜʨʫʛʠʝ ʚʘʞʥʝʡʰʠʝ ʩʬʝʨʳ ʯʝʣʦʚʝʢʘ, ʪʘʢʠʝ ʢʘʢ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʝ, 

ʬʠʥʘʥʩʳ, ʨʘʟʚʣʝʯʝʥʠ ̫ʠ ʧʨʦʯʝʝ [1]. 

ʇʦ ʜʘʥʥʳʤ ʤʠʨʦʚʦʡ ʩʪʘʪʠʩʪʠʢʠ ʟʘ ʠʶʥʴ 2017 ʛʦʜʘ [8], ʢʦʣʠʯʝʩʪʚʦ 

ʣʶʜʝʡ, ʧʦʣʴʟʫʶʱʠʭʩʷ ʤʦʙʠʣʴʥʳʤʠ ʪʝʣʝʬʦʥʘʤʠ, ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ ʧʦʣʦʚʠʥʳ 

ʥʘʩʝʣʝʥʠʷ ʧʣʘʥʝʪʳ, ʙʦʣʝʝ 70% ʠʟ ʥʠʭ ʠʩʧʦʣʴʟʫʶʪ ʦʧʝʨʘʮʠʦʥʥʫ  ʁʩʠʩʪʝʤʫ 

Android [6]. ɼʣ ̫ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ Android, ʧʦʩʪʨʦʝʥʥʦʡ ʥʘ ʷʜʨʝ Linux 

ʠ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʢʦʤʧʘʥʠʝʡ Google, ʩʫʱʝʩʪʚʫʝʪ ʫʞʝ ʙʦʣʝʝ ʤʠʣʣʠʦʥʘ 
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ʧʨʦʛʨʘʤʤ ʠ ʧʘʢʝʪʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʠʥʜʠʚʠʜʫʘʣʠʟʠʨʦʚʘʪʴ ʩʤʘʨʪʬʦʥ. ɺ 

ʥʘʟʚʘʥʥʫʶ ʦʧʝʨʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ (ʆʉ) ʚʭʦʜʷʪ ʥʘʙʦʨ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʠ ʧʨʠʣʦʞʝʥʠʷ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʙʘʟʦʚʳʡ ʬʫʥʢʮʠʦʥʘʣ [3]. ɺʩʣʝʜʩʪʚʠʝ ʦʪʢʨʳʪʦʩʪʠ ʠʩʭʦʜʥʦʛʦ 

ʢʦʜʘ Android ʤʦʞʥʦ ʧʝʨʝʥʦʩʠʪʴ ʥʘ ʩʘʤʳʝ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, 

ʢʦʪʦʨʳʭ ʥʘʩʯʠʪʳʚʘʝʪʩʷ ʙʦʣʝʝ ʜʝʩʷʪʢʦʚ ʪʳʩʷʯ, ʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʚʢʫʩʘʤʠ ʠ 

ʧʦʪʨʝʙʥʦʩʪʷʤʠ ʦʪʜʝʣʴʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩʦʟʜʘʚʘʪʴ ʜʣʷ ʥʝʛʦ ʩʦʙʩʪʚʝʥʥʳʝ 

ʧʨʠʣʦʞʝʥʠʷ ʠ ʠʥʪʝʨʬʝʡʩ. 

ɹʣʘʛʦʜʘʨʷ ʩʤʘʨʪʬʦʥʘʤ ʣʶʜʠ ʧʦʜʜʝʨʞʠʚʘʶʪ ʩʚʷʟʴ ʯʝʨʝʟ ʛʣʦʙʘʣʴʥʫʶ ʩʝʪʴ 

ʀʥʪʝʨʥʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʣʶʙʦʡ ʪʦʯʢʝ ʤʠʨʘ. ʋ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʤʦʙʠʣʴʥʳʭ 

ʫʩʪʨʦʡʩʪʚ ʧʦʷʚʠʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʩʢʘʯʠʚʘʪ ɹ ʠ ʫʩʪʘʥʘʚʣʠʚʘʪ ɹ ʤʥʦʞʝʩʪʚʦ 

ʨʘʟʣʠʯʥʳʭ ʧʨʠʣʦʞʝʥʠʡ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʜʣʷ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ 

ʤʦʙʠʣʴʥʳʭ ʪʝʣʝʬʦʥʦʚ. ʆʜʥʦʡ ʠʟ ʩʘʤʳʭ ʠʟʚʝʩʪʥʳʭ ʧʣʦʱʘʜʦʢ, ʯʝʨʝʟ ʢʦʪʦʨʳʝ 

ʧʦʣʴʟʦʚʘʪʝʣʠ ʤʦʛʫʪ ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʚʳʙʨʘʥʥʳʤʠ ʧʨʠʣʦʞʝʥʠʷʤʠ, ʷʚʣʷʝʪʩʷ ï 

Google Play Market.  

Google Play Market ï ʧʨʠʣʦʞʝʥʠʝ, ʢʦʪʦʨʦʝ ʚʳʩʪʫʧʘʝʪ ʧʦʩʨʝʜʥʠʢʦʤ 

ʤʝʞʜʫ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ ʢʦʥʪʝʥʪʘ ʠ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ [4]; ʩʝʨʚʠʩ, ʚ ʢʦʪʦʨʦʤ 

ʤʦʞʥʦ ʥʘʡʪʠ ʚʩʝ ʜʦʩʪʫʧʥʳʝ ʧʨʦʛʨʘʤʤʳ ʜʣʷ OC Android. ʀʥʪʝʨʬʝʡʩ 

ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ ʚʠʪʨʠʥʳ, ʥʘ ʢʦʪʦʨʦʡ ʩʦʙʨʘʥʳ ʚʩʝʚʦʟʤʦʞʥʳʝ ʧʨʦʛʨʘʤʤʳ, 

ʠʛʨʳ, ʘ ʪʘʢʞʝ ʬʠʣʴʤʳ, ʘʫʜʠʦʬʘʡʣʳ, ʛʣʷʥʮʝʚʳʝ ʞʫʨʥʘʣʳ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʚʠʜʝ. 

ɿʜʝʩʴ ʤʦʞʥʦ ʥʘʡʪʠ ʢʘʢ ʙʝʩʧʣʘʪʥʳʝ, ʪʘʢ ʠ ʧʣʘʪʥʳʝ ʬʘʡʣʳ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ 

ʧʨʠʦʙʨʝʩʪʠ ʣʶʙʳʤ ʜʦʩʪʫʧʥʳʤ ʤʝʪʦʜʦʤ ʧʝʨʝʚʦʜʘ ʵʣʝʢʪʨʦʥʥʳʭ ʜʝʥʝʛ ʯʝʨʝʟ 

ʩʝʪʴ ʀʥʪʝʨʥʝʪ. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʠ ʠʩʩʣʝʜʦʚʘʚ ʮʝʣʝʚʫʶ ʧʣʘʪʬʦʨʤʫ, ʤ  r ʧʦʧʳʪʘʣʠʩʴ 

ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʠʣʦʞʝʥʠʝ ʥʘ ʆʉ Android, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʠʣʦ ʙ  r ʦʭʚʘʪʠʪʴ 

ʙʦʣʝʝ ʰʠʨʦʢʫʶ ʘʫʜʠʪʦʨʠʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʦʧʝʨʘʮʠʦʥʥʳʤʠ 

ʩʠʩʪʝʤʘʤʠ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ ʧʦʪʨʝʙʦʚʘʣʘʩʴ 

ʩʨʝʜʘ ʨʘʟʨʘʙʦʪʢʠ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ ʩʪʘʣʦ ʙ  r ʚʦʟʤʦʞʥʳʤ ʨʘʟʨʘʙʦʪʘʪʴ 

ʩʦʙʩʪʚʝʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ. ɼʣʷ ʨʘʙʦʪʳ ʩ ʚʳʙʨʘʥʥʦʡ ʧʣʘʪʬʦʨʤʦʡ 

ʢʦʤʧʘʥʠʝʡ Google ʙʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ Android Studio ï ʦʬʠʮʠʘʣʴʥʘ ̫

ʠʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʩʨʝʜʘ ʨʘʟʨʘʙʦʪʢʠ [5].  

ʉʣʝʜʫʶʱʠʡ ʵʪʘʧ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʦʟʜʘʥʠʝʤ ʤʝʭʘʥʠʢʠ ʠ ʠʥʪʝʨʬʝʡʩʘ, 

ʢʦʪʦʨʳʡ ʙʳʣ ʚʳʧʦʣʥʝʥ ʚ ʩʪʠʣʝ ʧʨʠʣʦʞʝʥʠʡ ʦʙʤʝʥʘ ʩʦʦʙʱʝʥʠʷʤʠ. ʊʘʢʦʡ 

ʧʦʜʭʦʜ ʧʦʟʚʦʣʠʣ ʟʘʠʥʪʝʨʝʩʦʚʘʪʴ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʯʪʦ ʧʦʚʣʠʷʣʦ ʥʘ ʫʚʝʣʠʯʝʥʠʝ 

ʢʦʣʠʯʝʩʪʚʘ ʟʘʛʨʫʟʦʢ ʩ ʦʬʠʮʠʘʣʴʥʦʡ ʩʪʨʘʥʠʮʳ ʧʨʠʣʦʞʝʥʠʷ, ʧʦʣʫʯʠʚʰʝʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʢʘʪʝʛʦʨʠʶ. ɿʘʪʝʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʜʘʯʘʤʠ ʥʘʤʠ ʙʳʣ 

ʧʦʜʢʣʶʯʝʥ ʢʦʤʧʣʝʢʩ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ, ʪʘʢʠʭ ʢʘʢ 

ʙʘʟʘ ʜʘʥʥʳʭ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʜʣʷ ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʨʦʭʦʞʜʝʥʠʠ 

ʧʨʠʣʦʞʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʧʣʘʪʬʦʨʤʳ Google Firebase [2].  

ʆʨʛʘʥʠʟʦʚʘʚ ʩʙʦʨ ʜʘʥʥʳʭ ʯʝʨʝʟ ʦʙʣʘʯʥʳʝ ʩʠʩʪʝʤʳ ʭʨʘʥʠʣʠʱʘ, ʤ  r

ʦʧʫʙʣʠʢʦʚʘʣʠ ʧʨʠʣʦʞʝʥʠʝ ʥʘ ʧʣʦʱʘʜʢʝ Play Market, ʦʪʢʫʜʘ ʧʦʣʴʟʦʚʘʪʝʣʠ 

ʤʦʛʣʠ ʙʝʩʧʨʝʧʷʪʩʪʚʝʥʥʦ ʫʩʪʘʥʦʚʠʪʴ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʘ ʤ ,r ʚ 



 

81 

 

ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, - ʦʧʝʨʘʪʠʚʥʦ ʦʙʥʦʚʣʷʪʴ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ 

ʧʨʠʣʦʞʝʥʠʝ.  

ɺ ʩʝʥʪʷʙʨʝ 2017 ʛʦʜʘ ʙʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ ʨʘʙʦʯʘʷ ʚʝʨʩʠʷ ʧʨʠʣʦʞʝʥʠʷ 

çʄʦʡ ɺʳʙʦʨè [7]. ʏʠʩʣʦ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʢʦʪʦʨʳʝ ʫʩʪʘʥʦʚʠʣʠ ʠ ʦʪʢʨʳʣʠ 

ʧʨʠʣʦʞʝʥʠʝ, ʩʦʩʪʘʚʠʣʦ ʙʦʣʝʝ 1400 ʯʝʣʦʚʝʢ. ʉʨʝʜʠ ʥʠʭ ʚ ʨʘʚʥʦʤ ʢʦʣʠʯʝʩʪʚʝ 

ʧʨʠʥʷʣʠ ʫʯʘʩʪʠʝ ʢʘʢ ʞʝʥʱʠʥʳ, ʪʘʢ ʠ ʤʫʞʯʠʥʳ (ʨʠʩ. 1).  

 

ʈʠʩ. 1. ɼʝʤʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ  

(ʧʦʣʦʚʘʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ) 

ʇʦʢʘʟʘʪʝʣʴʥʦ, ʯʪʦ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʦʪ 18 ʜʦ 24 ʣʝʪ ʦʪʤʝʯʝʥʦ ʙʦʣʴʰʝ: 

63,1% ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ ʫʯʘʩʪʥʠʢʦʚ (ʨʠʩ. 2).  

 

ʈʠʩ. 2. ɼʝʤʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ  

(ʚʦʟʨʘʩʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ) 

ʇʦʣʴʟʦʚʘʪʝʣʠ ʠʟ ʈʦʩʩʠʠ, ɹʝʣʘʨʫʩʠ, ʋʢʨʘʠʥʳ ʦʢʘʟʘʣʠʩʴ ʥʘʠʙʦʣʝʝ 

ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʤʠ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʟʘʜʝʡʩʪʚʦʚʘʥʠʝʤ ʨʫʩʩʢʦʷʟʳʯʥʦʡ ʚʝʨʩʠʠ 

ʧʨʠʣʦʞʝʥʠʷ (ʨʠʩ. 3). 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʤʦʙʠʣʴʥʳʝ ʦʧʝʨʘʮʠʦʥʥʳʝ 

ʩʠʩʪʝʤʳ ʦʩʪʘʶʪʩʷ ʘʢʪʠʚ-

ʥʦ ʨʘʟʚʠʚʘʶʱʠʤʩʷ ʥʘ-

ʧʨʘʚʣʝʥʠʝʤ. ɺʩ yʙʦʣʴʰʝʝ 

ʯʠʩʣʦ ʣʶʜʝʡ ʩʪʨʝʤʠʪʩʷ 

ʧʦʣʫʯʠʪʴ ʜʦʩʪʫʧ ʢ 

ʦʛʨʘʥʠʯʝʥʥʳʤ ʚʦʟʤʦʞ-

ʥʦʩʪʷʤ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʤ 

ʥʦʚʳʤʠ ʤʦʙʠʣʴʥʳʤʠ 

ʪʝʭʥʦʣʦʛʠʷʤʠ ʠ ʩʚʦʙʦʜ-

ʥʦʤʫ ʜʦʩʪʫʧʫ ʚ ʛʣʦʙʘʣʴ-

ʥʫ ʁ ʩʝʪʴ ʀʥʪʝʨʥʝʪ. 

ʆʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ - 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ, ʥʦ 

ʤʳ, ʚʳʙʠʨʘʷ Android, 

ʧʨʝʜʧʦʯʣʠ ʥʘʙʠʨʘʶʱʫʶ 

ʦʙʦʨʦʪʳ, ʦʪʢʨʳʪʫʶ ʠ 

ʦʯʝʥʴ ʜʠʥʘʤʠʯʥʦ ʨʘʟʚʠ-

ʚʘʶʱʫʶʩʷ ʩʪʨʫʢʪʫʨʫ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʥʘʤʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʠʟʤʝʨʠ-

ʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʠ-

ʣʘ ʥʘʤ ʫʩʧʝʰʥʦ ʩʦʙʨʘʪʴ ʠ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʜʘʥʥʳʝ 

ʧʨʠ ʧʦʤʦʱʠ ʙʘʟʳ ʜʘʥʥʳʭ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʧʦʜʢʣʶʯʝʥʥʦʡ ʢ 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʤʫ ʧʨʠʣʦʞʝʥʠʶ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʙʠʣʴʥʳʝ ʦʧʝʨʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ - ʘʢʪʠʚʥʦ 

ʨʘʟʚʠʚʘʶʱʘʷʩʷ ʦʙʣʘʩʪʴ. ʕʚʦʣʶʮʠʷ ʠ ʧʨʠʤʝʥʝʥʠʝ ʥʦʚʝʡʰʠʭ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʠʚʦʜʷʪ ʢ 

ʦʩʪʨʦʡ ʢʦʥʢʫʨʝʥʮʠʠ ʬʠʨʤ-ʨʘʟʨʘʙʦʪʯʠʢʦʚ. ʆʧʪʠʤʠʟʘʮʠʷ ʠ ʨʘʟʥʦʧʣʘʥʦʚʦʩʪʴ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʨʝʩʫʨʩʦʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʩʙʦʨʘ 

ʠʥʬʦʨʤʘʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʨʘʩʰʠʨʝʥʠʝ 

ʢʨʫʛʘ ʧʨʦʙʣʝʤʥʳʭ ʦʙʣʘʩʪʝʡ, ʘʧʧʘʨʘʪʥʳʭ ʘʨʭʠʪʝʢʪʫʨ ʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʘʥʘʣʠʟʫ 

ʨʳʥʢʦʚ ʩʙʳʪʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ.  
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ʅɸ ʆʉʅʆɺɽ ʎʀʌʈʆɺʓʍ ʉɺɽʊʆɼʀʆɼʆɺ 

ʆʧʠʩʘʥʦ ʩʦʟʜʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʮʠʬʨʦʚʳʭ 

ʩʚʝʪʦʜʠʦʜʦʚ. 

The creation of an information system based on digital led. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʚʝʪʦʜʠʦʜʳ, ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ, 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ, ʘʨʜʫʠʥʦ. 

Keywords: LEDs, information system, modeling, programming, Arduino. 

 

ɼʣʷ ʧʨʦʝʢʪʘ ʨʝʘʣʠʟʘʮʠʠ ʥʘʚʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʮʠʬʨʦʚʳʭ 

ʩʚʝʪʦʜʠʦʜʦʚ ʥʘ ʙʘʟʝ ʘʨʜʫʠʥʦ, ʙʳʣ ʚʳʙʨʘʥ ʧʨʦʝʢʪ ñ ʏʘʩʳò.  ɼʣʷ ʵʪʦʛʦ ʙʳʣ 

ʩʧʨʦʝʢʪʠʨʦʚʘʥ ʜʠʩʧʣʝʡ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʧʘʢʝʪʝ: ʯʝʪʳʨʝ ʟʥʘʢʘ ʧʦʜ ʮʠʬʨʳ, ʪʨʠ 

ʜʝʩʷʪʠʯʥʳʝ ʪʦʯʢʠ, ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʚʦʝʪʦʯʠʝ 

ʤʝʞʜʫ ʯʘʩʘʤʠ ʠ ʤʠʥʫʪʘʤʠ. ɼʣʷ ʜʘʥʥʦʡ ʧʣʘʪʳ ʙʳʣʠ ʧʦʜʦʙʨʘʥ rʩʚʝʪʦʜʠʦʜʳ 

WS2812B. 

ʇʨʝʠʤʫʱʝʩʪʚʦ ʜʘʥʥʳʭ ʩʚʝʪʦʜʠʦʜʦʚ: 

ð ʢʦʤʧʘʢʪʥʦʩʪʴ - ʧʠʢʩʝʣʴ ʚ ʩʚʦʝʤ ʢʦʨʧʫʩʝ ʩʦʜʝʨʞʠʪ (ʨʘʟʤʝʨʦʤ ʚʩʝʛʦ 

5ʭ5 ʤʤ) 3 ʩʚʝʪʦʜʠʦʜʘ ʜʣʷ ʥʠʭ; 

http://wmusers.ru/2010/11/15/chto-takoe-android-i-chto-takoe-android-smartfon/
http://wmusers.ru/2010/11/15/chto-takoe-android-i-chto-takoe-android-smartfon/
http://programmy-dlya-android.ru/internet/237-google-play-market.html
http://programmy-dlya-android.ru/internet/237-google-play-market.html
https://developer.android.com/studio/intro/index.html
http://wp-seven.ru/stat-i/novosti/statistika-mobil-ny-h-operatsionny-h-sistem-za-yanvar-2017.html
http://wp-seven.ru/stat-i/novosti/statistika-mobil-ny-h-operatsionny-h-sistem-za-yanvar-2017.html
https://play.google.com/store/apps/details?id=driv3r.dilemma2&hl=ru
http://mmr.ua/show/globalynaya_digital_statistika_iyunya_v_mire_5_mlrd_mobilynyh_polyzovateley
http://mmr.ua/show/globalynaya_digital_statistika_iyunya_v_mire_5_mlrd_mobilynyh_polyzovateley
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ð ʧʨʦʩʪʦʪʘ ʫʧʨʘʚʣʝʥʠʷ - ʧʠʢʩʝʣʴ ʫʧʨʘʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʦʩʪʦʛʦ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ, ʢʦʪʦʨʳʡ ʣʝʛʢʦ ʨʝʘʣʠʟʦʚʘʪʴ ʢʘʢ ʧʨʦʛʨʘʤʤʥʦ, 

ʪʘʢ ʠ ʠʩʧʦʣʴʟʫʷ ʘʧʧʘʨʘʪʥʳʝ ʠʥʪʝʨʬʝʡʩʳ ʄʂ (ʪʘʢʠʝ ʢʘʢ SPI ʠ UART) 

ð ʫʧʨʘʚʣʝʥʠʝ ʚʩʝʛʦ ʧʦ ʦʜʥʦʡ ʣʠʥʠʠ (ʥʝ ʩʯʠʪʘʷ ʧʨʦʚʦʜʦʚ ʧʠʪʘʥʠʷ); 

ð ʥʝʦʛʨʘʥʠʯʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʢʣʶʯʝʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʠʢʩʝʣʝʡ; 

ð ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʘʷ ʩʪʦʠʤʦʩʪʴ (ʝʩʣʠ ʧʦʩʯʠʪʘʪʴ ʩʪʦʠʤʦʩʪʴ 

ʦʪʜʝʣʴʥʦ 3-ʭ ʩʚʝʪʦʜʠʦʜʦʚ ʠ ʜʨʘʡʚʝʨʦʚ ʢ ʥʠʤ, ʚʳʡʜʝʪ ʛʦʨʘʟʜʦ ʜʦʨʦʞʝ). 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʥʘʤʠ ʧʣʘʪʘ ʩʦʩʪʦʷʣʘ ʚʩʝʛʦ ʠʟ 57 ʩʚʝʪʦʜʠʦʜʦʚ WS2812B. 

 

 

ʈʠʩ. 1. ʄʦʜʝʣʴ ʩʚʝʪʦʜʠʦʜʥʦʡ ʧʘʥʝʣʠ  

ʊʘʢʞʝ ʜʘʥʥʳʝ ʯʘʩʳ ʙʫʜʫʪ ʩʦʩʪʦʷʪʴ ʠʟ ʩʚʝʪʦʜʠʦʜʥʳʭ ʣʫʯʝʡ. ʆʜʠʥ ʣʫʯ 

ʩʦʩʪʦʠʪ ʠʟ 10 ʩʚʝʪʦʜʠʦʜʦʚ.  ɼʘʥʥʳʝ ʣʫʯʠ ʙʫʜʫʪ ʨʘʙʦʪʘʪʴ ʪʘʢ: 

¶ ʅʘ ʣʫʯʘʭ ʧʝʨʚʳʝ 4 ʩʚʝʪʦʜʠʦʜʘ ʧʦʢʘʟʳʚʘʶʪ ʯʘʩʳ ʢʨʘʩʥʳʤ 

ʮʚʝʪʦʤ. 

¶ ʉʣʝʜʫʶʱʠʝ 5 ʩʚʝʪʦʜʠʦʜʦʚ ʩʠʥʠʤ ʮʚʝʪʦʤ ʧʦʢʘʟʳʚʘʶʪ çʤʠʥʫʪʳè 

ʪʦʯʥʝʝ çʧʷʪʠʤʠʥʫʪʢʠè, ʪʘʢ ʢʘʢ ʣʫʯʝʡ ʚʩʝʛʦ 12. ʇʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ 

ʤʠʛʘʶʱʝʛʦ ʩʠʥʝʛʦ ʩʚʝʪʦʜʠʦʜʘ ʧʦʢʘʟʳʚʘʝʪ ʥʦʤʝʨ çʤʠʥʫʪʳè ʚ 

çʧʷʪʠʤʠʥʫʪʢʝè. 

¶ ʇʦʩʣʝʜʥʠʡ ʩʚʝʪʦʜʠʦʜ ʤʠʛʘʝʪ ʩ ʩʝʢʫʥʜʥʳʤ ʠʥʪʝʨʚʘʣʦʤ ʟʝʣʝʥʳʤ 

ʮʚʝʪʦʤ, ʧʦ ʧʷʪʴ ʨʘʟ ʥʘ ʢʘʞʜʦʤ ʣʫʯʝ, ʧʦʢʘʟʳʚʘʷ ʩʝʢʫʥʜʳ. 

¶ ʆʩʪʘʣʴʥʳʝ ʣʫʯʠ ʧʦʜʩʚʝʯʠʚʘʶʪʩʷ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʷʨʢʦʩʪʴʶ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʨʦʝʢʪ ʙʫʜʝʪ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʤʦʜʫʣʠ: DHT22 

ʜʣʷ ʩʯʠʪʳʚʘʥʠʷ ʧʦʢʘʟʘʥʠʡ ʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʜʘʪʯʠʢ ʜʘʚʣʝʥʠʷ  
BMP085, ʤʦʜʫʣʴ ʯʘʩʦʚ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ  DS3231. 

ɺʩʷ ʵʪʘ ʩʠʩʪʝʤʘ ʙʫʜʝʪ ʫʧʨʘʚʣʷʪʴʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ 

Arduino Uno (ʨʠʩ.2). 
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ʈʠʩ. 2. ʇʦʣʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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2. ɹʣʫʤ, ɼʞ. ʀʟʫʯʘʝʤ Arduino. ʀʥʩʪʨʫʤʝʥʪʳ ʠ ʤʝʪʦʜʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʚʦʣʰʝʙʩʪʚʘ 
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(ʛ. ɹʨʷʥʩʢ, ɹʨʷʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ) 

ʂʆʅʊʈʆʃʔ ʊɽʇʃʆɺʆɻʆ ʉʆʇʈʆʊʀɺʃɽʅʀʗ ʄʀʂʈʆʉʍɽʄ 

ʀʄʇʋʃʔʉʅʓʍ ʇʈɽʆɹʈɸɿʆɺɸʊɽʃɽʁ ʅɸʇʈʗɾɽʅʀʗ 

ʈʘʩʩʤʦʪʨʝʥʳ ʩʧʦʩʦʙʳ ʢʦʥʪʨʦʣʷ ʪʝʧʣʦʚʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʩʠʣʦʚʳʭ 

ʜʠʦʜʦʚ. ʇʦʢʘʟʘʥʘ ʠʭ ʚʳʩʦʢʘʷ ʪʨʫʜʦʝʤʢʦʩʪʴ ʠ ʥʝʧʨʠʤʝʥʠʤʦʩʪʴ ʧʨʠ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ ʢʦʥʪʨʦʣʝ.  ʇʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʧʣʦʚʳʭ 

ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʤʠʢʨʦʩʭʝʤ ʠʤʧʫʣʴʩʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʥʘʧʨʷʞʝʥʠʷ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʦʨʛʘʥʠʟʦʚʘʪʴ ʠʭ ʩʪʦʧʨʦʮʝʥʪʥʳʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ 

ʢʦʥʪʨʦʣʴ.   

The methods of the thermal resistances of power diodes control are 

considered. It was shown their high laboriousness and inapplicability in automated 

control. A method is proposed for determining the thermal resistances of the 

microcircuits of impulse voltage converters, which makes it possible to organize 

automated control. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʥʪʨʦʣʴ ʪʝʧʣʦʚʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ, ʠʤʧʫʣʴʩʥʳʡ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʥʘʧʨʷʞʝʥʠʷ, ʧʝʨʝʭʦʜʥʘʷ ʪʝʧʣʦʚʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, p-n-

ʧʝʨʝʭʦʜ. 

Keywords: thermal resistance control, pulse voltage converter, transient 

thermal characteristic, p-n-junction. 

 

ɺʚʝʜʝʥʠʝ 

ʀʥʪʝʛʨʘʣʴʥʳʝ ʤʠʢʨʦʩʭʝʤʳ (ʀʄʉ) ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʠʤʧʫʣʴʩʥʳʭ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʥʘʧʨʷʞʝʥʠʷ (ʀʇʅ) ʧʨʠʤʝʥʷʶʪ ʚʦ ʚʪʦʨʠʯʥʳʭ ʠʩʪʦʯʥʠʢʘʭ 

ʧʠʪʘʥʠʷ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʦʤʧʴʶʪʝʨʘʭ, ʪʝʣʝʚʠʟʦʨʘʭ, ʥʘ ʪʨʘʥʩʧʦʨʪʝ, 

ʚ ʚʦʝʥʥʦʡ ʠ ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʝ. ʆʪʢʘʟ ʵʪʦʡ ʤʠʢʨʦʩʭʝʤʳ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʩʝʨʴʝʟʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ. ʉʪʘʪʠʩʪʠʢʘ ʦʪʢʘʟʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʙʦʣʝʝ 

ʧʦʣʦʚʠʥʳ ʠʭ ʦʙʫʩʣʦʚʣʝʥʳ ʥʘʨʫʰʝʥʠʝʤ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʘ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʧʨʠʙʦʨʦʚ. ʀʟ-ʟʘ ʥʘʨʫʰʝʥʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ 

ʫ ʥʠʭ ʤʦʞʝʪ ʚʦʟʥʠʢʘʪʴ ʥʝʢʘʯʝʩʪʚʝʥʥʦʝ ʢʨʝʧʣʝʥʠʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ 

ʢʨʠʩʪʘʣʣʘ ʢ ʢʦʨʧʫʩʫ ʧʨʠʙʦʨʘ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʩʢʨʳʪʳʭ ʜʝʬʝʢʪʦʚ: 

ʧʨʠ ʢʦʥʪʨʦʣʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʜʝʬʝʢʪ ʥʝ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ, ʘ ʚ 

ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʜʝʛʨʘʜʘʮʠʷ ʢʨʠʩʪʘʣʣʘ ʠ ʀʄʉ ʚʳʭʦʜʠʪ ʠʟ 

ʩʪʨʦʷ. ʆʩʥʦʚʥʳʤ ʧʘʨʘʤʝʪʨʦʤ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤ ʪʝʧʣʦʚʦʡ ʨʝʞʠʤ ʀʄʉ, 

ʷʚʣʷʝʪʩʷ ʪʝʧʣʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ çʢʨʠʩʪʘʣʣ-ʢʦʨʧʫʩè. ʕʪʦʪ ʧʘʨʘʤʝʪʨ 

ʞʝʣʘʪʝʣʴʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʫ ʢʘʞʜʦʡ ʀʄʉ. 
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ʄʝʪʦʜʳ ʢʦʥʪʨʦʣʷ ʪʝʧʣʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ çʧʝʨʝʭʦʜ-ʢʦʨʧʫʩè 

ʩʠʣʦʚʳʭ ʜʠʦʜʦʚ 

ʆʩʥʦʚʥʳʤ ʥʦʨʤʘʪʠʚʥʳʤ ʜʦʢʫʤʝʥʪʦʤ, ʠʩʧʦʣʴʟʫʶʱʠʤʩʷ ʧʨʠ 

ʦʨʛʘʥʠʟʘʮʠʠ ʢʦʥʪʨʦʣʷ ʪʝʧʣʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʠʣʦʚʳʭ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʜʠʦʜʦʚ, ʷʚʣʷʝʪʩʷ ʩʪʘʥʜʘʨʪ [1]. ɺ ʥʝʤ ʨʝʢʦʤʝʥʜʫʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʢʦʥʪʨʦʣʷ ʪʝʤʧʝʨʘʪʫʨ r ʢʨʠʩʪʘʣʣʘ 

ʪʝʤʧʝʨʘʪʫʨʦʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʧʘʨʘʤʝʪʨ (ʊʏʇ) ï ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʷʤʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʥʘ p-n-ʧʝʨʝʭʦʜʝ ʧʨʠ ʤʘʣʦʤ ʠʟʤʝʨʠʪʝʣʴʥʦʤ ʪʦʢʝ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʕʪʘ ʟʘʚʠʩʠʤʦʩʪʴ ʦʢʘʟʳʚʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʣʠʥʝʡʥʦʡ, ʯʪʦ ʫʧʨʦʱʘʝʪ ʝʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ. ʆʧʨʝʜʝʣʠʚ ʪʝʤʧʝʨʘʪʫʨʫ p-n-ʧʝʨʝʭʦʜʘ Tj ʠ ʢʦʨʧʫʩʘ Tc 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʧʨʠʙʦʨʘ (ʇʇ) ʚ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝ ʧʨʠ 

ʥʦʤʠʥʘʣʴʥʦʤ ʥʘʧʨʷʞʝʥʠʠ ʠ ʪʦʢʝ, ʚʳʯʠʩʣʷʶʪ ʪʝʧʣʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

çʧʝʨʝʭʦʜ-ʢʦʨʧʫʩè ʧʦ ʫʨʘʚʥʝʥʠʶ  

UI

TT
R

cj
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-
= .    (1) 

ʕʪʦʪ ʤʝʪʦʜ ʢʦʥʪʨʦʣʷ ʩʚʷʟʘʥ ʩ ʜʣʠʪʝʣʴʥʳʤʠ ʚʨʝʤʝʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ 

ʥʘʛʨʝʚʘ ʧʨʠʙʦʨʘ ʜʦ ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʨʝʞʠʤʘ (ʙʦʣʝʝ 30 ʤʠʥ) ʠ ʝʱʝ ʙʦʣʝʝ 

ʜʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʧʨʝʜʝʣʝʥʠʷ ʊʏʇ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʦʵʪʦʤʫ ʦʥ ʤʦʞʝʪ 

ʙʳʪʴ ʧʨʠʤʝʥʝʥ ʪʦʣʴʢʦ ʜʣʷ ʝʜʠʥʠʯʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʠ ʥʝ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠ 

ʩʝʨʠʡʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʇʇ. 

ʆʩʥʦʚʥʳʤ ʥʦʨʤʘʪʠʚʥʳʤ ʜʦʢʫʤʝʥʪʦʤ ʚ ʉʐɸ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʤ 

ʤʠʨʝ ʷʚʣʷʝʪʩʷ ʩʪʘʥʜʘʨʪ [2], ʢʦʪʦʨʳʡ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʩʧʦʩʦʙʳ ʦʧʨʝʜʝʣʝʥʠʷ 

ʪʝʧʣʦʚʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ çʧʝʨʝʭʦʜ-ʢʦʨʧʫʩè Rthjc  ʠ çʧʝʨʝʭʦʜ-ʦʢʨʫʞʘʶʱʘʷ 

ʩʨʝʜʘè Rthja , ʘ ʪʘʢʞʝ ʚʚʦʜʠʪ ʥʦʚʳʝ ʪʝʧʣʦʚʳʝ ʤʝʪʨʠʢʠ ɣjb ʠ ɣjp . 

ʇʦ ʵʪʦʤʫ ʩʧʦʩʦʙʫ ʥʘʛʨʝʚʘʶʪ ʧʨʠʙʦʨ ʩʪʫʧʝʥʴʢʦʡ (ʠʤʧʫʣʴʩʦʤ) ʛʨʝʶʱʝʡ 

ʤʦʱʥʦʩʪʠ ʠ ʠʟʤʝʨʷʶʪ ʪʝʤʧʝʨʘʪʫʨʫ p-n-ʧʝʨʝʭʦʜʘ Tj(t) ʚ ʧʨʦʮʝʩʩʝ ʥʘʛʨʝʚʘ 

ʦʙʲʝʢʪʘ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ɼʣʷ ʠʟʤʝʨʝʥʠʷ Tj(t) 

ʛʨʝʶʱʘʷ ʤʦʱʥʦʩʪʴ ʧʝʨʠʦʜʠʯʝʩʢʠ ʦʪʢʣʶʯʘʝʪʩʷ ʥʘ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ (ʥʘ 

ʥʝʩʢʦʣʴʢʦ ʝʜʠʥʠʮ ʠʣʠ ʜʝʩʷʪʢʦʚ ʤʠʢʨʦʩʝʢʫʥʜ) ʠ ʠʟʤʝʨʷʝʪʩʷ ʊʏʇ ï ʧʘʜʝʥʠʝ 

ʥʘʧʨʷʞʝʥʠʷ ʥʘ p-n-ʧʝʨʝʭʦʜʝ ʧʨʠ ʤʘʣʦʤ ʧʨʷʤʦʤ ʪʦʢʝ. ʇʦ ʧʝʨʝʭʦʜʥʦʡ 

ʪʝʧʣʦʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ (ʇʊʍ) Tj(t) ʦʧʨʝʜʝʣʷʶʪ ʢʦʤʧʦʥʝʥʪʳ ʪʝʧʣʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʪʜʝʣʴʥʳʤ ʩʣʦʷʤ ʩʪʨʫʢʪʫʨʳ ʠʣʠ 

ʢʦʥʩʪʨʫʢʮʠʠ ʦʙʲʝʢʪʘ. ɼʘʥʥʳʡ ʩʧʦʩʦʙ ʨʝʘʣʠʟʦʚʘʥ ʚ ʠʟʤʝʨʠʪʝʣʴʥʦʤ ʢʦʤʧʣʝʢʩʝ 

T3Ster [3] ʠ ʝʛʦ ʢʠʪʘʡʩʢʦʤ ʘʥʘʣʦʛʝ HEO-200. ʀʥʬʦʨʤʘʮʠʷ ʦ ʪʝʧʣʦʚʳʭ 

ʧʘʨʘʤʝʪʨʘʭ ʦʙʲʝʢʪʘ ʧʦʣʫʯʘʝʪʩʷ ʟʘ ʦʜʠʥ ʚʨʝʤʝʥʥʦʡ ʩʢʘʥ, ʥʝ ʧʨʝʚʳʰʘʶʱʠʡ 

ʦʙʳʯʥʦ ʧʦ ʜʣʠʪʝʣʴʥʦʩʪʠ ʥʝʩʢʦʣʴʢʦ ʩʦʪʝʥ ʩʝʢʫʥʜ ʧʨʠ ʦʙʱʝʤ ʯʠʩʣʝ ʦʪʩʯʝʪʦʚ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʝ ʙʦʣʝʝ 2000 (200 ʦʪʩʯʝʪʦʚ ʥʘ ʜʝʢʘʜʫ). 

ɺ [4] ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʨʫʛʦʡ ʧʨʠʥʮʠʧ ʠʟʤʝʨʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʠʤʧʝʜʘʥʩʘ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʨʦʧʫʩʢʘʥʠʠ ʯʝʨʝʟ ʦʙʲʝʢʪ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠʤʧʫʣʴʩʦʚ 

ʛʨʝʶʱʝʛʦ ʪʦʢʘ ʩ ʰʠʨʦʪʥʦ-ʠʤʧʫʣʴʩʥʦʡ ʤʦʜʫʣʷʮʠʝʡ, ʦʩʫʱʝʩʪʚʣʷʝʤʦʡ ʧʦ 

ʛʘʨʤʦʥʠʯʝʩʢʦʤʫ ʟʘʢʦʥʫ, ʠ ʠʟʤʝʨʝʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʟʤʝʥʝʥʠʡ 

ʪʝʤʧʝʨʘʪʫʨʳ p-n-ʧʝʨʝʭʦʜʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʨʧʫʩʘ ʠʣʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʅʘ 

ʦʩʥʦʚʝ ʚʳʯʠʩʣʝʥʠʷ ʘʤʧʣʠʪʫʜ ʠ ʬʘʟ ʦʩʥʦʚʥʳʭ ʛʘʨʤʦʥʠʢ ʛʨʝʶʱʝʡ ʤʦʱʥʦʩʪʠ ʠ 



 

88 

 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʝʨʝʭʦʜʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʤʦʜʫʣʴ ʪʝʧʣʦʚʦʛʦ ʠʤʧʝʜʘʥʩʘ ʠ ʩʜʚʠʛ 

ʬʘʟ ʤʝʞʜʫ ʪʝʤʧʝʨʘʪʫʨʦʡ ʠ ʛʨʝʶʱʝʡ ʤʦʱʥʦʩʪʴʶ.  

ɼʘʥʥʳʡ ʩʧʦʩʦʙ ʨʝʘʣʠʟʦʚʘʥ ʚ ʠʟʤʝʨʠʪʝʣʝ ʪʝʧʣʦʚʦʛʦ ʠʤʧʝʜʘʥʩʘ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʧʨʠʙʦʨʦʚ RthMeter [5]. ʆʥ ʥʝʩʢʦʣʴʢʦ ʪʦʯʥʝʝ 

ʧʨʝʜʳʜʫʱʝʛʦ, ʥʦ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʳʡ.  

ʀʟʚʝʩʪʥʦ ʝʱʝ ʤʥʦʛʦ ʧʘʪʝʥʪʦʚ ʥʘ ʩʧʦʩʦʙʳ ʠʟʤʝʨʝʥʠʷ ʪʝʧʣʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ [6, 7 ʠ ʜʨ.], ʥʦ ʚʩʝ ʦʥʠ ʩʚʷʟʘʥʳ ʩ ʜʣʠʪʝʣʴʥʳʤ ʧʨʦʮʝʩʩʦʤ 

ʠʟʤʝʨʝʥʠʷ ʠ ʧʦʪʦʤʫ ʥʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʩʝʨʠʡʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ. 

 

ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʩʧʦʩʦʙ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

çʢʨʠʩʪʘʣʣ-ʢʦʨʧʫʩè ʤʠʢʨʦʩʭʝʤ ʀʇʅ 

ɼʣʷ ʠʥʪʝʛʨʘʣʴʥʳʭ ʤʠʢʨʦʩʭʝʤ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʀʇʅ ʥʝʪ 

ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʠʣʠ ʟʘʧʘʪʝʥʪʦʚʘʥʥʳʭ ʩʧʦʩʦʙʦʚ ʢʦʥʪʨʦʣʷ ʪʝʧʣʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʨʠʩʪʘʣʣ-ʢʦʨʧʫʩ. ʆʜʥʘʢʦ ʥʘʣʠʯʠʝ ʚ ʩʪʨʫʢʪʫʨʝ ʵʪʠʭ ʀʇʅ 

ʜʦʩʪʫʧʥʦʛʦ p-n-ʧʝʨʝʭʦʜʘ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʠʪʴ ʩʧʦʩʦʙ ʢʦʥʪʨʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ 

p-n-ʧʝʨʝʭʦʜʘ (ʜʠʦʜʘ) ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʪʝʤʧʝʨʘʪʫʨʳ ʢʨʠʩʪʘʣʣʘ ʠ ʪʝʧʣʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ çʢʨʠʩʪʘʣʣ-ʢʦʨʧʫʩè, ʧʦʣʘʛʘʷ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ p-n-ʧʝʨʝʭʦʜʘ 

ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʝ ʢʨʠʩʪʘʣʣʘ ʀʇʅ. ʊʘʢ, ʫ ʤʠʢʨʦʩʭʝʤʳ 

LM2676 (Texas Instruments) p-n-ʧʝʨʝʭʦʜ ʠʤʝʝʪʩʷ ʤʝʞʜʫ ʚʳʚʦʜʘʤʠ GND ʠ 

ON/ OFF. ʀʩʧʦʣʴʟʫʷ ʵʪʦʪ ʧʝʨʝʭʦʜ, ʤʦʞʥʦ ʦʨʛʘʥʠʟʦʚʘʪʴ ʢʦʥʪʨʦʣʴ ʝʛʦ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʪʝʧʣʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ çʢʨʠʩʪʘʣʣ-ʢʦʨʧʫʩè ʵʪʦʡ 

ʤʠʢʨʦʩʭʝʤʳ. 

ɼʣʷ ʩʦʢʨʘʱʝʥʠʷ ʜʣʠʪʝʣʴʥʦʩʪʠ ʢʦʥʪʨʦʣʷ ʪʝʧʣʦʚʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ Rthjc 

ʤʠʢʨʦʩʭʝʤ ʀʇʅ ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʩʪʘʥʜʘʨʪʥʳʡ ʤʝʪʦʜ [1], ʤʦʜʠʬʠʮʠʨʫʷ ʝʛʦ 

ʦʧʨʝʜʝʣʝʥʥʳʤ ʦʙʨʘʟʦʤ. ʄʦʜʠʬʠʢʘʮʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ.  

ɺ ʢʦʥʢʨʝʪʥʦʡ ʧʘʨʪʠʠ, ʧʦʜʣʝʞʘʱʝʡ ʢʦʥʪʨʦʣʶ, ʠʣʠ ʚ ʥʘʯʘʣʝ ʚʳʧʫʩʢʘ 

ʦʜʥʦʪʠʧʥʳʭ ʤʠʢʨʦʩʭʝʤ ʚʳʙʠʨʘʶʪ ʚ ʢʘʯʝʩʪʚʝ ʵʪʘʣʦʥʘ ʦʜʥʦ ʠʟʜʝʣʠʝ ʠ 

ʦʧʨʝʜʝʣʷʶʪ ʫ ʥʝʛʦ ʚʝʣʠʯʠʥʫ ʪʝʧʣʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ Rthjc ʠ ʧʝʨʝʭʦʜʥʫʶ 

ʪʝʧʣʦʚʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ (ʇʊʍ) ʠʟʚʝʩʪʥʳʤ ʪʨʫʜʦʝʤʢʠʤ ʤʝʪʦʜʦʤ [1], 

ʘʧʧʨʦʢʩʠʤʠʨʫʶʪ ʝʝ ʜʚʫʤʷ ʵʢʩʧʦʥʝʥʪʘʤʠ, ʦʧʨʝʜʝʣʷʶʪ ʤʝʥʴʰʫʶ ʪʝʧʣʦʚʫʶ 

ʧʦʩʪʦʷʥʥʫʶ ʚʨʝʤʝʥʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʫʶ ʥʘʯʘʣʴʥʳʡ ʫʯʘʩʪʦʢ ʇʊʍ, ʠ 

ʨʘʩʩʯʠʪʳʚʘʶʪ ʚʨʝʤʷ ʜʘʣʴʥʝʡʰʠʭ ʠʟʤʝʨʝʥʠʡ, ʨʘʚʥʦʝ ʤʝʥʴʰʝʡ ʪʝʧʣʦʚʦʡ 

ʧʦʩʪʦʷʥʥʦʡ ʚʨʝʤʝʥʠ tʠʟʤ = Ű. ɿʘʪʝʤ ʵʪʘʣʦʥʥʳʡ ʜʠʦʜ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʥʘ ʪʝʩʪʝʨ, 

ʚʢʣʶʯʘʶʪ ʥʦʤʠʥʘʣʴʥʳʡ ʪʦʢ  ʥʘ ʚʨʝʤʷ, ʨʘʚʥʦʝ ʧʦʩʪʦʷʥʥʦʡ ʚʨʝʤʝʥʠ tʠʟʤ = Ű, 

ʧʦʪʦʤ ʦʪʢʣʶʯʘʶʪ ʵʪʦʪ ʪʦʢ ʠ ʠʟʤʝʨʷʶʪ ʧʨʷʤʦʝ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʀʇʅ ʧʨʠ 

ʤʘʣʦʤ ʠʟʤʝʨʠʪʝʣʴʥʦʤ ʪʦʢʝ ʠ  ʩʦʭʨʘʥʷʶʪ ʚ ʧʘʤʷʪʠ ʪʝʩʪʝʨʘ ʵʪʠ ʟʥʘʯʝʥʠʷ. 

ʆʩʪʘʣʴʥʳʝ ʧʨʠʙʦʨʳ ʜʘʥʥʦʡ ʧʘʨʪʠʠ ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ ʥʘ ʵʪʦʤ ʪʝʩʪʝʨʝ ʧʨʠ ʪʝʭ 

ʞʝ ʫʩʣʦʚʠʷʭ. ʂʘʞʜʳʡ ʀʇʅ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʥʘ ʪʝʩʪʝʨ, ʚʢʣʶʯʘʶʪ 

ʥʦʤʠʥʘʣʴʥʳʡ ʪʦʢ  ʥʘ ʚʨʝʤʷ, ʨʘʚʥʦʝ ʧʦʩʪʦʷʥʥʦʡ ʚʨʝʤʝʥʠ Ű, ʧʦʪʦʤ ʦʪʢʣʶʯʘʶʪ 

ʵʪʦʪ ʪʦʢ ʠ ʠʟʤʝʨʷʶʪ ʧʨʷʤʦʝ ʥʘʧʨʷʞʝʥʠʝ ʧʨʠ ʤʘʣʦʤ ʠʟʤʝʨʠʪʝʣʴʥʦʤ ʪʦʢʝ. ɿʘ 

ʥʘʟʚʘʥʥʦʝ ʚʨʝʤʷ ʢʨʠʩʪʘʣʣ ʀʇʅ ʜʦʩʪʘʪʦʯʥʦ ʥʘʛʨʝʝʪʩʷ, ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ ʦʪ 

ʢʨʠʩʪʘʣʣʘ ʢ ʢʦʨʧʫʩʫ ʦʨʛʘʥʠʟʫʝʪʩʷ ʠ, ʝʩʣʠ ʢ ʵʪʦʤʫ ʚʨʝʤʝʥʠ ʧʨʷʤʦʝ 

ʥʘʧʨʷʞʝʥʠʝ ʥʘ p-n-ʧʝʨʝʭʦʜʝ ʠʩʧʳʪʫʝʤʦʛʦ ʀʇʅ ʩʪʘʥʝʪ ʨʘʚʥʳʤ ʘʥʘʣʦʛʠʯʥʦʤʫ 
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ʥʘʧʨʷʞʝʥʠʶ ʵʪʘʣʦʥʥʦʛʦ ʀʇʅ, ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʚʨʝʤʝʥʠ ʥʘʛʨʝʚʘ 

ʢʨʠʩʪʘʣʣ ʠ ʢʦʨʧʫʩ ʠʩʧʳʪʫʝʤʦʛʦ ʀʇʅ ʥʘʛʨʝʣʠʩʴ ʙ  rʜʦ ʪʝʭ ʞʝ ʪʝʤʧʝʨʘʪʫʨ, ʯʪʦ 

ʠ ʵʪʘʣʦʥʥʳʡ, ʪʘʢ ʢʘʢ ʫʩʣʦʚʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʥʘʛʨʝʚʘ ʠ ʦʭʣʘʞʜʝʥʠʷ 

ʘʥʘʣʦʛʠʯʥʳ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʠʩʚʦʠʪʴ ʠʩʧʳʪʫʝʤʦʤʫ ʀʇʅ ʪʘʢʦʝ ʟʥʘʯʝʥʠʝ 

ʪʝʧʣʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʢʘʢʦʝ ʠʤʝʣ ʵʪʘʣʦʥʥʳʡ ʀʇʅ. ɼʣʷ ʠʩʢʣʶʯʝʥʠʷ 

ʚʣʠʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʥʝʦʙʭʦʜʠʤʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʧʨʷʤʦʝ ʥʘʧʨʷʞʝʥʠʝ 

ʥʘ p-n-ʧʝʨʝʭʦʜʝ ʜʦ ʠ ʧʦʩʣʝ ʥʘʛʨʝʚʘ, ʘ ʪʘʢʞʝ ʧʨʠʥʠʤʘʪʴ ʤʝʨʳ ʜʣʷ 

ʧʦʜʜʝʨʞʘʥʠʷ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʥʘʛʨʝʚʘ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʪʥʦʰʝʥʠʝ ʠʟʤʝʨʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʠ ʥʘ ʢʨʠʩʪʘʣʣʝ 

ʢ ʵʪʘʣʦʥʥʦʤʫ ʥʝ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʦʪʥʦʰʝʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʪʝʧʣʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢ ʥʦʤʠʥʘʣʴʥʦʤʫ.  
 

 
ʅʘ ʨʠʩ.1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʨʠ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ ʚʨʝʤʝʥʠ. 

ʉʨʝʜʥʷʷ ʠ ʥʠʞʥʷʷ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʣʫʯʝʥʳ ʧʫʪʝʤ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʇʊʍ ʜʣʷ ʢʨʠʩʪʘʣʣʘ ʠ ʢʦʨʧʫʩʘ ʀʄʉ LM2676 ʚ ʚʠʜʝ     
 

Tj (t) = 94 ï 54e
 ï 0,02t 

ï 20e
 ï 0,002t

 ; 
 

Tc (t) = 88 ï 48e  ï 0,02t ï 20e ï 0,002t . 
 

ʋ ʥʠʭ ʤʝʥʴʰʘ ̫ʪʝʧʣʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠ Ű = 50 ʩ, ʘ ʙʦʣʴʰʘʷ ï Ű2 = 

500 ʩ. 

ʈʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ ʩʚʷʟʘʥʘ ʩ ʪʝʧʣʦʚʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ Rthjc = 2 Áʉ/ɺʪ 

ʠ ʤʦʱʥʦʩʪʴʶ ʥʘʛʨʝʚʘ P= 3 ɺʪ ʠ ʧʨʠ t=1000 ʩ ʨʘʚʥʘ  

Tj (1000) ï Tʩ (1000) = PĀRthjc = 6. 

ʊʨʝʪʴʷ ʢʨʠʚʘʷ ʧʦʜʥʷʪʘ ʥʘʜ ʥʠʞʥʝʡ ʥʘ 2PRthjc, ʪ.ʝ. ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʢʘʢʦʡ 

ʙʫʜʝʪ ʇʊʍ ʧʨʠ ʜʚʦʡʥʦʤ ʟʥʘʯʝʥʠʠ ʪʝʧʣʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʇʨʠ ʩʦʭʨʘʥʝʥʠʠ 

ʧʨʝʞʥʠʭ ʟʥʘʯʝʥʠʡ ʪʝʧʣʦʚʳʭ ʧʦʩʪʦʷʥʥʳʭ ʚʨʝʤʝʥʠ ʜʣʷ ʥʝʝ ʫʨʘʚʥʝʥʠʝ ʠʤʝʝʪ 

ʚʠʜ 
 

Tj2(t)=100 ï 60e 
ï 0,02t

 ï 20e 
ï 0,002t

 . 

ʘ) ʙ) 
ʈʠʩ. 1. ʇʝʨʝʭʦʜʥʘʷ ʪʝʧʣʦʚʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ: ʘ ï ʧʦʣʥʘʷ; ʙ ï ʥʘʯʘʣʴʥʳʡ 

ʫʯʘʩʪʦʢ ʧʝʨʝʭʦʜʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ; 1 ï ʢʦʨʧʫʩ; 2 ï ʢʨʠʩʪʘʣʣ;  

3 ï ʢʨʠʩʪʘʣʣ ʧʨʠ ʫʜʚʦʝʥʥʦʤ ʪʝʧʣʦʚʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ 

3 2 1 

3 

2 
1 

t , c 

T,ÁC T,ÁC 

t , c 



 

90 

 

ʅʘ ʨʠʩ.1, ʙ ʵʪʠ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʣʷ ʥʘʯʘʣʴʥʦʛʦ ʫʯʘʩʪʢʘ ʇʊʍ. 

ʇʨʠ  t = Ű = 50 ʩ ʚʝʨʭʥʷʷ ʢʨʠʚʘʷ ʚʳʰʝ ʩʨʝʜʥʝʡ ʙʦʣʝʝ ʯʝʤ ʥʘ 3,5 Áʉ, ʪ.ʝ. ʧʨʠ 

ʫʚʝʣʠʯʝʥʥʦʤ ʪʝʧʣʦʚʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ ʚ 2 ʨʘʟʘ ʪʝʤʧʝʨʘʪʫʨʘ ʢʨʠʩʪʘʣʣʘ ʢ 

ʵʪʦʤʫ ʤʦʤʝʥʪʫ ʚʨʝʤʝʥʠ ʫʚʝʣʠʯʠʪʩʷ ʥʘ 3,5 ʛʨʘʜʫʩʦʚ, ʘ ʧʨʷʤʦʝ ʥʘʧʨʷʞʝʥʠʝ ʥʘ 

p-n-ʧʝʨʝʭʦʜʝ ï ʥʘ 7 ʤɺ. ʕʪʠ ʚʝʣʠʯʠʥʳ ʚʧʦʣʥʝ ʜʦʩʪʫʧʥʳ ʜʣʷ ʠʟʤʝʨʝʥʠʡ. 

ʄʦʞʥʦ ʝʱʝ ʫʤʝʥʴʰʠʪʴ ʠʣʠ ʫʚʝʣʠʯʠʪʴ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ, ʝʩʣʠ ʧʦʟʚʦʣʷʪ 

ʚʦʟʤʦʞʥʦʩʪʠ ʪʝʩʪʝʨʘ ʠʟʤʝʨʷʪʴ ʤʘʣʳʝ ʥʘʧʨʷʞʝʥʠʠ (ʝʜʠʥʠʮʳ ʤɺ). 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʥʦʛʜʘ ʧʨʠʤʝʥʷʝʤʳʡ çʢʦʥʪʨʦʣʴ ʧʦʩʘʜʢʠ 

ʢʨʠʩʪʘʣʣʘè, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʤ ʝʛʦ ʥʘʛʨʝʚʝ ʥʦʤʠʥʘʣʴʥʳʤ 

ʪʦʢʦʤ ʟʘ ʥʝʩʢʦʣʴʢʦ ʤʠʣʣʠʩʝʢʫʥʜ ʠ ʟʘʪʝʤ ʠʟʤʝʨʝʥʠʠ ʧʨʷʤʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ 

ʤʘʣʦʤ ʠʟʤʝʨʠʪʝʣʴʥʦʤ ʪʦʢʝ, ʥʝ ʧʦʟʚʦʣʠʪ ʦʙʥʘʨʫʞʠʪʴ (ʩʤ. ʨʠʩ.1,ʙ) ʜʘʞʝ 

ʫʪʨʦʝʥʥʦʝ ʪʝʧʣʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ çʢʨʠʩʪʘʣʣ-ʢʦʨʧʫʩè. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʀʟʚʝʩʪʥʳʝ ʩʧʦʩʦʙʳ ʢʦʥʪʨʦʣʷ ʪʝʧʣʦʚʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʩʠʣʦʚʳʭ ʜʠʦʜʦʚ 

ʠ ʪʨʘʥʟʠʩʪʦʨʦʚ [1, 2, 4, 6, 7 ʠ ʜʨ.] ʩʚʷʟʘʥʳ ʩ ʜʣʠʪʝʣʴʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ 

ʠʟʤʝʨʝʥʠʡ ʠ ʥʝ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʧʨʠ ʩʝʨʠʡʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʠʢʨʦʩʭʝʤ 

ʀʇʅ. ʇʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʧʣʦʚʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʦʨʛʘʥʠʟʦʚʘʪʴ ʩʪʦʧʨʦʮʝʥʪʥʳʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʢʦʥʪʨʦʣʴ 

ʪʝʧʣʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ çʢʨʠʩʪʘʣʣ-ʢʦʨʧʫʩè ʤʠʢʨʦʩʭʝʤ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ 

ʠʤʧʫʣʴʩʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʥʘʧʨʷʞʝʥʠʷ. 
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ʉɽʂʎʀʗ çʄʆɼɽʃʀʈʆɺɸʅʀɽ ʄɽʍɸʊʈʆʅʅʓʍ ʉʀʉʊɽʄ 

ʀ ʕʃɽʂʊʈʆʇʈʀɺʆɼɸ ʉ ʇʆʃʋʇʈʆɺʆɼʅʀʂʆɺʓʄʀ 

ʇʈɽʆɹʈɸɿʆɺɸʊɽʃʗʄʀ, ʕʃɽʂʊʈʆʄɽʍɸʅʀʏɽʉʂʀʍ 

ʀ ʕʃɽʂʊʈʆʌʀɿʀʏɽʉʂʀʍ ʇʈʆʎɽʉʉʆɺ ʀ ʋʉʊʈʆʁʉʊɺè 

ʋɼʂ 621.313 

ʐ.ʊ. ɼʘʜʘʙʘʝʚ  

(ʛ. ʍʫʜʞʘʥʜ, ʍʫʜʞʘʥʜʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʪʘʜʞʠʢʩʢʦʛʦ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʄ.ʉ. ʆʩʠʤʠ) 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʈɽɾʀʄʆɺ ʇʋʉʂɸ ɺʓʉʆʂʆɺʆʃʔʊʅʆɻʆ 

ʉʀʅʍʈʆʅʅʆɻʆ ʕʃɽʂʊʈʆʇʈʀɺʆɼɸ ʉ ʋʉʊʈʆʁʉʊɺʆʄ 

ʇʃɸɺʅʆɻʆ ʇʋʉʂɸ 

ʈʘʩʩʤʦʪʨʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩʠʥʭʨʦʥʥʳʭ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʩ ʫʯʝʪʦʤ ʥʝʛʘʪʠʚʥʳʭ ʧʫʩʢʦʚʳʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʧʨʦʚʝʜʝʥʦ 

ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʫʩʢʦʚʳʭ ʨʝʞʠʤʦʚ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ 

ʩʠʥʭʨʦʥʥʳʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʧʨʠ ʧʨʷʤʦʤ ʠ ʧʣʘʚʥʦʤ ʧʫʩʢʝ ʩ ʧʦʤʦʱʴʶ 

ʫʩʪʨʦʡʩʪʚʘ ʧʣʘʚʥʦʛʦ ʧʫʩʢʘ (ʋʇʇ). 

The results of the analysis of transient processes of synchronous electric 

drives with allowance for negative starting actions are considered, computer 

simulation of starting modes of high-voltage synchronous electric motors for direct 

and smooth start-up using a soft starter is made. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʝʢʪʨʦʧʨʠʚʦʜ, ʥʘʩʦʩʥʳʡ ʘʛʨʝʛʘʪ, ʧʝʨʝʭʦʜʥʦʡ ʧʨʦʮʝʩʩ, 

ʫʩʪʨʦʡʩʪʚʘ ʧʣʘʚʥʦʛʦ ʧʫʩʢʘ, ʥʘʛʨʝʚ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ, ʞʘʨʢʠʡ ʢʣʠʤʘʪ. 

Keywords: electric drive, pump unit, soft starters, motor heating, hot climate. 

 

ɺ ʨʘʙʦʪʝ ʦʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʨʠʥʷʪ r ʚʳʩʦʢʦʚʦʣʴʪʥʳʝ 

ʥʘʩʦʩʥʳʝ ʘʛʨʝʛʘʪʳ ʦʨʦʩʠʪʝʣʴʥʦʡ ʥʘʩʦʩʥʦʡ ʩʪʘʥʮʠʠ ʧʝʨʚʦʛʦ ʧʦʜʲʝʤʘ. 

ʋʯʠʪʳʚʘʣʠʩʴ ʚʦʟʤʫʱʘʶʱʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʙʲʝʢʪ, ʨʝʞʠʤʳ ʧʫʩʢʘ ʘʛʨʝʛʘʪʦʚ 

ʠ ʞʘʨʢʠʡ ʢʣʠʤʘʪ ʤʝʩʪʥʦʩʪʠ. ʉ ʫʯʝʪʦʤ ʚʩʝʭ ʬʘʢʪʦʨʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʦʨʦʩʠʪʝʣʴʥʦʡ ʥʘʩʦʩʥʦʡ ʩʪʘʥʮʠʠ ɸʅʉ-1, ʢʦʪʦʨʘʷ 

ʨʘʩʧʦʣʦʞʝʥʘ ʚ ɸʰʪʩʢʦʤ ʨʘʡʦʥʝ ʉʦʛʜʠʡʩʢʦʡ ʦʙʣʘʩʪʠ ʈʝʩʧʫʙʣʠʢʠ 

ʊʘʜʞʠʢʠʩʪʘʥ. ɺ ɸʅʉ-1 ʫʩʪʘʥʦʚʣʝʥʳ ʯʝʪʳʨʝ ʥʘʩʦʩʥʳʭ ʘʛʨʝʛʘʪʘ ʩʝʨʠʠ 

1200 ɺ -6,3/100-ɸ ʩ ʤʦʱʥʦʩʪʴʶ ʢʘʞʜʳʡ ʧʦ 8 ʄɺʪ [1, 2, 3]. ʕʣʝʢʪʨʦʧʨʠʚʦʜʦʤ 

ʩʣʫʞʠʣʠ ʷʚʥʦʧʦʣʶʩʥʳʝ ʩʠʥʭʨʦʥʥʳʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ (ʉɼ) ʩ ʚʝʨʪʠʢʘʣʴʥʳʤ 

ʠʩʧʦʣʥʝʥʠʝʤ ʩ ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʥʘʩʦʩʥʳʭ ʘʛʨʝʛʘʪʦʚ 

ʧʫʪʝʤ ʚʢʣʶʯʝʥʠʷ ʠʣʠ ʦʪʢʣʶʯʝʥʠʷ ʘʛʨʝʛʘʪʦʚ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ 

ʥʝʵʬʬʝʢʪʠʚʥʳʤ ʠ ʦʧʘʩʥʳʤ ʚʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʢʘʞʜʳʝ ʦʪʢʣʶʯʝʥʠʷ ʠ ʚʢʣʯʁʝʥʠʷ 

ʧʨʦʭʦʜʷʪ ʩ ʜʠʥʘʤʠʯʥʳʤʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤʠ ʧʝʨʝʭʦʜʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ. 

ʂʨʦʤʝ ʵʪʦʛʦ, ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʫʜʘʨʳ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʠ ʧʫʩʢʘʭ ʧʦʚʨʝʞʜʘʶʪ 
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ʠ ʠʟʥʘʰʠʚʘʶʪ ʤʝʭʘʥʠʯʝʩʢʠʝ ʯʘʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʩʪʳʢʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ [4]. 

ʂʘʞʜʳʡ ʧʫʩʢ ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ ʉɼ ʧʨʦʭʦʜʠʪ ʩ ʤʥʦʛʦʢʨʘʪʥʳʤʠ ʩʢʘʯʢʘʤʠ 

ʪʦʢʦʚ ʠ ʤʦʤʝʥʪʦʚ ʜʚʠʛʘʪʝʣʷ, ʦʪʢʣʦʥʝʥʠʝʤ ʥʘʧʨʷʞʝʥʠʷ, ʥʘʛʨʝʚʦʤ ʜʚʠʛʘʪʝʣʷ ʠ 

ʧʦʪʝʨʷʤʠ, ʢʦʪʦʨʳʝ ʫʤʝʥʴʰʘʶʪ ʪʝʭʥʠʯʝʩʢʠʡ ʨʝʩʫʨʩ ʘʛʨʝʛʘʪʦʚ ʠ ʚʩʝʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʮʝʣʦʤ [4, 7, 8]. ʇʨʠ ʵʪʦʤ ʝʩʣʠ ʢ ʥʝʛʘʪʠʚʥʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ 

ʜʦʙʘʚʠʪʴ ʝʱʝ ʞʘʨʢʠʡ ʢʣʠʤʘʪ ʤʝʩʪʥʦʩʪʠ, ʪʦ ʧʝʨʝʭʦʜʥʳʝ ʨʝʞʠʤʳ ʥʘʩʦʩʥʳʭ 

ʘʛʨʝʛʘʪʦʚ ʤʦʛʫʪ ʧʦʣʫʯʠʪʴʩʷ ʚʝʩʴʤʘ ʢʨʠʪʠʯʥʳʤʠ. ʇʦʵʪʦʤʫ ʫʩʪʨʘʥʝʥʠʝ ʠʣʠ 

ʤʠʥʠʤʠʟʘʮʠʷ ʥʝʛʘʪʠʚʥʳʭ ʬʘʢʪʦʨʦʚ, ʚʦʟʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʵʣʝʢʪʨʦʧʨʠʚʦʜ 

ʥʘʩʦʩʥʳʭ ʘʛʨʝʛʘʪʦʚ ʧʨʠ ʧʫʩʢʝ, ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʳʤ ʚʦʧʨʦʩʦʤ, 

ʢʦʪʦʨʳʡ ʥʝʦʙʭʦʜʠʤʦ ʠʩʩʣʝʜʦʚʘʪʴ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ. 

ʉ ʨʘʟʚʠʪʠʝʤ ʩʠʣʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʩʪʘʣʠ ʜʦʩʪʫʧʥʳ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʨʘʟʥʳʭ ʪʠʧʦʚ ʩ ʨʘʟʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ, 

ʪʘʢʠʝ ʢʘʢ ʠʥʚʝʨʪʦʨʳ ʪʦʢʘ ʠ ʨʝʛʫʣʷʪʦʨʳ ʥʘʧʨʷʞʝʥʠʷ, ʩʣʫʞʘʱʠʝ ʪʦʣʴʢʦ ʜʣʷ 

ʧʣʘʚʥʦʛʦ ʧʫʩʢʘ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ. 

ʋʩʪʨʘʥʝʥʠʝ ʥʝʛʘʪʠʚʥʳʭ ʬʘʢʪʦʨʦʚ ʧʨʠ ʧʫʩʢʝ ʚʦʟʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʫʩʪʨʦʡʩʪʚ ʧʣʘʚʥʦʛʦ ʧʫʩʢʘ (ʋʇʇ), ʪʘʢ ʢʘʢ ʦʥʠ ʩʪʦʷʪ ʜʝʰʝʚʣʝ, 

ʯʝʤ ʇʏ: ʧʦʯʪʠ ʚ ʜʚʘ-ʪʨʠ ʨʘʟʘ, ʠ ʭʦʨʦʰʦ ʩʣʫʞʘʪ ʜʣʷ ʧʦʦʯʝʨʝʜʥʦʛʦ ʧʣʘʚʥʦʛʦ 

ʧʫʩʢʘ ʥʝʩʢʦʣʴʢʠʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ [3, 4]. ʉ ʵʪʦʡ ʮʝʣʴʶ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʙʳʣʦ ʧʨʦʠʟʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ MatLab ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʠ 

ʧʨʷʤʦʤ ʠ ʧʣʘʚʥʦʤ ʧʫʩʢʝ ʉɼ (ʨʠʩ. 1 ʠ 2). 

 

ʈʠʩ. 1. ɻʨʘʬʠʢʠ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʧʨʷʤʦʤ ʧʫʩʢʝ ʉɼ 

ʩʝʨʠʠ ɺɼʉ2-325/69-16 
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ʈʠʩ. 2. ʇʣʘʚʥʳʡ ʧʫʩʢ ʉɼ ʩʝʨʠʠ ɺɼʉ2-325/69-16 

ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʨʠʩ.2), ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʋʇʇ 

ʜʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʧʨʦʭʦʞʜʝʥʠʷ ʧʝʨʝʭʦʜʥʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʘ ʠʤʝʥʥʦ: ʦʛʨʘʥʠʯʠʚʘʝʪ ʧʫʩʢʦʚʦʡ ʪʦʢ ʠ ʩʢʘʯʢʠ ʘʤʧʣʠʪʫʜ 

ʢʦʣʝʙʘʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʉɼ. ʂʨʦʤʝ ʵʪʦʛʦ, ʩʦʚʨʝʤʝʥʥʳʝ ʋʇʇ 

ʜʘʶʪ ʩʣʝʜʫʶʱʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ [4]: 

- ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʶʪ ʜʠʥʘʤʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ ʥʘ ʧʦʜʰʠʧʥʠʢʘʭ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ; 

- ʫʣʫʯʰʘʶʪ ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ; 

- ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʶʪ ʪʦʢ, ʧʦʪʝʨʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʦʪʢʣʦʥʝʥʠʷ 

ʥʘʧʨʷʞʝʥʠʷ ʚ ʩʝʪʠ ʧʨʠ ʧʫʩʢʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ; 

- ʫʚʝʣʠʯʠʚʘʶʪ ʯʠʩʣʦ ʜʦʧʫʩʪʠʤʳʭ ʧʫʩʢʦʚ ʠ ʦʩʫʱʝʩʪʚʣʷʶʪ ʧʫʩʢ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʦʪ ʠʩʪʦʯʥʠʢʦʚ ʦʛʨʘʥʠʯʝʥʥʦʡ ʤʦʱʥʦʩʪʠ; 

- ʧʦʚʳʰʘʶʪ ʥʘʜʝʞʥʦʩʪʴ ʠ ʩʨʦʢ ʩʣʫʞʙʳ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

 

ɺʳʚʦʜʳ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ 

ʥʘʩʦʩʥʳʭ ʘʛʨʝʛʘʪʦʚ ʦʨʦʩʠʪʝʣʴʥʦʡ ʥʘʩʦʩʥʦʡ ʩʪʘʥʮʠʠ ɸʅʉ-1 ʙʳʣʦ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʫʩʢʦʚʳʭ ʨʝʞʠʤʦʚ ʜʦʩʪʘʪʦʯʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʫʩʪʨʦʡʩʪʚ ʧʣʘʚʥʦʛʦ ʧʫʩʢʘ, ʢʦʪʦʨʳʝ ʩʪʦʷʪ ʜʝʰʝʚʣʝ ʠ ʢʦʪʦʨʳʝ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʧʦʦʯʝʨʝʜʥʦʛʦ ʚʢʣʶʯʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ. 

ʈʝʟʫʣʴʪʘʪʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʝʛʘʪʠʚʥʳʝ 

ʚʦʟʜʝʡʩʪʚʠʷ ʪʦʢʦʚ, ʤʦʤʝʥʪʦʚ ʠ ʞʘʨʢʦʛʦ ʢʣʠʤʘʪʘ ʤʦʞʥʦ ʫʤʝʥʴʰʠʪ ɹ ʩ 

ʧʦʤʦʱʴʶ ʋʇʇ, ʥʦ ʜʣʷ ʙʦʣʝʝ ʙʦʣʴʰʝʛʦ ʫʤʝʥʴʰʝʥʠʷ ʥʘʛʨʝʚʘ ʥʝʦʙʭʦʜʠʤʦ 

ʠʩʩʣʝʜʦʚʘʪʴ ʧʫʩʢ ʉɼ ʩ ʧʦʤʦʱʴʶ ʠʥʚʝʨʪʦʨʘ ʪʦʢʘ. 
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʕʃɽʂʊʈʆʇʈʀɺʆɼɸ ʈɽɻʋʃʀʈʋʖʑɽɻʆ 

ʂʃɸʇɸʅɸ ʄɸɻʀʉʊʈɸʃʔʅʆɻʆ ʊʈʋɹʆʇʈʆɺʆɼɸ 

ʆʧʠʩʘʥʦ ʧʦʩʪʨʦʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʨʝʛʫʣʠʨʫʶʱʝʛʦ ʢʣʘʧʘʥʘ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ. 

ʂʦʤʧʴʶʪʝʨʥʳʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʧʦʜʪʚʝʨʞʜʝʥʘ ʝ yʵʬʬʝʢʪʠʚʥʦʩʪʴ. 

The article is devoted to the construction of a mathematical model of a 

control system of electric drive control valve of the main pipeline. Computer 

simulation confirmed its effectiveness. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʝʢʪʨʦʧʨʠʚʦʜ, ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ. 

Keywords: electric drive, control system. 

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ 

ʨʝʛʫʣʠʨʫʶʱʝʛʦ ʢʣʘʧʘʥʘ [1] ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ. 
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ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʨʝʘʣʠʟʦʚʘʥʘ ʩ ʧʦʤʦʱʴʶ ʪʨʸʭ ʢʦʥʪʫʨʦʚ: ʢʦʥʪʫʨʘ 

ʩʢʦʨʦʩʪʠ, ʧʦʣʦʞʝʥʠʷ ʠ ʚʥʝʰʥʝʛʦ ʢʦʥʪʫʨʘ ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʷ. ʉʪʨʫʢʪʫʨʥʘʷ 

ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ.1. 
 

 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ɹʣʦʢ ʨʝʛʫʣʷʪʦʨʘ ʜʘʚʣʝʥʠʷ ʚʢʣʶʯʘʝʪ ʇʀ-ʨʝʛʫʣʷʪʦʨ. 

ɹʣʦʢ ʧʦʜʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʝʨʝʜʘʪʦʯʥʫʶ 

ʬʫʥʢʮʠʶ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ ʜʚʠʛʘʪʝʣʷ ʠ ʢʦʥʪʫʨʳ ʩʢʦʨʦʩʪʠ ʠ 

ʧʦʣʦʞʝʥʠʷ, ʥʘʩʪʨʦʝʥʥʳʝ ʤʝʪʦʜʦʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɺʩʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʝʛʫʣʷʪʦʨʘ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ 

ʠʤʠʪʘʮʠʦʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʦʛʦ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʜʘʚʣʝʥʠʷ ʤʦʞʥʦ ʜʦʩʪʠʯʴ, ʧʨʠʤʝʥʷʷ 

ʧʦʣʫʯʝʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ. 

ɹʣʦʢ ʨʘʩʯʸʪʘ ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʷ ʚʢʣʶʯʘʝʪ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʬʦʨʤʫʣʫ, 

ʨʝʘʣʠʟʦʚʘʥʥʫʶ ʥʘ ʩʪʘʥʜʘʨʪʥʳʭ ʙʣʦʢʘʭ ʩʨʝʜʳ Matlab Simulink. 

ʌʦʨʤʫʣʘ ʜʣʷ ʨʘʩʯʸʪʘ ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʷ: 

 

,
100

2

max

ö
ö

÷

õ

æ
æ

ç

å

Ö

Ö
=D

u

r

K

Q
Pʢʣ  

 

ʛʜʝ maxQ - ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʡ ʦʙʲʸʤʥʳʡ ʨʘʩʭʦʜ ʩʨʝʜʳ ʯʝʨʝʟ 

ʢʣʘʧʘʥ; r - ʧʣʦʪʥʦʩʪʴ ʥʝʬʪʠ; 

ʇʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢʣʘʧʘʥʘ, ʠʤʝʶʱʝʛʦ ʣʠʥʝʡʥʫʶ ʧʨʦʧʫʩʢʥʫʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ: 
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ʛʜʝ ʫKu - ʫʩʣʦʚʥʘʷ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢʣʘʧʘʥʘ; h  - ʭʦʜ ʧʣʫʥʞʝʨʘ; 

maxh - ʤʘʢʩʠʤʘʣʴʥʳʡ ʭʦʜ ʧʣʫʥʞʝʨʘ. 
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ɹʣʦʢ ʨʘʩʯʸʪʘ ʤʦʤʝʥʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘ ʚʘʣ ʜʚʠʛʘʪʝʣʷ ʚʢʣʶʯʘʝʪ 

ʬʦʨʤʫʣʫ ʨʘʩʯʸʪʘ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʫʩʠʣʠʷ ʠ ʧʨʠʚʝʜʝʥʠʝ ʵʪʦʛʦ ʫʩʠʣʠʷ ʢ 

ʚʘʣʫ ʜʚʠʛʘʪʝʣʷ. ʌʦʨʤʫʣʘ ʨʘʩʯʸʪʘ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʫʩʠʣʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʷ 

 

.30 PcF DÖÖ=  

 

ʂʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ ʤʝʞʜʫ ʧʝʨʝʧʘʜʦʤ ʜʘʚʣʝʥʠʷ ʠ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʫʩʠʣʠʝʤ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʜʠʘʤʝʪʨʘ ʫʩʣʦʚʥʦʛʦ ʧʨʦʭʦʜʘ ʠ ʪʠʧʘ ʢʣʘʧʘʥʘ: 
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ɼʣʷ ʧʨʦʚʝʨʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʠʩʪʝʤʳ ʠ ʦʮʝʥʢʠ ʪʨʝʙʫʝʤʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʠ ʪʦʯʥʦʩʪʠ ʧʦʜʜʝʨʞʘʥʠʷ ʟʘʜʘʥʥʦʛʦ ʜʘʚʣʝʥʠʷ 

ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 

ʇʨʠ ʟʘʜʘʥʥʦʤ ʚʭʦʜʥʦʤ ʜʘʚʣʝʥʠʠ 4 ʄʇʘ ʠʟʤʝʥʠʤ ʚʝʣʠʯʠʥʫ ʧʝʨʝʧʘʜʘ ʩ 

1,5 ʜʦ 1 ʄʇʘ ʥʘ 15-ʡ ʩʝʢʫʥʜʝ. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩ. 2 ʠ 3. 

 

 

 

ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʠ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʷ ʥʘ ʢʣʘʧʘʥʝ 

 ʦʪ ʚʨʝʤʝʥʠ 
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ISBN 978-5-906967-76-3.  ʉɸʇʈ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʵʣʝʢʪʨʦʥʠʢʝ. ɹʨʷʥʩʢ, 2017. 

 
ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʠ ʤʦʤʝʥʪʘ ʠ ʩʢʦʨʦʩʪʠ ʚʘʣʘ ʜʚʠʛʘʪʝʣʷ ʦʪ ʚʨʝʤʝʥʠ 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʛʨʘʬʠʢʦʚ, ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʚʳʧʦʣʥʷʝʪ ʪʨʝʙʦʚʘʥʠʝ ʧʦ 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʶ (ʚʨʝʤʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʭʦʜʘ ʥʝ ʙʦʣʝʝ 5 ʩ), ʘ ʙʣʘʛʦʜʘʨʷ 

ʧʨʠʤʝʥʝʥʠʶ ʇʀ-ʨʝʛʫʣʷʪʦʨʘ ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʷ ʩʪʘʪʠʯʝʩʢʘʷ ʦʰʠʙʢʘ 

ʦʪʩʫʪʩʪʚʫʝʪ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʷ ʥʘ ʢʣʘʧʘʥʝ ʧʨʦʧʫʩʢʥʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʫʤʝʥʴʰʘʝʪʩʷ. 
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ʇʈʀʄɽʅɽʅʀɽ ʅɸɹʃʖɼɸʊɽʃʗ ɺ ʄʆɼɽʃʀ ɸʉʀʅʍʈʆʅʅʆɻʆ 

ʊʗɻʆɺʆɻʆ ʕʃɽʂʊʈʆʇʈʀɺʆɼɸ 

ʆʧʠʩʘʥʦ ʧʦʩʪʨʦʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʘʩʠʥʭʨʦʥʥʦʛʦ ʪʷʛʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ ʪʝʧʣʦʚʦʟʘ ʊʕʄ9H ʩ ʠʜʝʥʪʠʬʠʢʘʮʠʝʡ 

ʠʟʤʝʥʷʶʱʝʛʦʩʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʪʘʪʦʨʘ. ʂʦʤʧʴʶʪʝʨʥʳʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ 

ʧʦʜʪʚʝʨʞʜʝʥʘ ʝ yʵʬʬʝʢʪʠʚʥʦʩʪʴ. 

The article is devoted to the construction of a mathematical model of a 

control system for an asynchronous traction engine of a TEM9H locomotive with 
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the identification of a variable stator resistance. Computer simulation confirmed 

its effectiveness. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʩʠʥʭʨʦʥʥʳʡ ʪʷʛʦʚʳʡ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ, 

ʥʘʙʣʶʜʘʪʝʣʴ, ʩʠʩʪʝʤʘ ʧʨʷʤʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʤʦʤʝʥʪʦʤ. 

Keywords: asynchronous traction motor, state observer, direct torque control.  

 

ɸʩʠʥʭʨʦʥʥʳʡ ʪʷʛʦʚʳʡ ʜʚʠʛʘʪʝʣʴ (ɸʊɼ) ʚ ʤʘʥʝʚʨʦʚʦʤ ʪʝʧʣʦʚʦʟʝ ʊʕʄ9H 

ʫʧʨʘʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ DTC ʜʣʷ ʤʘʣʳʭ ʩʢʦʨʦʩʪʝʡ ʠ ʩʠʩʪʝʤʳ ʩ 

ʦʜʥʦʢʨʘʪʥʦʡ ʢʦʤʤʫʪʘʮʠʝʡ ʜʣʷ ʩʢʦʨʦʩʪʝʡ, ʙʦʣʴʰʠʭ ʥʦʤʠʥʘʣʴʥʦʡ. ʇʨʦʙʣʝʤʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ DTC [1] ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʩʯʝʪʘ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʜʚʠʛʘʪʝʣʷ ʠ ʚʝʢʪʦʨʘ ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʷ. ɼʣʷ 

ʚʳʯʠʩʣʝʥʠʷ ʚʝʢʪʦʨʘ ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʷ ʪʨʝʙʫʝʪʩʷ ʟʥʘʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʩʪʘʪʦʨʘ, ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʥʝʧʦʩʪʦʷʥʥʦʡ ʚʝʣʠʯʠʥʦʡ ʠ ʠʟʤʝʥʷʝʪʩʷ ʙʦʣʝʝ ʯʝʤ 

ʥʘ 30 ʧʨʦʮʝʥʪʦʚ ʚ ʨʘʙʦʯʝʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ɸʊɼ. ʇʨʠ ʦʪʢʣʦʥʝʥʠʠ 

ʨʘʩʯʝʪʥʦʡ ʚʝʣʠʯʠʥʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʪʘʪʦʨʘ ʙʦʣʝʝ ʯʝʤ ʥʘ 5 ʧʨʦʮʝʥʪʦʚ 

ʩʠʩʪʝʤʘ ʩ DTC ʪʝʨʷʝʪ ʫʧʨʘʚʣʷʝʤʦʩʪʴ ʚʩʣʝʜʩʪʚʠʝ ʦʰʠʙʦʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʝʢʪʦʨʘ ʚʝʢʪʦʨʘ ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʨʝʙʫʝʪʩʷ ʢʦʨʨʝʢʮʠʷ 

ʟʥʘʯʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʪʘʪʦʨʘ. ɹʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʣʝʜʫʶʱʘʷ ʩʪʨʫʢʪʫʨʘ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʤ ʩ ʢʦʨʨʝʢʮʠʝʡ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʪʘʪʦʨʘ: 

 

 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʩ ʢʦʨʨʝʢʮʠʝʡ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʪʘʪʦʨʘ 

ʇʦʤʠʤʦ ʢʣʘʩʩʠʯʝʩʢʠʭ ʢʦʥʪʫʨʦʚ ʩʢʦʨʦʩʪʠ ʠ ʤʦʤʝʥʪʘ ʩʠʩʪʝʤʘ ʩʦʜʝʨʞʠʪ 

ʥʘʙʣʶʜʘʪʝʣʴ ʠ ʚʳʯʠʩʣʠʪʝʣʴ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʪʘʪʦʨʘ. ʅʘʙʣʶʜʘʪʝʣʴ 
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ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩ 

ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʳʤ ʨʦʪʦʨʦʤ ʠ ʩʣʫʞʠʪ ʜʣʷ ʨʘʩʯʝʪʘ ʪʦʢʦʚ ʩʪʘʪʦʨʘ. 

ʅʘʙʣʶʜʘʪʝʣʴ ʩʦʜʝʨʞʠʪ ʟʘʨʘʥʝʝ ʠʟʤʝʨʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʜʚʠʛʘʪʝʣʷ ʪʝʧʣʦʚʦʟʘ.  

ʈʘʩʯʝʪʥʳʝ ʪʦʢʠ ʩʪʘʪʦʨʘ ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ ʬʘʢʪʠʯʝʩʢʠʤʠ, ʠʟʤʝʨʝʥʥʳʤʠ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʠ ʧʦʤʦʱʠ ʜʘʪʯʠʢʦʚ ʪʦʢʘ.  ʅʘ ʦʩʥʦʚʘʥʠʠ ʦʪʢʣʦʥʝʥʠʷ 

ʨʘʩʩʯʠʪʘʥʥʳʭ ʪʦʢʦʚ ʦʪ ʬʘʢʪʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʠʪʩʷ ʢʦʨʨʝʢʮʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʩʪʘʪʦʨʘ ʚ ʥʘʙʣʶʜʘʪʝʣʝ ʠ ʚʳʯʠʩʣʠʪʝʣʝ ʧʦʪʦʢʘ ʠ ʤʦʤʝʥʪʘ. ʂʦʨʨʝʢʮʠʷ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʦʪʢʣʦʥʝʥʠʝ ʧʦ ʪʦʢʫ ʥʝ ʩʪʘʥʝʪ ʤʝʥʴʰʝ 

ʟʘʜʘʥʥʦʛʦ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʦʢʠ ʧʦ ʦʙʝʠʤ ʦʩʷʤ, 

ʚʳʯʠʩʣʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʩʣʝʜʫʶʱʝʤʫ ʘʣʛʦʨʠʪʤʫ: 

 

 

 

 

 

ʛʜʝ isŬ , isɓ ï ʨʘʩʩʯʠʪʘʥʥʳʝ ʪʦʢʠ ʧʦ ʦʩʷʤ ʘʣʴʬʘ ʠ ʙʝʪʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; isŬf , 

isɓf ï ʠʟʤʝʨʝʥʥʳʝ ʜʘʪʯʠʢʘʤʠ ʪʦʢʠ ʧʦ ʦʩʷʤ ʘʣʴʬʘ ʠ ʙʝʪʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; Rs[i-1] 

ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘ ʧʨʝʜʳʜʫʱʝʤ ʰʘʛʝ.  

ʂʦʨʨʝʢʮʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʤʦʜʝʣʠ ʧʨʦʠʩʭʦʜʠʪ, ʢʦʛʜʘ ʨʘʩʭʦʞʜʝʥʠʝ 

ʪʝʢʫʱʝʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩ ʚʳʯʠʩʣʝʥʥʳʤ ʧʨʝʚʳʰʘʝʪ 0,5% ʦʪ ʥʦʤʠʥʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʠʷ. 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʠ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʨʘʟʨʘʙʦʪʘʥʥʦʡ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʙʳʣʘ ʩʦʩʪʘʚʣʝʥʘ ʤʦʜʝʣʴ ʪʷʛʦʚʦʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʚ 

ʦʩʥʦʚʥʦʡ ʙʠʙʣʠʦʪʝʢʝ MATLAB  Simulink. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʮʝʥʠʚʘʣʘʩʴ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʨʘʩʯʝʪʥʳʭ ʦʩʮʠʣʣʦʛʨʘʤʤ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʪʝʧʣʦʚʦʟʘ 

ʊʕʄ9ʅ. ɺ ʤʦʜʝʣʴ ʙʳʣʠ ʧʦʜʩʪʘʚʣʝʥʳ ʧʘʨʘʤʝʪʨʳ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ 

ɸɼ917ʋʍʃ1, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʘ ʊʕʄ9ʅ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʧʨʠ 

ʪʝʭ ʞʝ ʟʥʘʯʝʥʠʷʭ ʥʘʧʨʷʞʝʥʠʷ ʚ ʧʨʦʤʝʞʫʪʦʯʥʦʤ ʢʦʥʪʫʨʝ, ʩʢʦʨʦʩʪʠ 

ʣʦʢʦʤʦʪʠʚʘ ʠ ʟʘʜʘʥʠʷ ʥʘ ʤʦʤʝʥʪ, ʯʪʦ ʠ ʚ ʥʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʷʭ. ʈʝʟʫʣʴʪʘʪʳ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ ʩʦʚʧʘʜʝʥʠʝ ʨʘʩʯʝʪʥʳʭ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. ʈʘʩʭʦʞʜʝʥʠʝ ʥʝ ʧʨʝʚʳʰʘʝʪ 6,3% ʧʦ ʧʝʨʚʦʡ 

ʛʘʨʤʦʥʠʢʝ ʪʦʢʘ ʜʣʷ ʩʠʩʪʝʤʳ ʩ DTC ʠ 4,9% ʜʣʷ ʩʠʩʪʝʤʳ ʩ ʦʜʥʦʢʨʘʪʥʦʡ 

ʢʦʤʤʫʪʘʮʠʝʡ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʨʘʩʯʝʪʦʚ ʠ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʜʝʣʠ ʜʣʷ ʘʥʘʣʠʟʘ ʨʘʙʦʪʳ ʥʘʙʣʶʜʘʪʝʣʷ.  
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ʈʠʩ. 2. ʆʩʮʠʣʣʦʛʨʘʤʤʳ ʥʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ (ʩʚʝʨʭʫ)  

ʠ ʤʦʜʝʣʠ (ʩʥʠʟʫ) ʚ ʨʝʞʠʤʝ DTC 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʙʳʣʦ ʠʩʢʫʩʩʪʚʝʥʥʦ ʟʘʜʘʥʦ ʫʚʝʣʠʯʝʥʠʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʪʘʪʦʨʘ ʥʘ 30% ʧʦ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʤʫ ʟʘʢʦʥʫ. ʅʘʨʘʩʪʘʶʱʠʤ 

ʟʘʜʘʥʠʝʤ ʥʘ ʩʢʦʨʦʩʪʴ ʙʳʣ ʟʘʜʘʥ ʨʘʟʛʦʥ ʣʦʢʦʤʦʪʠʚʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʛʨʘʬʠʢʦʚ 

ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ ʢʘʢ ʚ ʧʝʨʚʦʡ, ʪʘʢ ʠ ʚʦ ʚʪʦʨʦʡ ʟʦʥʝ ʜʚʠʛʘʪʝʣʷ. 

ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʠʟʤʝʥʷʶʱʝʛʦʩʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʪʘʪʦʨʘ ʧʨʦʠʟʚʦʜʠʣʘʩʴ 

ʢʦʨʨʝʢʪʥʦ ʧʨʠ ʘʣʛʦʨʠʪʤʝ DTC, ʦʜʥʦʢʨʘʪʥʦʡ ʢʦʤʤʫʪʘʮʠʠ, ʘ ʪʘʢʞʝ ʚ 

ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʘʭ ʧʨʠ ʨʘʟʛʦʥʝ ʪʝʧʣʦʚʦʟʘ ʠ ʧʝʨʝʢʣʶʯʝʥʠʠ ʩʪʨʫʢʪʫʨʳ 

ʫʧʨʘʚʣʝʥʠʷ. ʂʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3, ʚʳʯʠʩʣʝʥʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʙʳʣʦ 

ʠʜʝʥʪʠʯʥʦ ʠʩʢʫʩʩʪʚʝʥʥʦ ʟʘʜʘʥʥʦʤʫ ʩʦʧʨʦʪʠʚʣʝʥʠʶ ʠ ʫʢʣʘʜʳʚʘʣʦʩʴ ʚ 0,5 %-

ʥʫ ʁ ʦʰʠʙʢʫ, ʦʙʝʩʧʝʯʠʚʘʣʦ ʢʦʨʨʝʢʪʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʤʦʤʝʥʪʘ ʜʚʠʛʘʪʝʣʷ ʠ 

ʚʝʢʪʦʨʘ ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʷ.    
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʕʃɽʂʊʈʆʇʈʀɺʆɼɸ ʇɽʏʀ ʆɹɾʀɻɸ ʎɽʄɽʅʊɸ 

ʆʧʠʩʘʥʦ ʧʦʩʪʨʦʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʘʩʠʥʭʨʦʥʥʳʤ ʜʚʠʛʘʪʝʣʝʤ ʩ ʬʘʟʥʳʤ ʨʦʪʦʨʦʤ ʤʦʱʥʦʩʪʴʶ 250 ʢɺʪ ʧʫʪʝʤ 

ʚʚʝʜʝʥʠʷ ʚ ʮʝʧʴ ʨʦʪʦʨʘ ʨʝʛʫʣʠʨʫʝʤʦʡ ʧʨʦʪʠʚʦʕɼʉ.   

The article is devoted to the construction of a mathematical model of a 

control system for an asynchronous motor with a phase rotor of 250 kW by 

introducing a controlled counter-electromotive force into the rotor circuit. 
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ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʩʠʥʭʨʦʥʥʳʡ ʜʚʠʛʘʪʝʣʴ ʩ ʬʘʟʥʳʤ ʨʦʪʦʨʦʤ, ʚʝʢʪʦʨʥʦʝ 

ʫʧʨʘʚʣʝʥʠʝ, ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʯʘʩʪʦʪʳ. 

Keywords: asynchronous motor with phase rotor, vector control, frequency 

converter. 

 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʚʦʜʥʳʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʮʝʤʝʥʪʥʳʭ ʧʝʯʝʡ ʦʙʞʠʛʘ 

ʢʣʠʥʢʝʨʘ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʩʠʥʭʨʦʥʥʳʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ ʩ 

ʬʘʟʥʳʤ ʨʦʪʦʨʦʤ (ɸɼ ʌʈ). ʉʘʤʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʩʧʦʩʦʙʦʤ ʫʧʨʘʚʣʝʥʠʷ 

ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʟʠʩʪʦʨʥʦ-ʢʦʥʪʘʢʪʦʨʥʳʭ ʧʫʩʢʦʚʳʭ ʩʪʘʥʮʠʡ, 

ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʩʪʫʧʝʥʯʘʪʦʝ ʠʟʤʝʥʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʝʟʠʩʪʦʨʦʚ, 

ʚʢʣʶʯʝʥʥʳʭ ʚ ʮʝʧʴ ʨʦʪʦʨʘ. ʊʘʢʦʡ ʩʧʦʩʦʙ ʧʫʩʢʘ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʢʦʨʦʩʪʠ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʙʦʣʴʰʠʤʠ ʧʦʪʝʨʷʤʠ ʵʥʝʨʛʠʠ ʚ ʨʝʟʠʩʪʦʨʘʭ, ʫʜʘʨʥʳʤʠ 

ʥʘʛʨʫʟʢʘʤʠ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʝʨʝʜʘʯʠ ʠ ʥʠʟʢʦʡ ʥʘʜʝʞʥʦʩʪʴʶ ʨʝʣʝʡʥʦ-

ʢʦʥʪʘʢʪʦʨʥʦʡ ʘʧʧʘʨʘʪʫʨʳ. ɹʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʫʧʨʘʚʣʝʥʠʷ 

ʘʩʠʥʭʨʦʥʥʳʤ ʜʚʠʛʘʪʝʣʝʤ ʩ ʬʘʟʥʳʤ ʨʦʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʢʘ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ (ʇʏ) ʚ ʮʝʧʴ ʨʦʪʦʨʘ [2]. ʇʏ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ 

ʪʨʘʥʟʠʩʪʦʨʥʳʭ ʠʥʚʝʨʪʦʨʦʚ ʥʘ IGBT ʤʦʜʫʣʷʭ ð ʩʝʪʝʚʦʡ ʠ ʨʦʪʦʨʥʳʡ, ʤʝʞʜʫ 

ʢʦʪʦʨʳʤʠ ʚʢʣʶʯʝʥ ʥʘʢʦʧʠʪʝʣʴʥʳʡ ʢʦʥʜʝʥʩʘʪʦʨ. ʈʦʪʦʨʥʳʡ ʠʥʚʝʨʪʦʨ 

ʬʦʨʤʠʨʫʝʪ ʨʝʛʫʣʠʨʫʝʤʫʶ ʕɼʉ ʨʦʪʦʨʘ, ʦʩʫʱʝʩʪʚʣʷʷ ʧʣʘʚʥʳʡ ʧʫʩʢ ʠ 

ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʮʝʤʝʥʪʥʦʡ ʧʝʯʠ. ʉʝʪʝʚʦʡ ʠʥʚʝʨʪʦʨ 

ʦʩʫʱʝʩʪʚʣʷʝʪ ʜʚʫʭʩʪʦʨʦʥʥʶʶ ʧʝʨʝʜʘʯʫ ʵʥʝʨʛʠʠ ʦʪ ʧʠʪʘʶʱʝʡ ʩʝʪʠ ʚ ʮʝʧʴ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʠ ʥʘʦʙʦʨʦʪ [3, 4]. 

ɼʣʷ ʧʝʯʠ ʦʙʞʠʛʘ ʮʝʤʝʥʪʘ ʩ ʨʘʟʤʝʨʘʤʠ 4,5 ʭ 170 ʤ ʙʳʣ ʚʳʙʨʘʥ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ. ʄʦʱʥʦʩʪʴ, ʧʦʪʨʝʙʣʷʝʤʘʷ ʜʣʷ ʚʨʘʱʝʥʠʷ ʧʝʯʠ, ʨʘʩʭʦʜʫʝʪʩʷ 

ʥʘ ʧʨʝʦʜʦʣʝʥʠʝ ʪʨʝʥʠʷ ʢʘʯʝʥʠʷ ʙʘʥʜʘʞʝʡ ʧʦ ʨʦʣʠʢʘʤ, ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ 

ʮʘʧʬ ʦʧʦʨʥʳʭ ʨʦʣʠʢʦʚ ʚ ʧʦʜʰʠʧʥʠʢʘʭ ʠ ʥʘ ʧʦʜʲʝʤ ʤʘʪʝʨʠʘʣʘ.  

ʄʦʱʥʦʩʪʴ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ, ʢɺʪ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʚʳʙʨʘʥʳ ʜʚʘ ʘʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʷ ʩ ʬʘʟʥʳʤ 

ʨʦʪʦʨʦʤ ɸʂ3-12-35-6ʋ1 ʤʦʱʥʦʩʪʴʶ ʧʦ 250 ʢɺʪ. ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʤʦʜʝʣʠ 

ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʫʧʨʘʚʣʝʥʠʝ ʦʜʥʠʤ ɸɼ ʌʈ.  

ʇʦʣʫʯʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ (ʉʋ) ʩ ʨʦʪʦʨʥʳʤ ɸʀʅ [1] 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ.1. ɺ ʦʩʥʦʚʥʦʡ ʙʠʙʣʠʦʪʝʢʝ MATLAB  Simulink ʙʳʣʘ 

ʩʦʙʨʘʥʘ ʤʦʜʝʣʴ, ʚʭʦʜʥʳʤʠ ʩʠʛʥʘʣʘʤʠ ʜʣʷ ʢʦʪʦʨʦʡ ʷʚʣʷʶʪʩʷ ʟʘʜʘʥʠʝ ɤz 

ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ, ʪʦʢʠ ʬʘʟ ʨʦʪʦʨʘ ia,ib ʠ ʟʘʜʘʥʠʝ ʥʘ ʪʦʢ Id_z 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ɸʀʅ. ʊʘʢʞʝ ʚ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ 

ʧʦʩʪʫʧʘʶʪ ʩʠʛʥʘʣʳ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʠ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʨʦʪʦʨʘ, ʩ ʧʦʤʦʱʴʶ 

ʢʦʪʦʨʦʛʦ ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʪʦʢʠ ʬʘʟ ʨʦʪʦʨʘ ʚ ʧʨʦʝʢʮʠʠ iq ʠ id. ɺ ʢʦʥʪʫʨʝ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʠ ʚ ʢʦʥʪʫʨʘʭ ʪʦʢʘ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʇʀ-ʨʝʛʫʣʷʪʦʨʳ. ʅʘ ʚʳʭʦʜʝ ʨʝʛʫʣʷʪʦʨʦʚ ʪʦʢʘ ʬʦʨʤʠʨʫʝʪʩʷ ʟʘʜʘʥʠʝ 

ʥʘʧʨʷʞʝʥʠʷ Ud ʠ Uq. ʇʦʩʣʝ ʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʟʘʜʘʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʬʘʟ ʩ 

ʧʦʤʦʱʴʶ ʩʠʥʫʩʦʠʜʘʣʴʥʦʡ ʐʀʄ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʤʧʫʣʴʩʦʚ 

ʥʘ ʫʧʨʘʚʣʝʥʠʝ ɸʀʅ. 

 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʨʝʛʫʣʷʪʦʨʦʚ ʪʦʢʘ ʠ ʩʢʦʨʦʩʪʠ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩ 

ʧʦʤʦʱʴʶ ʠʤʠʪʘʮʠʦʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʳʭ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʧʨʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʣʫʯʘʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʡ ʧʨʦʮʝʩʩ ʨʝʛʫʣʠʨʦʚʘʥʠʷ. 
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ʈʠʩ. 2. ɿʘʜʘʥʠʝ ʠ ʨʝʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ, ʪʦʢ ʨʦʪʦʨʘ 

ʅʘ ʨʠʩ.2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʠʟ ʢʦʪʦʨʳʭ ʚʠʜʥʦ, 

ʯʪʦ ʤʦʜʝʣʴ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ ʦʪʨʘʙʘʪʳʚʘʝʪ ʟʘʜʘʥʠʝ ʧʦ ʩʢʦʨʦʩʪʠ, ʪʝʤ ʩʘʤʳʤ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʩʢʦʨʦʩʪʠ ɸɼ ʌʈ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʚ ʮʝʧʴ 

ʨʦʪʦʨʘ ʨʝʛʫʣʠʨʫʝʤʦʡ ʧʨʦʪʠʚʦʕɼʉ. 
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ʊʘʰʢʝʥʪʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ) 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʋʉʊʈʆʁʉʊɺɸ ɼʃʗ ʆɹɽʉʇɽʏɽʅʀʗ 

ʀʅʌʆʈʄɸʎʀʆʅʅʆʁ ɹɽɿʆʇɸʉʅʆʉʊʀ ɺ ɺʆʃʆʂʆʅʅʆ-

ʆʇʊʀʏɽʉʂʆʁ ʃʀʅʀʀ ʉɺʗɿʀ 

ʆʧʠʩʘʥ ʩʧʦʩʦʙ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ ʦʪ 

ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ ʚ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʡ ʣʠʥʠʠ ʩʚʷʟʠ ʠ 

ʧʨʠʚʝʜʝʥʘ ʠʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʫʩʪʨʦʡʩʪʚʘ.  

A method for protecting an information signal from unauthorized access in a 

fiber-optic communication line is proposed and a simulation model of the device is 

provided. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʘʷ ʣʠʥʠʷ, ʩʚʷʟʴ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ 

ʩʠʛʥʘʣ, ʩʧʦʩʦʙ ʟʘʱʠʪʳ, ʠʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ, ʫʩʪʨʦʡʩʪʚʦ, ʙʣʦʢ ʩʭʝʤʘ. 

Keywords: a fiber-optic line,the communication, information signal, a 

protection method,the simulation model, device, block diagram. 

 

ɺʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʩʚʷʟʠ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ 

ʧʝʨʝʜʘʯʠ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʩʩʪʦʷʥʠʷ. ʆʜʥʠʤ 

ʠʟ ʦʩʥʦʚʥʳʭ ʪʨʝʙʦʚʘʥʠʡ, ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʢ ʩʦʚʨʝʤʝʥʥʳʤ ʚʦʣʦʢʦʥʥʦ-

ʦʧʪʠʯʝʩʢʠʤ ʩʠʩʪʝʤʘʤ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ, ʷʚʣʷʝʪʩ ̫ ʦʙʝʩʧʝʯʝʥʠʝ ʠʭ 

ʟʘʱʠʱʝʥʥʦʩʪʠ ʦʪ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ. 

ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ ʦʙʝʩʧʝʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʡ ʣʠʥʠʠ ʩʚʷʟʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʠʙʦʣʝʝ 

ʘʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʟʘʰʫʤʣʝʥʠʷ ʣʠʥʝʡʥʦʛʦ ʪʨʘʢʪʘ ʦʧʪʠʯʝʩʢʦʛʦ 

ʚʦʣʦʢʥʘ ʩʦ ʩʪʦʨʦʥʳ ʧʨʠʝʤʥʠʢʘ ʠʥʬʦʨʤʘʮʠʠ. 

ʇʨʝʜʣʦʞʝʥʘ ʤʦʜʝʣʴ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ 

ʜʦʩʪʫʧʘ ʚ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʡ ʣʠʥʠʠ ʩʚʷʟʠ. ʅʘ ʧʝʨʝʜʘʶʱʝʡ ʩʪʦʨʦʥʝ 

ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʡ ʣʠʥʠʠ ʩʚʷʟʠ ʬʦʨʤʠʨʫʶʪ ʩʫʤʤʘʨʥʳʡ ʩʠʛʥʘʣ ʧʫʪʝʤ 

ʩʤʝʰʠʚʘʥʠʷ ʰʫʤʦʚʦʛʦ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ ʠ ʚʚʦʜʷʪ ʚ ʚʦʣʦʢʦʥʥʦ-

ʦʧʪʠʯʝʩʢʫʶ ʣʠʥʠʶ ʩʚʷʟʠ, ʘ ʥʘ ʧʨʠʝʤʥʦʡ ʩʪʦʨʦʥʝ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʡ 

ʣʠʥʠʠ ʩʚʷʟʠ ʠʟ ʧʨʠʥʷʪʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚʳʜʝʣʷʶʪ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʩʠʛʥʘʣ.   

ʀʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʫʩʪʨʦʡʩʪʚʘ (ʨʠʩ.1) ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ 

ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ: 

¶ ʀʩʪʦʯʥʠʢ ʜʘʥʥʳʭ, ʛʝʥʝʨʘʪʦʨ ʩʣʫʯʘʡʥʳʭ ʮʝʣʳʭ ʯʠʩʝʣ ï Random-

Integer (Communications Blockset/Random Data Sources), ʚʳʨʘʙʘʪʳʚʘʶʱʠʡ 

ʯʠʩʣʘ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 0 ʜʦ N-1. ɺʳʭʦʜ ʛʝʥʝʨʘʪʦʨʘ ʥʫʞʥʦ ʩʜʝʣʘʪʴ ʚ ʚʠʜʝ ʢʘʜʨʘ 

ʠʟ K ʯʠʩʝʣ. 
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¶ ʂʦʜʝʨ ʈʠʜʘ-ʉʦʣʦʤʦʥʘ ï RS encoder (Communications 

Blockset/Block). ʆʥ ʧʦ ʩʦʦʙʱʝʥʠʶ K ʬʦʨʤʠʨʫʝʪ ʧʝʨʝʜʘʚʘʝʤʳʡ ʢʦʜ ʠʟ N 

ʩʠʤʚʦʣʦʚ. 

¶ ɼʝʢʦʜʝʨ ʈʠʜʘ-ʉʦʣʦʤʦʥʘ ï RS decoder (Communications 

Blockset/Block), ʠʤʝʶʱʠʡ ʜʚʘ ʚʳʭʦʜʘ. ʅʘ ʚʝʨʭʥʝʤ ʚʳʭʦʜʝ ʠʟ ʧʨʠʥʷʪʦʛʦ ʢʦʜʘ 

R ʬʦʨʤʠʨʫʝʪʩʷ ʜʝʢʦʜʠʨʦʚʘʥʥʦʝ ʩʦʦʙʱʝʥʠʝ, ʥʘ ʥʠʞʥʠʡ ʚʳʭʦʜ ʚʳʚʦʜʠʪʩʷ 

ʢʨʘʪʥʦʩʪʴ ʠʩʧʨʘʚʣʝʥʥʳʭ ʦʰʠʙʦʢ. 

¶ ʉʫʤʤʘʪʦʨ Sum (Simulink/Math Operation). ɺ ʥʝʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʩʤʝʰʠʚʘʥʠʝ ʰʫʤʦʚʦʛʦ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ ʠ ʚʳʜʝʣʝʥʠʝ  

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ. 

¶ ɹʣʦʢʠ Unbuffer (Signal Processing Blockset/Buffers) ʧʨʝʦʙʨʘʟʫʶʪ 

ʢʘʜʨʳ ʚ ʣʠʥʝʡʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʥʘʧʨʘʚʣʷʝʤʳʝ ʢ ʚʠʨʪʫʘʣʴʥʦʤʫ 

ʜʚʫʭʚʭʦʜʦʚʦʤʫ ʥʘʙʣʶʜʘʪʝʣʶ Scope. 

¶ ʅʘʙʣʶʜʘʪʝʣʴ Scope (Simulink/Sinks) ʧʦʟʚʦʣʷʝʪ ʚ ʦʙʱʝʤ ʤʘʩʰʪʘʙʝ 

ʚʨʝʤʝʥʠ ʥʘʙʣʶʜʘʪʴ ʩʠʛʥʘʣʳ ʦʪ ʙʣʦʢʦʚ Buffer [1].  

 

 

ʈʠʩ. 1. ʀʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʫʩʪʨʦʡʩʪʚʘ 

ɼʣʷ ʢʘʞʜʦʛʦ ʙʣʦʢʘ ʧʨʠ ʜʚʦʡʥʦʤ ʱʝʣʯʢʝ ʧʦ ʥʝʤʫ ʚʳʟʳʚʘʝʪʩʷ ʦʢʥʦ 

ʧʘʨʘʤʝʪʨʦʚ, ʚ ʢʦʪʦʨʦʤ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʫʞʥʳʝ ʟʥʘʯʝʥʠʷ. ʅʝʢʦʪʦʨʳʝ 
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ʧʘʨʘʤʝʪʨʳ ʫʩʪʘʥʦʚʣʝʥʳ ʧʦ ʫʤʦʣʯʘʥʠʶ. ʆʢʥʘ ʧʘʨʘʤʝʪʨʦʚ ʙʣʦʢʦʚ ʧʦʢʘʟʘʥʳ 

ʥʠʞʝ. 

ɼʣʷ ʙʣʦʢʘ Random-Integer ʚʳʙʠʨʘʝʤ M=RS_MQAM ʠ ʯʠʩʣʦ ʦʪʩʯʝʪʦʚ ʚ 

ʢʘʜʨʝ F=RS_k (ʨʠʩ. 2). 
 

 

ʈʠʩ. 2. ʇʘʨʘʤʝʪʨʳ ʙʣʦʢʘ Random-Integer 

ɼʣʷ RS encoder ʟʘʜʘʝʤ ʜʣʠʥʳ ʩʦʦʙʱʝʥʠʷ K=RS_k ʠ ʢʦʜʦʚʦʛʦ ʩʣʦʚʘ 

N=RS_n. ʆʩʪʘʚʣʷʝʤ ʟʥʘʯʝʥʠʝ ʧʦ ʫʤʦʣʯʘʥʠʶ g(x)=1011, ʠʟ ʢʦʪʦʨʦʛʦ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʳʯʠʩʣʷʝʪʩʷ  ʧʦʨʦʞʜʘʶʱʠʡ ʧʦʣʠʥʦʤ. ɸʥʘʣʦʛʠʯʥʦ ʟʘʜʘʝʤ ʪʝ 

ʞʝ ʧʘʨʘʤʝʪʨʳ ʜʣʷ  ʙʣʦʢʘ RS decoder. 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʨʠʩ. 3. ʠ 4) ʧʦʢʘʟʳʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʚʳʜʝʣʝʥʠʷ ʠʟ ʩʫʤʤʘʨʥʦʛʦ ʩʠʛʥʘʣʘ (ʧʦʣʫʯʝʥʥʦʛʦ ʧʫʪʝʤ ʩʤʝʰʠʚʘʥʠʷ 

ʰʫʤʦʚʦʛʦ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ) ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ ʥʘ 

ʧʨʠʝʤʥʦʡ ʩʪʦʨʦʥʝ ʣʠʥʠʠ ʩʚʷʟʠ.   
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ʆʇʈɽɼɽʃɽʅʀɽ ʕʃɽʂʊʈʀʏɽʉʂʀʍ ʇʆʊɽʈʔ  

ɺ ʊʗɻʆɺʆʁ ʉɽʊʀ ɻʆʈʆɼʉʂʆɻʆ ʕʃɽʂʊʈʆʊʈɸʅʉʇʆʈʊɸ 

ʄʆɼɽʃʀʈʆɺɸʅʀɽʄ ʄɻʅʆɺɽʅʅʓʍ ʉʍɽʄ ɿɸʄɽʑɽʅʀʗ* 

ʈʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʪʷʛʦʚʦʡ ʩʝʪʠ, ʧʦʟʚʦʣʷʶʱʘʷ 

ʫʯʠʪʳʚʘʪʴ ʟʘʧʠʨʘʥʠʝ ʪʷʛʦʚʳʭ ʧʦʜʩʪʘʥʮʠʡ, ʦʛʨʘʥʠʯʝʥʠʝ ʫʨʦʚʥʷ ʥʘʧʨʷʞʝʥʠʷ 

ʧʨʠ ʨʝʢʫʧʝʨʘʮʠʠ ʠ ʦʛʨʘʥʠʯʝʥʠʝ ʧʦ ʤʦʱʥʦʩʪʠ ʵʣʝʢʪʨʦʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ. 

ɺʳʧʦʣʥʝʥ ʨʘʩʯʝʪ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʠ ʧʦʪʝʨʴ ʚ ʪʷʛʦʚʦʡ ʩʝʪʠ ʪʨʦʣʣʝʡʙʫʩʘ. 

The computational model of traction network accounting blocking of rectifiers 

at traction substations and voltage and power of vehicle limits during electric 

braking is realized. The average power losses in the traction network of trolleybus 

are calculated. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʷʛʦʚʘʷ ʩʝʪʴ, ʪʦʢʦʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʩʝʢʮʠʷ ʢʦʥʪʘʢʪʥʦʡ 

ʩʝʪʠ, ʪʨʦʣʣʝʡʙʫʩ, ʧʦʪʨʝʙʣʝʥʠʝ ʵʥʝʨʛʠʠ 

Keywords: traction network, distribution of currents, electric traction, 

trolleybus, energy consumption 

 

ɼʣʷ ʙʦʣʝʝ ʧʦʣʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʤʝʶʱʠʭʩʷ ʨʝʟʝʨʚʦʚ ʵʢʦʥʦʤʠʠ 

ʵʥʝʨʛʠʠ ʥʘ ʛʦʨʦʜʩʢʦʤ ʵʣʝʢʪʨʠʬʠʮʠʨʦʚʘʥʥʦʤ ʪʨʘʥʩʧʦʨʪʝ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʠʟʤʝʥʝʥʠʷ ʩʭʝʤ ʧʠʪʘʥʠʷ ʠ ʩʝʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʷʛʦʚʳʭ ʩʝʪʝʡ, ʧʝʨʝʜʘʯʠ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʨʝʢʫʧʝʨʘʪʠʚʥʳʭ ʪʦʨʤʦʞʝʥʠʡ ʠ ʠʥʳʭ ʧʦʜʦʙʥʳʭ 

ʨʝʰʝʥʠʡ, ʥʝʦʙʭʦʜʠʤʘ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʪʦʯʥʦʛʦ ʫʯʝʪʘ ʧʦʪʝʨʴ 

ʧʝʨʝʜʘʚʘʝʤʦʡ ʧʦ ʪʷʛʦʚʳʤ ʩʝʪʷʤ ʵʥʝʨʛʠʠ. ʈʝʰʝʥʠʝ ʵʪʠʭ ʧʨʦʙʣʝʤ ʪʨʝʙʫʝʪ 

ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʧʨʠʤʝʥʷʝʤʳʭ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ ʪʦʢʦʚ ʚ ʪʷʛʦʚʳʭ ʩʝʪʷʭ.  

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʣʠʪʝʨʘʪʫʨʝ ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʦʢʦʚ ʚ 

ʪ̫ ʛʦʚʦʡ ʩʝʪʠ ʠ ʧʦʪʨʝʙʣʷʝʤʦʡ ʧʦʝʟʜʘʤʠ ʤʦʱʥʦʩʪʠ ʠʩʧʦʣʴʟʫʶʪ ʨʷʜ ʜʦʧʫʱʝʥʠʡ 

ʠ ʫʧʨʦʱʝʥʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʦʛʨʝʰʥʦʩʪʴ ʨʘʩʯʝʪʘ ʜʦ 10-20% [1]. ʊʘʢ, 

ʢʦʥʪʘʢʪʥʳʝ ʩʝʪʠ ʦʙʦʠʭ ʧʫʪʝʡ ʩʯʠʪʘʶʪʩʷ ʩʦʝʜʠʥʝʥʥʳʤʠ ʧʘʨʘʣʣʝʣʴʥʦ, ʥʝ 

ʫʯʠʪʳʚʘʝʪʩʷ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʠʪʘʶʱʠʭ ʣʠʥʠʡ, ʘ ʪʘʢʞʝ ʦʩʦʙʝʥʥʦʩʪʠ 
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ʬʘʢʪʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ. ɿʘʚʠʩʠʤʦʩʪʴ ʪʦʢʘ ʧʦʝʟʜʘ ʦʪ 

ʩʢʦʨʦʩʪʠ ʝʛʦ ʜʚʠʞʝʥʠʷ ʩʯʠʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʦʡ. ʊʘʢʠʝ ʫʧʨʦʱʝʥʠʷ ʦʢʘʟʳʚʘʶʪʩʷ 

ʥʝʦʙʭʦʜʠʤʳʤʠ ʜʣʷ ʩʦʢʨʘʱʝʥʠʷ ʦʙʲʝʤʘ ʨʘʩʯʝʪʦʚ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʠʭ 

ʚʨʫʯʥʫʶ ʣʠʙʦ ʧʨʠ ʥʠʟʢʦʡ ʩʪʝʧʝʥʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. ʉʣʦʞʥʦʩʪʴ ʨʘʩʯʝʪʘ ʩʭʝʤ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʦʙʲʷʩʥʷʝʪʩʷ ʨʷʜʦʤ ʧʨʠʯʠʥ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʦʙʲʝʜʠʥʠʪʴ ʚ 

ʜʚʝ ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ:  

1. ʀʟʤʝʥʝʥʠʝ ʯʠʩʣʘ ʧʦʝʟʜʦʚ ʠ ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʦʝʟʜʦʚ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ ʠ ʧʦʜʩʪʘʥʮʠʡ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʠʟʤʝʥʷʝʪ 

ʪʦʧʦʣʦʛʠʶ ʩʭʝʤ ʟʘʤʝʱʝʥʠʷ ʠ ʚʝʣʠʯʠʥʳ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʪʷʛʦʚʦʡ ʩʝʪʠ ʤʝʞʜʫ 

ʤʘʰʠʥʘʤʠ. 

2. ʅʘʣʠʯʠʝ ʨʷʜʘ ʥʝʣʠʥʝʡʥʦʩʪʝʡ ʚ ʩʚʦʡʩʪʚʘʭ ʵʣʝʤʝʥʪʦʚ ʩʭʝʤ ʟʘʤʝʱʝʥʠʷ 

ʪʷʛʦʚʳʭ ʩʝʪʝʡ: ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʧʨʠʙʦʨʳ ʚ ʚʳʧʨʷʤʠʪʝʣʴʥʳʭ ʘʛʨʝʛʘʪʘʭ 

ʧʦʜʩʪʘʥʮʠʡ ʥʝ ʩʧʦʩʦʙʥʳ ʧʨʦʧʫʩʢʘʪʴ ʪʦʢ ʚ ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ; 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʣʝʢʪʨʦʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʟʘʚʠʩʷʪ ʦʪ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʝʛʦ 

ʪʦʢʦʧʨʠʝʤʥʠʢʝ; ʠʤʧʫʣʴʩʥʳʡ ʪʷʛʦʚʳʡ ʧʨʠʚʦʜ, ʦʙʣʘʜʘʷ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʩʣʝʜʷʱʝʛʦ ʨʝʦʩʪʘʪʥʦ-ʨʝʢʫʧʝʨʘʪʠʚʥʦʛʦ ʪʦʨʤʦʞʝʥʠʷ, ʩʧʦʩʦʙʝʥ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʪʴ ʤʦʱʥʦʩʪʴ ʪʦʨʤʦʞʝʥʠʷ ʤʝʞʜʫ ʪʷʛʦʚʦʡ ʩʝʪʴʶ ʠ ʪʦʨʤʦʟʥʳʤʠ 

ʨʝʦʩʪʘʪʘʤʠ. 

ʅʝʦʙʭʦʜʠʤʳʤ ʤʝʪʦʜʦʤ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ 

ʷʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʢ ʨʝʰʝʥʠʶ ʩʠʩʪʝʤ ʫʨʘʚʥʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʤʛʥʦʚʝʥʥʳʝ 

ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ ʪʷʛʦʚʦʡ ʩʝʪʠ, ʙʝʟ ʫʧʨʦʱʝʥʠʡ, ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʥʠʞʘʶʱʠʭ 

ʪʦʯʥʦʩʪʴ. ʈʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʤʦʞʝʪ ʙʳʪʴ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʜʝʣʝʥʦ ʥʘ ʜʚʝ 

ʯʘʩʪʠ: ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʛʥʦʚʝʥʥʳʭ ʩʭʝʤ ʟʘʤʝʱʝʥʠʷ ʪʷʛʦʚʦʡ ʩʝʪʠ ʠ ʨʘʩʯʝʪ 

ʤʛʥʦʚʝʥʥʳʭ ʩʭʝʤ ʟʘʤʝʱʝʥʠʷ ʪʷʛʦʚʦʡ ʩʝʪʠ. ʏʪʦʙʳ ʧʨʘʚʠʣʴʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ ʨʘʙʦʪʳ ʪʷʛʦʚʦʡ ʩʝʪʠ, ʢʘʢ ʩʨʝʜʥʷʷ ʦʪʜʘʚʘʝʤʘʷ ʊʇ ʤʦʱʥʦʩʪʴ, 

ʩʨʝʜʥʠʡ ʠ ʵʬʬʝʢʪʠʚʥʳʡ ʪʦʢʠ ʬʠʜʝʨʦʚ, ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʜʦʩʪʘʪʦʯʥʦ 

ʙʦʣʴʰʦʡ ʥʘʙʦʨ ʠʩʭʦʜʥʳʭ ʤʛʥʦʚʝʥʥʳʭ ʩʭʝʤ ʟʘʤʝʱʝʥʠʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʪʷʛʦʚʦʡ ʩʝʪʠ [2]. ʄʛʥʦʚʝʥʥʳʝ ʩʭʝʤ rʟʘʤʝʱʝʥʠʷ ʜʦʣʞʥʳ 

ʧʨʝʜʩʪʘʚʣʷʪʴ ʚʦʟʤʦʞʥʳʝ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʪʷʛʦʚʦʡ ʩʝʪʠ ʪʘʢ, ʯʪʦʙʳ 

ʚʝʨʦʷʪʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ i-ʛʦ ʨʝʞʠʤʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ʜʦʣʝ ʤʦʜʝʣʠʨʫʶʱʠʭ 

ʝʛʦ ʤʛʥʦʚʝʥʥʳʭ ʩʭʝʤ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʠʭ ʤʘʩʩʠʚʝ. 

ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʛʥʦʚʝʥʥʳʭ ʩʭʝʤ ʟʘʤʝʱʝʥʠʷ ʧʨʠʤʝʥʝʥ ʤʝʪʦʜ 

ʚʝʨʦʷʪʥʦʩʪʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʚ ʢʦʪʦʨʦʤ ʩʣʫʯʘʡʥʳʝ ʩʝʯʝʥʠʷ ʛʨʘʬʠʢʘ 

ʜʚʠʞʝʥʠ ̫ ʤʦʜʝʣʠʨʫʶʪʩʷ ʧʫʪʝʤ ʚʳʙʦʨʘ ʩʣʫʯʘʡʥʳʭ ʪʦʯʝʢ ʠʟ ʨʘʥʝʝ 

ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʦʙʨʘʟʦʤ ʬʫʥʢʮʠʡ, ʟʘʜʘʶʱʠʭ ʧʘʨʳ ʟʥʘʯʝʥʠʡ 

çʢʦʦʨʜʠʥʘʪʘ ï ʧʦʪʨʝʙʣʷʝʤʘʷ ʤʦʱʥʦʩʪʴè. ɼʣʷ ʟʘʜʘʥʥʦʛʦ ʯʠʩʣʘ ʧʦʝʟʜʦʚ ʥʘ 

ʩʝʢʮʠʠ ʪʘʢʠʝ ʧʘʨʳ ʟʥʘʯʝʥʠʡ ʨʘʚʥʦʤʝʨʥʦ ʚʳʙʠʨʘʶʪʩʷ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ. 

ʀʩʭʦʜʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʦʱʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʦʪ ʢʦʦʨʜʠʥʘʪʳ 

ʧʦʣʫʯʝʥʳ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʞʠʤʦʚ ʜʚʠʞʝʥʠʷ 

ʪʨʦʣʣʝʡʙʫʩʘ [3, 4]. 

ʇʨʦʤʝʞʫʪʦʯʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʷʚʣʷʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʢʦʦʨʜʠʥʘʪʘʭ, 

ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʩʝʢʮʠʠ ʪʷʛʦʚʦʡ ʩʝʪʠ ʧʦʝʟʜʦʚ ʠ ʧʦʪʨʝʙʣʷʝʤʦʡ ʣʠʙʦ 

ʦʪʜʘʚʘʝʤʦʡ ʠʭ ʪʷʛʦʚʳʤʠ ʧʨʠʚʦʜʘʤʠ ʤʦʱʥʦʩʪʠ. ɼʣʷ ʨʝʞʠʤʘ ʪʦʨʤʦʞʝʥʠʷ 
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ʟʘʜʘʝʪʩʷ ʥʘʠʙʦʣʴʰʘʷ ʤʦʱʥʦʩʪʴ, ʢʦʪʦʨʫʶ ʧʦʝʟʜ ʩʧʦʩʦʙʝʥ ʦʪʜʘʪʴ ʧʨʠ ʫʩʣʦʚʠʠ 

ʥʘʣʠʯʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ ʚʳʨʘʙʘʪʳʚʘʝʤʦʡ ʠʤ ʵʥʝʨʛʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʧʝʨʝʜ 

ʥʘʯʘʣʦʤ ʨʘʩʯʝʪʘ ʟʘʜʘʝʪʩʷ ʨʘʩʧʦʣʦʞʝʥʠʝ ʪʷʛʦʚʳʭ ʧʦʜʩʪʘʥʮʠʡ ʠ ʧʫʥʢʪʦʚ 

ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʘ ʪʘʢʞʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʦʥʪʘʢʪʥʦʡ ʠ ʨʝʣʴʩʦʚʦʡ 

ʩʝʪʝʡ. 

ɼʣʷ ʨʘʩʯʝʪʘ ʤʛʥʦʚʝʥʥʳʭ ʩʭʝʤ ʟʘʤʝʱʝʥʠʷ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʠ ʨʝʘʣʠʟʦʚʘʥ ʚ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʨʝʜʝ MATLAB  ʘʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʤʛʥʦʚʝʥʥʦʡ ʩʭʝʤʳ 

ʟʘʤʝʱʝʥʠʷ ʪʷʛʦʚʦʡ ʩʝʪʠ. ʆʥ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʦʩʥʦʚʥʳʭ ʦʧʝʨʘʮʠʡ:  

1. ɿʘʛʨʫʟʢʘ ʧʘʨʘʤʝʪʨʦʚ ʦʜʥʦʡ ʠʟ ʤʛʥʦʚʝʥʥʳʭ ʩʭʝʤ ʟʘʤʝʱʝʥʠʷ ʪʷʛʦʚʦʡ 

ʩʝʪʠ.  

2. ʉʦʨʪʠʨʦʚʢʘ ʦʙʲʝʢʪʦʚ ʥʘ ʩʝʢʮʠʠ ʪʷʛʦʚʦʡ ʩʝʪʠ (ʧʦʝʟʜʦʚ, ʧʦʜʩʪʘʥʮʠʡ, 

ʧʫʥʢʪʦʚ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ) ʧʦ ʢʦʦʨʜʠʥʘʪʝ.  

3. ʌʦʨʤʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʤʛʥʦʚʝʥʥʫʶ ʩʭʝʤʫ 

ʟʘʤʝʱʝʥʠʷ.  

4. ʈʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʤʝʪʦʜʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ 

ʧʨʠʙʣʠʞʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʫʟʣʦʚʳʭ ʧʦʪʝʥʮʠʘʣʦʚ. ɺ ʭʦʜʝ ʨʝʰʝʥʠʷ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʚʝʢʪʦʨʘ ʪʦʢʦʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ 

ʤʦʱʥʦʩʪʠ ʧʦʝʟʜʦʚ. ʊʦʯʥʦʩʪʴ ʨʝʰʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʘʙʩʦʣʶʪʥʳʤ ʟʥʘʯʝʥʠʝʤ 

ʨʘʟʥʦʩʪʠ ʫʟʣʦʚʳʭ ʧʦʪʝʥʮʠʘʣʦʚ, ʚʳʯʠʩʣʝʥʥʳʭ ʚ ʭʦʜʝ ʪʝʢʫʱʝʡ ʠ ʧʨʝʜʳʜʫʱʝʡ 

ʠʪʝʨʘʮʠʡ.  

5. ʈʘʩʯʝʪ ʪʦʢʦʚ ʪʷʛʦʚʳʭ ʧʦʜʩʪʘʥʮʠʡ ʠ ʦʪʜʘʚʘʝʤʳʭ ʠʤʠ ʚ ʪʷʛʦʚʫʶ ʩʝʪʴ 

ʤʦʱʥʦʩʪʝʡ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʚ ʵʣʝʤʝʥʪʘʭ ʪʷʛʦʚʦʡ ʩʝʪʠ. 

ʇʦʩʣʝ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʧʦʚʪʦʨʝʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʨʘʩʯʝʪʘ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʤʛʥʦʚʝʥʥʳʭ ʩʭʝʤ ʪʷʛʦʚʦʡ ʩʝʪʠ ʤʦʛʫʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʩʨʝʜʥʠʡ ʠ 

ʵʬʬʝʢʪʠʚʥʳʡ ʪʦʢʠ ʪʷʛʦʚʳʭ ʧʦʜʩʪʘʥʮʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥ 

ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʵʥʝʨʛʠʠ ʥʘ ʪʷʛʫ ʧʦʝʟʜʦʚ. 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʠ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʩʨʝʜʥʝʡ 

ʤʦʱʥʦʩʪʠ ʧʦʪʝʨʴ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʪʨʘʜʠʮʠʦʥʥʳʤ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʠ 

ʧʫʪʝʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʛʥʦʚʝʥʥʳʭ ʩʭʝʤ ʟʘʤʝʱʝʥʠʷ. ʉʨʘʚʥʝʥʠʝ ʚʳʧʦʣʥʝʥʦ 

ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʪʷʛʦʚʦʡ ʩʝʪʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ 

ʨʘʟʣʠʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʩʨʝʜʥʝʛʦ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʦʝʟʜʥʳʭ ʪʦʢʦʚ 

(ʦʜʥʦʩʪʦʨʦʥʥʝʝ ʠ ʜʚʫʭʩʪʦʨʦʥʥʝʝ ʧʠʪʘʥʠʝ, ʣʝʪʥʠʡ ʠ ʟʠʤʥʠʡ ʨʝʞʠʤʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʢʫʧʝʨʘʪʠʚʥʦʛʦ ʪʦʨʤʦʞʝʥʠʷ). 

ʈʘʩʭʦʞʜʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʥʝ ʧʨʝʚʳʰʘʝʪ 10%, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʢʦʨʨʝʢʪʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ. 
_________________________________________________________ 

*ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʌʌʀ 16-08-00656-ʘ. 
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʀ ʉʆɿɼɸʅʀɽ 3D-ʇʈʀʅʊɽʈɸ 

ʇʨʝʜʩʪʘʚʣʝʥ ʧʨʦʝʢʪ, ʢʦʪʦʨʳʡ ʩʣʫʞʠʪ ʧʦʢʘʟʘʪʝʣʝʤ ʪʦʛʦ, ʯʪʦ ʢʘʞʜʳʡ 

ʚ ʜʦʤʘʰʥʠʭ ʫʩʣʦʚʠʷʭ ʤʦʞʝʪ ʠʟʛʦʪʦʚʠʪʴ 3D-ʧʨʠʥʪʝʨ ʟʘ ʤʠʥʠʤʘʣʴʥʫʶ ʩʫʤʤʫ 

ʜʝʥʝʛ ʠ ʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʝʣʝʩʪʷʤʠ ʩʦʚʨʝʤʝʥʥʳʭ 3D-ʪʝʭʥʦʣʦʛʠʡ. 

Using 3D technology are continuously evolving in the world. Thanks to this 

enables their use to almost anyone in any field. This project is indicative of the fact 

that everyone in home can make your printer for a minimal amount of money and 

enjoy the pleasures of modern 3D technology. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: 3D-ʧʨʠʥʪʝʨ, 3D-ʪʝʭʥʦʣʦʛʠʠ, 3D-ʧʝʯʘʪʴ, CAD 

ʩʠʩʪʝʤʘ. 

Keywords: 3D printer, 3D technology, 3D printing, CAD system. 

 

3D-ʧʨʠʥʪʝʨ ï ʵʪʦ ʫʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʬʠʟʠʯʝʩʢʠʝ 

ʦʙʲʝʢʪʳ ʧʫʪʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʥʘʧʣʘʚʣʝʥʠʷ ʩʣʦʝʚ ʧʣʘʩʪʠʢʘ. ʆʥ ʩʧʦʩʦʙʝʥ 

ʨʘʩʧʝʯʘʪʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʦʡ ʬʠʟʠʯʝʩʢʠʡ ʧʨʝʜʤʝʪ, ʢʦʪʦʨʳʡ ʩʤʦʜʝʣʠʨʦʚʘʥ 

ʚ CAD-ʩʠʩʪʝʤʝ. ɺ ʤʠʨʝ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʤʦʜʝʣʠ 

3D-ʧʨʠʥʪʝʨʦʚ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʨʘʙʦʪʘʪʴ ʩ ʨʘʟʣʠʯʥʳʤʠ ʨʘʩʭʦʜʥʳʤʠ 

ʤʘʪʝʨʠʘʣʘʤʠ. ʊʘʢ, ʙʦʣʝʝ ʚʩʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʧʣʘʩʪʠʢ, ʥʦ ʩʫʱʝʩʪʚʫʶʪ ʪʘʢʞʝ 

ʤʝʪʘʣʣ ʠ ʙʠʦʤʘʪʝʨʠʘʣ. ʇʨʠ ʧʦʤʦʱʠ ʪʨʝʭʤʝʨʥʦʡ ʧʝʯʘʪʠ ʤʦʞʥʦ ʠʟʛʦʪʦʚʣʷʪ ɹ

ʜʝʪʘʣʠ, ʢʦʪʦʨʳʝ ʥʝʚʦʟʤʦʞʥʦ ʢʫʧʠʪʴ ʥʘ ʨʳʥʢʝ ʠʟ-ʟʘ ʠʭ ʫʥʠʢʘʣʴʥʦʩʪʠ. 

ʋʩʪʨʦʡʩʪʚʦ 3D-ʧʨʠʥʪʝʨʘ ʩʭʦʞʝ ʩ ʦʙʳʯʥʳʤ ʧʨʠʥʪʝʨʦʤ ʜʣʷ ʧʝʯʘʪʠ 2D-

ʠʟʦʙʨʘʞʝʥʠʡ. [1] 
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ʆʪʣʠʯʠʝ 3D-ʧʨʠʥʪʝʨʘ ʟʘʢʣʶʯʘʝʪʩʷ ʪʦʣʴʢʦ ʚ ʪʦʤ, ʯʪʦ ʦʥ ʧʝʯʘʪʘʝʪ ʚ ʪʨʝʭ 

ʧʣʦʩʢʦʩʪʷʭ, ʪʦ ʝʩʪʴ ʧʦʤʠʤʦ ʰʠʨʠʥʳ ʠ ʛʣʫʙʠʥʳ, ʧʦʷʚʣʷʝʪʩʷ ʝʱʝ ʠ ʚʳʩʦʪʘ. 

ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʤʦʜʝʣʠ, ʚʩʝ 3D-ʧʨʠʥʪʝʨʳ ʠʤʝʶʪ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʦʝ 

ʩʪʨʦʝʥʠʝ, ɹʦʣʴʰʠʥʩʪʚʦ 3D-ʧʨʠʥʪʝʨʦʚ ʩʦʩʪʦʠʪ ʠʟ ʦʜʠʥʘʢʦʚʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʪʨʦʡʩʪʚʦ 3D-ʧʨʠʥʪʝʨʘ ʚʢʣʶʯʘʝʪ: 

¶ ʵʢʩʪʨʫʜʝʨ, ʢʦʪʦʨʳʡ ʨʘʟʦʛʨʝʚʘʝʪ ʠ ʚʳʜʘʚʣʠʚʘʝʪ ʧʦʣʫʞʠʜʢʠʡ ʧʣʘʩʪʠʢ; 

¶ ʨʘʙʦʯʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ï ʧʣʘʪʬʦʨʤʫ, ʥʘ ʢʦʪʦʨʦʡ ʚʳʧʦʣʥʷʝʪʩʷ ʧʝʯʘʪʴ; 

¶ ʰʘʛʦʚʳʡ ʜʚʠʛʘʪʝʣʴ, ʢʦʪʦʨʳʡ ʧʨʠʚʦʜʠʪ ʚ ʜʚʠʞʝʥʠʝ ʧʦʜʚʠʞʥʳʝ 

ʦʨʛʘʥʳ; 

¶ ʢʦʥʮʝʚʠʢʠ  ï ʜʘʪʯʠʢʠ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʝ ʜʚʠʞʝʥʠʷ ʧʦʜʚʠʞʥʳʭ 

ʦʨʛʘʥʦʚ, ʢ ʧʨʠʤʝʨʫ, ʢʦʛʜʘ ʦʥʠ ʧʦʜʭʦʜʷʪ ʢ ʢʨʘʶ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ; 

¶ ʈʘʤʫ, ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ ʥʝʦʙʭʦʜʠʤʫʶ ʞʝʩʪʢʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ; 

¶ Cartesianprinter ï ʪʠʧ ʧʨʠʥʪʝʨʘ. 

ɺʩʝ ʵʪʦ ʫʧʨʘʚʣʷʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʧʨʠ ʧʦʤʦʱʠ ʢʦʤʧʴʶʪʝʨʘ, ʢʦʪʦʨʳʡ 

ʟʘʜʘʝʪ ʚʝʣʠʯʠʥʳ ʜʚʠʞʝʥʠʡ ʢʘʞʜʦʛʦ ʠʟ ʢʦʤʧʦʥʝʥʪʦʚ. ʅʦ ʪʘʢʞʝ ʩʫʱʝʩʪʚʫʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʯʘʪʠ ʫʜʘʣʝʥʥʦ ʧʨʠ ʧʦʤʦʱʠ ʟʘʨʘʥʝʝ ʩʦʭʨʘʥʝʥʥʦʛʦ Gcode [1]. 

ʅʘ ʨʘʟʣʠʯʥʳʭ ʵʪʘʧʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʨʠ ʨʝʰʝʥʠʠ ʦʪʜʝʣʴʥʳʭ ʟʘʜʘʯ 

ʧʨʠʤʝʥʷʣʩʷ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʤʝʪʦʜʦʚ ʩʙʦʨʘ ʬʘʢʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʝʛʦ 

ʦʙʨʘʙʦʪʢʠ. ɺ ʪʝʦʨʝʪʠʯʝʩʢʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚ ʨʘʙʦʪʝ ʧʨʠʤʝʥʷʣʠʩʴ ʧʨʠʥʮʠʧʳ 

ʚʦʩʭʦʞʜʝʥʠʷ ʦʪ ʘʙʩʪʨʘʢʪʥʦʛʦ ʢ ʢʦʥʢʨʝʪʥʦʤʫ, ʝʜʠʥʩʪʚʦ ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʠ 

ʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʦʚ, ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ, ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʝ, ʦʙʦʙʱʝʥʠʝ. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʚʳʚʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʝʩʧʝʯʠʚʘʣʘʩʴ 

ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʤʠ ʚʳʙʦʨʢʘʤʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʜʝʞʥʳʭ ʠ 

ʘʧʨʦʙʠʨʦʚʘʥʥʳʭ ʚ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʠʥʜʫʩʪʨʠʠ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ 

ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ, ʩʦʜʝʨʞʘʪʝʣʴʥʳʤ 

ʘʥʘʣʠʟʦʤ ʚʳʷʚʣʝʥʥʦʛʦ ʬʘʢʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʊʘʢ, ʥʘ ʙʘʟʝ ʎʄʀʊ 

çʊʝʭʥʦʤʠʨè ʙʳʣ ʩʦʙʨʘʥ ʨʘʙʦʯʠʡ ʩʘʤʦʜʝʣʴʥʳʡ 3D-ʧʨʠʥʪʝʨ [2]. 

ʈʘʙʦʪʘ ʜʘʥʥʦʛʦ 3D-ʧʨʠʥʪʝʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʪ  ʧʣʘʪʳ ʫʧʨʘʚʣʝʥʠʷ ʥʘ 

ʙʘʟʝ MKSGEN1.4. ʕʪʦ ʤʦʜʫʣʴ ArduinoʠʰʠʣʜRAMPS 1.4, ʩʦʚʤʝʱʝʥʥʳʡ ʥʘ 

ʦʜʥʦʡ ʧʣʘʪʝ ʩ ʙʦʣʝʝ ʧʨʦʜʚʠʥʫʪʦʡ ʩʠʩʪʝʤʦʡ ʧʠʪʘʥʠʷ. ɹʣʘʛʦʜʘʨʷ ʝʤʫ ʝʩʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʫʜʦʙʥʦ ʧʦʜʢʣʶʯʠʪʴ ʧʣʘʪʫ ʢ ʦʜʥʦʤʫ ʠʩʪʦʯʥʠʢʫ ʧʠʪʘʥʠʷ ʦʪ 12 ʜʦ 

24 ɺ. ʊʘʢʞʝ ʜʘʥʥʘʷ ʧʣʘʪʘ ʧʦʜʜʝʨʞʠʚʘʝʪ ʙʝʟ ʧʨʦʙʣʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʤʦʜʫʣʠ, ʚʢʣʶʯʘʷ ʙʝʩʧʝʨʝʙʦʡʥʫʶ ʧʝʯʘʪʴ, ʩʦʝʜʠʥʝʥʠʝ ʧʦ wi-fi  ʠ ʜʘʪʯʠʢ 

ʦʢʦʥʯʘʥʠʷ filament. ɺʩʝ ʵʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʛʦʪʦʚʠʪʴ ʜʘʥʥʳʝ ʤʦʜʫʣʠ ʚ 

ʜʦʤʘʰʥʠʭ ʫʩʣʦʚʠʷʭ, ʠ ʙʝʟ ʧʨʦʙʣʝʤ ʜʦʙʠʪʴʩʷ ʠʭ ʧʨʘʚʠʣʴʥʦʡ ʨʘʙʦʪʳ ʚ 

ʦʙʦʟʨʠʤʦʤ ʙʫʜʫʱʝʤ. 

ɺʩʝ ʧʣʘʩʪʤʘʩʩʦʚʳʝ ʜʝʪʘʣʠ ʢʦʨʧʫʩʘ ʙʳʣʠ ʩʤʦʜʝʣʠʨʦʚʘʥʳ ʠ ʥʘʧʝʯʘʪʘʥʳ ʩ 

ʥʘʠʙʦʣʴʰʠʤ ʟʘʧʦʣʥʝʥʠʝʤ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʞʝʩʪʢʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʉʪʦʣ ʙʳʣ ʠʟʛʦʪʦʚʣʝʥ ʠʟ ʘʣʶʤʠʥʠʷ, ʪʦʣʱʠʥʦʡ 5 ʤʤ ʠ ʩ ʨʘʟʤʝʨʦʤ 

125ʭ125, ʜʘʙʳ ʠʟʙʝʞʘʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʛʠʙʘ. 

ɼʣʷ ʥʘʛʨʝʚʘ ʩʪʦʣʘ ʫʩʪʘʥʦʚʣʝʥ ʩʠʣʠʢʦʥʦʚʳʡ ʥʘʛʨʝʚʘʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ ʩ 

ʜʘʪʯʠʢʦʤ ʪʝʤʧʝʨʘʪʫʨʳ (ʪʝʨʤʦʨʝʟʠʩʪʦʨ). 
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ʈʘʤʘ ʧʨʠʥʪʝʨʘ ʚʳʧʦʣʥʝʥʘ ʠʟ ʘʣʶʤʠʥʠʝʚʳʭ ʧʨʦʬʠʣʝʡ ʠ ʩʢʨʝʧʣʝʥʘ 

ʩʧʝʮʠʘʣʴʥʳʤ ʢʨʝʧʝʞʦʤ ʠ ʫʩʠʣʝʥʘ ʥʝʢʦʪʦʨʳʤʠ ʧʣʘʩʪʤʘʩʩʦʚʳʤʠ ʜʝʪʘʣʷʤʠ, 

ʨʘʩʧʝʯʘʪʘʥʥʳʤʠ ʩ ʥʘʠʙʦʣʴʰʠʤ ʟʘʧʦʣʥʝʥʠʝʤ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʯʥʦʩʪʠ. 

ɸʣʶʤʠʥʠʝʚʘʷ ʨʘʤʘ ʫʩʠʣʝʥʘ ʜʣʷ ʩʥʠʞʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʩʤʝʱʝʥʠʷ 

ʛʦʣʦʚʢʠ ʵʢʩʪʨʫʜʝʨʘ ʚʦ ʚʨʝʤʷ ʧʝʯʘʪʠ, ʪ.ʝ. ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ 

ʠʟʛʦʪʦʚʣʷʝʤʳʭ ʜʝʪʘʣʝʡ. 

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʦ ʠʟʦʙʨʘʞʝʥʠʝ ʧʨʠʥʪʝʨʘ ʩ ʦʙʦʟʥʘʯʝʥʠʝʤ ʦʩʝʡ 

ʜʝʢʘʜʦʚʳʭ ʢʦʦʨʜʠʥʘʪ, ʧʦ ʢʦʪʦʨʳʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʜʚʠʞʝʥʠʝ ʧʝʯʘʪʘʶʱʝʡ 

ʛʦʣʦʚʢʠ.  
 

 

ʈʠʩ. 1. ʉʘʤʦʜʝʣʴʥʳʡ 3D-ʧʨʠʥʪʝʨ 

ɺ ʜʘʥʥʦʡ ʤʦʜʝʣʠ: 

ʆʩʴ ʍ ï ʥʘʛʨʝʚʘʪʝʣʴʥʳʡ ʩʪʦʣ.  

ʆʩʴ Y ï ʧʝʨʝʜʚʠʞʝʥʠʝ ʵʢʩʪʨʫʜʝʨʘ.  

ʆʩʴ Z ï ʧʝʨʝʜʚʠʞʝʥʠʝ ʧʦ ʜʚʫʤ ʰʧʠʣʴʢʘʤ ʩ ʨʝʟʴʙʦʡ. 

ɼʚʠʞʝʥʠʝ ʧʦ ʦʩʠ Z ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʜʚʫʭ ʰʘʛʦʚʳʭ 

ʜʚʠʛʘʪʝʣʝʡ, ʧʦʜʢʣʶʯʝʥʥʳʭ ʧʘʨʘʣʣʝʣʴʥʦ, ʪ.ʝ. ʜʣʷ ʢʘʞʜʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩʚʦʡ 

ʜʨʘʡʚʝʨ. ʇʨʠ ʚʨʘʱʝʥʠʠ ʜʚʠʛʘʪʝʣʷ ʚʨʘʱʘʝʪʩʷ ʠ ʰʧʠʣʴʢʘ, ʧʦʜʥʠʤʘʷ ʜʚʝ ʛʘʡʢʠ, 

ʘ ʫʞʝ ʛʘʡʢʠ ʠ ʧʦʜʥʠʤʘʶʪ ʧʦ ʦʩʠ Z ʵʢʩʪʨʫʜʝʨ. ɻʘʡʢʠ ʞʝʩʪʢʦ ʟʘʢʨʝʧʣʝʥʳ ʚ 

ʧʣʘʩʪʤʘʩʩʦʚʳʭ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʳʭ ʜʝʪʘʣʷʭ. ɼʘʙʳ ʠʩʢʣʶʯʠʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʚʳʧʘʜʝʥʠʷ ʠʟ ʧʦʩʘʜʦʯʥʳʭ ʤʝʩʪ, ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʩʧʝʮʠʘʣʴʥʳʝ ʧʘʟʳ.  
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(ʛ. ɹʨʷʥʩʢ, ɹʨʷʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ) 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʇɽʈɽʂʆʉɸ ɺ ʉʀʉʊɽʄɽ ʋʇʈɸɺʃɽʅʀʗ 

ʕʃɽʂʊʈʆʇʈʀɺʆɼʆʄ ʂʆɿʃʆɺʆɻʆ ʂʈɸʅɸ ɺ MATLAB/SIMULINK  

ʆʧʠʩʘʥʳ ʨʘʩʯʝʪʳ ʠ ʚʳʙʦʨ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʤʝʭʘʥʠʟʤʦʚ ʧʝʨʝʤʝʱʝʥʠʷ 

ʢʦʟʣʦʚʦʛʦ ʢʨʘʥʘ, ʘ ʪʘʢʞʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʩ ʩʠʩʪʝʤʦʡ 

ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʧʝʨʝʢʦʩʘ ʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʤʝʱʝʥʠʷ ʢʦʣʝʩ ʢʨʘʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʨʝʣʴʩʦʚ. ʈʘʩʩʤʦʪʨʝʥʳ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʢʦʨʨʝʢʮʠʠ ʧʝʨʝʢʦʩʘ ʠ 

ʧʦʧʝʨʝʯʥʦʛʦ ʩʤʝʱʝʥʠʷ. 

The article is devoted to the development of drive mechanisms for movement 

of gantry crane. The calculations and motor selection mechanisms for moving the 

gantry crane, produced by simulation of the power system of correcting skew and 

lateral displacement of the wheels relative to the crane rails. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʣɻʝʢʪʨʦʧʨʠʚʦʜ ʧʝʨʝʜʚʠʞʝʥʠʷ ʢʦʟʣʦʚʦʛʦ ʢʨʘʥʘ. 

Keywords: the drive movement of the gantry crane. 

 

ɼʣʷ ʦʛʨʘʥʠʯʝʥʠʷ ʧʝʨʝʢʦʩʘ ʠ ʩʥʠʞʝʥʠʷ ʥʝʛʘʪʠʚʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ, 

ʚʳʟʚʘʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʨʝʙʦʨʜ ʩ ʨʝʣʴʩʘʤʠ, ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ 

ʩʠʩʪʝʤʳ ʩʠʥʭʨʦʥʠʟʘʮʠʠ [2,3]. ʊʘʢʠʝ ʩʠʩʪʝʤʳ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ 

ʧʦʜʜʝʨʞʠʚʘʶʪ ʨʘʚʝʥʩʪʚʦ ʜʨʫʛ ʜʨʫʛʫ ʩʢʦʨʦʩʪʝʡ ʧʨʠʚʦʜʥʳʭ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʚ ʧʫʩʢʦ-ʪʦʨʤʦʟʥʳʭ ʨʝʞʠʤʘʭ. ʇʨʠ ʜʣʠʪʝʣʴʥʦʤ 

ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʜʚʠʞʝʥʠʠ ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʥʝʵʬʬʝʢʪʠʚʥʦ. 

ʉʫʱʝʩʪʚʫʶʪ ʪʘʢʞʝ ʩʠʩʪʝʤʳ ʦʛʨʘʥʠʯʝʥʠʷ ʧʝʨʝʢʦʩʘ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʩʨʘʚʥʝʥʠʠ 

ʘʙʩʦʣʶʪʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʦʧʦʨ ʢʨʘʥʘ [4]. ʇʝʨʝʤʝʱʝʥʠʝ ʢʘʞʜʦʡ ʦʧʦʨʳ 

ʠʟʤʝʨʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʠʞʠʤʥʦʛʦ ʨʦʣʠʢʘ, ʥʘ ʚʘʣʫ ʢʦʪʦʨʦʛʦ ʫʩʪʘʥʦʚʣʝʥ 

ʵʥʢʦʜʝʨ. ʈʦʣʠʢ ʧʨʠʞʠʤʘʝʪʩʷ ʢ ʚʝʜʦʤʦʤʫ ʢʦʣʝʩʫ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ 

ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ ʧʨʠʚʦʜʥʳʭ ʢʦʣʝʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʝʣʴʩʦʚ. ʇʝʨʝʜ ʥʘʯʘʣʦʤ 
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ʨʘʙʦʪʳ ʩʧʝʮʠʘʣʴʥʦʝ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʨʘʜʠʫʩ ʨʦʣʠʢʘ. 

ʉʠʩʪʝʤʘ ʧʦʩʪʨʦʝʥʘ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʯʠʩʣʦ ʠʤʧʫʣʴʩʦʚ ʵʥʢʦʜʝʨʘ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʣʠʥʝʡʥʦʤʫ ʧʝʨʝʤʝʱʝʥʠʶ ʦʧʦʨʳ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʜʠʘʤʝʪʨʘ 

ʢʦʣʝʩʘ. ʀʩʭʦʜʷ ʠʟ ʨʘʟʥʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʡ ʦʧʦʨ ʢʨʘʥʘ, ʬʦʨʤʠʨʫʝʪʩʷ 

ʢʦʨʨʝʢʪʠʨʫʶʱʠʡ ʩʠʛʥʘʣ, ʢʦʪʦʨʳʡ ʚʳʯʠʪʘʝʪʩʷ ʠʟ ʩʠʛʥʘʣʘ ʟʘʜʘʥʠʷ ʩʢʦʨʦʩʪʠ 

ʦʧʝʨʝʞʘʶʱʝʡ ʦʧʦʨʳ ʠ ʩʫʤʤʠʨʫʝʪʩʷ ʩ ʩʠʛʥʘʣʦʤ ʟʘʜʘʥʠʷ ʩʢʦʨʦʩʪʠ ʦʪʩʪʘʶʱʝʡ 

ʦʧʦʨʳ. ʇʨʠ ʜʘʥʥʦʤ ʧʦʜʭʦʜʝ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʣʠʥʝʡʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ 

ʦʧʦʨʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʯʥʦʩʪʴʶ ʥʘʭʦʞʜʝʥʠʷ ʨʘʜʠʫʩʘ ʧʨʠʞʠʤʥʦʛʦ ʨʦʣʠʢʘ. 

ʋʯʠʪʳʚʘʷ ʦʩʦʙʝʥʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ ʫʩʪʨʦʡʩʪʚʘ (ʧʨʫʞʠʥʘ, ʩʦʣʝʥʦʠʜ, ʨʝʦʩʪʘʪ, 

ʧʦʜʚʠʞʥʳʡ ʢʦʥʪʘʢʪ), ʩʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʜʦʙʠʪʴʩʷ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ 

ʠʟʤʝʨʝʥʠʷ ʥʝʧʨʦʩʪʦ. ʇʦʛʨʝʰʥʦʩʪʴ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʧʨʠʚʝʜʝʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʦʰʠʙʢʠ ʠ ʧʝʨʝʢʦʩʫ. 

ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʜʣʷ 

ʦʛʨʘʥʠʯʝʥʠʷ ʧʝʨʝʢʦʩʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʢʦʩʚʝʥʥʳʭ ʚʝʣʠʯʠʥʘʭ 

(ʩʢʦʨʦʩʪʴ, ʧʝʨʝʤʝʱʝʥʠʝ), ʢʦʪʦʨʳʝ ʥʝ ʦʧʨʝʜʝʣʷʶʪ ʦʜʥʦʟʥʘʯʥʦ ʧʦʣʦʞʝʥʠʝ 

ʢʨʘʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʝʣʴʩʦʚ. ʇʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʧʨʠ ʜʚʠʞʝʥʠʠ ʢʨʘʥʘ, 

ʚʝʩʴʤʘ ʩʣʦʞʥʳ ʠ ʦʙʫʩʣʦʚʣʝʥʳ ʤʥʦʛʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʫʯʝʩʪʴ ʢʦʪʦʨʳʝ ʧʨʠ 

ʠʟʤʝʨʝʥʠʠ ʢʦʩʚʝʥʥʳʭ ʚʝʣʠʯʠʥ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ, - ʵʪʦ ʢʨʠʚʠʟʥʘ 

ʨʝʣʴʩʦʚ, ʥʘʯʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʢʨʘʥʘ ʠ ʪ.ʜ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʪʘʢʠʝ ʩʠʩʪʝʤʳ 

ʥʝ ʨʝʘʛʠʨʫʶʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʠ ʥʘ ʧʝʨʝʢʦʩ, ʥʠ ʥʘ ʧʦʧʝʨʝʯʥʦʝ ʩʤʝʱʝʥʠʝ 

ʤʦʩʪʘ. 

ʀʟʚʝʩʪʥʳ ʩʠʩʪʝʤʳ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʬʠʢʩʠʨʫʶʱʠʝ ʧʝʨʝʢʦʩ ʢʨʘʥʘ ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʝʛʦ ʢʦʨʨʝʢʮʠʝʡ [5,6]. ʋʢʘʟʘʥʥʳʝ ʦʛʨʘʥʠʯʠʪʝʣʠ ʩʦʜʝʨʞʘʪ 

ʧʦʨʦʛʦʚʳʝ ʜʘʪʯʠʢʠ ʨʘʟʣʠʯʥʦʛʦ ʧʨʠʥʮʠʧʘ ʜʝʡʩʪʚʠʷ (ʙʝʩʢʦʥʪʘʢʪʥʳʝ, 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʢʦʥʪʘʢʪʥʳʝ), ʩʨʘʙʘʪʳʚʘʶʱʠʝ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʟʘʜʘʥʥʦʛʦ 

ʧʨʝʜʝʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʦʧʦʨʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʝʣʴʩʘ. ɺʳʭʦʜ r ʜʘʪʯʠʢʦʚ 

ʚʢʣʶʯʝʥʳ ʚ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠʚʦʜʘ ʧʝʨʝʜʚʠʞʝʥʠʷ ʢʨʘʥʘ. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʤʙʠʥʘʮʠʠ ʩʨʘʙʦʪʘʚʰʠʭ ʜʘʪʯʠʢʦʚ ʧʨʦʠʩʭʦʜʠʪ 

ʢʦʨʨʝʢʪʠʨʦʚʢʘ, ʟʘʢʣʶʯʘʶʱʘʷʩʷ ʚ ʟʘʤʝʜʣʝʥʠʠ ʟʘʙʝʛʘʶʱʝʡ ʚʧʝʨʝʜ ʦʧʦʨʳ. 

ʆʙʱʠʤ ʥʝʜʦʩʪʘʪʢʦʤ ʩʠʩʪʝʤ [5] ʷʚʣʷʝʪʩʷ ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʧʦʧʝʨʝʯʥʦʤʫ 

ʩʤʝʱʝʥʠʶ ʢʨʘʥʘ, ʘ ʪʘʢʞʝ ʩʣʦʞʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʜʘʪʯʠʢʦʚ. ʅʝʜʦʩʪʘʪʢʘʤʠ 

ʫʩʪʨʦʡʩʪʚʘ [6] ʷʚʣʷʶʪʩʷ ʥʠʟʢʘʷ ʥʘʜʝʞʥʦʩʪʴ ʠʟ-ʟʘ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ 

ʢʦʤʤʫʪʘʮʠʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʘʩʠʥʭʨʦʥʥʳʭ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʩ ʬʘʟʥʳʤ ʨʦʪʦʨʦʤ, ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʚ 

ʨʝʟʠʩʪʦʨʘʭ, ʢʦʨʨʝʢʮʠʷ ʧʝʨʝʢʦʩʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʣʴʢʦ ʦʜʥʦʛʦ ʠʟ ʨʝʣʴʩʦʚ 

ʧʦʜʢʨʘʥʦʚʦʛʦ ʧʫʪʠ. ɺ ʚʳʙʨʘʥʥʦʤ ʚʘʨʠʘʥʪʝ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʧʝʨʝʜʚʠʞʝʥʠʷ ʢʦʟʣʦʚʦʛʦ ʢʨʘʥʘ  

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʥʝʧʨʝʨʳʚʥʘʷ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʧʦʣʦʞʝʥʠʷ ʤʦʩʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʨʝʣʴʩʦʚ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʠʩʢʣʶʯʠʪʴ ʢʦʥʪʘʢʪ ʨʝʙʦʨʜ ʢʨʘʥʦʚʳʭ ʢʦʣʝʩ ʩ 

ʨʝʣʴʩʘʤʠ ʚʦ ʚʩʝʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʢʨʘʥʘ. 

ʈʘʩʯʝʪ ʤʦʱʥʦʩʪʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʠ ʚʳʙʦʨ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʧʦ 

ʢʘʪʘʣʦʛʫ.  
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ʆʧʨʝʜʝʣʠʤ ʨʘʩʯʝʪʥʦʝ ʫʩʢʦʨʝʥʠʝ ʜʣʷ ʤʝʭʘʥʠʟʤʦʚ ʧʝʨʝʜʚʠʞʝʥʠʷ ʠʣʠ 

ʧʦʚʦʨʦʪʘ ʩ ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ: 

ὥ
ωȢυυÖὓὨÖὺ

ὐ̏ ̂Ö̚ὲ
πȟρχυ ̍Ⱦ̒ ȟ 

ʛʜʝ ὓὨ ʜʠʥʘʤʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʜʚʠʛʘʪʝʣʷ ʧʨʠ ʧʫʩʢʝ. 

ὖ
πȟφφ

ρ

Ὃ ὗ Ͻὺ Ͻὥ

ρπϽπȟψχρ

ὖ

ρȟχυ
πȟφφ

ρ

τππππρφπππϽςϽπȟρχυ

ρπϽπȟψχρ
ωȟπς ςυȟρυ̋ˏ̓Ȣ 

 

ʇʦ ʪʘʙʣ.6.2. [1,c192] Ὧ ʜʣʷ ʜʘʥʥʳʭ ʫʩʣʦʚʠʡ ʨʘʚʥʦ 0,7 . 

ὖ
ὖ

Ὧ

ρυȟτχυ

πȟχ
ςςȟρρ ̋ˏȢ̓ 

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ὖʦʢʘʟʘʣʘʩʴ ʙʦʣʴʰʝ ὖ , ʚʳʙʦʨ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ 

ʧʨʦʠʟʚʝʜʝʤ ʧʦ ὖ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʘʪʘʣʦʛʦʤ ʢʨʘʥʦʚʳʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ [1] ʚʳʙʠʨʘʝʪʩʷ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ: 

ɼʚʠʛʘʪʝʣʴ - 4ʄʊʂ200LB6,ʤʦʱʥʦʩʪʴ - 30ʢɺʪ,ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʠ - 945 

ʦʙ/ʤʠʥ. 

ʋʧʨʦʱʝʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʧʝʨʝʢʦʩʘ ʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʤʝʱʝʥʠʷ ʤʦʩʪʘ 

ʢʦʟʣʦʚʦʛʦ ʢʨʘʥʘ: 

î
î
í

îî
ì

ë

-
=

+=

Bdt

d

dt

dy

)(2

sin)(
2

1

12

21

uua

auu

 

ʛʜʝ aaºsin ,a - ʫʛʦʣ ʧʝʨʝʢʦʩʘ; y- ʨʘʩʩʪʦʷʥʠʝ ʧʦʧʝʨʝʯʥʦʛʦ 

ʩʤʝʱʝʥʠʷ; B  - ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʦʧʦʨʘʤʠ; 1u- ʩʢʦʨʦʩʪʴ 1 ʦʧʦʨʳ; 2u  - 

ʩʢʦʨʦʩʪʴ 2 ʦʧʦʨʳ. 

ʄʦʜʝʣʴ ʕʇ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ 1. 
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ʈʠʩ. 1. ʄʦʜʝʣʴ ʕʇ ʤʦʩʪʘ ʢʨʘʥʘ ʩ ʨʘʟʜʝʣʴʥʳʤ ʧʨʠʚʦʜʦʤ ʦʧʦʨ 

ɺ ʢʘʯʝʩʪʚʝ ʧʝʨʝʢʦʩʘ ʟʘʜʘʜʠʤ a=0,5, ʧʦʧʝʨʝʯʥʦʛʦ ʩʤʝʱʝʥʠʷ y =0,1ʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ: 
 

 

ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʤʝʱʝʥʠʷ ʦʪ ʚʨʝʤʝʥʠ 
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ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ ʫʛʣʘ ʧʝʨʝʢʦʩʘ ʦʪ ʚʨʝʤʝʥʠ 

ʇʦʚʪʦʨʠʤ ʦʧʳʪ ʧʨʠ a=0,2 ʨʘʜ y =0,3 ʤ. 

 

ʈʠʩ. 4. ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʤʝʱʝʥʠʷ ʦʪ ʚʨʝʤʝʥʠ 
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ʈʠʩ. 5. ɿʘʚʠʩʠʤʦʩʪʴ ʫʛʣʘ ʧʝʨʝʢʦʩʘ ʦʪ ʚʨʝʤʝʥʠ 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ: 

1. ʇʝʨʝʢʦʩ ʢʨʘʥʘ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʥʝʠʟʙʝʞʝʥ ʠ ʚʦʟʥʠʢʘʝʪ ʧʦʩʪʦʷʥʥʦ. 

ɼʘʞʝ ʝʩʣʠ ʧʨʝʥʝʙʨʝʯʴ ʨʘʟʙʨʦʩʦʤ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʠ 

ʧʝʨʝʜʘʪʦʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʦʧʦʨ, ʥʘʛʨʫʟʢʘ ʥʘ ʥʠʭ ʙʫʜʝʪ 

ʨʘʟʥʦʡ ʠʟ-ʟʘ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʦʥʩʪʨʫʢʮʠʠ ʢʦʟʣʦʚʳʭ ʢʨʘʥʦʚ.  

2. ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʤʝʱʝʥʠʷ ʧʝʨʝʢʦʩ 

ʥʝʩʢʦʣʴʢʦ ʩʥʠʞʘʝʪʩʷ. ʆʜʥʘʢʦ ʜʘʣʴʥʝʡʰʝʝ ʜʚʠʞʝʥʠʝ ʢʨʘʥʘ ʧʨʠ ʵʪʦʤ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʪʨʝʥʠʝʤ ʨʝʙʦʨʜ ʦ ʨʝʣʴʩʳ, ʪ. ʝ. ʙʝʩʧʝʨʝʢʦʩʥʦʝ ʜʚʠʞʝʥʠʝ ʥʝ 

ʤʦʞʝʪ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʦʪʩʫʪʩʪʚʠʝ ʢʦʥʪʘʢʪʘ. ɼʣʷ ʧʦʣʥʦʛʦ ʢʦʥʪʨʦʣʷ ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ ʪʘʢʞʝ ʠ ʧʦʧʝʨʝʯʥʦʝ ʩʤʝʱʝʥʠʝ. 

3. ʇʨʝʜʣʘʛʘʝʤʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʦʛʨʘʥʠʯʠʪʴ ʥʘʛʨʫʟʢʠ ʥʘ 

ʭʦʜʦʚʫʶ ʯʘʩʪʴ ʢʦʟʣʦʚʦʛʦ ʢʨʘʥʘ ʧʫʪʝʤ ʧʦʣʥʦʛʦ ʠʩʢʣʶʯʝʥʠʷ ʢʦʥʪʘʢʪʘ ʨʝʙʦʨʜ ʩ 

ʨʝʣʴʩʘʤʠ. ʂʦʨʨʝʢʮʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʢʘʢ ʧʦ ʧʝʨʝʢʦʩʫ, ʪʘʢ ʠ ʧʦ ʧʦʧʝʨʝʯʥʦʤʫ 

ʩʤʝʱʝʥʠʶ. ʇʨʠ ʵʪʦʤ ʪʘʢʞʝ ʫʯʠʪʳʚʘʝʪʩʷ ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʢʨʘʥʘ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʢʦʨʨʝʢʪʠʨʦʚʢʫ ʧʦʣʦʞʝʥʠʷ ʢʨʘʥʘ ʚʦ ʚʩʝʭ ʨʝʞʠʤʘʭ 

ʨʘʙʦʪʳ. 
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʇʈʆʎɽʉʉɸ ʆʉɸɾɼɽʅʀʗ ʏɸʉʊʀʎ                       

ɺ ʕʃɽʂʊʈʆʌʀʃʔʊʈɽ ʉ ʎʀʃʀʅɼʈʀʏɽʉʂʀʄʀ ʆʉɸɼʀʊɽʃʔʅʓʄʀ 

ʕʃɽʂʊʈʆɼɸʄʀ 

ʈʘʩʩʤʦʪʨʝʥ ʚʦʧʨʦʩ ʦʩʘʞʜʝʥʠʷ ʯʘʩʪʠʮ ʚ ʢʦʤʧʘʢʪʥʦʤ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʤ ʬʠʣʴʪʨʝ ʩ ʮʠʣʠʥʜʨʠʯʝʩʢʠʤʠ ʦʩʘʜʠʪʝʣʴʥʳʤʠ 

ʵʣʝʢʪʨʦʜʘʤʠ. 

The problem of particle precipitation in a compact electrostatic filter with 

cylindrical precipitation electrodes is considered. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʡ ʬʠʣʴʪʨ, ʪʨʘʩʩʠʨʦʚʢʘ ʯʘʩʪʠʮ, 

ʦʩʘʜʠʪʝʣʴʥʳʡ ʵʣʝʢʪʨʦʜ, ʢʦʨʦʥʠʨʫʶʱʠʡ ʵʣʝʢʪʨʦʜ. 

Keywords: electrostatic filter, particle tracing, precipitation electrode, corona 

electrode. 

 

ɺ ʫʩʣʦʚʠʷʭ ʩʣʦʞʠʚʰʝʡʩʷ ʢʘʢ ʚ ʈʦʩʩʠʠ, ʪʘʢ ʠ ʚʦ ʚʩʝʤ ʤʠʨʝ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ, ʩʚʷʟʘʥʥʦʡ ʩ ʙʦʣʴʰʠʤ ʦʙʲʝʤʦʤ ʜʳʤʦʚʳʭ ʚʳʙʨʦʩʦʚ, 

ʧʦʩʪʫʧʘʶʱʠʭ ʚ ʘʪʤʦʩʬʝʨʫ, ʧʨʠʤʝʥʝʥʠʝ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʬʠʣʴʪʨʦʚ ʜʣʷ ʠʭ 

ʦʯʠʩʪʢʠ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʥʘ ʢʨʫʧʥʳʭ ʢʦʪʝʣʴʥʳʭ ʠ ʊʕʎ, ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ 

ʜʝʥʴ ʷʚʣʷʝʪʩʷ ʚʦʧʨʦʩʦʤ ʨʷʜʦʚʳʤ. ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʚʦʧʨʦʩʘ ʚʳʙʨʦʩʦʚ ʦʪ 

ʜʨʫʛʠʭ ʠʩʪʦʯʥʠʢʦʚ ʟʘʛʨʷʟʥʝʥʠʷ, ʢ ʧʨʠʤʝʨʫ, ʦʪ ʢʦʪʝʣʴʥʳʭ ʤʘʣʦʡ ʠ ʩʨʝʜʥʝʡ 

ʤʦʱʥʦʩʪʠ, ʦʜʥʦʟʥʘʯʥʦʛʦ ʦʪʚʝʪʘ ʧʦ ʩʦʢʨʘʱʝʥʠʶ ʧʦʜʦʙʥʳʭ ʚʳʙʨʦʩʦʚ ʥʘ 
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ʩʝʛʦʜʥʷ ʥʝʪ. ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʚʩʶ ʩʣʦʞʥʦʩʪʴ ʜʘʥʥʦʡ ʩʠʪʫʘʮʠʠ, 

ʘʚʪʦʨʘʤʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʢʦʥʩʪʨʫʢʮʠʷ ʢʦʤʧʘʢʪʥʦʛʦ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʬʠʣʴʪʨʘ [1], ʥʝ ʪʨʝʙʫʶʱʝʛʦ ʟʥʘʯʠʪʝʣʴʥʳʭ ʚʣʦʞʝʥʠʡ 

ʧʨʠ ʤʦʥʪʘʞʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʥʦ ʧʦʟʚʦʣʷʶʱʝʛʦ ʦʢʘʟʘʪʴ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʚʣʠʷʥʠʝ ʚ ʜʘʥʥʦʤ ʚʦʧʨʦʩʝ. ʇʨʠʤʝʥʝʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʬʠʣʴʪʨʘ ʧʦʟʚʦʣʠʪ 

ʩʦʢʨʘʪʠʪʴ ʚʳʙʨʦʩʳ ʦʪ ʢʦʪʝʣʴʥʳʭ ʩʨʝʜʥʝʡ ʠ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ, ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʜʣʷ ʦʪʦʧʣʝʥʠʷ ʰʢʦʣ, ʙʦʣʴʥʠʮ ʠ ʧʨʦʯʠʭ ʤʫʥʠʮʠʧʘʣʴʥʳʭ 

ʦʙʲʝʢʪʦʚ, ʧʨʠ ʵʪʦʤ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʤ ʦʙʲʝʤʦʤ 

ʚʳʙʨʦʩʦʚ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʣʘʛʘʝʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ 

ʬʠʣʴʪʨʘ, ʧʨʦʮʝʩʩʦʚ ʦʩʘʞʜʝʥʠʷ ʠ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ʚ ʜʘʥʥʦʤ ʬʠʣʴʪʨʝ 

ʧʨʠʤʝʥʷʣʩʷ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ AnSys. ʇʣʶʩʘʤʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦʡ 

ʧʨʦʛʨʘʤʤʳ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʠʟʫʘʣʴʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ ʧʨʦʮʝʩʩʘ 

ʪʨʘʩʩʠʨʦʚʢʠ ʯʘʩʪʠʮ ʯʝʨʝʟ ʠʩʩʣʝʜʫʝʤʫʶ ʢʦʥʩʪʨʫʢʮʠʶ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ 

ʬʠʣʴʪʨʘ. ʇʨʠ ʵʪʦʤ ʦʪʦʙʨʘʞʘʝʪʩʷ ʚʣʠʷʥʠʝ ʥʘ ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ ʪʘʢʠʭ ʬʘʢʪʦʨʦʚ, 

ʢʘʢ ʩʢʦʨʦʩʪʠ ʧʨʦʧʫʩʢʘʝʤʦʛʦ ʧʦʪʦʢʘ, ʚʝʣʠʯʠʥʘ ʧʦʜʘʚʘʝʤʦʛʦ ʥʘ ʵʣʝʢʪʨʦʜʳ 

ʥʘʧʨʷʞʝʥʠʷ, ʤʘʩʩʳ ʠ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʧʨʦʧʫʩʢʘʝʤʦʤ 

çʜʳʤʦʚʦʤè ʧʦʪʦʢʝ [2]. 

ʇʨʦʮʝʩʩ ʨʘʙʦʪʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ 

ʬʠʣʴʪʨʘ ʘʥʘʣʦʛʠʯʝʥ ʧʨʦʮʝʩʩʘʤ ʨʘʙʦʪʳ ʧʨʦʤʳʰʣʝʥʥʳʭ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ 

ʬʠʣʴʪʨʦʚ ʠ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʦʩʘʞʜʝʥʠʠ ʯʘʩʪʠʮ ʩʘʞʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʚʳʩʦʢʠʤ ʥʘʧʨʷʞʝʥʠʝʤ, ʧʦʜʘʥʥʳʤ ʥʘ 

ʝʛʦ ʵʣʝʢʪʨʦʜʳ. ʆʩʥʦʚʥʳʤ ʦʪʣʠʯʠʝʤ ʜʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʷʚʣʷʝʪʩʷ 

ʧʨʠʤʝʥʝʥʠʝ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʦʩʘʜʠʪʝʣʴʥʳʭ ʵʣʝʢʪʨʦʜʦʚ (ʎʆʕ), ʚʳʧʦʣʥʝʥʥʳʭ 

ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʨʘʱʝʥʠʷ. ʇʨʦʮʝʩʩ ʚʨʘʱʝʥʠʷ ʦʩʘʜʠʪʝʣʴʥʳʭ ʵʣʝʢʪʨʦʜʦʚ 

ʧʦʟʚʦʣʷʝʪ ʥʝʧʨʝʨʳʚʥʦ ʫʜʘʣʷʪʴ ʦʩʝʚʰʠʝ ʯʘʩʪʠʮʳ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʥʘʣʠʯʠʝ 

ʯʠʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʘʢʪʠʚʥʦʡ ʟʦʥʝ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʬʠʣʴʪʨʘ. ʆʩʝʚʰʠʝ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʵʣʝʢʪʨʦʜʘ ʯʘʩʪʠʮʳ (ʨʠʩ. 1) ʧʨʠ ʝʛʦ 

ʚʨʘʱʝʥʠʠ ʧʝʨʝʤʝʱʘʶʪʩʷ ʚ ʦʪʚʦʜʷʱʠʝ ʨʫʢʘʚʘ, ʛʜʝ ʤʝʭʘʥʠʯʝʩʢʠ ʫʜʘʣʷʶʪʩʷ ʠ 

ʩʦʙʠʨʘʶʪʩ ̫ ʚ ʦʪʩʪʦʡʥʠʢʝ, ʦʯʠʱʝʥʥʘʷ ʧʨʠ ʵʪʦʤ ʧʦʚʝʨʭʥʦʩʪʴ ʦʩʘʞʜʝʥʠʷ 

ʵʣʝʢʪʨʦʜʘ ʚʥʦʚʴ ʦʢʘʟʳʚʘʝʪʩʷ ʚ ʘʢʪʠʚʥʦʡ ʟʦʥʝ ʬʠʣʴʪʨʘ ʠ ʧʨʦʮʝʩʩ ʧʦʚʪʦʨʷʝʪʩʷ.  
 

 

ʈʠʩ. 1. ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʦʩʘʞʜʝʥʠʷ ʯʘʩʪʠʮ 
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ʅʘ ʯʘʩʪʠʮʳ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʜʚʠʞʝʥʠʷ ʚ ʬʠʣʴʪʨʝ ʦʢʘʟʳʚʘʶʪ ʜʝʡʩʪʚʠʝ ʨʷʜ 

ʩʠʣ: Fʂʃ - ʩʠʣʘ ʂʫʣʦʥʘ; Fɸ - ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʩʠʣʘ; Fg -ʩʠʣʘ ʪʷʞʝʩʪʠ; FC - 

ʩʠʣʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʚ ʥʝʢʦʪʦʨʦʡ ʩʪʝʧʝʥʠ; Fʕɺ - ʩʠʣʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʚʝʪʨʘ 

[2]. 

ʇʨʦʚʦʜʷ ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʦʩʘʞʜʝʥʠʷ ʯʘʩʪʠʮ ʚ 

ʧʨʝʜʣʘʛʘʝʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʬʠʣʴʪʨʘ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ ʥʝʩʢʦʣʴʢʦ 

ʜʦʧʫʱʝʥʠʡ: 

ï ʟʘʨʷʜ, ʧʦʣʫʯʘʝʤʳʡ ʯʘʩʪʠʮʘʤʠ, ʦʜʠʥʘʢʦʚ; 

ï ʩʠʣʘ ʪʷʞʝʩʪʠ ʥʘ ʯʘʩʪʠʮʳ ʥʝ ʜʝʡʩʪʚʫʝʪ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʯʘʩʪʠʮʳ çʩʘʞʠè 

m1, ʜʚʠʛʘʶʱʠʝʩʷ ʚ çʜʳʤʦʚʦʤè ʧʦʪʦʢʝ ʙʣʠʞʝ ʢ  ʎʆʕ, ʯʘʩʪʠʯʥʦ 

ʧʝʨʝʢʨʳʚʘʶʱʝʤʫ ʧʫʪʴ ʜʘʥʥʦʤʫ ʧʦʪʦʢʫ, ʦʩʝʜʘʶʪ ʧʝʨʚʳʤʠ, ʯʘʩʪʠʮʳ m2, 

ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʯʘʩʪʠ ʧʦʪʦʢʘ ʥʝ ʧʝʨʝʢʨʳʚʘʝʤʦʤ ʎʆʕ, ʠʟʤʝʥʷʶʪ ʪʨʘʝʢʪʦʨʠʶ 

ʩʚʦʝʛʦ ʜʚʠʞʝʥʠʷ ʠ ʧʨʦʜʦʣʞʘʶʪ ʝʛʦ, ʥʦ ʫʞʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʦʟʜʘʚʘʝʤʦʛʦ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ. ɿʘʚʠʩʠʤʦʩʪʴ ʦʩʘʞʜʝʥʠʷ ʯʘʩʪʠʮ ʚ ʜʘʥʥʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ ʦʪ ʚʨʝʤʝʥʠ, ʩʢʦʨʦʩʪʠ ʠ ʤʘʩʩʳ ʯʘʩʪʠʮ ʘʚʪʦʨʘʤʠ ʫʞʝ ʦʮʝʥʠʚʘʣʘʩʴ 

[2]. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʫʣʫʯʰʠʪʴ 

ʦʩʘʞʜʝʥʠʝ ʯʘʩʪʠʮ ʧʨʠ ʠʩʧʦʣʥʝʥʠʠ, ʢʦʛʜʘ ʟʘʜʝʡʩʪʚʦʚʘʥ 1-ʎʆʕ ʠ 1ï

ʢʦʨʦʥʠʨʫʶʱʠʡ ʵʣʝʢʪʨʦʜ (ʂ1), ʚʦʟʤʦʞʥʦ ʧʦʚʳʰʝʥʠʝʤ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ ʠ 

ʩʥʠʞʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʧʨʦʧʫʩʢʘʝʤʦʛʦ ʧʦʪʦʢʘ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ 

ʘʥʘʣʠʟʘ, ʯʘʩʪʠʮʳ, ʧʨʦʣʝʪʘʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ ʟʘʟʦʨ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ, 

ʠʟʤʝʥʷʶʪ ʪʨʘʝʢʪʦʨʠʶ ʩʚʦʝʛʦ ʜʚʠʞʝʥʠʷ, ʢʨʘʪʢʦʚʨʝʤʝʥʥʦ ʧʨʦʜʦʣʞʘʷ 

ʜʚʠʛʘʪʴʩʷ ʚʜʦʣʴ ʧʦʚʝʨʭʥʦʩʪʠ ʎʆʕ (ʨʠʩ. 2 ʘ). ʋʣʫʯʰʠʪʴ ʦʩʘʞʜʝʥʠʝ ʯʘʩʪʠʮ ʥʘ 

ʜʘʥʥʦʤ ʵʪʘʧʝ ʚʦʟʤʦʞʥʦ, ʧʦʤʠʤʦ ʧʦʚʳʰʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ, ʪʘʢʞʝ 

ʧʫʪʝʤ ʫʚʝʣʠʯʝʥʠʷ ʯʠʩʣʘ ʢʦʨʦʥʠʨʫʶʱʠʭ ʵʣʝʢʪʨʦʜʦʚ (ʂ2 ʠ ʂ3) ʚʜʦʣʴ ʜʘʥʥʦʡ 

ʦʩʘʜʠʪʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʨʠʩ. 2, ʙ, ʚ). 
 

 

ʈʠʩ. 2. ʊʨʘʩʩʠʨʦʚʢʘ ʠ ʦʩʘʞʜʝʥʠʝ ʯʘʩʪʠʮ 
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ISBN 978-5-906967-76-3.  ʉɸʇʈ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʵʣʝʢʪʨʦʥʠʢʝ. ɹʨʷʥʩʢ, 2017. 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʘʥʥʳʭ, ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʜʘʥʥʳʡ 

ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ, ʧʨʠʤʝʥʷʝʤʳʡ ʧʨʠ ʨʝʰʝʥʠʠ ʧʦʜʦʙʥʳʭ ʟʘʜʘʯ, 

ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʧʦʣʝʟʥʳʤ ʠ ʠʥʬʦʨʤʘʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ, ʜʦʩʪʦʚʝʨʥʦʩʪʴ 

ʧʦʢʘʟʘʪʝʣʝʡ ʢʦʪʦʨʦʛʦ ʧʦʜʪʚʝʨʞʜʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ 

[3]. ɼʘʥʥʳʝ, ʧʦʣʫʯʘʝʤʳʝ ʧʨʠ ʢʦʤʧʴʶʪʝʨʥʦʤ ʘʥʘʣʠʟʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ ʵʣʝʢʪʨʦʬʠʣʴʪʨʘ, ʧʦʜʪʚʝʨʞʜʘʶʪ ʝʛʦ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʠ ʤʦʛʫʪ 

ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʠ ʦʯʠʩʪʢʝ ʜʳʤʦʚʳʭ ʚʳʙʨʦʩʦʚ ʢʦʪʝʣʴʥʳʭ.  
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This paper describes the synthesis of a mathematical model of the 

Autonomous voltage inverter, also the results of modeling in the software package 

Matlab/Simulink. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɸʀʅ, ʦʧʦʨʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʫʧʨʘʚʣʷʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ. 

Keywords: the Autonomous voltage inverter, the reference voltage, the 

control voltage. 

ɸʚʪʦʥʦʤʥʳʡ ʠʥʚʝʨʪʦʨ ï ʵʪʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʚ 

ʦʜʥʦʬʘʟʥʳʡ ʠʣʠ ʤʥʦʛʦʬʘʟʥʳʡ ʧʝʨʝʤʝʥʥʳʡ ʪʦʢ, ʯʘʩʪʦʪʘ ʢʦʪʦʨʦʛʦ 
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ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ, ʘ ʚʝʣʠʯʠʥʘ ʠ ʬʦʨʤʘ ʚʳʭʦʜʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʭʘʨʘʢʪʝʨʘ ʠ ʧʘʨʘʤʝʪʨʦʚ ʥʘʛʨʫʟʢʠ.  

ʅʘ ʚʭʦʜʝ ɸʀʅ ʜʝʡʩʪʚʫʝʪ ʠʩʪʦʯʥʠʢ ʕɼʉ, ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʚʳʭʦʜʝ 

ʚʝʥʪʠʣʴʥʦʡ ʛʨʫʧʧʳ ʧʨʷʤʦʫʛʦʣʴʥʦʝ, ʘ ʬʦʨʤʘ ʪʦʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʦʤ 

ʥʘʛʨʫʟʢʠ. ʅʘʧʨʷʞʝʥʠʝ ʥʘ ʥʘʛʨʫʟʢʝ ʧʝʨʝʢʣʶʯʘʝʪʩʷ ʤʛʥʦʚʝʥʥʦ, ʧʦʵʪʦʤʫ 

ʥʘʛʨʫʟʢʘ ʤʦʞʝʪ ʙʳʪʴ ʘʢʪʠʚʥʦʡ ʠʣʠ ʘʢʪʠʚʥʦ-ʠʥʜʫʢʪʠʚʥʦʡ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ (ʨʠʩ.1) ʬʦʨʤʠʨʫʝʪ ʦʧʦʨʥʦʝ ʧʠʣʦʦʙʨʘʟʥʦʝ 

ʥʘʧʨʷʞʝʥʠʝ ʠ ʫʧʨʘʚʣʷʶʱʝʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʨʘʚʥʝʥʠʷ ʢʦʪʦʨʳʭ ʬʦʨʤʠʨʫʝʪʩʷ 

ʐʀʄ-ʩʠʛʥʘʣ. 

ʅʘʧʨʷʞʝʥʠʝ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʢʦʥʪʫʨʘ ɸʀʅ  200 ɺ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʠʤʧʫʣʴʩʘ ʧʦʣʫʯʘʝʪʩʷ ʦʛʨʘʥʠʯʝʥʠʝʤ 

ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʩʠʛʥʘʣʘ ʙʦʣʴʰʦʡ ʘʤʧʣʠʪʫʜʳ. 

Ὗ̎ ̆̒ Ὗ ίὭὲʖ̎ ̆Ö̒ὸ ρππππίὭὲʖ̎ ̆Ö̒ὸ 
 

ɽʩʣʠ Ὗ̎ ̆̒ ρȟ̓  ̏Ὗ̐ ̠̑̍ρ . 

ɽʩʣʠ Ὗ̎ ̆̒ ρȟ̓  ̏Ὗ̐ ̠̑̍ ρ. 

ɽʩʣʠ ρ Ὗ̎ ̆̒ ρȟ̓  ̏Ὗ̐ ̠̑̍ Ὗ̎ ̆ȟ̒ 
̜̐̉̌ Ὗ̐ ̠̑̍˟

̎̆Ȣ̒
. 

Ὗ̔ ̐̑́ ʇ̃ίὭὲʖὸ, ʛʜʝ ʇ ρ ï ʛʣʫʙʠʥʘ ʤʦʜʫʣʷʮʠʠ.  

ɻʣʫʙʠʥʘ ʤʦʜʫʣʷʮʠʠ - ʦʩʥʦʚʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʘʤʧʣʠʪʫʜʥʦʡ ʤʦʜʫʣʷʮʠʠ 

- ʦʪʥʦʰʝʥʠʝ ʨʘʟʥʦʩʪʠ ʤʝʞʜʫ ʤʘʢʩʠʤʘʣʴʥʳʤ ʠ ʤʠʥʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤʠ 

ʘʤʧʣʠʪʫʜ ʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʩʠʛʥʘʣʘ ʢ ʩʫʤʤʝ ʵʪʠʭ ʟʥʘʯʝʥʠʡ, ʚʳʨʘʞʝʥʥʦʝ ʚ 

ʧʨʦʮʝʥʪʘʭ. 

 

 

ʈʠʩ. 1. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 3-ʬʘʟʥʦʛʦ ɸʀʅ 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʬʦʨʤʠʨʫʝʪ ʦʧʦʨʥʦʝ ʧʠʣʦʦʙʨʘʟʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʠ 

ʫʧʨʘʚʣʷʶʱʝʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʨʘʚʥʝʥʠʷ ʢʦʪʦʨʳʭ ʬʦʨʤʠʨʫʝʪʩʷ ʐʀʄ-ʩʠʛʥʘʣ. 

ɽʩʣʠ Ὗ̔ ̐̑́ Ὗ̃̐ ̉̌ȟ̜̓  ̏Ὗ̃ ̜̖ ςππȢ 
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ɽʩʣʠ Ὗ̔ ̐̑́ Ὗ̃̐ ̉̌ȟ̜̓  ̏Ὗ̃ ̜̖ ςππȢ 

ʇʦʜʢʣʶʯʠʚ ʢ ʚʳʭʦʜʫ ɸʀʅ RL ʥʘʛʨʫʟʢʫ, ʤ  rʧʨʝʦʙʨʘʟʫʝʤ ʐʀʄ ï ʩʠʛʥʘʣ 

ʚ ʩʠʥʫʩʦʠʜʘʣʴʥʦʝ ʚʳʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ. ʅʘʛʨʫʟʢʘ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ:  
̜̃Ȣ̖́ ́ ́. 

ʋʧʨʘʚʣʷʶʱʠʡ ʩʠʛʥʘʣ ʟʘʜʘʝʪʩʷ ʚ ʬʦʨʤʝ ʩʠʥʫʩʦʠʜʳ ʠ ʦʧʠʩʳʚʘʝʪʩʷ 

ʫʨʘʚʥʝʥʠʝʤ ʪʠʧʘ: Ὗ̔ ̐̑ Ὗ̍ίὭὲʖὸ ʒ,   

ʛʜʝ ű ï ʥʘʯʘʣʴʥʘʷ ʬʘʟʘ.  

 

ʈʠʩ. 2. ʇʦʜʩʠʩʪʝʤʘ, ʬʦʨʤʠʨʫʶʱʘʷ ʫʧʨʘʚʣʷʶʱʠʡ ʩʠʛʥʘʣ ʬʘʟʳ ɺ 

 

 

ʈʠʩ. 3. ʉʨʘʚʥʝʥʠʝ ʫʧʨʘʚʣʷʶʱʝʛʦ ʠ ʦʧʦʨʥʦʛʦ ʩʠʛʥʘʣʦʚ, ʐʀʄ - ʩʠʛʥʘʣ 
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ʈʠʩ. 4. ʅʘʧʨʷʞʝʥʠʝ ʥʘʛʨʫʟʢʠ ʧʨʠ ʟʘʜʘʥʥʦʡ ʯʘʩʪʦʪʝ ʢʦʤʤʫʪʘʮʠʠ 

ʀʟ ʛʨʘʬʠʢʘ (ʨʠʩ.4) ʚʠʜʥʦ, ʯʪʦ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʠʤʝʝʪ ʛʘʨʤʦʥʠʯʝʩʢʠʝ 

ʠʩʢʘʞʝʥʠʷ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʩʛʣʘʜʠʪʴ ʩʠʛʥʘʣ, ʥʝʦʙʭʦʜʠʤʦ 

ʧʦʚʳʩʠʪʴ ʥʝʩʫʱʫʶ ʯʘʩʪʦʪʫ, ʪʦ ʝʩʪʴ ʯʘʩʪʦʪʫ ʢʦʤʤʫʪʘʮʠʠ ʢʣʶʯʝʡ. 

 

ʈʠʩ. 5. ɺʳʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʥʘʛʨʫʟʢʠ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ ʯʘʩʪʦʪʝ  

ʢʦʤʤʫʪʘʮʠʠ ʥʘ 3 ʧʦʨʷʜʢʘ 

ʊʘʢʞʝ ʥʘ ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʠʩʢʘʞʝʥʠʷ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʠ ʝʛʦ ʘʤʧʣʠʪʫʜʫ 

ʚʣʠʷʝʪ ʚʝʣʠʯʠʥʘ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʥʘʛʨʫʟʢʠ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʩʥʦʚʥʳʤ ʧʨʠʥʮʠʧʘʤ ʨʘʙʦʪʳ 3-ʬʘʟʥʦʛʦ ɸʀʅ. 
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʇʈʆʎɽʉʉʆɺ ʊɽʇʃʆʄɸʉʉʆʇɽʈɽʅʆʉɸ 

ʉʍɽʄʆʊɽʍʅʀʏɽʉʂʀʄ ʄɽʊʆɼʆʄ 

ʆʧʠʩʘʥ ʧʨʠʥʮʠʧ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʧʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʤʘʩʩʦʧʝʨʝʥʦʩʘ ʧʨʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʤ ʥʘʛʨʝʚʝ. 

In the article the principle of using the circuit method for studying the 

processes of heat and mass transfer for dielectric heating was studied. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʉɺʏ ʩʫʰʢʘ, ʪʝʧʣʦʤʘʩʩʦʧʝʨʝʥʦʩ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ, 

LTSpice. 

Keywords: microwave drying, heat and mass transfer, simulation, LTSpice. 

ʀʥʪʝʨʝʩʥʳʤ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʉɺʏ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʜʠʣɻʝʢʪʨʠʢʦʚ 

ʷʚʣʷʝʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʤʝʪʦʜ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ (ʤʝʪʦʜ 

ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ) [1,2]. 

ʇʨʠ ʪʘʢʦʤ ʩʧʦʩʦʙʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʙʦʯʘʷ ʢʘʤʝʨʘ ʩ ʧʦʤʝʱʝʥʥʳʤ ʚ ʥʝʝ 

ʦʙʲʝʢʪʦʤ ʦʙʨʘʟʫʶʪ ʝʜʠʥʫʶ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ. ʇʨʦʮʝʩʩ ʥʘʛʨʝʚʘ ʠ 

ʩʫʰʢʠ ʦʙʲʝʢʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʦʜʘʯʠ ʵʥʝʨʛʠʠ ʚ ʵʪʫ ʩʠʩʪʝʤʫ.  

ɺ ʨʘʙʦʪʝ [2] ʜʦʢʘʟʘʥʘ ʢʦʨʨʝʢʪʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʦʛʦ ʤʝʪʦʜʘ ʜʣʷ 

ʩʠʤʫʣʷʮʠʠ ʩʫʰʢʠ ʜʠʵʣʝʢʪʨʠʢʘ ʚ ʉɺʏ-ʢʘʤʝʨʝ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʜʣʷ 

ʨʝʰʝʥʠʷ ʠʥʞʝʥʝʨʥʳʭ ʟʘʜʘʯ, ʥʝ ʪʨʝʙʫʶʱʠʭ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʣʝʡ ʚ ʦʙʲʝʢʪʝ. ʆʜʥʠʤ ʠʟ 

ʧʨʝʠʤʫʱʝʩʪʚ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʥʝʙʨʝʯʴ ʩʚʝʜʝʥʠʷʤʠ 

ʦʙ ʠʟʤʝʥʝʥʠʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʙʲʝʢʪʘ ʚ ʧʨʦʮʝʩʩʝ ʩʫʰʢʠ (ʯʪʦ 

ʯʘʩʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʝʨʴʝʟʥʫ ʁʧʨʦʙʣʝʤʫ).  

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʠʩʪʝʤʳ ʦʧʠʩʳʚʘʝʪ ʧʦʚʝʜʝʥʠʝ ʧʦʪʦʢʦʚ ʵʥʝʨʛʠʠ 

ʠ ʤʘʩʩʳ ʚʦʜʳ ʚ ʩʠʩʪʝʤʝ ʠ ʚʢʣʶʯʘʝʪ ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ ʠ 

ʤʘʩʩʦʧʝʨʝʥʦʩʘ (1). ʀʟʤʝʥʝʥʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʙʲʝʢʪʘ ʚ 

ʧʨʦʮʝʩʩʝ ʩʫʰʢʠ ʫʯʠʪʳʚʘʝʪʩʷ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʧʦʛʣʦʱʝʥʠʷ ʠʤ ʵʥʝʨʛʠʠ ʉɺʏ 

[1]. 
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ʛʜʝ Ū1 = ʊ1 ï ʊ0; Ū2 = ʊ2 ï ʊ0 ï ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʥʘʧʦʨʳ ʦʙʲʝʢʪʘ ʠ ʚʦʟʜʫʭʘ 

ʚ ʨʘʙʦʯʝʡ ʢʘʤʝʨʝ. 

ʇʨʠ ʘʥʘʣʠʟʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ, ʦʧʠʩʳʚʘʶʱʝʛʦ ʩʠʩʪʝʤʫ (1), 

ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʠ ʧʨʦʮʝʩʩʳ ʪʝʧʣʦʤʘʩʩʦʧʝʨʝʥʦʩʘ, ʠ ʧʨʦʮʝʩʩʳ ʨʘʙʦʪʳ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʭʝʤ ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʦʜʠʥʘʢʦʚʦʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʬʦʨʤʘʣʠʟʤʝ, 

ʘ ʧʦʪʦʢʠ ʵʥʝʨʛʠʠ ʠʣʠ ʚʝʱʝʩʪʚʘ ʚʝʜʫʪ ʩʝʙʷ ʘʥʘʣʦʛʠʯʥʦ ʪʦʢʘʤ, ʧʨʦʪʝʢʘʶʱʠʤ 

ʯʝʨʝʟ ʵʣʝʤʝʥʪʳ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʭʝʤʳ. ʕʪʘ ʦʩʦʙʝʥʥʦʩʪʴ ʜʝʣʘʝʪ ʩʠʩʪʝʤʫ (1) 

ʠʥʪʝʨʝʩʥʳʤ ʦʙʲʝʢʪʦʤ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʧʦʣʫʯʠʚʰʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ 

ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʨʠʥʮʠʧʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʵʢʚʠʚʘʣʝʥʪʥʳʭ 

ʩʭʝʤ.  

ʉʫʪʴ ʤʝʪʦʜʘ ʠʟʣʦʞʝʥʘ, ʥʘʧʨʠʤʝʨ, ʚ [3, 4]. ʉʦʛʣʘʩʥʦ ʪʝʦʨʝʪʠʯʝʩʢʠʤ 

ʦʩʥʦʚʘʤ ʵʣʝʢʪʨʦ- ʠ ʨʘʜʠʦʪʝʭʥʠʢʠ [5], ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʘʷ ʩʠʩʪʝʤʘ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʤʦʞʝʪ ʦʧʠʩʳʚʘʪʴ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʮʝʧʴ ʩ 

ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʋʢʘʟʘʥʥʘʷ ʬʦʨʤʘʣʠʟʘʮʠʷ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʠʤʝʥʝʥʘ ʠ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʢʠʥʝʪʠʢʠ ʧʨʦʮʝʩʩʘ ʪʝʧʣʦʤʘʩʩʦʧʝʨʝʥʦʩʘ.  

ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ [6], ʤʦʜʝʣʴ ʥʘ ʦʩʥʦʚʝ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʩʭʝʤʳ ʜʣʷ 

ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʤʘʩʩʦʧʝʨʝʥʦʩʘ, ʚ ʢʦʪʦʨʦʡ ʪʦʢʘʤ ʠ ʥʘʧʨʷʞʝʥʠʷʤ ʩʪʘʚʷʪʩʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʤʘʩʩʘ, ʘ ʪʘʢʞʝ ʠʭ ʧʦʪʦʢʠ, ʪʝʢʫʱʠʝ ʤʝʞʜʫ 

ʦʙʲʝʢʪʘʤʠ, ʚʭʦʜʷʱʠʤʠ ʚ ʤʦʜʝʣʠʨʫʝʤʫʶ ʩʠʪʫʘʮʠʶ, ʷʚʣʷʝʪʩʷ ʢʦʨʨʝʢʪʥʦʡ ʩ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʧʦʚʝʜʝʥʠʷ ʩʠʩʪʝʤʳ (1) ʚʳʧʦʣʥʝʥʘ ʝʝ ʩʠʤʫʣʷʮʠʷ ʚ ʩʨʝʜʝ 

LTSpice [7]. ʕʢʚʠʚʘʣʝʥʪʥʳʝ ʩʭʝʤʳ, ʦʧʠʩʳʚʘʶʱʠʝ ʩʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳ (1) ʠ 

ʨʝʟʫʣʴʪʘʪʳ ʩʠʤʫʣʷʮʠʠ, ʧʨʠʚʝʜʝʥʳ ʚ [8]. ɹʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩʠʤʫʣʷʮʠʷ ʧʨʦʮʝʩʩʘ 

ʩʫʰʢʠ ʰʪʘʙʝʣʷ ʜʨʝʚʝʩʠʥʳ ʦʙʲʝʤʦʤ 5ʤ
3
. ʀʩʩʣʝʜʦʚʘʣʠʩʴ ʠʟʤʝʥʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʲʝʢʪʘ ʠ ʝʛʦ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ. ʉʠʤʫʣʷʮʠʷ ʧʦʢʘʟʘʣʘ 

ʘʜʝʢʚʘʪʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʥʝʥʠʷ ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʰʪʘʙʝʣʝ, ʪʘʢ ʠ 

ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ ʚ ʦʙʲʝʢʪʝ ʚ ʧʨʦʮʝʩʩʝ ʩʫʰʢʠ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʥʘʛʨʝʚʘ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 96Üʉ. ʇʦʣʥʦʝ ʚʨʝʤʷ ʩʫʰʢʠ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 120 
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ʯʘʩʦʚ, ʯʪʦ ʚ ʮʝʣʦʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʘʣʴʥʦʡ ʢʠʥʝʪʠʢʝ ʧʨʦʮʝʩʩʘ ʧʨʠ ʪʘʢʦʤ 

ʫʨʦʚʥʝ ʧʦʜʚʦʜʠʤʦʡ ʤʦʱʥʦʩʪʠ.  

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʜʦʙʥʳʭ ʤʦʜʝʣʝʡ ʩʦʩʪʦʠʪ ʚ 

ʧʦʩʪʨʦʝʥʠʠ ʢʦʥʢʨʝʪʠʟʠʨʦʚʘʥʥʳʭ ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʤʦʜʝʣʝʡ, ʜʦʧʫʩʢʘʶʱʠʭ 

ʧʨʠʤʝʥʝʥʠʝ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ ʢʠʥʝʪʠʢʠ ʉɺʏ 

ʪʝʧʣʦʤʘʩʩʦʧʝʨʝʥʦʩʘ, ʥʦ ʠ ʧʦʟʚʦʣʷʶʱʠʭ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʢʠʝ ʤʦʜʝʣʠ ʚ 

ʰʠʨʦʢʦʡ ʠʥʞʝʥʝʨʥʦʡ ʧʨʘʢʪʠʢʝ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ ʉɺʏ 

ʵʣʝʢʪʨʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʨʝʜʳʜʫʱʠʭ ʨʘʙʦʪ [1,2], 

ʩʠʤʫʣʷʮʠʷ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʚ ʩʨʝʜʝ, ʚʳʯʠʩʣʠʪʝʣʴʥʦʝ ʷʜʨʦ ʢʦʪʦʨʦʡ ʦʩʥʦʚʘʥʦ 

ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʯʠʩʣʝʥʥʳʭ ʩʭʝʤ ɻʠʨʘ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ ʘʙʩʦʣʶʪʥʫʶ 

ʫʩʪʦʡʯʠʚʦʩʪʴ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʨʝʰʝʥʠʷ ʚ ʟʘʜʘʯʘʭ ʩ ʞʝʩʪʢʠʤ 

ʧʦʚʝʜʝʥʠʝʤ, ʢ ʢʦʪʦʨʳʤ, ʚ ʯʘʩʪʥʦʩʪʠ, ʦʪʥʦʩʷʪʩʷ ʟʘʜʘʯʠ ʪʝʧʣʦʤʘʩʩʦʧʝʨʝʥʦʩʘ 

[9], ʚ ʦʪʣʠʯʠʝ ʦʪ, ʥʘʧʨʠʤʝʨ, ʤʝʪʦʜʘ ʈʫʥʛʝ-ʂʫʪʪʳ.  ɽʱʝ ʦʜʥʠʤ ʥʝʩʦʤʥʝʥʥʳʤ 

ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʠʩʩʣʝʜʦʚʘʪʴ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩʠʩʪʝʤʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʫʩʧʝʰʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʘ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʩʭʝʤ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʪʝʧʣʦʤʘʩʩʦʧʝʨʝʥʦʩʘ ʠ ʢʦʨʨʝʢʪʥʦʩʪʠ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ ʚ ʩʨʝʜʝ LTSpice.  

ʆʜʥʘʢʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʜʦʙʥʦʛʦ ʧʦʜʭʦʜʘ ʥʝʦʙʭʦʜʠʤʦ ʧʦʤʥʠʪʴ, ʯʪʦ 

ʢʦʨʨʝʢʪʥʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʣʝʜʫʝʪ ʧʨʦʚʝʨʷʪʴ ʚʝʨʠʬʠʢʘʮʠʝʡ ʨʝʟʫʣʴʪʘʪʦʚ 

ʩʠʤʫʣʷʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. 
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ʂ.ɺ. ʊʘʪʤʳʰʝʚʩʢʠʡ  

(ʛ. ɺʣʘʜʠʤʠʨ, ɺʣʘʜʠʤʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʠʤʝʥʠ ʉʪʦʣʝʪʦʚʳʭ) 

ʄɸʊɽʄɸʊʀʏɽʉʂʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ 

ʄɽʍɸʅʆʃʖʄʀʅɽʉʎɽʅʊʅʓʍ ʉɽʅʉʆʈʆɺ ʋɼɸʈʅʓʍ 

ɺʆɿɼɽʁʉʊɺʀʁ 

ʈʘʩʩʤʦʪʨʝʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʳʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ 

ʤʝʭʘʥʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʝʥʩʦʨʦʚ ʫʜʘʨʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʨʘʙʦʪʘʶʱʠʭ ʧʦ 

ʧʨʠʥʮʠʧʫ ʧʨʷʤʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʫʜʘʨʘ ʚ ʵʥʝʨʛʠʶ 

ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

ʉonsidered is the mathematical simulation of the output signals of 

mechanoluminescent sensors impact, working on the principle of direct conversion 

of mechanical energy into energy of optical radiation. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʭʘʥʦʣʶʤʠʥʝʩʮʝʥʪʥʳʡ ʩʝʥʩʦʨ, ʜʝʬʦʨʤʘʮʠʦʥʥʘʷ 

ʤʝʭʘʥʦʣʶʤʠʥʝʩʮʝʥʮʠʷ. 

Keywords: mechanoluminescent sensor, deformation mechanoluminescence. 

 
ʄʝʭʘʥʦʣʶʤʠʥʝʩʮʝʥʪʥʳʡ ʩʝʥʩʦʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʦʥʢʫʶ ʧʣʝʥʢʫ ʠʟ 

ʟʘʪʚʝʨʜʝʚʰʝʡ ʩʫʩʧʝʥʟʠʠ ʤʠʢʨʦʟʝʨʥʠʩʪʦʛʦ ʧʦʨʦʰʢʘ ʤʝʭʘʥʦʣʶʤʠʥʦʬʦʨʘ ʚ 

ʧʨʦʟʨʘʯʥʦʤ ʩʚʷʟʫʶʱʝʤ ʦʩʥʦʚʘʥʠʠ. ʆʩʥʦʚʥʳʤʠ ʜʦʩʪʦʠʥʩʪʚʦʤ ʪʘʢʠʭ ʩʝʥʩʦʨʦʚ 

ʷʚʣʷʶʪʩʷ ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʧʦʤʝʭʘʤ ʠ ʩʦʯʝʪʘʝʤʦʩʪʴ ʩ 

ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʤʠ ʣʠʥʠʷʤʠ ʩʚʷʟʠ [1]. ɼʣʷ ʩʦʟʜʘʥʠʷ ʥʘʧʨʷʞʝʥʥʦ-

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʯʘʩʪʠʮʘʭ ʧʦʨʦʰʢʘ ʠ ʜʣʷ ʚʳʚʦʜʘ ʦʧʪʠʯʝʩʢʦʛʦ 

ʩʠʛʥʘʣʘ ʧʣʝʥʢʘ ʜʦʣʞʥʘ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʥʘ ʪʚʝʨʜʦʡ ʧʨʦʟʨʘʯʥʦʡ ʧʦʜʣʦʞʢʝ. 

ʄʘʪʝʨʠʘʣʦʤ ʤʝʭʘʥʦʣʶʤʠʥʦʬʦʨʘ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʭʘʣʴʢʦʛʝʥʠʜʥʳʝ ʠ 

ʱʝʣʦʯʥʦʛʘʣʦʠʜʥʳʝ ʢʨʠʩʪʘʣʣʳ. ʅʘʠʙʦʣʴʰʝʡ ʩʚʝʪʠʤʦʩʪʴʶ ʦʙʣʘʜʘʝʪ ʩʫʣʴʬʠʜ 

ʮʠʥʢʘ, ʣʝʛʠʨʦʚʘʥʥʳʡ ʤʘʨʛʘʥʮʝʤ - ZnS:Mn. ʀʤʝʥʥʦ ʜʣʷ ʵʪʦʛʦ 
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ʤʝʭʘʥʦʣʶʤʠʥʦʬʦʨʘ ʠ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, 

ʧʦʟʚʦʣʷʶʱʘʷ ʨʘʩʩʯʠʪʳʚʘʪʴ ʚʳʭʦʜʥʳʝ ʦʧʪʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ ʩʝʥʩʦʨʘ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʭʦʜʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʤʧʫʣʴʩʦʚ ʫʜʘʨʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ.  

ɺ ʦʩʥʦʚʫ ʤʦʜʝʣʠ ʧʦʣʦʞʝʥ ʠʟʚʝʩʪʥʳʡ ʬʘʢʪ ʷʨʢʦʛʦ ʩʚʝʯʝʥʠʷ ʢʨʠʩʪʘʣʣʘ 

ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʚ ʥʝʤ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ [2]. ʇʦʵʪʦʤʫ ʟʘʜʘʯʘ 

ʨʘʩʯʝʪʘ ʢʠʥʝʪʠʢʠ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʜʣʷ ʩʣʫʯʘʷ 

ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʦʛʦ ʦʜʥʦʦʩʥʦʛʦ ʥʘʛʨʫʞʝʥʠʷ ʠʤʧʫʣʴʩʦʤ ʜʘʚʣʝʥʠʷ ʨʝʰʘʝʪʩʷ ʥʘ 

ʦʩʥʦʚʝ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠʟʦʪʨʦʧʥʦʡ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʦʡ ʩʨʝʜʳ ʩ 

ʫʧʨʦʯʥʝʥʠʝʤ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʧʣʘʩʪʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʜʚʠʞʝʥʠʷ ʠ ʨʘʟʤʥʦʞʝʥʠʷ ʜʠʩʣʦʢʘʮʠʡ [3, 4]. ɺ ʦʩʥʦʚʝ ʫʧʨʫʛʦʛʦ 

ʠ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʪʝʣ ʣʝʞʘʪ ʨʘʟʣʠʯʥʳʝ 

ʬʠʟʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ. ʋʧʨʫʛʘʷ ʯʘʩʪʴ ʪʝʥʟʦʨʘ ʜʝʬʦʨʤʘʮʠʠ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʘʪʦʤʥʳʭ ʨʝʰʝʪʦʢ, ʘ ʧʣʘʩʪʠʯʝʩʢʘʷ ʯʘʩʪʴ ʚʦʟʥʠʢʘʝʪ 

ʚʩʣʝʜʩʪʚʠʝ ʜʚʠʞʝʥʠʷ ʜʠʩʣʦʢʘʮʠʡ. ʉʢʦʨʦʩʪʴ ʨʦʩʪʘ ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʫʣʦʡ ʆʨʦʚʘʥʘ ʠ ʨʘʚʥʘ ʧʨʦʠʟʚʝʜʝʥʠʶ ʚʝʢʪʦʨʘ ɹʶʨʛʝʨʩʘ ʥʘ 

ʩʨʝʜʥʶʶ ʧʣʦʪʥʦʩʪʴ ʧʦʜʚʠʞʥʳʭ ʜʠʩʣʦʢʘʮʠʡ ʠ ʠʭ ʩʢʦʨʦʩʪʴ, ʫʩʨʝʜʥʝʥʥʫʶ ʧʦ 

ʚʩʝʤʫ ʜʠʩʣʦʢʘʮʠʦʥʥʦʤʫ ʘʥʩʘʤʙʣʶ. ʈʘʩʯʝʪ ʜʠʥʘʤʠʢʠ ʧʣʘʩʪʠʯʝʩʢʦʛʦ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʚ ʪʝʨʤʠʥʘʭ ʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʜʠʩʣʦʢʘʮʠʡ ʠʤʝʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ, ʪʘʢ ʢʘʢ ʚʦʟʙʫʞʜʝʥʠʝ ʤʘʨʛʘʥʮʝʚʳʭ ʮʝʥʪʨʦʚ ʩʚʝʯʝʥʠʷ 

(ʎʉ) ʧʨʦʠʩʭʦʜʠʪ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ ʟʘʨʷʞʝʥʥʳʭ ʜʠʩʣʦʢʘʮʠʡ. ʀʟʚʝʩʪʥʦ 

[5], ʯʪʦ ʜʠʩʣʦʢʘʮʠʠ ʚ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʠʤʝʶʪ ʩʠʣʴʥʳʡ 

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ, ʧʦʵʪʦʤʫ ʜʚʠʞʝʥʠʝ ʜʠʩʣʦʢʘʮʠʡ ʚʙʣʠʟʠ ʎʉ ʧʨʠʚʦʜʠʪ ʢ 

ʝʛʦ ʚʦʟʙʫʞʜʝʥʠʶ (ʠʦʥʠʟʘʮʠʠ) ʩ ʧʦʩʣʝʜʫʶʱʠʤʠ ʠʟʣʫʯʘʪʝʣʴʥʳʤʠ ʧʝʨʝʭʦʜʘʤʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʜʚʠʞʫʱʠʝʩʷ ʜʠʩʣʦʢʘʮʠʠ ʚʦʟʙʫʞʜʘʶʪ ʎʉ 

ʧʫʪʝʤ ʪʫʥʥʝʣʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʥʝʨʘʚʥʦʚʝʩʥʳʝ ʚʦʟʙʫʞʜʝʥʥʳʝ ʫʨʦʚʥʠ, ʘ 

ʥʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʵʣʝʢʪʨʦʥʳ ʚʦʟʚʨʘʱʘʶʪʩʷ ʚ ʨʘʚʥʦʚʝʩʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʯʪʦ ʠ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤ ʠʟʣʫʯʝʥʠʝʤ. ʇʨʠʯʝʤ ʩʢʦʨʦʩʪʴ 

ʚʦʟʙʫʞʜʝʥʠʷ ʎʉ ʦʧʨʝʜʝʣʷʝʪʩʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʧʘʨʘʤʝʪʨʘʤʠ ʠʤʧʫʣʴʩʘ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʚʭʦʜʝ ʩʝʥʩʦʨʘ, ʘ ʩʢʦʨʦʩʪʴ ʨʝʣʘʢʩʘʮʠʠ ï 

ʵʣʝʢʪʨʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʢʨʠʩʪʘʣʣʘ. 

ʉʦʚʤʝʩʪʥʦʝ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʠʥʪʝʛʨʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ 

ʢʨʠʚʦʡ ʚʳʩʚʝʯʠʚʘʥʠʷ ʠ ʢʠʥʝʪʠʢʠ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʩʝʥʩʦʨʘ 

ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʚ ʩʨʝʜʝ MATLAB . 

ɼʣʷ ʨʝʰʝʥʠʷ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʙʳʣʘ 

ʚʳʙʨʘʥʘ ʬʫʥʢʮʠʷ ode113 ʠʟ ʙʠʙʣʠʦʪʝʢʠ ʬʫʥʢʮʠʡ MATLAB . ʆʥʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʝʰʘʪʝʣʴ ʧʝʨʝʤʝʥʥʦʛʦ ʧʦʨʷʜʢʘ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʬʦʨʤʫʣʝ 

ɸʜʘʤʩʘ ï ɹʘʰʚʦʨʪʘ ï ʄʫʣʪʦʥʘ. ʇʨʠ ʚʳʩʦʢʠʭ ʪʨʫʜʦʝʤʢʦʩʪʷʭ ʚʳʯʠʩʣʝʥʠʷ 

ʧʨʘʚʳʭ ʯʘʩʪʝʡ ʠ ʪʨʝʙʦʚʘʥʠʷʭ ʢ ʪʦʯʥʦʩʪʠ ʦʥ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʵʬʬʝʢʪʠʚʥʝʝ 

ʧʨʠʚʳʯʥʦʛʦ ʤʝʪʦʜʘ ʈʫʥʛʝ-ʂʫʪʪʘ 4-ʛʦ ʠ 5-ʛʦ ʧʦʨʷʜʢʘ. ʕʪʦ ʤʥʦʛʦʰʘʛʦʚʳʡ 

ʨʝʰʘʪʝʣʴ, ʢʦʪʦʨʳʡ ʪʨʝʙʫʝʪ ʟʥʘʥʠʷ ʨʝʰʝʥʠʡ ʚ ʥʝʩʢʦʣʴʢʠʭ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ 

ʪʦʯʢʘʭ ʜʣʷ ʚʳʯʠʩʣʝʥʠʡ ʨʝʰʝʥʠʷ ʚ ʪʝʢʫʱʝʡ ʪʦʯʢʝ. 

ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʠʥʪʝʛʨʘʣʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ 

ʢʚʘʜʨʘʪʫʨ - quad. ʂʚʘʜʨʘʪʫʨʘ ï ʵʪʦ ʯʠʩʣʝʥʥʳʡ ʤʝʪʦʜ ʚʳʯʠʩʣʝʥʠʷ ʧʣʦʱʘʜʠ 
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ʧʦʜ ʛʨʘʬʠʢʦʤ ʬʫʥʢʮʠʠ. ʌʫʥʢʮʠʷ quad (ófunô, a, b) ʚʦʟʚʨʘʱʘʝʪ ʯʠʩʣʝʥʥʦʝ 

ʟʥʘʯʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʠʥʪʝʛʨʘʣʘ ʦʪ ʟʘʜʘʥʥʦʡ ʬʫʥʢʮʠʠ ófunô ʥʘ ʦʪʨʝʟʢʝ [a 

b]. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʜʘʧʪʠʚʥʳʡ ʤʝʪʦʜ ʉʠʤʧʩʦʥʘ. 

ʆʪʜʝʣʴʥʳʝ ʙʣʦʢʠ ʧʨʦʛʨʘʤʤʳ ʨʘʩʩʯʠʪʳʚʘʣʠ ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ, 

ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʢʠʥʝʪʠʯʝʩʢʠʝ ʜʠʩʣʦʢʘʮʠʦʥʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʤʝʭʘʥʦʣʶʤʠʥʦʬʦʨʘ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʦʛʦ ʙʳʣ ʚʳʙʨʘʥ ʧʨʦʤʳʰʣʝʥʥʳʡ 

ʵʣʝʢʪʨʦʣʶʤʠʥʦʬʦʨ ʕʃʉ-580. ʆʪʜʝʣʴʥʳʡ ʙʣʦʢ ʧʨʦʛʨʘʤʤʳ ʫʯʠʪʳʚʘʣ 

ʦʩʦʙʝʥʥʦʩʪʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʠʩʧʦʣʥʝʥʠʷ ʩʝʥʩʦʨʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʚʳʚʦʜʘ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʇʨʦʚʦʜʠʣʩʷ ʫʯʝʪ 

ʜʠʩʧʝʨʩʥʦʛʦ ʩʦʩʪʘʚʘ ʯʘʩʪʠʮ ʣʶʤʠʥʦʬʦʨʘ ʠ ʩʣʦʠʩʪʦʩʪʴ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʳ 

ʩʝʥʩʦʨʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʚʳʭʦʜʥʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ 

ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʩʚʝʪʠʤʦʩʪʴ ʩʝʥʩʦʨʘ Ὑὸ, ʪʦ ʝʩʪʴ ʚʳʯʠʩʣʷʣʘʩʴ ʤʦʱʥʦʩʪʴ 

ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ, ʠʟʣʫʯʘʝʤʘʷ ʝʜʠʥʠʯʥʦʡ ʧʣʦʱʘʜʴʶ ʧʦʚʝʨʭʥʦʩʪʠ ʚ 

ʘʙʩʦʣʶʪʥʳʭ ʝʜʠʥʠʮʘʭ, ɺʪ/ʤ
2
.  

ɺʭʦʜʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʦʧʠʩʳʚʘʣʦʩʴ ʦʜʠʥʦʯʥʳʤ ʠʤʧʫʣʴʩʦʤ ʜʘʚʣʝʥʠʷ, 

ʠʤʝʶʱʠʤ ʧʦʣʫʩʠʥʫʩʦʠʜʘʣʴʥʫʶ ʬʦʨʤʫ  ůὸ ůÓÉÎ́ὸὸůϳ . ʊʘʢʘʷ ʬʦʨʤʘ 

ʠʤʧʫʣʴʩʘ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʘ ʢ ʠʤʧʫʣʴʩʘʤ ʜʘʚʣʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʤ ʚ ʨʝʘʣʴʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʷʭ.  
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ʩʥʘʯʘʣʘ ʧʨʦʠʩʭʦʜʠʪ ʨʦʩʪ ʘʤʧʣʠʪʫʜʳ ʩʚʝʪʠʤʦʩʪʠ, ʘ ʟʘʪʝʤ, ʧʦʩʣʝ ʜʦʩʪʠʞʝʥʠʷ 

ʤʘʢʩʠʤʫʤʘ, ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʤʧʫʣʴʩʘ ʩʚʝʯʝʥʠʷ.  

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ, ʚʦ-ʧʝʨʚʳʭ, ʬʫʥʢʮʠʷ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʤʝʭʘʥʦʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ ʩʝʥʩʦʨʘ ʠʤʝʝʪ ʷʚʥʦ ʚʳʨʘʞʝʥʥʳʡ 

ʧʦʨʦʛ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʚʦ-ʚʪʦʨʳʭ, ʬʫʥʢʮʠʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʤʝʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʥʝʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ, ʚ-ʪʨʝʪʴʠʭ, ʬʦʨʤʘ ʚʳʭʦʜʥʳʭ ʦʧʪʠʯʝʩʢʠʭ 

ʩʠʛʥʘʣʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʬʦʨʤʳ ʚʭʦʜʥʳʭ ʠʤʧʫʣʴʩʦʚ ʜʘʚʣʝʥʠʷ. 
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʀʅʊɽɻʈɸʃʔʅʆʁ ʄʀʂʈʆʉʍɽʄʓ ʐʀʄ-

ʂʆʅʊʈʆʃʃɽʈɸ ɺ MATLAB /SIMULINK  

ʆʧʠʩʘʥ ʧʨʦʮʝʩʩ ʧʦ ʩʦʟʜʘʥʠʶ ʤʦʜʝʣʠ ʐʀʄ-ʢʦʥʪʨʦʣʣʝʨʘ LM2596 ʚ 

Matlab/Simulink. ʉ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʘ ʧʨʦʚʝʨʢʘ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʤʦʜʝʣʠ ʢʦʥʪʨʦʣʣʝʨʘ. 

In this paper describes the process for creating a PWM model of the LM2596 

controller in Matlab/Simulink. Using simulation, the controller model was tested. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʐʀʄ-ʢʦʥʪʨʦʣʣʝʨ, LM2596, ʠʥʪʝʛʨʘʣʴʥʘʷ ʤʠʢʨʦʩʭʝʤʘ 

Keywords: PWM controller, LM2596, integrated circuit. 

 

ʐʠʨʦʪʥʦ-ʠʤʧʫʣʴʩʥʘʷ ʤʦʜʫʣʷʮʠʷ - ʧʨʦʮʝʩʩ ʫʧʨʘʚʣʝʥʠʷ ʤʦʱʥʦʩʪʴʶ, 

ʧʦʜʚʦʜʠʤʦʡ ʢ ʥʘʛʨʫʟʢʝ, ʧʫʪʸʤ ʠʟʤʝʥʝʥʠʷ ʩʢʚʘʞʥʦʩʪʠ ʠʤʧʫʣʴʩʦʚ, ʧʨʠ 

ʧʦʩʪʦʷʥʥʦʡ ʯʘʩʪʦʪʝ. ʋʩʪʨʦʡʩʪʚʘ ʥʘ ʙʘʟʝ ʐʀʄ-ʢʦʥʪʨʦʣʣʝʨʦʚ ʷʚʣʷʶʪʩʷ 
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ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ ʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚʦ ʤʥʦʛʠʭ  ʧʨʠʙʦʨʘʭ. ʅʘʠʙʦʣʝʝ 

ʚʦʩʪʨʝʙʦʚʘʥʳ ʐʀʄ-ʢʦʥʪʨʦʣʣʝʨʳ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʤʦʜʫʣʝʡ ʧʠʪʘʥʠʷ 

ʠʤʧʫʣʴʩʥʦʛʦ ʪʠʧʘ. ʇʦʩʪʦʷʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʚʭʦʜʝ ʫʩʪʨʦʡʩʪʚʘ ʧʨʝʦʙʨʘʟʫʝʪʩʷ 

ʚ ʠʤʧʫʣʴʩʳ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʬʦʨʤʳ, ʬʦʨʤʠʨʫʝʤʳʝ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʯʘʩʪʦʪʦʡ ʠ 

ʩʢʚʘʞʥʦʩʪʴʶ. ʉ ʧʦʤʦʱʴʶ ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʛʥʘʣʦʚ ʥʘ ʚʳʭʦʜʝ ʫʩʪʨʦʡʩʪʚʘ 

ʫʜʘʝʪʩʷ ʦʩʫʱʝʩʪʚʣʷʪʴ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʨʘʙʦʪʳ ʪʨʘʥʟʠʩʪʦʨʥʦʛʦ ʤʦʜʫʣʷ ʙʦʣʴʰʦʡ 

ʤʦʱʥʦʩʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʨʘʙʦʪʯʠʢʠ ʧʦʣʫʯʠʣʠ ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʝʤ 

ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʪʠʧʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ ʫʩʪʨʦʡʩʪʚ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ 

ʟʘʪʨʘʪʳ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʶ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʦʚʳʰʘʝʪ ʝʛʦ ʢʘʯʝʩʪʚʦ ʨʘʙʦʪʳ. 

ɺʳʩʦʢʠʡ ʂʇɼ ʜʝʣʘʝʪ ʨʘʟʨʘʙʦʪʢʫ ʠʩʪʦʯʥʠʢʦʚ ʥʘ ʐʀʄ-ʢʦʥʪʨʦʣʣʝʨʘʭ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʠ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʦʩʥʦʚʦʡ ʨʘʟʨʘʙʦʪʦʢ ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʵʣʝʢʪʨʦʥʥʳʭ ʩʠʣʦʚʳʭ ʫʩʪʨʦʡʩʪʚ ʦʩʥʦʚʘʥʦ ʥʘ ʉɸʇʈ, ʪʘʢʠʭ 

ʢʘʢ Matlab/Simulink ʠ PSpiʩe, ʧʦʩʣʝʜʥʷʷ ʠʟ ʢʦʪʦʨʳʭ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʉɸʇʈ. 

ʅʝʜʦʩʪʘʪʦʢ PSpice ï ʚ ʥʸʤ ʧʨʠʤʝʥʷʝʪʩʷ ʝʜʠʥʳʡ ʯʠʩʣʝʥʥʳʡ ʤʝʪʦʜ, ʢʦʪʦʨʳʡ 

ʟʘʯʘʩʪʫʶ ʧʨʠʚʦʜʠʪ ʢ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ ʩʭʦʜʠʤʦʩʪʠ. 

ʅʘʦʙʦʨʦʪ, ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ Matlab ʩʦʜʝʨʞʠʪ ʨʷʜ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ, 

ʘ ʪʘʢʞʝ ʩʧʝʮʠʘʣʴʥʫʶ ʙʠʙʣʠʦʪʝʢʫ SymPowerSystem ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʘʢʠʭ 

ʫʩʪʨʦʡʩʪʚ. ʊʘʢ ʢʘʢ ʚ ʙʠʙʣʠʦʪʝʢʘʭ Matlab ʜʘʥʥʳʡ ʐʀʄ-ʢʦʥʪʨʦʣʣʝʨ 

ʦʪʩʫʪʩʪʚʫʝʪ, ʪʦ ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʤʦʜʝʣʠ ʤʠʢʨʦʩʭʝʤʳ  

ʐʀʄ-ʢʦʥʪʨʦʣʣʝʨʘ LM2596. 

 

 

ʈʠʩ. 1. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʐʀʄ-ʢʦʥʪʨʦʣʣʝʨʘ LM2596 
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ISBN 978-5-906967-76-3.  ʉɸʇʈ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʵʣʝʢʪʨʦʥʠʢʝ. ɹʨʷʥʩʢ, 2017. 

ʇʨʠ ʩʦʟʜʘʥʠʠ ʤʦʜʝʣʠ LM2596 ʙʫʜʝʤ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʥʘ ʝʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʩʭʝʤʫ (ʨʠʩ. 1) [3]. 

ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʩʦʩʪʦʠʪ ʠʟ ʦʩʥʦʚʥʳʭ ʯʘʩʪʝʡ: ʛʝʥʝʨʘʪʦʨʘ 

ʩʪʨʦʙʘ ʠ ʧʠʣʦʦʙʨʘʟʥʦʛʦ ʩʠʛʥʘʣʘ, ʪʦʢʦʚʦʛʦ ʫʩʠʣʠʪʝʣʷ (ʫʩʠʣʠʪʝʣʷ ʦʰʠʙʢʠ), 

ʦʛʨʘʥʠʯʝʥʠʷ ʪʦʢʦʚʦʛʦ ʫʩʠʣʠʪʝʣʷ ʧʦ ʚʭʦʜʫ ʠ ʚʳʭʦʜʫ, ʢʦʤʧʘʨʘʪʦʨʘ ʐʀʄ, ʘ 

ʪʘʢʞʝ ʦʙʚʷʟʢʠ ʩʭʝʤʳ. 

ʄʦʜʝʣʴ, ʩʦʙʨʘʥʥʘʷ ʚ Matlab, coʩʪʦʠʪ ʠʟ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʯʘʩʪʝʡ: 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʩʠʛʥʘʣʴʥʦʡ. 

ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʯʘʩʪʴ ʨʝʘʣʠʟʫʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʬʠʟʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʧʨʦʜʫʢʪʦʚ ʙʠʙʣʠʦʪʝʢʠ SymPowerSystem. ʀʟ 

ʜʘʥʥʦʡ ʙʠʙʣʠʦʪʝʢʠ ʤ  rʠʩʧʦʣʴʟʦʚʘʣʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ (Series RLC Load), ʢʣʶʯ 

(Ideal Switch), ʩʚʷʟʴ ʧʦ ʪʦʢʫ ʠ ʥʘʧʨʷʞʝʥʠʶ ʩʠʣʦʚʦʡ ʠ ʣʦʛʠʯʝʩʢʦʡ ʯʘʩʪʠ 

(Current Measurement ʠ Voltage Measurement). 

 ʉʠʛʥʘʣʴʥʘʷ ʯʘʩʪʴ ʨʝʘʣʠʟʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʩʪʝʡʰʠʭ 

ʙʣʦʢʦʚ Simulink, ʪʘʢʠʭ ʢʘʢ ʢʦʤʧʘʨʘʪʦʨ (Relational Operator), ʦʛʨʘʥʠʯʝʥʠʷ 

(Saturation), ʣʦʛʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ ʠʣʠ (Logical operator), ʛʝʥʝʨʘʪʦʨʘ 

ʧʠʣʦʦʙʨʘʟʥʦʛʦ ʩʠʛʥʘʣʘ (Repeating Sequence Stair) ʠ ʪ.ʜ. 

ɺ ʠʪʦʛʝ, ʧʦʣʫʯʝʥʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʩʠʤʫʣʷʮʠʶ 

ʐʀʄ-ʢʦʥʪʨʦʣʣʝʨʘ LM2596 ʚ ʩʨʝʜʝ Matlab/Simulink. 
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ʵʣʝʤʝʥʪʘʭ ʪʨʝʭʬʘʟʥʦʛʦ ʢʦʨʨʝʢʪʦʨʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʱʥʦʩʪʠ. ʇʦʣʫʯʝʥʥʘʷ 

ʤʦʜʝʣʴ ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʚʠʜʝ ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ ʚ Mathworks Matlab. 

A mathematical model of a three-phase power factor corrector is presented. 

Using the model, it is possible to calculate and construct time diagrams of voltage 

and current in the elements of a three-phase power factor corrector. The resulting 

model is implemented as a computer program in Mathworks Matlab.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʨʨʝʢʪʦʨ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʱʥʦʩʪʠ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ, 

ʩʠʣʦʚʘʷ ʵʣʝʢʪʨʦʥʠʢʘ, ʧʝʨʝʜʘʯʘ ʵʥʝʨʛʠʠ. 

Keywords: PFC, power factor, modeling, power electronics, power 

transmission. 
 

ʆʩʥʦʚʥʳʤ ʧʘʨʘʤʝʪʨʦʤ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʷʚʣʷʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʱʥʦʩʪʠ [1]. ʂʦʵʬʬʠʮʠʝʥʪ 

ʤʦʱʥʦʩʪʠ - ʚʝʣʠʯʠʥʘ, ʨʘʚʥʘʷ ʦʪʥʦʰʝʥʠʶ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ P, ʧʦʪʨʝʙʣʷʝʤʦʡ 

ʥʘʛʨʫʟʢʦʡ, ʢ ʝʝ ʧʦʣʥʦʡ ʤʦʱʥʦʩʪʠ S. ʌʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʚ ʪʦʤ, ʯʪʦ ʘʢʪʠʚʥʘʷ 

ʤʦʱʥʦʩʪʴ ʥʝ ʩʦʚʧʘʜʘʝʪ ʩ ʧʦʣʥʦʡ ʤʦʱʥʦʩʪʴʶ, ʧʝʨʝʜʘʚʘʝʤʦʡ ʚ ʥʘʛʨʫʟʢʫ, ʪʘʢ ʢʘʢ 

ʦʪʣʠʯʘʝʪʩʷ ʬʦʨʤʘ ʧʦʪʨʝʙʣʷʝʤʦʛʦ ʪʦʢʘ ʦʪ ʬʦʨʤʳ ʥʘʧʨʷʞʝʥʠʷ ʠʣʠ ʩʫʱʝʩʪʚʫʝʪ 

ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʬʘʟ ʤʝʞʜʫ ʥʠʤʠ.  

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʱʥʦʩʪʠ, ʫʩʪʨʘʥʝʥʠʷ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʢ ʚ 

ʩʝʪʠ ʧʨʠʤʝʥʷʶʪ ʢʦʨʨʝʢʪʦʨʳ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʱʥʦʩʪʠ (ʂʂʄ). ʇʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʂʂʄ ʚ ʩʦʩʪʘʚʝ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʱʥʦʩʪʠ 

ʥʘʭʦʜʠʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʜʠʘʧʘʟʦʥʝ 0,95-0,99. ɺ ʩʠʩʪʝʤʘʭ ʚʳʩʦʢʦʡ ʤʦʱʥʦʩʪʠ 

ʦʙʳʯʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʪʨʝʭʬʘʟʥʳʝ ʢʦʨʨʝʢʪʦʨʳ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʱʥʦʩʪʠ [1].   

ɹʦʣʴʰʦʝ ʯʠʩʣʦ ʥʘʫʯʥʳʭ ʩʪʘʪʝʡ ʧʦʩʚʷʱʝʥʦ ʘʥʘʣʠʟʫ ʨʘʙʦʪʳ ʪʨʝʭʬʘʟʥʳʭ 

ʢʦʨʨʝʢʪʦʨʦʚ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʱʥʦʩʪʠ.  ɺ ʩʪʘʪʴʝ [2] ʘʚʪʦʨ ʫʜʝʣʠʣ ʙʦʣʴʰʦʝ 

ʚʥʠʤʘʥʠʝ ʧʨʦʙʣʝʤʘʤ ʚʣʠʷʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʥʘ ʢʦʨʨʝʢʪʦʨ ʠ 

ʧʨʝʜʣʦʞʠʣ ʩʚʦʡ ʧʦʜʭʦʜ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʪʘʢʠʭ ʩʠʩʪʝʤ.   

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʶʪ ʧʨʦʙʣʝʤʳ ʥʝʣʠʥʝʡʥʦʡ ʜʠʥʘʤʠʢʠ ʚ 

ʢʦʨʨʝʢʪʦʨʘʭ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʱʥʦʩʪʠ. ɺʦʟʤʦʞʥʦ ʧʦʷʚʣʝʥʠʝ ʰʫʤʦʚ, ʧʦʤʝʭ 

ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ, ʩʥʠʞʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʱʥʦʩʪʠ, ʚʦʟʥʠʢʥʦʚʝʥʠʝ 

ʘʚʘʨʠʡʥʳʭ ʨʝʞʠʤʦʚ. ɺ ʩʪʘʪʴʷʭ [3] ʠ [4] ʠʩʩʣʝʜʦʚʘʥʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ 

ʙʠʬʫʨʢʘʮʠʠ ʍʦʧʬʘ ʚ ʪʨʝʭʬʘʟʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʭ ʥʘʧʨʷʞʝʥʠʷ. ɸʚʪʦʨʳ 

ʦʛʨʘʥʠʯʠʣʠʩʴ ʣʠʰʴ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʪʠʧʘ ʙʠʬʫʨʢʘʮʠʡ. ɺ ʮʝʣʦʤ 

ʧʦ ʜʘʥʥʦʡ ʪʝʤʝ ʥʝʪ ʧʦʜʨʦʙʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʮʝʩʩʦʚ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʙʠʬʫʨʢʘʮʠʡ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ, ʦʧʠʩʳʚʘʶʱʠʭ ʧʦʚʝʜʝʥʠʝ 

ʪʨʝʭʬʘʟʥʦʛʦ ʢʦʨʨʝʢʪʦʨʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʱʥʦʩʪʠ.    ʉʫʱʝʩʪʚʫʶʱʠʝ ʚʠʜʳ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʢ ʧʨʠʤʝʨʫ, Matlab Simulink, ʥʝ ʧʦʟʚʦʣʷʶʪ ʠʩʩʣʝʜʦʚʘʪʴ 

ʙʠʬʫʨʢʘʮʠʦʥʥʳʝ ʷʚʣʝʥʠʷ ʠ ʩʢʦʨʦʩʪʴ ʨʘʩʯʝʪʘ, ʠ ʪʦʯʥʦʩʪʴ ʨʘʩʯʝʪʘ ʠʭ ʟʘʚʠʩʠʪ 

ʥʘʧʨʷʤʫʶ ʦʪ ʰʘʛʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ. ʊʨʝʙʫʝʪʩʷ ʩʦʟʜʘʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ, ʧʦʟʚʦʣʷʶʱʝʡ ʠʩʩʣʝʜʦʚʘʪʴ ʙʠʬʫʨʢʘʮʠʠ ʚ ʪʨʝʭʬʘʟʥʳʭ ʢʦʨʨʝʢʪʦʨʘʭ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʱʥʦʩʪʠ. ʊʦʧʦʣʦʛʠʡ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʠʣʦʚʦʡ ʯʘʩʪʠ 

ʢʦʨʨʝʢʪʦʨʦʚ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʱʥʦʩʪʠ ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ [1], [6]. ʆʜʠʥ ʠʟ 
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ʩʘʤʳʭ ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʤʳʭ ʚʘʨʠʘʥʪʦʚ ï ʵʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʭʝʤʳ ʪʨʝʭʬʘʟʥʦʛʦ 

ʢʦʨʨʝʢʪʦʨʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʱʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʤʦʩʪʦʚʦʡ ʩʭʝʤʳ (ʨʠʩ.1). 

ɿʜʝʩʴ ʧʨʠʥʷʪʳ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ: R1, R2, R3 ï ʘʢʪʠʚʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʨʦʩʩʝʣʝʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʘʟ, L1, L2, L3 ï ʠʥʜʫʢʪʠʚʥʦʩʪʴ 

ʜʨʦʩʩʝʣʝʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʘʟ, C ï ʝʤʢʦʩʪʴ ʢʦʥʜʝʥʩʘʪʦʨʘ, Rout ï 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘʛʨʫʟʢʠ, U1, U2, U3 ï ʚʭʦʜʥʦʝ ʪʨʝʭʬʘʟʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, VT1-

VT6 ï ʩʠʣʦʚʳʝ ʪʨʘʥʟʠʩʪʦʨʥʳʝ ʢʣʶʯʠ IGBT, VD1-VD6 ï ʘʥʪʠʧʘʨʘʣʣʝʣʴʥʳʝ 

ʜʠʦʜʳ IGBT ʢʣʶʯʝʡ. 

ʆʙʨʘʪʥʘʷ ʩʚʷʟʴ ʨʝʘʣʠʟʦʚʘʥʘ ʧʦ ʚʳʭʦʜʥʦʤʫ ʥʘʧʨʷʞʝʥʠʶ, ʬʘʟʥʦʤʫ 

ʥʘʧʨʷʞʝʥʠʶ, ʬʘʟʥʦʤʫ ʪʦʢʫ. ɺʳʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʥʦʨʤʠʨʫʝʪʩʷ ʧʦ ʫʨʦʚʥʶ 

ʜʘʪʯʠʢʦʤ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʫʩʠʣʝʥʠʷ
1b . ʇʦʣʫʯʝʥʥʦʝ 

ʥʘʧʨʷʞʝʥʠʝ ʚʳʯʠʪʘʝʪʩʷ ʠʟ ʥʘʧʨʷʞʝʥʠʷ ʟʘʜʘʥʠʷ 
tarU , ʠ ʨʝʟʫʣʴʪʘʪʦʤ ʷʚʣʷʝʪʩʷ 

ʥʘʧʨʷʞʝʥʠʝ ʦʰʠʙʢʠ 
errU . ʅʘʧʨʷʞʝʥʠʝ ʦʰʠʙʢʠ  ʧʦʩʪʫʧʘʝʪ ʥʘ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʡ ʨʝʛʫʣʷʪʦʨ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʫʩʠʣʝʥʠʷ 
1a , ʠ ʥʘ ʚʳʭʦʜʝ 

ʨʝʛʫʣʷʪʦʨʘ ʚʦʟʥʠʢʘʝʪ ʥʘʧʨʷʞʝʥʠʝ regU . ʇʦʩʣʝ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ 

ʥʘʧʨʷʞʝʥʠʝ   r e gU  ʧʦʩʪʫʧʘʝʪ ʥʘ 3 ʫʤʥʦʞʠʪʝʣʷ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ 

ʧʝʨʝʤʥʦʞʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʨʝʛʫʣʷʪʦʨʘ ʥʘ ʬʘʟʥʦʝ ʥʘʧʨʷʞʝʥʠʝ  ʬU , 

ʥʦʨʤʠʨʦʚʘʥʥʦʝ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 
2b   ʜʣʷ ʢʘʞʜʦʡ ʬʘʟʳ. ʈʝʟʫʣʴʪʠʨʫʶʱʠʡ 

ʩʠʛʥʘʣ mulʌU  ʧʦʩʣʝ ʧʝʨʝʤʥʦʞʝʥʠʷ ʜʣʷ ʢʘʞʜʦʡ ʬʘʟʳ  ʧʦʧʘʜʘʝʪ ʥʘ ʚʳʯʠʪʘʪʝʣʴ, 

ʛʜʝ ʠʟ ʥʝʛʦ ʚʳʯʠʪʘʝʪʩʷ ʩʠʛʥʘʣ ʪʦʢʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʬʘʟʳ ʬI , ʥʦʨʤʠʨʦʚʘʥʥʳʡ ʩ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ 
3b . ʇʦʩʣʝ ʚʳʯʠʪʘʪʝʣʷ ʩʠʛʥʘʣ mIʌU ʢʘʞʜʦʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʬʘʟʳ ʧʦʩʪʫʧʘʝʪ ʥʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʡ ʨʝʛʫʣʷʪʦʨ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʫʩʠʣʝʥʠʷ 
2a . 

ʇʦʣʫʯʝʥʥʳʡ ʧʦʩʣʝ ʨʝʛʫʣʷʪʦʨʘ ʩʠʛʥʘʣ ʫʧʨʘʚʣʝʥʠʷ contʌU  ʢʘʞʜʦʡ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʬʘʟʳ ʧʦʩʪʫʧʘʝʪ ʥʘ ʢʦʤʧʘʨʘʪʦʨ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʬʘʟʳ, ʛʜʝ 

ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ ʦʧʦʨʥʳʤ ʧʠʣʦʦʙʨʘʟʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ 
sawU . ʅʘ ʚʳʭʦʜʝ ʢʘʞʜʦʛʦ 

ʢʦʤʧʘʨʘʪʦʨʘ ʧʦʣʫʯʘʝʪʩʷ ʩʠʛʥʘʣ ʫʧʨʘʚʣʝʥʠʷ yʌU  ʪʨʘʥʟʠʩʪʦʨʥʦʡ ʩʪʦʡʢʦʡ ʢʘʞʜʦʡ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʬʘʟʳ. ʅʘ ʚʝʨʭʥʠʡ ʪʨʘʥʟʠʩʪʦʨ ʧʦʜʘʝʪʩʷ ʩʠʛʥʘʣ yʌU , ʘ ʥʘ 

ʥʠʞʥʠʡ ʠʥʚʝʨʪʠʨʦʚʘʥʥʳʡ ʩʠʛʥʘʣ yʌU .  ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʨʦʚʥʷ ʩʠʛʥʘʣʘ 

ʫʧʨʘʚʣʝʥʠʷ yʌU  ʪʨʘʥʟʠʩʪʦʨ ʙʫʜʝʪ ʦʪʢʨʳʪ ʠʣʠ ʟʘʢʨʳʪ. 
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ʈʠʩ. 1. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʪʨʝʭʬʘʟʥʦʛʦ ʢʦʨʨʝʢʪʦʨʘ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʤʦʱʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʠʥʚʝʨʪʦʨʘ ʥʘʧʨʷʞʝʥʠʷ 

ʈʘʩʩʤʦʪʨʠʤ ʪʘʢʪʦʚʳʡ ʠʥʪʝʨʚʘʣ (ʨʠʩ.2), ʥʘ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʨʘʙʦʪʘ 

ʢʦʨʨʝʢʪʦʨʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʱʥʦʩʪʠ.  ɺʚʝʜʝʤ ʧʦʥʷʪʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʚʨʝʤʷ 

( 1)
,

t k a
z

a

- -
=  ʛʜʝ aïʜʣʠʪʝʣʴʥʦʩʪʴ ʪʘʢʦʚʦʛʦ ʠʥʪʝʨʚʘʣʘ. ɺ ʧʨʝʜʝʣʘʭ 

ʪʘʢʪʦʚʦʛʦ ʠʥʪʝʨʚʘʣʘ z ʠʟʤʝʥʷʝʪʩʷ ʦʪ 0 ʜʦ 1. ʅʘ ʪʘʢʪʦʚʦʤ ʠʥʪʝʨʚʘʣʝ ʤʦʞʝʪ 

ʙʳʪʴ ʜʦ 4-ʭ ʫʯʘʩʪʢʦʚ ʛʣʘʜʢʦʩʪʠ ʠ 3-ʭ ʢʦʤʤʫʪʘʮʠʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʇʨʠ ʵʪʦʤ ʤʦʤʝʥʪʳ ʢʦʤʤʫʪʘʮʠʠ 
kɸ

z , 
kB

z  ʠ 
kʉ

z  ʦʧʨʝʜʝʣʷʶʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʨʘʟʥʦʩʪʥʳʭ ʬʫʥʢʮʠʡ: 

2 2 1 1 3

2 2 1 1 3

2 2 1 1 3

( ) ( ( ) )

( ) ( ( ) )

( ) ( ( ) )

ʟ c sawA Akɸ kɸ

ʟ c sawB BkB kB

ʟ c sawʉ ʉkʉ kʉ

z U U U I U

z U U U I U

z U U U I U

j a b a b b

j a b a b b

j a b a b b

ë
îî
ì
î
îí

= ³ - - -

= ³ - - -

= ³ - - -

                 (1) 

ɿʜʝʩʴ ʧʨʠʥʷʪʳ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ: UA, UB, Uc ï ʟʥʘʯʝʥʠʝ ʬʘʟʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ ʠʩʪʦʯʥʠʢʘ ʚ ʢʦʥʢʨʝʪʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʢʦʤʤʫʪʘʮʠʠ, IA, IB, Ic ï 

ʟʥʘʯʝʥʠʝ ʬʘʟʥʳʭ ʪʦʢʦʚ ʠʩʪʦʯʥʠʢʘ ʚ ʢʦʥʢʨʝʪʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 

ʢʦʤʤʫʪʘʮʠʠ, UC ï ʥʘʧʨʷʞʝʥʠʝ ʢʦʥʜʝʥʩʘʪʦʨʘ, Usaw ï ʨʘʟʚʝʨʪʳʚʘʶʱʝʝ 

ʧʠʣʦʦʙʨʘʟʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, a ʠ b - ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʛʦ 

ʨʝʛʫʣʷʪʦʨʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʤʦʤʝʥʪʦʚ ʢʦʤʤʫʪʘʮʠʠ ʨʘʟʣʠʯʥʳ ʜʣʷ ʨʘʟʥʳʭ 

ʪʘʢʪʦʚʳʭ ʠʥʪʝʨʚʘʣʦʚ, ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʦʟʤʦʞʝʥ ʨʘʟʣʠʯʥʳʡ ʧʦʨʷʜʦʢ 

ʧʝʨʝʢʣʶʯʝʥʠʷ ʪʨʘʥʟʠʩʪʦʨʦʚ. ʈʘʩʩʤʦʪʨʠʤ ʥʘ ʧʨʠʤʝʨʝ ʪʘʢʪʦʚʳʡ ʠʥʪʝʨʚʘʣ ʥʘ 
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ʨʠʩ.2. ɼʣʷ ʵʪʦʛʦ ʠʥʪʝʨʚʘʣʘ  
kʉ k B k ɸ

z z z< < . ʅʘ ʪʘʢʪʦʚʦʤ ʠʥʪʝʨʚʘʣʝ 

ʧʨʠʩʫʪʩʪʚʫʶʪ 4 ʫʯʘʩʪʢʘ ʛʣʘʜʢʦʩʪʠ.   
 

 

ʈʠʩ. 2. ʊʘʢʪʦʚʳʡ ʠʥʪʝʨʚʘʣ ʨʘʙʦʪʳ ʪʨʝʭʬʘʟʥʦʛʦ ʢʦʨʨʝʢʪʦʨʘ 

 ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʱʥʦʩʪʠ 

1. ʋʯʘʩʪʦʢ ʛʣʘʜʢʦʩʪʠ [0; ]
kʉ

z . ʅʘ ʵʪʦʤ ʫʯʘʩʪʢʝ ʦʪʢʨʳʪʳ ʪʨʘʥʟʠʩʪʦʨʳ VT1, 

VT3, ʠ VT5 ʠ ʩʭʝʤʘ ʟʘʤʝʱʝʥʠʷ ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʢʦʨʨʝʢʪʦʨʝ ʧʨʦʮʝʩʩʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣ. 1 ʧʦʜ ʥʦʤʝʨʦʤ 1. 

2. ʋʯʘʩʪʦʢ ʛʣʘʜʢʦʩʪʠ [ ; ]
kʉ kB

z z . ɺ ʥʘʯʘʣʝ ʫʯʘʩʪʢʘ ʧʨʦʠʩʭʦʜʠʪ ʚʢʣʶʯʝʥʠʝ 

ʪʨʘʥʟʠʩʪʦʨʘ VT6 ʠ ʚʳʢʣʶʯʝʥʠʝ VT5. ʅʘ ʵʪʦʤ ʫʯʘʩʪʢʝ ʦʪʢʨʳʪʳ ʪʨʘʥʟʠʩʪʦʨʳ 

VT1, VT3 ʠ VT6, ʠ ʩʭʝʤʘ ʟʘʤʝʱʝʥʠʷ ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʢʦʨʨʝʢʪʦʨʝ ʧʨʦʮʝʩʩʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣ. 1 ʧʦʜ ʥʦʤʝʨʦʤ 6. 
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3. ʋʯʘʩʪʦʢ ʛʣʘʜʢʦʩʪʠ [ ; ]
kB kA

z z . ɺ ʥʘʯʘʣʝ ʫʯʘʩʪʢʘ ʧʨʦʠʩʭʦʜʠʪ ʚʢʣʶʯʝʥʠʝ 

ʪʨʘʥʟʠʩʪʦʨʘ VT4 ʠ ʚʳʢʣʶʯʝʥʠʝ VT3.  ʅʘ ʵʪʦʤ ʫʯʘʩʪʢʝ ʦʪʢʨʳʪʳ ʪʨʘʥʟʠʩʪʦʨʳ 

VT1, VT4 ʠ VT6, ʠ ʩʭʝʤʘ ʟʘʤʝʱʝʥʠʷ ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʢʦʨʨʝʢʪʦʨʝ ʧʨʦʮʝʩʩʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣ. 1 ʧʦʜ ʥʦʤʝʨʦʤ 3. 

4. ʋʯʘʩʪʦʢ ʛʣʘʜʢʦʩʪʠ [ ;1]
kA

z . ɺ ʥʘʯʘʣʝ ʫʯʘʩʪʢʘ ʧʨʦʠʩʭʦʜʠʪ ʚʢʣʶʯʝʥʠʝ 

ʪʨʘʥʟʠʩʪʦʨʘ VT2 ʠ ʚʳʢʣʶʯʝʥʠʝ VT1.  ʅʘ ʵʪʦʤ ʫʯʘʩʪʢʝ ʦʪʢʨʳʪʳ ʪʨʘʥʟʠʩʪʦʨʳ 

VT2, VT4 ʠ VT6, ʠ ʩʭʝʤʘ ʟʘʤʝʱʝʥʠʷ ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʢʦʨʨʝʢʪʦʨʝ ʧʨʦʮʝʩʩʦʚ 

ʘʥʘʣʦʛʠʯʥʘ ʫʯʘʩʪʢʫ ʛʣʘʜʢʦʩʪʠ 1 ʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣ. 1 ʧʦʜ ʥʦʤʝʨʦʤ 2. 

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʪʘʢʪʦʚʦʛʦ ʠʥʪʝʨʚʘʣʘ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚ ʤʦʤʝʥʪ 

ʢʦʤʤʫʪʘʮʠʠ
kɸ

z  ʧʨʦʠʩʭʦʜʠʪ ʢʦʤʤʫʪʘʮʠʷ VT2, ʚ ʤʦʤʝʥʪ ʢʦʤʤʫʪʘʮʠʠ
kB

z  - 

ʢʦʤʤʫʪʘʮʠʷ VT4 ʠ ʚ ʤʦʤʝʥʪ ʢʦʤʤʫʪʘʮʠʠ
kC

z  - ʢʦʤʤʫʪʘʮʠʷ VT6. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʤʦʤʝʥʪʦʚ ʢʦʤʤʫʪʘʮʠʠ (1), ʥʘ ʪʘʢʪʦʚʳʭ 

ʠʥʪʝʨʚʘʣʘʭ ʚʦʟʤʦʞʥʳ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʮʠʠ ʧʦʨʷʜʢʘ ʢʦʤʤʫʪʘʮʠʠ 

ʪʨʘʥʟʠʩʪʦʨʦʚ ʚ ʪʨʝʭʬʘʟʥʦʤ ʤʦʩʪʝ. ʄʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʦ 8 ʨʘʟʣʠʯʥʳʭ ʩʭʝʤ 

ʟʘʤʝʱʝʥʠʷ, ʢʦʪʦʨʳʝ ʦʧʠʩʳʚʘʶʪ ʧʦʚʝʜʝʥʠʝ ʢʦʨʨʝʢʪʦʨʘ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʤʦʱʥʦʩʪʠ ʥʘ ʢʦʥʢʨʝʪʥʦʤ ʫʯʘʩʪʢʝ ʛʣʘʜʢʦʩʪʠ. ʇʫʩʪʴ ʜʣʷ ʩʭʝʤ ʟʘʤʝʱʝʥʠʷ 

ʩʫʱʝʩʪʚʫʝʪ ʥʝʢʦʪʦʨʳʡ ʪʨʝʭʬʘʟʥʳʡ ʠʩʪʦʯʥʠʢ 
1 2 3( , , )U U U , ʧʨʠʯʝʤ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʢʣʶʯʝʥʥʳʭ ʢʣʶʯʝʡ ʟʥʘʯʝʥʠʷ 
1U , 

2U  ʠ 
3U  ʤʦʛʫʪ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʟʥʘʯʝʥʠʷʤ ʪʦʡ ʠʣʠ ʠʥʦʡ ʬʘʟʳ ʥʘʧʨʷʞʝʥʠʷ 
AU , 

BU  ʠ 
CU   . ɺ 

ʪʘʙʣ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʚʘʨʠʘʥʪʳ ʩʭʝʤ ʟʘʤʝʱʝʥʠʷ ʥʘ ʫʯʘʩʪʢʝ 

ʛʣʘʜʢʦʩʪʠ ʪʘʢʪʦʚʦʛʦ ʠʥʪʝʨʚʘʣʘ ʨʘʙʦʪʳ ʪʨʝʭʬʘʟʥʦʛʦ ʢʦʨʨʝʢʪʦʨʘ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʱʥʦʩʪʠ ʠ ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ ʬʘʟʘʤʠ ʨʝʘʣʴʥʦʛʦ 

ʪʨʝʭʬʘʟʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʠ ʪʨʝʭʬʘʟʥʦʛʦ ʠʩʪʦʯʥʠʢʘ 
1 2 3( , , )U U U . ʀʟ ʪʘʙʣ. 1 

ʚʠʜʥʦ, ʯʪʦ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 3 ʪʠʧʦʚʳʭ ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ. ʉʭʝʤʳ ʩ 

ʠʜʝʥʪʠʯʥʦʡ ʪʦʧʦʣʦʛʠʝʡ ʦʪʣʠʯʘʶʪʩʷ ʣʠʰʴ ʚʘʨʠʘʥʪʘʤʠ ʧʦʜʢʣʶʯʝʥʠ ̫ʚʭʦʜʥʦʛʦ 

ʪʨʝʭʬʘʟʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. 

ʇʦʣʫʯʝʥʥʳʝ ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ ʜʣʷ ʫʯʘʩʪʢʦʚ ʛʣʘʜʢʦʩʪʠ ʥʫʞʥʳ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʪʨʝʭʬʘʟʥʦʛʦ ʢʦʨʨʝʢʪʦʨʘ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʤʦʱʥʦʩʪʠ. ɽʩʣʠ ʨʘʩʩʤʦʪʨʝʪʴ ʢʘʞʜʳʡ ʫʯʘʩʪʦʢ ʛʣʘʜʢʦʩʪʠ ʠ ʥʘʡʪʠ ʬʫʥʢʮʠʶ 

ʟʥʘʯʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ ʩʦʩʪʦʷʥʠʷ ʚ ʢʦʥʝʯʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ ʦʪ 

ʥʘʯʘʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ ʫʯʘʩʪʢʘ, ʘ ʪʘʢʞʝ ʟʥʘʪʴ, ʚ ʢʘʢʦʡ ʤʦʤʝʥʪ 

(ʨʝʰʘʷ ʩʠʩʪʝʤʫ (1)) ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʦʪ ʦʜʥʦʛʦ ʫʯʘʩʪʢʘ ʛʣʘʜʢʦʩʪʠ ʢ 

ʜʨʫʛʦʤʫ, ʪʦ ʤʦʞʥʦ ʙʫʜʝʪ ʥʘʡʪʠ ʬʫʥʢʮʠʶ ʟʥʘʯʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ ʩʦʩʪʦʷʥʠʷ ʚ 

ʢʦʥʝʯʥʳʡ ʤʦʤʝʥʪ ʪʘʢʪʦʚʦʛʦ ʠʥʪʝʨʚʘʣʘ ʦʪ ʟʥʘʯʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ ʩʦʩʪʦʷʥʠʷ ʚ 

ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʪʘʢʪʦʚʦʛʦ ʠʥʪʝʨʚʘʣʘ. 

ʂʘʞʜʘʷ ʠʟ ʩʭʝʤ ʟʘʤʝʱʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʘ ʩʠʩʪʝʤʦʡ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʢʦʪʦʨʘʷ ʚ ʤʘʪʨʠʯʥʦʡ ʬʦʨʤʝ ʠʤʝʝʪ ʚʠʜ 

,ii i

d

dt
= + v

X
A X B     (2) 
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ʛʜʝ A i ï ʤʘʪʨʠʮʘ ʧʦʩʪʦʷʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʥʘ i-ʤ ʫʯʘʩʪʢʝ ʛʣʘʜʢʦʩʪʠ 

ʨʘʟʤʝʨʦʤ 3Ĭ3; Bi ï ʚʝʢʪʦʨ ʚʳʥʫʞʜʘʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ i-ʤ ʫʯʘʩʪʢʝ 

ʛʣʘʜʢʦʩʪʠ, vi ï ʚʝʢʪʦʨ ʚʳʥʫʞʜʘʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ i-ʤ ʫʯʘʩʪʢʝ ʛʣʘʜʢʦʩʪʠ, 

X = [i1, i2, uc] ï ʚʝʢʪʦʨ ʧʝʨʝʤʝʥʥʳʭ ʩʦʩʪʦʷʥʠʷ. 

 

ʈʘʩʩʤʦʪʨʠʤ ʩʭʝʤʫ ʟʘʤʝʱʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʚ ʪʘʙʣ. 1 ʧʦʜ ʥʦʤʝʨʦʤ 6. 

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (1) ʜʣʷ ʵʪʦʡ ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ ʠʤʝʝʪ ʚʠʜ 

 

1

2 3 1 3 2 2 3 2 3

2 3 1 1 3 2 2 2 3 3

2

3 1 1 3 2 1 3 3

3 1 1 1 3 2 2 1 3 3

1

( ) ( )

( )

( )

( )

1 1

c

c

c

c

out

dI
L L vU L vU L vU L L vU

dt

L L vR I L vR I L vR I

dI
L vU L L vU L vU L vU

dt

L vR I L L vR I L vR I

dU
I U

dt C CR

ë
= + - - - + -î

î
- + + +î
î
î

=- + + - +ì
î
+ - + +î
î
î = -
îí

+    ,   (3) 

ʛʜʝ 

1 2 1 3 2 3

1
v

L L L L L L
=

+ +
. 

 

 

ʊʘʙʣʠʮʘ 1. ʉʭʝʤʳ ʟʘʤʝʱʝʥʠʷ ʥʘ ʫʯʘʩʪʢʝ ʛʣʘʜʢʦʩʪʠ ʪʘʢʪʦʚʦʛʦ ʠʥʪʝʨʚʘʣʘ 

ʨʘʙʦʪʳ ʪʨʝʭʬʘʟʥʦʛʦ ʢʦʨʨʝʢʪʦʨʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʱʥʦʩʪʠ 
 

 ̄

ʩʭʝʤʳ 

ʟʘʤʝʱʝ

ʥʠʷ 

ʉʦʦʪʚʝʪʩʪʚʠʝ 

ʬʘʟ ʠ 

ʦʪʢʨʳʪʳʝ 

ʢʣʶʯʠ 

ʊʦʧʦʣʦʛʠʷ ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ 

1 

1 AU U=  

2 BU U=  

3 CU U=  

VT1,VT3,VT5 

 

 
 

2 

1 AU U=  

2 BU U=  

3 CU U=  

VT2, VT4, 

VT6 
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣ.1 

ˉ 

ʩʭʝʤʳ 

ʟʘʤʝʱʝ

ʥʠʷ 

ʉʦʦʪʚʝʪʩʪʚʠʝ 

ʬʘʟ ʠ 

ʦʪʢʨʳʪʳʝ 

ʢʣʶʯʠ 

ʊʦʧʦʣʦʛʠʷ ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ 

3 

1 AU U=  

2 BU U=  

3 CU U=  

VT1,VT4,VT6 

 

4 

1 CU U=  

2 AU U=  

3 BU U=  

VT2,VT4,VT5 

5 

1 BU U=  

2 CU U=  

3 AU U=  

VT2,VT3,VT6 

6 

1 AU U=  

2 BU U=  

3 CU U=  

VT1,VT3,VT6 

 

7 

1 CU U=  

2 AU U=  

3 BU U=  

VT1,VT4,VT5 

8 

1 BU U=  

2 CU U=  

3 AU U=  

VT2,VT3,VT5 
 

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (3) ʧʨʠʚʝʜʝʥʘ ʢ ʬʦʨʤʝ (2). ɼʣʷ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʩʭʝʤʳ 

ʟʘʤʝʱʝʥʠʷ A i ʠ Bi ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 
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[ ]

[ ]
2 3 1 2 3 3 2 2 3 2 3

3 1 1 3 1 3 2 1 3 3

(( ) ) ( ) ( )

( ) (( ) )

1 1
0 ( )

out

i

L L R L R v L R L R v L L v

L R L R v L L R L R v L v

C CR

- + + - - +

= - - + +

-

A ,        (4) 

2 3 1 3 2 2 3

3 1 1 3 2 1 3

( )

( )

0

i

L L vU L vU L vU

L vU L L vU L vU

+ - -

= - + + -B  .                                 (5) 

ɽʩʣʠ ʨʘʩʩʤʦʪʨʝʪʴ ʠ ʨʝʰʠʪʴ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ, ʩʦʩʪʘʚʣʝʥʥʳʝ ʜʣʷ ʜʚʫʭ 

ʜʨʫʛʠʭ ʩʭʝʤ ʟʘʤʝʱʝʥʠʷ, ʪʦ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʘʥʘʣʦʛʠʯʥʳʝ A i ʠ Bi  ʤʘʪʨʠʮʳ. ɺ 

ʵʪʦʡ ʩʪʘʪʴʝ ʦʥʠ ʥʝ ʙʫʜʫʪ ʧʨʠʚʝʜʝʥʳ ʠʟ-ʟʘ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ. 

ʈʘʩʩʤʦʪʨʠʤ ʚʝʢʪʦʨ 
iB . ɺ ʵʣʝʤʝʥʪʘʭ ʤʘʪʨʠʮʳ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚʳʨʘʞʝʥʠʷ, 

ʩʦʜʝʨʞʘʱʠʝ ʬʘʟʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʪʨʝʭʬʘʟʥʦʛʦ ʠʩʪʦʯʥʠʢʘ 
1 2 3( , , )U U U . 

ʎʝʣʝʩʦʦʙʨʘʟʥʦ ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʨʘʩʯʝʪʥʳʭ ʚʳʨʘʞʝʥʠʡ ʧʨʠʙʝʛʥʫʪʴ ʢ 

ʨʘʟʣʦʞʝʥʠʶ ʤʘʪʨʠʮʳ ʥʘ ʪʨʠ ʩʦʩʪʘʚʥʳʝ ʯʘʩʪʠ, ʩʦʜʝʨʞʘʱʠʝ ʦʜʥʦ ʠʟ ʬʘʟʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ ʚ ʩʚʦʠʭ ʵʣʝʤʝʥʪʘʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

1 2 31 2 3
;i i i i

U U UÖ Ö Ö= + +B B B B  

2 3

1 3

( )

0

i

L L v

L v

è ø
ê ú

è ø
ê ú

+

= -B ;

3

2 1 3( )

0

i

L v

L L v

è ø
ê ú

è ø
ê ú

-

= +B ;

2

3 1

0

i

L v

L v

è ø
ê ú

è ø
ê ú

-

= -B . 

ɺʭʦʜʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʢʘʞʜʦʡ ʠʟ ʬʘʟ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ 

1 1 1 1
sin( t ) (sin t cos cos t sin )m mU E Ew f w f w f= + = Ö + Ö 

2 2 2 2
sin( t ) (sin t cos cos t sin )m mU E Ew f w f w f= + = Ö + Ö 

3 3 3 3
sin( t ) (sin t cos cos t sin )m mU E Ew f w f w f= + = Ö + Ö 

 

ɼʣʷ ʨʘʩʯʝʪʘ ʧʝʨʝʤʝʥʥʳʭ ʩʦʩʪʦʷʥʠʷ ʥʘ ʫʯʘʩʪʢʝ ʛʣʘʜʢʦʩʪʠ ʚʝʨʥʦ 

ʩʣʝʜʫʶʱʝʝ ʫʨʘʚʥʝʥʠʝ:  

 

0 0 0

0

_
( ) ( ) ( )

0(t) e e ei i i

i

t
t t t t t t

t

dt- - - -
= Ö + Ö Ö Öñ

A A A
X X B .                  (6) 

ʇʦʜʳʥʪʝʛʨʘʣʴʥʦʝ ʚʳʨʘʞʝʥʠʝ ʚ (6) ʤʦʞʝʪ ʙʳʪʴ ʩʚʝʜʝʥʦ ʢ  
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[ ] [ ]

[ ]

1 1 1 2 2 2

3 3 3

0

0

( )
cos ( ) sin ( ) cos ( ) sin ( )

cos ( ) sin ( )

e i

i i m i m

i m

t
t t

t

E t t E t t

E t t

d f f f f

f f

t- -
= + + + +

+ +

Ö Öñ
A

B F N B F N

B F N

B , (7) 

ʛʜʝ 

0 0( ) ( )

0 02 2

1
( ) ( )( e cos( t) e sin( ) sin( ) cos( ))i it t t t
t t t tw w w w w w
w

- - - -
= - - + + Ö

Ö +

A A
F A A E

E A
, 

0 0( ) ( )

0 02 2

1
( ) ( )( e cos( t) cos( ) e sin( ) sin( ))i it t t t
t t t tw w w w w w
w

- - - -
= - - + - Ö

+ Ö

A A
N A A E

E A
 

ʇʨʠ ʧʦʜʩʪʘʥʦʚʢʝ (7) ʚ (6) ʧʦʣʫʯʘʝʤ 

[ ] [ ]

[ ]

_

0 1 1 1 2 2 2

3 3 3

0 0( ) ( )
(t) ( cos ( ) sin ( ) cos ( ) sin ( )

cos ( ) sin ( ) )

e ei i

i m i m

i m

t t t t
X E t t E t t

E t t

f f f f

f f

- -
= Ö + Ö + + + +

+ +

A A
X B F N B F N

B F N

(8) 

ʀʩʧʦʣʴʟʫʷ ʚʳʨʘʞʝʥʠʝ (8) ʜʣʷ ʨʘʩʯʝʪʘ ʟʥʘʯʝʥʠʡ ʧʝʨʝʤʝʥʥʳʭ ʩʦʩʪʦʷʥʠʷ 

ʥʘ ʫʯʘʩʪʢʝ ʛʣʘʜʢʦʩʪʠ ʠ ʩʠʩʪʝʤʫ (1) ʜʣʷ ʧʦʠʩʢʘ ʤʦʤʝʥʪʦʚ ʢʦʤʤʫʪʘʮʠʠ, ʤʦʞʥʦ 

ʨʘʩʩʯʠʪʘʪʴ ʟʥʘʯʝʥʠʝ ʧʝʨʝʤʝʥʥʳʭ ʩʦʩʪʦʷʥʠʷ ʚ ʢʦʥʮʝ ʪʘʢʪʦʚʦʛʦ ʠʥʪʝʨʚʘʣʘ 

ʨʘʙʦʪʳ, ʟʥʘʷ ʠʭ ʟʥʘʯʝʥʠʝ ʚ ʥʘʯʘʣʝ ʠʥʪʝʨʚʘʣʘ ʨʘʙʦʪʳ. ɿʥʘʷ ʟʥʘʯʝʥʠʷ 

ʧʝʨʝʤʝʥʥʳʭ ʩʦʩʪʦʷʥʠʷ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʥʘ ʪʘʢʪʦʚʦʤ ʠʥʪʝʨʚʘʣʝ, 

ʤʦʞʥʦ ʥʘʡʪʠ ʟʥʘʯʝʥʠʷ ʪʦʢʦʚ ʠ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʚʩʝʭ ʵʣʝʤʝʥʪʘʭ ʢʦʨʨʝʢʪʦʨʘ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʱʥʦʩʪʠ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʚʦʟʤʦʞʥʳ ʨʘʩʯʝʪ ʠ ʧʦʩʪʨʦʝʥʠʝ ʚʨʝʤʝʥʥʳʭ ʜʠʘʛʨʘʤʤ ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʘ ʚ 

ʵʣʝʤʝʥʪʘʭ ʪʨʝʭʬʘʟʥʦʛʦ ʢʦʨʨʝʢʪʦʨʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʱʥʦʩʪʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʤʦʞʥʦ ʩʦʩʪʘʚʠʪʴ ʤʦʜʝʣʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʨʦʮʝʩʩʦʚ ʇʦʣʫʯʝʥʥʘʷ ʤʦʜʝʣʴ 

ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʚʠʜʝ ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ ʚ Matlab. 
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ʈɸɿʈɸɹʆʊʂɸ ʇʆɺɽɼɽʅʏɽʉʂʀʍ ʄʆɼɽʃɽʁ ʀʅʊɽɻʈɸʃʔʅʓʍ 

ʄʀʂʈʆʉʍɽʄ ʐʀʄ-ʂʆʅʊʈʆʃʃɽʈʆɺ ɺʓʉʆʂʆʏɸʉʊʆʊʅʓʍ 

ʀʄʇʋʃʔʉʅʓʍ ʀʉʊʆʏʅʀʂʆɺ ʇʀʊɸʅʀʗ 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ, ʧʦʩʚʷʱʝʥʥʳʝ ʨʘʟʨʘʙʦʪʢʝ ʧʦʚʝʜʝʥʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ ʠʥʪʝʛʨʘʣʴʥʳʭ ʤʠʢʨʦʩʭʝʤ ʐʀʄ-ʢʦʥʪʨʦʣʣʝʨʦʚ. C ʧʦʤʦʱʴʶ ʷʟʳʢʘ 

VHDL-AMS ʘʚʪʦʨʘʤʠ ʨʝʘʣʠʟʦʚʘʥʳ ʤʫʣʴʪʠʜʠʩʮʠʧʣʠʥʘʨʥʳʝ ʤʦʜʝʣʠ ʐʀʄ-

ʢʦʥʪʨʦʣʣʝʨʦʚ ʩ ʫʯʝʪʦʤ ʨʘʟʣʠʯʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʥʘʙʣʶʜʘʝʤʳʭ 

ʧʨʦʮʝʩʩʦʚ. 

The paper discusses issues on the development of behavioral models of 

integrated circuits for the PWM controller. Using VHDL-AMS, the authors 

performed a multidisciplinary model of PWM controllers taking into account the 

different physical nature of the observed processes. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʤʧʫʣʴʩʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ, ʰʠʨʦʪʥʦ-ʠʤʧʫʣʴʩʥʘʷ 

ʤʦʜʫʣʷʮʠʷ (ʐʀʄ), ʐʀʄ-ʢʦʥʪʨʦʣʣʝʨ, ʧʦʚʝʜʝʥʯʝʩʢʘʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, 

ʤʫʣʴʪʠʜʠʩʮʠʧʣʠʥʘʨʥʘʷ ʤʦʜʝʣʴ, VHDL-AMS. 

Keywords: switching converter, pulse width modulation (PWM), PWM 

ʩontroller, behavioral modeling, multidisciplinary model, VHDL-AMS. 

 

ʀʤʧʫʣʴʩʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʥʘʧʨʷʞʝʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʚʳʩʦʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʠ ʤʘʣʳʤʠ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ, ʘʢʪʠʚʥʦ 

ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʰʠʨʦʢʦʤ ʩʧʝʢʪʨʝ ʩʦʚʨʝʤʝʥʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ. 

ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʦʩʥʦʚʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʦʜʦʙʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ, 

ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʰʠʨʦʪʥʦ-ʠʤʧʫʣʴʩʥʦʡ ʤʦʜʫʣʷʮʠʠ (ʐʀʄ), 

ʷʚʣʷʶʪʩʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʠʥʪʝʛʨʘʣʴʥʳʝ ʤʠʢʨʦʩʭʝʤʳ (ʀʄʉ), ʪʘʢʞʝ 

ʠʟʚʝʩʪʥʳʝ ʢʘʢ ʠʥʪʝʛʨʘʣʴʥʳʝ ʤʠʢʨʦʩʭʝʤʳ ʐʀʄ-ʢʦʥʪʨʦʣʣʝʨʦʚ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʠʤʧʫʣʴʩʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ ʧʨʠ ʠʭ ʩʦʟʜʘʥʠʠ 

ʧʦʟʚʦʣʷʝʪ ʩʦʚʨʝʤʝʥʥʳʤ ʠʥʞʝʥʝʨʘʤ-ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʪʴ 

ʩʚʦʠ ʪʨʫʜʦʟʘʪʨʘʪʳ. ʂʣʶʯʝʚʦʡ ʧʨʦʙʣʝʤʦʡ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠʤʧʫʣʴʩʥʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʥʘʧʨʷʞʝʥʠʷ, ʚʳʧʦʣʥʝʥʥʦʛʦ ʥʘ ʙʘʟʝ ʐʀʄ-ʢʦʥʪʨʦʣʣʝʨʘ, 

ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʤʦʜʝʣʠ ʜʘʥʥʦʡ ʀʄʉ.  

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥ ʚʘʨʠʘʥʪ ʨʝʰʝʥʠʷ ʫʢʘʟʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʧʫʪʝʤ 

ʧʦʩʪʨʦʝʥʠʷ ʧʦʚʝʜʝʥʯʝʩʢʦʡ ʤʦʜʝʣʠ ʀʄʉ ʐʀʄ-ʢʦʥʪʨʦʣʣʝʨʘ ʩ ʧʦʤʦʱʴʶ 

ʷʟʳʢʘ VHDL-AMS. ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʦʜʝʣʴ ʷʚʣʷʝʪʩʷ ʤʫʣʴʪʠʜʠʩʮʠʧʣʠʥʘʨʥʦʡ, 

ʯʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʟʚʦʣʷʝʪ ʫʯʝʩʪʴ ʚʟʘʠʤʦʩʚʷʟʴ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʪʝʧʣʦʚʳʭ 

ʧʨʦʮʝʩʩʦʚ. 
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ʂʨʫʧʥʳʝ ʤʠʨʦʚʳʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʀʄʉ ʐʀʄ-ʢʦʥʪʨʦʣʣʝʨʦʚ 

ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʛʦʪʦʚʳʝ PSpice-ʤʦʜʝʣʠ ʤʠʢʨʦʩʭʝʤ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʨʝʜ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʆʜʥʘʢʦ PSpice-ʤʦʜʝʣʠ ʠʟ-ʟʘ 

ʦʛʨʘʥʠʯʝʥʠʡ, ʩʚʦʡʩʪʚʝʥʥʳʭ ʷʟʳʢʫ PSpice, ʠʤʝʶʪ ʨʷʜ ʩʫʱʝʩʪʚʝʥʥʳʭ 

ʥʝʜʦʩʪʘʪʢʦʚ, ʢʦʪʦʨʳʝ ʚ ʠʪʦʛʝ ʦʪʨʘʞʘʶʪʩʷ ʥʘ ʧʦʣʥʦʪʝ ʨʝʘʣʠʟʫʝʤʦʛʦ 

ʬʫʥʢʮʠʦʥʘʣʘ ʤʦʜʝʣʠ ʠ ʟʘʚʳʰʝʥʥʳʭ ʪʨʝʙʦʚʘʥʠʷʭ ʢ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʢʦʥʢʨʝʪʥʦʡ ʕɺʄ [1]. ʇʦʩʣʝʜʥʝʝ ʟʘʤʝʯʘʥʠʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʪʨʝʙʫʝʪ ʦʪ ʧʦʣʴʟʦʚʘʪʝʣʷ ʦʙʣʘʜʘʪʴ ʟʥʘʯʠʪʝʣʴʥʳʤ ʦʧʳʪʦʤ ʧʦ 

ʥʘʩʪʨʦʡʢʝ ʧʘʨʘʤʝʪʨʦʚ ʯʠʩʣʝʥʥʦʛʦ ʤʝʪʦʜʘ, ʧʨʠʤʝʥʷʝʤʦʛʦ ʚ ʨʝʰʘʪʝʣʝ ʢʘʞʜʦʡ 

ʩʨʝʜʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ.  

PSpice-ʤʦʜʝʣʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʚʦʝʤ ʷʚʣʷʶʪʩʷ ʤʘʢʨʦʤʦʜʝʣʷʤʠ, ʚ 

ʢʦʪʦʨʳʭ ʫʢʨʫʧʥʝʥʥʳʤʠ ʙʣʦʢʘʤʠ ʨʝʘʣʠʟʦʚʘʥ ʦʩʥʦʚʥʦʡ ʬʫʥʢʮʠʦʥʘʣ ʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ çʙʘʟʦʚʦʝè ʧʦʚʝʜʝʥʠʝ ʤʦʜʝʣʠ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʨʘʥʝʝ ʫʢʘʟʘʥʥʦʡ 

ʧʨʦʙʣʝʤʦʡ ʚ ʧʦʚʳʰʝʥʥʳʭ ʪʨʝʙʦʚʘʥʠʷʭ ʢ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʕɺʄ, ʧʨʠ 

ʨʝʘʣʠʟʘʮʠʠ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʦʡ ʤʦʜʝʣʠ ʀʄʉ ʥʘ ʪʨʘʥʟʠʩʪʦʨʥʦʤ ʫʨʦʚʥʝ. 

ʄʘʢʨʦʤʦʜʝʣʠ ʦʙʳʯʥʦ ʚʳʧʦʣʥʷʶʪʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʟʘʚʠʩʠʤʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʘ, ʣʦʛʠʯʝʩʢʠʭ ʮʠʬʨʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʧʘʩʩʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ.  

ʗʟʳʢ PSpice ʥʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʛʦ 

ʦʧʠʩʘʥʠʷ ʤʦʜʝʣʝʡ, ʧʦʵʪʦʤʫ ʤʘʢʨʦʤʦʜʝʣʠ ʩʦʜʝʨʞʘʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʯʠʩʣʦ 

ʠʟʙʳʪʦʯʥʳʭ (ʧʨʦʤʝʞʫʪʦʯʥʳʭ) ʵʣʝʤʝʥʪʦʚ. ʊʘʢʞʝ ʩʠʪʫʘʮʠʷ ʫʩʫʛʫʙʣʷʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʥʘʣʠʯʠʷ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʝʟʠʩʪʦʨʦʚ 

ʙʦʣʴʰʦʛʦ ʥʦʤʠʥʘʣʘ, ʢʦʪʦʨʳʝ ʦʙʷʟʘʪʝʣʴʥʳ ʜʣʷ ʧʦʣʥʦʛʦ ʩʦʦʪʚʝʪʩʪʚʠʷ 

ʨʘʟʤʝʨʦʚ ʜʠʘʛʦʥʘʣʴʥʦʡ ʤʘʪʨʠʮʳ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʤʘʪʨʠʮʝ ʢʦʥʪʫʨʦʚ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʘʧʧʘʨʘʪʦʤ ʨʝʰʘʪʝʣʷ ʩʨʝʜʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɺ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʫʢʘʟʘʥʥʳʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ ʧʨʠʚʦʜʷʪ ʢ ʩʥʠʞʝʥʠʶ ʩʢʦʨʦʩʪʠ 

ʨʘʩʯʝʪʘ PSpice-ʤʦʜʝʣʝʡ, ʚʩʣʝʜʩʪʚʠʝ ʠʭ ʯʨʝʟʤʝʨʥʦʛʦ ʫʩʣʦʞʥʝʥʠʷ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʚʝʜʝʥʯʝʩʢʠʝ ʤʦʜʝʣʠ 

ʀʄʉ ʐʀʄ-ʢʦʥʪʨʦʣʣʝʨʦʚ, ʢʦʪʦʨʳʝ ʣʠʰʝʥʳ ʫʢʘʟʘʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ PSpice-

ʤʦʜʝʣʝʡ. ʇʦʚʝʜʝʥʯʝʩʢʠʝ ʤʦʜʝʣʠ ʨʝʘʣʠʟʫʶʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʩʧʝʮʠʘʣʴʥʳʭ 

ʚʳʩʦʢʦʫʨʦʚʥʝʚʳʭ ʷʟʳʢʦʚ ʦʧʠʩʘʥʠʷ ʘʧʧʘʨʘʪʫʨʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʩʣʦʞʥʳʝ ʘʣʛʦʨʠʪʤʳ ʚ ʚʠʜʝ ʢʦʤʧʘʢʪʥʦʛʦ ʢʦʜʘ. 

ʉʫʱʝʩʪʚʫʶʪ ʜʦʧʦʣʥʝʥʠʷ ʜʣʷ ʜʘʥʥʳʭ ʚʠʜʦʚ ʷʟʳʢʦʚ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘ 

ʦʧʠʩʘʥʠʝ ʩʠʩʪʝʤ ʩ ʫʯʝʪʦʤ ʩʤʝʰʘʥʥʳʭ ʮʠʬʨʦʚʳʭ ʠ ʘʥʘʣʦʛʦʚʳʭ ʩʠʛʥʘʣʦʚ, ʯʪʦ 

ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʠʩʘʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʘʤʠ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, 

ʩʚʦʡʩʪʚʝʥʥʳʝ ʀʄʉ ʐʀʄ-ʢʦʥʪʨʦʣʣʝʨʦʚ. ʊʘʢʞʝ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ 

ʨʝʘʣʠʟʦʚʘʪʴ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʧʨʦʮʝʩʩʘʤʠ ʨʘʟʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ. 

ʇʨʠ ʵʪʦʤ ʜʘʥʥʘʷ ʚʟʘʠʤʦʩʚʷʟʴ ʤʦʞʝʪ ʙʳʪʴ ʩʢʦʣʴ ʫʛʦʜʥʦ ʩʣʦʞʥʦʡ, ʯʪʦ 

ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʚ PSpice-ʤʦʜʝʣʠ, ʥʘʧʨʠʤʝʨ ʜʣʷ ʥʝʣʠʥʝʡʥʦ 

ʟʘʚʠʩʷʱʝʛʦ ʦʪ ʚʪʦʨʦʛʦ ʧʘʨʘʤʝʪʨʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʣʠ ʥʘʧʨʷʞʝʥʠʷ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʦʚʝʜʝʥʯʝʩʢʘʷ ʤʦʜʝʣʴ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʘ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʩʢʦʨʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʯʝʪʘ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ PSpice-ʤʦʜʝʣʴʶ. 
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ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʚʳʩʦʢʦʫʨʦʚʥʝʚʳʭ ʷʟʳʢʦʚ 

ʦʧʠʩʘʥʠʷ ʘʧʧʘʨʘʪʫʨʳ. ʅʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳ ʠʟ ʥʠʭ VHDL (ʦʪ ʘʥʛʣ. Very-High-

Speed Hardware Description Language), Verilog, SystemC.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚʝʨʩʠʷ ʷʟʳʢʘ VHDL-AMS ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩʦ ʩʪʘʥʜʘʨʪʦʤ IEEE 1076.1 [2]. ʕʪʦʪ ʷʟʳʢ ʧʦʟʚʦʣʷʝʪ ʦʧʠʩʳʚʘʪʴ ʩʤʝʰʘʥʥʳʝ 

ʧʦʚʝʜʝʥʯʝʩʢʠʝ ʤʦʜʝʣʠ - AMS (ʦʪ ʘʥʛʣ. Analog and Mixed Signal), ʘ ʪʘʢʞʝ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʧʨʦʩʪʦ ʨʝʘʣʠʟʦʚʘʪʴ ʦʧʠʩʘʥʠʝ ʤʫʣʴʪʠʜʠʩʮʠʧʣʠʥʘʨʥʳʭ ʤʦʜʝʣʝʡ. 

ʕʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʧʦʣʥʠʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʪʝʧʣʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ [3-7] ʜʣʷ ʀʄʉ ʐʀʄ-ʢʦʥʪʨʦʣʣʝʨʦʚ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʩʢʦʨʦʩʪʠ ʚʳʯʠʩʣʝʥʠʡ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ 

ʨʘʩʯʝʪʥʫʶ ʧʦʣʥʫʶ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʩʭʝʤʫ ʀʄʉ ʧʫʪʝʤ ʦʨʛʘʥʠʟʘʮʠʠ 

ʘʥʘʣʦʛʦʚʦʡ ʯʘʩʪʠ ʤʦʜʝʣʠ ʪʦʣʴʢʦ ʜʣʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠʥʪʝʨʬʝʡʩʦʚ ʧʦ ʚʳʚʦʜʘʤ 

ʤʠʢʨʦʩʭʝʤʳ. ʇʦʜʢʣʶʯʝʥʥʘʷ ʢ ʫʢʘʟʘʥʥʳʤ ʠʥʪʝʨʬʝʡʩʘʤ ʚʥʫʪʨʝʥʥʷʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʤʦʜʝʣʴ ʜʦʣʞʥʘ ʙʳʪʴ ʦʧʠʩʘʥʘ ʙʦʣʴʰʝʡ ʯʘʩʪʴʶ 

ʘʣʛʦʨʠʪʤʠʯʝʩʢʠ. 

 

 

ʈʠʩ. 1. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʧʦʚʝʜʝʥʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʙʳʣʘ ʚʳʙʨʘʥʘ ʀʄʉ ʐʀʄ-ʢʦʥʪʨʦʣʣʝʨʘ LM2676 

ʬʠʨʤʳ Texas instruments [8]. 
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ɼʣʷ ʜʘʥʥʦʛʦ ʐʀʄ-ʢʦʥʪʨʦʣʣʝʨʘ ʬʠʨʤʦʡ-ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ ʦʧʫʙʣʠʢʦʚʘʥʘ 

ʤʘʢʨʦʤʦʜʝʣʴ ʥʘ ʷʟʳʢʝ PSpice, ʢʦʪʦʨʘʷ ʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʣʷ ʚʝʨʠʬʠʢʘʮʠʠ 

ʧʨʝʜʣʘʛʘʝʤʦʡ ʧʦʚʝʜʝʥʯʝʩʢʦʡ ʤʦʜʝʣʠ. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʨʘʟʨʘʙʦʪʘʥʥʦʡ 

ʘʚʪʦʨʘʤʠ ʧʦʚʝʜʝʥʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1. 

ʇʦʚʝʜʝʥʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʯʘʩʪʝʡ: ʘʥʘʣʦʛʦʚʦʡ 

(ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʪʝʧʣʦʚʦʡ) ʠ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʡ. ɼʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʩʢʦʨʦʩʪʠ 

ʨʘʩʯʝʪʘ ʧʦʚʝʜʝʥʯʝʩʢʦʡ ʤʦʜʝʣʠ ʘʥʘʣʦʛʦʚʘʷ ʯʘʩʪʴ ʩʚʦʜʠʪʩʷ ʢ ʤʠʥʠʤʘʣʴʥʦ 

ʥʝʦʙʭʦʜʠʤʦʤʫ ʥʘʙʦʨʫ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʥʠʟʠʪʴ ʧʦʨʷʜʦʢ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ, 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʨʝʰʘʪʝʣʝʤ ʩʨʝʜʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʘʥʘʣʦʛʦʚʘʷ ʯʘʩʪʴ ʩʦʩʪʦʠʪ ʠʟ ʚʭʦʜʥʦʛʦ ʨʝʟʠʩʪʠʚʥʦʛʦ 

ʜʝʣʠʪʝʣʷ ʩʠʛʥʘʣʘ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ, ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʰʫʥʪʘ, ʠʜʝʘʣʴʥʦʛʦ ʜʠʦʜʘ, 

ʥʝʣʠʥʝʡʥʦʛʦ ʨʝʟʠʩʪʦʨʘ, ʠʤʠʪʠʨʫʶʱʝʛʦ ʨʘʙʦʪʫ ʚʳʭʦʜʥʦʛʦ ʢʣʶʯʝʚʦʛʦ 

ʪʨʘʥʟʠʩʪʦʨʘ, ʠ ʠʩʪʦʯʥʠʢʘ ʥʘʧʨʷʞʝʥʠʷ, ʫʯʠʪʳʚʘʶʱʝʛʦ ʦʩʪʘʪʦʯʥʦʝ 

ʥʘʧʨʷʞʝʥʠʝ ʚʳʭʦʜʥʦʛʦ ʢʣʶʯʝʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ. ʊʝʧʣʦʚʘʷ ʘʥʘʣʦʛʦʚʘʷ ʯʘʩʪʴ 

ʩʚʷʟʘʥʘ ʩ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʩʨʝʜʩʪʚʦʤ ʚʭʦʜʥʦʛʦ ʜʣʷ ʥʝʸ ʧʘʨʘʤʝʪʨʘ 

ʚʳʜʝʣʷʝʤʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ ʤʠʢʨʦʩʭʝʤʳ ʠ ʚʳʭʦʜʥʦʛʦ ï 

ʪʝʤʧʝʨʘʪʫʨʳ ʢʨʠʩʪʘʣʣʘ. 

ɸʣʛʦʨʠʪʤʠʯʝʩʢʘʷ ʯʘʩʪʴ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʙʣʦʢʠ: 

- ʢʦʤʤʫʪʠʨʫʶʱʠʡ ʚʳʭʦʜʥʦʡ ʢʣʶʯ ʥʘ ʦʩʥʦʚʝ ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʢʣʶʯʘ ʩ 

ʪʝʤʧʝʨʘʪʫʨʥʦ-ʟʘʚʠʩʠʤʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʝʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʥʘʧʨʷʞʝʥʠʷ ʥʘʩʳʱʝʥʠʷ ʚ ʦʪʢʨʳʪʦʤ ʩʦʩʪʦʷʥʠʠ; 

- ʙʣʦʢ ʫʩʠʣʠʪʝʣʷ ʦʰʠʙʢʠ, ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʥʘ ʙʘʟʝ ʙʣʦʢʘ ʩ ʧʝʨʝʜʘʪʦʯʥʦʡ 

ʬʫʥʢʮʠʝʡ, ʦʧʠʩʘʥʥʦʡ ʩ ʧʦʤʦʱʴʶ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʃʘʧʣʘʩʘ; 

- ʙʣʦʢʠ ʦʛʨʘʥʠʯʝʥʠʷ ʚʭʦʜʥʦʛʦ ʠ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʫʩʠʣʠʪʝʣʷ ʦʰʠʙʢʠ; 

- ʙʣʦʢ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʧʠʣʦʦʙʨʘʟʥʦʛʦ ʠ ʩʪʨʦʙʠʨʫʶʱʝʛʦ 

ʩʠʛʥʘʣʘ; 

- ʙʣʦʢʠ ʦʛʨʘʥʠʯʝʥʠʡ ʨʘʙʦʪʳ ʤʠʢʨʦʩʭʝʤʳ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʚʳʭʦʜʥʦʛʦ 

ʪʦʢʘ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʢʨʠʩʪʘʣʣʘ. 

ɼʣʷ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʧʦʚʝʜʝʥʯʝʩʢʦʡ ʤʦʜʝʣʠ ʥʘ ʷʟʳʢʝ VHDL-

AMS ʙʳʣʘ ʚʳʙʨʘʥʘ ʩʨʝʜʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ SystemVision ʬʠʨʤʳ Mentor 

Graphics [9]. ɼʘʥʥʳʡ ʧʨʦʜʫʢʪ ʠʤʝʝʪ ʨʝʘʣʠʟʘʮʠʶ ʚ ʚʠʜʝ ʠʥʪʝʨʥʝʪ-ʩʝʨʚʠʩʘ. 

ɺʥʝʰʥʠʡ ʚʠʜ ʤʦʜʝʣʠ ʚ ʵʪʦʡ ʩʨʝʜʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. 2. ʅʘ 

ʨʠʩʫʥʢʝ ʜʣʷ ʫʜʦʙʩʪʚʘ ʚʠʟʫʘʣʴʥʦʛʦ ʚʦʩʧʨʠʷʪʠʷ ʪʝʧʣʦʚʘʷ ʯʘʩʪʴ ʤʦʜʝʣʠ 

ʚʳʥʝʩʝʥʘ ʚ ʦʪʜʝʣʴʥʳʝ ʙʣʦʢʠ. 
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ʈʠʩ. 2. ɺʥʝʰʥʠʡ ʚʠʜ ʪʝʩʪʦʚʦʡ ʤʦʜʝʣʠ ʀʇʅ ʚ ʩʨʝʜʝ SystemVision 

 

ɺʨʝʤʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʘ ʜʨʦʩʩʝʣʷ ʚ 

ʤʦʤʝʥʪ ʟʘʧʫʩʢʘ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʥʘ ʪʦʢ ʥʘʛʨʫʟʢʠ 3ɸ ʩ ʧʦʩʣʝʜʫʶʱʝʤ 

ʧʝʨʝʢʣʶʯʝʥʠʝʤ ʥʘ 500ʤɸ, ʧʨʠʚʝʜʝʥʥʳʝ ʥʘ ʨʠʩ. 3 ʠ ʨʠʩ. 4, ʠʤʝʶʪ ʭʦʨʦʰʝʝ 

ʩʦʚʧʘʜʝʥʠʝ ʩ PSpice-ʤʦʜʝʣʴʶ ʜʘʞʝ ʧʨʠ ʥʠʟʢʠʭ ʪʦʯʥʦʩʪʥʳʭ ʥʘʩʪʨʦʡʢʘʭ 

ʨʝʰʘʪʝʣʷ ʩʨʝʜʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

 

 

 

ʈʠʩ. 3. ɻʨʘʬʠʢ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʥʘʛʨʫʟʢʝ 
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ʈʠʩ. 4. ɻʨʘʬʠʢ ʪʦʢʘ ʠʥʜʫʢʪʠʚʥʦʩʪʠ 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʧʦʚʝʜʝʥʯʝʩʢʘʷ ʤʦʜʝʣʴ ʫʢʘʟʘʥʥʦʛʦ 

ʐʀʄ-ʢʦʥʪʨʦʣʣʝʨʘ ʧʦʟʚʦʣʷʝʪ ʫʯʝʩʪʴ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʢʣʯʁʝʚʳʝ 

ʧʘʨʘʤʝʪʨʳ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʀʄʉ, ʘ ʠʤʝʥʥʦ: ʯʘʩʪʦʪʳ ʢʦʤʤʫʪʘʮʠʠ ʠ 

ʦʩʪʘʪʦʯʥʦʛʦ ʧʘʜʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʳʭʦʜʥʦʤ ʩʠʣʦʚʦʤ ɼʄʆʇ-ʪʨʘʥʟʠʩʪʦʨʝ. 
ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʚʝʜʝʥʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚ ʩʚʦʝʡ 

ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʡ ʯʘʩʪʠ, ʤʦʞʝʪ ʙʳʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʝʥʘ ʧʫʪʝʤ ʟʘʤʝʥʳ 

ʨʝʘʣʠʟʘʮʠʠ ʐʀʄ ʚʪʦʨʦʛʦ ʨʦʜʘ ʥʘ ʐʀʄ ʧʝʨʚʦʛʦ ʨʦʜʘ. ʆʜʥʘʢʦ ʜʘʥʥʦʝ 

ʟʘʤʝʯʘʥʠʝ ʥʝ ʷʚʣʷʝʪʩʷ ʦʙʱʠʤ ʠ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʢʦʥʢʨʝʪʥʦʛʦ ʐʀʄ-

ʢʦʥʪʨʦʣʣʝʨʘ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʧʦʚʝʜʝʥʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʘʜʝʢʚʘʪʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʩ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʩʣʦʞʥʦʡ 

PSpice-ʤʦʜʝʣʴʶ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʨʠ ʵʪʦʤ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʳʠʛʨʳʰ ʚ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʵʢʦʥʦʤʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʕɺʄ. 
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ʉʀʉʊɽʄ 

ʇʨʝʜʣʦʞʝʥ ʧʦʜʭʦʜ ʢ ʦʮʝʥʢʝ ʩʚʦʡʩʪʚ ʜʠʩʢʨʝʪʥʳʭ ʤʦʜʝʣʝʡ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʦʙʨʘʪʠʤʦʩʪʠ ʨʝʰʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ.  ʆʧʠʩʘʥ ʥʦʚʳʡ 

ʢʣʘʩʩ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʚʠʟʫʘʣʠʟʠʨʫʶʱʠʭ ʦʙʨʘʪʠʤʦʩʪʴ ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʦʡ 

ʩʭʝʤʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʠ ʛʣʫʙʠʥʳ ʦʙʨʘʪʥʦʛʦ ʨʝʰʝʥʠʷ ï 

ʨʝʚʝʨʩ-ʜʠʘʛʨʘʤʤʳ. ʉ ʧʦʤʦʱʴʶ ʧʨʝʜʣʦʞʝʥʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠʟʫʯʝʥʳ 

ʩʚʦʡʩʪʚʘ ʨʘʟʣʠʯʥʳʭ ʜʠʩʢʨʝʪʥʳʭ ʦʧʝʨʘʪʦʨʦʚ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʥʘ ʧʨʠʤʝʨʝ 

ʧʦʩʪʨʦʝʥʠʷ ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʦʡ ʤʦʜʝʣʠ ʮʝʧʠ ʩ ʠʜʝʘʣʴʥʳʤ ʤʝʤʨʠʩʪʦʨʦʤ. 

This paper proposes new approach to the investigation of dynamical systems 

discrete models through time-reversibility analysis. The new class of tools that 

visualize the time-reversibility of finite-difference schemes depending on the initial  

conditions and reverse depth is described, called reverse diagrams. Some 

properties of various numerical integration methods are studied on the example of 

the memristor-based circuit model using proposed tools. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʤʤʝʪʨʠʯʥʘʷ ʩʠʩʪʝʤʘ, ʦʙʨʘʪʠʤʦʩʪʴ ʚʦ ʚʨʝʤʝʥʠ, 

ʯʠʩʣʝʥʥʳʡ ʤʝʪʦʜ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ, ʤʝʤʨʠʩʪʦʨ, ʨʝʚʝʨʩ-ʜʠʘʛʨʘʤʤʘ. 

Keywords: symmetric system, time-reversibility, numerical integration 

method, memristor, reverse-diagram. 
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ɺʚʝʜʝʥʠʝ 

ʈʘʟʚʠʪʠʝ ʪʝʦʨʠʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʧʨʠʚʝʣʦ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ 

ʠʟʤʝʥʝʥʠʶ ʪʨʝʙʦʚʘʥʠʡ, ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʢ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ ʘʧʧʘʨʘʪʫ 

ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʇʦʤʠʤʦ ʢʣʘʩʩʠʯʝʩʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʪʦʯʥʦʩʪʴʶ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʯʠʩʣʝʥʥʦʛʦ ʤʝʪʦʜʘ, ʩʝʛʦʜʥʷ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴ ʪʘʢʞʝ ʜʦʣʞʝʥ ʫʯʠʪʳʚʘʪʴ ʠʩʢʘʞʝʥʠʷ, ʚʥʦʩʠʤʳʝ ʚʳʙʨʘʥʥʳʤ 

ʜʠʩʢʨʝʪʥʳʤ ʦʧʝʨʘʪʦʨʦʤ ʚ ʜʠʥʘʤʠʢʫ ʧʨʦʪʦʪʠʧʘ. 

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʪ.ʥ. ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʠʥʪʝʛʨʘʪʦʨʳ [1] ï ʩʝʤʝʡʩʪʚʦ 

ʜʠʩʢʨʝʪʥʳʭ ʦʧʝʨʘʪʦʨʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʩʦʭʨʘʥʷʪʴ ʚ ʜʠʩʢʨʝʪʥʦʡ ʤʦʜʝʣʠ ʪʘʢʠʝ 

ʩʚʦʡʩʪʚʘ ʠʩʭʦʜʥʦʡ ʩʠʩʪʝʤʳ, ʢʘʢ ʩʠʤʤʝʪʨʠʯʥʦʩʪʴ, ʦʙʨʘʪʠʤʦʩʪʴ ʨʝʰʝʥʠʷ ʚʦ 

ʚʨʝʤʝʥʠ, ʧʦʣʥʘʷ ʵʥʝʨʛʠ ̫ʩʠʩʪʝʤʳ ʠ ʜʨ. ʀʟʥʘʯʘʣʴʥʦ ʧʨʠʤʝʥʷʚʰʠʡʩʷ ʣʠʰʴ 

ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʛʘʤʠʣʴʪʦʥʦʚʳʭ ʩʠʩʪʝʤ, ʩʝʛʦʜʥʷ ʜʘʥʥʳʡ ʢʣʘʩʩ 

ʘʣʛʦʨʠʪʤʦʚ ʙʳʩʪʨʦ ʨʘʟʚʠʚʘʝʪʩʷ, ʩʠʥʪʝʟʠʨʫʶʪʩʷ ʚʩʝ ʥʦʚʳʝ ʠ ʥʦʚʳʝ 

ʤʦʜʠʬʠʢʘʮʠʠ ʤʝʪʦʜʦʚ [2]. ʇʨʠ ʵʪʦʤ ʚʦʟʥʠʢʘʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʩʨʘʚʥʠʪʝʣʴʥʦʡ 

ʦʮʝʥʢʝ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʢʦʥʢʨʝʪʥʦʡ 

ʩʠʩʪʝʤʳ. ʂʘʢ ʫʞʝ ʫʧʦʤʠʥʘʣʦʩʴ, ʢʣʘʩʩʠʯʝʩʢʠʝ ʢʨʠʪʝʨʠʠ ʪʦʯʥʦʩʪʠ ʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʥʝ ʜʘʶʪ ʠʩʯʝʨʧʳʚʘʶʱʝʛʦ ʦʪʚʝʪʘ ʥʘ ʚʦʧʨʦʩ, ʢʘʢʦʡ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ ʷʚʣʷʝʪʩʷ ʥʘʠʣʫʯʰʠʤ ʧʨʠ ʨʝʰʝʥʠʠ ʢʦʥʢʨʝʪʥʦʡ 

ʟʘʜʘʯʠ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʤ  r ʧʨʝʜʣʘʛʘʝʤ ʥʦʚʳʡ ʠʥʩʪʨʫʤʝʥʪ ʦʮʝʥʢʠ 

ʩʚʦʡʩʪʚ ʜʠʩʢʨʝʪʥʦʛʦ ʦʧʝʨʘʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʦʙʨʘʪʠʤʦʩʪʠ ʢʦʥʝʯʥʦ-

ʨʘʟʥʦʩʪʥʦʡ ʤʦʜʝʣʠ ʥʝʧʨʝʨʳʚʥʦʡ ʩʠʩʪʝʤʳ ʩ ʚʠʟʫʘʣʠʟʘʮʠʝʡ ʚ ʚʠʜʝ ʨʝʚʝʨʩ-

ʜʠʘʛʨʘʤʤʳ. ʈʘʩʩʤʦʪʨʠʤ ʧʨʝʜʣʘʛʘʝʤʳʡ ʠʥʩʪʨʫʤʝʥʪ ʥʘ ʧʨʠʤʝʨʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʭʘʦʪʠʯʝʩʢʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ.  

ʀʩʩʣʝʜʫʝʤʘʷ ʩʠʩʪʝʤʘ 

ʋʩʪʨʦʡʩʪʚʘ ʩ ʤʝʤʨʠʩʪʠʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʷʚʣʷʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤ 

ʧʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʪʝʦʨʠʠ ʮʝʧʝʡ ʠ ʥʝʡʨʦʤʦʨʬʥʳʭ ʩʠʩʪʝʤ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʚ ʮʝʧʷʭ, ʩʦʜʝʨʞʘʱʠʭ ʤʝʤʨʠʩʪʦʨʳ, ʥʘʙʣʶʜʘʶʪʩʷ ʭʘʦʪʠʯʝʩʢʠʝ 

ʨʝʞʠʤʳ ʢʦʣʝʙʘʥʠʡ. ɺ ʢʘʯʝʩʪʚʝ ʪʝʩʪʦʚʦʡ ʩʠʩʪʝʤʳ ʥʘʤʠ ʙʳʣʘ ʚʳʙʨʘʥʘ ʤʦʜʝʣʴ 

ʮʝʧʠ ʩ ʠʜʝʘʣʴʥʳʤ ʤʝʤʨʠʩʪʦʨʦʤ [3], ʥʦʨʤʘʣʴʥʘʷ ʬʦʨʤʘ ʂʦʰʠ ʢʦʪʦʨʦʡ ʠʤʝʝʪ 

ʚʠʜ: 
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ʛʜʝ Ŭ, ɓ ï ʧʘʨʘʤʝʪʨʳ ʥʝʣʠʥʝʡʥʦʩʪʠ. 
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ʌʘʟʦʚʳʡ ʧʦʨʪʨʝʪ ʩʠʩʪʝʤʳ (1) ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 1. ʀʩʧʦʣʴʟʫʝʤʳʝ 

ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ: Ŭ = 0,9 , ɓ = 3, ʰʘʛ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ h = 0,001 ʩ., 

ʚʨʝʤʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ t = 300 ʩ. 

 

ʈʠʩ. 1. ʇʦʚʝʜʝʥʠʝ ʩʠʩʪʝʤʳ (1) ʚ ʬʘʟʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ɺʳʙʨʘʥʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʦʧʠʩʳʚʘʝʪ ʥʝʛʘʤʠʣʴʪʦʥʦʚʫ ʩʠʩʪʝʤʫ, 

ʦʩʥʦʚʥʘʷ ʩʣʦʞʥʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʦʪʦʨʦʡ ʦʙʫʩʣʦʚʣʝʥʘ ʥʘʣʠʯʠʝʤ 

ʥʝʩʢʦʣʴʢʠʭ ʥʝʣʠʥʝʡʥʦʩʪʝʡ ʚ ʬʫʥʢʮʠʠ ʧʨʘʚʦʡ ʯʘʩʪʠ. ɸʚʪʦʨʳ ʨʘʙʦʪʳ [3] ʥʝ 

ʧʨʠʚʦʜʷʪ ʥʠʢʘʢʠʭ ʩʚʝʜʝʥʠʡ ʦ ʩʠʤʤʝʪʨʠʯʥʦʩʪʠ ʠʣʠ ʨʝʚʝʨʩʠʚʥʦʩʪʠ ʠʩʭʦʜʥʦʡ 

ʩʠʩʪʝʤʳ. 

ʀʩʩʣʝʜʫʝʤʳʝ ʤʝʪʦʜʳ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʨʠ ʤʝʪʦʜʘ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ 

ʢ ʨʘʟʣʠʯʥʳʤ ʢʣʘʩʩʘʤ ʘʣʛʦʨʠʪʤʦʚ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʆɼʋ: 

- ʅʝʩʠʤʤʝʪʨʠʯʥʳʡ ʤʝʪʦʜ ʷʚʥʦʡ ʩʨʝʜʥʝʡ ʪʦʯʢʠ (EMP). 

- ʉʠʤʤʝʪʨʠʯʥʳʡ ʤʝʪʦʜ ʥʝʷʚʥʦʡ ʩʨʝʜʥʝʡ ʪʦʯʢʠ (IMP) [1]. 

- ʉʠʤʤʝʪʨʠʯʥʳʡ ʧʦʣʫʷʚʥʳʡ ʤʝʪʦʜ CD1 [4]. 

ʆʮʝʥʢʘ ʨʝʚʝʨʩʠʚʥʦʩʪʠ ʢʦʥʝʯʥʦʨʘʟʥʦʩʪʥʳʭ ʩʭʝʤ 

ɸʣʛʦʨʠʪʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʨʘʪʠʤʦʩʪʠ ʚʦ ʚʨʝʤʝʥʠ ʢʦʥʝʯʥʦʨʘʟʥʦʩʪʥʦʡ 

ʩʭʝʤʳ, ʧʦʣʫʯʝʥʥʦʡ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ ʯʠʩʣʝʥʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʢ 

ʠʩʭʦʜʥʦʡ ʩʠʩʪʝʤʝ (1), ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʵʪʘʧʦʚ: 
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1. ɺʳʙʦʨ ʥʘʯʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʧʝʨʝʤʝʥʥʳʭ ʩʦʩʪʦʷʥʠʷ xi0, ʰʘʛʘ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ h, ʯʠʩʣʘ ʰʘʛʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ N. 

2. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʠʟ ʢʘʞʜʦʡ ʪʦʯʢʠ xi0 ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ N ʨʘʟ ʩ 

ʰʘʛʦʤ h, ʟʘʧʠʩʴ ʢʦʥʝʯʥʦʡ ʪʦʯʢʠ ʨʝʰʝʥʠʷ. 

3. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʠʟ ʢʦʥʝʯʥʦʡ ʪʦʯʢʠ N ʨʘʟ ʩ ʰʘʛʦʤ ï h, ʧʦʣʫʯʝʥʠʝ ʥʦʚʳʭ 

ʟʥʘʯʝʥʠʡ ʧʝʨʝʤʝʥʥʳʭ ʩʦʩʪʦʷʥʠʷ xi0new, ʙʣʠʟʢʠʭ ʢ ʩʪʘʨʪʦʚʳʤ. 

4. ʈʘʩʯʸʪ ʦʰʠʙʢʠ ʦʙʨʘʪʥʦʛʦ ʭʦʜʘ ʢʘʢ ʥʦʨʤʳ ʨʘʟʥʦʩʪʠ ʟʥʘʯʝʥʠʡ xi0 ʠ xi0new . 

ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʦʰʠʙʢʠ ʚʳʚʦʜʷʪʩʷ ʥʘ ʜʚʫʤʝʨʥʫʶ ʜʠʘʛʨʘʤʤʫ. 

ɺʝʨʪʠʢʘʣʴʥʘʷ ʦʩʴ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʪʘʨʪʦʚʦʤʫ ʟʥʘʯʝʥʠʶ ʧʝʨʝʤʝʥʥʦʡ 

ʩʦʩʪʦʷʥʠʷ, ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ï ʰʘʛʘ. ʊʸʤʥʳʝ ʟʦʥʳ ʛʨʘʬʠʢʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʦʰʠʙʢʝ e Ò 1E-14, ʝʩʣʠ ʦʰʠʙʢʘ ʧʨʝʚʳʰʘʝʪ ʜʘʥʥʦʝ ʟʥʘʯʝʥʠʝ, ʦʙʣʘʩʪʴ 

ʟʘʢʨʘʰʠʚʘʝʪʩʷ ʙʝʣʳʤ ʮʚʝʪʦʤ. 

ʅʘ ʨʠʩ. 2, 3, 4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʠʘʛʨʘʤʤʳ ʦʙʨʘʪʠʤʦʩʪʠ ʚʦ ʚʨʝʤʝʥʠ ʜʣʷ 

ʠʩʩʣʝʜʫʝʤʳʭ ʢʦʥʝʯʥʦʨʘʟʥʦʩʪʥʳʭ ʩʭʝʤ. 
 

 
ʈʠʩ. 2. ʈʝʚʝʨʩ-ʜʠʘʛʨʘʤʤʘ ʢʦʥʝʯʥʦʨʘʟʥʦʩʪʥʦʡ ʤʦʜʝʣʠ  

ʩʠʩʪʝʤʳ (1), ʧʦʩʪʨʦʝʥʥʦʡ ʤʝʪʦʜʦʤ ɽʄʈ 

 
ʈʠʩ. 3. ʈʝʚʝʨʩ-ʜʠʘʛʨʘʤʤʘ ʢʦʥʝʯʥʦʨʘʟʥʦʩʪʥʦʡ ʤʦʜʝʣʠ  

ʩʠʩʪʝʤʳ (1), ʧʦʩʪʨʦʝʥʥʦʡ ʤʝʪʦʜʦʤ Iʄʈ  
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ʈʠʩ. 4. ʈʝʚʝʨʩ-ʜʠʘʛʨʘʤʤʘ ʢʦʥʝʯʥʦʨʘʟʥʦʩʪʥʦʡ ʤʦʜʝʣʠ 

 ʩʠʩʪʝʤʳ (1), ʧʦʩʪʨʦʝʥʥʦʡ ʤʝʪʦʜʦʤ CD1 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʤʝʪʦʜ CD1 ʧʦʟʚʦʣʷʝʪ ʧʦʩʪʨʦʠʪʴ ʢʦʥʝʯʥʦ-

ʨʘʟʥʦʩʪʥʫʶ ʩʭʝʤʫ, ʦʙʣʘʜʘʶʱʫʶ ʦʙʨʘʪʠʤʦʩʪʴʶ ʚ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʤ 

ʜʠʘʧʘʟʦʥʝ ʰʘʛʦʚ ʠ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ, ʯʝʤ ʤʝʪʦʜ IMP. ʅʝʩʠʤʤʝʪʨʠʯʥʳʡ 

ʤʝʪʦʜ EMP ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʨʝʚʝʨʩʠʚʥʦʝ ʨʝʰʝʥʠʝ ʚ ʢʨʘʡʥʝ ʫʟʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʧʘʨʘʤʝʪʨʦʚ ʠ ʥʝ ʧʦʜʭʦʜʠʪ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʩʠʤʤʝʪʨʠʯʥʳʭ ʢʦʥʝʯʥʦ-

ʨʘʟʥʦʩʪʥʳʭ ʩʭʝʤ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʚ ʨʘʙʦʪʝ ʧʦʜʭʦʜ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʛʣʷʜʥʦ ʠʟʫʯʠʪʴ 

ʩʠʤʤʝʪʨʠʯʥʦʩʪʴ ʠ ʦʙʨʘʪʠʤʦʩʪʴ ʚʦ ʚʨʝʤʝʥʠ ʜʠʩʢʨʝʪʥʳʭ ʤʦʜʝʣʝʡ, ʧʦʣʫʯʝʥʥʳʭ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ.  

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʧʦʣʫʷʚʥʳʝ 

ʦʧʦʨʥʳʝ ʤʝʪʦʜʳ ʤʦʛʫʪ ʜʦʩʪʠʯʴ ʩʚʦʡʩʪʚʘ ʨʝʚʝʨʩʠʚʥʦʩʪʠ ʤʦʜʝʣʠ ʠʩʩʣʝʜʫʝʤʦʡ 

ʩʠʩʪʝʤʳ ʚ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʤ ʜʠʘʧʘʟʦʥʝ ʧʘʨʘʤʝʪʨʦʚ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʨʘʤʢʘʭ ʜʦʛʦʚʦʨʘ ˉ17-07-00862/17 ʦʪ 

10.04.2017 ʛ. 
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(ʛ. ɹʨʷʥʩʢ, ɹʨʷʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ) 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʇɽʈɽʍʆɼʅʓʍ ʇʈʆʎɽʉʉʆɺ ɺ ʉʀʉʊɽʄɽ 

ʋʇʈɸɺʃɽʅʀʗ ʕʃɽʂʊʈʆʇʈʀɺʆɼʆʄ ʇʆʉʊʆʗʅʅʆɻʆ ʊʆʂɸ              

ɺ ʉʈɽɼɽ çSIMULINK è 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʠʪʫʘʮʠʷ, ʧʨʠ ʢʦʪʦʨʦʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʠʥʪʝʟʘ 

ʩʠʩʪʝʤʳ ʧʦʜʯʠʥʝʥʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʢʦʦʨʜʠʥʘʪ ʚʦʟʥʠʢʘʶʪ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʢʦʣʝʙʘʥʠʷ, ʫʩʪʨʘʥʠʪʴ ʢʦʪʦʨʳʝ ʧʫʪʝʤ ʢʦʤʧʝʥʩʘʮʠʠ 

ʚʣʠʷʥʠʷ ʕɼʉ ʥʝ ʫʜʘʝʪʩʷ.  

In the presented report the situation was considered in which as a result of the 

synthesis of the system of subordinate regulation of coordinates, high-frequency 

oscillations arise, which were not eliminated by compensating for the influence of 

EMF. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʝʢʪʨʦʧʨʠʚʦʜ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ 

ʢʦʣʝʙʘʥʠʷ, ʢʦʤʧʝʥʩʘʮʠʷ ʕɼʉ, ʜʝʤʧʬʠʨʦʚʘʥʠʝ ʫʧʨʫʛʠʭ ʢʦʣʝʙʘʥʠʡ. 

Keywords: DC electric drive, high-frequency oscillations, compensation of 

EMF, damping of elastic vibrations. 

ɺ ʢʘʯʝʩʪʚʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʙʳʣʘ ʚʳʙʨʘʥʘ ʩʠʩʪʝʤʘ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʩʢʦʨʦʩʪʴʶ ʚ ʧʝʨʚʦʡ ʟʦʥʝ ʜʚʠʛʘʪʝʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. ʇʦʜ 

ʧʨʦʛʨʘʤʤʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʧʦʥʠʤʘʝʪʩʷ ʩʪʫʧʝʥʯʘʪʦʝ ʠʟʤʝʥʝʥʠʝ ʩʠʛʥʘʣʘ 

ʟʘʜʘʥʠʷ. ɺʝʣʠʯʠʥʘ ʩʪʫʧʝʥʠ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʣʠʯʥʦʡ, ʥʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʥʘ 

ʩʦʩʪʘʚʣʷʝʪ 0,05Āwʥʦʤ ʠ 1Āwʥʦʤ. ɿʘʜʘʯʘ ʪʘʢʦʡ ʩʠʩʪʝʤʳ - ʦʙʝʩʧʝʯʠʪʴ ʧʝʨʝʭʦʜ ʢ 

ʥʦʚʦʤʫ ʫʩʪʘʥʦʚʠʚʰʝʤʫʩʷ ʟʥʘʯʝʥʠʶ ʦʩʥʦʚʥʦʡ ʢʦʦʨʜʠʥʘʪʳ ʟʘ ʤʠʥʠʤʘʣʴʥʦʝ 

ʚʨʝʤʷ ʧʨʠ ʥʝʠʟʤʝʥʥʦʡ ʥʘʛʨʫʟʢʝ. 

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʤ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ.1. 



 

158 

 

 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʕʇ 

 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʩʠʩʪʝʤʳ ʧʨʦʠʟʚʝʜʝʥʘ 

ʥʘʩʪʨʦʡʢʘ ʢʦʥʪʫʨʦʚ ʪʦʢʘ (ʨʠʩ.2) ʠ ʩʢʦʨʦʩʪʠ ʥʘ ʪʝʭʥʠʯʝʩʢʠʡ ʦʧʪʠʤʫʤ [1]. 

 

 

ʈʠʩ. 2. ʂʦʥʪʫʨ ʪʦʢʘ ʷʢʦʨʷ 

 

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʢʦʥʪʫʨʘ ʩʢʦʨʦʩʪʠ (ʨʠʩ.3) ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

 

ʈʠʩ. 3. ʂʦʥʪʫʨ ʩʢʦʨʦʩʪʠ 
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ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʤ (ʉʋʕʇ) ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʨʝʜʘ çSimulinkè 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ çMATLABè. 

ʇʨʠ ʤʘʣʦʤ ʰʘʛʝ ʩʢʘʯʢʦʦʙʨʘʟʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʩʠʛʥʘʣʘ ʟʘʜʘʥʠʷ ʩʢʦʨʦʩʪʠ 

ʦʪ ʥʫʣʷ ʜʦ 0,05Āwʥʦʤ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ (ʨʠʩ.4): 

 

 

 

ʈʠʩ. 4. ɻʨʘʬʠʢʠ ʩʢʦʨʦʩʪʠ ʧʝʨʚʦʡ ʤʘʩʩʳ (w1), ʩʢʦʨʦʩʪʠ ʚʪʦʨʦʡ ʤʘʩʩʳ (w2), 

ʥʘʧʨʷʞʝʥʠʷ ʟʘʜʘʥʠʷ ʪʦʢʘ (Uʟʪ) ʠ ʤʦʤʝʥʪʘ (ʄ) ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʠʛʥʘʣʘ ʟʘʜʘʥʠʷ 

ʦʪ 0Āwʥʦʤ ʜʦ 0,05Āwʥʦʤ 

 

ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʧʨʠ 

ʥʘʩʪʨʦʡʢʝ ʦʙʦʠʭ ʢʦʥʪʫʨʦʚ (ʩʢʦʨʦʩʪʠ ʠ ʪʦʢʘ) ʥʘ ʪʝʭʥʠʯʝʩʢʠʡ ʦʧʪʠʤʫʤ ʠ 

ʥʝʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ ʥʘʛʨʫʟʢʠ ʚ ʚʠʜʝ ʚʷʟʢʦʛʦ ʪʨʝʥʠʷ I ʨʦʜʘ ʚʦʟʥʠʢʘʶʪ 

ʫʧʨʫʛʠʝ, ʩʣʘʙʦ ʜʝʤʧʬʠʨʫʶʱʠʝʩʷ ʢʦʣʝʙʘʥʠʷ ʩʢʦʨʦʩʪʠ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʤʘʩʩʳ. 

ʇʫʩʢʦʚʦʡ ʤʦʤʝʥʪ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʥʝ ʚʳʭʦʜʠʪ ʟʘ ʧʨʝʜʝʣʳ 2Āʄʥʦʤ, ʧʦʩʢʦʣʴʢʫ 

ʦʛʨʘʥʠʯʝʥ ʥʘʧʨʷʞʝʥʠʝʤ ʟʘʜʘʥʠʷ ʪʦʢʘ. ʆʪʜʝʣʴʥʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʚʳʙʨʘʥʥʳʡ ʜʚʠʛʘʪʝʣʴ ʠʤʝʝʪ ʩʦʦʪʥʦʰʝʥʠʝ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʧʦʩʪʦʷʥʥʳʭ ʚʨʝʤʝʥʠ, ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʫʩʣʦʚʠʶ 
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ʊʤḻʊɻ [2], ʪʝʤ ʩʘʤʳʤ ʦʙʫʩʣʦʚʣʠʚʘʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʩʢʦʨʦʩʪʠ ʧʝʨʚʦʡ ʤʘʩʩʳ ʠ ʤʦʤʝʥʪʘ. 

 

ɼʣ ̫ʫʩʪʨʘʥʝʥʠʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʢʦʨʦʩʪʠ ʧʝʨʚʦʡ ʤʘʩʩʳ ʠ 

ʤʦʤʝʥʪʘ ʧʨʦʠʟʚʝʜʝʥʘ ʢʦʤʧʝʥʩʘʮʠʷ ʚʣʠʷʥʠʷ ʕɼʉ. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʤʦʜʝʣʠ 

ʩ ʢʦʤʧʝʥʩʠʨʫʶʱʠʤ ʟʚʝʥʦʤ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ.5. 

 

 

 

ʈʠʩ. 5. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʜʚʫʭʤʘʩʩʦʚʦʡ ʤʦʜʝʣʠ ʩ ʢʦʤʧʝʥʩʠʨʫʶʱʠʤ ʟʚʝʥʦʤ 

 

ʋʩʣʦʚʠʝ ʢʦʤʧʝʥʩʘʮʠʠ ʚʣʠʷʥʠʷ ʕɼʉ: 

 
̒˟̐ ρ

̋̐
ὡ̋Ͻ̋̏ ̒. 

 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʘʥʥʦʡ ʬʦʨʤʫʣʦʡ ʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ ʧʝʨʝʜʘʪʦʯʥʘʷ 

ʬʫʥʢʮʠʷ ʢʦʤʧʝʥʩʠʨʫʶʱʝʛʦ ʟʚʝʥʘ. 

ʊʘʢʞʝ ʙʳʣʘ ʩʦʙʨʘʥʘ ʤʦʜʝʣʴ ʚ çMATLABè.  

ʇʨʦʠʟʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩ ʫʯʝʪʦʤ ʢʦʤʧʝʥʩʘʮʠʠ ʚʣʠʷʥʠʷ ʕɼʉ. 

ʇʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ (ʨʠʩ.6): 
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ʈʠʩ. 6. ɻʨʘʬʠʢʠ ʩʢʦʨʦʩʪʠ ʧʝʨʚʦʡ ʤʘʩʩʳ (w1), ʩʢʦʨʦʩʪʠ ʚʪʦʨʦʡ ʤʘʩʩʳ (w2), 

ʥʘʧʨʷʞʝʥʠʷ ʟʘʜʘʥʠʷ ʪʦʢʘ (Uʟʪ) ʠ ʤʦʤʝʥʪʘ (ʄ) ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʠʛʥʘʣʘ ʟʘʜʘʥʠʷ 

ʦʪ 0Āwʥʦʤ ʜʦ 0,05Āwʥʦʤ 

ʉʨʘʚʥʠʚ ʧʦʣʫʯʝʥʥʳʝ ʛʨʘʬʠʢʠ ʩ ʫʯʝʪʦʤ ʢʦʤʧʝʥʩʘʮʠʠ ʚʣʠʷʥʠʷ ʕɼʉ ʠ ʙʝʟ 

ʥʝʝ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʩʢʦʨʦʩʪʠ ʧʝʨʚʦʡ ʤʘʩʩʳ ʠ ʤʦʤʝʥʪʘ ʥʝ ʧʦʣʫʯʠʣʦʩʴ. ʈʝʟʫʣʴʪʘʪ ʧʨʘʢʪʠʯʝʩʢʠ 

ʠʜʝʥʪʠʯʝʥ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ. ɸʥʘʣʦʛʠʯʥʘʷ ʩʠʪʫʘʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʩʠʛʥʘʣʘ ʟʘʜʘʥʠʷ ʦʪ ʥʫʣʷ ʜʦ 1Āwʥʦʤ. 
ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʙʳʣʠ ʦʩʫʱʝʩʪʚʣʝʥʳ ʦʧʳʪʳ ʧʦ ʢʦʤʧʝʥʩʘʮʠʠ ʚʣʠʷʥʠʷ 

ʕɼʉ ʜʣʷ ʦʜʥʦʤʘʩʩʦʚʦʡ ʩʠʩʪʝʤʳ, ʥʦ ʜʘʞʝ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʚʪʦʨʦʡ ʤʘʩʩʳ ʠ, ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʫʧʨʫʛʦʡ ʩʚʷʟʠ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʚʣʠʷʥʠʝ ʕɼʉ ʥʝ ʫʜʘʣʦʩʴ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ 

ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʫʧʨʫʛʠʭ ʢʦʣʝʙʘʥʠʡ ʚ ʵʣʝʢʪʨʦʧʨʠʚʦʜʝ ʩ ʜʚʫʭʤʘʩʩʦʚʦʡ 
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ISBN 978-5-906967-76-3.  ʉɸʇʈ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʵʣʝʢʪʨʦʥʠʢʝ. ɹʨʷʥʩʢ, 2017. 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʯʘʩʪʴʶ ʚʦʟʥʠʢʣʘ ʩʠʪʫʘʮʠʷ, ʧʨʠ ʢʦʪʦʨʦʡ ʢʦʤʧʝʥʩʘʮʠʷ ʚʣʠʷʥʠʷ 

ʕɼʉ ʥʝ ʚʦʟʳʤʝʣʘ ʜʝʡʩʪʚʠʷ. ʇʨʝʜʧʦʣʘʛʘʝʤʘʷ ʧʨʠʯʠʥʘ - ʩʦʦʪʥʦʰʝʥʠʝ 

ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʧʦʩʪʦʷʥʥʳʭ ʚʨʝʤʝʥʠ, ʥʝ 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʫʩʣʦʚʠʶ ʊʤḻʊɻ. 
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(ʛ. ɹʨʷʥʩʢ, ɹʨʷʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ) 

ʀʉʉʃɽɼʆɺɸʅʀɽ ɸɺɸʈʀʁʅʓʍ ʈɽɾʀʄʆɺ ɺ ʊʈɽʍʌɸɿʅʆʄ 

ʂʆʈʈɽʂʊʆʈɽ ʂʆʕʌʌʀʎʀɽʅʊɸ ʄʆʑʅʆʉʊʀ 

ʇʨʝʜʩʪʘʚʣʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʢʦʨʨʝʢʪʦʨʘ ʢʦʵʬʬʠʮʠʝʥʪʘ 
ʤʦʱʥʦʩʪʠ ʨʝʘʣʠʟʦʚʘʥʥʘʷ ʚ Matlab Simulink. ʅʘ ʤʦʜʝʣʠ ʧʨʦʚʝʜʝʥʳ ʦʧʳʪʳ ʠ 
ʚʳʷʚʣʝʥʳ ʘʚʘʨʠʡʥʳʝ ʨʝʞʠʤʳ. ʉʜʝʣʘʥ ʚʳʚʦʜ ʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ 
ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ ʪʨʝʭʬʘʟʥʳʭ ʢʦʨʨʝʢʪʦʨʦʚ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʱʥʦʩʪʠ. 

A mathematical model of a three-phase power factor corrector based on 
Matlab Simulink is presented. Experiments on the model have given results and 
emergency regimes have been identified. A conclusion is made about the 
expediency of developing a technique for calculating three-phase power factor 
corrector. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʨʨʝʢʪʦʨ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʱʥʦʩʪʠ, 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʩʠʣʦʚʘʷ ʵʣʝʢʪʨʦʥʠʢʘ, ʧʝʨʝʜʘʯʘ 
ʵʥʝʨʛʠʠ. 

Keywords: PFC, power factor, modeling, power electronics, power 
transmission, Matlab. 
ʊʨʝʭʬʘʟʥʳʝ ʢʦʨʨʝʢʪʦʨʳ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʱʥʦʩʪʠ ʧʨʠʟʚʘʥʳ 

ʩʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʪʘʢʠʭ ʥʘʛʨʫʟʦʢ ʥʘ ʧʠʪʘʶʱʫʶ ʩʝʪʴ. 

ʊʦʧʦʣʦʛʠʡ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʠʣʦʚʦʡ ʯʘʩʪʠ ʢʦʨʨʝʢʪʦʨʦʚ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʤʦʱʥʦʩʪʠ ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ. ʆʜʠʥ ʠʟ ʚʘʨʠʘʥʪʦʚ - ʵʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʭʝʤʳ 

ʪʨʝʭʬʘʟʥʦʛʦ ʢʦʨʨʝʢʪʦʨʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʱʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʠʥʚʝʨʪʦʨʘ 

ʥʘʧʨʷʞʝʥʠʷ [1]. 

ʊʨʝʭʬʘʟʥʳʡ ʢʦʨʨʝʢʪʦʨ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʱʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʠʥʚʝʨʪʦʨʘ 

ʥʘʧʨʷʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦʡ ʩʠʩʪʝʤʦʡ, ʠ ʜʣʷ ʢʦʨʨʝʢʪʥʦʛʦ 
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ʫʧʨʘʚʣʝʥʠʷ ʪʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʤʛʥʦʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʘ 

ʥʘ ʢʘʞʜʦʡ ʬʘʟʝ ʚʭʦʜʥʦʛʦ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ ʥʘʧʨʷʞʝʥʠʷ 

ʚʳʭʦʜʘ. ʉʭʝʤʘ ʪʨʝʭʬʘʟʥʦʛʦ ʢʦʨʨʝʢʪʦʨʘ ʤʦʱʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʠʥʚʝʨʪʦʨʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. 

ʅʘʣʠʯʠʝ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʚ ʢʦʨʨʝʢʪʦʨʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʱʥʦʩʪʠ ʤʦʞʝʪ 

ʚʳʟʳʚʘʪʴ ʘʚʘʨʠʡʥʳʝ ʨʝʞʠʤʳ ʩ ʙʦʣʴʰʦʡ ʘʤʧʣʠʪʫʜʦʡ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ [6], 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʧʨʦʝʢʪʥʳʤ ʨʝʞʠʤʘʤ ʨʘʙʦʪʳ ʠ ʚʳʭʦʜʫ ʠʟ ʩʪʨʦʷ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ.  

ʀʩʩʣʝʜʫʝʤʘʷ ʤʦʜʝʣʴ ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʚʠʜʝ ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ ʚ 

Mathworks Matlab ʚ ʙʣʦʯʥʦʡ ʤʦʜʝʣʠ (ʨʠʩ. 2) ʢʦʨʨʝʢʪʦʨʘ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʤʦʱʥʦʩʪʠ ʚ Matlab SimPowerSystems. ɹʣʦʯʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ 

ʧʦʚʝʜʝʥʠʝ ʢʦʨʨʝʢʪʦʨʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʱʥʦʩʪʠ ʩ ʫʯʝʪʦʤ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʠ 

ʤʦʜʝʣʠʨʦʚʘʪʴ ʩʠʪʫʘʮʠʠ, ʧʨʠ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʘʚʘʨʠʡʥʳʭ 

ʨʝʞʠʤʦʚ.  

 

 

ʈʠʩ. 1. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʪʨʝʭʬʘʟʥʦʛʦ ʢʦʨʨʝʢʪʦʨʘ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʤʦʱʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʠʥʚʝʨʪʦʨʘ ʥʘʧʨʷʞʝʥʠʷ: R1, R2, R3 ï ʘʢʪʠʚʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʨʦʩʩʝʣʝʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʘʟ; L1, L2, L3 ï ʠʥʜʫʢʪʠʚʥʦʩʪʴ 

ʜʨʦʩʩʝʣʝʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʘʟ; C ï ʝʤʢʦʩʪʴ ʢʦʥʜʝʥʩʘʪʦʨʘ; Rʥ ï 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘʛʨʫʟʢʠ; U1, U2, U3 ï ʚʭʦʜʥʦʝ ʪʨʝʭʬʘʟʥʦʝ ʥʘʧʨʷʞʝʥʠʝ; VT1-VT6 

ï ʩʠʣʦʚʳʝ ʪʨʘʥʟʠʩʪʦʨʥʳʝ ʢʣʶʯʠ IGBT; VD1-VD6 ï ʘʥʪʠʧʘʨʘʣʣʝʣʴʥʳʝ ʜʠʦʜʳ 

ʢʣʶʯʝʡ IGBT 

ʇʨʠ ʩʦʟʜʘʥʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʪʨʝʭʬʘʟʥʦʛʦ 

ʢʦʨʨʝʢʪʦʨʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʱʥʦʩʪʠ (ʨʠʩ.2) ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʦʙʦʟʥʘʯʠʪʴ 7 

ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ ʩʭʝʤ ʟʘʤʝʱʝʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʥʘ 

ʪʘʢʪʦʚʦʤ ʠʥʪʝʨʚʘʣʝ ʨʘʙʦʪʳ.  ʇʦ ʪʦʧʦʣʦʛʠʠ 7 ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ ʤʦʛʫʪ 

ʙʳʪʴ ʩʚʝʜʝʥʳ ʢ 3 (ʥʘʛʨʫʟʢʘ ʨʘʩʩʦʝʜʠʥʝʥʘ ʩ ʠʩʪʦʯʥʠʢʦʤ (ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʨʷʜ 



 

164 

 

ʢʦʥʜʝʥʩʘʪʦʨʘ ʥʘ ʥʘʛʨʫʟʢʫ), ʚʢʣʶʯʝʥʳ ʜʚʘ ʢʣʶʯʘ ʩʚʝʨʭʫ ʠ ʢʣʶʯ ʩʥʠʟʫ, 

ʚʢʣʶʯʝʥʳ ʢʣʶʯ ʩʚʝʨʭʫ ʠ ʜʚʘ ʢʣʶʯʘ ʩʥʠʟʫ). ʇʨʠ ʵʪʦʤ ʥʘ ʢʘʞʜʦʤ ʪʘʢʪʦʚʦʤ 

ʠʥʪʝʨʚʘʣʝ ʚʦʟʤʦʞʥʦ ʜʦ 3 ʢʦʤʤʫʪʘʮʠʡ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʠʟʤʝʥʷʝʪ 

ʪʦʧʦʣʦʛʠʶ ʩʭʝʤʳ. ʂʘʞʜʘʷ ʠʟ ʩʭʝʤ ʟʘʤʝʱʝʥʠʷ ʦʧʠʩʳʚʘʝʪʩʷ ʩʠʩʪʝʤʦʡ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʢʦʪʦʨʘʷ ʚ ʤʘʪʨʠʯʥʦʡ ʬʦʨʤʝ ʠʤʝʝʪ ʚʠʜ: 

,i i

d

dt
= +

X
A X B

   (1) 

ʛʜʝ A i ï ʤʘʪʨʠʮʘ ʧʦʩʪʦʷʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʥʘ i-ʤ ʫʯʘʩʪʢʝ ʨʘʟʤʝʨʦʤ 

3Ĭ3; Bi ï ʚʝʢʪʦʨ ʚʳʥʫʞʜʘʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ i-ʤ ʫʯʘʩʪʢʝ; X= [i1, i2, uc] ï 

ʚʝʢʪʦʨ ʧʝʨʝʤʝʥʥʳʭ ʩʦʩʪʦʷʥʠʷ. 

 

 

ʈʠʩ. 2. ɹʣʦʯʥʘʷ ʤʦʜʝʣʴ ʪʨʝʭʬʘʟʥʦʛʦ ʢʦʨʨʝʢʪʦʨʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʱʥʦʩʪʠ  

ʚ Matlab Simulink 

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (3) ʧʨʠʚʝʜʝʥʘ ʢ ʬʦʨʤʝ (1), ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʞʥʦ 

ʚʳʜʝʣʠʪʴ A1 ï ʤʘʪʨʠʮʫ ʧʦʩʪʦʷʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʨʠʩ. 3 ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ ʪʨʝʭʬʘʟʥʦʛʦ ʢʦʨʨʝʢʪʦʨʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʱʥʦʩʪʠ, 

B1 ï ʚʝʢʪʦʨ ʚʳʥʫʞʜʘʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʭʝʤʳ 

ʟʘʤʝʱʝʥʠʷ. 
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                              (3) 

ɽʩʣʠ ʨʘʩʩʤʦʪʨʝʪʴ ʠ ʨʝʰʠʪʴ ʜʚʝ ʜʨʫʛʠʝ ʪʠʧʦʚʳʝ ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ 

(ʚʢʣʶʯʝʥʳ ʜʚʘ ʢʣʶʯʘ ʩʚʝʨʭʫ ʠ ʢʣʶʯ ʩʥʠʟʫ, ʦʪʢʣʶʯʝʥʠʝ ʠʩʪʦʯʥʠʢʘ ʦʪ 

ʥʘʛʨʫʟʢʠ), ʪʦ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʘʥʘʣʦʛʠʯʥʳʝ (2) ʠ (3) ʤʘʪʨʠʮʳ, ʧʨʠʯʝʤ 

ʤʘʪʨʠʮʘ A ʙʫʜʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʪʴʩʷ ʥʝʢʦʪʦʨʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʘ ʚʝʢʪʦʨ 

(3) ʙʫʜʝʪ ʦʜʠʥʘʢʦʚʳʤ ʜʣʷ ʚʩʝʭ ʩʭʝʤ ʟʘʤʝʱʝʥʠʷ. 

 

ʈʠʩ. 3. ʉʭʝʤʘ ʟʘʤʝʱʝʥʠʷ ʪʨʝʭʬʘʟʥʦʛʦ ʢʦʨʨʝʢʪʦʨʘ ʢʦʵʬʬʠʮʠʝʥʪʘ  

ʤʦʱʥʦʩʪʠ ʧʨʠ ʦʪʢʨʳʪʳʭ ʩʠʣʦʚʳʭ ʢʣʶʯʘʭ VT1,VT3,VT5 ʠʣʠ VT2,VT4,VT6 

ʏʪʦʙʳ ʥʘʡʪʠ ʚʨʝʤʷ ʢʦʤʤʫʪʘʮʠʡ ʥʘ ʪʘʢʪʦʚʦʤ ʠʥʪʝʨʚʘʣʝ ʨʘʙʦʪʳ, ʥʫʞʥʦ 

ʟʥʘʪʴ ʟʥʘʯʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ ʩʦʩʪʦʷʥʠʷ ʚ ʵʪʠ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ. ɼʣʷ ʨʘʩʯʝʪʘ 

ʧʝʨʝʤʝʥʥʳʭ ʩʦʩʪʦʷʥʠʷ ʚ ʤʦʤʝʥʪʳ ʢʦʤʤʫʪʘʮʠʡ ʚʝʨʥʦ ʩʣʝʜʫʶʱʝʝ ʫʨʘʚʥʝʥʠʝ:  

0 0 0

0

_
( ) ( ) ( )

0(t) e e e
t

A t t A t t A t t

t

X X Bdt- - - -
= + ñ .

 

ɿʥʘʷ ʟʥʘʯʝʥʠʝ ʧʝʨʝʤʝʥʥʳʭ ʩʦʩʪʦʷʥʠʷ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʜʣʷ 

ʢʘʞʜʦʡ ʠʟ ʩʭʝʤ ʟʘʤʝʱʝʥʠʷ ʠ ʤʦʤʝʥʪʳ ʢʦʤʤʫʪʘʮʠʠ ʵʪʠʭ ʩʭʝʤ, ʤʦʞʥʦ 

ʩʦʩʪʘʚʠʪʴ ʢʫʩʦʯʥʦ-ʥʝʧʨʝʨʳʚʥʫʶ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʢʦʨʨʝʢʪʦʨʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʱʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʠʥʚʝʨʪʦʨʘ 

ʥʘʧʨʷʞʝʥʠʷ ʚ ʙʘʟʠʩʝ ʢʦʤʤʫʪʘʮʠʦʥʥʦ-ʨʘʟʨʳʚʥʳʭ ʬʫʥʢʮʠʡ.  

ɺ ʮʝʧʠ LC ʚʦʟʤʦʞʥʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʇʨʠ 

ʥʘʣʠʯʠʠ ʢʦʤʤʫʪʘʮʠʠ ʧʨʦʮʝʩʩ ʤʦʞʝʪ ʚʦʡʪʠ ʚ ʨʝʞʠʤ, ʙʣʠʟʢʠʡ ʢ ʭʘʦʩʫ.  


