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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. 



 

6 

 

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. 
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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 

ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (ʘ) ʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ 

ʨʘʟʤʝʨʝ ʦʙʣʘʩʪʠ ʨʝʣʘʢʩʘʮʠʠ (ʙ) 


