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ʂ 38 

ʆʨʛʘʥʠʟʘʪʦʨʳ ʩʝʤʠʥʘʨʘ: 

ʄʠʥʠʩʪʝʨʩʪʚʦ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ; 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ  

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ çʖʞʥʦ-ʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ  

ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʅʇʀ) ʠʤʝʥʠ ʄ.ʀ. ʇʣʘʪʦʚʘè;  

ʇɸʆ çʈʫʩɻʠʜʨʦè, ʛ. ʄʦʩʢʚʘ; 

ʄʝʞʨʝʛʠʦʥʘʣʴʥʘʷ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʘʷ ʩʝʪʝʚʘʷ ʢʦʤʧʘʥʠʷ ʖʛʘ, ʛ. ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ; 

ʌʝʜʝʨʘʣʴʥʘʷ ʉʝʪʝʚʘʷ ʂʦʤʧʘʥʠʷ ɽʜʠʥʦʡ ʕʥʝʨʛʝʪʠʯʝʩʢʦʡ ʉʠʩʪʝʤʳ, ʛ. ʄʦʩʢʚʘ; 

ʇʦʜʢʦʤʠʪʝʪ ʈʅʂ ʉʀɻʈʕ ʧʦ ʪʝʤʘʪʠʯʝʩʢʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ ʉ6 çʉʠʩʪʝʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ  

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʛʝʥʝʨʘʮʠʷè, ʛ. ʄʦʩʢʚʘ; 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ çʈʦʩʩʠʡʩʢʠʡ ʬʦʥʜ  

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡè. 
 

ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʠʪʝʪ: 

ɼʦʥʠ ʅʠʢʦʣʘʡ ɸʥʘʪʦʣʴʝʚʠʯ, ʢ.ʪ.ʥ., ʩ.ʥ.ʩ., ʟʘʤ. ʜʠʨʝʢʪʦʨʘ ʅʇʇ çʕʂʈɸè; 

ɽʬʠʤʦʚ ʅʠʢʦʣʘʡ ʅʠʢʦʣʘʝʚʠʯ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ çʊʝʧʣʦʚʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʪʘʥ-

ʮʠʠ ʠ ʪʝʧʣʦʪʝʭʥʠʢʘè; 

ɿʘʩʳʧʢʠʥ ɸʣʝʢʩʘʥʜʨ ʉʝʨʛʝʝʚʠʯ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ çʕʣʝʢʪʨʠʯʝʩʢʠʝ ʩʪʘʥʮʠʠ ʠ 

ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳè; 

ʂʦʣʙʘʯʝʚ ɽʚʛʝʥʠʡ ɹʦʨʠʩʦʚʠʯ, ʜ.ʵ.ʥ., ʧʨʦʬʝʩʩʦʨ, ʟʘʚ. ʢʘʬʝʜʨʦʡ çʇʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʠ ʠʥ-

ʥʦʚʘʮʠʦʥʥʳʡ ʤʝʥʝʜʞʤʝʥʪè; 

ʂʦʥʦʥʦʚ ʖʨʠʡ ɻʨʠʛʦʨʴʝʚʠʯ, ʜ.ʪ.ʥ., ʜʠʨʝʢʪʦʨ ʀʥʩʪʠʪʫʪʘ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ, ʵʣʝʢʪʨʦʥʠʢʠ 

ʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ; 

ʂʨʘʚʯʝʥʢʦ ʆʣʝʛ ɸʣʝʢʩʘʥʜʨʦʚʠʯ, ʜ.ʪ.ʥ., ʧʨʦʨʝʢʪʦʨ ʧʦ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʖʈɻʇʋ(ʅʇʀ) ï ʇʨʝʜʩʝʜʘʪʝʣʴ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʢʦʤʠʪʝʪʘ; 

ʂʫʞʝʢʦʚ ʉʪʘʥʠʩʣʘʚ ʃʫʢʴʷʥʦʚʠʯ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ çʕʣʝʢʪʨʠʯʝʩʢʠʝ ʩʪʘʥʮʠʠ ʠ 

ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳè; 

ʃʘʙʘʜʟʝ ʆʣʝʩʷ ɽʚʛʝʥʴʝʚʥʘ, ʚʝʜʫʱʠʡ ʠʥʞʝʥʝʨ ʫʧʨʘʚʣʝʥʠʷ ʧʦ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ; 

ʅʘʛʘʡ ɺʣʘʜʠʤʠʨ ʀʚʘʥʦʚʠʯ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ, ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ çʕʣʝʢʪʨʠʯʝʩʢʠʝ ʩʪʘʥ-

ʮʠʠ ʠ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳè ï ʇʨʝʜʩʝʜʘʪʝʣʴ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʠʪʝʪʘ; 

ʅʘʜʪʦʢʘ ʀʚʘʥ ʀʚʘʥʦʚʠʯ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ çʕʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ ʠ ʵʣʝʢʪʨʦʧʨʠʚʦʜè; 

ʇʘʚʣʝʥʢʦ ɸʣʝʢʩʘʥʜʨ ɺʘʣʝʥʪʠʥʦʚʠʯ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ, ʟʘʚ. ʢʘʬʝʜʨʦʡ çʕʣʝʢʪʨʦʤʝʭʘʥʠʢʘ ʠ 

ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʘʧʧʘʨʘʪʳè; 

ʇʝʨʝʜʝʨʠʡ ɺʣʘʜʠʤʠʨ ɻʨʠʛʦʨʴʝʚʠʯ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ, ʨʝʢʪʦʨ ʖʈɻʇʋ(ʅʇʀ); 

ʇʷʪʠʙʨʘʪʦʚ ɻʝʦʨʛʠʡ ʗʢʦʚʣʝʚʠʯ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ çʕʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ ʠ ʵʣʝʢʪʨʦ-

ʧʨʠʚʦʜè;  

ʉʫʭʝʥʢʦ ʅʠʢʦʣʘʡ ɸʣʝʢʩʘʥʜʨʦʚʠʯ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ çʕʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ ʠ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜè, ʥʘʯʘʣʴʥʠʢ ʫʧʨʘʚʣʝʥʠʷ ʧʦ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ; 

ʊʨʦʧʠʥ ɺʣʘʜʠʤʠʨ ɺʘʣʝʥʪʠʥʦʚʠʯ ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ çʇʨʠʤʝʥʝʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨ-

ʛʠʠè ʂʫʙʘʥʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʘʛʨʘʨʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ; 

ʐʫʣʷʢ ɺʠʢʪʦʨ ɻʨʠʛʦʨʴʝʚʠʯ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ, ʜʠʨʝʢʪʦʨ ʅʀʀ ʵʥʝʨʛʝʪʠʢʠ ʖʈɻʇʋ(ʅʇʀ); 
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ʋɼʂ 621.311.1 

ʈɸʉʐʀʈɽʅʀɽ ʆɹʃɸʉʊʀ ɼʆʇʋʉʊʀʄʓʍ  

ʈɽɾʀʄʆɺ ɻɽʅɽʈʀʈʋʖʑʀʍ ʋʉʊɸʅʆɺʆʂ  

ʆɹʒɽʂʊʆɺ ʈɸʉʇʈɽɼɽʃɪʅʅʆʁ ɻɽʅɽʈɸʎʀʀ  

ʇʈʀ ʇʈʆɺɸʃɸʍ ʅɸʇʈʗɾɽʅʀʗ 

ʇ.ɺ. ʀʣʶʰʠʥ 
ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʧʦʚʳʰʝʥʠʷ ʢʚʘʣʠʬʠʢʘʮʠʠ 

ʇʨʦʚʝʜʸʥ ʘʥʘʣʠʟ ʧʨʠʯʠʥ ʠ ʧʦʩʣʝʜʩʪʚʠʡ ʦʪʢʣʶʯʝʥʠʡ ʛʝʥʝʨʠʨʫʶʱʠʭ ʫʩʪʘʥʦʚʦʢ 

ʦʙʲʝʢʪʦʚ ʨʘʩʧʨʝʜʝʣʸʥʥʦʡ ʛʝʥʝʨʘʮʠʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʨʝʣʝʡʥʦʡ ʟʘʱʠʪʳ ʧʨʠ ʚʦʟʤʫʱʝ-

ʥʠʷʭ ʩ ʧʨʦʚʘʣʘʤʠ ʥʘʧʨʷʞʝʥʠʷ ʚ ʧʨʠʣʝʛʘʶʱʝʡ ʩʝʪʠ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 

ʧʨʠʤʝʥʝʥʠʶ ʜʠʥʘʤʠʯʝʩʢʠʭ ʢʦʤʧʝʥʩʘʪʦʨʦʚ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʚ ʮʝʣʷʭ ʨʘʩʰʠʨʝʥʠʷ 

ʦʙʣʘʩʪʠ ʜʦʧʫʩʪʠʤʳʭ ʨʝʞʠʤʦʚ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʦʪʢʣʶʯʝʥʠʡ ʛʝʥʝʨʠʨʫʶʱʠʭ ʫʩʪʘʥʦ-

ʚʦʢ ʧʨʠ ʣʠʢʚʠʜʘʮʠʠ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʫʩʪʨʦʡʩʪʚʘʤʠ ʨʝʣʝʡʥʦʡ ʟʘʱʠʪʳ ʧʨʠʣʝʛʘʶ-

ʱʝʡ ʩʝʪʠ. ʉʬʦʨʤʫʣʠʨʦʚʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʥʝʦʙʭʦʜʠʤʦʡ ʚʝʣʠʯʠʥʳ 

ʠʥʞʝʢʮʠʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʣʫʙʠʥʳ ʧʨʦʚʘʣʘ ʥʘʧʨʷʞʝʥʠʷ ʠ ʝʛʦ 

ʜʣʠʪʝʣʴʥʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʩʧʨʝʜʝʣʸʥʥʘʷ ʛʝʥʝʨʘʮʠʷ, ʛʝʥʝʨʠʨʫʶʱʘʷ ʫʩʪʘʥʦʚʢʘ, ʨʝʣʝʡ-
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EXTENDING OF PERMISSIBLE MODES BAND FOR DISTRIBUTED 

GENERATION UNITS U NDER VOLTAGE DIPS IN  POWER GRID  

P.V. Ilyushin 
Petersburg Power Engineering Institute of Professional Development 

Causes and consequences of distributed generation units tripping by relay protection 

devices in a case of disturbances with voltage dips in adjacent power grid, are analyzed in 

the paper. Recommendations on using of dynamic reactive power compensators for the pur-

pose of distributed generation units permissible modes band extending, are presented. Rec-

ommendations for determining required value of reactive power injection as a function of 

the depth of voltage dip under short circuit and its duration, are given. 

Keywords: distributed generation, generating unit, relay protection, permissible 

modes band, dynamic reactive power compensator, load stability. 

ɺʚʦʜ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʥʦʚʳʭ ʦʙʲʝʢʪʦʚ ʨʘʩʧʨʝʜʝʣʸʥʥʦʡ ʛʝʥʝʨʘʮʠʠ 

(ʈɻ) ʚ ʈʦʩʩʠʠ ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʩʥʦʚʥʦʤ ʟʘ ʩʯʸʪ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʵʣʝʢʪʨʦʩʪʘʥ-

ʮʠʡ ʩ ʛʝʥʝʨʠʨʫʶʱʠʤʠ ʫʩʪʘʥʦʚʢʘʤʠ (ɻʋ) ʟʘʨʫʙʝʞʥʳʭ ʟʘʚʦʜʦʚ-ʠʟʛʦʪʦʚʠ-

ʪʝʣʝʡ. ʕʪʠ ɻʋ ʦʩʥʘʱʝʥʳ ʫʩʪʨʦʡʩʪʚʘʤʠ ʨʝʣʝʡʥʦʡ ʟʘʱʠʪʳ (ʈɿ) ʠ ʩʠʩʪʝ-

ʤʘʤʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ (ɸʈʏɺ) ʠ ʚʦʟ-

ʙʫʞʜʝʥʠʷ (ɸʈɺ), ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ʟʘʨʫʙʝʞʥʳʭ ʥʘʮʠ-

ʦʥʘʣʴʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʵʥʝʨʛʦʩʠʩʪʝʤʘʭ, ʠʤʝʶʱʠʭ ʦʩʦ-

ʙʝʥʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʭʘʨʘʢʪʝʨ ʧʨʦʪʝʢʘʥʠʷ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ 
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ʠ ʧʘʨʘʤʝʪʨʳ ʘʥʦʨʤʘʣʴʥʳʭ ʨʝʞʠʤʦʚ. ʂ ʪʘʢʠʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʤʦʞʥʦ ʦʪʥʝ-

ʩʪʠ, ʥʘʧʨʠʤʝʨ, ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʝ ʚʨʝʤʷ ʣʠʢʚʠʜʘʮʠʠ ʢʦʨʦʪʢʦʛʦ ʟʘ-

ʤʳʢʘʥʠʷ (ʂɿ), ʜʦʧʫʩʪʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʥʝʩʠʥʭʨʦʥʥʦʛʦ ʘʚʪʦʤʘʪʠʯʝ-

ʩʢʦʛʦ ʧʦʚʪʦʨʥʦʛʦ ʚʢʣʶʯʝʥʠʷ, ʜʦʧʫʩʪʠʤʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʵʥʝʨʛʦʨʘʡʦʥʘ ʩ ʈɻ 

ʥʘ ʦʩʪʨʦʚʥʦʡ ʨʝʞʠʤ ʨʘʙʦʪʳ, ʧʨʠʥʮʠʧʳ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ ʦʩʥʦʚʥʳʭ ʟʘʱʠʪ, 

ʥʘʣʠʯʠʝ ʫʩʪʨʦʡʩʪʚ ʧʨʦʪʠʚʦʘʚʘʨʠʡʥʦʡ ʘʚʪʦʤʘʪʠʢʠ, ʩʪʨʫʢʪʫʨʫ ʧʨʦʤʳʰ-

ʣʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʠ ʪ.ʧ.  

ɺ ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʥʘ ɻʋ ʦʪʜʝʣʴʥʳʝ ʟʘʨʫʙʝʞʥʳʝ ʟʘʚʦʜʳ-

ʠʟʛʦʪʦʚʠʪʝʣʠ ʫʢʘʟʳʚʘʶʪ ʧʘʨʘʤʝʪʨʳ ʥʘʩʪʨʦʡʢʠ ʫʩʪʨʦʡʩʪʚ ʈɿ ɻʋ, ʥʘʧʨʠ-

ʤʝʨ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʦʪʢʣʶʯʝʥʠʝ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʚʳʢʣʶʯʘʪʝʣʷ, ʝʩʣʠ ʚ ʪʝ-

ʯʝʥʠʝ 200 ʤʩ ʚʦ ʚʩʝʭ ʪʨʸʭ ʬʘʟʘʭ ʥʘʧʨʷʞʝʥʠʝ ʧʨʝʚʳʰʘʝʪ 110 % ʠʣʠ ʥʠʞʝ 

90 % ʦʪ ʥʦʤʠʥʘʣʴʥʦʛʦ [1, 2]. ʋ ʜʨʫʛʠʭ ʟʘʚʦʜʦʚ-ʠʟʛʦʪʦʚʠʪʝʣʝʡ ʫʩʪʘʚʢʠ ʧʦ 

ʚʨʝʤʝʥʠ ʩʨʘʙʘʪʳʚʘʥʠʷ ʫʩʪʨʦʡʩʪʚ ʈɿ ʧʨʠ ʩʥʠʞʝʥʠʠ ʥʘʧʨʷʞʝʥʠʷ ʥʝ-

ʩʢʦʣʴʢʦ ʚʳʰʝ (ʜʦ 5 ʩ), ʦʜʥʘʢʦ, ʩ ʫʯʸʪʦʤ ʚʨʝʤʝʥʠ ʩʨʘʙʘʪʳʚʘʥʠʷ ʨʝʟʝʨʚʥʳʭ 

ʟʘʱʠʪ ʵʣʝʤʝʥʪʦʚ ʧʨʠʣʝʛʘʶʱʝʡ ʩʝʪʠ, ʦʩʦʙʝʥʥʦ ʫʩʪʘʚʦʢ ʩʨʘʙʘʪʳʚʘʥʠʷ ʟʘ-

ʱʠʪ ʜʘʣʴʥʝʛʦ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ, ʠʟʙʝʞʘʪʴ ʦʪʢʣʶʯʝʥʠʡ ɻʋ ʥʝ ʧʨʝʜʩʪʘʚʣʷ-

ʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. ʉʣʝʜʩʪʚʠʝ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʟʘʨʫʙʝʞʥʳʭ ʟʘʚʦʜʦʚ-ʠʟʛʦʪʦ-

ʚʠʪʝʣʝʡ ɻʋ ï ʩʫʞʝʥʠʝ ʦʙʣʘʩʪʠ ʜʦʧʫʩʪʠʤʳʭ ʨʝʞʠʤʦʚ ʜʣʷ ɻʋ [3]. ɺ ʦʪʝʯʝ-

ʩʪʚʝʥʥʳʭ ɻ ʥʝʨʛʦʩʠʩʪʝʤʘʭ ʧʨʠʤʝʥʝʥʠʝ ʪʘʢʠʭ ɻʋ ʧʨʠʚʦʜʠʪ ʢ ʠʭ ʠʟʣʠʰʥʠʤ 

ʦʪʢʣʶʯʝʥʠʷʤ ʧʨʠ ʧʨʘʚʠʣʴʥʳʭ ʜʝʡʩʪʚʠʷʭ ʫʩʪʨʦʡʩʪʚ ʈɿ ʧʨʠʣʝʛʘʶʱʝʡ ʩʝʪʠ 

ʠ ʙʝʟ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʧʘʩʥʳʭ ʜʣʷ ɻʋ ʨʝʞʠʤʦʚ, ʩʦʟʜʘʚʘʷ ʜʣʷ ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʘʚʘʨʠʡʥʳʝ ʫʩʣʦʚʠʷ. 

ɺ ʜʘʥʥʳʭ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘʭ ʩʦʙʩʪʚʝʥʥʠʢʠ ʦʙʲʝʢʪʦʚ ʈɻ ʧʦʩʣʝ ʚʚʦʜʘ ʠʭ 

ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʚʳʰʝʫʢʘʟʘʥʥʳʤʠ ʥʝʛʘʪʠʚʥʳʤʠ ʪʝʭʥʠʯʝ-

ʩʢʠʤʠ ʠ ʬʠʥʘʥʩʦʚʳʤʠ ʧʦʩʣʝʜʩʪʚʠʷʤʠ. ɺ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦ-

ʚʝʩʪʠ ʚʳʙʦʨ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʵʢʦʥʦʤʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʳʭ ʪʝʭʥʠ-

ʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʨʝʘʣʠʟʘʮʠʷ ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʠʣʘ ʙʳ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ 

ʢʦʣʠʯʝʩʪʚʦ ʦʪʢʣʶʯʝʥʠʡ ɻʋ ʧʨʠ ʚʦʟʤʫʱʝʥʠʷʭ ʩ ʧʨʦʚʘʣʘʤʠ ʥʘʧʨʷʞʝʥʠʷ 

ʜʣʷ ʩʥʠʞʝʥʠʷ ʚʝʣʠʯʠʥʳ ʫʱʝʨʙʦʚ.  

ʋʩʪʘʚʢʠ ʫʩʪʨʦʡʩʪʚ ʈɿ ɻʋ ʧʦ ʩʥʠʞʝʥʠʶ ʥʘʧʨʷʞʝʥʠʷ ʙʝʟ ʢʦʥʪʨʦʣʷ ʪʦ-

ʢʦʚ ʘʙʩʦʣʶʪʥʦ ʥʝ ʦʙʦʩʥʦʚʘʥʳ, ʪʘʢ ʢʘʢ ʦʧʘʩʥʦʩʪʴ ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʦʚʨʝʞʜʝ-

ʥʠʷ ʦʙʤʦʪʦʢ ɻʋ ʥʘʩʪʫʧʘʝʪ ʪʦʣʴʢʦ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʢʨʘʪʥʦʩʪʴ ʠ/ʠʣʠ 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʘʚʘʨʠʡʥʳʭ ʧʝʨʝʛʨʫʟʦʢ ʧʦ ʪʦʢʫ ʩʪʘʪʦʨʘ ʠʣʠ ʨʦʪʦʨʘ ʧʨʝʚʳ-

ʰʘʶʪ ʜʦʧʫʩʪʠʤʳʝ ʟʥʘʯʝʥʠʷ [4]. ɺʝʣʠʯʠʥʳ ʪʦʢʦʚ ʦʧʨʝʜʝʣʷʶʪʩʷ ʟʘʚʦʜʘʤʠ-

ʠʟʛʦʪʦʚʠʪʝʣʷʤʠ, ʩ ʫʯʸʪʦʤ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ɻʋ, ʠ ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ï ʢʣʘʩʩʘ ʥʘʛʨʝʚʦʩʪʦʡʢʦʩʪʠ (ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʠʥʜʝʢʩ) ʠʟʦʣʷʮʠʠ ʦʙ-

ʤʦʪʦʢ, ʩ ʧʨʠʚʷʟʢʦʡ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʟʥʘʯʝʥʠʷʤ ʪʝʤʧʝʨʘʪʫʨʳ, ʘ ʪʘʢʞʝ 

ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ ʠ ʦʭʣʘʞʜʘʶʱʝʡ ʩʨʝʜʳ ʦʙʤʦʪʦʢ ʩʪʘʪʦʨʘ ʠ ʨʦʪʦʨʘ. ɺ 

ʩʣʫʯʘʝ ʧʨʝʚʳʰʝʥʠʷ ʜʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʧʦ ʚʝʣʠʯʠʥʝ ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʪʦʢʘ 
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ʩʪʘʪʦʨʘ ʫʩʪʨʦʡʩʪʚʘ ʈɿ ʜʝʡʩʪʚʫʶʪ ʥʘ ʦʪʢʣʶʯʝʥʠʝ ɻʋ ʦʪ ʩʝʪʠ, ʘ ʪʦʢʘ ʨʦʪʦʨʘ 

ï ʥʘ ʩʥʠʞʝʥʠʝ ʪʦʢʘ ʚʦʟʙʫʞʜʝʥʠʷ (ʨʘʩʬʦʨʩʠʨʦʚʢʘ ʚʦʟʙʫʞʜʝʥʠʷ) ʜʦ ʚʝʣʠ-

ʯʠʥʳ, ʠʩʢʣʶʯʘʶʱʝʡ ʦʧʘʩʥʳʡ ʧʝʨʝʛʨʝʚ ʦʙʤʦʪʢʠ ʨʦʪʦʨʘ [5]. 

ʈʷʜ ʟʘʚʦʜʦʚ-ʠʟʛʦʪʦʚʠʪʝʣʝʡ ʦʪʢʘʟʳʚʘʶʪʩʷ ʩʦʛʣʘʩʦʚʳʚʘʪʴ ʠʟʤʝʥʝʥʠʷ 

ʫʩʪʘʚʦʢ ʫʩʪʨʦʡʩʪʚ ʈɿ ɻʋ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʛʘʨʘʥʪʠʡʥʦʛʦ ʩʨʦʢʘ ʵʢʩʧʣʫʘʪʘ-

ʮʠʠ. ʇʨʠ ʩʘʤʦʚʦʣʴʥʦʤ ʠʟʤʝʥʝʥʠʠ ʫʩʪʘʚʦʢ ʫʩʪʨʦʡʩʪʚ ʈɿ ʩʦʙʩʪʚʝʥʥʠʢʦʤ 

ɻʋ ʟʘʚʦʜ-ʠʟʛʦʪʦʚʠʪʝʣʴ ʚ ʦʜʥʦʩʪʦʨʦʥʥʝʤ ʧʦʨʷʜʢʝ ʩʥʠʤʘʝʪ ʛʘʨʘʥʪʠʡʥʳʝ 

ʦʙʷʟʘʪʝʣʴʩʪʚʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʩʣʦʚʠʷʤʠ ʜʦʛʦʚʦʨʘ ʥʘ ʧʦʩʪʘʚʢʫ ɻʋ [1].  

ʆʩʥʦʚʥʘʷ ʧʨʠʯʠʥʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʨʦʚʘʣʦʚ ʥʘʧʨʷʞʝʥʠʷ ʚ ʩʝʪʷʭ 110ï

220 ʢɺ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ï ʦʜʥʦʬʘʟʥʳʝ ʂɿ ʥʘ ʚʦʟʜʫʰʥʳʭ ʣʠʥʠʷʭ 

(ɺʃ), ʩʦʩʪʘʚʣʷʶʱʠʝ, ʩʦʛʣʘʩʥʦ ʩʪʘʪʠʩʪʠʢʝ, 70 % ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ, ʧʨʠ 

ʵʪʦʤ ʜʚʫʭʬʘʟʥʳʝ ʠ ʪʨʸʭʬʘʟʥʳʝ ʂɿ ʩʦʩʪʘʚʣʷʶʪ 20 % ʠ 10 % ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ. ɼʣʷ ʢʘʙʝʣʴʥʳʭ ʩʝʪʝʡ 6ï10 ʢɺ ʧʨʝʦʙʣʘʜʘʶʱʠʤʠ ʷʚʣʷʶʪʩʷ ʦʜʥʦ-

ʬʘʟʥʳʝ ʟʘʤʳʢʘʥʠʷ ʥʘ ʟʝʤʣʶ. ʍʘʨʘʢʪʝʨʥʳʝ (ʩʨʝʜʥʠʝ) ʜʣʷ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴ-

ʥʳʭ ʩʝʪʝʡ ʈʦʩʩʠʠ ï ʧʨʦʚʘʣʳ ʥʘʧʨʷʞʝʥʠʷ ʛʣʫʙʠʥʦʡ 35ï99 %, ʜʣʠʪʝʣʴʥʦ-

ʩʪʴʶ 1,5ï3 c ʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʦʪʦʢʘ 10-30 ʧʨʦʚʘʣʦʚ (ʠ ʙʦʣʝʝ) ʚ ʛʦʜ [6]. 

ɸʣʴʪʝʨʥʘʪʠʚʦʡ ʠʟʤʝʥʝʥʠʷ ʫʩʪʘʚʦʢ ʫʩʪʨʦʡʩʪʚ ʈɿ ɻʋ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘ-

ʣʠʟʘʮʠʷ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ ʚ ʧʨʠʣʝʛʘʶʱʠʭ 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʝʪʷʭ ʜʣʷ ʩʥʠʞʝʥʠʷ ʛʣʫʙʠʥʳ ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʨʦʚʘ-

ʣʦʚ ʥʘʧʨʷʞʝʥʠʷ. ʆʜʥʘʢʦ, ʨʝʘʣʴʥʦʡ ʘʣʴʪʝʨʥʘʪʠʚʦʡ, ʢʦʪʦʨʫʶ ʤʦʞʝʪ ʨʝʘʣʠ-

ʟʦʚʘʪʴ ʩʦʙʩʪʚʝʥʥʠʢ ʦʙʲʝʢʪʘ ʈɻ ʥʘ ʩʘʤʦʤ ʦʙʲʝʢʪʝ ʈɻ ï ʫʩʪʘʥʦʚʠʪʴ ʜʠʥʘ-

ʤʠʯʝʩʢʠʡ ʢʦʤʧʝʥʩʘʪʦʨ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ (ɼʂʈʄ), ʯʪʦʙʳ ʩʚʦʝʚʨʝ-

ʤʝʥʥʦ ʚʳʚʦʜʠʪʴ ʧʘʨʘʤʝʪʨʳ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ɻʋ ʠʟ ʟʦʥʳ, ʚ ʢʦʪʦʨʦʡ ʚʦʟ-

ʤʦʞʥʳ ʠʭ ʠʟʣʠʰʥʠʝ ʦʪʢʣʶʯʝʥʠʷ ʠʟ-ʟʘ ʧʨʦʚʘʣʦʚ ʥʘʧʨʷʞʝʥʠʷ [7].  

ʎʝʣʝʩʦʦʙʨʘʟʥʦ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ɼʂʈʄ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʣʦʢʘʣʴʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ: ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʩʫʤʤʘʨʥʦʡ ʤʦʱ-

ʥʦʩʪʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʩʘʤʦʟʘʧʫʩʢʘʭ, 

ʧʨʠʤʝʥʝʥʠʝ ʘʚʪʦʤʘʪʠʢʠ ʧʦʚʪʦʨʥʳʭ ʧʫʩʢʦʚ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ, ʟʘʤʝʥʘ 

ʧʨʷʤʳʭ ʧʫʩʢʦʚ ʜʚʠʛʘʪʝʣʝʡ ʥʘ ʯʘʩʪʦʪʥʳʝ ʠ ʜʨ. 

ʊʨʝʙʦʚʘʥʠʷ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʠ ʨʝʘʣʠʟʘʮʠʠ ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡ-

ʩʪʚʠʡ (ʋɺ) ɼʂʈʄ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʥʦʨʤʘʣʠʟʘʮʠʶ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ɻʋ, 

ʜʦʣʞʥʳ ʫʯʠʪʳʚʘʪʴ ʩʣʝʜʫʶʱʝʝ: 

ï ʥʝʦʙʭʦʜʠʤ ʙʳʩʪʨʳʡ ʚʚʦʜ ʋɺ ʩ ʚʨʝʤʝʥʝʤ ʠʩʧʦʣʥʝʥʠʷ ʜʦ 30 ʤʩ ʧʦ 

ʩʭʝʤʥʦ-ʨʝʞʠʤʥʳʤ ʫʩʣʦʚʠʷʤ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʤ ʦ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʨʝ-

ʞʠʤʘ, ʚ ʢʦʪʦʨʦʤ ʚʦʟʤʦʞʥʦ ʦʪʢʣʶʯʝʥʠʝ ɻʋ ʧʦ ʬʘʢʪʫ ʩʥʠʞʝʥʠʷ ʥʘʧʨʷʞʝ-

ʥʠʷ; 

ï ʚʚʦʜ ʋɺ, ʧʦʢʘ ʥʝ ʣʠʢʚʠʜʠʨʦʚʘʥʦ ʤʥʦʛʦʬʘʟʥʦʝ ʂɿ, ʥʝ ʵʬʬʝʢʪʠʚʝʥ;  
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ï ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʩ ʫʯʸʪʦʤ ʧʘʨʘʤʝʪʨʦʚ ʠ ʭʘʨʘʢʪʝʨʘ ʧʝʨʝʭʦʜʥʦʛʦ 

ʧʨʦʮʝʩʩʘ, ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴʩʷ ʧʦʚʪʦʨʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʋɺ ʧʨʠ ʦʪʢʣʦʥʝʥʠʠ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʥʘʧʨʠʤʝʨ, ï ʩʥʠʞʝʥʠʠ ʥʘʧʨʷʞʝʥʠʷ; 

ï ʨʝʘʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ, ʚʳʜʘʚʘʝʤʘʷ ɼʂʈʄ ʚ ʧʝʨʝʭʦʜʥʦʤ ʧʨʦʮʝʩʩʝ, 

ʟʘʜʘʸʪʩʷ ʠ ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʠ ʪʝʢʫʱʝʡ ʯʘʩʪʦʪʝ, ʪ. ʝ. ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʥʚʝʨʪʦʨ 

ʚʝʜʦʤʳʡ ʩʝʪʴʶ, ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʫʧʨʘʚʣʝʥʠʝ ʯʘʩʪʦʪʦʡ ʚʳʜʘʚʘʝʤʦʛʦ 

ʪʦʢʘ ï ʚʝʜʦʤʦʝ.  

 

ʇʨʝʜʦʪʚʨʘʱʝʥʠʝ ʦʪʢʣʶʯʝʥʠʡ ɻʋ ʧʨʠ ʧʨʦʚʘʣʘʭ ʥʘʧʨʷʞʝʥʠʷ  

ʇʨʠʤʝʥʝʥʠʝ ɼʂʈʄ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʦʙʲʝʢʪʘʭ ʈɻ, ʩ ʧʦʜʢʣʶ-

ʯʝʥʠʝʤ ʢ ʰʠʥʘʤ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ ʟʘʜʘʯʫ ʚʚʝ-

ʜʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʰʠʥʘʭ ɻʋ ʚ ʜʦʧʫʩʪʠʤʫʶ ʟʦʥʫ.  
 

Umin < U < Umax, 
 

ʛʜʝ Umin ʠ Umax ï ʫʩʪʘʚʢʠ ʫʩʪʨʦʡʩʪʚ ʈɿɸ ɻʋ ʧʦ ʩʥʠʞʝʥʠʶ ʥʘʧʨʷʞʝʥʠʶ.  

ʇʦʩʪʘʚʣʝʥʥʘʷ ʟʘʜʘʯʘ ʜʦʣʞʥʘ ʨʝʰʘʪʴʩʷ ʚ ʪʝʯʝʥʠʝ ʧʝʨʠʦʜʘ, ʤʝʥʴʰʝʛʦ 

ʚʳʜʝʨʞʢʠ ʚʨʝʤʝʥʠ ʫʩʪʨʦʡʩʪʚ ʈɿ ɻʋ [8]. ʕʬʬʝʢʪʠʚʥʦ ʧʨʦʩʪʝʡʰʝʝ ʫʧʨʘʚ-

ʣʝʥʠʝ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʴʶ ɼʂʈʄ ʧʦ ʪʠʧʫ ʬʦʨʩʠʨʦʚʢʠ ï ʵʪʦ ʥʫʣʝʚʘʷ 

ʤʦʱʥʦʩʪʴ ʚ ʥʦʨʤʘʣʴʥʦʤ ʨʝʞʠʤʝ ʠ ʚʳʜʘʯʘ ʤʘʢʩʠʤʫʤʘ, ʝʩʣʠ ʥʘʧʨʷʞʝʥʠʝ 

ʤʝʥʴʰʝ ʟʘʜʘʥʥʦʡ ʚʝʣʠʯʠʥʳ.  

ʌʦʨʩʠʨʦʚʘʥʥʳʡ ʨʝʞʠʤ ɼʂʈʄ ʚ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʘʭ ʨʘʩ-

ʯʝʪʘ ʟʘʜʘʸʪʩʷ Qʋɺ, ʧʦʵʪʦʤʫ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʢʫʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʪʦʢ Iʋɺ 

ʩʥʠʞʘʝʪʩʷ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. ɼʣʠʪʝʣʴʥʦʩʪʴ ʋɺ ʥʘ ɼʂʈʄ 

ʜʦʣʞʥʘ ʚʳʙʠʨʘʪʴʩʷ ʩ ʫʯʝʪʦʤ ʚʝʨʦʷʪʥʦʩʪʠ ʧʦʚʪʦʨʥʦʛʦ ʪʦʨʤʦʞʝʥʠʷ ʵʣʝʢ-

ʪʨʦʜʚʠʛʘʪʝʣʝʡ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʧʦʥʠʞʝʥʠʝʤ ʥʘʧʨʷʞʝʥʠʷ. ʂʦʛʜʘ ʙʦʣʴ-

ʰʠʥʩʪʚʦ ʜʚʠʛʘʪʝʣʝʡ ʜʦʩʪʠʛʣʦ ʥʦʨʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ, ʠʟʙʳʪʦʯ-

ʥʘʷ ʛʝʥʝʨʘʮʠʷ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʥʘʧʨʷʞʝ-

ʥʠʷ, ʯʪʦ ʥʝʞʝʣʘʪʝʣʴʥʦ. ʆʧʪʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʥʘʧʨʷʞʝʥʠʷ, ʢʦʛʜʘ ʥʝʦʙ-

ʭʦʜʠʤʦ ʩʥʠʤʘʪʴ ʋɺ ʥʘ ɼʂʈʄ ʧʨʠʤʝʨʥʦ ʨʘʚʥʦ ʥʦʤʠʥʘʣʴʥʦʤʫ ʥʘʧʨʷʞʝ-

ʥʠʶ ʩʝʪʠ, ʚ ʢʦʪʦʨʦʡ ʨʘʙʦʪʘʶʪ ɻʋ (ʚ ʨʘʩʯʸʪʘʭ ʥʘʧʨʷʞʝʥʠʝ ʜʣʷ ʩʥʪ̫ʠʷ ʋɺ 

ï 6 ʢɺ). 

ɼʣʷ ʚʳʙʦʨʘ ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʋɺ ʥʘ ɼʂʈʄ ʥʘ ʨʠʩ. 1 ʧʨʝʜ-

ʩʪʘʚʣʝʥ ʫʧʨʦʱʸʥʥʳʡ ʚʠʜ ʨʘʩʯʸʪʥʦʡ ʩʭʝʤʳ ʵʥʝʨʛʦʨʘʡʦʥʘ ʩ ʧʨʦʤʳʰʣʝʥ-

ʥʳʤ ʧʨʝʜʧʨʠʷʪʠʝʤ ʠ ʦʙʲʝʢʪʦʤ ʈɻ, ʚ ʨʘʩʯʸʪʥʦʡ ʩʭʝʤʝ ʦʜʥʦʪʠʧʥʳʝ ɻʋ ʟʘ-

ʤʝʥʝʥʳ ʵʢʚʠʚʘʣʝʥʪʥʳʤʠ ʩʫʤʤʘʨʥʦʡ ʤʦʱʥʦʩʪʠ. ʐʠʥʳ ʙʝʩʢʦʥʝʯʥʦʡ ʤʦʱ-

ʥʦʩʪʠ (ʐɹʄ) ʦʪʦʙʨʘʞʘʶʪ ʚʩʝ ʚʥʝʰʥʠʝ ʠʩʪʦʯʥʠʢʠ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʥʝʠʟ-

ʤʝʥʥʦʡ ʕɼʉ ʟʘ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʤʦʱʥʦʩʪʠ ʂɿ. 
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ʈʠʩ. 1. ʋʧʨʦʱʸʥʥʳʡ ʚʠʜ ʨʘʩʯʸʪʥʦʡ ʩʭʝʤʳ ʵʥʝʨʛʦʨʘʡʦʥʘ  

 

ɺ ʜʘʥʥʦʡ ʩʭʝʤʝ ʵʣʝʢʪʨʦʧʦʪʨʝʙʣʝʥʠʝ ï 20 ʄɺʪ. ʉʦʩʪʘʚ ʥʘʛʨʫʟʢʠ ʧʦ 

ʧʦʪʨʝʙʣʷʝʤʳʤ ʤʦʱʥʦʩʪʷʤ: ʜʦʣʷ ʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ (ʉɼ) ʚ ʩʫʤʤʘʨ-

ʥʦʡ ʥʘʛʨʫʟʢʝ ï 10 %, ʘʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ (ɸɼ) ï 62 %, ʩʪʘʪʠʯʝʩʢʘʷ 

ʥʘʛʨʫʟʢʘ (ʦʩʚʝʱʝʥʠʝ, ʧʝʯʠ, ʩʚʘʨʢʘ ʠ ʪ.ʧ.) ï 28 %. ʇʘʨʘʤʝʪʨʳ ʵʢʚʠʚʘʣʝʥʪ-

ʥʳʭ ɸɼ ʨʘʟʣʠʯʘʶʪʩʷ ʟʥʘʯʝʥʠʷʤʠ ʦʪʥʦʰʝʥʠʡ ʩʪʘʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʷ ʢ ʥʦʤʠʥʘʣʴʥʦʤʫ ʤʦʤʝʥʪʫ: Mʩʪʘʪ/Mʥʦʤ = 0,2 (ʜʣʷ ɸɼ, ʩʦʩʪʘʚ-

ʣʷʶʱʠʭ 20 % ʠʭ ʩʫʤʤʘʨʥʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ), 0,4 (70 %) ʠ 0,8 (10 %) ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ. ʉʫʤʤʘʨʥʘʷ ʤʦʱʥʦʩʪʴ ʨʘʙʦʪʘʶʱʠʭ ɻʋ ʚ ʨʘʩʯʸʪʘʭ ʚʘʨʴʠʨʦʚʘ-

ʣʘʩʴ.  

     
 ʘ) ʙ) 

ʈʠʩ. 2. ʇʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʧʨʠ ʪʨʝʭʬʘʟʥʦʤ ʂɿ ʠ ʧʦʩʣʝ ʝʛʦ ʣʠʢʚʠʜʘʮʠʠ:  

ʘ ï ʙʝʟ ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ; ʙ ï ʩ ʠʥʞʝʢʮʠʝʡ Qʋɺ = 10 ʄʚʘʨ ʠ ʚʳʜʝʨʞʢʦʡ 

ʚʨʝʤʝʥʠ ʥʘ ʩʥʷʪʠʝ ʋɺ ï 0,1 ʩ; ȹt ï ʚʨʝʤʷ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʰʠʥʘʭ 

ɻʋ ʥʠʞʝ ʫʩʪʘʚʢʠ Umin = 5,67 ʢɺ; ʪʦʥʢʠʝ ʣʠʥʠʠ ï ʩʢʦʣʴʞʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ɸɼ s, %;  

Qʋɺ ï ʤʦʱʥʦʩʪʴ, ʧʦʩʪʫʧʘʶʱʘʷ ʦʪ ɼʂʈʄ (ʄʚʘʨ)  

 

ʆʩʥʦʚʥʳʝ ʨʘʩʯʸʪʥʳʝ ʚʦʟʤʫʱʝʥʠʷ ï ʪʨʸʭʬʘʟʥʳʝ ʂɿ: ʚ ʩʝʪʠ 6 ʢɺ ï ʚ 

ʪʦʯʢʝ ɺ, ʚ ʩʝʪʠ 110 ʢɺ ʚ ʪʦʯʢʝ ɹ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ï 0,18 ʩ; ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʂɿ ʙʝʟ ʦʪʢʣʶʯʝʥʠʷ ʧʠʪʘʶʱʠʭ ʃʕʇ; ʋɺ ʥʘ ɼʂʈʄ ʚʚʦʜʠʪʩʷ ʯʝʨʝʟ 30 ʤʩ 
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ʧʦʩʣʝ ʣʠʢʚʠʜʘʮʠʠ ʂɿ ʚ ʪʦʯʢʝ ɺ (ʨʠʩ. 1). ʇʨʠʤʝʨʳ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʧʨʠ ʂɿ ʚ ʪʦʯʢʝ ɺ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 2. 

ɿʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ ʤʛʥʦʚʝʥʥʦʛʦ ʧʦʚʳʰʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʚ ʤʦ-

ʤʝʥʪ ʚʚʝʜʝʥʠʷ ʋɺ ʥʘ ɼʂʈʄ ʧʦʢʘʟʘʥʘ ʨʠʩ. 3, ʧʦʩʪʨʦʝʥʥʘʷ ʧʨʠ Pɻʋ = 10 

ʄɺʪ = 50 % PʥS ʜʣʷ ʩʣʫʯʘʷ ʂɿ ʚ ʪʦʯʢʝ ɺ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ 0,18 ʩ 

(ʫʤʝʥʴʰʝʥʘ ʩʫʤʤʘʨʥʘʷ ʤʦʱʥʦʩʪʴ ɸɼ ï ʨʝʤʦʥʪʥʳʡ ʨʝʞʠʤ ʥʘʛʨʫʟʢʠ). 

 
ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ ʩʢʘʯʢʘ ʥʘʧʨʷʞʝʥʠʷ ȹU ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʦʙʲʝʤʘ ʋɺ 

 

ʉʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ȹt, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʰʠʥʘʭ 

ɻʋ ʥʠʞʝ Umin, ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4 (D ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʩʫʤʤʘʨʥʘʷ ʤʦʱʥʦʩʪʴ 

ʜʚʠʛʘʪʝʣʝʡ ʚ ʩʦʩʪʘʚʝ ʥʘʛʨʫʟʢʠ, %). ʆʥʦ ʪʝʤ ʙʦʣʝʝ ʟʘʤʝʪʥʦ, ʯʝʤ ʙʦʣʴʰʝ 

ʨʘʩʧʦʣʘʛʘʝʤʘʷ ʤʦʱʥʦʩʪʴ Qʋɺ. ʅʘʠʙʦʣʴʰʠʡ ʵʬʬʝʢʪ ʚ ʦʪʥʦʰʝʥʠʠ ʚʨʝʤʝʥʠ 

ȹt ʜʦʩʪʠʛʘʝʪʩʷ, ʢʦʛʜʘ Qʋɺ/Pɻʋå0,4·0,5; ʦʩʥʦʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʚʣʠʷʶ-

ʱʠʤʠ ʥʘ ʚʝʣʠʯʠʥʫ ȹt, ʷʚʣʷʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʤʦʱʥʦʩʪʴ Pɻʋ/PʥS ʠ ʤʦʱ-

ʥʦʩʪʴ ʂɿ ʥʘ ʰʠʥʘʭ ɻʋ. 

      
 ʘ) ʙ) 

ʈʠʩ. 4. ɿʘʚʠʩʠʤʦʩʪʴ ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʨʘʙʘʪʳʚʘʥʠʷ ʧʫʩʢʦʚʳʭ ʦʨʛʘʥʦʚ ʫʩʪʨʦʡʩʪʚ 

ʈɿ ɻʋ ʧʨʠ ʩʥʠʞʝʥʠʠ ʥʘʧʨʷʞʝʥʠʷ: ʘ ï ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʦʙʲʝʤʘ ʋɺ; ʙ ï ʦʪ ʦʪʥʦ-

ʩʠʪʝʣʴʥʦʡ ʩʫʤʤʘʨʥʦʡ ʤʦʱʥʦʩʪʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʚ ʩʦʩʪʘʚʝ ʥʘʛʨʫʟʢʠ, % 
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ɺʳʧʦʣʥʷʷ ʨʘʩʯʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʋɺ, ʥʫʞʥʦ ʫʯʠʪʳʚʘʪʴ, 

ʯʪʦ ʚʝʣʠʯʠʥʘ ȹt, ʠʟʤʝʨʝʥʥʘʷ ʧʦ ʛʨʘʬʠʢʫ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʟʘʚʠʩʠʪ 

ʦʪ ʪʦʛʦ, ʢʘʢ ʚ ʢʘʞʜʦʤ ʧʨʦʮʝʩʩʝ ʥʘʢʣʘʜʳʚʘʶʪʩʷ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʚ 

ʭʦʜʝ ʩʘʤʦʟʘʧʫʩʢʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʥʘ ʩʠʥʭʨʦʥʥʳʝ ʢʘʯʘʥʠʷ ʛʝʥʝʨʘʪʦʨʦʚ 

[9]. ʅʝʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʢʦʤʧʦʥʝʥʪʘʭ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʤʦ-

ʛʫʪ ʩʦʟʜʘʚʘʪʴ ʟʘʤʝʪʥʳʝ ʠʟʤʝʥʝʥʠʷ ȹt. ʅʝʣʠʥʝʡʥʦʩʪʠ ʬʫʥʢʮʠʡ ȹt=f(Qʋɺ), 

ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʫʢʘʟʘʥʥʳʤ ʦʙʩʪʦ̫ʪʝʣʴʩʪʚʦʤ, ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 4,ʘ. 

 

ʋʯʸʪ ʩʘʤʦʟʘʧʫʩʢʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʧʦʩʣʝ ʣʠʢʚʠʜʘʮʠʠ ʂɿ 

ʇʦʜʦʙʥʳʝ ʧʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʚʦʟʥʠʢʘʶʪ ʠ ʪʦʛʜʘ, ʢʦʛʜʘ ʙʝʟ ʋɺ ʩʘ-

ʤʦʟʘʧʫʩʢ ʯʘʩʪʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʥʝʚʦʟʤʦʞʝʥ. ʇʨʠʤʝʨ ʪʘʢʦʛʦ ʧʝʨʝʭʦʜ-

ʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʠ Pɻʋ / PʥS = 50 % ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 5.  

 
ʘ) 

 
ʙ) 

ʈʠʩ. 5. ʇʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʧʨʠ ʪʨʸʭʬʘʟʥʦʤ ʂɿ ʠ ʧʦʩʣʝ ʝʛʦ ʣʠʢʚʠʜʘʮʠʠ:  

ʘ ï ʙʝʟ ʋɺ ʥʘ ɼʂʈʄ, ʙ ï ʋɺ ʥʘ ɼʂʈʄ ʧʨʠ Qʋɺ / Pɻʋ ï 100 %; ʪʦʥʢʠʝ ʣʠʥʠʠ ï  

ʩʢʦʣʴʞʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ɸɼ s, %; Qʋɺ ï ʤʦʱʥʦʩʪʴ, ʧʦʩʪʫʧʘʶʱʘʷ ʦʪ ɼʂʈʄ (ʄʚʘʨ) 

 

ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʋɺ ʛʨʫʧʧʘ ɸɼ ʩ ʩʫʤʤʘʨʥʦʡ ʤʦʱʥʦʩʪʴʶ 4 ʄɺʪ ʪʦʨ-

ʤʦʟʠʪʩʷ ʠ ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ (ʚʝʨʭʥʷʷ ʯʝʨʥʘʷ ʣʠʥʠʷ), ʫ ʚʪʦʨʦʡ ʛʨʫʧʧʳ ʪʦʡ 
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ʞʝ ʤʦʱʥʦʩʪʠ ʧʨʦʮʝʩʩ ʩʘʤʦʟʘʧʫʩʢʘ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 10 ʩ (ʩʨʝʜʥʷʷ ʯʝʨʥʘʷ 

ʣʠʥʠʷ), ʢʘʢ ʵʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 5,ʘ). ɺʝʜʝʥʠʝ ʋɺ ʥʘ ɼʂʈʄ ʧʦʟʚʦʣʷʝʪ ʚʳ-

ʙʨʘʪʴ ʚʝʣʠʯʠʥʫ Qʋɺ, ʜʦʩʪʘʪʦʯʥʫʶ, ʯʪʦʙʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʥʦʨʤʘʣʴʥʦʡ ʨʘ-

ʙʦʪʳ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʧʨʦʠʟʦʰʣʦ ʟʘ ʜʦʧʫʩʪʠʤʦʝ ʚʨʝʤʷ. ʇʝʨʝʭʦʜʥʳʡ 

ʧʨʦʮʝʩʩ ʧʨʠ ʪʨʸʭʬʘʟʥʦʤ ʂɿ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 0,18 ʩ ʥʘ ʥʘʧʨʷʞʝʥʠʠ 6 ʢɺ ʩ 

ʦʪʢʣʶʯʝʥʠʝʤ ʦʜʥʦʛʦ ʠʟ ʜʚʫʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ 110/6 ʢɺ ʠ ʧʦʩʣʝ ʝʛʦ ʣʠʢ-

ʚʠʜʘʮʠʠ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 5,ʙ. 

ɿʘʚʠʩʠʤʦʩʪʴ ʜʣʠʪʝʣʴʥʦʩʪʠ ʋɺ (Tʋɺ) ʠ ʠʟʨʘʩʭʦʜʦʚʘʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʵʣʝʢʪʨʠʯʝʩʪʚʘ (IʋɺȚTʋɺ, ɸĿʩ) ʦʪ ʚʝʣʠʯʠʥʳ ʋɺ ʜʣʷ ʩʭʝʤʥʦ-ʨʝʞʠʤʥʳʭ ʫʩʣʦ-

ʚʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩ. 5, ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 6. 

 
ʈʠʩ. 6. ɿʘʚʠʩʠʤʦʩʪʴ ʜʣʠʪʝʣʴʥʦʩʪʠ ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʠʟʨʘʩʭʦʜʦʚʘʥʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʦʪ ʦʙʲʸʤʘ ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʨʝʤʷ ʦʪʢʣʠʢʘ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ɼʂʈʄ 

ʩʦʩʪʘʚʣʷʝʪ å 5 ʤʩ. ʆʜʥʘʢʦ, ʧʨʠʭʦʜʠʪʩʷ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʢʦʛʜʘ ʂɿ ʧʨʦʠʩʭʦ-

ʜʠʪ ʚʥʝ ʟʦʥʳ, ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʉɸʋ ɼʂʈʄ, ʧʦʣʫʯʝʥʠʝ ʙʳʩʪʨʦʡ ʠ ʥʘʜʸʞ-

ʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʝʛʦ ʣʠʢʚʠʜʘʮʠʠ ʚʳʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʪʨʫʜʥʦʩʪʠ. 

ʇʦʵʪʦʤʫ ʜʣʷ ʬʠʢʩʘʮʠʠ ʂɿ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʦʤʝʥʪ ʥʘʯʘʣʘ ʧʨʦʚʘʣʘ ʥʘʧʨʷ-

ʞʝʥʠʷ ʥʠʞʝ ʟʘʜʘʥʥʦʡ ʫʩʪʘʚʢʠ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʵʬʬʝʢʪʘ ʦʪ 

ʨʝʘʣʠʟʘʮʠʠ ʋɺ, ʝʛʦ ʥʫʞʥʦ ʚʚʦʜʠʪʴ ʠʩʭʦʜʷ ʠʟ ʤʠʥʠʤʘʣʴʥʦʡ ʧʨʦʜʦʣʞʠ-

ʪʝʣʴʥʦʩʪʠ ʂɿ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʈɿ ʠ ʢʦʤʤʫʪʘʮʠʦʥʥʳʭ  

ʘʧʧʘʨʘʪʦʚ. 

ʅʘ ʨʠʩ. 7 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ ʥʝʦʙʭʦʜʠʤʳʭ ʦʙʲʸʤʦʚ 

ʋɺ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʨʸʭʬʘʟʥʳʭ ʂɿ ʚ ʩʝʪʠ 6 ʢɺ (ʧʨʦʚʘʣʳ ʥʘʧʨʷʞʝʥʠʷ ï ʧʦ-

ʯʪʠ ʜʦ ʥʫʣʷ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʂɿ Tʂɿ ï ʜʦ 2 ʩ) ʚ ʨʘʟʥʳʭ ʪʦʯʢʘʭ ʩʝʪʠ (ʧʨʠʥʷʪʦ, 

ʯʪʦ ʂɿ ʧʨʦʠʩʭʦʜʷʪ ʥʘ ʚʘʨʴʠʨʫʝʤʳʭ ʫʜʘʣʝʥʠʷʭ ʦʪ ʰʠʥ ɻʋ ʠ ʩ ʚʘʨʴʠʨʫʝʤʦʡ 

ʜʣʠʪʝʣʴʥʦʩʪʴʶ) ʧʨʠ Pɻʋ / PʥS = 25 %. ʇʨʠʥʷʪʦ, ʯʪʦ ɼʂʈʄ ʨʝʘʣʠʟʫʝʪ ʋɺ  
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ʚ ʟʘʜʘʥʥʦʤ ʦʙʲʸʤʝ Qʋɺ ʯʝʨʝʟ 0,15 ʩ ʧʦʩʣʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʂɿ. ɺʦʟʤʫʱʝʥʠʷ 

ʤʦʜʝʣʠʨʦʚʘʣʠ ʚ ʩʭʝʤʝ ʥʘ ʨʠʩ. 1, ʥʦ ʚ çʨʝʤʦʥʪʥʦʤè ʩʦʩʪʦʷʥʠʠ, ʢʦʛʜʘ ʦʪ-

ʢʣʶʯʝʥ ʦʜʠʥ ʠʟ ʜʚʫʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ 110/6 ʢɺ ʠ ʚʢʣʶʯʝʥ ʩʝʢʮʠʦʥʥʳʡ 

ʚʳʢʣʶʯʘʪʝʣʴ 6 ʢɺ.  

 

ʈʠʩ. 7. ɼʣʠʪʝʣʴʥʦʩʪʴ ʪʨʸʭʬʘʟʥʳʭ ʂɿ, ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ ʚ ʩʝʪʠ 6 ʢɺ,  

ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʋɺ ʠ ʨʘʟʥʳʭ ʚʝʣʠʯʠʥʘʭ Qʋɺ 

 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʂɿ ʦʮʝʥʠʚʘʝʪʩʷ ʧʨʦʚʘʣʦʤ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʰʠʥʘʭ ɻʋ 

ʚ ʥʘʯʘʣʝ ʪʨʸʭʬʘʟʥʦʛʦ ʂɿ:  

ȹUʂɿ 0 = 1 ï Uʂɿ / Uʥʦʤ,  

ʛʜʝ Uʥʦʤ = 6,0 ʢɺ.  

ʇʨʦʮʝʩʩ ʩʯʠʪʘʝʪʩʷ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ, ʝʩʣʠ: 

ï ʫʩʪʨʦʡʩʪʚʦ ʈɿ ɻʋ ʧʦ ʩʥʠʞʝʥʠʶ ʥʘʧʨʷʞʝʥʠʷ ʥʝ ʩʨʘʙʘʪʳʚʘʝʪ ʥʠ ʧʨʠ 

ʂɿ, ʥʠ ʚ ʧʝʨʝʭʦʜʥʦʤ ʧʨʦʮʝʩʩʝ ʧʦʩʣʝ ʣʠʢʚʠʜʘʮʠʠ ʂɿ (ʟʜʝʩʴ Umin = 90 % ʦʪ 

6,3 ʢɺ, ʚʳʜʝʨʞʢʘ ʚʨʝʤʝʥʠ 5 ʩ); 

ï ʚʩʝ ʵʣʝʢʪʨʦʧʨʠʸʤʥʠʢʠ ʦʩʪʘʶʪʩʷ ʚʢʣʶʯʸʥʥʳʤʠ ʚ ʩʝʪʴ; 

ï ʧʝʨʝʨʳʚ ʚ ʥʦʨʤʘʣʴʥʦʡ ʨʘʙʦʪʝ ʵʣʝʢʪʨʦʧʨʠʸʤʥʠʢʦʚ ʩʦʩʪʘʚʣʷʝʪ ʥʝ 

ʙʦʣʝʝ 8 ʩ. 

ʅʘ ʨʠʩ. 8 ʧʨʝʜʩʪʘʚʣʝʥ ʧʝʨʝʭʦʜʥʳʡ ʧʨʦʮʝʩʩ ʧʨʠ ʪʨʝʭʬʘʟʥʦʤ ʂɿ ʠ ʧʦ-

ʩʣʝ ʝʛʦ ʣʠʢʚʠʜʘʮʠʠ ʜʣʷ ʚʘʨʠʘʥʪʘ A ʥʘ ʨʠʩ. 7, ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʡ ʧʦ 

ʫʧʨʘʚʣʝʥʠʶ ʥʘʧʨʷʞʝʥʠʝʤ, ʢʦʪʦʨʳʡ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʫʩʧʝʰʥʦ ʠ ɻʋ ʥʝ 

ʦʪʢʣʶʯʘʶʪʩʷ ʫʩʪʨʦʡʩʪʚʘʤʠ ʈɿ ʧʨʠ ʩʥʠʞʝʥʠʠ ʥʘʧʨʷʞʝʥʠʷ. 
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ʈʠʩ. 8. ʇʝʨʝʭʦʜʥʳʡ ʧʨʦʮʝʩʩ ʧʨʠ ʪʨʝʭʬʘʟʥʦʤ ʂɿ ʠ ʧʦʩʣʝ ʝʛʦ ʣʠʢʚʠʜʘʮʠʠ:  

Qʋɺ = 5 ʄʚʘʨ, ȹUʂɿ 0 = 0,91, Tʂɿ = 0,92 ʩ. 

 

ʆʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ, ʦʪ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʋɺ ʥʘ ɼʂʈʄ 

ʠ ʠʭ ʦʙʲʸʤʳ, ï ɻ ʪʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩʦʩʪʘʚ ʥʘʛʨʫʟʢʠ ʵʥʝʨʛʦʨʘʡʦʥʘ ʠ ʨʝʟʫʣʴ-

ʪʠʨʫʶʱʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ. ʇʦʜʨʘʟʫ-

ʤʝʚʘʶʪʩʷ ʢʘʢ ʠʭ ʩʦʙʩʪʚʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʪʘʢ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʭ ʩʚʷʟʝʡ 

ʩ ʤʦʱʥʳʤʠ ʚʥʝʰʥʠʤʠ ʠʩʪʦʯʥʠʢʘʤʠ, ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʳʭ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ Sʂɿ. ʇʦʵʪʦʤʫ, ʧʨʠ ʚʳʙʦʨʝ ʦʙʲʸʤʦʚ ʋɺ ʥʝʦʙʭʦ-

ʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʪʘʢʠʝ ʩʭʝʤʥʦ-ʨʝʞʠʤʥʳʝ ʫʩʣʦʚʠʷ, ʢʦʪʦʨʳʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʝʤʦʥʪʥʦʡ ʩʭʝʤʝ ʚ ʩʝʪʠ ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ.  

 

ɿʘʢʣʶʯʝʥʠʝ 

ʀʟʣʠʰʥʠʝ ʦʪʢʣʶʯʝʥʠʷ ɻʋ ʦʙʲʝʢʪʦʚ ʈɻ ʟʘʨʫʙʝʞʥʳʭ ʟʘʚʦʜʦʚ-ʠʟʛʦʪʦ-

ʚʠʪʝʣʝʡ ʜʝʡʩʪʚʠʝʤ ʫʩʪʨʦʡʩʪʚ ʈɿ ʧʨʠ ʧʨʦʚʘʣʘʭ ʥʘʧʨʷʞʝʥʠʷ ʙʝʟ ʚʦʟʥʠʢʥʦ-

ʚʝʥʠʷ ʦʧʘʩʥʳʭ ʜʣʷ ɻʋ ʨʝʞʠʤʦʚ ʧʨʠʚʦʜʷʪ ʢ ʥʘʨʫʰʝʥʠʷʤ ʦʩʥʦʚʥʦʛʦ ʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʫʱʝʨʙʘʤʠ.  

ʈʝʘʣʠʟʘʮʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʘʙʦʨʘ ʵʢʦʥʦʤʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʳʭ ʪʝʭ-

ʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʤʦʞʝʪ ʧʦʟʚʦʣʠʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʠʟ-

ʣʠʰʥʠʭ ʦʪʢʣʶʯʝʥʠʡ ɻʋ ʧʨʠ ʚʦʟʤʫʱʝʥʠʷʭ ʩ ʧʨʦʚʘʣʘʤʠ ʥʘʧʨʷʞʝʥʠʷ ʠ ʧʨʘ-

ʚʠʣʴʥʳʭ ʜʝʡʩʪʚʠʷʭ ʫʩʪʨʦʡʩʪʚ ʈɿ ʚ ʧʨʠʣʝʛʘʶʱʝʡ ʩʝʪʠ. 

ɼʦʢʘʟʘʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʢʦʤʧʝʥʩʘʪʦʨʦʚ 

ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ, ʩʦʚʤʝʩʪʥʦ ʩ ʨʝʘʣʠʟʘʮʠʝʡ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʣʦʢʘʣʴ-

ʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʦʙʣʘʩʪʠ ʜʦʧʫʩʪʠʤʳʭ ʨʝʞʠʤʦʚ ɻʋ ʠ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʥʘʨʫʰʝʥʠʡ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ.  

ʉʥʠʞʝʥʠʝ ʚʨʝʤʝʥʠ ʣʠʢʚʠʜʘʮʠʠ ʂɿ ʟʘ ʩʯʸʪ ʟʘʤʝʥʳ ʢʦʤʤʫʪʘʮʠʦʥʥʳʭ 

ʘʧʧʘʨʘʪʦʚ ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʝʨʝʚʦʦʨʫʞʝʥʠʷ ʫʩʪʨʦʡʩʪʚ ʈɿ ʚ ʧʨʠʣʝʛʘʶʱʝʡ 

ʩʝʪʠ ʧʦʟʚʦʣʷʝʪ ʚʳʙʨʘʪʴ ʤʠʥʠʤʘʣʴʥʦ ʥʝʦʙʭʦʜʠʤʳʝ ʧʘʨʘʤʝʪʨʳ ɼʂʈʄ. 
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ʋɼʂ 621.311 

ʉʆɺʈɽʄɽʅʅʓɽ ʅɸʇʈɸɺʃɽʅʀʗ ʈɸɿɺʀʊʀʗ 

ʇʈʆʊʀɺʆɸɺɸʈʀʁʅʆʁ ɸɺʊʆʄɸʊʀʂʀ ɺ ɽʕʉ ʈʆʉʉʀʀ 

ɽ.ʀ. ʉʘʮʫʢ 
ʉʠʩʪʝʤʥʳʡ ʦʧʝʨʘʪʦʨ ɽʜʠʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʛ. ʄʦʩʢʚʘ 

ɺ ɽʜʠʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ (ɽʕʉ) ʈʦʩʩʠʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʩʠʩʪʝʤʳ 

ʧʨʦʪʠʚʦʘʚʘʨʠʡʥʦʡ ʘʚʪʦʤʘʪʠʢʠ (ʇɸ), ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʚʳʷʚʣʝ-

ʥʠʷ, ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʨʘʟʚʠʪʠʷ ʠ ʣʠʢʚʠʜʘʮʠʠ ʘʚʘʨʠʡʥʳʭ ʨʝʞʠʤʦʚ. ʅʘʣʠʯʠʝ ʇɸ ʷʚʣʷ-

ʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʨʘʙʦʪʳ ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʚ ʘʚʘ-

ʨʠʡʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝ-

ʩʢʠʭ ʩʝʪʝʡ ʚ ʥʦʨʤʘʣʴʥʳʭ ʨʝʞʠʤʘʭ. ɺ ʥʦʨʤʘʣʴʥʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʵʥʝʨʛʦʩʠʩʪʝʤʳ 

ʧʨʠʤʝʥʷʝʪʩʷ ʨʝʞʠʤʥʘʷ ʘʚʪʦʤʘʪʠʢʘ (ʈɸ) ʜʣʷ ʫʜʝʨʞʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠ-

ʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʚ ʜʦʧʫʩʪʠʤʦʤ ʜʠʘʧʘʟʦʥʝ. ɺ ʩʪʘʪʴʝ ʦʧʠʩʳʚʘʶʪʩʷ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠ-

ʪʠʷ ʇɸ ʠ ʈɸ ʚ ɽʕʉ ʈʦʩʩʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʪʠʚʦʘʚʘʨʠʡʥʘʷ ʘʚʪʦʤʘʪʠʢʘ, ʨʝʞʠʤʥʘʷ ʘʚʪʦʤʘʪʠʢʘ, ʵʥʝʨ-

ʛʦʩʠʩʪʝʤʘ, ʯʘʩʪʦʪʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ, ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ, ʘʚʘʨʠʡʥʦʝ 

ʚʦʟʤʫʱʝʥʠʝ, ʫʧʨʘʚʣʷʶʱʠʝ ʚʦʟʜʝʡʩʪʚʠʷ. 

MODERN DIRECTIONS OF  DEVELOPMENT  

OF EMERGENCY CONTROL  AUTOMATION  

IN THE UNIFIED ENERGY SYSTEM OF RUSSIA 

E.I. Satsuk 
System Operator of the United Power System, Moscow 

In the Unified Energy System (UES) of Russia, emergency control systems (EC) are 

widely used, designed to automatically detect, prevent the development and liquidation of 

emergency modes. The presence of EC is a necessary condition for ensuring the reliability 

of the power system in emergency conditions and the effective use of the capacity of elec-

trical networks in normal conditions. In normal operation of the power system, modular au-

tomatics (MA) are used to keep the parameters of the electrical power mode in the allowable 

range. The article describes the directions of development of EC and MA in the UES of 

Russia. 

Keywords: emergency control automatics, modular automatics, power system, fre-

quency of electric current, automatic control, emergency disturbance, control actions. 

ɺ ɽʜʠʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʈʦʩʩʠʠ (ɽʕʉ ʈʦʩʩʠʠ) ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʫʯʠʣʘ ʩʠʩʪʝʤʘ ʧʨʦʪʠʚʦʘʚʘʨʠʡʥʦʡ ʘʚʪʦʤʘʪʠʢʠ (ʇɸ), ʧʨʝʜ-

ʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʚʳʷʚʣʝʥʠʷ ʘʚʘʨʠʡʥʳʭ ʚʦʟʤʫʱʝʥʠʡ, 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʨʘʟʚʠʪʠʷ ʠ ʣʠʢʚʠʜʘʮʠʠ ʚ ʵʥʝʨʛʦʩʠʩʪʝʤʝ ʦʧʘʩʥʳʭ ʘʚʘʨʠʡ-

ʥʳʭ ʨʝʞʠʤʦʚ. 

ʇɸ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʨʝʰʝʥʠʷ ʩʣʝʜʫʶʱʠʭ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ [1]: 

¶ ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʡ ʨʘʙʦʪʳ ʛʝʥʝʨʠʨʫʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 

ʧʦʪʨʝʙʠʪʝʣʝʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʥʦʨʤʘʪʠʚʥʳʭ 

ʘʚʘʨʠʡʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʚ ʵʥʝʨʛʦʩʠʩʪʝʤʝ; 
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¶ ʦʙʝʩʧʝʯʝʥʠʝ çʞʠʚʫʯʝʩʪʠè ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʥʝ-

ʥʦʨʤʘʪʠʚʥʳʭ ʘʚʘʨʠʡʥʳʭ ʚʦʟʤʫʱʝʥʠʡ, ʢʘʩʢʘʜʥʦʤ ʨʘʟʚʠʪʠʠ ʘʚʘʨʠʠ, ʦʪʢʘʟʝ 

ʠʣʠ ʥʝʧʨʘʚʠʣʴʥʦʡ ʨʘʙʦʪʝ ʫʩʪʨʦʡʩʪʚ ʨʝʣʝʡʥʦʡ ʟʘʱʠʪʳ ʠ ʘʚʪʦʤʘʪʠʢʠ 

(ʈɿɸ);  

¶ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʡ ʩʝʪʠ. 

ɺ ɽʕʉ ʈʦʩʩʠʠ ʧʨʠʤʝʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʇɸ: 

¶ ʘʚʪʦʤʘʪʠʢʘ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʥʘʨʫʰʝʥʠʷ ʩʪʘʪʠʯʝʩʢʦʡ ʠ ʜʠʥʘʤʠʯʝ-

ʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʘʨʘʣʣʝʣʴʥʦʡ ʨʘʙʦʪʳ ʛʝʥʝʨʠʨʫʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

(ɸʇʅʋ) ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʢʦʨʦʪʢʠʭ ʟʘʤʳʢʘʥʠʡ, ʘʚʘʨʠʡʥʦʤ ʦʪʢʣʶʯʝ-

ʥʠʠ ʩʝʪʝʚʦʛʦ ʠʣʠ ʛʝʥʝʨʠʨʫʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʝʨʝʛʨʫʟʢʝ ʧʦ ʘʢʪʠʚʥʦʡ 

ʤʦʱʥʦʩʪʠ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʩʝʯʝʥʠʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ; 

¶ ʘʚʪʦʤʘʪʠʢʘ ʣʠʢʚʠʜʘʮʠʠ ʘʩʠʥʭʨʦʥʥʳʭ ʨʝʞʠʤʦʚ (ɸʃɸʈ) ʦʪʜʝʣʴʥʳʭ 

ʛʝʥʝʨʘʪʦʨʦʚ, ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʠ ʯʘʩʪʝʡ ʵʥʝʨʛʦʩʠʩʪʝʤ; 

¶ ʘʚʪʦʤʘʪʠʢʠ ʦʛʨʘʥʠʯʝʥʠʷ ʘʚʘʨʠʡʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʯʘʩʪʦʪʳ (ʘʚʪʦʤʘ-

ʪʠʢʘ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦʚʳʰʝʥʠʷ ʯʘʩʪʦʪʳ (ɸʆʇʏ) ʠ ʘʚʪʦʤʘʪʠʢʘ ʦʛʨʘʥʠʯʝʥʠʷ 

ʩʥʠʞʝʥʠʷ ʯʘʩʪʦʪʳ (ɸʆʉʏ), ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʥʝʜʦ-

ʧʫʩʪʠʤʦʛʦ ʧʦ ʚʝʣʠʯʠʥʝ ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʦʪʢʣʦʥʝʥʠʷ ʯʘʩʪʦʪʳ ʧʨʠ ʚʦʟʥʠʢ-

ʥʦʚʝʥʠʠ ʚ ʵʥʝʨʛʦʩʠʩʪʝʤʝ ʟʥʘʯʠʪʝʣʴʥʳʭ ʘʚʘʨʠʡʥʳʭ ʥʝʙʘʣʘʥʩʦʚ ʘʢʪʠʚʥʦʡ 

ʤʦʱʥʦʩʪʠ; 

¶ ʘʚʪʦʤʘʪʠʢʠ ʦʛʨʘʥʠʯʝʥʠʷ ʘʚʘʨʠʡʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ (ʘʚ-

ʪʦʤʘʪʠʢʘ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦʚʳʰʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ (ɸʆʇʅ) ʠ ʘʚʪʦʤʘʪʠʢʘ 

ʦʛʨʘʥʠʯʝʥʠʷ ʩʥʠʞʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ (ɸʆʉʅ)), ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʥʝʜʦʧʫʩʪʠʤʦʛʦ ʧʦ ʚʝʣʠʯʠʥʝ ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʦʪʢʣʦʥʝʥʠʷ 

ʫʨʦʚʥʝʡ ʥʘʧʨʷʞʝʥʠʷ; 

¶ ʘʚʪʦʤʘʪʠʢʘ ʦʛʨʘʥʠʯʝʥʠʷ ʥʝʜʦʧʫʩʪʠʤʦʡ ʧʦ ʚʝʣʠʯʠʥʝ ʠ ʜʣʠʪʝʣʴʥʦ-

ʩʪʠ ʪʦʢʦʚʦʡ ʥʘʛʨʫʟʢʠ ʵʣʝʢʪʨʦʩʝʪʝʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ (ɸʆʇʆ). 

ʇʨʠʚʝʜʝʥʥʳʝ ʚʳʰʝ ʘʚʪʦʤʘʪʠʢʠ ʩʦʟʜʘʶʪʩʷ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʝ ʧʦʜ-

ʩʠʩʪʝʤʳ ʇɸ, ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ ʠ ʧʘʨʘʤʝʪʨʳ ʥʘʩʪʨʦʡʢʠ ʢʦʪʦʨʳʭ ʦʙʝʩʧʝʯʠ-

ʚʘʶʪ ʘʜʘʧʪʠʚʥʦʩʪʴ ʠ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʠ ʚʳʷʚʣʝ-

ʥʠʠ ʘʚʘʨʠʡʥʳʡ ʚʦʟʤʫʱʝʥʠʡ, ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʣʦʢʘʣʠʟʘʮʠʠ ʠ ʣʠʢʚʠʜʘʮʠʠ 

ʥʝʛʘʪʠʚʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʘʚʘʨʠʡʥʳʭ ʧʨʦʮʝʩʩʦʚ ʜʣʷ ʵʥʝʨʛʦʩʠʩʪʝʤʳ.  

ʅʘʜʝʞʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʇɸ ʵʥʝʨʛʦʩʠʩʪʝʤʳ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʧʨʠʥʮʠʧʦʚ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʠ ʜʝ-

ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʧʨʦʪʠʚʦʘʚʘʨʠʡʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʨʝʘʣʠʟʘʮʠʠ ʧʨʠʥʮʠ-

ʧʦʚ ʘʧʧʘʨʘʪʥʦʛʦ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ, ʥʝʟʘʚʠʩʠʤʦʩʪʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʘʞʜʦʡ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʰʝ ʧʦʜʩʠʩʪʝʤ ʇɸ. ʊʘʢʦʡ 
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ʧʦʜʭʦʜ ʢ ʩʦʟʜʘʥʠʶ ʇɸ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʵʬʬʝʢʪʠʚʥʦʝ ʧʨʦʪʠʚʦʘʚʘ-

ʨʠʡʥʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʚ ʪʦʤ ʯʠʩʣʝ, ʠ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʥʝʥʦʨʤʘʪʠʚʥʳʭ 

ʘʚʘʨʠʡʥʳʭ ʚʦʟʤʫʱʝʥʠʡ, ʩʫʱʝʩʪʚʝʥʥʦ ʦʛʨʘʥʠʯʠʚʘʪʴ ʤʘʩʰʪʘʙʳ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʠʷ ʚ ʵʥʝʨʛʦʩʠʩʪʝʤʝ ʘʚʘʨʠʡʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʚʨʝʤʷ 

ʠʭ ʣʠʢʚʠʜʘʮʠʠ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʦʨʤʘʣʴʥʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʵʥʝʨʛʦʩʠ-

ʩʪʝʤʳ. 

ʇʨʘʚʦʤʝʨʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʦʩʩʠʡʩʢʠʭ ʧʨʠʥʮʠʧʦʚ ʧʦʩʪʨʦʝʥʠʷ 

ʇɸ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʜʦʩʪʠʛʥʫʪʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʥʘʜʝʞʥʦʩʪʠ ʨʘʙʦʪʳ 

ɽʕʉ ʈʦʩʩʠʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʠʣʝʪʠʡ: ʧʨʦʮʝʥʪ ʧʨʘʚʠʣʴʥʦʡ 

ʨʘʙʦʪʳ ʇɸ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ 330 ï 750 ʢɺ ɽʕʉ ʚ ʠʥʪʝʨʚʘʣʝ 1971-

2016 ʛʛ. ʩʦʩʪʘʚʠʣ 90,94 %, ʧʨʠ ʵʪʦʤ ʚ ʦʪʜʝʣʴʥʳʝ ʛʦʜʳ ʧʦʢʘʟʘʪʝʣʴ ʜʦʩʪʠ-

ʛʘʣ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʫʨʦʚʥʷ 99,5 %. 

ɸʚʪʦʤʘʪʠʢʘ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʥʘʨʫʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ (ɸʇʅʋ) 

ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʳʤ ʠ ʠʥʥʦʚʘʮʠʦʥʥʳʤ ʚʠʜʦʤ ʧʨʦ-

ʪʠʚʦʘʚʘʨʠʡʥʦʡ ʘʚʪʦʤʘʪʠʢʠ, ʙʘʟʠʨʫʶʱʝʡʩʷ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʥʘʫʯʥʳʭ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ, ʟʥʘʥʠʷ ʩʪʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʥʝʨʛʦ-

ʩʠʩʪʝʤʳ, ʩʦʚʨʝʤʝʥʥʳʭ ʜʦʩʪʠʞʝʥʠʷʭ ʮʠʬʨʦʚʦʡ ʪʝʭʥʠʢʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥ-

ʥʳʭ ʪʝʭʥʦʣʦʛʠʡ.  

ɸʇʅʋ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʫʩʪʨʦʡʩʪʚ ʧʨʦʪʠʚʦʘʚʘʨʠʡ-

ʥʦʡ ʘʚʪʦʤʘʪʠʢʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʥʘʨʫʰʝʥʠʷ ʩʪʘʪʠ-

ʯʝʩʢʦʡ ʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠ ʥʦʨʤʘʪʠʚʥʳʭ ʘʚʘʨʠʡʥʳʭ ʚʦʟ-

ʤʫʱʝʥʠʷʭ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʚ ʧʦʩʣʝʘʚʘʨʠʡʥʳʭ ʫʩʣʦʚʠʷʭ ʥʦʨʤʘʪʠʚʥʦʛʦ ʟʘ-

ʧʘʩʘ ʩʪʘʪʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʣʷ ʟʘʜʘʥʥʳʭ ʩʝʯʝʥʠʡ ʵʥʝʨʛʦʩʠʩʪʝʤʳ. 

ɸʇʅʋ ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʚʳʧʦʣʥʷʝʪʩʷ ʢʘʢ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ 

ʧʨʦʪʠʚʦʘʚʘʨʠʡʥʦʡ ʘʚʪʦʤʘʪʠʢʠ (ʎʉʇɸ), ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʘʷ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʨʘʙʦʪʳ ʚ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʤ ʠ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʤ ʨʝʞʠʤʘʭ, ʩʦʟʜʘ-

ʝʪʩʷ ʧʦ ʠʝʨʘʨʭʠʯʝʩʢʦʤʫ ʧʨʠʥʮʠʧʫ ʠ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʜʚʘ ʫʨʦʚʥʷ ʠʝʨʘʨ-

ʭʠʠ ʫʧʨʘʚʣʝʥʠʷ (ʨʠʩ. 1): 

ï ʫʨʦʚʝʥʴ ʦʙʲʝʜʠʥʝʥʥʦʡ (ʆʕʉ) ʠʣʠ ʨʝʛʠʦʥʘʣʴʥʦʡ ʵʥʝʨʛʦʩʠʩʪʝʤʳ ï 

ʚʝʨʭʥʠʡ ʫʨʦʚʝʥʴ ʎʉʇɸ;  

ï ʫʨʦʚʝʥʴ ʦʙʲʝʢʪʘ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ ï ʢʦʤʧʣʝʢʩ ʣʦʢʘʣʴʥʦʡ ʘʚʪʦʤʘ-

ʪʠʢʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʥʘʨʫʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ (ʃɸʇʅʋ) ï ʥʠʟʦʚʦʡ ʫʨʦ-

ʚʝʥʴ ʎʉʇɸ. 

ʅʘʨʷʜʫ ʩ ʨʝʰʝʥʠʝʤ ʟʘʜʘʯ ʧʨʦʪʠʚʦʘʚʘʨʠʡʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʪʝʭʥʠʯʝ-

ʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ɸʇʅʋ ʧʦʟʚʦʣʷʶʪ ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʙʦʣʝʝ ʧʦʣʥʦʛʦ (ʵʬ-

ʬʝʢʪʠʚʥʦʛʦ) ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ 

ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʚ ʥʦʨʤʘʣʴʥʦʤ ʨʝʞʠʤʝ ʝʝ ʨʘʙʦʪʳ ʟʘ ʩʯʝʪ ʦʙʝʩʧʝʯʝʥʠʷ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʚ ʧʦʩʣʝʘʚʘʨʠʡʥʳʭ ʨʝʞʠʤʘʭ ʚ ʩʣʫʯʘʝ ʚʦʟ-

ʥʠʢʥʦʚʝʥʠʷ ʥʦʨʤʘʪʠʚʥʳʭ ʚʦʟʤʫʱʝʥʠʡ. 

https://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D1%82%D0%B8%D0%B2%D0%BE%D0%B0%D0%B2%D0%B0%D1%80%D0%B8%D0%B9%D0%BD%D0%B0%D1%8F_%D0%B0%D0%B2%D1%82%D0%BE%D0%BC%D0%B0%D1%82%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D1%82%D0%B8%D0%B2%D0%BE%D0%B0%D0%B2%D0%B0%D1%80%D0%B8%D0%B9%D0%BD%D0%B0%D1%8F_%D0%B0%D0%B2%D1%82%D0%BE%D0%BC%D0%B0%D1%82%D0%B8%D0%BA%D0%B0
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ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʘ ʎʉʇɸ 

 

ʇʨʦʛʨʘʤʤʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ ʎʉʇɸ (ʇʊʂ 

ʎʉʇɸ) ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʚ ʜʠʩʧʝʪʯʝʨʩʢʠʭ ʮʝʥʪʨʘʭ ʉʠʩʪʝʤʥʦʛʦ ʦʧʝʨʘʪʦʨʘ 

ʠ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʩʚʦʝʡ ʨʘʙʦʪʳ ʧʦʣʫʯʘʝʤʫʶ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ 

ʥʝʦʙʭʦʜʠʤʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʭʝʤʥʦ-ʨʝʞʠʤʥʦʡ ʫʩʣʦʚʠʷʭ ʨʘʙʦʪʳ ʵʥʝʨʛʦ-

ʩʠʩʪʝʤʳ, ʜʦʩʪʫʧʥʳʭ ʦʙʲʝʤʘʭ ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ (ʋɺ) ʠʟ ʦʧʝʨʘ-

ʪʠʚʥʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (ʆʀʂ) ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ 

ʜʠʩʧʝʪʯʝʨʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ [2, 3]. ʇʊʂ ʎʉʇɸ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʮʠʢʣʠʯʝʩʢʠ ʧʨʦʠʟʚʦʜʠʪ ʦʮʝʥʠʚʘʥʠʝ ʩʦʩʪʦʷʥʠʷ ʵʥʝʨʛʦʩʠ-

ʩʪʝʤʳ, ʨʘʩʯʝʪʳ ʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʠ ʧʝʨʝʭʦʜʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʠ 

ʬʦʨʤʠʨʫʝʪ ʪʘʙʣʠʮʳ ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ (ʊʋɺ), ʚ ʢʦʪʦʨʳʭ ʜʣʷ ʟʘ-

ʜʘʥʥʳʭ ʧʫʩʢʦʚʳʭ ʦʨʛʘʥʦʚ (ʇʆʨ) ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ 

ʧʫʩʢʦʚʳʤ ʦʨʛʘʥʦʤ, ʚʠʜʦʤ, ʦʙʲʝʤʦʤ ʠ ʤʝʩʪʦʤ ʨʝʘʣʠʟʘʮʠʠ ʋɺ (ʨʠʩ. 2).  

ʊʋɺ ʷʚʣʷʝʪʩʷ ʟʘʜʘʥʠʝʤ ʧʦ ʥʘʩʪʨʦʡʢʝ ʥʠʟʦʚʳʭ ʫʩʪʨʦʡʩʪʚ ʃɸʇʅʋ. 

ʊʋɺ, ʘʢʪʫʘʣʠʟʠʨʦʚʘʥʥʳʝ ʜʣʷ ʪʝʢʫʱʠʭ ʩʭʝʤʥʦ-ʨʝʞʠʤʥʳʭ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ 

ʵʥʝʨʛʦʩʠʩʪʝʤʳ, ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʨʘʩʯʝʪʥʦʛʦ ʮʠʢʣʘ ʧʝʨʝʜʘʶʪʩʷ ʩ ʚʝʨʭ-

ʥʝʛʦ ʫʨʦʚʥʷ ʎʉʇɸ ʚ ʃɸʇʅʋ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʋɺ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʝʛʦ ʩʠʛʥʘʣʘ ʦʪ ʇʆʨ. 

ʇʘʨʘʤʝʪʨʳ ʨʘʩʯʝʪʥʳʭ ʤʦʜʝʣʝʡ, ʢʦʣʠʯʝʩʪʚʦ ʇʆʨ ʠ ʋɺ ʎʉʇɸ,  

ʚʚʝʜʝʥʥʳʭ ʚ ʧʨʦʤʳʰʣʝʥʥʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ ʚ ɽʕʉ ʈʦʩʩʠʠ, ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣ. 1. 

 



 

18 

ɺʳʜʝʣʝʥʠʝ 

ʥʝʩʠʥʭʨʦʥʥʳʭ ʯʘʩʪʝʡ

ɺʥʫʪʨʝʥʥʝʝ 

ʢɻʚʠʚʘʣʝʥʪʠʨʦʚʘʥʠʝ

ɺʳʙʦʨ ʋɺ ʧʦ

ʫʩʣʦʚʠʷʤ

ʜʠʥʘʤʠʯʝʩʢʦʡ

ʫʩʪʦʡʯʠʚʦʩʪʠ

ʂʦʨʨʝʢʮʠʷ ʋɺ

ʧʦ ʜʦʧʫʩʪʠʤʳʤ

 ʧʘʨʘʤʝʪʨʘʤ

ʇɸʈ

ʋɺʜʠʥ ʋɺʧʘʨʊʘʙʣʠʮʘ 

ʨʝʟʫʣʴʪʘʪʦʚ ʚ 

ʂʦʥʩʦʣʠ

ʌʦʨʤʠʨʦʚʘʥʠʝ 

ʣʦʛ-ʬʘʡʣʦʚ 

ʊʀ

ʊʉ

ʅʘ

ʚʳʭʦʜ

ʇʝʨʝʙʦʨ

ʇʆʨ

1

2
3

4

5

678

ʈʘʟʜʝʣʝʥʠʝ

ʇʆʨ ʠ ʋɺ ʜʣʷ
ʪʝʢʫʱʝʡ 

ʥʝʩʠʥʭʨ ʯʘʩʪʠ

ʕʢʚʠʚʘʣʝʥʪʠʨʦʚʘʥʠʝ

ʛʝʥʝʨʘʪʦʨʦʚ

ɺʳʜʝʣʝʥʠʝ

ʥʝʩʠʥʭʨʦʥʥʦʡ

ʯʘʩʪʠ ʧʦ 

ʚʚʝʜʝʥʠʶ ʇʆʨ

ɸʢʪʫʘʣʠʟʘʮʠʷ

ʋɺ

9
10

11 12

13 14

16

ʇʝʨʝʙʦʨ

ʥʝʩʠʥʭʨʦʥʥʳʭ

ʯʘʩʪʝʡ

15

ʌʦʨʤʠʨʦʚʘʥʠʝ

ʋɺ ʜʣʷ

ʵʢʚʠʚʘʣʝʥʪʥʦʡ

ʩʭʝʤʳ

ʇʦʜʛʦʪʦʚʢʘ

ʧʘʢʝʪʘ ʜʘʥʥʳʭ

ʌʦʨʤʠʨʦʚʘʥʠʝ

ʊʋɺ
ʆʮʝʥʢʘ

ʜʦʩʪʦʚʝʨʥʦʩʪʠ

ʨʝʟʫʣʴʪʘʪʦʚ
ʊʋɺ ʃɸʇʅʋ
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ʆʮʝʥʠʚʘʥʠʝ ʩʦʩʪʦʷʥʠʷ 

ʧʦʣʥʦʡ ʩʭʝʤʳ
ɺʥʝʰʥʝʝ 

ʢɻʚʠʚʘʣʝʥʪʠʨʦʚʘʥʠʝ

ʇʝʨʝʙʦʨ

ʥʝʩʠʥʭʨʦʥʥʳʭ

ʯʘʩʪʝʡ

 
ʈʠʩ. 2. ʆʙʱʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ ʎʉʇɸ 

 

ʊʘʙʣʠʮʘ 1 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʎʉʇɸ 

ʎʉʇɸ 
ʇʘʨʘʤʝʪʨʳ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ ʂʦʣʠʯʝʩʪʚʦ 

ʋʟʣʳ ɺʝʪʚʠ ɻʝʥʝʨʘʪʦʨʳ ʇʆʨ ʋɺ 

ʆʕʉ ɺʦʩʪʦʢʘ 746 1022 75 68 14 

ʆʕʉ ʉʝʚʝʨʦ- 

ɿʘʧʘʜʘ 
1429 2001 208 12 27 

ʆʕʉ ʉʠʙʠʨʠ 367 588 98 37 23 

ʆʕʉ ʉʨʝʜʥʝʡ 

ɺʦʣʛʠ 
209 416 190 63 37 

ʊʶʤʝʥʩʢʘʷ ʕʉ 110 235 60 132 94 

ʆʕʉ ʋʨʘʣʘ 149 263 119 113 43 

ʆʕʉ ʖʛʘ 499 931 170 45 64 

 

ʋʩʪʨʦʡʩʪʚʘ ʃɸʇʅʋ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʘ ʢʨʫʧʥʳʭ ʦʙʲ-

ʝʢʪʘʭ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ ʠ ʩʚʷʟʘʥʳ ʩ ʇʊʂ ʎʉʇɸ ʨʝʟʝʨʚʠʨʦʚʘʥʥʳʤʠ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʳʤʠ ʢʘʥʘʣʘʤʠ ʜʣʷ ʦʙʤʝʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʠ 

ʧʝʨʝʜʘʯʠ ʘʢʪʫʘʣʴʥʳʭ ʊʋɺ.  

ʊʘʢʦʝ ʧʦʩʪʨʦʝʥʠʝ ʎʉʇɸ ʦʙʝʩʧʝʯʠʚʘʝʪ: 

ï ʦʧʪʠʤʠʟʘʮʠʶ ʦʙʲʝʤʦʚ ʋɺ ʠ ʤʝʩʪ ʠʭ ʨʝʘʣʠʟʘʮʠʠ ʥʘ ʢʘʞʜʦʤ ʨʘʩʯʝʪ-

ʥʦʤ ʮʠʢʣʝ (ʥʝ ʧʨʝʚʳʰʘʶʱʝʤ 30 ʩʝʢʫʥʜ);  

ï ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʥʘʜʝʞʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʟʘ ʩʯʝʪ:  
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¶ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚ ʃɸʇʅʋ ʥʝ ʪʦʣʴʢʦ ʚ ʨʝʞʠʤʝ ʥʠʟʦ-

ʚʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʎʉʇɸ ʧʨʠ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʤ ʫʧʨʘʚʣʝʥʠʠ, ʥʦ ʠ ʚ ʘʚʪʦ-

ʥʦʤʥʦʤ ʨʝʞʠʤʝ, ʢʦʛʜʘ ʧʨʠ ʬʠʢʩʘʮʠʠ ʥʘʨʫʰʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙ-

ʤʝʥʘ ʩ ʇʊʂ ʎʉʇɸ ʚʳʙʦʨ ʋɺ ʧʝʨʝʚʦʜʠʪʩʷ ʚ ʃɸʇʅʋ ʥʘ ʪʘʙʣʠʮʫ ʋɺ, ʧʦʜ-

ʛʦʪʦʚʣʝʥʥʫʶ ʥʘ ʦʩʥʦʚʘʥʠʠ ʘʢʪʫʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʭʝʤʥʦ-ʨʝʞʠʤʥʦʡ 

ʩʠʪʫʘʮʠʠ ʚ ʟʦʥʝ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʜʘʥʥʦʛʦ ʃɸʇʅʋ ʧʨʠ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʢʘ-

ʥʘʣʦʚ ʤʝʞʤʘʰʠʥʥʦʛʦ ʦʙʤʝʥʘ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ ʎʉʇɸ. 

ʇʝʨʝʭʦʜ ʎʉʇɸ ʠʟ ʨʝʞʠʤʦʚ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚ ʜʝʮʝʥʪʨʘ-

ʣʠʟʦʚʘʥʥʳʡ ʠ ʦʙʨʘʪʥʦ ʧʨʦʠʟʚʦʜʠʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ; 

¶ ʧʨʠʤʝʥʝʥʠʷ ʤʫʣʴʪʠʩʝʨʚʝʨʥʦʡ ʤʥʦʛʦʧʨʦʮʝʩʩʦʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦ-

ʩʪʨʦʝʥʠʷ ʇʊʂ ʎʉʇɸ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ, ʨʘʙʦʪʘʶʱʝʡ ʚ ʚʠʨʪʫʘʣʴʥʦʡ ʩʨʝʜʝ, 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʨʠʢʣʘʜʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʝ, ʘʧʧʘʨʘʪʥʦʛʦ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʦʚ, ʨʝʰʝʥʠʷ ʚʦʧʨʦʩʦʚ ʢʠʙʝʨ-

ʙʝʟʦʧʘʩʥʦʩʪʠ.  

ʂʦʤʧʣʝʢʩ ʃɸʇʅʋ (ʨʠʩ. 3) ʬʠʢʩʠʨʫʝʪ ʧʘʨʘʤʝʪʨʳ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʨʝ-

ʞʠʤʘ (ʀʆ), ʪʝʢʫʱʫʶ ʩʭʝʤʫ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ ʨʘʡʦʥʘ ʧʨʦʪʠʚʦʘʚʘʨʠʡ-

ʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʘʚʘʨʠʡʥʳʭ ʚʦʟʤʫʱʝʥʠʡ (ʇʆʨ), ʦʩʫ-

ʱʝʩʪʚʣʷʝʪ ʚʳʙʦʨ ʋɺ ʧʦ ʇʆʨ, ʧʝʨʝʜʘʯʫ ʚʳʙʨʘʥʥʳʭ ʋɺ ʜʣʷ ʠʭ ʨʝʘʣʠʟʘʮʠʠ 

ʚ ʠʩʧʦʣʥʠʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ (ʀʋ). ʇʨʠ ʵʪʦʤ ʩʙʦʨ ʜʦʘʚʘʨʠʡʥʦʡ ʠʥʬʦʨ-

ʤʘʮʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʢʘʥʘʣʘʤ ʪʝʣʝʤʝʭʘʥʠʢʠ (ʊʄ), ʘ ʧʝʨʝʜʘʯʘ ʘʚʘʨʠʡ-

ʥʳʭ ʩʠʛʥʘʣʦʚ ʠ ʢʦʤʘʥʜ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʧʝʮʠʘʣʴʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ 

(ʋʇɸʉʂ). 
 

ʃɸʇʅʋ
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ʈʠʩ. 3. ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ ʃɸʇʅʋ 

 

ʈʘʟʚʠʪʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʎʉʇɸ ʦʙʫʩʣʦʚʣʝʥʦ ʥʝʦʙ-

ʭʦʜʠʤʦʩʪʴʶ ʦʙʨʘʙʦʪʢʠ ʦʛʨʦʤʥʳʭ ʤʘʩʩʠʚʦʚ ʠʥʬʦʨʤʘʮʠʠ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴ-

ʥʦʛʦ ʚʨʝʤʝʥʠ ʠ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʫʨʦʚʥʝʤ ʨʘʟʚʠʪʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ  



 

20 

ʪʝʭʥʦʣʦʛʠʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʤʝʞʤʘ-

ʰʠʥʥʦʛʦ ʦʙʤʝʥʘ ʠ ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʭʝʤʥʦ-ʨʝʞʠʤʥʦʡ ʩʠʪʫʘʮʠʠ ʚ 

ʵʥʝʨʛʦʩʠʩʪʝʤʝ ʠ ʚʳʧʦʣʥʝʥʠʷ ʚʳʯʠʩʣʝʥʠʡ. ʉʦʚʨʝʤʝʥʥʳʡ ʫʨʦʚʝʥʴ ʨʘʟʚʠ-

ʪʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʧʦʟʚʦʣʠʣ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʩʪʠʪʴ ʧʨʦʙʣʝʤʳ 

ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʎʉʇɸ, ʧʦ-

ʩʢʦʣʴʢʫ ʠʤʝʥʥʦ ʦʛʨʘʥʠʯʝʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʧʦ-

ʪʨʝʙʦʚʘʣʠ ʨʘʟʨʘʙʦʪʢʠ ʚ ʩʚʦʝ ʚʨʝʤʷ ʫʥʠʢʘʣʴʥʳʭ ʠʥʞʝʥʝʨʥʳʭ ʤʝʪʦʜʦʚ ʵʢ-

ʚʠʚʘʣʝʥʪʠʨʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʨʘʩʯʝʪʥʳʭ ʤʦʜʝʣʝʡ ʵʥʝʨʛʦʩʠʩʪʝʤ, ʵʢʩ-

ʢʣʶʟʠʚʥʦʩʪʴ ʢʦʪʦʨʳʭ ʚʳʟʳʚʘʣʘ ʦʛʨʦʤʥʳʝ ʧʨʦʙʣʝʤʳ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʢʦ-

ʛʜʘ ʠʟʤʝʥʝʥʠʝ ʩʭʝʤʳ ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʪʨʝʙʦʚʘʣʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʢʦʨʨʝʢʪʠ-

ʨʦʚʢʠ ʵʪʠʭ ʤʦʜʝʣʝʡ.  

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʚʝʨʩʠʠ ʎʉʇɸ ʫʩʪʨʘʥʝʥʳ ʫʢʘʟʘʥʥʳʝ ʚʳʰʝ ʧʨʦʙʣʝʤʳ 

ʟʘ ʩʯʝʪ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʷ ʨʘʩʯʝʪʦʚ, ʫʚʝʣʠʯʝʥʠʷ ʨʘʟʤʝʨ-

ʥʦʩʪʠ ʨʘʩʯʝʪʥʳʭ ʤʦʜʝʣʝʡ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʦʙʝʩʧʝʯʝʥʠʷ ʩʪʘʪʠʯʝʩʢʦʡ ʠ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʧʝʨʝʭʦʜʘ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʘʣʛʦʨʠʪʤʝ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʣʘʩʩʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʚʳʙʦʨʘ ʋɺ, 

ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʘʜʘʧʪʠʚʥʦʩʪʴ ʠ 

ʥʘʜʝʞʥʦʩʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʨʦʪʠʚʦʘʚʘʨʠʡʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠ ʩʦʭʨʘ-

ʥʝʥʠʠ ʥʦʨʤʠʨʦʚʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʜʣʠʪʝʣʴʥʦʩʪʠ ʨʘʩʯʝʪʥʦʛʦ ʮʠʢʣʘ 30 ʩʝ-

ʢʫʥʜ, ʫʩʪʨʘʥʠʣʦ ʫʢʘʟʘʥʥʳʝ ʚʳʰʝ ʧʨʦʙʣʝʤʳ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦ ʢʦʨʨʝʢʪʠ-

ʨʦʚʢʝ ʠ ʚʝʨʠʬʠʢʘʮʠʠ ʨʘʩʯʝʪʥʳʭ ʤʦʜʝʣʝʡ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ 

ʵʥʝʨʛʦʩʠʩʪʝʤʳ.  

ʇʝʨʚʘʷ ʎʉʇɸ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʨʦʩʩʠʡʩʢʠʤʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʠ ʚʥʝʜ-

ʨʝʥʘ ʚ ʧʨʦʤʳʰʣʝʥʥʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ ʚ ʆʕʉ ʋʨʘʣʘ ʚ 1986 ʛʦʜʫ. ʀʥʠʮʠʘ-

ʪʦʨʦʤ ʠ ʢʦʦʨʜʠʥʘʪʦʨʦʤ ʨʘʙʦʪ ʧʦ ʨʘʟʚʠʪʠʶ ʪʝʭʥʦʣʦʛʠʠ ʎʉʇɸ ʚ ʈʦʩʩʠʠ 

ʷʚʣʷʝʪʩʷ ʉʠʩʪʝʤʥʳʡ ʦʧʝʨʘʪʦʨ. ʋʯʠʪʳʚʘʷ ʵʢʩʢʣʶʟʠʚʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ 

ʎʉʇɸ ʜʣʷ ʢʘʞʜʦʡ ʵʥʝʨʛʦʩʠʩʪʝʤʳ, ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʧʨʦʮʝʩʩ ʩʦʚʝʨ-

ʰʝʥʩʪʚʦʚʘʥʠʷ ʎʉʇɸ ʷʚʣʷʝʪʩʷ ʥʝʧʨʝʨʳʚʥʳʤ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ɽʕʉ 

ʈʦʩʩʠʠ ʚʥʝʜʨʷʝʪʩʷ ʎʉʇɸ ʪʨʝʪʴʝʛʦ ʧʦʢʦʣʝʥʠʷ. 

ɺ 2014 ʛʦʜʘ ʚ ʆʕʉ ɺʦʩʪʦʢʘ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʚʥʝʜʨʝʥʘ ʚ ʧʨʦʤʳʰ-

ʣʝʥʥʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ ʎʉʇɸ ʪʨʝʪʴʝʛʦ ʧʦʢʦʣʝʥʠʷ (ʨʠʩ. 4). ɺ ʧʨʦʮʝʩʩʝ ʨʘʟ-

ʨʘʙʦʪʢʠ ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦʙʝʩʧʝʯʝʥʠʷ ʜʠ-

ʥʘʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʆʕʉ ʥʘ ʚʝʨʭʥʝʤ ʫʨʦʚʥʝ ʎʉʇɸ, ʪʘʢ ʢʘʢ ʚ ʥʝʢʦ-

ʪʦʨʳʭ ʩʭʝʤʥʦ-ʨʝʞʠʤʥʳʭ ʩʠʪʫʘʮʠʷʭ ʣʦʢʘʣʴʥʦʝ ʧʨʦʪʠʚʦʘʚʘʨʠʡʥʦʝ ʫʧʨʘʚ-

ʣʝʥʠʝ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠʚʦʜʠʣʦ ʢ ʠʟʙʳʪʦʯ-

ʥʦʩʪʠ ʋɺ [4]. 
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ʈʠʩ. 4. ʉʪʨʫʢʪʫʨʘ ʎʉʇɸ ʆʕʉ ɺʦʩʪʦʢʘ 

 

ɺ ʨʘʤʢʘʭ ʵʪʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʨʝʰʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʈʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʘ ʨʘʩʯʝʪʘ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ (ʇʆ) 

ʚʳʙʦʨʘ ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʪʘʪʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠ-

ʚʦʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʘʜʠʮʠʦʥʥʳʭ ʨʘʩʯʝʪʥʳʭ ʤʝʪʦʜʦʚ. 

2. ʈʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʘ ʨʘʩʯʝʪʘ ʠ ʇʆ ʚʳʙʦʨʘ ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡ-

ʩʪʚʠʡ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʜʠʥʘʤʠʯʝʩʢʦʡ ʬʘʟʝ ʧʝʨʝʭʦʜʥʦʛʦ 

ʧʨʦʮʝʩʩʘ. 

3. ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʦʛʦ ʘʣʛʦʨʠʪʤʘ ʠ ʇʆ ʦʮʝʥʠʚʘʥʠʷ ʩʦʩʪʦʷʥʠʷ ʵʣʝʢʪʨʦ-

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʵʥʝʨʛʦʩʠʩʪʝʤʳ. 

4. ʈʘʟʨʘʙʦʪʢʘ ʩʦʚʨʝʤʝʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʇʊʂ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ 

ʎʉʇɸ: 

ï ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʨʘʟʨʘʙʦʪʢʠ ʠ ʚʥʝʜʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʇʆ; 

ï ʥʦʚʘʷ ʩʪʨʫʢʪʫʨʘ ʙʘʟʳ ʜʘʥʥʳʭ; 

ï ʤʫʣʴʪʠʩʝʨʚʝʨʥʘʷ ʤʥʦʛʦʧʨʦʮʝʩʩʦʨʥʘʷ ʩʠʩʪʝʤʘ ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʳ-

ʯʠʩʣʝʥʠʡ; 

ï ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʚʦʟ-

ʤʦʞʥʦʩʪʷʤʠ ʇʊʂ. 

5. ʆʙʝʩʧʝʯʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ (ʚʦʟʤʦʞʥʦʩʪʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʎʉʇɸ ʚ ʩʭʝʤʘʭ ʵʥʝʨʛʦʩʠʩʪʝʤ ʣʶʙʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ). 

6. ʇʦʚʳʰʝʥʠʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʎʉʇɸ ʧʫʪʸʤ ʧʝʨʝʭʦʜʘ ʥʘ ʧʘʨʘʣʣʝʣʴ-

ʥʳʡ ʨʘʩʯʸʪ ʧʫʩʢʦʚʳʭ ʦʨʛʘʥʦʚ. 

7. ʇʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʎʉʇɸ. 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʠ ʎʉʇɸ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ 

ʨʘʟʨʘʙʦʪʢʠ ʠ ʚʥʝʜʨʝʥʠʷ ʎʉʇɸ ʪʨʝʪʴʝʛʦ ʧʦʢʦʣʝʥʠʷ ʚʦ ʚʩʝʭ ʦʙʲʝʜʠʥʝʥʥʳʭ 

ʵʥʝʨʛʦʩʠʩʪʝʤʘʭ ʈʦʩʩʠʠ ʠ ʦʪʜʝʣʴʥʳʭ ʢʨʫʧʥʳʭ ʨʝʛʠʦʥʘʣʴʥʳʭ ʵʥʝʨʛʦʩʠʩʪʝ-

ʤʘʭ, ʧʨʠʤʝʥʝʥʠʷ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʥʳʭ ʚʝʢʪʦʨʥʳʭ ʠʟʤʝʨʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʜʣʷ ʟʘʜʘʯʠ ʦʮʝʥʠʚʘʥʠʷ ʩʦʩʪʦʷʥʠʷ 

ʠ ʨʘʟʨʘʙʦʪʢʠ ʩʦʚʨʝʤʝʥʥʳʭ ʇʆʨ, ʚʥʝʜʨʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥ-

ʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʩʦʟʜʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʧʨʦʪʠʚʦʘʚʘ-

ʨʠʡʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ ʚʟʘʠʤʦʢʦʨʨʝʢʪʠʨʫʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʎʉʇɸ 

ʩʤʝʞʥʳʭ ʟʦʥ. 

ʉʧʠʩʦʢ ʮʠʪʠʨʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ 
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ʉʈɸɺʅʀʊɽʃʔʅʓʁ ɸʅɸʃʀɿ ʀʅʅʆɺɸʎʀʆʅʅʓʍ ʉʊʈʋʂʊʋʈ 

ʈɸʉʇʈɽɼɽʃʀʊɽʃʔʅʆʁ ʉɽʊʀ ʉɽʃʔʉʂʆʍʆɿʗʁʉʊɺɽʅʅʆɻʆ 

ʅɸɿʅɸʏɽʅʀʗ 

ɸ.ɺ. ɺʠʥʥʠʢʦʚ, ɸ.ɺ. ɹʦʛʜʘʥ, ɺ.ɺ. ʊʨʦʧʠʥ, ɸ.ɺ. ʉʘʚʝʥʢʦ, ɸ.ɺ. ʄʘʩʝʥʢʦ 
ʂʫʙʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʀ.ʊ. ʊʨʫʙʠʣʠʥʘ,  

ʛ. ʂʨʘʩʥʦʜʘʨ 

ɺ.ɺ. ʉʘʚʠʥʳʭ 
ʆʆʆ çʕʣʝʢʪʨʦʤʦʩʪè, ʛ. ʂʨʘʩʥʦʜʘʨ 

ʇ.ɺ. ʆʩʘʜʯʠʡ 
ʎʝʥʪʨʘʣʴʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʝʪʠ ʬʠʣʠʘʣʘ çʉʪʘʚʨʦʧʦʣʴʵʥʝʨʛʦè  

ʇɸʆ çʄʈʉʂ ʉʝʚʝʨʥʦʛʦ ʂʘʚʢʘʟʘè, ʛ. ʇʷʪʠʛʦʨʩʢ 

ʇʨʦʚʝʜʸʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʜʚʫʭ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʩʪʨʫʢʪʫʨ ʨʘʩʧʨʝʜʝʣʠ-

ʪʝʣʴʥʦʡ ʩʝʪʠ ʩ ʫʯʘʩʪʢʘʤʠ ʧʦʚʳʰʝʥʥʦʛʦ ʠ ʧʦʥʠʞʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʫʨʦʚʥʷ 0,4 ʢɺ. ʆʩʥʦʚʥʦʡ ʥʝʜʦʩʪʘʪʦʢ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʩʝʪʠ ʩʦʩʪʦʠʪ ʚ 

ʥʘʣʠʯʠʠ ʤʘʛʠʩʪʨʘʣʴʥʦʡ ʨʘʙʦʯʝʡ ʥʝʡʪʨʘʣʠ, ʯʪʦ ʥʝ ʪʦʣʴʢʦ ʧʦʚʳʰʘʝʪ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʚ 

ʩʝʪʠ, ʥʦ ʠ ʥʝ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʫʶ ʩʭʝʤʫ ʩʦʝʜʠʥʝʥʠʷ çʟʚʝʟʜʘè 

ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʦʙʤʦʪʦʢ ʧʠʪʘʶʱʝʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʫʯʘʩʪʢʠ ʧʦʚʳʰʝʥʥʦʛʦ ʠ ʧʦʥʠ-

ʞʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʡ, ʤʘʛʠʩʪʨʘʣʴʥʘʷ ʥʝʡʪʨʘʣʴ, ʧʦʪʝʨ ̫ʵʥʝʨʛʠʠ  

COMPARATIVE ANALYSIS  OF INNOVATIVE STRUCT URES  

DISTRIBUTION NETWORK  FOR AGRICULTURAL USE  

A.V. Vinnikov, A.V. Bogdan, V.V. Tropin, A.V. Savenko, A.V. Masenko 
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V.V. Savinykh 
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The comparative analysis of two innovative structures of the distribution network with 

areas of high and low voltages relative to the standard level of 0.4 kV is carried out. The 

main drawback of the distribution network is the presence of the main working neutral, 

which not only increases the energy loss in the network, but also does not allow the use of a 
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former. 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʢʦʛʜʘ ʥʘ ʧʝʨʚʳʡ ʧʣʘʥ ʜʣʷ ʩʝʣʴʩʢʠʭ ʧʦʪʨʝʙʠʪʝʣʝʡ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚʳʭʦʜʠʪ ʝ yʢʘʯʝʩʪʚʦ ʠ ʚʳʩʦʢʘʷ ʥʘʜʸʞʥʦʩʪʴ ʙʝʩʧʝʨʝʙʦʡ-

ʥʦʛʦ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʩ ʘʙʩʦʣʶʪʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʴʶ, ʩʣʝʜʫʝʪ ʧʦ ʥʦʚʦʤʫ 

ʚʟʛʣʷʥʫʪʴ ʥʘ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʫʶ ʩʝʪʴ 0,38/0,22 ʢɺ ʞʠʣʠʱʥʦ-ʢʦʤʤʫʥʘʣʴ-

ʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ʆʩʥʦʚʥʦʡ ʥʝʜʦʩʪʘʪʦʢ ʜʘʥʥʦʡ ʩʝʪʠ ʩʦʩʪʦʠʪ ʚ ʧʦʚʳʰʝʥ-

ʥʦʡ ʜʣʠʥʝ ʝʸ ʣʠʥʠʡ ʠ ʥʘʣʠʯʠʠ ʤʘʛʠʩʪʨʘʣʴʥʦʡ ʨʘʙʦʯʝʡ ʥʝʡʪʨʘʣʠ, ʚʝʣʠʯʠʥʘ 

ʪʦʢʘ ʚ ʢʦʪʦʨʦʡ ʧʦʨʦʡ ʜʦʩʪʠʛʘʝʪ ʚʝʣʠʯʠʥʳ ʬʘʟʥʦʛʦ ʪʦʢʘ, ʯʪʦ ʩ ʫʯʸʪʦʤ ʩʠ-

ʩʪʝʤʥʦʡ ʥʝʩʠʤʤʝʪʨʠʠ ʚʝʜʸʪ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʧʦʪʝʨʷʤ ʠ ʵʥʝʨʛʠʠ, ʠ 

ʥʘʧʨʷʞʝʥʠʷ. ʕʪʦʪ ʥʝʜʦʩʪʘʪʦʢ ʭʦʨʦʰʦ ʚʳʨʘʞʘʝʪʩʷ ʬʦʨʤʫʣʦʡ (1) [1] ʜʣʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʝʚʳʰʝʥʠʷ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ kʧʧ ʚ ʧʨʦʠʟʚʦʣʴʥʦʤ ʨʝʞʠʤʝ 

ʩʝʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʝʸ ʩʠʤʤʝʪʨʠʯʥʳʤ ʨʝʞʠʤʦʤ 
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ʛʜʝ Ůi2 ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʦʢʘ ʦʙʨʘʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ; Ůi0 ï ʢʦʵʬʬʠʮʠ-

ʝʥʪ ʪʦʢʘ ʥʫʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ; RN ï ʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʥʝʡʪʨʘʣʴʥʦʛʦ ʧʨʦʚʦʜʘ, ʆʤ; RL ï ʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʣʠʥʝʡʥʦʛʦ ʧʨʦ-

ʚʦʜʘ, ʆʤ. 

ʋʢʘʞʝʤ ʪʘʢʞʝ, ʯʪʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤʠ ʟʘʢʦʥʦʤʝʨʥʦ-

ʩʪʷʤʠ ʢʦʵʬʬʠʮʠʝʥʪʳ 
0ie
 ʠ 

2ie
 ʤʝʥʷʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʦʪ 

ʢʦʥʮʘ ʣʠʥʠʠ. ɽʩʣʠ ʪʦʢʠ ʥʫʣʝʚʦʡ ʠ ʦʙʨʘʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩʯʠʪʘʪʴ 

ʚʝʨʦʷʪʥʦʩʪʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ʚ ʚʠʜʝ ʚʝʢʪʦʨʦʚ ʩ ʧʨʦʠʟʚʦʣʴʥʳʤʠ ʤʦʜʫʣʷʤʠ 

(ʘʤʧʣʠʪʫʜʘʤʠ), ʨʘʩʧʨʝʜʝʣʸʥʥʳʤʠ ʧʦ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ, ʠ ʧʨʦʠʟʚʦʣʴ-

ʥʳʤʠ ʬʘʟʘʤʠ, ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʸʥʥʳʤʠ ʚ ʜʠʘʧʘʟʦʥʝ ʫʛʣʦʚ 0-3600, ʪʦ 

ʩʫʤʤʘʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʦʣʞʥʦ ʧʦʜʯʠʥʷʪʴʩʷ ʟʘʢʦʥʫ ʈʝʣʝʷ [2], ʜʣʷ ʢʦ-

ʪʦʨʦʛʦ ʭʘʨʘʢʪʝʨʥʦ, ʯʪʦ ʥʘʠʚʝʨʦʷʪʥʝʡʰʠʤ ʟʥʘʯʝʥʠʝʤ ʩʫʤʤʘʨʥʦʡ ʚʝʣʠ-

ʯʠʥʳ ʙʫʜʝʪ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ů. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʧʠʨʘʷʩʴ 

ʥʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʩʫʤʤʠʨʦʚʘʥʠʷ ʜʠʩʧʝʨʩʠʡ D=ů2, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʪʦʢʦʚ ʥʫʣʝʚʦʡ ʠ ʦʙʨʘʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

ʙʫʜʝʪ ʩʧʘʜʘʪʴ ʧʨʠ ʦʪʩʯʸʪʝ n ɻ ʣʝʢʪʨʦʧʨʠʸʤʥʠʢʦʚ ʦʪ ʢʦʥʮʘ ʣʠʥʠʠ ʧʦ ʟʘʢʦʥʫ 

1/ n. ʇʦʵʪʦʤʫ kʧʧ ʝʩʪʴ ʚʝʣʠʯʠʥʘ ʧʝʨʝʤʝʥʥʘʷ, ʙʣʠʟʢʘʷ ʧʦ ʚʝʣʠʯʠʥʝ ʢ ʝʜʠ-

ʥʠʮʝ ʥʘ ʢʦʥʮʝ ʣʠʥʠʠ ʠ ʧʨʠʙʣʠʞʘʶʱʘʷʩʷ ʢ ʥʫʣʶ ʚ ʥʘʯʘʣʝ ʣʠʥʠʠ. ɸ ʦʩʥʦʚ-

ʥʳʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ, ʚʳʟʚʘʥʥʳʝ ʥʝʩʠʤʤʝʪʨʠʝʡ, ʚʦʟʥʠ-

ʢʘʶʪ ʛʜʝ-ʪʦ ʚ ʩʝʨʝʜʠʥʝ ʣʠʥʠʠ. ʇʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʨʘʚʝʥʩʪʚʝ ʪʦʢʦʚ ʦʙʨʘʪ-

ʥʦʡ ʠ ʥʫʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʯʪʦ ʦʙʳʯʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʘʢʪʠʢʝ 

ʩʝʣʴʩʢʠʭ ʵʣʝʢʪʨʦʩʝʪʝʡ, 75 % ʧʦʪʝʨʴ ʩʦʟʜʘʸʪʩʷ ʪʦʢʦʤ ʥʫʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦʩʪʠ ʠ ʧʦʵʪʦʤʫ, ʯʝʤ ʙʦʣʴʰʝ ʜʣʠʥʘ ʧʨʦʚʦʜʘ ʤʘʛʠʩʪʨʘʣʴʥʦʡ ʨʘʙʦʯʝʡ 

ʥʝʡʪʨʘʣʠ, ʪʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʝ ʚʝʣʠʯʠʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʦʪʝʨʴ.  
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ɿʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʩ ʧʦʷʚʣʝʥʠʝʤ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʯʠʩʣʘ ʵʣʝʢʪʨʦʧʨʠʸʤ-

ʥʠʢʦʚ ʩ ʥʝʣʠʥʝʡʥʦʡ ʚʦʣʴʪʘʤʧʝʨʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʩʝʨʴʸʟʥʦ ʦʙʦʩʪʨʠ-

ʣʘʩʴ ʩʚʷʟʘʥʥʘʷ ʠʤʝʥʥʦ ʩ ʤʘʛʠʩʪʨʘʣʴʥʦʡ ʥʝʡʪʨʘʣʴʶ ʩʝʪʠ 0,4 ʢɺ ʝʱʸ ʦʜʥʘ 

ʧʨʦʙʣʝʤʘ ï ʧʨʦʙʣʝʤʘ ʧʦʪʝʨʴ ʦʪ ʪʦʢʘ 3-ʡ ʛʘʨʤʦʥʠʢʠ [3]. ʅʝʦʙʭʦʜʠʤʦ ʦʪ-

ʤʝʪʠʪʴ, ʯʪʦ ʪʦʢ 3-ʝʡ ʛʘʨʤʦʥʠʢʠ ʤʦʞʝʪ ʛʝʥʝʨʠʨʦʚʘʪʴʩʷ ʣʶʙʳʤʠ ʩʪʘʙʠʣʠ-

ʟʘʪʦʨʘʤʠ ʥʘʧʨʷʞʝʥʠʷ, ʢʘʢ ʬʝʨʨʦʤʘʛʥʠʪʥʳʤʠ, ʪʘʢ ʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦ-

ʚʳʤʠ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪ ʙʦʣʴʰʠʥʩʪʚʦ ʩʝʣʴʩʢʠʭ ʵʣʝʢʪʨʦʧʦʪʨʝʙʠʪʝʣʝʡ 

[4]. 

ʇʦ ʦʧʨʝʜʝʣʝʥʠʶ ʪʦʢ 3-ʝʡ ʛʘʨʤʦʥʠʢʠ ʚ ʚʝʢʪʦʨʥʦʡ ʬʦʨʤʝ ʷʚʣʷʝʪʩʷ ʩʦ-

ʩʪʘʚʣʷʶʱʝʡ ʥʫʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠ ʧʦʵʪʦʤʫ ʚ ʥʝʡʪʨʘʣʴʥʦʤ ʧʨʦ-

ʚʦʜʥʠʢʝ ʪʦʢʠ ʬʘʟ 3-ʝʡ ʛʘʨʤʦʥʠʢʠ ʧʨʦʩʪʦ ʩʫʤʤʠʨʫʶʪʩʷ ʠ ʪʦʢ ʥʝʡʪʨʘʣʠ ʤʦ-

ʞʝʪ ʜʦʩʪʠʛʘʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʠʭ ʚʝʣʠʯʠʥ. ɼʘʥʥʳʡ ʬʘʢʪ ʥʘʛʣʷʜʥʦ ʠʣ-

ʣʶʩʪʨʠʨʫʝʪʩʷ ʥʘ ʨʠʩ. 1 ʦʩʮʠʣʣʦʛʨʘʤʤʘʤʠ ʪʦʢʦʚ ʬʘʟ ɸ, ɺ (ʜʝʡʩʪʚʫʶʱʝʝ 

ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʳʭ 975 ɸ ʠ 928 ɸ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʠ ʥʝʡʪʨʘʣʠ (ʜʝʡʩʪʚʫʶ-

ʱʝʝ ʟʥʘʯʝʥʠʝ 263 ɸ), ʧʨʠ ʵʪʦʤ ʪʦʢ ʬʘʟʳ ʉ, ʧʨʘʢʪʠʯʝʩʢʠ ʪʘʢʦʡ ʞʝ ʬʦʨʤʳ 

ʢʘʢ ʠ ʪʦʢʠ ʬʘʟ ɸ ʠ ɺ, ʨʘʚʝʥ 875 ɸ. ʆʩʮʠʣʣʦʛʨʘʤʤʳ ʧʦʣʫʯʝʥʳ ʚ ʘʧʨʝʣʝ 

2013 ʛʦʜʘ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʪʦʢʦʚ ʬʘʟ ʠ ʥʝʡʪʨʘʣʠ ʩʠʣʦʚʦʛʦ ʧʠʪʘʶʱʝʛʦ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʤʦʱʥʦʩʪʴʶ 1000 ʢɺɸ ʢʨʫʧʥʦʛʦ ʢʦʤʤʫʥʘʣʴʥʦ-ʙʳʪʦʚʦʛʦ 

ʧʨʝʜʧʨʠʷʪʠʷ ï ʪʦʨʛʦʚʦʛʦ ʮʝʥʪʨʘ, ʚ ʢʦʪʦʨʦʤ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʤʧʴ-

ʶʪʝʨʥʘʷ ʪʝʭʥʠʢʘ ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʦʩʚʝʪʠʪʝʣʴʥʳʝ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʝ ʧʨʠ-

ʙʦʨʳ, ʷʚʣʷʶʱʠʝʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʦʱʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʛʘʨʤʦʥʠʢ [5].  

 
ʈʠʩ. 1. ʆʩʮʠʣʣʦʛʨʘʤʤʳ ʪʦʢʦʚ ʬʘʟ ɸ ʠ ɺ, ʥʝʡʪʨʘʣʠ ʩ ʪʦʢʦʤ 3-ʡ ʛʘʨʤʦʥʠʢʠ  

ʧʠʪʘʶʱʝʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʤʦʱʥʦʩʪʴʶ 1000 ʢɺɸ 

 

ʅʝʪʨʫʜʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʪʦʢ ʥʝʡʪʨʘʣʠ ʩʦʩʪʦʠʪ ʚ ʦʩʥʦʚʥʦʤ ʠʟ ʪʨʝʪʴʝʡ 

ʛʘʨʤʦʥʠʢʠ, ʧʨʠ ʵʪʦʤ ʩʦʩʪʘʚʣʷʶʱʘʷ ʪʦʢʘ ʧʝʨʚʦʡ ʛʘʨʤʦʥʠʢʠ ʨʘʚʥʘ ʚʩʝʛʦ 

90 ɸ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʤʝʶʪ ʤʝʩʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʠ ʥʘʧʨʷ-

ʞʝʥʠʷ, ʥʝ ʧʦʟʚʦʣʷʶʱʠʝ ʟʘʛʨʫʞʘʪʴ ʜʘʥʥʳʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʙʦʣʝʝ ʯʝʤ ʥʘ 

70 %.  
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ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʤʥʦʛʠʭ ʣʝʪ ʧʨʝʜʧʨʠʥʠʤʘʣʠʩʴ ʧʦʧʳʪʢʠ ʫʣʫʯʰʠʪʴ ʢʘ-

ʯʝʩʪʚʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʩʝʣʴʩʢʠʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʷʭ 0,4 ʢɺ ʩ ʧʦʤʦʱʴʶ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ: ʚʚʝʜʝʥʠʝʤ ʘʚʪʦʪʨʘʥʩ-

ʬʦʨʤʘʪʦʨʦʚ; ʫʚʝʣʠʯʝʥʠʝʤ ʩʝʯʝʥʠʡ ʬʘʟʥʳʭ ʠ ʥʫʣʝʚʦʛʦ ʨʘʙʦʯʝʛʦ ʧʨʦʚʦʜ-

ʥʠʢʦʚ; ʚʚʝʜʝʥʠʝʤ ʚ ʮʝʧʴ ʥʝʡʪʨʘʣʠ ʬʠʣʴʪʨʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʤʠʥʠʤʠʟʠʨʫ-

ʶʱʠʭ ʚʣʠʷʥʠʝ 3-ʡ ʛʘʨʤʦʥʠʢʠ [6]. ʀʟʦʣʠʨʦʚʘʥʠʝ ʥʝʡʪʨʘʣʠ ʦʪ çʟʝʤʣʠè, 

ʧʨʝʜʣʦʞʝʥʥʦʝ ʩʦʪʨʫʜʥʠʢʘʤʠ ʢʘʬʝʜʨʳ çɹʝʟʦʧʘʩʥʦʩʪʴ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦ-

ʩʪʠè ɻʆʋ ɺʇʆ çʖʞʥʦ-ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè [7], ʩ 

ʧʦʟʠʮʠʠ ʵʣʝʢʪʨʦʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʝʪʠ. ʅʦ, ʚʠ-

ʜʠʤʦ, ʩ ʧʦʟʠʮʠʠ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʫʣʫʯʰʝʥʠʡ ʥʝ ʙʫʜʝʪ, ʧʦʩʢʦʣʴʢʫ 

ʥʝʡʪʨʘʣʴ ʦʩʪʘʸʪʩʷ ʨʘʙʦʯʠʤ ʯʝʪʚʸʨʪʳʤ ʧʨʦʚʦʜʥʠʢʦʤ ʩʝʪʠ. ɺ [7] ʫʢʘʟʘʥ 

ʚʘʞʥʳʡ ʬʘʢʪ: 60 % ʵʣʝʢʪʨʦʧʦʨʘʞʝʥʠʡ ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ ʩʤʝʨʪʝʣʴʥʳʭ 

ʵʣʝʢʪʨʦʪʨʘʚʤ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʷʭ ʧʨʦʠʩʭʦʜʷʪ ʠʤʝʥʥʦ ʚ ʩʝʪʠ 0,4 ʢɺ. 

ʏʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʘʙʩʦʣʶʪʥʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʙʣʝʤʳ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ 

ʧʦʚʳʰʝʥʠʷ ʠ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʠ ʵʣʝʢʪʨʦʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʩʝʣʴʩʢʦʡ 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʩʝʪʠ. 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʫʢʘʟʘʥʥʳʭ ʧʦʟʠʮʠʷʭ, ʚʦʟʥʠʢʣʘ ʠʜʝʷ ʠʟʤʝʥʝʥʠʷ ʥʝ 

ʪʦʣʴʢʦ ʬʫʥʢʮʠʡ ʠ ʧʘʨʘʤʝʪʨʦʚ, ʥʦ ʠ ʩʪʨʫʢʪʫʨʳ ʩʝʣʴʩʢʦʡ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴ-

ʥʦʡ ʩʝʪʠ ʧʫʪʸʤ ʧʦʩʪʨʦʝʥʠʷ ʜʚʫʭ ʫʯʘʩʪʢʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ: 

ʧʦʚʳʰʝʥʥʦʛʦ ʠ ʧʦʥʠʞʝʥʥʦʛʦ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 0,4 ʢɺ) ʥʘʧʨʷʞʝʥʠʷ, ʥʘʧʨʠ-

ʤʝʨ 0,66 ʢɺ ʠ 0,23 ʢɺ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʢʘʟʘʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 2 [8, 9]. 

 

ʈʠʩ. 2. ʉʪʨʫʢʪʫʨʘ ʩʝʣʴʩʢʦʡ ʧʠʪʘʶʱʝʡ ʠ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʩʝʪʠ  

ʩ ʜʚʫʤʷ ʫʯʘʩʪʢʘʤʠ ʧʦʚʳʰʝʥʥʦʛʦ ʠ ʧʦʥʠʞʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʡ 

 

ʇʨʠ ʪʘʢʦʡ ʩʪʨʫʢʪʫʨʝ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʩʝʪʠ ʧʦʷʚʣʷʶʪʩʷ ʥʦʚʳʝ 

ʬʫʥʢʮʠʠ. ʋʯʘʩʪʦʢ ʣʠʥʠʠ ʧʦʚʳʰʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 0,66 ʢɺ (ʭʦʪʷ, ʤʦʞʝʪ 

ʙʳʪʴ ʚʝʣʠʯʠʥʦʡ ʠ 0,4 ʢɺ, ʠ 0,88 ʢɺ, ʠ 0,95 ʢɺ, ʠ 1,14 ʢɺ) ʚʳʧʦʣʥʷʝʪʩʷ 

ʪʦʣʴʢʦ ʪʨʸʭʧʨʦʚʦʜʥʳʤ, ʙʝʟ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʥʝʡʪʨʘʣʴʥʦʛʦ ʧʨʦʚʦʜʥʠʢʘ, 

ʭʦʪʷ, ʥʝʡʪʨʘʣʴ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʜʦʣʞʥʘ ʙʳʪʴ ʟʘʟʝʤʣʝʥʘ. ʋʯʘʩʪʢʠ ʣʠʥʠʡ 

ʧʦʥʠʞʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 0,23 ʢɺ, ʢʘʢ ʦʪʧʘʡʢʠ ʯʝʨʝʟ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ ʦʪ ʤʘʛʠʩʪʨʘʣʠ 0,66 ʢɺ, ʚʳʧʦʣʥʷʝʪʩʷ ʯʝʪʳʨʸʭʧʨʦʚʦʜ-

ʥʳʤʠ ʩ ʟʘʟʝʤʣʸʥʥʦʡ ʥʝʡʪʨʘʣʴʶ, ʚʳʧʦʣʥʷʶʱʝʡ ʚ ʦʩʥʦʚʥʦʤ ʟʘʱʠʪʥʫʶ 
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ʬʫʥʢʮʠʶ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʫʩʣʦʚʥʦʡ çʩʨʝʜʥʝʡ ʪʦʯʢʠè, ʯʪʦʙʳ ʢʘʩʘʥʠʝ ʬʘʟ-

ʥʦʛʦ ʧʨʦʚʦʜʘ ʜʘʥʥʦʡ ʩʝʪʠ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʜʦʩʠʛʘʝʤʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦ-

ʪʨʝʙʠʪʝʣʷ, ʧʨʠʚʦʜʠʣʦ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʪʦʣʴʢʦ ʥʘʧʨʷʞʝʥʠʝʤ ʚʝʣʠʯʠʥʦʡ 

127 ɺ.  

ʊʘʢʘʷ ʩʪʨʫʢʪʫʨʘ ʩʝʪʠ ʩ ʫʩʪʘʥʦʚʢʦʡ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʠʥ-

ʜʠʚʠʜʫʘʣʴʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ 0,66/0,22 ʢɺ, ʵʢʦʥʦʤʠʯʝʩʢʠ ʦʧʨʘʚʜʳʚʘ-

ʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝʤ ʜʣʠʥʳ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʣʠʥʠʡ ʠ ʯʠʩʣʘ ʚʳʩʦʢʦʚʦʣʴʪ-

ʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʳʭ ʧʦʜʩʪʘʥʮʠʡ 10/0,66 ʢɺ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʣʠʯʝ-

ʩʪʚʦʤ ʧʦʜʩʪʘʥʮʠʡ 10/0,4 ʢɺ, ʪʨʝʙʫʝʤʳʭ ʧʨʠ ʨʘʚʥʦʡ ʤʦʱʥʦʩʪʠ ʥʘʛʨʫʟʦʢ. 

ɸʥʘʣʦʛʠʯʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ ʩ ʧʨʠʤʝʥʝ-

ʥʠʝʤ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʳʭ ʧʦʜʩʪʘʥʮʠʡ ʥʠʟʢʦʛʦ ʥʘʧʨʷʞʝ-

ʥʠʷ ʨʝʘʣʠʟʦʚʘʥʘ ʧʨʝʜʧʨʠʷʪʠʝʤ ʆɸʆ çʄʈʉʂ ʎʝʥʪʨʘ ʠ ʇʨʠʚʦʣʞʴʷè ʚ ʚʠʜʝ 

ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʩ ʜʚʫʤʷ ʫʯʘʩʪʢʘʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦ-

ʵʥʝʨʛʠʠ ʧʦʚʳʰʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 0,95 ʢɺ ʠ ʧʦʥʠʞʝʥʥʦʛʦ - 0,4 ʢɺ ʚ ʛ. ɹʦ-

ʛʦʨʦʜʩʢ ʅʠʞʝʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠ ʠ ʜʦʢʘʟʘʣʘ ʥʘ ʧʨʘʢʪʠʢʝ ʩʚʦʶ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴ [10, 11]. 

ʉʨʘʚʥʠʤ, ʚ ʯʸʤ, ʩ ʧʦʟʠʮʠʠ ʩʪʨʫʢʪʫʨʳ ʠ ʬʫʥʢʮʠʡ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ, ʩʦʩʪʦʷʪ ʦʩʥʦʚʥʳʝ ʦʪʣʠʯʠʷ ʧʨʝʜʣʦʞʝʥʠʡ ˉ 1 ʘʚʪʦʨʦʚ 

ʨʘʙʦʪ [8, 9] ʠ ʧʨʝʜʣʦʞʝʥʠʡ ˉ 2 ʘʚʪʦʨʦʚ ʨʘʙʦʪ [10, 11].  

1. ɺ ʦʩʥʦʚʝ ʧʨʝʜʣʦʞʝʥʠʡ ˉ 1 ï ʦʪʢʘʟ ʦʪ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʥʝʡʪʨʘʣʴ-

ʥʦʛʦ ʧʨʦʚʦʜʥʠʢʘ ʩʝʪʠ ʫʯʘʩʪʢʘ ʧʦʚʳʰʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʪ.ʝ. ʤʘʛʠʩʪʨʘʣʴ-

ʥʘʷ ʣʠʥʠʷ ʪʨʸʭʧʨʦʚʦʜʥʘʷ; ʚ ʦʩʥʦʚʝ ʧʨʝʜʣʦʞʝʥʠʡ ˉ 2 ï ʤʘʛʠʩʪʨʘʣʴʥʳʡ 

ʥʝʡʪʨʘʣʴʥʳʡ ʧʨʦʚʦʜʥʠʢ, ʪ.ʝ. ʜʘʥʥʘʷ ʣʠʥʠʷ ʯʝʪʳʨʸʭʧʨʦʚʦʜʥʘʷ, ʧʦʵʪʦʤʫ ʚ 

ʵʪʦʤ ʚʘʨʠʘʥʪʝ ʩʝʪʠ ʙʫʜʫʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʦʪʝʨʠ. 

2. ɺ ʦʩʥʦʚʝ ʧʨʝʜʣʦʞʝʥʠʡ ˉ 1 ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʭʝʤʳ çʟʚʝʟʜʘè ʚ ʩʦ-

ʝʜʠʥʝʥʠʠ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʦʙʤʦʪʦʢ ʧʠʪʘʶʱʝʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʯʪʦʙʳ 

ʠʟʦʣʷʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ, ʥʘʭʦʜʷʱʝʡʩʷ ʩʥʠʟʫ ʙʘʢʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʥʝ 

ʧʦʜʚʝʨʛʘʣʩʷ ʚʦʟʜʝʡʩʪʚʠʶ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʯʪʦ ʠʤʝʝʪ ʤʝʩʪʦ 

ʧʨʠ ʩʭʝʤʝ ʩʦʝʜʠʥʝʥʠʡ çʪʨʝʫʛʦʣʴʥʠʢè; ʘ ʚ ʦʩʥʦʚʝ ʧʨʝʜʣʦʞʝʥʠʡ ˉ 2 ï ʚʳ-

ʩʦʢʦʚʦʣʴʪʥʳʝ ʦʙʤʦʪʢʠ ʧʠʪʘʶʱʝʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʩʦʝʜʠʥʝʥʳ ʧʦ ʩʭʝʤʝ 

çʪʨʝʫʛʦʣʴʥʠʢè, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʨʠ ʪʦʯʢʠ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘʭʦ-

ʜʷʪʩʷ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʙʘʢʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. ɿʜʝʩʴ ʫʤʝʩʪʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʫʞʝ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʣʘʛʠ ʚʝʣʠʯʠʥʦʡ 0,01 % ʥʘʧʨʷʞʸʥʥʦʩʪʴ ʧʨʦʙʦʷ 

ʤʘʩʣʘ ʨʝʟʢʦ ʩʥʠʞʘʝʪʩʷ ʩ 200 ʜʦ 40 ʢɺ/ʩʤ, ʢ ʪʦʤʫ ʞʝ, ʧʨʠ ʦʜʠʥʘʢʦʚʦʡ ʤʦʱ-

ʥʦʩʪʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʩʦ ʩʭʝʤʦʡ çʪʨʝʫʛʦʣʴʥʠʢè ʠʤʝʝʪ ʩʪʦʠʤʦʩʪʴ, ʧʨʠ-

ʤʝʨʥʦ, ʥʘ 30 % ʙʦʣʴʰʝ.  

3. ɺ ʦʩʥʦʚʝ ʧʨʝʜʣʦʞʝʥʠʡ ˉ 1 ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʩ ʚʳʭʦʜʥʳʤ ʣʠʥʝʡʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ 0,22 ʢɺ ʠ ʩ ʦʙʤʦʪ-

ʢʘʤʠ ʩʦʝʜʠʥʸʥʥʳʤʠ ʧʦ ʩʭʝʤʝ çʪʨʝʫʛʦʣʴʥʠʢ ï ʟʚʝʟʜʘ ʩ ʥʝʡʪʨʘʣʴʶè, ʯʪʦʙʳ, 
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ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʥʝ ʥʘʛʨʫʞʘʣʩʷ ʪʦʢʦʤ ʥʫʣʝʚʦʡ ʧʦʩʣʝʜʦ-

ʚʘʪʝʣʴʥʦʩʪʠ, ʘ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʦʪʨʝʙʠʪʝʣʴ ʤʦʛ ʧʦʧʘʩʪʴ ʧʦʜ ʚʦʟʜʝʡ-

ʩʪʚʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 127 ɺ; ʚ ʦʩʥʦʚʝ ʧʨʝʜʣʦʞʝʥʠʡ 

ˉ 2 ï ʩʦʭʨʘʥʝʥʠʝ ʬʘʟʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 220 ɺ, ʧʦʜ ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʧʦʧʘʩʪʴ 

ʧʦʪʨʝʙʠʪʝʣʴ.  

ʅʦ ʛʣʘʚʥʦʝ, ʯʪʦ ʚ ʦʙʦʠʭ ʧʨʝʜʣʘʛʘʝʤʳʭ ʚʘʨʠʘʥʪʘʭ ʩʪʨʫʢʪʫʨʳ ʩʝʪʠ ʩ 

ʜʚʫʤʷ ʫʯʘʩʪʢʘʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ ʦʜʥʘ ʊʇ 10/0,66 ʢɺ ʠʣʠ 

10/0,95 ʢɺ ʤʦʞʝʪ ʦʭʚʘʪʠʪʴ ʪʝʨʨʠʪʦʨʠʶ ʨʘʜʠʫʩʦʤ ʧʦʨʷʜʢʘ 1 ʢʤ, ʯʪʦ ʷʚʣʷ-

ʝʪʩʷ ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʦʡ ʧʣʘʥʦʚʦʡ ʝʜʠʥʠʮʝʡ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʩʝʣʴʩʢʠʭ ʥʠʟʢʦʚʦʣʴʪʥʳʭ ʨʘʩʧʨʝʜʝʣʠ-

ʪʝʣʴʥʳʭ ʩʝʪʝʡ.  
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʈɽɾʀʄʆɺ ʈɸɹʆʊʓ ʉʀʉʊɽʄʓ 

ʕʃɽʂʊʈʆʉʅɸɹɾɽʅʀʗ ʉ ʊʆʊʕ ʅɸ ɹʀʆɻɸɿɽ 

ɽ.ʅ. ʉʦʩʥʠʥʘ, ɸ.ɺ. ʐʘʣʫʭʦ, ʃ.ɽ. ɺʝʩʝʣʦʚ 
ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʈ.ɽ. ɸʣʝʢʩʝʝʚʘ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʚʝʨʜʦʦʢʩʠʜʥʳʭ ʪʦʧʣʠʚʥʳʭ ʵʣʝ-

ʤʝʥʪʦʚ (ʊʆʊʕ) ʚ ʘʚʪʦʥʦʤʥʦʡ ʩʠʩʪʝʤʝ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ. ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʩʠʩʪʝʤʘ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʚʢʣʶʯʘʝʪ ʦʩʥʦʚʥʦʡ ʠ ʨʝʟʝʨʚʥʳʡ ʠʩʪʦʯʥʠʢ ʵʥʝʨʛʠʠ, ʩʠʩʪʝʤʫ ʥʘʢʦʧ-

ʣʝʥʠʷ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ɸʚʪʦʨʘʤʠ ʨʘʟʨʘʙʦʪʘʥʘ Matlab-ʤʦʜʝʣʴ ʘʚʪʦ-

ʥʦʤʥʦʡ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ (ʉʍʇ) ʠ ʠʩ-

ʩʣʝʜʦʚʘʥʳ ʨʝʞʠʤ rʨʘʙʦʪʳ ʩʠʩʪʝʤʳ. ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʥʘʟʥʘʯʝʥʳ 

ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʘʚʪʦʥʦʤʥʳʭ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ, ʠʤʝʶʱʠʭ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʠʦʛʘʟʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʊʆʊʕ, ʙʠʦʛʘʟ, ʩʠʩʪʝʤʘ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ, ʪʚʝʨʜʦʦʢʩʠʜʥʳʝ 

ʪʦʧʣʠʚʥʳʝ ʵʣʝʤʝʥʪʳ, Matlab-ʤʦʜʝʣʴ. 

RESEARCH OF POWER SUPPLY SYSTEM MODES WI TH SOFC 

OPERATING ON BIOGAS   

E.N. Sosnina, A.V. Shalukho, L.E. Veselov 
Nizhny Novgorod State Technical University n.a. R.E. Alekseev 

The article describes to the use of solid oxide fuel cells (SOFC) in offline power supply 

systems. The autonomous power supply system consists of the main energy source, a standby 

generator, an energy accumulation system and a power conversion system. The authors have 

developed the Matlab-model for livestock complexôs power supply system to study its op-

eration modes. The results obtained in the research may be used to design offline power 

supply systems for agricultural enterprises with the ability to produce biogas. 

Keywords: SOFC, Biogas, Power supply system, Solid-oxide fuel cells, Matlab-

model. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦ ʚʩʝʭ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ ʤʠʨʘ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘ-

ʝʪʩʷ ʙʠʦʛʘʟʦʚʘʷ ʠʥʜʫʩʪʨʠʷ. ɼʘʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʳ ʜʣʷ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʛʜʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʦʪʭʦʜʳ 

ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤ ʩʳʨʴʝʤ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʠʦʛʘʟʘ. ɺʘʞʥʦʡ ʟʘʜʘʯʝʡ 

ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʙʠʦʛʘʟʘ ʚ ʵʥʝʨʛʠʶ. 

ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʙʠʦ-

ʛʘʟʘ ʚ ʵʥʝʨʛʠʶ ʠʤʝʶʪ ʢʦʛʝʥʝʨʘʮʠʦʥʥʳʝ ʵʥʝʨʛʦʫʩʪʘʥʦʚʢʠ ʥʘ ʪʦʧʣʠʚʥʳʭ 

ʵʣʝʤʝʥʪʘʭ [1]. ʊʦʧʣʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ʦʪʣʠʯʘʶʪʩʷ ʧʨʷʤʳʤ ʧʨʝʦʙʨʘʟʦʚʘ-

ʥʠʝʤ ʙʠʦʛʘʟʘ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ, ʚʳʩʦʢʦʡ ʵʢʦʣʦʛʠʯʥʦʩʪʴʶ, ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʪʚʦʜʘ ʪʝʧʣʦʪʳ. ɺ ʦʙʣʘʩʪʠ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘʠʙʦʣʝʝ 

ʚʳʩʦʢʠʤ ʂʇɼ, ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʴʶ ʢʝʨʘʤʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʚʦʟʤʦʞ-

ʥʦʩʪʴʶ ʨʘʙʦʪʳ ʥʘ ʣʶʙʦʤ ʫʛʣʝʚʦʜʦʨʦʜʥʦʤ ʪʦʧʣʠʚʝ ʦʙʣʘʜʘʶʪ ʪʚʝʨʜʦʦʢ-

ʩʠʜʥʳʝ ʪʦʧʣʠʚʥʳʝ ʵʣʝʤʝʥʪʳ (ʊʆʊʕ) [2, 3]. 
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ʆʜʥʦʡ ʠʟ ʧʨʦʙʣʝʤ ʵʥʝʨʛʦʫʩʪʘʥʦʚʦʢ ʥʘ ʊʆʊʕ ʷʚʣʷʝʪʩʷ ʠʭ ʥʠʟʢʘʷ ʤʘ-

ʥʝʚʨʝʥʥʦʩʪʴ. ʈʘʙʦʯʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʊʆʊʕ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʦʪ 600ÁC ʜʦ 

1000ÁC. ɺʳʩʦʢʘʷ ʨʘʙʦʯʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ 

ʪʠʧʳ ʪʦʧʣʠʚʘ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ. ʆʜʥʘʢʦ ʩʠʩʪʝʤʘ ʤʝʜʣʝʥʥʦ 

ʨʝʘʛʠʨʫʝʪ ʥʘ ʠʟʤʝʥʝʥʠʝ ʨʘʩʭʦʜʘ ʵʥʝʨʛʠʠ, ʯʪʦ ʩʦʟʜʘʝʪ ʧʨʦʙʣʝʤʳ ʚ ʨʘʙʦʪʝ 

ʵʥʝʨʛʦʫʩʪʘʥʦʚʢʠ ʥʘ ʊʆʊʕ ʧʦ ʠʟʤʝʥʷʶʱʝʤʫʩʷ ʛʨʘʬʠʢʫ ʥʘʛʨʫʟʢʠ. 

ɺʦʧʨʦʩʘʤʠ ʠʥʪʝʛʨʘʮʠʠ ʵʥʝʨʛʦʫʩʪʘʥʦʚʦʢ ʥʘ ʊʆʊʕ ʚ ʩʠʩʪʝʤʳ ʵʣʝʢ-

ʪʨʦʩʥʘʙʞʝʥʠʷ ʟʘʥʠʤʘʶʪʩʷ ʤʥʦʛʠʝ ʢʨʫʧʥʳʝ ʢʦʤʧʘʥʠʠ [3, 4, 5]. ɹʦʣʴʰʠʥ-

ʩʪʚʦ ʧʨʝʜʣʘʛʘʝʤʳʭ ʨʝʰʝʥʠʡ ʦʩʥʦʚʘʥʦ ʥʘ ʥʝʧʨʝʨʳʚʥʦʡ ʨʘʙʦʪʝ ʊʆʊʕ 

ʤʦʱʥʦʩʪʴʶ ʜʦ 200 ʢɺʪ. ʇʨʠ ʪʘʢʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ 

ʨʝʛʫʣʠʨʦʚʘʥʠʠ ʤʦʱʥʦʩʪʠ ʵʥʝʨʛʦʫʩʪʘʥʦʚʢʠ, ʯʪʦ ʨʝʰʘʝʪ ʧʨʦʙʣʝʤʫ ʥʠʟʢʦʡ 

ʤʘʥʝʚʨʝʥʥʦʩʪʠ ʊʆʊʕ. ʆʜʥʘʢʦ ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʥʝ ʧʨʠʤʝʥʠʤ ʜʣʷ ʩʝʣʴʩʢʦ-

ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʥʝʩʪʘʙʠʣʴʥʳʤ ʩʫʪʦʯ-

ʥʳʤ ʛʨʘʬʠʢʦʤ ʥʘʛʨʫʟʢʠ. 

ɸʚʪʦʨʘʤʠ ʠʟʫʯʘʝʪʩʷ ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʠʩʪʝʤʳ 

ʥʘʢʦʧʣʝʥʠʷ ʠ ʨʝʟʝʨʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ ʚʳʙʨʘʥʘ ʘʚʪʦʥʦʤʥʘʷ ʩʠʩʪʝʤʘ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʦʛʦ ʵʣʝʢʪʨʦʩʥʘʙʞʝ-

ʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʘʚʪʦʥʦʤʥʦʡ 

ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʘʚʪʦʨʘʤʠ, ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴ-

ʟʦʚʘʪʴ ʥʠʟʢʦʤʘʥʝʚʨʝʥʥʫʶ ʵʥʝʨʛʦʫʩʪʘʥʦʚʢʫ ʥʘ ʊʆʊʕ ʧʨʠ ʥʝʩʪʘʙʠʣʴʥʦʤ 

ʛʨʘʬʠʢʝ ʥʘʛʨʫʟʢʠ (ʨʠʩ. 1). 

ɺ ʩʦʩʪʘʚ ʩʭʝʤʳ ʚʭʦʜʷʪ ʦʩ-

ʥʦʚʥʦʡ ʠ ʨʝʟʝʨʚʥʳʡ ʠʩʪʦʯʥʠʢ 

ʵʥʝʨʛʠʠ, ʩʠʩʪʝʤʘ ʥʘʢʦʧʣʝʥʠʷ ʠ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ʆʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʵʥʝʨʛʠʠ 

ʷʚʣʷʝʪʩʷ ʵʥʝʨʛʦʫʩʪʘʥʦʚʢʘ ʥʘ 

ʊʆʊʕ, ʨʘʙʦʪʘʶʱʘʷ ʚ ʙʘʟʦʚʦʤ ʨʝ-

ʞʠʤʝ.  

ʉʠʩʪʝʤʘ ʥʘʢʦʧʣʝʥʠʷ ʘʢʢʫʤʫ-

ʣʷʪʦʨʥʳʭ ʙʘʪʘʨʝʡ (ɸɹ) ʧʨʝʜʥʘ-

ʟʥʘʯʝʥʘ ʜʣʷ ʧʦʢʨʳʪʠʷ ʧʠʢʦʚʳʭ 

ʥʘʛʨʫʟʦʢ ʚ ʜʥʝʚʥʳʝ ʯʘʩʳ ʠ ʧʦʜʜʝʨʞʘʥʠʷ ʫʨʦʚʥʷ ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʦ-

ʵʥʝʨʛʠʠ ʚ ʥʦʯʥʳʝ ʯʘʩʳ ʤʠʥʠʤʫʤʘ ʥʘʛʨʫʟʢʠ, ʢʦʛʜʘ ʛʝʥʝʨʠʨʫʝʤʘʷ ʊʆʊʕ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ ʠʜʝʪ ʥʘ ʟʘʨʷʜ ɸɹ. ʈʝʟʝʨʚʥʳʡ ʠʩʪʦʯʥʠʢ ʵʥʝʨʛʠʠ (ʙʠʦʛʘʟʦ-

ʚʳʡ ʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨ) ʚʢʣʶʯʘʝʪʩʷ ʚ ʧʝʨʠʦʜ ʧʨʝʚʳʰʝʥʠʷ ʤʦʱʥʦʩʪʠ 

ʥʘʛʨʫʟʢʠ ʥʘʜ ʤʦʱʥʦʩʪʴʶ ʊʆʊʕ ʧʨʠ ʥʠʟʢʦʤ ʟʘʨʷʜʝ ɸɹ. 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʩ ʊʆʊʕ 
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ɼʣʷ ʩʦʛʣʘʩʦʚʘʥʠʷ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʵʥʝʨʛʦʫʩʪʘʥʦʚʢʠ 

ʥʘ ʊʆʊʕ, ʩʠʩʪʝʤʳ ʥʘʢʦʧʣʝʥʠʷ ʠ ʵʣʝʢʪʨʦʧʨʠʝʤʥʠʢʦʚ ʧʨʝʜʧʨʠʷʪʠʷ ʧʨʝʜʫ-

ʩʤʦʪʨʝʥʘ ʩʠʩʪʝʤʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʨʝʘʣʠʟʦʚʘʥʥʘʷ ʩ ʧʦʤʦʱʴʶ ʜʚʫʭ ʠʥʚʝʨ-

ʪʦʨʦʚ çDC/ACè ʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʥʘʧʨʷʞʝʥʠʷ çDC/DCè. 

ɸʚʪʦʨʘʤʠ ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ 

ʉʍʇ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʊʆʊʕ ʧʨʠ ʠʟ-

ʤʝʥʝʥʠʠ ʧʦʪʨʝʙʣʷʝʤʦʡ ʤʦʱʥʦʩʪʠ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ. ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ 

ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2. ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʥʦʤʠʥʘʣʴʥʳʝ ʵʣʝʢ-

ʪʨʠʯʝʩʢʘʷ (P) ʠ ʪʝʧʣʦʚʘʷ (Q) ʤʦʱʥʦʩʪʠ ʵʥʝʨʛʦʫʩʪʘʥʦʚʢʠ ʥʘ ʊʆʊʕ.  

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʷ 

Pload < P, ʛʜʝ Pload ï 

ʬʘʢʪʠʯʝʩʢʘʷ ʩʫʤʤʘʨʥʘʷ 

ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴ 

ʥʘʛʨʫʟʢʠ ʧʨʝʜʧʨʠʷʪʠʷ, ʧʨʦʠʩ-

ʭʦʜʠʪ ʧʨʦʚʝʨʢʘ ʩʦʩʪʦʷʥʠʷ ʨʝ-

ʟʝʨʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ ʠ, 

ʝʩʣʠ ʨʝʟʝʨʚʥʳʡ ʠʩʪʦʯʥʠʢ ʧʠʪʘ-

ʥʠʷ ʨʘʙʦʪʘʝʪ, ʧʦʜʘʝʪʩʷ ʩʠʛʥʘʣ 

ʥʘ ʦʪʢʣʶʯʝʥʠʝ ʚʳʢʣʶʯʘʪʝʣʷ 

Q3. ɸʥʘʣʦʛʠʯʥʦ ʧʦʜʘʝʪʩʷ ʩʠʛ-

ʥʘʣ ʥʘ ʦʪʢʣʶʯʝʥʠʝ ʘʢʢʫʤʫʣʷʪʦ-

ʨʦʚ ʦʪ ʮʝʧʠ ʥʘʛʨʫʟʢʠ (ʚʳʢʣʶ-

ʯʘʪʝʣʴ Q1). ʇʨʠ ʬʘʢʪʠʯʝʩʢʦʤ 

ʫʨʦʚʥʝ ʟʘʨʷʜʘ ɸɹ ʤʝʥʴʰʝ ʥʦ-

ʤʠʥʘʣʴʥʦʛʦ ʧʦʜʘʝʪʩʷ ʩʠʛʥʘʣ ʥʘ 

ʦʪʢʣʶʯʝʥʠʝ ʘʚʘʨʠʡʥʦʛʦ ʨʘʟ-

ʨʷʜʥʠʢʘ (ʚʳʢʣʶʯʘʪʝʣʴ Qʝ) ʠ ʥʘʯʠʥʘʝʪʩʷ ʧʨʦʮʝʩʩ ʟʘʨʷʜʘ ɸɹ. ɸʚʘʨʠʡʥʳʡ 

ʨʘʟʨʷʜʥʠʢ (ʘʢʪʠʚʥʘʷ ʥʘʛʨʫʟʢʘ) ʧʨʝʜʫʩʤʦʪʨʝʥ ʥʘ ʩʣʫʯʘʡ ʧʨʝʚʳʰʝʥʠʷ ʤʦʱ-

ʥʦʩʪʠ ʛʝʥʝʨʘʮʠʠ ʦʩʥʦʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ ʥʘʜ ʤʦʱʥʦʩʪʴʶ ʥʘʛʨʫʟʢʠ 

ʧʨʠ ʟʘʨʷʞʝʥʥʳʭ ɸɹ. 

ʅʘ ʦʩʥʦʚʝ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʘʚʪʦʨʘʤʠ ʨʘʟʨʘʙʦʪʘʥʘ Matlab-

ʤʦʜʝʣʴ ʘʚʪʦʥʦʤʥʦʡ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʉʍʇ. ʆʙʱʠʡ ʚʠʜ Matlab-

ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 3. 

ɺ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʠʧʦʚʳʝ ʠ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʝ ʙʣʦʢʠ Matlab-

Simulink. ʉ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʯʝʪʳʨʝʭ ʨʝʞʠʤʦʚ 

ʨʘʙʦʪʳ ʉʍʇ: ʨʝʞʠʤ 1 (ʤʦʱʥʦʩʪʴ ʥʘʛʨʫʟʢʠ ʉʍʇ ï 80 ʢɺʪ, ʨʘʙʦʪʘʝʪ 

ʊʆʊʕ); ʨʝʞʠʤ 2 (ʤʦʱʥʦʩʪʴ ʥʘʛʨʫʟʢʠ 140 ʢɺʪ, ʨʘʙʦʪʘʝʪ ʊʆʊʕ); ʨʝʞʠʤ 3 

(ʤʦʱʥʦʩʪʴ ʥʘʛʨʫʟʢʠ 160 ʢɺʪ, ʩʦʚʤʝʩʪʥʦ ʨʘʙʦʪʘʶʪ ʊʆʊʕ ʠ ɸɹ); ʨʝʞʠʤ 4 

(ʤʦʱʥʦʩʪʴ ʥʘʛʨʫʟʢʠ 170 ʢɺʪ, ʩʦʚʤʝʩʪʥʦ ʨʘʙʦʪʘʶʪ ʊʆʊʕ, ɸɹ ʠ ʨʝʟʝʨʚʥʳʡ 

ʈʠʩ. 2. ɸʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʩ ʊʆʊʕ 
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ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ). ʇʦʣʫʯʝʥʳ ʦʩʮʠʣʣʦʛʨʘʤʤʳ ʪʦʢʦʚ ʠ ʥʘʧʨʷʞʝʥʠʡ ʚ ʪʦʯ-

ʢʘʭ ʧʦʜʢʣʶʯʝʥʠʷ ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ ʠ ʥʘʛʨʫʟʢʠ (ʨʠʩ. 4). 

 
ʈʠʩ. 3. Matlab-ʤʦʜʝʣʴ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʩ ʊʆʊʕ  

 

   
 ʘ) ʙ) 

  
 ʚ) ʛ) 

ʈʠʩ. 4. ʆʩʮʠʣʣʦʛʨʘʤʤʳ ʪʦʢʦʚ ʠ ʥʘʧʨʷʞʝʥʠʡ ʚ ʪʦʯʢʝ ʧʦʜʢʣʶʯʝʥʠʷ ʥʘʛʨʫʟʢʠ:  

ʘ ï ʈʝʞʠʤ 1; ʙ ï ʈʝʞʠʤ 2; ʚ ï ʈʝʞʠʤ 3; ʛ ï ʈʝʞʠʤ 4 

 

ʇʦ ʠʪʦʛʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʯʝʪʳʨʝʭ ʦʩʥʦʚʥʳʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʩʠ-

ʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʦ ʚʩʝʭ ʨʝʞʠʤʘʭ ʠʩʪʦʯʥʠʢʠ 

ʧʠʪʘʥʠʷ ʠ ʧʦʪʨʝʙʠʪʝʣʠ ʨʘʙʦʪʘʶʪ ʩʦʛʣʘʩʦʚʘʥʥʦ (ʙʘʣʘʥʩ ʤʦʱʥʦʩʪʠ ʥʝ 

ʥʘʨʫʰʘʝʪʩʷ). ɺʝʣʠʯʠʥʘ ʥʘʧʨʷʞʝʥʠʷ ʚ ʪʦʯʢʝ ʧʦʜʢʣʶʯʝʥʠʷ ʥʘʛʨʫʟʢʠ 

ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ 0,5 % ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʛʝʥʝʨʠʨʫʝʤʦʡ ʤʦʱʥʦʩʪʠ ʠ ʥʘʭʦ-

ʜʠʪʩʷ ʚ ʜʦʧʫʩʪʠʤʳʭ ʧʨʝʜʝʣʘʭ [6]. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʨʘʚʠʣʴʥʦʩʪʴ ʚʳʙʦʨʘ 


