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ʛ. ʂʝʤʝʨʦʚʦ 

ʄʀʅʀʉʊɽʈʉʊɺʆ ʅɸʋʂʀ ʀ ɺʓʉʐɽɻʆ ʆɹʈɸɿʆɺɸʅʀʗ ʈʌ 

ʂʫʟʙʘʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʊ.ʌ. ɻʦʨʙʘʯʝʚʘ 

ʀʥʩʪʠʪʫʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʠ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ 

ɿʘʧʘʜʥʦ-ʉʠʙʠʨʩʢʠʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ 

ʅʘʫʯʥʳʡ ʮʝʥʪʨ çʎʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠè 



 

  ʇʈʆɻʈɸʄʄʅʓʁ ʂʆʄʀʊɽʊ  

ʇʨʝʜʩʝʜʘʪʝʣʴ ï ʗʢʦʚʣʝʚ ɸʣʝʢʩʝʡ ʅʠʢʦʣʘʝʚʠʯ - ʨʝʢʪʦʨ ʂʫʟɻʊʋ, ʢ.ʬʠʟ-ʤʘʪ. ʥʘʫʢ, 
ʜʦʮʝʥʪ, ʧʨʝʜʩʝʜʘʪʝʣʴ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʠʪʝʪʘ. 

ɿʘʤʝʩʪʠʪʝʣʴ ʧʨʝʜʩʝʜʘʪʝʣʷ - ʂʦʩʪʠʢʦʚ ʂʠʨʠʣʣ ʉʝʨʛʝʝʚʠʯ - ʧʨʦʨʝʢʪʦʨ ʧʦ 
ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ ʠ ʤʝʞʜʫʥʘʨʦʜʥʦʤʫ ʩʦʪʨʫʜʥʠʯʝʩʪʚʫ, ʢ.ʪ.ʥ., ʟʘʤʝʩʪʠʪʝʣʴ ʧʨʝʜʩʝʜʘʪʝʣʷ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʠʪʝʪʘ. 

ʉʦʩʪʘʚ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʠʪʝʪʘ:  

ɹʘʢʘʥʦʚ ɸʣʝʢʩʘʥʜʨ ɸʣʝʢʩʘʥʜʨʦʚʠʯ ï ʧʨʦʨʝʢʪʦʨ ʧʦ ʫʯʝʙʥʦʡ ʨʘʙʦʪʝ ʂʫʟɻʊʋ, 
ʢ.ʪ.ʥ., ʜʦʮʝʥʪ.  

ʌʸʪ ʐʪʝʬʘʥ ï Dr.-Ing., ʧʨʦʬʝʩʩʦʨ, ɺʳʩʰʘʷ ʀʥʞʝʥʝʨʥʘʷ ʐʢʦʣʘ ʠʤʝʥʠ ɻʝʦʨʛʘ 
ɸʛʨʠʢʦʣʳ, ɹʦʭʫʤ, ɻʝʨʤʘʥʠʷ.ɼʠʤʠʪʨʦʚ ʃʶʙʦʤʠʨ ï ʟʘʤʝʩʪʠʪʝʣʴ ʨʝʢʪʦʨʘ ʉʦʬʠʡʩʢʦʛʦ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʜʦʢʪʦʨ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ.  

ʂʘʨʘʧʝʪʢʦʚ ʉʪʘʥʠʤʠʨ ï ʟʘʤʝʩʪʠʪʝʣʴ ʨʝʢʪʦʨʘ ʉʦʬʠʡʩʢʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ 
ʫʥʠʚʝʨʩʠʪʝʪʘ, ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ.  

ʐʫʩʪʦʚʘ ɽʣʝʥʘ ʇʘʚʣʦʚʥʘ - ʄɺɸ, ʢ.ʵ.ʥ. ʧʨʦʨʝʢʪʦʨ ʧʦ ʤʝʞʜʫʥʘʨʦʜʥʦʤʫ 

ʩʦʪʨʫʜʥʠʯʝʩʪʚʫ ʂʘʟʘʭʩʢʠʡ ʛʫʤʘʥʠʪʘʨʥʦ-ʶʨʠʜʠʯʝʩʢʠʡ ʠʥʥʦʚʘʮʠʦʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ.  

ʂʦʪʠʝʚ ɻʝʦʨʛʠʡ ʆʣʝʛʦʚʠʯ ï ʟʘʚ. ʢʘʬʝʜʨʦʡ ʉʄ-10 çʂʦʣʝʩʥʳʝ ʤʘʰʠʥʳè ʄɻʊʋ 
ʠʤ. ʅ.ʕ. ɹʘʫʤʘʥʘ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ. 

ʅʘʟʘʨʝʥʢʦ ʉʝʨʛʝʡ ɺʣʘʜʠʤʠʨʦʚʠʯ ï ʛʣʘʚʥʳʡ ʢʦʥʩʪʨʫʢʪʦʨ ʠʥʥʦʚʘʮʠʦʥʥʳʭ 
ʘʚʪʦʤʦʙʠʣʝʡ ʇɸʆ çʂɸʄɸɿè.  

ʇʘʥʪʝʣʝʝʥʢʦ ʌʸʜʦʨ ʀʚʘʥʦʚʠʯ ï ʟʘʚ. ʢʘʬʝʜʨʦʡ ʧʦʨʦʰʢʦʚʦʡ ʤʝʪʘʣʣʫʨʛʠʠ, ʩʚʘʨʢʠ 
ʠ ʪʝʭʥʦʣʦʛʠʠ ʤʘʪʝʨʠʘʣʦʚ ɹʅʊʋ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ.  

ʆʚʯʘʨʝʥʢʦ ɸʣʝʢʩʘʥʜʨ ɻʨʠʛʦʨʴʝʚʠʯ ï ʟʘʚ. ʢʘʬʝʜʨʦʡ ʪʝʭʥʦʣʦʛʠʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ 

ʠ ʢʘʯʝʩʪʚʘ ɹʊʀ ɸʣʪɻʊʋ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ.  

ʅʠʢʠʪʠʥ ʖʨʠʡ ɺʘʜʠʤʦʚʠʯ ï ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ çʊʝʭʥʦʣʦʛʠʷ 
ʤʘʰʠʥʦʩʪʨʦʝʥʠʷè ʅɻʊʋ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ.  

ʇʠʤʦʥʦʚ ɸʣʝʢʩʘʥʜʨ ɻʨʠʛʦʨʴʝʚʠʯ ï ʟʘʚ. ʢʘʬʝʜʨʦʡ ʧʨʠʢʣʘʜʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 
ʪʝʭʥʦʣʦʛʠʡ ʂʫʟɻʊʋ, ʜʠʨʝʢʪʦʨ ʄʅʆʎ ʂʫʟɻʊʋ-Arena Multimedia, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ.  

ʂʦʨʦʪʢʦʚ ɸʣʝʢʩʘʥʜʨ ʅʠʢʦʣʘʝʚʠʯ ï ʟʘʚ. ʢʘʬʝʜʨʦʡ ʤʝʪʘʣʣʦʨʝʞʫʱʠʭ ʩʪʘʥʢʦʚ ʠ 
ʠʥʩʪʨʫʤʝʥʪʦʚ ʂʫʟɻʊʋ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ. 

ɹʣʶʤʝʥʰʪʝʡʥ ɺʘʣʝʨʠʡ ʖʨʴʝʚʠʯ ï ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʪʝʭʥʦʣʦʛʠʠ 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʂʫʟɻʊʋ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ. 

ɺʦʨʦʥʦʚ ʖʨʠʡ ɽʚʛʝʥʴʝʚʠʯ ï ʟʘʚ. ʢʘʬʝʜʨʦʡ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʧʝʨʝʚʦʟʦʢ ʂʫʟɻʊʋ, 
ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ.  

ʏʠʯʝʨʠʥ ʀʚʘʥ ɺʣʘʜʠʤʠʨʦʚʠʯ ï ʟʘʚ. ʢʘʬʝʜʨʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠ 
ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʩʠʩʪʝʤ ʂʫʟɻʊʋ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ.  

ʂʣʝʧʮʦʚ ɸʣʝʢʩʘʥʜʨ ɸʣʝʢʩʝʝʚʠʯ ï ʟʘʚ. ʢʘʬʝʜʨʦʡ ʪʝʭʥʦʣʦʛʠʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ 
ʂʫʟɻʊʋ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ. 

 ʆʈɻɸʅʀɿɸʎʀʆʅʅʓʁ ʂʆʄʀʊɽʊ  

ʇʨʝʜʩʝʜʘʪʝʣʴ ï ʉʪʝʥʠʥ ɼʤʠʪʨʠʡ ɺʣʘʜʠʤʠʨʦʚʠʯ ï ʜʠʨʝʢʪʦʨ ʠʥʩʪʠʪʫʪʘ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʠ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ ʂʫʟɻʊʋ, ʢ.ʪ.ʥ., 

ʜʦʮʝʥʪ, ʧʨʝʜʩʝʜʘʪʝʣʴ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʢʦʤʠʪʝʪʘ.  

ɿʘʤʝʩʪʠʪʝʣʴ ʧʨʝʜʩʝʜʘʪʝʣʷ ï ɼʫʙʠʥʢʠʥ ɼʤʠʪʨʠʡ ʄʠʭʘʡʣʦʚʠʯ ï ʨʫʢʦʚʦʜʠʪʝʣʴ 
ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ çʎʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠè, ʟʘʤ. ʜʠʨʝʢʪʦʨʘ ʠʥʩʪʠʪʫʪʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʠ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ ʧʦ ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ ʂʫʟɻʊʋ, ʢ.ʪ.ʥ., 

ʜʦʮʝʥʪ, ʟʘʤʝʩʪʠʪʝʣʴ ʧʨʝʜʩʝʜʘʪʝʣʷ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʢʦʤʠʪʝʪʘ. 

ʋʯʝʥʳʡ ʩʝʢʨʝʪʘʨʴ ʢʦʥʬʝʨʝʥʮʠʠ ï ʈʦʩʩʠʝʚʘ ɼʘʨʴʷ ɺʣʘʜʠʤʠʨʦʚʥʘ ï ʩʪʘʨʰʠʡ 
ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʢʘʬʝʜʨʳ ʤʝʪʘʣʣʦʨʝʞʫʱʠʭ ʩʪʘʥʢʦʚ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʂʫʟɻʊʋ.  

ʉʦʩʪʘʚ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʢʦʤʠʪʝʪʘ:  

ʂʘʨʪʘʰʦʚ ɸʣʝʢʩʘʥʜʨ ɹʦʨʠʩʦʚʠʯ ï ʜʠʨʝʢʪʦʨ ʥʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʮʝʥʪʨʘ 
çʂɸʄɸɿ-ɹɸʋʄɸʅ R&Dè, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʉʄ-10 "ʂʦʣʸʩʥʳʝ ʤʘʰʠʥʳ" ʄɻʊʋ ʠʤ. 

ɹʘʫʤʘʥʘ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ.  

ʄʦʠʩʝʝʚ ʄʠʭʘʠʣ ɺʷʯʝʩʣʘʚʦʚʠʯ ï ʨʫʢʦʚʦʜʠʪʝʣʴ ʛʨʫʧʧʳ ʩʣʫʞʙʳ ʠʥʥʦʚʘʮʠʦʥʥʳʭ 

ʘʚʪʦʤʦʙʠʣʝʡ ʇɸʆ çʂɸʄɸɿè.  

ɸʙʘʙʢʦʚ ʅʠʢʦʣʘʡ ɺʠʢʪʦʨʦʚʠʯ ï ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʪʝʭʥʦʣʦʛʠʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ 



 

ʂʫʟɻʊʋ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ. 

ʂʦʩʦʣʘʧʦʚ ɸʥʜʨʝʡ ɺʘʣʝʥʪʠʥʦʚʠʯ ï ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʧʝʨʝʚʦʟʦʢ 
ʂʫʟɻʊʋ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ.  

ɸʱʝʫʣʦʚ ɸʥʜʨʝʡ ʉʝʨʛʝʝʚʠʯ ï ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʚʪʦʤʦʙʠʣʝʡ 
ʂʫʟɻʊʋ, ʢ.ʪ.ʥ. 

ʉʘʜʦʚʝʮ ɺʣʘʜʠʤʠʨ ʖʨʴʝʚʠʯ ï ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʩʠʩʪʝʤ ʂʫʟɻʊʋ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ.  

ʊʘʡʣʘʢʦʚʘ ɸʥʥʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ ï ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʢʘʬʝʜʨʳ ʧʨʠʢʣʘʜʥʳʭ 
ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ.  

ʉʳʨʢʠʥ ʀʣʴʷ ʉʝʨʛʝʝʚʠʯ - ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠ 
ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʩʠʩʪʝʤ ʂʫʟɻʊʋ, ʢ.ʪ.ʥ.
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ʀʥʥʦʚʘʮʠʠ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ, ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʠ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʝ: ʩʙʦʨʥʠʢ ʤʘʪʝʨʠʘʣʦʚ V ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ 
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ʜʨ.]. ï ʂʝʤʝʨʦʚʦ, 2021 ï 592 ʩ. 

 
ʉʙʦʨʥʠʢ ʤʘʪʝʨʠʘʣʦʚ ʢʦʥʬʝʨʝʥʮʠʠ ʩʦʜʝʨʞʠʪ ʥʘʫʯʥʳʝ ʩʪʘʪʴʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ 

ʟʘʨʫʙʝʞʥʳʭ ʘʚʪʦʨʦʚ, ʧʦʩʚʷʱʝʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ, ʤʘʰʠʥʦʩʪʨʦʝʥʠʶ ʠ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ. 

ʇʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʨʘʙʦʪʥʠʢʦʚ, ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʦʙʣʘʩʪʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʫʧʨʘʚʣʝʥʠʷ, ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʠ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ, ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ ʚʳʩʰʠʭ ʠ ʩʨʝʜʥʠʭ 

ʩʧʝʮʠʘʣʴʥʳʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ. 

ʆʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʘʫʪʝʥʪʠʯʥʦʩʪʴ ʠ ʪʦʯʥʦʩʪʴ ʮʠʪʘʪ, ʥʘʟʚʘʥʠʡ ʠ ʠʥʳʭ ʩʚʝʜʝʥʠʡ, 

ʘ ʪʘʢʞʝ ʟʘ ʩʦʙʣʶʜʝʥʠʝ ʟʘʢʦʥʦʚ ʦʙ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʥʝʩʫʪ ʘʚʪʦʨʳ 

ʧʫʙʣʠʢʫʝʤʳʭ ʩʪʘʪʝʡ. 

 

ʄʥʝʥʠʝ ʦʨʛʢʦʤʠʪʝʪʘ ʠ ʨʝʜʢʦʣʣʝʛʠʠ ʤʦʞʝʪ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʤʥʝʥʠʷ ʘʚʪʦʨʦʚ ʩʪʘʪʝʡ, 

ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʚ ʩʙʦʨʥʠʢʝ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ. 

 

ʄʘʪʝʨʠʘʣʳ ʧʫʙʣʠʢʫʶʪʩʷ ʚ ʘʚʪʦʨʩʢʦʡ ʨʝʜʘʢʮʠʠ. 
 

É ʂʫʟʙʘʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ ʊ.ʌ. ɻʦʨʙʘʯʝʚʘ 

É ɸʚʪʦʨʳ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʩʪʘʪʝʡ 
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ɽʞʝʜʥʝʚʥʦ ʢʘʞʜʳʡ ʯʝʣʦʚʝʢ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʧʨʦʙʣʝʤʦʡ ʘʜʘʧʪʘʮʠʠ ʢ ʥʦʚʰʝʩʪʚʘʤ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʠʨʘ. ʅʦ ʦʜʥʦ ʤʦʞʥʦ ʩʢʘʟʘʪʴ ʪʦʯʥʦ, ʫʞ ʪʦʯʥʦ ʥʠʢʦʛʦ ʠʟ ʥʘʩ ʙʳʪ ʥʝ 

ʦʙʦʰʝʣ ʩʪʦʨʦʥʦʡ. ʂʘʢ ʞʝ ʯʘʩʪʦ ʭʦʯʝʪʩʷ ʧʦʤʦʯʴ ʩʝʙʝ ʩʘʤʦʤʫ ʩʧʨʘʚʠʪʩʷ ʩʦ ʩʪʠʨʢʦʡ ʠʣʠ 

ʫʙʦʨʢʦʡ, ʘ ʠʥʦʛʜʘ ʜʘʞʝ ʚʩʪʘʪʴ ʠ ʣʘʤʧʦʯʢʫ ʚʢʣʶʯʠʪʴ ʩʪʘʥʦʚʠʪʩʷ ʦʛʨʦʤʥʦʡ ʧʨʦʙʣʝʤʦʡ. 

ʅʦ ʥʘ ʧʦʤʦʱʴ ʧʨʠʭʦʜʠʪ ʫʤʥʳʡ ʜʦʤ, ʚʝʜʴ ʠʤʝʥʥʦ ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʩʠʩʪʝʤʦʡ 

ʢʦʥʪʨʦʣʷ ʜʦʤʘʰʥʝʡ ʦʙʩʪʘʥʦʚʢʠ ʩʪʘʥʦʚʠʪʩʷ ʩʘʤʦʡ ʠʩʧʦʣʴʟʫʝʤʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʚ 

ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ. ʅʝ ʟʨʷ ʛʦʚʦʨʷʪ: çʃʝʥʴ ï ʜʚʠʛʘʪʝʣʴ ʧʨʦʛʨʝʩʩʘè. ʀʤʝʥʥʦ ʞʝʣʘʥʠʝ 

ʧʨʠʢʣʘʜʳʚʘʪʴ ʤʠʥʠʤʫʤ ʫʩʠʣʠʡ ʢ ʣʶʙʦʛʦ ʫʨʦʚʥʷ ʩʣʦʞʥʦʩʪʠ ʜʝʣʫ ʧʨʦʜʚʠʛʘʝʪ ʢʘʞʜʳʡ 

ʜʝʥʴ ʯʝʣʦʚʝʯʝʩʪʚʦ ʥʘ ʦʛʨʦʤʥʳʝ ʰʘʛʠ ʚʧʝʨʝʜ ʠ ʧʦʟʚʦʣʷʝʪ ʪʨʘʪʠʪʴ ʚʨʝʤʷ ʥʘ ʙʦʣʝʝ 

ʧʦʣʝʟʥʳʝ ʚʝʱʠ, ʯʝʤ ʙʘʥʘʣʴʥʘʷ ʫʙʦʨʢʘ ʢʚʘʨʪʠʨʳ. 

ʉ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʫʤʥʳʡ ʜʦʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙʳʯʥʳʝ 

ʢʦʥʪʨʦʣʣʝʨʳ ʠ ʜʘʪʯʠʢʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʧʣʦʱʘʜʠ ʧʦʚʩʶʜʫ. ʀʤʝʥʥʦ ʩʚʷʟʘʥʥʦʩʪʴ 

ʢʦʥʪʨʦʣʣʝʨʦʚ ʫʧʨʘʚʣʝʥʠʷ ʠ ʦʙʣʘʯʥʳʝ ʩʝʨʚʠʩʳ/ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʶʪʩʷ ʛʣʘʚʥʦʡ ʯʘʩʪʴʶ 

ʚʩʝʡ ʵʪʦʡ ʩʠʩʪʝʤʳ. ʂʘʞʜʳʡ ʠʟ ʥʘʩ ʤʦʞʝʪ ʩʢʘʯʘʪʴ ʩʝʙʝ ʧʨʠʣʦʞʝʥʠʝ ʥʘ ʪʝʣʝʬʦʥ ʠʣʠ, ʯʪʦ 

ʜʘʞʝ ʥʝ ʟʘʡʤʝʪ ʧʘʤʷʪʠ ʥʘ ʪʝʣʝʬʦʥʝ, ʤʦʞʝʪ ʦʪʢʨʳʪʴ web-ʩʘʡʪ, ʯʪʦʙʳ ʥʘʞʘʪʴ ʥʘ ʧʘʨʫ 

            ʀʅʅʆɺɸʎʀʀ ɺ ʀʅʌʆʈʄɸʎʀʆʅʅʓʍ ʊɽʍʅʆʃʆɻʀʗʍ         

                     

   
  ʀʅʌʆʈʄɸʎʀʆʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ɺ ʅɸʋʂɽ, ʆɹʈɸɿʆɺɸʅʀʀ ʀ            

     ʇʈʆʀɿɺʆɼʉʊɺɽ                               
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ʢʥʦʧʦʯʝʢ, ʪʝʤ ʩʘʤʳʤ ʧʦʩʪʠʨʘʚ ʩʚʦʠ ʚʝʱʠ ʠʣʠ ʚʢʣʶʯʠʚ ʯʘʡʥʠʢ. 

ɺ ʨʘʟʨʘʙʘʪʳʚʘʶʱʝʤʩʷ ʧʨʦʝʢʪʝ ʘʙʩʦʣʶʪʥʦ ʢʘʞʜʦʤʫ ʧʨʝʜʣʘʛʘʝʪʩʷ ʪʘʢʘʷ ʩʠʩʪʝʤʘ 

ʫʧʨʘʚʣʝʥʠʷ ʩʦʙʩʪʚʝʥʥʳʤ ʫʤʥʳʤ ʜʦʤʦʤ, ʢʘʢ ʦʧʠʩʘʥʘ ʚʳʰʝ. ʂʘʞʜʳʡ ʤʦʞʝʪ ʧʦʟʚʦʣʠʪʴ 

ʩʝʙʝ ʙʶʜʞʝʪʥʳʝ ʜʘʪʯʠʢʠ, ʠʥʩʪʨʫʢʮʠʷ ʢ ʥʘʩʪʨʦʡʢʝ ʢʦʪʦʨʳʭ ʧʨʠʣʘʛʘʝʪʩʷ ʚ ʢʦʤʧʣʝʢʪʝ, 

ʯʪʦʙʳ ʟʘʪʝʤ ʥʘʩʣʘʞʜʘʪʴʩʷ ʞʠʟʥʴʶ ʙʝʟ ʦʩʦʙʳʭ ʫʩʠʣʠʡ. 

ʀʪʘʢ, ʦʪ ʩʣʦʚ ʢ ʜʝʣʫ. ʇʨʠʣʦʞʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ web-ʠʥʪʝʨʬʝʡʩ, 

ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʚ ʢʦʥʮʝʧʮʠʷʭ ʥʦʚʝʡʰʝʛʦ ʜʠʟʘʡʥʘ, ʘ ʪʘʢʞʝ ʧʨʦʩʪʝʡʰʫʶ ʠʥʪʫʠʪʠʚʥʫʶ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʫʶ ʦʙʦʣʦʯʢʫ, ʚ ʢʦʪʦʨʦʡ ʜʘʞʝ ʩʫʱʝʩʪʚʫʶʪ ʧʦʜʩʢʘʟʢʠ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ 

ʧʦʜʨʦʙʥʳʤ ʤʘʥʫʘʣʦʤ (ʠʥʩʪʨʫʢʮʠʝʡ) ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʜʘʥʥʦʛʦ ʩʝʨʚʠʩʘ. ʇʦʣʴʟʦʚʘʪʝʣʶ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʛʨʘʥʠʯʝʥʥʳʡ ʬʫʥʢʮʠʦʥʘʣ, ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ ʠʟ ʜʦʙʘʚʣʝʥʠʷ ʥʦʚʳʭ 

ʫʩʪʨʦʡʩʪʚ, ʧʨʦʩʤʦʪʨʘ ʩʪʘʨʳʭ, ʠʟʤʝʥʝʥʠʷ ʠʭ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʩʘʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠʣʠ ʥʫʞʜ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʊʘʢʞʝ 

ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʠʥʩʪʨʫʢʮʠʷ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʩʝʛʦ ʚʠʜʘ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ɺʩʝ ʜʘʪʯʠʢʠ ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʢʦʤʧʘʥʠʝʡ Sonoff, ʢʦʪʦʨʘʷ ʪʘʢʞʝ ʠʤʝʝʪ ʦʪʢʨʳʪʦʝ API ʜʣʷ 

ʨʘʟʨʘʙʦʪʯʠʢʦʚ.  

ʏʪʦ ʢʘʩʘʝʪʩʷ ʩʦʙʩʪʚʝʥʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ, ʚ ʥʝʛʦ ʚʭʦʜʷʪ ʠʥʩʪʨʫʢʮʠʠ, ʦʩʥʦʚʘʥʥʳʝ 

ʥʘ ʦʧʳʪʝ ʩʦʙʩʪʚʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʯʪʝʥʠʝ ʧʫʙʣʠʢʘʮʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ 

ʧʦʣʝʟʥʳʤʠ ʠ ʜʨʫʛʠʝ ʚʦʟʤʦʞʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ.  

ɽʩʣʠ ʛʦʚʦʨʠʪʴ ʦ ʧʨʦʛʨʘʤʤʥʦʡ ʩʪʦʨʦʥʝ ʧʨʠʣʦʞʝʥʠʷ, ʪʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ 

ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʫʶ ʨʝʘʣʠʟʘʮʠʶ ʧʨʠʣʦʞʝʥʠʷ ʥʘ ʩʪʦʨʦʥʝ ʬʨʦʥʪʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʥʦʩʪʴʶ ʦʧʝʨʠʨʦʚʘʪʴ ʜʘʥʥʳʤʠ ʥʘ ʩʪʦʨʦʥʝ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʯʪʦ ʫʩʢʦʨʷʝʪ ʨʘʙʦʪʫ 

ʧʨʠʣʦʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʩʘʤʳʡ ʰʠʨʦʢʠʡ ʠ ʧʦʜʨʦʙʥʳʡ 

ʬʫʥʢʮʠʦʥʘʣ ʩʦ ʚʩʝʡ ʥʝʦʙʭʦʜʠʤʦʡ ʠʥʬʦʨʤʘʮʠʝʡ. ʂʘʞʝʪʩʷ, ʯʪʦ ʧʦʜ ʩʦʤʥʝʥʠʝ ʚʩʪʘʝʪ 

ʚʦʧʨʦʩ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʅʦ ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʚʩʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʦʙʝʩʧʝʯʝʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʚʥʝʰʥʝʛʦ API ʠ ʚʩʷ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ, ʠ ʦʩʥʦʚʥʘʷ ʨʝʩʫʨʩʦʝʤʢʦʩʪʴ ʧʨʠʣʦʞʝʥʠʷ 

ʦʧʠʨʘʝʪʩʷ ʠʤʝʥʥʦ ʥʘ ʚʥʝʰʥʠʡ ʨʝʩʫʨʩ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʧʨʦʚʝʨʷʝʪʩʷ ʦʛʨʦʤʥʳʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʞʠʚʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʠ ʨʝʛʫʣʠʨʫʝʪʩʷ 

ʛʦʣʦʚʥʦʡ ʢʦʤʧʘʥʠʝʡ. ʅʠʢʘʢʠʝ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʢʨʦʤʝ ʪʦʢʝʥʘ 

ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʘʚʪʦʨʠʟʘʮʠʠ, ʥʝ ʭʨʘʥʷʪʩʷ ʥʘ ʢʣʠʝʥʪʩʢʦʡ ʩʪʦʨʦʥʝ. ɼʣʷ ʨʝʞʠʤʘ 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ WebSocket, ʨʝʘʣʠʟʫʶʱʘʷ ʧʦʣʥʦʮʝʥʥʳʡ 

ʘʩʠʥʭʨʦʥʥʳʡ ʚʝʙ. ʂʦʥʝʯʥʦ ʞʝ, ʦʙʳʯʥʦʝ ʧʦʣʫʯʝʥʠʝ ʜʘʥʥʳʭ ʦʪ ʢʦʤʧʘʥʠʠ ʧʦʩʨʝʜʩʪʚʘʤ 

ʟʘʧʨʦʩʦʚ ʦʙ ʫʩʪʨʦʡʩʪʚʘʭ, ʠʭ ʩʦʩʪʦʷʥʠʷʭ ʪʝʢʫʱʠʭ ʠ ʚʦʟʤʦʞʥʳʭ. 

ɺ ʟʘʢʣʶʯʝʥʠʠ ʭʦʪʝʣʦʩʴ ʙʳ ʜʦʙʘʚʠʪʴ, ʯʪʦ ʜʘʥʥʦʝ web-ʧʨʠʣʦʞʝʥʠʝ ʚ ʩʚʦʝʡ ʦʩʥʦʚʝ 

ʩʦʜʝʨʞʠʪ ʯʠʩʪʦ ʩʦʮʠʘʣʴʥʫʶ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ, ʯʪʦʙʳ ʧʨʠʚʥʝʩʪʠ ʯʪʦ-ʪʦ ʥʦʚʦʝ, ʯʪʦ 

ʩʤʦʞʝʪ ʦʙʣʝʛʯʠʪʴ ʞʠʟʥʴ ʢʘʞʜʦʤʫ ʠʟ ʥʘʩ. ɸ ʝʩʣʠ ʧʦʩʤʦʪʨʝʪʴ ʥʘ ʵʪʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʣʶʜʝʡ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʠʣʠ ʠʥʦʛʦ ʨʦʜʘ ʧʨʦʙʣʝʤʘʤʠ, ʪʦ ʠ ʦʙʲʷʩʥʝʥʠʡ 

ʮʝʣʷʤ ʩʦʟʜʘʥʠʷ ʵʪʦʛʦ ʧʨʦʝʢʪʘ ʜʘʚʘʪʴ ʥʝ ʥʘʜʦ. 
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1. ʆʩʮʠʣʣʷʪʦʨ ɼʫʬʬʠʥʛʘ 

ʆʩʮʠʣʣʷʪʦʨ ɼʫʬʬʠʥʛʘ ʷʚʣʷʝʪʩʷ ʵʣʝʤʝʥʪʘʨʥʦʡ ʥʝʣʠʥʝʡʥʦʡ ʩʠʩʪʝʤʦʡ, 

ʬʦʨʤʠʨʫʶʱʠʡ ʦʜʥʦʤʝʨʥʳʝ ʭʘʦʪʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ [1]. ʋʨʘʚʥʝʥʠʝ ɼʫʬʬʠʥʛʘ ï ʵʪʦ 

ʥʝʣʠʥʝʡʥʦʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʩ ʢʫʙʠʯʝʩʢʦʡ 

ʥʝʣʠʥʝʡʥʦʩʪʴʶ ʚʠʜʘ: 

  ὼ ὼ ὼ ὼ ÃÏÓὸΠ                                       (1) 

ʛʜʝ x(t) ï ʧʝʨʝʤʝʥʥʘʷ, ʢʦʦʨʜʠʥʘʪʳ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮʳ, ŭ ï ʢʦʵʬʬʠʮʠʝʥʪ 

ʜʠʩʩʠʧʘʮʠʠ, Ŭ ï ʣʠʥʝʡʥʘʷ ʞʸʩʪʢʦʩʪʴ, ɓ ï ʢʦʵʬʬʠʮʠʝʥʪ, ʦʪʨʘʞʘʶʱʠʡ ʥʝʣʠʥʝʡʥʦʩʪʴ 

ʩʠʣʳ ʚʦʟʚʨʘʱʝʥʠʷ, ɔcos(ɤt) ï ʚʥʝʰʥʝʝ ʚʦʟʜʝʡʩʪʚʠʝ [2]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʮʝʩʩ, ʬʦʨʤʠʨʫʝʤʳʡ ʜʠʩʢʨʝʪʥʦ-ʥʝʣʠʥʝʡʥʳʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ 

ʫʨʘʚʥʝʥʠʝʤ ɼʫʬʬʠʥʛʘ ʚ ʭʘʦʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʮʝʥʢʘ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. 

2. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʜʠʩʢʨʝʪʥʦ-ʥʝʣʠʥʝʡʥʦʡ ʩʠʩʪʝʤʳ 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ Matlab ʩ ʰʘʛʦʤ 

ʜʠʩʢʨʝʪʠʟʘʮʠʠ 0.02, ʠʩʩʣʝʜʦʚʘʥʦ 6000 ʨʝʘʣʠʟʘʮʠʡ ʧʨʦʮʝʩʩʘ ʥʘ ʦʪʨʝʟʢʝ [0:600] ʩ 

ʚʘʨʴʠʨʫʝʤʳʤʠ ʥʘʯʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ὼ π πȢπυȟὼ ρ πȢσȢ ʋʨʘʚʥʝʥʠʝ ʠʤʝʝʪ ʚʠʜ: 

ὼ πȢτὼ ὼ ὼ πȢσÃÏÓὸ Π                                        (2) 

3. ʆʮʝʥʢʘ ʥʘʯʘʣʴʥʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʦʤʝʥʪʦʚ ʬʦʨʤʠʨʫʝʤʦʛʦ ʧʨʦʮʝʩʩʘ 

ʈʘʩʩʤʦʪʨʠʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʠ ʜʠʩʧʝʨʩʠʶ: 
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ʈʠʩ. 1   ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʠ ʜʠʩʧʝʨʠʷ 

 

ɿʘʚʠʩʠʤʦʩʪʴ ʤʦʤʝʥʪʦʚ ʧʦ ʨʝʘʣʠʟʘʮʠʷʤ ʦʪ ʤʦʤʝʥʪʦʚ ʚʦ ʚʨʝʤʝʥʠ ʥʦʩʠʪ 

ʢʦʣʝʙʘʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʮʝʥʪʨʠʨʦʚʘʥʦ ʚʦʢʨʫʛ ʥʫʣʷ, ʘ 

ʜʠʩʧʝʨʩʠʷ ʚʦʢʨʫʛ ʟʥʘʯʝʥʠʷ 0.6. ʂʦʣʝʙʘʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʤʦʤʝʥʪʦʚ ʚʳʟʚʘʥ ʚʥʝʰʥʠʤ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʩʠʩʪʝʤʫ ʚ ʚʠʜʝ ʬʫʥʢʮʠʠ ÃÏÓ.ὸ  
ɺ ʧʨʦʰʣʦʡ ʨʘʙʦʪʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʮʝʩʩ, ʬʦʨʤʠʨʫʝʤʦʡ ʩʠʩʪʝʤʦʡ 

ʜʬʫʬʬʠʥʛʘ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʩʪʘʮʠʦʥʘʨʥʳʤ [3]. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ ʚʩʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʤʝʪʦʜʦʚ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʩʪʘʮʠʦʥʘʨʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʧʨʝʜʝʣʘʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ [4]. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʫʨʘʚʥʝʥʠʝ ʚʭʦʜʠʪ ʚ 

ʧʦʜʤʥʦʞʝʩʪʚʦ ʩʪʘʮʠʦʥʘʨʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʦʥʦ ʥʝ ʷʚʣʷʝʪʩʷ ʵʨʛʦʜʠʯʝʩʢʠʤ, ʚ ʩʠʣʫ 

ʥʝʩʦʚʧʘʜʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ ʨʝʘʣʠʟʘʮʠʡ ʩ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʦʞʠʜʘʥʠʝʤ 

ʟʥʘʯʝʥʠʡ ʨʝʘʣʠʟʘʮʠʡ ʚ ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ.  

ʇʝʨʝʡʜʸʤ ʢ ʘʥʘʣʠʟʫ ʤʦʤʝʥʪʦʚ ʪʨʝʪʴʝʛʦ ʠ ʯʝʪʚʸʨʪʦʛʦ ʧʦʨʷʜʢʘ. ɿʥʘʯʝʥʠʝ, ʚʦʢʨʫʛ 

ʢʦʪʦʨʦʛʦ ʮʝʥʪʨʠʨʦʚʘʥʦ ʢʦʣʝʙʘʥʠʝ ʚʝʣʠʯʠʥʳ ʜʠʩʧʝʨʩʠʠ, ʚʭʦʜʠʪ ʚ ʧʨʝʜʝʣ, ʢʦʪʦʨʳʡ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʠʩʧʝʨʩʠʠ ʙʠʥʦʤʠʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ [4]. ʕʪʦʪ ʵʬʬʝʢʪ 

çʥʝʜʦʨʘʩʩʝʷʥʠʷè ʛʦʚʦʨʠʪ ʦ ʥʘʣʠʯʠʠ ʚʳʨʘʞʝʥʥʦʛʦ ʤʘʢʩʠʤʫʤʘ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʳ [3]. 

 

 
 

ʈʠʩ. 2   ɻʨʘʬʠʢʠ ʮʝʥʪʨʘʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʪʨʝʪʴʝʛʦ ʠ ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʘ. 

 

 ʎʝʥʪʨʘʣʴʥʳʡ ʤʦʤʝʥʪ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ ʷʚʣʷʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʘʩʠʤʤʝʪʨʠʠ. 

ʆʥ ʧʦʣʦʞʠʪʝʣʝʥ, ʝʩʣʠ ʧʨʘʚʳʡ ʭʚʦʩʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʣʠʥʥʝʝ ʣʝʚʦʛʦ, ʠ ʦʪʨʠʮʘʪʝʣʝʥ ʚ 

ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ. ɺ ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ ʧʦʢʘʟʘʪʝʣʴ ʮʝʥʪʨʠʨʦʚʘʥ ʚʦʢʨʫʛ ʥʫʣʷ ʠ ʠʟʤʝʥʷʝʪʩʷ 

ʚ ʥʝʙʦʣʴʰʠʭ ʧʨʝʜʝʣʘʭ ʩʠʤʤʝʪʨʠʯʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʫʣʷ. ʂʦʵʬʬʠʮʠʝʥʪ ʘʩʠʤʤʝʪʨʠʠ 

ʧʦʢʘʟʳʚʘʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥʳ ʦʪ ʥʦʨʤʘʣʴʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʇʦ ʜʘʥʥʦʤʫ ʧʘʨʘʤʝʪʨʫ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʨʦʮʝʩʩʘ 

ʙʣʠʟʢʦ ʢ ʥʦʨʤʘʣʴʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ. 
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ʈʠʩ. 3  ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʦʠʟʚʦʣʴʥʦ ʚʟʷʪʳʭ ʨʝʘʣʠʟʘʮʠʡ ʧʨʦʮʝʩʩʘ 

 

 ɺʟʛʣʷʜ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʦʠʟʚʦʣʴʥʦ ʚʟʷʪʳʭ ʨʝʘʣʠʟʘʮʠʡ ʧʨʦʮʝʩʩʘ ʧʦ ʛʨʘʬʠʢʘʤ 

ʚʳʰʝ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʬʘʢʪ ʦʪʣʠʯʠʷ ʚʠʜʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʪ ʥʦʨʤʘʣʴʥʦʛʦ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʠʤʝʶʪ ʷʚʥʳʝ ʤʘʢʩʠʤʫʤʳ, ʥʦ ʦʩʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʥʝ ʩʠʤʤʝʪʨʠʯʥʳ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʭ. ʊʘʢʞʝ ʤʘʢʩʠʤʫʤ çʠʟʤʝʥʷʝʪè ʩʚʦʠ ʧʨʝʜʝʣʳ ʦʪ ʨʝʘʣʠʟʘʮʠʠ ʢ 

ʨʝʘʣʠʟʘʮʠʠ. ʇʦ ʚʠʜʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʣʦʞʥʦ ʷʚʥʦ ʚʳʜʝʣʷʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤʫʶ ʩʠʩʪʝʤʫ 

ʠʟ ʜʨʫʛʠʭ. 

 ʎʝʥʪʨʘʣʴʥʳʡ ʤʦʤʝʥʪ 4-ʛʦ ʧʦʨʷʜʢʘ ï ʢʦʵʬʬʠʮʠʝʥʪ ʵʢʩʮʝʩʩʘ. ʕʪʦ ʢʦʵʬʬʠʮʠʝʥʪ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʧʦʜʚʝʨʞʝʥʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʨʝʟʢʠʤ ʩʢʘʯʢʘʤ. ɿʥʘʯʝʥʠʷ ʵʢʩʮʝʩʩʘ 

ʤʝʥʴʰʝ 3 ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʩʠʩʪʝʤʘ ʤʝʥʝʝ ʧʦʜʚʝʨʞʝʥʘ ʨʝʟʢʠʤ 

ʚʳʙʨʦʩʘʤ, ʪʦ ʝʩʪʴ ʨʝʟʢʠʤ ʠʟʤʝʥʝʥʠʝʤ ʨʘʩʧʨʝʜʝʣʝʥʠʡ [5]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ 

ʨʘʩʩʤʦʪʨʝʥʥʳʤ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ ʤʦʞʥʦ ʩʫʜʠʪʴ ʦʙ ʦʙʱʠʭ ʪʝʥʜʝʥʮʠʷʭ 

ʬʦʨʤʠʨʫʝʤʦʛʦ ʩʠʩʪʝʤʦʡ ʧʨʦʮʝʩʩʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʪʘʮʠʥʘʨʥʦʩʪʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʫʜʠʪʴ ʦ 

ʧʨʦʮʝʩʩʝ ʦʙ ʦʛʨʘʥʠʯʝʥʥʳʭ ʨʝʘʣʠʟʘʮʠʷʭ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʤʝʝʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʡ ʧʠʢ ʠ 

ʥʝʩʠʤʤʝʪʨʠʯʥʫʶ ʬʦʨʤʫ, ʙʣʠʟʢʫʶ ʢ ʙʠʥʦʤʠʘʣʴʥʦʡ. 

4. ɺʳʚʦʜʳ 

ɺ ʭʦʜʝ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʘ ʧʨʦʠʟʚʝʜʝʥʘ ʦʮʝʥʢʘ ʥʘʯʘʣʴʥʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʤʦʤʝʥʪʦʚ ʜʣʷ ʧʨʦʮʝʩʩʘ, ʬʦʨʤʠʨʫʝʤʦʛʦ ʟʘʜʘʥʥʦʡ ʜʠʩʢʨʝʪʥʦ-ʥʝʣʠʥʝʡʥʦʡ ʩʠʩʪʝʤʦʡ 

ɼʫʬʬʠʥʛʘ ʩ ʜʠʥʘʤʠʯʝʩʢʠʤ ʭʘʦʩʦʤ. ʆʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʬʦʨʤʠʨʫʝʤʳʡ ʧʨʦʮʝʩʩ ʚʭʦʜʠʪ ʚ 

ʤʥʦʞʝʩʪʚʦ ʩʪʘʮʠʦʥʘʨʥʳʭ ʧʨʦʮʝʩʩʦʚ,  ʥʦ ʥʝ ʷʚʣʷʝʪʩʷ ʵʨʛʦʜʠʯʝʩʢʠʤ. ɺ ʨʘʩʧʨʝʜʝʣʝʥʠʠ 

ʩʠʩʪʝʤʳ ʠʤʝʝʪ ʤʝʩʪʦ ʚʳʨʘʞʝʥʥʳʡ ʤʘʢʩʠʤʫʤ, ʪʘʢ ʞʝ ʬʦʨʤʠʨʫʝʤʳʡ ʧʨʦʮʝʩʩ ʩʣʘʙʦ 

ʧʦʜʚʝʨʞʝʥ ʨʝʟʢʦʤʫ ʠʟʤʝʥʝʥʠʶ ʩʚʦʝʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʨʝʟʢʠʤ ʚʳʙʨʦʩʘʤ. 
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ʋʩʠʣʠʪʝʣʠ ʟʚʫʢʦʚʦʡ ʯʘʩʪʦʪʳ (ʋɿʏ) ʧʨʠʤʝʥʷʶʪʩʷ ʚʦ ʚʩʝʭ ʯʘʩʪʷʭ ʪʨʘʢʪʘ 

ʨʘʜʠʦʚʝʱʘʥʠʷ: ʩʪʫʜʠʡʥʦʡ, ʧʝʨʝʜʘʶʱʝʡ, ʧʨʠʝʤʥʦʡ. ʋɿʏ ʧʨʠʤʝʥʷʶʪʩʷ ʪʘʢ ʞʝ ʚ ʢʘʥʘʣʘʭ 

ʟʘʧʠʩʠ ʠ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʟʚʫʢʘ. ʂʨʦʤʝ ʨʘʜʠʦʚʝʱʘʥʠʷ ʦʥʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʪʝʭʥʠʢʠ. ʆʩʥʦʚʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ʫʩʠʣʠʪʝʣʝʡ ʤʦʱʥʦʩʪʠ ð ʵʪʦ 

ʫʩʠʣʝʥʠʝ ʩʠʛʥʘʣʘ, ʪ. ʝ. ʧʨʠ ʧʦʜʘʯʝ ʥʘ ʚʭʦʜ ʫʩʠʣʠʪʝʣʷ ʤʦʱʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ 

ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ ʥʘ ʥʘʛʨʫʟʢʝ ʧʦʣʫʯʘʝʪʩʷ ʩʠʛʥʘʣ ʪʦʡ ʞʝ ʬʦʨʤʳ, ʥʦ ʙʦʣʴʰʝʡ ʤʦʱʥʦʩʪʠ. 

ɼʣʷ ʫʩʠʣʝʥʠʷ ʩʠʛʥʘʣʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʵʥʝʨʛʠʷ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ ʧʨʠ ʧʦʤʦʱʠ 

ʫʩʠʣʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ɼʣʷ ʚʳʙʦʨʘ ʩʭʝʤʳ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʝʩʪʠ ʨʘʩʯʝʪ ʤʠʢʨʦʬʦʥʥʦʛʦ ʫʩʠʣʠʪʝʣʷ ʩ 

ʥʫʞʥʳʤʠ ʜʣʷ ʧʦʪʨʝʙʠʪʝʣʷ ʧʘʨʘʤʝʪʨʘʤʠ ʧʦ ʬʦʨʤʫʣʘʤ ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʤʝʪʦʜʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʘʭ. ʇʦʩʣʝ ʯʝʛʦ ʙʳʣʘ ʩʦʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʥʝʩʢʦʣʴʢʠʭ 

ʙʣʦʢʦʚ, ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʜʚʫʭ: ʚʭʦʜʥʦʛʦ ʠ ʚʳʭʦʜʥʦʛʦ ʢʘʩʢʘʜʘ. 

ɹʳʣ ʧʨʦʠʟʚʝʜʝʥ ʨʘʩʯʝʪ ʚʭʦʜʥʦʛʦ ʠ ʚʳʭʦʜʥʦʛʦ ʢʘʩʢʘʜʘ, ʧʦʩʣʝ ʧʦʣʫʯʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ, ʢʦʪʦʨʳʝ ʟʘʥʝʩʝʥʳ ʚ ʪʘʙʣʠʮʫ 1 ʠ ʪʘʙʣʠʮʫ. ɺ ʩʧʨʘʚʦʯʥʠʢʝ ʨʘʜʠʦʢʦʤʧʦʥʝʥʪʦʚ 

ʙʳʣ ʥʘʡʜʝʥ ʥʝʦʙʭʦʜʠʤʳʡ npn ʪʨʘʥʟʠʩʪʦʨ 2N6288G [5, 6]. ɼʣʷ ʥʝʛʦ ʙʳʣʘ ʧʦʜʦʙʨʘʥʘ 

ʢʦʤʧʣʠʤʝʥʪʘʨʥʘʷ ʧʘʨʘ pnp ʪʨʘʥʟʠʩʪʦʨ 2N6111G. 
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ʊʘʙʣʠʮʘ 1.  ʇʦʜʙʦʨ ʢʦʤʧʣʝʤʝʥʪʘʨʥʳʭ ʧʘʨʳ ʪʨʘʥʟʠʩʪʦʨʦʚ. 

 

ʇʦʜʦʙʥʳʤ ʦʙʨʘʟʦʤ ʙʳʣ ʧʦʣʫʯʝʥ ʪʨʝʪʠʡ ʪʨʘʥʟʠʩʪʦʨ, ʠʤ ʩʪʘʣ npn ʪʨʘʥʟʠʩʪʦʨ 

2SD1805G-E ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ Uʢʵ max =25 ɺ, Iʢ max = 5 A, Pʢ max = 10 ɺʪ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʫʩʠʣʝʥʠʷ 160.  

ʇʦʩʣʝ ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ ʨʘʩʯʝʪ ʢʦʥʜʝʥʩʘʪʦʨʦʚ, ʜʠʦʜʦʚ, ʨʝʟʠʩʪʦʨʦʚ, ʜʝʣʠʪʝʣʝʡ 

ʥʘʧʨʷʞʝʥʠʷ. 

ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʘ ʙʳʣʘ ʩʤʦʜʝʣʠʨʦʚʘʥʘ ʩʭʝʤʘ ʚ ʧʨʦʛʨʘʤʤʥʦʤ 

ʦʙʝʩʧʝʯʝʥʠʝ Multisim. ɼʘʥʥʘʷ ʩʭʝʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 

ʈʠʩ. 1  ʉʤʦʜʝʣʠʨʦʚʘʥʥʘʷ ʩʭʝʤʘ ʤʠʢʨʦʬʦʥʥʦʛʦ ʫʩʠʣʠʪʝʣʷ ʚ Multisim 

 

ɼʘʥʥʳʡ ʫʩʠʣʠʪʝʣʴ ʚʳʧʦʣʥʝʥ ʥʘ ʪʨʸʭ ʪʨʘʥʟʠʩʪʦʨʘʭ, ʜʚʫʭ ʢʘʩʢʘʜʘʭ. ʇʝʨʚʳʡ 

ʢʘʩʢʘʜ ʥʘ ʦʜʥʦʤ ʪʨʘʥʟʠʩʪʦʨʝ ʧʦ ʩʭʝʤʝ ʩ ʦʙʱʠʤ ʵʤʠʪʪʝʨʦʤ. ɼʘʥʥʳʡ ʢʘʩʢʘʜ ʚʳʧʦʣʥʷʝʪ 

ʦʩʥʦʚʥʦʝ ʫʩʠʣʝʥʠʝ ʧʦ ʥʘʧʨʷʞʝʥʠʶ.  

ʉʤʦʜʝʣʠʨʦʚʘʥʥʘʷ ʩʭʝʤʘ ʦʙʣʘʜʘʝʪ ʥʠʟʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʠʩʢʘʞʝʥʠʷ ʩʠʛʥʘʣʘ ʠ 

ʙʦʣʴʰʠʤ ʫʩʠʣʝʥʠʝʤ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ. ʇʦʣʫʯʝʥʥʳʝ ʠʟʤʝʨʝʥʠʷ, ʩʥʷʪʳʝ ʩʦ ʩʭʝʤʳ 

ʤʠʢʨʦʬʦʥʥʦʛʦ ʫʩʠʣʠʪʝʣʷ (ʄʋ), ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʥʘ ʨʠʩ. 3 ʠ ʨʠʩ. 4. 

 

 

ʊʨʘʥʟʠʩʪʦʨ Uʢʵ max Iʢ max Pʢ max h21ʵ fʛʨ t 

1) npn 

2) pnp 

22,6 (23) 

ɺ 

0,792 (0,8) 

ɸ 
6,38 ɺʪ   0+50 

2N6288G 

npn 
30 ɺ 7 ɸ 40 ɺʪ 30-150 4 ʄʛʮ -65+150 

2ʊ6111G 

pnp 
30 ɺ 7 ɸ 40 ɺʪ 30-150 4 ʄʛʮ -65+150 
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ʈʠʩ. 2  ʅʝʣʠʥʝʡʥʳʝ ʠʩʢʘʞʝʥʠʷ ʄʋ 

 

 
 

ʈʠʩ. 3  ʆʩʮʠʣʣʦʛʨʘʤʤʘ ʄʋ, ʚʭʦʜʥʦʝ ʠ ʚʳʭʦʜʥʦʝ ʟʥʘʯʝʥʠʝ 

 

ɺ ʟʘʢʣʶʯʝʥʠʠ ʭʦʪʝʣʦʩʴ ʙʳ ʜʦʙʘʚʠʪʴ, ʯʪʦ ʥʘʤ ʫʜʘʣʦʩʴ ʨʘʩʩʯʠʪʘʪʴ ʤʠʢʨʦʬʦʥʥʳʡ 

ʫʩʠʣʠʪʝʣʴ, ʘ ʧʦʩʣʝ ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʝʛʦ ʚ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʠ Multisim, ʙʣʘʛʦʜʘʨʷ 

ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʫʙʝʜʠʣʠʩʴ ʚ ʝʛʦ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ. ʇʦʩʣʝ ʯʝʛʦ ʙʳʣʠ 

ʥʘʡʜʝʥʳ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʘʥʘʣʦʛʠ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʜʣʷ 

ʫʜʝʰʝʚʣʝʥʠʷ ʩʭʝʤʳ. ʊʘʢ ʠʟʜʝʣʠʝ ʚʳʧʦʣʥʝʥʥʦʝ ʥʘ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʘʭ ʥʝ ʙʫʜʝʪ 

ʫʩʪʫʧʘʪʴ ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʩʤʦʜʝʣʠʨʦʚʘʥʥʦʡ ʩʭʝʤʝ, ʘ ʩʪʦʠʤʦʩʪʴ ʟʘ ʦʜʥʫ ʝʜʠʥʠʮʫ 

ʙʫʜʝʪ ʩʦʧʦʩʪʘʚʠʤʦ ʮʝʥʝ npn ʪʨʘʥʟʠʩʪʦʨʘ 2N6288G. 
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ʈɽɸʃʀɿɸʎʀʗ ʄʅʆɻʆʇʆʊʆʏʅʆɻʆ ʉɽʈɺɽʈʅʆɻʆ ʇʈʀʃʆɾɽʅʀʗ ʅɸ 

ʇʃɸʊʌʆʈʄɽ .NET CORE 

 

ʅ.ɸ. ʀʚʘʰʝʚʘï ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 
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ʈʦʩʩʠʷ, ʛ. ʄʘʛʥʠʪʦʛʦʨʩʢ 

 

ɸʥʥʦʪʘʮʠʷ: ʚ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʧʦʩʦʙ ʨʝʘʣʠʟʘʮʠʠ ʤʥʦʛʦʧʦʪʦʯʥʦʛʦ 

ʩʝʨʚʝʨʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʥʘ ʧʣʘʪʬʦʨʤʝ .net core ʧʦ ʧʨʦʪʦʢʦʣʫ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ tcp ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʘʟʳ ʜʘʥʥʳʭ MySQL. ɺ ʙʠʟʥʝʩ-ʩʝʛʤʝʥʪʝ ʚʩʝ ʯʘʱʝ ʪʨʝʙʫʝʪʩʷ ʩʦʟʜʘʥʠʷ 

ʩʝʨʚʝʨʥʳʭ ʨʝʰʝʥʠʡ. ʃʦʛʠʢʘ ʦʙʨʘʙʦʪʢʠ ʟʘʧʨʦʩʦʚ ʥʝ ʜʦʣʞʥʘ ʥʘʭʦʜʠʪʴʩʷ ʫ ʧʦʣʴʟʦʚʘʪʝʣʷ, 

ʪʘʢ ʢʘʢ ʵʪʦ ʤʦʞʝʪ ʥʘʥʝʩʪʠ ʫʜʘʨ ʧʦ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʨʘʩʢʨʳʪʴ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʢʦʤʧʘʥʠʠ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʢʦʜ ʥʘʧʠʩʘʥ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ c# ʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʣʘʪʬʦʨʤʘ .net core, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʧʨʝʝʤʥʠʢʦʤ ʪʝʭʥʦʣʦʛʠʠ .net 

framework ʠ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʥʝʡ. ʆʩʥʦʚʥʦʝ ʝʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ð ʵʪʦ 

ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʩʪʴ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʠʩʘʪʴ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʆʉ.  ʊʘʢ ʢʘʢ ʚ 

ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʝʨʚʝʨ, ʪʦ ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʩʪʴ ʠʛʨʘʝʪ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʚ 

ʚʳʙʦʨʝ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ. ɹʦʣʴʰʠʡ ʩʝʛʤʝʥʪ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʜʣʷ 

ʩʝʨʚʝʨʦʚ ʟʘʥʠʤʘʝʪ Linux ʚ ʚʠʜʫ ʦʪʢʨʳʪʦʛʦ ʠʩʭʦʜʥʦʛʦ ʢʦʜʘ ʠ ʙʝʩʧʣʘʪʥʦʛʦ 

ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʥʦʛʦʧʦʪʦʯʥʦʝ ʩʝʨʚʝʨʥʦʝ ʧʨʠʣʦʞʝʥʠʝ, ʆʉ Windows, .net 

core, ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ, ʉ #. 
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.NET - ʵʪʦ ʙʝʩʧʣʘʪʥʘʷ ʧʣʘʪʬʦʨʤʘ ʨʘʟʨʘʙʦʪʢʠ ʩ ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʧʨʠʣʦʞʝʥʠʡ, ʪʘʢʠʭ ʢʘʢ ʩʣʝʜʫʶʱʠʝ: ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ, ʚʝʙ-

API ʠ ʤʠʢʨʦʩʝʨʚʠʩʳ, ʙʝʩʩʝʨʚʝʨʥʳʝ ʚ ʦʙʣʘʢʝ, ʧʦʣʥʦʩʪʴʶ ʦʙʣʘʯʥʳʝ ʧʨʠʣʦʞʝʥʠʷ, 

ʤʦʙʠʣʴʥʳʝ ʧʨʠʣʦʞʝʥʠʷ. ɹʠʙʣʠʦʪʝʢʠ ʢʣʘʩʩʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʩʦʚʤʝʩʪʥʦʛʦ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʫʥʢʮʠʡ ʨʘʟʣʠʯʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʠ ʪʠʧʦʚ ʧʨʠʣʦʞʝʥʠʡ. ʇʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ .NET ʬʘʡʣʳ ʢʦʜʘ ʠ ʧʨʦʝʢʪʘ ʙʫʜʫʪ ʚʳʛʣʷʜʝʪʴ ʦʜʠʥʘʢʦʚʦ ʥʝʟʘʚʠʩʠʤʦ ʦʪ 

ʪʠʧʘ ʩʦʟʜʘʚʘʝʤʦʛʦ ʚʘʤʠ ʧʨʠʣʦʞʝʥʠʷ. ʈʘʟʨʘʙʦʪʯʠʢ ʠʤʝʝʪ ʜʦʩʪʫʧ ʢ ʦʜʠʥʘʢʦʚʦʡ ʩʨʝʜʝ 

ʚʳʧʦʣʥʝʥʠʷ, API ʠ ʷʟʳʢʦʚʳʤ ʚʦʟʤʦʞʥʦʩʪʷʤ ʜʣʷ ʢʘʞʜʦʛʦ ʧʨʠʣʦʞʝʥʠʷ [1]. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʥʦʛʦʧʦʪʦʯʥʦʛʦ ʩʝʨʚʝʨʥʦʛʦ 

ʧʨʠʣʦʞʝʥʠʷ ʥʘ ʧʣʘʪʬʦʨʤʝ .NET CORE. 

ʈʝʘʣʠʟʘʮʠʷ ʩʝʨʚʝʨʥʦʡ ʯʘʩʪʠ. ʉʪʨʫʢʪʫʨʘ ʩʝʨʚʝʨʘ ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʸʭ ʢʣʘʩʩʦʚ, ʘ 

ʠʤʝʥʥʦ: 

1. ʂʣʘʩʩ ñServer.csò. 

2. ʂʣʘʩʩ ñUser.csò.  

3. ʂʣʘʩʩ ñCommands.csò.  

4. ʂʣʘʩʩ ñSQL.csò 

Server.cs. ʆʩʥʦʚʥʦʡ ʢʣʘʩʩ, ʷʚʣʷʝʪʩʷ ʪʦʯʢʦʡ ʚʭʦʜʘ ʚ ʧʨʠʣʦʞʝʥʠʝ. ɺ ʟʘʜʘʯʠ 

ʚʭʦʜʠʪ: ʫʩʪʘʥʦʚʢʘ ʩʦʝʜʠʥʝʥʠʝ ʩ ʙʘʟʦʡ ʜʘʥʥʳʭ, ʩ ʧʦʣʴʟʦʚʘʪʝʣʝʤ, ʦʙʨʘʙʦʪʢʘ ʟʘʧʨʦʩʦʚ ʠ 

ʩʦʟʜʘʥʠʝ ʦʪʜʝʣʴʥʦʛʦ ʧʦʪʦʢʘ ʜʣʷ ʥʦʚʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʆʪʜʝʣʴʥʳʡ ʧʦʪʦʢ ʥʝʦʙʭʦʜʠʤ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʢʦʜʘ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʠʦʩʪʘʥʦʚʢʠ ʦʩʥʦʚʥʦʛʦ ʧʦʪʦʢʘ [2].  

ɼʣʷ ʨʘʙʦʪʳ ʢʣʘʩʩʘ ʠʩʧʦʣʴʟʫʶʪʩʷ: System.Net ʠ System.Net.Sockets ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʩʝʪʝʚʦʡ ʨʘʙʦʪʳ, ʠ System.Threading ʜʣʷ ʨʘʙʦʪʳ ʩ ʤʥʦʛʦʧʦʪʦʯʥʦʩʪʴʶ. 

ʉʝʨʚʝʨ ʦʙʨʘʙʘʪʳʚʘʝʪ ʧʦʜʢʣʶʯʝʥʠʷ ʧʦ ʦʧʨʝʜʝʣʝʥʥʦʤʫ IP ʘʜʨʝʩʫ ʠ ʧʦʨʪʫ, ʚ 

ʥʘʰʝʤ ʩʣʫʯʘʝʪ ʘʜʨʝʩ ʧʨʦʩʣʫʰʠʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʘʜʨʝʩʦʤ ʩʘʤʦʛʦ ʩʝʨʚʝʨʘ, ʪʦ ʝʩʪʴ 

ʣʦʢʘʣʴʥʳʡ IP, ʘ ʠʤʝʥʥʦ ç127.0.0.1è, ʧʦʨʪ ʚʳʙʝʨʝʤ ñ8888ò.66. 

ɼʘʣʝʝ ʦʙʲʷʚʣʷʝʪʩʷ ʵʢʟʝʤʧʣʷʨ ʢʣʘʩʩʘ TcpListener ʩ ʧʘʨʘʤʝʪʨʘʤʠ IP ʠ ʧʦʨʪʘ, ʠ 

ʥʘʯʠʥʘʝʪʩʷ ʧʨʦʩʣʫʰʠʚʘʥʠʝ ʚʭʦʜʷʱʠʭ ʟʘʧʨʦʩʦʚ ʥʘ ʧʦʜʢʣʶʯʝʥʠʝ. 

ɼʘʣʝʝ ʚ ʙʝʩʢʦʥʝʯʥʦʤ ʮʠʢʣʝ ʧʨʠʥʠʤʘʶʪʩʷ ʚʭʦʜʷʱʠʝ ʧʦʜʢʣʶʯʝʥʠʷ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʩʦʟʜʘʝʪʩʷ ʥʦʚʳʡ ʵʢʟʝʤʧʣʷʨ ʢʣʘʩʩʘ User, ʢʦʪʦʨʳʡ ʦʙʨʘʙʘʪʳʚʘʝʪ ʫʞʝ 

ʧʦʜʢʣʶʯʠʚʰʝʛʦʩʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʟʘʥʦʩʠʪ ʝʛʦ ʚ ʥʦʚʳʡ ʧʦʪʦʢ, ʧʦʧʫʪʥʦ ʥʘʯʠʥʘʷ ʝʛʦ 

ʨʘʙʦʪʫ. 

User.cs. ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʨʝʜʳʜʫʱʝʛʦ ʢʣʘʩʩʘ ʨʘʙʦʪʘʝʪ ʫʞʝ ʩ ʢʦʥʢʨʝʪʥʳʤ 

ʧʦʣʴʟʦʚʘʪʝʣʝʤ. ʆʩʥʦʚʥʳʝ ʟʘʜʘʯʠ: ʧʨʠʝʤ ʟʘʧʨʦʩʦʚ ʦʪ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʧʝʨʝʜʘʯʘ ʝʛʦ ʥʘ 

ʦʙʨʘʙʦʪʢʫ, ʠ ʟʘʢʨʳʪʠʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʧʦʣʴʟʦʚʘʪʝʣʝʤ [3]. 

ʅʝʦʙʭʦʜʠʤʦ ʟʘʜʘʪʴ ʩʪʨʫʢʪʫʨʫ UserData, ʢʦʪʦʨʘʷ ʩʦʜʝʨʞʠʪ ʩʚʦʡʩʪʚʘ 

ʧʦʜʢʣʶʯʠʚʰʝʛʦʩʷ ʧʦʣʴʟʦʚʘʪʝʣʷ. ɼʣʷ ʧʨʠʤʝʨʘ ʦʥʘ ʩʦʜʝʨʞʠʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʩʚʦʡʩʪʚʦ 

isAuth, ʩʦʜʝʨʞʘʱʝʝ ʠʥʬʦʨʤʘʮʠʶ ʦ ʪʦʤ, ʘʚʪʦʨʠʟʦʚʘʣʩʷ ʣʠ ʧʦʣʴʟʦʚʘʪʝʣʴ ʠʣʠ ʥʝʪ. 

ʏʪʦʙʳ ʦʙʨʘʙʘʪʳʚʘʪʴ ʟʘʧʨʦʩʳ ʢʦʥʢʨʝʪʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʪʨʝʙʫʝʪʩʷ ʙʝʩʢʦʥʝʯʥʦʝ 

ʧʨʦʩʣʫʰʠʚʘʥʠʝ ʟʘʧʨʦʩʦʚ ʢʣʠʝʥʪʘ ʢ ʩʝʨʚʝʨʫ. ɼʘʣʝʝ ʠʟ ʢʣʘʩʩʘ Commands ʚʳʟʳʚʘʝʪʩʷ 

ʩʪʘʪʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ UserRequest, ʚ ʢʦʪʦʨʫʶ ʧʝʨʝʜʘʸʪʩʷ ʧʦʪʦʢ ʠ ʩʩʳʣʢʘ ʥʘ ʩʪʨʫʢʪʫʨʫ. 

Commands.cs. ɼʘʥʥʳʡ ʢʣʘʩʩ ʩʣʫʞʠʪ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʚʩʝʭ ʟʘʧʨʦʩʦʚ ʧʦʣʴʟʦʚʘʪʝʣʷ, 

ʢʨʦʤʝ sql ʟʘʧʨʦʩʦʚ, ʜʣʷ ʥʠʭ ʠʟ ʥʝʛʦ ʚʳʟʳʚʘʶʪʩʷ ʤʝʪʦʜʳ ʠʟ ʢʣʘʩʩʘ ñSQLò, ʘ ʪʘʢʞʝ 

ʦʪʚʝʪʘ ʧʦʣʴʟʦʚʘʪʝʣʶ. 

ʌʫʥʢʮʠʷ UserRequest ʦʙʨʘʙʘʪʳʚʘʝʪ ʦʪʚʝʪ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʊʘʢ ʢʘʢ ʧʝʨʝʜʘʯʘ TCP 

ʧʘʢʝʪʦʚ ʧʨʦʠʩʭʦʜʠʪ ʚ ʙʘʡʪʦʚʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ, ʪʦ ʧʦʪʦʢ ʩʯʠʪʳʚʘʝʪ ʚ ʟʘʨʘʥʝʝ 

ʦʙʲʷʚʣʝʥʥʳʡ ʙʘʡʪ ʤʘʩʩʠʚ, ʙʫʬʝʨ, ʨʘʟʤʝʨʦʤ 512 ʙʘʡʪ. ʕʪʦ ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʷ 

stream.Read, ʢʦʪʦʨʘʷ ʩʯʠʪʳʚʘʝʪ ʧʦʣʫʯʝʥʥʳʝ ʦʪ ʢʣʠʝʥʪʘ ʙʘʡʪʳ ʚ ʙʫʬʝʨ ʠ ʚʦʟʚʨʘʱʘʝʪ 

ʜʣʠʥʫ ʧʦʣʫʯʝʥʥʦʛʦ ʩʦʦʙʱʝʥʠʷ, ʢʦʪʦʨʫʶ ʤʳ ʟʘʧʠʩʳʚʘʝʤ ʚ ʧʝʨʝʤʝʥʥʫʶ bytes ʪʠʧʘ int 

ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʦʪʩʝʢʘʥʠʷ ʣʠʰʥʠʭ ʥʫʣʝʚʳʭ ʙʘʡʪ [4].  

ɿʘʨʘʥʝʝ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʢʣʠʝʥʪ ʧʝʨʚʳʭ ʙʘʡʪʦʤ ʧʦʰʣʸʪ ʥʦʤʝʨ ʢʦʤʘʥʜʳ, ʘ 

ʜʘʣʴʥʝʡʰʠʝ ʙʫʜʫʪ ʩʦʦʙʱʝʥʠʝʤ ʢ ʢʦʤʘʥʜʝ. ʂʦʤʘʥʜʘ ʠ ʩʦʦʙʱʝʥʠʝ ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʠʟ 

ʤʘʩʩʠʚʘ ʧʦʣʫʯʝʥʥʳʭ ʙʘʡʪ. ʌʫʥʢʮʠʷ UserRequest ʤʦʞʝʪ ʧʨʦʧʫʩʪʠʪʴ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ 

ʦʙʨʘʙʦʪʢʠ ʢʦʤʘʥʜʳ ʙʝʟ ʘʚʪʦʨʠʟʘʮʠʠ ʧʦʜʢʣʶʯʝʥʥʦʛʦ ʢʣʠʝʥʪʘ ʪʦʣʴʢʦ ʟʘʧʨʦʩ ʥʘ 

ʘʚʪʦʨʠʟʘʮʠʶ ʠʣʠ ʨʝʛʠʩʪʨʘʮʠʶ, ʪʘʢ ʢʘʢ ʢʦʤʘʥʜʘ 1 ʵʪʦ ʟʘʧʨʦʩ ʥʘ ʘʚʪʦʨʠʟʘʮʠʶ, ʘ ʢʦʤʘʥʜʘ 
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2 ʥʘ ʨʝʛʠʩʪʨʘʮʠʶ, ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʵʪʠʭ ʫʩʣʦʚʠʡ ʢʦʤʘʥʜʘ ʠ ʩʦʦʙʱʝʥʠʝ ʧʦʩʳʣʘʶʪʩʷ ʥʘ 

ʜʘʣʴʥʝʡʰʫʶ ʦʙʨʘʙʦʪʢʫ ʚ ʬʫʥʢʮʠʶ Executeʉommand. 

ʌʫʥʢʮʠʷ SendData ʦʪʧʨʘʚʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʦʙʨʘʪʥʦ ʤʘʩʩʠʚ ʙʘʡʪ, ʧʨʠʯʸʤ ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʢʣʠʝʥʪʘ ʦʪʧʨʘʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʩʦʦʙʱʝʥʠʝ, ʙʝʟ ʢʦʤʘʥʜʳ. 

ʌʫʥʢʮʠʷ Authorization ʧʦʣʫʯʘʝʪ ʥʘ ʚʭʦʜ ʧʦʪʦʢ, ʩʦʦʙʱʝʥʠʝ ʦʪ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ 

ʩʩʳʣʢʫ ʥʘ ʝʛʦ ʩʪʨʫʢʪʫʨʫ, ʯʪʦʙʳ ʚ ʩʣʫʯʘʝ ʫʩʧʝʰʥʦʡ ʘʚʪʦʨʠʟʘʮʠʠ ʠʟʤʝʥʠʪʴ ʟʥʘʯʝʥʠʝ 

isAuth ʥʘ true, ʵʪʦ ʪʨʝʙʫʝʪʩʷ ʜʣʷ ʟʘʱʠʪʳ ʦʪ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʢʦʤʘʥʜ ʦʪ 

ʥʝʘʚʪʦʨʠʟʠʨʦʚʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʧʦʟʚʦʣʠʪ ʚ ʜʘʣʴʥʝʡʰʝʤ ʚʳʧʦʣʥʷʪʴ ʟʘʧʨʦʩʳ ʦʪ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʢʨʦʤʝ ʘʚʪʦʨʠʟʘʮʠʠ ʠ ʨʝʛʠʩʪʨʘʮʠʠ, ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʵʪʦ ʟʘʧʨʦʩ ʧʦʣʫʯʝʥʠʷ 

ʚʨʝʤʝʥʠ. ʕʪʘ ʬʫʥʢʮʠʷ ʧʦʩʳʣʘʝʪ ʟʘʧʨʦʩ ʥʘ ʩʦʟʜʘʥʠʝ ʥʦʚʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʚ ʢʣʘʩʩ SQL ʚ 

ʬʫʥʢʮʠʶ SqlAuthorization ʥʘ ʘʚʪʦʨʠʟʘʮʠʶ ʠ ʚ ʩʣʫʯʘʝ ʫʩʧʝʭʘ ʚʦʟʚʨʘʱʘʝʪ ʠ ʧʝʨʝʜʘʝʪ 

ʦʙʨʘʪʥʦ ʧʦʣʴʟʦʚʘʪʝʣʶ ʩʦʦʙʱʝʥʠʝ ñSuccessò ʠ ʤʝʥʷʝʪ isAuth ʥʘ true, ʚ ʧʨʦʪʠʚʥʦʤ 

ʩʣʫʯʘʝʪ ʧʦʩʳʣʘʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ çFailureè ʠ isAuth ʥʝ ʧʨʠʩʚʘʠʚʘʝʪ ʥʠʯʝʛʦ. 

ʌʫʥʢʮʠʷ Registration ʨʝʛʠʩʪʨʠʨʫʝʪ ʥʦʚʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ. ɺ ʩʣʫʯʘʝ ʫʩʧʝʭʘ 

ʚʦʟʚʨʘʱʘʝʪ ʠ ʧʝʨʝʜʘʝʪ ʦʙʨʘʪʥʦ ʧʦʣʴʟʦʚʘʪʝʣʶ ʩʦʦʙʱʝʥʠʝ ñSuccessò, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ 

ʧʦʩʳʣʘʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ çFailureè. 

ʌʫʥʢʮʠʷ GetTimestamp ʜʦʩʪʫʧʥʘ ʪʦʣʴʢʦ ʘʚʪʦʨʠʟʠʨʦʚʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʠ 

ʚʦʟʚʨʘʱʘʝʪ ʚʨʝʤʷ ʚ ʬʦʨʤʘʪʝ unix timestamp. 

SQL.cs. ʂʣʘʩʩ, ʩʦʜʝʨʞʘʱʠʡ ʬʫʥʢʮʠʠ, ʧʨʦʠʟʚʦʜʷʱʠʝ sql ʟʘʧʨʦʩʳ ʢ ʙʘʟʝ ʜʘʥʥʳʭ. 

ɼʣʷ ʨʘʙʦʪʳ ʩ ʙʘʟʦʡ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʠʙʣʠʦʪʝʢʘ MySql.Data. 

ɼʣʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ sql ʤʦʜʫʣʷ, ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʙʘʟʫ ʜʘʥʥʳʭ ʩ ʧʦʣʷʤʠ: 

1. id ï ʪʠʧ int, ʫʥʠʢʘʣʴʥʦʝ ʧʦʣʝ, ʥʝ ʨʘʚʥʦʝ ʥʫʣʶ, auto increment 

2. login ï ʪʠʧ varchar 

3. password ï ʪʠʧ varchar 

ʇʝʨʝʜ ʪʝʤ ʢʘʢ ʦʪʢʨʳʪʴ ʧʦʜʢʣʶʯʝʥʠʝ, ʥʝʦʙʭʦʜʠʤʦ ʫʢʘʟʘʪʴ ʧʘʨʘʤʝʪʨʳ ʜʣʷ 

ʫʩʪʘʥʦʚʢʠ ʩʦʝʜʠʥʝʥʠʷ ʠ ʧʝʨʝʜʘʪʴ ʠʭ ʚ MySqlConnection. 

ʌʫʥʢʮʠʷ ʉonnectionToSql ʚʳʧʦʣʥʷʝʪ ʧʦʜʢʣʶʯʝʥʠʝ ʢ ʙʘʟʝ ʜʘʥʥʳʭ ʠʣʠ ʨʘʟʨʳʚ 

ʩʦʝʜʠʥʝʥʠʷ ʩ ʥʝʡ. 

ʌʫʥʢʮʠʷ SqlAuthorization ʧʨʦʚʝʨʷʝʪ ʝʩʪʴ ʣʠ ʧʦʣʴʟʦʚʘʪʝʣʴ ʩ ʪʘʢʠʤ ʣʦʛʠʥʦʤ ʚ ʙʘʟʝ 

ʜʘʥʥʳʭ, ʚ ʩʣʫʯʘʝ ʫʩʧʝʭʘ ʚʦʟʚʨʘʱʘʝʪ ʧʘʨʦʣʴ. 

ʌʫʥʢʮʠʷ SqlRegistration ʧʨʦʚʝʨʷʝʪ ʩʫʱʝʩʪʚʫʝʪ ʣʠ ʧʦʣʴʟʦʚʘʪʝʣʴ ʩ ʪʘʢʠʤ ʣʦʛʠʥʦʤ 

ʚ ʙʘʟʝ ʜʘʥʥʳʭ, ʚ ʩʣʫʯʘʝ ʝʩʣʠ ʟʘʧʠʩʝʡ ʥʝʪ, ʪʦ ʩʦʟʜʘʸʪ ʥʦʚʫʶ, ʢʫʜʘ ʚʥʦʩʠʪ ʣʦʛʠʥ ʠ 

ʧʘʨʦʣʴ. 

ʇʨʦʛʨʘʤʤʥʦʝ ʨʝʰʝʥʠʝ ʧʦʢʘʟʘʣʦ ʩʚʦʶ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʠ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ 

ʦʩʥʦʚʦʡ ʜʣʷ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʧʨʦʝʢʪʦʚ. ʉʝʨʚʝʨʥʳʝ ʧʨʦʝʢʪʳ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʦʙʣʘʩʪʠ ʨʘʟʨʘʙʦʪʦʢ IT ʧʨʦʜʫʢʮʠʠ ʠʟ-ʟʘ ʫʚʝʣʠʯʠʚʘʶʱʝʛʦʩʷ ʩʧʨʦʩʘ ʥʘ 

ʧʨʠʣʦʞʝʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ ʤʦʙʠʣʴʥʳʝ, ʪʨʝʙʫʶʱʠʝ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ ʥʘ ʩʝʨʚʝʨʝ [5]. 
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ɺʀɿʋɸʃʀɿɸʎʀʗ ʉʊɸʊʀʉʊʀʏɽʉʂʀʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ɼɸʅʅʓʍ ɺ 

PYTHON 

 

ʆ.ɸ. ʀʚʠʥʘ - ʢ.ʪ.ʥ.,  

ʂʫʟʙʘʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʊ. ʌ. ɻʦʨʙʘʯʝʚʘ 

ʈʦʩʩʠʷ, ʛ. ʂʝʤʝʨʦʚʦ  

 

ɸʥʥʦʪʘʮʠʷ: ʧʨʠ ʨʘʙʦʪʝ ʩ ʥʘʙʦʨʘʤʠ ʜʘʥʥʳʭ ʚʩʝʛʜʘ ʪʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢ 

ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʚ ʥʠʭ ʧʝʨʝʤʝʥʥʳʝ. ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʠʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʠʙʦʣʝʝ 

ʧʦʧʫʣʷʨʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python ʧʨʠ ʘʥʘʣʠʟʝ ʤʘʩʩʠʚʦʚ 

ʜʘʥʥʳʭ ʦʜʥʦʤʝʨʥʳʭ ʠ ʜʚʫʤʝʨʥʳʭ ʧʝʨʝʤʝʥʥʳʭ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʪʠʧʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʚʠʟʫʘʣʠʟʘʮʠʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪ ʧʨʠ 

ʦʙʨʘʙʦʪʢʝ ʨʝʟʫʣʴʪʘʪʦʚ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʠ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʮʝʣʴʶ  ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. 

 ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʠʟʫʘʣʠʟʘʮʠʷ, ʘʥʘʣʠʟ ʜʘʥʥʳʭ, Python, Distplot, Matplotlib, 

Seaborn 
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Annotation: when working with datasets, it is always necessary to determine how 

variables are distributed in them. In this article, we will consider the use of the most popular 

Python programming language tools when analyzing arrays of one-dimensional and two-

dimensional variables, as well as determining their distribution type. The presented 

visualization tools are widely used in processing the results of statistical and scientific 

research in order to improve the efficiency of decision-making. 
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ɺʠʟʫʘʣʠʟʘʮʠʷ ʜʘʥʥʳʭ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʭʦʜʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʠ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘʛʣʷʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʯʪʦ ʚʣʠʷʝʪ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʣʶʙʦʡ ʧʝʨʝʤʝʥʥʦʡ ʢʘʢ ʧʨʘʚʠʣʦ ʤʦʛʫʪ ʙʳʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʩ ʧʦʤʦʱʴʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʙʣʶʜʝʥʠʡ ʧʦ ʦʪʜʝʣʴʥʳʤ ʢʘʪʝʛʦʨʠʷʤ ʜʘʥʥʦʡ 

ʧʝʨʝʤʝʥʥʦʡ. ʅʘʠʙʦʣʝʝ ʫʜʦʙʥʳʡ ʩʧʦʩʦʙ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʦʜʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ 

ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python ï ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʬʫʥʢʮʠʝʡ distplot. ʇʦ ʫʤʦʣʯʘʥʠʶ 

ʦʥʘ ʦʪʨʠʩʫʝʪ ʛʠʩʪʦʛʨʘʤʤʫ ʦʮʝʥʢʠ ʧʣʦʪʥʦʩʪʠ ʷʜʨʘ (ʨʠʩʫʥʦʢ 1) 
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ʈʠʩ. 1 ɻʠʩʪʦʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʢʨʠʚʘʷ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥʳ 

 

Seaborn ʷʚʣʷʝʪʩʷ ʙʠʙʣʠʦʪʝʢʦʡ ʛʨʘʬʠʯʝʩʢʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ 

ʦʩʥʦʚʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʷʭ Matplotlib. ʇʨʝʜʦʩʪʘʚʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʜʦʩʪʫʧ ʢ ʥʝʢʦʪʦʨʳʤ 

ʠʟ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʦʮʝʩʩʦʚ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ 

ʧʦʪʨʝʙʥʦʩʪʷʤʠ (ʥʘʧʨʠʤʝʨ, ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʮʚʝʪʘ ʩ ʧʝʨʝʤʝʥʥʦʡ). Matplotlib - ʦʜʥʘ ʠʟ 

ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʙʠʙʣʠʦʪʝʢ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ Python ʩ 

ʚʳʩʦʢʦʫʨʦʚʥʝʚʳʤ ʠʥʪʝʨʬʝʡʩʦʤ ʜʣʷ ʨʠʩʦʚʘʥʠʷ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʡ ʠ ʠʥʬʦʨʤʘʪʠʚʥʦʡ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʛʨʘʬʠʢʠ. 

ɻʠʩʪʦʛʨʘʤʤʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʙʣʠʦʪʝʢʠ Matplotlib ʨʘʩʧʨʝʜʝʣʝʥʠ ̫ʜʘʥʥʳʭ 

ʦʙʨʘʟʫʝʪ ʷʯʝʡʢʠ ʧʦ ʚʩʝʤʫ ʜʠʘʧʘʟʦʥʫ ʜʘʥʥʳʭ, ʘ ʟʘʪʝʤ ʬʦʨʤʠʨʫʝʪ ʩʪʦʣʙʮʳ, ʩ  ʫʯʝʪʦʤ 

ʢʦʣʠʯʝʩʪʚʘ ʥʘʙʣʶʜʝʥʠʡ, ʧʦʧʘʜʘʶʱʠʭ ʚ ʢʘʞʜʫʶ ʷʯʝʡʢʫ. ʏʪʦʙʳ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʪʴ ʵʪʦ, 

ʤʦʞʥʦ ʫʜʘʣʠʪʴ ʢʨʠʚʫʶ ʧʣʦʪʥʦʩʪʠ ʠ ʜʦʙʘʚʠʪ ɹ ʛʨʘʬʠʢ ʯʘʩʪʦʪʳ, ʥʘ ʢʦʪʦʨʦʤ ʚʠʜʝʥ 

ʥʝʙʦʣʴʰʦʡ ʚʝʨʪʠʢʘʣʴʥʳʡ ʰʪʨʠʭ ʧʨʠ ʢʘʞʜʦʤ ʥʘʙʣʶʜʝʥʠʠ. ʉʘʤ ʛʨʘʬʠʢ ʦʪʦʙʨʘʞʘʝʪʩʷ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ  ʬʫʥʢʮʠʠ distplot, ʢʦʪʦʨʘʷ ʢʘʢ ʨʘʟ ʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʛʠʙʢʦ 

ʥʘʩʪʨʘʠʚʘʝʤʳʡ ʛʨʘʬʠʢ ʧʨʠ ʦʮʝʥʢʝ ʦʜʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʚʳʙʦʨʢʝ (ʨʠʩʫʥʦʢ 2). 

 

 
 

ʈʠʩ. 2 ɻʨʘʬʠʢ ʛʠʩʪʦʛʨʘʤʤʳ ʙʝʟ ʢʨʠʚʦʡ ʧʣʦʪʥʦʩʪʠ 

 

ʂʦʣʠʯʝʩʪʚʦ ʧʨʝʜʩʪʘʚʣʷʝʤʳʭ ʩʪʦʣʙʠʢʦʚ ʚ ʛʠʩʪʦʛʨʘʤʤʝ ʨʝʛʫʣʠʨʫʝʪʩʷ 

ʩʧʝʮʠʘʣʴʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ï ʦʥ ʥʘʟʳʚʘʝʪʩʷ ʙʠʥ. ɽʛʦ ʥʘʩʪʨʦʡʢʘ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʨʠʟʥʘʢʠ ʚ ʜʘʥʥʳʭ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʨʘʩʩʤʦʪʨʠʤ ʛʨʘʬʠʢ ʧʨʦʰʣʦʛʦ 

ʧʨʠʤʝʨʘ (ʨʠʩʫʥʦʢ 2) ʫʞʝ ʩ ʜʚʘʜʮʘʪʴʶ ʜʚʫʤʷ ʙʠʥʘʤʠ (ʨʠʩʫʥʢʝ 3). 
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ʈʠʩ. 3 ɻʠʩʪʦʛʨʘʤʤʘ ʩ ʥʘʩʪʨʦʡʢʦʡ ʙʠʥʦʚ 

 

ʆʮʝʥʢʘ ʧʣʦʪʥʦʩʪʠ ʷʜʨʘ ʷʚʣʷʝʪʩʷ ʤʝʥʝʝ ʧʦʧʫʣʷʨʥʦʡ, ʥʦ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʥʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʬʦʨʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʂʘʢ ʠ ʛʠʩʪʦʛʨʘʤʤʘ, ʵʪʠ ʛʨʘʬʠʢʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʣʦʪʥʦʩʪʴ ʥʘʙʣʶʜʝʥʠʡ ʥʘ ʦʜʥʦʡ ʦʩʠ ʩ ʚʳʩʦʪʦʡ ʚʜʦʣʴ ʜʨʫʛʦʡ ʦʩʠ 

(ʨʠʩʫʥʦʢ 4) 

 

 
 

ʈʠʩ. 4 ʆʮʝʥʢʘ ʧʣʦʪʥʦʩʪʠ ʷʜʨʘ 

 

ʇʦʜʚʦʜʷ ʠʪʦʛ ʚʳʰʝʩʢʘʟʘʥʥʦʤʫ, ʦʪʤʝʪʠʤ, ʯʪʦ ʧʝʨʚʠʯʥʳʡ ʘʥʘʣʠʟ ʠ 

ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʪʠʧʘ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ ʦʯʝʥʴ ʚʘʞʥʳ 

ʚ ʘʥʘʣʠʪʠʢʝ ʜʘʥʥʳʭ ʠ ʩʦʩʪʘʚʣʷʶʪ ʟʥʘʯʠʤʫʶ, ʥʘʠʙʦʣʝʝ ʚʨʝʤʷ ʟʘʪʨʘʪʥʫʶ ʯʘʩʪʴ ʚ 

ʜʝʷʪʝʣʴʥʦʩʪʠ DataïScience ʩʧʝʮʠʘʣʠʩʪʦʚ. ʇʦʵʪʦʤʫ ʧʨʘʚʠʣʴʥʳʡ ʚʳʙʦʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʠʛʨʘʝʪ ʦʧʨʝʜʝʣʷʶʱʫʶ ʨʦʣʴ ʚ ʧʦʣʫʯʝʥʠʠ ʢʦʥʝʯʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʧʨʦʝʢʪʘ. ɹʠʙʣʠʦʪʝʢʠ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ Python ʧʦʩʨʝʜʩʪʚʦʤ ʚʩʪʨʦʝʥʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ 

ʧʦʟʚʦʣʷʶʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʨʝʰʝʥʠʡ.  
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ʩʦʙʦʡ. 
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Abstract: in this work, an assessment of the statistical moments was carried out about 

possibility of recognizing the operating modes of the Colpitts generator. Based on the results 

obtained, conclusions were drawn about the possibility of distinguishing between different 

modes. 
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1. ɻʝʥʝʨʘʪʦʨ ʂʦʣʧʠʪʮʘ 

ɻʝʥʝʨʘʪʦʨ ʂʦʣʧʠʪʮʘ ï ʦʜʠʥ ʠʟ ʦʩʥʦʚʥʳʭ ʚʘʨʠʘʥʪʦʚ ʧʦʩʪʨʦʝʥʠʷ ʛʝʥʝʨʘʪʦʨʦʚ 

ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ, ʘ ʪʘʢʞʝ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʦʥ ʠʤʝʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʘʪʴ ʚ ʭʘʦʪʠʯʝʩʢʦʤ ʨʝʞʠʤ. ʀʟʥʘʯʘʣʴʥʦ ʨʝʘʣʠʟʦʚʘʥ ʧʦ ʩʭʝʤʝ 

ʝʤʢʦʩʪʥʦʡ ʪʨʸʭʪʦʯʢʠ. ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʘʷ ʝʛʦ ʨʘʙʦʪʫ, ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ 

ʚʠʜʝ 

ὼ ώ Ὂᾀȟ

ώ ὧ ὼ ὦώ ᾀȟ

ᾀ Ƞ

 

ʛʜʝ, 

Ὂᾀ
ὥᾀ ρȟ ᾀ ρ

πȟ ᾀ ρ
  

 ʂʦʵʬʬʠʮʠʝʥʪʳ ʚ ʜʘʥʥʦʤ ʫʨʘʚʥʝʥʠʠ ʷʚʣʷʶʪʩʷ ʧʨʠʚʝʜʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʮʝʧʝʡ ʘʚʪʦʛʝʥʝʨʘʪʦʨʘ. ʍʘʦʪʠʯʝʩʢʠʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʩʣʝʜʫʶʱʠʭ 

ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ  ‐ ρȟὥ σπȟὦ πȢψȟὧ ςπȟὨ πȢφ [1,3]. 

(1) 

(2) 



33  

2. ʄʦʜʝʣʠʨʦʚʘʥʠʝ 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ Matlab. ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ 

ʨʝʰʘʣʘʩʴ ʤʝʪʦʜʦʤ ʕʡʣʝʨʘ ʩ ʰʘʛʦʤ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 0.01 ʥʘ ʦʪʨʝʟʢʝ ʦʪ 0 ʜʦ 200. ʉ ʮʝʣʴʶ 

ʘʥʘʣʠʟʘ ʩʪʘʮʠʦʥʘʨʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ 20000 ʨʝʘʣʠʟʘʮʠʡ ʧʨʦʮʝʩʩʘ. 

3. ɸʥʘʣʠʟ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʦʤʝʥʪʦʚ 

ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʣʷ ʨʝʘʣʠʟʘʮʠʡ ʩ ʧʦʩʪʨʦʝʥʠʝʤ ʛʨʘʬʠʢʦʚ 

ʤʦʤʝʥʪʦʚ 1 ï 4 ʧʦʨʷʜʢʦʚ. ɿʘʚʠʩʠʤʦʩʪʠ ʟʥʘʯʝʥʠʡ ʤʦʤʝʥʪʦʚ ʦʪ ʨʝʛʫʣʷʨʥʦʛʦ ʠ 

ʭʘʦʪʠʯʝʩʢʦʛʦ ʨʝʞʠʤʦʚ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 1 ï 2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [1,2,4]. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʝʧʠ ʜʣʷ ʨʝʛʫʣʷʨʥʦʛʦ ʨʝʞʠʤʘ: e = 5; a = 30; b = 4; c = 20; d = 

0.6;  

 

 
ʘ     ʙ 

 
ʚ      ʛ 

ʈʠʩ. 1 ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʦʤʝʥʪʳ ʜʣʷ ʨʝʛʫʣʷʨʥʦʛʦ ʨʝʞʠʤʘ: ʘ ï ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ 

ʦʞʠʜʘʥʠʝ; ʙ ï ʜʠʩʧʝʨʩʠʷ; ʚ ï ʢʦʵʬʬʠʮʠʝʥʪ ʘʩʠʤʤʝʪʨʠʠ; ʛ ï ʢʦʵʬʬʠʮʠʝʥʪ ʵʢʩʮʝʩʩʘ 

 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʝʧʠ ʜʣʷ ʭʘʦʪʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ: e = 1; a = 30; b = 0.8; c = 20; d 

= 0.6; 
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ʘ     ʙ 

 
ʚ     ʛ 

ʈʠʩ. 2 ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʦʤʝʥʪʳ ʜʣʷ ʭʘʦʪʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ: ʘ ï ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ 

ʦʞʠʜʘʥʠʝ; ʙ ï ʜʠʩʧʝʨʩʠʷ; ʚ ï ʢʦʵʬʬʠʮʠʝʥʪ ʘʩʠʤʤʝʪʨʠʠ; ʛ ï ʢʦʵʬʬʠʮʠʝʥʪ ʵʢʩʮʝʩʩʘ 

 

ʅʘ ʨʠʩʫʥʢʘʭ ʚʠʜʥʳ ʷʚʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʤʦʤʝʥʪʘʭ ʚʳʩʰʠʭ ʧʦʨʷʜʢʦʚ ʜʣʷ 

ʭʘʦʪʠʯʝʩʢʦʛʦ ʠ ʨʝʛʫʣʷʨʥʦʛʦ ʨʝʞʠʤʦʚ. ʈʝʛʫʣʷʨʥʳʡ ʨʝʞʠʤ ʧʨʦʷʚʣʷʝʪ ʩʚʦʶ ʨʝʛʫʣʷʨʥʦʩʪʴ 

ʜʘʞʝ ʚ ʧʦʚʝʜʝʥʠʠ ʤʦʤʝʥʪʦʚ. ʍʘʦʪʠʯʝʩʢʠʡ ʪʘʢ ʞʝ ʦʪʚʝʯʘʝʪ ʩʚʦʝʤʫ ʥʘʟʚʘʥʠʶ. 

 ɺ ʟʘʢʣʶʯʝʥʠʠ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʷʭ ʤʦʤʝʥʪʦʚ ʦʪ ʨʝʞʠʤʦʚ 

ʨʘʙʦʪʳ ʠʤʝʶʪʩʷ ʷʚʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʢʦʣʝʙʘʪʝʣʴʥʦʤ ʭʘʨʘʢʪʝʨʝ ʠʭ ʟʥʘʯʝʥʠʡ ʩ ʪʝʯʝʥʠʝʤ 

ʚʨʝʤʝʥʠ. ɺʦʟʤʦʞʥʦ ʨʘʟʣʠʯʘʪʴ ʨʝʛʫʣʷʨʥʳʝ ʠ ʭʘʦʪʠʯʝʩʢʠʝ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʤʝʞʜʫ ʩʦʙʦʡ 

ʧʦ ʵʪʠʤ ʢʦʣʝʙʘʥʠʷʤ. ʊʘʢʞʝ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʙʣʠʟʢʠʭ 

ʭʘʦʪʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ. ʈʘʟʣʠʯʠʷ ʚ ʟʥʘʯʝʥʠʷʭ ʤʦʤʝʥʪʦʚ ʩ ʫʯʝʪʦʤ ʜʦʚʝʨʠʪʝʣʴʥʳʭ 

ʠʥʪʝʨʚʘʣʦʚ ʥʘʩʪʦʣʴʢʦ ʥʝʟʥʘʯʠʪʝʣʴʥʳ, ʯʪʦ ʥʝʚʦʟʤʦʞʥʦ ʜʦʩʪʦʚʝʨʥʦ ʨʘʟʣʠʯʠʪʴ ʙʣʠʟʢʠʝ 

ʭʘʦʪʠʯʝʩʢʠʝ ʨʝʞʠʤʳ. 
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