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ʅɽʌʊɽɻɸɿʆɺʆʁ ʆʊʈɸʉʃʀè 

 
ʋɼʂ 681.11.031.12 

 
ʇʈʀʄɽʅɽʅʀɽ ɸʂʂʋʄʋʃʗʊʆʈʅʓʍ ɹɸʊɸʈɽʁ ɼʃʗ ʂʆʄʇɽʅʉɸʎʀʀ 

ʇʈʆɺɸʃʆɺ ʅɸʇʈʗɾɽʅʀʗ 
APPLICATION OF BATTERY BATTERIES FOR COMPENSATION OF VOLTAGE SAGS 

 
ʂ.ʈ. ɹʘʭʪʝʝʚ1, ʐ.ʈ. ɹʘʭʪʝʝʚ2 
(K.R. Bakhteev1, Sh.R. Bakhteev2) 

ʂʘʟʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ1, ɻʝʨʤʘʥʦ-
ʨʦʩʩʠʡʩʢʠʡ ʠʥʩʪʠʪʫʪ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ2 

(Kazan State Power Engineering University1, German-Russian Institute of Advanced 
Technologies2) 

 
ɺ ʩʪʘʪʴʝ ʜʘʝʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ 

ʘʢʢʫʤʫʣʷʪʦʨʥʳʭ ʙʘʪʘʨʝʡ ʠ ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʨʦʚʘʣʦʚ ʥʘʧʨʷʞʝʥʠʷ ʫ 
ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʧʨʠ ʢʦʨʦʪʢʠʭ ʟʘʤʳʢʘʥʠʷʭ ʚ ʩʝʪʷʭ ʚʥʝʰʥʝʛʦ 
ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ. ʇʦʩʪʨʦʝʥʘ ʠʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʚʣʠʷʥʠʷ ɸʂɹ ʥʘ ʦʩʪʘʪʦʯʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʰʠʥʘʭ ʧʨʦʤʳʰʣʝʥʥʳʭ 
ʧʦʪʨʝʙʠʪʝʣʝʡ. 

The article gives a comparative analysis of different types of storage batteries and 
justifies the possibility of using them to prevent voltage sags in industrial consumers in case 
of short circuits in external power supply networks. An imitation model has been constructed 
to research the effect of battery on the residual voltage on industrial consumers. 

 
 ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, 

ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʝʪʠ, ʘʢʢʫʤʫʣʷʪʦʨʥʳʝ ʙʘʪʘʨʝʠ, ʦʩʪʘʪʦʯʥʦʝ 
ʥʘʧʨʷʞʝʥʠʝ, ʢʘʯʝʩʪʚʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

Keywords: mathematical modeling, electric networks, storage batteries, residual 
voltage, quality of electric power. 

 
 
ʂʘʯʝʩʪʚʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʚʘʞʥʳʤ ʚʦʧʨʦʩʦʤ 

ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ, ʧʦʩʢʦʣʴʢʫ ʵʣʝʤʝʥʪʳ ʥʘʛʨʫʟʢʠ 
ʩʪʘʥʦʚʷʪʩʷ ʚʩʝ ʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʜʘʞʝ ʢ ʥʝʙʦʣʴʰʠʤ ʠʟʤʝʥʝʥʠʷʤ 
ʥʘʧʨʷʞʝʥʠʷ. ɼʣʷ ʢʨʫʧʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʛʜʝ ʥʝʦʙʭʦʜʠʤʦ 
ʧʝʨʝʨʘʙʘʪʳʚʘʪʴ ʠ ʭʨʘʥʠʪʴ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʙʦʪʘʥʥʳʭ ʜʘʥʥʳʭ ʠ 
ʜʣʷ ʜʨʫʛʠʭ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʦʪʨʘʩʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʥʝʙʦʣʴʰʦʡ 
ʧʨʦʚʘʣ ʥʘʧʨʷʞʝʥʠʷ (ʇʅ) ʠʣʠ ʧʝʨʝʨʳʚ ʚ ʥʝʢʦʪʦʨʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 
ʮʠʢʣʘʭ ʧʨʠʚʝʜʝʪ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ ʬʠʥʘʥʩʦʚʳʤ ʧʦʪʝʨʷʤ ʠ ʜʨʫʛʠʤ 
ʧʨʦʙʣʝʤʘʤ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʝʰʝʥʠʝ ʚʦʧʨʦʩʘ ʧʦ 
ʩʥʠʞʝʥʠʶ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʚʦʟʤʫʱʝʥʠʡ ʥʘʧʨʷʞʝʥʠʷ ʷʚʣʷʝʪʩʷ 
ʘʢʪʫʘʣʴʥʳʤ.  
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ʂʘʢ ʧʨʘʚʠʣʦ, ʇʅ ʚ ʩʠʩʪʝʤʘʭ ʚʥʫʪʨʝʥʥʝʛʦ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ 
ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʚʦʟʥʠʢʘʶʪ ʠʟ-ʟʘ ʢʦʨʦʪʢʠʭ ʟʘʤʳʢʘʥʠʡ (ʂɿ) 
ʥʘ ʚʦʟʜʫʰʥʳʭ ʣʠʥʠʷʭ ʚ ʧʠʪʘʶʱʠʭ ʩʝʪʷʭ ʥʘʧʨʷʞʝʥʠʝʤ 110 ʢɺ ʠ ʚʳʰʝ. ʀʟ-
ʟʘ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʰʠʥʘʤʠ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ 
ʩʠʩʪʝʤʦʦʙʨʘʟʫʶʱʠʭ ʧʦʜʩʪʘʥʮʠʡ ʩʥʠʞʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ʂɿ 
ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʘ ʢʘʞʜʫʶ ʩʝʢʮʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʡ 
ʛʣʘʚʥʦʡ ʧʦʥʠʟʠʪʝʣʴʥʦʡ ʧʦʜʩʪʘʥʮʠʠ (ɻʇʇ), ʯʪʦ ʜʝʣʘʝʪ ʥʝʵʬʬʝʢʪʠʚʥʦʡ 
ʨʘʙʦʪʫ ɸɺʈ 6 ï 10 ʢɺ [1].  

ɺ ʩʚʷʟʠ ʩ ʙʳʩʪʨʳʤ ʫʜʝʰʝʚʣʝʥʠʝʤ ʘʢʢʫʤʫʣʷʪʦʨʥʳʭ ʙʘʪʘʨʝʡ (ɸʂɹ) 
ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʧʨʦʚʘʣʦʚ 
ʥʘʧʨʷʞʝʥʠʷ. ɺ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʦʪʤʝʯʘʝʪʩʷ ʫʩʪʦʡʯʠʚʘʷ 
ʪʝʥʜʝʥʮʠʷ ʨʘʩʰʠʨʝʥʠʷ ʩʬʝʨʳ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ɸʂɹ. ɽʩʣʠ 
ʨʘʥʝʝ ɸʂɹ ʧʨʠʤʝʥʷʣʠ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʦʚ ʙʝʩʧʝʨʝʙʦʡʥʦʛʦ ʧʠʪʘʥʠʷ 
ʥʘʛʨʫʟʦʢ ʥʝʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ ʜʣʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦʛʦ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʷ 
ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʪʦ ʩʝʡʯʘʩ ʦʥʠ ʩʪʘʥʦʚʷʪʩʷ ʚʘʞʥʝʡʰʠʤ ʵʣʝʤʝʥʪʦʤ 
ʙʫʜʫʱʠʭ ʘʢʪʠʚʥʦ-ʘʜʘʧʪʠʚʥʳʭ ʩʝʪʝʡ, ʠʭ ʝʜʠʥʠʯʥʘʷ ʤʦʱʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪ 
100 ʄɺʪ [2]. ʂ 2021 ʛʦʜʫ ʃʦʩ-ɸʥʜʞʝʣʝʩ, ʰʪʘʪ ʂʘʣʠʬʦʨʥʠʷ, ʧʣʘʥʠʨʫʶʪ 
ʧʦʜʢʣʶʯʠʪʴ ʢ ʩʘʤʦʡ ʤʦʱʥʦʡ ʚ ʤʠʨʝ ɸʂɹ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʭʨʘʥʠʪʴ 
ʵʣʝʢʪʨʠʯʝʩʪʚʦ, ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʝ ʥʘ ʚʝʪʨʦʩʪʘʥʮʠʷʭ. ɸʢʢʫʤʫʣʷʪʦʨʥʘʷ 
ʩʠʩʪʝʤʘ ʙʫʜʝʪ ʷʚʣʷʪʴ ʩʦʙʦʡ ʤʘʩʩʠʚ ʠʟ 18 ʪʳʩ. ʣʠʪʠʡ-ʠʦʥʥʳʭ 
ʘʢʢʫʤʫʣʷʪʦʨʦʚ (ʃʀɸ), ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʩʧʦʩʦʙʥʳ ʦʪʜʘʚʘʪʴ 100 ʄɺʪ-ʯ 
ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʯʝʪʳʨʝʭ ʯʘʩʦʚ. ɺʦʟʚʝʜʝʥʠʝ ʙʘʪʘʨʝʠ 
ʧʣʘʥʠʨʫʝʪʩʷ ʥʘ ʃʦʥʛ-ɹʠʯ, ʢ ʶʛʫ ʦʪ ʃʦʩ-ɸʥʜʞʝʣʝʩʘ [3,4]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, 
ʚʝʜʫʱʠʝ ʫʯʸʥʳʝ ʩʦʛʣʘʩʦʚʘʣʠ ʮʝʣʠ ʨʘʟʚʠʪʠʷ ʃʀɸ ʢ 2025: 

Å ʚ 4 ʨʘʟʘ ʩʥʠʟʠʪʴ ʩʪʦʠʤʦʩʪʴ; 
Å ʚ 2 ʨʘʟʘ ʩʦʢʨʘʪʠʪʴ ʨʘʟʤʝʨʳ; 
Å ʚ 2 ʨʘʟʘ ʫʤʝʥʴʰʠʪʴ ʚʝʩ; 
Å ʚ 2 ʨʘʟʘ ʫʚʝʣʠʯʠʪʴ ʫʜʝʣʴʥʫʶ ʵʥʝʨʛʠʶ (ɺʪ*ʯʘʩ/ʢʛ); 
Å ʩʜʝʣʘʪʴ ʙʘʪʘʨʝʶ ʙʝʟʦʧʘʩʥʦʡ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ɸʂɹ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʤ 

ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʛʦ 
ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʢʘʯʝʩʪʚʝʥʥʦʡ 
ʵʣʝʢʪʨʦʵʥʝʨʛʠʝʡ. ʇʘʨʘʣʣʝʣʴʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʨʘʟʥʳʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʥʝ 
ʥʝʩʸʪ ʚ ʩʝʙʝ ʦʧʘʩʥʦʩʪʠ, ʝʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʨʦʙʣʝʤʫ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 
ʥʘʧʨʷʞʝʥʠʷ. ʉ ʢʣʝʤʤʘʤʠ ʙʘʪʘʨʝʡ ʥʠʯʝʛʦ ʩʪʨʘʰʥʦʛʦ ʥʝ ʩʤʦʞʝʪ ʩʣʫʯʠʪʴʩʷ. 
ʈʘʟʨʷʜ ʠʣʠ ʟʘʨʷʜ ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʩʠʥʭʨʦʥʥʦ ʚ 
ʩʠʣʫ ʭʘʨʘʢʪʝʨʘ ʩʦʝʜʠʥʝʥʠʷ. ɸ ʚʦʪ ʝʩʣʠ ʟʘʪʨʦʥʫʪʴ ʪʝʤʫ ʪʦʢʦʚ, ʪʦ ʟʜʝʩʴ ʫʞʝ 
ʥʝʤʥʦʛʦ ʩʣʦʞʥʝʝ. ʊʘʢ, ʥʝʦʙʭʦʜʠʤʦ ʧʦʟʘʙʦʪʠʪʴʩʷ ʦ ʪʦʤ, ʯʪʦʙʳ ʦʥ ʥʝ 
ʧʨʝʚʳʰʘʣ ʦʧʨʝʜʝʣʸʥʥʦʡ ʚʝʣʠʯʠʥʳ, ʢʦʪʦʨʘʷ ʫʢʘʟʳʚʘʝʪʩʷ 
ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʘʤʠʤ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤʠ 
ʷʚʣʷʶʪʩʷ ʧʦʢʘʟʘʪʝʣʠ 100 ɸ ʠ 130 ɸ. ʇʨʠʯʠʥʦʡ ʪʘʢʦʛʦ ʦʛʨʘʥʠʯʝʥʠʷ 
ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢʣʝʤʤʳ ʥʝ ʩʤʦʛʫʪ ʧʝʨʝʜʘʚʘʪʴ ʪʘʢʦʡ ʪʦʢ 
(ʭʦʪʷ ʪʝʦʨʝʪʠʯʝʩʢʠ ʩʘʤʦʤʫ ʘʢʢʫʤʫʣʷʪʦʨʫ ʵʪʦ ʧʦʜ ʩʠʣʫ). ʄʘʢʩʠʤʘʣʴʥʳʡ 
ʪʦʢ, ʢʦʪʦʨʳʡ ʚʳʜʝʨʞʠʚʘʶʪ ʢʣʝʤʤʳ ʘʢʢʫʤʫʣʷʪʦʨʘ ʩʝʛʦʜʥʷ 1200 ɸ. ʅʦ ʵʪʦ 
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ʩʘʤʳʡ ʚʝʨʭ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʟʘʜʝʡʩʪʚʦʚʘʥ ʪʦʣʴʢʦ ʩʯʠʪʘʥʥʳʝ 
ʩʝʢʫʥʜʳ.  

ʉ ʮʝʣʴʶ ʚʳʙʦʨʘ ʧʦʜʭʦʜʷʱʠʭ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʧʨʦʚʘʣʦʚ 
ʥʘʧʨʷʞʝʥʠʷ ɸʂɹ ʥʘʤʠ ʙʳʣʠ ʠʟʫʯʝʥʳ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ 
ʥʘʢʦʧʠʪʝʣʝʡ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪ ʵʥʝʨʛʠʶ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʜʣʷ 
ʥʘʢʦʧʣʝʥʠʷ ʠ ʚʦʟʚʨʘʪʘ ʵʥʝʨʛʠʠ, ʠ ʧʨʦʚʝʜʝʥ ʠʭ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ.  

ʂʨʘʪʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʪʠʧʦʚ ʙʘʪʘʨʝʡ 
ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʠʞʝ. 

1. ʉʚʠʥʮʦʚʦ-ʢʠʩʣʦʪʥʳʡ ʘʢʢʫʤʫʣʷʪʦʨ (Lead Acid) - ʦʜʠʥ ʠʟ ʩʪʘʨʝʡʰʠʭ 
ʘʢʢʫʤʫʣʷʪʦʨʦʚ. ʅʝʜʦʨʦʛʦʡ, ʥʘʜʝʞʥʳʡ ʠ ʧʝʨʝʥʦʩʷʱʠʡ ʧʝʨʝʛʨʫʟʢʠ; ʥʦ ʦʥ 
ʠʤʝʝʪ ʥʠʟʢʫʶ ʫʜʝʣʴʥʫʶ ʵʥʝʨʛʠʶ ʠ ʦʛʨʘʥʠʯʝʥʥʳʡ ʩʨʦʢ ʩʣʫʞʙʳ. ʊʘʢ ʞʝ ʠʟ 
ʥʝʜʦʩʪʘʪʢʦʚ ʵʪʦ ʧʨʦʙʣʝʤʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʜʣʷ ʚʝʥʪʠʣʠʨʫʝʤʳʭ ʙʘʪʘʨʝʡ - 
ʪʨʝʙʫʝʪʩʷ ʧʦʩʪʦʷʥʥʳʡ ʢʦʥʪʨʦʣʴ ʫʨʦʚʥʷ ʵʣʝʢʪʨʦʣʠʪʘ ʨʘʟ ʚ ʥʝʜʝʣʶ, 
ʟʘʨʷʜʢʘ ʚ ʩʧʝʮʠʘʣʴʥʦʤ ʭʦʨʦʰʦ ʧʨʦʚʝʪʨʠʚʘʝʤʦʤ ʧʦʤʝʱʝʥʠʠ, ʧʨʠ ʟʘʨʷʜʝ 
ʪʝʨʷʝʪʩʷ ʜʦ 30% ʟʘʪʨʘʯʝʥʥʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʪʨʫʜʥʦ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ 
ʚʳʭʦʜ ʠʟ ʩʪʨʦʷ ʘʢʢʫʤʫʣʷʪʦʨʘ.  

2. ʃʠʪʠʡ-ʠʦʥʥʳʝ (Lithium-ion) ʘʢʢʫʤʫʣʷʪʦʨ ï ʢʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ 
ʚʳʝh, ʵʪʦ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʪʠʧ ʘʢʢʫʤʫʣʷʪʦʨʦʚ; ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 
ʧʦʨʪʘʪʠʚʥʳʭ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ ʪʦʚʘʨʘʭ, ʪʘʢʞʝ, ʢʘʢ ʠ ʚ ʵʣʝʢʪʨʦʤʦʙʠʣʷʭ, 
ʙʦʣʴʰʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʉʝʤʝʡʩʪʚʦ 
ʣʠʪʠʡ-ʠʦʥʥʳʭ ʩʠʩʪʝʤ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʦʩʥʦʚʥʳʭ ʪʠʧʘ ʙʘʪʘʨʝʡ ʚ 
ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʘʪʝʨʠʘʣʘ ʢʘʪʦʜʘ ï ʵʪʦ ʢʦʙʘʣʴʪ ʣʠʪʠʷ, ʣʠʪʠʡ-
ʤʘʨʛʘʥʮʝʚʘʷ ʰʧʠʥʝʣʴ ʠ ʣʠʪʠʡ-ʬʝʨʨʦʬʦʩʬʘʪ.  

3. ʅʠʢʝʣʴ-ʢʘʜʤʠʝʚʳʡ (Nickel Cadmium, NiCd) ʘʢʢʫʤʫʣʷʪʦʨ - ʪʘʢʞʝ 
ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʪʘʨʝʡʰʠʭ ʠ ʭʦʨʦʰʦ ʠʟʫʯʝʥʥʳʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚ. 
ʀʩʧʦʣʴʟʫʝʪʩʷ ʪʘʤ, ʛʜʝ ʥʝʦʙʭʦʜʠʤ ʜʣʠʪʝʣʴʥʳʡ ʩʨʦʢ ʩʣʫʞʙʳ, ʚʳʩʦʢʠʡ ʪʦʢ 
ʨʘʟʨʷʜʢʠ, ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʥʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ. ʆʩʥʦʚʥʦʡ ʠʭ 
ʥʝʜʦʩʪʘʪʦʢ, ʯʪʦ NiCd ʘʢʢʫʤʫʣʷʪʦʨʳ ʥʘʥʦʩʷʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʨʝʜ 
ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ, ʧʦʵʪʦʤʫ ʠʭ ʟʘʤʝʥʷʶʪ ʜʨʫʛʠʤʠ ʪʠʧʘʤʠ ʩʠʩʪʝʤ. 
ʅʠʢʝʣʴ-ʢʘʜʤʠʝʚʳʡ ʘʢʢʫʤʫʣʷʪʦʨ ʪʝʨʷʝʪ ʧʦʨʷʜʢʘ 8-10% ʟʘʨʷʜʘ ʢʘʞʜʳʡ 
ʤʝʩʷʮ. ɼʣʷ ʧʨʦʜʣʝʥʠʷ ʩʨʦʢʘ ʩʣʫʞʙʳ Ni-Cd ʅʠʢʝʣʴ-ʢʘʜʤʠʝʚʦʛʦ 
ʘʢʢʫʤʫʣʷʪʦʨʘ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʢʘʞʜʳʡ ʨʘʟ ʧʦʣʥʦʩʪʴʶ ʝʛʦ ʨʘʟʨʷʞʘʪʴ ʜʣʷ 
ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʨʦʷʚʣʝʥʠʷ çʵʬʬʝʢʪʘ ʧʘʤʷʪʠè 

4. ʅʠʢʝʣʴ-ʤʝʪʘʣʣʛʠʜʨʠʜʥʳʡ (Nickel-Metal-Hydride, NiMH) 
ʘʢʢʫʤʫʣʷʪʦʨ - ʬʘʢʪʠʯʝʩʢʠ ʷʚʣʷʶʪʩʷ ʟʘʤʝʥʦʡ ʥʠʢʝʣʴ-ʢʘʜʤʠʝʚʳʭ; ʠʤʝʝʪ 
ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʫʜʝʣʴʥʫʶ ʵʥʝʨʛʠʶ ʠ ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʪʦʢʩʠʯʥʳʭ 
ʤʝʪʘʣʣʦʚ. ɹʦʣʝʝ ʜʦʨʦʛʠʝ ʘʢʢʫʤʫʣʷʪʦʨʳ ʚ ʩʨʘʚʥʝʥʠʠ ʩ Ni-Cd., ʪʨʝʙʫʶʪ 
ʙʦʣʴʰʝʝ ʚʨʝʤʷ ʟʘʨʷʜʢʠ, ʠʤʝʶʪ ʤʝʥʴʰʠʡ ʨʘʙʦʯʠʡ ʪʦʢ ʠ ʤʝʥʴʰʝʝ 
ʢʦʣʠʯʝʩʪʚʦ ʮʠʢʣʦʚ ʟʘʨʷʜʘ-ʨʘʟʨʷʜʘ (ʜʦ 500). 

5. ʅʠʢʝʣʴ-ʉʦʣʝʚʦʡ (Nickel-salt, Ni/NaCl) ʘʢʢʫʤʫʣʷʪʦʨ ï 
ʚʳʩʦʢʦʥʘʜʝʞʥʳʡ ʥʘʢʦʧʠʪʝʣʴ ʵʥʝʨʛʠʠ ʙʦʣʴʰʦʡ ʝʤʢʦʩʪʠ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ 
ʚ ʦʙʱʝʡ ʠ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʵʥʝʨʛʝʪʠʢʝ ʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʚ ʨʝʛʠʦʥʘʭ ʩ 
ʵʢʩʪʨʝʤʘʣʴʥʳʤʠ ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʠ ʧʦʛʦʜʥʳʤʠ ʫʩʣʦʚʠʷʤʠ. ʀʜʝʘʣʴʥʦ 
ʧʦʜʭʦʜʷʪ ʜʣʷ ʩʠʩʪʝʤ ʥʘʢʦʧʣʝʥʠʷ ʵʥʝʨʛʠʠ (ʉʅʕ) ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ 
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(ɸɹɹʄ), ʙʫʬʝʨʥʳʭ ʩʠʩʪʝʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʦʪʨʝʙʣʝʥʠʷ ʠ ʩʧʨʦʩʘ ʵ/ʵ ʚ 
ʩʝʪʷʭ, ʧʨʦʯʠʭ ʩʠʩʪʝʤʘʭ ʠ ʵʣʝʤʝʥʪʘʭ ʩʝʪʝʡ ʪʠʧʘ SmartGrid. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʦʩʥʦʚʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ɸʂɹ ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣʠʮʝ 1. 
ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 1, ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʇʅ ʥʘʠʙʦʣʝʝ 
ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ Li-on ʠʣʠ NaCl ʙʘʪʘʨʝʡ, ʪʘʢ ʢʘʢ ʫ 
ʥʠʭ ʦʪʣʠʯʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʮʠʢʣʠʯʥʦʩʪʠ, ʩʪʘʙʠʣʴʥʘʷ ʝʤʢʦʩʪʴ ʚʥʝ 
ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʦʪʩʫʪʩʪʚʫʝʪ ʚʣʠʷʥʠʝ 
ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʩʨʦʢ ʩʣʫʞʙʳ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ï 40ʉ ʠ +60ʉ. 

ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʦʛʦ ʪʠʧʘ ɸʂɹ ʥʘʤʠ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʠʤʠʪʘʮʠʦʥʥʘʷ 
ʤʦʜʝʣʴ: ɸʂɹ ï ʩʪʘʙʠʣʠʟʘʪʦʨ ï ʥʘʛʨʫʟʢʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 1. ɺ 
ʢʘʯʝʩʪʚʝ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ 
ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ MATLAB Simulink 
[5]. 

 
ʊʘʙʣʠʮʘ 1 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ɸʂɹ 

 Lead Acid 
Lithium-

Ion 
Nickel 

Cadmium 

Nickel-
Metal-

Hydride 
Ni/NaCl 

ɽʤʢʦʩʪʴ (ɸ*ʯ) 26-3000 40-800 10-1100 0,3-7 40-200 

ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ 
ʧʣʦʪʥʦʩʪʴ (ɺʪ*ʯ/ʢʛ) 

30-60 80-160 45ï80 60-120 140-190 

ʏʠʩʣʦ ʮʠʢʣʦʚ 
ʟʘʨʷʜʘ/ʨʘʟʨʷʜʘ (ʧʨʠ 
ʩʥʠʞʝʥʠʠ ʜʦ 80% ʦʪ 
ʥʘʯʘʣʴʥʦʡ ʝʤʢʦʩʪʠ) 

200-1200 500-3000 1500 300-500 
3000-
7000 

ʋʩʪʦʡʯʠʚʦʩʪʴ ʢ 
ʧʝʨʝʟʘʨʷʜʫ 

ʅʠʟ. ʉʨʝʜ. ʉʨʝʜ. ʅʠʟ. ɺʳʩ. 

ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 
ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʥʘ 
ʝʤʢʦʩʪʴ ʙʘʪʘʨʝʠ ʠ ʝʝ 

ʩʨʦʢ ʩʣʫʞʙʳ 

ɺʳʩ. ʉʨʝʜ. ɺʳʩ. ɺʳʩ. ʅʠʟ. 

 
ʇʨʠ ʚʳʙʦʨʝ ɸʂɹ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʤʦʱʥʦʩʪʴ 

ʘʢʢʫʤʫʣʷʪʦʨʘ ʟʘʚʠʩʠʪ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʧʘʨʘʤʝʪʨʦʚ:  
- ʧʨʦʚʦʜʠʤʦʩʪʠ ʵʣʝʢʪʨʦʜʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʘʢʪʠʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ 

ʜʦʙʘʚʦʢ,  
- ʩʢʦʨʦʩʪʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʭʦʜʷʱʠʭ ʚ ʘʢʪʠʚʥʳʭ 

ʤʘʪʝʨʠʘʣʘʭ,  
- ʠʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʵʣʝʢʪʨʦʣʠʪʘ. 
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ʈʠʩʫʥʦʢ 1 ï ʄʦʜʝʣʴ ʥʘʢʦʧʠʪʝʣʷ ʠ ʩʪʘʙʠʣʠʟʘʪʦʨʘ ʥʘʧʨʷʞʝʥʠʷ, 

ʨʘʙʦʪʘʶʱʝʛʦ ʥʘ ʥʘʛʨʫʟʢʫ 1 ʄɺʪ 
 

ʅʘ ʨʠʩʫʥʢʝ 2ʘ ʧʨʝʜʩʪʘʚʣʝʥ ʨʘʟʨʷʜ ʙʘʪʘʨʝʠ ʥʦʤʠʥʘʣʴʥʳʤ ʪʦʢʦʤ, ʥʘ 
ʨʠʩʫʥʢʝ 2ʙ - ʨʘʟʨʷʜ ʙʘʪʘʨʝʠ ʨʘʟʣʠʯʥʳʤʠ ʪʦʢʘʤʠ ʥʘʛʨʫʟʢʠ. 

 

ʈʠʩʫʥʦʢ 2  
ʘ) ʨʘʟʨʷʜ ʙʘʪʘʨʝʠ ʥʦʤʠʥʘʣʴʥʳʤ ʪʦʢʦʤ ʙ) ʨʘʟʨʷʜ  

ʙʘʪʘʨʝʠ ʪʦʢʘʤʠ 300, 600, 1200 ɸ 
 
ʅʘ ʦʩʥʦʚʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʙʳʣ ʧʨʦʠʟʚʝʜʸʥ ʪʝʭʥʠʢʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʨʘʩʯʝʪ. ɺʨʝʤ̫ ʦʪʢʣʠʢʘ ɸʂɹ ʩʦʩʪʘʚʣʷʝʪ 100 ʤʩ. ʅʘʠʙʦʣʝʝ 
ʵʬʬʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ɸʂɹ ʝʤʢʦʩʪʴʶ 600 ɸ*ʯ ʧʨʠ ʪʦʢʝ 
ʨʘʟʨʷʜʘ ʚ 600 ɸ. ʄʠʥʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʨʘʟʨʷʜʘ ɸʂɹ ʩʦʩʪʘʚʣʷʝʪ 5 ʤʠʥʫʪ ʚ 
ʩʠʣʫ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʵʣʝʢʪʨʦʣʠʪʘ. 
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ʈʠʩʫʥʦʢ 3 ï ɺʢʣʶʯʝʥʠʝ ɸʂɹ ʧʨʠ ʇʅ 
 
ʀʟ ʨʠʩʫʥʢʘ 3 ʚʠʜʥʦ, ʯʪʦ ɸʂɹ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ 

ʧʨʦʚʘʣʦʚ ʥʘʧʨʷʞʝʥʠʷ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʦʪ 100 ʤʩ, ʜʣʷ ʙʦʣʝʝ 
ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ ʧʨʦʚʘʣʦʚ ʥʘʧʨʷʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʦʪʨʝʪʴ ʜʨʫʛʠʝ 
ʥʘʢʦʧʠʪʝʣʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʥʘʧʨʠʤʝʨ, ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨ ʠʣʠ 
ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚʳʡ ʠʥʜʫʢʮʠʦʥʥʳʡ ʥʘʢʦʧʠʪʝʣʴ. ɺ ʦʪʣʠʯʠʝ ʦʪ ɸʂɹ 
ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʳ ʥʘʢʘʧʣʠʚʘʶʪ ʠ ʦʪʜʘʶʪ ʵʥʝʨʛʠʶ ʙʳʩʪʨʦ, ʥʦ 
ʢʦʣʠʯʝʩʪʚʦ ʝʸ ʦʯʝʥʴ ʤʘʣʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʢʢʫʤʫʣʷʪʦʨʘʤʠ. ʉʦʚʤʝʩʪʥʦʝ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝ ɸʂɹ ʠ ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʘ ʚ ʢʘʯʝʩʪʚʝ ʛʠʙʨʠʜʥʦʛʦ 
ʥʘʢʦʧʠʪʝʣʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʤʦʞʝʪ ʥʠʚʝʣʠʨʦʚʘʪʴ ʥʝʜʦʩʪʘʪʢʠ 
ʦʙʦʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʩʦʟʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʫʚʝʣʠʯʠʪʴ 
ʢʨʘʪʢʦʚʨʝʤʝʥʥʫʶ ʤʦʱʥʦʩʪʴ ʥʘʢʦʧʠʪʝʣʷ ʚ ʘʚʘʨʠʡʥʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ 
ʩʝʪʠ ʠ ʧʨʠ ʦʩʪʨʦʧʠʢʦʚʳʭ ʥʘʛʨʫʟʢʘʭ ʙʝʟ ʫʤʝʥʴʰʝʥʠʷ ʦʙʱʝʛʦ ʨʝʩʫʨʩʘ 
ʨʘʙʦʪʳ ʥʘʢʦʧʠʪʝʣʷ.  
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ʋɼʂ 621.18 
 

ʈɸʉʐʀʈʀʊɽʃʔʅʓʁ ɹɸʂ ʄɽʄɹʈɸʅʅʆɻʆ ʊʀʇɸ 
EXPANSION TANK OF MEMBRANE TYPE 

 
ɺ.ɺ. ʂʫʥʝʝʚʩʢʠʡ, ʈ.ʀ. ɺʘʭʠʪʦʚʘ 

(Vladimir V. Kuneevsky, Rose I. Vakhitova) 

ɸʣʴʤʝʪʴʝʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʝʬʪʷʥʦʡ ʠʥʩʪʠʪʫʪ 
(Almetyevsk State Oil Institute) 

 
ʇʨʝʜʣʘʛʘʝʪʩʷ ʢʦʥʩʪʨʫʢʮʠʷ ʤʝʤʙʨʘʥʥʦʛʦ ʨʘʩʰʠʨʠʪʝʣʴʥʦʛʦ ʙʘʢʘ, 

ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʙʨʘʪʥʫʶ ʜʠʬʬʫʟʠʶ ʢʠʩʣʦʨʦʜʘ ʚ ʜʝʛʘʟʠʨʦʚʘʥʥʫʶ 
ʚʦʜʫ. 

The construction of a membrane expansion tank is proposed, which represents 
reverse diffusion of oxygen into degassed water. 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʘʩʪʠʯʥʘʷ ʤʝʤʙʨʘʥʘ, ʜʠʬʬʫʟʠʷ ʛʘʟʘ, 

ʨʘʩʰʠʨʠʪʝʣʴʥʳʡ ʙʘʢ, ʛʘʟʦʚʳʡ ʟʘʪʚʦʨ, ʜʝʛʘʟʘʮʠʷ. 
Key words: elastic membrane, gas diffusion, expansion tank, gas shutter, 

degassing. 

 
 
ʊʝʭʥʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʪʘʢʦʡ ʢʦʥʩʪʨʫʢʮʠʠ 

ʨʘʩʰʠʨʠʪʝʣʴʥʦʛʦ ʤʝʤʙʨʘʥʥʦʛʦ ʙʘʢʘ ʤʠʥʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʛʦ ʦʙʲʝʤʘ, 
ʥʝ ʪʨʝʙʫʶʱʝʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʩʪʘʥʦʚʦʢ, ʟʘ ʩʯʝʪ ʧʦʩʪʦʷʥʥʦʛʦ ʦʪʚʦʜʘ 
ʛʘʟʘ, ʚʳʜʝʣʷʝʤʦʛʦ ʠʟ ʞʠʜʢʦʩʪʠ, ʚ ʘʪʤʦʩʬʝʨʫ ʠʟ ʨʘʩʰʠʨʠʪʝʣʴʥʦʡ ʧʦʣʦʩʪʠ 
ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʛʠʜʨʦʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʠʩʢʣʶʯʝʥʠʝ ʜʠʬʬʫʟʠʠ ʵʪʦʛʦ 
ʛʘʟʘ ʚ ʞʠʜʢʦʩʪʴ, ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʫʚʝʣʠʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʠ 
ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʝʨʠʦʜʦʚ ʤʝʞʜʫ ʨʝʤʦʥʪʘʤʠ. 

ʊʝʭʥʠʯʝʩʢʘʷ ʟʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʨʘʩʰʠʨʠʪʝʣʴʥʳʤ ʤʝʤʙʨʘʥʥʳʤ 
ʙʘʢʦʤ, ʩʦʜʝʨʞʘʱʠʤ ʞʝʩʪʢʠʡ ʢʦʨʧʫʩ ʩ ʵʣʘʩʪʠʯʥʦʡ ʤʝʤʙʨʘʥʥʦʡ, ʜʝʣʷʱʝʡ 
ʝʛʦ ʥʘ ʛʝʨʤʝʪʠʯʥʫʶ ʨʘʩʰʠʨʠʪʝʣʴʥʫʶ ʠ ʘʪʤʦʩʬʝʨʥʫʶ ʧʦʣʦʩʪʠ 
ʚʟʘʠʤʦʠʟʤʝʥʷʶʱʠʭʩʷ ʦʙʲʝʤʦʚ, ʧʨʠ ʵʪʦʤ ʨʘʩʰʠʨʠʪʝʣʴʥʘʷ ʧʦʣʦʩʪʴ 
ʚʳʧʦʣʥʝʥʘ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʩʦʦʙʱʝʥʠʷ ʩ ʛʠʜʨʦʩʠʩʪʝʤʦʡ. 

ʅʦʚʳʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʵʣʘʩʪʠʯʥʘʷ ʤʝʤʙʨʘʥʘ ʦʩʥʘʱʝʥʘ ʛʘʟʦʚʳʤʠ 
ʟʘʪʚʦʨʘʤʠ, ʧʨʦʧʫʩʢʘʶʱʠʤ ʪʦʣʴʢʦ ʛʘʟ ʠʟ ʨʘʩʰʠʨʠʪʝʣʴʥʦʡ ʧʦʣʦʩʪʠ ʚ 
ʘʪʤʦʩʬʝʨʥʫʶ ʧʦʣʦʩʪʴ, ʧʨʠ ʵʪʦʤ ʛʘʟʦʚʳʝ ʟʘʪʚʦʨʳ ʫʩʪʘʥʦʚʣʝʥʳ ʥʘʧʨʦʪʠʚ 
ʟʦʥ ʚʝʨʦʷʪʥʦʛʦ ʩʢʦʧʣʝʥʠʷ ʛʘʟʘ ʚ ʨʘʩʰʠʨʠʪʝʣʴʥʦʡ ʧʦʣʦʩʪʠ. 

ʅʘ ʨʠʩʫʥʢʝ ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʨʘʩʰʠʨʠʪʝʣʴʥʦʛʦ ʙʘʢʘ ʩ ʦʜʥʠʤ ʟʘʪʚʦʨʦʤ 
ʚ ʨʘʟʨʝʟʝ. 

ʈʘʩʰʠʨʠʪʝʣʴʥʳʡ ʤʝʤʙʨʘʥʥʳʡ ʙʘʢ ʩʦʜʝʨʞʠʪ ʞʝʩʪʢʠʡ ʢʦʨʧʫʩ ʩ 
ʵʣʘʩʪʠʯʥʦʡ ʤʝʤʙʨʘʥʥʦʡ, ʜʝʣʷʱʝʡ ʝʛʦ ʥʘ ʛʝʨʤʝʪʠʯʥʫʶ ʨʘʩʰʠʨʠʪʝʣʴʥʫʶ 
ʠ ʘʪʤʦʩʬʝʨʥʫʶ ʧʦʣʦʩʪʠ ʚʟʘʠʤʦʠʟʤʝʥʷʶʱʠʭʩʷ ʦʙʲʝʤʦʚ. 
ʈʘʩʰʠʨʠʪʝʣʴʥʘʷ ʧʦʣʦʩʪʴ ʚʳʧʦʣʥʝʥʘ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʩʦʦʙʱʝʥʠʷ ʩ 
ʛʠʜʨʦʩʠʩʪʝʤʦʡ. ʕʣʘʩʪʠʯʥʘʷ ʤʝʤʙʨʘʥʘ ʦʩʥʘʱʝʥʘ ʛʘʟʦʚʳʤʠ ʟʘʪʚʦʨʘʤʠ, 
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ʧʨʦʧʫʩʢʘʶʱʠʤʠ ʪʦʣʴʢʦ ʛʘʟ ʠʟ ʨʘʩʰʠʨʠʪʝʣʴʥʦʡ ʧʦʣʦʩʪʠ ʚ ʘʪʤʦʩʬʝʨʥʫʶ 
ʧʦʣʦʩʪʴ. ɻʘʟʦʚʳʝ ʟʘʪʚʦʨʳ ʫʩʪʘʥʦʚʣʝʥʳ ʥʘʧʨʦʪʠʚ ʟʦʥ ʚʝʨʦʷʪʥʦʛʦ 
ʩʢʦʧʣʝʥʠʷ ʛʘʟʘ, ʚʳʜʝʣʝʥʥʦʛʦ ʠʟ ʞʠʜʢʦʩʪʠ, ʚ ʨʘʩʰʠʨʠʪʝʣʴʥʦʡ ʧʦʣʦʩʪʠ, ʪʦ 
ʝʩʪʴ ʚ ʟʦʥʝ, ʧʨʠʙʣʠʞʝʥʥʦʡ ʢ ʚʝʨʭʥʝʡ ʪʦʯʢʝ ʵʣʘʩʪʠʯʥʦʡ ʤʘʥʞʝʪʳ. 
ʂʦʣʠʯʝʩʪʚʦ ʛʘʟʦʚʳʭ ʟʘʪʚʦʨʦʚ ʤʦʞʝʪ ʙʳʪʴ ʦʜʠʥ ʠ ʙʦʣʝʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 
ʢʦʣʠʯʝʩʪʚʘ ʟʦʥ ʚʝʨʦʷʪʥʦʛʦ ʩʢʦʧʣʝʥʠʷ ʛʘʟʘ. ɻʘʟʦʚʳʡ ʟʘʪʚʦʨ, ʚ ʥʘʰʝʤ 
ʩʣʫʯʘʝ, ʩʦʩʪʦʠʪ ʠʟ ʢʦʨʧʫʩʘ ʟʘʪʚʦʨʘ ʩ ʢʘʥʘʣʦʤ ʚʚʝʨʭʫ, ʛʝʨʤʝʪʠʯʥʦ 
ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʚ ʵʣʘʩʪʠʯʥʫʶ ʤʝʤʙʨʘʥʫ, ʧʦʧʣʘʚʢʘ ʩ ʢʣʘʧʘʥʦʤ, 
ʚʳʧʦʣʥʝʥʥʳʤ ʩ ʚʦʟʤʦʞʥʦʩʪʴ ʛʝʨʤʝʪʠʯʥʦʛʦ ʧʝʨʝʢʨʳʪʠʷ ʢʘʥʘʣʘ ʚ ʚʝʨʭʥʝʤ 
ʧʦʣʦʞʝʥʠʠ ʧʦʧʣʘʚʢʘ. ʏʘʩʪʴ ʢʦʨʧʫʩʘ ʢʣʘʧʘʥʘ, ʥʘʭʦʜʷʱʘʷʩʷ ʚ 
ʨʘʩʰʠʨʠʪʝʣʴʥʦʡ ʧʦʣʦʩʪʠ, ʚʳʧʦʣʥʝʥʘ ʥʝ ʛʝʨʤʝʪʠʯʥʦʡ. 

ʋʩʪʨʦʡʩʪʚʦ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
ʇʝʨʝʜ ʟʘʧʫʩʢʦʤ ʛʠʜʨʦʩʠʩʪʝʤʳ ʩ ʨʘʩʰʠʨʠʪʝʣʴʥʳʤ ʤʝʤʙʨʘʥʥʳʤ 

ʙʘʢʦʤ, ʵʣʘʩʪʠʯʥʘʷ ʤʝʤʙʨʘʥʘ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʞʝʩʪʢʦʤ ʢʦʨʧʫʩʝ ʪʘʢ, ʯʪʦʙʳ 
ʨʘʩʰʠʨʠʪʝʣʴʥʘʷ ʧʦʣʦʩʪʴ ʠʤʝʣʘ ʤʠʥʠʤʘʣʴʥʳʡ ʦʙʲʝʤ. ʇʦʩʣʝ ʯʝʛʦ 
ʛʠʜʨʦʩʠʩʪʝʤʫ ʟʘʧʦʣʥʷʶʪ ʞʠʜʢʦʩʪʴʶ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʧʣʘʚʦʢ ʚʩʧʣʳʚʘʝʪ ʚ 
ʞʠʜʢʦʩʪʠ ʠ ʢʣʘʧʘʥ ʛʝʨʤʝʪʠʯʥʦ ʧʝʨʝʢʨʳʚʘʝʪ ʢʘʥʘʣ ʢʦʨʧʫʩʘ ʟʘʪʚʦʨʘ, 
ʛʝʨʤʝʪʠʯʥʦ ʦʪʜʝʣʷʷ ʨʘʩʰʠʨʠʪʝʣʴʥʫʶ ʠ ʘʪʤʦʩʬʝʨʥʫʶ ʧʦʣʦʩʪʠ, ʪʦ ʝʩʪʴ 
ʛʘʟʦʚʳʡ ʟʘʪʚʦʨ ʟʘʢʨʳʪ. ɿʘʪʝʤ ʟʘʧʫʩʢʘʶʪ ʛʠʜʨʦʩʠʩʪʝʤʫ (ʥʘʧʨʠʤʝʨ, 
ʦʪʦʧʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʠʣʠ ʩʠʩʪʝʤʘ ʛʦʨʷʯʝʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ) ʚ ʨʘʙʦʪʫ. ɺ 
ʨʝʟʫʣʴʪʘʪʝ ʞʠʜʢʦʩʪʴ, ʥʘʛʨʝʚʘʷʩʴ ʠ ʨʘʩʰʠʨʷʷʩʴ ʚ ʨʘʩʰʠʨʠʪʝʣʴʥʦʡ 
ʧʦʣʦʩʪʠ, ʚʳʛʠʙʘʝʪ ʵʣʘʩʪʠʯʥʫʶ ʤʘʥʞʝʪʫ, ʧʨʠ ʵʪʦʤ ʚʳʪʝʩʥʷʷ ʚʦʟʜʫʭ ʠʟ 
ʘʪʤʦʩʬʝʨʥʦʡ ʧʦʣʦʩʪʠ. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʧʝʨʝʧʘʜʘ ʪʝʤʧʝʨʘʪʫʨ ʠ ʜʘʚʣʝʥʠʷ 
ʠʟ ʞʠʜʢʦʩʪʠ ʚ ʨʘʩʰʠʨʠʪʝʣʴʥʦʡ ʧʦʣʦʩʪʠ ʚʳʜʝʣʷʝʪʩʷ ʛʘʟ, ʨʘʩʪʚʦʨʝʥʥʳʡ ʚ 
ʞʠʜʢʦʩʪʠ, ʢʦʪʦʨʳʡ ʩʢʘʧʣʠʚʘʝʪʩʷ ʚ ʟʦʥʝ ʚʝʨʦʷʪʥʦʛʦ ʩʢʦʧʣʝʥʠʷ ʛʘʟʘ. ʇʦ 
ʜʦʩʪʠʞʝʥʠʠ ʦʙʲʝʤʘ ʛʘʟʘ ʚ ʟʦʥʝ ʜʦʩʪʘʪʦʯʥʦʛʦ, ʯʪʦʙʳ ʧʦʧʣʘʚʦʢ ʦʧʫʩʪʠʪʩʷ, 
ʘ ʢʣʘʧʘʥ, ʦʧʫʩʢʘʷʩʴ ʚʤʝʩʪʝ ʩ ʧʦʧʣʘʚʢʦʤ, ʦʪʢʨʦʝʪ ʢʘʥʘʣ (ʛʘʟʦʚʳʡ ʟʘʪʚʦʨ 
ʦʪʢʨʳʪ), ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʘʟ ʠʟ ʟʦʥʳ ʨʘʩʰʠʨʠʪʝʣʴʥʦʡ ʧʦʣʦʩʪʠ ʚʳʪʝʩʥʷʝʪʩʷ 
ʚ ʘʪʤʦʩʬʝʨʥʫʶ ʧʦʣʦʩʪʴ. ʇʦ ʤʝʨʝ ʚʳʪʝʩʥʝʥʠʷ ʛʘʟʘ ʫʨʦʚʝʥʴ ʞʠʜʢʦʩʪʠ 
ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʨʧʫʩʘ ʟʘʪʚʦʨʘ ʧʦʜʥʠʤʘʝʪʩʷ, ʧʦʧʣʘʚʦʢ ʚʩʧʣʳʚʘʝʪ, ʠ 
ʢʣʘʧʘʥ ʛʝʨʤʝʪʠʯʥʦ ʧʝʨʝʢʨʳʚʘʝʪ ʢʘʥʘʣ, ʟʘʢʨʳʚʘʷ ʛʘʟʦʚʳʡ ʟʘʪʚʦʨ. 
ʇʦʜʦʙʥʳʡ ʮʠʢʣ ʧʦʚʪʦʨʷʝʪʩʷ ʧʦ ʤʝʨʝ ʥʘʢʦʧʣʝʥʠʷ ʛʘʟʘ ʚ ʟʦʥʝ 
ʨʘʩʰʠʨʠʪʝʣʴʥʦʡ ʧʦʣʦʩʪʠ. ʇʦʩʪʦʷʥʥʦʝ ʥʘʣʠʯʠʝ ʪʦʣʴʢʦ ʥʝʙʦʣʴʰʦʛʦ 
ʢʦʣʠʯʝʩʪʚʘ ʛʘʟʘ ʚ ʟʦʥʝ ʨʘʩʰʠʨʠʪʝʣʴʥʦʡ ʧʦʣʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʢʣʶʯʘʝʪ 
ʜʠʬʬʫʟʠʶ ʛʘʟʘ ʦʙʨʘʪʥʦ ʚ ʞʠʜʢʦʩʪʴ. 

ɺ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʵʣʘʩʪʠʯʥʘʷ ʤʝʤʙʨʘʥʘ ʠʤʝʝʪ ʩʣʦʞʥʫʶ ʬʦʨʤʫ ʠ/ʠʣʠ 
ʩʣʦʞʥʫʶ ʚʥʫʪʨʝʥʥʶʶ ʬʘʢʪʫʨʫ (ʥʘʧʨʠʤʝʨ, ʘʨʤʠʨʦʚʘʥʥʳʡ ʵʣʘʩʪʠʯʥʳʡ 
ʤʘʪʝʨʠʘʣ), ʪʦ ʟʦʥ ʚʝʨʦʷʪʥʦʛʦ ʩʢʦʧʣʝʥʠʷ ʛʘʟʘ ʤʦʞʝʪ ʙʳʪʴ ʥʝʩʢʦʣʴʢʦ, ʠ ʚ 
ʢʘʞʜʦʡ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʛʘʟʦʚʳʡ ʟʘʪʚʦʨ. 
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ʈʠʩʫʥʦʢ 1 - ʈʘʩʰʠʨʠʪʝʣʴʥʳʡ ʤʝʤʙʨʘʥʥʳʡ ʙʘʢ 

1 ï ʢʦʨʧʫʩ; 2 ï ʤʝʤʙʨʘʥʘ; 3- ʨʘʩʰʠʨʠʪʝʣʴʥʘʷ ʧʦʣʦʩʪʴ; 4 ï ʘʪʤʦʩʬʝʨʥʘʷ 
ʧʦʣʦʩʪʴ; 5 ï ʛʘʟʦʚʳʡ ʟʘʪʚʦʨ; 6 ï ʟʦʥʘ ʩʢʦʧʣʝʥʠʷ ʛʘʟʘ; 7 ï ʢʦʨʧʫʩ ʟʘʪʚʦʨʘ; 

8 ï ʢʘʥʘʣ; 9 ï ʧʦʧʣʘʚʦʢ; 10 ï ʢʣʘʧʘʥ 
 
ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʜʦʙʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʨʘʩʰʠʨʠʪʝʣʴʥʦʛʦ 

ʤʝʤʙʨʘʥʥʦʛʦ ʙʘʢʘ ʧʦʟʚʦʣʷʝʪ ʥʝ ʦʩʪʘʥʘʚʣʠʚʘʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ 
ʨʘʙʦʪʳ ʛʠʜʨʦʩʠʩʪʝʤʳ ʠ ʵʢʦʥʦʤʠʪʴ ʤʘʪʝʨʠʘʣʴʥʳʝ ʨʝʩʫʨʩʳ ʟʘ ʩʯʝʪ 
ʩʥʠʞʝʥʠʷ ʛʘʙʘʨʠʪʦʚ ʫʩʪʨʦʡʩʪʚʘ, ʙʣʘʛʦʜʘʨʷ ʤʘʢʩʠʤʘʣʴʥʦ ʵʬʬʝʢʪʠʚʥʦʤʫ 
ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚʥʫʪʨʝʥʥʝʛʦ ʦʙʲʝʤʘ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ 
ʫʚʝʣʠʯʠʪʴ ʤʝʞʨʝʤʦʥʪʥʳʡ ʧʝʨʠʦʜ ʟʘ ʩʯʝʪ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʢʣʶʯʝʥʠʷ 
ʦʙʨʘʪʥʦʡ ʜʠʬʬʫʟʠʠ ʚʳʜʝʣʝʥʥʦʛʦ ʛʘʟʘ ʦʙʨʘʪʥʦ ʚ ʞʠʜʢʦʩʪʴ. 
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ʆʇʈɽɼɽʃɽʅʀɽ ʄɽʉʊ ʆɼʅʆʌɸɿʅʓʍ ɿɸʄʓʂɸʅʀʁ ʅɸ ɿɽʄʃʖ 
ɺʆɿɼʋʐʅʓʍ ʃʀʅʀʁ ʕʃɽʂʊʈʆʇɽʈɽɼɸʏʀ 

ʅɸʇʈʗɾɽʅʀɽʄ 6 ï 35 ʢɺ 
LOCATION OF SINGLE-PHASE GROUND FAULT BY POSITIVE, NEGATIVE AND 

ZERO SEQUENCE OF OVERHEAD POWER LINES OF 6 - 35 KV LEVEL VOLTAGE  

 
ɸ.ʀ. ʌʝʜʦʪʦʚ, ɻ.ɺ. ɺʘʛʘʧʦʚ, ʅ.ɺ. ʏʝʨʥʦʚʘ 

(A. Fedotov, G. Vagapov, N. Chernova) 

ʂʘʟʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  
(Kazan State Power Engineering University) 

 
ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʧʨʘʢʪʠʯʝʩʢʠʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪ ʦʜʥʦʬʘʟʥʳʭ ʟʘʤʳʢʘʥʠʡ ʥʘ ʟʝʤʣʶ ʣʠʥʠʡ 
6 ï 35 ʢɺ ʥʘ ʦʩʥʦʚʝ ʠʭ ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʧʨʷʤʦʡ, ʦʙʨʘʪʥʦʡ ʠ 
ʥʫʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. ʇʦʢʘʟʳʚʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʞʜʦʡ ʠʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʘ 
ʧʦʚʨʝʞʜʝʥʠʷ. 

This paper reviews theoretical and practical points of the frequency spectrum 
characteristics of positive, negative and zero sequences of overhead power lines during the 
single-phase ground fault in ungrounded power grids of 6 - 35 kV level voltage. Evaluating 
the effectiveness is shown for each sequence mode settings for determine the fault location. 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʦʟʜʫʰʥʳʝ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʩʝʪʠ, ʯʘʩʪʦʪʥʳʝ ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʦʙʨʘʪʥʘʷ ʠ ʥʫʣʝʚʘʷ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʣʠʥʠʠ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʦʜʥʦʬʘʟʥʦʝ 
ʟʘʤʳʢʘʥʠʝ ʥʘ ʟʝʤʣʶ. 

Keywords: ungrounded distribution power grids, frequency spectrum characteristics, 
positive, negative and zero sequences, overhead power line, single-phase ground fault. 

 
 
ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʘ ʚʦʟʜʫʰʥʘʷ ʣʠʥʠʷ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ, 

ʥʘ ʢʦʪʦʨʦʡ ʧʨʦʠʟʦʰʣʦ ʜʫʛʦʚʦʝ ʦʜʥʦʬʘʟʥʦʝ ʟʘʤʳʢʘʥʠʝ ʥʘ ʟʝʤʣʶ (ʆɿɿ). 
ʂʘʢ ʧʨʘʚʠʣʦ, ʪʘʢʠʝ ʟʘʤʳʢʘʥʠʷ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʜʫʛʦʡ, 
ʢʦʪʦʨʘʷ ʛʝʥʝʨʠʨʫʝʪ ʚʳʩʰʠʝ ʛʘʨʤʦʥʠʢʠ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ [1]. ɺ ʩʣʝʜʩʪʚʠʝ 
ʥʝʩʠʤʤʝʪʨʠʠ ʚʦʟʥʠʢʘʶʪ ʪʦʢʠ ʠ ʥʘʧʨʷʞʝʥʠʷ ʧʨʷʤʦʡ, ʦʙʨʘʪʥʦʡ ʠ ʥʫʣʝʚʦʡ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ (ʇʇ, ʆʇ ʠ ʅʇ). ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʩʪʨʦʠʪʴ ʩʠʩʪʝʤʳ 
ʤʦʥʠʪʦʨʠʥʛʘ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʚʦʟʜʫʰʥʳʭ ʣʠʥʠʡ ʩ ʬʫʥʢʮʠʷʤʠ 
ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʘ ʧʦʚʨʝʞʜʝʥʠʷ ʧʦ ʚʝʣʠʯʠʥʝ ʪ.ʥ. çʨʝʟʦʥʘʥʩʥʳʭè 
ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʢ (ɺɻ), ʧʦʩʢʦʣʴʢʫ ʟʥʘʯʝʥʠʷ çʨʝʟʦʥʘʥʩʥʳʭè ʯʘʩʪʦʪ ʟʘʚʠʩʷʪ 
ʦʪ ʫʜʘʣʝʥʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ ɺɻ ʦʪ ʮʝʥʪʨʘ ʧʠʪʘʥʠʷ (ʎʇ) [2 - 4]. ʉʦʚʨʝʤʝʥʥʳʝ 
ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʳʝ ʧʦʜʩʪʘʥʮʠʠ (ʊʇ) ʚ ʚʦʟʜʫʰʥʳʭ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ 
ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʷʭ ʥʘʧʨʷʞʝʥʠʝʤ 6 ï 35 ʢɺ ʦʩʥʘʱʘʶʪʩʷ ʥʘ ʩʪʦʨʦʥʝ 0,4 
ʢɺ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʠʩʪʝʤʘʤʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ ʎʇ ʧʦ ʚʝʣʠʯʠʥʝ 
ʵʣʝʢʪʨʦʧʦʪʨʝʙʣʝʥʠʷ, ʧʦʢʘʟʘʪʝʣʷʤ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʕʪʠ 
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ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʢʘʥʘʣʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʠ ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʤʝʩʪ 
ʆɿɿ ʚ ʨʘʟʚʝʪʚʣʝʥʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʷʭ [5]. 

ɺ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʷʭ 6 ï 35 ʢɺ ʥʘ ʧʦʥʠʞʘʶʱʠʭ 
ʧʦʜʩʪʘʥʮʠʷʭ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʩʠʣʦʚʳʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ ʩʦ ʩʭʝʤʦʡ 
ʩʦʝʜʠʥʝʥʠʷ ʦʙʤʦʪʦʢ çʪʨʝʫʛʦʣʴʥʠʢ ï ʟʚʝʟʜʘ ʩ ʥʫʣʝʤè ʠʣʠ ʞʝ çʟʚʝʟʜʘ ï 
ʟʚʝʟʜʘ ʩ ʥʫʣʝʤè. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʥʘʧʨʷʞʝʥʠʷ ʥʫʣʝʚʦʡ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʘ ʩʪʦʨʦʥʫ 0,4 ʢɺ ʥʝ ʪʨʘʥʩʬʦʨʤʠʨʫʶʪʩʷ. ʆʜʥʘʢʦ 
ʥʘʧʨʷʞʝʥʠʷ ʇʇ ʠ ʆʇ ʪʨʘʥʩʬʦʨʤʠʨʫʶʪʩʷ ʥʘ ʩʪʦʨʦʥʫ 0,4 ʢɺ ʠ ʚ ʵʪʦʡ ʩʚʷʟʠ 
ʨʘʩʩʤʦʪʨʠʤ ʜʘʣʝʝ, ʢʘʢ ʠʤʝʥʥʦ ʦʥʠ ʤʦʛʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʝʰʝʥʠʶ 
ʟʘʜʘʯʠ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʘ ʧʦʚʨʝʞʜʝʥʠʷ. ʈʘʩʩʤʦʪʨʠʤ ʧʝʨʚʦʥʘʯʘʣʴʥʦ 
ʦʜʠʥʦʯʥʫʶ ʚʦʟʜʫʰʥʫʶ ʣʠʥʠʶ, ʢ ʢʦʪʦʨʦʡ ʧʦʜʢʣʶʯʝʥ ʦʜʥʦʬʘʟʥʳʡ ʠʩʪʦʯʥʠʢ 
ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʢ e(n), ʨʠʩ. 1. ʉʯʠʪʘʝʤ, ʯʪʦ ʚʜʦʣʴ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ 
ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦʥʠʞʘʶʱʠʝ ʧʦʜʩʪʘʥʮʠʠ, ʢʦʪʦʨʳʝ ʥʘ ʨʠʩ. 1 ʥʝ ʧʦʢʘʟʘʥʳ. 

 
 
 
 

 
 
 
 
 
 
 ʈʠʩʫʥʦʢ 1 ï ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ 
 
ʅʘ ʦʩʥʦʚʝ ʪʝʦʨʠʠ ʜʣʠʥʥʳʭ ʣʠʥʠʡ [6] ʥʝʪʨʫʜʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ 

ʥʘʧʨʷʞʝʥʠʷ ʧʨʷʤʦʡ ʠ ʦʙʨʘʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ɺɻ ʚʜʦʣʴ ɺʃ ʜʦ 
ʤʝʩʪʘ ʧʦʧʝʨʝʯʥʦʡ ʥʝʩʠʤʤʝʪʨʠʠ ʠʟʤʝʥʷʶʪʩʷ ʧʦ ʩʠʥʫʩʦʠʜʘʣʴʥʦʤʫ ʟʘʢʦʥʫ 
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ɼʣʷ ʫʯʘʩʪʢʘ ɺʃ ʟʘ ʤʝʩʪʦʤ ʥʝʩʠʤʤʝʪʨʠʠ ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ (9) 

ʥʘʧʨʷʞʝʥʠʝ ʚʜʦʣʴ ʣʠʥʠʠ ʠʟʤʝʥʷʝʪʩʷ ʧʦ ʟʘʢʦʥʫ 
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ɸʤʧʣʠʪʫʜʘ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʟʘʚʠʩʠʪ ʢʘʢ ʦʪ ʤʝʩʪʘ 

ʧʦʜʢʣʶʯʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ɺɻ, ʪʘʢ ʠ ʦʪ ʚʝʣʠʯʠʥʳ ʪʦʢʘ I. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ 
ʬʦʨʤʫʣʳ (1) ʠ (2) ʩʧʨʘʚʝʜʣʠʚʳ ʜʣʷ ʣʶʙʦʡ ʛʘʨʤʦʥʠʢʠ, ʥʦ 
ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ çʨʝʟʦʥʘʥʩʥʳʝè ʛʘʨʤʦʥʠʢʠ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ 
ʷʚʥʦ ʚʳʨʘʞʝʥʳ ʚ ʩʧʝʢʪʨʝ ʩʠʛʥʘʣʘ ʠ ʧʦʟʚʦʣʷʶʪ ʦʪʩʪʨʦʠʪʴʩʷ ʦʪ ʚʳʩʰʠʭ 
ʛʘʨʤʦʥʠʢ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʥʘʛʨʫʟʢʦʡ ʠ ʩʦʙʩʪʚʝʥʥʦ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʴʶ. 
ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʦʙʣʝʛʯʘʝʪ ʠʭ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ ʚ ʧʦʣʫʯʘʝʤʦʤ ʩʧʝʢʪʨʝ 
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ʧʨʠ ʥʘʣʠʯʠʠ ʧʝʨʝʭʦʜʥʦʛʦ ʘʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʤʝʩʪʝ ʟʘʤʳʢʘʥʠʷ 
ʜʫʛʠ ʧʨʠ ʆɿɿ ʥʘ ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ. ʇʨʠ ʵʪʦʤ çʨʝʟʦʥʘʥʩʥʳʝè 
ʟʘʚʠʩʷʪ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʤʝʩʪʘ ʆɿɿ ʜʦ ʎʇ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʫʯʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ: ʚ 
ʤʝʩʪʝ ʧʦʧʝʨʝʯʥʦʡ ʥʝʩʠʤʤʝʪʨʠʠ ʧʨʦʠʩʭʦʜʠʪ ʠʟʣʦʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (1) ï (4), 
ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʘʪʴ ʵʪʫ ʪʦʯʢʫ. ʇʦʩʢʦʣʴʢʫ ʢ ʣʠʥʠʠ ʧʦʜʢʣʶʯʘʶʪʩʷ 
ʥʝʩʢʦʣʴʢʦ ʧʦʜʩʪʘʥʮʠʡ, ʪʦ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʚ ʪʦʯʢʘʭ ʠʭ ʧʦʜʢʣʶʯʝʥʠʷ 
ʧʦʟʚʦʣʷʪ ʚʳʯʠʩʣʷʪʴ ʢʦʵʬʬʠʮʠʝʥʪʳ ʠ ʨʘʩʩʯʠʪʘʪʴ ʤʝʩʪʦ ʥʝʩʠʤʤʝʪʨʠʠ.  

ʇʫʩʪʴ ʠʤʝʝʪʩʷ ʬʠʜʝʨ, ʨʠʩ. 2, ʛʜʝ ʧʦʜʢʣʶʯʝʥʳ ʜʚʝ 
ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʳʭ ʧʦʜʩʪʘʥʮʠʠ (ʊʇ). ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʦʙʱʝʤ 
ʚʠʜʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʚʜʦʣʴ ʣʠʥʠʠ 
ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʜʣʷ ʥʘʧʨʷʞʝʥʠʡ ʆʇ. 

 
 
 
 
 
 
 
 
 
ʈʠʩʫʥʦʢ 2 ï ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʬʠʜʝʨʘ ʩ ʦʪʧʘʡʢʦʡ 
 
ɽʩʣʠ ʫʩʪʘʥʦʚʠʪʴ ʚʳʩʦʢʦʚʦʣʴʪʥʳʝ ʩʝʥʩʦʨʳ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʣʠʥʠʠ 

ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ, ʪʦ ʤʦʞʥʦ ʙʫʜʝʪ ʚʳʜʝʣʠʪʴ ʥʘʧʨʷʞʝʥʠʷ ʅʇ. 
ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʝʛʦ ʠʟʤʝʥʝʥʠʷ ʚʜʦʣʴ ʣʠʥʠʠ ʦʧʠʩʳʚʘʶʪʩʷ ʩʣʝʜʫʶʱʠʤʠ 
ʚʳʨʘʞʝʥʠʷʤʠ 
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ʈʠʩʫʥʦʢ 3 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʚʜʦʣʴ ʬʠʜʝʨʘ ʥʘʧʨʷʞʝʥʠʡ ʆʇ 
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l1 l2 

ʎʇ 

ʊʇ 1 

ʊʇ 2 

l4 

l3 



19 

 

ʅʘ ʨʠʩ. 4 ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʫʣʘʤʠ (3) ʠ (4) ʧʦʩʪʨʦʝʥʳ ʛʨʘʬʠʢʠ 
ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʅʇ ʥʘ ʛʦʣʦʚʥʦʤ ʫʯʘʩʪʢʝ ʬʠʜʝʨʘ ʠ ʥʘ ʢʘʞʜʦʡ ʠʟ 
ʝʛʦ ʦʪʧʘʝʢ. 

 
ʈʠʩʫʥʦʢ 4 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʚʜʦʣʴ ʬʠʜʝʨʘ ʥʘʧʨʷʞʝʥʠʡ ʅʇ 

 
ɽʩʣʠ ʠʟʤʝʨʝʥʠʷ ʚʳʧʦʣʥʷʶʪʩʷ ʪʦʣʴʢʦ ʥʘ ʩʪʦʨʦʥʝ ʥʠʟʰʝʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʊʇ, ʪʦ ʠʥʬʦʨʤʘʮʠʷ ʦ ʥʘʧʨʷʞʝʥʠʷʭ ʥʫʣʝʚʦʡ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʪʩʫʪʩʪʚʫʝʪ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʦ ʧʨʠʥʷʪʦʡ 
ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʤʝʩʪʘ 
ʧʦʚʨʝʞʜʝʥʠʷ, ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʠʚʰʠʩʴ ʩ ʧʦʚʨʝʞʜʝʥʥʦʡ ʦʪʧʘʡʢʦʡ: 
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ɼʦʧʦʣʥʠʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, ʝʩʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʟʥʘʯʝʥʠʷ ʪʦʢʦʚ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʢ. ʅʦ ʵʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʫʩʪʘʥʦʚʢʫ 
ʚr ʩʦʢʦʚʦʣʴʪʥʳʭ ʩʝʥʩʦʨʦʚ ʥʘ ʦʪʧʘʡʢʘʭ ʣʠʥʠʡ, ʪ.ʢ. ʥʘ ʚʭʦʜʝ 
ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʵʪʠ ʪʦʢʠ ʙʫʜʫʪ ʥʝʙʦʣʴʰʠʤʠ, ʧʦʩʢʦʣʴʢʫ ʠʥʜʫʢʪʠʚʥʳʝ 
ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʧʨʦʷʚʣʷʶʪ ʩʝʙʷ ʥʘ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʢʘʭ 
ʢʘʢ ʬʠʣʴʪʨʳ ï ʧʨʦʙʢʠ. 

ʇʦʚʝʨʦʯʥʳʝ ʨʘʩʯʝʪʳ ʥʘ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ 
ʧʦʢʘʟʘʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʠ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʤʝʩʪʘ 
ʆɿɿ ʧʦ ʥʘʧʨʷʞʝʥʠʷʤ çʨʝʟʦʥʘʥʩʥʦʡè ʛʘʨʤʦʥʠʢʠ, ʠʟʤʝʨʷʝʤʳʭ ʚʜʦʣʴ 
ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ, ʛʜʝ ʧʦʜʢʣʶʯʘʶʪʩʷ ʧʦʜʩʪʘʥʮʠʠ.  

ɿʘʢʦʥʦʤʝʨʥʳ ʚʦʧʨʦʩʳ: ʚʦ-ʧʝʨʚʳʭ, ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʨʦʷʚʣʷʶʪʩʷ 
çʨʝʟʦʥʘʥʩʥʳʝè ɺɻ ʧʨʠ ʆɿɿ, ʠ ʚʦ-ʚʪʦʨʳʭ, ʥʘʙʣʶʜʘʶʪʩʷ ʣʠ ʦʥʠ ʥʘ ʩʪʦʨʦʥʝ 
0,4 ʢɺ ʧʦʥʠʞʘʶʱʠʭ ʧʦʜʩʪʘʥʮʠʡ? ɼʣʷ ʧʨʦʚʝʨʢʠ ʙʳʣ ʧʦʩʪʘʚʣʝʥ ʥʘʪʫʨʥʳʡ 
ʵʢʩʧʝʨʠʤʝʥʪ ʚ ʜʝʡʩʪʚʫʶʱʠʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʷʭ 10 ʢɺ. 
ʇʝʨʝʤʝʞʘʶʱʘʷʩʷ ʜʫʛʘ ʚʦʩʧʨʦʠʟʚʦʜʠʣʘʩʴ ʥʘ ʬʘʟʝ çʉè ɺʃ ʩʧʝʮʠʘʣʴʥʦ 
ʧʦʜʢʣʶʯʝʥʥʳʤ ʨʘʟʨʷʜʥʠʢʦʤ [5], ʨʝʛʠʩʪʨʠʨʫʶʱʠʝ ʧʨʠʙʦʨʳ ʙʳʣʠ 
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ʨʘʟʤʝʱʝʥʳ ʚ ʎʇ ʩ ʧʦʜʢʣʶʯʝʥʠʝʤ ʢ ʪʨʘʥʩʬʦʨʤʘʪʦʨʫ ʥʘʧʨʷʞʝʥʠʷ ʥʘ 
ʰʠʥʘʭ 10 ʢɺ, ʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 15 ʢʤ ʦʪ ʎʇ, ʛʜʝ ʠʤʠʪʠʨʦʚʘʣʦʩʴ ʆɿɿ, ʩ 
ʧʦʜʢʣʶʯʝʥʠʝʤ ʢ ʰʠʥʘʤ 0,4 ʢɺ ʨʷʜʦʤ ʥʘʭʦʜʷʱʝʡʩʷ ʊʇ. ʅʠʞʝ 
ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʩʧʝʢʪʨʘʣʴʥʳʡ 
(FFT) ʘʥʘʣʠʟ, ʨʠʩ. 5 ʠ 6, çʨʝʟʦʥʘʥʩʥʳʝè ʛʘʨʤʦʥʠʢʠ ʥʘʙʣʶʜʘʶʪʩʷ ʢʘʢ ʥʘ 
ʩʪʦʨʦʥʝ 10 ʢɺ, ʪʘʢ ʠ ʥʘ ʩʪʦʨʦʥʝ 0,4 ʢɺ ʚ ʪʦʯʢʘʭ ʠʟʤʝʨʝʥʠʷ, ʫʜʘʣʝʥʥʳʭ ʜʨʫʛ 
ʦʪ ʜʨʫʛʘ ʥʘ 15 ʢʤ.  

 
ʈʠʩʫʥʦʢ 5 ï FFT-ʘʥʘʣʠʟ ʥʘʧʨʷʞʝʥʠʷ ʚ ʥʘʯʘʣʝ ʬʠʜʝʨʘ ɺʃ 10 ʢɺ ʚ 

ʧʨʦʮʝʩʩʝ ʛʦʨʝʥʠʷ ʧʝʨʝʤʝʞʘʶʱʝʡʩʷ ʜʫʛʠ 
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ. ɼʫʛʦʚʦʝ 
ʟʘʤʳʢʘʥʠʝ ʥʘ ʟʝʤʣʶ ʚ ʧʦʩʪʘʚʣʝʥʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʠʜʝ 
ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʢ ʥʘʧʨʷʞʝʥʠʷ ʢʘʢ ʥʘ ʰʠʥʘʭ ʎʇ, ʪʘʢ ʠ ʥʘ ʰʠʥʘʭ 0,4 ʢɺ 
ʫʜʘʣʝʥʥʦʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʡ ʧʦʜʩʪʘʥʮʠʠ. çʈʝʟʦʥʘʥʩʥʳʝè ʛʘʨʤʦʥʠʢʠ 
ʦʪʯʝʪʣʠʚʦ ʥʘʙʣʶʜʘʶʪʩʷ ʥʘ ʩʪʦʨʦʥʝ 0,4 ʢɺ ʊʇ. ʃʦʢʘʣʠʟʘʮʠʷ ʤʝʩʪʘ 
ʧʦʚʨʝʞʜʝʥʠʷ ʥʘ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʘʭ ʩ ʦʪʧʘʡʢʘʤʠ ʚʦʟʤʦʞʥʘ ʧʦ 
ʥʘʧʨʷʞʝʥʠʷʤ ʆʇ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʢ ʧʨʠ ʥʘʣʠʯʠʠ ʥʝʩʢʦʣʴʢʠʭ 
ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʪʦʯʝʢ ʥʘʙʣʶʜʝʥʠʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʅʇ 
ʪʨʝʙʫʝʪ ʫʩʪʘʥʦʚʢʠ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʩʝʥʩʦʨʦʚ ʥʘ ʊʇ. 

 

 
ʈʠʩʫʥʦʢ 6 ï FFT-ʘʥʘʣʠʟ ʥʘʧʨʷʞʝʥʠʷ ʬʘʟʳ çʉè ʥʘ ʰʠʥʘʭ  

0,4 ʢɺ ʧʦʜʩʪʘʥʮʠʠ 
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ʋʉʊʈɸʅɽʅʀɽ ʆɹʄɽʅʅʓʍ ʂʆʃɽɹɸʅʀʁ ʄʆʑʅʆʉʊʀ ɺ 
ɸɺʊʆʅʆʄʅʓʍ ʕʃɽʂʊʈʆʊɽʍʅʀʏɽʉʂʀʍ ʂʆʄʇʃɽʂʉɸʍ 

ELIMINATING EXCHANGE POWER FLUCTUATIONS IN THE AUTONOMOUS 
ELECTRICAL COMPLEXES 

 
ɸ.ɽ. ʉʘʚʝʥʢʦ, ʉ.ɽ. ʉʘʚʝʥʢʦ 

(Aleksandr Savenko, Stanislav Savenko) 

ʂʝʨʯʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʦʨʩʢʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 
ʫʥʠʚʝʨʩʠʪʝʪ 

(Kerch State Maritime Technological University) 

 
ɺ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʘʨʘʣʣʝʣʴʥʦʡ ʨʘʙʦʪʳ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʦʚ, 
ʨʘʙʦʪʘʶʱʠʭ ʚ ʈʝʩʧʫʙʣʠʢʝ ʂʨʳʤ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 
ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʦʙʤʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʤʦʱʥʦʩʪʠ, 
ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʶʱʠʭ ʥʘ ʢʘʯʝʩʪʚʦ ʧʘʨʘʣʣʝʣʴʥʦʡ ʨʘʙʦʪʳ. ʅʘ ʦʩʥʦʚʝ 
ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 
ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʫʤʝʥʴʰʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʦʙʤʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ 
ʤʦʱʥʦʩʪʠ ʧʨʠ ʧʘʨʘʣʣʝʣʴʥʦʡ ʨʘʙʦʪʝ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʥʳʭ ʘʛʨʝʛʘʪʦʚ 
ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʫʪʝʤ ʫʤʝʥʴʰʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 
ʧʝʨʝʜʘʯʠ ʨʝʛʫʣʷʪʦʨʦʚ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʥʳʭ 
ʘʛʨʝʛʘʪʦʚ. 

The paper presents the results of experimental and theoretical studies of parallel 
operation of diesel generators operating in the Republic of Crimea. The research results 
indicate the existence of exchange power fluctuations that adversely affect the quality of 
parallel operation. Based on studies using a mathematical model developed by the method 
of reducing the amplitude of the fluctuations of exchange capacity with parallel operation of 
diesel generating sets electrical complex by reducing the speed regulators of transmission 
factors of diesel-generator units. 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʙʤʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʤʦʱʥʦʩʪʠ, ʧʘʨʘʣʣʝʣʴʥʘʷ 

ʨʘʙʦʪʘ, ʘʚʪʦʥʦʤʥʳʡ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ, ʛʝʥʝʨʘʪʦʨʥʳʡ 
ʘʛʨʝʛʘʪ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

Key words: exchange power fluctuations, parallel operation, autonomous 
electrotechnical complex, generating set, experimental research. 

 
 
ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ 

ʠ ʩʦʮʠʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ɺ ʦʩʥʦʚʥʦʤ ʩʥʘʙʞʝʥʠʝ 
ʧʦʪʨʝʙʠʪʝʣʝʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʝʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʮʝʥʪʨʘʣʠʟʦʚʘʥʦ 
ʠʟ ʝʜʠʥʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ʀʩʪʦʯʥʠʢʘʤʠ 
ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʷʚʣʷʶʪʩʷ ʩʪʘʮʠʦʥʘʨʥʳʝ ʘʪʦʤʥʳʝ, 
ʛʠʜʨʦ, ʪʝʧʣʦʚʳʝ ʠ ʜʨʫʛʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʪʘʥʮʠʠ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʚ ʨʷʜʝ 
ʩʣʫʯʘʝʚ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʝʡ ʧʨʠʤʝʥʷʶʪʩʷ 
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ʘʚʪʦʥʦʤʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʪʘʥʮʠʠ ʥʘ ʦʩʥʦʚʝ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʥʳʭ 
ʘʛʨʝʛʘʪʦʚ (ɼɻɸ). ʇʨʠʯʠʥʦʡ ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ 
ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʦʪ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʚ ʩʠʣʫ ʝʝ 
ʫʜʘʣʝʥʥʦʩʪʠ ʠʣʠ ʩʙʦʝʚ ʚ ʨʘʙʦʪʝ. 

ʕʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ ʈʝʩʧʫʙʣʠʢʠ ʂʨʳʤ 
ʆʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ ʟʘʩʣʫʞʠʚʘʝʪ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ ʈʝʩʧʫʙʣʠʢʠ 

ʂʨʳʤ. ɺ ʥʦʷʙʨʝ 2015 ʛ. ʋʢʨʘʠʥʘ ʧʨʝʢʨʘʪʠʣʘ ʧʦʩʪʘʚʢʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 
ʵʥʝʨʛʠʠ ʚ ʈʝʩʧʫʙʣʠʢʫ ʂʨʳʤ ʠ ʩʦʙʩʪʚʝʥʥʘʷ ʛʝʥʝʨʘʮʠʷ ʩʦʩʪʘʚʣʷʣʘ ʧʦʨʷʜʢʘ 
182 ʄɺʪ ʧʨʠ ʧʦʪʨʝʙʣʝʥʠʠ 1100 ʄɺʪ. ʂ ʵʪʦʤʫ ʚʨʝʤʝʥʠ ʥʘ ʧʦʣʫʦʩʪʨʦʚʝ 
ʙʳʣʠ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʳ ʤʦʙʠʣʴʥʳʝ ʛʘʟʦʪʫʨʙʠʥʥʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ 
(ʄɻʊʕʉ). ʂʨʦʤʝ 15 ʤʦʙʠʣʴʥʳʭ ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʩʪʘʥʮʠʡ ʚ ʂʨʳʤʫ ʙʳʣʠ 
ʨʘʟʤʝʱʝʥʳ 1,5 ʪʳʩ. ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʦʚ ʦʙʱʝʡ ʤʦʱʥʦʩʪʴʶ 310 ʄɺʪ, ʚ 
ʪʦʤ ʯʠʩʣʝ 215 ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʦʚ ʦʙʱʝʡ ʤʦʱʥʦʩʪʴʶ 32 ʄɺʪ ʚ 
ʉʝʚʘʩʪʦʧʦʣʝ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʄɻʊʕʉ ʦʥʠ ʥʝ ʧʦʜʢʣʶʯʝʥʳ ʢ ʩʝʪʠ ʂʨʳʤʵʥʝʨʛʦ, 
ʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʘʚʘʨʠʡʥʦʤ ʨʝʞʠʤʝ ʜʣʷ ʘʚʪʦʥʦʤʥʦʛʦ ʩʥʘʙʞʝʥʠʷ 
ʩʦʮʠʘʣʴʥʦ-ʟʥʘʯʠʤʳʭ ʦʙʲʝʢʪʦʚ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʫʜʘʣʦʩʴ 
ʨʝʘʣʠʟʦʚʘʪʴ ʤʝʭʘʥʠʟʤ ʧʝʨʝʭʦʜʘ ʩʦʮʠʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʥʘ ʜʠʟʝʣʴ-
ʛʝʥʝʨʘʪʦʨʥʳʝ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʩʦʢʨʘʱʝʥʠʷ ʚʝʝʨʥʳʭ ʦʪʢʣʶʯʝʥʠʡ ʚ ʯʘʩʳ ʧʠʢ. 
ɺ ʢʦʥʮʝ 2015 ʛ. ʯʠʩʣʦ ʛʝʥʝʨʘʪʦʨʦʚ ʫʚʝʣʠʯʝʥʦ ʜʦ 2168, ʪʘʢʞʝ ʧʨʠʥʷʪʦ 
ʨʝʰʝʥʠʝ ʦ ʧʝʨʝʜʘʯʠ ʛʝʥʝʨʘʪʦʨʦʚ ʥʘ ʙʘʣʘʥʩ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 
ʫʥʠʪʘʨʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ï çʂʨʳʤʩʢʠʝ ʛʝʥʝʨʠʨʫʶʱʠʝ ʩʠʩʪʝʤʳè. ʂ ʤʘʨʪʫ 
2016 ʛ. ʚ ʈʝʩʧʫʙʣʠʢʝ ʂʨʳʤ ʥʘʩʯʠʪʳʚʘʣʦʩʴ 2223 ʘʚʪʦʥʦʤʥʳʭ ʛʝʥʝʨʘʪʦʨʘ. 
ʄʦʱʥʦʩʪʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʢʦʪʦʨʘʷ ʚ ʢʦʥʮʝ ʠʶʣʷ 2016 ʛ. ʧʦʩʪʫʧʘʝʪ ʚ 
ʂʨʳʤ ʧʦ ʵʥʝʨʛʦʤʦʩʪʫ, ʩʦʩʪʘʚʣʷʝʪ 720 ʄɺʪ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʚʩʝ ʠʤʝʶʱʠʝʩʷ 
ʚ ʂʨʳʤʫ ʛʘʟʦʪʫʨʙʠʥʥʳʝ ʩʪʘʥʮʠʠ ʨʘʙʦʪʘʶʪ, ʭʦʪʷ ʵʪʦ ʥʝ ʩʘʤʳʝ ʚʳʩʦʢʠʝ 
ʧʠʢʠ ʧʦʪʨʝʙʣʝʥʠʷ. ɺ ʢʦʥʮʝ 2016 ʛ. ʧʦʣʫʦʩʪʨʦʚ ʧʦʣʫʯʠʣ ʛʘʟ ʩ ʤʘʪʝʨʠʢʘ. 
ʅʦʚʳʡ ʛʘʟʦʧʨʦʚʦʜ çʂʨʘʩʥʦʜʘʨʩʢʠʡ ʢʨʘʡ ð ʂʨʳʤè ʧʦʣʥʦʩʪʴʶ ʦʙʝʩʧʝʯʠʪ 
ʙʝʩʧʝʨʝʙʦʡʥʫʶ ʧʦʜʘʯʫ ʛʘʟʘ ʚʩʝʤ ʢʘʪʝʛʦʨʠʷʤ ʧʦʪʨʝʙʠʪʝʣʝʡ ʥʘ ʂʨʳʤʩʢʦʤ 
ʧʦʣʫʦʩʪʨʦʚʝ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ ʙʘʟʦʚʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʚ 
ʉʠʤʬʝʨʦʧʦʣʝ ʠ ʉʝʚʘʩʪʦʧʦʣʝ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʧʣʘʥʠʨʫʝʪʩʷ ʩʜʘʪʴ ʚ 
ʵʢʩʧʣʫʘʪʘʮʠʶ ʢ 2018 ʛ. ʇʝʨʚʳʝ ʙʣʦʢʠ ʜʚʫʭ ʩʪʨʦʷʱʠʭʩʷ ʚ ʂʨʳʤʫ ʙʘʟʦʚʳʭ 
ʪʝʧʣʦʚʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʤʦʱʥʦʩʪʴʶ 940 ʄɺʪ ʙʫʜʫʪ ʟʘʧʫʱʝʥʳ ʚ 2017 ʛ., 
ʥʘ ʧʦʣʥʫʶ ʤʦʱʥʦʩʪʴ ʧʣʘʥʠʨʫʝʪʩʷ ʚʳʡʪʠ ʚ 2018 ʛ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ 
ʘʚʪʦʥʦʤʥʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʜʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʈʝʩʧʫʙʣʠʢʝ ʂʨʳʤ ʚʳʞʠʪʴ 
ʚʦ ʚʨʝʤʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʙʣʦʢʘʜʳ ʜʦ ʟʘʧʫʩʢʘ ʚ ʨʘʙʦʪʫ ʵʥʝʨʛʦʤʦʩʪʘ 
ʂʫʙʘʥʴ-ʂʨʳʤ ʠ ʧʦʤʦʛʘʶʪ ʩʥʘʙʞʘʪʴ ʵʣʝʢʪʨʠʯʝʩʪʚʦʤ ʜʦ ʚʚʦʜʘ ʚ ʨʘʙʦʪʫ 
ʙʘʟʦʚʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ. 

ʇʘʨʘʣʣʝʣʴʥʘʷ ʨʘʙʦʪʘ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʥʳʭ ʘʛʨʝʛʘʪʦʚ 
ʆʙʝʩʧʝʯʝʥʠʝ ʢʘʯʝʩʪʚʝʥʥʦʡ ʧʘʨʘʣʣʝʣʴʥʦʡ ʨʘʙʦʪʳ ʛʝʥʝʨʘʪʦʨʥʳʭ 

ʘʛʨʝʛʘʪʦʚ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʫʶ 
ʟʘʜʘʯʫ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʠʟ-ʟʘ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʝʞʜʫ ʥʠʤʠ 
ʘʢʪʠʚʥʦʡ ʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʝʡ [1]. ʊʦʯʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʢʪʠʚʥʦʡ 
ʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʝʡ ʧʨʠ ʧʘʨʘʣʣʝʣʴʥʦʡ ʨʘʙʦʪʝ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʥʳʭ 
ʘʛʨʝʛʘʪʦʚ ʥʝʦʙʭʦʜʠʤʘ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʜʣʷ ʫʩʪʦʡʯʠʚʦʡ ʨʘʙʦʪʳ 

https://ru.wikipedia.org/wiki/%D0%90%D0%B2%D0%B0%D1%80%D0%B8%D0%B9%D0%BD%D1%8B%D0%B9_%D0%B8%D1%81%D1%82%D0%BE%D1%87%D0%BD%D0%B8%D0%BA_%D1%8D%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D1%8D%D0%BD%D0%B5%D1%80%D0%B3%D0%B8%D0%B8
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ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʤʥʦʞʝʩʪʚʦ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʢʠ, 
ʢʘʯʝʩʪʚʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʚʳʨʘʙʘʪʳʚʘʝʤʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʤʠ, ʘ ʟʥʘʯʠʪ, 
ʪʦʯʥʦʩʪʴ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʦʱʥʦʩʪʝʡ ʧʨʠ ʧʘʨʘʣʣʝʣʴʥʦʡ 
ʨʘʙʦʪʝ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʥʳʭ ʘʛʨʝʛʘʪʦʚ ʥʝ ʚʩʝʛʜʘ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʜʘʞʝ 
ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤʠ, ʦʩʦʙʝʥʥʦ ʚ ʩʣʫʯʘʝ ʤʥʦʛʦʛʝʥʝʨʘʪʦʨʥʳʭ 
ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʘʞʝ ʚ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʘʭ ʩ 
ʤʘʢʩʠʤʘʣʴʥʳʤ ʢʣʘʩʩʦʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʠ ʥʝʢʦʪʦʨʳʭ ʧʝʨʝʭʦʜʥʳʭ 
ʨʝʞʠʤʘʭ ʠʤʝʶʪ ʤʝʩʪʦ ʩʣʫʯʘʠ ʧʦʣʥʦʛʦ ʦʙʝʩʪʦʯʠʚʘʥʠʷ, ʘ ʥʘ ʢʦʤʧʣʝʢʩʘʭ ʩ 
ʤʝʥʴʰʠʤ ʢʣʘʩʩʦʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʦʙʣʝʤʳ ʠ ʚ 
ʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ. 

ɺ ʦʙʱʠʭ ʪʨʝʙʦʚʘʥʠʷʭ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʩʪʘʥʜʘʨʪʘ ISO 8528 
ʦʪʩʫʪʩʪʚʫʶʪ ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ 
ʧʘʨʘʣʣʝʣʴʥʦʡ ʨʘʙʦʪʳ ʜʠʟʝʣʴ-ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʘʛʨʝʛʘʪʦʚ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ. 
ʆʜʥʘʢʦ, ʢʘʢ ʧʦʢʘʟʳʚʘʝʪ ʦʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʘʚʪʦʥʦʤʥʳʭ 
ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʢʨʦʤʝ ʦʙʱʝʛʦ ʪʨʝʙʦʚʘʥʠʷ ʦ ʪʦʤ, ʯʪʦ 
ʧʘʨʘʣʣʝʣʴʥʦ ʨʘʙʦʪʘʶʱʠʝ ʘʛʨʝʛʘʪʳ ʥʝ ʜʦʣʞʥʳ ʚʳʧʘʜʘʪʴ ʠʟ ʩʠʥʭʨʦʥʠʟʤʘ, 
ʥʝʦʙʭʦʜʠʤʳ ʢʨʠʪʝʨʠʠ ʠʣʠ ʥʦʨʤʳ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ ʚ ʧʘʨʘʣʣʝʣʴ. ʕʪʦ 
ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʧʨʦʙʣʝʤʘ ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʡ ʧʘʨʘʣʣʝʣʴʥʦʡ 
ʨʘʙʦʪʳ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʩʣʦʞʥʦʩʪʠ ʠʟ-ʟʘ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 
ʦʙʤʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʤʦʱʥʦʩʪʠ ʤʝʞʜʫ ʧʘʨʘʣʣʝʣʴʥʦ ʨʘʙʦʪʘʶʱʠʤʠ (ɼɻɸ) 
ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ [2]. 

ʋʩʪʨʘʥʝʥʠʝ ʦʙʤʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʤʦʱʥʦʩʪʠ 
ɺ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʙʨʘʥ ʘʚʪʦʥʦʤʥʳʡ 

ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ ʩʫʜʥʘ-ʧʘʨʦʤʘ çɽʡʩʢè ʂʝʨʯʝʥʩʢʦʡ ʧʘʨʦʤʥʦʡ 
ʧʝʨʝʧʨʘʚʳ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʫʱʝʩʪʚʣʷʶʱʝʛʦ ʨʝʛʫʣʷʨʥʳʝ 
ʛʨʫʟʦʧʘʩʩʘʞʠʨʩʢʠʝ ʧʝʨʝʚʦʟʢʠ ʤʝʞʜʫ ʧʦʨʪ çʂʨʳʤè (ʂʝʨʯʴ) ʠ ʧʦʨʪ 
çʂʘʚʢʘʟè.  

 

 
ʈʠʩʫʥʦʢ 1 - ʊʦʢʠ ʧʘʨʘʣʣʝʣʴʥʦ ʨʘʙʦʪʘʶʱʠʭ ʛʝʥʝʨʘʪʦʨʦʚ  

ʚ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝ 
 

ʆʩʮʠʣʣʦʛʨʘʤʤʳ ʪʦʢʦʚ (ʨʠʩ. 1) ʧʦʣʫʯʝʥʳ ʧʨʠ ʧʘʨʘʣʣʝʣʴʥʦʡ ʨʘʙʦʪʝ 
ʜʚʫʭ ʛʝʥʝʨʘʪʦʨʦʚ ʪʠʧʘ S450M6 800ʢɺɸ, 390ɺ, 50ɻʮ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ 
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ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʫʜʦʚʦʛʦ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ [3,4] 
ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʝ ʚʤʝʰʠʚʘʷʩʴ ʚ ʨʘʙʦʪʫ 
ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʩʫʜʥʘ, ʯʪʦ ʚ ʧʨʠʥʮʠʧʝ ʙʳʣʦ ʙʳ ʥʝʚʦʟʤʦʞʥʳʤ ʧʦ ʧʨʠʯʠʥʝ 
ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʦʨʝʧʣʘʚʘʥʠʷ. ʂʦʤʧʴʶʪʝʨʥʘʷ ʧʨʦʛʨʘʤʤʘ, 
ʨʝʘʣʠʟʫʶʱʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ, ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʚ ʚʠʜʝ 
ʛʨʘʬʠʢʦʚ ʤʛʥʦʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʤʦʤʝʥʪʦʚ Mg1, Mg2, ʪʦʢʦʚ Iɸ1, Iɸ2, ʯʘʩʪʦʪ 
ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʦʚ ɤr1, ɤr2, ʫʛʣʦʚ ʥʘʛʨʫʟʢʠ Tet1, Tet2 ʧʘʨʘʣʣʝʣʴʥʦ 

ʨʘʙʦʪʘʶʱʠʭ ʛʝʥʝʨʘʪʦʨʦʚ (ʨʠʩ. 2), ʧʨʠʯʝʤ ʬʦʨʤʳ ʪʦʢʦʚ ʥʘ ʨʠʩʫʥʢʘʭ 1 ʠ 2 
ʠʜʝʥʪʠʯʥʳ ʠ ʧʦʜʪʚʝʨʞʜʘʶʪ ʥʘʣʠʯʠʝ ʦʙʤʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʤʦʱʥʦʩʪʠ. 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʧʫʪʝʡ ʫʩʪʨʘʥʝʥʠʷ ʦʙʤʝʥʥʳʭ 
ʢʦʣʝʙʘʥʠʡ ʤʦʱʥʦʩʪʠ ʦʢʘʟʘʣʦʩʴ ʫʤʝʥʴʰʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ 
ʨʝʛʫʣʷʪʦʨʘ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʜʠʟʝʣʷ, ʪ.ʝ. ʫʤʝʥʴʰʝʥʠʝ ʞʝʩʪʢʦʩʪʠ ʝʛʦ 
ʤʝʭʘʥʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦ 
ʧʨʝʜʣʘʛʘʝʤʦʤʫ ʩʧʦʩʦʙʫ ʧʦʜʘʚʣʝʥʠʷ ʦʙʤʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʥʘ ʨʠʩʫʥʢʝ 3, ʛʜʝ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ wK  ʩʥʠʞʝʥ ʜʦ 15 ʜʣʷ 

ʧʘʨʘʣʣʝʣʴʥʦ ʨʘʙʦʪʘʶʱʠʭ ɼɻɸ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʥʘ ʨʠʩʫʥʢʝ 2, ʛʜʝ wK  ʨʘʚʝʥ 45. 

ʆʜʥʘʢʦ ʚʠʜʥʦ ʟʘʤʝʪʥʦʝ ʩʥʠʞʝʥʠʝ ʜʦ 0,95 ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʚ 
ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʢʦʤ. ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ 
ʧʘʜʝʥʠʷ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʫʚʝʣʠʯʠʪʴ ʩʠʛʥʘʣ ʟʘʜʘʥʠʷ 

ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʜʠʟʝʣʷ 0rw . 

 
ʈʠʩʫʥʦʢ 2 - ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. Kɤ1=45, Kɤ2=45, ɤr01=1, ɤr02=1 

 
ʅʘ ʨʠʩʫʥʢʝ 4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ 

ʨʝʞʠʤʘ, ʚ ʢʦʪʦʨʦʤ wK  ʜʣʷ 2-ʭ ɼɻɸ ʯʠʩʣʝʥʥʦ ʨʘʚʝʥ 15, ʘ 0rw  ʫʚʝʣʠʯʝʥʘ 

ʜʦ 1,04, ʧʨʠ ʵʪʦʤ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʙʣʠʟʢʘ ʢ ʥʦʤʠʥʘʣʴʥʦʡ, ʘ 
ʘʤʧʣʠʪʫʜʘ ʦʙʤʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʥʝ ʫʚʝʣʠʯʠʣʘʩʴ. 
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ʈʠʩʫʥʦʢ 3 - ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. Kɤ1=15, Kɤ2=15, ɤr01=1, ɤr02=1 

 
ʈʠʩʫʥʦʢ 4 - ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. Kɤ1=15, Kɤ2=15,  

ɤr01=1,04, ɤr02=1,04 
 

ɿʘʢʣʶʯʝʥʠʝ 
ɸʥʘʣʦʛʠʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠ ʜʣʷ ɼɻɸ, 

ʨʘʙʦʪʘʶʱʠʭ ʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʧʦʨʪʦʚ ʠ ʧʨʝʜʧʨʠʷʪʠʡ ʥʝʬʪʝʛʘʟʦʚʦʡ 
ʦʪʨʘʩʣʠ. ɸʚʪʦʥʦʤʥʳʝ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʚʦʩʪʨʝʙʦʚʘʥʳ ʠ 
ʥʝʟʘʤʝʥʠʤʳ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 
ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ 
ʘʤʧʣʠʪʫʜʳ ʦʙʤʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʤʦʱʥʦʩʪʠ ʧʨʠ ʧʘʨʘʣʣʝʣʴʥʦʡ ʨʘʙʦʪʝ 
ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʦʚ ʜʦ ʜʦʧʫʩʪʠʤʦʡ ʚʝʣʠʯʠʥʳ, ʘ ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ ʠ 
ʧʦʣʥʦʛʦ ʠʭ ʫʩʪʨʘʥʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʠʟʤʝʥʝʥʠʝ ʥʘʩʪʨʦʝʢ ʨʝʛʫʣʷʪʦʨʘ 
ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʜʠʟʝʣʷ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ 
ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ ʫʤʝʥʴʰʝʥʠʷ ʦʙʤʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʤʦʱʥʦʩʪʠ 
ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ ʚ ʩʪʨʫʢʪʫʨʫ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 
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ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʙʣʦʢ ʋʆʂʄ ï ʫʩʪʨʦʡʩʪʚʦ ʦʙʤʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʤʦʱʥʦʩʪʠ. 
ʕʪʦ ʜʦʣʞʥʘ ʙʳʪʴ ʘʜʘʧʪʠʚʥʘʷ ʩʠʩʪʝʤʘ [5] ʥʘʩʪʨʦʝʥʥʘʷ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ 
ʤʠʥʠʤʫʤʘ ʢʨʠʪʝʨʠʷ ʦʙʤʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʤʦʱʥʦʩʪʠ. ɹʣʦʢ ʋʆʂʄ ʧʦʣʫʯʘʝʪ 
ʠʥʬʦʨʤʘʮʠʶ ʦʪ ʚʩʝʭ ʜʠʟʝʣʝʡ ʠ ʛʝʥʝʨʘʪʦʨʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʚ 
ʧʘʨʘʣʣʝʣʴʥʦʤ ʨʝʞʠʤʝ, ʧʦʩʣʝ ʯʝʛʦ ʦʥ ʦʙʨʘʙʘʪʳʚʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʠ ʚ 
ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʦʜʩʪʨʦʡʢʫ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 
ʧʝʨʝʜʘʯʠ ʠ ʫʩʪʘʚʦʢ ʧʦ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʨʝʛʫʣʷʪʦʨʦʚ 
ʯʘʩʪʦʪʳ. 
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ɺʘʞʥʝʡʰʠʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʩʬʝʨʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 

ʦʙʲʝʢʪʦʚ ʵʥʝʨʛʝʪʠʢʠ ʷʚʣʷʝʪʩʷ ʠʟʤʝʥʝʥʠʝ, ʩ ʮʝʣʴʶ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʠ 
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ʦʧʪʠʤʠʟʘʮʠʠ, ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ. ɺ ʩʪʘʪʴʝ 
ʨʘʩʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʮʝʥʢʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠ  ̫
ʥʘ ʦʩʥʦʚʝ ʨʝʩʫʨʩʦʦʧʨʝʜʝʣʷʶʱʠʭ ʫʟʣʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ 
ʧʦʩʣʝʜʩʪʚʠʡ ʦʪʢʘʟʘ. 

The most important direction in the sphere of state monitoring of energy facilities is a 
change, with the purpose of improving and optimizing, a system for monitoring technical 
condition. The article considers the possibility of using the technical condition assessment, 
based on the resource-determining equipment nodes and the economic consequences of 
the failure. 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʥʠʪʦʨʠʥʛ, ʦʧʪʠʤʠʟʘʮʠʷ, ʵʥʝʨʛʝʪʠʢʘ, 

ʜʠʘʛʥʦʩʪʠʢʘ, ʨʝʩʫʨʩ. 
Key words: monitoring, optimization, energy, diagnostics, resource. 

 
 

ʎʝʣʝʚʳʝ ʬʫʥʢʮʠʠ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 
(ʉʂʊʉ): 

- ʆʮʝʥʢʘ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ 
ʥʘ ʦʩʥʦʚʝ ʩʦʟʜʘʥʠʷ ʝʜʠʥʦʛʦ ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

- ʂʦʥʪʨʦʣʴ ʥʘʜ ʩʦʙʣʶʜʝʥʠʝʤ ʩʫʙʲʝʢʪʘʤʠ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ 
ʪʨʝʙʦʚʘʥʠʡ ʧʦ ʧʦʜʜʝʨʞʘʥʠʶ ʥʘʜʣʝʞʘʱʝʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 
ʦʙʲʝʢʪʦʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ ʠ ʠʭ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʠʤʝʥʥʦ: 

 - ʤʦʥʠʪʦʨʠʥʛ ʦʙʲʝʤʦʚ ʊʆʠʈ ʠ ʊʇʠʈ; 
 - ʦʮʝʥʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʊʆʠʨ ʠ ʊʇʠʈ; 
ɺʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʣʫʯʝʥʥʦʡ ʉʂʊʉ: 
1. ʆʧʪʠʤʠʟʘʮʠʷ ʩʨʝʜʩʪʚ, ʥʘʧʨʘʚʣʷʝʤʳʭ ʛʦʩʫʜʘʨʩʪʚʦʤ ʠ 

ʩʦʙʩʪʚʝʥʥʠʢʘʤʠ ʦʙʲʝʢʪʦʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ, ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ 
ʥʘʜʣʝʞʘʱʝʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

2. ʈʘʥʞʠʨʦʚʘʥʠʝ ʦʙʲʝʢʪʦʚ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦ ʨʝʩʫʨʩʫ ʠ ʩʨʦʢʘʤ 
ʩʣʫʞʙʳ. 

3. ʋʧʨʘʚʣʝʥʠʝ ʨʠʩʢʘʤʠ. 
4. ʉʧʠʩʢʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʦʙʲʝʢʪʦʚ ʧʦ ʪʝʭʥʠʯʝʩʢʦʤʫ ʩʦʩʪʦʷʥʠʶ. 
5. ʈʝʡʪʠʥʛ ʚʝʨʦʷʪʥʦʩʪʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʘ ʦʙʲʝʢʪʘʭ ʘʚʘʨʠʡʥʦʡ 

ʩʠʪʫʘʮʠʠ. 
6. ʇʦʩʪʨʦʝʥʠʝ ʩʮʝʥʘʨʠʝʚ ʜʣʷ ʮʝʥʪʨʦʚ ʥʘʛʨʫʟʢʠ ʠ ʪʝʨʨʠʪʦʨʠʡ: ʧʦ 

ʚʚʦʜʫ ʠ ʚʳʙʳʪʠʶ ʤʦʱʥʦʩʪʝʡ, ʜʦʩʪʘʪʦʯʥʦʩʪʠ ʊʆʠʈ ʦʙʦʨʫʜʦʚʘʥʠʷ, 
ʚʳʧʦʣʥʝʥʠʶ ʧʣʘʥʦʚ ʨʝʤʦʥʪʘ [6]. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʚʩʝʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʉʂʊʉ ʥʝ ʧʦʣʴʟʫʶʪʩʷ, 
ʚʩʣʝʜʩʪʚʠʝ ʪʨʫʜʦʝʤʢʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ. 
ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʝʭʥʠʯʝʩʢʠʝ ʦʪʯʝʪʳ ʧʦ ʦʮʝʥʢʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 
ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʥʬʦʨʤʘʪʠʚʥʳ, ʪʘʢ ʢʘʢ ʦʪʩʫʪʩʪʚʫʝʪ 
ʘʥʘʣʠʟ ʩʦʩʪʦʷʥʠʷ ʜʠʘʛʥʦʩʪʠʨʫʝʤʦʛʦ ʵʣʝʤʝʥʪʘ [4,5]. ʇʦʵʪʦʤʫ, ʉʂʊʉ 
ʜʦʣʞʥʘ ʨʘʟʚʠʚʘʪʴʩʷ ʠ ʩʪʘʥʦʚʠʪʴʩʷ ʙʦʣʝʝ ʜʦʩʪʫʧʥʦʡ.  

ɺ ʩʬʝʨʝ ʥʝʬʪʷʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʜʘʥʥʘʷ ʪʝʤʘ ʪʘʢʞʝ ʘʢʪʫʘʣʴʥʘ 
ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʩʝʪʠ ʣʠʥʠʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ, ʢʦʪʦʨʳʝ 
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ʦʙʝʩʧʝʯʠʚʘʶʪ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ ʦʙʲʝʢʪʦʚ ʜʦʙʳʯʠ ʥʝʬʪʠ ʠ ʯʘʩʪʳʝ 
ʩʣʫʯʘʠ ʥʝʩʠʤʤʝʪʨʠʠ. 

ɺʦʟʤʦʞʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʙʦʪ ʚ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ: 
- ʘʜʘʧʪʠʨʦʚʘʪʴ ʤʝʪʦʜʠʢʫ Risk-Based Inspection Technology (RBI) [3] 

ʧʦʜ ʉʂʊʉ, ʪ.ʝ. ʧʦ ʬʘʢʪʫ ʵʪʦ ʤʦʥʠʪʦʨʠʥʛ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʦʮʝʥʢʝ ʨʠʩʢʦʚ. 
- ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʮʝʥʢʫ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʥʘ ʦʩʥʦʚʝ 

ʨʝʩʫʨʩʦʦʧʨʝʜʝʣʷʶʱʠʭ ʫʟʣʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ. 
ʇʦʣʫʯʝʥʠʝ ʧʦʣʝʟʥʦʛʦ ʧʨʦʜʫʢʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ. ʕʢʩʧʣʫʘʪʘʮʠʷ ʜʦʣʞʥʘ 
ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ:  

ï ʦʙʝʩʧʝʯʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 
ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ; 

ï ʦʙʝʩʧʝʯʝʥʠʝ ʧʨʦʤʳʰʣʝʥʥʦʡ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 
ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ;  

ï ʦʙʝʩʧʝʯʝʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ 
ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ.  

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ 
ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʜʝʥʠʝ ʤʦʥʠʪʦʨʠʥʛʘ, ʪʘʢ ʢʘʢ ʥʘ ʙʘʟʝ ʤʦʥʠʪʦʨʠʥʛʘ 
ʬʦʨʤʠʨʫʝʪʩʷ ʩʠʩʪʝʤʘ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʩʣʫʯʘʝʚ ʩ 
ʥʘʨʫʰʝʥʠʝʤ ʧʨʦʤʳʰʣʝʥʥʦʡ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʣʠ 
ʥʘʜʸʞʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ.  

ʇʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʤʦʥʠʪʦʨʠʥʛʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʨʦʢʠ ʝʛʦ 
ʧʨʦʚʝʜʝʥʠʷ. ʆʩʥʦʚʘʥʠʝʤ ʜʣʷ ʧʣʘʥʠʨʦʚʘʥʠʷ ʩʨʦʢʦʚ ʩʣʫʞʠʪ ʥʦʨʤʘʪʠʚʥʘʷ 
ʧʝʨʠʦʜʠʯʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ, ʢʘʢ ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʠʟ 
ʅʊɼ, ʠʣʠ ʧʣʘʥʠʨʫʝʪʩʷ ʩ ʫʯʝʪʦʤ ʜʘʥʥʳʭ ʦ ʪʝʭʥʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ 
ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. ʉ ʮʝʣʴʶ 
ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʣʘʥʠʨʫʝʤʳʝ ʩʨʦʢʠ ʤʦʥʠʪʦʨʠʥʛʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 
ʧʣʘʥʠʨʦʚʘʥʠʝ ʤʦʥʠʪʦʨʠʥʛʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʦʮʝʥʢʝ ʨʠʩʢʦʚ.  

ɼʘʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʟʘʪʨʘʪ ʥʘ 
ʧʨʦʚʝʜʝʥʠʝ ʤʦʥʠʪʦʨʠʥʛʘ ʩ ʫʯʸʪʦʤ ʘʢʪʫʘʣʴʥʳʭ ʜʘʥʥʳʭ ʦʙ ʫʨʦʚʥʝ ʨʠʩʢʦʚ 
ʦʪ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʪʢʘʟʘ. ʇʦʜ ʨʠʩʢʦʤ ʧʦʥʠʤʘʝʪʩʷ ʢʦʤʙʠʥʘʮʠʷ 
ʚʝʨʦʷʪʥʦʩʪʠ ʦʪʢʘʟʘ ʚ ʟʘʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʠ ʧʦʩʣʝʜʩʪʚʠʷ ʦʪʢʘʟʘ. 

ʄʦʥʠʪʦʨʠʥʛ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʦʮʝʥʢʝ ʨʠʩʢʦʚ, ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʥʘ 
ʦʩʥʦʚʝ ʘʢʪʫʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʝʜʳʜʫʱʝʛʦ ʤʦʥʠʪʦʨʠʥʛʘ. 
ʇʣʘʥʠʨʦʚʘʥʠʝ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʦʚʦʜʠʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

ï ʦʧʨʝʜʝʣʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ ʦʪʢʘʟʘ;  
ï ʦʧʨʝʜʝʣʝʥʠʝ ʢʘʪʝʛʦʨʠʠ ʢʨʠʪʠʯʥʦʩʪʠ;  
ï ʦʧʨʝʜʝʣʝʥʠʝ ʢʘʪʝʛʦʨʠʠ ʨʠʩʢʘ;  
ï ʦʧʨʝʜʝʣʝʥʠʝ ʩʨʦʢʘ ʩʣʝʜʫʶʱʝʛʦ ʤʦʥʠʪʦʨʠʥʛʘ. 
ʇʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʤʦʥʠʪʦʨʠʥʛʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʨʦʢʠ ʝʛʦ 

ʧʨʦʚʝʜʝʥʠʷ. ʆʩʥʦʚʘʥʠʝʤ ʜʣʷ ʧʣʘʥʠʨʦʚʘʥʠʷ ʩʨʦʢʦʚ ʩʣʫʞʠʪ ʥʦʨʤʘʪʠʚʥʘʷ 
ʧʝʨʠʦʜʠʯʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʠʟ 
ʅʊɼ ʠʣʠ ʧʣʘʥʠʨʫʝʪʩʷ ʩ ʫʯʝʪʦʤ ʜʘʥʥʳʭ ʦ ʪʝʭʥʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ 
ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. ʉ ʮʝʣʴʶ 
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ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʣʘʥʠʨʫʝʤʳʝ ʩʨʦʢʠ ʤʦʥʠʪʦʨʠʥʛʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 
ʧʣʘʥʠʨʦʚʘʥʠʝ ʤʦʥʠʪʦʨʠʥʛʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʦʮʝʥʢʝ ʨʠʩʢʦʚ (ʨʠʩ. 1).  

ɼʘʥʥʳʡ ʚʠʜ ʧʣʘʥʠʨʦʚʘʥʠʷ ʤʦʥʠʪʦʨʠʥʛʘ ʙʫʜʝʪ ʧʨʠʤʝʥʝʥ ʜʣʷ 
ʦʧʨʝʜʝʣʝʥʠʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʦʧʪʠʤʠʟʘʮʠʠ ʩʨʦʢʦʚ ʧʨʦʚʝʜʝʥʠʷ 
ʤʦʥʠʪʦʨʠʥʛʘ, ʥʘ ʧʨʠʤʝʨʝ ʨʘʩʯʝʪʘ ʜʣʷ ʣʠʥʠʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ. ɼʣʷ ʵʪʦʛʦ 
ʥʝʦʙʭʦʜʠʤʦ ʧʣʘʥʠʨʦʚʘʥʠʝ ʤʦʥʠʪʦʨʠʥʛʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʫʨʦʚʥʝ ʨʠʩʢʦʚ, 
ʘʜʘʧʪʠʨʦʚʘʪʴ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʣʠʥʠʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ. 

 
ʈʠʩʫʥʦʢ 1 - ʂʦʤʧʣʝʢʩʥʳʡ ʤʝʪʦʜ ʦʮʝʥʢʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ 
 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 
- ʩʬʦʨʤʠʨʦʚʘʪʴ ʪʘʙʣʠʮʫ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʫʟʣʦʚ ʣʠʥʠʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ (ʨʠʩ. 2); 
- ʦʧʨʝʜʝʣʠʪʴ ʠ ʩʬʦʨʤʠʨʦʚʘʪʴ ʘʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʧʦʩʣʝʜʩʪʚʠʡ ʦʪʢʘʟʘ 

ʜʣʷ ʣʠʥʠʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ; 
- ʦʧʨʝʜʝʣʠʪʴ ʛʨʘʥʠʮʳ ʜʣʷ ʨʘʥʞʠʨʦʚʘʥʠʷ ʣʠʥʠʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ ʧʦ 

ʛʨʫʧʧʘʤ ʢʨʠʪʠʯʥʦʩʪʠ; 
- ʦʧʨʝʜʝʣʠʪʴ ʠ ʩʬʦʨʤʠʨʦʚʘʪʴ ʘʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʧʦʩʣʝʜʩʪʚʠʡ ʦʪʢʘʟʘ 

ʜʣʷ ʣʠʥʠʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ; 
- ʦʧʨʝʜʝʣʠʪʴ ʛʨʘʥʠʮʳ ʜʣʷ ʨʘʥʞʠʨʦʚʘʥʠʷ ʣʠʥʠʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ ʧʦ 

ʛʨʫʧʧʘʤ ʢʨʠʪʠʯʥʦʩʪʠ. 
ʅʘ ʦʩʥʦʚʝ ʘʜʘʧʪʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʧʣʘʥʠʨʦʚʘʥʠʷ ʤʦʥʠʪʦʨʠʥʛʘ, 

ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʦʮʝʥʢʝ ʨʠʩʢʦʚ, ʧʨʦʠʟʚʝʩʪʠ ʦʧʪʠʤʠʟʘʮʠʶ ʩʨʦʢʦʚ 
ʧʨʦʚʝʜʝʥʠʷ ʤʦʥʠʪʦʨʠʥʛʘ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ. ʅʘ 
ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ ʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ 
ʜʘʥʥʦʛʦ ʚʠʜʘ ʧʣʘʥʠʨʦʚʘʥʠʷ ʤʦʥʠʪʦʨʠʥʛʘ. 
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ʈʠʩʫʥʦʢ 2 ï ʆʧʨʝʜʝʣʝʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 
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ʢʦʤʧʦʥʝʥʪʦʚ ɺʃ. 

5. ʈɼ 153-34.0-09.166-00 ʊʠʧʦʚʘʷ ʧʨʦʛʨʘʤʤʘ ʧʨʦʚʝʜʝʥʠʷ 
ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʦʙʩʣʝʜʦʚʘʥʠʡ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ. 

6. ʉʦʟʜʘʥʠʝ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 
ʦʙʲʝʢʪʦʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ ʠ ʠʭ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɿɸʆ çʊʝʭʥʠʯʝʩʢʘʷ 
ʠʥʩʧʝʢʮʠʷ ɽʕʉè. 
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ʋʉʊʈʆʁʉʊɺʆ ɼʃʗ ʆɹɽɿɿɸʈɸɾʀɺɸʅʀʗ ɺʆɼʓ 
DEVICE FOR WATER DISINFECTION 

 
ɺ.ɹ. ʆʩʥʦʩ1, ɺ.ɺ. ʂʫʥʝʝʚʩʢʠʡ1, ʈ.ʀ. ɺʘʭʠʪʦʚʘ2 

(Vladimir B. Osnos, Vladimir V. Kuneevsky, Rose I. Vakhitova) 
1ʀʥʩʪʠʪʫʪ çʊʘʪʅʀʇʀʥʝʬʪʴè, 2ɸʣʴʤʝʪʴʝʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʥʝʬʪʷʥʦʡ ʠʥʩʪʠʪʫʪ 
(1Institute TatNIPIneft, 2Almetyevsk State Oil Institute) 

 
ʇʨʝʜʣʘʛʘʝʪʩʷ ʢʦʥʩʪʨʫʢʮʠʷ ʫʩʪʘʥʦʚʢʠ ʧʦ ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʶ ʚʦʜʳ, 

ʧʨʠ ʚʦʜʦʧʦʜʛʦʪʦʚʢʝ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ ʠ ʤʦʙʠʣʴʥʦʤ ʚʘʨʠʘʥʪʝ. 
The design of the plant for water disinfection, for water treatment in stationary and 

mobile versions is proposed. 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ, ʚʦʜʦʧʦʜʛʦʪʦʚʢʘ, 

ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʝ, ʘʥʘʣʠʟ ʚʦʜʳ, ʭʣʦʨʠʨʦʚʘʥʠʝ. 
Key words: microorganisms, water treatment, disinfection, water analysis, 

chlorination. 

 
 
ʇʨʝʜʣʦʞʝʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʧʨʠ ʚʦʜʦʧʦʜʛʦʪʦʚʢʝ (ʩʪʘʮʠʦʥʘʨʥʳʡ ʠ ʤʦʙʠʣʴʥʳʡ ʚʘʨʠʘʥʪ). 
ɹʘʢʪʝʨʠʠ ʠ ʤʠʢʨʦʙʳ ʷʚʣʷʶʪʩʷ ʦʜʥʦʢʣʝʪʦʯʥʳʤʠ ʠ ʠʤʝʶʪ ʨʘʟʤʝʨ ʦʪ 

20 ʜʦ 0,2 ʤʢʤ, ʩʦʩʪʦʷʪ ʠʟ ʮʠʪʦʧʣʘʟʤʳ ʠ ʷʜʨʘ, ʦʢʨʫʞʝʥʥʦʛʦ ʦʙʦʣʦʯʢʦʡ. 
ɺʥʫʪʨʠ ʵʪʦʡ ʦʙʦʣʦʯʢʠ ʩʦʜʝʨʞʘʪʩʷ ʚ ʯʘʩʪʥʦʩʪʠ ʧʨʦʜʫʢʪʳ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʢʣʝʪʢʠ (ʨʘʩʪʚʦʨʝʥʥʳʝ ʛʘʟʳ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʦʪʦʨʳʭ 
ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ). 

ɺ ʧʨʝʜʣʘʛʘʝʤʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩʦʟʜʘʶʪʩʷ ʫʩʣʦʚʠʷ ʜʣʷ ʚʩʢʠʧʘʥʠʷ 
ʞʠʜʢʦʩʪʠ ʚʥʫʪʨʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʩʳʱʝʥʠʷ 
ʞʠʜʢʦʩʪʠ ʢʘʢʠʤ-ʣʠʙʦ ʛʘʟʦʤ. ʂʨʦʤʝ ʪʦʛʦ, ʫʮʝʣʝʚʰʠʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʠ ʠʭ 
ʩʧʦʨʳ ʧʦʜʚʝʨʛʘʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ ʚ ʠʩʢʫʩʩʪʚʝʥʥʦ 
ʩʦʟʜʘʚʘʝʤʳʭ ʩʢʘʯʢʘʭ ʫʧʣʦʪʥʝʥʠʡ (ʫʜʘʨʥʳʭ ʚʦʣʥ). 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʦʧʠʩʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ 
ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʩʦʙʳʭ ʩʚʦʡʩʪʚ ʨʘʚʥʦʚʝʩʥʳʭ 
ʜʚʫʭʬʘʟʥʳʭ ʛʘʟʦʞʠʜʢʦʩʪʥʳʭ ʠ ʛʘʟʦʧʘʨʦʚʳʭ ʩʤʝʩʝʡ, ʚ ʢʦʪʦʨʳʭ ʥʘ 
ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʦʝ ʧʘʜʝʥʠʝ ʚʝʣʠʯʠʥʳ ʤʝʩʪʥʦʡ 
ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ. ɼʣʷ ʪʘʢʦʡ ʩʤʝʩʠ ʩʧʝʮʠʘʣʴʥʦ ʩʦʟʜʘʥʘ ʫʩʪʘʥʦʚʢʘ, 
ʩʦʩʪʦʷʱʘʷ ʠʟ ʥʘʩʦʩʘ, ʩʦʧʣʦʚʦʛʦ ʙʘʢʘ, ʩʦʝʜʠʥʝʥʥʦʛʦ ʩ ʢʦʥʬʫʟʦʨʦʤ, 
ʩʥʘʙʞʝʥʥʦʛʦ ʮʠʣʠʥʜʨʠʯʝʩʢʠʤ ʢʘʥʘʣʦʤ ʩ ʜʠʬʬʫʟʦʨʦʤ ʩʧʝʮʠʘʣʴʥʦʡ 
ʢʦʥʩʪʨʫʢʮʠʠ, ʙʘʢʘ ʠ ʧʦʜʚʦʜʷʱʠʭ ʠ ʦʪʚʦʜʷʱʠʭ ʤʘʛʠʩʪʨʘʣʝʡ. 
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ʈʠʩʫʥʦʢ 1 ï ʋʩʪʘʥʦʚʢʘ ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʷ ʚʦʜʳ 

1 ï ʥʘʩʦʩ; 2 ï ʩʦʧʣʦʚʦʡ ʙʣʦʢ; 3 ï ʢʦʥʬʫʟʦʨ; 4 ï ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ 
ʢʘʥʘʣ ʩ ʜʠʬʬʫʟʦʨʦʤ; 5 ï ʙʘʢ. 

 
ʊʝʭʥʦʣʦʛʠʷ ʙʳʣʘ ʦʧʨʦʙʦʚʘʥʘ ʥʘ ʨʝʘʣʴʥʦʡ ʥʝʦʯʠʱʝʥʥʦʡ ʚʦʜʝ ʨʝʢʠ 

çʄʦʩʢʚʘè ʩ ʧʦʤʦʱʴʶ ʦʧʳʪʥʦʡ ʫʩʪʘʥʦʚʢʠ, ʠʤʝʶʱʝʡ ʙʘʢ ʩ ʦʙʲʝʤʦʤ 10 ʣ ʠ 
ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 2,1 ʤ3/ʯʘʩ. ʆʙʨʘʪʥʘʷ ʫʩʪʘʥʦʚʢʘ ʚʦʜʳ ʧʦʜʚʝʨʛʘʣʘʩʴ 
ʘʥʘʣʠʟʫ, ʢʦʪʦʨʳʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ ʠʩʭʦʜʥʦʤ ʟʥʘʯʝʥʠʠ ʦʙʱʠʭ 
ʢʦʣʠʬʦʨʤʥʳʭ ʙʘʢʪʝʨʠʡ (ʢʦʣʠ ʬʘʢʪʦʨ) ʚ 550 ʝʜʠʥʠʮ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ 
ʧʦʣʫʯʝʥ 0, ʘ ʧʦ ʦʙʱʝʤʫ ʤʠʢʨʦʙʥʦʤʫ ʯʠʩʣʫ ʧʦʣʫʯʝʥʦ ʩʥʠʞʝʥʠʝ ʩ 40 ʜʦ 15, 
ʯʪʦ ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʢʘʟʘʪʝʣʷʤ ʩʪʘʥʜʘʨʪʥʦʛʦ ʭʣʦʨʠʨʦʚʘʥʠʷ 
ʚʦʜʳ. 

ʕʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʪʘʢʦʡ ʫʩʪʘʥʦʚʢʠ ʩʦʩʪʘʚʣʷʝʪ 0,3 ʢɺʪ/ʯʘʩ ʥʘ 1 ʤ3. 
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ʈɸɿʈɸɹʆʊʂɸ ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʆɻʆ ʆɹʈɸɿʎɸ ʃʀʅɽʁʅʆɻʆ 
ʕʃɽʂʊʈʆɼɺʀɻɸʊɽʃʗ ɹɽʉʐʊɸʅɻʆɺʆɻʆ ʇʆɻʈʋɾʅʆɻʆ 
ʅɸʉʆʉʅʆɻʆ ʋʉʊʈʆʁʉʊɺɸ ɼʃʗ ʊʗɾɽʃʓʍ ʋʉʃʆɺʀʁ 

ʅɽʌʊɽɼʆɹʓʏʀ 
DEVELOPMENT OF THE EXPERIMENTAL SAMPLE OF THE LINEAR ELECTRIC 

MOTOR OF THE STRAIGHT-LOAD SUBMERSIBLE PUMP DEVICE FOR HEAVY OIL 
CONDITIONS 

 
ɸ.ʈ. ʉʘʬʠʥ, ʀ.ɺ. ʀʚʰʠʥ, ɸ.ʅ. ʎʚʝʪʢʦʚ, ɸ.ʄ. ʂʦʧʳʣʦʚ, ʈ.ʈ. 

ɻʠʙʘʜʫʣʣʠʥ, ʃ.ɺ. ɼʦʣʦʤʘʥʶʢ  
(Alfred R. Safin, Igor V. Ivshin, Aleksey N. Tsvetkov, Andrey M. Kopylov, Ramil R. 

Gibadullin, Leonid V. Dolomanyk) 

ʂʘʟʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  
(Kazan State Power Engineering University) 

 
ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʤʝʪʦʜʠʯʝʩʢʠʭ ʠ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʩʦʟʜʘʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 
ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʣʠʥʝʡʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ ʤʦʱʥʦʩʪʴʶ 20ï40 
ʢɺʪ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʥʝʬʪʝʜʦʙʳʯʠ ʥʘ ʥʠʟʢʦʜʝʙʠʪʥʳʭ ʩʢʚʘʞʠʥʘʭ. 

The article considers the development of new methodical and constructive solutions 
in the field of creation and operation of energy efficient linear electric machines with a power 
of 20-40 kW, designed for oil production at low-yield wells. 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʬʪʝʜʦʙʳʯʘ, ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʤʘʰʠʥʘ, ʚʦʟʚʨʘʪʥʦ-ʧʦʩʪʫʧʘʪʝʣʴʥʘʷ 
ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʤʘʰʠʥʘ, ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ. 

Key words: oil production, energy efficiency, electric machine, reciprocating electric 
machine, mathematical model. 

 
 

ʃʠʥʝʡʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʘʰʠʥʳ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ 
ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʝ ʚ ʩʦʩʪʘʚʝ ʘʚʪʦʥʦʤʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʢʘʭ ʩʦ 
ʩʚʦʙʦʜʥʦʧʦʨʰʥʝʚʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ, ʚ ʚʦʣʥʦʚʳʭ ʛʝʥʝʨʘʪʦʨʘʭ, ʘ ʪʘʢʞʝ ʚ 
ʛʠʙʨʠʜʥʳʭ ʘʚʪʦʤʦʙʠʣʷʭ. ɺ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʙʣʘʩʪʠ ʵʪʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ 
ʩʦʟʜʘʥʠʝ ʣʠʥʝʡʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʚʦʟʚʨʘʪʥʦ-ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ 
ʜʚʠʞʝʥʠʷ ʙʝʩʰʪʘʥʛʦʚʦʛʦ ʧʦʛʨʫʞʥʦʛʦ ʥʘʩʦʩʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʪʷʞʝʣʳʭ 
ʫʩʣʦʚʠʡ ʥʝʬʪʝʜʦʙʳʯʠ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʛʨʫʞʥʦʛʦ ʥʘʩʦʩʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʩ 
ʣʠʥʝʡʥʳʤ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ (ʨʠʩʫʥʦʢ 1): 

Å ʉʦʢʨʘʱʝʥʠʝ ʨʘʩʭʦʜʦʚ ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʥʝʬʪʝʩʢʚʘʞʠʥʳ; 
Å ʕʢʦʥʦʤʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʜʦ 50%; 
Å ɺʦʟʤʦʞʥʦʩʪʴ ʚʪʦʨʠʯʥʦʛʦ ʦʩʚʦʝʥʠʷ ʦʪʨʘʙʦʪʘʥʥʳʭ ʩʢʚʘʞʠʥ; 
Å ʐʠʨʦʢʘʷ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ; 
Å ʈʘʙʦʪʘ ʚ ʪʷʞʝʣʳʭ ʫʩʣʦʚʠʷʭ; 
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Å ʕʢʦʥʦʤʠʷ ʥʘ ʩʝʨʚʠʩʥʦʤ ʦʙʩʣʫʞʠʚʘʥʠʠ. 

 
ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʘ ʧʦʛʨʫʞʥʦʛʦ ʥʘʩʦʩʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

 
ʄʝʪʦʜʠʢʘ ʚʳʙʦʨʘ ʠ ʦʙʦʩʥʦʚʘʥʠʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʣʠʥʝʡʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʘʰʠʥʳ 
ʉ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʮʠʦʥʘʣʴʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʣʠʥʝʡʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʘʰʠʥʳ ʨʝʘʣʠʟʦʚʘʥʘ ʢʦʥʮʝʧʮʠʷ ʧʘʨʘʣʣʝʣʴʥʦʛʦ 
ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʚ ʠʥʦʩʪʨʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʝ Co-Simulation) [11,12].  

ɼʘʥʥʘʷ ʢʦʥʮʝʧʮʠʷ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʠʟʚʦʜʠʪʴ ʦʙʤʝʥ ʜʘʥʥʳʤʠ 
ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʧʨʦʛʨʘʤʤʘʤʠ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, 
ʪʦʯʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʘʟʤʝʨʦʚ 
ʜʝʪʘʣʝʡ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʦʠʟʚʦʜʠʪʴ ʦʙʤʝʥ ʜʘʥʥʳʤʠ 
ʤʝʞʜʫ ʧʨʦʛʨʘʤʤʘʤʠ Matlab/Simulink, ʠ CatiaV5 ʯʝʨʝʟ ʩʧʝʮʠʘʣʴʥʦ 
ʥʘʧʠʩʘʥʥʫʶ ʦʨʠʛʠʥʘʣʴʥʫʶ ʧʨʦʛʨʘʤʤʫ. 

ɺ ʢʘʯʝʩʪʚʝ ʩʨʝʜʳ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 
ʤʘʰʠʥʳ ʚʦʟʚʨʘʪʥʦ-ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʝʡʩʪʚʠʷ, ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ 
ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʚʳʙʨʘʥ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ 
Matlab/Simulink ʠ ʙʠʙʣʠʦʪʝʢʘ ʙʣʦʢʦʚ SimPowerSystems, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ 
ʦʜʥʦʡ ʠʟ ʤʥʦʞʝʩʪʚʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʙʠʙʣʠʦʪʝʢ Simulink, 
ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ. 
SimPowerSystems ʩʦʜʝʨʞʠʪ ʥʘʙʦʨ ʙʣʦʢʦʚ ʜʣʷ ʠʤʠʪʘʮʠʦʥʥʦʛʦ 
ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ.  

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʤʦʜʝʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʣʦʢʦʚ SimPowerSystems 
ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʣʦʢʠ ʠ ʦʩʪʘʣʴʥʳʭ ʙʠʙʣʠʦʪʝʢ Simulink, ʘ ʪʘʢʞʝ 
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ʬʫʥʢʮʠʠ ʩʘʤʦʛʦ MATLAB, ʚ ʪʦʤ ʯʠʩʣʝ ʙʣʦʢ ʦʧʪʠʤʠʟʘʮʠʠ 
OptimizationToolbox, ʯʪʦ ʜʘʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʛʨʘʥʠʯʝʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ 
ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ [6]. 

ɼʘʥʥʳʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ Matlab-Simulink 
ʥʘ ʦʩʥʦʚʝ ʧʨʦʛʨʘʤʤ, ʥʘʧʠʩʘʥʥʳʭ ʥʘ ʷʟʳʢʝ Matlab, ʧʝʨʝʜʘʶʪʩʷ ʚ 
ʧʨʦʝʢʪʥʫʶ ʪʘʙʣʠʮʫ Excel, ʢʦʪʦʨʘʷ ʩʠʥʭʨʦʥʠʟʠʨʫʝʪʩʷ ʩ ʉɸʇʈ CATIAV5. ɺ 
CATIAV5 ʩʪʨʦʷʪʩʷ 3D ʤʦʜʝʣʠ ʩʪʘʪʦʨʘ ʠ ʪʨʘʥʩʣʷʪʦʨʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 
ʤʘʰʠʥʳ.  

ʈʘʟʨʘʙʦʪʘʥ ʠʩʧʳʪʘʪʝʣʴʥʳʡ ʩʪʝʥʜ ʜʣʷ ʫʛʣʫʙʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʨʘʪʠʤʦʡ ʣʠʥʝʡʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʘʰʠʥʳ (ʨʠʩʫʥʦʢ 2). 
ʉʪʝʥʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: ʫʩʠʣʠʝ ʥʘ ʪʨʘʥʩʣʷʪʦʨʝ 
ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʘʰʠʥʳ ʜʦ 12 ʢʅ; ʥʘʧʨʷʞʝʥʠʝ: 0é400ɺ; ʵʣʝʢʪʨʠʯʝʩʢʠʡ 
ʪʦʢ: 0é100 ɸ; ʧʝʨʝʤʝʱʝʥʠʝ ʪʨʘʥʩʣʷʪʦʨʘ: 50é120 ʤʤ; ʪʦʯʥʦʩʪʴ 
ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʪʨʘʥʩʣʷʪʦʨʘ: 0,1 ʤʤ; ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ 
ʪʨʘʥʩʣʷʪʦʨʘ: 0é15 ʤ/ʩ; ʜʠʘʧʘʟʦʥ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 0ÁC ʜʦ 150 ÁC. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʛʦʪʦʚʣʝʥ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʦʙʨʘʟʝʮ 
ʣʠʥʝʡʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʘʰʠʥʳ ʚʦʟʚʨʘʪʥʦ-ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ, 
ʧʨʦʚʦʜʷʪʩʷ ʠʩʧʳʪʘʥʠʷ.  

ɺʝʜʫʪʩʷ ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʤʝʪʦʜʠʢʠ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʧʦʛʨʫʞʥʦʡ 
ʫʩʪʘʥʦʚʢʠ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʩʧʝʢʪʨʘ ʧʦʪʨʝʙʣʷʝʤʦʛʦ ʪʦʢʘ, ʢʦʪʦʨʘʷ 
ʦʩʥʦʚʘʥʘ ʥʘ ʪʦʤ, ʯʪʦ ʣʶʙʳʝ ʚʦʟʤʫʱʝʥʠʷ ʚ ʨʘʙʦʪʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠʣʠ 
ʤʝʭʘʥʠʯʝʩʢʦʡ ʯʘʩʪʠ ʣʠʥʝʡʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʠ ʩʚʷʟʘʥʥʦʛʦ ʩ ʥʠʤ 
ʤʝʭʘʥʠʟʤʘ (ʧʣʫʥʞʝʨʥʳʡ ʥʘʩʦʩ) ʧʨʠʚʦʜʷʪ ʢ ʠʟʤʝʥʝʥʠʷʤ ʤʘʛʥʠʪʥʦʛʦ 
ʧʦʪʦʢʘ ʚ ʟʘʟʦʨʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʘʰʠʥʳ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢ ʤʦʜʫʣʷʮʠʠ 
ʧʦʪʨʝʙʣʷʝʤʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ ʪʦʢʘ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ 
ʥʝʦʙʭʦʜʠʤʘ ʨʘʟʨʘʙʦʪʢʘ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ.  

 

ʈʠʩʫʥʦʢ 2 ï ʀʩʧʳʪʘʪʝʣʴʥʳʡ ʩʪʝʥʜ 
 

ɺʘʞʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʤʝʪʦʜʠʢʠ ʷʚʣʷʝʪʩʷ ʪʦ, 
ʯʪʦ ʧʨʦʚʝʜʝʥʠʝ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʪʨʝʙʣʷʝʤʦʛʦ ʪʦʢʘ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʦ 
ʚ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʤ ʱʠʪʝ ʧʠʪʘʥʠʷ ʠʣʠ ʫʧʨʘʚʣʝʥʠʷ, ʧʨʠ ʵʪʦʤ ʨʝʞʠʤ 
ʨʘʙʦʪʳ ʣʠʥʝʡʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʧʦʛʨʫʞʥʦʛʦ ʥʘʩʦʩʘ ʥʝ ʠʟʤʝʥʷʝʪʩʷ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ 
ʥʘʫʢʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ ʬʝʜʝʨʘʣʴʥʦʡ ʮʝʣʝʚʦʡ 
ʧʨʦʛʨʘʤʤʳ çʀʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʧʦ ʧʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ 
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ʨʘʟʚʠʪʠʷ ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʈʦʩʩʠʠ ʥʘ 2014 - 2020 
ʛʦʜʳè, ʩʦʛʣʘʰʝʥʠʝ ʦ ʧʨʝʜʦʩʪʘʚʣʝʥʠʠ ʩʫʙʩʠʜʠʠ ʦʪ ç20è ʦʢʪʷʙʨʷ 2014 ʛ. ˉ 
14.577.21.0121, ʫʥʠʢʘʣʴʥʳʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʧʨʠʢʣʘʜʥʳʭ ʥʘʫʯʥʳʭ 
ʠʩʩʣʝʜʦʚʘʥʠʡ (ʧʨʦʝʢʪʘ) RFMEFI57714X0121. 
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ʆʇʊʀʄʀɿɸʎʀʗ ɿɸʊʈɸʊ ʅɸ ʊɽʇʃʆʉʅɸɹɾɽʅʀɽ 

ʇʈʆʀɿɺʆɼʉʊɺɽʅʅʓʍ ʆɹʒɽʂʊʆɺ ʇʆɼɻʆʊʆɺʂʀ ʅɽʌʊʀ ɺ ʅɻɼʋ 
çʇʈʀʂɸʄʅɽʌʊʔè 

OPTIMIZATION OF HEAT SUPPLY COSTS AT óNGDU PRIKANEFTò OIL TREATMENT 
PRODUCTION FACILITIES  

 
ɺ.ʈ. ʌʘʪʳʭʦʚ, ɸ.ʈ. ʉʘʜʨʠʝʚ 

(Vadim R. Fatykhov, Aidar R. Sadriev) 

ʇɸʆ çʊʘʪʥʝʬʪʴè ʅɻɼʋ çʇʨʠʢʘʤʥʝʬʪʴè 
(PJSC TATNEFT, Gas Production Department çPrikamneftè) 

 
ʊʝʧʣʦʩʥʘʙʞʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʟʜʘʥʠʡ, ʧʦʤʝʱʝʥʠʡ ʦʙʲʝʢʪʦʚ 

ʧʦʜʛʦʪʦʚʢʠ ʥʝʬʪʠ ʚ ʅɻɼʋ çʇʨʠʢʘʤʥʝʬʪʴè ʨʝʘʣʠʟʦʚʘʥʦ ʣʠʙʦ ʟʘ ʩʯʝʪ 
ʢʦʪʝʣʴʥʳʭ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʘʨʝʥʜʝ ʆʆʆ çʊʝʧʣʦʕʥʝʨʛʦʉʝʨʚʠʩè ï ʚʳʩʦʢʠʝ 
ʝʞʝʛʦʜʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʧʦʢʫʧʢʫ ʪʝʧʣʦʵʥʝʨʛʠʠ, ʣʠʙʦ ʟʘ ʩʯʝʪ ʵʢʩʧʣʫʘʪʘʮʠʠ 
ʵʣʝʢʪʨʦʢʦʪʣʦʚ ï ʚʳʩʦʢʠʝ ʝʞʝʛʦʜʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʧʦʢʫʧʢʫ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 
ɼʣʷ ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʝʨʝʚʝʩʪʠ ʩʠʩʪʝʤʫ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ 
ʦʙʲʝʢʪʦʚ ʥʘ ʦʪʦʧʣʝʥʠʝ ʦʪ ʧʫʪʝʚʳʭ ʧʦʜʦʛʨʝʚʘʪʝʣʝʡ, ʠʩʧʦʣʴʟʫʷ ʪʝʧʣʦʚʫʶ 
ʵʥʝʨʛʠʶ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ - ʚʦʜʳ.  

ʕʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʸʪ ʩʦʢʨʘʱʝʥʠʷ ʟʘʪʨʘʪ ʥʘ 
ʧʦʢʫʧʢʫ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

Heat supply of technical buildings and oil treatment production facilities of NGDU 
ñPrikamneftò is provided either by boiler houses, leased by ñTeploenergoserviceò LLC, that 
entails high heat annual costs or for the account of electric boilers operation, that entails 
high electric power annual purchase costs. To cut the costs it is proposed to switch over 
facilities heat supply system to line heaters using intermediate coolants (water) heat power.  

Economic effect is achieved by reducing heat and electric power purchase costs.  

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʪʝʧʣʦʩʥʘʙʞʝʥʠʝ, 

ʦʧʪʠʤʠʟʘʮʠʷ, ʧʫʪʝʚʳʝ ʧʦʜʦʛʨʝʚʘʪʝʣʠ, ʫʪʠʣʠʟʘʮʠʷ ʇʅɻ. 
Keywords: energy saving, heat supply, optimization, line heaters, APG utilization. 

 
 
ɺ ʨʘʤʢʘʭ ʩʪʨʘʪʝʛʠʠ ʨʘʟʚʠʪʠʷ ʇɸʆ çʊʘʪʥʝʬʪʴè ʜʦ 2025 ʛʦʜʘ, ʚ ʙʣʦʢʝ 

çʈʘʟʨʘʙʦʪʢʘ ʠ ɼʦʙʳʯʘè, ʦʜʥʦʡ ʠʟ ʮʝʣʝʡ ʷʚʣʷʝʪʩʷ ʩʥʠʞʝʥʠʝ 
ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ. ɼʣʷ ʵʪʦʛʦ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʜʦʨʦʞʥʘʷ ʢʘʨʪʘ 



39 

 

ʙʣʦʢʘ çʈʠɼè, ʚʢʣʶʯʘʶʱʘʷ ʚʳʧʦʣʥʝʥʠʝ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʠʥʠʮʠʘʪʠʚ ʧʦ 
ʥʘʧʨʘʚʣʝʥʠʷʤ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʦʤʧʘʥʠʠ. ʀʥʠʮʠʘʪʠʚʳ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ 
çʧʦʜʛʦʪʦʚʢʘ ʠ ʩʜʘʯʘ ʥʝʬʪʠè ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ - 
ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʝʯʝʡ ʥʘʛʨʝʚʘ ʥʝʬʪʠ ʠ ʧʫʪʝʚʳʭ 
ʧʦʜʦʛʨʝʚʘʪʝʣʝʡ, ʦʧʪʠʤʠʟʘʮʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ ʥʘ ʧʦʜʛʦʪʦʚʢʫ 
ʧʨʦʜʫʢʮʠʠ ʩʢʚʘʞʠʥ (ʛʘʟ, ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ ʠ ʪ.ʜ.), ʘ ʪʘʢʞʝ ʧʨʠʤʝʥʝʥʠʝ 
ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʧʦʜʛʦʪʦʚʢʠ 
ʧʨʦʜʫʢʮʠʠ ʩʢʚʘʞʠʥ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ ʩʪʨʘʪʝʛʠʡ ʚ ʅɻɼʋ çʇʨʠʢʘʤʥʝʬʪʴè ʙʳʣʠ 
ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʟʘʪʨʘʪʳ ʧʦ ʦʙʲʝʢʪʘʤ ʧʦʜʛʦʪʦʚʢʠ ʠ 
ʧʝʨʝʢʘʯʢʠ ʥʝʬʪʠ (ʇʇʅ). 

ɺ ʭʦʜʝ ʘʥʘʣʠʟʘ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʪʦʣʴʢʦ ʥʘ ʪʝʧʣʦʩʥʘʙʞʝʥʠʝ ʚʩʝʭ 
ʦʙʲʝʢʪʦʚ ʇʇʅ ʝʞʝʛʦʜʥʦ ʟʘʪʨʘʯʠʚʘʝʪʩʷ ʙʦʣʝʝ 7 ʤʣʥ. ʨʫʙ ʚ ʛʦʜ. 

ʊʝʧʣʦʩʥʘʙʞʝʥʠʝ ʨʝʘʣʠʟʦʚʘʥʦ ʣʠʙʦ ʟʘ ʩʯʝʪ ʢʦʪʝʣʴʥʳʭ, ʥʘʭʦʜʷʱʠʭʩʷ 
ʚ ʘʨʝʥʜʝ ʆʆʆ çʊʝʧʣʦʕʥʝʨʛʦʉʝʨʚʠʩè ï ʚʳʩʦʢʠʝ ʝʞʝʛʦʜʥʳʝ ʟʘʪʨʘʪʳ ʥʘ 
ʧʦʢʫʧʢʫ ʪʝʧʣʦʵʥʝʨʛʠʠ, ʣʠʙʦ ʟʘ ʩʯʝʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʣʝʢʪʨʦʢʦʪʣʦʚ ï 
ʚʳʩʦʢʠʝ ʝʞʝʛʦʜʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʧʦʢʫʧʢʫ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ.  

ɺʦʟʥʠʢ ʚʦʧʨʦʩ, ʢʘʢ ʤʦʞʥʦ ʩʥʠʟʠʪʴ ʜʘʥʥʳʝ ʟʘʪʨʘʪʳ ʥʘ 
ʪʝʧʣʦʩʥʘʙʞʝʥʠʝ, ʘ ʪʘʢʞʝ ʧʦʚʳʩʠʪʴ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ 
ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʦʚ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ɺʘʨʠʘʥʪʳ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʦʙʲʝʢʪʦʚ ʇʇʅ 

 
ʇʦ ʢʘʞʜʦʤʫ ʦʙʲʝʢʪʫ ʇʇʅ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʥʠʞʝʥʠʷ ʜʘʥʥʳʭ ʟʘʪʨʘʪ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʜʛʦʪʦʚʢʠ ʪʘʢʞʝ ʧʦʣʫʯʝʥʦ 
ʧʠʩʴʤʦ-ʨʘʟʨʝʰʝʥʠʝ ʦʪ ʟʘʚʦʜʘ-ʠʟʛʦʪʦʚʠʪʝʣʷ ʥʘ ʚʥʝʩʝʥʠʝ ʠʟʤʝʥʝʥʠʡ ʚ 
ʢʦʥʩʪʨʫʢʮʠʶ ʧʫʪʝʚʦʛʦ ʧʦʜʦʛʨʝʚʘʪʝʣʷ. ʇʨʦʝʢʪʥʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ 
ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʥʘʤʠ ʧʦʣʫʯʝʥʘ ʨʘʙʦʯʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ ʧʦ ʪʝʭʥʠʯʝʩʢʦʤʫ 
ʧʝʨʝʚʦʦʨʫʞʝʥʠʶ ʩʠʩʪʝʤʳ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ. 

ɼʣʷ ʧʦʜʦʛʨʝʚʘ ʥʝʬʪʠ ʠ ʫʪʠʣʠʟʘʮʠʠ ʧʦʧʫʪʥʦʛʦ ʥʝʬʪʷʥʦʛʦ ʛʘʟʘ (ʇʅɻ) 
ʥʘ ʚʩʝʭ ʫʩʪʘʥʦʚʢʘʭ ʇʇʅ ʧʨʠʤʝʥʷʶʪʩʷ ʧʫʪʝʚʳʝ ʧʦʜʦʛʨʝʚʘʪʝʣʠ (ʇʇ).  
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ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʇʇ ʩʣʝʜʫʶʱʠʡ. ɺ ʢʦʨʧʫʩʝ ʧʫʪʝʚʦʛʦ ʧʦʜʦʛʨʝʚʘʪʝʣʷ 
ʠʤʝʝʪʩʷ ʝʤʢʦʩʪʴ ʩ ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ ï ʚʦʜʦʡ, ʢʦʪʦʨʳʡ ʧʦʜʦʛʨʝʚʘʝʪʩʷ ʟʘ 
ʩʯʝʪ ʪʝʧʣʘ ʫʭʦʜʷʱʠʭ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʩʛʦʨʘʥʠʷ ʇʅɻ. ʅʝʬʪʷʥʘʷ ʵʤʫʣʴʩʠʷ, 
ʧʨʦʭʦʜʷ ʧʦ ʟʤʝʝʚʠʢʫ ʯʝʨʝʟ ʪʝʧʣʦʥʦʩʠʪʝʣʴ, ʧʦʜʦʛʨʝʚʘʝʪʩʷ ʜʦ ʪʨʝʙʫʝʤʦʡ 
ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʥʘʧʨʘʚʣʷʝʪʩʷ ʜʘʣʴʰʝ ʚ ʪʝʭʥʦʣʦʛʠʶ. 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʜʣʷ ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ ʥʘ ʪʝʧʣʦʩʥʘʙʞʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ 
ʠʩʪʦʯʥʠʢʘ ʛʝʥʝʨʘʮʠʠ ʪʝʧʣʘ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʫʪʝʚʳʝ ʧʦʜʦʛʨʝʚʘʪʝʣʠ, ʪʦ ʝʩʪʴ 
ʨʘʩʩʤʦʪʨʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʚʦʜʘ ʩʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ ʟʜʘʥʠʡ ʥʘ 
ʦʙʲʝʢʪʘʭ ʇʇʅ ʥʘ ʦʪʦʧʣʝʥʠʝ ʦʪ ʧʫʪʝʚʳʭ ʧʦʜʦʛʨʝʚʘʪʝʣʝʡ, ʠʩʧʦʣʴʟʦʚʘʚ 
ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʪʝʧʣʦʥʦʩʠʪʝʣʴ-ʚʦʜʫ. 

ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʝʩʪʠ ʚʨʝʟʢʫ ʜʚʫʭ ʬʣʘʥʮʝʚ ʚ ʢʦʨʧʫʩ 
ʧʦʜʦʛʨʝʚʘʪʝʣʷ ʠ ʥʘʧʨʘʚʠʪʴ ʧʦʪʦʢ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʜʣʷ ʮʠʨʢʫʣʷʮʠʠ ʚ 
ʩʠʩʪʝʤʫ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ. 

ʆʧʨʝʜʝʣʝʥʳ ʥʝʦʙʭʦʜʠʤʳʝ ʦʙʲʝʤʳ ʪʝʧʣʦʧʦʪʨʝʙʣʝʥʠʷ ʜʣʷ 
ʦʙʝʩʧʝʯʝʥʠʷ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʦʙʲʝʢʪʦʚ, ʨʘʩʩʯʠʪʘʥʳ ʥʝʦʙʭʦʜʠʤʦʝ 
ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʭʦʜʘ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʥʘ ʧʦʜʜʝʨʞʘʥʠʝ ʜʘʥʥʦʛʦ ʦʙʲʝʤʘ 
ʪʝʧʣʘ ʧʦ ʦʙʲʝʢʪʘʤ, ʧʦ ʥʘʧʦʨʫ ʠ ʨʘʩʭʦʜʫ ʧʦʜʦʙʨʘʥʳ ʮʠʨʢʫʣʷʮʠʦʥʥʳʝ 
ʥʘʩʦʩʳ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʚ ʅɻɼʋ çʇʨʠʢʘʤʥʝʬʪʴè ʙʳʣʠ 
ʦʪʢʨʳʪʳ ʠ ʨʝʘʣʠʟʦʚʘʥʳ ʧʨʦʝʢʪʳ ʥʘ ʪʘʢʠʭ ʦʙʲʝʢʪʘʭ ʢʘʢ ʇʇʉʅ çʅʦʚʦ-
ʉʫʢʩʠʥʩʢʠʡè, ʋʇʇʅ çɹʦʥʜʶʞʩʢʠʡè, ʋʇʇʅ çʂʳʟʳʣ-ʊʘʫè ʠ ʋʇʇʅ 
çɹʘʩʪʨʳʢè. 

ʊʝʧʣʦʩʥʘʙʞʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʟʜʘʥʠʡ ʠ ʧʦʤʝʱʝʥʠʡ ʦʙʲʝʢʪʦʚ 
ʇʇʉʅ çʅʦʚʦ-ʉʫʢʩʠʥʩʢʠʡè ʠ ʋʇʇʅ çɹʦʥʜʶʞʩʢʠʡè ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 
ʢʦʪʝʣʴʥʳʤʠ, ʥʘʭʦʜʷʱʠʤʠʩʷ ʚ ʘʨʝʥʜʝ ʆʆʆ çʊʝʧʣʦ-ʕʥʝʨʛʦʩʝʨʚʠʩè. 
ʉʫʤʤʘʨʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʪʝʧʣʦʵʥʝʨʛʠʠ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 900 ɻʢʘʣ ʠ 1200 
ɻʢʘʣ ʝʞʝʛʦʜʥʦ, ʪʦ ʝʩʪʴ ʝʞʝʛʦʜʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ 
ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʦʙʲʝʢʪʦʚ ʩʦʩʪʘʚʣʷʶʪ ʦʢʦʣʦ 1300 ʪʳʩ.ʨʫʙ. ʠ 1500 
ʪʳʩ.ʨʫʙ. ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʊʝʧʣʦʩʥʘʙʞʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʟʜʘʥʠʡ ʠ ʧʦʤʝʱʝʥʠʡ ʦʙʲʝʢʪʦʚ 
ʋʇʇʅ çʂʳʟʳʣ-ʊʘʫè ʠ ʋʇʇʅ çɹʘʩʪʨʳʢè ʨʝʘʣʠʟʦʚʘʥʘ ʟʘ ʩʯʝʪ ʵʢʩʧʣʫʘʪʘʮʠʠ 
ʵʣʝʢʪʨʦʢʦʪʣʦʚ. ʉʫʤʤʘʨʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʩʦʩʪʘʚʣʷʝʪ 
ʦʢʦʣʦ 315ʪʳʩ.ʢɺʪ*ʯʘʩ ʠ 450ʪʳʩ.ʢɺʪ*ʯʘʩ ʝʞʝʛʦʜʥʦ, ʪʦ ʝʩʪʴ ʝʞʝʛʦʜʥʳʝ 
ʟʘʪʨʘʪʳ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʦʙʲʝʢʪʦʚ ʩʦʩʪʘʚʣʷʶʪ ʦʢʦʣʦ 800 
ʪʳʩ.ʨʫʙ. ʠ 1100 ʪʳʩ. ʨʫʙ. ʩʦʦʪʚʝʩʪʚʝʥʥʦ.  

ʅʘ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʦʙʲʝʢʪʘʭ ʵʢʩʧʣʫʘʪʠʨʫʶʪʩʷ ʧʫʪʝʚʳʝ 
ʧʦʜʦʛʨʝʚʘʪʝʣʠ. ɼʣʷ ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ ʥʘ ʪʝʧʣʦʩʥʘʙʞʝʥʠʝ ʙʳʣʠ 
ʧʨʦʠʟʚʝʜʝʥʳ ʚʨʝʟʢʠ ʠ ʧʝʨʝʦʙʚʷʟʢʠ ʧʫʪʝʚʳʭ ʧʦʜʦʛʨʝʚʘʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʧʦ 
ʪʝʨʨʠʪʦʨʠʠ ʦʙʲʝʢʪʘ ʙʳʣʘ ʧʨʦʠʟʚʝʜʝʥʘ ʧʨʦʢʣʘʜʢʘ ʪʝʧʣʦʪʨʘʩʩʳ ʦʪ 
ʧʫʪʝʚʳʭ ʧʦʜʦʛʨʝʚʘʪʝʣʝʡ ʜʦ ʚʨʝʟʢʠ ʚ ʩʫʱʝʩʪʚʫʶʱʫʶ ʪʝʧʣʦʩʝʪʴ ʜʣʷ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚ ʩʠʩʪʝʤʝ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ.  

ʇʝʨʝʚʦʜ ʩʠʩʪʝʤʳ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʥʘ ʦʙʦʛʨʝʚ ʦʪ ʧʫʪʝʚʳʭ 
ʧʦʜʦʛʨʝʚʘʪʝʣʝʡ ʧʦʟʚʦʣʠʣʦ ʧʦʣʥʦʩʪʴʶ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʫʩʣʫʛ ʆʆʆ çʊʝʧʣʦ-
ʕʥʝʨʛʦʩʝʨʚʠʩè, ʦʩʪʘʥʦʚʠʪʴ ʢʦʪʝʣʴʥʳʝ, ʘ ʪʘʢʞʝ ʦʪ ʵʢʩʧʣʫʘʪʘʮʠʠ 
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ʵʣʝʢʪʨʦʢʦʪʣʦʚ, ʪʝʤ ʩʘʤʳʤ ʩʵʢʦʥʦʤʠʪʴ ʝʞʝʛʦʜʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʧʦʢʫʧʢʫ 
ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ, ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʫʚʝʣʠʯʠʪʴ ʧʨʦʮʝʥʪ ʫʪʠʣʠʟʘʮʠʠ ʇʅɻ. 

 

 
ʈʠʩʫʥʦʢ 2 ï ʇʨʝʜʣʘʛʘʝʤʦʝ ʨʝʰʝʥʠʝ ʧʦ ʚʨʝʟʢʝ ʇʇ 

 
ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʜʘʥʥʳʝ ʧʨʦʝʢʪʳ ʫʩʧʝʰʥʦ ʟʘʚʝʨʰʝʥʳ, 

ʟʘʧʫʱʝʥʳ ʚ ʧʨʦʤʳʰʣʝʥʥʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ, ʜʦʢʘʟʘʣʠ ʩʚʦʶ 
ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʢʘʢ çʃʫʯʰʘʷ ʧʨʘʢʪʠʢʘè ʚ ʇɸʆ 
çʊʘʪʥʝʬʪʴè. 

 

 
ʈʠʩʫʥʦʢ 3 ï ɺʳʧʦʣʥʝʥʥʳʝ ʨʘʙʦʪʳ 

 
ʇʨʦʠʟʚʝʜʝʥ ʨʘʩʯʝʪ ʊʕʆ ʧʦ ʢʘʞʜʦʤʫ ʠʟ ʧʨʦʝʢʪʦʚ. ɼʘʥʥʳʝ ʧʨʦʝʢʪʳ 

ʵʬʬʝʢʪʠʚʥʳ, ʦʢʫʧʘʶʪʩʷ. ʉʫʤʤʘʨʥʳʡ ʏɼɼ ʟʘ ʩʨʦʢ ʤʦʥʠʪʦʨʠʥʛʘ 5 ʣʝʪ 
ʩʦʩʪʘʚʠʪ ʙʦʣʝʝ 11 ʤʣʥ.ʨʫʙ. 
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ʊʘʙʣʠʮʘ 1 - ʆʩʥʦʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʊʕʆ 

 
 

ʈʝʘʣʠʟʘʮʠʷ ʜʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦʟʚʦʣʠʣʘ: 
1. ɺʳʚʝʩʪʠ ʠʟ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʦʪʝʣʴʥʳʝ ï ʦʧʘʩʥʳʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ 

ʦʙʲʝʢʪʳ, ʧʦʜʢʦʥʪʨʦʣʴʥʳʝ ʈʦʩʪʝʭʥʘʜʟʦʨʫ, ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʵʢʩʧʣʫʘʪʘʮʠʠ 
ʵʣʝʢʪʨʦʢʦʪʣʦʚ; 

2. ʆʪʢʘʟʘʪʴʩʷ ʦʪ ʧʨʠʦʙʨʝʪʝʥʠʷ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʩʦ ʩʪʦʨʦʥʳ; 
3. ʉʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʪʝʧʣʦʩʥʘʙʞʝʥʠʝ ʦʙʲʝʢʪʦʚ ʇʇʅ ʚ 4,5 ʨʘʟʘ; 
4. ʇʨʠʤʝʥʠʪʴ ʚʪʦʨʠʯʥʳʝ ʪʝʧʣʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʳ, ʧʦʚʳʩʠʪʴ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ; 
5. ʋʚʝʣʠʯʠʪʴ ʧʨʦʮʝʥʪʘ ʫʪʠʣʠʟʘʮʠʠ ʇʅɻ; 
6. ɺʳʧʦʣʥʠʪʴ ʧʦʩʪʘʚʣʝʥʥʳʝ ʟʘʜʘʯʠ ʚ ʨʘʤʢʘ ʨʝʘʣʠʟʘʮʠʷ 

ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʠʥʠʮʠʘʪʠʚ. 
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ʋɼʂ 621.316.72 
 
ɸɼɸʇʊʀɺʅʆɽ ʋʇʈɸɺʃɽʅʀɽ ʊʀʈʀʉʊʆʈʅʓʄʀ ʂʃʖʏɸʄʀ 
ʈɽɻʋʃʀʈʆɺɸʅʀʗ ʅɸʇʈʗɾɽʅʀʗ ʇʆɼ ʅɸɻʈʋɿʂʆʁ 

MODEL OF ADAPTIVE REGULATOR FOR ELECTRIC DRIVE ON-LOAD TAP 
CHANGING 

 
ɼ.ʅ. ʅʫʨʙʦʩʳʥʦʚ1, ʊ.ɺ. ʊʘʙʘʯʥʠʢʦʚʘ1, ɸ.ɺ. ʐʘʨʳʛʠʥ2 

(Duisen.N. Nurbosinov, Tatiana V. Tabachnikova, Alexander V. Sharygin) 
1ɸʣʴʤʝʪʴʝʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʝʬʪʷʥʦʡ ʠʥʩʪʠʪʫʪ, 

2ʋʧʨʘʚʣʝʥʠʝ çʊʘʪʥʝʬʪʝʛʘʟʧʝʨʝʨʘʙʦʪʢʘè ʇɸʆ çʊʘʪʥʝʬʪʴè 
(1Almetyevsk State Oil Institute, 2Tatneftgazpererabotka Administration PJSC TATNEFT) 

 
 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʣʫʯʠʚʰʠʝ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʵʣʝʢʪʨʦʧʨʠʚʦʜʳ ʈʇʅ ʠʤʝʶʪ ʥʠʟʢʦʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ, 
ʦʛʨʘʥʠʯʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʝʢʣʶʯʝʥʠʡ ʚ ʩʫʪʢʠ (ʧʦʨʷʜʢʘ 25) ʠʟ-ʟʘ 
ʚʦʟʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʜʫʛʠ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʧʝʨʝʢʣʶʯʝʥʠʡ ʥʘ 
ʢʦʥʪʘʢʪʳ ʧʨʠʚʦʜʘ, ʧʨʠ ʵʪʦʤ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʪʫʧʝʥʯʘʪʦ. 
ɸʣʴʪʝʨʥʘʪʠʚʦʡ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘʤ ʈʇʅ ʩʠʣʦʚʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ 
ʷʚʣʷʶʪʩʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʪʠʨʠʩʪʦʨʳ. 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʥʦ-ʣʦʛʠʯʝʩʢʦʛʦ 
ʢʦʥʪʨʦʣʣʝʨʘ (ʇʃʂ) ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʦʯʥʦʩʪʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠ 
ʫʧʨʘʚʣʝʥʠʷ ʪʠʨʠʩʪʦʨʥʳʤ ʈʇʅ. 

Considering the development of automation systems, it is proposed to control electric 
drive of the on-load tap-changer and monitor its operation using a PLC, using an adaptive 
control system. 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʠʨʠʩʪʦʨʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʧʦʜ 

ʥʘʛʨʫʟʢʦʡ, ʨʘʮʠʦʥʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʥʘʧʨʷʞʝʥʠʷ, ʘʜʘʧʪʠʚʥʘʷ ʩʠʩʪʝʤʘ 
ʫʧʨʘʚʣʝʥʠʷ, ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʝʪʴ. 

Keywords: drive on-load tap changing, rational voltage level, adaptive control 

system, power distribution network. 
 
 
ʆʜʥʠʤ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʶ ʠ 

ʨʘʟʚʠʪʠʶ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʥʝʬʪʝʛʘʟʦʜʦʙʳʚʘʶʱʝʡ 
ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 
ʨʘʙʦʪʳ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ (ʉʕʉ) ʵʪʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʠʭ 
ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʘ 
ʵʣʝʢʪʨʦʧʦʪʨʝʙʣʝʥʠʷ. ɼʣʷ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ 
ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʨʷʜ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʉʕʉ, 
ʜʣʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʨʝʞʠʤʘʤʠ ʥʘʧʨʷʞʝʥʠʷ ʠ 
ʵʣʝʢʪʨʦʧʦʪʨʝʙʣʝʥʠʷ ʚ ʨʘʤʢʘʭ ʢʦʥʮʝʧʮʠʠ çʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭè 
ʧʨʦʤʳʩʣʦʚʳʭ ʈʕʉ. 

http://www.multitran.ru/c/m.exe?t=6499852_1_2&s1=%D0%CF%CD
http://www.multitran.ru/c/m.exe?t=6499852_1_2&s1=%D0%CF%CD
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ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʥʷʪʘ ʧʨʦʤʳʩʣʦʚʘʷ ʧʦʜʩʪʘʥʮʠʷ 
ʥʝʬʪʝʛʘʟʦʜʦʙʳʚʘʶʱʝʛʦ ʧʨʝʜʧʨʠʷʪʠʷ. ʇʨʝʜʧʦʩʳʣʢʘʤʠ ʜʣʷ ʩʦʟʜʘʥʠʷ 
çʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭè ʧʨʦʤʳʩʣʦʚʳʭ ʈʕʉ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʨʦʤʳʩʣʦʚʳʝ 
ʧʦʜʩʪʘʥʮʠʠ ʦʙʦʨʫʜʦʚʘʥʳ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʟʘʱʠʪʳ ʠ 
ʘʚʪʦʤʘʪʠʢʠ, ʩʠʩʪʝʤʘʤʠ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʯʝʪʘ 
ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʦʜʝʣʴ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 
ʥʘʧʨʷʞʝʥʠʷ ʪʠʨʠʩʪʦʨʥʳʤʠ ʈʇʅ ʩ ʮʝʣʴʶ ʨʘʟʨʘʙʦʪʢʠ ʘʣʛʦʨʠʪʤʘ 
ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʧʦʜʜʝʨʞʠʚʘʝʤʦʛʦ ʫʨʦʚʥʷ ʥʘʧʨʷʞʝʥʠʷ ʚ 
ʮʝʥʪʨʝ ʧʠʪʘʥʠʷ ʠ ʫʩʪʘʚʦʢ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʚ 
ʨʝʞʠʤʝ online. 

ʆʙʝʩʧʝʯʠʚʘʷ ʘʜʘʧʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʨʝʞʠʤʘʤʠ ʨʘʙʦʪʳ 
ʨʝʛʫʣʠʨʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ, ʙʘʟʠʨʫʷʩʴ ʥʘ ʜʘʥʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʤʦʞʥʦ 
ʜʦʩʪʠʯʴ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ. ɺ Matlab (Simulink) 
ʧʦʩʪʨʦʝʥʘ ʤʦʜʝʣʴ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʤ ʈʇʅ (ʨʠʩ.1) [1]. 
ɸʣʛʦʨʠʪʤʳ ʨʝʘʣʠʟʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ Stateflow ï ʠʥʩʪʨʫʤʝʥʪʘ 
ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʣʦʞʥʳʭ ʫʧʨʘʚʣʷʝʤʳʭ ʩʦʙʳʪʠʷʤʠ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʡ 
ʧʨʝʜʣʘʛʘʝʪ ʨʝʰʝʥʠʷ ʜʣʷ ʚʩʪʨʦʝʥʥʳʭ ʩʠʩʪʝʤ ʩ ʢʦʥʪʨʦʣʠʨʫʶʱʝʡ ʣʦʛʠʢʦʡ. 

 
ʈʠʩʫʥʦʢ 1 ï ʄʦʜʝʣʴ ʘʜʘʧʪʠʚʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʧʦ ʫʧʨʘʚʣʝʥʠʶ 

ʪʠʨʠʩʪʦʨʥʳʤ ʈʇʅ ʧʦʩʪʨʦʝʥʥʳʡ ʚ Stateflow 
 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʠʚʝʜʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ: Regulator ï ʙʣʦʢ 
ʫʧʨʘʚʣʝʥʠʷ ʪʠʨʠʩʪʦʨʥʳʤ ʈʇʅ; Algoritm ï ʙʣʦʢ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʫʩʪʘʚʦʢ 
ʟʦʥʳ ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ ʚʳʜʝʨʞʢʠ ʚʨʝʤʝʥʠ; Model ï ʙʣʦʢ 
ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʧʦʜʜʝʨʞʠʚʘʝʤʦʛʦ ʫʨʦʚʥʷ ʥʘʧʨʷʞʝʥʠʷ; Control ï ʙʣʦʢ 
ʢʦʥʪʨʦʣʷ ʜʠʘʧʘʟʦʥʘ ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ ʥʘʧʨʷʞʝʥʠʷ.  

ɹʣʦʢ Regulatorï ʘʣʛʦʨʠʪʤ ʫʧʨʘʚʣʝʥʠʷ, ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʙʣʦʢʦʤ ʚ 
ʤʦʜʝʣʠ, ʚ ʢʦʪʦʨʦʤ ʬʦʨʤʠʨʫʶʪʩʷ ʢʦʤʘʥʜʳ ʜʣʷ ʧʦʚʳʰʝʥʠʷ Up (ʚʚʝʨʭ) ʠ 
ʧʦʥʠʞʝʥʠʷ Down (ʚʥʠʟ) ʫʨʦʚʥʷ ʥʘʧʨʷʞʝʥʠʷ. ɺʭʦʜʥʳʤʠ ʩʠʛʥʘʣʘʤʠ 
ʷʚʣʷʶʪʩʷ ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʮʝʥʪʨʝ ʧʠʪʘʥʠʷ U, ʢʦʪʦʨʦʝ ʥʝʦʙʭʦʜʠʤʦ 
ʧʦʜʜʝʨʞʠʚʘʪʴ ʥʘ ʫʨʦʚʥʝ zU , ʠ ʟʥʘʯʝʥʠʝ ʧʦʜʜʝʨʞʠʚʘʝʤʦʛʦ ʫʨʦʚʥʷ 

ʥʘʧʨʷʞʝʥʠʷ zU , ʬʦʨʤʠʨʫʝʤʦʝ ʚ ʙʣʦʢʝ Model. ɺ ʙʣʦʢʝ Model ʨʝʘʣʠʟʦʚʘʥʘ 
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ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ 
ʥʘʧʨʷʞʝʥʠʷ ʚ ʮʝʥʪʨʝ ʧʠʪʘʥʠʷ [2].  

ɺ ʢʘʯʝʩʪʚʝ ʙʘʟʠʩʥʦʛʦ ʤʝʪʦʜʘ ʨʘʩʯʝʪʘ ʨʝʞʠʤʘ ʥʘʧʨʷʞʝʥʠʷ 
ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʚ [3,4,5,6]. ʇʦ ʧʨʠʚʝʜʝʥʥʦʡ ʤʝʪʦʜʠʢʝ 
ʦʧʨʝʜʝʣʷʶʪʩʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʛʦ 
ʢʦʤʧʣʝʢʩʘ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ (ʕʂʆʃ). 

ʇʦʪʝʨʠ ʘʢʪʠʚʥʦʡ ʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʥʘ ʫʯʘʩʪʢʝ ʣʠʥʠʠ: 
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ʅʘʧʨʷʞʝʥʠʝ ʚ ʪʦʯʢʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ: .1
''

1 -- D+= nnn UUU  

ɼʣʷ ʨʘʩʯʝʪʘ ʨʝʞʠʤʘ ʥʘʧʨʷʞʝʥʠʷ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ 
ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ:nnP ;1-  - ʧʦʪʨʝʙʣʷʝʤʘʷ ʘʢʪʠʚʥʘʷ 

ʤʦʱʥʦʩʪʴ ʚ ʪʦʯʢʘʭ nn ,1- ; nnQ ;1-  - ʨʝʘʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ ʚ ʪʦʯʢʘʭ nn ,1- ; 
nnR ;1-
 

- ʘʢʪʠʚʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʫʯʘʩʪʢʦʚ nn ,1- ; 
nnX ;1-
 - ʨʝʘʢʪʠʚʥʳʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʫʯʘʩʪʢʦʚ nn ,1- . ʅʘ ʨʠʩʫʥʢʝ 2 ʯʘʩʪʴ ʙʣʦʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ 

ʨʘʟʚʝʨʥʫʪʦʤ ʚʠʜʝ. 

 
ʈʠʩʫʥʦʢ 2 ïɹʣʦʢ Model 

 
ɹʣʦʢ Algoritm ʦʩʫʱʝʩʪʚʣʷʝʪ ʢʦʨʨʝʢʪʠʨʦʚʢʫ ʫʩʪʘʚʦʢ ʟʦʥʳ 

ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ ʚʳʜʝʨʞʢʠ ʚʨʝʤʝʥʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ 
ʥʘʛʨʫʟʢʠ ʩʝʪʠ ʠ ʢʦʣʠʯʝʩʪʚʘ ʧʝʨʝʢʣʶʯʝʥʠʡ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʈʇʅ ʚ ʝʜʠʥʠʮʫ 

ʚʨʝʤʝʥʠ ʚ ʨʝʞʠʤʝ online. ɺʳʭʦʜʥʳʝ ʩʠʛʥʘʣʳ ʩ ʜʘʥʥʦʛʦ ʙʣʦʢʘ (udU , ddU  ï 

ʚʝʨʭʥʷʷ ʠ ʥʠʞʥʷʷ ʛʨʘʥʠʮʘ ʟʦʥʳ ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ tï ʚʳʜʝʨʞʢʘ 
ʚʨʝʤʝʥʠ). 

ʊ.ʢ. ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚ ʧʨʝʜʣʘʛʘʝʤʦʡ ʩʪʨʫʢʪʫʨʝ ʠʛʨʘʝʪ ʦʜʥʫ 
ʠʟ ʢʣʶʯʝʚʳʭ ʨʦʣʝʡ ʚ ʫʧʨʘʚʣʝʥʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʈʕʉ, ʚ 
ʧʨʝʜʣʘʛʘʝʤʦʡ ʩʪʨʫʢʪʫʨʝ ʧʣʘʥʠʨʫʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʘʜʘʧʪʘʮʠʠ ʩ 
ʠʜʝʥʪʠʬʠʢʘʮʠʝʡ ʦʙʲʝʢʪʘ, ʩ ʦʮʝʥʢʦʡ ʝʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ [7]. 

ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʈʕʉ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 
ʠʟʤʝʨʝʥʠʡ, ʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 
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ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʩʭʦʜʥʳʭ 
ʧʘʨʘʤʝʪʨʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ 
ʈʕʉ. ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʩʚʷʟʘʥʦ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʢʦʥʪʨʦʣʷ 
ʪʦʯʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʦʰʠʙʦʢ 
ʧʨʠ ʨʝʛʫʣʠʨʦʚʘʥʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʈʕʉ (ʨʠʩ.3) 

 
ʈʠʩʫʥʦʢ 3 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʩ ʦʮʝʥʢʦʡ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 
 

ɸʣʛʦʨʠʪʤ ʫʧʨʘʚʣʝʥʠʷ ʜʦʣʞʝʥ ʚʳʧʦʣʥʷʪʴ ʦʜʥʫ ʠʟ ʚʘʞʥʝʡʰʠʭ 
ʬʫʥʢʮʠʡ ï ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʧʦʜʜʝʨʞʘʥʠʝ ʫʨʦʚʥʷ ʥʘʧʨʷʞʝʥʠʷ ʚ ʮʝʥʪʨʝ 
ʧʠʪʘʥʠʷ, ʝʛʦ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʠʟʤʝʥʝʥʠʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʟʤʝʥʝʥʠʷʤʠ 
ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʚ ʈʕʉ ʠ ʦʪʢʣʦʥʝʥʠʷʤʠ ʥʘʧʨʷʞʝʥʠʷ ʚ ʧʠʪʘʶʱʝʡ 
ʩʝʪʠ, ʘ ʪʘʢʞʝ ʦʩʫʱʝʩʪʚʠʪʴ ʢʦʨʨʝʢʪʠʨʦʚʢʫ ʫʩʪʘʚʦʢ ʟʦʥʳ 
ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ ʚʳʜʝʨʞʢʠ ʚʨʝʤʝʥʠ ʚ ʨʝʞʠʤʝ on-line. ʈʝʰʝʥʠʝ 
ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʨʘʟʨʘʙʦʪʘʥʥʳʭ 
ʤʝʨʦʧʨʠʷʪʠʡ ʧʦʟʚʦʣʷʪ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ 
ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʧʦʪʝʨʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ 
ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʤʳʩʣʦʚʦʡ ʈʕʉ. 

 
ʃʀʊɽʈɸʊʋʈɸ 

1. ʅʫʨʙʦʩʳʥʦʚ ɼ.ʅ., ʊʘʙʘʯʥʠʢʦʚʘ ʊ.ɺ., ʐʘʨʳʛʠʥ ɸ.ɺ. ʈʝʘʣʠʟʘʮʠʷ 
ʨʝʛʫʣʷʪʦʨʘ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʤ ʈʇʅ ʥʘ ʧʨʦʛʨʘʤʤʥʦʤ 
ʫʨʦʚʥʝ, ʥʘ ʧʨʠʤʝʨʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. ʇʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ 
ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠʢʦʤʧʣʝʢʩʦʚ: 
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ʇʆɼʉʊɸʅʎʀʀ 6-10 ʂɺ 
DEFINITION OF THE PLACE OF SHORT CIRCUIT TO EARTH  

IN DISTRIBUTIVE ELECTRICAL NETWORKS OF 6-10 KV OF TRADE SUBSTATION 

 
ɸ.ɺ. ʖʤʘʣʠʥ, ʀ.ʃ. ʍʘʤʠʜʫʣʣʠʥ, ʊ.ɺ. ʊʘʙʘʯʥʠʢʦʚʘ 

(Andrey V. Yumalin, Ilnur L. Hamidullin, Tatyana V. Tabachnikova) 

ɸʣʴʤʝʪʴʝʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʝʬʪʷʥʦʡ ʠʥʩʪʠʪʫʪ 
(Almetyevsk State Oil Institute) 

 
ɺ ʩʪʘʪʴʝ ʧʨʦʠʟʚʝʜʸʥ ʚʳʙʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ 

ʦʜʥʦʬʘʟʥʳʭ ʟʘʤʳʢʘʥʠʡ ʥʘ ʟʝʤʣʶ ʚ ʦʪʭʦʜʷʱʠʭ ʣʠʥʠʷʭ, ʘ ʪʘʢʞʝ ʧʦ 
ʦʧʨʝʜʝʣʝʥʠʶ ʤʝʩʪʘ ʟʘʤʳʢʘʥʠʷ ʚʜʦʣʴ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ. ʉʢʦʤʧʦʥʦʚʘʥʘ 
ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ ʵʪʠʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, 
ʩʦʛʣʘʩʦʚʘʥʳ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʵʪʠʭ ʫʩʪʨʦʡʩʪʚ. 

In article the choice of technical means by definition of single-phase short circuits on 
the earth in the departing lines and also by definition of the place of short circuit along the 
departing line is made. The function chart of collaboration of these technical means is 
grouped, operating modes of these devices are coordinated. 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʜʥʦʬʘʟʥʦʝ ʟʘʤʳʢʘʥʠʝ ʥʘ ʟʝʤʣʶ, ʨʝʣʝ 

ʤʦʱʥʦʩʪʠ ʥʫʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʧʘʨʘʤʝʪʨʳ ʧʝʨʝʭʦʜʥʦʛʦ 
ʧʨʦʮʝʩʩʘ, ʫʩʪʨʦʡʩʪʚʘ ʟʘʱʠʪʳ ɿɿʇ-1. 
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Key words: single-phase short circuit on the earth, the relay of power of the zero 
sequence, parameters of transition process, the device of protection ɿɿʇ-1. 

 
 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʜʩʪʘʥʮʠʠ ʦʙʦʨʫʜʦʚʘʥʳ ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʩʝʣʝʢʪʠʚʥʦʡ ʟʘʱʠʪʦʡ ʦʪ ʦʜʥʦʬʘʟʥʳʭ ʟʘʤʳʢʘʥʠʡ ʥʘ ʟʝʤʣʶ (ʆɿɿ), 
ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʩʠʛʥʘʣ ʧʦ ʥʘʧʨʷʞʝʥʠʶ ʥʫʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. 

ʀʟ-ʟʘ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʙʲʝʢʪʦʚ, ʫʜʘʣʝʥʥʦʩʪʠ ʠʭ ʦʪ 
ʘʚʘʨʠʡʥʦʡ ʩʣʫʞʙʳ ʠ ʦʪʩʫʪʩʪʚʠʷ ʩʝʣʝʢʪʠʚʥʦʡ ʟʘʱʠʪʳ ʦʪ ʆɿɿ, ʧʦʜʩʪʘʥʮʠʠ 
ʥʝʨʝʜʢʦ ʥʘʭʦʜʷʪʩʷ ʚ ʜʣʠʪʝʣʴʥʦʤ ʨʝʞʠʤʝ ʦʜʥʦʬʘʟʥʦʛʦ ʟʘʤʳʢʘʥʠʷ. 

ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʠʟʙʠʨʘʪʝʣʴʥʳʭ ʟʘʱʠʪ ʦʪ ʦʜʥʦʬʘʟʥʳʭ ʟʘʤʳʢʘʥʠʡ 
ʥʘ ʟʝʤʣʶ, ʨʝʘʛʠʨʫʶʱʠʭ ʥʘ ʥʘʧʨʘʚʣʝʥʠʝ ʤʦʱʥʦʩʪʠ ʥʫʣʝʚʦʡ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʦʩʥʦʚʘʥʦ ʥʘ ʧʨʠʥʮʠʧʝ ʩʨʘʚʥʝʥʠʷ ʧʦ ʬʘʟʝ ʪʦʢʘ 
ʥʫʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠ ʥʘʧʨʷʞʝʥʠʷ ʥʫʣʝʚʦʡ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ.  

ʄʦʱʥʦʩʪʴ ʥʫʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʧʦʩʪʫʧʘʶʱʘʷ ʥʘ 
ʠʩʧʦʣʥʠʪʝʣʴʥʳʡ ʦʨʛʘʥ ʨʝʣʝ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴʶ:  

Pʦʥ=Pʦmax pjj /)2sin5,0( -  

ʠʣʠ ʚ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮʘʭ 

Pʦ*=Pʦʥ/ Pʦmax= pjj /)2sin5,0( - ,   ʛʜʝ: 0 ¢ j ¢ 180̄. 

ɻʨʘʬʠʯʝʩʢʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʫʛʣʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʙʦʪʳ ʨʝʣʝ ʜʣʷ 
ʧʦʚʨʝʞʜʝʥʥʦʡ ʠ ʥʝ ʧʦʚʨʝʞʜʝʥʥʳʭ ʧʨʠʩʦʝʜʠʥʝʥʠʡ ʚ ʧʦʣʷʨʥʳʭ 
ʢʦʦʨʜʠʥʘʪʘʭ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 
ʈʠʩʫʥʦʢ 1 ï ʈʘʙʦʯʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʣʝ ʥʘʧʨʘʚʣʝʥʠʷ ʤʦʱʥʦʩʪʠ 

ʥʫʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 
ʢʨʠʚʘʷ I - ʧʦʚʨʝʞʜʝʥʥʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ, ʢʨʠʚʘʷ II - ʥʝʧʦʚʨʝʞʜʝʥʥʦʝ 

ʧʨʠʩʦʝʜʠʥʝʥʠʝ 
 

ʇʨʦʘʥʘʣʠʟʠʨʫʝʤ ʫʛʣʦʚʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʩʨʘʙʘʪʳʚʘʥʠʷ ʨʝʣʝ ɿɿʇ-
1. ɺʭʦʜʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʝʣʝ ʧʦ ʢʘʥʘʣʫ ʪʦʢʘ Zʚʭ=0,65+j1,8 ʆʤ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʥʫʪʨʝʥʥʠʡ ʫʛʦʣ ʩʜʚʠʛʘ ʚʝʢʪʦʨʘ ʨʘʚʝʥ: 

a =arctg(1,8/0,65) = 70 ɻʣ. ʛʨʘʜ. 
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ʇʨʠ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʷʭ, ʪʦ ʝʩʪʴ ʩʫʭʦʡ ʧʦʛʦʜʝ, ʧʨʠʤʝʤ tgd=0,01 
ʠʟʦʣʷʮʠʠ, ʪʦʛʜʘ ʫʛʦʣ ʤʝʞʜʫ ʪʦʢʦʤ ʥʫʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠ 

ʥʘʧʨʷʞʝʥʠʝʤ ʥʫʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: j= p/2 = 90ɻ ʣ. ʛʨʘʜ. 

ʋʛʦʣ ʩʨʘʙʘʪʳʚʘʥʠʷ ʨʝʣʝ: j= p/2 - a = 90 - 70 = 20 ɻʣ. ʛʨʘʜ. 

ʇʨʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʷʭ (ʚʣʘʞʥʦʡ, ʜʦʞʜʣʠʚʦʡ ʧʦʛʦʜʝ), ʢʦʛʜʘ 

tgd>3, ʫʛʦʣ ʩʨʘʙʘʪʳʚʘʥʠʷ ʨʝʣʝ ʨʘʚʝʥ: 

j = p/2 - a - d=90 - 70- 80 = - 60 = 300 ʵʣ. ʛʨʘʜ. 

ɺʝʢʪʦʨ ʪʦʢʘ ʥʫʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʘʭʦʜʠʪʩʷ ʚ ʟʦʥʝ 
ʩʦʚʤʝʩʪʥʦʛʦ ʥʝʩʝʣʝʢʪʠʚʥʦʛʦ ʜʝʡʩʪʚʠʷ ʨʝʣʝ ʟʘʱʠʪʳ. ʃʦʞʥʳʝ ʦʪʢʣʶʯʝʥʠʷ 
ʥʝʠʟʙʝʞʥʳ. 

ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʟʘʱʠʪʳ 
ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʟʘʱʠʪʳ ɿɿʇ-1, ʨʝʘʣʠʟʫʶʱʘʷ 

ʜʘʥʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ.2. ʋʩʪʨʦʡʩʪʚʦ ʟʘʱʠʪʳ 
ʩʦʜʝʨʞʠʪ:  

- ʫʩʠʣʠʪʝʣʴ ʪʦʢʘ ʥʫʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʋʊ; 
- ʬʘʟʦʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʫʩʠʣʠʪʝʣʴ ʌʏʋ; 
- ʙʣʦʢ ʢʦʥʪʨʦʣʷ ʬʘʟʦʚʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʊʅʇ ʠ ʅʅʇ, ɹʂʌ; 
- ʠʩʧʦʣʥʠʪʝʣʴʥʳʡ ʦʨʛʘʥ ʀʆ; 
- ʚʭʦʜʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʢʦʨʨʝʢʮʠʠ ʅʅʇ ɺʋʂ. 

 

 
ʈʠʩʫʥʦʢ 2 ï ʇʨʠʥʮʠʧʠʘʣʴʥʳʝ ʩʭʝʤʳ ʫʩʪʨʦʡʩʪʚ ʟʘʱʠʪʳ 

 
ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚʘ ʆɿɿ ʥʘ ʟʘʱʠʱʘʝʤʦʤ ʧʨʠʩʦʝʜʠʥʝʥʠʠ, 

ʩʥʠʤʘʝʤʳʡ ʩ ʊɿʈʃ ʩʠʛʥʘʣ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʡ ʧʝʨʚʠʯʥʦʤʫ ʪʦʢʫ ʆɿɿ 
ʫʩʠʣʠʚʘʝʪʩʷ ʦʧʝʨʘʮʠʦʥʥʳʤ ʫʩʠʣʠʪʝʣʝʤ ɸ ʠ ʧʦʩʪʫʧʘʝʪ ʥʘ ʌʏʋ. 
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ʌʏʋ ʩʦʜʝʨʞʠʪ ʩʦʛʣʘʩʫʶʱʠʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʊ1, ʧʝʨʚʠʯʥʘʷ ʦʙʤʦʪʢʘ 
ʩʦʚʤʝʩʪʥʦ ʩ ʝʤʢʦʩʪʴʶ ʉ ʦʙʨʘʟʫʝʪ ʬʠʣʴʪʨ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʢ. ʉʥʠʤʘʝʤʳʝ 
ʩʦ ʚʪʦʨʠʯʥʳʭ ʦʙʤʦʪʦʢ ʩʠʛʥʘʣʳ, ʫʧʨʘʚʣʷʶʪ ʪʨʘʥʟʠʩʪʦʨʘʤʠ VT1 ʠ VT2, 
ʨʘʙʦʪʘʶʱʠʤʠ ʚ ʢʣʶʯʝʚʦʤ ʨʝʞʠʤʝ. 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʯʝʨʝʟ ɺʋʂ ʅʅʇ ʧʦʩʪʫʧʘʝʪ ʥʘ ʢʦʣʣʝʢʪʦʨʳ VT1 ʠʣʠ 
VT2 ʠ ɹʂʌ. ɺʋʂ ʬʠʣʴʪʨʫʝʪ ʚʳʩʰʠʝ ʛʘʨʤʦʥʠʢʠ ʠ ʢʦʨʨʝʢʪʠʨʫʝʪ ʥʘʢʣʦʥ 
ʨʘʙʦʯʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʣʝ. ɽʩʣʠ ʅʅʇ, ʧʦʩʪʫʧʘʶʱʝʝ ʩ ɺʋʂ ʥʘ 
ʢʦʣʣʝʢʪʦʨ VT1 ʠ VD1, ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʧʦʣʷʨʥʦʩʪʠ, ʧʨʠʯʝʤ VT1 
ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʪʢʨʳʪ ʊʅʇ, ʪʦ ɹʂʌ ʦʪʢʨʳʪ ʠ ʚʩʸ ʥʘʧʨʷʞʝʥʠʝ 
ʧʨʠʢʣʘʜʳʚʘʝʪʩʷ ʢ ʀʆ. 

ʀʆ ʩʨʘʙʘʪʳʚʘʝʪ ʠ ʧʦʜʘʝʪ ʩʠʛʥʘʣ ʥʘ ʦʪʢʣʶʯʝʥʠʝ ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ 
ʚʳʢʣʶʯʘʪʝʣʷ. ʇʨʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʧʦʣʷʨʥʦʩʪʠ ʅʅʇ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 
ʧʨʦʚʦʜʷʪ VT2 ʠ VD2. 

ɽʩʣʠ ʟʘʤʳʢʘʥʠʝ ʧʨʦʠʟʦʰʣʦ ʥʘ ʥʝʟʘʱʠʱʘʝʤʦʤ ʧʨʠʩʦʝʜʠʥʝʥʠʠ ʠ 
ʊʅʇ ʦʪʩʪʘʝʪ ʦʪ ʅʅʇ, ʪʦ ʚ ʤʦʤʝʥʪ ʧʨʠʭʦʜʘ ʅʅʇ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 
ʪʨʘʥʟʠʩʪʦʨ VT1 ʠʣʠ VT2 ʟʘʢʨʳʪ ʠ ʅʅʇ ʯʝʨʝʟ ʜʠʦʜʳ VD3 ʠʣʠ VD4 
ʙʣʦʢʠʨʫʝʪ ɹʂʌ ʠ ʀʆ ʥʝ ʧʦʣʫʯʘʝʪ ʧʠʪʘʥʠʝ. ʈʝʣʝ ʥʝ ʨʘʙʦʪʘʝʪ. 

ɿʘʱʠʪʘ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʟʚʝʩʪʥʳʤʠ, ʠʤʝʝʪ ʧʦʚʳʰʝʥʥʳʡ 
ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʠ, ʥʘʭʦʜʷʱʠʡʩʷ ʚ ʧʨʝʜʝʣʘʭ 0,95-0,97 
ʙʣʘʛʦʜʘʨʷ ʙʣʦʢʠʨʦʚʢʠ ʧʦ ʦʪʩʪʘʶʱʝʤʫ ʊʅʇ. 

ʇʨʠ ʩʨʘʙʘʪʳʚʘʥʠʠ ʫʩʪʨʦʡʩʪʚʘ ʟʘʱʠʪʳ ɿɿʇ-1 ʠ ʦʧʨʝʜʝʣʝʥʠʷ 
ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ ʩ ʆɿɿ, ʢ ʥʝʡ ʧʨʠʤʝʥʷʝʪʩʷ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʘ 
ʆɿɿ. 

ʄʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʤʝʩʪʘ ʆɿɿ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʧʦ 
ʩʥʷʪʳʤ ʦʩʮʠʣʣʦʛʨʘʤʤʘʤ ʧʨʦʮʝʩʩʦʚ ʆɿɿ. ʇʦ ʥʠʤ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ 
ʧʘʨʘʤʝʪʨʳ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʢʦʪʦʨʳʝ ʥʝʩʫʪ ʠʥʬʦʨʤʘʮʠʶ ʦ 
ʨʘʩʩʪʦʷʥʠʠ ʜʦ ʤʝʩʪʘ ʧʦʚʨʝʞʜʝʥʠʷ. ʅʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʝ ʠʟ ʥʠʭ 
ʤʦʛʫʪ ʧʦʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ ʩʧʦʩʦʙʘ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʤʝʩʪʘ ʆɿɿ.  

ɸʥʘʣʠʟ ʧʝʨʝʭʦʜʥʳʭ ʢʨʠʚʳʭ ʪʦʢʘ ʯʝʨʝʟ ʨʝʟʠʩʪʦʨ ʠ ʥʘʧʨʷʞʝʥʠʷ 
ʧʦʚʨʝʞʜʸʥʥʦʡ ʬʘʟʳ ʧʦʤʦʛ ʚʳʜʝʣʠʪʴ ʨʷʜ ʧʘʨʘʤʝʪʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ 
ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʘʩʩʪʦʷʥʠʠ ʜʦ ʤʝʩʪʘ ʦʜʥʦʬʘʟʥʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ. 
ʅʘʠʙʦʣʴʰʘʷ ʪʦʯʥʦʩʪʴ ʠʥʜʠʢʘʮʠʠ ʤʝʩʪʘ ʆɿɿ (ʤʠʥʠʤʘʣʴʥʘʷ çʟʦʥʘ 
ʦʙʭʦʜʘè ʧʨʠ ʧʦʠʩʢʝ ʧʦʚʨʝʞʜʸʥʥʦʛʦ ʫʯʘʩʪʢʘ ʪʨʘʩʩʳ) ʤʦʞʝʪ ʦʞʠʜʘʪʴʩʷ ʧʨʠ 
ʚʳʧʦʣʥʝʥʠʠ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʫʩʣʦʚʠʡ:  

Å ʨʘʟʙʨʦʩ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ ʚ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʪʦʯʢʝ ʟʘʤʳʢʘʥʠʷ ʥʘ 
ʟʝʤʣʶ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥ ʧʦʛʨʝʰʥʦʩʪʴʶ ʠʟʤʝʨʠʪʝʣʴʥʦʡ 
ʘʧʧʘʨʘʪʫʨʳ (ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ, ʜʝʣʠʪʝʣʝʡ 
ʥʘʧʨʷʞʝʥʠʷ, ʦʩʮʠʣʣʦʛʨʘʬʦʚ ʠ ʪ.ʜ.), ʨʘʟʣʠʯʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 
ʟʘʟʝʤʣʝʥʠʷ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʫʛʠ, ʪʦʯʥʦʩʪʴʶ ʦʙʨʘʙʦʪʢʠ ʦʩʮʠʣʣʦʛʨʘʤʤ 
ʜʦʣʞʝʥ ʙʳʪʴ ʤʠʥʠʤʘʣʴʥʳʤ;  

Å çʛʨʘʜʫʠʨʦʚʦʯʥʘʷ ʢʨʠʚʘʷè, ʩʚʷʟʳʚʘʶʱʘʷ ʟʘʤʝʨʝʥʥʳʡ ʧʘʨʘʤʝʪʨ ʩ 
ʨʘʩʩʪʦʷʥʠʝʤ ʜʦ ʤʝʩʪʘ ʆɿɿ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʨʝʞʠʤʝ ʵʢʩʧʣʫʘʪʘʮʠʠ 
ʠʤʝʣʘ ʢʘʢ ʤʦʞʥʦ ʙʦʣʴʰʠʡ ʫʛʦʣ ʥʘʢʣʦʥʘ ʢ ʦʩʠ ʨʘʩʩʪʦʷʥʠʡ. 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʣʝʜʫʶʱʠʝ ʥʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʝ 
ʧʘʨʘʤʝʪʨʳ ʩʠʛʥʘʣʦʚ IR (ʪʦʢ ʯʝʨʝʟ ʨʝʟʠʩʪʦʨ) ʠ Uʧʦʚʨ (ʥʘʧʨʷʞʝʥʠʝ 
ʧʦʚʨʝʞʜʸʥʥʦʡ ʬʘʟʳ):  

Tʌ - ʚʨʝʤʷ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʝ ʜʣʠʪʝʣʴʥʦʩʪʠ ʬʨʦʥʪʘ, 
ʦʧʨʝʜʝʣʷʝʤʦʝ ʧʦ ʧʝʨʝʭʦʜʥʦʡ ʢʨʠʚʦʡ ʦʪ ʥʘʯʘʣʘ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʜʦ 
ʜʦʩʪʠʞʝʥʠʷ ʧʝʨʚʦʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ. 

ʆʩʥʦʚʫ ʤʝʪʦʜʘ ʩʦʩʪʘʚʣʷʝʪ ʦʧʨʝʜʝʣʝʥʠʝ Tʌ ʧʝʨʝʭʦʜʥʦʡ ʢʨʠʚʦʡ ʪʦʢʘ 
ʯʝʨʝʟ ʟʘʟʝʤʣʷʶʱʠʡ ʚʳʩʦʢʦʦʤʥʳʡ ʨʝʟʠʩʪʦʨ IR. ɽʩʣʠ ʆɿɿ ʧʨʦʠʟʦʰʣʦ ʥʘ 
ʦʙʩʣʫʞʠʚʘʝʤʦʡ ɺʃ ʕʍɿ (ʵʪʦ ʚʠʜʥʦ ʧʦ ʩʨʘʙʘʪʳʚʘʥʠʶ ʟʘʱʠʪʳ ʦʪ ʆɿɿ ʥʘ 
ʵʪʦʡ ʣʠʥʠʠ), ʜʝʞʫʨʥʳʡ ʧʝʨʩʦʥʘʣ ʧʦ ʢʨʠʚʦʡ ʊʌ=f(Lɿɿ) ʜʣʷ ʪʝʢʫʱʝʛʦ 
ʨʝʞʠʤʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʜʩʪʘʥʮʠʠ ʦʧʨʝʜʝʣʷʝʪ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʤʝʩʪʘ ʆɿɿ. 

ʈʝʘʣʴʥʘʷ ʪʦʯʢʘ ʆɿɿ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʟʦʥʳ ʦʙʭʦʜʘ, ʢʦʪʦʨʘʷ 
ʠʤʝʝʪ ʪʝʥʜʝʥʮʠʶ ʢ ʨʦʩʪʫ ʩ ʫʜʘʣʝʥʠʝʤ ʪʦʯʢʠ ʟʘʤʳʢʘʥʠʷ ʥʘ ʟʝʤʣʶ ʦʪ ʰʠʥ 
ɿʈʋ ʧʦʜʩʪʘʥʮʠʠ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʘ ʥʝʦʙʭʦʜʠʤ ʦʙʷʟʘʪʝʣʴʥʳʡ 
ʫʯʸʪ ʧʨʝʜʘʚʘʨʠʡʥʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʩʝʪʠ. ʃʶʙʦʝ ʠʟʤʝʥʝʥʠʝ ʨʝʘʢʪʠʚʥʳʭ 
ʧʘʨʘʤʝʪʨʦʚ (ʥʘʧʨʠʤʝʨ, ʚʢʣʶʯʝʥʠʝ-ʦʪʢʣʶʯʝʥʠʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ) 
ʧʨʠʚʦʜʠʪ ʢ ʩʜʚʠʛʫ ʠ ʠʟʤʝʥʝʥʠʶ ʢʨʠʚʦʡ ʊʌ=f(Lɿɿ). ʀʩʧʦʣʴʟʫʷ ʢʨʠʚʫʶ 
ʊʌ=f(Lɿɿ), ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʨʝʘʣʴʥʦʤʫ ʨʝʞʠʤʫ, ʚʝʣʠʯʠʥʫ ʟʦʥʳ ʦʙʭʦʜʘ 
ʤʦʞʥʦ ʫʤʝʥʴʰʠʪʴ ʧʨʠʤʝʨʥʦ ʜʦ 15% ʜʣʠʥʳ ɺʃ.  

ɺ ʪʝʭ ʪʦʯʢʘʭ ʪʨʘʩʩʳ ɺʃ, ʛʜʝ ʚ ʧʝʨʝʭʦʜʥʦʡ ʢʨʠʚʦʡ ʪʦʢʘ ʯʝʨʝʟ 
ʨʝʟʠʩʪʦʨ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʜʝʣʠʪʴ ʩʚʦʙʦʜʥʫʶ ʢʦʣʝʙʘʪʝʣʴʥʫʶ 
ʩʦʩʪʘʚʣʷʶʱʫʶ ʧʨʦʮʝʩʩʘ ʆɿɿ, ʨʘʮʠʦʥʘʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʤʠʤʦ 
ʊʌ=f(Lɿɿ) ʘʥʘʣʦʛʠʯʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʜʨʫʛʠʭ ʚʳʜʝʣʝʥʥʳʭ 
ʧʘʨʘʤʝʪʨʦʚ. ʈʘʩʩʪʦʷʥʠʝ ʜʦ ʤʝʩʪʘ ʧʦʚʨʝʞʜʝʥʠʷ ʩʬʦʨʤʠʨʫʝʪʩʷ ʢʘʢ 
ʩʨʝʜʥʝʝ ʠʟ ʦʧʨʝʜʝʣʸʥʥʳʭ ʧʦ çʛʨʘʜʫʠʨʦʚʦʯʥʳʤ ʢʨʠʚʳʤè, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 
ʫʤʝʥʴʰʠʪʩʷ ʠ ʟʦʥʘ ʦʙʭʦʜʘ.  

ʇʦ ʦʧʠʩʘʥʥʳʤ ʚʳʰʝ ʧʨʠʥʮʠʧʘʤ ʨʘʟʨʘʙʦʪʘʥ ʠ ʠʟʛʦʪʦʚʣʝʥ ʤʘʢʝʪ 
ʦʧʳʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʤʝʩʪʘ ʧʦʚʨʝʞʜʝʥʠʷ 
ʥʘ ɺʃ ʧʨʠ ʦʜʥʦʬʘʟʥʦʤ ʟʘʤʳʢʘʥʠʠ ʥʘ ʟʝʤʣʶ. ʀʩʪʦʯʥʠʢ ʩʠʛʥʘʣʘ ʜʣʷ 
ʦʧʨʝʜʝʣʝʥʠʷ Tʌ - ʢʨʠʚʘʷ ʪʦʢʘ ʯʝʨʝʟ ʟʘʟʝʤʣʷʶʱʠʡ ʚʳʩʦʢʦʦʤʥʳʡ 
ʨʝʟʠʩʪʦʨ.  

ʆʧʠʩʘʥʥʳʡ ʚʳʰʝ ʜʠʩʪʘʥʮʠʦʥʥʳʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʘ 
ʟʘʤʢrʘʥʠʷ ʥʘ ʟʝʤʣʶ ɺʃ ʥʝ ʜʘʸʪ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ. ʆʥ ʧʦʤʦʛʘʝʪ ʣʠʰʴ 
ʩʫʟʠʪʴ ʛʨʘʥʠʮʳ ʧʦʠʩʢʘ ʤʝʩʪʘ ʧʦʚʨʝʞʜʝʥʠʷ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ 
ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʜʨʫʛʠʤʠ, 
ʠʟʚʝʩʪʥʳʤʠ ʠ ʜʦʩʪʘʪʦʯʥʦ ʠʩʩʣʝʜʦʚʘʥʥʳʤʠ. ʅʘʧʨʠʤʝʨ, ʰʠʨʦʢʦ 
ʧʨʠʤʝʥʠʤʳʡ ʜʣʷ ɺʃ ʤʝʪʦʜ ʩʝʢʮʠʦʥʠʨʦʚʘʥʠʷ ʥʘ ʫʯʘʩʪʢʠ 
ʨʘʟʲʝʜʠʥʠʪʝʣʷʤʠ (ʣʫʯʰʝ ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʧʨʠʚʦʜʦʤ). 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ 
ʦʜʥʦʬʘʟʥʳʭ ʟʘʤʳʢʘʥʠʡ ʥʘ ʟʝʤʣʶ ʚ ʦʪʭʦʜʷʱʠʭ ʣʠʥʠʷʭ, ʘ ʪʘʢʞʝ ʧʦ 
ʦʧʨʝʜʝʣʝʥʠʶ ʤʝʩʪʘ ʟʘʤʳʢʘʥʠʷ ʚʜʦʣʴ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ ʩʫʱʝʩʪʚʝʥʥʦ 
ʩʦʢʨʘʱʘʝʪʩʷ ʚʨʝʤʷ ʥʘ ʧʦʠʩʢ ʠ ʣʠʢʚʠʜʘʮʠʶ ʆɿɿ. 
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ʂʆʄʇɽʅʉɸʎʀʗ ʈɽɸʂʊʀɺʅʆʁ ʄʆʑʅʆʉʊʀ ʉʀʅʍʈʆʅʅʓʄʀ 
ɼɺʀɻɸʊɽʃʗʄʀ ʇʈʀ ʀʍ ʈɸɹʆʊɽ ɺ ʈɽɾʀʄɽ ʂʆʄʇɽʅʉɸʎʀʀ 
ʈɽɸʂʊʀɺʅʆʁ ʄʆʑʅʆʉʊʀ ʅɸ ʅɽʌʊɽʇɽʈɽʂɸʏʀɺɸʖʑɽʁ 

ʉʊɸʅʎʀʀ 
COMPENSATION OF THE REACTIVE CAPACITY BY SYNCHRONOUS ENGINES IN 
THE MODE OF COMPENSATION OF REACTIVE CAPACITY AT THE OIL-PUMPING 

STATION 

 
ɼ.ʅ. ʅʫʨʙʦʩʳʥʦʚ, ɽ.ɺ. ʈʶʤʠʥ, ɼ.ɸ. ɼʝʪʠʩʪʦʚ 

(Duysen N. Nurbosynov, Evgeny V. Ryumin, Denis A. Detistov) 

ɸʣʴʤʝʪʴʝʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʝʬʪʷʥʦʡ ʠʥʩʪʠʪʫʪ 
(Almetyevsk State Oil Institute) 

 
ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥ ʚʦʧʨʦʩ ʨʘʮʠʦʥʘʣʴʥʦʡ ʢʦʤʧʝʥʩʘʮʠʠ ʨʝʘʢʪʠʚʥʦʡ 

ʤʦʱʥʦʩʪʠ ʥʘ ʥʝʬʪʝʧʝʨʝʢʘʯʠʚʘʶʱʝʡ ʩʪʘʥʮʠʠ çʂʘʣʝʡʢʠʥʦè ʇɸʆ 
çʊʨʘʥʩʥʝʬʪʴè. ʇʨʝʜʣʘʛʘʝʪʩʷ ʠ ʪʝʭʥʠʯʝʩʢʠ ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ ʩʦʚʤʝʩʪʥʦʝ 
ʧʨʠʤʝʥʝʥʠʝ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʩʪʘʥʮʠʠ ʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʠ 
ʫʩʪʘʥʦʚʦʢ ʢʦʤʧʝʥʩʘʮʠʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ. ɺʳʧʦʣʥʝʥ ʨʘʩʯʸʪ 
ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʜʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ. 

In the article we considered the question of the reactive power compensation at the 
oil pumping station "Kaleykino" of PJSC Transneft. We discussed that the combined 
installations of the reactive power compensation devices and settings of the special modes 
of the synchronous motors at the station would improve electricity consumption and rational 
modes. 

The executed calculations of the technical substantiation and calculation of the 
economic effect is proof of the technical and economic advantage. 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʬʪʝʧʝʨʝʢʘʯʠʚʘʶʱʘʷ ʩʪʘʥʮʠʷ, ʨʝʘʢʪʠʚʥʘʷ 

ʤʦʱʥʦʩʪʴ, ʩʠʥʭʨʦʥʥʳʡ ʜʚʠʛʘʪʝʣʴ, ʢʦʤʧʝʥʩʘʮʠʷ ʨʝʘʢʪʠʚʥʦʡ 
ʤʦʱʥʦʩʪʠ. 
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Key words: pump station, reactive power, synchronous motor, compensation of the 
reactive power. 

 
 

ʅʝʬʪʝʧʝʨʝʢʘʯʠʚʘʶʱʠʝ ʩʪʘʥʮʠʠ (ʅʇʉ) ʷʚʣʷʶʪʩʷ ʧʦʪʨʝʙʠʪʝʣʷʤʠ 
ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ, ʠ ʧʦʵʪʦʤʫ ʚʦʧʨʦʩ ʦʙʝʩʧʝʯʝʥʠʷ 
ʨʘʮʠʦʥʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʵʪʠʭ ʩʪʘʥʮʠʡ 
ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʝʬʪʝʧʝʨʝʢʘʯʠʚʘʶʱʘʷ ʩʪʘʥʮʠʷ çʂʘʣʝʡʢʠʥʦè. 
ʆʩʥʦʚʥʘʷ ʥʘʛʨʫʟʢʘ ʅʇʉ ʧʨʝʜʩʪʘʚʣʝʥʘ ʘʩʠʥʭʨʦʥʥʳʤʠ 
ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷʤʠ (ɸɼ), ʢʦʪʦʨʳʝ ʵʢʩʧʣʫʘʪʠʨʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʚʦʜʦʚ 
ʥʘʩʦʩʥʳʭ ʘʛʨʝʛʘʪʦʚ. ɸɼ ʚ ʧʨʦʮʝʩʩʝ ʩʚʦʝʡ ʨʘʙʦʪʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 
ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʛʨʫʟʢʠ ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʘʤʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ. 
ʉʦʛʣʘʩʥʦ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʥʝʠʩʧʦʣʴʟʦʚʘʥʥʘʷ ʨʝʘʢʪʠʚʥʘʷ 
ʤʦʱʥʦʩʪʴ, ʢʘʢ ʩʦʩʪʘʚʣʷʶʱʘʷ ʧʦʣʥʦʡ ʤʦʱʥʦʩʪʠ, ʧʦʪʨʝʙʣʷʝʤʦʡ ʠʟ 
ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ (ʈʉ), ʩʪʨʝʤʠʪʩʷ ʚʝʨʥʫʪʩʷ ʢ ʠʩʪʦʯʥʠʢʫ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 
ʵʥʝʨʛʠʠ, ʩʦʟʜʘʚʘʷ ʨʝʘʢʪʠʚʥʳʡ ʪʦʢ. ʈʝʘʢʪʠʚʥʳʡ ʪʦʢ ʩʦʟʜʘʝʪ 
ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʦʪʝʨʠ ʤʦʱʥʦʩʪʠ ʚ ʪʦʢʦʚʝʜʫʱʠʭ ʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʘʭ ʠ 
ʧʦʚʳʰʘʝʪ ʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʢʦʪʦʨʦʝ ʫʚʝʣʠʯʠʚʘʝʪ ʧʦʪʝʨʠ ʥʘʧʨʷʞʝʥʠʷ ʠ 
ʩʥʠʞʘʝʪ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʣʠʥʠʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ:  

- ʫʭʫʜʰʘʝʪʩʷ ʢʘʯʝʩʪʚʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʠʷ ʧʦʪʝʨʴ 
ʥʘʧʨʷʞʝʥʠʷ; 

- ʩʥʠʞʘʝʪʩʷ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢʘʙʝʣʴʥʳʭ ʣʠʥʠʡ; 
- ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʥʘʛʨʫʞʘʶʪʩʷ ʩʠʣʦʚʳʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ; 
- ʫʤʝʥʴʰʘʝʪʩʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʠ 

ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ; 
- ʚʦʟʥʠʢʘʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʦʪʝʨʠ ʤʦʱʥʦʩʪʠ [4]. 
ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ ʪʝʭʥʠʯʝʩʢʠʤ ʨʝʰʝʥʠʝʤ ʢʦʤʧʝʥʩʘʮʠʠ 

ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʚʥʝʜʨʝʥʠʝ 
ʢʦʤʧʝʥʩʠʨʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ 
ʜʦʨʦʛʦʚʠʟʥʫ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʫʧʨʘʚʣʷʝʤʳʭ ʠ ʨʝʛʫʣʠʨʫʝʤʳʭ ʫʩʪʘʥʦʚʦʢ 
ʢʦʤʧʝʥʩʘʮʠʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ. ʅʘʧʨʠʤʝʨ, ʥʝʦʙʭʦʜʠʤʘʷ ʨʝʘʢʪʠʚʥʘʷ 
ʤʦʱʥʦʩʪʴ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʤʧʝʥʩʘʮʠʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ɸɼ ʚʩʝʭ 
ʧʷʪʠ ʤʘʣʳʭ ʥʝʬʪʝʧʝʨʝʢʘʯʠʚʘʶʱʠʭ ʩʪʘʥʮʠʡ, ʠʟ ʢʦʪʦʨʳʭ ʩʦʩʪʦʠʪ ʅʇʉ 
çʂʘʣʝʡʢʠʥʦè, ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 18 ʄɺɸʨ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʘʢʦʡ 
ʤʦʱʥʦʩʪʠ ʧʦʪʨʝʙʫʝʪʩʷ ʧʦʪʨʘʪʠʪʴ ʙʦʣʝʝ 2 ʤʣʥ. ʨʫʙ. ʥʘ ʟʘʢʫʧʢʫ 
ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʫʧʨʘʚʣʷʝʤʳʭ ʠ ʨʝʛʫʣʠʨʫʝʤʳʭ ʫʩʪʘʥʦʚʦʢ ʢʦʤʧʝʥʩʘʮʠʠ 
ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ.  

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʢʦʤʧʝʥʩʘʮʠʠ 
ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʧʣʘʚʥʦ-ʨʝʛʫʣʠʨʫʝʤʳʭ ʫʩʪʘʥʦʚʦʢ 
ʧʨʠʤʝʥʷʶʪ ʩʠʥʭʨʦʥʥʳʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʚ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ ʠ ʨʘʙʦʪʘʶʪ ʚ ʨʝʞʠʤʝ, ʥʝ ʥʘʨʫʰʘʶʱʝʤ 
ʦʩʥʦʚʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ [3]. 

ʉʠʩʪʝʤʘ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʅʇʉ çʂʘʣʝʡʢʠʥʦè ʚʳʧʦʣʥʝʥʘ ʧʨʠ 
ʧʦʤʦʱʠ ʪʨʸʭ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ï çʂʘʣʝʡʢʠʥʦ 1,2è, 
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çʂʘʣʝʡʢʠʥʦ-3è ʠ çʂʘʣʝʡʢʠʥʦ-4,5è. ʉʠʥʭʨʦʥʥʳʝ ʠ ʘʩʠʥʭʨʦʥʥʳʝ 
ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ ʧʨʠ ʵʪʦʤ ʧʨʠʩʦʝʜʠʥʷʶʪʩʷ ʢ ʦʙʱʝʡ ʩʠʩʪʝʤʝ ʰʠʥ 6 ʢɺ, 
ʯʪʦ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʦʡ ʢʦʤʧʝʥʩʘʮʠʶ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʧʨʠ ʧʦʤʦʱʠ 
ʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ. 

ʉʫʱʥʦʩʪʴ ʢʦʤʧʝʥʩʘʮʠʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʧʨʠ ʵʪʦʤ ʟʘʢʣʶʯʘʝʪʩʷ 
ʚ ʩʣʝʜʫʶʱʝʤ. ʂʦʵʬʬʠʮʠʝʥʪ ʤʦʱʥʦʩʪʠ ʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʠ ʪʦʢ ʝʛʦ 
ʩʪʘʪʦʨʘ ʥʘʭʦʜʷʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʢʘ ʚʦʟʙʫʞʜʝʥʠʷ. ʂʦʵʬʬʠʮʠʝʥʪ 
ʤʦʱʥʦʩʪʠ ʤʦʞʥʦ ʫʜʝʨʞʠʚʘʪʴ ʚ ʧʨʝʜʝʣʘʭ ʤʝʥʴʰʝ ʝʜʠʥʠʮʳ (cos =1 ʠ 
cos =ʥʦʤ) ʧʫʪʸʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʦʢʘ ʚʦʟʙʫʞʜʝʥʠʷ. ɼʚʠʛʘʪʝʣʴ ʧʨʠ ʵʪʦʤ 
ʧʦʪʨʝʙʣʷʝʪ ʠʣʠ ʛʝʥʝʨʠʨʫʝʪ ʨʝʘʢʪʠʚʥʫʶ ʤʦʱʥʦʩʪʴ, ʥʝ ʥʘʨʫʰʘʷ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ (ʨʠʩ. 1). 

ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʪʦʢʘ ʚʦʟʙʫʞʜʝʥʠʷ ʩʠʥʭʨʦʥʥʳʡ ʜʚʠʛʘʪʝʣʴ ʨʘʙʦʪʘʝʪ 
ʚ ʨʝʞʠʤʝ ʥʝʜʦʚʦʟʙʫʞʜʝʥʠʷ ʩ ʧʦʥʠʞʝʥʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʤʦʱʥʦʩʪʠ, 
ʪ.ʝ. ʚ ʨʝʞʠʤʝ ʧʦʪʨʝʙʣʝʥʠʷ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ [2]. ʉʦʛʣʘʩʥʦ 
ʨʫʢʦʚʦʜʩʪʚʫ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʟʘʚʦʜʘ-ʠʟʛʦʪʦʚʠʪʝʣʷ, ʧʦʜʦʙʥʳʝ ʨʝʞʠʤʳ 
ʨʘʙʦʪʳ ʥʝ ʷʚʣʷʶʪʩʷ ʘʚʘʨʠʡʥʳʤʠ ʜʣʷ ʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ. 
ɺʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʵʪʦʤ ʧʦʪʝʨʠ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʥʘʭʦʜʷʪʩʷ ʚ 
ʜʦʧʫʩʪʠʤʳʭ ʧʨʝʜʝʣʘʭ. 

 
ʈʠʩʫʥʦʢ 1 - ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʝʡ ʨʝʞʠʤʘ ʨʘʙʦʪʳ  

ʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ 
 

ʉʦʛʣʘʩʥʦ ʚʳʧʦʣʥʝʥʥʳʤ ʨʘʩʯʸʪʘʤ, ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʥʦʤʠʥʘʣʴʥʦʤ 
ʟʥʘʯʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʱʥʦʩʪʠ, ʠʤʝʶʱʠʝʩʷ ʩʠʥʭʨʦʥʥʳʝ ʜʚʠʛʘʪʝʣʠ 
ʩʧʦʩʦʙʥʳ ʧʦʣʥʦʩʪʴʶ ʧʦʢʨʳʪʴ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʨʝʘʢʪʠʚʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 
ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ ʩʪʘʥʮʠʷʭ çʂʘʣʝʡʢʠʥʦ-3è ʠ çʂʘʣʝʡʢʠʥʦ-4,5è. ʅʘ ʅʇʉ 
çʂʘʣʝʡʢʠʥʦ-1,2è, ʥʦ ʧʦʣʥʦʩʪʴʶ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʨʝʘʢʪʠʚʥʫʶ ʤʦʱʥʦʩʪʴ 
ʜʘʥʥʳʤ ʤʝʪʦʜʦʤ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ, ʘ ʝʸ ʧʝʨʝʜʘʯʘ ʩ ʜʨʫʛʠʭ 
ʩʪʘʥʮʠʡ ʪʝʭʥʠʯʝʩʢʠ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʘ. ʂʦʤʧʝʥʩʘʮʠʷ ʨʝʘʢʪʠʚʥʦʡ 
ʤʦʱʥʦʩʪʠ ʥʘ çʂʘʣʝʡʢʠʥʦ-1,2è ʧʦʩʨʝʜʩʪʚʦʤ ʦʜʥʠʭ ʪʦʣʴʢʦ ʩʠʥʭʨʦʥʥʳʭ 
ʜʚʠʛʘʪʝʣʝʡ ʧʦʪʨʝʙʦʚʘʣʘ ʙʳ, ʩʦʛʣʘʩʥʦ ʚʳʧʦʣʥʝʥʥʳʤ ʨʘʩʯʸʪʘʤ, 
ʜʘʣʴʥʝʡʰʝʝ ʩʥʠʞʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʱʥʦʩʪʠ, ʯʪʦ ʷʚʣʷʝʪʩʷ 
ʥʝʜʦʧʫʩʪʠʤʳʤ. ʇʦʵʪʦʤʫ ʧʨʝʜʣʘʛʘʝʪʩʷ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʦʩʪʘʚʰʫʶʩʷ 



55 

 

ʨʝʘʢʪʠʚʥʫʶ ʤʦʱʥʦʩʪʴ ʧʨʠ ʧʦʤʦʱʠ ʫʩʪʘʥʦʚʢʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 
ʫʧʨʘʚʣʷʝʤʳʭ ʠ ʨʝʛʫʣʠʨʫʝʤʳʭ ʋʂʈʄ. ʂ ʧʝʨʚʦʡ ʩʝʢʮʠʠ ʰʠʥ ʩʪʘʥʮʠʠ 
çʂʘʣʝʡʢʠʥʦ-1,2è ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʦʜʢʣʶʯʠʪʴ ʦʜʥʫ ʫʩʪʘʥʦʚʢʫ ʤʦʱʥʦʩʪʴʶ 
300 ʢɺɸʨ, ʘ ʢʦ ʚʪʦʨʦʡ ï ʫʩʪʘʥʦʚʢʫ ʤʦʱʥʦʩʪʴʶ 1350 ʢɺɸʨ. ʉʚʦʙʦʜʥʳʝ 
ʷʯʝʡʢʠ ʚ ʢʦʤʧʣʝʢʪʥʦʤ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʤ ʫʩʪʨʦʡʩʪʚʝ (ʂʈʋʅ) ʜʣʷ ʪʘʢʦʛʦ 
ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʠʤʝʶʪʩʷ. ɺʳʙʦʨ ʫʢʘʟʘʥʥʳʭ ʤʦʱʥʦʩʪʝʡ ʚʳʧʦʣʥʝʥ ʩ 
ʫʯʸʪʦʤ ʠʩʢʣʶʯʝʥʠʷ ʨʝʞʠʤʘ ʧʝʨʝʢʦʤʧʝʥʩʘʮʠʠ. ʎʝʣʝʩʦʦʙʨʘʟʥʳʤ 
ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʤʦʥʪʘʞ ʋʂʈʄ ʚ ʩʧʝʮʠʘʣʴʥʦʤ ʙʣʦʢ-ʙʦʢʩʝ ʚ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ 
ʚ ʩʫʱʝʩʪʚʫʶʱʝʤ ʧʦʤʝʱʝʥʠʠ ʂʈʋʅ ʥʝʜʦʩʪʘʪʦʯʥʦ ʩʚʦʙʦʜʥʦʛʦ ʤʝʩʪʘ. 
ʇʦʜʢʣʶʯʝʥʠʝ ʫʩʪʘʥʦʚʦʢ ʧʨʦʠʟʚʦʜʠʪʩʷ ʯʝʨʝʟ ʚʘʢʫʫʤʥʳʝ ʚʳʢʣʶʯʘʪʝʣʠ. 

ʈʘʩʯʸʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚʳʧʦʣʥʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-
ʪʝʭʥʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʢʦʤʧʝʥʩʘʮʠʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ 
ʦʙʦʡʜʸʪʩʷ ʚ 964 ʪʳʩ. ʨʫʙ. ʉ ʫʯʸʪʦʤ ʟʘʪʨʘʪ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ 
ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʫʧʨʘʚʣʷʝʤʳʭ ʠ ʨʝʛʫʣʠʨʫʝʤʳʭ ʋʂʈʄ ʩʨʦʢ ʦʢʫʧʘʝʤʦʩʪʠ 
ʩʦʩʪʘʚʠʪ ʦʢʦʣʦ 13 ʤʝʩʷʮʝʚ. ʆʙʩʣʫʞʠʚʘʥʠʝ ʥʦʚʳʭ ʫʩʪʘʥʦʚʦʢ ʤʦʞʝʪ 
ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʩʠʣʘʤʠ ʠʤʝʶʱʝʛʦʩʷ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʧʝʨʩʦʥʘʣʘ, 
ʚʚʝʜʝʥʠʝ ʚ ʰʪʘʪ ʧʨʝʜʧʨʠʷʪʠʷ ʥʦʚʳʭ ʨʘʙʦʯʠʭ ʝʜʠʥʠʮ ʥʝ ʧʦʪʨʝʙʫʝʪʩʷ. 
ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʦʪʝʨʠ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʚ ʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʷʭ 
ʩʦʩʪʘʚʷʪ ʩʫʤʤʘʨʥʦ 150 ʢɺʪ ʧʨʠ ʦʙʱʝʤ ʧʦʪʨʝʙʣʝʥʠʠ 43600 ʢɺʪ, ʢʦʪʦʨʦʝ 
ʩʦʩʪʘʚʣʷʝʪ 0,3%, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʢʦʤʝʥʜʘʮʠʷʤ [5]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 
ʫʧʨʘʚʣʷʝʤʳʭ ʠ ʨʝʛʫʣʠʨʫʝʤʳʭ ʋʂʈʄ ʠ ʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʚ ʢʘʯʝʩʪʚʝ 
ʢʦʤʧʝʥʩʘʪʦʨʦʚ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʮʠʦʥʘʣʴʥʳʡ 
ʨʝʞʠʤ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʅʇʉ, ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ 
ʧʦʪʨʝʙʣʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʶ, ʥʝ ʥʘʨʫʰʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 
ʧʨʦʮʝʩʩ, ʟʘʪʨʘʪʳ ʥʘ ʦʧʣʘʪʫ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʫʣʫʯʰʝʥʠʝ ʨʝʞʠʤʘ ʨʘʙʦʪʳ 
ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʠ ʚʩʝʛʦ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ 
ʥʝʬʪʝʧʝʨʝʢʘʯʠʚʘʶʱʝʡ ʩʪʘʥʮʠʠ ʚ ʮʝʣʦʤ. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʈɽɾʀʄɸ ʈɸɹʆʊʓ ʎɽʇʅʆɻʆ ʇʈʀɺʆɼɸ 
ʐʊɸʅɻʆɺʆʁ ʉʂɺɸɾʀʅʅʆʁ ʅɸʉʆʉʅʆʁ ʋʉʊɸʅʆɺʂʀ 

STUDYING OF THE OPERATING MODE OF CHAIN DRIVE OF SUCKER ROD PUMP 

 
ʊ.ɺ. ʊʘʙʘʯʥʠʢʦʚʘ, ʈʘʤʠʣʴ ʌ. ɹʘʰʠʨʦʚ, ʈʘʠʣʴ ʌ.ɹʘʰʠʨʦʚ, ɸ.ɺ. ʄʘʭʪ, 

ɼ.ʅ. ʅʫʨʙʦʩʳʥʦʚ 
(Ramil F. Bashirov, Rail F. Bashirov, Artem. Makht, Tatyana V. Tabachnikova 

Duysen N. Nurbosynov) 

ɸʣʴʤʝʪʴʝʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʝʬʪʷʥʦʡ ʠʥʩʪʠʪʫʪ 
(Almetyevsk State Oil Institute) 

 
ʅʘ ʦʩʥʦʚʝ ʠʟʚʝʩʪʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʜʦʙʳʚʘʶʱʝʡ ʩʢʚʘʞʠʥʳ ʩ ʮʝʧʥʳʤ ʧʨʠʚʦʜʦʤ ʨʘʟʨʘʙʦʪʘʥʘ 
ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ ʧʨʠ ʨʘʙʦʪʝ ʢʦʤʧʣʝʢʩʘ ʧʦ ʜʦʙʳʯʝ 
ʩʚʝʨʭʚʷʟʢʦʡ ʥʝʬʪʠ ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ ʚ ʤʦʤʝʥʪʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 
ʩʫʤʤʘʨʥʳʝ ʫʩʠʣʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʨʘʙʦʪʝ ʩʢʨʝʙʢʦʚ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ 
ʰʪʘʥʛʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʣʫʯʝʥʳ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʝʡ 
ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ, ʩʢʦʣʴʞʝʥʠʷ, ʪʦʢʘ ʩʪʘʪʦʨʘ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 
ʤʦʤʝʥʪʘ, ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʟʘʞʠʤʘʭ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʢʦʤʧʝʥʩʠʨʫʶʱʝʡ 
ʫʩʪʘʥʦʚʢʠ ʠ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʛʦ (ʜʠʥʘʤʠʯʝʩʢʦʛʦ) ʤʦʤʝʥʪʘ ʥʘʩʦʩʥʦʛʦ 
ʘʛʨʝʛʘʪʘ ʚ ʬʫʥʢʮʠʠ ʚʨʝʤʝʥʠ ʩ ʫʯʝʪʦʤ ʚʦʟʤʫʱʘʶʱʠʭ ʬʘʢʪʦʨʦʚ ʚ 
ʧʠʪʘʶʱʝʡ ʠ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ. 

Based on the well-known mathematical model of the electrotechnical complex of a 
production well with a chain drive, a mathematical model has been developed which, when 
the super-viscous oil production complex is operating, allows to take into account, in the 
moment of resistance, the total forces arising from the operation of scrapers mounted on 
the rod. As a result of the simulation, graphs of dependences of the rotor speed, slip, stator 
current, electromagnetic moment, voltage at the terminals of the individual compensating 
plant and the electromechanical (dynamical) moment of the pump set as a function of time 
and disturbing factors in the supply and distribution electric networks were obtained. 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ ʜʦʙʳʚʘʶʱʝʡ 

ʩʢʚʘʞʠʥʳ, ʰʪʘʥʛʦʚʘʷ ʩʢʚʘʞʠʥʥʘʷ ʥʘʩʦʩʥʘʷ ʫʩʪʘʥʦʚʢʘ, ʮʝʧʥʦʡ ʧʨʠʚʦʜ, 
ʢʦʤʧʝʥʩʘʮʠʷ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ. 

Keywords: electrotechnical complex of producing well, rod well pump unit, chain 
drive, reactive power compensation. 

https://www.multitran.ru/c/M.exe?t=275857_1_2&s1=%E8%F1%F1%EB%E5%E4%EE%E2%E0%ED%E8%E5
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ʉ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ 
ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʦʙʳʚʘʶʱʝʡ ʩʢʚʘʞʠʥʳ ʩ 
ʮʝʧʥʳʤ ʧʨʠʚʦʜʦʤ (ʨʠʩ.1) ʧʦ ʜʦʙʳʯʝ ʚʷʟʢʦʡ ʠ ʩʚʝʨʭʚʷʟʢʦʡ ʥʝʬʪʠ 
ʨʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ ʚ 
ʤʦʤʝʥʪʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʫʤʤʘʨʥʳʝ ʫʩʠʣʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʨʘʙʦʪʝ 
ʩʢʨʝʙʢʦʚ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʰʪʘʥʛʝ. 

ɺ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʕʂɼʉ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 
ʦʙʱʝʧʨʦʤʳʰʣʝʥʥʳʡ ʘʩʠʥʭʨʦʥʥʳʡ ʜʚʠʛʘʪʝʣʴ (ɸɼ) ʩ ʥʦʤʠʥʘʣʴʥʦʡ 
ʤʦʱʥʦʩʪʴʶ 5,5 ʢɺʪ. ʈʝʟʫʣʴʪʘʪʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 
ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 2...9 ʚ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮʘʭ. ʊʘʢ ʢʘʢ 
ʧʘʨʘʤʝʪʨʳ ɸɼ ʨʘʟʣʠʯʥʦʡ ʤʦʱʥʦʩʪʠ ʙʣʠʟʢʠ ʤʝʞʜʫ ʩʦʙʦʡ, ʪʦ ʧʦʣʫʯʝʥʥʳʝ 
ʨʝʟʫʣʴʪʘʪʳ ʤʦʞʥʦ ʨʘʩʧʨʦʩʪʨʘʥʠʪʴ ʥʘ ʜʨʫʛʠʝ ʤʦʜʠʬʠʢʘʮʠʠ ʵʪʦʡ ʩʝʨʠʠ. 

 
ʈʠʩʫʥʦʢ 1 ï ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʠ ʩʭʝʤʘ ʟʘʤʝʱʝʥʠʷ 

ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʦʙʳʚʘʶʱʝʡ ʩʢʚʘʞʠʥʳ, ʩ ʮʝʧʥʳʤ 
ʧʨʠʚʦʜʦʤ, ʧʦʜʢʣʶʯʝʥʥʦʛʦ ʚ ʫʟʣʝ (ɸ) ʚ ʢʦʥʮʝ ʧʠʪʘʶʱʝʡ ʣʠʥʠʠ  

 
ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʠʚʝʜʝʥʳ ʩʣʝʜʫʶʱʠʝ ʵʣʝʤʝʥʪʳ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʜʦʙʳʚʘʶʱʝʡ ʩʢʚʘʞʠʥʳ (ʕʂɼʉ) ʩ ʮʝʧʥʳʤ ʧʨʠʚʦʜʦʤ: 

1lLlL RRR += , 
1lLlL XXX += ï ʩʫʤʤʘʨʥʳʝ ʘʢʪʠʚʥʦʝ ʠ ʠʥʜʫʢʪʠʚʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ ʠ ʫʯʘʩʪʢʘ ʚʦʟʜʫʰʥʦʡ ʣʠʥʠʠ ʜʦ 

ʩʢʚʘʞʠʥʳ; 1tR , 1tX  ïʘʢʪʠʚʥʦʝ ʠ ʠʥʜʫʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʂʊʇ; 2lR , 2lX  

ï ʧʠʪʘʶʱʝʛʦ ʢʘʙʝʣʷ ɸɼ; 
1c

X  ï y ʤʢʦʩʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ 

ʧʦʛʨʫʞʥʦʡ ʢʦʤʧʝʥʩʠʨʫʶʱʝʡ ʫʩʪʘʥʦʚʢʠ (ʋʇɽʂ1); 1R , sR /2¡  ï ʘʢʪʠʚʥʳʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʙʤʦʪʦʢ ʩʪʘʪʦʨʘ ʠ ʨʦʪʦʨʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; mX  ï 

ʠʥʜʫʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʟʘʠʤʥʦʡ ʠʥʜʫʢʮʠʠ; 1sX , 2s¡X  ï 

ʠʥʜʫʢʪʠʚʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʘʩʩʝʷʥʠʷ ʦʙʤʦʪʦʢ ʩʪʘʪʦʨʘ ʠ ʨʦʪʦʨʘ. 
ʇʦ ʩʭʝʤʝ ʟʘʤʝʱʝʥʠʷ ʩʦʩʪʘʚʣʝʥʘ ʩʠʩʪʝʤʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʫʨʘʚʥʝʥʠʡ: 

;)( 1
02

0222 22 cll u
dt

di
LiRtu ++=        (1) 
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;1102 ciii +=           (2) 

;1
1021

dt

du
Cii c

c-= ,         (3) 

;)( 1
1111

dt

d
LiRtuc
y

+= ,         (4) 

dt

d
Ri 2

220
y

+= .          (5) 

ʛʜʝ: )(22 tu  ï ʚʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʚ ʕʂɼʉ; 02i  ï ʚʭʦʜʥʦʡ ʪʦʢ ʕʂɼʉ; )(1 tuc  ï 

ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʟʘʞʠʤʘʭ ʋʇɽʂ ʠ ʩʪʘʪʦʨʘ; 1ʩi  ï ʪʦʢ ʯʝʨʝʟ ʋʇɽʂ 

(ʢʦʥʜʝʥʩʘʪʦʨ C ); 1i  ï ʪʦʢ ʩʪʘʪʦʨʘ, 2i  ï ʪʦʢ ʨʦʪʦʨʘ; 1y , 2y  ï 

ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʷ ʦʙʤʦʪʦʢ ʩʪʘʪʦʨʘ ʠ ʨʦʪʦʨʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʧʫʩʢʘ ʮʝʧʥʦʛʦ ʧʨʠʚʦʜʘ 

ʕʂɼʉ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʧʨʠ ʚʭʦʜʥʦʤ ʫʨʦʚʥʝ ʥʘʧʨʷʞʝʥʠʷ ʨʘʚʥʦʡ 1 ʦ.ʝ., 
ʧʨʦʚʘʣʝ ʥʘʧʨʷʞʝʥʠʷ ʜʦ 35% ʧʨʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʜʦ 3 ʩʝʢʫʥʜ ʠ ʫʚʝʣʠʯʝʥʠʠ 
ʤʦʤʝʥʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʦ 20%. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠʚʝʜʝʥʳ 
ʥʘ ʨʠʩʫʥʢʘʭ 2, 4, 6 ʠ 8 - ʰʪʘʪʥʳʡ ʨʝʞʠʤ ʧʫʩʢʘ ʮʝʧʥʦʛʦ ʧʨʠʚʦʜʘ ʕʂɼʉ, ʘ 
ʥʘ ʨʠʩʫʥʢʘʭ 3, 5, 7 ʠ 9 - ʘʥʦʤʘʣʴʥʳʡ ʨʝʞʠʤ ʧʫʩʢʘ ʮʝʧʥʦʛʦ ʧʨʠʚʦʜʘ ʕʂɼʉ. 

 

ʈʠʩʫʥʦʢ 2 ï ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ 
ʚʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʪʦʢʘ 

ʩʪʘʪʦʨʘ ʮʝʧʥʦʛʦ ʧʨʠʚʦʜʘ ʕʂɼʉ (
,10=u 0=D cm ) 

 

ʈʠʩʫʥʦʢ 3 ï ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ 
ʚʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʪʦʢʘ 

ʩʪʘʪʦʨʘ ʮʝʧʥʦʛʦ ʧʨʠʚʦʜʘ ʕʂɼʉ (
,10¸u 0̧D cm ) 
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ʈʠʩʫʥʦʢ 4 ï ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ 
ʚʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʘ 
ʩʪʘʪʦʨʘ ʮʝʧʥʦʛʦ ʧʨʠʚʦʜʘ ʕʂɼʉ     

( ,10=u 0=D cm ) 

ʈʠʩʫʥʦʢ 5 ï ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ 
ʚʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʘ 
ʩʪʘʪʦʨʘ ʮʝʧʥʦʛʦ ʧʨʠʚʦʜʘ ʕʂɼʉ(

,10¸u 0̧D cm ) 

  
ʈʠʩʫʥʦʢ 6 ï ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ 
ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʟʘʞʠʤʘʭ ʋʇɽʂ ʠ 
ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ 

ʮʝʧʥʦʛʦ ʧʨʠʚʦʜʘ ʕʂɼʉ (,10=u

0=D cm ) 

ʈʠʩʫʥʦʢ 7 ï ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ 
ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʟʘʞʠʤʘʭ ʋʇɽʂ ʠ 
ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ 

ʮʝʧʥʦʛʦ ʧʨʠʚʦʜʘ ʕʂɼʉ ( ,10¸u

0̧D cm ) 

  
ʈʠʩʫʥʦʢ 8 ï ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ 

ʚʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ 
ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ 

ʮʝʧʥʦʛʦ ʧʨʠʚʦʜʘ ʕʂɼʉ (,10=u

0=D cm ) 

ʈʠʩʫʥʦʢ 9 ï ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ 
ʚʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ 

ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ 
ʮʝʧʥʦʛʦ ʧʨʠʚʦʜʘ ʕʂɼʉ  

( ,10¸u 0̧D cm ) 
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ʋɼʂ 621.1 

 
ɼʆʈɽɿʆʅɸʅʉʅʓʁ ʉʊɸʅʆʂ ɼʃʗ ɹɸʃɸʅʉʀʈʆɺʂʀ ɼɽʊɸʃɽʁ ʀ 

ʋɿʃʆɺ ʕʅɽʈɻɽʊʀʏɽʉʂʆɻʆ ʆɹʆʈʋɼʆɺɸʅʀʗ 
PRE-RESONANCE MACHINE FOR BALANCING PARTS AND COMPONENTS OF 

ENERGY EQUIPMENT 

 
ʀ.ʈ. ʊʘʟʝʝʚ, ɸ.ɽ. ʂʦʥʜʨʘʪʴʝʚ 

(Ilnur R. Tazeyev, Alexander E. Kondratiev) 

ʂʘʟʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 
(Kazan state power engineering university) 

 
ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʨʘʩʩʤʦʪʨʝʥʠʶ ʚʦʧʨʦʩʘ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʪʘʥʢʦʚ ʜʣʷ ʙʘʣʘʥʩʠʨʦʚʢʠ ʜʝʪʘʣʝʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 
ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʉɸʇʈ. ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ 
ʥʝʛʘʪʠʚʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʥʝʩʚʦʝʚʨʝʤʝʥʥʦʡ ʠ ʥʝʢʘʯʝʩʪʚʝʥʥʦʡ 
ʙʘʣʘʥʩʠʨʦʚʢʠ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʵʥʝʨʛʦʘʛʨʝʛʘʪʦʚ. 

The article is devoted to the consideration of the problem of designing and modeling 
machines for balancing parts of power equipment with using CAD. The main negative 
consequences of untimely and substandard balancing of the components of power units are 
considered. 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʘʣʘʥʩʠʨʦʚʦʯʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʜʦʨʝʟʦʥʘʥʩʥʳʡ 

ʙʘʣʘʥʩʠʨʦʚʦʯʥʳʡ ʩʪʘʥʦʢ, ʜʠʩʙʘʣʘʥʩ, 3D-ʤʦʜʝʣʴ. 
Key words: balancing equipment, pre-resonance balancing machine, imbalance, 

3D-model. 
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ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʩʩʤʦʪʨʝʥʠʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 
ʤʦʜʝʣʠ ʜʦʨʝʟʦʥʘʥʩʥʦʛʦ ʩʪʘʥʢʘ ʜʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʙʘʣʘʥʩʠʨʦʚʢʠ.  

ʕʥʝʨʛʝʪʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʩʦʩʪʦʠʪ ʠʟ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 
ʚʨʘʱʘʶʱʠʭʩʷ ʜʝʪʘʣʝʡ. ʕʪʦ ʨʦʪʦʨʳ ʪʫʨʙʠʥ, ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ, 
ʙʘʨʘʙʘʥʳ, ʢʨʳʣʴʯʘʪʢʠ ʚʝʥʪʠʣʷʪʦʨʦʚ ʠ ʨʘʙʦʯʠʝ ʢʦʣʝʩʘ ʮʝʥʪʨʦʙʝʞʥʳʭ 
ʥʘʩʦʩʦʚ, ʚʝʥʪʠʣʷʪʦʨʦʚ ʠ ʢʦʤʧʨʝʩʩʦʨʦʚ. ʇʨʠ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠ 
ʜʘʣʴʥʝʡʰʝʤ ʧʨʠʤʝʥʝʥʠʠ ʚʦʟʥʠʢʘʶʪ ʥʝʫʨʘʚʥʦʚʝʰʝʥʥʳʝ ʚʥʫʪʨʝʥʥʠʝ 
ʩʠʣʳ ʠ ʜʠʩʙʘʣʘʥʩ. 

ɹʘʣʘʥʩʠʨʦʚʢʦʡ ʨʦʪʦʨʦʚ ʥʘʟʳʚʘʝʪʩʷ ʧʨʦʮʝʩʩ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ 
ʥʝ ʫʨʘʚʥʦʚʝʰʝʥʥʳʭ ʚʨʘʱʘʶʱʠʭʩʷ ʯʘʩʪʝʡ ʤʘʰʠʥʳ. ʆʪʢʣʦʥʝʥʠʝ ʦʩʠ 
ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʦʪ ʛʣʘʚʥʦʡ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ ʠʥʝʨʮʠʠ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ 
ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ ʧʦʷʚʣʝʥʠʷ ʥʝ ʩʢʦʤʧʝʥʩʠʨʦʚʘʥʥʳʭ ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ ʠ 
ʤʦʤʝʥʪʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʚʨʘʱʝʥʠʠ ʨʦʪʦʨʘ ʚʦʟʤʦʞʥʦ 
ʧʦʷʚʣʝʥʠʝ ʚʠʙʨʘʮʠʠ ʚʩʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʥʝʛʘʪʠʚʥʦ 
ʚʣʠʷʝʪ ʥʘ ʩʨʦʢ ʩʣʫʞʙʳ ʧʦʜʰʠʧʥʠʢʦʚ, ʬʫʥʜʘʤʝʥʪʘ ʠ ʦʧʦʨʥʳʭ ʵʣʝʤʝʥʪʦʚ.  

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʟʚʝʩʪʥʳ ʜʚʘ ʤʝʪʦʜʘ ʙʘʣʘʥʩʠʨʦʚʢʠ 
ʚʨʘʱʘʶʱʠʭʩʷ ʫʟʣʦʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ: ʩʪʘʪʠʯʝʩʢʠʡ ʠ 
ʜʠʥʘʤʠʯʝʩʢʠʡ. ʎʝʣʴʶ ʩʪʘʪʠʯʝʩʢʦʡ ʙʘʣʘʥʩʠʨʦʚʢʠ ʷʚʣʷʝʪʩʷ ʩʦʚʤʝʱʝʥʠʝ 
ʦʩʠ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʩ ʝʛʦ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʴʶ, ʧʫʪʝʤ ʫʜʘʣʝʥʠʷ ʣʠʰʥʝʛʦ 
ʤʝʪʘʣʣʘ ʠʟ ʙʦʣʝʝ ʪʷʞʝʣʦʡ ʯʘʩʪʠ ʨʦʪʦʨʘ ʣʠʙʦ ʜʦʙʘʚʣʝʥʠʝʤ ʛʨʫʟʘ ʚ ʙʦʣʝʝ 
ʣʝʛʢʦʡ ʝʛʦ ʯʘʩʪʠ. ʇʨʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʙʘʣʘʥʩʠʨʦʚʢʝ ʩʦʚʤʝʱʘʶʪ ʦʩʴ 
ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʩ ʛʣʘʚʥʦʡ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʴʶ ʠʥʝʨʮʠʠ. ʕʪʦʪ ʤʝʪʦʜ 
ʙʘʣʘʥʩʠʨʦʚʢʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʙʘʣʘʥʩʠʨʦʚʦʯʥʳʭ ʩʪʘʥʢʘʭ. 

ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʧʦʩʪʨʦʝʥʠʷ ʙʘʣʘʥʩʠʨʦʚʦʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʜʣʷ 
ʧʨʦʚʝʜʝʥʠʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʧʳʪʘʥʠʡ ʥʘ ʥʝʤ ʙʳʣʘ ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ 3D-
ʤʦʜʝʣʴ ʙʘʣʘʥʩʠʨʦʚʦʯʥʦʛʦ ʩʪʘʥʢʘ. ʀʟ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 
ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ (ʉɸʇʈ) ʙʳʣ 
ʚʳʙʨʘʥ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ Autodesk Inventor. ʆʩʥʦʚʥʳʤʠ 
ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʜʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʷʚʣʷʶʪʩʷ ʫʜʦʙʥʳʡ ʠʥʪʝʨʬʝʡʩ, 
ʩʦʚʤʝʩʪʠʤʦʩʪʴ 2D ʯʝʨʪʝʞʝʡ ʩ 3D ʧʨʦʝʢʪʠʨʦʚʘʥʠʝʤ, ʘ ʪʘʢʞʝ ʢʦʤʧʘʥʠʷ 
Autodesk ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʩʪʫʜʝʥʪʘʤ ʙʝʩʧʣʘʪʥʳʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ 
ʣʠʮʝʥʟʠʠ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʠ ʢʦʥʩʪʨʫʢʮʠʠ ʙʘʣʘʥʩʠʨʦʚʦʯʥʳʝ 
ʩʪʘʥʢʠ ʙʳʚʘʶʪ ʜʦʨʝʟʦʥʘʥʩʥʦʛʦ, ʨʝʟʦʥʘʥʩʥʦʛʦ ʠ ʟʘʨʝʟʦʥʘʥʩʥʦʛʦ ʪʠʧʘ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʦʨʝʟʦʥʘʥʩʥʳʡ 
ʙʘʣʘʥʩʠʨʦʚʦʯʥʳʡ ʩʪʘʥʦʢ, 3D-ʤʦʜʝʣʴ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 
1. ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʙʘʣʘʥʩʠʨʦʚʦʯʥʦʛʦ ʩʪʘʥʢʘ ʜʦʨʝʟʦʥʘʥʩʥʦʛʦ ʪʠʧʘ 
ʷʚʣʷʝʪʩʷ ʞʝʩʪʢʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ. ʕʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʝʜʦʪʚʨʘʱʘʝʪ 
ʧʦʚʨʝʞʜʝʥʠʝ ʩʪʘʥʢʘ ʚʦ ʚʨʝʤʷ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʠʟʥʦʩʫ ʧʦʜʚʝʨʛʘʶʪʩʷ ʪʦʣʴʢʦ 
ʦʧʦʨʥʳʝ ʨʦʣʠʢʠ ʠ ʧʨʠʚʦʜʥʳʝ ʨʝʤʥʠ, ʢʦʪʦʨʳʝ ʣʝʛʢʦʟʘʤʝʥʠʤʳ, 
ʚʦʟʤʦʞʥʦʩʪʴ ʙʘʣʘʥʩʠʨʦʚʢʠ ʠʟʜʝʣʠʡ ʩ ʙʦʣʴʰʠʤʠ ʥʘʯʘʣʴʥʳʤʠ 
ʜʠʩʙʘʣʘʥʩʘʤʠ. 

ɼʦʨʝʟʦʥʘʥʩʥʳʡ ʙʘʣʘʥʩʠʨʦʚʦʯʥʳʡ ʩʪʘʥʦʢ ʩʦʜʝʨʞʠʪ ʩʪʘʥʠʥʫ 1 ʠ ʜʚʘ 
ʦʧʦʨʥʳʭ ʫʟʣʘ 2, ʢʦʪʦʨʳʝ ʨʝʛʫʣʠʨʫʶʪʩʷ ʧʦ ʚʳʩʦʪʝ. ʆʧʦʨʥʳʡ ʫʟʝʣ 
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ʚʢʣʶʯʘʝʪ ʦʩʥʦʚʘʥʠʝ ʦʧʦʨʳ 3 ʠ ʧʣʠʪʫ ʦʧʦʨʳ 4. ʆʧʦʨʳ ʤʦʛʫʪ ʩʤʝʱʘʪʴʩʷ 
ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ ʧʦ ʨʝʣʴʩʝ, ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʘ ʩʪʘʥʠʥʝ. ʂʘʞʜʘʷ 
ʦʧʦʨʘ ʦʩʥʘʱʝʥʘ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʤ ʜʘʪʯʠʢʦʤ ʩʠʣʳ. 

ʈʘʙʦʪʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʪʘʥʢʘ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʙʣʦʢʦʤ 
ʫʧʨʘʚʣʝʥʠʷ 5, ʢ ʢʦʪʦʨʦʤʫ ʩʦʝʜʠʥʷʶʪʩʷ ʜʘʪʯʠʢʠ ʩʠʣʳ ʩ ʢʘʞʜʦʡ ʦʧʦʨʳ ʠ 
ʧʨʠʚʦʜʥʦʡ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ. ʕʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 
ʨʝʤʝʥʥʦʡ ʧʝʨʝʜʘʯʝʡ ʩ ʧʦʤʦʱʴʶ ʨʷʜʘ ʥʘʧʨʘʚʣʷʶʱʠʭ ʨʦʣʠʢʦʚ ʧʨʠʚʦʜʠʪ ʚ 
ʜʚʠʞʝʥʠʝ ʙʘʣʘʥʩʠʨʫʝʤʳʡ ʨʦʪʦʨ 6. ʀʤʝʶʱʠʡʩʷ ʜʠʩʙʘʣʘʥʩ ʧʨʠʚʦʜʠʪ ʢ 
ʜʝʬʦʨʤʘʮʠʠ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʦʩʥʦʚʘʥʠʠ 
ʦʧʦʨ. ʇʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ ʩʠʣʳ ʧʨʝʦʙʨʘʟʦʚʳʚʘʶʪ ʜʘʥʥʳʝ 
ʚʠʙʨʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʠʛʥʘʣ. 

ɼʦʩʪʦʠʥʩʪʚʘʤʠ ʜʘʥʥʦʛʦ ʩʪʘʥʢʘ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʥʘʷ ʪʦʯʥʦʩʪʴ 
ʙʘʣʘʥʩʠʨʦʚʢʠ, ʧʦʣʫʯʘʝʤʘʷ ʟʘ ʩʯʝʪ ʦʪʢʘʟʘ ʦʪ ʧʦʜʚʠʞʥʳʭ ʩʪʳʢʦʚ ʤʝʞʜʫ 
ʦʧʦʨʘʤʠ ʠ ʜʘʪʯʠʢʘʤʠ ʩʠʣʳ, ʘ ʪʘʢʞʝ ʨʘʩʰʠʨʝʥʥʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ 
ʚʦʟʤʦʞʥʦʩʪʴ ʠ ʫʧʨʦʱʝʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ, ʜʦʩʪʠʛʘʝʤʘʷ ʟʘ ʩʯʝʪ ʥʦʚʦʡ 
ʢʦʤʧʦʥʦʚʢʠ ʵʣʝʤʝʥʪʦʚ ʦʧʦʨʥʳʭ ʫʟʣʦʚ. 

 
ʈʠʩʫʥʦʢ 1 - 3D-ʤʦʜʝʣʴ ʙʘʣʘʥʩʠʨʦʚʦʯʥʦʛʦ ʩʪʘʥʢʘ: 

1-ʩʪʘʥʠʥʘ; 2-ʦʧʦʨʥʳʡ ʫʟʝʣ; 3-ʦʩʥʦʚʘʥʠʝ ʦʧʦʨʳ; 4-ʧʣʠʪʘ ʦʧʦʨʳ; 5-
ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ, 6 ʙʘʣʘʥʩʠʨʫʝʤʳʡ ʨʦʪʦʨ 
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ɾʀɼʂʆɻʆ ʊʆʇʃʀɺɸ 

CALCULATION OF PARAMETERS FOR EFFECTIVE BURNING OF LIQUID FUEL 

 
ʆ.ʉ. ʇʦʧʢʦʚʘ, ɸ.ʀ. ʌʘʡʟʫʣʣʠʥʘ, ʇ.ɺ. ʄʝʜʚʝʜʝʚʘ 

(O.S. Popkova, A.I. Faizullina, P.V. Medvedeva) 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ 
ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ çʂʘʟʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 
(Federal State Budget Educational Institution of Higher Education  

çKazan state power engineering universityè) 

 
ʇʨʠʚʝʜʝʥ ʨʘʩʯʝʪ ʛʦʨʝʥʠʷ ʞʠʜʢʦʛʦ ʪʦʧʣʠʚʘ, ʚ ʢʦʪʦʨʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ ʥʘ ʛʦʨʝʥʠʝ ʪʦʧʣʠʚʘ, ʟʘʪʝʤ ʢʦʣʠʯʝʩʪʚʦ ʠ ʩʦʩʪʘʚ ʧʨʦʜʫʢʪʦʚ 
ʛʦʨʝʥʠʷ ï ʜʳʤʦʚʳʭ ʛʘʟʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʦʨʝʥʠʷ ʪʦʧʣʠʚʘ ʠ 
ʪʝʤʧʝʨʘʪʫʨʘ ʜʳʤʦʚʳʭ ʛʘʟʦʚ. 

The calculation of the combustion of liquid fuel in which the air consumption for 
burning the fuel is determined, and then the amount and composition of the combustion 
products - the flue gases resulting from combustion of the fuel and the temperature of the 
flue gases. 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʦʧʣʠʚʦ, ʧʨʦʜʫʢʪʳ ʩʛʦʨʘʥʠʷ, ʪʝʧʣʦʪʝʭʥʠʢʘ. 
Key words: fuel, combustion products, heat engineering. 

 
 
ʇʨʦʜʫʢʪʳ ʩʛʦʨʘʥʠʷ ʦʢʘʟʳʚʘʶʪ ʦʧʨʝʜʝʣʷʶʱʝʝ ʚʣʠʷʥʠʝ ʥʘ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʨʘʟʣʠʯʥʳʭ 
ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ. ʆʜʥʘʢʦ ʧʦʤʠʤʦ ʵʪʠʭ ʧʨʦʜʫʢʪʦʚ ʧʨʠ 
ʩʛʦʨʘʥʠʠ ʦʙʨʘʟʫʝʪʩʷ ʠ ʨʷʜ ʜʨʫʛʠʭ ʚʝʱʝʩʪʚ, ʢʦʪʦʨʳʝ ʚʩʣʝʜʩʪʚʠʝ ʠʭ 
ʤʘʣʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʘʭ, ʥʦ 
ʦʧʨʝʜʝʣʷʶʪ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʪʦʧʦʢ, ʧʝʯʝʡ, ʪʝʧʣʦʚʳʭ 
ʜʚʠʛʘʪʝʣʝʡ ʠ ʜʨʫʛʠʭ ʫʩʪʨʦʡʩʪʚ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʧʣʦʪʝʭʥʠʢʠ.  

ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʢ ʯʠʩʣʫ ʵʢʦʣʦʛʠʯʝʩʢʠ ʚʨʝʜʥʳʭ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ 
ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʪʦʢʩʠʯʥʳʝ ʛʘʟʳ. ʊʦʢʩʠʯʥʳʤʠ ʷʚʣʷʶʪʩʷ 
ʚʝʱʝʩʪʚʘ, ʦʢʘʟʳʚʘʶʱʠʝ ʥʝʛʘʪʠʚʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ ʠ 
ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʆʩʥʦʚʥʳʤʠ ʪʦʢʩʠʯʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʷʚʣʷʶʪʩʷ 
ʦʢʩʠʜʳ ʘʟʦʪʘ NO, ʦʢʩʠʜ ʫʛʣʝʨʦʜʘ ʉʆ, ʨʘʟʣʠʯʥʳʝ ʫʛʣʝʚʦʜʦʨʦʜʳ ʉʅ, ʩʘʞʘ 
ʠ ʩʦʝʜʠʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʩʚʠʥʝʮ ʠ ʩʝʨʫ.  

ʇʨʦʤʳʰʣʝʥʥʳʝ ʚʠʜʳ ʪʦʧʣʠʚʘ ʛʦʨʷʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʭʠʤʠʯʝʩʢʠʭ 
ʨʝʘʢʮʠʡ ʦʢʠʩʣʝʥʠʷ ʠʭ ʛʦʨʶʯʝʡ ʯʘʩʪʠ ʢʠʩʣʦʨʦʜʦʤ ʚʦʟʜʫʭʘ. ʇʦʵʪʦʤʫ 
ʧʝʨʚʦʡ ʟʘʜʘʯʝʡ ʨʘʩʯʝʪʘ ʛʦʨʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʩʭʦʜʘ ʚʦʟʜʫʭʘ 
ʥʘ ʛʦʨʝʥʠʝ ʪʦʧʣʠʚʘ. ɿʘʪʝʤ ʦʧʨʝʜʝʣʷʶʪ ʢʦʣʠʯʝʩʪʚʦ ʠ ʩʦʩʪʘʚ ʧʨʦʜʫʢʪʦʚ 
ʛʦʨʝʥʠʷ ï ʜʳʤʦʚʳʭ ʛʘʟʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʦʨʝʥʠʷ ʪʦʧʣʠʚʘ, 
ʠ, ʥʘʢʦʥʝʮ, ʥʘʭʦʜʷʪ ʪʝʤʧʝʨʘʪʫʨʫ ʜʳʤʦʚʳʭ ʛʘʟʦʚ. 
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ʇʝʨʚʳʡ ʵʪʘʧ ʵʪʠʭ ʨʘʩʯʝʪʦʚ ï ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʩʭʦʜʘ ʢʠʩʣʦʨʦʜʘ. 
ʈʘʩʭʦʜ ʢʠʩʣʦʨʦʜʘ ʨʘʩʩʯʠʪʳʚʘʶʪ ʠʩʭʦʜʷ ʠʟ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ 
ʩʦʦʪʥʦʰʝʥʠʡ ʨʝʘʢʮʠʡ ʦʢʠʩʣʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʛʦʨʶʯʝʡ ʯʘʩʪʠ 
ʪʦʧʣʠʚʘ, ʠʭ ʘʪʦʤʥʳʭ ʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʩʩ, ʛʜʝ ʜʣʷ ʞʠʜʢʦʛʦ ʪʦʧʣʠʚʘ ʵʪʠ 
ʨʘʩʯʝʪʳ ʚʝʜʫʪ ʧʦ ʩʦʦʪʥʦʰʝʥʠʷʤ ʤʘʩʩʳ ʚʝʱʝʩʪʚ. ʆʪʥʦʰʝʥʠʝ 
ʜʝʡʩʪʚʠʪʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʚʦʟʜʫʭʘ Gʜ ʢ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ Gʪ ʥʘʟʳʚʘʶʪ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʠʟʙʳʪʢʘ ʚʦʟʜʫʭʘ ʠ ʦʙʦʟʥʘʯʘʶʪ ʙʫʢʚʦʡ a : 
a Ὃ̅ȾὋ̍        (1) 

ɿʥʘʯʝʥʠʝ a ʟʘʚʠʩʠʪ ʦʪ ʚʠʜʘ ʪʦʧʣʠʚʘ ʠ ʩʪʝʧʝʥʠ ʩʦʚʝʨʰʝʥʩʪʚʘ 
ʪʦʧʦʯʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. ʅʘʠʙʦʣʴʰʘʷ ʧʦʣʥʦʪʘ ʩʤʝʰʝʥʠʷ ʩ ʚʦʟʜʫʭʦʤ 
ʜʦʩʪʠʛʘʝʪʩʷ ʫ ʛʘʟʦʚʦʛʦ ʪʦʧʣʠʚʘ. ʇʦʵʪʦʤʫ ʝʛʦ ʤʦʞʥʦ ʩʞʝʯʴ ʩ 

ʤʠʥʠʤʘʣʴʥʳʤ ʠʟʙʳʪʢʦʤ ʚʦʟʜʫʭʘ: a= 1,05é1,1. ʄʘʟʫʪ ʧʨʠ ʩʞʠʛʘʥʠʠ 
ʨʘʩʧʳʣʷʶʪ ʩʧʝʮʠʘʣʴʥʳʤʠ ʬʦʨʩʫʥʢʘʤʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ 
ʨʘʟʚʠʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʳʭ ʢʘʧʝʣʴ ʤʘʟʫʪʘ 
ʩ ʚʦʟʜʫʭʦʤ. ʆʜʥʘʢʦ ʜʘʞʝ ʚ ʪʦʥʢʦʜʠʩʧʝʨʛʠʨʦʚʘʥʥʦʤ ʤʘʟʫʪʝ ʥʝ ʫʜʘʝʪʩʷ 
ʜʦʩʪʠʯʴ ʠʜʝʘʣʴʥʦʛʦ (ʤʦʣʝʢʫʣʷʨʥʦʛʦ) ʩʤʝʰʝʥʠʷ ʝʛʦ ʢʘʧʝʣʴ ʩ ʚʦʟʜʫʭʦʤ. 
ʇʦʵʪʦʤʫ ʜʣʷ ʩʞʠʛʘʥʠʷ ʤʘʟʫʪʘ ʪʨʝʙʫʝʪʩʷ ʧʦʚʳʰʝʥʥʳʡ ʠʟʙʳʪʦʢ ʚʦʟʜʫʭʘ: 

a= 1,1é1,2. ʅʝʩʢʦʣʴʢʦ ʙʦʣʴʰʠʡ ʠʟʙʳʪʦʢ ʚʦʟʜʫʭʘ ʥʝʦʙʭʦʜʠʤ ʧʨʠ 

ʩʞʠʛʘʥʠʠ ʧʳʣʝʚʠʜʥʦʛʦ ʪʦʧʣʠʚʘ ï a= 1,2é1,25. ʅʘʠʤʝʥʝʝ ʨʘʟʚʠʪʘʷ 
ʧʦʚʝʨʭʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʚʦʟʜʫʭʦʤ ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʩʞʠʛʘʥʠʠ 
ʪʚʝʨʜʦʛʦ ʢʫʩʢʦʚʦʛʦ ʪʦʧʣʠʚʘ. ʇʦʵʪʦʤʫ ʟʜʝʩʴ ʠʟʙʳʪʢʠ ʚʦʟʜʫʭʘ 

ʟʥʘʯʠʪʝʣʴʥʳ: a= 1,4é1,8.  
ɼʘʣʝʝ ʧʨʠ ʨʘʩʯʝʪʝ ʛʦʨʝʥʠʷ ʪʦʧʣʠʚʘ ʦʧʨʝʜʝʣʷʶʪ ʢʦʣʠʯʝʩʪʚʦ ʠ 

ʩʦʩʪʘʚ ʜʳʤʦʚʳʭ ʛʘʟʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ. ʆʥʠ 
ʪʘʢʞʝ ʧʦʣʫʯʘʶʪʩʷ ʠʟ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʩʦʦʪʥʦʰʝʥʠʡ ʨʝʘʢʮʠʡ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʦʨʶʯʠʭ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʪʦʧʣʠʚʘ ʩ ʢʠʩʣʦʨʦʜʦʤ 
ʚʦʟʜʫʭʘ ʩ ʫʯʝʪʦʤ ʟʘʢʦʥʘ ʨʘʚʝʥʩʪʚʘ ʤʘʩʩʳ ʨʝʘʛʠʨʫʶʱʠʭ ʚʝʱʝʩʪʚ ʠ 
ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ. ɺ ʩʦʩʪʘʚʝ ʠ ʢʦʣʠʯʝʩʪʚʝ ʜʳʤʦʚʳʭ ʛʘʟʦʚ, ʝʩʪʝʩʪʚʝʥʥʦ, 
ʫʯʠʪʳʚʘʝʪʩʷ (ʢ ʧʨʦʜʫʢʪʘʤ ʨʝʘʢʮʠʠ ʧʣʶʩʫʶʪʩʷ) ʠʟʙʳʪʦʯʥʳʡ ʢʠʩʣʦʨʦʜ, 
ʚʝʩʴ ʘʟʦʪ ʠ ʚʣʘʛʘ, ʚʦʚʣʝʯʝʥʥʘʷ ʩ ʚʦʟʜʫʭʦʤ.  

ʊʨʝʪʴʠʤ ʵʪʘʧʦʤ ʨʘʩʯʝʪʘ ʛʦʨʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ 
ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʨʝʥʠʷ ʪʦʧʣʠʚʘ ʠ ʪʨʝʙʫʝʤʦʛʦ ʠʟʙʳʪʢʘ ʚʦʟʜʫʭʘ. ʈʘʟʣʠʯʘʶʪ 
ʪʝʦʨʝʪʠʯʝʩʢʫʶ (ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʫʶ) ʠ ʧʨʘʢʪʠʯʝʩʢʫʶ ʪʝʤʧʝʨʘʪʫʨʳ 
ʛʦʨʝʥʠʷ ʪʦʧʣʠʚʘ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʨʘʟʚʠʚʘʝʪʩʷ ʧʨʠ ʩʞʠʛʘʥʠʠ ʪʦʧʣʠʚʘ ʩ a=1. ʕʪʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ɼ.ʀ. 
ʄʝʥʜʝʣʝʝʚ ʥʘʟʳʚʘʣ ʞʘʨʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʪʦʧʣʠʚʘ. 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʪʦʧʣʠʚʦ ʥʝ ʩʛʦʨʘʝʪ ʜʦ ʧʦʣʥʦʡ ʩʪʝʧʝʥʠ 
ʦʢʠʩʣʝʥʠʷ ʝʛʦ ʛʦʨʶʯʠʭ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ï ʚ ʜʳʤʦʚʳʭ ʛʘʟʘʭ ʥʘʨʷʜʫ ʩ CO2 
ʠ H2O ʧʦʷʚʣʷʶʪʩʷ ʧʨʦʜʫʢʪʳ ʥʝʧʦʣʥʦʛʦ ʩʛʦʨʘʥʠʷ CO ʠ H2 ʩ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʧʦʥʠʞʝʥʠʝʤ ʪʝʧʣʦʚʳʭ ʵʬʬʝʢʪʦʚ ʧʨʦʮʝʩʩʘ ʛʦʨʝʥʠʷ. 
ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʧʦʷʚʣʷʶʪʩʷ ʧʦʪʝʨʠ ʪʝʧʣʘ ʦʪ ʭʠʤʠʯʝʩʢʦʛʦ ʥʝʜʦʞʦʛʘ 
ʪʦʧʣʠʚʘ. ɿʘʪʝʤ ʯʘʩʪʴ ʪʝʧʣʘ ʪʝʨʷʝʪʩʷ ʯʝʨʝʟ ʦʛʨʘʞʜʘʶʱʠʝ ʢʦʥʩʪʨʫʢʮʠʠ 
ʪʦʧʦʯʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ [2].  
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ʂʨʦʤʝ ʧʦʪʝʨʴ ʪʝʧʣʘ, ʯʘʩʪʴ ʝʛʦ ʧʝʨʝʜʘʝʪʩʷ ʥʘʛʨʝʚʘʝʤʦʤʫ ʤʘʪʝʨʠʘʣʫ 
ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʧʨʷʤʦʡ ʦʪʜʘʯʝʡ, ʪ.ʝ. ʠʟʣʫʯʝʥʠʝʤ, 
ʤʠʥʫʷ ʥʘʛʨʝʚ ʜʳʤʦʚʳʭ ʛʘʟʦʚ, ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʪʦʨʳʭ ʠ ʧʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʥʝ 
ʤʦʞʝʪ ʧʨʝʚʦʩʭʦʜʠʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʨʝʥʠʷ ὸ ʚʩʝʛʜʘ ʥʠʞʝ 
ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʦʡ ὸ (ʪʝʦʨʝʪʠʯʝʩʢʦʡ). ʌʘʢʪʦʨʳ, ʢʦʪʦʨʳʝ ʦʙʫʩʣʦʚʣʠʚʘʶʪ 
ʩʥʠʞʝʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʨʝʥʠʷ ʪʦʧʣʠʚʘ ʧʨʠ ʝʛʦ ʩʞʠʛʘʥʠʠ 
ʚ ʢʦʪʝʣʴʥʳʭ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʝʧʣʦʚʳʭ ʫʩʪʘʥʦʚʢʘʭ, ʫʯʠʪʳʚʘʶʪ 
ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ –. 

 
ὸ ὸÖ –      (2) 

 
ɼʣʷ ʪʦʧʦʢ ʧʘʨʦʚʳʭ ʢʦʪʣʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʵʢʨʘʥʠʨʦʚʘʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʛʨʝʚʘ ʢʦʪʣʘ – ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 0,15é0,5.  
ʂʘʣʦʨʠʤʝʪʨʠʯʝʩʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʛʦʨʝʥʠʷ ʪʦʧʣʠʚʘ ʩ ʧʨʠʝʤʣʝʤʦʡ 

ʜʣʷ ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʝʪʦʚ ʪʦʯʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʶʪ ʠʟ ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦʚʦʛʦ 
ʙʘʣʘʥʩʘ ʛʦʨʝʥʠʷ 1ʢʛ ʪʚʝʨʜʦʛʦ ʠʣʠ ʞʠʜʢʦʛʦ ʪʦʧʣʠʚʘ: 

ὗ̎ ὠ̃ Ͻὅ̃Ͻὸ̃Ͻ ˞ὸ ὠ̅ Ͻὅ̅ϽὸϽ   (3) 

 
ʛʜʝ: Qʨʥ ï ʥʠʟʰʘʷ ʪʝʧʣʦʪʚʦʨʥʦʩʪʴ ʪʦʧʣʠʚʘ, ʢɼʞ/ʢʛ; Vʦʚï

ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ ʥʘ ʛʦʨʝʥʠʝ1ʢʛ ʪʦʧʣʠʚʘ, ʤ3/ʢʛ; Cʚ ï 
ʪʝʧʣʦʝʤʢʦʩʪʴ ʚʦʟʜʫʭʘ, Cʚ=1,3 ʢɼʞ/ʤ3 C; tʚ ï ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ, 
ʧʦʩʪʫʧʘʶʱʝʛʦ ʥʘ ʛʦʨʝʥʠʝ ʪʦʧʣʠʚʘ, C; tʪ ï ʪʝʤʧʝʨʘʪʫʨʘ ʪʦʧʣʠʚʘ, 
ʧʦʩʪʫʧʘʶʱʝʛʦ ʥʘ ʛʦʨʝʥʠʝ; Cʪ ï ʪʝʧʣʦʝʤʢʦʩʪʴ ʪʦʧʣʠʚʘ; Vʦʜ ï 
ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʦʪ ʩʞʠʛʘʥʠʷ 1ʢʛ ʪʦʧʣʠʚʘ, 
ʥʤ3/ʢʛ; Cʜ ï ʪʝʧʣʦʝʤʢʦʩʪʴ ʜʳʤʦʚʳʭ ʛʘʟʦʚ. ɼʣʷ ʧʨʦʝʢʪʥʳʭ ʨʘʩʯʝʪʦʚ 
ʜʦʧʫʩʪʠʤʦ ʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠʙʣʠʞʝʥʥʳʤʠ ʬʦʨʤʫʣʘʤʠ: 

 
ὅ̅ πȟςυπȟππππρτὸ̅     (4) 

ὅ̅ πȟσςσπȟππππρψὸ̅     (5)  

 
ʛʜʝ: tʜïʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ (ʜʳʤʦʚʳʝ ʛʘʟʳ), C. 

 
ʇʨʘʢʪʠʯʝʩʢʠ ʧʦʜʦʛʨʝʚʘʶʪ ʧʝʨʝʜ ʩʞʠʛʘʥʠʝʤ ʪʦʣʴʢʦ ʤʘʟʫʪ. ʊʚʝʨʜʦʝ 

ʪʦʧʣʠʚʦ ʠ ʧʨʠʨʦʜʥʳʡ ʛʘʟ ʥʝ ʧʦʜʦʛʨʝʚʘʶʪ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʵʪʠʭ 
ʩʣʫʯʘʷʭ ʚʝʣʠʯʠʥʦʡ CʪĿ tʪ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. ɽʩʣʠ ʫʨʘʚʥʝʥʠʝʤ (3) 
ʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʨʝʥʠʷ 
ʪʦʧʣʠʚʘ tʢ, ʪʦ ʧʦʩʢʦʣʴʢʫ ʦʪ tʢ ʟʘʚʠʩʠʪ ʠ Cʜ, ʵʪʦ ʫʨʘʚʥʝʥʠʝ ʨʝʰʘʶʪ ʤʝʪʦʜʦʤ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ. 

ʋʨʘʚʥʝʥʠʝʤ (3) ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʜʚʫʭ ʮʝʣʝʡ: ʝʩʣʠ ʧʦ 
ʫʩʣʦʚʠʶ ʟʘʜʘʥʠʷ ʠʟʚʝʩʪʥʘ ʪʨʝʙʫʝʤʘʷ ʧʨʘʢʪʠʯʝʩʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʧʝʯʠ 
tʧ, ʪʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʩʩʯʠʪʘʚ ʧʦ ʫʨʘʚʥʝʥʠʶ (2) ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʫʶ 
ʪʝʤʧʝʨʘʪʫʨʫ tʢ, ʦʧʨʝʜʝʣʷʶʪ ʟʘʪʝʤ ʧʦ ʫʨʘʚʥʝʥʠʶ (3) ʥʝʦʙʭʦʜʠʤʳʡ 

ʠʟʙʳʪʦʢ ʚʦʟʜʫʭʘ, ʨʝʰʘʷ ʫʨʘʚʥʝʥʠʝ (3) ʦʪʥʦʩʠʪʝʣʴʥʦ a. ɽʩʣʠ ʞʝ, 
ʥʘʦʙʦʨʦʪ, ʟʘʜʘʥʥʦʡ ʚʝʣʠʯʠʥʦʡ ʷʚʣʷʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʙʳʪʢʘ ʚʦʟʜʫʭʘ 
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a, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʚʠʜʦʤ ʪʦʧʣʠʚʘ ʠ ʪʠʧʦʤ ʪʦʧʦʯʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʪʦ ʠʟ 
ʫʨʘʚʥʝʥʠʡ (2), (3) ʦʧʨʝʜʝʣʷʶʪ ʚʦʟʤʦʞʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʤʝʥʠ tʧ. 
ʋʨʘʚʥʝʥʠʝ (3) ʫʢʘʟʳʚʘʝʪ ʪʘʢʞʝ ʚʦʟʤʦʞʥʳʝ ʧʫʪʠ ʧʦʚʳʰʝʥʠʷ 
ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ tʢ. ʕʪʦ ʩʥʠʞʝʥʠʝ ʠʟʙʳʪʢʘ ʚʦʟʜʫʭʘ ʠ 
ʧʦʜʦʛʨʝʚ ʚʦʟʜʫʭʘ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʥʘ ʛʦʨʝʥʠʝ ʪʦʧʣʠʚʘ, ʘ ʪʘʢʞʝ ʧʦʜʦʛʨʝʚ 
ʞʠʜʢʦʛʦ ʪʦʧʣʠʚʘ. ʋʨʘʚʥʝʥʠʝ (3) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʧʨʘʢʪʠʯʝʩʢʦʡ 
ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʨʝʥʠʷ ʜʦʩʪʠʞʠʤʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ 
ʪʝʧʣʦʚʳʭ ʧʦʪʝʨʴ. 

ʈʘʩʩʤʦʪʨʠʤ ʨʘʩʯʝʪ ʛʦʨʝʥʠʷ ʤʘʣʦʩʝʨʥʠʩʪʦʛʦ ʤʘʟʫʪʘ, ʩʞʠʛʘʝʤʦʛʦ ʚ 
ʚʳʥʦʩʥʦʡ ʪʦʧʢʝ. 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ: 
1.ʉʦʩʪʘʚ ʤʘʟʫʪʘ ʧʦ ʩʧʨʘʚʦʯʥʳʤ ʜʘʥʥʳʤ ʥʘ ʨʘʙʦʯʫʶ ʤʘʩʩʫ (%): 
CP=85,3; HP=10,2; NP=0,3; OP=0,4; SP=0,5; WP=3; ɸʈ=0,3. 
2.ɺʣʘʛʦʩʦʜʝʨʞʘʥʠʝ ʚʦʟʜʫʭʘ, ʩʦʛʣʘʩʥʦ ʢʣʠʤʘʪʦʣʦʛʠʯʝʩʢʠʤ ʪʘʙʣʠʮʘʤ 

ʠ I-d ʜʠʘʛʨʘʤʤʝ, d=10ʛ ʥʘ 1ʢʛ ʩʫʭʦʛʦ ʚʦʟʜʫʭʘ. 
3.ʊʨʝʙʫʝʤʘʷ ʧʨʘʢʪʠʯʝʩʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʛʦʨʝʥʠʷ tʧ=1050ʉ.  
ʆʇʈɽɼɽʃʀʊʔ: ʢʦʣʠʯʝʩʪʚʦ, ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʝ, ʵʥʪʘʣʴʧʠʶ ʜʳʤʦʚʳʭ 

ʛʘʟʦʚ ʠ ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ ʥʘ ʛʦʨʝʥʠʝ ʪʦʧʣʠʚʘ. 
ʈɽʐɽʅʀɽ: ʇʨʘʢʪʠʯʝʩʢʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʩʪʝʧʝʥʠ ʭʠʤʠʯʝʩʢʦʡ 

ʧʦʣʥʦʪʳ ʛʦʨʝʥʠʷ ʚ ʧʨʦʮʝʩʩ ʚʚʦʜʷʪ ʥʝʢʦʪʦʨʦʝ ʠʟʙʳʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 
ʚʦʟʜʫʭʘ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʦʝ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʠʟʙʳʪʢʘ ʚʦʟʜʫʭʘ. ɽʛʦ 
ʟʥʘʯʝʥʠʷ ʨʘʩʩʯʠʪʳʚʘʶʪ ʠʟ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ ʧʨʦʮʝʩʩʘ ʛʦʨʝʥʠʷ 1ʢʛ 
ʪʦʧʣʠʚʘ, ʠʤʝʷ ʚ ʚʠʜʫ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʦʩʪʠʞʝʥʠʷ ʪʨʝʙʫʝʤʦʡ 
ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʨʝʥʠʷ ʪʦʧʣʠʚʘ. ʇʨʠʚʦʜʠʤ ʫʨʘʚʥʝʥʠʝ 
ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ ʧʨʦʮʝʩʩʘ ʛʦʨʝʥʠʷ 1ʢʛ ʪʦʧʣʠʚʘ: 

 

ὗ̎ ὒ̃Ͻὅ̃Ͻὸ̃Ͻ ˞ὸ ὒ̅Ͻὅ̅ϽὸϽȟ   (3) 

 

ʛʜʝ: ὗ̎ ʥʠʟʰʘʷ ʪʝʧʣʦʪʘ ʩʛʦʨʘʥʠʷ 1ʢʛ ʪʦʧʣʠʚʘ (ʜʣʷ ʤʘʟʫʪʘ ʧʦ ʩʧʨʘʚʦʯʥʳʤ 

ʜʘʥʥʳʤ ὗ̎  = 41 450 ʢɼʞ/ʢʛ); ὒ̃ï ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ ʥʘ ʛʦʨʝʥʠʝ 
1 ʢʛ ʪʦʧʣʠʚʘ; ὒ̃= 1358,9:100=13,59ʢʛ/ʢʛ; ʉʚ ï ʪʝʧʣʦʝʤʢʦʩʪʴ ʚʦʟʜʫʭʘ ʧʦ 
ʤʘʩʩʝ ʧʦ ʩʧʨʘʚʦʯʥʳʤ ʜʘʥʥʳʤ ʉʚ=1,005 ʢɼʞ/(ʢʛ ʉ); tʚ ï ʪʝʤʧʝʨʘʪʫʨʘ 
ʚʦʟʜʫʭʘ, ʧʨʠʥʠʤʘʝʤ tʚ=100ʉ (ʧʨʠ ʩʞʠʛʘʥʠʠ ʤʘʟʫʪʘ ʚʦʟʜʫʭ ʦʙʷʟʘʪʝʣʴʥʦ 
ʧʦʜʦʛʨʝʚʘʶʪ ʜʦ100é150 ʉ. ʇʨʠ ʩʞʠʛʘʥʠʠ ʪʦʧʣʠʚʘ ʚ ʧʝʯʘʭ ʪʘʢʞʝ ʯʘʩʪʦ 
ʠʩʧʦʣʴʟʫʶʪ ʧʦʜʦʛʨʝʪʳʡ ʚʦʟʜʫʭ ʠʟ ʟʦʥʳ ʦʩʪʳʚʘʥʠʷ ʧʝʯʝʡ); tʪ ï 
ʪʝʤʧʝʨʘʪʫʨʘ ʪʦʧʣʠʚʘ, ʧʨʠʥʠʤʘʝʤ tʪ=100 ʉ (ʤʘʟʫʪ ʧʦʜʦʛʨʝʚʘʶʪ ʜʦ 
80é100 ʉ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ ʜʠʩʧʝʨʩʥʦʩʪʠ ʢʘʧʝʣʴ); ʉʪ ï 
ʪʝʧʣʦʝʤʢʦʩʪʴ ʪʦʧʣʠʚʘ (ʤʘʟʫʪʘ) ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʬʦʨʤʫʣʝ: 
 

ὅ ρȟχτπȟππςυςὸ̓, ʢɼʞ/(ʢʛÖᴈ ;    (6) 

ὅ ρȟχτπȟππςυςÖρππρȟωως ʢɼʞ/(ʢʛÖᴈ ; 
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ʛʜʝ: ὒ̅  ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ 1ʢʛ ʪʦʧʣʠʚʘ. 

ʉʦʛʣʘʩʥʦ ʨʘʩʯʝʪʫ ʛʦʨʝʥʠʷ, ὒ̅  1458,58:100=14,6 ʢʛ ʥʘ 1 ʢʛ ʪʦʧʣʠʚʘ; tʢ ï 

ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʛʦʨʝʥʠʷ, ᴈ. 
ɽʸ ʥʘʭʦʜʷʪ ʧʦ ʬʦʨʤʫʣʝ:  

ὸ ὸ̃Ⱦ–,      (2) 
 

ʛʜʝ tʧ ï ʪʨʝʙʫʝʤʘʷ ʧʨʘʢʪʠʯʝʩʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʛʦʨʝʥʠʷ, ʥʘʟʥʘʯʘʝʤʘʷ ʧʦ 
ʫʩʣʦʚʠʷʤ ʪʝʭʥʦʣʦʛʠʠ. ɼʣʷ ʥʘʰʝʛʦ ʨʘʩʯʝʪʘ tʧ=1050 ʉ; –ï 
ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʮʝʩʩʘ ʛʦʨʝʥʠʷ (ʢʦʵʬʬʠʮʠʝʥʪ 
ʧʨʷʤʦʡ ʦʪʜʘʯʠ). ɼʣʷ ʪʦʧʦʯʥʳʭ ʫʩʪʨʦʡʩʪʚ ʤʦʞʥʦ ʧʨʠʥʠʤʘʪʴ –=0,9.  

ʊʦʛʜʘ: ὸ
ȟ

ρρχπ ᴈȠ  

ɼʣʷ ʧʨʦʝʢʪʥʳʭ ʨʘʩʯʝʪʦʚ ʜʦʧʫʩʪʠʤʦ ʪʘʢʞʝ ʧʦʣʴʟʦʚʘʪʴʩʷ 
ʧʨʠʙʣʠʞʝʥʥʦʡ ʬʦʨʤʫʣʦʡ ʪʝʧʣʦʝʤʢʦʩʪʠ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʧʦ ʤʘʩʩʝ (ʢɼʞ/(ʢʛ 
ʉ)): 

ὅ̅ ρȟπυπȟπππφὸ̅,     (4) 

ʉʜïʪʝʧʣʦʝʤʢʦʩʪʴ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʧʦ ʤʘʩʩʝ (ʜʳʤʦʚʳʭ ʛʘʟʦʚ). ʆʥʘ 
ʤʦʞʝʪ ʙʳʪʴ ʧʦʜʩʯʠʪʘʥʘ ʢʘʢ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʛʘʟʦʚʦʡ 
ʩʤʝʩʠ ʧʦ ʠʟʚʝʩʪʥʳʤ ʬʦʨʤʫʣʘʤ ʪʝʨʤʦʜʠʥʘʤʠʢʠ. 

ʇʨʠʥʠʤʘʷ ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ tʢ=tʜ=1170 ʉ, ʧʦʣʫʯʘʝʤ: 
 

ὅ̅ ρȟπυπȟπππφϽρρχπρȟρρυ ̋ˑȾ̇̋Ͻ̄ᴈ . 

ʀʟ ʫʨʘʚʥʝʥʠʷ (3) ʥʘʭʦʜʠʤ: 
 

 ̎ Ͻ˟˟

Ͻ̅̅ Ͻ Ͻ̃̃ Ͻ̃

Ͻȟ

ȟÖ Ö ȟ  ȟ Ö ȟ Ö 
ςȟσȢ   

ʇʨʠ ʵʪʦʤ ʠʟʙʳʪʢʝ ʚʦʟʜʫʭʘ ʧʨʦʜʦʣʞʘʝʤ ʨʘʩʯʝʪ ʛʦʨʝʥʠʷ ʪʦʧʣʠʚʘ  
ɽʩʣʠ ʜʳʤʦʚʳʝ ʛʘʟʳ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚ ʩʫʰʠʣʢʝ, ʪʦ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 
ʦʧʨʝʜʝʣʠʪʴ ʠʭ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʝ dʜ ʠ ʵʥʪʘʣʴʧʠʶ Iʜ. ɺʳʯʠʩʣʷʝʤ 
ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʝ ʜʳʤʦʚʳʭ ʛʘʟʦʚ: 

 

Ὠ̅
Ö

̒ȟ̅
ȟ      (7) 

ʛʜʝ Ὃ ï ʤʘʩʩʘ ʚʦʜʷʥʳʭ ʧʘʨʦʚ ʚ ʜʳʤʦʚʳʭ ʛʘʟʘʭ, ʦʪʥʝʩʝʥʥʘʷ ʥʘ 1ʢʛ 
ʪʦʧʣʠʚʘ; ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʦʥʘ ʨʘʚʥʘ 1,257ʢʛ; 

ὒ̒ ̅  ʤʘʩʩʘ ʩʫʭʠʭ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʦʪ ʩʞʠʛʘʥʠʷ 1ʢʛ ʪʦʧʣʠʚʘ;  

 
ὒ̒ ̅ ὒ̅ Ὃ Ȣ      (8) 

 

ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ὒ̒ ̅
ȟ ȟ

σπȟωω ̋ .̄ 

ʊʦʛʜʘ, Ὠ̅
ȟ Ͻ

ȟ
τπȟφ ̄Ȣ ʥʘ 1 ʢʛ ʩʫʭʠʭ ʛʘʟʦʚ. 
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ʕʥʪʘʣʴʧʠʶ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ, ʦʪʥʝʩʝʥʥʫʶ ʢ 1ʢʛ ʩʫʭʠʭ ʜʳʤʦʚʳʭ 
ʛʘʟʦʚ, ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʬʦʨʤʫʣʝ: 

 

Ὅ̅ ̎ Ͻ̃̃ Ͻ̃Ͻ ˞˟ ˟

̒̅
     (9) 

 ὒ̃Öa σρȟςφ ʤ3/ʤ3,  
 

ʊʦʛʜʘ Ὅ̅
ȟ Öȟ Ö

ȟ
ρττυȟσ ̋ˑ ̇̎  ́ρ ̋  ̄ʩʫʭʠʭ ʛʘʟʦʚ. 

 
ʇʦ ʟʥʘʯʝʥʠʷʤ dʜ ʠ Iʜ ʥʘʭʦʜʷʪ ʥʘ I - d ʜʠʘʛʨʘʤʤʝ ʪʦʯʢʫ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʩʦʩʪʦʷʥʠʶ ʜʳʤʦʚʳʭ ʛʘʟʦʚ. 
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ʧʦʩʦʙʠʝ, 2011, 264 ʩ. 
 

 

ʋɼʂ 621.31.015.038 

 
ʈɸɿʈɸɹʆʊʂɸ ʄɸʊɽʄɸʊʀʏɽʉʂʆʁ ʀ ʀʄʀʊɸʎʀʆʅʅʆʁ ʄʆɼɽʃʀ 

ʕʃɽʂʊʈʆʊɽʍʅʀʏɽʉʂʆɻʆ ʂʆʄʇʃɽʂʉɸ ɼʆɹʓɺɸʖʑɽʁ ʉʂɺɸɾʀʅʓ 
ʉ ʋʉʊɸʅʆɺʂʆʁ ʕʃɽʂʊʈʆʎɽʅʊʈʆɹɽɾʅʆɻʆ ʅɸʉʆʉɸ, 
ʀʅɼʀɺʀɼʋɸʃʔʅʆʁ ʇʆɻʈʋɾʅʆʁ ʂʆʄʇɽʅʉʀʈʋʖʑʀʄʀ 

ʋʉʊɸʅʆɺʂɸʄʀ 
DEVELOPMENT OF THE MATHEMATICAL AND IMITATION MODEL OF THE 

ELECTRIC TECHNICAL COMPLEX OF THE EXHAUST WELL WITH THE ELECTRIC 
CENTER PUMP, THE INDIVIDUAL SUBMERSIBLE COMPENSATORY INSTALLATIONS 

 
ʈ.ʀ. ɻʘʨʠʬʫʣʣʠʥ, ʌ.ɸ. ʀʚʘʥʦʚ, ɼ.ʅ. ʅʫʨʙʦʩʳʥʦʚ, ʊ.ɺ. ʊʘʙʘʯʥʠʢʦʚʘ 
(Robert I. Garifullin, Fyodor A. Ivanov, Duisen N. Nurbosinov, Tatiana V. Tabachnikova) 

ɸʣʴʤʝʪʴʝʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʝʬʪʷʥʦʡ ʠʥʩʪʠʪʫʪ 
(Almetyevsk State Oil Institute) 

 
ʈʘʟʨʘʙʦʪʘʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʠ ʠʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʠ ʨʝʞʠʤʘ 

ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʦʙʳʚʘʶʱʝʡ ʩʢʚʘʞʠʥʳ. ɼʘʥʥʳʝ 
ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʶʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʤʦʜʝʣʠʨʦʚʘʪʴ ʨʝʞʠʤ ʨʘʙʦʪʳ ʚ 
ʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʠ ʧʝʨʝʭʦʜʥʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ 
ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʇʦʣʫʯʝʥʳ ʘʜʝʢʚʘʪʥʳʝ ʤʦʜʝʣʠ ʧʦ 
ʛʨʘʬʠʢʘʤ ʟʘʚʠʩʠʤʦʩʪʝʡ ʚʨʝʤʝʥʠ ʧʫʩʢʘ ʠ ʢʨʘʪʥʦʩʪʠ ʧʫʩʢʦʚʦʛʦ ʪʦʢʘ 
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ʥʘʩʦʩʥʦʛʦ ʘʛʨʝʛʘʪʘ. ʆʧʨʝʜʝʣʝʥʳ ʨʘʮʠʦʥʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ 
ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʢʦʤʧʝʥʩʠʨʫʶʱʝʡ ʫʩʪʘʥʦʚʢʠ, ʫʨʦʚʥʠ ʥʘʧʨʷʞʝʥʠʷ, ʧʦʪʝʨʠ 
ʘʢʪʠʚʥʦʡ, ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʠ ʧʦʪʝʨʠ ʥʘʧʨʷʞʝʥʠʷ ʚʦ ʚʩʝʭ ʫʟʣʘʭ 
ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʦʙʳʚʘʶʱʝʡ ʩʢʚʘʞʠʥʳ ʠ ʥʘ ʚʩʝʭ 
ʫʯʘʩʪʢʘʭ ʧʠʪʘʶʱʝʡ ʣʠʥʠʠ. 

In this article, mathematical and imitating models of an operating mode of an 
electrotechnical complex of a production well are developed. These models allow to 
modulate at the same time together with an operating mode and transitional operating 
modes of the electric drive of an electrotechnical complex. Adequate models, according to 
the diagrams of dependences of time of start-up and frequency rate of starting current of the 
pump unit, are received. Rational parameters of the individual compensating installation, 
levels of voltage, losses of active and reactive power and losses of voltage in all knots of an 
electrotechnical complex of a production well and on all sections of the power line, are 
determined. 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ ʜʦʙʳʚʘʶʱʝʡ 

ʩʢʚʘʞʠʥʳ, ʠʥʜʠʚʠʜʫʘʣʴʥʘʷ ʧʦʛʨʫʞʥʘʷ ʢʦʤʧʝʥʩʠʨʫʶʱʘʷ ʫʩʪʘʥʦʚʢʘ, 
ʢʦʤʧʝʥʩʘʮʠʷ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ, ʧʦʛʨʫʞʥʦʡ ʘʩʠʥʭʨʦʥʥʳʡ 
ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ, ʫʩʪʘʥʦʚʢʘ ʵʣʝʢʪʨʦʮʝʥʪʨʦʙʝʞʥʦʛʦ ʥʘʩʦʩʘ. 

Keywords: electrotechnical complex of the oil producing well, individual submersible 
compensating device, reactive power compensation, submersible induction motor, electric 
centrifugal pump. 

 
 
ʀʟʚʝʩʪʥʦ, ʯʪʦ ʜʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʝʡʩʪʚʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 

ʧʦʛʨʫʞʥʳʭ ʢʦʤʧʝʥʩʠʨʫʶʱʠʭ ʫʩʪʘʥʦʚʦʢ ʥʝʦʙʭʦʜʠʤ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ 
ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ 
ʚʦʟʤʫʱʝʥʠʷʭ ʚʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʢʦʤʧʝʥʩʠʨʦʚʘʥʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 
ʩʝʪʠ. 

ʅʘʙʣʶʜʝʥʠʷ ʟʘ ʭʘʨʘʢʪʝʨʦʤ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʘʩʠʥʭʨʦʥʥʳʭ 
ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷʭ ʧʦʢʘʟʳʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 
ʩʧʝʮʠʘʣʴʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠ ʧʨʠʝʤʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʵʪʦʡ 
ʦʙʣʘʩʪʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʥʠʢʘʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʨʘʟʨʘʙʦʪʢʝ 
ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʦ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʩʭʝʤʝ (ʨʠʩ. 1) ʥʘ ʙʘʟʝ 
ʠʟʚʝʩʪʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ [1, 2], ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ 
ʧʘʨʘʤʝʪʨ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʧʦʛʨʫʞʥʦʡ ʢʦʤʧʝʥʩʠʨʫʶʱʝʡ ʫʩʪʘʥʦʚʢʠ [3] ʠ 
ʚʳʧʦʣʥʠʪʴ ʧʨʦʮʝʩʩ ʧʫʩʢʘ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʕʂɼʉ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʨʦʚʝʨʠʪʴ ʘʜʝʢʚʘʪʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʟʨʘʙʦʪʘʥʥʦʡ 
ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʨʘʟʨʘʙʦʪʘʥʘ ʠʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʕʂɼʉ 
(ʨʠʩ. 2) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ PSCAD. ɺ ʢʘʯʝʩʪʚʝ 
ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʕʂɼʉ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʤʳʡ 
ʧʦʛʨʫʞʥʦʡ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ (ʇʕɼ) ʩ ʥʦʤʠʥʘʣʴʥʦʡ ʤʦʱʥʦʩʪʴʶ 45 ʢɺʪ. ɺ 
ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮʘʭ ʧʘʨʘʤʝʪʨʳ ʇʕɼ ʨʘʟʣʠʯʥʦʡ ʤʦʱʥʦʩʪʠ ʙʣʠʟʢʠ 
ʤʝʞʜʫ ʩʦʙʦʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʧʨʦʩʪʨʘʥʠʪʴ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 
ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ ʜʨʫʛʠʝ ʤʦʜʠʬʠʢʘʮʠʠ ʵʪʦʡ ʩʝʨʠʠ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʠʚʝʜʝʥʥʘʷ ʩʭʝʤʘ ʟʘʤʝʱʝʥʠʷ ʦʜʥʦʡ ʬʘʟʳ ʕʂɼʉ, 
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ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʵʣʝʤʝʥʪʳ: 
1lLlL RRR += , 

1lLlL XXX += ï ʩʫʤʤʘʨʥʳʝ ʘʢʪʠʚʥʦʝ ʠ ʠʥʜʫʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ ʠ ʫʯʘʩʪʢʘ ʚʦʟʜʫʰʥʦʡ ʣʠʥʠʠ ʜʦ ʩʢʚʘʞʠʥʳ; 1tR , 1tX  ï

ʘʢʪʠʚʥʦʝ ʠ ʠʥʜʫʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʂʊʇ; 2lR , 2lX  ï ʧʠʪʘʶʱʝʛʦ 

ʢʘʙʝʣʷ ʊʄʇʅ; 2tR , 2tX  ï ʘʢʪʠʚʥʦʝ ʠ ʠʥʜʫʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʊʄʇʅ; 

1cX  ï ʸʤʢʦʩʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʧʦʛʨʫʞʥʦʡ 

ʢʦʤʧʝʥʩʠʨʫʶʱʝʡ ʫʩʪʘʥʦʚʢʠ (ʋʇɽʂ1); 1R , sR /2¡  ï ʘʢʪʠʚʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʦʙʤʦʪʦʢ ʩʪʘʪʦʨʘ ʠ ʨʦʪʦʨʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; mX  ï ʠʥʜʫʢʪʠʚʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʟʘʠʤʥʦʡ ʠʥʜʫʢʮʠʠ; 1sX , 2s¡X  ï ʠʥʜʫʢʪʠʚʥʳʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʘʩʩʝʷʥʠʷ ʦʙʤʦʪʦʢ ʩʪʘʪʦʨʘ ʠ ʨʦʪʦʨʘ. 

 
ʈʠʩʫʥʦʢ 1 ï ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʠ ʩʭʝʤʘ ʟʘʤʝʱʝʥʠʷ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʛʦ 
ʢʦʤʧʣʝʢʩʘ ʜʦʙʳʚʘʶʱʝʡ ʩʢʚʘʞʠʥʳ ʧʦʜʢʣʶʯʝʥʥʦʛʦ ʚ ʫʟʣʝ (ɸ) ʚ ʢʦʥʮʝ 

ʦʪʭʦʜʷʱʝʡ ʣʠʥʠʠ  
 

ʇʦ ʩʭʝʤʝ ʟʘʤʝʱʝʥʠʷ ʩʦʩʪʘʚʣʝʥʘ ʩʠʩʪʝʤʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 
ʫʨʘʚʥʝʥʠʡ: 

;)( 1
02

0222 33 ctt u
dt

di
LiRtu ++=       (1) 

;1102 ciii +=          (2) 

;1
1021

dt

du
Cii c

c-= ,        (3) 

;)( 1
111 3 dt

d
LiRtu tc
y

+= ,       (4) 

dt

d
Ri 2

220
y

+= .         (5) 

ʛʜʝ )(22 tu  ï ʚʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʚ ʕʂɼʉ; 02i  ï ʚʭʦʜʥʦʡ ʪʦʢ ʕʂɼʉ; 

)(1 tuc  ï ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʟʘʞʠʤʘʭ ʋʇɽʂ ʠ ʩʪʘʪʦʨʘ; 1ʩi  ï ʪʦʢ ʯʝʨʝʟ ʋʇɽʂ 
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(ʢʦʥʜʝʥʩʘʪʦʨ C ); 1i  ï ʪʦʢ ʩʪʘʪʦʨʘ, 2i  ï ʪʦʢ ʨʦʪʦʨʘ; 1y , 2y  ï 

ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʷ ʦʙʤʦʪʦʢ ʩʪʘʪʦʨʘ ʠ ʨʦʪʦʨʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
ʉʠʩʪʝʤʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʜʦʧʦʣʥʷʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ 

ʜʚʠʞʝʥʠʷ ʠ ʩʪʫʧʝʥʯʘʪʦʡ ʬʫʥʢʮʠʝʡ ʥʘʧʨʷʞʝʥʠʷ. 
ʇʦ ʩʭʝʤʝ ʟʘʤʝʱʝʥʠʷ (ʨʠʩ. 1) ʠ ʧʨʠʚʝʜʝʥʥʳʤ ʠʩʭʦʜʥʳʤ ʧʘʨʘʤʝʪʨʘʤ 

ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʦʙʳʚʘʶʱʝʡ ʩʢʚʘʞʠʥʳ 
ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʘʩʯʝʪ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʠ 
ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʘʭ ʤʝʪʦʜʦʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 
ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʵʪʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʚʠʜʝ 
ʛʨʘʬʠʢʦʚ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 3 ʠ 4. 

 
 

 
ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʛʦ 
ʢʦʤʧʣʝʢʩʘ ʜʦʙʳʚʘʶʱʝʡ ʩʢʚʘʞʠʥʳ ʧʦ ʧʨʦʛʨʘʤʤʥʦʤʫ ʦʙʝʩʧʝʯʝʥʠʶ 

PSCAD ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʩʭʝʤʦʡ ʕʂɼʉ  
 

ʀʟ ʘʥʘʣʠʟʘ ʛʨʘʬʠʢʦʚ ʟʘʚʠʩʠʤʦʩʪʝʡ ʥʘ ʨʠʩ. 3, 4 ʠ 5 ʚʠʜʥʦ, ʯʪʦ 
ʧʨʦʮʝʩʩ ʧʫʩʢʘ ʧʦʣʥʦʩʪʴʶ ʟʘʚʝʨʰʘʝʪʩʷ ʯʝʨʝʟ 4,5 ʩʝʢʫʥʜʳ, ʢʨʘʪʥʦʩʪʴ 
ʧʫʩʢʦʚʳʭ ʪʦʢʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʘ ʥʘ ʚʩʝʭ ʛʨʘʬʠʢʘʭ, ʧʦʛʨʝʰʥʦʩʪʴ ʥʝ 
ʧʨʝʚʳʰʘʝʪ 3%. ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʘʜʝʢʚʘʪʥʘ 
ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ. 
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ʈʠʩʫʥʦʢ 3 ï ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʚʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ 
ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʕʂɼʉ 

 

 
ʈʠʩʫʥʦʢ 4 ï ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʚʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʘ ʩʪʘʪʦʨʘ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʕʂɼʉ 

 
ʈʠʩʫʥʦʢ 5 ï ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʚʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ 
ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʕʂɼʉ 
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ʃʀʊɽʈɸʊʋʈɸ 
1. ʅʫʨʙʦʩʳʥʦʚ ɼ.ʅ. ʄʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʧʨʦʮʝʩʩʦʚ ɸɼ ʩ 
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(A.D. Macht, E.D. Nurbosyinov, L.V. Shvetskova, T.V. Tabachnikova) 

ɸʣʴʤʝʪʴʝʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʝʬʪʷʥʦʡ ʠʥʩʪʠʪʫʪ 
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ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʜʦʙʳʚʘʶʱʝʡ ʩʢʚʘʞʠʥʳ, ʦʙʦʨʫʜʦʚʘʥʥʦʛʦ ʚʠʥʪʦʚʦʡ ʥʘʩʦʩʥʦʡ 
ʫʩʪʘʥʦʚʢʦʡ ʩ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʧʨʠʚʦʜʦʤ, ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ 
ʢʦʤʧʝʥʩʠʨʫʶʱʝʡ ʫʩʪʘʥʦʚʢʦʡ ʠ ʩʢʚʘʞʠʥʥʳʤ ʥʘʛʨʝʚʘʪʝʣʝʤ, ʚ ʯʘʩʪʠ 
ʦʙʝʩʧʝʯʝʥʠʷ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʛʦ ʧʫʩʢʘ ʠ ʩʘʤʦʟʘʧʫʩʢʘ ʘʩʠʥʭʨʦʥʥʦʛʦ 
ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʢʦʤʧʣʝʢʩʘ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʪʘʢʠʭ ʬʘʢʪʦʨʦʚ, ʢʘʢ 
ʧʨʦʚʘʣ ʫʨʦʚʥʷ ʥʘʧʨʷʞʝʥʠʷ ʠ ʫʤʝʥʴʰʝʥʠʝ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʥʘʩʦʩʥʦ-
ʢʦʤʧʨʝʩʩʦʨʥʦʡ ʪʨʫʙʳ.  

Having been carried out the investigation of the electrical system of the production 
well equipped with screw-shaped pumping unit with surface drive individual compensation 
installation and the downhole heater in parts of ensure a guaranteed start and self-starting 
asynchronous electric drive of the complex in the event of such factors, as voltage fall of the 
level and reducing the cross section of the tubing. 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʠʥʪʦʚʘʷ ʥʘʩʦʩʥʘʷ ʫʩʪʘʥʦʚʢʘ ʩ 

ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʧʨʠʚʦʜʦʤ, ʠʥʜʠʚʠʜʫʘʣʴʥʘʷ ʢʦʤʧʝʥʩʠʨʫʶʱʘʷ 
ʫʩʪʘʥʦʚʢʘ, ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʤʦʤʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. 



74 

 

Key words: screw pump installation with surface drive, individual compensating 
installation, the additional moment resistance. 

 
 
ʀʩʩʣʝʜʦʚʘʥ ʨʝʞʠʤ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʜʦʙʳʚʘʶʱʝʡ ʩʢʚʘʞʠʥʳ (ʕʂɼʉ), ʦʙʦʨʫʜʦʚʘʥʥʦʛʦ ʚʠʥʪʦʚʦʡ ʥʘʩʦʩʥʦʡ 
ʫʩʪʘʥʦʚʢʦʡ ʩ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʧʨʠʚʦʜʦʤ (ɺʅʋ ʩ ʇʇ) (ʨʠʩ.1) ʩʦʚʤʝʩʪʥʦʛʦ ʩʦ 
ʩʢʚʘʞʠʥʥʳʤ ʥʘʛʨʝʚʘʪʝʣʝʤ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʢʦʤʧʝʥʩʠʨʫʶʱʝʡ 
ʫʩʪʘʥʦʚʢʦʡ (ʂʋ), ʚ ʯʘʩʪʠ ʦʙʝʩʧʝʯʝʥʠʷ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʛʦ ʧʫʩʢʘ ʠ 
ʩʘʤʦʟʘʧʫʩʢʘ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʕʂɼʉ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʧʨʦʚʘʣʘ ʫʨʦʚʥʷ 
ʥʘʧʨʷʞʝʥʠʷ ʠ ʫʤʝʥʴʰʝʥʠʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʥʘʩʦʩʥʦ-ʢʦʤʧʨʝʩʩʦʨʥʦʡ 
ʪʨʫʙʳ (ʅʂʊ).  

ʋʤʝʥʴʰʝʥʠʝ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʅʂʊ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʧʨʠ 
ʜʦʙʳʯʝ ʚʳʩʦʢʦʚʷʟʢʦʡ ʥʝʬʪʠ ʘʩʬʘʣʴʪʦʩʤʦʣʦʧʘʨʘʬʠʥʩʪʳʝ ʦʩʘʞʜʝʥʠʷ 
(ɸʉʇʆ) ʧʨʠʣʠʧʘʶʪ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʅʂʊ ʠ ʠʭ ʥʘʣʠʯʠʝ 
ʟʥʘʯʠʪʝʣʴʥʦ ʫʭʫʜʰʘʝʪ ʨʝʞʠʤ ʨʘʙʦʪʳ ʕʂɼʉ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʠʥʪʦʚʘʷ ʥʘʩʦʩʥʘʷ ʫʩʪʘʥʦʚʢʘ ʩ 
ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʤ. 

 

 
ʈʠʩʫʥʦʢ 1 - ɺʠʥʪʦʚʘʷ ʥʘʩʦʩʥʘʷ ʫʩʪʘʥʦʚʢʘ ʩ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʧʨʠʚʦʜʦʤ 

 
ɿʘ ʩʯʝʪ ʧʨʠʩʫʪʩʪʚʠʷ ɸʉʇʆ ʧʨʦʠʩʭʦʜʠʪ ʩʫʞʝʥʠʝ ʚʥʫʪʨʝʥʥʝʛʦ 

ʜʠʘʤʝʪʨʘ ʅʂʊ ʠ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʦʤʝʥʪʘ 
ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʢʦʪʦʨʳʡ ʫʚʝʣʠʯʠʚʘʝʪ ʩʫʤʤʘʨʥʳʡ ʤʦʤʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 
ʥʘʩʦʩʥʦʛʦ ʘʛʨʝʛʘʪʘ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 
ʟʘʪʨʘʪʳ ʤʦʱʥʦʩʪʠ ʥʘ ʧʨʝʦʜʦʣʝʥʠʝ ʵʪʦʛʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʦʤʝʥʪʘ 
ʩʦʧʨʦʪʠʚʣʝʥʠʷ. 

ʇʨʠ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʕʂɼʉ ʧʨʠʥʠʤʘʣʦʩʴ ʚʦ 
ʚʥʠʤʘʥʠʝ ʪʦ, ʯʪʦ ʢ ʩʝʢʮʠʠ ʰʠʥ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʧʦʜʢʣʶʯʝʥʘ 
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ʜʦʞʠʤʥʘʷ ʥʘʩʦʩʥʘʷ ʩʪʘʥʮʠʷ (ɼʅʉ), ʧʫʩʢ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʢʦʪʦʨʦʡ 
ʚʳʟʳʚʘʝʪ ʧʨʦʚʘʣ ʥʘʧʨʷʞʝʥʠʷ ʜʦ 35% ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʦʪ 3 ʩʝʢ. ʠ ʙʦʣʝʝ. 
ɼʘʥʥʳʡ ʧʨʦʚʘʣ ʥʘʧʨʷʞʝʥʠʷ ʥʘʢʣʘʜʳʚʘʣʩʷ ʥʘ ʧʫʩʢ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ 
ʕʂɼʉ ʩ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ 0,7 ʩʝʢ. ʜʦ 3,7 ʩʝʢ. 

ɸʚʪʦʨʘʤʠ ʨʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʕʂɼʉ, ʦʙʦʨʫʜʦʚʘʥʥʦʛʦ ʚʠʥʪʦʚʦʡ ʥʘʩʦʩʥʦʡ ʫʩʪʘʥʦʚʢʦʡ ʩ 
ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʧʨʠʚʦʜʦʤ [1, 2]. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 
ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʕʂɼʉ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʷʭ:  

1 ʩʣʫʯʘʡ - ʫʨʦʚʝʥʴ ʚʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ  ʧʨʠʥʠʤʘʣʩʷ ʨʘʚʥʳʤ 

1,00 ʦ.ʝ., ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʤʦʤʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʘʚʝʥ =0 ʦ.ʝ. 

(ʨʠʩ. 2ʘ, 3ʘ, 4ʘ, 5ʘ). 

2 ʩʣʫʯʘʡ - ʫʨʦʚʝʥʴ ʚʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ  ʧʨʠʥʠʤʘʣʩʷ ʨʘʚʥʳʤ 

1,00 ʦ.ʝ., ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʤʦʤʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʘʚʝʥ =0,2 ʦ.ʝ., 

ʧʨʦʚʘʣ ʥʘʧʨʷʞʝʥʠʷ ʦ.ʝ. ʜʣʠʪʝʣʴʥʦʩʪʴʶ 3 ʩʝʢ. (ʨʠʩ. 2ʙ, 3ʙ, 4ʙ, 

5ʙ). 
ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 2-5. 

  
ʘ) ʙ) 

ʈʠʩʫʥʦʢ 2 - ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʝʡ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ ʚ ʬʫʥʢʮʠʠ 
ʚʨʝʤʝʥʠ  

  
ʘ) ʙ) 

ʈʠʩʫʥʦʢ 3 - ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʝʡ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʠ 
ʥʘʧʨʷʞʝʥʠʷ ʚ ʬʫʥʢʮʠʠ ʚʨʝʤʝʥʠ 


