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Satpayev University1,  

ɸʣʤʘʪʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʵʥʝʨʛʝʪʠʢʠ ʠ ʩʚʷʟʠ  

ʠʤ. ɻʫʤʘʨʙʝʢʘ ɼʘʫʢʝʝʚʘ2 
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ʠ ʛʘʙʘʨʠʪʘʤʠ. ʆʥʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʪʨʝʙʫʝʤʳʡ ʜʠʘʧʘʟʦʥ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʯʘʩʪʦʪʳ ʇʏ, ʚʳʙʦʨ 

ʤʠʥʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʠʣʦʚʳʭ ʪʨʘʥʟʠʩʪʦʨʦʚ, ʤʠʥʠʤʘʣʴʥʳʝ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʤʦʱʥʦʩʪʠ. 

ʈʘʟʨʘʙʦʪʘʥ ʠ ʠʟʛʦʪʦʚʣʝʥ ʦʧʳʪʥʳʡ ʦʙʨʘʟʝʮ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ ʠ ʠʥʜʫʢʪʦʨ ʤʦʱʥʦʩʪʠ. 

ʇʨʦʠʟʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʠʩʧʳʪʘʥʠʷ ʦʧʳʪʥʦʛʦ ʦʙʨʘʟʮʘ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ ʜʣʷ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʥʘʛʨʝʚʘ ʤʝʪʘʣʣʘ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʯʘʩʪʦʪʳ, ʠʥʜʫʢʮʠʦʥʥʳʡ ʥʘʛʨʝʚ, ʪʨʘʥʟʠʩʪʦʨʥʳʡ  

ʤʦʜʫʣʴ, ʩʠʤʠʩʪʦʨʳ, ʪʨʝʭʬʘʟʥʳʡ  ʚʳʧʨʷʤʠʪʝʣʴ, ʠʥʚʝʨʪʦʨ. 

 

ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʯʘʩʪʦʪʳ (ʇʏ) ʜʣʷ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʥʘʛʨʝʚʘ ʤʝʪʘʣʣʘ 

ʩʦʩʪʦʷʪ IGBT ʠʣʠ MOSFET ʪʨʘʥʟʠʩʪʦʨʥʳʭ ʤʦʜʫʣʝʡ, ʩʦʝʜʠʥʝʥʥʳʭ ʚ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩ ʜʨʘʡʚʝʨʘʤʠ ʫʧʨʘʚʣʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʦʥʠ ʠʤʝʶʪ 

ʟʘʱʠʪʫ ʦʪ ʪʦʢʦʚ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ, ʧʝʨʝʛʨʫʟʦʢ ʠ ʟʘʱʠʪʫ ʦʪ ʧʨʝʚʳʰʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʤʝʥʝʥʠʝ ʇʏ ʜʣʷ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʥʘʛʨʝʚʘ ʤʝʪʘʣʣʘ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʂʘʟʘʭʩʪʘʥʘ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ, ʪʘʢ ʢʘʢ ʫʜʝʣʴʥʘʷ 

ʩʪʦʠʤʦʩʪʴ ʩʫʱʝʩʪʚʫʶʱʠʭ ʟʘʨʫʙʝʞʥʳʭ ʘʥʘʣʦʛʦʚ ʦʯʝʥʴ ʚʳʩʦʢʘ, ʧʦʵʪʦʤʫ ʤʘʩʩʦʚʦʝ 

ʚʥʝʜʨʝʥʠʝ ʠʭ ʥʝʚʳʛʦʜʥʦ. ʉʣʝʜʫʝʪ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʩʚʦʠ ʪʝʭʥʦʣʦʛʠʠ ʩ ʥʠʟʢʦʡ 

ʩʪʦʠʤʦʩʪʴʶ, ʚʳʩʦʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ, ʤʘʣʳʤ ʚʝʩʦʤ ʠ 

ʛʘʙʘʨʠʪʘʤʠ.  

ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʯʘʩʪʦʪʳ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʚ ʩʣʝʜʫʶʱʠʭ 

ʪʝʭʥʦʣʦʛʠʷʭ: 

- ʠʥʜʫʢʮʠʦʥʥʳʡ ʥʘʛʨʝʚ ʤʝʪʘʣʣʦʚ ʩ ʮʝʣʴʶ ʰʪʘʤʧʦʚʢʠ,  

- ʧʣʘʚʢʘ ʤʝʪʘʣʣʦʚ ʚ ʠʥʜʫʢʮʠʦʥʥʳʭ ʧʣʘʚʠʣʴʥʳʭ ʪʠʛʝʣʴʥʳʭ ʧʝʯʘʭ, 

- ʠʥʜʫʢʮʠʦʥʥʳʡ ʥʘʛʨʝʚ ʤʝʪʘʣʣʦʚ ʩ ʮʝʣʴʶ ʛʦʨʷʯʝʡ ʦʙʲʝʤʥʦʡ ʟʘʢʘʣʢʠ,  

- ʠʥʜʫʢʮʠʦʥʥʳʡ ʥʘʛʨʝʚ ʥʝʬʪʠ ʚ ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʠ ʮʠʩʪʝʨʥʘʭ, 



                                                              ɸʂʊʋɸʃʔʅʓɽ ʇʈʆɹʃɽʄʓ ʕʃɽʂʊʈʆʕʅɽʈɻɽʊʀʂʀ  7 

 

- ʠʥʜʫʢʮʠʦʥʥʘʷ ʩʫʰʢʘ ʟʝʨʥʘ, ʥʘʛʨʝʚ ʞʠʜʢʠʭ ʩʨʝʜ, ʩʫʰʢʘ ʜʨʝʚʝʩʠʥʳ ʠ ʧʦ-

ʢʨʳʪʠʡ, ʧʦʣʫʯʝʥʠʝ ʤʦʣʦʯʥʦʛʦ ʧʦʨʦʰʢʘ.    

ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʇʏ, ʢʦʪʦʨʳʝ 

ʜʦʣʞʥʳ: ʦʙʝʩʧʝʯʠʚʘʪʴ ʪʨʝʙʫʝʤʳʡ ʜʠʘʧʘʟʦʥ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʯʘʩʪʦʪʳ ʇʏ, ʚʳʙʦʨ 

ʤʠʥʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʠʣʦʚʳʭ ʪʨʘʥʟʠʩʪʦʨʦʚ, ʠʤʝʪʴ ʚʳʩʦʢʠʡ ʂʇɼ ʠ ʥʠʟʢʠʝ 

ʮʝʥʳ, ʤʠʥʠʤʘʣʴʥʳʝ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʤʦʱʥʦʩʪʠ ʚʩʝʛʦ ʇʏ ʠʣʠ ʦʪʜʝʣʴʥʳʭ ʝʛʦ 

ʵʣʝʤʝʥʪʦʚ ʧʨʠ ʪʝʭ ʞʝ ʟʘʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʪʝʭʥʦʣʦʛʠʠ ʥʘʛʨʝʚʘ. 

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ, ʢʦʪʦʨʘʷ ʩʦʩʪʦʠʪ 

ʠʟ: 1 - ʚʭʦʜʥʳʝ ʩʠʤʠʩʪʦʨʳ, 2 - ʪʨʝʭʬʘʟʥʳʡ ʚʳʧʨʷʤʠʪʝʣʴ, 3 - ʠʥʚʝʨʪʦʨʘ.  ʆʩʦʙʝʥ-

ʥʦʩʪʴʶ ʠʥʚʝʨʪʦʨʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥ ʚʳʧʦʣʥʝʥ ʥʘ ʜʚʫʭ ʪʨʘʥʟʠʩʪʦʨʘʭ.  ʊʨʝʭʬʘʟ-

ʥʳʡ ʚʳʧʨʷʤʠʪʝʣʴ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 

ʩʝʪʠ ʚ ʧʦʩʪʦʷʥʥʦʝ, ʘ ʠʥʚʝʨʪʦʨ ʧʦʩʪʦʷʥʥʳʡ ʪʦʢ ʧʨʝʦʙʨʘʟʦʚʳʚʘʝʪ ʚ ʧʝʨʝʤʝʥʥʦʝ 

ʥʘʧʨʷʞʝʥʠʝ ʧʦʚʳʰʝʥʥʦʡ ʯʘʩʪʦʪʳ.  

ʀʥʜʫʢʪʦʨ ʧʨʝʦʙʨʘʟʫʝʪ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ ʚ ʪʝʧʣʦ-

ʚʫʶ ʵʥʝʨʛʠʶ, ʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʧʦʥʠʞʘʝʪ ʥʘʧʨʷʞʝʥʠʝ ʜʦ ʥʝʦʙʭʦʜʠʤʦʡ ʚʝʣʠ-

ʯʠʥʳ. ɺʳʧʨʷʤʠʪʝʣʴ ʠ ʠʥʚʝʨʪʦʨ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʢ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʯʘʩʪʦʪʳ. ɺʳ-

ʭʦʜʥʦʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʩʦʛʣʘʩʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʠʥʜʫʢʪʦʨʘ ʩ 

ʟʘʛʦʪʦʚʢʦʡ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʠʥʚʝʨʪʦʨʘ, ʧʨʠ ʵʪʦʤ ʤʘʩʩʦʛʘʙʘʨʠʪ-

ʥʳʝ ʨʘʟʤʝʨʳ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʫʤʝʥʴʰʝʥʳ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ. 

ɺʭʦʜʥʳʝ ʩʠʤʠʩʪʦʨʳ 1 ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ ʚʢʣʶ-

ʯʝʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ ʚ ʩʝʪʴ, ʥʦ ʠ ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚʭʦʜʥʦʛʦ ʥʘʧʨʷ-

ʞʝʥʠʷ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʥʘʛʨʝʚʘʪʝʣʷ ʯʝʨʝʟ ʢʘʞ-

ʜʳʝ ʥʝʩʢʦʣʴʢʦ ʤʠʥʫʪ ʥʘʜʦ    ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʯʘʩʪʦʪʳ ʦʪʢʣʶʯʘʪʴ ʦʪ ʩʝʪʠ, ʪʘʢ ʢʘʢ 

ʥʘʛʨʝʪʳʡ ʤʝʪʘʣʣ (ʟʘʛʦʪʦʚʢʘ) ʩʣʝʜʫʝʪ ʚʳʥʠʤʘʪʴ ʦʪ ʠʥʜʫʢʪʦʨʘ ʠ ʧʝʨʝʜʘʚʘʪʴ ʜʣʷ 

ʰʪʘʤʧʦʚʢʠ. ɼʘʣʝʝ ʥʦʚʫʶ ʟʘʛʦʪʦʚʢʫ ʚʩʪʘʚʣʷʶʪ ʚ ʠʥʜʫʢʪʦʨ ʠ ʚʢʣʶʯʘʶʪ ʧʨʝʦʙʨʘ-

ʟʦʚʘʪʝʣʴ ʯʘʩʪʦʪʳ ʚ ʩʝʪʴ. ʇʦʣʫʤʦʩʪʦʚʦʡ ʠʥʚʝʨʪʦʨ, ʦʙʨʘʟʦʚʘʥʥʳʡ IGBT ʪʨʘʥʟʠʩʪʦ-

ʨʘʤʠ T1 ʠ T2 (ʨʠʩ. 1), ʧʦʜʢʣʶʯʝʥ ʢ ʠʩʪʦʯʥʠʢʫ ʥʘʧʨʷʞʝʥʠʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, ʢʦʥ-

ʜʝʥʩʘʪʦʨʳ ʉʧ (ʥʠʞʥʠʡ ʠ ʚʝʨʭʥʠʡ) ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ 

ʧʠʪʘʥʠʷ ʥʘ ʜʚʝ ʨʘʚʥʳʝ ʯʘʩʪʠ. ʂʦʥʜʝʥʩʘʪʦʨ ʉ ʚ ʚʳʭʦʜʥʦʡ ʮʝʧʠ ʠʥʚʝʨʪʦʨʘ ʧʨʝʜ-

ʥʘʟʥʘʯʝʥ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʜʦ-

ʙʠʪʴʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʨʝʟʦʥʘʥʩʘ.  

ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʧʦʣʫʧʝʨʠʦʜʘ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʳʭʦʜʝ 

ʠʥʚʝʨʪʦʨʘ ʦʪʢʨʳʚʘʝʪʩʷ ʪʨʘʥʟʠʩʪʦʨ T1, ʘ ʪʨʘʥʟʠʩʪʦʨ T2 ʟʘʢʨʳʪ, ʧʨʠ ʵʪʦʤ ʧʦʩʪʦʷʥ-

ʥʳʡ ʪʦʢ ʦʪ ʠʩʪʦʯʥʠʢʘ ʥʘʧʨʷʞʝʥʠʷ ʙʫʜʝʪ ʧʨʦʪʝʢʘʪʴ ʯʝʨʝʟ ʪʨʘʥʟʠʩʪʦʨ T1 ʠ ʧʝʨʚʠʯ-

ʥʫʶ ʦʙʤʦʪʢʫ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ.  

ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʧʦʣʫʧʝʨʠʦʜʘ ʥʘ ʚʳʭʦʜʝ ʠʥʚʝʨʪʦʨʘ     

ʦʪʢʨʳʚʘʝʪʩʷ ʪʨʘʥʟʠʩʪʦʨ T2, ʘ ʪʨʘʥʟʠʩʪʦʨ T1 ʟʘʢʨʳʚʘʝʪʩʷ, ʧʨʠ ʵʪʦʤ ʧʦʩʪʦʷʥʥʳʡ 

ʪʦʢ ʦʪ ʠʩʪʦʯʥʠʢʘ ʥʘʧʨʷʞʝʥʠʷ   ʙʫʜʝʪ ʧʨʦʪʝʢʘʪʴ ʯʝʨʝʟ ʪʨʘʥʟʠʩʪʦʨʳ T2 ʠ ʧʝʨʚʠʯ-

ʥʫʶ ʦʙʤʦʪʢʫ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʚ ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʠʩʭʦʜʠʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʪʫʧʝʥʯʘʪʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ 

ʚʳʭʦʜʝ ʠʥʚʝʨʪʦʨʘ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʯʘʩʪʦʪʘ ʩʪʫʧʝʥʯʘʪʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ 

ʠʥʜʫʢʪʦʨʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʘʩʪʦʪʦʡ ʢʦʤʤʫʪʘʮʠʠ ʪʨʘʥʟʠʩʪʦʨʦʚ ʠ ʤʦʞʝʪ ʜʦʩʪʠʯʴ ʜʝ-

ʩʷʪʢʠ ʢʠʣʦʛʝʨʮ. 

 



8          ʉʝʢʮʠʷ 1. ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 

 

 
ʈʠʩ. 1. ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʥʘʛʨʝʚʘʪʝʣʷ ʧʨʠ 

ʪʨʝʭʬʘʟʥʦʤ ʧʠʪʘʥʠʠ 

 

ʊʘʢʦʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʠʥʚʝʨʪʦʨʘ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʩʠʣʦʚʳʭ 

ʪʨʘʥʟʠʩʪʦʨʦʚ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʯʘʩʪʦʪʥʳʡ ʜʠʘʧʘʟʦʥ ʪʦʢʘ ʥʘ ʠʥʜʫʢʪʦʨʝ ʠ ʫʣʫʯ-

ʰʠʪʴ ʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʘʝʪ ʥʘʜʝʞʥʦʩʪʴ ʠ ʩʥʠʞʘʝʪ 

ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʂ ʚʳʭʦʜʫ ʩʠʤʠʩʪʦʨʦʚ ʚʢʣʶʯʝʥʘ ʤʦʩʪʦʚʘʷ ʩʭʝʤʘ ʪʨʝʭʬʘʟʥʦʛʦ ʚʳʧʨʷʤʠʪʝʣʷ 

2 (ʨʠʩ. 1). ʂʘʢ ʠʟʚʝʩʪʥʦ, ʤʦʩʪʦʚʘʷ ʩʭʝʤʘ ʪʨʝʭʬʘʟʥʦʛʦ ʚʳʧʨʷʤʠʪʝʣʷ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʥʘʠʤʝʥʴʰʫʶ ʧʫʣʴʩʘʮʠʶ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ.  

ɺ ʤʦʩʪʦʚʦʡ ʩʭʝʤʝ ʪʨʝʭʬʘʟʥʦʛʦ ʚʳʧʨʷʤʠʪʝʣʷ ʥʝʫʧʨʘʚʣʷʝʤʳʝ ʜʠʦʜʳ 

452361 DDDDDD -----  ʦʪʢʨʳʚʘʶʪʩʷ  ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦ ʩʜʚʠʛʦʤ ʥʘ 60Á, ʧʨʠ-

ʯʝʤ ʜʠʦʜʳ 31,DD  ʠ 5D  ʦʪʢʨʳʚʘʶʪʩʷ ʚ ʧʦʣʦʞʠʪʝʣʴʥʳʝ, ʘ ʜʠʦʜʳ 26 ,DD  ʠ 4D  ï  ʚ 

ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʧʦʣʫʧʝʨʠʦʜʳ ʬʘʟʥʳʭ ʥʘʧʨʷʞʝʥʠʡ. ʀʥʪʝʨʚʘʣ ʧʨʦʚʦʜʠʤʦʩʪʠ ʢʘʞ-

ʜʦʛʦ ʜʠʦʜʘ ʨʘʚʝʥ 120Á, ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʦʪʢʨʳʪʳ ʜʚʘ ʜʠʦʜʘ (ʧʦ ʦʜʥʦʤʫ 

ʚ ʧʣʝʯʝ ʤʦʩʪʘ) ʠ ʥʘʧʨʷʞʝʥʠʝ ʥʘ    ʥʘʛʨʫʟʢʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʥʦʩʪʴʶ ʬʘʟʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ, ʪ, ʝ. ʣʠʥʝʡʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ. ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ 

ʥʘʛʨʫʟʢʝ ʧʨʠ ʩʠʥʫʩʦʠʜʘʣʴʥʦʤ ʥʘʧʨʷʞʝʥʠʠ ʩʝʪʠ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

a=a=a
p

p
= ʩosU34,2ʩosU35,1ʩos

6
sinU

26
U ʬʣmʩʨ  ,                 

ʛʜʝ ʬʣ U3U =  ï ʜʝʡʩʪʚʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ʣʠʥʝʡʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚʪʦʨʠʯʥʦʡ ʦʙ-

ʤʦʪʢʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. 

ʈʘʟʨʘʙʦʪʘʥ ʠ ʠʟʛʦʪʦʚʣʝʥ ʦʧʳʪʥʳʡ ʦʙʨʘʟʝʮ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ ʠ 

ʠʥʜʫʢʪʦʨ ʤʦʱʥʦʩʪʴʶ 6 ʢɺʪ ʩ ʯʘʩʪʦʪʦʡ ʦʪ 2 ʜʦ 20 ʢɻʮ ʧʨʠ ʧʠʪʘʥʠʠ ʦʪ ʦʜʥʦ- ʠʣʠ 

ʪʨʝʭʬʘʟʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. ɹʳʣʳ ʧʨʦʠʟʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʠ ʠʩʧʳʪʘʥʠʷ ʦʧʳʪʥʦʛʦ ʦʙʨʘʟʮʘ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ ʜʣʷ ʠʥʜʫʢʮʠʦʥʥʦʛʦ 

ʥʘʛʨʝʚʘ ʤʝʪʘʣʣʘ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. 

 ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʦʮʝʩʩ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʥʘʛʨʝʚʘ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʟʘ-

ʛʦʪʦʚʢʠ    ʜʠʘʤʝʪʨʦʤ 44 ʤʤ ʠ ʜʣʠʥʦʡ 80 ʤʤ.  ɺ ʥʘʯʘʣʝ ʧʨʦʮʝʩʩʘ ʠʥʜʫʢʮʠʦʥʥʦʛʦ 

ʥʘʛʨʝʚʘ ʤʝʪʘʣʣʘ ʥʝ ʨʘʚʥʦʤʝʨʥʦ ʥʘʛʨʝʚʘʣʩʷ, ʪ.ʝ. ʚ ʩʝʨʝʜʠʥʝ ʟʘʛʦʪʦʚʢʠ ʪʝʤʧʝʨʘ-

ʪʫʨʘ ʙʳʣʘ ʥʠʞʝ, ʯʝʤ ʧʦ ʢʨʘʷʤ. ʕʪʦ ʦʟʥʘʯʘʣʦ, ʯʪʦ ʛʣʫʙʠʥʘ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʵʣʝʢ-

ʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʥʝ ʟʥʘʯʠʪʝʣʴʥʘ, ʧʦʵʪʦʤʫ ʩʣʝʜʫʝʪ ʚʳʙʨʘʪʴ ʤʝʥʴʰʫʶ ʯʘʩʪʦʪʫ 



                                                              ɸʂʊʋɸʃʔʅʓɽ ʇʈʆɹʃɽʄʓ ʕʃɽʂʊʈʆʕʅɽʈɻɽʊʀʂʀ  9 

 

ʪʦʢʘ, ʦʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʫʚʝʣʠʯʠʪʩʷ ʚʨʝʤʷ ʥʘʛʨʝʚʘ ʤʝʪʘʣʣʘ. ɺʨʝʤʷ ʥʘʛʨʝʚʘ ʤʝʪʘʣʣʘ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʯʘʩʪʦʪʳ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 600-6500ʉ ʩʦʩʪʘʚʠʣʘ 3,5 ʤʠʥ. ʧʨʠ ʯʘ-

ʩʪʦʪʝ 8 ʢɻʮ ʠ ʧʨʠ ʯʘʩʪʦʪʝ 10 ʢɻʮ ï 2,41 ʤʠʥ. (ʨʠʩ. 3). ʇʨʠ ʵʪʦʤ ʪʨʘʥʟʠʩʪʦʨʳ ʥʝ 

ʧʝʨʝʛʨʝʚʘʣʠʩʴ, ʯʪʦ ʪʨʝʙʫʝʪʩʷ ʧʦ ʫʩʣʦʚʠʷʤ ʵʢʩʧʣʫʘʪʘʮʠʠ.  

 

 

ʈʠʩ. 2. ʀʥʜʫʢʮʠʦʥʥʳʡ   ʥʘʛʨʝʚʘʪʝʣʴ ʚ ʧʝʨʠʦʜ ʠʩʧʳʪʘʥʠʷ 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʦʟʜʘʥʥʳʡ ʠʥʜʫʢʮʠʦʥʥʳʡ ʥʘʛʨʝʚʘʪʝʣʴ ʨʘ-

ʙʦʪʦʩʧʦʩʦʙʝʥ, ʧʨʦʰʝʣ ʫʩʧʝʰʥʦʝ ʠʩʧʳʪʘʥʠʝ, ʠ ʩʠʩʪʝʤʘ ʦʭʣʘʞʜʝʥʠʷ ʠʥʜʫʢʪʦʨʘ 

ʨʘʙʦʪʘʣʘ ʠʩʧʨʘʚʥʦ. ʇʨʦʮʝʩʩ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʥʘʛʨʝʚʘ ʤʝʪʘʣʣʘ ʤʦʞʥʦ ʧʨʦʜʦʣʞʘʪʴ 

ʜʦ ʥʫʞʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ.  

 

 

ʈʠʩ. 3. ʇʨʦʮʝʩʩ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʥʘʛʨʝʚʘ ʤʝʪʘʣʣʘ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 731ʉ̄ 

 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʣʘʙʦʨʘʪʦʨ-

ʥʦʛʦ ʦʙʨʘʟʮʘ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ ʠ ʚʳʙʦʨʝ ʪʨʘʥʟʠʩʪʦʨʥʳʭ JGBT ʤʦʜʫʣʝʡ 

ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʙʳʣʦ ʫʜʝʣʝʥʦ ʪʦʧʦʣʦʛʠʠ ʩʠʣʦʚʳʭ ʰʠʥ ʤʦʜʫʣʷ ʠ ʩʧʦʩʦʙʘʤ 

ʧʦʜʢʣʶʯʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʝʡ ʠ ʦʪʚʦʜʘ ʪʝʧʣʘ. ɼʘʞʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʘ-

ʤʳʭ ʩʦʚʨʝʤʝʥʥʳʭ ʯʠʧʦʚ ʢʦʥʩʪʨʫʢʮʠʷ ʤʦʱʥʳʭ ʢʣʶʯʝʚʳʭ ʤʦʜʫʣʝʡ ʠʤʝʝʪ ʦʩʦʙʦʝ 

ʟʥʘʯʝʥʠʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʈʘʩʧʨʝʜʝʣʝʥʥʳʝ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʠ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʟʥʘʯʝʥʠʷ ʧʘʨʘʟʠʪʥʳʭ ʠʥʜʫʢʪʠʚʥʦʩʪʝʡ ʰʠʥ ʩʚʷʟʠ ʠ 

ʚr ʚʦʜʦʚ ʜʦʣʞʥʳ ʠʤʝʪʴ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʧʦʪʝʨʴ ʠ ʩʥʠʞʝ-

ʥʠʷ ʫʨʦʚʥʷ ʧʝʨʝʭʦʜʥʳʭ ʧʝʨʝʥʘʧʨʷʞʝʥʠʡ. 

ʅʘ ʨʠʩ. 4 ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʩʮʠʣʣʦʛʨʘʤʤʘ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʳʭʦʜʝ ʠʥʚʝʨʪʦʨʘ 

ʙʝʟ ʢʦʥʜʝʥʩʘʪʦʨʘ ʚ ʧʝʨʚʠʯʥʦʡ ʮʝʧʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʛʨʘʬʠʢʘ, ʦʩ-



10          ʉʝʢʮʠʷ 1. ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 

 

ʮʠʣʣʦʛʨʘʤʤʘ ʥʘʧʨʷʞʝʥʠʷ ʠʤʝʝʪ ʢʦʣʝʙʘʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ, ʵʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʪʨʘʥ-

ʟʠʩʪʦʨʳ ʨʘʙʦʪʘʶʪ ʚ ʘʢʪʠʚʥʦʤ ʨʝʞʠʤʝ. ʇʨʠ ʵʪʦʤ ʦʥʠ ʙʫʜʫʪ ʥʘʛʨʝʚʘʪʴʩʷ ʠ ʢʦʥʝʯ-

ʥʦʤ ʩʯʝʪʝ ʚʳʡʜʫʪ ʠʟ ʩʪʨʦʷ. ʏʪʦʙʳ ʧʝʨʝʚʝʩʪʠ ʪʨʘʥʟʠʩʪʦʨʳ ʚ ʢʣʶʯʝʚʦʡ ʨʝʞʠʤ, 

ʥʫʞʥʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʢʣʶʯʠʪʴ ʢʦʥʜʝʥʩʘʪʦʨ ʉ ʚ ʚʳʭʦʜʥʦʡ ʮʝʧʠ ʠʥʚʝʨʪʦʨʘ, 

ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ ʜʦʙʠʪʴʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʨʝʟʦ-

ʥʘʥʩʘ. 

  

  
ʈʠʩ. 4. ʆʩʮʠʣʣʦʛʨʘʤʤʘ ʥʘʧʨʷʞʝʥʠʷ ʥʘ 

ʚʳʭʦʜʝ ʠʥʚʝʨʪʦʨʘ ʙʝʟ ʢʦʥʜʝʥʩʘʪʦʨʘ ʚ  

ʧʝʨʚʠʯʥʦʡ ʮʝʧʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

 

ʈʠʩ. 5. ʆʩʮʠʣʣʦʛʨʘʤʤʘ ʥʘʧʨʷʞʝʥʠʷ ʥʘ 

ʚʳʭʦʜʝ ʠʥʚʝʨʪʦʨʘ ʩ ʢʦʥʜʝʥʩʘʪʦʨʦʤ ʚ ʧʝʨ-

ʚʠʯʥʦʡ ʮʝʧʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

 

ʅʘ ʨʠʩ. 5 ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʩʮʠʣʣʦʛʨʘʤʤʘ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʳʭʦʜʝ ʠʥʚʝʨʪʦʨʘ 

ʧʨʠ ʢʦʥʜʝʥʩʘʪʦʨʝ ʚ ʧʝʨʚʠʯʥʦʡ ʮʝʧʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʛʨʘʬʠʢʘ, 

ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʚʳʭʦʜʝ ʠʥʚʝʨʪʦʨʘ ʠʤʝʝʪ ʧʨʷʤʦʫʛʦʣʴʥʫʶ ʬʦʨʤʫ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʪʨʘʥʟʠʩʪʦʨʳ ʨʘʙʦʪʘʶʪ ʚ ʨʝʞʠʤʝ ʢʣʶʯʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʥʠ ʥʝ ʙʫʜʫʪ ʥʘʛʨʝʚʘʪʴʩʷ.  

ʂʨʦʤʝ ʪʦʛʦ, ʧʦʜʙʠʨʘʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʧʫʪʝʤ ʟʥʘʯʝʥʠʝ ʢʦʥʜʝʥʩʘʪʦʨʘ ʉ 

ʤʦʞʥʦ ʥʝ ʪʦʣʴʢʦ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʥʦ ʠ ʜʦʙʠʪʴʩʷ ʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʨʝʟʦʥʘʥʩʘ. ʇʨʠ ʨʝʟʦʥʘʥʩʝ ʘʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ ʠʥʚʝʨʪʦʨʘ ʙʫʜʝʪ 

ʧʝʨʝʜʘʚʘʪʴʩʷ ʠʥʜʫʢʪʦʨʫ, ʪ.ʝ. ʟʘʛʦʪʦʚʢʝ ʜʣʷ ʥʘʛʨʝʚʘ.  
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N.ʊ.Isembergenov1, A.Zh. Sagyndikova2 

 

INDUCTION HEATING OF METAL USING  

A TRANSISTOR FREQUENCY CONVERTER  

 
Satpayev University1  

ɸʣʤʘʪʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʵʥʝʨʛʝʪʠʢʠ ʠ ʩʚʷʟʠ  

ʠʤʝʥʠ ɻʫʤʘʨʙʝʢʘ ɼʘʫʢʝʝʚʘ2 

 
Abstract. Frequency converters for induction heating of metal are technologies with low cost, 

high efficiency, low weight and dimensions. They provide the required frequency control range for 

the IF frequency, the choice of the minimum number of power transistors, and the minimum installed 

power. An experimental model of a frequency converter and a power inductor are designed and man-

ufactured. Experimental studies and tests of a prototype frequency converter for induction heating of 

metal in real conditions have been carried out. 

 

Key words:  frequency converters, induction heating, transistor module, triacs, three-phase 

rectifier, inverter. 
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ʋɼʂ 621.3 

ɸ.ɸ. ʂʨʘʣʠʥ, ɸ.ɼ. ʄʫʨʘʰʦʚ 

 

ʀʄʀʊɸʎʀʆʅʅɸʗ ʄʆɼɽʃʔ ʆɹʈɸʊʅʆʍʆɼʆɺʆɻʆ 

ʇʈɽʆɹʈɸɿʆɺɸʊɽʃʗ  

 
ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʠʤ. ʈ.ɽ. ɸʣʝʢʩʝʝʚʘ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʘ ʨʘʟʨʘʙʦʪʢʘ ʤʦʜʝʣʠ ʦʙʨʘʪʥʦʭʦʜʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘ-

ʪʝʣʷ. ɸʚʪʦʨʘʤʠ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠ ʩʦʟʜʘʥʘ ʠʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʚ ʧʨʦ-

ʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ MATLAB Simulink. ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʠ ʧʦ-

ʣʫʯʝʥʳ ʚʨʝʤʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʝʣʠʯʠʥ ʧʦʚʳʰʘʶʱʝʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ. 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ Matlab Simulink ʘʚʪʦʨʘʤʠ ʙʳʣ ʧʨʦʠʟʚʝʜʝʪ 

ʩʦʧʦʩʪʘʚʠʪʝʣʴʥʳʡ ʨʘʩʯʝʪ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚ ʩʠʩʪʝʤʳ ʢʦʤʧʴʶʪʝʨʥʦʡ ʘʣʛʝʙʨʳ 

Mathcad.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: DC-DC ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ, ʩʠʣʦʚʳʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʧʨʠʙʦʨʳ, 

MATLAB Simulink, ʦʙʨʘʪʥʦʭʦʜʦʚʦʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʰʠʨʦʢʦ ʦʙʩʫʞʜʘʝʪʩʷ ʚʦʧʨʦʩ ʦ ʧʦʚʳʰʝʥʠʠ ʚʳʭʦʜʥʦʡ 

ʤʦʱʥʦʩʪʠ DC-DC ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ, ʠ ʦʜʥʠʤ ʠʟ ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ ʨʝʰʝʥʠʡ ʷʚʣʷ-

ʝʪʩʷ ʩʭʝʤʘ ʦʙʨʘʪʥʦʭʦʜʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʩ ʦʛʨʘʥʠʯʠʪʝʣʝʤ ʙʝʟ ʧʦʪʝʨʴ [1]. 

ɼʘʥʥʘʷ ʪʦʧʦʣʦʛʠʷ ʩʧʦʩʦʙʥʘ ʧʦʚʳʩʠʪʴ ʂʇɼ ʚʪʦʨʠʯʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ ʟʘ 

ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʚʳʙʨʦʩʦʚ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ʧʝʨʝʜʘʯʝ ʵʥʝʨʛʠʠ ʚ ʥʘʛʨʫʟʢʫ ʠ ʨʝʢʫ-

ʧʝʨʘʮʠʠ ʝʸ ʚʦ ʚʭʦʜʥʦʡ ʬʠʣʴʪʨ ʟʘ ʩʯʝʪ ʠʥʜʫʢʪʠʚʥʦʩʪʠ L1 (ʨʠʩ.1). 

ʆʙʨʘʪʥʦʭʦʜʦʚʦʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʢʘʢ ʚ ʢʘʯʝʩʪʚʝ ʚʪʦ-

ʨʠʯʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ, ʪʘʢ ʠ ʚ ʨʦʣʠ ʦʩʥʦʚʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ, ʦʩʦʙʝʥʥʦ 

ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʪʨʝʙʫʝʪʩʷ ʦʙʝʩʧʝʯʠʪʴ ʛʘʣʴʚʘʥʠʯʝʩʢʫʶ ʨʘʟʚʷʟʢʫ ʤʝʞʜʫ ʚʭʦʜʥʦʡ 

ʠ ʚʳʭʦʜʥʦʡ ʮʝʧʷʤʠ ʫʩʪʨʦʡʩʪʚʘ. ʆʙʳʯʥʦ ʪʘʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʜʣʷ ʤʦʱʥʦʩʪʝʡ ʜʦ 150 ɺʪ [2]. ʆʜʥʘʢʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʪʦʧʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʫʚʝ-

ʣʠʯʠʪʴ ʚʳʭʦʜʥʫʶ ʤʦʱʥʦʩʪʴ ʫʩʪʨʦʡʩʪʚʘ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʷʝʪ ʦʙʣʘʩʪʴ ʝʛʦ 

ʧʨʠʤʝʥʝʥʠʷ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʝʞʠʤ ʨʘʙʦʪʳ ʦʙʨʘʪʥʦʭʦʜʦʚʦʛʦ ʧʨʝʦʙ-

ʨʘʟʦʚʘʪʝʣʷ ʩ ʦʛʨʘʥʠʯʠʪʝʣʝʤ ʙʝʟ ʧʦʪʝʨʴ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ 

[1]. ʉʦʛʣʘʩʥʦ ʧʝʨʝʜʘʪʦʯʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ, ʚ ʪʘʢʦʤ ʨʝʞʠʤʝ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʦʣ-

ʥʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ŭ = 0,5. 
ʊʘʙʣʠʮʘ 1 

ʊʨʝʙʦʚʘʥʠʷ ʢ ʧʦʚʳʰʘʶʱʝʤʫ DC-DC ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ 

 

ʊʠʧ ʧʨʝʦʙʨʘʟʦ-

ʚʘʪʝʣʷ 

fʧ, ʢɻʮ ʂʇɼ Uʧ, ɺ Uʥ, ɺ ȹUʥ, 

% 

Iʥmax, 

ɸ 

Iʥmin, ɸ Pʚʳʭ, 
ɺʪ 

ʇʦʚʳʰʘʶʱʠʡ 30 0,92 310 150 10 10,8  8,8   

 



                                                              ɸʂʊʋɸʃʔʅʓɽ ʇʈʆɹʃɽʄʓ ʕʃɽʂʊʈʆʕʅɽʈɻɽʊʀʂʀ  15 

 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʦʙʨʘʪʥʦʭʦʜʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʚʳʰʘ-

ʶʱʠʤ, ʧʦʥʠʞʘʶʱʠʤ ʠ SEPIC ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʛʘʣʴʚʘʥʠʯʝ-

ʩʢʦʡ ʨʘʟʚʷʟʢʠ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʦʙʨʘʪʥʦʭʦʜʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʩʦ ʚʩʪʨʦʝʥʥʳʤ 

ʦʛʨʘʥʠʯʠʪʝʣʝʤ ʙʝʟ ʧʦʪʝʨʴ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʨʘʩʩʝʠʚʘʥʠʷ ʤʦʱʥʦʩʪʠ ʥʘ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʷʭ ʠ ʨʝʢʫʧʝʨʘʮʠʠ ʵʥʝʨʛʠʠ ʚ ʚʭʦʜʥʫʶ ʝʤʢʦʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ. 

ʅʘ ʨʠʩ.1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʦʙʨʘʪʥʦʭʦʜʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦ-

ʚʘʪʝʣʷ ʩʦ ʚʩʪʨʦʝʥʥʳʤ ʦʛʨʘʥʠʯʠʪʝʣʝʤ ʙʝʟ ʧʦʪʝʨʴ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ: ʠʜʝʘʣʴʥʦʛʦ ʠʩ-

ʪʦʯʥʠʢʘ ʕɼʉ E, ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ TV1, ʜʝʤʧʬʝʨʥʦʡ ʝʤʢʦʩʪʠ C1, ʜʨʦʩʩʝʣʷ L1, 

ʢʣʶʯʘ SA1, ʜʠʦʜʦʚ VD1, VD2, ʚʳʧʨʷʤʠʪʝʣʴʥʦʛʦ ʜʠʦʜʘ VD3, ʬʠʣʴʪʨʫʶʱʝʡ ʝʤʢʦ-

ʩʪʠ ʉ2 ʠ ʥʘʛʨʫʟʢʠ Rʥ. 

 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʦʙʨʘʪʥʦʭʦʜʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ  

 

ʈʘʩʯʸʪ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ 
ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʦʙʤʦʪʢʠ ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ ʟʥʘʯʝ-

ʥʠʝ ʘʤʧʣʠʪʫʜʳ ʪʦʢʘ, ʧʨʦʪʝʢʘʶʱʝʛʦ ʯʝʨʝʟ ʥʝʸ. ɺʝʣʠʯʠʥʘ ʪʦʢʘ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝ-

ʜʝʣʝʥʘ ʥʘ ʦʩʥʦʚʝ ʧʘʨʘʤʝʪʨʦʚ ʩʠʣʦʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ. ɼʣʷ ʪʨʘʥʟʠʩʪʦʨʘ IKW40N60 

ʜʝʡʩʪʚʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ʪʦʢʘ ʩʦʩʪʘʚʣʷʝʪ IVT = 40 ɸ. ʊʦʢ, ʧʨʦʪʝʢʘʶʱʠʡ ʯʝʨʝʟ ʜʨʦʩ-

ʩʝʣʴ, ʠʤʝʝʪ ʬʦʨʤʫ ʧʠʣʳ, ʪʦʛʜʘ ʘʤʧʣʠʪʫʜʥʦʝ ʟʥʘʯʝʥʠʝ ʪʦʢʘ ʯʝʨʝʟ ʪʨʘʥʟʠʩʪʦʨ ʨʘʚ-

ʥʷʝʪʩʷ Ѝ3IVT = 69,3 ɸ. ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʨʘʙʦʪʳ ʩʭʝʤʳ ʧʨʠʥʠʤʘʝʪʩʷ 
ʪʦʢ, ʨʘʚʥʳʡ 60ɸ. 

ʀʥʜʫʢʪʠʚʥʦʩʪʴ ʧʝʨʚʠʯʥʦʡ ʦʙʤʦʪʢʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶ-

ʱʠʤ ʦʙʨʘʟʦʤ:  

LTV1=
Uʧ

2ĀfĀI
, (1) 

LTV1=Ā  Ā
= ψφȟρ ̍̋ː̎. 

 

(2) 
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ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥʳ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʚʪʦʨʠʯʥʦʡ ʦʙʤʦʪʢʠ ʪʨʘʥʩʬʦʨ-

ʤʘʪʦʨʘ L2 ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʘʥʩʬʦʨʤʘʮʠʠ: 

kʪ=
Uʧ

Uʥ
, (3) 

kʪ=
310

150
ςȟπφ, (4) 

LTV2
L1

̓
, (5) 

LTV2 =
ψφĀ10-6

2,03
2= ςρȟυ ʤʢɻʥ. (6) 

ɽʤʢʦʩʪʴ ʢʦʥʜʝʥʩʘʪʦʨʘ C1 ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʘʤʧʣʠʪʫʜʳ ʪʦʢʘ, ʧʨʦ-

ʪʝʢʘʶʱʝʛʦ ʯʝʨʝʟ ʜʨʦʩʩʝʣʴ, ʚʝʣʠʯʠʥʳ ʧʝʨʝʥʘʧʨʷʞʝʥʠʷ ʥʘ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʠ ʜʣʠ-

ʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʟʘʨʷʜʘ. ɺʨʝʤʷ ʟʘʨʷʜʘ ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʳʤ 0,1 ʦʪ ʧʝʨʠʦʜʘ, ʘ 

ʚʝʣʠʯʠʥʘ ʧʝʨʝʥʘʧʨʷʞʝʥʠʷ ʟʘʜʘʝʪʩʷ ʢʘʢ ʫʜʚʦʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʧʠʪʘ-

ʥʠʷ. 

ʉ1 = 
IVTĀ0,1Ā 1/f

2Ā Uʧ
, (7) 

ʉ1 = 
60Ā 0,1Ā 1/30000

2Ā 300
 = 322 ʥʌ. 

 

(8) 

ɺʝʣʠʯʠʥʘ ʠʥʜʫʢʪʠʚʥʦʩʪʠ L1 ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʠʟ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ: 

WC1=WL1, 
(9) 

ʉ1Ā (2Ā Uʧ)
2

2
=
L1Ā ITV1

2

2
, 

(10) 

L1=
ʉ1Ā (2Ā Uʧ)

2

I641
2 , (11) 

L1=
322Ā 10-9Ā (2Ā 310)2

60
2 =34.4 ʤʢɻʥ. 

 

(12) 

ɽʤʢʦʩʪʴ ʢʦʥʜʝʥʩʘʪʦʨʘ ʉ2: 

ʉ2 = 
Iʥ

f(UʥĀ 1,1-UʥĀ 0,9)
, 

 

(13) 

ʉ2 = 
10

30 000(150Ā 1,1-150Ā 0,9)
=11 ʤʢʌ. (14) 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘʛʨʫʟʢʠ Rʥ:  

2̎
5̎

)̎
, (15) 

2̎
ρυπ

ρπ
ρυ ˛̍. (16) 

ʄʦʜʝʣʴ ʦʙʨʘʪʥʦʭʦʜʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʩʦ ʚʩʪʨʦʝʥʥʳʤ ʦʛʨʘʥʠʯʠʪʝʣʝʤ, 

ʨʝʘʣʠʟʦʚʘʥʥʘʷ ʚ ʧʨʦʛʨʘʤʤʝ MATLAB/Simulink, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2. 
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ʈʠʩ. 2. ʄʦʜʝʣʴ ʦʙʨʘʪʥʦʭʦʜʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʩʦ ʚʩʪʨʦʝʥʥʳʤ ʦʛʨʘʥʠʯʠʪʝʣʝʤ 

 

ʅʘ ʨʠʩ. 3-6 ʧʨʠʚʝʜʝʥʳ ʚʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʅʘ ʨʠʩ. 3. ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʧʨʷʞʝ-

ʥʠʷ ʥʘ ʚʳʭʦʜʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʦʪ ʚʨʝʤʝʥʠ. ɺʝʣʠʯʠʥʘ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚ 

ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝ ʧʨʠ ʥʘʛʨʫʟʢʝ 1,5 ʢɺʪ ʩʦʩʪʘʚʣʷʝʪ 147,6 ɺ. ɺ ʜʘʥʥʦʤ ʩʣʫ-

ʯʘʝ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʟʘʜʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 1,6 %, ʯʪʦ ʚʧʦʣʥʝ ʜʦʧʫʩʪʠʤʦ. 

 

 
ʈʠʩ. 3. ʅʘʧʨʷʞʝʥʠʝ ʥʘ ʚʳʭʦʜʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ 
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ʈʠʩ. 4. ʊʦʢ ʥʘʛʨʫʟʢʠ 

 

 
ʈʠʩ. 5. ʊʦʢ ʚʪʦʨʠʯʥʦʡ ʦʙʤʦʪʢʠ (ʘ), ʪʦʢ ʧʝʨʚʠʯʥʦʡ ʦʙʤʦʪʢʠ (ʙ)  
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ʈʠʩ. 6. ʅʘʧʨʷʞʝʥʠʝ ʥʘ ʝʤʢʦʩʪʠ ʉ1 

 

ʇʦʩʢʦʣʴʢʫ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʦʜʠʥ ʨʝʞʠʤ ʨʘ-

ʙʦʪʳ, ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʚʠʜʝ ʛʝʥʝʨʘʪʦʨʘ ʠʤʧʫʣʴʩʦʚ ʩ ʟʘʜʘʥʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʯʘʩʪʦʪʳ ʠ ʩʢʚʘʞʥʦʩʪʠ. 

ʈʘʙʦʪʫ ʦʙʨʘʪʥʦʭʦʜʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʩʦ ʚʩʪʨʦʝʥʥʳʤ ʦʛʨʘʥʠʯʠʪʝʣʝʤ 

ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 5 ʩʦʩʪʦʷʥʠʡ. ʆʪʢʨʳʪʳʝ ʜʠʦʜʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʧʨʦʪʠʚʦ-

ʕɼʉ. ɸʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʘʪʫʰʝʢ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʨʘʩʯʸʪʦʚ 

ʦʜʠʥʘʢʦʚʳ ʠ ʨʘʚʥʳ 0,1 ʆʤ. ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʂʕ-ʧʝʨʝʭʦʜʘ 0,01ʆʤ. 

1. ʅʘʩʳʱʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩʠʣʦʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ 

 
ʈʠʩ. 7. ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʥʘʩʳʱʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʪʨʘʥʟʠʩʪʦʨʘ 

ɺ ʤʦʤʝʥʪ ʢʦʤʤʫʪʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʦʪʧʠʨʘʥʠʝ ʪʨʘʥʟʠʩʪʦʨʘ, ʧʨʠ ʵʪʦʤ ʜʣʷ 

ʫʧʨʦʱʝʥʠʷ ʨʘʩʯʝʪʦʚ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʝʛʦ ʤʛʥʦʚʝʥʥʳʡ ʧʝʨʝʭʦʜ ʚ ʨʝʞʠʤ ʥʘʩʳʱʝ-

ʥʠʷ. ɼʘʣʝʝ ʥʘʯʠʥʘʝʪʩʷ ʨʘʟʨʷʜ ʝʤʢʦʩʪʠ ʉ1 ʥʘ ʜʨʦʩʩʝʣʴ L1 ʠ ʧʨʦʠʩʭʦʜʠʪ ʥʘʤʘʛʥʠ-



20          ʉʝʢʮʠʷ 1. ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 

 

ʯʠʚʘʥʠʝ ʩʝʨʜʝʯʥʠʢʘ Ltv. ɽʤʢʦʩʪʴ ʉ2 ʨʘʟʨʷʞʘʝʪʩʷ ʥʘ ʥʘʛʨʫʟʢʫ Rʥ. ɼʘʣʝʝ ʧʨʝʜʩʪʘʚ-

ʣʝʥʘ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʚ Mathcad, ʦʧʠʩʳʚʘʶʱʘʷ ʜʘʥʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ. ʉʠ-

ʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʨʝʰʘʝʪʩʷ ʯʠʩʣʝʥʥʳʤ ʤʝʪʦʜʦʤ ɹʫʣʠʨʰʘ ï ʐʪʸʨʘ.  

 
ʈʠʩ. 8. ʈʘʩʯʝʪ ʩʦʩʪʦʷʥʠʷ ʦʪʢʨʳʪʠʷ ʪʨʘʥʟʠʩʪʦʨʘ ʚ Mathcad 

 

2. ʇʨʦʮʝʩʩ ʥʘʢʦʧʣʝʥʠʷ ʵʥʝʨʛʠʠ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʩʝʨʜʝʯʥʠʢʘ ʪʨʘʥʩʬʦʨʤʘ-
ʪʦʨʘ 

 
 

ʈʠʩ. 9. ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʪʨʘʥʟʠʩʪʦʨʘ ʚ ʨʝʞʠʤʝ ʦʪʩʝʯʢʠ 

 

 
 

ʈʠʩ.10. ʈʘʩʯʝʪ ʩʦʩʪʦʷʥʠʷ ʥʘʢʦʧʣʝʥʠʷ ʵʥʝʨʛʠʠ ʚ Mathcad 
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3. ʇʨʦʮʝʩʩ ʩʙʨʦʩʘ ʵʥʝʨʛʠʠ ʚ ʉ1, ʥʘʢʦʧʣʝʥʥʦʡ ʚ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʨʘʩʩʝʷʥʠʷ 

 
ʈʠʩ. 11. ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʧʨʦʮʝʩʩʘ ʩʙʨʦʩʘ ʵʥʝʨʛʠʠ ʚ ʢʦʥʜʝʥʩʘʪʦʨ ʉ1 

 

 
ʈʠʩ.12. ʈʘʩʯʝʪ ʩʦʩʪʦʷʥʠʷ ʩʙʨʦʩʘ ʵʥʝʨʛʠʠ ʚ ʉ1 ʚ Mathcad 

 

 

4. ʇʨʦʮʝʩʩ ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ ʚ ʥʘʛʨʫʟʢʫ 

 
ʈʠʩ. 13. ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʧʨʦʮʝʩʩʘ ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ ʚ ʥʘʛʨʫʟʢʫ 

 



22          ʉʝʢʮʠʷ 1. ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 

 

 
ʈʠʩ.14. ʈʘʩʯʝʪ ʧʨʦʮʝʩʩʘ ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ ʚ Mathcad 

 

5. ʇʨʦʮʝʩʩ ʨʝʢʫʧʝʨʘʮʠʠ ʵʥʝʨʛʠʠ ʚ ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ 

 
ʈʠʩ. 15. ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʧʨʦʮʝʩʩʘ ʨʝʢʫʧʝʨʘʮʠʠ 

 

 
ʈʠʩ.16. ʈʘʩʯʝʪ ʧʨʦʮʝʩʩʘ ʨʝʢʫʧʝʨʘʮʠʠ ʚ Mathcad 
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ʅʘ ʨʠʩ. 16-19 ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʣʛʦʨʠʪʤʳ ʨʘʩʯʝʪʘ 5000 ʧʝʨʠʦʜʦʚ ʨʘʙʦʪʳ 

ʩʭʝʤʳ. 

 

 
 

ʈʠʩ. 17. ʎʠʢʣʠʯʥʘʷ ʧʨʦʛʨʘʤʤʘ ʚ Mathcad 



24          ʉʝʢʮʠʷ 1. ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 

 

 

 

 

ʈʠʩ. 18. ʊʦʢ ʥʘ ʧʝʨʚʠʯʥʦʡ ʩʪʦʨʦʥʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ (ʘ) ʠ ʥʘʧʨʷʞʝʥʠʝ ʢʦʥʜʝʥʩʘʪʦʨʘ 

ʉ1 (ʙ) 
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ʈʠʩ. 19. ʎʠʢʣʠʯʥʘʷ ʧʨʦʛʨʘʤʤʘ ʚ Mathcad 



26          ʉʝʢʮʠʷ 1. ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 

 

 

 
ʈʠʩ. 20. ʅʘʧʨʷʞʝʥʠʝ ʥʘ ʝʤʢʦʩʪʠ C2 (ʘ) ʠ ʪʦʢ ʚʪʦʨʠʯʥʦʡ ʦʙʤʦʪʢʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ (ʙ) 

 

ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʚʳʧʦʣʥʝʥʥʦʛʦ 

ʚ ʩʨʝʜʝ MATLAB, ʩ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʨʘʩʯʸʪʘʤʠ, ʧʨʦʚʝʜʸʥʥʳʤʠ ʯʠʩʣʝʥʥʳʤ ʤʝʪʦ-

ʜʦʤ ʚ Mathcad, ʚʳʷʚʣʝʥʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʭʦʞʜʝʥʠʝ ʚ ʟʥʘʯʝʥʠʷʭ ʚʳʭʦʜʥʳʭ ʧʘ-

ʨʘʤʝʪʨʦʚ ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʳ. ɸʤʧʣʠʪʫʜʥʦʝ ʟʥʘʯʝʥʠʝ ʪʦʢʘ ʚʪʦʨʠʯʥʦʡ ʦʙ-

ʤʦʪʢʠ, ʧʦʣʫʯʝʥʥʦʝ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʨʝʚʳʰʘʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʟʥʘ-

ʯʝʥʠʝ, ʨʘʩʩʯʠʪʘʥʥʦʝ ʯʠʩʣʝʥʥʳʤ ʤʝʪʦʜʦʤ, ʥʘ 7,1 %. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʘʤʧʣʠʪʫʜʘ ʪʦʢʘ 

ʧʝʨʚʠʯʥʦʡ ʦʙʤʦʪʢʠ, ʚʳʯʠʩʣʝʥʥʘʷ ʯʠʩʣʝʥʥʳʤ ʤʝʪʦʜʦʤ, ʧʨʝʚʦʩʭʦʜʠʪ ʘʥʘʣʦʛʠʯ-

ʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʠʟ ʤʦʜʝʣʠ ʥʘ 9,7 %. ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʦʧʨʝʜʝʣʸʥʥʦʝ 

ʯʠʩʣʝʥʥʳʤ ʤʝʪʦʜʦʤ, ʥʠʞʝ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ 7,7 %. ʈʘʟʣʠʯʠʝ ʜʝʡ-

ʩʪʚʫʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʜʝʤʧʬʠʨʫʶʱʝʡ ʝʤʢʦʩʪʠ ʉ1 ʥʝ ʧʨʝʚʳʰʘʶʪ 10 %.  
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ʕʪʦ ʨʘʟʣʠʯʠʝ ʦʙʫʩʣʦʚʣʝʥʦ ʥʝʠʜʝʥʪʠʯʥʦʩʪʴʶ ʩʭʝʤ ʟʘʤʝʱʝʥʠʷ ʢʦʤʧʦʥʝʥ-

ʪʦʚ. ɺ MATLAB ʧʨʠʤʝʥʷʶʪʩʷ ʙʦʣʝʝ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʳʝ ʤʦʜʝʣʠ ʟʘʤʝʱʝʥʠʷ ʠʥʜʫʢ-

ʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʝʤʢʦʩʪʝʡ ʠ ʢʣʶʯʝʚʳʭ ʫʩʪʨʦʡʩʪʚ, ʫʯʠʪʳʚʘʶʱʠʝ ʠʭ ʧʘʨʘʟʠʪ-

ʥʳʝ ʧʘʨʘʤʝʪʨʳ. ʇʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʩʭʝʤʳ ʜʣʷ ʨʘʩʯʝʪʘ ʯʠʩʣʝʥʥʳʤ ʤʝʪʦʜʦʤ ʚʣʠʷ-

ʥʠʝ ʧʘʨʘʟʠʪʥʳʭ ʵʬʬʝʢʪʦʚ ʢʦʤʧʦʥʝʥʪʦʚ ʥʝ ʙʳʣʦ ʫʯʪʝʥʦ.  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʦʙʘ ʤʝʪʦʜʘ ʘʥʘ-

ʣʠʟʘ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʭʝʤ ʤʦʛʫʪ ʙʳʪʴ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʝʥʳ ʥʘ ʵʪʘʧʝ ʧʦʜʛʦʪʦʚʢʠ ʢ 

ʤʘʢʝʪʠʨʦʚʘʥʠʶ ʫʩʪʨʦʡʩʪʚʘ, ʦʙʝʩʧʝʯʠʚʘʷ ʜʦʩʪʘʪʦʯʥʫʶ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʜʣʷ ʜʘʣʴ-

ʥʝʡʰʝʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʩʭʝʤʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʢʘ-

ʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ ʜʣʷ ʥʘʛʨʫʟʦʢ ʤʦʱʥʦʩʪʴʶ ʜʦ 1,5 ʢɺʪ. ʕʪʦ ʤʦʛʫʪ ʙʳʪʴ 

ʣʘʙʦʨʘʪʦʨʥʳʝ ʠʩʪʦʯʥʠʢʠ ʧʠʪʘʥʠʷ, ʫʩʪʨʦʡʩʪʚʘ ʟʘʨʷʜʘ ʙʘʪʘʨʝʡ. 

ɺ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʣʘʥʠʨʫʝʪʩʷ ʨʝʘʣʠʟʘʮʠʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝ-

ʥʠʷ ʨʝʘʣʠʟʫʶʱʘʷ ʩʠʛʤʘ-ʜʝʣʴʪʫ ʤʦʜʫʣʷʮʠʶ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʪ ʫʚʝʣʠʯʠʪʴ ʜʠʘʧʘ-

ʟʦʥ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ ʠ ʧʦʚʳʩʠʪʴ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ.  
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Abstract. The article discusses the development of a model of a flyback converter with a built-

in lossless limiter. The authors calculated the main parameters and created a simulation model in the 

MATLAB Simulink software environment. As a result of computer modeling, time dependences of 

the electromagnetic quantities of the boost converter were obtained. To confirm the simulation results 

in MATLAB Simulink, the authors performed a comparative calculation of differential equations 

using the Mathcad computer algebra system.  
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ʇʈʀʄɽʅɽʅʀɽ ʏɸʉʊʆʊʅʆ ʐʀʈʆʊʅʆ-ʀʄʇʋʃʔʉʅʆʁ 

ʄʆɼʋʃʗʎʀʀ ɺ ʆɹʈɸʊʅʆʍʆɼʆɺʆʄ ʇʈɽʆɹʈɸɿʆɺɸʊɽʃɽ 

 
ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʠʤ. ʈ.ɽ. ɸʣʝʢʩʝʝʚʘ 

 
ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʫʧʨʘʚʣʝʥʠʝ ʦʙʨʘʪʥʦʭʦʜʦʚʳʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ 

ʧʨʠ ʧʦʤʦʱʠ ʯʘʩʪʦʪʥʦ ʰʠʨʦʪʥʦ-ʠʤʧʫʣʴʩʥʦʡ ʤʦʜʫʣʷʮʠʠ. ɸʚʪʦʨʘʤʠ ʙʳʣʘ ʩʦʟʜʘʥʘ ʠʤʠʪʘʮʠʦʥ-

ʥʘʷ ʤʦʜʝʣʴ ʢʦʥʚʝʨʪʦʨʘ ʠ ʨʝʘʣʠʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ 

MATLAB/Simulink. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚʳʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ, ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʦʪ ʥʘʧʨʷʞʝʥʠʷ ʧʠʪʘʥʠʷ.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: DC-DC ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ, ʩʠʣʦʚʳʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʧʨʠʙʦʨʳ, 

MATLAB Simulink, ʦʙʨʘʪʥʦʭʦʜʦʚʦʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ, ʯʘʩʪʦʪʥʦ ʰʠʨʦʪʥʦ-ʠʤʧʫʣʴʩʥʘʷ ʤʦʜʫʣʷ-

ʮʠʷ. 

 

ʆʙʨʘʪʥʦʭʦʜʦʚʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʠʩʪʦʯʥʠʢʘʭ ʧʠ-

ʪʘʥʠʷ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʧʨʦʩʪʦʪʝ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʠ ʠ ʦʙʝʩʧʝʯʝʥʠʠ 

ʛʘʣʴʚʘʥʠʯʝʩʢʦʡ ʨʘʟʚʷʟʢʠ ʤʝʞʜʫ ʚʭʦʜʥʳʤʠ ʠ ʚʳʭʦʜʥʳʤʠ ʮʝʧʷʤʠ. ɺ ʩʚʷʟʠ ʩ ʫʚʝ-

ʣʠʯʝʥʠʝʤ ʪʨʝʙʦʚʘʥʠʡ ʢ ʚʳʭʦʜʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ ʪʨʝʙʫʝʪʩʷ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʧʦʩʦʙʦʚ ʫʧʨʘʚʣʝʥʠʷ. 

ʐʠʨʦʪʥʦ-ʠʤʧʫʣʴʩʥʘʷ ʤʦʜʫʣʷʮʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʸʥ-

ʥʳʭ ʩʧʦʩʦʙʦʚ ʫʧʨʘʚʣʝʥʠʷ ʦʙʨʘʪʥʦʭʦʜʦʚʳʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ. ɻʣʘʚʥʳʤ ʥʝʜʦ-

ʩʪʘʪʢʦʤ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʥʝʩʪʘʙʠʣʴʥʘʷ ʨʘʙʦʪʘ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʚ ʨʝʞʠ-

ʤʘʭ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʠ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʛʨʘʥʠʯʝʥʥʦʤʫ ʜʠʘ-

ʧʘʟʦʥʫ ʨʝʛʫʣʠʨʦʚʘʥʠʷ [1]. ʏʘʩʪʠʯʥʦ ʧʨʦʙʣʝʤʘ ʨʝʰʘʝʪʩʷ ʧʫʪʝʤ ʫʩʪʘʥʦʚʢʠ 

ʥʘʛʨʫʟʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʙʦʪʳ ʚ ʨʝʞʠʤʝ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ, ʦʜ-

ʥʘʢʦ ʵʪʦ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʂʇɼ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ. ɼʣʷ ʨʘʩʰʠʨʝʥʠʷ ʜʠʘ-

ʧʘʟʦʥʘ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʦʙʨʘʪʥʦʭʦʜʦʚʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ (ʨʠʩ. 1), ʚʳʧʦʣʥʝʥʥʫʶ ʥʘ ʙʘʟʝ ʯʘʩʪʦʪʥʦ ʰʠ-

ʨʦʪʥʦ-ʠʤʧʫʣʴʩʥʦʡ ʤʦʜʫʣʷʮʠʠ (ʏʐʀʄ). ʆʥʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʪʘʙʠʣʴʥʫʶ ʨʘʙʦʪʫ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʥʝʥʠʷ ʥʘʛʨʫʟʢʠ - ʦʪ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʜʦ 

ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʧʦʣʥʝʥʠʷ ʠ ʧʘʫʟʳ 

ʤʝʞʜʫ ʠʤʧʫʣʴʩʘʤʠ, ʪʦ ʝʩʪʴ ʯʘʩʪʦʪʳ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʠʤʝʝʪ ʜʚʘ ʨʝʞʠʤʘ ʨʘʙʦʪʳ: ʩʪʘʙʠʣʠʟʘ-

ʮʠʷ ʥʘʧʨʷʞʝʥʠʷ ʠ ʩʪʘʙʠʣʠʟʘʮʠʷ ʪʦʢʘ. ʇʨʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ 

ʥʘʢʘʯʢʘ ʵʥʝʨʛʠʠ ʚ ʜʨʦʩʩʝʣʴ ʦʜʥʦʡ ʚʝʣʠʯʠʥʦʡ ʪʦʢʘ, ʧʨʠ ʵʪʦʤ ʠʟʤʝʥʷʝʪʩʷ ʯʘʩʪʦʪʘ 

ʨʘʙʦʪʳ ʩʭʝʤʳ. ʉʣʝʜʫʶʱʝʝ ʚʢʣʶʯʝʥʠʝ ʪʨʘʥʟʠʩʪʦʨʘ ʥʝ ʧʨʦʠʟʦʡʜʸʪ, ʧʦʢʘ ʟʘʧʘʩʝʥ-

ʥʘʷ ʵʥʝʨʛʠʷ ʚ ʤʘʛʥʠʪʦʧʨʦʚʦʜʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʥʝ ʩʪʘʥʝʪ ʨʘʚʥʘ ʥʫʣʶ. ɺ ʜʘʥʥʦʡ 
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ʩʭʝʤʝ ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ ʧʫʪʝʤ ʠʟʤʝʨʝʥʠʷ ʪʦʢʘ ʚʦ ʚʪʦʨʠʯʥʦʡ ʦʙʤʦʪʢʝ ʪʨʘʥʩʬʦʨʤʘ-

ʪʦʨʘ. ʈʝʛʫʣʠʨʦʚʢʘ ʥʘʧʨʷʞʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʠʟʤʝʥʝʥʠʷ ʧʘʫʟʳ 

ʤʝʞʜʫ ʠʤʧʫʣʴʩʘʤʠ. ʏʝʤ ʤʝʥʴʰʝ ʥʫʞʥʦ ʧʝʨʝʜʘʪʴ ʵʥʝʨʛʠʠ ʚ ʥʘʛʨʫʟʢʫ, ʪʝʤ ʙʦʣʴʰʝ 

ʧʘʫʟʘ. ʉʪʘʙʠʣʠʟʘʮʠʷ ʚʝʣʠʯʠʥʳ ʪʦʢʘ ʥʘʛʨʫʟʢʠ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʚʝʣʠʯʠʥʳ ʘʤʧʣʠʪʫʜʳ ʪʦʢʘ, ʢʦʪʦʨʳʡ ʚʣʠʷʝʪ ʥʘ ʟʘʧʘʩʝʥʥʫʶ ʵʥʝʨʛʠʶ ʚ ʜʨʦʩʩʝʣʝ. 

ɺ ʵʪʦʤ ʨʝʞʠʤʝ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʨʘʙʦʪʘʝʪ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʡ ʯʘʩʪʦʪʝ, ʧʨʠ ʵʪʦʤ 

ʚʢʣʶʯʝʥʠʝ ʪʨʘʥʟʠʩʪʦʨʘ ʪʘʢʞʝ ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʴʢʦ ʧʦʩʣʝ ʧʝʨʝʜʘʯʠ ʚʩʝʡ ʥʘʢʦʧʣʝʥ-

ʥʦʡ ʵʥʝʨʛʠʠ ʥʘ ʚʪʦʨʠʯʥʫʶ ʩʪʦʨʦʥʫ. 
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ʈʠʩ. 1. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʦʙʨʘʪʥʦʭʦʜʦʚʳʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ 

 

ʈʝʘʣʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʘ ʫʧʨʘʚʣʝʥʠʷ ʚʳʧʦʣʥʝʥʘ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ 

MATLAB/Simulink ʚ ʙʠʙʣʠʦʪʝʢʝ Simscape/Electrical/Specialized Power Systems. 

ʀʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʦʙʨʘʪʥʦʭʦʜʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2. 

 

 
ʈʠʩ. 2. ʀʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʦʙʨʘʪʥʦʭʦʜʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ 
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ɺʦʣʴʪʘʤʧʝʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 3. 

ʉʪʘʙʠʣʠʟʘʮʠʷ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʦʪ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʜʦ ʥʦʤʠʥʘʣʴʥʦʡ ʚʝʣʠ-

ʯʠʥʳ ʥʘʛʨʫʟʢʠ (1,5 ʢɺʪ). ʇʦ ʤʝʨʝ ʫʤʝʥʴʰʝʥʠʷ ʚʝʣʠʯʠʥʳ ʥʘʛʨʫʟʢʠ ʩʠʩʪʝʤʘ ʫʧʨʘʚ-

ʣʝʥʠʷ ʧʝʨʝʭʦʜʠʪ ʚ ʨʝʞʠʤ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚʝʣʠʯʠʥʳ ʚʳʭʦʜʥʦʛʦ ʪʦʢʘ. ʇʫʣʴʩʘʮʠʠ 

ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʝ ʧʨʝʚʳʰʘʶʪ 1 % ʦʪ ʫʩʪʘʚʢʠ. ʆʪʢʣʦʥʝʥʠʷ ʧʝʨʝʜʘʪʦʯʥʦʡ 

ʬʫʥʢʮʠʠ ʪʦʢʘ ʥʝ ʧʨʝʚʳʰʘʶʪ 10 %, ʯʪʦ ʷʚʣʷʝʪʩʷ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ ʨʝʟʫʣʴʪʘ-

ʪʦʤ.  

 
ʈʠʩ. 3. ɺʦʣʴʪʘʤʧʝʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ 

 

ʉʦʛʣʘʩʥʦ ʜʠʘʛʨʘʤʤʝ Uʚʳʭ(Uʚʭ) (ʨʠʩ.4) ʦʙʨʘʪʥʦʭʦʜʦʚʦʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʩ 

ʧʨʝʜʣʦʞʝʥʥʦʡ ʩʠʩʪʝʤʦʡ ʤʦʜʫʣʷʮʠʠ ʩʧʦʩʦʙʝʥ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʚʳʭʦʜʥʦʝ ʥʘʧʨʷ-

ʞʝʥʠʝ, ʥʘʯʠʥʘʷ ʦʪ 90 ɺ ʜʦ 400 ɺ ʚʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ʥʦʤʠʥʘʣʴʥʦʡ ʤʦʱʥʦ-

ʩʪʠ ʥʘʛʨʫʟʢʠ. ɼʘʥʥʦʝ ʩʚʦʡʩʪʚʦ ʧʦʟʚʦʣʠʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʚ ʫʩʣʦ-

ʚʠʷʭ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʧʠʪʘʶʱʝʡ ʩʝʪʠ. 
 

 
ʈʠʩ. 4. ɼʠʘʛʨʘʤʤʘ ʟʘʚʠʩʠʤʦʩʪʠ ʚʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʦʪ ʚʭʦʜʥʦʛʦ  

 

ʅʘ ʨʠʩ. 5 ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʮʠʣʣʦʛʨʘʤʤʳ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʠ ʩʢʘʯʢʦ-

ʦʙʨʘʟʥʦʤ ʠʟʤʝʥʝʥʠʠ ʥʘʛʨʫʟʢʠ ʩ ʨʝʞʠʤʘ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʥʘ ʥʦʤʠʥʘʣʴʥʳʡ. ɺ 
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ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘʨʷʜ ʚʳʭʦʜʥʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ ʜʦ ʫʨʦʚʥʷ ʟʘ-

ʜʘʥʥʦʛʦ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʩʦʩʪʘʚʣʷʶʱʝʛʦ 150 ɺ. ɼʘʣʝʝ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʤʛʥʦʚʝʥʥʦʝ ʧʦʜʢʣʶʯʝʥʠʝ ʥʦʤʠʥʘʣʴʥʦʡ ʥʘʛʨʫʟʢʠ. ʅʘʙʣʶʜʘʝʤʦʝ ʢʨʘʪʢʦʚʨʝʤʝʥ-

ʥʦʝ ʩʥʠʞʝʥʠʝ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʦʙʫʩʣʦʚʣʝʥʦ ʦʛʨʘʥʠʯʝʥʠʝʤ ʪʦʢʘ ʥʘʛʨʫʟʢʠ. 

ɺʨʝʤʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʦʩʣʝ ʚʦʟʤʫʱʝʥʠʷ ʧʦ ʥʘʛʨʫʟʢʝ ʩʦ-

ʩʪʘʚʠʣʦ 22 ʤʩ, ʯʪʦ ʥʘʭʦʜʠʪʩʷ ʚ ʜʦʧʫʩʪʠʤʳʭ ʧʨʝʜʝʣʘʭ ʠ ʧʦʜʪʚʝʨʞʜʘʝʪ ʨʘʙʦʪʦʩʧʦ-

ʩʦʙʥʦʩʪʴ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʚ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʘʭ. 

 

 
ʈʠʩ. 5. ɼʠʘʛʨʘʤʤʘ: ʘ) ʥʘʧʨʷʞʝʥʠʝ ʥʘʛʨʫʟʢʠ, ʙ) ʪʦʢ ʧʝʨʚʠʯʥʦʡ ʦʙʤʦʪʢʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

 

ʅʘ ʵʪʘʧʝ ʟʘʧʫʩʢʘ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʵʥʝʨʛʠʷ ʚ ʤʘʛʥʠʪʦʧʨʦʚʦʜʝ ʪʨʘʥʩʬʦʨʤʘ-

ʪʦʨʘ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ ʟʥʘʯʝʥʠʠ ʪʦʢʘ ʧʝʨʚʠʯʥʦʡ ʦʙʤʦʪʢʠ. ʇʦʩʣʝ 

ʧʝʨʝʭʦʜʘ ʦʪ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʜʦ ʥʦʤʠʥʘʣʴʥʦʡ ʥʘʛʨʫʟʢʠ, ʥʘʢʘʯʢʘ ʵʥʝʨʛʠʠ ʚ ʜʨʦʩ-

ʩʝʣʴ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʘʟʣʠʯʥʳʤ ʘʤʧʣʠʪʫʜʥʳʤ ʟʥʘʯʝʥʠʝʤ ʪʦʢʘ ʜʨʦʩʩʝʣʷ.  

ʆʙʨʘʪʥʦʭʦʜʦʚʦʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʩ ʧʨʝʜʣʦʞʝʥʥʦʡ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʫʩʪʦʡʯʠʚʫʶ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʚʭʦʜʥʳʭ 
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ʥʘʧʨʷʞʝʥʠʡ. ʕʪʦ ʜʝʣʘʝʪ ʝʛʦ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʫʩʪʨʦʡʩʪʚʘʭ ʩ ʥʝ-

ʩʪʘʙʠʣʴʥʳʤ ʧʠʪʘʥʠʝʤ, ʚʢʣʶʯʘʷ ʩʠʩʪʝʤʳ ʛʝʥʝʨʘʮʠʠ ʥʘ ʙʘʟʝ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩ-

ʪʦʯʥʠʢʦʚ. ʐʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʟʚʦʣʷʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʫʶ ʪʦʧʦʣʦʛʠʶ ʚ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʧʠʪʘʥʠʷ, ʧʨʝʜʥʘ-

ʟʥʘʯʝʥʥʳʭ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʥʘʛʨʫʟʢʠ ʨʘʟʣʠʯʥʦʡ ʚʝʣʠʯʠʥʦʡ ʚʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝ-

ʥʠʷ.  

ɺ ʢʘʯʝʩʪʚʝ ʥʘʧʨʘʚʣʝʥʠʡ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʮʝʣʝ-

ʩʦʦʙʨʘʟʥʳʤ ʠʟʫʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʨʝʘʣʠʟʘʮʠʠ ʤʷʛʢʦʡ ʢʦʤʤʫʪʘʮʠʠ ʩʠʣʦʚʦʛʦ 

ʢʣʶʯʘ ʩ ʮʝʣʴʶ ʩʥʠʞʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʠ ʫʨʦʚʥʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦ-

ʤʝʭ. ʊʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʨʘʟʨʘʙʦʪʢʘ ʤʦʜʫʣʴʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʥʘ ʦʩʥʦʚʝ 

ʜʘʥʥʦʡ ʪʦʧʦʣʦʛʠʠ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʩʦʟʜʘʚʘʪʴ ʤʘʩʰʪʘʙʠʨʫʝʤʳʝ ʠ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʳʝ 

ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ʩ ʛʠʙʢʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ. 

  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʥʘ ʦʢʘʟʘʥʠʝ ʛʦʩʫ-

ʜʘʨʩʪʚʝʥʥʳʭ ʫʩʣʫʛ (ʪʝʤʘ ˉFSWE-2025-0002). 
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Abstract. The article discusses the control of a reverse-pass converter using pulse-frequency-
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were obtained, including the dependence of the output voltage on the supply voltage 
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ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ  

ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʈ.ɽ. ɸʣʝʢʩʝʝʚʘ 

 

ɸʥʥʦʪʘʮʠʷ.  ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʟʨʘʙʦʪʢʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʦʙʨʘʟʮʘ ʦʜʥʦ-

ʬʘʟʥʦʛʦ ʘʢʪʠʚʥʦʛʦ ʢʦʨʨʝʢʪʦʨʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʱʥʦʩʪʠ ʩ ʮʠʬʨʦʚʦʡ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ. ɸʢ-

ʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʚʳʰʝʥʠʠ ʠʥʪʝʨʝʩʘ ʢ ʜʘʥʥʦʤʫ ʪʠʧʫ ʧʨʝʦʙʨʘʟʦʚʘ-

ʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʥʘ ʬʦʥʝ ʠʭ ʘʢʪʠʚʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʵʪʘʧʳ ʥʘʩʪʨʦʡʢʠ 

ʮʠʬʨʦʚʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʢʦʨʨʝʢʪʦʨʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʱʥʦʩʪʠ ʠ ʧʨʠʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʨʘʙʦʪʳ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʢʦʵʬʬʠʮʠʝʥʪ 

ʤʦʱʥʦʩʪʠ, ʘʢʪʠʚʥʳʡ ʢʦʨʨʝʢʪʦʨ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʱʥʦʩʪʠ, ʮʠʬʨʦʚʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ, ʰʠ-

ʨʦʪʥʦ-ʠʤʧʫʣʴʩʥʘʷ ʤʦʜʫʣʷʮʠʷ. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʛʦʨʦʜʦʚ ʠ ʤʝʛʘʧʦʣʠʩʦʚ ʭʘʨʘʢʪʝʨʠʟʫ-

ʶʪʩʷ ʚʳʩʦʢʦʡ ʜʦʣʝʡ ʧʦʪʨʝʙʠʪʝʣʝʡ ʩ ʥʝʣʠʥʝʡʥʦʡ ʥʘʛʨʫʟʢʦʡ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ 

ʢʦʤʧʴʶʪʝʨʥʘʷ ʪʝʭʥʠʢʘ, ʧʨʦʤʳʰʣʝʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ (ʥʘʧʨʠʤʝʨ, ʩʚʘʨʦʯʥʳʝ ʘʧ-

ʧʘʨʘʪʳ, ʯʘʩʪʦʪʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ), ʘ ʪʘʢʞʝ ʙʳʪʦʚʘʷ ʵʣʝʢʪʨʦʥʠʢʘ (ʪʝʣʝʚʠʟʦʨʳ, 

ʤʠʢʨʦʚʦʣʥʦʚʳʝ ʧʝʯʠ ʠ ʜʨʫʛʦʝ). ʕʪʠ ʫʩʪʨʦʡʩʪʚʘ ʦʙʳʯʥʦ ʧʠʪʘʶʪʩʷ ʯʝʨʝʟ ʩʝʪʝʚʳʝ 

ʚʳʧʨʷʤʠʪʝʣʠ ʦʪ ʟʚʝʥʘ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ [1]. 

ʂʦʛʜʘ ʤʦʱʥʦʩʪʴ ʪʘʢʠʭ ʥʝʣʠʥʝʡʥʳʭ ʥʘʛʨʫʟʦʢ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʘ ʠ ʥʝ ʧʨʝ-

ʚʳʰʘʝʪ 10-15 % ʦʙʱʝʡ ʤʦʱʥʦʩʪʠ ʥʘʛʨʫʟʢʠ, ʟʥʘʯʠʪʝʣʴʥʳʭ ʠʩʢʘʞʝʥʠʡ ʥʘʧʨʷʞʝ-

ʥʠʷ ʥʝ ʚʦʟʥʠʢʘʝʪ. ʆʜʥʘʢʦ ʝʩʣʠ ʠʭ ʜʦʣʷ ʧʨʝʚʳʰʘʝʪ ʜʦʧʫʩʪʠʤʳʡ ʫʨʦʚʝʥʴ, ʬʦʨʤʘ 

ʧʠʪʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʠʩʢʘʞʘʝʪʩʷ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʨʷʜʫ ʥʝʛʘʪʠʚʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ, ʢʦʪʦʨʳʝ ʜʝʪʘʣʴʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ʚ [2, ʩ. 

60-62].  

ʉʥʠʟʠʪʴ ʚʨʝʜʥʦʝ ʚʣʠʷʥʠʝ ʥʘʛʨʫʟʦʢ ʪʘʢʦʛʦ ʪʠʧʘ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʩʝʪʴ ʚʦʟ-

ʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ ʧʘʩʩʠʚʥʳʭ ʠʣʠ ʘʢʪʠʚʥʳʭ ʫʩʪʨʦʡʩʪʚ ʢʦʨʨʝʢʮʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʤʦʱʥʦʩʪʠ. ʇʘʩʩʠʚʥʳʝ ʤʝʪʦʜʳ ʢʦʨʨʝʢʮʠʠ ʭʦʨʦʰʦ ʠʟʫʯʝʥʳ ʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷ-

ʶʪʩʷ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʠʢʝ, ʦ ʯʸʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ [3ï5]. ɸʢʪʠʚʥʳʝ ʤʝʪʦʜʳ, ʧʦʷʚʠʚʰʠʝʩʷ ʧʦʟʜʥʝʝ, ʨʝʘʣʠʟʫʶʪʩʷ ʯʝʨʝʟ ʘʢʪʠʚ-

ʥʳʝ ʚʳʧʨʷʤʠʪʝʣʠ, ʨʝʟʦʥʘʥʩʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ [6, 7] ʠʣʠ ʢʦʨʨʝʢʪʦʨʳ ʢʦʵʬʬʠ-

ʮʠʝʥʪʘ ʤʦʱʥʦʩʪʠ (ʂʂʄ) [8]. 

ʆʜʥʦʬʘʟʥʳʡ ʘʢʪʠʚʥʳʡ ʚʳʧʨʷʤʠʪʝʣʴ ʥʝ ʪʦʣʴʢʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʪʨʝʙʣʝʥʠʝ 

ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʪʦʢʘ ʠʟ ʩʝʪʠ, ʥʦ ʠ ʧʦʟʚʦʣʷʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʬʘʟʦʚʳʡ ʩʜʚʠʛ 

ʤʝʞʜʫ ʪʦʢʦʤ ʠ ʥʘʧʨʷʞʝʥʠʝʤ. ʆʜʥʘʢʦ ʝʛʦ ʢʦʥʩʪʨʫʢʮʠʷ ʚʢʣʶʯʘʝʪ ʯʝʪʳʨʝ ʪʨʘʥʟʠ-



36          ʉʝʢʮʠʷ 1. ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 

 

ʩʪʦʨʘ, ʯʪʦ ʫʩʣʦʞʥʷʝʪ ʫʧʨʘʚʣʝʥʠʝ. ʅʘʧʨʦʪʠʚ, ʦʜʥʦʬʘʟʥʳʡ ʢʦʨʨʝʢʪʦʨ ʢʦʵʬʬʠʮʠ-

ʝʥʪʘ ʤʦʱʥʦʩʪʠ ʩʦʜʝʨʞʠʪ ʪʦʣʴʢʦ ʦʜʠʥ ʪʨʘʥʟʠʩʪʦʨ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘʝʪ ʢʘʢ 

ʩʠʣʦʚʫʶ ʯʘʩʪʴ, ʪʘʢ ʠ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʟʘʨʫʙʝʞʥʳʝ ʢʦʤʧʘʥʠʠ ʫʞʝ ʤʥʦʛʦ ʣʝʪ ʚʳʧʫʩʢʘʶʪ ʩʧʝʮʠʘʣʠ-

ʟʠʨʦʚʘʥʥʳʝ ʜʨʘʡʚʝʨʳ ʜʣʷ ʘʢʪʠʚʥʦʡ ʢʦʨʨʝʢʮʠʠ ʤʦʱʥʦʩʪʠ [9, 10], ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʥʘ ʨʦʩʩʠʡʩʢʦʤ ʨʳʥʢʝ ʘʥʘʣʦʛʠʯʥʳʝ ʨʝʰʝʥʠʷ ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʪʩʫʪ-

ʩʪʚʫʶʪ. ʋʢʘʟʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʜʝʣʘʝʪ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʫ ʨʘʟʨʘʙʦʪʢʠ ʠ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʫʧʨʘʚʣʝʥʠʷ ʫʩʪʨʦʡʩʪʚʘʤʠ ʘʢʪʠʚʥʦʡ ʢʦʨʨʝʢʮʠʠ ʠ ʠʭ ʩʭʝʤʦʪʝʭʥʠ-

ʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʝ. 

ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʦʜʥʦʬʘʟʥʦʛʦ ʘʢʪʠʚʥʦʛʦ ʂʂʄ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 

1. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʂʂʄ ʩʦʜʝʨʞʠʪ ʤʦʩʪʦʚʦʡ ʥʝʫʧʨʘʚʣʷʝʤʳʡ ʚʳʧʨʷʤʠʪʝʣʴ ʥʘ ʜʠ-

ʦʜʘʭ VD1-VD4, ʥʘʢʦʧʠʪʝʣʴʥʳʡ ʠʥʜʫʢʪʠʚʥʳʡ ʜʨʦʩʩʝʣʴ L, ʩʠʣʦʚʦʡ ʪʨʘʥʟʠʩʪʦʨ VT, 

ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʠʡ ʜʠʦʜ VD5 ʩ ʤʘʣʳʤ ʚʨʝʤʝʥʝʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠ ʚʳʭʦʜʥʦʡ 

ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʠʡ ʢʦʥʜʝʥʩʘʪʦʨ ʬʠʣʴʪʨʘ C. 

ʄʠʢʨʦʧʨʦʮʝʩʩʦʨʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ (ʄʇʉʋ) ʧʦʣʫʯʘʝʪ ʠʥʬʦʨʤʘʮʠʶ 

ʦ ʪʨʸʭ ʧʘʨʘʤʝʪʨʘʭ ʟʚʝʥʘ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ: ʚʳʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʤʦʩʪʦʚʦʛʦ ʥʝ-

ʫʧʨʘʚʣʷʝʤʦʛʦ ʚʳʧʨʷʤʠʪʝʣʷ VD1-VD4 ʯʝʨʝʟ ʜʘʪʯʠʢ ʥʘʧʨʷʞʝʥʠʷ ɼʅ1, ʥʘʧʨʷʞʝ-

ʥʠʝ ʥʘʛʨʫʟʢʠ Rʅ ʧʦʩʨʝʜʩʪʚʦʤ ʚʪʦʨʦʛʦ ʜʘʪʯʠʢʘ ʥʘʧʨʷʞʝʥʠʷ ɼʅ2, ʘ ʪʘʢʞʝ ʪʦʢ 

ʜʨʦʩʩʝʣʷ ʩ ʜʘʪʯʠʢʘ ʪʦʢʘ ɼʊ. ʌʦʨʤʘ ʧʦʪʨʝʙʣʷʝʤʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʪʦʢʘ ʦʧʨʝ-

ʜʝʣʷʝʪʩʷ ʪʦʢʦʤ, ʧʨʦʪʝʢʘʶʱʠʤ ʯʝʨʝʟ ʠʥʜʫʢʪʠʚʥʦʩʪʴ L. ʆʙʝʩʧʝʯʝʥʠʝ ʢʦʨʨʝʢʪʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʥʟʠʩʪʦʨʦʤ VT ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʩʠʥʫʩʦʠʜʘʣʴʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʪʦʢʘ ʠʟ ʧʠʪʘʶʱʝʡ ʩʝʪʠ [2, ʩ. 86-88]. 

 

 
ʈʠʩ. 1. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʦʜʥʦʬʘʟʥʦʛʦ ʘʢʪʠʚʥʦʛʦ ʢʦʨʨʝʢʪʦʨʘ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʱʥʦʩʪʠ 

 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʩʣʝʜʫʝʪ ʫʜʝʣʠʪʴ ʨʘʟʨʘʙʦʪʢʝ ʮʠʬʨʦʚʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝ-

ʥʠʷ ʘʢʪʠʚʥʳʤ ʂʂʄ, ʪʘʢ ʢʘʢ ʠʤʝʥʥʦ ʦʪ ʥʝʸ ʟʘʚʠʩʠʪ ʧʦʣʫʯʝʥʠʝ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ 

ʵʬʬʝʢʪʘ ʢʦʨʨʝʢʮʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʱʥʦʩʪʠ. ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʩʪʨʦ-

ʠʪʩʷ ʧʦ ʧʦʜʯʠʥʝʥʥʦʤʫ ʧʨʠʥʮʠʧʫ ʠ ʩʦʜʝʨʞʠʪ ʜʚʘ ʢʦʥʪʫʨʘ ï ʚʥʝʰʥʠʡ ʢʦʥʪʫʨ 

ʥʘʧʨʷʞʝʥʠʷ ʠ ʚʥʫʪʨʝʥʥʠʡ ʪʦʢʘ.  



                                                              ɸʂʊʋɸʃʔʅʓɽ ʇʈʆɹʃɽʄʓ ʕʃɽʂʊʈʆʕʅɽʈɻɽʊʀʂʀ  37 

 

ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʘʚʪʦʨʘʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʦʙ-

ʨʘʟʮʘ ʦʜʥʦʬʘʟʥʦʛʦ ʘʢʪʠʚʥʦʛʦ ʂʂʄ ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʥʘʩʪʨʦʡʢʠ ʢʦʥʪʫʨʘ 

ʪʦʢʘ ʵʪʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ. ɼʣʷ ʵʪʦʛʦ, ʩʦʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʢʦʥʪʫʨʘ 

ʪʦʢʘ ʂʂʄ, ʧʦʢʘʟʘʥʥʘʷ ʥʘ ʨʠʩ. 2.  ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʩʭʝʤʘ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ 

ʟʚʝʥʴʝʚ: 

- ʟʚʝʥʘ ʟʘʜʘʥʠʷ ʩ ʥʘʧʨʷʞʝʥʠʝʤ ʟʘʜʘʥʠʷ Ὗ̈ ,̓ ɺ; 

- ʟʚʝʥʘ ʨʝʛʫʣʷʪʦʨʘ ʪʦʢʘ (ʈʊ) ʩ ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʝʡ ὡ̋ ;˟ 

- ʟʚʝʥʘ ʪʨʘʥʟʠʩʪʦʨʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ (ʊʇ) ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʨʝʦʙʨʘʟʦ-

ʚʘʥʠʷ Ὧ̐ ʠ ʤʘʣʦʡ ʧʦʩʪʦʷʥʥʦʡ ʚʨʝʤʝʥʠ Ὕ, ʤʩ; 

- ʟʚʝʥʘ ʪʦʢʦʚʦʡ ʮʝʧʠ (ʊʎ) ʩ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ Ὑ, ʆʤ ʠ ʧʦʩʪʦʷʥʥʦʡ ʚʨʝ-
ʤʝʥʠ Ὕ, ʤʩ; 

- ʟʚʝʥʘ ʜʘʪʯʠʢʘ ʪʦʢʘ (ɼʊ) ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ Ὧ̅ .̓ 

  ʉ ʧʦʤʦʱʴʶ ʦʧʠʩʘʥʥʦʡ ʩʭʝʤʳ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥ-

ʪʦʚ ʚʩʝʭ ʚʭʦʜʷʱʠʭ ʚ ʥʝʸ ʟʚʝʥʴʝʚ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʢʦʥʪʫʨ ʪʦʢʘ ʥʘ 

ʤʦʜʫʣʴʥʳʡ ʦʧʪʠʤʫʤ ʠ ʦʧʨʝʜʝʣʠʪʴ ʪʠʧ ʨʝʛʫʣʷʪʦʨʘ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʢʦʨʨʝʢʪ-

ʥʦʡ ʨʘʙʦʪʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʢʦʥʪʫʨʘ 

 

 
ʈʠʩ. 2. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʮʠʬʨʦʚʦʛʦ ʢʦʥʪʫʨʘ ʪʦʢʘ ʦʜʥʦʬʘʟʥʦʛʦ ʘʢʪʠʚʥʦʛʦ ʂʂʄ  

 

ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʥʘʩʪʨʦʡʢʘ ʥʘ ʤʦʜʫʣʴʥʳʡ ʦʧʪʠʤʫʤ ʙʫʜʝʪ ʚʳʛʣʷʜʝʪʴ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʇʨʠʨʘʚʥʠʚʘʝʤ ʧʝʨʝʜʘʪʦʯʥʫʶ ʬʫʥʢʮʠʶ ʨʘʟʦʤʢʥʫʪʦʛʦ 

ʢʦʥʪʫʨʘ ʪʦʢʘ ὡ̠ ˟
˝ ʢ ʩʪʘʥʜʘʨʪʥʦʤʫ ʚʠʜʫ (1): 

 

ὡ̠ ˟
˝ ὡ̋ Ͻ˟

Ὧ̓ ̐

ρ Ὕὴ
Ͻ

Ὧ̓ ̗

ὙϽρ Ὕὴ
ϽὯ̅ ̓

ρ

ςϽὝὴρ Ὕὴ
Ȣ (1) 

ʀʟ ʨʘʚʝʥʩʪʚʘ (1) ʚʳʨʘʞʘʝʤ ʧʝʨʝʜʘʪʦʯʥʫʶ ʬʫʥʢʮʠʶ ʨʝʛʫʣʷʪʦʨʘ ʪʦʢʘ (2): 
 

ὡ̋ ˟

ὙϽρ Ὕὴ

ςϽὝὴὯ̓ Ὧ̐̅ ̓
Ͻ
Ὕ

Ὕ

ὙὝ

ςϽὝὯ̓ Ὧ̐̅ ̓
Ͻ
ρ Ὕὴ

Ὕὴ
Ȣ (2) 

ʆʢʦʥʯʘʪʝʣʴʥʦ ʧʦʣʫʯʠʤ ʚʳʨʘʞʝʥʠʝ (3): 
 

ὡ̋ ˟ Ὧ̑ Ͻ̓
ρ Ὕὴ

Ὕὴ
ȟ (3) 



38          ʉʝʢʮʠʷ 1. ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 

 

ʛʜʝ Ὧ̑ ̓ ὙϽὝ ςϽὝὯ̓ Ὧ̐̅ ̓ϳ  ï ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʨʝʛʫʣʷʪʦʨʘ 

ʪʦʢʘ. 

ʀʩʭʦʜʷ ʠʟ ʨʝʟʫʣʴʪʘʪʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʫʨʘʚʥʝʥʠʠ (3), ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʥ-

ʪʫʨʘ ʪʦʢʘ ʥʘ ʤʦʜʫʣʴʥʳʡ ʦʧʪʠʤʫʤ ʥʘʤ ʥʝʦʙʭʦʜʠʤ ʨʝʛʫʣʷʪʦʨ ʇʀ-ʪʠʧʘ. 

ɼʘʣʝʝ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʯʠʪʘʪʴ ʧʘʨʘʤʝʪʨʳ ʟʚʝʥʴʝʚ ʮʠʬʨʦʚʦʛʦ ʢʦʥʪʫʨʘ ʪʦʢʘ 

ʂʂʄ. ʄʘʣʫʶ ʧʦʩʪʦʷʥʥʫʶ ʚʨʝʤʝʥʠ Ὕ ʪʨʘʥʟʠʩʪʦʨʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʤʦʞʥʦ 

ʥʘʡʪʠ ʧʦ ʬʦʨʤʫʣʝ (4):  

Ὕ Ὕ̙̉̍

ρ

Ὢ̙̉̍

ρ

ρπϽρπ
πȟρ ̍ ȟ̒ (4) 

ʛʜʝ Ὢ̙̉  ̍ï ʯʘʩʪʦʪʘ ʰʠʨʦʪʥʦ-ʠʤʧʫʣʴʩʥʦʡ ʤʦʜʫʣʷʮʠʠ, ɻʮ. 

ʇʦʩʪʦʷʥʥʫʶ ʚʨʝʤʝʥʠ Ὕ ʪʦʢʦʚʦʡ ʮʝʧʠ ʧʦʣʫʯʠʤ ʠʟ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʳ: 

Ὕ
ὒ

Ὑ

σϽρπ

πȟρ
σπ ̍ ȟ̒ (5) 

ʛʜʝ ὒ ï ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʜʨʦʩʩʝʣʷ, ɻʥ; Ὑ ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʨʦʩʩʝʣʷ, ʆʤ.  

ʂʦʵʬʬʠʮʠʝʥʪ ʪʨʘʥʟʠʩʪʦʨʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ Ὧ̓  ̐ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʛʣʘʩʥʦ 

ʚʳʨʘʞʝʥʠʶ (6): 

Ὧ̓ ̐

Ὗ̐ ̍́̋̒

Ὗ̔ ̐̑̍́̋̒

ρυ

σ
υȟ (6) 

ʛʜʝ Ὗ̐ ̍́̋̒ ï ʤʘʢʩʠʤʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ, ɺ; Ὗ̔ ̐̑̍́̋ï̒ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʫʧʨʘʚʣʷʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ, ɺ. 

ʊʘʢ ʢʘʢ ʚ ʢʘʯʝʩʪʚʝ ʠʟʤʝʨʠʪʝʣʷ ʪʦʢʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʘʪʯʠʢ ʥʘ ʙʘʟʝ ʵʬʬʝʢʪʘ 

ʍʦʣʣʘ ʬʠʨʤʳ LEM LTS25-NP ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʝʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʝʦʙʭʦʜʠʤʦ 

ʦʙʨʘʪʠʪʴʩʷ ʢ ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ [11]. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ, ʢʦʵʬʬʠʮʠʝʥʪ ʜʘʪ-

ʯʠʢʘ ʪʦʢʘ Ὧ̅  ̓ʥʘʭʦʜʠʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

Ὧ̅ ̓

Ὗ̅ ̓

Ὅ

πȟφτ

ψ
πȟπψ 

ˏ

ˍ
ȟ (7) 

ʛʜʝ Ὗ̅  ̓ï ʚʳʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʜʘʪʯʠʢʘ ʪʦʢʘ, ɺ; Ὅï ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 
ʪʦʢʘ ʜʨʦʩʩʝʣʷ, ɸ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ ʯʘʩʪʠ ʨʝʛʫʣʷʪʦʨʘ ʪʦʢʘ 

ʨʘʩʩʯʠʪʳʚʘʝʤ ʧʦ ʬʦʨʤʫʣʝ (8): 

Ὧ̑ ̓

ὒ

ςϽὝὯ̓ Ὧ̐̅ ̓

σϽρπ

ςϽρπϽυϽπȟπψ
σχȟυȢ (8) 

ʇʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠ ʠʥʪʝʛʨʠʨʫʶʱʝʡ ʯʘʩʪʠ Ὕ̑  ̓ʇʀ-ʨʝʛʫʣʷʪʦʨʘ ʦʧʨʝʜʝʣʷ-

ʝʪʩʷ ʢʘʢ (9): 

Ὕ̑̓

Ὕ

Ὧ̑ ̓

σπϽρπ

σχȟυ
πȟψ ̍ Ȣ̒ (9) 

ʊʦʛʜʘ ʢʦʵʬʬʠʮʠʝʥʪ ʠʥʪʝʛʨʠʨʫʶʱʝʡ ʯʘʩʪʠ Ὧ̉ ̑  ̓ʨʝʛʫʣʷʪʦʨʘ ʥʘʭʦʜʠʪʩʷ ʧʦ 

ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ (10): 

Ὧ̉ ̑̓

ρ

Ὕ̑̓

ρ

πȟψϽρπ
ρςυπ ̒ Ȣ (10) 



                                                              ɸʂʊʋɸʃʔʅʓɽ ʇʈʆɹʃɽʄʓ ʕʃɽʂʊʈʆʕʅɽʈɻɽʊʀʂʀ  39 

 

ʇʦʩʣʝ ʨʘʩʯʸʪʘ ʧʘʨʘʤʝʪʨʦʚ ʟʚʝʥʴʝʚ ʮʠʬʨʦʚʦʛʦ ʢʦʥʪʫʨʘ ʪʦʢʘ ʠ ʧʨʦʚʝʨʢʠ ʝʛʦ 

ʨʘʙʦʪʳ ʚ ʧʨʦʛʨʘʤʤʝ SamSim, ʚ ʇʆ STM32CubeIDE ʙʳʣʘ ʩʦʟʜʘʥʘ ʫʧʨʘʚʣʷʶʱʘʷ 

ʧʨʦʛʨʘʤʤʘ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ. ɽʸ ʙʣʦʢ-ʩʭʝʤʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 3.  

 
ʈʠʩ. 3. ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ ʫʧʨʘʚʣʝʥʠʷ 

 

ɺ ʭʦʜʝ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʳ ʫʧʨʘʚʣʝʥʠʷ ʘʚʪʦʨʳ ʩʪʦʣʢʥʫʣʠʩʴ ʩʦ ʩʣʝʜʫʶ-

ʱʝʡ ʧʨʦʙʣʝʤʦʡ: ʯʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʩʠʛʥʘʣʦʚ ʚ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʤ ʧʨʝʦʙʨʘ-

ʟʦʚʘʪʝʣʝ (ɸʎʇ) ʥʝ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ʯʘʩʪʦʪʝ ʰʠʨʦʪʥʦ-ʠʤʧʫʣʴʩʥʦʡ ʤʦʜʫʣʷʮʠʠ 

(ʐʀʄ), ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʶ ʚ ʨʘʙʦʪʝ ʨʝʛʫʣʷʪʦʨʘ ʪʦʢʘ. ʆʩʥʦʚʥʘʷ 

ʩʣʦʞʥʦʩʪʴ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʪʦʤ, ʯʪʦ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʩ ʜʘʪʯʠʢʘ ʪʦʢʘ ʧʨʦʠʩʭʦʜʠʣʘ 

ʘʩʠʥʭʨʦʥʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʝʥʝʨʘʮʠʠ ʐʀʄ-ʩʠʛʥʘʣʦʚ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʳʟʳ-

ʚʘʣʦ ʟʘʜʝʨʞʢʠ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʫʧʨʘʚʣʷʶʱʠʭ ʠʤʧʫʣʴʩʦʚ ʥʘ ʩʠʣʦʚʦʡ ʪʨʘʥʟʠʩʪʦʨ 

ʠ ʫʚʝʣʠʯʠʚʘʣʦ ʧʦʛʨʝʰʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʘʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘʙʣʶʜʘʣʠʩʴ ʥʝʩʪʘ-

ʙʠʣʴʥʦʩʪʴ ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʧʦʚʳʰʝʥʥʳʝ ʧʫʣʴʩʘʮʠʠ. ʅʝʢʦʨʨʝʢʪʥʘʷ ʨʘ-

ʙʦʪʘ ʂʂʄ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʦʪʦʙʨʘʞʝʥʘ ʥʘ ʦʩʮʠʣʣʦʛʨʘʤʤʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ 

ʨʠʩ. 4. 
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ʈʠʩ. 4. ʆʩʮʠʣʣʦʛʨʘʤʤʳ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʩ ʥʝʢʦʨʨʝʢʪʥʳʤ ʘʣʛʦʨʠʪʤʦʤ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ  

 

ʅʘ ʜʘʥʥʦʡ ʦʩʮʠʣʣʦʛʨʘʤʤʝ ʤʳ ʤʦʞʝʤ ʥʘʙʣʶʜʘʪʴ, ʯʪʦ ʯʘʩʪʦʪʘ ʪʦʢʘ ʜʨʦʩʩʝʣʷ 

ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʘʜʘʥʥʦʤʫ ʟʥʘʯʝʥʠʶ ʚ 10 ʢɻʮ. ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ 

ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʩʣʝʜʫʶʱʠʝ ʚʘʨʠʘʥʪʳ: 

1. ʉʠʥʭʨʦʥʠʟʘʮʠʷ ɸʎʇ ʩ ʪʘʡʤʝʨʦʤ, ʢʦʪʦʨʳʡ ʛʝʥʝʨʠʨʫʝʪ ʐʀʄ. ʇʨʠ ʜʘʥ-

ʥʦʤ ʩʧʦʩʦʙʝ ʘʢʪʠʚʘʮʠʷ ʤʦʜʫʣʷ ɸʎʇ ʚ ʨʝʞʠʤʝ ʧʨʝʨʳʚʘʥʠʡ ʦʪ ʪʘʡʤʝʨʦʚ ʤʠʢʨʦ-

ʢʦʥʪʨʦʣʣʝʨʘ ʧʦʟʚʦʣʠʣʘ ʦʙʝʩʧʝʯʠʪʴ ʩʪʨʦʛʫʶ ʚʨʝʤʝʥʥʫʶ ʧʨʠʚʷʟʢʫ ʠʟʤʝʨʝʥʠʡ ʢ ʤʦ-

ʤʝʥʪʫ ʧʝʨʝʢʣʶʯʝʥʠʷ ʐʀʄ. ʕʪʦ ʠʩʢʣʶʯʠʣʦ ʨʘʩʩʠʥʭʨʦʥʠʟʘʮʠʶ ʠ ʫʣʫʯʰʠʣʦ ʢʦʨ-

ʨʝʢʪʥʦʩʪʴ ʨʘʙʦʪʳ ʨʝʛʫʣʷʪʦʨʦʚ. ʆʩʮʠʣʣʦʛʨʘʤʤʘ, ʧʦʢʘʟʳʚʘʶʱʘʷ ʨʘʙʦʪʫ ɸʎʇ ʧʦ 

ʧʨʝʨʳʚʘʥʠʶ ʦʪ ʪʘʡʤʝʨʘ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 5. 

 

 
ʈʠʩ. 5. ʆʩʮʠʣʣʦʛʨʘʤʤʘ ʨʘʙʦʪʳ ɸʎʇ ʧʦ ʧʨʝʨʳʚʘʥʠʶ ʦʪ ʪʘʡʤʝʨʘ 

 

2. ʋʜʚʦʝʥʠʝ ʯʘʩʪʦʪʳ ʧʨʝʨʳʚʘʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʠʦʜʘ ʐʀʄ. ɻʝʥʝʨʘʮʠʷ 

ʧʨʝʨʳʚʘʥʠʡ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʥʠ ʩʨʘʙʘʪʳʚʘʣʠ ʜʚʘʞʜʳ ʟʘ 

ʧʝʨʠʦʜ ʐʀʄ ï ʚ ʥʘʯʘʣʝ ʛʝʥʝʨʘʮʠʠ ʠʤʧʫʣʴʩʦʚ ʠ ʚ ʩʝʨʝʜʠʥʝ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʟʘ-

 

Ὗ̅ ȟ̓ˏ 

Ὗ̈ȟˏ 

ὸȟ ̒  

Ὗ̅ ὸ̓ 

Ὗ̈ ὸ 

1 ɺ 

2 ʤʩ 

2 ʤʩ 

500 ʤɺ 

 

Ὗ̓ ́̋̓
ˍˣ˜
ȟˏ 

ὸȟ̒ 

1 ɺ 

50 ʥʩ 
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ʙʣʘʛʦʚʨʝʤʝʥʥʦ ʚʳʯʠʩʣʷʪʴ ʩʠʛʥʘʣʳ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦ ʢʦʨʨʝʢʪʠʨʦ-

ʚʘʪʴ ʫʧʨʘʚʣʷʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʨʝʛʫʣʷʪʦʨʘ ʪʦʢʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʘʩʪʦʪʘ ʨʘʙʦʪʳ ʨʝ-

ʛʫʣʷʪʦʨʘ ʩʪʘʣʘ ʩʦʚʧʘʜʘʪʴ ʩ ʯʘʩʪʦʪʦʡ ʐʀʄ, ʯʪʦ ʧʦʚʳʩʠʣʦ ʩʪʘʙʠʣʴʥʦʩʪʴ ʩʠʩʪʝʤʳ. 

3. ʇʨʠʤʝʥʝʥʠʝ ʤʝʜʠʘʥʥʦʛʦ ʬʠʣʴʪʨʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʪʦʢʘ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ 

ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʪʦʢʘ ʜʨʦʩʩʝʣʷ ʙʳʣ ʚʥʝʜʨʸʥ ʤʝʜʠʘʥʥʳʡ 

ʬʠʣʴʪʨ. ɽʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʟʚʦʣʠʣʦ ʵʬʬʝʢʪʠʚʥʦ ʧʦʜʘʚʣʷʪʴ ʠʤʧʫʣʴʩʥʳʝ ʧʦ-

ʤʝʭʠ ʚ ʢʘʥʘʣʝ ʠʟʤʝʨʝʥʠʷ ʪʦʢʘ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ 

ʧʝʨʝʢʣʶʯʝʥʠʡ ʩʠʣʦʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʥʦʛʦ ʢʣʶʯʘ. 

ʇʦʩʣʝ ʨʝʘʣʠʟʘʮʠʠ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʘʚʪʦʨʘʤʠ 

ʮʠʬʨʦʚʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʫʜʘʣʦʩʴ ʜʦʩʪʠʯʴ ʥʝʦʙʭʦʜʠʤʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʯʘ-

ʩʪʦʪʳ ʐʀʄ ʠ ʨʘʙʦʪʳ ɸʎʇ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʜʪʚʝʨʞʜʘʝʪ ʦʩʮʠʣʣʦʛʨʘʤʤʘ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩ. 6.  

 

 
ʈʠʩ. 6. ʆʩʮʠʣʣʦʛʨʘʤʤʳ ʨʘʙʦʪʳ ʘʢʪʠʚʥʦʛʦ ʂʂʄ ʧʦʩʣʝ ʥʘʩʪʨʦʡʢʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʘʢʪʠʚʥʦʛʦ ʂʂʄ, ʧʦʢʘʟʘʥʳ 

ʵʪʘʧʳ ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʙʘʟʝ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ 

STM32F429ZIT6-DISC1, ʜʣʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʘʚʪʦʨʘʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʦʙ-

ʨʘʟʮʘ ʂʂʄ. ʅʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʧʨʦʙʣʝʤʘ ʘʩʠʥʭʨʦʥʥʦʡ ʨʘ-

ʙʦʪʳ ɸʎʇ ʠ ʤʦʜʫʣʷ ʐʀʄ, ʧʨʠʚʦʜʷʱʘʷ ʢ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʶ ʚ ʨʘʙʦʪʝ ʨʝʛʫʣʷʪʦʨʘ 

ʪʦʢʘ ʠ ɸʎʇ. ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʫʢʘʟʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʨʝʘʣʠʟʦʚʘʥ ʢʦʤʧʣʝʢʩ ʪʝʭʥʠʯʝ-

ʩʢʠʭ ʨʝʰʝʥʠʡ: ʩʠʥʭʨʦʥʠʟʘʮʠʷ ɸʎʇ ʩ ʪʘʡʤʝʨʦʤ, ʛʝʥʝʨʠʨʫʶʱʝʛʦ ʐʀʄ ï ʘʢʪʠʚʘ-

ʮʠʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦ ʧʨʝʨʳʚʘʥʠʶ ʦʪ ʪʘʡʤʝʨʦʚ ʦʙʝʩʧʝʯʠʣʘ ʩʪʨʦʛʫʶ ʚʨʝʤʝʥʥʫʶ 

ʧʨʠʚʷʟʢʫ ʠʟʤʝʨʝʥʠʡ ʢ ʤʦʤʝʥʪʘʤ ʧʝʨʝʢʣʶʯʝʥʠʷ ʩʠʣʦʚʳʭ ʢʣʶʯʝʡ; ʦʧʪʠʤʠʟʘʮʠʷ 

ʯʘʩʪʦʪʳ ʧʨʝʨʳʚʘʥʠʡ ï ʛʝʥʝʨʘʮʠʷ ʫʧʨʘʚʣʷʶʱʠʭ ʠʤʧʫʣʴʩʦʚ ʜʚʘʞʜʳ ʟʘ ʧʝʨʠʦʜ 

ʐʀʄ ʧʦʟʚʦʣʠʣʘ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʟʘʜʝʨʞʢʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟ-

ʜʝʡʩʪʚʠʡ; ʧʨʠʤʝʥʝʥʠʝ ʤʝʜʠʘʥʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ï ʚʥʝʜʨʝʥʠʝ ʮʠʬʨʦʚʦʛʦ ʬʠʣʴʪʨʘ 

ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʪʦʢʘ ʜʨʦʩʩʝʣʷ ʧʦʚʳʩʠʣʦ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʟʘ 

 

ὸȟ̒ 

Ὗ̅ ȟ̓ˏ 

Ὗ̙̉ ȟ̍ˏ 

Ὗ̅ ὸ̓ 

Ὗ̙ ̉ ὸ̍ 

500 ʤɺ 

2 ʤʩ 

1 ɺ 

2 ʤʩ 
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ʩʯʸʪ ʧʦʜʘʚʣʝʥʠʷ ʠʤʧʫʣʴʩʥʳʭ ʧʦʤʝʭ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʥʘʩʪʨʦʡʢʝ ʠ ʦʧ-

ʪʠʤʠʟʘʮʠʠ ʢʦʥʪʫʨʘ ʪʦʢʘ, ʚʳʧʦʣʥʝʥʥʦʡ ʧʦ ʢʨʠʪʝʨʠʶ ʤʦʜʫʣʴʥʦʛʦ ʦʧʪʠʤʫʤʘ. ʕʪʦ 

ʧʦʟʚʦʣʠʣʦ ʦʙʝʩʧʝʯʠʪʴ ʪʨʝʙʫʝʤʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤʳ ʧʨʠ ʩʦ-

ʭʨʘʥʝʥʠʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʙʦʪʳ ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʥʘʛʨʫʟʦʢ. ʇʨʦʚʝʜʸʥʥʳʝ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʜʠʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʳʭ ʨʝʰʝʥʠʡ. ʇʦʣʫʯʝʥʥʳʝ ʨʝ-

ʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʠʣʦʚʦʡ ʧʨʝʦʙʨʘʟʦʚʘ-

ʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʣʘʥʠʨʫʝʪʩʷ 

ʦʨʛʘʥʠʟʘʮʠʷ ʧʦʣʥʦʮʝʥʥʦʡ ʩʠʩʪʝʤʳ ʮʠʬʨʦʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʦʜʥʦʬʘʟʥʦʛʦ ʂʂʄ ʩ 

ʚʥʫʪʨʝʥʥʠʤ ʢʦʥʪʫʨʦʤ ʪʦʢʘ ʠ ʚʥʝʰʥʠʤ ï ʥʘʧʨʷʞʝʥʠʷ. 
 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʥʘ ʦʢʘʟʘʥʠʝ ʛʦʩʫ-

ʜʘʨʩʪʚʝʥʥʳʭ ʫʩʣʫʛ (ʪʝʤʘ ˉFSWE-2025-0002). 
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Abstract. The development`s results of a single-phase active power factor corrector prototype 

with a digital control system are presented. The relevance of the study consists in the increasing in-

terest in this type of converter devices against the background of their active proliferation. The stages 

of setting up the power factor corrector`s digital control system and on operation the developed con-

verter`s experimental data are presented. 
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ɺ.ɺ. ʈʦʩʪʦʚʩʢʠʡ, ɸ.ɺ. ʉʝʨʝʙʨʷʢʦʚ, ɼ.ʄ. ʂʦʯʝʛʘʥʦʚ  

 

ʉʀʉʊɽʄɸ ʄʆʅʀʊʆʈʀʅɻɸ ʊɽʍʅʀʏɽʉʂʆɻʆ ʉʆʉʊʆʗʅʀʗ 

ɸɺʊʆʅʆʄʅʆɻʆ ɻɽʅɽʈɸʊʆʈʅʆɻʆ ʂʆʄʇʃɽʂʉɸ  

 
ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ  

ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʈ.ɽ. ɸʣʝʢʩʝʝʚʘ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʩʠ-

ʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʨʘʟʨʘʙʦʪʢʝ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʩʭʝʤʳ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʪʨʘʩʩʠʨʦʚʢʝ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ, ʩʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ, ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʩʪʨʘʪʝʛʠʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʦʙʦ-

ʨʫʜʦʚʘʥʠʷ: ʨʝʘʢʪʠʚʥʦʝ, ʧʦ ʨʝʛʣʘʤʝʥʪʫ, ʧʦ ʬʘʢʪʠʯʝʩʢʦʤʫ ʩʦʩʪʦʷʥʠʶ ʦʙʦʨʫʜʦʚʘ-

ʥʠʷ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʝ ʥʘ ʥʘʜʝʞʥʦʩʪʴ, ʥʘ ʦʩʥʦʚʝ ʦʮʝʥʢʠ ʨʠʩʢʦʚ, ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʜʨ. [0].  

ɹʦʣʝʝ ʧʨʦʛʨʝʩʩʠʚʥʦʡ ʩʪʨʘʪʝʛʠʝʡ ʷʚʣʷʝʪʩʷ ʦʙʩʣʫʞʠʚʘʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦ 

ʬʘʢʪʠʯʝʩʢʦʤʫ ʩʦʩʪʦʷʥʠʶ. ʇʨʠ ʵʪʦʤ ʨʝʤʦʥʪʥʳʝ ʨʘʙʦʪʳ ʧʨʦʚʦʜʷʪʩʷ ʧʦ ʤʝʨʝ ʥʝʦʙ-

ʭʦʜʠʤʦʩʪʠ, ʠʩʭʦʜʷ ʠʟ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ [0]. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʢʫʱʝʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʬʦʥʜʦʚ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʠ ʚʥʝʜʨʷʪʴ ʩʨʝʜʩʪʚʘ ʪʝʭʥʠʯʝʩʢʦʡ ʜʠʘʛʥʦ-

ʩʪʠʢʠ. ɿʘʜʘʯʘ ʜʠʘʛʥʦʩʪʠʢʠ ʩʚʦʜʠʪʩʷ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʢʣʘʩʩʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷ-

ʥʠʷ ʦʙʲʝʢʪʘ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʧʦ ʟʥʘʯʝʥʠʷʤ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ. ɺ ʢʘ-

ʯʝʩʪʚʝ ʪʘʢʠʭ ʧʨʠʟʥʘʢʦʚ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʨʘʟʣʠʯʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ 

(ʪʝʤʧʝʨʘʪʫʨʘ, ʥʘʧʨʷʞʝʥʠʝ, ʪʦʢ, ʤʦʱʥʦʩʪʴ ʠ ʪ.ʜ.) ʨʘʙʦʪʘʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʄʝʪʦʜʳ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩ-

ʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ (ʪʝʢʩʪʠʣʴʥʦʡ, ʥʝʬʪʝʛʘʟʦʚʦʡ, ʜʝʨʝʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʡ ʠ 

ʜʨ.). ʇʨʠ ʵʪʦʤ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʜʠʘʛʥʦʩʪʠʢʠ ʧʦʟʠʮʠʦʥʠʨʫʶʪʩʷ ʢʘʢ ʣʦ-

ʢʘʣʴʥʳʝ ʠ ʨʘʟʚʝʨʪʳʚʘʶʪʩʷ ʩʠʣʘʤʠ ʧʨʝʜʧʨʠʷʪʠʡ [0]. ʆʜʥʘʢʦ ʥʘ ʤʥʦʛʠʭ ʧʨʝʜʧʨʠ-

ʷʪʠʷʭ ʪʝʭʥʠʯʝʩʢʘʷ ʜʠʘʛʥʦʩʪʠʢʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʤʝ-

ʪʦʜʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʦʚʳ, ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠ 

ʚʥʝʜʨʝʥʠʷ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ, ʚʳʩʦʢʠʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʟʘʪʨʘʪ ʥʘ ʩʦʟʜʘʥʠʝ ʠ ʚʥʝʜ-

ʨʝʥʠʝ. 

ʉʦʟʜʘʥʠʝ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ð ʢʦʤʧʣʝʢʩʥʘʷ ʟʘʜʘʯʘ. ɽʝ ʨʝʰʝʥʠʝ ʣʝʞʠʪ 

ʚ ʦʙʣʘʩʪʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ 

ʠʥʪʝʛʨʘʮʠʠ ʦʙʲʝʢʪʦʚ ʢʦʥʪʨʦʣʷ ʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩʠʩʪʝʤʳ ʚ ʦʜʥʦ ʦʙʱʝʝ ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. ʕʬʬʝʢʪʠʚʥʳʤ ʨʝʰʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʩʠʩʪʝʤʳ 

ʩʙʦʨʘ ʠ ʘʥʘʣʠʟʘ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʇʦʜʦʙʥʳʝ ʩʠʩʪʝʤʳ ʨʝʘʣʠʟʦʚʘʥʳ 
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ʚ ʵʥʝʨʛʝʪʠʢʝ ʠ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʩʙʦʨʘ ʠ ʫʯʝʪʘ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ [0]. ʊʘ-

ʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʟʜʘʥʠʝ ʥʝʜʦʨʦʛʠʭ ʠ ʜʦʩʪʘʪʦʯʥʦ ʥʝʩʣʦʞʥʳʭ ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ 

ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ.  

ʉʦʚʨʝʤʝʥʥʳʝ ʘʚʪʦʥʦʤʥʳʝ ʛʝʥʝʨʘʪʦʨʥʳʝ ʢʦʤʧʣʝʢʩʳ (ɸɻʂ) ʩʦʩʪʦʷʪ ʠʟ ʤʥʦ-

ʞʝʩʪʚʘ ʵʣʝʤʝʥʪʦʚ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʤʦʞʥʦʩʪʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʝʬʝʢʪʦʚ. ʕʪʦ ʥʝʠʟʙʝʞʥʦ ʧʨʠʚʦʜʠʪ ʢ ʨʘʩʰʠʨʝʥʠʶ ʩʧʝʢʪʨʘ 

ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤʫ ʨʦʩʪʫ ʪʨʝʙʦʚʘʥʠʡ ʢ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ 

ʩʠʩʪʝʤʳ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʥʠʞʘʝʪ ʝʸ ʥʘʜʸʞʥʦʩʪʴ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ 

ʤʘʪʝʨʠʘʣʴʥʳʝ, ʚʨʝʤʝʥʥʳʝ ʠ ʪʨʫʜʦʚʳʝ ʟʘʪʨʘʪʳ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʈʝʰʝʥʠʝ ʧʦʜʦʙʥʳʭ ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʦʙʣʝʤ, ʘ ʪʘʢʞʝ ʫʣʫʯʰʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ 

ʥʘʜʸʞʥʦʩʪʠ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʫʩʪʘʥʦʚʢʠ, ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʩʨʝʜʩʪʚ 

ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ ʝʛʦ ʵʢʩʧʣʫ-

ʘʪʘʮʠʠ, ʪʦ ʝʩʪʴ ʚ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʪʝʭʥʠʯʝʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʩʠʩʪʝʤʫ ʤʦʥʠʪʦʨʠʥʛʘ ʪʝʭʥʠ-

ʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ɸɻʂ, ʢʦʪʦʨʘʷ, ʘʥʘʣʠʟʠʨʫʷ ʧʦʢʘʟʘʥʠʷ ʩ ʥʝʢʦʪʦʨʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʜʘʪʯʠʢʦʚ, ʩʧʦʩʦʙʥʘ ʦʮʝʥʠʚʘʪʴ ʪʝʢʫʱʝʝ ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ɸɻʂ, ʩʦʙʠʨʘʪʴ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʦ ɸɻʂ, ʘ ʪʘʢ ʞʝ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʝʛʦ ʩʦʩʪʦʷʥʠʝ ʚ ʙʫʜʫ-

ʱʝʤ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʘʚʪʦʨʘʤʠ ʩʠʩʪʝʤʘ (ʨʠʩ.1) ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʝʭ ʜʘʪʯʠʢʦʚ 

ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʨʝʭ ʜʘʪʯʠʢʦʚ ʪʦʢʘ. ɼʘʪʯʠʢʠ ʥʘʧʨʷʞʝʥʠʷ ʨʘʩʧʦʣʦʞʝʥʳ ʩʣʝʜʫʶ-

ʱʠʤ ʦʙʨʘʟʦʤ: ʜʚʘ ʜʘʪʯʠʢʘ ʥʘʧʨʷʞʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʳ ʥʘ ʜʚʝ ʧʘʨʳ ʦʪʧʘʝʢ ʩʠʥʭʨʦʥ-

ʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ, ʜʣʷ ʢʦʥʪʨʦʣʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʛʝʥʝʨʘʪʦʨʘ, ʩʠʛʥʘʣ ʩ ʢʦʪʦʨʳʭ 

ʟʘʚʝʜʝʥ ʥʘ ʙʣʦʢ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ (ʄʂ) ʠ ʙʣʦʢ ʈʏ ʦʙʦʨʦʪʦʚ ɼɺʉ; ʪʨʝʪʠʡ ʜʘʪʯʠʢ 

ʥʘʧʨʷʞʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥ ʥʘ ʚʳʭʦʜʝ ʢʦʤʤʫʪʘʪʦʨʘ ʜʣʷ ʢʦʥʪʨʦʣʷ ʝʛʦ ʨʘʙʦʪʦʩʧʦʩʦʙ-

ʥʦʩʪʠ; ʯʝʪʚʝʨʪʳʡ ʜʘʪʯʠʢ ʫʩʪʘʥʦʚʣʝʥ ʥʘ ʚʳʭʦʜʝ LC ï ʬʠʣʴʪʨʘ ʧʦʩʣʝ Aʉ/DC ʧʨʝ-

ʦʙʨʘʟʦʚʘʪʝʣʷ ʜʣʷ ʢʦʥʪʨʦʣʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʟʚʝʥʘ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ; ʜʘʪʯʠʢʠ 

ʪʦʢʘ ʫʩʪʘʥʦʚʣʝʥʳ ʥʘ ʚʳʭʦʜʝ ʘʚʪʦʥʦʤʥʦʛʦ ʠʥʚʝʨʪʦʨʘ ʥʘʧʨʷʞʝʥʠʷ ʜʣʷ ʤʦʥʠʪʦ-

ʨʠʥʛʘ ʚʳʨʘʙʘʪʳʚʘʝʤʦʡ ʤʦʱʥʦʩʪʠ ɸɻʂ. 

 

 
ʈʠʩ. 1. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ɸɻʂ 
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ʉʠʛʥʘʣ ʩ ʜʘʪʯʠʢʦʚ ʪʦʢʘ ʠʣʠ ʥʘʧʨʷʞʝʥʠʷ ʪʨʝʙʫʝʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘ-

ʙʦʪʢʠ, ʧʨʝʞʜʝ ʯʝʤ ʦʥ ʤʦʞʝʪ ʙʳʪʴ ʧʦʜʢʣʶʯʝʥ ʢ ʚʭʦʜʫ ɸʎʇ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ. 

ɼʦʣʞʥʳ ʨʝʰʘʪʴʩʷ ʚʦʧʨʦʩʳ ʩʦʛʣʘʩʦʚʘʥʠʷ ʫʨʦʚʥʝʡ ʩʠʛʥʘʣʦʚ, ʬʠʣʴʪʨʘʮʠʷ ʧʦʤʝʭ, 

ʟʘʱʠʪʘ ʚʭʦʜʘ ɸʎʇ ʦʪ ʧʝʨʝʥʘʧʨʷʞʝʥʠʡ [0].  

ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʩ ʜʘʪʯʠʢʦʚ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠʤʝʥʷʝʪʩʷ ʩʭʝʤʘ 

ʩ ʦʧʝʨʘʮʠʦʥʥʳʤ ʫʩʠʣʠʪʝʣʝʤ ʚ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤ ʚʢʣʶʯʝʥʠʠ (ʨʠʩ.2). 

  
ʈʠʩ. 2. ʆʧʝʨʘʮʠʦʥʥʳʡ ʫʩʠʣʠʪʝʣʴ ʚ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤ ʚʢʣʶʯʝʥʠʠ 

 

ʇʨʠʥʷʚ ʜʦʧʫʱʝʥʠʝ, ʯʪʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʧʨʷʤʦʤ ʠ ʠʥʚʝʨʩʥʦʤ ʚʭʦʜʘʭ ʦʧʝʨʘ-

ʮʠʦʥʥʦʛʦ ʫʩʠʣʠʪʝʣʷ ʨʘʚʥʳ, ʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʭʦʜʦʚ ʨʘʚʥʳ ʙʝʩʢʦʥʝʯʥʦʩʪʠ, 

ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʩʣʝʜʫʶʱʫʶ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ: 

ừ
ỬỬ
Ừ

ỬỬ
ứ
Ὥ ̖̃ ̏̐Ƞ

ό ό̏ ̐ ὭὙȠ
ό όͅȠ

ᾭ ̖̃ ͺ
Ƞ

ό̃ ̜̖ όͅ ᾭὙ

      .                                            (1) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʘʷ ʩʭʝʤʘ ʦʙʣʘʜʘʝʪ ʩʣʝʜʫʶʱʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ: 

 ʂʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʩʭʝʤʳ ʨʘʚʝʥ ʦʪʥʦʰʝʥʠʶ Rf ʠ Rg; 

 ʉʭʝʤʘ ʠʟʤʝʨʷʝʪ ʨʘʟʥʠʮʫ ʧʦʪʝʥʮʠʘʣʦʚ ʤʝʞʜʫ ʧʨʷʤʳʤ ʠ ʠʥʚʝʨʩʥʳʤ 
ʚʭʦʜʘʤʠ ʦʧʝʨʘʮʠʦʥʥʦʛʦ ʫʩʠʣʠʪʝʣʷ; 

 ɺʦʟʤʦʞʥʦ ʩʤʝʱʝʥʠʝ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʦʧʦʨʥʦʛʦ 
ʥʘʧʨʷʞʝʥʠʷ. 

 ʅʘ ʨʠʩ. 3 ʠ 4 ʠʟʦʙʨʘʞʝʥʳ ʩʭʝʤʳ ʧʦʜʢʣʶʯʝʥʠʷ ʜʘʪʯʠʢʦʚ ʥʘʧʨʷʞʝʥʠʷ ʠ 

ʪʦʢʘ. ɼʘʪʯʠʢʠ ʠʤʝʶʪ ʜʚʫʭʧʦʣʷʨʥʦʝ ʧʠʪʘʥʠʝ ρυ,ˏ ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝ-

ʨʷʪʴ ʩʠʛʥʘʣ ʢʘʢ ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤ, ʪʘʢ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʟʥʘʢʦʤ, ʯʪʦ 

ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ. 
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ʈʠʩ. 3. ʇʦʜʢʣʶʯʝʥʠʝ ʜʘʪʯʠʢʘ ʣʠʥʝʡʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʩ ʨʘʟʥʦʧʦʣʷʨʥʳʤ ʚʳʭʦʜʦʤ ʢ ʤʠʢ-

ʨʦʢʦʥʪʨʦʣʣʝʨʫ ʩ ʦʜʥʦʧʦʣʷʨʥʳʤ ʚʭʦʜʦʤ 

 

 
ʈʠʩ. 4. ʇʦʜʢʣʶʯʝʥʠʝ ʜʘʪʯʠʢʘ ʬʘʟʥʦʛʦ ʪʦʢʘ ʩ ʨʘʟʥʦʧʦʣʷʨʥʳʤ ʚʳʭʦʜʦʤ ʢ ʤʠʢʨʦ-

ʢʦʥʪʨʦʣʣʝʨʫ ʩ ʦʜʥʦʧʦʣʷʨʥʳʤ ʚʭʦʜʦʤ 

 

ɼʘʪʯʠʢʠ ʥʘʩʪʨʘʠʚʘʶʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʤʘʢʩʠʤʘʣʴ-

ʥʦʛʦ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʘ ʥʘ ʠʟʤʝʨʠʪʝʣʴʥʦʤ ʨʝʟʠʩʪʦʨʝ ʧʘʜʝʥʠʝ ʥʘʧʨʷʞʝ-

ʥʠʷ ʙʳʣʦ ʥʝ ʙʦʣʴʰʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʠʟʤʝʨʠʪʴ ɸʎʇ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ (ʯʘʱʝ ʚʩʝʛʦ ʵʪʦ ʟʥʘʯʝʥʠʝ 3ɺ). ʅʦ ʚʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʠʟʤʝʨʷʝʪʩʷ 

ʧʝʨʝʤʝʥʥʳʡ ʪʦʢ, ʪʦ ʠ ʥʘ ʠʟʤʝʨʠʪʝʣʴʥʦʤ ʨʝʟʠʩʪʦʨʝ ʙʫʜʝʪ ʧʘʜʘʪʴ  σ .ˏ ʉʭʝʤʘ ʩ 
ʦʧʝʨʘʮʠʦʥʥʳʤ ʫʩʠʣʠʪʝʣʝʤ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʤʝʱʝʥʠʝ ʩʠʛʥʘʣʘ ʚ ʩʪʦʨʦʥʫ ʧʦʣʦʞʠ-

ʪʝʣʴʥʦʡ ʧʦʣʫʚʦʣʥʳ ʠ ʫʩʠʣʝʥʠʝ ʩʠʛʥʘʣʘ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 1/2. ʇʦʩʣʝ ʧʨʝʦʙʨʘʟʦ-

ʚʘʥʠʡ ʥʘ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʙʫʜʝʪ ʧʦʩʪʫʧʘʪʴ ʩʠʛʥʘʣ 0-3 ɺ, ʛʜʝ 0-1,5 ɺ ʙʫʜʝʪ ʩʦʦʪ-

ʚʝʪʩʪʚʦʚʘʪʴ ʟʥʘʯʝʥʠʶ ʥʠʞʥʝʡ ʧʦʣʫʚʦʣʥʳ, ʘ 1,5-3 ɺ ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʟʥʘ-

ʯʝʥʠʶ ʚʝʨʭʥʝʡ ʧʦʣʫʚʦʣʥʳ. 

ɺʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʚʭʦʜʦʚ ɸʎʇ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʦʛʨʘʥʠʯʝʥʦ ʠ 

ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʦʧʨʦʩʝ ʢʘʞʜʦʛʦ ʜʘʪʯʠʢʘ ʪʦʢʘ, ʜʘʪʯʠʢʠ ʧʦʜ-

ʢʣʶʯʘʶʪʩʷ ʯʝʨʝʟ ʤʫʣʴʪʠʧʣʝʢʩʦʨ ʠ ʦʧʨʘʰʠʚʘʶʪʩʷ ʧʦ ʦʯʝʨʝʜʠ ʩ ʥʝʢʦʪʦʨʳʤ ʧʨʦ-

ʤʝʞʫʪʢʦʤ ʚʨʝʤʝʥʠ. 

ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ɸɻʂ (ʨʠʩ.5) ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ: ʨʘʟʲʸʤ ʧʠʪʘʥʠʷ XP1, 

ʨʘʟʲʸʤ ʜʘʪʯʠʢʦʚ XP2, ʠʩʪʦʯʥʠʢʠ ʧʠʪʘʥʠʷ GB1 ï GB4, ʜʘʪʯʠʢʠ ʥʘʧʨʷʞʝʥʠʷ U1 ï 

U4, ʜʘʪʯʠʢʠ ʪʦʢʘ A1 ï A3, ʦʧʝʨʘʮʠʦʥʥʳʝ ʫʩʠʣʠʪʝʣʠ AA1 ï AA5, ʤʫʣʴʪʠʧʣʝʢʩʦʨ AD1, 

ʨʘʟʲʸʤʳ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ XS1 ï XS2.  

ʀʟʤʝʨʷʝʤʳʝ ʩʠʛʥʘʣʳ ʧʦʩʪʫʧʘʶʪ ʯʝʨʝʟ ʨʘʟʲʸʤ ʥʘ ʜʘʪʯʠʢʠ, ʜʘʣʝʝ ʧʨʝʦʙʨʘ-

ʟʦʚʘʥʥʳʝ ʩʠʛʥʘʣʳ ʩ ʜʘʪʯʠʢʦʚ ʧʦʩʪʫʧʘʶʪ ʥʘ ʦʧʝʨʘʮʠʦʥʥʳʝ ʫʩʠʣʠʪʝʣʠ, ʛʜʝ ʧʦʩʣʝ 

ʦʙʨʘʙʦʪʢʠ ʧʦʜʘʶʪʩʷ ʥʘ ʚʭʦʜ ɸʎʇ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ. ʇʠʪʘʥʠʝ ʜʘʪʯʠʢʦʚ ʦʩʫ-

ʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʠʤʧʫʣʴʩʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ.  
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ɺʳʚʦʜʳ 

ɸʚʪʦʨʘʤʠ ʧʨʝʜʣʦʞʝʥʘ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʜʦʨʦʛʘʷ ʠ ʣʝʛʢʦ ʨʝʘʣʠʟʫʝʤʘʷ ʩʠ-

ʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʘʚʪʦʥʦʤʥʦʛʦ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʢʦʤ-

ʧʣʝʢʩʘ. ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʩʘ-

ʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʰʝʜʰʝʛʦ ʠʟ ʩʪʨʦʷ ʫʟʣʘ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʥʘ ʫʜʘ-

ʣʝʥʥʦʤ ʦʙʲʝʢʪʝ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʫʩʪʨʘʥʝʥʠʷ ʥʝʠʩʧʨʘʚʥʦʩʪʠ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʦʡ 

ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʢʘʢʦʛʦ-ʣʠʙʦ ʫʟʣʘ 

ɸɻʂ ʙʝʟ ʧʦʤʦʱʠ ʯʝʣʦʚʝʢʘ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʩʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ 

ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʙʦʨ ʜʘʥʥʳʭ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʪʝʭ-

ʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʙʫʜʫʱʝʤ, ʯʪʦ ʤʦʞʝʪ ʧʦʤʦʯʴ ʦʧʝʨʘʪʠʚʥʦ ʫʩʪʨʘʥʠʪʴ ʥʝʠʩ-

ʧʨʘʚʥʦʩʪʴ ʠ ʩʦʢʨʘʪʠʪʴ ʠʥʪʝʨʚʘʣ ʥʝʨʘʙʦʯʝʛʦ ʩʦʩʪʦʷʥʠʷ ɸɻʂ. 
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ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ  

ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʈ.ɽ. ɸʣʝʢʩʝʝʚʘ 

 

ɸʥʥʦʪʘʮʠʷ. ʈʘʟʨʘʙʦʪʘʥʘ ʛʠʙʨʠʜʥʘʷ ʫʩʪʘʥʦʚʢʘ ʥʘ ʦʩʥʦʚʝ ʜʠʟʝʣʴʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʧʝʨʝ-

ʤʝʥʥʦʡ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʠ ʚʦʜʦʨʦʜʥʦʛʦ ʪʦʧʣʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ. ɺ ʧʘʢʝʪʝ MATLAB Simulink 

ʩʠʥʪʝʟʠʨʦʚʘʥʘ ʠʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ, ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʪʦʨʦʡ 

ʠʩʩʣʝʜʦʚʘʥʳ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʢʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʦʚʝʜʝʥ ʛʘʨʤʦʥʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʥʘʧʨʷ-

ʞʝʥʠʷ ʥʘ ʥʘʛʨʫʟʢʝ ʚ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʘʭ ʧʨʠ ʥʘʙʨʦʩʝ ʥʘʛʨʫʟʢʠ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʠʟʝʣʴ-ʚʦʜʦʨʦʜʥʘʷ ʵʥʝʨʛʦʫʩʪʘʥʦʚʢʘ, ʩʠʥʭʨʦʥʥʳʡ ʛʝʥʝʨʘʪʦʨ, ʜʚʠʛʘ-

ʪʝʣʴ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ, ʚʦʜʦʨʦʜʥʳʡ ʪʦʧʣʠʚʥʳʡ ʵʣʝʤʝʥʪ, MATLAB Simulink. 

  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʈʦʩʩʠʠ ʚʩʝ ʙʦʣʝʝ ʦʩʪʨʦʡ ʩʪʘʥʦʚʠʪʩʷ ʧʨʦʙʣʝʤʘ ʵʣʝʢ-

ʪʨʦʩʥʘʙʞʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʨʝʛʠʦʥʘʭ, ʥʝ ʧʦʜʢʣʶʯʝʥʥʳʭ ʢ 

ʝʜʠʥʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʨʘʩʪʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ 

ʩʠʩʪʝʤ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʛʝʥʝʨʘʮʠʠ ʵʥʝʨʛʠʠ ï ʩʠʩʪʝʤ, ʦʙʲʝʜʠʥʷʶʱʠʭ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʤʘʣʦʤʦʱʥʳʝ ʠʩʪʦʯʥʠʢʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʨʘʟʣʠʯʥʦʛʦ ʧʨʠʥʮʠʧʘ ʜʝʡʩʪʚʠʷ, 

ʢʦʪʦʨʳʝ ʧʨʦʠʟʚʦʜʷʪ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʚ ʤʝʩʪʝ ʥʘʭʦʞʜʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʷ [1, 2]. ʀʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ ʩʠʩʪʝʤ ʧʦʚʳʰʘʝʪ ʥʘʜʝʞʥʦʩʪʴ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʩʥʠʞʘʝʪ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʪʝʨʠ [3].  

ɼʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʥʳʝ ʫʩʪʘʥʦʚʢʠ (ɼɻʋ), ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʢʘʯʝʩʪʚʝ 

ʠʩʪʦʯʥʠʢʦʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʫʜʘʣʝʥʥʳʭ ʨʘʡʦʥʘʭ, ʠʤʝʶʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʠ ʥʝ-

ʜʦʩʪʘʪʢʦʚ: ʚʳʩʦʢʘʷ ʥʘʜʝʞʥʦʩʪʴ ʠ ʜʣʠʪʝʣʴʥʳʡ ʩʨʦʢ ʨʘʙʦʪʳ ï ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʠ 

ʚʳʩʦʢʠʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʠ ʥʠʟʢʘʷ ʵʢʦʣʦʛʠʯʥʦʩʪʴ ï ʩ ʜʨʫʛʦʡ [4].  

ɹʦʣʴʰʠʥʩʪʚʦ ɼɻʋ ʵʢʩʧʣʫʘʪʠʨʫʶʪʩʷ ʩ ʧʦʩʪʦʷʥʥʦʡ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ ʚʘʣʘ 

ɼɺʉ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʥʦʤʫ ʫʜʝʣʴʥʦʤʫ ʨʘʩʭʦʜʫ ʪʦʧʣʠʚʘ ʧʨʠ ʨʘʙʦʪʝ ʵʣʝʢ-

ʪʨʦʩʪʘʥʮʠʠ ʥʘ ʯʘʩʪʠʯʥʳʭ ʥʘʛʨʫʟʢʘʭ, ʪʦ ʝʩʪʴ, ʢʦʛʜʘ ʤʦʱʥʦʩʪʴ ʥʘʛʨʫʟʢʠ ʥʠʞʝ ʥʦ-

ʤʠʥʘʣʴʥʦʡ.   

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠʥʫʜʠʪʝʣʴʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʯʘʩʪʦʪʳ ʚʨʘ-

ʱʝʥʠʷ ɼɺʉ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʛʨʫʟʢʠ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʪʦʧ-

ʣʠʚʘ ʥʘ 20ï30%. ʂʨʦʤʝ ʵʢʦʥʦʤʠʠ, ʪʘʢʦʡ ʧʦʜʭʦʜ ʦʧʪʠʤʠʟʠʨʫʝʪ ʪʝʧʣʦʚʦʡ ʨʝʞʠʤ 

ʜʚʠʛʘʪʝʣʷ, ʫʤʝʥʴʰʘʝʪ ʤʝʭʘʥʠʯʝʩʢʠʡ ʠʟʥʦʩ ʜʝʪʘʣʝʡ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ ʤʦ-

ʪʦʨʝʩʫʨʩ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ [11].
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ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚ ʛʠʙʨʠʜʥʳʭ ʫʩʪʘʥʦʚʢʘʭ ʚʩʪʨʝʯʘʝʪʩʷ ʦʙʲʝʜʠʥʝʥʠʝ ɼɻʋ 

ʩ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʤʠ ʥʘ ʦʩʥʦʚʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʥʘ ʦʩʥʦʚʝ ʚʦʜʦʨʦʜʥʳʭ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ [6-7]. 

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʦʩʨʝʜʩʪʚʦʤ 

ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʟʝʣʴ-ʚʦʜʦʨʦʜʥʦʡ ʵʥʝʨʛʦʫʩʪʘʥʦʚʢʠ (ɼɺʕ), 

ʚʢʣʶʯʘʶʱʝʡ ʚ ʩʚʦʡ ʩʦʩʪʘʚ ʢʘʥʘʣ ʛʝʥʝʨʘʮʠʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ ʦʩʥʦʚʝ ɼɻʋ ʧʝ-

ʨʝʤʝʥʥʦʡ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʠ ʩʠʥʭʨʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ (ʉɻ,) ʘ ʪʘʢʞʝ ʢʘʥʘʣ ʥʘ 

ʦʩʥʦʚʝ ʚʦʜʦʨʦʜʥʦʛʦ ʪʦʧʣʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ.  

ʀʩʩʣʝʜʫʝʤʘʷ ʩʪʨʫʢʪʫʨʘ ɼɺʕ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1 ʠ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ. ɹʣʦʢ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ɼɺʉ ʧʦʣʫ-

ʯʘʝʪ ʩʠʛʥʘʣ ʩ ʙʣʦʢʘ ʚʳʯʠʩʣʝʥʠʷ ʤʦʱʥʦʩʪʠ ʥʘʛʨʫʟʢʠ, ʢʦʪʦʨʳʡ ʩʦʝʜʠʥʝʥ ʩ ʚʳʭʦ-

ʜʘʤʠ ʜʘʪʯʠʢʘ ʥʘʧʨʷʞʝʥʠʷ (ɼʅ) ʠ ʜʘʪʯʠʢʘ ʪʦʢʘ (ɼʊ), ʠʟʤʝʨʷʶʱʠʤʠ ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ ʥʘʧʨʷʞʝʥʠʝ ʠ ʪʦʢ ʥʘ ʚʳʭʦʜʝ ʫʧʨʘʚʣʷʝʤʦʛʦ ʚʳʧʨʷʤʠʪʝʣʷ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʟʥʘʯʝʥʠʷ ʤʦʱʥʦʩʪʠ ʥʘʛʨʫʟʢʠ ʙʣʦʢ ʟʘʜʘʥʠʷ ʵʢʦʥʦʤʠʯʥʦʛʦ ʨʝʞʠʤʘ ɼɺʉ (ɿʕʈ), 

ʚ ʧʨʦʛʨʘʤʤʫ ʨʘʙʦʪʳ ʢʦʪʦʨʦʛʦ ʟʘʣʦʞʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʚʨʘ-

ʱʝʥʠʷ ɼɺʉ ʦʪ ʤʦʱʥʦʩʪʠ ʥʘʛʨʫʟʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʠʥʠʤʘʣʴʥʦʤʫ ʨʘʩʭʦʜʫ 

ʪʦʧʣʠʚʘ, ʟʘʜʘʝʪ ʦʧʪʠʤʘʣʴʥʫʶ ʯʘʩʪʦʪʫ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ɼɺʉ. ʉ ʧʦʤʦʱʴʶ ʩʫʤʤʘ-

ʪʦʨʘ ʩʠʛʥʘʣʦʚ ʚʳʯʠʩʣʷʝʪʩʷ ʨʘʟʥʦʩʪʴ ʩʠʛʥʘʣʘ ʟʘʜʘʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ʚʨʘ-

ʱʝʥʠʷ ʚʘʣʘ ɼɺʉ ʦʪ ʙʣʦʢʘ ʠ ʩʠʛʥʘʣʘ ʜʘʪʯʠʢʘ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ɼɺʉ. ʉʠʛʥʘʣ 

ʦʪ ʩʫʤʤʘʪʦʨʘ ʧʦʩʪʫʧʘʝʪ ʥʘ ʚʭʦʜ ʨʝʛʫʣʷʪʦʨʘ ʯʘʩʪʦʪʳ (ʈʏ) ʚʨʘʱʝʥʠʷ ʚʘʣʘ ɼɺʉ, 

ʢʦʪʦʨʳʡ ʧʦʜʜʝʨʞʠʚʘʝʪ ʯʘʩʪʦʪʫ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ɼɺʉ ʥʘ ʫʨʦʚʥʝ, ʟʘʜʘʥʥʦʤ ʙʣʦʢʦʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʤʦʱʥʦʩʪʠ ʥʘʛʨʫʟʢʠ ʥʘ ʚʳʭʦʜʥʳʭ ʚʳʚʦʜʘʭ, ʘ ʟʥʘ-

ʯʠʪ, ʠ ʥʘ ʚʘʣʫ ɼɺʉ, ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ɼɺʉ ʙʫʜʝʪ ʧʦʜʜʝʨʞʠʚʘʪʴʩʷ ʦʧʪʠ-

ʤʘʣʴʥʦʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʠʥʠʤʘʣʴʥʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʪʦʧʣʠʚʘ. 

 ʂʦʤʧʣʝʢʩ ʩʦʜʝʨʞʠʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʝ ʟʘʨʷʜʥʦ-ʨʘʟʨʷʜʥʦʝ 

ʫʩʪʨʦʡʩʪʚʦ (ɿʈʋ) ʠ ʘʢʢʫʤʫʣʷʪʦʨʥʫʶ ʙʘʪʘʨʝʶ (ɸʂɹ), ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʙʦʪʫ 

ɼɺʉ ʚ ʥʘʠʙʦʣʝʝ ʵʢʦʥʦʤʠʯʥʦʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʪʨʝʙʣʝʥʠʷ ʪʦʧʣʠʚʘ ʨʝʞʠʤʝ (ʧʨʠ 

ʥʦʤʠʥʘʣʴʥʦʡ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ ʠ ʦʧʪʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʥʘʛʨʫʟʢʠ ɼɺʉ) ʧʫʪʝʤ 

ʟʘʨʷʜʘ (ʨʘʟʨʷʜʘ) ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ ʙʘʪʘʨʝʠ ʧʨʠ ʢʦʣʝʙʘʥʠʷʭ ʤʦʱʥʦʩʪʠ ʥʘʛʨʫʟʢʠ 

ɼɺʉ ʦʪʥʦʩʠʪʝʣʴʥʦ ʝʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ.  

ɽʩʣʠ ʤʦʱʥʦʩʪʴ ʥʘʛʨʫʟʢʠ ɼɺʉ ʤʝʥʴʰʝ ʟʥʘʯʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ, 

ʪʦ ʠʟʣʠʰʝʢ ʤʦʱʥʦʩʪʠ ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʟʘʨʷʜ ɸʂɹ, ʢʦʪʦʨʘʷ ʟʘʨʷʞʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ɿʈʋ, ʧʦʜʢʣʶʯʝʥʥʦʛʦ ʢ ʚʳʚʦʜʘʤ ʢʦʥʜʝʥʩʘʪʦʨʥʦʡ ʙʘʪʘʨʝʠ. ɺ ʨʝʞʠʤʝ ʟʘʨʷʜʘ ɸʂɹ 

ɿʈʋ ʬʦʨʤʠʨʫʝʪ ʫʧʨʘʚʣʷʶʱʠʡ ʩʠʛʥʘʣ, ʧʦʩʪʫʧʘʶʱʠʡ ʥʘ ʚʭʦʜ ʙʣʦʢʘ ɿʕʈ, ʧʦʜ ʚʦʟ-

ʜʝʡʩʪʚʠʝʤ ʢʦʪʦʨʦʛʦ ʬʦʨʤʠʨʫʝʪʩʷ ʥʦʤʠʥʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʚʘʣʘ 

ɼɺʉ ʥʘ ʚʭʦʜʝ ʩʫʤʤʘʪʦʨʘ.  

ʆʜʥʘʢʦ ʝʤʢʦʩʪʴ ɸʂɹ ʦʛʨʘʥʠʯʝʥʘ. ɽʩʣʠ ʧʨʠ ʨʘʙʦʪʝ ʫʩʪʨʦʡʩʪʚʘ ʚ ʨʝʞʠʤʝ, ʚ 

ʢʦʪʦʨʦʤ ʥʘʛʨʫʟʢʘ ɼɺʉ ʤʝʥʴʰʝ ʟʥʘʯʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ, ɸʂɹ ʟʘʨʷʜʠʪʩʷ 

ʧʦʣʥʦʩʪʴʶ, ʪʦ ɿʈʋ ʬʦʨʤʠʨʫʝʪ ʫʧʨʘʚʣʷʶʱʠʡ ʩʠʛʥʘʣ, ʧʦʩʪʫʧʘʶʱʠʡ ʥʘ ʚʭʦʜ 

ʙʣʦʢʘ ɿʕʈ, ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʢʦʪʦʨʦʛʦ ʙʣʦʢ ʧʝʨʝʚʦʜʠʪʩʷ ʚ ʨʝʞʠʤ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ɼɺʉ ʚ ʬʫʥʢʮʠʠ ʤʦʱʥʦʩʪʠ ʥʘʛʨʫʟʢʠ ɼɺʉ. ʊ.ʝ. ʫʩʪʨʦʡʩʪʚʦ 

ʧʝʨʝʚʦʜʠʪʩʷ ʚ ʨʝʞʠʤ ʨʘʙʦʪʳ ʩ ʧʝʨʝʤʝʥʥʦʡ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ɼɺʉ. 



                                                              ɸʂʊʋɸʃʔʅʓɽ ʇʈʆɹʃɽʄʓ ʕʃɽʂʊʈʆʕʅɽʈɻɽʊʀʂʀ  53 

 

ɽʩʣʠ ʤʦʱʥʦʩʪʴ ʥʘʛʨʫʟʢʠ ɼɺʉ ʙʦʣʴʰʝ ʟʥʘʯʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ, 

ʪʦ ʥʝʜʦʩʪʘʪʦʢ ʤʦʱʥʦʩʪʠ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʟʘ ʩʯʝʪ ʵʥʝʨʛʠʠ ɸʂɹ, ʢʦʪʦʨʘʷ ʨʘʟʨʷʞʘ-

ʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ɿʈʋ, ʧʦʜʢʣʶʯʝʥʥʦʛʦ ʢ ʚʳʚʦʜʘʤ ʢʦʥʜʝʥʩʘʪʦʨʥʦʡ ʙʘʪʘʨʝʠ. ɺ ʨʝ-

ʞʠʤʝ ʨʘʟʨʷʜʘ ɸʂɹ ɿʈʋ ʧʦʜʘʝʪ ʫʧʨʘʚʣʷʶʱʠʡ ʩʠʛʥʘʣ, ʧʦʩʪʫʧʘʶʱʠʡ ʥʘ ʚʭʦʜ 

ʙʣʦʢʘ ɿʕʈ, ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʢʦʪʦʨʦʛʦ ʙʣʦʢ ʬʦʨʤʠʨʫʝʪ ʥʦʤʠʥʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ɼɺʉ ʥʘ ʚʭʦʜʝ ʩʫʤʤʘʪʦʨʘ.  

ɽʩʣʠ ʧʨʠ ʨʘʙʦʪʝ ʫʩʪʨʦʡʩʪʚʘ ʚ ʨʝʞʠʤʝ, ʚ ʢʦʪʦʨʦʤ ʥʘʛʨʫʟʢʘ ɼɺʉ ʙʦʣʴʰʝ 

ʟʥʘʯʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ, ɸʂɹ ʨʘʟʨʷʜʠʪʩʷ ʧʦʣʥʦʩʪʴʶ, ʪʦ ɿʈʋ ʬʦʨʤʠ-

ʨʫʝʪ ʫʧʨʘʚʣʷʶʱʠʡ ʩʠʛʥʘʣ, ʧʦʩʪʫʧʘʶʱʠʡ ʥʘ ʚʭʦʜ ʙʣʦʢʘ ɿʕʈ. ʇʦʜ ʝʛʦ ʚʦʟʜʝʡ-

ʩʪʚʠʝʤ ʙʣʦʢ ʧʝʨʝʚʦʜʠʪʩʷ ʚ ʨʝʞʠʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ɼɺʉ ʚ 

ʬʫʥʢʮʠʠ ʤʦʱʥʦʩʪʠ ʥʘʛʨʫʟʢʠ ɼɺʉ. ʊ.ʝ. ʫʩʪʨʦʡʩʪʚʦ ʧʝʨʝʚʦʜʠʪʩʷ ʚ ʨʝʞʠʤ ʨʘʙʦʪʳ 

ʩ ʧʝʨʝʤʝʥʥʦʡ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ɼɺʉ. 

 ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʤʦʱʥʦʩʪʠ ʥʘʛʨʫʟʢʠ ʦʪ ʥʫʣʷ ʜʦ ʥʦʤʠʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʯʘ-

ʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ɼɺʉ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʘʤʧʣʠʪʫʜʘ ʥʘʧʨʷʞʝʥʠʷ ʩʠʥʭʨʦʥ-

ʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʙʫʜʫʪ ʤʝʥʷʪʴʩʷ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ. 

 ʇʨʠ ʵʪʦʤ ʚʳʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʫʧʨʘʚʣʷʝʤʦʛʦ ʚʳʧʨʷʤʠʪʝʣʷ, ʘ ʟʥʘʯʠʪ ʠ ʘʤ-

ʧʣʠʪʫʜʘ ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʳʭʦʜʥʳʭ ʚʳʚʦʜʘʭ ʠ ʙʫʜʫʪ ʤʝʥʷʪʴʩʷ ʚ ʰʠ-

ʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʠ ʙʫʜʫʪ ʤʝʥʴʰʝ ʥʦʤʠʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʩʪʘʪʦʨʘ 

ʩʠʥʭʨʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʳʭʦʜʥʳʭ 

ʚʳʚʦʜʘʭ ʜʦ ʫʨʦʚʥʷ ʥʦʤʠʥʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʩʠʥʭʨʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʥʘ ʚʳ-

ʭʦʜʝ ʠʥʚʝʨʪʦʨʘ ʥʘʧʨʷʞʝʥʠʷ ʚʢʣʶʯʝʥ ʧʦʚʳʰʘʶʱʠʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ. ɿʘʜʘʜʠʤ ʩ 

ʧʦʤʦʱʴʶ ʙʣʦʢʘ ʟʘʜʘʪʯʠʢʘ ʥʘʧʨʷʞʝʥʠʷ ʚʝʣʠʯʠʥʫ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʫʧʨʘʚ-

ʣʷʝʤʦʛʦ ʚʳʧʨʷʤʠʪʝʣʷ ʨʘʚʥʦʡ ʦʪʥʦʰʝʥʠʶ ʘʤʧʣʠʪʫʜʳ ʥʦʤʠʥʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 

ʩʪʘʪʦʨʘ ʩʠʥʭʨʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʢ ʢʦʵʬʬʠʮʠʝʥʪʫ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʦʚʳʰʘʶʱʝʛʦ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. ʊʦʛʜʘ ʥʘ ʚʳʭʦʜʥʳʭ ʚʳʚʦʜʘʭ ʧʦʣʫʯʠʤ ʧʝʨʝʤʝʥʥʦʝ ʪʨʝʭʬʘʟʥʦʝ 

ʥʘʧʨʷʞʝʥʠʝ, ʘʤʧʣʠʪʫʜʘ ʢʦʪʦʨʦʛʦ ʨʘʚʥʘ ʥʦʤʠʥʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ ʜʣʷ ʩʠʥʭʨʦʥ-

ʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ. 

 ɹʣʦʢ ʚʦʟʙʫʞʜʝʥʠʷ ʩʠʥʭʨʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ, ʧʦʣʫʯʘʶʱʠʡ ʧʠʪʘʥʠʝ ʯʝʨʝʟ 

ʚʳʚʦʜʳ ʧʦʜʢʣʶʯʝʥʠʷ ʧʠʪʘʥʠʷ, ʬʦʨʤʠʨʫʝʪ ʪʦʢ ʚ ʦʙʤʦʪʢʝ ʚʦʟʙʫʞʜʝʥʠʷ ʩʠʥʭʨʦʥ-

ʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʩ ʫʯʝʪʦʤ ʩʠʛʥʘʣʘ ʦʪ ʙʣʦʢʘ ʟʘʜʘʥʠʷ ʵʢʦʥʦʤʠʯʥʦʡ ʯʘʩʪʦʪʳ ʚʨʘʱʝ-

ʥʠʷ ʚʘʣʘ ɼɺʉ ʠ ʦʪ ʜʘʪʯʠʢʘ ʥʘʧʨʷʞʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʯʘʩʪʦʪʳ 

ʚʨʘʱʝʥʠʷ ʚʘʣʘ ɼɺʉ ʥʘ ʚʳʭʦʜʥʳʭ ʚʳʚʦʜʘʭ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʘʤʧʣʠʪʫʜʘ ʧʝʨʝʤʝʥ-

ʥʦʛʦ ʪʨʝʭʬʘʟʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʫʨʦʚʥʝ ʥʦʤʠʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʜʣʷ ʩʪʘʪʦʨʘ 

ʩʠʥʭʨʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ. 

 ʏʘʩʪʦʪʘ ʚʳʭʦʜʥʦʛʦ ʪʨʝʭʬʘʟʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʳʭʦʜʥʳʭ ʚʳʚʦʜʘʭ ʧʨʠ ʠʟ-

ʤʝʥʝʥʠʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ɼɺʉ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʥʝʠʟʤʝʥʥʦʡ ʩ ʧʦʤʦʱʴʶ 

ʠʥʚʝʨʪʦʨʘ ʥʘ ʫʨʦʚʥʝ, ʟʘʜʘʚʘʝʤʦʤ ʙʣʦʢʦʤ ʟʘʜʘʪʯʠʢʘ ʯʘʩʪʦʪʳ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝ-

ʥʠʷ. 
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ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʘ ɼɺʕ: 

ɼɺʉ ï ʜʚʠʛʘʪʝʣʴ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ; ʉɻ ï ʩʠʥʭʨʦʥʥʳʡ ʛʝʥʝʨʘʪʦʨ; 

ɺ ï ʚʳʧʨʷʤʠʪʝʣʴ; LC ï LC-ʬʠʣʴʪʨ; ɹʀ ï ʙʣʦʢ ʠʟʤʝʨʠʪʝʣʷ; ɹɺʄʅ ï ʙʣʦʢ ʚʳʯʠʩʣʝʥʠʷ ʤʦʱʥʦ-

ʩʪʠ ʥʘʛʨʫʟʢʠ; ʈʏ ï ʨʝʛʫʣʷʪʦʨ ʯʘʩʪʦʪʳ; ɿʅ ï ʟʘʜʘʪʯʠʢ ʥʘʧʨʷʞʝʥʠʷ; ʈʅ ï ʨʝʛʫʣʷʪʦʨ ʥʘʧʨʷʞʝ-

ʥʠʷ; ʉʀʌʋ ï ʩʠʩʪʝʤʘ ʠʤʧʫʣʴʩʥʦ-ʬʘʟʦʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ; ʊ ï ʪʨʘʥʩʬʦʨʤʘʪʦʨ; ʀʅ ï ʠʥʚʝʨʪʦʨ 

ʥʘʧʨʷʞʝʥʠʷ; ʅ ï ʥʘʛʨʫʟʢʘ; ɸʂɹ ï ʘʢʢʫʤʫʣʷʪʦʨʥʘʷ ʙʘʪʘʨʝʷ; ɿʈʋ ï ʟʘʨʷʜʥʦ-ʨʘʟʨʷʜʥʦʝ ʫʩʪʨʦʡ-

ʩʪʚʦ; ɿʕʈ ï ʟʘʜʘʪʯʠʢ ʵʢʦʥʦʤʠʯʥʦʛʦ ʨʝʞʠʤʘ ɼɺʉ. 

 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʚ ʧʘʢʝʪʝ MATLAB Simulink ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʩʪʨʫʢ-

ʪʫʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ɼɺʕ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2 [8].  

 

 
ʈʠʩ. 2. ʀʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ɼɺʕ 

   

ʉɻ ʦʩʫʱʝʩʪʚʣʷʝʪ ʚʨʘʱʝʥʠʝ ʧʨʠ ʧʦʤʦʱʠ ɼɺʉ ʩ ʛʘʟʦʪʫʨʙʠʥʥʳʤ ʥʘʜʜʫʚʦʤ, 

ʜʣʷ ʢʦʪʦʨʦʛʦ ʩʧʨʘʚʝʜʣʠʚʘ ʩʣʝʜʫʶʱʘʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ [13]: 
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ừ
Ử
Ử
Ừ

Ử
Ử
ứ

¢ŀȄǇ Ҍ ɻ ˨ҡȅлҐƪмȅͤ π ҡлΤ

¢¢Ǉ Ҍ ɻ ¢ȅ¢Ґƪ¢ȅл π ȅͤΤ

¢YǇ Ҍ ɻ YȅͤҐȅ¢ π ƪYȅлΤ

¢͊ȄǇ Ҍ ɻ ˨ȅлҐ̝л π ƪ˨ȅ˹Τ

¢¢Ǉ Ҍ ɻ ¢ȅ¢ҐƪƘ̝л Ҍ ƪ¢ȅл ς ȅͤΤ

ƪƎƎ̇Ґ̝л Ҍ ȅ̅лΣ

 (1) 

 

ʛʜʝ y0, Õ0 ïʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ʠ ʥʘʛʨʫʟʢʠ ʜʚʠʛʘʪʝʣʷ; yʥ ï ʜʘʚʣʝʥʠʝ ʥʘʛʥʝʪʘ-

ʝʤʦʛʦ ʚʦʟʜʫʭʘ; yT ï ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʪʫʨʙʠʥʳ; ɢ0 ï ʧʦʣʦʞʝʥʠʝ ʨʝʡʢʠ 

ʪʦʧʣʠʚʥʦʛʦ ʥʘʩʦʩʘ; gʮ ï ʮʠʢʣʦʚʘʷ ʧʦʜʘʯʘ ʪʦʧʣʠʚʘ; TʘÕ, TT, Tʘx, TK ï ʧʦʩʪʦʷʥʥʳʝ 

ʚʨʝʤʝʥʠ ʜʠʟʝʣʷ ʚ ʢʘʥʘʣʝ ʥʘʛʨʫʟʦʯʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʪʫʨʙʦʥʘʛʥʝʪʘʪʝʣʷ, ʚʧʫʩʢʥʦʛʦ 

ʢʦʣʣʝʢʪʦʨʘ, ʜʠʟʝʣʷ ʚ ʢʘʥʘʣʝ ʨʝʛʫʣʷʪʦʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ; ŭɼÕ, ŭɼ ï ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʩʘʤʦʚʳʨʘʚʥʠʚʘʥʠʷ ʜʠʟʝʣʷ ʚ ʢʘʥʘʣʝ ʥʘʛʨʫʟʦʯʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʚ ʢʘʥʘʣʝ ʨʝʛʫʣʷ-

ʪʦʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ; ŭT, ŭK ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʫʨʙʦʥʘʛʥʝʪʘʪʝʣʷ ʠ ʚʧʫʩʢʥʦʛʦ ʢʦʣ-

ʣʝʢʪʦʨʘ; k1, kɼ ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʟʘʚʠʩʠʤʦʩʪʠ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʥʘ ʚʘʣʫ ʜʠʟʝʣʷ 

ʦʪ ʜʘʚʣʝʥʠʷ ʥʘʜʜʫʚʘ ʠ ʠʟʤʝʥʝʥʠʷ ʤʦʤʝʥʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘ ʚʘʣʫ ʜʠʟʝʣʷ ʧʨʠ ʠʟ-

ʤʝʥʝʥʠʠ ʤʦʱʥʦʩʪʠ ʥʘʛʨʫʟʢʠ; kT, kK, kh, kg ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢʦʵʬʬʠʮʠʝʥʪʳ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʨʘʩʭʦʜʘ ʚʦʟʜʫʭʘ ʯʝʨʝʟ ʜʠʟʝʣʴ ʦʪ ʩʢʦʨʦʩʪʠ ʝʛʦ ʚʨʘʱʝʥʠʷ, ʟʘʚʠʩʠʤʦʩʪʠ 

ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʪʫʨʙʠʥʳ ʦʪ ʝʝ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ, ʟʘʚʠʩʠʤʦʩʪʠ ʢʨʫʪʷʱʝʛʦ 

ʤʦʤʝʥʪʘ ʪʫʨʙʠʥʳ ʦʪ ʧʦʣʦʞʝʥʠʷ ʨʝʡʢʠ ʪʦʧʣʠʚʥʦʛʦ ʥʘʩʦʩʘ, ʩʘʤʦʚʳʨʘʚʥʠʚʘʥʠʷ ʜʠ-

ʟʝʣʷ; ⱥὲ ï ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʪʦʧʣʠʚʦʧʦʜʘʶʱʝʡ ʘʧʧʘʨʘʪʫʨʳ ʜʠʟʝʣʷ.  

ʄʦʜʝʣʴ ʩʠʥʭʨʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʩʦʩʪʘʚʣʝʥʘ ʥʘ ʦʩʥʦʚʝ ʫʨʘʚʥʝʥʠʡ ʇʘʨʢʘ-

ɻʦʨʝʚʘ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ d-q ʚ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮʘʭ [17]. 

ʇʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʚʨʝʤʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʪʦʢʘ ʥʘʛʨʫʟʢʠ, 

ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ɼɺʉ, ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʳʭʦʜʝ ʚʳʧʨʷʤʠʪʝʣʷ, ʘ ʪʘʢʞʝ ʦʩ-

ʮʠʣʣʦʛʨʘʤʤʳ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʳʭʦʜʝ ʠʥʚʝʨʪʦʨʘ ʥʘʧʨʷʞʝʥʠʷ, ʧʦʩʣʝ ʬʠʣʴʪʨʘ, 

ʤʛʥʦʚʝʥʥʦʛʦ ʥʘ ʥʘʛʨʫʟʢʝ, ʜʝʡʩʪʚʫʶʱʝʛʦ ʥʘ ʥʘʛʨʫʟʢʝ, ʦʪʨʘʞʘʶʪ ʨʝʟʫʣʴʪʘʪʳ ʠʤʠ-

ʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɼʘʥʥʳʝ ʛʨʘʬʠʢʠ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 5 ʠ 6 ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ. ʍʘʨʘʢʪʝʨ ʥʘʛʨʫʟʢʠ ʩʪʫʧʝʥʯʘʪʳʡ.  

ʀʟʥʘʯʘʣʴʥʦ ʉɻ ʨʘʙʦʪʘʣ ʩ ʥʘʛʨʫʟʢʦʡ 1,25 ʢɺʪ. ʀʟ ʛʨʘʬʠʢʦʚ ʚʠʜʥʦ, ʯʪʦ ʪʦʢ 

ʥʘʛʨʫʟʢʠ ʠ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ɼɺʉ ʩʦʩʪʘʚʣʷʣʠ 2 ɸ ʠ 300 ʨʘʜ/ʩ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t=36 ʩ ʥʘʙʨʦʩ ʥʘʛʨʫʟʢʠ ʩʦʩʪʘʚʠʣ 100 %. ʊʦʢ ʠ ʯʘʩʪʦʪʘ ʫʚʝʣʠʯʠ-

ʣʠʩʴ ʜʦ 4 ɸ ʠ 400 ʨʘʜ/ʩ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t=48 ʩ ʩʙʨʦʩ ʥʘʛʨʫʟʢʠ 

ʩʦʩʪʘʚʠʣ 55 %. ʊʦʢ ʠ ʯʘʩʪʦʪʘ ʫʤʝʥʴʰʠʣʠʩʴ ʜʦ 1,8 ɸ ʠ 270 ʨʘʜ/ʩ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʫʧʨʘʚʣʝʥʠʝ ʩʢʦʨʦʩʪʴʶ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ɼɺʉ ʚ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʦʪ ʠʟʤʝʥʝʥʠʷ ʥʘʛʨʫʟʢʠ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʘʚʠʣʴʥʦʡ ʨʘʙʦʪʝ ʩʠ-

ʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ɼɺʕ ʚ ʟʘʜʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʥʘʛʨʫʟʦʢ. ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ 

ɼɺʕ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʜʜʝʨʞʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʜʠʟʝʣʴʥʦʛʦ ʜʚʠ-

ʛʘʪʝʣʷ, ʯʪʦ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʦ ʚ ʩʪʘʪʴʝ [13]. 
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ʕŦҐȄƳŘόπƛŘҌƛŦҌƛƪŘύҌὼŦǎƛŦΤ
ʕƪŘҐȄƳŘόπƛŘҌƛŦҌƛƪŘύҌὼƪŘǎƛƪŘΤ
ʕƪǉҐȄƳǉόπƛŘҌƛƪǉύҌὼƪǉǎƛƪǉȠ

ό ό όȠ

Ὥ Ὥ ὭȠ

ὖ ǳŘƛŘ ǳǉƛǉȠ

ὗ ǳŘƛǉ ǳǉƛȠ

‘
ὐ 

ὓ
Ͻ
Ὠ‫

Ὠὸ
 ʕǉƛŘ  ʕŘƛǉȢ

 (2) 

 

ʇʨʦʚʝʜʝʥ ʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʥʘʛʨʫʟʢʝ ʩ ʮʝʣʴʶ ʦʮʝʥʢʠ 

ʝʛʦ ʢʘʯʝʩʪʚʘ. ʅʘ ʨʠʩ. 7, ʘ, ʙ ʦʪʦʙʨʘʞʝʥʳ ʩʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʠ ʟʥʘʯʝʥʠʝ ʢʦʵʬ-

ʬʠʮʠʝʥʪʘ ʥʝʣʠʥʝʡʥʳʭ ʠʩʢʘʞʝʥʠʡ ʣʠʥʝʡʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʦʩʣʝ ʬʠʣʴʪʨʘ ʠ ʥʘ 

ʥʘʛʨʫʟʢʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 
ʘ) 

 

ʈʠʩ. 3. ɺʨʝʤʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ (ʥʘʯʘʣʦ) 
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ʙ) 

 
ʚ) 

 

ʈʠʩ. 3. ɺʨʝʤʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ (ʦʢʦʥʯʘʥʠʝ): 

a) ʪʦʢ ʥʘʛʨʫʟʢʠ; ʙ) ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ɼɺʉ; ʚ) ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʚʳʭʦʜʝ ʚʳʧʨʷʤʠʪʝʣʷ 
 

 
ʘ) 

 
ʙ) 

 

ʈʠʩ. 4. ʆʩʮʠʣʣʦʛʨʘʤʤʳ ʥʘʧʨʷʞʝʥʠʡ (ʥʘʯʘʣʦ) 



58                  ʉʝʢʮʠʷ 2. ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʵʣʝʢʪʨʦʧʨʠʚʦʜ 

 

 
ʚ) 

 
ʛ) 

ʈʠʩ. 4. ʆʩʮʠʣʣʦʛʨʘʤʤʳ ʥʘʧʨʷʞʝʥʠʡ (ʦʢʦʥʯʘʥʠʝ): 

ʘ) ʥʘ ʚʳʭʦʜʝ ʠʥʚʝʨʪʦʨʘ ʥʘʧʨʷʞʝʥʠʷ; ʙ) ʧʦʩʣʝ ʬʠʣʴʪʨʘ; ʚ) ï ʥʘ ʥʘʛʨʫʟʢʝ, ʤʛʥʦʚʝʥʥʦʝ;  

ʛ) ʥʘ ʥʘʛʨʫʟʢʝ, ʜʝʡʩʪʚʫʶʱʝʝ 
 

  
͊ύ ͋ύ 

ʈʠʩ. 5. ʉʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʥʘʛʨʫʟʢʝ: 

ʘ) ʧʦʩʣʝ ʬʠʣʴʪʨʘ; ʙ) ʥʘ ʥʘʛʨʫʟʢʝ 

 

ʅʘ ʦʩʥʦʚʝ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘʧʨʷʞʝʥʠʷ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʢʦʵʬʬʠʮʠʝʥʪ ʥʝʣʠʥʝʡʥʳʭ ʠʩʢʘʞʝʥʠʡ ʧʦʩʣʝ ʬʠʣʴʪʨʘ ʨʘʚʝʥ 4,01 %, ʘ ʥʘ ʥʘʛʨʫʟʢʝ 

ʩʦʩʪʘʚʣʷʝʪ 3,7 %. ʉʥʠʞʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʝʣʠʥʝʡʥʳʭ ʠʩʢʘʞʝʥʠʡ ʩʚʠʜʝʪʝʣʴ-

ʩʪʚʫʝʪ ʦʙ ʫʣʫʯʰʝʥʠʠ ʢʘʯʝʩʪʚʘ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʥʘʛʨʫʟʢʝ ʙʣʘʛʦʜʘʨʷ ʚʦʟʜʝʡʩʪʚʠʶ 

ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. ʂʘʯʝʩʪʚʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʥʘʛʨʫʟʢʝ ʩʦʦʪʚʝʪ-

ʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ɻʆʉʊ ʜʣʷ ʩʝʪʝʡ 0,4 ʢɺ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʜʦʧʫʩʪʠʤʳʡ ʢʦ-

ʵʬʬʠʮʠʝʥʪ ʥʘʧʨʷʞʝʥʠʷ ʥʝ ʜʦʣʞʝʥ ʧʨʝʚʳʰʘʪʴ 8 %. 
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ʶʱʝʡ ʝʩʪʝʩʪʚʝʥʥʳʤʠ ʬʘʟʥʳʤʠ ʩʠʛʥʘʣʘʤʠ ʦʙʤʦʪʦʢ ʩʪʘʪʦʨʘ // ʉʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠ ʠʥʬʦʨ-

ʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. ï 2017. ï ˉ 2(68). ï ʉ. 49-52.  
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Abstract. A hybrid system based on a variable-speed diesel generator and a hydrogen fuel cell 

has been developed. In the MATLAB Simulink package, a simulation model of the developed power 

system is synthesized, through which the operating modes of the system are investigated. In particu-

lar, a harmonic analysis of the load voltage in transient processes during load build-up is carried out.  

 

Key words: diesel-hydrogen power system, synchronous generator, internal combustion en-

gine, hydrogen fuel cell, MATLAB Simulink. 
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ʈɸɿʈɸɹʆʊʂɸ ʉʀʉʊɽʄʓ ʀɼɽʅʊʀʌʀʂɸʎʀʀ ɸʂʊʀɺʅʓʍ 

ʉʆʇʈʆʊʀɺʃɽʅʀʁ ʉʊɸʊʆʈɸ ʀ ʈʆʊʆʈɸ ɸʉʀʅʍʈʆʅʅʆɻʆ 

ɼɺʀɻɸʊɽʃʗ 

 
ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ  

ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʈ.ɽ. ɸʣʝʢʩʝʝʚʘ 

 
ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʦʧʠʩʘʥʘ ʧʨʦʮʝʜʫʨʘ ʩʠʥʪʝʟʘ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʘʢʪʠʚʥʳʭ ʩʦʧʨʦʪʠʚ-

ʣʝʥʠʡ ʩʪʘʪʦʨʘ ʠ ʨʦʪʦʨʘ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ, ʧʦʢʘʟʘʥʘ ʝʛʦ ʩʪʨʫʢʪʫʨʘ ʠ ʨʘʩʩʤʦʪʨʝʥ ʘʣʛʦ-

ʨʠʪʤ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ, ʧʦʣʫʯʝʥʥʳʡ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʪʝʦʨʠʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʃʷʧʫʥʦʚʘ, ʦʪʣʠʯʘʶʱʠʡʩʷ ʪʝʤ, ʯʪʦ ʧʨʦʮʝʩʩ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʥʝʠʟʤʝʨʷʝ-

ʤʳʭ ʢʦʦʨʜʠʥʘʪ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʤʦʞʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʚʦ ʚʩʸʤ ʨʘʙʦʯʝʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʚʨʘ-

ʱʝʥʠʷ ʚʘʣʘ, ʥʘʯʠʥʘʷ ʩ ʦʢʦʣʦʥʫʣʝʚʳʭ ʩʢʦʨʦʩʪʝʡ. ʈʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʠʜʝʥʪʠ-

ʬʠʢʘʪʦʨʘ ʧʘʨʘʤʝʪʨʦʚ, ʚʢʣʶʯʸʥʥʦʛʦ ʚ ʩʪʨʫʢʪʫʨʫ ʥʘʙʣʶʜʘʪʝʣʷ ʩʦʩʪʦʷʥʠʷ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘ-

ʪʝʣʷ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʦʡ ʧʨʦʚʝʜʝʥʳ ʠʤʠʪʘʮʠʦʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ 

ʩʦʩʪʦʷʪʝʣʴʥʦʩʪʴ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʘʣʛʦʨʠʪʤʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʘʢʪʠʚʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʩʪʘʪʦʨʘ ʠ 

ʨʦʪʦʨʘ ʘʩʠʥʭʨʦʥʥʦʡ ʤʘʰʠʥʳ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʩʠʥʭʨʦʥʥʳʡ ʜʚʠʛʘʪʝʣʴ, ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʧʘʨʘʤʝʪʨʦʚ, ʪʨʝʭʬʘʟʥʘʷ ʤʦ-

ʜʝʣʴ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ, ʥʘʙʣʶʜʘʪʝʣʴ ʩʦʩʪʦʷʥʠʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ. 

 

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʈʦʩʩʠʠ ʠ ʤʠʨʘ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʧʨʠʚʦʜ ʧʝ-

ʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʦʡ ʝʜʠʥʠʮʝʡ ʚ ʩʪʨʫʢʪʫʨʝ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦ-

ʠʟʚʦʜʩʪʚʘ ï ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʢʦʥʩʪʨʫʠʨʫʶʪʩʷ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʠ ʩʠ-

ʩʪʝʤʳ, ʤʝʪʘʣʣʦ- ʠ ʜʝʨʝʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʝ ʩʪʘʥʢʠ, ʦʥ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʙʫʨʦʚʳʭ 

ʫʩʪʘʥʦʚʦʢ, ʤʝʭʘʥʠʟʤʦʚ ʜʣʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʜʦʙʳʯʠ ʠ ʧʝʨʝʢʘʯʢʠ ʥʝʬʪʠ ʠ ʤʥʦ-

ʛʦʛʦ ʜʨʫʛʦʛʦ. 

ʇʦ ʠʪʦʛʘʤ 2024 ʛʦʜʘ ʦʙʲʸʤ ʤʠʨʦʚʦʛʦ ʨʳʥʢʘ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʠʚʦʜʦʚ ʧʝʨʝ-

ʤʝʥʥʦʛʦ ʪʦʢʘ ʦʮʝʥʠʚʘʝʪʩʷ ʚ 25,51 ʤʣʨʜ ʜʦʣʣʘʨʦʚ ʉʐɸ, ʘ ʢ 2029 ʛʦʜʫ, ʢʘʢ ʦʞʠ-

ʜʘʝʪʩʷ, ʜʦʩʪʠʛʥʝʪ 32,70 ʤʣʨʜ ʜʦʣʣʘʨʦʚ ʉʐɸ ʩ ʝʞʝʛʦʜʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʚ ʩʨʝʜ-

ʥʝʤ ʥʘ 5,10 % ʚ ʪʝʯʝʥʠʝ 2024-2029 ʛʦʜʦʚ [1]. ʃʠʜʝʨʘʤʠ ʵʪʦʛʦ ʩʝʛʤʝʥʪʘ ʨʳʥʢʘ 

ʷʚʣʷʶʪʩʷ ʜʘʪʩʢʠʝ, ʥʝʤʝʮʢʠʝ, ʘʤʝʨʠʢʘʥʩʢʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ: Danfoss, Siemens AG, 

ABB Ltd, Rockwell Automation Inc., Schneider Electric [2]. ʇʨʠʯʸʤ, ʢʘʢ ʧʦʢʘʟʳʚʘʝʪ 

ʠʩʩʣʝʜʦʚʘʥʠʝ [3], ʙʦʣʴʰʠʥʩʪʚʦ ʩʦʚʨʝʤʝʥʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʠʚʦʜʦʚ ʢʘʢ ʧʨʦ-

ʝʢʪʠʨʫʝʤʳʭ, ʪʘʢ ʠ ʚʳʧʫʩʢʘʝʤʳʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ ʧʦʩʪʨʦʝʥʳ ʥʘ ʦʩʥʦʚʝ ʘʩʠʥ-

ʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ (ɸɼ) ʙʣʘʛʦʜʘʨʷ ʧʨʦʩʪʦʪʝ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʜʚʠ-

ʛʘʪʝʣʷ ʠ ʧʦʚʳʰʝʥʥʦʡ ʥʘʜʸʞʥʦʩʪʠ. 

ʉʝʡʯʘʩ ʚʚʠʜʫ ʥʝʧʨʝʨʳʚʥʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʡ ʵʣʝ-

ʤʝʥʪʥʦʡ ʙʘʟʳ ʠ ʘʣʛʦʨʠʪʤʦʚ ʫʧʨʘʚʣʝʥʠʷ ɸɼ, ʩʥʠʞʝʥʠʷ ʚ ʙʣʠʞʘʡʰʠʝ 15é20 ʣʝʪ 
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ʫʨʦʚʥʷ ʜʦʙʳʯʠ ʥʝʬʪʠ ʠ ʛʘʟʘ [4], ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʩʪʘʣʦ ʫʜʝʣʷʪʴʩʷ ʚʦʧʨʦʩʘʤ ʵʥʝʨ-

ʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʠʚʦʜʦʚ. ʕʪʦʤʫ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠ ʪʦʪ 

ʬʘʢʪ, ʯʪʦ ʧʦ ʜʘʥʥʳʤ ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʘʛʝʥʪʩʪʚʘ [5] ʵʣʝʢʪʨʦ-

ʜʚʠʛʘʪʝʣʠ ʧʦʪʨʝʙʣʷʶʪ ʦʢʦʣʦ 65 % ʚʩʝʡ ʵʥʝʨʛʠʠ, ʚʳʨʘʙʘʪʳʚʘʝʤʦʡ ʚ ʤʠʨʦʚʦʡ 

ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʝ. 

ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʤʝʪʦʜʘ ʫʧʨʘʚʣʝʥʠʷ ɸɼ: ʩʢʘʣʷʨʥʳʡ ʠ ʚʝʢʪʦʨʥʳʡ. ʇʝʨʚʳʡ, 

ʢʘʢ ʙʦʣʝʝ ʧʨʦʩʪʦʡ ʚ ʨʝʘʣʠʟʘʮʠʠ, ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʠʚʦ-

ʜʦʚ ʚʝʥʪʠʣʷʪʦʨʦʚ, ʢʦʤʧʨʝʩʩʦʨʦʚ, ʥʘʩʦʩʦʚ ʠ ʜʨʫʛʠʭ ʫʩʪʨʦʡʩʪʚ ʚ ʮʝʤʝʥʪʥʦʡ, ʛʦʨ-

ʥʦʜʦʙʳʚʘʶʱʝʡ, ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ, ʮʝʣʣʶʣʦʟʥʦ-ʙʫʤʘʞʥʦʡ, ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝ-

ʩʢʦʡ ʦʪʨʘʩʣʷʭ, ʛʜʝ ʥʝ ʪʨʝʙʫʝʪʩʷ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʠ ʰʠʨʦʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʨʝʛʫ-

ʣʠʨʦʚʘʥʠʷ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ (ʧʦʨʷʜʢʘ 1:10). 

ɺʪʦʨʦʡ ʤʝʪʦʜ ʫʧʨʘʚʣʝʥʠʷ ɸɼ ï ʚʝʢʪʦʨʥʳʡ ï ʧʦʟʚʦʣʷʝʪ ʩ ʧʦʚʳʰʝʥʥʦʡ ʪʦʯ-

ʥʦʩʪʴʶ ʨʝʛʫʣʠʨʦʚʘʪʴ ʤʦʤʝʥʪ ʜʚʠʛʘʪʝʣʷ (ʝʜʠʥʠʮʳ ʧʨʦʮʝʥʪʦʚ) ʠ ʝʛʦ ʩʢʦʨʦʩʪʴ (ʩʦ-

ʪʳʝ ʜʦʣʠ ʧʨʦʮʝʥʪʘ) ʨʘʟʜʝʣʴʥʦ, ʢʘʢ ʚ ʜʚʠʛʘʪʝʣʷʭ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʜʠʘʧʘʟʦʥ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 1:1000 ʠ ʚʳʰʝ [6]. ɺʧʝʨʚʳʝ ʜʘʪʯʠʢʦʚʘʷ ʩʠʩʪʝʤʘ ʚʝʢʪʦʨ-

ʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ɸɼ ʙʳʣʘ ʩʦʟʜʘʥʘ ʚ 1971 ʛʦʜʫ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʌʝʣʠʢʩʘ 

ɹʣʘʰʢʝ, ʠʥʞʝʥʝʨʘ ʢʦʤʧʘʥʠʠ Siemens AG [7]. ɺʥʝʜʨʝʥʠʝ ʚʝʢʪʦʨʥʳʭ ʵʣʝʢʪʨʦʧʨʠ-

ʚʦʜʦʚ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʧʦʪʨʝʙʣʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʥʘ 30-40 % ʥʘ ʢʘʞ-

ʜʳʝ 10 ʤ2 ʧʨʠ ʦʩʥʘʱʝʥʠʠ ʠʤʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʣʦʱʘʜʝʡ ʠ ʢʦʤʤʝʨʯʝʩʢʠʭ ʟʜʘ-

ʥʠʡ [1]. ʇʦʩʢʦʣʴʢʫ ʤʠʨʦʚʦʡ ʩʧʨʦʩ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʥʝʫʢʣʦʥʥʦ ʨʘʩʪʸʪ, ʢʘʢ ʠ 

ʜʦʣʷ ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʠʟʢʦʚʦʣʴʪʥʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ (40 %), ʧʦʪʝʥ-

ʮʠʘʣ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʜʚʠʛʘʪʝʣʝʡ ʜʦ 1000ɺ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʜʦʩʪʘʪʦʯʥʦ ʚʳ-

ʩʦʢ. ʆʩʥʘʱʝʥʠʝ ʪʘʢʠʭ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʩʠʩʪʝʤʘʤʠ ʚʝʢʪʦʨʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʦʟ-

ʚʦʣʠʪ ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʢʦʩʚʝʥʥʦ ʩʥʠʟʠʪʴ ʜʦʣʶ ʚʳʙʨʦʩʦʚ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʚ ʘʪʤʦ-

ʩʬʝʨʫ, ʯʪʦ ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʞʝʪʩʷ ʥʘ ʙʠʦʛʝʦʮʝʥʦʟʝ ʧʣʘʥʝʪʳ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʩʫʱʝʩʪʚʫʶʱʠʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʠʚʦʜʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʦʩʥʘʱʝʥʳ ʩʢʘʣʷʨʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʫʧʨʘʚʣʝʥʠʷ. ʅʘʧʨʦʪʠʚ, ʨʷʜ 

ʢʦʤʧʣʝʢʩʦʚ ʚ ʘʚʪʦʤʦʙʠʣʴʥʦʡ, ʭʠʤʠʯʝʩʢʦʡ, ʩʪʘʥʢʦʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ ʠ ʜʨʫ-

ʛʠʭ ʪʨʝʙʫʶʪ ʰʠʨʦʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʢʘʢ ʩʢʦʨʦʩʪʠ, ʪʘʢ ʠ ʤʦʤʝʥʪʘ 

ʜʚʠʛʘʪʝʣʷ. ʇʨʦʮʝʩʩ ʚʥʝʜʨʝʥʠʷ ʚ ʪʘʢʠʝ ʢʦʤʧʣʝʢʩʳ ʚʝʢʪʦʨʥʳʭ ʩʠʩʪʝʤ ʩ ʜʘʪʯʠʢʦʤ 

ʩʢʦʨʦʩʪʠ ʧʦʨʦʞʜʘʝʪ ʨʷʜ ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ. ʅʘʠʙʦʣʝʝ ʦʩʪʨʘʷ ʠʟ ʥʠʭ ï ʵʪʦ ʦʪ-

ʩʫʪʩʪʚʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʫʩʪʘʥʦʚʢʠ ʬʠʟʠʯʝʩʢʦʛʦ ʜʘʪʯʠʢʘ ʩʢʦʨʦʩʪʠ ʥʘ ʚʘʣ ʩʫʱʝ-

ʩʪʚʫʶʱʝʛʦ ʚ ʧʨʦʤʳʰʣʝʥʥʦʤ ʤʝʭʘʥʠʟʤʝ ʜʚʠʛʘʪʝʣʝ. ɼʘʥʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʩʪʘʣʦ 

ʩʫʱʝʩʪʚʝʥʥʳʤ ʙʘʨʴʝʨʦʤ ʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʪʘʢʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʚʧʣʦʪʴ ʜʦ 

ʥʘʯʘʣʘ 80-90-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ, ʢʦʛʜʘ ʧʦʷʚʠʣʠʩʴ ʧʝʨʚʳʝ ʨʝʘʣʠʟʦʚʘʥʥʳʝ 

ʥʘ ʧʨʘʢʪʠʢʝ ʩʠʩʪʝʤʳ ʙʝʟʜʘʪʯʠʢʦʚʦʛʦ ʚʝʢʪʦʨʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ɸɼ. 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʙʝʟʜʘʪʯʠʢʦʚʳʝ ʩʠʩʪʝʤʳ ʚʝʢʪʦʨʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ɸɼ 

ʩʯʠʪʘʶʪʩʷ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʢʘʢ ʧʨʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʫʱʝʩʪʚʫʶʱʝʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʪʘʢ ʠ ʚ ʩʣʫʯʘʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʦʚʳʭ ʩʠʩʪʝʤ, ʧʦʩʢʦʣʴʢʫ ʦʙʣʘʜʘʶʪ 

ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʧʦʚʳʰʝʥʥʦʡ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʠ ʠʟ-ʟʘ 

ʦʪʩʫʪʩʪʚʠʷ ʜʘʪʯʠʢʘ ʩʢʦʨʦʩʪʠ ʠʤʝʶʪ ʤʝʥʴʰʠʝ ʩʪʦʠʤʦʩʪʴ, ʤʘʩʩʫ ʠ ʛʘʙʘʨʠʪʳ ʜʚʠ-

ʛʘʪʝʣʷ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʝʥʥʫʶ ʧʦʤʝʭʦʟʘʱʠʱʸʥʥʦʩʪʴ. 



64          ʉʝʢʮʠʷ 2. ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʵʣʝʢʪʨʦʧʨʠʚʦʜ 

 

ɺ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʧʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 2024 ʛʦʜ ʩʦʭʨʘʥʷʝʪʩʷ ʚʳʩʦʢʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʦʪ ʠʤʧʦʨʪʘ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʠʚʦ-

ʜʦʚ ï ʚ ʦʩʥʦʚʥʦʤ ʠʟ ɻʝʨʤʘʥʠʠ ʠ ʂʠʪʘʷ [8]. ʅʘʣʠʯʠʝ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ çʤʘʩʪʝʨ ʘʢ-

ʢʘʫʥʪʦʚè ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʶ ʫʜʘʣʸʥʥʦ, ʟʘ ʧʨʝʜʝʣʘʤʠ ʥʘʰʝʡ ʩʪʨʘʥʳ, 

ʫʧʨʘʚʣʷʪʴ ʩʠʩʪʝʤʘʤʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʠʚʦʜʦʚ, ʯʪʦ ʤʦʞʝʪ ʧʦʜʦʨʚʘʪʴ ʙʝʟʦʧʘʩ-

ʥʦʩʪʴ ʠ ʙʝʩʧʝʨʝʙʦʡʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ɺ ʫʩʣʦʚʠʷʭ ʜʝʡ-

ʩʪʚʠʷ ʋʢʘʟʘ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʠ ʦ ʙʝʟʦʧʘʩʥʦʩʪʠ ʢʨʠʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʥʘʰʝʡ ʩʪʨʘʥʳ [9] ʘʢʪʫʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʙʝʟʜʘʪʯʠʢʦ-

ʚʳʭ ʚʝʢʪʦʨʥʳʭ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ, ʦʩʥʘʱʸʥʥʳʭ ʦʪʝʯʝʩʪʚʝʥʥʳʤ ʧʨʦʛʨʘʤʤʥʳʤ 

ʦʙʝʩʧʝʯʝʥʠʝʤ ʠ ʘʣʛʦʨʠʪʤʘʤʠ. ɺ ʵʪʦʤ ʠ ʟʘʢʣʶʯʘʝʪʩʷ ʮʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ. 

ɺ ʧʨʦʮʝʩʩʝ ʩʦʟʜʘʥʠʷ ʙʝʟʜʘʪʯʠʢʦʚʳʭ ʩʠʩʪʝʤ ʚʝʢʪʦʨʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚʦʟʥʠ-

ʢʘʝʪ ʩʫʱʝʩʪʚʝʥʥʘʷ ʧʨʦʙʣʝʤʘ ʧʦʣʫʯʝʥʠʷ ʩʠʛʥʘʣʦʚ ʪʝʢʫʱʝʡ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ 

ʚʘʣʘ ʜʚʠʛʘʪʝʣʷ. ʀʟʚʝʩʪʥʦʝ ʨʝʰʝʥʠʝ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ï ʧʦʩʪʨʦʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʘʣʛʦʨʠʪʤʦʚ ʥʘ ʦʩʥʦʚʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʨʦʮʝʩʩʦʚ ɸɼ, ʢʦʪʦʨʳʝ ʧʦ ʠʥʬʦʨʤʘʮʠʠ 

ʩ ʜʘʪʯʠʢʦʚ ʪʦʢʦʚ ʠ ʥʘʧʨʷʞʝʥʠʡ ʩʪʘʪʦʨʘ ʨʘʩʩʯʠʪʳʚʘʶʪ ʚʝʢʪʦʨ ʪʨʸʭ ʥʝʠʟʤʝʨʷʝʤʳʭ 

ʢʦʦʨʜʠʥʘʪ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ: ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ, ʤʦʜʫʣʴ ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʷ ʠ ʫʛʦʣ 

ʧʦʚʦʨʦʪʘ ʚʝʢʪʦʨʘ ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʷ ʨʦʪʦʨʘ. ʕʪʠ ʘʣʛʦʨʠʪʤʳ ʧʦʣʫʯʠʣʠ ʥʘʟʚʘʥʠʝ 

çʅʘʙʣʶʜʘʪʝʣʠ ʩʦʩʪʦʷʥʠʷè [10]. 

ɸʣʛʦʨʠʪʤʦʚ ʠ ʤʝʪʦʜʠʢ ʩʠʥʪʝʟʘ ʥʘʙʣʶʜʘʪʝʣʝʡ ʩʦʩʪʦʷʥʠʷ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝ-

ʤʝʥʠ ʨʘʟʨʘʙʦʪʘʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ [11], ʜʦʩʪʘʪʦʯʥʦʝ ʜʣʷ ʚʳʙʦʨʘ ʢʦʥʢʨʝʪʥʦʛʦ 

ʥʘʙʣʶʜʘʪʝʣʷ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʫʯʠʪʳʚʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʚʦ 

ʚʩʝʭ ʪʠʧʘʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʠ ʤʘʰʠʥ. ɽʜʠʥʩʪʚʝʥʥʳʡ ʩʝʨʴʸʟʥʳʡ 

ʥʝʜʦʩʪʘʪʦʢ ʚʩʝʭ ʩʫʱʝʩʪʚʫʶʱʠʭ ʥʘʙʣʶʜʘʪʝʣʝʡ ï ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʚʳʩʦʢʦʡ ʧʦ-

ʛʨʝʰʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ ʩʦʩʪʦʷʥʠʷ ɸɼ (ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʝ, ʯʘʩʪʦʪʘ 

ʚʨʘʱʝʥʠʷ ʚʘʣʘ), ʧʨʝʚʳʰʘʶʱʝʡ 20% ʚʚʠʜʫ ʥʝʫʯʸʪʘ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥ ʘʢʪʠʚʥʳʭ 

ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʩʪʘʪʦʨʘ ʠ ʨʦʪʦʨʘ ʜʚʠʛʘʪʝʣʷ ʧʨʠ ʥʘʛʨʝʚʝ [12]. ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʠʩ-

ʩʣʝʜʦʚʘʥʠʝ [13], ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʪʘʪʦʨʘ ʠ ʨʦʪʦʨʘ ɸɼ ʤʦʛʫʪ ʠʟʤʝʥʷʪʴʩʷ ʥʘ 50% ʠ 

ʙʦʣʝʝ. ʇʨʝʦʜʦʣʝʪʴ ʫʢʘʟʘʥʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ʚʦʟʤʦʞʥʦ ʧʫʪʸʤ ʩʦʟʜʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ɸɼ. 

ʀʟʚʝʩʪʥʦ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʨʘʙʦʪʦʢ ʥʘʙʣʶʜʘʪʝʣʝʡ ʩʦʩʪʦ-

ʷʥʠʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ. ʊʘʢ, ʘʚʪʦʨʳ ʠʩʩʣʝʜʦʚʘʥʠʷ [14] ʩʧʨʦʝʢʪʠʨʦʚʘʣʠ ʥʘʙʣʶ-

ʜʘʪʝʣʴ ʩʦʩʪʦʷʥʠʷ ʥʘ ʦʩʥʦʚʝ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʇʘʨʢʘ-ɻʦʨʝʚʘ ʚ ʢʦʤ-

ʧʣʝʢʩʥʦʡ ʬʦʨʤʝ. ʇʨʦʚʝʜʝʥʠʝ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʨʘʩʯʸʪʘ ʜʣʷ ʜʚʫʭ ʧʨʦʝʢʮʠʡ ʧʝʨʝ-

ʤʝʥʥʳʭ ʧʨʠ ʧʦʤʦʱʠ ʟʘʧʠʩʠ ʚ ʢʦʤʧʣʝʢʩʥʦʡ ʬʦʨʤʝ ʧʦʟʚʦʣʷʝʪ ʫʩʢʦʨʠʪʴ ʩʢʦʨʦʩʪʴ 

ʚʳʯʠʩʣʝʥʠʷ ʚ ʩʣʫʯʘʝ ʮʠʬʨʦʚʦʡ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʘ. ʈʝʟʫʣʴʪʘʪʳ ʠʤʠʪʘʮʠʦʥ-

ʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ ʧʦʛʨʝʰʥʦʩʪʴ ʦʮʝʥʢʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʚ 

ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝ ʥʘ ʫʨʦʚʥʝ 0,5 %. ʆʜʥʘʢʦ, ʢʘʢ ʫʢʘʟʳʚʘʶʪ ʩʘʤʠ ʘʚʪʦʨʳ 

ʨʘʙʦʪʳ [14], ʧʦʣʫʯʝʥʥʳʡ ʥʘʙʣʶʜʘʪʝʣʴ ʧʨʠ ʨʘʙʦʪʝ ɸɼ ʥʘ ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ ʚʨʘʱʝ-

ʥʠʷ ʚʘʣʘ (ʤʝʥʝʝ 300 ʦʙ/ʤʠʥ) ʨʘʩʩʯʠʪʳʚʘʝʪ ʯʘʩʪʦʪʫ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʩ ʧʦʛʨʝʰʥʦ-

ʩʪʴʶ ʧʦʨʷʜʢʘ 3% ʚ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʣʫʯʘʝ ʠʟʤʝʥʝʥʠʷ ʘʢ-

ʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʪʘʪʦʨʘ ʥʘ 10 %, ʧʦʛʨʝʰʥʦʩʪʴ ʦʮʝʥʢʠ ʜʘʥʥʦʡ ʧʝʨʝʤʝʥ-

ʥʦʡ ʚʦʟʨʘʩʪʘʝʪ ʜʦ ʥʝʜʦʧʫʩʪʠʤʳʭ 13 %. 



                                                              ɸʂʊʋɸʃʔʅʓɽ ʇʈʆɹʃɽʄʓ ʕʃɽʂʊʈʆʕʅɽʈɻɽʊʀʂʀ  65 

 

ɸʣʴʪʝʨʥʘʪʠʚʥʳʝ ʚʘʨʠʘʥʪʳ ʧʦʩʪʨʦʝʥʠʷ ʥʘʙʣʶʜʘʪʝʣʝʡ ʩʦʩʪʦʷʥʠʷ ʠʟʣʦʞʝʥʳ 

ʚ ʦʙʟʦʨʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ [15]. ʉʧʦʩʦʙ ʦʮʝʥʢʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʩʠʛʥʘʣʘ, ʧʦʩʪʫʧʘʶʱʝʛʦ ʚ ʮʝʧʴ ʨʦʪʦʨʘ, 

ʠʣʠ ʧʦʩʨʝʜʩʪʚʦʤ ʦʧʨʝʜʝʣʝʥʠʷ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚ ʚʦʟʜʫʰʥʦʤ ʟʘʟʦʨʝ 

ɸɼ ʠʥʚʘʨʠʘʥʪʝʥ ʢ ʠʟʤʝʥʝʥʠʶ ʧʘʨʘʤʝʪʨʦʚ ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ ɸɼ, ʦʜʥʘʢʦ ʥʝ ʣʠ-

ʰʸʥ ʥʝʜʦʩʪʘʪʢʦʚ. ʊʘʢ, ʠʥʜʫʮʠʨʦʚʘʥʥʳʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʤ ʩʠʛʥʘʣʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥ-

ʥʳʝ ʛʘʨʤʦʥʠʢʠ ʚ ʚʦʟʜʫʰʥʦʤ ʟʘʟʦʨʝ ʤʝʞʜʫ ʩʪʘʪʦʨʦʤ ʠ ʨʦʪʦʨʦʤ ʥʘʢʣʘʜʳʚʘʶʪʩʷ ʥʘ 

ʬʦʨʤʫ ʦʩʥʦʚʥʦʛʦ ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʥʘʧʨʷʞʝʥʠʝ ʩʪʘʪʦʨʘ ɸɼ ʩʦ-

ʜʝʨʞʠʪ ʧʫʣʴʩʠʨʫʶʱʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ, ʯʘʩʪʦʪʘ ʠ ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ ʢʦʪʦʨʦʡ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ. ʇʨʠ ʤʘʣʳʭ ʯʘʩʪʦʪʘʭ ʚʨʘʱʝʥʠʷ ʠʟʤʝʥʝ-

ʥʠʝ ʨʝʘʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʘʣʦ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʦʮʝʥʢʘ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ʩʚʳʰʝ 8é12 %. 

ɸʣʛʦʨʠʪʤ ʥʘʙʣʶʜʘʪʝʣʷ ʩʦʩʪʦʷʥʠʷ, ʧʦʩʪʨʦʝʥʥʳʡ ʥʘ ʦʩʥʦʚʝ ʨʘʩʰʠʨʝʥʥʦʛʦ 

ʬʠʣʴʪʨʘ ʂʘʣʤʘʥʘ [15], ʠʟʥʘʯʘʣʴʥʦ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʚʳʯʠʩʣʝʥʠʠ ʚʝʨʦʷʪʥʦʩʪʥʳʭ 

ʦʮʝʥʦʢ, ʧʦʵʪʦʤʫ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʠ ʤʘʣʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ 

ʦʮʝʥʢʠ ʥʝʠʟʤʝʨʷʝʤʳʭ ʢʦʦʨʜʠʥʘʪ ʧʨʠʚʦʜʘ ʚ ʫʩʣʦʚʠʷʭ ʥʘʣʠʯʠʷ ʰʫʤʦʚʦʡ ʩʦʩʪʘʚ-

ʣʷʶʱʝʡ ʚ ʩʠʛʥʘʣʝ ʜʘʪʯʠʢʦʚ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ. ʆʜʥʘʢʦ ʧʨʦʮʝʩʩ ʩʠʥʪʝʟʘ ʪʘʢʦʛʦ 

ʥʘʙʣʶʜʘʪʝʣʷ ʦʩʥʦʚʘʥ ʥʘ ʣʠʥʝʘʨʠʟʘʮʠʠ ʥʝʣʠʥʝʡʥʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ɸɼ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʥʘʙʣʶʜʘʪʝʣʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʦʯʥʫʶ ʦʮʝʥʢʫ ʧʝʨʝʤʝʥʥʦʡ ʪʦʣʴʢʦ ʚ ʪʦʤ 

ʩʣʫʯʘʝ, ʝʩʣʠ ʧʦʛʨʝʰʥʦʩʪʴ ʦʮʝʥʢʠ ʪʘʢʞʝ ʠʟʤʝʥʷʝʪʩʷ ʧʦ ʣʠʥʝʡʥʦʤʫ ʟʘʢʦʥʫ. ʆʯʝ-

ʚʠʜʥʦ, ʯʪʦ ʵʪʦ ʥʝ ʩʦʙʣʶʜʘʝʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʨʘʚʥʦ 

ʢʘʢ ʠ ʧʦʩʪʦʷʥʩʪʚʦ ʘʢʪʠʚʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʩʪʘʪʦʨʘ ʠ ʨʦʪʦʨʘ, ʦʪ ʠʟʤʝʥʝʥʠʷ ʢʦ-

ʪʦʨʳʭ ʢʨʘʪʥʦ, ʜʦ 12é16 %, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʰʠʙʢʘ ʦʮʝʥʢʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʨʦ-

ʪʦʨʘ ɸɼ ʜʘʥʥʦʛʦ ʥʘʙʣʶʜʘʪʝʣʷ [16]. 

ɼʣʷ ʩʥʠʞʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʙʦʪʳ ʥʘʙʣʶʜʘʪʝʣʷ ʦʪ ʠʟʤʝʥʝʥʠʷ ʘʢʪʠʚʥʳʭ 

ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʦʙʤʦʪʦʢ ʩʪʘʪʦʨʘ RS ʠ ʨʦʪʦʨʘ RR ɸɼ, ʚ ʩʪʨʫʢʪʫʨʫ ʩʠʩʪʝʤʳ ʚʝʢʪʦʨ-

ʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʜʦʣʞʝʥ ʙʳʪʴ ʚʢʣʶʯʸʥ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʵʪʠʭ ʧʘ-

ʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʚʳʯʠʩʣʷʪʴ ʠʭ ʪʦʯʥʳʝ ʟʥʘʯʝʥʠʷ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʝʤʧʝʨʘ-

ʪʫʨʳ ʥʘʛʨʝʚʘ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ [17] ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʦʜʘʯʝ 

ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʩʠʛʥʘʣʘ ʜʣʷ ʦʮʝʥʢʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʪʘʪʦʨʘ. ɺ ʵʪʦʤ ʩʧʦʩʦʙʝ ʥʠʟ-

ʢʦʯʘʩʪʦʪʥʳʡ ʩʠʥʫʩʦʠʜʘʣʴʥʳʡ ʪʦʢ ʧʦʜʘʝʪʩʷ ʧʦ ʦʩʠ d ʪʦʢʘ ʩʪʘʪʦʨʘ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʷ ʩʪʘʪʦʨʘ. ʈʘʟʥʦʩʪʴ ʬʘʟ ʤʝʞʜʫ ʛʝʥʝʨʠʨʫʝʤʳʤ ʩʠʥʫʩʦʠʜʘʣʴʥʳʤ 

ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʝʤ ʠ ʚʚʦʜʠʤʳʤ ʩʠʥʫʩʦʠʜʘʣʴʥʳʤ ʪʦʢʦʤ ʦʧʨʝʜʝʣʷʝʪ ʥʝʩʦʦʪʚʝʪ-

ʩʪʚʠʝ ʥʘʯʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʪʘʪʦʨʘ ʠ ʝʛʦ ʪʝʢʫʱʝʡ ʚʝʣʠʯʠʥʳ. ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʸʥʥʦʛʦ ʘʚʪʦʨʘʤʠ ʚ [17], ʧʦ-

ʛʨʝʰʥʦʩʪʴ ʦʮʝʥʢʠ ʘʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʪʘʪʦʨʘ ʩʦʩʪʘʚʣʷʝʪ 2é5 %. ɼʘʥʥʦʝ 

ʨʝʰʝʥʠʝ ʪʨʝʙʫʝʪ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʥʝ ʪʦʣʴʢʦ ʦʪʜʝʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʩʠʥʫʩʦʠʜʘʣʴ-

ʥʦʛʦ ʪʦʢʘ, ʥʦ ʠ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʫʛʣʝ ʧʦʚʦʨʦʪʘ ʨʦʪʦʨʘ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʚʯrʠʩʣʝʥʠʷʭ. ʇʦʩʣʝʜʥʷʷ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʣʠʙʦ ʦʪ ʬʠʟʠʯʝʩʢʦʛʦ ʜʘʪʯʠʢʘ ʩʢʦ-

ʨʦʩʪʠ, ʣʠʙʦ ʧʦʩʨʝʜʩʪʚʦʤ ʦʨʛʘʥʠʟʘʮʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʥʘʙʣʶʜʘʪʝʣʷ ʩʦʩʪʦʷʥʠʷ, 

ʚʳʯʠʩʣʷʶʱʝʛʦ ʵʪʦʪ ʫʛʦʣ. ʋʢʘʟʘʥʥʦʝ ʙʫʜʝʪ ʚʥʦʩʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʧʦʛʨʝʰ-

ʥʦʩʪʴ ʚ ʦʮʝʥʢʫ ʘʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʪʘʪʦʨʘ. 



66          ʉʝʢʮʠʷ 2. ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʵʣʝʢʪʨʦʧʨʠʚʦʜ 

 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ, ʘʚʪʦʨʳ ʨʘʙʦʪʳ [17] ʚʳʧʦʣʥʠʣʠ ʧʦʩʪʨʦʝʥʠʝ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʥʘ 

ʙʘʟʝ ʬʠʣʴʪʨʘ ʂʘʣʤʘʥʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʛʨʝʰʥʦʩʪʴ ʧʨʠ ʨʘʩʯʸʪʝ ʘʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚ-

ʣʝʥʠʷ ʩʪʘʪʦʨʘ ʥʘʭʦʜʠʣʘʩʴ ʚ ʜʠʘʧʘʟʦʥʝ 8,5é15,0 %. ʅʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ 

ʨʘʩʯʸʪʘ ʫʢʘʟʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʬʠʣʴʪʨʦʤ ʂʘʣʤʘʥʘ, ʧʦʛʨʝʰʥʦʩʪʴ ʝʛʦ 

ʦʮʝʥʢʠ ʚʦʟʨʘʩʪʘʝʪ ʧʦ ʤʝʨʝ ʠʟʤʝʥʝʥʠʷ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʤʘʪʝʤʘʪʠʯʝ-

ʩʢʦʝ ʦʧʠʩʘʥʠʝ ʜʘʥʥʦʛʦ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ (ʛʣʘʚʥʘʷ ʠʥʜʫʢʪʠʚʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʠʥʜʫʢʪʠʚ-

ʥʦʩʪʠ ʩʪʘʪʦʨʘ ʠ ʨʦʪʦʨʘ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʘʨʠʘʮʠʡ ʥʝʠʜʝʥʪʠʬʠʮʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ, 

ʧʦʛʨʝʰʥʦʩʪʴ ʦʮʝʥʢʠ ʘʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʪʘʪʦʨʘ ʚʦʟʨʘʩʪʘʝʪ ʜʦ ʥʝʜʦʧʫʩʪʠʤʳʭ 

ʚʝʣʠʯʠʥ ʚ ʜʠʘʧʘʟʦʥʝ 30é50 %.  

ɺ ʮʝʣʷʭ ʧʨʝʦʜʦʣʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ, ʘʚʪʦʨʘʤʠ ʨʘʟʨʘʙʦʪʘʥ ʠʜʝʥ-

ʪʠʬʠʢʘʪʦʨ ʘʢʪʠʚʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʩʪʘʪʦʨʘ ʠ ʨʦʪʦʨʘ ɸɼ, ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʯʝʨʪʦʡ 

ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʮʝʥʢʠ ʥʝʠʟʤʝʨʷʝʤʳʭ ʚʝʣʠʯʠʥ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʦʧʨʝʜʝ-

ʣʷʶʪʩʷ ʚʦ ʚʩʸʤ ʨʘʙʦʯʝʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ʜʚʠʛʘʪʝʣʷ, ʚʢʣʶʯʘʷ ʦʙ-

ʣʘʩʪʴ ʥʠʟʢʠʭ ʩʢʦʨʦʩʪʝʡ (ʤʝʥʝʝ 300 ʦʙ/ʤʠʥ). 

ʀʜʝʥʪʠʬʠʢʘʪʦʨ ʘʢʪʠʚʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʩʪʘʪʦʨʘ ʠ ʨʦʪʦʨʘ ʧʦʩʪʨʦʝʥ ʥʘ ʦʩ-

ʥʦʚʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʨʦʮʝʩʩʦʚ ɸɼ, ʢʦʪʦʨʦʝ 

ʚ ʤʘʪʨʠʯʥʦʡ ʬʦʨʤʝ ʠʤʝʝʪ ʚʠʜ (1): 

Ὠ

Ὠὸ
Ͻὼ ὃϽὼ ὄϽὟᴆȟ (1) 

 

ʛʜʝ ὼ Ὅ Ὅ  ï ʤʘʪʨʠʮʘ ʧʝʨʝʤʝʥʥʳʭ ʩʦʩʪʦʷʥʠʷ ɸɼ; ὃ ï ʤʘʪʨʠʮʘ ʩʦʩʪʦʷʥʠʷ 

ʦʙʲʝʢʪʘ; ὄ ï ʤʘʪʨʠʮʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʚʷʟʠ; Ὗᴆ Ὗ  Ὗ  ï ʚʝʢʪʦʨ ʥʘʧʨʷʞʝ-

ʥʠʷ ʩʪʘʪʦʨʘ; ώ  ï ʤʘʪʨʠʮʘ ʜʦʩʪʫʧʥʳʭ ʠʟʤʝʨʝʥʠʡ; ὅ ï ʤʘʪʨʠʮʘ ʚʳʭʦʜʘ; Ὅ , Ὅ  ï 

ʪʦʢʠ ʩʪʘʪʦʨʘ ɸɼ ʚ ʜʚʫʭʬʘʟʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ɸ; Ὗ , Ὗ  ï ʥʘʧʨʷʞʝʥʠʷ ʩʪʘ-

ʪʦʨʘ ɸɼ ʚ ʜʚʫʭʬʘʟʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ɺ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ɸɼ, ʦʧʨʝʜʝʣʷʝʤʘʷ 

ʚʳʨʘʞʝʥʠʝʤ (2), ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʦʮʝʥʦʯʥʳʝ ʚʝʣʠʯʠʥʳ ʪʦʢʦʚ ʩʪʘʪʦʨʘ, ʧʦ ʢʦʪʦ-

ʨʳʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʦʮʝʥʢʠ ʘʢʪʠʚʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʩʪʘʪʦʨʘ ʠ ʨʦʪʦʨʘ: 

Ὠ

Ὠὸ
Ͻὼ ὃϽὼ ὄϽὟᴆȟ (2) 

 

ʛʜʝ ὼ Ὅ Ὅ  ï ʦʮʝʥʦʯʥʘʷ ʤʘʪʨʠʮʘ ʧʝʨʝʤʝʥʥʳʭ ʩʦʩʪʦʷʥʠʷ ɸɼ; ὃ, ὄ ï ʦʮʝ-

ʥʦʯʥʳʝ ʤʘʪʨʠʮʳ ʩʦʩʪʦʷʥʠʷ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʚʷʟʠ ɸɼ; Ὅ , Ὅ  ï ʦʮʝʥʦʯʥʳʝ ʟʥʘ-

ʯʝʥʠʷ ʪʦʢʦʚ ʩʪʘʪʦʨʘ, ɸ. 

ʆʮʝʥʦʯʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʩʪʘʪʦʨʘ ʠ ʨʦʪʦʨʘ, ʢʦʪʦʨʳʝ ʬʦʨʤʠ-

ʨʫʝʪ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ɸɼ, ʙʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ ʢʘʢ Ὑ ʠ Ὑ  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʋʢʘʟʘʥ-

ʥʳʝ ʚʝʣʠʯʠʥʳ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʧʘʨʘʤʝʪʨʦʚ ɸɼ ʨʘʩʩʯʠʪʳʚʘʝʪ ʩʦ-

ʛʣʘʩʥʦ ʨʘʚʝʥʩʪʚʘʤ (3-4): 

Ὑ
ʇ

ʎϽὒ
Ͻ Ὅ ϽὍ Ὅ Ὅ ϽὍ Ὅ ϽὨὸȟ (3) 

 

Ὑ Ὑ Ͻ , (4) 
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ʛʜʝ ʇ ï ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ; ʎ ï ʧʦʣʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʩʝ-
ʷʥʠʷ ʤʘʰʠʥʳ, ʦ.ʝ.; ὒ ï ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʩʪʘʪʦʨʘ, ɻʥ; Ὑ  ï ʥʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʘʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʦʪʦʨʘ ɸɼ, ʆʤ; Ὑ  ï ʥʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʘʢʪʠʚʥʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʪʘʪʦʨʘ ɸɼ, ʆʤ. 

ɺʦʟʤʦʞʥʦʩʪʴ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʦʧʨʝʜʝʣʷʪʴ ʧʘʨʘʤʝʪʨʳ ʘʢʪʠʚʥʳʭ ʩʦʧʨʦʪʠʚ-

ʣʝʥʠʡ ɸɼ ʧʨʠ ʤʘʣʳʭ ʠ ʦʢʦʣʦʥʫʣʝʚʳʭ ʩʢʦʨʦʩʪʷʭ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʘ ʩʯʸʪ ʥʘʣʠʯʠʷ 

ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʇ ʦʪ ʟʥʘʯʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʠ ʤʦ-
ʜʫʣʷ ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʷ ʨʦʪʦʨʘ. ɼʘʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʠʤʝʝʪ ʚʠʜ (5): 

ʇ
ʇ

ɰ Ͻʖ ρ
ȟ (5) 

 

ʛʜʝ ʇ ï ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ. 

ʉʠʩʪʝʤʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ɸɼ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʘ ʜʣʷ ʵʣʝʢ-

ʪʨʦʧʨʠʚʦʜʦʚ, ʢʦʪʦʨʳʝ ʨʘʙʦʪʘʶʪ ʚ ʨʝʚʝʨʩʠʚʥʦʤ ʨʝʞʠʤʝ. ɺ ʮʝʣʷʭ ʠʩʢʣʶʯʝʥʠʷ ʚʦʟ-

ʤʦʞʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʟʥʘʢʘ ʦʮʝʥʢʠ RS ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʥʘʧʨʘʚʣʝʥʠʷ ʚʨʘʱʝʥʠʷ ʚʘʣʘ 

ʜʚʠʛʘʪʝʣʷ, ʦʮʝʥʦʯʥʘʷ ʚʝʣʠʯʠʥʘ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ɤeR ʠ ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʷ ʨʦʪʦʨʘ 

ɊR ʫʯʠʪʳʚʘʶʪʩʷ ʧʦ ʘʙʩʦʣʶʪʥʦʡ ʚʝʣʠʯʠʥʝ. ɿʥʘʤʝʥʘʪʝʣʴ ʚ ʬʦʨʤʫʣʝ (5) ʚʢʣʶʯʘʝʪ 

ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʢʦʥʩʪʘʥʪʫ ç+1è, ʢʦʪʦʨʘʷ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʜʝʣʝʥʠʝ ʥʘ ʥʦʣʴ ʧʨʠ ʥʫ-

ʣʝʚʦʤ ʪʦʢʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ. 

ʉʦʛʣʘʩʥʦ ʧʨʝʜʩʪʘʚʣʝʥʥʦʤʫ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ ʦʧʠʩʘʥʠʶ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ 

ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ɸɼ (ʚʳʨʘʞʝʥʠʷ 2 ï 5) ʧʦʩʪʨʦʝʥʘ ʝʛʦ ʩʪʨʫʢʪʫʨʥʘʷ 

ʩʭʝʤʘ, ʧʦʢʘʟʘʥʥʘʷ ʥʘ ʨʠʩ. 1. 

ɺʭʦʜʥʳʤʠ ʩʠʛʥʘʣʘʤʠ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʷʚʣʷʶʪʩʷ ʧʷʪʴ ʚʝʣʠʯʠʥ: 

ï ʚʝʢʪʦʨ ʥʘʧʨʷʞʝʥʠʷ ʩʪʘʪʦʨʘ Ὗᴆ, ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ ʟʥʘʯʝʥʠʷ ʩʪʘʪʦʨʥʳʭ 
ʥʘʧʨʷʞʝʥʠʡ Ὗ ȟὟ  ʚ ʥʝʧʦʜʚʠʞʥʦʡ ʜʚʫʭʬʘʟʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʢʦʪʦ-

ʨʘʷ ʞʸʩʪʢʦ ʩʚʷʟʘʥʘ ʩʦ ʩʪʘʪʦʨʦʤ ɸɼ; 

ï ʚʝʢʪʦʨ ʪʦʢʘ ʩʪʘʪʦʨʘ Ὅᴆ, ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ ʟʥʘʯʝʥʠʷ ʩʪʘʪʦʨʥʳʭ ʪʦʢʦʚ Ὅ , 

Ὅ  ʚ ʥʝʧʦʜʚʠʞʥʦʡ ʜʚʫʭʬʘʟʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ; 

ï ʦʮʝʥʦʯʥʦʝ ʟʥʘʯʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʖ ; 

ï ʦʮʝʥʦʯʥʦʝ ʟʥʘʯʝʥʠʝ ʤʦʜʫʣʷ ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʷ ʨʦʪʦʨʘ ɸɼ ɰ ; 

ï ʚʝʢʪʦʨ ʦʮʝʥʢʠ ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʡ ʨʦʪʦʨʘ ɸɼ ɰᴆ, ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ ʟʥʘ-
ʯʝʥʠʷ ʦʮʝʥʦʢ ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʡ ɰ , ɰ  ʚ ʜʚʫʭʬʘʟʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. 

ʀʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚʭʦʜʥʳʭ ʚʝʣʠʯʠʥ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ɸɼ ʚʝʢ-

ʪʦʨʘ ʥʘʧʨʷʞʝʥʠʡ Ὗᴆ ʠ ʪʦʢʦʚ Ὅᴆ ʩʪʘʪʦʨʘ ʬʦʨʤʠʨʫʶʪʩʷ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʠʛʥʘ-

ʣʦʚ, ʧʦʩʪʫʧʘʝʤʳʭ ʦʪ ʜʘʪʯʠʢʦʚ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ. ʆʩʪʘʣʴʥʳʝ ʪʨʠ ʦʮʝʥʦʯʥʳʝ ʚʝ-

ʣʠʯʠʥʳ ï ʖ , ɰᴆ ʠ ɰ  ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʥʘʙʣʶʜʘʪʝʣʝʤ ʩʦʩʪʦʷʥʠʷ ɸɼ. 

ʇʨʠʥʮʠʧ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʮʝʥʦʯʥʳʭ ʟʥʘʯʝʥʠʡ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʪʘʪʦʨʘ RS ʠ 

ʨʦʪʦʨʘ Ὑ  ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ (ʨʠʩ. 1): ʚ ʫʟʣʝ ʩʫʤʤʠʨʦʚʘʥʠʷ ʩʢʣʘʜʳʚʘʶʪʩʷ 

ʜʚʘ ʧʨʦʠʟʚʝʜʝʥʠʷ: 

1) ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʝʥʠʷ ʩʪʘʪʦʨʘ Ὗᴆ ʠ ʤʘʪʨʠʮʳ ὄ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʚʷʟʠ ɸɼ; 

2) ʦʮʝʥʦʯʥʦʡ ʤʘʪʨʠʮʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʦʩʪʦʷʥʠʷ ὃ ʠ ʧʝʨʝʤʝʥʥʳʭ ɸɼ ὼ. 



68          ʉʝʢʮʠʷ 2. ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʵʣʝʢʪʨʦʧʨʠʚʦʜ 

 

ʅʘ ʚʳʭʦʜʝ ʫʟʣʘ ʩʫʤʤʠʨʦʚʘʥʠʷ ʬʦʨʤʠʨʫʝʪʩʷ ʜʠʬʬʝʨʝʥʮʠʘʣ ʦʮʝʥʦʯʥʦʡ 

ʤʘʪʨʠʮʳ ὼ. ʏʝʨʝʟ ʦʧʝʨʘʪʦʨ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʚʳʯʠʩʣʷʝʪʩʷ ʦʮʝʥʦʯʥʳʡ ʚʝʢʪʦʨ ʪʦʢʘ 

ʩʪʘʪʦʨʘ Ὅᴆ, ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ ʟʥʘʯʝʥʠʷ ʦʮʝʥʦʢ ʪʦʢʦʚ ʩʪʘʪʦʨʘ Ὅ , Ὅ  ʚ ʜʚʫʭʬʘʟ-

ʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. ɼʘʥʥʳʡ ʚʝʢʪʦʨ ʚʳʯʠʪʘʝʪʩʷ ʠʟ ʚʝʢʪʦʨʘ ʪʦʢʦʚ ʩʪʘʪʦʨʘ Ὅᴆ, 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʬʦʨʤʠʨʫʝʪʩʷ ʩʠʛʥʘʣ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ Ў Ὅᴆ Ὅᴆ, ʧʦʩʪʫʧʘʶʱʠʡ 
ʚ ʙʣʦʢ ʘʜʘʧʪʘʮʠʠ ʘʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʪʘʪʦʨʘ (ʨʠʩ. 1). 

 
ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ɸɼ 

 

ɼʘʥʥʳʡ ʙʣʦʢ ʩʦʚʤʝʩʪʥʦ ʩ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ-ʠʥʪʝʛʨʘʣʴʥʳʤ ʨʝʛʫʣʷʪʦʨʦʤ 

ʨʝʘʣʠʟʫʝʪ ʬʦʨʤʫʣʫ (3) ʦʧʨʝʜʝʣʝʥʠʷ ʦʮʝʥʢʠ Ὑ. ʇʨʝʜʧʦʣʘʛʘʷ, ʯʪʦ ʘʢʪʠʚʥʦʝ ʩʦ-
ʧʨʦʪʠʚʣʝʥʠʝ ʨʦʪʦʨʘ Ὑ  ʠʟʤʝʥʷʝʪʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʩʪʘʪʦʨʥʦʤʫ ʩʦʧʨʦʪʠʚʣʝ-

ʥʠʶ Ὑ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʦʮʝʥʦʯʥʫʶ ʚʝʣʠʯʠʥʫ ʨʦʪʦʨʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ (ʬʦʨ-
ʤʫʣʘ 4), ʯʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1. ʇʦʣʫʯʝʥʥʳʝ ʦʮʝʥʢʠ ʘʢʪʠʚʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ 

ʩʪʘʪʦʨʘ Ὑ ʠ Ὑ  ʧʦʩʪʫʧʘʶʪ ʥʘ ʚʭʦʜ ʙʣʦʢʘ ʦʮʝʥʦʯʥʦʡ ʤʘʪʨʠʮʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʩʦʩʪʦʷʥʠʷ ὃ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩʠʩʪʝʤʳ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʘʢʪʠʚʥʳʭ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʡ ʩʪʘʪʦʨʘ ʠ ʨʦʪʦʨʘ ʨʘʟʨʘʙʦʪʘʥʘ ʠʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʚ ʩʨʝʜʝ MatLab 

Simulink, ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2. 
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ʈʠʩ. 2. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʩ ʥʘʙʣʶ-

ʜʘʪʝʣʝʤ ʩʦʩʪʦʷʥʠʷ ɸɼ 

 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʜʠʥʘʤʠʢʠ ɸɼ ʚ ʠʤʠʪʘʮʠʦʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʪʨʸʭʬʘʟʥʘʷ ʤʦʜʝʣʴ ɸɼ. ʇʨʝʠʤʫʱʝʩʪʚʘ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʚ ʪʦʤ, ʯʪʦ ʦʥʘ ʧʦʟʚʦʣʷʝʪ 

ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʤʦʜʝʣʠʨʦʚʘʪʴ ʥʝʩʠʤʤʝʪʨʠʯʥʳʝ ʨʝʞʠʤʳ ɸɼ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʝʩʠʤ-

ʤʝʪʨʠʶ ʩʘʤʦʛʦ ʜʚʠʛʘʪʝʣʷ, ʫʯʠʪʳʚʘʝʪ ʩʦʙʩʪʚʝʥʥʳʝ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʬʘʟ ʩʪʘʪʦʨʘ, 

ʨʦʪʦʨʘ, ʘ ʪʘʢʞʝ ʚʟʘʠʤʥʳʝ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʤʝʞʜʫ ʩʪʘʪʦʨʦʤ ʠ ʨʦʪʦʨʦʤ ʠ ʛʣʘʚʥʳʝ 

ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʬʘʟ. ʇʨʠʥʷʪʳʝ ʜʦʧʫʱʝʥʠʷ ï ʧʨʝʥʝʙʨʝʞʝʥʠʝ ʵʬʬʝʢʪʘʤʠ ʥʘʩʳʱʝ-

ʥʠʷ ʤʘʛʥʠʪʥʦʡ ʮʝʧʠ ʠ ʝʸ ʩʠʤʤʝʪʨʠʯʥʦʩʪʴ. 

ɺ ʢʦʤʧʴʶʪʝʨʥʫʶ ʤʦʜʝʣʴ (ʨʠʩ. 2) ʪʘʢʞʝ ʚʢʣʶʯʝʥʳ ʙʣʦʢʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ 

ʠʟ ʪʨʸʭʬʘʟʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ABC ʚ ʥʝʧʦʜʚʠʞʥʫʶ ʜʚʫʭʬʘʟʥʫʶ Ŭɓ ʠ ʥʘʙʣʶ-

ʜʘʪʝʣʴ ʩʦʩʪʦʷʥʠʷ ɸɼ, ʧʦʩʪʨʦʝʥʥʳʡ ʧʦ ʩʪʨʫʢʪʫʨʝ ʘʜʘʧʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʩ ʵʪʘʣʦʥ-

ʥʦʡ ʤʦʜʝʣʴʶ, ʚʳʯʠʩʣʷʶʱʠʡ ʦʮʝʥʦʯʥʳʝ ʟʥʘʯʝʥʠʷ ʚʝʢʪʦʨʘ ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʷ ʨʦ-

ʪʦʨʘ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ɸɼ. ɼʘʥʥʳʝ ʦʮʝʥʦʯʥʳʝ ʚʝʣʠ-

ʯʠʥʳ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʨʘʙʦʪʳ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ɸɼ. 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʚʦʜʠʣʩʷ ʧʫʩʢ ɸɼ 

ɸʀʈ160ʄ6ʋ3 (ʪʝʭʥʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1) ʩ ʥʦʤʠʥʘʣʴʥʳʤ ʤʦʤʝʥʪʦʤ 

ʥʘʛʨʫʟʢʠ ὓ̒  ̎̏̍ ρτπ ̊Ͻ̍  ʜʦ ʩʢʦʨʦʩʪʠ ὲ̅ ωωψ ̏ Ⱦ̂̍ ̉,̎ ʯʪʦ ʧʦʢʘʟʳʚʘʝʪ ʨʠʩ. 

3. ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʷ ʦʮʝʥʦʢ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ὲ, ʘʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 
ʩʪʘʪʦʨʘ Ὑ ʠ ʨʦʪʦʨʘ Ὑ  ɸɼ ʩ ʨʝʘʣʴʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ὲ , Ὑ, Ὑ  ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩ. 4, ʨʠʩ. 5 ʠ ʨʠʩ. 6 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
ʊʘʙʣʠʮʘ 1 

ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ɸʀʈ160ʄ6ʋ3 

 

ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʠʝ ʈʘʟʤʝʨʥʦʩʪʴ 

ʅʦʤʠʥʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ 15 ʢɺʪ 

ʅʦʤʠʥʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ 380 ɺ 

ʅʦʤʠʥʘʣʴʥʳʡ ʪʦʢ 31,6 ɸ 

ʂʦʵʬʬʠʮʠʝʥʪ ʤʦʱʥʦʩʪʠ 0.81 ï 

ʅʦʤʠʥʘʣʴʥʦʝ ʩʢʦʣʴʞʝʥʠʝ 0,03 % 

ʉʠʥʭʨʦʥʥʘʷ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ 1000 (104,72) ʦʙ/ʤʠʥ (ʨʘʜ/ʩ) 

ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ 89 % 

 



70          ʉʝʢʮʠʷ 2. ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʵʣʝʢʪʨʦʧʨʠʚʦʜ 

 

 

ʈʠʩ. 3 ɼʠʘʛʨʘʤʤʳ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʥʘ ʦʩʥʦʚʝ ɸɼ 

 

 

ʈʠʩ. 4. ɼʠʘʛʨʘʤʤʳ ʨʘʙʦʪʳ ʤʦʜʫʣʷ ʦʮʝʥʢʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ɸɼ 
 

 

ʈʠʩ. 5. ɼʠʘʛʨʘʤʤʳ ʨʘʙʦʪʳ ʤʦʜʫʣʷ ʦʮʝʥʢʠ ʘʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʪʘʪʦʨʘ ɸɼ 
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ʈʠʩ. 6. ɼʠʘʛʨʘʤʤʳ ʨʘʙʦʪʳ ʤʦʜʫʣʷ ʦʮʝʥʢʠ ʘʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʦʪʦʨʘ ɸɼ 
 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘʙʣʶʜʘʪʝʣʷ ʠ ʠʜʝʥ-

ʪʠʬʠʢʘʪʦʨʘ ʧʘʨʘʤʝʪʨʦʚ (ʨʠʩ. 4-6) ʧʦʢʘʟʘʣ, ʯʪʦ ʧʦʛʨʝʰʥʦʩʪʠ ʦʮʝʥʦʢ ʥʝʠʟʤʝʨʷʝ-

ʤʳʭ ʚʝʣʠʯʠʥ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʟʥʘʯʝʥʠʷʤʠ. ʊʘʢ, ʦʪʢʣʦʥʝʥʠʝ ʨʘʩ-

ʯʸʪʥʦʛʦ ʟʥʘʯʝʥʠʷ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ὲ  ʦʪ ʚʝʣʠʯʠʥʳ ὲ  ʥʝ ʧʨʝʚʳʰʘʝʪ 4,88 % (ʚ 

ʧʝʨʝʭʦʜʥʦʤ ʨʝʞʠʤʝ), ʘ ʚ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ 

ʥʝ ʙʦʣʝʝ 0,17 %. ʇʦʛʨʝʰʥʦʩʪʴ ʦʮʝʥʢʠ ʘʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʪʘʪʦʨʘ ʚ ʧʝʨʝ-

ʭʦʜʥʦʤ ʨʝʞʠʤʝ ʨʘʚʥʘ 5,58 %, ʘ ʚ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ï 0,023 %. ʆʪʢʣʦʥʝʥʠʝ ʦʮʝ-

ʥʦʯʥʦʛʦ ʟʥʘʯʝʥʠʷ ʘʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʦʪʦʨʘ Ὑ  ʦʪ ʨʝʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ Ὑ  

ʨʘʚʥʦ 5,51 % (ʧʝʨʝʭʦʜʥʳʡ ʨʝʞʠʤ), ʘ ʚ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʥʝ ʙʦʣʝʝ 0,12 %. ʇʦʣʫ-

ʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪ ʜʦʧʫʩʪʠʤʦʩʪʴ 

ʪʝʭʥʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʪʘʢʦʡ ʩʠʩʪʝʤʳ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʚ ʩʬʝʨʝ ʥʘʫʯ-

ʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ (ʪʝʤʘ ˉFSWE-2025-0001). 
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Abstract. The article describes the procedure for synthesizing the identifier of active re-

sistances of the stator and rotor of an induction motor, shows its structure, and considers an algorithm 

for determining the parameters of an electric motor replacement circuit based on Lyapunov stability 

theory, characterized in that the process of identifying unmeasured coordinates of an electric motor 

can be performed over the entire operating frequency range of the shaft, starting from near-zero 

speeds. A mathematical model of the parameter identifier included in the structure of the induction 

motor state observer has been developed, on the basis of which simulation studies have been carried 

out confirming the validity of the proposed algorithm for identifying the active resistances of the 

stator and rotor of an induction machine. 

 

Key words: induction motor, parameter identification, three-phase induction motor model, 

electric motor condition observer. 
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ʋɼʂ 62.83 

 

ʖ.ʄ. ʂʨʳʣʦʚ, ɸ.ʄ. ʃʠʪʚʠʥʝʥʢʦ 

 

ʆʉʆɹɽʅʅʆʉʊʀ ʈɽɸʃʀɿɸʎʀʀ ʉʃɽɼʗʑɽɻʆ ʕʃɽʂʊʈʆʇʈʀɺʆɼɸ 

ʉ ɹɸʈɸɹɸʅʅʆ-ʃɽʅʊʆʏʅʓʄ ʀʉʇʆʃʅʀʊɽʃʔʅʓʄ ʄɽʍɸʅʀɿʄʆʄ 

 
ɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʩʠʥʪʝʟʘ ʩʣʝʜʷʱʝʛʦ ʵʣʝʢʪʨʦ-

ʧʨʠʚʦʜʘ ʩ ʙʘʨʘʙʘʥʥʦ-ʣʝʥʪʦʯʥʳʤ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤ ʤʝʭʘʥʠʟʤʦʤ, ʩ ʘʥʘʣʠʟʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘ-

ʙʦʪʳ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʩ ʚʳʙʨʘʥʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʝʡ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʣʝʜʷʱʠʡ ʵʣʝʢʪʨʦʧʨʠʚʦʜ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ, ʙʘʨʘʙʘʥʥʦ-ʣʝʥ-

ʪʦʯʥʳʡ ʠʩʧʦʣʥʠʪʝʣʴʥʳʡ ʤʝʭʘʥʠʟʤ. 

 

 ʉʦʚʨʝʤʝʥʥʳʡ ʩʣʝʜʷʱʠʡ ʵʣʝʢʪʨʦʧʨʠʚʦʜ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʦʝ ʤʥʦ-

ʛʦʛʨʘʥʥʦʝ ʠʟʜʝʣʠʝ, ʨʘʟʨʘʙʦʪʢʘ ʢʦʪʦʨʦʛʦ ʚʢʣʶʯʘʝʪ ʨʘʟʣʠʯʥʳʝ ʵʪʘʧʳ ʠ ʧʦʜʵʪʘʧʳ: 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ, ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʧʨʦʨʘʙʦʪʢʘ ʦʙʱʝʛʦ 

ʦʙʣʠʢʘ ʩʠʩʪʝʤʳ, ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʘʷ ʠ ʪʦʧʦʣʦʛʠʯʝʩʢʘʷ ʧʨʦʨʘʙʦʪʢʘ ʠʟʜʝʣʠʷ ʠ ʜʨ. 

ʇʨʠ ʩʦʚʨʝʤʝʥʥʦʤ ʨʘʟʚʠʪʠʠ ʩʨʝʜʩʪʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ ʥʝ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʚʠʜʝ ʨʘʟʣʠʯ-

ʥʳʭ ʤʦʜʝʣʠʨʫʶʱʠʭ ʩʪʨʫʢʪʫʨ.  

ʊʘʢ ʢʘʢ ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʝʘ-

ʣʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʦʚ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʤ ʩ ʜʘʣʴʥʝʡʰʠʤ ʠʭ ʧʝʨʝʥʝʩʝ-

ʥʠʝʤ ʥʘ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ, ʥʝʦʙʭʦʜʠʤʦ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʤʦʜʝʣʠʨʫʶʱʠʝ ʩʪʨʫʢ-

ʪʫʨʳ, ʫʯʠʪʳʚʘʷ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ. 

ʊʘʢʞʝ ʥʝʣʴʟʷ ʫʭʦʜʠʪʴ ʦʪ ʥʘʛʣʷʜʥʦʛʦ ʦʧʠʩʘʥʠʷ ʤʦʜʝʣʠʨʫʶʱʠʭ ʩʪʨʫʢʪʫʨ ʜʣʷ ʚʦʟ-

ʤʦʞʥʦʩʪʠ ʠʭ ʦʧʝʨʘʪʠʚʥʦʡ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʠ ʚʳʷʚʣʝʥʠʷ ʚʣʠʷʥʠʷ ʦʪʜʝʣʴʥʳʭ ʧʘʨʘ-

ʤʝʪʨʦʚ ʥʘ ʩʪʨʫʢʪʫʨʫ ʚʩʝʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ. ɼʣʷ ʵʪʦʛʦ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʘʪʝʤʘʪʠ-

ʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʦʩʪʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ, 

ʘ ʪʘʢʞʝ ʙʣʦʢʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʮʝʣʦʯʠʩʣʝʥʥʦʡ ʘʨʠʬʤʝʪʠʢʠ 

(fix), ʠ ʮʝʣʦʯʠʩʣʝʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʧʨʠʣʘʛʘʪʴ ʦʧʠʩʘʥʠʝ ʧʨʠʥʷʪʳʭ 

ʨʝʰʝʥʠʡ ʧʦ ʢʘʞʜʦʤʫ ʫʨʘʚʥʝʥʠʶ [1, 2]. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʩʣʝʜʷʱʝʛʦ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʩ ʙʘʨʘʙʘʥʥʦ-ʣʝʥʪʦʯʥʳʤ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤ ʤʝʭʘʥʠʟʤʦʤ, ʠ, ʚ ʯʘʩʪ-

ʥʦʩʪʠ, ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʨʦʛʨʘʤʤʥʦ-ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʝ ʙʣʦʢʠ, ʧʨʠʤʝʥʝʥʠʝ ʢʦʪʦ-

ʨʳʭ ʦʙʫʩʣʦʚʣʝʥʦ ʦʩʦʙʝʥʥʦʩʪʴʶ ʚʳʙʨʘʥʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʠ. 



76                                    ʉʝʢʮʠʷ 2. ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʵʣʝʢʪʨʦʧʨʠʚʦʜ 
 

ɺ ʨʘʤʢʘʭ ʪʨʝʙʦʚʘʥʠʡ, ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʢ ʩʣʝʜʷʱʝʤʫ ʵʣʝʢʪʨʦʧʨʠʚʦʜʫ, ʘ ʪʘʢʞʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʙʲʝʢʪʘ ʧʨʠʤʝʥʝʥʠʷ ʙʳʣʘ ʩʬʦʨʤʠʨʦʚʘʥʘ ʬʫʥʢʮʠʦ-

ʥʘʣʴʥʘʷ ʩʭʝʤʘ ʠʩʧʦʣʥʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩ. 1. ɺ 

ʩʦʩʪʘʚ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʚʭʦʜʷʪ: 

ï ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ 

ï ʪʨʝʭʬʘʟʥʳʡ ʤʦʩʪʦʚʦʡ ʠʥʚʝʨʪʦʨ; 

ï ʜʘʪʯʠʢʠ ʪʦʢʘ ʬʘʟ ɸ, ɺ, ʘ ʪʘʢʞʝ ʦʙʱʝʡ ʮʝʧʠ ʧʨʠʚʦʜʘ; 

ï ʠʩʧʦʣʥʠʪʝʣʴʥʳʡ ʙʝʩʢʦʥʪʘʢʪʥʳʡ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʩ 

ʜʘʪʯʠʢʘʤʠ ʧʦʣʦʞʝʥʠʷ ʨʦʪʦʨʘ ʪʠʧʘ ʤʘʛʥʠʪʦʫʧʨʘʚʣʷʝʤʳʭ ʤʠʢʨʦʩʭʝʤ 

(ʄʋʄ); 

ï ʙʘʨʘʙʘʥʥʦ-ʣʝʥʪʦʯʥʦʛʦ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ; 

ï ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʝʨʝʜʘʯ ʜʣʷ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʚʨʘʱʝʥʠʷ ʙʘʨʘʙʘʥʦʚ ʩ ʣʝʥʪʦʡ. 
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ʈʠʩ. 1. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʠʩʧʦʣʥʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ 

 

ʈʘʙʦʯʠʤ ʦʨʛʘʥʦʤ ʩʣʝʜʷʱʝʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʷʚʣʷʝʪʩʷ ʚʳʭʦʜʥʦʡ ʦʨʛʘʥ ʙʘ-

ʨʘʙʘʥʥʦ-ʣʝʥʪʦʯʥʦʛʦ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʡ ʣʠʥʝʡʥʦʝ 

ʧʝʨʝʤʝʱʝʥʠʝ ʧʨʠ ʧʝʨʝʤʘʪʳʚʘʥʠʠ ʣʝʥʪʳ ʩ ʦʜʥʦʛʦ ʙʘʨʘʙʘʥʘ ʥʘ ʜʨʫʛʦʡ. ɹʘʨʘʙʘʥʳ 

ʚʨʘʱʘʶʪʩʷ ʟʘ ʩʯʝʪ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʝʨʝʜʘʯ, ʩʦʝʜʠʥʝʥʥʳʭ ʩ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ.  

ʉʠʛʥʘʣʦʤ ʟʘʜʘʥʠʷ ʩʠʩʪʝʤʳ, ʧʦʩʪʫʧʘʶʱʠʤ ʧʦ ʮʠʬʨʦʚʦʤʫ ʠʥʪʝʨʬʝʡʩʫ, ʷʚ-

ʣʷʝʪʩʷ ʣʠʥʝʡʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʚʳʭʦʜʥʦʡ ʦʩʠ ʙʘʨʘʙʘʥʥʦ-ʣʝʥʪʦʯʥʦʛʦ ʠʩʧʦʣʥʠ-

ʪʝʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ. ɼʣʷ ʦʮʝʥʢʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʚʳʭʦʜʥʦʛʦ ʚʘʣʘ ʵʣʝʢʪʨʦʜʚʠ-

ʛʘʪʝʣʷ, ʘ ʪʘʢʞʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʡ ʧʣʘʚʥʦʩʪʠ ʭʦʜʘ ʚ ʩʪʨʫʢʪʫʨʝ ʵʣʝʢʪʨʦ-

ʧʨʠʚʦʜʘ ʧʨʠʤʝʥʷʶʪʩʷ ʜʘʪʯʠʢʠ ʪʦʢʘ, ʘ ʪʘʢʞʝ ʤʘʛʥʠʪʦʫʧʨʘʚʣʷʝʤʳʝ ʤʠʢʨʦʩʭʝʤʳ 

ʥʘ ʵʬʬʝʢʪʝ ʍʦʣʣʘ (ʄʋʄ), ʚʩʪʨʦʝʥʥʳʝ ʚ ʢʦʨʧʫʩ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ [3 - 6]. 

ʆʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʙʘʨʘʙʘʥʥʦ-ʨʦʣʠʢʦʚʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʝʨʝʜʘʯ ʨʘʟ-

ʣʠʯʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʦʤʧʦʥʦʚʦʯʥʳʤʠ, ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʤʠ ʪʨʝ-

ʙʦʚʘʥʠʷʤʠ, ʘ ʪʘʢʞʝ ʪʨʝʙʦʚʘʥʠʷʤʠ ʧʦ ʜʠʥʘʤʠʯʝʩʢʠʤ ʠ ʤʦʱʥʦʩʪʥʳʤ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʘʤ. ɼʦʩʪʦʠʥʩʪʚʦʤ ʜʘʥʥʳʭ ʧʝʨʝʜʘʯ ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʦʪʘ ʢʦʥʩʪʨʫʢʮʠʠ, ʥʝʚʳ-

ʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ, ʚʳʩʦʢʠʝ ʫʜʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʘ ʪʘʢʞʝ ʬʫʥʢʮʠʷ 

ʩʘʤʦʪʦʨʤʦʞʝʥʠʷ, ʟʘ ʩʯʝʪ ʧʨʷʤʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ ʠ ʚʳʭʦʜʥʦʡ 

ʦʩʴʶ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ [7].  



                                                              ɸʂʊʋɸʃʔʅʓɽ ʇʈʆɹʃɽʄʓ ʕʃɽʂʊʈʆʕʅɽʈɻɽʊʀʂʀ  77 

 

ʉʚʦʝ ʧʨʠʤʝʥʝʥʠʝ ʙʘʨʘʙʘʥʥʦ-ʨʦʣʠʢʦʚʳʝ ʧʝʨʝʜʘʯʠ ʧʦʣʫʯʠʣʠ ʚ ʧʝʨʚʫʶ ʦʯʝ-

ʨʝʜʴ ʚ ʨʦʙʦʪʦʪʝʭʥʠʢʝ, ʧʨʠʯʝʤ ʢʘʢ ʚ ʢʘʯʝʩʪʚʝ ʨʫʣʝʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʨʦʙʦʪʘ ʨʘʟ-

ʚʝʜʯʠʢʘ (ʨʠʩ. 2) [8ï10], ʪʘʢ ʠ ʚ ʵʣʝʢʪʨʦʧʨʠʚʦʜʝ ʟʘʭʚʘʪʘ ʨʦʙʦʪʘ ʤʘʥʠʧʫʣʷʪʦʨʘ 

(ʨʠʩ. 2) [11]; ʪʘʢʞʝ ʙʘʨʘʙʘʥʥʦ-ʨʦʣʠʢʦʚʳʝ ʤʝʭʘʥʠʯʝʩʢʠ ʧʝʨʝʜʘʯʠ ʧʨʠʤʝʥʷʶʪʩʷ 

ʚ ʩʪʘʥʢʘʭ ʥʘʤʦʪʢʠ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʣʝʥʪ ʠ ʢʘʥʘʪʦʚ [12]. 

 

  
ʘ) ʙ) 

  
ʚ) ʛ) 

 
ʈʠʩ. 2. ʆʙʲʝʢʪʳ, ʚ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʙʘʨʘʙʘʥʥʦ-ʨʦʣʠʢʦʚʳʝ  

ʠʩʧʦʣʥʠʪʝʣʴʥʳʝ ʧʝʨʝʜʘʯʠ 

 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʣʝʜʷʱʠʡ ʵʣʝʢʪʨʦʧʨʠʚʦʜ ʩ ʙʘʨʘʙʘʥʥʦ-

ʣʝʥʪʦʯʥʳʤ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤ ʤʝʭʘʥʠʟʤʦʤ, ʩʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʢʦʪʦʨʦʛʦ 

ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3. 

ʅʘ ʨʠʩ. 3, ʮʠʬʨʦʡ 7 ʦʙʦʟʥʘʯʝʥ ʨʝʜʫʢʪʦʨʥʳʡ ʤʝʭʘʥʠʟʤ ʜʣʷ ʩʦʛʣʘʩʦʚʘʥʠʷ 

ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʙʘʨʘʙʘʥʦʚ, ʮʠʬʨʦʡ 8 ʦʙʦʟʥʘʯʝʥʳ ʦʧʦʨʳ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ 9, ʮʠʬʨʦʡ 10 ʦʙʦʟʥʘʯʝʥʘ ʩʘʤʘ ʙʘʨʘʙʘʥʥʦ-ʨʦʣʠʢʦʚʘʷ ʤʝʭʘʥʠʯʝ-

ʩʢʘʷ ʧʝʨʝʜʘʯʘ, ʣʝʥʪʘ ʙʘʨʘʙʘʥʥʦ-ʨʦʣʠʢʦʚʦʡ ʧʝʨʝʜʘʯʠ ʥʝ ʧʦʢʘʟʘʥʘ. 

ʉʣʝʜʷʱʠʡ ʵʣʝʢʪʨʦʧʨʠʚʦʜ ʩ ʙʘʨʘʙʘʥʥʦ-ʣʝʥʪʦʯʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʝʡ 

ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʥʘ ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠʚʦʜʦʤ ʧʨʠʭʦʜʠʪ ʩʠʛʥʘʣ, 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʡ ʣʠʥʝʡʥʦʤʫ ʧʝʨʝʤʝʱʝʥʠʶ ʚʳʭʦʜʥʦʡ ʦʩʠ ʧʨʠʚʦʜʘ, ʥʘ ʢʦʪʦʨʦʡ 

ʫʩʪʘʥʦʚʣʝʥ ʜʘʪʯʠʢ ʧʦʣʦʞʝʥʠʷ ʪʘʢ, ʯʪʦ ʚʦʟʥʠʢʘʝʪ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʝ ʧʦ ʦʙʨʘʪʥʦʡ 

ʩʚʷʟʠ ʧʦ ʧʦʣʦʞʝʥʠʶ. ʉ ʫʯʝʪʦʤ ʢʦʥʪʫʨʦʚ ʧʦ ʩʢʦʨʦʩʪʠ ʠ ʪʦʢʘ ʚʦʟʥʠʢʘʝʪ ʩʠʛʥʘʣ 

ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ, ʢʦʪʦʨʳʡ ʩ ʫʯʝʪʦʤ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʠʜʝʪ ʢʘʢ ʩʢʚʘʞʥʦʩʪʴ ʦʪ-

ʢʨʳʪʠʷ ʐʀʄ ʩʠʛʥʘʣʦʚ ʫʧʨʘʚʣʝʥʠʷ ʩʠʣʦʚʳʤʠ ʪʨʘʥʟʠʩʪʦʨʘʤʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʚʨʘʱʝʥʠʠ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ 9 ʯʝʨʝʟ 

ʢʦʵʬʬʠʮʠʝʥʪ ʨʝʜʫʢʮʠʠ ʧʦʥʠʞʘʶʱʝʛʦ ʨʝʜʫʢʪʦʨʘ 7 ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʤʝʱʝʥʠʝ 

ʣʝʥʪʳ ʥʘ ʙʘʨʘʙʘʥʘʭ 11, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʥʝʦʙʭʦʜʠʤʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʨʘʙʦʯʝʛʦ 

ʦʨʛʘʥʘ ʧʨʠʚʦʜʘ. 
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ʈʠʩ. 3. ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʙʘʨʘʙʘʥʥʦ-ʣʝʥʪʦʯʥʦʛʦ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ 

 

ɺ ʨʘʤʢʘʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʭ ʙʣʦʢʦʚ ʨʝʛʫʣʷʪʦʨʘ ʩʪʨʫʢʪʫʨʥʘʷ 

ʩʭʝʤʘ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ, ʚʢʣʶʯʘʶʱʘʷ ʚ ʩʝʙʷ ʢʣʘʩʩʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʢ ʬʦʨʤʠʨʦʚʘ-

ʥʠʶ ʩʠʩʪʝʤʳ ʧʦʜʯʠʥʝʥʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʙʣʦʢ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʘ 

ʪʦʢʘ, ʙʣʦʢ ʥʘʙʣʶʜʘʪʝʣʷ ʧʦ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ ʠ ʪʦʢʫ, ʘ ʪʘʢʞʝ ʙʣʦʢ 120-ʪʠ ʛʨʘʜʫʩ-

ʥʦʡ ʢʦʤʤʫʪʘʮʠʠ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ, ʠʤʝʝʪ ʩʧʝʮʠʬʠʯʝʩʢʠʡ ʜʣʷ 

ʜʘʥʥʦʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʙʣʦʢ ʥʘʙʣʶʜʘʪʝʣʷ ʥʘʪʷʞʝʥʠʷ ʣʝʥʪʳ. ʆʥ ʦʧʨʝʜʝʣʷʝʪ ʥʝ 

ʪʦʣʴʢʦ ʤʝʭʘʥʠʯʝʩʢʠʡ ʠʟʥʦʩ ʣʝʥʪʳ, ʥʦ ʠ ʫʯʠʪʳʚʘʝʪ ʩʪʝʧʝʥʴ ʞʝʩʪʢʦʩʪʠ ʙʘʨʘʙʘʥʘ ʩ 

ʣʝʥʪʦʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʢʘʯʝʥʠʷ ʨʦʣʠʢʦʚ ʠ ʛʠʩʪʝʨʝʟʠʩʥʳʭ 

ʧʦʪʝʨʴ. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʣʝʜʷʱʝʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʩ ʙʘʨʘʙʘʥʥʦ-ʨʦʣʠʢʦʚʳʤ 

ʠʩʧʦʣʥʠʪʝʣʴʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 4. 
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ʈʠʩ. 4. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ 



                                                              ɸʂʊʋɸʃʔʅʓɽ ʇʈʆɹʃɽʄʓ ʕʃɽʂʊʈʆʕʅɽʈɻɽʊʀʂʀ  79 

 

ɼʘʥʥʳʡ ʥʘʙʣʶʜʘʪʝʣʴ ʥʘʪʷʞʝʥʠʷ ʣʝʥʪʳ ʩʪʨʦʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʤʘʪʝʤʘʪʠʯʝ-

ʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʞʝʩʪʢʦʩʪʠ ʙʘʨʘʙʘʥʘ ʩ ʣʝʥʪʦʡ ʧʨʠ ʩʤʦʪʢʝ ʠ ʥʘʤʦʪʢʝ ʥʘ ʥʝʛʦ ʩʪʘʣʴ-

ʥʦʡ ʣʝʥʪʳ. 

ʆʙʱʫʶ ʞʝʩʪʢʦʩʪʴ ʩʠʩʪʝʤʳ ʙʘʨʘʙʘʥʘ ʩ ʣʝʥʪʦʡ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ 

ʬʦʨʤʫʣʳ 1. 

 

    (1) 

 

ʛʜʝ ɽ ï ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʧʝʨʚʦʛʦ ʨʦʜʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʫʧʨʫʛʦʩʪʴ ʣʝʥʪʳ ʠ ʙʘ-

ʨʘʙʘʥʘ; ɺ ï ʰʠʨʠʥʘ ʧʦʣʦʩʳ; h ï ʪʦʣʱʠʥʘ ʧʦʣʦʩʳ; Lʇ ï ʦʙʱʘʷ ʜʣʠʥʘ ʧʦʣʦʩʳ ʥʘ 

ʜʚʫʭ ʙʘʨʘʙʘʥʘʭ; R ï ʨʘʜʠʫʩ ʙʘʨʘʙʘʥʘ ʩ ʥʘʤʦʪʘʥʥʦʡ ʣʝʥʪʦʡ; Rʙ ï ʨʘʜʠʫʩ ʙʘʨʘʙʘʥʘ; 

ɛ ï ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ. 

ɼʘʥʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʠʟʤʝʥʝʥʠʝ ʩʦʚʦʢʫʧʥʦʡ 

ʞʝʩʪʢʦʩʪʠ ʩʪʘʣʴʥʦʡ ʧʦʣʦʩʳ ʠ ʙʘʨʘʙʘʥʘ ʩ ʣʝʥʪʦʡ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʠʭ ʨʘʜʠʫʩʘ ʠ ʷʚ-

ʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʥʘʙʣʶʜʘʪʝʣʝʡ ʚ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ ʩʣʝʜʷʱʠʤ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʤ, ʩʪʘʙʠʣʠʟʠʨʫʷ ʧʘʨʘʤʝʪʨʳ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʩʣʝʜʷʱʝʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʩ-

ʥʦʚʫ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠʨʫʶʱʝʡ ʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʘʷ ʬʦʨʤʠʨʫʝʪʩʷ ʥʝ ʪʦʣʴʢʦ 

ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʚʳʢʣʘʜʦʢ, ʥʦ ʠ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʚʝʨʩʠʠ ʧʨʦʛʨʘʤʤʥʦ-ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʄʘʪʝʤʘʪʠʯʝ-

ʩʢʘʷ ʤʦʜʝʣʴ ʧʨʠʚʦʜʘ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʚ 

ʧʨʝʜʳʜʫʱʠʭ ʧʫʥʢʪʘʭ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 5.  

 

 
ʈʠʩ. 5. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʠʩʧʦʣʥʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʩ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ 

 

ɸʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʝ ʠ ʬʘʟʦ-ʯʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʧʨʠ ʥʦʤʠʥʘʣʴʥʦʤ ʥʘʧʨʷʞʝʥʠʠ ʧʠʪʘʥʠʷ, ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʚʭʦʜ 

ʤʦʜʝʣʠʨʫʶʱʝʡ ʩʪʨʫʢʪʫʨʳ ʩʠʛʥʘʣʘ ʫʧʨʘʚʣʝʥʠʷ ʚ ʚʠʜʝ ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʘ ʘʤ-

ʧʣʠʪʫʜʦʡ 4 ʠ 0,5 ʛʨʘʜʫʩʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 6.  

ʇʨʦʚʝʨʢʘ ʥʘ ʤʘʢʩʠʤʘʣʴʥʫʶ ʫʩʪʘʥʦʚʠʚʰʫʶʩʷ ʫʛʣʦʚʫʶ ʩʢʦʨʦʩʪʴ ʧʨʦʚʦʜʠ-

ʣʘʩʴ ʧʫʪʝʤ ʧʦʜʘʯʠ ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʚʭʦʜ ʩʠʩʪʝʤʳ, ʘʤʧʣʠʪʫʜʘ ʩʠʛʥʘʣʘ ʨʘʚ-

ʥʷʣʘʩʴ 30 ʛʨʘʜʫʩʘʤ, ʬʦʨʤʘ ʩʠʛʥʘʣʘ ï ʤʝʘʥʜʨ. 
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ʈʠʩ. 6. ɸʏʍ ʠ ʌʏʍ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʧʨʠ ʦʪʨʘʙʦʪʢʝ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ 

ʩʠʛʥʘʣʘ ʩ ʘʤʧʣʠʪʫʜʘʤʠ 0,5Á (- - - -) ʠ 4Á (╖╖╖╖ ╖╖ ╖ ╖ ╖) 

 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ, ʧʨʠʚʝʜʝʥʥʳʤ ʥʘ ʨʠʩ. 6, ɸʏʍ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʨʠʚʦʜʘ ʥʝ 

ʠʤʝʝʪ ʧʦʜʲʝʤʘ ʙʦʣʝʝ 1,01 ʦ. ʝ.  ʠ ʧʦʣʦʩʫ ʧʨʦʧʫʩʢʘʥʠʷ ʧʦ ʫʨʦʚʥʶ ï 3 ʜɹ (0.707 ʦ. 

ʝ.) 26 ɻʮ ʜʣʷ ʘʤʧʣʠʪʫʜʳ ʩʠʛʥʘʣʘ ʟʘʜʘʥʠʷ 4Á ʠ 22 ɻʮ ʜʣʷ ʘʤʧʣʠʪʫʜʳ ʩʠʛʥʘʣʘ ʟʘʜʘ-

ʥʠʷ 0,5Á. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʌʏʍ ʠʤʝʝʪ ʧʦʣʦʩʫ ʧʨʦʧʫʩʢʘʥʠʷ ʧʦ ʫʨʦʚʥʶ -40Á ʜʣʷ ʘʤ-

ʧʣʠʪʫʜʳ ʩʠʛʥʘʣʘ ʟʘʜʘʥʠʷ 4Áï25 ɻʮ ʠ ʜʣʷ ʩʠʛʥʘʣʘ ʟʘʜʘʥʠʷ ʘʤʧʣʠʪʫʜʦʡ 0,5Áï23 ɻʮ. 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʫʩʪʘʥʦʚʠʚʰʝʡʩʷ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʧʦʚʦʨʦʪʘ 

ʚʳʭʦʜʥʦʡ ʦʩʠ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ, ʥʘ ʚʭʦʜ ʧʦʜʘʚʘʣʩʷ ʩʠʛʥʘʣ ʘʤʧʣʠʪʫʜʘʤʠ 30Á. ɻʨʘ-

ʬʠʢ ʦʪʨʘʙʦʪʢʠ ʩʠʛʥʘʣʘ ʟʘʜʘʥʠʷ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. 7. 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʥʘ ʨʠʩ. 7, ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʯʠʪʘʪʴ ʫʩʪʘ-

ʥʦʚʠʚʰʫʶʩʷ ʫʛʣʦʚʫʶ ʩʢʦʨʦʩʪʴ ʚʳʭʦʜʥʦʡ ʦʩʠ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ. ʉ ʵʪʦʡ ʮʝʣʴʶ 

ʥʝʦʙʭʦʜʠʤʦ ʚʟʷʪʴ ʜʚʝ ʪʦʯʢʠ ʥʘ ʣʠʥʝʡʥʦʤ ʫʯʘʩʪʢʝ ʛʨʘʬʠʢʘ ʦʪʨʘʙʦʪʢʠ ʚʳʭʦʜʥʦʡ 

ʦʩʠ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʧʦ ʫʛʣʫ.  

 

 



                                                              ɸʂʊʋɸʃʔʅʓɽ ʇʈʆɹʃɽʄʓ ʕʃɽʂʊʈʆʕʅɽʈɻɽʊʀʂʀ  81 

 

ʋʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʳʭʦʜʥʦʡ ʦʩʠ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʩʣʝʜʫ-

ʶʱʝʡ ʬʦʨʤʫʣʝ: 

 

ὠ  
Ȣ Ȣ

Ȣ Ȣ
ςπψȢςÁȾʩ,                                     (2) 

ʛʜʝ ű1, ű2 ï ʟʥʘʯʝʥʠʝ ʫʛʣʦʚ ʚ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʪʦʯʢʘʭ ʥʘ ʣʠʥʝʡʥʦʤ ʫʯʘʩʪʢʝ ʛʨʘ-

ʬʠʢʘ ʦʪʨʘʙʦʪʢʠ ʚʳʭʦʜʥʦʡ ʦʩʠ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ; t1, t2 ï ʟʥʘʯʝʥʠʝ ʚʨʝʤʝʥʠ ʚ ʢʦʥ-

ʪʨʦʣʠʨʫʝʤʳʭ ʪʦʯʢʘʭ ʥʘ ʣʠʥʝʡʥʦʤ ʫʯʘʩʪʢʝ ʛʨʘʬʠʢʘ ʦʪʨʘʙʦʪʢʠ ʚʳʭʦʜʥʦʡ ʦʩʠ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ. 

 

 
 

ʈʠʩ. 7. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪʨʘʙʦʪʢʠ ʚʳʭʦʜʥʦʡ ʦʩʠ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʧʦ ʫʛʣʫ  

ʧʨʠ ʩʠʛʥʘʣʝ ʟʘʜʘʥʠʷ 30Á ʩ ʥʝʥʘʛʨʫʞʝʥʥʦʡ ʚʳʭʦʜʥʦʡ ʦʩʴʶ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʤʦʜʝʣʠʨʫʶʱʘʷ ʩʪʨʫʢʪʫʨʘ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ 

ʦʧʠʩʳʚʘʝʪ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʠ ʧʨʦʛʨʘʤʤʥʦ-ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʜʠʥʘʤʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. 

ʉʦʛʣʘʩʥʦ ʧʨʦʚʝʜʝʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ, ʜʘʥʥʘʷ ʤʦʜʝʣʠʨʫʶʱʘʷ ʩʪʨʫʢʪʫʨʘ ʤʦʞʝʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʢʘʢ ʦʩʥʦʚʘ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʝ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʉʣʝʜʷʱʠʡ ʵʣʝʢʪʨʦʧʨʠʚʦʜ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʣʫʯʠʣ ʩʘʤʦʝ ʰʠʨʦʢʦʝ ʨʘʩ-

ʧʨʦʩʪʨʘʥʝʥʠʝ ʙʣʘʛʦʜʘʨʷ ʢʘʢ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʧʨʦʛʨʘʤʤʥʦ-ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʩ ʧʦʩʪʨʦʝʥʠʝʤ ʚʩʝ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʪʘʢ ʠ ʟʘ ʩʯʝʪ 

ʚʥʝʜʨʝʥʠʷ ʥʝʪʠʧʠʯʥʳʭ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʩʪʨʦʝʥʠʷ ʩʣʝʜʷʱʝʛʦ ʵʣʝʢ-

ʪʨʦʧʨʠʚʦʜʘ ʩ ʙʘʨʘʙʘʥʥʦ-ʣʝʥʪʦʯʥʳʤ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤ ʤʝʭʘʥʠʟʤʦʤ, ʧʨʠʯʝʤ ʧʨʦ-

ʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʟʘʪʨʦʥʫʣ ʢʘʢ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʛʦ ʪʠʧʘ ʧʨʠʚʦʜʦʚ, ʦʩʚʝ-

ʪʠʣ ʢʦʥʩʪʨʫʢʪʠʚʥʦʝ ʠʩʧʦʣʥʝʥʠʝ ʜʘʥʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʝʨʝʜʘʯ, ʪʘʢ ʠ ʨʘʩʩʤʦʪʨʝʣ 

ʚʦʧʨʦʩ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʛʨʘʤʤʥʦ-ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʣʝʜʷʱʝʛʦ ʵʣʝʢ-

ʪʨʦʧʨʠʚʦʜʘ ʩ ʙʘʨʘʙʘʥʥʦ-ʣʝʥʪʦʯʥʳʤ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤ ʤʝʭʘʥʠʟʤʦʤ. 



82                                    ʉʝʢʮʠʷ 2. ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʵʣʝʢʪʨʦʧʨʠʚʦʜ 
 

ʉʬʦʨʤʠʨʦʚʘʥʥʦʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʠʣʦ ʨʘʟʨʘʙʦ-

ʪʘʪʴ ʤʦʜʝʣʠʨʫʶʱʫʶ ʩʪʨʫʢʪʫʨʫ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ, ʧʦʢʘʟʘʚʰʠʝ, ʯʪʦ ʯʘʩʪʦʪʥʳʝ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ 

ʦʪʚʝʯʘʶʪ ʧʦʩʪʘʚʣʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʘ ʧʦʣʫʯʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʜʪʚʝʨ-

ʞʜʘʶʪ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʚʳʢʣʘʜʢʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʚʦʧʨʦʩʳ ʧʦʟʚʦʣʠʣʠ ʚʳ-

ʷʚʠʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʬʘʢʪʦʨʳ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʙʘʨʘʙʘʥʥʦ-ʣʝʥʪʦʯʥʳʭ 

ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʩ ʮʝʣʴʶ ʜʘʣʴʥʝʡʰʝʛʦ ʠʭ ʚʥʝʜʨʝʥʠʷ ʚ ʦʙʲʝʢʪʳ ʨʘʟ-

ʣʠʯʥʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ. 
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FEATURES OF THE IMPLEMENTATION OF A TRACKING ELECTRIC 

DRIVE WITH A DRUM -BELT ACTUATOR  
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Abstract. This article discusses the synthesis of a tracking electric drive with a drum-belt ac-

tuator, with an analysis of the operating characteristics of an electric drive with a selected mechanical 

transmission.  
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ʋɼʂ 621.313.323 

 

ʊ.ʕ. ʄʫʨʪʘʟʠʥ, ɺ.ɻ. ʊʠʪʦʚ, ɸ.ɹ. ɼʘʨʴʝʥʢʦʚ 

 

ʉʀʅʊɽɿ ɸɼɸʇʊʀɺʅʆɻʆ ʈɽɻʋʃʗʊʆʈɸ ʉʂʆʈʆʉʊʀ  

ʏɸʉʊʆʊʅʆ-ʈɽɻʋʃʀʈʋɽʄʆɻʆ ʉʀʅʍʈʆʅʅʆɻʆ ʕʃɽʂʊʈʆʇʈʀɺʆɼɸ  

 
ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ 

 ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʈ.ɽ. ɸʣʝʢʩʝʝʚʘ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʘʚʪʦʨʘʤʠ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝ-

ʥʠʷ ʧʦ ʩʦʟʜʘʥʠʶ ʩʠʩʪʝʤʳ ʚʝʢʪʦʨʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩʠʥʭʨʦʥʥʳʤ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʤ ʩ ʨʝʛʫʣʷʪʦ-

ʨʦʤ ʩʢʦʨʦʩʪʠ, ʫʯʠʪʳʚʘʶʱʠʤ ʠʟʤʝʥʝʥʠʷ ʤʦʤʝʥʪʘ ʥʘʛʨʫʟʢʠ.  ʆʧʠʩʘʥʘ ʩʪʨʫʢʪʫʨʘ ʘʜʘʧʪʠʚʥʦʛʦ 

ʨʝʛʫʣʷʪʦʨʘ ʩʢʦʨʦʩʪʠ ʠ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʝʛʦ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. ʇʨʠʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 

ʩʠʩʪʝʤ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤ ʠ ʘʜʘʧʪʠʚʥʳʤ ʨʝʛʫʣʷʪʦʨʦʤ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʷ.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʜʘʧʪʠʚʥʳʡ ʨʝʛʫʣʷʪʦʨ, ʚʝʢʪʦʨʥʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʩʠʥʭʨʦʥʥʳʡ ʵʣʝʢʪʨʦ-

ʧʨʠʚʦʜ. 

 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʥʘʩʪʨʦʡʢʘ ʢʦʥʪʫʨʦʚ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚ ʩʠʩʪʝʤʘʭ 

ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʤ ʧʨʦʠʟʚʦʜʠʪʩʷ ʙʝʟ ʫʯʝʪʘ ʚʦʟʤʫʱʘʶʱʠʭ ʚʦʟʜʝʡ-

ʩʪʚʠʡ [1,2]. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʥʘʛʨʫʟʢʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʝʛʫʣʷʪʦʨʦʚ ʢʦʨʨʝʢ-

ʪʠʨʫʶʪʩʷ ʧʦʜ ʢʘʞʜʫʶ ʢʦʥʢʨʝʪʥʫʶ ʩʠʩʪʝʤʫ, ʣʠʙʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʪʦʜʳ ʧʦʜʙʦʨʘ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ [3]. ʆʜʥʘʢʦ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʚʣʠʷʥʠʝ ʤʦʤʝʥʪʘ ʥʘʛʨʫʟʢʠ ʥʘ 

ʨʘʙʦʪʫ ʩʠʩʪʝʤʳ ʦʢʘʟʳʚʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ. ʅʘʧʨʠʤʝʨ, ʥʘʛʨʫʟʢʘ ʥʘ ʩʫʜʦʚʦʡ 

ʛʨʝʙʥʦʡ ʵʣʝʢʪʨʦʧʨʠʚʦʜ ʚʦ ʚʨʝʤʷ ʩʠʣʴʥʦʡ ʢʘʯʢʠ ʥʘ ʚʦʜʝ ʠʟʤʝʥʷʝʪʩʷ ʚ ʰʠʨʦʢʠʭ 

ʧʨʝʜʝʣʘʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʩʥʠʞʘʝʪʩʷ ʜʦ ʥʫʣʷ ʚ ʤʦʤʝʥʪʳ ʦʛʦʣʝʥʠʷ ʛʨʝʙʥʦʛʦ ʚʠʥʪʘ. 

ʕʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʪʝʨʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʥʪʫʨʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʢʦʨʦʩʪʠ 

ʛʨʝʙʥʦʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʠ ʚʳʟʚʘʪʴ ʨʝʟʢʠʝ ʢʦʣʝʙʘʥʠʷ ʧʦʪʨʝʙʣʷʝʤʦʛʦ ʧʨʠʚʦʜʦʤ 

ʪʦʢʘ, ʯʪʦ ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʝʪ ʥʘ ʢʘʯʝʩʪʚʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʘʚʪʦʥʦʤʥʦʛʦ ʠʩʪʦʯʥʠʢʘ 

ʧʠʪʘʥʠʷ ʠ ʝʛʦ ʨʘʙʦʪʫ ʚ ʮʝʣʦʤ [4,5]. ʉ ʮʝʣʴʶ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʧʨʝʜʣʘ-

ʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʛʫʣʷʪʦʨʘ ʩʢʦʨʦʩʪʠ, ʘʜʘʧʪʠʨʫʶʱʝʛʦʩʷ ʢ ʠʟʤʝʥʝʥʠʷʤ ʤʦ-

ʤʝʥʪʘ ʥʘʛʨʫʟʢʠ. 

ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʨʘʩʯʝʪʦʚ ʚ ʢʘʯʝʩʪʚʝ ʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʨʘʩʩʤʦʪʨʠʤ 

ʥʝʷʚʥʦʧʦʣʶʩʥʫʶ ʩʠʥʭʨʦʥʥʫʶ ʤʘʰʠʥʫ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʤʘʛʥʠʪʘʤʠ ʥʘ ʨʦʪʦʨʝ. ʅʘ 

ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʩʦʩʪʦʷʥʠʷ ʩʪʘʪʦʨʘ ʠ ʚʳʨʘʞʝʥʠʷ ʵʣʝʢʪʨʦ-

ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʩʠʥʭʨʦʥʥʦʡ ʤʘʰʠʥʳ ʚʦ ʚʨʘʱʘʶʱʝʡʩʷ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 

d-q, ʘ ʪʘʢʞʝ ʚʪʦʨʦʛʦ ʟʘʢʦʥʘ ʅʴʶʪʦʥʘ ʜʣʷ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʘ 

ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʚʝʢʪʦʨʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩʠʥʭʨʦʥʥʳʤ ʵʣʝʢʪʨʦʧʨʠʚʦ-

ʜʦʤ ʚʦ ʚʨʘʱʘʶʱʝʡʩʷ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ d-q [6,7] (ʨʠʩ.1).  
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ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʩʠʥʭʨʦʥʥʳʤ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʤ 

 

ʇʝʨʝʜʘʪʦʯʥʳʝ ʬʫʥʢʮʠʠ ʢʦʥʪʫʨʦʚ ʪʦʢʘ ʩʚʦʜʷʪʩʷ ʢ ʘʧʝʨʠʦʜʠʯʝʩʢʦʤʫ ʟʚʝʥʫ 

1-ʛʦ ʧʦʨʷʜʢʘ ʩ ʫʯʝʪʦʤ ʩʣʝʜʫʶʱʠʭ ʜʦʧʫʱʝʥʠʡ: 

- ʧʦʩʪʦʷʥʥʦʡ ʚʨʝʤʝʥʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʊʧ ʚʚʠʜʫ ʝʸ ʤʘʣʦʩʪʠ ʤʦʞʥʦ ʧʨʝʥʝ-

ʙʨʝʯʴ; 

- ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ kʧ = 1; 

- ʚʣʠʷʥʠʝ ʧʝʨʝʢʨʝʩʪʥʳʭ ʩʚʷʟʝʡ ʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ. 

ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʜʣʷ ʥʘʩʪʨʦʡʢʠ ʢʦʥʪʫʨʦʚ ʪʦʢʘ ʥʘ ʤʦʜʫʣʴʥʳʡ ʦʧʪʠʤʫʤ, ʠʩ-

ʧʦʣʴʟʫʝʪʩʷ ʠʥʪʝʛʨʘʣʴʥʳʡ ʨʝʛʫʣʷʪʦʨ ʪʦʢʘ ʩ ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʝʡ  

 

ʨʪ
,

2

s
R

W
Tp

=  (1) 

ʛʜʝ Rs ï ʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʪʘʪʦʨʘ;  

sqsd

s s

LL
T

R R
= =  ï ʧʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠ ʢʦʥʪʫʨʦʚ ʪʦʢʘ; 

 Lsd = Lsq ï ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʩʪʘʪʦʨʘ ʚ ʦʩʷʭ d ʠ q ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

ʅʘʩʪʨʦʝʥʥʳʝ ʥʘ ʤʦʜʫʣʴʥʳʡ ʦʧʪʠʤʫʤ ʢʦʥʪʫʨʘ ʪʦʢʦʚ ʷʚʣʷʶʪʩʷ ʘʧʝʨʠʦʜʠʯʝ-

ʩʢʠʤʠ ʟʚʝʥʴʷʤʠ 1-ʛʦ ʧʦʨʷʜʢʘ ʩ ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʝʡ 

ʪ

1
.

2 1
W

Tp
=

+
 (2) 

ʉ ʫʯʝʪʦʤ ʵʪʦʛʦ ʩʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʳ ʚʝʢʪʦʨʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠʥʠʤʘʝʪ ʚʠʜ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩ. 2. 
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ʈʠʩ. 2. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʥʭʨʦʥʥʦʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʩ ʥʘʩʪʨʦʝʥʥʳʤʠ ʢʦʥʪʫʨʘʤʠ 

ʪʦʢʘ 

 

ʇʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʨʘʟʦʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ ʩ ʫʯʸʪʦʤ ʤʦʤʝʥʪʘ ʥʘʛʨʫʟʢʠ 

ʩʚʦʜʠʪʩʷ ʢ ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʠ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʦʧʪʠʤʫʤʘ: 

ʩ

ʨʩ

ʟ ʟ

4 11 1 1
,

2 1 4 2 ( 1)

T pM
W

Tp Jp T p T p T p

m

m m m

+å õw
= Ö - Ö = Öæ ö

w -w + w -w +ç ÷
 (3) 

ʛʜʝ ɤ ï ʩʢʦʨʦʩʪʴ ʧʨʠʚʦʜʘ; ɤʟ ï ʟʘʜʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ; Wʨʩ ï ʧʝʨʝʜʘʪʦʯʥʘʷ 

ʬʫʥʢʮʠʷ ʨʝʛʫʣʷʪʦʨʘ ʩʢʦʨʦʩʪʠ; ʄʩ ï ʤʦʤʝʥʪ ʥʘʛʨʫʟʢʠ; J ï ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ, ʧʨʠ-

ʚʝʜʝʥʥʳʡ ʢ ʚʘʣʫ ʜʚʠʛʘʪʝʣʷ; Tɛ = 2ʊ ï ʢʦʤʧʝʥʩʠʨʫʝʤʘʷ ʧʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠ. 

ʊʦʛʜʘ ʧʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʨʝʛʫʣʷʪʦʨʘ ʩʢʦʨʦʩʪʠ ʧʨʠʥʠʤʘʝʪ ʚʠʜ 

ʩ
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʠʣʠ ʇʀ-ʨʝʛʫʣʷʪʦʨ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʬʦʨʩʠʨʦʚʘʥʥʦʛʦ 

ʩʠʛʥʘʣʘ ʤʦʤʝʥʪʘ ʥʘʛʨʫʟʢʠ, ʯʪʦ ʵʢʚʠʚʘʣʝʥʪʥʦ ʫʚʝʣʠʯʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʝʛʫ-

ʣʷʪʦʨʘ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʥʘʛʨʫʟʢʠ ʠ ʥʘʦʙʦʨʦʪ. ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʦʤ, 

ʩʠʛʥʘʣ ʬʦʨʩʠʨʫʶʱʝʛʦ ʜʠʬʬʝʨʝʥʮʠʨʫʶʱʝʛʦ ʟʚʝʥʘ ʥʝʦʙʭʦʜʠʤʦ ʬʠʣʴʪʨʦʚʘʪʴ. ʇʦ-

ʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠ ʬʠʣʴʪʨʘ Tʜ ʦʙʳʯʥʦ ʚʳʙʠʨʘʝʪʩʷ ʚ 2-20 ʨʘʟ ʤʝʥʴʰʝ, ʯʝʤ ʧʦʩʪʦ-

ʷʥʥʘʷ ʚʨʝʤʝʥʠ ʬʠʣʴʪʨʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʟʚʝʥʘ [8]. ʄʦʤʝʥʪ ʥʘʛʨʫʟʢʠ ʤʦʞʥʦ 

ʚʳʯʠʩʣʠʪʴ ʠʟ ʩʠʛʥʘʣʦʚ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʧʦ ʩʢʦʨʦʩʪʠ ɤ ʠ ʪʦʢʫ Iq, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ 

ʫʨʘʚʥʝʥʠʠ ʚʪʦʨʦʛʦ ʟʘʢʦʥʘ ʅʴʶʪʦʥʘ ʜʣʷ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ. ʉʪʨʫʢʪʫʨʘ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʘʜʘʧʪʠʚʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʩʢʦʨʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 3. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʠʟʣʦʞʝʥʥʦʛʦ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʠʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʩʠʥ-

ʭʨʦʥʥʦʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʜʣʷ ʛʨʝʙʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ ʩʫʜʥʘ ʚ ʧʨʦ-

ʛʨʘʤʤʥʦʤ ʧʘʢʝʪʝ Matlab Simulink [9,10]. ʅʘ ʨʠʩ. 4 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʷ ʧʫʩʢʘ ʩ ʮʝʥʪʨʦʙʝʞʥʦʡ ʥʘʛʨʫʟʢʦʡ ʥʘ ʚʘʣʫ ʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ (ʩ 0 

ʧʦ 4 ʩ), ʟʘʪʝʤ ʠʤʠʪʠʨʦʚʘʥʘ ʢʘʯʢʘ ʥʘ ʚʦʜʝ (ʩ 4 ʧʦ 14 ʩ) ʩ ʦʛʦʣʝʥʠʝʤ ʛʨʝʙʥʦʛʦ ʚʠʥʪʘ 

ʥʘ 9 ʩʝʢʫʥʜʝ. 
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ʈʠʩ. 3. ʉʪʨʫʢʪʫʨʘ ʘʜʘʧʪʠʚʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʩʢʦʨʦʩʪʠ 

 

 
ʈʠʩ. 4. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʚ ʫʩʣʦʚʠʷʭ ʢʘʯʢʠ: 

ʩ ʢʣʘʩʩʠʯʝʩʢʠʤ ʨʝʛʫʣʷʪʦʨʦʤ (ʘ); ʩ ʫʚʝʣʠʯʝʥʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ 

(ʙ); ʩ ʘʜʘʧʪʠʚʥʳʤ ʨʝʛʫʣʷʪʦʨʦʤ (ʚ) 
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ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʠ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʥʘʩʪʨʦʝʥʥʦʛʦ ʥʘ ʩʠʤʤʝʪʨʠʯʥʳʡ ʦʧʪʠʤʫʤ ʨʝʛʫʣʷʪʦʨʘ 

ʩʢʦʨʦʩʪʠ ʧʨʠʚʦʜ ʥʝ ʫʩʧʝʚʘʝʪ ʚʳʡʪʠ ʥʘ ʥʦʤʠʥʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʟʘ ʦʪʚʝʜʝʥʥʦʝ 

ʚʨʝʤʷ, ʘ ʩ ʥʘʯʘʣʦʤ ʢʘʯʢʠ ʥʝ ʩʧʦʩʦʙʝʥ ʧʦʜʜʝʨʞʠʚʘʪʴ ʟʘʜʘʥʥʫʶ ʩʢʦʨʦʩʪʴ. ʂʣʘʩʩʠ-

ʯʝʩʢʠʡ ʨʝʛʫʣʷʪʦʨ ʩ ʫʚʝʣʠʯʝʥʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʧʣʘʚʥʦ ʠ ʙʝʟ ʧʝʨʝʨʝʛʫʣʠʨʦ-

ʚʘʥʠʷ ʚʳʭʦʜʠʪ ʥʘ ʟʘʜʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʟʘ 2 ʩʝʢʫʥʜʳ, ʦʜʥʘʢʦ ʚʦ ʚʨʝʤʷ ʢʘʯʢʠ ʩʢʦ-

ʨʦʩʪʴ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʟʘʜʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʥʘ 5 %. ɸ ʚ ʤʦʤʝʥʪ ʦʛʦʣʝʥʠʷ ʛʨʝʙʥʦʛʦ 

ʚʠʥʪʘ ʩʠʩʪʝʤʘ ʪʝʨʷʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʜʘʧʪʠʚʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ 

ʝʛʦ ʢʦʵʬʬʠʮʠʝʥʪʳ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦʜʩʪʨʘʠʚʘʶʪʩʷ ʧʦʜ ʠʟʤʝʥʝʥʠʷ ʤʦʤʝʥʪʘ 

ʥʘʛʨʫʟʢʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʙʦʣʝʝ ʙʳʩʪʨʳʡ ʧʫʩʢ ʤʝʥʝʝ ʯʝʤ ʟʘ 1 ʩʝʢʫʥʜʫ ʩ ʧʝʨʝʨʝʛʫʣʠ-

ʨʦʚʘʥʠʝʤ ʚ 1,5 %. ɺʦ ʚʨʝʤʷ ʢʘʯʢʠ ʨʝʛʫʣʷʪʦʨ ʩʪʘʙʠʣʴʥʦ ʧʦʜʜʝʨʞʠʚʘʝʪ ʩʢʦʨʦʩʪʴ 

ʥʘ ʟʘʜʘʥʥʦʤ ʟʥʘʯʝʥʠʠ ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤʠ ʦʪʢʣʦʥʝʥʠʷʤʠ (ʤʝʥʝʝ 1 %). 
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SYNTHESIS OF AN ADAPTIVE SPEED CONTROLLER FOR A 
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Abstract. The article observes the scientific and technical solutions developed by the authors 

to create a vector control system for a synchronous electric drive with a speed controller that takes 

into account changes in the load moment. The structure of the adaptive speed controller and the 

method of calculating its coefficients are described. A comparative analysis of systems with classical 

and adaptive regulators based on simulation results is presented.  
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ɸ.ʉ. ʅʘʛʦʨʥʳʡ 

 

ʉʀʅʊɽɿ ʅɸɹʃʖɼɸʊɽʃʗ ʅɸ ʆʉʅʆɺɽ ʉʂʆʃʔɿʗʑʀʍ ʈɽɾʀʄʆɺ 

ʉʆʉʊʆʗʅʀʗ ʋɻʃɸ ʇʆʃʆɾɽʅʀʗ ɺɸʃɸ ʉɼʇʄ ʉ ʅɸɻʈʋɿʂʆʁ 

ʉʊʋʇɽʅʏɸʊʆɻʆ ʊʀʇɸ 

 
ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ 

 ʫʥʠʚʝʨʩʠʪʝʪ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥ ʩʠʥʪʝʟ ʥʘʙʣʶʜʘʪʝʣʷ ʥʘ ʙʘʟʝ ʧʨʝʜʥʘʤʝʨʝʥʥʳʭ ʩʢʦʣʴ-

ʟʷʱʠʭ ʨʝʞʠʤʦʚ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʫʛʣʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʚʘʣʘ ʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩ ʚʦʟʙʫʞʜʝ-

ʥʠʝʤ ʦʪ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ ʠ ʚʝʢʪʦʨʥʦʡ ʤʦʜʝʣʴʶ ʫʧʨʘʚʣʝʥʠʷ. ʄʦʜʝʣʠʨʫʝʤʳʡ ʚ ʩʪʘʪʴʝ ʜʚʠ-

ʛʘʪʝʣʴ ʠʤʝʝʪ 80ɺʪ ʤʦʱʥʦʩʪʠ ʠ 3000 ʦʙ/ʤʠʥ ʥʦʤʠʥʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ. ʇʨʦʚʝʜʝʥʦ ʮʠʬʨʦʚʦʝ ʤʦ-

ʜʝʣʠʨʦʚʘʥʠʝ ʜʣʷ ʘʥʘʣʠʟʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʥʘʙʣʶʜʘʪʝʣʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʘʷ 

ʩʠʩʪʝʤʘ ʧʦʢʘʟʳʚʘʝʪ ʢʘʯʝʩʪʚʝʥʥʳʝ ʠ ʩʪʘʙʠʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʨʘʙʦʪʳ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʘʙʣʶʜʘʪʝʣʴ, ʩʢʦʣʴʟʷʱʠʝ ʨʝʞʠʤʳ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ. 

 

ɺʚʝʜʝʥʠʝ 

ʉʠʥʭʨʦʥʥʳʝ ʜʚʠʛʘʪʝʣʠ ʩ ʚʦʟʙʫʞʜʝʥʠʝʤ ʦʪ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ (ʉɼʇʄ) 

ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʚʦʟʳʤʝʣ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʢʘʢ ʚ ʮʝʣʦʤ ʚ ʧʨʦʤʳʰ-

ʣʝʥʥʦʩʪʠ, ʪʘʢ ʠ ʚʦ ʤʥʦʛʠʭ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚʘʭ [1ï3]. ʇʨʠʯʠʥʦʡ ʵʪʦʤʫ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʚʦʸʤ ʧʦʩʣʫʞʠʣʠ ʩʣʝʜʫʶʱʠʝ ʬʘʢʪʦʨʳ: ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʚʠʛʘʪʝʣʷʤʠ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, ʉɼʇʄ ʠʤʝʶʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʥʘʜʝʞʥʦʩʪʴ ʠ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʝ 

ʧʦʢʘʟʘʪʝʣʠ, ʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʜʚʠʛʘʪʝʣʷʤʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ, ʉɼʇʄ 

ʧʦʢʘʟʳʚʘʝʪ ʣʫʯʰʝ ʫʜʝʣʴʥʫʶ ʤʦʱʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

[3,4].  

ɼʣʷ ʉɼʇʄ ʩʫʱʝʩʪʚʫʶʪ ʜʚʝ ʦʩʥʦʚʥʳʝ ʤʝʪʦʜʠʢʠ ʫʧʨʘʚʣʝʥʠʷ ï ʚʝʢʪʦʨʥʦʝ 

ʫʧʨʘʚʣʝʥʠʝ ʠ ʧʨʷʤʦʝ ʫʧʨʘʚʣʝʥʠʝ ʤʦʤʝʥʪʦʤ ʥʘ ʦʩʥʦʚʝ ʪʘʙʣʠʮʳ ʧʝʨʝʢʣʶʯʝʥʠʡ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʨʝʣʝʡʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ. ʀ ʭʦʪʷ ʤʝʪʦʜʠʢʘ ʧʨʷʤʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʤʦ-

ʤʝʥʪʦʤ ʧʦʢʘʟʳʚʘʝʪ ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʨʝʭʦʜ-

ʥʳʭ ʧʨʦʮʝʩʩʦʚ [5], ʧʫʣʴʩʘʮʠʷ ʤʦʤʝʥʪʘ ʚ ʩʪʘʪʠʯʝʩʢʠʭ ʨʝʞʠʤʘʭ ʜʝʣʘʝʪ ʜʘʥʥʫʶ ʤʝ-

ʪʦʜʠʢʫ ʥʝʞʝʣʘʪʝʣʴʥʦʡ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʩʠʩʪʝʤʘʭ, ʛʜʝ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʜʝʨʞʘʥʠʝ 

ʩʢʦʨʦʩʪʠ ʠʣʠ ʤʦʤʝʥʪʘ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʚʝʢʪʦʨʥʦʝ ʫʧʨʘʚʣʝ-

ʥʠʝ ʉɼʇʄ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʤʝʪʦʜʘ ʧʨʷʤʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʤʦʤʝʥʪʦʤ ʤʝʥʴʰʠʤʠ ʟʘ-

ʪʨʘʪʘʤʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ, ʤʝʥʴʰʠʤʠ ʧʦʪʝʨʷʤʠ, ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʙʦʣʴ-

ʰʝʡ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴʶ, ʘ ʪʘʢʞʝ ʙʦʣʝʝ ʰʠʨʦʢʠʤ ʜʠʘʧʘʟʦʥʦʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ [6]. ʀʩʭʦʜʷ ʠʟ ʚʩʝʭ ʚʳʰʝʦʧʠʩʘʥʥʳʭ ʬʘʢʪʦ-

ʨʦʚ, ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥ ʉɼʇʄ ʩ ʨʝʘʣʠʟʘʮʠʝʡ ʥʘ ʙʘʟʝ ʚʝʢʪʦʨʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ.  

ɼʣʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʥʝʦʙʭʦʜʠʤʦ ʥʝʧʨʝ-

ʨʳʚʥʦ ʠ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʟʥʘʪʴ ʫʛʣʦʚʫʶ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʉɼʇʄ, 
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ʘ ʪʘʢʞʝ ʝʛʦ ʫʛʣʦʚʦʝ ʧʦʣʦʞʝʥʠʝ. ʊʝʭʥʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʧʦʣʫʯʝ-

ʥʠʷ ʵʪʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚʦʟʤʦʞʥʘ ʜʚʫʤʷ ʧʫʪʷʤʠ. ʇʝʨʚʳʡ ï ɻ ʪʦ ʫʩʪʘʥʦʚʠʪʴ ʬʠʟʠʯʝ-

ʩʢʠʡ ʜʘʪʯʠʢ ʥʘ ʚʘʣʫ ʜʚʠʛʘʪʝʣʷ. ɺʪʦʨʦʡ ï ʵʪʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ 

ʦʮʝʥʢʠ ʪʨʝʙʫʝʤʳʭ ʢʦʦʨʜʠʥʘʪ. ʇʨʠʤʝʥʝʥʠʝ ʜʘʪʯʠʢʦʚ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ 

ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʭ ʠ ʠʥʝʨʮʠʦʥʥʳʭ ʧʦʢʘʟʘʪʝʣʷʭ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʘʰʠʥʳ [5,7]. ɺʪʦ-

ʨʦʡ ʞʝ ʤʝʪʦʜ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʦʪʩʫʪʩʪʚʠʝ ʬʠʟʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ, ʯʪʦ ʚ ʜʦʧʦʣʥʝʥʠʝ 

ʧʦʚʳʰʘʝʪ ʥʘʜʝʞʥʦʩʪʴ ʩʠʩʪʝʤʳ ʟʘ ʩʯʸʪ ʥʝʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʢ ʚʠʙʨʘʮʠʷʤ ʠ ʨʝʟ-

ʢʠʤ ʨʝʞʠʤʘʤ ʨʘʙʦʪʳ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʘʰʠʥʳ.  

ʉʠʩʪʝʤʳ ʦʮʝʥʢʠ ʢʦʦʨʜʠʥʘʪ ʩʦʩʪʦʷʥʠʷ ʫʛʣʘ ʠ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʚʘʣʘ 

ʉɼʇʄ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʪʨʠ ʪʠʧʘ. ʌʠʣʴʪʨ ʈ. ʂʘʣʤʘʥʘ, ʢʦʪʦʨʳʡ ʨʘʟʨʘʙʘʪʳʚʘ-

ʝʪʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʜʣʷ ʢʘʞʜʦʛʦ ʩʣʫʯʘʷ, ʘ ʪʘʢʞʝ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪ-

ʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʤʝʪʦʜʠʢʘʤʠ [8]. ɺʪʦʨʦʡ ʪʠʧ ï ɻ ʪʦ ʘʜʘʧ-

ʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʩ ʵʪʘʣʦʥʥʦʡ ʤʦʜʝʣʴʶ, ʙʦʣʝʝ ʠʟʚʝʩʪʥʦʝ, ʢʘʢ Model reference 

adaptive system (MRAS). ɼʣʷ ʢʘʯʝʩʪʚʝʥʥʦʡ ʨʝʘʣʠʟʘʮʠʠ MRAS-ʩʠʩʪʝʤʳ ʥʝʦʙʭʦ-

ʜʠʤʦ ʢʘʢ ʤʦʞʥʦ ʙʦʣʝʝ ʪʦʯʥʦ ʟʥʘʪʴ ʜʘʥʥʳʝ ʦʙ ʉɼʇʄ, ʢʘʢ ʠʟʥʘʯʘʣʴʥʳʝ, ʪʘʢ ʠ 

ʪʝʢʫʱʠʝ [9]. ʀ ʪʨʝʪʠʡ ʪʠʧ ï ʥʘʙʣʶʜʘʪʝʣʴ ʩ ʧʨʝʜʥʘʤʝʨʝʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ ʩʢʦʣʴ-

ʟʷʱʠʭ ʨʝʞʠʤʦʚ. ɼʘʥʥʳʝ ʥʘʙʣʶʜʘʪʝʣʠ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʠʤʝʶʪ ʚʳʩʦʢʦʝ ʘʣʛʦʨʠʪ-

ʤʠʯʝʩʢʦʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʠ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʚʘʞʥʦ, ʤʘʣʦʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʨʘʟʣʠʯ-

ʥʳʤ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ʠ ʥʝʩʪʘʮʠʦʥʘʨʥʦʩʪʷʤ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ [10].  

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥ ʥʘʙʣʶʜʘʪʝʣʴ ʩʦʩʪʦʷʥʠʷ ʫʛʣʘ ʧʦʣʦʞʝʥʠʷ 

ʥʘ ʦʩʥʦʚʝ ʧʨʝʜʥʘʤʝʨʝʥʥʦ ʦʨʛʘʥʠʟʦʚʘʥʥʳʭ ʩʢʦʣʴʟʷʱʠʭ ʨʝʞʠʤʦʚ ʩ ʥʘʛʨʫʟʢʦʡ ʩʪʫ-

ʧʝʥʯʘʪʦʛʦ ʪʠʧʘ ʠ ʪʨʝʤʷ ʨʝʞʠʤʘʤʠ ʚʢʣʶʯʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʩʪʫʧʠʪ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʧʘʢʝʪʝ MATLAB Simulink. 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ 

ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʙʣʶʜʘʪʝʣʷ ʥʘ ʦʩʥʦʚʝ ʧʨʝʜʥʘʤʝʨʝʥʥʦ ʦʨʛʘʥʠʟʦʚʘʥ-

ʥʳʭ ʩʢʦʣʴʟʷʱʠʭ ʨʝʞʠʤʦʚ ʥʝʦʙʭʦʜʠʤʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʜʠʥʘʤʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ 

ʉɼʇʄ ʚ ʦʩʷʭ Ŭ, ɓ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (1) ʧʨʠʚʝʜʝʥʘ ʜʘʣʝʝ. 

 (1) 

 

ʛʜʝ  ï ʘʣʛʝʙʨʘʠʯʝʩʢʠʝ ʚʝʢʪʦʨʳ ʥʘʧʨʷʞʝʥʠʡ ʚ ʦʩʷʭ Ŭ ʠ ɓ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ,  ï 

ʘʣʛʝʙʨʘʠʯʝʩʢʠʝ ʚʝʢʪʦʨʳ ʪʦʢʦʚ ʚ ʦʩʷʭ Ŭ ʠ ɓ,  ʠ  ï ʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠ 

ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʬʘʟʥʦʡ ʦʙʤʦʪʢʠ,   ï ʘʣʛʝʙʨʘʠʯʝʩʢʠʝ ʚʝʢʪʦʨʳ ʕɼʉ ʚʨʘʱʝʥʠʷ 

ʩʪʘʪʦʨʘ ʚ ʦʩʷʭ Ŭ ʠ ɓ. 

ɼʘʣʝʝ ʚ ʩʠʩʪʝʤʝ ʫʨʘʚʥʝʥʠʡ (2) ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʘʟʣʦʞʝʥʠʝ ʚʝʢʪʦʨʦʚ ʕɼʉ 

ʚʨʘʱʝʥʠʷ ʩʪʘʪʦʨʘ.  

 (2) 
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ʛʜʝ  ï ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʝ ʨʦʪʦʨʘ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ,  ï 

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʫʛʦʣ ʜʚʠʛʘʪʝʣʷ, ʧʦʣʫʯʘʝʤʳʡ ʧʫʪʝʤ ʧʨʦʠʟʚʝʜʝʥʠʷ ʬʠʟʠʯʝʩʢʦʛʦ 

ʫʛʣʘ ʧʦʣʦʞʝʥʠʷ  ʥʘ ʯʠʩʣʦ ʧʘʨ ʧʦʣʶʩʦʚ ʜʚʠʛʘʪʝʣʷ. 

ɺʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʩʠʩʪʝʤʘʤʠ (1) ʠ (2) ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʙʫʜʝʪ ʩʬʦʨʤʠʨʦ-

ʚʘʥ, ʥʘʙʣʶʜʘʪʝʣʴ ʧʦʣʥʦʛʦ ʧʦʨʷʜʢʘ (3) ʚ ʦʩʷʭ Ŭ ʠ ɓ [11].  

 (3) 

 

ʛʜʝ 
Ĕ
s
i  ï ʦʮʝʥʢʠ ʧʝʨʝʤʝʥʥʳʭ,  ï ʩʪʘʙʠʣʠʟʠʨʫʶʱʘʷ ʜʦʙʘʚʢʘ ʦʰʠʙʢʠ 

ʥʘʙʣʶʜʝʥʠʷ. 

ɺ ʩʣʫʯʘʝ ʥʘʙʣʶʜʘʪʝʣʷ ʥʘ ʦʩʥʦʚʝ ʩʢʦʣʴʟʷʱʠʭ ʨʝʞʠʤʦʚ ʩʪʘʙʠʣʠʟʠʨʫʶʱʘʷ 

ʜʦʙʘʚʢʘ ʬʦʨʤʠʨʫʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʣʝʡʥʦʛʦ ʵʣʝʤʝʥʪʘ. ʉ ʫʯʝʪʦʤ ʨʝʣʝʡʥʦʛʦ 

ʵʣʝʤʝʥʪʘ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʝ ʜʦʙʘʚʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʩʠʩʪʝʤʝ (4):  

 (4) 

 

ʛʜʝ  ʠ  ï ʢʦʵʬʬʠʮʠʝʥʪʳ, ʨʘʚʥʳʝ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ ʧʦ ʤʦʜʫʣʶ  ʠ 

 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, sign ï ʬʫʥʢʮʠʷ ʟʥʘʢʘ, ʧʨʠʥʠʤʘʶʱʘʷ ʟʥʘʯʝʥʠʷ  ʠʩʭʦʜʷ ʠʟ 

ʟʥʘʢʘ ʘʨʛʫʤʝʥʪʘ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʩʠʩʪʝʤ ʫʨʘʚʥʝʥʠʡ (3), (4) ʠ ʫʩʣʦʚʠʷ  ʩʧʨʘʚʝʜʣʠʚʘ ʩʣʝ-

ʜʫʶʱʘʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (5): 

 (5) 

 

ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʮʝʥʦʢ ʥʘʙʣʶʜʝʥʠʷ ʕɼʉ ʥʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ, ʯʪʦ ʬʫʥʢ-

ʮʠʷ sign ʥʦʩʠʪ ʨʘʟʨʳʚʥʳʡ ʭʘʨʘʢʪʝʨ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʥʘ ʚʳʭʦʜʝ ʬʫʥʢʮʠʠ 

ʥʘʙʣʶʜʘʪʝʣʷ ʜʦʙʘʚʠʪʴ ʬʠʣʴʪʨ ʥʠʟʢʠʭ ʯʘʩʪʦʪ (6). ʂʦʪʦʨʳʡ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʥʦ-

ʩʠʪ ʢʦʥʝʯʥʫʶ ʦʰʠʙʢʫ ʥʘʙʣʶʜʝʥʠʷ ʠʟ-ʟʘ ʭʘʨʘʢʪʝʨʥʦʛʦ ʩʤʝʱʝʥʠʷ ʦʮʝʥʢʠ.  

ʅʠʚʝʣʠʨʦʚʘʪʴ ʜʘʥʥʫʶ ʦʰʠʙʢʫ ʥʘʙʣʶʜʝʥʠʷ ʚʦʟʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ ʚʚʝʜʝʥʠʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʙʨʘʪʥʳʭ ʩʚʷʟʝʡ ʚ ʥʘʙʣʶʜʘʪʝʣʝ ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʢʦʨʨʝʢʪʠ-

ʨʦʚʢʠ ʢʦʥʝʯʥʦʛʦ ʫʛʣʘ.  

 (6) 
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ʛʜʝ  ï ʧʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠ ʬʠʣʴʪʨʘ,  ï ʦʧʝʨʘʪʦʨ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ . 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʦʥʝʯʥʳʡ ʚʠʜ ʥʘʙʣʶʜʘʪʝʣʷ ʕɼʉ ʚʨʘʱʝʥʠʷ ʩʪʘʪʦʨʘ ʥʘ ʦʩ-

ʥʦʚʝ ʩʢʦʣʴʟʷʱʠʭ ʨʝʞʠʤʦʚ ʧʨʠʤʝʪ ʚʠʜ (7):  

.

 
(7) 

 

ʋʛʦʣ ʧʦʚʦʨʦʪʘ ʚʳʨʘʞʘʝʤ ʯʝʨʝʟ ʬʫʥʢʮʠʶ ʘʨʢʪʘʥʛʝʥʩʘ (8):  

.

 (8) 

 

ʎʠʬʨʦʚʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ɺ ʢʘʯʝʩʪʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʮʠʬʨʦʚʦʝ ʤʦ-

ʜʝʣʠʨʦʚʘʥʠʝ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʧʘʢʝʪʝ MATLAB Simulink. ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʨʝʘʣʠʟʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ (7). ɼʘʣʝʝ, ʥʘ ʨʠʩ. 2, ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʮʠʬʨʦʚʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ.  
 

 
ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʥʘʙʣʶʜʘʪʝʣʷ ʕɼʉ ʥʘ ʦʩʥʦʚʝ ʩʢʦʣʴʟʷʱʠʭ ʨʝʞʠʤʦʚ ʚ 

MATLAB Simulink  

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠʨʫʝʤʦʛʦ ʉɼʇʄ ï ʜʚʝ ʧʘʨʳ ʧʦʣʶʩʦʚ, ʤʦʱ-

ʥʦʩʪʴ 80 ɺʪ, 4,6 ɸ ʬʘʟʥʳʡ ʪʦʢ, ʥʦʤʠʥʘʣʴʥʘʷ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ 3000 ʦʙ/ʤʠʥ ʠʣʠ 

314,5 ʨʘʜ/ʩʝʢ. ʊʘʢ ʢʘʢ ʬʫʥʢʮʠʷ arctan ʠʤʝʝʪ ʧʠʣʦʦʙʨʘʟʥʳʡ ʭʘʨʘʢʪʝʨ, ʜʣʷ ʩʨʘʚʥʝ-

ʥʠʷ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʚ ʥʘʙʣʶʜʘʪʝʣʝ  ʩ ʫʛʣʦʤ ʧʦʚʦʨʦʪʘ ʚ ʩʠʩʪʝʤʝ , ʚʳʭʦʜ arctan 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʚ ʥʝʧʨʝʨʳʚʥʦ-ʚʦʟʨʘʩʪʘʶʱʫʶ ʬʫʥʢʮʠʶ ʧʦʩʨʝʜʩʪʚʦʤ 
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ʧʨʠʙʘʚʣʝʥʠʷ  ʢʘʞʜʳʡ ʨʘʟ, ʢʦʛʜʘ ʬʫʥʢʮʠʷ ʜʦʩʪʠʛʘʝʪ ʧʠʢʦʚʦʛʦ ʟʥʘʯʝʥʠʷ ʠ ʧʝ-

ʨʝʢʣʶʯʘʝʪʩʷ ʥʘ ʥʦʚʳʡ ʢʨʫʛ. 

 

 

ʈʠʩ. 2. ʈʝʟʫʣʴʪʘʪʳ ʮʠʬʨʦʚʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ MATLAB Simulink:  

1 ï ʩʪʘʪʠʯʝʩʢʘʷ ʦʰʠʙʢʘ , 2 ï ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʜʚʠʛʘʪʝʣʷ, 3 ï ʤʦʤʝʥʪ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʷ (ʥʘʛʨʫʟʢʘ) 

 

ʅʘʛʨʫʟʢʘ ʧʦʜʘʝʪʩʷ ʚ 3 ʩʪʫʧʝʥʠ, ʧʝʨʚʘʷ ʨʘʚʥʘ 25 % ʦʪ ʥʦʤʠʥʘʣʴʥʦʡ, ʚʪʦʨʘʷ 

ʨʘʚʥʘ 50 % ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʪʨʝʪʴʷ 100 %. ʋʩʪʘʥʦʚʠʚʰʘʷʩʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ 

ʜʚʠʛʘʪʝʣʷ ʨʘʚʥʘ ʥʦʤʠʥʘʣʴʥʦʡ ï 3000 ʦʙ/ʤʠʥ. ʉʪʘʪʠʯʝʩʢʘʷ ʦʰʠʙʢʘ ʚʦ ʚʨʝʤʷ ʧʫʩʢʘ 

ʜʚʠʛʘʪʝʣʷ ʤʝʥʝʝ, ʯʝʤ ʟʘ 0,04 ʬʘʢʪʠʯʝʩʢʠ ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʦʡ 0, ʦʪʢʣʦʥʝʥʠʷ ʧʨʠ 

ʧʦʜʘʯʝ ʥʘʛʨʫʟʢʠ ʤʝʥʝʝ 0,05 ʨʘʜʠʘʥ ʠ ʧʦʯʪʠ ʤʛʥʦʚʝʥʥʦ ʩʚʦʜʷʪʩʷ ʢ 0. 

ɺʳʚʦʜ 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʜʝʣʘʥʥʦʡ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʨʘʙʦʪʳ ʩʠʥʪʝʟʠʨʦʚʘʥ 

ʥʘʙʣʶʜʘʪʝʣʴ ʥʘ ʦʩʥʦʚʝ ʧʨʝʜʥʘʤʝʨʝʥʥʦ ʦʨʛʘʥʠʟʦʚʘʥʥʳʭ ʩʢʦʣʴʟʷʱʠʭ ʨʝʞʠʤʦʚ 

ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʫʛʣʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʚʘʣʘ ʜʚʠʛʘʪʝʣʷ ʉɼʇʄ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʩʦ 

ʩʪʫʧʝʥʯʘʪʦʡ ʥʘʛʨʫʟʢʦʡ ʚ ʨʘʤʢʘʭ ʥʦʤʠʥʘʣʴʥʦʡ. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘ-

ʟʳʚʘʶʪ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʥʘʙʣʶʜʘʪʝʣʷ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʚʨʘʱʝʥʠʷ ʚʘʣʘ ʜʚʠʛʘʪʝʣʷ ʥʘ ʥʦʤʠʥʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʢʘʢ ʩ ʥʘʛʨʫʟʢʦʡ, ʪʘʢ ʠ ʙʝʟ ʥʝʸ. 
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SYNTHESIS OF THE SLIDING MODE OBSERVER OF THE SHAFT 

POSITION ANGLE PMSM WITH STEP LOAD  

 
Novosibirsk State Technical University  

Novosibirsk, Russia 

 
Abstract. The article considers the synthesis of an observer based on deliberate sliding modes 

for calculating the angular position of a permanent magnet synchronous motor shaft with a vector 

control model. The modeled engine in the article has 80W of power and 3000 rpm of rated speed. A 

digital simulation to analyze the observer's performance was performed. As a result, the synthesized 

system shows high-quality and stable performance parameters. 

 

Key words: observer, sliding mode, automatisation. 
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ɸ.ɻ. ʉʝʨʛʝʝʚ 

 

ʇʈɽʆɹʈɸɿʆɺɸʊɽʃʔ ʏɸʉʊʆʊʓ ɼʃʗ ʉʀʅʍʈʆʅʅʓʍ ɼɺʀɻɸʊɽʃɽʁ 

ʉ ʇʆʉʊʆʗʅʅʓʄʀ ʄɸɻʅʀʊɸʄʀ ʀ ɼɺʋʄʗ ʆɹʄʆʊʂɸʄʀ 

 
ɸʆ çɺʩʝʨʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʨʝʣʝʩʪʨʦʝʥʠʷè 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʠʥʮʠʧʳ ʫʧʨʘʚʣʝʥʠʷ ʩʠʥʭʨʦʥʥʳʤ ʜʚʠʛʘʪʝʣʝʤ ʩ 

ʧʦʩʪʦʷʥʥʳʤʠ ʤʘʛʥʠʪʘʤʠ. ʈʘʩʩʤʦʪʨʝʥ ʩʧʝʮʠʘʣʴʥʳʡ ʩʠʥʭʨʦʥʥʳʡ ʜʚʠʛʘʪʝʣʴ ʩ ʧʦʩʪʦʷʥʥʳʤʠ 

ʤʘʛʥʠʪʘʤʠ ʠ ʜʚʫʤʷ ʦʙʤʦʪʢʘʤʠ. ʆʧʠʩʘʥ ʘʣʛʦʨʠʪʤ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʥʭʨʦʥʥʳʡ ʜʚʠʛʘʪʝʣʴ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʤʘʛʥʠʪʘʤʠ, ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ 

ʯʘʩʪʦʪʳ, ʜʘʪʯʠʢ ʧʦʣʦʞʝʥʠʷ ʨʦʪʦʨʘ, ʘʣʛʦʨʠʪʤ ʫʧʨʘʚʣʝʥʠʷ. 

 

ʉʠʥʭʨʦʥʥʳʝ ʜʚʠʛʘʪʝʣʠ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʤʘʛʥʠʪʘʤʠ (ʉɼʇʄ) ʧʦʣʫʯʠʣʠ ʟʥʘ-

ʯʠʪʝʣʴʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʢʘʢ ʘʣʴʪʝʨʥʘʪʠʚʘ ʜʚʠʛʘʪʝʣʷʤ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, 

ʜʚʫʭʬʘʟʥʳʤ ʘʩʠʥʭʨʦʥʥʳʤ ʠ ʰʘʛʦʚʳʤ. ʉɼʇʄ ʙʦʣʝʝ ʚʩʝʛʦ ʧʨʠʤʝʥʷʶʪ ʚ ʨʝʞʠʤʝ 

ʙʝʩʢʦʣʣʝʢʪʦʨʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ (ɹɼʇʊ), ʯʪʦ ʧʨʠʙʣʠʞʘʝʪ ʠʭ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ ʢ ʪʘʢʦʚʳʤ ʫ ʜʚʠʛʘʪʝʣʝʡ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, ʢʦʪʦʨʳʝ ʩʯʠʪʘʶʪʩʷ ʵʪʘ-

ʣʦʥʥʳʤʠ [1, 2]. ʉɼʇʄ ʩʦʚʤʝʱʘʶʪ ʧʨʦʩʪʦʪʫ ʢʦʥʩʪʨʫʢʮʠʠ ʜʚʠʛʘʪʝʣʝʡ ʧʝʨʝʤʝʥ-

ʥʦʛʦ ʪʦʢʘ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʛʘʪʝʣʝʡ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. ʆʥʠ ʦʙʣʘ-

ʜʘʶʪ ʩʣʝʜʫʶʱʠʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ: 

- ʚʳʩʦʢʠʡ ʢ.ʧ.ʜ. ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ, ʚ ʪʦʤ ʯʠʩʣʝ, 

ʠ ʥʘ ʧʦʥʠʞʝʥʥʳʭ ʩʢʦʨʦʩʪʷʭ; 

- ʧʨʦʩʪʦʪʘ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʦʪʩʫʪʩʪʚʠʝ ʧʦʪʝʨʴ ʥʘ ʚʦʟʙʫʞʜʝʥʠʝ; 

- ʥʝʚʳʩʦʢʘʷ ʠʥʝʨʮʠʷ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʦʤ ʤʦʤʝʥʪʝ; 

- ʥʝʙʦʣʴʰʠʝ ʛʘʙʘʨʠʪʳ. ʅʘʧʨʠʤʝʨ, ʘʩʠʥʭʨʦʥʥʘʷ ʤʘʰʠʥʘ ʘʥʘʣʦʛʠʯʥʦʡ ʤʦʱ-

ʥʦʩʪʠ ʠ ʢʣʘʩʩʘ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʜʚʘ ʨʘʟʘ ʙʦʣʴʰʝ ʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠ-

ʛʘʪʝʣʷ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʤʘʛʥʠʪʘʤʠ; 

- ʧʦʜʜʝʨʞʘʥʠʝ ʤʦʤʝʥʪʘ ʥʘ ʚʘʣʫ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ 

ʜʘʞʝ ʥʘ ʤʘʣʳʭ ʦʙʦʨʦʪʘʭ; 

- ʥʝ ʠʤʝʝʪ ʱʝʪʦʢ, ʧʦʵʪʦʤʫ ʝʛʦ ʣʝʛʢʦ ʫʩʪʘʥʦʚʠʪʴ ʠ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʪʝʭ-

ʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ; 

- ʠʤʝʝʪ ʪʦʣʴʢʦ ʦʙʤʦʪʢʫ ʩʪʘʪʦʨʘ, ʧʦʵʪʦʤʫ ʝʛʦ ʪʝʧʣʦʚʳʜʝʣʝʥʠʝ ʤʝʥʴʰʝ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʱʝʪʦʯʥʳʤ ʜʚʠʛʘʪʝʣʝʤ. 

ʉɼʇʄ ̫ʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʤʘʰʠʥʦʡ ʚ ʜʠʘʧʘʟʦʥʝ ʤʘʣʳʭ ʠ 

ʩʨʝʜʥʠʭ ʤʦʱʥʦʩʪʝʡ ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʚʳʩʦʢʠʤ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠ-

ʢʘʤ. ʕʪʠ ʢʘʯʝʩʪʚʘ ʚʳʜʝʣʷʶʪ ʝʛʦ ʠʟ ʨʷʜʘ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʤʘʰʠʥ ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʝʤʫ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʠʩʪʝʤʘʭ ʘʚʪʦʤʘʪʠʢʠ, ʧʨʠʚʦʜʘʭ ʧʦʜʘʯʠ ʩʪʘʥʢʦʚ, ʧʨʝʮʠʟʠʦʥ-

ʥʳʭ ʩʠʩʪʝʤʘʭ ʩʣʝʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʚ ʩʠʩʪʝʤʘʭ, ʛʜʝ ʩʪʘʙʠʣʴʥʦʩʪʴ ʩʢʦʨʦʩʪʠ ʷʚʣʷʝʪʩʷ 

ʧʝʨʚʦʩʪʝʧʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʝʤ, ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤʫ ʧʨʦʮʝʩʩʫ. 
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ɺ ʥʘʯʘʣʝ ʍʍI ʚ. ɸʆ çʅʀʀʕʌɸè (ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ) ʚʝʣ ʨʘʙʦʪʳ ʧʦ ʨʘʟ-

ʨʘʙʦʪʢʝ ʉɼʇʄ ʥʘ ʙʦʣʴʰʠʝ ʤʦʱʥʦʩʪʠ. ʕʪʦ ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʙʣʘʛʦʜʘʨʷ ʧʦʷʚʣʝ-

ʥʠʶ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ. ɺ ʨʝ-

ʟʫʣʴʪʘʪʝ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʜʚʠʛʘʪʝʣʴ ʩʝʨʠʠ ɼɺʄ-12500-3000 ʤʦʱʥʦʩʪʴʶ 12,5 ʄɺʪ 

[3]. ʋʥʠʢʘʣʴʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚ ʩʪʘʪʦʨʝ ʨʘʩʧʦʣʦʞʝʥʳ ʜʚʝ 

ʦʙʤʦʪʢʠ, ʩʦʝʜʠʥʝʥʥʳʝ ʚ ʟʚʝʟʜʫ ʠ ʩʜʚʠʥʫʪʳʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʥʘ 30 ʛʨʘʜʫʩʦʚ. ʇʘ-

ʨʘʤʝʪʨʳ ʉɼʇʄ ɼɺʄ-12500-3000 ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1. 
ʊʘʙʣʠʮʘ 1 

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳʜʚʠʛʘʪʝʣʷ ɼɺʄ-12500-3000 

 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʘ ʠ ʝʜʠʥʠʮʘ ʠʟʤʝʨʝʥʠʷ ɿʥʘʯʝʥʠʝ 

ʅʦʤʠʥʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ, ʢɺʪ 12500 

ʅʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ ʦʪ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ, ʢɺ 6,3 

ʅʦʤʠʥʘʣʴʥʳʡ ʪʦʢ ʬʘʟʳ ʦʜʥʦʡ ʦʙʤʦʪʢʠ ʚ ʜʣʠ-

ʪʝʣʴʥʦʤ ʨʝʞʠʤʝ (ʜʝʡʩʪʚʫʶʱʝʝ ʟʥʘʯʝʥʠʝ), ɸ 
700 

ʄʘʢʩʠʤʘʣʴʥʳʡ ʪʦʢ ʬʘʟʳ ʦʜʥʦʡ ʦʙʤʦʪʢʠ ʚ (ʜʝʡ-

ʩʪʚʫʶʱʝʝ ʟʥʘʯʝʥʠʝ), ɸ 
840 

ʏʠʩʣʦ ʧʘʨ ʧʦʣʶʩʦʚ 6 

ʅʦʤʠʥʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ, ʦʙ/ʤʠʥ 3000 

ɼʠʘʧʘʟʦʥ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʦʙʦʨʦʪʦʚ ʜʚʠʛʘʪʝʣʷ, % 5-100 

ʏʘʩʪʦʪʘ ʥʘʧʨʷʞʝʥʠʷ ʩʪʘʪʦʨʘ ʧʨʠ ʥʦʤʠʥʘʣʴʥʦʡ 

ʩʢʦʨʦʩʪʠ 
300 

ʂʇɼ ʚ ʥʦʤʠʥʘʣʴʥʦʤ ʨʝʞʠʤʝ, ʥʝ ʤʝʥʝʝ 0,97 

ʂʣʘʩʩ ʠʟʦʣʷʮʠʠ F 

 

ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ ʉɼʇʄ [4, 5].  ɺ ɸʆ çʅʀʀʕʌɸè 

ʧʦʣʴʟʫʶʪʩʷ ʩʭʝʤʦʡ ʟʘʤʝʱʝʥʠʷ (ʤʦʜʝʣʴ) ʤʘʰʠʥʳ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ {d q 0}, 

ʚʨʘʱʘʶʱʝʡʩʷ ʩ ʯʘʩʪʦʪʦʡ wR ʩʠʥʭʨʦʥʥʦ ʩ ʨʦʪʦʨʦʤ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 

1. ʆʩʴ d ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʩʦʚʤʝʱʝʥʘ ʩ ʧʨʦʜʦʣʴʥʦʡ ʦʩʴʶ ʧʦʣʶʩʘ ʨʦʪʦʨʘ, ʩʦ-

ʟʜʘʶʱʝʛʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʝ ʬʘʟʳ U1. ʆʩʴ q ʧʨʠʥʷʪʘ ʦʪʩʪʘʶʱʝʡ ʦʪ 

ʦʩʠ d ʥʘ 90Á. ɺʩʝ ʧʘʨʘʤʝʪʨʳ ʥʘ ʩʭʝʤʘʭ ʠ ʜʘʣʝʝ, ʚ ʫʨʘʚʥʝʥʠʷʭ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮʘʭ. ɹʘʟʠʩʥʳʝ ʚʝʣʠʯʠʥʳ, ʧʨʠʥʷʪʳʝ ʚ ʤʦʜʝʣʠ, ʧʨʝʜʩʪʘʚ-

ʣʝʥʳ ʚ ʪʘʙʣ. 2. ʇʘʨʘʤʝʪʨʳ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʜʝʤʧʬʝʨʥʳʭ ʢʦʥʪʫʨʦʚ ("kd" ʠ "kq") 

ʧʨʠʚʝʜʝʥʳ ʢ ʩʪʘʪʦʨʫ. ʇʨʠ ʚʳʚʦʜʝ ʫʨʘʚʥʝʥʠʡ ʧʨʠʥʷʪʳ ʪʘʢʠʝ ʫʩʣʦʚʥʳʝ ʧʦʣʦʞʠ-

ʪʝʣʴʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʪʦʢʦʚ ʠ ʥʘʧʨʷʞʝʥʠʡ, ʯʪʦʙʳ ʘʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ, ʦʪʜʘʚʘʝ-

ʤʘʷ ʦʙʤʦʪʢʘʤʠ ʚ ʩʝʪʴ (ʠʣʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ), ʙʳʣʘ ʧʦʣʦʞʠʪʝʣʴʥʦʡ. 
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ʊʘʙʣʠʮʘ 2 

ɹʘʟʦʚʳʝ ʚʝʣʠʯʠʥʳ ʜʣʷ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮ 

 
ʅʘʠʤʝʥʦʚʘʥʠʝ ʙʘʟʠʩʥʦʡ ʚʝʣʠʯʠʥʳ ʆʙʦʟʥʘʯʝʥʠʝ (ʚʳ-

ʨʘʞʝʥʠʝ) 

ɿʥʘʯʝʥʠʝ 

ʊʦʢ ʦʙʤʦʪʢʠ ʩʪʘʪʦʨʘ, ɸ 
1ɹI  990 

ʅʘʧʨʷʞʝʥʠʝ ʦʙʤʦʪʢʠ ʩʪʘʪʦʨʘ, ɺ 
1ɹU  5144 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʦʙʤʦʪʢʠ ʩʪʘʪʦʨʘ, ʆʤ 
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ʈʠʩ. 1. ʉʭʝʤʳ ʟʘʤʝʱʝʥʠʷ ʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʤʘʛʥʠʪʘʤʠ ʠ ʩʠʩʪʝʤʳ 

ʢʦʦʨʜʠʥʘʪ 
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ʛʜʝ sr  - ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʪʘʪʦʨʘ; kdr , 
kqr  - ʘʢʪʠʚʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʝʤʧʬʝʨʥʳʭ ʢʦʥ-

ʪʫʨʦʚ ʦʩʷʭ d ʠ q; kdLs , 
kqLs  - ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʜʝʤʧʬʝʨʥʳʭ ʢʦʥʪʫʨʦʚ ʚ ʦʩʷʭ d ʠ q; 

Rw  - ʩʢʦʨʦʩʪʴ ʨʦʪʦʨʘ; ɹw  - ʙʘʟʦʚʘʷ ʯʘʩʪʦʪʘ; du , 
qu  - ʥʘʧʨʷʞʝʥʠʷ ʚ ʦʩʷʭ d ʠ q; di , 

qi  - 

ʪʦʢʠ ʜʚʠʛʘʪʝʣʷ ʚ ʦʩʷʭ d ʠ q; kdi , 
kqi - ʪʦʢʠ ʜʝʤʧʬʝʨʥʳʭ ʢʦʥʪʫʨʦʚ ʚ ʦʩʷʭ d ʠ q;  0Y  - 

ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʝ ʢʦʥʪʫʨʘ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ; dY , 
qY  - ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʷ ʜʚʠʛʘʪʝʣʷ 

ʚ ʦʩʷʭ d ʠ q; kdY , 
kqY  - ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʷ ʜʝʤʧʬʝʨʥʳʭ ʢʦʥʪʫʨʦʚ ʚ ʦʩʷʭ d ʠ q; ʇʄY  - 

ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʝ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ; TM  - ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦʣʦʚʠʥʳ 

ʚʥʝʰʥʝʛʦ ʤʦʤʝʥʪʘ ʥʘ ʚʘʣʫ (ʚ ʜʚʠʛʘʪʝʣʴʥʦʤ ʨʝʞʠʤʝ <0); ʕʄM  - ɻ ʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ 

ʤʦʤʝʥʪ ʜʚʠʛʘʪʝʣʷ. 

ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʛʘʪʝʣʝʤ ɼɺʄ-12500-3000 ɸʆ çɺʅʀʀʈè ʨʘʟʨʘʙʦʪʘʣ 

ʩʧʝʮʠʘʣʴʥʦʝ ʠʩʧʦʣʥʝʥʠʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ (ʇʏ) ʥʘ ʦʩʥʦʚʝ ʩʝʨʠʠ ABS-

DRIVE [6, 7]. ʊʘʢ ʢʘʢ ʫ ʜʚʠʛʘʪʝʣʷ ʜʚʝ ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʦʙʤʦʪʢʠ, ʙʳʣʦ ʨʝʰʝʥʦ ʇʏ 

ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʘ ʧʦʣʫʢʦʤʧʣʝʢʪʘ ʧʦ ʧʨʠʥʮʠʧʫ çʚʝʜʫʱʠʡè ʠ çʚʝʜʦʤʳʡè. ʇʦʣʫ-

ʢʦʤʧʣʝʢʪ çʚʝʜʫʱʠʡè ʧʦʜʢʣʶʯʘʣʩʷ ʢ ʦʙʤʦʪʢʘʤ U1V1W1, ʘ ʧʦʣʫʢʦʤʧʣʝʢʪ çʚʝʜʦ-

ʤʳʡè ï ʢ ʦʙʤʦʪʢʘʤ U2V2W2.  ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠ-

ʛʘʪʝʣʝʤ ɼɺʄ-12500-3000 ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ.2. ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʨʝʘʣʠʟʦ-

ʚʘʥʘ ʚʦ ʚʨʘʱʘʶʱʝʡʩʷ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ Oxy (ʦʙʦʟʥʘʯʝʥʠʷ, ʧʨʠʥʷʪʳʝ ʚ ɸʆ 

çɺʅʀʀʈè, ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʢʦʦʨʜʠʥʘʪʘʤ Odq).  ɺ ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ ʥʘ ʦʙʘ ʧʦʣʫʢʦʤ-



                                                              ɸʂʊʋɸʃʔʅʓɽ ʇʈʆɹʃɽʄʓ ʕʃɽʂʊʈʆʕʅɽʈɻɽʊʀʂʀ  101 

 

ʧʣʝʢʪʘ ʠʤʝʝʪʩʷ ʦʜʠʥ ʦʙʱʠʡ ʨʝʛʫʣʷʪʦʨ ʩʢʦʨʦʩʪʠ (ʈʉ), ʢʦʪʦʨʳʡ ʟʘʜʘʝʪ ʪʦʢ. ɺ ʢʘʞ-

ʜʦʤ ʧʦʣʫʢʦʤʧʣʝʢʪʝ ʠʤʝʶʪʩʷ ʨʝʛʫʣʷʪʦʨʳ ʪʦʢʘ (ʈʊ) ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ x, y. ʉʠʛʥʘʣʳ 

ʫʧʨʘʚʣʝʥʠʷ ʚ ʢʦʦʨʜʠʥʘʪʘʭ x, y ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ ʪʨʝʭʬʘʟʥʫʶ ʩʠʩʪʝʤʫ ɸ, ɺ, ʉ ʚ 

ʢʦʦʨʜʠʥʘʪʥʦʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝ (ʂʇ) ʠ ʜʘʣʝʝ ʧʦʜʘʶʪʩʷ ʥʘ ʙʣʦʢ ʰʠʨʦʪʥʦ-ʠʤʧʫʣʴ-

ʩʥʦʡ ʤʦʜʫʣʷʮʠʠ (ʐʀʄ). ɸʚʪʦʥʦʤʥʳʡ ʠʥʚʝʨʪʦʨ ʥʘʧʨʷʞʝʥʠʷ (ɸʀʅ) ʚʳʧʦʣʥʝʥ 

ʧʦ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ʩʭʝʤʝ [7]. ʊʘʢ ʢʘʢ ʜʚʝ ʦʙʤʦʪʢʠ ʜʚʠʛʘʪʝʣʷ ʩʜʚʠʥʫʪʳ ʥʘ 30 ʛʨʘ-

ʜʫʩʦʚ, ʪʦ ʪʨʝʭʬʘʟʥʳʝ ʩʠʛʥʘʣʳ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ɸʀʅ ʜʚʫʭ ʧʦʣʫʢʦʤʧʣʝʢʪʦʚ ʪʘʢʞʝ 

ʜʦʣʞʥʳ ʙʳʪʴ ʩʜʚʠʥʫʪʳ ʥʘ 30 ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʛʨʘʜʫʩʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʚʘ ʧʦʣ-

ʢʦʤʧʣʝʢʪʘ ʜʦʣʞʥʳ ʨʘʙʦʪʘʪʴ ʩʠʥʭʨʦʥʥʦ ʩʦ ʩʜʚʠʛʦʤ ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʛʥʘʣʦʚ ʥʘ 30 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʛʨʘʜʫʩʦʚ. ʉʠʥʭʨʦʥʠʟʘʮʠʷ ʩʠʛʥʘʣʦʚ ʫʧʨʘʚʣʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤ ʢʦʥʪʨʦʣʣʝʨʦʤ ʩʠʣʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʠ, ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʚ ɸʆ 

çɺʅʀʀʈè. ɼʠʩʢʨʝʪʥʦʩʪʴ ʩʠʛʥʘʣʦʚ ʫʧʨʘʚʣʝʥʠʷ ʢʦʥʪʨʦʣʣʝʨʘ 40 ʤʢʩ. ʂʦʥʪʨʦʣʣʝʨ 

ʚ ʚʝʜʫʱʝʤ ʧʦʣʫʢʦʤʧʣʝʢʪʝ, ʛʜʝ ʨʝʘʣʠʟʦʚʘʥ ʈʉ, ʟʘʜʘʝʪ ʩʠʛʥʘʣʳ ʫʧʨʘʚʣʝʥʠʷ ʠ ʚ 

ʚʝʜʦʤʳʡ ʧʦʣʫʢʦʤʧʣʝʢʪ: ʩʠʛʥʘʣʳ ʟʘʜʘʥʠʷ ʪʦʢʘ Ὥ̈ ,Ὥ̈  ʠ ʩʠʛʥʘʣʳ ʩ ʧʨʝʦʙʨʘʟʦʚʘ-

ʪʝʣʷ çʘʥʘʣʦʛ-ʯʘʩʪʦʪʘè (ʇɸʏ) cos ɗ, sin ɗ. ɺ ʚʝʜʦʤʳʡ ʧʦʣʫʢʦʤʧʣʝʢʪ ʇʏ ʧʦʜʘʶʪʩʷ 

ʩʠʛʥʘʣʳ cos (ɗ-30↔), sin (ɗ-30↔). 

 

 
ʈʠʩ. 2. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʛʘʪʝʣʝʤ ɼɺʄ-12500-3000: 

ʈʉ ï ʨʝʛʫʣʷʪʦʨ ʩʢʦʨʦʩʪʠ; ʈʊʭ, ʈʊy ï ʨʝʛʫʣʷʪʦʨʳ ʪʦʢʘ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ x ʠ y; ʇɸʏ ï ʧʨʝʦʙʨʘ-

ʟʦʚʘʪʝʣʴ çʘʥʘʣʦʛ-ʯʘʩʪʦʪʘè; ʂʇ ï ʢʦʦʨʜʠʥʘʪʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ; ʆʂʇ ï ʦʙʨʘʪʥʳʡ ʢʦʦʨʜʠ-

ʥʘʪʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ; ʐʀʄ ï ʰʠʨʦʪʥʦ-ʠʤʧʫʣʴʩʥʳʡ ʤʦʜʫʣʷʪʦʨ; ɸʀʅ ï ʘʚʪʦʥʦʤʥʳʡ ʠʥ-

ʚʝʨʪʦʨ ʥʘʧʨʷʞʝʥʠʷ; ɼʊ ï ʜʘʪʯʠʢ ʪʦʢʘ; ʄ ï ʩʠʥʭʨʦʥʥʳʡ ʜʚʠʛʘʪʝʣʴ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʤʘʛʥʠʪʘʤʠ 

ʠ ʜʚʫʤʷ ʦʙʤʦʪʢʘʤʠ ʩʪʘʪʦʨʘ; ɼʇʈ ï ʜʘʪʯʠʢ ʧʦʣʦʞʝʥʠʷ ʨʦʪʦʨʘ; iʭ, iy ï ʪʦʢʠ ʩʪʘʪʦʨʘ ʧʦ ʢʦʦʨʜʠ-

ʥʘʪʘʤ x ʠ y; Uʫx, Uyy  ï ʫʧʨʘʚʣʷʶʱʠʝ ʩʠʛʥʘʣʳ ʢʦʦʨʜʠʥʘʪʘʤ x ʠ y; UʫA, UʫB, UʫC ï ʪʨʝʭʬʘʟ-

ʥr ʝ ʫʧʨʘʚʣʷʶʱʠʝ ʩʠʛʥʘʣʳ ʚ ʐʀʄ 
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ʌʦʨʤʫʣʳ ʂʇ: 

cos(ɗ ɗ) sin(ɗ ɗ)

cos(ɗ ɗ) sin(ɗ ɗ)

a x xa y xa

b y xa x xa

u u u

u u u

= -D - -Dëî
ì
= -D + -Dîí

; 

ʛʜʝɗD=0 ʜʣʷ ʚʝʜʫʱʝʛʦ ʧʦʣʫʢʦʤʧʣʝʢʪʘ ʇʏ, ɗD =30↔ ʜʣʷ ʚʝʜʦʤʦʛʦ ʧʦʣʫʢʦʤʧʣʝʢʪʘ 

ʇʏ. 

î
í

î
ì

ë

--=

+-=

=

bayC

bayB

aʫA

uuu

uuu

uu

866,05,0

866,05,0 . 

ʆʙʨʘʪʥʳʡ ʢʦʦʨʜʠʥʘʪʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ (ʆʂʇ) ʧʨʝʦʙʨʘʟʫʶʪ ʪʨʝʭʬʘʟʥʳʝ 

ʩʠʛʥʘʣʳ ʪʦʢʘ ʩʪʘʪʦʨʘ ʠʟ ʥʝʧʦʜʚʠʞʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ A, B, C ʚ ʧʦʩʪʦʷʥʥʳʝ 

ʩʠʛʥʘʣʳ ʚʨʘʱʘʶʱʝʡʩʷ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ x, y. 

ʌʦʨʤʫʣʳ ʆʂʇ: 

î
í

î
ì

ë

-=

=

)(
3

1
CBb

Aa

iii

ii

 

cos(ɗ ɗ) sin(ɗ ɗ)

cos(ɗ ɗ) sin(ɗ ɗ)

x a xa b xa

y b xa a xa

i i i

i i i

= -D + -Dëî
ì
= -D - -Dîí

, 

ʛʜʝɗD=0 ʜʣʷ ʚʝʜʫʱʝʛʦ ʧʦʣʫʢʦʤʧʣʝʢʪʘ ʇʏ, ɗD =30↔ ʜʣʷ ʚʝʜʦʤʦʛʦ ʧʦʣʫʢʦʤʧʣʝʢʪʘ 

ʇʏ. 

ɺ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ ʉɼʇʄ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʘʪ-

ʯʠʢʠ ʧʦʣʦʞʝʥʠʷ ʨʦʪʦʨʘ (ɼʇʈ) [8].  ɺ ʩʦʩʪʘʚ ʜʚʠʛʘʪʝʣʷ ɼɺʄ ʚʭʦʜʠʪ ɼʇʈ ʪʠʧʘ 

ʃʀʈ-ɼɸ158. ɸ.03, ʢʦʪʦʨʳʡ ʠʟʤʝʨʷʝʪ ʘʙʩʦʣʶʪʥʳʡ ʫʛʦʣ ʧʦʣʦʞʝʥʠʷ ʨʦʪʦʨʘ. ʕʪʦʪ 

ʩʠʛʥʘʣ ʟʘʜʝʪ ʥʘʯʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʨʦʪʦʨʘ 0qʠ ʧʦʜʘʝʪʩʷ ʚ ʇɸʏ. ʀ ʩʠʩʪʝʤʘ ʫʧʨʘʚ-

ʣʝʥʠʷ ʥʘʯʠʥʘʝʪ ʬʦʨʤʠʨʦʚʘʪʴ ʫʧʨʘʚʣʷʶʱʠʝ ʩʠʛʥʘʣʳ ʚ ʐʀʄ ʩ ʵʪʦʛʦ ʥʘʯʘʣʴʥʦʛʦ 

ʫʛʣʘ. ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ɼʇʈ ʥʘʯʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʨʦʪʦʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʩʚʝʥ-

ʥʳʤʠ ʤʝʪʦʜʘʤʠ (ʥʘʙʣʶʜʘʪʝʣʠ, ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʝʡ ʠ ʜʨ.) ʠ ʚʳʯʠʩʣʝʥʥʳʡ ʫʛʦʣ ʧʦ-

ʜʘʝʪʩʷ ʚ ʇɸʏ. 

ɼʘʥʥʳʡ ʇʏ ʩ ʜʚʠʛʘʪʝʣʝʤ ɼɺʄ-12500-3000 ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʥʘ ʩʪʝʥʜʦʚʦʤ 

ʢʦʤʧʣʝʢʩʝ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʪʝʭʥʦʣʦʛʠʡ ʩʨʝʜʥʝ- ʠ ʢʨʫʧʥʦʪʦʥʥʘʞʥʦʛʦ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ ʩʞʠʞʝʥʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʚ ɸʆ çʅʀʀʕʌɸè [9] ʠ ʫʩʧʝʰʥʦ ʠʩʧʳʪʘʥ ʚ 

2022 ʛ. ɼʚʠʛʘʪʝʣʴ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʤʦʱʥʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ (ʜʦ 80 

ʄɺʪ) ʦʪʧʘʨʥʦʛʦ ʠ ʩʞʠʞʝʥʥʦʛʦ ʛʘʟʘ. 

ʀʥʦʩʪʨʘʥʥʳʝ ʢʦʤʧʘʥʠʠ ʪʘʢʞʝ ʚʳʧʫʩʢʘʶʪ ʘʥʘʣʦʛʠʯʥʳʝ ʜʚʠʛʘʪʝʣʠ. ʅʘʧʨʠ-

ʤʝʨ, ʜʚʠʛʘʪʝʣʴ ʪʠʧʘ TY710 ʧʨʦʠʟʚʦʜʩʪʚʘ WOLONG (ʂʠʪʘʡ) [10]. ʇʏ ʪʘʢʞʝ ʤʦʞʝʪ 

ʙʳʪʴ ʧʨʠʤʝʥʝʥ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʵʪʠʤ ʜʚʠʛʘʪʝʣʝʤ ʠ ʜʨʫʛʠʤʠ ʘʥʘʣʦʛʠʯʥʳʤʠ, ʢʦʪʦ-

ʨʳʝ ʧʦʷʚʷʪʩʷ ʥʘ ʨʳʥʢʝ.  

ɺʳʚʦʜʳ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʇʏ ï ʧʝʨʚʳʡ ʚ ʈʦʩʩʠʠ ʇʏ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʩʠʥʭʨʦʥʥʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʤʘʛʥʠʪʘʤʠ ʠ ʜʚʫʤʷ ʦʙ-

ʤʦʪʢʘʤʠ, ʘ ʪʘʢʞʝ ʫʩʧʝʰʥʦ ʚʥʝʜʨʝʥʥʳʡ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ.   
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FREQUENCY CONVERTER FOR SYNCHRONOUS MOTORS WITH 

PERMANENT MAGNETS AND TWO WINDINGS  
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Abstract. The article discusses the principles of controlling a permanent magnet synchronous 

motor. A special synchronous motor with permanent magnets and two windings is considered. The 

control algorithm of the frequency converter is described. 
 

Key words: permanent magnet synchronous motor, frequency converter, rotor position sensor, 

control algorithm. 
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ʋɼʂ 621.314.571 

 

ɸ.ɺ. ʉʝʨʦʚ1, ɸ.ɹ. ɼʘʨʴʝʥʢʦʚ1, ʂ.ɸ. ʐʠʨʰʠʥ1, ʄ.ɺ. ɸʥʜʨʶʭʠʥ2 

 

ɺʃʀʗʅʀɽ ʅɽʃʀʅɽʁʅʆʉʊʀ ʄɸɻʅʀʊʅʆʁ ʎɽʇʀ ʅɸ ʉʀʉʊɽʄʋ 

ʋʇʈɸɺʃɽʅʀʗ ʉʀʅʍʈʆʅʅʆɻʆ ɼɺʀɻɸʊɽʃʗ ʉ ʇʆʉʊʆʗʅʅʓʄʀ 

ʄɸɻʅʀʊɸʄʀ 

 
ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ 

 ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʈ.ɽ. ɸʣʝʢʩʝʝʚʘ1 

ɸʆ çʌʅʇʎ çʅʠʞʝʛʦʨʦʜʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ  

ʠʥʩʪʠʪʫʪ ʨʘʜʠʦʪʝʭʥʠʢʠè2 

 

ɸʥʥʦʪʘʮʠʷ. ʆʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʩʪʘʥʮʠʡ (ʈʃʉ), ʘ 

ʪʘʢʞʝ ʘʥʘʣʠʟ ʧʦʩʪʨʦʝʥʠʷ ʈʃʉ ʧʦʩʣʝʜʥʠʭ ʧʦʢʦʣʝʥʠʡ ʦʧʨʝʜʝʣʷʝʪ ʨʷʜ ʥʝʦʙʭʦʜʠʤʳʭ ʪʨʝʙʦʚʘʥʠʡ 

ʢ ʕʇ ʚʨʘʱʝʥʠʷ ʘʥʪʝʥʥʳ: ʦʙʝʩʧʝʯʝʥʠʝ ʧʣʘʚʥʦʛʦ ʨʘʟʛʦʥʘ; ʧʦʜʜʝʨʞʘʥʠʝ ʧʦʩʪʦʷʥʥʳʭ ʩʢʦʨʦʩʪʝʡ 

ʚʨʘʱʝʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʝʪʨʦʚʳʭ ʥʘʛʨʫʟʢʘʭ; ʚʦʟʤʦʞʥʦʩʪʴ ʛʣʫʙʦʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʢʦʨʦ-

ʩʪʠ ʚʨʘʱʝʥʠʷ ʘʥʪʝʥʥʳ. 

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠʥʠʤʘʶʪ ʜʦʧʫʱʝʥʠʝ, ʯʪʦ ʧʦʪʦʢʦʩʮʝʧ-

ʣʝʥʠʝ ʧʦ ʦʩʷʤ d ʠ q ʟʘʚʠʩʠʪ ʦʪ ʪʦʢʦʚ ʧʦ ʦʩʷʤ d ʠ q ʣʠʥʝʡʥʦ. ʅʘ ʧʨʘʢʪʠʢʝ ʞʝ ʤʳ ʥʘʙʣʶʜʘʝʤ, 

ʯʪʦ ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʝ ʟʘʚʠʩʠʪ ʦʪ ʪʦʢʘ ʥʝʣʠʥʝʡʥʦ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʩʣʝ-

ʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʥʝʣʠʥʝʡʥʦʩʪʠ ʤʘʛʥʠʪʥʦʡ ʮʝʧʠ ʉɼʇʄ ʥʘ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʕʇ ʚʨʘʱʝʥʠʷ 

ʘʥʪʝʥʥʳ ʈʃʉ. 

  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʈʃʉ, ʚʣʠʷʥʠʝ ʥʝ-

ʣʠʥʝʡʥʦʩʪʠ ʤʘʛʥʠʪʥʦʡ ʮʝʧʠ ʥʘ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʉɼʇʄ, ʠʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʉɼʇʄ ʩ 

ʫʯʝʪʦʤ ʥʝʣʠʥʝʡʥʦʩʪʠ. 

 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ ʫʧʨʘʚʣʝʥʠʷ ʨʘʟʣʠʯʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʩʦʧʨʦʚʦʞ-

ʜʘʝʪʩʷ ʰʠʨʦʢʠʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ (ʕʇ). ʆʥʠ ʥʘʰʣʠ ʩʚʦʝ ʧʨʠʤʝ-

ʥʝʥʠʝ ʚʦ ʤʥʦʛʠʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ: ʤʝʜʠʮʠʥʩʢʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ, ʩʪʘʥ-

ʢʘʭ ʩ ʯʠʩʣʦʚʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ, ʚ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ ʦʙʲʝʢʪʘʤʠ 

ʚʦʦʨʫʞʝʥʠʷ, ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ ʚʨʘʱʝʥʠʝʤ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʩʪʘʥʮʠʡ (ʈʃʉ) 

ʠ ʪ.ʜ. ʉʪʘʥʦʚʠʪʩʷ ʧʦʥʷʪʥʦ, ʥʘʩʢʦʣʴʢʦ ʟʥʘʯʠʪʝʣʴʥʦ ʯʠʩʣʦ ʟʘʜʘʯ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʳʭ 

ʚʦʟʣʦʞʝʥʦ ʥʘ ʵʣʝʢʪʨʦʧʨʠʚʦʜ. 

ɹʣʘʛʦʜʘʨʷ ʨʘʩʰʠʨʝʥʠʶ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ, ʧʨʠʤʝʥʝʥʠʶ ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʠʭ ʩʠʣʦʚʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦ-

ʚʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʨʘʟʚʠʪʠʶ ʪʝʦʨʠʠ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʤʘʰʠʥʘʤʠ ʧʝʨʝ-

ʤʝʥʥʦʛʦ ʪʦʢʘ ʧʨʘʢʪʠʯʝʩʢʠ ʨʝʰʝʥʘ ʟʘʜʘʯʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ 

ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʤʘʛʥʠʪʘʤʠ (ʉɼʇʄ). ʇʨʠʤʝʥʝʥʠʝ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʥʘ ʙʘʟʝ ʉɼʇʄ 

ʟʘ ʩʯʝʪ ʚʳʩʦʢʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʧʦʟʚʦʣʷʝʪ ʩʦ-

ʟʜʘʚʘʪʴ ʩʠʩʪʝʤʳ ʙʝʟʨʝʜʫʢʪʦʨʥʦʛʦ (ʧʨʷʤʦʛʦ) ʧʨʠʚʦʜʘ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʘʝʪ 

ʧʦʢʘʟʘʪʝʣʠ ʥʘʜʸʞʥʦʩʪʠ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʚʨʘʱʝ-

ʥʠʷ ʘʥʪʝʥʥʳ (ʈʃʉ). 



106                                    ʉʝʢʮʠʷ 2. ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʵʣʝʢʪʨʦʧʨʠʚʦʜ 
 

ʆʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʩʪʘʥʮʠʡ (ʈʃʉ), ʘ 

ʪʘʢʞʝ ʘʥʘʣʠʟ ʧʦʩʪʨʦʝʥʠʷ ʈʃʉ ʧʦʩʣʝʜʥʠʭ ʧʦʢʦʣʝʥʠʡ ʦʧʨʝʜʝʣʷʝʪ ʨʷʜ ʥʝʦʙʭʦʜʠ-

ʤʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʕʇ ʚʨʘʱʝʥʠʷ ʘʥʪʝʥʥʳ:  

- ʦʙʝʩʧʝʯʝʥʠʝ ʧʣʘʚʥʦʛʦ ʨʘʟʛʦʥʘ; 

- ʧʦʜʜʝʨʞʘʥʠʝ ʧʦʩʪʦʷʥʥʳʭ ʩʢʦʨʦʩʪʝʡ ʚʨʘʱʝʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʝʪʨʦʚʳʭ 

ʥʘʛʨʫʟʢʘʭ; 

- ʚʦʟʤʦʞʥʦʩʪʴ ʛʣʫʙʦʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʘʥʪʝʥʥʳ 

ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʥʝʜʦʧʫʩʪʠʤʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʥʘ ʥʝʡ, ʯʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʙʦʣʴʰʦʡ ʤʘʩʩʦʡ ʠ ʧʘʨʫʩʥʦʩʪʴʶ ʘʢʪʠʚʥʦʡ ʬʘʟʠʨʦʚʘʥʥʦʡ ʘʥ-

ʪʝʥʥʦʡ ʨʝʰʝʪʢʠ. 

ʕʪʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʕʇ ʥʘ ʙʘʟʝ ʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩ ʧʦ-

ʩʪʦʷʥʥʳʤʠ ʤʘʛʥʠʪʘʤʠ (ʉɼʇʄ) ʠ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʩʪʘʙʠ-

ʣʠʟʠʨʦʚʘʥʥʫʶ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʘʥʪʝʥʥʳ ʈʃʉ ʠ ʪʨʝʙʫʝʤʫʶ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝ-

ʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʮʝʣʠ. ɺ ʪʘʙʣ. 1 ʧʨʠʚʝʜʝʥʳ ʧʘʨʘʤʝʪʨʳ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ. 

ʊʘʙʣʠʮʘ 1   

ʅʦʤʠʥʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ 

 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʘ ɿʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ 

ʅʦʤʠʥʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ, ɤ, ʦʙ/ʤʠʥ 20 

ʅʦʤʠʥʘʣʴʥʳʡ ʤʦʤʝʥʪ, ʄʥ, ʅĿʤ 7500 

ʅʦʤʠʥʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ, 

Uʥ (ʜʝʡʩʪʚʫʶʱʝʝ), ɺ 

185 

ʅʦʤʠʥʘʣʴʥʳʡ ʪʦʢ, Iʥ, ɸ 70 

ʄʦʤʝʥʪ ʠʥʝʨʮʠʠ ʨʦʪʦʨʘ, Jʨ, ʢʛĿʤ
2 157,4 

ɸʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

20Áʉ, R, ʆʤ 

0,072 

ʀʥʜʫʢʪʠʚʥʦʩʪʴ ʬʘʟʳ ʩʪʘʪʦʨʘ, L, ʤɻʥ 6,4 

ʀʥʜʫʢʪʠʚʥʦʩʪʴ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʧʦ ʦʩʷʤ,  

d, q, ʤɻʥ 

6,5 

ʉʦʝʜʠʥʝʥʠʝ ʦʙʤʦʪʦʢ ʩʪʘʪʦʨʘ ʟʚʝʟʜʘ 

ʏʠʩʣʦ ʧʘʨ ʧʦʣʶʩʦʚ 56 

 

ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʩʪʨʦʠʪʩʷ ʧʦ ʧʨʠʥʮʠʧʫ ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ ʧʦʜʯʠʥʝʥ-

ʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʢʦʦʨʜʠʥʘʪ, ʧʨʠ ʵʪʦʤ ʚʥʝʰʥʠʤ ʢʦʥʪʫʨʦʤ ʷʚʣʷʝʪʩʷ ʢʦʥʪʫʨ 

ʩʢʦʨʦʩʪʠ, ʘ ʚʥʫʪʨʝʥʥʠʤʠ ï ʢʦʥʪʫʨʳ ʪʦʢʘ Id ʠ Iq. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʨʨʝʢʪʥʦʡ 

ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʙʳʣ ʧʨʦʚʝʜʝʥ ʩʠʥʪʝʟ ʨʝʛʫʣʷʪʦʨʦʚ ʩʢʦʨʦʩʪʠ ʠ ʪʦʢʘ 

[1]. ɺ [2] ʟʘʪʨʘʛʠʚʘʶʪʩʷ ʨʷʜ ʚʦʧʨʦʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʪʝʭʥʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʝʡ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ, ʥʘʩʪʨʦʡʢʦʡ ʨʝʛʫʣʷʪʦʨʦʚ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ 

ʧʨʦʮʝʩʩʦʚ ʚ ʥʝʤ. ɺ [3] ʨʘʩʩʤʦʪʨʝʥʦ ʧʦʩʪʨʦʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʵʣʝʢʪʨʦ-

ʜʚʠʛʘʪʝʣʷ ʩ ʫʯʝʪʦʤ ʥʝʣʠʥʝʡʥʦʩʪʠ ʢʨʠʚʦʡ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ. 

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʥʘʩʪʨʦʡʢʫ ʨʝʛʫʣʷʪʦʨʦʚ ʧʨʦʚʦʜʷʪ ʜʣʷ 

ʥʦʤʠʥʘʣʴʥʦʛʦ ʨʝʞʠʤʘ, ʘ ʪʘʢʞʝ ʧʨʠʥʠʤʘʶʪ ʜʦʧʫʱʝʥʠʝ, ʯʪʦ ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʝ ʧʦ 

ʦʩʷʤ d ʠ q ʟʘʚʠʩʠʪ ʦʪ ʪʦʢʦʚ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʦʩʷʤ ʣʠʥʝʡʥʦ. ʅʘ ʧʨʘʢʪʠʢʝ ʞʝ 

ʤʳ ʥʘʙʣʶʜʘʝʤ, ʯʪʦ ʵʪʘ ʟʘʚʠʩʠʤʦʩʪʴ ʥʝʣʠʥʝʡʥʘ [4]. ʀʟ ʥʝʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʩʣʝʜʫʝʪ, ʯʪʦ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʧʦ ʦʩʷʤ d ʠ q ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʥʘʛʨʫʟʢʠ ʫʤʝʥʴʰʘʝʪʩʷ. 

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʥʦʤʠʥʘʣʴʥʳʡ ʤʦʤʝʥʪ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʜʣʷ ʚʨʘʱʝʥʠʷ ʘʥʪʝʥʥʳ 
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ʈʃʉ ʚʳʙʠʨʘʝʪʩʷ ʧʦ ʵʢʚʠʚʘʣʝʥʪʥʦʤʫ ʟʥʘʯʝʥʠʶ ʤʦʤʝʥʪʘ ʥʘʛʨʫʟʢʠ [5] ʠ ʥʝ ʫʯʠʪʳ-

ʚʘʝʪ ʧʠʢʦʚʳʝ ʟʥʘʯʝʥʠʷ, ʚʳʟʚʘʥʥʳʝ ʧʦʨʳʚʘʤʠ ʚʝʪʨʘ, ʩʯʠʪʘʝʤ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʫ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʥʝʣʠʥʝʡʥʦʩʪʠ ʤʘʛʥʠʪʥʦʡ ʮʝʧʠ ʉɼʇʄ ʥʘ ʩʠʩʪʝʤʫ ʫʧʨʘʚ-

ʣʝʥʠʷ ʕʇ ʚʨʘʱʝʥʠʷ ʘʥʪʝʥʥʳ ʈʃʉ. 

ʆʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʵʪʘʧʦʚ ʨʘʟʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʷʚʣʷʝʪʩʷ ʩʦʩʪʘʚʣʝʥʠʝ 

ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ, ʘʜʝʢʚʘʪʥʦʡ ʙʫʜʫʱʝʡ ʩʠʩʪʝʤʝ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝ-

ʥʠʷ (ʉɸʋ). 

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ c ʚʥʝʰʥʠʤ ʢʦʥʪʫʨʦʤ ʨʝʛʫʣʠʨʦʚʘ-

ʥʠʷ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ɤ ʠ ʚʥʫʪʨʝʥʥʠʤ ʢʦʥʪʫʨʦʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʦʢʘ ʪʦʢʦʚ Id ʠ 

Iq ʜʣʷ ʥʝʷʚʥʦʧʦʣʶʩʥʦʛʦ ʉɼʇʄ, ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʫʨʘʚʥʝʥʠʷ. ɼʣʷ ʫʯʝʪʘ ʥʝʣʠʥʝʡ-

ʥʦʩʪʠ ʤʘʛʥʠʪʥʦʡ ʮʝʧʠ ʠʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʙʳʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ, ʧʨʝʜʣʦ-

ʞʝʥʥʦʤ ʚ [4].  

ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʙʳʣʘ ʧʨʦʠʟʚʝʜʝʥʘ 

ʠʭ ʘʧʧʨʦʢʩʠʤʘʮʠʷ c ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʠ cftool ʧʨʠʣʦʞʝʥʠʷ Matlab. ʆʥʘ ʧʦʟʚʦʣʷʝʪ 

ʧʦ ʟʘʨʘʥʝʝ ʠʟʚʝʩʪʥʦʡ ʢʨʠʚʦʡ ʦʧʨʝʜʝʣʠʪʴ ʝʝ ʚʠʜ ʠ ʢʦʵʬʬʠʮʠʝʥʪʳ. ʇʦʣʫʯʝʥʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʡ ʦʪ ʪʦʢʦʚ ʧʦ ʦʩʷʤ d ʠ q ʧʨʠʚʝʜʝʥʳ ʚ (1): 

Ὅ ‪ẗὥ ὦẗὩẗ , (1) 
 

ʛʜʝ I ï ʪʦʢ ʧʦ ʦʩʠ d ʠʣʠ q, ɣ ï ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʝ ʧʦ ʦʩʠ d ʠʣʠ q, a,b,c ï ʢʦʵʬʬʠʮʠ-

ʝʥʪʳ ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʧʦʤʦʱʠ ʬʫʥʢʮʠʠ cftool. 

ʀʩʧʦʣʴʟʫʷ (1), ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʙʣʦʢ Function I (PSI_PM), ʚʥʝʰʥʠʡ ʚʠʜ ʢʦ-

ʪʦʨʦʛʦ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. 1. ɼʘʥʥʳʡ ʙʣʦʢ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʠʤʠ-

ʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʉɼʇʄ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʧʨʦʜʫʢʪʝ Matlab Simulink, ʢʦʪʦʨʘʷ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2. 

 
ʈʠʩ. 1. ɹʣʦʢ, ʫʯʠʪʳʚʘʶʱʠʡ ʥʝʣʠʥʝʡʥʦʩʪʴ ʤʘʛʥʠʪʥʦʡ ʮʝʧʠ 

 

ɿʘʜʘʶʱʠʤ ʩʠʛʥʘʣʦʤ ʷʚʣʷʝʪʩʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʜʚʠʛʘʪʝʣʷ. ɼʣʷ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʛʦ ʨʝʞʠʤʘ, ʪʦʢ ʧʦ ʦʩʠ d ʟʘʜʘʥ ʨʘʚʥʳʤ ʥʫʣʶ. ɼʚʘ ʚʥʫʪ-

ʨʝʥʥʠʭ ʢʦʥʪʫʨʘ ʪʦʢʘ ʩ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ-ʠʥʪʝʛʨʘʣʴʥʳʤʠ ʨʝʛʫʣʷʪʦʨʘʤʠ ʠ ʚʥʝʰ-

ʥʠʡ ʢʦʥʪʫʨ ʩʢʦʨʦʩʪʠ. ɺʳʭʦʜʳ ʨʝʛʫʣʷʪʦʨʦʚ ʪʦʢʦʚ ʧʦ ʦʩʷʤ d ʠ q, ʧʝʨʝʚʦʜʷʪʩʷ ʚ 

ʥʘʧʨʷʞʝʥʠʷ Ud ʠ Uq, ʢʦʪʦʨʳʝ ʩ ʧʦʤʦʱʴʶ ʙʣʦʢʘ ʦʙʨʘʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ɻʦ-

ʨʝʚʘ ï ʇʘʨʢʘ ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ ʟʥʘʯʝʥʠʷ UŬ ʠ Uɓ. ɿʥʘʯʝʥʠʷ UŬ ʠ Uɓ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʜʣʷ ʨʘʩʯʝʪʘ ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʡ ɣŬ ʠ ɣɓ. ʇʦʪʦʢʦʩʮʝʧʣʝʥʠʷ ɣŬ ʠ ɣɓ ʧʨʝʦʙʨʘʟʫʶʪʩʷ 

ʚ ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʷ ɣd ʠ ɣq ʩ ʧʦʤʦʱʴʶ ʙʣʦʢʘ ʧʨʷʤʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ɻʦʨʝʚʘ - 

ʇʘʨʢʘ. ʇʦʪʦʢʦʩʮʝʧʣʝʥʠʷ ɣd ʠ ɣq ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ ʪʦʢʠ Id ʠ Iq ʩ ʧʦʤʦʱʴʶ ʙʣʦʢʘ 

Function I (PSI_PM). ʊʦʢʠ Id ʠ Iq ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ ʪʦʢʠ IŬ ʠ Iɓ ʩ ʧʦʤʦʱʴʶ ʙʣʦʢʘ 
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ʦʙʨʘʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ɻʦʨʝʚʘ ï ʇʘʨʢʘ. ɼʘʣʝʝ, ʠʩʧʦʣʴʟʫʷ ʟʥʘʯʝʥʠʷ ʧʦʪʦʢʦʩ-

ʮʝʧʣʝʥʠʡ ɣŬ ʠ ɣɓ, ʘ ʪʘʢʞʝ ʪʦʢʦʚ IŬ ʠ Iɓ, ʧʦʣʫʯʘʝʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ 

ʜʚʠʛʘʪʝʣʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʤ ʠʤʠʪʘʮʠʦʥʥʫʶ ʤʦʜʫʣʴ ʉɼʇʄ ʩ ʫʯʝʪʦʤ ʥʝʣʠ-

ʥʝʡʥʦʩʪʠ ʤʘʛʥʠʪʥʦʡ ʮʝʧʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʥʝʣʠʥʝʡʥʦʩʪʠ ʤʘʛʥʠʪʥʦʡ ʮʝʧʠ ʉɼʇʄ ʥʘ ʩʠʩʪʝʤʫ 

ʫʧʨʘʚʣʝʥʠʷ ʕʇ ʚʨʘʱʝʥʠʷ ʘʥʪʝʥʥʳ ʈʃʉ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʚ ʨʝʞʠʤʘʭ ʥʘʙʨʦʩʘ 

ʥʘʛʨʫʟʢʠ, ʥʘʯʠʥʘʷ ʩ 0.2 ʜʦ 2.8 ʄʥ. 

 

 
ʈʠʩ. 2. ʀʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʩ ʫʯʝʪʦʤ ʥʝʣʠʥʝʡʥʦʩʪʠ ʤʘʛʥʠʪʥʦʡ 

ʮʝʧʠ 

 

ʅʘ ʨʠʩ. 3 ʧʨʠʚʝʜʝʥʘ ʜʠʘʛʨʘʤʤʘ ʩʠʛʥʘʣʦʚ, ʧʦʢʘʟʳʚʘʶʱʠʭ ʭʘʨʘʢʪʝʨ ʧʝʨʝ-

ʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʪʦʢʘ Iq ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʤʦʤʝʥʪʘʭ ʥʘʛʨʫʟʢʠ. ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, 

ʯʪʦ ʧʨʠ ʤʦʤʝʥʪʝ ʥʘʛʨʫʟʢʠ ʤʝʥʴʰʝ ʥʦʤʠʥʘʣʴʥʦʡ ʧʝʨʝʭʦʜʥʳʡ ʧʨʦʮʝʩʩ ʟʘʪʷʥʫʪ ʠ 

ʠʤʝʝʪ ʥʝʷʚʥʦ ʚʳʨʘʞʝʥʥʳʡ ʢʦʣʝʙʘʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ.  

ʅʘ ʨʠʩ. 4 ʧʨʠʚʝʜʝʥʳ ʜʠʘʛʨʘʤʤʳ ʩʢʦʨʦʩʪʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʧʨʠ ʨʘʟʣʠʯʥʦʤ 

ʥʘʙʨʦʩʝ ʥʘʛʨʫʟʢʠ ʥʘ ʚʘʣ ʜʚʠʛʘʪʝʣʷ. ɼʝʣʘʝʤ ʚʳʚʦʜ, ʯʪʦ ʭʘʨʘʢʪʝʨ ʥʘʛʨʫʟʢʠ ʘʥʘʣʦ-

ʛʠʯʝʥ ʧʨʦʮʝʩʩʘʤ ʚ ʢʦʥʪʫʨʝ ʪʦʢʘ. ʊʦ ʝʩʪʴ ʧʨʠ ʤʘʣʳʭ ʤʦʤʝʥʪʘʭ ʧʨʠʚʦʜ ʚʳʭʦʜʠʪ 

ʥʘ ʟʘʜʘʥʥʫʶ ʩʢʦʨʦʩʪʴ ʤʝʜʣʝʥʥʦ ʠ ʩ ʙʦʣʴʰʠʤ ʜʦʪʷʛʠʚʘʥʠʝʤ. ʇʨʠ ʤʦʤʝʥʪʘʭ 

ʥʘʛʨʫʟʢʠ ʙʦʣʴʰʝ ʥʦʤʠʥʘʣʴʥʦʛʦ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʥʝʪ. 

 

 
ʈʠʩ. 3. ɼʠʘʛʨʘʤʤʳ ʪʦʢʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʤʦʤʝʥʪʘʭ ʥʘʛʨʫʟʢʠ ʥʘ ʚʘʣʫ ʜʚʠʛʘʪʝʣʷ 
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ʈʠʩ. 4. ɼʠʘʛʨʘʤʤʳ ʩʢʦʨʦʩʪʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʤʦʤʝʥʪʘʭ ʥʘʛʨʫʟʢʠ ʥʘ ʚʘʣʫ ʜʚʠʛʘʪʝʣʷ 

 

ɼʣʷ ʦʮʝʥʢʠ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʢʦʥʪʫʨʘ ʪʦʢʘ Iq, ʥʘʩʪʨʦ-

ʝʥʥʦʛʦ ʥʘ ʥʦʤʠʥʘʣʴʥʳʡ ʨʝʞʠʤ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ ʚʨʝʤʝʥʠ ʨʝʛʫʣʠʨʦʚʘ-

ʥʠʷ ʠ ʧʝʨʝʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʨʠ ʥʘʙʨʦʩʘʭ ʨʘʟʣʠʯʥʳʭ ʤʦʤʝʥʪʦʚ ʥʘʛʨʫʟʢʠ, ʢʦʪʦʨʳʝ 

ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 5 ʠ 6. 

 

 
ʈʠʩ. 5. ɺʨʝʤʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʥʘʛʨʫʟʢʘʭ 

 

 
ʈʠʩ. 6. ʇʝʨʝʨʝʛʫʣʠʨʦʚʘʥʠʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʥʘʛʨʫʟʢʘʭ 
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ʀʟ ʨʠʩ. 5 ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʤʦʤʝʥʪʝ ʥʘʛʨʫʟʢʠ ʤʝʥʴʰʝ ʥʦʤʠʥʘʣʴʥʦʛʦ ʚʨʝʤʷ 

ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʙʦʣʴʰʝ, ʘ ʧʨʠ ʤʦʤʝʥʪʝ ʙʦʣʴʰʝ ʥʦʤʠʥʘʣʴʥʦʛʦ ï ʧʨʘʢʪʠʯʝ-

ʩʢʠʡ ʥʝ ʤʝʥʷʝʪʩʷ. ʀʟ ʨʠʩ. 6 ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʤʦʤʝʥʪʝ ʤʝʥʴʰʝ ʥʦʤʠʥʘʣʴʥʦʛʦ ʧʝʨʝ-

ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, ʘ ʧʨʠ ʤʦʤʝʥʪʝ ʙʦʣʴʰʝ ʥʦʤʠʥʘʣʴʥʦʛʦ ï 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʤʝʥʷʝʪʩʷ ʠ ʨʘʚʥʦ ʧʝʨʝʨʝʛʫʣʠʨʦʚʘʥʠʶ ʧʨʠ ʥʦʤʠʥʘʣʴʥʦʤ ʤʦ-

ʤʝʥʪʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʘʝʤ, ʯʪʦ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʨʠ ʤʦ-

ʤʝʥʪʘʭ ʥʘʛʨʫʟʢʠ ʙʦʣʴʰʝ ʥʦʤʠʥʘʣʴʥʦʛʦ ʧʨʠʤʝʨʥʦ ʩʦʚʧʘʜʘʶʪ ʩ ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʨʠ 

ʥʦʤʠʥʘʣʴʥʦʤ ʨʝʞʠʤʝ. 

ɺʳʚʦʜʳ 

ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʥʝʣʠʥʝʡʥʦʩʪʠ ʤʘʛʥʠʪʥʦʡ ʮʝʧʠ ʉɼʇʄ ʥʘ 

ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʕʇ ʚʨʘʱʝʥʠʷ ʘʥʪʝʥʥʳ ʈʃʉ. ʉʬʦʨʤʠʨʦʚʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ 

ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʡ ʦʪ ʪʦʢʦʚ ʧʦ ʦʩʷʤ d ʠ q, ʜʦʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ, ʥʘʩʪʨʦʝʥʥʘʷ ʚ [1], 

ʠ ʧʦʣʫʯʝʥʳ ʜʠʘʛʨʘʤʤʳ ʪʦʢʘ Iq ʠ ʩʢʦʨʦʩʪʠ. ʇʨʠ ʤʦʤʝʥʪʝ ʥʘʛʨʫʟʢʠ ʚʳʰʝ ʥʦʤʠ-

ʥʘʣʴʥʦʛʦ ʩʠʩʪʝʤʘ ʧʦʢʘʟʘʣʘ ʩʝʙʷ ʫʩʪʦʡʯʠʚʦʡ, ʩ ʤʘʣʳʤ ʧʝʨʝʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʠ ʚʳ-

ʩʦʢʠʤ ʢʘʯʝʩʪʚʦʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ. ʇʨʠ ʤʘʣʳʭ ʤʦʤʝʥʪʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʟʥʘʯʠ-

ʪʝʣʴʥʦʝ ʫʭʫʜʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ.  
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Abstract. From the experience of operating existing radars as well as from design analysis of 

latest-generation radars we can single out a few essential requirements for the antenna rotation drive: 

smooth acceleration, maintaining constant r.p.m. under various wind loads, possibility of deep regu-

lation of the rotation rate. 

When such a control system is designed, it is assumed that the d- and q-axis flux linkage 

depends linearly on the d- and q-axis currents. In practice, however, we observe that the flux linkage 

depends on the current in a non-linear manner. In this connection, we propose to study the influence 

of non-linearity of the PMSM magnetic circuit on the rotation drive control system for a radar an-

tenna. 

 

Key words: a radarôs electric drive, control system, magnetic circuit non-linearity on PMSM, 

PMSM simulation model with account of non-linearity, regulation quality. 
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ɼ.ɸ. ʋʣʴʷʥʦʚ1, ɸ.ʖ. ʉʤʠʨʥʦʚ1,2 

 

ɼɽʃɽʅʀɽ ʐɸɻɸ ɼɺʀɻɸʊɽʃʗ ɿɸ ʉʏɪʊ ʌʆʈʄʀʈʆɺɸʅʀʗ 

ʅɽʉʂʆʃʔʂʀʍ ʋʈʆɺʅɽʁ ʅɸʇʈʗɾɽʅʀʗ ɺʍʆɼʅʆɻʆ 

ʇʈɽʆɹʈɸɿʆɺɸʊɽʃʗ 

 
ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʈ.ɽ. ɸʣʝʢʩʝʝʚʘ1 

ʆʧʳʪʥʦʝ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʝ ʙʶʨʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʠʤ. ʀ.ʀ. ɸʬʨʠʢʘʥʪʦʚʘ2 

 
ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʦʜʥʠʤʘʝʪʩʷ ʚʦʧʨʦʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʠʢʨʦʰʘʛʘ ʜʚʠʛʘʪʝʣʷ 

ʟʘ ʩʯʸʪ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʝʡ ʧʠʪʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ. ʈʘʩʩʤʦʪʨʝʥʳ ʨʘʚʝʥʩʪʚʘ ʵʣʝʢʪʨʦʤʘʛ-

ʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ, ʩʦʟʜʘʚʘʝʤʳʭ ʬʘʟʘʤʠ ʚ ʦʪʜʝʣʴʥʦʩʪʠ ʚ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝ, ʢʦʪʦʨʳʝ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʫʨʘʚʥʝʥʠʷ ʩ ʦʜʥʠʤ ʥʝʠʟʚʝʩʪʥʳʤ ï ʫʛʣʦʤ ʧʦʚʦʨʦʪʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʧʨʠ ʠʟʚʝʩʪʥʳʭ ʤʦʤʝʥʪʘʭ ʬʘʟ, ʣʠʙʦ ʥʘʦʙʦʨʦʪ. ʇʫʪʸʤ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ, ʧʨʠ ʨʘʚʥʦʤʝʨ-

ʥʦʤ ʜʝʣʝʥʠʠ ʥʘʧʨʷʞʝʥʠʷ, ʧʦʣʫʯʝʥ ʘʣʛʦʨʠʪʤ ʧʝʨʝʢʣʶʯʝʥʠʷ ʬʘʟ, ʧʦʟʚʦʣʷʶʱʠʡ ʨʝʘʣʠʟʦʚʘʪʴ 

ʤʠʢʨʦʰʘʛʠ 2,3 ↔ ʠ 5,2 ↔ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʜʚʠʛʘʪʝʣʷ (ʧʦʣʥʳʡ ʰʘʛ ï 15 ↔). ɸʣʛʦʨʠʪʤ ʧʨʝʜʩʪʘʚ-

ʣʝʥ ʪʘʙʣʠʯʥʦ. ʈʘʚʥʦʤʝʨʥʦʛʦ ʰʘʛʘ 3,75 ↔ ʤʦʞʥʦ ʜʦʩʪʠʛʥʫʪʴ ʟʘ ʩʯʸʪ ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʜʝʣʝʥʠʷ 

ʥʘʧʨʷʞʝʥʠʷ: ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʚʪʦʨʦʡ ʫʨʦʚʝʥʴ ʙʳʣ ʚ 1,554 ʨʘʟʘ ʤʝʥʴʰʝ ʥʦʤʠʥʘʣʴʥʦʛʦ (ʠʣʠ 

ʚ 0,644 ʨʘʟʘ ʙʦʣʴʰʝ). ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʫʩʣʦʞʥʝʥʠʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʠ-

ʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʙʫʜʝʪ ʟʘʢʣʶʯʘʪʴʩʷ ʚ ʥʘʣʠʯʠʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʮʝʧʠ ʠʟ ʪʨʸʭ ʢʦʥʜʝʥʩʘʪʦʨʦʚ 

ʦʜʠʥʘʢʦʚʦʡ ʸʤʢʦʩʪʠ, ʢʦʪʦʨʳʝ ʜʝʣʷʪ ʚʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 2/3 (0,667), ʯʪʦ ʧʨʠ-

ʙʣʠʟʠʪʝʣʴʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʫʝʤʦʤʫ ʫʨʦʚʥʶ. ʇʨʠʚʝʜʝʥʥʘʷ ʚ ʩʪʘʪʴʝ ʠʥʬʦʨʤʘʮʠʷ ʧʦʟʚʦʣʷʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʝʸ ʢʘʢ ʙʘʟʫ ʜʣʷ ʙʫʜʫʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ.   
 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ, ʤʠʢʨʦʰʘʛ, ʠʥʜʫʢʪʦʨʥʳʡ ʜʚʠʛʘʪʝʣʴ, ʧʨʝʦʙʨʘʟʦ-

ʚʘʪʝʣʴ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʤʥʦʛʦʫʨʦʚʥʝʚʳʡ ʠʥʚʝʨʪʦʨ. 

 

ʐʘʛʦʚʳʝ ʜʚʠʛʘʪʝʣʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʠʩʪʝʤʘʭ ʘʚʪʦʤʘʪʠʢʠ, ʛʜʝ ʥʝʦʙʭʦʜʠʤʦ 

ʪʦʯʥʦʝ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ [1]. ʆʜʥʦʡ ʠʟ ʦʙʣʘʩʪʝʡ 

ʧʨʠʤʝʥʝʥʠʷ ʷʚʣʷʝʪʩʷ ʷʜʝʨʥʘʷ ʵʥʝʨʛʝʪʠʢʘ. ɼʘʥʥʦʝ ʪʨʝʙʦʚʘʥʠʝ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ 

ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠ ʟʘʱʠʪʳ ʷʜʝʨʥʦʛʦ ʨʝʘʢʪʦʨʘ (ʉʋɿ) [2]. 

ɺʚʝʜʝʥʠʝ ʩʪʝʨʞʥʝʡ ʧʦʛʣʦʪʠʪʝʣʝʡ ʚʥʫʪʨʴ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʨʝʘʢʪʦʨʘ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʜʝʣʝʥʠʷ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ. ʆʜʥʘʢʦ ʧʦ ʤʝʨʝ ʧʦ-

ʛʨʫʞʝʥʠʷ ʨʝʛʫʣʠʨʫʶʱʝʛʦ ʩʪʝʨʞʥʷ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʟʤʝʥʷʝʪʩʷ ʥʝʣʠʥʝʡʥʦ. ʉʫ-

ʱʝʩʪʚʫʝʪ ʫʯʘʩʪʦʢ ʧʝʨʝʤʝʱʝʥʠʷ, ʥʘ ʢʦʪʦʨʦʤ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʦʯʥʦʩʪʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʨʝʛʫʣʠʨʫʶʱʝʛʦ ʩʪʝʨʞʥʷ [3].  

ʐʘʛ ʜʚʠʛʘʪʝʣʷ ʟʘʜʘʸʪʩʷ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʧʫʪʸʤ ʚʳʙʦʨʘ ʯʠʩʣʘ ʟʫʙʮʦʚ 

ʩʪʘʪʦʨʘ ʠ ʨʦʪʦʨʘ. ʆʜʥʘʢʦ ʝʛʦ ʤʦʞʥʦ ʫʤʝʥʴʰʠʪʴ ʟʘ ʩʯʸʪ ʘʣʛʦʨʠʪʤʘ ʨʘʙʦʪʳ ʚʭʦʜ-

ʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ. ʈʘʩʩʤʦʪʨʠʤ ʯʝʪʳʨʝʭʬʘʟʥʳʡ ʜʚʠʛʘʪʝʣʴ ʩ ʦʙʤʦʪʢʘʤʠ ʥʘ 

ʚʦʩʴʤʠ ʟʫʙʮʘʭ ʩʪʘʪʦʨʘ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1. ʆʙʤʦʪʢʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʧʨʦ-

ʪʠʚʦʧʦʣʦʞʥʳʭ ʟʫʙʮʘʭ, ʩʦʝʜʠʥʷʶʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠʣʠ ʧʘʨʘʣʣʝʣʴʥʦ ʠ ʦʙʨʘ-

ʟʫʶʪ ʦʜʥʫ ʬʘʟʫ. ʏʠʩʣʦ ʟʫʙʮʦʚ ʥʘ ʨʦʪʦʨʝ ʨʘʚʥʦ ʰʝʩʪʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʰʘʛ ʚ 15 ↔ 



                                                              ɸʂʊʋɸʃʔʅʓɽ ʇʈʆɹʃɽʄʓ ʕʃɽʂʊʈʆʕʅɽʈɻɽʊʀʂʀ  113 

 

ʧʨʠ ʧʦʜʘʯʝ ʧʠʪʘʥʠʷ ʪʦʣʴʢʦ ʥʘ ʦʜʥʫ ʬʘʟʫ. ʇʨʠ ʵʪʦʤ ʨʦʪʦʨ ʚʨʘʱʘʝʪʩʷ ʚ ʥʘʧʨʘʚʣʝ-

ʥʠʠ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʶ ʚʨʘʱʝʥʠʷ ʧʦʣʷ. 

 

 
ʈʠʩ. 1. ʋʧʨʦʱʝʥʥʳʡ ʚʥʝʰʥʠʡ ʚʠʜ ʠʥʜʫʢʪʦʨʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʚ ʨʘʟʨʝʟʝ, ʧʦʷʩʥʷʶʱʠʡ 

ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ 

 

ʇʨʠ ʥʘʯʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ ʨʦʪʦʨʘ, ʢʦʪʦʨʦʤʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʠʩ. 1, ʟʘʧʠʪʳ-

ʚʘʥʠʝ ʧʝʨʚʦʡ ʠʣʠ ʪʨʝʪʴʝʡ ʬʘʟʳ ʥʝ ʧʨʠʚʝʜʝʪ ʨʦʪʦʨ ʚʦ ʚʨʘʱʝʥʠʝ. ɼʘʥʥʳʝ ʧʦʣʦʞʝ-

ʥʠʷ ʤʦʞʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʢʘʢ ʨʝʞʠʤ ʫʜʝʨʞʘʥʠʷ ʨʦʪʦʨʘ. ʆʜʥʘʢʦ ʧʦʣʦʞʝʥʠʝ 

çʟʫʙʝʮ ʧʨʦʪʠʚ ʟʫʙʮʘè ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʩʪʦʡʯʠʚʦʤʫ ʧʦʣʦʞʝʥʠʶ ʨʦʪʦʨʘ, ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʧʦʣʦʞʝʥʠʝ çʧʘʟ ʧʨʦʪʠʚ ʟʫʙʮʘè ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʝʫʩʪʦʡʯʠʚʦʤʫ ʧʦʣʦʞʝʥʠʶ ʨʦ-

ʪʦʨʘ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʧʨʠ ʥʝʙʦʣʴʰʦʤ ʦʪʢʣʦʥʝʥʠʠ ʜʘʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ 

ʦʪ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʧʝʨʚʦʡ ʬʘʟʦʡ, ʨʦʪʦʨ 

ʜʚʠʛʘʪʝʣʷ ʧʦʚʝʨʥʝʪʩʷ ʣʠʙʦ ʥʘ 30 ↔ ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ, ʣʠʙʦ ʥʘ 30 ↔ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ 

ʩʪʨʝʣʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʦʪʢʣʦʥʝʥʠʷ.  

ʇʨʠ ʧʦʜʘʯʝ ʧʠʪʘʥʠʷ ʥʘ ʚʪʦʨʫʶ ʬʘʟʫ ʨʦʪʦʨ ʜʚʠʛʘʪʝʣʷ ʙʫʜʝʪ ʦʨʠʝʥʪʠʨʦ-

ʚʘʪʴʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʚʪʦ-

ʨʦʡ ʬʘʟʦʡ, ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʚʝʨʥʝʪʩʷ ʥʘ 15 ↔ ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ. ɼʦʩʪʠʛʥʫʚ 

ʧʦʣʦʞʝʥʠʷ çʟʫʙʝʮ ʧʨʦʪʠʚ ʟʫʙʮʘè ʨʦʪʦʨ ʦʩʪʘʥʦʚʠʪʩʷ ʠ ʙʫʜʝʪ ʫʜʝʨʞʠʚʘʪʴʩʷ ʚ ʥʝ-

ʧʦʜʚʠʞʥʦʤ ʩʦʩʪʦʷʥʠʠ. ɸʥʘʣʦʛʠʯʥʦ, ʝʩʣʠ ʧʦʜʘʪʴ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʯʝʪʚʝʨʪʫʶ ʬʘʟʫ, 

ʨʦʪʦʨ ʜʚʠʛʘʪʝʣʷ ʧʦʚʝʨʥʝʪʩʷ ʥʘ 15 ↔ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ ʠ ʧʝʨʝʡʜʝʪ ʚ ʨʝʞʠʤ 

ʫʜʝʨʞʘʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʧʦʜʘʯʝ ʧʠʪʘʥʠʷ ʥʘ ʢʘʢʫʶ-ʣʠʙʦ ʦʙʤʦʪʢʫ ʨʦʪʦʨ 

ʣʠʙʦ ʦʩʪʘʥʝʪʩʷ ʥʝʧʦʜʚʠʞʥʳʤ (ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ, ʩʦʟʜʘʚʘʝʤʳʡ ʦʙʤʦʪ-

ʢʦʡ, ʨʘʚʝʥ ʥʫʣʶ Mɻ ʤ = 0), ʣʠʙʦ ʙʫʜʝʪ ʧʦʚʦʨʘʯʠʚʘʪʴʩʷ (ʟʘ ʩʯʸʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 

ʤʦʤʝʥʪʘ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʦʙʤʦʪʢʦʡ, Mɻ ʤ Í 0), ʧʦʢʘ ʥʝ ʜʦʩʪʠʛʥʝʪ ʧʦʣʦʞʝʥʠʷ çʟʫʙʝʮ 

ʧʨʦʪʠʚ ʟʫʙʮʘè, ʧʨʠ ʢʦʪʦʨʦʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʳʤ ʥʫʣʶ 

(Mɻ ʤ = 0). ʄʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ, ʩʦʟʜʘʚʘʝʤʳʡ ʢʘʢʦʡ-



114                                    ʉʝʢʮʠʷ 2. ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʵʣʝʢʪʨʦʧʨʠʚʦʜ 
 

ʣʠʙʦ ʦʙʤʦʪʢʦʡ ʚ ʦʪʜʝʣʴʥʦʩʪʠ, ʟʘʚʠʩʠʪ ʦʪ ʥʘʯʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʨʦʪʦʨʘ, ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʝʛʦ ʧʨʝʜʳʜʫʱʝʤʫ ʩʦʩʪʦʷʥʠʶ. ɼʚʠʞʝʥʠʝ ʨʦʪʦʨʘ ʥʘʧʨʘʚʣʝʥʦ ʚ ʩʪʦʨʦʥʫ 

ʥʘʠʢʨʘʪʯʘʡʰʝʛʦ ʧʫʪʠ ʫʤʝʥʴʰʝʥʠʷ ʤʦʤʝʥʪʘ ʜʦ ʥʫʣʷ. ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ 

ʠʟʤʝʥʷʝʪʩʷ ʧʦ ʩʠʥʫʩʦʠʜʘʣʴʥʦʡ ʬʫʥʢʮʠʠ ʠ ʜʣʷ ʢʘʞʜʦʡ ʬʘʟʳ ʝʛʦ ʤʦʞʥʦ ʧʨʝʜʩʪʘ-

ʚʠʪʴ ʩʣʝʜʫʶʱʝʡ ʩʠʩʪʝʤʦʡ ʫʨʘʚʥʝʥʠʡ:  

( )

( )

( )

( )

ʵ1 max ʵ

ʵ2 max ʵ

ʵ3 max ʵ

ʵ4 max ʵ

sin

sin 90

sin 180

sin 270

M M

M M

M M

M M

ë = Ö q
î

= Ö q + ¯î
ì

= Ö q + ¯î
î = Ö q + ¯í

Σ όмύ 

ʛʜʝ Mmax ï ʤʘʢʩʠʤʘʣʴʥʳʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ, ʩʦʟʜʘʚʘʝʤʳʡ ʬʘʟʦʡ ʧʨʠ 

ʪʦʢʝ, ʜʦʩʪʠʛʰʝʤ ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʥʘʠʙʦʣʴʰʝʛʦ ʟʥʘʯʝʥʠʷ, ɗɻ ï ʫʛʦʣ ʧʦʚʦʨʦʪʘ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʧʨʠʤʝʨʝ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚʨʘʱʘʝʪʩʷ ʚ ʰʝʩʪʴ 

ʨʘʟ ʙʳʩʪʨʝʝ, ʯʝʤ ʨʦʪʦʨ, ʠ ʜʚʠʞʝʪʩʷ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʕʪʦ ʦʟʥʘ-

ʯʘʝʪ, ʯʪʦ ʧʨʠ ʧʦʚʦʨʦʪʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ ʥʘ 360 ↔, 

ʨʦʪʦʨ ʧʦʚʝʨʥʝʪʩʷ ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ ʥʘ 60 ↔. ʇʨʠʤʝʤ ʫʛʣʳ ʧʦʚʦʨʦʪʘ ʧʦ ʯʘʩʦʚʦʡ 

ʩʪʨʝʣʢʝ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ, ʘ ʫʛʣʳ ʧʦʚʦʨʦʪʘ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ ʦʪʨʠʮʘʪʝʣʴ-

ʥʳʤʠ. ʇʨʠ ʥʘʯʘʣʴʥʦʤ ʫʛʣʦʚʦʤ ʧʦʣʦʞʝʥʠʠ ʨʦʪʦʨʘ ʚ 30 ↔, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 

1, ʥʘʯʘʣʴʥʳʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʫʛʦʣ ʨʘʚʝʥ -180 ↔. ɽʛʦ ʧʦʜʩʪʘʥʦʚʢʘ ʚ ʩʠʩʪʝʤʫ 

ʫʨʘʚʥʝʥʠʡ (1) ʜʘʸʪ ʩʣʝʜʫʶʱʝʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʦʤʝʥʪʦʚ: 

ʵ1

ʵ2 max

ʵ3

ʵ4 max

0

0

M

M M

M

M M

=ë
î

=-î
ì

=î
î =í

Σ 

ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʷʩʥʝʥʠʷʤ, ʧʨʠʚʝʜʝʥʥʳʤ ʨʘʥʝʝ.  

ʇʨʠ ʧʦʜʘʯʝ ʧʠʪʘʥʠʷ ʥʘ ʜʚʝ ʩʦʩʝʜʥʠʝ ʬʘʟʳ ʨʦʪʦʨ ʜʚʠʛʘʪʝʣʷ ʧʦʚʝʨʥʸʪʩʷ ʥʘ 

ʧʦʣʦʚʠʥʫ ʰʘʛʘ. ʂ ʧʨʠʤʝʨʫ, ʦʙʨʘʪʠʤʩʷ ʢ ʨʠʩ. 1, ʧʨʠ ʧʦʜʘʯʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʦʙ-

ʤʦʪʢʠ ʚʪʦʨʦʡ ʠ ʪʨʝʪʴʝʡ ʬʘʟʳ, ʨʦʪʦʨ ʜʚʠʛʘʪʝʣʷ ʧʦʚʦʨʘʯʠʚʘʝʪʩʷ ʥʘ 7,5 ↔ ʧʦ ʯʘʩʦʚʦʡ 

ʩʪʨʝʣʢʝ ʠ ʦʨʠʝʥʪʠʨʫʝʪʩʷ ʚʜʦʣʴ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʩʦʟʜʘʚʘ-

ʝʤʦʛʦ ʦʙʤʦʪʢʘʤʠ ʚʪʦʨʦʡ ʠ ʪʨʝʪʴʝʡ ʬʘʟʳ, ʚ ʧʦʣʦʞʝʥʠʠ çʧʘʟ ʧʨʦʪʠʚ ʧʘʟʘè. ʕʪʦ 

ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ, ʩʦʟʜʘʚʘʝʤʳʡ ʚʪʦʨʦʡ ʬʘʟʦʡ, ʩʧʦ-

ʩʦʙʩʪʚʫʝʪ ʧʦʚʦʨʦʪʫ ʨʦʪʦʨʘ ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ, ʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ, ʩʦ-

ʟʜʘʚʘʝʤʳʡ ʪʨʝʪʴʝʡ ʬʘʟʦʡ, ʵʪʦʤʫ ʧʨʦʪʠʚʦʜʝʡʩʪʚʫʝʪ ʠ ʢʘʢ ʙʳ ʪʦʨʤʦʟʠʪ ʜʚʠʞʝʥʠʝ 

ʨʦʪʦʨʘ. ʈʦʪʦʨ ʦʩʪʘʥʦʚʠʪʩʷ ʚ ʧʦʣʦʞʝʥʠʠ, ʢʦʛʜʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʤʦʤʝʥʪʳ ʚʪʦ-

ʨʦʡ ʠ ʪʨʝʪʴʝʡ ʬʘʟʳ ʩʪʘʥʫʪ ʨʘʚʥʳ ʜʨʫʛ ʜʨʫʛʫ: 

( ) ( )max ʵ max ʵ
sin 90 180 sin 180 180M MÖ q + ¯+ ¯ =- Ö q + ¯+ ¯Φ όнύ 

 

ʈʝʰʝʥʠʝ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʝʩʪʴ ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʨʦʪʠʚ ʯʘ-

ʩʦʚʦʡ ʩʪʨʝʣʢʠ ʥʘ 45 ↔. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʨʦʪʦʨ ʧʦʚʝʨʥʝʪʩʷ ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ ʥʘ 

7,5 ↔. 

ɽʩʣʠ ʥʘ ʚʪʦʨʫʶ ʬʘʟʫ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʢʦʪʦʨʦʡ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦ-

ʚʦʨʦʪʫ ʨʦʪʦʨʘ, ʧʦʜʘʪʴ ʧʦʣʦʚʠʥʫ ʦʪ ʥʦʤʠʥʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʪʦ ʫʛʦʣ ʧʦʚʦʨʦʪʘ 
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ʨʦʪʦʨʘ ʙʫʜʝʪ ʤʝʥʴʰʝ, ʯʝʤ ʧʦʣʦʚʠʥʘ ʰʘʛʘ. ɼʣʷ ʨʘʩʯʸʪʘ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʨʦʪʦʨʘ ʦʧʨʝ-

ʜʝʣʠʤ ʤʘʢʩʠʤʘʣʴʥʳʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʧʦ ʧʨʦʩʪʝʡʰʝʡ ʬʦʨʤʫʣʝ: 

 

2

max 1
2

Z
M I L= Ö ÖΣ (3) 

ʛʜʝ Z ï ʯʠʩʣʦ ʟʫʙʮʦʚ ʥʘ ʨʦʪʦʨʝ, I ï ʪʦʢ ʚ ʦʙʤʦʪʢʝ ʬʘʟʳ, L1 ï ʘʤʧʣʠʪʫʜʘ ʧʝʨʚʦʡ 

ʛʘʨʤʦʥʠʢʠ ʧʝʨʝʤʝʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʬʘʟʳ ʦʙʤʦʪʢʠ. 

ʊʘʢ ʢʘʢ ʪʦʢ ʬʘʟʳ ʚ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʥʘʧʨʷʞʝʥʠʝ 

ʧʠʪʘʥʠʷ, ʜʝʣʝʥʥʦʝ ʥʘ ʦʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʙʤʦʪʢʠ, ʪʦ ʧʨʠ ʧʦʜʘʯʝ ʧʦʣʦ-

ʚʠʥʳ ʥʘʧʨʷʞʝʥʠʷ ʪʦʢ ʬʘʟʳ ʫʤʝʥʴʰʠʪʩʷ ʚ ʜʚʘ ʨʘʟʘ, ʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ 

ï ʚ ʯʝʪʳʨʝ ʨʘʟʘ. ʈʘʚʝʥʩʪʚʦ ʤʦʤʝʥʪʦʚ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

( ) ( )max

ʵ max ʵ
sin 90 180 sin 180 180

4

M
MÖ q + ¯+ ¯ =- Ö q + ¯+ ¯Φ (4) 

 

ʈʝʰʝʥʠʝʤ ʜʘʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʷʚʣʷʝʪʩʷ ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ 

14 ↔ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ. ʇʨʠ ʵʪʦʤ ʨʦʪʦʨ ʧʦʚʝʨʥʝʪʩʷ ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ ʥʘ 

ʫʛʦʣ 2,3 ↔. 

 ɽʩʣʠ ʥʘ ʚʪʦʨʫʶ ʬʘʟʫ ʧʦʜʘʪʴ ʧʦʣʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʘ ʥʘ ʪʨʝʪʴʶ ʬʘʟʫ, ʵʣʝʢ-

ʪʨʦʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʢʦʪʦʨʦʡ ʧʨʦʪʠʚʦʜʝʡʩʪʚʫʝʪ ʜʚʠʞʝʥʠʶ ʨʦʪʦʨʘ, ʧʦʜʘʪʴ ʧʦ-

ʣʦʚʠʥʫ ʦʪ ʥʦʤʠʥʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʪʦ ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʨʦʪʦʨʘ ʙʫʜʝʪ ʙʦʣʴʰʝ ʧʦ-

ʣʦʚʠʥʳ ʰʘʛʘ, ʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʧʦʣʥʳʡ ʰʘʛ. ʈʘʚʝʥʩʪʚʦ ʤʦʤʝʥʪʦʚ ʙʫʜʝʪ ʚʳʛʣʷʜʝʪʴ 

ʘʥʘʣʦʛʠʯʥʦ ʫʨʘʚʥʝʥʠʶ (4), ʪʦʣʴʢʦ ʩʣʝʚʘ ʙʫʜʝʪ ʤʘʢʩʠʤʘʣʴʥʳʡ ʤʦʤʝʥʪ, ʘ ʩʧʨʘʚʘ ï 

ʤʘʢʩʠʤʘʣʴʥʳʡ ʤʦʤʝʥʪ, ʜʝʣʝʥʥʳʡ ʥʘ ʯʝʪʳʨʝ. ʈʝʰʝʥʠʝ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʜʘʸʪ ʫʛʦʣ 

ʧʦʚʦʨʦʪʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ ʥʘ 76 ↔. ʇʨʠ ʵʪʦʤ ʨʦʪʦʨ 

ʧʦʚʝʨʥʝʪʩʷ ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ ʥʘ 12,7 ↔. ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʘʣʛʦʨʠʪʤ ʧʝʨʝʢʣʶʯʝʥʠʷ 

ʬʘʟ ʠ ʬʦʨʤʠʨʫʝʤʳʝ ʫʛʣʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 1. 
ʊʘʙʣʠʮʘ 1  

ɸʣʛʦʨʠʪʤ ʧʝʨʝʢʣʶʯʝʥʠʷ ʬʘʟ ʥʘ ʧʝʨʠʦʜʝ ʧʦʣʥʦʛʦ ʧʦʚʦʨʦʪʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ: 

ʥʘʧʨʷʞʝʥʠʝ ʜʘʥʦ ʚ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮʘʭ 

 

U1 U2 U3 U4 ɗ,↔ ȹɗ,↔ 

0 0 1 0 0 0 

0 0,5 1 0 2,3 2,3 

0 1 1 0 7,5 5,2 

0 1 0,5 0 12,7 5,2 

0 1 0 0 15 2,3 

0,5 1 0 0 17,3 2,3 

1 1 0 0 22,5 5,2 

1 0,5 0 0 27,7 5,2 

1 0 0 0 30 2,3 
 

U1 U2 U3 U4 ɗ,↔ ȹɗ,↔ 

1 0 0 0,5 32,3 2,3 

1 0 0 1 37,5 5,2 

0,5 0 0 1 42,7 5,2 

0 0 0 1 45 2,3 

0 0 0,5 1 47,3 2,3 

0 0 1 1 52,5 5,2 

0 0 1 0,5 57,7 5,2 

0 0 1 0 60 2,3 

- - - - - - 
 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘ ʩʯʝʪ ʨʘʚʥʦʤʝʨʥʦʛʦ ʜʝʣʝʥʠʷ ʚʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚʜʚʦʝ 

ʤʦʞʥʦ ʫʚʝʣʠʯʠʪʴ ʪʦʯʥʦʩʪʴ ʧʦʚʦʨʦʪʘ ʨʦʪʦʨʘ, ʦʜʥʘʢʦ ʧʦʚʦʨʦʪ ʨʦʪʦʨʘ ʙʫʜʝʪ ʧʨʦ-

ʠʩʭʦʜʠʪʴ ʥʝʨʘʚʥʦʤʝʨʥʦ ʩ ʨʘʟʥʳʤʠ ʰʘʛʘʤʠ. ʈʘʚʥʦʤʝʨʥʳʡ ʧʦʚʦʨʦʪ ʨʦʪʦʨʘ ʥʘ ʧʦʣ-

ʥʦʤ ʰʘʛʝ 15 ↔ ʜʦʩʪʠʛʘʝʪʩʷ ʪʦʛʜʘ, ʢʦʛʜʘ ʦʜʠʥ ʤʠʢʨʦʰʘʛ ʙʫʜʝʪ ʨʘʚʝʥ 3,75 ↔. ʇʨʠ ʵʪʦʤ 
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ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʙʫʜʝʪ ʥʘʧʨʘʚʣʝʥ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʩʪʦ-

ʨʦʥʫ ʠ ʨʘʚʝʥ 22,5 ↔. ʏʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʫʨʦʚʝʥʴ ʥʘʧʨʷʞʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʘʢʦʛʦ ʰʘʛʘ, ʨʘʩʩʤʦʪʨʠʤ ʩʣʝʜʫʶʱʝʝ ʨʘʚʝʥʩʪʚʦ ʤʦʤʝʥʪʦʚ: 

 

( ) ( )max max
sin 22,5 90 180 sin 22,5 180 180k M MÖ Ö ¯+ ¯+ ¯ =- Ö ¯+ ¯+ ¯, (5) 

ʛʜʝ k ï ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʥʦʰʝʥʠʷ ʤʦʤʝʥʪʦʚ. 

ʈʝʰʝʥʠʝ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʜʘʸʪ ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʥʦʰʝʥʠʷ ʤʦʤʝʥʪʦʚ 0,414 

(k = 0,414). ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʚʪʦʨʦʡ ʬʘʟʳ ʜʦʣʞʝʥ 

ʙʳʪʴ ʚ 2,4 ʨʘʟʘ ʤʝʥʴʰʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ (ʧʨʠ ʵʪʦʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʪʨʝ-

ʪʴʝʡ ʬʘʟʳ ʨʘʚʝʥ ʤʘʢʩʠʤʘʣʴʥʦʤʫ). ʊʘʢ ʢʘʢ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʧʨʦʧʦʨʮʠ-

ʦʥʘʣʝʥ ʢʚʘʜʨʘʪʫ ʥʘʧʨʷʞʝʥʠʷ, ʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʥʦʰʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʝʩʪʴ ʢʦ-

ʨʝʥʴ ʠʟ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʥʦʰʝʥʠʷ ʤʦʤʝʥʪʦʚ (
U

k k= ). ʆʥ ʙʫʜʝʪ ʨʘʚʝʥ 0,644 

(kU  = 0,644). ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʜʣʷ ʨʘʚʥʦʤʝʨʥʦʛʦ ʰʘʛʘ, ʢʦʪʦʨʳʡ ʨʘʚʝʥ ʯʝʪʚʝʨʪʦʡ 

ʯʘʩʪʠ ʦʪ ʧʦʣʥʦʛʦ ʰʘʛʘ, ʥʝʦʙʭʦʜʠʤʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʜʚʘ ʫʨʦʚʥʷ ʥʘʧʨʷʞʝʥʠʷ: ʥʦʤʠ-

ʥʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʠ ʥʘʧʨʷʞʝʥʠʝ, ʢʦʪʦʨʦʝ ʙʫʜʝʪ ʚ 1,554 ʨʘʟʘ ʤʝʥʴʰʝ ʥʦʤʠʥʘʣʴ-

ʥʦʛʦ. 

ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʚʫʭ ʫʨʦʚʥʝʡ ʧʠʪʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ 

ʫʩʣʦʞʥʝʥʠʝ ʚʭʦʜʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ [4]. 

ʅʦʤʠʥʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʤʦʞʥʦ ʧʦʜʝʣʠʪʴ ʟʘ ʩʯʝʪ ʪʨʸʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠ-

ʥʝʥʥʳʭ ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʦʜʠʥʘʢʦʚʦʡ ʸʤʢʦʩʪʠ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 2/3 (0,667), ʯʪʦ ʧʨʠ-

ʙʣʠʟʠʪʝʣʴʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʫʝʤʦʤʫ ʫʨʦʚʥʶ ʥʘʧʨʷʞʝʥʠʷ 0,644 Uʥʦʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʫʶ ʩʪʘʪʴʶ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʙʘʟʫ ʜʣʷ ʩʣʝʜʫʶ-

ʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʅʝʦʙʭʦʜʠʤʘ ʨʝʘʣʠʟʘʮʠʷ ʩʭʝʤʳ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʧʘʨʘʤʝʪʨʦʚ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʩʧʦʩʦʙʥʦʡ ʬʦʨʤʠʨʦʚʘʪʴ ʪʨʝʙʫʝʤʳʝ ʫʨʦʚʥʠ ʥʘʧʨʷʞʝʥʠʷ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʵʪʦ ʙʫʜʝʪ ʪʨʸʭʫʨʦʚʥʝʚʳʡ ʠʥʚʝʨʪʦʨ, ʜʝʣʝʥʠʝ ʚʭʦʜʥʦʛʦ ʥʘʧʨʷ-

ʞʝʥʠʷ ʚ ʢʦʪʦʨʦʤ ʨʝʘʣʠʟʦʚʘʥʦ ʩ ʧʦʤʦʱʴʶ ʪʨʸʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʭ 

ʢʦʥʜʝʥʩʘʪʦʨʦʚ. ʀʥʪʝʨʝʩ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʣʠʷʥʠʝ ʨʘʟʙʘʣʘʥʩʘ 

ʥʘʧʨʷʞʝʥʠʡ ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʥʘ ʤʠʢʨʦʰʘʛ ʜʚʠʛʘʪʝʣʷ. ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ ʚʦʧʨʦʩ, 

ʥʫʞʥʦ ʣʠ ʚʳʨʘʚʥʠʚʘʪʴ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʢʦʥʜʝʥʩʘʪʦʨʘʭ ʟʘ ʩʯʸʪ ʫʩʪʘʥʦʚʢʠ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʳʭ ʮʝʧʝʡ. ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʦ ʧʦʣʫ-

ʯʝʥʥʦʤʫ ʘʣʛʦʨʠʪʤʫ ʧʝʨʝʢʣʶʯʝʥʠʷ ʬʘʟ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʙʦʪʳ ʰʘʛʦʚʦʛʦ ʜʚʠʛʘ-

ʪʝʣʷ ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ ʨʝʞʠʤʝ (ʧʦʣʫʯʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʚʨʝʤʝʥ-

ʥʳʭ ʜʠʘʛʨʘʤʤ). 
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Abstract. The article deals with the method of controlling stepper motors by microstepping. It 

is forming by a few voltage levels (for example, two) of input converter. Microstepping equals 2,3 

and 5,2 angular degrees (a. d.) in case of even division of step (15/4 = 3.75 a. d.). To reach it more 

complex input inverter is needed. Division of voltage value creates by series electric circuit of capac-

itors that have equal value capacitance. The article information creates base for future investigation.  

 

Kew words: control system, microstep, inductor motor, converter of electric power, multilevel 

invertor. 

 

References 

[1] I. Ya. Yemelyanov, V.V. Voskoboinikov and B.A. Maslenok, Osnovy proektirovaniya mekhaniz-

mov upravleniya yadernyh reaktorov [base designing of nuclear reactorsô control mechanisms]. 

Moscow: Energoatomizdat, 1978 (in Russia). 

[2] A.Yu. Smirnov, D.A. Kudryashov, D.A. Ulyanov, T.N. Usnunts-Krieger, ñmoment characteristics 

of stepper motors of mechanisms of movement of regulatory bodies of nuclear reactorsò, El-

ektrichestvo, no. 3, pp. 66 ï 74, 2025. 

[3] A.Yu. Smirnov, D.A. Ulyanov, Sinhronnye mashiny. Proektirovanie induktornyh dvigatelej dlya 

shagovogo privoda [Synchronous machines. Designing of inductor motors for stepper drive]. 

N. Novgorod: NNSTU, 2024 (In Russia). 

[4] G. S. Zinoviev, Osnovy silovoj elektroniki [base of power electronics]. Novosibirsk: NSTU, 1999 

(In Russia). 

[5] G. S. Zinoviev, Osnovy silovoj elektroniki [base of power electronics]. Novosibirsk: NSTU, 2000 

(In Russia). 

[6] M. G. Chilikin, Diskretnyj elektroprivod s shagovymi dvigatelyami [Discrete electric drive with 

stepper motors]. Moscow: Energiya, 1971 (in Russia). 

[7] A. V. Ivanov-Smolensky, Elektricheskie mashiny [Electric machines]. Moscow: Energiya, 1980 

(in Russia). 

[8] Vladimir Rentyuk, ñStepper motors and their application featuresò, Components and technologies, 

no. 10, pp. 71 ï 78, 2013. 

[9] A.A. Gubanova, A.S Guzarevich., N.E. Taridonov, ñStepper motor control systemò, Electronics 

and electrical engineering, no. 2, pp. 41 ï 47, 2018. 

[10] T.A. Lipo, Introduction to AC Machine Design. IEEE Press. Series on Power Engineering. Ho-

boken: John Wiley & Sons, 2017, 544 p. 

 



                                                              ɸʂʊʋɸʃʔʅʓɽ ʇʈʆɹʃɽʄʓ ʕʃɽʂʊʈʆʕʅɽʈɻɽʊʀʂʀ  119 

 

 
ʉʝʢʮʠʷ 3. ʀʅʊɽʃʃɽʂʊʋɸʃʔʅʓɽ ʕʃɽʂʊʈʀʏɽʉʂʀɽ ʉɽʊʀ  

ʀ ʉʀʉʊɽʄʓ ʕʃɽʂʊʈʆʉʅɸɹɾɽʅʀʗ 
 

ʋɼʂ 621.311.1 

 

ʇ.ɸ. ɸʣʝʰʠʥ, ɸ.ɸ. ʉʝʚʦʩʪʴʷʥʦʚ, ʅ.ɸ. ʉʝʨʝʙʨʷʢʦʚ 

 

ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʆɹʆɹʑɽʅʅʓʍ ʇʆʂɸɿɸʊɽʃɽʁ ʇʈʀ ɸʅɸʃʀɿɽ 

ɻɸʈʄʆʅʀʏɽʉʂʀʍ ʀʉʂɸɾɽʅʀʁ ʅɸʇʈʗɾɽʅʀʗ ɺ ʉʀʉʊɽʄɸʍ 

ʕʃɽʂʊʈʆʉʅɸɹɾɽʅʀʗ ʇʈʆʄʓʐʃɽʅʅʓʍ ʇʆʊʈɽɹʀʊɽʃɽʁ  

 
ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ  

ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʈ.ɽ. ɸʣʝʢʩʝʝʚʘ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʦʧʠʩʘʥ ʩʧʦʩʦʙ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʨʦʠʟʚʝʩʪʠ ʦʮʝʥʢʫ ʜʦʧʫʩʪʠʤʦʛʦ 

ʫʨʦʚʥʷ ʠʩʢʘʞʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʝʪʷʭ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʦʥʷʪʠʷ ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʚʝʢʪʦʨʘ. ʇʨʝʜʩʪʘʚʣʝʥ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʫʩʪʨʦʡ-

ʩʪʚʘ, ʨʝʘʣʠʟʫʶʱʝʛʦ ʜʘʥʥʳʡ ʩʧʦʩʦʙ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʩʢʘʞʘʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʢʘʯʝʩʪʚʦ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʢʦʵʬʬʠ-

ʮʠʝʥʪ ʚʟʘʠʤʥʦʡ ʢʦʨʨʝʣʷʮʠʠ, ʦʙʦʙʱʝʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʚʝʢʪʦʨ. 

 

ʉʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ 

ʠʤʝʶʪ ʚ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʢʪʨʦʧʨʠʝʤʥʠʢʦʚ ʩ ʨʝʟʢʦʧʝʨʝ-

ʤʝʥʥʳʤ ʠ ʥʝʣʠʥʝʡʥʳʤ ʨʝʞʠʤʦʤ ʨʘʙʦʪʳ, ʘ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢ ʠʥ-

ʪʝʛʨʘʮʠʠ ʚ ʩʪʨʫʢʪʫʨʫ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠʩʪʦʯʥʠʢʦʚ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ 

ʛʝʥʝʨʘʮʠʠ (ʀʈɻ) [1-4]. ʇʦʤʝʭʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʚʩʣʝʜʩʪʚʠʝ ʧʘʨʘʣʣʝʣʴʥʦʡ ʨʘʙʦʪʳ 

ʀʈɻ ʩ ʪʘʢʠʤʠ ʧʦʪʨʝʙʠʪʝʣʷʤʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʢʘʟʘʪʝʣʷʤʠ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʠ-

ʯʝʩʢʦʡ ʵʥʝʨʛʠʠ (ʇʂʕ) ʚ ʚʠʜʝ ʤʝʜʣʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ, ʝʛʦ ʥʝʩʠʥʫʩʦ-

ʠʜʘʣʴʥʦʩʪʴʶ ʠ ʥʝʩʠʤʤʝʪʨʠʝʡ. ʊʘʢʠʝ ʦʪʢʣʦʥʝʥʠʷ ʇʂʕ ʦʪ ʥʦʨʤʘʪʠʚʥʳʭ ʟʥʘʯʝʥʠʡ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʥʦʩʷʪ ʩʣʫʯʘʡʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʤʦʛʫʪ ʩʪʘʪʴ ʧʨʠʯʠʥʦʡ ʥʝʢʦʨʨʝʢʪʥʦʡ 

ʨʘʙʦʪʳ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʭ ʫʩʪʨʦʡʩʪʚ ʟʘʱʠʪʳ ʠ ʘʚʪʦʤʘʪʠʢʠ, ʧʨʠʚʦʜʠʪʴ ʢ ʬʫʥʢ-

ʮʠʦʥʠʨʦʚʘʥʠʶ ʧʨʦʤʳʰʣʝʥʥʳʭ ʵʣʝʢʪʨʦʧʨʠʝʤʥʠʢʦʚ ʩ ʧʘʨʘʤʝʪʨʘʤʠ, ʥʝʫʜʦʚʣʝ-

ʪʚʦʨʷʶʱʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʘ ʪʘʢʞʝ ʩʪʘʪʴ ʧʨʠʯʠʥʦʡ 

ʫʚʝʣʠʯʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʠ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʢʦʥʪʨʦʣʷ ʨʝ-

ʞʠʤʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʤʳʰʣʝʥʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʟʥʘʯʝʥʠʠ ʩʫʤʤʘʨʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʥʘʧʨʷʞʝʥʠʷ ʤʦʛʫʪ ʠʤʝʪʴ ʤʝʩʪʦ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠ 

ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʠʟʤʝʥʝʥʠʷ ʬʦʨʤʳ ʧʠʪʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯ-
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ʥʳʤ ʜʣʷ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʠ ʘʚʪʦʤʘʪʠʢʠ. ɼʘʞʝ ʧʨʠ ʫʩʣʦʚʠʠ ʥʘʭʦʞʜʝʥʠʷ ʟʥʘʯʝ-

ʥʠʡ ʘʤʧʣʠʪʫʜ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʥʘʧʨʷʞʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ, ʫʩʪʘʥʦʚ-

ʣʝʥʥʳʭ ʪʨʝʙʦʚʘʥʠʷʤʠ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ, ʚʦʟʤʦʞʥʦ ʨʘʟʣʠʯʥʦʝ ʚʣʠʷʥʠʝ 

ʠʩʢʘʞʝʥʠʡ ʬʦʨʤʳ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʧʦʪʨʝʙʠʪʝʣʷ [1, 2].  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʥʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʬʦʨʤʳ ʥʘʧʨʷʞʝ-

ʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʩʫʤʤʠʨʦʚʘʥʠʠ ʛʘʨʤʦʥʠʢ 3, 5, 7, 9 ʠ 11 ʧʦʨʷʜʢʘ ʩ ʛʘʨʤʦʥʠ-

ʢʦʡ ʦʩʥʦʚʥʦʡ ʯʘʩʪʦʪʳ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʥʘʯʘʣʴʥʳʭ ʬʘʟ. ɸʤʧʣʠʪʫʜʳ ʛʘʨ-

ʤʦʥʠʢ ʧʨʠʥʷʪʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [5] ʠ ʨʘʚʥʳ ʧʨʝʜʝʣʴʥʳʤ ʫʨʦʚʥʷʤ ʜʘʥʥʳʭ ʛʘʨ-

ʤʦʥʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʥʘʧʨʷʞʝʥʠʷ ʜʣʷ ʩʝʪʝʡ ʥʘʧʨʷʞʝʥʠʝʤ 10 ʢɺ. ʈʠʩ. 1 

ʠʣʣʶʩʪʨʠʨʫʝʪ ʠʟʤʝʥʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʥʘʧʨʷʞʝʥʠʷ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʜʦʭʦʜʠʪʴ 

ʜʦ 15 % ʦʪ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʦʩʥʦʚʥʦʡ ʯʘʩʪʦʪʳ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦʧʨʝʜʝʣʝʥʠʷ ʜʦʧʫʩʪʠʤʦʛʦ ʫʨʦʚʥʷ ʠʩʢʘʞʝʥʠʡ ʥʘʧʨʷ-

ʞʝʥʠʷ ʧʨʝʜʣʘʛʘʝʪʩʷ ʢʦʤʧʣʝʢʩʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʥʷʪʠʡ ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʠ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʚʝʢʪʦʨʘ (ʇɺ), ʧʦʟʚʦʣʷʶʱʠʭ ʚʳʧʦʣʥʠʪʴ ʘʥʘʣʠʟ ʧʘʨʘʤʝʪʨʦʚ 

ʥʘʧʨʷʞʝʥʠʷ ʚ ʪʨʝʭʬʘʟʥʦʡ ʩʠʩʪʝʤʝ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ. 

 

  
(ʘ)                                                                    (ʙ) 

 

ʈʠʩ. 1. ʌʦʨʤʘ ʧʠʪʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʥʘʯʘʣʴʥʳʭ 

ʬʘʟʘʭ ʛʘʨʤʦʥʠʢ ʥʘʧʨʷʞʝʥʠʷ 3, 5, 7, 9, 11 ʧʦʨʷʜʢʘ: ʘ - ű1=0Á, ű3=0Á, ű5=0Á, ű7=0Á, ű9=0Á, 

ű11=0; ʙ - ű1=0Á, ű3=5Á; ű5=12Á; ű7=20Á; ű9=32Á; ű11=45Á 

 

ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʇɺ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ, ʧʦʟʚʦʣʷʶʱʠʡ ʦʙʲʝʜʠʥʠʪʴ ʪʨʠ 

ʬʘʟʳ ʥʘʧʨʷʞʝʥʠʷ ʚ ʦʜʥʫ ʢʦʤʧʣʝʢʩʥʫʶ ʚʝʣʠʯʠʥʫ, ʠʟʤʝʥʷʶʱʫʶʩʷ ʚʦ ʚʨʝʤʝʥʠ 

[6, 7]. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʇɺ ʚʢʣʶʯʘʝʪ ʚʩʝ ʬʣʶʢʪʫʘʮʠʠ ʪʨʝʭʬʘʟʥʦʛʦ ʥʘʧʨʷ-

ʞʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʢʘʢ ʚ ʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʨʝʞʠʤʘʭ, ʪʘʢ ʠ ʚ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦ-

ʮʝʩʩʘʭ. ʇʨʠ ʵʪʦʤ ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʇɺ ʷʚʣʷʝʪʩʷ ʠʥʩʪʨʫʤʝʥʪʦʤ ʚʠʟʫʘʣʠʟʘʮʠʠ 

ʠʟʤʝʥʝʥʠʡ ʇʂʕ ʚ ʢʦʤʧʣʝʢʩʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʘ ʝʛʦ ʤʦʜʫʣʴ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʜʣʷ ʬʠʢʩʘʮʠʠ ʬʘʢʪʘ ʧʦʷʚʣʝʥʠʷ ʚʦʟʤʫʱʝʥʠʡ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ [7]. 

ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʪʨʝʭʬʘʟʥʦʡ ʩʠʩʪʝʤʳ 

ʥʘʧʨʷʞʝʥʠʡ ʚ ʢʦʤʧʣʝʢʩʥʳʡ ʇɺ. ɿʘʚʠʩʠʤʦʩʪʠ (ʨʠʩ. 2) ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʘʧʨʷʞʝ-

ʥʠʷʤ (ʨʠʩ. 1) ʠ ʩʬʦʨʤʠʨʦʚʘʥʳ ʩʫʤʤʠʨʦʚʘʥʠʝʤ ʛʘʨʤʦʥʠʢ 3, 5, 7, 9 ʠ 11 ʧʦʨʷʜʢʘ 

ʩ ʛʘʨʤʦʥʠʢʦʡ ʦʩʥʦʚʥʦʡ ʯʘʩʪʦʪʳ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʥʘʯʘʣʴʥʳʭ ʬʘʟ. 
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ʈʠʩ. 2. ɼʠʘʛʨʘʤʤʘ ʟʥʘʯʝʥʠʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʚʝʢʪʦʨʘ ʧʨʠ ʘʥʘʣʠʟʝ ʠʩʢʘʞʘʶʱʝʛʦ ʚʦʟ-

ʜʝʡʩʪʚʠʷ ʛʘʨʤʦʥʠʢ 3, 5, 7, 9 ʠ 11 ʧʦʨʷʜʢʘ ʥʘ ʧʠʪʘʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘ-

ʯʝʥʠʷʭ ʥʘʯʘʣʴʥʳʭ ʬʘʟ: ʘ ï ʦʪʩʫʪʩʪʚʠʝ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʧʨʘʚʠʣʴʥʘʷ 

ʦʢʨʫʞʥʦʩʪʴ; ʙ - ű1=0Á, ű3=0Á, ű5=0Á, ű7=0Á, ű9=0Á, ű11=0; ʚ - ű1=0Á, ű3=5Á; ű5=12Á; ű7=20Á; 

ű9=32Á; ű11=45Á. 

ɸʥʘʣʠʟ ʨʠʩ. 2 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʇɺ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʧʦʟʚʦʣʷʝʪ 

ʦʧʨʝʜʝʣʷʪʴ ʠʩʢʘʞʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʩʠʥʫʩʦʠʜʘʣʴʥʦʡ ʬʦʨʤʳ ʧʫʪʝʤ ʬʠʢʩʘʮʠʠ ʦʪ-

ʢʣʦʥʝʥʠʡ ʬʠʛʫʨʳ, ʦʧʠʩʳʚʘʝʤʦʡ ʢʦʥʮʦʤ ʇɺ ʚʦ ʚʨʝʤʝʥʠ, ʦʪ ʧʨʘʚʠʣʴʥʦʡ ʦʢʨʫʞ-

ʥʦʩʪʠ. 

ɺ ʪʘʙʣ. 1 ʠ ʥʘ ʨʠʩ. 3 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʠ ʨʘʩʯʝʪʦʚ ʥʦʨʤʠʨʦʚʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʬʘʟʦʚʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ʛʘʨʤʦʥʠʢ ʥʘʧʨʷʞʝʥʠʷ.   
 

 
(ʘ) 

 

ʈʠʩ. 3. ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʬʘʟʦʚʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ 

ʛʘʨʤʦʥʠʢ ʥʘʧʨʷʞʝʥʠʷ (ʥʘʯʘʣʦ) 



122             ʉʝʢʮʠʷ 3. ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʝʪʠ ʠ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ 
 

 

 
(ʙ) 

 

ʈʠʩ. 3. ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʬʘʟʦʚʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ 

ʛʘʨʤʦʥʠʢ ʥʘʧʨʷʞʝʥʠʷ (ʦʢʦʥʯʘʥʠʝ): ʘ - ű1=0Á, ű3=0Á, ű5=0Á, ű7=0Á, ű9=0Á, ű11=0;  ʙ - 

ű1=0Á, ű3=5Á; ű5=12Á; ű7=20Á; ű9=32Á; ű11=45Á. 

 

ɸʥʘʣʠʟ ʚʘʨʠʘʥʪʦʚ ʠʩʢʘʞʝʥʠʷ ʢʨʠʚʦʡ ʥʘʧʨʷʞʝʥʠʷ ʛʘʨʤʦʥʠʢʘʤʠ (ʪʘʙʣ. 1) ʧʨʠ 

ʥʘʨʫʰʝʥʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʚʟʘʠʤ-

ʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʚʳʙʨʘʥ ʚ ʢʘʯʝʩʪʚʝ ʯʠʩʣʝʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʦʟ-

ʚʦʣʷʶʱʝʡ ʦʮʝʥʠʪʴ ʩʪʝʧʝʥʴ ʠʩʢʘʞʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʦʡ ʯʘʩʪʦʪʳ ʠ 

ʫʨʦʚʝʥʴ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʦʙʲʝʢʪʘ ʧʨʠ ʝʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʚ ʩʫʱʝʩʪʚʫʶʱʝʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʦʙʩʪʘ-

ʥʦʚʢʝ. 
ʊʘʙʣʠʮʘ 1 

ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʬʘʟʦʚʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ʛʘʨʤʦʥʠʢ 

ʥʘʧʨʷʞʝʥʠʷ 

 

ɺʘʨ-ʪ 

ɸʤʧʣʠʪʫʜʥʦ-ʬʘʟʦʚʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʛʘʨʤʦʥʠʢ ʥʘʧʨʷʞʝʥʠʷ ʂʦʵʬʬʠʮʠʝʥʪ 

ʢʦʨʨʝʣʷʮʠʠ ʇɺ 

ʥʘʧʨʷʞʝʥʠʷ, 

ʦ.ʝ. 

U3, 

% 

U5,

% 

U7,

% 

U9, 

% 

U11, 

% 

ű3, 

ʨʘʜ 

ű5, 

ʨʘʜ 

ű7, 

ʨʘʜ 

ű9, 

ʨʘʜ 

ű11, 

ʨʘʜ 

1 3 4 3 1 2 0 0 0 0 0 1,0 

2 3 4 3 1 2 ˊ/18 ˊ/12 ˊ/9 5ˊ/36 ˊ/6 0,992 

3 3 4 3 1 2 ˊ/36 ˊ/15 ˊ/9 8ˊ/45 ˊ/4 0,991 

4 3 4 3 1 2 5ˊ/36 ˊ/36 ˊ/18 ˊ/4 ˊ/6 0,996 

5 3 4 3 1 2 ˊ/9 ˊ/6 2ˊ/9 5ˊ/18 ˊ/3 0,989 

6 3 4 3 1 2 ˊ/18 5ˊ/36 2ˊ/9 13ˊ/36 ˊ/2 0,990 

7 3 4 3 1 2 5ˊ/18 ˊ/18 ˊ/9 ˊ/2 ˊ/3 0,989 

 

ʅʘ ʨʠʩ. 4 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ, ʨʝʘʣʠʟʫʶʱʝʛʦ ʜʘʥ-

ʥʳʡ ʩʧʦʩʦʙ ʘʥʘʣʠʟʘ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ (ʂʕ) ʚ ʪʨʝʭʬʘʟʥʦʡ ʩʠʩʪʝʤʝ ʵʣʝʢ-

ʪʨʦʩʥʘʙʞʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ.  
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ʈʠʩ. 4. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ, ʨʝʘʣʠʟʫʶʱʝʛʦ ʩʧʦʩʦʙ ʘʥʘʣʠʟʘ ʂʕ 

 

ʋʩʪʨʦʡʩʪʚʦ, ʨʝʘʣʠʟʫʶʱʝʝ ʩʧʦʩʦʙ ʘʥʘʣʠʟʘ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨ-

ʛʠʠ ʚ ʪʨʝʭʬʘʟʥʦʡ ʩʠʩʪʝʤʝ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ (ʨʠʩ.4.), ʚʢʣʶʯʘʝʪ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʝ ʤʦʜʫʣʴ ʩʙʦʨʘ ʜʘʥʥʳʭ (ʄʉɼ), ʤʦʜʫʣʴ ʪʨʝʭʤʝʨ-

ʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (ʄʊʇ), ʤʦʜʫʣʴ ʥʦʨʤʠʨʦʚʢʠ (ʄʅ), ʙʣʦʢ ʢʦʨʨʝʣʷʮʠʠ (ɹʂ), 

ʤʦʜʫʣʴ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ (ʄɼ), ʙʣʦʢ ʩʨʘʚʥʝʥʠʷ (ɹʉ), ʘ ʪʘʢʞʝ ʙʣʦʢ ʭʨʘʥʝʥʠʷ ʨʝ-

ʟʫʣʴʪʘʪʦʚ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʇʝʨʚʳʡ ʠ ʚʪʦʨʦʡ ʚʳʭʦʜʳ ʙʣʦʢʘ ʭʨʘ-

ʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʜʢʣʶʯʝʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʢʦ ʚʪʦʨʳʤ ʚʭʦʜʘʤ ɹʉ. ʅʘ ʧʝʨʚʳʡ ʠ ʚʪʦʨʦʡ ʚʭʦʜʳ ɹʍʈʀʄ ʧʦʩʪʫʧʘʝʪ ʠʥʬʦʨʤʘʮʠʷ 

ʦ ʪʝʢʫʱʝʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʠ ʨʝʟʫʣʴ-

ʪʘʪʘʭ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɺʭʦʜ ʄʉɼ ʠ ʚʳʭʦʜ ʙʣʦʢʘ ʩʨʘʚʥʝʥʠʷ ʧʦʜ-

ʢʣʶʯʝʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢʦ ʚʭʦʜʫ ʠ ʚʳʭʦʜʫ ʫʩʪʨʦʡʩʪʚʘ, ʨʝʘʣʠʟʫʶʱʝʛʦ ʩʧʦʩʦʙ 

ʘʥʘʣʠʟʘ ʂʕ ʚ ʪʨʝʭʬʘʟʥʦʡ ʩʠʩʪʝʤʝ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ. 

ʄʉɼ ʫʩʪʨʦʡʩʪʚʘ, ʨʝʘʣʠʟʫʶʱʝʛʦ ʩʧʦʩʦʙ ʘʥʘʣʠʟʘ ʂʕ ʚ ʪʨʝʭʬʘʟʥʦʡ ʩʠʩʪʝʤʝ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ, ʚʳʧʦʣʥʝʥ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʦʜʢʣʶʯʝʥʠʷ ʢ 

ʢʘʞʜʦʡ ʬʘʟʝ ʪʨʝʭʬʘʟʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ ʠ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʠʟʤʝʨʝʥʠʷ ʬʘʟ-

ʥʳʭ ʟʥʘʯʝʥʠʡ ʪʦʢʦʚ ʠ ʥʘʧʨʷʞʝʥʠʡ ʚ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʪʦʯʢʘʭ ʧʨʠʩʦʝʜʠʥʝʥʠʷ. ɺ 

ʤʦʜʫʣʝ ʩʙʦʨʘ ʜʘʥʥʳʭ ʚʳʧʦʣʥʷʝʪʩʷ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠ ʥʘ ʝʛʦ 

ʚʳʭʦʜ ʧʦʜʘʶʪʩʷ ʤʛʥʦʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʬʘʟʥʳʭ ʪʦʢʦʚ ʠ ʥʘʧʨʷʞʝʥʠʡ. 

ʄʉɼ ʧʦʜʢʣʶʯʝʥ ʢ ʄʊʇ. ɺ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʤʦʜʫʣʴ ʪʨʝʭʤʝʨʥʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠʥʠʤʘʝʪ ʤʛʥʦʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʬʘʟʥʳʭ ʪʦʢʦʚ ʠ/ʠʣʠ ʥʘʧʨʷʞʝ-

ʥʠʡ xa(n), xb(n), xc(n) (ʛʜʝ n ï ʪʝʢʫʱʝʝ ʜʠʩʢʨʝʪʥʦʝ ʚʨʝʤʷ), ʠʟʤʝʨʝʥʥʳʭ ʚ ʘʥʘʣʠʟʠ-

ʨʫʝʤʦʡ ʪʦʯʢʝ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʪʨʝʭʬʘʟʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ. ɺ ʄʊʇ ʦʩʫʱʝʩʪʚ-

ʣʷʝʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʂʣʘʨʢʘ, ʷʚʣʷʶʱʝʝʩʷ ʨʘʟʥʦʚʠʜʥʦʩʪʴʶ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʩʠʤʤʝʪʨʠʯʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ. 

ʄʛʥʦʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʚʝʢʪʦʨʘ ʠʟ ʄʊʇ ʫʩʪʨʦʡʩʪʚʘ ʧʦʩʪʫ-

ʧʘʶʪ ʥʘ ʤʦʜʫʣʴ ʥʦʨʤʠʨʦʚʢʠ. ɺ ʄʅ ʚ ʩʢʦʣʴʟʷʱʝʤ ʦʢʥʝ ʜʘʥʥʳʭ, ʚʢʣʶʯʘʶʱʝʤ, 

ʥʘʧʨʠʤʝʨ, N ʢʦʤʧʣʝʢʩʥʳʭ ʦʪʩʯʝʪʦʚ (ʤʛʥʦʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ) ʇɺ, ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʭ 

ʥʦʨʤʠʨʦʚʢʘ (ʧʨʠʚʝʜʝʥʠʝ ʢ ʥʦʨʤʠʨʦʚʘʥʥʦʤʫ ʚʠʜʫ) ʧʦ ʵʥʝʨʛʠʠ. ɼʣʷ ʵʪʦʛʦ ʚʳʯʠʩ-

ʣʷʝʪʩʷ ʵʥʝʨʛʠʷ ʩʦʚʦʢʫʧʥʦʩʪʠ N ʢʦʤʧʣʝʢʩʥʳʭ ʟʥʘʯʝʥʠʡ ʇɺ ʚ ʪʝʢʫʱʝʤ ʩʢʦʣʴʟʷ-

ʱʝʤ ʦʢʥʝ, ʠ ʢʘʞʜʦʝ ʠʟ ʢʦʤʧʣʝʢʩʥʳʭ ʤʛʥʦʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʄʇ ʵʪʦʛʦ ʪʝʢʫʱʝʛʦ 

ʩʢʦʣʴʟʷʱʝʛʦ ʦʢʥʘ ʥʦʨʤʠʨʫʝʪʩʷ ʢ ʨʘʩʩʯʠʪʘʥʥʦʡ ʵʥʝʨʛʠʠ. 



124             ʉʝʢʮʠʷ 3. ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʝʪʠ ʠ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ 
 

ɺʳʯʠʩʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʟʘʠʤʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʇɺ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ 

ʙʣʦʢʝ ʢʦʨʨʝʣʷʮʠʠ ʫʩʪʨʦʡʩʪʚʘ (ʨʠʩ. 4), ʨʝʘʣʠʟʫʶʱʝʛʦ ʧʨʝʜʣʘʛʘʝʤʳʡ ʩʧʦʩʦʙ ʘʥʘ-

ʣʠʟʘ ʂʕ ʚ ʪʨʝʭʬʘʟʥʦʡ ʩʠʩʪʝʤʝ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ. 

ɺ ʢʘʯʝʩʪʚʝ ɹʂ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʫʩʪʨʦʡʩʪʚʦ ʮʠʬʨʦʚʦʡ ʬʠʣʴʪʨʘʮʠʠ (ʮʠʬʨʦʚʦʡ 

ʬʠʣʴʪʨ), ʠʤʧʫʣʴʩʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʦʪʦʨʦʛʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʪʘʣʦʥʥʦʤʫ ʩʠʛ-

ʥʘʣʫ ʇɺ. ʄʛʥʦʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʟʘʠʤʥʦʡ ʢʦʨʨʝʣʷ-

ʮʠʠ ʧʦʜʘʶʪʩʷ ʥʘ ʤʦʜʫʣʴ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʭ ʤʦʜʫʣʴʥʳʭ ʟʥʘʯʝʥʠʡ. 

ʄʦʜʫʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʩ ʚʳʭʦʜʘ ʄɼ ʧʦʩʪʫʧʘʶʪ ʥʘ ʧʝʨʚʳʡ ʚʭʦʜ ʙʣʦʢʘ ʩʨʘʚʥʝʥʠʷ, 

ʥʘ ʚʪʦʨʳʝ ʚʭʦʜʳ ʢʦʪʦʨʦʛʦ ʠʟ ʙʣʦʢʘ ʭʨʘʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʷ ʧʦʩʪʫʧʘʝʪ ʫʩʪʘʚʦʯʥʦʝ ʟʥʘʯʝʥʠʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʜʦʧʫʩʪʠʤʦʤʫ ʦʪ-

ʢʣʦʥʝʥʠʶ ʤʦʜʫʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʟʘʠʤʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʜʣʷ ʘʥʘʣʠ-

ʟʠʨʫʝʤʦʡ ʪʦʯʢʠ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʠ ʪʝʢʫʱʝʛʦ ʨʝʞʠʤʘ.  

ɺ ɹʍʈʀʄ ʫʩʪʨʦʡʩʪʚʘ, ʨʝʘʣʠʟʫʶʱʝʛʦ ʩʧʦʩʦʙ ʘʥʘʣʠʟʘ ʂʕ ʚ ʪʨʝʭʬʘʟʥʦʡ ʩʠ-

ʩʪʝʤʝ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ, ʧʦʩʪʫʧʘʝʪ ʠʥʬʦʨʤʘʮʠʷ 

ʦ ʪʝʢʫʱʝʤ ʨʝʞʠʤʝ, ʚʳʨʘʞʝʥʥʘʷ, ʥʘʧʨʠʤʝʨ, ʚ ʚʠʜʝ ʥʦʤʝʨʘ ʨʝʞʠʤʘ. ʊʘʢʘʷ ʠʥʬʦʨ-

ʤʘʮʠʷ ʤʦʞʝʪ ʧʦʩʪʫʧʘʪʴ ʠʟ SCADA-ʩʠʩʪʝʤʳ ʠʣʠ ʠʟ ʩʠʩʪʝʤ ʜʠʩʧʝʪʯʝʨʩʢʦ-ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩʠʩʪʝʤʦʡ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ. ʅʦʤʝʨ ʨʝʞʠʤʘ ʦʧʨʝʜʝʣʷʝʪ 

ʪʝʢʫʱʠʡ ʥʘʙʦʨ ʫʩʪʘʚʦʯʥʳʭ ʟʥʘʯʝʥʠʡ, ʚʳʜʘʚʘʝʤʳʭ ʩ ʚʳʭʦʜʦʚ ɹʍʈʀʄ ʚ ɹʉ ʧʨʠ 

ʘʥʘʣʠʟʝ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʪʦʯʝʢ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʥʘʧʨʷʞʝ-

ʥʠʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʝʥʠʝ ʇɺ, ʦʙʲʝʜʠʥʷʶʱʝʛʦ ʠʥʬʦʨʤʘʮʠʶ ʦ ʪʨʝʭ ʬʘʟʘʭ 

ʥʘʧʨʷʞʝʥʠʷ ʚ ʦʜʥʫ ʢʦʤʧʣʝʢʩʥʫʶ ʚʝʣʠʯʠʥʫ, ʠʟʤʝʥʷʶʱʫʶʩʷ ʚʦ ʚʨʝʤʝʥʠ. ɺʚʝʜʝ-

ʥʠʝ ʨʘʩʯʝʪʦʚ ʇɺ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʠʥʩʪʨʫʤʝʥʪ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠʟʤʝʥʝʥʠʡ ʇʂʕ ʥʘ 

ʢʦʤʧʣʝʢʩʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʘ ʝʛʦ ʤʦʜʫʣʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʬʠʢʩʘʮʠʠ ʬʘʢʪʘ ʧʦʷʚʣʝ-

ʥʠʷ ʚʦʟʤʫʱʝʥʠʡ ʚ ʧʨʦʤʳʰʣʝʥʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʚ ʩʬʝʨʝ ʥʘʫʯ-

ʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ (ʪʝʤʘ ˉFSWE-2025-0001). 
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Abstract. The article describes a method for assessing the permissible level of voltage distor-

tion in industrial power supply networks using the concept of coherence and a spatial vector. The 

operating principle of a device implementing this method is presented. 
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ʋɼʂ 621.311.1 

ɸ.ɼ. ɸʭʤʝʪʙʘʝʚ 

 

ʆʉʆɹɽʅʅʆʉʊʀ ʈɸɿʈɸɹʆʊʂʀ ʉʍɽʄ ʕʃɽʂʊʈʆʉʅɸɹɾɽʅʀʗ 

ʎɽʅʊʈʆɺ ʆɹʈɸɹʆʊʂʀ ɼɸʅʅʓʍ 

 
ɸʆ çʂʘʟʘʭʩʪʘʥʩʢʘʷ ʢʦʤʧʘʥʠʷ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʝʪʷʤʠè (çKEGOCè) 

 

ɸʥʥʦʪʘʮʠʷ. ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʩʭʝʤ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʜʣʷ ʮʝʥʪʨʦʚ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ 

(ʎʆɼ) ʠʣʠ IDC (Internet Data Centre) ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʥʘʜʝʞʥʦʩʪʴ ʠ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ 

ʦʙʲʝʢʪʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʷʭ. ɼʣʷ ʜʘʥʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʩʦʙʩʪʚʝʥʥʳʝ ʘʚʪʦʥʦʤʥʳʝ ʠʩʪʦʯʥʠʢʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ï ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨ-

ʥʳʝ ʫʩʪʘʥʦʚʢʠ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʦʙʲʝʢʪʦʚ ʩ III ʠ IV ʫʨʦʚʥʝʤ ʩʠʩʪʝʤʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ Uptime 

Institute. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʚʪʦʥʦʤʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚ ʩʭʝʤʝ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʜʘʥʥʳʭ ʧʦʪʨʝʙʠ-

ʪʝʣʝʡ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʡ ʤʝʨʦʡ. ʉ ʫʯʝʪʦʤ ʵʪʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʦʩʪʨʦʝʥʠʶ ʩʭʝʤ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʜʣʷ ʎʆɼ. 

   

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʭʝʤʘ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ, ʮʝʥʪʨ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨ-

ʥʘʷ ʫʩʪʘʥʦʚʢʘ, ʥʘʜʝʞʥʦʩʪʴ, ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ, ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ.  

  

ʆʙʲʝʢʪʳ ʎʆɼ ʧʨʝʜʲʷʚʣʷʶʪ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʠ ʣʶʙʳʭ ʚʥʝʰʥʠʭ ʠ ʚʥʫʪʨʝʥʥʠʭ ʥʘʨʫʰʝʥʠʷʭ ʚ ʵʣʝʢʪʨʦʩʥʘʙʞʝ-

ʥʠʠ. ʇʦʜ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴʶ ʜʘʥʥʳʭ ʦʙʲʝʢʪʦʚ ʧʦʥʠʤʘʝʪʩʷ ʥʝʧʨʝʨʳʚʥʘʷ ʨʘ-

ʙʦʪʘ ʎʆɼ ʚ ʪʝʯʝʥʠʝ 8760 ʯʘʩʦʚ ʚ ʛʦʜʫ ʧʨʠ ʥʦʤʠʥʘʣʴʥʦʡ ʟʘʛʨʫʟʢʝ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʮʝʥʪʨʘ ʚ ʪʝʯʝʥʠʠ ʩʫʪʦʢ ʠʣʠ ʩʝʟʦʥʘ. ʆʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ ʠʣʠ ʩʪʝʧʝʥʴ ʥʘʜʝʞʥʦʩʪʠ 

ʜʘʥʥʳʭ ʦʙʲʝʢʪʦʚ ʜʦʣʞʥʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʫʨʦʚʥʷʤ ʩʠʩʪʝʤʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ (ʩʝʨ-

ʪʠʬʠʢʘʮʠʠ) Uptime Institute [1]. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʘʚʘʨʠʡ ʚ 

ʎʆɼ ʜʣʷ ʧʦʩʪʘʚʱʠʢʘ ʫʩʣʫʛ ʥʝʩʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʬʠʥʘʥʩʦʚʳʡ ʠ ʨʝʧʫʪʘʮʠʦʥʥʳʡ 

ʫʱʝʨʙ. 

ʉʦʛʣʘʩʥʦ ʦʪʯʝʪʫ, ʚ 2018 ʛ. ʦʜʠʥ ʯʘʩ ʧʨʦʩʪʦʷ ʎʆɼ ʦʙʭʦʜʠʣʩʷ ʠʭ ʦʧʝʨʘʪʦʨʘʤ 

ʚ ʩʨʝʜʥʝʤ ʚ 260 000 ʜʦʣʣʘʨʦʚ ʉʐɸ. ʉʣʫʯʠʚʰʠʝʩʷ ʟʘ ʧʦʩʣʝʜʥʠʝ ʤʝʩʷʮʳ 2019 

ʛʦʜʘ ʘʚʘʨʠʠ ʎʆɼ ʧʦʜʪʚʝʨʞʜʘʶʪ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʨʛʘʥʠʟʘʮʠʠ Uptime 

Institute, ʚ ʢʦʪʦʨʳʭ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ ʧʦʜʦʙʥʳʭ ʠʥʮʠʜʝʥʪʦʚ ʚʳʜʝʣʷ-

ʶʪʩʷ: ʧʝʨʝʙʦʠ ʚ ʧʦʜʘʯʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʩʙʦʠ ʚ ʨʘʙʦʪʝ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ 

ʩʝʪʠ, ʘ ʪʘʢʞʝ ʦʰʠʙʢʠ ʚ ʨʘʙʦʪʝ IT-ʩʠʩʪʝʤ ʠʣʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ.  

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʦʚ ʮʠʬʨʦʚʠʟʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʜʜʝʨʞʘʥʠʷ ʙʝʟʦʪ-

ʢʘʟʥʦʡ ʨʘʙʦʪʳ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʎʆɼ ʚʳʭʦʜʠʪ ʥʘ ʧʝʨʚʳʡ ʧʣʘʥ. ʆʜʥʘʢʦ ʤʠʥʠʤʠ-

ʟʘʮʠʷ ʨʠʩʢʦʚ ʘʚʘʨʠʡʥʳʭ ʩʦʙʳʪʠʡ ʷʚʣʷʝʪʩʷ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ, ʢʦʪʦʨʘʷ 

ʧʨʝʞʜʝ ʚʩʝʛʦ ʩʚʷʟʘʥʘ ʩ ʦʩʦʙʝʥʥʦʩʪʴʶ ʩʭʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʜʘʥʥʳʭ ʦʙʲʝʢ-

ʪʦʚ, ʘ ʠʤʝʥʥʦ, ʩ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʝʝ ʥʘʜʝʞʥʦʩʪʠ. 

ʉʪʨʫʢʪʫʨʘ ʩʭʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʎʆɼ ʜʦʣʞʥʘ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʩʣʝʜʫʶ-

ʱʠʤ ʪʨʝʙʦʚʘʥʠʷʤ: 
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1) ʦʙʝʩʧʝʯʠʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʦʙʲʝʢʪʘ ʧʨʠ ʣʶʙʳʭ ʥʝʠʩʧʨʘʚʥʦʩʪʷʭ ʣʶ-

ʙʦʛʦ ʵʣʝʤʝʥʪʘ ʩʭʝʤʳ; 

2) ʦʙʝʩʧʝʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʚʦʜʘ ʚ ʨʝʤʦʥʪ ʣʶʙʦʛʦ ʵʣʝʤʝʥʪʘ ʩʭʝʤʳ; 

3) ʦʙʝʩʧʝʯʠʪʴ ʥʝʧʨʝʨʳʚʥʦʩʪʴ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʜʣʷ ʢʨʠʪʠʯʥʳʭ ʥʘʛʨʫʟʦʢ 

ʧʨʠ ʣʶʙʳʭ ʥʝʠʩʧʨʘʚʥʦʩʪʷʭ ʠ ʧʝʨʝʢʣʶʯʝʥʠʷʭ ʚ ʩʭʝʤʝ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʎʆɼ, ʜʘʥʥʳʝ ʦʙʲ-

ʝʢʪʳ ʚ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʠʤʝʶʪ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʥʳʝ ʫʩʪʘʥʦʚʢʠ (ɼɻʋ), ʦʙʝʩʧʝʯʠ-

ʚʘʶʱʠʝ ʨʘʙʦʪʫ ʮʝʥʪʨʘ ʚ ʦʩʪʨʦʚʥʦʤ ʨʝʞʠʤʝ ʧʨʠ ʥʘʨʫʰʝʥʠʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ 

ʦʪ ʦʩʥʦʚʥʦʡ ʩʝʪʠ [2,3]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʟʘʜʘʯʘ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʩʭʝʤ ʵʣʝʢ-

ʪʨʦʩʥʘʙʞʝʥʠʷ ʎʆɼ ʜʣʷ ʙʝʟʘʚʘʨʠʡʥʦʡ ʨʘʙʦʪʳ ʧʨʠ ʣʶʙʳʭ ʥʝʥʦʨʤʘʣʴʥʳʭ ʨʝʞʠ-

ʤʘʭ ʨʘʙʦʪʳ ʚʥʝʰʥʝʡ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʝʨʚʦʩʪʝʧʝʥʥʦʡ. 

ʇʝʨʝʯʠʩʣʠʤ ʦʩʥʦʚʥʳʝ ʥʝʜʦʩʪʘʪʢʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠʣʠ ʧʨʦʝʢʪʠʨʫʝʤʳʭ 

ʩʭʝʤ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʎʆɼ. 

1. ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʩʭʝʤ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʜʣʷ ʢʨʠʪʠʯʥʳʭ ʥʘʛʨʫʟʦʢ ʦʙʲʝʢ-

ʪʦʚ ʎʆɼ ʯʘʩʪʦ ʩʭʝʤʘ ʥʝ ʠʤʝʝʪ ʯʝʪʢʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʤʝʞʜʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ 

ʥʘʛʨʫʟʢʘʤʠ ʠ ʥʘʛʨʫʟʢʘʤʠ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ (ʦʩʚʝʱʝʥʠʝ, ʙʳʪʦʚʳʝ ʢʦʥʜʠʮʠʦ-

ʥʝʨʳ, ʚʝʥʪʠʣʷʮʠʷ, ʨʦʟʝʪʢʠ ʙʳʪʦʚʦʛʦ ʥʘʟʥʘʯʝʥʠʷ). ɺʚʠʜʫ ʵʪʦʛʦ ʧʨʠ ʧʨʦʧʘʜʘʥʠʠ 

ʚʥʝʰʥʝʛʦ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ɼɻʋ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʠʪʘʥʠʝ ʥʘʛʨʫʟʢʠ ʢʘʢ ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʪʘʢ ʠ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ.  

2. ɼʣʷ ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ ʥʘ ʩʠʩʪʝʤʫ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʚ ʩʭʝʤʘʭ ʵʣʝʢʪʨʦ-

ʩʥʘʙʞʝʥʠʷ ʎʆɼ ʧʨʦʠʟʚʦʜʠʪʩʷ ʫʩʪʘʥʦʚʢʘ ʪʨʝʭʭʦʜʦʚʳʭ ɸɺʈ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠ-

ʞʝʥʠʶ ʥʘʜʝʞʥʦʩʪʠ ɸɺʈ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ ʩʥʠʞʝʥʠʶ ʥʘʜʝʞʥʦʩʪʠ ʩʭʝʤʳ ʚ ʮʝ-

ʣʦʤ. 

3. ʅʝʚʦʟʤʦʞʥʦʩʪʴ ʟʘʤʝʥʳ ʠʣʠ ʚʳʚʦʜʘ ʚ ʨʝʤʦʥʪ ʣʶʙʦʛʦ ʵʣʝʤʝʥʪʘ ʩʭʝʤʳ ʙʝʟ 

ʦʪʢʣʶʯʝʥʠʷ ʢʨʠʪʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʠ ʨʠʩʢʘ ʦʩʪʘʥʦʚʢʠ ʎʆɼ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʕʕʉ ʧʨʝʜʣʘʛʘʝʪʩʷ ʢ ʨʘʩʩʤʦʪʨʝʥʠʶ ʩʭʝʤʘ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʎʆɼ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʧʨʠʥʮʠʧʝ ʥʘʣʠʯʠʷ ʢʘʢ ʤʠʥʠʤʫʤ ʜʚʫʭ ʥʝ-

ʟʘʚʠʩʠʤʳʭ ʚʚʦʜʦʚ ʜʣʷ ʣʶʙʦʡ ʢʦʥʝʯʥʦʡ ʥʘʛʨʫʟʢʠ ʚ ʚʠʜʝ ʩʝʨʚʝʨʥʦʛʦ ʠ ʘʢʪʠʚʥʦʛʦ 

ʩʝʪʝʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʬʘʢʪʠʯʝʩʢʠ ʚʩʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʧʨʝʜʫʩʤʘʪʨʠ-

ʚʘʶʪ ʜʣʷ ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ ʩʝʨʚʝʨʥʦʛʦ ʠ ʘʢʪʠʚʥʦʛʦ ʩʝʪʝʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʝ ʤʝ-

ʥʝʝ ʜʚʫʭ ʚʭʦʜʦʚ ʧʠʪʘʥʠʷ. ʊʘʢʠʝ ʥʘʛʨʫʟʢʠ ʧʦʟʚʦʣʷʶʪ ʩʪʨʦʠʪʴ ʩʭʝʤʳ ʩ ʜʚʫʤʷ ʠ 

ʙʦʣʝʝ ʥʝʟʘʚʠʩʠʤʳʤʠ ʚʚʦʜʘʤʠ (ʨʠʩ.1). 

ɺ ʜʘʥʥʦʡ ʩʭʝʤʝ ʫʩʣʦʚʥʦ ʧʦʢʘʟʘʥʳ ʜʚʝ ʫʩʪʘʥʦʚʢʠ ɼɻʋ, ʧʨʠ ʵʪʦʤ ʢʦʣʠʯʝ-

ʩʪʚʦ ɼɻʋ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʫʚʝʣʠʯʝʥʦ, ʘ ʠʭ ʩʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [4]. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʨʝʢʦ-

ʤʝʥʜʘʮʠʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʘʩʯʝʪʦʤ ʤʦʱʥʦʩʪʠ ɼɻʋ [5]. ʇʨʠ ʥʝʧʨʘʚʠʣʴʥʦʤ ʚʳʙʦʨʝ 

ʤʦʱʥʦʩʪʠ ɼɻʋ ʧʨʦʠʩʭʦʜʠʪ ʠʭ ʧʝʨʝʛʨʫʟʢʘ ʠ ʘʚʘʨʠʡʥʘʷ ʦʩʪʘʥʦʚʢʘ. ʅʘʠʙʦʣʝʝ ʯʘ-

ʩʪʦ ʚʦʟʥʠʢʘʶʪ ʦʰʠʙʢʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʤʦʱʥʦʩʪʠ ɼɻʋ ï ʧʦ ʧʨʠʯʠʥʝ ʥʝʢʦʨʨʝʢʪ-

ʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʛʥʦʟʠʨʫʝʤʦʡ ʤʦʱʥʦʩʪʠ ʥʘʛʨʫʟʢʘ ʚ ʧʝʨʠʦʜ ʨʘʙʦʪʳ ʎʆɼ.  
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ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʎʆɼ 

 

ʉʭʝʤʘ ʨʠʩ. 1 ʚ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʠʤʝʝʪ ʪʨʠ ɸɺʈ: ʩʝʢʮʠʦʥʠʨʦʚʘʥʠʝ ʚʚʦʜʥʦ-

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ (ɺʈʋ), ʱʠʪʘ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʛʦ ʧʠʪʘʥʠʷ (ʑɻʇ) 

ʠ ʱʠʪʘ ɼɻʋ. 

ʇʨʠ ʟʘʢʘʟʝ ʵʥʝʨʛʦʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʩʭʝʤʳ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠ-

ʥʷʪʴ ʚʦ ʚʥʠʤʘʥʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ, ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʜʘʣʝʝ. 

1. ʇʦʩʪʨʦʝʥʠʝ ʩʠʩʪʝʤʳ ɸɺʈ ʥʝʦʙʭʦʜʠʤʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʥʘ ʦʩʥʦʚʝ ʦʪʜʝʣʴ-
ʥʳʭ ʚʳʢʣʶʯʘʪʝʣʝʡ ʩ ʦʪʜʝʣʴʥʳʤ ʦʪʩʝʢʦʤ ʜʣʷ ʱʠʪʘ ʙʣʦʢʘ ʘʚʪʦʤʘʪʠʢʠ. ʇʨʠ 

ʧʨʠʦʙʨʝʪʝʥʠʠ ʜʚʫʭʭʦʜʦʚʳʭ ɸɺʈ (ʢʦʨʦʤʳʩʣʦʚʳʭ) ʚ ʝʜʠʥʦʤ ʢʦʨʧʫʩʝ ʨʝ-

ʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʜʘʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʠʞʝ. 

2. ʑʠʪʳ ʨʘʟʥʳʭ ʩʝʢʮʠʡ ʠ ʚʚʦʜʦʚ ɸ ʠ ɹ ʥʝʦʙʭʦʜʠʤʦ ʤʦʥʪʠʨʦʚʘʪʴ ʚ ʦʪʜʝʣʴ-
ʥʳʭ ʢʦʨʧʫʩʘʭ, ʘ ʪʘʢʞʝ ʞʝʣʘʪʝʣʴʥʦ ʨʘʟʥʦʩʠʪʴ ʚ ʨʘʟʥʳʝ ʦʪʜʝʣʴʥʳʝ ʧʦʤʝʱʝ-

ʥʠʷ. 

3. ɺʥʫʪʨʝʥʥʠʝ ʠ ʥʘʨʫʞʥʳʝ ʪʨʘʩʩʳ ʢʘʙʝʣʴʥʳʭ ʩʝʪʝʡ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʚʳʧʦʣ-
ʥʷʪʴ ʚ ʦʪʜʝʣʴʥʳʭ ʣʦʪʢʘʭ. 

4. ɸʚʪʦʤʘʪʠʯʝʩʢʠʝ ʚʚʦʜʥʳʝ ʠ ʩʝʢʮʠʦʥʥʳʝ ʚʳʢʣʶʯʘʪʝʣʠ ʜʦʣʞʥʳ ʠʤʝʪʴ ʚʳ-
ʢʘʪʥʦʝ ʠʩʧʦʣʥʝʥʠʝ. 

5. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʵʥʝʨʛʦʦʙʦʨʫʜʦʚʘʥʠʷ ʦʪ ʥʘʜʝʞʥʳʭ ʧʦ-
ʩʪʘʚʱʠʢʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʘʷ ʩʭʝʤʘ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʦʩʦʙʝʥ-

ʥʦʩʪʠ:  

¶ ʩʭʝʤʘ ʠʤʝʝʪ ʪʨʠ ʫʨʦʚʥʷ ï ʚʚʦʜʥʦ-ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʩ ʩʝʢ-

ʮʠʦʥʥʳʤ ʚʳʢʣʶʯʘʪʝʣʝʤ, ʱʠʪ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʛʦ ʧʠʪʘʥʠʷ ʩ ʩʝʢʮʠʦʥʥʳʤ 

ʚʳʢʣʶʯʘʪʝʣʝʤ, ʱʠʪ ʀɹʇ ʜʣʷ ʢʨʠʪʠʯʥʦʡ ʥʘʛʨʫʟʢʠ; 

¶ ʩʭʝʤʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʨʦʚʥʶ TIER III /IV ʧʨʠ ʥʘʛʨʫʟʢʘʭ ʩ ʜʚʫʤʷ ʠ ʙʦʣʝʝ 

ʙʣʦʢʘʤʠ ʧʠʪʘʥʠʷ; 

¶ ʩʭʝʤʘ ʠʤʝʝʪ ʪʨʠ ɸɺʈ; 



130             ʉʝʢʮʠʷ 3. ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʝʪʠ ʠ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ 
 

¶ ɸɺʈ ʩʪʨʦʷʪʩʷ ʥʘ ʜʚʫʭ ʚʳʢʣʶʯʘʪʝʣʷʭ ʩ ʢʦʥʪʨʦʣʝʤ ʥʘʧʨʷʞʝʥʠʷ ʬʘʟ ʠ 
ʥʝʡʪʨʘʣʠ ʥʘ ʢʘʞʜʦʤ ʠʟ ʚʚʦʜʦʚ; 

¶ ʩʭʝʤʘ ʠʤʝʝʪ ʜʚʘ ʦʙʭʦʜʥʳʭ (ʙʘʡʧʘʩʥʳʭ) ʚʳʢʣʶʯʘʪʝʣʷ, ʧʦʟʚʦʣʷʶʱʠʭ ʚʳ-
ʚʦʜʠʪʴ ʚ ʨʝʤʦʥʪ ɸɺʈ; 

¶ ʧʨʠ ʥʘʣʠʯʠʠ ʢʘʢ ʤʠʥʠʤʫʤ ʜʚʫʭ ʩʪʘʮʠʦʥʘʨʥʳʭ ʘʚʪʦʥʦʤʥʳʭ ɼɻʋ, ʧʠʪʘ-
ʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʚʳʧʦʣʥʷʝʪʩʷ ʦʪ ʜʚʫʭ ʥʝʟʘʚʠʩʠʤʳʭ ʀɹʇ ʩ 

ʚʨʝʤʝʥʝʤ ʘʚʪʦʥʦʤʥʦʡ ʨʘʙʦʪʳ ʥʝ ʙʦʣʝʝ 10 ʤʠʥʫʪ, ʧʦʜʢʣʶʯʝʥʥʳʭ ʦʪ 1 ʠ 2 

ʩʝʢʮʠʠ ʑɻʇ; 

¶ ʚʩʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ ʧʦʜʢʣʶʯʘʶʪʩʷ ʢ ʩʝʢ-
ʮʠʷʤ ɺʈʋ ï ʱʠʪʳ ʙʳʪʦʚʳʭ ʨʦʟʝʪʦʢ, ʱʠʪʳ ʙʳʪʦʚʳʭ ʢʦʥʜʠʮʠʦʥʝʨʦʚ, ʱʠʪʳ 

ʨʘʙʦʯʝʛʦ ʦʩʚʝʱʝʥʠʷ; 

¶ ʨʘʟʜʝʣʝʥʠʝ ʥʘʛʨʫʟʦʢ ʟʜʘʥʠʷ ʧʦ ʩʝʪʷʤ ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ 

ʥʘʛʨʫʟʢʫ ʥʘ ɼɻʋ, ʘ ʪʘʢʞʝ ʚʳʧʦʣʥʷʪʴ ʨʘʙʦʪʳ ʧʦ ʇʇʈ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʷʭ 

ʨʘʟʜʝʣʴʥʦ, ʙʝʟ ʥʘʨʫʰʝʥʠʷ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʜʨʫʛʠʭ ʧʦʪʨʝʙʠʪʝʣʝʡ; 

¶ ʘʚʪʦʤʘʪʠʢʘ ʱʠʪʘ ɸɺʈ ʛʦʨʦʜ-ɼɻʋ ʜʦʣʞʥʘ ʠʤʝʪʴ ʬʫʥʢʮʠʠ ʧʨʠʦʨʠʪʝʪʘ, 

ʨʫʯʥʦʛʦ ʨʝʞʠʤʘ. 
 

 
 

ʈʠʩ. 2. ʈʝʘʣʠʟʦʚʘʥʥʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʥʘ ʦʙʲʝʢʪʘʭ 

ɸʆ ʂʘʟʘʭʪʝʣʝʢʦʤ ʚ ʛʛ.  ɸʣʤʘʪʳ, ɸʩʪʘʥʘ, ɸʢʢʦʣʴ 
 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʩʭʝʤʘ ʥʘ ʨʠʩ. 1 ʠʤʝʝʪ ʩʪʝʧʝʥʴ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ 2N, ʦʜʥʘʢʦ 

ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʘ ʚ ʩʪʝʧʝʥʴ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ 2(N+1) ʠʣʠ ʚʳʰʝ. ɼʣʷ ʵʪʦʛʦ 

ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ ʚ ʩʠʩʪʝʤʝ ʙʝʩʧʝʨʝʙʦʡʥʦʛʦ ʧʠʪʘʥʠʷ ʥʘ 1 ʀɹʇ ʙʦʣʴʰʝ, ʘ ʚ 

ʩʠʩʪʝʤʝ ʢʣʠʤʘʪʝʭʥʠʢʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʙʣʦʢ. ʊʘʢʦʝ ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ ʧʦʚʳʰʘʝʪ 

ʥʘʜʝʞʥʦʩʪʠ ʕʕʉ ʧʨʠ ʘʚʘʨʠʷʭ ʦʜʥʦʛʦ ʠʟ ʙʣʦʢʦʚ ʀɹʇ ʠʣʠ ʢʣʠʤʘʪʝʭʥʠʢʠ ʧʨʠ ʚʳ-

ʭʦʜʝ ʠʟ ʩʪʨʦʷ ʠʣʠ ʚʳʚʦʜʝ ʚ ʨʝʤʦʥʪ ʦʜʥʦʡ ʝʜʠʥʠʮʳ ʦʙʦʨʫʜʦʚʘʥʠʷ.  

ʋʢʘʟʘʥʥʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʥʘ ʦʙʲʝʢʪʘʭ ɸʆ ʂʘʟʘʭʪʝ-

ʣʝʢʦʤ ʚ ʛʛ.  ɸʣʤʘʪʳ, ɸʩʪʘʥʘ, ɸʢʢʦʣʴ (ʨʠʩ. 2). 
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A.D. Akhmetbaev 

 

FEATURES OF THE DEVELOPMENT OF POWER SUPPLY SCHEMES 

FOR DATA CENTERS 

 
JSC "Kazakhstan Electric Grid Management Company" ("KEGOC") 

Almaty, Kazakhstan 

 
Abstract. It is necessary to take into account the reliability and fault tolerance of the facility 

in various emergency situations when building power supply schemes for IDC (Internet Data Center). 

These consumers most often have their own autonomous power supply sources ï diesel generator 

sets. Especially for facilities with Tier III and IV of the Uptime Institute certification, the use of 

autonomous sources in the power supply scheme for these consumers is a necessary measure. Taking 

these features into account, the article discusses the requirements for building power supply circuits 

for data centers. 

 

Key words: power supply scheme, data center, diesel generator set, reliability, redundancy, 

fault tolerance.  

Uptime Institute is one of the most wellïknown and trusted international certification institu-

tions that has developed its own standard for the reliability of data centers. 
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ʇʈɽɼʆʊɺʈɸʑɽʅʀɽ ʀɿʃʀʐʅʀʍ ʆʊʂʃʖʏɽʅʀʁ ɺʓʂʃʖʏɸʊɽʃɽʁ 

ʇʀʊɸʖʑʀʍ ʎɽʅʊʈʆɺ ʕʃɽʂʊʈʀʏɽʉʂʀʍ ʉɽʊɽʁ  

ʉ ʈɽɿʀʉʊʀɺʅʆ-ɿɸɿɽʄʃɽʅʅʆʁ ʅɽʁʊʈɸʃʔʖ ʇʈʀ ʆɼʅʆʌɸɿʅʓʍ 

ɿɸʄʓʂɸʅʀʗʍ 

 
ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʄʦʩʢʦʚʩʢʠʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ 

 

ɸʥʥʦʪʘʮʠʷ. ʇʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʩʫʤʤʘʨʥʦʡ ʜʣʠʥʳ ʢʘʙʝʣʴʥʳʭ ʣʠʥʠʡ, ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʩʝʪʷʭ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʝʤʢʦʩʪʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʚ ʪʦʢʘʭ ʦʜʥʦʬʘʟʥʳʭ ʟʘʤʳʢʘʥʠʡ (ʆɿ). ɺ ʤʝʛʘ-

ʧʦʣʠʩʘʭ, ʚ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʝʪʷʭ ʥʘʧʨʷʞʝʥʠʝʤ 6 (10) ʢɺ, ʝʤʢʦʩʪʥʳʝ ʪʦʢʠ ʥʘ ʦʪʜʝʣʴʥʳʭ 

ʫʯʘʩʪʢʘʭ, ʫʞʝ ʧʨʝʚʳʰʘʶʪ 1000 ɸ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʥʘʩʪʨʦʡʢʫ ʜʫʛʦʛʘʩʠʪʝʣʴʥʳʭ ʨʝʘʢʪʦʨʦʚ. 

ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʝʪʝʡ ʠʜʝʪ ʧʦ ʜʚʫʤ ʥʘʧʨʘʚʣʝʥʠʷʤ: ʟʘʤʝʥʘ ʜʫʛʦʛʘʩʠ-

ʪʝʣʴʥʳʭ ʨʝʘʢʪʦʨʦʚ ʚ ʥʝʡʪʨʘʣʠ ʥʘ ʥʠʟʢʦʦʤʥʳʝ ʨʝʟʠʩʪʦʨʳ ʠ ʦʪʢʘʟ ʦʪ ʥʘʧʨʷʞʝʥʠʷ 6 (10) ʢɺ ʩ 

ʧʦʩʪʝʧʝʥʥʳʤ ʧʝʨʝʭʦʜʦʤ ʥʘ ʥʘʧʨʷʞʝʥʠʝ 20 ʢɺ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʝʤʢʦʩʪʥʳʝ ʪʦʢʠ ʥʘ ʩʝʢʮʠʷʭ 

ʩʙʦʨʥʳʭ ʰʠʥ ʧʠʪʘʶʱʠʭ ʮʝʥʪʨʦʚ, ʚ ʜʝʡʩʪʚʫʶʱʠʭ ʩʝʪʷʭ ʥʘʧʨʷʞʝʥʠʝʤ 20 ʢɺ ʩ ʨʝʟʠʩʪʦʨʘʤʠ ʚ 

ʥʝʡʪʨʘʣʠ ʩ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 12 ʆʤ, ʜʦʩʪʠʛʘʶʪ 300 ɸ ʠ ʙʦʣʝʝ. ɺ ʨʝʤʦʥʪʥʳʭ ʢʦʤʤʫʪʘʮʠʦʥʥʳʭ 

ʩʦʩʪʦʷʥʠʷʭ, ʢʦʛʜʘ ʦʙʲʝʜʠʥʷʶʪʩʷ ʥʘ ʧʘʨʘʣʣʝʣʴʥʫʶ ʨʘʙʦʪʫ ʜʚʝ ʩʝʢʮʠʠ, ʩʫʤʤʘʨʥʳʡ ʝʤʢʦʩʪʥʦʡ 

ʪʦʢ ʧʨʝʚʳʰʘʝʪ ʫʩʪʘʚʢʫ ʪʦʢʦʚʦʡ ʟʘʱʠʪʳ ʥʫʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (ʊɿʅʇ) ʠ ʧʨʠ ʆɿ ʬʠʢ-

ʩʠʨʫʶʪʩʷ ʠʟʣʠʰʥʠʝ ʩʨʘʙʘʪʳʚʘʥʠʷ ʊɿʅʇ ʚʚʦʜʦʚ ʧʠʪʘʥʠʷ ʩʝʢʮʠʡ ʩʙʦʨʥʳʭ ʰʠʥ. ɺ ʩʪʘʪʴʝ ʧʨʠ-

ʚʝʜʝʥ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʥʘ ʠʟʣʠʰʥʠʝ ʩʨʘʙʘʪʳʚʘʥʠʷ ʊɿʅʇ ʝʤʢʦʩʪʥʳʭ ʪʦʢʦʚ, ʧʝʨʝʭʦʜʥʳʭ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʡ ʠ ʫʜʘʣʝʥʥʦʩʪʠ ʆɿ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʟʘʱʠʪʳ ʥʘ ʦʩʥʦʚʝ ʬʘʟʥʳʭ ʪʦʢʦʚ ʧʦʟʚʦʣʷʶʪ ʠʟʙʝ-

ʞʘʪʴ ʠʟʣʠʰʥʠʭ ʦʪʢʣʶʯʝʥʠʡ ʚʳʢʣʶʯʘʪʝʣʝʡ ʚʚʦʜʦʚ ʧʠʪʘʥʠʷ ʩʝʢʮʠʡ ʩʙʦʨʥʳʭ ʰʠʥ ʥʘ ʧʠʪʘʶʱʠʭ 

ʮʝʥʪʨʘʭ ʧʨʠ ʝʤʢʦʩʪʥʳʭ ʪʦʢʘʭ ʥʘ 60% ʙʦʣʴʰʠʭ, ʯʝʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʊɿʅʇ.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʝʪʴ ʥʘʧʨʷʞʝʥʠʝʤ 20 ʢɺ, ʨʝʟʠʩʪʠʚʥʦ-ʟʘʟʝʤʣʝʥʥʘʷ 

ʥʝʡʪʨʘʣʴ, ʦʜʥʦʬʘʟʥʳʝ ʟʘʤʳʢʘʥʠʷ, ʝʤʢʦʩʪʥʦʡ ʪʦʢ, ʠʟʣʠʰʥʠʝ ʩʨʘʙʘʪʳʚʘʥʠʷ ʪʦʢʦʚʳʭ ʟʘʱʠʪ ʥʫ-

ʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʚʚʦʜʳ ʧʠʪʘʥʠʷ ʩʝʢʮʠʡ ʩʙʦʨʥʳʭ ʰʠʥ, ʧʠʪʘʶʱʠʡ ʮʝʥʪʨ. 

 

ʉʫʤʤʘʨʥʘʷ ʜʣʠʥʘ ʢʘʙʝʣʴʥʳʭ ʣʠʥʠʡ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʩʝʪʠ 20 ʢɺ ʝʞʝ-

ʛʦʜʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʝʤʢʦʩʪʥʳʭ ʪʦʢʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʙʳʪʴ ʧʨʠʯʠʥʦʡ ʠʟʣʠʰʥʠʭ ʩʨʘʙʘʪʳʚʘʥʠʡ [1] ʊɿʅʇ ʚʚʦʜʦʚ ʧʠʪʘʥʠʷ ʩʝʢʮʠʡ ʩʙʦʨ-

ʥʳʭ ʰʠʥ ʧʨʠ ʦʜʥʦʬʘʟʥʳʭ ʟʘʤʳʢʘʥʠʷʭ [2]. ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘ-

ʣʠʟʘ ʚʣʠʷʥʠʷ ʝʤʢʦʩʪʥʳʭ ʪʦʢʦʚ, ʧʝʨʝʭʦʜʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʫʜʘ-

ʣʝʥʥʦʩʪʠ ʆɿ ʥʘ ʠʟʣʠʰʥʠʝ ʦʪʢʣʶʯʝʥʠʷ ʚʚʦʜʦʚ ʧʠʪʘʥʠʷ ʩʝʢʮʠʡ ʩʙʦʨʥʳʭ ʰʠʥ ʧʠ-

ʪʘʶʱʠʭ ʮʝʥʪʨʦʚ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʝʪʝʡ ʥʘʧʨʷʞʝʥʠʝʤ 20 ʢɺ. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʚʳʧʦʣʥʝʥʦ ʥʘ ʦʩʥʦʚʝ ʨʘʩʯʸʪʥʦʡ ʩʭʝʤʳ, ʨʠʩ.1.  

ʊʨʘʜʠʮʠʦʥʥʦ ʧʨʠ ʦʜʥʦʬʘʟʥʳʭ ʟʘʤʳʢʘʥʠʷʭ ʚʳʢʣʶʯʘʪʝʣʠ ʦʪʢʣʶʯʘʶʪʩʷ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʪʦʢʦʚʦʡ ʟʘʱʠʪʳ ʥʫʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ [3], [4]. ɺ ʩʪʘʪʴʝ ʨʘʩ-

ʩʤʦʪʨʝʥʳ ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ ʪʦʢʦʚʦʡ ʟʘʱʠʪʳ ʥʫʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠ, ʢʘʢ 
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ʘʣʴʪʝʨʥʘʪʠʚʘ, ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʦʢʦʚʦʡ ʟʘʱʠʪʳ ʚ ʢʘʯʝʩʪʚʝ ʟʘʱʠʪʳ 

ʦʪ ʦʜʥʦʬʘʟʥʳʭ ʟʘʤʳʢʘʥʠʡ. ɿʘʱʠʪʳ ʩʦʧʦʩʪʘʚʣʝʥʳ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʨʘʟʙʨʦʩʦʚ 

ʟʥʘʯʝʥʠʡ ʪʦʢʦʚ ʠ ʫʛʣʦʚ ʤʝʞʜʫ ʥʘʧʨʷʞʝʥʠʷʤʠ ʠ ʪʦʢʘʤʠ ʧʨʠ ʆɿ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʨʘʩʯʝʪʥʳʤʠ ʫʩʣʦʚʠʷʤʠ. 

 
ʈʠʩ. 1. ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ  

 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʬʨʘʛʤʝʥʪ ʪʠʧʦʚʦʛʦ ʧʨʦ-

ʝʢʪʥʦʛʦ ʨʝʰʝʥʠʷ ʧʠʪʘʶʱʝʛʦ ʮʝʥʪʨʘ ʩ ʩʠʣʦʚʳʤʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʤʠ ʥʦʤʠʥʘʣʴ-

ʥʦʡ ʤʦʱʥʦʩʪʴʶ 100 ʄɺɸ ʩ ʦʙʤʦʪʢʘʤʠ 220 ʠ 20 ʢɺ, ʩʦʝʜʠʥʝʥʥʳʤʠ ʚ ʟʚʝʟʜʫ ʩ 

ʚʳʚʦʜʘʤʠ ʥʝʡʪʨʘʣʠ. ʅʝʡʪʨʘʣʴ ʦʙʤʦʪʢʠ ʥʠʟʰʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʟʘʟʝʤʣʝʥʘ ʯʝʨʝʟ ʨʝ-

ʟʠʩʪʦʨ 12 ʆʤ [5]. ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʘʨʴʠʨʦʚʘʣʠʩʴ ʢʦʣʠʯʝʩʪʚʦ ʢʘʙʝʣʴʥʳʭ 

ʣʠʥʠʡ ʠʟ ʫʩʣʦʚʠʷ ʧʦʣʫʯʝʥʠʷ ʝʤʢʦʩʪʥʳʭ ʪʦʢʦʚ ʥʘ ʢʘʞʜʫʶ ʩʝʢʮʠʶ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 

50 ʜʦ 300 ɸ. ɺ ʢʘʯʝʩʪʚʝ ʚʪʦʨʦʛʦ ʨʘʩʯʝʪʥʦʛʦ ʫʩʣʦʚʠʷ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʧʝʨʝʭʦʜʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚ ʤʝʩʪʝ ʦʜʥʦʬʘʟʥʦʛʦ ʟʘʤʳʢʘʥʠʷ, ʝʛʦ ʟʥʘʯʝʥʠʝ ʚʘʨʴʠʨʦʚʘʣʦʩʴ ʚ 

ʜʠʘʧʘʟʦʥʝ ʦʪ 0 ʜʦ 30 ʆʤ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʝʡʩʪʚʫʶʱʠʤ ʥʦʨʤʘʪʠʚʥʳʤ ʜʦʢʫ-

ʤʝʥʪʘʤ [6]. ɺ ʢʘʯʝʩʪʚʝ ʪʨʝʪʴʝʛʦ ʨʘʩʯʝʪʥʦʛʦ ʫʩʣʦʚʠʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʵʣʝʢʪʨʠʯʝ-

ʩʢʘʷ ʫʜʘʣʝʥʥʦʩʪʴ ʤʝʩʪʘ ʦʜʥʦʬʘʟʥʦʛʦ ʟʘʤʳʢʘʥʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʟʘʤʳʢʘʥʠʷ ʚ 

ʩʝʨʝʜʠʥʝ ʠ ʚ ʢʦʥʮʝ ʢʘʙʝʣʴʥʦʡ ʣʠʥʠʠ 1 ʧʦʷʩʘ, ʘ ʪʘʢʞʝ ʚ ʢʦʥʮʝ ʣʠʥʠʠ 2 ʧʦʷʩʘ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʥʘ ʦʩʥʦʚʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ EMTP-RV.  

ʈʘʙʦʪʘ ʪʦʢʦʚʦʡ ʟʘʱʠʪʳ ʥʫʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚʚʦʜʦʚ ʧʨʦʘʥʘʣʠʟʠ-

ʨʦʚʘʥʘ ʩ ʧʦʤʦʱʴʶ ʨʘʩʯʝʪʘ ʤʥʦʞʝʩʪʚʘ ʦʜʥʦʬʘʟʥʳʭ ʟʘʤʳʢʘʥʠʡ. ʅʘ ʨʠʩ. 2. ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʨʘʟʙʨʦʩʳ ʧʦʣʫʯʝʥʥʳʭ ʨʘʩʯʝʪʥʳʭ ʟʥʘʯʝʥʠʡ. 
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ʈʠʩ. 2. ɿʦʥʳ ʨʘʟʙʨʦʩʘ ʪʦʢʦʚ ʥʫʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚʚʦʜʦʚ ʩʝʢʮʠʡ ʩʙʦʨʥʳʭ ʰʠʥ 

ʧʠʪʘʶʱʝʛʦ ʮʝʥʪʨʘ ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʨʘʩʯʝʪʥʳʭ ʫʩʣʦʚʠʡ ʆɿ 

 

ʋʤʝʥʴʰʝʥʠʝ ʝʤʢʦʩʪʥʦʛʦ ʪʦʢʘ, ʫʚʝʣʠʯʝʥʠʝ ʧʝʨʝʭʦʜʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ 

ʫʚʝʣʠʯʝʥʠʝ ʫʜʘʣʝʥʥʦʩʪʠ ʦʪ ʛʦʣʦʚʥʦʛʦ ʫʯʘʩʪʢʘ ʢʘʙʝʣʴʥʦʡ ʣʠʥʠʠ ʧʝʨʚʦʛʦ ʧʦʷʩʘ 

ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʪʦʢʘ ʥʫʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʝʢʮʠʠ, ʥʝ ʠʤʝʶʱʝʡ 

ʧʦʚʨʝʞʜʝʥʠʡ ʥʘ ʢʘʙʝʣʴʥʳʭ ʣʠʥʠʷʭ. ʕʪʦʪ ʪʦʢ ʧʨʠ ʥʘʠʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ʝʤʢʦʩʪ-

ʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ, ʥʫʣʝʚʦʤ ʧʝʨʝʭʦʜʥʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ ʠ ʟʘʤʳʢʘʥʠʠ ʚ ʩʝʨʝʜʠʥʝ 

ʣʠʥʠʠ 1 ʧʦʷʩʘ ʧʨʝʚʳʰʘʝʪ ʫʩʪʘʚʢʫ.  

ʅʘ ʨʠʩ. 3. ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʟʘʚʠʩʠʤʦʩʪʠ ʬʘʟʥʳʭ ʪʦʢʦʚ 

ʚʚʦʜʦʚ ʧʠʪʘʥʠʷ ʩʝʢʮʠʡ ʩʙʦʨʥʳʭ ʰʠʥ, ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʚʘʨʴʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ.  

ʅʘ ʦʩʥʦʚʝ ʭʘʨʘʢʪʝʨʘ ʠʟʤʝʥʝʥʠʷ ʪʦʢʦʚ ʚ ʥʝʧʦʚʨʝʞʜʝʥʥʳʭ ʬʘʟʘʭ ʙʳʣʠ ʩʦ-

ʩʪʘʚʣʝʥʳ ʚʝʢʪʦʨʥʳʝ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʷʞʝʥʠʡ ʠ ʪʦʢʦʚ ʧʨʠ ʬʠʢʩʠʨʫʝʤʳʭ ʚʘʨʴʠʨʫ-

ʝʤʳʭ ʧʘʨʘʤʝʪʨʘʭ, ʦʪʨʘʞʝʥʥʳʝ ʥʘ ʨʠʩ. 4. ʠ 5. ʊʦʢʠ ʥʝʧʦʚʨʝʞʜʝʥʥʳʭ ʬʘʟ ɺ ʠ ʉ 

ʠʤʝʶʪ ʘʢʪʠʚʥʦ-ʝʤʢʦʩʪʥʦʡ ʭʘʨʘʢʪʝʨ. ʊʦʢ ʧʦʚʨʝʞʜʝʥʥʦʡ ʬʘʟʳ ʤʦʞʝʪ ʠʤʝʪʴ ʘʢ-

ʪʠʚʥʦ ʠʥʜʫʢʪʠʚʥʳʡ ʠʣʠ ʘʢʪʠʚʥʦ-ʝʤʢʦʩʪʥʦʡ ʭʘʨʘʢʪʝʨ. ʇʦ ʤʦʜʫʣʶ ʪʦʢ ʧʦʚʨʝ-

ʞʜʝʥʥʦʡ ʬʘʟʳ ʚʩʝʛʜʘ ʙʦʣʴʰʝ ʪʦʢʘ ʫʩʪʘʚʢʠ.  

ɿʦʥʳ ʪʦʢʦʚ ʧʦʚʨʝʞʜʝʥʥʦʡ ʠ ʥʝʧʦʚʨʝʞʜʝʥʥʦʡ ʬʘʟ ʥʝ ʧʝʨʝʩʝʢʘʶʪʩʷ ʠ ʣʝʞʘʪ 

ʚ ʨʘʟʥʳʭ ʦʙʣʘʩʪʷʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʠ ʪʦʢʘ ʫʩʪʘʚʢʠ. ɿʘʚʠʩʠʤʦʩʪʴ 

ʪʦʢʘ ʥʝʧʦʚʨʝʞʜʝʥʥʦʡ ʬʘʟʳ ʦʪ ʫʛʣʘ ʤʝʞʜʫ ʥʘʧʨʷʞʝʥʠʝʤ ʠ ʪʦʢʦʤ ʦʙʨʘʟʫʝʪ ʟʦʥʫ 

ʥʠʞʝ ʫʨʦʚʥʷ ʪʦʢʘ ʫʩʪʘʚʢʠ. 
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ʋʛʦʣ ʤʝʞʜʫ ʥʘʧʨʷʞʝʥʠʝʤ ʠ ʪʦʢʦʤ ʅʇ, ʵʣ. ʛʨʘʜ.

ʊʦʢʠ ʅʇ ʚʚʦʜʘ ʩʝʢʮʠʠ ʙʝʟ 

ʟʘʤʳʢʘʥʠʷ ʥʘ ʂʃ

ʊʦʢʠ ʅʇ ʚʚʦʜʘ ʩʝʢʮʠʠ ʩ 

ʟʘʤʳʢʘʥʠʝʤ ʥʘ ʂʃ

ʊʦʢ ʫʩʪʘʚʢʠ ʟʘʱʠʪʳ ʚʚʦʜʘ
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ʈʠʩ. 3. ɿʦʥʳ ʨʘʟʙʨʦʩʘ ʬʘʟʥʳʭ ʪʦʢʦʚ ʚʚʦʜʦʚ ʩʝʢʮʠʡ ʩʙʦʨʥʳʭ ʰʠʥ ʧʠʪʘʶʱʝʛʦ ʮʝʥʪʨʘ 

ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʨʘʩʯʝʪʥʳʭ ʫʩʣʦʚʠʡ ʆɿ 

  

 
ʈʠʩ. 4. ɺʝʢʪʦʨʥʳʝ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʷʞʝʥʠʡ ʠ ʪʦʢʦʚ ʬʘʟʳ ɺ ʚʚʦʜʦʚ ʩʝʢʮʠʡ 1 ʠ 2 ʩʠʩʪʝʤʳ 

ʩʙʦʨʥʳʭ ʰʠʥ, ʧʨʠ ʆɿ ʚ ʩʝʨʝʜʠʥʝ ʂʃ 1 ʧʦʷʩʘ: ʘ) ʧʨʠ ʝʤʢʦʩʪʥʦʤ ʪʦʢʝ 50 ɸ, ʙ) ʧʨʠ ʝʤʢʦʩʪ-

ʥʦʤ ʪʦʢʝ 300 ɸ, ʚ) ʧʨʠ ʧʝʨʝʭʦʜʥʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ 0 ʆʤ, ʛ) ʧʨʠ ʧʝʨʝʭʦʜʥʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ 

30 ʆʤ, ʜ) ʧʨʠ ʧʝʨʝʭʦʜʥʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ 0 ʆʤ, ʝʤʢʦʩʪʥʦʤ ʪʦʢʝ 50 ɸ ʠ 300 ɸ 
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ʋʛʦʣ ʤʝʞʜʫ ʥʘʧʨʷʞʝʥʠʝʤ ʠ ʪʦʢʦʤ, ʵʣ. ʛʨʘʜ

ʊʦʢʠ ʧʦʚʨʝʞʜʝʥʥʦʡ 

ʬʘʟʳ
ʊʦʢʠ ʥʝ 

ʧʦʚʨʝʞʜʝʥʥʳʭ ʬʘʟ
ʊʦʢ ʫʩʪʘʚʢʠ ʟʘʱʠʪʳ 

ʚʚʦʜʘ
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ʋʚʝʣʠʯʝʥʠʝ ʝʤʢʦʩʪʥʳʭ ʪʦʢʦʚ ʜʦ 300 ɸ, ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʫʤʝʥʴʰʝʥʠʠ 

ʫʜʘʣʝʥʥʦʩʪʠ ʠ ʩʥʠʞʝʥʠʠ ʧʝʨʝʭʦʜʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʦ ʟʥʘʯʝʥʠʷ 0 ʆʤ, ʧʨʠʚʦ-

ʜʷʪ ʢ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ ʪʦʢʘ ʥʝʧʦʚʨʝʞʜʝʥʥʦʡ ʬʘʟʳ 180 ɸ, ʯʪʦ ʤʝʥʴʰʝ 

ʫʩʪʘʚʢʠ 250 ɸ.  

 
ʈʠʩ. 5. ɺʝʢʪʦʨʥʳʝ ʜʠʘʛʨʘʤʤʳ ʪʦʢʦʚ ʠ ʥʘʧʨʷʞʝʥʠʡ ʬʘʟʳ ɸ ʚʚʦʜʘ ʩʝʢʮʠʠ 1, ʧʨʠ ʆɿ ʚ ʩʝ-

ʨʝʜʠʥʝ ʂʃ 1 ʧʦʷʩʘ: ʘ) ʧʨʠ ʝʤʢʦʩʪʥʦʤ ʪʦʢʝ 50 ɸ, ʙ) ʧʨʠ ʝʤʢʦʩʪʥʦʤ ʪʦʢʝ 300 ɸ, ʚ) ʧʨʠ ʧʝʨʝ-

ʭʦʜʥʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ 0 ʆʤ, ʛ) ʧʨʠ ʧʝʨʝʭʦʜʥʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ 30 ʆʤ, ʜ) ʧʨʠ ʧʝʨʝʭʦʜʥʦʤ 

ʩʦʧʨʦʪʠʚʣʝʥʠʠ 0 ʆʤ, ʝʤʢʦʩʪʥʦʤ ʪʦʢʝ 50 ɸ ʠ 300 ɸ 

 

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʄʊɿ ʜʣʷ ʟʘʱʠʪʳ ʦʪ ʆɿ ʥʝʚʦʟʤʦʞʥʦ, ʪʘʢ 

ʢʘʢ ʝʤʢʦʩʪʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʪʦʢʦʚ ʤʥʦʛʦʢʨʘʪʥʦ ʤʝʥʴʰʝ ʪʦʢʦʚ ʥʘʛʨʫʟʢʠ. ʅʦ 

ʬʘʟʥʳʝ ʪʦʢʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ, ʝʩʣʠ ʚʤʝʩʪʦ ʬʠʣʴʪʨʘ ʪʦʢʦʚ ʥʫʣʝʚʦʡ ʧʦʩʣʝʜʦ-

ʚʘʪʝʣʴʥʦʩʪʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʦʦʪʥʦʰʝʥʠʝ ʤʠʥʠʤʘʣʴʥʳʭ ʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝ-

ʥʠʡ ʬʘʟʥʳʭ ʪʦʢʦʚ, ʯʪʦ ʦʙʝʩʧʝʯʠʪ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʠʟʣʠʰʥʠʭ ʩʨʘʙʘʪʳʚʘʥʠʡ ʟʘ-

ʱʠʪʳ ʚʚʦʜʦʚ ʧʨʠ ʆɿ ʚ ʢʘʙʝʣʷʭ, ʧʨʠʩʦʝʜʠʥʝʥʥʳʭ ʢ ʜʨʫʛʦʡ ʩʝʢʮʠʠ ʩʙʦʨʥʳʭ ʰʠʥ.  

ɺʳʚʦʜʳ 

ʈʘʟʚʠʪʠʝ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʝʪʝʡ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʩʫʤ-

ʤʘʨʥʦʡ ʜʣʠʥʳ ʢʘʙʝʣʴʥʳʭ ʣʠʥʠʡ, ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʨʘʩʪʘʥʠʶ ʝʤʢʦʩʪʥʦʡ ʩʦʩʪʘʚʣʷʶ-

ʱʝʡ ʪʦʢʘ ʥʫʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʠʟʣʠʰʥʠʭ ʩʨʘʙʘ-

ʪʳʚʘʥʠʡ ʪʦʢʦʚʳʭ ʟʘʱʠʪ ʩʝʢʮʠʡ ʩʙʦʨʥʳʭ ʰʠʥ ʧʨʠ ʦʜʥʦʬʘʟʥʳʭ ʟʘʤʳʢʘʥʠʷʭ ʚ 

ʩʝʪʠ. 
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ʅʘ ʧʠʪʘʶʱʠʭ ʮʝʥʪʨʘʭ ʩ ʝʤʢʦʩʪʥʳʤʠ ʪʦʢʘʤʠ, ʧʨʝʚʳʰʘʶʱʠʤʠ 300 ɸ, ʨʝʢʦ-

ʤʝʥʜʫʝʪʩʷ ʚʤʝʩʪʦ ʊɿʅʇ ʚʚʦʜʦʚ ʧʠʪʘʥʠʷ ʩʙʦʨʥʳʭ ʰʠʥ ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʘʱʠʪʳ ʥʘ 

ʦʩʥʦʚʝ ʬʘʟʥʳʭ ʪʦʢʦʚ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʨʘʙʦʪʘʪʴ ʙʝʟ ʠʟʣʠʰʥʠʭ ʦʪʢʣʶʯʝʥʠʡ ʚʳʢʣʶ-

ʯʘʪʝʣʝʡ ʩ ʝʤʢʦʩʪʥʳʤʠ ʪʦʢʘʤʠ ʜʦ 500 ɸ. 

ɼʣʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ ʩ ʝʤʢʦʩʪʥʳʤʠ ʪʦʢʘʤʠ, ʧʨʝʚʳʰʘʶʱʠʤʠ 500 ɸ, ʨʝ-

ʢʦʤʝʥʜʫʝʪʩʷ ʨʘʩʩʤʦʪʨʝʪʴ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʩʧʝʮʠʘʣʴʥʳʭ ʥʘʧʨʘʚʣʝʥ-

ʥʳʭ ʪʦʢʦʚʳʭ ʟʘʱʠʪ, ʨʝʘʛʠʨʫʶʱʠʭ ʥʘ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʪʦʢʘ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ.   
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Abstract. As the total length of cable lines increases, the capacitance components in single-

phase fault currents increase in electrical networks. In megacities, in distribution networks with a 

voltage of 6 (10) kV, capacitive currents in some areas already exceed 1000 A, which makes it diffi-

cult to set up arc extinguishing reactors. Further development of distribution networks is proceeding 

in two directions: the replacement of arc extinguishing reactors in neutral with low-resistance resis-

tors and the abandonment of a voltage of 6 (10) kV with a gradual transition to a voltage of 20 kV. 

Currently, the capacitive currents on the busbar sections of the supply centers, in operating networks 

with a voltage of 20 kV with neutral resistors with a resistance of 12 ohms, reach 300 A or more. In 

repair switching states, when two sections are combined for parallel operation, the total capacitive 

current exceeds the setpoint of the zero-sequence current protection (TPP) and excessive TPP actua-

tion of the busbar section power inputs is detected. The article provides an analysis of the effect of 

capacitive currents, transient resistances and the remoteness of the lake on the excessive triggering of 

the TPP. It is shown that protection based on phase currents makes it possible to avoid unnecessary 

disconnections of the circuit breakers of the busbar sections on the supply centers at capacitive cur-

rents 60% higher than when using TPP. 

 

Key words: 20 kV electrical network, resistive-grounded neutral, single-phase short circuits, 

capacitive current, excessive operation of zero-sequence current protections, busbar section power, 

supply center.  
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ʋɼʂ 620.9 

ɽ.ʆ. ɽʬʠʤʦʚ  

 

ʂʆʅʎɽʇʎʀʗ ʎʀʌʈʆɺʆʁ ʇʃɸʊʌʆʈʄʓ ɼʃʗ ʋʇʈɸɺʃɽʅʀʗ 

ʉʇʈʆʉʆʄ ɺ ʕʃɽʂʊʈʆʕʅɽʈɻɽʊʀʂɽ ʅɸ ʆʉʅʆɺɽ ɻɽʁʄʀʌʀʂɸʎʀʀ 

ʀ ɸɼɸʇʊʀɺʅʓʍ ʊɸʈʀʌʆɺ 

 
ʂʘʟʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʢʦʥʮʝʧʮʠʷ ʮʠʬʨʦʚʦʡ ʧʣʘʪʬʦʨʤʳ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʩʧʨʦʩʦʤ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʝ, ʩʦʯʝʪʘʶʱʘʷ ʛʝʡʤʠʬʠʢʘʮʠʶ ʠ ʘʜʘʧʪʠʚʥʳʝ ʪʘʨʠʬʳ. ʇʣʘʪʬʦʨʤʘ 

ʩʠʥʭʨʦʥʠʟʠʨʫʝʪ ʧʦʚʝʜʝʥʠʝ ʧʦʪʨʝʙʠʪʝʣʝʡ ʩ ʩʦʩʪʦʷʥʠʝʤ ʩʝʪʠ ʯʝʨʝʟ ʜʠʥʘʤʠʯʝʩʢʦʝ ʮʝʥʦʦʙʨʘʟʦ-

ʚʘʥʠʝ, ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʟʘʜʘʥʠʷ ʠ ʠʛʨʦʚʳʝ ʤʝʭʘʥʠʢʠ. ʀʥʪʝʛʨʘʮʠʷ ʜʘʥʥʳʭ ʫʤʥʳʭ ʩʯʝʪʯʠ-

ʢʦʚ ʠ ʧʨʦʛʥʦʟʦʚ ɺʀʕ ʧʦʟʚʦʣʷʝʪ ʩʥʠʞʘʪʴ ʧʠʢʦʚʳʝ ʥʘʛʨʫʟʢʠ, ʧʦʚʳʰʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʵʥʝʨʛʦʩʠ-

ʩʪʝʤ. ʈʝʰʝʥʠʝ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʚʦʚʣʝʯʝʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚ ʙʘʣʘʥʩʠʨʦʚʢʫ ʩʝʪʠ ʙʝʟ ʩʣʦʞʥʦʡ ʠʥ-

ʬʨʘʩʪʨʫʢʪʫʨʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʪʨʝʥʜʘʤ ʮʠʬʨʦʚʠʟʘʮʠʠ ʠ ʜʝʢʘʨʙʦʥʠʟʘʮʠʠ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʮʠʬʨʦʚʠʟʘʮʠʷ ʵʥʝʨʛʝʪʠʢʠ, ʫʧʨʘʚʣʝʥʠʝ ʩʧʨʦʩʦʤ, ʛʝʡʤʠʬʠʢʘʮʠʷ, ʘʜʘʧ-

ʪʠʚʥʳʝ ʪʘʨʠʬʳ, ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ, ʫʤʥʳʝ ʩʯʝʪʯʠʢʠ, ʧʦʚʝʜʝʥʯʝʩʢʘʷ ʵʢʦʥʦ-

ʤʠʢʘ. 

 

ʉʦʚʨʝʤʝʥʥʘʷ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʘ ʧʝʨʝʞʠʚʘʝʪ ʵʪʘʧ ʪʨʘʥʩʬʦʨʤʘʮʠʠ, ʩʚʷʟʘʥ-

ʥʳʡ ʩ ʛʣʦʙʘʣʴʥʳʤ ʧʝʨʝʭʦʜʦʤ ʢ ʥʠʟʢʦʫʛʣʝʨʦʜʥʦʡ ʵʢʦʥʦʤʠʢʝ. ʈʝʟʢʠʡ ʨʦʩʪ ʜʦʣʠ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ (ɺʀʕ), ʪʘʢʠʭ ʢʘʢ ʩʦʣʥʝʯʥʘʷ ʠ ʚʝʪʨʦʚʘʷ ʛʝ-

ʥʝʨʘʮʠʷ, ʩʦʟʜʘʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʝ ʚʳʟʦʚʳ ʜʣʷ ʙʘʣʘʥʩʠʨʦʚʢʠ ʵʥʝʨʛʦʩʠʩʪʝʤ. 

ʅʝʩʪʘʙʠʣʴʥʦʩʪʴ ʚʳʨʘʙʦʪʢʠ ɺʀʕ, ʟʘʚʠʩʷʱʘʷ ʦʪ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ, ʧʨʠʚʦʜʠʪ ʢ 

ʜʠʩʙʘʣʘʥʩʫ ʤʝʞʜʫ ʧʨʝʜʣʦʞʝʥʠʝʤ ʠ ʩʧʨʦʩʦʤ, ʫʩʠʣʠʚʘʷ ʨʠʩʢʠ ʧʝʨʝʛʨʫʟʦʢ ʩʝʪʝʡ ʠ 

ʘʚʘʨʠʡʥʳʭ ʦʪʢʣʶʯʝʥʠʡ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʫʧʨʘʚʣʝʥʠʷ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʨʝ-

ʛʫʣʠʨʦʚʘʥʠʠ ʛʝʥʝʨʘʮʠʠ, ʩʪʘʥʦʚʷʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʳʤʠ ʚ ʫʩʣʦʚʠʷʭ ʜʝ-

ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʵʥʝʨʛʝʪʠʢʠ, ʯʪʦ ʘʢʪʫʘʣʠʟʠʨʫʝʪ ʧʦʠʩʢ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʨʝʰʝ-

ʥʠʡ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʛʠʙʢʦʝ ʫʧʨʘʚʣʝʥʠʝ ʩʧʨʦʩʦʤ [1]. 

ʂʣʶʯʝʚʳʤ ʨʝʩʫʨʩʦʤ ʚ ʵʪʦʡ ʧʘʨʘʜʠʛʤʝ ʚʳʩʪʫʧʘʝʪ ʮʠʬʨʦʚʠʟʘʮʠʷ, ʦʪʢʨʳʚʘ-

ʶʱʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʚʣʝʯʝʥʠʷ ʢʦʥʝʯʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʚ ʧʨʦʮʝʩʩʳ ʦʧʪʠʤʠʟʘʮʠʠ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ. ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʭʘʥʠʟʤʳ, ʪʘʢʠʝ ʢʘʢ ʜʠʥʘʤʠʯʝʩʢʦʝ 

ʮʝʥʦʦʙʨʘʟʦʚʘʥʠʝ (time-of-use pricing), ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʦʛʨʘʥʠʯʝʥʥʫʶ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴ ʠʟ-ʟʘ ʥʠʟʢʦʡ ʚʦʚʣʝʯʝʥʥʦʩʪʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʘʜʘʧʪʠʚʥʦʩʪʠ 

ʢ ʨʝʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ ʨʘʙʦʪʳ ʩʝʪʠ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʨʘʟ-

ʨʘʙʦʪʢʝ ʮʠʬʨʦʚʳʭ ʧʣʘʪʬʦʨʤ, ʩʧʦʩʦʙʥʳʭ ʥʝ ʪʦʣʴʢʦ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʠʥʩʪʨʫʤʝʥʪʳ 

ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʥʘʛʨʫʟʢʦʡ, ʥʦ ʠ ʤʦʪʠʚʠʨʦʚʘʪʴ ʧʦʪʨʝʙʠʪʝʣʝʡ ʢ ʘʢʪʠʚʥʦʤʫ ʫʯʘ-

ʩʪʠʶ ʯʝʨʝʟ ʧʦʥʷʪʥʳʝ ʠ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʩʪʠʤʫʣʳ. 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʢʦʥʮʝʧʮʠʷ ʮʠʬʨʦʚʦʡ ʧʣʘʪʬʦʨʤʳ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʩʠʥʪʝʟ ʜʚʫʭ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ï ʧʦʚʝʜʝʥʯʝʩʢʦʡ ʵʢʦʥʦʤʠʢʠ ʠ ʘʜʘʧʪʠʚʥʳʭ ʘʣʛʦʨʠʪ-

ʤʦʚ. ʀʥʪʝʛʨʘʮʠʷ ʛʝʡʤʠʬʠʢʘʮʠʠ (ʠʛʨʦʚʳʭ ʤʝʭʘʥʠʢ: ʨʝʡʪʠʥʛʠ, ʜʦʩʪʠʞʝʥʠʷ, ʩʦ-

ʨʝʚʥʦʚʘʥʠʷ) ʩ ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʪʘʨʠʬʘʤʠ, ʢʦʨʨʝʢʪʠʨʫʝʤʳʤʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ 
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ʥʘ ʦʩʥʦʚʝ ʧʨʦʛʥʦʟʦʚ ʛʝʥʝʨʘʮʠʠ ɺʀʕ ʠ ʪʝʢʫʱʝʡ ʥʘʛʨʫʟʢʠ ʥʘ ʩʝʪʴ, ʧʦʟʚʦʣʷʝʪ ʩʦ-

ʟʜʘʪʴ ʩʠʩʪʝʤʫ çwin-winè. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʵʥʝʨʛʦʢʦʤʧʘʥʠʠ ʧʦʣʫʯʘʶʪ ʠʥʩʪʨʫ-

ʤʝʥʪ ʜʣʷ ʩʛʣʘʞʠʚʘʥʠʷ ʧʠʢʦʚ ʧʦʪʨʝʙʣʝʥʠʷ, ʩʥʠʞʘʷ ʟʘʪʨʘʪʳ ʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ, ʩ 

ʜʨʫʛʦʡ ï ʧʦʣʴʟʦʚʘʪʝʣʠ ʧʨʠʦʙʨʝʪʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʢʨʘʱʘʪʴ ʨʘʩʭʦʜʳ ʥʘ ʵʣʝʢ-

ʪʨʦʵʥʝʨʛʠʶ ʠ ʧʦʣʫʯʘʪʴ ʤʠʢʨʦʚʦʟʥʘʛʨʘʞʜʝʥʠʷ ʟʘ ʵʢʦʣʦʛʠʯʥʦʝ ʧʦʚʝʜʝʥʠʝ. ʇʦʜʦʙ-

ʥʳʡ ʧʦʜʭʦʜ ʫʞʝ ʜʦʢʘʟʘʣ ʩʚʦʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʧʠʣʦʪʥʳʭ ʧʨʦʝʢʪʘʭ, ʪʘʢʠʭ ʢʘʢ 

OhmConnect ʚ ʂʘʣʠʬʦʨʥʠʠ, ʛʜʝ ʛʝʡʤʠʬʠʢʘʮʠʷ ʧʦʟʚʦʣʠʣʘ ʩʥʠʟʠʪʴ ʧʠʢʦʚʫʶ 

ʥʘʛʨʫʟʢʫ ʥʘ 5-10 % ʚ ʧʝʨʠʦʜʳ ʢʨʠʪʠʯʝʩʢʠʭ ʧʝʨʝʛʨʫʟʦʢ [2]. 

ɿʥʘʯʠʪ, ʥʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʢʦʤʙʠʥʘʮʠʠ ʤʝʪʦʜʦʚ ʘʥʘ-

ʣʠʟʘ ʜʘʥʥʳʭ ʫʤʥʳʭ ʩʯʝʪʯʠʢʦʚ, ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʩʪʠʤʫʣʦʚ ʠ ʘʜʘʧʪʠʚʥʦʛʦ ʮʝʥʦʦʙ-

ʨʘʟʦʚʘʥʠʷ, ʯʪʦ ʬʦʨʤʠʨʫʝʪ ʦʩʥʦʚʫ ʜʣʷ ʫʩʪʦʡʯʠʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩʧʨʦʩʦʤ ʚ ʫʩʣʦ-

ʚʠʷʭ ʵʥʝʨʛʦʧʝʨʝʭʦʜʘ. ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʜʝʪʘʣʴʥʦʤʫ ʦʧʠʩʘʥʠʶ ʘʨʭʠʪʝʢ-

ʪʫʨʳ ʧʣʘʪʬʦʨʤʳ, ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ ʦʙʦʩʥʦʚʘʥʠʶ ʝʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʦʮʝʥʢʝ 

ʧʦʪʝʥʮʠʘʣʘ ʚʥʝʜʨʝʥʠʷ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʵʥʝʨʛʦʩʠʩʪʝʤʘʭ. 

ʋʧʨʘʚʣʝʥʠʝ ʩʧʨʦʩʦʤ (Demand Side Management, DSM) ʦʩʪʘʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʢʣʶʯʝʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʦʚʳʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠ-

ʩʪʝʤ, ʦʩʦʙʝʥʥʦ ʚ ʢʦʥʪʝʢʩʪʝ ʠʥʪʝʛʨʘʮʠʠ ʧʝʨʝʤʝʥʥʳʭ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʵʥʝʨʛʠʠ. ʂʣʘʩʩʠʯʝʩʢʠʝ ʤʝʪʦʜʳ DSM, ʪʘʢʠʝ ʢʘʢ ʜʠʥʘʤʠʯʝʩʢʦʝ ʮʝʥʦʦʙʨʘʟʦʚʘʥʠʝ 

(time-of-use, critical peak pricing) ʠ ʧʨʦʛʨʘʤʤʳ ʧʨʷʤʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʥʘʛʨʫʟʢʦʡ 

(direct load control) ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʩʤʝʱʝʥʠʝ ʧʦʪʨʝʙʣʝʥʠʷ ʠʟ ʧʠʢʦʚʳʭ ʚ ʧʝʨʠʦʜʳ 

ʥʠʟʢʦʡ ʟʘʛʨʫʟʢʠ ʩʝʪʠ. ʆʜʥʘʢʦ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʛʨʘʥʠʯʝʥʘ ʨʷʜʦʤ ʬʘʢʪʦʨʦʚ. ɺʦ-

ʧʝʨʚʳʭ, ʜʠʥʘʤʠʯʝʩʢʠʝ ʪʘʨʠʬʳ ʪʨʝʙʫʶʪ ʦʪ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʘʥʘ-

ʣʠʟʘ ʩʣʦʞʥʳʭ ʛʨʘʬʠʢʦʚ ʮʝʥʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʠʟʤʝʥʝʥʠʷ ʧʦʚʩʝʜʥʝʚʥʳʭ ʧʨʠʚʳʯʝʢ, 

ʯʪʦ ʯʘʩʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʠʟʢʦʤʫ ʫʨʦʚʥʶ ʫʯʘʩʪʠʷ. ɺʦ-ʚʪʦʨʳʭ, ʧʨʷʤʳʝ ʤʝʪʦʜʳ 

ʫʧʨʘʚʣʝʥʠʷ ʥʘʛʨʫʟʢʦʡ (ʥʘʧʨʠʤʝʨ, ʦʪʢʣʶʯʝʥʠʝ ʚʦʜʦʥʘʛʨʝʚʘʪʝʣʝʡ ʧʦ ʩʠʛʥʘʣʫ ʦʧʝ-

ʨʘʪʦʨʘ) ʚʳʟʳʚʘʶʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦʪʨʝʙʠʪʝʣʝʡ ʠʟ-ʟʘ ʧʦʪʝʨʠ ʢʦʥʪʨʦʣʷ ʥʘʜ 

ʫʩʪʨʦʡʩʪʚʘʤʠ. 

ʉ ʨʘʟʚʠʪʠʝʤ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʷʚʠʣʠʩʴ ʙʦʣʝʝ ʛʠʙʢʠʝ ʨʝʰʝʥʠʷ, ʪʘʢʠʝ 

ʢʘʢ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʥʘ ʙʘʟʝ IoT, ʢʦʪʦʨʳʝ ʦʧʪʠʤʠʟʠʨʫʶʪ ʵʥʝʨʛʦʧʦ-

ʪʨʝʙʣʝʥʠʝ ʜʦʤʦʭʦʟʷʡʩʪʚ ʙʝʟ ʘʢʪʠʚʥʦʛʦ ʫʯʘʩʪʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʅʘʧʨʠʤʝʨ, ʫʤʥʳʝ 

ʪʝʨʤʦʩʪʘʪʳ, ʨʝʛʫʣʠʨʫʶʱʠʝ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʧʦʤʝʱʝʥʠʷʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʘʨʠʬ-

ʥʦʡ ʟʦʥʳ. ʆʜʥʘʢʦ ʧʦʜʦʙʥʳʝ ʩʠʩʪʝʤʳ ʦʩʪʘʶʪʩʷ ʥʠʰʝʚʳʤʠ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦ-

ʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʦʩʪʠ ʨʳʥʢʘ. ʂʨʦʤʝ ʪʦʛʦ, ʠʭ ʘʣʛʦʨʠʪʤʳ ʥʝ 

ʫʯʠʪʳʚʘʶʪ ʧʦʚʝʜʝʥʯʝʩʢʠʝ ʘʩʧʝʢʪʳ: ʜʘʞʝ ʧʨʠ ʥʘʣʠʯʠʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʦʪʩʫʪʩʪʚʠʝ 

ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʩ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʩʥʠʞʘʝʪ ʜʦʣʛʦʩʨʦʯʥʫʶ ʤʦʪʠʚʘʮʠʶ ʢ ʵʢʦʥʦʤʠʠ 

ʵʥʝʨʛʠʠ [3]. 

ʇʘʨʘʣʣʝʣʴʥʦ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘʙʠʨʘʶʪ ʧʦʧʫʣʷʨʥʦʩʪʴ ʧʦʜʭʦʜʳ, ʦʩʥʦʚʘʥ-

ʥʳʝ ʥʘ ʧʦʚʝʜʝʥʯʝʩʢʦʡ ʵʢʦʥʦʤʠʢʝ. ʇʠʣʦʪʥʳʝ ʧʨʦʝʢʪʳ, ʪʘʢʠʝ ʢʘʢ ʧʣʘʪʬʦʨʤʘ 

OhmConnect, ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʛʝʡʤʠʬʠʢʘʮʠʷ (ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʠʛʨ: 

ʙʘʣʣʳ, ʫʨʦʚʥʠ, ʩʦʨʝʚʥʦʚʘʥʠʷ ʤʝʞʜʫ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ) ʩʧʦʩʦʙʥʘ ʧʦʚʳʩʠʪʴ ʚʦʚʣʝ-

ʯʝʥʥʦʩʪʴ ʧʦʪʨʝʙʠʪʝʣʝʡ ʥʘ 20-30 % ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʪʘʨʠʬʥʳʤʠ 

ʤʦʜʝʣʷʤʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʙʦʣʴʰʠʥʩʪʚʦ ʧʦʜʦʙʥʳʭ ʨʝʰʝʥʠʡ ʬʦʢʫʩʠʨʫʶʪʩʷ ʠʩʢʣʶ-

ʯʠʪʝʣʴʥʦ ʥʘ ʢʨʘʪʢʦʩʨʦʯʥʳʭ ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʩʪʠʤʫʣʘʭ, ʠʛʥʦʨʠʨʫʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʜʝʡʩʪʚʠʡ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩ ʪʝʢʫʱʠʤ ʩʦʩʪʦʷʥʠʝʤ ʵʥʝʨʛʦʩʠʩʪʝʤʳ. 
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ʕʪʦ ʩʦʟʜʘʝʪ ʜʠʩʙʘʣʘʥʩ: ʤʘʩʩʦʚʦʝ ʩʥʠʞʝʥʠʝ ʧʦʪʨʝʙʣʝʥʠʷ ʚ ʧʨʦʠʟʚʦʣʴʥʳʝ ʯʘʩʳ ʥʝ 

ʚʩʝʛʜʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʘʣʴʥʳʤ ʧʦʪʨʝʙʥʦʩʪʷʤ ʩʝʪʠ [4]. 

ʋʢʘʟʘʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦʜʯʝʨʢʠʚʘʶʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʛʠʙʨʠʜʥʳʭ ʨʝʰʝ-

ʥʠʷʭ, ʦʙʲʝʜʠʥʷʶʱʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠ ʧʦʚʝʜʝʥʯʝʩʢʠʝ ʘʩʧʝʢʪʳ. ʇʝʨʩʧʝʢʪʠʚ-

ʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʠʥʪʝʛʨʘʮʠʷ ʜʘʥʥʳʭ ʩ ʫʤʥʳʭ ʩʯʝʪʯʠʢʦʚ, ʧʨʦʛʥʦʟʦʚ 

ʛʝʥʝʨʘʮʠʠ ɺʀʕ ʠ ʘʜʘʧʪʠʚʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʮʝʥʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʝʜʠʥʫʶ ʮʠʬʨʦʚʫʶ 

ʧʣʘʪʬʦʨʤʫ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʯʘʩʪʴ ʧʨʦʮʝʩ-

ʩʦʚ (ʥʘʧʨʠʤʝʨ, ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʨʝʤʝʥʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʪʠʨʘʣʴʥʦʡ ʤʘʰʠʥʳ), 

ʥʦ ʠ ʩʦʟʜʘʚʘʪʴ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʩʪʠʤʫʣʳ, ʫʯʠʪʳʚʘʶʱʠʝ ʢʘʢ ʠʥʪʝʨʝʩʳ ʩʝʪʝ-

ʚʳʭ ʢʦʤʧʘʥʠʡ, ʪʘʢ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʧʘʪʪʝʨʥʳ ʧʦʪʨʝʙʣʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʜʠʥʘ-

ʤʠʯʝʩʢʠʝ ʪʘʨʠʬʳ, ʤʝʥʷʶʱʠʝʩʷ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʣʦʢʘʣʴʥʦʛʦ 

ʫʨʦʚʥʷ ʩʦʣʥʝʯʥʦʡ ʛʝʥʝʨʘʮʠʠ, ʤʦʛʫʪ ʩʦʯʝʪʘʪʴʩʷ ʩ ʠʛʨʦʚʳʤʠ ʤʝʭʘʥʠʢʘʤʠ, ʛʜʝ 

ʧʦʣʴʟʦʚʘʪʝʣʠ ʧʦʣʫʯʘʶʪ ʙʦʥʫʩʳ ʟʘ ʩʦʢʨʘʱʝʥʠʝ ʥʘʛʨʫʟʢʠ ʠʤʝʥʥʦ ʚ ʧʝʨʠʦʜʳ ʧʨʦ-

ʛʥʦʟʠʨʫʝʤʦʛʦ ʜʝʬʠʮʠʪʘ ʵʥʝʨʛʠʠ.  

ʆʩʥʦʚʫ ʧʨʝʜʣʘʛʘʝʤʦʡ ʧʣʘʪʬʦʨʤʳ ʩʦʩʪʘʚʣʷʝʪ ʩʠʤʙʠʦʟ ʘʜʘʧʪʠʚʥʳʭ ʪʘʨʠʬʦʚ 

ʠ ʛʝʡʤʠʬʠʮʠʨʦʚʘʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʩʠʥʭʨʦʥʠʟʘʮʠʶ ʧʦʚʝʜʝʥʠʷ 

ʧʦʪʨʝʙʠʪʝʣʝʡ ʩ ʪʝʢʫʱʠʤ ʩʦʩʪʦʷʥʠʝʤ ʵʥʝʨʛʦʩʠʩʪʝʤʳ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʢʣʘʩʩʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʮʝʥʦʦʙʨʘʟʦʚʘʥʠʷ, ʛʜʝ ʪʘʨʠʬʳ ʬʠʢʩʠʨʫʶʪʩʷ ʟʘʨʘʥʝʝ, ʩʠ-

ʩʪʝʤʘ ʠʩʧʦʣʴʟʫʝʪ ʜʘʥʥʳʝ ʫʤʥʳʭ ʩʯʝʪʯʠʢʦʚ ʠ ʧʨʦʛʥʦʟʳ ʛʝʥʝʨʘʮʠʠ ɺʀʕ ʜʣʷ ʨʘʩ-

ʯʝʪʘ ʩʪʦʠʤʦʩʪʠ ʵʥʝʨʛʠʠ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʧʨʦʛʥʦʟʠ-

ʨʫʝʤʦʤ ʜʝʬʠʮʠʪʝ ʩʦʣʥʝʯʥʦʡ ʛʝʥʝʨʘʮʠʠ ʠʟ-ʟʘ ʦʙʣʘʯʥʦʩʪʠ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʤʦʜʫʣʴ 

ʧʣʘʪʬʦʨʤʳ ʠʥʠʮʠʠʨʫʝʪ ʧʦʚʳʰʝʥʠʝ ʪʘʨʠʬʘ ʥʘ 20 % ʚ ʙʣʠʞʘʡʰʠʝ 30 ʤʠʥʫʪ, ʦʜ-

ʥʦʚʨʝʤʝʥʥʦ ʧʨʝʜʣʘʛʘʷ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʠʪʴ 50 ʙʘʣʣʦʚ ʟʘ ʩʥʠ-

ʞʝʥʠʝ ʧʦʪʨʝʙʣʝʥʠʷ ʚ ʵʪʦʪ ʧʝʨʠʦʜ [5]. 

ʀʥʪʝʨʘʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ ʨʝʘʣʠʟʫʝʪʩʷ ʯʝʨʝʟ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʫʚʝ-

ʜʦʤʣʝʥʠʷ ʠ ʠʛʨʦʚʳʝ ʵʣʝʤʝʥʪʳ. ʇʦʪʨʝʙʠʪʝʣʠ ʥʝ ʪʦʣʴʢʦ ʚʠʜʷʪ ʠʟʤʝʥʝʥʠʷ ʪʘʨʠʬʦʚ, 

ʥʦ ʠ ʧʦʣʫʯʘʶʪ ʯʝʪʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ: ʧʝʨʝʥʝʩʪʠ ʩʪʠʨʢʫ ʥʘ ʧʝʨʠʦʜ ʠʟʙʳʪʢʘ ʵʥʝʨ-

ʛʠʠ ʠʣʠ ʩʦʢʨʘʪʠʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʥʜʠʮʠʦʥʝʨʘ ʥʘ 15 ʤʠʥʫʪ. ɿʘ ʚʳʧʦʣʥʝʥʠʝ ʮʝ-

ʣʝʡ ʥʘʯʠʩʣʷʶʪʩʷ ʙʘʣʣʳ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʢʦʥʚʝʨʪʠʨʦʚʘʪʴ ʚ ʩʢʠʜʢʠ, ʜʦʩʪʫʧ ʢ ʵʥʝʨ-

ʛʦʵʬʬʝʢʪʠʚʥʳʤ ʫʩʪʨʦʡʩʪʚʘʤ ʠʣʠ ʤʝʩʪʘ ʚ ʨʝʡʪʠʥʛʝ çʵʢʦ-ʣʠʜʝʨʦʚè. ɸʣʛʦʨʠʪʤʳ 

ʛʝʡʤʠʬʠʢʘʮʠʦʥʥʦʛʦ ʤʦʜʫʣʷ ʫʯʠʪʳʚʘʶʪ ʠʩʪʦʨʠʶ ʧʦʪʨʝʙʣʝʥʠʷ, ʯʪʦʙʳ ʠʟʙʝʛʘʪʴ 

ʟʘʚʳʰʝʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ï ʥʘʧʨʠʤʝʨ, ʜʣʷ ʜʦʤʦʭʦʟʷʡʩʪʚʘ ʩ ʚʳʩʦʢʠʤ ʙʘʟʦʚʳʤ ʨʘʩ-

ʭʦʜʦʤ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʥʠʟʠʪʴ ʥʘʛʨʫʟʢʫ ʥʘ 10%, ʘ ʜʣʷ ʤʘʣʦʛʘʙʘʨʠʪʥʦʡ ʢʚʘʨʪʠʨʳ ï 

ʥʘ 5 %. 

ɸʨʭʠʪʝʢʪʫʨʘ ʧʣʘʪʬʦʨʤʳ ʦʙʲʝʜʠʥʷʝʪ ʪʨʠ ʢʣʶʯʝʚʳʭ ʢʦʤʧʦʥʝʥʪʘ: 

1) ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʤʦʜʫʣʴ ʦʙʨʘʙʘʪʳʚʘʝʪ ʜʘʥʥʳʝ ʫʤʥʳʭ ʩʯʝʪʯʠʢʦʚ, ʧʨʦʛʥʦ-

ʟʠʨʫʝʪ ʥʘʛʨʫʟʢʫ ʠ ʛʝʥʝʨʘʮʠʶ ɺʀʕ, ʬʦʨʤʠʨʫʷ ʦʩʥʦʚʫ ʜʣʷ ʘʜʘʧʪʠʚʥʳʭ ʨʝ-

ʰʝʥʠʡ; 

2) ʪʘʨʠʬʥʳʡ ʤʦʜʫʣʴ ʜʠʥʘʤʠʯʝʩʢʠ ʢʦʨʨʝʢʪʠʨʫʝʪ ʮʝʥʳ, ʨʝʘʛʠʨʫʷ ʥʘ ʜʠʩʙʘ-

ʣʘʥʩʳ ʚ ʩʝʪʠ; 

3) ʛʝʡʤʠʬʠʢʘʮʠʦʥʥʳʡ ʤʦʜʫʣʴ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪ ʩʮʝʥʘʨʠʠ ʫʧʨʘʚʣʝʥʠʷ ʩʧʨʦ-

ʩʦʤ ʚ ʧʝʨʩʦʥʘʣʴʥʳʝ ʟʘʜʘʥʠʷ, ʠʩʧʦʣʴʟʫʷ ʙʘʣʣʳ ʠ ʚʠʟʫʘʣʠʟʘʮʠʶ ʧʨʦʛʨʝʩʩʘ 

ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʤʦʪʠʚʘʮʠʠ. 

ɺʠʟʫʘʣʠʟʘʮʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʧʣʘʪʬʦʨʤʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ. 
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ʉʠʩʪʝʤʘ ʥʘʯʠʥʘʝʪʩʷ ʩʦ ʩʙʦʨʘ ʜʘʥʥʳʭ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ: ʫʤʥʳʝ ʩʯʝʪʯʠʢʠ 

ʧʝʨʝʜʘʶʪ ʧʦʢʘʟʘʥʠʷ ʧʦʪʨʝʙʣʝʥʠʷ, ʘ ʚʥʝʰʥʠʝ ʠʩʪʦʯʥʠʢʠ ï ʧʨʦʛʥʦʟʳ ʚʳʨʘʙʦʪʢʠ 

ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʠʠ ʠ ʧʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ. ʕʪʠ ʜʘʥʥʳʝ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʚ ʘʥʘ-

ʣʠʪʠʯʝʩʢʦʤ ʤʦʜʫʣʝ, ʢʦʪʦʨʳʡ ʚʳʷʚʣʷʝʪ ʧʝʨʠʦʜʳ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʜʝʬʠʮʠʪʘ ʠʣʠ 

ʠʟʙʳʪʢʘ ʤʦʱʥʦʩʪʠ ʚ ʩʝʪʠ. ʅʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʘʥʘʣʠʟʘ ʪʘʨʠʬʥʳʡ ʤʦʜʫʣʴ ʤʛʥʦʚʝʥʥʦ 

ʢʦʨʨʝʢʪʠʨʫʝʪ ʩʪʦʠʤʦʩʪʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʧʦʚʳʰʘʷ ʮʝʥʳ ʧʨʠ ʨʠʩʢʝ ʧʝʨʝʛʨʫʟʦʢ ʠ 

ʩʥʠʞʘʷ ʧʨʠ ʠʟʙʳʪʢʝ çʟʝʣʸʥʦʡè ʛʝʥʝʨʘʮʠʠ. ʇʘʨʘʣʣʝʣʴʥʦ ʛʝʡʤʠʬʠʢʘʮʠʦʥʥʳʡ ʤʦ-

ʜʫʣʴ ʧʨʝʦʙʨʘʟʫʝʪ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʵʢʦʥʦʤʠʠ ʚ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʟʘʜʘʥʠʷ 

ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ (ʥʘʧʨʠʤʝʨ, çʩʥʠʟʠʪʴ ʧʦʪʨʝʙʣʝʥʠʝ ʥʘ 10 % ʚ ʩʣʝʜʫʶʱʠʝ 30 

ʤʠʥʫʪè), ʥʘʯʠʩʣʷʷ ʙʘʣʣʳ ʟʘ ʠʭ ʚʳʧʦʣʥʝʥʠʝ. ʀʥʬʦʨʤʘʮʠʷ ʦ ʜʠʥʘʤʠʯʝʩʢʠʭ ʪʘʨʠ-

ʬʘx ʠ ʟʘʜʘʯʘʭ ʧʦʩʪʫʧʘʝʪ ʚ ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ, ʘ ʬʘʢʪʠʯʝʩʢʠʝ ʜʝʡʩʪʚʠʷ ʧʦ-

ʪʨʝʙʠʪʝʣʝʡ ʟʘʤʳʢʘʶʪ ʮʠʢʣ, ʧʦʩʪʫʧʘʷ ʦʙʨʘʪʥʦ ʚ ʩʠʩʪʝʤʫ ʜʣʷ ʥʦʚʳʭ ʨʘʩʯʝʪʦʚ. 

ʊʘʢʘʷ ʠʥʪʝʛʨʘʮʠʷ ʩʦʟʜʘʝʪ ʟʘʤʢʥʫʪʳʡ ʮʠʢʣ: ʜʘʥʥʳʝ ʦʪ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚʣʠ-

ʷʶʪ ʥʘ ʪʘʨʠʬʳ ʠ ʠʛʨʦʚʳʝ ʤʝʭʘʥʠʢʠ, ʘ ʪʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʪʠʤʫʣʠʨʫʶʪ ʦʩʦʟʥʘʥ-

ʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ. ʕʪʦ ʩʥʠʞʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʨʫʯʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʧʦʚʳʰʘʝʪ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʠʩʪʝʤʳ ʢ ʢʦʣʝʙʘʥʠʷʤ ɺʀʕ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʡ ʧʣʘʪʬʦʨʤʳ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʜʚʫʭ ʚʟʘʠʤʦʜʦ-

ʧʦʣʥʷʶʱʠʭ ʧʨʠʥʮʠʧʘʭ: ʧʦʚʝʜʝʥʯʝʩʢʦʡ ʤʦʪʠʚʘʮʠʠ ʧʦʪʨʝʙʠʪʝʣʝʡ ʠ ʵʢʦʥʦʤʠʯʝ-

ʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʩʧʨʦʩʘ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʚʝʜʝʥʯʝʩʢʦʡ ʵʢʦʥʦʤʠʢʠ, ʛʝʡʤʠʬʠ-

ʢʘʮʠʷ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪ ʘʙʩʪʨʘʢʪʥʫʶ ʟʘʜʘʯʫ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʚ ʢʦʥʢʨʝʪʥʳʝ, ʠʟ-

ʤʝʨʠʤʳʝ ʜʝʡʩʪʚʠʷ. ʄʝʭʘʥʠʟʤʳ, ʪʘʢʠʝ ʢʘʢ ʙʘʣʣʳ, ʨʝʡʪʠʥʛʠ ʠ ʤʛʥʦʚʝʥʥʘʷ 

ʦʙʨʘʪʥʘʷ ʩʚʷʟʴ, ʟʘʜʝʡʩʪʚʫʶʪ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ ï ʩʪʨʝʤʣʝʥʠʝ ʢ ʜʦʩʪʠʞʝ-

ʥʠʷʤ, ʩʦʮʠʘʣʴʥʦʝ ʩʨʘʚʥʝʥʠʝ ʠ ʞʝʣʘʥʠʝ ʧʦʣʫʯʘʪʴ ʚʦʟʥʘʛʨʘʞʜʝʥʠʝ. ʕʪʦ ʧʦʜʪʚʝʨ-

ʞʜʘʝʪʩʷ ʫʩʧʝʭʘʤʠ ʚ ʩʤʝʞʥʳʭ ʦʙʣʘʩʪʷʭ: ʥʘʧʨʠʤʝʨ, ʬʠʪʥʝʩ-ʧʨʠʣʦʞʝʥʠʷ ʩ ʠʛʨʦ-

ʚʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʫʚʝʣʠʯʠʚʘʶʪ ʨʝʛʫʣʷʨʥʦʩʪʴ ʪʨʝʥʠʨʦʚʦʢ ʥʘ 25-30 %. ɺ ʢʦʥʪʝʢ-

ʩʪʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʘʥʘʣʦʛʠʯʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʧʨʝʦʜʦʣʝʪʴ çʧʨʦʢʣʷʪʠʝ 

ʘʙʩʪʨʘʢʪʥʦʩʪʠè, ʢʦʛʜʘ ʧʦʣʴʟʦʚʘʪʝʣʠ ʥʝ ʩʚʷʟʳʚʘʶʪ ʩʚʦʠ ʜʝʡʩʪʚʠʷ ʩ ʛʣʦʙʘʣʴʥʳʤʠ 

ʮʝʣʷʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʩʥʠʞʝʥʠʝ ʚʳʙʨʦʩʦʚ CO . [6] 



144             ʉʝʢʮʠʷ 3. ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʝʪʠ ʠ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ 
 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʣʘʪʬʦʨʤʳ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʢʦʥʮʝʧʪʫʘʣʴʥʳʤʠ 

ʧʨʝʜʧʦʩʳʣʢʘʤʠ, ʥʦ ʠ ʧʨʦʩʪʳʤʠ ʨʘʩʯʝʪʥʳʤʠ ʤʦʜʝʣʷʤʠ (ʬʦʨʤʫʣʳ 1 ʠ 2), ʦʙʝʩʧʝ-

ʯʠʚʘʶʱʠʤʠ ʝʸ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ. ɼʠʥʘʤʠʯʝʩʢʦʝ ʮʝʥʦʦʙʨʘʟʦʚʘʥʠʝ ʩʪʨʦʠʪʩʷ ʥʘ 

ʧʨʠʥʮʠʧʝ: ʩʪʦʠʤʦʩʪʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʧʨʦʛʥʦ-

ʟʠʨʫʝʤʦʤʫ ʜʝʬʠʮʠʪʫ ʤʦʱʥʦʩʪʠ ʚ ʩʝʪʠ ʠ ʩʥʠʞʘʝʪʩʷ ʧʨʠ ʝʸ ʠʟʙʳʪʢʝ. ʌʦʨʤʘʣʴʥʦ 

ʵʪʦ ʚʳʨʘʞʘʝʪʩʷ ʢʘʢ: 

0  0  ρ  Ë  $ ,     (1) 

ʛʜʝ ὖ ï ʪʝʢʫʱʠʡ ʪʘʨʠʬ, ʨʫʙ./ʢɺʪĿʯ; ὖ ï ʙʘʟʦʚʘʷ ʮʝʥʘ, ʨʫʙ./ʢɺʪĿʯ; k ï ʢʦʵʬʬʠʮʠ-

ʝʥʪ, ʟʘʜʘʚʘʝʤʳʡ ʦʧʝʨʘʪʦʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʡ çʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴè ʮʝʥʳ ʢ ʜʝʬʠ-

ʮʠʪʫ; Ὀ ï ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʡ ʧʨʦʛʥʦʟ ʜʝʬʠʮʠʪʘ (ʦʪ 0 ʜʦ 1), ʨʘʩʩʯʠʪʘʥʥʳʡ ʘʥʘʣʠ-

ʪʠʯʝʩʢʠʤ ʤʦʜʫʣʝʤ. 

ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʙʘʟʦʚʘʷ ʮʝʥʘ ï 5 ʨʫʙ./ʢɺʪĿʯ, ʢʦʵʬʬʠʮʠʝʥʪ ï 0,2, ʘ ʧʨʦʛʥʦʟ 

ʜʝʬʠʮʠʪʘ ï 30 % (0,3), ʪʦ ʪʝʢʫʱʘʷ ʮʝʥʘ ʩʦʩʪʘʚʠʪ: 

υ  ρ  πȟς  πȟσ  υ  ρȟπφ  υȟσ ̑̔Ȣ̂Ⱦ̋ ˏ̘̓. ʇʦʣʴʟʦʚʘʪʝʣʴ ʫʚʠʜʠʪ 

ʧʦʚʳʰʝʥʠʝ ʮʝʥʳ ʥʘ 6 %. 

ʄʝʭʘʥʠʢʘ ʥʘʯʠʩʣʝʥʠʷ ʙʘʣʣʦʚ ʠʩʧʦʣʴʟʫʝʪ ʧʨʦʟʨʘʯʥʫʶ ʩʠʩʪʝʤʫ ʙʘʣʣʦʚ, ʩʪʠ-

ʤʫʣʠʨʫʶʱʫʶ ʩʥʠʞʝʥʠʝ ʧʦʪʨʝʙʣʝʥʠʷ ʚ ʢʨʠʪʠʯʝʩʢʠʝ ʧʝʨʠʦʜʳ: 

Ὓ  ὥ  Ўὅ Â  ÉÎÄ,     (1) 

ʛʜʝ Ὓ ï ʙʘʣʣʳ, ʥʘʯʠʩʣʷʝʤʳʝ ʧʦʣʴʟʦʚʘʪʝʣʶ; ὥ ï ʙʘʣʣʳ ʟʘ ʢʘʞʜʳʡ ʩʵʢʦʥʦʤʣʝʥʥʳʡ 
ʢɺʪĿʯ (ʥʘʧʨʠʤʝʨ, 10 ʙʘʣʣʦʚ/ʢɺʪ); Ўὅ ï ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʦʙʳʯʥʳʤ ʠ ʪʝʢʫʱʠʤ ʧʦ-

ʪʨʝʙʣʝʥʠʝʤ ʧʦʣʴʟʦʚʘʪʝʣʷ; b ï ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʥʘʛʨʘʜʘ (ʥʘʧʨʠʤʝʨ, 20 ʙʘʣʣʦʚ) ʟʘ 

ʜʝʡʩʪʚʠʝ ʚ ʢʨʠʪʠʯʝʩʢʠʡ ʧʝʨʠʦʜ; ὭὲὨ ï ʠʥʜʠʢʘʪʦʨ (0 ʠʣʠ 1), ʧʦʢʘʟʳʚʘʶʱʠʡ, ʘʢ-
ʪʫʘʣʝʥ ʣʠ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʜʝʬʠʮʠʪ ʤʦʱʥʦʩʪʠ. 

ʅʘʧʨʠʤʝʨ, ʧʨʠ ʵʢʦʥʦʤʠʠ 0,5 ʢɺʪ ʚ ʢʨʠʟʠʩʥʳʡ ʧʝʨʠʦʜ ʧʦʣʴʟʦʚʘʪʝʣʴ ʧʦʣʫ-

ʯʠʪ ʩʣʝʜʫʶʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʙʘʣʣʦʚ: 3  ρπ  πȟυ  ςπ  ρ  ςυ. ʕʪʠ 
ʙʘʣʣʳ ʢʦʥʚʝʨʪʠʨʫʶʪʩʷ ʚ ʩʢʠʜʢʠ ʠʣʠ ʙʦʥʫʩʳ. 

ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʢʦʥʮʝʧʮʠʠ ʦʧʠʨʘʝʪʩʷ ʥʘ ʪʝʦʨʠʶ ʘʜʘʧʪʠʚ-

ʥʦʛʦ ʮʝʥʦʦʙʨʘʟʦʚʘʥʠʷ. ɼʠʥʘʤʠʯʝʩʢʠʝ ʪʘʨʠʬʳ, ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʥʳʝ ʩ ʧʨʦʛʥʦ-

ʟʘʤʠ ʛʝʥʝʨʘʮʠʠ ɺʀʕ, ʩʦʟʜʘʶʪ ʧʨʦʟʨʘʯʥʫʶ ʩʚʷʟʴ ʤʝʞʜʫ ʩʪʦʠʤʦʩʪʴʶ ʵʥʝʨʛʠʠ ʠ ʝʝ 

ʜʦʩʪʫʧʥʦʩʪʴʶ. ɺ ʧʝʨʠʦʜʳ ʠʟʙʳʪʢʘ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʛʝʥʝʨʘʮʠʠ ʩʥʠʞʝʥʠʝ ʮʝʥʳ 

ʩʪʠʤʫʣʠʨʫʝʪ ʧʦʪʨʝʙʣʝʥʠʝ, ʧʦʚʳʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ çʟʝʣʝʥʦʡè 

ʵʥʝʨʛʠʠ. ʅʘʧʨʦʪʠʚ, ʨʦʩʪ ʪʘʨʠʬʦʚ ʧʨʠ ʜʝʬʠʮʠʪʝ ʦʪʨʘʞʘʝʪ ʨʝʘʣʴʥʫʶ ʩʪʦʠʤʦʩʪʴ 

ʙʘʣʘʥʩʠʨʦʚʢʠ ʩʝʪʠ, ʯʪʦ ʤʦʪʠʚʠʨʫʝʪ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʢ ʦʩʦʟʥʘʥʥʦʤʫ ʩʦʢʨʘʱʝʥʠʶ 

ʥʘʛʨʫʟʢʠ. ʕʪʦʪ ʤʝʭʘʥʠʟʤ ʫʩʪʨʘʥʷʝʪ ʢʣʶʯʝʚʦʡ ʥʝʜʦʩʪʘʪʦʢ ʪʨʘʜʠʮʠʦʥʥʳʭ 

TOU - ʪʘʨʠʬʦʚ ï ʠʭ ʩʪʘʪʠʯʥʦʩʪʴ, ʥʝ ʫʯʠʪʳʚʘʶʱʫʶ ʪʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ʵʥʝʨʛʦʩʠ-

ʩʪʝʤʳ. 

ʉʠʥʝʨʛʠʷ ʜʘʥʥʳʭ ʧʦʜʭʦʜʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ɸʥʘʣʠʟ ʫʤʥʳʭ ʩʯʝʪʯʠʢʦʚ ʠ ʧʨʦʛʥʦʟʳ ɺʀʕ ʧʦʟʚʦʣʷʶʪ ʧʣʘʪʬʦʨʤʝ ʛʝʥʝʨʠʨʦʚʘʪʴ 

ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʩʪʠʤʫʣʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʘʢ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʧʘʪʪʝʨ-

ʥʘʤ ʧʦʪʨʝʙʣʝʥʠʷ, ʪʘʢ ʠ ʩʠʩʪʝʤʥʳʤ ʧʦʪʨʝʙʥʦʩʪʷʤ. ʅʘʧʨʠʤʝʨ, ʜʦʤʦʭʦʟʷʡʩʪʚʦ ʩ 

ʚʳʩʦʢʠʤ ʧʦʪʨʝʙʣʝʥʠʝʤ ʚ ʚʝʯʝʨʥʠʝ ʯʘʩʳ ʧʦʣʫʯʠʪ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʝʨʝʥʦʩʫ 

ʥʘʛʨʫʟʢʠ ʥʘ ʫʪʨʦ, ʢʦʛʜʘ ʧʨʦʛʥʦʟʠʨʫʝʪʩʷ ʠʟʙʳʪʦʢ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ, ʘ ʪʘʢʞʝ ʙʦ-

ʥʫʩʳ ʟʘ ʚʳʧʦʣʥʝʥʠʝ ʵʪʠʭ ʨʝʢʦʤʝʥʜʘʮʠʡ. ʇʦʜʦʙʥʘʷ ʧʝʨʩʦʥʘʣʠʟʘʮʠʷ ʫʚʝʣʠʯʠʚʘʝʪ 



                                                              ɸʂʊʋɸʃʔʅʓɽ ʇʈʆɹʃɽʄʓ ʕʃɽʂʊʈʆʕʅɽʈɻɽʊʀʂʀ  145 

 

ʚʝʨʦʷʪʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʧʦʚʝʜʝʥʠʷ, ʪʘʢ ʢʘʢ ʟʘʜʘʯʠ ʚʦʩʧʨʠʥʠʤʘʶʪʩʷ ʢʘʢ ʜʦʩʪʠʞʠ-

ʤʳʝ ʠ ʩʦʮʠʘʣʴʥʦ ʟʥʘʯʠʤʳʝ. 

ʊʝʦʨʝʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʩʥʠʞʝʥʠʷ ʧʠʢʦʚʳʭ ʥʘʛʨʫʟʦʢ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʯʝ-

ʨʝʟ ʧʨʠʟʤʫ ʢʦʥʮʝʧʮʠʠ çʚʠʨʪʫʘʣʴʥʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠè. ɽʩʣʠ ʧʣʘʪʬʦʨʤʘ ʦʙʲʝʜʠ-

ʥʷʝʪ ʪʳʩʷʯʠ ʧʦʪʨʝʙʠʪʝʣʝʡ, ʛʠʙʢʦ ʨʝʘʛʠʨʫʶʱʠʭ ʥʘ ʩʠʛʥʘʣʳ ʮʝʥʦʦʙʨʘʟʦʚʘʥʠʷ ʠ 

ʛʝʡʤʠʬʠʢʘʮʠʠ, ʠʭ ʩʦʚʦʢʫʧʥʦʝ ʩʥʠʞʝʥʠʝ ʧʦʪʨʝʙʣʝʥʠʷ ʵʢʚʠʚʘʣʝʥʪʥʦ ʚʚʦʜʫ ʚ ʩʝʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʛʝʥʝʨʘʮʠʠ. ʇʦ ʘʥʘʣʦʛʠʠ ʩ ʧʠʣʦʪʥʳʤʠ ʧʨʦʝʢʪʘʤʠ (OhmConnect, 

PowerMatcher), ʛʜʝ ʧʦʜʦʙʥʳʝ ʤʝʭʘʥʠʟʤʳ ʦʙʝʩʧʝʯʠʚʘʣʠ ʩʥʠʞʝʥʠʝ ʧʠʢʦʚ ʥʘ 

5 - 15 %, ʧʨʝʜʣʘʛʘʝʤʦʝ ʨʝʰʝʥʠʝ ʤʦʞʝʪ ʩʪʘʪʴ ʤʘʩʰʪʘʙʠʨʫʝʤʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ 

ʜʣʷ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩʧʨʦʩʦʤ. 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʢʦʥʮʝʧʮʠʷ ʮʠʬʨʦʚʦʡ ʧʣʘʪʬʦʨʤʳ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʩʧʨʦʩʦʤ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʦʪʝʥʮʠʘʣ ʩʠʥʪʝʟʘ ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʩʪʠʤʫʣʦʚ ʠ ʘʜʘʧʪʠʚʥʳʭ ʪʝʭʥʦ-

ʣʦʛʠʡ ʚ ʨʝʰʝʥʠʠ ʘʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ ʵʥʝʨʛʦʧʝʨʝʭʦʜʘ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʤʝʪʦʜʦʚ, ʬʦʢʫʩʠʨʫʶʱʠʭʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʨʳʯʘʛʘʭ ʠʣʠ ʘʚʪʦ-

ʤʘʪʠʟʘʮʠʠ, ʧʣʘʪʬʦʨʤʘ ʚʦʚʣʝʢʘʝʪ ʧʦʪʨʝʙʠʪʝʣʝʡ ʚ ʧʨʦʮʝʩʩ ʙʘʣʘʥʩʠʨʦʚʢʠ ʩʝʪʠ ʯʝ-

ʨʝʟ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳʝ ʠʛʨʦʚʳʝ ʤʝʭʘʥʠʢʠ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʘʜʘʧʪʠʨʫʷ ʪʘʨʠʬʳ ʢ 

ʨʝʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ ʨʘʙʦʪʳ ʵʥʝʨʛʦʩʠʩʪʝʤʳ. ʕʪʦ ʩʦʟʜʘʝʪ ʫʩʪʦʡʯʠʚʫʶ ʤʦʜʝʣʴ ʚʟʘ-

ʠʤʦʜʝʡʩʪʚʠʷ, ʛʜʝ ʩʥʠʞʝʥʠʝ ʧʠʢʦʚʳʭ ʥʘʛʨʫʟʦʢ ʜʦʩʪʠʛʘʝʪʩʷ ʥʝ ʟʘ ʩʯʝʪ ʧʨʠʥʫʞʜʝ-

ʥʠʷ, ʘ ʯʝʨʝʟ ʦʩʦʟʥʘʥʥʦʝ ʫʯʘʩʪʠʝ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʤʦʪʠʚʠʨʦʚʘʥʥʳʭ ʢʘʢ ʵʢʦʥʦʤʠʝʡ, 

ʪʘʢ ʠ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʢʦʥʮʝʧʮʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʝʸ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ 

ʠ ʥʠʟʢʠʭ ʙʘʨʴʝʨʘʭ ʜʣʷ ʚʥʝʜʨʝʥʠʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ 

(ʫʤʥʳʝ ʩʯʝʪʯʠʢʠ, ʤʦʙʠʣʴʥʳʝ ʧʨʠʣʦʞʝʥʠʷ) ʤʠʥʠʤʠʟʠʨʫʝʪ ʟʘʪʨʘʪʳ ʥʘ ʠʥʬʨʘ-

ʩʪʨʫʢʪʫʨʫ, ʘ ʛʠʙʢʦʩʪʴ ʘʣʛʦʨʠʪʤʦʚ ʧʦʟʚʦʣʷʝʪ ʘʜʘʧʪʠʨʦʚʘʪʴ ʧʣʘʪʬʦʨʤʫ ʢ ʨʝʛʠʦ-

ʥʘʣʴʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʵʥʝʨʛʦʩʠʩʪʝʤ. ɼʣʷ ʩʝʪʝʚʳʭ ʢʦʤʧʘʥʠʡ ʵʪʦ ʦʟʥʘʯʘʝʪ ʩʥʠ-

ʞʝʥʠʝ ʟʘʪʨʘʪ ʥʘ ʤʦʜʝʨʥʠʟʘʮʠʶ ʩʝʪʝʡ, ʜʣʷ ʧʦʪʨʝʙʠʪʝʣʝʡ ï ʧʨʷʤʦʡ ʢʦʥʪʨʦʣʴ ʥʘʜ 

ʨʘʩʭʦʜʘʤʠ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʚʢʣʘʜʘ ʚ ʜʝʢʘʨʙʦʥʠʟʘʮʠʶ. 

ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʥʘʧʨʘʚʠʪʴ ʥʘ: 

Á ʠʥʪʝʛʨʘʮʠʶ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʧʨʦ-
ʛʥʦʟʦʚ ʛʝʥʝʨʘʮʠʠ ɺʀʕ ʠ ʧʝʨʩʦʥʘʣʠʟʘʮʠʠ ʟʘʜʘʥʠʡ; 

Á ʨʘʟʨʘʙʦʪʢʫ ʩʪʘʥʜʘʨʪʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʣʘʪʬʦʨʤʳ ʩ ʜʨʫʛʠʤʠ ʮʠʬʨʦ-
ʚʳʤʠ ʩʝʨʚʠʩʘʤʠ (ʫʤʥʳʡ ʜʦʤ, ʵʣʝʢʪʨʦʤʦʙʠʣʠ); 

Á ʠʟʫʯʝʥʠʝ ʜʦʣʛʦʩʨʦʯʥʳʭ ʵʬʬʝʢʪʦʚ ʛʝʡʤʠʬʠʢʘʮʠʠ ʥʘ ʧʦʚʝʜʝʥʠʝ ʧʦʪʨʝʙʠ-
ʪʝʣʝʡ, ʚʢʣʶʯʘʷ ʨʠʩʢʠ çʫʩʪʘʣʦʩʪʠè ʦʪ ʠʛʨʦʚʳʭ ʤʝʭʘʥʠʢ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʣʘʪʬʦʨʤʘ ʩʪʘʥʦʚʠʪʩʷ ʥʝ ʧʨʦʩʪʦ ʠʥʩʪʨʫʤʝʥʪʦʤ ʫʧʨʘʚʣʝ-

ʥʠʷ ʩʧʨʦʩʦʤ, ʘ ʵʣʝʤʝʥʪʦʤ ʵʢʦʩʠʩʪʝʤʳ ʮʠʬʨʦʚʦʡ ʵʥʝʨʛʝʪʠʢʠ, ʛʜʝ ʢʘʞʜʳʡ ʫʯʘʩʪ-

ʥʠʢ ʚʥʦʩʠʪ ʚʢʣʘʜ ʚ ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ ʦʪʨʘʩʣʠ. 
 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ʍʘʡʢʠʥ ʄ.ʄ., ʅʝʚʩʢʘʷ ʄ.ɸ., ʈʘʡʭʣʠʥ ʉ.ʄ. ʋʧʨʘʚʣʝʥʠʝ ʩʧʨʦʩʦʤ ʚ ʩʠʩʪʝʤʝ 

ʦʙʝʩʧʝʯʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ // ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʚ ʨʘʟʚʠʪʠʠ ʵʢʦʥʦʤʠʢʠ ʵʥʝʨʛʝ-

ʪʠʢʠ: ʩʙʦʨʥʠʢ ʤʘʪʝʨʠʘʣʦʚ III ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ. ï 2023. ï 

ʉ.43-45. 



146             ʉʝʢʮʠʷ 3. ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʝʪʠ ʠ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ 
 

2. ʊʝʢʩʣʝʨ ɸ.ʃ. ʎʠʬʨʦʚʠʟʘʮʠʷ ʵʥʝʨʛʝʪʠʢʠ: ʦʪ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʢ ʮʠʬʨʦʚʦʡ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʦʪʨʘʩʣʠ // ʕʇ. ï2018. ï̄ 5. URL: https://cyberleninka.ru/article/n/tsifrovizatsiya-

energetiki-ot-avtomatizatsii-protsessov-k-tsifrovoy-transformatsii-otrasli (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 

20.04.2025). 

3. ʊʫʨʦʚʝʮ ʖ., ʇʨʦʩʢʫʨʷʢʦʚʘ ʃ., ʉʪʘʨʦʜʫʙʮʝʚʘ ɸ., ɹʴʷʥʢʦ ɺ. çɿʝʣʝʥʘʷè ʮʠʬʨʦ-

ʚʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʝ // ʌʦʨʩʘʡʪ. ï 2021. ï ˉ3. ï URL: 

https://cyberleninka.ru/article/n/zelenaya-tsifrovaya-transformatsiya-v-elektroenergetike (ʜʘʪʘ ʦʙ-

ʨʘʱʝʥʠʷ: 20.04.2025). 

4. ʂʘʢ OhmConnect ʵʢʦʥʦʤʠʪ ʵʥʝʨʛʠʶ ʠ ʟʘʨʘʙʘʪʳʚʘʝʪ ʚʘʤ ʜʝʥʴʛʠ // OhmConnect. ï 

2021.  ï URL: https://www.ohmconnect.com/how-it-works (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 20.04.2025). 

5. ʅʝʭʦʨʦʰʠʭ ʀ.ʅ. ʀʥʥʦʚʘʮʠʦʥʥʳʝ ʤʝʭʘʥʠʟʤʳ ʫʧʨʘʚʣʝʥʠʷ ʩʧʨʦʩʦʤ ʥʘ ʵʣʝʢʪʨʠʯʝ-

ʩʢʫʶ ʵʥʝʨʛʠʶ: ʦʙʟʦʨ ʤʠʨʦʚʦʛʦ ʦʧʳʪʘ ʠ ʦʮʝʥʢʘ ʧʝʨʩʧʝʢʪʠʚ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʈʦʩʩʠʠ // ʀʟʚʝ-

ʩʪʠʷ ʖʛʦ-ɿʘʧʘʜʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ʉʝʨʠʷ: ʕʢʦʥʦʤʠʢʘ. ʉʦʮʠʦʣʦʛʠʷ. ʄʝ-

ʥʝʜʞʤʝʥʪ. ï 2019. ï ʊ. 9, ˉ 2(31). ï ʉ. 17-25. 

6. ɾʠʜʢʦʚʘ ʄ.ɸ., ʂʥʷʟʝʚʘ ɸ.ɸ. ɻʝʡʤʠʬʠʢʘʮʠʷ ʚ ʫʩʣʦʚʠʷʭ ʮʠʬʨʦʚʠʟʘʮʠʠ ʵʢʦʥʦ-

ʤʠʢʠ // ʕʢʦʥʦʤʠʢʘ ʠ ʙʠʟʥʝʩ: ʪʝʦʨʠʷ ʠ ʧʨʘʢʪʠʢʘ. ï 2020. ï ˉ12-1. ï URL: 

https://cyberleninka.ru/article/n/geymifikatsiya-v-usloviyah-tsifrovizatsii-ekonomiki (ʜʘʪʘ ʦʙʨʘʱʝ-

ʥʠʷ: 20.04.2025).  



                                                              ɸʂʊʋɸʃʔʅʓɽ ʇʈʆɹʃɽʄʓ ʕʃɽʂʊʈʆʕʅɽʈɻɽʊʀʂʀ  147 

 

E.O. Efimov 

 

CONCEPT OF A DIGITAL PLATFORM FOR DEMAND MANAGEMENT 

IN THE ELECTRICITY INDUSTRY BASED ON GAMIFICATION 

AND ADAPTIVE TARIFFS  

 
Kazan State Power Engineering University 

Kazan, Russia 

 
Abstract. The paper proposes a concept of a digital platform for demand management in the 

electric power industry, combining gamification and adaptive tariffs. The platform synchronizes con-

sumer behavior with the network state through dynamic pricing, personalized tasks, and game me-

chanics. The integration of smart meter data and renewable energy forecasts allows reducing peak 
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ʋɼʂ 621.316 

 

ʉ.ʉ. ʂʘʰʠʨʩʢʠʡ, ɸ.ʄ. ʅʝʟʘʤʘʡʢʦʚ 

 

ʈɸɿɺʀʊʀɽ ʀʅʊɽʃʃɽʂʊʋɸʃʔʅʓʍ ʉʀʉʊɽʄ ʋʏɽʊɸ 

ʕʃɽʂʊʈʆʕʅɽʈɻʀʀ ɺ ɿʆʅɽ ʆʊɺɽʊʉʊɺɽʅʅʆʉʊʀ 

ɻɸʈɸʅʊʀʈʋʖʑʀʍ ʇʆʉʊɸɺʑʀʂʆɺ 

 
ʇɸʆ çʊʅʉ ʵʥʝʨʛʦ ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜè 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʨʘʟʚʠʪʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ 

ʫʯʝʪʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ (ʀʉʋʕ) ʚ ʟʦʥʝ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʛʘʨʘʥʪʠʨʫʶʱʠʭ ʧʦʩʪʘʚʱʠʢʦʚ. ɸʥʘʣʠ-

ʟʠʨʫʝʪʩʷ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʘʷ ʙʘʟʘ, ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʘʷ ʚʥʝʜʨʝʥʠʝ ʀʉʋʕ, ʦʧʠʩʳʚʘʶʪʩʷ ʪʝʭ-

ʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤ ʫʯʝʪʘ ʚ ʤʥʦʛʦʢʚʘʨʪʠʨʥʳʭ ʜʦʤʘʭ, ʘ ʪʘʢʞʝ ʧʨʠʚʦʜʷʪʩʷ 

ʨʝʟʫʣʴʪʘʪʳ ʚʥʝʜʨʝʥʠʷ ʀʉʋʕ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʅʠʞʝʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʦ-

ʙʣʝʤʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʨʘʟʚʠʪʠʠ ʀʉʋʕ, ʠ ʚʦʟʤʦʞʥʳʝ ʧʫʪʠ ʠʭ ʨʝʰʝʥʠʷ.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʫʯʝʪʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʛʘʨʘʥʪʠʨʫʶʱʠʡ 

ʧʦʩʪʘʚʱʠʢ, ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʫʯʝʪʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʨʘʟʚʠʪʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ ʈʦʩʩʠʠ ʦʩʦʙʦʝ 

ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʝʪ ʚʥʝʜʨʝʥʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʫʯʝʪʘ ʵʣʝʢʪʨʦʵʥʝʨ-

ʛʠʠ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ, ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʟʨʘʯʥʦʩʪʠ ʨʘʩʯʝʪʦʚ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʙʦʪʳ 

ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ. 

ʌʝʜʝʨʘʣʴʥʳʤ ʟʘʢʦʥʦʤ çʆ ʚʥʝʩʝʥʠʠ ʠʟʤʝʥʝʥʠʡ ʚ ʦʪʜʝʣʴʥʳʝ ʟʘʢʦʥʦʜʘʪʝʣʴ-

ʥʳʝ ʘʢʪʳ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ ʩʚʷʟʠ ʩ ʨʘʟʚʠʪʠʝʤ ʩʠʩʪʝʤ ʫʯʝʪʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ (ʤʦʱʥʦʩʪʠ) ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠè [1] ʟʘʢʨʝʧʣʝʥʦ: ʀʥʪʝʣʣʝʢʪʫʘʣʴ-

ʥʘʷ ʩʠʩʪʝʤʘ ʫʯʝʪʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ (ʤʦʱʥʦʩʪʠ) ï ʩʦʚʦʢʫʧʥʦʩʪʴ ʬʫʥʢʮʠʦ-

ʥʘʣʴʥʦ ʦʙʲʝʜʠʥʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʫʩʪʨʦʡʩʪʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʫʜʘʣʝʥ-

ʥʦʛʦ ʩʙʦʨʘ, ʦʙʨʘʙʦʪʢʠ, ʧʝʨʝʜʘʯʠ ʧʦʢʘʟʘʥʠʡ ʧʨʠʙʦʨʦʚ ʫʯʝʪʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨ-

ʛʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʦʙʤʝʥ, ʭʨʘʥʝʥʠʝ ʧʦʢʘʟʘʥʠʡ ʧʨʠʙʦʨʦʚ 

ʫʯʝʪʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʫʜʘʣʝʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʝʝ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʫʩʪʨʦʡ-

ʩʪʚʘʤʠ ʠ ʧʨʠʙʦʨʘʤʠ ʫʯʝʪʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʥʝ ʚʣʠʷʶʱʝʝ ʥʘ ʨʝʟʫʣʴʪʘʪʳ 

ʠʟʤʝʨʝʥʠʡ, ʚʳʧʦʣʥʷʝʤʳʭ ʧʨʠʙʦʨʘʤʠ ʫʯʝʪʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʘ ʪʘʢʞʝ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʨʝʟʫʣʴʪʘʪʘʭ ʠʟʤʝʨʝʥʠʡ, ʜʘʥʥʳʭ ʦ ʢʦʣʠʯʝʩʪʚʝ ʠ 

ʠʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʘʚʠʣʘʤʠ ʧʨʝʜʦʩʪʘʚ-

ʣʝʥʠʷ ʜʦʩʪʫʧʘ ʢ ʤʠʥʠʤʘʣʴʥʦʤʫ ʥʘʙʦʨʫ ʬʫʥʢʮʠʡ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʫʯʝʪʘ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ (ʤʦʱʥʦʩʪʠ), ʫʪʚʝʨʞʜʝʥʥʳʤʠ ʇʨʘʚʠʪʝʣʴʩʪʚʦʤ ʈʦʩʩʠʡ-

ʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 

ʈʘʟʚʠʪʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʫʯʝʪʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʩʪʘʥʦʚʠʪʩʷ ʢʣʶ-

ʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ ʤʦʜʝʨʥʠʟʘʮʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ ʈʦʩʩʠʠ, ʩʧʦʩʦʙʩʪʚʫʶ-

ʱʠʤ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʠ ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʦʙ-



                                                              ɸʂʊʋɸʃʔʅʓɽ ʇʈʆɹʃɽʄʓ ʕʃɽʂʊʈʆʕʅɽʈɻɽʊʀʂʀ  149 

 

ʩʣʫʞʠʚʘʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ. ʕʪʦ ʦʧʨʝʜʝʣʷʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜ-

ʭʦʜʘ ʢ ʚʥʝʜʨʝʥʠʶ ʜʘʥʥʳʭ ʩʠʩʪʝʤ ʚ ʟʦʥʝ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʛʘʨʘʥʪʠʨʫʶʱʠʭ ʧʦʩʪʘʚ-

ʱʠʢʦʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ʕʪʘʧʳ ʠʟʤʝʥʝʥʠʷ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʚ ʵʥʝʨʛʝʪʠʢʝ 

ʅʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʳʤʠ ʘʢʪʘʤʠ ʟʘ ʛʘʨʘʥʪʠʨʫʶʱʠʤ ʧʦʩʪʘʚʱʠʢʦʤ ʟʘʢʨʝʧ-

ʣʝʥʘ ʦʙʷʟʘʥʥʦʩʪʴ ʚ ʟʘʤʝʥʝ/ʫʩʪʘʥʦʚʢʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʫʯʝʪʘ ʚ ʤʥʦʛʦʢʚʘʨʪʠʨ-

ʥʳʭ ʞʠʣʳʭ ʜʦʤʘʭ. 

ʀʟʤʝʥʝʥʠʷ ʚ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʝ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʜʚʘ ʵʪʘʧʘ. 

1 ʵʪʘʧ. ʌɿ ʦʪ 27.12.2018 ˉ522-ʌɿ ʚʥʦʩʠʪ ʠʟʤʝʥʝʥʠʷ ʚ ʌʝʜʝʨʘʣʴʥʳʝ ʟʘ-

ʢʦʥʳ ʈʌ: ʦʪ 26.03.2003 ˉ 35-ʌɿ çʆʙ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʝè; ʦʪ 23.11.2009 ˉ 261-

ʌɿ çʆʙ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʠ ʠ ʦ ʧʦʚʳʰʝʥʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʠ ʦ 

ʚʥʝʩʝʥʠʠ ʠʟʤʝʥʝʥʠʡ ʚ ʦʪʜʝʣʴʥʳʝ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʝ ʘʢʪʳ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 

2 ʕʪʘʧ. ʀʟʤʝʥʝʥʠʷ ʚ ʧʦʜʟʘʢʦʥʥʳʭ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʳʭ ʘʢʪʘʭ: ʋʪʚʝʨʞʜʝ-

ʥʠʝ çʇʨʘʚʠʣ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʜʦʩʪʫʧʘ ʢ ʤʠʥʠʤʘʣʴʥʦʤʫ ʥʘʙʦʨʫ ʬʫʥʢʮʠʡ ʠʥʪʝʣ-

ʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʫʯʝʪʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ (ʤʦʱʥʦʩʪʠ)è ʧʦʩʪʘʥʦʚʣʝʥʠʝʤ 

ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ʦʪ 19 ʠʶʥʷ 2020 ʛ. N 890; ʇʦʩʪʘʥʦʚʣʝʥʠʝ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ 

ʦʪ 04.05.2012 ˉ442 çʆ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʨʦʟʥʠʯʥʳʭ ʨʳʥʢʦʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ, ʧʦʣʥʦʤ ʠ (ʠʣʠ) ʯʘʩʪʠʯʥʦʤ ʦʛʨʘʥʠʯʝʥʠʠ ʨʝʞʠʤʘ ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʠ-

ʯʝʩʢʦʡ ʵʥʝʨʛʠʠè ʚʤʝʩʪʝ ʩ çʆʩʥʦʚʥʳʤʠ ʧʦʣʦʞʝʥʠʷʤʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʨʦʟʥʠʯ-

ʥʳʭ ʨʳʥʢʦʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠè; ʇʨʘʚʠʣʘ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʢʦʤʤʫʥʘʣʴʥʳʭ 

ʫʩʣʫʛ ʩʦʙʩʪʚʝʥʥʠʢʘʤ ʠ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʧʦʤʝʱʝʥʠʡ ʚ ʤʥʦʛʦʢʚʘʨʪʠʨʥʳʭ ʜʦʤʘʭ ʠ 

ʞʠʣʳʭ ʜʦʤʦʚ, ʫʪʚʝʨʞʜʝʥʥʳʝ ʧʦʩʪʘʥʦʚʣʝʥʠʝʤ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝ-

ʨʘʮʠʠ ʦʪ 06.05.2011 ˉ 354. 

ʂ ʦʩʥʦʚʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʚ ʌɿ ˉ35 [2] ʦʪʥʦʩʷʪʩʷ: 

1) ʩ 1 ʠʶʣʷ 2020 ʛ. ʦʙʷʟʘʥʥʦʩʪʴ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʧʦʪʨʝʙʠʪʝʣʝʡ ʢʦʤʤʝʨʯʝ-

ʩʢʠʤ ʫʯʝʪʦʤ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ (ʧʨʠ ʦʢʦʥʯʘʥʠʠ ʤʝʞʧʦʚʝʨʦʯʥʦʛʦ ʠʥʪʝʨʚʘʣʘ, 

ʚʳʭʦʜʝ ʠʟ ʩʪʨʦʷ, ʦʪʩʫʪʩʪʚʠʠ ʧʨʠʙʦʨʘ ʫʯʝʪʘ) ʚʦʟʣʦʞʝʥʘ ʥʘ ʩʝʪʝʚʳʝ ʦʨʛʘʥʠ-

ʟʘʮʠʠ/ʛʘʨʘʥʪʠʨʫʶʱʠʭ ʧʦʩʪʘʚʱʠʢʦʚ; 

2) ʩ 1 ʷʥʚʘʨʷ 2021 ʛ. ʚʩʝ ʥʦʚʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ (ʘ ʠʤʝʥʥʦ ʤʥʦʛʦʢʚʘʨʪʠʨʥʳʝ 

ʜʦʤʘ, ʚʚʦʜʠʤʳʝ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ) ʜʦʣʞʥʦ ʙʳʪʴ ʦʩʥʘʱʝʥʦ ʦʙʱʝʜʦʤʦʚʳʤʠ ʠ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʧʨʠʙʦʨʘʤʠ ʫʯʝʪʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤ ʩʠʩʪʝʤʘʤ ʫʯʝʪʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ; 

3) ʩ 1 ʷʥʚʘʨʷ 2022 ʛ. ʚʩʝ ʧʨʠʙʦʨʳ ʫʯʝʪʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʜʦʧʫʩʢʘʝ-

ʤʳʝ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʜʦʣʞʥʳ ʙʳʪʴ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤʠ, ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ 

ʇʨʘʚʠʣʘʤ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʜʦʩʪʫʧʘ ʢ ʤʠʥʠʤʘʣʴʥʦʤʫ ʥʘʙʦʨʫ ʬʫʥʢʮʠʡ ʠʥ-

ʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʫʯʝʪʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ (ʤʦʱʥʦʩʪʠ) ʧ. 80 ʇʇ 

ʈʌ ˉ 354; 

4) ʩ 29 ʤʘʨʪʘ 2024 ʛ. ʟʘʩʪʨʦʡʱʠʢ ʦʙʷʟʘʥ ʩʦʛʣʘʩʦʚʘʪʴ ʚʳʙʨʘʥʥʳʝ ʠʤ ʠʥʞʝ-

ʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʩ ʛʘʨʘʥʪʠʨʫʶʱʠʤ ʧʦʩʪʘʚʱʠʢʦʤ, ʘ ʪʘʢʞʝ ʦʙʷ-

ʟʘʥ ʦʙʨʘʪʠʪʴʩʷ ʢ ʛʘʨʘʥʪʠʨʫʶʱʝʤʫ ʧʦʩʪʘʚʱʠʢʫ ʩ ʟʘʧʨʦʩʦʤ ʦ ʧʦʜʪʚʝʨʞʜʝ-

ʥʠʠ ʩʦʦʪʚʝʪʩʪʚʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʧʨʦʝʢʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʪʝʭʥʠʯʝʩʢʠʤ 

ʪʨʝʙʦʚʘʥʠʷʤ ʧ. 197(3) ʇʇ ʈʌ ˉ442. 

ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʫʯʝʪʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 

ʆʩʥʦʚʥʳʤ ʥʦʨʤʘʪʠʚʥʳʤ ʜʦʢʫʤʝʥʪʦʤ, ʚ ʢʦʪʦʨʦʤ ʟʘʢʨʝʧʣʝʥʳ ʪʝʭʥʠʯʝʩʢʠʝ 



150             ʉʝʢʮʠʷ 3. ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʝʪʠ ʠ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ 
 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʤʫ ʫʯʝʪʫ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʷʚʣʷʝʪʩʷ ʇʦʩʪʘʥʦʚʣʝʥʠʝ 

ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ˉ 890 çʆ ʧʨʝʜʦʩʪʘʚʣʝʥʠʠ ʜʦʩʪʫʧʘ ʢ ʤʠ-

ʥʠʤʘʣʴʥʦʤʫ ʥʘʙʦʨʫ ʬʫʥʢʮʠʡ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʫʯʝʪʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠè. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ [3], ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʧʨʠʙʦʨ ʫʯʝʪʘ ʜʦʣ-

ʞʝʥ ʠʤʝʪʴ ʩʣʝʜʫʶʱʠʡ ʤʠʥʠʤʘʣʴʥʳʡ ʥʘʙʦʨʫ ʬʫʥʢʮʠʡ:  

¶ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʦʣʠʯʝʩʪʚʝ ʠ ʠʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʵʣʝʢʪʨʠʯʝ-
ʩʢʦʡ ʵʥʝʨʛʠʠ (ʦʙʥʦʚʣʝʥʠʝ ʜʘʥʥʳʭ ʜʣʷ ʥʘʩʝʣʝʥʠʷ ʠ ʶʨ. ʣʠʮ ʩ ʤʦʱʥʦʩʪʴʶ 

ʜʦ 150 ʢɺʪ ʨʘʟ ʚ ʥʝʜʝʣʶ, ʜʣʷ ʦʩʪʘʣʴʥʳʭ ï ʝʞʝʩʫʪʦʯʥʦ); 

¶ ʧʝʨʝʜʘʯʘ ʥʦʨʤʘʪʠʚʥʦʡ ʩʧʨʘʚʦʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ; 

¶ ʧʦʣʥʦʝ ʠ (ʠʣʠ) ʯʘʩʪʠʯʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʨʝʞʠʤʘ ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝ-
ʩʢʦʡ ʵʥʝʨʛʠʠ, ʘ ʪʘʢʞʝ ʚʦʟʦʙʥʦʚʣʝʥʠʷ ʧʦʜʘʯʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ; 

¶ ʫʩʪʘʥʦʚʣʝʥʠʝ ʠ ʠʟʤʝʥʝʥʠʝ ʟʦʥ ʩʫʪʦʢ (ʯʘʩʦʚ, ʜʥʝʡ ʥʝʜʝʣʠ, ʤʝʩʷʮʝʚ); 

¶ ʧʝʨʝʜʘʯʘ ʧʦʢʘʟʘʥʠʡ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʧʨʠʙʦʨʘ ʫʯʝʪʘ (ʦʙʥʦʚʣʝʥʠʝ 
ʜʘʥʥʳʭ ʜʣʷ ʥʘʩʝʣʝʥʠʷ ʠ ʶʨ. ʣʠʮ ʩ ʤʦʱʥʦʩʪʴʶ ʜʦ 150 ʢɺʪ ʨʘʟ ʚ ʥʝʜʝʣʶ, ʜʣʷ 

ʦʩʪʘʣʴʥʳʭ ï ʝʞʝʩʫʪʦʯʥʦ); 

¶ ʧʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʦ ʧʘʨʘʤʝʪʨʘʭ ʥʘʩʪʨʦʡʢʠ ʠ ʜʘʥʥʳʭ, ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʭ 
ʧʨʠʙʦʨʦʤ ʫʯʝʪʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʧʨʠʩʦʝʜʠʥʝʥʥʳʤ ʢ ʠʥʪʝʣʣʝʢʪʫ-

ʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʫʯʝʪʘ (ʜʘʪʘ ʠ ʚʨʝʤʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʦʢʦʥʯʘʥʠʷ ʩʦʙʳʪʠʡ). 

ɸʨʭʠʪʝʢʪʫʨʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʫʯʝʪʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ (ʀʉʋʕ) 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1 ʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʵʣʝʤʝʥʪʳ. 

1. ʊʨʝʭʫʨʦʚʥʝʚʘʷ ʩʠʩʪʝʤʘ ʀʉʋʕ: 

Å ʚʝʨʭʥʠʡ ʫʨʦʚʝʥʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʮʝʥʪʨ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʡ ʩʙʦʨ, ʭʨʘ-

ʥʝʥʠʝ ʠ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ (ʀʉʋʕ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ, ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤ-

ʧʣʝʢʩ çʇʠʨʘʤʠʜʘ 2.0è); 

Å ʩʨʝʜʥʠʡ ʫʨʦʚʝʥʴ ʩʦʩʪʦʠʪ ʠʟ ʫʩʪʨʦʡʩʪʚʘ ʩʙʦʨʘ ʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʧʦʟʚʦ-

ʣʷʶʱʝʝ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʙʦʨ ʠ ʭʨʘʥʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʀʉʋʕ ʠ ʨʘʩʧʨʝʜʝʣʝʥ-

ʥʦʡ ʩʝʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ; 

Å ʥʠʞʥʠʡ ʫʨʦʚʝʥʴ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʯʝʪʯʠʢʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʪʨʘʥʩʬʦʨʤʘ-

ʪʦʨʳ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ, ʚʪʦʨʠʯʥʳʝ ʮʝʧʠ. 

2. ɼʚʫʭʫʨʦʚʥʝʚʘʷ ʩʠʩʪʝʤʘ ʀʉʋʕ: 

Å ʘʨʭʠʪʝʢʪʫʨʘ ʩʠʩʪʝʤʳ ʫʯʝʪʘ ʙʝʟ ʫʩʪʨʦʡʩʪʚʘ ʩʙʦʨʘ ʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʨʝʜ-

ʧʦʣʘʛʘʝʪ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ ʩ ʧʨʠʙʦʨʦʚ ʫʯʝʪʘ ʥʘʧʨʷʤʫʶ ʥʘ ʚʝʨʭʥʠʡ ʫʨʦʚʝʥʴ 

ʩʠʩʪʝʤʳ ʧʦ ʢʘʥʘʣʘʤ ʩʚʷʟʠ GSM/GPRS, ʣʠʙʦ NB-IoT; 

Å ʬʫʥʢʮʠʦʥʘʣ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ çʇʠʨʘʤʠʜʘè ʦʩʫʱʝʩʪʚʣʷʝʪ ʜʘʣʴ-

ʥʝʡʰʫʶ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ ʩ ʫʨʦʚʥʷ ʠʟʤʝʨʠʪʝʣʴʥʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʢʦʤ-

ʧʣʝʢʩʘ ʚ ʩʤʝʞʥʳʝ ʩʠʩʪʝʤʳ. 

ʊʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʫʯʝʪʘ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʜʘʥʥʳʭ ʩʠʩʪʝʤ ʚ ʤʥʦʛʦʢʚʘʨʪʠʨʥʳʭ ʞʠʣʳʭ ʜʦʤʘʭ ʧʨʠʤʝ-

ʥʷʶʪʩʷ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʀʉʋʕ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʚʦʜ-

ʥʳʭ, ʙʝʩʧʨʦʚʦʜʥʳʭ ʠ ʨʘʜʠʦ-ʠʥʪʝʨʬʝʡʩʦʚ. 
 

 

 



                                                              ɸʂʊʋɸʃʔʅʓɽ ʇʈʆɹʃɽʄʓ ʕʃɽʂʊʈʆʕʅɽʈɻɽʊʀʂʀ  151 

 
 

 
ʈʠʩ. 1. ɸʨʭʠʪʝʢʪʫʨʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʫʯʝʪʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 

 

ʊʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʩ ʧʨʦʚʦʜʥʳʤʠ ʠʥʪʝʨʬʝʡʩʘʤʠ ʚʢʣʶʯʘʶʪ ʩʣʝʜʫʶʱʠʝ 

ʢʦʤʧʦʥʝʥʪʳ. 

1. ʇʨʦʤʳʰʣʝʥʥʳʡ ʧʨʦʚʦʜʥʦʡ ʠʥʪʝʨʬʝʡʩ RS-485. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʨʝʰʝʥʠʷ: ʩʪʘʙʠʣʴʥʳʡ ʦʧʨʦʩ; ʥʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ ʢʦʤʧʣʝʢʪʫ-

ʶʱʠʭ. 

ʅʝʜʦʩʪʘʪʢʠ ʨʝʰʝʥʠʷ: ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʧʨʦʢʣʘʜʢʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʨʦʚʦ-

ʜʦʚ; ʚʦʟʤʦʞʥʦʩʪʴ ʬʠʟʠʯʝʩʢʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ ʠʥʪʝʨʬʝʡʩʥʦʛʦ ʢʘʙʝʣʷ; ʧʨʠ ʧʦʩʪʨʦ-

ʝʥʠʠ 3-ʭ ʫʨʦʚʥʝʚʦʡ ʩʠʩʪʝʤʳ ʀʉʋʕ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʪʨʝʙʫʝʪʩʷ ʜʦʨʦʛʦʩʪʦʷ-

ʱʝʝ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʢʘʥʘʣʦʦʙʨʘʟʫʶʱʝʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. 

2. ʉʠʣʦʚʳʝ ʣʠʥʠʠ ʧʦ ʪʝʭʥʦʣʦʛʠʠ PLC. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʨʝʰʝʥʠʷ ï ʦʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʢʣʘʜʢʠ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʳʭ ʧʨʦʚʦʜʦʚ ʚ ʩʚʷʟʠ ʩ ʢʘʯʝʩʪʚʦʤ ʢʘʥʘʣʘ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʩʠʣʦʚʦʡ ʩʝʪʠ 

ʥʘʧʨʷʞʝʥʠʝʤ 0,4 ʢɺ. 

ʅʝʜʦʩʪʘʪʢʠ ʨʝʰʝʥʠʷ: ʫʭʫʜʰʝʥʠʝ ʦʧʨʦʩʘ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʥʦʛʦ-

ʢʚʘʨʪʠʨʥʦʛʦ ʜʦʤʘ ʚ ʩʚʷʟʠ ʩ ʠʟʥʘʰʠʚʘʥʠʝʤ ʢʘʙʝʣʴʥʳʭ ʣʠʥʠʡ, ʘ ʪʘʢʞʝ ʧʦʷʚʣʝʥʠʝʤ 

ʦʪʚʝʪʚʠʪʝʣʴʥʳʭ ʩʞʠʤʦʚ ʠ ʩʢʨʫʪʦʢ. 



152             ʉʝʢʮʠʷ 3. ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʝʪʠ ʠ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ 
 

ʊʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʩ ʙʝʩʧʨʦʚʦʜʥʳʤʠ ʠʥʪʝʨʬʝʡʩʘʤʠ ʚʢʣʶʯʘʶʪ ʩʣʝʜʫʶ-

ʱʠʝ ʢʦʤʧʦʥʝʥʪʳ. 

 1. ʉʦʪʦʚʘʷ ʩʚʷʟʴ ʩʪʘʥʜʘʨʪʘ GSM (NB-IoT) (ʨʠʩ. 2). 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʨʝʰʝʥʠʷ: ʦʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʢʣʘʜʢʠ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʳʭ ʧʨʦʚʦʜʦʚ; ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʥʝ ʪʨʝʙʫʝʪʩʷ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʢʘʥʘʣʦʦʙ-

ʨʘʟʫʶʱʝʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. 

ʅʝʜʦʩʪʘʪʢʠ ʨʝʰʝʥʠʷ: ʟʘʪʨʘʪʳ ʥʘ ʩʚʷʟʴ ʧʨʠ ʦʙʤʝʥʝ ʠʥʬʦʨʤʘʮʠʝʡ ʩ ʢʘʞʜʳʤ 

ʧʨʠʙʦʨʦʤ ʫʯʝʪʘ; ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʟʦʥʘ ʧʦʢʨʳʪʠʷ ʩʦʪʦʚʦʡ ʩʝʪʠ ʚ ʧʦʜʚʘʣʘʭ ʠ ʥʘ ʦʪ-

ʜʝʣʴʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ; ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʤʝʭ ʧʨʠ ʦʧʨʦʩʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʨʠ-

ʙʦʨʦʚ ʫʯʝʪʘ ʚ ʦʜʥʦʤ ʤʥʦʛʦʢʚʘʨʪʠʨʥʦʤ ʜʦʤʝ. 

 

 
ʈʠʩ. 2. ʉʪʨʫʢʪʫʨʘ ʩʦʪʦʚʦʡ ʩʚʷʟʠ ʩʪʘʥʜʘʨʪʘ GSM (NB-IoT) 

 

2. ʊʝʭʥʦʣʦʛʠʷ ʜʚʫʩʪʦʨʦʥʥʝʡ ʩʚʷʟʠ ʩ NB-Fi ʩʝʪʠ (868-869 ʄɻʮ). 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʨʝʰʝʥʠʷ: ʦʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʢʣʘʜʢʠ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʳʭ ʧʨʦʚʦʜʦʚ; ʧʦʢʨʳʪʠʝ ʙʦʣʴʰʦʡ ʪʝʨʨʠʪʦʨʠʠ ʦʜʥʦʡ ʙʘʟʦʚʦʡ ʩʪʘʥʮʠʝʡ. 

ʅʝʜʦʩʪʘʪʢʠ ʨʝʰʝʥʠʷ: ʥʝʩʪʘʙʠʣʴʥʳʡ ʦʧʨʦʩ; ʚʳʩʦʢʘʷ ʮʝʥʘ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʢʘʥʘʣʘ ʩʚʷʟʠ ʤʝʞʜʫ ʧʨʠʙʦʨʦʤ ʫʯʝʪʘ ʠ ʙʘʟʦʚʦʡ ʩʪʘʥʮʠʝʡ; ʧʦʚʳʰʝʥʥʳʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʚʘʣʠʬʠʢʘʮʠʠ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ. 

ʊʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʩ ʨʘʜʠʦ-ʠʥʪʝʨʬʝʡʩʘʤʠ ʚʢʣʶʯʘʶʪ ʩʣʝʜʫʶʱʠʝ ʢʦʤ-
ʧʦʥʝʥʪʳ. 

1. ʈʘʜʠʦʚʦʣʥʳ RF (433 ʄɻʮ) (ʨʠʩ. 3).  

ʇʨʝʠʤʫʱʝʩʪʚʘ ʨʝʰʝʥʠʷ: ʦʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʢʣʘʜʢʠ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʳʭ ʧʨʦʚʦʜʦʚ; ʥʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ. 

ʅʝʜʦʩʪʘʪʢʠ ʨʝʰʝʥʠʷ: ʥʝʩʪʘʙʠʣʴʥʳʡ ʦʧʨʦʩ; ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʢʘ-

ʥʘʣʦʦʙʨʘʟʫʶʱʝʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʥʘ ʧʨʷʤʦʡ ʣʠʥʠʠ ʩ ʧʨʠʙʦʨʦʤ ʫʯʝʪʘ, ʩ ʤʠʥʠʤʘʣʴ-

ʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʨʝʛʨʘʜ. 

 2. ʈʘʜʠʦʚʦʣʥʳ LoRaWan (868 ʄɻʮ). 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʨʝʰʝʥʠʷ: ʦʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʢʣʘʜʢʠ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʳʭ ʧʨʦʚʦʜʦʚ; ʣʫʯʰʘʷ ʧʨʦʭʦʜʠʤʦʩʪʴ ʚʦʣʥʳ; ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʩʦʝʜʠʥʝʥʠʷ 

ʙʘʟʦʚʳʭ ʩʪʘʥʮʠʡ ʢ ʩʝʪʷʤ ʤʦʙʠʣʴʥʳʭ ʦʧʝʨʘʪʦʨʦʚ. 

ʅʝʜʦʩʪʘʪʢʠ ʨʝʰʝʥʠʷ: ʥʝʩʪʘʙʠʣʴʥʳʡ ʦʧʨʦʩ; ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʢʘ-

ʥʘʣʦʦʙʨʘʟʫʶʱʝʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʥʘ ʧʨʷʤʦʡ ʣʠʥʠʠ ʩ ʧʨʠʙʦʨʦʤ ʫʯʝʪʘ, ʩ ʤʠʥʠʤʘʣʴ-

ʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʨʝʛʨʘʜ; ʚʳʩʦʢʘʷ ʮʝʥʘ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʘʥʘʣʘ ʩʚʷʟʠ 
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ʤʝʞʜʫ ʧʨʠʙʦʨʘʤʠ ʫʯʝʪʘ ʠ ʙʘʟʦʚʦʡ ʩʪʘʥʮʠʝʡ; ʧʦʚʳʰʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʚʘʣʠ-

ʬʠʢʘʮʠʠ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ. 

 

 
ʈʠʩ. 3. ʉʪʨʫʢʪʫʨʘ ʨʘʜʠʦʚʦʣʥ RF (433 ʄɻʮ) 

 

ɺʥʝʜʨʝʥʠʝ ʀʉʋʕ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʅʠʞʝʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠ 

ɺ ʇɸʆ çʊʅʉ ʵʥʝʨʛʦ ʅʅè ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʛʨʘʤʤʥʘʷ ʧʣʘʪʬʦʨʤʘ ʜʣʷ ʦʨʛʘ-

ʥʠʟʘʮʠʠ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ ʮʠʬʨʦʚʳʭ ʩʠʩʪʝʤ çʇʠʨʘʤʠʜʘ 2.0è ʨʘʟʨʘʙʦʪʘʥʥʘʷ ɸʆ 

ɻʂ çʉʠʩʪʝʤʳ ʠ ʊʝʭʥʦʣʦʛʠʠè ʥʘ ʙʘʟʝ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʩʪʝʢʘ ʨʝʰʝʥʠʡ. ɺʩʝ ʧʨʠ-

ʙʦʨʳ ʫʯʝʪʘ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʝ ʚ ʤʥʦʛʦʢʚʘʨʪʠʨʥʳʭ ʜʦʤʘʭ, ʜʦʣʞʥʳ ʙʳʪʴ ʩʦʚʤʝ-

ʩʪʠʤʳ ʩ ʜʘʥʥʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ ʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷʤ 

ʜʝʡʩʪʚʫʶʱʝʛʦ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ. 

ʇɸʆ çʊʅʉ ʵʥʝʨʛʦ ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜè ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʡ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʤʥʦʛʦʢʚʘʨʪʠʨʥʳʭ ʜʦʤʦʚ (ʟʘʩʪʨʦʡʱʠʢʠ), ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʝʭʥʠʯʝ-

ʩʢʠʝ ʨʝʰʝʥʠʷ ʥʘ ʦʩʥʦʚʝ RS-485, ʩʦʪʦʚʦʡ ʩʝʪʠ ʩʪʘʥʜʘʨʪʘ GSM, NB-Fi ʩʝʪʠ, ʚʟʘʠ-

ʤʦʨʝʟʝʨʚʠʨʫʝʤʳʭ ʢʘʥʘʣʦʚ ʩʚʷʟʠ RF+PLC, ʘ ʪʘʢʞʝ ʢʘʥʘʣʘ ʩʚʷʟʠ RF. 

ʉʘʤʦʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʝ ʚ ʅʠʞʝʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠ ʨʝʰʝʥʠʝ ï ʥʘ ʦʩʥʦʚʝ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ RS-485, ʙʦʣʝʝ 92 % ʚʥʦʚʴ ʧʦʩʪʨʦʝʥʥʳʭ ʤʥʦʛʦʢʚʘʨ-

ʪʠʨʥʳʭ ʜʦʤʦʚ (ʠʟ 106 ʜʦʤʦʚ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 98). ɼʘʥʥʦʝ ʨʝʰʝʥʠʝ ʚʳʙʠʨʘʝʪʩʷ ʚ 

ʩʚʷʟʠ ʩ ʧʨʦʩʪʦʪʦʡ ʤʦʥʪʘʞʘ, ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʦʧʨʦʩʘ ʠ ʤʠʥʠʤʠʟʘʮʠʝʡ ʟʘʪʨʘʪ ʟʘ-

ʩʪʨʦʡʱʠʢʘ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʪʨʝʙʦʚʘʥʠʡ ʌʝʜʝʨʘʣʴʥʦʛʦ ʟʘʢʦʥʘ ˉ 522 (ʪʦʯʝʯʥʘʷ ʫʩʪʘ-

ʥʦʚʢʘ) ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʥʘ ʦʩʥʦʚʝ ʜʝʡʩʪʚʫʶʱʝʡ ʠʥʬʨʘʩʪʨʫʢ-

ʪʫʨʳ ʩʦʪʦʚʦʡ ʩʝʪʠ ʤʦʙʠʣʴʥʦʡ ʩʚʷʟʠ ʩʪʘʥʜʘʨʪʘ GSM ʩ ʜʘʣʴʥʝʡʰʝʡ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʦʨʛʘʥʠʟʘʮʠʠ ʢʘʥʘʣʘ ʩʚʷʟʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ RS-485. 

ʇɸʆ çʊʅʉ ʵʥʝʨʛʦ ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜè ʠʩʧʦʣʴʟʫʝʪ ʧʨʠ ʩʦʟʜʘʥʠʠ ʀʉʋʕ ʠʥ-

ʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʧʨʠʙʦʨʳ ʫʯʝʪʘ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ (ʆʆʆ ɿʘʚʦʜ 

çʇʨʦʤʧʨʠʙʦʨè, ʆʆʆ ʊɼ çʄʀʈʊɽʂè, ɸʆ çʕʄʀʉè ʠ ʆʆʆ çɿʘʚʦʜ ʅɸʈʊʀʉè), 

ʢʘʢ ʧʨʠʙʦʨʦʚ ʫʯʝʪʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʩʪʘʙʠʣʴʥʫʶ ʨʘʙʦʪʫ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘ-

ʮʠʠ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʩʨʦʢʘ ʧʦʚʝʨʢʠ. 

ʆʙʲʝʤʳ ʚʥʝʜʨʝʥʠʷ ʀʉʋʕ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʅʠʞʝʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 4. ɿʘ ʧʝʨʠʦʜ ʩ 2021 ʧʦ 2024 ʛʛ. ʇɸʆ çʊʅʉ ʵʥʝʨʛʦ ʅʠʞʥʠʡ ʅʦʚ-

ʛʦʨʦʜè ʧʨʠʥʷʪʦ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ 48,6 ʪʳʩ. ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʧʨʠʙʦʨʦʚ ʫʯʝʪʘ, ʧʨʠ 
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ʵʪʦʤ ʟʘʪʨʘʪʳ ʚ ʨʘʤʢʘʭ ʌɿ-522 ʩʦʩʪʘʚʠʣʠ 355,9 ʤʣʥ ʨʫʙ. ʅʘ ʧʝʨʠʦʜ 2025-2027 ʛʛ. 

ʟʘʧʣʘʥʠʨʦʚʘʥʦ ʢ ʫʩʪʘʥʦʚʢʝ 65 ʪʳʩ. ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʧʨʠʙʦʨʦʚ ʫʯʝʪʘ ʥʘ ʩʫʤʤʫ 

866 ʤʣʥ ʨʫʙʣʝʡ. ʉʫʤʤʘʨʥʘʷ ʦʩʥʘʱʝʥʥʦʩʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʧʨʠʙʦʨʘʤʠ ʫʯʝʪʘ 

ʥʘ ʜʘʥʥʳʡ ʧʝʨʠʦʜ ʩʦʩʪʘʚʣʷʝʪ 15 %. 

 

 
ʈʠʩ. 4. ɺʥʝʜʨʝʥʠʝ ʀʉʋʕ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʅʠʞʝʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠ 

 

ʇʨʦʙʣʝʤʳ ʧʨʠ ʨʘʟʚʠʪʠʠ ʀʉʋʕ 

ʌʠʥʘʥʩʦʚʳʝ: ʤʠʥʠʩʪʝʨʩʪʚʦʤ ʵʥʝʨʛʝʪʠʢʠ ʠ ɾʂʍ ʅʠʞʝʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠ ʚ 

ʮʝʣʷʭ ʥʝʜʦʧʫʱʝʥʠʷ ʨʦʩʪʘ ʧʨʝʜʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʪʘʨʠʬʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʙʲʝʤ ʬʠ-

ʥʘʥʩʠʨʦʚʘʥʠʷ ʪʦʣʴʢʦ ʚ ʨʘʤʢʘʭ ʠʩʧʦʣʥʝʥʠʷ ʦʙʷʟʘʪʝʣʴʩʪʚ ɻʇ ʧʦ ʟʘʤʝʥʝ/ʫʩʪʘʥʦʚʢʝ 

ʧʨʠʙʦʨʦʚ ʫʯʝʪʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʦ ʌɿ-522. 

ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ: ʧʦʩʪʦʷʥʥʳʡ ʨʦʩʪ ʟʘʪʨʘʪ ʥʘ ʩʚʷʟʴ, ʦʙʩʣʫʞʠʚʘʥʠʝ ʦʙʦ-

ʨʫʜʦʚʘʥʠʷ ʀʉʋʕ.  

ʊʝʭʥʠʯʝʩʢʠʝ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠʤʧʦʨʪʥʳʭ 

ʢʦʤʧʣʝʢʪʫʶʱʠʭ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʘʜʝʨʞʢʘʤ ʚ ʧʦʩʪʘʚʢʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʠʩʧʦʣʥʝ-

ʥʠʷ ʛʘʨʘʥʪʠʡʥʳʭ ʦʙʷʟʘʪʝʣʴʩʪʚ. 

ʆʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ: ʦʪʩʫʪʩʪʚʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʫ ʵʢʩʧʣʫʘʪʠʨʫʶ-

ʱʝʡ ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʩʪʦʷʥʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʧʨʠʙʦʨʘʤ ʫʯʝʪʘ, ʘ ʪʘʢʞʝ ʥʘʤʝʨʝʥʥʘʷ 

ʧʦʨʯʘ ʧʨʠʙʦʨʦʚ ʫʯʝʪʘ ʧʦʪʨʝʙʠʪʝʣʷʤʠ. 

ʅʝʩʦʚʝʨʰʝʥʩʪʚʦ ʥʦʨʤʘʪʠʚʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʝʡ ʜʝʡ-

ʩʪʚʠʷ ʟʘʩʪʨʦʡʱʠʢʦʚ: ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʥʦʯʪʝʥʠʷ 

ʪʨʝʙʦʚʘʥʠʡ ʌʝʜʝʨʘʣʴʥʦʛʦ ʟʘʢʦʥʘ ˉ 522, ɻʨʘʜʦʩʪʨʦʠʪʝʣʴʥʦʛʦ ʢʦʜʝʢʩʘ ʈʌ, ʠ ʇʦ-

ʩʪʘʥʦʚʣʝʥʠʷ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ˉ 442. 

ɺʘʨʠʘʥʪʳ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ ʧʨʠ ʨʘʟʚʠʪʠʠ ʀʉʋʕ 

ʌʠʥʘʥʩʦʚʳʝ: ʨʝʘʣʠʟʘʮʠʷ ʧʨʦʝʢʪʦʚ ʀʉʋʕ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʥʝʪʘʨʠʬʥʳʭ ʠʩ-

ʪʦʯʥʠʢʦʚ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ (ʵʥʝʨʛʦʩʝʨʚʠʩʥʳʝ ʜʦʛʦʚʦʨʳ, ʜʦʛʦʚʦʨʳ ʣʠʟʠʥʛʘ). 

ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ: ʦʧʪʠʤʠʟʘʮʠʷ ʨʘʩʭʦʜʦʚ ʥʘ ʩʚʷʟʴ ʧʫʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ 

ʧʦʷʚʣʝʥʠʷ ʙʦʣʝʝ ʚʳʛʦʜʥʳʭ ʪʘʨʠʬʦʚ, ʧʨʝʜʣʘʛʘʝʤʳʭ ʦʧʝʨʘʪʦʨʦʤ ʩʝʪʠ; ʧʦʚʳʰʝʥʠʝ 

ʢʚʘʣʠʬʠʢʘʮʠʠ ʧʝʨʩʦʥʘʣʘ ʜʣʷ ʨʘʙʦʪʳ ʩ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʀʉʋʕ. 

ʊʝʭʥʠʯʝʩʢʠʝ: ʨʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʢʦʤʧʣʝʢʪʫʶʱʠʭ ʜʣʷ 

ʧʨʠʙʦʨʦʚ ʫʯʝʪʘ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʀʉʋ; ʨʘʟʚʠʪʠʝ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʢʦʤʧʦʥʝʥʪʥʦʡ 

ʙʘʟʳ ʜʣʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʀʉʋʕ. 
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ʆʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ: ʧʨʠʥʷʪʠʝ ʤʝʨ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʫʩʠʣʝʥʠʝ 

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʧʦʪʨʝʙʠʪʝʣʝʡ ʟʘ ʧʦʨʯʫ/ʫʪʨʘʪʫ ʦʙʦʨʫʜʦʚʘʥʠʷ ʀʉʋʕ ʥʘ ʟʘʢʦʥʦ-

ʜʘʪʝʣʴʥʦʤ ʫʨʦʚʥʝ. 

ʅʝʩʦʚʝʨʰʝʥʩʪʚʦ ʥʦʨʤʘʪʠʚʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʝʡ ʜʝʡ-

ʩʪʚʠʷ ʟʘʩʪʨʦʡʱʠʢʦʚ: ʚʥʝʩʝʥʠʝ ʠʟʤʝʥʝʥʠʡ ʚ ʜʝʡʩʪʚʫʶʱʝʝ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦ ʧʫ-

ʪʝʤ ʠʥʠʮʠʘʪʠʚʥʦʡ ʧʦʜʘʯʠ ʟʘʷʚʣʝʥʠʷ ɻʂ ʇɸʆ çʊʅʉ ʵʥʝʨʛʦè ʚ ɸʩʩʦʮʠʘʮʠʶ ɻʘ-

ʨʘʥʪʠʨʫʶʱʠʭ ʧʦʩʪʘʚʱʠʢʦʚ. 

ɺʳʚʦʜʳ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʦ ʨʘʟʚʠʪʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʫʯʝʪʘ ʵʣʝʢʪʨʦ-

ʵʥʝʨʛʠʠ ʚ ʟʦʥʝ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʛʘʨʘʥʪʠʨʫʶʱʠʭ ʧʦʩʪʘʚʱʠʢʦʚ, ʚʢʣʶʯʘʷ ʘʥʘʣʠʟ 

ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʡ ʙʘʟʳ, ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʘʩʧʝʢʪʦʚ 

ʚʥʝʜʨʝʥʠʷ. ʅʘ ʧʨʠʤʝʨʝ ʇɸʆ çʊʅʉ ʵʥʝʨʛʦ ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜè ʧʨʦʜʝʤʦʥʩʪʨʠʨʦ-

ʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʚʥʝʜʨʝʥʠʷ ʀʉʋʕ, ʚʢʣʶʯʘʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʠ ʟʘ-

ʪʨʘʪʳ. ɺʳʷʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ ʧʨʠ ʨʘʟʚʠʪʠʠ ʀʉʋʕ, ʪʘʢʠʝ ʢʘʢ ʬʠʥʘʥʩʦ-

ʚʳʝ, ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ, ʪʝʭʥʠʯʝʩʢʠʝ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ, ʘ ʪʘʢʞʝ 

ʧʨʝʜʣʦʞʝʥʳ ʧʫʪʠ ʠʭ ʨʝʰʝʥʠʷ. ɺʥʝʜʨʝʥʠʝ ʀʉʋʕ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʠ ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʦʪʨʝʙʠ-

ʪʝʣʝʡ. 
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Abstract. The article discusses the development of intelligent electricity metering systems in 

the area of responsibility of guaranteeing suppliers. The regulatory framework governing the imple-

mentation of automated control systems is analyzed, technical solutions for building accounting sys-

tems in apartment buildings are described, and the results of the implementation of automated control 

systems in the Nizhny Novgorod region are presented. The problems that arise during the develop-

ment of ISUE and possible solutions are also considered. 
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ɸ.ɸ. ʂʦʢʦʨʝʚ, ɽ.ʅ. ʉʦʩʥʠʥʘ 

 

ʇʈɽɼʀʂʊʀɺʅɸʗ ɼʀɸɻʅʆʉʊʀʂɸ ʈɸʉʇʈɽɼɽʃʀʊɽʃʔʅʓʍ 

ʊʈɸʅʉʌʆʈʄɸʊʆʈʆɺ 6-20 ʢɺ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʉɺʀ 

 
ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ  

ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʈ.ɽ. ɸʣʝʢʩʝʝʚʘ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʘ ʦʩʥʦʚʳ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʥʳʭ ʚʝʢʪʦʨʥʳʭ ʠʟʤʝʨʝʥʠʡ, 

ʦʙʣʘʩʪʠ ʠʭ ʧʨʠʤʝʥʝʥʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʝʧʝʥʥʦʝ ʚʥʝʜʨʝʥʠʝ ʠ ʨʘʩʰʠʨʝʥʠʝ ʦʙ-

ʣʘʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʥʳʭ ʚʝʢʪʦʨʥʳʭ ʠʟʤʝʨʝʥʠʡ ʚ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʝʪʷʭ 

ʥʘʧʨʷʞʝʥʠʝʤ 6-20 ʢɺ. ʈʘʩʩʤʦʪʨʝʥʘ ʤʝʪʦʜʠʢʘ ʧʨʝʜʠʢʪʠʚʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʦʥ-

ʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʩʠʣʦʚʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʦʧʨʝʜʝʣʷʝʤʳʭ çʧʦʜ ʥʘʛʨʫʟʢʦʡè ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʥʳʭ ʚʝʢʪʦʨʥʳʭ ʠʟʤʝʨʝʥʠʡ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʥʳʝ ʚʝʢʪʦʨʥʳʝ ʠʟʤʝʨʝʥʠʷ, ʩʠʣʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ, 

ʩʭʝʤʘ ʟʘʤʝʱʝʥʠʷ, ʩʠʩʪʝʤʘ ʜʠʘʛʥʦʩʪʠʢʠ, ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʧʘʨʘʤʝʪʨʳ. 

 

ʉʠʥʭʨʦʥʠʟʠʨʦʚʘʥʥʳʝ ʚʝʢʪʦʨʥʳʝ ʠʟʤʝʨʝʥʠʷ (ʉɺʀ) ï ʵʪʦ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ (ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ) ʚʦ ʚʩʝʡ ʵʥʝʨʛʦʩʠʩʪʝʤʝ, ʩ ʚʳʩʦʢʦʡ 

ʪʦʯʥʦʩʪʴʶ. ɼʣʷ ʪʦʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʚʨʝʤʝʥʠ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʠʟ-

ʤʝʨʝʥʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʠʛʥʘʣʳ ʛʣʦʙʘʣʴʥʳʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʧʫʪʥʠʢʦʚʳʭ ʩʠ-

ʩʪʝʤ. ʆʩʥʦʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʩʠʩʪʝʤ ʉɺʀ ʷʚʣʷʶʪʩʷ: 

ï ʫʩʪʨʦʡʩʪʚʘ ʉɺʀ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʝ ʠʟʤʝʨʝʥʠʝ ʤʛʥʦʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ, ʚʳʯʠʩʣʝʥʠʝ ʜʝʡʩʪʚʫʶʱʠʭ ʟʥʘʯʝʥʠʡ ʠ ʬʘʟʦʚʳʭ ʫʛ-

ʣʦʚ (ʚʝʢʪʦʨʦʚ) ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ (ʠʥʦʛʜʘ ï ʚʝʢʪʦʨ ʧʨʷʤʦʡ ʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ) ʠ ʧʝʨʝʜʘʯʫ ʉɺʀ ʚ ʢʦʥʮʝʥʪʨʘʪʦʨʳ; 

ï ʢʦʥʮʝʥʪʨʘʪʦʨʳ ʉɺʀ, ʢʦʪʦʨʳʝ ʦʩʫʱʝʩʪʚʣʷʶʪ ʩʙʦʨ, ʭʨʘʥʝʥʠʝ ʠ ʧʝʨʝʜʘʯʫ 

ʉɺʀ. 

ʆʧʨʝʜʝʣʝʥʠʷ ʬʘʟʦʚʳʭ ʫʛʣʦʚ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʚ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʤʦʤʝʥʪ ʚʨʝ-

ʤʝʥʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʧʦʨʥʦʛʦ ʩʠʛʥʘʣʘ, ʝʜʠʥʦʛʦ ʜʣʷ ʚʩʝʭ ʪʦʯʝʢ ʠʟʤʝʨʝʥʠʷ. ʆʧʦʨ-

ʥʳʤ ʩʠʛʥʘʣʦʤ ʷʚʣʷʝʪʩʷ ʢʦʩʠʥʫʩʦʠʜʘ, ʧʨʠʚʷʟʘʥʥʘʷ ʢ ʚʩʝʤʠʨʥʦʤʫ ʢʦʦʨʜʠʥʘʪʥʦʤʫ 

ʚʨʝʤʝʥʠ (UTC) [1] ʥʘ ʯʘʩʪʦʪʝ ʩʠʩʪʝʤʳ. 

ɺʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ, ʪʦʯʥʘʷ ʩʠʥʭʨʦʥʠʟʘʮʠʷ, ʤʘʣʦʝ ʚʨʝʤʷ ʦʪʢʣʠʢʘ 

ʥʘ ʠʟʤʝʥʝʥʠʝ, ʘ ʪʘʢʞʝ ʠʟʤʝʨʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʥʦʛʦ ʚʝʢʪʦʨʘ ʧʨʠ 

ʯʘʩʪʦʪʝ, ʦʪʣʠʯʥʦʡ ʦʪ ʥʦʤʠʥʘʣʴʥʦʡ, ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʜʘʥʥʳʭ ʉɺʀ ʜʣʷ: 

ï ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʙʦʪʳ ʵʥʝʨʛʦʩʠʩʪʝʤʳ; 

ï ʫʧʨʘʚʣʝʥʠʷ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʤʠ ʩʝʪʷʤʠ; 

ï ʘʥʘʣʠʟʘ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ; 

ï ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʣʦʢʘʣʠʟʘʮʠʠ ʘʚʘʨʠʡ; 

ï ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʢʦʥʪʨʦʣʷ ʵʥʝʨʛʦʩʠʩʪʝʤ. 
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ɹʳʩʪʨʦʝ ʨʘʟʚʠʪʠʝ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʡ ʪʝʭʥʠʢʠ, ʩʥʠʞʝʥʠʝ ʫʜʝʣʴʥʦʡ ʩʪʦʠ-

ʤʦʩʪʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʦʱʥʦʩʪʝʡ, ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʫʧʨʦʱʝʥʥʳʭ (ʙʳʩʪʨʳʭ) 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʜʘʶʱʠʭ ʪʨʝʙʫʝʤʫʶ ʪʦʯʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʡ, ʧʦʟʚʦʣʠʣʠ ʨʘʩʰʠ-

ʨʠʪʴ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʫʩʪʨʦʡʩʪʚ ʉɺʀ ʥʘ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʝ ʩʝʪʠ ʩʨʝʜʥʝʛʦ 

ʥʘʧʨʷʞʝʥʠʷ [2]. ɺ ʂʘʟʘʥʠ ʧʨʦʠʟʦʰʣʠ ʫʩʧʝʰʥʳʝ ʠʩʧʳʪʘʥʠʷ ʧʦʠʩʢʘ ʤʝʩʪʘ ʧʦʚʨʝ-

ʞʜʝʥʠʷ ʢʘʙʝʣʴʥʦʡ ʣʠʥʠʠ ʚ ʛʦʨʦʜʩʢʠʭ ʩʝʪʷʭ. ɸ ʪʘʢʞʝ ʚ ʨʘʤʢʘʭ ʧʠʣʦʪʥʳʭ ʧʨʦʝʢ-

ʪʦʚ ʄʈʉʂ ʉʝʚʝʨʦ-ɿʘʧʘʜʘ ʙʳʣʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʳ ʥʝʩʢʦʣʴʢʦ ʊʇ 6/0,4 ʢɺ ʚ ʛ. ɸʨ-

ʭʘʥʛʝʣʴʩʢ [3]. 

ɺ ʩʝʪʷʭ ʩʨʝʜʥʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʦʩʥʦʚʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʨʘʟʚʠʪʠʷ ʧʨʠʤʝ-

ʥʝʥʠʷ ʫʩʪʨʦʡʩʪʚ ʉɺʀ ʷʚʣʷʶʪʩʷ [2]: 

ï ʦʙʥʘʨʫʞʝʥʠʝ ʠ ʣʦʢʘʣʠʟʘʮʠʷ ʩʦʙʳʪʠʡ; 

ï ʤʦʥʠʪʦʨʠʥʛ ʨʘʙʦʪʳ ʟʘʱʠʪʥʳʭ ʩʠʩʪʝʤ ʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘ-

ʥʠʷ; 

ï ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʡ ʪʦʧʦʣʦʛʠʠ ʩʝʪʠ; 

ï ʚʥʝʜʨʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʛʝʥʝʨʘʮʠʠ; 

ï ʫʧʨʘʚʣʝʥʠʝ ʤʠʢʨʦʩʝʪʷʤʠ; 

ï ʩʥʠʞʝʥʠʝ ʨʠʩʢʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʞʘʨʘ; 

ï ʧʨʝʜʠʢʪʠʚʥʘʷ ʜʠʘʛʥʦʩʪʠʢʘ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʨʠʤʝʥʝʥʠʷ ʉɺʀ ʷʚʣʷʝʪʩʷ ʧʨʝʜʠʢ-

ʪʠʚʥʘʷ ʜʠʘʛʥʦʩʪʠʢʘ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʇʨʝʜʠʢʪʠʚʥʘʷ ʜʠʘʛʥʦʩʪʠʢʘ (ʇɼ) ï ʵʪʦ ʪʝʭʥʦ-

ʣʦʛʠʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʦʟʤʦʞʥʳʭ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʘʥʘ-

ʣʠʟʘ ʜʘʥʥʳʭ ʦ ʝʛʦ ʪʝʢʫʱʝʤ ʩʦʩʪʦʷʥʠʠ ʠ ʠʩʪʦʨʠʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʇɼ ʧʦʟʚʦʣʷʝʪ 

ʩʥʠʞʘʪʴ ʟʘʪʨʘʪʳ ʥʘ ʚʥʝʧʣʘʥʦʚʳʡ ʨʝʤʦʥʪ ʠ ʧʨʦʩʪʦʡ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʆʩʥʦʚʥʳʤʠ 

ʵʣʝʤʝʥʪʘʤʠ ʩʠʩʪʝʤʳ ʇɼ ʷʚʣʷʶʪʩʷ ʜʘʪʯʠʢʠ, ʢʘʥʘʣʳ ʩʚʷʟʠ ʠ ʘʣʛʦʨʠʪʤʳ ʘʥʘʣʠʪʠʢʠ 

[4]. 

ɸʚʪʦʨʘʤʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʉɺʀ ʜʣʷ ʧʨʝʜʠʢʪʠʚʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʠʣʦʚʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ (ʉʊ) 6-20 ʢɺ. 

ɺʥʫʪʨʝʥʥʠʝ ʧʦʚʨʝʞʜʝʥʠʷ ʉʊ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʧʘ-

ʨʘʤʝʪʨʳ (ʕʇ) (ʧʦʪʝʨʠ æPʭ ʠ ʪʦʢ Iʭ% ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ (ʍʍ) ʠ ʧʦʪʝʨʠ æPʢ ʠ ʥʘʧʨʷ-

ʞʝʥʠʝ Uʢ% ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ (ʂɿ)). ʆʩʥʦʚʥʳʝ ʚʠʜʳ ʚʥʫʪʨʝʥʥʠʭ ʧʦʚʨʝʞʜʝʥʠʡ 

ʉʊ ʠ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʕʇ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1 [5]. 
ʊʘʙʣʠʮʘ 1 

ɺʣʠʷʥʠʝ ʜʝʬʝʢʪʦʚ ʉʊ ʥʘ ʝʛʦ ʧʘʨʘʤʝʪʨʳ 

 

ɼʝʬʝʢʪ ʀʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʘ 

ʤʝʞʚʠʪʢʦʚʦʝ ʟʘʤʳʢʘʥʠʝ ʫʤʝʥʴʰʝʥʠʝ ʧʦʪʝʨʴ ʠ ʥʘʧʨʷʞʝʥʠʷ ʂɿ 

ʜʝʬʦʨʤʘʮʠʷ ʦʙʤʦʪʦʢ ʧʦʩʣʝ ʂɿ ʫʚʝʣʠʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʂɿ 

ʟʘʤʢʥʫʪʳʡ ʢʦʥʪʫʨ ʚ ʤʘʛʥʠʪʦʧʨʦʚʦʜʝ ʫʚʝʣʠʯʝʥʠʝ ʧʦʪʝʨʴ ʠ ʪʦʢʘ ʍʍ 

ʠʟʤʝʥʝʥʠʝ ʩʚʦʡʩʪʚ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ 
ʠʟʤʝʥʝʥʠʝ ʧʦʪʝʨʴ ʠ ʪʦʢʘ ʍʍ 

 

ʇʨʝʜʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʦʪʢʣʦʥʝʥʠʡ ʕʇ ʉʊ ʥʘʧʨʷʞʝʥʠʝʤ ʦʙʤʦʪʢʠ ʚʳʩʰʝʛʦ 

ʥʘʧʨʷʞʝʥʠʷ 6ï20 ʢɺ ʨʝʛʣʘʤʝʥʪʠʨʫʶʪʩʷ ɻʆʉʊʦʤ [6], ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 2. 
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ʊʘʙʣʠʮʘ 2 

ʇʨʝʜʝʣʴʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʕʇ ʉʊ 

 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʘ 
ʇʨʝʜʝʣʴʥʦʝ ʦʪ-

ʢʣʦʥʝʥʠʝ, % 

ʂʦʵʬʬʠʮʠʝʥʪ ʪʨʘʥʩʬʦʨʤʘʮʠʠ Ñ0,5 

ʅʘʧʨʷʞʝʥʠʝ ʂɿ ʦʩʥʦʚʥʦʛʦ ʦʪʚʝʪʚʣʝʥʠʷ Ñ10 

ʇʦʪʝʨʠ ʂɿ ʥʘ ʦʩʥʦʚʥʦʤ ʦʪʚʝʪʚʣʝʥʠʠ 10 

ʇʦʪʝʨʠ ʍʍ 15 

ʉʫʤʤʘʨʥʳʝ ʧʦʪʝʨʠ 10 

ʊʦʢ ʍʍ 30 
 

ɿʥʘʯʠʪʝʣʴʥʳʝ ʧʨʝʜʝʣʴʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʦʙʫʩʣʦʚʣʝʥʳ ʥʝʩʦʚʝʨʰʝʥʩʪʚʦʤ ʤʝ-

ʪʦʜʠʢ ʠʟʤʝʨʝʥʠʡ ʠ ʧʦʛʨʝʰʥʦʩʪʴʶ ʧʨʠʙʦʨʦʚ ʠʟʤʝʨʝʥʠʡ ʥʘ ʤʦʤʝʥʪ ʥʘʧʠʩʘʥʠʷ ʤʝ-

ʪʦʜʠʢ, ʦʧʠʩʘʥʥʳʭ ʚ ɻʆʉʊʝ [7], ʘ ʪʘʢʞʝ ʚʣʠʷʥʠʝʤ ʥʘ ʕʇ ʉʊ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ ʧʨʠʤʝʥʷʶʪʩʷ ʵʢʚʠʚʘ-

ʣʝʥʪʥʳʝ ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ (ʉɿ) ʵʣʝʤʝʥʪʦʚ. ɼʣʷ ʉʊ ʧʨʠʤʝʥʷʶʪ ʜʚʝ ʪʠʧʦʚʳʝ ʉɿ: 

ʊ-ʦʙʨʘʟʥʘʷ (ʨʠʩ. 1, ʘ) ʠ ɻ-ʦʙʨʘʟʥʘʷ (ʨʠʩ 1, ʙ). 

 

 
ʈʠʩ 1. ʉʭʝʤʳ ʟʘʤʝʱʝʥʠʷ ʉʊ: ʘ) ʊ-ʦʙʨʘʟʥʘʷ; ʙ) ɻ-ʦʙʨʘʟʥʘʷ  

 

ʇʘʨʘʤʝʪʨʳ ʉɿ ʥʦʨʤʘʣʴʥʦʛʦ (ʥʝʧʦʚʨʝʞʜʝʥʥʦʛʦ) ʉʊ ʦʧʨʝʜʝʣʷʶʪʩʷ ʯʝʨʝʟ 

ʧʘʩʧʦʨʪʥʳʝ (ʥʦʤʠʥʘʣʴʥʳʝ) ʕʇ: 

ï ʥʦʤʠʥʘʣʴʥʦʝ ʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʦʜʦʣʴʥʦʡ ʚʝʪʚʠ 
2
ʥ

ʪ.ʥ ʢ.ʥ2
ʥ

U
R P

S
=D ; 

ï ʥʦʤʠʥʘʣʴʥʦʝ ʧʦʣʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʦʜʦʣʴʥʦʡ ʚʝʪʚʠ 
2

ʢ.ʥ%ʥ
ʪ.ʥ

ʥ100

U U
Z

S
= ; 

ï ʥʦʤʠʥʘʣʴʥʦʝ ʨʝʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʦʜʦʣʴʥʦʡ ʚʝʪʚʠ 

2 2
ʪ.ʥ ʪ.ʥ ʪ.ʥX Z R= - ; 

ï ʥʦʤʠʥʘʣʴʥʘʷ ʘʢʪʠʚʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʚʝʪʚʠ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ 

ʭ.ʥ
ʪ.ʥ 2

ʥ

P
G

U

D
= ; 



160             ʉʝʢʮʠʷ 3. ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʝʪʠ ʠ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ 
 

ï ʥʦʤʠʥʘʣʴʥʘʷ ʧʦʣʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʚʝʪʚʠ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ 

ʭ.ʥ%ʥ
ʪ.ʥ 2

ʥ
100

I S
Y

U
= ; 

ï ʥʦʤʠʥʘʣʴʥʘʷ ʨʝʘʢʪʠʚʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʚʝʪʚʠ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ 

2 2
ʪ.ʥ ʪ.ʥ ʪ.ʥB Y G= - , 

ʛʜʝ æPʢ.ʥ, æPʭ.ʥ ï ʥʦʤʠʥʘʣʴʥʳʝ ʧʦʪʝʨʠ ʂɿ ʠ ʍʍ, ɺʪ; Uʢ.ʥ %, Iʭ.ʥ % ï ʥʦʤʠʥʘʣʴʥʳʝ 

ʥʘʧʨʷʞʝʥʠʝ ʂɿ ʠ ʪʦʢ ʍʍ, %; Uʥ ï ʥʦʤʠʥʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʦʙʤʦʪʢʠ ʚʳʩʰʝʛʦ 

ʥʘʧʨʷʞʝʥʠʷ, ɺ; Sʥ ï ʥʦʤʠʥʘʣʴʥʘʷ ʧʦʣʥʘʷ ʤʦʱʥʦʩʪʴ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ɺĿɸ. 

ʊ-ʦʙʨʘʟʥʘʷ ʉɿ ʪʨʠ ʚʝʪʚʠ, ʤʦʜʝʣʠʨʫʶʱʠʝ ʢʘʞʜʫʶ ʠʟ ʦʙʤʦʪʦʢ ʠ ʚʝʪʚʴ 

ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʉʊ; ʧʨʠ ʵʪʦʤ ʧʨʠʥʠʤʘʶʪʩʷ ʥʦʤʠʥʘʣʴʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʝʪʚʝʡ 

ʦʙʤʦʪʦʢ, ʨʘʚʥʳʝ ʧʦʣʦʚʠʥʝ ʧʨʦʜʦʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ: 

ʪ.ʥ
ʪ.ʚʥ.ʥ ʪ.ʥʥ.ʥ

2

R
R R= = ;    ʪ.ʥ

ʪ.ʚʥ.ʥ ʪ.ʥʥ.ʥ
2

X
X X= = . 

ɻ-ʦʙʨʘʟʥʘʷ ʉɿ ʩʦʜʝʨʞʠʪ ʜʚʝ ʚʝʪʚʠ, ʤʦʜʝʣʠʨʫʶʱʠʝ ʩʢʚʦʟʥʦʝ ʩʦʧʨʦʪʠʚʣʝ-

ʥʠʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʠ ʚʝʪʚʴ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ. 

ʇʘʨʘʤʝʪʨʳ ʉɿ ʤʦʛʫʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʨʝʰʝʥʠʝʤ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ, ʩʦ-

ʩʪʘʚʣʝʥʥʳʭ ʧʦ ʚʪʦʨʦʤʫ ʟʘʢʦʥʫ ʂʠʨʭʛʦʬʘ ʧʦ ʠʟʚʝʩʪʥʳʤ ʢʦʤʧʣʝʢʩʥʳʤ ʟʥʘʯʝʥʠʷʤ 

ʪʦʢʦʚ (I1 ʠ I2) ʠ ʥʘʧʨʷʞʝʥʠʡ (U1 ʠ U2) ʦʙʤʦʪʦʢ ʚʳʩʰʝʛʦ ʠ ʥʠʟʰʝʛʦ ʥʘʧʨʷʞʝʥʠʷ, 

ʧʦʣʫʯʝʥʥʳʭ ʩ ʫʩʪʨʦʡʩʪʚ ʉɺʀ. 

ʊ-ʦʙʨʘʟʥʘʷ ʉɿ ʉʊ ʩʦʜʝʨʞʠʪ ʪʨʠ ʚʝʪʚʠ ʠ ʜʚʘ ʢʦʥʪʫʨʘ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ 

ʩʦʩʪʘʚʠʪʴ ʩʠʩʪʝʤʫ ʠʟ ʪʨʝʭ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʜʚʫʭ ʤʦʤʝʥʪʦʚ ʚʨʝʤʝʥʠ (ʪʝʢʫʱʝʛʦ t = n 

ʠ ʧʨʝʜʳʜʫʱʝʛʦ t = k), ʦʪʣʠʯʘʶʱʠʭʩʷ ʨʝʞʠʤʘʤʠ ʨʘʙʦʪʳ 
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, 

ʛʜʝ Z1, Z2 ï ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʝʪʚʝʡ ʦʙʤʦʪʦʢ ɺʅ ʠ ʅʅ, ʆʤ; Z0 ï ʢʦʤ-

ʧʣʝʢʩʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʝʪʚʠ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ, ʆʤ. 

ɻ-ʦʙʨʘʟʥʘʷ ʉɿ ʩʦʜʝʨʞʠʪ ʜʚʝ ʚʝʪʚʠ ʠ ʜʚʘ ʢʦʥʪʫʨʘ, ʧʦʵʪʦʤʫ ʜʦʩʪʘʪʦʯʥʦ 

ʪʦʣʴʢʦ ʜʚʫʭ ʫʨʘʚʥʝʥʠʡ, ʩʦʩʪʘʚʣʝʥʥʳʭ ʜʣʷ ʪʝʢʫʱʝʛʦ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ t 
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, 

ʛʜʝ Zʪ ï ʢʦʤʧʣʝʢʩʥʦʝ ʩʢʚʦʟʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʆʤ. 

ʇʦ ʥʘʡʜʝʥʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʉɿ ʦʧʨʝʜʝʣʷʶʪʩʷ ʬʘʢʪʠʯʝʩʢʠʝ ʧʦ ʚʳʨʘʞʝʥʠʷʤ: 

ï ʧʦʪʝʨʠ ʂɿ ʜʣʷ ʊ-ʦʙʨʘʟʥʦʡ ʉɿ 

( )
2
ʥ

ʢ.ʬ 1 2 2
ʥ

Re
S

P Z Z
U

D = + ; 

ï ʧʦʪʝʨʠ ʂɿ ʜʣʷ ɻ-ʦʙʨʘʟʥʦʡ ʉɿ 

( )
2
ʥ

ʢ.ʬ ʪ 2
ʥ

Re
S

P Z
U

D = ; 



                                                              ɸʂʊʋɸʃʔʅʓɽ ʇʈʆɹʃɽʄʓ ʕʃɽʂʊʈʆʕʅɽʈɻɽʊʀʂʀ  161 

 

ï ʥʘʧʨʷʞʝʥʠʝ ʂɿ ʜʣʷ ʊ-ʦʙʨʘʟʥʦʡ ʉɿ 
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ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʜʠʘʛʥʦʩʪʠʢʠ ʧʦ ʕʇ ʜʚʫʭʦʙʤʦʪʦʯʥʦʛʦ ʉʊ ʥʝʦʙʭʦ-

ʜʠʤʦ ʜʚʘ ʫʩʪʨʦʡʩʪʚʘ ʉɺʀ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʩ ʚʳʩʦʢʦʡ (ʈʋ 6ï20 ʢɺ) ʠ ʥʠʟʢʦʡ (ʈʋ 

0,4 ʢɺ) ʩʪʦʨʦʥʳ (ʨʠʩ. 2). 

 
 

ʈʠʩ 1. ʉʭʝʤʘ ʨʝʘʣʠʟʘʮʠʠ ʧʨʝʜʠʢʪʠʚʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʉɺʀ  

 

ʉʨʘʚʥʝʥʠʝ ʤʝʪʦʜʠʢ ʧʨʝʜʠʢʪʠʚʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʧʦ ʕʇ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʦ 

ʧʘʨʘʤʝʪʨʘʤ ʊ- ʠ ɻ-ʦʙʨʘʟʥʳʭ ʉɿ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣ. 3. 


